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� 0#�-
�5EEG .�EE6J )� =-�-� ��63EEG 8EE
- �+>�EE� =)��� ())��� (

1'>�F.

+, WEG5Q �E, �E��:7 ;-�<5��� 41G 1#�7-  - =+#.562 =-
 �+E7 ���D>E*- ; -  �E.  - 1
�, ��?�* 8#b �3#6#* .+
5YE" �� 

�6J �#F +���E#, �E7 ��-1E� �52) 1G�, �>�,-) %#6#* �, �7 =- 

�
_ 4�5, f�5�!SiO2�*- ]]�.[
N3G^+
5Y" TEM  -� %#6#E* WG5Q �, ���:7 ;-�<5���
 �� 4���1F� .
- �� �
_ /
 N3G 8 - �E?-5'3
 ) �-� ��-�- =

����` �, f�5�! =�3#6#*^�a=�EF �>�F f-+&- �� +>�5��� 
+ZJ �, ���:7 =)+7[\�]^�� �1F��� +>�5��� �5G .�+
5Y" ��

 �#:EG �E:
+�" �E7 ;-�<5��E� 8
-  - =�+	 �, +Y$'� =�F+#p� 
 �� �1
� 0#� 1'>�F 1
�-)+� 1':��+.�5G .+
5Y"TEM �
_ =

�E*- +E" f�DG �3#6#* .W&�E'(� �-1E�� �E3'
- �E, �E25" �E,
Co@SiO2�*- -0p� ���:7 ;-�<5��� W&�'(�  - +>97 ��#�,

)N3G�.(� -1�- 4�5, +>97 �, �25" �, -g� 1#�E7- W&�E'(� =
�� ���59� ��  �	 8
- 4�5, x7 4-0#� ) ���:7 �	+. �p#>� 4-5"

�
_ 8
- �7�*�3#6#* ��)+#, f�DG =]]a.[

C�'J)��-(�5��- =5"+Q H-+Q X��59� ���:7 ;-�<5��� )a())X(�* WG5Q �, ���:7 ;-�<5��� #6#�3(Co@SiO2).
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162 ������9G ��4�>�,�"�j�� ��#&�'(� ) �3
0#	 @-5? +, %#63" =��� +A- �*�+, ���:7 ;-�<5���. . .jr�

C�'K5Y" 
+TEM* WG5Q �, ���:7 ;-�<5��� �, }5,+� #6#%.

C�'L'$'� ��F=* WG5Q �, ���:7 ;-�<5��� 1��9�Q #6#WG5Q 4)1, ) �3.

-� �, ��< 8
1'q 4��>	- t�
_ /
 �� ���:7 =� %#6#* =
�
_ /
 �5:� ��5E" �5�b ) =)+7 =;-�<5��E�  - �E.�0, =�EF

�� ��59� �� ���:71G�, +
  N
_�  - �G�� 1�-5":
��-(��,5E? �E, M5E6$� �� WG5Q c)+G  - N:J ���:7 ;-�< 

�1�� W�Q1�-.

X(���5� �:�� ]citrate/Co [ �*- x7 .- �q+F �E, �:�� 8

 /
�0� /
 �E
_ /E
 ) �>�EF ��>?�* N#3�" M�9>b- 1G�, +"

�� +>�#, 4! +#Q�5G .�*- x#� L5	 ��5� �:�� ����� 8
- ��.
h(��
_ ����` 4�E�  M5E& �E, =1
1G ��>�,-) %#6#* =

�-1�� ) 0#�)�1#F =-+, t _ TEOS��-�.
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8
�!�5Q ��-m� =1'3�q ��,+O 4-+
- �*�'G ���7 ) �*�'G�56, �6p� jr�

 ��! � �" M56$� �, ���:7 1
+67 M56$� 4�)0	-  - %Q �1EG ��-
1#*- ) x
1*1
�1#F)�5, =�>�F �/
+>#* 1E#�5" �E��:7 =�F

��1�5G .
�(��0>'* M5& �� �7 1G �1F��� �+3� =���
�� ! �, 

M56$� +.- �*- x�� ��#�, xF =)� ���56$� 8>�
� ���5�q
1
+671
�1#F)�5, M56$� �, �O+* �, ���:7 1#*- ) x
1*

