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Abstract 
Amorphous Co68.15Fe4.35Si12.5B15 ribbons were prepared by planar flow casting process and characterized by x-ray 

diffractometry (XRD), differential thermal analysis (DTA) and magnetic measurements. Activation energy of amorphous to 
crystallization transition was estimated at various heating rates by two well-known Kissinger and Augis & Bennet (A&B) 
methods using DTA results, and�was found to be around 673.5 kJ/mol. The magnetic properties of amorphous ribbons heat 
treated under protective gas atmosphere at temperatures in the range of 300-560 °C for 15 to 60 minutes revealed that the 
annealing of as-spun ribbons up to 400 °C leads to an increase in the magnetic saturation induction, while severe 
deterioration of soft magnetic properties were observed with further increasing the temperature, due to formation of some 
crystalline phases, such as cobalt solid solution, Fe23B6 and Co13B7 phases.  
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�������������������������������
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� �Y{Â¼¿� \Ì�� �Y� Ã{Z¨f�Y� Z]� ½YÂe� Ê» pTLn ��\�u�]

pT1000�{Â¼¿�Ä^�Zv»��©Â§��Y{Â¼¿���ZÌ·M��YÂ¿�ÉY�]Unitika�
�¶°���{��d�Y�Ã|��Ã{Y{�½Z�¿���Y|¬»�µZ §�É��¿Y�d�|]�É�Z�

�]Y�]�µ|»�¾ËY��Y� Ã{Z¨f�Y� Z]� Ã|»M�É{Á|u��Y|¬»�kJ/mol�����
Ê»|�Z]���



��
���������������Ë�^e�ÃZ´�¿Y{�®Ì¿Z°»�Ê�|ÀÆ»�Ä¸n»�������������������������������������������������������������������������������������������������Â¸^e�¹�Ì¿Z°»�Ê���]���  

 

��
�¶°������Y{Â¼¿

PT
ln��\�u�]

PT
1000��¥�Â»M��YÂ¿�ÉY�]

��ZÌ·MUnitika�Ä�]Y���Z�Y��]���Ì³ÁY��dÀ]� �
� �

��Ã|ÅZ�»�Ä¯��Â�¿Z¼ÅÊ»{Â�Ã|��Ä^�Zv»��Ë{Z¬»�,��É��¿Y�ÉY�]
µZ §� �ZÌ·M�¥�Â»M� �YÂ¿� �Â¸^e�É�Z�Unitika��µ|»� Á{��Z�Y� �]

�nÀÌ�Ì¯�� Á�Ì³ÁY��dÀ]�Ê»�ºÅ� Ä]�®Ë{�¿� �ZÌ�]|À�Z]� ���{� Z]
É��¿Y� �Ë{Z¬»���Âf»�¾f§�³� ��¿�µZ §�ÉY�]� Ã|��¾ÌÌ e� É�Z�

� �ZÌ·MUnitika�� �Â¯~»� µ|»� Á{� �Y� Ã{Z¨f�Y� Z]�� Ä¯�]Y�]�Z]�
kJ/mol��
����Ê»|�Z]���ÁµZ §�É��¿Y��Ë{Z¬»�Z]�Ä�ËZ¬»�É�Z�
��Y�³�Ã|���ÊÀ Ë� Ä]Z�»� É�ZÌ·M� \Ì¯�e� Á{� {�Â»� �{

Co70Fe5Si15B10�]��[��ÁCo70Fe5Si10B15�]��[��\Ìe�e�Ä]
�]Y�]�kJ/mol��������ÁkJ/mol�����
���Ê»��z�»� ,��

µZ §�É��¿Y��Y|¬»�Ä¯�{Â���ZÌ·M��Â¸^e�É�Z�Unitika��Ä�ËZ¬»��{
É�ZÌ·M�\Ì¯�e�Á{�¾ËY�Z]�d�Y��f�Ì]�\eY�»�Ä]����
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������É�ZfyZ��cÓÂve��

�¶°����Ä �Y��Y�a�ÉZÅÂ´·YX�Ä¿Â¼¿�Êe�Y�u�cZÌ¸¼��ÉZÅ
�µÁ|m��{�Ã|���¯}��ËY���dve�Ã|�����Y�a�ÉÂ´·Y�ÃY�¼Å�Ä]�Y�

ÄfzË�� �YÂ¿�Ë�Ê»�½Z�¿� Ã|��Ê|Å{� �¦Ì��Ê���]� Z]��Y�a�ÉZÅ
�Ä �YX��Ê»��z�»��¬§�Ã|��Ê�Ë��ÄfzË���YÂ¿�ÉÂ´·Y�Ä¯�{Â�

¾Æa�®Ìa�®Ë� ÉY�Y{��{�����§�ș��|�Z]� Ê»���]� d·Ó{� Ä¯
0Ô»Z¯��ZfyZ��Ë��{�Y{�½M�¥�Â»M���ÉZÅ�¦Ì���{XRD�Ä¿Â¼¿�ÉZÅ

�¾ÌËZa�ÉZÅZ»{� �{� Ã|��Êe�Y�u�cZÌ¸¼������ Á°C���� ��pÌÅ
�|�Z]�¥�Â»M��YÂ¿�Ä�uÔ»�¶]Z«� �Â¸^e�Ä¿Z�¿�Ä¯�É�Ìe�®Ìa�Ä¿Â³

Ê¼¿�Ã|Ë{{Â���{ÂmÁ�¾ËY�Z]� Z»Y��ÉÂ´·Y��{XRD��cZÌ¸¼��Ä¿Â¼¿
�ÉZ»{��{�Ã|��Êe�Y�u°C�����c|»�Ä]�����Y�Ê¨Ì ���ZiM�Ä¬Ì«{

� �ZfyZ��Ë�� �{� �Â¸^e� �Á��� Á�Ê¼eY� º�¿Ê»� Ã|ÅZ�»� Ä¯� {Â��Z]
¾Ì¬¬v»��ËZ����Âe�Ã|��¹Zn¿Y�cZ ·Z�»�Ä]�ÄmÂe��\Ì¯�e�ÉÁ���]

�É�ZÌ·MCoFeSiB�]��[� ,Ê»Ä¿YÂm� �iY� �{� |¿YÂe�¶Ì°�e� Á�Ê¿�
v»�¾ËY� �{� ZÅ�Â¸]� Â¿Z¿|�Z]� ÊËZ»{� Ã{Á|� ��ÉZ»{� �Ë�� �{�cZÌ¸¼�

Ã|�� Ã{Z»� Ê^�¿� ½|�� º�À»� \^�� �Â¸^e��d·Zu� Ä]� Y�� �ZÌ·M� Á
®Ë{�¿�É�Â¸]Ê»��e|À¯��¾ÌÀr¼Å��ÉZ»{� �{�¶Ì¿M� Z]°C�����Ä]

¿�c|»0Ô»Z¯�ÄÌ·ÁY�¥�Â»M��ZfyZ��d�Z��ºÌ���ZfyZ��Á�Äf§��¾Ì]��Y

d�Y�Ã|��½M�¾Ë�´ËZm�É�Â¸]���¶Ì¿M�ÉZÅZ»{��{�����Á°C�����
�É�Â¸]�ÉZÅ�Z§�Ä]�¥�Â»M��ZfyZ��Ä·Zvf�Y��Y�Ê�Z¿��Ìe�ÉZÅ�®Ìa

|¿Â��Ê»�Ã|ÅZ�»���
��

��
�¶°������Ä �Y��Y�a�ÉZÅÂ´·YX�Ä¿Â¼¿ÄfzË��ÉZÅ�Á�Ã|��Ê�Ë�

Ã|��Êe�Y�u�cZÌ¸¼���
� �

�Ä �Y��Y�a�ÉZÅÂ´·Y��{X�Ä¿Â¼¿�ÉZÅU-500�,U-500-Air��Á
U-560���¶°����®Ìa�ÃY�¼Å�Ä]�Ã|��ÊËZ�ZÀ��É�Â¸]�ÉZÅ�Z§��

Åd�Y�Ã|��Ã{Y{�½Z�¿�ZÆ¿M��Y�a�ÉZ����{�Ä¿Â¼¿�Êe�Y�u�cZÌ¸¼�
� ÉZ»{°C����� c|»� Ä]����ÉZÅ�Â¸]� ¶Ì°�e� Ä]� �nÀ»� Ä¬Ì«{

� |»Zm�µÂ¸v»Co��Z]� Ä¯�Ê·Zu� �{�d�Y� Ã|��¥�Â»M� ÄÀÌ»�� �{
�Ä]�Êe�Y�u�cZÌ¸¼��ÉZ»{��ËY�§Y°C�����½Z»��c|»�½Z¼Å��{

����¶»Z��É�´Ë{�É�Â¸]�ÉZÅ�Z§� Ä¬Ì«{Fe23B6�� Á Co13B7�
� d�Y� Ã|�� ¶Ì°�e\Ìe�e� Ä]� Ä¯��Ê^ °»� É�Â¸]� �ZfyZ�� ÉY�Y{

