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Textile processing industries are one of the major hazardous sources from an 
ecological point of view that produce large amounts of toxic and dangerous waste 
containing heavy metals every year. Heavy metal accumulation and 
contamination in water and soil is a serious problem throughout the world due to 
their non-biodegradable nature, toxicity, abundant sources, and accumulative 
behavior in the environment. There is an urgent need to explore biocompatible 
and safe ways for textile dying industries to use environment benign route. 
Recently, there has been greater interest in the use of natural products in the 
dyeing industry due to improving international awareness of waste disposal, water 
pollution, and the environment. In the present work, Pistacia shell and Amaranth 
were considered as bio-compatible mordant and dye for the wool dyeing process. 
The research method is practical in terms of purpose and response surface 
methodology based on Box-Behnken Design (BBD) was used to design 
experiments and minimize the amount of consumables and production waste. The 
effects of three main parameters i. e. dyeing time, dye concentration, and citric 
acid concentration on the color performance of wool yarns were investigated and 
the optimum conditions were specified. The validity of the model for 
optimization and prediction of the process with a low number of experiments was 
established by experimental results (low difference between adjusted correlation 
coefficient (0.9832) and predicted coefficient value (0.9307)) and also by a high 
value of model correlation (0.9927). Also, it was found that all independent 
factors, the quadratic effect of dyeing concentration, and the interaction terms 
citric acid-dyeing concentration were significant at a confidence level of 95%. 
The results show that the Pistacia shell used as a bio-mordant can improve the 
affinity of wool yarns to the dye extract and obtain acceptable dye fastness 
properties. The use of Pistacia shell as a biodegradable and new sustainable bio-
mordant in the dyeing industry resulted not only in increasing dyeing efficiency 
but also in minimizing the environmental problem of agricultural waste and 
byproducts. Hence, the proposed novel approach might serve as an excellent and 
economical replacement for the common metallic mordants and provide a space 
for new businesses with value-added at no environmental costs. 
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820/11   60  5  70  3  

591/11   60  0  90  4  

051/12   40  10  70  5  

898/14   60  10  90  6  

951/6   40  5  50  7  

168/12   60  5  70  8  

661/11   80  0  70  9  

532/14   80  5  90  10  

228/10   40  0  70  11  

674/6   60  0  50  12  

214/12   60  5  70  13  

125/13   40  5  90  14  

249/8   80  5  50  15  

958/12   80  10  70  16  

543/11   60  5  70  17  

  

@ -���� &���A &�
  

 �$ yM�p$ 3��3�
 ���� �
��O  ��T �C�Q6 3��2  �?�B d��	
�� LE'��B 4� Y<�� g	��� � 71�N 
��b `4��C �
!$

 �
��O  ��T 
�3  .7�� ��O ���� ����  

 M�+N3d1�3��� E�(�1A : M+� 9B��" B� L%�\���� &�� >�=�� &�
�"��2 &�
  

9B��" M+��+�   ��+)�P ���2�2  _+�9B��"  

 ��+)�P  

 �F=P��
 h3�i

O�j<2�+�  

 �F=P��
 h3�i

7�
�<�"�+�  

  

�UH  0001/0<  0115/0  8708/0  8116/0    

L"�)=� ���J�  7690/0  0071/0  8493/0  6461/0    

_�� �N��  0003/0  3212/0  9832/0  9307/0  ��O��?��E�  

���,�  3212/0    9867/0      
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!_�$ �C��
�C ���� d��	
�� LE'��B �;��� �El�$ �C �?�B YC�(�$ �f� @E�k�� � ��
�C �
!$ 3���El�$ �f� 8��� �C ��

�M�T���  �$  ��T 
� g	��� � �O z�Q�� Z	�$4B ����
 3��1 
� z�� �T
� 3�4 .7�� ��O ���� ����  

  

 M�+N4d1�3��� E�(�1A k3�=1 : ���N+<- M+��J� �$��" &��" _�� �N�� &� �
��Q=�  

l�<�  ���"�� /0���  &��BA �N��  ���"�� W�F1���   ��+)�F  ��+)�P ��Q=� ��Jm2  

M+�  35/93  9  37/10  33/105  0001/0<  ��^$
��  

A -�EF1�  40/73  1  40/73  30/745  0001/0<    

B -g3�=�$+�$�  59/7  1  59/7  10/77  0001/0<    

C -Y��B �+�  18/3  1  18/3  30/32  0007/0    

AB  9407/0  1  9407/0  55/9  0175/0    
AC  0030/0  1  0030/0  0306/0  8661/0    
BC  0689/0  1  0689/0  6995/0  4306/0    
A2  51/7  1  51/7  25/76  0001/0<    
B2  4462/0  1  4462/0  53/4  0708/0    
C2  0324/0  1  0324/0  3288/0  5843/0    

