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Abstract − We have studied the adsorption behavior of a copper ion using the reactor containing the titanium dioxide of 50 g/

l and with the stirring of 5,000 rpm. A Langmuir adsorption isotherm was suitable in the acidic region, while Freundlich and

Sips adsorption isotherms were suitable in the basic region at pH 9 where maximum adsorption had been observed. The

adsorption amount increased with an increased value of pH. Adsorption took place rapidly in the pH region below the isoelec-

tric point(pH 5-6) and more slowly above the isoelectric point. The value of pH in the solution decreased during the adsorption

process proceeded. The adsorption amount on the rutile-type titanium dioxide was more than that on the anatase-type titanium

dioxide. And the adsorbent manufactured with the anatase type of 50 wt% and the rutile type of 50 wt% was much better in

adsorption performance.
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 �� !� "#$%&' (). 	
��� )*

+,-� (. /01 2�� ,324. 56 789 �:;< =8

�9 >� /01� !?@ � (. 3�A BC� 
�AD)[1].

EF, EGDH, IJ!K L �0M��� N��. ���. )*�

O69 +,-� (� PQ R�� S3�TU, VTTU, WXTU, Y

ZTU [\ ,N�&. ]PD -' ()[2]. D^ D,_ `a� EPA

(Environmental Protection Agency). bc-. ��� O6 +*\

0.25 mg/l D�_ d�
 e!� �' (' aR ��fIC��� b

cg= 3h\ 3 mg/l D�_ e��' ().

O6ij� k
 �O. l# 7m�� Dn�o p.q Gawer [[3]

� r6s t\ D=8� iju49 ;�v). �Ow4� Nxv'

Lee� Jung[4]� �yz{ |}~,� ij!_ �=�l O6� ij

-. ?E\ Nxv%< Kim4 Kim[5]� �S ��(nodule)� ij!

_ O6D�� ij4 �j��\ �Ov).

|	��, r6s, '��, ��, D	z��� [4 �� �37Q

(inorganic powder)� ij�y\ D=�l /01\ !?�. 3��

D !�-�.q[3, 6-7] �� D	z���� ��7� ��_ �I!

[8]� ���[9]_� �=-' (). D	z���� w�OK�  ¡

¢£�!(anatase), n�$(rutile) L ¤nsD¥(brookite)� 39J_ 7

¦�< ¤nsD¥�� ���� §¨ ¢£�!�%_ ©�. �yD

('[10] n�$�D ¢£�!�f) /01 ij��D ;��l[11]

���z=%_ �={). D	z���\ D=�l Hachiya [[6]D

ª�«(iodine) D�� ij��\ �Ov' Malati [[7]� s«¬ D

�4 � D�� ijM�K­\ �Ov%< Yang4 Lee[12]. O6D

�4 EDTA(ethylenediaminetetraacetic acid)� ®¯ ©z�  ° D	
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z���� O6ij��\ �Ov).

± �O��. ²�9 >' ³� 7´� xµ�yD ¶$�l ij�

y �O9 9�
 n�$� D	z���\ D=�l �=X%_Z·

O6D�\ u¸A%_ !?�3 V
 K­\ w��3 V8 O6D�

� ij?E L pH� D	z���� Ky�yD `¹. º»� ¼8

½¢f¾).

2. � �

2-1. ��

r¿� �=
 n�$� D	z���(!K�: U.S.A., Dupont Co.,

�ÀÁ: R101)� Fig. 14 �D Â¶³�(D50)D 0.5-0.6µmD< Ã��

I��`�(!K�: U.S.A., Jeol Co., ÄÅÁ: 5800)%_ kÆ
 ³��

�� Fig. 2� �D O�%_ Ç39 ¶$v).

D	z��� �y� º»\ ½¢f3 V
 r¿�� �={ ¢£�

!� D	z���(!K�: Japan, Fuji Titanium Co., �ÀÁ: TA300)

� Â¶³�(D50)D 0.5-0.6µmD< ³���� O�P !À\ �=�

È). n�$�4 ¢£�!�� $ÉAP 2y\ fµ ¯/� ¢£�!

