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Abstract  
Magnetic nanoparticles modified by olive leaf ash were used in this study for the removal of heavy metal ions 
from aqueous solutions. The equilibrium adsorption level was determined as a function of solution pH, 
temperature, contact time, initial adsorbate concentration, and adsorbent dosage. Adsorption isotherms of heavy 
metal ions on adsorbents were determined and correlated with common isotherm equations such as Langmuir, 
Freundlich, and Tempkin models. The apparent characters and physical chemistry performance of the magnetic 
nanoparticles modified by olive leaf ash were investigated by scanning electron microscopy (SEM), transmition 
electron microscopy (TEM), and FT-IR. Results showed that the Langmuir isotherm model was fitted well with 
adsorption data. Kinetic studies were also carried out using various kinetic models such as Pseudo-first order, 
Pseudo-second order, Elovich and Intra particle diffusion model. The Pseudo-second order kinetic model was 
fitted very well with the experimental data. Based on thermodynamic studies, this process was found to be both 
endothermic and spontaneous and the enthalpy and entropy were found to be negative. 
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 ��%�7� #? #/.<KSP ��< 0��%��) ( +,�� 2��?pH ��?��?�S/�2���?
 ( 0��%���) �����pH ���?��?t]/�*.���& x���3 +��,�� ����� 2����?

46� +�,G< 2���)(&��3 .%.D c�<�< ��� #?pH ��?��?�#�? @�.��=
pH .�D *�M$�� #��F? 4F?�G� q��$� ��� '���F<�& ( @�&��63 ( ���%

#? �& ��%.? !%&(� 	�%]tQ (t][.

WX>a��I�pH 0��%�) ( +,�� NO �? 
:����DmL�mm J.����mg L-�m @.� 2�3+pNi (+pCd  ���/ ���  

g�/m:Y�6< @��� �!�D r`;� 4��9��v� ��&j .���|m#7�b% 
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P�P��K�!�
6 ���� 
#? #? &.E�� 4��&�? ( #��F? Y�6< @��� @%&(� 	�%  4,�$���� 2��3

	E�d �? 4?� J.��� 	�3�m4���� �� -�� ��3 2���? ��$�A &% '��f
0��%�) ( +,�� ����� �~� .�D #�F<pH J.��� #���F? 	�A� &% �3

)�=pH #���.6� �� -��� ���3 #����%� &% .���D 0���E�< ( �� 4��,� &% ���3
@��� V��$M� 2�3� p | } � �(�m2(�� ��A&� -�� &% #�7�b%

�/m2���% &%  4���9��v� @��63 2(& !��D !%�% &��b  *j�/ '�f
 @����� ��.< *j�/  ��U� @��� '�6<� �� �U? .�D !%�63 !��G�����
 !��$�% ��.< J.��� *O/ ( �D ��/ J.��� �� 4/&�B 4��9��v�

#�UD 46<� *O/ #? q��$� #? #/.< �? .�D !���.B 2� 	�% @���  !���
�#? #7�b% ��D *��M$�� 2��U? +���� 2��? #��F? Y�6< @��� @�.�=

 +�D)�.(

WX>bR@.� NO �;&% �? Y�6< @��� �I� 0��%�) ( +,�� 2�3 
:����DmL�mm J.���Smg L-�m @.� 2�3+pNi (+pCd  ���/ ���  

g�/m�!�D r`;� 4��9��v� ��&j .����=pH 

P�R���	/� '���6NQ�; <3�1� 
 4�&�? ��� &%�m	E�d �? 4?� J.��� �m4��� 2���? �$�A &% '�f

0��%�) ( +,�� ����� �� -� �3 .��D #�F<pH J.���� 	�A� &% ��3
J.��� �� -� �3 �~� .�D 0�E�< #��F? ( �D #$M�& �A&� -� &% �3

 +�����D  *j����/ �� V����$M� ��%����7� �� 4���,� J.������ ����3 #���?
mm�/m m�/m mp/m m|/m m}/m m�/m m�/m(�/m'������f

 #��F? @��� &% #�.6� �3 .�D !%(����4���9��v� @��63 2(& #�7�b%
 �� 4/&��B 4���9��v� @����� ���.< *j��/ �~� ( �D !%� 03 #?