�+1���f�" &�UH  6893/0  7  0985/0        

9B��" _+�  3767/0  3  1256/0  61/1  3212/0  �C��^$  

n(�H &�UH  3126/0  4  0782/0        

L;  04/94  16          

=���#2�� P	�h9927/0   >E_�6 ���#2�� P	�h=��O9832/0  ZE� ���#2�� P	�h��EC=��O9307/0 

  

C -�����F1� ���J B� L%�\ &�
 

�4���� 4� Y<�� g	���7#O K�2f 3�EN��' � 3
!� ��	!O���!�� 3
�RN 3��5�6 3�L��
 �C >�� 34���
 4� Y<��-

)  ��T 
� 8��95 .7�� ��O ���� ���� (  

  

 M�+N55P� ���J :41 &�01� �30��&B�F1� ��	
 &�
D�2 &�EF1� �" �+��<�!" �3��� �� G��H  

�10�1�
  &�01 ���J  
�30	=P� ���J  

^1� ���Q2  �,(O	
 &�� &��8Z  �,(��<
 &�� &��8Z  

 &B�F1�  3 -4  4  4 -5  4  

&B�F1� � �1�+1�0�"  4  4  4 -5  4 -5  

 

�=13k p�" �  

>(� -&���A L���2 � �3E�2   Y0�$�Z� M+� D���=$� �  

 g	���Y<�� d��	
�� LE'��B 4�  �$ `4��C 4����� 3�
 yM�p$ 3��  ��T) �C�Q6 3��3�$ ���� �C!9 �C ( �G ���

 � ��!C ��G 
�E#C ;��� �El�$ 
��($ 3�
�� �� �T
�  �$@E[
� ���#2�� P	��h �	��($ @	�6A�C 3�
��  ��



  

  

  

  

10  -------------------  �� ���	
���
 �	����  ����14 ��
�� �43� ���
� 1 �
�� �1404  

 
>E_�6ZE� � ��O��EC�$ ��O�M�T���  �$ �@	��C��C .�O�C 3���El�$ ��E$ xC�J6 3��C  �$ @	��?C z�� �T
� 3�

���� d��	
�� LE'��B �B 8��� �C � �O ��1�N �_�
� ��#C�� � Y(�#$  ��T) �O z�Q�� Z	�$4B ����
 3��1 
� ��

4 .(�C
!
���� d��	
�� LE'��B  ��T 
� ��MG) �!E��N
 P	�h 
��($ ���� ��F}
LC Y(�#$ �El�$ W	 ( 
��($ � �6

) �B ;��� �El�$pW�!G ( �El�$ �	��($ ��
�C �C .7�� ���EC ��#C�� �El�$ 
� �El�$ �B 3
�RN�Ef�6 ��LE$ ��O�C �6

  ��T 
� ���El�$ �!E��N
 P	�h � ;���4�$ � ��!6 ��
�C �
!$ Y(�#$ 3���El�$ �$��6 �G 71�N �QE�� @E��

 ���E�
� UJ� �C ��E�� W	��E� � �L��
 7_MX 3���El�$ ��$L�� Y9��6 � �L��
 7_MX =C�$ �Z��&� @	� 
�95 %

K
�b) ;��� �El�$ �C��^$ (�2#� ���
�$ �fn$ � 
��K
�2[ �YC�($ 
� .��O�CW	��E� �^C�$ 3��K�$ � �E�� ��$4

K
�2[ �K�$ � �L��
 7_MX 3���El�$ ��$L�� Y9��6 �C �!C�$ 3��W	��E� 7_MX ���$4K�$ � �E�� �f� ��$4

��^$K
�b �C 3
����!�� ���
 � �	��N aR�  �$ 4� �fn$�EX 3���El�$ �f� � �$ 7b� �!2?C 
!_�$ �C .��
��� ��

ZE� 3��C �!E��N
  �$ �'��^$K
�b ��EC��!�� �2#� ���
 �JC�
 
� � 5��p��� Y(�#$ 3���El�$ 8��� �C ��2 

.7�� ��O ���� ����  

)2 (  ��� = 11/86 + 3/03� + 0/9742F + 0/6306� + 0/4850�F − 1/35�6 

ZE�  �$ 
�2�[���EC �
!$  �$�� � �����Eb�C 3��
��!�� � d��	
�� LE'��B ����#2�� P	��h �	��($ F�!6 ��O

���� .71�N 
��b �C�	4
�
!
  ��T 
� �G4 �$ �_�i$  �$ ���#2�� P	�h 
��($ ����N9927/0 �$ �C �G �O�C

���� �C!9>E_�6 ���#2�� P	��h ai�9� 
��($ �@E�k�� .7��  �$ 
�2�[� �����ZE� � ��O��EC 4� ���G ��O

2/0 �$4� .7�� ��!E��N
  �$ 
�2�[� ����G�E	�6 �!9 v!h!$ @	� �G �O�Ca�

��($ ���	�  ;��� �El�$ >G 
�E#C

) �!E��N
 �'��^$ 3��Cp < 0.0001���� (ZE�  �$ �G 7�� @	� �������ECz�� F�!6 ��O UJ� 
� �C!9 �C 
�L1�

 ���E�
�95���� �C %����$ 
��!�� .7�� ��O x2J�$ �C�Q6 3��xE2J6 �	��($ YC�($ 
� �� 
��!�� @E�k�� � ��1�	

) Y�O 
� �N��G��� YEMD61�� (  .7�� ��O ���� ��  

  
 L,�1 �+1�� ���0�1 (>(� : M���1 M��=\� ���0�1 (@ �
(���
��� :=2�$)  

�$ ����  �$��  ����� 
��!������ �G ���>�
 F9 �C ��z�� F�!6 ��O 3�J9 @	��C��C ���!C W	�L� 
�E#C 
�L1�

  �$
�E#C ���� � 7�� >GZE� 3����EC �	��($ �C W	�L� 
�E#C ��O�$ �C�Q6�$ �_�i$ @E�k�� .��O�C ���N

����$ 
��!�� 
� �GxE2J6 �	��($ YC�($ 
� ���C � ��1�N 
��b o�
L$�b �!J9 ����D$ 
� ��(� �$��6 ���1�	 K
!<
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��O =	4!6 �]< F9 a�
 �� 
� �1��c6�$ @	��C��C .��� 
� �C!9 �	���!6 4� 3��?��E�  �$ �G 71�N �QE�� ��!6

ZE�$ ��EC �	��( K
�b���
 ��!��@EE^6 ����D$ 
� �� .7�� 
��
!9�C ��O  

  

@ -  ��+f �" &B�F1� +<3A�6 �� �JK� L��0� �$��"��P1 �F1�  

) Y�O2 4� W	 �� �f� (3���El�$  ���$4 Y(�#$ �El�$ �� ��$L�� �f� @E�k�� � Y(�#$ �J(� 
� z!� �El�$ �G

K
�b 3�
 �C �
 �
�� 
��b 3LG�$ ��!�� �2#� ���
�$ ���� �� .���  

  
 L,�2  ��+f &�� �
��Q=� L"�)=� ���J� (@ L)=P� &�
��Q=� �J� (>(� :�10�1 �F1� �
(���
��� :=2�$)  

����) Y�O 
� �G
!
2�$ �_�i$ (5�6 3�L��
 7_MX Z	�L1� �C ����N 4� 34���
 z��� 
� 8��950  �690  �<
�

K
�b �A�G �4� �C 72#� ��!�� �2#� ���
�$ Z	�L1� �� �L��
 ��_MX ��	���N ��L��
 ���$ 7_MX Z	�L1� �C .�C�	

�C 3���EC 3��E� � ��1�	 Z	�L1� !�'!$  �(��� 
!_�$ � ��O Y<�� a�E'� UJ� �C 34���
 z��� ��
� 4� �L��
 3��

 !�'!$ �DJ� HRT PE6�6 @	� �C�$ Z	�L1� a�E'� UJ� �C �L��
 ���$ 3�� �C �Q�$ 7	�?� 
� v!h!$ @	� .�C�	

 !�'!$ ���EC 7E2�6 � �!]�K
�b � ��O a�E'� ��
� 
� �L��
 3�� ��!�� ���
�$ Z	�L1� �
 �� �C @E�k�� .���

�$ �����$ �C!9��$4 K�$ �G �!O��A!
 3��5�6 3�L��
 �C 34���
 �6K
�b Z	�L1� P2� 8��9 �2#� ���


��!���$ ���� 3�����N�C .K
�2[�$ ���	� !�'!$ �34���
 ��$4 K�$ Z	�L1� �C �G 7]N ��!6 ��$4 4� �L��
 3��

�$ �QE�� 
� � ��!C 
��
!9�C a�E'� ��
� �C �!]� 3��C 3���EC���N �C ����!6�M� 3���EQ�4 
� 3���EC �M$�[ 3��-

��!�� o�
 HRT ��LE$ @	��C��C .���� Z�G�� >�� 3�E����$ Z	�L1� �� .�C�	  
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 a�E'� F�!6 �^E2
 3�L��
 ��!$ o�
 HRT ��LE$ 
� >?$ Y$�![ �M�T4�6���" �>�� YE2b 4� ��EpH  34���
 ��	B�1

�$) Y�O 
� .�O�C2�$ �_�i$ (W	��E� 7_MX Z	�L1� �C �G ���N K
�b �34���
 z��� 
� �E�� �2#� ���


��!���$ Z	�L1� ������ .�C�	
�O� LE� wi2b �G
!
5�6 ��O � �M�1 K�2EG�6 3�
�� �G 7�� �^E2
 3�L��
 W	 8��9

�$ 3��^�$o�
 �LT ��!	 �_� 4� @	��C��C .�O�C�$ H!#D$ WE�!E�B 3�����N �3�E�� FED$ 
� .�!O 3!�E$B 3��

�M� 3���EQ�4 �	�?���@	�4� � ��O ��!6��� >�� 3�E����$ �
�C ����!6���N HRT ��!	 K
!< 3�� YE#G�
�E�

5�6 3�L��
 
� �!T!$ 
� �G o�
 �!E�B =b�� 
� .��!O 8��9pH�$ ��Q	� @E	�� 3���C ��!O �C ���EC Y	��6 YE'�

�$ @	L�	�T �E�� �C ��!	  ��26 Z�G�� x	�
 4� yE'>��C @	� .�!OZ�G �L��
 HRT Z	�L1� �C �Q�$ ��!	 3��

�$ >�� yE' F�!6a�
4� .��!OW	��E� ���	��>?$ �M�T4� �E��M� 3���E�� @	�67#	4 WEME#G!C�G � 
�N4��

 ��E$ ��\�
�E� KA�c6� @�#�O �C 
��b YE#G!C�G ���N �� � YE#G�
�E� ���N W	 @�O�� �C �G 7�� @�	�

>��C Z��G � 3��EM� 3���EQ�4Z�G@EC 3��@	�4� � ��O �'!�'!$�$ �
z�� W	 ���!6����  .�O�C ����G
� �G
!
 

 Y�O3 ���N �7�� ��O ���� �����M� 3���EQ�4 
� �!T!$ YE#G�
�E� � !�E$B �M$�[ 3�� �C 
��b >�� 3�E���

���N �C 3�E$B � 3���� 3����!E� YE��6W	��E� 
� �!T!$ YE#G!C�G � YE#G�
�E� 3���$ �E���C .��O�C  @	�-

 !�'!$��G�$ �C 3���EC �h�[  KA�c6� PE6�6��6 >�� 3��o�
 ��LE$ � ���� YE�$ �!2?C �
 a�E'� 3�	R� ����

 ����4���� � 3�<�C)1401���N ��E$ ��!E� YE��6 �!D� � Z�G�� .(W	��E� � >�� �M$�[ 3�� Y�O 
� �E��3 

) 7�� ��O ���� ����Miohsin et al., 2014(.  