�� �; 3.8-4.1D< n�$�� 3.9-4.2D). Ê
 ¯xµA(m2/g)�

¢£�!�� �; 105Ë15D< n�$�� 71Ë20D).

D	z��� xµ� ÌÍ�' (. ��2�� ij�y� Î� º

»\ Ã3 Ï �[14] O6D�� ij?E\ �Ð� D8�3 V8�

D	z���\ )Ñ4 �D �!v). D	z���\ Ò¦�� 35%

�	D 1 : 2� /*¯_ ÓÔ{ �=X� 4-6�SE� �!� �' 0.1

N� ÕÄÖ¢_ ×Ø
 )Ñ[13] ²�
 100oC� Ò¦�� 3-4$ S

Ù9Ú�)[15]. D#
 BC%_ ×Ø{ D	z���\ 110oC� �

Û�� ��� ­K�'[16] 7Ü8� ÝÞ Â¶³�(D50) 0.5-0.6µm

� D	z���\ r¿� �=v). O6 �=X\ !K�.q �=


�ß(Cu)� $± Osaka� !ÀD< d	� =8�à �=v). O6 �

=X� 0.1 g� O6� �	 0.145 ml� á' 60-70oC_ 9â8� �	

O6_ ÝÞ )Ñ 0.5 ml� �	� =8�ã). =XD ÄÚ ÒN-'

ä� åI2� )� 0.1 N �	\ 100 ml� á� 1,000 mgCu2+/l� O

6 �=X\ !Kv%<[17] æçA%_ 10 mgCu2+/l� �=X%_ è

�8� �=v).

2-2. ����

D	z���\ Fig. 34 �� Éé3� iju¸D 9T ;�
 K­

P 50 g/l� n�$� D	z���4 10 mgCu2+/l �=X\ á' ê¯

r¿� ijÂ�D Dn�ë 80-85�Sf) ì 96�S(4$)�� ij

r¿\ r�v).

��K­� 28-33oC� íV�� ijr¿\ rî�È%< D	z�

��� iju4� >lÃ3 V8� Éé3 R� ïÉ3(U.S.A., Cole-

Fig. 1. Average diameter of rutile-type titanium dioxide by Malvern
Instrument.

Fig. 2. Electron micrograph of rutile-type titanium dioxide by scanning
electron microscopy(magnification 20,000).

Fig. 3. Schematic diagram of experimental setup.
(1) Stainless steel screen with 1,000 mesh
(2) Agitator with controller
(3) Holding frame with clamp
(4) Titanium dioxide
(5) Supplying tank with pump

Fig. 4. Relationship between time and adsorption amount of copper ion
depending on agitating speed.
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Parmer Co., ÄÅÁ: Model 4554-00)� ð¹v). ij�  ° O6D

�� ñ�. 107ò 100 mló �ô� õö�l ÷�v%< Éé3 R

� �=X\ $��¨ ,J�3 V8 10 mgCu2+/l� O6�=X 100 ml

� MøK_Z· ùH� D=�l Éé3� Møv). Ê Éé3 R�

D	z���D úZ_ ,c-. û\ BJ�3 V8 1,000 üý� þ

Çÿ\ �ô õöO� ð¹v). ïÉ1�� ij S� k�� ½¢f

3 V8 Fig. 4� �D ïÉ1��  ° O6D� ij*\ ¯ïv).

3,000 rpm�� 5,000 rpm�J. ïÉ1�9 Ò9+�  ¡ ij*D Ò

9v%£ 5,000 rpm4 7,000 rpm� K­��. ij*� �D9 ?�

��). D w4� D=�l 5,000 rpm� $�
 ïÉ1� K­�� D

	z���� ¼
 O6 D�� ijr¿\ r�v).

r¿�� õö{ =X� O6D� ñ�. ]�i�7�3(atomic ab-

sorption analyzer, !K�: Japan, Hitachi, Co., ÄÅÁ: Model Z-6100)

� �=�l 324.7 nm� GT�� ÷�v%< �*F\ D=�l D	

z���� xµ� ij{ O6D�*\ S�AP BC%_ ÷�v).

