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Abstract − This study was to investigate the effect of granulation process on pore characteristics in manufacturing anthracite-

based activated carbons. The activated carbons were made by three different methods to compare characteristics: the crushed

activated carbon, the compressed activated carbon, and the extruded activated carbon. Among these activated carbons, the

extruded activated carbon using a binder that consists of 25% coal tar and 7% water showed the best characteristics in specific

surface area, pore volume, and hardness. Since the compressed and the extruded substances had coarser surfaces than a raw

material, steam could penetrate easily through particles and produce macropores especially in the diameter ranges of 3,000-

50,000 Å during activation process. The extruded activated carbon showed about twice more macropore volumes than the

crushed activated carbon and the hardness was increased from 30% up to 95%.
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�� �� ���� �  3-5! ���� ���� "�[1]. �# $ �

��� ���% &'() *� +,(hardness)� -.��, +,� /

0 +1 ��23 456 789 :� ;<3( =>? @A� BC�

D EF GH�� ���� IJ KL�M NO PQR STU� �%

, V�. <�BC3 WXV Y�[2]J �Z� 8;� [ \]? ^_`

a) ���J 
_�% &', �# �Z bX Uc` de
 d>V f

g<V _h3( �i�� ���J 
_�) jk� "l�, �ijk

l
) mn�ik6 mH�ik� "�[3-5]. mn�ik� Uc` d

e
 d>�� op
(binder)D bXV f qrs(press)̀  ��'(

briquette it
 �i�) uJ e��, mH�ik� op
D bXV

Uc` mH �i%
 �i�) uJ eV�. op
) _v i�6<

3( w,` xZ0 yWl
 ���) zd, {|} :� ~�� op


D ��6<3( Lp��l
 �' w,` ���M yWl
 ��

�) ��(tar), ��(pitch):l
 ^d?�. op

 �� �� ��

�) ��) ��� ��(coal tar pitch)D �x� ��(petroleum pitch)

� "l� �u� U�� ��J �d' �) ���� � �� ���


(, ��3( ���� j��(aromatic) �) ��
�C(heterocyclic)
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 ��J ��¨�.

��D ���_h :� 8;� i�3 ©�J ª�ZO[6, 7] �i6

<� �im�, @A«%, ¬�­ ®�¯, UcA�� Y� :� �V

8;^_ i�3 ° ©�J ª± ul
 �c?�.

%² 2� ³\� x%�3 ´' dA«%� �IV �2� x%�J

µ6Wl
 [ �	�% &'() z 8;©73( 8;d¶� [ \]

? ���� <�;<3( .^�� "�. [ \]? ·¢8;(macropore)

� �	¸� 2¹8;(mesopore)6 ª88;(micropore)l
 �º�)

 
 70J �� �	»,` ¼�½ 0 N PQR[8] ·¢^_� ª�

�� ¾¿B 70J À|��
 ª��� Á	6 ��J ÂÃ�� �

	? x%�¸� [ d'�½V�[9].

Ä §^3() �i� 8;Y�3 ª�) µ6` �5�% &' Å§

�J =>�� 
_V =>i ���6 Å§�J de
 d>V f ¬

�­
 mn �) mH �i�� 
_V �i ���6� 8;^_ Æ

�` Ç� È 8;Y�J É<�� ´Ê �5�Ë�.

2. � �

2-1. � �

ÌÍ ©ÎZ7� Å§�J Uc
 ��Ïl� �dd� p6) Table

16 Ð�. =>i ���� U�J 6-30 mesh «%
 d>�� ���


_� �c
 ��Ï� �i ���� U�J 200 mesh ��
 d>

�� ��Ï�. op
) 
Ñ�Ò� Ó�� ��D Ó��` ��Ïl

� �dd� p6) Table 2D Ð�.

