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 CHAPTER 4  

          Results and Discussion 

4.1 UV/Vis spectrophotometer Results  

The optical constant of the prepared samples have been to calculated from results that 

collected from  UV/Vis spectrophotometer in the wavelength range (288 – 500) nm show that 

all fig com :- 

 

 

 

 

 

 

 

 

 

 

Fig (4.1.1) The optical absorbance spectra of Wooden Carbon Sinag treated by three acids     

(HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control      

Multi Wall Carbon Nanotube sample (MWCNT). 
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Fig (4.1.2) the reflectance spectra of Wooden Carbon Sinag treated by three acids                   

(HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control Multi 

Wall Carbon Nanotube sample (MWCNT). 

 

 

 

 

 

 

 

 

 

Fig (4.1.3) the transmission spectra of Wooden Carbon Sinag treated by three acids                 

(HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control Multi 

Wall Carbon Nanotube sample (MWCNT). 
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Fig (4.1.4) The variation absorption coefficient (α) with wavelength for  Wooden Carbon 

Sinag  treated by three acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 

 

 

 

 

 

 

 

 

 

 

 

Fig (4.1.5) The Extinction coefficient (K) spectra of Wooden Carbon Sinag treated by three 

acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control 

Multi Wall Carbon Nanotube sample (MWCNT). 
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Fig(4.1.6) The optical energy gap (Eg) value of Wooden Carbon Sinag  treated by three acids 

( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated compared with control Multi  

Wall Carbon Nanotube sample ( MWCNT). 

 

 

 

 

 

 

 

 

 

 

Fig (4.1.7) The refractive index (n) spectra of Wooden Carbon Sinag  treated by three acids    

( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated compared with control Multi  

Wall Carbon Nanotube sample ( MWCNT). 
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Fig (4.1.8) Plot of optical conductivity spectra of Wooden Carbon Sinag treated by three 

acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control 

Multi Wall Carbon Nanotube sample (MWCNT) 

 

 

 

 

 

 

 

 

Fig.(4.1.9) Plot of electrical conductivity spectra of Wooden Carbon Sinag  treated by three 

acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control 

Multi Wall Carbon Nanotube sample (MWCNT) 
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Fig (4.1.10) The real dielectric constant (ε1)   spectra of Wooden Carbon Sinag treated by 

three acids (HCL, HNO3
 and H2SO4:HNO3 mixture) and one is untreated compared with 

control Multi  Wall Carbon Nanotube sample ( MWCNT). 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.1.11) The imaginary dielectric constant (ε2) spectra of Wooden Carbon Sinag  treated 

by three  acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated compared with 

control Multi  Wall Carbon Nanotube sample ( MWCNT). 
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Fig (4.1.12) The optical absorption coefficient spectra of Waste Petroleum Coke Powder 

(WPCP) treated by three acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 

 

 

 

 

 

 

 

 

 

 

Fig (4.1.13) The optical reflection spectra of Waste Petroleum Coke Powder (WPCP) , 

treated by three  acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 
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Fig (4.1.14) The optical transmission spectra of Waste Petroleum Coke Powder (WPCP) 

treated by three acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated 

compared with control Multi Wall Carbon Nanotube sample (MWCNT). 

 

 

 

 

 

 

 

 

 

 

 

Fig (4.2.15) The optical absorption coefficient spectra of Waste Petroleum Coke Powder 

(WPCP), treated by three acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated 

compared with control Multi Wall Carbon Nanotube sample (MWCNT). 
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Fig (4.1.16) The Extinction coefficient (K) spectra of Waste Petroleum Coke Powder 

(WPCP) treated by three  acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 

 

 

 

 

 

 

 

 

 

 

 

Fig(4.1.17) The optical energy gap (Eg) value of Waste Petroleum Coke Powder (WPCP) , 

treated by three  acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 
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Fig (4.1.18) The refractive index (n) spectra of Waste Petroleum Coke Powder (WPCP) 

treated by three acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 

 

 

 

 

 

 

 

 

 

 

Fig(4.1.19) Plot of optical conductivity spectra of Waste Petroleum Coke Powder (WPCP) , 

treated by three  acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated 

compared with control Multi  Wall Carbon Nanotube sample ( MWCNT). 
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Fig. (4.1.20) Plot of electrical conductivity spectra of Wooden Carbon Sinag treated by three 

acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated compared with control 

Multi Wall Carbon Nanotube sample (MWCNT). 

 

 

 

 

 

 

 

 

 

 

 

Fig (4.2.21) The real dielectric constant (ε1)   spectra of Waste Petroleum Coke Powder 

(WPCP), treated by three acids (HCL, HNO3 and H2SO4:HNO3 mixture) and one is untreated 

compared with control Multi Wall Carbon Nanotube sample (MWCNT). 
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Fig (4,1,22)The Imaginary dielectric constant (ε1)   spectra of Waste Petroleum Coke Powder 

(WPCP) , treated by three  acids ( HCL,HNO3 and H2SO4:HNO3 mixture ) and one is 

untreated compared with control Multi  Wall Carbon Nanotube sample ( MWCNT).) 
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4-2 FT-IR Results 

 

 

 

 

 

 

 

 

 

 

Fig (4.2.1) FTIR spectra of Sinag treated by three acids ( HCL,HNO3 and H2SO4:HNO3 

mixture ) and one is untreated compared with control Multi  Wall Carbon Nanotube sample ( 

MWCNT). 