3. �� 	 
�
 

3-1. ��	
�

± r¿� ÷�w4_Z· Langmuir ij[��, Freundlich ij[

�� �6' Sips ij[��\ �=�l D	z��� xµ� ¼
 O

6D�� ij�y\ £��).

Fig. 5-7� pH º	
_ Langmuirij[��\ F�z{ Â�ij*

(1/qe)4 Â�ñ�(1/Ce) S� k�_ £�� ��H).

Fig. 5-7� x�{ R2� 
×F� D�¹� r¿¹ S� �kk�� £

�R. ��_ R2D 1� ��@�� ���9 >� û\ �`
)[18].

� pH º	
 ��H_Z· �	{ ��� D=�l O
 Langmuir i

j[��� )Ñ4 �).

pH 3: qe=0.1982Ce/(1+1.4638Ce) (1)

pH 7: qe=5.5402Ce/(1+28.5725Ce) (2)

pH 9: qe=8.4746Ce/(1+43.8871Ce) (3)

pH 3� 	y º	��. 0.3009_ ���9 9T �¾%£ pH 74 pH 9

��. �� 0.71764 0.7220%_ �3y º	%_ ��� ���9 �

�v). ij*D Ò9@�� R2� �D ����_[18] O6D�� 	y

º	�� �3y º	%_ ��� ij*D Ò9
). û\ ½ � (

�).

Fig. 8-10� pH º	
_ Freundlich ij[��\ F�z{ log(Ce)�

log(qe)� k�_ £�� ûD).

� pH º	
 ��H_Z· O
 ��� D=8� Freundlich ij[

��\ )Ñ4 �D £��).

pH 3: qe=0.0866Ce
1/4.5086 (4)

pH 7: qe=0.2116Ce
1/5.4466 (5)

pH 9: qe=0.2308Ce
1/5.1840 (6)

Fig. 6. Langmuir adsorption isotherm of copper ion on rutile-type tita-
nium dioxide(pH: 7, temperature 28oC, TiO2 concentration: 50 g/l).

Fig. 5. Langmuir adsorption isotherm of copper ion on rutile-type tita-
nium dioxide(pH: 3, temperature 28oC, TiO2 concentration: 50 g/l).

Fig. 7. Langmuir adsorption isotherm of copper ion on rutile-type tita-
nium dioxide(pH: 9, temperature 28oC, TiO2 concentration: 50 g/l).

Fig. 8. Freundlich adsorption isotherm of copper ion on rutile-type tita-
nium dioxide(pH: 3, temperature 28oC, TiO2 concentration: 50 g/l).
���� �39� �1� 2001� 2�
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R2� �� Langmuir ij[��� �;� �D pH 3� 	y º	��.

0.2867_ ���9 �¾%£ pH 74 pH 9. 0.70304 0.7925_ �3y

º	%_ ��� ���. ��v).

Sips ij[��� ij�� �7��� a
-J �' )7��\ �

y�µ� �1 ëî{). D�\ ��%_ Freundlich [��4 Langmuir

[��D wÔ{ ��)[19]. D� �� Sips ij[�� D�\ �?_

Fig. 11-13� pH º	
_ log(1/qe)� log(1/Ce)� k�� F�A%_

£��).

� pH º	
 ��H_Z· ��ë ��� D=�l O
 Sips ij

[��\ )Ñ4 �).

pH 3: qe=0.0741Ce
0.2218/(1+0.0634Ce

0.2218) (7)

pH 7: qe=0.1889Ce
0.1821/(1+0.1687Ce

0.1821) (8)

pH 9: qe=0.2263Ce
0.2236/(1+0.2073Ce

0.2236) (9)

Sips ij[����� pH 3� 	y º	��. R2� �D 0.2868_

���9 �¾%£ pH 74 pH 9��. �� 0.6861 L 0.8024_ �3

y º	%_ ��� ���9 ��v).

