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I am delighted to know that the Department of Physics, Chaitanya Bharathi Institute of 

Technology is organizing a Two Day “International e-Conference on Materials 

Processing & Characterization (ICMP&C-2020)” during 18th& 19th September, 2020. 

I am sure that the conference would focus on all facets of current research and advancements 

of the study of materials, which is essential for various applications. It is an opportunity for 

the faculty members, research scholars and scientists working in several 

organizations/Institutions to share the on-going research in various fields and also a platform 

to focus on the suitable methods which serves the society the best. 

I congratulate the faculty for organizing this conference and wish the conference a great 

success 

 
 
Dr. V. Malakonda Reddy 
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Characterization of Titanium Doped Nanocrystalline Tungsten Oxide Thin 
Films for Smart Windows 

 
K.Pandurangaraoa,b*, V.Ravi Kumara* 

aDepartment of Physics, AcharyaNagarjuna University, Guntur-522510, Andhrapradesh. 
bAndhraloyola Institute of Engineering and Technology, Vijayawada-520008, Andhrapradesh 

Corresponding author’s email: pandurangaraokankanala@gmail.com 
 

Abstract 
The electrochromic properties of titanium doped tungsten oxide thin films prepared at 
different sputtering pressures and substrate temperatures at constant dc power by DC reactive 
magnetron sputtering technique for the fabrication of smart windowhave been reported in this 
paper. The roughness and thickness of the films were measured by using Stylus profilometry. 
The opticalproperties, transmittanceand optical band gap of the films were recorded with UV-
Vis spectrometer. The films were exhibited high transmittance in the visible region. The 
optical absorption edge of the films was observed in the range of 347-381 nm (blueshift). The 
refractive index of the films was measured with spectroscopic ellipsometry.  The molecular 
arrangement and bonding in the films was recorded from micro Raman spectra.  The films 
were exhibited two prominent reflections of the planes (0 2 1), and (4 2 1) is confirmed by X-
Ray diffraction studies. The morphology and composition of the films were analyzed using 
filed emission scanning electron microscopy and energy dispersive spectroscopy. The 
diffusion coefficient of ions, switching speed and, coloration efficiency of the films were 
evaluated from electrochemical studies. 
Keywords: Tungsten oxide films, XRD, FE-SEM and Cyclic voltammetry 
 

1. Introduction 
Transition metal oxides are very important class of compounds and they are used in many 
opto-electronic applications such as smart windows, information displays, optic memories 
and rear view mirrors and antiglare mirrors. Over few decades, electrochromic windows 
emerged as trend of materials which controls the intensity of visible light and sunlight while 
passing through them and make the indoor environment comfort. Tungsten oxide is one of 
the transition metal oxide emerged as good cathodic electrochromic material in both 
crystalline and amorphous states. Tungsten oxide is extensively studied electro chromic 
material in its amorphous form due to absorption mechanism whereas in crystalline form 
there is a limited study on electrochromism. But, of late by doping with suitable metal to a 
host material, the electro chromic properties have been improved considerably, which is 
investigated by many researches [1-2]. In this study, we have reported on the effect of 
deposition parameters along with titanium doping on different characterizations and 
electrochromic properties of tungsten oxide thin films. From the past studies, the coloration 
efficiency of pure tungsten oxide thin films has been less than or greater than that of titanium 
doped films,  and depends upon the amount of titanium incorporated into the films [3]. 
Because, by doping there will be changes in structure and morphology of the films, which 
open channels for easy intercalation and deintercalation of the alkali metal ions into host 
material. For the fabrication of any electrochromic device (smart window), coloration 
efficiency is considered as key performance indicator. As per as possible, the coloration 
efficiency should be high for electrochromic device because, it provides high optical 
modulation even for small amount of charge intercalated into the films. By doping of 
titanium, molybdenum, nitrogen, niobium, vanadium and nickel to the WO3 will change the 
coloration efficiency of the films [4]. Subramanyam andMuthuKaruppasamy [5] were 
reported on the coloration efficiency of the films decreased from 121 to 13 cm2/C with 
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addition of vanadium of 9 at.% into the tungsten oxide thin films deposited by DC magnetron 
sputtering. Patil et al [6] also reported on the decrease in coloration efficiency of the films 
with the increase of niobium doping. Sun et al [7] investigated on the nitrogen doped tungsten 
oxide thin films by DC reactive pulsed sputtering having coloration efficiency of 45 cm2/C at 
5 at. %. Karuppasamy and Subramanyam [3] reported on the titanium doped tungsten oxide 
thin films and the coloration efficiency of the tungsten oxide. Gesheva et al [8] investigated 
on MoO3-WO3 thin films deposited by chemical vapour deposition and the films have 
coloration efficiency of 141 cm2/Cwhich has higher than pure WO3 films (84 cm2/C) and 
MoO3 films (39 cm2/C).  
Tungsten oxide thin films have been prepared by physical methods like Thermal evaporation 
[9], Electron beam evaporation [10], Pulsed Laser deposition [11], RF Magnetron sputtering 
[12], DC Magnetron sputtering [13] and chemical methods like Chemical Vapor Deposition 
[14] and Sol-gel [15].  
In the present case, dc magnetron sputtering technique was used for the deposition of 
tungsten trioxide thin films. Since, it is industrially viable for coating the films in a large 
scale, high vacuum and low deposition temperature, good bonding of the film to the substrate 
and easy control of the thickness of the films over the other physical methods 
 

2. Experimental Methods 
The Si (100) Wafer, Quartz glass and ITO Coated glass substrates were used for the 
deposition of thin films. The samples are ultrasonically agitated for 10 minutes to remove 
surface dust particles and then cleaned using isopropyl alcohol and ethanol to remove any 
contamination on the surface of the substrates and finally dried under UV lamp for five 
minutes. The cleaned substrates were mounted on the substrate holder before going to 
deposition. Initially the sputtering chamber is evacuated to a base pressure of 4×10-6 mbar. 
Fix the target (2 inch in Diameter&5mm thickness with titanium strip) in the sputtering gun 
and target and substrate are separated by distance of 60 mm.The substrate temperature was 
fixed at 400 K and 600 K for all the depositions. Release the argon gas into the chamber for 
10 minutes to remove any oxide layers on the target prior to deposition at that time the shutter 
is closed between target and substrate. Now release the reacting gas oxygen into the chamber 
to form tungsten oxide thin films [5, 16]. The flow rates of argon and oxygen was controlled 
by using mass flow controllers. A DC power of 100W is applied for the target. The ratio of 
argon to oxygen was 2 and 3 and the corresponding sputtering pressure is 17.6mTorr and 
16.3mTorr. The substrate holder is rotated 3600 to attain uniform thickness during the 
deposition and the deposition time was 20 minutes. All the parameters are listed in Table 1 
 

Table1 Deposition Parameters 
Target Tungsten metal 2” Diameter and 5mm thickness and Titanium 

strip (length-2.0143 cm and width- 0.17 mm) 
Substrates Si(100), Quartz glass and ITO coated glass 
Base pressure 4×10-6 mbar 
Target substrate distance 60 mm 
Sputtering pressure 16.3 mTorr and 17.6 mTorr 
Substrate temperature 400 K and 600 K 
Argon: Oxygen Flow rate 20:10 and 20:7.5 sccm 
Sputtering power 100 W 
Deposition time 20 min 
 
The roughness and thickness of the deposited films were measured using a Bruker DXT-15-
1022 stylus profilometry. For structural characterization of the films, a Rigaku X-ray 
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diffractometer was used. The optical studies of the films were recorded using SHIMAZDU 
UV-1800 UV-vis spectrometer in the spectral range of 300-1100 nm. Refractive index 
profiles of the films were recorded using spectroscopic ellipsometry with J.A.woollam 
model: M2000X in the wavelength range of 500-1100 nm. The Raman studies of the films 
were performed on Micro-Raman spectrometer (Model: STR-300) in the wave number range 
of 200-1200 cm-1. The surface morphology and composition of the films was investigated 
with FE-Scanning Electron Microscope (Carl Ziess Model: Neon-40). The surface 
topography of the films was studied with the help of Atomic Force microscope (Veeco 
Model: Dimension V SPM). The electrochemical properties of the films were performed with 
a standard three electrode electrochemical work station (CHI Instruments- Auto 50436) 
where in Ag/AgCl is used as reference electrode, the film coated on ITO glass is used as 
working electrode and the platinum wire is used as counter electrode. The current across the 
working electrode (WO3 film) was measured at three different scan rates (viz., 100, 200 and 
300 mV/s) in the applied potential range of -2.0 to +2.0 V. Diffusion coefficients of the films 
were evaluated using these cyclic voltammograms obtained during the analysis. The time for 
coloration and bleaching of the films were measured using chronoamperometric studies and 
the amount of charge intercalated into the films was evaluated using chronocoulometric 
studies. 
 

3. Results and Discussion 
 
3.1 Thickness and Roughness measurement 
The thickness and roughness of the deposited films were analyzed using stylus profilometry. 
The thin films which are deposited on quartz substrate are used for measuring the thickness. 
The thickness and roughness were increased with sputtering pressure and decrease with 
substrate temperature. This is attributed to changes in the mean free path of atoms during the 
deposition. The thickness and roughness of the samples are listed in the Table 2.  

 
Table 2 Thickness and Roughness of the films. 

Sputtering pressure 
(mTorr) 

Substrate   
Temp.  
(K) 

Thickness 
(nm) 

Roughness 
(nm) 

 
17.6  

400  832  15 
600 
 

811  4 

 
16.3  

400  820  9 
600  760  2  

 
3.2 Optical spectral studies by UV-VIS Spectrophotometer 
The optical properties of titanium doped tungsten oxide thin films were recorded using UV-
VIS Spectrophotometer in the wavelength range of 300-1100 nm as shown in Fig. 1. The 
films were exhibited an optical transmittance of 87% in the visible region. The optical 
transmittance of the films was increased with the increase of sputtering pressure and decrease 
with the increase of substrate temperature. This fact is owing to improvement in 
stoichiometry of the films [3, 4, 5,17]. The oscillations in the transmittance spectrum are due 
to difference of refractive index between substrate and the film. The optical band gap of the 
films was measured from tauc’s plots as shown in Fig .2. The optical band gaps of the films 
were found to be varied between 2.80 to 2.49 eV. It was confirmed that the substrate 
temperature significantly affect the optical band gap of the films [18]. The refractive index of 
the films was altered between 2.38 to 2.29 at 550 nm. This refractive index of the films was 
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increased with the increase of sputtering pressure as shown in Fig. 3. The thickness of the 
films also affects the refractive index of the films and as the thickness increases, the 
refractive index also increases in the present investigation and which has been reported 
earlier [19-20]. The optical transmittance, Optical band gap and refractive index of the films 
are listed in the below Table 3. 
 

 
Fig. 1 Optical transmittance spectra of titanium doped tungsten trioxide thin films. 

 
Fig. 2.Tauc’s plot for Optical band gap of titanium doped WO3 thin films 

 
 

Fig. 3.The spectral dependence of Refractive index of titanium doped WO3 thin films. 
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Table 3 Optical parameters of the films. 

Sputtering 
pressure  
(mTorr) 
 

Substrate 
temp.  
(K) 

Transmittance 
(%) 

Optical band 
gap (eV) 

Refractive 
Index at 
λ=550 nm 

17.6  400  87 2.80   2.38 
600 
 

49 2.49  2.29 

16.3  400  65 2.69  2.34 
600  39 2.67  2.28 

 
3.3 Structural studies by X-Ray Diffraction 

 
 

 
Fig. 4.  XRD patterns of titanium doped WO3 thin films. 

 
The diffractograms of the films were shown in Fig.4. The [21-22]. The films exhibited 
reflections of the planes (0 2 1) and (4 2 1) at substrate temperature 400 K and as the 
substrate is increased to 600 K, the intensity of the peaks were increased and further we also 
observed two more additional peaks (0 0 1) and (2 2 1), and this fact suggest that the films are 
poly crystalline and all these peaks are corresponding to monoclinic phase of WO3 (JCPDS 
card No-24-0747) [21, 22]. To be more particular, this polycrystallinity of the films was 
mainly attributed to titanium oxide present in the films and was presented in further studies of 
manuscript. But no significant peak of titanium oxide was observed in the diffractogram of 
the films. These observations suggest that titanium oxide doping leads to enhance the 
crystallinity of the films. The average crystallite size is calculated using Debye-Scherer 
relation and is altered between 62-83 nm. 

 
To identify the phase composition and bonding in the films was analyzed through a non- 
destructive technique is called micro-Raman spectrometer at room temperature as shown in            
Fig. 5. The films exhibited two prominent peaks at 807 and 950 cm-1 and one weak knot at 
327 cm-1. The peaks are broad at low substrate temperature 400 K (at both the sputtering 
pressures) and become sharp at the substrate temperature 600 K [23, 24, 25]. The band 
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observed at 324 cm-1 is corresponding to O-W-O bending modes of the bridging oxygen of 
monoclinic phase of the films. Similarly the peak at 807 cm-1 corresponding to W6+-O (O-W-
O stretching modes of the films) and the peak at 950 cm-1 corresponds to stretching mode of 
W6+=O. We have also observed another fact that, the films did not contain any significant 
peak related to titanium oxide. Hence the titanium oxide in the films helps to improve the 
crystallinity in the films.  
 

3.4Micro-Raman Studies 

 

 
Fig. 5. Micro-Raman spectra of titanium doped WO3 thin films. 

 
 
4. Conclusions 

The titanium doped nanocrystalline tungsten oxide thin films have deposited for electro 
chromic device by DC Magnetron sputtering. The effect of titanium on the host material and 
its characterizations were discussed in detail. The thickness and roughness of the films 
changes with deposition parameters. The films show good optical transmittance in the visible 
region up to 87% which is higher than that of the pure films. This is attributed to changes in 
the structure of the films. The optical band gap of the films decreases with substrate 
temperature and is owing to improvement in crystallinity of the films. The films shows good 
optical index of refraction and it was changedwith the deposition parameters. The films 
exhibited a prominent peaks from the reflections (021) and (421) and which are 
corresponding to monoclinic structure. The films were composed of sharp bands at the wave 
numbers 336,802 and 956 cm-1 corresponding to both bending and stretching vibrations of the 
molecule. The sputtering pressure, substrate temperature and titanium significantly affect the 
coloration efficiency of the films when compared to pure films in this route. 
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Abstract 
The supercritical fluids have been used as inexpensive and environmentally benign media for the 
synthesis and processing of a variety of materials of technological significance. In the present 
work efforts have been made to synthesize a series of MWCNT/polymer nanocomposites 
through in situ polymerization of selected monomers in scCO2. It was synthesized at 1200 psi 
and 90±1oC in scCO2. Polypyrrole, polygycidyl methacrylate and their nanocomposites have 
been synthesized through chemical oxidative polymerization of monomer pyrrole in presence of 
ferric chloride and polygycidyl methacrylate through 2, 2-azobisisobutyronitrile initiated free 
radical polymerization. Their study has been done through FTIR, AFM and NMR spectroscopy. 
Key words; Multi walled carbon Nanotube (MWCNT), super critical Carbondioxide (scCO2), 
polypyrrole (PPy), polygycidyl methacrylate (PGMA) 
 

1. Introduction 
The potential of supercritical fluids as an alternative to organic reaction media for green 
synthesis of nanocompositeshas been recognized due to their inherent inexpensive, non-toxic, 
non-flammable features for synthesis of a variety of materials, no efforts has been made towards 
synthesis of the polymers and nanocomposites through chemical oxidative polymerization of Py 
and nanocomposites through free radical polymerization of GMA in presence of MWCNT in 
scCO2 [1 – 6]. In the present investigation, supercritical carbon dioxide (scCO2) has been used as 
environmentally benign alternative to organic solvents for synthesis of the proposed 
nanocomposites. The process of synthesis has been executed through in situ chemical oxidative 
and free radical polymerization of selected monomers in the presence of MWCNT in scCO2.The 
nanocomposites and monopolymers have been characterized through AFM, FT-IR, 1H NMR, 
and 13C NMR spectra.  
 

2. Experimental 
MWCNT was purchased from the SES Research, Houston, Texas, USA. Which comprise outer 
diameter (nm) 80-100, length (µm) 10.3 and B.E.T area (m2/g) 200.MWCNT was used without 
further purification. Monomers were purified through distillation under reduced pressure. AIBN 
was purified through recrystallization in hexane.  
Supercritical carbondioxide Reactor was charged with withPy (1.43X10-2mol/dL) ferric chloride 
(1.85X1 O'4mol/dL), MWCNT (5X10'2gm) and requisite quantity of carbon dioxide at 25±1°C. 
The contents were heated at 90±1°C to achieve the supercritical conditions therein at 1200 psi. 
MWCNT and Pyy was stirred for 40 hr under these condition, then dispersed in deionised water 
and filter using a PTFE membrane filter. 
The reactor was charged with GMA (3.67X10-2mol/dL), AIBN (1.20X10-3mol/dL) and requisite 
quantity of carbon dioxide at 25±1oC. The contents were heated to 90±1oC to achieve the 
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supercritical conditions therein at 1200 psi. Under this stage, the contents were refluxed for 10 
hr.  

 
3. Results and Discussion 

The formation of nanocompositeshas been ascertained through AFM, FT-IR and NMR spectra. 
FT-IR absorptions(cm-1) of monomers, respective polymers and nanocomposites are sketched in 
[Figure 2] Py shows absorptions at 3412.56(ν N-H), 2930.43(ν C-H), 1673.56(ν C=C) and 
1469.57-1418.92(ν C-N).MWCNT shows absorptions 3439.11(ν O-H), 2841.32(ν C-H) and 
2922.50(ν CH2). The nanocomposite synthesized through polymerization of Py in presence of 
MWCNT shows absorption at 3446.59(ν N-H), 1653.45(ν N-H), 2937.26(ν C-H), 1023.04(ν C-
H), 1561.29(ν C=C), 1458.36(ν C-N) and 798.15(ring deformation) (Turcu et al., 2006). GMA 
shows absorptions at 3752.4-3425.8(νO-H), 1722.5(ν C=O), 1637.4(νC=C), 1044.2(νC-H) and 
760.50 out of plane. GMA shows absorptions at 3589.1-3276.2(νO-H), 3038.9(νCH2), 1728.7(ν 
C=O), 1179.8(ν C-O), 1674.4-1631.0(νC=C) and 1044.2(νC-O-C). The respective 
nanocomposite shows absorption at 3607.1-3416.2(ν O-H), 2999.6(ν CH2), 1731.1(ν C=O), 
1130.9(ν C-O) and 1265.4(ν C-O-C).  
 
Figure 5 shows the 1H NMR spectra in DMSO-d6 of PPy and a representative nanocomposite. 
Due to insolubility in the solvent, the spectra show only characteristic peak of solvent centered 
around 2.5ppm. The peaks centered around 3-4 ppm in the spectra may be attributed to the 
presence of moisture. Comparative account of 13C NMR of samples in TFA-d shows 
characteristic peak of solvent centered around 116.6 and 164.2ppm besides it signal at 127ppm 
corresponding to the presence of MWCNT. 
 
The synthesized PGMA, extracted PGMA from crude Nano composite and MWCNT/PGMA 
show common 1H NMR signals at δ-CH3 0.9-1.2 (a), -CH21.6-1.9 (b), CH2 3.8-4.4(c), CH 3.3 
(d), CH2 6-2.9 (e) [7]. 13C NMR spectra of Synthesized PGMA, extracted PGMA and 
MWCNT/PGMA shows common 13C NMR signals at δ-CH3 18.10 (a),  CH2 124.00 (b), CH2 
53.22 (c), C=O  177.47(d), CH2 adjacent to oxirane 65.71(e), CH of oxirane 49.06 (f) and CH2 of 
oxirane 44.88, MWCNT at 127 [Figure 4], [7]. 
 
In Figures 1 the morphology of the MWCNT has been investigated into triethylenetetramine 
cured epoxy resin, with reference to the scale (µm) and height (nmX102).A comparative account 
of the topographic images at 5 µm, reveals the presence of amorphous grains (height, nm) of 
[Fig.1(c-d)] PPy (1.56), and MWCNT/PPy (3.02) [Fig.1(a-b)]. Nano indentation images indicate 
non-uniform distribution of grain. Under similar scale crystalline grains (height) have been 
observed for [Fig.1.(e-f)]PGMA(4.23) and MWCNT/PGMA(1.11) [Fig.1.(g-h)]. 
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Fig1. Topography  and   Nanoindentation (a-b) MWCNT/PPy     
and   (c-d)  PPy (g-h) MWCNT/PGMA  and  (e-f) PGMA 

Fig.2. FT-IR  of  Monomers (Py and GMA), MWCNT and 
Nano composites 

 
Fig5. 13C and 1H NMR of PPy and MWCNT/PPy 
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4. Conclusion 
All the in situ polymerization reactions have been conducted under constant supercritical 
conditions maintained at 1200 psi and 90±1oC. FT-IR spectra indicated characteristic wave 
numbers regarding the formation of homopolymers and their respective nanocomposites. Due to 
polymerization inhibitory nature of MWCNT, the nanocomposites derived from Pyy has been 
accomplished in 24 hr, whereas polymerization of GMA in presence of MWCNT has been 
accomplished in 10hr under the similar conditions.Due to poor solubility of conducting polymers 
and their nanocomposites in TFA and DMSO-d6 no relevant conclusion could be obtained from 
their 1H NMR and 13C NMR signals. But a significant result has been obtained from the 1H NMR 
and 13C NMR signals of PGMA and the respective nanocomposite due to the satisfactory 
solubility in CDCl3.The morphology of the polymers and nanocomposites at 5nm scale reveals 
amorphous nature of PPy and its nanocomposites whereas PGMA and its nanocomposites show 
completely crystalline nature. 
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Abstract 
This research investigates the effects of different biopolymers in production of bioplastic. 
Polysaccharide-based polymer/polymer blends from plant/algal sources were used, i.e. Potato 
Starch (PS), Corn Starch (CS), PS (50%) + CS (50%) blend, Sodium Alginate (SA) (40%) + 
PS (60%) blend, SA (20%) + PS (80%) blend, Pectin (20%) + SA (10%) + PS (70%) blend. 
The samples were analysed for swelling, solubility, thickness, mechanical properties, melting 
point, OTR, CO2TR and biodegradability. All samples showed positive results although 
bioplastic prepared by the blend of SA (40%) and PS (60%) exhibited improved properties 
when compared to the other films. It showed the lowest engorgement, good solubility 
properties, good mechanical properties, the highest melting point and low Oxygen 
transmission rate as well as low Carbon dioxide transmission rate values.  
Keywords: Bioplastic, Biopolymers, Potato Starch, Corn Starch, Sodium Alginate, Pectin 
 

1. Introduction 
Owing to their special characteristics, biopolymers have emerged as a major group of 
attractive and renewable substitutes for synthetic plastics.Biopolymers constitute a 
heterogenous group of naturally occurring polymers such as starch, cellulose, pectin, lignin, 
xylan, galactoglucomannan, chitosan, pullulan, alginates and PHA. The principal polymers 
used in bioplastics are obtained from plants, animals or micobiota, especially bacteria 
although, the polymers discussed in the present study focuses only on polysaccharide-based 
polymers from plant/algal sources [6]. The objectives of this study were to synthesize 
biodegradable plastic using different biopolymers and biopolymer blends, determine the 
swelling properties, solubility, biodegradability, mechanical properties (tensile strength, 
percentage elongation, young modulus), melting point, oxygen and carbon dioxide 
transmission rates, select the films showing best results and compare them with each other 
based on the above established properties. The findings of the research will help to determine 
the effect of different biopolymers in production of bioplastic. It will also aid in concluding 
which polymer or polymer blend is the most efficient one to produce biofilms and can be 
commercially utilised for manufacture of biodegradable plastic. 

2. Experimental 
2.1 Preparation of biodegradable films adapted [7] 

A 2.5g of biopolymer was weighed and mixed with 25ml of distilled water. To this 0.8ml of 
0.1MHCl was added. A 2ml of glycerol was added to the above mixture and boiled for 8 
minutes at 150°. The solution was poured into a petri plate and kept in a hot air oven at 40ºC. 
After 24 hours, the film was carefully scraped off from the surface. 

2.2 Swelling test adapted [7] 

Pre-weighed pieces of samples were kept in petri plates containing 10 ml of water for 2 
hours. The samples were taken out, excess solvent was wiped off and the final weight was 
recorded, and the amount of water uptake was calculated. 

2.3 Solubility studies adapted [7] 

mailto:maribelleviana@gmail.com
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Samples were cut into pieces and were inserted into test tubes containing different solvents 
viz., ammonia, acetic acid, chloroform, acetone, methanol, sulphuric acid, ortho-phosphoric 
acid, ethyl alcohol and water. 

2.4 Film Thickness  

Film thickness was measured at five different randomly selected spots using a micrometre 
screw gauge having a least count of 0.01mm. The mean value was calculated and used for 
rest of the calculations.  

2.5 Mechanical property testing adapted [3] 

The films were clamped between two clips and one end of the clip had a suspended beaker 
for placing weight in it. Once the sample was clamped, water was added in the beaker.The 
length of the strip was recorded after completion of the experiment. The average tensile 
strength, elongation at break and Young’s modulus were calculated thereafter. 

2.6 Melting point   

2gm of sample was inserted in a 13x100mm test tube. The bulb end of the thermometer, 
along with the attached test tube was inserted in the Thiele tube containing paraffin oil. The 
Thiele tube was warmed until the sample had melted, thus getting an accurate melting point 
(Tm).   

2.7 Oxygen Transmission Rate (OTR)  

Oxygen transmission rate through the films was measured using PASPORT Oxygen as 
Sensor PS 212. A heated glass bead was added to the hydrogen peroxide solution present in a 
sampling bottle to accelerate its decomposition to H2O and O2. The gas produced was 
measured. The film samples were then wrapped around the sampling bottle and the amount of 
oxygen remaining was again measured after 15 minutes. Testing was performed at 27°C. Five 
replicates of each film type were tested and OTR was calculated. 

2.8 Carbon Dioxide Transmission Rate  

Carbon Dioxide transmission rate through the films was measured using PASCO CO2 Sensor   
PS 320. 15 ml of Conc. HCl was added to 2 gm. calcium carbonate to produce CO2 + CaCl2 
+ H2O in a sampling bottle and the CO2 gas produced was measured. The film samples were 
then wrapped around the sampling bottle and the amount of CO2 remaining was again 
measured after 15 minutes. Testing was performed at 27°C. Five replicates of each film type 
were tested and CO2TR was calculated 

2.9 Biodegradability by soil burial test adapted [1] 

Pre-weighed material was placed in a tray containing soil. The degradation of the samples 
was determined at regular time intervals (2 days) by carefully removing the samples from the 
soil and dusting the residual soil off gently. Weight loss of sample over time was used to 
indicate the degradation rate of the soil burial test.

 

 

 



14 

 

Figure 1: Visual aspect of the films 

Table 1: Film Characterization 

3. Results and Discussion 
 
 
 
 

 
In the swelling test there is not much difference in the weight of the samples. Bioplastic 4 
was comparatively the least effected among all the other films.Water insolubility may be 
useful for specific applications of films, such as the manufactureof biodegradable packaging, 
although, for example, edible films for candies require a high degree of water solubility. 
None of the samples were entirely soluble in the solvents. This shows that the biodegradable 
plastics are stable.  
 

 
 
 
 
 
Tensile properties can be affected by molecular weight of the content of polymer, film 
thickness, polymer chain packing, chain interaction, and crystallinity of the film [2]. The 
tensile strength and the young’s modulus of Bioplastic 4 was comparatively the highest 
among all the other bioplastics. Whereas there was no significant difference in Elongation 
(%) of all the bioplastics. 
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All the bioplastics had a melting point above 200°C which was very high in contrast with 
polythene (Tm=133°C). Furthermore, Bioplastic 4 comparatively had the highest melting 
point (234°C) as sodium alginate contains hydroxyl and carboxylate groups, forming strong 
inter and intramolecular hydrogen bonding [4].  

The oxygen and carbon dioxide barrier property of food packaging containers for fresh 
products (eg.fruits, salad) plays an important role in its preservation. When the polymer film 
packaging has low permeability, the O2 and CO2 pressure inside the container drops to the 
point where oxidation is retarded, extending the shelf life of the product [5]. Bioplastic2 had 
the highest OTR& CO2TR followed by Bioplastic 1. Least OTR & CO2TR was observed in 
Polythene. Further CO2TR was 4 to 5 times the OTR value. 

Figure 2: Mechanical properties of the bioplastics.* a) Tensile strength; b) 

Young’s modulus; c) % Elongation 

*The error bars indicate standard deviations. Different letters above the bars 

indicate statistically significant differences at P < 0.05. 

Figure3: Assessment of Biodegradability test using soil degradation method 

 



* 

The longer the burial time, the higher the weight loss of bioplastic. It was seen that among the 
films, Bioplastic 2 and Bioplastic 4 had the highest and lowest % weight loss respectively. 
The reason being that starch had acetalbonds which were very easy to degrade. The 
magnitude of this mass reduction was due to the bioplastic composition due to which it was 
easily digested by microbes. Polymers containing hydroxyl groups (-OH) are easily degraded 
microbially. 

4. Conclusions 
Bioplastic 4 prepared by the blend of sodium alginate (40%) and potato starch (60%) 
exhibited improved properties when compared to the other films. It showed the lowest 
engorgement and solubility properties, good mechanical properties, the highest melting point 
and low OTR, CO2TR values. With the above discussion, the biodegradable plastic films 
could have a potential uses for edible films and coatings due to their low degradability and 
low solubility in different solvents and low OTR and CO2TR values. They can be also 
employed in controlled release of agrochemicals such as insecticides, pesticides, fungicides, 
germicides and growth stimulants. 
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Abstract 
X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and electrical resistivity 
techniques have been used to study crystallization and the formation of crystalline phases in 
the crystallized samples of amorphous Fe76Nd4B20 alloy. The crystallized sample showed 
the formation of the primary crystalline phase α-Fe.  The grain size of the grown crystalline 
phase for the annealed sample is about 20.08 nm.Fromthe resistivity measurements, the 
resistivity of amorphous Fe76Nd4B20 alloy at 300 K,  ρ(300) is found to be 186 µΩ-cm.The  
Curie temperature (TC), the first step of crystallization (TX1) and the second step of 
crystallization  (TX2) of the amorphous sample are found to be  600 K, 800 K and 910 K, 
respectively.  The temperarure  coefficient if resistivity  (TCR),  α  and  the  Debye 
temperarure  (ϴD)  of the amorphous sample  are found to be 8.065 X-4 K-1 and  408 K, 
respectively.  

Keywords: hard ferromagnetic materials, melt spinning technique.thermal stability, magnetic 
materials, ferromagnetic alloys, temperature coefficient of resistivity, Debye temperature 
 

1. Introduction 
Hard ferromagnetic materials show high saturation and high coercivity with large area of B-H 
curve called energy product.  The demand of these magnets is increasing because these 
magnets are indispensable for high performance motors in electrical vehicles. These magnets 
show good thermal stability since the properties of these materials significantly change by the 
onset of crystallization and crystallization is associated with nucleation and growth process. 
Thus, RE (Rare Earth) containing alloys (usually Fe-RE- B) obtained in amorphous state by 
Melt-Spinning technique and substantially annealed, have enhanced magnetic properties, 
compared to traditional permanent magnets.  As the cost is lowered due to the substantial 
reduction of the rare-earth content, it therefore accounts for a new generation of permanent 
magnetic materials. The best permanent magnets are intermetallic compounds of a 
ferromagnetic 3d element and a 4f element; e.g. SmCo5 or Nd2Fe14B. Their applications are 
magnetic resonance imaging, magnetic powder alignment, sensors, actuators, loudspeakers, 
generators, microphones, beam control, radiation sources (microwave, uv, X-ray) mineral 
separation, bearings, couplings,  switchable clamps, brakes, metal separation. Other uses of 
magnets, in acupuncture, pain control, electrochemistry, suppression of wax formation in oil 
wells or control of lime scale deposits in pipes carrying hard water[1-6].In this paper, 
wemention Phase transformation, crystallization and structureand electrical properties of 
amorphousFe76Nd4B20 alloy to understand its structure and thermal stability after 
crystallization.   
 

2. Experimental 
Amorphous Fe76Nd4B20 alloy ribbons were made using melt spinning technique which are 
procured from our other researchers. The width  of  these ribbons is about 1 mm and the 
thickness  is about 30 µm. Structure of the crystallized samples were examined on the 
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MAXIMA_X 7000 XRD SERIES X-Ray diffractometerand computerized reflectedradiation 
recording system.  For the fresh and annealed samples, X-ray diffraction patterns are 
recorded at room temperature.  The structure of the crystallized samples is also examined 
using Scanning Electron Microscopy (SEM).  Four probe resistance apparatus was used to 
make resistivity measurements in the temperature range 300 K – 950 K.  

 
3. Results And Discussion 

 

Figure 1 X-Ray diffraction pattern (XRD) of crystallized Fe76Nd4B20 

In the present study X-ray diffraction technique has been used to identify the crystalline  
phases as well as the grain size of the different samples by using Debye Scherrer’s formula 
[7] given by 

                                           D =  0.94ƛ / βCosθ  …………………………(1) 

Where D is the grain size, β is the full width at half maximum (FWHM), θ is the angle of 
diffraction and ƛ is the wave length of Cu-Kα radiation. The XRD pattern of the as-cast 
ribbon sample Fe76Nd4B20 showed broad band revealing the amorphous nature of the sample. 
Another fresh ribbon sample of Fe76Nd4B20  is heated to a temperature of about 1000 K and is 
cooled. As in Fig. 1 the XRD patterns show a sharp peak around 2θ = 44.420 which may be 
due to the presence of the primary crystalline phase α-Fe. The grain size of the grown 
crystalline phase is about 20.08 nm.   
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                      (a)                                                           (b) 

 

                        (c)                                                             (d) 

Figure 2 SEM photos of crystallized Fe76Nd4B20at different resolutions 
(a) 200 µm, (b) 50 µm, (c) 20 µm and (d)  10 µm 

 
 

By using scanning electron microscope (SEM) micro structural studies were carried out.  
Thus, Figure 2 shows the SEM images of crystallized  Fe76Nd4B20 for different resolutions.. 
SEM micrographs of the crystallized sample thus shows the primary crystalline phase α-Fe  
as discussed in XRD results.   Thus, XRD and SEM studies on crystallized Fe76Nd4B20 shows 
the formation of   α-Fe. 

Figure 3 shows the variation of electrical resistivity, ρ (T) of amorphous Fe76Nd4B20 alloy 
with temperature, T(K) in the temperature range 300 K – 950 K. As in Fig 1, resistivity of the 
amorphous alloy linearly increases from 300 K to 550 K. From 550 K the resistivity slowly 
decreases showing a small dip at 600 K. The small dip in the resistivity of the amorphous 
sample shows the Curie temperature (TC) of the amorphous sample which is 600 K. Increase 
of temperature from 600 K increases the resistivity of the sample upto 700 K and from there 
the resistivity decreases rapidly up to 800 K. From 800 K, the resistivity more or less sharply 
increases up to 850 K.  Thus, drop in the resistivity at 800 K gives the first step of 
crystallization (TX1) in the amorphous sample. This occurs due to structural relaxation due to 
a variety of atomic rearrangements and growth of a primary crystalline phase.  Similarly, in 
Fig.1, the resistivity suddenly drops at 910 K representing the second step of crystallization 
(TX2) which occurs due to massive nucleation and the growth of another crystalline phase.  
From 910 K, the resistivity rapidly increases with increase in temperature.  Thus, amorphous 
Fe76Nd4B20 alloy undergoes two-step crystallization processes. This gives wide temperature 
interval between the two crystallization stages. 



20 

 

 

Figure  3  The variation of electrical resistivity, ρ(T) of amorphous Fe76Nd4B20 alloy 
with temperature, T(K) in the temperature range 300 K – 950 K. 

Observation of two step crystallization is more common in some amorphous ferromagnetic 
materials and metallic glasses. Thus, as spun samples of Fe76Nd4B20 alloy crystallize in two 
steps to a final microstructure consisting of Fe14 Nd2B and α-Fe phases [8]. Fe14 Nd2B 
particles are surrounded by the bcc-Fe and amorphous phases which act as a magnetic 
exchange coupled medium [9, 10]. Comparison of our results with the published other similar 
systems reveals that amorphous Fe76Nd4B20 alloy has good thermal stability for applications 
in the industries. From the resistivity measurements, the temperature coefficient of resistivity 
(TCR), α and the Debye temperature (ϴD) of the amorphous sample are found to be 8.065 X 
10-4 K-1 and 408 K, respectively.  

4. Conclusions 
For the fresh sample  Fe76Nd4B20heated  to 1000 K and cooled,  the XRD pattern at room 
temperature showed  a  sharp peak around 2θ = 44.420  which is  due to the presence of α-Fe.   
The grain size of the grown crystalline phase for the annealed sample is about 20.08 nm.   
SEM studies on crystallizedFe76Nd4B20showed the formation of   α-Fe.From the resistivity 
measurements, the resistivity of amorphous Fe76Nd4B20 alloy at 300 K is found to be 186 µΩ-
cm. The Curie Temperature (TC), the first step of crystallization (TX1) and the second step of 
crystallization (TX2) of the amorphous sample are found to be 600 K, 800 K and 910 K, 
respectively. The temperature coefficient of resistivity (TCR), α and the Debye temperarure 
(ϴD) of the amorphous sample are found to be 8.065 X 10-4 K-1 and 408 K, respectively. The 
amorphous as spun samples of Fe76Nd4B20 alloy crystallize in two steps to a final 
microstructure consisting of Fe14 Nd2B and α-Fe phases.  
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Abstract 
Different piezoelectric models are generated using COMSOL software before fabricating the 
hardware model. Software approach give the best design that can be developed as an 
hardware model. Best nano material is selected which gives more electric potential from the 
given materials i.e., Aluminium Nitride, Gallium Arsenide, Cadmium Sulphide and Zinc 
Oxide. Single rod is tested by applying different kind of forces. The effect of surface area of 
exposure in the generated output energy is determined. An electrical energy of 0.5268 pJ is 
produced when a force of 10 N/m2 is applied. By selecting the best design using software 
method a hardware model can be fabricated by using different materials such as paper, 
aluminium, textile.  
Keywords: piezoelectric, nano rods, electric potential, electric energy, stress, flexible 
substrate. 
 

1. Introduction 
In recent past, more articles have reported the application zinc oxide (ZnO) nanostructures 
piezoelectric properties. In the same way, piezoelectric effect of various flexible substrates, 
such as paper, zinc foil, PET (polyethylene terephthalate) has been exploited by the research 
groups. 
Fabrication of nanodevices with low cost and improved performance is of high demand [1]. 
Hence, different flexible substrates such as aluminum foil, paper, textile fabric, and plastic 
have been utilized to harvest electrical energy in the present study. 
In addition to this, for paper and textile, an insulating layer is also needed to reduce the 
surface roughness [2-5].  This eliminates the use aluminum foil as a substrate as an 
insulating/conductive layer that is flexible and low cost.  
Nano generator scavenges energy from the environment by utilizing the coupling between 
electrical and mechanical properties. Among the different tetrahedral coordinated compound 
semiconductors like GaN, ZnO, CdS, AIN, and CdSe it was found that ZnO has the highest 
piezoelectric coefficient [6]. ZnO is one of the Most important multi-functional 
semiconductors that possess a strong piezoelectric effect.  
In this work, the electrical energy generator by the piezoelectric nano generator (NG) based 
on ZnO NWs/PVDF polymer hybrid structure has been studied. The study includes modeling 
the structure, characterizing it with various materials of dielectric strength [7, 8]. Modeling of 
devices reduces the burden of design during hardware implementation [9-16]. COMSOL 
multi physics software is used for the study. The total electrical potential, electric energy 
stored and total stored strain energy is calculated. 
 

2. Experimental 
The work flow is as follows. Two steps are followed. In step-1 simple 3D Parallel Plate 
Capacitor is developed and studied for different dielectric materials. In the next step 2:   
Elementary Piezoelectric Cylinder is developed for the ZnO as dielectric. The energy 
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generated  has been simulated and the corresponding capacitance has been calculated. The 
results are compared for further discussions.  
 

3. Results and Discussion 
Step-1: Parallel Plate Capacitor 
Poly silicon plates are used as conductive plates and air acts as a dielectric material between 
those parallel plates. The surface plot is displayed. The electric potential of 5V is applied 
blocks. As applied the upper block is at high potential of 5V. Table.1 contains the acquired 
results. 

 
 

 

.                       
 

 

 

Zinc Oxide, Cadmium Sulphide, and Bismuth Germanate can be used as a dielectric as they 
provide good capacitance value. But Zinc oxide is abundantly available, and the cost is much 
cheaper than the other two materials. So, consider Zinc Oxide as productive material for 
further courses. 

TABLE 1  Tabulation of results obtained by varying materials 

Material as Electric Capacitance Consistency 
in Air 0.0766 0.0061 Non-
uniform Aluminium 

Nitride 
0.1992 0.0159 Not 

uniform Gallium 
Arsenide 

0.2109 0.0161 Barely 
uniform Cadmium 0.2014 0.0168 Uniform 

Zinc Oxide 0.2040 0.0163 Good 
uniformity Bismuth 

Germanate 
0.2183 0.0174 Good 

uniformity                              

 Step 2:   Elementary Piezoelectric Cylinder  
The next step is to construct the element that helps to study the pressure to voltage 
conversion. A cylinder considers as the elementary ZnO nanorod to study how a piezoelectric 
model can be created in COMSOL. 

Fig:2 illustrates the color legend for the electric potential of the elementary piezoelectric 
cylinder. The total stored electric energy of 5.2675E-14 J and total strain of 7.2544E-14 J for 
an applied force on -100 N/m2. 
 

 

Figure 1: Colour legend of 
electric potential with ZnO as 
dielectric 

Figure:2 Multi slice view for electric 
potential  of elementary piezoelectric 
cylinder with ZnO as dielectric 
material 
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4. Conclusions 

In summary different models of piezoelectric materials using COMSOL has been developed. 
It is observed that the piezoelectric nature of Zinc oxide is comparatively higher when 
compared to other piezoelectric materials such as Aluminum Nitride, Gallium Arsenide, 
Cadmium Sulphide etc. Zinc oxide nano rod produces an electrical energy of 5.2675E-14 J 
when a force of 10 N/m2 is applied. This simulation approach is promising, scalable and 
flexible before going to the hardware approach and it is easy to compare different materials, 
errors can be rectified easily, software model approach gives the best design that can be 
developed as an hardware model.  
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Abstract 
In the present work, Al-Mg alloy was heat treated and the change in microstructure has been 
analyzed. The effect of microstructure variation on the hardness of the alloy also studied. Al-
Mg alloy is a heat treatable alloy and mainly used in marine applications. AA 5083 alloy was 
taken for investigation. Five samples were prepared for the study. The samples were heat 
treated at different heat treatment process such as annealing and normalizing. Annealing was 
done at 250˚C and 400˚C. Similarly normalizing was done at 250˚C and 400˚C. The 
microstructure of heat treated samples was analyzed using Scanning electron microscope. 
The effect of heat treatment on hardness was measured using micro-hardness tester. The 
results show that hardness of the alloy is directly proportional to the heat treatment methods. 
Keywords: AA5086; heat treatment; annealing; normalizing; SEM 
Corresponding author e-mail-id 
 

1. Introduction 
The 5xxx-group contains magnesium as major addition element. These multiphase alloys 
belong to the group of commercial aluminum alloys, in which relative volume, chemical 
composition and morphology of structural constituents exert significant influence on their 
useful properties. In the technical aluminium alloys besides the intentional additions, 
transition metals such as Fe and Mn are always present. The 5083 aluminum alloy, which has 
high corrosion resistance, excellent weldability and good strength, is widely used in 
shipbuilding, automotive, aerospace and industrial construction. Recently, increasing 
attention has been paid to describing the quantitative influence of the heat treatment steps on 
the evolution of second-phase particles, including the dispersoidsand the precipitates in 
aluminum alloys [1 – 3]. 
In the present work, the effect of heat treatment on the microstructure and mechanical 
properties of AA 5083 is studied.  
 

2. Experimental 
The study material used for the present investigation is AA 5083 aluminium alloy. The 
chemical composition of AA 5083 alloy is given in Table 1.  
 

Table 1: Chemical composition of AA 5083 alloy 
Element Al Mg Mn Fe Si Cr Ti Cu 
Wt. % 94.42 4.45 0.62 0.26 0.11 0.09 0.01 0.01 
 
Five samples were prepared with dimension of 2 x 2 x 0.5 cm. the samples are heat treatedfor 
90 minutes in muffle furnace at the temperatures of 250ºC and 400°C respectively. The 
samples were normalised with natural convection cooling process. The heat treated samples 
were polished using emery sheets (Grade 600, 400, 1/0, 2/0, 3/0 4/0) in the respective order. 
The samples were studied using X-ray diffraction analysis for elemental analysis. Further 
elemental analysis was carried out by Energy Dispersive X-Ray Analysis. The 
microstructural analysis was done by Scanning electron microscope. The mechanical 
properties of the heat treated samples were analysed by microhardness and tensile test.  
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The flowchart of the experiment procedure is shown below 

 
 
 

3. Results and Discussion 
 
3.1 X-ray Analysis 
XRD analysis of A confirms the material is Al 5083 and also it shows the deflection of x-ray 
in hkl planes, here hkl planes such as (111), (200), (220), (311) can identified at angles 38.4, 
44, 66.3 and 78.4 degrees. The intensity of deflection of plane (111) is much larger as 
compared to other planes, plane (200) has the second highest value of intensity and the third 
is for plane (311), plane (220) has the least value of intensity. 
 

 
Fig 2 : XRD micrograph of AA-5083 

 
 
3.2 Microstructure Analysis 
The SEM micrograph of AA 5083 is shown in Fig 3. The microstructure is shown in fig (a). 
the elemental analysis of the alloy is confirmed with EDAX analysis which shows the 
predominant elements in the graph. 

 
  Aluminum Sample 

    Heat Treatment 

 Annealing at 250 ̊C  Normalising at 400 ̊C Annealing at 400 ̊C Normalising at 250 ̊C 

Characterization and XRD 

  Result and Discuss 

     Report 
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Fig 3: (a) SEM image of AA 5083; (b) EDAX analysis of AA 5083 
 
3.3 Microhardness 
The microhardness of AA 5083 at different heat treatment condition is shown in Fig 4. The 
high increase inmicrohardness values, compared to the base material (40 HV) is attributed 
mainly to the high presence of the Magnesium- copper based embeddedparticles. Those 
particles consisted mainly of different complex and hard intermetallic layers.Another possible 
reason for the hardnessincrease is the diffusion of the copper in the AA5083 matrix. The 
diffusion of the Mg and Cu inthe matrix could lead to a solid solution matrix that is 
mechanically tougher than the pure base metalmatrix. Furthermore, the embedded particles 
and the diffused copper in the AA5083 matrix could actas barriers to the movement of 
dislocations, thereby increasing the hardness of the material.  

 
Fig 4: Microhardness of the sample at different heat treated condition 

 
4. Conclusions 

The heat treatment of AA 5083 was done at various temperatures to study its effect on 
mechanical property such as microhardness. Hardness increased at annealing and decreased 
during normalising. 
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Abstract 
Nature inspires researcher to carry out new research in science and technology, especially in 
the field of nanotechnology. Synthesis of Metal Oxide Nanoparticles using green is the recent 
trend. In the current study, we have attempted to synthesize CuO nanoparticles mediated with 
green by solvothermal method. CuO NPs were characterized by X-ray Diffraction (XRD), 
UV-Visible Spectroscopy (UV-Vis) and SEM studies. 
Keywords: solanum lycopersicumextract (tomato fruit), Green synthesis, CuO nanoparticles, 
Structural properties, Optical Properties. 
 

1. Introduction 
Nanomaterials are cornerstones of nanoscience and nanotechnology. Nanostructure science 
and technology is a broad and interdisciplinary area of research and development activity that 
has been growing explosively worldwide in the past few years. It has the potential for 
revolutionizing the ways in which materials and products are created and the range and nature 
of functionalities that can be accessed. It is already having significant commercial impacts, 
which will assuredly increase in the future [1 - 8]. 
 

2. Experimental Method 
In the present study, pure Copper oxide nanoparticles has been prepared using Solvothermal 
method. 10g of Copper  acetate monohydrate is completely dissolved in 50 ml of Ethylene 
glycol and 9 grams of Urea is mixed with 50 ml of Ethylene glycol. The precursors are mixed 
together and heated in microwave oven for nearly half an hour to obtain pure copper oxide 
nanoparticles. Then separate this nanoparticle using what man filter paper and wash the 
resultant sample using distilled water repeatedly to remove the by-products, dry the sample 
for few days again its washed using acetone to remove the impurities.  
To the above precursors solanum lycopersicum (tomato) fruit extract of different 
concentrations (3ml and 6ml) were added. The resultant solution was heated in microwave 
oven for about 30 min. The precipitate formed was allowed to settle down. After a minute the 
settled precipitate was washed with distilled water thrice and allowed to dry for a week. After 
a week the dried sample was again washed with acetone to remove the impurities. The 
samples were filtered and allowed to dry. The prepared samples were subjected to various 
studies 
 

3. Results and Discussion 
3.1 Structural properties:  
3.1.1 XRD Analysis:  
The structure analysis of the prepared CuO nanoparticle was done by X- ray diffraction. The 
prepared copper oxide powders were characterized by X-ray   power diffraction meters using 
CuKλ radiation (wave length λ=0.15406nm). X-ray diffraction pattern is recorded for the as 
prepared samples. In x-ray diffraction, the Scherer formula that relates the size of sub-
micrometer particles, or crystallites, in a solid to the broadening of a peak in a diffraction 
pattern. It is used in the determination of size of particles of crystals in the form of powder.  
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CuO nanoparticles exhibited Cubic crystal structure. The peak intensities are in agreement 
with the JCPDS. All diffraction peaks correspond to the characteristic face centered cubic 
(FCC) copper lines.  
 
 
 
 
 
 
 
 
 

Figure 3.1: XRD spectrum for pure CuOnanoparticle 
 

 
 
 
 
 
 
 
 
 
 

Figure 3.2: XRD spectrum for 3ml solanumlycopersicum mixed CuO nanoparticle 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3: XRD spectrum for 6ml solanumlycopersicum mixed CuO nanoparticle 
 
The crystalline size of the film is calculated using Debye Scherer formula by measuring 
FWHM from the diffraction pattern. The average size of CuO nanoparticles is calculated 
using the formula,  
     𝐷 = 𝑘𝜆/𝛽𝑐𝑜𝑠𝜃 
Where, D is the average crystallite size of the particles, K is Debye-Scherer’s constant (0.94), 
λ is the wavelength of the cuK α-radiation (1.5406 Å), β is the full width half maximum 
(FWHM) of the peak, θ is the Bragg`s angle.   
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                       Table 3.1: Crystalline size of CuO nanoparticles 

 
 
                         Samples  

 
              Crystalline size  

 
 Pure CuO  

 
            19.7616 nm  

 
3ml solanum lycopersicum mixed CuO  

 
            20.3484 nm  

 
6ml solanum lycopersicum mixed CuO  

 
            22.6271 nm  

 

3.2. Optical propertier 
3.2.1 Ultraviolet-Visible Analysis:  
Ultraviolet-visible spectroscopy or ultraviolet-visible spectrophotometers refers to absorption 
spectroscopy or reflectance spectroscopy in the ultraviolet-visible spectral region. This 
technique is based on the absorption of light in the ultra-violet (10-420nm) and visible (420-
700nm) regions by a powder sample. From UV spectrum, the absorbance in each sample is 
studied.The optical band gap is determined using Tauc’s relation,  

αhυ=A(hυ-Eg) n  
 

Table 3.2: Energy band gap for CuO nanoparticles 
  

 
                         Samples  

 
            Energy band gap  
 

 
 Pure copper oxide  

 
                     4.03eV  

 
 3ml solanum lycopersicum mixed CuO  

 
                     4.63eV  

 
 6ml solanum lycopersicum mixed CuO  

 
                     4.73eV  

 
 

 
Figure 3.4: Tauc plot of pure CuOnanoparticle 
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Figure 3.5: Taucplot of 3ml solanumlycopersicum mixed CuO nanoparticle 

 

 
 
Figure 3.6: Taucplot of 6ml solanum lycopersicum mixed CuO nanoparticle                
 
The results show that the energy band gaps of CuO nanoparticles increases with increasing in 
concentration. A larger bandgap means that more energy is required to excite an electron 
from the valance band to the conduction band. 
 

3. SEM Studies 
 The structural features of the synthesized particles were investigated using scanning electron 
microscopy (SEM). The observed images are shown in Figure . This image was observed 
within the magnification of 25 nm. The nanostructured particles apparently exhibit a 
spherical morphology. 

 
Figure 3.7 SEM Photograph of pure CuO 

 

 
Fig 3.8 SEM Photograph of 3ml solanum lycopersicum mixed CuO np 

https://pubs.acs.org/doi/full/10.1021/acsomega.9b02857#fig1
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Fig 3.9 SEM Photograph of 6ml solanumlycopersicum mixed CuOnp 

 
4. Conclusions 

From XRD spectra, the prepared nanomaterials show the cubic crystal structure. The 
positions of the peaks are in excellent agreement with the standard reference pattern JCPDS 
data (No78-0428). The crystalline sizes of prepared nanomaterials are calculated from 
Scherer׳s formula. The range of crystalline size lies between 19- 22nm.The results show that 
the crystallite size of CuO nanomaterials increases with increasing concentration. The 
absorbance of the pure copper oxide nanomaterial measured in the energy band gap is 4.03eV 
and the absorbance of the 3ml and 6ml solanum lycopersicum mixed CuO nanoparticles 
energy band gaps are 4.63eV and 4.73eV respectively. The optical band energies were 
calculated using Tauc plots. The grain size, shape and surface properties like morphology 
were investigated by the Scanning Electronic Microscopy shown in figure. The 
nanostructured particles apparently exhibit a spherical morphology. The results show that the 
energy band gaps of CuO nanoparticles increases with increase in concentration. The 
synthesized copper nanoparticles are of greater stability. Increased bandgap nanomaterials 
have potential applications in solar cells. The green synthesis of preparing CuO nanoparticles 
is economical and cheap with no hazardous effects. 
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Abstract 
The main aim of this work is to study the effect of Multiwalled carbon nanotubes used as 
nano additives in canola biodiesel blends on the performance and emission characteristics of 
a diesel engine. The MWCNTs were added into the canola biodiesel blend (CABD20) in the 
concentrations of 50 and 100 ppm with the aid of the ultrasonicator. The fuel properties of 
the test fuels were measured according to the ASTM standards. The performance and 
emission characteristics of a single cylinder diesel engine by using various fuel samples 
were determined. The CO, HC and smoke emissions were reduced with the addition of 
MWCNTs into the biodiesel blends compared to the biodiesel blends. It is concluded that 
addition of MWCNTs into the biodiesel blends shows the better results compared to the 
other fuel samples. 
Keywords: Canola biodiesel, MWCNTs, Combustion, Emissions  
 
1. Introduction 
Recently, demand for energy was growing enormously which affects the improvement in the 
economy of developing nations. The majority of energy requirement was fulfilled by the 
fossil fuel resources which may result in environmental degradation, global warming and 
causes the air pollution [1]. Biodiesel is one of the substitute fuel for diesel engines due to 
its sustainable, eco-friendly nature, non-hazardous which is produced from the various 
sources such as vegetable oils, non-ediable sources, animal fats, waste cooking oil and algae 
etc. Nithya et al [2] studied the effect of additive nanoparticle TiO2 in to canola biodiesel its 
emission properties were determined. The results revealed that the addition of the 
nanoparticle the emission of NOx was reduced 5% compared to neat canola biodiesel. 
Further, they also noticed the consistent reduction in other gases like CO, is 32%, HC 30% 
and the reduction of smoke is 52%. Mehrdad et.al [3] studied the effect of multiwall carbon 
nanotubes (MWCNT) to diesel–biodiesel blends in the diesel engine. The results reveal that 
NOx, CO, HC and soot emissions were reduced by up to 18.9%, 38.8%, 71.4% and 26.3%, 
respectively, for B20 (90 ppm) fuel compared to neat B20 fuel sample. Based on the 
literature review this work aims that the effect of multiwalled carbon nanotubes used in 
canola biodiesel blends on the performance and emission characteristics of a diesel engine 
[4, 5]. 
 
2. Experimental 
Canola biodiesel was produced by the transesterfication process by using methanol to oil 
ratio of 6:1 with KOH as catalyst (1% of oil by weight). Next, this mixture was transferred 
to the reaction tank and heated at constant temperature of 600C with constant stirring 
process in one hour. Then this mixture was poured into the funnel and allowed to settle for 6 
hours. After separation, the glycerol was removed from the bottom of the flask and then the 
biodiesel was collected and washed with water to remove the excess alcohol and dust 
particles. Canola biodiesel-diesel blend was prepared by blending of 20% of biodiesel with 
80% of diesel in volumetric proportion and it was named as CABD20. In the CABD 20 fuel 
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sample multiwalled nanoparticles were added at proportions of 50 ppm and 100 ppm. The 
SEM image of multiwalled carbon nanotubes was shown in Figure 1. The properties of all 
fuel samples were determined according to the ASTM standards. The experimental 
investigation was carried out in a single cylinder four stroke vertical water cooled constant 
speed direct injection diesel engine was shown in figure 2. The various tests were conducted 
on a diesel engine to determine the performance and emission parameters by using various 
test fuel samples.  
 

 

 

        

 

Figure 1: SEM Image             Figure 2: Test Engine 
 

     
3. Results and Discussion 
 

3. 1. Performance parameters: 
The performance parameters such as brake thermal efficiency and brake specific fuel 
consumption were shown in Figure 3. The obtained results shows that the brake thermal 
efficiency of CABD20 fuel sample reduces compared to the diesel fuel due to the lower 
calorific value. The addition of MWCNTs to the biodiesel blend increases the brake thermal 
efficiency compared to the CABD20 fuel. The brake specific fuel consumption for the 
CABD20 higher than the diesel fuel. The addition of MWCNTs into the biodiesel blend the 
BSFC were reduced compared to the CABD20 fuel due to the improved combustion. 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 3: BTH Vs Brake power   Figure 4: BSFC Vs Brake power 
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3. 2. Emission parameters: 
The emission parameters such as CO, HC, NOx and smoke emissions were shown in Figure 
5, 6, 7 and 8.The results shows that CO emissions for the CABD20 fuel were lower than the 
diesel fuel. The addition of multiwalled carbon nanotubes to the CABD20 fuel CO 
emissions were reduced due to shorter ignition delay period. The HC emissions for the 
CABD20 fuel were less compared to the diesel fuel at all load conditions. The addition of 
MWCNTs to the CABD20 fuel HC emissions further reduced due to the more surface to 
volume ratio of nanoparticles. 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 5: CO emissions Vs load   Figure 6: HC Emissions Vs load 
 
 
The NOx emissions for the CABD20 fuel sample were higher compared to the diesel fuel at 
all load conditions. The addition of MWCNTs into the CABD20 fuel sample the NOx 
emissions were reduced compared to the CABD20 fuel due to the catalytic activity of 
nanoparticles. The smoke emissions for the CABD20 fuel were slightly increased compared 
to the diesel fuel at all load conditions. The addition of MWCNTs into the CABD20 fuel the 
smoke emissions were lowered compared to the CABD20 fuel due to the improved 
combustion. 
 
   
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: NOx Emissions Vs load    Figure 8: Smoke Vs load 
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4. Conclusions 
The performance, combustion and emission characteristics of a diesel engine by using 
Canola biodiesel blend with MWCNT additives were investigated. The following on 
conclusions were obtained. The brake thermal efficiency was improved and BSFC was 
reduced with the addition of MWCNTs into the biodiesel blend compared to the CABD20 
fuel sample. The emission parameters such as CO, HC, NOx and smoke emissions were 
reduced for the addition of the MWCNTs to the biodiesel blend than the CABD20 fuel.  
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Abstract  
The glasses of composition [Bi2O3]10-[SiO2]60: [CaO] (y-x)-[CuO]x(where ‘x’varies from 0.1 to 
0.5, y = 30) are crystallized with heat treatment. Prepared test samples characterized by 
DTA& TLtechniques. More number of crystalline peaks in DTA reports strongly suggests 
that the test samplespreparedturned crystalline after required heat treatment.Elastic properties 
of both G & GC - Series of samples are also reported. TL measurements of both glassy (G - 
4) and glass ceramic (GC - 3) exhibiting good SSF{𝒖(G - 4 = 0.484&GC - 3 = 0.247)} 
and low AE’s {G - 4 (E𝛕 = 0.777, E𝛅 = 0.840& E𝛚 = 0.812)&GC - 3 (E𝛕 = 0.37, E𝛅 = 0.48& 
E𝛚 = 0.22)} under 30 min of  - irradiation might be good TL asset.  
Keywords 
Micro hardness; thermal stability; trap depth parameters;  
 
Abbrivations: 
G- Glass; GC- Glass Ceramic; DTA - Differential Thermal Analysis; TL-hermoluminiscence; 
SSF-Shape Symmetry Factor; AE-Activation Energy; YM -Young’s Modulus; MH-Micro 
Hardness; NBO- Non-Bridging Oxygen. 
 

1. Introduction 
Cu2+ ions of calcio bismuth silicates are extremely promising materials asa thermo- dielectric 
resource materials. Since most recent two decades to current years there has been significant 
research on Cu2+ ions of calcio bismuth silicates due to their anomalous TL and dielectric 
results. Generally, the Bi2O3-SiO2 glass ceramics are hard in elastic nature, non-corrosive and 
possess high thermal stability [1]. The previous studies of these materials disclosed that the 
thermo radiative properties of Cu2+ ions of calcio bismuth silicates have very high credibility 
in many medical and engineering uses. Generally, Fe2O3 and CuO are mostly used to induce 
crystallization and nucleation in novel glass ceramics. Usually in glass ceramics, copper ions 
occur in multi stable valence states such as Cu+, Cu2+ and Cu3+ induce thermo dielectric 
properties [2]. SiO2 is one of the most complex and most abundant families of materials, 
existing as a compound of several minerals and as synthetic product (glass former). It is used 
in structural materials, microelectronics (as an electrical insulator) and as components in the 
thermo and dielectric industries. Silica of SiO2 is an advocate among the most incredible and 
most abundant families of resources, existing as a compound of a glass former and as 
synthetic product. It is used in fundamental materials, microelectronics (as an electrical 
insulator) and as parts in the thermo and dielectric endeavours [3]. The addition of Bi2O3 to 
the silicate glass ceramic subordinates are believed to be of acceptable compound toughness 
and have ventured protection from gamma-light. For the most part, the corrosion diminishes 
with the expansion in the SiO2 content within these glass ceramic network precisely true to 
form in perspective on the solid fundamental movement of silica in the glass coordinate. 
Bismuth silicate glasses, because of their favourable physical, TL characteristics, are used in 
numerous applications: in optoelectronics, and thermo dielectrics due to their low optical 
attenuation and dielectric dispersion.The addition of CuO to the calcio bismuth silicates are 
noble composite materials for nonlinear optical absorbers as passive modulators of thermo-
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dielectric devices [4]. Most of the locations within the present glass ceramics are experienced 
distortion due to involvement of copper ions and induce condensed symmetry over octahedral 
or tetrahedral geometry. The existing calcio bismuth silicates glass ceramics have extensive 
certification as sealing resources in literature, as compressive seal needs an applied load 
during applications are electrically conductive and susceptible to oxidation [5]. The induced 
small degree of distortion within these glass ceramics is due to addition of copper oxide 
concentration split d-shell energy levels and improve the number of d-d transitions lead 
enhanced TL emission cause variations in values of trap depth parameters. Cu2+ ions of calcio 
bismuth silicates based non-crystallines have many excellent properties such as high 
refractive index medium and good at dielectric properties. Due to their wide range of 
characteristics of these glass ceramics are used in many applications like thermo dielectric 
sensors. Bismuth in present ceramics predominantly exist in Bi3+ state [6]. In the present 
investigation we have chosen [Bi2O3]10- [SiO2]60 :[CaO](y-x)- [CuO]xas a chemical 
composition for synthesis to study the influence of CaO and CuO on structural changes in 
Bi2O3 – SiO2 units before and after required heat treatment and to develop higher efficient 
thermoluminiscence and dielectric applications. 
 

2. Methods & Measurements 
The chemical composition of [Bi2O3]10- [SiO2]60 :[CaO](y-x)- [CuO]x (where ‘x’ varies from 
0.1 to 0.5, y = 30) has chosen for present glass synthesis.Suitable quantities of analytic grades 
of pure CaO, Bi2O3, SiO2and CuO chemicals are chosen in an agate mortar in a powder form. 
The chosen chemical powders were extremely mixed and liquefied in a thick walled crucible 
with in the temperature range of 1390 oC to 1430 oC in an automatic maintained temperature 
furnace for about 30 minutes until a bubble free transparent melt was produced. The final 
melt was discharged in a brass cast and successively annealed at 515 0C temperature in a 
muffle furnace. The following chemical composition represents the existing glass series of 
samples annealed at 515 0C. 
 

G - 0  ` [Bi2O3]10- [SiO2]60 : [CaO](30)- [CuO]0.0 
G - 1  ` [Bi2O3]10- [SiO2]60 : [CaO](29.9)- [CuO]0.1 
G - 2  ` [Bi2O3]10- [SiO2]60 : [CaO](29.8)- [CuO]0.2 
G - 3  ` [Bi2O3]10- [SiO2]60 : [CaO](29.7)- [CuO]0.3 
G - 4  ` [Bi2O3]10- [SiO2]60 : [CaO](29.6)- [CuO]0.4 
G - 5  ` [Bi2O3]10- [SiO2]60: [CaO](29.5)- [CuO]0.5 

 
Hitachi DTG-60 H (precision  1OC & range  27 to 1200OC) was used to record DTA 
thermograms of existing glass tests. The observed thermo grams of present test samples 
showed different exothermic peaks at around 980 to 1010oC. Through the observed analysis, 
further heat treatment given to the glass tests around 900oC for 30 hours. Later on the glass 
tests are permitted to cool steadily to 27oC. The following chemical composition represents 
the existing glass ceramic series of samples annealed at 9000C. 
 

GC - 0   [Bi2O3]10- [SiO2]60 :[CaO](30)- [CuO]0.0 
GC - 1   [Bi2O3]10- [SiO2]60 :[CaO](29.9)- [CuO]0.1 
GC - 2   [Bi2O3]10- [SiO2]60 :[CaO](29.8)- [CuO]0.2 
GC - 3   [Bi2O3]10- [SiO2]60 :[CaO](29.7)- [CuO]0.3 
GC - 4   [Bi2O3]10- [SiO2]60 :[CaO](29.6)- [CuO]0.4 
GC - 5   [Bi2O3]10- [SiO2]60 :[CaO](29.5)- [CuO]0.5 
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The subsequent instruments are expended to characterize different measurements of existing 
both glass and glass ceramic tests.  The samples are then optically refined and dimensionally 
prepared for both elastic (both length & breadth  1 cm, thick ness  0.5 cm) and optical 
(both length & breadth = 1 cm, thick ness = 0.2 cm) measurements.  The following 
instruments are used to record structural, elastic & optical measurements. Scale Tec digital 
weighing balance (precision  10-4 g/cm3) was used to measure the weight of the present 
samples .PARAS WT - 311D Ultrasonic flaw detector (precision  1 m/s, range  104 m/s) 
was used to measure ultrasonic velocities.Shimadzu XRD – 7000 (precision  0.1 degree) is 
used to record X-Ray diffraction. Hitachi S-3700N (precision  0.1 m & range  1 to 200 
m) was used record SEM & EDS of present samples. Thermoluminiscence measurements 
are carried out by using Nucleonix TL/OSL Reader (precision  1 OC & range  27 to 500 
OC)and software - MAC OS Version -10.15.1 & MAT Lab 2.3 version were used plot all the 
figures. 
 

3. Results & Discussion 
3. 1. Structural Studies  

X-Ray diffraction pattern of sample code GC - 3  represented in Fig.1.Observed XRDpattern 
exhibitingvarious crystalline phases [CaSiO3, CaSi3O7, CuBiO3, Cu2Bi2O7 and CaCuO2] after 
required heat treatment [7].The EDS of sample code GC - 3 represented in Fig 2. Elastic 
properties ofboth G& GC - Series of samples are reported. MH (H) and YM (Y) are also 
computed. The estimations of ‘H’and ‘Y’ are stretching up with CuO concentration. The 
figured adaptable results give data about covalently linked structure. DTA traces of 
prevailingboth G & GC - series of samplesof present samplessignified in Fig 3. The values 
of Tg  (glass transition temperature) of both G & GC - series of samples are also reported. 
Thermal stability (Tc– Tg) of both G & GC - series of samplesare computed from the DTA 
spectra [8]. The inset of the Fig.3 represents variation of thermal stability with increase in 
CuO content. The traces concerning GC - series of samples exhibit lower values of forming 
ability than the G - series of samples. The exothermic glass crystallization and endothermic 
glass transition of both existingboth G & GC - series of samples are due to variation in 
enthalpy. The information concerning all DTA thermo grams of existing bothG & GC - 
series of samples are furnished in Table 1. DTA, SEM & X-Ray diffraction characterization 
evidently directed that the prepared samples are transformed into glass ceramics after the 
required heat treatment.SiO2 is a glass former and its tetrahedrons have a dissimilar in 
structure which are interlocked from side to side their corner sharing.  
 

 
Fig. 1 XRD pattern of GC - 3 glass ceramic sample. 
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Fig. 2   Energy Dispersion Spectra of the glass samples GC - 4 glass ceramic sample. 

 
The thought of Bi2O3 into pure SiO2 will effects in the production of large number of NBO's. 
Bi2O3 is not a straight glass former yet in the event of modernizer like CaO it gets in 
interaction into the existing materials with BiO6 (octahedral) and BiO4 (tetrahedral) 
constituents. The BiO4 structural units of Bi2O3 involve with silicate tetrahedral bonds with 
corner allocation, whereas the octahedral BiO6 ions rule interstitial sites. The octahedral Bi3+ 
ions will effect as modifier like Ca2+ and Cu2+ions which are further dependable for the signs 
of NBO's. In the present glass ceramic materials, the tetrahedral (or) octahedral occupancy of 
bismuth ions depends on the intensity of Bi2O3 with in the glass ceramic network [9].  
 

 
 
Fig. 3 DTA spectrum of [Bi2O3]10- [SiO2]60 :[CaO](y-x)- [CuO]x (where ‘x’ varies from 0.1 to 
0.5, y = 30) glass ceramics, Insect represents variation in Tc – Tg with CuO concentration of 
both G &GC -  series of samples. 
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Table 1 Summary on DTA of [Bi2O3]10 - [SiO2]60 :[CaO](y-x) - [CuO]x (where ‘x’ varies from 
0.1 to 0.5, y = 30) glass ceramics 

Sample 

Before heat treatment 
(Pre-Crystallized State of Samples) 

After required heat treatment 
(Crystallized State of Samples) 

G - 
1  

 
G - 
2  

 
G - 
3  

 
G - 
4  

 
G - 
5  

 
GC - 
1  

 
GC - 
2  

 
GC - 
3  

 
GC - 
4  

 
GC - 
5  

Tg (
o
C) 467 462 457 455 459 469 467 463 464 465 

Tc1 (
o
C) 979 973 966 962 969 968 965 957 959 961 

Tc1-Tg 

(
o
C) 

512 511 509 507 510 499 498 494 495 496 

 
Instabilities in the dimensions of the interstitial holes and variation in coordination are 
causing change in the density of both G & GC - series of samples. The viewed temperatures 
such as both endothermic and exothermic peaks in DTA twists of the both G & GC - series 
of samples are a result of change in enthalpy [10]. For most of the part, the glass materials are 
supreme stretchable associationsbeneathany kind of glass progress. Generally, the elastic 
modulus is interrelated to the idea of holding and interatomic dominance. In a few glass 
materials, Young’s modulus advances with in conventionalmagnitude to the atomic density. 
The expansion in elastic moduli with expanding CuO focus is the replacement of Bi3+ by 
divalent Cu2+ which lead to in the increment in covalent bond quality. The extension in 
atomic density can be authorized to the cumulative certainty and dimensionality of the glass 
materials are moreover cause increase in the elastic moduli [11].  
 

