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ABSTRACT Using the thermodynamic model of the substituting atoms, the stacking fault energy
(SFE) of Ni–Al–Re(Ru) alloys have been calculated, and the influences of the elements and temperatures
on SFE of Ni–Al–Re (Ru) alloys have been analyzed. Results show that the SFE of Ni–6%Al–4%Re alloy
increases with the temperature in the linear feature. The fact that the SFE of Ni–6%Al–4%Ru alloy
increases with the temperature obeys the parabola regularity when is above 500 �, and obeys the linear
regularity when above 500�. The accumulated Gibbs free energy (ΔGγ→ε

s ) of Ni–6%Al–4%Re (Ru) alloys
decreases with the increase of the Al content, so that promotes the formation of the γ′–Ni3Al order phase,
this is a main reason of decreasing the SFE of the alloys. The atom Ru may decrease the accumulated Gibbs
free energy (ΔGγ→ε

s ) of the alloy to enhance the stability of γ′–Ni3Al order phase. Compared to Ni–Al–Re
alloy, Ni–Al–Ru alloy displays a higher free energy of the atom accumulated (ΔGγ→ε

s ) when temperature

is enhanced to more than 500 �, which inhibits the accumulation of the atoms and precipitation of TCP
phase.

KEY WORDS foundational discipline in materials science, nickel–base alloy, thermodynamic calcula-
tion, accumulation free energy, stacking fault energy

 !������"% +&'!(, [1]. -

* "#����� 50571070 ��� $)*�� 2004C004 .
/+!.

2007 " 10 0 15 #$#$%; 2008 " 4 0 30 #$#,&%.

%-%.&: /�', $'

��&0((,  !�")'12!"1())*+
3* [2−6], *2+45��",�(�. ,-��-
)6�.+,/'" !�, 3042!-7-1,

5.2!1("6,, 28)��")6.&3,.

9 TEM 4/0 [7] 2+1/5�" !�, :2/

.; 9(+07�3(1/5�" !� [8,9], -�



516 � � � � � � 22�516 � � � � � � 22�516 � � � � � � 22�

3/068145� !�"45. ,-�92,

�)03/735�9814 !�"45, 344
8)65�"5657;+&":7;9 [10].

Ni–Al�48)65�9"8881, 9 Re:Ru

<�95�=9>:;;5�"+&6<81.=7

3% > 6% 81 Re, 6<�=>?>=8?;;5�

"<&56?=, Æ=%?5�"@6�,6<8)

9 30 �> 60 �. -=7 Re "8A:6<@= 3%

> 6% " Ru, �=;?>=A?;;5�"<&5
6?=, 9?>- 1100 �<= 137 MPa Æ@B",

A=>)C 1000 h[11]. DB2B, 81 Re > Ru 4

C8)5�")6,A(�;+&";9. 81 Re

?C- Ni 85�" γ 8E9, *-8E905?@
FC [12−13], 6D.&((2!"1(, �;GE6

<5�9" γ 8E3; *2D'5�9@H81"0
ABC, IE γ′ 3"F<BC. Re "F/=77A
TCP 3"JG, D'5�".&(�, -5�9=7
81 Ru2D'@H81- γ′/γ D39"6EÆ, K

B TCP 3"JG, H98)5�9F?81"5�
<IJ, *:%KGG5�")6.&(� [11]. L

� Ru KB5�9 TCP 3JG"?L, MH Re:Ru

I/45�981HJINH !�"45CKJ
-KM. OB, 8P92,�)073 Ni–Al–Re >

Ni–Al–Ru 885�=" !�, ��81 Re:Ru L

J"&<4 Ni–Al–Re (Ru) 5� !�"45LM:

81 Re:Ru LJ45�981HJIN"45LM
MH81 Ru 2KB TCP 3JG"?L.

1 Ni–Al–ReDNi–Al–RuEFGHIJKLMN
Ni–Al–Re(Ru) 885�M;NQN)OP, @

 !�2NOO [14]:

γSF =
1

8.4V 2/3
ΔGγ→ε

b + ΔGγ→ε
s + ΔGm (1)

@9 ΔGγ→ε
b > ΔGγ→ε

s 6<ODOQ?@P5"E
=QD�>L?@HJ05"QD�, ΔGm OO(

QD�, DC Re:Ru -PPO(R&, R ΔGm SO
0.

ÆS:)73G Ni–Al–Re5� 25�> 1040�

" !�1 Al:Re ,/6QT("*=, ,R 1 >

R 2 SO. 2MTG, -R6> 1040 �, Ni–Al–Re

5�" !�TU Al:Re I/"&<ST3U. T

U Al I/"8), 5�" !�D', R6B" 

!�/', UTU Al I/"8)5� !�"D'

QJ/.. TU Re I/"8), 5�" !�5.,

1040 � !�"5=QJ/.. -R6, Al �;G

D'5�" !�, UT@I/"8),  !�D'

V 1 VVWUX Ni–Al–Re VWRSW� AlTRe W
XYY

Fig.1 Relationship between the stacking fault energy
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Fig.3 Relationship between the stacking fault energy

of Ni–Al–Ru alloy and Al, Ru content at RT
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Fig.4 Relationship between the stacking fault en-

ergy of Ni–Al–Ru alloy and Al, Ru content at
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Fig.5 Influence of temperatures on the stacking fault

energy of Ni–6%Al–4%Re/Ru alloys
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