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A Study on the Deformation Behaviors of Ni,Al Single Crystals
Depending on Crystallographic Orientations
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Abstract An investigation of the deformation behavior of y'-Ni,Al single crystals containing fine dispersion of dis-
ordered y particles was performed for several different crystal orientations. Deformation structures were observed
by the weak-beam method of transmission electron microscopy (TEM). The critical resolved shear stress (CRSS)
for (111) [101] slip increases with increasing temperature in the temperature range where (111) slip operates. The
CRSS for (111) [101] slip is dependent on crystal orientation in the corresponding temperature range. The tem-
perature where the strength reaches a maximum is dependent on crystal orientation; the higher the ratio of the
Schmid factors of (010) [101] to that of (111) [101], the higher the peak temperature. The peak temperatures were
increased by the precipitation of y particles for the samples of all orientations. Electron microscopy of deformation
induced dislocation arrangements under peak temperature has revealed that most of dislocations are straight
screw dislocations. The mobility of screw dislocations decreases with increasing temperature. Above the peak
temperature, dislocations begin to cross slip from the (111) [101] slip system to the (010) [101] slip system, thus
decreasing the strength.
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Fig. 1. The compression axes of the Ni18Al4Ti(mol%)
single crystals used for this study.
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Table 1. Schmid factors and Schmid factor ratios of samples
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Fig. 2. The effect of test temperature and aging
condition on the stress-strain curves of the Nil8AI4Ti
(mol%) single crystals for orientations A and B,
respectively.

. . Schmid factor
Orientation — — — N value Q value
(111) [101] (010) [101] 111) [121]

A 0.42 0.02 0.22 0.05 0.53
B 0.48 0.18 0.10 0.37 0.21
C 0.46 0.41 -0.16 0.88 -0.34
D 0.32 0.48 -0.18 1.52 -0.57
E 0.40 0.35 -0.23 0.86 -0.57

N = S.E for (010) [101]/S.E for (111) [101].
Q = S.E for (111) [121]/ S.E for (111) [101].
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Fig. 3. The effect of test temperature and aging condition
on the stress-strain curves of the Nil8Al4Ti(mol%)
single crystals for orientations D and E, respectively.
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Fig. 4. The effect of test temperature and aging
condition on the stress-strain curves of the Nil8AI4Ti
(mol%) single crystals for orientation C.
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Fig. 5. Temperature and orientation dependences of the
CRSS on (111)[101] slip system for the Nil8Al4Ti
(mol%) single crystals aged at 973 K for 36 ks.
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Fig. 6. Temperature and orientation dependences of the
CRSS on (111)[101] slip system for the Nil8Al4Ti
(mol%) single crystals aged at 973 K for 1.08 Ms.
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Fig. 7. Deformation induced dislocation structures in the (a) (111) primary slip plane, (b) (010) cube cross slip plane
and (c) 101 dark field image of disordered y precipitates in the sample of orientation E. The test temperatures are (a)

873 K and (b) 1073 K.
CESSS} Alg2=9te] FAo|t}. o] A|A/dE|dlA ]
CRSSt AubE o =g Fig, 59 vepd B-AA 84

Ble] CRSSHT}F H& AL ¢ 5= glth. CRSSY
2w 2 AguelojEge Bebiaande} Ad]
A3t 738k VR

3.3 Heuid

Hg 7)) Z (by= 973 KolA 36ks =
25t BPRAIEE Y] E AEE oF 3% YSAIRE
Hyz o}, (e 673 KAlA HEAZ (111)FE
HAe A, by 1073 KollA ©EA1Z) (010)
ukwu ZHHH%'&]E} ©F TRZEARNEE o]
&3l T gz ot} Ao AR}
A7} (111)\34011& 4709] Shockley HEASZ &

oF Algx]

Felar, 111)HS £Yst ¥Wdo] sk Aol
dlsle], 673 KETH & oM 2AZHY
® = a [101]7} G734 (APB)E Alelel] FaL 270
9] g/2[101] BE-AZ HafE]o] y A2Ato) ofa)
(111) — O10Eo=e] wxlEHo] Aojdct. Fig.
7@y EH‘:‘ Bo] yaAglo|ny, [101] Wkl B3a}
A A9l Adoz wjdsi, Yadele] £3e-59
gk #gdo] 2 AL & 4= A} 3HL AAS
2] A9E (111) [101] — (010) [101] SHAR
WAEHE 7FsAo] JARY, EHHE-E (1)
gl D3AE o]Fo] WIS Fig. 7(h)%t 2ol =
AR E (010088 sl 457} #3135t
Fig. 82 973KellA 36ks &<t Alaxz]et &g
AXNEAE 2 (00110 717k AS] AEE 673K



A pglel] olFsh= 11,A1 DS HH 7 g

159

st .

H
L
§ !
',E X
s
¥
3 i
1
¥
o
b}
i
14
}
1
%
b

Fig. 8. Deformation induced dislocation structures in ihe (111) primary slip plane in the sample of oricntation A. The
test temperatures are (a) 873 K and (b) 1073 K.
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