
     ���� ���	
����قات  � ع�وم ��ند
ی �
ح   و   ��و �واد                                                                                                              ��� 1�  ���	
1 ���� �1401  17  �����  ��	 �
 ���
 ��������� 	�����  ��� ���� �����5Al5Ti10Si15B65Fe ����� !  "�	 �
 #��
��� �$�������   ��% �&� #'�*2*1*  � ��,�-��
 
��3#&�/ ��% &� *4 #1�2	  �3� �5 1 ����� �	
�� �
�� ���� ������� ������ ���	 ������� � ���������
. 2  �	
� ������ ���  ������� ������ � ����! � ����! ����
.  3  ����� ���� 	 #�$
�%& '(� ������ )�*%*+, -.
������ �	
�� �
�� ���� ������� ������ ���	 ������� � ���������
.  4  ������ �	
� ��0�%�1 �$ ��0������ ���  �������� 2,�34�5�%6� � ����4�7���
.  5 9:� ���	 ����� ������ ��0���� �#�$
�%& ���� )�*%*+, -.
�9:� ���
�� ���� ������� ���7���
�� ����! � ���7�.  � ��5   ;%.
, �7 <�� #��& =�%>� �?�	@& <�� A�5Al5Ti10Si15B65Fe  B	A #7  	 ���
� #%�, �0%��0� C���=�%>�DE,%
  C	A 
7 F0%� ��-%��%	
0 A��3��  �7 ��200  CA�. H�%�� IJ���A�� �A
7 #�>�(� <�� A� .I$
� A�
K �  ���������� -�:� ��7	A ��	
�0>� L�0�	
0%� 	 M0�� #�N� B�
& C  #7>���%- 
�  .�N #�$
� �
�7 ���%O%N ;%.
,� A� F0%� ��	-$� 2�P% C=�%>� 10Si15B5Al5Ti65Fe 	 ?��-$� � A�  #O� )�N ?��. ;4� �� #QK���� ��N <�& �<%�RO� 	 �� C�:7�S #QK��  
�O. C���	� IO� #7TA�Q7 ������ ?��. �� �.�� U�V�� <�� .�N��C <�� ��$- 	 �!>� .I�� F0%� ?��-$� 
D� A� #04N ?�
. ?��-$� �RO�%<  F0%� ?��-$� �%�� 
D� A� )�AX ������ ?��. YJ�7 HIJ�� A� CA�.��C  ��P0� �N C���=�%>�.  ��%�� �'6 ��� :�F0%� �%	
0A��3�� �<�� #��& =�%>� � 5Al5Ti10Si15B65Fe�0%��0� C���=�%>� �.  7�	�� 89��	,  :12/10/1400    7�	�� "��=�  :25/01/1401                                                                           * [�\P� ���P��� C	��%4J �QJ :  �����:  � ���! ��	
� ������ ���  ������� ������ ���! �   �0%�	
�0>� IP& :Aliobeydavi1986@gmail.com , a.obeydavi@alumni.iut.ac.ir  Effect of Ni on Microstructure of Fe65B15Si10Ti5Al5 Fe-Based Prepared by Mechanical Alloying Ali Obeydavi * 1,2, Mehdi Boroujerdnia1, Abdollah Tayyebi 3, Majid Rahimi 4 Advanced Surface Engineering and Nano  1Materials Research Center, Department of Materials Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran. 2Department of Materials Engineering, Isfahan University of Technology, Isfahan,, Iran. 3Department of Mechanical Engineering, Faculty of Engineering, Khatam Al-Anbia University of Technology, Behbahan, Iran. 4Advanced Materials Rsearch Center, Faculty of Materials Engineering, Najafabad Branch, Islamic.Azad University, Najafabad, Isfahan, Iran Abstract In this study, iron-based alloy with Fe65B15Si10Ti5Al5 was prepared by mechanical alloying method .The effect of nickel content on its microstructure with 200 hours of milling was investigated. In this study X-ray diffraction and scanning electron microscopy equipped with chemical composition analyzer. Addition