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1.1 B8

ARFEEHRIL, 1951 4F Au-Cd BRICBWTRREINED . 20%, In-TI 64 , Ti-Ni
B3, Cu-Al-Ni 8D Z2IIUDEL TEL OEETHHIREEIRNRHENTED, Ih
5DERITBIT DIARGEEIFRIE, REERI< )L T P MEREIINET 2BRTH D Z &0
5NTNBEY , ZNBEL OIRGEEASOF T, Ti-Ni BRIHIREEEINRFICEBNTH DY
MIMDRIFTHD, BIED LI ARE EFERALDOEATHSIE-DRIKELESG R TH 5.,

Ti-Ni BRICBITHIVT 8 MR T - BUUELE=I0# - BINTTR OB X
DEIXIRICBMLL, ZNTEBRWIREESIR DB T D I ENINETDL < DIFFEICX
DESMIEINTNS, TNSOHFRIZLD, Ti-Ni ZRESTIIHHIBRICEITHEEITE, K
ST B RO IMEDEET B ERHSN TN D,

(1) SLAGHR (B2 BUEE) ORMED S BRNER (B1YRUEIE) O<ILT U1 bADERE, BIME
NIRZE U 7= FEF LR ABED Ti-Ni 813 2 08#EE2 27 ,

(2) B2 BUSE ORMEN S R EFENDZAERDOTIVT A b, E5ITT O R REN
5 B1YBIEE DIV T oA hADEEE, Ti-Ni A&IEZLHEE L TFe, Co, Cr H50
Al ZEBERINLZARIZZOEEEZT S8 9,

(3) B2 BB OREN SR R (B19 BEE) O ILT 81 b, I 51220 B19 BUEED
5 BIYBMEEORIVT A hAOERE, Ni Z2EEZT Cu, Pd $5WE Au TEMLUZ
Ti-Ni B3 Z OEEE$ 510 1)

Ti-Ni RAERIBNTIE, ISR TOTIT 1 MBI L UBRRERIR/2 5 TN

*BROBICIEEEINE Z DIRE LB OBRICHRENL Z 2 REDE, Thkabb, BEEXTY P ADNSWELE
BRIV T L MERREFEN S, ZhiKZWLT, Dy - o DEIITREL AT P AOKREREED
BRI )L T 281 MEREIETIN D,



ZHERTHMENE NS, E AN, BEEMREIREKDOIPIRBILE EEEE X571 > X1 B2+-B19,
B2—R, B2oB19BRETENENRLD, FOMEIIBBLZ Table 1.1 DEBDTH S,

Table 1-1:  Shape chage and hysteresis of transformaiton in Ti—Ni alloys.

Transformation Shape change(%) Hysteresis(K)

B2-B1Y 7 50
B2-R 0.8 2
B2-B19 3 10

RGBS SIS EITERHENH 2, TOHRICKD, FHINLERIIE RS, KE
IR E N EBEE T DRI B2oBIYARBNRETH D, WELRLITH L THIRICRINT S
T —E U TR B2REBENEYTHS, £, s OHMNZHRIZIE B20B19 2EN
L TWw5,

ERERENT, ANCRRZL D IR ROZEEZZT 52T TR, NICALEOMED
W< R B, ERE, FERTHMEO Ti-Ni 5413, BRMUEIRETII B2-B1YEREZT 5
2%, I 673K f15E TRULIE L 72 IREESC, B2-BloZBEZME HIRDIREL R OIRE T
B2—R—BI19AEEEZT 512 13) . £, Ni@F O Ti-Ni &3 RULEIRETIE B2—-B19A&
RBZ29 50, TNz 700K FHE TR 5 &, HERER TisN AL, TORETO~ILT
YA NEREIREII B2-R—-B19Y &85,

HELTE T2 TigNigMid Ti-Ni 549D B2—-R—B19 O _KBEEREZ B2 597213 Tidiay, Ti-Ni
el 2 HIRIZI U T, TigNigll 2 REE DA FITEETIE I ¥ 5 E2AMIEIRELRSIR & XIE
NBERMBIARGIEIR AR T T ENM SN TN B, B OBREESIREANTT IV Fa
I—4ZEDGEENA 7 ATNREBLEETHD, ZORANMBIRGESIREZFHTS &, &k
BREOELIZFTZAROIIRENL E I ED ZENFRETH 5720, N T ATRELEELR
W, LERS T IFaT—F DA XEEFITNEITHIENTE, JPEHIZIE~1 707
JFaT—%ELTOIRHANIRTES,

ITRREENC L D B2-REREMNRE Z 009 <5HiE, MTICX DEASNIEA-SHEY)
LXK DWEIR AT Lo TEMICHBH I N TSNS 16) | TiNigfritit & R fERZ S 5I1TH
MBS BT, TigNigMHOREERIES R OB - BUEHAE, RMEOHCHEBEICDN
TORANEACEETH S, £z, HMHREEIREMALEY VFax—45ELTO
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BENDHERLRATHY, ZTOFHMEPBETH D,

BN K D RSB RT <725 2 ERRAMMRGRIIR O & 5 7 R Bigniing -
ERE<SHISNTVDR, KK D B2B19-BIYEEBNEDQ X 7B EXZIT BN END T
EIZDNTIRINETEEAERRSN T W, Z3UL, Van-Loo 5D L7z Ti-Ni-Cu =
TERIREERLT) IZBNT, B2 HAEEAER TN RIROSEBICR->TH D, RN SPEEA
NI O Y KR TORIUIRIC X 5 HNE E A EHIFF TERN S 2D THAD, &5
T, AN FKRICEOERLET BT 7 AIRED Ti-Ni-Cu 428U L 255121, Cll,
RG2S DTN B2 BB O MU w7 XICH U THEDRBE 28 > TER TS &0
EINTNBRE) , ZoZE&D, BEYRMBED Ti-Ni-Cu &@ITE Y20 2 X, N
VI @D Ti-Ni-Cu & IO BSOS DHTHOAERNHIRFTES, 51T, ZOMREHEIZLD
B2-B19-B1YEEEEIP, BRICE BRI IR ZE(LE 2 2 EMWIRHFTE S,

AFLTIE, (i) =5L% Ti-Ni 88D B2 & R o BIYEEBLV=ILHR Ti-Ni-Cu 549 B2
« B19 & BIYARRIZDONWT, TOEMN - RERER EEEMBZHONITEHIE, ()TIHR
FEM 50at% & DD UKW Ti-Ni BB LU Ti-Ni-Cu B 2R3 2N DM O %
T D&, (i) 25 OHTHEARD LRL B O BRIV T 20 BRRE SRR
RIFTHEEZHLNMNITHIE2ENET S,

1.2 ARERMXDHERK

ZOEIZDDIE, H2ENSHE S HIIB2oRBEB LY TNy fMAHICET 25 TH D, 52
ETIIRAHDBARR - RIRIBRE %2 ZEE FEBGEEHZIC L OIS M LR, 725N B2-R
BRI L DAREIRME 2R T 25 A TROER LD REONY 7 > FOEBEOES 750
L, HORBEMEZH SN UBRICDNWTRRS, % 3E T Ti-Ni G2 ORRISH O L
PEAMARGEZIRICH W Tl TEELREF 2 H > T ABERE TigNu iR EZ
FREA L 2RI DWTIRAR S, 854 B TIE—ERH T CRZIMLEES 2 Z LT K D TigNigH2RE
DOFFEIZEFHTH S 872 NiBRIO Ti-Ni @05 FRRBRF 20T, 2AMIRGEEZIROmM S
L, TOHMRERHLUTROINT ZEOTESHEEERMITIHE L ZERICOVWTIRNS, B
5 BT TisNigfrib A 2B S B 23BN BN T, BED<IVT 1 FERROEH TIEE
%% ZEDTERVEFEYERE TS R-B2EENEZ S ZE2H 5N LEFERIIDON



TS, 51T, ZOIRIFEE R—B2 BENEITZRNCFERFHHATE D Z & ERT,

6 NS5 8 EIAB2 « Bl9 « BIYEREL C11, A% D Ti(NiCu) MHAHICE T 5E T
H5. %6 HETIEB2 « B9 «BIYERICBWT BIYMHOE—/NU T > M5 BIYHDRET
S, BIYHIZHEENREZMRT 2 LE2BRBFHEBEBHEDENVWTHLNITEEEBIT,
Cu IBEMN 5at% D Ti-Ni-Cu A& TIIEHEMNICIZ B2-B19 BB ERICAZ TH, MEMITIX
B2—B19—B19 "B L5 TS Z L ZHONICLIEBRICDNWTRRS, H7ETET
BREZ 50at% & D 5T N7 Ti-Ni-Cu TIRFLE A 221 5 Z &1 XK D Ti(NiCu) /0%
R S B2 ZENARETH B 2 &, RSN Z oM O E % 217 7= B2—»B19—-B19A%E
ZHZH SN UMERIC DN TR S, 8 8 BT Ti(NiCu)HZATHH X ¥ 72 Ti-Ni-Cu &€
DFARECREE IR, ZONIEMAB19 HONY 7 > b OBEFIZHIET 2 REEY) & 72> T
5 EZHEMITUIBERITDONTIANS,

RERIZ, BIBIBNTERINEEOREEZDB /85,

B
1) L. C. Chang and T. A. Read: Trans. AIME, 189 (1951), 47.
2) M. W. Burkart and T. A. Read: Trans. AIME, 197(1953), 1516.
3) W. J. Buehler, J. V. Gilfrich and K. C. Weiley: J. Appl. Phys., 34 (1963), 1467.
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3)
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6) T. Saburi, S. Nenno, Y. Nishimoto and M. Zeniya: J. Iron and Steel Inst. Japan, 72 (1986),
571.
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F28F Ti-NiS2ICBITARIBERELHCHAE

2.1 #E

FEFEFHAHEOMEO Ti-Ni 6813, BERCUHEEZORETIE B20BIYEEEZT 5, N
WRFEHAIT)L T oA NERETHD, ZOIT 1 MEEBIZE SR> T, FIREIESIRES
Bha, ETAT, ZOBELIEYAIND HENIMTEINIE. 3) 21FELHEP, Fe
HHWITAIZFE=TTHRE L TNATZASS 5 6) Tid B2—-B1YLERMREN T2 DI LT
B2-RERREIXIZEAERIL LIz, B2-BIYEREICHEIE> TB2-R BN IS, T
shb, MHBRICBITHERIITER D B2-R-BIYERELRS, ZOB2-REEDEH
BRI )L T 0 NERTH D, TOERRICL DRGSR CHEENTN ST 8,

B2—-R BRI T RITGEW—KRDOHEETH D, ROLIBIHHEDD, ERICEDRIBTE
BOBIINEL, ULHHEGMICEET D) , BREREXTU RIEH 2 K L/hEL9 | R
BOERNIN0 , Z0ZELD, REOBARICHEIEMR (CRERET) vhanweEx
H5NTVWS, FNTIE, REZEDKDICAERT B0, BHEORBURTILT 1 FDXD
KA —BERICKDERTLDOTHAID, HDWIERKOMHERRE DX S IS4 R Y1
R &R 722 NDTHA DM, TOXDBEREDHEEBERICEAL TIIINETHLEMIEINTW
Mo 7z,

BEWRIT LT A M, FERFICKDMEND 520, <7 OMRBiRERENELT
XY T 2 hAEYNCESIT D, TD T EIXEHCHHE (self-accommodation) EMEINTH
D, BIRFEESRICPBWTEEREEZL T3 12) . REOHCHEETIINELTE, 7T
ICEIRS3) X BHMEND DD, #H5ORE LT INIZRTHIREISN ZRD TN SZITTH
b, £, BOEDETFITIINFBEMBICL VBRI N TWAREDONY 7 > FOBELFIZFEITIT
FHATE 2N,

ZOETHE, HRETEMSTOBBERICIOH LN L2 o7 B2-R BROMAER - RIEE
725 N MBS R AR ETEREERMER eMAGDE L Z EICiDESNZRH



D 3 XTIz B OB I DWW TRR S,
REBRFERICOWTRRAHIC, RO NS ICOWTIRRS,

2.2 RIHDERZFE

R AL, FERUYNIRHEDOI AT (B2 AUEE) 2H 20V EDDDD< 111 > AHENHIEL 7=
ST (Rhombohedral Lattice) % & BHiEEEASNTWEMN . LAL, €0 Goo 5
10) [IUCRETHREYT & HWRSRIC X D, 2B P31m OARHRT (THRR) 2E58ET
HDEFRUEZ, 51T, HF, Hara 519 IR MHOEEENL, P3IIlm kDD P3EEZDIED
NETHREFORE L, MARXKREHFOMENRLVBESHATEDZEEHSMNILTND, 0
THUTEEK, INSO=SRRZEMBICET2HETIE, REOHESHN EEANERT DICE
AT OREE LD ZENTERN, I TEND BN TOREZ S & IR ERR
THIEITT B, 728, ZEEHELE TIIRWOTRMHEVNIENHITEL) Thrihnd LI,
BIECTHZD XD IS DONBEHITH B DT, AFXITBNWTHRMEMERZ ET S, Goo 510
DT LNTRA & R OB (111) || (001)h, < 211 >c||< 100 >y, 722 HHBERDIH 5.
FREIZ E B2V, RHADBAEFIE [001], AT 7RHDE < 111 > AMICRHIOB I LT L
29 , RETIE, < 111 > AMICEER 4 DDA MRS 5728, 48 EREOMIC
Table 2.1 IZ7RT £ DI 4 DOKEFXINNH B1,

Table 2.1:  Lattice correspondence. Suffixis ¢ and h denote the parent phase and the
R-phase respectively.

Variant [100], [010], [001], (001),

1 [121] [11Z) [111), (111).
2 [211), [112), [111]e (111).
3 [121)e (112 [111)c (111)c
4 [211) 112, [111), (111),

IN5DADORTRIENY T > MIEWCRRBRICH D, ZORFHE—KIZ, KEHNS

%73‘5@%‘(’_5&&)5 ZEMTESD, &L T, variant 1 & variant 2 DEMRICDODWTEZ D &

*FIHRFED ¢, h 13FNZH cubic lattice DRMEE XU hexagonal lattice DRMDIEHTH 5 Z & 2RT,
TERIEEE P3Im ETBAENUT L NOBIZ4 TH D, —F, FEEREE P3 ET5ENY T MORIE 16 &12d7,

NS5 16 DU T hOSBIRECORRZEDIT 4 FEL N TWOT, ZITENUThOBE 4 &L,
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Table 2.2 {TRY KD ICFEDOE— RWVEET 2, D&EDE (11112, BOBEERETH D, b
HOEDIF (112) 111, B OEARFETH D, NS ZFEONHETE— RINTRTONUT > kD
MAEOBEITH L THFET %,

Table 2.2: Twinning elements of the R-phase.

Mode 1 R-phase indices (111) [112] (112) [111]
Parent phase indices (100) [011] (011) {100
Mode 2 R-phase indices (112) [111] (111) [112]
Parent phase indices (011) [100] (100) [011]

2.3 EEAHE

ZREFDB S Ti-48.2Ni-1.5Fe(at%) B L U Ti-48Ni-2A1(at%) &> & BEZSHEYAMRIC K D IFER
L7z. ZN5OMARIE, B2—R ZEHIGRE (M) NERL DD LS RDEIITRAR, BA
EHRE L ORDIz MRIZFNZTN 309 K BLTU305 K THoz. 1 > Ty X DR 28t
LU, AREICEZESAL, 1123 K T 3.6 ks DIEARLUEEEL 7.

FCABRREHET, RARIREE TEMITE U 2iB 2 W TB Dz iz, BARHER & LT 95vol. %
CH3COOH-5vol.% HCIOaR G Z DN oz, L, HINTHRE TS ZEIChDAERS BT
KEBFERREZD LY U DWT, il 57 IR L D RAREEO S &k, —
b~ L— AR EB x0T, BT HEMEERIEZII H L H-800 Z VT 200 kV OIREETH Z
2oiz. WBHT, LIROWERZHNWTY =y MIBIEIC X DIEEL 7=,

B2—R ZHEEE OB FIEMSINT OBBIERITRO LI T L TB x> 7. AR THW 2GR
D MMBEWEERIDDOINIRLSEREAT U AL 2 KU EMOThEWzD, INs0
BERIBRICBWTRARETH S, BFEMENICBWTGRRHIETFRERN T2 L, HBo
BEIEALBBICMEEBZS, COXDICL THERETROE R-B2EENREZ 5, BETHR
DIFENFFITHRN S, TBF S N B RN EWERET 5, KIZ, BTHROBEZIE<
5 EABOBEI TN, B2oREENEZ S, Z0LDITLT, BICETROME ZHIEd
HEFT, RIEEAZETEMBENTHETS Z &N TE %, MR NEYTHNIUL, BOHZE



Fig. 2.1:  Optical micrograph of an intermediate state of the R-phase trans-
formation in a Ti-48.2Ni-1.5Fe(at%) alloy. P: parent phase. R: R-phase.