2-2. ���� � �	

2-2-1. mn�i

200oC
 _Ô? SgGs(oil bath)»3 bX� sÕ �%` �<�

Ö� �% »3( g<¯� �² Ó�� ��` ×zØ Ù� �Ú g<

´Û� d>? ��J Ü� ÝdØ bXÏ�. bX? Uc` 100×40×

20 mm «%� �i Þ(die)3 Ü� �, 100oC
 _Ô? qrs(press)

3( / 100 kgf /cm2� m�l
 10d¹ mn�i�� h_V f 6-30 mesh

«%
 =>�� ��� 
_� �c
 ��Ï�.

2-2-2. mH�i

²�3( o�� wV ß² Ó��3 g<´Û� d>? ��6 �J

bX� sÕ �%3( ÝdØ bXV f Zà 5.5 mm �i �^� �

	? mH%3 Ü� mH�iÏ�. mH? Zà 5.5 mm U i �i�

` á� 10 mmâ Ôã�� h_�� f ��� 
_� �c
 ��Ï�. 

2-2-3. ��� 
_

mn È mH�iV �i�` z�[10]3( ©ÎÅ§�J Uc
 =

>i ���J 
_V _h� ���, 700oC3( 70d, ����,

950oC3( 210d� _hl
 mn�i ���6 mH�i ���J 


_Ï�.

2-3. 
���

+,(hardness)) ball panJ ��V KS ��� �äjk[11]l
 d

��Ë� Ç�Y�� scanning electron microscope(SEM, HITACHI S

4200)̀  ���� É<�Ë�. å+ 3.5-3,000æ ��� 8;Y��

BET ́ Ç� É<%(Micromeritics, ASAP-2010)̀  ���� 77 K3(�

¸L �	 �ä3 �' ´Ç�W(specific surface area)6 8;Á�(pore

volume) È 8;d¶(pore size distribution)̀  É<�Ë�[12], å+ 85-

1,000,000æ ��� 8;Y�� mercury porosimeter(Micromeritics, poresize

9320)̀  ��V �� m@k3 �' 8;Á�D ´Ç�W È 8;d¶

` ^' Y�J ´Ê d�Ï�.

3. �� 	 
�

3-1.����
 �� 
� ��

�i3 �V Y� ç�` �5�% &' U�J =>�� 
_V =>i

���(crushed activated carbon)6 mn�i ���(compressed activated

carbon) È mH�i ���(extruded activated carbon)� Y�J Table

23 ��Íè�. U�l
 åé 
_V =>i ����� mn È m

H �iV ���� BET
 É<V ´Ç�W6 ê 8;Á�� ëë

1.072-1.124G, 1.092-1.166G <, «�, +,) 30%3( 90% �²l


 *PìJ í � "è�. YØ mercury porosimeter
 É<V 85æ

�²� ¥&3() =>i ����� mn È mH�iV ����

8;Á�� 1.583( 1.75G ­ \]ÏÚJ í � "è�. �u� =>i

�c3 ´' �i� �c3) ��D ��� ¬�­
 ��îl
 �

', ���� ��%3 �' ¬�­
 §p? ��@Aï ��
 8;

� ð½ ��? p6
 �c�è�. Ä �ä� mH�i jkl
 
_

V ���� =>i ���� +, 30%3 ´' ñ1 *� 95% �²

� +,` �Z� ") u� ��D ��� 6<J ·��( ¬�­D

��� ÊÆpX(cross-linking)l
 *� +,` a½ ? ul
 �c

�è�.

3-2. ��� ����
 �� �� 
�

��6 ¬�­� bX ´Û3 �V �i©�J �5�% &' ¬�

­ ´ÛJ 10-35%òZ ç��ó�. mn�i _h3( Ó��` ¬�

­
 ��V �ä3() mn� ß²� Ó��� �i Þ ôl
 õH

�� �i� [ �Z ö) �
o� "è�. ÷C� Ó����` ¬�

­
 ��V �ä3() Ó����� E¯� 20% ��3() ªd>

? ��@Aï� briquette it
 [ �i�Z öø�, 25% �²3()

