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Abstract. Hydrothermal preparation of expandable graphite, which is mixing natural flake graphite , 
oxidant and intercalating agent to hydrothermal reaction. Hydrothermal could improve the 
oxidicability and intercalating ability of oxidant and intercalate agent, ensuring the smooth progress 
of the oxide-intercalated reaction and reducing the phenomenon of ‘micro-expansion’ of 
expandable graphite. This essay made oxide-intercalated of natural flake graphite by hydrothermal 
to preparation of expandable graphite, examining the dosage of oxidant and intercalating agent, 
reaction time, reaction temperature and drying time in influence on the preparation of expandable 
graphite. 

Introduction  
Expandable graphite after high temperature treatment produced expanded graphite which with 

lubrication, high conductivity, good machining performance, adsorption and catalytic performance, 
sealing performance, flame retardant performance, and many other excellent performance, it has a 
wide application in industry[1-2]. Expandable graphite mainly has two kinds of preparation 
methods: chemical oxidation and electrochemical oxidation, and the chemical oxidation method is 
the most mature and in industrial application[3-6]. In the process of chemical oxidation, 
intercalating agent and oxidant’s unreasonable choice, or too long reaction time can cause graphite 
peroxide phenomenon. The crystal structure of ’micro-expanded’ expandable graphite was severely 
damaged with long time of expansible graphite oxidation, which then leads to the loose of graphite 
volume, product particle size will be smaller compared with raw graphite. This phenomenon 
becomes more severe with rise as oxidant of oxidizing and the extension of reaction time, which 
seriously influences the product of the expansion ratio and actual application.  

Hydrothermal preparation of expandable graphite is mixed with natural flake graphite materials, 
oxidant, intercalating agent evenly, and put into high-pressure reaction kettle with teflon neck buch, 
with a suitable reaction temperature environment[7]. At the same time of high temperature reaction, 
it provides a suitable pressure for the system. In this way, it not only improved the oxidicability and 
intercalating ability of oxidant and intercalate agent, but also ensured the smooth progress of the 
oxide-intercalated reaction; and meanwhile in the case of various technological parameter’s equal, 
the ‘micro-expansion’ degree of expandable graphite by hydrothermal has the phenomenon of 
obvious decrease. 

This paper made oxide-intercalated of natural flake graphite by hydrothermal to preparation of 
expandable graphite, examining the dosage of oxidant and intercalating agent, reaction time, 
reaction temperature and drying time , and the influence on the preparation of expandable graphite. 
Through the single factor experiment method to study the influence factors on the impact of 
expandable graphite expansion ratio, optimizing the process parameters , then we determine the 
optimal experiment scheme. 

International Conference on Material Science and Application (ICMSA 2015)

© 2015. The authors - Published by Atlantis Press 372



Experiments  
Materials 

Nature graphite were 100 mush which purchasd from Xinshun Graphite Ltd. Co. The graphite 
were purified by acid-alkali method, the carbon content were 99.93%. Other reagents were of 
analytical grade and were used without further purification.  

Preparation of Expendable Graphite 
The typical experiment as 3 g graphite were mixed with 7 ml concentrated sulfuric acid, adding 

different amount of hydrogen peroxide, after stirred 10 min were put into high-pressure reaction kettle 
with teflon neck buch and pass on to over with different temperature for hydrothermal. After a certain 
reaction time, the kettle was cooling to room temperature, collected the production by filter and 
washed by deionized water to the pH value was neutral. The samples were dried at 60 oC in oven last 
6 h. The traditional chemical method to prepare expendable graphite was as literature[8]. 

Characterization 
Expansion volume test was take as accurately according to 1.000 g of expandable graphite, put in 

quartz glass with scale and put into muffle furnace at 1000 oC for 30 seconds, read the volume of 
the sample after expansion[9]. The morphology of sample was examined by scanning 
electromicroscope (SEM, JSE-6301F, JEOL). 