BRELHELZITIZN, BROAEEFANT, RAMOKAER - REBRZBIELT-.

2.4 EBRERBLIUER
2.4.1 RIEDODEERERE

Fig.2.1 |4 Ti-48.2Ni-1.5Fe G DM AR IC BT 5 B2—R BREH DI FHIEKER TH 5,
BRI, RMBIRIETUIEL TH DO T, IZUOORMIRETIIEETH 5, b2 MRUTF
XTHHTSE, Fig 2.1 OHRIZASND XD ICRERZRRNENE, ZORERRIZ, AU
K= =2 (BEWIFEOHIR) OFZEH->TnD, B2 SICHAITSE, RAHOME
BT 2B WENSRE L REARMER S /2, DEW, MB2 T 5 & REFERIT/NE <
182 TNE, 313K XTMATLERMIZHATL Lo/, FKROEEBERIE, Ti-48Ni-2A1 &
BB THESN, U EORRID, RIAZENSAE AR - REIC K DT 3% BURK
IE—ROWMEETH D Z b s,

RIZREZ & 5T IICEN D201, AR - REBROBTEMSEICI 5205z s
Zigo TR, X N w I A ENED ORI 7R E DISHEH U TN DT TRA RS T
DTEMHEMNERS T,

X N I ZENTEMORED S RAHAUZAR - RET Dk OB TUAKEHS D —# % Fig.2.2
\ZRT, Fig.2.2(a) ISEEHMOIRETH D, Y MU w7 X (P) ENEMOTRE TR L= 4
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Fig. 2.2: (a) Nucleation of the R-phase form sites along the interface be-
tween the matrix and an inclusion particle. (b) Bright field micrograph of the
same area as in (a) taken at a temperature slightly lower than that in the
state (a).

DO/NS/ERHTERZ A, B, C, D TRL THd. OAKERE Ti-Ni-Cu 64D B19#I~< )L

U S OBAERERS) ERIBITNS, E, F ORLESA EBXOE T OEBIIMO5TT
RRAER U R TH %, Fig.2.2(b) 133k 2 S SITMHAIL/ZIREETH D C OFEBE F OFFEEK
D> T—DDMHICE> T, £/, A D& E OfFEIIEZICOANAS ELTW
%, ZHUTHL T B D OfIIZIZEAEREL TWRN,

O EDDENLAN S RAADVERR T %182 O E FEIMEHE O —Fl % Fig.2.3 ITRT, Fig.2.3(a) IR
MAOBAERT 2 EADORHHIRETH D, T 1, 2 TRULIEMICER T2, N5 Ofshil,
BT RSB HRR 2R SBRICHBITEIC L DBEASNEZDDEEZE5ND, (a) DIRE
NS URHILIIREEDS (b) TH . A, B TR LK Z L7z RO Z TR 1, 2
MOHAERL TS, ISITRAITSE, (o) DEIIXINSIFVOEDDFHEHE/R> TS, K
DFE EIZ R EZRUTWD DRI OB THAER L= RAIDIEEIR TH 5, Fig.2.3(d) 13, (c) DIF
EH T 5 RO 5 OB FRETKE TH D, RIEDERE ST FICE DM TH
%o %, (c) DRAH% Table 2.1 D variant 1 £T 5 &, RHHOAMIIEFRIEL DIRE S, (a) IZ
1, 2 TRUTZHNRR D A Z —H b L — AT L DRD B &, 1FF[010) S E &85, a2
T Z MEBIC K ORDIZN—H—ZAX7 BIVIZ (010l TH Y, LAHIOHED &—HKT 5, Px

11



_%
L

Fig. 2.3: A series of electron micrographs showing the nucleation of the R-
phase from single dislocation in a Ti-48Ni-2Al(at%) alloy. (a)-(c) Bright field
micrographs. (d) Electron diffraction pattern in the state (c):[513]}, zone.

I, Fig 2.3 THLNDENIIN—H—AXRT ML [010], D SR AMGN EHE X N5, —ROEN
RFHZERBIC B WT, BAERBRICEZKBEOITFE SN THAICHIO 5T, DEDDIMDE
DOMNSKERT B ENI IR, INETE<HEENRINTHARN, ZOLDIZ, DEDD
AL S TH RMARAERNAHEE 25> TWAHBOVOEDEL T, RADEEICE Bz IR
LM DL < DML —KMERRL D /NS W ENRTF 55, Fiz, T3 /) > S & DA
AEMBHEBOOEDEEZEZ S5ND, Ti-Ni @O, R FIZ&E B0 [CCo) AT (i)
IR 72T % ) D EBIRRIN TAB— RIZBWT ¢ = 2/3 fHETY 7 M35 Z &M TS
K DIEHMEHFELERICK DRI N T WSS 19 . oY T MEOEIRIZET-7 + / AHEAEM
CEDFHEN TS , V7 Mezil Z9Rid, BTHRENNICBOTRAOKH OB S5hh
BAMEE—HLTWEED, TAyE— ROV 7 MEMSRHAZREICBNWTHO TEETH S E% %
5NTNS, ET, 0O TAyE— RIIEAMMRIREITH D (110) 0 ETHERE L TWD, O
WERHHO T RO E—H L THD, TROMELIZHDEALDD < BB AMOT AL DR
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Fig. 2.4: Bright Field image of a moving boundary between the parent
and the R-phase in the cooling process from (a) to (b) of a Ti-48Ni-2Al(at%)
alloy.

T YIVDOERLINTA, 7 #+ / E— RITHEERKIFL2 2)  REOERERETHEEZS
N5,

Fig. 2.4 IZIRHEB O RIBEEZRL T3, Fig 2.4(a) DEMNI RO, ARIVERME O
MTH%B, RADFERIZENITRTEBRICH D T L —h (HDWERD ERFNFIRERSY) M55
THED, ZFEONUT > EASHKRINTWS, R ERHOBEFRIIRFICHHETRLTH 5.
(b) 1& (a) 25 S BITAHILIZRIETH D, RIDERAVEN > TWS, Fi=, MEAFICEDE =
DODNIT > bbHEND, ZOXDITRME, MMOBFHRI<IL T > P b EFARICHCHEZ
Lams ks %,

2.4.2 RIEOHCHE

H CA A 209 5 IR ONY 7 > MEIOFE I DN TOREHRIBETH 5,
DIEHRERFDTZDIT, KETRFEFRINTAER L2 RAICDOWT i ~ L — A @i 2B s> 7=,
i L— AR TERHE Fig. 2.5 {OOR T K5 2R TH 0, L1 (Top) LA (Side) 13 W
LKL TW%, Fig.2.6(a) i3 LE O AHMELR TH O, —FEONY 7 > SORSIND 5, D&
Did, SHOIK (ANU ZR=24K) OEER L THY, &5 O0EDIFEMNEHIRDOMEZ LT
W5, Fig.2.6(b) I&[F UASEALOM DL TH %,
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oy

&

Fig. 2.5:  Schematic view of the specimen used for two-surface trace anal-
ysis.

C OFSERLORIIREBIZ B 55002, KK 7T TIRICK KD, Fig.2.6(a) BLUL (b) T
RonlsNUY > MREOEH N — A B lixolz. TOMKE, FL—ZA-AX(100).1Z
M, b L—2Z B-B BXUD-D i (010), A, HL—AC-C i (001), IZHRT 2 Z &%
Molz, Fiz, FEOMNIROAEIT (110), BL(110) ITHIET D Z Mo/, Table 2.2 1R
TXDITRHAHD {100} EIERAD {111}, 1TEL, BHED {011}, EIZRAD {112}, EITHIS
B, LI T, kD L —ZH LD, Fig.2.6(a) DEMREIZ/NY 7 > MRAENE (111)[112]y,
BEAWED Ky HTHY, FOMRONY T > MRAER (112)[111]), HEESRED K, T TH 2
ZENDND, PLEOER &SN Fig. 2.7 ITR TS

KiZ, RAEONUT > RSO 3 KITTHERER S0, BBETFEMEGEEEER /2>
7z Fig.2.81&, Ti-48.2Ni-1.5Fe(at%) A& I BT DBEHERDO—FITH 5, (a),(b) & BITHEHE
BTHD, (b)id(a) £V 033 FPT7 VIEFERNLTH S, (c) id (b) ITHIET HEFRREHRE
TH5. (a) & (b) THERSREESRER B0, HNCER-EIY RS AREL TS, &,
s B EEICEAET BN T > R (a) KBTI, Th b FERICHET B
U7 > b OFRERE (b) ICBNWTHRICRA 5. Fig.2.8 £V, RMEDNY T > MIETREKRTH
D, 2FEORE EHROZFELEONRORE) »OHRINTED, 4DONUT > b
FOHADOHARDED TREY > TNEZENDON S, Fig.2.8 KO—H L —ABi2HB /3>
SRR, ERIIZER ONY T S R (111), TH Y, EOFROES DN 7 > ki
(112), THBDZ ENbholz, TORRIE Fig.2.6 1282w OBRE—KT 2,

EROFERED, RHOHTHBDETIINELTFig. 2.9 IRTEKDENY Y > HOBLE 21
95, 2K, RMREICZHZDNS, RECEKEANERETHSN, NUT 2 I EITHEK
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Fig. 2.6:  Optical micrographs of the R-phase used for two-surface analysis
(Ti-48.2Ni-1.5Fe alloy). (a) Top surface of the grain shown schematically in
Fig.2.5. (b) Side surface of the same grain.

M2 DT, Fig.2.9 TIRHEOIERTRL TH D, HOHEL, EIrAHADIIRZ LR
DADDONYT >R (1, 2, 3, 4) H[001] OFbVICHEED LIk DERINS, &
DOECHIDIET & LT, Fig.2.10 IR 9 &SI 6 FifEd 5. Group la & Group 1b I3 [100], DD
WZ4DONY 7 > b Z2RELZIREETH %, Group 2a & Group 2b 1 [010], DRI DIZ, Group 3a
& Group 3b 13 [001]. DFADIC4DDNY Y > M EFLELIRETH S, Fig.2.9 13 Group 3b
YT,

ZOETIVCESD &, Fig.2.1, Fig.2.6 OFEMEHRORERRIIRO L D ITMIRT 5 Z &8
TE%. bl, Fig.2.9 OKDITHCIHEBEL/ZIREZ [100]. H 5 WWF [010], Sl 5 EIETIUL,
EARREARDILEBICH A 5 TH A5, —4 [001]. HFHh SEETHIE, O NIROFEICRZ
STHAD,

Fig.2.6(a) DY AHMEHHRIT < 001 >, DD BD 1 DITIEWATHINSEEL TWD (A U



‘—* [o10]

(010) [100]
\ Rd
/NU10)
\/
Fig. 2.7:  Schematic illustration of the interface planes. Indices of the

parent phase are obtained by two-surface trace analysis.

SUTHLDRDE) . FOH%E T T TIE[001] L kDD, £5F5&E, Group 3a & Group 3b
EIOEOMIRDOBREICE L THETE S, £2T, HiZ, Fig.2.7 DX ST [100].& [010].DF
MERD 5 & Fig. 2.6 DFEDOFIRDOERMNE Group 3b THHEEX S,

E7e, FFKEIRERAROERME Grop 2b TH D, 1ZIFEREITHAROHSIME Grop 1b T
HHEEED. LEDOLDIZLT, Fig.2.6(a) DEENIRO/NY 7 > MBI Fig. 2.11 DL H i
WD ENTES,

RiZ, EEOHTRABEMN (Fig. 2.10 DWTIND Group) IZHBWT, 4DD)NU T > hH
AR RHAD SR T 558 OREICDWTE X D, R D variant 1 DIARE(LITF
Eq i

E; = RyBR{! (2.1)

TRIIENTED, TIT, BRI EFZHSDOTITITHY,

an/v6ac 0 0
B= 0 an/v6ac 0 (2:2)
0 0 Ch/\/gac

ThHb. £z, RIBNAT EFZER UEERD S RHAOBERNOEBTIITH D,



Fig. 2.8:  Electron micrographs showing three dimensional view of the R-
phase in Ti-48.2Ni-1.5Fe(at%) alloy. (a) Bright field image. (b) Bright field

image tilted 0.33 radian form (a). (c) Diffraction pattern corresponding to
(b): [852]}, zone.

Tdh B, Ti-48.5Ni-1.5Fe(at%) BRI HBIT 2RO FERK (ao) & RO TER (an, ) 13,
X#REHTEBE D, a. = 0.3019nm, ay, = 0.7355nm, ¢, = 0.5283nm ERFE->7=, ZH 5 OKTF
EBEHND &, variant 1 DILIREILITIND,
1.0000 0.0052 0.0052
Ei = 0.0052 1.0000 0.0052 (2.4)
0.0052 0.0052 1.0000
E72%, [ARRIZU Tvariant 2, 8, 4 IZDWTHIARELITS (Eg, Es, Bq) 2BRE S, 54D
W U 7= 7 IS TARZE (Baverage) 130
1.0000 0.0000 0.0000
Eaverage = | 0.0000 1.0000 0.0000 (2.5)
0.0000 0.0000 1.0000
L720, ZNIBAITFITH S, LeA->T, ZRICHCHEITNIEB2-REARICK 2707k
PRI NN Ebing,
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(110)  (010)  (110)
N / Lo
W '& 3 4*"1 e »\g,
' [001]
\ - 7 [010]
2 3 [100]
4 1

Fig. 2.9:  Model of the three dimensional variant arrangement of the R-
phase
3 2
[001] 0
4 1
010] {3/ 4
[010] A >
Group 1a Group 1b
4 3
[001} ) 3 2
1 2
[foo} |4 1 74
4 3
Group 2a Group 2b
1 4
001 1\_4 \2
3 2
[o10; |1 3 1
1 4
Group 3a Group 3b
Fig. 2.10:  Six self-accommodation schemes around < 001 >. axes.

2.5 5

(1)B2 B D BHAHA 5 RAHAOZRAZIIIN7S 1KEETH D, BAER - REICE DEFT 5,
(2) RAIE 1 DOERIOE D55 THRAERT S 2 &N TES,
(3) RAREBEICBOTHTHRIC L D7 DBRELEENT 5, HERRIZ4DON

18



Fig. 2.11:  Variant arrangement of the framed area in Fig.2.6(a).

