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Abstract  
The main objective of this study was to investigate the treatment of distillery vinasse through the integrated 
process of ozone oxidation and Granular Activated Carbon (GAC) in a continuous process. The continuous 
process was carried out both by each of the GAC and ozone processes alone and by the combination of the two 
in order to investigate the synergistic effects of the two modes on COD and color removal in the treatment of 
vinasse from laboratory ethanol production from cane molasses. The continuous processes were performed at an 
ozone generation rate of 240mg/h, GAC dose of 100g, and at room temperature (25°C). Color removal 
efficiency of O3 was higher than its COD removal from vinasse. The COD and color removal efficiencies of the 
O3 process were about 25% and 74%, respectively. Moreover, GAC/O3 process was found to negatively affect 
the synergy of COD and color removal efficiency from distillery vinasse. This negative effect decreased by 
increasing influent pH level. The results indicate that the initial pH has a considerable effect on the three 
processes investigated. 
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 ���'�_�?$(� '� '�$%��� ���	* �	� �	� ��* ~� �� � ��; �$%�&
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d�.� �	��'. �$`�& A�$� ��$� �� ��*� ��& .:	*�& Cd�	^& �	$B"
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5 H�'" � �-�'�$� A�. :*�& ��� �� -�$)�'���* :*�& ����� 
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COD �'���'%�" m�� X�V ���� i"U5�o��	��� Y�	�" ��
 Y��4 � Y� !���A� ������* ��6;���A�� �; �'$. .P�	B@� A

 ������*KHP #	`BK �	�Nff �	B$� '	�$% �� e'	. �	� ���	6%�B@� �
��		6�`BKf�>N�Nf�0ff �>ff �Gff �Nff �		B$� '		�$% �� e'		.
�; ��7�* .'� �A�	� � ��$	*'�$%�9 �	�@�� H$$
& ��'	$.COD �

N/>�B$� '�$% �5�	" �A�	� �	� e��	% C��	, �� �	" P�B@� H� A
 ��	; X$(� ��	� ���'[	<�9� il	* � �	�=�� ��	^=� P�	�� ��

COD ����5 �� �� �;�	� � ��	�� �	�@� P�	�� Y�� �C�	�0>f 
���� �� �?$(�0Nf ]�$�B* ���� 	�"���'& ��[�	*� ����p�'	(

 ��� �; �'	$. C��	, �	�� �& .YE	� ��	$� ��	; ~	�7 A �	
�
 {�		� P�		V �� P�		B@�Off '�����		� '���		&�5 ��[�		*� :		*�& 

#		���$%�4u\ff i$		B[� ��		<" #7�		* �		��'. #		�'( .�		�@��
 ��5 e'� :*�& ��$*'�$%�"CU4 ��[$*v���'. H$$
& .�	%��
� A

 ��$� H$$
& �'� �B,�FCOD ����� ���; ���)�* ��
� �.
#	* H	;�� �	�� �	�� ��� �[�;��� #%�F �� �%�7 Y� .

��	6( �& ��A A �%� ��� ���� 'J �� #* H��� ��� H� '	$$z& �
�		�" .�A�		� �'		� ���		* m�� ~		� A ���)�		* �		�� C�		; �'		$.

 '���&�5 ��[�*�#���$%�4 #* .a�F '� Y� ��� m�� H� X�V
H$&U4 ]�$?�/%��" #)Pt/Co (�� ��$� ��; .�	� '	�'� �� �	F� '�

 :*�& �" #* �[�� ��$�0�	B$� '	�$% �� e'	. L�	; �	� H$	&U4
 ��	�F �� �$* ~$�$&U4�'B">�	B$� '	�$% �� e'	. #	%��" �	�'B"

�� �$%�& ��� !; ��; .�A�	� �	F� �	� �	F� H	� �'	� ��?��	* �	"
�� ���)�* Y� ��� H$�=& �� H$$
& �; ��; ]0\[.A L	�( �	����

�A�� X$(� 'S?� Y� �� e��% C��, �� � ��; D�, �'$. �	� 	;�.