FCC�Á��µZ¿Â³Y�fe��ZfyZ�Ä¯�|Àf�Å��Ì�ZÀ¤»�¶Ì·{�Ä]�dz��
¹�¿�Ê�Ì�ZÀ¤»��YÂy�d§Y�h�Z]�½{Â]�Ã{Z»�Ê»|¿Â�]��Á��[��

� ÉZ»{� �{� Êe�Y�u� cZÌ¸¼�°C����� c|»� Ä]����dve� Ä¬Ì«{
M� �YÂ¿� ÉÁ�� �]� É|Ì�¯Y� ÄËÓ� {ZnËY� �Â�À»� Ä]� YÂÅ� �¨�¼eY�¥�Â»

d§�³�¹Zn¿Y� ��¥�Â»M��ZÌ·M��Y�Ê¯�Z¿�ÄËÓ� ,Êv���|Ì�¯Y�¶Ì°�e
�¥�Â»M�Ã|ÀÀ¯��Y|ËZa���ZÀ���Y�Y��Êv���ÄËÓ��Ë��B��ÁSi���ÊÆe

�t���Ê°Ë{�¿��{�¥�Â»M��ZÌ·M��Â¸^e�ÉZ»{��ÅZ¯�Ä]��nÀ»�Á�Ã{�¯
Ê»��YÂ¿{{�³� ��É�Â¸]�É�¸§� ÄËÓ�®Ë�Ê§Z¯�½Z»�� �Y��a�¾ËY�]ZÀ]

Ì�¯Y� ÄËÓ� �Ë��Ê�Ì�ZÀ¤»�{Â^Æ]�h�Z]� Á� Ã|��¶Ì°�e�Êv���|
�Ì�ZÀ¤»��YÂy¹�¿�Ê�Ê»��ZÌ·M�{Â�]��[� ��Y�a�ÉÂ´·Y�ª]Z�»�

� Ä �YX��ÉZ»{� �{� Ã|��¶Ì¿M� �YÂ¿°C�����c|»� Ä]����Ä¬Ì«{
�YÂÅ��¨�¼eY�dve��¶°����Á�d·Z^¯�|»Zm�µÂ¸v»�É�Â¸]��Z§�Á{�,

Co2Si�d�Y�Ã|��¶Ì°�e��®Ìa�ZË�®Ìa�Ê·Á��Â�u��Y�Ê�Z¿�ÉZÅ
\Ì¯�e¯Y�ÉZÅ�d�Y�¾°¼»�Ä¯�|�¿�ÊËZ�ZÀ�� �ZfyZ�� �{�É|Ì�

|�Z]��YÂ¿�Êv���½ÂÌ�Y|Ì�¯Y�½Y�Ì»�½{Â]�¾ÌËZa�¶Ì·{�Ä]���|ÌËZe
Ê���]� Ä]� �ZÌ¿� �Â�Â»�¾ËY�_Â°�Á�°Ì»� Z]�Ê¸Ì¼°e�Êv���ÉZÅ

{�Y{�Ê¿Á�f°·Y����
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�¶°�����Ä �Y��Y�a�ÉÂ´·Yx�Ä¿Â¼¿�Ã|��Êe�Y�u�cZÌ¸¼��ÉZÅ

U-500-Air�,U-500��ÁU-560� �

������Ê�Ì�ZÀ¤»��YÂy��
ÄfzË��ÉZÅ�YÂ¿�,Ê�Ì�ZÀ¤»��YÂy�Ê���]�ÉY�]�Á�Ã|��Ê�Ë�

�dve� �Z´¿� |¿Z¼�a� ÃZ´f�{� �Y� Ã{Z¨f�Y� Z]� Ã|�� Êe�Y�u�cZÌ¸¼�
f§�³� �Y�«� �ËZ»�M|À�ÊÀvÀ»� Á|»M� d�|]� ZÆ¿M� |¿Z¼�a� ÉZÅ��

ÊÀvÀ»�¾ËY� �Y� Ã|��kY�zf�Y�Ê�Ì�ZÀ¤»��YÂy�µÁ|m��{� ZÅ��
Md�Y�Ã|��Ã{�Á� ��d�Y��¯}�Ä]�¹�Ó�Ä¿Â¼¿�ÉY�]�Ä¯U-560�Ä]� ,