U7 hhi< 001 > SOV ICRBT 2 2 EIcE VT3, ZNSDNY T > MIEWICHEEE
RIZH B, TORFHE—RITA1D)[112]y B LK (112)[111], TH 5. HCHEEA & U T 6 FEF
9 5,
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E38 HEREXHOERMEE

3.1 WS

Ni IREEDY 50.5at %L E D Ti-Ni 54 %#) 900 K LT ORETRZId 5 &, REwliilic XA &
IEEN DHERE RIS DL 2 3, KRR 2R < T5 & ZOMIdHA, D DI TipNizHH
R, REIR TiNiz WIS 23 4 . XA Ti-Ni 8&O<IVT 231 NEEESE)R S NTFIR
BRI EE M EAERKIFIS 6T, XKHOMIEL LT, CTNETICELLAKTEES
R 2 3) |, HAUSROMED , 2 WIESEEMESEY MREINTE . LML, INETI
RESNTMIETIE, ERT DN T > 0¥, EDX Ik 2 HEOHEBHEROETEHHT
B ERTE M olz, ZOETIE, NS OEEMER 22 THUA R XMHOMEET )L 21F
D, ZOEFIVZEDHEBHIZEZHL, L OLHENS OB FRETREESREIES I &I
& D X HHORSEME 2 RE LR RIT DN TR S,

3.2 X{HOBEETI

XHIZHET 2 INETOMRICED, RO ENERWASNE/Z>TND,

o XHHIZB2BIORHHEBAWNER L, FEDHNEERE b THT 2. XHDRKHNIEFig.3.1(a)
ICHRARNR U2 XD ITRHED {123} Rt E 7E2 T2 L5 1C8 N2 9,

o XHHOKFNER HEIZHN D DIFETHRE< 111 SHEANSARLEHETHD, ZOHM
M5 OB TRRIEFTKEIE Fig. 3.1(a) 2 5hh 5 & D1 6 BIEERMFMEZE H > T

e EDX IZX 21 k% & XAHDARILIZH Ti: Ni~ 11: 14 TH 3P

DlEE#RZ D EIXMHOBBEET N2 DL %,

*BETIE, COBETRRLEENLESED BN, TisNi & XN TWEH, ZOMENREEIND ETIEXHE
HBHNE Tin N EREEIN TV, BETDH, ZOL3REHRNLIELIZHVEN TN,
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oo oo0ooQoo

(a)

Fig. 3.1:  (a) A schematic illustration of electron diffraction pattern from
a mixture of the B2 matrix (M) and the X-phase precipitates. Electron beam
is parallel to [111]y direction. The 1/7 reflection should be noted. (b) Modi-
fication of one of the Ti layer parallel to (111)y

X9, BEMARNEND ZEABSNGHRLEN 1 1 s RKE TN T RNENS 2 & KD,
XA O B2 BHEICBNWT Ti O—#% Ni TEEBAZEETHHEEZ D, KT, ET
RRETKED 6 BEEEMAHEEZ B DENS TE LD, BRITHER - NHRR - ZHRRON
ThPIREBRENS, EIAT, BICETHEBESR TRTLDICXHIIRMHED {111} 2Fmm s L
TL RT3, 20K S RHFEBIINI A RROT b v 7 Zh ST ERON R
HAHEITIIEZ D/, LENST, BREIAHRRELIIEAFROVTNNTH S,

T, NATFEEAL, TOBTAHENRY MVE(by by b3) TR Y 5. by IIRHHD [111]
KELSEDIEITT D, &TAT, XMHORFIRMOD (123} REZ 7HEFT2LIITHNS.
DT EEXD {123} AN, 7EAMOMBEREIZZ> TNWEEEALND, by & by 13 {123}
HEORER 7 BEMTR5 XD ICED D,

ZDEDIBEFUAENT ML DD B, RABFITBWTE/NDBDIZL, Fig.3.1(b) TRINT
NVTH D, R (B2 BUEIE) OEAWHERY Ml(a; ay az)BHND EROELIITFHIRTES,

-1 =2 1
(b1 by b3) = (a1 a2 a3) T, T= 3 -1 1 (3.1)
-2 3 1

KT, TOWTHRTERERFREOLSICEHFIL TWEINEE XD, LITBRN=LDIT, XMHIZE
D Ti O—Ef% Ni TEZHZ ST/ TWEEEZXLNSDT, £TRHEORTFEFICD
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WTIRRD, 8 (B2 BIREE) 1BV 2 Ti R A Ep B LN TR FAE py; 11, 1, I3 Z2EE
DERELT

pri = hai+lhaz+ a3
1
Pxi = Prits (a1 +az+ a3) (3.2)

TEDIND, THERTUHENY ML(b, by by) BANTELET B &

1 3 3 2 2 1 1
n (?bl + —bz> + ng ( b + —b2> +n3 (§b1 + b2 + —b3>

Dy 7 7 7 3 3

1
Pni = pTi+§b3 (3.3)

EEFB, TIT, ng, ng, nglMEBOBETH B, baliliCIEE RIEIE Ti 72V O & Ni 72V O
PREICHEAER > TBO 6 AR > TS, (by by b3) TOL SNHAETNIZBNTIE
BHEEENICZ 7THOEFRH 2 ZENEROELDELICON S,

KIZ, KABRELAS Ti:Niav11: 14 IRBE DI Ti O—Ek% Ni TEHEMA DI LE2EX D,
£, T OEO T HOETFO> S 1 EAN EEHbD, Ni OFiE 7 EETHN OXETHS
LT3, ZOBEEGHMBRIIETI :Ni=6:8=3:4THD 11: 14 ITLW. LA >T, XHTH,
ZDXIRBEBANEZI>TNBEHDEEZLD, KIZ, & TiBNTEDK D BMEDETNE
EHH > TNBENIIDNTER S,

WE, 3.31THBNT

2 1. 1
Zby+ =by+ =bs ) =
(31+32+33> "

EHB5bT L, 3r AT T THEALLARARTFORTFUWENY MV THD, TOZEXD, r iR
| HRTREERET TR E LS aORTLERY ML ER> TSI Ehbhs, Lk
T, my,me,my BBEEUT, miby + moby + mar OAED Ti T 22T Ni AT TEBRLT
DEMAKT &L TOVWERNFEZHRF T2 LN TES,

ZDEIIBEEWZ 2B s> IREEIIZEHEE R3ICE L, TOFETFALEZ International Table
for Crystallography DZEACITHED TRLIR T 5 & Table 3.1 DX D275, £z, 1 DD TiHNT
DE ZHZ O¥T % Fig.3.1(b) 12, 6 BEAMOMEE DL S 9% Fig. 3.2 ITRT,
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Table 3.1:  Atom position of X phase (TizNis) with space group R3(hexagonal axis).

atom site coordinates

(0,0,0;1/3,2/3,2/3;,2/3,1/3, 1/3)+
Ti 18f =z,y, 2,0, -y, 29y — T, %, 2%, 0, Z, Y, Yy — T, 2, T — Y, Y, Z
(z,9,2) = (5/7,1/7,0)
Ni 18f  z,y,z,9, 00—y, 2,y — 2,5, 2, 5,0, 2, Y, Y — T, 2, T — Y, Y, Z
(z,y,2) = (4/21,5/21,1/6)
Ni 3b 0,0,1/2

Ni  3a 0,00

Fig. 3.2: (a) Atom arrangement in the six layers composing the unit cell
of the X phase; (b) stacking of the six layer in (a).

oB, KROIRIEERED 2D EEFRRTORERY Ml(cr ¢ c5)iE5N5,

2 -1 -1
1
(c1 €2 €3) = g(bl by b3)| 1 1 -2 (3.4)
1 1 1

ZOEDITUTHEEZRDELZBEOFEFAE Table 3.2 DX D225,
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Table 3.2:  Atom position of X phase (Ti3Ni4) with space group R3(rhombohedral axis).

atom site coordinates

Ti 6f T, Y, 22, T, Y3 Y, &, T X, Y, 25 2, T, Y3 Uy 25 T
(z,9,2) = (5/7,3/7,6/7)

Ni 6f Ty, 22,%,Y;Y, 2, T, T,y 25 2, T, Y5 Yy 2, T
(z,y,2) = (5/14,3/14,13/14)

Ni b 1/2,1/2,1/2

Ni a 0,0,0

PEQXS I TBEN XS U THIER T2R0D 5. AR TERRETDE (b k)
XS DR T Fp 13

Fiw = (friVins + friVa) (1 4 @2mi(2h/3+K/3+1/3) | ezm(h/3+2k/3+l/3)) (3.5)

ERTENTES, ZTT, fr, MldETFEELRFTH D, Vi, ValEZENETN

Vi = e2miBh/THR/T) | (2mi(Gh/T+4k/T) 1 2mi(3h/T+2Kk/7T)
4 o2mi(2h/TH6k/T) | 2milh/TH3K/T) | o2mi(4h/T+5k/T)
Vig = 1 e2mi(h/342k/3+1/6) | (2midh/21+5Kk/21+1/6)
| 2mi(16h/21+20k/2141/6) 4 (2mi(h/21417k/21+1/6) | 2mi(10h/21+2k/2141/6)

| 2mi(19h/2148k/21+1/6) | (2mi(13h/21+11k/21+1/6)

THEz256N5, TNEEETSHE Table 3.3 DEDITRED, ZIT, 2h+k+1 # 3m ORI
BT B0, rick2WMENFMEEK LD TH S,

Table 3.3:  Structure Factor of the TizNiy(hexagonal axis).

Sh+k="Tn 5h+ k # Tn

2h+k+1=3m 1=2p F=608fri+4fni) F=-3(fri — fai)

1#2p F=603fri—4fni) F=-3(fri— i)
2h+k+1#3m F=0




O 36 (3ri+ )2
O 324(tyi - fw)?
o 9 (tni—-fai)?

Fig. 3.3:  The distribution of the intensity of reflections from the postulated
structure in the reciprocal lattice.

Table 3.3 DHHER T XD, AETINOBIEIIHZEFITBNTS (001)x AN 6 BRAZE S
DI EDDMND, Fig. 3.3, Fig. 3.4 1T (001)x (|| [001])x) AMBITF (120)x (]| [010]x) HFHN S K
T2 DM & ZNEIUR TS

728, R E XAHOBFRIRIZIN 3.1 OB FIMTF T 2HBNT,

—4 -5 7
* gk gk * % % - - 1
(b} b3 b3) = (a} a} a3) T, Tl = 51 5 1 7 (3.6)
-1 4 7

DEIITKRTIENTES,

3.3 EBRAFAE

RIEIDET IV DIES M 2 3G 272012, BTFEREBEEEB aok. £, XHOKTE
B EEHEITRD 272D XIRETRER 2B a0 7z,

tZOETIRI MY v 7 A THLRMEOEKICIE M 2, £-XMHEOREKICHE X 220 TH 5,
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Fig. 3.4: The projection of the reciprocal lattice along (120)x(]| bs) direc-
tion. The circles represent projections of the reciprocal lattice lines perpen-
dicular to the plane of the drawing. The reciprocal lattice plane containing
(120)x and O-I direction is defined as section I and so forth.

Ti-52at%Ni & 2 BZEFEF 2 AV TAM L 2058 123K T 1.3 mm D >— MTEAREE
Uz, YR RZZIOMBF 20— hEDUHL, 1273 K T3.6 ks OB LAHZIZEZ
UAOKHIZEEZ ANz, DDWT, 873 K T72 ks DRI Z ML, X HZESE7=.
BTEMEBZAGRRNI Y oy MBICXDIERL =, AW PHERIE 90vol%CH3; COOH-
10vol%HC10, Th 5, BT HMEBIRICIIH H-800 b B W, MEEEIL 200 kv TH D,
X BREFTEI NI 7 4 )V F — 2372 CuKSRERWY, T4 7527 A —F BRUOEHKFEF I A
SICEOBI o, EHHASOHASEORKEDDIC, WMEEREIC Al OBEBE D7,

3.4 HRBXUEE
3.4.1 EBFHERER

Fig.3.4 O Wi I—X IR T 5 10 FEIOBEFREINE Z2iR> /2. TORRZ Fig.3.5 [N
o TRTOEHFRFIIAMEEETET IV TFERSHHTE 3.
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SECTION ©

SECTION W

SECTION V . ’ SECTION VI

Fig. 3.5:  Electron diffraction patterns from a mixture of the matrix and
the X phase precipitates. (a) corresponds to the section I in Fig.3.4, (b) to II
and so forth. Zone axes are (a) [001]x, (b) [217]x, (c) [214]x, (d) [211]x, (e)
[841]x, (f) [421]x.(Continued.)

3.4.2 BFEHDORE

TAT T A= BIOEERREN N X FITX D XEREYT/NY — 3R E,  Eid Rk
EHTHXMEDREIREE U TR BRI TE /2, Al D422 RFZMANWT, EHFHASDH
ATRERIELUZ. TORIEZEAW=HERFER /I A T2 & 5 EHLE % Table 3.4 1RT

XHRET DFER K O RD 7= RHA DI FERNT apm = 0.30117 & 0.00003nm TH 3., Fiz, XA
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&

SECTION X

Fig. 3.5: (Continued.) Zone axes are (g) [427]x, (h) [215]x, (i) [218]x, (j)
(2,1,11]x

DT ERIIANTHF Tld ax = 1.12354 0.0001nm, cx/ax = 0.4519+0.0002 TH VD, ZEHEAK
T Tl ax = 0.6704 + 0.0001nm, o = 113.854 & 0.005degree T35, Table 3.4 D dey 1E T DK
TERLOEH L ZMEETH 5,

RHH & X IO TG D, XAHDOEHRICHT BIIRE LA © LD 2 EMNTE S, [100]x
MIDIARZA LI

e(ax) = G’L\/% x 100 = —0.3%
THD, [001]x HFIDOIRE LIZ
e(ex) = % x 100 = —2.7%

ThHd, LEN->T, XHITEHIZH LU T exB AT 2.7% MiATE D, oxlllicEE 22 I
0.3% M A TWN5B,
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Table 3.4: X-ray reflections of the matrix and the X—phase.

0 X-ray d-value deal. index

65.309 oy 0.084779 0.084763 814x
67.227 o 0.083540 0.083530 320y
67.58 g 0.08353  0.083530 320y
68.7201 o / / 4224,
68.0888 «y / / 4224
70.499 0.081741 0.081740 672x
70.868  ap  0.081734 0.081740 672x
71.686 o 0.081138 0.081133 265x
73121 o 0.080496 0.080491 321y
73.624 0.080485 0.080491 321y

81.31 o 0.07792  0.07794 333,511y

3.4.3 FUBIFREREM
RHH (M) & XFH ORI Fig. 3.3 OB FREFTKF L D
(100)x || (111)m  [010]x || [213]m (3.7)

T B HABIENS D Z EAhM B, R 3.1 ORTIUE, MEOBTER, BIUN 3.7 OHMBIE
£0, BHOBIRTRY M (a1 ay a3) & XAOEEBT R ML (5] b, by) DRI

ax/V1day 0 0
(bll b/3 bg) = (al az a3) AT, A= 0 ax/\/ﬂaM 0 (3'8)
0 0 ex/vV3am

DEDTEB, ZIT, THEHRB.1D)ITRLETITH S,

Fig.3.6 [dRHHD (111)m 50 5 S BT HMEVIRTRTH 5. XML A, B, C, D TRT &
A DDA L TS, A, B, C OEBEEITZENEN (111)y, (111)M, (111)y O~ L—
AHTTHD, D11y IKHETTH D, 2O EXD, BREEIE {111}y TH D Z Enbh
%5, 7z, MO EITL > IR TH D Z EMNFig. 3.6 LDHOMN D, Fig.3.7 1L > RO
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Fig. 3.6:  Electron micrograph of the X phase in the B2 matrix. Electron
beam is parallel to [111]y

MR SBIER L EAEEHE TH D, 1RO > XM 2 EONY 7 > "SRR EhTW
LOMOMB. LIEN->T, XM 8 HD/NY 7 > MIEIET D Z &b,

INUT 2 b O 8EHTH S Z &N LRl OMIEET IV THIAND K MEINIT DN TELKT 5,
XA OZERE RICHB W TR OMIMED R WA Table 3.2 Db Y1 hThD, ZOMDMEET
3(S6) THOZTONEIL 6 THD. ZORITHINT HRHH (B2 BUkEit) 2BV 5 58T m3m(0y)
THOZTDOMENL 48 THD, ETAT, Bt 3 13EE m3m O TH D, LEN>T, A
B m3m 13 3 1TKD 48/6 = 8 DRIRBITHEITE DY , ZOEREOKNINY T >~k
LB 510) BN SHTHE L2 XARITIE 8 IHONY 7 > MIMEET B2 &5, o
ETINIERICEDBIEINZN) 7> hokZE b P EESHHTE 5,

3.5 55

XHIEZEMEE RS =R OMIETH D, N T2 Eo 7 ESWARTNIZIE 18 1D Ti
A& 24 (8D Ni BT3B D, HMFERKIL ax = 1.1235nm, cx/ax = 0.4519 TH 5D, F/z, il
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Fig. 3.7:  Electron micrograph showing a plate of the precipitate. The plate
consists of two variants.

