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Property Comparison of Porous Graphite Nanopowders Prepared by
Detonation Splitting Technique with Different Acid Content

SUN Gui-Lei"*, LI Xiao-Jie* s YAN Hong-Hao® , WANG Xiao-Hong”,JIANG De-An*

(1. China Institute of Industrial Relations ,Beijing 100037 ,China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment ,Department of

Engineering Mechanics s Dalian University of Technology sDalian 116023 ,China)

Abstract: N, adsorption/desorption isotherms and pore diameter distribution of the porous graphite
nanopowders, prepared by detonation splitting technique with different acid content in raw materials, were
analyzed using Brunauer-Emmet-Teller(BET) equation and Barrett-Joyner-Halenda(BJH) method. The results
indicate that there exists hysteresis phenomenon in the product isotherms and the corresponding BET surface
area is 5. 3~9. 2 times of the natural flake graphite which is increasing with the acid content in raw materials.
The difference of the BET surface area among the detonation soot is mainly caused by the pore of which
diameter distributes between 3 nm and 7 nm. Moreover, the amount of the pore size at about 4 nm arrived at the
maximum after detonation. In addition, the research provides sorption capacity information for application and

at the same time it also proves that acid has perfect impact on preparing graphite nanopowders.
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1 Introduction

Graphite has been under investigation for decades, it is still a scientifically highly interesting
material which exhibits the properties both of a metal,such as thermal and electrical conductivity,and
of a non-metal such as inertness and lubricity. Moreover, graphite nanopowders can be used as an
additive of lubricating oil, which would adsorb oil and give better lubricate property'*’. Till now,

[2-3] [4-6]

graphite nanopowders have been prepared by lots of methods,such as milling"* ,detonation*"*" , ultra-

"] and chemical synthesis™!

sonic . Each method has its own advantage and shortcoming. Comparatively,
detonation technique has the advantage of high-efficiency and energy-saving. Accordingly,it has been
used for graphite nanopowders preparation in recent years. Wen, et al.™ synthesized graphite
nanopowders by detonating TNT with shielding gas as carbon dioxide, argon and nitrogen or in

70J gplit natural graphite and exfoliated graphite to prepare graphite nanopowders by

vacuum. Li,et al. *
detonation technique. This kind of detonation technique utilized the unique structure of graphite, the
strong sp’ carbon-carbon bonding within a layer and weak van der Waals bonding between adjacent
sheets,and the carbon hexagonal net could host a number of molecules while it maintained its own
layer integrity. The breakdown of the intercalates played a crucial role in forming graphite nanopowders.

We compared the property of porous graphite nanopowders via analyzing the BET (Brunauer-
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Emmet-Teller) surface area and pore size distribution (PSD) and studied the effect of acid on the
graphite nanopowders. The analysis of the sorption capability and PSD of the detonation soot provides

more information about graphite nanopowders for the potential application.
2 Experiment

2.1 Materials

Natural flake graphite (NFG) and expendable
graphite, concentrated HNO, , (CH;C0O),0, hexa-
hydro-1,3,5-trinitro-1, 3, 5-triazine (RDX), 2,4, 6-
trinitrotoluene( TNT). Herein, expendable graphite
was prepared using NFG mixed with 97% H,SO,

and fuming nitric acid in a volume ratio of 2 : 1

according to the methods reported in the Ref. [10].
The agents were of analytical purity and used
without pre-treatment. Three detonation experiments

were carried on in the explosion vessel(Fig. 1).

2.2 Procedure

Approach 1(App-1): The expandable graphite Fig. 1

The schematic of explosion vessel

was used as raw material and mixed with RDX ade-

quately in a weight ratio of 2 ¢ 3. Then,the mixture was put into a plastic container which was subse-
quently put into the centre of the explosion vessel. And the reaction was initiated by a detonator in the
explosion vessel.

Approach 2 ( App-2): NFG was used as raw material and mixed with concentrated HNO;,
(CH;C0),0 and TNT in turn in a weight ratio of 1 # 3 ¢ 0.5 ¢ 2. The obtained mixture was pasty.
Then the paste was loaded into a plastic container and was initiated by a detonator.

Approach 3 (App-3): NFG was used as raw material and mixed with concentrated HNO, and
CH;NOQO; in turn in a weight ratio of 1 ¢ 5. 25 ¢ 10. 1 in cool water bath(0~20 ‘C). The obtained mix-
ture was liquid. Then the blended liquid was poured into a plastic container and initiated by a
detonator.

After detonation, the soot-like deposits were collected from the inner surface of the explosion ves-
sel. The isotherms of NFG and three kinds of detonation soot were determined using the BET equation
while PSD using the Barrett-Joyner-Halenda(BJH) method by AutoChem2910(Nitrogen adsorption at
77 K). Thermo Gravimetric Analysis(TGA) was used to study the decomposing temperature of the
mixtures from App-1 to App-3.

