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¡ 1  CD¢ Ni-(50�x)Al-xSc2\TU 

Fig.1  Microstructures of the solidified Ni-(50�x)Al-xSc alloys: 

(a) x=0 at%, (b) x=5 at%, (c) x=10 at%, and (d) x=15 at% 

 

 

 

 

 

 

 

 

¡ 2  CD¢ Ni-35Al-15Sc2\LRTU 

Fig.2  SEM image of the solidified Ni-35Al-15Sc alloy 

NiAl�

a

NiAl�

AlNi

2

Sc�

b

AlNi

2

Sc�

NiAl�

c

NiAl�

Eutectic structure�

AlNi

2

Sc�

25 µm�

d

5 µm�

NiAl�

AlNi

2

Sc�

Eutectic structure�



� 9�                                ��
£¤=>?.� Ni-(50-x)Al-xSc2CDTU*&'                    �3211� 

 

 

 

 

 

 

 

 

 

¡ 3 CD¢ Ni-(50�x)Al-xSc2\ XVWXVY 

Fig.3 XRD patterns of the solidified Ni-(50�x)Al-xSc alloys 
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¡ 4  CD¢ Ni-(50�x)Al-xSc2\ EDSZ[_� 

Fig.4  EDS analyses of the solidified Ni-(50�x)Al-xSc alloys: (a) x=0 at%, (b) x=5 at%, (c) x=10 at%, and (d) x=15 at% 
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¡ 5  CD¢ Ni-35Al-15Sc2¥¦§¨©TU\ EDSZ[_� 

Fig.5  EDS analyses of analogs of eutectic structure in the solidified Ni-35Al-15Sc alloy: (a) dark area and (b) bright area 

 

#�i���º»�G�E DSCpq���Gv

���Ì��G+Ni-(50�x)Al-xSc �����G�

DSC�Psg 6hi+?@�ÆÇR�Ï���VW

����! ���¹�����¡¢�u3£Ü

���@ 1600 ��ÆÇ5�+�@¶3 0 at%N 5 

at%Sc � 2 ����1600 �c�v\¤�¥+5�

Al-Ni o_å¦Ìg����«¬N EDS ÐS5��

1600 ��¤�¥� NiAl Ì�¤�©4+�@ 5 

at%�10 at%N 15 at%Sc 3«���1165�1240 ��

����¤�¥� AlNi

2

Sc Ì�¤�©4+�@¶

3 10 at%N 15 at%Sc� 2����§¨ 1600 �cv

\��©�¥+ 

Al-Nio_å¦Ìg

[3]

sg 7hi+Ni-Al-ScÊ_

�� 1273 K �t�ªKÌg

[21]

sg 8 hi+5�\

3� DSC �P !iÏ Ni-(50�x)Al-xSc ���º»

�G+ 

? Al-Nio_å¦Ìg ��NiAl�������

§«4ÐVW�v�Ì+400 �c�Ni¶^# 48 at%�

59 at%c����8©4-3 B256� NiAl����

��+Ni-50Al��%u�.�Gv�NiAlu 1600 �

¬Â3©®�qr%´¯���©®®°XTe±

²³º»©4 NiAlÌ+×���º»�G#´ 

~1600 

L L'+NiAl→

�

                     
1� 

L' NiAl→                             
2� 

g 8 v b, c S�Ðá# Ni-45Al-5Sc N

Ni-40Al-10Sc ��uÊ_Ìgv�Dµ���4Ð�

�¶u NiAlN AlNi

2

ScSÌ�+�RZg 1b, 1cvS

���Ì«¬Ì�Y+Ni-45Al-5Sc N Ni-40Al-10Sc

��%u�.�Gv�NiAl"#}�Ìçè©®�

Ñ!kJl��X+·¸�.! 1165�1240 �c�¹

ºLÌu NiAlkJ�²³º»©4 AlNi

2

ScÌ+��

�º»�G#´ 

~1600 

L L'+NiAl→

�

                     
3� 

1165~1240 

2

L' AlNi Sc→

�

                   
4� 

g 8v d�# Ni-35Al-15Sc��uÊ_Ìgv�

Dµ���4Ð�¶u NiAlN AlNi

2

ScSÌ�+�R

Zg 1d vS���Ì«¬�ÅÌ�Y+?@º»�

S���v�u»y^���J«¬+Ni-35Al-15Sc

��%u�.�Gv�NiAl"#}�Ìçè©®�

Ñ!kJl��X+?@ Sc ¶^:��NiAl kJ´

 Sc ¶^:yc©4�kJ[¼+y%�.!

1165�1240 �c�¹ºLÌvSv AlNi

2

Sc+qr�

�À§Á�	�,ºLÌe±©4��J
AlNi

2

Sc+ 

Ni-16.93Al-21.53Sc�+���º»�G#´ 

~1600  

L L'+NiAl→

�

                      
5� 

1165~1240  

2

L' L''+AlNi Sc→

�

                
6� 

at a temperature

2

L'' (AlNi Sc+Ni-16.93Al-21.53Sc)→


7� 

Ni-(50�x)Al-xSc ��uó��;½¾?º»·¸

¹�º»«¬�Å/¿Àå¦º»l�À�����

ur´µ��S;�+ Ni-50Al� Ni-45Al-5Sc�

Ni-40Al-10ScN Ni-35Al-15Sc�½¾?º»«¬Ðá

# NiAl� NiAl+AlNi

2

Sc� NiAl+AlNi

2

Sc N NiAl+ 

AlNi

2

Sc+(AlNi

2

Sc+Ni-16.93Al-21.53Sc)+��v�Ì

Sv�èñÁÂ# NiAl�AlNi

2

Sc N (AlNi

2

Sc+Ni- 

16.93Al- 21.53Sc)+ 

�������� AlNi

2

Sc �	
���� 

������§Ã!ÄåKl��X�©4Å·

>($>«¬

[22]