FALIE VL Ti(18f), z = 5/7,y = 1/7, 2 = 0; Ni(18f), z = 4/21,y = 5/21, z = 1/6; Ni(3b); Ni(3a)
Thb,

XA ERMHEIE (001)x || (111), [010]x || [213]m 72 2BEMH D, XAXL > RITHH L,
ORI (111)y THD. XHONU T > hO¥IZ 8B TH D, XAHERHITH LT cx il
> T2.7%, ax #IZ> T 0.3% MA TS,
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FT4E FEREATTEHMLUAEANIBE TI-NiES®
D A REFIKECIERFIE

4.1 S

Ni HE|D Ti-Ni &4:% 773 K AL ORE THERI 5 & TGRSR Lkidn
% ZAIARGLEEN R NHN DL 2 3 4 9 2AMPIRGIESIREZENT 5 ERDED TH D,
NiJBEID Ti-Ni &&OHRIKRERE FE ORISR 7 1w b 38, BOFITRBXDITty

N5, DEGABIEREICANZEE 773 K HETREIL, FEROEZEAATE S, ik
EHENSBMOHT &, SBHIMAGOERL DD UAEREROEN > ZHIRELRD. ZNDW)
HIREETH D, ZoitBl2HAIL B2—R LREHIGEE (ME) LFICTT 5 SalBIEIRIIIR £ ITR
LU E2D, TOIREIEIE B2—R BEICL > TRRI S, IHInHZERITS &, BASE
T AR EH AN DIZCD D, ZOMRELIZEIC R—-B1Y REICE> TR 5. IFb@E~E
BT, BORIREEZYD, NI R—B2 £ TIRE (AF) LETRTORICR %,

EHMFARGIES I B O TIIREIITHT U7z TigNiy M DEELREEIZ L Thb, TisNig
MIZL > IRORE L THB D, WEEERHEO (111}, TH 20 7 8) . Rghglilicsnt, il
IR EBEATH D, (001, NI 2.7 % MATVWSBY, LENST, &UINED SRS EM
ZTIRRE TR 92 EHTHIWNEEL U TAER T %, BRI O T THREIT 5 & EIFEIE5 RIS/
DIEITFATIT/RD, ERERA O T TR U TEEIC/R AN D D, TigNiy HOFTHY
V37 ORI RE AT MY w7 A TH BRI LBIERIN A 2 RIFETT 9 10)

HL, tiRoieZE FERERCHEERTIE, et oL X DAMUIOER3E5 RRIS 1 2ME8 A T2 IR
BEIZH D, Ok 0NEIOIRMIEME DM@ NZREBICH D, DRI, ZOIRETHEERZRZ)
95 LT O RIS OER T B W TIEEARLR N TR0, AR B W TiEalkkRE
ICTEEICRDSMANH S, ZOXDICEAMTH S Sl 2 HhHIT 5 &, B2-R-B1YEREIN

*BIBOXHDOT &
VREBTD ¢, h 2FHFNcubic lattice DEHHE & Dhexagonal lattice ® TisNiy OB THD I EERT.
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HYMED SISO T TRI S Z &5, ZOBHE, ZORNSEEITBHETISERM (B
KOBLYH) DNU T > "R LB <725, ZDOXINUT > M, FLhSMIllcBNT
EERECEEZHFICEOMEDNI T > R THO, FLEDPHIIBNTIERREICH > TED
HOBNUY > hThHb, ZOXDITELITRA (BXUB1YH) DN T > SO 57
0, HIEMRRE(CONEZ D, RN TR U 723 H3 2 ARG R 2R T

ZOETE, 2ANMIRECEIROEES, Thabb, ISABNMINE NZIRETO B RETHRES
WKOWTERRRMMEZ B ZE > HRERICDVWTRRS, ZOMEDZDHIZIE, Nishida 5 2
MBI TR K DFEREABOAIE L TW5, T I T, AERTIE TisNiy ZEBERH S
BB 7ZDITHAR DFERFTITF 8RN 2 AN U 72 RAE TRERNLIE 2 B 27wy, sIERISh 2L 7=
IREETOHEREHEN ZFHEL 72, DX S I BHIBIZH D 0 & 2 IO T TH B DT
EHMIAREEZIR &0 S BFRIEY TR0, LUF TIREANIREEORD 0 Iz R
SR AR &I2T B,

4.2 RBERAE

Ti-51Ni(at%) % HAGHERMIC L DERL, BRIEZEICED 1.7 mm OWIZLZ. 0K
XD, 183 mm, FEE 0.5 mm, FEREEEEE 30 mm OF BRRERH & L1 & 5 3RS 28—
THEIITYIEL, BZEFT 1123 K T3.6 ks IKLUHZEL /=, DWT, IERBRTICIET%E
MU TZARET 773 K T 6 ks ORFEMUEZERL 72, AU ZIETT (0age) 130, 165, 300, 500 MPa
TH%. 500 MPa LA F OIS 2N U258, RIS OIREIZIZE AR 5o
7273, 900 MPa D1 &0 U 723t BHIR g TR U 7z, R, 90vol. % HC104-10vol.%
CH3COOH EAWE HEWTEMIEL /-,

RERNALIE U 7= B ISRERERFT DI S 3 x 3 x 0.5mm?® DR E X DERRZEEMT (DSC) Alatkt
ZYH L, DSC #lIE % 10 K/min OWH - INBHE TR o7,

500 MPa OFED N CRENMLE L 723tk 2 AW THEE TIEMSBISR 2 B Zixo /2. skl
BA5—2ICty hL, HILH-800 ZMHW 200 kV OHIEERE THEEL /-,

ARBIET] (0pest) ZATINUTZIRRE TORY A )V (BRI EEY 1 7 )VEER) 1, gk - Mg
FZ 0.5 K/min TH IR 72, EMEEY A 7B EEORERBICONWTB IRk, O&
Did 340 K & 260 K DI TH D, B2oR BREOREHE THS, O 0UEDIE340 K & 200 K
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Ope= OMPa
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$ 165MPa
Q Tf —
g N Il —-—
=
2 300MPa
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3 500MPa
I V\f ——
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| 1 ] ]

200 250 300 350
Temperature, T/ K

Fig. 4.1: DSC cooling and heating curves of specimens of a Ti-51Ni(at%)
alloy aged under applied stresses (oage) of 0, 165, 300 and 500 MPa.

DETHD, B2oR—B19 BREDIREZFTH D, BY 1 7 IIERIIRODELH BT,

(i) BARDHABRAIE (¥ 7 MPa) 2L /ZIREETIEE % 340 K £ TLERIE S,
(i) IEZ 260 K H2WiE 200 K £THT, 20 340 K ¥ TLREIE S,
(iii) MEEHEL T, (i) 280IERT,

4.3 HREBIUER
4.3.1 EAFIKEICHITATHRE

Fig. 4.1 BERIETT (0age) THRENMLEE L 723408 DSC WHIHRB J VIR TH 2. BIE
IZIHBATE 2 N7V RIE (0pge = OMPa) TH /3072, RTORMBHI DWW THARHITIZ ST
DOE—INHDENETN B2-R BIXUP R-BIYEEICLDZHDOTHSIL 12 13) | F/e, fnsk
HIRR IS OB ERBIC K DS DDOE— I NH 5, Fig. 4.1 N5DN5KDIC B2—R EEBLN
R—B2 BEICL D E—VREZEBITROBOIBNNKRE L BBITDONEL<L/EoTHED, opg
IMKENWIZE TigNiy DBENEZNDH BT TigNiy AED HTIRIIENREOERICEFNT 2>
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TWBZEZRRL TS, FRIOMBRITISI Z A TWiaWikkl D B2—R £ & R—B2 BHED
ERTY P AREETEDIFENZTWVD, 165 MPa L OIS T TRES L 25B TIIK 5 K @
ERATUTANSD D, £z, opge MRKELRDIION R-B1Y BRICEDRHSE—2 T 00—
RIZ720, TOREIMES/Z>TWnS, ZHUIHL T, B1Y -REBEIZE BRI E—TIZHED
L TR,

B2—R, R—B19 BLUENE DPELEIC & bindBREE R Tong WEILL THHEOEL
Tz, ZREREOMEITB2—-R, R—B19, B19 R, R—»B2 ZEIZDWTEFNENK 5, 6, 9,
5J/g Tholz. R—B19 £HEE B19 —R BREOERNE/2 5 HIIRI & B1YHOLEOH
BEICEDFHEINTHSY , Fig.4.2(a) 1 500 MPa D1 FTREZN U 727306t 0 B FSEMEAE
BRTH D, BIEIIHK 350 K THB /x>, TisNiy OFEDICOTHRICEBIL NTARRHAS
N5, (b) IZRHEE TigNiy M OWF & AEFEEN 5 OB TREFKE TH B, (c) IZEFHE
PIKZIZBIT B TizNiy HD (120), KFICZHHEHEHETH D, TisNiy OWHEINEDOETFTH
MG R AT D X SITEFI L TWB LI THRALND, TDIZ &I, YOS
| ([001],) & V) DBIERATNCEHEIC/RZS> TS ZE2ERL TS, ZOREIZ, FfEICHERL
FIRBE TR L 725l BHT B B HEHS) E—H L TV 3,

4.3.2 BIERRATICHITS B2-R ZTHEICE HIEDOERE(L

Fig.4.3(a) ICHEEM TREN LTz (0pge = OMPa) iBIOEBTERBINT] (0es) N CTOEIR R
ZRY e OTest = 6.4MPa DJEST F TR L /ZHA, #BHIB2—-R 2B LU R—-B2 £REIC &
BIRWIFEAERENZR SR, ZHE, REOHTCREY 2WER2IZB I b TRk
TH5, BR%E 55 MPa H5d 104.4 MPa TE /o256, EHIB2-R BBIZE Bizo
THTY, R—B2 BRICEB70> THEL, 104.4 MPa DR T TOMHNNIK 0.2% TH D, KR
IHEHNTND B2—-R BEOBEAMHN (K 0.8%)1> 16 D 1/4 Th5.

Fig.4.3(b) i oage = 300 MPa D5S1 I TR U725 D A RERBINT] (0rest = 6.7, 49.1, 96.7,
127.9 MPa) TOE-REMR TH 5. ZOalkHT B2—R BREICE BN, HRBRHEITHI LTI
MLTWD, ZOIMERIZ o, DRELRBICDIVNEL B> TNS, T2, TRTORERA
BIZBWT, #BHI 1 BO#Y 1 7IVANH 2 L5210 EOFIRICE > TS, E-REHRIC
BN TWHMHIERE EINBEROE AT U > A% Fig.4.3(a) & (b) 2 THARS &, 300 MPa Tht
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Tensile axis

Fig. 4.2: TEM image of a Ti-51Ni(at%) alloy aged under an applied stress
of 500 MPa, (a) the bright field image, (b) the corresponding diffraction pat-
tern consisting of the parent and TizNis reflections, (c) the dark field image
taken by using the (120), reflection. The suffixes ¢’ and *h’ are used to ex-

press the matrix and TizNiy. Observation was made at a temperature around
350K.

NUTIHE O/ NEART TR LB B LD B AEL, Fig.4.11RLEZDSC OfEE LT
W5, 165 MPa BE 500 MPa T L7256 B IFIEFRER ORI 5 17z,

TigNigfTHHif 23 ATZELD B2oR ZBHEICKITTRY A V7 IIVORIIEHTED Z L0 S
NTHWD , FIEZMAINLUZIRETOBY A 2L OFIZH SN TR, FIT, ZORE
ZWSNTT B80T 165, 300, 500 MPa DJisS1 K THREZN L 72aBHZ 100 MPa DA E Z L
TARRETEAY 1 7 )VikBR 2 B T2 o7z, 100 BDEY 1 7)) 2 il U 7= 1% O B E R 1381 2>
WERTRIEIFERICTH O, BYA 7))L OMEIASNRNS T,

B2—R AT E B D ARE(L 2§ 272012, My M5 40 K ZHRHIT 2B WZDIRE

37



(@) Opg = OMPa (b) O,y = 300MPa

OTesl = 67MPa
MgR
N — € raox /
1 O e = 6.4MPa | /
5 ©
-(gu > 20K 49.1MPa
X
g £ /7
O K /
) 7
— — 97 .6MPa
S S >
€ = ==
S S
(¢3] (93]

™~ 104.4MPa - 127 .9MPa

—~—
Jo.2% — -
Jo:2%
| ] 1 |
250 300 350 250 300 350
Temperature, T/ K Temperature, T/ K
Fig. 4.3:  Strain versus temperature curves obtained by thermal cycling

tests made under various applied stresses (oTest) of specimens (a) aged under
no applied stress (cage = OMPa), (b) aged under an applied stress of 300
MPa.

LMD T IEICT S, COREHEZRATLOR, ZOREHFETBR2-RARIIIITTT
LTWaNETHD, ZOMIREIE Fig.4.3(b) IORT DI epaox EET ZEIXT Do orpest &
eraox PBARZE Fig 4.4 1TRT, AT TRZI L 7Z23B Tl eraox BIETH D opeg I L TE
FERANTEML T3, ZHUTKRL T, 165, 300, 500 MPa D1 T TR U 72308 Tl eraok
IZEATHD, IR (—eraok) 1 oresy 23 6 D5 50 MPa O TIRIZ—E TH 5%, 50 MPa %
BADE orest 18 L TFFEBINTEDO L T0D, TD o, PHIFICBWTIE, FEIOBO
ISR o pge = 165 MPa DitBHIo pge = 300, 500 MPa OFREHT LR TIFFEND L/NE <73o
T3,

MEMS 40 K ZHmAT 5NN SN D HHIL cpaox & et DREICHHIT D, ek
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o'Age
0.5 i x OMPa
O 165MPa

(1 300MPa —
A 500MPa

8FMOK (O/o)

I I
0 50 100 150

GTest /MPa

Fig. 4.4: Relation between the test stress (oTesy) and the shape change
associated with the B2—R transformation (erqok)-

0Age

O  165MPa
1 300MPa
A 500MPa

0 50 100 150

GTest /MPa

Fig. 4.5: Relation between the test stress (ores;) and the work (Wraok)
done on the unit mass of aged specimen. The value —WRggok is the work done
by the specimen on the outside through the B2—R transformation

DB E RS2 DITH L TRENSHE Wreok 13,

1
Wraok = ;61{40}(0 RA0K (4.1)

ERTIENTES, ZIT, p RABOBEETH D, Waox MVE THITRBHIEOHF
(—Wiaok) 2T B0 LI T, —Wiox 13 AR SRS B0 b 2 BB T B e s s
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OEDDIREEE 8 B0 Whaok & Orest DBIEE Fig. 4.5 R, AR TREI L7230} (0pge = 0
MPa) T3, Wraok 1FIETH YD, ZFDMHEIF opegy PEIIZ EBIZNBEENICHEINL T3, Zhic
MU T, oage = 165, 300, 500 MPa DIEH T TREEIL 723808 TIE Wyok IBETH Y, — Wik 13
OTest W% 50 205 100 MPa QI TRKE LD, TOZ EIE, AASNTHFIRGIEDRICLD,
R ZEREN S 5 F 1 50 205 100 MPa OIS U TR BHRSENT L 2FKL T3,
—Waox PIEIE opge =165 MPa TRENL7Z3ELE D, 0ag = 300, 500 MPa THRZ) L 72388t 5
WHLURKEWN,

4.3.3 B2—R ZHERIRBREICRIZTMEHDEEE

ABIE N 2L 72K T D B2—R AREHIARE (ME) 1 Fig. 4.3(b) IR T LD ICERE
MR 5 RD D ZENTESD, ZIT MR BROLDICERT 5, $70bb, AR TR
ARBHTE U TR R R I B W THONI U 2E E L, 1A FTEB Lzatklici=nl
TIEHPHELIZUD 2RE &7 5,

AR TR U723 BHI BT B ME Lope, DBIFRE Fig.4.6(a) IRT, ZORICEBE, MR
I orest WRKELTRBIZEDBN ERTHZENbN D, ZHUI— RIS RI< )L 5 B
NMEEETAHSNDZEE TH B 18)

SRS F TR U 723 BHE BT 5 ME &0, DBARZE Fig. 4.6(b) ITRT. ZORNS, Z
NS DHEBITIE, MR opegy WRELBDIZDNET TS E00N5D, ZIUIEAR TREZ)
LB ERMOEEHTH S, ZOHHITONTIE, EHBETEET S,

Fig.4.6(b) IR L7z MR & oney DBARE D, JEJTFTRES) L 72308 TIE 135 R—B2 &
D ZENTRIND, 0WE, #EHC MR X 0D UIKNWREIZB T Fig. 4.6(b) DR
TR EDIIENZMINT 2HBEEEZ THD, JEHPRHORBREBZ 5 E RMTTERITHA
%, TIROBAERISHICE D RAENS BENFEINDETH D, ERITSHFHRLE R—B2 LR
LS EEHELETRT,

4.3.4 BIERIEATTO B2oR—B19Y THEICE B SR

INETIE, B2oR BEICEHROWIRENL EAEBBRECDODWVWTOREZRRTERE, 22T
1d, B2R-B19Y ZREIZE BRI IR EEEREICDOVWTORRERRS,
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Fig. 4.6: Relation between test stress (oes;) and the B2—R transformation
start temperature (MZE) of specimens (a) aged under no applied stress, (b)
aged under applied stress of 165, 300 and 500 MPa.