3. 2 ThermoluminiscenceStudies 
Fig. 4(a) and 4(b) signifies the thermoluminiscence spectra of both G & GC - series of 
samples (27 to 300 oC temperature range within the time interval of 0 to 30 minutes of – 
irradiation). The observed traces of GC - series of samples are exhibiting maximum TL 
effect comparatively with G - series of samples.  
 

 
 
Fig.4   (A) & (B) Thermoluminiscence of [Bi2O3]10- [SiO2]60 :[CaO](y-x)- [CuO]x (where ‘x’ 

varies from 0.1 to 0.5, y = 30) glass ceramics under 0 to 30 min of  – Irradiation, before (G - 
Series) and after (GC -  Series) required heat treatment. 
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The observed glow curves are exhibiting maximum intensity around at 240 oC with in 30 min 
of  -irradiation. The intensities of different peak positions corresponding to GC -  series of 
samples shifted considerably towards higher temperature region whereas G -  series of 
samples, follows reverse trend. The comparison of all various peak positions report that the 
significant improvement in TL emission peaks with the affecting of peak positions 
concerninggreater temperature with variation in CuO concentration. Table.2 represents the 
trap depth constraints related with the TL emission peaks contrasting with eachthese course 
of action of present materials are calculated by usual formulae's [12-15]. 
 Eτ =  Cτ (KTm2τ ) − bτ(2KTm), Eδ =  Cδ (KTm2δ ) − bδ(2KTm)&Eω =  Cω (KTm2ω ) − bω(2KTm); 
Where  τ =  Tm − T1, δ =  T2 − Tm&ω =  T2 − T1; Cτ = 1.510 + 3(μ − 0.42),Cδ = 0.976 + 7.3 (μ − 0.42)&Cω = 2.52 + 10.2(μ − 0.42); bτ = 1.510 + 3(μ − 0.42), bδ = 0&bω = 0&μ = δω; Tm – peak temperature maximum μsf–  symmetry factor 
TL studies of  irradiated both G & GC - series of samples reported.The viewed GC - 
series of samples show improved TL emission under 30 min of  irradiation.  
 
Table 2 Summary on TL measurements of [Bi2O3]10 - [SiO2]60 :[CaO](y-x) - [CuO]x (where ‘x’ 

varies from 0.1 to 0.5, y = 30) glass ceramics. 
radiation 

dose 
Glass Tm 

(K) 
𝛕 

(K) 
𝛅 

(K) 
𝛚 

(K) 
𝒖 E𝛕 

(eV) 
E𝛅 

(eV) 
E𝛚 

(eV) 
Pre-Crystallized State of Samples 

Under  
30 min  

of  
 

radiation 

G - 1  483 16.1 13.9 30 0.463 2.061 1.961 2.022 
G - 2 481 21.6 19.4 41 0.473 1.641 1.596 1.627 
G - 3 479 27.8 24.2 52 0.465 1.169 1.197 1.190 
G - 4 475 37.1 34.9 72 0.484 0.777 0.840 0.812 
G - 5 477 31.9 27.1 59 0.459 0.974 1.006 0.995 

Crystallized State of Samples 
Under  
30 min  

of  
 
 

radiation 

GC - 1  493 22.7 9.3 32 0.29 0.94 0.06 0.69 
GC - 2 495 24.3 14.7 39 0.376 1.07 0.94 1.03 
GC - 3 497 38.4 12.6 51 0.247 0.37 0.48 0.22 
GC - 4 499 38.7 20.3 59 0.344 0.60 0.44 0.54 
GC - 5 

 502 38.3 29.7 68 0.436 0.74 0.79 0.77 

 
With intensification in temperature up to 300oC about the glass tests, there is a little 
activeness of electrons would initiateimproved thermionic emission. These thermally incited 
electrons are merging with the key D+ traps cause TL at high temperature locale.With 
consistent increment of -irradiation upto 30 minutes, the viewed TL light yield under 
dosimetric apex is growing through and through and the peak viewed is additionally moving 
towards faintly higher temperature region [16, 17]. TL measurements of both glassy (G - 4) 
and glass ceramic (GC - 3) exhibiting good shape symmetry factor {𝒖 (G - 4 = 0.484 &GC - 
3 = 0.247)} and low AE’s {G - 4 (E𝛕 = 0.777, E𝛅 = 0.840 & E𝛚 = 0.812) &GC - 3 (E𝛕 = 
0.37, E𝛅 = 0.48 & E𝛚 = 0.22)} under 30 min of  - irradiation might be good TL asset. The 
relationship between both G & GC - series of samples showed that the improvement in the 
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TL expression of the most critical intensity peak with the moving of apex positions towards 
higher temperature with change in different content of CuO. 
 

4. Conclusions 
For present investigation, we have synthesized [Bi2O3]10- [SiO2]60 :[CaO](y-x)- [CuO]x (where 
‘x’ varies from 0.1 to 0.5 mol% in step size of 0.1 mol% & y = 30) glass materials and 
further crystallized them with required heat treatment. Both of the prepared glass (G - ) and 
glass ceramic (GC - ) series of samples characterized by structural andTL, techniques. 
Elastic measurements of the samples ‘G - 4’ from glassy series and ‘GC - 3’ from glass 
ceramic series exhibiting good valuesofmicro hardness (G - 4 = 4.03 GPa&GC - 3 = 3.99 
GPa)are suggesting that the materials prepared are mechanically hard. DTA, SEM & XRD 
reports evidently suggests that the materials prepared are initially amorphous, after required 
heat treatment they exhibit crystallinity. The glass forming ability of both G -  and GC -  
series of samples decreasing with increase in CuO concentration.TL measurements of the 
samples ‘G - 4’ from glassy series and ‘GC - 3’ from glass ceramic series exhibiting good 
values of shape symmetry factor {𝒖 (G - 4 = 0.484 &GC - 3 = 0.247)} and low AE’s {G - 4 

(E𝛕 = 0.777, E𝛅 = 0.840 & E𝛚 = 0.812) &GC - 3 (E𝛕 = 0.37, E𝛅 = 0.48 & E𝛚 = 0.22)} under 
30 min of  - irradiation might be good TL asset.Based on  Structural and TLresults of both G 
-  and GC -  series of samplesadvise that the glass ceramic test (GC - 3) might be 
bestdesirable for TLapplication. 
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Abstract 
Today manufacturing has become one of the essential necessities for survival of humans. As 
technologies rise, complex machines and problems in manufacturing also rise. To overcome 
new methods in manufacturing is used. One such technology is Additive Manufacturing (or) 
3D Printing. In this journal, we are going to view about origin and comparison study of Poly 
Lactic Acid (PLA) in Additive Manufacturing. In further, a product of PLA is Additive 
Manufactured and implied for tests. The results are cross-checked with standard data of PLA 
and comparison study of top preferred materials in 3D Printing is also discussed. In further, 
the advantages, limitations of Additive Manufacturing is also discussed. The upcoming tests 
to completely verify the PLA material is mentioned clearly. This journal also discusses the 
current advances of Additive Manufacturing in today’s world. 
Keywords: Additive Manufacturing, 3D Printing, PLA, ABS, PLA vs ABS, Fabrication and 
Analysis of PLA based materials.  
 

1. Introduction 
Manufacturing is divided into several categories based on necessities. One such category is 
Additional Manufacturing (or) 3D Printing and Subtractive Manufacturing. Subtractive 
Manufacturing is traditional manufacturing which is nothing but the removal of materials and 
its actions. This includes various operations like Drilling, Boring, Chamfering, Knurling, etc 
and to be collectively called Machining. But in Additive Manufacturing material an object is 
initially designed in Three Dimensions using modeling software like Creo, Auto CAD, etc. 
The obtained CAD file is converted into an STL file. This STL file is nothing but a file of 
CAD is split into thousands of layers with G-Codes. This language is suitable for reading 3D 
Printers. The G-Codes explains the movement of an extruder for every layer by layer. The 
extruder on the top end is connected with the Substrate material. In further it is connected 
with 3 Stepper Motors that reads the G-Codes and moves the extruder with X, Y, Z axes. The 
substrate material is melted in an extruder and that filament is applied layer by layer upon the 
bed, by which our material gets Additively Manufactured [1 – 4]. 
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From this method, any complex or dissimilar or small-sized irregular geometrical object can 
be manufactured. It is mainly used in prototype Manufacturing were to create the actual 
material without any Subtractive Manufacturing methods. Because the cost of manufacturing 
only one or two materials in Subtractive Manufacturing will cost higher than Additive 
Manufacturing.So this method is preferred for Proto Type manufacturing. The Substrate 
material for Additive Manufacturing includes (PLA, ABS, Nylon, HIPS, PETG, ASA), etc. 
But top preferred materials are only chosen to study and one material is Additive 
Manufactured in form of Nuts and Bolts for further Testings and research purposes.  
 

2. Experimental 
We wish to study and compare the hardness of PLA and Steel manufactured. So, we designed 
to Additive Manufacture some pairs of nuts and bolts. 
 

 
 
 
The above image is Additively Manufactured PLA based nuts and bolts. The make charges 
are Rupees One Thousand Five Hundred. It took nearly 6 days to complete manufacturing 
from scrap and the printer we used to print is a MAKERBOT type printer. We observed that 
the nut and bolt physically have good strength and a good hardness surface on nut and bolt. 
This shows that it will have a good resistance in Tear and Wear. The weight of our nut and 
bolt is 6gms. We instead of 3D Designing the object downloaded an STL file on the 
Thingiverse website. (i.e) an open-source website that has thousands of STL files for DIY 
printers and projects.  
 

 
  
This is the 3D STL file that we chose for Additive Manufacturing. The color of PLA material 
we chose is White so that we can easily detect any grease or oil leakages. We also tested its 
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melting temperature to be 2050 C approximately. We planned to take some comparisons from 
PLA to Stainless Steel material. 

 

 
 
Although PLA could not be used instead of even Mild Steel in industries, as it is degradable. 
We tried to compare the Hardness values of both PLA and Stainless Steel material. 
 

3. Results and Discussion 
We plan to make the Shore Hardness test to our sample and identifies the hardness value of 
both nuts and bolts. As they gave a good strength output, even still they are biodegradable. So 
they cannot be replaced instead of Stainless Steel or Mild Steel. We found that our PLA 
based nut and bolt’s properties matched with the standard PLA based Hardness value during 
Hardness experiments we performed. 
 

Sample obtained to test Observed Values 
PLA Nut 76 – 78 
PLA Bolt 76 – 78 

 
From the Shore Hardness test, we can identify that in terms of Durometer our PLA comes 
under the category of SOFT typed. It has given an impact load of 0.822 kg with a resulting 
force of 8.064 N. Commonly the foot for indentation used will be made from Hardened Steel 
Rod with a diameter of 1.1 mm to 1.4 mm. Similarly, it also has a truncated cone of 350 . The 
diameter of this ball ranges from 0.79 mm. 
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When we observe its degradable properties, we can identify that PLA can be easily 
decomposed with a time period of 50 days in Industrial Composters and 48 months in water. 
Where ABS is non-biodegradable, it can only be recycled. So, PLA is preferred in 3D 
Printing applications that include food, medical industries, etc. 
 

Parametres PLA ABS Nylon 
Ultimate Strength 65 Mpa 40 Mpa 40 – 85 Mpa 

Stiffness 7.5 /  10 5 / 10 5 / 10 
Density 1.24 g/cm3 1.04 g/cm3 1.10 g/cm3 

Extruder Temperature 190 – 2200 C 220 – 2500 C 220 – 2700C 

Durability 4 / 10 8 / 10 10 / 10 
 

4. Conclusions 
It is observed that PLA is playing a major role in Additive Manufacturing. Because of its 
properties, it is used in Food, Medical industries specifically. The fabricated PLA material is 
implied for testing and the readings are discussed with a comparative study of ABS and 
Nylon. It is also identified that the nut and bolt we manufactured gave results that are similar 
to the standard data of PLA records. Further tests are also discussed in this journal. The 
fabrication analysis has given a complete view of PLA in Additive Manufacturing. We hope 
that this journal will help in providing deep knowledge of Additive Manufacturing to people 
who view this. 
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Abstract 
Density, viscosity and Ultrasonic velocity have been measured in binary mixture of n-propyl 
amine   with benzyl benzoate at 300C and 400C. From the measured data, thermodynamic and 
other allied parameters have been computed and the intermolecular interactions are estimated in 
the light of the excess parameters. The experimental kinematic viscosity values are correlated 
with empirical and semi empirical equations Tamura-Kurata (TK), Hind et al (Hind) and 
Auslaender (Aus). In the mixture of n-propyl amine with Benzyl benzoate Strong AB 
interactions besides dipole-dipole type interactions are suggested. 
Keywords: Binary mixtures, n-propyl amine, Benzyl benzoate, Velocity, Viscosity and 
Molecular interactions. 
 

1. Introduction 
Thermo acoustic, volumetric and viscometric studies are much useful in understanding the 
molecular interactions in liquids and liquid mixtures. Ultrasonic velocities, densities and 
viscosities of liquid mixtures are essential in industrial applications. Even though number of 
binary mixtures have been studied [1 – 8] with at least one component as n-propyl amine or 
benzyl benzoate, the mixture of these two components not at discussed in ultrasonic study to the 
best of my knowledge. These two components have much importance in industrially and 
chemically. 
 
Benzyl benzoate is used as antiparasitic insecticide and as a food additive in artificial flowers. N-
propyl amine is used in making textile designs, pesticides and drugs. In which theoretical 
viscosity equations such as Tamura-Kurata, Hind et al. and Auslaender are compared with 
experimental viscosities of a binary mixture of Benzyl benzoate with n-propylamine. 
  

2. Experimental 
Benzyl benzoate and n-propyl amine are fine grade with accuracy of 99% purchased from Loba 
Chemicals Private Limited, Mumbai. The ultrasonic velocity was measured using ultrasonic 
interferometer with frequency 2 MHz supplied by Mittal enterprises, New Delhi with an 
accuracy of 0.05%.  The viscosities of a binary mixture over the entire decomposition range 
measured with Ostawald viscometer with an accuracy of0.1%.  Thedensity has been measured 
using pycknometer with an accuracy of 2 path in105.  In this experiment temperature was 
measured using digital thermometer with least count of 0.1 K. All the instruments are calibrated 
with double distilled water. 
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3. Results and discussion 

 Ultrasonic velocity, density and viscosity of a binary mixture over the entire composition range 
of n-propyl amine with benzyl benzoate at temperatures 303.15 and 313.15 K at atmospheric 
pressure. Deviation in isentropic compressibility, excess free length, excess molar volume and 
deviation in viscosity have been computed using velocity, density andviscosity using the 
following equations 

Isentropic compressibility κs =  
1𝜌𝑢2 

Where ρ is the density of the liquid or liquid mixture and u is the velocity of sound 
 

Excess molar volumeVm
E = 

𝑥1𝑀1+𝑥2𝑀2𝜌 − (𝑥1𝑀1𝜌1 + 𝑥2𝑀2𝜌2 ) 
The intermolecular free length was calculated using Newton-Laplace equation 

Inter molecular free length Lf   =    
𝐾𝑢𝜌12 

Where K is the temperature dependant Jacobson’s constant , and K= (93.875+0.375T) x 10-8 
Excess free length Lf

E = Lf-(x1Lf,1+x2Lf,2) 
Deviation in kinematic viscosity Δη = ηmix-(x1η1+x2η2) 

The experimental viscosity is talliedwith the theoretical viscosity using equations of Hind et al. 
using following semi empirical equation 

The expression for viscosity of binary mixture of Hind et al. is 
η = x1

2η1+x2
2η2+2x1x2H12 

Where H12 is interaction term 
 

As shown in table 1 and figure 1 ultrasonic velocity, density and viscosity increases with the 
mole fraction of benzyl benzoate. But decreases with temperature. As shown in figure 2 
experiment  viscosity tallied with   calculated theoretical viscosities such as Tamura-Kurata 
(TK), Hind et al(Hind) and Auslaender (Aus)using their semi-empirical equations. 
 
The excess molar volume is negative throughout whole composition range. Negative excess 
molar volume indicates the reduction in volume of a binary mixture than the individual 
molecules. This shows the formation of hydrogen bond, which is stronger interaction. 
  
The division in isentropic compressibility is also negative over the whole composition range. The 
negative variation in isentropiccompressibility is due to decrease in free volume in the mixture as 
compared with the pure components due to rupture of n-propyl amine molecule with the addition 
of Benzyl benzoate. 
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Table 1.Experimental values of ultrasonic velocity (u), density (ρ) and kinematic of 
benzyl benzoate and n-propylamine mixture at 303.15 and 313.15 K 

Mole 
fraction 
(X1) 

Ultrasonic Velocity 
(u/ms-1)  Density (ρ/kg.m-3)  

Kinematic Viscosity 
(η/mPa.s) 

303.15 K 313.15 K  303.15 K 313.15 K  303.15 K 313.15 K 
0.0000 1192.5 1149.4  707.22 697.40  0.3472 0.3125 
0.0467 1198.45 1156.85  751.56 743.50  0.7123 0.5825 
0.0993 1208.45 1169.15  795.78 788.25  1.1221 0.8719 
0.1589 1224.58 1186.52  839.55 832.12  1.5716 1.2159 
0.2271 1246.15 1209.25  882.98 875.22  2.0923 1.6112 
0.3059 1274.15 1239.05  925.76 917.97  2.6685 2.0655 
0.3980 1309.24 1275.89  967.85 960.14  3.3082 2.5665 
0.5070 1352.02 1320.85  1008.62 1001.15  4.0153 3.1056 
0.6381 1402.25 1372.52  1047.75 1040.57  4.7855 3.6785 
0.7987 1452.89 1426.06  1084.59 1077.65  5.5921 4.2656 
1.0000 1506.899 1471.44  1119.35 1109.75  6.5325 5.0211 

 
Table 2.Experimental and calculated values of kinematic viscosity of Tamura-Kurata (TK), 
Hind et al(Hind) and  Auslaender (Aus) for the binary mixtures of benzyl benzoate with   n-

propylamine mixture at 303.15, 313.15 and 323.15 K in mPa. s 
Mole 
fraction 
x1 

Exp TK Hind  Aus Exp TK Hind Aus 

 
 

303.15 K 
 

313.15 K 
 

0.0000 0.3472 0.3472 0.3472 0.3472 0.3125 0.3125 0.3125 0.3125 
0.0467 0.7123 0.7389 0.7219 0.7211 0.5825 0.6029 0.5918 0.5793 
0.0993 1.1221 1.1559 1.1341 1.1315 0.8719 0.9129 0.8990 0.8817 
0.1589 1.5716 1.6025 1.5882 1.5833 1.2159 1.2464 1.2381 1.2242 
0.2271 2.0923 2.0857 2.0909 2.0839 1.6112 1.6092 1.6147 1.6126 
0.3059 2.6685 2.6141 2.6495 2.6416 2.0655 2.0081 2.0344 2.0523 
0.3980 3.3082 3.1991 3.2719 3.2668 2.5665 2.4521 2.5041 2.5475 
0.5070 4.0153 3.8560 3.9662 3.9719 3.1056 2.9534 3.0310 3.0997 
0.6381 4.7855 4.6070 4.7404 4.7737 3.6785 3.5298 3.6230 3.7061 
0.7987 5.5921 5.4834 5.5984 5.6917 4.2656 4.2063 4.2862 4.3548 
1.0000 6.5325 6.5325 6.5325 6.5325 5.0211 5.0211 5.0211 5.0211 
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Table 3. Excess molar volume (Vm
E) , excess free length (Lf

E), excess compressibility 
(∆Ks) and excess viscosity (∆η) of benzyl benzoate and n-propylamine mixture at 303.15, 

and 313.15 K 

Mole 
fraction 
x1 

Excess 
 molar volume 
(Vm

E/10-6 m3mole-1) 
  

excess  
free length 
(Lf

E/ Å) 

 

Variation 
In  
isentropic  
compressibility 
(∆ks /10-10 Pa-1) 

  

Variation  
in   
kinematic 
viscosity 
(∆η/ mPa. s) 

 
303.15 K 313.15 K   303.15 K 313.15 K 

 
303.15 K 313.15 K 

 
303.15 K 313.15 K 

0.0000 0.000 0.000   0.000 0.000 
 

0.000 0.000   0.000 0.000 
0.0467 -0.367 -0.610   -0.266 -0.446 

 
-0.078 -0.134   0.076 0.050 

0.0993 -0.722 -1.053   -0.479 -0.806 
 

-0.136 -0.234   0.161 0.091 
0.1589 -1.039 -1.402   -0.723 -1.110 

 
-0.198 -0.310   0.242 0.155 

0.2271 -1.331 -1.671   -0.940 -1.358 
 

-0.247 -0.363   0.340 0.229 
0.3059 -1.565 -1.913   -1.136 -1.612 

 
-0.285 -0.412   0.430 0.313 

0.3980 -1.736 -2.101   -1.295 -1.810 
 

-0.310 -0.441   0.499 0.380 
0.5070 -1.759 -2.159   -1.376 -1.925 

 
-0.313 -0.444   0.532 0.406 

0.6381 -1.562 -2.002   -1.310 -1.830 
 

-0.282 -0.399   0.492 0.362 
0.7987 -1.000 -1.470   -0.823 -1.307 

 
-0.167 -0.268   0.304 0.193 

1.0000 0.000 0.000  0.000 0.000 
 

0.000 0.000  0.000 0.000 
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Fig.1  . Ultrasonic viscosity, density and kinematic viscosity of a binary mixture of n-propylamine with 

benzyl benzoate 
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Fig.2. Excess molar volume, excess free length, deviation in isentropic compressibility and deviation 

kinematic viscosity of a binary mixture of n-propylamine with benzyl benzoate 

 
The excess value of free length is also negative in the binary mixture of n-propyl amine with 
benzyl benzoate at temperature303.15 and313.015 K over the entire composition range. 
But the deviation in viscosity is positive over the whole composition range in this binary mixture 
at temperatures 303.15 and 3.15K. The positive values of deviation in viscosity shows the 
specific interaction between unlike components such as dipole-dipole interaction or hydrogen 
bonding or charged transfer complex. 
  
When temperature increases excess molar volume, Access free length and deviation inisentropic  
compressibility increases, but in deviation of viscosity decreases.All this predicts the strong 
molecular interactions between unlike molecules in a given binary mixture of n-propyl amine 
with benzyl benzoate. 
 

4. Conclusion 
Ultrasonic velocity, density and viscosity have been measured in pure and binary mixture of n-
propyl amine and benzyl benzoate at temperatures303.15 and 313.15 K over the entire 
composition range. Calculatedexcess or deviated parameters using experimental values of 
velocity, density and viscosity.Using these excess parameters it is predicted strong molecular 
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interactions between unlike molecules of n-propyl amine and benzyl benzoate binary mixture. 
When temperature increases the strength of molecular interaction is also increases. 
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Abstract 
Aluminum alloys are extensively used in very large number of applications including 
automobiles, aerospace and defense industries due to the concept of its high strength to low 
weight ratio. In this study, Aluminium alloy 7075 is chosen as specimen to examine the 
various mechanical properties after alloying. The aluminium metal matrix composite has 
been fabricated by using stir-casting technique at a temperature of 850 °C. TheAA7075 
(Aluminium Alloy 7075) is strengthened with Al2O3(Alumina) and graphite particles. These 
particles were included into aluminium alloy to improve its properties. Two different 
compositions of specimens were made. One composition is of Al-7075, added with graphite 
(2.5 wt.%) and 5 wt.% of Al2O3.  And the other with Al-7075, 5 wt.% of Al2O3. With these 
compositions of specimens determine the Impact, Hardnessand Tensile properties.  Upon 
addition of alumina, the tensile strength of the materialincreased by 11% and the impact 
strength of the material increased by 15% compared to base material. Upon addition of 
graphite, the hardness decreased but it is 1% greater than the base material and the impact 
strength is equal to that of the base material. Due to casting defects and irregular distribution 
of particles, the tensile strength of the material decreased. 
Keywords:Aluminium metal matrix composite, graphite particles, Mechanical Properties, 
Casting defects 
 

1. Introduction 
Most of the components that are used today are made up of alloys due to their improved 
mechanical properties. Even the metals such as steels are replaced by metals like aluminium 
as aluminium alloys provide strength as that of steel and also are lighter than steels. The 
mostly used materials are aluminium alloys and other metal alloys depending upon the 
requirement. There are many applications of aluminium alloys. Aluminium alloys are most 
widely used in aircraft industry. Among all the alloys of aluminium, AA7075 has almost the 
strength of steel. Baradeswaran and Elaya [1] have prepared the Aluminium metal matrix by 
stir casting technique. AA 7075taken as the base material and various percentages of graphite 
particles (i.e in 5, 10, 15and 20 weight percentages) were added into molten metal. Wear test, 
hardness and flexural strength were conducted. The hardness of the material keeps on 
decreasing with increase in graphite content and this is less significant at 5% (by weight) of 
graphite. The flexural strength reduces with increasing graphite and this effect was less at 5% 
(by weight) of graphite. Baradeswaran and Elaya [2] have investigated the influence of 
graphite on the wear behavior of Al 7075/Al2O3/5 wt.% graphite hybrid composite.The Al 
7075/Al2O3/graphite hybrid composite was prepared with 5 wt.% graphite particles addition 
and 2, 4, 6 and 8 wt.% of Al2O3. The hardness, tensile strength, flexural strength and 
compression strength of the Al 7075–Al2O3–graphite hybrid composites are found to be 
increased by increased weight percentage of ceramic phase. Anandbabu and Deeapkkumar[3] 
has investigated that particulate reinforcements are predominantly added to the Al7075 Alloy 
for improving its properties and as a result the properties are altered when it is subjected to 
reinforcement. Mohanavela and Rajan [4] have fabricated aluminium metal matrix composite 
with varying mass fraction of graphite particulates by using stir casting technique. AA6351 
was taken as base material. The variation of graphite composition was from 0% to 12% in a 
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stage of 4%. Tensile test and hardness was performed.After study of few research papers, it is 
noted that upon addition of Aluminium oxide and Graphite up to certain percentages, the 
flexural strength, and compression strength of the MMC (metal matrixcomposite) have been 
increased.The material exhibited superior wear properties. So as to study the mechanical 
properties of the material at different percentage composition, this project is carried out. 
 

2. Materials and Methods 
The test material selected is an aluminium alloy. It is a 7th series aluminium alloy whose 
primary alloying element is zinc (5% to 6% by weight). Among all the 7th series alloys, this 
alloy i.e AA7075 has strength almost equal to that of steel. It has lower resistance to 
corrosion than many other aluminium alloys but has remarkably better corrosion resistance 
than the 2000 alloys. The major application part of this alloy is in aircraft industry. AA7075 
is less corrosive resistant. To enhance the corrosive resistance of the alloy, Aluminium oxide 
is added. It is quite difficult in machining, the alloy. It shows poor to average machinability 
properties. To enhance the machinability of the alloy, graphite is added which is a dry 
lubricant. Aluminium oxide: It is also called as alumina. It is mostly used to produce 
aluminium metal. As it is hard, it acts as an abrasive. Due to its high melting point 
temperature, it can also be used as a refractory. Graphite:It is a naturally occurring form of 
carbon. It is extremely soft and has a low specific gravity.  
 

3. Results and Discussions 
The hardness tests were carried out according to ASTM E-10-07 standards using Brinell 

hardness testing machine with a 10 mm ball indenter and 500 kg load for 30 s. The test 

was conducted at room temperature (30°C) and the measurement of hardness was 

taken at five different places on each sample to obtain an average value of hardness.As 
per the ASTM E-08-8 standard, the tensile strength was evaluated on the cylindrical rod of 
casted composites. Charpy V-notch test were carried out according to ASTM E-23 is a 
standardized high strain rate test which determines the amount of energy absorbed by a 
specimen during fracture.Mechanical properties of fabricated metal matrix composites as 
summarized in the table 1.The comparative charts for Impact Strength, Hardness and 
Tensile Strength of Fabricated Metal Matrix Composites are presented in fig. 1 
 

Table 1 : Mechanical Properties of Fabricated Metal Matrix Composites 
Composition Tensile Strength (MPa) Hardness Impact Strength (J/mm2) 

Al7075 220 60 0.13 

Al7075+Al2O3 195.32 67 0.15 

Al7075+Al2O3+ Graphite 202.41 61 0.12 
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Fig.1 Impact Strength, Hardness and Tensile Strength of Fabricated Metal Matrix Composites 
 

4. Conclusions  
The effect of Al2O3 and graphite addition on the hardness of the hybrid composites results in 
the increased with increasing Al2O3 ceramic particulates. The tensile strength of AA 7075 is 
220MPa. But due to the casting voids, and coagulation of particles the obtained strength 
values are less than the base materials. Upon addition of alumina to the base material, the 
tensile strength of the material reduced by 11%, and upon addition of graphite, the strength 
increased by 3% when compared to the alumina mixed with AA7075. When compared to 
base material, the strength decreased by 8%. 
The impact strength of AA7075 is 0.13J and the toughness is about 0.0035J/mm3. Upon 
addition of Alumina, the impact strength increased by 15% compared to base material. Upon 
addition of Graphite, the impact strength of the specimen is almost equal to that of the base 
material. 
The hardness value of AA7075 is 60 HRB. In Rockwell Hardness test, upon the addition of 
Alumina, the hardness of the alloy increased by 11%. Upon addition of graphite, the hardness 
of the material decreased by 8% when compared to the composition mixed with alumina i.e 
AA7075+Alumina as graphite has HCP structure. The hardness of the alloy combined with 
graphite, is 1% greater than the base material. 
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Abstract 
In nowadays, the institutions of water control either desalination companies, water 
distribution companies, or even water treatment companies spend huge sums which are 
specified to maintenance to aim repair or replace the rusted part produced from the corrosion 
problem. For this purpose, there is an increasing demand for metals treatment methods used 
recovering rusted pieces working hand to hand with traditional corrosion control methods. 
Electrolysis cleaning is one from featured methods that have high efficacy in removing the 
rusted iron and recovering rusted pieces with less number of residues generated at low cost. 
This study aims to study the abilities of cooking material when it used as an electrolyte of the 
electrolysis cell in the removal of rust iron from the submersible pump component. That done 
by fabrication of electrolysis cell by use cubic glass container, cylindrical iron, and stainless 
steel electrodes as anodes, five types of cooking material electrolyte, and electrical circuit 
with the electrical current regulator and by the help of support equipment such as measuring 
devices and fixation tools. The types of electrolytes, types of anodes, temperature, 
concentration, and current intensity, control the electrolysis cleaning process. The experiment 
applied by used to identify desired value and the main result was obtained is the saltwater is 
the best of electrolytes tested in the removal the rust, Stainless steel the best anodes tested, 
50w/v the best concentration tested,40C best temperature tested and 3A best electrical current 
tested. The command application of electrolysis cleaning in metal industrial and metal 
recycle companies. 
Keywords: Electrolysis, Anodes, Concentration, Stainless Steel, Iron, Treatment 
 

1. Introduction 
The corrosion problem and passive iron are some of the common problems for all human 
sectors due increase using metal because of its likable features of it, which is make it's used 
everywhere. The corrosion problem takes attention everywhere metal used although of the 
corrosion problem produce from effects by other liquid or gas in metal. The institutions of 
water control either desalination companies, water distribution companies, or even water 
treatment companies, for example, the problem occurs especially with the component that 
which it with direct contact with liquid such as a pump in general and in submersible pump in 
specific. This type of pump used in these companies used significantly in different 
applications such as pumped water from well, lake, and use in water overflow protective 
system. This type of pump has an old history with rust and corrosion problems that occur in a 
submersible pump which is from type centrifugal outfitted with an electrical engine that can 
work sunken under the fluid and the engine, for the most part, occupies the under part of the 
pump. The cup(cover ) of the submarine pump  is fabricated by  using cast iron which regular 
rusted due to present  iron parts like casing, cover packaging, and impeller of the submersible 
pump .This sort of cleaning commonly use utilized in the metal industry to evacuate 
contaminants clung to metal surfaces. The Objective of work To removal rust iron from iron 
part of submersible pump to reuse it and increase lifetime of pump with reduce the cost of 
replace or cost other method of treatment [1 – 9].
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Figure 1: Fabrication o electrolysis cell 
experiment 

2. Experimental
The components of fabrication electrolysis cell are glass containers with the specification with 
dimension 344mm length, 344mm width 194mm height, 6mm thickness of the glass and it has in 
each corner 2 pores with 5mm diameter to aim to connect the container an electrical circuit. The 
four anodes used has a cylindrical tube shape from iron and stainless steel. The electrical circuit 
consists of an ammeter, current regulator, switch, and wire with used another support equipment 
such as fixation wood, level measuring roller, electrolyte preparation equipment, and measuring 
devices such as weight balance and thermometer. The fabrication of an experiment done by 
fixation the anodes in four corners of container and fixation the material to be treated in the 
center of container with the help of fixation wood. The anodes connect by the wire with an 
ammeter and electrical switch to the positive side of the current regulator and the material to be 
treatment connected to the negative side of the electrical current regulator. The fabrication of 
electrolysis cell The electrolysis cleaning is carried out by place the anodes to be studied iron or 
stainless steel in corner of a container and catholic material to be cleaned was installed in the 
center of the container by used fixation wood with knowing the initial weight of material to be 
cleaned, then both of anodes and cathodes were immersed in an electrolytic solution. The 
electrolyte solution used is made from five types of cooking material with a variable 
concentration and connected to a power source with the variable current intensity. The five 
parameters, which were studied to provide the optimum cleaning results, were the concentration 
of the electrolyte, Type of electrolyte, type of anodes material, temperature, and the current 
intensity. For each variable selected five-level were tested. Initially, the experiment is run to 
identify the best type of electrolyte than by using a best electrolyte, the concentration variable is 
studied, Next, by using the best electrolyte and the best concentration, the temperature is studied 
and then-current intensity is studied. The type of anodes is studied with all repetition of the 
experiment. The kind of electrolyte utilized saltwater, lemons juice, potato juice, preparing pop, 
and vinegar. The focus fluctuated from 20%,30%,50,60%, and 75%. Current power: shifted 
from3 Amperes, 2.5 Ampere, 2Ampere1.5Ampere and 1 Ampere. The temperature shifted from 
20°C,25 °C,30ºC, 35°C and 40 ºC. The treatment time recorded for all redundancy. 
 

3. Results and Discussion 
The studying parameter was done in 25 days. Each variable studied separately except the type of 
anodes and to ensure the accurate result the experiment was recur for a single variable more one 
time. The time of the studied parameter is fixed within 60 minutes as a constant variable and 
according to the result of the previous parameter, the studied is set. The result collected for each 
variable as following 
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Figure 2: Study Type of electrolyte with 
Stainless Steel anodes 

Figure 3: Study Type of electrolyte with Iron 
anodes 

 

1. Type of electrolyte  
The type of electrolyte used in the electrolysis cell has a direct effect in in the amount of cleaning 
where was used different types of cooking material where was selected contingent to dependent 
on its notional ability in transmission electron when electrical current passing through it. The 
main reason for its electrical conductivity back to it has the aptitude to break down in water to 
the positive and negative charge due to the ionic component of its structure what makes it a 
different degree of conductive materials .The result obtained is showing in below tables and 
figure  Figure 3 and Figure 4 hows the result of testing five kind electrolytes of cooking material 
of electrolysis cell with iron tubes or stainless steel as anodes of the cell where the result 
obtained from testing of different type electrolytes were saltwater was the best electrolyte in  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
removing the rust frommaterial within the value 0.09g when test with iron anodes and 0.08g 
when test with stainless steel anodes. The cooking materials arrange dependent on its ability to 
remove rust as following salt water, baking soda, vinegar, lemon juice, and potato juice where 
was observed less amount of removal with potato juice within value 0.01g when test with iron 
anodes and 0.011g when test with stainless steel anodes .by potato juice, vinegar lemon juice, 
and saltwater was the saltwater show less measure of loss in anodes.
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Figure 5: Study Concentration with Stainless Steel 
anodes 

Figure 4: Study Concentration with Iron anodes 

3.2. Concentration of electrolyte  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

The concentration of electrolyte used in electrolysis cleaning was considered ones from 
important parameters that have highly effective in the quantity of rust removal where it was 
with the change of concentration of electrolyte the number of ions present in electrolyte 
increases or decreases dependent to that change. To study that variable was selected the best 
electrolyte in removing rust from the first repetition of the experiment which was saltwater. 
The result obtained is showing in below tables and figure. Figure 5 and Figure 6   show the 
result of the test five values of concentration with used iron anodes in and stainless steel 
anodes where it was the result of the test shows the concentration of 50% is the best 
concentration in iron rust removal of from material to be cleaning which was removed around 
0.0548g with iron anodes and around 0.049g with stainless steel anodes. The normal 
arrangement of concentration, the amount of removal increase with the increased value of 
concentration until reach to 50% w/v which was concede as optimum concentration than the 
value of removal decrease with increasing concentration. The arrangement of concentration 
descending in the amount of removal 50% highest most decontamination  rate   in cleaning 
rate(g)then 60%,30%,75% and 25%.
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Figure 7: Study temperature effect with iron anodes 

Figure 6: Study temperature effect with Stainless 
Steel anodes 

Figure 8:study current intensity with iron 
anodes 

3.3 Temperature change  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The temperature is a variable that was studied due to its theory effect in the amount of 
removal of rust from iron material where theoretically there is for each treatment material 
optimum value of removal. As indicated by the outcome from the first and second repetitions 
of the experiment, saltwater with 50% (w/v) concentration was used for studied temperature 
variables. The result obtained is showing in below tables and figures . Figure 7 and Figure 8 
showing the result of testing the five values of temperature within iron anodes in Table 5 and 
stainless steel anodes with Table 6 where rust obtained was the maximum amount of removal 
rust within temperature 40 °C around  0.058g within iron anodes and 0.0524 g  then 35°C 
30,25°C  and 20°C respectively where 20°C shows the lower estimation of removal rate with 
range 0.002g within iron anodes and 0.001g with stainless steel anodes. The relation between 
the temperature and measured value of rust removal rate was an immediate relationship 
where is by increasing temperature, the values of rust removal rate increase.  
 

3.4 Type of anodes 

The types of anodes used in electrolysis cleaning have direct effect in electrolysis cleaning 
were the result of testing two types of anodes iron and stainless steel of electrolysis cell .The 
result obtained the iron anodes are the best anodes in removal rust compare iron anodes but 
the amount of loss iron anodes very large compare stainless steel which makes stainless steel 
anodes more economical save but it required stronger procedure of safety to avoid toxic 
production. 
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Figure 9: study current intensity with 
Stainless Steel anodes 

 

 

 

 

 

 

 

 

 

 

3.5 Current intensity
The electrical current intensity is referred to as the amount of electrical current passes 
through the circuit in unit of time where is considered one from the parameter effect in 
electrolysis cleaning. According to first, the second and third repetitions of the experiment to 
studied electrical intensity parameter used saltwater with concentration 50%(w/v) and 40 °C 
temperature. The result obtained is showing in below tables and figure. Figure 9 and Figure 
10 shows the result of testing five values of current intensity where the result obtained shows 
the maximum value of removal found with 3A value within 0.089g  within iron anodes and 
0.0394g with stainless steel anodes and then 2.5,2,1.5 and 1which has obtained the minimum 
amount of removal with 1 A with value 0.008 g with iron anodes 0.0005 g with stainless steel 
anodes which mean increase current intensity will causing increase amount of rust removal 
 
4. Conclusions 

In conclusion, The variable most effective in the decontamination rate of rust iron removal 
was the temperature which provided highly affected in the decontamination rate in the 
experiment carried out but additional experiments are recommended to evaluate the 
efficiency of using the higher temperature from 40°C to evaluate its an effect in removing 
rust and investigation from the relation between temperature and decontamination rate. 
Moreover, the availability of temperature 40°C, current intensity 3Ampere , electrolyte 
concentration 50( w/v) saltwater electrolyte, and iron anodes at the same time producing in 
the maximum amount of rust removal and best values in electrolysis cleaning to remove rust. 
In addition, using stainless steel anodes is more economical but it using requiring a high level 
of safety procedure. All values from all repetitions of the experiment were obtained values to 
measure in one hour so there are extra recommended by increase time of electrolysis to 
studied the time consumed in cleaning all cover of the submersible pump. The experiment 
was studied the five common variables which may affect in electrolysis cleaning but the other 
parameter such as pressure , the distance between anodes and cathodes , effect shape of the 
container in transfer electrons and relation of another electrolyte with the various variable is 
not studied which it may be studied it in future. 
 
5. Acknowledgement 
The authors thank the National University of Science and Technology, Sultanate of Oman for 
providing support through analytical facilities and equipment. 
 
References 

1. S. Urréjola et al., European Journal of Sustainable Development., 2016, 5(3), 197-
206.  

2. B. Rani and B. Basu, International Journal of Corrosion, 2011, 2012, Article ID 
380217, 1-15,  doi:10.1155/2012/3802172012. 



63 

 

3. R. Rosliza., Improvement of Corrosion Resistance of Aluminium Alloy by Natural 
Products (Chapter), 2012, DOI: 10.5772/32952. 

4. T.Runyan and M.Herrmann, J. Chem. Educ., 1993, 70 (10), 843-852 
5. I.Chaves et al., Corrosion, 2015, 71(7), 811-818. 
6. Y. Cheng et al., Journal of Materials Science, 2010, 45, 562–565. 
7. J. Alcantara., Materials, 2017, 10(4), 406, doi:10.3390/ma10040406 
8. D. Davial and G.Burstein, Corrosion, 1980, 36(8), 416-422. 
9. V. Duradjiz and K.Kaputki, J. Electrochem. Soc., 2016, 163, E43–E48. 

https://link.springer.com/journal/10853


64 

 

Soft Magnetic Properties of Fe-based Bulk Metallic Glass System 
Containing Niobium and Copper 

 
Ch. Anjaneyulua*, B.S. Murtyb 

aDepartment of Physics, Bapatla Engineering College, Bapatla, India 
bDepartment of Metallurgical & Materials Engineering, Indian Institute of Technology Madras, 

Chennai, 600036, India 

*Corresponding author’s email: chanjaneyulu9@gmail.com 
 
Abstract: 
The alloy ingots with three different nominal compositions were prepared and investigated 
with SEM, XRD technique. BMG rods were then prepared by conventional suction casting 
through copper mould [1-2]. The XRD pattern of glassy rods exhibit few crystalline phases 
in all the alloy samples. The suppression of crystalline peaks to a reasonable extent is 
evident from respective XRD pattern of amorphous rods. Good extent of GFA was achieved 
with three alloy samples. However the GFA of Fe_1 sample is better than remaining two, 
but its saturation magnetisation is very poor. Fe_3 sample give better saturation 
magnetisation Is and its GFA is moderate. Good GFA of Fe_1 sample correlates with higher 
squareness ratio of the same. The Percentage relative change of density and squareness ratio 
have same trend of variations. However these three samples exhibit very low squareness 
ratio. The magnetic properties of Fe_4 sample were intermediate between Fe_1 and Fe_3 
samples. Hysteresis loss is found to be least for Fe_1 sample. Hence low Hysteresis loss and 
good GFA were correlated during this study. It was also observed that saturation 
magnetisation is high for the sample containing 3mol% of Nb. 
Key words: GFA, Hysteresis Loss, Squareness ratio, Percentage relative change of density. 
 

1. Introduction 
Bulk metallic glasses (BMGs) are relatively new materials possessing a glassy structure. 
The critical cooling rate to produce BMGs is around 105 to 106 Ks-1. These materials have 
an exciting combination of properties such as high mechanical strength, good thermal 
stability, large supercooled liquid region, low corrosion and potential for easy forming. The 
chief use of BMGs were obtained from their increased corrosion resistance, wear resistance 
and reduced eddy current losses in ferromagnetic ribbons as compared to the crystalline 
alloys of identical compositions[1-4]. The alloy compositions (with respective codes in 
bracket) supposed to study for present project are given as follows, 
 
1. [(Fe75-Co10-Ni15)70-Zr10-B20]96-Nb3-Cu1 (Fe_1) 
2.  [(Fe70-Co10-Ni20)70-Zr10-B20]95-Nb4-Cu1 (Fe_3) 
3. [(Fe75-Co10-Ni15)70-Zr10-B20]98-Nb1-Cu1(Fe_4) 
 

2. Experimental method 
The master alloy ingots of about 25 grams with nominal compositions as shown above were 
prepared by melting these pellets in Ti-gettered and high purified argon atmosphere in 
vacuum arc melting furnace facility at Department of Metallurgical and Materials 
Engineering, IITM, Chennai. A DC current of 100 to 140A was used to establish arc during 
the experiment.The XRD pattern of these as cast alloy ingots were shown in Fig [1]. Glassy 
rods of 3mm diameter were prepared by suction casting method using a copper mould.As 
cast rods were then examined by XRD method to understand their glassy nature. The XRD 
pattern of as cast rods is shown in Fig [2]. The density ‘ρ’ was measured by Archimedes' 
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method separately for as cast rough ingots and alloy rods. A small piece of about 0.5g was 
cut from three alloy rods and examined with Vibration Sample Magnetometer (VSM, Lake 
Shore, 7410 model, USA) at room temperature. Measured magnetic properties like 
Magnetization (MS), Coercivity (HC) and Retentivity (Mr) were summarised in Table [1]. 
M-H loop diagrams (VSM) of as cast rods at room temperatures were shown in Fig [3]. 
Variation of magnetic properties was shown in Fig [4]. 
 

3. Result & Discussion 
All Fe-based alloys have the mixture of the glassy + α-Fe composite structure. This structure 
with α-Fe phase dispersed in glassy matrix (with an average grain size of 10nm) can have 
good soft magnetic properties like high saturation magnetization, low coercivity, and high 
electrical resistivity [5-9]. Percentage relative change of density %Δρ may be calculated by 
the following relation. 
 

%Δρ=𝜌(𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒)−𝜌(𝑎𝑠𝑐𝑎𝑠𝑡𝑟𝑜𝑑)𝜌(𝑎𝑠 𝑐𝑎𝑠𝑡 𝑟𝑜𝑑) x100 

 
The value is nearly equal to 0.5% for three alloy samples. These α-Fe phases retained even 
after the preparation of bulk glassy rods by suction casting method. Hexagonal B2Zr1 
crystalline phases were also seen with these samples particularly with Fe_3. However Fe_4 
sample didn’t show any such peaks. GFA is poor for Fe_3 as comparing with other samples 
concern this study. GFA is better with Fe_4 alloy as it has very minor crystallisation peaks. 
Hence this ingot is considered along with Fe_1 and Fe_3 samples to synthesize suction 
casting rods of 3mm diameter and to study their magnetic properties. CoercivityHc is nearly 
same for all the three samples.Fe_3 sample exhibit the highest Is value as it contain only 6 
mol% of Ni, where as remaining two have nearly 13mol% of Ni. It has been reported that 
the replacement of Zr by Nb decreases Is from 0.96T at 0% of Nb to 0.61T at 10% of Nb 
through 0.75T at 2at% of Nb, while Hc shows low values of 1.1-2.0 A/m and does not have 
appreciable compositional dependence. In the present study Nb content is decreasing 4at% 
to 1at% through 3at%, but Isis found to be maximum with 3at% of Nb. Hysteresis loss may 
be given by the following relation 
 𝑊 = ∫ 𝐻𝑑𝑀 𝑒𝑟𝑔 𝑐𝑚3⁄𝑀

0  

 
Here ‘M’ is in emu/cm3. The work done in magnetisation is simply the area M and H curves 
or closed M-H loop. In the present study this loss is significant with Fe_3 sample. Both 
squareness ratio (Ir/Is) and percentage relative change of density have same trend of 
variation from Fe_1 to Fe_4 through Fe_3. The squareness ratio is relatively high for Fe_1 
sample. 
 

Table1: 
Sampl

e 
Coercivity 

(Hc) 
kA m-1 

Retentivit
y (Mr) 
Tesla 

Saturation 
Magnetisation 

(Js) Tesla 

Hysteresi
s Loss 

(kJ m-3) 

Density( ρ) 
(g cm-3) 

%Δρ (Ir/Is) 

As-cast  
rods 

As-cast 
ingots 

Fe_1 19.8387 0.025 0.3997 91 6.8171 6.8514 0.503
2 

0.062
5 

Fe_3 20.2884 0.048 1.2162 217 6.8924 6.9270 0.502
0 

0.039
5 

Fe_4 20.4094 0.030 0.8583 114 6.7819 6.8159 0.501 0.034
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Fig1: XRD graph of as cast ingots 

 
       Fig3: Hysteresis loops(VSM) of rods 

           Fig2: XRD graph of as cast rods 

Fig4: Variation of magnetic properties of 
rods 

 
Fig5: Variation of coercivityvsNb concentration

 
4. Conclusions 

As evident from XRD pattern glass forming is found to be incomplete for all the three 
samples. However suppression of crystalline peaks to a reasonable extent is evident from 
respective XRD pattern of amorphous rods.The GFA of Fe_1 sample is better than 
remaining two, but its saturation magnetisation is very poor. Fe_3 sample give better Is 
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value and its GFA is not too bad. Good GFA of Fe_1 sample correlates with higher 
squareness ratio of the same. The Percentage relative change of density and squareness ratio 
have same trend of variations. Good GFA of Fe_1 sample may also be attributed to 4at% of 
Nb concentration in that sample. The variation of coercivity and saturation magnetisation 
with Nb concentration was shown in Fig [5]. From figure it is obvious that saturation 
magnetisation is high for 3at% of Nb. However these three samples exhibit very low 
squareness ratio. The magnetic properties of Fe_4 sample were intermediate between Fe_1 
and Fe_3 samples. Hysteresis loss is found to be least for Fe_1 sample. Hence low 
Hysteresis loss and good GFA were correlated during this study[9]. It was further planned to 
compare the thermal properties like glass transition and crystallisation temperatures of these 
samples and to prepare melt spun ribbons with expectation of better soft magnetic properties 
to get more structural information and better GFA [10]. 
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Abstract 
Mixed alkali borate glasses of composition xLiO2-(30-x) K2O-10Bi2O3-55B2O3:5V2O5 with 
x=5,10, 15,20 and 25 mol% are prepared using melt quenching technique.  Characterization 
of the samples is done by X-ray diffraction and DSC techniques. Physical parameters such 
density, molar volume, OPD and Tg have been calculated. DC conductivity measurements 
have been carried out in the temperature range373-623 K by two terminal method. 
Conductivity data has been analysed in the light of Mott’s small polaron hopping model. The 
conductivity and activation energy are found to exhibit non-linear variation with x showing a 
maximum/minimum at around x=15mol%. It is found that the electrical conductivity is found 
to increase with increasing temperature and is due to ion conduction. Various polaron 
hopping parameters such as average separation, polaron radius and transition metal ion 
density etc., are calculated. These parameters are found consistent with Mott’s model of 
phonon-assisted polaronic hopping. 
Key words: alkali borate glasses, density, electrical conductivity, small polaron hopping 
 

1. Introduction 
The research on transition-metal oxide (TMO) doped inorganic glasses are continuing since 
long time because of their technological applications in electrochemical, electronic and 
electro-optical devices [1]. The oxidation state of transition metal ions (TMIs) changes as a 
result of reactions in the molten state involving the gain or loss of oxygen. The electron-
phonon interaction in these glasses is strong enough to form small polaron, and the electrical 
conduction process occurs by the hopping of small polarons between different valence states 
as proposed by Austin and Mott [2]. Glasses containing Li+, K+, and Na+ ions exhibit 
significant ionic conductivity at ordinary temperatures. An interesting aspect of electrical 
conduction in ionic glasses is the so called mixed alkali effect. Mixed alkali doped glasses 
exhibit lower electrical conductivity compared to that of single alkali composition, for the 
same total ionic concentrations [3]. The general understanding of ion transport in glasses is 
based on the assumption that cations jump from one position to another similar position while 
the negatively charged centers remain fixed in position in the glass matrix [4]. The mixed 
alkali effect has not been completely understood mainly due to the difficulty in determining 
the conduction pathways for the mobile ions [5]. Ion conducting glasses have technological 
applications for electrochemical devices such as solid-oxide fuel cells, solid statebatteries and 
chemical sensors [6]. 
 
 In our earlier studies [7], we have reported the mixed alkali effect in the optical 
properties of mixed alkali bismuth borate glasses doped with vanadium (LK-series).  Keeping 
in view of underlying physics and applications of MAE and changeover of conduction 
mechanism, the following system have been selected for density, glass transition temperature, 
and dc conductivity studies. 



69 

 

xLi2O-(30-x) K2O-10Bi2O3-55B2O3:5V2O5 with x = 5, 10, 15, 20, and 25mol%, --LK-series 
The objective of the present investigation is to study the physical and electrical properties in 
these glass systems wherein both TMI and two different alkali ions are present and to look for 
the possibility of MAE in the direct current electrical conductivity of LK-series glass system. 
 

2. Experimental 
The glass system (LK-series) was prepared by the melt quench techniqueand annealed at 
573K for 8h. The obtained glasses were lapped and two opposite sides were polished to be 
suitable for the use in the conductivity measurements. 
X-ray diffraction patterns were recorded to check the non-crystallinity of the prepared glass 
samples using a Philips X-ray diffractometer PW/1710 with Ni-filtered Cu-K radiation 
powered at 40 kV and 30 mA. The patterns (not shown) revealed a broad hump, a 
characteristic of amorphous materials and did not reveal any discrete or sharp peaks. The 
density “d” of the glasses was determined at room temperature using Archimedes principle 
with xylene as an inert immersion liquid. The molar volume Vm of each glass sample was 
calculated. The thermal behavior of the glass samples was investigated using a differential 
scanning calorimeter (DSC) using DSC 821e Mettler Toledo model thermal instrument. The 
details of the determination of density, molar volume and glass transition temperature were 
given elsewhere [7]. 
For measuring dc conductivity, samples in the forms of discs of nearly 1mm thickness were 
chosen. Colloidal silver paint was used as an electrode material. The temperature of the 
samples was measured using a chromelalumel thermocouple. To verify reproducibility and 
minimize errors the experiment was repeated and collected over sever experimenters has been 
averaged. The conductivity was determined as per,  = (1/) where resistivity,  = (RA/t), t is 
the thickness, R is resistance and A is cross-sectional area of the sample. Conductivity  
measurements were made by the standard technique, that is, two terminal method over a 
temperature range from about 373 – 623K, first by increasing the temperature and then by 
decreasing it. A constant voltage of 1.5 V was applied across the sample and the current was 
measured by using a Keithley 614 electrometer. To minimize the polarization effects, the d.c. 
voltage was applied for a very short period (<30s at a time) across the samples and the 
polarity of the applied d.c. voltage was also reversed at the time of measurement. The relative 
error in the measurement of conductivity () and activation energy (W) was found to lie in 
the range 2 – 3%. Conductivities were measured very near to the glass transition temperatures 
at which the samples either deformed under the load of the springs on the electrodes or 
crystallized, rendering further measurements inaccurate. 
 

3. Results and Discussion 
3.1 Density, molar volume and glass transition temperature 
The values of density (d), molar volume (Vm) and glass transition temperature (Tg) of all the 
glass samples have been calculated as explained earlier and their values are presented in 
Table 1. 

Table 1 Physical parameters of LK series glass systems 

Sample Density 
(g/cc) ±0.01 

Molar volume 
(cc/mol) ± 0.02 

Tg (ºC) 
± 1ºC 

LK-5 3.27 36.43 418 
LK-10 3.30 35.08 378 
LK-15 3.36 33.47 375 
LK-20 3.44 31.84 383 
LK-25 3.43 30.94 390 
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The variation of the logarithm of d.c. conductivity, as a function of inverse temperature (T) 
for the the present glass system, LK-series is shown in Fig.1.  

Fig.1 D.C. conductivity plots 

 
It is observed that  increases with increasing temperature, indicating temperature dependent 
activation energy, W, a characteristic of a SPH conduction mechanism in TMO glasses [8].  
According to Mott’s small polaron hopping model (SPH) [8] the electrical conductivity in 
adiabatic regime is expressed as 
  = 0exp (-W/kT)         … (1) 
Where W is the activation energy and 0 is the pre-exponential factor given by  
0 = 0Ne2 R2 C(1- C)exp(-2R)/kT, (0= Dk/h is the optical phonon frequency [9] and h is 
the Planck’s constant), D=2TD is the Debye temperature and TD is the temperature at which 
the deviation from linearity takes place,  N is the concentration of TMI, R is mean spacing 
between the TMI given by R = (1/N)1/3,  is the tunneling factor and C is the fraction of 
reduced TMI concentration to that of total TMI concentration,( C= V4+/Vtotal). 
The density of total vanadium ion,  “N” in each glass is estimated using the relation  [10] 𝑁 = 2 [(𝑑𝑚𝑀 ) 𝑁𝐴]         … (2) 
Where d is the density of the glass, 𝑚 is the mole fraction of V2O5, 𝑀 is molecular weight of 
V2O5 and 𝑁𝐴 is the Avogadro number. The plots are found to be linear at high temperatures. It 
is observed that the conductivity increases with increase in the temperature for all the 
samples. The d.c. conductivity ‘’of the present glasses vary between 10-9 - 10-7 S cm-1. The 
activation energy W and the pre-exponential factor 0were obtained from the slope and the 
intercept of the least squares straight line fit of the conductivity plot. The values of 
conductivity, activation energy W for the the system is tabulated in Table2. The activation 
energy for conduction of the present glasses varies from 1.08 to 1.40eV. The errors in 
activation energies are found to be   0.002 eV. The activation energies of the present glasses 
are in agreement with other mixed alkali borate glasses [3]. The estimated values of N, R for 
the present glasses are presented in Table2. 
 
3.2 Parameters associated with polaron hopping 
Considering a strong electron-phonon interaction, Austin and Mott [8] proposed the 
following equation for the activation energy, 𝑊 =  𝑊𝐻 +  𝑊𝐷2 for T > D/2         … (3) 
W WD for T < D/4          … (4) 
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Where WH is the polaron hopping energy and WD is the disorder energy arising from the 
energy difference of the neighbours between two hopping sites. The polaron hopping energy 
WH is calculated using the formula [11]: 
 

Table 2Polaron hopping parameters for LK-series glass system 

 
 𝑊𝐻 =  𝑊𝑝2  =  𝑒24∈𝑝 (𝑟𝑝−1 −  𝑅−1)       … (5) 
 
 
Where Wp is the polaron binding energy,  ∈𝑝 is the effective electric permittivity, which can 

be determined from the relation [12], ∈𝑝=  𝑒24𝑊𝑟𝑝     … (6) 

and the small polaron radius  [13], 𝑟𝑝 = 12 ( 𝜋6𝑁)1/3
     … (7) 

N(EF) is the density of states at Fermi level expressed in terms of ‘W’ as given by [14]:  
N(EF) = 3/4R3W         … (8) 
The polaron hopping parameters WH, ∈𝑝, 𝑟𝑝  and N(EF)  are given in Table2. 
In LK-series glass system, it is interesting to observe that the conductivity and activation 
energy vary non-linearly with lithium content exhibiting a mixed alkali effect (MAE). In this 
case the content of TMI i.e., vanadium ion is fixed as 5 mol%. The foundation of MAE in 
glasses containing TMI’s as well as alkali ions of two different types depends upon the type 
and concentration of TMI’s in the glass network, the type of the host glass matrix, and the 
types and concentrations of the alkali ions. These factors govern how the relative mobilities 
of alkali ions and polarons can suppress one another. 
From Table 2 it is observed that the variation in the values of polaron hopping parameters 
around the vanadium ion is very small which may be due to the variation of alkali ion 
concentration. They make no detectable contribution to the total conductivity that is 
considered to be polaronic in nature.  The variation of W and log0 with lithium content (x) is 
shown in Fig. 2. 
 
It is clear from the Fig. 2 that the variation of W and log0is found to be non-linear with the 
increasing content of lithium. The compositional variation of  at different temperatures is 
shown in Fig.3 and MAE is present at all these temperatures. 
 
 
 
 
    
 

Sample X 
(mol%) 

at 583K 
(S cm-1) 

W 
(eV) Log0 

N 
(1021cm-3) 

R 
(nm) 

r p 
(nm) p 

WH 

(eV) 
N(EF) 

(1021eV-1m-3) 
LK-5 5 5.2 x10-7 0.98 5.869 1.09 0.973 0.392 0.651 0.585 0.19 
LK-10 10 1.84 x10-7 1.04 2.293 1.10 0.969 0.390 0.616 0.649 0.25 

LK-15 15 1.9 5x10-8 1.08 1.667 1.12 0.963 0.388 0.597 0.645 0.25 

LK-20 20 2.75 x10-8 1.05 2.315 1.14 0.957 0.386 0.616 0.627 0.26 
LK-25 25 4.76 x10-7 1.02 5.439 1.14 0.957 0.386 0.635 0.609 0.27 
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Fig.2  log0 and W vs. x plots 
 
 
 

 
 

Fig.3 Isotherms of conductivity vs. x 
 
 

4. Conclusions 
Mixed alkali bismuth borate glasses doped with vanadium prepared by melt quench technique 
were studied through d.c conductivity measurements. Density of these samples is found to 
increase with the increasing content of the respective ions whereas molar volume is found to 
decrease due to the contraction of the glass matrix. In the present glass system (LK-series),the 
glass transition temperature exhibited non-linear variation indicating MAE.It is observed that 
the conductivity in these glasses increases with the increase in the temperature and with the 
composition of the respective ions. The values of conductivity lie in the range 10-9 S cm-1 to 
10-7 S cm-1.In the present system (LK-series) the conductivity of the glasses varies non-
linearly with increasing Li2O content exhibiting MAE. No appreciable change is observed in 
the polaron hopping parameters in LK- series and the conduction in these glasses is mainly 
due to the mobility of the respective ions. 
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Abstract 
    In current research Geo-polymer self-compacting concrete is an excellent substitution of 
conventional ordinary Portland cement-based concretes. The Technology of geopolymer self- 
compacting concrete also has the greatly minimize the CO2 emissions which produces by the 
manufacturing of cement industries. In the present work we chosen an eco-friendly alternative 
material that is Ground Granulated Blast Furnace Slag (GGBS) for cement and as river sand is in 
crisis and natural depletion of resources, we replaced completely with Quartz Sand. In this paper 
we have tested fresh properties of concrete for various mixes by performing V-Funnel, V-Box 
and L-Box tests to determine fresh properties such as flow time, passing and filling ability of 
fresh concrete and we have tested mechanical properties of concrete i.e., compressive strength, 
flexural strength, split tensile strength at the age of 7 days , 28 days and 90 days for all the 
concrete mixes.  
Index terms - Self compacting, Sodium hydroxide, Sodium silicate, GGBS, Quartz sand, Fly 
ash. 
 

1.Introduction: In this paper we chosen an eco-friendly alternative that is GGBS for cement and 
as river sand is in crisis we replaced it with Quartz Sand. In this paper we have tested fresh 
properties of concrete for various mixes by performing V-Funnel, V-Box and L-Box tests to 
determine fresh properties such as flow time, passing and filling ability of fresh concrete and we 
have tested mechanical properties of concrete i.e., compressive strength, flexural strength, split 
tensile strength. This can be referred as a short guide for rest of the experiment [1 – 4]. 
 
2.Experimental: 
2.1 Materials used: Fly-ash, GGBS (Ground granulated blast-furnace slag, Quartz sand, Sodium 
silicate, Sodium hydroxide, River sand, Coarse aggregate(CA) are the materials which we have 
used in our project. 
2.2Mixingprocedure:                                                                                                                                                
Initially we took all the materials in proportional quantities according to the mix design. Firstly, 
we have taken oven dried CA and to that Fine aggregate(FA) is added, after that GGBS is added 
to that mixture according to their mix design. Then Fly Ash and Quartz powder are added to the 
GGBS and everything is mixed thoroughly. While rotating the mixer we have added 50% of 
water into it. Later, we have added NaOH solution, Sodium Silicate solution and Super 
plasticizer into the mixer and continued to rotate it for 2-3 minutes. At last, we added the 
remaining 50% of the water and continued to rotate the mixer for another 2-3 minutes. Finally, 
after preparing the mixture we have casted the mixture into moulds. For further mixes we need to 
change ratios of Fine aggregate and Quartz sand, accordingly the strengths will be varied. 
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3.Results and Discussion 
 

Table1: Mix proportions of various mixes of concrete 
 
 
 
 
 
 
 
Fresh Properties: The fresh properties of 
various Mix designations are determined by 
performing V-Funnel, V-Box and L-Box 
and are listed in the below table. 
 
Table2: Fresh properties of the six concrete 
mixes 
 

 
Fig1: Variations of slump flow for various 
mixes 
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Mix2 730 5 9 0.93 
Mix3 710 5 9 0.92 
Mix4 690 6 10 0.90 
Mix5 660 6 11 0.88 
Mix6 640 7 12 0.84 
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Fig2: Variations of L-Box for various mixes 

 
Fig3: Plot of slump flow vs T50 for various 
mixes 

 
Fig4: Graph between slump flow and L-Box 
values for various mixes 

 
Fig5: Graph between T50 and V-Funnel 
values for various mixes 

Compressive strength: This table gives the compressive strength values of concrete of the six 
mixes at 7day, 28day and 90day of time period. 
 
 

Table3: Compressive strength 
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Fig6: Compressive strength of mixes 

 
Fig7: Compressive strength ratio of mixes 

 
Split tensile strength: This table gives the Split tensile strength values of the six concrete mixes 
at 7day, 28day and 90day of time period. 
 
 
Table4: Split tensile strength 
Mix Split Tensile strength (MPa) 

7day 28day 90day 
Mix1 1.92 2.01 2.73 
Mix2 2.63 2.47 2.97 
Mix3 2.92 2.94 3.12 
Mix4 2.98 3.02 3.68 
Mix5 3.01 3.40 3.94 
Mix6 3.22 3.52 4.12 

Fig8: Split tensile strength 

Fig9: Split tensile strength ratios of mixs 

Fig10: Graph between split tensile strength 
and compressive strength 
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 Flexural strength: This table gives the Flexural strength of concrete of the six mixes at 7day, 28day and 
90day of time period. 

 
Table5: Flexural strength 

Mix Flexural strength (MPa) 
7day 28day 90day 

Mix1 4.24 4.49 4.68 
Mix2 4.32 4.68 4.77 
Mix3 4.38 4.77 4.9 
Mix4 4.56 4.92 4.97 
Mix5 4.74 4.98 5.16 
Mix6 4.86 5.10 5.32 

 
 
 

 
Fig11: Flexural strength of mixes 

 

 
Fig12: Graph representing flexural strength ratios of mix 

 

 
 

Fig13: Graph between compressive strength and Flexural strength 
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Discussion of test results: Study was conducted on optimization of mix proportions of SCGPC 
by substituting quartz sand in the place of river sand and by increasing dosages of quartz sand. 
A. Fresh Properties of SCGPC: It can be observed from table that with increasing dosages of quartz sand 
there is decline in the fresh properties of concrete. It can be observed that there is a perfect relation 
between different fresh properties of quartz sand-based SCC. 
B. Mechanical Properties of SCGPC: It can be observed that compressive strength, split tensile strength 
and flexural strength of concrete in increasing by increasing the amount of quartz sand in the place of 
river sand. 
 

Table6: %increase in mechanical properties of concrete at 100% substitution of quartz sand in 
place of river sand 

No. of days 
of curing 

% increase in mechanical properties of concrete at 100% 
substitution of quartz sand in place of river sand 

Compressive 
strength 

Tensile strength Flexural strength 

7 32.5 67.71 14.62 
28 25.95 75.12 13.59 
90 27.65 50.92 13.67 

 
4.Conclusion: 
There was increase of 32.25%, 25.95%, 27.65% in compressive strength at the end of 
7days,28days and 90days respectively for 100% substitution of quartz sand in place of river 
sand. There was increase of 67.71%, 75.12%, 50.92% in Tensile strength at the end of 
7days,28days and 90days respectively for 100% substitution of quartz sand in place of river 
sand. There was increase of 14.62%, 13.59%, 13.67% in Flexural strength at the end of 
7days,28days and 90days respectively for 100% substitution of quartz sand in place of fine 
aggregate.It can be finalized that with 100% substitution of Quartz sand in place of river sand is 
advantageous with respect to Fresh properties and Mechanical properties point of view. Fresh 
properties and Mechanical properties of all the six mixes of concrete for different dosages of 
quartz sand could satisfy EFNARC specifications. 
 
Reference: 

1. S. Ahmed et al., 2014, Int. J.  Civil & Struct.  Engi., 4(3). 
2. Amit Mittal et al., 2004, The Indian Concrete Journal, PP 30-34.   
3. Amit Mittal et al., 2005, International Conference on Advances in Concrete, Composites 

and Structures, SERC, Chennai, 441-449.  
4. Anirwan Senguptha et al., 2006, 31st Conference on Our World in Concrete & Structures 

held At Singapore, 353-359.  
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Correlation of Optical Properties of Waveguide in Nano Scale 
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Abstract: Optical properties are measured in wave guides in both Air medium 50 nm to 1000 
nm and water medium 50 nm to 1000 nm and correlated between micro scale and Nano scale. 
Wave length is measured between 50 nm to 1000 nm and observed symmetry between core 
thickness in micro scale, cladding refractive index and layer thickness in nano scale.  

Keywords: Wave length, Core thickness, cladding thickness, layer thickness, micro scale and 
nano scale ranges, air medium and water medium. 

1. Introduction: The makes use of of waveguides for transmitting indicators have been 
recognized even before the term was once coined. The phenomenon of sound waves 
guided through a taut wire have been known for a lengthy time, as properly as 
sound via a hole pipe such as a cave or clinical stethoscope. Other makes use of of 
waveguides are in transmitting electricity between the components of a machine such as 
radio, radar or optical devices [1,2]. Waveguides are the quintessential precept of guided 
wave testing (GWT), one of the many strategies of non-destructive evaluation. 
Specific examples: Optical fibers transmit light and signals for long distances with low 
attenuation and a large usable vary of wavelengths. In a microwave oven a waveguide 
transfers power from the magnetron, where waves are formed, to the cooking chamber. In a 
radar, a waveguide transfers radio frequency energy to and from the antenna, the place the 
impedance needs to be matched for efficient electricity transmission. Rectangular and 
Circular waveguides are usually used to connect feeds of parabolic dishes to their 
electronics, either low-noise receivers or power amplifier/transmitters. Waveguides are used 
in scientific gadgets to measure optical, acoustic and elastic homes of substances and objects.  

2. Experimental Methodology: Waveguides used at optical frequencies 
are normally dielectric waveguides, constructions in which a dielectric material 
with excessive permittivity, and for that reason excessive index of refraction, is 
surrounded by means of a fabric with decrease permittivity. The structure guides optical 
waves by means of whole internal reflection. An instance of an optical waveguide is optical 
fiber [3,4]. Other sorts of optical waveguide are additionally used, together with photonic-
crystal fiber, which guides waves through any of countless wonderful mechanisms. Guides in 
the structure of a hole tube with a tremendously reflective inner floor have additionally been 
used as light pipes for illumination applications. The inner surfaces may additionally be 
polished metal, or may additionally be blanketed with a multilayer film that guides mild  
via Bragg reflection. One can additionally use small prisms around the pipe 
which mirror mild via  complete internal reflection such confinement is always imperfect, 
however, seeing that whole inner reflection can never genuinely guide mild inside a lower-
index core. 
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3. Results & Discussion 
Air Medium: 
1) Wavelength Range 50 nm-100nm 

 
 

Wavelength 
Nm 

Core 
thickness 
µm 

Cladding 
Refractive 
index 

Layer 
Thickness 
nm 

50 
60 
70 
80 
90 
100 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 

27.24 
22.59 
21.05 
20.40 
20.11 
20.00 

 
Graph:-1 

 
Graph-1 explains Wavelength increases linearly with Core Thickness. 