 

 

 

 

 

 

 

 

 

 

 

Fig (4.2.2) FTIR spectra of Waste Petroleum Coke Powder (WPCP), treated by three  acids ( 

HCL,HNO3 and H2SO4:HNO3 mixture ) and one is untreated compared with control Multi  

Wall Carbon Nanotube sample ( MWCNT). 
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4.3 Discussion 

   Absorption coefficient (α) and the extinction coefficient (k) are obtained by relations [9]  

α = 2.303 A/t 

Where (A) is absorbance and (t) is the optical axes length of the sample. 

K= λα/4π 

Figures (4.1.4) & (4.1.4) shows that the absorption coefficient is large for all samples 

compared to the control and is maximum for Sinag treated with HCL .The same hold for 

extinction coefficient. This increase may be due to increase of grain size and decrease of 

number of defects by heat treatment [9,13]. 

The optical energy gap (Eg) has been obtained by the relation [11]  

(αhυ)2 = C (hυ – Eg) 

Where: (C) is constant, by plotting (αhυ)2 vs photon energy (hυ) 

  figure (4.1.6) shows that the optical energy gap is less than that of the control for all samples 

and have minimum value of 3.272 ev for sinag treated with HCL .It is very interesting to note 

that whenever the absorption coefficient is maximum the energy gap is minimum and vice 

versa .This agrees with the fact that the relation between energy gap and absorption 

coefficient is inverse relation. The decrease of energy gap may result from the decrease of 

density and grain boundaries due to heat treatment [9, 13]. 

The value of refractive index (n) was obtained from the equation [8] 

 

n = [(
(1 + R)

(1 − R)
 )2 − (1 + k2) ]

1
2 +

(1 + R)

(1 − R)
 

Where (R) is the reflectivity the variation of (n) vs (λ) shown in fig (4.1.7) for all samples is 

less than that of the control for  wave lengths in the range (315-382 nm).The minimum value 
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is for Sinag treated HCL sample .This conforms with the inverse relation  between absorption  

coefficient and refractive index. The wave length at which (n) is maximum increases from 

336 to357 nm. Surprisingly the max for samples coincides with the minimum for the control. 

The optical conductivity is a measure of frequency response of material when irradiated 

with light which is determined using the following relation [11] 

 δ0pt =
αnc

4π
 

Where(c) is the light velocity. The electrical conductivity can be estimated using the  

Following relation [11].  

 δe =  
2λδ0pt

α
 

The optical conductivity in fig (4.1.8) shows maximum value at 357nm for all samples where 

it is minimum for control .The maximum .value for control is at 336nm.The conductivity for 

all samples is larger than that of control for all wave lengths larger than 420 nm. Clearly 

conductivity follows absorption, which conforms to theoretical models. 

  Absorption coefficient (α) and the extinction   coefficient (k) are obtained by relations [9]  

α = 2.303 A/t 

where (A) is absorbance and (t) is the optical  axes length . 

K= λα/4π 

 The absorption coefficient in fig (4.1.16) is maximum for (WPCP) treated by H2SO4:HNO3 

compared to control and non-treated sample. The other two samples have less value than non-

treated one. The increase may be due to increase of grain size and decrease of number of 

defects by heat treatment [9, 13]. 

.    

The value of refractive index (n) was obtained from the equation [9] 
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n = [(
(1 + R)

(1 − R)
 )2 − (1 + k2) ]

1
2 +

(1 + R)

(1 − R)
 

Where (R) is the reflectivity .  The variation of (n) vs (λ) shown in Fig (4.1.18) shows that the 

refractive index is less than that of the control for all samples at all wave length values less 

than 485 nm except at about 350 nm , where the control  has minimum value at this point. 

However, for wave lengths more than 485 nm (WPCP ) treated by HNO3 and (WPCP) treated 

by HCL have larger values compared to control.   

 The dielectric real and imaginary parts are given by [11] 

ε1= n2-k2 

ε2 = 2nk 

 

The real dielectric constant curves, shown in fig (4.1.21), indicates that the dielectric constant 

is smaller for all samples in the range (288-450 nm) compared to control .However for more 

than 180 nm (WPCP) treated by HNO3and treated by HCL the values are larger than that of 

the control .This means that at large wavelengths, where the frequency nearly vanish and the 

current is nearly direct, the dielectric constant is relatively large. Thus the petrol nano carbon 

can be used to fabricate nano batteries. 

The FTIR optical spectral patterns in figure (4.2.1)  and (4.2.2)  resembles that of UV except 

that of the mixture of H2SO4:HNO3 for refractive index where the curve appears to be in 

arrange less than that exhibited by the graphs. 
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4.4 Conclusion 

The behaviour of locally prepared carbon samples (sinag) shows higher absorption 

coefficient and conductivity; beside narrower energy gap and smaller refractive index 

compared to control .The results obtained conform to theoretical relations.  The 

maximum conductivity of petrol samples shifts towards larger wave lengths compared to 

control. This means that one can maximize conductivity by using less energetic photons. The 

absorption coefficient is maximum when treated with both H2SO4&HNO3.The refractive 

index and the real dielectric constant, are however smaller for smaller wave lengths ,while the 

ones treated with HNO3&HCL have larger values for larger wave lengths. The FTIR 

technique results confirm that obtained by UV. 

 

 

 

 

4.5 Recommendation  

1-The locally prepared powders of carbons can be utilized in storing electric energy and 

fabrication of integrated nano conductor. 

2-The properties of these carbon powders can be improved by using other solvents. 

3-Thermal properties of these carbon powders can be also investigated. 

4-The carbon powders prepared from different treats can be compared with each other to 

study the effect of chemical composition and physical structure.  
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