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Abstract 

Graphene oxide flake (GO) was preparation from graphite powder and reduced to graphene 
oxide (rGO) by Hydrazine hydrate.ZnONPs   were prepared by cold plasma method from its 
salt, Zinc chloride and mixing with  rGO for 24 hour to form the composite with different 
concentrations of metal nanoparticles. All productions are  measurements doing ,   FTIR, 
UV,FAA, XRD, FE-SEM and EDX technology.Iraqi crude oil are  distilled at different 
temperatures with composites  that used as  a catalyst . Our study showed remarkable 

results in improving oil derivatives……...   
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Introduction

 

Crude oil and its derivatives are the most 

important sources of energy for mankind. 

(1)is a complicated blend of thousands of 

components that is difficult to fully 

characterize.( 2) The process of separating 

numerous chemicals found in crude 

petroleum is known as petroleum 

refining. Atmospheric and vacuum 

fractional distillation is a technique in 

which crude oil is heated and components 

boil at different temperatures.(3)C atoms 

that have undergone sp2 hybridization 

are arranged in single layers in a two-

dimensional honeycomb matrix to form 

graphite.(3)Reduced graphene oxide is 

manufactured from graphite by the 

Hammer method. In this method, graphite 

in first oxidized by a chemical process to 

produce graphene oxide, GO that contains 

several oxygen-containing guest groups 

such as -COOH, -OH, -CHO and epoxy 

groups. photovoltaic to reduce these 

aggregates and producer rGO. (4) rGO has 

many applications such asto increase the 

light absorption range and improve the 

photoelectrochemical (PEC) activity of 

TiO2.(5)and used extensively in gas 

sensing applications(6) 

Nanomaterials are structural components 

with an exterior dimension in the 

nanoscale and a size less than 1 

mm.Nanomaterials are available in a 

variety of forms, including spherical, 

tubular, and irregular.Nanomaterials can 

be divided into three types: nanoparticles, 

nanoclays, and nanoemulsions.(7-8) 

Different methods ,chemical, biological 

and physical are used to manufacture 

nanoparticles .Plasma is the fourth state 

of matter consisting of a high 

concentration of reactive species. Plasma 

is capable of changing the physical and 

chemical properties of the polymer 

surface.(9)It is a physical process of high 

voltage anodic deposition.(10) 

Thistechnology can be applied to 

nanomaterials such as nanofibers, 

nanoparticles(11) 
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2. Methods 

   Synthesis and characterization GO and 

rGO 

 

The graphene oxide was prepared 

according to the Hammer method, by 

adding 96 ml of concentrated sulfuric acid 

H2SO4 to a flask of capacity 1000 ml placed 

in an ice bath at a temperature of less 

than 10 ° C, then adding to it 2 gm of 

graphite, 1 g of sodium nitrate and 6 g of 

permanganate. Potassium with 

continuous stirring for two hours until the 

green color appears, then the mixture is 

lift from the ice bath and stirred by a 

magnetic stirrer for 42 hours at a 

temperature of 35 to 40 degrees Celsius, 

where the color change to brown is 

observed.(12-13) 

