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% &'�() pH% *+� ,$ -./) �0/ 12�� �3� �456. pH 2��� &'7� �89: pH 2-2.5%

;#�� &'7� <=> ?@5A pH 2.5-3�� B:
C &'7� ?@5�D pH 3-9��� EFG &'7� HIJ6.

��	 KL� ,G ���(II)% &'��, Freundlich &'M�/� Langmuir &'M�/N6 O �P5�D Lagergren &

'0Q/�� ���(II)% &'RS� HIT � �86.

Abstract − The adsorption behavior of a iron ion(II) on the silica under the various pH conditions were performed in the batch and

continuous systems in order to study the efficient removal conditions of a iron ion from aqueous solutions. The adsorption amount

was very small at pH 2 but rapidly increased in pH 2-2.5 and slowly in pH 2.5-3. That was constant regardless of pH value in region

of pH 3-9. In adsorption of a iron ion(II) on the silica surface, Freundlich adsorption isotherm was more suitable than Langmuir

adsorption isotherm and the adsorption characteristics could be explained by using Lagergren adsorption rate.
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 3< �X

= Z[ \
9 ]<;
 ?(��
 ^� VW]<_ `;1 a<�_

b2 ABC3 ��

 �cd & 0
 (e� fg� ����$[1].

h� i �j!8
9 :4;
 6&
 $G >?;@ 0
 j�D2

PQ
 ��� S<� k
 'l�P ABC ��- �Gmn
 3<

op	qr stu� vwxu +y :4	z
 {,- |}~ 0$[2].

�� �2 ��Ey <�"( [< S<f�g� �2 �� g�� �

X"� ��;
 6&3 j>Gy ��"K 0,1  	
 6&3 X

�� [< �t����y �a� $*� ]�(�� �`;K 0$[3-

6]. �t
 3� ��fg2 �Y� �t�3 e�
 ABC ��y �

�	� ]� �
 �c"
 fg,- 1, 2� �� � 6&
 FG,-

��"
 ABCy ���,- ��"
q k- �a=$[4]. j�D �

t
 '� WJ
 �� ]�
9 ��@�
q, Nowack� Sigg[7]
 �

Wy �a"� j�D3 �t����y J "#,1 Onganer�

Temur[8]
 &a�
9 5M¡ l�
 '� j�D(III)3 �t2 D�

3 ¢£y ¤
$
 ��� :l¥$. Loewenstein +[9]2 ¦&M� O

� §�¨ l�
 '� j�D� $© BC�D ª3 �« �t§¬y

­"� �tC�
 pH
 ®� ̄ �$
 ��� :l¥,1 Zaporozhets

+[10]2 §��°
 '� j�D3 �t±
 ¢£y F²
 PV
 '

< WJ¥$.

§��(SiO2)
 VWY³
9 ´5M ´µM��- `X"� �¶"

�· "�¸¹§(� �º"� ;� l�2 µMy »�9 b2 �t

My ¼� =$[9]. \½M� \?M� �&� §��
 ¾¿�- Àa

;K 0,1[11] �� x¶- Àa;K 0
 §��
 '� �tWJ�

$*"� ��@�$. Kass� Kardos[12]
 §��� |Á	 §Â ÃÄ

Å� ª3 e�ÆÇ
 '< WJ"#K James� Healy[13]
 §�� l

�� È:É�D ª3 �t
 0@9 �]V_ F²
 ¢£
 '< :

l¥$. Bijsterbosch[14]
 §��
 '� *�D e�5M�3 �tU

M
 '< WJ"#K Spark +[15]2 §��
 '� J�, ÊW, È:

É �DE3 �t §¬y ­"� BC�D3 �t±2 ¿"3 "¿Ë


 ´Ì�$
 ��� :l¥$. Kho +[16]2 X&8 Í��C
 >?

;@ 0
 §��
 '� �tUMy WJ� �� Î� %Ï �D3 �

t±2 �&¥K �¸Ð�D3 �t±2 Ñ$
 ��� :l¥$.
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Ò WJ
9
 §¬§
9 Ó�_ bK Ô� ]Õ_ Ö×"� ��"

� T´� §��� �a"� &a�,-ØÙ j�D(II)y ÚÛ�,-

�cd & 0
 ÜÝy WJ"( [< j�D(II)3 �tc  i pH3

Þ� �tG
 F²
 ¢£
 '< §¬"#$.

