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� �

� ����� ��	
� �� 
���(EG)� ��� �����, �� ����� ��� EG�  ! ��"#�� $

%� &� '(�� ����). ��� �%* +,��(GICs)- ��	
� ��� .���� +,� /0"1 /023

45���, EG� GICs1 600-900oC �6� �78 9:;! ��� 1<, =>?�� "���). )@� >? 7A� &

� EG� 
� BC, /0"� DE F?� +,G?� HI�JKL XRD1 �%�� MN���, �� ����� O��

n-dodecane� �%��). P�, ���� Q8 R� ST UV� SEM� 6%�� WX��). �� Y8, >? 7A� Z'

L D[ EG� 
� BCL /0"� DE- Z'���, �� ��%E- EG(1 g)� &\ 16-35 g� ��� ���� ]�

WX^ _ `a). 6b� ��Y8, EG� "�1 O� ��	
- ��� c#d ��"#e EG1 "���  %� 	


f# WX*).

Abstract − In this work, the characteristics of expanded graphite (EG) are investigated for the possibility of useful applica-

tion as oil-adsorbent of EG. The graphite intercalated compounds (GICs) are prepared by the wet process that leads to an inter-

calation of intercalant into natural graphites. The graphite intercalate is subjected to the heat treatment in furnace between
600oC and 900oC under oxidizing atmosphere for about 1 min. The expansion volume, volatile content, and interlayer dis-

tance of EG on different heating temperatures are measured by mass cylinder and X-ray diffraction (XRD). N-dodecane is used

for oil adsorption, and morphology of EG before and after oil adsorption is observed by SEM. As a result, the expansion vol-
ume and volatile content of EG are increased with increasing the treatment temperature. The oil adsorption capacity is found to

be 16-35 g of n-dodecane per the 1 g EG studied. It is then concluded that the wet process of EG is a useful technique for a new

adsorbent of oil. 
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1. � �

����� ���	
 �-�
���� ��� ����, ���, �

�, �� ���  !" #$ %&� '( )
 *+, ���� -�

� .-�/�0 1! 23�4 5	, �	678 9:4 ;<� =

� >3�? @A[1-3].  !" BC 	D� EFG ���	
 �< (

H[4], IJ[5] ' �K LM�0 �32 ��, N, OAP LQRST

U, V�W X4 �/� Y, Z[\ ]
 ^_�� `abA[2].

cd �K e f� gh��� ijk '�0 lm, nY, o� p

� qr s Yt>"� -, 5u5v w+x 5L� y+4 z{ |k


 J* x}, ~�>�0 Y��? @A[6]. �A�0� p�qr >

"� Y, ���- �! ��
 Z+, �8 >3�� OAP p�

fence�� p�W �?�nv vacuumW 23�� ����#� ���

24 �� �� ^_� �/W >3�� p�W ^_�� �?�4 �

�2 =� >3�? @A. �c9 2K, ���
 Y#L >�� ��

�e 2�?c�, 5u� p�W �k\ �n�S�4 �
 -�, �3

 !" 6�2 ���? �A[7-9]. N,, ��� ���4 �� ,h�

�? OAP ^_�( �  ^_¡¢8 X4 £�¤ ^_�� >3�
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Y, ~�2 ¥x�? @A. 2K, ^_�8 >3�4 {*�4 �(

p�2 ¦§�4 {* �
 ^_�c ¨" p�9W ^_�4 ©ª�

^_2 }D��, N, p� qr� �, z{p«W B���S ¬e

�  ^_¡¢, OAP ^_3�  !" ­¤ �®2 }D�? �A[7].

2K, }D�¯� �° C±�� £�¤ ^_��0 �²³" �4

���	� ^_��
 �
���( �� �¯� ´*��, N, ��

#µ s �¶G�( )
 �	� A¦ Z�� R· �§,A[2]. Inagaki '

[10]
 �	� ��
 ¸	�	� ¹�ºQ� 20 nm|A » ¼ �?v

�, �� #µ4 �	� ½º� ¾l�W X4 ½º� �/� ¿�( �

	ºQ RS� À�T ¿Á À�,A4 Cn8 �6�ÂA.

