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Investigation of superplasticity in
directionally solidified NiAl alloys
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Abstract: The superplastic deformation behavior and mechanism of directionally solidified NiAl alloys( NiAF25Cr, NiAF
15Cr, NiAF27Fe3Nb, NiAF5Mo-0. 5Hf) were investigated. The results reveal that all these alloys exhibit superplastic
deformation behavior in certain conditions. Dislocation behavior( glide and climb) provides the main superplastic strain for
these alloys. The steady state during superplastic deformation arises from the balance between strain hardening( dislocation
behavior) and strain softening( dynamic recovery or recrystallization) . Both weakening internal stress and accommodating

boundaries from dynamic recovery or recrystallization process make it possible for superplastic deformation to proceed on

these alloys.
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Table 1 Tensile elongations of several

alloys under different conditions

Alloy T/K  Strain rate/ 10" *s~ ' Elongation/ %
NiAF15Cr 1323 8.35 280
NiAF25Cr 1323 1.67 160

NiAkFe (Nb) 1323 5.20 260
NiAk Mo ( Hf) 1323 5.20 160
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Table 2 Dependence of strain rate sensitivity

index on strain rate at 1 323 K

Strain rate/ 10" 357!

Alloy
0. 167 1.67 16.7
NiAF25Cr 0.23 0.27 0.24
NiAF15Cr 0.22 0.29 0.21
NiAFFe( Nb) 0.30 0.31 0.33
NiAFMo( Hf) 0. 46 0.31 0.27
NiAl 0.29 0.32 0. 30!
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Table 3 Apparent activation energies for NiAl

alloys during superplastic deformation process

Alloy T/K Q/(kJemol™ )
NiAF25Cr 1273~ 1373 397
NiAF15Cr 1273~ 1373 514

NiAt Fe( Nb) 1273~ 1373 490

NiAFMo( Hf) 1273~ 1373 413

NiAl 1273~ 1373 22007
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Fig.1 Typical true stress—true
strain curves of DS NiAl alloys
(a)—NMiAl-25Cr; (b)—NiAl-15Cr;
(c)—NiAl-25Cr; (d)—NiAl-Fe(Nb);
(e)—NiAl-Mo(Hf)
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Fig. 2 Macrographs of superplastically
deformed DS NiAF15Cr alloys at 1 323 K
(a) —Original; (b) —1.67x10"%s™'; (¢) —8.35x 107 *s™ 1;
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Fig. 3 Microstructures of directionally
solidified NiAF15Cr alloy

along longitudinal direction
(a) —Before deformation;

(b) —After deformation
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Fig.4 TEM images of alloy tested at

1323 K and 8.35x 10" 3¢ !
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Fig. 5 Microstructures of directionally
solidified NiAF27Fe3Nb alloy

(a) —Before deformation; (b) —After deformation

Bl 6 JEEEE NiAF27Fe3Nb A 4
I AR Y J5 A BE B 2> K TEM 4
Fig. 6 TEM micrograph of directionally
solidified NiAF27Fe 3Nb alloy after
superplastic deformation in gauge section
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Fig. 7 Microstructural evolution of directionally
solidified NiAF5Mo-0. SHf alloy during
superplastic deformation at 1 323 K

(a) —Before deformation; (b) —After deformation
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Fig. 8 TEM images of directionally
solidified NiAF5Mo-0. SHf alloy after

superplastic deformation at 1 323 K
(a) —NiAl matrix; (b) —NizAl matrix
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