2. � �

2-1. ��

�t�- Àa� §��(�ÜÀ: Fuji Silysia Chemical Ltd., Japan, Y

ß : Silysia K-88)
 Fig. 1� �� àÖ Ô�� 8.5µm�$. §�� l

�
 �¶"K 0
 ����2 �tUM
 á2 ¢£y k( â�


j�D3 �tc y Xãä �<"( [< §��� $å� �� X

�¥$. §��� uæ&� 35% ��� 1 : 23 AG´- çº= &a

�
 4-6 	ª ` X²	è$_ 0.1 N3 ép�Ê- $	 êë<9 Ó

&� 100oC3 uæ&
 3-4 ×ª ì_íî$. ��� fg,- êë=

§��� 110oC3 �ï
9 99ä ÝÜ"K ]ð<9[17] §¬
 À

a¥,1 j� >?= &a�2 Ó�_ b2 X�= j_�(Fe, �ÜÀ

: Osaka Chemical Co., Japan)� O�
 a<<9 �Ü¥$[18]. 100 mg3

j
 ��y 0.1-0.5 ml _"K $	 �� 3 ml� çº"� O�3 çº

a�y ·ñ $å 60-70oC3 D�
9 KQ s¿�· òy âó� 9

9ä _½	è,1 ��� ��3 çºÓ9� ¯�"
 �� &a�


9 j�D3 t�
 3� Çô7Yy �õd & 0î$. a�� pí u

:;K ò2 s¿�
 100 ml_ ;�¹ 0.1 N ��y ö_- ÷ ø,�

� a�2 1,000 mg/l3 j�D &a�� =$. ���,- §¬

 u

æ&� �a"� 10 mg/l3 &a�,- ùú"� Àa¥,1 ùú= &

a�3 pHÞ2 2.7-2.8�#$.

2-2. ����

Ò §¬
9
 û´ §¬��� )'- àüY³
 ý¿ä �^� {

,- þ�
 100 h ���3 	ÿ� �n"� �tGy �X¥$. pH

_ �t
 F²
 ¢£y |Êþ( [< pH 1-113 Z[
9 10 mg/l

3 j�D &a�� 10 g/l3 §�� ÜÝ,- pH� 	ÿ� ·ñ $å

àüY³
 �^"�¹ 100 h ` ��	� � �tGy �X¥$. �

â �(M ¢�
9 :4d & 0
 j�D3 t��
 ®© ���x

� f�"( [< j�D &a�y O�ÜÝ,- �Ü"� þ�"$_

pH�- Ü	< §¬
 Àa¥$.

Í�� Y³
9 §	� §�� l�
 '� j�D3 �t§¬2

Fig. 2� �2 ü³3 ÆÇ(
9 WC
 fg,- §	¥$.

�­üP ÆÇ((��: 230 mm, b�: 350 mm)3 ¶�2 
����

1 28-33oC3 D�Z[
9 §¬y §	¥$. §�� ª3 Çôy f

�"( [< ÆÇ( \
 �Æ((�ÜÀ: Cole-Parmer Co., U.S.A. p�

 : Model 4554-00)� �²"K û´§¬
9 �2 3,500 rpm3 �� Ü

Ý,- ×X"� �Æ	è$. �t
 ®© j�D ��¯�
 ÆÇ(-

ØÙ 10 ]� 50 ml� 	ÿ� �n<9 �õ¥,1 	ÿ �n	 ×@.


 ÆÇ( \3 §�� ?�y f�"( [< 	ÿ �nJ �
 1,000 �

� ��3 �Ù� �A,- �²¥K ÆÇ( \3 ?Gy ×X"� ?�

"( [< Fê��� �a"� !�Ü-ØÙ &a�y !�¥$. §¬


9 �n= 	ÿ3 j�D ��]ú

 �V�&]h((�ÜÀ: Hitachi

Co., Japan, p� : Model Z-6100)� Àa¥,1[7] û´§¬y ­< �

2 10 mg/l3 j�D &a�� �' �&�� ¼
 324.7 nm3 
8ÜÝ


9 �X¥$. �� �� 0-10 Fe+2mg/l ��Z[
9 j�D ��� �

&� ª3 �G�y ·EK �t
 ®© &a�3 j�Dy �X"� §

�� l�
 �t= j�D3 *y ª��,- �X¥$.

3. �� 	 
�

��3 §�� ��ÜÝy �X"( [< Fig. 3� �� 8-30 g/l(§�

Fig. 1. Average diameter of silica powder by Malvern Instrument. Fig. 2. Schematic diagram of experimental setup.
1. Stainless steel screen with 1,000 mesh
2. Agitator with controller 4. Silica powder
3. Holding frame with clamp 5. Supplying tank with pump

Fig. 3. Relationship between adsorptivity and silica concentration(pH:
3.5, temperature: 28oC, Fe+2 concentration: 10 mg/l ).
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� 0.08-0.3 wt%)Z[
9 10 h ` �t	� � �t±y ´�¥$.

