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Abstract − The adsorption and desorption characteristics of maltooligosaccharides on two commercial activated carbons

were studied experimentally in a batch reactor to obtain basic data for the separation of a sugar from oligosaccharides solution.

Adsorption rates of larger molecules such as maltopentaose (G5) and maltoheptaose (G7) for a pitch coal base activated car-

bon, F400 with relatively uniform pore size distribution of 32-550Å, were faster than those of smaller molecules. On the other

hand, the adsorption rates of smaller molecules such as glucose(G1) and maltose (G2) for a coconut shell base activated car-

bon, SLS103 with smaller pore size in the range of 32-47Å, were faster than those of larger molecules. With pH adjustment

using acetic acid, both adsorbents adsorbed almost all of the saccharides except for G1 at pH>4.1, but all saccharides are not

adsorbed at pH<2.2 For 2.2<pH<4.1, the adsorption rate increases as pH and molecule size increase. However, pH adjustments

using the inorganic acids such as hydrochloric acid and sulfuric acid did not affect the adsorption rate of saccharides. For the

desorption of the adsorbed saccharides, the amount of ethanol in the solution was more important than the concentration.
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�� ��4� ��� ��[6]. ��[:� �� ���.� ��

��� ��� �D7� ����y�	 ;<�� �:�, ��*<�

�� 2��  567 8�/� M�[% ��G�� 
�	 ��� �

���.

  
�� uv����- �� � �D/  ¡�  ¢
��� �4

£� ��[ I4) uv���� y<¤� pH7 �� uv�����

¥¦ � §¦ I4- 
�/¨�.

2. ����

2-1. ��� � ����

  
�7 ;<© ¥¦D� ª�«- h$� /� D¬� �4£ SLS103

((p)­®�, �¯)) °±£- h$� /� D¬� �4£ F400(Calgon

Co., U.S.A)- ²��/� 0.42-0.59 mm ³ � ´�F µ� ¶, �·

- y�/  =7 ¥¦D ¸0� ¹º�- D»/  ¡/� \¼y½

¾¿ 1_� ÀÁ Â% ¶ y � SÃ/¨�.

« ¥¦D� ̧ 0ÄÅF Æv/  ¡N SEM(JSM-5400, JEOL);^-

Ç
 �</¨�, BET(Autosorb-1, Quantachrome Co.)F ;</� ¥¦

D� S��ÈF É�/¨�.   
�7 ;<© Ê ¥¦D� ��[ I

4- Table 17 �ËLÌ�. Multi point BET� ÄPÍÎ(P/Po)� 0.1-0.3

Ï¡7� ¥¦D� *¸0[- �� Ð��, Langmuir surface area� Ä

PÍÎ(P/Po)� 0.1-1.0Ï¡7� ¥¦D� *¸0[- �� Ð��. Multi

point BET� SLS103� *¸0[� F4007 */� Ñ 19% V Ò Ó:

� �ËÔ�b, Õ� Ö� ÍÎÏ¡7� É�� Langmuir surface area�

Ê ¥¦D� *¸0[� R;¾- Õ�×�. �e� Ê ¥¦D� *¸0

[� ³ 07�� Ò Ø�	 ÙÚ- Û y �Ì�.

U¥¦�D�� _Ü<� ����((p)PÄ)- 2.7%(w/v)� ÝÞ/

� ;</¨�. ���� ÝÞ¤ t� uv���� ß�F Table 27

�ËLÌ�. G1(glucose)� ijwWF, G2(maltose)-G7(maltoheptaose)�

α-1,4 ijw_x ��:� ijwW	 «« 2-7� ���
 �� uv

����- �Ëà�.

2-2. ��	
 ��

����� ¬4� TLC(Thin Layer Chromatography) (Silica gel 60,

Merck, Germany)F ;</� �Þ/¨�[7-9]. TLC� �Þ� _$�

��3 G�� mF Fig. 17 �ËLÌ�. ̧ ×¤:� G5(maltopentaose,

sigma, U.S.A)F ;</� ¸×¤� ß�F 0.1-1%(w/v)� ¬D/�

TLC �Þ ¶ Totallab program(Nonlinear Dynamic Co., Britain)- �<

/� « spot� 0[7 Ä�/� densityF �/¨�. Totallab program

:� z
^ spot� density½ ¸×¤ ß�½� �áF Fig. 17 �ËL

Ì�. TLC� É�� ¸×¤ ß�½ Totallab program- �</� z


^ « spot� densityF plot/0 �2�â�:� �� ãY) s äØ

	 å3%� »� �g/� Ó- Û y �Ì�. �e� « ¸×¤ ß�

½ « spot� density½� Ä��á�.� TLCÄ� « spot� ß�F

�/¨�[9].