   The resulting solution is added to 500 ml 

of cooled deionized water and 5 ml of 

hydrogen peroxide H2O2 at a 

concentration of 30 % with continuous 

stirring for two hours, until the color of 

the solution turns light brown.The 

solution was separated in a centrifuge at 

6000 rpm for 20 minutes each. The 

precipitate was washed several times with 

HCL at a concentration of 10%. Washing 

continues with deionized water until a 

neutral pH is reached. Then the 

precipitate was dried using a drying oven 

at a temperature of 60°C.The graphene 

oxide was reduced by taking 0.9 gm of 

oxide powder and placing it in a 500 ml 

beaker and adding 450 ml of distilled 

water, so it formed a heterogeneous 

suspension of graphene oxide and water 

was formed and this was sonicated by 

ultrasonic, It remained until it became a 

clear solution without suspension. 9 ml of 

hydrazine hydrate N2H4.H2O was added to 

it. After that, the mixture was transferred 

to a round base flask to ensure the 

condensation process. It contains a tightly 

closed neck of 500 ml and was heated at a 

temperature of 100 ° C in the presence of 

a reflective condenser for a continuous 

period of 24 hours. The precipitate was 

separated by a special filter paper, then 

washed with distilled water several times 

and with methanol CH3OH, and then dried 

for 4 hours at a temperature of 70-

80°C.Fourier Transform Infrared 

Spectroscopy (FTIR), X-ray diffraction 

(XRD), scanning electron microscopy(FE-

SEM), and Energy Dispersive X-ray 

Spectroscopy (EDS) were used to 

characterize the produced 

nanocomposites .(14-15) 

 

 

Preparation of zinc nanoparticles : 

  Zinc Oxide nanoparticles were prepared 

from zinc salts, cold plasma method by 

taking a weight of 0.7 gm of zinc chloride 

ZnCl2 and dissolved in 100 ml of deionized 

water after that placed on the plasma 

device for 40 to 45 minutes or until the 

solution changed color by the action of 

the excited particles of Argon on the 

solution. Notice the color shift from 

transparent to yellow. Then the 

nanoparticles  is separated by 

centrifugation at a speed of (12000 rpm) 

for 15 minutes, so we get a precipitate of 

zinc nanoparticles. Measurements were 

made using  X-ray diffraction (XRD), 

scanning electron microscopy(FE-SEM), 

and Energy Dispersive X-ray (EDX).(16) 

ZnO-rGOnanocomposite 

The Zno-rGOnanocomposites were 

prepared by mixing( 0.2 gm) of rGO with 

different concentrations of ZnO(50, 100, 

150, 200, 250)PPm and added to 10 ml of 

methanol with continuous stirring by 

Magnetic stirrer for( 24 hours), then 

separated by( 12,000 cycles) centrifuge 

for( 10 minutes), the samples were dried 

in the oven at( 80°C).(17) 
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Crude oil distillation 

Petroleum products are distilled by a 

small distillation system that can distill 

small quantities of up to 10 ml. In the first 

stage, the crude oil was distilled  with 

different stage. 

1- where 300 ml of crude oil was placed in 

a three-mouth flask Placed on a hot plate, 

the sample was heated until it reached 

the required temperature, then the 

distillation was stopped temporarily to 

recover the distilled products, as the first 

distillation occurs at a temperature of 

150°C, then the temperature is raised to 

200°C and separated, and finally the 

temperature is raised to 300°C. 

2-0.2 g of rGO was mixed with 300 ml of 

crude oil, the temperature was raised to 

150 ° C, 200 ° C, and finally to 300° C and 

the product were collected . 

3-Different weights of ZnO - rGO were 

added to 300 ml of crude oil for each 

weight and the separation was also done 

at different temperatures (150, 200 and 

300° C). 

The measurements that take place on 

liquids are (measuring the volume of the 

resulting liquid, density, viscosity, octane 

number, flash point,fire point and degree 

of aniline,) These measurements are 

applied to all liquid samples. (18-19) 

3. RESULTS AND DISCUSSION 

3.1Reduced graphene oxideIdentification 

Following are some of the methods used 

to identify rGO. 