S§� p� ^_��0 polypropylene( polyurethane )
 U��

A¦�W �� "LQ� p�� ^_W ¬�� >32 �?@c9, 2

K, "LQ ^_�4 p�� Y, Z[, ©ª�2 Ã" �( ¿Á ^

_�� Ä� ^_� p�� ^_�
 |"�?� o|A �W Å2�,

2K, "LQ ^_�4 Æ�2 Ç p��
 ^_È + Ã4 ÉÆW �

c" �A[11-13]. 2K, G�0 Ê
 6� � É¬ Ë· Ì OAP ^

_�( �  ^_¡¢8 |2� p�W ^_ , Í �¬� Î �4 °

ÆW X4 ���	
 5u� p�� �, z{p«W Ï4Ð ÑÒ�

- ^_� �/� ���? @A.

Ó 	D�04 Ô$�� ��� ���	W ���Â", ��!� E

  �� #µ, ½º�� ¿�  !" ��n!T )
 ���	� Z�

W �>�Â��, 2K, EG� p� ^_Ò( ^_¡¢ ' p�� Y

, ^_Z�� ~�� �>�ÂA.

2. � �

2-1. �� � ��

Ó 	D�0 >3� ¸	�	(Aldrich, >150µm, �x 2.09-2.23)


flake
W >3�ÂA. ���	� ��8 ¬�� kt�- ��- Ô$

��W ª�Â��[14], �
���� ��8 ¬�� Õ�(Mw: 98.08,

Jin Chem.), /�(Mw: 63.02, Jin Chem.)  !" (��+�(Mw: 34.04,

Showa)8 >3�ÂA.  !" p� ^_ÄÖW ¬�� n-dodecane

(Sigma Co.)W >3�� ���	� É¬ Ë· Ì p�� ^_Ò( ^

_¡¢8 ×��ÂA.

2-2. ���	
 ��

����� ���	(EG)
 ¸	�	(N-GP)� ��� "Ø�0 S

� �Ù, �/W ½º Ú, ½º�W "Ø�0 Û���� S�6Ü �

�,A.

Ó ÄÖ�04 �
���(GICs)� ��8 ¬�� N-GP(10 g)� Y

�� �� Õ�//�(4:1)( Õ�/(��+�� Ý�3Þ(4:1)W >3�

Â��, Õ�(250 ml)( /�/(��+�(50 ml)4 �� ½º�T ��

��0� ßÈW ,A[15]. N-GP4 
Ø�0 ��� Ý�3Þ� à�

�!�� 246� f� �á�Â��, 2 ¼ ��� GICs8 Õ�//�

s Õ�/(��+�� >3� ��W GIC-1( GIC-2� ââ�ÂA. �

�� ��� GICs4 Àã+� gä�" 90oC� på�0 86� f�

¯��Â��, �k ̄ �� ��� GICs4 æçt furnace�0 600-900oC

� 1-3L� �è6Ü Bé��� EG8 ���Â", ��W EG-1( EG-2

� ââ �ÂA.

2-3. 
���

EG8 23, p� ^_ÄÖW ¬, ���4 Wicking�[16], bag�

[17] s ê± �	W ë��� ÄÖ�4 ��[18] '2 �4Ð, Ó ÄÖ

�04 ìcÏ ��W 23�� p� ^_ÄÖW �ÂA. �O� Àã

+T p�W í", EG8 ë�, Ú �� 6�f� �á�ÂA. î ^_

� p�� �n s ïã +LW Àl6ðS ¬�� p�2 ^_� EG

8 90oC� på�0 ¯��Â��, ¯�� EG� Ë·8 ;? ^_�

p�� oW ×��ÂA. p�� ̂ _�
 �ñ $ (1)� vòó + �A.

Q (adsorption capacity) = (1)

�S0 m04 EG� Ë·8 ô�� m
 p�W ̂ _, EG� Ë·8 õ,A.

 

2-4. ���	
 ��� ��

���	� ��8 ¬e ����� >3�4 ����0 /�( z

{ ö��- Z�W X4 (��+�8 >3�� ���	W ���Â

", ��� �÷8 ¬�� ��� EG� �� #µT ½º�� ¿�
,

��!k GICs(1 g)� #µT Ë·8 ×��" 600-900oC�0 ��!

�� ��� ���	� #µT ø�� Ë·8 �÷�� ���ÂA.

EG� �� #µ4 ùúÄûü8 >3�� ×� �Â", ½º�� ¿�


 GICs� ��!� �, EG� ��6 ¾l� ½º�� oW vòý

A. N,, N-GP� Y, ½º�� ½º( ��!� �, ��W þ-�

S ¬�� X-ray diffraction(XRD)W >3�� ��n!� ÿ�8 ×�

�Â��, � �!� �, GICsT ��!� �e ��� EG s EG�

p� ̂ _ k( Ú� ¶G t�8 �÷, ~��S ¬�� scanning electron

microscope(SEM)8 23�� ��� ¶G D�8 ~��ÂA.

