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Abstract: In this work we have prepared nano-sized Bi-YIG powders, using 
mechanochemical processing. In this process, a part of the activation energy, 
which is necessary for chemical reactions, is provided by high-energy mills. 
The as milled powders obtained by this technique need a lower annealing 
temperature in comparison with those obtained by conventional ceramic 
technique to become a single phase garnet. The lower temperature itself can 
produce ultrafine powders by inhibiting grain growth. The optimum 
calcining temperature was 800 oC for 5 hours milling time, which is much 
lower than 1000oC needed in conventional ceramic technique. Longer 
milling times are not recommended, because it produces extra iron into the 
powders. The average particle size of the powders was in the range 50 to 60 
nm, using Scherrer’s formula. Room temperature saturation magnetizations 
of the samples were measured using a vibrating sample magnetometer 
(VSM). These were 0.022, 6, 17 and 20 emu/g for the samples annealed at 
700, 725, 750 and 800 oC, respectively. The lower magnetization values 
respect to the conventional ceramic technique, are discussed according to 
core-shell model. 
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2!��K% '� �%� :�� A��
4 $�%� �- �L� �'�%���%��< 7����% M�' '�*���" �4 <� .:����N
.�'F *�	���% :� �����<��- (SEM)��� �B��� �4�" M��" $�	�� $�' :� N��!� '�GJ�4OJ

�5 ��: *�/;4 ��%���� .2��/� P�4� $�%� '� ���Q5� (R�3S% �&�<� �� �-(R�3S% ��	 T3<
 �5�84'�(VSM) :������5 $��� .2��/� ���Q5� (R�3S% ���U�E ����K% ��5 2��4 $�&

2��/� 2-  Q!� 2- ��5 2�D�< $�&��%��< 7����% M�'2�!& V��L� W�<� �- �+�'�% 2�<�"
 <� 2���� '��X YC-.
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���/� 
�:��%� �!�R�3S% .�'F $��%���� �R�D 2-�:�H �4 $�" '� ���- )7�	U ���% ����� $��
&�

�)�� ��	��0 $���'�� .�%�����1 $�&�b� (����" @0�% .�'F *�� �U�1 N:�����:���� �
A��4 :�!�R�3S% ���%��5][.[������ :���� $��-'�1���DF '� ���% *�� eR� $:�< 2- .��

����"��R�3S% �� �!�R�3S% M�'���DF  ���f (����� '�L3% 2-  �/&� $:�<�'�� ������ �
][\�].[�������  �'��+*&, (YIG)[����/�5 7�%�� �-[]OGFe\Y�Q8�% '��D�< $�'�� 

 �'g�<��� ���1 �- 21  <�)����/�5 7�%�� �- �8�QR  �'��[]O]Al\Si\Ca ( '��D�< Z&
 <� .&�!�R�3S% V�D�� �(YIG) ����/�5 7�%��  
& A%�5)�-[OJZ4� (�, '� 21  <�

 *�'��- $��&�	��0 �)�!1� $�����)hhO (�% 7�S5� �' �1�% �Q8�% '��D�< �� � �331
 �/iH(bcc)�% A��
4 �' �3&� .��	��0 '��U �  !�- '� *&, �!�R�3S% $�����

 ��0�'��U)d]j (�  
& ��	��0 �����5 ���0)a[O (�% '��X �!�R�3S%�� $����� � �����
�  !�- ������� ��0� ��:��� ��	��0 '��U)c]j (�% 7�S5� �' �331 . �'�� '� 21 �i�, :�

�������+$��&�	��0 (R�3S% *&, a�d�%  �0 �!�R�3S%�����" '�R 2- '���
� ���5
 �3���-(YIG) �- �-��- *���1 ��� '� µBG <� .Z&�- 1Z�K�!%��k ��	��0 �� *�� $��3&, (3

 �)�!1� $����� l��R :� � ���-)]+O(�% ��i�� Z&�- �, 2- 21 ���� ����Q4 �-� (31]�3��� .
��0� ��:��� $��&�	��0 21 �%�	3&(c) '���
� ���5 �" �!�R�3S% $����� �- 

