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Abstract 

Graphene oxide/cobalt nanocomposite was synthesized using the electrooxidation method and its 

structural and magnetic properties were specified. The effect of the produced nanocomposite on 

the rheological properties of drilling fluids containing bentonite and natural gum was investigated. 

The nanocomposite was characterized using XRD, FT-IR, SEM and VSM. XRD results 

confirmed the formation of graphene oxide/cobalt nanocomposite. The SEM images show the 

scaly shape of cobalt nanoparticles substituted on the graphene oxide sheets. Based on VSM 

results, the saturation magnetization, remance magnetization and coercive field were determined 

to be 167.04 emu/g, 9.94 emu/g, and 142.5 Oe, respectively. In order to investigate the effect of 

graphene oxide/cobalt nanocomposite on the rheological properties of two types of fluids 

containing bentonite and natural gum, 0.1, 0.3, and 0.5 gr of nanocomposite were added to drilling 

fluids and their rheological properties were measured using an eight-speed viscometer at three 

temperatures of 23oC, 50oC and 70oC. Graphene oxide/cobalt nanocomposite in the bentonite 

samples increases the apparent viscosity, plastic viscosity, yield point, and gel strength up to 108 

cp, 17 cp, 165 lb/100ft2, and 170 lb/100ft2, respectively, and decreases these parameters in the 

samples containing natural gum down to 70 cp, 32 cp, 42 lb/100ft2, and 5 lb/100ft2, respectively. 

Keywords: Graphene oxide/cobalt nanocomposite, Drilling fluid, Bentonite, Natural gum, 

Rheological properties 
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+��+� �� ��:�  F��:G M+� �:G &�<� &	+�=*�� . ��

 (R�	j/3�  ���	+�3 	 <?=*)�l �	+�3 +E3��� ��
�5
 `��� 0�� <B�5����	+�B.�<�=���.  -, +E1� <?
1	

-� F�:*Dj/3 �1 <B���i� �	+3�+? &� <Z��5�  �	��	
%��� ���� C�3 �+��h �	+3�+? �+��h �	+3�+? . ��
@�,  <2G+l %D+� �� +��:B�1	 ��E���600  �	�

-/�R� �� �&�=3�<� �+�? 	 �:��&�=3� =W�	 �+�?F'  9�3
<�3��&�:� %��. -.T C�B4��� �� -, %�� <�+� +E3���

 >�45 �3	�� =��a `��� F&	 +��+� �� =1�� >? @1
-.T C�B4��� .=*,�� �+5:�B�5 U�:G +E3�23��@ 

X��� <�:�B�5 .=����+5 <� &� %�� `��)D X���
 <1�3�:5 �	+�3 =�.:5 �� X��� �� <*�5fT C�B4���

-.T -� X��� >1��5) F��& %�N?(F=� ��.  �	��	 -j/3
.T C�B4��� �	+�3 	-�� �&�=3� ��+� <1��+������ �+�?

3 Yield Point (YP) 
4 Gel Strength (GS) 
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 X��� �� �:a:� -���a �1 <1�����	+�B.� ���	+�3
-�<� F:B� 	 %,+W %.�W �� k�5+5.=*���  

 b�/45 01� ��-3:�3 -�1&:B�1	��X��� �  �=� -��5 ��
-�D+� %2� +��:B�1	 ��E��� &� ���V���  ��

%D+� ���3� 6� 100 �300 	 600 -/�R� +� �	� 
�&�=3� .=� �+�?���� &� ���V��� ����>\�W � <� F�:5

 -�1&:B�1	 -
�a &� X��� �T:.:K� `��\:7G
@���i� �	��	 -j/3 	 �&�=3� �� 0�*{�� .�+, �+�?
 %�	�/� C�B4��� �1.T-��� 10 -�3�S � 01+��, �� %D+

�&�=3� +��:B�1	<� �+�?�:�  �O� 	10  -3:�3 -/�R�
-5 %�a ��<� ��� F=� 0�23�:����� . ���>\�W  ��

 +��:B�1	 %D+� 01+��,C�B4��� .T-�� �� 10 -/�R�
<� F��� ��<� 0�*{�� .=**, +��:B�1	 %K�+R �� F�:5
 %D+� ��600  -/�R� �� �	�+��h -�1&:B�1	 ��=/�� 

�&�=3� ��.�+, �+�? a��� �	�/� �1 +��:B�1	 m�+43� %
-� ��E��� +*A%D+� ��&� �� �
�8� ���θ  ���� F�23

<�.�:�  
 �=����&�=3��+�?pH ���� -� �� �	+3�+? 	 >? F&	 � 

 �	� +� �
�8�1�� X����  [�\ 	 %�3:�*� �:�4�
<Z�)P  (%1&:O��,:3�3 F	=�) >\�W ]1��3 .=� C��3�

-�5+5 k�X	=a �����2  	3  .%�� �=� ��	'�+?  
 	 X��� F&	pH �&�=3� ���� -� �� �=� �+�?23 �50 