3. �� 	 
�

3-1. �	��
 ��

����� �	
 A2��:� t�8 vò��, �
D�8 ��

��� f��4 ¦5¹��� 	¹� �� �Q�� 2�?� �A.

N,, ��t� "!D�� 	¹� � �
 A  �( 	
, ��W 2

�" ���, ��-�� ¹�� �24 1.415 Å2" � ��n!4 van

der Waals �� �e �� ¹�|A Ç �(3.35 Å)W X4A. �	� 	


, �� >2�4 �H� ¹�2 Ã", U, van der Waals ¹���

2�?� �? �	� �� >2�4 Ao, �Q N4 LQ� ½º 


+ �S ¼�� GICs8 t��· �A. 2K, GICs� t��4 (�

W �ñT )2 +$�� ¶��ÂA[19].

N (graphite)+nH2SO4+n/2[O]�n[graphite·H2SO4]+n/2H2O (2)

([O]=oxidant, [graphite·H2SO4]=GIC)

 !" GICs4 ��!� �e 
Y��� U, �	� c-�2 ��

�? Bé��� EG� m���, 2K, EG� t��4 (�W Fig. 1

� ��\ vò��A.

3-2. �� ��� ���
 ��

EG� �� #µT ½º�� ¿�
 EG� /W râ�4Ð x}, }

�� >32 �A. �� #µ4 N-GP� Ý�(� �è 6�( Ý��,

GICs� ��! Ø¢  !" �	� ºQ RS '� �§��, ��!

Ø¢� ÿ�� E  EG-1( EG-2� �� #µT ½º�� ¿� ÿ�

8 Fig. 2T 3� vò��A.

Fig. 2T 3�0 |4 �T )2, EG-24 EG-1 |A ü Ç ���W

|Â��, GICs� ½º� ½º�� ¿�
 ��, �W |ÂA. 24

N-GP� � �!�4 f� (��+�� �, ��W X4 �� �QT

�	�� �H� k�� �e �
 D�� ��� GIC-2� D�� Z

���0 ½º�� ¿�
 GICs-1( ���c9, ��!� �, ��

2 ü �· �?v4 Å�� �É�A[20].  !" ��! Ø¢ÿ��

E  EG-1( EG-2� �� #µT ½º�� ¿��4 Ø¢� À�T ¿

Á �� À��4 ÅW � + ��4Ð, 24 f�, ��! 6���

m m0–

m0

----------------
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804 ��
� �����
�
�
 Ø¢�04 �	� ��� ½º� HSO4
−LQ�� ¾l�2 ��

��!� �, GICs� Û��- ��2 �· �?v4 Å�� |2�,

GICs� ½º� ½º�� ¿� ß6 ��! Ø¢� %�T ¿Á ø��

4 Å
 %Ø�0 ½º�� �
 ¾l�� �, Å�� ~���, 2�

0 %Ø�0 ��� EG� ���4 î¾lL� HSO4
−� LQ� ü �

2 §;È Å�� �É�A.

3-3. ���� 
 ��

X-ray8 23�G �
���� ��n! s ¹�� D� 'W � +

�4 ~h�, �	 �� ���4 D� s ½º�� ½º��W {* �

�n!� ÿ� 'W � + �A. N-GP, GICs  !" EG� ��n!8

�÷�S ¬�� XRD L�� ��� ×�� ���	� d002 ���

0 ��� ��n!8 ��| ", ×�� XRD !"W Fig. 4� vò

���� XRD L�� �, ��n! �W Table 1� �!�ÂA.

XRD ×�¹(, Table 1�0 |4 �T )2 N-GPT �÷�� � �

!T ��!� �, GIC-1( EG-1� ��n!4 �� À�� ÅW �

+ ��A.  !" Fig. 4�0 N-GPT GIC-1� XRD !"W �÷�Â

W ¼, N-GP�0 vòv4 Z� µR- 2θ� 26 #C� µR� � �

! Ú broadec� #$�� 2f��", 55#C� µR� �¢� Ue

c4 ' N-GP� Z� µR� ÿ�� ÅW � + ��A. 24 � �!

Fig. 1. A mechanism showing the formation of EG from N-GP;
(a) N-GP, (b) GIC, (c) EG.

Fig. 2. Effect of heating temperature on expansion volume.

Fig. 3. Contents of volatile intercalated in GICs.

