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� �

������ 4.5×105, ��	
��
 91%� ���� PAC(powder activated-carbon)� ���� �� 2 wt% ����

�� ����   CAC(mixed chitosan with powder activated-carbon) Beads� !"�#$. %&'� (&') *�� !+

�& ,�� CAC Beads- ./ 01� 2�� "3�#$. CAC Beads� -4 567 89- ./�:; Sips<=> ? @

3A � BC=D, Beads EF�G- H��I; 	JH�KL> MNA � BC$. O�P=>, CAC BeadsQ R�>FS

%&'� (&') *�� !+A � BQ T>U ./!> 3�V � B) W�$.

Abstract − Simultaneous adsorption of phenol and copper ions on CAC beads were investigated. The chitosan solution was

prepared by dissolving chitosan power and PAC into 2 wt% aqueous acetic acid solution. Then CAC beads were made by this

chitosan solution. The average molecular weight and the degree of deacetylation of the chitosan used here were determined to

be 4.5×105 and 91%, respectively. Adsorption equilibrium of copper ions and phenol on CAC beads could be represented by

Sips equation. The diffusion mechanism could be explained by pore diffusion model. Consequently, CAC beads could be used

as a adsorbent for simultaneous removal and separation of phenol and copper ions from aqueous effluents.
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 ��3 �89+ ,� :2�". �; <=�� -.> ?@� 2A

9B �� �5� CD� 0E*+ ,"[1]. ?@-.� FG HB-.,

IJ-., �K-.�� %L � ,��, # M �K-.� NOP�Q

�R9�S # TU� *+ ,". P�VW� � XY�� Z[> \]

B^� "_ XY6 `aS � b$ Xcde "J9G �f*+ ,

�� \]g� h�� \]i3 [j9+ jklmB �� CD� 0

E no*+ ,"[2].

�K-.� p�m� qr�K� FG MsE6 �B.Z0 At�

� %L � ,". ��, uW, v, wxy, zj{, |5, }/ ~6 ��

MsE� Z���� ��d qr� %���, ��*  �} ���

?@�i3 p��". �� �� MsE M uW, zj{, }/, wxy

~� �W �f*+ ,� 2�� ?@-.� FG h�*� �K�".

��e �$� qr sE��� i�9B �� ��� B^�� [j

*� ���, P�M� MsE ��� ��! � ,� ��� \]i3

�f� �WB^� ��9".

��� ��� ��3 �� ���  2�� ��� Q %p¡ ~

¢�3 i£9�¤ 
¥� ¦f*�, §¨D� ©B ª�d «
de

Zqi� �W ¦f*+ ,". ��� �Md 1 mg/l �¬ ­�*� ,

�c ��� ®6 ��3 �j9�, �� .ZQ ¯°9b .A ��±

S �r*� ²h ��� ³´3 �j�". µ� ²h ¶� qr� S

 + ,�� � Mde trichlorophenol� j·r �K� ¸�� ¹�º

,". ¬�
�S ��� -.*� ,�c 2�62de .ZZqd �

� .A��±S �r*� chlorophenol� 1µg/l �¬ ­�> �»��

��� ³´Q ®� %��¼� ½f! � �"[4, 5].

�/0d ¾¿9G 
'9� mÀ[poly(β-(1-4)-2-acetamido-2-deoxy-

D-glucopyranose)]� ¿���� Á}ÂÃA� mIÄ[poly(β-(1-4)-2-

amino-2-deoxy-D-glucopyranose)]� N-acetyl-D-glucosamine6 D-glucosamine

� Å�� ÆÇ� NMt��". mIÄ� �¹ÈWr� h�9b É�

rA% Z�rAS f�9+ k�sEd H� \]D� Ê�%+, b$

sE ��6 ËÌ�{3 ÍÎ��� Ær9b ÉAD� ,� P�M�
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MsE \] i�d ²h Ï6S Ð". ¯cd, Ñ ÒÓc�� Sn R

rÔ� Õ� Ö+, \]gD� Ê�% �× �K�� \]i% Á´i

~�� �W ¦f*�¤ MsE, X¦r �K Ø ÙÚK ~6 �� �

K� \] gDd� �0S ,"[6-10].