 
Graph-2 

 
 

Graph-3 
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1) Wavelength Range: 200 nm To 500 nm 

 
Table 2 explains about wave length (nm) from 200nm to 500nm range, core thickness from 
1.1 µm to 1.4 µm, cladding refractive index from 1.1 to 1.4 and layer thickness from 27.24 
nm to 20.40 nm 
 

Wavelength 
Nm 

Core 
thickness 
µm 

Cladding 
Refractive 
index 

Layer 
Thickness 
nm 

  200 
300 
400 
500 

1.1 
1.2 
1.3 
1.4 

1.1 
1.2 
1.3 
1.4 

27.24 
22.59 
21.05 
20.40 

. 
Graph-4: 

 
 

Graph-5: 

 
 

Graph-6: 

 
 

Graph-6 Explains Linear Relationship between Core Thickness and Layer Thickness. 
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2) Wavelength Range: 600 nm to 1000 nm 

 
Table 3 explains about wave length (nm) from 600 nm to 1000 nm range, core thickness from 
1.6 µm to 2.0 µm, cladding refractive index from 1.6 to 2.0 and layer thickness from 118.76 
nm to 142.85 nm. 
 

Wavelength 
nm 

Core thickness 
µm 

Cladding 
Refractive index 

Layer 
Thickness 
nm 

600 
700 
800 
900 
1000 

1.6 
1.7 
1.8 
1.9 
2.0 

1.6 
1.7 
1.8 
1.9 
2.0 

118.76 
125.88 
132.1 
 

 
Graph-7: 

 
 

Graph-8: 

 
 

Graph-9 
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3) Water Medium: 
Wave Length Range: 50-90 nm 

 
Table 4 explains about wave length (nm) from 50 nm to 90 nm range, core thickness from 1.1 
µm to 1.5 µm, cladding refractive index from 2.6 to 3.0 and layer thickness from 5.59 nm to 
8.36 nm 
 

Wavelength 
nm 

Core thickness 
µm 

Cladding 
Refractive index 

Layer Thickness 
Nm 

50 
60 
70 
80 
90 

1.1 
1.2 
1.3 
1.4 
1.5 

2.6 
2.7 
2.8 
2.9 
3.0 

5.59 
6.38 
7.10 
7.76 
8.36 

. 
Graph-10: 

 

 
 
 

 
4) Wavelength range: 100 - 500nm 

  
Wavelength 
nm 

Core thickness 
µm 

Cladding 
Refractive index 

Layer Thickness 
nm 

100 
200 
300 
400 
500 

1.6 
1.7 
1.8 
1.9 
2.0 

3.1 
3.2 
3.3 
3.4 
3.5 

8.92 
17.17 
24.82 
31.99 
38.58 

 
Graph-11: 
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5) Wavelength range: 600 nm to 1000nm 

 
Wavelength 
nm 

Core 
thickness 
µm 

Cladding 
Refractive 
index 

Layer 
Thickness 
nm 

600 
700 
800 
900 
1000 

2.1 
2.2 
2.3 
2.4 
2.5 

3.6 
3.7 
3.8 
3.9 
4.0 

44.79 
50.63 
56.11 
61.29 
66.17 

 
Graph-12: 

 
 
 

4. Conclusion 
1) Water medium: 
 

Wavelength range: 50 nm to 90nm 
Wavelength 
nm 

Core 
thickness 
µm 

Cladding 
Refractive 
index 

Layer 
Thickness 
nm 

50 
60 
70 
80 
90 

1.1 
1.2 
1.3 
1.4 
1.5 

2.6 
2.7 
2.8 
2.9 
3.0 

5.59 
6.38 
7.10 
7.76 
8.36 

 
 
 
 

Graph-13: 
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Wavelength 
nm 

Core 
thickness 
µm 

Cladding 
Refractive 
index 

Layer 
Thickness 
nm 

100 
200 
300 
400 
500 

1.6 
1.7 
1.8 
1.9 
2.0 

3.1 
3.2 
3.3 
3.4 
3.5 

8.92 
17.17 
24.82 
31.94 
38.58 

 
Graph-14: 

 
 
 

Table 9: Wavelength range: 600 nm to 1000nm 
Wavelength 
nm 

Core 
thickness 
µm 

Cladding 
Refractive 
index 

Layer 
Thickness 
Nm 

600 
700 
800 
900 
1000 

2.1 
2.2 
2.3 
2.4 
2.5 

3.6 
3.7 
3.8 
3.9 
4.0 

44.79 
50.63 
56.11 
61.29 
66.17 

 
Graph-15: 

 
 
 
 
 
 
 
Applications in Modern Technology: 
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The utilization of nanotechnology in medication offers some energizing prospects. A few 
methods are just envisioned, while others are at different phases of testing, or really being 
utilized today. Nanotechnology in medication includes utilizations of nano particles right now 
being worked on, just as longer range research that includes the utilization of fabricated nano-
robots to make fixes at the cell level. Whatever you call it, the utilization of nanotechnology 
in the field of medication could reform the manner in which we recognize and treat harm to 
the human body and ailment later on, and numerous procedures just envisioned a couple of 
years back are gaining wonderful ground towards turning out to be real factors. One use of 
nanotechnology in medication as of now being created includes utilizing nano particles to 
convey drugs, warmth, light or different substances to explicit sorts of cells. Particles are 
designed with the goal that they are pulled in to infected cells, which permits direct treatment 
of those cells. 

Acknowledgement: My Sincere Thanks to my family for giving support in all my Research 
Activities. 
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Abstract 
Cadmium oxide nanoparticles have been synthesized by using Low Solution Combustion 
method. The Polyvinyl alcohol/Cadmium oxide nanocomposites were prepared by 
solutioncasting technique. The prepared composites were characterized by X-ray diffraction 
and Scanning Electron Microscopy. The crystallite size of these nanoparticles is found to be 
~27.2 nm. The SEM analyses show an average grain size of 114-234 nm and 40-85 nm in 
PVA film and CdO respectively. The value of ac conductivity is found to increase by 33% for 
PVA/2% CdO nanocomposite compared to pure PVA at 700 kHz. The dielectric permittivity, 
dielectric loss of PVA/CdO nanocomposites decreased with increase in frequency values.  
Keywords: Polyvinyl alcohol, Nano Cadmium oxide, ACconductivity, Dielectric permittivity
, Dielectric loss. 
 

1. Introduction 
The polymer–nanocomposites in last few decades have become the subject of worldwide 
research interest. To exploit the full potential of the technological applications of these 
materials, it is very important to endow them with good processability. Polyvinyl alcohol 
(PVA) is a polyhydroxy polymer generally obtained by the hydrolysis of poly                  
(vinyl acetate). Its good film forming nature, hydrophilicity and good chemical resistivity [1] 
have been used to develop inorganic-organic nanocomposite hybrids. Cadmium oxide (CdO) 
crystallizes in a cubic rock salt lattice like anion centres [2].It is an n-type semiconductor [3] 
with a band gap of 2.18 eV [4] at room temperature. In recent years, researchers have focused 
on cadmium oxide due to its potential applications specifically in the field of optoelectronic 
devices such as solar cells [5,6] , photo transistors [7] ,diodes [8] , transparent electrodes and 
gas sensors [9]. Many different research groups have investigated the structural, optical, 
thermal and electric properties of PVA containing different dopants. The previous 
investigations by different researchers have established the fact that PVA/CdO 
nanocomposites are scientifically challenging materials exhibiting a wide range of fascinating 
properties that can lead to a great variety of physical interests and technological applications. 
Although there exists a few brief reports on the investigations of PVA doped with CdO but 
there exists so far no detailed studies on the dielectric properties of these nanocomposites. 
We, therefore, prompted in the present study to undertake scientific investigations on these 
nanocomposites. We plan in our study to prepare CdO nanoparticles using combustion 
method and the PVA/CdO nanocomposite films using solution casting method. The prepared 
samples were characterized using X-Ray Diffraction (XRD) and Scanning Electron 
Microscopy (SEM) and studied their dielectric properties. 
 

2. Experimental 
Polyvinyl alcoholof analytical grade is obtained in the powder formfrom Nice Chemicals Pvt. 
Ltd. Cochin, with the average molecular weight of 1,25,000 g/mol (98% hydrolyzed) and 
Cadmium nitrate [Cd(NO3)24H2O] is purchased from Molychem Ltd. Low Solution 
Combustion (LSC) technique is employed for the preparation of nano cadmium oxide 
[10].The pure PVA film and PVA/CdO nanocomposite films with different wt% (1,2,3,4) 
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were prepared by the solution casting method[11]. Powdered PVA of about 2.5g is dissolved 
in 50ml of double distilled water by stirring. The solution is then warmed up to 333K and 
thoroughly stirred, using a magnetic stirrer, for about 1hr until the polymer became 
completely soluble. By removing the trapped air bubbles, the solution is poured onto a 
levelled clean glass plate and left to dry at room temperature for about 48 hrs. The dried films 
were peeled off from the glass plate and cut into suitable pieces for measurements [12].  
 

3. Results and Discussion 
The X-ray diffraction pattern of CdO and PVA/CdO nanocomposite filmsare shown in Figure 
1.The CdO nanoparticles have shown good crystallinity because of the existence of sharp 
peaks in the XRD pattern. The (111), (200), (220), (311) and (222) reflections are clearly 
seen and closely match the reference patterns for CdO (ICDD) File No. (05-0640)[13-15]. 
The crystallite size of the synthesized CdO nanoparticles which is calculated using Scherer’s 
formula is found to be ~27.2 nm.The peak positionsfor all PVA/CdO nanocomposites show 
that diffraction angleappears around 19º ≤ 2θ ≤ 20º for PVA.In the XRD pattern, different 
lines are attributed to the (111), (200), (220), (311) and (222) planes; by comparing the XRD 
pattern of the composite and CdO, it is confirmed that CdO has retained its structure even 
though it is dispersed in PVA matrix.    
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Figure 1: XRD pattern of CdO and (a)  pure PVA   (b) PVA/1% CdO                  
               (c) PVA/2% CdO  (d) PVA/3% CdO  and  (e) PVA/4% CdO 

 
 
 
The scanning electron micrographs of PVA film, nano CdO and PVA/2% CdO are shown in 
Figure 2. 
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Figure 2: SEM image of pure PVA, nanoCdO and PVA/2%CdO 
 
 
The SEM image of pure PVA shows uniformly processed smooth PVA matrix and the semi-
crystalline nature of PVA supporting the observations of XRD analysis.The average grain 
size is found to be 114 nm to 234 nm.Also the CdO nanoparticles show spherical shape 
grains like morphology [16] having an average grain size from 40 nm to 85 nm. The 
crystallinity of the CdO is seen to decrease with the addition of PVA in it. The average grain 
size is found to be 70 nm to 150 nm. 
 
3.1. Dielectric Studies 
The ac conductivity of PVA/CdO nanocomposites at different frequencies is shown in Figure 
3 at room temperature.  
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Figure 3: AC conductivity of PVA/CdO nanocomposites 

 
At lower frequencies, the risein conductivity is negligible. In fact up to a frequency of 105 
Hz, acconductivity values were almost the same for all thenanocomposites. However, at 
higher frequency values, asharp rise in the conductivity values is observed. Also as the 
CdO concentration is increased upto 2 wt%, the inorganic filler molecules start bridging the 
gap separating the two localized states and lowering the potential barrier between them, 
thereby facilitating the transfer of charge carrier between two localized states and hence ac 
conductivity increases [17]. 
The dielectric permittivity (𝜺′) anddielectric loss ε″  of  PVA/CdO nanocomposites at 
different frequencies is shown in Figure 4at room temperature. The dielectric permittivity of 
PVA/CdO nanocomposites decreases with increase in frequency. 
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           Figure 4: Dielectric permittivity and dielectric loss of PVA/CdO nanocomposites     
 
 
At higher frequency above 105 Hz, ε′ remains almost constant  throughout    frequency region. 
On the other hand, the high value of ε′  at low frequencymight be due to the electrode effect 
and interfacial effect ofthe sample [18].  
It can be seen that the dielectric loss decreases with increasing frequency. The dielectric loss 
has low value at higher frequency which may be due to the motion of free charges through 
the nanocomposites and above 105 Hz, 𝜀″remains almost constant throughout the frequency 
region. It is observed that PVA/2% CdO show high dielectric loss, hence exhibits higher 
conductivity compared to that of other weight percentage. The dielectric constant is ɛʹ= C 
d/ɛ˳Awhere d-thickness, A-area, ɛ˳-permittivity of free space, C-capacitance. The dielectric 
loss is ɛʺ=σ/ɛ˳ω whereσ-ac conductivity,ω-frequency given by 2Пf. 
The loss tangent of PVA/CdO nanocomposites at different frequencies is shown in Figure 5  
at room temperature.  
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Figure 5: Loss tangent of PVA/CdO nanocomposites 
 
The behaviour of loss tangent with respect to frequency follows the same trend as that of pure 
PVA at frequencies beyond 100 KHz as shown in Figure 5. At higher frequencies, these 
nanocomposites exhibit almost zero dielectric loss which suggests that these composites are 
low-loss materialsat frequencies beyond 1MHz. The loss tangentspectrum show relaxation 
process for all PVA/CdOnanocomposites considered and as the content of CdO increases, the 
magnitude of the relaxation peak decreases [19] and the breadth increases [20]. The values of 
tanδ are found to be below 1, indicating that the dielectric phenomenon is predominant in 
these nanocomposites. Loss tangent is calculated by using tan  = c() / c() = () / 
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().From the plots it is clear that, the value of loss tangent for PVA/2% CdO is more 
compared to other weight percentages of   CdO, which suggests higher electrical 
conductivity.   
 

4. Conclusions 
The results and conclusions drawn from the investigations on PVA/CdO nanocomposite films 
are the following.The XRD pattern of pure PVA shows a characteristic peak for an 
orthorhombic lattice centered at 20° indicating its semicrystalline nature. The XRD pattern of 
synthesized CdO nanoparticles shows good crystallinity. The crystallite size of these 
nanoparticles is found to be ~27.2 nm for (220) plane.  The XRD pattern of 
PVA/CdO nanocomposites confirmed that CdO has retained its structure even though it is 
dispersed in PVA. The SEM analyses show an average grain size of 114-234 nm and 40-85 
nm in PVA film and CdO respectively. The crystallinity of the CdO is seen to decrease with 
the addition of PVA in it and its average grain size is found to be 70-150 nm. The value of ac 
conductivity is found to increaseby 33% for PVA/2% CdO nanocomposite compared to pure 
PVA at 700K. The dielectric permittivity, dielectric loss of PVA/CdO nanocomposites 
decreased with increase in frequency values. The behavior of loss tangent with respect to 
frequency follows the same trend as that of pure PVA at frequencies beyond 100 KHz. At 
higher frequencies, these nanocomposites exhibit almost zero dielectric loss.  
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Abstract 
Glasses having composition 10LiF-40Li2O-20RO-30Bi2O3 where R= Mg, Ca, Sr & Ba have 
been prepared by the conventional melt quenching technique. The optical absorption spectra 
of the prepared glasses have been recorded in the wavelength range 200 to 800nm. Using the 
Tauc model, the absorption spectrum fitting method (ASF) was employed to obtain the 
optical band gap which is depend on the glass composition. Also, some physical parameters 
such as density, glass transition temperature and refractive index of prepared glasses were 
evaluated.  It was found that, the densities of the glass increased in the order of 
MgO<CaO<SrO<BaO as expected from the relative masses of the alkaline-earth ions and the 
optical band gap (Eopt) values decreased with the replacement of RO oxides in the glass 
matrix. 
Key words: Absorption; Composition; MDSC; Alkaline earth Oxides. 
 
1.Introduction 
In recent times, glasses based on HMO (TeO2, GeO2, Bi2O3, WO3, PbO, Ag2O, etc.) are 
promising materials for IR technologies, nonlinear optics and design of laser devices [1-4]. 
Bi2O3 is not a classical glass former, due to its high polarizability and small field strength of 
Bi3+ions, in the presence of conventional glass formers, it may build a glass network of 
[BiOn] (n = 3, 6) pyramids [5]. The properties of Bi2O3glass can often be altered by the 
addition of network modiiers. The most commonly used network modiiers are the alkali 
(Li2O, Na2O, and K2O) and alkaline earth oxides (MgO, CaO, SrO, and BaO). However, the 
structural role played by Bi2O3 in glasses is complicated and poorly understood. This is 
because the [BiOn] polyhedra are highly distorted due to the lone pair electrons. The aim of 
the present work is determining of the optical band gap and tailing states and also discuss 
about some of the structural properties of 10LiF-40Li2O-20RO-30Bi2O3 where R= Mg, Ca, Sr 
& Ba glasses such as density and glass transition temperature.  
2.Experimental 
The appropriate mole concentrations were weighted and grounded in a mortar. These 
materials were taken in porcelain crucible and placed in an electrically heated furnace 
maintained at 950∘C. These mixtures took nearly 40–50 minutes to melt congruently; further, 
these mixtures were stirred occasionally to achieve homogeneity. The melt was then 
quenched by pouring it on to a preheated (around 250∘C) stainless steel plate and pressing 
with another steel plate. The glasses formed were clear, transparent, bubble free with light 
blue tint. These glasses were annealed at that temperature to relieve the mechanical stresses. 
The thicknesses of the glass samples were around 0.5 to 1 mm. The compositions (in mol%) 
of the glasses studied in the present investigation were presented in Table 1. 
XRD measurements were carried on an advance powder XRD (PANalytical X-pert PRO 
model with Cu-K Alpha radiation of wavelength 1.54048 Å) was usedwith Cu-K𝛼 radiation 
with angle 2𝜃 ranging from 10 – 80 . The optical absorption measurements were carried on 
polished glass samples using Shimadzu UV-1800 spectrophotometer in the wavelength 
region 200–800 nm at room temperature. Density measurements were carried out at room 
temperature using the Archimedes method with xylene as the immersion liquid. The density 
values were reproducible to ±0.02 g/cm3. 
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3.Results and Discussions 
The x-ray diffraction pattern of the reference glass (LiF-Li2O-20SrO-30Bi2O3) is given in 
the Figure 1 and the diffraction spectra of the present glass samples did not show any peaks. 
The peak free X-ray diffractograms indicated amorphous nature of the glass samples. 

 
Figure 1. X-ray diffraction spectra 

 

 The room temperature density (ρ) of the samples was determined by the Archimedes 
principle. xlene  was used as an immersion liquid. The densities were calculated by using the 
formula 
ρ = a* 0.86 / (a-b)                                                                                         (1) 
Where a is the weight of the sample measured in air, b is the weight of the sample measured 
in xylene (density of xylene at room temperature is 0.86 g/cc).The uncertainty in density 
measurement is ±0.001 g/cc. The molar volume of the glass samples was calculated using the 
formula 
Vm = M / ρ(2) 
Where M is the average molecular weight of the glass and ρ is its density. From the density 
data, oxygen packing density was calculated by using the formula 
Oxygen packing density = (ρ/M)× number of oxygen atoms per formula unit.                (3) 
 
The variation of measured densities (ρ) of the present glasses along with evaluated values of 
molar volume (Vm) as function of alkaline earth element content is presented in in Table 1. 
Figure 2shows the variation of density of 10LiF-40Li2O-20RO-30Bi2O3 glasses,                    
(where R= Mg, Ca, Sr and Ba). From the figure, the densities of the glass increased in the 
order of MgO<CaO<SrO<BaO as expected from the relative masses of the alkaline-earth 
ions. Similar results have been reported on RO-Na2O-Al2O3-P2O5 glass system (where R= 
Mg, Ca, Sr and Ba). 
 

Figure 2. Density as a function of alkaline earth element (RO) in 10LiF-40Li2O-20RO-
30Bi2O3 glasses 
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Figure 3 illustrates the MDSC thermograms of the 10LiF-40Li2O-20RO-30Bi2O3 glass 
system. Thermodynamical parameters such as glass transition temperature Tg, change in the 
transition temperature ∆Tg and specific heat capacity difference ∆Cpvalues were determined 
for all the glass samples and are presented in Table 1. 
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Figure 3. MDSC thermo grams 

 

Figure 4plots the variation of glass transition temperature as function of alkaline earth 
element in 10LiF-40Li2O-20RO-30Bi2O3 (R= Mg, Ca, Sr and Ba).There is a difference of Tg 
about 28 oC when MgO is replaced by BaO. The glass transition temperature decreased in the 
order of MgO>CaO>SrO>BaO. The decrease in Tg is attributed mainly to the lower field 
strength of the BaO compared to MgO. 

 
Figure 4. Glass transition temperature as function of alkaline earth element (20 mole %) in 
10LiF-40Li2O-20RO-30Bi2O3 glasses 
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Table 1. Various physical parameters of present glasses 
 

Glass Composition Density 
(g/cc) 

Vm  
(cc/mol) 

 λc(nm) Eo(eV) 𝐸𝑔𝐴𝑆𝐹 

40Li2O -10LiF - 50Bi2O3 4.98 49.70 421 413 3.01 3.0 

40Li2O- 10LiF -20MgO- 30Bi2O3 4.38 36.34 459 431 2.88 2.90 

40Li2O -10LiF- 20CaO - 30Bi2O3 4.65 34.91 440 427 2.90 2.89 

40Li2O- 10LiF- 20SrO - 30Bi2O3 4.82 36.30 436 420 2.95 2.94 

40Li2O -10LiF- 20BaO - 30Bi2O3 5.10 35.64 431 417 2.97 2.97 

 
4. Optical absorption spectra 
The absorption spectrum fitting (ASF) model [9, 10] has been applied to calculate the optical 
energy band gaps 𝐸𝑔𝐴𝑆𝐹 for the investigated glasses using the measured UV absorption 
spectra. This method is characterized by the calculation of the optical gap energy of the 
prepared glasses can be achieved without needed to thickness measurement. The calculation 
mainly only depends on an absorbance data of the samples. Mott and Davis [6] have modified 
formula [7] for the optical absorption coefficient to be written as 
 
α(ω) ћω = K(ћω-𝐸𝑔𝐴𝑆𝐹)m (4) 
Beer–Lambert’s law is used to calculate α(ω), K, ћω, and𝐸𝑔𝐴𝑆𝐹are a constant, the incident 
photon energy, and the band gap energy. The optical transition type can be characterized by 
the power (m), where m =0.5 and 2, respectively, for allowed direct and indirect transitions 
[8]. Alarcon et al. [9], Souri and Shomalian [10] have expressed for the optical gap energy 𝐸𝑔𝐴𝑆𝐹 as a function of incident photon wavelength 𝐸𝑔𝐴𝑆𝐹as 𝐸𝑔𝐴𝑆𝐹 = ℎ𝑐𝜆𝑐 =  1239.83𝜆𝑐    (5) 
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Figure 5.Tauc’s plot 

 
For ASF plots in between (abs/λ)2versus (1/λ) measured in (nm)-1 for direct allowed 
transitions. and indirect allowed transition ASF plots are drawn between (abs/λ)1/2 versus 
(1/λ) measured in (nm)-1. The values of 𝐸𝑔𝐴𝑆𝐹 for direct or indirect transitions can be 
evaluated from the ASF plots by extrapolating the linear region of plotted data points, where 
(A/λ)m = 0 and substituting in Eq. (6).𝐸𝑔𝐴𝑆𝐹results for indirect and direct transitions are given 
in Table 1 and Figure 5 shows the Tauc’s plots for the present glasses. 
 
It is seen that 𝐸𝑔𝐴𝑆𝐹 results of present glasses decrease with the content of alkaline earth 
conent. It is noticed that the direct Eg values are higher than the indirect allowed Eg. These 
values are close to which obtained by using Tauc’s model. 
 
4. Conclusions 
In summary, our study gained new important data on glass formation, the glass transition 
temperarture and optical characteristics of the glasses based on the 10LiF-40Li2O-20RO-
30Bi2O3 (where R= Mg, Ca, Sr &Ba) multicomponent systems, which is useful for target 
synthesis of new glassy materials. The most suitable matrices for rare earths are glasses 
containing heavy metal oxides. Because of this, doping the glasses under study with rare 
earth oxides will give a possibility to extend their application range including the use as for 
optical fibre and optical devices application. Moreover, it can be used for optoelectronic and 
nonlinear optical devices. 
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Abstract 
Ever since the discovery of electronic devices excess heating was a major reliability concern. 
Recently many Thermal Management solutions are used to improve the performance of 
electronic devices and prevent their premature failure. Carbon/Graphene based Thermal 
Interface Materials (TIM) used as heat sinks in electronic devices are an on-going research 
interest as they enhance the thermal conductivity. In the present article, a detailed review on 
the recent developments in the area of Thermal Management of electronic devices is reported.   
 
Keywords: Thermal Management, Thermal Interface Materials, Heat Sink, Thermal 
conductivity 
1. Introduction 
Over the years, electronic devices have undergone a significant reduction in its size, but on 
the contrary the power density still goes on increasing. According to Moore’s law, which is 
an empirical observation that is used to predict the performance of Integrated Circuits (ICs) 
observed that the performance of ICs doubles in every two year [1]. As the performance 
increases, the amount of heat generated called Thermal Design Power (TDP) also increases. 
It became a major concern for heat dissipation in ICs. Research is going on to lower the heat 
generation or increase the heat dissipation in electronic devices. This can be achieved by 
either finding new materials or by heat transfer analysis. One major area is developing new 
materials with improved thermal conductivity.  The development of new materials is attracted 
by most of the engineers and carbon based materials find much attraction in this area. This 
review aims to provide details about the synthesis of carbon based materials and thermal 
management ability of such materials.  
2. Carbon based materials used for heat sink application 
Conventional heat dissipaters are typically made up of materials like aluminum and copper 
which are quite heavy. So nowadays carbon based materials are used in different forms and 
compositions as they enhance the thermal conductivity. Graphene, Carbon Nano Tubes 
(CNTs) and theircombinations are widely used. 
2.1.Graphene based composite materials 
Grapheneis made up of single layer of carbon atoms arranged in a two dimensional 
honeycomb lattice, is a commonly used material for heat sink. They possess thermal 
conductivity in the range of 3000-5000W/mK at room temperature. They can be synthesised 
by Mechanical exfoliation [9], Chemical Vapour Deposition (CVD) [10]etc. 
2.1.1. Graphene –Aluminum composite 
Aluminum/graphene composite prepared by powder metallurgy method was used to enhance 
the heat dissipation and other mechanical properties. Enhancements have been observed in 
thermal conductivity by 15.4%, specific heat capacity by 9.1%, hardness by 21.1%, and 
compressive strength by 25.6% with an addition of 0.3 wt. % graphene into pure 
aluminum[2]. 
2.1.2. Graphene –Copper composite 
A series of graphene nano sheets (GNs)/carbon nano tubes (CNTs) / copper (Cu) composite 
film was used for heat dissipation. The Laser flash and infrared thermal analysis showed that 
the thermal conductivity could be enhanced with GNs/CNTs composite film [3]. 

mailto:sreekumar.rit@gmail.com
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Figure 1.Thermal conductivity as a function of temperature [3]. 

 
Experimental studies demonstrated that Graphene- Cu-graphene heterogeneous film enhance 
the thermal conductivity as compared to Cu and annealed Cu films.CVD of a single atomic 
plane of graphene on both sides of a 9 μm thick Cu films increases their thermal conductivity 
by up to 24% near room temperature [4]. It was also observed that the enhancement of 
thermal properties was resulted from the changes in Cu morphology during graphene 
deposition than graphenes action as a heat conducting channel.  

 
Figure 2.Thermal conductivity of reference Cu film, annealed Cu, Cu with CVD graphene, 

and Cu with CVD FLG[4]. 
 
The heat sink performance of Cu nanoparticle coated graphene sheets showed a thermal 
conductivity of 1912 W/mK at 500C.Simulation revealed that the graphene/Cu composite 
film exhibits more efficient thermal transport ability compared to Cu and graphene films [5]. 
2.1.3. Graphene –Multilayer Graphene Nano-composites 
A mixture of graphene and multilayer graphene (MLG), produced by the liquid-phase-
exfoliation(LPE) technique, can lead to an extremely strong enhancement of the cross-plane 
thermal conductivity of the composite. The laser flash measurements revealed a record-high 
enhancement of thermal conductivity by 2300% in the graphene-based polymer at a filler 
loading fraction of 10 vol. % [6]. 
 
Table 1. Thermal Conductivity Enhancement (TCE) in TIM Composites [6] 

Filler Material TCE Fraction Base Material Method 

Graphite 1800 % 20 wt. % epoxy laser flash 

Graphene - MLG 2300 % 10 vol. % epoxy laser flash 

Ni 566 % <30 % epoxy laser flash 
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p-SWNT 350 % 9.0 wt. % epoxy laser flash 

 
2.1.4. Carbon Nano tubes –Graphene Nano-sheets 
The thermal conductivities ofheat sinks using CNTs and GNs within a temperature range of 
323‒373 K was extracted by experimentation. A homogenizing method was used to prepare 
three-dimensional CNT/GN framework, offering the higher thermal conductivity value as 
compared with CNTs and GNs. The thermal conductivity values of CNT/GN-based heat sink 
could attain as high as 1991 W/m K at 323 K. This enhanced thermal conductivity  could  be  
attributed  to  the  fact  that  the hierarchical  heat  sink  provided a  three-dimensional  
thermal conductive  network  combining  with  point,  line,  and plane contact, leading to an 
efficient heat transport [7]. 
 
3. Conclusions 

 From the review it is clear that graphene and its composites play an inevitable role in 
the field of Thermal Management. Carbon may be used in multiple forms to enhance 
the heat dissipation. 

 Graphene based metal composites shows a major enhancement in heat dissipation. 
 It was also observed that the thermal conductivity of copper may get enhanced with 

GNs-CNT film addition. 
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Abstract  
Gelatin-iron zirconia nanoparticles were synthesized using co-precipitation method. 

The precipitation method was performed by adding ammonia solution to the aqueous solution 
of zirconium oxychloride, ferric chloride and gelatin by heating at 60 C. The surface 
morphology, size of the synthesized powders were structurally characterized by UV-Vis,   
FT-IR, EDAX, AFM, XRD and SEM. The UV-visible spectrum was noticed and the band 
gap is around 4.5 eV. The average particle size was calculated as 20nm with Body centered 
cubic crystals using scherrer’s equation. The spherical shaped morphology were confirmed 
through the SEM analysis. From electrochemical impedance studies the prepared Gelatin-iron 
zirconia nanocomposites exhibit Corrosion resistance behaviour.  

Keywords: Gelatin, Zirconia, Co-precipitation, Corrosion resistance, Bio composite 

1. Introduction 
The interest in biocomposites is rapidly growing in terms of industrial application 

(automobiles, railway coach, aerospace, military applications, construction, and packaging) 
and fundamental research, due to its great benefits (renewable, cheap, recyclable, 
and biodegradable). Zirconium is mainly used as a refractory, opacifier and are corrosion 
resistant and biocompatible, and therefore can be used for body implants. In this study, we 
mainly synthesize gelatin-iron zirconia nanoparticles by chemical co-precipitation method 
and characterised using various techniques. The Nanoparticle is used in Corrosion resistance 
materials and it is Proved by Cyclic votametry. 

 
2. Experimental 

Gelatin-Iron zirconia nanoparticle was prepared by conventional co-precipitation method . 
The chemicals of  zirconium oxychloride and  ferric chloride was dissolved in 50ml of 
distilled water. To this 1g of gelatin was dissolved and 50ml of water was added. To this 
solution few mL of NH4OH was added slowly and heated at 60°C. After cooling the color of 
the solution changes to brown indicating the formation of Gelatin -Iron zirconia 
nanocomposite. 

mailto:whiterose.saravana@gmail.com
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Figure 2.1 Prepared Gelatin-Iron zirconia nanoparticle 

 
3. Results and Discussion 
3.1. Ultraviolet visible spectroscopy: 
 The UV-Visible spectrum(Fig 3.1 a) shows that the absorption band at  275 nm is 
observed. The blue shift is attributed to the smaller size of nanoparticles. This indicates the 
synthesized particles are in small size. The energy gap is 3.50852 eV (Fig 3.1 b)                            

3.2. FT-IR Studies: 

 The FT-IR spectrum of Gelatin-Iron zirconia composite was shown in the Fig3.2. In 
the spectrum the common band of protein appeared from 1743 cm-1 to 1512 cm-1 
corresponding to the stretching vibration of C=O bond, N-H bond and C-N bond. The 
presence of gelatin-Iron zirconia nanocomposites  can be confirmed by strong absorption 
band of (Zr-O) stretching at 632 cm-1and 594 cm-1  [2,3].  The (Fe-O) stretching  can be seen 
at 2360 cm-1 and 2322cm-1. The sharp band around 3741 cm-1 shows the O-H stretching 
vibration. 

 

                    

          Fig:3.1(a)UV-Visible spectra Absorbance Vs 
wavelength    

 

Fig:3.1(b) UV-Visible spectra Absorbance Vs Energy 
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Fig.3.2 FT-IR Spectrum of Gelatin-iron zirconia composite 

3.3.X-ray diffraction (XRD): 

  The structure of Gelatin-iron zirconia nanocomposites corresponds to body centered 
cubic structure which is confirmed by the crystalline lattice planes (210), (211), (222), (411) 
[4]. The average crystalline size of Gelatin-iron zirconia nanocomposites was found to be 
20nm. The lattice value for the synthesized nanocomposites was found to be 5.9740 Å using 
Debye-scherrer formula. 
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Fig3.3 XRD Spectrum of Gelatin-iron zirconia nanocomposites 

 

3.4. Scanning electron microscope (SEM):  

The morphology and size distribution of the synthesized gelatin-Iron zirconia nanoparticles 
ranges from 50 µm -1µm and they look like a rocks, nanoflakes and nano rods. The particle 
can be seen like spherical and hexagonal in shapes. 

 

   
 

(a)   (b)                 (c)   (d)      

Fig.3.4. a,b,c,d SEM image of Gelatin-iron zirconia magnified at 1µm,2µm,5µm, 20 µm  

3.5. Energy dispersive x-ray analysis (EDAX): 

The elemental analysis of  gelatin-iron zirconia nanocomposites was carried out using 
EDAX. The energy dispersive x-ray analysis was used to confirm the elemental composition 
of the co-precipitation synthesized gelatin-iron zirconia nanoparticles. The Figure: 3.5 shows 
the zirconia,iron and oxygen elements present in synthesized gelatin-iron zirconia 
nanoparticles.   
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Fig:3.5.5 EDAX spectrum of Gelatin-iron zirconia nanocomposites 

3.6. AFM analysis of gelatin-iron zirconia nanoparticles 

Fig 5.6 shows the AFM spectral image of gelatin-iron zirconia nanoparticle synthesized using 
co-precipitation method with the scanning area of  9.842 pm2 between 0 m X 3.13 µm and 0 
m Y 3.13µm.  . The size is in the range of 497nm to -328 nm. 3D view shows that the 
nanocomposites are triangular in shape. 

 

Fig : 3.6 AFM spectrum of gelatin-iron zirconium nanoparticles 

   3.7 Cyclic voltammetric behavior: 
3.7.1 Polarization measurements and impedance studies: 
Polarization measurments for Gelatin -ironzirconia nanocomposites on Glassy carbon 
recorded in 1% HCl solution. The protection efficiency (P.E%) of the  coating was calculated 
using the following formula as 40% in 1% HCl.     P.E.% = ( Icorr – I’corr)  100/    Icorr [5,6] 

   

Fig: 3.7.1 Tafel plot for uncoated GC Fig: 3.7.2 Tafel plot for coated GC 
Fig.3.7.3.Electrochemical impedence spectra for Gelatin-Iron zirconia nanocomposite 
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The corrosion current and corrosion rate is also less than bare for Gelatin-Iron 
zirconia nanocomposite coated GC Electrode. It makes the coating more corrosion resistant at 
lower concentration. Gelatin-iron zirconia nanocomposite powder shows an improved 
specific capacitance of 471 F g−1 in pH 1 buffer which is greater value at the current density 
of 1 A g−1. 

4. Conclusions 
 Gelatin-iron zirconia nanoparticles was successfully synthesisted by using co-

precipitation method.  
 The surface morphology of the gelatin-iron zirconia nanoparticles was 

characterized by  SEM analysis and suggested different morphological structure. It 
was a spherical and hexagonal in shape. 

 The energy dispersive x-ray analysis was used to confirm the elemental 
composition of the co-precipitation synthesized gelatin-iron zirconia nanoparticles. 

 Tafel curves shows that the protective action of the metal nanocomposites 
promotes a change of corrosion potential to more positive cathodically. 

 From electrochemical  impedance studies the prepared Gelatin-Iron zirconia 
nanocomposites exhibit corrosion resistance behaviour also. 
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Abstract 
Now a day’s maximum utilizable and considerable material in improving strength and 
durability performance of cement composites are Nano materials. But, noticeably still 
inclusion of Nano materials in cement compounds is in developing stage, one such Nano 
material in Graphene oxide (GO). This paper investigated the influence of GO on rheological 
properties of cement compounds. Furthermore, it shows how GO is prepared in the laboratory 
and how it improves the properties of cement composites. This paper also discusses about the 
practical problems involved in the GO incorporated cement composites. However, adopting 
this advanced material not only improves the existing properties but also brings new 
properties into existence. Incorporation of GO in various fields made outstanding progress 
where as extensive research still has to be done in the field of construction materials. 
Rheological properties of concrete are obtained for 0, 0.02, 0.04, 0.06, 0.08, 0.1 wt% 
Graphene Oxide. 
Keywords: Graphene Oxide; Concrete; Cement composites; Cementitious Materials; 
Mechanical Strengths. 

1. Introduction 
Nanomaterials are characterized as a lot of particles where in any event one of its 
measurement is under 100nm. At this scale exceptional properties emerge and these have 
incredible effects in medication, developments and different fields. A portion of the Nano 
materials utilized in the development field are Nano silica, Fullerene, Carbon Nanotubes, 
Graphene oxide and so forth.  
 
In this examination Graphene oxide is utilized to create HSSCC by changing the miniature 
structure of the concrete. When GO is added to solidify, Pore structure is refined when bloom 
like gems are shaped by nucleation of concrete hydrate and calcium silica hydrate gel. With 
increment in GO content in concrete, glasslike structure improves and makes pore structure 
more minimized. Mechanical properties are additionally improved because of the filling 
activity of GO experiencing significant change zone, nucleation of concrete hydrate and 
calcium silica hydrate and attachment among solidify and GO. 
 
2. Experimental 
Flow properties of the fresh concrete with and without graphene oxide are determined. The 
values are tabulated in Table.1 as follows 
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Table.1 Flow properties of concrete with and without GO 

Mix 
designation 

GO 
% 

L-Box Slump flow 
(mm) 

T50 V-Funnel 
(Seconds) 

T5min 

HSSCC 1  
0 0.84 600 16 24 24 

HSSCC 2 0.02 0.87 605 15 19 23 

HSSCC 3 
0.04 0.90 612 15 18 22 

HSSCC 4 0.06 0.92 620 14 20 22 

HSSCC5 0.08 0.93 652 12 19 21 

HSSCC6 0.1 0.94 670 11 18 20 

 

 
 

Figure1. The graph showing the variation of slump diameter with mix designation 
 

 
 
              Figure2. The graph showing the variation of flow with mix designation. 
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3. Conclusions 

 It was observed that there is significant increase in the flow properties with the 
increase in the amount of Graphene oxide in HSSCC. 

 Mixes HSSCC1-HSSCC6 relative to the addition of GO in 0, 0.2, 0.04, 0.06, 0.08 and 
0.1 wt. % of cement. Rheological properties are presented in Table 1. Fig 1- 2 
represents the graph of the variations fluidity properties for different dosages of 
Graphene oxide. 

 . It can be concluded that 0.1% is yielding best fresh properties. 
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Abstract 
The intention of the explore was mainly focused on the blend of Pb doped transition 

metal oxide (ZnO) nanoparticle at room temperature. The section composition of the synthesized 
Pb doped ZnO nanoparticles were confirmed from powder x-ray diffractometer (XRD) and uv-
vis spectra. In the current work we focused on the synthesis of Pb doped ZnO nanoparticles 
using coprecipitation method. From the xrd analysis, the crystalline size of Pb doped ZnO 
nanoparticles are calculated by debye scherrer’s formula and found to each precursor was a 
hexagonal wurtzite zinc oxide structure with characteristic peak at 2θ=36.4. For uv-vis spectra of 
Pb  dopped transition metal oxide (ZnO) nanoparticle the sharp absorption edge observed at  209 
nm .  
Keywords: Synthesis, XRD, UV-Vis, Pb doped ZnO. 
 

1. Introduction: 
All through*the previous few years, synthesis of nano-structured oxide materials have 

been involved considerable awareness [1–3]. The metal oxides are tremendously important hi-
tech materials for use in electronic and photonic devices and as catalysts in chemical industries. 
A range of physicochemical techniques have been employed to create nano-sized ZnO and MgO 
particles [4-6]. Quite a few techniques have been also developed to prepare nanocomposite of 
ZnO/MgO. This nanocomposite has attracted much attention because it has a superior band gap 
than ZnO [7]. On the other hand, most of the techniques need high temperatures and perform 
under a costly inert atmosphere. Our aim in this explore is to put forward an easy method to 
synthesize more porous and spongy nano-structured zinc oxide.The metal oxides 
nanocomposites are exceptionally vital technological materials for exercise in optoelectronic and 
photonic strategy and as catalysts in chemical industries. Zinc oxide (ZnO) is a large band gap n-
type semiconductor with an energy gap of 3.37 eV at room temperature. It has been used very a 
large amount for its catalytic, electrical, optoelectronic, and photochemical properties [8]. MgO 
is typical wide band gap semiconductor; it possesses inimitable electronic, magnetic, thermal and 
chemical properties due to its quality structures [9]. These two oxides have been broadly used in 
almost the similar application areas. Upward a new composite material by combining them into 
one may perhaps open up a new track for research and applications. In recent years, researchers 
have paying attention more on the synthesis of nano amalgamated of ZnO/ MgO due to their 
application in sophisticated technologies.  

The competence of ZnO nanoparticles, functionality and nanostructures can be enhanced 
by increasing and modifying their surface areas all the way through nanoscale addition of some 
dopants materials such as biomolecules and transition metals (Mn, Fe, Cr, Cu). This surface 
modification with biomolecules and transition metals confers new properties on ZnO 
nanoparticles so they can  function as biosensors, antimicrobial, antioxidants, drug delivery 
systems and bioimaging materials. Manganese (Mn) is the metal of choice for doping of ZnO 
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nanoparticles because of the ready availability of its d electrons at t2g level, and also for the fact 
that these electrons can easily overlap with the valance bond of ZnO nanoparticles [10,11]. 
Different methods have been developed for the fabrication of un-doped ZnO and transition 
metaldoped ZnO nanoparticles [12] 

2. Experimental:          
2.1. Synthesis of Pb Doped ZnO Nano Particles 
Zinc nitrate (Merck) lead nitrate Pb(NO3)2 is used as precursor prepare lead doped Zinc 

Oxide nano particles in chemical co-precipitate method, NaOH is used in the experiment as a 
precipitate. To prepare Lead doped zinc Oxide nano particles 100ml of (0.4M) NaOH is added 
drop wise into a mixture solution of 100ml (0.6M) Zinc Nitrate Zn(NO3)2  and 100ml of (0.01M) 
lead nitrate under constant stirring.  Then the resulting solution was kept at the room temperature 
for 3 hours under constant stirring.  The obtained precipitate is washed several times with 
distilled water and dried at 100oC in oven for 3 hours. Finally The product was dried at 400oC for 
4 hours then grained into a fine particles. The dried precursor powder was to obtained the lead 
doped Zinc Oxide.  

3. Results and Discussion:  
 
 

 

3.1 Powder X-ray diffraction  
The XRD pattern of synthesized lead doped zinc oxide nano particles as shown in fig. 1 for 
sample.  The dominant peaks appears at 2θ ̴ 31.88, 2θ ̴ 34.56, 2θ ̴ 36.4, 2θ ̴ 47.68, 2θ ̴ 56.7, 2θ ̴ 
63.0, 2θ ̴ 68.1, 2θ ̴ 69.16 corresponds to (100), (002), (101),  (102), (110), (103),(112),(201) 
planes are in single phase with Hexagonal wurtzite structure. The diffraction peaks are well 
matched with the JCPDS card number:36-1451 for Hexagonal wurtzite structure of lead  doped 
ZnO. The characteristic peaks dislocation and lattice strain for sample A are as shown in Table-1 
the most intense peak is observed around 36.4nm for lead doped ZnO nano particles which 
have a preferred growth orientation along << 101>>  direction. 

 
 

These results shows that with increasing the amount of doping the particle size is decreasing 
continuously under the same reaction conditions and the same reaction temperatures. 

 
 
 
 

 

Fig  1 :-XRD pattern of synthesized Pb doped ZnO nanoparticle 
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Table-1: Lattice strain values of Pb doped ZnO nanoparticle 

S.NO SAMPLE 
CODE POSITION (2θ) FWHM 

( ᵦ ) 
CRYSTALLITE SIZE  

D(nm) 

ATOMIC 
PLANES 

hkl 

DISLOCATION 
DENSITY(δ) 
×10-3Lines/m2 

LATTICE 
STRAIN 

 (∈) 

1 

 
 

 
Pb doped 

ZnO 

31.88 0.2697 30.64 100 1.0645 0.0041 
2 34.56 0.2667 31.20 002 1.0266 0.0037 
3 36.4 0.2687 31.13 101 1.0313 0.0035 
4 47.68 0.2923 29.72 102 1.1314 0.0028 

5 56.7 0.3901 23.15 110 1.8656 0.0031 

6 63 0.3641 25.60 103 1.5255 0.0025 
7 68.1 0.4323 22.19 112 2.0307 0.0027 
8 69.16 0.4234 22.80 201 1.9235 0.0026 

 

S.NO SAMPLE CODE  
(Pb doped ZnO) 

POSITION  
     (2θ) 

FWHM  
( ᵦ) 

CRYSTALLITE SIZE 
 D(nm) 

ATOMIC 
PLANES 

(hkl) 

DISLOCATION 
DENSITY(δ) 
×10-3Lines/m2 

   LATTICE 
STRAIN  
(∈) 

1 sample A 36.4 0.2687 31.13 101 1.0313 0.0035 

  
3.2 UV-Visible absorption spectroscopy 

 
 
 
 
 
 
 
 
 
 
 
 
 
The optical study of Pb doped ZnO nanoparticles was carried at a room temperature using   

Shimadzu. UV-Vis is 1800 spectrophotometer in the wavelength ranging from 200 nm to 400 
mm. The absorbance spectrum of the aligned Pb doped ZnO nanoparticle indicated that it has 
high UV-Vis absorbance properties at wavelengths below 400 nm. The sharp absorption edge 
observed around 207nm,209 nm  for sample A and 209nm for sample B for the Pb doped ZnO 
annealed at 4000C was decreased by increasing the temperature up to 5000C. It corresponds to 
direct transition of electrons between the edges of the valance band and the conduction band.                
4. CONCLUSION 

The Lead doped ZnO Nanoparticles are prepared by Chemical precipitation technique, 
Lead doped ZnO the Nano particles are calcined at 4000C for 4 hours. XRD, UV-Vis studies are 
made to determine the structural properties. XRD pattern of synthesized Pb doped ZnO 
nanoparticle is shown in fig 1, XRD peak confirms that the formation of Pb doped ZnO 
nanoparticles from each precursor was a Hexagonal Wurtzite zinc oxide structure with 

 

Fig  2 :- UV-Vis spectra of Pb doped ZnO nanoparticles 
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characteristic peak at 2θ=36.4 for sample A. From the UV-Vis Spectra, Pb doped ZnO 
nanoparticle the sharp absorption edge observed around 207nm, 209 nm for sample A. 
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Abstract 
The electrochemical performance of zinc cobaltite–based nano/micromaterial depends on its 
shape and morphology. Here we report on the electrochemical performance of zinc cobaltite 
(ZnCo2O4) material synthesized via a facile hydrothermal method. The synthesized material 
was characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) analysis. 
It was found to be a single-phase zinc cobaltite material with a cubic spinel crystal structure. 
The electrochemical performance of the synthesized zinc cobaltite microstructure material 
was evaluated by cyclic voltammetry, cyclic chronopotentiometry and electrochemical 
impedance spectroscopy. The zinc cobaltite microspheres material displayed a high specific 
capacitance of 600.37 F g-1 at a current density of 1 A g-1. Such electrochemical performance 
may qualify the zinc cobaltite microspheres material as a potential electroactive material in 
supercapacitors. 
Keywords: Hydrothermal; ZnCO2O4; microsphere; specific capacitance 
 
1. Introduction 

Supercapacitors, also known as electrochemical capacitors, have been considered as some 
of the most promising energy storage devices because of their many advantages, including 
high power density, faster charge and discharge processes, and longer lifespan, and hold great 
potential as power sources for applications in electric vehicles and hybrid electric vehicles 
[1]. Mixed transition metal oxides, typically binary metal oxides with two different metal 
cations, have received a lot of interest recently on account of their promising roles in many 
energy related fields [2]. Recently, binary ZnCo2O4 has been widely investigated as a high-
performance electrode material for energy storage (including lithium-ion batteries and 
supercapacitors) due to its low cost, environmentally benign nature, natural abundance and 
high theoretical capacitance. Moreover, ZnCo2O4 possesses much better electrical 
conductivity and higher redox activity compared to nickel oxide and cobalt oxide, which 
originate from the co-existence of the Zn and Co species [3]. Herein, we present a two-step 
facile strategy involving a hydrothermal method and subsequent thermal annealing treatment 
to fabricate ZnCo2O4 microspheres. When evaluated as electrode materials for 
supercapacitors, the ZnCo2O4 microspheres show a high specific capacity of 600.37 F g-1 at 1 
A g-1, as well as good cycle stability. 

2. Experimental 
2.1 Synthesis of ZnCo2O4 microspheres 

All chemical reagents were of analytical purity and were used without further 
purification. In a typical procedure, 20 mmol of Co(Ac)2.4H2O, 10 mmol of Zn(Ac)2.4H2O, 
0.5g of urea and 0.8g of CTAB were dissolved in a 70 mL of DI water by constant stirring, 
and the mixture was stirred to form a pink solution. Then, the solution was transferred to a 
Teflon-lined stainless-steel autoclave and heated at 150 ºC for 4 h. After naturally cooling 
down to room temperature, the resulting precipitates were collected by centrifugation, 
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washed several times with absolute ethanol and dried at 80 ºC in an oven. To obtain ZnCo2O4 
microspheres, the precipitates were calcined at 400 ºC for 4 h.   
2.2 characterization 

 The powder X-ray diffraction (XRD, PANalytical X’Pert Pro) patterns of the 
prepared samples were recorded using Cu Kα radiation (λ=1.540 Å) at a voltage of 40 kV and 
a current of 30 mA. The morphology of the samples was analyzed by field emission electron 
microscopy (FE-SEM, S-4800, Hitachi, Japan). Electrochemical measurements were 
conducted at room temperature using a typical three-electrode system, where an Ag/AgCl 
electrode was used as the reference electrode and platinum wire as the counter electrode. For 
all experiments, KOH (6M) was used as the active electrolyte. Cyclic voltammetry (CV), 
galvanostatic charge-discharge cycling (CD), and electrochemical impedance spectroscopy 
(EIS) were used to examine the electrochemical performance of the samples using a 
commercial instrument CHI 760E, CH Instruments, USA. The specific capacitance (C) was 
determined using the CD curves according to the following equation [4] :  

            Cs = 
2𝐼 ∫𝑉𝑑𝑡𝑚𝑉2|𝑉𝑓𝑉𝑖  

 where CS is the specific capacitance of the electrode (F g-1); I is the discharge current (A); m 
is the mass of the active material (g); ∫ Vdt is the area under the discharge curve and (Vf -Vi) is 
the voltage window (V). 

3. Results and Discussion 
The crystalline phase and purity of the as-synthesized sample was determined by powder 

XRD, as shown in Figure 1a. All the XRD peaks matched well with the standard AB2O4 type 
pattern of the cubic spinel structure (JCPDS No: 23-1390) [5]. All the characteristic peaks at 
19.03°, 31.18°, 36.78°, 38.60°, 44.66°, 55.57°, 59.20°, 65.27°, 74.11°, and 77.11° 2θ were 
assigned to the (111), (220), (311), (222), (400), (422), (511), (440), (620), and (533) planes 
of cubic spinel ZnCo2O4, respectively. The XRD peaks were quite intense and sharp, 
indicating good crystallinity of the as-prepared ZnCo2O4 sample. In addition, no other XRD 
peaks were detected, confirming the absence of any contaminants and/or impurities. The 
morphology of the ZnCo2O4 products were carefully observed by means of SEM. The typical 
SEM images of the pure ZnCo2O4 products (Figure 1b) show that they are composed of 
microspheres with irregular diameters, very rough surface and comprised small nanoparticles. 

 

 
Figure 1. XRD pattern (a) and SEM image (b) for ZnCo2O4 

 
 



116 

 

 

 
Figure 2. Electrochemical performance of ZnCO2O4 microspheres (a) CV (b) CD (c) Current 
density Vs. Specific capacitance (d) Cyclic performance and Nyquist plot (inset) 

 
CV and CD were carried out to evaluate the electrochemical performance of porous 

ZnCO2O4 microstructures as a supercapacitor electrode material in a three-electrode system 
using a 6 M aqueous KOH solution as the electrolyte. Figure. 2a shows the typical CV curves 
of the ZnCo2O4 microstructures at 100 mV s−1 over the potential window of 0 to 0.7 V (vs. 
Ag/AgCl). The entire CV curves do not have a rectangular shape, inferring a 
pseudocapacitance (exhibits a pair of well-defined redox peaks) other than the 
electrochemical double-layer capacitance [6]. To further evaluate the potential applications of 
the ZnCo2O4 microstructures as an electrode material for electrochemical supercapacitors, CD 
measurements were carried out between 0 and 0.5 V at current density of 1 A g−1 (Figure 2b). 
The specific capacitance of the ZnCO2O4 microspheres electrode were estimated to be 
600.37, 571.56, 542.41, 474, and 374.16 F g−1 at current densities of 0.5, 1, 2, 3 and 5 A g−1, 
respectively, as shown in Figure 2c. The long-term cycle performance and stability are of 
great importance for practical applications of electrochemical supercapacitors [7]. The 
cycling performance of the ZnCO2O4 microspheres was examined by CD at a current density 
of 5 A g−1 for 1000 cycles over the potential region of 0 to 0.5 V. The capacitance of the 
ZnCo2O4 microspheres retained more than 90%, even after 1000 cycles, indicating good 
electrochemical cycling stability. To understand the outstanding electrochemical performance 
of the ZnCO2O4 microspheres, EIS measurements were further carried out. Inset of the Figure 
2d exhibits the Nyquist plots of the ZnCO2O4 microspheres and exhibits a lower internal and 
charge-transfer resistance [8]. All of the results indicated the good electrochemical activity of 

the ZnCo2O4 microspheres electrode for energy storage. 

4. Conclusions 
 Zinc cobaltite microspheres material was synthesized by an economically facile 

hydrothermal process. 
 The synthesized material displayed excellent electrochemical performance, which 

favoured electrolyte ion transport. 
 It exhibits a high specific capacitance of 600.37 F g-1 at 1 A g-1, a remarkable long-term 

cycling stability (90% of the maximum capacitance is retained after 1000 cycles at 5 A g-1) 
 The synthesized zinc cobaltite microspheres material may prove to be promising 

electroactive material for applications in supercapacitors. 
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Abstract 

 Metal oxide semiconductor of Zinc Oxide (ZnO) thin films are getting considerable attention 
in the earlier decades due to its extensively wide variety of applications in various fields. In 
this work, ZnO films have deposited at 450 oC on a chemically cleaned glass substrate 
through a conventional chemical spray pyrolysis technique. The precursor solution is 
prepared by adding zinc acetate dihydrate with double distilled water. The deposited samples 
were annealed at different temperatures for 2 hours. Optical transmission in the visible region 
were maximum for the sample annealed at 450 oC. The energy band gap increased with 
annealing temperature due to the enhancement of grain size in the deposits.  The refractive 
index(n) and extinction coefficient(K) values of the samples were estimated for different 
wavelengths. The decrease in Urbach energy with an increase of annealing temperature 
indicates the improvement of the crystallinity of the sample. 

Keywords: spray pyrolysis, optical bandgap, urbach energy 

1. Introduction 

Nanostructured semiconductors of Zinc Oxide (ZnO) has attracted extensive research for the 
last several years owing to their several properties, such as wide direct band gap(3.37eV), a 
large band strength with large excitonic binding energy(60meV), the broad range of radiation 
absorption, etc.[1-4]. The simultaneous low resistivity and high optical transmittance 
characteristics of ZnO make it an obvious choice for optoelectronic applications. These 
properties make ZnO as a suitable material for many applications such as solar cells[5], UV 
detectors[6], piezoelectric nanogenerators[7], gas sensors[8], light-emitting diodes[9], etc.  It 
is an n-type II-VI semiconductor owing to the presence of native defects. ZnO thin film is a 
common nanostructure, which has the advantage of depositing in almost all non-conventional 
methods, including sol-gel[10], chemical vapor deposition[11], sputtering[12], pulse laser 
deposition[13], and spray pyrolysis[14]. Based on its simplicity and economical equipment, 
the spray pyrolysis is exclusively used method due to its possible wide-area depositions and 
easy control of film thickness.  The present report provides the effect of annealing on optical 
properties of ZnO thin film deposited on glass substrate using 0.05M concentration precursor 
solution of Zinc acetate through the spray pyrolysis method. 

2. Experiment 
ZnO thin films were deposited on a chemically cleaned glass substrate at 450 0C using a low-
cost spray pyrolysis method. Zinc acetate dihydrate of 0.05M concentration (supplied by 
sigma Aldrich>99%) and double distilled water were used to prepare the solvent. The 
solution stirred continuously for getting a homogeneous and transparent solution. The spray 
nozzle to substrate temperature and pressure of carrier gas fixed at 28 cm and 5 kg/cm2, 
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respectively. The solution rate was maintained as 2ml/min, and the process was carried out in 
the atmospheric condition. The prepared films were annealed at various temperatures for 2 hr. 
The thickness of the film was in the range of 500-550 nm calculated by a profilometer. 
Transmission spectra of the annealed samples were measured using schimadzu -1800 UV-
VIS spectrophotometer operated at a resolution of 1nm from 300 nm to 800 nm. 

3. Results and Discussion 
The transmittance of the annealed samples was about 80-85% in the visible region [ fig.1]. 
The figure shows that optical transparency in the visible region is higher for the sample 
annealed at 4500c. The slight increase in transparency with temperature may be due to the 
improvement of the film structure. The sharp change at the absorption edge indicates the 
prepared samples suitable for optoelectronic devices. 
 

 
 
Figure 1: Variation of transmittance with 
wavelength of ZnO film annealed at various 
temperatures. 

 
 
Figure 2: Variation of (αhᴠ)2 with hᴠ of ZnO 
film annealed at various temperatures.  
 

                         
The energy band gap (Eg) values estimated from transmission measurements using Tauc’s 
relation, 𝛼ℎ𝜈 = 𝐴(ℎ𝜈 − 𝐸𝑔)𝑛    -------- (1) 

Where hʋ is the energy of the incident photon, and Eg is the energy gap between the 
conduction and valence band. A is a constant depending upon the transition probability for 
the direct transition, and n is a constant which is equal to ½ if the transition is allowed or 3/2 
if the transition is forbidden, α is the optical absorption coefficient. Variation of (αhʋ)2 upon 
incident photon energy (hʋ) used to calculate the optical band gap Eg. Here optical bandgap 
increased for samples annealed at 400 and 450 oC. At ambient temperature, there are only 
fewer charge carriers present in the ZnO samples. But, as the temperature increases, the 
electronically active carriers will also increase, this will lead to the creation of excess charge 
carriers in the conduction band. The rise in charge carriers is due to thermal excitation, which 
increases the conductivity of the films. The decrease in the optical band gap at an annealing 
temperature of 500°C may be due to defects created in the deposited samples. Also, there is a 
chance to remove oxygen vacancies at higher temperatures, which may reduce the carrier 
concentration and, consequently, the band gap, which may be due to the Burstein-Moss shift 
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[15]. The ZnO thin film with annealing temperature at 450 °C has a higher band gap energy 
[table 1]. 
The extinction coefficient and refractive index values play an essential role in the analysis of 
optical materials. The extinction coefficient and refractive index value vary with annealing 
temperature, as shown in Figures 3 & 4. The refractive index value is less for the sample 
annealed at 450 oC. This may be due to an increase in energy bandgap, which causes lattice 
expansion and the grain size to grow and decreases the defect. The decrease in K value with 
an increase in wavelength shows the decrease in absorbance, and it is less for the sample 
annealed at 450 oC. Furthermore, the optical absorption edge can be seen clearly for three 
samples.  
 

 
 
 
 
 
 
 
 
 

Figure 3: Variation of refractive index with 
wavelength of ZnO film annealed at various 
temperatures 

 
 
 
 
 
 
 
 
 
 

Figure 4: Variation of extinction co-
efficient(K) with wavelength of ZnO film 
annealed at various temperatures. 
 

               
The Urbach energy can be calculated by using the following equation, 𝛼 = 𝛼0 𝑒𝑥𝑝 (ℎ𝜈𝐸𝑢)    ----------(2) 

where α0 is a constant and Eu is Urbach energy. The plot of lnα versus photon energy hν of 
ZnO thin films annealed at different temperatures is shown in figure 5. The decrease in 
Urbach energy within increase of annealing temperature indicates the improvement of 
crystallinity of the deposits.  
 

 
Figure 5: Variation of ln (α) with hᴠ of ZnO 
film annealed at various temperatures. 
 

Table 1: Energy gap, Urbach energy of ZnO 
films annealed at different temperatures 
 

Tempera
ture (oC) 

Band 
Gap 
(eV) 

Urbach  
energy 
(meV) 

400 3.246 103.388 

450 3.264 95.278 

500 3.231 97.381 
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4. Conclusions 

 
 Highly transparent zinc oxide films were deposited on the glass substrate at 4500C 

using the spray pyrolysis method.  
 The energy band gap increased with annealing temperature of the samples due to the 

enhancement of grain size in the deposits.  
 The refractive index and extinction coefficient of the samples were estimated for 

different wavelengths. 
 The decrease in Urbach energy with an increase of annealing temperature indicates 

the improvement of crystallinity of the deposits. 
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Abstract 

 Currently the development of red-emitting phosphor is still an ongoing challenge. 
Here in the structural and photoluminescence properties of Pr3+ ions doped barium yttrium 
phosphate phosphors, with composition of 6NH4H2PO4+6BaCO3+Y2O3+xPr6O11 to get 
Ba3Y(1-x)(PO4)3 compound where (x = 0, 0.01, 0.05, 0.1, 0.15 and 0.2), have been prepared by 
solid-state reaction method. These phosphors are characterized by X-ray diffraction, FTIR 
analysis, and photoluminescence studies.  The dopants of Pr3+ ions occupied the Y3+ sites 
with high inversion symmetry in the host matrix.  The average crystallite size is estimated by 
using the Scherrer’s equation and is approximately 63.8 Å. The luminescence spectra consist 
468, 473, 482, and 492, 602, 643 and 691 nm corresponding to the 3P1→3H4, 1I6→3H4, 
3P0→3H4 and 3P0→3H4,

 1D2→3H4, 3P0→3F2, and 1D2→3F5 transitions results in blue and red 
regions respectively. When this is compensated with green light it emits white light.  Based 
on the above results, the 0.15mol% Pr3+ doped BaY(PO4)3 phosphors may be used for the 
white LED applications.  The obtained CCT values show that the Ba3Y(PO4)3: Pr3+ phosphors 
can serve as potential phosphors for warm white LEDs. 
 
Keywords: Phosphate phosphor; solid-state reaction; photoluminescence; color coordinates 
 
1. Introduction 
 The increasing demand for phosphors has promoted the researchers to develop types 
of phosphors for their applications as luminescence materials.  Phosphors are composed of an 
inert host lattice and an optically excited activators, typically 3d or 4f electron metal ions, 
which are capable of exhibiting high photoluminescence efficiency, stability and high 
absorption cross sections [1].  On the other hand, lanthanide ions have been widely used as 
the activators in different host materials.  The unique luminescence properties of lanthanide 
ions hosted in different matrices have form technologically important applications in 
optoelectronic devices such as plasma panels, flat panel displays, luminescent lightning and 
IR windows [1,2].  The development of display devices has always been accompanied by 
improvement in the usage of phosphors.  For example, the advent of color television was 
based on the development of efficient red phosphors [3].  
 In this study, we aimed to explore the efficiency of La2Hf2O7:Pr3+ NPs as a potential 
candidate material for use in lighting and scintillators materials. Therefore, we have 
synthesized La2Hf2O7 NPs with various Pr3+ doping concentrations. 
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 2. Experimental 
 BaCo3, Y2O3, (NH4)2HPO4 and Pr6O11 according to the stoichiometric ratio of           
Ba3Y(1-x)(PO4)3:xPr3+ (x = 0, 0.01, 0.05, 0.1, 0.15 and 0.2) were accurately measured and 
placed in ceramic mortar.  First, the precursors were ground with a proper amount of acetone, 
until the powder was mixed evenly.  Ba3Y(1-x)(PO4)3:Pr3+ phosphor was prepared by the high 
temperature solid state reaction method.   
 The structure of prepared samples has been checked by recording the XRD pattern 
using PANalytical benchtop X-ray diffractometer with Cu-Kβ radiation to identify the 
possible phases in the sample.  Fourier-transform infrared transmission spectra was measured 
using Bruker Alpha – II FTIR spectrometer with a spectral resolution of 0.5-0.6 cm-1.  The 
excitation and emission spectra measurements were made by a FLS 980 spectrofluorometer.   

3. Results and discussions: 
1. XRD analysis: 
       X-ray diffraction pattern of Ba3Y(PO4)3:Pr3+ phosphors were shown in Figure 1a.  The 
XRD patterns of phosphors after heating at 11000C were well agreed with the standard 
JCPDS code 00-044-0318 [4].  The orthophosphate Ba3Y(PO4)3 is a host material of the 
active Pr3+ ions belong to the large family of eulytile type compounds. Ba3Y(PO4)3 contains 
three possible different orientations of the PO4 tetrahedron within the (Ba, Y)8 basisphenoids 
corresponding the three sets of partially occupied oxygen positions [4].  It means the Y3+/Ba2+ 
pairs of cations are disordered on a single crystallographic site while the oxygen atoms of the 
phosphate groups are distributed over three partially occupies sites.  This disorder involves 
statistical cell. This can be associated with the mixed occupancy of the metal site and short-
range disorder of this sub-lattice.  The intrinsic structural disorder in both oxygen and metal 
sub-lattices should be reflected in spectroscopic properties of the material. 
       Ba3Y(PO4)3 has a cubic structure with space group of I-43d and lattice parameters                    
a = b = c = 10.46 Å and V=1146.5 Å.  The Y3+ ions occupies a distorted octahedron of oxygen 
ions due to three short and three long Y− O distances.  Therefore, we can predict that the Y3+ 
ions occupy non-inversion centrosymmetric sites. Considering the effect of ionic sizes of 
cations and valence numbers, Pr3+ ions replace Y3+ more easily than Ba2+ ions.  Because the 
ionic radius of Pr3+ ions (0.99 Å) is very close to ionic radii of Y3+ (1.019 Å) than Ba2+ 
(1.42 Å). The crystalline size of the phosphors is calculated by using Scherrers equation and 
the crystallite size value is 63.8 Å. 
3.2 Photoluminescence properties 
 The excitation spectrum of Ba3Y(1-x)(PO4)3:xPr3+ was monitored at emission 
wavelength of 602 nm corresponding to the transition 1D2→3H4. It produces a strong 
excitation band in the region of 375 to 550nm. This spectrum is mainly composed of three 
peaks at 444,470 and 482 nm respectively.  The excitation peaks are originated from the 
transitions     3H4 →3P2, 3H4 →3P1 and 3H4 →3P0 respectively within the 4f2 configuration. 
When electrons are excited to 3P0,1,2 levels, they may either relax to 3P0 state and recombine 
to 3HJ and 3FJ states or non-radiatively relax to 1D2 state and recombine to lower levels 
following selection rules. Among all the excitation peaks, the peak corresponding to the 
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transition 3H4 →3P2 (444 nm) is more intense and is used as an excitation wavelength to 
record the emission spectra for all the phosphors in the present study.  The excitation spectra 
of Ba3Y(1-x)(PO4)3:xPr3+ was shown in Figure 1b. 

Figure 1. XRD patterns (a) Excitation spectrum (b) Emission spectra (c) CIE chromaticity 
diagram (d) of Ba3Y(PO4)3:Pr3+ phosphors  

 
 The emission spectra of Ba3Y(1-x)(PO4)3:xPr3+ was monitored at excitation wavelength 
444nm (3H4 →3P2).  This emission spectrum is separated into two emission bands. First is 
blue emission band with four peaks at 468, 473, 482 and 492 nm. These peaks are 
corresponding to the 3P1→3H4, 1I6→3H4, 3P0→3H4 and 3P0→3H5 transitions.   Second is red 
emission band with three peaks at 602, 643 and 691 nm which are originated from 1D2→3H4, 
3P0→3F2 and 1D2→3F5.  The transition 1D2→3F4 shows very close energy difference because 
in principle, this transition is spin forbidden and only become partially allowed by the Judd-
Ofelt mechanism. The characteristic emission peaks of Pr3+ ions mainly originate due to the 
transition probabilities of different energy levels of Pr3+ ions and among all the transitions, 
1D2→3H4 transition at 602 nm is the more intense one.   

The intensity of the luminescence increases as the concentration increase but the 
intensity decreases with the further increase of concentration of dopant and this is known as 
concentration quenching effect.  The optimal concentration of the emission spectra of        
Ba3Y(1-x)(PO4)3:xPr3+ is 0.15mol% and concentration quenching takes place at this 
concentration. The emission spectra of Ba3Y(1-x)(PO4)3:xPr3+  (x = 0, 0.01, 0.05, 0.1, 0.15 and 
0.2) phosphors are shown in Figure 1c.   
3.3 CIE Parameters: 
 Usually, the color purity of phosphors is examined by CIE chromaticity coordinates   
(x, y).  To examine the potentiality of the Ba3Y(1-x)(PO4)3:xPr3+ phosphors, the CIE in 1931 
chromaticity coordinates are to be calculated. The chromaticity coordinates for the             
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Ba3Y(1-x)(PO4)3:xPr3+ phosphors are calculated from the corresponding emission spectra and 
are shown in figure 1d. The evaluated CIE chromaticity coordinates are found in the different 
regions corresponding to bluish green (x = 0), green (x = 0.01), white light (x = 0.05), 
yellowish orange (x = 0.1), orange (0.15), yellow (x = 0.2).  When Ba3Y(1-x)(PO4)3 is doped 
with 0.05% Pr3+ ions, we will get exact white light emission which is widely used in white 
LED applications. In order to further examine the quality of white light, the color correlated 
temperature values are calculated using McCany empirical formula and is expresses as 

CCT= -449n3=3525n2-6823n+5520.33 
where n = (x-xe)/(y-ye) is the inverse slope line and xe = 0.332 and ye = 0.186 

The evaluated CIE chromaticity coordinates (x, y) for the Ba3Y(1-x)(PO4)3:xPr3+ phosphors 
were summarized in table 1 

Table 1. CIE chromaticity coordinates (x, y) for the Ba3Y(1-x)(PO4)3:xPr3+ phosphors 
Ba3Y(1-x)(PO4)3:xPr3+ Color Coordinates CCT 

x y 
x = 0 0.2037 0.3082 17102.22 
x = 0.01 0.2644 0.3732 8463.74 
x = 0.05 0.3611 0.3200 4274.42 
x = 0.1 0.4543 0.3499 2206.03 
x = 0.15 0.5008 0.3549 1774.39 
x = 0.2 0.4476 0.3416 2215.77 

 
Correlated color temperature is the temperature of a blackbody whose chromaticity 

most nearly resembles that of a light source.  Low CCT value implies warmer light, while the 
high CCT appears to be colder. The CCT values around 2700K refers to a warm light, 
moving to neutral white at around 4000K, and to cool white at 5000K or more. which can be 
regarded as a cool white light for commercial applications. 

