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Abstract Reduced graphene oxide (RGO) has been

extensively investigated in past reports. The reduced

approaches are greatly important for RGO sheets applied in

electrical, optical and electrochemical fields. This article

supplies a facile route to prepare RGO sheets and we

carefully investigates the structures and electrical proper-

ties of these RGO sheets. It is believed that the well-de-

fined RGO sheets are effectively prepared by thermal

treatment at 200 �C for 2 h. We think this approach is very

valuable for the applications of RGO sheets.

1 Introduction

Reduced graphene oxide (RGO) is considered as an ideal

two dimensional reinforcement in graphene based com-

posites and electric devices owing to the excellent physical

properties [1, 2]. Thermal reduction is an important

approach to large-scalely prepare the RGO sheets and

suspensions. In particular, the thermal reduction under the

lower temperature and milder environment is thought as a

most promising and valuable approach to prepare the RGO

composites [3–6]. To further understand the thermal

reduction, researchers have studied the exfoliation and

structural evolution of GO sheets in different temperatures

and reduced conditions [7, 8]. Microwave also is consider

as an effective assistance to prepare the RGO suspensions

in some solvents [9]. A facile method is reported to prepare

RGO powders under the low-temperature and reducing

agents [10, 11]. However, the well-dispersed RGO sus-

pensions without any additive agents are still hard to pre-

pared in the above approaches, due to the worse dispersity

of RGO sheets in most solvents.

In this work, we would develop a facile two-steps

approach to prepare the RGO suspensions in de-ionic water

with the good dispersity. Thermal reaction conditions of

GO sheets are qualitatively determined by the thermal

analysis data. The structures, dispersity and reduced effects

of GO sheets were investigated by Fourier transform

infrared spectroscopy (FT-IR), Raman spectra and trans-

mission electron microscope (TEM). Finally, the electrical

properties of as-prepared RGO sheets are carefully mea-

sured by the in situ current voltage (I–V) testing. These

RGO sheets could be intensively applied in many fields,

such as electric devices, energy storage and functional

composites.

2 Experimental section

Graphite oxide was firstly prepared by a modified Hum-

mers method using the natural graphite (Qingdao Graphite

Materials Co., Ltd) as original material. Graphene oxide

(GO) suspensions in de-ionic water were prepared by

sonication [12]. Then, GO powders could be obtained by a

vacuum filtration and drying in 60 �C for 24 h. In order to
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prepared RGO sheets, the low-temperature thermal treat-

ment was carried out in a vacuum furnace at 200 �C for

2 h. Finally, the well-dispersed RGO suspensions in de-

ionic water were prepared by sonicating these RGO sheets.

Thermogravimetric (TG) and differential thermal anal-

ysis (DTA) was measured by a ZRY-2P device (Shanghai

Instrument Company) in the temperature range from 25 to

800 �C. Micrographs and dispersity were observed by a

transmission electron microscope (H-7650, Hitachi) with

an accelerating voltage of 100 kV. Samples were obtained

by naturally drying a drop RGO suspension onto a copper

grid. FT-IR was measured by an infrared spectrometer

(AVADAR 360, Nicolet). UV–Vis spectra were measured

by a UV–Vis absorption spectrometer (S-4800, Hitachi).

Raman spectra were measured using a Raman spectrometer

(LabRam-1B, Dilor). The in situ current voltage (I–V)

function was evaluated using a Keithley 2400 combined

with a real-time temperature output device.

3 Results and discussion

Figure 1 shows the schematic diagram of reduction and

preparation processes of RGO suspensions. These pro-

cesses are constituted with two steps. In first, the GO

powder is prepared by the vacuum filtration and drying

process to obtain the better thermal reactivity. The reduc-

tion process of GO powder could be accomplished under-

gone the vacuum thermal treatment at 200 �C for 2 h. And

the RGO suspensions would be easily prepared by the

sonication of as-prepared RGO sheets in de-ionic water for

1 h. The digital photograph of RGO suspension obviously

exhibits that this RGO suspension is a semi-transparent

solution with the good dispersity.

