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� 1  NiAl-39V @ XRD�  

Fig.1  XRD pattern of NiAl-39V alloy 
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� 2  NiAl-39V@ SEMCDVYX EDS� KL 

Fig.2  SEM microstructures (a, b) and EDS analysis (a1, b1) of NiAl-39V alloy: (a) Ni33.68-Al25.56-V407.75 and  

(b) Ni39.99-Al28.21-V31.80
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� 3  NiAl-39V @TU� 

Fig.3  OM images of NiAl-39V alloy: (a) the top, (b) the middle, and (c) the bottom 

 

 

 

 

 

 

 

 

 

 

� 4  NiAl-39V@it¤¥¦§  

Fig.4  Fracture surface and crack growth path of NiAl-39V alloy: (a) root crack, (b) crack deflection, (c) macro picture, and (d) micro 

picture 
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� 5  NiAl-39V¢ NiAl@MN¨©T4ª£ª«¬G 

Fig.5  True stress-strain curves of NiAl-39V and NiAl alloys under different conditions: (a) NiAl-39V alloy with constant rate (2×10
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) 

at different temperatures; (b) NiAl-39V alloy at constant temperature (1000 ) with different rates; (c) NiAl alloy with constant 

rate (2×10
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) at different temperatures; (d) NiAl alloy at constant temperature (1000 ) with different rates 
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Fig.6  Relationship between stress-strain and temperature: (a) ln

ε
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-lnσ, (b) ln
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-σ, (c) ln
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-ln[sinh(ασ)], (d) ln[sinh(ασ)]-T

-1

,  

and (e) lnZ-lnsin(ασ)  

 

3  �  � 

1�NiAl-39V �������	
�����

�������� NiAl+V ����������

 !"NiAl/V ����#$%&'(") NiAl �*

V���+�,-." 

2�NiAl-39V/012345 15. 66 MPa·m

1/2

�

6 NiAl��7 38"93:;<52=>?*2=@

�7A�BC�12DEFGH412" 

3�NiAl-39V��5 NiAl��IJ7 2.58KL�

M�I:*�,I:6N0IJON7PQI:;R" 

4�SG ArrheniusTUVW NiAl-39V��XVY

Z5 ε=5.398[sinh(0.037128σ)]

2.3

exp(-109.95[10

3

/RT)�

\]^5 109.95 kJ·mol

-1

" 

  

����    References  

[1] Wang L, Shen J, Zhang Y P et al. Intermetallics[J], 2017, 84: 

11 

[2] Wang L, Shen J, Zhang Y P et al. Mater Sci Eng[J], 2016, 

A664: 188 

[3] Liu Youcheng(°�W)#Gao Lijie(l±²). Rare Metals and 

Cemented Carbides(���,³´@)[J]#2013, 6(41): 

33 

[4] Guo J T, Wang Z S, Sheng L Y et al. Progress in Natural 

Science: Materials International[J], 2012, 5: 414 

[5] Munroe P R, George M, Baker I et al. Materials Science and 

Engineering A[J], 2002, 325(1-2): 1 

[6] Shang JianFei( !"), Shen Jun(µ ¶), Shang Zhao(· ¸) 

et al. Rare Metal Materials and Engineering(����+,

��)[J], 2013, 42(2): 263 

[7] Wang L, Shen J. J Alloy Compd[J], 2016, 663: 187 

[8] Srdjan Milenkovic, Rubens Caram. Materials Letters[J], 2002, 

55(1-2): 126 

[9] Srdjan Milenkovic, Rubens Caram. JMPT[J], 2003, 143-144: 

629 

[10] Zhang J F, Shen J, Shang Z et al. Intermetallics[J], 2012,

 21(1): 18 

[11] Ma Xuewei(¹ºD), Zhang Jianfei( !"), Hao Wenwei

(»¼½) et al. Rare Metal Materials and Engineering(�

���+,��)[J], 2018, 47(11): 3528  

[12] Johnson D R, Chen X F, Oliver B F et al. Intermetallics

[J], 1995, 3(2): 99 

-0.8 -0.4 0.0 0.4

-8

-7

-6

-5

-4

 