4. Conclusion 

 In summary, the phosphors BaY(1-x)(PO4)3:Pr3+ (x = 0, 0.01, 0.05, 0.1, 0.15 and 0.2) 
with a cubic structure were successfully prepared by the solid-state reaction method.   

 The dopants Pr3+ ions occupied the Y3+ sites with high inversion symmetry in the host 
matrix.  The average crystallite size by the Scherrer equation is estimated 
approximately 63.8 Å.   

 The structural properties for Pr3+ doped BaY(PO4)3 have been analyzed through FTIR.  
Upon 444 nm excitation, the blue emission at 468, 473, 482 and 492 nm and red 
emission at 602, 643 and 691 nm which are corresponding to f-f transitions have been 
observed. 

 Based on the above results, it is concluded that 0.05mol% Pr3+ doped BaY(PO4)3 
phosphors emit white light and they may be used for the white LED applications. 
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Abstract 
Biological synthesis of zinc oxide nanoparticles were synthesized by co-precipitation method 
using the leaf extract of hibiscus. Zinc acetate dehydrate was used as a precursor. The leaf 
extract of hibiscus was used as reducing as well as capping agent.  X-ray diffraction analysis 
(XRD) was carried out to determine the structural properties of the synthesized samples. The 
average grain size of the samples was determined by using the Debye-Scherer’s equation. 
The existence of functional groups of the samples was confirmed by Fourier transform 
infrared (FTIR) spectroscopy. The direct and indirect band gap energy of pure and doped 
samples was calculated using UV-visible analysis. Also the antibacterial studies of the as 
synthesized nanoparticles showed sensitivity to both gram positive and gram negative 
bacteria and analysed in this report. 
 
Keywords: Co-doped ZnO Nanoparticles, XRD, FTIR, Antibacterial activities. 
 
1. Introduction 
     In recent years ZnO NPs have drawn attention of countless researchers’ foe their unique 
optical and chemical behaviors which can be easily coordinate by changing the morphology. 
Within the enormous family of metal oxide NPs ZnO NP has been various cutting edge 
applications like electronics, communication, sensor, cosmetics, environmental protection, 
biology and medicinal industry. Additionally, ZnO NP has an overwhelming potential in 
biological applications like biological sensing, biological labeling, gene delivery, drug 
delivery and Nano-medicine together with its antibacterial, antifungal and anti-diabetic 
activities [1-15].     
     Zinc oxide nanoparticles have currently been well studied and used as a potential 
antimicrobial principle. Nanoparticle synthesis within the size range of 10-100nm have 
evolve into an extensive research and concern due to their potential applications as it can act 
as catalyst which is useful in reduction or elimination of the toxic hazardous chemicals from 
the environment. Some of the metal oxide nanoparticles like, FeSO4, TiO2, CuO and ZnO are 
thoroughly been investigated for their differing biological activity. This study it can be come 
to an end that lemon extracts can be effectively used for synthesizing Zn nanoparticles. This 
study also submits that green synthesized Zn nanoparticles can be used as an alternative to 
existing antimicrobial agents.  
2. Experimental 
2.1. Preparation of plant extract 
   Hibiscus leaves were washes with running tab water and soaked in a 300 ml of titration 
flask. The extract was taken, the extract was allowed to cool to room temperature, filtered 
through filter paper, and the filter was stored for further experimental use. 
2.2. Synthesis of ZnO NPs 
  1 Mm Zinc acetate dehydrate [(CH3COO) Zn.2 H20] was dissolved in 50ml deionized water 
and kept in stirrer for 2 hours respectively. Then, Addition with 1mL, 2 mL, 3 mL, and 4 mL 
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of leaf extract of hibiscus was added into the Zink acetate solution after the 1 hour of stirrer 
and 20 mL of NaOH solution was added with pH value is 12.  The precipitate was separated 
from the reaction solution by centrifugation at 2500 rpm for 5 min and pellet was collected. 
Pellet was dried using a hot air oven operating for 1hour and maintained in air-tight bottles 
for further studies.  
 

  
 
2.3. Characterization  
Optical properties of ZnO NPs were characterized based on UV absorption spectra with the 
wavelength range of 300-500 nm. The crystalline structure of prepared ZnO nanoparticles 
was determined using XRD technique.. ZnO nanoparticles were identified using FTIR. FTIR 
spectral reading was carried out in the range from 500 to 4000 cm-1 at a resolution of 4 cm-1. 
The crystalline structure of prepared ZnO nanoparticles was determined. Finally, 
antibacterial activities found the gram-positive and gram-negative bacteria are more active of 
doped samples [2]. 
2.4. Antibacterial activity 
 The antibacterial activity of the nanoparticles was determined by agar well diffusion method 
against both gram negative and gram positive microorganisms. Once the medium was 
solidified, a suspension of each sample of the bacteria was diluted prior to 10-1, 10-2 and 10-3 
(1 ml of 108 cells/ml) and was spread on a solid agar medium in petri plates. The wells were 
prepared by using sterile cork borer (6 mm). Each well was filled with different 
concentrations of nanomaterial ranging from 10-50 mg/ml. the plates were incubated at 37°C 
for 24 hours. The zone incubated was measured with mean SD values.       
3. Results and Discussion 
3.1. UV-visible analysis 

                The conformation of presence of zinc nanoparticles in colloidal 
solution was done using UV-spectral analysis. The samples were than analyzed by UV-
spectral analysis (300- 500 nm). It was observed that all the four sample extracts showed 
an optical absorption band peaking at 360 nm and gradually decreasing at higher 
wavelengths. Zinc oxide nanoparticles have been reported to exhibit a characteristic 
broad absorption peak between 360-400 nm. Thus optical absorption band peaking at 
400 nm confirms the synthesis of zinc nanoparticles by using leaf extract of hibiscus. 

                                       Fig 1: UV spectrum of ZnO nanoparticles 
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3.2. XRD 
XRD spectra provide an insight about the crystallinity of nanoparticles. (figure. 2) represents 
XRD spectra of ZnO NPs synthesized using lemon extract. Size of the nanoparticle was 
calculated using Debye- Scherrer equation. X-ray diffraction peaks obtained at 31.9ᶿ, 37.2ᶿ, 
48.3ᶿ, 56.8ᶿ, and 68.7ᶿ corresponded to the lattice plane of (1 0 0), (1 0 1), (1 0 2), (1 1 0), (2 0 
1) suggesting the face centered cubic (FCC) crystal structure of the nanoparticle. Average 
size of the synthesized was found to be 32.76 nm [3].  𝐷 = 𝐾𝜆𝛽𝐶𝑜𝑠𝜃 

Where, D- particle size in nm, λ- X-ray wavelength, β- FWHM, θ-Bragg’s angle of reflection. 
 

 
 
 Figure 2: XRD Spectrum of ZnO Nanoparticles. 
 
 
Table 1: Parameter calculation for average size calculation for nanoparticle. 

 
 
3.3. FTIR 
FTIR spectra of prepared nanoparticles were shown in figure 3. In the FTIR spectrum, there 
is a band present at 402, 416, and 420cm-1, which is a characteristic signal of the Zn__O bond, 
confirming that the material is indeed zinc oxide. Meanwhile, the bands at 958, 1384 are 
attributed to the aromatic rings. 2354 and 2973 cm-1 attributed to O_H stretch vibrations of 
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phenols and their functional groups present in the organic compounds in theextract. 

 
Figure 3: FT-IR Spectrum of ZnO Nanoparticles. 

 
3.4. Antibacterial activity  
The antibacterial activity of zinc oxide nanoparticles was tested against gram negative 
bacteria E. coli(MCC-2412), P. vulgaris (MTCC-426) and gram positive bacteria S. aureus 
(MCC-2408) and S. mutans (MTCC-497) by agar well diffusion method. In fig.4 
antibacterial activities of zinc oxide nanoparticles at different concentrations 10 mg/ml, 20 
mg/ml, 30 mg/ml, 40 mg/ml, 50 mg/ml against both gram negative and gram positive bacteria 
were shown. The diameter of inhibition zones around each well is measured in millimeters 
and represented in table 2. Results have indicating that the degree of zone of inhibition (with 
mean±SD values) was more against gram negative bacterial strains E. coli (31±0.20 mm) and 
Proteus vulgaris (30±0.45 mm) when compared to the gram positive bacteria (Staphylococcus 
aureus with 24±0.35 mm and Streptococcus mutans with 23±0.30 mm). As well as 
differences in structural organization between both gram classes of bacterial cell wall i.e. due 
to the presence of thicker peptidoglycan layer in gram positive bacteria, they are less prone to 
nontoxicity of ZnO nanoparticles when compared to gram negative bacteria. This is might be 
the reason for the obtained results that indicates high degree of inhibition zone in the case of 
gram negative bacteria compared to gram positive bacteria.    
 
 
   Organism                        Zone of inhibition (mm) 

10mg/ml 20mg/ml 30mg/ml 40mg/ml 50mg/ml 

E. coli    7±0.25   14±0.30   21±0.25   28±0.30   31±0.20 
P. vulgaris    6±0.25  11±0.35   18±0.45   23±0.25  

  
 30±0.45 

S. aureus    6±0.35   10±0.15   14±0.10   19±0.15   24±0.35 
S. mutans    4±0.25      9±0.35  13±0.35   18±0.35   23±0.30 
Number of experiments n=2, mean SD   
Table 2: Antibacterial activity of ZnO nanoparticles by agar well diffusion method 
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Figure 4: Antibacterial activities of zinc oxide nanoparticles at different concentrations 10 
mg/ml, 20 mg/ml, 30 mg/ml, 40 mg/ml, 50 mg/ml against both gram negative and gram 
positive bacteria. 
 
4. Conclusions 
    Green synthesis of nanoparticles used in this experiment is found to be eco-friendly, non-
toxic and less usage of chemicals. The leaf extract helps in the synthesis of metal oxide 
nanoparticle by inducing oxidation and reduction reaction. As a preliminary confirmation, the 
rapid synthesis of ZnO NP was measured using the UV- Visible spectroscopy at a maximum 
absorbance of 380 nm. Further the XRD analysis proved the crystalline nature of the ZnO 
NP, and the bands formed in FTIR attributes to O-H stretch vibrations of phenols and their 
functional group present in the organic compounds in the different concentrations of the same 
extracts which is a characteristic signal of the Zn-O bond, confirming that the material is 
indeed zinc oxide. Based on the results, it can be concluded that gram negative organisms 
have exhibited more sensitivity when compared to gram positive organisms to metal oxide 
nanoparticles. The difference in the activity of both gram negative and gram positive bacteria 
might be due to structural and compositional variations of the cell membrane. Gram positive 
bacteria have thicker peptidoglycan layer when compared to gram negative bacteria due to 
this kind of difference in structure, it is tough for nanoparticles to penetrate into embrace 
resulting in a low bacterial action.  
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Abstract 
Treatment of wastewater along with generation of energy from the renewable 

resources attracts a great attention. In this aspect, biochemical systems such as microbial fuel 
cell (MFC) appears as a novel energy-producing technology that generates electrical energy 
with the aid of microbial activity that degrades the organic waste present in the wastewater. 
The dual functionality of electricity generation with simultaneous treatment of both domestic 
as well as industrial wastewater enhances their wide applicability. Membrane is the foremost 
component for the MFC system with their dual functionality of proton conduction and a 
selective barrier. The DuPont manufactured Nafion membrane is widely accepted as 
membrane for MFCs, but its high cost, oxygen crossover, substrate loss, cation transport and 
accumulation, low stability and hydration at higher temperatures confines its applicability and 
thereby creates a demand for the search of an alternative membrane. Therefore, in the present 
work biochar loaded sulfonated polysulfone membrane is synthesized using NMP as a 
solvent through solution casting and solvent evaporation method. Further the synthesized 
membrane is characterized to understand their physio-chemical modifications using FTIR, 
XRD and SEM studies. Finally, the membrane performance is estimated using single slice 
MFC unit. 
Keywords: Microbial fuel cell, Biochar loaded membrane, Membrane characterization, 
Wastewater treatment 
1. Introduction 

The huge generation of wastewater due to the industrialization and urbanization requires 
the technology that treat the wastewater in eco-friendly manner. In this prospect microbial 
fuel cell (MFC) appears to be potential one due to its advantageous feature of simultaneously 
treating wastewater with electricity generation. MFC work on the principle of redox reaction 
wherein microbial activity degrades the organic compounds present in the wastewater and 
generate electricity. MFC is composed with electrode and membrane, membrane is the 
foremost component of MFC with their dual functionality of barrier and proton transporter. 
Generally, the commercial membrane has a certain setback like high oxygen crossover, low 
proton conductivity, low stability and high cost that restricts the MFC commercialization.  
Therefore, in the present work synthesis of biochar loaded membrane was proposed which is 
prepared by solution casting and solvent evaporation method using n-methyl 2 pyrrolidine 
solvent. Biochar was prepared through pyrolysis of chicken feather biomass and 
characterized by particle size analyser for their particle size estimation. The synthesized 
membrane was further characterized by SEM, FTIR to understand their physiochemical 
modification. Finally the membrane properties like ion exchange capacity (IEC), water 
sorption and polarization curves is determined.  
2. Experimental 

Chicken feathers were bought at local shop. PSf (Polysulfone) and NMP (N-methyl 
pyrrolidone) chemicals were bought from Sigma Aldrich. Concentrated H2SO4 and aniline 
were used for sulphonation and membrane synthesis. Naoh (Sodium hydroxide) pellets were 
used for IEC estimation. Glassware like petriplates, conical flasks was used. Nutrient agar 
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and Nutrient broth were purchased from Sigma Aldrich for inoculum preparation. All the 
chemicals obtained were of analytical reagent grade. 

      Chicken feathers were washed with distilled water and dried at 60°C for 24 hrs. 
Pyrolysis process was done where chicken feathers were heated at 550°C.The process was 
done for 1 hr. Biochar was produced after pyrolysis process. Biochar particle size was later 
reduced to micro size by filtrating it with ethyl acetate and later vacuum dried it. Dried 
biochar particles were finely grounded and passed through 63μm sieve 

The structural illustration, surface morphology of synthesized biochar loaded membrane is 
studied using FTIR and SEM respectively. The water sorption (%) and IEC of the membranes 
are investigated using water sorption and classical acid base titration method, respectively. 
The 2×2 cm membrane sample was dipped in water for 24 h to estimate the wet weight Ws. 
The water uptake capacity was estimated using eq.1 with dry weight (Wd) of the membrane. 
In the case of IEC, a titrimetric method using phenolphthalein indicator with H2SO4 and 
NaOH was carried out as described in our previously reported work [1, 2]. 
3. Results and Discussion 

Particle size of the prepared biochar is shown in Fig. 1 and found be 1676 nm. The 
FTIR spectrum of the biochar loaded sulfonated Psf membrane is shown in Fig. 2. The 
pristine PSF membrane has a sulfone group that has characteristics peak at 1149 cm-1 
whereas the peak at 2904 cm-1 represents the CH3 groups of polysulfone and the main 
aromatic ring of PSF polymer peak at 3443 cm-1. The appearance of the new peak at 1013 
cm-1 corresponding to sulfonic group symmetric stretching that clearly indicates the 
successful modification with H2SO4. Compatibility between the polymer and biochar was 
confirmed by SEM analysis by showing homogeneous uniform surface as shown in Fig.3. 
The properties of the membrane are presented in Table 1, which shows that addidtion of 
biochar till 10 wt % provide the high proton conductivity with sufficient mechanical stability. 
Table 2 shows the membrane performance of pristine SPsf and biochar loaded membrane in 
terms of COD removal and power density. The highest power density of 200 mW/cm2 and 92 
% COD removal efficiency was achived by the biochar loaded membrane.   

 

 

Fig.1 Particle Size of biochar  
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Fig.2 FTIR Spectra of biochar loaded membrane 

 

 

Fig.3 SEM image of biochar loaded membrane 

Table 2 Properties of different synthesized membranes. 
  
 
 
 
 

 
 
Table 2 Membrane Performance of different membranes. 
 
 
 
 
 
 
 
 
 
 
4. Conclusions 

 Uniform dispersion of the biochar in the polymer matrix induces compatibility and 
mechanical strength of the membranes were confirmed by SEM and UTM analysis.  

  The biochar filler concentration of 10 wt% provided high ion exchange capacity, 
water sorption, and stability, and therefore chosen for detailed studies.  
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  The higher power density of 200 mW cm−2 with substantial COD removal (92%) was 
achieved with the indigenous membrane during kitchen wastewater treatment as 
compared to both pristine SPsf and Nafion 117 membranes. 
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Abstract 

Li-ion battery research enormously spotlight on progression in the fabrication, optimization, 

and categorization of electrode resources. They became popular as energy storage resources 

particularly owing to energy and power densities, life span, price and protection. The brisk 

expansion of electronic devices and electric vehicles stress a great energy density. 

Consequently, metals, alloys and transition-metal oxides have been employed as anodes for 

Li-ion batteries. Transition-metal oxide anodes further organized into alloying-category, 

conversion-category insertion-category materials. The extensive enlightenment on 

contemporary comprehension of insertion-type resources as anodes for Li- ion batteries will 

be offered in this paper with few instances. 

Keywords: Insertion, electrode, Li-ion battery, anodes 

 

1. Introduction  

The research society is currently paying interest on well-organized energy storage approaches 

intended for the progress of optional energy for the substitution of fossil fuels [1]. Electric 

vehicles replaced by gasoline driven transport vehicles reduces the release of greenhouse 

gases. Li-ion batteries take part in a major task owing to their superior energy, power density, 

extensive cycle existence and small self-discharge [1]. These batteries are employed in 

several versatile devices as cellular phones, laptops and digital electronics [2]. The 

enhancement of Li-ion battery energy density can be accomplished by advancing either 

superior capacity anode and cathode electrode resources. The novel anode materials can be 

categorized into three chief types supported on their reaction procedure 1) Insertion/de-

insertion materials with few instances carboneous  materials, Li4Ti5O12,TiO2, etc; 2) 

Alloy/de-alloy materials with few instances Si, Ge, Sn, Al, Bi, SnO2, etc; 3) Conversion 

materials with few instances transition metal oxides, metal sulphides etc. The insertion 
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process is shown in Figure.1.The current paper is discussed on the insertion-type materials 

and its significance. 

 

 

 

 

                                          Figure.1. Insertion reaction mechanism [2]. 

2. Inserion-type materials 

2.1 Carboneous materials 

Graphite is the superior anode material owing to the insertion of Li into the gap among the 

layers [3]. The process is taking at less than 0.25 V versus Li+/ Li with a reversible capacity 

of 372 mAhg-1[1]. Low capacity was the disadvantage of Graphite. As a result, the progresses 

of carbonaceous materials are required to attain superior outcomes. These materials offer 

further gap among the layers to accommodate the Li and acquire privileged capacity. Carbon 

nanotubes, nanofibers and graphene are immensely explored as option to graphite owing to 

better surface area in addition to greater electron conductivity [4]. 

2.2 Spinel structured Li4Ti5O12  

Graphite is the preferred anode in Li-ion batteries. Solid electrolyte interface (SEI) layer is 

created on the exterior of graphite which is due to the low working potential (0.25V) [5]. SEI 

and dendrite formation is diminished in Li4Ti5O12 due to its high operating potentional [6].As 

a result, utilizing graphite as anode can be avoided by employing spinel structured Li4Ti5O12 

[7]. Li4Ti5O12 has a spinel structure in which Li reside in the entire tetrahedral 8a sites, Li/Ti 

with an atomic ratio of 1:5 dwell in the octahedral 16d sites and oxygen atoms dwell in the 

32e sites, correspondingly. 3Li ions at the 8a sites jointly go to the empty 16c sites allocating 

the conversion of the spinel structure to a rock salt structure Li7Ti5O12 at 1.55 V during 

lithiation and this is a two-phase reaction process [5]. The volume connected with this phase 

change is incredibly little. Accordingly, Li4Ti5O12 is eminent as a zero-strain material and 

recommend enormously extensive cycle existence. Lithium insertions into Li4Ti5O12 direct to 

the creation of rock salt type Li7Ti5O12 and it will preserve the spinel symmetry during 

extraction [5].Low diffusion of Li and electronic conductivity are the issues originated in 
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Li4Ti5O12.Two strategies have been applied to conquer these concerns. One approach is to 

employ surface treatments to boost the electronic conductivity and other approach is by 

downscale the Li4Ti5O12 to the nanoscale. Effortless combustion technique was employed to 

produce nanocrystalline Li4Ti5O12 (20-50nm size) in tiny time span [8]. The achieved 

theoretical capacity value was170 mAhg-1at 0.5C rate and the obtained capacities were 140 

and 70 mAhg-1 at 10C and 100C rate correspondingly. Doping is one of the eminent 

procedures to boost electrical conductivity of Li4Ti5O12. The electrical conductivity of 

Li4Ti5O12 can be enhanced by growing these nanowires on titanium foil and confirmed by 

XPS studies [9]. It displayed advanced rate performance and achieved capacity was173 

mAhg-1 at 0.2C rate. Even at 30C rate, it exhibited a capacity of 121 mAhg-1at 30C rate. 

2.3 Titanium dioxide (TiO2)  

Titanium-based oxides gained significance as alternatives to graphite anode from the security 

perspective. Structural variety, abundance, low price, low toxicity, chemical steadiness, 

oxidation ability and superior electro activity are the benefits of TiO2 which makes it as 

excellent anode resource [1].  Hence, several researchers have been dedicated to working on 

insertion-based anode materials [10-11]. The theoretical capacity of TiO2 is 330 mAhg-1 

which can insert 1Li/Ti [12]. The familiar allotropic forms are anatase, rutile and brookite. 

300 nm sized rutile TiO2 demonstrated a constant capacity of 50 mAhg-1 over 20 cycles at 

0.05 Ag-1. As the size of the particle reduced from 300 nm to 15nm and exhibited capacity 

was 200 mAhg-1 [12].30 nm sized anatase TiO2 displayed superior capacity of 71 mAhg-1 

over 20 cycles at 0.1 C rate where as the corresponding 6 nm size TiO2 exhibited 200 mAhg-1 

respectively due to the enhanced diffusion of Li and short path length [13].Anatase TiO2 

nanotube with length 100-300nm, diameter 8-10 nm and thickness 2-3nm was formed by 

hydrothermal route [14]. The revealed capacity was 250 mAhg-1 over 100 cycles and 

exhibited excellent cycling existence. Mesoporous TiO2(B) with 12nm size was produced by 

Brown et al. as anode at various C rates [15]. The excellent capacity achieved was 120 mAhg-

1 even at 60 C rate owing to the rapid kinetics.TiO2/Graphene composite was formed by using 

hydrothermal process. The attained composite consist of 10 nm diameter TiO2 nanotube 

fabricated on a graphene layer [16]. The achieved capacity was 300 mAhg-1 and it confirmed 

excellent cycling consistency over few thousand cycles. These gifted outcomes were feasible 

owing to the morphology of nanotube and the electronic connections among the components. 

3. Conclusions 
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 The insertion materials including carbonaceous, Li4Ti5O12 and TiO2 materials were 

discussed as anodes. 

 Structural stability after several cycles is the major benefit of the insertion materials 

 It is crucial to design nanoscale interfacial materials for commercial applications.  
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Abstract 
 
Novel Ni (II) ion-imprinted fluorescent polymers (Ni-IIP) were prepared by using Ni(II) ion-
quercetin complex as the template molecule, 3-(aminopropyl)triethoxysilane as monomer, 
tetraethoxyorthosilicate as cross linker and ammonia as catalyst. The synthesized polymer 
particles were characterized by using infrared spectroscopy (IR), UV-Visible 
spectrophotometry and fluorescence spectrophotometry. The fluorescent IIPs were found to 
show emission signal at 520 nm when excited at 290 nm. The binding of Ni(II) to imprinted 
cavities was followed by monitoring the fluorescence changes occurring in the fluorescence 
spectra of IIP as a result of binding by Ni(II). An enhancement in the fluorescence emission 
intensity of IIPs signal on the addition of Ni(II) ion solution of different concentrations was 
observed. The enhancement was found to be proportional to concentration of Ni(II) ions. The 
synthesized IIPs can selectively recognize Ni(II) ions as a result of imprinted cavities. These 
can be further used for effective identification of water soluble ions, especially heavy metal 
ions. 
 
Key words: Ion imprinted polymers, fluorescence, selective recognition, nickel ion, quercetin 
 
1. Introduction 
Molecularly Imprinted Polymers are three-dimensional cross-linked polymers with template-
specific interaction sites or cavities within the polymer structure and capable of recognizing 
the template molecule specifically [1]. Ion imprinted polymers (IIP) target to recognize ions 
especially metal ions while retaining the unique virtue of molecularly imprinted polymers 
such as structure predictability and application versatility [2]. Typically, IIPs are stable and 
robust due to polymeric nature formation from cross linked materials [3]. Ion imprinted 
polymers offer many advantageous features such as being light and inexpensive, allowing 
easy shaping, high reusability, extensive applicability, and high selectivity towards the target 
ion. MIIPs can carry out effective identification of water soluble ions, especially heavy 
metals and radioactive elements [4]. The development of IIPs capable of performing metal 
recognition in aqueous systems has important scientific significance and application value [5].
  

The effect of toxic heavy metals on human health and environment is an issue of great 
concern worldwide [6]. Exposure to higher concentrations of heavy metals like nickel can 
have detrimental effects on human health such as allergy, cardiovascular and kidney diseases, 
lung fibrosis, lung and nasal cancer [7]. This calls for development of simple, effective 
analytical tools to determine nickel ion in various samples. Numerous techniques such as 
atomic absorption spectroscopy [8], inductively coupled plasma mass spectrometry [9], 
spectrophotometry [10], colorimetry [11] and voltammetry [12] have been reported for 
determination of Ni(II) ion in environmental samples. However, many of these methods still 
suffer from sensitivity and selectivity issues. Fluorescent ion imprinted polymers combine 
high selectivity of imprinted materials with high sensitivity of fluorescence analysis thus 
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enabling label free sensitive detection of metal ions with reduced interferences from similar 
substances [13]. 

The present work reports the synthesis of a novel Ni (II) ion-imprinted fluorescent 
polymer for detection of Ni(II) ions in water samples.  The fluorescent IIP was synthesized 
using (3-aminopropyl)triethoxysilane (APTES) as monomer, tetraethoxyorthosilicate (TEOS) 
as cross linker, ammonia as catalyst and Ni-quercetin complex as template. The synthesized 
polymer was found to be fluorescent and was able to selectively bind Ni(II). The fluorescent 
IIPs can be used to identify and determine Ni(II) ions in the real water samples.  
 
2. Experimental 
2.1 Apparatus and Reagents 
All fluorescence spectra were recorded using Shimadzu RF-5301 PC spectrofluorometer with 
slit widths of 5 nm. UV-Vis absorption spectra were obtained by a Shimadzu UV-Vis 1800 
spectrophotometer. Infra-red spectra were recorded in KBr disc on Perkin Elmer FTIR-
spectrometer (Panjabi University, Patiala). All reagents were of analytical grade and used as 
received. Double distilled water was used for preparation of all the solutions. All the 
chemicals were purchased from Avra and all solvents were purchased from Loba Chemie.  
2.2 Procedure 
Dissolved quercetin (1mmol) and NiCl2.6H2O (2 mmol) in 100mL methanol solution. Then 
added APTES (2mmol) as functional monomer, stirred for 30mins and stored at 4°C in dark 
for 6h, then added TEOS (10 mmol) as cross linking agent and aqueous ammonia (5mL, 14%) 
as catalyst. The mixture was then stirred on a magnetic stirrer at room temperature for 2 
hours and then aged by stirring at 60°C for 6h to obtain high cross linking structure. The 
resultant IIPs were collected by centrifugation (20,000rpm for 30min) and then rinsed with 
methanol for three times to remove the residues. The template Ni(II) was removed from IIPs 
by several sequential elution steps with 0.5 M HCl under vigorous stirring. The final Ni(II) 
concentration in aqueous solution was determined by atomic absorption spectrometry. In the 
same way, the non-imprinted polymer (NIP) was prepared in the similar manner but without 
the addition of the imprint ion. 

For studying recognition of Ni(II) by IIPs, 5 volumetric flasks (5mL) having fixed 
volume of 2mL of above prepared IIP solution and different concentrations of Ni(II) solution 
with concentrations varying from 0 to 1 mL of 100 ppm were prepared and the volume was 
made upto 5 mL with methanol. The fluorescence spectra were recorded 15 minutes after the 
addition of reagents to stabilize the intensity. The addition of buffer solution of different pH 
values was found to have no major effect on intensity of fluorescence emission. So buffer 
solution was not added. 
 
3. Results and Discussion 
The prepared IIPs and NIPs were characterized by FTIR spectral analysis, fluorescence 
analysis and UV-Vis spectroscopy. The results obtained are discussed below. 
3.1 FTIR Analysis 
The FTIR spectra of the prepared IIPs were recorded in the range of 400-4000 cm-1. The 
bands positions obtained for NIP, unleached IIP and leached IIP are shown in Table 1. The 
broad bands observed in the range of 3214-3243 cm-1 are assigned to O-H stretching 
vibrations of O-H groups present in quercetin. The bands in the range of 1366-1611 cm-1 are 
assigned to C=O stretching vibrations of the ketonic group present in the quercetin structure. 
The strong bands observed in the region from 1061-1070 cm-1 belong to Si-O stretching 
vibrations while the band observed in all the three spectra at 937 cm-1 belongs to Si-OH bond 
vibrations. The strong sharp bands at 795 cm-1 and the shoulder bands observed in the range 
of 776-781 cm-1 belong to Si-O-Si vibrations. These assignments prove the formation of 
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silica matrix from the precursors by sol-gel method. The ѵ(O-H), ѵ(C=O) and ѵ(C-OH) 
vibrations are observed at lower wavenumbers in unleached IIP as compared to leached IIP 
indicating  breakdown of H-bonds due to metal chelation in unleached IIP. 

Table 1. The wave numbers and intensity of selected bands from FT-IR spectra of studied 
compounds. 
Range (cm-1) NIP  

ѵ(cm-1) 
Unleached IIP ѵ 
(cm-1)  

Leached IIP  
ѵ (cm-1)  

Assignment 

3214-3243 Not marked 3214.94 (wb) 3243.01(wb) O-H stretching 
1607-1611 1607.9(w) 1599.08(ws) 1610.50(ws) C=O aryl ketonic 

stretching  
1497-1485 1497.6 (w) 1484.9(w) Very weak C-OH vibrations 
1366 1366.1(vw) Very weak Very weak C-OH vibrations 
1061-1070 1061.12(ws) 1060.30(ws) 1070.11(s) Si-O stretching 
942-948 942(w) 937.75(w) 947.68(ws) Si-OH bond vibrations 
795 795(s) 795.16(s) 795.17(s) Si-O-Si bending 

vibrations 
776-781 776.5(w) 772.34(w) 780.82(w) Si-O-Si bending 

vibrations 
w-weak, vw-very weak, s-strong, b-broad. 
 
3.2 UV-Vis Analysis 
The UV-Vis spectra of leached IIP are shown in Fig.1.  The UV-Vis spectra of quercetin 
shows two absorption bands in methanol, one at 275 nm and other at 395 nm. However in the 
absorption spectrum of IIP (Figure 1), instead of two bands only one band was obtained at an 
emission wavelength of 325 nm indicating change in absorption properties of quercetin on its 
integration in the IIP matrix. 
 

 
 

Figure 1. UV-Vis spectra of Ni(II) imprinted IIP (1x10-3 M) in methanol 
  

3.3 Fluorescence Analysis 
The fluorescence spectra of quercetin in methanol solution was recorded with the help of a 
spectrofluorimeter. For quercetin, the best excitation wavelength was found to be 290 nm and 
the fluorescence emission was obtained at 525 nm. The fluorescence emission spectra of the 
leached IIP was also recorded using an excitation wavelength of 290 nm and maximum 
fluorescence emission was obtained at 362 nm (Figure 2).  
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 Figure 2. The fluorescence emission spectra of Ni (II) imprinted IIP (1x10-3 M) 
3.4 Recognition Studies 
The studies on recognition of Ni(II) by the leached IIP were carried out in methanol solution. 
The spectra obtained are shown in Fig. 3. On addition of increasing amounts of Ni(II), the 
fluorescence emission intensity of MIP was found to increase along with shift to lower 
wavelength. While IIP emission was found to be at 362 nm, it shifted to 345 nm on addition 
of Ni(II).  The increase in the value of the intensity of the leached IIP on addition of different 
concentrations of nickel was found to be proportional to concentration of Ni(II). The 
recognition studies were also carried out with NIPs. No obvious red shift was obtained in 
case of NIP. The selectivity studies were also carried out in presence of other metal ions 
namely Zn(II), Cd(II) and Co(II). Though these metal ions were found to interfere to some 
extent in the determination of Ni(II), the effect was more pronounced at higher concentrations. 
However, the binding affinity of Ni(II) was found to be much higher than other metal ions. 
 

  
 
Figure 3. a) The fluorescence emission spectra of IIP on addition of increasing amounts of Ni 
(II). B) The non-linear fit of the experimental data 
 
4. Conclusions 
In this research work, ion imprinted polymers were prepared for nickel ion (II). The Ni(II)-
quercetin complex was used as template ion and silica precursors were used to form the MIP.  
The IIPs were found to be fluorescent due to incorporation of fluorescent quercetin molecule 
in the structure. The fluorescent IIPs were able to recognize Ni(II). The binding of Ni(II) to 
imprinted cavities was followed by monitoring the fluorescence changes occurring in the 
fluorescence spectra of IIP as a result of binding by Ni(II). An enhancement in the 
fluorescence emission signal of IIPs was observed on addition of Ni(II) ion solution of 
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different concentrations. The enhancement in fluorescence was found to be proportional to 
the concentration of Ni(II) ion. The formed IIPs can carry out effective identification of Ni(II) 
ion in water samples and can be further used for other water soluble ions, especially heavy 
metals ions. 
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Abstract 

Polymer glass fabric reinforced composites are major application in the aerospace and 
structural applications, in this research work fabrication of composites by using vacuum 
bagging method and mechanical characterization of glass fabric reinforcement epoxy 
composites which contains E-Glass fabric and matrix filled with TiO2/ATBN.The effect of 
TiO2/ATBN in modifying the mechanical properties of ILSS of the glass fabric epoxy 
composites are improved with the incorporation of filler materials. The results of the ILSS 
properties more in case of ATBN. 

Keywords: E-Glass fabric polymer composites, TiO2/ATBN, Vacuum bagging method, 
polymer matrix composites, ILSS. 

1. Introduction 

Now a day, E-Glass 8 mill fabric reinforced polymer matrix (EGFRP) composite has one of 
the important significant composite materials for structural and aerospace application. 
EGFRP composite is main centre of attraction for aerospace and structural research, because 
of its diversified application. However the changing mechanical properties of these GFRP 
composites are still being modified for different applications. The challenge for most 
engineers is the creating of new E-Glass fabric polymer matrix composites materials. 
Composites depend on epoxy have considerable potential to replace traditional metal 
structures. Changing of the new polymer matrix composites is one of the ways to develop the 
new polymer matrix composites. In all kind of engineering applications, E-glass fabric 
particulate incorporated fabric reinforced polymer matrix composites (FPMCs) are employed 
to increase in advanced polymer matrix, hybrid polymer matrix composites are still 
undergoing significant research and development today. Filler and/or fabric -reinforced 
polymer composites (FRPCs) are at present used in aero-space and automobile industries; 
because of it has unique properties such as high strength, high rigidity lightweight, and 
resistance to corrosion wear. [1]. Fiber reinforced polymer composite is an important material 
for structural application. In this work we have modified the epoxy by Al2O3, SiO2 and TiO2 
micro particles in glass fabric /epoxy composite to improve the mechanical properties. The 
laminate is prepared by vacuum bagging method. It is observed that mechanical properties 
like flexural strength, flexural modulus and ILSS are more in case of SiO2 modified epoxy 
composite compare to other micro modifiers [2]. The influence of micro/nanoalumina 
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(Al2O3) on the mechanical properties of epoxy/jute fiber (J)/glass fiber (G) laminates was 
studied. All the composites are fabricated by the hand layup technique. The flexural strength 
and tensile strength of the epoxy/hybrid laminates were increased profoundly in the presence 
of micro/nano-Al2O3. The epoxy + GJGJ + 4 wt% nano-Al2O3 composites showed better 
flexural results when compared with the epoxy/glass fiber composites, whereas epoxy + 
GJJG + 4 wt% nano-Al2O3 composites show better tensile results [3]. The filler materials are 
Al2O3, TiO2, fly ash and clay in nano and micro nano scale. The influence of filler size (nano 
and micro scale) and applied load values on the mechanical properties of epoxy composites 
were studied. Tensile, three points bending and hardness were carried out. The results show, 
the large influence of filler size and type on the performance of the epoxy composite. [4]. 
Composites were fabricated with different proportions of nano‐modified micro‐composite 
fillers in epoxy matrix at as much possible filler loadings. Results revealed that 
nano‐modified SiO2/Al2O3 micro‐composite fillers enhanced inter‐particle network and offer 
benefits like homogeneous microstructures and increased thermal conductivity. Epoxy 
composites attained thermal conductivity of 0.8 W/mK at 46% filler loading. Mechanical 
strength and bulk hardness were reached to higher values on the incorporation of 
nano‐modified fillers. Tribology study revealed an increased specific wear rate and decreased 
friction coefficient in such fillers [5]. The effect of nano Al2O3 filler and cross head velocity 
on mechanical properties of glass fiber reinforced polymer composite (GFRP). Nano 
Al2O3 filler of 3 wt% of epoxy is dispersed into the epoxy matrix through temperature 
assisted magnetic stirring followed by sonication for a time period of 60 min. GFRP 
composites are fabricated by hand-lay-up techniques. It is observed that flexural strength 
about 14 % and interlaminar shear strength (ILSS) about 11 % improved in nano 
Al2O3 filled GFRP composite as compared to control GF composites. Further, ILSS is 
evaluated as a function of volume fraction of glass fiber and at different cross head velocity 
(1, 50, 100, 500 and 1000 mm/min). The results revealed that ILSS values increases with 
cross head velocity from 1 to 100 mm/min and decreases further increase in cross head 
velocity [6]. This research is intended to attain better understanding on the effect of particle 
sizes and geometry of fillers with different ratios of composition on the thermal and 
mechanical properties of hybrid composite system. It investigates the effect of combining 
polygonal aluminum oxide (Al2O3) and boron nitride (BN) platelets to enhance the thermal 
conductivity of epoxy composite. The surface of the two fillers was functionalized with 
aminopropyltriethoxysilane (KH550), thereby reducing the thermal interfacial resistance 
between filler and matrix. It was observed that there is no significant difference in the 
thermal and mechanical performance between BN1µm and BN5µm filler-filled composites. 
However, at filler loading of 30 wt%, the Al2O3 and BN1µm hybrid filler system (ratio 5:5) 
provided significant enhancement of maximum thermal conductivity of 0.57 
Wm−1 K−1 compared to 0.17 Wm−1 K−1 that of neat epoxy. This synergistic effect results 
from the bridging of BN platelets between the Al2O3 particles facilitating the formation of 
effective thermal conductance network within the epoxy matrix. [7]. Experimental study has 
been carried out to study the effect of addition of fly ash at different weight percentage i.e. 
3wt%, 6wt%, 9wt% and 12wt% on the mechanical properties of epoxy composites. 
Mechanical properties such as Impact strength, Flexural strength, and Flexural modulus and 
Fracture toughness are studied as per ASTM standards. Specimens are prepared using open 
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mould casting. The results shows the enhancement in Impact strength, fracture toughness, 
Flexural strength and Flexural modulus is by 100% and 50.96%, 73.5% and 19% at 12wt% of 
graphite in epoxy composites as compared to pure Epoxy. [8]. the surface-treated micro- and 
nano-silicas were mixed with epoxy resin and polyester-modified polydimethylsiloxane 
(PEM-PDMS) by using an ultrasonicator. Transmission electron microscope (TEM) was used 
to observe the even dispersion of nano-silica in an epoxy/micro-silica composite and it was 
found that the nano-silica was well dispersed. The electrical breakdown strength of the 
epoxy/micro-silica (60 wt%)/nano-silica (1 phr)/PEM-PDMS (0.5 phr) system was 60.0 kV/2 
mm, which was 13.6% higher than that of epoxy/micro-silica (60 wt%)/PEM-PDMS (0.5 
phr) system, 52.8 kV/2 mm. The contact angle of neat epoxy was 77°, which was 132% 
higher than that of epoxy/micro-silica (60 wt%)/nano-silica (1 phr)/PEM-PDMS (0.5 phr) 
system, 101.6°.[9].The mechanical properties were evaluated by means of static tensile 
test and Charpy impact strength method. The thermal stability was investigated by thermo 
gravimetric analyses in inert and oxidizing atmospheres. Results showed that combining 
basalt fibers with basalt powder improves stiffness and thermal resistance of the epoxy 
composites. The new hybrid composites are more resistant to temperature changes than the 
reference sample as proven by dynamic mechanical thermal analysis. [10]. The mechanical 
and dynamic mechanical thermal properties on this hybrid composite were found by means of 
tensile test, flexural test, Charpy impact strength method and dynamic mechanical thermal 
analysis. In this gaze, results show that the reinforcing of glass fiber with basalt powder 
heightens the strength of the epoxy composites. 

2. Experimental 

2.1 Materials 

In this work,  E-glass 8 mill fabrics is used as the reinforcement material, epoxy resin and 
ATBN (amine terminated butadiene- acrylonitrile) are used as matrix in the polymer matrix 
composites. E-Glass fabric composite are the most common of all polymer matrix composites 
(PMCs) reinforcing fibers. Low cost, high tensile strength, good chemical resistance and 
excellent insulation properties are the key advantages of E-glass fabric.  

2.2. Filler materials 

Composites of polymer matrix are used in the greatest variety due to their lower cost, ease of 
processing, higher specific strength, simplicity of design and light weight. The reinforcement 
of the polymer matrix with glass fiber results in a general improvement in mechanical 
properties. In general, filler materials are inert materials used in composite materials to 
minimize material costs, enhance mechanical properties and in a number of cases to enhance 
process capability. In this work, Titanium dioxide or titanium (TiO2) and ATBN metallic 
fillers is selected for use in this polymer composites prepared for this study as particulate 
fillers in predetermined proportions.   
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(a) Epoxy resin LY556                                   (b) hardener 

 

(c)E-Glass 8 mill fabric  (d) ATBN               (e) TiO2 

Figure 1: Matrix and reinforcement materials for composites 

2.3. Composites fabrication 

     Most of the researchers have used the hand lay-up process to develop polymer matrix 
composites. It will reduce the strength of the composites. So, in this research vacuum bagging 
method is used to develop the composites. Vacuum bagging is a procedure used in the course 
of its cure process to build mechanical pressure over a composite. There are quite a few 
functions of this methods and the first and most important function is to pressurize a 
composite lamination to remove the air in it. Second, it increases the attraction between fiber 
layers for effective fiber adhesion for the transmission of force and reduces the orientation of 
fiber shifting throughout cure. Third, it is minimize the humidity. At last, the vacuum bagging 
method minimizes the parts of composite in terms of fiber-to-resin ratio. In the last two 
decades, these enhanced benefits in the aerospace and racing industries to make the most of 
the mechanical and physical characteristics of glass fiber reinforced polymer matrix 
composites. 

The description and composition of epoxy resin, ATBN, E-glass 8 mill fabrics, fillers and 
hardener are revealed in Table 1.The development of the composite is completed by vacuum 
bagging technique. As per the recommendation, the minimum temperature curing LY-556 
(epoxy resin) and subsequent HY951 (hardener) are assorted in a ratio of 10 to 1 by weight. 
The fillers are mixed scrupulously with the epoxy resin before it will apply over the E-glass. 
Each E-glass fiber is of in the dimension 300 × 300 (mm) and 5 samples are developed with 
the same combinations of the materials. After developing the composite, it will cure at room 
temperature. The final size of the polymer fiber reinforced composite is 300 × 300 × 4 (mm). 

Table. 1. Materials and their ratios in grams 

Materials Weight 
Epoxy Resin( LY-556) 600 grams 
Hardner (HY-951) 135 grams 
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ATBN(amine terminated 
butadiene acronitrile) 

 10% of Epoxy Resin(60 
grams) 

E- Glass 8 Mill Fabric 460 grams 
TiO2   10% of Epoxy Resin(60 

grams)    
 Ratio.100:23 

2.4. Specimen preparation 

The E-Glass 8 mill fabric reinforced particulate filled epoxy composite is removed from 
mould. Based on ASTM standard, the test specimens are extracted from the composite for 
mechanical characterization (i.e. ILSS test). For tensile test, the test specimen was cut as per 
ASTM D2344 A (ILSS) is used to develop the sample for Interlaminate shear strength test. 
The developed composite and the extracted sample specimen for ILSS are shown in Fig.2.   

           

(a)Composites (ATBN) (b) Composite ((TiO2) (c) ILSS test (ATBN)   (d) ILSS test (TiO2)     

  

                                                (e)ASTM standard specimens 

                             Fig.2. developed composites and ILSS specimens 

The developed composites and sample specimens are extracted from the composites are 
displayed in Fig.2. 

Interlaminate shear strength test: The ILSS tests were carried out on the specimens using 
computerized Universal Testing Machine (UTM) of 30 tons capacity. Experiments could be 
conducted at normal temperature and each experiment was conducted until a rupture take 
place. During the test for measuring stress and strain, the applied shear load and extension 
were reported. The experiments were conducted by maintaining strain rate is constant and at 
the rate of 10 mm/min. The gauge length of the specimen was chosen as 165 mm. For each 
experiment, five samples pieces were experienced. The specimen used in experiments and the 
tested specimens are depicted in Figure 3.The results of the ILSS test are shown in Table 2.  
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(a) ILSS test(ATBN)  (b) ILSS test(TiO2)     

       Figure 3: Tested specimens 

3. Results and Discussion 

3.1. Mechanical characterization 

                    

(a) ILSS(ATBN)                                                             (b) ILSS (TiO2) 

                                  Figure 4: Graph of inter laminate shear strength test 

The characterization of the developed composites reveals that addition of particulate filler has 
influenced strongly on the ILSS properties of nano-filled E-glass 8Mill fiber reinforced 
composites. The result and graph of interlaminate shear strength of the developed E-glass 
fabric reinforced composites are shown in Table 2 and Fig. 4. The interlaminate shear 
strength is varied from 255.591 Kgf/cm2 to 316.336 Kgf/cm2 (ATBN). The average inter 
laminate shear strength of the E-glass fabric reinforced composite is 272.193 Kgf/cm2 
(ATBN). It shows that the average of inter laminate shear strength is nearly equal to the inter 
laminate shear strength of the fiber (282.234 Kgf/cm2). The interlaminate shear strength is 
varied from 240.825 Kgf/cm2 to 201.62 Kgf/cm2 (TiO2). The average inter laminate shear 
strength of the E-glass fabric reinforced composite is 205.882 Kgf/cm2 (TiO2). It shows that 
the average of inter laminate shear strength is nearly equal to the interlaminate shear strength 
of the fabric (282.234 Kgf/cm2). The interlaminate shear strength is more in case of ATBN. 
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Table 2: Result of Interlaminate shear strength (ILSS) test for five samples 

Sample No ILSS test(ATBN) (Kgf/cm2) ILSS test(TiO2) (Kgf/cm2) 
1 316.336 201.62 
2 263.768 225.703 
3 277.377 156.441 
4 247.625 204.837 
5 255.591 240.825 

 

4. Conclusions 

This work was conducted to determine the effect of nano-filler material and ATBN on E-
glass 8mill fabric composites. Five samples are developed by vacuum bagging method to find 
the interlaminate shear strength of the E-glass fabric reinforced composites. The finding of 
this analysis was summarized as: 1. The average interlaminate shear strength of the 
composite is 272.193 Kgf/cm2 and this value is nearer to the maximum interlaminate shear 
strength of the fiber (E-Glass 8 mill fabric composites).The interlaminate shear strength  test 
result reveals that addition of TiO2 filler and ATBN has influenced strongly on the 
interlaminate shear strength  of the composites. It is proved that the ATBN values are 
increased the interlaminate shear strength of the composites and interlaminate shear strength 
is equal to the ILSS of the fiber (282.234 Kgf/cm2) 2. The average interlaminate shear 
strength of the composite is 205.882 Kgf/cm2. It is proved that the interlaminate shear 
strength of TiO2 are decreased compared to interlaminate shear strength of ATBN. 
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Abstract  

Conducting polymers, particularly the soluble derivatives are attractive in Organic electronics 
due to their conductivity with ease of fabrication. Novel proton conducting solid polymer 
electrolytes based on Poly vinyl alcohol (PVA) with Malonic acid and PVA with Succinic Acid 
as dopant are prepared by solution cast technique with varying doping concentrations up to 40 
wt.%.  XRD is used to examine the complexation of PVA polymer with Malonic acid and 
Succinic acid. The results of XRD reveal that with the increase of Malonic acid and Succinic 
acid concentration, the amorphous nature of PVA polymer matrix increases. FTIR spectra studies 
for pure and complexed polymers reveal the vibrational changes that occur due to the presence of 
dopant salt in the polymer. Also, the presence of O-H, C-H and C-C groups is indicated when 
FTIR spectrum of pure PVA is compared with the spectra of complexed polymers. The DC 
conductivity measurements have been taken on the polymer samples in the temperature range 
303 K to 373 K. From these measurements it is observed that the conductivity is found to 
increase with the concentration of dopant as well as temperature. Thus the results obtained are 
presented. 

Key words: XRD, FTIR, polymer electrolyte, conducting polymers, composite PVA, Oxalic 
acid, Malonic acid. 

 

1. Introduction 
 

Polymers find potential applications in permanent and temporary data storage devices or as a 
basic material for the fabrication of active & passive light guides. Ion doped organic polymers 
are highly efficient in holographic recording [1].  Very few Vinyl polymers are soluble in water 
and Poly Vinyl Alcohol is recognized as one among them. By virtue of environmental sensitivity 
of PVA it finds extensive applications in textile wrap sizing, adhesives, paper sizing agents, 
ceramic binders. It is also used in cosmetics, pharmacy and electronic industry. 

Polymer complexes with suitable inorganic and organic acids are known as polymer 
electrolytes which play an important role in the development of various electrochemical devices 
such as fuel cells, batteries, photo electron chemical cells, electrochemical displays, smart 
windows etc. Very conducive mechanical properties, ease of fabrication into thin films of 
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desirable sizes and their ability to form proper electrochemical devices are some of the important 
advantages of polymer electrolytes. 

The aim of the present work is to study the structural and electrical properties of PVA based 
polymer electrolytes. These are synthesized by doping dicarboxylic acids such as Malonic acid 
and Succinic acid into PVA in different proportions (weight).  The study is carried out using 
XRD, FTIR techniques and by obtaining the dc conductivity of PVA composite polymer 
systems. 

2. Preparation of polymer electrolyte films 

 Pure PVA (Mw 1, 40,000 from AR chemicals) complexed with Malonic acid and Succinic 
acid in various compositions (90:10), (80:20), (70:30) & (60:40) by wt% ratio, are prepared 
using the solution caste technique. PVA & Malonic acid, PVA & Succinic acid are dissolved in 
double distilled water; the solutions obtained are thoroughly stirred for 10-12 hrs. to get 
homogeneous mixture. The stirred solution is caste onto polypropylene dishes and allowed to 
evaporate slowly at 50˚C.  After one or two days solid polymer layers are formed as thin 
electrolytes with nearly 100 microns thickness at the bottom of dishes.  These electrolytes are 
dried in vacuum (10ˉ3 torr) to eliminate the residual traces of water then carefully separated from 
the dishes and stored in evacuated desiccators.  

The X-ray diffraction (XRD) patterns of the electrolytes are made with PHILIPS PW 3710 X-ray 
diffractometer in the range 100-800. Fourier transform infrared (FTIR) spectra of these systems 
are recognized using JASCO FTIR- 5300 spectrometer. The measurements are taken over a wave 
number range of 400-4000cm-1. D.C. conductivity is measured using indigenously built 
instrument in the temperature range 300-373K with Keithley programmable electrometer 
(modelNo.196).  Thickness of the films is measured by Mitutoyo thickness gauge (no.7301, 
range 0.01mm to 10mm. 

3. Results and discussion 
3.1. XRD Analysis       

The X-ray diffraction patterns of pure PVA and PVA complexed with Malonic acid and pure 
PVA and PVA complexed with Succinic acid are as shown in fig.1a and fig.1b.respectively. A 
few differences are identified between the diffraction patterns of PVA complexed electrolytes 
and that of pure PVA. Above Figs. shows that the pure PVA has a characteristic peak 
corresponding to an orthorhombic lattice centered at 20° indicating its semi crystalline nature 
[2]. The peak becomes less intense as the content of Malonic and Succinic acid is increased. 
This could be attributed to the disruption of crystalline structure of the PVA by the addition of 
acid. The pattern pertaining to pure Malonic/Succinic acid contains very sharp peaks. Absence 
of such sharp peaks corresponding to the presence of these acids in the patterns of polymer 
complexes indicates the dissolution of Malonic/Succinic acid in the polymer matrices. 
              As the Malonic/Succinic acid content is increased in the polymer, the diffraction peaks 
become less intense, suggesting the decrease in the degree of crystallinity and simultaneous 
increase in the amorphousness of those polymer electrolyte films. The intensity of XRD pattern 
of PVA decreases as the amorphous nature increases [3]. No sharp peaks were observed for 
higher concentrations of Malonic/Succinic acid in the polymer, suggesting the dominant 
presence of amorphous phase [4]. The amorphous nature results in greater ionic diffusity with 



 

155 

 

high ionic conductivity which can be obtained in amorphous polymers that have flexible back 
bone [5]. 
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Fig.1a : X-ray diffraction patterns of pure PVA and PVA            Fig.1b:  X-ray diffraction patterns of pure PVA      
and    PVA complexed with Malonic acid     PVA  complexed with succinic acid 

 
 

 

3.2.FTIR Analysis 
Fig.2a. shows the FTIR spectra pertaining to pure PVA, PVA complexed with different 

compositions of Malonic acid and pure Malonic acid. The following changes in the spectral 
features have been observed after comparing the spectrum of complexed PVA with that of pure 
PVA & Malonic acid. The absorption band in the region 3550-3114 cm-1  is due to inter 
molecular hydrogen bonded   O-H stretching frequency of PVA which is shifted to 3592-3092, 
3613-2739,3624-2676, 3603-2853 cm-1 in the 10, 20, 30 & 40 % acid complexed PVA films 
respectively. In addition to this, the C-H bond stretching of CH2 showed an absorption band at 
2947 cm-1 in pure PVA and is shifted to 2968 cm-1 , 2739 cm-1, 2635 cm-1  , 2624 cm-1 
respectively. The C-H bending of CH2 in pure PVA exhibited absorption at 1453 cm-1 and it is 
shifted to 1464, 1464, 1453 &1464 cm-1 in the complexed films respectively. Deformation is 
coupled to C-H wagging gives rise to a peak at 1438 cm-1 in pure PVA and it is shifted to 
1468,1448,1458 & 1470 cm-1 in 10,20,30& 40% of complexed PVA with Malonic acid films 
respectively. In pure PVA, the C-C stretching occurs at 948 cm-1 and it is shifted to 937, 925, 
914 & 925cm-1 in complexed films of PVA polymer electrolyte respectively. The complexation 
of PVA and Malonic acid clearly indicates the changes in the FTIR spectra. The FTIR spectra 
pertaining to pure PVA, PVA complexed with different compositions of Succinic acid and pure 
Succinic acid are shown in Fig.2b. The following changes in the spectral features have been 
observed after comparing the spectrum of complexed PVA with that of pure PVA & Succinic 
acid.  The absorption band in the region 3551-3114 cm-1  is due to inter molecular hydrogen 
bonded  O-H stretching frequency of PVA which is shifted to 3561-3086, 3593-2966, 3519-2873 
and 3585-2892 cm-1 in the 10, 20, 30 & 40 % acid complexed PVA electrolytes respectively. 
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  Fig.2a:  FTIR spectra of PVA & PVA complexed with            Fig.2b: FTIR spectra of PVA & PVA complexed                                    

            complexed   Malonic acid polymer electrolytes                           with Succinic acid polymer electrolytes 

                                                                                     
                                                                            

In addition to this, the C-H bond stretching of CH2 showed an absorption bend at 2947 cm-1 
in pure PVA and is shifted to 2980 cm-1, 2874 cm-1, 2798 cm-1 , 2724 cm-1 respectively . The C-
H bending of CH2 in pure PVA exhibited absorption at 1453 cm-1 and it is shifted to 1461, 1467, 
1473 & 1455 cm-1 in the complexed electrolytes respectively. In pure PVA, the C-C stretching 
occurs at 948 cm-1 and it is shifted to 942, 923, 954 & 929 cm-1 in complexed electrolytes of 
PVA polymer electrolytes respectively. 

3.3.Electrical properties  

Conductivity of polymer electrolytes depends on the actual concentration of conducting species 
and their mobility. 
The conductivity () varies with temperature (T) according to the equation 
 
         = 0 exp (Ea/kT)  
 
where 0 is pre exponential factor, Ea is activation energy, k is Boltzmann constant and T is 
absolute temperature. 
 
       The conductivity was found to increase with the increase in temperature in pure PVA as well 
as all the compositions of polymer electrolytes. The conductivity versus temperature follows 
Arrhenius behavior throughout. The conductivity values do not show any abrupt jump with 
temperature, which indicates that, these electrolytes exhibit amorphous nature [6]. This type of 
behavior is observed in a number of PVA based electrolyte systems [7, 8]. 
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Fig.3: Electrical conductivity as a function of temperature and compositions of PVA-Malonic acid and PVA- 

Succinic acid. 
 
   Fig. 3 shows the variation of electrical conductivity as a function of temperature for pure PVA 
and for different compositions of Malonic/Succinic acid doped polymer electrolytes in the 
temperature range 303K-373K. These are also shown in the table-1 & table -2. Quite 
interestingly, it is observed that the conductivity values are highest for 70:30  PVA: Malonic acid 
& 70:30 PVA : Succinic acid electrolytes. 
 
                
                       Table 1: Conductivity of PVA and PVA: Malonic acid electrolyte films. 

Polymer electrolyte 

Conductivity ( )     

S/cm 

at 303K 

Conductivity ( )      

S/cm 

at 373K 

PVA 5.62x10-10 6.15 x10-9 

PVA: Malonic acid     90:10) 7.33x10-8 3.73x10-7 

PVA: Malonic acid    (80:20) 2.56x10-7 4.796x10-7 

PVA: Malonicacid     (70:30) 1.17x10-6 1.23x10-5 

PVA: Malonic acid    (60:40) 2.42x10-7 1.04x10-6 

 
Table2: Conductivity of PVA and PVA: Succinic acid electrolytes. 

Polymer electrolyte 

Conductivity ( )     

S/cm 

at 303K 

Conductivity ( )      

S/cm 

at 373K 

PVA 5.62x10-10 6.15 x10-9 

PVA: Succinic acid  ( 90:10) 3.98 x10-9 4.49 x10-9 
PVA: Succinic acid  ( 80:20) 5.07 x10-9 5.35 x10-8 
PVA: Succinic acid  ( 70:30) 9.87x10-9 1.58 x10-7 
PVA: Succinic acid  ( 60:40) 5.34x10-9 6.36x10-8 

 
 
  The increase in conductivity with temperature is due to decrease in viscosity and increase 
in chain flexibility and mobility [9].  The conductivity- temperature data obey Arrhenius 
relationship, the nature of cation transport is quite similar to that in ionic crystals, where ions 
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jump into neighboring vacant sites and increases the ionic conductivity [10]. The increase in 
conductivity may be due to the transition from semi crystalline phase to amorphous phase. Due 
to this phase change conductivity shows an increasing trend with temperature and this can be 
interpreted as hopping mechanism between coordinating sites, local structure and segmental 
motion of the polymer [11]. As the amorphous region increases, the polymer chain acquires 
faster internal modes in which bond rotations produce segmental motion. This in turn favors 
hopping inter-chain and intra-chain movements and thus increases in the conductivity of the 
polymer.  

4. Conclusions 
 The complexation of PVA polymer with Malonic acid and with Succinic acid is confirmed 

with XRD and FTIR studies.   
 The conductivity of pure PVA is about 5.62x10-10 & 6.15 x10-9S/Cm at room temperature & at 

1000C and this value increases to 1.17x10-6 & 1.23x10-5 S/Cm when PVA complexed with 
Malonic acid (70:30). This particular sample of PVA complexed with Malonic acid (70:30) 
has provided the maximum conductivity compared to other samples. 

 The conductivity of pure PVA is about 5.62x10-10 & 6.15 x10-9S/Cm at room temperature & at 
100 0C and this value increases to 9.87x10-9& 1.58 x10-7 S/Cm when PVA complexed with 
Oxalic acid (70:30). This particular sample of PVA complexed with Oxalic acid (70:30) has 
provided the maximum conductivity compared to other samples. 

 Among the two types of PVA complexed polymer electrolytes, due to relatively high 
conductivity, PVA complexed with Malonic acid (70:30) electrolyte could be a promising 
electrolyte for applications in electrochemical cells.  
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Abstract 
Introducing the notion of a r-regular integer modulo rn  we obtain some basic properties 

of such integers and arithmetic properties of certain functions related to them.  
Key words:  r-regular integer modulo ,rn unitary divisor, r-free integer, r-gcd of two integers. 
 

 
1.         INTRODUCTION 

Let r be a fixed positive integer.  A positive integer a is said to be r-regular modulo rn if 

there is an integer x such that  1 mod .r r ra x a n    The case 1r   gives the notion of a regular 

integer modulo n, introduced by J. Morgado ([6] and [7]) who made an investigation of their 
properties. 

 

Clearly 0a   is r-regular modulo rn  for every 1.n   Also if  mod ra b n  then a and b 

are r-regular modulo rn simultaneously.  Further, if a and b are r-regular modulo rn then so is ab. 
 

For positive integers a and b their greatest rth power common divisor is denoted by
 ,  

r
a b and is called the r-gcd of a and b.  Note that    1

,  ,  ,a b a b the gcd of  and .a b  

 
We recall the notions given in ([5], p 42–43):  
A complete set of residues modulo rn  is called a  ,  n r -residue system.  

 , :1 r
n rC a a n   is the minimal  ,  n r -residue system. The set of all a in an  ,  n r -residue 

system such that  ,  1r

r
a n   is called a reduced  ,  n r -residue system.  

  , ,  :  ,  1r
n r n r

r
R a C a n    is the minimal reduced  ,  n r -residue system.  

  
V.L. Klee [3] defined a generalization r  of the Euler’s function by 

    # :1  and ,  1r r
n a a n a n       and proved that 

       . ,r r
d n

n
n d

d
                                              (1) 

where r  is the r-analogue of the Mobius function   given by 

     1 2 1 2

1          if  1

1   if  ...  where ...  are primes

0         otherwise

rt
r t t

n

n n p p p p p p


     


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Note that 1   and that   , # .r
r n rn R   

 

 Let    , Reg :  is r-regular modulo r
r n rn a C a n   and    #Reg .r

r rn n   

 

Observe that any , n ra R  is in  Reg .r n   In fact, if , n ra R  then  ,  1r

r
a n   so that 

 ,  1ra n   and therefore there is an integer 0x  such that  0 1 mod ra x n  which gives 

 1
0 modr r ra x a n   showing  Reg .ra n   Hence    r r r

r rn n n   for every 1,n   with 

 r r
r n n   if and only if n is squarefree. 

 
Recently Laszlo Toth [4] has studied several properties of the function 

    1: .n n   

 
In this paper we prove some basic properties of the integers in the set  Regr n  and also 

certain arithmetic properties of the function )( r
r n  

 
2. INTEGERS IN  r nReg  

In all that follows 1n   be of the canonical form: 
                                               1 2

1 2 ... ,t
tn p p p                                                   (2) 

where 1 2 ... tp p p    are primes  and i  are integers 1.  
 
Theorem A. For an integer 1a   the following are equivalent: 

(i)  Regra n  

(ii) for every  1,  2,  ...,  i t  we have either api |  or ir r
ip a  

(iii)  ,  ,r r

r
a n n  

( d m  means that d m  and ,  1,
m

d
d

   
 

 in which case d is called a unitary 

divisor of m) 

(iv)    mod
r

r n r r ra a n
 

  

(v) There is an integer 1k   such that  mod .k r r ra a n   

 

Proof: Suppose  Regra n  so that  1
0 modr r ra x a n   for some integer 0.x   Therefore for 

each    .1,1 0  axaptii rr
i

i   Since  0,  1 1a ax    we have  0,  1 1,ra ax    we have 

either  api |  or r
ip a for each ,i  and in the later case it follows .ir r

ip a   Thus (i)  (ii).  

 

 Assume (ii). That is, a is an integer 1  such that either   api |  or .ir r
ip a  We have to 

show  Reg .ra n  
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 In case api |  then  ,  1ir
ia p    so that there is an integer ix  with   1 mod ir

i ia x p   

and hence  1 mod irr r
i ia x a p   . 

 

 In case ir r
ip a  then for any integer x ,  r

i
rr ipaxa mod1   holds. Thus 

 1 mod irr r
ia x a p    is solvable for 1 i t   and hence  r

t
rrrr tpppaxa  .....mod 21

21
1   is 

solvable, showing  Reg .ra n  Thus (ii)  (i).  

 
 Note that (ii) holds  0 . ,r ra a d   where i

i

rr
i

p a
d p    and  0 ,  1a n   

   ,  ,r r ra n d   which is a unitary divisor of rn  

   ,  ,r r r

r
a n d n   since    ,  ,  .r r r

r
a n a n   Thus (ii)  (iii).  

 (ii)  (iv).   If  ir r
ip a  then    mod

r
r n r r ra a n

 
  is obvious.  If api | , then by Euler-

Fermat Theorem, 
   1 mod

ri
i

i
p r

ia p
   so that  

       
 1 mod ,

rr i
r irr i

ir i

n p
pn r

ia a p


  

  
  
  

 

since 

                    
 

 
     

     
 r

i

r

ir

ij

r

jrr

i

r

tr

r

r

r

r

r

i

r
r

i

i

j

i

t

i p

p
p

p

ppp

p

n
m 








 

















 



...
:

21

21  

     

               11 ... .r
i ip p       M  where  




ij

r

jr
jpM

  so that  m  is an integer.   

Thus 
   mod

r
r i

n r rr
ia a p

 
  for ,1 ti   giving (iv) 

 (iv)  (i).   If    mod
r

r n r r ra a n
 

  then  1
0. modr r ra x a n   where   1

0

r
r n

x a
 

  

showing  Reg .ra n  

 

 (iv)  (v)  is immediate with  .r
rk n   Also if  modk r r ra a n   for some 1k   

implies  1
0. mod ,r r ra x a n   where 1

0 ,kx a   showing  Reg .ra n   Thus (v)  (i).  

3. THE FUNCTION  r
rρ n . 

In this section we study the function  r
r n  and its relation with  .r

r n  Also we 

express the sum  rS n  of the r-regular integers modulo rn  in terms of  r
r n

 
(Theorem D).  
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Theorem B. For every 1,n      .
r r

r r
r r

d n

n d    

The function  r
r n  is multiplicative and    1 1,rr r

r p p p
      for any prime p  and 

integer 1.   
 
 
Proof: We give two proofs for the first part. 
 
First Proof:   Let  Reg .ra n  

 If api |  for 1 i t   then  ,  1a n   so that    ,  ,  1r r r

r
a n a n   and the number of 

such a’s is  r
r n . 

 

 Suppose ir r
ip a for exactly one i so that  ,  1ja p   for j i  and . ir

ia b p   where 

1
i

r

r
i

n
b

p    and ,  1;
i

r

r
i

n
b

p 

 
  

 
 the number of such a’s is .

i

r

r r
i

n

p 
 
  
 

 

  

Suppose ir r
ip a and jr r

jp a


 for  1 ;i j t    and for  ,  k i j   ,  1.kp a    Then 

. . ,ji rr
i ja C p p

  where 1
ji

r

rr
i j

n
C

p p


   and ,  1;
ji

r

rr
i j

n
C

p p


 
  
 
 

 and the number of such 

integers is  ;
. ji

r

r rr
i j

n

p p



 
 
 
 

 and so on.  Thus 

    



























 


r

t
rr

i

r

r
tji

r

j
r

i

r

r
ti

r
i

r

r
r

r
r

r
tijii ppp

n

pp

n

p

n
nn  

...
...

2
211

 

                       
ttji jiti i yyy

y

yy

y

y

y
y

...
...

2111

 


 

                     . 

where  ir
i r iy p   and 1 2... .ty y y y  

Therefore 

        1 21 1 ... 1r
r tn y y y      

                      1 2
1 21 1 ... 1trr r

r r r tp p p         

               .
r r r r

r
r

r rr

d n d n

n
d

d
 

 
   

 
   

 

Second Proof:  Group the integers , n ra C  according to the value  ,  .r r

r
a n d  
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Note that  ,  .r r r

r
a n d a j d    where 1

r

r

n
j

d
   and ,  1.

r

r
r

n
j

d

 
  

 
  Hence the number of 

a’s in , n rC  with  ,  r r

r
a n d  is 

r

r r

n

d


 
  
 

.  Thus    .
r r r r

r
r r

r r rr

d n d n

n
n d

d
  

 
   

 
   

 

 Now                                       . ,
r

r
r r r

D n

n D D                                                  (3) 

 
where   1r m   or 0 according as m is the rth power of an integer or not. 

 

 Therefore      ,r r
r r rn I n    where   1I n   for all n and  is the unitary 

convolution of arithmetic functions discussed by Eckford Cohen [2].  Since unitary convolution 

preserves multiplicativity, we get  r
r n  is multiplicative, because ,  r r   and I are all 

multiplicative. 
 

 Also      11 1,rr r r
r rp p p p

          completing the proof of Theorem B. 

 

Theorem C.  

 
 

,    

, 1

1
.

2
n r

r

r

r r
r

a C

a n

a n n




  for 1.n   

 

Proof:  First observe that for positive integers a and b,  ,  1
r

a b   if and only if  ,  a b  is r-free 

(Recall that an integer not divisible by the rth power of any prime is said to be r-free).   Let 
  1rq m   or 0 according as m is r-free or not.  Then it is well-known ([1], problem 6, p.47) that 

 

                 ,
r

r

t m

q m t                         (4) 

where   is the Mobius function. 
 
