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Abstract: In this study, graphene oxide (GO) was synthesized from graphite by using the Hummer method. GO was reduced using 
hydrazine hydrate to achieve reduced graphene oxide (RGO). GO and RGO powders synthesized by these methods can be used as fillers in 
the production of polymer matrix composite. These synthesized powders was examined in detail using the Zeta Potential (ZP) measurements, 
Ultraviolet Visible Spectrophotometer (UV-VIS), X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM) equipped with Energy 
Dispersive Spectroscopy (EDS) analyzer and Thermogravimetric-Differential Thermal Analysis (TG-DTA). All analysis results confirmed 
the GO and RGO considered as fillers in the production of polymer matrix composite can be prepared successfully. 
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1. Introduction 
Graphene, a single layer of carbon atoms densely packed in a 

honeycomb crystal lattice, is considered as promising versatile 
filler, due to its specific and unique structural, mechanical, and 
electronic properties [1-3]. However, graphene is hydrophobic and 
tends to agglomerate irreversibly [4], thus it does not disperse well 
in polymers and has a tendency to form phase separated composites 
[5]. To overcome these shortcomings, Graphene Oxide (GO) is 
prepared from oxidation of Graphite (GF) powder by Hummers 
method and Reduced Graphene Oxide (RGO) is synthesized from 
the reduction process of GO. GO is hydrophilic and contains 
epoxides, alcohols, lactols, ketones, and carboxyl groups, which can 
significantly affect the van der Waals interactions between the 
graphene layers (Fig.1) [6]. Easy synthesis and solution 
processability of GO as an inexpensive filler material encourage the 
production of polymer composites [7]. Also, the RGO sheets are 
usually considered as one kind of chemically derived graphene, just 
like GO [8, 9]. Stankovich et. al (2007) have examined the chemical 
reduction of exfoliated graphene oxide sheets with several reducing 
agents and found hydrazine hydrate (H2NNH2.H2O) to be the best 
one in producing very thin graphene-like sheets [10]. The RGO 
became less hydrophilic due to the removal of oxygen atoms and 
thus precipitated. Hydrazine takes part in ring-opening reaction with 
epoxides and forms alcohols (Fig.1) [11].  

In this study, GO and RGO powders was synthesized and the 
obtained powders were studied by ZP, UV-VIS, XRD, SEM, and 
TG-DTA analysis. The objective of this work is to synthesis 
graphene based fillers for polymer composites. Recently, attention 
has been renewed for producing graphene based materials because 
of its excellent thermal, mechanical, electrical and optical properties 
[12]. 

2. Experimental Details 
GF powder, concentrated sulfuric acid (98%), potassium 

permanganate, 30 % H2O2 solution, hydrochloric acid and 
hydrazine hydrate were of reagent grade and purchased from 
Merck. All the reagents were used without further purification. All 
solutions were prepared using deionized (DI) water. GO was 
prepared from natural graphite (45µm nominal particle size) by the 
Hummers method [13]. Graphite (1 g) was mixed with 69 mL of 
concentrated H2SO4 and the mixture was stirred in an ice bath for 
around 30 min. After homogeneous dispersion of the graphite 
powder in the solution, KMnO4 (8 g) was added slowly to the 
solution in an ice bath and the reaction mixture was stirred for 15 
min. under a reaction temperature of 20ºC. Then the ice bath was 
removed and the mixture was stirred at 35ºC overnight to form 
thickened paste. Afterward, 70 mL of DI water was added slowly 
into the reaction solutions to avoid the reaction temperature rising to 
a limit of 98 ºC. After 2 h of vigorous stirring, 12 mL of 30 % H2O2 
was added and the color turned golden yellow immediately. Finally, 
the mixture was then filtered and washed several times with 3 % 
HCl and DI water until pH 7 and dried at 65ºC for 12 h to obtain 

GO powder. The obtained GO has a plenty of oxygen-containing 
functional groups in its graphitic backbone: carboxyl (COOH) and 
carbonyl (-C=O) groups at the sheet edges and epoxy (C-O-C) and 
hydroxyl (-OH) groups on the basal plane (Fig. 1) [14]. To prepare 
RGO, 0.1 g of GO was dispersed in 100 mL of DI water. Then 1 
mL of hydrazine hydrate was added to the mixture and heated at 
95°C for 12 h. After that, the mixture was filtered and the RGO was 
obtained as a black powder. Thus, the product obtained was washed 
with DI water several times. 

 
Fig. 1 Oxidation of GF to GO and RGO [11]. 

 

Zeta potentials of powders dispersed in water using ultrasonic 
bath were measured by Zetasizer- NANO-ZS (Malvern Instruments 
Ltd., UK). Electronic absorption spectra of the powders were 
recorded in water solvent in the wavelength range of 200–400 nm at 
room temperature by using Lambda 25 UV-VIS spectrometer 
(Perkin Elmer, USA). The analyses of the powders were carried out 
by X-Ray Diffraction (XRD, PAN analytical, Empyrean) in the 
range of 5–50°. The surface morphology was examined by a 
Scanning Electron Microscopy (SEM, Supra 40VP, Zeiss). EDS 
analyses were performed on the same instrument. TG-DTA analysis 
(LABSYS evo, Setaram) was performed by heating the samples 
from 25°C to 600°C at a rate of 20°C min-1 in a nitrogen 
atmosphere.  