  �·7�� electronic pipettor(710522ET, Bio-hit)F ;</� ß

�F Û� �� uv���� ¸×¤(1%(w/v))) _$F «« 0.5µL

æ µ/� TLC plate7 loading� ¶, 15�� 105oC� R�, �ç_è

� « �� ¬4 �Þ � ß�F ��3 /¨�.

TLC� �ÀÄ <é� ¬4� n-propanol : nitromethane : water=5 : 2

1.5� /¨�, �ç_Ñ� n-1-naphthyl-ethylene-diamine-dihydrochloride

0.03 g, methanol 95 mL, ê� 5 mLF <N_è ;</¨�.

2-3. ��
�

300 mL <�� ­«ëeW³7 �4£(SLS103) F400)- ���(1-

18 g) ì´/� uv���� ÝÞ¤- 100 mLæ í� ¶ shaking

incubator(LSI-3016R, Daihan Labtech Co.)F �</� 25å1 oC, 200

Table 1. Physical properties of activated carbons used in this study

Unit SLS103 F400

Particle diameter mm  0.42-0.59  0.42-0.59
Density of adsorbent particles kg/m3  1,235  1,429
Multi point BET m2/g  1,002  842
Langmuir surface area m2/g  1,645  1,610
Average pore radius Å  11.98  14.93

Table 2. Concentration of maltooligosaccharide in 2.7%(w/v) oligosa-
ccharide solution.

G1 G2 G3 G5 G7

(g/L) 6.21 5.57 5.56 4.13 1.94
Fig. 1. (A) TLC analysis of maltopentaose, (B) TLC densitometric stan-

dard curve for 0.1-1% maltopentaose.
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rpm:� 48_� ÀÁ �� _`0� uv����- ¥¦_î�. ¥¦

� ^�t% uv���� ÝÞ¤- ��� _� �ï:� 1 mLæ ð

µ� ¶, R�ñR �)�(Whatman GF/C, pore size 1 µm)� �)/

� �¤ t7 ò¼N �� uv���� ß�F TLC� �Þ/¨�. �

·� ^��� ÀÁ ðµ© _$�, ó��� Ó- G�/  ¡/�,

5 oC� ôK�7 Õ�/¨�. 

{� ¥¦D ³ 7 �� « uv����� ¥¦�- É�/  ¡/

� ´�³  0.074-0.149 mm� �4£- ;</� 25å1oC, 200 rpm

:� 48_� ÀÁ ¥¦�·- y�/¨�, ¥¦D ß�7 �� « uv

����� ¥¦�- É�/  ¡/� ¥¦D� ì´�- ¬õ/H ¡

½ À�� ¬ö7� ¥¦�·- y�/¨�.

¥¦÷ø ù��� ���� ¥¦D(0.2-10 g)F uv���� ÝÞ¤

� 100 mL ú
�� ­«ëeW³7 í� û�F � ¶ 96_� ÀÁ

��_`0� uv����- ¥¦_ü ¶ �¤t� ò¼ß�F �Þ

/� �/¨�.

2-4. pH ��

<¤� pH	 uv����� ¥¦7 #g� ýþ- �ÿ/  ¡/�

100 mL R��7 ¥¦D(SLS103) 8 g) uv���� ÝÞ¤ 50 mLF

ì´/� ¢�- ;</� h/� pHF ¬õ/¨�. s ¶ shaking

incubatorF �</� 200 rpm:� ��/H 25å1 oC� 48_� R�_

`0� ����- ¥¦_î�. {� ¢� P� � �% ��) ê�

- ;</� ¡½ À�� G�:� pHF ¬õ/� uv����� ¥

¦�·- y�/¨�.