of nickel in the Fe65Ti5Al5B15Si10 alloy system and its increase reduced the intensity of all peaks, their broading and also the shift of peaks to lower angles. This indicates a decrease in the size of iron-alpha phase crystals and an increase in lattice strain due to an increase in nicke elmentl. Also, an increase in nickel reduced the particle size due to milling at the same hours of alloying. Keywords: Nickel, Microstructure, Iron-based alloy, Fe65B15Si10Ti5Al5, Mechanical alloying. Received: 2022/01/02              Accepted: 2022/04/14 



�����  ��� �� ���� ��������� ������  � ! "#�$ %��&!5Al5Ti10Si15B65Fe ���"�'
 (������ �)��%��&! *�� "�                                                       18  1. �� ?�   #���, 	 ]%*+, �A�� A�N%#���C #7 C-Q$ �	%#Q #7
^+�� _��3 IQJ #7 ��
����  	 ��**+� ` A� �
$ �� �A�� 
%3� #�� #�$
�A�
K #S�,I�� ]2 ,1[. ��%� A�  C����, � ��%2�P��C N%#���C  [�� �� <�� #��& C��=�%>� �C-Q$ 1995 ]3[  ?��� #7 I�	�*� ��0%��0� _��3 IQJ #77�5� �A�� <%��& e��4P� #��-� 	 H�3 ���A�3 #7 I�	�*� , #S�  .I$
� A�
K ���,	� <�� #��& C-Q$ #�%N C��=�%>� C�
7  �����P-Fe  	B-Fe �f���� ;%,
, #7 5�7 C900  	1300 �
0�	1 BA�-���N  I��]1[  C-Q$ #�%N C��=�%>� C�
7 	 ���,� <�� #��& C4  	 ���,5  )�4%.
, �7 ���, 18B4Mo38Ni40Fe �5Si16B2Cr77Fe �2Si17B3Mo4Ni74Fe  	 5Si16B2Cr77Fe � 	
0%��f � ;%,
, #7885� 858 ]4[ �990 	 860 ]5[ #7 �
0�	I������ %>� C�
7 .I�� C��=��&�# Fe- Cr  �����2Y6B15Cr7Co41Fe ]6[ 	 -71.4Fe 2AlxCr8.6.5P6B4.4Si7.1Cx ]7[ ��A�3 �V A��$A�  5�7 BA�-���N  <�� #��& C��=�%>� .I��#7 B	A�� �!Q�f� C �0%��0� C���=�%>� �j�
� ��O:�� ����� �$ �� ����� #�5 	 �  B�&	��. ����� A�f7���N #%�, ] 10-8 ,5[ .[�� A� 2007 � ��A�N  <�� #��& =�%>� ��A�0O� 	20B-X-10Zr-42Fe  #7 �A  B	A#7 �0%��0� C���=�%>�DE, ��A
7 A�k��%
 ��J 
  ����� C=�%>�Al �Ni �Co �Ge �Sn �Mn  lA��� C	A 
7 .���
. ��A
7 ��N �� �, m�%�%��>� ��	-$� #. ���N�� ��%7 �� 28  A� �A ��N lA��� ��O,� � A�10  CA�. H�%�� IJ�� � ��:�����.  �, 	40 � A����& -%� IJ�����.��� ��	-$� . -�  lA��� A��3�� ��:�� YJ�7 jQK 	���
�� >��A��#.  ��	-$� lA��� A��3�� �%>�, #7 m�%���A= 	 I>�4. 	 F0%� �m�%�%��>� [�� A� .�N 
:��2007  n��, -%� #. C
��� ]%*+, A��N m�:�� ?��A�0O� 	 <0%>A	�� <�� #��& =�%>�   10B10C10Zr 28Ni42Fe #7 �� ��N lA��� ��A
7 A�k���� .�N #%�, �0%��0� C���=�%>� n��, �����
. BA�-� . #  �� ��78 � I�� #7 lA��� A��3�� CA�. H�%�� IJ��� ���]11[.  [�� A�2015  ��A�0O� 	 o�	]12[  <�� #��& =�%>�                                                            1 Vickers FeSiBAlNi 	 �0%��0� C���=�%>� B	A #7 �ASPS   #%�, �� .���
. �� ��7 #. ���N ]$�� ��240  A��3�� #7 IJ��  lA��� e
��. .��7�� I��BA�-���N �4P� ��f� #. I�� e� �A�3 #7 I�	�*� 	 <�� #��& C��=�%>� <%��& 9%�V ��  �
7A�. #. ���P� �Q���J����  �	�+� �A����. <��
7��7 .  #7 ��**+�B	A�� 	 ��f� �, ���P� B
, A� �������� C A� .���� ��4�7 �A <�� #��& C��=�%>� ���A�3 #7 I�	�*� ;%.