Û /ude� Ü \]i� OÝ� �f9b PÞ��¿ß �ld �

B�6 �B�� i�9B �� RrÔ� Òàd �� CAC Beads3

i£9á". � CAC Beads3 ¦f� uWQ ��d H� \]~� Ø

\]E� :â� ã9b \]�r� £¦9+ \]N2d H� Bä �

¥3 å+� �".

2. � �

2-1. �����

Ùpr�� \]æÆ� %��� \]~�Í� p¯��� Table 1d

%�ç 5Ù� \]~�Í� �W ¦f*+ ,". qm� Ù��è� Ær

9� éA \]�� %��� b, k, n� \] ê�ëß��". Langmuir

~��� \]Óc� dì  �éS Òí� ¨p� ÒBgr +�� \

]id �� \]� SO �î9"+ ï+*+ ,��, ¯cd RrÔ

6 �� \]Óc� dì S ð¨p9G �é*ñ� @h Freundlich

~��� �t� ̧ �� ¹�º ,". Freundlich ~��� 5Ù9+ ò

W9 ó ôõ� ö� U�de ÷¬ 2ø9 � �". Sips~���

LangmuirQ Freundlich�� £t� \]~����, Òí� õ� ö�

U�d ùú \]æÆ� û üý! � ,".

2-2. ��� ��

"Nr �Kd �� \]� 3Ù0, þ ÿ��¿Óc� ��@�de

� �Kk�, ÿ��¿øÄ, ÿ��¿Ócde� \] ��� ���n

". �� 3Ù0 Mde E�S SO �� Ù0S k�� \]E�3  

(9G >". \]id �� �K� �W62� ÿ��¿de� øÄ6

2� àEÙ0S *� øÄ0�3  29� XYd� b$ S  XY

� il*+ ,�%, p¯��� øÄ��d �� il> ö�	Í6

:âd �� u� ö�	Í� Òí9b  2�". #$¼� øÄ0��

\]iS �� +�� øÄ0��Bï"� b$ S  �� þ, ÿ��

¿de� �K� ��d 
b9� ÂNøÄ, ÓcøÄ ~ ×t�� �

÷� %��� �ÏøÄ0�S >"[11-13].

2-2-1. @��Kk�0�(kf)

\]äBd� ÿ��¿� �÷� �l� � ,+, Ócde� ö�S

�� 0d S
B ª�d "½6 �� �K� �� Â� �Kk�0�

(kf)3 u! � ,".

(1)

(2)

bBe V� fÞ� ¿�(m3), a� \]i� Óc�(m2)� %�ç". ��

�� �� "½6 �".

(3)

� (3)de ln(Cb/Cbo) vs. t3 plot9b B�B�¿ß �Kk�0�(kf)

3 u! � ,".

2-2-2. ÂNøÄ��(Pore Diffusion Model)

ÂNøÄ��� ÂN�� \] sitede p��". ÂNøÄ� �Kk

�E�3  (9�, \] site� dì S �� @hdó ÓcøÄ� \

]E�d <=� ëÉ". \]i� ÿ�� uÆ�+ fÞ� �� ��

fÞp ª �¿æÆ��� S2 }�, "½6 �� \]�K� �K�

 �� u! � ,"[14, 15].

