
� 38� � 6� ��������	                               Vol.38, No.6

2009�      6�                         RARE METAL MATERIALS AND ENGINEERING           June 2009

�����2009-02-25

���	����	
��
��(0503-08)��������������(Q200303)����


��
�� !"#"1964�$"	%"������&'�("�� �� 730050")*+0931-2806145"E-mail: yuanzz@lut.cn

����� Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

��

��	
���
�����

����� ����	�
��

(������ ���,-�./&'�0123456789"�� �� 730050)

� ��:;<=>?@ABCDEFAGHI Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

JKL�M@NO�2 mmB�7 mmPJKQRS

T<UV:WXBYZ[\]^_`aIbcdef Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

JKL�PKgZh�O]ijPklSm

nop"bcdefKgZh�,qrklSfJstKguv"wxbdyz"{[P|}~�t��y"|}~

���j��S��Kg��t���bdPkl"��Kg��jwbdyz�yzSfstKguv"����

bd���GHP{[��p����GPK�������"����dew� ¡¢�yzPd�£bd,¤S

bd¥¦"yzd�¥¦"��Kg§
� ¥¨SCo

48

Cr

15

Mo

14

C

15

B

6

Er

2

JKL�P]ij�bcdePkl©�S

bdª�"L��p«¬]i�bdz�"L��p«­]iS®B]¯°^�wbdPyz�¡�S

����±�JKL��bcde�KgZh��]ij

�������TG139.8    ������A   �����1002-185X(2009)06-0999-06

���������	
��
�������

��������	
���� !"#$%�&'

(��)*+,� !-./01�2��&'�3

45&6789:;<=>/�	
?@+�AB�

CDE��F0GH I"#J&'KL;MNG�

���?OPAB�CQ7RSTC�UV�WXS

B�CYZ[\]^_>`ab�&'KL�c^_

de�Wfg�chCGiUjk&'lL��mn

o,F0pq��rstuv^�w<=r>/�	


? xyz�F0����{|rB�F0}�"

#&'KL��c�~;���>/	
���Z[

&'�";���>/	
���|���}�A��

XS����	
�������1�?�����

�"#r����

[1~5]

?

��W���� ¡Y¢£¤¥>/	
���

Z[&'�d¦x�~�iU§BF0�����>

/	
�/u��}����¨©�����Z[&

'���?ª«[1]��r����� Zr

70

Cu

20

Ni

10

>

/	
/u����&�¬­	
�/u]®�¯°

�����±c²W³��´µª«[2]��r ¶·

¸¹º ¡Y Zr

53

Hf

2

Cu

30

Al

10

Ni

5

>/	
�»T¼&

'�&��½·¸�	
�»T¼&'�·¸ ¡¾

P�´�	
�/uBT ¿�������µª«

[3]��rF0���>/�Co

65

Fe

5

Mo

2

Si

16

B

12

	
�

&'���|�����&�¬­	
�»T¼&'

�����P��;	
���|�)À��Á�;

Á�µª«[4]��rÂÃ��Ä� Nd

60

Fe

30

Al

10

>/

	
�Å�}�fg�½�Æ�W��DÇ�DÈ�

ÉÊËÌ²WÍÅ1�ÎÅ1±c�ÏÐÑÒ�@+�

ÏÐÑÒÓC�����±c²W³��´?ª«[5]

��r����� Pd

81

Si

19

>/	
�ÔÕÖC��

�Z['×����&��½�ÀJ��ØÙ�	


�ÔÕÖCÚÛ�XRDÜÝ�Þ�ßàE���P¼

Z[á�hâ^Q�<=rËTP¼&'? 

ãä>/	
åPæç�èÅ�}�pqÑéê

}ëìW¹íî�_7fïðÒ?@+��ñäòó

äU!ôäõ	
0´1ö�}�<=Ä0>/	


�ãä	
0´>`÷?2006øùúõ

[6,7]

ûürýþ

¢��� 10 mm � Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

QÄ>/<

=	
�éãäÄ0>/����r���? 

�¹ÑU Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

	
é�����

F0�����2/u�Å�}������+é�

	
�¹TðÒÁ	ä
°�? 

 



²1000²                                          ³,�.&'£��                                           � 38� 

��������

���Zì(�CQ� 99.9%) CoòCròMoòCò

B� Er%
=EÄ�"#����������=%

Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

(at%)"#��ò�ì?�	
F

�+W��>��� !"#�$ò%�ó&'(Ë

"#�?)�� !�¹Ñ*+��V 2×10

-3 

Pa��

�$,��-./®(�Cé 99.99%)V 0.06 MPa�À

�(�+���$-.���01 3 2?W34F�

�	
±��)��5&'Ë�
67ÄFu�U8

9:¹Ñ*GH�;5<.?érM=�	
�=%

>?�@A�	
BÌC�r 52? 

�F�D��	
B�Eò��òFG��H,

IHPEJ�KLMË�NÒ��OPQÃRS�T

ðÛ�HU���	
(F?��W 0.06~0.08 MPa

�/VY��FW
6§BKLMIH�EJX7�

�Yv�óP¬�SZåP[\<×*�ó]Ë�·

_ß^ 2 mm�_^ 65 µm� Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

	


ÂÃU!¢�é�2 mm��7 mm�[`�ÉÊ�

a�bn%cdeéÉÊ S

0

òS

2

� S

7

?fAFu!X

gBT>W�h�¹Ñ8Gi=�fg�)+��V

2×10

-4 

Pa���§,��-."#Mj? 

