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Figure 2-1: Schematic diagrams of 0.2% flow stresses of soft-NiAl single crystal and hard-

NiAl single crystal as a function of temperature.
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Figure 2-2: Orientations of crystals of (a) polycrystalline NiAl and (b) polycrystalline
(Ni, InAL 2.
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Figure 2-3: (a) (001) standard projection of cubic lattice, (b) (223) plane and [223] direction,
() [001] slip vector on (110) plane and (d) [223] loading axis and the calculated Schmid
factor on the (110)[001] easy slip system.
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Figure 2-4: Compressive true stress-true plastic strain curves of (a) soft-NiAl single crystal,
(b) soft-(Ni,Ir)Al single crystal and (c) hard-NiAl single crystal at strain rate 1.7x103s! at
temperature up to 1473K.

True Stress, o /MPa True Stress, o /MPa

True Stress, o /MPa

soft-NiAl
é=1.7x107s"

100

e lfJ'HK
50 e e L N b B
s i e it it e [ 273K

1473K

Pl ST s

0.08 0.1 0.12

e e e e

T e e

0 b
0 0.02

0.04 0.06
True Plastic Strain, &

700 [

- soft-(Ni,Ir)Al
] e R
2 i é=1.7x107s"

500 F

i
{
e
nat
"
)

400 |
A o, 613K
»-' P

.-r"""'“w" 773K 873K
L

l'gf- e v o PR

o s o emmrim s et 173K

! == 1273K

o SRR S RN R ocs s U

3 00
973K

200 P~

USSP B e T

3
y

1 i L i " i 1 PR " 1

0 —
0 0.02 0.04 0.06 0.08 0.1

True Plastic Strain, €

1400

= 473K

hard-NiAl

I
1200 é=17x107s"

1000

eSS

L =~ 673K (No. 1)
£

800 il
5 LT 673K (No. 2)

600 | e
400 |

200

TR T T T e e

0 0.01 0.02 003 0.04 0.05 0.06 0.07 0.08

True Plastic Strain, £




(b)

soft-(Ni,Ir)Al

Figure 2-5: Optical photgraphs and schematic diagrams of (a) hard-NiAl, (b) soft-NiAl and
(¢) soft-(Ni.Ir)Al after localized deformation during compression.
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Figure 2-6: The 0.2% flow stresses of soft-NiAl single crystal, soft-(Ni,Ir)Al single crystal

and hard-NiAl single crystal as a function of temperature.




F 7=, hard-NiANZZ RN 5 00K, DIRE F Tldsoft—(Ni,InNAlK D @V iEEZ
R BEDEFIZEBE Fsoft-(NLINAILEDEL W ENS, 1000KEAED
IREEIC/2 5 Esoft-(NLINAIDREZ FES Z EMDNn 5. LT, 1273KDIREL
Eiz/a % Esoft-NiAl& IZIER UEEIC /2 5, Fig. 2-6DFERMN S, IRMick>T
NiALD 0. 2% B its 17 V3 BEE A& 1T BRAR 7R Vs S M 22 A0 7 ok (B 2\ ZVA B e R Ir
IZE BB OBEFHELIEFIETDEIOMA, BIERD L7 B X UCIEEAR DK
TRE) TBWTHFEMICHEINS Z ENHSMNITI Nz,

232 sU—THR
Fig. 2-7(a)lZsoft-NiAlZ 1273KDif E T10~30MPa® & fifJixJ1 TEW L 72K D
y)—THBRTH 5. MY ) —THEE, BN ) —TOTATHD. ARG
H15320MPa3 &K UN30MPa TIZEHAIMICEBB 7 U —TNFEALERENT, ) —
THEZZ ) —TRBPICIFEEAER LRV, BRABOER S ) — T DRER
) —TERHOOTHOEIMC K BMLEENEFELBZNWED EEZ SN, TD
TENS, BAMBRIDOZY) —TERTIEI ) —TERRICEMEBENIZEALER
LW EARBEN S, TR EFMNBHIZ, 10MPab X U 14MPad KA EH
TOY ) —THRERVTAHOEMEFIIZBD L, 10%BELRE L THERIRBIZE
5720, DT ENS, BARMEBEHOZ Y —TERTREMLOYTA RSV Fv—
MY —TERRICHEL TS EEIONS, T T, soft ALiZEiEmE iz
NiAIHEE R O ET RO RI1F{110}<001>TdH 02 1V, 3DDb=<001>HITBENIZ
90° DBIRICH Do 6> T, b=<001>ALD S BD1D (H] A 1Eb=[001]4xhL) (I
Db=<001>EAL (D F D b=[010]B L U00JEAL) ITL > THERENEWN, TDD,
b=<001>Efr Al DO RIBIF T RV F—MICEE L <22, ZDKLSIZ, b=<001>¥x
P BEVICEWHEERZFZRWED, b=<001>AIINIAIFZBHITTNS
TEMRTFREIN, BMRIGICEBRBELEYTA NIV Fy—BEKkEINRVNESE
Abh318.14), zzehs, BEARMBATEREINSGYTA RS 7F+r—i&
b=<001>45A7 [Fl DAL ISIZ L B DD TR <, IO LAES) (EHEHER)
ICE->THREINZ E£ZH6ND, £2, 10MPad AR SN TIEZERAIRICOT &
OMEIITy ) —THENHEINT 5 UES V) —THBEESI NS T &5, NiAl
DAL OEEIAEITHHERTH S Z ENTRRE NS,




