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Mlmno>pqYr4stu	

GHKvwx 2 yz��{|}

[6-10]

I_a

Milenkovic

[11]

N~A Joslin

[12]

N~����o>pq

NiAl-39V ��	
� NiAl-40V 	
�T���V0

���� 28.6A 32 MPa·m
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´ 1  3PBLµ¶·´ 

Fig.1  Schematic diagram of 3PB specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

´ 2  ¸cd NiAl-43V=N SEM ¹iºg� Vh<�NiAlij�G VijN EDS »¼ 

Fig.2  SEM image (a) of directionally solidified NiAl-43V alloy and EDS spectra of primary V dendrites (b), 

NiAl lamellar (c), and V lamellar (d) 
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´ 3  �¿�]^_b¸cd NiAl-43V:;<=d2 ¡�� 

Fig.3  Morphologies of solid/liquid interface in directionally solidified NiAl-43V hypereutectic alloy at different growth rates: (a) 6 µm/s, 

(b) 10 µm/s, (c) 30 µm/s, (d) 60 µm/s, and (e) 150 µm/s; (f) high magnification steady longitudinal microstructure at 10 µm/s 
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Fig.4  Steady transverse microstructures of directionally solidified NiAl-43V hypereutectic alloy at different growth rates: (a) 6 µm/s,  

(b) 10 µm/s, (c) 30 µm/s, (d) 60 µm/s, and (e) 150 µm/s 

 

� ��������	
��� NiAl-43V������ 
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Table 1  Microhardness (HV) of directionally solidified NiAl- 

43V hypereutectic alloy at different growth rates (MPa) 

Growth rate/µm·s

-1

 6 10 30 60 150 

Primary V phase 3870 4210 4130 4090 4420 

Eutectic phase 3700 3730 3900 3970 4210 
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g.(��&°±���V(��

�
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��xUC²³Z V �hiKvÎ NiAl V0�

Ûy|}I 

��'��()*+,-�

o>pq NiAl-43V n��	
�T���V0

Ad 2 �±Ixd 2 g¶*ab�T���V0��

NiAl	
DK��Z 4¯��Kª«�¬ NiAl-43V

� 2 ¯IQ&k Milenkovic A Joslin2b�á��x

¶��Ä�ÅÆÈ�;<W����´µ 3PBÈ�

;<��5 4 mm�8 mm�45 mm� 4 mm�6 mm�
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� ��������	
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Table 2  Room temperature fracture toughness (RTFT) of 

directionally solidified NiAl-43V hypereutectic alloy 

at different growth rates (MPa·m

1/2

) 

Growth rate/µm·s

-1

 6 10 30 60 150 

RTFT 22.679 22.018 19.916 19.491 18.422 
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0x 6 µm/s � 22.679 MPa·m

1/2

 �� 150 µm/s �

18.422 MPa·m

1/2
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K·����JKyKt��%12]t Vq��o

ÍK!yh�]t Vq�����@cAoÍ ��

@c�K²³��?��6¾VW�¸��KL3�

?��ht�¹B�t��%yKht���S��
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x´��ZGH���V0IB 5c A 5d de NiAl- 

43Vn��	
5Æ����Ó�6]t Vq�Ao

Í �?VW��º»@c �?VW¢hÇÈ�e

e�?6]t V q�AoÍ VW�É��ÁF"

�I£àD]t Vq���Ûo�V0�JKx�

C�¦°�×¶Ê�]t Vq���4$�Z��@

c��³�x12�?Ë�6]t Vq���� NiAl

@cÕÖVW�Ó�x�@�Y�¶*ab�V q�

�C¶5Ì�B 6��xee��?VW�Ú�ÁF"

���* Vq��Ú�V�{\X�´��¦°g
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8B>vÎZ�?�Ï�]F�±�R5�?�h7
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��@�Y�6B 6

g"#�Ze��ØÔCkØÔâãAä�å�6dn

5æØÔ��I"#�6��C�ç}¹Bj¶��>

�£Û��ä�å�B 6a��de¾���?VW�"

Åj�Ó�6Bg¶*�za����]t V q��

�Cª�"5è�ee]t V q���n�gÃÄ�

���!"¢IxB 6aA 6bg¡"#�ZL3�?�

ÍCÎ��Ó�L3�?"��x�Ák�ø�?Ó

Ï]F�ÁÙ�?VW�x´��	
���V0

[18,22]

I

6B 6b A 6c g"#�]t V q������g�¢

��9tÍCÎ��x�C�¦°�×g¶ÊxKjk

]t V q������@c¸¹²³�K�$��?

6¾�k�tAVW´é4�It��%5 150 µm/s
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´ 5  �¿�]^_b¸cd NiAl-43V:;<=T���ÃÄ 

Fig.5  Paths of crack propagation in directionally solidified NiAl-43V hypereutectic alloy at different growth rates: 

(a) 6 µm/s, (b) 10 µm/s, and (c, d) 60 µm/s 
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Fig.6  Fracture morphologies of directionally solidified NiAl-43V hypereutectic alloy at different growth rates: 

(a, b) 6 µm/s, (c) 60 µm/s, and (d) 150 µm/s 
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Effect of Growth Rate on Microstructure Evolution and Room Temperature Fracture 

Toughness of Directionally Solidified NiAl-43V Hypereutectic Alloy 
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Abstract: The Ni-28.5Al-43V (at%) hypereutectic alloy was prepared by liquid metal cooling technology (LMC). The microstructure 

evolution and mechanical properties of the alloy were investigated by optical microscopy (OM), scanning electron microscopy (SEM) and 

three-point bending (3PB) test. Under the experimental conditions (temperature gradient G

L

=310 K/cm, growth rate V=6×150 µm/s), the 

results show that the steady-state growth microstructure of NiAl-43V is composed of primary V dendrites and eutectic structure (NiAl 

lamellar+V lamellar). Hardness test shows that the hardness of primary V dendrites is higher than that of eutectic phase. 3PB test shows 

that the maximum room temperature fracture toughness (RTFT) of NiAl-43V hypereutectic alloy is four times higher than that of NiAl 

alloy. The RTFT decreases from 22.679 MPa·m

1/2

 at 6 µm/s to 18.422 MPa·m

1/2

 at 150 µm/s as the growth rate increases. The reason is that 

the fine-grained strengthening effect caused by the increase of growth rate is weaker than the adverse effect of increased primary V 

dendrites and inter-cell regions on fracture toughness. Fracture morphology analysis of alloys indicates that alloy fracture is 

quasi-cleavage fracture. Crack blunting, crack renucleation, crack deflection, interfacial debonding, crack bridging and linkage of 

microcrack toughening mechanism contribute to the improvement of room temperature fracture toughness of NiAl-43V alloy in crack 

propagation. The precipitation of primary V dendrites reduces the fracture toughness of the alloy. 

Key words: NiAl-V hypereutectic; solidification microstructure; room temperature fracture toughness; toughening mechanism 
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