3.1.1 Fourier Transform Infrared 

Spectroscopy (FTIR) for  

There are several expansion and bending 

bands in the range of frequencies 

between 400-4000 cm-1, according to the 

FTIR spectra of graphite compounds, 

graphene oxide, and reduced graphene 

oxide.The infrared beam showed the 

presence of a beam centered at 3369 cm-1 

due to (O-H) vibration in addition to the 

presence of symmetric and asymmetric 

vibration at 2843,2947cm-1indicating a 

group (C-H), Also, the presence of a sharp 

peak in 1604cm-1 is attributed to the 

group (C = O).Also, many flexural and 

extension vibrations of the C-H group 

appeared in the 600-900 cm-1 region 

(figure :1).The infrared spectrum of 

graphene oxide showed the presence of a 

strong absorption band in 1730cm-1 that 

belongs to the organic carbonyl group (C = 

O), which is due to the carbonyl and 

carboxylic groups, and this undoubtedly 

indicates the formation of graphene 

oxideThe same spectrum also showed 

bands in 1026, 1207, 1309 cm-1It belongs 

to the (C-O) organic carboxyl group, the 

(C-O) epoxy group, and the (C-O)aloxy 

grouprespectively, and this confirms the 

existence of a successful and clear 

oxidation of graphite through the use of 

FTIR spectrometry (figure :2).Infrared 

spectra of reduced graphene oxide were 

analyzed, showing a clear shift in the 

absorption peaks of the (O-H) group up to 

3224cm-1 due to lack of oxygen between 

its molecules.Also, the value of the 

vibration of the (C = O) bond decreased, 

and this indicates a successful reduction 

process as the figure:(3) 
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Figure (2) infrared spectrum of graphine oxide 

 

Figure (1): infrared spectrum of graphite 
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Figure (3) infrared spectrum of rGO 

 

3.1.2 The XRD analysis of rGo 

The produced rGO's crystalline makeup was evaluated using XRD analysis.The XR D data of 

the created rGO had a 2theta degree of 10 to 80, according to Figure (4).Were at2θ (26°, 

43°,and 56°,)for rGOcorresponding to Miller’s indicators (111),(010),(112). The granular size 

was calculated according to the Debye Scherer equation and the results were according to 

the international card numbered ( JCPDS 01-075-2078 ). 

Figure (4) X-ray diffraction ofrGO 

Table (1): XRD examination of rGO yielded calculated 

crystallite sizes for all allocated and D average peaks. 

D 

average 

Average D(nm) HKI FWHM 2 theta Element 

3.345 41.00485379 49.38400504 111 0.15653 26 rGO 

2.08276  40.72950019 010 0.19505 43  

1.62483  32.90105613 112 0.24146 56  

 

 

3.1.3 The FE-SEM analysis of rGO 

By using FE-SEM, samples' surface morphologies can be directly identified. shows that 

imperfect rGO sheets exhibit a flat, wavy, and wrinkled morphology in contrast to pristine 

GO sheets.Additionally, the X-ray diffraction spectra revealed crystallization peaks at various 

angles, and the average grain size was rGO 1μm. (80.9μm, 101μm , and 111μm , 106μm)as in 

the figure (5) .(23-24) 
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Figure (5) FE-SEM images ofrGO 

3.1.4 The EDX analysis of rGO 

The EDX technique was applied to the artificial sample for chemical characterisation and 

elemental analysis. The EDX spectrum recorded that. The table's carbon and oxygen 

valuesThe EDX technique was applied to the artificial sample for chemical characterisation 

and elemental analysis. The EDX spectrum recorded that in The table's(2) carbon and oxygen  
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values.(25-26) 

Figure (6) EDX spectrum ofrGO 

 

Table (2): EDX examination of rGO 

Element  Series  unn. C norm. C Atom. C Error 

[wt.%]  [wt.%]  [at.%]   [%] 

--------------------------------------------- 

Carbon  K-series  70.34   70.34   75.96  21.5 

Oxygen  K-series  29.65   29.66   24.04   9.5 

--------------------------------------------- 

Total: 100.00  100.00  100.00 

 

4.zinc Oxide nanoparticles Identification 

Several methods were used to identify zno NPs, as follows: 

4.1.Uv-visible of Zinc Oxide nanoparticles 

A technique that may verify the synthesis of metal is UV-Vis spectroscopy.Figure(7) provides 

the zno solution's UV-Vis spectrumPrepared by cold plasma technologyUV-visible 

spectroscopy  has identified the specific nanoparticle formation during color change from 

the absorption spectra.(27-28) and the room temperature UV visible absorption spectrum of 

ZnO nanoparticles was measured in the wavelength range 200-800 nmThe spectrum has a 

peak at 368 nm which can be assigned to the intrinsic band-gap absorption of ZnO due to 

the electron transitions from the valence band to the conduction band (O2p → Zn3d). In 

addition, this sharp peak shows that the particles are innano size and the particle size 

distribution is narrow.(29) 
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Figure (7): UV-Vis spectrum of ZnONPs 