Fig. 32 §�� �[ g� �t= j�D *y ´�� {,- 8 g/l


9ØÙ �t±2 u_"$_ 10 g/l
9 �'Þ� �õ;î,1 10 g/l

�� §�� *� u_"�9 �ä} �[ g� �tG2 �ü�,- �

x"
 �£y .� $. j�D3 !(��_ 10 mg/lP ×X� ÜÝ


9 10 g/ló�
 j�D� �t" & 0
 §��3 l��� u_d

&¹ �t±� u_"�· j�D3 �tG� �'P Y³
9 §��

*3 u_
 �ä} �t±y #"	è$.

§�� 10 g/l3 ÜÝ
9 2, 4, 6, 8, 10 mg/l j�D ���- 	ÿ�

�Ü"� ��y "�9 �tàü §¬y ¥,1 Fig. 4
 10 mg/l j�

D ��� �'3 �tG� �õ= pH 3.5(Fig. 6)3 ÜÝ
9 §¬�

��� .�$ {�$. 20 hó�
 	ª
 ®� &a� \3 j�D �

�_ ��ä %@�,1 20 h ��

 &� ý·� C�- �t� �

�@�K 90-95 h
9 àüY³
 �^"
 {,- �õ;î$. � Ü

Ý
9 pH3 ¢£� �t+D
, �tC�
y J "#$.

3-1. pH� �	

&a�
9 §�� l�� BC�D ª3 �t±
 ¢£y F²
 P

V A3 ".
 pH-[9] pH_ �t±
 F²
 ¢£y ´�"( [<

28oC3 D�ÜÝ
9 pH 1-113 Z[
 '( �t§¬y §	¥$. pH

�- ·ñ 	ÿ� 100 h ` ��	� � �tGy �X¥,1 ) ��


 Fig. 5� �*$. pH 2
9
 �tG� �î�· pH 2-2.53 Z[


9 �tG� ��ä u_"#,1 pH 2.5-3
9 ý·� �tG3 u_

_ �õ;îK pH 3-9
9
 Ö×� �tG� .�+$. )�. pH 1-2

� pH 9-113 Z[
9
 &a�3 pH Ü	� @}, -· Ê�� �

X� �tG� §¬
 ®� .�_ N� /,1 pH 9-11 Z[3 O�(

M ¢�
9
 &a� A
 �¶"K 00 2_ j�D� 1� t�y ü

M"K[15] ) t�� &a�3 ��
 ¢£y F²
 {,- þP$.

3-2. 
��
�

§�� l�
 '� j�D3 �tc y �<"( [< pH 3.5, D�

28oC )�K 100 h3 �t§¬
9 �2 �tGy �a"� Langmuir

�t+D
� Freundlich �t+D
y J¥,1 ) ��
 Fig. 6, 7�

�K 
 (1)� (2)- .� $.

Langmuir �t+D
: qe= 0.70491Ce/(1−2.0169Ce) (1)

Freundlich �t+D
: qe= 0.4735Ce
0.1775 (2)

Fig. 4. Relationship between remained Fe+2 concentration in solutions
and time(pH: 3.5, temperature: 28oC, Fe+2 concentration: 10 mg/
l, silica concentration: 10 g/l).

Fig. 5. Relationship between adsorbed Fe+2 amount and value of pH
(temperature: 28oC, Fe+2 concentration: 10 mg/l, SiO2 concentra-
tion: 10 g/l).

Fig. 6. Langmuir adsorption isotherm of Fe+2 on silica(pH: 3.5, temper-
ature: 28 oC, silica concentration: 10 g/l).

Fig. 7. Freundlich adsorption isotherm of Fe+2 on silica(pH: 3.5, tem-
perature: 28 oC, silica concentration: 10 g/l).
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Langmuir �t+D
� Freundlich �t+D
,- .�$ 
 (1)� (2)

3 23�� Y�e&(R2)- ́ �¥
q, Y�e&
 �4Þ� §¬Þ ª

3 .�� ­e�,- .�$ Þ,- §�� l�
 '� j�D(Fe+2)

3 �t

 Freundlich �t+D
(R2: 0.7910)� Langmuir �t+D


(R2: 0.7515)þ$ ÷ �º� {,- .�+$.

