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Deformation Behaviour in NizAl Single Crystals Containing
Cr Being Substituted for Both Al- and Ni-Sites

Seiji Miura*, Yoshinao Mishima* and Tomoo Suzuki**

*Precision and Intelligence Laboratory, Tokyo Institute of Technology, Nagatsuta, Midori-ku, Yokohama
**Department of Metallurgical Engineering, Tokyo Institute of Technology,
Ookayama, Meguro-Ku, Tokyo

The temperature, orientation and strain-rate dependences of strength are investigated in single crystal-
line NizAl-4Cr (74 at%Ni-22 at% Al-4 at%Cr) in which Cr substitutes both Ni and Al sites. It is found that
the solid solution hardening evaluated at 77 K by Cr addition is small and that the activation energy for the
thermally activated cross slip yielding the mechanical anomaly becomes slightly larger by the addition. In
the temperature range and for an orientation near [ 111] where cube slip governs the plastic deformation, the
athermal component of the critical resolved shear stress (CRSS) is evaluated to be as small as 40 MPa,
whereas the thermal component at 0 K is estimated to be 2250 MPa being as large as the value reported for
the Ni-rich NizAl single crystals. For an orientation near [001], where the octahedral viscous flow governs
the plastic behaviour, the activation energy for the steady-state deformation is evaluated to be 317 kJ/mol
which is in good agreement with the value for diffusion of Cr in NizAl. It is also found that the oxididation
resistance of NizAl-4Cr is superior to Niz(Al, 5.0T1) but is inferior to Niz(Al, 5.0Si). It is concluded, there-
fore, that the stoichiometry of NizAl-Cr cannot be made unequivocally.
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Table 1 Various orientation factors affecting the
plastic behaviour in Ni;Al-4Cr single crystals cur-
rently investigated.

Mirror index So Sc Sr R N

A [—1, 6.605, 7.752] |0.4557 | 0.3982 | 0.3394 | 0.874 | 0.745
B [—1, 6.727, 30.30]|0.4773 | 0.1713 | 0.1461 | 0.359 | 0.306

So=Schmid factor for (111)[101] slip
Sc=Schmid factor for (001)[110] slip
Sr=Schmid factor for (010)[101] slip
R=Sc/So, N=Sr/So
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Fig.1 Temperature and orientation dependences of
0.2% flow stress in Ni;Al-4Cr single crystals.
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Fig. 2 Temperature and orientation dependences of
CRSS for the (111) [101] slip sytem in NizAl-4Cr
single crystals.
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Fig. 3 Effect of deviation from stoichiometry on the
0.2% flow stress evaluated at 77 K for NizAl-2Cr poly
crystals being compared with that in binary NizAlL
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Fig. 4 Effect of deviation from stoichiometry on the
activation energy, U, in Regime I in NizAl-2Cr poly
crystals, compared with that in binary Ni;Al
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Fig. 5 Effect of strain rate on CRSS for (001) [110]
slip system in NizAl-4Cr single crystals with orienta-
tion A at temperatures above 7, (in Regime 1) .
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Fig. 6 Effect of strain rate on CRSS for the (111)
[101] slip sytem in NizAl-4Cr single crystals with
orientation B at temperatures above T, (in Regime II).
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FRE VD, EERERRLCEMERR (27 ) — 7R
B)ic X5 L1, G ERLAMES RO RRERZEBH OB
BRI EE S X - TThR T 56D,

Curwick I & » TR LR CERERT — 2 HFIH LT 69,
EEOIX, AlvA EBRETTEERE W, Ta, Mo, Nb, Ti ¥
L7z Nig (Al X) o SR 2R O MBI % 5/ L
To. TR XX, HRINTGROBEORBSIE G ERR
FHESIEMT 5 2 &R L, Nig(AlL X)BTFRoORH
W SR AT CEECE b 5 L RE L@ e,
% DB, Curwick REHEEWILHRD T\ D T,
BERC, —EOEEET (2.2x107¢s )T, 0.2% 8
W58 200 MPa & 75 HIRE Toeomea ZTREL E L Cigiiig
EOHixfT»7%. Fig. T 0oy BEHETS. HOk

Taoompa/ K
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Fig. 7 Relation between the temperature at which
0.2% flow stress becomes 200 MPa, T ympa, and the
concentration of ternary element in Niz(Al, X) single
crystals, reproduced from the previous work® @9,
The present result on NizAl-4Cr is shown by the half-
filled circle.