4.2.The XRD analysis of Zinc Oxide nanoparticles 

The crystalline makeup of the produced zno NPs was evaluated using XRD analysis.The 

produced ZnO NPs' XRD data are shown in Figure (8).The 2theta degree of ZnONPs ranged 

from 10 to 80, and strong peaks were found atat2θ( 31°, 34°, 47°, 56°, 66°, 67°,and 

76°)which corresponded tothe HKI(100), (002), (102), (110), (200), (112), and 

(202)respectively, according to (JCPDS: 98-005-7478).(30-31) 

Figure (8) X-ray diffraction ofZnO NPs 
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Table (3): XRD examination of ZnO yielded calculated 

crystallite sizes for all allocated and D average peaks. 

D average Average D(nm) HKI FWHM 2 theta Element 

3.86618 26.51386367 26.3689473 100 0.2952 31 zno 

2.80098  25.87227459 002 0.2952 34  

2.57232  12,83828532 102 0.5904 47  

1.98337  9.298159603 110 0.7872 56  

1.88872  36.85586001 200 0.1968 66  

1.68328  47.84965521 112 0.1476 67  

1.41758  16.94181757 202 0.3936 76  

 

4.3.The FE-SEM analysis ofZinc Oxide nanoparticles 

ZnO NPs clearly show that nanopowders are aggregated crystals with almost uniform 

spherical shapes.(32) A picture SEM of ZnO NPs taken using scanning electron microscopy is 

shown in (Figure:9). The ZnO nanoparticles' crystallinity was linked, and the morphology of 

grains of approximately same size was observed. Using the SEM analytical technique, the 

surface morphologies of produced ZnO powders were examined, revealing shape and 

uniform size distributions for ZnO NPs This confirms the EDX analysis that showed the 

presence of the element oxygen and zinc.where he appeared the average grain size for ZNO 

NPs ( 33.4 nm , 41.9 nm , 44.9 nm ) .(33) 

Figure (9):SEM spectrum of ZNO NPs 

4.4.The TEM analysis of Zinc Oxide nanoparticles 



NeuroQuantology | August  2022 | Volume 20 | Issue 10 | Page 430-446 | doi: 10.14704/nq.2022.20.10.NQ55028 
Ola A . Ali/ Synthesis The Composite  rGO with Zinc Oxide Nanoparticles Prepared by Cold Plasma Technology to Improving 
Crud Oil Derivatives . 

 

 

 www.neuroquantology.com 

ISSN 1303-5150 

  

 

         439 

The transmission electron microscope analysis (TEM) was used to measure the size, shape, 

and morphological characteristics of ZnONPsThe morphology and dimensions of the 

biosynthesisedZnO nanoparticles were initially described by transmission electron 

microscopic (TEM) images (figure: 10), and the estimated ZnO nanoparticle size from TEM 

images revealed that they had various shapes, primarily irregular tiny spherical onest was 

her size (57.3 nm , 112.5 nm). 

 

Figure (10). TEM  for ZNO NPs 

4.5.The EDX analysis ofZinc Oxide nanoparticles 

EDX spectra provide information on the ZnO-NPs' elemental makeup.The existence of zinc 

oxide nanoparticles was confirmed by the EDX examination. Strong signal energy peaks were 

visible in the spectra for zinc (Zn) atoms and a weak signal energy peak for oxygen (O). This 

attests to the existence of zinc in the form of oxide.Weak peaks of Chlorine, Iron, Carbon 

and Chromium were also observed due to the presence of impurities in the material or 

contamination from the plasma electrodeand the instrumentsas in the table(4).(35-36-37) 
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Figure (10) EDX spectrum of ZNO NPs 

 

Table (4): XRD examination of ZnO 

 

 

Element   Series  unn. C norm. C Atom. C Error 

[wt.%]  [wt.%]  [at.%]   [%] 