 Now, by (4) and (1), we get 
 

 

 
  

,    1
, 1

. ,  
r

n r
r

r

r
r

a C a n

a n

a a q a n
  



 

 

                             
 




















r

rr

rna

nt

ast

ta
1

)(  
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       

  

r r

r r

r

t s n

t n

t s t


   

       
  rr r

r

r

nt n
s

t

t t s



 
    
 
  

   

       
  

1
. . 1
2r r

r r
r

r r

t n

n n
t t

t t


 
   

 
  

   

         
    

2 2r r r r

r r r

r

t n t n

n n n
t t

t
     

         
    

.
2   2r r r

r r r

t n t n

n n n
t t

t
     

       . ,
2

r
r

r

n
n  

since  
  

0
r rt n

t   for 1.n   

 
Remark 1.  The case 1r   of Theorem C is the well-known formula:  

 

 
 1

, 1

2a n
a n

n n
a



 


  for 1.n    (For example see [1], Problem 16, p.48) 

 

Theorem D.  If  
    Reg

:
r n

r
a

S n a


    then     1
2
1

 r
rr nnS   for 1.n   

 

Proof:  We have, by Theorem A, that    Reg ,  .r r r
r

r
a n a n d n    

Therefore 

 

 

 
 , 

, 

      ,    
,       

 
r rr rr n

rr r
r nr

r
a C a n dd n

a n n a C

S n a a
 



   

 
                                                        ,

1,

,

 















rr

r
r

r

r
rd
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Now, in view of Theorem C and Theorem B, for 1n   we have 
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proving the theorem. 
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Abstract 

The growth of municipal solid waste (MSW) and handling of MSW are two parallel activities 

observed now-a-days. The conversion of MSW into energy either incineration or gasification 

or pyrolysis are the three thermochemical conversion options which are available. In case of 

any thermochemical conversion process, reactor design plays a vital role. The reactor design 

is based on kinetic studies and these studies are associated with heating rate. The objective of 

present work focuses on the effect of heating rate at 10 and 20 0C/min on the residues of 

newspaper, printing paper, glossy paper and cardboard waste existing in MSW composition 

obtained after thermal decomposition in case of Thermogravimetric Analysis (TGA). 

Keywords: Municipal Solid Waste, Kinetic Studies, Heating Rate, Thermogravimetric  

 

1. Introduction 

‘War on waste’ is common phrase nowadays because of waste generation increases at faster 

rate.  Fulfilment of energy demand and simultaneously to find proper solution of MSW from 

economical, social and environmental point of view waste-to-energy is the best option; also 

the energy crisis is the new challenge in the front of world to push the economy in the 

progressive direction and simultaneous global warming and efficient use of energy are also 

challenging tasks. 

With high GDP rises in all over the world the MSW generation also increases and the 

per capita MSW generation in developed countries varies from 0.5 to 2.0 kg while for under 

developed countries these figures lies on average in the range of 0.4 to 0.8 kg by considering 

towns to metro cities. The handling of MSW is social, economical and environmental 

problem and to convert MSW into useful energy is really the challenging task and the energy 

extraction from MSW is hard assignment because the MSW is mixture of various MSW 

constituents, and it consists of bio degradable and non-combustibles. The 1 % increment 

MSW creates so many issues in the today’s modern world. 
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Energy demand is increasing worldwide and efficient use of energy is also equally important 

to justify any thermal conversion system design efficiently is one of the important parameters 

but the thermal conversion system where heat exchanges the design is more critical. The 

pyrolysis is one of the good options of thermal degradation out of available methods of waste 

handling and disposal in the deficiency of oxygen. The outcome of pyrolysis is synergy gas, 

char and pyrolytic oil; it means three types of fuels are available. The significance of 

pyrolysis is also due to the decomposition of polymers into fuels which are not easily 

degradable and contaminant atmosphere heavily when throw as a waste at open places. The 

products of pyrolysis process having good energy content for alternative energy source. S L 

Kuen et al. [1] gained results kinetics results of Residual Derived Fuel (RDF) and focused on 

the constituents on its pyrolysis process. Reaction kinetics of RDF was carried out using 

(TGA). Ch. Pasel et al. [2] concentrated on pyrolysis of shredder waste for purpose of 

chemical recycling of plastic wastes and satisfy industrial requirements.  The consideration 

for reactor design and process development is inclined by heating rate, residence time, 

temperature are parameters in scale-up considerations. L. Sorum et al. [3] studied in detailed 

evidence on the pyrolysis and chemical reaction kinetics of most useful constituents of MSW. 

TGA comprising estimation of kinetic parameters is performed at a heating rate of 100C/min 

in inert atmosphere. The lignocellulosic of MSW was considered three independent parallel 

reactions describing degrading of   hemicellulose, cellulose and lignin. J.M. Encinar et al. [4] 

estimated the kinetics of polymers has been carried out in presence of nitrogen atmospheres 

with heating rates 5–30 K min−1. N. Miskolczi et al. [5] studied pyrolysis of plastics obtained 

from agricultural and packaging sectors in a small reactor in presence of nitrogen atmosphere 

up to 520 0C with employment of ZSM-5 catalyst. The design of pyrolyser is based on 

kinetics studies which correlate the mass loss with respect to time and temperature (Heating); 

and which represents space or in other word volume requirement of fuel (Municipal Solid 

Waste) as well as pyrolytic products with respect to time temperature. The quantities of yield 

products also depend on available space otherwise temperature gradient will exist and 

conduction losses increases. Ayhan Demirbas [6] studied non-catalytic pyrolysis of different 

polymer waste to determine kinetic parameters. The pyrolysis of plastic wastes covers a 

whole spectrum of hydrocarbons. J P Lin et al. [7] focused on kinetics of a rubber mixture by 

a dynamic TGA reaction system with heating rates of 3, 5 and 7 K/min, in a nitrogen 

atmosphere, over the temperature limit of 400 to 950 K. I W Park et al. [8] suggested a new 

method for estimation of kinetics parameters for polymers at heating rates between 10 and 

500C/min. David et. al [9] described pyrolysis of cardboard on the basis of a series of TGA 
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experiments. The research work includes the estimation of kinetics parameters for cardboard. 

This research work focuses on pyrolysis phenomenon for cardboard with series of TGA 

experiments and observations are compared the results of graphical method with numerical 

results too. Miranda et al. [10] studied thermal degradation behaviour of textile waste by 

TGA at various heating rates with the help of semi-batch pyrolysis. The DTG curves shows 

three peaks; the first peak was of hemicellouse and second one might be of cellouse while 

third might be of synthetic polymer.  

 

2. Experimentation 

The elemental analysis of residues of all lignocellulosic waste materials (newspaper, 

cardboard, printing paper, glossy paper) are carried out with the help scanning electron 

microscope (JEOL 5610LV) (SEM) using Energy Dispersive Spectroscopy (EDS). EDS is an 

analytical technique in which x-rays that are emitted from the sample when attacked by the 

electron beam to recognize the elemental composition of the specimen. The elemental 

analysis of residue is carried out with the help of scanning electron microscope at two heating 

rates of 10 and 200C/min have been carried out. This elemental analysis clearly shows the 

effect of heating rates on presence of elements in the residue.  

 

3. Results and Discussion 

Figures 1 to 16 represents the photographs and elemental spectrums of all paper constituent 

residues at heating rate of 10 0C/min and 20 0C/min respectively. The importance of this 

study is to explore the effect of heating rates on end products and elements presence in the 

residues of all papers constituents and also its impact on environment [6]. The elemental 

results of all paper residues are represented below out of total 16 EDS results.  

 

 

 

 

 

 

Fig. 1. Glossy Paper Residues (10 0C/min)                         Fig. 2. Elemental Spectrum  
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Fig. 3. Glossy Paper Residues (20 0C/min)                         Fig. 4. Elemental Spectrum  

 

Fig. 5. Printing Paper Residues (10 0C/min)                         Fig. 6. Elemental Spectrum  

 

 

                

 

 

Fig. 7. Printing Paper Residues (20 0C/min)                         Fig. 8. Elemental Spectrum  

 

 

 

 

 

 

Fig. 9. Newspaper Residues (10 0C/min)                         Fig. 10. Elemental Spectrum  

 

 

 

 

 

 

 

Fig. 11. Newspaper Residues (20 0C/min)                         Fig. 12. Elemental Spectrum  
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Fig. 13. Cardboard Residues (10 0C/min)                         Fig. 14. Elemental Spectrum  

 

 

 

 

 

 

Fig. 15. Cardboard Residues (20 0C/min)                         Fig. 16. Elemental Spectrum  

 

Table 1 displays the effect of heating rate on different elements presents in glossy paper, 
printing paper, newspaper and cardboard residues. 

 

Glossy Paper 

Heating 
Rate 

Element C O Na Mg Al Si P S K Br Ca Cl Total 

100C/min Weight% 24.78 45.28 0.65 0.62 0.0 0.94 0.0 0.0 0.0 1.16 26.38 0.0 100 

200C/min Weight% 12.5 49.72 0.0 0.54 0.93 1.00 0.0 0.0 0.0 0.0 35.31 0.0 100 

Printing Paper 

Heating 
Rate 

Element C O Na Mg Al Si P S Br Fe Ca Cl Total 

100C/min Weight% 22.8 50.1 0.0 9.28 0.0 14.21 0.0 0.0 1.51 1.18 0.84 0.0 100 

200C/min Weight% 44.68 52.69 0.0 1.19 0.0 1.44 0.0 0.0 0.0 0.0 0.0 0.0 100 

Newspaper 

Heating 
Rate 

Element C O Na Mg Al Si P S Cl K Ca Fe Ti 
Tot
al 

100C/min Weight% 29.25 45.33 2.07 2.19 5.38 7.55 0.33 0.77 0.67 1.88 3.91 0.66 0.0 100 

200C/min Weight% 30.86 43.80 1.63 2.42 4.12 7.44 0.0 1.01 0.28 1.16 4.31 0.95 2.03 100 

Cardboard 
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Table 1. Elements Present in Different Residues 
 
 

From Table 1, it is observed that as heating rate increases, the carbon percentage rises in all 

papers except glossy paper where presence of chemical composition resist heat penetration. 

As a result, more ash remains in case of glossy paper (Fig 1 and Fig 3). The second 

interesting observation which can be observed in case of all papers some common elements 

like Ca, Si and Mg have been found which directs that when all papers gets converted into 

fuel using any appropriate technology possible residues with their quantities can be predicted 

in advance. 

 

4. Conclusion 

The elemental analysis carried out with SEM show that as rises in the heating rate the 

percentage of elements present in the residue changes. The significance of this analysis is to 

know the possible elements existing in the residue and how they will affect the environment 

from pollution point of view in later stage. 
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Abstract 

Natural background gamma radiation has been of radiological significance in the environs of 
locations with various types of geological rock formation and high granitic concentration. 
The locations of study area in Rajanna Sircilla district of Telangana have been partially 
spread in the Karimnagar Granulitic Terrain (KGT) which is identified as a radiological 
significat location with the  the occurrence of high grade uraniferous rocks as established in 
the studies by Atomic Minerals Directorate for Exploration and Research, Hyderabad 
(AMDER). The interest in the study is to varify the influency of geological formation on the 
variation of gamma radiation.  An attempt has been to estimate gamma radition levels in 
about 13 dwellings over period of one year on quaterly basis using a portable μR-survey.  
The annual average of estimated natural gamma ration in the district was to be 2280±297 
μGy-1.  The ratio between indoor tooutdoor gamma radition levels is observed to vary 
between 1.01 and 1.22 against world average of 1.2. A deatiled analysis of the radiation 
levels with building characteristics and seasonal variation will be discussed.   

Keywords: Natural background gamma radiationlevels, Karimnagar Granulite terrain, µR-
survey meter 

1. Inroduction 

A continuous exposure to ionizing background gamma radiation is of most significant 
environmental research activity.  In the recent past many attempts have been made to assess 
radiation levels.  The radiation levels of various magnitudes have been araising from natural 
sources.  Natural background gamma radiation can be cauesd in two ways extra terristrial and 
terristrial. The radiation originating from the cosmic rays from the sun and radionuclides 
presents in earth’s crust and building materials [1,2].  The phinominon of decay series is the 
source for radiation. Potasium element can also be a significant source for gamma radiation.  
The radiation at different levels can due to the radionuclides available at different 
concentration which varies from place to place depending on the geological features [3, 4].  
There are two possibilities of exposure of human being to ionizing radiation: internal and 
external.  The external exposure can be one in which the naturak background gamma ration 
which directly incident on the human body leads to the cause of external radiation, 
internalexposure cab due to inhiation of air into the the human body and entry radon and 
thoron through the food taken by the human being.  The ionizing radiation causes lungs 
cancer with interaction of biological tissue. The estimation of gamma radition in the indoor 
atmosphere is of most significant activity as the human being gets exposed continuously to 
the radiation emitted from the radiotrace elements present in the building materials.  The 
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level of exposure is depedent factor of concentration or content of radioelements. The 
variation of concentration of radiotrace elments is due to the the various factors such as 
lithological and geological features, types building materials and local geological features of 
rock formation and soil characteristics.  Building characteristics can also be a significant 
factor as the exposure of levels of radiation can be effectively influenced [5, 6].   

       The data acquired in the measurements in the study concludes facts of interpretation 
when the data have been processed.  The information in the invistigation through the 
interpretation of various facts related to the radiaoactive phinominon with the behaviour of 
the data in the process of analysis can be retrieved.  The statistical methods generally are 
potential to derive the the information burried in the data set acquired in the experimental 
measurements.   
 
2. Study location 
The estimation of natural background gamma radiation ia attempted in few dwellings of 
Rajanna Sircilla districts,one among the northen districts of Telanagana state.  In view of 
geological aspects some of the locations are partially under geological zone of Karimnagar 
Granuilite Terrain (KGT).  The earlier studies conducted by Atomic Mineralisation and 
Exploration direactorate in the locations nearby Sircilla town have established the some rocks 
formation leads to radioactive anomaly which may cause an effective radioactivity in the 
environment [4].  
 
3. Methods of measurements 
The measurements of radiation is carried out in almost 10 to 13 dwellings by Microsurvey 
meter on quaterly basis covering all the seasons anf different types of dwellings.  At each 
location of measurements nearly 12 to 15 readings have been acquired for 30 to 40 minutes at 
each visit in the season.  A detailed methodology is discussed in the earleir invistigations [2].  
 
4. Results and discussion  
The natural background gamma radiation at diiferent locations have been measured and 
statistical techniques of gauusian or normal distribution is applied to the data. The indoor and 
outdoor natural background gamma radiation is found to be respectively 2336 ±844 μGy-1and 
2178 ±614 μGy-1. 

 
The table.1 gives the summery of the measured data corresponding to floor and roof 

materials in the dwellings under the study area. It is observed in the table that the values of 
gamma radiation recorded at granite stones and cement floor dwellings represents relatively 
higher values which attributes due to the prsence of considerable concentration radionuclides 
in granite stones and flyash content in cement.  
 

Table 1. Natural background gamma radiation levels in building materials 

 

Mean 
(μGy-1) SD* 

Roof 
Tiled 2400 163 
Asbestos 2390 143 
Stones 2377 112 
RCC 2505 134 

Floor 
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Cement  2485 203 
Limestone 2105 116 
Granite 
stones 2741 194 

SD* Standard deviation 

 

 
Figure 1. Indoor natural background gamma radiation (μGy-1) 

  
The indoor gamma gamma radition levels were depicted in figure 1. The normal quantile 
plot, box plot which minimum, maximum, mean and outliers obtained in the entire 
measurements of indoor environments of dwellinghs of study area. In the quantile normal 
conforms that the majority of data points in the measurements have been normally distributed 
across the mean but the outliers in quantile plot which represnts the ends points in histogram 
convey statical anamoly which interpret the significant influence of environmental facts at 
those locations which enable the behaviour of the data points to be deviated from normal 
distribution.  
 

 
Figure 2. Outdoor natural background gamma radiation (μGy-1) 

 
The figure 2 represents the data obtained in outdoor measurements and it is noted that the 
three points exhibit abnormal stastical deviation which can be the evidence that the 
influencing factors in outdoor environment effectively alter the normal distribution of those 
particular locations. 
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Figure 3. Estimated and expected normal data of indoor to outdoor ratio 

 
 The data of indoor to outdoor ratio of expected in the normal distribution and estimated in 
the investigation has been shown in the figure 3.  The indoor to outdoor ratio is found to vary 
from 1.01 to 1.22 against world average of 1.2.  It is observed from figure 3 that indoor to 
outdoor ratio is appximately 1.02 and obeys the normal distribution with some statistical 
deviation corresponding to indoor and outdoor data influenced by the environmental 
influencing factors.  There seems to be no significant changes in seasonal variation of gamma 
radiation levels in the study [2].   
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Abstract: 
 The IR spectroscopy of Nd3+ doped in Nanocrystalline Ni-Zn ferrites (Ni0.5Zn0.5 NdxFe2-xO4) 
with ‘x’ is ranging (x=00, 0.05 and 0.10,) have been synthesized by the nitrate citrate gel auto 
combustion method. for as prepared samples recorded in the range of frequency 300-1000 cm-1 
All the sample illustrate the existence of the two absorption bands ѵ1&ѵ2, where ѵ1 is the high 
frequency band from 559cm-1 to 568 cm-1 is assigned to intensity vibration of A site coordination 
where ѵ2 is the lower frequency band from 374 cm-1 to 429 cm-1 is assigned to intensity 
vibration. The structural studies were reported from FTIR. On doping of Nd3+ion in Ni-Zn 
ferrites the Infrared Spectroscopic Analysis the shift of ѵ2 towards ѵ1 which indicates that the 
occupancy of Nd3+ on B site. The force constants on both sites can be determining the strength of 
bonding at lower and higher vibration frequencies the method proposed by Waldron for both 
tetrahedral (KA) and octahedral (KB) sites and are considered by means of this equivalence. 

 
Keywords: Ni-Zn-Nd ferrite, Citrate gel auto-combustion process, IR spectroscopy, force 
constants tetrahedral site (KA) and force constants octahedral site (KB). 

 
1 Introduction: 
The applications of electronic devices were enhanced due to smart technology. The spinel ferrite 
plays an important role in various applications in electromagnetism over the years. As compared 
with bulk system nanoparticles show remarkable structural and magnetic properties. The Ni-Zn 
ferrites are investigated by reason of abnormal properties of their like prominent initial 
permeability, high magnetic saturation, elevated electrical resistivity, Swirl current losses and 
etc.  

The scientific and researchers community was fascinated in the direction of the study of 
ferrites because of the novel properties and technology applications in particular when the size of 
the particle approaches to nano scale. Ferrites are made of ferric oxide Fe2O3, commonly known 
as Magnetite; combine with one or other divalent metal oxides. The general formula of magnetite 
written as [Fe2+O2-.Fe2

3+, O3
2-].generally the mixed oxides of ferrites are in the form of [ M2+ 

Fe2
3+O4] or M2+.O.Fe2

3+O3. Where M2+ indicates suitable metal divalent ions, as Ni, Zn, Co, Mg, 
Cu or Cd. By replacing M2+ divalent metal ions a mixed ferrites are formed [1,2]. Ferrites have 
outstanding features in electrical and magnetic fields. At high frequencies there will be low eddy 
loss in current noted with iron due to very high resistivity in ferrites. No other magnetic materials 
are replaceable with ferrites due to such terrific combinations of magnetic conductor and 
electrical insulator. Day by day they require for soft magnetic materials enhance along with 
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advances technological in different areas [3] . The properties of ferrite material are entirely 
dependent on several routes of preparation [4] and sintering conditions [5]. Several researchers 
are enhancing to synthesize of Ferrites materials with different methods such as ,double Sintering 
[6,7] , Solid state reaction [8] ,Co-precipitation [9,10] , Classical method  [11] , Ceramic method 
[12] , Refluxing method [13] , Egg-White precursor [14] , Hydrothermal process  [15,16] , 
Emulsion method [17] , Reveres Micelle technique [18] , Sol-gel process [19,20] , Citrate gel 
auto-combustion process [21,22]. The conventional ceramic process involving high temperature 
suffers many defects and this method takes a long time to synthesize nano powder. For 
preparation of nano ferrite the sol-gel technique is the best method [23]. This method is engaged 
to get hold of improved powder characterization. Several reports are available on the structural 
and physical properties of nano crystalline. Over all the wet chemical methods broadly used in 
synthesis of ferrites, the citrate gel auto combustion method is getting good consideration since 
single phase ferrite establishment, homogenous ferrite powders with a very thin grain growth and 
uniform grain size distribution. 
 
2 Experimental details: 
the structural properties in substitution of rare earth ion (Neodymium) in Nickel Zinc nano ferrite 
with the change in chemical composition. A Series of samples having chemical formula 
Ni0.5Zn0.5 NdxFe2-xO4 with(x=0.00, 0.05and0.1) were prepared through nitrate citrate auto 
combustion technique. Using AR grade iron nitrate,   Neodymium nitrate, Nickel nitrate and 
Zinc nitrate are starting materials. The elements were weighted in a design stoichiometric 
process and the composition was dissolved in a minimum amount of distilled water according to 
the molecular waves, citric acid was added into the solution with the ratio 1:1. Now keep stirring 
all the nitrates for an hour separately on a magnetic stirrer. Then add citric acid to the mixture of 
nitrate solution under vigorous stirring. And now these aqueous (salt) solutions are mixed and 
made homogenous, while increasing the temperature gradually. Slowly these solutions are heated 
and all the water molecules get evaporated from the mixture and thus the gel substance is formed 
and it thickens continuously and it develops a dense layer. Then gel gets ignited and burns with 
glowing flints and gives rise to a dried brown color dry massy residue was formed [24].  From 
the examination of Infrared Spectroscopic the shifts of ѵ2 towards ѵ1 which signify the 
occupancy of Nd3+ on site B.  
 
3. Result and Discussion 
    Dielectric constant as a function of frequency: 

The IR spectroscopy of Ni0.5Zn0.5 NdxFe2-xO4 with(x=0.00, 0.05 & 0.1) for as prepared 
samples recorded in the range of frequency 300-1000 cm-1 were observed in Figure 1. All the 
sample illustrate the existence of the two absorption bands ѵ1&ѵ2, where ѵ1 is the high frequency 
band from 559cm-1 to 568 cm-1 is assigned to intensity vibration of A site coordination where ѵ2 
is the lower frequency band from 374 cm-1 to 429 cm-1 is assigned to intensity vibration of 
octahedral [25]. The force constant, which is the succeeding derivative of potential energy has 
been predictable by the method proposed by Waldron for both tetrahedral (KA) and octahedral 
(KB) sites and are considered by means of this equivalence, 
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On substation of Nd3+ ions the band (Fe+3 − O-2) shift towards higher frequency side has been 
observed, as Nd3+ concentrate increases replacement of Fe3+ ions and consequently the bond 
length of B-site increases and lattice distortion takes place. The variation of intensities and band 
intensities are dependent on the replacement of the ions.  
The enlarged in peaks of the bands which shift ѵ2 towards ѵ1 indicates that the occupancy of 
Nd3+ on site B [26]. The Table 1. shows the variant of force constant on replacement of content 
of Nd3+ ions. This confirms that as neodymium content increases in nano ferrites the octahedral 
force constant enhances. This type of character shows the strengthening of the anion and inter-
ionic bonding can be bounced at enormous internuclear separation [27]. 

 
       

Fig.1.IR spectroscopy of Ni0.5Zn0.5 NdxFe2-xO4 with(x=0.00, 0.05 & 0.1) for as prepared samples 

 
 
Table 1. IR Parameters of Ni0.5Zn0.5 NdxFe2-xO4 with(x=0.00, 0.05 & 0.1) for as prepared 
samples 

Composition(x) ѵ1(cm-1) ѵ2 (cm-1) ѵ²1 ѵ²2 Kt(dyne/cm) Ko(dyne/cm) 

0 567.1 374 321602.4 140033.1 148543.7 84114.05 
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0.05 564.2 421 318321.6 177628.5 147028.4 110865.6 

0.1 563.24 408 317239.3 166431.4 146528.5 107782.2 

 
 
4. Coclusions: 
i. It is observed that the force constant of B-site enhances with increases of Nd3+ion concentrate 

in Ni-Zn ferrite which represents the strengthening of inter-ionic bounding and anion can be 
bound at large internuclear separation. 
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Abstract 

Influence of sodium dodecyl sulphate (SDS) on structural properties of cobalt nano ferrites 
synthesized by reverse micelles method was investigated in the present study. Samples with 
different cobalt to SDS ratio (Co: SDS = 1: 0.33, 1: 0.5, 1 : 0.66) were employed and were 
subjected to  XRD, DTA, FTIR, and TEM  studies to elucidate the impact of SDS on 
structural properties. All the samples exhibited single phase spinel structure with crystalline 
size in the range 29 to 35 nm. Increase in SDS content resulted slight decrease in crystallite 
size. The average particle size has been estimated from volume averages of number of TEM 
pictures for a particular sample by fitting the particle size distribution with a gauss function. 

Keywords : Reverse micelles, Crystallite size, Particle size 
 

1. Introduction 

The properties of ferrites are highly sensitive to the method of processing and amount of 
additives present in the ferrite system [1-2]. The particle size is a key parameter in altering 
the properties as each property is interrelated to characteristic length scale.  

Cobalt ferrite is a hard-magnetic material with high coercivity (4.3KOe) and a high curie 
temperature (TC 520°C). The material is also incredibly chemically stable and is resistant to 
wear, an electrical insulator and is easily synthesized. The unique physical and mechanical 
characteristics of cobalt ferrite (CoFe2O4) have led to many important applications in nano 
medicines. Such impressive properties have led to cobalt ferrite being regarded as a 
promising candidate for a large variety of different medical applications including magnetic 
drug delivery, radio frequency hyperthermia and Magnetic Resonance Imaging [3-7]. Several 
methods such as sol–gel, co-precipitation, microemulsion, etc. have been reported for ferrite 
synthesis [8-10]. Hence, the control of particle size in ferrites is required by exploiting a 
suitable preparation method, heat treatment and compositional effect in order to achieve the 
best tradeoff between the various parameters.  
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For present investigations cobalt ferrite (CoFe2O4) is selected and synthesized in reverse 
micelles method with varying SDS concentration.  
 
2. Experimental Details 

2.1 Materials and Methods 

The materials used were of analytical grade and used without further purification. Cobalt 
nitrate hexahydrate [Co (NO3)2.6H2O], Iron nitrate hexahydrate [Fe (NO3)2.6H2O], Dodecyl 
sulphate sodium salt (SDS), n-Hexane (99%), 1-Butanol were procured from HIMEDIA. 

Cobalt ferrite has been processed through reverse micelles methods. Precursor solution is 
formed by mixing Cobalt (II) Nitrate and Iron (III) Nitrate in required proportions in 
deionized water and then stirred for an hour to improve the homogeneity. Two micro-
emulsion systems consisting of water, SDS, 1butanol and n-hexane were prepared and left 
until a clear transparent solution was obtained [11]. The precursor solution is dissolved in one 
of the micro-emulsion system while in another micro-emulsion, 20 ml  NaOH  of 5molar was 
added. The two micro-emulsions were mixed together and subjected to a rapid magnetic 
stirring for an hour. Cobalt ferrite precipitate formed due to reverse micelle process was 
washed with distilled water and then dried in an electric oven at 90 C for 6 hour. The dried 
powder (as-prepared sample) was mixed homogeneously in an agate mortar and pestle for 10 
minutes for further study. Samples with different cobalt to SDS ratio (Co: SDS = 1: 0.33, 1 : 
0.5, 1 : 0.66) were employed to investigate the impact of SDS.  

XRD, DTA, FTIR and TEM techniques were utilized for structural analysis of the samples. 
The dried powder (as-prepared) was structurally characterized by irradiating with Cu-K 
radiation ( = 1.5406 Å) using a Bruker advanced 80 X-ray diffractometer. The dried powder 
was made in the form of a pellet using potassium bromide (KBr) for recording the room 
temperature infrared spectrum using Perkin Elmer 5DX 1650 FTIR spectrometer in the range 
from 400 cm-1 to 4000 cm-1. The dried powder was also examined under transmission 
electron microscope (TEM, model JOEL JEM 200CX) at the electron accelerating voltage 
120 kV. 

3. Results and Discussion 

 

 

 

 

 

 

 

Figure 1. XRD Pattern of as prepared cobalt ferrite.  

 

Figure 2. TGA & DTA pattern of as prepared cobalt ferrite 
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Sample with Co to SDS ratio 1:0.5 was subjected to X-Ray diffraction to ascertain that 
intended material is obtained. From the above XRD pattern (figure 1), the peaks obtained 
show commencement of ferrite formation and suggest that there is a need for improvement of 
crystallization process thus requiring further heat treatment.  To identify the temperatures for 
further heating, the samples were subjected to DTA & TGA studies. From figure 2, we find 
one exothermic peak at 68C and two endothermic peaks centered at 219C and 652C. From 
this information, the sample were heated at 250C and 500C and then subjected to XRD, 
DTA, FTIR   and TEM  studies. 
 

Figure 3. FTIR Spectra of cobalt ferrite samples for as prepared and annealing temperature of 250oc and 

5000c with Co : SDS ratio (a) =1:0.33  (b) =1:0.5  (c) =1:0.66 

                                  

On inspection of the above FTIR spectra, we observe a peak at approximately 3400 cm-1. In 
reference with characteristic IR absorption peaks, we can say that the peak was due to the 
presence of moisture (water) that was later reduced after heating. We observe another peak at 
around 1600 and 1380 cm-1 corresponding to the asymmetric ⱱas (COO-) and symmetric ⱱs 
(COO-) stretching vibrations of the COO- group respectively that was also reduced after 
heating.  

Figure 4. X-ray diffraction patterns of cobalt ferrite at annealing temperature of 250o and 5000c with Co : 

SDS ratio (a) =1:0.33  (b) =1:0.5  (c) =1:0.66 

      
X-ray diffraction patterns of all the samples showed the spinel structure. The plane indices 
(hkl) are assigned to each peak in X-ray diffraction patterns by comparing the measured d-
values with standard d-values of the spinel structure. Lattice constant ‘a’ and Nelson-Riley 
function has been calculated for each peak of the X-ray pattern and reported in table 1. 
Crystallite size was determined by Scherer equation [12]. Crystallite size obtained from the 
FWHM of a diffraction peak represents contributions from crystallite size and the effects of 
micro strain and instrumental broadening. The contributions of the micro strain and 
instrumental effects can be separated in a straight forward fashion if the peaks are Lorentzian 
or Gaussian shaped. Williamson-Hall method [13-14] is one of the simpler approaches in 
analyzing the size and strain broadenings. From the Williamson-Hall plots for all the 
samples, crystallite size was estimated and are given in the following table 1. 
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Table 1. Lattice constant values (in Ao), crystallite size  and particle size for cobalt ferrite with different 
Co : SDS ratio at different annealing temperatures. 

Co: SDS ratio Annealing 
temperature (C) 

Lattice constant 
a (Å) 

Crystallite size (nm) Particle Size (nm) 
DXRD DScherer 

1:0.33 250 8.3705 29 27 12.0 

500 8.3725 38 34 17.7 

1:0.5 250 8.3709 28 23 11.5 

500 8.3722 36 29 14.5 

1:0.66 250 8.3702 27 21 10.4 

500 8.3723 35 26 13.0 

 
3.1 Particle Size 
Figure 5,6,7 shows Transmission electron micrographs (TEM) of cobalt ferrite with different 
Co : SDS ratio at different annealing temperatures where fine and uniform particles have 
been observed. The average particle size has been estimated from volume averages of number 
of TEM pictures for a particular sample by fitting the particle size distribution with gauss 
function.  

Figure 5. TEM images and histograms of particle size distribution Cobalt ferrite with Co: SDS =1:0.33 at annealing 
temperature of 250oc and 5000c  

 

            
 

 

 

Figure 6. TEM images and histograms of particle size distribution of Cobalt ferrite with Co: SDS =1:0.5 annealing 

temperature of 250oc and 5000c 
 

            
 
 

Figure 7. TEM images and histograms of particle size distribution of Cobalt ferrite with Co: SDS =1 : 0.66 
annealing temperature of 250oc and 5000c 
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Average particle size (table 1) has been observed to increase with increase in temperature and 
decreases with increase in the SDS content. 
 
4. Conclusion 

The above work is a preliminary search for the appropriate amount of the surfactant required 
to prepare highly crystalline cobalt ferrite. The purpose of using ionic surfactant is to create 
spin distortions in the system and study the impact on structural properties in such case.  The 
as prepared cobalt ferrite material suggest there is a need for improvement of crystallization 
process. From the information obtained from TGA/DTA studies, the samples were heated at 
250oC and 500oC. The interplanar spacing (d-values) for different hkl values of cobalt 
ferrites, and lattice constants obtained in XRD studies were in agreement with reported 
values[JCPDS 22-1086].The average particle size estimated from volume averages of number 
of TEM pictures has been observed to increase with increase in temperature and decreases 
with increase in the SDS content. 
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Abstract 
 The present study mainly focuses on the synthesis of Zinc Oxide nanoparticles from 
the leaves of Azadirachta indica using zinc nitrate hexahydrate, as a precursor material. This 
green method of ZnO nanoparticles synthesis is simple, economic and eco friendly. The 
average crystallite size of nanoparticles was confirmed by XRD (X-Ray Diffraction) analysis. 
The morphology and elemental composition was characterized by SEM (Scanning Electron 
Microscope) and EDAX (Energy Dispersive X ray Spectroscopy). Thus confirmed ZnO 
nanoparticles were applied to study antibacterial activity against Escherichia coli, gram-
negative bacteria by agar well diffusion method. It was observed that the ZnO nanoparticles 
have shown an efficient antibacterial activity.  

Keywords: ZnO Nanoparticles, Azadirachta indica, Escherichia coli, Antibacterial Activity.  

 
1. Introduction 

Nanoparticles are the particles with at least one dimension measured in the range of 1 -100 
nm. These nanoparticles possess characteristic physical and chemical properties such as size, 
morphology, electrical and thermal conductivity, chemical stability, photo stability, wide 
range absorption etc because of its larger surface to volume ratio in comparison to bulk 
materials [1, 2]. Due to their remarkable properties, they are extensively used in the field of 
Medicine, Electronics, Agriculture, Fuel cells, Solar cells, Batteries, Water purification, 
Chemical Sensors, Cosmetics etc [2,3, 4].  

 Among various synthesized metal oxide nanoparticles such as CuO, CeO2, Fe3O4, TiO2 [4], 
ZnO nanoparticles have established tremendous applications in the medical field. ZnO 
nanoparticles can be synthesized by different methods like Chemical co-precipitation, Sol-
gel, Hydrothermal, Chemical Vapor Deposition, Biological and Green methods .Green and 
Biological methods for the synthesis of nanoparticles could be eco-friendly than conventional 
methods [5, 6]. 

 In the present study, we developed green method for the synthesis of ZnO nanoparticles 
using the leaf extract of Azadirachta indica (neem) and zinc nitrate hexahydrate as a 
precursor material. Leaf extract of neem is used as reducing agent. Leaves of neem mainly 
yield quercetin (flavonoid) and nimbosterol (ß- sitosterol) as well as number of liminoids 
(nimbin and its derivatives). Quercetin (a polyphenolic flavonoid) is known to have 
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antibacterial and antifungal properties [7]. This may perhaps account for the curative 
properties of leaves for sores and scabies. The plant phytochemical with antibacterial 
properties accountable for the preparation of metal oxide nanoparticles. Thus the average 
crystallite size and structure of the ZnO nanoparticles were confirmed by XRD. Morphology 
and elemental composition were detected by SEM and EDAX respectively. Moreover, the 
antibacterial activity of the nanostructured materials was evaluated by using the agar well 
diffusion method on gram negative bacteria, Escherichia coli. 

2. Experiment 

 Green synthesis of ZnO nanoparticles  

2.1 Preparation of neem leaf extract: 

 Some fresh leaves of Azadirachta indica were collected from the premises of VBIT. Then the 
leaves were cleaned with deionised water to remove the dust particles and air dried. Later 40 
grams of leaves were weighed and added to 250 ml deionized water taken in a 500ml beaker. 
After that, the mixture was boiled at 800C for one hour until the colour of the solution 
changes to light yellow. Thus, the prepared leaf extract was cooled down to the room 
temperature. Then the extract was thoroughly filtered and refrigerated for further use [8]. 

 2.2 Zinc Oxide Nanoparticles preparation:  

For synthesizing ZnO nanoparticles, 50 ml of leaf extract was taken and boiled for 15 
minutes at 800C.Later, 5 grams of zinc nitrate hexahydrate(A.R grade, Finar chemicals) was 
added to the solution. Then the mixture was continued to boil until light yellow color paste is 
obtained. Thus formed product was transferred to ceramic crucible and heated at 8000C for 
two hours. After heating at the temperature mentioned, the paste turned into white colored 
powder. The powder was stored for further characterizations. 

2.3 Antibacterial study 

The agar diffusion method was performed to study the antibacterial property of synthesized 
ZnO nanoparticles against E. coli. Nutrient agar media was prepared and poured into 
petriplates. After solidification of the media, E.coli bacteria was spread uniformly using a 
sterile spreader. Then ZnO nanoparticles and ampicillin (control) was placed in the wells, 
prepared in the media and incubated at 370C for 24 hr. After the incubation period zone of 
inhibition was measured. 

3. Result and Discussion 

3.1 XRD Studies of ZnO nanoparticles: 

 The average crystallite size of green synthesized nano ZnO samples were characterized by 
powder XRD (instrument xperto pro PHILIPS) with CuKα radiation = 1.5418Å with 2θ 
ranging from 10 – 90 degrees at 40 kV, 30 mA .   
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ZnO nanoparticles(Fig 1) shows the XRD  pattern distinctively at 2θ values of  31.52, 34.21, 
36.02, 47.33, 56.37, 62.69, 66.16, 67.76, 68.90, 72.55, 76.79  with planes (100), (002), (101), 
(102), (110), (200), (112), (201), (004), (202).The peak positions have shown good 
agreement with the existing values (JCPDS -36- 1451) [9] and the existence of zinc oxide 
nanoparticles was confirmed. By using Debye Scherrer equation D=K λ/(βcosθ), Where, λ is 
the wavelength of X-ray source (Cu-Kα line0.1541 nm), β is the full width at half maximum 
(FWHM) in radians and θ is Bragg’s diffraction angle. Thus average crystallite size of  zinc 
oxide was found to be 28nm. 

 

Fig .1:  XRD of ZnO nanoparticles 

3.2 SEM Analysis: 

SEM (recorded from Zeiss EVO 18) gives the surface image of the sample. From (Fig. 2) it 
reveals that the particles are spherical shaped and are present as agglomerated structure. 

           

Fig.2 SEM image of ZnO nanoparticles        Fig.3 EDX composition of ZnO nanoparticles 

3.3 EDAX Analysis:  
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The elemental composition of ZnO nanoparticles was done by EDAX. (Fig. 3)ZnO 
nanoparticles reveals the elemental composition of zinc and oxygen as 72.82 % and 27.18 
%.This states that nanoparticles are pure and extent of impurities are negligible. The 
synthesis of ZnO nanoparticles from neem leaf extract would be simple, ecofriendly and 
effective for large scale production. 

3.4. Antibacterial activity 

Synthesized ZnO-NPs were tested on Gram-negative bacteria E. coli, by agar well diffusion 
method. Ampicillin was used as a control. (Fig.4 ) Results clearly demonstrate that the 
nanoparticle showed anti- bacterial effect with maximum zone of inhibition of 10.33 mm 
comparatively (zone of inhibition was seen as smear)[9,10,11]. ZnO nanoparticles prepared 
via green route using neem leaf extract showed excellent  antimicrobial activity against 
E.coli. 

 

Fig.4 Anti bacterial activity of ZnO against E.coli 

 

4. Conclusion 

The zinc oxide nanoparticles were synthesized successfully by simple, environmental 
friendly green method. The average crystallite size of ZnO nanoparticles was found to be 
28nm. Morphology and elemental composition of ZnO nanoparticles was confirmed by SEM 
and EDAX. We have reported that the synthesized ZnO nanoparticles were highly active as 
antibacterial agent against pathogenic bacteria. 
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Abstract 
Fe-TiO2 and Ag-TiO2 photocatalysts prepared by impregnation method and characterized by 
various catalyst characterization techniques. DRS studies clearly show the expanded photo 
response of TiO2 into visible region on impregnation of Ag and Fe ions on surface layers of 
TiO2. Maximum hydrogen production of 2820 μmol/h/g is observed on 2wt% Fe-TiO2 
catalysts in glycerol-water mixtures under solar irradiation. A significant improvement in 
hydrogen production is observed in glycerol-water mixtures and maximum hydrogen 
production of 4,500 μmol/h/g is obtained over 1wt% Ag-TiO2. Compared with Fe-TiO2, Ag-
TiO2 composite exhibited an approximately 1.5 times enhancement of hydrogen production. 
Thus, the enhancement and in H2 production can be attributed to the synergetic effects of 
silver-loaded TiO2 heterojunction with highly photoactive Ag2O-Ag phase. 
Keywords: H2 Production, Ag-TiO2, Fe-TiO2, Solar light, Glycerol-water mixtures. 
 
1. Introduction:  
Photocatalytic hydrogen production represents a very promising but challenging contribution 
to clean, sustainable and renewable energy system. Hydrogen is considered by many as an 
ideal future energy carrier and so the photocatalytic hydrogen production from water splitting 
becomes an important aspect for the storage and conversion of solar energy [1]. To date, 
metal oxides have been recognized as most promising photocatalytic materials due to their 
excellent corrosion resistance in aqueous solution. TiO2 semiconductor photocatalytic 
systems because of their many desirable properties, appear to be the most attractive option for 
energy conversion and environmental purification [2,3]. The only drawback of the TiO2 
semiconductor is that it absorbs in the UV region (band gap energy of TiO2 ≈ 3.2 eV). Hence, 
in order to harvest maximum solar energy, it is essential to shift the absorption threshold 
towards the visible region. Transition metal loading proved to be one of the possible methods 
for dealing with this issue. Although many materials have been developed, the enhancement 
of photo-to-hydrogen efficiency remains challenging as a result of limited light absorption 
efficiency in the visible region of interest due to the large band-gap of metal oxides [4,5]. In 
order to address these issues, our main aim is to develop best photocatalyst system which is 
produce more hydrogen with long-term stability and recyclability. In our earlier studies, we 
have effectively demonstrated the Cu, Co and Ag doped nano TiO2 and Ni/Al2O3 modified 
with TiO2 visible light sensitive photocatalysts for hydrogen production [6–10]. The present 
investigation, we initially prepared Fe and Ag loaded TiO2 by an impregnation method. 
Lower photocatalytic H2 production was observed on Fe-loaded TiO2 and more H2 production 
efficiency was achieved with using of Ag-loaded TiO2 composite under solar light irradiation. 
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A mechanism of the enhanced H2 production activity under solar light irradiation was 
proposed. 
2. Experimental  
2.1 Preparation of Fe-loaded TiO2 (FeT) and Ag-Loaded TiO2 (AgT) 
Ferric nitrate equivalent to 0.5, 1, 2, 3 and 5 wt% of Fe was loaded on TiO2 (P-25) and Silver 
0.5, 1, 2, 3 and 5 wt% was loaded on TiO2 (P-25) by impregnation. For each Fe and Ag 
modified sample, the required amount of TiO2 was dispersed in ferric nitrate and silver nitrate 
solutions in distilled water. Excess water was evaporated to dryness under constant stirring 
with slow heating. The samples was dried at 100 ºC and calcined at 450ºC/4h. The catalysts 
with 0.5, 1, 2, 3, and 5 wt% of Fe-loaded TiO2 are labelled as 0.5FeT, 1FeT, 2FeT, 3FeT and 
5FeT, and 0.5, 1, 2, 3, and 5 wt % of silver-loaded TiO2 are labelled as 0.5AgT, 1AgT, 2AgT, 
3AgT and 5AgT, respectively. The experimental procedures involving the basic concepts of 
spectroscopic techniques like XRD, SEM, TEM, BET Surface area, UV-Vis DRS, FT-IR, 
Raman, and XPS etc. The reaction setups, experimental conditions adopted in evaluation of 
hydrogen production from glycerol water mixtures and techniques used for identification of 
products such as GC (TCD) have been briefly discussed in our earlier reports [7,9]. 
3. Results and discussion 
The UV-Vis diffuse reflectance spectra of TiO2, Fe-loaded TiO2 and Ag-loaded TiO2 samples 
are shown in Fig. 1. The DRS spectrum of TiO2 consists of a broad intense absorption around 
384 nm (corresponding to a band gap energy of 3.2eV calculated from λ = 1239.8/ Ebg) [6].  
The diffuse reflectance spectra of P-25, Fe-loaded TiO2 and Ag-loaded TiO2 samples are 
shown in Fig. 1a and b and these showed a red-shift. An increase in the concentration of Fe+3 
and Ag+1 ions on TiO2 resulted in a significant change or shift of the band edge from the UV 
to the visible region. However, the absorption peaks were gradually shifted towards longer 
wavelengths with increasing amount of Fe and Ag [8,11]. The UV-Vis DRS spectra of 
1AgT and 1AgTU (used in solar light) photocatalysts are compared and shown in Fig. 1c. 
The absorption value of 1AgTU shifted to higher wave lengths compared to 1AgT catalysts. 
In addition, 1AgTU a broad absorption in the range of 440-560 nm with a peak about 482 
nm, which is correspond to the surface plasma resonance of Ag (0) particles and the 
appearance of these bands confirm some of the metallic silver formed in used catalysts [8].  

300 400 500 600 700 800

(a)

 

 

A
b

s
o

rb
a
n

c
e
 (

a
.u

.)

Wave length (nm)

 P-25

 0.5FeT

 1FeT

 2FeT

 3FeT

 5FeT

 
300 400 500 600 700 800

(b)

 

A
b

s
o

rb
a
n

c
e
 (

a
.u

.)

Wave length (nm)

 P-25    0.5AgT

 1AgT   2AgT

 3AgT   5AgT

300 400 500 600 700 800

(c)

 

A
b

s
o

rb
e
n

c
e
 (

a
.u

.)

Wave length (nm)

 1AgT

 1AgTU

Fig. 1. DRS analysis of (a) Fe-loaded TiO2 catalysts, (b & c) Ag-loaded TiO2 catalysts 
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Fig. 2. Fe and Ag loading vs hydrogen production activity under solar light (a & c) in pure 
water (b & d) in glycerol: water mixtures, (e & f) photocatalytic mechanisms of Fe-loaded 
TiO2 and Ag-loaded TiO2. 

Photocatalytic hydrogen production from pure water splitting is carried out over Fe-loaded 
TiO2 and Ag-loaded TiO2 photocatalysts under solar light irradiation. Fig. 2a and c shows the 
hydrogen production from pure water over Fe-loaded TiO2 and Ag-loaded TiO2 
photocatalysts and maximum hydrogen production of 90 μmol h-1g-1

cat
 is observed on 2wt% 

Fe-loaded TiO2 and 120 μmol/h/gcat is observed on 2wt% Ag-loaded TiO2 catalysts 
respectively. Fig. 2b and d shows the H2 evolution over Fe-loaded TiO2 and Ag-loaded TiO2 
catalysts from glycerol: water mixtures under solar light irradiation.  The activity increases 
with the amount of Fe-doping and reaches an optimum value at 2wt% Fe-doping, and the 
amount of hydrogen production over this catalyst is about 2820 μmol/h/gcat. With further 
increase in the Fe-doping the activity decreases. The activity increases with the amount of 
silver doping and reaches an optimum value at 1 wt% Ag2O-doping, and the amount of 
hydrogen production over this catalyst is about 4000 μ mol h-1 g-1 cat. With a further increase 
in the silver doping level, the activity falls.  In summary, at 2 wt% Fe loading on TiO2 and 1 
wt% Ag loading on TiO2, the light-harvesting capacities as well as the minimization of e-/h+ 
recombination are satisfied. Hydrogen production activity Ag-loaded TiO2 is more than Fe-
loaded TiO2 because after few hours of reaction the loaded Ag2O converted to the highly 
active and stable Ag2O-Ag phase and in this phase Ag2O acting as visible light sensitizer and 
metallic Ag acting as an electron sink. The photogenerated electron–hole pairs are effectively 
separated in presence of Ag2O-Ag phase [8]. The photocatalytic mechanisms of Fe-loaded 
TiO2 and Ag-loaded TiO2 heterojunction are proposed in Fig. 2e and f. 
4. Conclusions:  
 Fe-loaded TiO2 and Ag-loaded TiO2 showed extended absorption in the visible region.  
 Maximum hydrogen production of 2820 μmol/h/g is observed on 2wt% Fe-TiO2, 4,500 

μmol/h/g is obtained over 1wt% Ag-TiO2 catalyst.  
 Ag-loaded TiO2 catalysts shows more hydrogen production due to the presence of 

Ag2O-Ag phase structure.  
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Abstract 

Zinc Aluminum Lithium borate (ZALB) glasses of different compositions doped with Cu2+ ions 
have been prepared using conventional melt quenching technique. X-Ray diffraction and Fourier 
transform infrared studies have been carried out for ZALB glasses. The physical properties have 
been measured and it is one of the tools to reveal the degree of structural changes of the glass 
network with composition. The FT-IR studies indicate that these glasses are made up of [BO3] 
and [BO4] basic structural units.  
Keywords: Borate Glasses, XRD and FT-IR Spectroscopy 
 

1. Introduction: 
The preparation and investigation of oxide glasses are getting significant attention due to their 
structural peculiarities and properties like good transparency, excellent corrosion resistance [1]. 
In these glasses borates have high refractive index and low dispersion characteristics. Due to 
these unique properties borates have been extensively used for phosphors, optical lenses, glass 
discharge tubes and solar energy technologies [2]. The chemical durability of glasses has 
improved due to the introduction of modifier cum network former Zinc, Lithium is an important 
alkali cation and Aluminum is an important metal ion. Zinc lithium aluminum system has 
interest in recent years due to their significant applications in industry and science. Borate 
glasses containing zinc-aluminum-lithium have many technological applications as batteries and 
microelectronic packing [3].  In the present work, an attempt has been made to undertake Fourier 
Transform InfraRed (FTIR) Spectroscopy. 
 
 
2. Experimental 
The raw materials Boric Acide, Lithium Carbonate, Zinc Oxide, Aluminum Oxide and Copper 
Oxide of A.R grade reagents were obtained from Loba Cemia Company. Required amounts of 
chemicals were weighed by using an electric balance with an accuracy of 0.001g. The 
composition was thoroughly mixed and melted in a porcelain crucible in a temperature range of 
800-1050 oC for about 30 min until a bubble free liquid was formed. The melt was then poured 
on a brass plate and annealed at 300oC for about 3 hours to avoid breaking the sample through 
residual internal strain. The obtained glass samples were polished with cerium oxide to obtain 
maximum flatness. The compositions of the present glass samples are given in Table1.  

Table 1: Compositions of the glass samples (mole %) 
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3. Results and Discussion 

The FTIR spectra of ZALB series of glass samples are shown in Figure 1. The fundamental 
infrared absorption peaks of borate vibrational modes are present in ZALB series of glasses. The 
bands at about 1250 cm−1 are assigned to =B-O-B≡ linkage with one of the boron in tetrahedral 
coordination. The bands at 1040 cm−1 are attributed to the B-O stretching vibration of BO4 
units in tri-tetra and pent borate groups [4]. The bands at 990 cm-1 may be due to vibration of 
boron atoms attached to NBO’s in the form of BO4 vibrations [5]. The nonexistence of band at 
around 800 cm-1 in all the recorded glass samples indicates the absence of boroxol ring in glass 
network [6]. This indicates that ZALB glass structure consists of BO3 and BO4 groups. The band 
at 700 cm-1 is assigned to the bending vibration of B-O-B linkage in borate networks [7]. The 
vibrational modes observed at 580 cm-1 are due to bending mode of Zn–O vibrations and bands 
at 550 cm-1 are attributed to the vibrations of Li+ cations against their network. The addition of 
CuO breaks boroxol rings (B3O6) and more and more BO3 and BO4 groups are formed [8]. The 
intensity of bands increases with 0.6%, 0.8% of CuO and further decreases with 1% of CuO 
content. With change of composition there is no much variation in peak position and band 
shapes. With a gradual increase in the concentration of the dopant CuO in the ZnO-Al2O3-Li2O-
B2O3 glass, a successive change in the intensity of the bands due to symmetrical borate structural 
units is observed at the expense of bands due to asymmetrical groups. The Physical properties, 
Optical and FTIR observations clearly suggest that an increasing rigidity (or) a decreasing 
disorder of the glass with increasing CuO concentration. 

Glass  Composition 
TGC1 10ZnO+5Al2O3+19.8 Li2O+65B2O3+0.2CuO 
TGC2 10ZnO+5Al2O3+19.6 Li2O +65B2O3+0.4CuO 
TGC3 10ZnO+5Al2O3+19.4 Li2O +65B2O3+0.6CuO 
TGC4 10ZnO+5Al2O3+19.2 Li2O +65B2O3+0.8CuO 
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Figure 1 FTIR spectra of ZnO-Al2O3-Li2O-B2O3: CuO glasses 

 

4. Conclusion 

 An increase in copper oxide causes composition of B2O3 by breaking the bonds and allowing 
the formation of BO4 units, in this way increase the density and reduces the band gap of ZnO-
Al2O3-Li2O-B2O3 glasses. FTIR spectra showed that the increment of copper oxide caused the 
breaking of B-O-B bonds and by creating new and more bonds. 
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Abstract 
A kind of electrolyte materials for intermediate temperature solid oxide fuel cells (IT-SOFCs) 
were prepared by sol-gel method. Thermal expansion of the yttrium based electrolytes was 
studied by dilatometry. Thermal expansion measurements on the sintered samples were 
carried out from room temperature (RT) to 10000C. The average linear thermal expansion 
coefficient range was found to increase with increasing Y. The thermal expansion curves for 
all values of x displayed rapid increase in slope at high temperatures.  
Keywords: Solid Oxide Fuel Cells, Sol-gel, Electrolytes, Thermal Expansion 
 
1. Introduction 
The solid oxide fuel cell (SOFC) is an electrochemical device that can be used for either 
stationary or mobile generation of electrical energy as a clean, reliable and flexible power 
production [1]. SOFC is regarded as a highly efficient power-generation system with future 
application. A typical high-temperature SOFC uses 8 mol% Yttria-Stabilized Zirconia (YSZ) 
as the electrolyte, which is usually operated at temperatures as high as 8000C–10000C. 
However, such high temperatures will lead to reaction between the components, thermal 
degradation, or thermal expansion mismatch [2, 3]. In order to reduce the operation 
temperature from 10000C to 8000C or even lower, doped ceria has been considered as the 
solid electrolyte for moderate temperature solid oxide fuel cells [4, 5]. Gadolinium Doped 
Ceria (GDC) is an intermediate temperature material used in SOFCs [6]. It has great potential 
for replacing the more common YSZ as the electrolyte [7]. 
Recently, we have started investigations on growth, structure and electrical and thermal 
properties of GDC electrolyte materials synthesized by sol-gel technique.  In this paper, we 
mainly describe the synthesis process thermal expansion of GDC. 
2. Experimental 
The Ce0.8Gd0.2-xYxO3  electrolyte materials were prepared by sol–gel method. Cerium nitrate, 
yttrium nitrate, and gadolinium oxide were used as starting materials [8]. Cerium nitrate and 
yttrium nitrate were dissolved in water and the desired amount of gadolinium oxide was 
dissolved in nitrate solution. The individual solutions were mixed together and an aqueous 
solution of citric acid corresponding to every mole of metal atom was added. The amount of 
citric acid used was necessary to bind all the metals present in the solution. The pH value of 
the mixed solution was adjusted to ≈7 with ammonia solution under continuous stirring at 
800C and homogeneous sol was formed. With the evaporation of water, sponge-like gel was 
obtained, which was calcined at 6000C to get the final composition powder. Then the dried 
powders were ground in an agate mortar and then pallets were made using hydraulic press. 
The pellets were sintered finally at 13000C in air for four hours. 
Thermal expansion measurements were performed in air from room temperature to 10000C 
on rectangular samples of 25 × 6× 6 mm3 using Netzsch 402PC dilatometer calibrated to a 
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Alumina standard. Heating and cooling rates amount to 30C/min, with annealing time half an 
hour at maximum temperature [9]. 

 
3. Results and Discussion 

The thermal expansion characteristic of Ce0.8Gd0.2-xYxO2 (x = 0, 0.05, 0.1) obtained 
during the heating in air are shown in Fig.1. The thermal expansion depends on the 
electrostatic forces within the lattice, which depend on the concentration of positive and 
negative charges and their distances within the lattice [10].  The thermal expansion increases 
if the attractive forces decrease. The thermal expansion of a lattice with a certain structure 
and fixed oxygen to metal 
stoichiometry is characterized by a 
steady thermal expansion coefficient, α, 
caused by the thermal lattice 
vibrations. The thermal expansion 
coefficients (TEC) are calculated 
from the curves and the value 
increases with increasing Yttrium 
content.           Fig.1: Average 
linear thermal expansion    

       

coefficients of 
Ce0.8Gd0.2-xYxO2  (x=0-0.1) 

The thermal expansion characteristic curves are linear and have two slopes. The temperature, 
at which the change of slope occurs, decreases with increasing temperature and this is called 
onset temperature. The value of onset temperature is located at approximately 3800C, 3500C 
and 2900C for x=0, 0.05 and 0.1, respectively. The slope of the curves is slightly increased 
with increasing the yttrium content at high temperatures. These increases were found to be 
reversible in subsequent heating and cooling cycles at a rate of 30C/min in air. The lattice 
expansion observed at high temperatures in these oxides may be attributed to the loss of 
lattice oxygen and the formation of oxygen vacancies. The increasing of TEC is accompanied 
by the decreasing of the unit cell parameter [11, 12]. The values of average linear TEC with 
Y dopant are shown in Table 1. This is in good agreement with the previous reports and same 
trends are also observed for orthoferrites and cobaltites [13]. 

 

Table 1: The average thermal expansion coefficients of Ce0.8Gd0.2-xYxO2  

Composition 

(x) 

Average TEC 

RT to 6000C 

(x10-6/ 0C) 

Average TEC 

RT to 8000C 

(x10-6/ 0C) 

Average TEC 

600 to 8000C 

(x10-6/ 0C) 

Average TEC 

400 to 6000C 

(x10-6/ 0C) 

0.0 11.54 12.21 14.05 13.19 

0.05 11.84 12.44 14.10 13.37 
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0.1 11.99 12.63 14.39 13.54 

 
4. Conclusions 

 Nano size rare-earth co-doped Ce0.8Gd0.2-xYxO2 (x=0-0.1) materials were prepared by 
the sol–gel method.  

 The slope of the thermal expansion curves is slightly increased with increasing the 
yttrium content at high temperatures.  

 The TEC values of all the compositions are in the range 11-14X10-6/0C  
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Abstract 
The chromium activated zinc gallate (ZnGa2O4) phosphorwas successfully synthesized 
through conventional solid state reaction method. The structural and morphological study of 
the prepared sample was done through powder X-ray diffraction method (XRD) and FE-SEM 
respectively. The photoluminescence characteristics of the prepared samples were inspected 
systemically. The emission spectra of the sample consists of various lines generated through 
the electronic transition of Cr3+ between the levels 2E(2G)→4A2 (4F). The band gap of sample 
ZnGa2O4:Cr3+ was calculated by using Kumbelka-Munk equation (tauc plot) and it was found 
4.5eV. The color purity of the sample was observed by CIE color chromaticity diagram.  It 
was observed that there is no significant change in CIE co-ordinate when different excitation 
wavelengths 410 nm, 550nm were used. The prepared red color producing phosphor material 
could be used in solid state lighting,optoelectronic devices and bio-imaging applications 
Keywords:Persistence luminescence, Zinc gallate, CIE Diagram, Kumbelka-Munk equation, 
XRD. 

1. Introduction 
Persistence luminescence also known as long lasting luminescence or Afterglow, is the 
optical phenomenon in which luminescent materials emits radiations for long time even after 
the removal of excitation source [1]. Such luminescent materials have prodigious research 
interest due to its wide range of applications such as identification markers, safety sign, 
medical diagnostics, and fibre optics thermometer. However the noteworthy research have 
been done in the area of persistent phosphor but still the research and enlargement of 
persistent phosphor materials needed due its rising demands for the applications in the field 
of solid state lighting and bio imaging[2]. Persistence luminescence or long lasting 
luminescence of luminescent materials is depends on thetemporary storage of radiations as a 
trapped electrons and holes, followed by radiative recombination and detrapping of the 
charge carriers. 

Zinc gallate ZnGa2O4 is a semiconductor compound with spinel structure in which 
Zn2+and Ga3+ ions occupy tetrahedral and octahedral sites respectively. It shows slightly 
inversion character wherein few percent of Zn2+ occupy octahedral sites and few percent of 
Ga3+ occupy tetrahedral sites. The defects introduced due to such inversion character are 
known as antisite defects. The ZnGa2O4 material is considered as self-activated blue color 
emitting phosphor without any doping. While it emits green color on the doping of Mn2+ and 
emits red color on the doping of Cr3+ ions. The ZnGa2O4 host material is one of suitable host 
material for Cr3+ ions as the ionic radius of Cr3+ (0.62Å) similar to one of Ga3+(0.62Å) in 
octahedral sites. When the Cr3+ activated ZnGa2O4 excited with visible light (410nm, 550nm) 
it shows a broad emission spectrum ranging from 650nm to 750nm peaks at 696nm. This 
wavelength domain is suitable for vivo imaging as this range of wavelength have maximum 
transmission for the biological tissue [3]. 
 In this work, we report the successful synthesis of ZnGa2O4;1.0%Cr3+ via high 
temperature solid state reaction method. The structural, morphological and optical study of 

mailto:kumar.bhu@gmail.com


203 

 

the synthesised sample has been done through X-ray diffraction method (XRD), Field 
Emission Scanning Electron Microscope (FE-SEM) and photoluminescencerespectively. 

2. Experimental 
2.1 Materials and Method  
The sample was prepared by solid state reaction method by using the composition; 
ZnO + (100-x) mol% Ga2O3 + x mol% Cr2O3 
The starting materials were ZnO (99.99%, Merck), Ga2O3 (99.99%, Alfa Asear) and 
Cr2O3(99.99%, Otto). All the starting materials were taken in stoichiometric proportion and 
grinded for 2 hr in agate mortar pastel using acetone as mixing agent. The obtained mixture 
was placed in alumina crucible and then heated in furnace at 1250℃ in open atmosphere for 6 
hr. Further, the obtained compound was again grinded to obtain fine powder sample. 
2.2 Structural and Morphological Study 
The structural and phase purity study of the synthesised sample was confirmed by X-ray 
diffractometer (XRD). Fig1.(a) shows the XRD pattern of prepared chromium activated 
Zincgallate sample. The diffraction pattern of sample shows that it possess spinel cubic 
structure with single phase having Fd3m space group which well matched with the standard 
data of ICSD NO. 01-071-0843. On the doping of Cr3+ there is no significant change in the 
diffraction peaks of sample it may be due to very less concentration of dopants. The 
crystallite size of the sample were calculated by using Debye Scherrer Formula and was 
found to be in the range of 15nm to 28 nm. Fig. 1 (b) shows the FE-SEM image of the 
synthesised sample. The image shows that particles are in round shape. The average grain 
size of the sample were calculated by using ImageJ software and it was 20-50𝜇𝑚. 
 
 
 
 
 
 
 
 
 
 
 
3. Results and Discussion 
3.1 UV-VIS Spectroscopy and Photoluminescence 
The diffuse reflectance spectra of the sample was recorded by using UV-VIS photo 
spectrometer, which is shown in the Fig.2(a). From the recorded spectrum the optical band 
gap of the sample was calculated by using Kumbelka Munk equation. By the Tauc plot it was 
found that prepared sample have direct band gap of 4.55eV. The diffuse reflectance spectra 
shows two absorption band at 410 nm and 550nm, which are attributed to the electronic 
transitions of Cr3+ ions from 4A2(4F)→4T1(4F) and 4A2(4F)→4T2(4F) respectively. The 
photoluminescence excitation (PLE) and photoluminescence spectra (PL) spectra of the 
sample are shown in the Fig.2(b) and Fig.2(c) respectively. The PLE spectra was recorded at 
the emission wavelength of 696nm and two excitation bands were observed as in the case of 
diffused reflectance spectra.The PL spectra were recorded at the excitation wavelength of 410 
and 550nm. The Cr3+ activated ZnGa2O4 shows broad emission band ranging from 625nm to 
725nm. This peculiar emission arises due to electronic transition of Cr3+ ions between the 
levels of 2E(2(G) →4A2(4F) [4].Fig.2 (d) shows the decay curve of the sample. The 
photoluminescence decay ofthe sample was recorded at emission wavelength 696nm and 
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Fig1(a). XRD patterns of Synthesised ZnGa2O4;1.0%Cr3+Fig1(b).FE-SEM image of ZnGa2O4;1.0%Cr3+ 
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excitation wavelength of 410nm and it was found that decay curve is bi-exponential in nature. 
The calculated average decay time is 8.58ms 
 
 
 
 
 
 
 

 
Fig.2(c) Emission Spectra of ZnGa2O4;1.0%Cr3+Fig.2(d) Decay Spectra of ZnGa2O4;1.0%Cr3+. 

 

3.2 CIE Chromaticity Diagram 
The color purity of the synthesised sample was confirmed by the CIE chromaticity diagram, 
which is shown in the Fig3. The obtained CIE coordinatesare (0.68, 0.32) at 410nm and 
(0.66, 0.34) at 550nm which are close to red color. 

Fig 3. CIE Chromaticity diagram of ZnGa2O4;1.0%Cr3+ 

 
4. Conclusions 

 Chromium activated Zincgallate sample was synthesised successfully. 
 The structural, morphological and optical property of the synthesised sample was 

inspected. 
 The color purity of the sample was investigated by CIE chromaticity diagram. 

 
 

Fig.2(a) Diffuse Reflectance Spectra of ZnGa2O4;1.0%Cr3+Fig.2(b) Excitation Spectra of ZnGa2O4;1.0%Cr3+ 
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Abstract 
A new amide based mixed ligand copper(II) complexes have been successfully synthesized and 
characterized by several spectroscopic and spectrometric methods of UV-Vis, 1H ,13C NMR and 
ESI‒MS. Their interactions with HS-DNA have been studied through emission spectral method. 
The results indicated that Cu(II) complexes showed moderate binding affinity towards HS-DNA 
through partial intercalation mode. The absorption and fluorescence techniques are explored that, 
complexes underwent a static quenching mechanism with bovine serum albumin (BSA).  

Keywords: Amide ligand, Cu(II) complexes, DNA interaction, BSA binding. 

1. Introduction 

The transition metal complexes with Schiff bases have played an important role in the 
development of coordination chemistry. Multi-dentate Schiff bases ligands have been generally 
used, because they can be easily attached to metal ions due to the formation of highly stable 
coordination compounds [1-2]. Since it is commonly accepted that DNA and proteins are 
considered as the main molecular targets in the action of drugs, and many compounds wield their 
drug effects through binding to DNA or proteins, which is the basis of designing and discovering 
new and more efficient metal based drugs, the studies on syntheses and interactions of metal 
complexes with DNA and proteins have been an active field of research [3-6]. Thus, much 
interest in the design and synthesis of new amide-based drugs with target-specific, less-toxic and 
non-covalent DNA binding. Among these non-covalent binding modes, the intercalation attracts 
considerable attention due to its strong binding ability and various applications in cancer therapy 
and molecular biology [7-9].  
 
2. Experimental 
2.1. Materials and Methods 
All reagents, chemicals and solvents used were of analytical reagent grade. 1H & 13C NMR 
spectra were measured on a Bruker 300 MHz spectrometer in CDCl3 solution using TMS as the 
internal standard. Electrospray Ionization Mass Spectrometry (ESI-MS) analysis was performed 
in both positive and negative ion modes on a liquid chromatography-ion trap mass spectrometer 
(LCQ Fleet, Thermo Fisher Instruments Limited, USA). Electronic absorption spectra were 
recorded using an Agilent 8453 UV-vis Spectrophotometer in the range 190-1100 nm. Emission 
spectra were recorded with Agilent Cary Eclipse fluorescence spectrophotometer.  
2.2. Synthesis of ligand (L) 
Picolinic acid (0.5 g, 4.06 mmol) was dissolved in CHCl3 (10 mL) and kept for stirring, to this 
solution CDI (1,1’-carbonyl diimidazole, 0.72 g, 4.47 mmol) was added slowly for 15 min at RT. 
After 1 hr the activation of the acid was checked by TLC and to confirm the activation of acid,   
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2-amino benzothiazole (0.61 g, 4.06 mmol) was added to the above solution and allow stir for 
further 10 hr. Then the progress of the reaction completion is checked by TLC and the reaction 
solution is quenched with water. The obtained crude product is extracted with ethyl acetate, on 
evaporating the organic layer, the desired solid is obtained as light grey color and dried in vacuo.  
Yield: 84%; color: gray; 1H NMR (300 MHz, CDCl3) δ 11.36 (s, 1H), 8.68 (t, J = 9.8 Hz, 1H), 
8.32 (d, J = 7.8 Hz, 1H), 8.02 – 7.81 (m, 3H), 7.61 – 7.52 (m, 1H), 7.47 (t, J = 7.7 Hz, 1H), 7.34 
(t, J = 7.7 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 162.90, 157.73, 149.15, 147.91, 138.18, 
132.79, 127.91, 126.64, 124.42, 123.38, 121.75.UV-vis (CH3OH, λmax, nm): 248 and 307.     
ESI-MS: Found m/z = 278.05 [M+Na]+ (Calcd m/z = 255.05). 
2.3. Synthesis of metal complexes 
2.3.1 Synthesis of [Cu(L)phen] (1) 
Complex 1 was prepared by the addition of ethanolic solution (3 mL) of a mixture of            
1,10-phenanthroline (39 mg, 0.19 mmol) and L (50 mg, 0.19 mmol) to a solution of copper(II) 
nitrate trihydrate (47 mg, 0.19 mmol) in ethanol (2 mL) and then refluxed for 4 h. The green 
color solid was obtained and washed with small amounts of cold ethanol and diethyl ether and 
then dried in vacuo. Yield: 74%; color: green; Anal. calcd for C25H16CuN5OS: C, 60.29; H, 3.24; 
N, 14.06 Found: C, 60.14; H, 3.35; N, 14.11. UV-vis (CH3OH, λmax, nm): 266, 330, 394 and 
652 (d-d transition). ESI-MS: Found m/z = 497.20 [Cu(L)phen]+ (Calcd m/z = 497.04). 
2.3.2. Synthesis of [Cu(L)bpy] (2) 
Complex 2 was prepared by addition of ethanolic solution (3 mL) of a mixture of 2,2- bipyridyl 
(31 mg, 0.19 mmol) and L (50 mg, 0.19 mmol) to a solution of copper(II) nitratetrihydrate       
(47 mg, 0.19 mmol) in ethanol (2 mL) and then reflux for 4 h. The dark green color solid was 
obtained and washed with small amounts of cold ethanol and diethyl ether and then dried in 
vacuo. Yield: 69%; color: dark green; Anal. calcd forC23H16CuN5OS: C, 58.28; H, 3.40; N, 14.77 
Found C, 58.19; H, 3.34; N, 14.72. UV-vis (CH3OH, λmax, nm): 272, 326, 396 and 667            
(d-d transition). ESI-MS: Found m/z = 473.15 [Cu(L)bpy]+ (Calcd m/z = 473.04). 
2.4. DNA/ Protein binding

 assay) and protein (UV-Vis and fluorescence spectra) 
binding experiments procedure in previous methods [10-11].  
3. Results and Discussion 

The electronic spectra of the ligand showed two bands 248 and 307 nm which corresponds to the 
π-π* and n-π* transitions respectively. The spectra of Cu(II) complexes exhibit four bands, three 
bands appeared in the around 266-272, 336-330, 394-396 nm corresponds to intra-ligand 
transitions and another one band in d-d transition (652-667 nm). The observed one singlet          
1H NMR spectrum of L at 11.36 ppm is amide (N-H) proton. In the 13C NMR spectrum of L, the 
signal at 162.90 ppm due to carbonyl carbon (C=O). The ESI-MS spectra of L and complexes 
were recorded in methanol. The ligand showed a peak at m/z 278.05 [M+Na]+ and complexes 1 
and 2 showed their characteristic molecular ion peaks at m/z 497.20 [Cu(L)phen]+ and 473.15 
[Cu(L)bpy]+. 
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Scheme 1 Synthesis of mixed ligand Cu(II) complexes. 

