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Abstract − Dye removal by acid-treated chitin was investigated and compared with results from chitosan. Dyes used were

Acid Blue 25, Direct Red 81 and Mordant Yellow 10 which were all anionic dyes. When the pH of initial dye solution was 6,

the dye removal of the acid treated chitin was superior to those of untreated chitin and chitosan. Dye removal was varied with

the moisture content of the acid treated chitin and increased as the moisture content was increased. Also, dye removal was var-

ied very sensitively with the pH of dye solution and increased as pH was decreased. When the pH of initial dye solution was 6,

the dye removals of acid-treated chitins were significantly higher than those of untreated chitin and chitosan. But, at pH 3, the
dye removal of chitosan was the highest among them. 
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'(� "# )*� +,- .*. !/ �����
 �012�3 �

4, 56 �7�� 89: polyvinyl alcohol!; <�= >� ?@(sizing

agent), AB� ?@ @C� 89	
 D@� >� E�F� ��= G

H ��I JK12�! LM	N .N ��OBPQ�� OBR "#

N,S ��� T7	� .*[1]. UV; ����
 ��W X ��3

�Y� Z[ 89	
 �4; "�@3 H�R <\ *] ^ _`[ �

4
 1a�b� "# *c � d7	N OBPQ�� C3 @C	�

e� A�� ��	� .
 f7!*. gh �4� 3F i5: �0


jkR lm *� Fk PG�, nB�b� oh '(p qr, @C	

� e� s�t u# �v3 wxy=] z_ �v 5{|� } '(p

%~ �k .*.

!� �4] @C 
 sWb� )� �B� OBsW, 1a� OB

sW, AB� 5�a� OBsW! .b; N�  ;3 sWb�
 �

< � OB� � �N ��� !� sWp �2�b� 89 � OB

 
 sWp �� � .*[2]. A�� �� �B�T sWb� �4]

N� 7k @C � E � 1a�T OBsW!; 5�a�T OBs

Wp 89 � !� 2� OBPQ� �h �4 � �p ��� �w

� .N C3 �� � �4] @C� � .*. �B�T OBsW� q

� ��@; ��@] 89 � .
� ���, �K ��@ AB� �

�I ��@ � �� H�3 ��! !9	N �*. ���
 j6 �

K�! �! !9	� .
� A !J
 !/  �� �K�� ¡� 

� _q ¢£� V� � .K ¤¥!*. 89h  �� ��@�


banana pith[3], palm-fruit bunch[4], orange peel[5], coirpith[6] AB�

sunflower stalks[7] �! .*. A¦; §¨��©� ���� �ª «

< ] ¬� .K ¤¥� 7<K� ­2� 3F «!®� �4¯* c

!®� �4] ° �� 
 ±b� ;²³*[7]. A�� «!®� �4

] �� K ´F�
 µ¶= >� c!®� ��I��! ·¸ *. 

µ¶� ¹#, � �3 ºG� »��� �B: ¼½ ��I���

� �¦ H�3 �4] ° �� 
 ±b� +,- .*[8-11]. µ¶
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�¾ c!®� 2� ��I��] 89� � .b; !� 2� ��

I��
 ¢k ¿£� 89 � �KP À� e_ "Á!; 0Gp F

Â  Ã� ¥@R �*. µ¶� 5�F� ��I��!Ã� �KP ¥

@R �� ¢k £� u@�b� "# JBh ��@� 5G:*. A

¦; µ¶� q� ��� 3F �4R @C	K ¤¥� Ä´ ���

��9�! ¿Å� �*. A�� µ¶p ÆÇPµ� U ÈÉ�b� �

4] @C� � .p ±b� 5G	N Ê ½V��
 µ¶p ËÄ 

� 6 OB � ÆÇPÌ �4 @CÉp ÍRPµ�I  Î*. Ê ½

V3 Ï�� µ¶p 6 OB � �4 @CÉp (�Pµ�, pH Ð

1� ZÑ �4 @CÉp �Ò �, AB� 6 OB: µ¶3 �4 @

CÉ= OB	� e� µ¶= µÓ63 �4 @CÉp ¿Å �I  

Î*.