�i� �èl� ¬�­� 6¯l
 Exîl
 �' ��� �cï�

²ù¡	�) �
o� "è�. �
 �' 
_? ���, ÝdØ �

���Z ú�� Y�� ûZ öø�, Ó����� E¯� 23%g �

��� 
_� �� û� mn�i ���� Y�J Table 33 ��Í

è�.

mH�i _h3( Ó��� E¯� 25% ��3() �ä3 ��V

mH%3( mH� [ �Z öø�, 30% �²3() mH� [ �èl

� �i�� üý�� /'� mH� þ�Z) �
o� "è�. mH

J U�Ø �% &' 25% Ó��3 7% <,� �J ®��� mH�

i�) jk3( �� û� ²t� mH�J ÿJ � "è� ��� 


_� �� û� mH�i ���� Y�J Table 33 ��Íè�.

Table 1. Proximate and ultimate analysis of Youngwall anthracite(wt%)

Proximate analysis Ultimate analysis

TM Ash VM FC C H O N S

Coal 4.00 10.86 2.25 82.89 83.21 2.23 0.402 1.35 12.8

Table 2. Ultimate analysis of coal tar and coal tar pitch 

Ultimate analysis

C H O N S

Coal tar 74.58 5.48 19.94 - -
Coal tar pitch 92.60 4.27 13.13 - -
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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3-3. ��
 �� �� 
� ��

�� È ��� 6<J ·��( Uc� Ç�6 ÍÁ3 8;� i�

?�. Fig. 16 2) �i3 �' ���) UcD 
_? ���� Ç�

ç�` SEMl
 500G �¢' �5V p6��. Fig. 13( U� Ç�

(a)) ���� ã�V it` ��Í� ") u3 �' �i� Ç� (b)

) ��deJ ¬�­
 �iE3 �' ñ1 ·~ ²t` �� "ÚJ

í � "è�. Fig. 2� =>i ��� (a)) ���3 �' Ç�� ­�

·±�Z� Ç�� �RÃ ²t` ��Í� "l�, �i ��� (b))

@A��
 ��%� [ �	�� Ç�3 �� 8;� i�? uJ 


� "�, g<V «%) PQZO �IV it� 8;� ��? uJ 


� "è�.

3-4. ��
 �� ���� ��

Fig. 3� �� 8;å+ 3.5-3,000æ ¥&3( BET d�3 �' É<

? ���� 8; d¶�
J �i_h3 �R Ç�V u��. Table 3

� p6D Ð� =>i ����� mn È mH�iV ���� ´Ç

�W6 ê 8;Á�� /¹ ���� �� 8;å+� _� �ìJ í

� "l�, 8;å+ 50æ �²� ¥&3() � V Æ�o� ���

Z öø�.

Fig. 4) �� 8;å+ 85-1,000,000æ ¥&3( mercury porosimeter

3 �' É<? ���� 8; d¶�
J �i_h3 �R Ç�V u

��. �
 3,000-50,000æ ¥&3( �i���� 8;Á�� =>i

���� u�� «½ ��? uJ í � "è�. � ¥&) ·¢8;

©7�� �i3 �'( ���) 8;l
 �c�è�. =>i ���

3) � ¥&� 8;� L¯ d¶�� ") uJ í � "l�, �
 Ç

� Á�� p<ï� ����ü3 �' ��� ��? 8;l
 Fig. 2

� Ç��Ã (a)D Ð� ²t�J ��0 � "è�. �i���3()

pX

 ��? ¬�­� ��� Ç� È ÍÁ3( �� È ���6

Table 3. Characteristics of granular activated carbons made from domestic anthracite 

Activated carbon
BET analysis Mercury porosimetry Hardness 

%SBET m
2/g VT cm3/g Dav Å smp m

2/g vt cm3/g Porosity %

Crushed 1,036 0.54 21.07 19.33 0.24 13.81 30
Compressed 1,111 0.59 21.38 27.05 0.38 26.71 90
Extruded 1,165 0.63 21.65 24.93 0.42 30.40 >95>

Fig. 1. SEM photographs of the surface of raw materials: (a) crushed, (b) extruded.