---------------------------------------------- 

Zinc     K-series  32.15   49.27   25.98   1.1 

Oxygen   K-series  12.06   18.48   39.84   1.7 

Chlorine K-series  10.63   16.29   15.84   0.4 

Iron     K-series   6.48    9.93    6.13   0.2 

Carbon   K-series   2.43    3.72   10.67   0.5 

Chromium K-series   1.51    2.31    1.53   0.1 

---------------------------------------------- 

Total:  65.25  100.00  100.00 
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250z

n 

200z

n 

150 

zn 

100zn +Oil+rGO+ 50 

zn 

Crud oil 

+rGO 

Crude 

oil 

kerosene parameter 

95.5 94.9 92.1 87.5 91.3 93.8 65.3 97.4 RON 

82.7 82.9 83.1 64.5 82.7 84 62.2 87.4 MON 

87.1 87.4 87.1 66.3 87 88 63.5 92.4 AKI 

0.68

58 

0.70

13 

0.70

99 

0.6865 0.73206 0.7298 0.7065  density 

0.45

28 

0.47

98 

0.52

16 

0.5475 0.4508 0.5474 0.5191  viscosity 

29 28.5 28 23 23ML 27.5 27  volum 

22 28 26 23 41 25 26  Flash point 

26 34 29 26 46 28 28  Fire point 

115 120 115 140 135 135 115  Aniline 

point 

5. 

Concl

usion2

50zn 

200zn ++150zn 100zn +Oil+rGO

+50 zn 

Crud 

oil 

+rGO 

Crude oil Gasoli

ne 

(petro) 

param

eter 

96.8 96.4 95.9 86.5 54.9 79.6 78.9 95.3 RON 

76.8 76.3 76.8 66.8 51.9 76.5 76.3 85.3 MON 

78.3 78.8 78.3 67 53.4 78 77 90.3 AKI 

0.579

1 

0.61653 0.5659 0.6502 0.5741 0.6843 0.5747 0.7364 densit

y 

0.293

1 

0.3356 0.3144 0.4092 0.2859 0.4529 0.3193 1.264 viscosi

ty 

36 34.5 32 15 34 10 25  volum 

30 31 25 24 29 23 25 22 Flash 

point 

35 35 28 27 31 25 29 25 Fire 

point 

100 103 105 138 133 130 105 100 

 

Anilin

e 

point 

119.8

235 

98.0103 118.5441 86.1052 114.9383 75.265

5 
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0 
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A A A S A s s w typ 

Characteristics of distilled at 200°C kerosene 

Characteristics of distilled at 150°C gasoline 
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67.8
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74.6089 61.7901 62.3860 68.7830  API 

-

43.3 

-

38.5 

-37 -46 -42.1 -30.8 29 --5.2 tft 

A A W A A W S S typ 

 

 

 

3.1 zn 2.5zn ++1.9zn 1.2zn +Oil+rG

O+0.6z

n 

Crud 

oil 

+rGO 

Crude 

oil 

Diesel parameter 

0.7840 0.7645 0.7770 0.7783 0.7702 0.7320 0.7699  density 

0.9486 0.9132 0.8766 0.8243 0.8102 0.8885 0.8686  viscosity 

60.5 53 51 55.5 85.5 80 63  volum 

50 55 54 54 56 62 54  Flash point 

60 62 58 62 68 78 58  Fire point 

155 153 130 156 159 156 130  Aniline point 

48.984

6 

53.588

2 
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6 

50.304

1 
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5 
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2 

52.290
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54.4 53.4 53.3 53.4 53.5 53.6 53.5 52.2 CET 

 

-21.2 -21.4 -21.5 -21 -20.02 -18.09 -20 -28.2 tft 

W w w w w s w w typ 

        Cet+kerosen 

 

s s s s s s s s typ 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 7.1% K 
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n 
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O 
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        OCTAN 
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34.2 T 