�>�F N#3�" ��5G ��)0	- /
+>#* �F)�
-  �>�F �6b+� (��!
�� ���1'7-+Q +�
19F  - ;-�< ) 1F��5, 1'F-5? +" .+.- ��-

 �, 4�+7 }56�� �& ��+#. ;�5U ��>�F! �, ���56$� 8>�
�
�>�F N#3�" t)-1� �5&�>�F ) �+#. �� ;�5U �F 1#�5" =�F

 �" 8>*5#Q xF �,  - W#Q ) �+7 1'F-5? N9O �g, 1'��9F �1G
1G� �.�0, ��P,-�+7 1'F-5? ]�r.[

N3G��'$'� �EF WEG5Q �E, �E��:7 ;-�<5��E� 1��9�EQ =
WG5Q 4)1, ) %#6#* �E�59� �=)a(4��E� L�E"- =�E�� �� -� �

��1F�.N3G  - =�F�)���;-�<5��E� xEF �E7 �E	�
�� 4-5"
 L�E"- =�E�� �� %#6#E* WG5Q �, ���:7 ;-�<5��� xF ) ���:7

 1E��-� ��#&�'(�)+	 �#U�? .�E25" �E, N3EG �E,�WF�E7 )

��59� c�:G- W&�'(�Co@SiO2�� W�, ��'" �7 �D. 4-5"
 1'EG�, �1EG 1#�E7- �E*- 8E39� L5	 ;-�<5��� �Z*  - �97

)�9F 45q �6J =+F�E� H-+EQ =5E��- �� �E��:7 1#�E7- =�EF
�1��1�- .( �
_ +.- N3G f�DG =^���:7 1#�7- Co3O4�E� -

E7- 8E
- 4�5, %#&�'(�)+	 �>�! �6O �, �5, �� xEF 1E
�, �1#�
 �� �1F��� �.��5? 8#q ) f-+$�- 1��9�Q �'$'� xEF ) 1EG

 �� %#&�'(�)+	 �>�! �, %#&�'(�)+	  - =�-g. +##(" x#>EG-�
 N3G H-+Q =5��- �� �6J =+>�#, �-1P" 0#� 4! +, �)VO )��X

�� +F�� 1�1G]]a.[
M)1EE2 ����1��9�EEQ W&�EE'(� �c�:EEG- W&�EE'(� +
��EE�� 
.1��-�-) 4-1#� ) �E��:7 ;-�<5��E� 8E
- =-+, ;-�<5��� +ZJ ) �

1G ��
��� xF �, %#6#* WG5Q �, ���:7 ;-�<5���.
=-+, �:*�$��#J� =W&�'(� c�:EG- N3EG ��v�-�5E9� 
W&�'(� ��b+, %3O 4-1#� �� �+>�. =���-1E#� =��0E, 

x*� )�,�,�#�)+, 4! W&�'(� c�:EG- �:E*�$� 1EG.1E'q +EF
 �, ���:7 ��59� =-+, 4-1#� �� %#6#* WG5Q ��E:
+�" xE7 =�EF

��-1� �,�#�)+, �, = �#� ) �*- ��-� �� c�:G- ���b.

D
,EG����
+Hc �Mr )Ms ;-�< 5��� Co ).Co@SiO2 

Hc(Oe) Mr(emu/g) Ms(emu/g) * ����`#6#�3)nm(��7�56, � -1�-)nm(��59� 

]]� ]�]\� �[�Co (a) 

�\v [�]]� �[�Co (b) 

�]� �]][^ �[vCo (c) 

v� �]^^�a[\�]^Co@SiO2 

C�'M�-�59� W&�'(� +, ��b %3O 4-1#� �� ��0, =���-1#�Co@SiO2.
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162 ������9G ��4�>�,�"�j�� ��#&�'(� ) �3
0#	 @-5? +, %#63" =��� +A- �*�+, ���:7 ;-�<5���. . .jrj

+E,-+, %#6#E* WEG5Q �E, �E��:7 ;-�<5��� c�:G- W&�'(�

emu/g�~ �E��:7 c�:EG- W&�E'(�  - +E>97 ��#�E, �E7 �*- 

%#&�EE'(�)+	 �EE9pb)emu/g�r� (W&�EE'(� 0EE#� )c�:EEG- 

�E��:7 ;-�<5���)�E�59� =�EF)a(�)b())c( (�E*- .4-1E#� 

%#6#E* WEG5Q �, ���:7 ;-�<5��� �.1��-�-) Oe)�� (�E*-

 �E9pb ���:7 �.1��-�-) 4-1#�  - +>97 ��#�, �7)Oe �o�� (

���:7 ;-�<5��� ))Oe ��j��59� =-+, =)a((�*-.