�ÉZÅ�Z§�¶Ì°�e�d¸�É�Â¸]�Fe23B6��Á Co13B7���¶°�����Ä¯
Ê»�ZÅ�YÂ¿�½|��Ã|ÀÀ°��Á�{�e�Ä]��nÀ»Y|¿Y�½Z°»Y�,{{�³Ã��É�Ì³

|�¿�¶�Zu�Ê�Ì�ZÀ¤»��YÂy���
Ä¿Â¼¿�Ê�Ì�ZÀ¤»��YÂy�lËZf¿�Ê���]�Ã|��Êe�Y�u�cZÌ¸¼��ÉZÅ

��µÁ|m�� �Ê»�½Z�¿��¥�Â»M�ÉZÅ�YÂ¿�¶Ì¿M� Ä¯�|Å{ÄfzË�Ê�Ë�
� ÉZ»{� �{� Ã|�°C����Ê�Ì�ZÀ¤»� �YÂy� {Â^Æ]� h�Z]�¹�¿�-

��ËY�§YÊ�Ì�ZÀ¤»�ÊËYÁY�e�0Z^Ë�¬e�ÉY{�|¿Z¼�a�ÉÁ�Ì¿� Z]��½Z�°Ë
d�Y� Ã|�� �� ÉZ»{� �{� ¥�Â»M� �YÂ¿� ¶Ì¿M°C������ËY�§Y� h�Z]

·{�Ä¯�d�Y�Ã|��Y{�|¿Z¼�a�ÉÁ�Ì¿� 0ÓZ¼fuY�½M�¶Ì��Y�Ê�Z¿�º�À»
¼eY�Ê^�¿�½|��Á�ZÆ¼ÅZ¿��ËY�§Y�Y~·Ê»�Ê �Â»�É{�´¿Z��Á�|�Z]

� Ä¯�d�Y� ¶Ì·{� ¾Ì¼Å� Ä]Ê�Ì�ZÀ¤»� ÊËYÁY�e���ÅZ¯� Ä¿Â¼¿� ¾ËY
d�Y�Äf§ZË����

��{�Ã|��¶Ì¿M�Á�¥�Â»M�Ä¿Â¼¿�Á{��{�Y{�|¿Z¼�a�ÉÁ�Ì¿�½{Â]�d]Zi
� ÉZ»{°C����Ê¼eY� º�¿��ËY�§Y� Ã|Ë|a� Á{� ¶]Z¬e� �Y� Ê¯Zu�Á�

�Â¸^e� �Á����É{�´¿Z�¼ÅZ¿� �ËY�§Y� Y~·� Á�Ê�Ì�ZÀ¤»���É�Â¸]�
]��[���Àe�½|��{Y�M��Y�Ê�Z¿�É�ZfyZ���»Y�M�Á�Ã|¿Z¼Ì«Z]�ÉZÅ

d�Y�Ê¸yY{����ËY�§YÊËYÁY�e�¼¿�ÄÌ·ÁYÄ¿Â�ÉZ»{��{�Ã|��¶Ì¿M�ÉZÅ
°C����Ê»��»Y�M� Ã|Ë|a� �iY� ½{Â]� \·Z£� �]� Ê¸Ì·{� |¿YÂe

|�Z]�Z»{�¾ËY��{�Ê¼eY�º�¿�Ä]�É�ZfyZ����
�Ã|»M�d�|]�Ê�Ì�ZÀ¤»��YÂy�lËZf¿�ª]Z�»�¾ÌÀr¼Å��µÁ|m���

³��z�»� Y{�|¿Z¼�a�ÉÁ�Ì¿� �Ë{Z¬»� Ä¯�|Ë{�(Hc)�É�Ë~a}Â¨¿� ,
Ä¿Â¼¿�º¼Ë�¯Z»�É�Ë~a}Â¨¿�Á�ÄÌ·ÁY�ÉZÅU-500��ÁU-500-Air�

Ä¿Â¼¿� �ËZ�� Z]� Ä�ËZ¬»� �{�¾ÌÀr¼Å� Á� Ã|��Êe�Y�u�cZÌ¸¼��ÉZÅ
Y�Ã|��Ê�Ë��ÄfzË��ÄÌ·ÁY�Ä¿Â¼¿�½Z�¿�Y��ÉY�Ä�uÔ»�¶]Z«�¥Ôfy

Ê»Y��Y�Ê¯Zu�Ä¯�|Å{�Ê�Ì�ZÀ¤»��YÂy�|Ë|��d§�¿�¹Ä¿Â¼¿�ÉZÅ
U-500��ÁU-500-Air��Ä]�d��{�É�Â¸]�ÉZÅ�Z§�¶Ì°�e�¶Ì·{

Ê»|�Z]���
�¶°���{�Ä¿Â¼¿��Z^�Y�LZ¬·Y��Ë{Z¬»�,�Z]�Ã|��Êe�Y�u�cZÌ¸¼��ÉZÅ

d�Y� Ã|�� Ä�ËZ¬»� �´Ë|°Ë� ���Z^�Y� LZ¬·Y� �Y|¬»�¶°��¾ËY�ª]Z�»
Ä¿Â¼¿Ä¿Â¼¿��Y��Ì£�Ä]�Ã|��Êe�Y�u�cZÌ¸¼��ÉZÅ�ÉZÅU-500��Á

U-500-Air��{�,��¯�Y|Ìa��ËY�§Y�Êe�Y�u�cZÌ¸¼���iYd�Y�Ã{��
¾ÌËZa� �Z^�Y� LZ¬·Y� �Y|¬»�¶Ì·{� Ä]� 0ÓZ¼fuY� �Â¯~»� Ä¿Â¼¿� Á{� �e

�Êv���½ÂÌ�Y|Ì�¯Y� ZË�¥�Â»M�ÄÀÌ»���{�É�Â¸]�ÉZÅ�Z§�¶Ì°�e
d�Y� Ã{Â]� ZÆ¿M���Ä¿Â¼¿�Ä]��Â]�»��Z^�Y� LZ¬·Y� �Y|¬»�¾Ë�f�Ì]U-

400-60 �Ê»�¶°���{�½M�|¿Z¼�a�ÊÀvÀ»�Ä¯�|�Z]��¿�Ã{Y{�½Z�
d�Y� Ã|���ÉZ»{� �{� ¶Ì¿M� Ê�� �{� Ä¿Â¼¿� |¿Z¼�a� LZ¬·Y� �ÅZ¯

°C����� c|»� Ä]���Ä¯� |�Z]�d¸�� ¾Ë|]� |ËZ�� Ä¬Ì«{���iY� �{
¸]� �Ë�� ¶Ì°�e� Á� �Â¸^e� �Á��� ,ÄÌ·ÁY� ÉZÅ�Â�É{�´¿Z�¼ÅZ¿

Ê�Ì�ZÀ¤»��É�Â¸]�Ê �Â»��¥�vÀ»�Ä]��nÀ»�Á�Ã{�¯�Y|Ìa��ËY�§Y
½|��Ê·Â��dÆm��Y���ZÀ¤»�½Z�M�cZÆm��Y�Ê�z]���YÂ¿�Ã|�
d�Y���

� �
� �

�µÁ|m���ÄfzË��ÉZÅ�YÂ¿�Ê�Ì�ZÀ¤»��YÂy��ZÌ·M�Ã|��Êe�Y�u�cZÌ¸¼��Á�Ã|��Ê�Ë�Unitika� �
Ê�Ì�ZÀ¤»��YÂy��

��
�Ä¿Â¼¿��

�Y{�|¿Z¼�a�ÉÁ�Ì¿Hc��
�Am-1���

Z¬·YL��Z^�Y��
 Bs�G���

|¿Z¼�a�ÉZ¬·Y��
 Br�G���

Ê ]�»�d^�¿��
Br/Bs 

ÊËYÁY�e�ÄÌ·ÁY��
iȝ��

ÊËYÁY�e�º¼Ë�¯Z»��
maxȝ��

As-spun ��
�����������������
�����������������
U-300 ���
�����������������
����������������

U-400-15 ���
�����������������
������������������
U-400-30 ���
�����������������
������������������
U-400-60 ���
�����������������
������������������

U-500 ��
������������������
���������������
U-500-Air ��
������������������
���������������



��
���������������Ë�^e�ÃZ´�¿Y{�®Ì¿Z°»�Ê�|ÀÆ»�Ä¸n»�������������������������������������������������������������������������������������������������Â¸^e�¹�Ì¿Z°»�Ê���]���  

 