, �7 <�� #��& ���S =�%>� �#�>�(� <��5Al5Ti10Si15B65Fe   �0%��0� C���=�%>� B	A �� ���!��� �7 	 ��$ CA����& 	 �N #%�,#^f���� CA��3�� C�A�� #�>�(�  .I$
� A�
K  2. @�?A� "�	 � ,%B�  �A�� ���� =�%>� I3�� C�
7 ?�	@& <�� A� ���!��� 5Al5Ti10Si15B65Fe  [	�S A�1  .I�� ��N IP%> ������ �0%��0� C���=�%>� �A�%� C���=�%>� C�
7 5�7 C=
�� �7 C�  .�N ���!��� 
!PO,� A� C���=�%>�Ar  A� 	 n%+� C��� A�  2:� �7 ��N If� �5�$ L�.250 �����
��  m�:�� ;�0� ) 1�A�\��� �%�� �� .�N2O36H18C:H	X #(*� � ℃ 6/69 ( #7 ) ����
$ [
��. F��J ����JPCA (MA  A� .�N ���!���  [	�S2>� C��
���A�& �%���=�C  �0%��0�I�� ��N IP%>.   [	�S1- ����  #%>	����!����A��  <�� #��& =�%>� I3�� C�
7 5Al5Ti10Si15B65Fe  
 ��J _�Q3 (%) )�AX ������ (μm) Fe 00/99  <45 Ti 8/99  <45 Al 8/99 <20 Ni 9/99 <45 B 8/99 <2 Si 9/99 <5 -:,�#Q+,	%F �%�� C��A��& C��$H B�
& n��, ��N  s�� #�N� ��M0 )XRD( C���	� A� °100-10=θ2 )Philips XPERTMPD ?7�, �Cu Kα �7 λ = 0.1542  �
������40 



 (�+�, -,)! ��./�,- �-,0� 0��� � 12� (�'��� 304� �- 5�6�67� (	4� "#�/��),0 , '8,� ��� 1�  ���	
1 ���� �14015�79: � 17 < 25                         19    	 I>	�Q%.30 �%Q�
t��(  C����>� #%�, C�
7 .�N m�:�� XRD  #Q�
� ������ ��02/0  m�� 
� ���� 	 #SA�1  #%��D -:, 	 '(� C=�>�$A�� #�>�(� .�N ���!����# 	 Q+,%F  C��A��& ���%O%N )�4%.
,�� ���!��� �7 ��N H�%��  L�0�	
0%�
�� ��7	A ��	
�0>� ) ����%�FE-SEM � VEGA@TSCAN( 9%u #7 -�:���,
& �:���M0 �A�� C=
�� ���.�
& �A
7� .I$
� A�
K  [	�S2-  <�� #��& =�%>� I3�� C�
7 �0%��0� C���=�%>� C��
���A�&5Al5Ti10Si15B65Fe F0%� 9Q�f� C��� A� �7  =�%>�  (�O,� � A� ;P�
7) ����  (IJ��)  IJ
�#k!+� ?3
` (#*%K� 
7 A	�)  [
��.����
$ ����.  (��-%�)  I4P� #>�Q� ���	A��& #7  ����, 	 ������#>�Q���  10Si15B5Al5Ti65Fe  200-0  300  1�A�\��� �%�� )1 (���	 � A� 10:1 15 mm- #6  20 mm- #4  (X=0, 5, 10) XNi10Si15B5Al5TiX-65Fe  100-0  300  1�A�\��� �%�� )1  � A�(���	 10:1 15 mm- #6  20 mm- #4   3. ��
�C DA
 �  3 .1 . ��
�C %B��� "%���E�  F0N A� 1  C����>� s����XRD �%�� H <�� #��& =�%>� CA�.  ;%.