Fig. 4. X-ray diffraction patterns of GICs and EG.
���� �41� �6� 2003� 12�
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� �e N-GP� ��� ½º�� ½º�? ¸	�	� ¹�� %� s

µR� �¢� Ue� Å�� ~���, N, N-GP(14.22 Å)T GIC-1

(14.87 Å)� ��n!� %2� |� N-GP� ��� �¦��� HSO4
−

LQ� ½º�?� Å�� �É�A.  !" GIC-1� ��! Ú EG-1

� 2θ� 26 #C� µR� A6 N-GP� Z� µRT )2 sharpec

" p $�� 2f� ÅW � + ��4Ð, 24 ��!� �, �	

��� ½º�� Lu�? A6 N-GP� Z� µR8 vò�4 Å��

><��, GIC-1( EG-1(22.92 Å)� ��n!� %24 "Ø�0 ��

!� GIC-1� 
Y��� U, c-�2 HSO4
−� �u� ��� ���

? ��n!� &?� Å�� �É�A.  !" GIC-2T EG-2� XRD

!"
 ����0 /�W >3, {*T '! N-GPT n� ��,

XRD !"W |Âc9, 2θ� 55 #C� µR� �¢� Ue� Å��

|� ��!T ��!� �, ()W ³
 Å�� �É�A. N, GIC-2

� ��n!4 N-GP |A ®
 �(7.53 Å)W |Â��, ��!� �e

��� EG-2� ��n!4 EG-1|A ü *
 �(26.88 Å)W vò��

A. 24 N-GPT (��+�� �� �Q �� �H� k�� �e �


 D�� ���? GIC-24 N-GP |A �
 ��n!8 vò�4 Å

�� ><��, 2K, Z��� -�� EG-24 ��!� �, ��2

ü R· �?v EG-1|A *
 ��n!8 vò�4 Å�� �É�A.

3-4. ���	
 !"#

� �!� �, GICsT ��!� �, EG� ¶G D�8 �÷ s ~

��S ¬�� =>kQ�î{W 23�� Fig. 5T )2 ~��ÂA.

SEM ~� ¹(, GIC-1
 �
W vò��", ��!� �, �� Ú

EG-1
 S¦t
W vò��, U, ¹�W X4 �	� c-�2 ���

? #+? p  zig-zag D�� ‘worm-like’ t�8 |ÂA[2]. 2K,

�

 ��� ½º�� ½º� GIC-1� *
 ÉhD�� �e �?v

4 Å�� �É�A.  Kv EG-24 EG-1( )
 zig-zag D�� ‘worm-

like’t�� �, �� D�� -
�? ��� D�� vòv4 ÅW

� + ��", GIC-2� ��6 N-GP� Õ�/(��+�� ½º�4 f

� (��+�� *
 ��W vò�4 �� �QT N-GP�� �H�

k�� ��� �
 D�� >.� Å� �, Å�� �É�A. H2O2

4 N-GP� ½º�4 f�, N-GP8 ��6ðS ¬�� �, ��W X

4 �� �Q�W �u�� Le�?c", ��� �	
 H2SO4-GICs

8 t��S ¬�� H2SO4
−T ¿Á �è,A. 2K, k��- �H�

èW �ñ $( )2 ¶��ÂA[20].

H2O2→H2O+O (3)

24nC+mH2SO4+ O→C24n
+ (HSO4)

−(m-1) H2SO4+ H2O (4)

�S0, n
 Éh c+8 vò�" m
 �Ho/� }�8 vòýA.

(��+�4 GICs8 m��S ¬e A  ���T 5>, �/W v

1
2
--- 1

2
---

Table. 1 Interlayer distances measured from X-ray diffraction

N-GP GIC-1 EG-1 GIC-2 EG-2

Interlayer distance (Å) 14.22 14.87 22.92 7.54 26.88

Fig. 5. SEM micrographs of EG particles; (a) GIC-1, (b) EG-1, (c) GIC-2, (d) EG-2.
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003



806 ��
� �����
�
ò��, GICs8 m��S ¬e Ñ(�2c9 GICs8 t��4 SÙ


A  ���|A ü �0, ùO12W X4 Å�� �3� �A[20].

3-5. 
� �� ��

n-alkane
 �5 	< s 4�5 '� =} D� �L��, 	
, �5 

>6� x��( ¿Á ©t ��+� s �	� ¶G� ^_�A"

�3� �A. 2K, n-alkane� �� �Q�
 ¹��2 0.154 nmT

¹�� 109o28'�� zig-zag� >6�o�� ©t ��+�� ¶G� �

���[21], n-alkane� �	� Y, ^_
 atomic force microscopy

(AFM)[21-23] '� ��� þ- s 	D� |"� � �A.

