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Abstract 

Pure and CdsNi (NP) were prepared by thermal deposition. The influence of 

the Ni doping ratio has studied these films' structural, morphological, optical, 

and electrical properties. Polycrystalline hexagonal (CdS and CdSNi) were 

shown to have [101] preferential orientation by XRD analysis. Images from 

the (FE-SEM) showed low-dimension NP formation, and the NP size was in 

the region of 15–25 nm. Optical analysis has shown that all the films are 

transparent. In the visible region, the transmittance ranges between 75% and 

80%, were based on the concentration of the dopant. The film with a Ni ratio 

of 0.3 % showed a minimum resistivity of 6.14x105 Ω.cm at RT. 

 

Introduction 

Because of their widespread industrial application in nanoelectronic devices, nanostructured II-VI semiconductors have 

been studied extensively. Cadmium sulfide (CdS) is one of the most extensively studied materials among the II-VI 

compounds [1]. Because of their intriguing opto-electronic characteristics, II-VI semiconducting chalcogenide 

nanoparticles, particularly suldes and selenides, have been thoroughly studied [2]. (CdS) has a direct band gap of 2.42 eV 

at room temperature, making it a promising applicant for solar cells, green lasers, photoconductors, light-emitting diodes, 

and thin-film transistors [3]. Transition metal (TM) doped semiconductors, also known as diluted magnetic 

semiconductors (DMS), have attracted considerable scientific attention due to the potential applications they may have 

[4], such as a transparent semiconductor in other interesting applications [5], (LED) light emitting diodes [6], and 

spinotronic devices with diluted magnetic semiconductors [7]. To grow CdO thin films without doping or with doping, 

several chemical and physical methods, such as (S–G) [8], (SP) [9], (CBD) [10], (SILAR) [11], (RFS) [12], (MOCVD) 

[13], and (PLA) [14] were adopted. In this study, thermal deposition was used to improve the morphological, optical, and 

electrical properties of nickel-coated CdS(NP). With optimal production conditions, this method produces high quality 

thin films at a low cost. 
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Methods   

1. Thermal deposition of thin films 

A combination of 0.15 g CdS nanopowder and x g Ni nanopowder were bought to guarantee 99% purity (It 

was supplied by the Deutsche Solar AG company).  (x = 0.1, 0.2, 0.3,0.4 to 0.5) was evaporated utilizing the 

technique of quasi-closed volume. Resistive molybdenum crucible on single crystal substrates with pre-

cleaned and unheated glass was used. The deposition process was divided into 3 stages. In the first step the 

temperature of the source was maintained at 875 K for 8 min; in the second step the temperature was raised to 

975 K and Kept for 4 minutes at this temperature. In the third stage, the temperature was elevated to 1120 K 

and held for 8 minutes at this temperature and the distance between the source and the substrate was 7 cm. The 

thin film was coded as CdS /substrate and CdS:x Ni / substrate (substrate= glass). The thickness of the film, 

measured by the interferometric process, was approximately 300 nm.  

2. Characterization 

Using a diffractometer "XPERT-PRO" device, the structure, crystallinity, and phase of the CdS and Ni-doped 

CdS(NP) were determined by using (XRD 6000 -  SHIMADZU-Japan). Field Emission Scanning Electron 

Microscope device type (TESCAN MIRA3 FE-SEM) was used to visualize very small topographic 

information on the surface of a fractioned part or the entire of the sample. A UV-Visible 1800 Spectra 

Photometer was used to measure the band gap energy and the optical transmission of CdS and CdSNi. The 

electrical resistivity was measured in the dark and at room temperature. 

Results and discussion  

1. Determining crystal structure 

For the XRD shown in Figure1, the Ni ratios of CdS1-xNix (NP) were varied (x=0.1, 0.2, 0.3, 0.4% to 0.5%). It is evident 

from the shapes that the films in nature are polycrystalline, both peaks from the diffraction patterns 24.78, 26.47, 28.15, 

36.59, 43.66,47.82 and 51.78 are typical of CdS undoped, indicating that integrating Ni into the films will not mean any 

shift in the CdS crystalline form. The interplanar dhkl spacing values corresponding to the diffraction planes (1 00), (002), 

(1 0 1), (1 02), (11 0), (1 03) and (112) are contrasted with the CPDS card No: 64-3414 [15]. The measured dhkl values 

match the usual values, indicating that all deposited films (pure CdS and CdSNi) are hexagonal, with the crystals aligned 

in the path [101] parallel to the substrate [16]. Ni2+ ions were replaced with Cd2+ ions in CdS nanoparticles that had been 

doped with Ni2+, and diffraction patterns showed a change in angle along major (101) planes. The CdS (NP) containing 

Ni ions are slightly shifted to the right, and this shift increases as the ratio of Ni ions in the (NP) increases. This means 

that the ratio of Ni doped CdS nanoparticles has an effect on the microstructure and crystal structure as shown in Figure 

1. Figure 2 shows that Ni (0.1 %) doped CdS (NP) increased peak intensity (101) planes while Ni (0.2 %) doped CdS 

(NP) increased full width at half maxima (FWHM) while decreasing peak intensity, and Ni (0.5 percent) doped CdS (NP) 

increased FWHM while increasing peak intensity as shown in Figure 2. As a result of the substitution of the smaller ionic 
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radius Cd2+ ion (0.97) for the more massive Ni2+ ion (0.62), this process occurs. Figure 2b shows that the FWHM of 

CdS(NP) doped with Ni (0.3%) is reduced compared to other nickel percentages (0.1, 0.2 and 0.5 % ), caused by the 

addition of Ni which is responsible for a small peak shift. In this case, the structural strain, is determined by [17]: 

εs = -∆ (θ(101)) cot g(θ(101))         (1) 

The compressive stress that induces this structural strain can be measured with: 

σSt = (3εs) B                             (2) 

B is the average CdS bulk module, that about 68.47 GPa [18]. As shown in Fig.3, the films' strain and stress initially 

decrease, pointing to the possibility that Ni2+ ions replace Cd2+ ions due to their smaller ionic radius (0.62 nm) than that of 

Cd2+ (0.97nm), before becoming nearly constant for Ni ratios of 0.2 to 0.4, implying that Ni2+ ions enter the lattice both 

substitutionally and interstitially. 

 

Figure 1 XRD diffraction diagrams of pure CdS and CdsNi : pure CdS, CdsNi (0.1%), (c) CdsNi (0.2%), CdsNi (0.3%), CdsNi (0.4%) 

and CdsNi (0.5%). 
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Figure 2 Variation peak position (101)  of pure CdS and CdsNi : Pure CdS, CdsNi (0.2%), CdsNi (0.3%) ,CdsNi (0.4%) and CdsNi 

(0.5%)  

 

 

Figure 3 Structural stress and Ni doped ratio. 
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Ni2 + ions in the lattice segregate inside grain boundaries when doped ratio approaches 0.4%. As shown in Figure 3, the 

compressive stress for CdSNi is usually between 0.1 and 0.44 GPa. However, the reduced stress value may produce a 

modest decrease in the lattice parameters, but not a structural change. CdSNi average grain size (Dhkl) is determined by 

XRD variations that use equation Scherrer [16]. 

Dhkl =0.9 λ /βhkl cos (θhkl)         (3) 

When λ is the wavelength of the incident radiation (λ = 1,5406 Å), bhkl is the half-maximum width of the hkl line and 

hhkl is the Bragg diffraction angle. Figure 4 Shows the FWHM variance and the grain dependence Ni doping ratio. With 

a low Ni concentration (0.1%), grain size increases, and then decreases after Ni doping. Kim et al. [19] reported similar 

results for Ni-doped ZnO. 

  

2. Surface morphology 

The FE-SEM photos of the CdSNi nanoscale specimens are given in figure (5) (a – f). Both FE-SEM photos indicate low-

dimension NP formation. The NP  were extremely concentrated in pure state (Figure 5 (a)) and at small concentrations of 

Ni doping (Figure 4 (b) and (c)) and tended to be agglomerated with each other. For the pure, 0.1 % and 0.2 % CdSNi 

doped samples, the NP size was in the region of 15–25 nm. However, the NP tended to be separated (not much 

aggregated) at higher concentrations, and showed a spherical shape. Figure 5 d – f. The thickness of the Ni-doped NP 

increased with a rise in the concentration of Ni in CdS. The NP sizes for CdSNi were 23–30 nm in the range, which 

agrees with the estimated crystallite size using XRD data.  

Figure 4 Ni doped ratio thin film average crystallite sizes and (FWHM). 

https://publications.srp-center.iq/index.php/ijn
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Figure 5 FE-SEM images of (a) pure and (b) 0.1%Ni, (c) 0.2%Ni, (d) 0.3%Ni, (e) 0.4%Ni, and (f) 0.5Ni% doped CdS NP. 

3. Optical study 

The variation of optical transmission with wavelength (k) in the range of 300 to 1500 nm is used to compute the optical 

properties of CdS(NP) such as transmittance, absorption coefficient, and band gap strength by equation : 

T = (1-R)2 exp (-αd)               (4) 

https://publications.srp-center.iq/index.php/ijn
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Transmittance (T), reflectance (R), calculated at 15% in the 300–1500 nm range, and film thickness (d). As can be 

observed, CdSNi samples are located comparatively with a strong clarity of approximately 75% in visible and near 

infrared areas, making it possible for solar cells to use it as a transparent window. In CdS films made in our lab using the 

CBD technique, we also observed a similar result [20]. In the VL and near IR regions, a CdS film doped with a 

concentration of 0.2 % has a transmission limit of around 70%. This can be clarified fairly by this film's fine crystallinity 

and stiochiometry, as identified through X-ray diffraction measurements. The transmission, however, decreases by 0.5 % 

Ni for the sample. This is due to a slight deterioration in the crystallinity of film as shown in Fig.6. Use the Tauc 

relationship, which is given by [21]: 

(αhν) = A (hν – Eg)n         (5) 

For a semiconductor with a direct band gap like CdS, (hv) is the photon energy, (Eg) is the optical band difference, A is a 

constant, and n = 1/2. Fig. 7 shows the plot line (ahm) 2 versus photon energy that is used to measure the optical band gap 

of CdS(NP). The eV value of (Eg) has been found to range from 2.545 to 2.369 for films made at various Ni ratios. The 

change in energy levels owing to the exchange reaction may be referred to as it decreases. Chandramohan et al. showed 

similar results for Ni-doped thin CdS films obtained via implantation [3]. 

 

Figure 6 Transmittance spectrum of Ni-doped ratios 
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Figure 7 Transmittance spectrum of Ni-doped ratios 

 

Figure 8 optical energy gap of Ni-doped ratios. 

4. Electrical properties  

For CdS(NP) with varying Ni ratios, the resistivity variation is shown in figure 8. Pure CdS films have a resistance of 5.5 

x 106 cm. As the Ni ratio increases to 0.3 %, the resistivity increases to at least 6.14x105.cm. The decreased resistivity of 

CdSNi(NP) is explained by the substitution of Cd2 + ions by Ni2 + ions in the CdS lattice. However, large Ni doping ratios 

enhance film resistivity duo to CdO production in grain boundaries, as shown by XRD. 
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                          Fig. 8. Resistivity variation of Ni doping ratio 

Conclusions 

Deposited CdS(NP) pure and doped on amorphous glass substrates at room temperature. The Ni content affected the 

films' structural, optical, and electrical characteristic. The XRD indicates well crystallised hexagonal polycrystalline 

structure. X-ray diffraction revealed that when Ni content increases, film favoured orientation shifts from (10 1) to 

random. Optical measurements reveal that the band gap decreases as the Ni concentration increases. The produced films 

have a transmittance of around 70% in the VL and near-IR regions of the electromagnetic spectrum. As a result, the 0.3 % 

Ni had a minimum resistivity of 6.14x105 cm. Because of its high transparency and low resistance, CdSNi(NP) used in 

solar cells and other optoelectronic devices as buffer layers. 
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Abstract 

In this research, the preparation of nano thin films of mixed NiO with SnO2-

CdO various concentrations (  ،50،25 75%) was accomplished. The thin films 

were prepared by chemical spray pyrolysis method and its" deposited on 

glass" substrate at a temperature of 200C°. The XRD diffraction displayed the 

formation of nano composite has a polycrystalline nature. The crystallite size 

was calculated adopting Scherer’s formula. The optical properties explored 

decreased transmission for the higher concentration of SnO2-CdO thin films. 