2. � �

2-1. ����

µ¶= µÓ6� (q)D1(<Ô �� 0Õ)�� @Y: ±p 89 Î

br, �4
 Sigma(USA)�� VÖ Î*. Ê f×� 89: �4


Acid Blue 25, Direct Red 81= Mordant Yellow 10b�� ���� Z

[ �� � GG 6��4, ØÙ�4 AB� "��4!Ú*. Table 1

� G �43 �4Û, ��Ü?, 1aVY X �� �x Ý�p ;²Þ

�!*. 

2-2. ���

��@� 89: µ¶= µÓ6� Wiely mill� �ß � 2 mm3 à

] á=h P4] 89 Î� Table 2� ;²E Yâ� Z[ ��Nã

*. Microcrystalline chitin(MCC)� µ¶p 80oC3 5% �69ä��

9PË ÆÇPµ� å«Ý] Y8 � �æ ±b� @Y � �{
 _q

ç�ç�h gel è{Î*[12]. ÆÇPé chitin� MCCê >� sWb�

@Y	Úb; å«Ý Y8
  � eë*. ìí� è{
 MCCê
 î

B ï= >! 	� e� ÖI  ;  ;R ÆÇ: �{�� ð�3 ñ

cp J� � .Ú*. Chitin= chitosan� òk3 OB �! âY: �

{� 89	Ú*. MCC; swelling chitin >! 6 OB: P4
 P4

� LM: 6p @C K ´F �=ä! v�! t ¤ó� Í��� ô

Ú*. âY µ¶= µÓ6p @ìh P4R LM � .
 ��M��

ÆÇ: P4R R�� .
 ��ì P4 õö� ÷] � .
 ��p

�= � ñø @C � 103oC�� 4PË âYPé � âY <�3 �

�] ù7 � |6 Î*.

2-3. ����

G �4� �F �� �4jkR 500 mg/L	� 9äb� �æ *«

! 9ä3 w�] úF 100 mL 9K� 50 mLû üÚ*. AB� ��

@] âYKýb� |6 � ·¸h c �þ ü� 25oC] J� 
 ÿ

<Å�K(150 rpm)�� 24PË �d ��P�*. ��f× � �49

ä= ��@] �B K ´ � 15,000 rpm�� 25�Ë ðn �B �

w7�3 ��äp ú�*. ��ä� UV spectrophotometer(Shimazu

UV-160A)] 89 � G �43 �� �xÝ��� �xk] �� 

Î*. G �49ä3 pH
 ��@] üK < 0.1N �6= NaOH9ä

p 89 � Y� Î*.

2-4. ��	
��

�4jk
 �� �xÝ��� ù7: �ý jk9ä3 �xk��

� %B ��	p 
� � ­7 Î*. Acid Blue 25ê Direct Red 81

3 u# 50 mg/L! �� ��	! Ø	b� ;²³b;, Mordant

Yellow 103 u#
 Ø	b� 	� e_ 30 mg/L! 3 jk�� �ý

��	p 
� Î*. ðn �B: ��ä� G �43 �ý ��	 �

´�� � � .k
 ��� l� � jk] ù7 Î*. ù7: �4

jk��� @CÉp _�  b� |6 Î*.

@CÉ(%)=

�K� C0,Ce
 GG ðäjkê ��f× �3 jk�� Ä́ 
 mg/L!*.

C0 Ce–

C0

---------------- 100×

Table 1. Characteristics of dyes used 

Dye C. I. No. Chemical structure λmax(nm)

Acid Blue 25 62055 600

Direct Red 81 28160 508(397)

Mordant Yellow 10 14010 354
���� �40� �5� 2002� 10�
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3. �� 	 
�

3-1. ���

µ¶� 6, �4, È0 AB� ��!®p ° �� 
 ��p R��

.*. µ¶3 _%�KR «!® 12�= �p è� Ã�� «!®

12�p ��� � .� �6Kê _%�K�� chelation Ã�� �

�!®= ­2� � .
 ±b� +,- .*. µ¶= µÓ6� I½|

� �Õ 
 0�3 c!®� ��I�� v3  ;!*[13]. µÓ6�

µ¶3 _D� _�K�� _D�KR @C	� Ô� IJ _�KR �

�!®= ­2 Ã� µ¶¯* ��!® @C ��! �� #� *.