Fig. 4.7(a) IXEEATCHEN L7 B O BRI CH 5, HHERICHNT, WEHE B2—R
ZREBIUNR-B1Y BREIZE DR THY, FORKEINE, op DWARELRBZIZON, #EML
T3, 50 MPa & %W 100 MPa OffE T TRY 1 7V EB 0D &, B2—-B1Y £RICZED
[EIERAEIR BT T 5.

Fig.4.7(b) t& 300 MPa D55RINST T TRER) L 725t O E-REHR TH 2, RBRITEIVNE W
BB (0Test = 6.7 MPa) #BHI B2—-R ZHEB LUV R—B1Y BREICE B> TIM L, B19Y —R
EEBLIUR-B2 BEBICE B> THUITWS, Th5 OERERIBRE MR, MB1Y | AB1Y AR
ZRPIOR Uz, B8 7)ViBRE 49.1 MPa Bl EORBIN T R TH Tia-> 728813, B2—-R £
BRI & B7s o TRUBHIIEY 7% R-B1Y ERIZE B720 TR S, R—B1Y BIBIZE
BRI oy WREVIFERE N, TOBBHNIMEH TR LIZEBI D R-B1Y ZRBIC &
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Fig. 4.7:  Strain versus temperature curves obtained by thermal cycling
tests made under various applied stress (orest) of specimens (a) aged under
no applied stress, (b) aged under an applied stress of 300 MPa.

BIRIBENEPI TS (Fig.4.7(a))o 0resy = 49.1 MPa BA ETEY A 7))V E B e 128548,
EHERRER AR L TS, ZOEEARREREBIIRY T VN ERDKRT /NI RD, & X
i, 49.1 MPa OEBME TO 2 B HOBHY A 7)) (KH D 2nd cycle &t U ZHIHR) iBR TOIE
EARREEIZ 1 EH OB 7)) (RO 1st cycle &30 LHIR) OFNED /NS 2> TNS,

FERRDEY 1 7 )ViRERE 165 MPa, 500 MPa DA FTHRIL Z3BHc L TR Iz,
300 MPa OSSR TREZN L 72358 LIZIERMR O R 2152,

Fig.4.8 ICBYA Z VB & DRO ooy & R—B19 ZREFRIEIREE (MBYY) BLU B19 —R
ZEREBHIAEEE (ADY) OBIREIRY, TRTOMEHIDONT, MPY | AP 3TN bopeg AIKE
WIZEFLZO TS, TOTELD, TigNiy PEEAITEFIL THH L TS EMNE, MBY,
ABY ORBUS KIS E L AW Z &b, T72b b, TigNiy HON H#IER-B1Y £
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Fig. 4.8: Relation between test stress (omes;) and transformation start
temperatures of the R—B19’ transformation (Mflg,), and its reverse trans-
formation (AB1%).

BBIUNZFOWERICKEIIHELRRWENZ S,

4.4 5ER
FIRIEH T (oage = 0, 165, 300, 500 MPa) TREHUIE L 7= Ti-51Ni(at%) GRDOIT A

ERE & " IIREL R R A BE T TAMEE RIS, ERREROT, ERERY 1 )L alRic
KON, LT ORRZREZ,

(1) IXRTOHEHT B2oR-B19Y £iE%Z/RY, B2—R FEB LN R—B2 ZEMBIREI oage
MRELRDITDONO TN T2 5. TigNig MEMIZ DRIEE D0 pge DFFTFNTIEEIEIT
25X DT 5,

(2) AR TRZNUEE (0pge = 0 MPa) L7FRI D)V T 281 MARREEEE) S ARRLIR 22 ENI3TA
RACALEIREE T B2sRe-B19 BREZRIIABI OB EHELIL TS, ZZL, JIRELE
VIR RCALEE U 73R 0 1/4 FRETH 5.

(3) FIRIETI T THREZNLEE (0pge = 165, 300, 500 MPa) L7z#EHI B2—R RHEIZE B2
ML, ZOUHE BRI E (o) DR ELRBDIIDIWHADT D, N5 DidBHI o ey A1
50 MPa 75 100 MPa O & E/R bR L HTFHET 5, B2—R BEFMBIREIR o WK
ELBBIITDNET TS, NS DIEHT oo 2 7 MPa BETHNIE R—-B1Y £BlEBICE
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BHIZNIHET DY, opest DY 50 MPa L ETliE R—B19 ZBRIC E HI2WHRNS, BEHEREERE
¥ B2—R ZREDREHH TIIFRE LW, B2RoB19 OB ERFE TIIHRYT5,
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FE5E TisNiy ZERTHSHZ Ti-Ni §€IC
BFBI5HERR R-B2 ERE

5.1 #E

RINT A MEEET B OBERITBNT, —#NERIRINEI<IVT A S OERZEF
%, TN X, Fig.5.1(a) IORT LD, TNSOESOLERBREIIISNEMNT S E LR
5, L2 ZOX5EETIE, BEHBREL VDL EORETRAZMNT S EIEHFEES
VT8 NEENEZ S, 3 Y ZOEEZE Fig.5.1(a) KRHITRLTH S, DX DK
2 < ORFEMRIT LT A MEBZT 558 TREN TN S,

LB, MR UL SIS FCHT 5 2 10X D TigNiy ZESHTHS#: Ti 51N
BEITPBNTIE, Fig. 5.1(b) IRTEIITILHINKEL122ITDN B2—R LRERBEEN TN
B, Lo T, ZRERBREN FTIRAZMNINY % & Fig. 5.1(b) IKRAITRYT & DRI S1EE
R—-B2 BENEZS2HD LTINS, ZOETIHENFE R-B2 RENHBITEZD L%
WhBHEEDIT, TOHBEZRNENTHH U ZERICONTERS,

5.2 EERFHE

Ti-51Ni(at%) A& 2 HAHERRIC L DERL, BEEEICKD 1.3 mm Ok&ELE. 20
JEREAR L 0, FAEEERE 30 mm, 8 3 mm, EE 0.5 mm O5ERARFT & EE ARG 15K 1A
E—HT DL ML, BIERRBRICIE 1123 K T 3.6 ks DIEKLAEZ B Lz o 721K,
300 MPa O5IRIEHID R 773 K T 6 ks DRI ZEML /=, ZOUBEICK D, TizNiy MidZD
FRREEI NS BRATIIEATIC % & O ICEFbT i 9% (Fig. 4.2 Z1).

ISR DA BRI IR & 5 R S € 5 Ih T LESHENT 2RI ICHET 5 2 &ITXD
B L, ZOXDIT, BRIEGICE DHAEMRINTE BN, B2—R BEBIOTOTE
HBIC & DI WESUEIIEE AN TON 5 TH 5,



(a) (b)

B martensite parent 5 martensite parent

Fig. 5.1:  Schematic illustrations showing stress (¢) dependence of trans-
formation temperature. In (a), transformation temperature increasees as ¢
increases; in (b), it decreases as ¢ increases. The arrows in (a) and (b) are
the path of stress induced transformation.

SlREEBRII—EDBREICE -7 3M @ 71—k FC-77 OHIZRBRF 21T, BHEE
£ =125x10""/s THI/xo7z, BEXHEITEIZEFRUHFIEICLD 500 mA OBREHL TH

haVASSY et

53 R

ZDBIZBVWTH, BHEREZXTOIEDEIE TR, KX TEBTHLHEIIR p, %
s,

to - wo

pn =R (5.1)

lo
ZZT, to, wo, lo FENENINEIEADMIMES N TR TORRICBIT DB OER, 1E,
EITHD, RIJEHETH S,

ZDERITED < p, i3, BEF DOREDDNIIELOETEIRORBEKAFHRIEICHNT, 2
D) BHRELTHWLNTWS, ZiUd, ABOMEED D NIZBIZRICE B8 S RN
INEVWZDTH B, ZOREIZBNTHIDHE YA LIERDOIIMEREIC & 735 Bl o HFEIR
ZAET2 5 NTBIBRETEIC & HilB O IIRE N BELIEIUHIC R I THEE ER T2 Z &N TER
W TH D, ZOXDITHREIDBIREVG S, LRDp, 3BT OBBIETHD, HOEH
RLIIRB S,

pn INPIRBILICE D ED LD ITELT ENIIDONTE XD, WE, HIHEDHREICBNT,
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Fig. 5.2: Temperature dependence of the "nominal” resistivity {(p,) of a
Ti-51Ni(at%) alloy aged under an applied stress of 300 MPa. Measurement
was made in the heating process.

MEHIE 25 2 TWIRWREETORTREYIRE p,0 THDET 2. BHIGIREV 25 X128
7, bLEBOEDOEIIRIBIELIRNET 2 &, B LIREBICZBIT 2 AFMENTRIT

prn = pro(1+ (1 + 2v)e) (5.2)

DEDITRTTZENTEDS, ZTT, v IZRTY U, ¢ TERABOREAMANDERTHD, e < 1
THDERE LTz, N (5.2) &0, EOEFEFRNE LTI p, 1de 10 U THEARANITHMNY
5T ENbN5, K (5.2) EBHWTHEREH R TR L 7 Ti-51Ni GO BFBIREICE S
BRI EHEE T 5. BiFED Fig.4.3(b) & DIKIED 5 IS S EEEEHIH 0.5% NS Z L4040
M0 e=05% THD. v=1/3 EIRET D Ep, =1.008p,0 725, T/xbH, HLABIOED
BLHEHTRME LW 5IE, FIRRSN FTREIMLEE L7z Ti-51Ni A& FHRICB W T R—B2
REIC & B2 S RBLIC K O RFMEHTRN 0. 8% 72BN 2 2 & &35,

Fig. 5.2 12 TigNiy ZEAATH & 872 Ti-51Ni(at%) BB D p,REHRERT, HE
oz A 240 K ETHRALAZBONEEBIIBNWTB IRk, 128, 240 K I ZZ0E4D
R—B1Y BREMMEREXI DD ETHD, ZORETHEHI R HIRETH S, 295 K 5 315 K
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Fig. 5.3:  Results of tensile tests combined with simultaneous resistance

measurements of a Ti-51Ni(at%) alloy aged under an stress of 300 MPa. (a),
(b) and (c) are stress vs strain curves. (a’), (b’) and (c') are corresponding
"nominal” resistivity (p,) vs strain curves. Tests were made at the tempera-
tures indicated in. The change in p,, due to shape change is shown by dashed
lines.

DIREFF T p, DERZIZIFEETH S, 315 K UL ETIHEE EHICE BN p, OEIZRBIC
INELTEH> TS, ZHUIEHE R-B2 BREICK DEDQEFIRN FN-> TND2DTH S, B2
HIZHBTS p, DEIE R ABITBTBELDK 10% 1FE/NI<B>TNSE, ZOBREOREIIX
AR 5 PRSI ND p, DEAL (K10.8%) DK 105 TH B, LIz oT, =& 2alkIRE
LU THD, INIEFROMHEBIIFRFITRIBTIRETH 5 2 Ehn 5,

ZZ°T, Fig.5.2 ® B T/RUZRET DS RE B2 HAULE T HREICHBWTHERIEA Z
WZA%&E p, DEFEDLDITBILTENIDNTEZS, bL, JIEHHE R>B2 BENEZS
E o WNELTRD, IBTIEHE B2—R BENE IS & p, 1FIAEL<2BHITTTHS, T72bb,
pn DEAMLITED, WTNOHEENEZ > THANNbhs I &iZikb,

T T, TigNig ZECEWTHH S 872 Ti-51Ni(at%) B& OINEERE Of 2 DIREICHNWT, Bk
Fr&5sRE K S /N6 EH EBEKEP 2 RICHIET 2 2 &2k 0, IN/ERAEEOREZ
BIlxolz. Fig.5.313 270 K, 305 K, 336 K IZBWI2EERTH D, TNETNFig.5.2dD A, B, C
DIREITHINT %, Fig.5.3(a),(b),(c) IIEH-ERETH D, (2),(1),(c’) EXIRT D p,~EHHHR
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Thbd, TIT, BEMOBITITEROHEMEHICLDENEENTED, HEOEBROE K
BRI BT BE) WERL THBAL DI, (2),1),(c) IKBNT, ERIFHEMTH D,
BARISAREIC L D p, DEAETH O (5.2) N HKR®Dz, TZTHRY Y id1/3 &Lz,

Fig.5.3(a)(a’) DIREE (270 K) i& R—B2 ZREIAIE X D RIS, ZOREIZBW TN
HZEFIML TARWRETHEHI R HOREIZH D, 7 (a) THHNDHKDIC, ZOREICHIT
N - EHBRICITARHRE SRR ORICE A5 U S A0S 5 : ZOMBIZ DN TIIRICES
T3, £72, MINT 5p,EHIBICBNT, p, dEBOBEIMCEBARNEML TWS, RIEEIZFHE
fl (B) &N, p, ORLIZEITRBI OIRELICE B E N A S,

Fig.5.3(b)(b’) DIREE (305 K) IZBWTIE, BAZMML THERWRETHENIR fi& B2
DIRIEREEE 12> TS, ZOWREICBITDIEN-FHFR (b) IKIFDTMTEAT Y P ANB LN
Do NG D p,~EHHR () IZBNWT, p, ZEOWEIMNTE HRNHDL TS, ZDp, DR
ISHBIE R-B2 BENEE TS T E2MTRBL TN 5,

Fig.5.3(c)(c’) DIEE (336 K) IZBW TS 2L TWRWIREETHEHNL B2 HOIRREIZH
%, ZOREIL R-B2 B TREXDFESEL, IWFFEEEBITEZSRNnEEASNS, B
F-EHR (c) IIERHITH D, ERAT U S RBEELRN, ST D p,~EHIFR (¢*) B HER
HTHD. p, DIRMEITILIRE LD S RD7ZFEME WD EL<—HLTW3,

RETERTHEDIC, WTFHE R-B2 BENE Z DES DI TisNy ZEFFTHEETHS
7ZDTHD, TigNiyZE ERNWTHFHE B2-R 2% 7 5 Ti-Ni IS HFHE B2—-R £IE
ZETHTZEMHIENTND, LEDNHST, TBNLZEERVLIBRERITDOWVWTB2HE R HA
HAFIRE L2 > TWBHRE THRENEMA S &, B2-REEPEZD0IT, p, 3B O
EEBITHWEINT B3 THD. TDIEEMIET 27297 L & AR OERZ BB EZR O
Ti-48.5Ni~1.5Fe(at%) A@IC DN THB oKk, ZOERIE, TNy Z2& 2T B2oR A
REERIT,

Fig.5.4 1T Ti-48.5Ni-1.5Fe(at%) &I B % p, DIREKFEN 2R T, WEIF 270 K £ THH
L7 OMBGRRIZOWTHB IR ok, p DRME//NIEGHE R-B2EEICE D2 DD TH S,

Ti-48.5Ni~1.5Fe &I DWW T 270 K £ THAIL 2% OINEGER D4 DIREICHEWT, iR
% 5 |RETY S BsM 5 )i ESIEP T FIRHCRIE U7 F5 R % Fig. 5.5 (R, BRI 270 K,
305 K, 336 K TH D, THNENFig.54 D A, B, C DIEEIZHET %,

Fig.5.5(a)(a’) DIREE (281 K) IZBWT, JEAZMML THAaWIRE TREHIIZIERMEOIREIZ
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Fig. 5.4: Temperature dependence of the "nominal” resistivity (p,) of a
Ti-48.5Ni-1.5Fe(at%) alloy. Measurement was made in the heating process.