Langmuir �t+D
� Freundlich �t+D
,- l	= 
3 Þy

�a"� �t�- Àa� §��3 �tÚ�
 '� à_� &²�,

- ûYd & 0,1[19] Freundlich �t+D
3 �� nÞ, Langmuir

�t+D
3 �� 
 (3)� �� kÞ,-ØÙ e�= ]�PV(Rs)_

Àa=$.

Rs= 1/(1−kCo) (3)

�(9 Co
 &a�3 !( ���1 kÞ2 Langmuir �t+D

9

J� Þ�$. Freundlich �t+D
3 1/n3 Þ2 0.1775, Langmuir

�t+D
3 kÞ2 −2.0169�1 Co_ 10 Fe+2mg/l�5- Rs3 Þ2 0.0472

_ =$. � Þ2 0� 1 À�3 Þ,- Ò §¬3 §��
 �t�-9

&a�,-ØÙ j�Dy �c"
 WC!X
 �a"� Ú��× &

0$
 ûYy d & 0$[19].

3-3. 
����

&a�
 �¶"K 0
 j�D3 �tc y �tC�
,- l7

d & 0,1[8] Fig. 82 10 g/l3 §��� 10 mg/l3 j�D(Fe+2)� E

@0
 &a�y ÆÇ(- �Æ	z�9 �t= j�D3 *y 10] ª

�,- .�$ {�$. �t !( 10]
 ¿Q3 75%P 7.5 mg/l3 j

�D� �t;î,1 60]
 ¿Q3 99.2%P 9.92 mg/l3 j�D� §

�� l�
 �t;
 {,- �õ;î$.

&a�
9 §�� l�
 '� j�D3 �tc y 
 (4)� �2

Lagergren 
y �a"�[20] �tC�
,- .� $.

log(qe− q) = log qe−(kads/2.303)6t (4)

�(9 qe� q
 �� àüY³� 	ª(t)
9 �[ g� §��
 �t=

j�D *y 3F�$. Fig. 9
 Fig. 9
 .�7 �tG3 ̄ �� 
 (4)

� �a"� �tC�
,- .�$ {�$.

Fig. 9� �� log(qe−q)� 	ª(t) ª3 �e
 Lagergren p�
 3<

1� >&_ ;1 §��� j�D ª3 �tC�
2 log(qe−q)=1.0675

−0.0553t- .�8 & 0$. � 
,-ØÙ J� kads Þ2 0.1273,- 30oC

3 ÜÝ
9 §¬� 5M¡
 '� j�D(III)3 kads ÞP 0.26[8]
 ´

< 9*
q §��
 '� j�D3 �tC�
 5M¡
 '� j�

D3 �tC�þ$ 9$
 À§y |*$. 

4. � �

Ò WJ
9
 Ó�_ bK Ô� ]Õ� l�UM� Ö×"� �tU

M WJ_ _±� §��� �a"� &a�,-ØÙ j�D(II)y ÚÛ

�,- �cd & 0
 ÜÝy J "( [< j�D3 �tc � pH

3 Þ� �tG
 F²
 ¢£
 '< :]
� WC
 §¬y "� $

å� �2 �4y �î$.

(1) pH 2
9
 �tG� 9*�· pH 2-2.53 Z[
9 �tG� �

�ä u_� � pH 2.5-3
9 ý·� �tG3 u__ �õ;î,1 pH

3-9
9
 Ö×� �tG� .�+$.

(2) §��� j�D ª3 �ty Langmuir �t+D
� Freundlich

�t+D
,- .� ,1 Freundlich �t+D
� Langmuir �t+

D
þ$ ÷ �º� {,- .�+$.

Langmuir �t+D
: qe= 0.70491Ce/(1−2.0169Ce)

Freundlich �t+D
: qe= 0.4735Ce
0.1775

(3) §��
 '� j�D3 �tC�
y Lagergren 
,- .� $. 

log(qe−q) = 1.0675−0.0553t

�
��

Ce : concentration of Fe+2 in solutions at equilibrium state [Fe+2mg/l]

Co : initial concentration of adsorbate in solution [mg/l]

Rs : separation factor [-]

k : Langmuir isotherm constant [-]

kads : coefficient of adsorption rate in Lagergren equation [min−1]

n : Freundlich isotherm constant [-]

q : amount of Fe+2 adsorbed on silica at any time [Fe+2mg/g-silica]

qe : amount of Fe+2 adsorbed on silica at equilibrium state [Fe+2mg/g-

silica]

t : time [min]

 �
��
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Fig. 9. Plots for adsorption rate of Fe+2 on silica(pH: 3.5, temperature:
28oC, silica concentration: 10 g/l).
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