µÓ6! µ¶¯* 9kR �� ±� ���! ¿Å� } IJ _�K

R �K ¤¥T�, w��b� P�	� .
 µÓ63 �_D�1k


� 60%7k!� µ¶3 �_D�1k
 � 10%7kT ±b� +,-

.*[15]. A�� IJ _�K3 �� �, � µÓ6! µ¶¯* �

4 @C��! �� � ±b� ��:*. A¦; µÓ6! µ¶¯* 2�

!� ¿£*
 �p �,� ¤ µ¶3 �4@C��! µÓ63 �4

@C��= ¿� K� Fk µ¶! �� u@�T �4 ��@� 5

G� � .N 6 OB: µ¶, OB	� e� µ¶= µÓ6 P4�p

Table 2� ;²Þ õê >! ý¿ Î*.

µ¶� 3h �43 ��� q� _�ê >� !®Å� KV� 3F

wNE*[17].

Chit−+NH3X
−+Dye−SO3

−  Chit−+NH3O
−
3 S−Dye+X−

AB� �4 !®3 ��� Z[ ��!õ+©­2, �0­2, 0�

(hydrophobic)­2� 3F wN;
 ±b� +,- .�� _Øk "f

h ��KV
 #\�� e� .*. �¿f× ­= McKay �[8]! ¯

�h ±O$ µ¶� 6��4] ° �� �� �K� �4�
 ò È

=R �Ú*. !±� µ¶! c!®� ��I ��!N� 6��43

«!®� �0ê 7<K�T ­2p  K ¤¥!*. A�� �4
 6

��4T Acid Blue 25(AB25), ØÙ�4T Direct Red 81(DR81) AB

� "��4T Mordant Yellow 10(MY10)p � Î
�, !� �4


�9ä v�� ñø «!® �0] 5� 
 �4!*. ��@] üK

< !� �43 jkR 500 mg/L	� ��N G 9ä3 pH] ÕN Ê

­= AB25ê DR81� 6!� MY10� 3b� ñø �6� 9ä!Ú*.

Fig. 1-3� �49ä3 pH] 6b� Y7 � ��@3 c� ZÑ �

43 @CÉp ;²Þ A%!*. AB25ê DR81� åK �49ä3 pH

R 6!Ã� pH] òk Y7� ·¸R �Ú� MY103 u#
 3!Ã�

NaOH9äb� pH] 6b� Y7 Î*. 6 OB: µ¶� @Y � â

YPµ� e� ��� ÆÇ: �{� 89 Î*. ñæ f×�� >�

c3 ��@] 89 K ´F� âY Kýb� |6h ¢� F� 


P4 ��] ÕN �49ä 50 mL� &R Î*. D �4 ñø ��@

c3 ÍR� Z[ @CÉk ÍR 
 u(p ;²�Ú*. AB25ê DR81

3 u# 89h ��@3 � �! 0.0002-0.002 g/mL!Úb; MY10

3 u#
 0.002 g/mL! ��
 ��! ° wN;� e_ ��@ �

 �p 0.002-0.01 g/mL �´�� f× Î*. AB25ê MY103 u#

MCC] GG 0.002ê 0.01 g/mL &R Îp u# 90% !�3 @CÉ

p ;²�N 6 OB: µ¶3 R��p ¯Î*. D �4 ñø OB	

� e� µ¶p 89 
 ± ¯* 6� ÆÇPÌ 89 
 ±! �4@

C�� "fh È=R .
 ±b� ;²³*. MCC
 µ¶p �6� Æ

ÇPÌ å«Ý] Y8P�K ¤¥� @Y: P4
 ï >! ç�ç�

h �{] J� � .N ÆÇ 7kR R� } P4!*. AB� swelling

chitin #2ê #3� �69ä�� GG 9PË= 1PË ÆÇP�
� ìí

� MCCê >! ï= >� è{
 _`Ú�� 9PË ÆÇPé P4R

1PË ÆÇPé P4¯* ÖIR U 
� 'O$ �(� è{] J� 

� .Ú*. ) MCCR R� ÆÇkR *� A *«b� #2ê #3 +�

� ÆÇkR ,0h*� -� � .*. !ê >� ÆÇk
 Table 3�

�P: P4R R�� .
 �� M�= ¿.h*� 5G� � .*. �

�M�� MCCR R� )� A *«� ÆÇPË! 9PË, 1PËT P

4 +�!N� ÆÇkê ��M�3 )KR ¿. 
 ±p + � .*.

