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ABSTRACT
The present work reported the comparison of the effectiveness of both ultrasonic bath and ultrasonication for
synthesis of reduced graphene oxide and vitamin C was used as a reducing agent. Samples obtained from using
ultrasonic bath and ultrasonication was coded as RGO and RGOS, respectively. Experimental results indicated
that the RGO samples showed better thermal stability and had more dispersed layered structure than RGOS
samples because ultrasonic bath generated better dissociation than ultrasonication.
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l. INTRODUCTION

Graphene and its derivatives, in particular graphene oxide (GO) and reduced graphene oxide are
interest due to their extraordinary properties (thermal conductivity, mechanical, electronic properties and huge
surface area), and various application areas in the composites [1, 2]. Natural graphite is abundantly available in
nature and GO is produced by the oxidative treatment of graphite by Hummers method [2]. GO is an oxidized
graphene sheet and has epoxy, hydroxyl, carbonyl and carboxyl groups [3]. The reduced graphene oxide sheets
are usually considered as one kind of chemically derived graphene [2] and significant amounts of epoxy and
carbonyl groups are removed by producing the reduced graphene oxide [1]. Hydrazine hydrate, dimethyl
hydrazine, hydroquinone and sodium borohydride are the most commonly used hazardous or toxic reducing
agents for graphene oxide (GO) reduction [1, 4]. Therefore, it was necessary to the reduction of GO by
environment-friendly methods [5]. To this aim, vitamin C for synthesis of the reduced graphene oxide was used
and effect of the ultrasonic devices on the structural and thermal properties of obtained samples was
investigated. In this study, ultrasonic experiments were carried out in both ultrasonic bath and ultrasonication for
the reason that the sonochemical power of the individual instruments affected differently into the reaction system

[6].

Il. MATERIALS AND METHODS

The GO was synthesized using the modified Hummers method [7, 8] to which the details of the process
were given previously [9]. To prepare the RGO, 0.5 g of GO was dispersed into 100 ml of distilled water with
both ultrasonic bath and ultrasonication for comparison. The pH of the GO suspension was adjusted to ~9 by
using NHs. The different weights of vitamin C (0.5, 0.75 and 1g) were added to the mixture and were kept at
97°C for 8 hours under constant stirring. By changing the weight ratios of the vitamin C and ultrasonic devices, a
series of samples were prepared and Table 1 showed their codes. Fig. 1 presented digital images of the ultrasonic
bath and ultrasonication used in the present study. The different ultrasonic devices used in the present study were
procured from Bandelin electronic GmbH & Co. KG, Berlin. The ultrasonic bath (Model RK 106) has an
operating frequency of 35 kHz and power dissipation as 120 W. The ultrasonication (Model MD2070) has an
operating frequency of 20 kHz and rated power output of 70 W. The obtained RGO and RGOS samples were
characterized using Fourier transformed infrared spectroscopy (FTIR, Spectrum 100, Perkin Elmer, in the range
of 4000-400 cm™'), X-Ray Diffraction (XRD, PAN analytical, Empyrean in the range of 5-30°) and
Thermogravimetric analysis (TGA). TGA was carried out under nitrogen atmosphere using a TGA instrument
(STA 409, Netzsch) at a heating rate of 20°C min™ from 25°C to 600°C. The surface morphology was examined
by a Scanning Electron Microscopy (SEM, Supra 40VP, Zeiss).
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Table 1: Sample codes and experimental conditions used two different ultrasonic devices.

pH Ultrasonic Devices Samples Vitamin C | GO rate
codes rate (g) (9)
RGO9-1 0.5 0.5
Ultrasonic bath RG09-2 0.75 0.5
RGO09-3 1 05
~9 RGOS9-1 0.5
RGOS9-2 0.75 0.5
Ultrasonication RGOS9-3 1 gg