(a)

(b)

Figure 2-7: Logarithmic creep strain rate vs creep strain of (a) soft-NiAl single crystal, (b)
soft-(Ni,Ir)Al single crystal and (c) hard-NiAl single crystal at 1273K.
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Figure 2-8: Logarithmic creep strain rate vs logarithmic applied stress of soft-NiAl single
crystal, hard-NiAl single crystal and soft-(Ni,Ir)Al single crystal at 1273K.
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Figure 2-9: TEM bright-field images of the dislocation structure induced after the
compressive test of the NiAl single crystal, taken using condition of (a) g=002/3g and (b)

g=110/3g. The compressive test was conducted at 473K to strains of 14% at a strain rate of
1.7X103s71,
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Figure 2-10: TEM weak-beam images of the dislocation structure induced after the
compressive test of the soft-(Ni,Ir)Al single crystal, taken using condition of (a) g=002/3g
and (b) g=220/2g. The compressive test was conducted at 473K to strains of 8% at a strain
rate of 1.7X 103s1,
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Figure 2-11: TEM images of the dislocation structure taken from the sample of soft-(Ni,Ir)Al
single crystal crept at 1273K at 140MPa. (a) is the bright field image, (b) and (c) are the
weak-beam images taken using condition of (b) g=002/2g and (c) g=110/2g, and (d) and (e)

are schematic configuration of dislocations.
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Figure 2-12: The slip vector and slip plane of (a) (110)[001] easy slip system and (b)
{010}[100] or {010}[010] secondary slip systems.




Table 2-1: #5f71 (b, =a [001]) &H#R{L2 (by = a [100]F/=1E[010]) EDORIBRICE ST
ERENSHERAL3 (by) BEU{O010}[100]F 721F{010}[010] KT RV F (FEHI2) D
23| B AT T 5 a3y MRF. 2720, RIGETIEb2 + 1by2 =222 TH 5.

No. LR T L T VAR) T VA Wt T VA 7 (VA e S
IAROME b, by(=b;+b,) b2 DFHEEH OMHE SR
I (010) a[100] a[101] 2a? G1WaEit! GIESL R DA 0.235
2 (001) a[100] a[101] 2a? 5| Ay ABhinfr 0.353
3 (010) a[100] a[101] 2a2 Cibak! n] Bh#rfr 0.235
4 (001) a[100] a[101] 2a2 Cipagiv! N LR A 0.353
5 (100) a[010] al011] 2a? 5184 CIE L 7RV 0.235
6 (001) a[010] al011] 2a2 Cipagi! ZN L TR A 0.353
7 (100) a[010] al011] 2a2 PR GIE 7L =12 0.235
8 (001) a[010] al011] 2a? CAWagit! N LR 0.353
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Figure 2-13: (a) (110)[001] easy slip system, (001)[100] secondary slip system and b;=[101]
dislocation and (b) (110)[001] easy slip system, (001)[010] secondary slip system and
bs=[011] dislocation.
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Figure 2-14: (a) dislocatoin core of NiAl and (b) temperature dependence of CRSS for (110)
and {010}.
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Figure 3-1: Optical micrograph of NiAl.




61

2x2x5mmiY 1 XOAFEAB AT L., HEBREEBZS-OT AU —HT
800F: X TXRMmME UERRE & Uk, BACLERONIAIOMMlH#EZ / <)L
AF—HMr THEBEEZR N THEL -, TOMMEE%EFig. 3-1IT7RT. B
{EALEE % DO NIALDO A AR L A O MK RSB TH D . AR EF AR
IIEIEFETICHO TS, Picashs8Robo3EEFICHRSNZRA R
THb.