(4)

at r=Rp (5)

at r=0 (6)

ar t=0 (7)

3. ���	 
 ����

3-1. 	
�� 
 ��

æ¨���� 4.35×105, Á}ÂÃA�S 91%� mIÄ� jar mill�

�f� 1Tp �¬ ��9b mIÄ ��� ó�ñ". �$� mIÄ

��� �(sieve)3 ¦f� 200 mesh3 ã69b :â l¥� ¦f9á

". µ� Calgon Co.� F400 RrÔ� ��9b 200 mesh3 ã6�

PAC(powder activated-carbon)3 �f9á". � Beads i£d ¦f>

äÄ6 �Ai� NaOH� �Äi�� 1� l�� ¦f9á". �\]

i� ¦f> uW� Orion Cat. No. 942906(CuCl272H2O)�� ���

Aldrich Co.� 98%� i�� ��9b ¦f9á".

uW� ö���� Orion Cat. No. 940011 ISA(ion strength adjuster)3

100 : 2� Òà�  t9b ion meter3 �f9b ��9á+, ���f

Þ� UV-visible spectrophotometer(Shimadzu, model UV-1601)3 �f

9b 270 nmde ý29á". :âd ¦f> !±�� Milli-Q RG�¿

ß å�n 2� !±�3 ¦f9á".

3-2. 	
��

:âd ¦f> O"3 Fig. 1d �l9á". �M 
ãÆ :âO"3

¦f9b CarberryÆ \]£de �¿d� l¥3 �¿d� ÷��£3

/ 9b l¥� ��3 25oC� p29G � l#".

3-3. 	
��

3-3-1. \]æÆ:â

CAC Beadsd H� uWQ ��� \]~��6 \]Ïà� ¹}ï

B �9b 4[� \]i(Chitosan Beads, RrÔ, 0.5 wt% CAC Beads,

1.0 wt% CAC Beads)� æÆ:â� 9á". 300 ml f�� $�%�1

Fd uWQ ��� äBö�S 1.57, 1.06 mol/m3� fÞ 200 ml3 ´

9+ bBd p2�� \]i3 &� ' ÷�(25oC)� � *� shaker

(model K.M.C-8380S)de 1Tp5 í¯� ' fÞM� (± ö�3

ISEQ UV� ��9b \]æÆ�� u9á".

3-3-2. ��� \]:â

CAC Beadsd H� uWQ ��� \]E�Q àEÙ03 +)9B

�� ��� \]:â� o9á". l¥
Þ(uW, �� 100 ppm, 500 ml)

d 1.0g/l� \]i3 &� ' :â9á". í¯E�� 50, 200, 400, 500rpm

V
dCb

dt
--------- 

  kf– a Cb Cs–( ) kf– aCb= =

Cb Cbo   at t 0==

Cb

Cbo

-------- 
 ln  

kfa

V
------- t⋅–=

εp

∂Cp

∂t
--------- ρp

∂q
∂t
------

εp

r2
---- ∂

∂r
----- r2Dp

∂Cp

∂t
--------- 

 =+

kf C Cs–( ) εpDp

∂Cp

∂t
---------=

∂Cp

∂t
--------- 0=

Cp Cpo  q qo=,=

Table 1. Various isotherm models for single component

Isotherm Equation Parameters

Langmuir qm, b

Freundlich k, n

Sips qm, b, n

q
qmbc
1 bc+
--------------=

q kc1 n⁄=

q
qmbc1 n⁄

1 bc1 n⁄+
-------------------=
���� �40� �1� 2002� 2�



���� ���� ��� CAC ��� ��� �� � !� " #$ 45
d �� uWQ ��� (±ö�3 ISEQ UV� ý29á". ö�ý2

� � 7l5 k'*  9á��, \]äBd� �T #W+ \]'Bd

� + 5,� Ü+ ý29á".

4. 
� 
 ��

4-1. ��� Beads ��

3 wt% mIÄ Beads3 i£9B �� mIÄ ��(15 g)� 2 wt% ä

Ä �fÞ(485 ml)d f�l- mIÄ colloidfÞ� .Ò9á". Fig. 2

� syringe pump(Orion model 362)3 ¦f�e /�� í¯*+ ,�

2N NaOH �fÞd �� mIÄ colloidfÞ� 0�1� KZ S13

�f� uÆ mIÄ Beads� i£ XY� ïbT+ ,". KZ S1�

�Ed �� mIÄ Beads� FBS �� �¤ bBe� 1 N2 l/min

�E�� uÆ mIÄ Beads3 i£9á". mIÄ Beads� æ¨FB

� 16-20 mesh� �(sieve)3 ã6� æ¨2@ 1.4 mm3 :â l¥�

¦f9á".