GF 

 

GO 

RGO 
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3. Results and Discussion 
Zeta potential is an important indicator to determine the surface 

charge of the sheets and to characterize the stability of dispersions 
[15]. The zeta potential of GO and RGO dispersions was shown in 
Fig. 2 a, b. 

Zeta potentials in Fig. 2 a, b were -41,3 and -3,81 mV for GO 
and RGO, respectively. The zeta potential of GO was high due to 
the presence of negatively charged OH and COOH groups [16]. The 
zeta potentials value of RGO was -3,81 mV due to a decrease in 
oxygen functional groups [17]. As shown in Fig. 2 b, the zeta 
potential distributions of RGO were more regular than GO’s. High 
negative charge of GO and very low negative charge of RGO 
demonstrated excellent oxidation and reduction processes 
respectively. 

 
(a) 

 
(b) 

Fig. 2 Zeta potentials of (a) GO and (b) RGO. 
 

The oxidation and reduction progress were monitored by UV-
VIS spectroscopy. As shown in Fig. 3 a, GO showed a maximum 
absorption peak at 291 nm which could be attributed to the n–п* 
transitions of C=O bonds [18]. As shown in Fig. 3 b, the UV-VIS 
spectrum of the RGO dispersion possesses one absorption peak at 
323 nm. The absorption peak of GO at 291 nm red shifted into 
wavelengths around 323 nm due to the reduction progress [17]. 
 

Figure 4 showed XRD patterns of the GF and prepared GO and 
RGO powders. In addition, 2θ values and d-spacing data of the 
same materials are given in Table 1. The crystalline GF had a sharp 
characteristic peak at 2θ=26.4º. The corresponding interlayer 
distance was observed to be 0.33 nm. After oxidation, the 
diffraction peak shifted to 2θ=9.95° and the interlayer space 
increased to 0.88 nm (Table 1) [19]. The increase in the interlayer 
distance from 0.33 nm to 0.88 nm was due to oxygen-containing 
functional groups intercalated within the layered structure (Table 1) 
[16]. RGO exhibited a broader diffraction peak as shown in Fig 4. 
This indicated that the GO is completely exfoliated to a single layer 
of graphene [16].  
 
 
 
 
 
 
 
 
 
 

 
 

 
(a) 

 
(b) 

Fig. 3 UV-VIS spectra of (a) GO and (b) RGO. 

 
Fig.4 X-ray diffraction patterns of GF, GO and RGO powders. 

Table 1: 2θ values and d spacing data obtained from XRD results 

Samples 2θ° d (nm) 

GF 26,4 0,337 

GO 9,95 0,888 

 

The SEM images of the GF, GO and RGO powders are shown 
in Fig. 5. It could be seen clearly from the SEM image of Fig. 5 a 
that GF had a thin plate stacked structure [20]. GO presented a 
worm-like structure randomly aggregated [21] (Fig. 5 b). According 
to EDS results of the GF and GO, oxygen content increased from 
22.59 % to 47.95 % (Table 2). As shown in Fig. 5c, the SEM image 
of the RGO showed that wrinkle-like structure due to the rapid 
removal of oxygen-containing functional groups in GO [2]. 
According to EDS result of RGO (Table 2), only 14.28 % oxygen 
content remained which illustrated successful reduction of GO.  
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(a) 

 
(b) 

 
(c) 

Fig.5 SEM images of (a) GF, (b) GO, (c) RGO (magnification 30.000 KX). 

Table 2: EDS results of GF, GO and RGO. 

Samples Oxygen Content 

(atom %) 
GF 22,59 

GO 47,95 

RGO 14,28 

 

TGA and DTG graphs for the GO and RGO powders were 
given in Fig. 6 a, b and thermal parameters were summarized in 
Table 3. As shown in Fig. 6 a, GO showed two steps of 
decomposition. The first weight loss for the GO was observed in 
78°C corresponding to the loss of water molecules. GO showed a 
major weight loss at the temperature range of 170–200°C which can 
be attributed to the removal of most of the oxygen-containing 
functional groups. The step at 558°C was related to pyrolysis of the 
remaining oxygen-containing groups as well as the burning of ring 
carbon (Fig.6 a and Table 3) [9 - 22]. GO exhibited about 13% 
residual weight at 600°C. This demonstrated its excellent thermal 
stability [2]. As shown in Fig. 6 b, RGO exhibited two steps 
degradation; the first step commencing at 51°C was due to the loss 
of water molecules. The second step degradation at 491°C involved 
the pyrolysis of the hydroxyl, epoxy functional groups, yielding 
CO, CO2, and steam [10]. RGO exhibited only 56 % weight loss at 
600°C, which was much lower than that of the GO (Table 3), 
indicating a significantly decreased amount of oxygenated 
functional groups [18]. 

 

 
(a) 

 
(b) 

Fig.6 TGA and DTG curves of (a) GO and (b) RGO 
 
Table 3: Thermal parameters for the GO and RGO powders. 
            (20 °C/min heating rate, under nitrogen atmosphere). 
 

 
Sample 

T (°C) range 
 

T1            T2              T3 

Weight loss 
at 600°C 

(%) 

Residue at 
600°C wt.   

(%) 
GO 78          185        558 87 13 

RGO 51             -          491 56 44 
 

4. Conclusion 
In summary, GO powders were successfully produced by 

Hummer’s method and chemical reduction of GO using hydrazine 
hydrate was characterized using various techniques. Analysis results 
indicated that GO could be prepared and reduced into RGO 
successfully. GO and RGO powders synthesized by these methods 
can be used as fillers in the production of polymer matrix 
composites.  
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