Fig. 2. SEM photographs of the surface of granular activated carbons: (a) crushed, (b) extruded.
���� �40� �1� 2002� 2�
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<J ·��( ³\�� ��%D �ü�� ��Ã Ádl
 Fig. 2�

Ç��Ã (b)D Ð� Ç�3( ÍÁ
 i�? 8;� «%� � ¥&�

J ��0 � "è�. YØ ª8�½ d>V f mn È mH�� �i

El
� ���� @A��
 ���
� [ �	�� =>i ���

3 ´' ·¢8;� �� \]' "ÚJ í � "è�.

3-5. ��
 �� �� 	 ��

8;^_` <�Ø �5�% &' BET ́ Ç� É<%
 BJH method

[12]3 �' ��? õW8;Á�(VBJH)D mercury Porosimeter
 É<

V ê8;Á�` 8;å+� «%3 �R ª88;(20æ��), 2¹8

;(20-500æ) ÷C� ·¢8;(500æ�²)l
 d��� Fig. 5D 63

´Ê�Ë�. 8; å+ 3.5-3,000æ ¥&3( É<? Fig. 36 5� 8;

^_ ´Ê3( =>i6 mn�i6� Æ�o� ·� �ZO, mH�i

� ë ©73( 8;� _�â ��ÏÚJ í � "è�. 8; å+ 85-

1,000,000æ ¥&3( É<? Fig. 4D 6� 8;^_ ´Ê3( =>i

���3 ´' �i ���� ·¢8;� Á�� ñ1 «½ ���l

�, YØ mH�i ���� =>i ���3 ´' / 2G� ·¢8;

Á�` �Z� "ÚJ í � "è�.

4. � �

�i;<3 �V ���� 8;Y� ç�` �5V p6 �Ú6 Ð�

p�J ÿè�

mn �) mH�il
 
_? ���� =>i ����� ê 8;

Á�� ���� 8;^_, ·¢8;�l
 �º�ËÚJ ��0 �

"è�. 25%� Ó��D 7%� �J ¬�­
 ���� mH�iV u

� �i3 �� WXV �¸J ��Íèl� mH�i3 �' @² �

��� +,) 30%3( 95% �²l
 ²��è�.

Å§� deJ ¬�­
 bX�� �iV �i�� Ç�� Å§� U

�6) ]C ñ1 ·~ ²t` ��Íè�, ���� ·±½ i���

") @A��
 ���
� ��%� [ �	�� Ç�3 �� 8;

� i��� ·¢8;� �� \]EJ í � "è�.

YØ �i3 �' 3,000-50,000æ ¥&� ·¢8;� �
 \]Ïl

� mH�i ���� =>i ���3 ´' / 2G� ·¢8;Á�`

�Z� "è�.

Fig. 3. Pore size distribution measured by BET analysis for granular
activated carbons made from domestic anthracite: (�) crushed
(�)  compressed, (�) extruded.

Fig. 4. Pore size distribution measured by Mercury porosimetry for
granular activated carbons made from domestic anthracite: (�)
crushed, (�)  compressed, (�) extruded.

Fig. 5. Comparison of micro, meso, macropores measured by BET
analysis for granular activated carbons made from domestic
anthracite.

Fig. 6. Comparison of micro, meso, macropores measured by mer-
cury porosimetry for granular activated carbons made from
domestic anthracite.
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ng,

ity

an,

C.

g,

ng,

ll,

g,
� 


Ä ��� Á��7� ²�, ��ÄÁD VÌ6Ò�ã Z< �+%

 !��"\§^#$(RRC-IETI)� ZU(6
$ù: 97-10-20-99-B-2)

3 ��� §^�èl� �3 K�%vQ�.


���

Dav : average pore diameter [Å]

FC : fixed carbon

SBET : BET specific surface area [m2/g]

smp : total pore area [m
2/g]

TM : total moisture

VBJH : BJH adsorption cumulative pore volume [cm3/g]

VM : volatile matter

VT : total pore volume [cm3/g] 

vt : total intrusion volume [cm3/g]
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