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High Temperature Yielding of Niz(Al, Ti) Single Crystals

Shouichi Ochiai*, Seiji Miura**, Yoshinao Mishima***
J
and Tomoo Suzuki***

A Niz(Al, Ti) single crystal with orientation near [001] showed a new type of yielding
accompanied by a remarkable yield drop and a successive steady state deformation when it
was deformed under a certain test condition at elevated temperatures. The characteristics of
this high temperature yielding phenomenon (H.T.Y.) were studied by compression tests at
various temperatures from 77 to 1273 K with strain rates varying from 1.4x107% to 1.4x107%s™".

Results obtained are as follows: (1) {111} slip operates predominantly at higher tem-
peratures beyond the maximum in flow stress under the conditions where the H.T.Y. occurs.
(2) The state equation of this high temperature steady state deformation can be expressed as
the same type as that of steady state creep. The value of the stress exponent is about 3 and
the activation energy is nearly equal to that for diffusion. This suggests that {111} slip
deformation is controlled by the viscous motion of dislocations. (3) In the H.T.Y., the stress
drop was not so rapid and a Liiders band propagation was not observed. These characteris-
tics are consistent with those of the Johnston type, so that the appreciable yield drop is con-
sidered to be due to the increase of mobile dislocation density during plastic deformation.
(4) Using state equation obtained, the condition for the development of the H.T.Y. can be
derived, by which H.T.Y. is expected only for single crystals having near <100> orienta-
tions. This prediction may well accounts for the experimental result.
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ERFBEEFHRCICRE LA ESDTHS. YIHLLE
WHEBF OH BT 3,95 # — % % Table 11CRT.
BIERD A BLU BAHMICH LT, Tk CHALARMNT
31 2CTS,, S, BLU S, FFzhzh, (11110117
~ 0 % (Octahedral slip), (001)[11019" X » F(Cube
slip),¥ £ U8 (010)[10119" <X 9 &(Cross slip) D Schmid
KFTHs. £ RBELIENREL, S, itx4d5 S, D
HBLU S, icdd 5 S, OkTH 5.

Table 1 Orientation factors.

Orientation So Se St R N
C 0.445 0.136 0.083 0.31 0.19

So=Schmid factor for(111)[101]slip.
Sc=Schmid factor for(001)[110]slip.
Sr=Schmid factor for(010) [101]slip.
R=S8¢/S,, N=§:/S,.
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Fig.1 Compressive stress-strain curves of Nig
(Al, Ti) single crystals with orientation C
deformed at various temperatures (K) for each
strain rate.
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Fig.2 The effect of strain rate on the tempera-
ture dependence of flow stress for orientation C.
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Fig.3 Slip traces of Nij(Al, Ti) single crystal with orientation C tested at 1073 K.
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Table 2 Slip planes observed.

Temperature/K
Orientation
473 713 873 1073 1173
C (111) | (111) | (111) | (A11)* | (111)*
(111) | (111)

* Slips with asterisk were predominant.
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Fig.4 The temperature dependence of the flow
stress resolved onto (111)[101] and (001)[110] for
strain rate 1.4x107*s



w15

WE LI ABXU BOAMICODVTOHER &HETHEY
ThHd. CHMICBI 2BIOEDBERFEREN AP B
LRI &, NEN3HMNOFTRG/NS
WHTHDRERBES W TV BHEE—FT B0,
—%, EMEEHABICBVTIE AL BHAD CRSS
EEIBEEAE—BL TV BDICK LT CHUDRE
IBAREL B >TVBET &5, AL BHUOEHEBREE
AXEL TV {100} XD RLD bFEICEBICEEHT S
D4 XY ZROEENEZ OGNS, ThH(111}TD%
THBZ &3 Table 20ERMSHLNTHAS. TOD
£ 5 <100>HALEETOREREES L, $TICELD
LLALKBOTHESH, HIFNKBEZATY
ZWOUH-UD -, AR TRH L EERRER
Zhic >3 BEREEFER LV HPERIE TEREZED I
HEFRY/ STV, DT LFHSDIEDREKREEIC
HEENE->THBE T &, BLUINSHROREREHEH»
BOEHEN TR EILEBBDTHA.
BRBOTEEL RS DR Z ik EEERADE
BERELEEZ SNIOTUREEERGENERHCTT, £
DEBTOERBEHEZERS 5. Fig.hld COFALICE
I AENBRESEEBSIUEFERICHT 28S D (111)
[1011ND SR AMIE S E BELEDRZERLIZSDT
b3. HEMEEHZD CRSSGE) IREBEDO LR EED
KEESNICAEESEVATRTC L, BLXUEEEEHEERK
EHELBDON, FTEREFEED CRSS (14, SEHE
WRELIRNWZ L EBTH 5. T, EEERLAE
TGRS I DN TRIRIENICHNES 52 &5 Fig.s
KB BENB LCENEERBROMMBORZEADERE
T,ic—3,d 5 Licli5.

600 T T | — T T

o]
-8
=
-~ |,
= | O® 14x103%s!? vy _
2 oe 14x10™* ‘,;"\
= s A 1.4x10° Vi m
pt Y/
Z 400 A .
s /ﬁ °
@ 4 .
2 - —
- /A
© & °
(]
% 200 / a
g t
g 8 |
o
7]
Q - —4
i3 /
g a—F
=
5 0 1 ] 1 1 1 1
[o] 400 800 1200

Temperature / K

Fig.5 The temperature dependence of flow stress
in Regime II and flow stress at steady state in
Regime Il resolved onto (111)[101] for various
strain rates.
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Fig.6 Relation between CRSS <t} for steady
state defomation and shear strain rate in log-
log scale at different test temperatures.

1072 T r T r
-\C\\ O T%ct=200MPa T
o @ [ ] t‘oct= 300 MPa
103 B
’;"n - 4
~ [ )
>
1074 .
0\.
10 0.8 0.9 1

7103
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Fig.9 Effect of strain rate ¢ on the critical
temperature T, above which high temperature
yielding phenomenon (H.T.Y.) appears.
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Fig.11 Relation between R(S./S,) and the tran-
sition temperatures (T,, T,) at different strain
rates.
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