Langmuir ij[��, Freundlich ij[��4 Sips ij[��� �

k��(R2)� pH º	
_ Table 14 �D ¯ïv).

Fig. 9. Freundlich adsorption isotherm of copper ion on rutile-type tita-
nium dioxide(pH: 7, temperature 28oC, TiO2 concentration: 50 g/l).

Fig. 10. Freundlich adsorption isotherm of copper ion on rutile-type
titanium dioxide(pH: 9, temperature 28oC, TiO2 concentration:
50 g/l).

Fig. 11. Sips adsorption isotherm of copper ion on rutile-type titanium
dioxide(pH: 3, temperature 28oC, TiO2 concentration: 50 g/l).

Fig. 12. Sips adsorption isotherm of copper ion on rutile-type titanium
dioxide(pH: 7, temperature 28oC, TiO2 concentration: 50 g/l).

Fig. 13. Sips adsorption isotherm of copper ion on rutile-type titanium
dioxide(pH: 9, temperature 28oC, TiO2 concentration: 50 g/l).

Table 1. Comparison of correlation coefficient(R2) relative to adsorp-
tion isotherm 

 Type
pH

Langmuir isotherm Freundlich isotherm  Sips isotherm

pH 3 0.3009 0.2867 0.2868
pH 7 0.7176 0.7030 0.6861
pH 9 0.7220 0.7925 0.8024
HWAHAK KONGHAK Vol. 39, No. 1, February, 2001
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Table 1�� £�� w4� �D n�$� D	z���� ¼
 O6

D�� ij?E� pHº	�  ¡ )�< pH9 Ò9@�� ij[�

�� ���. >¢�). Ê 	y º	��. Langmuir ij[���

���9 >¾%£ �3y º	��. Freundlich ij[��4 Sips i

j[��� ���9 >¾).

3-2. pH� 
�

pH9 ij*� `¹. º»\ ½¢f3 V�l Fig. 14� �D pH 


_ 4$ E� ïÉ�&µ� ij*\ ÷�v). pH �D Ò9@�� i

j*� Ò9v%< D	z���� [I D ÌÍ�. pH 5-6[20]\ 3

h%_ ij*D ø!� Ò9�. º	4 "Ý�¨ Ò9�. º	%_

O7-�).

ÑD�z{ D	z��� xµ� #D�P O6D�� ijD $�

£.q �}D�� ñ�9 >� 	y º	f). �}D�� ñ�9 A

� �3y º	�� D	z��� xµ� ÑD�z9 §¨ Dn�J3

Ï � ij��� �N�¨ $�£¨ {). �=X� pH�  ¡ O6

D�� ij*D ©�. ��� �=X /� ÌÍ�' (. �}D�

� ñ� L O6D�� �E�� k�9 (). $ =XR �}D�� ñ

�9 >¢Jµ O6D�� �E�9 %�o ij� TU9 {)[21].

Fig. 15. �S�  ° D	z��� xµ� ij*� ©z� £��

ûD). 5,000 rpm%_ ïÉ\ �µ� �S
_ =X� ñ�� ÷�


w4, ij*� pH� k��D ij&3� Ã_ Dn��%< pH 3�

�� ij*D 9T A�' pH 11�� 9T Î� ij*D $�').

pH 7��� ij*� pH 3f). ([�¨ Î¾%£ pH 11f). )

} A�).