In order to understand this thermal reaction process, Fig. 2

shows the thermal analysis (TG–DTA) curves of GO and

RGO sheets under the air atmosphere. Two obvious steps of

weight loss are presented in this heating process [13]. First

step indicates an exothermic peak located at 185 �C (in

Fig. 2b) where thermal reduction of GO sheets was occurred.

The weight loss in this process was near to 27.3 %, which

mainly produced the gas molecules (CO or CO2) and escaped

from the surfaces of GO sheets [14]. Second step exhibits the

obvious weight loss, owing to the oxidation reaction of GO

and RGO sheets in higher temperature than 500 �C. Fur-

thermore, the oxidation temperature of RGO sheets is also

lower than that of GO sheets, which could be caused by the

more porosity and surface defects in the RGO sheets [15].

Figure 3 shows the TEM micrographs of GO and RGO

sheets in de-ionic water. Micro-structures of GO sheets (in

Fig. 3a, b) display the well-defined platelets with a average

width size of 1.5 lm. The surfaces on these GO sheets are

presented many obvious folds, due to interlayer spacing

changes of graphene sheets by the chemical oxidation [16].

During the thermal reduction process, the surfaces on the

RGO sheets could be formed more micro-structures and

aggregates of RGO sheets, such as the folds and crimps. A

lot of incompact structures are present in the sample of

RGO sheets. Thus, the good dispersity of GO sheets in de-

ionic water is also preserved in the RGO sheets.
Fig. 1 Schematic diagram of RGO suspension prepared by the low-

temperature thermal treatment

Fig. 2 a TG and b DTA curves

of GO and RGO sheets under

the air atmosphere
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Fig. 3 TEM micrographs of a,

b GO and c, d RGO sheets

dispersed in de-ionic water,

where b is the magnified part of

a and d is the magnified part of

(c)

Fig. 4 a Raman spectra, b UV–

vis spectra and c FT-IR spectra

of GO and RGO samples,

d in situ I–V curves with

different temperature of GO

sheets under air atmosphere
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Figure 4a shows the Raman spectra of GO and RGO

samples. The typical D band and G band are obviously

existed in these samples [17]. Moreover, 2D band of the

RGO sample is more obvious than that of the GO sample. It

is also confirmed that the as-prepared RGO sample is well

agreement with RGO sheets. Figure 4b shows the UV–Vis

spectra of GO sheets before and after thermal treatment.

The absorption spectrum of RGO sample presents a

remarkable absorption peak at 223 nm, which is corre-

sponding with the feature peak of RGO sheets [18]. Herein,

it is determined that the GO sheets have been considerably

reduced under the low-temperature thermal treatment.

The chemical structures of GO sheets before and after

thermal reduction were also investigated by FT-IR spectra

(in Fig. 4c). The oxygen functional groups in RGO sheets

are less than before the thermal reduction. It is believed that

the C=O and epoxy groups are the high active constitutional

units, which could occur the adaptable reorganization

reactions during thermal treatment [19]. Therefore, it indi-

cates that the thermal reduction of GO sheets is a de-oxygen

process, which is very different to the chemical reduction

with reducing agents. Furthermore, the as-produced RGO

sheets could possess the outstanding electrical properties.

Figure 4d shows the in situ I–V relationship curve with

different temperature in the thermal treatment process. It

presents the partly irreversible reduction between the oxide

state and reduced state of RGO sheets [20]. The conduc-

tivity of RGO sample is improved with a 103 times than

before reduction. In this reduction process, the RGO sheets

possess the more integrative p-p interaction between the

different carbon hexagonal structures than GO sheets,

which could significantly improve the conductivity of RGO

sheets [21, 22]. It is confirmed that the high effective

thermal reduction temperature of GO sheets are not more

than 200 �C.

4 Conclusions

In summary, the RGO sheets are successfully reduced by a

low-temperature thermal treatment of GO sheets at 200 �C
for 2 h. The micro-structures of RGO sheets are investi-

gated and we confirm that the most of GO sheets have

transformed to RGO sheets. According to TEM micro-

graphs, the good dispersity of RGO sheets in de-ionic water

is clearly observed, which could improve the properties and

applications of RGO sheets. The conductivity of RGO

sheets displays an enhancement of 103 times more than GO

sheets, which is valuable in the electrical properties of

electrodes, electric materials and functional composites.
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