 #�U�D 4�6<� *O/ !��$�% ��.< J.��� *O/ ( �D ��/ J.��� 2�
.�D !���.B 

@�G� q��$�%�% &��7� #1@.� 2��� 2�3 ����� ��? !��D *O/ n�
4� n�����  *j�/ @���� .�?�� &���7� n������ ��? #�1 	��� ��D(&

*j�/ !����/ %��U< 4�� n����� Y�$�% +?�b *O/ 2�3 �O�A  ��?��
*O/ 4��&�1 *O�/ 4A��C ��� 	��� �3�.B n����� &���7� 4��U�

4� n3�1 '�/ ��( 2��� #? !�D *O/ *O�/ 4A���C n3��1 .�?��
 !�����/ @�G� g�8D� �I� &% ��� n��1�( &% ��3 ��? .	��� 4?O�/ 2��3

+,D #? #/.<l &��7� &% ��8��7<m�/\*j�/ �� '�f *O�/ �;&%
#? &���7� n������ ��? *O�/ ��;&% ������v< ( !���& #��G�? &��7�

 �� *j�/m�/\#? '�fm�/\�(���< ( 	��� #�$��� n3��)  '��f
 &���7� #�L�$� &% .%&���� %.�/( ��%��7� ���� ��? 2%���m�/\'��f

#? .�D *�M$�� *j�/ #��F? &��7� @�.�= 

WX>cR@.� NO �;&% �? *j�/ &��7� �I� 0��%�) ( +,�� 2�3 
:����DmL�mm J.����mg L-�m @.� 2�3+pNi (+pCd  ���/ ��� �

�!�D r`;� 4��9��v� ��&j .��� V�$M� ��%�7� 
:Y�6< @����( #7�b%�=pH 

P�a�<3�1� ���� '���6 
@�G� ��% 	����
 ��f� .	�� ������ @%.? �����f �� ( ��f���f !��3%

 ��f����f ������� -�� *O�/  ��) ���T n����� ��% n����� �? *O/
#? 	�� �,6� ��� .	�� J.,A.� y��< n����� 	�= ( 	��A��� 2�3

@�,� %��U< n����� �� .��D�? ��% n����� �? *j�/ 2(& �? J�U� 2�3
#? �I� ��� #? e.?�� 4�) &.9 J.�,A.� -����< .	��� 	��A��� 2��3

 ������f ������� -� !��3% @�G� ��% n����� �? *O/ 	���
 n3�)
#�.f ��? 4?O/ 2�3(��� 	�� �,6� ��% n����� .	�� 	��A��� 2��3

@�,� (n3��) c8�� ( !%�% n3��) �& *j�/ �i� 2(& J�U� 2�3
.%.D *O/ 	���
 

#? 2(& ���% ��I� #�UA�i� ( NO ������ 2��% @%�) #��F? &.E��
  NO �������	E�d �? 4?� J.����m4��� ��3 2���? �$�A &% '�f

0��%�) ( +,�� ����� �� -� �~� .�D #�F<pH J.��� 	A� &% �3
) #��F?�=pHJ.��� �� -� �3 .�D 0�E�< ( @��63 -�� 2(& ��? �3

4��9��v�R �) '�f !��$�% #? �A&� &% ) J%�U< @��� ����(#7�b%
 !��63 #?m�/m2��3��% �� 4,� &% *j�/ �� '�fpl�  p��  pk�  

|m�  |�� #��F? @��� &% #�.6� �3 .�D !%�63 ��.�1 #/&%�#�7�b%
 @����� ���.< *j��/ �~� ( �D !%� 03 #? 4��9��v� @�63 2(&

���.< J.����� *O��/ ( !���D ����/ J.����� �� 4/&���B 4����9��v� �
#�UD 46<� *O/ !��$�% ��;&% #�) %�% @��G� q���$� .�D !���.B 2�

 !���3% @��G� c�i� ��� #) #$��� n3�) ��% n����� �? ����� NO
 +�D) 	�� *O/ ������ @%.? �����f�.(
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WX>d�@.� NO �;&% �? ��% �I� 2�3 0��%�) ( +,�� 
:����DmL�mm J.����mg L-�m @.� 2�3+pNi (+pCd  ���/ ��� �

gm�/m�!�D r`;� 4��9��v� ��&j .��� 
 Y�6< @����( #7�b%�=pH 

P�b�@���6?0�� ��,��; ����A ���� W����$6 ? <���076 ?����A
���6?0�� 

4�� V��;.< '��<(��� #�A%�U� -�� �? �".6U� *O/ J%�U< #�) %.�D
4� @��? �& *j�/ nG) ( �i� _�.B �3�$��&�T '�<(��� .���) 2�3

 *O/4�#? ����.< J�� #���( J��� #�) 2��E� 2��3 ( ���6��" 2��3
@� ���<%�?&�)�T x�A��(�� �� !%��$��� ��? .��.�D %��L��  ��$��3 ��3

!%�% 4����� �� +;� 2�3 	��A��� &���7� ���? e��8<&�  4?O�/ 2��3
 @����� &% J.���� &% !����6�b�? &���7� ( *j��/ ���.< !��D *O�/

4�  J%�U< &% 2���� ��=`9� @�.< 4�fo�( ( 0������� %&.�� 2��3
#? !��.D *O/ #? *j�/ +��6< ( 4�i� .%&(� 	�% 

#i?�& 4� �& ��6��" #? @�.< %�) c<�� ��� 4iB #i?�& �&.; 

)S(
maxLmax

e

e

e

qK
1

q
C

q
C

+=

#i?�& ��� &% #) 
qe4��� c� �? !�D *O/ &��7�  '��f ��? '�fCe4A%��U< 	�E�d

@.� 4��� c��? !��.D *O/ 2�3 ( �$�A &% '�fKL��6��" 	?�I
 4���� �? �$�A c��? ����w63 .	��� 	�?�I 2���% &% '��f �� 4�,�

  ��6��" #A%�U� 2�3�$��&�TRL#) 	�� ^� 	?�I @(�? ��U? !%.�?
� #8���� +?�b ��� #i?�& �� (	�

)t(RL= 1/1+bC0

#i?�& ��� &% #) 
C0#�A(� 	E�d ( !��.D *O/b��f� .	�� ��6��" #i?�& 	?�I ���

 @����RL��f�  	�Gf�? +�?�b ���d '��<(��� ������? %.�D ��; �?��?
0<RL<1 '�<(��� #��G� ��f� ( *.�i�RL�&��?  %.�D -�� �� ��<

�����? .	�� *.�i��� '�<(��� 

+�D #? x�A��(�� #A%�U� 4�.6= '�� #i?�&|	�� 

)u(n
1

eFe Ckq =

#i?�& ��� &% #) 
qe4��� c� �? !�D *O/ &��7�  '��f ��? '�fCe4A%��U< 	�E�d

@.��� 4����� c����? !��.��D *O��/ 2���3 ( ���$�A &% '���fKF	��?�I
.	�� x�A��(�� 

4iB '�� #? ��,6< '�<(��� 	�� %�?&�) +?�b ��� �&.; 

)Q(qe = B lnA + B ln Ce

)��� #A%�U� ��� &% #A(B.��$�3 ���6< #i?�& 2�3 	?�I 

#? #�? ( *O/ 0����,� 4�&�? &.E��  '��<(��� #�A%�U� @%&(� 	��%
J.��� 4��3 �? 	E�d 2�3 @.� �� V�$M� #$B��� #�UA�i� %&.� 2�3

( �D &% &.� +6=  ��U� &��7� �? *j�/ *O/ �&.; ( 	��f 

q��$� �? J�� ( ��6��" 2�3��8i< x�A��(�� !%�% #�? #�/.< ��? .��D
'�<(��� #? e.?�� �"%�U� #�9.?�� 2��3&�%.6�  4�i� *O/ 2�3

 0����< 	���& ��B ���$F?  ��8� �� ��= ( c�D -6) �? ( 0���<
	?�I  e�7� ��? !�D '�<(��� �� -� �3 #? e.?�� 2�3 ��D #8���� �3

 J(���/ &% #��)�+,��D &% .	���� !���D !%�% @���G��&�%.��6�1/qe

c��?1/Ce����w63 .	��� !�D 0�& ��6��" '�<(��� �� +;�
 4��&�? q���$� �&���� &% J(��/ S@��G� 4�� ��3% #�1 c���P 