Expandable graphite was used as raw material in App-1,mixed with RDX and formed an explosive
powder mixture while the mixture in App-2 was an explosive paste. And the explosive mixture pre-

pared in App-3 was liquid.

3 Results and Discussion

Fig. 2 shows that there exist sorption hysteresis phenomena in the N, adsorption-desorption iso-
therms. Herein, hysteresis effects observed in isotherm experiments are related to the pore structure of

the graphite. The hysteresis loop of the detonation soot from App-3 is the most obvious one. And the
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loops from three kinds of detonation soot were
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Relative pressure, p/p,
and indicated that the pore diameter after det-
Fig. 2 Isotherms of NFG and three kinds of detonation soot onation became more uniform than before.

(The lower branch of each materials is for adsorption The pore diameter distribution was deter-

isotherm while the upper is desorption isotherm) mined using BJH method. Fig. 3 shows the de-
sorption volume of the same pore diameter
drastically increased after detonation. And it also gave the information that the increase of BET surface
area was mainly caused by the pores whose diameter distributes between 1. 5 nm and 10 nm. The deto-
nation soot from App-1, App-2 and App-3 herein shows the desorption of the pore below 3 nm
decreased gradually but not obvious. However,when the diameter is greater than 3 nm,a clear distinc-
tion that the desorption volume increased at steep slope presented. And at about 4 nm, the desorption
volume reached the maximum. That is to say,detonation technique has the most significant influence in
increasing the amount of the pores with the diameter around 4 nm. Moreover, the desorption of the
pore size greater than 4 nm is all increased though it mainly distributed between 3 nm and 8 nm.

The BET surface area of NFG and three kinds of detonation soot, determined by BET equation,

are listed in Table 1.

T . - 0.04k- . .
Table 1 BET surface area of the graphite = —+— Detonation soot from App-3
N ite s . . 2 . —4— Detonation soot from App-2
Graphite source BET surface area/(m*/g) E, 003 ~+— Detonation soot from App.1
NFG 8.92 E 1|—*— Natural graphite
2 +hy
App-2 66. 54 S VAR
" £ o001f Zg \+
App—3 81.74 E‘ . A/A/A%'++ i \J’;
% \“/AA oo \QKA\; —
[a) O_.A,..' ®ecc00 00 o 4=ty L e
It shows that the detonation soot from App-1 . ‘
1 10 100

is the least increased one which is 5 times of NFG .
Pore diameter/(nm)

while the soot from App-3 is 9 times of NFG,
which gives the information that the detonation Fig. 3 Pore diameter distribution

soot increased greatly in BET surface area. It is because pristine graphite has the property of hosting
layers of foreign atoms and forming Graphite Intercalation Compounds(GICs). Herein,one of the most
remarkable structural features in GICs is a unique c-axis periodicity of the graphitic galleries in which
intercalation are accommodated and occupied graphitic galleries periodically in the c-axis direction™!.
The more graphitic gallery the intercalation occupied,the thinner the graphite nanopowders became.
The preparation of the graphite nanopowders by detonation is based on the breakdown of the intercala-

tion, which gives off lots of gases to burst the adjacent graphite layers open immediately and results in
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big BET surface area. In these experiments,the more completely the graphite split,the bigger the BET
surface area will become. So, the graphite in App-3 before detonation owns the biggest BET surface
area. At the same time,it indicated that intercalation increased with the increasing acid content in the
mixture,

The mixture from App-1 to App-3 is powder, paste and liquor respectively. And the acid content
was obviously elevated. The ratios of graphite to intercalation or acid in three approaches are listed in

Table 2.

Table 2 Ratios of graphite to intercalation 0
Methods Graphite to intercalation -0.005
App-1 1:0.08 —0.010
25 —0.015 .
. . o 1 Graphite from App-1
App-2 1+3.00 £ 0020} 2 Graphite from App-2
App-3 1:5.25 & —0.025"
o
Z -0.030r
TGA was used to get the decomposing tem- —0.035 |
-0.040r
perature to provide proof for the pertinence of —0.045 ) . . . .
) ) 50 100 150 200 250 300
acid. In App-2 and App-3, the difference between Temperature/("C)

them is the amount of intercalation hence the de- . . . .

Fig. 4 TGA of expandable graphite and GICs
composing temperature is similar. Fig. 4 indicates
that the decomposition started below 50 “C and completed at about 160 °C so that the composition of
the explosive had no influence on the detonation soot because of high detonation temperature above

2000 KM=,

4 Conclusions

Graphite nanopowders were prepared with the raw materials in three states: powder, paste and
liquid. With the varying condition in those experiments,the acid content is increasing. The BET surface
areas of the graphite nanopowders prepared by detonation technique in three experiments were
enlarged with the increasing acid content, which has little effect on the pore size amount distributing
below 3 nm through detonation method while it has great effect on the pore size greater than 3 nm,
especially between 3 nm and 8 nm. Moreover, the amount of the pore size distributing around 4 nm

arrived at the maximum after detonation.
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