 

l
n
ε
/
s

-
1

lnsinh(ασ)/MPa

�

c

750 800 850 900 950 1000 1050

-0.8

-0.4

0.0

0.4

 

l
n
[
s
i
n

h
(
α
σ

/
M

P
a
)
]
 

T

-1

/�10

-6

 K

-1

d

-0.8 -0.4 0.0 0.4

-8

-7

-6

-5

-4

 

 

l
n
Z

lnsinh(ασ)

e

4.8 5.2 5.6 6.0

-8

-7

-6

-5

-4

 

 

 

l
n
(
ε
/
s

-
1

)

ln(σ/MPa)

a

100   150   200   250   300   350 

σ/MPa 

-4

-5

-6

-7

-8

l
n

(
ε
/
s

-
1

)
 

b 

· 

· 

· 



�1528�                                       �������	
                                              � 48� 

[13] Shang Zhao(  �)�Thesis for Doctorate(����)

[D]�Xi’an: Northwestern Polytechnical University�2015 

[14] Xiong Chuangxian(���), Zhang Xinming(���), Chen 

Jianmei(���) et al. Transactions of Materials and   

Heat Treatment(���� !")[J], 2007, 28(3): 47 

[15] Li Runxia(#$%), Zhang Lijun(�&'), Liu Lanji(()

*) et al. Journal of Plasticity Engineering(+,	
!

" )[J], 2015, 22(4): 133 

[16] Long Yongqiang(-./), Liu Ping(( 0), Liu Yong((

1) et al. Materials Science and Technology(��2!�

	3)[J], 2009(5): 713 

[17] Ren Weili(456), Guo Jianting(789), Zhou Jiyang

(:;<). Journal of The Chinese Rare Earth Society(=

>�?!")[J], 2002, 20(2): 146 

[18] Ren Weili(456), Guo Jianting(789), Zhou Jiyang

(:;<). Journal of Materials Engineering(��	
)[J],

 2002, 30(1): 36 

[19] Ren W L, Guo J T, Zhou J Y. Journal of Rare Earths

[J], 2002, 20(4): 295 

[20] Ren W L, Guo J T, Zhou J Y. Materials Letters[J], 2003,

 57(8): 1374 

[21] Ren W L, Guo J T, Zhou J Y. Journal of Material Scie

nce and Technology[J], 2003, 19(3): 253 

[22] Ren W L, Guo J T, Zhou J Y. Mater Sci Technol[J],  

2004, 20(2): 163 

[23] Chen Xiufan(�@A), Peng Xiaoyan(BCD), Zhang Huiying

(�EF) et al. Special-cast and Non-ferrous Alloys(GH

IJK�LM�)[J], 2015, 35(12): 1237 

[24] Yu Hui(N O), Liu Shuaishuai((PP), Liu Ligang((

QR) et al. Chinese Journal of Rare Metals(����)

[J], 2017, 41(1): 1 

[25] Sellars C M, Tegart W J. Acta Metallurgica[J], 1996,  

14(9): 1136 

 

 

Microstructure and Mechanical Properties of NiAl-39V Eutectic Alloy  

Prepared by Arc Melting 

 

Zhang Jianfei, Hao Wenwei, Xu Pengfei, Dong Yuelei, Zhang Yuhao  

(Inner Mongolia University of Science and Technology, Baotou 014010, China) 

 

Abstract: Ni-30.5Al-39V (at%) alloy was prepared by vacuum non-consumable arc melting. The phase composition and morphology of 

the alloy at different solidification positions were analysed by optical microscopy (OM), X-ray diffraction (XRD) and scanning electron 

microscopy (SEM). The results show that the solidification structure of Ni-30.5Al-39V (at%) is composed of NiAl+V sheet eutectic. 

Through the test of fracture toughness and high temperature compression, the results show that the fracture toughness of NiAl-39V alloy is 

three times higher than that of NiAl alloy, and crack deflection and crack bonding are the main toughening mechanisms. Finally, based on 

the Arrhenius model, the constitutive relationship of NiAl-39V alloy is constructed as ε=5.398[sinh(0.037128σ)]

2.3

exp(-109.95×10

3

/RT) 

and the activation energy is 109.95 kJ·mol

-1

.  

Key words: eutectics; fracture toughness; high temperature strength; constitutive equation 
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