The energy bandgap values were found with increased concentration of SnO2-

CdO. The AFM analysis shows that the roughness increased with increasing 

mixing of (2.7nm) to (6.23nm) and average grain size of (13.6nm) to 

(28.6nm). The SEM shows a fine structure of nanoparticles distributed on the 

surface average size of nanoparticles (46.5nm). 

Introduction 

Metal oxide semiconductors are widely used in different sensors [1].  The nano  composite is formed by mixing oxides that 

depend on the concentration of the materials [2-3]. The nano composite is very important for different kinds of applications 

[4], such as photovoltaic devices ، gas" sensors, and solar cells"[4-5]. Nickel oxide is one of the p-type semiconductors [6]. 

CdO is an N-type semiconductor (whose direct band gap) is (2.2ev) [7]. It is high electrical conductivity and low electrical 

resistance, [7-9]. SnO2 is an N- type semiconductor which is applicably widely used in electronics. Solar cells and gas 

sensors [10-11], nano  campsites and Optimum properties, that are significantly superior to the single oxide, nano composite 

improve the properties in electrical and electronic applications, where the physical properties of nano composites are mainly 

affected by the nano  size and chemical composition of the material used in the applications [12-13]. Commonly used oxides 

are tin oxide, nickel oxide, cadmium dioxide, iron oxide, and tungsten oxide. These materials have successfully been 

employed to detect a range of gas vapours, particularly ethanol, methanol, ammonia, and hydrogen sulphide [14]. Thick 

film technology, which is often used to fabricate sensors, possesses many advantages, such as low cost, simple construction, 

mailto:mhamad87@uoanbar.edu.iq
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small size and good sensing properties [15-16]. In addition, this approach provides reproducible films that consist of a well-

defined microstructure with grains and grain boundaries that can be studied easily [17]. 

In this work, we have prepared NiO-SnO2: CdO nano composites thin films by chemical spray pyrolysis method. The 

goal of this work is to synthesize NiO-SnO2: CdO -nanocomposites with different ratios. The effect of different ratios on 

the film properties, like crystal structure, surface morphology, and optical transmittance were studied and the obtained 

results were compared and discussed".> 

Experimental details  

NiO-SnO2: CdO nano thin films were grown on glass substrate by a chemical spray method. The glass substrate was cleaned 

by deionized water and mixed with alcohol to prepare the precursor solutions. The stoichiometric amounts of (Nicl2.H2O 

99 % purity), (SnCl2.2H2O 99% purity), and (CdCl2.H2O purity 98.8 %) have dissolved (2.37gm) of Nicl2 and (1.47gm) of 

sncl2 and (1.83gm) of cdcl2 in water. NiO was mixed with SnO2: CdO and the solution was stirred for 60 minutes at 50°C 

using (0.1M) aqueous solutions. Firstly, NiO un  doped solution, after that NiO mixed with SnO2: CdO values were 25%ml 

and 50%ml,75%ml and spared on substrate. The spraying time period was 5s followed by 30s wait intervals and average 

deposition 2ml/min, and substrate temperature 200C° during spraying. Structural characteristics were examined by XRD 

(Shimadzu 6000PW 1050 A˚ Target: Cu-kα, Scan mode: continuous scan, Current: 30 mA, Voltage: 40 kV, Wavelength 

1.5406 A). AFM (AA3000) is used to identify the film topography. The optical transmission and optical absorption were 

measured using uv-vis spectrophotometer type (sp-8001) in the wavelength range 300-1100nm. 

Results and discussion  

1. X-Ray diffraction  

Figure 1 depicts the XRD patterns of NiO-SnO2: CdO Nano composites on glass. The structure is polycrystalline, as can 

be seen in this figure. In order to calculate the size of crystals, we used Scherer's formula    D =
Kʎ

βcos ϴ
    [19].  

NiO has an average crystallite size of (18.6 nm), which agrees with Vigneshumar [20]. There are several peaks in this 

structure. The mixed films at ratio 25 percent NiO-75 percent SnO2: CdO figure (1-b), the average G.S increased to 

(22.5nm). Figure (1-c) explains decreased peaks of NiO 50 percent with mixing50 percent CdO:SnO2 (c) and orient at 

(Hexagonal structure) and card No (1302-035-00),average Grain Size (35.58nm), 75 percent NiO-25 percent Sn (36.59nm). 

2. Atomic force microscope 

Figure  (2) shows atomic force microscopy to study the surface structure of thin films. AFM images of NiO and CdO: SnO2 

films are "shown in figures (2-a, b, C, d) which have a “high homogeneous and regular granular distribution”, the grain size 

of (a) are (13.6nm) and the average roughness (R.M.S) was (2.34nm). Figure (2-b) shows the average grain size (18.6nm), 

the (R.M.S) which was (5.21nm), and the average roughness (4.20 nm). Figure (2-c) shows (c), the average grain size 

(19.3nm), R.M.S (6.33nm), and the average roughness (5.51nm). Figure (d) shows the average grain size (28.6nm), the 

average roughness which was (6.23nm), and the R.M.S (7.74nm). The average grain size increased with the increased 

mixed SnO2: CdO. 
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                  Figure. 1. XRD spectra of the (a) NiO undoped, (b) 25%, (c) 50% and (d) 75% Adopted CdO:SnO2 

 

3. Scanning electron microscopy 

Figure (3-3) shows SEM images Of films (c) on glass substrate. The images show the structure of nanoparticles randomly 

distribution and give information about the nanostructures of the surface [19], and the average grain size that varies from 

(41.08nm) to (54.20nm). This structure increases the surface area and improves the properties in many applications. 

sample 2ϴ 

Deg 

FWHM 

Deg 
dhkl Exp.(Å) 

G.S (nm) 

 
phase hkl 

a 

19.15 0.2952 2.41547 25.49 NiO 111 

26.49 0.2952 2.0943 25. 1 NiO 200 

31.39 0.3444 1.47905 19.67 NiO 220 

34.26 0.601 1.6213 10.47 NiO 311 

37.09 0.492 1.20564 12.41 NiO 222 

b 

19.32 0.1476 2.84926 51.79 Cd 002 

26.61 0.246 2.41921 30.59 NiO 101 

31.83 0.246 2.09375 30.01 NiO 012 

34.74 0.492 1.47952 13.774 NiO 220 

37.24 0.3936 1.26259 15.97 NiO 311 

43.28 0.48 1.20734 12.73 Ni3Sn 203 

26.49 0.1476 3.36429 53.80 SnO2 110 
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thin films prepared different mixed 2CdO: SnO-NiO XRD peaks parameters for 1Table  

 

 

 

 

c 

31.39 0.1476 2.84926 53.80 Cd 002 

34.26 0.2952 2.61703 26.90 Cd 100 

37.09 0.246 2.42384 32.28 NiO 101 

43.22 0.246 2.09291 32.28 NiO 012 

62.73 0.36 1.47989 22.05 NiO 220 

19.15 0.1968 4.63425 40.35 Ni3Sn 203 

d 

23.51 0.3936 3.874 19.752 Sn 111 

26.47 0.1968 3.32623 39.27 SnO2 110 

30.41 0.1968 2.93936 38.93 Sn 200 

34.10 0.7872 2.62884 9.64 Cd 100 

34.91 0.1968 2.56975 38.49 Sn 100 

38.59 0.3444 2.33279 21.76 CdO 200 

43.31 0.2952 2.8894 25.002 NiO 102 

46.51 0.1968 1.95252 37.073 Sn 311 

51.65 0.2952 1.76944 24.21 SnO2 211 

62.82 0.3444 1.47917 19.67 NiO 110 

75.58 0.2952 2.8894 18.22 Cd 211 
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Figure (2) AFM image (for 25% NiO pure and mixed with cadmium tin oxide different mixed. 

 

4. Optical properties  

The optical properties are importance as thin films and they are used as a gas sensor. These properties include 

transmittance and energy gap.  

▪ Transmittance  

Figure (4) shows pure NiO which is mixed with SnO2: CdO thin films. According to figure (4), the value of pure 

NiO" transmission at 750nm wave length"is 71%, and when mixed with thin films it decreases with the increasing 

ratio of SnO2: CdO. This is due to the effect of SnO2: CdO oxide, which leads to an increase in the density of 

oxygen vacancies, as it affects the crystal structure of the films and causes a change in the nature of surfaces, in 

addition to increasing the surface roughness of the films, as shown in the images of the atomic force microscopy 

as the surface roughness increases the optical scattering and reduces the transmittance; this behavior agrees with 

the Chakraborty [20]. 
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Figure (3) SEM images of NiO 50% with 50% CdO:SnO2 

 

Figure 4. Optical transmission for NiO pure and mixed( SnO2:CdO) of thin films. 
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Table 2 shows the values of transmittance for NiO-CdO:SnO2  thin films  

Sample Transmission% 

A 80% 

B 68% 

C 60% 

D 55% 

▪ Energy gap 

The optical energy gap is of a great importance for determining the possibility of using thin films in the application 

of sensors, as it gives a clear idea of the optical absorption, as the film is transparent to radiation whose energy is 

less than the energy gap Eg> hʋ) and as the absorbing radiation whose energy is greater than it (hυ ≤ Eg). The 

value of the energy gap in the allowed direct electronic transitions of the NiO- SnO2: CdO films has been calculated 

by drawing the graphic relationship between (αhυ)2 and the energy of the photon, therefore we get the value of the 

energy gap for the allowed direct transition. Figure (4-9) shows the permissible direct energy gap of the films NiO 

(2.1 ev), It was discovered that increasing the mixing ratio increased the value of the energy gap due to the filling 

of the lower levels of the conduction beam with electrons. So it requires high energy to irritate the electron from 

the valence band to conduction  band, which leads to a high optical energy gap known as the effect of Burstein - 

alga (transformation). This effect causes absorption to be shifted toward higher energies when the mixing ratio 

and impurity proportion are understood in a way that agrees with the Sophie [21]. 

 

Figure 4. Optical energy gap of NiO pure and mixed SnO2: CdO of thin films (a:NiO Pure, b:NiO75%, C: NiO50%, d:NiO25%) 
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Conclusion  

Nano structure NiO- SnO2: CdO films deposited on glass and study the effect of the quantity of solution of SnO2: CdO and 

NiO on the structural properties. Nanostructures were obtained, as the atomic force microscopy and scanning electron 

microscopy showed the average of particle size (41.08nm). The surface roughness increased with increasing mixing from 

(2.34nm) to (6.23nm). Increasing the surface roughness leads to an increase in the reaction of the gas with the surface and 

increases sensitivity. Optical analysis of nano composites is achieved by using UV-Vis absorption spectra ranging from 

350 to 1100 nm. Gap energy increased 2.1ev volts to 3ev volts with increasing 75% concentration of SnO2: CdO nan 

composites. 
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Abstract 

The trans-esterification processes of refined waste groundnut oil (WGO) and 

sunflower oil (WSO) was optimized using calcium oxide produced from three 

different animal bones after incineration and characterization. The bone 

samples were crushed and calcined at 600 oC into fine powders with 

particulate dimension size of 49 nm. The calcined bones such as, calcined fish 

bone (CFB), calcine cow bone (CCB), and calcined chicken bone (CCHB) 

were characterized using the transmission electron microscope (TEM), 

scanning electron microscopy (SEM), X-ray diffraction (XRD), X-ray 

fluorescence (XRF), Brunnar Emmet Teller (BET), and Fourier transform 

infrared spectroscopy (FTIR) techniques.The powdered calcium oxide (CaO) 

was obtained from the waste animal bones to produced methyl ester (FAMEs). 

