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Deformation Behavior in NisSi Single-Crystalized by Addition of 10 at% Ti

Seiji Miura*, Motoyuki Koike*,
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 plastic behavior of Ni; (Si, Ti) single crystals with 10 at%Ti is investigated, and the effects of tem-
perature, strain-rate and crystallographic orientation with respect to stress axis are examined. An apprecia-
ble orientation dependence of critical resolved shear stress (CRSS) is found at 77 K, where the CRSS in-
creases as the orientation shifts from [001] toward [111]. The apparent activation energy for the positive
temperature dependence of strength, U, is evaluated to be 7.1 to 7.7 kJ/mol which is smaller than Ti free
Ni;Si and is in good agreement with that expected from the data in polycrystals. For orientation near [001],
where the octahedral viscous flow governs the steady-state deformation following characteristic yield drop,
the stress exponent is found to be about 7 which is considerably higher than the values of 3.5-5 in other L1,
compounds. The decrement in CRSS by the yield drop is unusually small as compared to the other L1, single
crystals. The activation energy for the steady-state deformation is evaluated to be comparable to the value
for diffusion of Si in NizAl. A good oxidation resistance of the alloy is also made clear in the present work.
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Fig. 1 Ni-corner of the Ni-Si-Ti ternary phase dia-
gram showing the expected solubility robe for Niz(Si,
Ti). Also shown are compositions of the alloys used in
the present work. Solid and open circles show the com-
position with and without second phase in as-cast
specimen. The dotted line is the solubility limit report-
ed by Takasugi et al.(®
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Table 1 Various orientation factors affecting the
plastic behavior in Niz(Si, Ti) single crystals.

Mirror index So Sc Sr R N

A [-1,8.651,11.17] |0.4661|0.3800|0.3711 | 0.815 | 0.796
B [—1, 2.554, 32.13] |0.4382|0.0776 [0.0575 | 0.177 | 0.131

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. 2 Compressive stress-strain curves of Ni; (Si, 10Ti)
deformed at various temperatures.
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Fig. 3 Compressive stress-strain curves of Ni;(Si, 10Ti) single crystals with orientation axis B being near [001]

deformed at various temperatures.
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Fig. 4 Temperature and orientation dependences of
flow stress in Ni;(Si, 10Ti) single crystals.

Table 2 Slip planes observed at various test tem-
peratures in Niz(Si, Ti) single crystals.

Temperature/K
Orientation
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* Slips with asterisk were predominant.
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Fig.5 Temperature dependence of RSS for the

(111)[101] slip system in Nis(Si, 10Ti) single crys-
tals.
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Fig. 6 Comparison of orientation dependence of
CRSS for (111)[101] slip system in Niz(Si, 10Ti) at
77K.
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Fig. 7 Comparison of orientation dependence of
CRSS for (111)[101] slip system in Niz(Si, 11Ti) at
77 K after Takasugi et al.®
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Fig. 8 Comparison of orientation dependence of
CRSS for (111)[101] slip system in Niz(Si, 7Ti) at
77 K after Takasugi et al.®
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Fig. 9 Temperature dependence of RSS for the
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Fig. 10 Effect of strain rate on the temperature de-
pendence of CRSS for the (001)[110] slip system in
Ni; (Si, 10Ti) for the orientation A.

Niz (Al 5Ti) % 2 fE¥E D Nig(Al, Si) iMoo A Fioc ki
NC[0IL]AFRLICE > Tk D, REIVPIWL. TDOTDIL,
00D F Xy Q1) KT ) ~OBBIRE T, 23485
BESBh%. COBBERE T,1%(001) 3 ) 0B
GRS 1o 730 7 BBRE T L h KR L7g > T
5. Thbb, ZOAETREBEH T RHO01)FTND
Fob D HETRIREBTLTLEY, Gun®R
B7— 2 b bEBRETHIENTE R LS. L
L, &(3)h 5 Nig(Al Si) B g0 (001) 3 h ERIEN
it LT T & RO FETWD, 160w, Ter Toeun)s Ve
B IO H, OfEXBERCREST S L TES. Fig. 10
CRIFHERIZD LI LTRDIAT A —2DLHEE
LizbhoThy, EBEALIVW—FKERLT\5. Fig.
11 1z v Takasugi b & £ % 78 at%Ni @ Niz(Si, 11Ti) »
F— 2R LT, AELEEYTo/EREYTRT. &
ORTLES NN T A =X X VEH LIERIT — 25
EXL—HLT%.

Thbnss 2 — 2o LL, EBHILEWOE
L HE T 5. Nig(Si, Ti) @ FE B IE JT B t6cuny (259
140 MPa T % b, Nig(Al 5Ti) @ 150 MPa®, Ni;(Al,
2.551) » 185 MPa® &l L T4 /cfBETHBH. T,
Takasugi 5 D Niz(Si, 117T1) & & D FEBEIIE TTBLS 6 (cub)
139130 MPa Th h 19, Zh  FRERICZ Y fETH 5.

Niz(Si, Ti) ® 0 K TOHFRhE A WG 1l 13, A%
R 8 X Takasugi b OWFRERNL BB, Thih
#3500 MPa & #2500 MPa t B & h 5. Z Offik
Niz (Al 5Ti) ® 500 MPa@ i@ h R CIEHI R E L, T
Si% 2.5at%, ¥ X005.0at%&Ts Niz(AL Si)RELHERE
1 1000~1400 MPaD (2 I h 3 I HI K E .

ABFFeC AT 79 at%Ni % & T Nig(Si, 10Ti) B &
4 4, Takasugi b ® A\ 72 78 at%Ni % & ¥r Niz(Si,



g 11 5

600 —

Ni(Si, 11Ti) €=3.0x10™s""
78at/Ni A
500 F \ 1
° \a
400} x .
300} 5 1

200 2
c o \A

o —0
Bo 1

by Takasugi et al.
1 1

CRSS on (001)[i10], 7.« / MPa

100

1 1 L 1 ! I

0
500 600 700 800 900 1000 1100 1200 1300

Temperature , T / K

Fig. 11 Effect of strain rate on the temperature de-
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Fig. 12 Effect of strain rate on the temperature de-
pendence of CRSS at the steady-state deformation in
Regimelll for the (111)[101] slip system in Ni;(Si,
10Ti) for the orientation B.
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