, �75Al5Ti10Si15B65Fe ���� A���C  9Q�f� .I�� ���� C���=�%>�  A�10 H�%�� [	� #*%K�  CA�. 0�, 
 ��J B�
& C����>�%F����� ��>� �<��% �A�7 �m�%� �%Q%P%2  �� ��7 ����� INv��7 .��A�� A�w� m�%���%, 	80  CA�. H�%�� IJ��#QK��C  x>�3 
 ��J #7 y�7
� ��>�% n*$ 	 ���N ���&�� 2%P%Q� 	 A�7 �m�%���%, �m�%� &%1��C F7�K <�� x3�N ���� U�V�� <�� .I�� ������  #7 
:�� #. I�� <�� #04N A� 
 ��J <�� ��N F� �����<�� ���S [�Q+� F%0�,-�!>� )α Fe-( .I�� ��N  jK�	A���A �#04N xK��� ?��-$� 	 C���=�%>� ����
$ m�:�� �7�� C �-$� 
 ��J <�� X�!��?  �#�$� A� #. ����I  <�� #04N A� A�
K ����
%� �, C���=�%>� ���� ?��-$� �7 .200  �IJ��  )�N#QK��C ?��. ���S [�Q+��#�$�  	#QK�� .���N <�& �-$� 	 #��� ������ ?��. IQJ #7 U�V�� <���?  ?�
. #7 C���=�%>� C������
$ A� <%**+� #. I�� #04N �Q3�����
. �A�N� ��]13[. #7 #S�, �7 A�
K C
%� U��N �7 
 ��J 1`�. �O,�z�
7 ����K <�$
� 
k� A� �7 	 <�� A� 
, ]14[ )�$ ?��. )�+!  <%7 #Q & �(�O,�%1��  IO� #7 <��                                                            1 Inoue zA-7 C���	� 
,�� �:7�S���N A� �A�� <�� .F0N2 #7 7�3� ���� ���� ��N I��QJ .�2{A  �, C���=�%>� m�:�� 200  lA��� A��3�� -%� IJ�����
�� F ��  A��3�� 	 <�� ���S [�Q+� �����- A��3�� �7 �!>�BCC  <�� .���
�  ��$�7 )A�.  �A�������8537-900-96  A� #. �A�� I*7�(� C���	�75/44 �01/65  	43/82  �7 #SA�����M�� 
Q%� C ) )�+! 011) �(002) 	 (112(  .I�� 
|����  }��� 
7 ���� <%���K1 ]8[  
 ��J ����, ?��-$� �;%.
, 1� A�J�7 Y  #7 F��O, ?��
$�� lA��� A��3�� F%0�,���N � <�� A�  ]%*+,DE,%
  ?��-$�F0%� A��� A��3�� F%0�, C	A 
7 l �A�� �A
7�  F0N A� .I$
� A�
K2  	3 DE,%
  F0%� 
^�J >� CA�. H�%�� ����
$ 
7%=� (X=0, 5, 10)XNi -65Fe 5Al5Ti10Si15BX ���� ���� .I�� ��N��O� F0N A� #. A�u 3 � ���������N<�� ��$ �- H�%�� ����
$ m�:�� �� ��7 �!>�  �, CA�.100  ?3
` IJ
� A� 	 IJ��300  #*%K� 
7 A	�  F0%� 9Q�f� 
���*� A�0 �5  	10 � ������ �O,� � A�� ��N )�N ?��. ;4� C=�%>� 2�P%� <�� A� F0%� ��S	 .& #O�%1���� ��N <�& �& [�*��� <%�RO� 	 ��%1��  #7 � ��%7 U�V�� <�� .�N 
�O. C���	� IO����.  ��	-$� #. F0%� TA�Q7 ������ ?��. YJ�7��C <�� ��$- ?��-$� 	 �!>� ?�
. I�� ��N #04N.  



�����  ��� �� ���� ��������� ������  � ! "#�$ %��&!5Al5Ti10Si15B65Fe ���"�'
 (������ �)��%��&! *�� "�                                 20         F0N1- (9>�  ;%.
, M0�� #�N� B�
& C����>�5Al5Ti10Si15B65Fe  INv� �� ��7 CA�. H�%�� ���� A�200 IJ�����:7�S (H �  B�
& C����>� M0�� #�N�  



�),0 , '8,� (�+�, -,)! ��./�,- �-,0� 0��� � 12� (�'��� 304� �- 5�6�67� (	4� "#�/� ��� 1�  ���	
1 ���� �14015�79: � 17 < 25                       21      F0N 2-  ( 9>�M0�� #�N� B�
& C����>� DE,%
 >� C	A 
7 F0%� 
^�J%=� (X= 0, 5, 10) XNi 5Al5Ti10Si15BX-65Fe�  ���:7�S (H B�
& C����>� M0�� #�N�    



�����  ��� �� ���� ��������� ������  � ! "#�$ %��&!5Al5Ti10Si15B65Fe ���"�'
 (������ �)��%��&! *�� "�                                22     F0N3- (9>�  C����>�XRD  ;%.