I SIRRFRER LT > A b O >4 BI8562 RV KM 2 1) — TR IR Z W T
Tolz. HlRIBEICHRB2GEERFTHILICE ST, EMER LB OREZ
HEXHZ. 103PaDHEZERIZTTHIHAIOT A ES3.0x104~1.5x1079s~ 1, FHAERIEE
1223~1373K DM T, MEIOEMBEMEDTAMN2~3BITEL LR T OZAANY
R 23 E X BN OREREE 2 8E Lz,

3.3 RRER
3.3.1 SREEED

Fig. 3-2(a). (b). (@B XKz, =HhEh1223K, 1273K. 1323KB LN
1373KTHi4 DUVTHRETEH S EZOHERT—HOTHMBRERT . TN
ZFTNOHEIEH —HEOT AMBRIIRRERBAMTEZRLERIZ, DTAEED
I TREERME T T 5. O AEEN3.0x10 5 1L FTIREHEERICTR SN, O
THHENL.E5x104 1A ETIXERERICES B,

fHx DOTAHEETEMRER L, BV THN2~IBIZEL LT/ OAAY
R %43 1k & B2 B O DR AR (ONIS 1 ORI 2 L) & & i SRR EE Z & ICFig. 3-
3(a), (b), EBLVAIZRT . NIAIDOFERIZBVT 2B HEMETIZA-Mg & $18
12 EDFRBAE I HANBMAH OIS OE TGRS, IEHEMSLLEND-< D
EERBBMTTITONAZENN520, ONTHEEMETTHICLENS>TED
HEEEEEE TR 5.

3.3.2 FHitOHEICKDSCHERNESDRH

Hih S EERER BV TERALSKIEDES T 256, ISAEMERX D EMBRR
1 D IS HABFEE IS ) & e % a8 % R U CEER IR ORIEDT
XBHTLERELTNAY, URIOHEZFHMOGIEEIESR, T THIDIG L




a: 3.0x10!
b: 1.5x10™!
c: 3.0x107s’!
d: 1.5x107s™!

True Stress, o /MPa

(@) 1223k [ (b)  1273K | (c)
0 " 1 i L " 1

1323K | (d)
0 0.02 0 0.02 0 0.02 0 0.02  0.04

1373K

True Strain,&

Figure 3-2: Compressive true stress-true strain curves of NiAl at various strain rates at (a)
1223K, (b) 1273K, (c) 1323K and (d) 1373K.
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Figure 3-3: Stress relaxation curves for NiAl at various strain rates at (a) 1223K, (b) 1273K,
(c) 1323K and (d) 1373K.
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Figure 3-4: Relation between stress relaxation rate and applied stress during stress relaxation
for NiAl deformed at 1323K at an initial strain rate of 3.0x107s™.
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Figure 3-5: Internal stress and effective stress as a function of strain rate for NiAl estimated

from Kikuchi's method: Solid symbols are internal stresses, and open symbols are effective

stresses: (@, O) 1223K; (M, [J) 1273K; (@, O)1323K; (A, A)1373K.
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Figure 3-6: Log-log plot between stress relaxation rate and time of NiAl deformed at 1323K

at an initial strain rate of 3.0x10s!.
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Figure 3-7: Relation between stress relaxation rate and effective stress of NiAl in log-log

scale.
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Figure 3-8: Relation between effective stress and 7+a of NiAl in log-log scale.
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Strain Rate, E/s-1
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Figure 3-9: Internal stress and effective stress as a function of strain rate for NiAl estimated

from Li's method: Solid symbols are internal stresses, and open symbols are effective
stresses: (@, O) 1223K; (M, [J) 1273K; (@, <O)1323K; (A, A)1373K.

m*
E,ls
1223K | 1273K | 1323K | 1373K
6D 0 | L 1.2 12 {2
1.5%10°%| 14 1.2 1.2 1.2
30107 | 113 1.3 1.2 1.2
1510 1.2 12 1.3 1.3

Table 3-1; Effective stress exponents, m*, in NiAl estimated from Li's method.
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Figure 3-10: Stress relaxation curves of NiAl deformed at 1323K at an initial strain rate of

3.0x103s°!, The calculated curve obtained by equation (10') is also shown.
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Figure 3-11: Internal stress levels as a function of flow stress in NiAl at various temperatures.
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Figure 3-12: Relationship between activation volume and effective stress in NiAl
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