BB, ISH-EHER (a) ITIXE ATV S ABIUBEEND D, £z, ST 5 p,-BHIER (') I
BNTp, FEPRELRDITDONKELR>THY, Ti-51Ni(at%) BB 5[ U RAHREEIC
BT BREFER (Fig.5.3(a”)) &L TNV 5,

Fig.5.5(b)(b’) DIRLE (286 K) IZHBNT, JBAZMIML TR WIREETHENT B2 # & RFEOH#
FIREETH 5, INF-EHIER (b) 13 Ti-51Ni(at%) DZ31 (Fig.5.3(b)) EFYUL TW5B, LTAM,
pn—TEBIHR (b%) 1 Ti-51Ni(at%) DFN (Fig.5.3(b)) EFE L B> TW53, Thbb, EMNET
20N, ZOHEERIZBNTIEp, I EEML TWAA, Ti-51Ni(at%) B&IBNTidp, i34 LT
%, ZOBEITBIT D0, DEITHT HIKRERIY, HIREB(LD 5 TR NDME (BHR) 1Tiddn
WCREN, ZOKERp, OEILIIENFHR B2-REEICXL2HDTH 5,

Fig.5.5(c)(c’) DI (320 K) {d R—B2 MK MRE X DFE <, T ORE TiEHI B2 tHD
REEIZH D, JEH-ERHR (c) 725 NN p,—EHIR (¢) 1IXE BITERHTH D, Ti-51Ni(at%) B
DOXIET HIREITBIT SHER (Fig.5.3(c)(¢)) &L TNW5,

Fig.5.3, Fig.5.5 DFRZEZMIET D&, Fig.5.3() IKBIF2EDHEKR GEHDEER) 12L&b
2o DWW, IETFHE R—-B2 BICHR T 2 LR DT 2 ENTE S,
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Fig. 5.5: Results of tensile tests combined with simultaneous resistance
measurements of a Ti-48.5Ni-1.5Fe(at%) alloy. (a), (b) and (c) are stress
vs strain curves. (a'), (b’) and (¢’) are corresponding "nominal” resistivity
(pn) vs strain curves. Tests were made at the temperatures indicated in. The
change in p,, due to shape change is shown by dashed lines.
5.4 E8

5.4.1 IOHEIK R—B2 TREOBNFHEIR

ISR CHEMLEE L 72 Ti-51Ni(at%) B&ICBW TR FHR R-B2 BENE 25 Z L Z2HIHIT
AU, TOETI, TOREHNEZ MM ERNECHAT S,

BT T B0, BERRIIHRETH S EUTIDE D Lizdi>T, TITIHELRE
BREBIRES (M) WL TIRE (Ar) DD DIEHERE Tox VW Glm 2B 2z D, B (B2
) BEOINT U1~ ((RHE) OF TRAOHBHIRINF—2ZNTN Gp, Gr&l, TDEZ
AG(= Gy — Gp) £F 5. AG < 0 THIUIIIT 2P FRRETH D, AG > 0 THIULH
HNEETH D, BRCRIETINOPEEEZ 272012, AG &3 DDEIIIEIT D,

AG = AGY + AGG + AG o (5.3)

ZZT, AGH BHERIGIC K DM TRV F— 02, AGE BIMREMNCE TR )LF—0
*B2oR BEO LT S AMS TAEWOT, MBEE L TRDHo THRE ML RN,
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AG

Fig. 5.6:  Schematic illustrations of AG vs T relations. The arrow from P
to Q in (a) is the path of stress induced martensitic (B2—R) transformation.
The arrow from P* to Q* in (b) is the path of stress induced reverse (R—B2)
transformation.

72, AGy FIZOMO—MALNICLBHBEIILF—DETH BT, NESAHINE Tz
REETIE AGS, BRETH B, SIEHOBIRE S 2D DEH AT ONTELT 5,

BUBIZ, < MUy o AT EIREE D B 0id, M OMRNER TE 5154
COWTEAD. ZOBA, AG, BERTBEONYT S ML THBRALTHBEEZ 5N
%o Flz, AGy BRIKTHZEEZEZA SN, LIS T, ISHEFMLU THRWRETO AG &
T OBEBRIZEDNY 7 > ML TH Fig.5.6(a) D A DX 5, NERISAZMLUIZHA,
AGE BN T 2 b ZTERRBOTAEETR S  SMRIE TR U TERIIZNY 7 > b T AGE < 0
THO, FFIZRNUT >R TIEAGY >0 THD. Lzd>T, ML TICBITDAG OIREK
SRS IS U TERIZZNU 7 > b, RReNNY 7 2 RMCOWTENEFN By, BDOLIK
KIND, LER-T, SMUEHTICBTLMAERICBNTERBII TH L V&R Ty TR I %,
ZOEDITUT, AEREHICEOEEBRERERT S, WE, To,X DA UEWRE TN THH
RSN ZMINT 5 &, AGIE P TRUZIEDENS Q TRULZADEANERLL, IBTFEES
T g RN Z B,

DET, BMSATESPREDISNHET MU w7 LR L TOBBEIDNTE R S, 53k
ISHTRIZBNTHRRN T % Z £ITX D TigNig ZECFIHTH & 872 Ti-51Ni(at%) &42id, ZOHEI
YT D, LOGHEEFRIRIZ AGy ETRXTONUT > MIDWTHUETH D EE X 5. Nk
WA, SIS HINE BITEN TR E N D RAERDIRBIZB W TIZAG-T OBIRIL Fig. 5.6(b)

BECIZEAIRIF—ED IOBIZEENS,
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Fig. 5.7:  Schematic illustraitons showing aligned particles of TizNis; and
shape change due to B2—R transformation. The shape of the B2-phase shown
by dashed rectangle changes to that of the R-phase shown by solid rectangle.
In (a), the R-phase expands to the habit plane normal of the particles and
contracts to the direction of the tensile axis. In (b), the R-phase contracts to
the habit plane normal of the particles and expands to the direction of the
tensile axis. '

D ADEDITHKT ZEMNTES, ZOREAIIREICB T L EREE Th TRUTH 5. W7
WHIDRFE OIS AHET B v 7 AR L TWSHAE, <ILT 251 ~(RH) D AGE BN
VY > ZERRo i ET2D. T OWNERISTIBEALIA S B 747 %) O SRR T E 72 75T
BN 7 > Mo UTHERIC@E, ZoAFIC#Ed 2N 7 > MO U TARRICEI<. 7l
HONYT > S OVEDE variant 1 EIFY, BEDNYT > SOVED% variant 2 LR
EIZT D, variant 1 IKDWTIHAGE <0 THY, variant 2 IKDOWTIHAG,, >0 TH5B, LIz
Mo T, AERRFVMEIMENTOARWREICBITS AG & T ORI variant 1, variant 2 I
DNTENFN Fig.5.6(b) IKBWT A}, AgDEIET ZENTES, SRISHRERENT
WRWIREBIZBWT B2-R BRI T} TR Z 5,

Fig.5.7 {ORT & DIZ, variant 1 WEHERAFNHEO 280, ZONU T > MWD S 515RIG T
PMENDFE, AGY > 0 TH5, variant2 5 RATNMHAS /20, TDNYT 2 MMIDWN
TIRAGE < 0TH D, LEDN>T, SMREERISHITTD AG & T OB variant 1, variant 2
DWW TENZEN Fig.5.6(b) IZBWT By, By DX IIIEKT ZEMNTL B, LIEN->T, SIHRET
TTOBRABRIZBNT, BB T X0EED Ty TRI5, Z0&5iLT, SHREIERIENA
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i< LERREIK T 5,

4, Ty KOPURIRD TITBWTEERIENZMINT 5 & AG 12 PHTRLULEADENS Q* T
RUZIEQEICENT B, LzoWNT, BIERRAZMINT 2 Z&ick D, RIVTFHPA1 b (R,
variant 1) NS RHEICERET 5 2 &I1X72%, SRS DEXRIZE BN, B IE LA~ T k
U, BB I FANT 7 hT 5, BL, BE T, IZBWT, B ITBITS AG N&EIZaE
JISINC X OB L 2R, BESIVT U1 b (R, variant 2) KERET S Z &2k 5, Lz
MoT, B UINRE ERISHDBEIRIE S 28 2 A WEIBHIC S, ISHBREEI R(variant 1) —
B2 — R(variant 2) LN TE S,

5.4.2 RMICHITHINBRERIC KL SEHEM

Fig.5.3(a) & Fig.5.5(a) DINH-EHHERIINTNORILT 2B b (R ) DIRETH R %
BIROIEHRETHD, WTHITODERAT U ANASNEN, TS ORITIZK E /RN D
%, Fig 5.3(a) TBWTIEEENH DDIT/ZNWLT, Fig.5.5(a) IZIZRW. RIFICEET H5%
BT TIREE DL EITINEVS 2 L2k L, I E I 2/OFIRICR S, 2,
RFLREBIRICH 5780, ZHUTH LT, BEOHEBIHHE TH D, RBRIIERRELOR
MBENRETB 2> THED, ZOEERMEIINRER VT >3 MEEE & 2 WIR AR
EEIZEDHDEEFE X S51RN, ZOHBMITNREEIMIC L S HDITENR,

MERZEIAT & 2 BN ISR OIRFEA S Au-Cd R ASITB W THND Z &0
SNTHY, JTLMHEREEEIFINTNS, FEPRIEASP Au-Cd BIREEIRERICHBITS
T LHMRREEENI <)L T 201 MRETIZIT 2 2 LIk 5 RTias o2 bick DHB I
T3, 89 LZA%, Ti-Ni B8 TIRYIVT 31 MRETORBIOMRIIFZEALENZ &
BHSNTHD, RRETORIN S INTTHRE SN TWAN o/, TNTRE, BERAT
TR U 72 Ti-51Ni(at%) B &ICHB N T R HEIRE TREEEENHN D D TH S 5 H.

Fig.5.3(a) IR L2 BERMEIE TisNiy 23D < BNEISHIC K DEIHT 5 Z &N TE S, RIS S
2T Sa1ORETIE, FBHT TizNig 23D < 2NERISHITRH U TERIZNY Y > M ETN S
Bl EhTnwa, ZONUT > MISREERIS ISR U TEARITH 5720, FlRIEH 2N
B EEABNCE RIS IR U THRBNY 7 > bANERILTHTHAD, &AM, ZORELL

EE, PREERASEEBRESI VO USVRE TIRAFEILT 0 MRS RS SEEENSIN S,
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ZEONY T > MERERISTICH U TIEAFITH 5720, RSN ZEZROERS &b EDONY T >
MAERS>TLES, ZOEIIZLUT, TigNiy ZEFNTH X7 Ti-Ni & id#i#g %2 L9 2
EiThk s,

5.4.3 p,—EBRICDONT

Fig.5.3 BE U Fig. 5.5 ITRUZ p,~BHEROFFHEIC DN TERT %,

RHREE THER Z B iz o 2858 (Fig. 5.3(¢), Fig.5.5(¢)) o~ EBHIFRITIZ E AT Y 2 A3
Nz, RABKEE THB A B Zia-> 2B E (Fig. 5.3(a’), Fig.5.5(a’)) LRHHE RHADIAFAIRET
R ER 2o 55 (Fig. 5.3(b), Fig.5.5(b")) IKIFE AT YU S ANEN TN S,

ZOERTY I ANBENSEHOVE DR RHICBN TESIEIRICRTEND DD EE X
5N5. T72bh, REOBZURFIRICERAEND D, M DOAGMBR LRTARICBWTRHAD
NUT > NOERBENRIR-> TS ETSE, ENFRIUEE L THEIEIIRIZATIRR & FRAE
BRETREBSEHEERTTHA D,

¥z, BIREBRICBVWTHREEEZRE R T ENRBETHDIEBEATY S ANE
NHEHOVEDE L TRETSND, FRBEMREF TERNOIR, MERICE b2 BANER
TH%, B2-R BHEZRZTHERATHDT, TOEEBICKVABEEIIADL RT3, chick
BV, BRENRISDEENRBICEFIINTUAEALD, PL/INELES, —F, R—B2
EHEET D LRBT DO THRRERD LET I3, Zhucs by, ERURFIRIIERBREN
BE IR INTOWAHA XD DL REL LS,

Fig.5.3(c’) BL U Fig.5.5(c") ITBWT, p, DEICHTZEIIE, REMMNS D EFDEE
() EX<B>TWSD, ZOZEXDMSEENEE LRWHEITIE, X (5.2) 1dp,~ErlR
WG IR &R0 TnB ZEWbN 5, Lizd> T, #EORFANICBNTIE, EOER
ORI B3 RSN DR B EEE 2RV EE A 5N,

5.5 538

FlaRIS ST T TREENd 2 2 STk D TisNiy #HZEL AT S 872 Ti-51Ni(at%) B&ICHBIT 5
TARMEE L5 R S FRHCERIRPIIE 2B 22D ZEICK VAN, UTORREZEZ.
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F6E Ti-Ni-Cug2DB2—-B19—-B19ZHE
s

6.1 #E

ST HARRAHE D Ti-Ni 58138 T B2 2EiEE &5, Ni O—8% Cu TEHBL TH B2 1Y
WiEE LD, RAW0at%ET, BHEL THHEMTHDY . &TAD, 75at%h Lk Cu 2EHT
5E®E IR Ti-Ni & L EERENR S, 2508 Ti-Ni B2O<IVT 281 MEREARHHE
(B2 BUHEES) 2 S BIRHE LT >0 - (B1YEIEE?) ) &5 WISRHEN S R (ZA5R) 2#
THRER<IIVT A AAEEETZDIZH L, 7.5at%EL L Cu 289 5549 TIE, MR
FEIT 31 b (Bl BE) 2N THEARE IV T 21 hAEEETS, 4 5 6 B2-B1Y
28R B2—B19 ZREICEE 9 STl - AABEIR - B AWIBESIE C & TINE TITHmENR
EINTETVSN, 78 910,11, 12, 13) B19 ,BI9AREITHIT 5 TN S FEEAHIRHEICEL T
WEW2EINTWRN, ZOETHE, B2-B19-BIYEENEDIDITETT 20 2L
BRICOWTIRR S,

g

6.2 B2—Bl19YZHEF LUV B2-B19TEDLERT

B2—B19-B1YEEREIC DWW TOMRMER ZRRSHIIC, B2—B19 BB IUB2-B1YZE
EOMBFTDOWTERT S, B2-B19 BRICBIF 2 FrINIE, Table 6.1 1R EBDTH
0,12) EBEIZEHRNE6 DOBTRIENY 7 > "ERT S, 72, ZROIICBNTRMHE
B19 AHIZHIR 2 E 2 5, MEISRMEER O (334}, TH 5D . BI9MHDONY T > MHIC
/d Table 6.2 IORT XS RTHEOMRGE— RVEEL, NUT P RREDMHDED ZEITKD
HCBAEIZOL DB E— FICED AT TH 5,

B2—B19'Z8R8IC BT 8 FAHEIE, Table 6.3 DD TH D, 12 BHEOKTHE/NY T > b
HET %, NU T > hORIZIE Table 6.4 OMEEE— ROFEDHERINT NS, 9
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Table 6.1: Lattice correspondences between parent and orthorhombic (B19) martensite.
p: parent, o: orthorhombic martensite.

Variant [100], [010], [001],

1 [100], [011], [011],
2 [100], [011], [011],
3 [010), [101], [101],

4 (010}, [101), [101],

ct

[001], [110], [110],

6  [ool, [110], [I10],

Table 6.2: Twinnig Modes observed in B19-martensite of Ti-Ni.
K, :twinning plane; 7, direction of shear in K;; K5 the second undistoreted plane; n, inter-
section of Ky and plane of shear; s: magnitude of twinning shear.

Twin K; m Ky N2 S

Typel  (111) [5.88 1 4.88] (4.06 1 7.11) [211] 0.17

Compound (011) [011] (011) [011] o0.11

6.3 Ak

BRE FEEMEIC K SEERR OB BEERIIE M 2 T T2 5 A TEIRFETH S, #
2, RBOREREFROBRICEIDEREDOTNICEAL, 20 FAREITEFRORH
BEICKDRBET 2 ENARTH S, Ldo T, B2—B19-B19 £RERENER (1293 K)
KDHLLENWESERNWS &, Mk - MAIZT—PEANSZERLIC, ZOREREZETFH
WEEIC L DEBEIER T2 Z ENFREL R D,

Ti-Ni-Cu B&ICBNWT, BHEIC RO B2—-B19-B19ZREZ/RT DI Cu IRED 7.5at %0
5 15at% DEIFATH 5 Z MG INTVSD, ZOREHEOSSD B19—B19ZHERIAR
HERKL DKL, BROFHERE LN, &25T, B19-BlYZERIGREX CulRE DR
KEDRBRWERTHOT, HROEHEEMET 258, CulBE 750%U TOERIRSND,

TRERE D /2> /R, Ti-45.5Ni-5.0Cu(at%) &&MNEE, LROSFHZWRE L. L
ML, ZOEED B2-BI9-BIYALEZEFROBHBEICLD O FO—)VT % I LI3RE
THolz, TOHHIE, ZOBLOEERENDPLRTELLEDEELSNS, AT, AlZ

58



Table 6.3: Lattice correspondences between parent and monoclinic (B19') martensite. p:
parent, m: monoclinic martensite.