The effect of the catalyst dosage ratio on the physicochemical properties such 

as, yield, specific gravity, density, kinematic viscosity, and acid values of the 

produced biodiesel were studied and evaluated. The analysis of results using 

Statistical Package for Social Sciences (SPSS software) showed maximum 

catalyst dosage and yield for groundnut-based biodiesel (GNB) with CCB at 

3.0 wt.% with yield 95.0 % followed by sunflower based biodiesel (SFB) with 

CCB 4.0 wt. % with yield 95.0 %. The best optimal trans-esterification 

reaction conditions were a 1:6 molar ratio of oil to methanol, 1 hour reaction 

period, a 333 K reaction temperature, stirring rate of 1000 rpm, and 3-4 wt. % 

CaO catalyst loading. This study revealed that waste cooking oils and the 

obtained calcium oxide were good sources of raw materials that canenhance 

optimal production of biodiesel that meet the American standards for testing 

materials ASTM requirements. 
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Introduction 

The economic development of every country depends largely on energy. Economy sectors such as, commercial, transport, 

industrial, and agricultural sectors require energy and the largest sources of energy are conventional fuel such as, coal, 

natural gas, and petroleum. About 81.1% of energy supplies of the world are obtained from petrochemical sources such as, 

natural gas, coal and oil, while other sources like, biofuel and renewable energy schemes are around 18.9% [1, 2]. The wide 

application of fossil fuel in the domestic sector and industrial activities has led to increasing environmental pollution 

complications as a result of fossil fuel combustion [3]. 

These concerns have instigated the study and development of alternative safe means of energy generation.  Major renewable 

energy sources are tidal, biofuel, biomass, solar, and wind energy etc. The environmental and economic contribution of 

these renewable resources is vital, and biodiesel production might be one of the benefits [4]. Methyl ester is a type of fuel 

derived from the fatty acids contained in vegetable oils or fat.  Vegetable oil such as rapeseed, castor oil, and peanut oil can 

be utilized to make biodiesel using homogeneous or heterogeneous catalysts [3]. The word “waste cooking oil” simply 

indicates that the edible oil has been used for frying at elevated temperature over a period of time, and could no longer be 

used for a related purpose. The majority of cities in developing countries dump waste cooking oil into the environment, 

posing environmental, health, social, and economic difficulties to society. [5]. The biodiesel made from refined waste 

cooking oil offers eco-friendly fuel with low emission of toxic gases such as,SOx, and NOxetc. Biodiesel obtained from 

waste cooking oil provides environmental, economic, and waste management benefits. In recent times, solid catalysts have 

attracted great attention for use in the biodiesel production [6]. Some limitations such as, loss of biodiesel during washing, 

the impossibility of catalyst reusability, and the use of rigorous separation techniques necessitate the invention of 

heterogeneous catalysts. 

Calcium oxide (solid alkaline catalyst) is easier to handle than homogeneous catalysts, owing to their low toxicity, high 

basicity, as well as its low cost.  The choice of a catalyst is an interesting one because it is green and safe to the ecosystem. 

[5]. The biological waste materials are abundantly found in our immediate environment. To activate the catalyst surface, it 

can only be thermally degraded into metal oxides like, calcium oxide and magnesium oxide. These oxides are important 

for the production of biodiesel due to their activity in the methanolysis of vegetable oil to fatty acid methylester. The nature 

of conventional fossil fuel, high cost, global warming, and other environmental issues associated to fossils fuel necessitate 

the search for inexhaustible and sustainable fuel. In the near future, utilization of edible oils as, a feedstock for biodiesel 

synthesis will competes with food availability, causing the cost of raw materials (feedstock, catalyst, etc.) to account for 

60–70% of the actual price of biodiesel fuel, making biodiesel production to be very high.There has been a renewed interest 

in the exploration and creation of renewable resources that are not competitively demanded for food and non-edible 

industrial product purposes such as, waste cooking and biological catalysts for low-cost biodiesel production.Thus, waste 

cooking oil (WCO) and biological catalyst are among the less expensive, unregulated, and renewable resources that can be 

used to produce biodiesel.Hence it becomes imperative to look for acceptable local alternatives that will probably reduce 

environmental impact and production cost, thereby creating a feasible economy [7].    

In this study, the aim is to evaluate the catalytic performance of calcium oxide obtained from different waste sources (cow, 

chicken and fish bones) and waste cooking oils in trans-esterification process. 
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Experimental procedure 

1. Materials collection  

The raw fish bone (RFB), cow bone (RChB) and chicken bone (RCB) were collected from Omu-aran in Kwara State, 

Nigeria. Also, the waste groundnut oil (WGO) and sunflower oil (WSO) were the WCOs randomly collected from local 

restaurants and groundnut cake fryers. 

   

2. Preparation of nano- CaO particles from selected waste animal bones  
The discarded bone was thoroughly washed with water to remove any unnecessary materials adhering to its surface, rinsed 

twice with distilled water, and dried for 24 hours in a hot air oven at 105oC.The discarded bones were crushed to smaller 

particle size using a pulveriser. The pulverised waste materials were calcined at 600°C for 2 hours in a vacuum furnace 

(Box-type resistance furnace).The heat treatment was used to convert organic compounds and carbonates into oxides 

[7].Afterwards, the solid catalysts (CaO) were stored in a desiccator. 

 

3. Characterization of nano-CaO particles  
The morphology, elemental components, crystalline phases, diffraction peak, and functional group of the solid alkaline 

(CaO) catalysts were determined using scanning electron microscopy (SEM), X-ray diffraction (XRD), X-ray fluorescence 

(XRF), Brunnar Emmet Teller (BET), and Fourier transform infrared spectroscopy (FTIR) on the powdered calcium oxide 

(CaO) obtained from the waste animal bones. 

 

4. Chemical characterization of the waste cooking oils 
The refinement and chemical characterization that include acid value (mg/KOH/g) were as determined by AOCS [8], iodine 

value (mgI2/100g) as determined by AOAC [9], peroxide value (MeqO2/Kg) as determined by AOCS [8], saponification 

value (mg/KOH/g) as determined by AOAC [10], and free fatty acids as determined by AOAC [10].  

 

5. Trans-esterification process 
The trans-esterification process of the two refined cooking vegetable oils ((RGO and RSO) were subjected to a two-step 

method to obtain a larger yield of ester, by first neutralizing the free fatty acid with an acid catalyst (esterification) and then 

transesterification with a base catalyst.With a mixture of oils and methanol at a pre-determined molar ratio, reaction 

temperature, reaction duration, reaction speed, and CaO as a dosage catalyst, trans-esterification procedures were carried 

out according to Mustapha et al. [11]. 

 

6. Statistical analysis  
Statistical examination will be conducted with Statistical Package for Social Sciences (SPSS) 13.0.1 and Microsoft excel 

spread sheet will be used to determine the standard deviation of the data. 
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Results and discussion 

3.1 Characterization of  nano-CaO particles 

Table 1 (a) displayed the FTIR spectra of raw fish bone (RFB), chicken bone (RChB) and cow bone (RCB), while Table 

1(b) showed calcined fish bone (CFB), chicken bone (CChB) and cow bone (CCB).After calcination at 550 - 600°C, all 

collagen-derived absorption bands, including those at 1545.45 cm-1 and 2800–3400 cm−1 bands, vanished, signifying that 

the organic component had been removed from the bone samples. 

 

Table 1a Fourier transform infrared spectroscopy analysis of the pre-treated bones (RFB, RChB and RCB) 

Wave band 

frequency (cm-1) 
Functional group RFB RChB RCB CaO 

3600 – 3200 
O – H stretch Vibration 

(Alcohol) 
3288.01 3412.86 3348.00 3446.91 

29500 – 2840 C –H aliphatic stretching 2924.53 2917.58 - - 

1750 – 1720 C = O stretching (ester) 1745.63 1787.78 - - 

1680- 1600 
C = C stretching of  (Alkene 

aromatic band) 
1651.95 - 1655.93 - 

1635.69      

1465 – 1440 O-CH3 bend 1464.90 1456.44 -  

1435.09      

1390 -1365 O-CH3 bend - - - - 

1200 – 1020 O-CH2 bend -    

890 – 885 C=C bend - 874.41 871.261  

873.78      

730 - 665 C=C bend 721.58 712.40 602.75  

713.69      

545.87  561.81 - 560.56  

 

 

Table 1b Fourier transform infrared spectroscopy analysis of calcined bones (WFB, WChB and WCB) 

Wave band 

frequency (cm-1) 
Functional group 

Post-incinerated animal bones 

Fish bone WFBWChB WCB CaO 

3600 – 3200 
O – H stretch 

Vibration (Alcohol) 
3495.35 3496.67 3496.67 3446.91 

29500 – 2840 C –H aliphatic stretching - - 2925.95 - 

1750 – 1720 C = O stretching (ester) - - 1744.71 - 

1680- 1600 
C = C stretching of  

(Alkene aromatic band) 
1648.30 - - 1635.69 

1465 – 1440 O-CH3 bend - 1456.44 1412.77 1435.09 

1390 -1365 O-CH3 bend - - - - 

1200 – 1020 O-CH2 bend - - -  

890 – 885 C=C bend 874.41 873.26 873.78 713.69 

730 – 665 C=C bend - - - - 

620 – 501   553   

 
                                                                                                                 

The bands in figure 1 (a - f) at 721.58 cm−1and 1464.90 cm−1 (WFB), 712.40 cm−1and 1440.32 cm−1 (WChB), and 

602.75 cm−1and 871.261 cm−1 (WCB), show the presence of out-of-plane bending, asymmetric stretching, and in-plane 

bending modes of the carbonate groups that were typical of natural dolomite, respectively. The IR bands of calcined 
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bones corresponded to CaO in figure 1 (g) were visible with the vibrations bands at 3495.35, 3412.86, and 3496.67 cm-1. 

Furthermore, the organic content in the waste bones at band 2925.95 cm-1 indicated the presence of alkyl C-H stretch. The 

similar peaks from CaO catalysts made from crab shell were observed by Joshi, et al. [12].  

 

(a): Raw cow bone 

 

(b): Calcined cow bone 
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(c): Raw chicken bone 

 

(d): Calcined chicken bone 

 
(e):  Raw fish bone 
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(f): Calcined fish bone 

 
(g): Commercial calcium oxide 

Figure 1 The raw and calcined bones of (a-b) cow, (c-d) chicken, (e-f) fish and (g) commercial calcium oxide 

 
The morphology figures 2 (a - f) show the SEM micrographs of the natural and calcites of fish, cow, chicken bones, and 

compared with standard commercial calcium oxide. The micrograph displays show the structures of irregular and 

heterogeneous distribution of particle sizes of less surface area of CaCO3 and organic matter), as compared to the calcined 

bones at 600 oC after 2hrs, which show some alterations in its morphology.  

The SEM micrographs of the calcined animal bones exhibit particles with lower particle size and more homogeneous 

distribution probably due to exothermic process that took place in the de-carbonation processes. The TEM morphology of 

nano-CaO particles is shown in figure 3. It demonstrates that the particles are spherical. The average particle size measured 

was 35–49 nm. 
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                     (a)                                                         (b)                                                 (c) 

 

 

 

 

 

 

 

 

(d) (e) (f) 
Figure 2 Scanning electron microscopy (SEM) analysis: (a) RFB – raw fish bone (b) CFB – calcined fish bone (c) RCB - raw cow bone 

(d) CCB – calcined cow bone (e) RChB – raw chicken bone (f) CChB – calcined chicken bone 

 

 

 

Figure 3: TEM image of nano-CaO showing the diffraction pattern 

 
Figures 4 (a – b) show the XRD- spectra of the raw and calcined animal bones.The peaks observed were referenced using 

a standard Joint Committee on Powder Diffraction Standards file with the conversion of aragonite (CaCO3) and chlorapatite 

(carbonated apatite) to calcium oxide that has been enhanced by thermal treatment at 600°C for 2 hours [13]. The formation 
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of hydroxyapatite and other phases on the surface of calcined fish and chicken bones are caused by carbonation and 

hydroxylation reactions that occur as a result of direct exposure to atmospheric air [14]. Peaks attributable to hydroxyapatite 

in calcined samples of ostrich bones derived catalyst showed a similar pattern [15]. 