ALEEEEC BRI\ ERE (1.4Xx10~4s71) TH
AEEDT— 2% ZORFIEMLTHS. Cr BEOR
FUL2163K ThH, Nb OfiE L v, Tio@sL Y
@\, Cr & Fig. 7R LIcHIniesk & (X BER2Es R Ric
HDTEAULRKE~NERSZ EORMBERES D, Crikxmsg
&0 Toompa ENDETHRMEL I D IEL, SHRBMEDOR
WMo Taiiminé& L RABETHA. NizZAl~D Cr D
BRI L&D 5120 Tk, RRBEOHERT
LEMCEELTWAB I LIRS,

ZZH B 1% NigGe o> Ni & Ge DOiLBRE & KD CI,
BT HEMEBENE RS L T\ iy Ge DIKEAS
Ni iR THIHBE ISR E R RELTWS. 2D
LERBETTHE, NGAIRFFRTHYA FCERL T
5Crix, Wk 5BEMBCTLABCBE LEBAN, Al
P4 PEADZ ETAIOIEBERETS L5 npReR
OWEER I E XL b, EBREULEYCRT HIKEOTR
FEREDOWECONEN D TH Y, X OFEMRCr
AN L NBAL RESOWMELY, LEEHRBAROTHhOB
BT 2 EANETHS. IHEL DT — 4D
EErdzhs.

4. TR

AEE TRz NigAl-4Cr s i o BRI 1) 5 EfER
BokoRBEROBLORE X, Nig(AL 5T IRHNT
B\+d o, Nig(Al 2.551) % Niz(Al, 5.051) 13 & BiF Tk
e, ZOEEDOTHEREMEN X3 E BIF T\ B gk Jafy
By 7 ERMEGE 4 & T Cr SsinE231/2~1/3BE R
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¥z itk s,

V. #&

Rk, BERETEL DI LTE L Al BRETTR
T/, Wy A PERELETHLCrrimmLc
NisAl-4Cr (74 at%Ni-22 at%-4 at%Cr) BifE &= H\W T,
MXDBE, i, 7tb OB REREN » EMRRT X
DN, UTofRrEr.

(1) 7TTK R 5EMEICHIMEFEER L, ¥k
Cr Zime X % ERAEBLIERD THhE .

(2) BIOEDOHBREKFHOEMI=F ¥ — UiLCr
DERINC X > TR ELBITE Clnve.

(3) (001)+ X b EH T Is) 5 IEEMIE TR 11 40
MPa LR Vi d b, —HBEWIIG IS ORERFE
FEBTHDH. NiBERMERKD Ni;(Al X) D2EE) & FE L
LT3,

@) ADEHITRY I B EEEROBRA= R ¥
— Ex317k]/mol TH b, & Offiix Ni;Al F Cr D
BoOBEEt=F ¥~ Li3iF—8T 5.

(5) BIADEWILREIHRINT 513 & NiAl OSRE I 2
BEINDELEIMROHERLEEEL LIL E, CrOF
IR O BB D THENTHS.

(6) Al¥A +, NivA rOHHCEBRTES Cr &8
L7 3EA M D Ni;Al Tk, 75at%Ni 0 B & 25
at%Al DR D 2 BT L BERER Y EETH L0
HX5. A—o&&Th, (111)3TXH)EHOIBEIILS
B, BMIOEORERFEDOEM/A=F ¥ —, (001)
FTRYEW O EIBTIBS DB ERRIT X - T
B2 DEE DR RS & 7e AL ERERIET 5.

(7) Ni;Al-4Cr O bME L Nig(Al 5Ti) & T HE W
DD, SiwEI LA Nig(Al 5.081) X v 5.
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