3.2. DNA Interaction Studies 
3.2.1 EtBr fluorescence displacement assay 
The synthesized mixed ligand Cu(II) complexes have not been fluorescence property at room 
temperature in solution or in the presence of CT DNA. So the binding affinity of the Cu(II) 
complexes with HS-DNA could not be directly predicted through the emission spectroscopy 
[12]. Hence, in order to EtBr fluorescence displacement assay was done to understand the mode 
of DNA interaction with the complexes. EtBr is a cationic dye it emits an intense fluorescence in 
the presence of HS-DNA around 610 nm due to its strong intercalation between the adjacent base 
pairs of the double helical DNA. The incremental concentration (0-150 μM) of Cu(II) complexes 
leads to significant decrease in the binding spots of DNA with EtBr, thus decreasing the 
fluorescence intensity of the EtBr bound with HS-DNA complex, which indicates that their 
significant efficiency for the partial displacement of EtBr from the EtBr-DNA complex 
(Figure1). The fluorescence quenching constant has been calculated from the Stern-Volmer 
equation Io/I = KSV [Q] + 1 [13]. The quenching constant (KSV) value has been derived from the 
slope of the plot Io/I versus [Q] and are 4.36  105 M-1 and 4.17  105 M-1. The apparent DNA 
binding constant (Kapp) values were calculated by using the equation KEtBr [EtBr] = 
Kapp[complex]. Where, [complex] is the value at 50% decrease in the fluorescence intensity of 
EtBr, KEtBr (1.0  107 M-1) is the DNA binding constant of EtBr and [EtBr] is the concentration 
of EtBr (10 µM). The Kapp values for complexes 1 and 2 is 1.72  106 M-1 and 1.65  106 M-1.   

 
Figure: 1 Fluorescence quenching spectra of EtBr bound to DNA by complexes 1–4. [DNA] = 5 
μM, [EtBr] = 10 μM and [complex] = 0-150 μM. Inset: Stern-Volmer quenching curve. 
3.3. Protein binding studies 
3.3.1. Absorbance and fluorescence studies  
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protein quenching constant (2.35105 M-1 (1), 1.97105 M-1 (2)) and 
binding constant (2.12106 M-1 (1), 2.01106 M-1 (2)) can calculated from

equation.  
Furthermore, absorption spectra of BSA were also recorded in the presence of these Cu(II) 
complexes, The observed electronic spectra indicated that the absorption intensity of BSA was 
enhanced upon the increment addition of Cu(II) complexes along with a very slight blue shift 
(Figure 2a). It exposed that the static interaction between Cu(II) complexes and BSA [15]. 

 
Figure: 2 (a) Absorption spectra of BSA (10 μM) and BSA with 1-2 (5 μM). (b) Fluorescence 
quenching curves of BSA in the absence and presence of 1 and 2. [BSA] = 1 μM and [complex] 
= 0-50 μM. 
4. Conclusions 
 In this work, new mixed ligand Cu(II) complexes have been synthesized and characterized by 

spectral and analytical data.  
 The interaction between the complexes to HS-DNA and BSA has been investigated by UV-vis 

absorption and fluorescence analysis. The observed results indicate that interaction of the 
Cu(II) complexes with HS-DNA through non-covalent intercalation. 

 The good protein binding ability of the Cu(II) complexes was exposed from fluorescence 
measurement.  

 Future work could be extended to investigate the anticancer activity of the isolated 
compounds. 
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Abstract 
In recent years, there has been increasing interest in ZnO nanostructures due to their variety 
of shapes and availability of simple and cost effective processing. While there are still 
unanswered questions concerning fundamental properties of this material, in particular those 
related to defects and visible luminescence lines, great progress has been made in synthesis 
methods and device applications of ZnO nanostructures. In this review, we will provide a 
brief overview of synthesis methods of ZnO nanostructures, with particular focus on the 
growth of oriented arrays of nanorods/nanoarrays which are of interest for optoelectronic 
device applications. 
 
Keywords: ZnO, Nanostructures, Fabrication, Opto-electronics, DSSC 
1. Introduction 
 Semiconducting oxide nanostructures such as ZnO, TiO2, SnO2, CuO2 and so on are 
the focus of current research efforts in nanotechnology due to their special shapes, 
compositions, chemical, and physical properties. They have now been widely used in the 
fabrication of energy saving and harvesting devices such as solar cells [1, 2], Lithium ion 
batteries, fuel cells, transistors, Light emitting devices (LEDs), hydrogen production by water 
photolysis and its storage, water and air purification by degradation and adsorption of organic 
pollutants and toxic gases, environmental monitoring by their applications in the fabrication 
of gas, humidity and temperature sensors, UV screening, and photodetectors [1-3]. Instead of 
these they have also fabulous applications inbiological and medical sciences such as drug 
delivery, cancer treatments, fluorescentimaging and bio-labeling etc. 

Among the semiconducting oxides, ZnO based nanomaterials have revolutionized the 
nanomaterials research because of the possibility of soft chemical synthesisbesides 
tremendous application potential. UndopedZnO ZnO with a Wurtzite structure naturally 
becomes an n-type semiconductordue to the presence of intrinsic or extrinsic defects, which 
have been generally attributedto native defects, such as the Zn-O antisite, the zinc interstitial, 
O vacancy.The highest room temperature electron mobility for a bulk ZnO single crystal 
grown byvapor-phase transport method is reported to be about 205 cm2/Vs with a carrier 
concentrationof 6.0 x 1016cm-3[4]. ZnO is a soft material, witha hardness of s 5 GPa at a 
plastic penetration 300 nm. The thermal conductivity (k)of a semiconductor is an important 
property when considering high-power/high temperaturedevices. It is a kinetic property 
influenced by the vibrational, rotational andelectronic degrees of freedom, and is 
predominantly limited by phonon-phonon scatteringin a pure crystal. ZnO, like most other 
semiconductors, contains a large number ofpoint defects, and these have significant effect on 
the thermal conductivity. The values typically fall in the range 0.6 - 1 Wm-1K-1[4]. In this 
review, we will provide a brief overview of synthesis methods of ZnO nanostructures, with 
particular focus on the growth of perpendicular arrays of nanorods/nanoarrays which are of 
interest for optoelectronic device applications. 
2. Growth methods of ZnO nanostructures 
As a technologically important material, ZnO has attracted many researchers due to its unique 
properties (semiconducting, piezoelectric, magnetic etc.). A variety of methods has been used 
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for the synthesis ZnO films and nanostructures. For consolidation, methods have been 
categorized as either vapor or chemical routes. 

2.1.Vapor routes 
Vapor phase synthesis methods are probably the approach most extensively studied in the 

fabrication of ZnO nanostructures [5]. A typical vapor phase synthesis is carried out in a 
closed chamber with a gaseous environment. Vapor species are produced first by evaporation, 
chemical reduction, and gaseous reaction. After that, the species are transferred and 
condensed onto the surface of a solid substrate. In general, the vapor phase synthesis process 
is carried out at higher temperatures (500oC to1500oC) to produces high-quality ZnO 
nanowires. The typical vapor phase synthesis methods include vapor-liquid-solid (VLS) 
growth, chemical vapor deposition (CVD), metal organic chemical vapor deposition 
(MOCVD), physical vapor deposition (PVD), molecular beam epitaxy (MBE), pulsed laser 
deposition (PLD), and metal organic vapor phase epitaxy (MOVPE). Several vapor phase 
synthesis methods are introduced below. 

(i) VLS method:  
Among the vapor phase techniques, VLS method is a simple and low cost process, 

and is advantageous for growing ZnO on large wafers. This process is widely used for the 
growth of 1D nanostructures such as nanowires and nanorods. The nanosized liquid metal 
droplets are used as catalysts (Cu, Au, Ni, Sn and etc.) in a typical VLS process. ZnO 
nanowires have been successfully grown on sapphire, GaN, AlGaN, and AlN substrates 
through the VLS process [6]. The quality and growth behavior of the ZnO nanostructures are 
strongly affected by the chamber pressure, oxygen partial pressure, and thickness of the 
catalyst layer [6]. In 2012, well-aligned ZnO nanowires were synthesized by Chu et al. using 
VLS mechanism on Si substrate with chamber temperature varying from 600 to 950 oC and 
pressure from 0.75 to 3 torr. They showed that ZnO nanowires with high aspect ratio grew 
vertically on the Si substrate at 700 to 750 ◦C [7]. 

(ii) Catalyst-free MOCVD 
 Catalyst-free MOCVD is another important synthesis method to grow ZnO 
nanostructures on solid substrates. The catalyst-free method eliminates the possible 
incorporation of catalytic impurities and produces high-purity ZnO nanostructures. Moreover, 
the growth temperature of catalyst-free MOCVD is lower compared to typical VLS growth 
temperature [8]. In 2005, Zeng et al. fabricated highly-aligned ZnO nanowires on Si substrate 
using catalyst-free MOCVD. In their fabrication process, high-purity zinc diethyl (99.99%) 
and nitrous oxide (99.99%) were used as zinc and oxygen sources, respectively, and N2 as the 
carrier gas. The working pressure and base pressure of the reactor chamber were maintained 
at 50 and 10−5torr, respectively. At the beginning they have been grown a thin nucleation 
layer of ZnO at a low substrate temperature of 400 oC. After annealing the nucleation layer, 
ZnO nanowires were grown on the nucleation layer at the substrate temperature of 650oC [9]. 

(iii) Physical vapor deposition 
Various physical vapor deposition (PVD) techniques such as evaporation deposition or 

thermal evaporation, electron beam physical vapor deposition, sputtering (magnetron and 
DC/RF sputtering), cathodic arc deposition and pulsed laser deposition etc have also been 
used to fabricate ZnO nanostructures. The PVD techniques have the following advantages: 
(1) composition of products can be controlled, (2) free of pollution (drain water, discharge 
gas, and waste slag) and (3) simple process. The PVD process usually is direct thermal 
evaporation and oxidation of Zn powder at a high temperature and then deposition on the 
solid substrate to form the final product. In 2009, Zhang et al. demonstrated the growth of 
ZnO nanowirearrays on Si substrates by PVD method at a relatively low temperature of about 
500 oC. In their process of synthesis, high-purity Zn powder was placed in a ceramic boat 
located at the center of a horizontal tube furnace. The Si substrates were placed on top of the 
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boat to collect the products. The system was quickly heated to 500 oC under 50 cm3 /min N2 
flowing at a pressure of about 1 m.Torr for 60 min and then cooled down to room 
temperature [10]. 

2.2. Chemical routes 
Compared with these vapor routes, more and more researchers have started to utilize soft 
solution methods to obtain the aligned ZnO nanorod arrays, due to their simplicity, large 
scale production, high product yield and low energy consumption. Several solutions based on 
chemical synthesis methods are introduced below, 
(i)  Chemical bath deposition 

Chemical bath deposition (CBD) technique produces a solid structure in a single 
immersion through a control of the formation kinetics of the solid, normally without changing 
the metals oxidation states. ZnO nanorods can be produce by CBD at a temperature as low as 
60oC. Vayssiereset al. used this method to grow ZnO nanorods in 2001 [11]. ZnO seeds are 
required to initialize the oriented nanowires growth. The solution containing zinc nitrate 
hexahydrate (Zn (NO3)2.6H2O) and hexamethylenetetramine (HMT) is used. The deposition 
rate is mainly dominated by HMT decomposition rate, which is strongly temperature 
dependent. Therefore, by adjusting reaction temperature and time, ZnO nanostructures with 
different features can be obtained. The normal reaction temperature range is ranging from 60 
oC to 200 oC [11]. ZnO nanostructures such as nanorods, nanowires [11-14], nanoplates, and 
nanospheres can be produced by varying the reaction temperature, time, solution pH value, 
Zn salt type, basic reagents, and additives. However, the ZnO nanostructures produced by 
this technique normally do not have good adhesion to the substrate. 
(ii)  Sol-gel method 
 Compared with other techniques, sol-gel process provides the great potentiality for the 
production of materials with homogeneous chemical composition [3-6]. ZnO thin films, 
nanorods [6] with preferred crystallographic orientation have been synthesized using the sol-
gel method. The term sol is referred to a colloidal suspension. The formation of sol will 
develop inorganic networks, and as the networks form in a continuous liquid phase, it 
becomes gel. The precursors for synthesizing these colloids consist of a metal/metalloid 
surrounded by various reactive ligands. However, a number of factors such as pH of gel, 
temperature and time of reaction, reagent concentrations, catalyst nature and concentration, 
aging temperature and time, and drying have impacts on the characteristics and properties of 
a particular sol-gel inorganic network by affecting the rate of hydrolysis and condensation 
reactions. For example, ZnO nanorod and plate like structures on the SiO2/Si substrate are 
grown using sol-gel approach employing zinc nitrate hexahydrate (Zn(NO3)2.6H2O) as zinc 
precursor, deionized water as solvent and methylamine (C6H12N4) as stabilizing agent. The 
zinc precursor andC6H12N4 solution were used in equi-molar (0.01 mol/L) concentrations. 
After making homogeneous precursor solution using magnetic stirring at 60 oC for 2h, it was 
aged for 24h at room temperature to obtain homogeneous clear gel. Neutral (pH=7) and 
acidic (pH=6, by adding HNO3) gel precursors were used to get different zinc oxide 
nanostructures. The cleaned and etched Si substrate was immersed in the gel precursor and 
heated in the oven at 90oC for 2h. Thereafter Si was removed from the gel precursor and 
dried in the oven at 108oC followed by annealing in the quartz tube at 500oC for 4h under 
oxygen flow. Neutral solution (pH=7) produces rods, while acidic (pH=6) generates rods as 
well as plate like structures. Huang et al. reported a template-free sol-gel technique for 
controlled growth of ZnO nanorod arrays [16]. 
3. Opto-electronic applications of ZnO nanostructures 

Zinc oxide nanostructured material has numerous potential applications in photonics, 
electronics, optoelectronics, sensors, energy storing and harvesting device fabrications etc. 
Zinc oxide has excellent transparency in the visible, while good absorbance in the UV region 
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therefore, used as window and sunscreen material. Instead of high transparency it has several 
other favourable properties such as high electron mobility, wide bandgap, strong room-
temperature luminescence, etc. These properties are already used in emerging applications for 
transparent electrodes in liquid crystal displays and in energy-saving or heat-protecting 
windows, and electronic applications of ZnO as thin-film transistor and light-emitting diode. 
Here, a few potential optoelectronic applications of ZnO are discussed under the following 
sections. 

(i) Photo detector 
Photo detection is another promising opto-electronic application of ZnO nanowires. The 

UV detector utilizes the electric potential of the ZnO nanowires changed under UV 
irradiation. In 2009, Chenget al. constructed a UV photo detector by contacting a circular 
spiral structure ZnO nanowire with 30 nm IrO2 electrodes. The current (I) -voltage (V) 
measurement showed that the photo-generatedcurrent reaching 5.1x10−7A, under a bias 
voltage of 5 V, and the photocurrent being 2 orders of magnitude larger than the dark curve 
[17]. Li et al. proposed ZnO bridging nanowire structures for nanowatt UV detection. The 
device exhibited drastic current changes (10 -105 times) under a wide range of UV irradiance 
(10−8 - 10−2 Wcm−2). Moreover, the detector showed fast response (rise and decay times of 
the order of 1s) to UV illumination in air [18]. Yang et al. fabricated a simple self-assembled 
lateral growth ZnO nanowire photo detector with the photocurrent of the ZnO nanowires 
under UV illumination being twice as larger as the dark current with a bias voltage of 5 V 
[19]. Lin et al. reported that loading of Ag particles in ZnO nanowires produces an enhanced 
photo response [20]. Chang et al. combined the ZnO nanorods with grapheme enabling the 
visible blind UV sensor to reach 22.7 A W−1 [17]. 

(ii) Solar Cell 
Various forms of ZnO morphologies and sizes significantly contribute to the novel 

characteristics of the devices. ZnO arrays are considered promising photo anode material for 
3rd generation solar cells (Dye solar cells, Quantum dot solar cells) because of their highly 
controllable 1D single-crystalline nanoscale morphology which can provide direct electron 
transport pathways for photo-generated electrons [1,2]. In order to improve the 
DSSC/QDSSC efficiency, much work has been reported on modifying ZnO by doping with 
various dopants such as Sn, Al, Ga, F, In and Cu. In 2010 Lupanet al. electrodeposited the 
well-aligned arrays of ZnO on ITO-coated glass for dye-sensitized solar cells. The maximum 
overall photovoltaic conversion efficiency was 0.66% at 100 mW-cm−2 [21]. In 2008, Cheng 
et al. fabricated DSSCs using solvothermally grown branched ZnO nanowires. The short-
circuit current density and the energy conversion efficiency of the branched ZnO nanowire 
DSSCs are 4.27 mA-cm−2 and 1.51% [22]. Sudhagar et al. reported branched jacks-like ZnO 
nanorods architecture as a photo anode in dye-sensitized solar cells and the result exhibited a 
higher conversion efficiency of η = 1.82% (Voc= 0.59 V, Jsc = 5.52 mA-cm−2 ) than that of 
the branch-free ZnO nanorods electrodes (η =1.08%,Voc =0.49 V, Jsc = 4.02 mA-cm−2 )[23]. 
In 2012, Ameen et al. synthesized tin (Sn) doped zinc oxide (ZnO) nanostructures by the 
hydrothermal method and the photovoltaic performances of Sn doped ZnO derived photo 
anodes were studied. The DSSC with Sn-ZnO photo anode yields the highest power energy 
conversion efficiency (solar-to-electricity conversion efficiency) of ∼1.82% with short circuit 
current (JSC) of 5.1 mA-cm−2 , open circuit voltage (VOC) of 0.786 V and fill factor (FF) of 
0.45, which was higher than that of DSSC with ZnO photo anode [24]. Wang et al. examined 
the effects of Sn element on the characteristics and electrochemical properties of ZnO 
spherical particle used as dye sensitized solar cells (DSSCs) photo anode. They observed that 
the efficiency of dye-sensitized solar cells increased with the addition of Sn element and the 
SZO4 (Sn:Zn = 4 wt.%) based DSSC had the highest power energy conversion efficiency of 
0.80%, which is greatly increased compared to that of the DSSC based on ZnO (0.28%) [25]. 
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Jian Chang et al. (2018), Co–Ni/carbon aerogel composite with a unique three-dimensional 
network structure and high specific surface area was prepared through simple ion exchange 
and carbonization of low-cost sodium alginate supramolecular hydrogels. Using this 
metal/carbon aerogel composite as the counter electrode of ZnO-based DSSCs, a 
photoelectric conversion efficiency (PCE) of 5.08% was obtained [26].  
4. Conclusions 

Zinc oxide is one of the best wide bandgap semiconductors materials with advanced 
technological applications in the development of semiconductor laser diodes, light emitting 
diodes, transistors/FETs, Solar cells for energy harvesting, Lithium ion and fuel cells for 
energy storage, sensors (Physical, biological as well as chemical), hydrogen generation and 
its storage, environmental pollution monitoring and biological/medical applications. It 
provides material for laser diodes with broad spectral coveragefrom deep UV to near IR, 
white as well as colored LEDs. As the highest conversion efficiency of zinc oxide based 
DSCs have reached upto 5-8% yet, which is too lower than that based on the titanium dioxide 
base DSSCs, but it is expected that zinc oxidemay be used to replace Si based costly solar 
cells with high efficiency. Instead of technological and biological applications it has also 
tremendous industrial applications. There is large number of cheap and simple available 
physicaland chemical, solution and vapor phase routes for the synthesis of wide morphology 
ofzinc oxide nanostructures with great optoelectronic, electronic, spintronic and optical 
properties, which makes it more popular amongst the researchers. 
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Abstract 

This paper intends to assess domestic, drinking agricultural usage water quality of region. The 
area is a part of the stable peninsular shield and is a granitic terrain underlined by unclassified 
crystalline of Precambrian age. The ground water quality data were used to study chemical 
parameter hardness, sodium absorption ratio, sodium percentage sodium carbonate, magnesium 
ratio corrosivity ratio,chloro alkaline indices and permeability index found to be based on 
evaluation of the chemical parameters quality of water is fit for drinking, industrial and 
agriculture uses, except in a few isolated locations. According to Gibbs diagram most of the 
sample fields in rock dominance. Wilcox’s diagram indicates that less than 50% of samples fall 
in excellent to good and good to permissible types. 

Keywords: Hydro geochemistry, Groundwater quality, Nalgonda, Telangana 
 

1. Introduction 

India holds for 2.2% of the global land and 4% of water resources and has 16% of the 
population. It is estimated that, one third of world’s population uses groundwater for drinking purpose 
[1]. Geochemical study of major ions in groundwater of wailpali area, Nalgonda district of 
Telanagana State had been carried out in addition to fluoride ion distribution. Low Fluoride 
water (less than 0.6 mg/lit) causes dental problems and high fluoride (greater than 1.2 mg/lit) 
results in fluorosis [2, 3]. In India about 62 million people are affected with dental, skeletal 
and/or non skeletal fluorosis [4]. There are more studies in literature on the fluoride occurring 
minerals associated with granitic gneiss and charnockites in different parts of Andhra Pradesh 
[5,6]. An attempt has been made to investigate the fluoride ion distribution in the groundwater of 
study area to demarcate the safe zones and unsafe zones with references 25 groundwater samples 
fluoride content. 

Study area located in the western part of  Nalgonda  district and lies between latitudes 17000` - 
17010` N and longitudes 78048’ – 79000’ E covering Survey of India top sheet 56 K/16.Study 
area is underlain by Archaean Group of rocks represented by older Group of rocks and 
Peninsular Gnessic Complex. Older rocks include hornblende schist biotite schist and 
amphibolites, while peninsular gneissic complex is represented by pink and porphyritic granite 
gneisses, pink granites and injuctions of quartz, pegmatites and epidote veins. Dolerites mark the 
last phase of igneous activity in the area and they cut across all the above rocks. The integrated 
groundwater prospects maps are preferred by using different geochemical studies [7]. 
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2. Materials And Methods 
 

 25 samples were taken from study area located in and around Wailpalli area, Nalgonda 
District of Telangana, Samples were analyzed for major ions by employing standard methods 
(APHA, 1985). pH and Electrical conductivity (EC) were measured using pH and conductivity 
meters. Total Dissolved Solids (TDS) were computed by multiplying the electrical conductivity 
by a factor (0.55 – 0.75) depending on the relative concentration of ions. Fluoride was analyzed 
by Spectrophotometer by Zirconium Alizarin Red S method. Total alkalinity (TA) were 
estimated by titrating with H2SO4, Total hardness (TH) as CaCO3 and Calcium (Ca+2) were 
analyzed titrimetrically, using EDTA. Magnesium was computed taking the difference between 
TH and Ca+2 values. Sodium and Potassium were analyzed by Flame Photometer. Chloride ion 
was estimated by standard AgNO3 titration. All the parameters are expressed in milligrams per 
liter (mg/l) except pH. 

3. Results And Discussions 

The analytical results of groundwater samples are presents in (table1).  Groundwater has pH 
in the range of 7.2 to 8.36 indicating acidic to alkaline nature. The Total hardness varies from 90 
to 820 mg/l .Hardness of these samples were correlated with standard values [8].This results 
shows that 75.86 % of samples belongs to hard category. Carbonate and bicarbonate ions in 
groundwater of the study area vary from 0 to 45 mg/l. and 134 to738 mg/l respectively (table-1). 
It is observed that bicarbonate in all the groundwater samples of the area are in desirable limits 
of 1000 mg/l. The Concentration of Sodium varies from 18 to 438 mg/lit and in within the 
prescribed limit of 200 mg/lit for drinking water [3], Potassium concentration various from 0 to 
mg/lit to 2.1 mg/lit are within the acceptable limit of 10 mg/lit to 15 mg/lit and the calcium 
concentration varies from 26 mg/lit to 62 mg/lit which is again within the prescribed limit of 
calcium in drinking water is 75 mg/lit [9]. It is observed that 79.37% of samples are within 
prescribed limit. The magnesium varies from 1 mg/lit to 177 mg/for lit. The prescribed limit of 
magnesium in drinking water is 30 mg/lit.[9] and it is observe that 56.89% of the samples are in 
the study area exist the desirable limit prescribed for drinking purposes. .  The concentration of 
fluoride varies from 1 to5.8 mg/lit (table-1). It is observed that fluoride in the ground water 
samples of the area of investigation are in desirable limits of 1.5 mg/lit for drinking purposes 
[10]. The SAR values lies between 0.60 to 6.65 in the water samples collected from the study 
area. Electrical conductivity values and SAR values, show that 80% of the total groundwater. 
RSC values lies between 0 to 3.4 meq/liter from the water samples taken (Table-1). In the 
present study, half of the water samples shows values less than 1.25 meq/liter. The Magnesium 
ratio are found to be more than the permissible limit in most of the water sample.Corrosivity 
ratio values of groundwater of the study area are given (table 1).The positive values of base 
exchange reaction are signs of chlore-alkaline dis-equilibrium. Gibbs is found that most of the 
water parameters in the study area falls under the rock dominance. 

Table 1: STATISTICALPARAMETERS OF GROUND WATERSAMPLES 
STATISTICALPARAMETERS OF GROUND WATERSAMPLES 

statistical 
analysis 

 
PH EC TH Ca Mg Na K CO3 HCO3 CL SO4 NO3 F 

Mean 7.929 1110.8 295.6 43.28 45.48 119.29 2.12 0 433.56 106.48 35.048 32.72 3.036 
Median 7.96 968 235 42 33 99 0.66 0 438 60 19 20 3 



219 

 

Mode 8.12 
1150, 
820 235 

44, 
60, 
32 33 

161, 
21, 35 0.27 0 

317, 
445 60 12, 26 14 4, 2 

Standard 
deviation 0.311 685.66 140.3 10.45 34.75 94.83 6.73 0 147.05 142.03 38.98 34.46 1.23 
skewness -0.67 1.86 1.91 0.29 1.99 1.6 4.55 0 0.22 2.68 1.79 2.47 0.07 

Range 1.11 1524 730 36 176 420 2.1 0 604 642 134 154 4.8 
Minimum 7.25 526 90 26 1 18 0 0 134 14 10 8 1 
Maximum 8.36 2050 820 62 177 438 2.1 0 738 666 144 166 5.8 

 

4. Conclusion 

Groundwater is having fluoride concentration associated with high sodium and low calcium. Present 
study on groundwater quality with reference to fluoride ion concentration in Wailpalli area indicates that 
the groundwater is acidic to alkaline in nature. Increase of fluoride content in groundwater.  Few samples 
of the fluoride content are higher than the optimal limit. Gibbs diagrams most of the sample fields in 
rock dominance. Wilcox’s diagram indicates that less than 50% of samples fall in excellent to 
good and good to permissible types. The geochemical character of ground water is reflecting the 
nature of the rocks in which it was occurred. 
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Abstract 

Groundwater is a major source for domestic, drinking and irrigation purposes in Kistapur 
village, Medchal, Telangana. 22 samples were collected through bore wells in the 
surrounding areas of kistapur and tested for pH, acidity, alkalinity, DO, BOD, COD, EC,  
Turbidity, Ca+, Mg+, Na+, Total hardness, K+. The test results are favourable and are in 
permissible limits which can be used for drinking, domestic and irrigation purposes. This 
tests showed that the compositions of Ca+>Mg+>Na+>K+. The groundwater is polluted due to 
effluents from factories nearby the study area. After selecting some important water quality 
parameters, the calculation of Water Quality Index (WQI) was done. Hence the use of waters 
of open wells in and around the industrial area to determine the quality of groundwater. 
Investigations of location of points & distribution of groundwater is done by using GIS and 
are interpolated using inverse distance weighted (IDW may cause health hazards to nearby 
inhabitants. So it is necessary to control the contaminant transportation and ground water 
pollution in and around study area. 

Keywords: Physico-chemical analysis, Groundwater, IDW, WQI, GIS, Kistapur, Medchal, 
Telangana. 

1. Introduction 
Water is the most important source for livelihood in nature. As there is rapid growth in 
urbanisation, irrigation techniques, living standard of life, industrialisation, there is a need of 
excess quantity of water for various purposes. As water from many sources such as rivers, 
lakes, ponds etc are being used excessively and are contaminated due to wastes from 
factories, improper usage of water [1, 2]. Due to inadequate supply, they are depending on 
groundwater which is the primary source for domestic and irrigation in many parts of India. 
Knowledge of quality parameters result in knowledge of different characteristics which may 
affect health conditions of people living in the area [3]. The results which are obtained after 
testing are compared with the standard results given by the WHO and Water Quality 
Standards (IS 10500-2012.) [4]. 

The study area falls in between latitude 17.6295oN and longitude 78.5072oE. It is 3 Km from 
Medchal located in Telangana. Its study area falls in the Survey of India topo sheet E44M10 
and E44M5. Average annual rainfall is 833 mm in which July is the wettest month of the year 
and June to September contributes a rainfall of 652mm. Geomorphology of the area indicates 
that the present-day landforms are the products of different geomorphic processes such as 
erosion, deposition, crustal movements coupled with climatic changes operating on the 
surface.  
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The study area consists of mainly pink granites which are highly weathered and fractured. 
Number of intrusive like dolerite dykes, pegmatite veins and quartz reefs/veins are common 
in this area [5, 6]. Groundwater Quality studies with reference to drinking and irrigation 
purposes in different regions were carried out by [7, 8, 9, and 10].The integrated groundwater 
prospects maps are preferred by using different geochemical studies [11]. 

2. Materials and Methods:  
21 samples were collected from underground through borewells, dug wells at different 
locations in Medchal, Telangana. They were stored in polyethylene bottles and stored at 
temperature of 15-20o C. The samples were tested for parameters like pH, Electrical 
Conductivity (EC), Total Dissolved Solids (TDS), Alkalinity, Acidity, Dissolved Oxygen, 
BOD, COD, Turbidity, Calcium (Ca+), Magnesium (Mg+), Sodium (Na+), Total Hardness 
(TH), Potassium (K+). PH, EC, TDS were measured using pH/EC/TDS meter immediately 
after bringing the samples from the locations in bottles. Ca+, TH were measured using 
standard EDTA solution using Eriochrome Black T-Indicator. Na+ and K+ were measured 
using the technique of emission flame photometry. CO3

-2, HCO3 were measured using 
titration method using phenolphthalein as indicator. Alkalinities, Acidity were measured by 
titration method using phenolphthalein, methyl orange indicators using NaOH, H2SO4 
solutions. DO was measured using titration method by Winkler. Turbidity was measured 
using Nephelometric turbidimeter. BOD and COD were measured using titration method in 
which Phosphate buffer, Magnesium sulphate, Calcium chloride, Ferric Chloride were the 
reagents used and Sodium thiosulphate was the titrant used. 

Calculation of Water Quality Index 

The Weight arithmetic water quality index meth has been used for calculation of WQI 

The overall WQI is determined by using Equation:  

WQI= Σ Qi Wi ∕ Σ Wi 
Unit weight was calculated as following 

 

Wi = Wi ∕ Σ Wi 
 
Where, Wi is the relative weight, Wi is the weight of each parameter and Σ Wi is the sum of 
weights of all parameters. 

Quality rating Qi was calculated as below: 

Qi = (Vi ∕ Si) X100 
 

3. Results and Discussion  
The minimumium, maximum, mean median and standard deviation values generated from the 
analysis of the samples are presented in table The pH indicates the acidity or alkalinity 
material present in the water. The pH values of the groundwater vary from 8-10 with a mean 
pH of 8.6 which is alkaline in nature and it tastes bitter. The permissible limit for drinking 
water should be in the range of 6.5-8.5. The groundwater shall be treated before consuming 
as its value is above the permissible limit. Acidity of water is the capacity to neutralize bases. 
The Acidity of the Groundwater samples varies from 20-150 mg/l with a mean value of 71.42 
mg/l. The limit for drinking water should be Alkalinity of water is the capacity to neutralize 
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acids. The Alkalinity of the Groundwater samples vary from 20-128 mg/l and mean value 
was 68.85 mg/l. The permissible limit of drinking water should be less than 250 mg/l and the 
samples are safe for drinking purposes. The TDS is a sum of cations and anions in the water. 
It consists of Inorganic salts and some organic salts. The Groundwater samples have a TDS 
value varying from Conductivity is the capacity of water to carry an electrical current. The 
Groundwater samples have an EC values varying from 0.89-13 µS/m with a mean value of 
2.6 mS. the permissible value of EC is 1500 mS/cm[12]. The Groundwater Samples are safe 
for drinking purposes. Amount of Dissolved Calcium and magnesium in water represents the 
TH of water. The Groundwater samples have a TH varying from 72.56-915.82 mg/l with a 
mean value of 465 mg/l. The permissible limit of TH in drinking water is 600 mg/l. hence the 
groundwater samples can be used for drinking purposes. Calcium concentrations vary from 
80.2-150 mg/l with a mean value of 125.5 mg/l. The permissible value of calcium is 200 mg/l 
and the samples are found to be safe for drinking purposes. Magnesium concentrations vary 
from 36-108 mg/l with a mean value of 70.7 mg/l and the permissible value for magnesium is 
30 mg/l [13]. Which are not safe for drinking purposes? Due to relative abundance in rocks 
the values of calcium exceed the magnesium values. Sodium and magnesium concentrations 
are due to mineralogical origin of soils and Soluble Na+ and K+ are results from weathering of 
feldspar. Na+ values vary from 15-51 mg/l with mean value of 34.28 mg/l. The permissible 
value of Sodium in water is 45 mg/l. K+ values vary from 2-26 mg/l with mean value of 5.21 
mg/l. The permissible value of potassium in water is 10mg/l. Both sodium and potassium are 
in the range and Groundwater samples can be utilised for drinking purposes. Carbonates of 
water samples vary from 24-66 mg/l with mean value of 36.48 mg/l and Bicarbonates values 
vary from 79.31-292.84 mg/l with mean value of 167.28 mg/l.BOD is the most widely used 
test to establish the concentration of organic matter in waste water samples[14,15]. It is based 
on the principle that if sufficient oxygen is available, aerobic biological decomposition by 
microorganisms will continue until all waste is consumed. The Groundwater samples have a 
BOD value varying from 50.6-487.6 mg/l with a mean value of 210 mg/l. COD is the 
alternative test to BOD for establishing the concentration of organic matter in wastewater 
samples. The PH exhibits positive correlation with BOD (R2= 0.5) in fig.1.COD test can be 
completed within few hours compared to BOD. The Groundwater samples have COD values 
varying from 50.72-260 mg/l with a mean value of 80 mg/l. It is observed that the PH 
positive correlation BOD (R2=0.23), COD (r2=0.02) in fig.1 -3.The water can be safely 
discharged into streams and this water samples cannot be utilised for drinking as organic 
matter is very high. The amount of oxygen present in the water in dissolved state is DO. The 
Groundwater samples have DO values varying from 6-25 mg/l with mean value of 15.5 mg/l. 
Therefore, the water contains sufficient amount of DO for growth of aquatic life. This water 
samples can be used for drinking. The presence of dissolved solids in water may affect taste. 
Water with extremely low concentrations of TDS may also be unacceptable due to its flat, 
insipid taste. The Groundwater samples collected from locations have a TDS value varying 
from 637-8450 mg/l with a mean value of 1691.90 mg/l. Though some values have TDS 
values which are permissible for drinking purposes the samples S-14 & S-15 have a high 
TDS value of 8450 mg/l which are unacceptable for drinking purposes. The amount of 
suspended particles in the liquid. The Groundwater samples have a value of 2-18 NTU with a 
mean value of 5.2 NTU. The WQI of the groundwater ranged between87.2 to 396.5 that 
indicates the pollution level is very high [16, 17]. 
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Fig 1.Scatter diagram of PH Vs BOD                                     Fig 2. Scatter diagram of COD 
Vs BOD  

                        

Fig 3.Scatter diagram of PH Vs COD                                        Fig.4. Scatter diagram of COD 
Vs BOD                                

 

Table 1 .Descriptive Statistics of Physico- Chemical Quality of Ground water 

Sl. 
No. 

Water 
Quality 

Parameter 

W.H.O. standards 
in ppm 

I.S.I. standards in 
ppm 

Analysis of the 
area investigated 

Min. Max. Min. Max. Min. Max. 

1 pH 6.5 8.5 6.5-8.5 6.5-9.2 8 10 

2 EC 500 2000 500 1500 0.89 13 

3 Ca 75 200 75 200 80.2 195 

4 Mg 50 150 30 100 36 

 

108 

5 Na - 200 - 200 15 53 

6 K - 12 - 12 2 26 

7 HCO3 500  - - 79.37 292.84 

8 TDS - 500   637 8450 
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9 TH - 200  300 120.7 915.8 

10 Alkalinity 20 128   20 128 

11 acidity 20 150   20 150 

12 BOD 30    50.6 457.6 

13 COD 250    50.3 260 

14 DO     6 15.4 

15 Turbidity  5  5 2 18 

 

4. Conclusion  
The groundwater sources in and around Kistapur area, Medchal district of T.S., have been 
evaluated for their chemical composition and suitability for drinking and irrigation purposes. 
In the study area malignity of groundwater samples are within permissible limits prescribed 
for drinking water. The source of chloride is more due to the weathering of minerals present 
in the rocks of the study area. The addition to the TDS content in increased due to natural 
sources, domestic sewage and industrial effluents. The BOD/COD found in all cases as less 
than 0.50, which indicate the poor biodegradability of the waste, need more attention in the 
treatment processes and to be treated before its final disposal. The WQI values for 88% 
locations are higher exceeding 100, the upper limit for drinking water. From the result it is 
concluded that the WQI for Groundwater water in all locations were founds unsuitable for 
drinking purpose.  
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Abstract 

 In this work, the capability of depth profile analysis of Laser-induced breakdown 
spectroscopy has been demonstrated. The composition of the surface , as well as matrix 
elements of quartz using LIBS have been evaluated. Quartz is arguably the most abundant 
mineral on the earth. It is the mineral form of SiO2, stable at low temperatures and pressures. 
Quartz is known to contain small but variable amounts of structurally substituted or 
interstitial ions. It formed under particular environmental conditions might be anticipated 
tocontaina reasonably constant and characteristic level of foreign matter. It can  havetrace 
amounts of aluminium, alkalis, and transition elements. LIB spectra of quartz recorded in the 
wavelength range 230-850 nm reveals the presence of elements, Ca, Mg, Si, and O. The 
variation of elements from the surface to depth is subtle for visual inspection, but delicate 
observation of persistent line of elements in the spectra shows intensity variations in-depth 
profiling. 
Keywords: LIBS, Quartz, Multi-elemental profiling, Depth profile analysis 
 
1. Introduction 

Laser-induced breakdown spectroscopy technique has manifested its analytic 
potentialin the area of environmental analysis, space exploration, plants, nuclear materials, 
geological materials[1-2]. It is a rapidly growing technique for last few decades. LIBS gained 
wide attention from the geological world because of its simple, real-time, minimal 
destructive, field-portable nature. C. Liuet al. has used LIBS technique for Cd detection in the 
12 soil samples [3].LIBS study of a meteorite sample from Dergaon, India by A. Rai et 
al.shows the presence of Ni, Cr, Co and Ir in the sample [1]. 

Natural quartz is a pure form of SiO2 mineral, and it is rare. It can be found in various 
colours depending on the presence of minor mineral inclusions, crystal defects or colour 
centers. Amethyst, smoky quartz, rose quartz etc. are some varieties of coloured quartz. Some 
studies showed that trace element concentration of quartz might be used as geological 
indicators [4]. S. Klemmeet al. have performed electron microprobe and oxygen isotope of 
quartz and said that the green colour of quartz was due to theacicular amphibole inclusions, 
whereas traces of Fe may be responsible for the purple colour of amethyst [5]. LIBS, in 
conjunction with discriminate function analysis, has been used for the qualitative analysis of 
five different quartz samples[6]. K. G.Suastikaet al.analysed four different coloured amethyst 
using LIBS technique and detected Al, Ca, K, Fe, Gd, Ba, Si, Be, H, O, N, Cl and Pu with 
various emission intensities. 

Quartz is unaffected by weathering and temperature changes due to its hard-
crystalline structure. Previous studies demonstrated the presence of the small but variable 
amount of foreign elements in quartz, which motivated this work. In the present work, LIBS 
has been used for the analysis of major as well as minor elements of a pale green quartz 
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crystal. The point detection capability of LIBS has been used for the depth profiling of 
quartz. 

 
2. Experimental 

A quartz sample is provided by one of us (J.K. Pati). No sample preparation has been 
done.A detail about the experimental setup used for recording the LIBS spectra of quartz 
samples may be obtained from our  previousworks [ 1-2]. It consists of an Nd-YAG laser 
source (Continuum Surelite III-10) with maximum deliverable energy 390mJ and a maximum 
repetition rate of 10 Hz. A convex lens of focal length 15 cm was used for focusing the laser 
on the surface of the sample.  Emitted photons from plasma was collected by collection optics 
(CC52 collimator,Andor Technology) and fed to the Mechelle spectrograph(ME5000, Andor 
Technology) equipped with an ICCD camera (iStar334, Andor Technology). Gate delay and 
gate width were optimized to 1µs and 5µs, respectively, for better signal to noise ratio.LIBS 
spectra were recorded for 1st laser shot, 2nd lased shot, 3rd laser shot up to tenth laser shots by 
focusing the laser beam at the same spot/point of the sample surface, and the resulting spectra 
are analyzed to find the variation in the concentration of the elements from the surface to 
matrix(inside). 

 
3. Results and Discussion 
3.1 qualitative analysis 

LIB spectra of quartz samples have been recorded in the wavelength range 200-
850nm.For the surface analysis,the sample was continuously moving with the help of the 
sample stage such that every laser shot faces a new spot.  

 

 
Figure 1: LIB spectra of quartz sample in the wavelength range 220-800nm showing the 

presence of Fe. 
 
Accumulation of hundred laser shots has been taken for one LIB spectra, and an 

average of ten such spectra was used for the analysis of elements present on the surface of the 
sample.Spectral lines have been identified using the National Institute of Standards and 
Technology atomic spectroscopic database. 

LIB spectra of quartz samples (Figure1) demonstrate the presence of spectral lines of 
Si, O, Ca, N, H, Mg. Quartz is a mineral form of SiO2, elements other than Si and O may be 
impurity elements on the surface. Previously reported work found that the green colour of 
quartz is due to the presence of Fe on the interstitial site of the quartz structure [8]. Figure 1 
showing the presence of the persistence line of Fe at 238.2, 259.3 and 259.9nm, which depict 
the presence of iron in green quartz. 
3.2  Depth profile analysis 
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  Depth profile analysis has been performed to ensure the presence of impurities inside 
the quartz sample. We focused our study on the presence of Ca and Mg, whether it is on the 
surface or in the matrix of quartz. Interference-free lines of Mg, Ca and Si at 279.5, 393.3 and 
390.5nm, respectively chosen to check the shot to shot spectral intensity variation. LIB 
spectra of 1st, 2nd, 5th and 10th laser shot have shown in  Figure 2. It depicts that Mg and Ca 
lines have maximum intensity in the first laser shot and decreasing with an increase in laser 
shots. In contrast, the intensity of the spectral lines of Si is increasing with increasing  laser 
shots and it is maximum in tenth laser shot. Since quartz is found in metamorphic and 
volcanic rock, the constituent of the host rock may be found on the surface of the quartz. [9] 

 

    
Figure 2: Comparison of LIB spectra of quartz sample for different laser shots 

3.2 Matrix element analysis 

 The variation of intensity of different spectral lines of constituents of quartz has also 
been studied. The integrated intensity of Ca (422.6nm), Mg (279.5 nm), Si (288.1nm), O 
(777.7nm) spectral lines have calculated, and a graph is ploted between integrated intensity 
and the successive laser shots. 

Figure 3: Variation of the intensity of elements in the LIB spectra of quartz with a successive laser shot 

 

Figure 3 clearly shows that the intensity of Ca and Mg decreased continuously and 
became almost zero after the 10th laser shot. The spectral line intensity of Si and O, was 
increasing with successive laser shot and became almost constant to 10th laser shot. The 
impurity elements on the surface of quartz disappear after 10th shot, so it may be concluded 
that after 10th shot laser reaches the matrix of quartz, which is made up of SiO2. At the same 
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time, impurity elements Ca and Mg on the surface of quartz becomes zero due to the removal 
of the impurity on the surface. 

4. Conclusions 
o In the present paper, identification of elements presents in the quartz has been 

performed using LIBS. 
o LIB spectra containthe spectral signature of O, Mg,Si, Ca, Fe. 
o The colour of pale green quartz may be due to the presence of Fe on the 

interstitial site of the structure. 
o The study revels that Ca and Mg present on the surface of quartz as an 

impurity. These elements are constituents of the host rock 
o Si and O are matrix elements of quartz with Fe as a substitute element on the 

interstitial site. 
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Abstract 

Increasing population, urbanization and industrialization have led to an everlasting generation of 
wastes there by polluting the environment. Disposal and environmental friendly management of 
these wastes are becoming a serious global problem A newer branch of biotechnology called 
‘Vermiculture Technology’ is emerging by the use of earthworms to solve various environmental 
problems. Vermicomposting has been identified as one of the potential methods of solid waste 
management as it is cost effective, eco-friendly technology and it is free from toxic chemicals. 
The process of vermicomposting helps in replenishment of plant nutrients, maintains soil health, 
reduces the pollution problem and creates employment opportunities therefore it can be 
recognized as a strategy for sustainable organic farming. The present study has been carried out 
by the production of vermicompost from solid wastes using earthworm species and also to 
determine the rate of vermicompost on the growth and better yield of plants. 

Keywords: Solid Biomass, Earthworm, Vermicompost, Plant growth 
 
1. Introduction 

Vermicompost Technology (Vermitechnology) through Earthworm is indigenous, economic and 
easy technology to convert all biodegradable waste into best quality organic manure. Wastes are 
nothing but misplaced resources. A large volume of organic matter is generated from agricultural 
activities, dairy farms and animal shelters which are usually dumped in corners where it 
putrefies, usually emanating foul smell. These Renewable resources turn into valuable wealth 
product by using Vermicomposting technology [1,2]. This approach reduces pollution and 
provides a valuable substitute for chemical fertilizers. This process is profitable at any scale of 
operation, provided proper process parameters are maintained. Vermi compost is a valuable input 
for sustainable agriculture and wasteland development [5,6]. It was proved that the 
Vermicomposting of floral waste with cow dung at 50:50 and 60:40 appears to be the most 
promising high value bio-fertilizer. This not only increases the plant growth (as seen in tomato 
plant) and productivity by nutrient supply but also it is cost effective and pollution free. A novel 
approach technology called vermicomposting method [3]. Encourages environmental 
sustainability by converting a waste to a usable product that improves our environment. The 
important characteristics such as N, P, and K, Ratio exhibited the increasing order in the entire 
composting bin. Both vermicompost and its body liquid (vermiwash) are proven to be growth 
promoters & protectors for crop plants [4].This project is Eco-friendly and one stroke solution of 
most of the burning problems like pollution, unemployment, upliftment of rural poor, poor soil 
fertility, wasteland development, poor health, declining yield, more use of chemical fertilizers 
and pesticides etc. So, we can solve these problems by establishing Vermicomposting concept in 
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a particular region and thereby total biodegradable wastes can be converted into money i.e. best 
quality organic manure, employment to unemployment youth. 

2. Materials and Methods 
Before composting Segregation process of vegetable biomass should be done. Composting can 
be done in pits under shade, in a prominent level, to prevent water stagnation in pits during rains. 
Make small holes on the side of pits to connect outlet PVC Pipe for collecting vermiwash. Soil 
should be kept as bedding material at the bottom of the Pit. Followed by a layer of soil to a total 
thickness of 6-7 cms. Pits was filled by organic waste (4- 5 cm length). Cattle dung (dry) are then 
scattered over the soil and covered with a 10cm layer of hay. Introduce earthworms (1kg) and 
cover the pits with jute cloth cover and wire mesh to protect earthworm from birds, moles, and 
shrews. Water is sprayed till the entire set up is moist but not wet. Less water kills the worms 
and too much water chases them away. Provide a shed over the compost to prevent entry of 
rainwater and exposure to direct sunshine. Sprinkling of water should be stopped when 90 % bio-
wastes are decomposed. Maturity could be judged visually by observing the formation of 
granular structure of the compost at the surface of the tank. Normally after 60 days, organic 
refuse changes into a soft, spongy, sweet smelling; dark brown compost will be ready for 
collection. Harvest the Vermicompost by scrapping layer wise from the top of the tank and heap 
under shed. This will help in separation of earthworms from the compost. Sieving may also be 
done to separate the earthworms and cocoons. The temperature and moisture content were 
maintained by sprinkling adequate quantity of water at frequent intervals. 

3. Result and discussion 

Many Researchers have recognized the capability of using earthworms as a management 
technique for numerous wastes into valuable fertilizer. Vermicomposting results in the 
bioconversion of the waste into three useful products, vermicompost, earthworm biomass and 
vermiwash .Vermicomposting done for six weeks and sample were collected from the pit and 
analysed for their nutrient composition. 

                                                   Table 1: Parameter analysis  

S.No  Parameters  Instruments Used  

1 pH pH meter  

2 Electrical conductivity Digital EC meter  

3 Total Kjeldahl Nitrogen (TKN) Micro Kjeldahl method  

4 Total Phosphorus (TP) spectrophotometrically  

5 Total Potassium (TK) Flame Emission Technique  

6 Total organic carbon (TOC) Walkey and Black’s method  
 
Reduction in pH is due to microbial decomposition during the process of composting. The 
lowering of pH due to productions CO2 which was an acidic gas and when it came in contact 
with water it might have formed carbonic acid, due to which pH had decreased [7]. The EC was 
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reduced owing the loss of weight of organic matter and release of different mineral salts in 
available form. The low value Electrical conductivity shows the greater the decomposition rate. 
The decrease in organic carbon could be appropriate to respiration and assimilation of 
microorganism and earthworm. A large fraction of organic matter in the initial substrates was 
lost as CO2 by the end of the vermicomposting period. Increased Nitrogen content in 
vermicompost possibly will be due to the release of nitrogenous products of earthworm 
metabolism through their cast (excreta) and urine. Moreover, the earthworm bodies which 
contain protein of 65% are organic nitrogen sources in vermicompost. The passage of organic 
residue through the gut of earthworm discharges phosphorus. 

   Table 2: Physicochemical analysis of Vegetable Biomass based Vermicompost 

S.No Parameters 
Initial 

value (%) 
Vermicompost Values In 

Percentage (%) 
1 pH 6.3 4.2 
2 Electrical conductivity 3.21 2.89 
3 Total Kjeldahl Nitrogen (TKN) 1.71 2.57 
4 Total Phosphorus (TP) 1.01 1.12 
5 Total Potassium (TK) 0.97 1.04 
6 Total organic carbon (TOC) 19.6 4.6 
7 Carbon Nitrogen Ratio (C:N) 44.2 11.23 

 Increase in Phosphorous content during vermicomposting is possibly through mineralization and 
Mobilization of phosphorus by bacterial and faecal phosphatase activity of earthworms. Increase 
in the amount of phosphorus in the vermicompost with the progress of time. Due to the 
metabolic activity of microorganisms present in earthworms gut. Solubilization of inorganic 
sodium and potassium in organic wastes by microorganisms through acid production. Microbes 
in compost digest carbon as an energy source and ingest nitrogen for protein synthesis. The 
proportion of these 2 elements should approximate 30 parts carbon to 1 part nitrogen by weight. 
C: N. ratio range should be 25:1 to 30:1 for vermicomposting. This is because the bacteria 
involved in composting digest carbon twenty five to thirty times faster than they digest nitrogen. 
The C: N ratio indicates the degree stabilization of a waste, as carbon is lost as CO2 during 
vermicomposting whereas nitrogen content is enhanced during this process and these factors 
contributes to the lowering of C: N ratio.   

4. Conclusion 
Environmental Hazards are compounded by accumulation of organic waste from different 
sources like domestic, agricultural and industrial wastes that can be recycled by improvised and 
simple technologies. Vermicompost could be effectively used for the cultivation of many crops 
and vegetables, which could be a step towards sustainable organic farming. Such technologies in 
organic waste management would lead to zero waste techno farms without the organic waste 
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being wasted and burned rather then would result in recycling and reutilization of precious 
organic waste bringing about bioconservation and biovitalization of natural resources. 
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Abstract 
 
The rapid increase of textile industries causes a threatening environmental and health issues for 
the past few decades. Most of the textile industries use azo based dyes, Methylene blue (MB) is 
one among them. Dye degradation of textile residues has been considered as the primary concern 
in wastewater treatment due to their complicated constituents and high chemical stability. 
Nowadays, nano-photocatalysts are used for degradation of such dyes which breaks the organic 
dye molecules into H2O, CO2 and mineral acids that further reduces the secondary pollution. 
Owing to the vast number of structural geometries, metal oxide nanoparticles have been used as 
heterogeneous nano-photocatalysts. Zinc Oxide (ZnO), a non-toxic and eco-friendly material is 
one among them with wide range of applications like elimination of hazardous materials, drug 
delivery, biomolecular detection, etc. Hence, an attempt has been made to synthesis ZnO 
nanoparticles by facile hydrothermal technique to explore its photocatalytic activity against MB 
dye. The structural property was confirmed by X-Ray Diffraction (XRD) technique. The surface 
morphologies of ZnO nanorods were depicted by Field Emission Scanning Electron Microscopic 
(FESEM) analysis. The optical studies were carried out by UV-Visible (UV-Vis) Spectroscopic 
technique. Further, the photodegradation of Methylene Blue dye by Zinc Oxide nanorods under 
UV irradiation was also investigated.  

Keywords: Environmental, methylene blue, nano-photocatalysts, ZnO, UV irradiation 
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1. Introduction 

Majority of textile industries use azo based dyes to manufacture their fabrics and 
discharge huge amount of colored effluents in various water bodies. These dyes retard biological 
activity of aquatic environment and cause harmful effects on humans. Hence, it is essential to 
eliminate hazardous dye from wastewater before it pollutes the environment [1]. In the past few 
decades, researchers have been developing several methods to eliminate organic dye molecules 
from wastewater [2]. Photodegradation is one of the methods in which molecules are degraded 
by absorbing a photon of wavelength particularly in the ultraviolet and visible regions. 
Photocatalysis is one of the photodegradation processes in which photo induced reaction is 
accelerated in the presence of a catalyst. In this process, electron-hole pairs are created by the 
absorption of incident light that leads to a redox reaction. Nowadays, nano-photocatalysts are 
used for degradation of dyes that breaks the organic dye molecules into H2O, CO2 and mineral 
acids that further reduces the secondary pollution [3]. Due to the electronic structure of 
semiconductors, ZnO, ZnS, TiO2, etc., act as nano-photocatalysts [4]. Owing to its eco-friendly 
nature, low-cost and high catalytic ability, ZnO nanostructures have been used as prominent 
photocatalysts for the degradation of organic pollutants in wastewater [5, 6]. Diverse synthesis 
methods have been employed for the preparation of ZnO nanoparticles. Among them, synthesis 
of ZnO nanoparticles with various morphologies can be obtained via simple hydrothermal 
method by tuning the reaction parameters [7]. In this work, we report a facile hydrothermal 
approach to synthesize Zinc Oxide mico/nanorods by varying the precursor concentration. The 
crystallite structure and phase of the prepared ZnO nanostructures were confirmed by using      
X-Ray Diffractometer (XRD) and the optical absorption peak was found by using UV-Visible 
spectrophotometer. The surface morphologies were inferred from Field Emission Scanning 
Electron Microscope (FESEM). Further, the photocatalytic activity of the prepared ZnO 
nanorods was investigated against methylene blue (MB) dye under UV irradiation. 

2. Experimental section 

2.1. Materials 

Zinc nitrate hexahydrate [Zn(NO3)2.6H2O] and sodium hydroxide [NaOH] of analytical 
grade were procured from HIMEDIA, India and were used as received. 

2.2. Synthesis of ZnO nanostructures 

The required amount of zinc nitrate hexahydrate (0.025 M) was dissolved in 60 ml of 
distilled water and stirred for 30 min in a magnetic stirrer. Then, sodium hydroxide solution was 
added drop wise till the pH of the solution become 12 and was stirred for 30 min to obtain            
a homogenous mixture. The resultant solution was treated hydrothermally at 180 °C for 12h. The 
final precipitate was washed and dried at 100 °C to obtain Zinc Oxide nanostructures. The same 
reaction was carried out for the precursor concentration of 0.25M. 

2.3. Characterization of ZnO nanostructures 
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The synthesized ZnO nanoparticles were structurally, optically and morphologically 
characterized by using Bruker ECOD 8 Advance X-Ray Diffractometer, Shimadzu UV-Visible 
Spectrophotometer and Bruker Field Emission Scanning Electron Microscope respectively. 

2.4. Experimental procedure for photodegradation 

An appropriate amount of as-prepared ZnO nanorods were mixed well with 50 ml of MB 
solution and was illuminated by a UV source. The photodegradation ability of ZnO nanorods was 
evaluated by measuring the absorption intensity of MB dye for regular intervals of time. 

3. Results and Discussion 

3.1. Structural and Optical properties 

The XRD pattern of the synthesized ZnO nanostructures is illustrated in Fig. 1(i). All the 
samples were well crystallized and the diffraction peaks were in accordance with the standard 
JCPDS (#36-1451) of ZnO. The lattice constants for hexagonal crystal structured ZnO were 
found to be a = b = 3.253 Å and c = 5.213Å. The crystallite size was calculated from Debye 
Scherrer formula as 20 and 24 nm for 0.025 and 0.25 M respectively. The increase in crystallite 
size for higher concentration of Zn precursor might be due to the change in the growth of 
different crystallographic planes [8, 9].  

 

 

Fig. 1 (i) XRD pattern and (ii) UV-Vis absorption spectrum of ZnO 
(a) 0.025 M and (b) 0.25 M 

The absorption spectrum of ZnO nanostructures is shown in Fig. 1(ii). The absorption 
edge wavelength was observed at 430 and 407 nm for micro and nanorods respectively. The 
blue-shift might be due to the decrease in particle size that could be attributed to the confinement 
effect [10].  

3.2. Surface morphological properties 
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Fig. 2 FESEM images of ZnO (a) 0.025 M and (b) 0.25 M 

 

FESEM images of ZnO nanostructures are shown in Fig.2. The formation of microrods 
was observed for 0.025M of Zn2+ concentration (Fig. 2(a)) whereas for 0.25M, formation of 
nanorods was noticed (Fig. 2(b)).  The decrease in the particle size of the rods for 0.25 M of  
Zn2+ ions in the precursor solution was due to the increased nucleation rate than the growth rate 
of ZnO nuclei [11]. 

3.3. Photocatalytic Activity 

Photocatalytic degradation of Methylene Blue dye using Zinc Oxide nanorods as 
photocatalyst under UV irradiation is represented in Fig. 3. The removal of MB dye by ZnO 
nanorods was evident from the gradual decrease in intensity of the absorption peak of MB at   
663 nm (Fig. 3(i)). The infinitesimal photodegradation of MB dye under UV irradiation in the 
absence of nano-photocatalyst might be due to the photo-induced self-sensitized photolysis    
(Fig. 3(ii)). The enhanced photodegradation after the inclusion of ZnO nanorods was due to its 
high adsorption capacity. The linear plot of degradation rate indicated that the degradation of 
MB follows first-order kinetics. The increased degradation rate of ZnO nanorods (0.0502 min-1) 
was due to its high surface area to volume ratio that provides more photocatalytic reaction 
centers for adsorption of dye molecules. At the same time, the large surface area of ZnO 
nanorods is beneficial for UV irradiation to promote electron-hole pair generation [5] which is 
responsible for degradation process and hence Zinc Oxide nanorods can be effectively used as an 
efficient nano-photocatalyst for the degradation of Methylene Blue dye under UV irradiation. 

 

Fig. 3 (i) Photocatalytic degradation of MB dye by ZnO nanorods (ii) Photodegradation efficiency (a) without 
photocatalyst (b) with ZnO nanorods and (iii) Photodegradation rate 
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4. Conclusion 

 Zinc Oxide micro and nanorods have been successfully synthesized via a facile 
hydrothermal method by varying the precursor concentration under mild reaction 
conditions  

 The structural properties and optical absorption wavelength were evaluated by X-ray 
diffractometer and UV - Vis spectrophotometer respectively 

 The surface morphology was depicted by using Field Emission Scanning Electron 
Microscope 

 The enhanced photocatalytic activity of the synthesized Zinc Oxide nanorods was 
investigated for the degradation of Methylene Blue dye 

Reference 
1. D. A. Yaseen et al., International Journal of Environmental Science and 

Technology., 2019, 16, 1193–1226. 
2. Rummi Devi Saini et al., International Journal of Chemical Engineering Research. 

2017, 9, 121-136. 
3. Sunandan Baruah et al., Nanoscience & Nanotechnology-Asia., 2012, 90-102. 
4. Alex Omo Ibhadon et al., Catalysts., 2013, 3 (1), 189-218.  
5. Swee-Yong Pung et al., International Journal of Inorganic Chemistry., 2012, 2012, 

1-9. 
6. S. Sakthivel et al., Solar Energy Materials and Solar Cells., 2003, 77, 65-82. 
7. K. Byrappa et al., Progress in Crystal Growth and Characterization of Materials., 

2007, 53, 117-166. 
8. P. M. Aneesh et al., Nanophotonic Materials – IV., 2007, 6639, 66390J. 
9. A.Shaker et al., Physica E: Low-dimensional Systems and Nanostructures., 2017, 

88, 169-173. 
10. M.K. Debanath et al., Materials Letters., 2013, 111, 116-119.  
11. G. Amin et al., Journal of Nanomaterials., 2011, 2011, 1-9. 



242 

 

APPLICATION OF PIXE TO NANO MATERIALS - AN OVERVIEW 

R.Venkateswara Rao1,* and K.SrinivasaRao2 

1. *Department of Physics, Lendi Institute of Engineering & Technology, Vizianagaram, A.P, 
India. 
2. Department of Physics, ANITS, Sangivalasa, Visakhapatnam A.P, India. 

               Corresponding author’s email: rvrao.venkat999@gmail.com 

Abstract 
With the advent of Nano particles produced in high quantities and employed in 

different products or processes, the need to evaluate their potential effects is necessary. 
Hence a brief description of the various available techniques that are employed in 
characterization of Nanomaterials is presented. Ion beam-based techniques such as Particle-
Induced X-ray Emission (PIXE) technique for the analysis of Nanomaterials is described in 
the present work. An overview of various Nanomaterials analyzed by the PIXE technique and 
the significance of the studies was described. The present paper discusses the importance of 
nano materials in several fields and their analysis by analytical techniques. This study also 
emphasizes the usage of PIXE in the field of nanotechnology. 

Keywords: PIXE, Nanomaterials, elemental analysis, Ion beam techniques. 

1. Introduction 
Nanotechnology is an interdisciplinary research field in which many physicists, 

chemists, biologists, materials scientist and other specialist’s are involved. Nanotechnology is 
considered to be the technology of the future; it is perhaps today’s most advanced 
manufacturing technology and has been called “extreme technology”, because it reaches the 
theoretical limit of accuracy which is the size of a molecule or atom.  When measuring 
properties of a material on a nanoscale, there is a strong correlation between the 
dimensionality of the material and the physical or chemical properties. For example, a small 
change in the size of quantum dots (~ 5 nm) can shift their luminescence from the red end of 
the visible light spectrum to the blue end. Therefore, the precision required controlling the 
dimensionality within a few nanometers or less is necessary for the development and use of 
nanomaterials. Nanotechnology is a platform technology that is finding more and more 
applications daily. 

There are several methods to characterize nanomaterials and structure of materials at 
nanoscale such as SEM, TEM, STM, XRD, etc. Apart from above mentioned techniques 
there are certain analytical techniques like INAA, AAS, XRF, RBS and PIXE to identify the 
elements and their concentrations (elemental purity of the sample).  In this context, one has to 
adopt suitable analytical technique to examine the elemental purity of the nanomaterials. 
Some of the analytical methods are destructive, so that the samples cannot be used for further 
studies; some of the techniques give information on one element only or require sample 
preparation before analysis.   In comparison, PIXE has some distinctive features of being non 
destructive and quick, allowing multi elemental determination and requiring little or no 
sample preparation. PIXE is a relatively simple, yet powerful analytical technique that can be 
used to identify and quantify trace elements in a sample [1-5]. PIXE is a nuclear analytical 
technique for rapid analysis of a wide range of trace elements with ppm sensitivity. Use of 
protons offers a good sensitivity even at lower atomic numbers due to the fact that 
bremsstrahlung caused by protons is low compared to electron excitation. PIXE technique 
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has rapidly gained acceptance as a valuable analytical tool because of the ever-increasing 
need for elemental analysis of very small amounts of sample, as in the case of nano materials. 
In the present work the authors reviewed the role of PIXE in analyzing the nano materials. 

2. Experimental details of PIXE  

 The PIXE experiment was performed using a 3 MV Pelletron accelerator facility. This 
accelerator has been regularly used for carrying out material analysis using the PIXE 
technique [6]. A 3 MeV proton beam was used to excite the samples. The samples were 
suspended on an aluminium sample holder. Then the target holder was loaded into the PIXE 
chamber and the irradiation was carried out in vacuum conditions. A collimated proton beam 
of 4 mm diameter was made to fall on the target. The beam current was kept at 20 nA. The 
targets on the aluminium holder were positioned in the scattering chamber at an angle of 45° 
with respect to the proton beam. With respect to that beam, an energy dispersive Si (Li) 
detector (with 160 KeV FWHM resolutions at 5.9 KeV) recorded the characteristic X-ray 
spectra at 90°. For each sample, the total charge collected and the average beam current were 
noted. The spectra were gathered for a sufficiently long time in order to obtain good statistics. 
Spectra were recorded by using a Canberra series MCA. The concentrations of different 
elements were estimated in each sample using GUPIX software package. 

3. Results & Discussions: 

Some of the nano materials (Fe, Ni & Fe2O3) analyzed by the PIXE technique are discussed 
and presented in this paper. Chanda et al [9] analysed the nanocrystals by PIXE investigation 
for elemental analyses at Institute of Physics, Bhubaneswar. The PIXE spectra for these 
samples were shown in Figs. 1-3.  

 

Fig.1: PIXE spectrum of α-iron with peaks representing the small amount of Materials  

 

Table 1: Concentrations of various elements in α-Fe nanocrystals 

Element Concentration Statistical error (%) 
Ca 1502 ppm 13 
Ti 1550 ppm 10 
Fe 99.6% 0.1 
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Fig:2   PIXE spectrum of Ni with a characteristic peak 
 
Table 2: Concentrations of various elements in Ni nanocrystals 

Element Concentration Statistical error (%) 
Fe 32727.1ppm 21 
Ni 99.6% 0.1 
  

\  
Fig:3 PIXE spectrum of α-ferric oxide compared to other materials peaks. 

 
Element Concentration Statistical error (%) 

Ti 403.2 ppm 27 
Cr 275.8 ppm 81 
Fe 69.5% 0.1 
 
The Fe, Ni & Fe2O3 are found pure except foreign element in ppm order. Fe is α-Fe 

type and Fe2O3 is α- Fe2O3 as consultation with α-Fe and α- Fe2O3 spectrum. The analysed 
PIXE results obtained by using GUPIX were presented in Tables 1–3 for α-Fe, Ni and α- 
Fe2O3, respectively. It can be observed from Table 1 that the prepared α-Fe nanocrystals are 
having 99.6% purity with contaminants like Ca and Ti in trace level. Fig.1 is the PIXE 
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spectrum of Fe-nanocrystals dominated by X-ray lines of iron. However contaminants like 
Cu, Zn and Pb were not present. 

The Table-2 and Fig.2 indicate that Ni nanocrystals having Fe as major trace 
contaminant. Table 3 presents only two contaminants in very low concentrations, i.e., Ti and 
Cr are present in α- Fe2O3 nanocrystals, which is well evidenced from Fig. 3. However, we 
would further like to mention here that although the trace contaminants like Cu, Zn, Pb and 
other elements have not been observed in spectra, the characteristic x-ray lines in the energy 
region of the pile-up continua may be present, and could not be estimated due to increase in 
minimum detection limit of the respective elements. The importance of effective suppression 
of the pile-up continuum is obvious in terms of limit-of-detections of trace level 
contaminants. The pile-up continua of major elements like Fe and Ni may overlap the X-ray 
lines of trace elements, then the limit-of-detections for those elements are significantly worse. 
However, as the residual concentration is only within some thousands of ppm then these 
individual elements must be in very less concentration, if present, and may not affect the 
purity of the materials significantly. So the PIXE results confirm the effectiveness of our 
nanocrystals preparation procedure. SS Kumar et al [7] used the PIXE technique to study the 
purity of ZnO-nanoparticles.  

4. Conclusions: 

 Ion beam-based techniques such as Particle-Induced X-ray Emission (PIXE) 
technique for the analysis of Nanomaterials is described in the present work.  

 An overview of various Nanomaterials analyzed by the PIXE technique and the 
significance of the studies was described.  

 The present paper also discusses the importance of nano materials and their analysis 
by analytical techniques.  

 This study also emphasizes the usage of PIXE in the field of nanotechnology. 
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Abstract 
Global waste disposal and energy crisis requires a multifaceted solution in today’s world to 
achieve efficient method that holds great promise for waste remediation and energy 
generation. Recovering maximum possible energy by treating complex waste in an 
integrative strategy by utilizing Microbial fuel cell (MFC) technology can be part of the 
bioenergy solution. In this research, dual chambered MFC was used with granular graphite 
rods as electrodes and graphite granules as packed substratum to form biofilm in anode. 
Experimental operation was carried out in two stages. In the first stage, evaluation of 
biocatalyst for initial optimization (bioanode) using designed synthetic wastewater (DSW) 
followed by real field acidogenic reactor effluent collected from a upflow anaerobic sludge 
blanket (UASB) reactor in the second stage. All the parameters that may act as bottlenecks to 
the reactor were optimized to enhance the bioelectrogenic activity along with simultaneous 
COD removal. Among the various flowrates, COD concentrationsand applied resistances, 
optimum operating conditions of 0.6 ml/min (Flowrate), 9 g/l (COD Conc.) and 22 Ω 
(resistance) depicted maximum stable voltage of 0.43 V, power density (0.4 W/m2), current 
density (1.79 A/m2), COD removal (94%) and currents generation (0.042/-0.018 A OC/RC) 
using designed synthetic wastewater as carbon source. By considering the optimum 
parameters, the MFC fed with real field wastewater (UASB Effluent) operated with food 
waste depicted voltage of 0.358 V with COD removal of 89.2 %. The present study proposed 
and demonstrated a method for enhanced bioelectricity production by utilizing the food waste 
operated UASB effluent. 
 