��
�¶°��������Z^�Y�LZ¬·Y��Ë{Z¬»�Ä�ËZ¬»�Bs���Ä¿Â¼¿�Ã|��¶Ì¿M�ÉZÅ

�ÉZ»{��{�����Ê·YoC�����
 

�
�¶°������Ä¿Â¼¿�Ê�Ì�ZÀ¤»�|¿Z¼�a�Ä¬¸uU-400-60� �

� ¶°��Ä¿Â¼¿� º¼Ë�¯Z»� Ê�Ì�ZÀ¤»� É�Ë~a}Â¨¿� �Y{Â¼¿� ,�ÉZÅ
�ÉZ»{� �{� Ã|��Êe�Y�u�cZÌ¸¼�°C�����½Z�¿�½Z»��\�u�]� Y�

Ê»{|Å� �Ê»�Ã|ÅZ�»�Ä¯�Ä¿Â´¿Z¼Å�cZÌ¸¼��½Z»���ËY�§Y� Z]�{{�³
�É�Ë~a}Â¨¿�,Êe�Y�uÄÀÌ�Ì]��½M�¶Ì·{�Ä¯�d�Y�Ã{�¯�Y|Ìa��ÅZ¯

Ê»¿YÂeÄ¿YÂm� Á�Ê¼eY�º�À»�ª�ZÀ»�¶Ì°�e�|�É�Â¸]�ÉZÅ�Z§�ÉZÅ
|�Z]���

��
�¶°�����½Z»��\�u��]�º¼Ë�¯Z»�É�Ë~a}Â¨¿�cY�ÌÌ¤e��Y{Â¼¿

�ÉZ»{��{�¶Ì¿M°C�����

���ÄnÌf¿É�Ì³��
�� ��ZÌ·M� ¥�Â»M� �YÂ¿� �Â¸^e� ½ZËZa� Á�®Ìa� ,�Á���ÉZÅZ»{

Unitika���ËZ»�M� Ê�� �{��ËZ»�³� w�¿��ËY�§Y� Z]
DTA�Ê»��ËY�§Y|]ZË� ��É�Z�� µZ §� É��¿Y� ¾Ì´¿ZÌ»

µ|»� ®¼¯� Ä]� Ã|�� Ä^�Zv»� �Â¸^e�Ê°ÌfÀÌ�� ÉZÅ
�nÀÌ�Ì¯�� Á�Ì³ÁY��dÀ]�� Z]� �]Y�]kJ/mol��
����

� Ä¯� |Ë{�³� ¾ÌÌ e�\eY�»� Ä]Ë{Z¬»� �Y� �f�Ì]���Y�³� �
���Âe�Ã|��fËÂÌ¯�ÂeÓ���¿Y�Z°¼Å�Á������Á®ÌÀÌ»�
��¿Y�Z°¼Å�Á�����Z]�Ä]Z�»�É�ZÌ·M�cZ^Ì¯�e�ÉY�]���ZÌ·M

Unitika�d�Y� 

�� � Ä �Y��Y�a� ÉZÅ� Ê���]� lËZf¿X��Ä¯� {�¯��z�»
ÄfzË��¥�Â»M�ÉZÅ�YÂ¿�ÉÁ���]�Êe�Y�u�cZÌ¸¼��¹Zn¿Y��

� ÉZ»{� Ze� Ã|�� Ê�Ë�°C������§Zv»� �¨�¼eY� dve
]� �nÀ»� ,¾³�M��{� Ä�uÔ»� ¶]Z«� É�Â¸]� �Z§� ¶Ì°�e� Ä
Ê¼¿� �ZfyZ��Ä]� ¶Ì¿M� ÉZ»{� �ËY�§Y� Z]� Ê·Á� ,{Â�

°C����ÉZ»{� �{� Á�d·Z^¯� |»Zm�µÂ¸v»�É�Â¸]� �Z§� ,
°C����� ÉZÅ�Z§Fe23B6�� ÁCo13B7��¶Ì°�e
Ê»���YÂy�|Ë|��d§Y�¶»Z�� �Ì¿� �»Y�¾Ì¼Å�Ä¯�|¿{�³

�Ê�Ì�ZÀ¤»�¹�¿Ä¿Â¼¿d�Y��Â¯~»�ÉZÅ� 

�� Â»M� Ä¿Â¼¿� Êe�Y�u� cZÌ¸¼�� ÉZ»{� �{� ¥�°C�����Á
�É�Â¸]� ÉZÅ�Z§� ¶Ì°�e� Ä]� �nÀ»� YÂÅ� �¨�¼eY� dve

� Á�d·Z^¯� |»Zm�µÂ¸v»Co2Si�Ê»��Â¿� pÌÅ� Á� {{�³
� ��Âe� �Ìz�e� ¶]Z«� É|Ì�¯Y� \Ì¯�eXRD���{

|Ë{�´¿�Ã|ÅZ�»��ZfyZ����
�� �Á� ¥�Â»M� Ä¿Â¼¿� Ê�Ì�ZÀ¤»� �YÂy� lËZf¿� Ê���]� Z]