1 Closed Reflux, Colorimetric Method 
2 Velp Scientifica, Eco 16 Thermoreactor, Europe 
3 Palintest Photometer 
4 Sigmaplot 

0f �B$� '�$% ��� P�?�� '���&�5 ��^=� L* �� ����� A �	; �	� �
{�� P�VM0f '������ a�F '� ��� C�; �ppm Pt ��� �	; .A

�� 'S?� Y� ���)�* ���; ��� ���'..
�		$� !��		�A� L		F'� �		$B" �� ��$		*'�$& m�� :		*�& �A �

�A�� �; �'$. .P�B@� A m�� H� �� �,�� �� KI ����	� e�x

e�x�		; ���)�	* .>Nf �		B$� '		�$%����		* ~		� �� P�		B@� H		� A 
{��� >Nf �B$� '	�$% �	�=�� �	; �	� �A A�	. �=	<� ��	�A �� �

�; ��$�� �� L7� .� ��A �	� D�); A P�B@� ��� ���A #;E. ��
 il*��6( �� X�V ��S�� 0#5�� '$$z& 

)0(O3+2KI+H2O→I2+2KOH+O2

A'	� �	& P�	B@� H	� �� ��; �$%�& �� �eAd ���A #;E. A �
�
�� ���* C�)%�*�$& �� ���; ���0/fP�	�'� X	�V �	S��>'	�$&
�; 

)>(I2+2S2O3
2-→2I-+S4O6

2-

#5'�E	4 e�	b� ��$	* :$	@� �� !�	"� H� .��	`�� H	� �'	�
>f�B$� '�$% P�B@�f/0P��'�H2SO4�; �5�R �� �� .P�	B@� A

 ��*�<� a�T�'� �	; ���)�	* ��$	*'�$& ���	��4 �S?� H$$
& .��
�� � �5'^� C�)%�*�$& ��?� �� ���& �� #��6� �	S�� A ���)�	*G

�A�� �A ��$� �; �'$. 

)G(
[ ]

4250

48
3O2S2NaV3O2S2Na

3O/g
×

××
=l

C�)%�*�$& #`BK �� �� �")0/fP��'� (��	; D'^� �bF ��
�B$� a�F'� '�$% ���'� �%��%�� e'� � ��$*'�$&O3)M\e'	.

P�� '� (�bF '� � ��; Y'RKI ���,��)>Nf �B$� '�$% (Y'	R
 ��; �%���� ��'�8% ��
& ��)'�'�M(#* ��; �$�?&]0_[.

G�N�+ � O%	M' 
G�E��B�pH ��l8$n �+GAC �M:��  .M��: � 

L8		;>��		�� DE		F ��		$�COD ��		?� �		�0ff e'		.GAC �
]�	��� ���	�  ���'� ��$�0�	B$� �	?$(� �� '	�$% ��	$� �COD 

���		F �����0ffff �		B$� �� e'		. '		�$% '		$$z& �		� �pH ��		<�
�� ���.L�; �� ���& ��>�	� ����	<� !��	5 �	� �	9 ��	;pH A

DEF �,�� ��$�COD �� ��*�9 ��	�� DE	F ���� �� �%� ��;
]��@� !��" ���� A � #	* '&O\�	,�� ��pH P��	
�>�	�

G0 �	,�� ��pH P��		
�0f�		� !��	" �	��� .�		��� �	" �%�		F ��
 !��"COD AZM�� �	,��pH P��	
�>�	�N>�� �	,��pH 
P��
�0f�� !��" ���� .��$�pH � YE	� �$	����� '	� P�	B@�

 
5 Trap 

��������	
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�� 'J ��; YE� ���� � Y}�� H$� L��
& ��E. .L	�� pH �	6�& �	�
P��%�� �%� ��$* L��  ��6��'. #$��� �� '$$z& � �� �	�B� ����

 ��	�� ���7�	* �� YE	� ��	�  �	$� � P�	
5 H�'	" #$
		R� '	`� A
		& #		@& ��		&�'4��		� �'		( '$J �		�� .�� ��$		* ��		6��'. #�		��

P��5 �B4 ����� �&��$"'& L	��  �'	3" �" ]���� ����� �%� ��� �� ��
#* �%� C��$"'& '��* A '�<$� ������ ��� .]�	��� �� H�'����

 '$$z& 'JpH DEF A '�<$� ��� DEF'�COD �	%� H�'	" L	" ��
#* ]>f[.

pH او����������
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5l���&�'$J pH �'�B�  '� GAC ���� DEF ��COD 
��*�$4 ���$* ��

G�D��B� pH � o' <=> � �*� 	M1 �+ COD 
L8;G'JpH P�B@�'�� �	�� DE	F ����COD ��	�F �� �

�� ��<� �A ��� .��$�COD ����� ]����0ffff �B$� �� e'.
$% '� ����� �A ��$� �>Mf �B$� # �* �� e'. ��	� .�	� �	��& �	�

 L�;G�� ����<� !��	5 �	� �" ��;pH !��	" ��	$� ACOD 
�� ��*�" �� � ��;pH ��	�>�O�0f�	� �	� a	$&'&>N�0G�_
�� �,�� �*� .�� ���� ���� H� �$� ��� ���� �� ��	$� �%� ��;

 H	� �� � #* '��" �� !��" '���	?�pH �	� �	� a	$&'&ZM�ZO�
O> �� �,�� �	*���� �	T'.pH '	�'�O�	� #�	��pH '	�'� >�

�� !��5 �9�� ���� .�	� �&�	�$"'& L��	; �A �	� ]��F C��$"'&
 ���.�� ���$4C=C �n	�� �B��	  ��	6��'. �)OH, CH3, OCH3(�

�& �	)�� ��� ��� ���)N, P, O, S ( ���	�� .$"'& �	�A �A C�	�
 �n$	�" �	%� ��	� �$%�& �d��
� Y� �� P�B@� �%� ����$	* � ��

�� H$��4 �%��%�� �A� �� �%� �	��b& !��	5 �	 �� �" ��" �'�E	4
 �	� �� ����A ��	;]>0�>>[.:�'	; ��pH �A �	��b& ���	$B(

 L$�"���$� P����� �$%�& �� 'b������; � ��	( ���	�" ~� �"
#		* ���		=�� '		$K .����$		*�$�" ��$		* :�'		; �� �		" �%�		F

�� C��, �A :*�& �$?��� ���	=�� ��	��" �$	�" ~	� �	" �'$.
#* ]>G[.��$���� �� '� ����	� ��	;�� �A �� e��?� �" �&��$"'&
�			� �			��" L			�  L$			�"���$� P�			���� ��			��" D'			^� ��			�  
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5l�G�&�'$JpH �B@� DEF ���� '� PCOD ��� �
��A �A ����'5 ��

!�"� H� �� ���@� � �� ��" .���$��%� � ~$B$�"��'" ����$*�
'5 ���6� C��$"'&�A ��� ����� ��$* :�'; �� ��A��" �%�F ��
 �	� C���'" +�b& �� �	%� C�	�$"'& ��	; ���	
� #	B pH ���	$B(

#* ��A �A ���6� P�^@� ]>M[.
L8;M�'JpH ��	9 � �5'	^� �A �,�� ��� P�B@��A ��
'5 �� ��� ��<� �6�& ��A �A ��� ��� .����	<� L�	; �	� �	��& �	�

�� !��	5 �� �" ��;pH A �A D'	^� ��	$�M\�	,�� ��pH 
'�'�>��_G�,�� ��pH '�'� 0f�	� ��	*� ��	" �	%�A �A ��

G/MG��pH '�'�>�	�M/00��pH '	�'� O�� #	��6� �� �pH 
'	�'�0f�	� mg COD/mg O3N�	� !��	" �	��� .!��	" L	$%�

 DEF �,��COD !��	5 ��pH �	� � D'	^� L	��  �	� ��	&
 a	%�K ��	��� !�	"� :�'; H� �� �" L$�"���$� P����� ����"

 �� #�	�� ]���� �� ����� C��$"'& :*�& �#* .���	F ]�	���
�$� A ��d�� #`BK P�	���� ����" D'^� ���  �� �" #* C���'

