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Abstract  
The increase of various industries and the growth of the earth's population have caused various types of 
contamination in the environment. Anionic contaminants are one of the most important contaminants in 
water, which have many risks to human health and living organisms and also have many important 
environmental risks. Therefore, it is important to modify these resources. Studies showed that the use of 
biochar and metal-coated biochar effectively leads to the removal of a significant amount of contaminants 
from water and soil, but so far, the effect of carbon-metal composite on the removal of contaminants, 
especially anionic contaminants, has not been comprehensively investigated. In this research, the effect of 
biochar, metal-coated biochar and biochar-metal composite on the removal of chromium from water was 
investigated. Metal-coated biochars and various biochar-metal composites were prepared from the 
combination of metals (copper, iron and aluminum) with agricultural residues (rice straw) in raw form or 
as a biochar. The samples included Biochar, Copper-coated biochar, Aluminum-coated biochar, Iron-
coated biochar, Copper composite, Aluminum composite, and Iron composite. In the first stage, the 
optimal conditions for contaminant removal were investigated, then an optimal amount of adsorbents and 
contaminant with a concentration of 20 mg/L and pH=6 were combined and shaken for three hours. until 
they reached equilibrium. After centrifugation and filtration, the final concentration of the contaminant 
was read and the chromium removal percentage was calculated. The results of the present research 
showed that the application of iron composite and iron-coated biochar could remove 90.32 and 93.71 
percent of chromium pollutant from the aqueous solution, respectively. Therefore, the use of these 
adsorbents can remediate chromium-contaminated water. 
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Fig. 1. Research method overview 
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Fig. 2. Zeta potential of applied adsorbents 
measured at different pHs 

:;��58��? 5&��!� �	� �@�B!�� +�, ��; �@pH�6!L' +�, 

"��7 �4��Q +�@ "���pH 0@���>'}"��7^/~�j����&���	� /(9 �� y��� .�
��!�&7 5"57�� �4Q �?4	�oz	 
2	&�Y�� ��OpH �@ .
��J ����

�� @�4'�8��? � �,&' ��,��' Y��Y�� �7 "� @4;�OpH '&��	� (�Y
��!�&B3' 5��' �	���	� .@4�; ���!�&�7 5�'��)	 �@ ���K4�pH ��,

�� "7 
���8���? ��B3' ��,�.@4�7 ��	 ����I' �B3'����!� ��	�&5

8��? '�)	 �@ �,�pH' (�� �,�'��)	 �4%� "� �,@�8���? ��,/
��B3' ����7�@��@ �Y���� ���7 .�OpH������ /���,+6'�����7&�!���+
(4	��� �@���'�8��? �4%� � �4; ���@ �,+�B3' ���7�7&�!��+

'�B3' ��7 .@4;�7&�7 �!���� "7 
�� ��K4�8��? ��' /��,����4	
"7 =@&�I' �4�� 5��7&�!�+����� �� ��,+6'�������@+OH ��;�7

.(Samsuri et al., 2014) .

�5�5���8V Z��C 1""8V 
5E; |��7 \��� 
Z6�&79 0462' �@ ���)�(�'� �@ /�,+��6!L'

@�7��� �� y� �/8��? �,+' (�� �� �6!L'��), .��,@�(��Q��4
��E; �� "�5����L�'�/
� '�)	�?�8�� ,�	 ����3!��4 �6��
Z
#9�3�� �� ���'� /�3,@ O,��7 ������4	 �@�� ��K4��� )����X� �@
#9���79 04��62' �� ����3�7 .
��;�@&�!����'  ��&#9 �X��� (�Y���3���
��'��7 "��7 t47��O��;4� ����K4 ��7 ����; ��@�'4=9 �&3���&��3P), � �& 

�4q'���'4=9 
&3&"�7 �3!���4	 "�� @47 �5�7�� �4�Q �?4�	�
�Z6� 
#9�62' �@ �� ��3�79 04��3,@ O,���7 .���! "7 "?4	���7 b�"
�@ 

-250

-200

-150

-100

-50

0
4 5 6 7 8 9 10

Ze
ta

po
te

nt
ia

l(
m

v)

pH 

Biochar AlCo zeta AlCB
CuCO CuCB FeCO

Rice Straw Biochar 

Cu coated biochar

Cu Coating

Determining the 
optimal condition

Pyrolysis

Metal Coating

Fe coated biochar Al coated biochar

Metal Coating 

Al CoatingFe Coating

Pyrolysis

Al Composite Fe Composite Cu Composite 

Determination of the best adsorbent 

Determining the effectiveness of carbonaceous adsorbents in chromium removal



5��a��' 5�b�� ����C�	 �dx.doi.org/10.22093/wwj.2023.371326.3306 

59

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 34, No. 2, 2023 

Fig. 3. Data on chromium equilibrium time 
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Fig. 4. Data on optimal pH of chromium 
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