4-2. CAC Beads��

CAC Beadsi£� Fig. 3d %�ç 3Q ��, jar mill� �f� mI

Ä6 RrÔ(Calgon F-400)� �� ��� ' �(sieve)3 ¦f� 200 mesh

3 ã6� ¸� :â l¥� ¦f9á". mIÄ ��(15 g)d Òà�

�W� PAC(7.5 g, 15 g)�  t� ' 2 wt% äÄ�fÞ(477.5 ml, 470 ml)

d &+ /�� í¯� ' CAC colloidfÞ� i£9á". � CAC colloid

fÞ� T¦Bd Tÿ� ' :�  453 ¦f� /�� í¯*+ ,

� �Ai� 2N NaOHd �99b 0.5 wt% CAC BeadsQ 1.0 wt% CAC

Beads3 i£9á". � CAC Beads3 pHS Mr� � ª*  !±�

3 �f� Â69á".

Beads �¿d �� pore3 ÆrlmB �� 95% dÔ7d 9�2�

í¯� ' !±�� �� Â6� 8 �r"3 ý29B �� � 9£

B(UNI-TRAP, model 10-100)� 9£l#". Table 2� Û /ud ¦f

Fig. 1. Schematic diagram of experimental batch separator.

Fig. 2. Schematic diagram of Beads manufacturing process.

Fig. 3. Flow diagram of CAC Beads manufacturing.

Table 2. Physical properties of Chitosan Beads, Activated-carbon and CAC Beads

Property Chitosan bead Activated carbon 0.5 wt% CAC bead 1.0 wt% CAC bead

Trade name Chitosan Calgon F-400 - -
Sieve no. 16-20 mesh 16-20 mesh - -
Mean diameter [mm] 1.4 1.4 2.92 2.92
BET surface area [m2/g] 258 1114 516 640
Porosity [%] 27.54 56.12 36.93 62.00
Pore radius [Å] 27.32 54.17 15.4 12.82
Pore volume [cm3/g] 0.352 3.017 0.397 0.396
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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 ����

> mIÄ Beads, RrÔ(activated-carbon), CAC Beads� �r� %�

�ñ". :; ¬Ç� CAC Beads� æ¨FB� Òx 50[3 <=�>

W?1� ý29b æ¨�  6 2.92 mmá".

4-3. �����

Fig. 4� 3 wt% mIÄ BeadsQ RrÔd �� uWQ ��� Ùpr

�d H� \]æÆ data3 �f9b \]~���  29á". \]~

��� ê�ëß�� @Z�AY�� u9á��, #  63 Table 3d

%��ñ". � \]~��� uWQ ��� (±ö�Q mIÄ Beads,

RrÔ� Ócde ö�S æÆd ��9á� ª \]�6 fÞ� ö

�¦�� 
03 %�ç ¸�". Fig. 5� 0.5 wt% CAC Beadsd H�

uWQ ��� Ùpr�d H� \]æÆ data3 �f9b \]~��

�  29á". 25oCde :â��¿ß å� Ùpr� \]æÆ  6

3 Sips\]~��d �f9b u� ê�B��� Table 3d 2W9á".

Fig. 66 7� mIÄd H� RrÔ� Òàd �� uWQ ��d H�

\]æÆ data3 Sips eq.d �� %�ç ¸�". Fig. 6de ïbTC�

RrÔ� Òà� !S­d �� k�sEd H� Ð� ÍÎr� %�

�� mIÄ� �Ï}D­�(−NH2)� EZ9B ª�d uW��d H

� \]f�� EZ­� ¹ � ,". Fig. 7de� RrÔ� Òà� !