�F ��>?�* =-+, +
���� 8
- 4�5, +>97 �6O�>��5E2) �
_

�
_ u	�E$� =SiO2� -1E�- ) �E��:7 ;-�<5��E� =)� ��#�E, =

�*- ;-�<5��� /q57 .�
_ ��#&�'(�+#� =SiO2��q��E|3


 �$Z* ��#&�'(� �)�>�. 4�+, 8#,  - �, -� W&�'(� �.�0, �


�� �-+J +#AB" �$"1F�]]^.[

�'���� 

M56$� �� �
�#9#G =�#b- =��G)� '� H)� /
 �,! =�F �E*�

 �*- =06	 ;-�<5��� 1#�5" =-+, 4�*! ).H)� 8E
-  - ���D>*- �,

 � -1�- �, �"-�<5��� �, _�, c�:G- W&�'(� �, /q57 ��>:�� =�*�

��1
!.

=�E�� +EA- �E*�+,  - �5E, ;��:O �6U- f1F ����� 8
- ��

 �.m
) ) ��>?�* +, %#63" ) �E��:7 ;-�<5��E� ��E#&�'(� =�F

 7 ;-�<5��� �?�* 0#� �
�#9#EG H)� �, �3#6#* WG5Q �, ���:

��
��� ) X5&+�-0p� ���:7 ;-�<5��� �, ���! =.

�E�59� 1��9�EQ �'$'� �*�+, �, �1EG �1F��E� L5E	 =�EF

 =�E�� +#ABE" �E*�+, ) 1'>�EF %#&�E'(�)+	 ���:7 ;-�<5���

 � -1E�- W
-0E	- +E, �)VEO ��� W
-0	- �, �7 �-� 4��� %#63" =

:G- W&�'(� �;-�<5��� �� W
-0	- 0#� ���! c�1,�
 .�E, �E25" �E,

 +
5Y"TEM �
�E#6J K#E$� �� �1EG �>?�* ���:7 ;-�<5��� �

8
 -�1#F�1'>�F N3G ��5>* M5��"- .

H)� �*�+, WEG5Q �, ���:7 ;-�<5��� �?�* �6>�� =�F

 ��
��� ) %#6#* 4!  - NU�b T
�>� =1E'
-+	 �E7 �-� 4��� �F

 8
+E>�,  - �3
 X5&+� �
�#9#G H)� 8
+E"+Z? xE7 )=�EF

 H)� �E, ��E
��� �� L5	 ;-�<5��� �?�*  �E. �E, =�E#b- =�EF

 �*- 4�)�1#F .%E3
- 5"+Q H-+Q =5��-  - �1�! �*� �, T
�>�

 �E� 1E#
B" ;-�<5��E� 8E
- =-+E, -� +EC� ��5�  �	 N#3�" 1E'7 .

��>?�*Co@SiO2X5E&+� �
�#9#EG H)�  - ���D>*- �, 0#� 

1G �>?�* .Q �'$'� �*�+, �E7 �-� 4��E� ��>?�E* 8
- 1��9�

 �,��E� ���:7 ;-�<5���  - +>97 ��#�, ;-�< 8
- c�:G- W&�'(�

�*- .

�E, 1��9�EQ ) c�:EG- W&�E'(� ��.1E��-�-) 4-1E#� +
����

�EE�6b  - �1EE�! �EE*��EE�59� =-+EE, 1��9�EEQ =�>�EEF =��EE
_

Co@SiO2+,-+, �#"+" �, Oev� �emu/gr ]^)emu/gr �

�*- .��- �*�+, �>�F ��>?�* �7 �-� 4��� H-+Q =5��E" �E
_

�� =+#��#Q 41G 1#�7-  - =�)1b1'7.
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