4�$�863 A%�U�#��6��"&%�4�"�? &��b %&�% .����?��? 4� @�.< 

	�f #1 *O/ @.�<�) #UA�i� %&.� 2�3��A%�U� #���6��" 	��U8< 

4� ��1.2%�=&��7� ���w63RL  J(�/ &%S4�� @�G� &% #�) ��3%
.	�� #$��f �&.; 4?.�i� *O/ #UA�i� ��� 

O?	;YRJ�� 2�3�$��&�T V�$M� 4��<(��� 2�3 

@�6?0�� �A 9��K 
U�0�  �#� 

Cd2+ Ni2+ 

��6��" 

R2���/\���/\
qmaxQt/Su]S/S�
KLt�/\\t�/\
RLu\/\��/\

x�A��(�� 
R2��/\��/\
1/n\�/\u\/\
Kf]S/S\�Q/u

��,6< 
R2��/\��/\
AT�\/\QQ/\
BTSQ/S�t/u
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WX>eR0��%�) ( +,�� 2�3 @.� 2��? ��6��" '�<(��� &�%.6� 
:����DmL�mm 	E�d �? J.��� @.� �� V�$M� 2�3  #UA�i� %&.� 2�3

m�/m�!�D r`;� 4��9��v� ��&j .��� '�f 
 Y�6< @����( #7�b%�=pH 

P�c��X��3�� U��=�V� 
#��� ��C ������ ^� *O/ J.��A.� J��7$�� +���D 2� *O�/ 2��3

 !��.�D +� ��&j j.�� �~� ( *j�/ �i� #? J.��� ��� �� !��.D
 #��) 	���� ����� @���77�� W`��< !&�.��63 .	���� 4���(&% O������ #��?

*j�/ #? @�.$? �< ���) 4��9 @��� #�F< 	��?�b �? ( @��&� 2�3 &.9
 �������  ��,6� @���� ���� +b��� &% "�? 	�; ( 	b% �? ( �&�)
 ���UA�i� '��L��  N��3 ���� #�? @����& 2���? .%�% '��L�� �& *O/

.	�� 2&(�P ( '�" 4,�$��� 
����C ��? #���2�?�% %&(�����-�i� *O/4J�$�) !����)

������D n�)�( ����� *O/�6��4�'��/ J��7$�� ( j.��� J�$�)   ��?
T�n?��4�� &% 	=��� !����) %(���� #��������� �i�� *O�/4

� !%��$��4%.D.n�T �? ��?4������� &% 	=��� !����) ���U< #���
�i� *O/ 4�T ��? �8<��� 0�����,� ��!�.	��� y&% +�?�b 2���?

#? *O/ ��%�7�  4,�$��� ��UA�i� 2(& ��? !���� 	�%m�/m'��f
 	E�d &% !�D r`;� 4��9��v� ��&j .����m4���� ��$�A &% '��f

 0L&%�mm 4��� #? 0��%�) ( +,�� ����� �� -� �3 2��? �$�A &.�9
@��� &% #$�.�T�� #���F? �����D &% *j��/ �&(�L� &% V�$M� 2�3

 .��D 4�&�? �3��v$� ���� J��� �� 4��$���� 2��3 2(& ��? V��$M�
!%�% 4?�L< 2�3 +�����$T ( *O�/ ������� 	=��� 4�&�? 	F/ &%

��U< #��� �$���& ��� &% .�D !%��$�� 	=�� !���1 �4��&�? 2���?
	?�I #8���� ( *O/ 	=��  #�9.?�� 2��3 J��� �� 4��$���� 2��3

J(� #/&%  '(% #/&% J�� (2�3!&j @(&% j.�� 2�(.A�(x�!%��$��
�$��&�T .�D J�� ��� 4?�L< 2�3 J(��/ &% �3p�"%��U� Y�����?