 	70 <�3�� -a�� %e
u -� 	 ��+?1/0 �3/0  	5/0 
=a �� %1&:O��,:3�3 C+?�X	3 	 4 ���	'  .%�� �=��� 

 -�1�/� 01� ]1��3-3:�3X��� �� �� F	=� ���
%1&:O��,:3�3 �<� �=��2�-, �:� � F�+, -A�y

 %e
u �1�9A� 	 ̀ ���:3�3 F&	 �� <�:�4� +��Q5 ��3'
 X��� �	�W X��� �� 9a5/0  ���:3�3 C+? ���1�

<�3=*, <��+� .pH <� F�23 <Q�\ -3:�3 01� -, =��
-� �=��� ��4� �� +��
�F=� -19�5 	 k1+85 >�.� �

@���i� �	+3�+? %�\�G �	��	 -j/3 	  <)��*�
:K� >, �� 	 -���=3 ���, �=��� ��4� �� �T:.

<� �=�� �=1=� ��� �1�9A� �� 0�*{�� .=*, 9�3 U�:G
 ���, �T:.:K�>��R <� <�a:5=��1 <��+� �� 0�//4� .

 +S�pH +��
� Y:3 01=*l �	� +� ��� 	 3�+, �=��2�= 
 -, �T:.:K� U�:G �=��� ��4� �� �1�9A� �� 9�3 	
 ���<� �=�� ���,� �� ��+��
� 01� .=**,�&�� ��4 �� 
pH  0��9  �511  <B���i� �	+3�+? ����� -j/3 	

�	��	 -� @1�93 	 k��*�<� �� �T:.:K� 	 =*���
<� F�23 �:G &� <)��*�] =*��33.[  ��=/�pH  -3:�3

 �1�9A� �� 	 �1�9A� `���:3�3 %e
u �1�9A� �� <��3:�*�
 ���, ���<�=��1.  
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�3�,3 ..<Z�)P [�\ �	�W -1�� X��� `�782� 

 

 

 

 

 

 

 

 
 

�3�,4.  	 F&	pH .%1&:O��,:3�3 �:sW �� <��3:�*� X���  

 

 

�3�,5.  	 F&	pH .%1&:O��,:3�3 �:sW �� <Z�)P [�\ X���  

 

 

pH  YP  PV  600Ө  300Ө  100Ө  6Ө  3Ө  AV  )3MW(lb/ft  T (oC) 
95/8  33  2  37  35  6/33  32  24  5/18  3/64  23  

78/8  31  2  35  33  6/31  30  22  5/17  3/64  50  

5/8  5  2  33  28  3/27  28  16  33  3/64  70  

pH  YP  PV  600Ө  300Ө  100Ө  6Ө  3Ө  AV  )3MW(lb/ft  T (oC) 
28/6  89  36  171  135  92  30  23  5/85  53/75  23  

6  68  29  132  103  68  19  13  66  53/75  50  

98/5  53  25  110  85  54  13  9  55  53/75  70  

pH )3MW(lb/ft    

٣n  ٢n  ١n  B  ٣n  ٢n  ١n  B  Temp (°C)  

21/10  50/9  9  95/8  42/67  98/64  98/64  3/64  23  

10  15/9  99/8  78/8  42/67  98/64  98/64  3/64  50  

80/9  23/9  80/8  5/8  42/67  98/64  98/64  3/64  70  

pH  )3MW(lb/ft    

3n  2n  1n  G  3n  2n  1n  G  Temp (°C)  

7 85/6  27/6  28/6  16/76  53/75  53/75  53/75  23  

95/6  5/6  16/6  6  16/76  53/75  53/75  53/75  50  

5/6  3/6  6  98/5  16/76  53/75  53/75  53/75  70  
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-� �� �+��h -�1&:B�1	�1&:B�1	�  �� 	 @���i�
-�j/3�  .���� <E��� �+B
�D-�+������ 01� +E1� F���  ��
-�� %e
u F�9��-� �� 	 X��� �� =��a `�� 	 �����

 .%�� -����	 <1�����	+�B.� ���	+�3�3 `�+��Q5 ���:
+� �+��h -�1&:B�1	 `f��� ��+� ��� k�W1��� 

 <Z�)P [�\ 	 %�3:�*� �	�W �	�W 	 �� `���:3�3
%e
u �
�8� ���>B� ��6	 �.� 6 x �=� -K���

�� .%�� -3:�3 �	�W ���*�%�3:�  ����=/� �1�9A� 
`���:3�3 �1&:B�1	 ��=/��  �+��h 9�3 �=�� �1�9A�

<�=*,�  <.	-���+� �1�9A� >�.� `���:3�3 0�� �*, ��
���� �1�9A� �1&:B�1	 ��=/��  �+��h �=3	�2��, <

<P �� <�.=*, -3:�3 �����  �	�W <Z�)P [�\ 9�3 ��
 `���:3�3 %e
u �1�9A� �55/0 C+? 	�- U:7G

 ��� �1�9A��1&:B�1	� -� �+��h�, >�.� ��
��+�<1�����	+�B.� ���	+�3 �*,  ���,<���1= .  
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;.<6. +� �+��h ��1&:B�1	 �	�W 	 -1�� `f��� ��+� ��� k�W
%e
u �� `���:3�3�
�8� ��� �.� �:�4�: x 	 %�3:�*�: <Z�)P [�\.  