The determination of the oxide compositions of the alkaline solid catalysts were performed using x-ray fluorescence (XRF).  
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Figure 4 X – ray diffraction analysis of (a) uncalcined and (b) calcined animal bones 

In table 2, the oxide composition of calcites (animal bones) wereCaO (70.87, 64.19, and 70.20) for CFB, CCB, and CChB, 
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respectively, and that it could be utilized as a biodiesel base catalyst with high basic strength, low toxicity, and simple water 

reactions (Joschek, 2016). Trace amounts of other metal oxides made up the remaining 48.8% (MgO, SiO, P2O5, Na2O, 

Al2O3, K2O, FeO, Cr2O3, TiO2, Na2O and SO3). These oxides are active transesterification materials, according to research 

[16].  

 

Table 2 Oxide composition of the calcined animal bones 

Oxide composition (%) CFB CCB CCHB 

SiO2 24.84 26.77 23.83 

Al2O3 1.20 1.78 1.09 

Fe2O3 0.09 1.53 0.09 

MnO 0.02 0.01 0.01 

CaO 70.87 64.19 70.20 

P2O5 2.00 3.90 2.05 

K2O 0.12 0.12 0.15 

TiO2 0.04 0.06 0.06 

MgO 0.01 0.57 0.80 

Na2O 0.22 0.23 0.20 

SO3 0.21 0.34 0.24 

             

Acidic oxides (SiO2, SO3, P2O5) mediate the esterification of the feedstock's FFA content, as basic oxides (MgO, K2O, 

Fe2O3) enhance the catalyst's basic strength. 

 

Effects of catalyst dosage on the yield of biodiesels 

 

1. The catalyst dosage performances on the refined sunflower oil-based biodiesel (RSOBD) and refined 

groundnut oil-based biodiesel (RGOBD) yields 

In figure 5, an increase in the catalyst percentage dosage of post-incinerated cow bone shows a significant effect on the 

sunflower oil-based biodiesel, with over 80 % yield across. In comparison, 1, 2, 3, and 5 wt.% post-incinerated chicken 

bone catalysts have comparable higher yields in groundnut oil-based biodiesel. Increased catalyst percentage dosage 

resulted in the formation of a highly viscous mixture, which caused mixing difficulties and a higher demand for power 

consumption. 

The catalyst dosages for sunflower oil-based biodiesel at 1.0 wt.% of CaO produced 95, 70, 60 % for CFB, CCB, CChB 

respectively, also 1.0 wt.% of CaO produced 70, 86, 85 % for CFB, CCB, CCHB for groundnut oil-based biodiesel 

respectively. The 2.0 wt% of CaO produced 95 % yield for sunflower biodiesel. The 4.0 wt.% of CaO for CFB, CCB, 

CChB produced 88, 95, 86 % respectively for sunflower biodiesel, 4wt.% of CaO produced 75, 80, 95 % for CFB, CCB, 

CChB for groundnut biodiesel and the 5 wt.% of CaO produced 75 and 80 % for CFB and CCB, respectively. The data 

were in agreement with the results obtained by Shu, et al [17] 
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Figure 5 The effect of catalyst dosages on the yields of RSOBD and RGOBD 

 

 

 

2. The catalyst dosage performances on the RSOBD and RGOBD specific gravity 

The 3.0 wt.% of CaO for CChB has specific gravity of 0.959 for sunflower biodiesel, and the 3.0 wt.% of CaO for CChB 

was 0.959 for groundnut biodiesel. The specific gravity values were within the ASTM standards (Figure 6). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6 The effect of catalyst dosages on the specific gravity of RSOBD and RGOBD 

 

 

 

3. The catalyst dosage performances on the RSOBD and RGOBD density   

In figure 7, higher density values can be undesirable as it can affect the atomization during biodiesel combustion, resulting 

in lower engine performance and increased NOx emission [17]. 
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Figure 7: The effect of catalyst dosages on the density of RSOBD and RGOBD 

 

4. The RSOBD and RGOBD kinematic viscosity 

In figure 8, the biodiesel synthesized satisfies the kinematic viscosity standard. Highly viscous fuel can shorten the life of 

an engine. Unburned hydrocarbon deposits can cause problems on engine lubricants, triggering engine damage. For 5.0 

wt.% of CaO for CFB, CCB, CChB kinematic values were 5.211, 5.003, and 4.557 for groundnut biodiesel respectively. 

The 4.0 wt.% of CaO for CFB and CCB kinematic values are 4.942 and 5.034, respectively for sunflower biodiesel. The 

kinematic viscosity values were within the ASTM limits. Highly viscous fuel can shorten the life of an engine as unburned 

hydrocarbon deposits can cause problems on engine lubricants, triggering engine damage. 

 

 

 

 

 

 

 

 

Figure 8 The effects of catalyst dosages on the kinematic viscosity of RSOBD and RGOBD 

 
 

5. The catalyst dosage performances on the RSOBD and RGOBD acid value 

In figure 9, the acid value can also be used as a performance index. For 4.0 wt. % of CaO for CFB, CCB, CChB acid values 

produced 0.841, 0.392, 0.305 mg/KOH for groundnut biodiesel respectively. The 4.0 wt.% of CaO for CFB, CCB, CChB 

acid values produced 0.841, 0.561, 1.122 mg/KOH, respectively for sunflower biodiesel. Hence, the biodiesels produced 

were lower than breadfruit seed oil's 7.38 mg/KOH as the lower the oil's acidity, the lower its rancidity [18-20]. 
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Figure 9: The effect of catalyst dosages on the acid value of RSOBD and RGOBD 

 

 
6. The catalyst dosage performances on the RSOBD and RGOBD %FFA 

In figure 10, for 4.0 wt% of CaO for CFB, CCB, CChB, the FFA values were 0.423, 0.2973, 0.0153 % for groundnut 

biodiesel respectively. The 4.0 wt% of CaO for CFB, CCB, CChB %FFA values are 0.338, 0.1975, 0.282% respectively 

for sunflower biodiesel. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 10 The effect of catalyst dosages on the %FFA of RSOBD and RGOBD 

 

 

Conclusion 

The Calcium oxide as catalyst from different natural sources and doses (waste sunflower and groundnut cooking oils and 

methanol) were investigated in the production of biodiesel to determine their catalytic performance after characterization.  

The results have shown that the refined waste cooking oils and calcium oxide from calcined animal bones can be 

successfully used as a heterogeneous catalyst to produce biodiesel. Our work further showed that, at a moderate methanol 

to oil molar ratio, the catalyst developed demonstrated promising reusability, and high specific surface area, with 

considerable biodiesel yield.  

Using different catalyst doses from three animal bones and two waste cooking oils, the results showed the optimum catalyst 
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dose of 4 wt. % with better yields and specific gravity, density, kinematic viscosity and acid values that fall within the 

recommended standards of ASTM. The catalyst results in great outputdue to its low cost, accessibility, its minimal solubility 

in methanol and ease of handling.The calcium oxide obtained from the calcined animal bones have relative lower 

environmental impacts that can reduce the cost of biodiesel production. 

 

References 

[1] M.R.Abukhadra, M. Shaban, R. Hosny, A.M. Rabie, S.A. Ahmed, et al.,"Diatomite supported by 

CaO/MgOnanocomposite as heterogeneous catalyst for biodiesel production from waste cooking oil," J. Mol. 

Liquids, vol. 279, p. 224-231, 2019. 

https://doi.org/10.1016/j.molliq.2019.01.096 

[2] T. A. Degfie, T. T. Mamo and Y. S. Mekonnen, "Optimized Biodiesel Productionfrom Waste Cooking Oil 

(WCO) using Calcium Oxide (CaO)," Nanocatalyst, vol. 9, p. 18982, 2019 

https://doi.org/10.1038/s41598-019-55403-4 

[3] A.Bilgin, M. Gülüm, I. Koyuncuoglu, E. Nac, and A.Cakmak, "Determination of transesterification 

reaction parameters giving thelowest viscosity waste cooking oil biodiesel," Procedia - Soc. Behav. Sci. vol. 

195, p. 2492-2500, 2015. 

https://doi.org/10.1016/j.sbspro.2015.06.318 

[4] M. Li, Y. Zheng, Y. Chen, and X. Zhu, X, "Biodiesel production from waste cooking oil using a 

heterogeneous catalyst from pyrolyzed rice husk" Biores. Technol. 154, p. 345-348, 2014 

https://doi.org/10.1016/j.biortech.2013.12.070 

 [5] S. Kaewdaeng and R. Nirunsin, “Synthesis of Calcium Oxide from River Snail 

Shell as a Catalyst in Production of Biodiesel,” Appl. Environ. Res, vol. 41,1, p. 31-37, 2019 

[6] W. Widayat, T. Darmawan, and R.A. Rosyid RA, "Biodiesel production by using CaO catalyst and 

ultrasonic assisted," J.Phy. vol.877, p.1-8, 2017 

https://doi.org/10.1088/1742-6596/877/1/012037 

 

[7] L.M. Correia, N. De Sousa Campelo, and D.S. Novaes, "Characterization and application of dolomite as 

catalytic precursor for canola and sunflower oils for biodiesel production," Chem. Engr J, vol. 269, pp. 35-43, 

2015. 

https://doi.org/10.1016/j.cej.2015.01.097 

 

 [8] AOCS, “Official Method Ca 5a-40: Free fatty acids. American Oil Chemists’ Society,” Champaign, Illinois, 

USA, 2006.  

[9] AOAC,”Official Methods of the Association of Official Analytical Chemists ,” 15th Edition, 955-972, 1990. 

 [10] AOAC,”Official methods of analysis, Association of official analytical chemist,” 19th edition, Washington 

D.C., USA, 2012. 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi3.54
https://doi.org/10.1016/j.molliq.2019.01.096
https://doi.org/10.1038/s41598-019-55403-4
https://doi.org/10.1016/j.sbspro.2015.06.318
https://doi.org/10.1016/j.biortech.2013.12.070
https://doi.org/10.1088/1742-6596/877/1/012037
https://doi.org/10.1016/j.cej.2015.01.097


Aliru O. Mustapha et al Iraqi Journal of Nanotechnology, synthesis and application 3 (2022) 20-34 

 

34 

©SRP 2022, DOI: https://doi.org/10.47758/ijn.vi3.54 

[11] A.O. Mustapha, A. A. Adebisi, and B.O. Olanipekun, "Characterization of Biodiesel from Alkaline 

Refinement of Waste Cooking Oil.Int. Annals of Sci, vol.10,1,p.16-24, 2020 

https://doi.org/10.21467/ias.10.1.16-24 

 

[12] D.S. Joshi, B.Y. Rawat, K.K. Lamba, P. Bisht, N. Kumar, D. Kumar and S. Kumar, S.  

Energy Conversion and Management, vol. 96, p. 258-267, 2015. 

https://doi.org/10.1016/j.enconman.2015.02.061 
 

[13] L.S. Hsieh, U. Kumar, and J.C. Wu, “Continuous production of biodiesel in a packedbed 

reactor using shellecore structural Ca(C3H7O3)2/CaCO3 catalyst,” Chem. Engr.Journal, vol.158, p. 250-256. 