Keywords: Microbial fuel cell (MFC), Conductive granular graphite, upflow anaerobic sludge 
blanket (UASB) Effluent, Bioelectricity, COD removal 
 
1. Introduction 
Development of alternate sources of energy is considered to be essential in the realm of 
shortage of non-renewable energy sources and its associated pollution problems. MFC is 
being considered as a potential and sustainable alternative source of renewable energy which 
gains power by utilization of variety of substrates including wastewater. This technology 
provides dual benefits of wastewater treatment and provides access to cheap and 
environmental friendly energy [1]. However, lower power yield is the major and persistent 
limitation existing with the MFC operation due to inherent electron losses during its transfer 
from biocatalyst to working electrode especially with systems containing wastewater as 
anolyte. These losses occur either due to the inefficiency of electrode material to capture 
electrons or due to high internal resistance in the system that limits the transfer of electrons 
from the biocatalyst to the anode surface and subsequently to cathode. Little is known about 
the influence of electrodes on the structure and functions of the microbial community. The 
mechanism for the enhancement of exoelectrogenic microorganisms in the microbial 
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communities with electrodes placement needs to be specifically focused to improvise the 
process efficiencies which can directly improvise productivity at industrial scale [2]. The 
understanding of mechanism aspects and microbial community structure on electrode 
influence helps in enhancing the specific products output. The application of potential to 
microbial community is another scientific factor that needs to be focused for specifically 
deriving a biobased product from the organic substrate. The limitations on efficient 
bioelectricity production from MFC is leading to search for alternate and efficient electrode 
materials with minimal losses in a controlled manner and consumed on demand. 
Understanding the electron transfer capability with different electrode materials or 
configurations by varying different parameters helps in overcoming a few of the major 
bottlenecks during up scaling process. Therefore, an attempt was made in this study to 
investigate the functional role of conductive granular graphite as alternate electrode material 
in enhancing the electrogenic activity of MFC. To enumerate the variation in electron transfer 
mechanism, the results were compared with the performance of MFC under various 
parameters (substrate flowrates, COD concentrations and resistances). System performance 
was analyzed and compared based on electrogenic activity, electron losses, bio-
electrochemical behavior, and electron discharge pattern and substrate degradation. 
 
2. Materials and Methods 
2.1 Bioreactor Construction 
The MFC reactor was constructed by assembling two equal rectangular 'perspex' plates 
(designated as anode and cathode) with working volume of 100 ml each.  A Proton exchange 
membrane (PEM; Nafion 117) was sandwiched between two electrodes to allow the passage 
of protons. Initially, the bioreactor was operated in batch mode for parameters optimization 
and then the feed will be continuously fed. The chambers filled with conductive granular 
graphite will be used as both the anode and cathode electrodes and the contact between the 
external circuit and the granular graphite will be made using graphite rods. The reactors will 
be operated as a three-electrode system coupled to a power supplier. AD effluent will be used 
as the anodic substrate for anode of MFC reactor under continuous flow and while Potassium 
ferricyanide (50mM) will be used as the terminal electron acceptor in the cathodic chamber 
(abiotic). 
2.2 Biocatalyst and Wastewater 
Anaerobic sludge obtained from local wastewater treatment plant will be used as the 
inoculum source to start up the anodic compartment of MFC bioreactor. Prior to inoculation, 
parent inoculum was sieved to remove the clumps and large sized particles to avoid blocking 
of tubes and establish fine biofilm in the anode chamber. Culture was inoculated into the 
anode by re-suspending through feed to facilitate the initial adaptation and stabilization of the 
microorganisms. The wastewater in the anode chamber was recirculated by employing 
peristaltic pump.  The upflow anaerobic sludge blanket (UASB) reactor operated with food 
waste as substrate was used as source for effluent.  The bioreactor was operated with a cycle 
period (HRT) of 24 h for periodic effluent which would be replaced immediately. UASB 
effluent (pH, 4.9; chemical oxygen demand (COD), 23 g/l) was used as substrate. Prior to 
loading effluent in anode chamber, the pH and COD was adjusted to 7+0.1 and 9 g/l 
respectively. 
2.3 Experimental Operation 
Initially, the anode chamber alone was optimized to form biofilm under various operating 
parameters. In anode, designed synthetic waste followed by anaerobic digestion effluent was 
used while in cathode, potassium ferricyanide was recirculated. The K3FeCN6 will act as 
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terminal electron acceptor to form water molecules. The various substrate flowrates, COD 
concentrations and resistances were optimized to obtain maximum bioelectrogenic activity 
along with simultaneous COD removal. The three bioreactors were operated simultaneously 
and the average data is plot in graphs. The bioreactors were analyzed for voltage with 
resistance, current, cyclic voltammetry, pH, VFA, ORP, electrical conductivity, COD 
removal efficiency and polarization.  
 
3. Results and Discussion 
3.1 Optimization of various Flowrates 
After stable biofilm formation and reaching a steady state, the anode chamber was fed with 
3g/l COD concentration. Throughout the experiments, both anolyte and catholyte were 
recirculated at a rate of 0.3, 0.6, 1.0 and 2.0 ml/min to maintain uniform distribution and 
avoid concentration gradients at the corners of the bioreactor and clogging of the granular 
matrix during continuous operation. The anodic COD concentration was maintained at 3 g/l 
in all the flowrates varied at 22 Ω resistance.  The anode chamber was provided with 3g/l 
COD concentration to meet the requirements of biocatalyst present in working electrode 
chamber. The higher COD removal was observed with 0.6 ml/min (87.4 %) followed by 1.0 
ml/min (83.2 %), 2.0 ml/min (79 %) and 0.3 ml/min (73 %) respectively. The bioelectrogenic 
activity of biocatalyst will be achieved by utilizing the carbon source. The bioelectrogenic 
analysis depicted maximum voltage with 0.6 ml/min (0.313 V) followed by 1.0 ml/min (0.25 
V), 2.0 ml/min (0.21 V) and 0.3 ml/min (0.15 V). The 0.6 ml/min was able to provide 
sufficient time for the biocatalyst to utilize COD from the wastewater 
3.2 Optimization of various COD concentrations 
One of the important parameters that affect the MFC operation is COD concentration in 
anode chamber. The COD concentration is thus varied at 3, 6, 9 and 12 g/l and its removal 
was investigated. The higher COD removal was observed with 9 g/l COD conc. (93.5 %) 
followed by 12 g/l (91.8 %), 6 g/l (90.7 %) and 3 g/l (87.4 %) respectively. The 
bioelectrogenic analysis depicted maximum voltage with 9 g/l COD conc. (0.429 V) followed 
by 12 g/l (0.381 V), 6 g/l (0.35 V) and 3 g/l (0.306 V) respectively. The results obtained by 
varying various COD concentrations depicts that 9 g/l is the optimum substrate concentration 
for enhancing the activity of microorganisms towards higher substrate removal and 
bioelectrogenic activity 
3.3 Optimization of various Resistances 
With the optimized flowrate (0.6 ml/min) and COD concentration (9 g/l), the resistance is 
varied to evaluate the biocatalyst activity in terms of CV profiles and bioelectrogenic activity. 
Resistance plays an important role in biocatalyst functioning by regulating the electron flow. 
The varying resistances showed variation with COD removal. The COD removal of 93.5 % 
was observed with 22 Ω followed by 89.1, 84 and 79.4 % with 47, 100 and 5 Ω resistance 
The voltage profile also followed the same pattern depicting the higher activity of biocatalyst 
by varying resistances. The 100 Ω resistance depicted higher voltage of 0.537 V followed by 
47 Ω (0.48 V), 22 Ω (0.43 V) and 5 Ω (0.355 V) respectively. 
The overall activity of MFC bioreactor at optimum operating conditions of 0.6 ml/min 
(Flowrate), 9 g/l (COD Conc.) and 22 Ω (resistance) depicted 0.43 V of stable voltage, 0.4 
W/m2 of power density, 1.79 A/m2 of current density, 93.5 % of COD removal and currents 
generation of 0.042/-0.018 A OC/RC.  
3.4 MFC operation using UASB effluent 
After optimizing various parameters viz., flowrate, COD concentration and resistances, the 
bioreactors were fed with real field wastewater (UASB Effluent) operated with food waste. 
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This integration of MFC bioreactor using effluent from a UASB reactor paves a way towards 
sustainable and economic way to treat wastewater and generate bioelectricity as a value 
added product. The COD removal of MFC operated with UASB effluent showed decrement 
due to presence of high VFAs concentration and other TDS, VS etc. may have a negative 
impact on the performance. The activity reduced a bit initially and later showed stable 
performance of 89.2 %. The voltage profile also followed the same pattern of decrement with 
real field effluent operation in MFC bioreactors. The MFC bioreactors showed activity of 
0.358 V with real filed wastewater while the voltage was 0.43 V with synthetic media 
operation. Though there is decrement in the voltage generation at initial stages, it regained in 
the latter stages of operation and depicted stable performance. During polarization, the 
maximum power density and current density of 0.28 W/m2 and 1.65 A/m2 was observed with 
22 Ω followed utilizing UASB effluent [3] 
Table 1: COD removal (%) and Voltage (V) corresponding to various parameters 
optimization 

Designed synthetic wastewater (DSW) COD Removal (%) Voltage (V) 
Flow rate 
(ml/min) 

0.3 73 0.15 
06 87.4 0.313 
1.0 83.2 0.25 
2.0 79 0.21 

COD Conc. 
(g/l) 

3 87.4 0.306 
6 90.7 0.35 
9 93.5 0.429 
12 91.8 0.381 

Resistance 
(Ω) 

5 79.4 0.355 
22 93.5 0.43 
47 89.1 0.48 
100 84 0.537 

Real Field wastewater   
UASB 
Effluent 

0.6 ml/min (Flowrate), 9 g/l (COD 
Conc.) and 22 Ω (resistance) 

89.2 0.358 

 
4. Conclusions 

 The present study proposed and demonstrated a method for enhanced bioelectricity 
production by utilizing the food waste operated UASB effluent.  

 The operating conditions were varied and evaluated for optimum parameters for 
enhancing activity of biocatalyst which in turn can be used for supporting other 
systems like MEC.  
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Abstract 
 Poly ethylene glycols (PEG-200, 300, 400, 600, 4000 and 6000) supported reactions were 
conducted with certain α, β-unsaturated acids in presence of metal nitrates under solvent free 
(solid state) and mineral acid free conditions. The reactants were ground in a mortar with a 
pestle for about 30 minutes. The aromatic acids underwent nitro decarboxylation and 
afforded β-nitro styrene derivatives in very good yield while α, β-unsaturated aliphatic 
carboxylic acids gave corresponding nitro derivatives.  Addition of PEG accelerated rate of 
the reaction enormously. Reaction times substantially decreased from several hours to few 
minutes followed by highly significant increase in the product yield. Among the several 
PEGs, PEG-400 has been found to be much more effective than other PEGs. 
 
Keywords: Poly ethylene glycols (PEG); rate accelerations;  α, β-unsaturated acids;  metal 
nitrates;   solvent free (solid state); β-nitro styrene derivatives; α, β-unsaturated aliphatic 
acids; nitro derivatives. 
 
1. Introduction 
During the past two to three decades, there has been green revolution in the field of chemical 
research all over the world to prevent environmental pollution and the use of non volatile solvents, 
which are essential ingredients in a large number of Organic synthesis protocols [1, 2]. More 
specifically removal of organic solvents in chemical synthesis is important in the drive towards 
benign chemical technologies. Reactions performed under solvent - free conditions have gained 
much attention because of their enhanced selectivity, mild reaction conditions and associated ease 
of manipulation [3, 4]. Since more than a decade our group is also actively working on exploiting 
the use of a variety of eco friendly materials such as metal ions and surfactants as catalysts and 
non-conventional energy sources (such as microwave and ultra sound) to assist organic 
transformations such as Vilsmeier –Haack , nitration  and Hunsdiecker reactions[5,6].  

Polyethylene glycol such as PEG-400 is a biologically acceptable inexpensive polymer and an eco-
friendly reagent [7], which is widely used in many organic transformations in recent past [8- 10] to 
accelerate the reactions.  Encouraged by these results, Polyethylene glycols (PEGs) have been 
applied here as efficient additives in these reactions under solvent free conditions.  

2. Experimental Details 

Cinnamic acid, metal nitrates, nitric acid and polyethylene glycols were obtained from SD 
Fine Chemicals or Loba. Substituted Cinnamic acids were prepared by Perkins reaction as 
cited in literature. 

2.1. General Procedure for PEG mediated synthesis of β – nitro styrenes in MeCN 
medium. 

In a typical solid state synthesis, Cinnamic acid (0.01mol), PEG (0.02 mmol) and metal 
nitrate (0.12 mmol) are placed in a clean two necked R. B. flask and stirred for certain time. 
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Progress of the reaction is periodically monitored by TLC.  After completion, the reaction 
mixture is treated with 2% sodium carbonate solution, followed by the addition 
dichloromethane (DCM) or dichloroethane (DCE). The organic layer was separated, dried 
over Na2SO4 and the solvent is recollected by distillation using Rotavapor.  The resultant 
compound is further purified with column chromatography using ethyl acetate: hexane (3:7) 
as eluent to get pure product. Hexane and ethyl acetate are also separated using Rotavapor 
according to standard procedures [11-12]. 

2.2. General Procedure for the synthesis of β – nitro styrenes under solvent free 
condition.  
In a typical solid state synthesis, Cinnamic acid (0.01mol),  PEG (0.02 mmol) and metal 
nitrate (0.12 mmol)  are placed in a clean mortar and ground with a pestle for about 30 to 60 
minutes until the mixture is homogeneous, the particles are no longer getting smaller. 
Progress of the reaction is periodically monitored by TLC.  After completion, the reaction 
mixture is treated with 2% sodium carbonate solution, followed by the addition 
dichloromethane (DCM) or dichloroethane (DCE). The organic layer was separated, dried 
over Na2SO4 and evaporated under vacuum, purified with column chromatography using 
ethyl acetate: hexane (3:7) as eluent to get pure product.  
 
3. Results and Discussion 

All the reactants ( α, β- unsaturated acid, PEG, and metal nitrate) are taken in a clean mortar 
and ground with a pestle and solution phase for about till the reaction is completed, as 
ascertained by TLC. The reactions with aromatic carboxylic acids such as cinnamic acids 
afforded β - nitro styrenes,   while the aliphatic carboxylic acids such as crotonic acid 
afforded nitroalkenes in good yield of products with high regioselectivity. Initially the 
reactions are conducted with cinnamic acid, metal nitrate, and different PEGs are to select the 
best PEG. The observed results are presented in table-1 & table-2. The products were 
characterized by IR, 1H-NMR, Mass spectra and physical data with authentic samples and 
found to agree well with earlier reports [13-14]. 

Table-1: Effect of Additive PEG on Metal Nitrate mediated Nitro decarboxylation   of 
Cinnamic Acid in MeCN medium. 

 

 

 

 

 

 

 

 

Table-2: Effect of Additive 
PEG on Metal Nitrate 
mediated Nitro decarboxylation   of Cinnamic Acid under Solvent free conditions. 

Entry Fe(NO3)3 Mn(NO3)2 

RT 

(hrs) 

Yield 

(%) 

RT 

(hrs) 

Yield 

(%) 

PEG-200 1.75 84 1.75 80 

PEG-300 2.25 86 2.25 80 

PEG-400 1.40 88 1.40 85 

PEG-600 1.65 86 1.65 84 

PEG-3000 2.60 80 2.60 75 

PEG-6000 2.75 82 2.75 80 
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To check the generality of the 
reaction an array of substituted 
Cinnamic acids are also used as substrates under present reaction conditions, as shown in Scheme -
1.   

COOH NO2
PEG / Metal Nitrate

Grinding at RT
RR

 

Scheme-1:  PEG = PEG-200,300, 400, 600, 3000 and 6000 

                    Metal Nitrate = Fe (NO3)3, Mn (NO3)2 

Effect of Structure on Reactivity: Data presented in Table – 3 and figure - 1, revealed that 
the reaction times and yield of reaction products under different conditions, the reaction is 
sensitive to the structural variation of cinnamic acid, when the nitro decarboxylation reaction 
is conducted with aromatic acids underwent nitro decarboxylation and afforded β-nitro 
styrene derivatives in very good yield while α, β-unsaturated aliphatic carboxylic acids gave 
corresponding nitro derivatives in presence of PEG-400 and metal nitrates reaction rates 
accelerated with the introduction of electron donating groups and retarded with electron 
withdrawing groups.   

Table -3: Nitro decarboxylation of Cinnamic Acids in presence of PEG-400 and metal 
nitrates under Solvent free conditions. 

Entry Fe(NO3)3 Mn(NO3)2 

RT 

(min) 

Yield 

(%) 

RT 

(min) 

Yield 

(%) 

PEG-200 45 90 45 88 

PEG-300 60 86 60 83 

PEG-400 30 88 30 87 

PEG-600 30 86 30 85 

PEG-3000 60 76 60 80 

PEG-6000 35 88 30 87 

Entry Fe(NO3)3 Mn(NO3)2 

RT 

(min) 

Yield 

(%) 

RT 

(min) 

Yield 

(%) 

CA 30 88 30 87 

4-ClCA 60 86 60 83 

4-OMeCA 30 88 30 87 
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Figure-1: Fe(III) Nitrate mediated Nitro decarboxylation  of different Cinnamic Acids 
in presence of PEG-400 under Solvent free conditions. 

 

 

4. Conclusions 
In summary, we have accomplished  Poly (ethylene glycol) supported Fe(III) nitrate and 
Mn(III) nitrate as  efficient reagents for the  synthesis of β-nitro styrenes from α, β- 
unsaturated carboxylic acids in MeCN medium and under solvent-free conditions using cost-
effective grind-stone technology.  The reactants were ground in a mortar with a pestle till the 
reaction is completed. The reaction time is generally about 30-60 minutes.  The present 
finding has advantages such as the use of economically cheap and readily available desktop 

4-MeCA 30 86 30 85 

4-NO2CA 60 76 60 80 

4- OHCA 30 92 30 88 

AA 30 80 30 78 

CRA 60 78 60 78 

3-PhCRA 30 76 30 80 

2-ClCA 60 82 60 70 



254 

 

Fe(III) and Mn(III) nitrates, PEGs, and unsaturated acids.  Addition of PEG accelerated the 
rate of the reaction enormously. Reaction times substantially decreased from several hours to 
few minutes followed by highly significant increase in the product yield. Among the several 
PEGs, PEG-400 has been found to be much more effective than other PEGs.  
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Abstract 

Optical absorption and EPR spectroscopic studies were carried on 30NaF-10AF2-
59B2O3-1%CuO, (A=Ca, Sr, Ba) glass system to understand the effect of Ca, Sr and Ba 
alkaline earth metals. Optical absorption results shows typical spectra of Cu2+ ions in 
distorted octahedral sites and the various optical parameters such as, optical bandgap (Eopt) 
and Urbach energy (∆E) calculated. Optical bandgap (Eopt) values increasing from 3.05 to 
3.23 eV and Urbach energy (∆E) values are varying from 0.55 to 0.48 eV. From observed 
EPR spectra are representative of Cu2+ions in octahedral sites with tetragonal distortion. By 
correlating the EPR and optical data, the molecular orbital coefficients have been evaluated. 

Key words:  Alkali fluoroborate glasses, Optical absorption, EPR technique. 

 

1. INTRODUCTION 

Inorganic glasses are studied widely using spectroscopic techniques to understand the 
structural and optical properties. Transition metal ions are implanted into glasses to probe 
local structure through optical absorption, electron paramagnetic resonance techniques 
etc.The study of optical absorption of transition metal ions (TMI) doped glasses are an 
attractive area of research both from the fundamental and technological view point [1-5]. The 
TM ions can be used to probe the glass structure, since their outer d-electron orbital functions 
have rather broad radial distributions and their response to surrounding cations is very 
sensitive [6-8]. Transition metal ions have been frequently used as paramagnetic probes for 
exploring the structure and properties of vitreous systems. Studies of the coordination, 
bonding characteristics and covalency state of TM ions in glasses are very useful in 
understanding the structure of the materials in glassy state [9-10]. 

In recent years the intrest in inorganic glasses contaning transition metal ions has 
grown because these glasses have properties of technological importance in electronics, 
tunable solid state lasers and fiber optic communication systems. Alkali fluorobarate glasses 
are extensively used in phosphors, solar energy converters, solid state batteries and many 
electronic devices.  

 

 

 

mailto:vrsreddy07@gmail.com


256 

 

2. EXPERIMENTAL 
2.1 Glass preparation 

Analar grade chemicals were used to prepare the glass samples according to the 
molecular formula 30 NaF-10 AF2 - 59 B2O3 – 1%CuO (A=Ca, Sr, Ba). Below table lists the 
batch composition in mol% of glasses studied in the present work. Analar grade reagents 
NaF, SrF2, H3BO3, CuO, BaF2 and CaF2 were taken in appropriate proportions in accordance 
with the above formula and ground together to constitute a 10g batch. The ground mixture 
was taken in porcelain crucibles. The melt was held at temperature of about 1000°C for 2 
hours until homogeneous glasses were obtained and the melts were quenched in air by 
pouring on to a preheated steel mold plate to avoid breaking of the samples due to thermal 
strains and pressing it quickly with another steel plate. These glasses were then immediately 
transferred to another furnace kept at 300°C and annealed for 5 hours to remove thermal 
strains and cooled to room temperature. These glass samples were labelled as NCBC, NSBC 
and NBBC for convenience. 

Glass composition Glass code 

30NaF-10CaF2-59B203 
-1CuO NCBC 

30NaF-10SrF2-59B203 
-1CuO NSBC 

30NaF-10BaF2-59B203 
-1CuO NBBC 

 

2.2. Glass characterization  
     The glass formation was confirmed by X-ray measurements using Philips X-ray 
diffractometer PW/1710 with Cu-Kα radiation (λ=1.5406 Å) powered at 40kV and 30mA. 
The diffractograms have been recorded in the Bragg’s angle region 20° ≤ 2θ ≤ 80° and are 
shown in Figure 1. 

 

 

 

 

 

 

 

Fig. 1 
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   The glass transition temperature (Tg) was measured in all the glass samples using 
Modulated Differential Scanning Calorimeter (TA Instruments, DSC 2910). All the samples 
heated at the rate of 10°C/min in aluminum pans in the temperature range 250 - 550°C. 
Figure 2 shows the glass transition temperature of all the samples.  

 

 

 

 

 

 

 

 

Fig. 2 

 

3. RESULTS AND DISCUSSION 

3.1 Optical band gap and Urbach energy 

The study of optical absorption particularly the absorption edge is useful method for 
the investigation about the band structure and energy gap in both crystalline and non-
crystalline materials. The principle of the technique is that a photon with energy greater than 
the band gap energy will be absorbed. There are two kinds of optical transitions at the 
fundamental absorption edge: direct and indirect transitions, both of which involve the 
interaction of an electromagnetic wave with an electron in the valence band. The absorption 
coefficient α(𝜐) can be determined near the edge using the relation [11]. 

α(𝜐)=(1/d) ln(I₀/I) = 2.303(A/d)                                                                                 (3.1) 

where the factor ln(I₀/I) is the absorbance ‘A’ at a frequency 𝜐 and d is the thickness of the 
sample. For amorphous materials the optical absorption at higher value of α(𝜐) (≥ 104 cm-

1) above the exponential tail follows a power law given by Davis and Mott, which in the 
most general form is given by 

α(𝜐)=B(h𝜐 - Eopt)n / h𝜐                                                                                               (3.2) 

where B is an energy independent constant and n takes values of 1/2 and 2 for direct 
allowed and indirect allowed transitions respectively. For the direct transitions from the 
valance band to the conduction band it is essential that the wave vector for the electron be 
unchanged. In the case of indirect transitions the interactions with lattice vibrations 
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(phonons) take place, thus the wave vector of electron can change in the optical transition 
and the momentum change will be taken or given up by phonons. 

Using the above equation, by plotting (αh𝜐)1/2 and  (αh𝜐)2 as a function of photon 
energy h𝜐. Figure 3 and Figure 4 shows the corresponding (αh𝜐)1/2  and  (αh𝜐)2 vs. h𝜐 
graph for the all glass samples. The respective values of E(opt) are obtained by 
extrapolating to (αh𝜐)1/2 = 0 for indirect transitions and (αh𝜐)2 = 0 for direct transitions and 
are given in Table 3.1. 

 

 

 

 

 

 

 

 

Fig. 3                                                                                      Fig. 4 

 

The variation of ln(α) with h𝜐 is found to be non-linear near UV absorption edge. This 
indicates the exponential behavior of absorption coefficient near the edge given by 

α (𝜐) = B exp (h𝜐/ ΔE)                                                                                              (3.3) 

Where ΔE is the Urbach energy and is found as the inverse slope of ln (α) vs. h𝜐 plot [15] 
shown in the Figure 5. Urbach energy, which corresponds to the width of localized states, 
is used to characterize the degree of disorder in amorphous and crystalline systems. 
Materials with larger ΔE would have greater tendency to convert weak bonds into defects. 
The values of ΔE of the present glass system is in the range 0.55-0.48 eV (Table 3.1) for 
all the glasses. It can be observed that the decrease in Urbach energy with the substitut ion 
of alkaline-earth metals due to decreased defects. 
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Fig. 5 

3.2. Optical absorption spectra 

The optical absorption spectrum is influenced by the host structure into which the TM 
ions are incorporated. In oxide glasses, the TM ions mostly form coordination complexes 
with doubly charged oxygen as the ligands. However Cu2+, being as d9 ion, experiences a 
strong Jahn-Teller distortion, which leads to the splitting of energy levels and causes 
predominantly an elongated octahedral coordination with four short in plane bond lengths and 
longer axial bond lengths. Accordingly three transitions, viz 2B1g           2A1g, 2B1g          2B2g 

and 2B1g        2Eg  are expected. However, only a single optical absorption band was observed 
in most of the cases. The absorption spectra of copper doped glass samples (Figure 6) show 
that Cu2+ single broad band is centered at 813, 763 and 756 nm corresponding to the 
transition 

2
B1g          

2
B2g in NCBC, NSBC and NBBC respectively [12-15].  

The values of cut off wave length, optical band gap energy and The Urbach energy are given. 
The oxide ion polarizability and optical basicity values are given in Table 3.1.  

 

Table 3.1. 

Glass Cut off 
wavelength 
(λc ) (nm) 

 Cu2+ 
peak 
(nm) 

Optical band gap 
energy (eV) 

indirect          direct       

Urbach 
energy 

(ΔE) (eV) 

αo2-  

(Å3)      

Λ 
(EOpt) 

NCBC 387 813 3.05 3.37 0.55 

 

3.92 1.24 

NSBC 337 763 3.20 3.42 0.53 

 

3.29 1.16 

NBBC 328 756 3.23 3.47 0.48 

 

2.44 0.98 

3.3. EPR Spectroscopy of Cu2+ ions 

Electron paramagnetic resonance is used to characterize the local structure of a para-
magnetic centre. EPR can interpret observed transitions among various energy levels, 
structural and chemical environment about the metal ion. An EPR signal was observed for all 
the glasses containing Cu2+ ions. The EPR spectra of present glass samples are shown in 
Figure 7. Cu2+ ion with S=1/2 has a nuclear spin I=3/2 for both 63 Cu (natural abundance of 
69%) and 65Cu (natural abundance of 31%) and therefore (2I+1) i.e, four parallel and four 
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perpendicular hyperfine (hf) components would be expected. In the present work, three weak 
parallel components are observed in the lower field region and the fourth parallel component 
is overlapped with the perpendicular component. However, the perpendicular components are 
not resolved (due to the width of the individual components exceeding the A separation) 
leading to an intense line in the high field region. It can be observed that the high field side of 
the spectrum is more intense than low field side. The EPR spectra of all the glasses doped 
with Cu2+ ions exhibit resonance signals similar to those reported for Cu2+ ions in glass 
systems [16-19]. The EPR spectra of copper ions in all the glass samples have been analyzed 
using an axial spin-Hamiltonian [20] in which the quadrupole and nuclear Zeeman interaction 
terms are ignored. 

 

 

 

 

 

 

 

 

Fig. 6         Fig. 7 

 

Spin Hamiltonion equation is 

H   = g||HzSz + g (HxSx + HySy) + A|| IzSz  +  A(IxSx + IySy)                                  (3.4) 

 where g|| and g are the parallel and perpendicular components of the g tensor and A║and A ┴ 

are the parallel and perpendicular components of hyperfine tensor A. 

The solution to the spin-Hamiltonian gives the expressions for the peak positions related to 
the principal values of g and A tensors as [21] for the parallel and perpendicular hyperfine 
peaks respectively. 

                    hv = g|| βH + mA|| + (15/4 – m2)  A 
2  / (2 g|| βH)           (3.5) 

                    hv = g  βH + mA  + (15/4 – m2)  ( A|| + A  ) / (4 g  βH)           (3.6) 
 

Here ‘m’ is the nuclear magnetic quantum number of the copper nucleus and ‘υ’ is the 
microwave frequency at resonance. Using the above equations the spin-Hamiltonian 
parameters of all the glasses have been evaluated. The observed “g” values are characteristic 
of Cu2+ coordinated by six ligands, which form an octahedron elongated along z-axis. From 
the shape of the EPR spectra it can be observed that the “g” values are  g||> g> ge (2.0023) 
and it can be inferred that the ground state of Cu2+ ions in all the samples under present study 
is d x2-y2 orbital (2B1g state) and the site symmetry around Cu2+ ion is tetragonally distorted 
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octahedral sites.Moreover, g║ , g┴    and A║, A┴ values are increasing with respect to the 
progressive substitution of alkaline earth metals from calcium to barium [22,23]. 
 

The values of spin Hamiltonion parameters of the present glass system 30NaF-10AF2-
59B2O3 -1CuO glasses (A= Ca, Sr, Ba) agree with this relationship and are close to those of 
similar copper complexes reported in the literature [53-56]. It is, therefore, confirmed from 
Table 4.10 that the copper ions in alkali fluoro borate glasses exist as Cu2+ ions in 
tetragonally elongated octahrdral sites and the ground state is d x2-y2 orbital (2B1g state). The 
line width of parallel hyperfine lines increases in order of m ( the nuclear magnetic quantum 
number of the copper nucleus with values 3/2, 1/2, -1/2 and -3/2). This broadening may be 
attributed to the micro environmental fluctuations around Cu2+ ion, which is intrinsic to the 
glassy state. The structural variation in glass causes fluctuation in ligand field and in turn, it is 
reflected in the variation of the spin-Hamiltonian parameters are presented in Table 3.2. 

             Table 3.2 Spin Hamiltonion parameters of Cu2+ ions. 

 

 

 

  

3.4.Bonding parameters of Cu2+ ions 

Optical absorption spectra of Cu2+ ions in these glasses show broad absorption band 
whose peak ranges from 813 to 756 nm. This absorption can be assigned to the  
2B1g      2B2g transition of Cu2+ ion in octahedral symmetry with an elongated tetragonal 
distortion. The EPR results are consistent with this assumption. The EPR and optical 
absorption spectral data can be correlated to understand the environment of Cu2+ in present 
glass system, in this connection the bonding parameters are evaluated using EPR and optical 
data by the following equations [24].            

 
          g||    = 2.003 [1 – 4 λ α2 β1

2 / ∆Exy]           (3.7) 
          g   = 2.003 [1 – λ α2 β2 / ∆Exz,yz]           (3.8) 

 
where the terms ∆Exy and ∆Exz,yz are the heights of the predominantly dxy and dxz,yz molecular 
orbital levels above the ground state 22 yx

d


respectively and λ is the spin-orbit coupling 

constant (= -828 cm-1) and bonding coefficients α
2 

β
1

2  and β
 

2 ( = 1.00) characterize 

respectively, the in-plne σ bonding with the dx2-y2 orbital, in-plane π bonding with the dxy 

Glass                                                      g
||
 A

||
 

x 10
-4

 (cm
-1

) 

g

 A


 

x 10
-4

 (cm
-1

) 

NCBC 2.366 123 2.088 62 

NSBC 2.340 154 2.087 92 

NBBC 2.315 184 2.068 123 
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orbital and out-of-plane π bonding with the dxz and dyz orbital of the Cu2+ complex in the 
glasses. In the present glasses the bonding parameters α2, β1

2 and β2 were evaluated. 
The normalized covalency of Cu2+-O in-plane bonding of σ and π symmetry is expressed by 
[25].  
              Γσ = 200(1-S) (1- α2) / (1-2S) % and                                                                      (3.9)                  
            Γπ = 200 (1- β1

2) %         (3.10) 
   where S is the overlap integral ( Soxy = 0.076 ). 
 
The calculated values of α2 for the glasses (Table 3.3) suggest that the in plane σ bonding in 
the glasses is moderately covalent in nature. The values of the molecular orbital coefficient 

parameter β
1

2 
obtained for various glasses indicate that the in-plane π bonding is significantly 

ionic in nature. All the above observations indicate a gradual transformation of Cu2+ ions 
from covalent environment in present glass system. 
 
Table 3.3. The peak positions and covalency parameters of Cu2+ ions 

 

 

4. CONCLUSION 

 The absence of sharp peaks in the X-ray diffraction pattern, the existence of glass 
transition temperature Tg in the differential scanning calorimetric traces indicate that the 
samples prepared were amorphous in nature.  

 From the optical and EPR spectra of cu2+ ions in sodium fluoroborate glasses, it is found 
that the Cu 2+ ions occupied octahedral sites with tetragonal distortion. 

 The optical absorption of these samples show single broad band due to cu2+ ions 
distorted octahedral sites. 

Glass Cu2+peak 
(nm) 

E
xy

 

(cm-1) 


2
 

1

2
 

2
 


(%) 


(%) 

NCBC
 813 12,300 0.785 0.856 0.979 46.85 28.8 

NSBC
 763 13,106 0.844 0.787 0.911 33.99 42.6 

NBBC
 756 13,227 0.895 0.696 0.859 22.88 60.8 
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 Increasing of α2 is observed in this system, which can be attributed to increase in its ionic 
character.       
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ABSTRACT 

There are many recent studies on a newly produced nano materials in cement composites, 
Graphene Oxide is one among such materials, utilization of Graphene Oxide in self 
compacting concrete is the moto of this work, the main objective of this project is to make a 
high strength self-Compacting concrete by using Graphene Oxide which increases the 
strength of the concrete, in this present work the Graphene Oxide was tried with self -
compacting concrete by adding in 0.01%, 0.02%  0.03 % 0.04 %and 0.05% to the weight of 
the cement to get maximum strength, the mix was done for M40 grade concrete, and in this 
concrete the cement was replaced with 20% with Fly-ash, and fresh properties test like Slump 
flow and V- funnel test were performed before casting, this casted specimens were cured for 
the duration of 7 and 28 days before testing, and the hardened concrete test like Compression, 
Split tensile and Flexural Strength test were performed at both 7 and 28 days, and the 
maximum strengths were obtained at 0.05% addition of Graphene Oxide to the concrete. 

Keywords: Slump Flow, Graphene Oxide, Compressive Strength, Split Tensile Strength 

1. Introduction  
As the cement is the mostly used binding material in concrete and as well as in 

mortar, the usage of cement has rapidly increased in the field of construction, due to the 
greater demands there are many producers in the market, these cement manufacturers 
produces 8% of CO2 among the all other carbon dioxide producers, this leads to global 
warming and which makes a huge impact on living and non-living being, approximately 3.0 
tonnes of raw materials which includes materials like silica, alumina, calcium, iron and fuel 
are required to produce 1.0 tonne of Portland cement.   

Concrete is the material which provides a rock like massive substance on hardening, 
this concrete consists of materials like fine aggregate (sand & rock dust) and coarse aggregate 
(gravel) which are bonded together by a cementitious material especially like cement, this 
cement when mixed with coarse aggregate, fine aggregate and water forms a fresh concrete, 
the concrete strength  increases with increase in its age and becomes constant at a point. 

This concrete is mainly divided it in to three parts according to the Indian standards, 
the first one is the Ordinary concrete (M10 to M20 grade), the second one is the Standard 
Concrete (M25 to M55 grade), and the third one is the High strength concrete (M60 to M80 
grade). 

As there are many difficulties being faced in the field of construction because of 
conventional concrete which requires a mechanical vibrators to remove voids and to occupy 
the complete shuttering space, in order to avoid this self compacting concrete is developed 
[1]. 
2. Materials Used 
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The constituents material which are used for the development of High Strength SSC are 
Ordinary Portland Cement 53 Grade (binder-1), Fly-ash (binder-2), River Sand (fine 
aggregate), Gravel (coarse aggregate), water (as hardener), Master Glenium ACE 30 (super 
plasticizer), Graphene Oxide (additive). 

3. Methodology  

 

 

4.Ingredients of Concrete 
To make a Self- Compacting Concrete the material required are follows: 
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a) BINDER   : OPC 53grade cement and fly ash 
b) FINE AGGREGATE  ; River Sand 
c) COARSE AGGREGATE : Gravel 
d) HARDENER   : Water 
e) SUPER PLASTICIZER : Master Glenium ACE 30 
f) ADDITIVE   : Graphene Oxide (GO) 
 

5. Trial Mix Proportions 
During the first stage the GGBS was been optimised with the cement content based on 

fresh and hardened properties of concrete and in second stage the properties were to be 
improved by adding Graphene Oxide additive in various percentages and to be confirmed 
whether improves the fresh and hardened properties[2]. 

 
6. Experimental Programme  
6.1 Batchingor Weighing 
In this process the instruments which are used for measuring were checked for their accuracy, 
later the cement, GGBS, sand, gravel and Super Plasticizer were done in proportioning which 
was given by the Mix Design procedure and were weighed and then later transferred to the 
mixing pan[3], the graphene oxide was weighed with a greater accuracy instrument and the 
and the water was measured in volume. 
 

 

Fig 1: Batching or Weighing 

 
 
 
6.2 SONICATION 
Sonicator uses sound waves to disperse additive material particles in a solution, and it alters 
an electrical signal into a physical vibration to break substances apart, these disruptions can 
mix solutions, accelerates the dissolution of a solid into a liquid, and removes dissolved gases 
from liquids, the Graphene Oxide is to be added in to the water in mentioned quantity any to 
be sonicated for 30 minutes at 30°c. 
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Fig 2 Sonication 

6.3 Compression Test 
Compression Test plays a vital role among the all other hardened properties which provides a 
compressive strength value, in this test the cubes of 150 mm in sizes are used, and this cubes 
are generally cured for the duration of 1,7,14 and 28 days and then tested in a compression 
testing machine in which the load is applied uniformly increasing manner. 

 

Fig 3: Compressive Testing 

 

 

 

6.3.1 Procedure for Compressive Testing  
• The cubes whose strength is to be found is taken out from the curing tank and placed 

at room temperature for 1 hour, later the cube is cleaned with cloth. 
• This cube whose strength is to be found is termed as specimen which will be placed 

in a platens of compression testing machine. 
• Before placing the cube in between platens, the surfaces of the plates must be 

checked whether its clean or not, or else the surface of the plates must be cleaned. 
• The cube must be placed properly in the centre of the plates. 
• The load on the cube must be applied without any jerks and the rate of apply of load 

must be uniform. 
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• The point at which the cracks would be observed on the surface of test specimen and 
the specimen tends to fail, during this failure the highest applied load is to be 
recorded. 

7. Experimental Investigation  
7.1: Slump Flow Test Results  

The below bar graph shows the slump flow of M60 grade concrete on which five 
trials were performed by changing in percentages of Graphene Oxide like 0.01, 0.03 and 
0.05%. 

 

 

6.1.3 COMPRESSION TEST RESULT 
The below graph shows the compressive strength results of the M60 grade concrete 

on which five mix trials were performed by changing in percentages of Graphene Oxide like 
0.01, 0.03 and 0.05% and the test were conducted for both 7 and 28 days of curing. 

 

 

7. Conclusions  
The following conclusions were made from the above test results: 
The Research findings of this paper is , the compressive strength, the split tensile strength and 
the flexural strength values were improved when Graphene Oxide of 0.05% to the weight of 
cement content was been added to the self compacting M60 grade concrete. 
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Abstract 

 Ceramic thermal barrier coatings (TBCs) are deposited on turbine components of 
advanced aeroengines to reduce the requirement of the cooling systems.  However, during 
operations at high temperatures, ingestion of airborne particles such as sand and ash leads to 
progressive infiltration of molten calcium magnesium alumino silicate (CMAS) glass into 
TBC structure leading to premature failure of the coating.  Therefore, study of the corrosion 
mechanism of CMAS on advanced TBC materials is essential to develop durable coatings for 
futuristic aeroengines. In the present study, interaction of CMAS with the state-of- the-art 
TBC material namely yttria stabilized zirconia is presented. Further, interaction of CMAS 
with new TBC material namely lanthanum zirconate is also presented. Yttria stabilized 
zirconia destabilized after 1 hour of interaction with CMAS at 1450°C whereas lanthanum 
zirconate continued to be stable for 100 hours at the same temperature and conditions. The 
protective mechanism that restricts the damage of lanthanum zirconate based TBCs such as 
formation of stable rod-shaped apatite phases could be observed and confirmed by SEM and 
XRD. Thermal diffusivity and wettability studies were carried out to further study the failure 
mechanism of the TBCs while interacting with molten CMAS. 

 Keywords: Thermal barrier coating, Air plasma spray (APS), CMAS,  yttria stabilised 
zirconia, freestanding coatings, thermal diffusivity. 
 
1. Introduction 

 
“CMAS attack” on hot end components, namely the high-pressure rotating turbine blades, is 
a major challenge faced by the gas turbine industries. Suitable thermal and environmental 
barrier coatings (TEBC) are currently in demand for protecting turbine engine components in 
high temperature combustion environments against CMAS attack [1]. Hitherto, yttria 
stabilized zirconia is extensively used as thermal barrier coating for turbine components. 
However, their resistance to CMAS attack needs to be evaluated in order to ensure protection 
of the underlying components at high temperatures. More over new coating materials with 
comparable coefficient of thermal expansion to that of yttria stabilized zirconia need to be 
explored and their resistance to CMAS are to be evaluated [2,3]. In the present work, free 
standing coatings of yttria stabilized zirconia and lanthanum zirconate were fabricated by 
atmospheric plasma spray deposition method. Their resistance to CMAS was studied 
systematically at 1450°C.  
 
 
2. Experimental 
2.1 Preparation of free standing coatings of 8-YSZ and LZ 
Free standing coatings of 8- yttria stabilized zirconia (8-YSZ) and lanthanum zirconate (LZ) 
were fabricated by atmospheric plasma spray method.  A Metco 9MB plasma torch gun was 
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Fig.2.SEM images of free standing coatings after 
reaction with CMAS at 1450 °C for 10 hours. The 
red arrows indicate rod-like apatite phases.                    

used for coating deposition. Stainless steel substrates with a diameter of 12 mm and 
thickness of 5 mm were prepared using wire electrical discharge machining followed by 
mild grit blasting and the discs were cleaned thoroughly using ethanol. The clean substrates 
were then used as substrates for the coating deposition. Commercially obtained LZ and YSZ 
powders were used for coating deposition and a coating thickness of 200–250μm was 
maintained for both 8-YSZ and LZ coatings. The free standing coatings could be obtained 
by natural delamination of the coatings after certain period of cooling at room temperature 
due to thermal stresses between the ceramic coating material and the stainless steel substrate.  

2.2: Slurry deposition of CMAS on the free standing coatings 
The CMAS deposit is found as a brownish powder on the after-flight components, and was 
collected from HAL, Koraput. Slurry was prepared by dispersing CMAS in ethanol by 
manual stitring. The slurry was applied on to the entire top surface of the disks by a paint 
brush. The amount of slurry applied on the disks was kept constant at 10 mg/cm2.  
2.3: Isothermal high temperature exposure and further evaluation 
The free standing coatings were subjected to isothermal exposure in air at 1450°C up to 100 
hours. The microstructure, phase studies, thermal diffusivity studies and wettability studies 
were carried out systematically. Fig. 1a & 1c are the images of the as- prepared, free standing 
coatings LZ and YSZ coatings respectively. Severe reaction indicated by change in physical 
appearance after the heat treatment could be observed (Fig. 1e & 1f). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results and Discussion 
3.1 Microstructural studies 
   
The extent of reaction of calcium magnesium alumina silicate (CMAS) deposit on the surface 
of the free standing YZ and LZ coatings, treated at 1450 °C for 10 hours is shown in Fig. 2. 
The presence of granular precipitates on the CMAS loaded YSZ samples shows that YSZ has 
reacted and reprecipitated, presumably with lower yttria content. This phenomenon of 
leaching of yttrium from YSZ leads to the formation of monoclinic zirconia which is 
detrimental for the life of the coating. The presence of rod like precipitates on CMAS reacted 

Fig. 1 (a) Free standing coating of LZ (b&c) LZ coating loaded with CMAS (c) free standing YZ coating (d) YZ 

coating loaded with CMAS (e) YSZ coating after reacting with CMAS (f) LZ coating after reacting with CMAS 
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lanthanum zirconate coatings and the gradual densification of such reacted layer with respect 
to time is due to the formation of apatite phases and their densification on the surface the 
coating. Formation of apatite phases and densification is favourable to arrest further reaction 
and infiltration of CMAS that can actually happen during the flight of the component. 

3.2 Phase evaluation studies 

Fig. 3a shows the x-ray diffraction pattern for LZ and YSZ coatings before and after reaction 
with CMAS. A reaction product with the chemical composition of La2Ca2(SiO)4O2 was 
formed on the sample treated for 1 hour. The same reaction product was found to be present 
on the samples treated for 100 hours and it was found to be stable. The formation of this 
reaction product on the surface of LZ coating prevents further damage of the underlying 
component by the CMAS attack. In other words, the LZ coating acts almost as a sacrificial 
coating layer and spends its composition to react with CMAS. In case of YSZ coatings, the 
coating destabilized from tetragonal zirconia to monoclinic and cubic structures after 
thermal exposure for 1 hour. This indicates that 8-YSZ is not reliable as a TBC at 1400°C.  

The YSZ coating treated up 
to 100 hours degraded 
further which is indicated 
by the presence of large 
fraction of monoclinic 
zirconia.  
 
 
3.3 Thermal diffusivity 
studies 

 
   Thermal diffusivity plot for LZ and YSZ coatings is shown in Fig. 4. The coatings were 
stable up to 1200 °C as indicated by the plot. The coatings loaded with CMAS had a sudden 
rise of thermal diffusivity values at about 600 °C after which the diffusivity stabilized. The 
rise of diffusivity at about 600°C is presumably due to the closure of pores in the coating due 

  Fig.3 XRD of free standing coatings before and after reaction with CMAS at 1450 °C for 
1 and 100 hours (a) LZ (b) YSZ.                                             

Fig. 4. Thermal diffusivity plot of free standing coating of LZ and YSZ 

with and without CMAS up to 1200 °C. 



274 

 

to the presence of CMAS. The closure of pores affects the basic function of thermal barrier 
coating to an extend and therefore CMAS attack is considered to be an important factor and 
suitable measures are to be adopted while employing LZ and YSZ TBCs, especially on 
vehicles that are to be deployed in CMAS rich environment. 
 
3.4 Wettability studies 

 
The CMAS powder was loaded on to 
the LZ and YSZ coatings as a blob with 
2 mm diameter and then heat treated at 
1250°C for 1 hour in air furnace. The 
extend of spreading of CMAS powder 
on the surface of the coating was 
carefully measured by an optical 

microscope. The measurements as indicated in table 1 imply that LZ coating held the CMAS 
powder on its surface without allowing large spread of the CMAS powder on the coating 
surface. The diameter of the CMAS blob was only 0.69 ± 0.7 mm higher than the original     
2mm diameter of the blob. In case of YSZ the diameter of the CMAS blob increased by 1.95 
± 0.5 mm over the original CMAS blob of 2mm diameter. The CMAS spreaded readily 
which is an indication that YSZ doesn’t react or form any reaction product and the spreading 
is mostly due to physical melting. As presented in previous studies, smaller spreading area is 
an indication of higher CMAS resistance [4, 5]. 
 

4. Conclusions 
 Lanthanum zirconate coating was superior to 8-Yttria stabilized zirconia in terms of 

CMAS resistance of the coatings at 1450°C.   
 The underlying mechanism for the superior CMAS resistance was found to be the 

formation of impenetrable apatite phase up on reaction with CMAS in case of lanthanum 
zirconate coatings  

 The lanthanum zirconate coating was stable up to 100 hours at 1450°C 
 The 8-yttria stabilized yttria coatings were destabilized to monoclinic and cubic phases 

after 10 hours of reaction with CMAS 
 The thermal diffusivity of LZ is higher at high temperatures compared to YSZ in the 

presence of CMAS 
 Wettability studies showed that lanthanum zirconate absorbed and spreaded the CMAS to 

a lower extent compared to yttria stabilized coatings 
 Therefore, the effect of CMAS on coating degradation cannot be neglected [6] and further 

studies on multilayer composite and graded coatings are necessary to develop durable 
TBCs [7]. 
 

Acknowledgement 
The authors thank Director, DMRL-Hyderabad, for his permission to pursue this research. 
 
References  
  
1. I. Webster Rebekah et al., Journal of Materials Research., 2020, 1-15. 
2. H. Zhao et al., Surface and Coatings Technology., 2014, 251, 74–86.  
3. J. Zhang et al., Surface and Coatings Technology., 2017, 323, 18–29.  
4. Zhang XF et al., Ceramics International., 2016, 42, 19349–19356. 

Sample Radial Spread 

LZ+CMAS 2.69 ± 0.7 mm 

YSZ+CMAS 3.95 ± 0.5 mm 

Table 1: Wettability study results of LZ and YSZ coatings 
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Abstract 
La3+ substituted cobalt ferrite nanoparticles with the chemical composition LaxCoFe2-xO4 (here, x=0, 
0.05, 0.1, 0.15 and 0.2) were synthesized using auto-combustion method. Structural and 
morphological studies were probed using X-ray diffraction (XRD) and Field emission scanning 
electron microscopy (FESEM). X-ray diffraction studies confirms the single phase spinel cubic 
structure for the La+3 doped CoFe2O4. Average crystallite size (D) was found to be varying from 
43.71nm to 55.37nm with the increase in La3+ concentration. Frequency dependent dielectric 
properties of synthesized samples were measured from 100 Hz  to 1 MHz at room temperature using a 
precision HIOKI make LCR HI-TESTER. Dielectric dispersion was observed at lower frequencies for 
the synthesized samples.  
Keywords: Combustion method, Ferrites, Crystallite Size, Dielectric Studies. 

1. Introduction 
Materials in the nano-scale regime exhibit remarkably new properties compared to materials at their 
bulk counterpart. Nanomaterials appear in every industry from agriculture to service sector. 
Numerous applications of nano-technology find in wide range of industries enlarges day to day and a 
few of applications are transformer inductors, humidity sensors, drug delivery systems, electronic 
components, multilayer chip inductors, in enhanced photo catalytic performance, magnetic resonance 
imaging etc. [1-5]. Among the ferrites, spinel ferrites with nano-structure are most important. Ferrites 
comes under magnetic materials family and the spinel structure with molecular formula AB2O4(A2+ 
B2

3+ O4
2-) where A is divalent metal ion e.g. Fe, Mg, Zn, Ni, Mn, Cu, Co, etc., and B is trivalent cation 

e.g. Fe3+, Al3+ etc., and O=oxygen anion e.g. O2- Metal cations, A and B are fitted at A-site 
(tetrahedral site) and B-site (octahedral site) and oxygen has face centred cubic(FCC) close packing 
structure [6]. Spinel ferrites are familiar dielectric materials with high resistivity and low hysteresis 
loss. An account of their peculiar magnetic, dielectric and electrical properties of spinel ferrites, they 
are used in high density information storage system, medical diagnosis, transformer cores, inductor 
coils, microwave devices, telecommunication, microwave absorbers, magnetic recording, biosensors, 
power transformers, radio electronics etc. [5,7-10]. 
         Cobalt ferrites are a well-known fact that they are hard magnetic materials, which is studied in 
detail due to its high coercivity, high chemical stability, high saturation magnetization, mechanical 
hardness, high resistivity and good electrical insulator [11]. Various research studies explain the 
cobalt ferrites doped with divalent and trivalent metal ions such as Mn+2, Mg+2, Zn+2, Ni+2, La+3, Ga+3 
etc. are received increasingly attentiveness in many applications, especially for sensors and high 
frequency applications. Properties of cobalt ferrites can be altered such as by incorporating a dopant 
into its structure, sintering temperature and preparation methods. Consequently, based on their 
structural, optical, magnetic and electrical properties they can be used in many applications [12-14]. 
       In this work, an in-expensive auto-combustion method is chosen as it provides good crystallinity, 
less power consumption, high purity, ease of sample preparation, stability etc. compared to other 
techniques like co-precipitation method, sol-gel, micro emulsion route, hydrothermal method [16-20].  
Herein, La+3 is elected as dopant and substituted it into cobalt ferrite system. Effect of lanthanum 
(La+3) substitution in CoFe2O4 can be studied on its structural, morphological, dielectric and hence 
electrical properties. 
2. Experimental 
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Lanthanum (La3+) doped nano cobalt ferrite powders were synthesized using auto-combustion 
method. This method is the simplest and reliable method for obtaining high purity nano-materials. To 
prepare LaxCoFe2-xO4  nano-powders, the precursors selected are, La(No3)3.6H2O (Lanthanum nitrate), 
Co(No3)2.6H2O (Cobalt nitrate), Fe(No3)3.9H2O (Ferric nitrate) and C6H8O7 (Citric Acid). All the 
chemicals were procured from Sigma Aldrich; all are of 99.8% purity. Calculated stoichiometry molar 
amounts of lanthanum, cobalt, and ferric nitrates are added with distilled water and mixed thoroughly 
using a magnetic stirrer until metallic nitrates are dissolved completely at room temperature. While 
aqueous solution of citric acid was prepared and added slowly to the aqueous solution of 
corresponding metallic nitartes. Aqueous solution containing redox mixture was taken in a silica 
crucible and allowed in to a muffle furnace, which was already pre-heated to a temperature of 5000C. 
Because of the auto-combustion reaction, aqueous mixture of metallic nitrates and organic fuel finally 
yields porous and fluffy voluminous powder. Fluffy material was well grinded to get ferrite powder. 
As-burnt ash was calcined at 9000C for 4 hours to get better crystallization and homogeneous cation 
distribution in the spinel and finally grinded to get La+3 doped CoFe2O4 ferrite nano powders. 

3. Results and Discussion 
3.1 Phase confirmation studies: Phase confirmation of the prepared samples is done using 

Bruker AXE D8 Advanced diffractometer. Diffractogram of LaxCoFe2-xO4 (x=0, 0.05, 0.1, 0.15 and 
0.20) powder nano-particles are shown in Fig 1. Obtained XRD data of La+3 substituted CoFe2O4 are 
compared with standard data (JCPDS PDF card No.22-1086).  

Average crystallite size (D) was calculated using the Scherer – Debye Eq. (1) [20]. 
                                    D =  0.9 𝜆 𝛽 cos 𝜃⁄ …………………..(1) 

Lattice parameter or lattice constant (a=b=c) is measured using Bragg’sequation for all LCF 
samples by the maximum intense peak (311) using Eq. (2) [20]. 

                            a= d311√ℎ2+𝑘2 + 𝑙2…………………..(2) 
                   Where d311is the inter-planar spacing for the (311) reflection plane and (h, k, l) are the 
corresponding miller indices. 
Average crystallite size was found to be varying from 43.71nm to 55.37nm along with the increase in 
the La3+concentration from 0.05 to 0.2. This might be because of the distortion caused in the structure 
with the substitution of rare earth La+3 concentrations. It is observed that the lattice constant increased 
from 8.37Å to 8.48Å with increasing the doping ratio of lanthanum, this is due to that La3+ has larger 
ionic radii 1.031Å replaces the Co2+(0.74Å) and Fe3+(0.64Å) ions having lower ionic radii in La-
doped CoFe2O4 system. This kind of behaviour being caused by cation distribution between the two 
sites. Therefore, more energy is needed to get La3+ ions enter the spinel lattice to complete 
crystallization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. XRD Diffractogram for the Pure and La+3 doped CoFe2O4 
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Fig. 2.  Micrographs of the LCF samples with various doping concentrations. 
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Morphological Studies Surface morphology of the synthesized LCF nano-particles were analysed 
using FESEM (FEG-Quanta-250), indicates that homogeneous nature for the obtained nano-powders 
and are shown in Fig 2. Field emission scanning electron micrographs shows that the morphology of 
the particles regular distribution of nano-particles. FESEM micrographs further suggests that the 
samples consist of cubical shaped nano-particles with agglomeration. As the doping concentration of 
La+3 increases, the gain becomes more and more dense. 
 
 
 
 
 
 
 
 

 

 

 

 

 

3.2 Dielectric Studies 
Variation of dielectric constant (ε'), and its imaginary counter-part (ε'') and ac conductivity (σac) 

with frequency at room temperature for the pure cobalt ferrite and La+3 doped cobalt ferrite is shown 
in Fig.3 (a) to Fig.3 (d), it is clear that ε' decreases steeply at lower frequencies and remains constant 
at higher frequencies. The variation of dielectric constant with applied frequency is due to charge 
transport relaxation. This dielectric dispersion is attributed to Maxwell and Wagner type of interfacial 
polarization which is in agreement with Koop’s theory, as the dielectric constant is a combined effect 
of dipolar, electronic, ionic and interfacial polarizations [20-24] 

In order to understand the conduction mechanism and type of polarons responsible for 
conduction, ac conductivity, σac were estimated as per σac= ω ε0 ε’’, with ε0 is the permittivity of free 
space and ω=2Πf.  

Variation of σac with frequency, ω is shown in Fig.3(c) for all the samples. Obtained plots are 
linear for almost entire range of frequency except at very low frequencies. Linear variation of σac with 
frequency indicates that the conduction occurs by the hopping of charge carriers between the localized 
states which confirms the small-polaron typeof conduction [24-26]. 

 

 

 Fig3. Variation of ε‖, ε‖‖ , ln(σac) with frequency ln(ω) for the proposed samples 
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4. C 
4.  

 

4. Conclusions  
All the synthesized samples have single phase spinel cubic structure, without any secondary 
phases indicating the absence of any impurities. From the dielectric measurements, it is 
observed that the synthesized samples exhibited dielectric dispersion. Linear nature of AC 
conductivity measurements, confirms the conduction mechanism in the proposed samples is 
because of small-polarons. 
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Abstract 
Cancer is an abnormal mass of tissue which may be solid or fluid filled, cells divide more and 
do not die.Anticancer agents can be divided into alkylating agents, topoisomerase inhibitors. 
But all these have side effects like alopecia, myelo suppression, etc. Plants are the new 
economic and highly effective resources for drugs to treat the cancer. A. nervosa, belongs to 
family- Convolvulaceae. It is a woody climber and is also called by the name Elephant 
Creeper. It has wide range of pharmacological activities. Silver has been recognized as a 
nontoxic, safe inorganic antibacterial/antifungal agent used form many years. Silver shows a 
very high potential in a number of scientific applications, more particularly in the form of 
nanoparticles. Silver nanoparticles can be successfully used as antitumor agents due to their 
antiproliferative and apoptosis inducing properties. These are considered potentially ideal for 
cancer treatments. The present paper focuses on the evaluation of the invitro anticancer 
potential of the aqueous leaf extract of Argyreia nervosa and silver nanoparticles synthesized 
from it, on HeLa cell line.  The cell growth inhibition was tested by using MTT assay.  
 
Keywords: Green Synthesis, Nano particles, Anticancer, Argyeria nervosa 

1. Introduction 
Cancer is a heterogeneous group of related disorders with macroscopic features like 
metastatic spread, mass, abnormal and relentless growth [1]. Plant based systems have an 
essential role in the primary health care of 80% of the world’s population including diseases 
like cancer [1]. There are various methods for the treatment of cancer but by using plants, 
there are none or very less side effects [1]. Nano science and technology along with the 
science of nanoparticles has been successfully applied in various fields [2]. Nanoparticles are 
used in treatment and diagnosis due to the shape, size and unique light and heat 
characteristics.  
The metal nanoparticles due to their properties, are ideal for various biological applications. 
These properties are due to a ratio of size and raised surface area to the volume [2]. Main key 
is to achieve the most cost-effective treatment available to the humans [2].

 
Biological 

methods play a paramount role in the synthesis of metal nanoparticles [2]. Living organisms 
can also be utilized to produce these particles, like fungi, bacteria and plants [2]. The 
synthesis from plants provides an eco-friendly approach as free from the use of toxic and 
harmful and costly ingredients in medium for growth [2].

 
Few other advantages of 

nanoparticles synthesized from plant include swift synthesis, stable product and economical. 
Objective of the proposed work: Synthesis of silver nanoparticles using aqueous leaf extract 
of Argyreia nervosa andto check its ant cancerous activity.  
 
2. Experimental 
2.1Preparation of Argyreia nervosa Leaves Extract for Nano synthesis:Healthy leaves of 
A. nervosa leaves were collected from a Herbal Garden located in Hyderabad, Telangana, 
India.The collected leaves were dipped in distilled water to remove surface-adhered dust 
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particles and was shade dried for 15 days.126 grams of cut leaves were mixed with 2.5L of 
distilled water and then boiled for 1.5 hr at 60 0C, cooled to room temperature, and filtered 
with Muslin cloth to obtain clear leaf aqueous extract (ANE).The prepared ANE was used for 
AgNPs (silver nanoparticles) synthesis. The reaction mixture was then shaken to ensure 
thorough mixing, and allowed to settle at room temperature. The color changed to dark 
reddish brown within 24hrs. The extracts were stored for further use.  

 

 
Fig1: Top left to Right (Drying of Plant leaves and Extraction of silver Nanoparticles) 
Fig2: Bottom Left to Right (Powdered leaves and SEM characterization of 
Nanoparticles) 
 
 
2.2 PURIFICATION: The obtained ANE-AgNPs were purified and separated from 
unreacted components by repeated centrifugation at 6000 rpm for 20min twice, followed by 
washing three times with in deionized water. Purified powder was obtained by rota 
evaporator and the dried ANE-AgNPs were used for further characterization. 
2.3 CHARACTERIZATION: 
SEManalysis: SynthesizedAgNPswere detected with Scanning electron microscopy (SEM) 
and particles are about approximately spherical in shape. 
UV-Vis SPECTROMETRY- The spectrum of the sample was seen to be in the range of 250 
nm to 550nm. The maximum wavelength was found to be at 490nm. This is due to Super 
plasmon resonance effect. This effect is exhibited only by silver nanoparticles 

2.4 MTT Assay: Assay is to be performed on a cancer cell line: HeLa cell lines. 
 
3. Results and Discussion 
3.1 Preparation of A. nervosa Leaves Extract for Nano synthesis. The leaf concentrate (ANE) 
was prepared and 2 liters of extract was procured and stored for further use. 
3.2 Purification of Silver Nanoparticles: The purified powder was obtained and the dried 
ANE-AgNPs were used for characterization. 
3.3 Characterization by Scanning Electron Microscopy: Synthesized AgNPs were detected 
with Scanning electron microscopy (SEM) and particles are about approximately spherical in 
shape. 
 UV-VIS Spectroscopy: The spectrum of the sample was seen to be in the range of 250 nm to 
550nm. The maximum wavelength was found to be at 490nm. This is due to Super plasmon 
resonance effect. This effect is exhibited only by silver nanoparticles. 
3.4 MTT ASSAY: The cytotoxic effect of A.nervosa against Hela cell lines is to be seen as a 
direct dose response relationship .It is expected to show a minimum of 25 g/ml of silver 
nanoparticles cause 50% of cell mortality and 50 g/ml of silver nanoparticles is expected to 
inhibit the cell growth by more than 85%.The silver nanoparticles may induce reactive 
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oxygen species and cause damage to cellular components causing the death of the cells. The 
A. nervosa cytotoxicity may be due to the presence of bioactive compounds which act as 
capping agents in the synthesis of these nanoparticles. 
Fig:1: Synthesis of silver Nanoparticles 

 
Fig:2: UV Spectrophotometer spectra for characterization of Silver Nanoparticles 

 
Fig3: MTT Assay Showing the cytotoxic effect of silver Nanoparticles on Hela cell line 

 
4. Conclusions 

The cell cycle arrest on HeLa cell lines was found to be at Sub G 1 phase at a concentration 
of 50 g/ml of Silver Nanoparticles obtained from Argyria nervosa.It helps us to perform the 
cell cycle inhibition analysis of Argyria plant Nanoparticles on other cancer lines like Vero, 
MCF-7 cell lines and to prove it as Multi anticancerous agent. 
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Abstract: 
 

In Earlier days PLASTIC is a revolutionary invention which brought many changes in 
industrial & daily activities. But now a days, it is being a major problem as it is increasing the 
landfills which is leading to more pollution because of its high degradation time & and no 
proper disposable way which may not affect the environment. As wastage of plastic is 
increasing day by day many engineering processes were found to produce alternative fuels.  

Pyrolysis is the most useful and prominent method as it has a wide range of uses and 
helps in decreasing the large amount of waste plastic. Pyrolysis is process which converts the 
large hydrocarbon chains to small hydrocarbon chains by heating the plastic’s at high 
temperature (350 – 400 C) & the products obtained are fuel oil & non- condensable fractions.  
The fuel oil can be used for heating purposes and non-condensable fractions to reduce air 
pollution. Polythene, Polypropylene are used as they are pure hydrocarbons and burnt cleanly. 
These fuels are used as industrial feedstock in many industries like petroleum refineries, 
alkene production etc. 

We are now considering plastic as a waste product but upon reprocessing and 
application of new technologies can yield many valuable products which can lead us to a 
sustainable and healthy environment in future. 
Keywords: Pyrolysis, Polythene, alternative fuels, landfills. 

1. Introduction: 
PLASTIC, we call this period as the era of plastic since the material world is 

literally ruled by plastic. Plastic has become an engineering marvel in the field of material 
sciences from its inception and has shown its multi-faceted utility and versatile properties 
which give the plastic unique dominance over all other materials [1-3]. In each aspect 
plastic has shown a prominent role but now it has become one of the major reasons for 
contamination as the presence of it causes a variety of problems in environment because 
single used plastics does not biodegrade in landfills. 

 
According to the various surveys, In India 13.4 million tonnes is produced per 

annum and nearly half of it is single used plastic and is expected to increase up to 20 
million tons by 2020. Only 40% of the produced plastic is being recycled and the remaining 
is dumped into oceans and landfills which are creating environmental pollution. Single used 
plastic is mostly used in food sector and packing like straws, covers, and etc. Plastic has 
become a part of the day-to-day activities of every human being which is the major problem 
now the society is facing. On an average every house hold produces 1kg of plastic per 
month. 



287 
 

 
As wastage of plastic is increasing day by day many engineering processes were 

found to produce alternative fuels. These fuels are used as industrial feedstock in many 
industries like petroleum refineries, alkene production etc. Recycling the waste plastic 
produces very low-grade plastic which might be useful but creates lot of damage which 
made the researchers to produce other alternative products from waste through different 
process and one of its kinds is pyrolysis [4]. 

 
Pyrolysis is the most useful and prominent method as it has a wide range of uses 

and helps in decreasing the large amount of waste plastic. This process is carried out at 
temperature range of 300- 4000c and major plastic materials used in it are polyethylene, 
polypropylene, polyethylene terephthalate, polystyrene. It is carried out in a batch and fluid 
bed reactor in laboratory purposes. This process can be carried out either by catalytic or 
non-catalytic reactions. 

 
The presence of catalyst decreases the heat losses and the required reaction 

temperature when compared with the non-catalytic process. It also helps in producing the 
aromatic compounds for the production of gasoline (petrol). This paper deals with the 
comparison of properties of plastic pyrolysis oil with diesel and gasoline. 

 
2. Materials and methods: 
                The raw materials used in this process is High density polyethylene (HDPE) like 
grocery bags, covers, HDPE bottles, caps, plates and Recycled plastic pellets. The waste 
plastic collected from household includes different types of plastics and they are segregated. 
Dust and other unwanted materials are removed and selected plastic materials are shredded 
into small pieces of size 3-5mm and the amount is weighed. 
 
 2.1 Equipment used: 

(1) Triple neck round bottom flask-1000ml 
(2) Round bottom flask heater. 
(3) Collecting flask-500ml. 
(4) Condenser. 
(5) Vacuum bends. 
(6) Thermal well. 
(7) Thermometer. 

 
2.2 Catalyst: 
We chose Bentonite as our catalyst which is aluminum phyllosilicate (Al2H2Na2O13Si4). 
This catalyst reduces the heating temperature of the process. The Oil yield is also increased 
when compared to non-catalytic process. On further detailed characterization and 
experiments economic viability of the process with catalyst can be decreased. 
 

2.3 Procedure: 
A flask with feed is placed in the heater which can attain a maximum temperature of 

600 0C and the process is carried out under atmospheric pressure and a heating rate of 20 0C 
/min. At 1300C, melting of plastic initiates and vapours are generated once the temperature 
reaches 3000C.The Vapours are condensed in a condenser by cold water at 20 0C. The 
condensable vapours are collected in the collecting flask and non-condensable gases are 
either stored or allowed to pass through a bubbler and to the Bunsen burner. Temperature is 
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held until no gases are evolved. By-products like wax and grease are collected from the 
bottom of the flask and filtered. Process is concluded when there is no further formation of 
droplets of oil. 

3. Results and discussion: 

The end products obtained are fuel oil, flammable gases and by-products are 
char & wax and are shown in table1. 

Table 1. Percentage composition of products is: 
    Products         F1      F2     F3 F4 
Fuel oil (gm) 168.75 55.65 59.04 45.4 
Gases(gm) 8.25 37.35 115.96 21.02 
Wax (gm) 0 7 125 0 
Carbon char(gm) 0 0 0 33 
Grease (gm) 23 0 0 0 
Conversion (%) 84 55.65 17 46.62 

 

 Feed 1 (F1)- 200gms of HDPE pellets. 

 Feed 2 (F2)-50gms HDPE pellets +50gms HDPE covers + 50gms catalyst. 

 Feed 3 (F3)-300gms of HDPE covers. 

 Feed 4(F4)- 100gmsHDPECovers +50gms Catalyst. 
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Table 2. Comparison of properties of fuel oil with other fuels: 

 
 

Property 

Kerosene 

PPO Petrol Diesel 

Density(kg/l) 0.83 0.749 0.747 0.85 
Viscosity(cst) 2.71 1.43 0.93 2.12 

Flash Point (℃) 36 16 -45 43 
Fire Point (℃) 40 20 -40 45 
Boiling Point (℃) 180 200 85 240 

Gross Calorific value 
(MJ/Kg) 

46.2 36.14 45.8 45.5 

 

From the above table of comparison of properties, Plastic Pyrolysis oil (PPO) cannot be used 
as a conventional diesel but it is very much useful as industrial feed stocks.        

Fig1. Waste plastic to fuel oil production process 



 

290 
 

 
3.1 Utilization of By-products: 
           By products such as char, wax and grease are produced from different feed in the 
processes [5,6]. Wax can be used as a non-conventional material for manufacture of 
candles which is shown in fig9. Grease can be used as a lubricant and we have used in 
our material unit operations lab for the moving parts of the machinery. 
 
 
 

                                  
                 Fig6: Grease                                                              Fig7: Char 

                                
             Fig 8: Wax.                                                                                      Fig 9. Candle. 
 
 
3.2 CHNS Analysis:    
        This analysis helps to determine the percentage composition of Carbon(C), 
Hydrogen (H), Nitrogen (N) and Sulfur(S) in a given liquid sample [3,5]. In this method 
sample is burnt in the excess amount of oxygen, which produces the combustion 
products. By analyzing the quantity of the combustion products, we can determine the 
percentage of each element in the sample. 
 

Table 4. Percentage composition of elements: 
 Nitrogen 0.57% 
Hydrogen 10.57% 
Carbon 61.35% 
Sulfur 0.07% 
Oxygen 1.46% 

 
From the above results we can calculate the calorific value   
G.C.V=33195C+144452.5(H-O/8) +96305S KJ. 
 