�� L�  ��" C�	��'�$� P�	���� �	$%�& ��	  �� �	%�)HCO3
●-(

�� ���. �" ��" !�	"� � #	* ���	=�� ��$�� � ��$	�� �� �'�E	4
�4�H$#* L$�"���$� P����� A '& ]0M�>N[.'[��	$� ���� H�

 �� �" #* H�pH �'�<$� �A� P����� d�� �� �$%�& �� �	" ��	;
�� d�� �A D'^� �� �b$�� ����P�	���� ��	��" D'^� L��  ��

P����� H� C���'" ����� ��" A � ��'" '$.�� � ���� �� �� �	��" .
!��" �,�� H�'����COD ��pH �4�A '�	<$� H$pH #	* d�	�

 �� �5'^� �A �,�� ��T'�pH #	* '�<$� d�� .i	4 �$)	^& �� 
]����'5 �� �%��%�� �A :*�& �$?��� ��$*�$�"�A ��� �	�A

 ��pH �4���" H$�$?�	�� '	$K ��$	*�$�" �'�<$� ��)P�	����
L$�"���$� (��pH ��� d�� .!��	5 �	� �	�� DEF ��� '$$z&

pH�				� �H				� #				B  #				* L$				�"���$� P�				���� �				" 
)V\/>Eo

•OH/OH =  ( +�'	* �A A '	&)Vf\/>Eo O3/O2 =(
�� !�"� #	* ���	=�� '	$K ���	�" ~� � ��� ]0N[.H$	����

����� � ����������	
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�� ��; �$%�& C���'�$� P�����pH ����	��$4 a�'=& �����& d��
 ��� � �B��  ��6��'.H�'���� ���b& �� �%� C��$"'& ��$�� �'�E4

�� �(�� '$$z& ���� � ]U� �� ����� H$��4 ��E..
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5l�"���" � D'^� ��$��� �A �� pH QB�=� ��� 
'5 ����A �A ��� 

G�G���Bp� pH �1 ��� �*� Xq�� �6%GAC 
'5 H� ����� �'	� � �	�� !��	"COD � �A AGAC �	� ��	V

 �	; ���)�* ������ .�A ��	?�>Mf �	B$� # �	* �� e'	. ��	$� �
COD 0ffff �B$� '�$% �� e'. ��?� �GAC 0ff e'.��� .L�;

N�� ��<� !��5 �� ���pH DE	F ��	$� �� !��	" ����COD 
'	$$z& ���� ����'?& ��� DEF �,�� �" C��)& H� �� �#* ��6<�

 �� � #		*pH ��		�>�O�0f�		� �		� a		$&'&ZG/_f�>N/\_�
f/\\��		�� �'		� �		,��>/ZO�N/N0�f/M_�'		� �		,��

COD ���*�.

pH او����������
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5l�S�DEF ���� !��" ���� '$$z&COD 
��pH '5 �� QB�=� ����& ����e

!��	5 ��pH DE	F ��	$�COD �	� '5 '	$$z& L	$%�����	��
�� !��" ��$*�$�" ���� ]>G[.�	� '	`� �� ��V H� �� �	" �	*�

'5�A ��� * ��� DEF ��A+�' DE	F A '�	<$� � '&COD |�	)&
�� ��5 .�B��	  ��	6��'. ��� C�	�$"'& ��	�� ��R�� H� #B 

 � ���	�� P�B@� �� ��� ��b� #B  �����  �" #* �A �� ]��F

 |�	)& �	�� !��	" �6�� ���7�* �� '$$z& a�* �� �A �� !�"� ��
�� ��5]>0�>>�>G[.

L�;O�	� ��<� D'	^� �	,�� �	9 �	�� ��	" � �A�	� �� ��
 !��5pH '5 ���& �����	� !��" e�	��� .A �5'	^� �A �	,��

_G �		,�� ��pH '		�'�>�		�G/\0�		,�� ��pH '		�'�O�� �
�� #��6�Z\�,����pH '�'�0f���	*����	" �	" �%�	F ����

A �		<��" �		��� H$		�� �		� �AO3mgCOD/mg M/>0��pH >
�			� ��			$� O3mgCOD/mg _��pH '			�'�O�			� #			��6� �� �

mg COD/mg O3\��pH '�'�0f���*� .���� �U�	( �	" ��V
 !��		5 �		� �A D'		^� �		,�� �		; �		�).pH '5 ���A �		�� �		�A