D	z���4 O6D� S� ijD $�£µ� �=X� pH ��

Fig. 164 �D ©v). ÑD�z{ D	z��� xµ� #D�P O6

D�D ij-µ� �=X� pH �� �¢�). &3 pH��  ¡ )

}� *� )} �D9 (%£ pH 11� �=X� 607S ijD Dn

�ë +� pH 9.9_ )}v%< pH 7� pH 6.3%_, pH 3� pH 2.8_

�¢�). �=X4 �µ��� ,J�. D	z��� xµ� ÌÍ�

' (. �}3� �=X /� O6D� �D�� $�£. D�ï�

üsÖ,� �8 xµ�� O6D�� ijD $�'' �=X� pH

�� �¢�)' ðÁ@ � ()[22].

3-3. ������ ��� 
�

n�$� D	z���4 ,�
 ³�(D50: 0.53Ë0.04µm)� ¢£�

!� D	z���(!K�: Japan, Fuji Titanium Co., �ÀÁ: TA300)

\ ÓÔ�µ� r¿\ 
 w4� Fig. 17-184 �D £��).

Fig. 17� ¢£�!�(a)4 n�$�(r)� +*�  ° ij*\ ¯ï


 û%_ ¢£�!� +* 0%. n�$� 100%� �`�< ¢£�

Fig. 14. Relationship between initial pH value and adsorbed copper ion
(temperature: 32oC, TiO2 concentration: 50 g/l).

Fig. 15. Relationship between time and adsorption amount of copper
ion relative to value of pH(temperature: 33oC, TiO2 concentra-
tion: 50 g/l, agitation speed: 5,000 rpm).

Fig. 16. Change of pH during adsorption process(temperature: 33oC,
TiO 2 concentration: 50 g/l, agitation speed: 5,000 rpm).

Fig. 17. Relationship between anatase-type titanium dioxide content and
adsorption amount of copper ion(temperature: 30oC, pH: 5.6,
TiO 2 concentration: 50 g/l).
���� �39� �1� 2001� 2�
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m

.: 

se,

2,

ue,

-

l,

lli-
!� +* 50%. ¢£�!� 50%� n�$� 50%9 ÓÔ-� (Ñ

\ �`
). ij*� ¢£�!�(a)f) n�$�(r)D >¾%< ¢£

�!� 50%� n�$� 50%� ÓÔ�. �;� ij*D 9T >¾

). Fig. 184 �D ïÉ\ �&µ� �S
 ij*\ kÆ
 r¿��

� n�$� 50%� ¢£�!� 50%� ÓÔ
 �;� ij*D 9T

>¾). n�$�� xµ� Ã_ -#J�(110)µ4 (101)µ� w�O

K_ Oy-� (' ¢£�!�� xµ� Ã_ (001)µ%_ -� (�

� ¢£�!�f) n�$�� xµ�.J9 >%<[23] D xµ�.J

9 ij�� º»\ `¹. û%_ ��-JÝ ¢£�!� 50%� n

�$� 50%9 ÓÔ{ D	z���� ij*D 9T >¨ £�� w

4� ¼
 D�AP OÁ� /0 1ª�).

4. � �

5,000 rpm%_ ¶$�¨ ïÉ-' (. Éé3� 50 g/l� n�$�

D	z���\ á' r¿�µ� �� O6D�� ij?E� ¼
 w

�� )Ñ4 �).

pH9 Ò9@�� ij[��� ���. >¢�.q 	y º	��

. Langmuir ij[��� ���9 >¾%< �3y º	��.

Freundlich ij[��4 Sips ij[��� ���9 >¾). pH9 Ò

9@�� ij*� Ò9v%< ijD ëî2�  ¡ �=X� pH �

� �¢�). n�$� D	z���D ¢£�!� D	z���f)

ij*D >¾%< n�$� 50%� ¢£�!� 50%� ÓÔ8 �=


�;� ij*D 9T >¾).

�
��

a : anatase type titanium dioxide

Ce : equilibrium concentration of copper ion in solution [mg copper ion/l]

D50 : particle diameter at average weight [µm]

qe : amount of copper ion adsorbed on titanium dioxide [mg/g-titaniu

dioxide]

r : rutile type titanium dioxide

R2 : correlation coefficient [-]

�
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