Ä¿Â¼¿�LZ¬·Y�Ä¯�|���z�»�Ã|��Êe�Y�u�cZÌ¸¼��ÉZÅ
��Z^�Y�ÉZ»{�Ze�Êe�Y�u�cZÌ¸¼���iY��{°C������ËY�§Y
Ê»����Y��eÓZ]�ÉZÅZ»{��{�¶Ì¿M�Ê·Á�|]ZË°C�����nÀ»�

Ê»��Z^�Y�LZ¬·Y��Y|¬»�|Ë|���ÅZ¯�Ä]{Â����Z]�¾ÌÀr¼Å
� ÉZ»{� �{� ¶Ì¿M� ½Z»�� �ËY�§Y°C����É�Ë~a}Â¨¿� ,

Ê»��»Y�¾ËY�Ä¯�d�Y� Ã{�¯� Y|Ìa��ÅZ¯�º¼Ë�¯Z»�|¿YÂe
ºeY�Ê �Â»�½|��º�À»�ÄnÌf¿��{�Àe�Á�ZÅ�Ê�Z¿�ÉZÅ

Ä¿YÂm� �Y�É{�´¿Z�¼ÅZ¿� Y~·� Á� É�Â¸]� ÉZÅ�Z§� ÉZÅ
Ê�Ì�ZÀ¤»��É�Â¸]�|�Z]�ZÅ�½M��Y�Ê�Z¿� 

��
�mY�»��

[1] Lei, H., Xungang, D., Baoxia, G., Luyu, Z. and 
Tianmin, W. �Study on preparing and crystallization 

kinetics of melt-spun Co-based soft magnetic 
amorphous alloys�, Rare Metal Materials and 
Engineering, Vol. 37, pp. 1628-1632, 2008. 
 [2] Meguro, T. , U.S. Pat., 4,525,222 Jan ,1985. 



��
���������������Ë�^e�ÃZ´�¿Y{�®Ì¿Z°»�Ê�|ÀÆ»�Ä¸n»�������������������������������������������������������������������������������������������������Â¸^e�¹�Ì¿Z°»�Ê���]���  

 

 [3] O'Handley, R. C.  �Modern Magnetic 

Materials�, John Wiley & Sons, USA, 2000. 
 [4] Cahn, R.W., Haasen, P. and Kramer, E.J., 
�Materials Science and Technology�, Vol. 3B, VCH 
Publication, USA, (1991). 
 [5] Kwapulinski, P., Rasek, J., Stoklosa, Z. and 
Haneczok, G. �Optimization of soft magnetic 
properties in Fe-Cu-X-Si13B9 (X=Cr, Mo, Zr) 
amorphous alloys�, Journal of Magnetism and 
Magnetic Materials, Vol. 234, pp. 218-226, 2001. 
[6] Graham, C. D. and Egami, T. �Magnetic 

properties of amorphous alloys�, Journal of 
Magnetism and Magnetic Materials, Vol. 15-18, pp. 
1325-1330, 1980. 
[7] Degro, J., Vojtanik, P., Filipensky, J. and Duhaj, 
P. �Influence of thermal treatment on the magnetic 

properties of Co- and Fe- based amorphous alloys�, 
Journal of Magnetism and Magnetic Materials, Vol. 
117, pp. 251-258, 1992. 
[8] M. Hoque, S., Khan, F. A. and Hakim, M. A. 
�Enhanced initial permeability and magneto-
impedance ratio of Co67Fe4Mo2Si15B12�, Materials 
Letters,Vol. 61, pp. 1227-1230, 2007. 
[9] Yang, J. H., Kim, Y. B., Ryu, K. S., Kim, M. J., 
Chung, Y. C. and Kim, T. K.  �Enhancement of 

permeability of Co-based amorphous alloy by two-
step cooling method�, Journal of Magnetism and 
Magnetic Materials, Vol. 222, pp. 65-69, 2000. 
 [10] Buttino, G., Cecchetti, A. and Poppi, M. 
�Magnetic softening and nanocrystallization in 

amorphous Co-rich alloys�, Journal of Magnetism 
and Magnetic Materials, Vol. 172, pp. 147-152, 
1997. 
[11] Kwapulinski, P., Rasek, J., Stoklosa, S., 
haneczok, G. and Gigla, M. �Structural relaxation 

and crystallization processes in FeCu1XSi13B9 
(X=Mo, Cr, Zr) amorphous alloys�, Journal of 
Magnetism and Magnetic Materials, Vol. 215-216, 
pp. 334-336, 2000. 
 [12] Herzer, G. �Nanocrystallization soft magnetic 

materials�, Journal of Magnetism and Magnetic 
Materials, Vol. 157-158, pp. 133-136, 1996. 
[13] Kulik, T., Latuszkiewicz, J., Matyja, H. �Effect 

of ribbon dimensions on the magnetic properties of 
metallic glasses�  Materials Science and Engineering 