�� !��5 '5 �� �� ������	� �	�$"'& �	��GAC �&��	)�� �	�$����
�� |�)& !��5 �� � ��5pH ��" ���A D'	^� �	� � �� !��	"

�� ����.�� �A ���F P�B@� �� P�
5 H�'" ���$%�	&�" !	?� �	��&
 �	� �A L��	�& !�	"� ��	�'� !$	4 �	� � '.A�	K� �	� �A ���b& ��

 P����� ��;� ��;������ �� X	$(� �	�$���� A�	�� P�	F H	� ��
#* ��<� .� ���� H�7�* H;�� �'� �	� P�
5 H�'" �� ~	� ��	� 
���$%�		&�" & �'		� P�		���� �		� �� L��		�& � P�		B@� �A �		��b

 �	$)� !�	"� �	�$���� X	$(� �	65 ��� �� ��" �� L�  L$�"���$�
��� ���7 ]>O[.
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5l�g���" � �A D'^� �,��!��5 �� �� ��pH 
'5 ���& ����e

��		�F �� P�		B@� �A �		��b&GAC 		& #		@& ����		;�'$JpH 
#* P�B@� ]>Z[.ApH >�&OP�	
5 H�'	" �S* �� �A !�"�

 �� �		" �%�	F �� #		�$� �%�		���� ��	� ApH A '�		<$�OP�		����
$		�"���$�L�		� !�		"� ��� 		� �		" ��'		.�� �A �		� �$?�		�� ��		V

���� L	��  ��� P�	
5 ��	�OH !�	"� �P�	
5 H�'	" �S	* ��
�� ��� ]>O[.���� ����b& � �� �9 �P�	
5 H�'	" �S* �� �A ��
�� �	�d ��'	. ��'	��% �	� �	�$5'. ��	� � ��	<� #	)� ��	4 ��	�

 �	� �" ����� �A�� #$��� �� �B��  ��6��'. i��	% ��	�A�� ��	� 
�� L�  �	� � �A � �	��" �	� a	$&'&OH-�H2O2�	� �	���" .H	�

��������	
������� � ��
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���. ���!�"� A�	K� P�	B@� :$	@� �� � �%�	���� �'	$b�A ���
�� "��� ]>\[.!�	"� H	� 	� �'	$b�A ��	�����	�� '	�A C��	, 

]>_[:

)M(O3 + OH- → HO2
● + O2

-●

)N(O3 + O2
-● → O2 + O3

-●

)O(O3
-● + H+ → HO3

●

)Z(HO3
● → OH● + O2

)\(O3 + OH● → HO4
●

)_(HO4
● → O2 + HO2

●

)0f(2HO4
● → H2O2 + 2O3

)00(HO4
● + HO3

● → H2O2 + O2 + O3

�� L,�F X$?@& H� W���� A �" ���� a	BS� H	� ��	��. ��;
P�
5 H�'" ���F �� �" #*��	%� C�	�$"'& �	� !�	"� ��b� �A

P����� �� L���& ]���� �� P�B@� �	� ���� �	� #	��6� �� �	" ��	;
��7 H$� !�"���� H$� A ���� .'5 ���A ��� �� �	�ApH '	�'�>�

>N �,�� DEFCOD :	?5 P�
5 H�'" �� a$"'& �� �%� ��; ����
>�	,�� DE	F ��		$� �		�GAC A � �		; �5�		R>/ZM�		�>/ZO

�,�� 	& a�	* �	� ��R�� H� �" #5�� !��5����)�	* �	)�� '$J
�&��� H� A e���'5#* ���� .���"�5 �� ��; ����5R)'	J �����
�� ���5 (ApH >�&0fDE	F #$5'� !��" a�* �� �6�&GAC 

& #@& �" #* �����'$JpH A �� ��$�ZM�	�NM�	,�� !��	"
 #		* ��'		" �		$4 .�& �		� ��		" �L		,�F W��		�� �		� �		�A �A �� 
mg COD/mgO3G/MG��pH >�		� mg COD/mgO3N��

pH 0f#* ��5�� !��".
�B�� �" ���� ��	�F �� �A !�	"� �	�$���� #	* �GAC �
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