2-5. ��
�

¥¦- û� ¥¦D� auto clave(DAC-822, Daeil Engineering Co.)7

� 1.5 atm, 120oC� 15�� R�/0� �T ��� \¼y� y �

SÃ/¨�. s ¶, 3, 15, 30, 50% ethanol y<¤ 100 mL7 ì´ ¶,

shaking incubator7� 25oC, 200 rpm:� 24_� ÀÁ �� _`0�

uv����- §¦_î�[10, 11]. §¦�· t7 _$F ��� _�

�ï:� 1 mLæ ðµ� ¶, R�ñR �)�� �)/� �¤ t7 ò

¼N �� uv���� ß�F TLC� �Þ/¨�. s�� uv���

�� §¦7 ��� ethanol �- �	/  ¡N 15, 30, 45, 60%�

ethanol y<¤- ;</� §¦�·- y�/¨�.

3. 	
 � �


3-1. ���� ���� � �� ��

Fig. 2� ª�«- h$� /� D¬� �4£% SLS103) °±£-

h$� /� D¬� �4£% F400� ¸0- �ÿ/  ¡/� 
ý�

SEM;^(�3,500)��. � ;^7� � y �� Ó) 
� Ê ¥¦D

� ¸0 ÄÅ	 Ä�J �� Ó- Û y ��. Fig. 3� BET� �Þ�

Ê ¥¦D� S��ÈF �Ëà Ó:� SLS103� S�� 32-47� Ï

¡	 IJ �Q�
 ��, F400� 32� Ï¡� S�ab cde 100�

�Ä� S�� ��X �È�
 �Ú- Û y ��.

3-2. ����	
 ��

3-2-1. ¥¦÷ø

uv����� ¥¦�·7� z� ¥¦÷ø ù��F Langmuir>)

Freundlich>7 [<N   �), Freundlich>7 */� Langmuir>�

Ä��á	 Cy/¨:H, �e�   �·� ¥¦÷ø ù��7� > (1)

) 
� �ËLÌ�.

(1)

¥¦��>� �e#�� �· ù��F �</� �2�â�:� �

/¨�, s �)� Table 37 �ËLÌ�. � á�7 �/0 SLS103�

��³ 	 �� G2(maltose)½ G3(maltotriose)-, F400� ��³ 	

Ò G5(maltopentaose)½ G7(maltoheptaose)- Õ� V � ¥¦¾- Û

y ��. Fig. 4� G2(maltose), G3(maltotriose), G5(maltopentaose) �

G7(maltoheptaose)� Langmuir ��>) �·Ð- �_� Ó��. �½


�   ¥¦�·� Langmuir>� Ä��á½ � �g/� Ó:� #

j
 Õc �4£7 �8 ¥¦© « �ú) <¤ t7 !o/� ��
x
m
---- X

qmbCe

1 bCe+
-----------------= =

Fig. 2. SEM Photograph of SLS103(A) and F400(B) (Magnification :
3,500).

Fig. 3. Meso pore size distribution of activated carbon.
���� �40� �5� 2002� 10�
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�ú� À�� ¸0�< F �� �  567 � Ä��� �= [

ÃÎ7 �N� « �ú�� ¥¦Õ�� �4£ ¸0) �)� ¥¦�

CY[:� �j
�� Ó:� mÉ©�.

3-2-2. ¥¦D ì´�� ýþ

Fig. 57 _$ 100 mL� ¥¦D ì´�7 �e uv����- 48_

� ÀÁ ¥¦_ü ¶ TLC� �Þ� �)F �ËLÌ�. Ê ¥¦D7�

��³ 	 	K [� G1� 	K [X ¥¦�Ì�, Fig. 5(A)7� � y

�� Ó) 
� SLS103� G2(maltose), G3(maltotriose)� ��³ 	

*�[ �� �ú- F400Õ� �� ¥¦/¨�, �0 F400� Fig. 5(B)

7� � y �� Ó) 
� G7(maltoheptaose)� ���� Ò �ú-

SLS103Õ� �� ¥¦/¨�. Ê 	� ¥¦D �Ê « �ú� ¥¦D

» �� ¥¦D ì´�� ���b ¥¦D ì´�� \	Ay� « �

ú� P.�� ¥¦�
 ¥¦DF 18 g ì´/¨- 5 G2(maltose)-G7

(maltoheptaose)� �Ê ¥¦D» �Ì:�, G1(glucose)� ���� ¥

¦© ¶7� V �Ä ¥¦�� O� ò¼/¨�. 

�Ä� �)F �':� ¥¦D �P ì´�� uv���� ÝÞ¤

100 mL � 15 g:� /� � ¶� ¥¦ � §¦�·- y�/¨�.