$��&�	��0 '���
� �3���- �- ����� *�� �!�R�3S%a�dS%�����" ��� �%  �0 �!�R�3 ���5 .
Vm-�' :�  �'�� A1 (R�3S%  ��H *�� '�Ms = (Md - Ma) - Mc�%  <� 2- �, '� 21 ��,

MdMa�Mc2�Q5 ��: (R�3S% @�4�4 2- ��0� ��:��� � ��0�  
& ��0� '��U $�&
 <� .(��'��/& � �n�n�.�/!�- �!�R�3S%�� ��� 2E ����� ��
�)\+Bi (��� $�3-���" �- �����

)]SO[JdG(�������  �'�� '��D�< '�+��0� ��:��� $��&�	��0 '� ������� ��� *�
��0 *&,
(c)�% ��5]\[.�������  �'�� �3���- �!�R�3S% '���
� �' *�� :� +�- ��5 ���
��0 *&, 

.�/!�-(Bi-YIG) ���� @�E�4 �3��/& *���1 ��� '� (YIG) �-��- µBG <� .'�� �
Bi-YIG ��'� �!�R�3S% ���% *��4��-'�1�" :� � D�< �	
��/� $��&�	�<� � ���!��
���"��R�3S%� <� ]][.�% �' @�1�4 *�� $��%���� $�&'��" ������� $��5�' 2- ���4

5����/�,Aq% �-�<�/&]j[������" ]G[,A<79]O[>�<' *	/& $���]`[,��!1���, 

����������������������������������������������������������� 
1+ Yttrium Iron Garnet 
2+ Superexchange interaction  
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]I[��-�%��]h[��1 2��4 .2-��:�4����3�%����/�5����\21'��,:� �
;- $9��� 
7�8� $:�<(31�� V��<� 2-�% *�%?4 $9��� �" $��-��<, �5�][J['� ������� ��-'�1 ����4

 <� ���1 ���" $��%���� $�&'��"]]�[[.[�� :� �����<� �- (&�)" *�� '� ����/�5����% �3�
�4 $��%���� $�&'��" :��  �'�� []OGFe]BiY �r�%� '�'��!- *���" :� �4 7����% M�'

 2��4 ���%��<5�.

<���=$ >8� 
2��/� V��4 $��- ������� $�&��!1� A%�5 �&�	
��%:, V���� ���% :� �&)\O]Y(*&, 

)\O]Fe ( .�/!�- �)\O]Bi ( AX��H s��D �- ��/�, t�%  1�5 .g�uC% :�hh��'� 
�5 �����<� .�4�4 2- ���% *�����% $���Q!� �- @]`G/j�[��	�<� �� �- Bv< � *�:�4 
��� �" >��<,9$SPEX 8000D :� ������� $����%: '� [�4]J�%�!- �-  ��< rpm [JJJ 
�5 >��<, .���%  Q!� >�;��� A���`G/j$�0 2- G(����� :� $�����0 *&, ��!1� $��- 

�R�D 2- ����� w��;% '� �, $��%��1��<�  Q!�2���� (��< �3���� *�� '� $�g�� $�&
 <� .�4 ����/�5 V�:��% @�1�4 �� 2- 21 �5 *��84 $'�R �mD � �8< M�' �-  Q!� *��

��5 �i3% :�� .2���� ��0 2- ���% ��0  Q!� �&[2-`����� >�;��� .>��<, x�f ZiHIJ
:� � ���� ���%\�mX 2- $�g�� 2���� I/[] �j- $�g�� 2���� �mX 2G���% �5 �����<� ��% .

.���/�  C4 ��5 >��<, $�&'��" :�� �4 V��/� �� ��'�,  <� 2- $��- >��<, :� B"
�3���� '��X ���%�� .2%���- A-�X � '�1��D �������� �'�1 ��	�<� �� :� '�L3% *�� 2- $��'

  1�5  D�<Nabertherm�5 �����<� ��/�, .2��/� 2/& $��- (��%�� y3&, �&
°C/min G���!� '� *�5�- $�%� �`JJ �4 °C hJJ *�5�- ��%: �\�5 >�;���  ��< .