Variant [100];m  [010]m  [001]m

1 [100], [011], [011],

I [100], [011), [0T1],
2 [100), [011], [011],
2 [i00], [01T), [0Iil,

3 [010], [101], [101],

3 [oio], [1I01), [101],
4 [010], [101], [101],
4 [oio], [f01], [10],

5 [001], [110], [110],

5  [001], [110], [110]p
6  [001], [110], [110],
6  [001), [0, [110],

Table 6.4: Twinnig Modes observed in B19’-martensite of Ti—Ni.
K;:twinning plane; 7; direction of shear in K;; K, the second undistoreted plane; 7, inter-
section of Ky and plane of shear; s: magnitude of twinning shear.

Twin K M Ko 2 s
Type I (I11)  [0.540 0.460 1] (0.247 0.506 1)  [2I1]  0.310
Type I (111)  [1512 0.512 1] (0.669 0.338 1)  [211]  0.142
Typell (0721 1 1) [01T] (017) [[573 1 1] 0.280
Compound (001) [100] (100) [001] 0.238

1at% VRT3 &, ZNS5OREREIDULEFETL, EFEMEEN TOREIER OE 8]
RKEEL =GR ERDIENDN-, £IT, EREIEM L LT Ti-44.0Ni-5.0Cu-1.0A1(at %)
H&%E, THREEBKTHROMBEBIERICGEL =64 & LT Ti-45.5Ni-5.0Cu(at%) A 2B B
FEERERE 2N, 728, REORTED, Ihs “EEOGSDOEEER S NTLBA KR
PIRERKIIIF CTH D, BERENRRDZETTHS.
FEROCHEEOAEEEAGFEAMRIC I OMRL, BEEEICEDK 1 mm ORICLEZ. I
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a Ti-45.5Ni-5.0Cu
12
£
(@
NIRRIE
Q.
1.0lll'll]llllllllllllllllllllllllll
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£ ) 1.0Al
o]
3 12f
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Fig. 6.1: Temperature dependence of electrical resistivity: (a) Ti—45.5Ni-
5.0Cu(at%) alloy, (b) Ti-44.0Ni-5.0Cu~1Al(at%) alloy.

5OHUT 1123 K T 3.6 ks KLU EREL, OKHITHEE AN, SRS EERET 2D
72T, BRIERPIOIR B Z BRI T THE Uk, BRERYOMOFEE DI, i
B MART—IREDT 4 757 M A=FZHNT X RERERZH 2 /2o7, #IHELT Cu
F—ry hERAY, BT/ 7O0A=FITED KRICHE L, T4 7527 A= OfiE -
HBHAT—2 LEOREHIDOWT, REZELIEBBOT =N~ a—hk - 7o ¥ —a—h 3
0.5 K BINT®H D, BIEHOREYSEIZ 0.2 K LIINTH 5, NEREHERELE LT Si R ZHIE
AVBLRENC i <8 Uz, ETFEMEHRIERL, A H-800 MW TILESBE 200 kV TBI/-
Jzo BTSAMEHEIZUHAENT 10vol %BHCIO, — 90vol %CH3;COOH IRATRZE LY, WPy Mg
BITEDIER-L 7=,

6.4 WHERBLUEER
6.4.1 HHEREO—HZAISFH

Fig.6.1(a) 1T Ti-45.5Ni-5Cu G®DBXUEHIR —IREHHR 2~d . MAEHR - HIEER & bl
OEDDRNEDEDDRARDDH D, BHBRICBITS2ZNSOREIT 330 K BLTR 22K T
HYV, MBHRICBIT 52N 5 OEEI 351 K BLU 306 K ThH D, HHIKR S MELHRER O
DEATYUT AT 18 K ThH D,

Fig.6.1(b) 13 Ti-44.0Ni-5Cu-1Al & DEXUEHIR —REMER TH D, £ ORI Ti-45.5Ni-
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Fig. 6.2: X-ray diffraction patterns of the Ti—45.5Ni-5.0Cu alloy around
transformation start temperature in the cooling process. They are obtained
at temperatures given in the figure. Peaks of the orthorhombic phase and the
monoclinic phase start to appear at a temperature between 318 and 315 K.

5Cu BEDFNEFLIL TND, HHERICBW TN, ik &5REITZNEN 308 K &
2710 K TH D, WHEHR S MBAHROBOE 251 2 213 13 K TH 5.

Ti-45.5Ni-5.0Cu &&B LU Ti-44.0Ni-5.0Cu-1.0Al & OHHRBRICBIT DGR ZW 5
MTT B0 423 K 715 213 K OHEIOREICB WY TXREHEREH 8- 7.

Fig.6.2 I¥ Ti-45.5Ni-5.0Cu && D XEF/$Y —> D TH 0, BHBEICB W TELIK
RPN E & DREMEOKRTHS. 333 K & 318 K Tld, HELXRTH S Si oH &
20 = 41.3degree fHEICH DRMIRE -V ZRTIE, RETORFIB2 HIZLZBDTH S,
315 K Tid, B2AH® 110, KFHTMA T, D TIN5 S B19HIZE S 020, BEL 111,* K
WRASNS, £z, 315 K KBWTIEBIYMHICE S 012, RKEEBALND, 2D ELD, B19
HDOARRBAMAIRFE & B1YAH DA RRBIAREEIIARD GREWI &5, 315 K NS E 5ITmAT
%&, BIOHICE D REBETR D0, BI9 MORKMMEIIR 2> TWaEWN, TOZEX
D, Ti-45.5Ni-5.0Cu BRICBVWTIIEEOBEZEL T, MHRSIVT U1 O LD D
RIIFEIThSNWZ ERNbN 5D,

Ti—44.0Ni-5.0Cu-1.0Al A& DWW THHABERICBWTXREFERZ B J720, FRROK
RzB7z,

*RERZBWTIRE p, o, m IEFNTNRH (parent), B19 BHEEDRIAE (orthorhombic) ¥JVF 251 b, B19
RS OB (monoclinic) RILT 281 O TH S T LERT,
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(b) Parent (B2)

~ \\
\\ el @\ S\ ‘\e\>‘3\
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f‘\\o‘ ~ \\\\\\;AO(\\:\Q\\\\\\\\\\\\\\\\ /
\\\\\\

Parent (B2)

Fig. 6.3:  The successive transformation of Ti-44.0Ni-5.0Cu-1.0A1(at%)
alloy from the parent (B2) to the orthorhombic martensite(B19) and then to
the monoclinic martensite (B19’) in the cooling process: (a) bright field image
and (b) the corresponding schematic drawing.

6.4.2 ZERPEETREDE FIAMIREIE

B2—B19—-B19 LREDFEIEE 7RIS IC X HE B % Ti-44.0Ni-5.0Cu-1.0A1 B&ITDONT
BIso7. ZOGEN, HEBEICEL THSHEIE, B2—-B19 ZHEMAEE, B19-B19 &
ERIATREN E DI, BMREDDITDICHEL, EREATU S AB/NINEZAICH S,

Fig.6.3(a) I3 B2—B19—B19 ZHEEF D bH HEICHB T 2E FEMSIAREG TH D, (b) 1
TOMETH D, LEOKBIZDOEDED TH D, LENMEEDHIOFIET, Fig.6.3(a) DFEK
WINRTB2MTH o7z, mHAZIZLDDE, BI9HDOT L —k (RN NEE ORI D%
E DL SAER L, Fig.6.3(b) ICZEHRHITRLTNAE DT, HMZLTRNSKE L,
T D%, B19 MBI OKE DB S BIYMHARAER L, —EHOKRHITRYT &SI B19 Hl DK
ZEEHATNS BIYMIFRE Lz, 728, BIYHORERRICBNTH, B19HIIRE£KT
TW/z, Fig.6.3(a) 5, ()BIYHICHENH S Z &, (ii)B19 & B19/H O S VAR E O FE
ZIER LI Z Eivbiins,

Fig.6.4(a) 1< B2—B19—-B19’ £ 2R LZAOFITH O, (b) ZZOREITH S, £hE
DRI Fig. 6.3(a)(b) DA EFKTH D, MILT HEFREIFKIEL D, C OMEERIZ B2 A,
D DRI B19 M, E DI BIYMTH 2 Z bbb, 72, (e) &0, E OFEHROMEHIE
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(b) Monoclinic

Martensite

—

—

(819))

————

\‘\u"l\\
E W
.,;:‘.t"\\\\
Parent Lo .\\\\\L\§\\\\\\
(B2) = A.\\\\
D
Orthorhombic
Martensite
(B19) Parent

Fig. 6.4: Identification of the phases appearing in the successive transfor-
mation of the Ti-44.0Ni-5.0Cu-1.0Al(at%) alloy: (a) bright field image, (b)
schematic drawing and (c),(d),(e) selected area diffraction patterns taken from
the regions marked C, D, E respectively.

(001), HEANFHETH D, MELEIEB19 AHD (001), HIETTH D ZENbM 5,

i IZ BT S EEE T EEMEERIZICHB W T Ti-45.5Ni-5.0Cu &1, 1 ZF2AEN BIYHTH
D, HDINIT B2 AHBEBNEIEL Tz, ZOREIIXRENTFHBROMER (Fig.6.2) &—&LTw
%o Ti-45.5Ni-5.0Cu IZHBWT, Fig.6.5(a) ITRT XDITHFHRILT A~ OFEEDEFE D
Az H DR E DO HENTOARFNLUIZLIRER N, ZOLIBHEBOIFEAE
SRR S D WIRIMEM S L Tz, K X TRULZ 2O K S Iffish 5 OB FRREHTXKE
L0, ZOMHEEIZ (001), EEMBICIOHRIN TSI ENDOMNE, —F, ZOfHEEEED
MDY TR UZZHESIEAIN T 2 EFRREHTRE (Fig.6.6(d)) £ D [011],, 55 R &I L D#ER
SNTNDZENOND, I X EHE Y Z2XY)% R B2 D {334}, ITHIEL TS, D
{334} ,13 B2 #1725 B19 HIAVEIR T 2 MEDEIH TH D Z EMHSNTND, LIA->T, {334},
WX DED B ENTZ (001),, HENEZRFD B19F O X 13 Fig.6.3(a) % Fig.6.4(b) EF U X
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o : Variant 2 e : Variant 2’

®: Variant &' iﬁ-ﬁ
£ Varant §

Fig. 6.5: (a) Dark field image of Ti-45.5Ni-5.0Cu alloy taken by the marked
spot in (b). (b) Selected area diffraction pattern taken from region X in (a).
(c) Schematic drawing of (b): note the (001),, compound twinnig. (d) Selected
area diffraction taken from region Y. (e) Schematic drawing of (d): note the
(011}, type II twinnig.

DB B2—B19—-B19 AREICEDARLAEZHDEEZ 51D, Tadaki 513 TiggNigg_zCuy
(z=4~9) GRITBNTUELIE (001), EEMFNHALND EHELTNBY) , Zhs508
BITHNDESNET LGLO XS aElic kD, ARLEHOTHA D,

6.4.3 ZTREARYIOE

AFETHWZERIIBNTIE, Fig.6.2 M5HMN5ESICBI9HORIT B EREZML T
D THizn, LnLEns, ZOZER@B2MHOSEDFAD—EN BIOH NEEETS T
EZERT DI TR, Fig.6.3, Fig.6.4 THAZXDIZ, B2—-B19 £EME 7T 2K DA,
B19-B19 ZHENE Z 570, ZEEEZEL T B19 #HIHIZADDL UMHELBNWT LTk 5,
[FRRDEHICE D, BEREHTROMREKEFHR (Fig.6.1) ICBWTH, B2—-B19 £ LS B19—-B1Y
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Fig. 6.6: Temperature dependence of X-ray intensities of the Ti—45.5Ni—
5.0Cu(at%) alloy: (a) 110, reflection of the parent (B2) phase and (b) 111.m
reflection of the monoclinic (B19’) martensite. Open circles are of the cooling
process and solid circles are of the heating process.

EREZGBEST S Z ITTERN,

Fig.6.6 {CI3Wm Al - INEB&ERE O XHREHF & D5 SN O 110, REREB I BIYHD 111,
RATRE OIRERTFNEZRL TH D, BIOHORET ERLZESITFHNDOT, 7oy hLTW
720, MHERICBWTRAHD 110, KEEENED UG, B1OMHOD 111, RNHRELHIN Ui
DHHREIN 315 K TH D, BKUBHIERIMNE &EBEESIZIFE>TWD, 35 ITmAIERT
5E, #1289 K T B2 HOBEIIIEFICHE Aok, ZOREIZBEIEIIRIMK ZE & DHRE
ERIEB> TS, B2 HD 110, REHIIEFEITIFNRN S b XREIHTRERZ B Zis > Rl Ol
H (210 K) £THEEL TWz. BIYH®D 111, KE#EEIZ 289 K LN TIHIEE A EBRLLEh->
7zo FECORERKD, Ti-45.5Ni-5.0Cu AEOBERERE - K TRERENENEER
DB HRRDE/N « K E & DREITZTEL TWD 2 ENbh 5,

Ti~45.5Ni-5.0Cu B&IZHBNT, Fig.6.6(a) DY DX IIT[011], H_FENFE LT BIYHNL
WLEAR SN, ZORESE— R B19 HOHAMMN S BIYHAER T 25T Z D1E/20,
ZDT LR, ZOBRITHERLE BIYHO—ERA B2 A SEEARL TSI E2RKEL T
%, LML, BFEMEEEBEICIH N TR Ti-45.5Ni-5.0Cu &4, Ti-44.0Ni-5.0Cu-1.0Al {3
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Fig. 6.7: Temperature dependence of lattice parameters of the parent and
monoclinic (B19’) martensite of Ti—44.5Ni-5.0Cu alloy in the cooling process.
The values of monoclinicity angle 3 are to be referred to the right~hand side
axis and those of others are to be to the left-hand axis.