Fig. 6(A)½ (B)7� ¥¦D SLS103) F400- «« 15 g- ;</�

uv���� ÝÞ¤ 100 mL� ¥¦�·- y�� �)F �ËLÌ�.

SLS1037 P� G2(maltose)½ G3(maltotriose)	 ¥¦D» © _��

«« 720�) 1,440�:�, 2,880�% G5(maltopentaose)½ G7(maltohep-

taose)7 *N éC ��:H, F4007 P� G5(maltopentaose)½ G7(malto-

heptaose)� ¥¦D» © _�� «« 8�) 10�:� 30�� ��

G2(maltose), G3(maltotriose) Õ� éC ���. �� G1(glucose)�

SLS103) F4007 PN� ��� ¥¦¶7� V �Ä� ¥¦� �j


�� O� y<¤ t7 ò¼/¨:H, G1(glucose)� ¥¦� V �Ä ^

��� O� _�� SLS103) F400� «« 1,440�) 30� �¨�. I

J G1(glucose)� SLS1037 PN�� ��¢ 7 P.�� ¥¦� �

$�H, G5(maltopentaose)½ G7(maltoheptaose)7 */0 ¥¦ �	

éC !��, F4007 PN�� G5(maltopentaose)½ G7(maltoheptaose)

7 */0 ¥¦ �	 "��� ;�- Û y �Ì�. Fig. 3� BETÉ�

�)F Õ0 ÷T pore ãB� SLS103) F400� «« 24.0�) 29.9�

:� �� Ò Ø�	 ÙÌ:�, SLS103� 37.6� .�� ³ � pore

	 I#J �QN �� s �Ä ³ � pore� ÄP[:� [� �0,

F400� 37.6� .�� �Q�
 ��b 42.4�-550�� pore� ��

X �Q�
 �� Ó- � y ��. ��� �4£ ¸0 pore�È I4

:� %/� SLS1037��  � 8$(hindrance effect)7 �N ��³

 	 *�[ �� G1(glucose), G2(maltose) s�� G3(maltotriose)�

¥¦� �� �ú Õ� C�[��, S�� 550�%� ��X �Q�

F4007�� ¥¦ �3�(affinity)7 �N ��³ 	 Ò G5(maltopentaose)

½ G7(maltoheptaose)� ¥¦� �� �ú Õ� C�[�H, SLS103Õ

� F4007 P� uv����� ¥¦ �	 Õ� V !� Ó:� Ü�

©�.

�²¸07�� ¥¦� &.'�, L.'� s�� �D¥¦� �á

� �
�H ��[:� �D¥¦ )�� &.'�) L.'�7 *N

� ÄP[:� !��. ¤Ä7�� ´�� '�� Õ( � �á� �

«/�b ��=Qáy� P)[% ØyF ÷	/� Ó� t�/�. �

Ä� �)7� SLS103Õ� F4007 P� uv����� ¥¦ �	

*+ V !,- Û y �Ì�ù,   
�7�� �·:� z� �[ß

� "2-Y:�.� ��=Qáy(Kf)F �/¨�, s >- > (2)7 �

Table 3. Adsorption equilibrium isotherms of maltooligosaccharides on
activated carbons at 25oC

(A) Langmuir Equation for SLS103

Species qm(mg/mg) b(mL/mg)  R2

Maltose(G2)  0.1196  3.7768 0.9989
Maltotriose(G3)  0.1114  5.4752 0.9983
Maltopentaose(G5)  0.0885  4.2883 0.9972
Maltoheptaose(G7)  0.0498  1.6608 0.9943

(B) Langmuir Equation for F400

Species qm(mg/mg) b(mL/mg) R2

Maltose(G2)  0.0986  2.1524 0.9986
Maltotriose(G3)  0.1012  1.8817 0.9988
Maltopentaose(G5)  0.1062  2.2228 0.9976
Maltoheptaose(G7)  0.1121  3.3529 0.9945

Fig. 4. Adsorption isotherm of maltooligosaccharides on activated car-
bon at 25oC.
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002
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ËLÌ�. > (2)F �</� á�� « �� ��=QáyF Table 47

�ËLÌ�.