2%���- ��5 ��< $��- 2��/� �4 �
� 2���� �L� '� $� ��< P�4� $�%� �4 2����:, �'�1 �- ���/& �&
���5 .2��/� '� ��0�% $'��- $�&:�� ���<�35 $��- $�&�%� '� ��5 2�5�- � ��5 >��<, $�&
;%B��� �4�" T3< M��" ��	�<� �� :� z�� (XRD) 7�% Bv����  1�5  D�<Pert’
X�5 �����<� .*�" B��� �4�" M��" $�&�	�� :� �����<� �- 23�
�- .�5 zu� '� ���5(B1)

�:���� ����� 2Q<�C% $'��" .�'F *�	���% N:���� '�5 Vm-�' �/1 2- � $��� .'�L3% *�� $��-
- ��/1 $�	�� �� :�2v1 ��� ��!/& ����/�5 7�%�� �$�j'� �:g |�Cu4 �4 �5 �����<� ��� 

*�" 2�X ���5 2mK� :� �5�� M��" $�& ���Q� ��� �4 � �&�4�" ������� ��� � 2/
U ���Q� $�

����������������������������������������������������������� 
3+Mechanochemical Processing (MCP) 
4+ Bulk 
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��5 ��i�� ���, .'�5 Vm-�' :� �����<� �- @�4�4 *�� 2-))cosB(9.0t θλ=�, '� 21 θ
M��" V���: Z�� B *�" � 23�
�- .�5 zu� '� ���5λ�4�" }�% 7�R X <� (N:����
.�'F *�	���% )t(�5 2Q<�C% .:� (�- .�'F N:���� 21 �4'�� '�[JJJ '��K% �5�- ��%���� 

*�" ��< �R�D 2- ���5 *�" ��� �5 �&��D ��� �'F N:���� :� �5�� ���5 A%��� �(B0)�- 
���% �3&��D $�0 .:� (�- *�	���% N:���� �- ��/1 V��/� �� :� �����<� �- �% �i3�� '�[JJJ 

��%����0B2m-�' $���'�1 2- �- Bv< � ��'�,  <� 2- �' 2
0

2
1

2 BBB −='��K% B�5�� 
2- $��- � 2Q<�C% �' 2��/� .�'F �:���� :� '��X '�5 7�%�� '� �' �, .�'F N:���� ��'�,  <�

 Z����][].[�������� ~��<����% �- .�'F N:���� *�� �- ��e�(SEM)�:���� ��� �5 $��� .
2��/� ��0 �H�� '� ���Q5� (R�3S% P�4� $�%� '� �&σs(R�3S% ��	�<� �� 2��<� 2- T3< 

�5�84'�G�:���� �5 $���.

��	��� 8 ?@� 
	�� $�&�XRD $�%� �4 21 ���&'��" � ��5 >��<, '��" $°C`JJ��5 2�5�- ��� ��
� ���

 <� ��
� A��
4 �%� *�� �4 ���'�� :�� 21 .A�5 '� 2���3U ���[�% ���� '�E�% :�� ��5
��5 2�5�- �4g�- $�&�%� '� 21 ���&'��" '� A��
4 2- ���5 ��� '� ��i���< � ���1 ��5 

°C IJJ�% A%�1 ��5.�- ��%,  <� 2- �4�/!�-  �'�� :�� �4 '��" .�'F *�	���% N:����
 N��!� '� 21 �5 *��84 '�5 Vm-�' :� �����<�GJ�4OJ�- ��%���� �..�'F N:���� �- 2i��� *��

 ����u4 '�SEM A�5 '� ���, :� 2��/� �� 2E ] <� ���;/&  <� ��5 ���� ��
� .

����������������������������������������������������������� 
5+ Vibrating Sample Magnetometer (VSM) 
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A�� (�4�" M��" $�&�	��X$�&�%� '� ��5 2�5�- � ��5 >��<, $�&'��" `]G `GJ�IJJ 
���	����< V0'�.