,(X=0, 5, 10)XNi 5Al5Ti10Si15BX-65Fe  INv� �� ��7100 CA�. H�%�� IJ�����:7�S (H �  C����>�XRD.  � A
N #(7�A �� ���!��� �7����,  #04N ?�
. 	 TA�Q7 ������ #(7�A A� A
N #>���� .�
. #4��+� �A1  ������ #4��+� I�S  #(7�A 	 TA�Q72 �N ���!��� #04N ?�
. #4��+� I�S ]14[.  #(7�A <�� A�β  I�� 2O�-.�� 1%& U�!,A� 9^� C���&� ��%7 �����A ���	 �7 #.���N �D 	 CA�Q7 ������ K  C��J  �	�� A� #. I7�D9/0  �I��λ [�u#�N� ~��C X  #. ��� C	A �� 	 I�� 
������ ;P�
7� �����3 ������N  	θ #�	�� �*$� A�+� C	A �� #. I�� C�XRD �� �����3 .��N εK  I7�D A��*�4 
. ���� ���� #7 y�7
� #. I���>��P�  .I�� [	�S A�3  ���S [�Q+� #04N ?�
. 	 CA�Q7 ������ <��-���� A� <�� #��& C=�%>� C��A��& �!>���C  9Q�f� .I�� ���� H�%��   D = � �β���	                                                          )1(  
 =  �� . �. ���� )2                                      (    [	�S3-  <�� #��& C=�%>� C��A��& �!>� <�� ���S [�Q+� #04N ?�
. 	 TA�Q7 ������ �7F0%� 9Q�f� C��� A�  =�%>�  H�%�� U��  CA�. H�%�� ����(h) TA�Q7 ������(nm)  #04N ?�
.(%) 5Al5Ti10Si15B65Fe  �%�A��C  100  9/41  223/0  5Ni5Al5Ti10Si15B60Fe  �%�A��C  100  13/33  224/0  10Ni5Al5Ti10Si15B65Fe  �%�A��C  100  23/33  243/0  3 .2 .#F
�	 #
�����% GB������� $% �H�2 C���
   F0N A�5  )�AX ��7	A ��	
�0>� L�0�	
0%� 
�	�^, <�� #��& =�%>� A��&0Ni5Al5Ti10Si15B65Fe �O��A-7 A��� ��C ���� A� 	 9Q�f���C  ���� C���=�%>� 9Q�f� ����.I�� ��N  F0N A�4 (9>�)�  �� F4K <�� #��& A��& � ���� �A CA�. H�%�� U	
N����  �� �!Q�f� [�0N� #.#7 )�AX#N�� ��7�*�7 )A� � ������ C	
. 	 A�����N . F0N A���C  (H) 	(~) CA��& )�AX  �� ��740  �IJ�� F0N�� (�) C 	(�)  �� ��7 CA��& )�AX100  A� �IJ�� F0N��C  (�) 	 (	) �� ��7 A��& )�AX160  H�%�� IJ�� F0N A� 	 CA�.��C (�) 	  (y) �� ��7 A��& )�AX200 � ������ CA�. H�%�� IJ�����N .    



�),0 , '8,� (�+�, -,)! ��./�,- �-,0� 0��� � 12� (�'��� 304� �- 5�6�67� (	4� "#�/� ��� 1�  ���	
1 ���� �14015�79: � 17 < 25                      23            F0N4-  <�� #��& =�%>� A��& )�AX ��7	A ��	
�0>� L�0�	
0%� 
�	�^,0Ni5Al5Ti10Si15B65Fe �O��A-7 A�����C ���� A� 	 9Q�f���C  9Q�f� F0N .C���=�%>��� (9>�) C �CA�. H�%�� �� F4K(H)  	(~)  �� ��740  �IJ��(�)  	(�)  �� ��7100  �IJ�� (	) 	(�)  �� ��7160  	 IJ��(�)  	 (y)  �� ��7200 .CA�. H�%�� IJ��  



�����  ��� �� ���� ��������� ������  � ! "#�$ %��&!5Al5Ti10Si15B65Fe ���"�'
         (������ �)��%��&! *�� "�                                              24  ��O�� ������ #. A�u���N  CA�. H�%�� ���� ?��-$� �7  �,40 � 	 #>�Q� �7 �A�3
7 
D� A� )�AX �IJ����A���� A�-
,  H�%�� ���� 
��%7 ?��-$� �7 #. I�� �>�� A� <�� .���N �, CA�.200 zA-7 C��
��Q�� C���=�%>� IJ�� 
, ����N��: � U�V�� <�� .I�������, ���� m�{�� �����  A� 
 ��J X�!� 	 )�AX��0�
�  ;%.