S­d �� ��d H� \]�� !S­� ¹ � ,". FG9c R

rÔ� ��d H� Ð� ÍÎr� S + ,B ª�d Beads�d 


'9� RrÔ� Òà� !S­d �� ��� \]f�� !S9� ¸

Fig. 4. Adsorption isotherm of copper ions and phenol on the other adsor-
bents.

Table 3. Adsorption equilibrium isotherms of copper ions and phenol on other adsorbents

Adsorbents Adsorbates
Sips eq.

qm b n E(%)

Chitosan Beads Copper ions 7.815 0.349 11.7561 0.8253
Activated carbon Phenol 3.647 0.933 2.695 1.0983
0.5 wt% CAC Beads Copper ions 1.501 6.266 2.851 3.7283
0.5 wt% CAC Beads Phenol 2.651 0.310 2.785 0.6045

E %( ) 100
N

---------
q .kexp qcal.k–

q .kexp

---------------------------- 
 

k 1=

∞

∑=

Fig. 5. Adsorption isotherm of copper ions and phenol on 0.5 wt% CAC
Beads.

Fig. 6. Adsorption isotherm of copper ions on CAC Beads with ratio of
powder activated-carbon at 25oC.
���� �40� �1� 2002� 2�



���� ���� ��� CAC ��� ��� �� � !� " #$ 47
� ¹ � ,��, #  63 Table 4d %��ñ".

\]~���� ï} \]� ²h favourable9"+ H � ,��, Â

×±� \]� �f9b uW��d H� \]f�� Chitosan Beads

>0.5 wt% CAC Beads>1.0 wt% CAC Beads ��ñ��, ̄ cd ��d

H� \] f�� Activated-carbon(F-400)>1.0 wt% CAC Beads>0.5 wt%

CAC Beadsá". �$�  6�� P�Md MsE6 �B�� �ld


'! @h �B�6 MsE� ö�d �� �î� HV! � ,� �

�� \]i� ¦f Sg! ¸�".

4-4. ��� ��

p¯��� \]i �Ide @��Kk� �÷� øÄ�÷d Ò9

b �l� � ,�% 2��� ��� �9b� # FB3  29bJ

! ��S ,". ��� \]£ �de ÿ�-fÞ5 �Kk�0�3 u

! � ,� ¬
�� �Kd "� il*� ,"[16]. Û /ude� \

][l ' øÄd H� �÷� �� 300ä ��� äB ö� LA�¿

ß �� � (3)� �f9b �Kk�0� kf3 u9á"[17]. �� � (4)

� ÂNøÄ��6 �Kk�0�3 �f9b ��� :â� �¡"3

u9+ �  63 :â"Q Òí9á". Fig. 8� 3 wt% mIÄ Beads

Q RrÔ� �f9b uW��6 ��d H� ��� \]:â 6�

". ÂNøÄ��� �f9b u� �¡"Q Òí� #M�� :â"Q

�¡"� æ¨ò�S 2%��� û p"­� ïb T+ ,". µ� Û

/ude� �� ÂNøÄ��d H� �¡"Q :â"3 �f9b �

ÏøÄ0�3 u9á��, #  63 Table 5d �l9á". Table 5de

ïC� mIÄ BeadsQ RrÔ� �f� uW��6 ��� \]� Â

NøÄ� ��� + ,�% � Õ� �Kk�0�� Õ6 Òí9b ²

h N� Õ�B ª�d ÿ� �¿� øÄ� k� \] N2� àEÙ0

� ¸�� ��>". Fig. 9� 0.5 wt% CAC Beads3 �f9b uWQ

��d H� :â 6�". #Mde ïC� uW��d H� äB \

]E�S ��ï" OPG no*+ ,½� ¹ � ,ñ". �� mIÄ

� MsEd Ò9b �B�d H� \]f�� N+, ¯cd RrÔ�

MsEd Ò� �B�d H� \] f�� FB ª�d �;  6S %

�".