[14] M.L. Granados, M.Z. Poves, D. M. Alonso, R. Mariscal, F.C. Galisteo, R. Moreno-Tost, et al., 

"Biodiesel from sunflower oil by using activated calcium oxide," Appl. Cat. vol. B 73, p. 317-326, 2007. 

https://doi.org/10.1016/j.apcatb.2006.12.017 

[15] M.A. Khan, M. Tariq, F. Ali, M. Ahmad, M. Ahmad, N. Zafar, et al., "Identification, FT-IR, NMR (1H 

and 13C) and GC/MS studies of fatty acid methyl esters in biodiesel from rocket seed oil," Fuel Process 

Technol, vol.92, p. 336-341, 2011. 

https://doi.org/10.1016/j.fuproc.2010.09.025 

[16] A.Shah, and I. Rahman,"Enhanced biodiesel production from Jatropha oil using calcined waste animal 

bones as catalyst," Renew. Energy. vol. 101, p. 111-119, 2017. 

https://doi.org/10.1016/j.renene.2016.08.048 

[17] Q. Shu, B. Yang, H.Yuan, S.Qing, S and G. Zhu, "Synthesis of biodiesel from soybean oil and methanol 

catalyzed by zeolite beta modified with La3+," Cat. Comm. vol. 8, 12, p.2159-2165, 2007. 

https://doi.org/10.1016/j.catcom.2007.04.028 

 [18] J.E. Asuquo, A.C. Anusiem, and E.E. Etim, E.E, “Comparative study of the effect of  temperature on the 

adsorption of metallic soaps of shea butter, castor and rubber seed oil ontohematie,” Int. J. Mod Chem. vol.3, 

p.39-50, 2010 

[19] A.B. Roger, R.A. Rebecca, A. Goerges, and I.O. Mathias, “Chemicalcharacterizationof  oil from germinated 

nuts of several coconut cultivars (cocosnuciferh L.),” Euro. J 

Sci. Res, vol.391, p. 514 – 522, 2016. 

[20] K. Bencheikh, A.E. Atabani, S. Shobana, M.N. Mohammed, G. Uğuz, GO. et al.,  “Fuels properties, 

characterizations and engine and emission performance analyses of ternary waste cooking oil biodiesel–diesel–

propanol blends,” Sust. Energy Technol and Assessm. vol. 35, p.321-334 

 

 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi3.54
https://doi.org/10.21467/ias.10.1.16-24
https://doi.org/10.1016/j.enconman.2015.02.061
https://doi.org/10.1016/j.apcatb.2006.12.017
https://doi.org/10.1016/j.fuproc.2010.09.025
https://doi.org/10.1016/j.renene.2016.08.048
https://doi.org/10.1016/j.catcom.2007.04.028


Iraqi Journal of Nanotechnology, synthesis and application 3 (2022) 35-43 

 

 

35 

©SRP 2022, DOI: https://doi.org/10.47758/ijn.vi3.56 

 
 

Synthesis and Characterization of Polyvinyl Chloride Doped Tellurium Compound 

 
Luaibi-Y. Al Majeed, Sawaad-Al .Hadi Z, *Malik Sabah A. 

                                  

                                   Department of Chemistry / College of Science / University of Basrah, Basrah, Iraq 

 

*Corresponding author: sabaha.malik@uokufa.edu.iq  

 

Keywords: 
Polyvinyl Chloride PVC; 

Tellurium Te; 

Polyvinylchloridedoped 

Tellurium; 

Thermal Stabilization. 

 

 

 

Abstract 

In this study, Chloride doped Tellurium Compound (PVC/Te) was 

synthesized chemically in an alkaline medium under nitrogen to remove and 

avoid any oxidation. Fourier transform infrared (FTIR), X-ray diffraction 

(XRD), Field Emission Scanning Electron Microscopy (FESEM), Energy 

Dispersive X-ray analysis (EDX), and Thermogravimetric analysis (TGA) 

techniques are used to characterize it. XRD pattern showed a more degree of 

crystallinity for PVC/Te compared with behaviour for pure PVC. The 

molecules are regularly arranged for the effect by tellurium-Carbon bonds. 

Moreover, the average crystallite size of 40.47nm is obtained from Deby-

Scherrer equation calculations. The ratio of Te in PVC/Te according to EDX 

is 16% weight of Tellurium. The FESEM technique revealed that PVC/Te 

uniform decreased as the electron beam energy increased. In addition, TGA 

results were used to evaluate the thermal stability of compounds, where the 

Polyvinyl Chloride Doped Tellurium Compound was more thermal stable 

than pure PVC. 

 

 

 

Introduction 

Despite its importance in industry, PVC has some drawbacks including poor thermal stability to heat, ultraviolet light due 

to dehydrochlorination [1]. Low mechanical reinforcement [2] and deficiency in other physical properties such as electrical 

and optical properties [3].  As a result, a considerable effort has gone into improving the performance and properties of 

PVC by combining various materials such as layered clay [4].  Inorganic particles, and other materials such as silica [5].  

Calcium carbonate [6]. Potassium Bromide, [7]. Metalloids [8]. Transition elements, [9-12] and silane. The addition of such 

materials to polymers can result in new properties and, consequently, in new and exciting applications [13].  Adding an 

amount of fillers can increase the hardness of PVC composite due to their much higher elasticity modulus than that in the 
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PVC polymer. The mechanical properties of the matrix can also be enhanced resulting in a higher ability to transfer stresses 

from the polymer matrix to the embedded particles [14-18]. Meanwhile, the thermal coefficient of PVC expansion decreases 

with the addition of silica [19]. PVC/ZnO can upgrade electrochemical anticorrosive residences [20].  Incorporating 6-

aminopyrimidine derivatives into the PVC backbone chains improved the samples' antimicrobial properties against bacteria 

and fungi [21]. 

Experimental procedure 

1. Materials 

PVC and pure Te were used as Composites. All substances were supplied by Aldrich, 20% sodium hydroxide NaOH, 

sodium borohydrides NaBH4, Cyclohexanone as solvent for PVC. 

 
2.  Synthesis of the PVC/Te  

The PVC/Te solution was synthesized by mixing 0.0033 mol of tellurium powder with 0.0132 mol of sodium borohydride 

in an alkaline medium (20% NaOH) under nitrogen and heat at 100°C in a three-necked flask until the solution became 

yellow. Color changes to reddish; after the reddish color had disappeared, the previously prepared PVC solution was added 

directly, dissolving 0.5 g PVC powder in 25 mL cyclohexanone. Cloud layers of aqueous, upper, organic, and lower stratum, 

for example, were separated. The pale-yellow filter is poured into a Petri dish until the solvent evaporates. The dried 

substance was then well crystallized and crushed with a mortar and pestle to study the composition and characterization of 

its components. 

 

3. Characterization Techniques 

The Fourier Transform Infrared (FTIR) spectra where ecorded in a range of 4000-400 cm-1 on a Shimadzu spectrometer 

using KBr discs. To study the crystalline structure by using Leakage X-Rays (Model: XRD-6000), diffractometer X-ray 

Tube (Cu 1.54059 Ȧ), voltage: 40.0 kV, current: 30.0 mA, the spectra recorded a scan range of 10.000 - 90.000 deg. The 

morphology of the surface was studied by using FESEM at various gradually rising electronic energies and high 

magnification. In addition to employing EDX technology to calculate the percentage of elements in the manufactured 

compound. A study of the thermal behaviour was achieved by the TGA technique.. 

 

Results and discussion 

1. Infrared spectroscopy 

Figure 1. shows the FTIR spectra of the polyvinyl chloride PVC and PVC grafted Tellurium, where C–H stretching 

vibrations are responsible for the absorption peak observed at 2920 cm-1. The bands at 1325 cm-1 and 1425 cm-1 are the 

results of the C–H deformation of CHCl, and wagging of the CH2 deformation, respectively.22 The peak at 960 cm-1 

represented C–H wagging vibration and CH2 rocking, while the peak at 1097 cm-1 described the C–C stretch vibration. 

The band at 690 cm-1was associated with the stretching vibration of C–Cl [23] , C–H bending vibrations originating from 

the PVC polymer's CHCl groups, and C-H rocking which were attributed to the peak at 1246 cm-1 [24]. 
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2. XRD 

Figure 2 depicts the X-ray diffraction PVC and PVC/Te powder used in this study. The X-ray powder diffraction to 

characterize a solid-state sample is a powerful tool; the X-ray diffraction pattern can be used to determine the unknown 

species or to characterize the atomic-scale structure of a previously identified substance. Meanwhile, the XRD pattern 

appears to contain high-intensity Bragg diffraction peaks at 2θ = 23.03, 29.4,35.9, 42, 46, and 47. These are typical 

polyvinyl chloride XRD peaks [25]. The positions of these peaks are compared to the JCPDS card compound and its 

constituent elements. The patterns confirmed the amorphous nature of commercial PVC and its distinctive broad feature at 

2θ 23 [26].The samples doped with Tellurium showed the crystallization phase PVC/Te with crystalline                  peaks 

at 2θ 30◦, 31◦, and 33◦ these peaks well match the (111), (100), and (001) crystal planes.  

 

 

Table 1: XRD Parameters of PVC/Te 

Peak No. 2ϴ(deg) d (A) I/II FWHM (deg) Intensity (counts) 
Integratedint ( 

counts) 

1 30.6754 2.9122  100 0.70930 778 2915 

2 33.3357 2.6856 88 0.50000 685 2003 

3 31.8171 2.8026       81 0.55500             629 2107 

Figure 1: The FTIR spectra of Commercial PVC represented by the black line while the red line represented PVC/Te. 
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The crystallite sizes of PVC/Te are calculated by Deby-Scherrer equation 1. Where the average crystallite size of 40.47nm.                                                            

D= Kג / βDCos θ..............  (1) 

Where D: crysallite size, K=0.9, (βD: Full Width at Half Maximum FWHM), (0.154059 nm): The wavelength of an X-ray 

and the θ angle of diffraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.  Element Analysis with EDX 

Figure 3 shows Energy Dispersive X-ray (EDX) for PVC/ Te percentages of the elemental analysis which shows the  

weight percentage of polymer doped in the element tellurium 16%. This technique supplements the scanning electron 

microscope technology and investigates tellurium particle dispersion and interfacial compatibility in a PVC matrix.  

 
Figure 3. The elemental composition analysis by using EDX: carbon has the highest appearance percentage and the lowest atomic 

number among the other constituent elements. 

4. Topography studies with FE-SEM 

Figure 2 The XRD pattern of pure PVC and Polyvinyl Chloride doped Tellurium: the synthesized PVC/Te films have a cubic 

structure whereas pure PVC films have a low degree of crystallinity and a broad diffraction peak at low angles. 
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Figure 4 (a, b, c), FESEM shows the morphology of PVC/Te sample and the effect of surface modification at the level of 

morphology and aggregation. In this figure, three behaviors of PVC grafted Te can be shown. For example, figures a, b, 

and c are related to its subject for different electron beam energy where the sample exposed to the electronic energy that 

equals 10 KeV shows regular hexagonal geometries and is thought to represent tellurium crystals in PVC, as shown in 

Figure 4 (a).  

 

 

 

                           ( 1 )                                                             ( 2 )                                                ( 3 ) 

Figure 4. a: The FESEM images of the morphology for PVC/Te composites with an electron beam of 10 keV applied, where tellurium 

molecules appear on the surface of the polymer in the form of crystals with regular faces  ( Hexagonal crystals ). 

 

However, when raising the electronic energy band value to the limit of 20KeV, it is noticed that the crystals begin to gather 

together and lose the hexagonal shape as shown in Figure (B), where the white areas are thought to belong to the tellurium 

element on the surface of the polymer that appears in the black space. Moreover, in Fig. 4 (c), 30KeV was applied to the 

sample; brighter white clusters occurred in the shape of the studied sample, which were believed to happen as a result of 

the breakage of the polymeric chains due to the high energy.  

 

 

 

 

 

 

                      ( 1 )                                                     ( 2 )                                                ( 3 ) 

Figure 4. b The FESEM images of the morphology of PVC/Te compounds when an electron beam is increased to 20 kV, as the 

molecules shrink and the crystal regularity decreases. 
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                           ( 1 )                                                      ( 2 )                                                           ( 3 ) 

 

Figure 4. c The FESEM images of cleared deformation for PVC/Te composites with an electron beam of 30keV: the white brighter 

assembly composite particles are shown as an increased electron beam due to the breakdown polymer chain. 