(2)

��=QáyF *�N Õ0, G1(glucose)- D&/0 SLS103Õ�

F400� ��=Qáy	 Ñ 10. �Ä/- '%A y �Ì�. {� «

�# ��=Qáy� ³ � SLS103� BC� G1(glucose) > G2

(maltose) > G3(maltotriose)> G5(maltopentaose) > G7(maltoheptaose)� º�

¨�, F400� BC� G7(maltoheptaose) >G5(maltopentaose) >G2(maltose)>

G3(maltotriose) > G1(glucose)� º�¨�.

Ê 	� ¥¦D7 P� G1(glucose)� ¥¦�� �� �ú7 */�

*+ 0:H, SLS103) F400� G1(glucose)� ¥¦�- *�N Õ0

F4007 P� G1(glucose)� È3 ¥¦�� 40%� SLS103� 67%Õ�

Ä�J 01�.

  
�7� z� ��(G1)� ¥¦�� �� �7 */� 0� �2

3Ä� �4£7 P� 13�� �� � �� ¥¦÷ø�·- �_� Abe

�[12]� 
��)�, �4£7 P� uv����� ¥¦÷ø�·- (

N maltose	 glucoseÕ� ¥¦�3�	 Ò Ó:� Õ�� 
��)[13]

Ce

Co

------ 
 ln

K f– Ast

V
-----------------=

As
3W
pR
--------=

Fig. 5. Variation of maltooligosaccharides concentration with adsor-
bent dosage.

Fig. 6. Variation of maltooligosaccharides concentration with reaction
time.

Table 4. External film mass transfer coefficient of maltooligosa- ccharides
on activated carbons at 25oC

SLS103[m/s]  F400[m/s]

Glucose(G1)  6.6223�10−7 4.7671�10−8

Maltose(G2) 1.7976 � 10�7 1.7578� 10−6 

Maltotriose(G3) 1.4081� 10�7 1.4630� 10−6

Maltopentaose(G5) 1.8678� 10−8 1.8286� 10−6

Maltoheptaose(G7) 9.7310� 10−9 3.2421� 10−6
���� �40� �5� 2002� 10�
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)

½� �g��. 

�e� ���� ���� �� �ú- ��á ¥¦��- (N �4

[:� ¥¦/5�6 G1(glucose)� �� �ú�.� 7X ��A y

�- Ó:� Ü�©�.

3-2-3. ¥¦D ³ � ýþ

Fig. 7� ¥¦D» _�� ÄP[:� 8 SLS103- 0.074-0.149 mm

³ � ��/� uv���� ÝÞ¤ 100 mL7 15 g- ì´� ¶, 48

_� ÀÁ ¥¦_î- 5 ¥¦_�7 �� ò¼ uv����� ß�

ó3F �Ëà Ó��. �·�), 0.42-0.59 mm ³ � �4£- ;<

/� À�/X ¥¦�·- y�/¨- BC(Fig. 6(A))½ *�/¨- 5

¥¦÷ø_�� 1/5� �9�Ì:H, G1(glucose)� ò¼�� 20% �

� "2/¨�. �� �4£ ´�³  "2� �¡��� ¥¦�� �

4£ :� \	�
 �; �ú� <� _�7 Õ� �� :� ¥¦�Ì

  56��. �Ä� �)� ¥¦_�� ØF �</� « �ú- ��

/� Ó� V 
=>?Ú- �Ëà�.

3-2-4. ¥¦D ß�� ýþ

Fig. 8� ¥¦D» _�� ÄP[:� <� F400- 0.42-0.59 mm� �

�/� uv���� ÝÞ¤ 100 mL7 5 g- ì´� ¶, 48_� ÀÁ

¥¦_î- 5 ¥¦_�7 �� ò¼ uv����� ß�ó3F �Ë

à Ó��. ¥¦D� �- 1/3% 5 g- ì´/¨- 5� 
� ³ � �

4£- 15 g ì´/¨- BC(Fig. 6(B))½ *�/¨- 5 ¥¦÷ø_�

� 12. �� \	/¨:�, G1(glucose), G2(maltose), G3(maltotriose)

� ò¼�� «« 10%, 35%, 35% �� V \	/� G5(maltopentaose)

½ G7(maltoheptaose))� ��	 Õ� V � �j
� y �Ú- Õ�

×�.

3-3. pH� ��

3-3-1. R �7 �� pH¬õ

<¤� pH	 uv����� ¥¦7 #g� ýþ- �ÿ/¨�ù,

pH É�� h�¾- ¡N ¥¦7 ;<� ¥¦D½ uv���� ÝÞ

¤� :- ¥¦�·� õ�% ¥¦D(SLS103) 8 g) uv���� Ý

Þ¤ 50 mLF ì´/� R �% ¢�- ;</� h/� pH� ¬õ

� ¶, 200 rpm:� ��/H 25oC� 48_� R�_`0� ����-

¥¦_î�.