Table 2. Treatment conditions of adsorbents

Adsorbent no. Adsorbent Chemical used Swelling temp. (oC) Swelling time(hr) Ultrasound irradiation

1 Microcrystalline chitin 5% HCl 80 9 �

2 9 hour swelling chitin 5% HCl 80 9 �

3 1 hour swelling chitin 5% HCl 80 1 �

4 Chitin � � � �

5 Chitosan � � � �

Fig. 1. Effect of adsorbent loading on Acid Blue 25 removal.
(dye conc.=500 mg/L, pH of initial dye solution=6)

Fig. 2. Effect of adsorbent loading on Direct Red 81 removal.
 (dye conc.=500 mg/L, pH of initial dye solution=6)
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McKay �[8]� µ¶! ÆÇ	� µ¶3 ��VYR Ð1	N �I�

! } �4R U /! 0y � � .*�  Î*.

Fig. 1= 2�� 6� 3F ÆÇ: P4(#1-3)3 �4 @CÉp 12¯

� AB25ê DR813 u#
 ��@ � �p 0.0002-0.001 g/mL] 8

9 � ��@� ZÑ @CÉ3 �!R ò� �Ú�� 0.002 g/mL]

89 � ÆÇ: 7k� Z[ "fh @CÉ3 �!] ;²�� .*.

!ê >� 3�� ��@ c! �b� ���0� ¿F �4 c! ��

�b� �_ ��@� �� R�h �0R �4� 3F L1	K ¤¥

![� 5G� � .*. AB� ��@] 0.0004 g/mL! � 89 


u# ÆÇk� ZÑ �4 @CÉ! w� wí�! �
 ±� ��! C

3 70%!� LM: P4] âYKýb� |6 � 0.0004 g/mL! 3


� cp &R 
 ±! 4� eK ¤¥� 5K
 3�![� 5G:*. 

MY10� 0.002 g/mL! ��
 ��! ° wN;� e_ 0.002, 0.006

= 0.01 g/mL] 89�
� Fig. 3�� ¯!
 õê >! D u# ñø

ÆÇkR ÍRM� Z[ @CÉ! )� ÍR 
 ±p + � .*.

µÓ63 u#
 µ¶¯*
 @CÉ! �Ë *ë�� 6 OB: µ¶

� ¿F�
 @CÉ! ��� 5_ pHR v��OT �49ä��


�4 @CÈ=R )� e«p + � .Ú*. MY103 u#
 *Ñ ø

�43 u#ê
 îB µÓ63 �4 @CÉ! 6 OB: µ¶� ¿F


� 5ë*.

3-2. ��
�� pH

�49ä3 pH
 �43 ���k� '(p %&
 v¸h TIv

3  ;!*. Fig. 4-6� åK �49ä3 pHR 3= 6w ¤ �4 @

CÈ=] ¿Åh A%!*. ñæ P4� �F� �4 @CÉ! �4

åK9ä3 pHR 3T u#R 6T u#� ¿F� *ë*. pHR 3�

�
 AB253 u#(Fig. 4) ñæ P4� �F� 90%R 6
 @CÉ

p ;²7*. 
� µ¶(#4)= µÓ6(#5)3 u#
 �4 åK9ä!

pH 6T u#� ¿F 3� !� @CÉ! *ë*. DR813 u#(Fig. 5)

µÓ6�! @CÉ! 90%R 6Úb; <��b� AB253 u#¯*

pH Ð1R @CÉ� %&
 '(! 
� ±b� ;²³*. MY103

u#(Fig. 6)
 �49ä3 pH] 3b� 58Úp ¤ µÓ6p 89h

Fig. 3. Effect of adsorbent loading on Mordant Yellow 10 removal.
(dye conc.=500 mg/L, pH of initial dye solution=6)

 

Table 3. Moisture contents of adsorbents 

Adsorbent no. 1 2 3 4 5

Moisture content(%) 86.0 73.4 69.3 6.2 10.6

Fig. 4. Effect of pH of initial dye solution on Acid Blue 25 removal.
(adsorbent loading=0.002 g/mL)

Fig. 5. Effect of pH of initial dye solution on Direct Red 81 removal.
(adsorbent loading=0.002 g/mL)

Fig. 6. Effect of pH of initial dye solution on Mordant Yellow 10
removal.
(adsorbent loading=0.002 g/mL)
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n-

-

u#R @CÉ! R� *ë*. MY10p 89�p ¤ ñæ P4� �

F <��b� 5� @CÉp ¯T ±� ��@ cp �� 89�K

¤¥!� �K� I4] @P �
 eë�� ��@ cp ÍRPµ

� @CÉp *w � .Ú*.