The Value was found to be 8572.34 Kcal/Kg. 
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4. Conclusion: 
Pyrolysis of plastic waste results in the production of fuel oil either by 

catalytic or non- catalytic conversion. GCMS and CHNS analysis shows the 
presence of high volatile compounds and the percentage composition of carbon, 
hydrogen, nitrogen, oxygen, Sulphur in the oil. The presence of hydroxyl groups can 
also be known by the GCMS analysis. The obtained properties of fuel oil are 
compared to other fuels which give an idea that it can be used as feedstock in 
industries. On conducting more experiments and characterization of fuel oil, this oil 
can be used in place of conventional fuels. 
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Abstract 
 

An experimental determination of physical parameters of speed of sound propagation, 
density parameter and viscosity for the binary mixtures of various combination 
organic solvents (sulfolane + n-Butylacetate), (sulfolane + Butanone), (sulfolane + n-
Butylamine) has been attempted at the temperature of 303.15 K. The thermodynamic 
properties of various liquids and their possible mixtures which are required for the 
purpose of design, storage of energy and other equipment processing have been 
measured. There has been a significant deviation exhibited by the various 
thermodynamic properties of binary mixtures which contains components that are of 
ability of being subjected to specific interactions. The deviations from established 
ideality have been in terms of fluctuations of molecular size and changes in structural 
shape. The data obtained in the experiment have been fitted to a polynomial equation 
of Redlich-Kister for estimating the coefficients along with standard deviations 
observed in measurements. 

. 
Keywords: Thermodynamics, Transport properties, Excess molar volume, Deviation in 
Isentropic Compressibility, Sulfolane, Intermolecular interactions. 
 
 
1. Introduction 
The attempt made in the present work aims at investigating the physical and chemical 
characteristics of the binary systems of n-butyl acetate, n-butylamine and sulfone with 
butanone. The behavior of molecular interactions in the system of binary liquid mixture can 
be analyzed through the studies of thermodynamic properties. The physical and chemical 
characteristics of mixtures play a Vitol role in the various processes of transport and structure 
of certain of aspects of the structures of the solutions in the design of chemical laboratory 
equipment [1-2]. Many of industrial and engineering systems implementations involve the 
various calculations in which the consideration of fluid flow or the process of mixing are 
influencing factors in relation to the applications such as mass transport and others. 
Sulfolane (thiolane-1, 1-dioxide), which is a significant solvent having a potential physical 
and chemical characteristics, can be implemented in general on petroleum products in 
extracting monocyclic aromatic hydrocarbons. A similar solvent of Butanone is potential 
industrial solvent generally implemented in solid coatings with less quantity of solvent 
emissions. The process of drug manufacturing involve raw material of N-butylamine, which 
functions as plasticizer and has a thermoplastic behavior in various chemical processes such 
as polymer-processing industries and fragrance.  
In most of practical applications and investigations of structural effects, the consideration of 
interactions among various carbonyl groups of ester, ketone and other solvents having polar 
groups like sulfone is of vital importance in the analysis and the structural studies. It is noted 
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that mixtures of sulfolane implemented with the other solvents is of notable interest in the 
investigations of the structural studies. The knowledge of mixing mechanisms of sulfolane 
with butanone, n-butylacetate and n-butylamine is required in establishing many engineering 
applications. There seems to no attempt made on the investigations of mixture of sulfolane 
with the solvents of n-butyl acetate butanone, n-butylamine at the temperature of 303.15K. 
The present investigation made in the paper establishes a systematic data of measurements 
attempted on the properties of organic solvents [3-9]. An experiment executed in the present 
work will estimate density as well as the speed of sound through three pure liquid solvents of 
n-butylacetate, butanone and n-butylamine. The study of binary mixtures of three organic 
solvents with sulfolane at the pressure and temperature of 0.1MPa and 303.15K respectively 
has been attempted. 
2. Experimental 

An airtight bottle is used for preparation of binary mixtures by mass. An instrument of a 
Dhona 100 DS, India, single-pan analytical balance with a resolution of 0.01·10-6 kg has been 
implemented for measurements of mass. The measurements of the properties of mixture have 
been made on the same day of mass measurements. The uncertainty in the measurements of 
mole fractions is found to be less than ± 1.10-4. The density of pure liquids and their 
corresponding mixtures have estimated with 1.10-5 m3 double arm pycnometer [6]. 
It is well noted that there is reproducibility of density values obtained from triplication of 
replicating at different temperatures is observed within the limits of ± 2.10-2 kg.m-3. The value 
of uncertainty in the measurements of density has been the value of ± 0.04 kg.m-3

. 
An ultrasonic interferometer [model M-82, Mittal Enterprises, India], at the range of at          
2 MHz frequency was deployed for the measurements of sound. In the earlier study, the 
details of measuring speed of sound is clearly conveyed [3]. The temperature of solution is 
maintained at a constant value with circulation of water at a required level using a double-
walled cell. In the process of measurements of all properties, a limit of ± 0.01 K in 
temperature through temperature bath [INSREF model IRI – 016 C, India] is maintained. 
Platinum resistance thermometer is used to monitor the temperature in the order of an 
accuracy of ± 0.001 K and an uncertainty of measurements is limited to ± 0.004 K. In order 
to enhance the accuracy and quality in measurements, sulfolane (99%) of the high purity 
grade which is furnished by Sigma-Aldrich chemicals (USA) has to be implemented.  
To reduce the contact of the deliquescent reagent associated with moist air, it is needed to 
keep the product in a sealed bottle which is in a desiccator. The purity of the substances has 
to be carefully checked by GLC. Densities along with viscosities of pure substances with the 
values recorded in the literature values are presented in Table 1[11-16]. 
 

Table 1. Experimental densities () and speeds of sound (u) of pure 
components at 303.15K. 

Component 
 

10-3 kg.m-3 u m.s-1 
   Expt Lit Expt Lit 

sulfolane 
 

1.2639* 1.2640[11] 1588** 1588[12] 
Butanone 

 
0.8012* 0.8009[13] 1192 1192[14] 

n-Butyl amine  

 
0.72225 0.7239 [15] 1198.2 ------- 

n-Butyl acetate  

 
0.8756* 0.8759[16] 1203* 1201[13] 

*T=298.15K 

 
   

  ** T=303.15K 
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3. Results and Discussion 
The experimental values estimated in the present work for physical parameters as function of 
mole fraction have been calculated. The parameters have been measured at the temperature of 
303.15K.  
Excess molar volume: The graph plotted as the function of values of excess molar volume 
(VE) with estimated mole fraction (x1) of sulfolane for n-butylacetate, butanone and n-
butylamine at the temperature of 303.15 K is depicted in Fig.1. 
The excess values of estimated molar volumes for all binary mixtures with sulfolane have 
been found to be negative. The values of VE estimated in the study indicate the resultant 
forces of physical and chemical properties and they may be in general considered as: (i) The 
order of breaking of liquid on the process of mixing with the second organic solvent 
component; (ii) Interactions with Non – specific physical and unfavourable interactions 
between unlike molecules; (iii) Specific interactions which come across in the process where 
mixture among dissimilar molecules by hydrogen bond formation; and (iv) Specific 
interactions that appear in the mixture among components of solvent and co-solvent through 
the attachment of dipole-dipole interaction. 
The first two factors influence the expansion of volume and the latter two factors cause the 
less volume. It is seen from Fig.1, that V

E

 curves drawn at 303.15 K denote role of 

domination of factors which reduce the volume and expansion factors are observed to be 
insignificant. The variations in the negative values of V

E 

are observed to obey the order as 
follows n-butylamine < butanone < n-butylacetate< 0. 
An expansion in the volume of the mixture is resulted in due to the fact that dissociation of 
liquids structure occurs and amines are bonded with via H-bonding. The factor of volume 
reduction indicated with excess negative molar volumes plays a significant role among unlike 
molecules. Complex hydrogen bond formation has been revealed through factors of molar 
volumes. Therefore, the large negative values of VE which are observed in the calculations 
denote the domination of -S=O·· · ··HN- bonds formation over the breakage of bonds existing 
in the combination of pure sulfolane and n-butyl amine.  
n-butyl amine is moderately polar solvent. Sulfolane is a dipolar aprotic solvent [17], because 
its high dipole moment (4.8 D) favours dipole-dipole interactions [17] in which negative end 
of the dipole has exposed. Hence, dipole-dipole interactions exist among unlike molecules of 
the four systems and cause the reduction in the value of volume. From the Fig. 1 it is 
observed that the specific interactions at a larger number exist among the mixtures of 
combinations of sulfolane and n-butylamine than sulfolane + butanone and sulfolane + n-
butylacetate. 
Figure 1. Plots  showing the profile of the function of molar fractions at the temperature value 
of 303.15 K with the parameters of  excess molar volume, VE, of  the combinations sulfolane 
(1) + Butanone, n-Butylamine and n-Butyl acetate (2) ∆, Butanone;  ▲, n-Butylamine; □, n-
Butylacetate; the symbols represent experimental values. 
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Deviation in isentropic compressibility-The profile of s with mixture (1 of sulfolane) is 

depicted in Fig. 2. From the isotherms, it is noted that s values were found to negative for 

all parameters in the study of present systems studied. The values of s observed in the 

study for the three systems which are at equimolar compositions are found to be in the 

order as follows 

n-butyl amine < butanone < n-butyl acetate < 0.  
Figure 2. Plots of deviation in isentropic compressibility, s, of sulfolane (1) + Butanone, n-
Butylamine and n-Butyl acetate (2) system as function of volume fraction at T=303.15 K; ∆, 
Butanone; ▲, n-Butylamine; n-Butylacetate; the symbols indicate respective values obtained 
in the experiment. 

 
 

 
Sulfolane and n-butyl amine have been highly polar in their nature..The specific terms or 

factors of chemical forces – dipole-dipole interactions, formation of hydrogen bonding and 

physical forces – dispersion can express the behavior of various mixtures.  

The earlier studies reveal that the increase in former factor causes the enhancement in 

intermolecular path lengths causing the increase in compressibility [18].The decrease in 

compressibility is caused with latter factor. The values obtained are dependent of relativity 

between the effects of two opposite factors of latter and former. The negative in the 

estimated values of s for the mixtures under study reveal the domination of the specific 

interactions on the dispersive interactions among molecules of unlike characteristics. The 

similarity in the behaviour exhibited by parameters of VE and s is also an interesting 

finding in terms of same values and order. 
4. Conclusions 
 The estimation of parameters of density, viscosity and speed of sound for the binary 

mixtures of sulfolane with butanone, n-butylamine and n-butyl acetate at temperature of 

308.15 K and with various compositions has been made.  

 The estimated excess thermodynamic functions are observed to be correlated with 

values obtained in processing with curve fitting of the polynomial equation of Redlich-

Kister. 

 The magnitudes of quantities with the signs indicating positive and negative variations 

have been clearly analyzed with various terms of hydrogen bonding and dipole-dipole 
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interactions among the various combinations of the mixing organic solvents with 

components. 

 The deviations found in the estimation of the parameters of isentropic compressibility, 
viscosity in the composition range of excess molar volume have been found to be at 
negative values. 
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Abstract 

Glasses with composition 15Li2O-25RO-(60-x) B2O3-0.5CuO-0.5Fe2O3 (R= Ca, Sr 
and Ba) have been prepared by traditional melt quenching technique and investigated by X-
ray diffraction and Optical absorption techniques. The X-ray diffraction patterns of the 
prepared glass samples confirmed the glassy nature. In optical absorption spectra, two 
absorption bands are existing at around 452 nm and at around 750 nm and these are 
analogous to the 6A1g (S) → 4A1g (G); 4Eg (G) transition of iron ions in octahedral symmetry 
and 2B1g→ 2B2g characteristic transition of Cu2+ ions in the distorted octahedral sites. From 
ultraviolet absorption edges, the optical band gap and Urbach energies have been evaluated. 
The effect of alkaline earths on these properties is discussed. 
Keywords: Oxide glasses, XRD, Absorption edge and Urbach energy. 
1. Introduction 

This work is devoted to the investigation of optical absorption studies of lithium borate 
glasses co-doped with various transition metal ions (CuO and Fe2O3). The oxide glasses such 
as Borate, Tellurite, Vanadate co-doped with transition metal ions have create substantial 
technological applications such as cathode materials for batteries, electrical switching 
devices, electronic circuit elements and gas sensors [1–3]. Among the various oxide glasses 
the borate (B2O3) glasses have been chosen in the present study. B2O3 acts as glass network 
forming oxide and the boron atoms can coordinate with oxygen to form BO4 tetrahedral units 
and also BO3 triangular units [4].  In such glasses, the anomalous effect i.e. the presence of 
multivalent states of two transition metal ions demonstrate semiconducting behavior and this 
conduction is attributed to polaron hopping from lower valance state of one transition metal 
ion site to higher valance state of another transition metal ion (TMI), for example Cu+ and 
Cu2+and Fe2+ and Fe3+, etc.  

In the present paper, the experimental results like XRD and optical absorption studies of 
lithium borate glasses in the composition, 15Li2O-25RO-(60-x) B2O3-0.5CuO-0.5Fe2O3 (R= 
Ca, Sr and Ba) are presented. 

 
2. Experimental 

The required amounts of reagent grade chemicals such as Boric acid (H3BO3), Li2Co3, 
CaCo3, SrCO3, BaCo3, CuO and Fe2O3 were thoroughly mixed by manually grinding in an 
agate mortar then transferred to porcelain crucible (J-brand). This mix was heated to melting 
at 1050 °C in a high temperature electrical muffle furnace. When the homogenous transparent 
melt was obtained, the melt was rapidly quenched and the random sized samples formed were 
collected. The samples were subjected to annealing by heating them for an hour at a 
temperature of 300 °C and allowed to cool to room temperature over 24 h. The composition 
of the samples is 15Li2O-25RO-(60-x) B2O3-0.5CuO-0.5Fe2O3 (R= Ca, Sr and Ba) and are 
labelled as CLBCF55, SLBCF55 and BLBCF55 respectively.  

The samples were subjected to X-ray diffraction studies. XRD patterns of the all the 
samples were taken at room temperature using Cu-Kα radiation of wavelength1.54056 Å in 
Phillips PW3710 diffractometer and in the diffraction angle region of 2θfrom 10o to 80º 
insteps of 0.02o and 0.2 sec counting time per step. 
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The optical absorption spectra of prepared samples were recorded at room temperature on 
Shimadzu 8400S UV-VIS spectrophotometer in the wavelength range of 300 nm to 1000 nm 
in order to determine the cut-off wavelength (λc), Optical band gap energy (Eopt) and Urbach 
energy (ΔE) values. 

 
3. Results and Discussion 

3.1 XRD: 
XRD patterns of all these samples depict a diffused peak confirming the amorphous phase 
of the glasses. The X-ray diffraction patterns of all the samples are shown in Figure 1.  
3.2 Optical absorption:  

The optical absorption spectra of the present glass system are shown in Figure 2. 
From this figure, it has been observed that the fundamental absorption edges are less 
sharp than that of crystalline materials which is a characteristic of the glassy nature [5]. 
In optical absorption spectra, two absorption bands are existing at around 447 nm and at 
around 750 nm and these are analogous to the 6A1g (S) → 4A1g (G); 4Eg (G) transition of 
iron ions in octahedral symmetry and 2B1g→ 2B2g characteristic transition of Cu2+ ions in 
the distorted octahedral sites. By the substitution of alkaline earths progressively this 
band is blue shifted. These fluctuations in the absorption band with fixed concentration of 
copper and iron indicate that these ions were affected due to the presence of different 
modifier oxides in the glass system. Such fluctuations may be due to the variation of 
energy separation between the6A1g(S) and 4Eg (G) and 2B1g→ 2B2genergy levels [5]. The 
fluctuations in the band position are due to the variations either in Fe-O bond length or in 
radial position of electron cloud or in both of them. 
 

Figure 1.XRD patterns of prepared glasses.  Fig 2.Optical absorption spectra of glasses 
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The Optical band gap and Urbach energies obtained in the present work. Figure 3 and Figure 
4 represents the Tauc’s and Urbach plots of prepared glass samples. The minimum Eg value 
is observed for SLBCF55 glass sample which suggesting the formation of large number of 
non-bridging oxygens (NBOs). The addition of SrO to B2O3 glass matrix undertakes web 
incorporations in the form of SrOnpolyhedron groups. The negative charge on the polyhedron 
pushes transition metals to form the bond within the network Thus the concentration of 
bridging oxygens (BO) is decreased. The decrease in band gapis also explained on the basis 
of color centers/defects in the iron doped glasses which provide energy states in the forbidden 
gap, derived from their outer orbitals. The minimum Urbach energy is observed 
forCLBFCF55 glass sample which indicates the least width of the tails among investigated 
samples. The increase in ΔE value with the substitution of SrO is due to the formation of 
defects like wrong bonds and fluctuations in bond angle distortions [6]. 
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Figure 3. Tauc’s plots of prepared glass system.Figure 4.hν vs lnα graph of glass system. 
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4. Conclusions 

Amorphous nature of the samples is confirmed by the XRD patterns. 
The optical absorption parameters have been evaluated. 
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Abstract 

Porous materials are being suggested as suitable adsorbents for CO2 capture due to their 
highly developed porous structure. The rice husk activated carbons are mainly microporous. 
The increase in activation time results in a continuous steady rise of the mesopore area and 
volume, while the micropore and total pore area and volume reach a maximum at 3 h. The 
surface areas go through a maximum within creasing solid yields. The adsorption capacity of 
the rice husk activated carbons decreases with increasing adsorption temperature rapidly, 
probably due to the adsorption being a physisorption process. The activated carbon with the 
highest CO2 adsorption capacity is the sample activated at 400 0C for 2 h, whose surface area 
was only 542 m2/g, and the adsorbed amount of CO2 was 64.8 mg-CO2/ g-adsorbent. This is 
probably due to a relationship between micro porosity and CO2 physisorption processes. 
Several surface treatment techniques, including NH3 heat treatment and polyethylenimine 
(PEI) impregnation, were used to alter the surface properties of the activated carbons in an 
attempttoincrease their CO2capturecapacityathighertemperatures.Thesurfacetreatmentmethods 
investigated change the porous structure and surface chemistry of the activated carbons, and 
therefore, affect their CO2 adsorption capacities. 
Keywords: Rice husk, Activation, CO2 adsorption, Surface treatment, Pore structure, 
Functional group. 
 

1. Introduction 
Due to their well-developed porous structure, porous materials are recommended as 

suitable adsorbents for carbon dioxide adsorption. Although rice husks are known to provide 
activated carbons with high surface area, the application of activated carbons is very 
incompetent. As a result, high surface area activated carbons from rice husk were synthesized 
through steam activation in this research study and their carbon dioxide adsorption capacity 
was studied. The rice husk activated carbons are mainly micro-porous. The rise in activation 
time results in continuous steady growth of both the mesopore area and volume, whereas at 3 
hours the micropore area and total pore volume reaches a maximum. With growing solid 
yields, the surface areas go through a highest level. The rice husk activated carbons adsorption 
capability reduces rapidly with growing adsorption temperature, probably due to the 
physisorption method being adsorption [1]. 
2. Materials and Methods 
2.1 Preparation of Rice Husk Activated Carbon (RHAC) and Activation 

Rice husk obtained from rice mill near Telaprolu, Vijayawada, India, was washed 
vigorously with distilled water for the removal of adhering soil and dust, and dried at 1100C 
overnight. The temperature was programmed as 100C per minute and gas flow maintained at 
40 ml per minute. The activation temperature was maintained between the range of 300-
8000C for intervals of 2–3.5 hrs. The feeding steam concentration is 65.8% and it was 
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balanced with nitrogen gas. Synthesized treated samples were labelled as RHAC-a-b, where 
a &b indicates temperature and time of the activation, respectively.  
 
2.2 Surface Treatment 

For two different surface treatment methods, the sample RHAC-600-3 (activated at 
600°C about 3 hours) was chosen. A known quantity of sample was placed in a quartz tube in 
the center of a horizontal tube furnace for the ammonia treatment. Then NH3 gas was carried, 
while the furnace was warmed to the temperature required for activation. The NH3 gas was 
shifted to argon after the furnace was kept at the specified temperature for 90 minutes and the 
furnace was cooled down. At room temperature, the sample was separated from the furnace. 
The synthesized samples have been labeled as RHAC-600-3-NH3-xxx, where the ammonia 
treatment temperature is indicated by the last three numbers of the sample title. As formerly 
represented for MCM-41 substantials [1], the RHAC-600-3 sample also taken for some other 
surface tending technique composed of impregnation with PEI in methanol solution. The 
sample was desiccated overnight in a vacuum oven at 75°C after impregnation with PEI. The 
following sample was labeled as RHAC-600-3-PEI and the loading of the PEI was 33.4 % 
weight. 
2.3 Sample Characterization 

The porosity of the specimens was characterized by studying nitrogen adsorption 
isotherms at 77 K using Quanta chrome adsorption device, Autosorb-1 Model ASIT. Total 
pore volume (Vt) measured from amount of vapour adsorbed at a relative pressure of 0.95, 
and the total surface area (St) was measured using multi-point BET formula at a relative 
pressure ranging of 0.05–0.35. Following the nomenclature of IUPAC [2], the pore sizes 2 nm 
and 50 nm were taken as the boundaries between micro-and mesopores and meso-and 
macropores. Barrett–Joyner–Halenda (BJH) was used to measure the mesopore size 
distribution. 
2.4 CO2Adsorption 

The carbon dioxide adsorption capacity of the synthesized activated carbons was 
characterized by break through curve (BTC) values. Approximately 10 milligram of sample 
was placed in a small platinum pan in a typical adsorption study, heated to 100°C in nitrogen 
at a stream speed of 40 mL / min, and kept heat for 30 minutes. The temperature was then 
adapted to the required adsorption temperature and operated at a flow rate of 40 mL / min at 
99.8 percentage bone-dry CO2 adsorbate. The gas was shifted to 99.995 % natural N2 gas at a 
flow rate of 40 mL/min after adsorption to conduct desorption at same temperature. 
Adsorption capability in milligram/gram (adsorbate/adsorbent) was used to assess the 
adsorbent. 
3. Results And Discussion 
3.1 Influence of Activation Time and Temperature on Activated Carbons Porous 
Structure 
 The time, activation conditions and temperature, and also the precursor's properties 
and structure have been well known to impact the porous structure of the resulting activated 
carbons [3, 4, 5].A parametric examination has therefore been performed to determine the 
impact of time and temperature on the porous framework of elevated carbons prepared from 
rice husk. Figure.1 represents the rice husk sample nitrogen adsorption isotherms activated at 
300–800 0C for 2 hours. The isotherm of raw rice husk is also shown in Fig.1 for comparison. 
The enabled sample isotherms have considerably improved the adsorbed volume at small 
relative pressure compared to the pure sample isotherm before ignition. This remark shows 
that, as earlier stated [3, 6-9], the initiation method particularly advanced micropores in the 
rice husk. In all the activated rice husk samples, the ratio of micropore to total volume is 



302 

 

greater than 90 percent. By growing activation temperature, however particularly above 
8000C, the isotherm indicates a more open knee at small relative pressure, suggesting wider 
distribution of pore volume with bigger micropores and increasing mesoporosity.The isotherm 
adsorbed volume for lower activation temperature (3000C) was very low, especially compared 
to the higher temperature activation  isotherms  (400–8000C), and thus only high temperatures 
(above 4000C) were chosen in this research to explore the activation period impact. 
Figure1.Nitrogen adsorption isotherm models (77K) of the rice husk and their samples 
activated for 2 hours at various temperatures. 

 
Figure.2 and Figure.3 represents the change in surface area and pore volume and total, 

micro and mesopore pore volume for a series of rice husk samples activated at 6000C for 
different times, respectively. The variation of surface area and total pore volume of the rice 
husk activated carbon is mainly depends on the micropores.  
Figure.2 Variation of the surface area for the activated carbons of  rice husk  at 6000C for 
various times. 

 
The total surface area of 863 m2/g, micro and mesopore areas are 784m2/g and 42m2/g 

respectively for the sample activated at 6000C for 3 hours shown in fig.5.9. Table1 represents 
the total surface area, micro and mesopore areas of samples activated at 6000C for 3 hours. It 
should be noted that, by increasing the activation time, the mesopore area and volume 
continuously increased steadily, while the microporous and total pore area and volume 
achieved a maximum of 3 hours. 

This is likely owing to prolonged gasification leading to enlargement of micropores 
and removal of pore wall. For the rice husk activated carbon (463 m2/g and 0.36 mL/g 
combined), previous activation studies on the same rice husk sample (RH) revealed reduced 
surface area and pore volume[3]. However,  these activation studies use large particlesize (1–
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3 mm) and a fixed-bed reactor. 
 
 

Table1: Total, micro and mesopore areas of rice husk activated at 6000C for 3hrs 

 
Figure.3. Pore volume changes for the rice husk activated carbons at 600℃ for various times. 

 
Figure.4 indicates the mesoporesize distribution of the rice husk samples activated at 

6000C for 2 to 3.5 hours, as measured by the BJH method. It was determined that for all the 
activated carbons produced from rice husk, there are 2 peaks in the mesopore range. The main 
peak is focused at around2nm and alittleadditionalpeakseemsat3.6–3.7 nm, related to that 
described for mesoporous activated carbons from fly ash carbons [4]. Both peaks become 
larger with increasing activation time, indicating enhancing mesoporosity. This was found 
accordant with Fig.2 and 4 that showed a continuous growth of the surface area and mesopore 
volume with time. For periods of 2–3.5 hours, a series of samples were activated at 400, 600 
and 8000C. Figure5 and 6, respectively, shows the variation of total pore size and surface area 
with varying application temperature and time. Both the volumes of the pore and the surface 
area increase with growing activation temperature when maintaining the activation period 
constant. 

Table 2: Representation the total surface area and pore volumes of rice husk activated at 
different temperatures for different activation times. 
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Figure.4. Mesopore size distribution of the raw rice husk activated carbon and its 

counterparts activated at 600 0C for different times. 

 
However, the sample synthesized at high temperature activation, i.e. 8000C, has a lesser 

pore volume and surface area than the lower activation temperature (6000C) when the 
activation period is 3hrs. The surface area and pore volume do not increase continuously with 
growing activation time for a specified activation rate (Figure 5 and 6). The activation time 
required attaining largest surface area and volume of pores changes to smaller as the 
temperature of activation raises. 

Figure 5 and 6. Variation of the Surface area and Pore volume at different activation 
temperatures (400-8000C) with activation time. 

 
For instance, for activation studies at 8000C, the surface area and pore volume will 
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reduce when the activation period is extended by more than 2hrs, while the surface area and 
pore volume will not reduce until the activation period is extended by more than 3hrs. 
Eventually, for the sample activated at 4000C, increasing the activation time to 3.5 hrs 
results in a constant increase of both surface area and pore volume, and likely prolonged 
times are required before the surface area and pore volume begin to decrease. 

Table-3 demonstrates the solid yield of activated carbon from rice husk under various 
circumstances (time and heat). Figure.7 demonstrates the connection between rice husk 
activated carbon surface area and solid yield. As expected, the solid yields lowering with 
risingactivation time and temperature. For example, the solid yield goes from 78 % for the 
4000C activation to 21% at 800 0C for the rice husk activated for 2hrs. Similarly, for a given 
activation temperature, the solid yield reduces with activation time. For example, for the rice 
husk activated at 6000C, the solid yields for the 2 and 3.5 hours activation were 58% and 14% 
respectively. As represented when growing the activation time at a given temperature, the 
surface area does not growth continuously with diminishing solid yields. 
Table.3  Rice husk activated carbons Solid yield (wt.%) under different conditions (time and 
temperature) 

Temperature Solid yield (wt. %) 

2h 2.5h 3h 3.5h 

400 78 75 65 52 

600 58 44 33 14 

800 21 17 4 0.01 

Figure.7demonstrates that the surface areas go through a maximum value with 
growing solid yields. For example, for the activation at 6000C, the surface area first increases 
with decreasing solid yield and reaches a maximal value at around 4 percent solid yield, later 
the surface area begin to decrease. This activity has been previouslydescribedfor rice husks 
activated using steam and carbon dioxide ,although the solid yield value at which the surface 
area peaks varies within these studies, it occurs due to the different activation conditions used 
[3,8]. 

Figure.7 Surface area variation as a function of solid yield. 

 
 Firstly increase in surface area is mainly due to opening of pores and establishment of 

micropores, while the decrease in surface area for lower solid yields (˂40%) is due to the 
enlargement of micropores and removal of pore wall. This is also consistent with the 
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variations mentioned for surface area and pore volume as a function of activation conditions 
(Figures2–6) demonstrated the development of the porosity with extended times and 
temperatures, and therefore, lower solid yields. 
3.2 Influence of Surface Treatment on the Porous Structure of the Rice Husk Activated 
Carbons 

 Rice husk sample activated at 600 0C for 3hrs was chosen for the conduction of 
surface treatment with ammonia or impregnation with polyethyleneimine.The porous surface 
properties, as determined from the 77 K nitrogen isotherms, of the raw rice husk activated 
carbon and their surface treated samples are presented in Table 4. The ammonia treatment 
enhances activated samples surface area, particularly at lower temperatures (2500C). For 
example, the surface area of the ammonia treated activated rice husks increased from 863 to 
1054 and 954 m2/g when treated at 250 and 4000C, respectively. Maximum pores are mainly 
micropores (˃91%) in the activated rice husk produced at 6000C using different activation 
times. 

  The micro porosity (91%) of the activated rice husk can be maintained by lower 
temperature ammonia treatment. In comparison, the higher temperature ammonia treatment 
decreases the micro porosity ratio from 91% to 87% and grows up the pore size from 1.92 to 
1.98 nm. The chemical impregnation resulted in a impressive decrease of the surface area of 
the rice husk activated carbon, where the surface area and pore volume of the RHAC-600-3-
PEI are very small (0.96 m2/g and 0.0094 mL/g, respectively). This is totally because of 
blockage of pores and coverage of surface by PEI, as earlier studies mentioned for MCM-41 
materials with PEI impregnation [1]. 

Table 4:  Properties of the porous structure of  RHAC-600-3 and its treated samples 

 
 
3.3 Carbon dioxide Adsorption of the Activated Rice Husks 
3.3.1 Influence of Temperature on CO2 Adsorption Capacity 

Fig.8. Displays the CO2 adsorption capacity of the rice husk activated at 6000C at 
different temperatures of adsorption (30, 50 and 75 0C) for 2.5 hours. It can be seen that with 
growing adsorption temperature, the adsorption capability reduces quickly. This activity is 
typical of a physical adsorption method, where both the diffusion rate of molecule and 
surface energy of adsorption increase with increasing temperature. As a result, the gas 
adsorbed on the surface of the activated carbon turn to unstable, resultant in the desorption of 
adsorbed carbon dioxide molecules. In the present research study, rice husks carbon dioxide 
adsorptioncapacityactivatedat300C is about two–three times more than that at 750C (5.7 
mmol/g vs. 2.6 mmol/g). This type of behavior was determined for all the rice husks activated 
carbonspreparedin this work and has been previously investigated for zeolite based 
adsorbents. Typical flue gas pressures, however, are typically up to 1500C, so creating 
sorbents that can work at greater temperatures is essential. For effective CO2 removal, 
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chemical adsorption procedures are scheduled for carbon dioxide trapping using high-surface 
area having materials. Previous research concentrated primarily on impregnating zeolite 
products and fly ash carbons. Especially, PEIimpregnatedMCM-41hasbeenreported for the 
production of adsorbents that can adsorption carbon dioxideatcomparatively high temperatures 
[1]. Consequently, in this study rice husk activated carbons were impregnated with PEI in an 
attempt to modify their carbon dioxide adsorption capacity, specially at higher temperatures. 
 
 
 
 
Figure 8. Carbon dioxide adsorption capacities of the rice husk carbons RHAC-600-2.5 as a 

role of the temperature of adsorption. 

 
3.3.2   Influenceof Activation ConditionsonCarbon Dioxide Adsorption 

Figure.8 illustrates the carbon dioxide adsorption capacity at 300C of the fresh and 
activated carbons of rice husk.The carbon dioxide adsorption capacity reduced with 
accelerating activation temperature and there is no clear relationship between surface area and 
carbon dioxideadsorption capacity. For instance, the rice husk providingthe highest surface 
area(1072m2/g,8000C for2hours) has a carbon dioxide adsorptioncapability of only 3.9 
mmol/g, while the rice husk with the highest CO2 adsorption capacity 6.48 mmol/g has only a 
surface area of 612 m2/g (4000C for 3 hours). Figure.8.also demonstrated that the fresh rice 
husk together with the rice husks activated at lower temperature (3000C) for 2 hours have 
amazingly high CO2adsorptioncapacities (3.7 and 3.9 mmol/g, respectively),contempt of their 
low porosity.  

Figure 9. Carbon dioxide adsorption capability at 30℃ of the fresh and activated 
carbons of rice husk. 
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3.3.3 Influence of Surface Treatment on Carbon Dioxide Adsorption   

The carbon dioxide adsorption capacities at 30 and 750C of the rice husk activated 
carbons RHAC-600-3 and their surface treatedmaterials (ammoniatreatment 
andpolyethylenimine impregnation) aredepictedinFigure.10. It can be seen that there are 
apparent changes in the carbon dioxide adsorption capacity of the samples with temperature 
of adsorption.When examinen the capacity for carbon dioxide adsorption at 300C, the 
adsorption of the fresh rice husk was somewhat more than that for the chemically treated 
samples, other than for the impregnated PEI sample, where it is more than that. Of all the 
treated samples, the carbon dioxide adsorption capacity at 750C was somewhat more than that 
of the raw rice husk. For example, at 750C, the carbon dioxide adsorption capacity was 2.14, 
2.63, 2.34 and 2.59 mmol/g for RHAC-600-3, RHAC-600-3-NH3-250, RHAC-600-3-NH3-
400 and RHAC-600-3-PEI, respectively. For theNH3treatment at low temperature (2500C) 
gives in reasonably more carbon dioxide adsorption capacities than the treatment at high 
temperature (4000C).This is due to the change of micro porosity and the existence of 
functional groups, as discussed below. Moreover, lesser carbon dioxide adsorption capacities 
on activated carbons treated with ammonia at elevated temperatures have been reportable for 
commercially available rice husk activated carbons, because of blockageo f  micropores by 
nitrogen containing groups [10]. For the Ppolyethylenimine impregnated samples, the carbon 
dioxide adsorption capacity enhanced with temperature, as expected from a chemical 
adsorption method. 

Figure10. Carbon dioxide adsorption capacities for untreated and treatedRHACs at various 
temperatures 
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3.3.4 Factors Influenceing on theCarbon Dioxide Adsorptionof Rice Husk Activated 
Carbons 

The samples with the great carbon dioxide adsorption capacity was the rice husk 
activated at 400°C for 3 hours with a surface area of 612 m2/g and the adsorbed amount of 
carbon dioxide was 6.48 mmol/g from the above-mentioned carbon dioxide adsorption 
studies.Although, the rice husk with the higher surface area and pore volume(1072m2/g and 
0.574 ml/g, respectively) was that activated for two hours at 8000C and its carbon dioxide 
adsorption capacity was merely 3.9 mmol/g. For instance, measured theoretical carbon 
dioxide adsorption capacity of the rice husk activated for 2 hours at 4000C and also 2 hours at 
800 0C are 23.16 mmol/g and 41.12 mmol/g, respectively. This shows that not all the surface 
area or the activated rice husk pore volume contributes to the carbon dioxide adsorption. The 
relationship between CO2 adsorption and the micro porosity of the activated rice husks is 
presented in Figure11.The samples with the superior micro porosity appear to have the 
greatest ability for carbon dioxide adsorption. Earlier investigations have shown that only 
pore dimensions below five times that of the adsorbate's molecular size are effective for 
capturing of  gas at atmospheric pressure.The molecular size of CO2 is 0.209 nm, only pores 
less than 1.0 nm are effective towards CO2 capture at atmospheric pressure. Therefore, it is 
desirable to tailor the pore size distribution of the activated carbons, especially in order to 
maximize the pores less than 1.0 nm, to optimize the physical adsorption of CO2 on to  the 
carbon surface. 

Figure11. Variation of CO2 adsorption capacities and micro porosity of the activated rice 
husks. 
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Because carbon dioxide is an acidic gas, active alkaline surface functional groups will 

promote CO2 chemisorptions. Among all the surface functional groups investigated on the 
activated carbon surface, just a few nitrogen groups are alkaline. This is also why techniques 
of surface treatments are used to enhance the   ability of sorbents for carbon dioxide 
adsorption by raising the content of nitrogen[9,11]. 
4. Conclusions 
 High surface area activated carbons were prepared from rice husk sample (RHAC) by 

steam activation using fluidized bed reactor. N2-77 K adsorption studies show that the 
activated rice husks are mainly microporous and the micro porosity decreased with 
increasing activation time and temperature. 

 The maximum surface area and pore volume are 1052 m2/g and 0.586 mL/g for the rice 
husk activated at 800 0C for 2 hrs. The surface areas go through a maximum with 
increasing solid yields. The initial increase in surface area is probably due to opening of 
porosity and formation of micropores, while the decrease in surface area for lower solid 
yields (less than 40%) is due to the enlargement of micropores and pore wall removal. 

 The adsorption of CO2 on the activated rice husk is mainly a physical adsorption process 
and the adsorbed amount decreased with increasing adsorption temperature. The CO2 
capture results do not show a linear relationship with the surface area. For example, the 
sample with the highest CO2 adsorption capacity (64.8 mg-CO2/g-adsorbent) was the rice 
huskactivatedat6000C for 2hrs, whose surface area was only 540m2/g. Similarly, the rice 
husk presenting the highest surface area (1052 m2/g, 800 0C for 2 hrs) hasaCO2 capacity 
of only 40 mg-CO2/g-adsorbent. This is probably due to only certain size pores being 
effective for CO2adsorption. 

 Two surface treatment methods, including NH3 heat treatment and polyethylenimine 
(PEI) impregnation, were used to modify the surface properties of the activated rice husks 
toincreasetheirCO2capturecapacityathighertemperatures. 

 TheNH3treatmentincreases the surface area of the activated samples, especially at lower 
temperatures (2500C). The chemical impregnation with PEI results in a dramatic decrease 
of the surface area of the activated rice husk, probably due to pore blockage and surface 
overagebyPEI. 

 Both the treatment and PEIimpregnation can increase the 
CO2capturecapacityoftheactivated rice husks at higher adsorption temperature, due to the 
introduction of alkaline nitrogen groups on the surface. Further studies are being 
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conducted to optimize the treatment of activated rice husks in an effort to maximize their 
CO2 adsorption capacities. 
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Abstract 
This present paper is aimed to measure the mass attenuation coefficients (µ m) of cerium oxide 
and praseodymium oxide and the determination of effective atomic number and related 
parameters using the radioactive sources 137Cs and 60Co with gamma photon of energies 662 
KeV, 1173 KeV and 1332 KeV. Transmission experiments with narrow beam good geometry 
set up have been carried out to measure the incident and transmitted intensity to determine 
the attenuation coefficients. The gamma intensities have been measured with a high 
resolution NaI (Tl) detector. The photon interaction parameters viz., effective atomic number 
(Zeff),linear attenuation coefficient(µ l), total atomic cross- section (σt), electron cross-
section(σe),electron density(Neff) and photon mean free path(λ) were determined with semi-
empirical relations using mass attenuation coefficients obtained experimentally and 
theoretically. The experimentally computed values in the present work and theoretical values 
obtained using mixture rule and X-com were compared and are found to be satisfactory. 
 
Keywords: rare earth oxide, mass attenuation coefficient, effective atomic number 
 
 

1.  Introduction 

Keeping in view of the extensive use of the radioactive sources in medicine, 
agriculture, industry etc., in recent years the study of photon atom interaction in different 
materials has gained importance. As these interactions involve various compounds with 
different compositions, that the effective atomic number of a material composed of several 
elements cannot be expressed by a single number, it can be concluded that it is an energy 
dependent parameter due to the different partial photon interaction processes with matter for 
which the various atomic numbers in the material have to be weighted differently. A number 
of investigations on effective atomic numbers for total and partial photon interactions have 
been reported in the literature. There are many scientific, technological, medical, industrial 
and commercial applications of rare-earth oxides [1-4]. A number of investigations on 
effective atomic numbers for total and partial photon interactions have been reported in the 
literature [5-14]. Lanthanide oxides have many applications in scientific, technological, 
medical and commercial fields. However, studies about lanthanide oxides on Zeff are lacking. 
Lanthanide oxides are considered to be better shielding materials to the exposure of gamma 
radiation, hence the photon interaction parameters turn out to be useful. Thus the importance 
of these materials at high temperature nuclear applications prompted us to carry out the 
present work.  

Mass attenuation coefficient is a useful parameter to derive many other photon 
interaction parameters. Theoretical methods are available to calculate mass attenuation 
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coefficients for elements and compounds/mixtures. Hubbel [15] reported mass attenuation 
coefficient values for 40elements and 45 mixtures and compounds. Most popular method for 
calculating the effective atomic number and related parameters is to obtain the mass 
attenuation coefficient of the material under study. Hence, it is of prime importance that the 
attenuation coefficients should be known with high accuracy, as atomic parameters are to be 
obtained from it.  Berger et al [16] developed XCOM for estimating the mass attenuation 
coefficient at different energies for different elements/compounds/mixtures. Recently we 
reported effective atomic number and related interaction parameters of some oxides of 
lanthanides [17]. 

In the Present work, the results of experimental studies of mass attenuation 
coefficients and other estimated photon interaction parameters of cerium oxide (CeO2) and 
praseodymium oxide (Pr6O11) at different photon energies of 662KeV, 1173KeV and 
1332KeV are reported. The experimental values of photon interaction parameters of the 
materials in the present study at different photon energies are compared with the estimated 
theoretical values and the values of   X-Com. 
2. Materials and Method of measurement 
2.1 Experimental 

A good geometry narrow beam transmission experimental setup as shown in figure1 
is used for measuring the incident and transmitted intensities of gamma photons for the 
determination of the mass attenuation coefficient. The gamma rays are well collimated using 
lead collimators. Each of the collimators has cylindrical shape and circular aperture. 

 
Figure 1: Schematic diagram of gamma ray absorption setup (not to scale)  

High purity powders of CeO2 and Pr6O11 are compressed into pellets with 20mm diameter die 
set using hydraulic press, for making measurements. These are then firmly placed on the 
sample holder. The pellets in the sample holder are fixed between the source and the detector 
ensuring a proper alignment of sample with collimation 6mm either side. The samples are 
irradiated by the gamma photon of energies Cs (0.66MeV), Co (1.173MeV and 1.332MeV). 
Intensities of the transmitted photons were recorded and counted by using MCA 
(multichannel analyzer). Complete experimental details given in our earlier paper [18]. 
2.2 Analysis of data 

The mass attenuation Co-efficient for the oxides of rare-earth at various photon 
energies are measured by   performing the transmission experiments through the basic 
equation 

 
                                                         (1)  

Where I0 and I are the un-attenuated and attenuated photon intensities, m = µ / ρ (cm2/g) is the 
mass attenuation coefficient, t g/cm2 is sample mass thickness (the mass per unit area).    
The total mass attenuation coefficient m for any chemical compound or mixture of elements 
is given by mixture rule 
                                                     (2) 
Where wi is the weight fraction (the proportion by weight) (μm)i is the mass attenuation 
coefficient of ith element.  
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The effective atomic number Zeff of the material is determined through the following relation, 
                                                               (3)  

Where the σt   and σe are total atomic cross section and total electronic cross section. 
 The detailed procedure of analysis of data is discussed in our earlier paper [19].   
3. Results and Discussion 

Mass attenuation coefficients (m) for cerium oxide (CeO2) and praseodymium oxide 
(Pr6O11) are obtained experimentally for different gamma photon energies. The values 
obtained in the present work are compared with theoretical values calculated by using semi-
empirical relations (2,3) and with the values of X-Com and found to be in good agreement as 
can be seen in the Table1 and Table2. The mass attenuation coefficient values decrease with 
increase in photon energy as seen from figure 2. The experimental values for cerium oxide 
(CeO2) and praseodymium oxide (Pr6O11) are smaller than their theoretical values. This is 
because probability of absorption decreases with increasing incident photon energies. Linear 
attenuation coefficient (μl), total photon interaction cross-sections (σt and σe), effective 
atomic number (Zeff), effective electron number (Neff) and photon mean free path(λ) for rare-
earth oxides  at different photon energies are estimated by using experimental  mass 
attenuation coefficients. Values obtained from theoretical, X-COM [16] and experimental 
values are given in Table 1 and Table 2. From the figures 3-5 it is observed that linear 
attenuation coefficient, total atomic cross section and total electronic cross section decrease 
with increase in photon energy. As seen from figure 6, figure7 the Zeff and the Neff remains 
constant and are found to be independent of photon energy. The agreement between the 
calculated values from semi empirical relations, X-Com and experimental results is good. 
However the presence of some impurities in these rare-earth oxides might create a different 
environment in CeO2 and Pr6O11 and this could bring about a change in the binding forces, 
chemical surroundings and distortions in crystallinity. Such changes in CeO2   and Pr6O11 by 
the impurities are not considered when the values of mass attenuation coefficients were 
computed by X-Com and empirical relations. But the influence of these effects, discussed 
above reflects in experimental measurements. The photon mean free path (λ) is found to be 
increasing with the photon energy as seen from the table 1 and 2 and figure 8. 

 
 

Table1: Gamma photon interaction parameter values of cerium oxide (theoretical and experimental) 
              at various photon energies 

  mm                    

[10-3 m2 kg-1 ] 
μl        

[m-1] 

σ t               
[ 10-25 barn/atom 

] 

   σ e                     

[ 10-26 barn/atom] Zeff 
Neff               

[ 1023 
electron/g] 

 λ                       
[ 10-2 m] 

0.662 
MeV 

                    

X- COM 7.99 57.69 7.61 2.78 27.32 2.86 1.73 
EMP. 

VALUE 7.99 57.69 7.61 2.78 27.32 2.86 1.73 

EXPT. 
VALUE 7.98 57.65 7.6 2.78 27.28 2.86 1.73 

1.173 
MeV 

                   

X- COM 5.47 39.51 5.21 2.02 25.79 2.7 2.53 

EMP 
VALUE 5.47 39.51 5.21 2.02 25.79 2.7 2.53 

EXPT. 
VALUE 5.35 38.6 5.09 2.02 25.19 2.64 2.59 

1.332 
MeV 

                   
X- COM 5.09 36.74 4.85 1.88 25.68 2.69 2.72 
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EMP. 
VALUE 5.09 36.74 4.85 1.88 25.68 2.69 2.72 

EXPT. 
VALUE 5.01 36.21 4.78 1.88 25.31 2.65 2.76 

 
Table2: Gamma photon interaction parameter values of praseodymium  oxide (Pr6O11) (theoretical and 
                experimental)at various photon energies 

  µm                     

[10-3 m2 kg-1 ] 
μl          

[m-1] 

σ t             
[ 10-25 

barn/atom ] 

   σ e                   

[ 10-26 
barn/atom] 

Zeff 
Neff               

[ 1023 
electron/g] 

 λ                
[10-2 m] 

 
0.665 
MeV 

                     

 

X- COM 8.15 53 8.13 2.81 28.91 2.89 1.88 
EMP. 

VALUE 8.15 53 8.13 2.81 28.91 2.89 1.88 

EXPT. 
VALUE 8.14 52.92 8.12 2.81 28.86 2.89 1.88 

 

 

1.173 
MeV                      

 

X- COM 5.54 36.02 5.52 2.02 27.23 2.73 2.77 

EMP 
VALUE 5.54 36.02 5.52 2.02 27.23 2.73 2.77 

EXPT. 
VALUE 5.52 35.88 5.5 2.02 27.13 2.71 2.78 

 
1.332 
MeV                      

 

X- COM 5.15 33.51 5.14 1.89 27.12 2.71 2.98 

EMP. 
VALUE 5.15 33.51 5.14 1.89 27.13 2.71 2.98 

EXPT. 
VALUE 5.13 33.35 5.11 1.89 27 2.7 2.99 

 
 
Figure2: variation of mass attenuation coefficient            Figure3: variation of linear mass attenuation 
coefficient with photon energy                                                                with photon energy 

0.50 0.75 1.00 1.25 1.50

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0
CeO2 Pr6O11

E  MeV

 µ
m

[1
0-3

 m
2
 k

g-1
]

                                                  

0.5 0.7 0.9 1.1 1.3 1.5

34

39

44

49

54

59
CeO2 Pr6O11

E  MeV

 µ
 l

[m
-1

]

 

Figure4: variation of atomic cross-section                 Figure5: variation of total electronic cross-section  
with photon energy      with photon energy 
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Figure6: variation of effective atomic number               Figure7: variation of effective electron density 
with photon energy      with photon energy 

0.50 0.75 1.00 1.25 1.50

14

19

24

29

34

39
CeO2 Pr6O11

E  MeV

Z
e
ff
  

                                                    

0.50 0.75 1.00 1.25 1.50

2.00

2.25

2.50

2.75

3.00

3.25

3.50

3.75

4.00

CeO2 Pr6O11

E  MeV
 N

e
ff 

[ 
1

0
2

3
 e

le
c
tr

o
n

/ 
g

]
 

Figure8: variation of mean free path with photon energy 
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4. Conclusions 

 Present experimental Study has been undertaken to determine effective atomic 
number (Zeff) and related parameters (σt, σe, Neff and λ) for rare-earth oxides (CeO2 

and Pr6O11) from mass attenuation measurements at different photon energies.  
 The μm values of these rare-earth oxides in the present study decrease with increase in 

photon energy.  
 Also, the variation of σt and σe with energy is identical to mass attenuation coefficient. 
 The electron density is found to have the same qualitative energy dependence as 

effective atomic numbers for the samples. 
 In all the cases the photon mean free path (λ) is found to be increasing with photon 

energy. 
 The data on μm, µl σt, σe, Zeff, Neff and λ at different photon energies for CeO2 and 

Pr6O11 are reported in this communication. 
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Abstract 
The unsteady MHD free convection heat transfer Couette flow of Cu-water nanofluid at 
viscous incompressible electrically conducting fluid was considered. A Finite Element 
Method (FEM) employed to find the numerical solutions of the dimensionless governing 
coupled equations for the profiles of primary, secondary velocity and temperature of Couette 
of Cu-water nanofluid with the effect of volume of particles of nanofluid, Grashof number for 
heat transfer, Magnetic, rotation parameter and Prandtl number. The primary, secondary 
velocity profiles are enhanced as an increase of Grashof number while fall down as an 
increase of magnetic parameter and Prandtl number.    
Keywords: MHD, FEM, Coutte flow, Cu-water Nanofluid 
 
1. Introduction 
In fluid dynamics, the Couette flow states to the laminar flow of a viscous fluid in a space 
among the two parallel plates, one of which changes relative to the other. This fluid flow is 
driven by virtue of viscous drag force acting on fluid and the practically pressure gradient is 
parallel to the plates. Das et al.[1]  investigated  the magnetic field  effect on MHD free 
convective Couette flow between the  horizontal plates which are parallel, with the presence 
of a rotating system. Sheikholeslami et.al[2] analyzed the  nanofluid contains with the mixer 
of water and  suspended Cu particles  on a sheet which is stretched. Kalidas et. al [3] studied 
the characteristics of Cu-water nanofluid flow on a plate with various parameters and the 
plate is in upward direction. The authors are not explored the on Coutte flow of nanofluid 
with the effect of rotation fluid along with plates.  
 
2. Formulation of Model 
Consider the unsteady heat transfer flow of a viscous incompressible electrically conducting 
nanofluid containing water with suspended copper particles. The flow between two infinite 
parallel plates when the fluid and the plates rotate in unison with uniform angular velocity  
   about an axis normal to the plates, shown in Fig 1. Let d  be the distance between the 
two plates, where d  is small in comparison with the characteristic length of the plates. The 
upper plate moves with a uniform velocity U in its own plane in the x -direction, where the 
x -axis is taken along the lower stationary plate. The z -axis is taken normal to the x -axis 
and the y -axis is taken normal to the zx  -plane, lying in the plane of the lower plate, and it 
is  assumed that the flow is fully developed. Further, there is no applied pressure gradient as 
the flow is due to the motion of the upper plate. Also assume that initially i.e. at time ,0t  
both the fluid and plates of the channel are in rest and these are maintained at a uniform 
temperature dT  . At time 0t , plates starts moves in z  - direction with uniform velocity U  in 
its own plane. and it is maintained at uniform temperature wT   .Since the plates are infinitely 
long along the x - and y -directions, all physical quantities will be functions of z  and t   
only. Here u  and w  are velocity components along the x  and y -directions.  
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Fig 1. Geometry of the problem 

The modelling equations of the nanofluid flow in a rotating frame of references are  
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                                                               (3) 

Where 
nf  is viscosity , 

nf  is  thermal diffusivity and  
nfpC is heat capacitance of the 

nanofluid, which are defined as  1 ,nf f s        ,
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The boundary conditions for the primary and secondary velocity and temperature are  
:0t 0,u w T T

d
       for 0z                                                                 (4) 

:0t  0 wu ,
w

T T   at  0z                                (5) 

:0t
dTTwUu  ,0,  at dz                                        (6)   

The modelling equations with boundary conditions (1)-(6) ware solved by FEM after 
converting in to nondimensional equations by substituting nondimensional parameters such 
as Primary velocity(u), Secondary velocity (w), time (t), fluid displacement axis (z) Grashof 
number for heat transfer (Gr), Magnetic(M), rotation parameter( ) and Prandtl number(Pr) 
etc.  
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Fig. 2. Primary, secondary velocity and temperature profiles of Cu-water nanofluid. 

3. Results and Discussion 
The finite element method (FEM) is an efficient numerical and computational method to 
solving a variety of engineering and real-world problems. The algorithm of the finite element 
analysis explored by JN Reddy [4] as Discretization of the Domain, Generation of the 
Element Equations, Assembly of the Element Equations, Imposition of the Boundary 
Conditions, Solution of Assembled Equations. The nondimensional partial differential 
equations are solved through these steps by maintaining an accuracy 10-6 after imposing the 
physical properties of the nanofluid (Table 1.). The above profiles (Fig 2.) are done from the 
solutions of nondimensional equations with the various values of Grashof number, Magnetic 
parameter, rotation parameter and Prandtl number.      

Table 1: Thermo-physical properties (see [5]) 

Physical Properties 
Water  2H O  

(Pure fluid) 
Copper  Cu  

pC  4179 385 
  997.1 8933 
K  0.613 400 

510  21 1.67 

 
4. Conclusions 
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The following conclusions are dawn from the above study 
 The primary and secondary velocity profiles are enhanced as an increase of Grashof 

number while fall down as an increase of magnetic parameter, Prandtl number and 
volume of Cu particle.   

 Both the primary and secondary velocity of Cu-water nanofluid oscillating as the 
effect of fluid rotation along with plates.  

 The Cu-water nanofluid temperature is low at high Prandtl number.  
 The present results are in excellent agreement to the existed literature  
 The model is useful for validation of lab experimental results.    
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________________________________________________________________________________________ 
 

Abstract: In this paper mainly discussed about focuses on the Bio-brick is one such material that has the 
potential to be a sustainable and cost-effective solution. It acts as good heat & sound insulator and at the 
same time has an overall negative carbon fact print. From the above project, we have to determine the 
mechanical properties, and the same properties compare with the normal brick. With further results, it may 
come under the Ansys analysis. The major concern of the project is to be the development and 
characterization of Agri waste-based brick and normal brick and also investigate the mechanical, thermal 
and water absorption properties of bio brick and normal brick. 

Keywords: Bio brick, Agri Waste, Epoxy Resin. 
__________________________________________________________________________________________ 

I. INTRODUCTION 
The main aim of the research is to find a constructive method to turn solid, agricultural wastes into 
viable building materials, thereby addressing both pressing issues at the same time. This research 
explores the potential application of ‘agro-waste’, like sugar cane, sweet corn as the ingredient for 
alternative sustainable construction materials in the form of bricks. Based on the availability of agro-
waste materials, these bio-bricks can be modified to suit the local market and building construction 
styles. The application of agro-waste as a construction material can result in the reduction of the usage 
of natural resources as well as of energy consumption. At the same time, it can add to the farmer’s 
income, who can sell the leftover stubbles instead of burning them, thereby reducing air pollution. To 
achieve this goal, the process of up-cycling (the process of converting waste materials into new products 
of better environmental value than in their previous use) can be used to convert the agro-waste into 
usable bricks by combining it with lime binder, lime stone stone dust and water [1-4]. 
After China, India is the second largest producer of agricultural waste. It produces more than 130 million-
tons of Paddy straw out of which only half is used as fodder and the other half goes to waste, either in 
landfills or is simply dumped somewhere. It also produces more than 50 million-tons of cane bagasse. Table 
1 indicates the state wise generation of agricultural waste across India. As can be seen, India has diverse 
agricultural practices, which produces more than 500 million-tons of agricultural waste every year. The 
surplus waste (84 - 141 million-tons) is usually burnt by the farmers which results in massive air pollution 
causing major health hazards. A study based on Punjab alone showed that stubble produced per acre of 
paddy and wheat is around 23 and 19 quintals respectively. Around 85% of the paddy stubble is burnt in the 
open fields. In the case of wheat stubble around 11% was burnt. Considering the amount of stubble being 
produced, even burning a smaller percentage of it can cause considerable damage to the environment around 
it. 
There are several sustainable alternatives that are being currently used in construction industries [5,6]. 
Some of the most prevalent ones are fly ash, recycled concrete, foam concrete, agro-based panel boards, 
recycled materials boards, silica fumes, recycled tires, et cetera. A precursory study clearly suggested 
that the manufacturing technology of so-called ‘hempcrete’ can be modified best to suit the agro-waste 
generated in India. Hempcrete which is manufactured primarily from the residue of Hemp plant. 
Hempcrete is one of the most explored Bio-Crete which is a composed by mixing lime binder, water and 
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the non-fibrous part of hemp, called ‘shiv’. With passage of time the composition hardens and can be 
used as bricks. Figure 2 shows the constituent materials of hempcrete and Figure 3 highlights the 
advantages of hempcrete as a building material. 

 

 
 
2. MATERIALS AND METHODS :( BIO BRICKS) 

The process of making bio-brick starts with careful selection of the dry agro-waste, which is then 
chopped to the desired size. A lime based slurry is prepared by adding slake lime, binder, stone dust 
and water. The chopped agro-waste is added to the slurry and mixed thoroughly by hand or 
mechanical mixer, to create a homogenous mixture. This mixture is poured into moulds and rammed 
with wooden block to make a compact brick by removing extra water or voids [7,8]. These moulds 
are left to dry for a day or two, after which the sides of the moulds are removed and the brick is 
allowed to dry for fifteen to twenty days. It takes approximately a month’s time for these bio-bricks 
to attain its working strength by air drying. 

In this process no controlled or machine drying is used to make the whole process sustainable and reduce 
the carbon footprint. The time taken to manufacture bio-bricks is comparable to air dried (naturally dried) 
fired clay bricks. After a month of drying, bio-bricks are covered by a rigid skin, mostly made up of 
carbonate lime (calcination) thereby increasing its overall strength. Even though these bio-bricks have less 
compressive strength as compared to fired clay bricks or concrete blocks, they are quite light in weight (1.43 
kg per block) i.e. almost 1/8 of fired clay bricks and 1/10 of concrete blocks of similar volume. Hence, they 
can be effectively used in framed structure as non-load bearing walls with excellent heat and sound insulation 
with minimal dead load on the structure. 

 

 

Figure 1.1: Dry sugarcane  Figure 1.2:. Basic tools used Figure 1.3:. Chopped bagasse, 
bagasse was chopped into fine  along with lime, stone dust lime, water and stone dust 

Pie
ces 

 and water were mixed properly 
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Fig. Raw materials and manufacturing procedure of Specimens. 

                                                                    
 

3. Applications of Bio Bricks: 

1. With low thermal conductivity (approx. 0.27 W/mK) these bio-bricks can be effectively used in 

walls as they provide good insulation to heat and sound. Due its porosity and low density these 

bio-bricks helps in maintaining humidity of the buildings, making these houses suitable for hot-

humid climate like India. 

 . 

 

2. Bio-brick with low average density of 423.7 kg/m3 (as calculated from prototypes) is a suitable 

replacement of burnt clay brick and concrete block for partition walls in column beam structures. 

This is extremely beneficial for high rise structures as the overall load on the frame structure will 

be much lower compared to traditional walls as illustrated in Figure 12. Thus, this can result in 

designing lighter frame structure, thereby reducing the use of concrete, steel and lowering the 

construction cost. 

 
 

Light weight bio-brick 
reduces the overall weight 

on the beams 
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The bio-brick acts as a 
sound insulator 

 

 

4. MATERIALS AND METHODS(NATURAL BRICKS): 

Preparation of clay for bricks manufacturing is done in six steps: Un soiling of clay we need pure clay 

for the preparation of bricks [8-10]. The top layer of soil may contain impurities, so the clay in top 

layer of soil about 200mm depth is thrown away. This is called un soiling. Digging After the removal 

of top layer, the clay is dug out from the ground and spread on the plain ground. Cleaning in this 

stage, the clay is cleaned of stones; vegetable matter etc. if large quantity of particulate matter is 

present, and then the clay is washed and screened. The lumps of clay are converted into powder with 

earth crushing rollers. Weathering the cleaned clay is exposed to atmosphere for softening. The period 

of weathering may be 3 to 4 weeks or a full rainy season. Generally, the clay is dug out just before the 

rainy season for larger projects. Blending if we want to add any ingredient to the clay, it is to be added 

in this stage by making the clay loose and spread the ingredient over it. Then take small portion of 

clay into the hands and tuning it up and down in vertical direction. This process is called blending of 

clay. 

 

5. EXPERIMENTAL CALICULATION: 

1. Hardness Test: 

TYPE OF BRICK LOAD ROCKWELL 

HARDESS NUMBER 
 

Normal brick 

150 kg 69 

150 kg 65 
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Bio-brick 

150 kg 40 

150 kg 35 

 

 
2. BRINELL HARDNESS TEST: 

BHN = 2P/πD (D - √(D2 - d2)). 

Where, 

Load P in kgf, 

steel ball diameter D in mm 

changed diameter d in mm are the key terms of this calculation. 
 

BHN for normal brick 

BHN = [(2*150)] / [ 3.14(10) ((10-(102-0.82)0.5] 

= 298.08 

 
BHN for Bio-brick 

BHN = [(2*150)] / [ 3.14(10) ((10-(102-0.92)0.5] 

= 235.42 
 

Compression strength calculation for normal brick: 
 

Area = 90*50 = 4500 mm2 Breaking 

load=40KN 

Breaking stress = Breaking load/Area 
 

= 4000/4500 
 

= 0.88 N/mm2 
 

Compression strength calculations for Bio-brick: 
 

Area = 90*50 = 4500 mm2 Breaking 

load =35KN 
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Breaking stress = Breaking load/Area 
 

= 3500/4500 
= 0.77 N/mm2 

    
  

6. CONCLUSION: 
The bio-bricks we generated from common agro-waste, have a tremendously better net carbon footprint than 
standard building materials and, at the same time, are very cheap and simple in production. Though they 
may not be suitable for larger loads, they have huge application potential in less-load bearing wall 
construction, sound reduction and insulation, particularly in the low-cost sector, which, after all, is a 
substantial market in India. Thus, converting agro-waste into bio-bricks could help to mitigate the pertinent 
issues of raw material required by the construction industry and the agro-waste created in the agricultural 
sector. 
Further research and development is required to develop bio-bricks for Pan-India application where local 
agricultural waste can be used as a building material. We will also need to explore options for how the load-
bearing capacity of the bricks can be improved as well as how to optimize the manufacturing processes for 
the bio-bricks to allow for industrial-scale production at a low cost. 
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Abstract: 

Radon is a ubiquitous, colourless, odourless, tasteless radioactive noble gas 
bearing Atomic number 86.  Radon is being used to monitor atmospheric mixing, to 
investigate monsoon circulation patterns, to predict volcanic eruptions & earthquakes, 
mapping geological faults and in geochemical exploration etc.  But radon is also a cause 
of concern because it is radioactive and emits high energy alpha particles with relatively 
short half-lives and can induce lung cancer by damaging the tissues along the bronchial 
tree.  Indoor radon concentrations were estimated in 10 dwellings selected in and around 
Bhadrachalam town for about one year on quarterly basis using LR-115 type-II detectors 
with twin-chamber cup dosimeters.  The radon concentration in these dwellings found to 
vary between 10 Bq m-3 and 101 Bq m-3 with an average of 41.57.8 Bq m-3.  Distinct 
seasonal variation is observed in the radon concentration with minimum in rainy and 
maximum in winter seasons.   
Keywords:  Indoor Radon, SSNTD, LR-115, Bhadrachalam 

Introduction 

 Radon is a ubiquitous, colourless, odourless, tasteless radioactive noble 
gas bearing Atomic number 86.  It was discovered by Fredrich Ernst Dorn of Germany in 
1895 from Radium.  Radon is continuously replenished from the radioactive decay of 
long-lived precursors in minerals containing uranium and thorium.  More than 25 
isotopes of radon have been identified.  Two major important isotopes of radon are 222Rn 
generally called as radon and 220Rn generally called as thoron.   222Rn is produced from 
the decay chain of uranium and having a half-life of about 3.824 days and 220Rn, with an 
half-life of about 55.6 seconds, is produced from the decay chain of thorium.  Another 
isotope of radon, 219Rn is short lived (3.96 s) and is virtually always produced in much 
smaller amount than 222Rn, since the natural 235U/238U ratio of these ultimate progenitors 
is only 0.00719 [1]. Hence 219Rn is largely ignored.  Radon is being used to monitor 
atmospheric mixing, to investigate monsoon circulation patterns, to predict volcanic 
eruptions & earthquakes, mapping geological faults and in geochemical exploration etc. 
[2,3]. But radon is also a cause of concern because it is radioactive and emits high energy 
alpha particles with relatively short half-lives and can induce lung cancer by damaging 
the tissues along the bronchial tree [4]. 
 The prediction of radon concentrations in a given dwelling is extremely difficult.  
The main sources of indoor radon concentrations are the soil-gas, building materials, tap 
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water and natural gas used for cooking.  The topography, house construction type, soil 
characteristics, ventilation rate, wind direction, atmospheric pressure and even the life 
style of the habitants are also having significant influence on indoor radon concentrations 
[5-7]. 
 

Experimental 

 The Solid State Nuclear Track Detectors LR-115 Type II strippable (pelliculable) 
films, of Kodak Pathe make supplied by Dosirad company of France, have been used to 
estimate the radon concentrations inside the dwellings using a twin-chamber dosimeter 
cup developed at Bhabha Atomic Research Centre, Mumbai.  The SSNTDs consists of 
thin sheets (12-13μm) of red dyed dielectric material called Cellulose Nitrate (C6H8O9N2) 
on a 100 μm thick polyester base. 

 

 

 

 

 

 

 

 

 

The twin-chamber dosimeter cup is shown in Fig.1.  Each chamber has a length of 
4.5cm and a radius of 3.1cm.  The SSNTD strip of 2.5 cm x 2.5 cm is placed in chamber 
1 measures only radon which diffuses into it from the ambient air through a semi-
permeable membrane (latex).  These membranes have permeability constants for radon 
gas in the range of 10-8 to 10-7 cm2 s-1 [8-10] and allow more than 95% of radon gas to 
diffuse and suppress thoron gas to less than 1% [11-13]. On the other hand, the glass fibre 
filter paper in chamber-2 allows both radon and thoron gases.  The 3rd SSNTD placed on 
the outer surface of the dosimeter exposed in the bare mode registers alpha particle tracks 
due to radon/thoron gases and their daughter products.  It is mounted on a rectangular 
card such that it views a hemisphere of air of radius 6.9 cm, the range of alpha particle 
emitted by 218Po.  A detailed methodology for evaluating the gas concentration for the 
mixed field survey is given by Mayya et al., [14]. 
 The dosimeters were installed in dwellings selected randomly.  The dosimeters 
loaded with a LR-115, Type-II films (2.5 cm x 2.5 cm) were hanged at a height of 2.5 m 
from the ground and at about 30 cm away from the walls or roof.  As the locations were 

2 
B 

Radon +Thoron 
Compartment 

Glass Fibre 
Filter 

1 

 3 

Membrane 
Filter 

  
A 

Radon           
Compartment 

1.  Rn Cup mode SSNTD Film 
2.  Rn+Tn Cup mode SSNTD Film 
3.  Bare mode SSNTD Film  

Fig.1.  Twin cup dosimeter 
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very far away from the laboratory, dosimeters were prepared on the locations itself by 
carrying out the required material to the location on the quarterly basis.  For every 90 
days dosimeters were loaded with a fresh LR-115, Type-II films and at the same time the 
retrieved exposed films were kept in indexed envelopes and brought back to the 
laboratory for further processing i.e., etching and subsequent counting.  This process was 
continued for one year on quarterly basis.   
 The exposed detectors were etched chemically with 2.5N NaOH solution for 90 
minutes in a constant temperature bath maintained at 600.5oC, without stirring.  Etching 
time was selected through a series of experiments in our laboratory to determine the 
etching rates under different stirring conditions.  The chemically etched films were 
washed in distilled water and peeled off from their plastic base so as to use for the 
counting process.  Evaluation of etched tracks in solid-state nuclear track detectors by an 
optical microscope is a difficult and time-consuming task.  The attempts to automate 
track counting have led to the use of image analyser instruments and spark counting 
systems.  The image analyser is rather expensive and can only be adopted by a few 
laboratories and research centres.  The spark counting technique, which is applicable to 
plastic detectors, provides a convenient, cheap and fast method for track counting. In the 
present studies a spark counter Supplied by M/s. Polltech Instruments, Mumbai has been 
employed. The calibration of dosimeters is carried out using the calibration facility at the 
Environmental Assessment Division (EAD) of Bhabha Atomic Research Centre (BARC), 
Mumbai.  
 

Results and Discussion 

The study was conducted in 10 dwellings in and around Bhadrachalam town of 
Telangana State, India during September, 1999 to August. 2000 on quarterly basis.  The 
estimated radon concentration in these dwellings in different seasons is presented in the 
Table 1. 

Table 1.  The estimated indoor radon concentrations in different seasons 

Season 
Radon concentration (Bq m-3) 

Minimum Maximum Average Standard 
Deviation 

Autumn 35 67 51 11 
Winter 29 101 64.4 31.8 

Summer 18 44 32.2 8 
Rainy 10 30 18.6 6.3 

   

 
The radon levels are found to be maximum in the winter season and minimum in 

the rainy season.  The maximum and minimum levels may be due to the ventilation inside 
the dwellings and meteorological variations.  During the winter season, the dwellers 
normally prefer reduced ventilation to conserve heat. This reduced ventilation may cause 
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a partial lowering of atmospheric pressure inside a dwelling when compared to outside. 
This may further cause an increase in the exhalation rate of radon from the floor and 
walls of the room. The reduced ventilation in winter also leads to a build-up of radon 
inside the house. On the other hand, during the monsoon season, the rains cause closure 
of pores on the surface soil, which results in the reduced exhalation of radon gas from the 
soil.  These variations are similar to the variations reported by others [15,16,5].  
 

Conclusions: 

Indoor radon concentration levels were measured in 10 selected dwelling places in and 
around Bhadrachalam town of Telangana State, India using LR-115 type-II detectors with 
twin-chamber cup dosimeters. The studies were conducted for about one year on 
quarterly basis. The radon levels were found to vary between 10 Bq m-3 and 101 Bq m-3 

with an average of 41.57.8 Bq m-3. It is also observed that the radon levels are 
significantly affected by the seasonal changes.  
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