Ultrasonication

Fig. 1: Digital images of ultrasonic bath and ultrasonication

I11. THE RESULTS AND DISCUSSION

FTIR spectrums of RGO and RGOS samples were shown in Fig. 2(a-c). As shown in the FTIR
spectrums, the characteristic peaks of the RGO and RGOS samples at around 1160 cm™ and 1040 cm™ were
assigned to the C-O (epoxy groups) and COOH (carboxylic acid), respectively [10, 11]. For the RGO and RGOS
samples, the C=0 (carbonyl groups) peaks were observed at around 1700-1600 cm™ [11]. The broad peak in the
range of 3200-3600 cm™ corresponded to O-H stretching vibrations of hydroxyl groups [10]. In comparison the
FTIR spectrums of RGO and RGOS, for RGO samples, the peaks intensities of functional groups decreased
along with an increase in the amount of vitamin C and for RGOS samples, the characteristic peaks of functional
groups were almost disappeared along with an increase in the amount of vitamin C (Fig. 2(a-c)). This result can
be attributed to the partial reduction of oxygen containing functional groups due to the ultrasonication which has
lower frequency and power than those of ultrasonic bath. Moreover, FTIR results presented that the most intense
characteristic peaks of oxygen containing functional groups were observed in RGO9-1 and RGOS9-3 samples.
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Fig. 2: FTIR spectrums for (a) RGOS9-1 and RGO9-1, (b) RGOS9-2 and RGO9-2, (c) RGOS9-3 and RG0O9-3
samples
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XRD patterns of GO, RGO and RGOS samples were depicted in Fig. 3(a-c). The XRD pattern of the
GO showed a peak at 20 = 9.95°, which indicated that the graphite was fully oxidized into the GO [12]. RGOS
samples exhibited a broader diffraction peaks centered at 26° = 25° which may be due to restacking of graphene
layers as shown in Fig. 3(a-c) [8], but RGO samples had flatter tendency than RGOS samples. This result may be
due to the fact that the ultrasonic bath prevented to restacking of graphene layers because of its higher frequency
and power than those of ultrasonication. Thus, RGO samples had more dispersed layered structure than RGOS
samples and SEM images supported the results of XRD analysis (Fig. 4(a-b)).
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Fig. 3: XRD patterns for (a) RGOS9-1 and RGO9-1, (b) RGOS9-2 and RG09-2, (c) RGOS9-3 and RGO9-3
samples

The thermal stability of RGO and RGOS samples were investigated using TGA. Weight losses (%) and
derivative thermograms (DTG) for the RGO and RGOS samples at two different dispersion types were given in
Fig. 5(a-f) and their thermal parameters were summarized in Table 2. RGO and RGOS samples showed three
stages of decomposition. For the RGO and RGOS samples, the first weight loss (T) in the range of 24.3-38.3°C
was attributed to the elimination of moisture due to nature of reduced graphene oxide [1] (Table 2). The second
weight loss between 33.9°C and 109.6 °C was resulted from decomposition of RGO to H,0, CO,, and CO gases.
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The third weight loss at T3 temperature was assigned to the removal of the oxygen containing functional groups
[11, 13]. As seen from Table 2, the RGO samples exhibited higher weight loss than RGOS samples, but RGO9-1
powder was lower weight loss than other RGO and RGOS samples. Additionally, for the RGO samples the
weight losses increased and the residue amount decreased at the same temperature along with an increase in the
amount of vitamin C. Therefore, the thermal stability of RGO9-3 was higher than those of other RGO and all
RGOS samples.
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Fig. 5: TGA and DTG curves for (a) RGO9-1, (b) RGO9-2, (c) RGO9-3, (d) RGOS9-1, () RGOS9-2, (f)
RGOS9-3 samples

Table 2: Thermal parameters for the RGOS and RGO samples (20 °C/min heating rate, under nitrogen

atmosphere)

T (°C) range Weight Residue at
Samples loss at 600°C wt.

T, T. Ts 600°C (%)

(%)

RGOS9-1 25.1 33.9 201.6 74.6 25.4
RGOS9-2 31.6 93.3 186.8 76.1 23.9
RGOS9-3 33.9 85.9 1794 75.3 24.7
RGO9-1 38.3 109.6 216.4 68.1 31.9
RGO9-2 24.3 90.4 183.8 78.1 21.9
RGO9-3 25.8 84.4 1838 79.2 20.8

IV. CONCLUSIONS
In this work, the influence of the two different ultrasonic devices on the synthesis of reduced graphene
oxide was investigated. The XRD results indicated that the ultrasonic bath prevented to restacking of graphene
layers. The FTIR results presented that there are visible characteristic peaks of oxygen containing functional
groups of samples obtained by the ultrasonic bath providing better dissociation than ultrasonication. Also, the
RGO samples showed higher thermal stability than RGOS samples.
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