Fig. 10� ��� :â� o! ª M�� �Z� í¯B� í¯E��

LAd �_ @��Kk�0�� <=� +�� ¸�"[18]. p¯��

� � 500 rpm �¬�c �Kk� �÷d ,� /�� E�� ó Û

/ude� #Mde ïC� 0.5 wt% CAC Beadsd H� \]E� :

Fig. 7. Adsorption isotherm of phenol on CAC Beads with ratio of pow-
der activated-carbon at 25oC.

Table 4. Adsorption equilibrium isotherms of copper ions and phenol with ratio of powder activated-carbon

Adsorbents Adsorbates
Sips eq.

qm b n E(%)

0.5 wt% CAC Beads Copper ions 1.500 6.266 2.851 3.728
1.0 wt% CAC Beads Copper ions 1.281 5.680 3.003 0.945
0.5 wt% CAC Beads Phenol 2.651 0.310 2.785 0.605
1.0 wt% CAC Beads Phenol 2.222 0.677 2.380 0.366

E %( ) 100
N

---------
q .kexp qcal.k–

q .kexp

---------------------------- 
 

k 1=

∞

∑=

Fig. 8. Single component batch adsorption of copper ions and phenol
on the other adsorbents.

Table 5. Effective diffusion coefficient and film mass transfer coefficient
estimated for other adsorbents(RPM=400)

Adsorbents Adsorbates
kf ×104

[m/s]
Dp×108

[m2/s]

Chitosan Beads Copper ion 16.3 6.67
Activated-carbon Phenol 0.92 0.47
0.5 wt% CAC Beads Copper ion 3.48 1.48
0.5 wt% CAC Beads Phenol 1.69 1.27
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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a-

er

O.:
â� í¯E�d �� <=� Q  ��� 200 rpm �¬�c \]E�

� �� p29"� ¸� :â��� ø�! � ,ñ"[19-20]. #  6

3 Table 6d 2W9á".

5. 
 �

Jar mill� �f� RrÔ(Calgon F-400)6 mIÄ� ��� ' mI

Ä(15 g)6 PAC(7.5 g, 15 g)3 &+  t� ' 2 wt% äÄ�fÞd f

�l- �� 0.5 wt%, 1.0 wt% CAC Beads3 i£9á". Ùpr��

uWQ ��d H� \]~��� Sips��� û R¦! � ,ñ��,

CAC Beadsd H� uW� \] ÉA�S ��ï" S T� ¹ � ,

". í¯E�� LAd �_ CAC Beads� ��d H� @��Kk�

0�(film mass transfer)� <=de í¯E�d� Ñ <=� �+ �K

k�0�� Õ� (1.03-1.61×10−4)� �� p2­� ¹ � ,". CAC

Beads3 �f9b ��d H� ��� :â 6Q ÂNøÄ��� �

f9b å� �¡"S û p"­� ¹ � ,". CAC Beadsd H� u

WQ ��� \]æÆ6 ��� :â 6�¿ß, CAC Beads� mIÄ

6 RrÔ� Òàd �� P��¿ß �B�6 �B�� �ld i�

! � ,� ��� \]i� ��>".

����

a : surface area of sorbent particle [m2]

b : adsorption parameter

CAC : mixed chitosan with activated-carbon

Cb : concentration on the fluid phase [mol/m3]

Cbo : initial concentration in the fluid phase [mol/m3]

Dp : effective pore diffusion coefficient [m2/sec]

Ds : effective surface diffusion coefficient [m2/sec]

k : Freundlich constant

kf : film mass transfer coefficient [m/sec]

n : Freundlich constant

qm : amount adsorbed for monolayer [mol/kg]

t : time, sec or [hr]

����

1. Park, W. H.: “Challenges in Chemical Engineering of Korea,” Seoul,

132(1997).

2. Ruthven, D. M.: “Principle of Adsorption and Process,” Wiley-Inter-

science(1994).

3. Do, G. S. and Kim, Y. W.: “Water Treatment Process and Applic

tion,” Dong Hwa Technology Publishing Co., Seoul(1984).