A, Vol. 133, 236, pp. 236-240, 1991. 
[14] Murthy, V. S.  �Magnetoimpedance studies on 

Fe and Co rich alloys�, PhD Thesis, Department of 

physics Indian institute of technology madras 
Chennai, 2007. 
 [15] Mehta, N., Kumar, D. and Kumar, A. 
�Calorimetric studies of the crystallization growth 

process in glassy Se70Te30-xAgx alloys�, Turk Journal 
of Physics, Vol. 28, pp. 397-406, 2004. 
 [16] Lafi, O. A., Imran, M. and Abdullah, M. K.  
�Chemical bond approach to glass transition 
temperature and crystallization activation energy in 
Se90In10-xSnx (2≤x≤8) semiconducting glasses�, 

Materials Chemistry and Physics, Vol. 108, pp. 109-
114, 2008. 
 [17] Minic, D. M., Maricic, A. M., Dimitrijevic, R. 
Z. and Ristic, M. M. �Structural changes of 
Co70Fe5Si10B15 amorphous alloy induced during 
heating�, Journal of Alloys and Compounds, Vol. 
430, pp. 241-245, 2007. 
 [18] Gomez, M., Rivera, A. R., Pineda-Gomez, P., 
muraca, D. and Sirkin, H. �Thermal, structural and 
magnetic characterization of Co-based alloys�, 
Microelectronics Journal, Vol. 39, pp. 1242-1244, 
2008. 
[19] Kalay, Y. E., Chumbley, L. S. and Anderson, I. 
E. �Crystallization behavior in a highly driven 

marginal glass forming alloy�, Journal of Non-
crystalline solids, Vol. 354, pp. 3040-3048, 2008. 
[20] Khan, S. A., Al-Hazmi, F. S., Faidah, A. S. and 
Al-Ghamdi, A. A. �Calorimetric studies of the 

crystallization process in a-Se75S25-xAgx 
chalcogenide glasses�, Current Applied Physics, 
Vol. 9, pp. 567-572, 2009. 
 [21] Hoque, S. M., Khan, F. A. and Hakim, M. A. 
�Structural and magnetic characterization of 

Co67Fe4Ni2Si15B12�, Physica B, Vol. 390, pp. 245-
249, 2007. 
[22] Yuan, Z., Wang, B., Tong, Y. and Chen, X. 
�Effect of annealing on the kinetics of glass 

transition and crystallization in Co-Fe-Ta-B 
amorphous alloy�, Journal of Alloys and 
Compounds, Vol. 429, pp. 104-110, 2007. 
 [23] Jiang, X., Zhang, H., Wen, Q., Zhong, Z., 
Zheng, Y. and Tang, X. �Crystallization kinetics of 

CoNbZr amorphous alloys thin films�, Materials 
Chemistry and Physics, Vol. 88, pp. 197-201, 2004. 
[24] Jiang, X., Zhang, H., Wen, Q., Zhong, Z., 
Zheng, Y. and Tang, X. �Crystallization kinetics of 

magnetron-sputtered amorphous CoNbZr thin 
films�, Vacuum, Vol. 77, pp. 209-215, 2005. 
 [25] Latuszkiewicz, J., Kulik, T. and Matyja, H. 
�Thermal stability of amorphous Co-Fe-B, Co-Si-B 
and Co-Fe-Si-B alloys�,  Journal of Materials 
Science, Vol. 15, p. 2396, 1980. 
 [26]  Zhang, Z.R. and Ramanujan, R.V. , � The 

effect of niobium alloying additions on the 
crystallization of a Fe-Si-B-Nb alloy�, Journal of 

Alloys and Compounds, Vol. 43, pp. 197-205, 2005. 
[27] Herzer, G., �Nanocrystalline soft magnetic 
alloys�, Handbook of Magnetic Materials 10, 
Chapter 3, 1997. 
 [28] Byeon, S. C., Kim, C. K., Hong, K. S. and 
O�Handley, R. C. �The relationship between 
microstructure and field-induced anisotropy in 
cobalt-rich amorphous alloys after magnetic field 
annealing�,  Materials Science and Engineering B, 
Vol. 56, p.58, 1999. 
[29] Cahn, R.W., Haasen, P. and Kramer, E.J., 
�Materials Science and Technology�, Vol. 3B, VCH 
Publication,USA, 1991. 