!%&(� #9.?�� �D.	�� !
J(� #/&% #8D 4��$��� #i?�& 4iB '��#?	�� ��� �&.; 

)](log	��� � �	
 � ���� � ��
�.��� �

O?	;MRJ�� 2�3�$��&�T V�$M� 4,�$��� 2�3 
�X��3�� O	�9��K�A�#��0�  ��A

Cd2+ Ni2+ 

J(� #8<�� #8D 
K1\�/\SS/\
qe]]/�\��/]�
R2�]/\��/\

'(% #8<�� #8D 

K2
\S/\\\�/\

qe
��/S���]/SQt

R2���/\��]/\

!&j @(&% j.�� 2�

Kdiff ��/t�t�/u\

C]u/�u�Q/Q�

R2��/\��/\

x�(.A� 

β\Q/\\Q/\

α\]/�S\uS×Su/u

R2�]/\�u/\

�U< *O/ 	���
 Y��� �? '(% #/&% #8D #i?�&%( 	��� &�.$��� 4A 
4� ���.<#?�&.; %.D @��? ��� 

)�(t)
ge
1(

qk
1

gt
t

2
e2
+=

Y���� ��? #�) 	��� ���% 4$=�� #i?�& -�  x�(.A� 4,�$��� J��
	�� !�D ��? *O/ 	���
 

)�(dqt = αexp(-βqt)

�?�(& ��� &% #1 
α4��� c��? #�A(� *O/ 	=�� ( #7�b% '�f �? '�fβ	?�I

4��� �? '�f c� �? n����� �3 J.9 &% *O/�( .	�� '�f 
%.D ��� �f�α×β>>t2��� ����D �� !%��$�� �? (m=qt&% 

m=t(qt = qt&%t = t#i?�&l4� �& #? @�.< 4��.���? ��� �&.;
%�) 

)�()tln(1)ln(1qt
β

+αβ
β

=

&�G$��!&j @(&% 2��".6U� ��.<#i?�& @��? ���4�D.%

)�(qt = Kdiff t1/2 + C 
#�? #/.< �? #�? ���=`9� !���� 	��%��J��� 2��3 ( 4��$����

 4�&�?J�� ��� 4�$�863 c���P 4��  ��3 #�) 	���f #�L�$� @�.�<
 #8�D -�$���� �� !��D r`�;� 4��9��v� ��&j .��� 2(& �? *O/

'(% #8<�� 4� 	�U8< .���6� 
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P�f�������. �8���3��#��6 ��A 
��% c� �? *O/ @���� �����v< 4�&�? �? �� 	?�I 	E�d -� &%

@.� J.���  �3��v$� ���� #��F? ����D &% ( �E� %&.� 2�3 4�@�.�<
 %��1 ��E� &��F
� (@%.�? ������f �� ��f���f) n�1�( 	�3�� #? :/�& 

+,D)�m@.� *O/ �? #) 	�� 0F� &.$)�� -� ��% .( �? 2��� 2�3
4� �I� *j�/ 2(& .%&�O�f 4��  ���% ����I��< 4��&�? 2(& �� @�.�<

 4?������? ( *O��/ �Z1���� #��? @�����& 2����? �& '�" ( #����F? 2����% 
#? �~� ( %&(� 	�% 	?�I 	?�I ( *O/ 2�3 2(& �� �& J%��U< 2�3

4���� c�D 	E�d &% �3 � 2�3 V�$M%�) #8�����w63 .���4@�.< 
� #?��$��#L�&��� *O/ #)���,4(& �?2�? ���/ �$�?�-T���. 

D�6��� 4������,4� �&.;4f�%����� �? �f� .�n� ��%�@�� *O�/
 n3�)��?� ?����� ���� *O/ #) 	�����,4	�� ���� �? �f� (�n

� ��%�@�� ���� *O/�n��?� ?����� ���A��� *O�/ #�) 	�� ��	��?
(&2T �? ���/ �$�?���. D�6��4�� �&.;4f��%�.��3 ��� #�C���� 

��% &% *O/2�$6)2? ����<����$� %��H$b� ����A ��2#�? @(��7�
#��; .	�� �< 

WX>Lg�0��%�) ( +,�� '(% #/&% #8D -�$��� &�%.6� 
:����DmL�mm J.���Smg L-�m @.� 2�3+pNi (+pCd &%�pH= �

g ���/ ���m�/m@��� &% !�D r`;� 4��9��v� ��&j.��� V�$M� 2�3 

&% ���f����-���&�?4%.��<�������,4&����7�G0∆����� n���)�(4
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