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ABSTRACT The rapid solidification of undercooled Fe–Co alloy was investigated by combining cycle
superheating and molten fluxing purification technology. The results show that metastable phase nucleated
primarily only when the critical undercooling was achieved. After 3 h isothermal annealing in single phase
γ region, metastable phase was transferred to stable phase completely. Finally, metastable phase in
as–solidified microstructure of undercooled Fe–Co alloys can be described as a result of  competitive
nucleation– remelting– extensive growth of γ phase–incomplete solid state transformation!

KEY WORDS metallic materials, rapid solidification, Fe–Co alloy, undercooled, competitive nucleation,
metastable phase

1956 �, Cech[1] "���#�$�����
Fe71Ni29 ���%�� b.c.c � !&'�" 
 Æ, ��(#!)*����!"�� !+�
� [2−6]&Herlach , [7] +��-�, �"� Fe–Ni

���$�.�� b.c.c !# / f.c.c !+#$
%$, 0�$"�% %"�1 &� b.c.c !&
'%$&!�&, [8] %�, 0�$"�12' %
"�1Æ Fe–Ni ���� !�'%$, 3(' 

/!+%$4()� !%")-#*+(*, $#
5)*!+++"�1++&Koseki ) Flemings[9]

* ,-,%&,.� 50501020, 50771084 -.-'�
2010 ( 6 / 17 ).�6Æ�2010 ( 8 / 26 ).�//Æ�
70*1+: , -

��2"� Fe–Cr–Ni ��Æ%�, 0���$+"

�12' %"�1Æ, �*8'+!"�9�./
0:;!, <3=0+*� !+4012)��5
63547&Hermann, [10,11] "�>?85@#6
19:A5;1�� Fe–Co ���� !+%B7
2Æ%�, 0"�12'32 %3Æ� ! b.c.c

�'(�$�%$=<C, $4%$+ %"�1

(455+8=38=, <30+0DE� !!
"&Woodcock , [12] 9>� Fe–Co ��+� !
?&+'����!"�� !+%B:6, 78+
964@+0F: 5�A [13]!) �B!GA [6]!&

HC( Fe70Co30 ���� !+40%";4 /
D:E, �� Fe–Co ���+#$%$;� !+
%B:7&



526 � � � � � � 24�526 � � � � � � 24�526 � � � � � � 24�

1 ��89
;1�:�6 Fe(I16 99.99%) ) Co(I16

99.95%)&Fe70Co30 ��F;+<;6 5 g, �<<=
=>=>?�>&?���<IG@AB�35�
?J@K@&+HA"=,  BL2"�&I�CD
E B2O3 )AFJ@ (Na–Ca–Al–B–Si)[14] (;CBM
6 6N1), *J@OG�+��;J>=�DP"=
KKP�C+=HA CD���$&�HQDL
Pt–Rh =>DQ/+IMRKER/��+>=P
�CK1E:, J*NS=' 5 K&

� Nital(3 mL HNO3+97 mL FT) KO*KO
��F;, � VEGAIIXMH PFG>GQ4L0D
�!!"; � JEM–200CX RS>GQ4L0D� 
!+40%"&

2 ���H
0 Fe70Co30 ��+"�1=' %3 (∆Tcrit,

203 K[15]) Æ, ��!"6U!�H$, 0"�12'
V %"�1Æ, M$!"�9��IJWX+� 
!./ (? 1)&N/KY+� !Z[�LTI%6
UI%, WX'N%V+� ![�Æ06MO%,

W% X!% (? 2)&J'H<+WX4NK, � !
./KY+\1+S]&

3 L����
3.1 M��� N!"#O

PQH^%$6O [16], 2"����$�P<
%$+ %%$R)%$PW]6

∆G∗ =
16πσ3

sl

3∆G2
v

· f(θ) (1)

$ 1 ∆T=325 K X Fe70Co30 S�_�	QR
Fig.1 Microstructure of Fe70Co30 alloy at ∆T=

325 K (granules distributing randomly in ma-

trix is metastable phase)
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Fig.2 Typical TEM morphologies of metastable phase in the microstructure of undercooled Fe70Co30

alloy
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Table 1 Thermal physics parameters of Fe70Co30 alloy

Value
Parameter

bcc fcc

Heat of fusion ∆Hf/(J/mol) 15431 15608

Molar volume Vm/(m3/mol) 6.947×10−6 6.947×10−6

Structure factor α 0.71 0.86

Catalytic potency factor f(θ) 0.237 0.18

Melt temperature Tm/K 1737 1765

$ 3 YTQ Fe70Co30 S�S]d[_d^]_`a]_e
Fig.3 Critical nucleation works (a) and nucleation rate (b) of competitive phases in undercooled

Fe70Co30 melt
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$ 4 e 1573 K lbpmXcdTZ[]R_qe
Fig.4 Morphologies of metastable phase after annealing at 1573 K for (a) 1 h, (b) 2 h, (c) 3 h

$ 5 YTQ Fe70Co30 S��	QRSTZ[_]r�b
Fig.5 Forming mechanism of metastable phase in the undercooled Fe70Co30 alloy
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metastable phase diagram to describe solidification in un-

dercooled Fe–Co melts, Comp. Coupling Phase Diagrams

Thermochem, 31, 256(2007)

13 Li Mingjun, Song Guangsheng, Yang Gencang and Zhou

Yaohe, Microstructure evolution and metastable phase for-

mation in Fe–30at.%Co melt, Mater. Sci. Eng., A26,

90(1998)

14 GUO Xuefeng, YANG Gencang, Effect of glass compo-

sition on undercooling stability of Cu50Ni50 alloy melts,

Chin. J. Nonferrous Met., 10, 77(2000)

(y,z, x{z, ����|�{| Cu50Ni50 ���
�

���|	y}, �,z~��,}, 10, 77(2000))

15 LIU Ning,YANG Gencang, LIU Feng, CHEN Yuzeng,

YANG Changlin, ZHOU Yaohe, Solidification disciplinar-

ian of highly undercooled Fe–Co alloy, Acta Metal Sinica,

43(5), 449(2007)

(, -, x{z, , }, ~{|, x�}, }~
, 
�
 Fe–Co

��	��~~, ��,}, 43(5), 449(2007))

16 D.Turnbull, J.C.Fisher, Rate of nucleation in condensed

system, J. Chem. Phys., 17, 71(1949)

17 D.Turnbull, Formation of crystal nuclei in liquid metals,

J. Appl. Phys., 21, 1022(1950)

18 C.V.Thompson, F.Spaepen, Homogeneous crystal nucle-

ation in binary metallic melts, Acta Metal, 31, 3021(1983)

19 J.F.Li, Y.C.Liu, Y.L.Lu, G.C.Yang, Y.H.Zhou, Struc-

tural evolution of undercooled Ni–Cu alloys, J. of Crystal

Growth, 192(3–4), 462(1998)