Ò D8 ADVANCE× Xklmkn(XRD)o©Ê

p�&'�qkré Cu sµ�%-+W NETZSCH 

STA 449C ×Vtuv��%-n(DSC)U! Perkin- 

Elmer Pyris Diamond TG/DTA×V�%-n(DTA)S

i=�?��Ò�"#>õ9�%-�wÒ�x9�

�é 10~45 K/min?��Ò�"#õ9�%-�wÒ

�õ99Cé 903 K?DTAyzÒn{�Ã�T¼v

|= DSCyz�}.?ÊpMj.0>é��~.�

©É�Ò�Êp&'�¯ö&'>é Al

2

O

3

�?"#

õ9�%-��)Ò 100 K/min����ÉÊÛ�7

863 K����U 5 K/min���£��d9C?ÉÊ

�Å��l+Ò JDM-13 ×�]ÊpÅÓ�(VSM)�

©��? 

��������

���������	
��
�

Lin õ�

[8]

§B� Zr äÄ0>/	
���Á.

>/	
ÉÊhâ�������´é� 

R�1000/d

2

                             "1( 

4Ë�Ré����"K/s(µdéÉÊ¢��©�O�

é mm�ðÒ�Ñé��-°��,4(1)Ë? 

��4(1)i��ÉÊ S

0

òS

2

� S

7

�����1

VdQ�S

0

�����Q^+ S

7

� 10

6

��S

2

���

��Q^+ S

7

� 12�?Ü 1é·¸�ÉÊ� XRDÜ

Ý?iU­Ô�. 3 AÉÊ�ÜÝSOW 2θ�45°�

�U��.½ 1 A��mk����7��/01�

��mk�?��mk���U�2bãä>/	


+1���X,­�P·¸�ÉÊÌåP>/�&'? 

�����������������

2.2.1  ��������	
� 

Ü 2 +ÉÊ S

2

W 40 K/min �x9�� ¡Y�

©É�if DSC�l?WXA�lS�P 2A~/u

;��������ÜË�  T

p1

��  T

p2

�t?i

U­Ô�.¡ 1 A/u�����¢ö¡ 2 A/u�

�Q_��X,­ Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

Ä0>/	


�/u£¢+W¡ 1 A/u�Ëi=��~�Y�¤

¤�¡ 1A/u��]®�"#��? 

W¡ 1 A���±��.½r 1 AEE�9�0

ð��Ü 2Ë�  T

g

�t?²WXA9�0ð*¬t

	
W/u±�Pstv^��?W¡ 2 A���±

����	
Fu;.½r 1 AQ�9����Ü 2

Ë�  T

mp

�t?OP 1 AFu�¬­ Co

48

Cr

15

Mo

14

- 

C

15

B

6

Er

2

	
£��/=%?Ü 2 �¥½�

Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

Ä0>/	
�/u�¦u#

é�§�ª«[7]+1��? 

 

 

 

 

 

 

 

 

 

´ 1  ��bd�PGHµ{[P XRD´¶ 

Fig.1  XRD patterns of as-cast samples different cooling rates 
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Fig.3  Non-isothermal DSC curves of samples S
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Effect of Melt Cooling Rate on Crystallization and Magnetic Properties of 
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(State Key Laboratory of Advanced Non-Ferrous Metal Materials of Gansu Province, 

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The Co

48

Cr

15

Mo

14

C

15

B

6

Er

2

 amorphous ribbon and rods with diameters of 2mm and 7mm were prepared by melt spinning and 

copper mold casting. The different Scanning calorimetry and the vibrating sample magnetometer were employed to investigate the effect of 

cooling rate on crystallization kinetics and magnetic properties of metallic Co

48

Cr

15

Mo

14

C

15

B

6

Er

2 

glass. It was found that the cooling rate 

had significant influence on the crystallization kinetics. In the case of non-isothermal crystallization process, the glass transition 

temperature and the activation energy for the glass transition decreased with decreasing of cooling rate. The activation energy for 

crystallization also decreased with decreasing of cooling rate, in despite of that the peak temperature of crystallization was independent of 

cooling rate. Although the isothermal crystallization was governed by diffusion-controlled three-dimensional growth with decreasing of 

nucleation rate for Co

48

Cr

15

Mo

14

C

15

B

6

Er

2 

glasses under different cooling rates, how rapidly the nucleation rate decreased was related to 

cooling rate. The more rapid the cooling rate was, the faster the decrease of the rate was. The magnetic properties of Co

48

Cr

15

Mo

14

C

15

B

6

Er

2 

glass was significantly affected by cooling rate. The sample obtained at high cooling rate took on paramagnetic property, whereas the 

sample obtained at low cooling rate took on ferromagnetic property. The saturation magnetization increased with decreasing of cooling 

rate. 

Key words: Co-based bulk metallic glass; cooling rate; crystallization kinetics; magnetic property 

 

Biography: Yuan Zizhou, Professor, School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, P. 

R. China, Tel: 0086-931-2806145, E-mail: yuanzz@lut.cn 