 

 

5. Thermogravimetric studies 

TGA is a helpful tool for studying thermal decomposition kinetics, describing how the polymer degrades, determining the 

melting point and glass transition temperature, and studying the thermodynamics of thermal stability [27-30]. In this study, 

another evidence for enhancing polyvinyl chloride (PVC) polymer properties reached through the reaction of the above 

polymer with disodium ditelluride as an intermediate substance formed by the reaction of Tellurium powder with sodium 

borohydride in an alkaline solution. The study clearly showed that the polymer undergoes the exact expected mechanism 

of degradation (see Figure 4). Still, in the presence of Tellurium, Tellurium acts as a filler with a secondary interaction as 

shown in the microscopic study, where the PVC/Te compound showed a slow decomposition step while the stability was 

broached to 600oC in comparison with PVC alone, which decomposed at about 400oC. See Figure (5).  

 

 

 
 

 

 

 

 

 

Figure 5. The schematic for expected mechanical Therma analysis of the PVC compound under static conditions achieve by losing the 

hydrochloric molecule in each stage of the thermal dissociation. 

 

 

 

 

The amount of weight change of a substance as a function of temperature or time in an inert atmosphere is determined by 

the Thermogravimetric analysis.  
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Figure 6. The Thermogravimetric TGA analysis of PVC and PVC doped Te 

 

Conclusions  

Under an inert atmosphere and in an alkaline medium, it is possible to modify the polyvinyl chloride PVC polymer to 

replace the labile chlorine atom with another atom, such as tellurium. By making use of certain techniques for the 

characterization of well-known chemical compounds such as FTIR and XRD, it is also possible to study changes that occur 

on the surface of the polymer by making use of the scanning electron microscope (SEM) and calculating the percentages 

of the elements using the EDX technique as a supplement to the SEM. Moreover, TGA-DTA can be used to study the 

thermal behaviour of the samples. It has been concluded that using the electron beam with different power will give other 

images for surface morphology. In contrast, in this work, we applied an electron beam with three energies (10 eV, 20 

eV,30eV) and noted the atom's regular shape loss with the increased power of the electron beam in the scanning electron 

beam; we believed this occurs because breaking polymer chains where the molecules clump among themselves and thus 

influence the crystal structure of the compound. The technician advises the examiner not to shed high on electronic energy 

when examining molecules containing a polymer part in their composition in SEM. According to the XDR pattern, 

polyvinyl chloride doped Tellurium Compound has high crystallinity, whereas pure PVC is amorphous; the newly prepared 

compound demonstrated more excellent thermal stability than PVC alone. 
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Abstract 

This study used Green Spinach Leaf Extract for the green synthesis 

(monocolors) of silver nanoparticles (AgNPs). It focuses on the optimization 

of synthesis by evaluating the impact on each of the size distribution and 

activity of antibacterial activity against the bacteria (Escherichia coli) of the 

green spinach leaf extract volume percent. The characterization of AgNP's was 

carried out utilizing UV-Visible spectrophotometers, size examination of 

particles, transmission electron microscopes, energy spectrometry with 

dispersion X rays, Fourier infrared spectrometer transform, and x-ray scanning 

methods. The experimental data showed that AgNPs have been produced 

effectively and that the size of particle is controlled by the amount of green 

spinach leaf extract. With the size reaching (5 nm, polydispersity indices = 

0.063 nm), the smaller volume percentage creates AgNPs with a spherically 

formed reach of 20%. The synthesized AgNPs by the spinach leaf extract had 

a good antibacterial activity, especially at the concentration of (500µg/ml) in 

which the inhibition zone reached 35mm against gram negative bacteria 

Escherichia coli. 

 

Introduction 

Because of The use of plants' extract for the production of metal nanoparticles is an emerging technology that has 

extensively been explored in the past several years with a view to replacing dangerous and non-renewable chemicals. The 

green production of nanoparticles in recent years has been an intriguing subject [1]. The fundamental concept of synthesis 

is the capacity to reducing metal ion precursors by flavonoids and alkaloids. Certain metal and metal oxide nanoparticles, 
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for example silver nanoparticles [2], gold nanoparticles [3,4], zinc oxide nanoparticles (ZnONP), [5] and platinum 

nanoparticles (PtNPs), are created via the redactor of plant extract [6].  

 AgNP green synthesis production is intriguing since several researches have shown synthesized nanoparticles' features as 

a function of the plant extract type, content, and synthesis methods. The antibacterial, anti-fungal, anticancer, and 

antioxidant effects of green synthesized AgNPs are claimed to have occurred. AgNPs' activity, physical, and chemical 

characteristics are influenced by their shape and form, which are influenced by the plant extract employed, composition, 

and synthesis technique [7]. 

Some research has shown that the biological/chemical activities of AgNPs are closely linked to the physicochemical 

properties of AgNPs.  The present research looks at using Green Spinicia oleracea leaf extract as a reducing agent in the 

manufacture of AgNPs. This research focuses on the extraction, optimization, synthesis, and assessment of antibacterial 

properties of produced AgNPs. 

 

Materials and Methods   

Materials 

The analytical grade of all reactants in this investigation is utilized without any additional purification. Silver nitrate 

(AgNO3) was purchased from (Avonchem limited UK) and Merck-Millipore has supplied the distilled water (Germany). 

Spinicia oleracea green leaf extract was collected in Baghdad, Iraq, from a local market. The soaking process was used to 

create Spinicia oleracea leaf extract (GSE). Overnight, 50 g dry green spinach leaves were roughly soaked in water (100 

ml) solvent. GSE was extracted from the combination by filtering the solution. The soaking extract was then dried in an 

oven at 50 C̊, and 1 gram of the powder was produced after drying was weighed and analyzed in 50 ml of distilled water to 

dilute the extract with diluted silver nitrate in a molar ratio specified for the purpose of research. 

Synthesis of AgNPs 

Silver nanoparticles have been synthetized by mixing AgNO3-10-2 M with GSE at a constant volume ratio of 20%. The 

blend was handled for 5 hours at room temperature to guarantee a reduction reaction between Ag + and Ag0 [8]. The decline 

study was confirmed by UV-Visible spectroscopy. Analyzer of particle size, infrared microscope, and transmission-electron 

microscope (TEM) Fourier transform was used to further investigate the AgNPs. For these tests, the Particle Size Analyzer 

HORIBA and the JEOL TEM apparatus were used with a dynamic light dispersion system operating at 120 kV. In order to 

ensure that the single phase of Ag is acquired from synthesis, the Perkin–Elmer spectrometer equipment was used and x-

ray diffractors (XRD) analysis was carried out using the Shimadzu X6000 equipment, which was operated as a radiation 

source with the Ni filtered CuKα.  

 

Antibacterial activity test of AgNPs 

Using the well diffusion experiment, the antibacterial activity of produced AgNPs was determined. Synthesized AgNPs 

with stock concentration (500µg/ml) and dilutions (250, 125 µg/ml) was used to detect the antibacterial activity. The 

bacterial culture in the McFarland turbidity tube was activated for 18 hours in nutritional broth at 37 pounds in a 

McFarland turbidity tube with a concentration of 1.5*108 cells/ml. At 18hr, pathogenic bacteria (Escherichia coli) were 
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active at 37 LC. Pathogenic bacteria utilizing cotton swab have been injected on sterilized nutrient agar plates. The wells 

were cut off by using a sterile pipette of a pasture after 5-10 minutes. At each concentration, agNPs solution (100μL) has 

been applied to the well and incubated for 24 hours at a temperature of 37 0C. Inhibition areas were measured in mm after 

the incubation period [9]. 

 

 

Results and discussion 

Depiction of the UV-visible spectra of produced AgNP at various GSE volumes are shown in Figure 1. GSE which shows 

specific wavelengths in the range 300–350 nm and strong spectrum 406 nm. These spectrums are connected to the presence 

of RSE anthocyanine and phenolic compounds, which is consistent with previous research [10]. All AgNPs have a 

maximum wavelength of between 390 and 430 nm, which indicates surface resonance (SPR).  

 

 

Figure 1. UV-visible AgNP spectrum synthesized. 

 In order to indicate the surface plasm resonance (SPR) absorption range, AgNPs shows a maximum wavelength in the 

390–430 nm region. Given that each AgNP sample demonstrates a single SPR band, the nanoparticles are projected to be 

spherical, whereas the nanoparticles correspond to the anisotropic molecules, as there are two and more SPR bands [11]. 

AgNPs-2 produced the most intense spectrum which is associated with SPR production. The examination of particle size 

ensures the average distribution of particle size and particle sizes.  

Figure 2. shows the spherical form of nanoparticles between 2–41 nm in the image of the spinach extract with AgNP. The 

findings fit into the distribution of particulate size and UV-visional AgNP spectrum that indicates the nanoparticles' size 

range. The organic cap material aids in the stabilization of nanoparticles. The existence of organic material has been also 

shown by the X-ray spectrum energy dispersion of AgNPs, which displays Ag, C and O existence. As capping AgNPs, the 

C and O signals derive from organic GSE molecules. There is no N signal that indicates the lack of AgNO3 since the Ag+ 

production is completely reduced. 
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Figure 2. TEM image of AgNPs synthesized. 

The reflex spectrum of filtered AgNPs is shown in Figure 3. Four strong peaks are shown in the XRD pattern with 2θ 

values between 30 and 70. Intense peaks at 2θ point values are in the range of 31.9, 43.31, 60.4 and 63.4 (111), (200), 

(220) and (311) according to JCPDS, silver file 04-078. [12]. 

 

 

Figure 3. Image of XRD pattern of AgNPs synthesized. 

GRE AgNPs have been studied for their antibacterial effects, and the results were presented in Table 1, which included a 

comparison of the inhibition areas in the samples for GRE, as well as with amoxicillin as a positive control and with water: 

ethanol (1:1) as a solvent GRE, where the obtained area that indicates that the maximum antibacterial activity is what was 

extracted and prepared from a sample of GRE AgNPs. 
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Table 1. Inhibition zone of antibacterial activity test of synthesized GRE AgNPs. 

Sample Measurement 1 (mm) Measurement 2 (mm) 

GRE AgNPs 32.1 31.7 

Amoxicillin 19.6 19.3 

Water 1.3 1.3 

 

The antibacterial activity increases with the proportion of GRE, which is likewise consistent with the rising particle size 

average. The volume ratio of silver nanoparticles concentration has no effect on the inhibition zones because it works in 

principle on the size of the obtained nanoparticles with the effect of the extract on the sizes of these particles, this means 

that the nanoparticles have no effect on the antibacterial activity at different GRE percentages. These results show that 

particle size has an influence on antibacterial activity, with smaller particles being more effective [13]. The smaller size 

aids in more efficient penetration of the bacterium cell membrane for subsequent degradation of sulfur- and phosphorus-

containing complexes such as, DNA and causing cell death [11]. 

 As depicted in figure 4, the efficacy of the GRE plant extract with AgNPs on the bacteria used, as well as the antibacterial 

activity of the GRE AgNPs depending on the size of the silver nanoparticles, which were finally formed with the extract to 

give a efficacy of bacterial inhibition due to the small size of these nanoparticles and their penetration into the innovative 

cell membrane, with an effective diameter of up to 32 mm.  

  

Figure 4: The antibacterial activity of synthesized AgNPs by GRE plant extract against E. coli. Inhibition zones according to concentration 

of synthesized AgNPs; a: 35mm at 500µg/ml, b: 32mm at 250 µg/ml, c: 30mm at 125µg/ml. 

