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Abstract. This research studied the synthesis of graphite oxide and reduced graphite oxide via
a low- cost manufacturing method. The process started with the chemical oxidation of
commercial graphite powder into graphite oxide by Staudenmaier’s method, followed by the
chemical reduction of graphite oxide in ammonium hydroxide vapor. Subsequently, graphite
oxide and reduced graphite oxide were assembled into a thin film, and microscale liquid
droplets were placed into the film surface for measurement of wettability and contact angle. It
is found that a graphite oxide sheet is hydrophilic while a reduced graphite oxide is
hydrophobic with a contact angle equal to 120°C and 53°C respectively.

1. Introduction

The discovery of two-dimensional graphene by Novoselov and his coworker in 2004, has attracted a
lot of research attention due to its excellent thermal, mechanical and electrical properties [1]. Reduced
graphite oxide is a sp>-hybridized carbon monolayer that has a great deal of interest in recent years
owing to its fundamental electronic and mechanical properties [1,2]. One of the greatest challenges in
the large-scale production of rGO is seeking for the economical and environmentally friendly route.
Up to date, several techniques have been employed for the synthesis of graphene. Amongst these
several techniques, the oxidation, and reduction of graphite have been identified as one of the most
attractive and cost-effective routes for the large-scale production of GO and rGO papers [8]. The
reduction of graphite oxide (GO) is a vast field of study [3] by itself. Up to date, several techniques
have been employed for the synthesis of reduced graphite oxide (rGO). Amongst these several
techniques, the oxidation, and reduction of graphite have been identified as one of the most attractive
and cost-effective routes for the large-scale production of GO and rGO papers. However, rGO can be
produced from GO via chemical reduction method under a mild temperature [29, 30]. This process is
accompanied by the release of gases during chemical reduction of GO which aid in the formation of a
compact GO layered films as well as a porous graphene structures. In order to prevent re-staking of
converting the graphene sheets produced via chemical reduction, Yang et al. applied water as an
effective spacing agent [31]. The synthesis of rGO through chemical reduction method has been
performed using various reducing agent such as hydrazine [4], hydriodic acid (HI) [5], vitamin C [6],
sodium boron hydride (NaBH,) [7, 8], hydroquinone [9], Nascent Hydrogen [10], alumina powder
[11], sodium bisulfite [12], and diethylaminosulfur (DAST) [13] with focus on two-dimensional (2D)
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constructs. RGO could be produced also by a thermal modification of GO [14]. Presently, the
synthesis of three-dimensional (3D) rGO based structures has been the main focal point of active
research in material science [15].

Therefore, focus of this study is to investigate the synthesis of a 3D rGO papers using a cost effective
and environmental friendly techniques by using ammonia solution as a reducing agent, and identified
its physical properties.

2. Experimental Section

To perform the reduction process of GO which prepared by modified Staudenmaier’s method based on
that described by [16], to rGO, GO was placed in a cellulose extraction thimble, and was exposed to
Ammonia solution (30%) that was heated @ 90°C. The process was conducted for 10 hr. Here, the GO
powder had a direct contact with the vapor of the ammonia solution only. The reduced GO was
allowed to cool for about 15 minutes. The suspension obtained from the preparation via the dispersion
of rGO in 100 ml of DI water was filtered using vacuum assisted unit equipped with an MCE
membrane filter. The filtered sample was allowed to dry on the membrane for 24 h. The peeled off
sheet was characterized as required.

3. Results & Discussions

3.1 Physical observation of the liquids

It is to be noted that during the oxidation process of graphite in a modified Staudenmaier method,
graphite underwent a significant change in its physical properties. To illustrate, Fig. 1 shows the
excellent dispersions of GO in water compared to that of graphite particles. Graphite particles settled
down at the bottom of the flask in less than 10 minutes, whilst the changes in bond configurations in
GO allowed water intercalation making them highly hydrophilic and thus dispersed well in the water.
Fig 1(a) shows homogenous dispersion of GO in DI water. This phenomenon indicates strong
hydrophilic nature of the particles due to the presence of negative charge on the surface. Similar
scenario was described by [17] on their GO product. However, when the graphite oxide was reduced
in ammonia, black precipitates were formed as shown in Fig 1(b). This is a typical hydrophobic
characteristic of rGO with less polar functionality on the surface of the sheets, compared to that of GO
based on those described by [18]; and [19].

2 ' rpi
Graphite

e Graphi

LG d—

Figure 1. Solubility of graphite and GO in water (a) Graphite and GO in water (b) Graphite and GO in
water after 10 minutes.