	1&:B�1�� ��i��@ ��3< 3�B� v�Bj\� &��B<  (��5 	
 >? �� �=*,�+� =��a ̀ ��� %e
u 	� F&	�X� �<=���. 

 ��5� ���� ���9A� ��1� ��:3�3 %e
u`� -3:�3 ����� 
3:�*���< �9A� 	1� ��F�9 ��3 v�Bj\�<  =��a `��� &�

	1&:B�1-� ��i��@ �9A�1� ���= �<=*, >B�)7�.�(. 
 �� ��������� 50  	70 a��� �3��<��+? ��1��=� 

	1&:B�1-� ��i��@ -3:�3 C��5 ��� ��� �=��2<�:� .
	�W -3:�3 ��� 3/0 	 5/0 ��:3�3 C+?`� �9A�1�  ���

��3 v�Bj\� ���, gD��< �3 �� 	 =��a `��� &��-� 
	 ���,1&:B�1-� ��i��@ �<�:�. �10  ���,

-�-3:?��  -, %��	1&:B�1��  �	�W -3:�35/0 C+?
���:3�3 ` ��	1&:B�1�� 3:�*� -3:�3��<  ���:3�3 F	=�

+��+�� �<=*,. -3:�3 ���	�W ��� )P [�\�Z<  ��
�9A�1� � ����F�9 	1&:B�1�� ��i��@ � ���,<1=�� 

>B�)7(x �� .-3:�3 �	�W ���%e
u��� &� +��, 
5/0��:3�3 C+?`� ��� ��� ��5� 	1&:B�1�� ��i��@  ��

 `��� ��=/� �1�9A��9A�1� 	  %e
u ��5/0 C+?
:3�3� ���, �����= �� �� .%�� ��+,� -3:�3��  ��
�9A�1�  -� ���50  	70 a��� �3��< ���, ��+?

	1&:B�1-� ��i��@ �-.��> ��3 v�Bj\� ���,<  &�
� �=��2� =��a `���<�:�.  

j/3� -� -����	 �+B
�D (��5 	 <1�����	+�B.� ���	+�3
j/3 .%�� X��� �� ���� +B
�D F�+, x	��a -� f�� �

<� @�, ��l F�+, 9��5 	 .=*, -j/3 `�+��Q5 ���:�3
�+B
�D +�1�� `f��� ��+� ��� k�W�  %�3:�*� �	�W

 �� `���:3�3 �	�W �
�8� `f��� 	 <Z�)P [�\ 	
%e
u>B� �� �
�8� ���8 x 	 �.� .%�� �=� -K���

j/3�  <��3:�*� X��� �+B
�D 	 `���:3�3 �:sW �� ��
9A��1� ��=/� ��3'  &�1/0  �55/0  C+?�- ��� (��5 >�.�

 -� %)�3 X��� �� <1�����	+�B.� ���	+�3 �1�9A� 	

E�� 

F 
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-3:�3<� X�)3� �� <2��, =3	� �� [�\ -3:�3 �� .=*,

<Z�)P j/3�  %e
u �� �+B
�D1/0  	3/0 ���� �� C+?
 ��4�q�)1+/5  �� X��Z�u �� 	 -1�� X��� %e
5/0 C+?

<� �=�� ���, .=*,�� �� ��� �1�9A� ��� -3:�3 ��
�-� ���	+�3 ���, 	 ��� (��5 C=D >�.� �<1�����	+�B.

j/3 ���,� <� �=��2� �+B
�D�:� .  

20 30 40 50 60 70
0

5

10

15

20

P
la

st
ic

 V
is

co
si

ty
 (

cp
)

Temperature (°C)

 Bentonite
 Bentonite + 0.1 gr NP
 Bentonite + 0.3 gr NP
 Bentonite + 0.5 gr NP

  

20 30 40 50 60 70
20

25

30

35

40

P
la

st
ic

 V
is

co
si

ty
 (

cp
)

Temperature (°C)

 Natural Gum 
 Gum + 0.1 gr NP
 Gum + 0.3 gr NP
 Gum + 0.5 gr NP 

  
;.<7. +� @���i� -�1&:B�1	� k�W `f��� 	 -1�� `f��� ��+� ��

%e
u �� `���:3�3 �	�W�
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;.<8. +� �+B
�D -j/3 �	�W `f��� 	 -1�� `f��� ��+� ��� k�W

%e
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