Conclusion 

The use of green spinach leaf extract as a bio reduction was effectively produced in silver nanoparticles (AgNPs). The 

analysis of UV-visible Spectrophotometry, FTIR and XRD indicate that AgNPs were produced from the full Ag+ reduction 

of AgNO3 nano-size precursor. The volume percentage of GSE is shown to impact the average and distribution of different 

particle sizes. The effective capping and stabilizing characteristics of the AgNPs were shown in the FTIR, EDX and SEM 

analyzes. In addition, the synthesized AgNPs showed antibacterial activity against E. coli, with the tendency to enhance 

antibacterial activity as a consequence of smaller particle size. 
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Abstract 

The urgent need to develop concrete and understand its behavior began as a 

result of the need for it to confront either natural factors such as earthquakes 

or floods or factors caused by man himself. Therefore, the idea of 

strengthening concrete came almost since the end of the seventies of the last 

century, especially in Asian countries, where it began to use fibers to increase 

strength and facility by moving and positioning them. In this study, we 

referred to the design of a concrete mix reinforced with polypropylene fibers 

in addition to the use of plasticizers according to the Iraqi Standard (ISS 

1431/1989) with polypropylene fibers with a length of 15 mm. Several 

mixtures were used to obtain an ideal mixture and the use of concrete samples 

cubes and cylinders in addition to the prism for the purpose of showing the 

compressive and tensile strength. Where the study showed an increase in the 

strength of the resistance when adding propylene fibers, but with a slight 

decrease in the properties of other operational concrete, but within the 

permissible limits. 

Introduction 

Self-Cohesive Concrete (SCC) is concrete other than the conventional concrete because it differs from other types of 

concrete when it is in its soft state (before the state of hardening or freezing), as it can occupy the space of any mold or the 

place designated for it to be placed in it without the use of vibrators and without fear of isolation Concrete mixture 

components. However, this type is characterized by low resistance and easy to break after the freezing stage compared to 

other types of concrete. This type of concrete has been used since the end of the seventies for areas that are exposed to 

earthquake activity and tremors [1], because it has a high operability that results in a reduction in costs due to the reduction 

mailto:herowert1@gmail.com
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of labor and time saving significantly. In addition to the fact that it occupies the mold space very quickly with its high 

resistance to prevent isolation between the components of the concrete, and so we benefit from this feature greatly for the 

purpose of increasing the distance between the concrete pumps and the place where concrete is to be poured. For all these 

features, countries interested in this field made special specifications for them in 2002. The fiber-reinforced self-cohesive 

concrete has the advantages of self-cohesive concrete and the characteristics of the cohesive strength of the fibers after 

gaining the final hardening (final strength) [2], taking into consideration the resulting negatives of the fibers on the 

properties of rheology. For this purpose, polypropylene fibers with a length of 15 mm were used in this research in order 

to increase the strength of the self-adhesive concrete. The aim of this study is to study the behavior of self-cohesive concrete 

mixed with polypropylene fibers by showing its resistance and the resulting changes to it and to indicate the effect of using 

fibers on the components of the concrete mix and on the properties of concrete compounds. 

Literature review 

Nan Su et al (2001) discussed a different method from what came in JRMCA standard, where it worked on forming a 

specific mixture to fill the spaces formed between the gravel to form a mixture of high flowability and withstand good 

compressive strength [3]. Paratibha et al (2008). In this study, the researchers conducted a modified experimental concrete 

mix design designed to resist compression after improving it to be suitable for the purpose for which it was established. He 

used cubes at ages 7, 28 and 90 days,  and compared them and studied them to find out the deformation, strain and stress 

resulting from them[4].  Nuha H. Aljubory et al (2020) showed the adoption of the principle of comparison and research 

among other studies for the purpose of obtaining a concrete mixture of acceptable specifications[5]. While, Krishna Murthy 

et al  (2012) added a specific type of additive to improve the workability of the concrete mix. The advantages and 

disadvantages of this type of additive have been investigated to study  any improvement of the mixture to suit the most use 

and the widest scope for it despite the cost of these materials and the difficulty of achieving a balance for them compared 

to what has been done. In our proposal to the same type of additives, adding polypropylene fibers is cheaper and more 

efficient than what was discussed in the research [6]. Finally, S.Deepa Shri et al (2012), studied the stages of development 

of self-cohesive concrete when adding polypropylene fibers to it by means of an experimental mathematical relationship to 

know the context of the results and whether it is possible to give semi-accurate results for the mixture [7]. 

Research methodology and materials used 

Several concrete mixtures were made in order to achieve the best concrete mixture suitable for this type. Polypropylene 

fibers were added in limited proportions to achieve the required efficiency and compared with the Iraqi standard 

specifications to verify the efficiency of the mixture used [8]. 

1. Materials used   

▪ Medium grit (gravel): It is from Karbala quarries, with a fineness of 94 and a fineness of 4.5 according to the Iraqi 

Standard (I.S.S.45/1984)[8]. 

▪ Fine sand: - from Karbala quarries with an equivalent of 87 and a coefficient of fineness of 1.8. 

▪ 19mm coarse gravel. 
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▪ Plasticizers were used according to the Iraqi Standard Specification (I.S.S.1431/1989)[8]  and performance 

requirements for the first type of additives for concrete mix. 

▪ Ordinary Portland cement manufactured in Karbala factory was used according to the Iraqi Standard (I.S.S. 

5/1984) [8]. 

2. Working stage 

The first stage: - 

 Initiating the design work of a group of ordinary mixtures without polypropylene fibers according to Table 1 with 

a quantity of 1 m3 

Table 1. Amount of components for ordinary concrete without propylene fibers 

Subject Medium grit Soft sand Coarse gravel Cement Filler water Plasticizer 

Weight (kg/m3) 890 350 200 350 240 210 15 

 
The result was the following: - 

• Result Dm was 600mm≤ Dm ≤700mm; where it was 650 mm according to the requirements(Dreux) of the Abrams 

cone for standard mixtures. 

• h2/h1 ratio was 0.98>0.8 so its ok  

• The ratio of the remainder on the standard sieve between the 5 mm sieve to the total amount of the total and its 

quantity is 8 kg, where the amount of π = 13%, which is a good amount within the range (0%<π<15%) and therefore 

it is considered stable 

 

The second phase:- 

 Polypropylene fibers are added according to the following ratio as follows in Table 2 as follows: 

Table 2. Polypropylene quantity 

220 600 1200 1400 1700 1900 gr/m3 

 

Because of the addition of this substance, the properties of the concrete mixture change, so the amount of plasticizer must 

be changed to obtain a stable mixture that can be worked with it [9], as the quantity in Table 3 is as follows: - 

Table 3. Amount of components for ordinary concrete with propylene fibers 

Subject Medium grit Soft sand Coarse gravel Cement Filler water Plasticizer 

Weight (kg/m3) 885 340 180 350 250 210 18 
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In order to determine the amount of Dm, it is extracted according to Figure 1, which is the relationship between Dm and 

the proportion of fibers  

 

 Figure 1. the amount of Dm  

In order to determine the ratio (h2/h1) of the concrete mix, a relationship was made between the amount of fibers in the 

concrete mix and the ratio (h2/h1) as in Figure 2 below. 

 

 

Figure 2.  determine the ratio (h2/h1) of the concrete mix, 
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Figure 3.  the percentage of the residue on the sieve π 

Results and discussions  

The results of the above tests of concrete in the second stage in the case of adding polypropylene fibers showed a decrease 

in the resistance of the concrete mixture as the percentage of fibers increased. Note that the increase in fiber contributes to 

increasing the balance of the mixture and not isolating the components of the concrete mixture[10]. Where Figure 4 shows 

that with an increase in the amount of fibers in the concrete mixture, its Dm value decreases 

 

Figure 4.  Dm value decreases  

Where Dm max was at its largest value due to the lack of fibers used in this component, which amounted to (800 gr/m3), 
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Figure 5 shows the relationship between the amount of polypropylene fibers in the concrete mix and the ratio of h2/h1 

 

 

Figure 5.  amount of polypropylene fibers in the concrete mix and the ratio of h2/h1 

Where it was found that the higher the percentage of fibers in the concrete mix, the lower h2/h1% (movability ratio in L-

BOX) as for the percentage of acceptability in the remainder on the sieve and ensuring that it remains within the 

specification limits, which is 800gr/m3. Where the remainder was 8%, then the number diminished to the lowest, which is 

π = 2%. In which the concrete mixture mixed with polypropylene fibers is completely stable and well [11]. To conduct this 

study, we used Concrete mix with polypropylene fibers, which are shown in Table 4 below: 

Table 4. The models used in this study 

Prism 

10×10×50 

Cylinder 

15×30 

Cubes 

15×15×15 

Concrete mix with polypropylene 

fibers gr/m3 

3 3 3 0 
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3 3 3 1200 

3 3 3 1400 

3 3 3 1700 

 

The results obtained from the samples showed that the resistance increases when the amount of polypropylene fibers 

increases. Where the torsion device was used to examine the samples of the prism[12,13], while the samples of the cube 

and the cylinder were examined on the anti-compressive device to indicate the amount of strain and stress for each sample 

and to determine the course of the strain and stress for them as shown in Table 5 below 
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Table 5. It shows the amount of compressive and torsional strength of all samples 

The percentage of fiber in the mixture 
sample/stress 

1700 1400 1200 800 0 

39 35 33 29 27 Cylinder mpa 

48 37.4 29 27.2 -- Strength % 

38.4 34.8 32.3 30.1 24 Cube mpa 

46.5 36.7 29.9 25.2 -- Strength % 

8.4 7.5 7.7 7 5 Tension (tensile) mpa 

88.2 66.8 44.2 35.1 -- Strength % 

4.9 4.8 4.5 3.4 3 Resistance development mpa 

88.1 78.6 52.3 31.7 -- Strength % 

 

It is now possible to show the relationship between stress and strain when the proportion of propylene fibers is 1700 gr/m3, 

according to Figure 6 below. 

 

Figure 6.  relationship between stress and strain  

And the relationship between stress and strain for polypropylene fibers if it is 1200gr/m3, as shown in Figure 7 below. 
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Figure 7.  relationship between stress and strain for amount fibers  

Conclusion and Recommendations 

 For all the above, the study concluded the following: 

1) The behavior of concrete changes when adding polypropylene fibers, as it begins to lose its intrinsic properties, 

but this does not lead to the collapse or failure of the mixture, as it remains within the required level with an 

emphasis on adherence to the Iraqi standard specifications. 

2) The addition of polypropylene fibers to the concrete mixture helps to homogenize the mixture and prevent causing 

isolation of its components. 

3) The use of propylene fibers in the mix leads to an increase in the resistance of the concrete mix, within the ratios 

that range between (800-1700 gr/m3), as the ratio of    1700 gr/m3 is the best ratio for the resistance, or 800gr/m3 

is the best ratio for the homogeneity of the concrete mix. 

As for the recommendations, they are as follows: -  

1) Providing the appropriate environment for the purpose of expanding the conduct of research and laboratory tests 

for the purpose of the success of this type of mixture, as it represents a new radiance and a window for the 

development of concrete and benefit from it in all fields. 

2) Finding the appropriate relationships for the purpose of determining the stresses, strains and deformations when 

changing the mixture compounds or the bonding of materials with concrete, as they affect the elasticity coefficients 

directly and the form of deformation in its concrete form. 
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Abstract 

It was investigated how titanium dioxide nanoparticles affected the 

optical properties of polyvinyl alcohol. Polymer nanocomposites (PVA-

TiO2) are created via stirring and casting. The results demonstrate that 

transmittance improves from 75% to 95% while titanium dioxide 

concentration enhances the absorbance of nanocomposites. 

Nanocomposite films made of PVA and TiO2 had reflectance values of 

12 and 16 percent (weight percent=0.15 and 0.85%).The refractive 

index and coefficient of extinction rise with increasing density, and 

optical absorption and photon dispersion in the nanocomposite (PVA-

TiO2) also rise as the concentration of titanium dioxide nanoparticles 

rises. Real dielectric (r) and imaginary dielectric I constants also rise as 

titanium dioxide nanoparticle concentration does. The results show that 

when the weight % of (TiO2) nanoparticles increased, the energy gap 

decreased from 3.32 to 2.23. Additionally, optical conductivity 

increased with the concentration of (TiO2) NPs. Nanocomposites of 

PVA and TiO2 are essential for optical applications. 