¢�- �</� pHF 2.27.� 10.55� Ï¡� ¬õ/� uv��

��- ¥¦_ü ¶ <¤t7 ò¼N �� uv����- TLCG�:

� �Þ� �)F Fig. 97 �ËLÌ�. pH 4.17� 10.55 Ï¡7��

uv����� ¥¦� pHF ¬õ/� O� BC½ 
� �; �� �

¥¦�Ì:�, pH 2.277�� G1(glucose)� »� ¥¦�� O1�

G2(maltose), G3(maltotriose), G4(maltotetraose), G5(maltopentaose�

Ä�J �� :� ¥¦�� O� <¤t7 ò¼N �Ì�. ¥¦7 #g

� ýþ� Ò pH 2.2-3.03 Ï¡7� uv����- ¥¦_ü ¶ <¤

t7 ò¼N �� uv����- TLC� �Þ� �)F Fig. 107 �

ËLÌ�. � s@7� � y �� Ó) 
� pH 2.2 � pH 2.387��

uv����� ¥¦� »� �j
�� O1�b pH	 \	¾7 �e

uv����� ¥¦�� \	/¨�ù �� �ú t ���� Ò �ú.

� ¥¦� �8 ^��Ì� ���� �� G1(glucose)-G3(maltotriose)�

pH 3.037�� »� ¥¦�� O1�. ��A pH7 �e� « �� �

4£7� ¥¦Bþ� ó/� �R� pH ó37 �e� �4£) « �

� ¸0=/7 �� �= [ Ä��<� ó3 56:� ;$©�. �

Fig. 7. Variation of maltooligosaccharides concentration with reaction
time(SLS103, Size of adsorbent particles: Size of adsorbent par-
ticles: 0.074-0.149 mm, Adsorbent dosage: 15 g).

Fig. 8. Variation of maltooligosaccharides concentration with reaction
time(F400, Size of adsorbent particles: 0.42-0.59 mm, Adsor-
bent dosage: 5 g).

Fig. 9. TLC analysis of maltooligosaccharide for various pH. Original
pH=8.98(SLS103).
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002



578 ���������	
� ��	
F �ÿ/  ¡N �4£(SLS103)� zeta-potentialF É�/� Fig. 11

7 �ËLÌ�. pH 2.2-2.47�� ̧ 0=/	 0� �� �=B(isoelectric

point).�� =/F �� ��b pH� \	½ ¾¿ ¸0=/� \	/

� pH 5�Ä7�� −27 mV� *�[ Ò ¸0=/F �� �Ú- Û

y ��.   
�7�� ����� pH7 �� zeta-potential- É�A

y ÙÌ:� Fig. 11� �)�.� pH7 �� �4£7� « �ú� ¥

¦ó3F �Ú) 
� mÉ A y ��. �4£7� « �ú� ¥¦�

»� �j
�� O1C pH 2.2-2.387�� �4£� ¸0=/	 �=

B7 	%D =/F �� �  567 uv����� =/F �� �

Ve� �= [ %Î� Ñ/  567 ¥¦� �j
�� O1�, pH

� \	7 �e� �4£� ¸0=¡	 \	/� uv����� �4

£) �P� ¸0=¡F �  567 Ä��7 ÃÎÕ�� %Î� ³

X �</� �4£7� « �ú� ¥¦�� \	� Ó:� ;$©�.

pH½ ¥¦_�7 �� uv����� ¥¦I4- É�/  ¡/�

pHF 4.31, 3.08 s�� 2.2� ¬õ/� ¥¦- y�� �)F Fig. 12

7 �ËLÌ�. pH 4.317�b G1(glucose)- D&� �E� �ú� �

Ê ¥¦�Ì:H, pHF ¬õ/� O� BC(Fig. 6(A))½ *�/¨- 5

G2(maltose)½ G3(maltotriose)� ¥¦_�� �� À�/¨:� G5

(maltopentaose)½ G7(maltoheptaose)� ¥¦� pH	 4.31� 5 2.�

Fig. 10. TLC analysis of maltooligosaccharide: pH 2.2-3.03(SLS103, adjusted
by CH3COOH).