  
 L,�3: �1�+1� Y��� &+��A � &�=$� &�
+10�
 /�01�& O	
 >�( � +�$� g3�=�$)Miohsin et al., 2014( 

 

YC�b ����) Y�O 
� ��	� �T!62K
�b Z	�L1� ��� �G 7�� @	� ( ��!�� �2#� ���
 34���
 ��$4 K�$ Z	�L1� �C ��

W	��E� 7_MX � Z	�L1� ��� 4� ���G ��E�� K
�b���
 �$ �L��
 7_MX Z	�L1� �C �2#��$ 8��� @	� �C .�O�C ��!6

N��!�� o�
 HRT Z	�L1� 
� �Ef�6 @	���EC �L��
 ���$ 7_MX �G 7]�$ v!h!$ @	� .�
�� �
 �� F�!6 �C!9 �C ���!6

 Y�O) ���N �E	�6 !6�
�� 3��
��!��4���� .() Y�O 
� �G
!
4�$ �_�i$ ( 3�
�� �L��
 ���$ 7_MX �El�$ ��!O

�$ P	�h @	���EC .�
�� ;��� �El�$ 3�
 �
 �f� @	���EC @	��C��C .�O�C  



  

  

  

  

13  ----------------------------  
� !
�"� ����
#$ 
%&'( )��
*#$ +�, ��' % )�-!�$ ./,
�/0�  
�  

 

  
 L,�4  4$�
 ��Q=� &�� L)=P� &�
��Q=� &��8Z��Jm2 Y�E�� �$��" &��" 02���
 ���0�1 :(���
��� :=2�$)  

  

C -�<�!" +<3A�6 &B�$  

z�� F�!6 34���
 u�E?C F	��O) �O ep�$ K��#G� @	�L	� 
�L1�Nwuzor et al., 2023	� �C .( �El�$ 
!_�$ @

 ;���K
�b ���
 ��!�� �2#�W	��E� 7_MX ��L��
 ���$ 7_MX Y(�#$ 3���El�$ � �O >E_�6 ��E�EC 
��($ 
� ��-

�
� ��E?C F	��O .���O ���� 
��b �C�p��� ����D$ 
� 34���
 ��$4 K�$ � �E��V�z�� F�!6 ��O) Y�O 
� 
�L1�5 (

 .7�� ��O ���� ����  

  
 L,�5  �3��� :D�2 &�EF1� �" O	
 &B�F1� +<3A�6 [<�!" G��H(���
��� :=2�$)  

  

� -5P3B [1�+1� �$02 &B�F1� Y��+1�� �0�!" 5$0
 ��ZB�$ �=P
  

 4� d���E?C34��  7�!� 4� 34���
 ��$���
 Z	�L1� 
!_�$ �C �34���
 ��	B�1�C ��#������� ��!�[7#	4 3� 
�N4��

;� .�O ���]��� �C ���� 3������ UEh!6 `�
 8��� ZpC 
� ��O2 -2 -5  7�!� u�����!EC �C������ ��#� ��O 
��

5�6 3�L��
 �C ��E?C F	��O 7D6 d�� ��$ �E��� 
� �B 
��1
 �C A�G o�
 ���	� �C �T!6 �C .���O 34���
 8��9V �

34���
 ��!�� ����^�� yE
 �	�C o�
 3�	R�
���6 
!_�$ �C � �
�� ���#C 
� ��O�$ uE���V 
��b �^'�J$ �
!$ �

 K
�b @	��C��C ���EN��!�� �2#� ���
 5!$  !
 
� yM�p$ ���� 3��400  �6700 ) Y�O 
� ��$!���6 ���� ���� (

 .7�� ��O  
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 L,�6�<�<� : ��+f &�
�10�1 ��P1 �F1�&B�F1� � _�H &�
D�2 &�EF1� �" �+� G��H(���
��� :=2�$)  

) Y�O6�$ ���� (K
�b ��LE$ �5!$  !
 Z	�L1� �C �G �����!�� �2#� ���
�$ Z��G �� K
�b @	���EC .�C�	-

��!�� �2#� ���
 5!$  !
 
� ��400 �$ �_�i$ ��$!���YC�b ���� .�!O 4� ���]��� �G 7�� @	� ��	� �T!6

 7�!� ������!EC K
�b � o�
 HRT �!2?C P2� ��#���!�� ���
7M[ .7�� ��O �� �$ �
 v!h!$ @	� @E�� ��!6

7�!� �G �!�� ��EC  ��#�=2�$ ��X 4� 7#	4 K�2EG�6�M� � �^1Y�1 ���EV!��i1 � ��YE2b 4� �@E�6!'�N  �@E�#	�$

 �@E��
!GWE'�N �� ��E�� - �L�C �#G�
�E�VWEW	!�6�G!6��� ��E��WEQ�	�E� �@Ek6��E�� ��E�� �� ��E��- 
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