, �7 =�%>� 1� ��:�� 	 �N�7 xf�� ]13[.  ��O� F4K IOPK A� M0�� #�N� -%>��� s���� A� #. A�u �, CA�. C�%�� ���� ?��-$� �7 #. �N xf��200  �IJ�� <�� ���S [�Q+�- ��S	 #7 A�� -.
� �4�0� A��3�� �7 �!>� � <��
7��7 .�������,  ���S [�Q+� )�AX <�� #. I$
� #:%�� <��-#7 #. ���P� �!>� zA-7 )�AX )A�  �
��Q�� ��N � ����������N.  �� <%�RO�����s >���%-  M0�� #�N��� ���, #. I$��A� � YJ�7 C=�%>� 2�P%� <�� #7 F0%� ��	-$ �%�� ���� ?��. H�!>� <�� ���S [�Q+� F%0�, 	 CA�.  �� ��7100 ���
� IJ��.  
�	�^, ��	
�0>� L�0�	
0%� <�� #��& A��& )�AX ���	A (X = 0, 5, 10) -65Fe xNi5Al5Ti10Si15Bx ��� A� �7C  F0%� 9Q�f� �O,�0 �5  	10  F0N A� � A�5 *� �7%}� 50  �� ��7 �	
0%�100 ���� ���� CA�. H�%�� IJ��.I�� ��N ��O� #. A�u � ���������N F0N A�  (9>�) �	�7 =�%>� #7 y�7
� #.  F0%�0Ni5Al5Ti10Si15B65Fe  �	�� A� )�AX I��50 zA-7 ��� �� 	 �	
0%�1`�. )�AX ��
O� #7 
, �� 
,50 � ������ �	
0%�����N �� F0%� ��-%� ?��-$� �7 .5  � A�  #7 �O,�10  
�� )�AX ����, �O,� � A�50  ?��-$� �	
0%� ����7� 	A� #.� ���� jK�����  ?��. YJ�7 F0%� ?��-$�IJ�� A� CA�. H�%�� 
D� A� )�AX ��������C  ��P0� #7 s���� #7 #S�, �7 .I�� ��N C���=�%>�I��� �� ���� -%>�� ��	
�0>� L�0�	
0%� 
�	�^, <%�RO� 	 M0�� #�N�� ��7	A����,  ��:�� YJ�7 F0%� ?��-$� #. I$
� #:%�� 1`�. �,�AX�7 
, 1`�. CA�Q7 ������A� .I�� ��N 
, #��� ��:�� �7 jK�	��C #��� �
� I��P� �7 1`�. CA�Q7��C  )�AX A� 
 ��J X�!� C��
%P� �F0%� C5�7 ��-%� A� 
��%7� ?��-$� CA��&���7� � 
�� <�� #.�����,  j�
P, #7 
:����N ����� [�^+� #7 ��%�A 	 C���=�%>� ����
$.      F0N5-  �� ��7	A ��	
�0>� L�0�	
0%� 
�	�^,(X=0, 5, 10) xNi5Al5Ti10Si15Bx-65Fe  F0%� 9Q�f� ��-%� �70 �5  	10  A� �O,� � A�100  IJ�� ).CA�. H�%��(9>� �(H)  	(~)  ;%,
, #70 �5  	10 F0%� �O,� � A�  



�),0 , '8,� (�+�, -,)! ��./�,- �-,0� 0��� � 12� (�'��� 304� �- 5�6�67� (	4� "#�/� ��� 1�  ���	
1 ���� �14015�79: � 17 < 25                      25       F0N6 <�� #��& =�%>� C
^�J -%>��� 
��^, :10Ni5Al5Ti10Si15B55Fe  �� ��7100 CA�. H�%�� IJ��  4.  ���I �3��
   ?�	@& <�� A�DE,%
  �7 <�� #��& =�%>� A� F0%� 
^�J ��-%�  ;%.