4. Registry of toxic effect of chemical substances, Toxiline on Silv

Platter(1994).

5.�������, �	
��
�� ���
� ��(1991).

6. Roberts, G. A. F.: “Chitin Chemistry,” Macmillan Press LTD, Lon-

don, 1(1992).

7. Mi, F. L., Shyu, S. S., Lee, S. T. and Wong, T. B.: J. Polym. Sci., 37,

1551(1999).

8. Roberts, G. L. and Hsien, T. Y.: Ind. Eng. Chem. Res., 32(1993).

9. Park, P. W., Yun, Y. S., Kweon, O. S., Cho, T. J. and Jeong, Y.

HWAHAK KONGHAK, 32, 103(1994).

10. Park, P. W., Kim, I. S., Cho, T. J. and Jeong, Y. O.: HWAHAK KONG-

Fig. 9. Single component batch adsorption of copper ions and phenol
on 0.5 wt% CAC Beads.

Fig. 10. Effective of RPM on batch adsorption of phenol on 0.5 wt% CAC
Beads at 25oC(Co=1.06 mol/m3).

Table 6. Effective diffusion coefficient and film mass transfer coefficient
estimated for phenol in terms of RPM

Weight of 0.5 wt% CAC 
Beads×104 [kg]

RPM
kf ×104

[m/s]
Dp×108 

[m2/s]

5.0 150 1.03 1.36
200 1.54 1.54
400 1.69 1.27
500 1.61 1.47
���� �40� �1� 2002� 2�



���� ���� ��� CAC ��� ��� �� � !� " #$ 49

lar

ion
HAK, 30, 594(1992).

11. Goto, M., Hayashi, N. and Goto, S.: Environ. Sci. Technol., 20(5),

463(1986).

12. Ho, Y. S. and McKay, G.: Trans. Inst. ChemEng., 76B, 332(1998).

13. Weber, W. J. Jr. and Smith, E. H.: Environ. Sci. Technol., 21(11),

1040(1987).

14. Yun, Y. S., Kweon, S. H., Byun, Y. S., Kim, I. S., Park, P. W. and

Jeong, Y. O.: HWAHAK KONGHAK, 35, 705(1997).

15. Crittenden, J. C., Sontheimer, H. and Summer, R. S.: “Activated Car-

bon for Water Treatment,” 2nd Eds., DVGW-Forschungsstelle Engler-

Bunte-Institute University Karlsruhe, 362(1988).

16. Misic, D. M., Sudo, Y., Suzuki, M. and Kawazoe, K.: J. Chem. Engng

Japan, 15, 67(1982).

17. Peel, R. G., Benedek, A. and Crowe, C. M.: AIChE J., 27, 26(1981).

18. Weber, W. J. Jr. and Pirbazari, M.: “Treatment of Water by Granu

Activated Carbon, Advances in Chemistry Series 202,” Amer. Chem.

Soc., Washington, D.C.(1983).

19. Kim, T. Y.: “Preparation of Porous Chitosan Beads and Adsorpt

of Heavy Metal Ions,”(1999).

20. Teshima, H. and Ohashi, Y.: J. Chem. Eng. Japan, 10, 70(1977).
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002


	키토산과 활성탄이 혼합된 CAC 비드를 이용한 유기물과 무기물의 흡착
	김미희·허준섭·김태영·문  희*†·양재호
	전남대학교 화학공학과, *응용화학부 (2001년 8월 20일 접수, 2001년 11월 3

	The Adsorption of Organic and Inorganic Compounds Using the CAC Beads Combined with Chitosan and ...
	Mi Hee Kim, Jun Sub Hur, Tae Young Kim, Hee Moon*† and Jai Ho Yang
	Department of Chemical Engineering, *Faculty of Applied Chemistry, Chonnam National University, G...

	요  약
	1. 서  론
	2. 이  론
	3. 실험재료 및 실험방법
	4. 결과 및 고찰
	5. 결  론
	사용기호
	참고문헌