A��)���u4 $�%� '� ��5 2�5�- '��" :� �������� ��<����%oCIJJ.

$�	��XRD .�% 2- ��5 >��<, '��" $]J$�%� '� ��5 2�5�- �  ��< °C ``G '� 
A�5\�% ��
�  <� ��5 A��
4 A%�1 '�R 2- ���'�� :�� 21 �&� .��g�R ��%: 2- 20�4 �-

 �, :� �5�� �����, (����� 2i��� '� � >��<, $�& 2���� � x�f �H :� (�- (��< � >��<,
�/� ���3
�" '�1 *�� ��i�� ��5.2��/� ���Q5� (R�3S% 2��/� $��- P�4� $�%� '� �& 2�5�- $�&

 '� ��5$�&�%�`JJ `]G `GJ�°CIJJ @�4�4 2- �-��-J]]/J,O,[`�emu/g ]J2-
�%,  <�)A�5j.($�%� '� (R�3S% ��U�� '��K%°C`JJ (��/� A-�X A�5 W��K% �- 21 

����;/& ��� B��� �4�" M��" .�8��m% T���� �- �  <�  �'�� :�� A��
4 ��� A��� 2-  !��
�'�� .2��/� (R�3S% �- $�&$�&�%� '� ��5 2�5`GJ �°CIJJ :� $��	/
U V��� 2- 

$�%�'� ��5 2�5�- V��/� (R�3S%°C`JJ <� ���'�- .$���3C3% ���<' ��Q5� 2- ��0� �-
2��/� (R�3S% $�&�%� '� ��5 2�5�- $�&`GJ�°CIJJ,*�� $��- ��%,  <� 2- ����K% 
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BiY2Fe5O12(20hr,775 C)
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�'�� $���: 2���� ���%��< 7����% M�' 2- .�% ���Q5� (R�3S% '� (&�1 '��K% *�� ����4

�- :� �5�� �5�- ��' .�'F �Cm< V�g '� �&'���
� �/L� .���S4 �R�D 2- �Cm< V�g '� ���:
2���� V-�� :� �5�� $��
��1 � �m�C% =���5 >��<, ��	3& 2- �& '� ��0�% ZL� ���E 

2���� ��� � �����4�1 :� �� �& �	��!/& 7e�D� '�U� ���, ����Q4 �-� $��
3�/&�- $�&
�% �3���- ����% $��<�' 2-  Q!� |m< $�' $��1'��- �!�R�3S% '���
� 2i��� '� � ��5
2���: �% '���D� �&��;�� $�& *�v<� 2�g �� A��
4 2- �i3% 21 �331+� '� 2
�5 x��R

�5 �&��D 2�!& .� ���-  -�b  %�;� $�'�� � �4�F (R�3S% �X�� 2�<�" 21 *�� ��� �-
2v1 N��% (R�3S% �- �, 2�!& (R�3S% �'F (R�3S% ��	�, �5�- �-��- $� �mX �- $��1 $�

 V�!&DV�<�"  %�;� �t��, �%  <� 2- ��: Vm-�' :� ][[:[

( )
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S0S

�, '� 21 S0M(R�3S%  ��H2v1 $� <� .�% ��
� 2m-�' *�� 2U �& 21 �&�D���U�1
(R�3S% '��K% �5�- ���Q5�Ms�% (&�1 ��� '��:�< �i3�� '� ��%,  <� 2- T���� �- 21 �-��

 <�.

A��BM��" $�	��XRD2��/� 21 $�]J$�%� '� � ��5 >��<,  ��< oC``G <� ��5 2�5�- .
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A��C2D�U 2��/� ���/!" $�& $�&�%� '� ��5 2�5�- $�&`JJ `]G `GJ �°CIJJ.

��	�DE�FE 
�% ��D V��f� ����3!��� (;- :� �%��� Z��D '�1�< .�/H: :� 21 �3���XRD N��
��� $

'�!���" :� ��� � ������ ��83� ��	
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