,5Al5Ti10Si15B65Fe   CA�. H�%�� B	A #7 #. H�%�� ������ n��, �0%��0�=
��
& #>�Q� C�,%# ��N � �N I3��
& ����� ��	 
���
 .�� �����	  ��� ��� ���� �����. 1- C=�%>� 2�P%� A� F0%� ��	-$� 10Si15B5Al5Ti65Fe  	  #O� )�N ?��. ;4� �� ?��-$�#QK�� 	 �� ��N <�& �� 	 ���
�  [�*��� <%�RO�#QK�� .�N 
�O. C���	� IO� #7  2-  A� F0%� ��	-$� <��C=�%>� 2�P%�  ;4� <�� #��& TA�Q7 ������ ?��.��C <�� ��$- ?�
. ?��-$� 	 �!>� .I�� F0%� ?��-$� 
D� A� #04N  3-  ���� ?��. YJ�7 C=�%>� 2�P%� <�� #7 F0%� ��	-$�<�� ���S [�Q+� F%0�, 	 CA�. H�%��- �� ��7 �!>�100 .���
� IJ��  4- �%�� 
D� A� )�AX ������ ?��. YJ�7 F0%� ?��-$�H IJ�� A� CA�.��C �N C���=�%>� ��P0�.  �	%JK��L�    ����� ���	 ��
���� ���� ��������� �� #>�*� <�� �������P��� #7 
u�3 �O��I�� CA�-���t� 	 
0�, [�O. ?�	@& <�� �>�� C  �A���O���.    M-����  [1] W. H. Duff, L. V. Zhigilei, editors. Computational study of cooling rates and recrystallization kinetics in short pulse laser quenching of metal targets. Journal of Physics: Conference Series; 2007: IOP Publishing. [2] H. E. Khalifa. University of California, San Diego; 2009. [3] J. Z. Jiang, editor Phase transformations in metallic glasses. Materials Science Forum; 2004: Trans Tech Publications Ltd., Zurich-Uetikon, Switzerland. [4] A. Basu, A. Samant, S. Harimkar, J. D. Majumdar, I. Manna, N. B. Dahotre  Laser surface coating of Fe–Cr–Mo–Y–B–C bulk metallic glass composition on AISI 4140 steel Surface Coatings Technology. 202 (2008) 2623. [5] J. Yao, C. Hostert, D. Music, A. Frisk, M. Björck, J. Schneider   Synthesis and mechanical properties of Fe–Nb–B thin-film metallic glasses  Scripta Materialia. 67 (2012) 181. [6] M. Bilek, D. McKenzie  A comprehensive model of stress generation and relief processes in thin films deposited with energetic ions  Surface Coatings Technology. 200 (2006) 4345. [7] M .Tokita  Mechanism of spark plasma sintering  Proc. of the Inter. Sympo. on Microwave, Plasma Thermochemical Processing of Advanced Materials.  (1997) 69. [8] A. Inoue, J. S. Gook  Multicomponent Fe-based glassy alloys with wide supercooled liquid region before crystallization  Materials Transactions, JIM. 36 (1995) 1282. [9] L. J. M. S. Schultz  Formation of amorphous metals by mechanical alloying  Materials Science Engineering. 97 (1988) 15. [10]  K. Rajeswari, U. Hareesh, R. Subasri, D. Chakravarty, R .Johnson  Comparative evaluation of spark plasma (SPS), microwave (MWS), two stage sintering (TSS) and conventional sintering (CRH) on the densification and micro structural evolution of fully stabilized zirconia ceramics  Science of Sintering. 42 (2010) 2. [11]  S. Sharma, C. Suryanarayana  Mechanical crystallization of Fe-based amorphous alloys  Journal of Applied Physics. 102 (2007) 083544. [12]  H.-l. Wang, T.-x. Gao, J.-z. Niu, P.-j. Shi, J. Xu, Y. J. I. J. o. M. Wang, Metallurgy,  Microstructure, thermal properties, and corrosion behaviors of FeSiBAlNi alloy fabricated by mechanical alloying and spark plasma sintering  International Journal of Minerals, Metallurgy, Materials. 23 (2016) 77. [13]  M. Boroujerdnia, A. Obeydavi, M. J. P. M. Sabzi  Synthesis and characterisation of a novel Fe-based nanocomposite by mechanical alloying and spark plasma sintering. 64 (2021) 283. [14]  A. Stokes, A. J. P. o. t. P. S. Wilson  The diffraction of X rays by distorted crystal aggregates-I. 56 (1944) 174 .  


