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Abstract. Graphene and graphene derivatives are widely used as fillers for polymer composite
materials. The Reduced Graphene Oxide (RGNO) is usually considered as one kind of chemically
derived graphene, just like Graphene Oxide (GO). However, very dangerous chemicals are used
for synthesis of RGNO. Specially, hydrazine hydrate used to form RGNO is highly toxic and
unstable. In this paper, a green strategy was reported for the synthesis of RGNO. To this aim,
firstly GO was prepared from natural graphite by Hummers method and then obtained GO was
reduced by vitamin C. Structural characterization results revealed that GO was successfully
reduced to RGNO. RGNO filled polyvinylchloride (PVC) composites were prepared by colloidal
blending method. The structural changes were observed in RGNO/PVC composites as a function
of RGNO loading and confirmed by FTIR, XRD and SEM analyses. These analyses indicated that
RGNO layers were fully exfoliated and well-dispersed in the PVC matrix.

Introduction

Graphene has recently attracted attention as inexpensive filler in composite materials that can be
used in a wide range of potential applications due to its excellent structural, mechanical, thermal,
and electrical properties [1, 2]. The most common method for producing graphene is chemical
reduction of graphene oxide (GO) [3]. However, negative aspect of the reduction process is the
high toxic nature of the reducing agents (hydrazine hydrate, di-methylhydrazine, hydroquinone,
sodium borohydride, metal hydrides) [4]. These agents are harmful to both humans and the
environment [5]. Specially, hydrazine hydrate is the widely used as reduction agent but it is highly
toxic and dangerously unstable [6]. Therefore, it is very important to find harmless and efficient
reducing agents to reduce GO [7]. Recently, nontoxic or natural products such as non-aromatic
amino acids [3], leaf extracts of natural products [4], ethylene glycol [6], sodium carbonate [8],
ascorbic acid [9], sugar [10], green tea [11] etc. that offer environmentally friendly approaches to
reduce GO have been developed [12]. PVC is a common thermoplastic as a host polymer matrix
for preparing polymeric composite materials because of its low cost and excellent chemical
stability and biocompatibility [13, 14]. But PVC has disadvantageous properties such as poor
processability, thermal stability and weatherability [15]. Recently, the improvement in thermal,
electrical and mechanical properties of PVC matrix with graphene derivatives has been reported in
many literatures [15 - 21]. However, there are no published data concerning the effect of the
different amounts of RGNO that prepared with Vitamin C on the properties of RGNO/PVC
composites. In the present study, we prepared RGNO filled PVC composites by a solution
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blending method and we are reporting a simple method of preparation of RGNO using Vitamin C.
The effect of RGNO on structural properties has been investigated. This research opens a new
route to fabricate composites with green synthesis of filler which can be a promising material for
many applications.

Material and Method

Graphite powder (GF), concentrated sulfuric acid (98 % - H,SO,), potassium permanganate
(KMnQy), hydrogen peroxide (30 % - H,0,) solution, hydrochloric acid (HCI) and Vitamin C
(L(+) - Ascorbic Acid) 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 (45um nominal particle size) by the Hummers method [22].
Graphite (1 g) was mixed with 69 mL of concentrated H,SO, and the mixture was stirred in an ice
bath for around 30 min. After homogeneous dispersion of the GF in the solution, KMnQO, (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 20°C. Then the ice bath was removed and the mixture was stirred
at 35°C overnight to form thickened paste. Afterward 70 mL of de-ionized water was added slowly
into the reaction solutions to avoid the reaction temperature rising to a limit of 98 °C. After 2
hours of vigorous stirring, 12 mL of 30 % H,0, was added and the color turned golden yellow
immediately. Finally, the mixture was then filtered and washed several times with 3 % HCI and DI
water until pH 7 and dried at 65°C for 12 hours to obtain GO powder.

To prepare RGNO, 0.5 g of GO was dispersed in 100 mL of DI water. pH of the GO
suspension was adjusted to ~10 by using ammonia solution. Then 0.75 g of Vitamin C was added
to the mixture and heated at 95°C for 12 hours. After that the mixture was filtered and the RGNO
was obtained as a black powder. This powder was washed with DI water several times.
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Fig. 1. Synthesis process of RGNO/PVC composites.

RGNO/PVC composites were prepared by a colloidal blending method. PVC (1 g) was first
dissolved in Tetrahydrofuran (THF) at 70 °C and was cooled to room temperature. RGNO powder
was separately dispersed in THF at 25°C. The two solutions were stirred for 2 hours at 60°C. The
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resulting homogeneous dispersion was poured into glass petri dish and kept in an oven at 60 °C for
slow evaporation of the solvent to get RGNO/PVC composite. The synthesis process of
RGNO/PVC composites is illustrated in Fig. 1. The RGNO content in the RGNO/PVC composite
was varied from 0.1 — 1 wt. % (Table 1).

Table 1. Ratios and codes of RGNO in the composites.

Samples RGNO Content (wt. %)
0.1-RGNO/PVC 0.1
0.3-RGNO/PVC 0.3
0.5-RGNO/PVC 0.5
1-RGNO/PVC 1

Structural analyses of the RGNO powders and composites were carried out by FTIR spectra
(Spectrum 100, Perkin Elmer) in the range of 4000-400 cm ™' and X-Ray Diffraction (XRD, PAN
analytical, Empyrean) in the range of 5 — 40°. The surface morphology was examined by a
Scanning Electron Microscopy (SEM, Supra 40VP, Zeiss). EDS analyses were performed on the
same instrument.