Fig. 11. Zeta potential of activated carbon(SLS103) for various pH.

Fig. 12. Variation of maltooligosaccharides concentration with reaction
time for various pH. (A) pH 4.31, (B) pH 3.08, (C) pH 2.2(SLS103,
adjusted by CH3COOH).
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)

� !�X ^��Ì�. �� uv����� ¥¦� �4£� S�³ 

ab cde �4£) ������ �= Ä��<� ýþ- ³X r

  56:� ;$©�. {� �� R �� BC7� R;� ¥¦I4

- �ËL��F Æv/  ¡/� F�U��:� pH 2.22-3.07 Ï¡

� ¬õ/� uv����- ¥¦_ü ¶ <¤t7 ò¼N �� uv

����� TLC �Þ� �)F Fig. 137 �ËLÌ�. F�U��� B

C7� ¢�- ;<� BC½� ¬G ��X pH 2.8 %�� uv��

��� ¥¦� »� ^��� O1�, s �¶� pH ¬ö.� uv�

���� ¥¦� ^��Ì:� =²[% ¥¦ I4� ¢�) R;/X

pH	 Ñ�æ \	¾7 �e uv����� ¥¦� \	/¨�ù ��

�� Ò �ú.� ¥¦� �8 ^��Ì� ���� 	K �� G1

(glucose)� pH 3.077� »� ¥¦�� O� ò¼N �Ì�.

3-3-2. � �7 �� ýþ 

� �:� pHF ¬õ/¨- 5� ýþ- É�/  ¡/� ��)

ê�:� pHF 2.2� ¬õ� ¶ ¥¦_�7 �� uv����� ¥¦

I4- É�/� �F Fig. 147 �ËLÌ�. �· �)F ¢�:� pH

F 2.2� ¬õ� BC(Fig. 12(C))½ *�/¨�ù, ¢�:� pHF ¬õ

� BC7� uv����� ¥¦� »� �j
�� O� �0, ��

) ê�:� pHF ¬õ� BC7� G1(glucose)� �.F D&� P.

�� uv����� ¥¦�
 s ¥¦I4� pHF ¬õ/� O� B

C(Fig. 6(A))½ R;/¨�. �� ¥¦D�6 �4£(SLS103)- ;<

/� uv����� ¥¦�·- y�_ zeta potential� R �7 !

o/� H�4� (-COOH)� ýþ- p� r  56:� ;$�H, u

v����- « �#� ��/� É07� � 5 � �- ;<� pH

¬õ� *M)[/- '% A y �Ì�.

3-4. ����	
 ��

uv���� ¥¦7 ;<� ¥¦D(SLS103) F400)7 3, 15, 30,

50% ethanol y<¤ 100 mLF ì´/� uv����� §¦�·- y

�� �)F Table 57 �ËLÌ�. 3% ethanol y<¤:� §¦_î-

5� SLS103� 76%, F400� 77%� G1(glucose)� §¦ �Ì�. 15% �

30% ethanol y<¤:� §¦ _î- 5� SLS103) F400 �Ê G1

(glucose), G2(maltose), G3(maltotriose)	 90% �� §¦ �Ì�, 50%

ethanol y<¤:� §¦ _î- 5� �; �� 98%�Ä §¦ �Ì�

. �4£7 ¥¦© uv����� §¦7 ;<© ethanol y<¤� ß

�	 I� §¦_�� Jy� §¦�� \	/¨:H, ��³ 	 ��

�ú� CY[:� §¦ �Ì�.

uv����� §¦7 ��� ethanol :- É�/  ¡N 15, 30,

45, 60%� ethanol y<¤- ¬D� ¶, �F uv����- ¥¦_ü

�4£(SLS103)7 30, 60, 100 mLæ ì´/� §¦�·- y�/¨

�, « �ú- 94% �Ä §¦_K 5� ethanol y<¤ ß�½ ethanol

y<¤ :)� �áF �	/� Fig. 157 �ËLÌ�. �· �), �

4£ 15 g7 È3 ¥¦�
 �� G1(glucose) 0.397 g, G2(maltose

0.552 g s�� G3(maltotriose) 0.553 g- 94% �Ä §¦_`  ¡N

�� ethanol� «« 18 mL, 36 mL, 45 mL	 ��¾- Û y �Ì�.