G �4� �F pH� ZÑ �4 @CÉp 9 U ID � 12¯K

´ � Fig. 7� ;²E ±O$ MCC] ��@� 89 � pH 2-12

�´�� f× Î*. :� QÛh ±O$ 6�9ä�� �4 @CÉ

! *ë� �K�9ä�� 5_- pH 12��
 89: D �4R C

3 @C	� e«p + � .Ú*. !ê ¿�h 3�! ��@� banana

pith[3]; orange peel[5]p 89�p ¤ íÒ	Ú*. A¦; µ¶=


îB !� u#
 pH� Z[ �� � Ð Î� pH 11 g
 12��

k N� 7k ��! wN³*. ) banana pith] 89 � Direct Red

] @C 
 u# pH 3�� 80%� @CÉ! ��Î� pH 4-10 �´

��
 65%� C3 w7 � pH 11��
 55%� pH� ZÑ Ð1R

)� eë*. Orange peelp 89 � Congo red �= >� �4] @

C 
 u#k ¿�h u(p ̄ Î*. A¦; !� ½V�� 89: �

43 åKjkR Direct Red3 u# 10 mg/L!� Congo Red3 u#


 60 mg/Lb� Ê ½V� 89: 500 mg/L� ¿ � "# 5� jk

!N� pH� ZÑ '(p ØÙ�b� ¿Å K
 ;< *� 5Gh*. 

µ¶3 �4 @CÉ! pH� Z[ 
� 6�9ä�� �, � Ð 


 ±� µ¶3 _%�KR 6�9ä�� c�I1	N µ¶! c< 

] ¬K ¤¥!*. 
� µÓ63 u#
 pH 3! ��
 µÓ6p V

� 
 Ä´�I <àR c�I1	N 9F	
 ±b� +,- .*

[14]. A�� µ¶!; µÓ6! pHR 5� 9ä�� c< ] ¬N «

< ] = �4ê 7<K�T T�� 3F ­2 
 ±b� 5G� �

.*.

4. � �

E�F� ��T �4] @C K ´ � µ¶p 6 OBPé P4]

�4 ��� 89 Î�, ! ­=] 6 OB � e� µ¶= µÓ63

­=ê ¿Å Î*. Ê f×�� >� ­=
 *«= >*.

(1) �4 9ä3 pHR v� �O(pH=6)��
 6 OB: µ¶3 �

4 @CÉ! 6OB � e� µ¶!; µÓ6¯* ?�h �4 @C

È=] ;²�Ú*. !±� 6 OB � µ¶! ÆÇ	� µ¶ ��V

YR Ð1	N �I�! } �43 0yR �� 9! K ¤¥b� 5

G:*.

(2) 6 OB J�ê í|�! ñæ ��@3 �4 @CÉ� �4

9ä3 pH� _q �, Î*. pHR 5p�
 �4 @CÉ! *ë


� 
� µÓ63 u#R *ë*. !±� µ¶!; µÓ6 ñø 6

�9ä�� c�I1	N c<1] ¬K ¤¥T� µÓ63 u#


pHR 3! ��
 Ä´ �I <àR c�I1 K ¤¥![� 5G

:*.

(3) 6�9ä��� �4 @C È=] i@ 
 µÓ6=
 îB 6

OB: µ¶� v� �O��k A?h �4 @C È=] ;²�Ú*.


� MCCê >! �k� ÆÇ: µ¶3 �4 @C È=R *ë*.
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Fig. 7. Effect of pH on removal of dyes by MCC.
(adsorbent loading : AB 25 and DR 81=0.001 g/mL, MY 10=0.002 g/mL)

Fig. 8. Effect of pH on removal of dyes by chitosan.
(adsorbent loading :AB25 and DR 81=0.001 g/mL, MY 10=0.002 g/mL)
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