Results and Discussion 
H2O2 Dosage Influence on Expansion Volume 

For examine the H2O2 dosage influence on expansion volume, we take graphite 3 g graphite mixing 8 ml 
of concentrated sulfuric acid, and adding different amount of hydrogen peroxide to preparation expendable 
graphite, reaction temperature is 80 oC and reaction time 40 min, the results are shown in Fig.1. 
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Fig. 1 The H2O2 dosage influence on expansion volume 

Along with the increase of hydrogen peroxide dosage, the preparation of the expansion volume of 
expansible graphite also increase, when the dosage of hydrogen peroxide was 0.4 mL, as to achieve 
the maximum of expansion volume 140 ml/g, continue to increase the dosage of hydrogen peroxide, 
expansion volume tends to be stable, no longer increases.Too much hydrogen peroxide will make 
expandable graphite peroxide occur, affecting its performance, therefore, after the comprehensive 
consideration on the whole experiment, selected 0.4 ml for the experiments the optimum dosage of 
hydrogen peroxide. 

H2SO4 Dosage Influence on Expansion Volume 
Take 3 g of graphite and hydrogen peroxide 0.4 ml, adding different amount of sulfuric acid, 

reaction under 80 oC for 40 min to rescarch the influence of the dosage of sulfuric acid on 
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expansion volume, the results are shown in Fig. 2. From Fig.2 we can see that the effect of dosage 
of H2SO4 on expansion volume is not large, with the increase of dosage of H2SO4, expansion 
volume is not much change. Continue to increase the dosage of H2SO4beyond 7 ml, expansion 
volume increases no longer, but has a tendency to reduce.Excessive dosage of H2SO4 without 
increasing volume expansion, at the same time also can make the product introduced a lot of sulfur, 
reduce the use of performance of the products. 
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Fig.2 The H2SO4 dosage influence on expansion volume 

Reaction Temperature Influence on Expansion Volume 

3 g graphite, 0.4 ml H2O2, 7 ml H2SO4 and reaction time is 40 min were taken to study the 
effect of reaction temperature on expansion volume and the results are shown in Fig. 3. The Fig.3 
shows that, the expansion volume of 160 ml/g when the reaction temperature at 100 oC. Continue to 
rise reaction temperature, expansion volume fluctuate and change is not big. Therefore selected 100 
oC for optimum reaction temperature. 
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Fig.3 The temperature influence on expansion volume 

Reaction Time Influence on Expansion Volume 
3 g graphite, 7 ml H2SO4 and 0.4 ml H2O2 were reaction of different time under 100 oC to study 

the effect of reaction time on expansion volume, the result is shown in table 1. The expansion 
volume was achieve 160 ml/g when reaction time was 60 min, and it was the optimal reaction time.  

Tab. 3-3 The effect of reaction time on expansion volume 

Reaction time（m in） 20 40 60 80 100 120 140 
expansion volume(ml/g) 120 140 160 160 150 120 130 
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The Morphology of Expandable Graphite 
The Fig.4 shows the morphology of nature graphite and expandable graphite. The nature graphite 

(a) was layers structure and the structure was integrated without oxide-intercalated reaction. (b) was 
the ‘micro-expansion’ expandable graphite, the edge of graphite was peroxide and has been slightly 
raised.  

 

Fig.4 The morphology of nature graphite and expandable graphite. Nature graphite (a), 
“micro-expansion” expandable graphite (b), expansion graphite of hydrothermal method (c) 

 and traditional chemical preparation method (d). 

Fig.4(c) and (d) were expansion graphite of hydrothermal method and traditional chemical 
preparation method, respectively. It can be seen that the use of traditional oxidation method of 
expanded graphite, graphite crystal structure has been severely damaged, preparation of expanded 
graphite has lost its integrity, there is no ‘worm’ structure, but to make structural spread out. This 
kind of phenomenon is also related to the size of the flake graphite, this thesis used 100 mush small 
flake graphite as raw materials, due to the relatively small size of graphite and poor structural 
integrity, thus expansion volume is not high. And the structure of adopt hydrothermal preparation of 
expanded graphite was relatively complete, still can see the ‘worm’ structure, but expansion of 
expanded graphite were insufficient and flake graphite layer was not entirely, the layers of graphite 
was not completely “out” by high temperature steam completely “out”, this showed that the 
hydrothermal method to continue to study.  

Conclusion 
The expandable graphite were prepared by hydrothermal, the optimum parameters were: 0.4 ml 

of H2O2, 7 ml H2SO4, the hydrothermal temperature is 100 oC and hydrothermal time is 60 min. 
The expansion volume achieve 160 ml/g. Compared the traditional chemical method, the 
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expandable graphite prepared by hydrothermal has reduced the dosage of H2O2 and H2SO4, 
decreased the peroxide of praphite, and obtain integrated ‘worm’ structure expansion graphite.   
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