{� À�� :� ethanol- ì´/¨- BC7� ß�	 ��Ve�

uv����� §¦�� »� �g¾- Û y �Ì�ù, ��� �)

� � 5 ethanol y<¤- ;<� uv����� §¦� ethanol y

<¤� ß�Õ�� ì´© ethanol�� ýþ� Õ� V Ò Ó:� ;

$©�.

Fig. 13. TLC analysis of maltooligosaccharide: pH 2.22-3.07(SLS103,
adjusted by CH3CH2COOH).

Fig. 14. Variation of maltooligosaccharides concentration with reaction
time at pH 2.2. (A) control by HCl, (B) control by H2SO4(SLS103).
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� ��	
4. 	 �

��[ I4� �� Ê 	� �4£- �</� uv����- «

�#� ��/  ¡� �·[ 
�F y�/¨�, �Ú) 
� �L-

zÌ�.

ª�«- h$� /� D¬� �4£(SLS103)) °±£- h$� /

� D¬� �4£(F400)- ;<� uv����� ¥¦÷ø ù���

Langmuir>:� � �ËM y �Ì�, F400� ��=Qáy	 *+ V

�� ¥¦ �	 V ���.

Ê 	� ¥¦D7 P� G1(glucose)� ¥¦�� �� �ú7 */�

*+ 01�ù ���� ���� �� �ú- ��á ¥¦��- (

N G1(glucose)- Õ� ß9/� G1(glucose)� ��M�- I� y �

- Ó:� Ü�©�.

R �% ¢�- ;</� y<¤� pHF ¬õ� ¶ uv����-

¥¦_î- 5�, Ê 	� ¥¦D �Ê, pH	 2.27�� uv����

� ¥¦� »� �j
�� O1�, pH 4.1 �Ä7�� G1- D&� �

; �ú� ¥¦� �j
?�. pH	 2.2-4.1 Ï¡7�� pH� ���

³ 	 \	Ay� ¥¦�� \	/¨�. s�� � �:� pHF ¬

õ� BC7� G1(glucose)� �.F D&� P.�� uv�����

¥¦�
 s ¥¦I4� pHF ¬õ/� O� BC(pH 8.98)½ =²[

:� R;/¨�. 

Ethanol y<¤- ;<� ����� §¦7� Ê ¥¦D7 �� Ø

�� ³� O1�, ��³ 	 �� �ú� �8 §¦ �Ì�, ethanol

y<¤� ß�Õ�� ethanol�� ýþ� V N�.

� �

  
�� OP^Qo�� 
�* �h(KRF-Y00316)7 �N �j


?:H �7 ";xRd�. �4£� zeta potential- É�N p� äS

H =�p>�; �T�B� � × )KU¿ ";xRd�.

����

As : total external surface area of the adsorbent particles [m2]

b : langmuir constant [mL/mg]

Ce : equilibrium concentration [mg/mL]

Co : initial liquid phase concentration [mg/mL]

Kf : external film mass transfer coefficient [m/sec]

qm : amount adsorbed for monolayer formation [mg/mg]

R : radius of particles [m]

t : reaction time [sec]

V : volume of solution [m3]

W : weight of adsorbent [kg]

x/m : amount adsorbed per unit weight of adsorbent(carbon)

 �!" #$

ρ : density of adsorbent particles [kg/m3] 

����

1. Park, K. H.: Food Science & Industry, 25, 73(1992).

Table 5. Desorption rate of maltooligosaccharide

Concentration of 
EtOH

Adsorbent Maltooligosaccharide
Desorption rate 

(%)

3% 

SLS103
G1 76.3
G2 8.9
G3 9.2

F400
G1 76.9
G2 7.4
G3 7.5

15% 

SLS103

G1 93.8
G2 84.5
G3 90.6
G5 39.8
G7 33.8

F400

G1 92.6
G2 82.4
G3 89.9
G5 38.9

30% 

SLS103

G1 97.2
G2 91.5
G3 90.9
G5 77.9
G7 77.7

F400

G1 96.7
G2 90.4
G3 90.1
G5 76.8
G7 77.2

50% 

SLS103

G1 98.7
G2 98.1
G3 98.7
G5 98.7
G7 98.5

F400

G1 98.7
G2 96.1
G3 96.4
G5 98.9
G7 99.2

Fig. 15. Relationship between ethanol concentration and volume for desorp-
tion of exceed 94% maltooligosaccharides(SLS103).
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