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Abstract

Graphite intercalation compounds (GIC) were prepared by direct reaction of SO3 gas with flake graphite. The interca-
lated SO3 molecules were ejected by rapid heating to 950oC under an oxidizing atmosphere for about 1 minute, result-
ing in surprisingly high expansion in the direction of c-axis. The characteristics of the micro-structure and pore size
distribution were examined with a SEM and mercury intrusion porosimetry. The XRD analysis and spectroscopic anal-
ysis were used for the identification of the graphite and surface chemistry state. The pore size distribution of the exfoli-
ated graphite (EG) was a range of 1~170 µm. The higher expanding temperature the higher expanded volume, so oil
sorption capacities were 58.8 g of bunker-C oil and 34.7 g of diesel oil per 1 g of the the EG. The sorption equilibrium
was achieved very rapidly within several minutes. As the treatment temperature increases, bulk density decreases. 
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Fig. 1. The intercalation process of SO3 into flake graphite.
Fig. 2. The preparation of exfoliated  graphite by drying pro-
cess.



Oil Adsorption of Exfoliated Graphite Prepared by Direct Reaction between SO3 Gas and Graphite 57

j �Ï~� {�~&
. 6� Mercury Porosimetry ¢ �Ï

� >f {«»j Û~� ccw�~ V�ßWj ªC~&
. 

� ��öB ÒÏB J¢f Bunker C, Bunker A, LRFO

(Light Residual Fuel Oil), Crude Oil, MFO 100(Marine Fuel

Oil), ãF� Diesel Oil �b� 7F� LRFOf F;F� MFO

º Bunker Cf Bunker A¢ ¦bj� b� B�� ©�
.

LRFOº Bunker Cf Bunker A¢ '' 1 : 1, MFO 100f 7 : 3

~ j� B�B ©b� ' J¢~ 6êº Bunker C, Crude

Oil, MFO 100, LRFO. Bunker A, Diesel oil �~ B�
. �

¾Ò Nêö V� F~ �Oïj Ö;~V *~� b& çN

ç�� FæB 400 ml~ Ã~>¢ j�
ö I� ¢;ï~ F

~¢ &jB j�
ö �f ê 0.2 g~ ccw�j Î&�Ê

� 5ª* Ïª® v>�B F~¢ �O�Î
. � ç�� 30

ª* O~�B ccw�� Ïª® F~¢ �O�Ò > ®ê�

�
. �OB ccw�j Æ� *ö ¦f ê 100oC Dry Oven

öB 30ª* O~~� ��O J¢� Ïª® �^¾&ê� ~

� º~ >ªj ÃB�Î
. J¢� �OB ccw�f Æ�

*öB �ÚÚÚ Z²¢ G;�
. 

���� ccw�~ Ò� ßW

J¢j �O� ccw�~ Ò� ßWj ï&~V *� O»

b� Inagaki~ ��[5]öBº �B� �"O»j �Ï~&b

¾ � O»f 6ê& Ôf J¢ò 'Ï&Ë~� {K� �.

�¢ê ¸b� ccw�� &æº �F~ ²÷Î· ��¢ 2

Z~º �~ �6� ��¾ � ��öBº TGA ªC[8]j �

Ï~� J¢~ ²> 5 ccw�~ ��¢ æz�Êæ p�

Ò�Nj �&z�Ê�¶ ~&
. TGA ªCf î²ª*V, ç

N~600oC~ º*öB >¯~� J¢j �O� ccw�~ �

ª�Wj G;~� J¢~ >BßWj �Ï� J¢ ²> 5

�O ê Ò� ßWj &V~&
. 6� Ò� ê~ ccw�~

��~ �^��¢ &V~V *~� SEMj �Ï~� ªC~

&
.

3. 
þÖ" 5 �V

���� ccw�~ ßWªC

ccw�j B�� r intercalation�*" �¾Ò Nê& c

c�ö �~º 'Ëj rj�V *� lameller compound¢ B

�� ê intercalation�*" �¾Ò Nê¢ æz�B&� cc

�j G;~&
. Fig. 3ö intercalation�*j �Ò� ê 950oC

öB 1ª* /� ¾Ò� ccw�~ ¯�V j7" ccNj

¾æÚî
. intercalation�*� 15�*� ã"� rræº ¯

�V j7� 6²~&b� ccN� Ã&~&rj r > ®î


. >�, 20�*~ ãÖ 15�*~ ãÖf � N�¢ " > ì

ÚB '.� >w�*j 15�*b� j�~&
. Fig. 4º

650oCöB 1050oCræ Nê¢ æz�B&�B ''~ Nêö

B 1ª* /�¾Ò� ê cc�" ¯�V j7j ¾æÚî
.

Fig. 3. Bulk density and maximum adsorption of exfoliated
graphite in different intercalation times (950oC, 1 min.).

Fig. 4. Expanded volume and density of exfoliated graphite heat
treated at various temperatures for 1 min.
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Fig. 5. Cumulative Intrusion of exfoliated graphite.

Fig. 6. XRD patterns of graphite (a) and exfoliated graphite (b).



Oil Adsorption of Exfoliated Graphite Prepared by Direct Reaction between SO3 Gas and Graphite 59

V¢B J¢~ �O ê B�~ Ï�Wj ÚÒV *� �O

³ê& ç�® �¢ > ª nö Ò�� &¾¢ º~º �· Ò

�� ú�� Î"¢ áj > ®j ©b� 6�B
. 

���� 5(" ªCj Û� Ò�Ï ßW

J¢j �O� ccw��Þj î²ª*VöB çN~600oC

ræ �7ïªCj 
�~&
. Fig. 9ö ~~� �OB J¢

~ B�º �¾Ò Nêö ;~² ~�~� v ®~ /Ï� Z

Fig. 7. SEM micrographs of graphites (a) and exfoliated graphites (b), (c), (d).

Fig. 8. Maximum sorption capacities of various oils for the
exfoliated graphite. (B-A: Bunker-A, LRFO: Light Residue Fuel
Oil = B-B, MFO100: Marine Fuel Oil 100, B-C: Bunker-C). Fig. 9. TGA thermogram of the exfoliated graphite adsorbed

heavy oil.
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Fig. 10. SEM micrographs of exfoliated eraphite (a) and oil-
adsorbed EG after heat treatment at 400oC (b).