+,H�§ÃÆÇ¹�������

�8T²c\#}Èx|�É¦"#��ÌÐmu�

%/+Ni-45Al-5Sc�Ni-40Al-10ScN Ni-35Al-15Sc�

�Z NiAl������Ìs�«¬vv\ AlNi

2

ScÌ+

,H�AlNi

2

Sc Ì�º»l�����Ê%��8Ë

�§¨���+�ÌÐScd�Ni-35Al-15Sc ��v 

Sc 

Ni 

Ni 

Al 

Ni 

Sc 

1 µm 

*

Element at% 

Ni 61.53 

Al 16.93 

Sc 21.53 

a

0           5          10         15 

Energy/keV 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

Ni 

Al 

Ni 

Sc 

Sc 

Ni 

1 µm 

*

Element at% 

Ni 56.32 

Al 28.74 

Sc 14.94 

b

0           5          10         15 

Energy/keV 



� 9�                                ������	
�� Ni-(50-x)Al-xSc��������                    �3213� 

T
e
m

p
e
r
a
t
u

r
e
/
�

 

1638 � 

1395 � 

1385 � 

1455 � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  ��� Ni-(50�x)Al-xSc����� DSC�� 

Fig.6  DSC curves of the solidified Ni-(50�x)Al-xSc alloys 

during the heating process 
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Fig.7  Equilibrium Al-Ni binary diagram
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� 8  Ni-Al-Sc�$%��&'#�(1273 K) 

Fig.8  Partial isothermal section of Ni-Al-Sc ternary system at 

1273 K (a-0 at%Sc, b-5 at%Sc, c-10 at%Sc, and d-15 

at%Sc)
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Sc phase in the DSC curve of   

the solidified Ni-35Al-15Sc alloy during heating process 
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 10  ��� Ni-(50�x)Al-xSc ����� (NiAl)� ��

(AlNi

2

Sc)�!"#$ 

Fig.10  Vickers microhardnesses of primary phase (NiAl) and 

secondary phase (AlNi

2

Sc) of the solidified Ni-(50�x) 

Al-xSc alloys 
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 11  Ni-(50�x)Al-xSc�����(NiAl)�4567�� 

Fig.11  Nanoindentation curves of primary phase (NiAl) of the solidified Ni-(50�x)Al-xSc alloys: (a) x=0 at%, (b) x=5 at%, (c) x=10 at%, 

and (d) x=15 at% 

 

 

 

 

 

 

 

 

 

 

 

 12  ��� Ni-(50�x)Al-xSc�� ��(AlNi

2

Sc)4567�� 

Fig.12  Nanoindentation curves of secondary phase (AlNi

2

Sc) of the solidified Ni-(50�x)Al-xSc alloys: (a) x=5 at%, (b) x=10 at%,      

(c) x=15 at% 
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 13  ��� Ni-(50�x)Al-xSc�����(NiAl)���� 

(AlNi

2

Sc)����� 

Fig.13  Elastic moduli of primary phase (NiAl) and secondary 

phase (AlNi

2

Sc) of the solidified Ni-(50�x)Al-xSc alloys 

 

 

 

 

 

 

 14  ��� Ni-(50�x)Al-xSc �� NiAl �� AlNi
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Fig.14  Structural model of NiAl phase and AlNi

2

Sc phase in the 

solidified Ni-(50�x)Al-xSc alloys 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 15  ��� Ni-(50�x)Al-xSc��� NiAl�� ! 

Fig.15  Area of NiAl phase in the solidified Ni-(50�x)Al-xSc 

alloys: (a) x=5 at%, (b) x=10 at%, and (c) x=15 at% 
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Abstract: Ni-(50�x)Al-xSc (at%) alloys were prepared by using a vacuum arc smelting furnace with a water-cooled copper mold. The 

microstructures of the alloys were observed by optical microscope and scanning electron microscope (SEM). The phases of the alloys were 

analyzed by X-ray diffraction (XRD) and energy spectrum (EDS). The solidification processes of the alloys were analyzed based on 

scanning calorimetry (DSC) results. The mechanical properties of the alloys were analyzed by micro Vickers hardness test and 

nanoindentation test. With the two-phase system simplified model, the overall elastic moduli of the alloys were estimated. The results show 

that the sub-rapid solidification structures of Ni-50Al, Ni-45Al-5Sc, Ni-40Al-10Sc and Ni-35Al-15Sc alloys are NiAl, NiAl+AlNi

2

Sc, 

NiAl+AlNi

2

Sc and NiAl+AlNi

2

Sc+(AlNi

2

Sc+Ni-16.93Al-21.53Sc), respectively. The precipitation of each phase in the alloys is in the 

sequence of NiAl, AlNi

2

Sc and (AlNi

2

Sc+Ni-16.93Al-21.53Sc) accordingly. The value of crystal growth Jackson factor of AlNi

2

Sc 

compound is α=0.2, much smaller than 2, which means AlNi

2

Sc phase grows in a continuous manner and a coarse solid/liquid interface. 

The hardness of the primary NiAl phase is increased by alloying with Sc element and the hardness of the secondary phase AlNi

2

Sc is 

greater than that of the primary NiAl phase. Therefore, the hardnesses of the Ni-(50-x)Al-xSc alloys increases. Alloying with Sc can reduce 

the elastic modulus of the primary NiAl phase, and the overall elastic moduli of Ni-(50-x)Al-xSc alloys decrease compared with that of the 

NiAl intermetallic compound. 

Key words: Ni-(50�x)Al-xSc alloys; microstructure; solidification processes; mechanical properties 
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