Ó 	D�0 p� ^_ÄÖW ¬�� >3� n-dodecane
 n-alkane

� �v�0, 1.85 nm� �2T 0.4 nm� 7W X�� ^_�2 ü 8

?d n-hexadecane( �÷�� >6 �2 �� �!� Z�� OAP

%2� Ã", �	� ¶G� ^_�? �A. 2K, n-dodecane
 �	

� �� ��t "!� x��0 n-dodecane� +� �Q�2 ^_�

A" ���? bA[22].

EG-1( EG-28 23, p� ^_ÄÖ ¹(, p�� ^_
 2-3L�

� 2�?b", BY p� ^_�W ×��S ¬�� 16�f� �á�

ÂA. ÄÖ��� EG� p� ^_6, 9â, :W vò�4 p�
 EG

� ë�T ¿Á +L�� >.c4 ÅW þ-È + ����, 28 ;

�� p�2 EG� ̂ _��<W � + ��A. N,, p�� ë�� EG

4 p�� ^_( ¿Á +G ¬�0 &· =c� =ÿ� p�W ü �

! ̂ _�ÂA.  Kv (�� p�( ¿Á EG� p� ̂ _ ÄÖ6, EG

4 BY p�W ^_¿��0 >��? b" î ^_� p�( ÄÖ�

>3� �O� ^_� p�
 >�� EG� ü 2
 ^_�c ¨" +

G ¬� ?��4 ÅW � + ��A.

EG-1( EG-2� BY p� ^_�W ×�, ¹(8 Fig. 6� vò�

�A. Fig. 6�0 |4 �T )2 EG-1( EG-24 �� gÌ BY 16 g(

35 g� p�W ^_�4 ÅW � + ��A. Y#L� =} �L2 ��

� 2�?� �4 �	
 *
 �+�W vò�", N, p� ß6 �

V�2@� ^_ ¡¢� J* �  Å�� �É�A.  !" EG4 �

+� microporeT Y#L� macropore� D��? �S ¼�� p� ̂

_
 ��� �	 �#�� þ�( �	 ¶G�0� ̂ _� �e ̂ _�

¡¢� J* �FA. N,, ��!� �, �� #µ� À�T ¿Á EG

4 Y�� p�W ^_��, ��!� ��� ø�� �	� A¢� �

e EG4 p�W ^_, Ú�¢ +G� Î �4 Å�� �É�A[24-26]. Fig. 7
 p� ^_ Ú 80-90oC�0 ¯�� EG-1( EG-2� ¶G t

�8 SEMW 23�� ~�, Å��, Fig. 7� (a)T (b)�0 |24 �

T )2 EG-1( EG-24 p� ^_ s ¯� Ú�¢ p� ^_ k( )


 ‘worm-like’� t�8 vò�4 ÅW � + ��A.  Kv EG-1(

EG-24 ¯� Ú ‘worm-like’t�� ø�� ÅW � + ��4Ð, 24

��!� �, ���� -�� Ue� �	� �� Z��� -��

¯�6 +L s î ^_� p�� �u� �, +��� ��� t��

ø��4 Å�� �É�A[7].

4. � �

Ó 	D4 Ô$ ��� ��� EG8 ���", ��� EG� Z��

W "��Â��, p� ^_ÄÖW ;�� ^_��0� Z�W �>�

ÂA. ÄÖ ¹(, �� #µT �	 ��� ½º� ½º�� ¿�
 �

�! Ø¢� À�T ¿Á À��4 ÅW þ-È + ��A.  !" XRD

L���0 Õ�//� �!� EG-1 |A Õ�/(��+� �!� EG-2�

��n!� ü À�� ÅW þ-È + ��", p�^_ ¹( EG-1(

EG-24 gÌ �� 16 g( 35 g� p�W ^_�� p� ^_�
 �	

� ��n!� �B¿W � + ��A. N, p� ^_ s ¯� Ú EG

� ‘worm-like’t�4 p� ^_ k|A ø��4 ÅW � + ��A.Fig. 6. Adsorption capacities per 1 g of EG-1 and EG-2 for n-dodecane.

Fig. 7. SEM micrographs of EG-1 and EG-2 after oil adsorption and
drying; (a) EG-1, (b) EG-2.
���� �41� �6� 2003� 12�
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