3.2 The Physical Observation of the Prepared Paper

The ideal product of rGO paper should be a metallic look black thin membrane with mirror smooth
surface. Chen ; described similar appearance of their rGO product [20]. Also, compared to GO paper,
rGO paper did not have aggregated carbon particles on the surface [20]. Fig. 2(c), shows the rough
surface of GO film due to the formation of particles aggregates on the surface of GO paper. The
reduced films, on the other hand, have a metallic look [21]. In addition, the obtained freestanding rGO
paper is uniform, dark brown under white light and almost black for thick samples as that displayed in
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Fig. 2(e). In addition, is the sheet was also flexible and can be rolled as shown in Fig. 2(f). However, it
is impossible to re-disperse the rGO once dried.

Figure 2. Physical properties of the obtained rGO (a) GO dispersion, (b) rGO dispersion, (¢) GO film
(d) wet rGO paper, (e) rGO paper and (f) flexible rGO paper

3.3 Ultraviolet — Visible (UV-Vis) Spectroscopy

GO absorption spectrum is characterized by two bands assessed to n-n* (C=C) and n-n* (C=0)
transitions. During the oxidation of graphite, oxygen attached to the graphite layers and thereby
increased the polarity of the layers which in turn increased their solubility in water [22].

Fig. 3 shows the UV-Vis absorption spectrum of GO and rGO sample. The image was focused only
between 200 to 500 nm. The rest of the area follows the same trends up to 800 nm but does not bring
any other useful information. The absorption peaks showed maximum absorption around 229 nm and
a shoulder band around 300 nm, which is consistent with findings reported by Kuchlyan et al. [23];
and Marcano et al.,[24]. The removal of large amount of oxygenated functional groups in rGO results
in the transfer of electrons between n-n conjugations. When the electron is transferred between n-n*
conjugation more energy will be absorbed as compared to n-n*conjugations. Therefore, the shift was
observed for rGO as some of the conjugated C=C bonds were restored due to the reduction process
[25].

When GO was reduced, the absorption band assigned of GO at 229 nm, had been shifted to a higher
wavelength to 261 nm for rGO sample and the shoulder band disappeared. This can be attributed to the
removal of oxygen atoms that were attached of the oxygen functional groups and an increase in
aromatic rings. All of these factor caused electrons to be easily excited at a lower energy level
[26].The color of the solution was also changed from dark brownish to black due to the reduction
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process this feature was consistent with that described in literature [19]. These indicate that a
substantial reduction of graphite oxide had been taken place.
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Figure 3. UV absorption spectra of GO, & rGO from 200 nm to 550nm

3.4 Wettability of Reduced Graphite Oxide Paper

GO, and chemically reduced GO, were assembled into a thin film by the filtration process as described
in the literature [27], [28].The wettability of the GO and rGO paper were tested by measuring its static
contact angle with water. GO film was made from oxidized and intercalated graphite. The
measurement indicated that the static contact angle is 53.0° (< 90°) as illustrated in Fig. 4 (a). Hence,
GO shows a good hydrophilic property. Meaning that the GO surface was grafted with hydroxyl and
epoxy groups. The presence of the polar groups altered the graphite properties from hydrophobic to
hydrophilic. After a chemical reduction of GO by ammonia, hydroxyl and epoxy groups were
eliminated. This is in agreement with the findings reported in literature on work reduction of a
colloidal suspension of exfoliated graphene oxide sheets in water with hydrazine hydrate [18], [17].
The experimental results indicated that the contact angle is 120.0° as shown in Fig. 4(b). It is
interesting to note that this contact angle is larger than that of graphite film and water as mentioned by
Wang et al., [27]; and Mukherjee et al., [29]. The static contact angle for graphite film and water is
98°and is attributed to the presence of carbon atoms without any polarity which also demonstrates the
hydrophobic properties of graphite.
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Figure 4. A water droplet on the flat of (a) graphite oxide paper and (b) reduced graphite oxide paper
to measure the contact angle.
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4. Conclusions

The objective of this research is to describe a simple synthetic route for the preparation of reduced
graphite oxide (rGO) papers from graphite oxide (GO) using ammonia solution by contact with vapor
phase. The wettability and the contact angles of the prepared paper were measured. It was found that a
graphite oxide sheet is hydrophilic whilst the reduced graphite paper is hydrophobic with a contact
angle about 120°. In summary, a simple low temperature process that utilized a less toxic material, i.e.
Ammonia, had been developed and proved to be successfully reduced the GO and modified its
properties.
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