91.7 91.9 91.6 92.3 92.3 94.3 S 97.4 Ron 

82.3 82.9 82.8 83.3 83.3 84.3 0.0% 87.4 Mon 

87.1 87.4 87.2 87.8 87.8 89.3 87.3 92.4 AKI 

-42 -38.8 -41.7 -36.2 -34.8 -28.9 -39.6 -5.2 Tft 

A A A W W W A S Typ 

51 47 60 38 57 37.5 52  Volume 

0.6983 0.7333 0.6574 0.7703 0.7168 0.7488 0.7483  Density 

0.5115 0.5387 0.4935 0.6163 0.7613 0.5305 0.4229  Viscosity 

Characteristics of distilled at 300°C diesel 

Characteristics of distilled at 150°C+200 
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71.1204 61.463

3 

83.741

8 

52.182

7 

65.905

1 

57.469

0 

57.595

2 

 API 

14 25 27 25 15 35 18  Flash point 

18 23 25 35 20 25 21  Fire point 

119 112 130 120 120 118 120  Aniline point 

 

In this 

work, GO was synthesized using Hummer 

method and reduced to rGO using 

hydrazine. and combined with zinc oxide 

nano-zinc oxide zno-rGO prepared from 

zinc salt by cold plasma method.The 

properties of rGO ZNO compounds were 

characterized using spectroscopy, X-ray 

diffraction, and microscopy 

techniques.The zno-rGOnanocomposit 

was used with Iraqi crude oil. The 

nanocomposites showed remarkable 

results in enhancing the energy values of 

some petroleum derivativesWhere the 

following was produced: 

1-Characteristics of distilled at 150°C 

gasolin (petrol) 

-Its size varies with a clear increase with 

increasing nano concentration 

-A decrease in the degree of aniline with 

an increase in the concentration of 

nanoparticles indicates an increase in the 

aromatic content. 

-A clear increase in the API value, which 

indicates the hidden product 

- A significant decrease in the value of the 

tft (cloud point) indicates a lack of wax 

-This makes its density and viscosity low 

and type A, which means that it can be 

used in the frozen pole 

-An increase in RON value with a slightly 

higher Nano concentration makes it an 

improved fuel 

- The value of the MON is low with a small 

increase in the concentration of 

nanoparticles, but it does not amount to 

gasoline fuel 

2- Characteristics of distilled at 200°C 

kerosene 

-Its size varies with a clear increase with 

increasing nano concentration 

-The degree of aniline is higher than the 

distilled at 150 with a slight decrease with 

the increase in the nano concentration 

- The API value is less than the distillate 

value at 150, which indicates that it is less 

subtle than the distillate at 150 

- An increase in the tft value of the 

distillate at 150, but it remains of the 

polar type. This indicates a small increase 

in the wax content, as well as in the 

viscosity and density 

- An increase in the value of O.N with an 

increase in the nano concentration, but it 

remains a fuel with low energy content. 

3- Characteristics of distilled at 300°C 

diesel 

-The quantity is twice the volume of the 

distillate at 150 and 200 degrees with a 

slight decrease with an increase in the 

nano concentration. 

- A high rise in the value of the degree of 

aniline with an increase in the 

concentration of nanoparticles, which 

indicates an increase in the paraffinic 

content. 

- A high degree of aniline value with a low 

concentration of nanoparticles, which 

indicates an increase in the paraffinic 

content 

- A significant decrease in the API value 

with an increase in the nano 

concentration, which indicates an 

increase in the weight of the product and 

this is evident in the density and viscosity 

value. 
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- An increase in the value of TFT, and this 

indicates an increase in the amount of 

wax and type W of winter fuel 

- An increase in the value of cet by 

increasing the concentration of 

nanoparticles, which makes it a good fuel 

- The value of k is 0.0% and this makes it a 

more pure fuel. 

4-Characteristics of distilled at 150°C+200 

-Significant increase in volume due to 

mixing 

-A decrease in the degree of aniline with 

an increase in the concentration of 

nanoparticles indicates an increase in the 

aromatic content. 

- A clear increase in the API value, which 

indicates the hidden product 

-A significant decrease in the value of the 

tft (cloud point) indicates a lack of wax 

- This makes its density and viscosity low 

and type A, which means that it can be 

used in the frozen pole 

- The O.N value is low with a small 

increase in the nano concentration, but it 

remains a fuel and a low energy content. 
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