Results and Discussion

FTIR spectra for GO, RGNO, neat PVC and RGNO/PVC composites were presented in Fig. 2.
Fig. 2 showed the stretching of hydroxyl group at 3214 cm ', the C=0O carbonyl stretching at
1720 cm™', and the C-O epoxide group stretching at 1160 and 1040 cm™' [6, 8]. These results
suggested that the GO sample was oxidized and presented mainly oxygen-containing functional
groups. After the reduction reaction, no obvious peak could be observed, which means that
successful reduction of GO into RGNO [11].
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Fig. 2. FTIR spectra of GO, RGNO and RGNO/PVC composites.
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Characteristic peaks of carbon-oxygen functional groups of RGNO were just very weak. For
neat PVC and the RGNO/PVC composites, the characteristic C-H in phase and out of phase
stretching vibrations bands can be observed at 2911 cm™ and 2859 cm™, respectively. The peaks at
1426, 1252, 956, 834, 611 cm™ in the FTIR spectra of neat PVC and RGNO/PVC composites
were attributed to the CH, deformation, CH-rocking, trans CH wagging, C-ClI stretching and cis
CH wagging vibration, respectively [18, 23]. As seen from Fig. 2, FTIR spectra of RGNO/PVC
composites showed a decrease in the intensities of the peaks with increase of RGNO loading
content. This result indicated that RGNO prevented intermolecular vibrations with increase of
RGNO loading content.

Fig. 3 showed XRD patterns of the GF and prepared GO and RGNO powders whereas Table 2
showed 26 values and d-spacing data of the same materials.

Table 2. 20 values and d spacing data obtained from XRD results.

Samples 20° | d(nm)

GF 26,4 | 0,337

GO 9,95 | 0,888

The crystalline GF had a strong characteristic peak at 26=26.4°. The corresponding interlayer
distance was observed to be 0.337 nm. Fig. 3 exhibited a sharp peak at 9.95° corresponding to the
(002) plane of GO and inter planner spacing of 0.888 nm, which confirms the successful
preparation of GO from graphite powder by the modified Hummers method [6]. The increase in
the interlayer distance from 0.337 nm to 0.888 nm was due to oxygen-containing functional
groups intercalated within the layered structure (Table 1) [24]. For RGNO in Fig. 3, the diffraction
peak at 9.95° has disappeared, indicating the complete reduction of GO to RGNO by Vitamin C
and a broad peak appears at 24.04°. This indicated that the GO is completely exfoliated to a single
layer of graphene [25, 26]. The XRD patterns of all RGNO/PVC composites were shown in Fig. 4
and no peak was seen for any of the RGNO-containing composites. XRD analysis result
demonstrated that the amorphous structure of the PVC was maintained.
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Fig. 3. X-ray diffraction patterns of GF, GO and RGNO powders.
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Fig. 5 presented the micrographs of GO and RGNO powders. It could be seen clearly from the
SEM image of Fig. 5 a that the morphology of GO appeared as a randomly aggregated [27, 28].
As shown in Fig. 5b, the SEM image of the RGNO showed that wrinkle-like structure due to the
rapid removal of oxygen containing functional groups in GO (hydroxyl, carbonyl and epoxy
groups) [25]. According to EDS results of the GO and RGNO, oxygen content decreased from
46.78 atom % to 24.03 atom % (Table 3) which indicated successful reduction of GO.
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Fig. 4. X-ray diffraction patterns of RGNO and RGNO/PVC composites.

Fig. 5. SEM images of (a) GO, (b) RGNO (magnification 20.000 KX).

Table 3. EDS results of GO and RGNO

Samples Oxygen Content (atom %o)
GO 46.78
RGNO 24.03
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Fig. 6 showed the surface morphologies of the neat PVC and RGNO/ PVC composites. When
compared to the straight surface of neat P\VC shown in Fig. 6a, the PVC composite with 0.1 wt. %
RGNO showed irregular and bumpy with a rough surface (Fig. 6b). The SEM image of the PVC
composite with 0.3 wt. % RGNO showed that compact and highly porous (Fig. 6¢). The PVC
composite with 0.5 wt. % RGNO exhibited slightly lower porosity (Fig. 6d) owing to polymer
growing in the pores and galleries of RGNO [17]. From the SEM image of the PVC composite
with 1 wt. % RGNO (Fig. 6e), it could be seen that the porosity increased as the large-grained. It is
evident that the RGNO led to porosity in the PVC matrix. The same structure was also observed
previously study [29].

Fig. 6. SEM images of (a) Neat PVC, (b) 0.1-RGNO/PVC, (c) 0.3-RGNO/PVC, (d) 0.5-
RGNO/PVC, (e) 1-RGNO/PVC (magnification 40.000 KX)
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Conclusion

In this study, the structural changes were observed in PVC composites with 0.1, 0.3, 0.5 and 1 wt.
% RGNO. To this aim, firstly, GO was prepared from GF by Hummers method and then obtained
GO reduced to RGNO with Vitamin C. FTIR, XRD and EDS results showed that GO and RGNO
were successfully synthesized and SEM images proved their characteristic structures. RGNO/PVC
composites with dispersion in THF had been synthesized by colloidal blending method. No
changes were observed in XRD patterns, but FTIR spectra of RGNO/PVC composites showed a
decrease in the intensities of the peaks with an increase of RGNO loading content. XRD and FTIR
results of all composites indicated the RGNO layers well-dispersed in the PVC matrix. All
composites had a different morphological structure when compared with the neat PVC. The SEM
images confirmed the presence of PVC filling the pores and galleries of RGNO in the composites.
All results of this study revealed that the structural changes of the RGNO/PVC composites must
had influenced their thermal and mechanical properties. Therefore, these properties of these
composites will be examined in a future work.
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