 

Introduction 

Like a conventional composite, a nanocomposite consists of a matrix and filler. While the filler in a 

conventional composite is often a fiber, like carbon fiber or fiberglass, in a nanocomposite the filler 

is a nanomaterial. CNTs, carbon nanofiber, and nanoparticles made of gold, silver, diamond, copper, 

and silicon are some types of nanomaterials. By mixing material NPs with polymers, the optical 

https://publications.srp-center.iq/index.php/ijn
mailto:ameenalwan87@gmail.com
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characteristics of the polymer composite are improved while the mechanical behavior is altered [1]. 

The use of optically transparent polymers for many applications such as encapsulation of electronic 

devices and Coating with optical characteristics, and the reason for this is their low cost, superior 

processability, and high transparency in the visible region. [2]. Manufacturing, commercial, medical, 

and food are just a few of the industries that employ PVA.Medical sutures, corrugated paper, and 

components for food packaging have all been made with it. Because of its enticing film-forming 

capabilities, as well as its processability, biocompatibility, and chemical resistance, PVA has sparked 

a lot of attention [3].PVA might effectively prevent the nanoparticles from agglomeration. Polymers 

have drawn a considerable interest in device fabrication because of their extraordinary inherent 

properties [4]. One of the most important technologies of now and tomorrow is nanotechnology 

[5].The chemical compound titanium dioxide is sometimes called titanium (IV) oxide or titania. The 

remarkable electrical and optical properties of TiO2-NPs, as well as their security, chemical stability, 

and photocatalytic activity, were all factors in their selection. To mention a few uses, the designer of 

a computer disk, sensors, and optoelectronics employed TiO2 nanoparticals film. [6]. This type of 

polymer might be one of the materials utilized in gas sensors [7]. Other materials, such as graphene, 

have been employed as gas sensors [8]. The optical characteristics of the manufactured(PVA-TiO2) 

films made of nanocomposites, such as transmission (T percent), absorption (A), reflectance(R), 

energy gap(Eg), coefficient of optical constants (α), refractive index  (n), coefficient of extinction (k), 

and functions of optical dielectrics (εr, εi), are the focus of this research. 

Experiment Specifics 

1. Materials 

Titanium dioxide nanoparticles, purity > 99.7% , particle size 30±5, it's molecular weight(79.866 

g/mol)  panichem.Co.,LTD . Made by Korea . Polyvinyl Alcohol (PVA) is used as granular white 

forms its molecular weight is in the range (26,300-30,000) g/mol. Polyvinyl alcohol is a product of 

Shanghai Kaidu Industrial Development Co, Ltd, China. 

2. Preparation of ( PVA-TiO2) Nanocomposites 

1 gram of (PVA) was dissolved fully in 30 ml distilled water for an hour and a quarter under 

continual stirring and the fluid was heated to 70°C. Then, when the pure sample had been dissolved, 

various amounts of (TiO2) nanoparticles are added little by little (0, 0.15, and 0.85) wt percent, and 

diverse samples have been formed. The pure and each nanocomposites concentrations were poured in 

a petri dishes with a diameter of 10cm and thoroughly cleaned with ethanol and distilled water as 

https://publications.srp-center.iq/index.php/ijn
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stated in table-1. The movies were produced after this period had gone, which have been disjoined 

from the casting glass and cut into pieces for testing and thickness (45 m±5) measurement using a 

micrometer. These ratios of the nanomaterial to the polymer have been selected to examine the 

connectivity between the two materials in proportions that differ noticeably and have been more fully 

explored. 

Table (1) percentages of (PVA-TiO2) nanocomposites by weight 

PVA (wt %) TiO2 (wt %) 

1 0 

1 0.15 

1 0.85 

 

Theoretical Part 

Our understanding of the internal structure of polymers, the nature of their linkages, and the range of 

potential applications for polymers is expanded by the study of their optical properties. The 

absorption and transmittance spectra of a polymer may be used to identify a number of optical 

properties over a broad range of wavelengths. By looking at them in the ultraviolet spectrum, we can 

identify the kind of bonds, orbits, and energy beams that are there. Research on the visible spectrum 

provides sufficient understanding of a material's behavior for solar applications [9]. Planar waveguide 

devices and small optical components need optical materials, therefore polymers with nanoparticles 

like metal oxides are being researched. Utilized polymer nanocomposite structures' advantages in 

production and processing are fueling their growth. [10]. The well-known Beer–Lambert relationship 

describes their optical linear absorption coefficient.  

𝛼 = 
2.303 𝐴

𝑡
                      (1) 

A = log (I0/IT), I0 and IT indicate the intensity of the incident and transmitted beams, and t represents 

test width [11]. The complex dielectric function is used to characterize the optical characteristics of 

solid film material. (εr and εi), coefficient of extinction (k), refractive index  (n), and reflectivity of 

incident [12] 

R = 
(𝑛−1)2+ 𝑘2

(𝑛+1)2+ 𝑘2                             (2) 
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In the strong absorption spectral region, using an appropriate straight line. Tauc equation may be 

utilized to determine the indirect and direct permissible optical transitions. 

αhυ = B( hυ – 𝐸g
𝑜𝑝𝑡.

 ± Eph )
 r         (4) 

The optical band gap and photon energy are Eg and h. For indirect allowed, indirect forbidden, direct 

authorized, and direct banned transitions, it may be between E g=3.32 and 3.16 and 2.23 [13]. The 

values of (𝐸g
𝑜𝑝𝑡.) are calculated using by (h) 1/r with h relationship [14]. The coefficient of extinction 

(k) is calculated using the formula below [11]: 

𝐾 =  ( 
𝛼𝜆

4𝜋
 )                     (5) 

The (ɛr) and (ɛi) components of the constant of dielectric are described according to the following 

relationships [15]: 

ɛr =  (n2 - k2)                   (6) 

ɛi = (2nk)                        (7) 

The optical conductivity (σop) is the electric conductivity that causes charge carriers to flow due to 

the incident electromagnetic waves' intermittent electric field [16]: 

σop =  
𝛼𝑛𝑐

4𝜋
                       (8) 

Results and Discussion 

A peak at 220nm may be seen in the spectra of pure and nanocomposites samples, this is attributed to 

the presence of carbonyl groups related to the unsaturation of ethylene. In such materials, UV 

absorption is high as a result of the utilization of photon energy to electrons are excited from the 

(V.B) to the (C.B) [17]. Theoretical algorithms are used to compute nanocomposites based on the 

wavelength of incoming light. As the concentration of TiO2 nanoparticles rises, UV absorption by 

nanocomposites samples increases, which is owing to donor level electron excitations to the (C.B) at 

these energies. Absorbance grows in lockstep with additive concentration that is connected to growth 
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in charge carrier numbers [18]. Fig. 2 displays the optical transmittance spectra that the PVA-grafted 

TiO2 nanocomposites with 0.85 wt% loadings were exceptionally transparent over the visible range, 

with a transparent of nearly 95 percent. The onsets of the UV-vis transmission spectrum are also 

sharp, showing the TiO2-NPs doesn’t distort light in the visible range [19]. 

 

Figure 1: The (PVA-TiO2) comparative absorbance as a function of wavelength. 

 

 

Figure 2: The (PVA-TiO2) comparative transition as a function of wavelength. 
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In figure-3, a rise in absorbance coefficient (α) was seen for sample when the wavelength was 

increased. This might be due to transit of the electronic between the bonding and nonbonding 

molecular orbits [20]. It can be shown that the absorbance coefficient (α) for both nanocomposites 

(PVA-TiO2) is lower (104 cm-1). Absorbance coefficient (α) is projected to be low (104 cm-1 at low 

energy), meaning that an indirect electron transition happens when the electric moment the phonon 

conserves energy [21]. As the concentration of nanoparticles increases, more charge carriers are 

present, increasing the absorbance coefficient of (PVA-TiO2) nanocomposites [22]. Figure (4) 

illustrates how the energy band gap of a nanocomposites is calculated experimentally (4).. 

Theoretical Eg for indirect transitions in (PVA–TiO2) nanocomposite [23]. The energy gap shrinks 

from 3.32 to 2.23 when the weight percentage of (TiO2) nanoparticles rises, according to the findings. 

The most likely cause is the establishment of localized level in the prohibited energy gap as a 

consequence of rising the fillers nanoparticle weight percent 

 

Figure 3: The (PVA-TiO2) comparative absorbance coefficient as a function of wavelength. 
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Figure 4: The (PVA-TiO2) compare the energy difference between the permissible direct and indirect transitions (αhυ)1/2 

Figure 5 observed the spectrum of reflectance(R) of (PVA-TiO2) nanocomposite film for variety 

TiO2-nanoparticales fillings as a function of incoming light wavelength. As the wavelength is 

extended above 260 nm, the reflectance values fall marginally. Surprisingly, increasing the 

concentration of (TiO2) nanoparticles in Poly (Vinyl Alcohol) polymeric films results in growth in 

reflectance values. As expected, the reflectance spectrum (R) behaves differently from the 

transmission spectrum. The values of reflectance of (PVA-TiO2) nanocomposite films (wt. percent = 

0.15 and 0.85 percent) are 12 and 16 percent, respectively, according to our findings. The average 

value of the sum of transmittance and reflectance is unity [24].  

 

Figure 5: The (PVA-TiO2) comparative reflection as a function of wavelength 
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The (εr), and (εi) components of the dielectric constant are calculated by formula 6 and 7. Figures 6 

and 7 demonstrate the expected variety of the (εr) with wavelength for the (PVA–TiO2) 

nanocomposite. There is a loss peak that can be attributable to interfacial polarization. As the 

concentration of TiO2 in the composite rises, these lessening peaks shift to the lowest portion [24]. 

The relationship between the dielectric constant's real portion and the refractive index (n) computed 

the dielectric imaginary component of the equation7 [25].   

 

 

Figure 6: The (PVA-TiO2) comparative the dielectric imaginary part as a function of wavelength. 

 

 

Figure 7: The (PVA-TiO2) comparative the dielectric constant real part as a function of wavelength 
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The extinction coefficient (k) is determined using the following formula (5). The computed 

extinction coefficient for the (PVA–TiO2) nanocomposite varies as a function of wavelength, like 

figure-8. The coefficient of extinction of nanocomposites rises, as depicted in Figure. As the 

concentration of TiO2 nanoparticles increases, so does optical absorption and photon dispersion in the 

nanocomposite [26]. 

 

Figure 8: The (PVA-TiO2) comparative the coefficient of extinction by relation to wavelength 

The computed refractive index (n)of (PVA–TiO2)nanocomposite with relation to wavelength are 

given in figure-9. The refractive index (n) of a nanocomposite rises for the amount of TiO2 

nanoparticles present and falls as the wavelength increases. The rise in density is thought to be the 

cause of this phenomenon [27].  

 

Figure 9: The (PVA-TiO2) comparative the refractive index (n) as a function of wavelength 
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Figure 10 depicts the projected change in the optical conductivity (σop) with wavelength for (PVA–

TiO2) nanocomposites. As the concentration of TiO2 nanoparticles in nanocomposites increases, so 

does their optical conductivity (σop). The formation of localized levels in the energy gap is linked to 

this phenomenon. As the concentration TiO2 nanoparticle rises, in the band structure, the density of 

localized states grows. As a result, as the absorbance coefficient (α) increases, so does the optical 

conductivity [28] of (PVA–TiO2) nanocomposites.  

 

Figure 10: The (PVA-TiO2) comparative the optical conductivity (σop) as a function of wavelength. 

Conclusions 

The results revealed that (PVA–TiO2) nanocomposites had a great UV absorption. The quantity of 

TiO2 nanoparticles improve a substance's optical conductivity, as well as its (A), (𝛼), k, n, εr, and εi 

constants, and optical conductivity (PVA).When compared to other devices, the (PVA–TiO2) 

nanocomposite has indirect energy gaps of ( 3.23 - 2.23) eV, making it beneficial for many 

optoelectronic applications, photovoltaics, lasers, photovoltaic cells, sensors, photocatalytic 

mechanisms, filters for light, Detectors of ultraviolet light, and so on are only some of the 

applications. 
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