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Abstract. Graphene is a focus for its excellent properties. The high efficient low cost
preparations of high pure Graphene are bottlenecks in Graphene application field. This paper
reports a modified mechanical milling high pure Graphene preparation method. The method
has the characteristics of less cost and can scale-production. The XRD, TEM and TG/DTA are
used to character the properties, especially the thermal properties of Graphene prepared by the
method.

1. Introduction

Carbon materials are well-known for their superior properties. A single layer of graphite (also called
Graphene) is one of the focus materials of this type of material [1]. Graphene is the basic unit for
forming two-dimensional carbon materials. With a single layer of graphite, we can get graphite, 0-
dimensional fullerenes, 1-dimensional carbon nanotubes and so on. In recent years, two-dimensional
materials have attracted more and more attentions, mainly because of their potential applications [2].
Graphite has many unique characteristics and distinctive properties because of its unique and stable
crystal structure [3,4]. These rich and unique phenomenon arouse the world research and development
community wide interests [5]. Graphene not only has excellent electrical properties, outstanding
thermal conductivity (up to 5000 wm™k™), extraordinary specific surface area (2630 m?g), ultra-high
carrier mobility at room temperature (over 15000 cm?/V/s , the theoretical value is more than 1 million
cm?/Vs) [6], its young's modulus and fracture strength can also be equivalent to carbon nanotubes.
Hence, Graphene has a broad application prospect in such aspects as flexible materials, photoelectric
materials, semiconductor materials, electronic information materials, drug carriers, etc [7,8].

In 2004, Geim et al. prepared stable monolayers Graphene using a method called
mechanicstripping at the University of Manchester [9]. Since 2004, the researches on Graphene
become hot topic. The researches mainly focus on the Graphene preparation and application
performance [10]. At present, there are many methods to prepare Graphene, and we can divide them
into physical and chemical methods. Among them, the physical methods mainly include mechanical
exfoliation method, liquid phase stripping method [11], ball-milling method, and so on. The chemical
methods mainly include epitaxial growth method [12,13], oxidation-reduction method [14], chemical
vapor deposition method [15,16], electric arc synthesis, in situ self-generated template method, etc. In
comparison, the preparation process of Graphene by mechanical ball mill is simple, with low cost.
However, there is no ideal method for preparing high-quality Graphene at low cost [17]. Therefore, the
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low cost produce method of high quality Graphene becomes a bottleneck in Graphene researches and
application fields [18,19]. In this paper, we report a modified low cost mechanical milling method for
preparing high pure Graphene and character the XRD, TEM and thermal properties of Graphene
prepared by the method.

2. Experimental

2.1. Materials

The raw materials were natural graphite powder (analytical-grade, purchased from market), deionized
water and some certain agents. All agents used in this work were analytical-grade reagents (A.R.) and
purchased from Sinopharm Chemical Reagent Co., Ltd.

2.2. Synthesis

The process of preparing Graphene by our modified ball milling method is shown in Figurel. Firstly,
the raw materials are pretreated, and then the processed raw materials and functional agents are mixed
and added to a mechanical ball mill. After been grinded in a mechanical mill for the definitely time at
the setting speed, samples are taken out and purified to high pure Graphene.
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Figure 1. Schematic Diagram of Experimental Process

2.3. Characterizations

X-ray diffraction data were obtained by X-ray diffractometer (Shimazu XRD-6100 Lab, Japan, CuKal)
with the scanning speed 2°/min and step 0.02° in the range of (26=20°-70°) at room temperature.
Transmission electron microscopy images were obtained using TEM (Tecnai G2 20 S-Twin). The
thermal performance was performed by the EXSTAR6000 TG/DTA synchronous thermal analyzer
(Japan) with the heating speed 5°/min and step 0.02° in the range from 50°C to 1000°C.

3. Results and Discussion
Figure 2 shows the Graphene samples (the content about 2.0% (Wt.)) produced by our modified ball
milling method. The samples are visible light perspective. In order to enhance the stability and prevent
the secondary lamination, the Graphene pretreated by functional agents are dispersed in liquid (in this
research, we use water). The content of Graphene produced by our method can rich to 5.0% (Wt.).
Figure 3 shows the XRD patterns of raw materials (untreated graphite) and our Graphene samples.
For the original graphite, there is a strong sharp diffraction peak at 26.5°, and the corresponding layer
spacing is 0.34 nm. Because the samples using in XRD characterization are accumulations of
Graphene flakes (as shown in figure 4), the XRD strength of our Graphene samples is very slight, the
diffraction peak is wide peak around 23.5° (as shown in the figure), and the corresponding layer
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spacing is about 0.38 nm. The XRD patterns and the increase of layer spacing indicate that most of the
graphite is mechanical stripping into a few layered Graphene flakes by ball milling.

Figure 2. Graphene Produced by Modified Ball Milling Method (the Content about 2.0% (Wt.))

Figure 4 is TEM photographs of Graphene prepared by our modified ball milling method. The
Graphene are two-dimensional flakes accumulated together. We can clearly see the number of layers
of Graphene flakes, and most of them are below 5 layers.
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Figure 3. XRD Patterns of Untreated Raw Materials (a) and Graphene (b)

Figure 5 shows the DTG characterization results of Graphene and pretreated raw materials
(graphite). The line (A) represents the pretreated raw material and the line (B) is Graphene. It can be
seen from the figure that the pretreated graphite raw material has a good heat resistance before 500°C
(though the untreated graphite has thermal stability to over 1000°C, as all known), and when the
temperature is higher than 500°C, the pretreated graphite raw material begins to decompose. The
Graphene sample has a peak at a temperature below 90°C, where the weight loss is the evaporation of
the adsorbed water in the sample. There is a peak between 250°C and 400°C, and the peak is 350°C,
which is the decomposition of Graphene. After 400°C, the Graphene is broken down, so there is no
weightlessness. This means the Graphene produced by our modified ball milling method should be
applied under 250°C.
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Figure 4. TEM Images of Graphene Figure 5. The DTG Curves of Graphene

and Pre-treated Raw Materials

4. Conclusions

In this paper, few-layer Graphene were prepared by a simple low cost modified ball milling method.
The Grapheme is less than 5 layers. The Graphene has stable thermal properties under 250°C. The
Graphene and its preparation method should have great potential application.
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