SONTIUIBNTSH, B2oBIYBEELEEAD LT TERMN ST,

6.4.4 IBFELROIEKEFHE

Fig.6.7 {3mHIBRIC BT 5 XERETERN 53R 7= Ti-45.5Ni-5.0Cu A0 FEER (B2 4,
ap; B1YH ap, b, cm, B) DIREZE(LTH S, B2 & B1Y OB FRELD, 1/v2b, BLL
1/V2em Y ap WHIRTHDT, ZNEDMEZE by, ¢y PMDOVIZTOY L TH S, § 1340
IREICHNT B2 HICHBIT 508 (90 degree) 15 % 96 degree IRABICE L L TH D, #MAAYZ
—REBEOFMZRL T, RENTNRZIZON, g HEITHEFICKELE>TWS, ané by
VIRERE I EBIRVWAEKTZo TVBD, o WREETICEBRNKELZ>TNDS, TIN5
DWTERD B 5 N5 BATORRITIRE OB M2 & b0 L TnWs, Ti-44.0Ni-5.0Cu-
1.0Al B¢ OZEIREMNTICHT S B2 B XU BIYHOBFERIIZTNEN, o, = 0.3023nm,
am = 0.2912nm, by = 0.4156nm, ¢, = 0.4605nm, 3 = 95.8 degree TH D, TN 5 DIREK
FAPEE Ti-45.5Ni-5.0Cu §& &R TH 57z, Lo HITHIRE/2 "B B2—B19—B19 BEZIR
9 Ti-40.0Ni-10.0Cu(at%) &< D B19 HOKTEROEEKFEICOWTEMUOK EEET
WM . 2T LT, B2—BIYEEZTLEEDLIE 98 EfHETH D ZENHSENT VD,
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B2—B19—-B1YEREIZ X DAEK L = B19HDAIE B2—-B19AREIZ L D AR L2 BIYAMED L D /I
SIWHEAEIZH B,

6.5 f5iR

Ti-45.5Ni-5.0Cu 58 B K Ti-44.0Ni-5.0Cu-1Al B&id & HIZ _Bf¥ B2—~B19-B19AHE
Z2RY. ZOBRBEERBIIROIIICE IS, HAERIZHNT, B19 A B2 fORE DB
NOERT S, B19 HAREBERICH HRHP T, B1YHA B19 HORE DBFN SEAER L,
B19 tHOREIHZHE LN SR T 5. B19 M0 5 B19HADZERE (001), i _ED [100], AN
DEAMEIGICEDEZ D, TOXKDIUTERLZ BLYHHIZ (00) HERBRICL DHERENT
W5, ERROTHEEOGRIIBNTIE B2-B1YEREL B19-BIYRENRKETTH I 5%
XAREHFER D 2 WITEKETRESOFBICLD, NS D0OEEEMNICENTS 2 &
SHETH S,
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F7E Ti(NiCu) BZHHEE/LTi-Ni-Cud
&DORINT YA NEREES)

7.1 WE

SE T LEAL R & 0 M NiBEIO Ti-Ni B2 25O T TREIT 5 &, TisNigHR~
KU w7 2 TH5 B2 HIKEAITHIHL, FOIVT 81 NEEREEE X URAREURSEN S
ESFICBTHIENHBNTNBY . EZAD, 6RO Ti-Ni Gé &t A TENZZIRE
EAESTH B Ti-Ni-Cu BRI DVWTIRINE T, REIFHIC & b S EEXEH 5 IR
R OEICB T B2 < RanTwal,

Ti-Ni-Cu FEREE A S OERE#~EIE B2—-B19—-B19 TH 0?2 Ti-Ni —ItRICHB T 2L ERE
(B2—-R—B19) L8250, Ti-Ni-Cu BREEEEICBWTS, EUERILHEICLD, BE
R ZS MUy 7 AR BT B 2 ENTENL, <IVT A NERBEEPIIRGC IR
DT B EEZS5ND, ZI6% Ti-Ni-Cu FHRIREEKICHBWT, TiNi & TiCu Z#55 B2 244E
EOHMEBIIA, 3) TiBEZ 50at% CEE L Ti-Ni-Cu A& T, R TER

o RN RZHRFT DI TIRE Z 50at% 53 5T HENDH S,

PR E LT, TIRE% 50at%& D M7 < U7z 49.5Ti-40.5Ni-10.0Cu(at%) B& DY
VT B4 NERBIC R T R DR B E R 2280 T (DSC) ICK DINB =& T 5, 873 Kl
TENIE T % & DSC HH#RD B2—-B19 BHEIC & B2 S REE — I NEIZDITHEET 5 WO HER
1577, ZOXDITE—T BN Z 5 OREIBER OB LD EEASNS., EIATH
B (1073 K) iZB1F % Ti-Ni-Cu —JCRIRIERP) 1I2L 2 & EEHOMMR O G413 1073 K T B2 Hiff
THD, F-REHREMEORERIIFEELRNWZD, HABENEZ > 72hENAIHTH S,

ZDETIE, Ti-40.5Ni-10.0Cu(at%) S&ITHBWNT, (1) BN 873 K ML TE Z 20 &0,
(2) b LB Z 5 2T 5 EART HEOME S IBIZED XD IT/R>TNWDDH, (3)
ZOHH#NE B2—B19-B1YEEBICEDQ X D BRHEERIFTTON, KDWTHSMILERZ
w3,
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7.2 KERITIE

Ti-40.5Ni-10.0Cu(at%) @ & HAGHBEMIC L OEHL, # 7 mm OEIITEBIELE L /-,
JFE 0.5 mm 25 0.8 mm OWREFIEREDEIDHL, 1123 K T3.6 ks DIEELAEZ B
Iaofz, TOH, 873 K TO ks 205 720 ks Rl 2B Tz o /=,

VAR LERIRAE D3R s & TN IRFZHALIE % i U 7= 30Bt OFRZEE 2 B ADR A2 BT (DSC), ER
EHIRPEB L OXREHTICE DR, E, Bl 2508 TN (TEM) 2/
WTBI-o7z,

DSC AlEE, EfE 3 mm, HEK 10 mg OFEIRGFEZ AV, N - BHEE 10 K/min T
BIaol, BEXUETRAESERMESFEICLD, St - WHEE 0.5 K/min TBIko7k.
XEREWTE, BB - HIZAT—IOMEDT 4 757 M A—=FiZty hL, Cu-K, SERN
THBIBok. TOKE, WIEMEHERRLE LT Si R ZHBRIICRA Uz, TEM SRAHGEHNT
ERBIC X OERU 2, BB 28X 75—ty ML, HAILH-800 2 HWIIEEE 200kV T
LU,

7.3 HEBIUVOEER
7.3.1 EHCEBEOTHESED LR

Fig.7.1 (a) & 873K THKZ) L 72 Ti-40.5Ni~10.0Cu A& D DSC WHM#R TH 5, KR
0 ks(IAALALERIREE), 0.6 ks DB DSC HIFRICB W TIZEEIEK 20 K BEOE— 2N &
DT H D, WHMEREMERN S TIICD DREE 1y TRT I LTS, BIRRID 6 ks @
ABHIIXS = DD E—U 55, DEDIFRZIRRIN 0 ks, 0.6 ks DFBIO Y — 27 LE CIREIC
HY, BOIVEDEIENLDDULEWREICH D, DL, KM EIFEZ LN S
WTH R AEER D 5 THIIC D 2RE (TabbEMOY—2 OFRAONLS LAY 0 Dl
) 2T, THRT LT 5, Rtz 21200, KEROC—2i3hE <720, EiRflo
E—ZRBRELIZ>TWS, REIRFHEIA 720 ks DB CIHMEBMIO E— 713522 2, Skl
DE—T G &I2o T B, FERIREELT 0 ks DFREL, 720 ks DEEFE BIT DSC AHIEHIC Y —
IO EDUNEELBZWREEDOE—VI3HIFE DO E— 7 L DN ENS N D 5,

Fig.7.1(b) TH5ND L DIT, MERRIDHEANCE H785 DSC IR OLEALITAHIHEHR DS
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Fig. 7.1: DSC curves of the Ti~40.5Ni—-10.0Cu alloy in the cooling process
(a) and heating process (b). Measurements were made after aging for periods
indicated in at 873K.

BAEEBPTYS, ThbE, DEDOW RAREBIBOIEWE—7 Wi OBinE &bl
STZDITEEL, 720ks DRI TIZOEDDENWE—7 &78> TS,

AR S NBER O Y — 7 OREE (REE X5 U 2 2) 13, FERHEAT0 ks Dbk}, 720 ks
DB EBITK 10 K TH D, REEIRHEDN 36 ks DIEHTIZE— I WM& DH 2, ENETNDOE—
JOREERAT U ZIEBITKI0K THD, ZOERATY I ADKE XE Ti-40Ni-10Cu(at%)
BEIIBITSB2oBIOBEDRELE AT Y ADKEZXY LKL TWS, 2O &I, Fig.7.1
D DSC B ICHENDHE—VINTRTB2-BI9BBICELSDDTH S I L2RRLTND,

FEBHZ DT, 373 K & 173 K OIT DSC HIE 2 EHE VIR T Z Lic K DRI RIEY
BYA 7 ) OMEERNC. TOFR, DSCINE - AR OR, E—7HE & BITKEIO#
BAINOMERIEAEZTIRNT ERNDM ST,

Fig.7.2 13BEUEPIROBEKRGFEORNC E BRI E LD L TS, R 0 ks D
FEHE 400 K N HIMHITT 5 PRI, IXUORE & & HITRIFTERNITBDT 5728, 315 K
ETEMBEGRN S TIRD S, ZOWREITDSC HfICBWTERLE T E—H LTS, 5
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Fig. 7.2: Temperature dependence of normalized electrical resistivity in the
cooling and heating processes after aging for periods indicated in at 873 K.

KRHZ DD S EPIRIINE D, DECHEREZ LD, 5ITl/NEES, ZOEEBRIO
BNDIREZE T3 TR 2 &IC9 5, Kgh U723l OmAIHHR TIEHTR AR OBRRBIRY 51
TIUADHIREIIDSC R TER Lz HLIEE LR —HL T2,

KRETTHSMNERDA, FEENTE D Ti(NiCu)HPMH L, HHMORBEET R w7 AET
B2—B19 ZHREFRBIREN /25, Tod Ti(NiCu) HOBEMIZH T BI9 MAVER LI HIRETH
D, TiRMHEHDIZNT U w7 205 BI9HNER LIB® DIRETH S, £z, T31EB19—-B19Y
LHEBHIBIRE TH 5.

EPTENRAZRTIREIL BN B2-B19-B1YRENFIIZ TT2RETH DN, ZORE
HREZIRE OB E bW LR LTS, £z, Fig.7.2 10k, TBREZEREDIRE #iPR IR %)
R ORI E SRS R> TNAE Z ENbng,

Fig.7.3 13 373 K IC BT DGR ORI T 8L 2R L T, ZOREIRBNT, &
TORBHIRHIREETH D, IVT 3 MIERL TWan, EHZRIIRIRHROBEMmIE S
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Fig. 7.3: Aging time dependence of electrical resistivity at 373 K. The
aging temperature is 873 K.

RWEADLTNnS, ETAT, Fig. 7.2 THENSDL ST 373 K FHE TOESTROEEFEIIR
RN < IFE—ETH D, LMo T, Fig.7.3 IH5NDEHIRORBDIIFREISIONE
PIZEBHEDEEZLEND, D&, FENTEBRWEFTHIIREEY 5 AL TH5
EERRL TS,

7.3.2 VILFUYA MNEREICE B SIBEREL

Fig.7.1(a) ® DSC HHEARICA SN DTEBEY — 7 2 L bIa S EEIC BT BRI ZHIEICT
57D, 3713 K MO OMIRRICB I 2 I I FHBEICSWTXREHEREZ B ko7,
IEEIIERIAS 0 ks, 36 ks, 720 ks DFBHI BT 5 B2 48, B194H, B1YHOKHETRE % Table 7.1 i<
FEDTRY,

IRFEAIRFTETAY 0 ks DFRELD 373 K IZBIT AT RTB2 M () Ik 5D TH o7z, 300 K
WZHBWTIE, B2MHOKRFITINA, BI9HOKENALNZ, ZOZELD, Fig.7.1 iZHLND,
PREOVANE—E—V I B2-BI9 BRICHRTZ2HDTH S5 Z &0 N%, 263 K IZHENT
B2 H, BIOMIOE—ZIZTZ, BIYMOY—r A 5N, B19—-B19ZEIX DSC #ifRTH
B2 — 27 2R E 20D, BRIKITR-EEHRRICE BEBELTOENRD LAE L THATY
b, ZN5ORIE, LN Ti-40Ni-10Cu &8I DWW THE SNHRY LBl TS,
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Table 7.1: Intensity of X-ray reflections of the B2-, B19- and B19’-phases at selected
temperatures in the cooling process of the Ti-40.5Ni-10.0(at%) alloy after aging treatment
at 873 K for various periods.

Aging time Temperature(K) B2 B19 B19
0 ks 373 very strong none none
300 strong weak none
263 none strong weak
36 ks 373 very strong none none
318 strong weak none
308 weak strong none
298 none very strong  none
273 none strong weak
720 ks 373 very strong none none
328 strong weak weak
318 none strong weak
273 none weak strong

R 2R IZ2Y 36 ks DFABHI BT HHRIFEULTDOEB D TH -7z, 373 K T, KRETDONRD
Ti(NiCu)o THIHIC K D R ZRITIE, T RTORKFITIB2HOBDTH-72, EEfAlOE—
by TIREMIED 318 K IZBWTid, B2 MHOKFIZINA, BI9HORRNA SN, (KIR{ID
Y— 2 OB RO OREHID 298 K IZBWTIE, BI9HOKFDATH Y, B2 % B1Y
HOREIZHSNZN -T2, 273 K ITBWTIE, BIOHOKHEITIA, BIYHORRNSH S5bh
feo TOTEEKD, KeEhRFHEN 36 ks DFBHIBIT S DSC HIfRD 2 KDY — 713 & HIT B2—B19
FRIZEDDDTH S ZLNbn s,

RFNFIAY 720 ks DFRELD 373 K 12V 5 XKEIHTREE B2 M K 5 K & Ti(NiCu)z 18
CEBRFENSK> Tz, ZORERIE, RN 36 ks OFABHI BT D[ ClRE ORER &8
LU TS, B2 HORHN OEERIE, FFRIRHEA 720 ks DFRBLOAAVNE <Tzo> Tz, Z
DT &iE, FEhREICHENT, B2 HORBEY S EWNIBok I &R L TS, DSCH
IR OSNB220EDDE—7 ORRMOBEHEOIRE TH S 328 K IZHBWNTIE, B2HD
REHTINZ, B19#H, BIYMORFNA SNz, TDI &I, FMTREEINER L /2iBHT BN T
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Fig. 7.4: Aging time dependence of transformation start temperature de-
termined with electrical resistivity curves. Open squares and circles indicate
the B2—B19 transformation and the B19—B19’ transformation, respectively.
Open diamonds is T which is nearly the minimum of resistivity coolng curve.

i, B2—B19 ZHEHLGRE & B19-B19YEERKIRENENWI L2BKL T0wd, ALE—70
IRERIOBIABEORE TH 5 318 K ETHAIT 5 &, B2 HORERERZWAL, B19HOKH
MEHEIN Lz, EZ2A0, ZOBBICBWTBIYHORFABEIZIFEAEE LN/, L
Mo T, DSCHIRRIZHALNSD S v —TRE—JIdEICB2-BIIERBICESHDENZ D, &
517, 273 K ETHHIT S &, Bl HORHNEEEA L, B1YMHOKKREIEML 2.
LEDKRED, Ty, To&HIC B2—-B19 FEFBEREICHINT 2 Z &0 5s. B2—-B1I9E
REBRIAIRE NS 2D H D DIGRE ORI ERIC X B £ X 605, Tabb, YTk L=
HEHZBWT, FitOE 0 M S B2—-BI9BENBXEDZRETH D, TidHEHOENT H
w7 A0 B2—B19 BHEE AT DREICHIET 5 EE A 5NS (ZOZ LDV TIERRICED
—EERT D), £z, T31EB19-B1YEEREREICHINT 5 Z LM%, Fig. 7.4 IRk
BT B2 REBRIGIRIE DEML 2R T, Ty (O) WIBMALAERIREET 315 K TH D, KR
MM EHRNBINTHML TS, To(O) FREZIRA 6 ks OFEIT 330 K TH D, HFhH§H
DN & BRND UL TS, ISR 720 ks OFRBITIE Ty & TRl3—HL T3,
T3(0) b E-RBIRF ORI E BIRWVRLZIT ER L TB D, KFEIRFHAY 720 ks OFREHT BN
TiE, a1y, T —BLTWS, 722U, BITRRZLIIZ, 720 ks OFREHIBWT TaiRE
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THRRT S BIYHORIZIRL T L1320,

7.3.3 WHEYIOEE L FRE

Table 7.2:  Observed d-values(dyps) obtained from the X-ray diffraction pattern at 373 K
of the Ti-40.5Ni~10.0Cu (at%) alloy taken after aging at 873 K for 720 ks, and calculated
d-values (d.a)c) using the following lattice parameters: a; = 0.3132 nm, ¢, = 0.7991 nm for
the tetragonal C11, phase, and a., = 0.3029 nm for the cubic B2-phase with asterisk.

dobs deale Index Intensity
0.3028 0.3029* 100, weak
0.2216 0.2215 110¢ strong
0.2143 0.2142* 110, very strong
0.2027 0.2029 103, strong
0.1567 0.1566 2004 weak
0.1515 0.1515* 200, strong
0.1337 0.1332 006, weak

0.1237 0.1240, 0.1237* 213, 211, strong

0.1140 0.1141 1164 weak
0.1071 0.1071* 220, strong
0.1013 0.1014 206 weak
0.0991 0.0990 310, weak
0.0958 0.0958* 310, weak

373 K IZBF % X BREFIHICBNT, IBHLAEREEDOREHE B2 ORI DA TH DD, K
P 2 U 723N B W TIE B2 U O REHM B S5oh, ZOiREIIREIRH O KRIC & Hisn
i< 7xo . WERHREEIDY 720 ks DFBHIBIT 2 2N 5 ORI T B EHIRE d /% Tabale 7.2 1T
L9, IS DOREHIIEA RO CL1, RS THEA I rIAETH S, Vanloo 5D Ti-Ni-Cu
STCRIREERP) ICHEDWTHINIT 5 &, ZO Cl1, BB OMIE Ti(NiCu) i TH D ENZ 5, X
RREYT L D RDT= 373 K ICHB1T 5 CL1, B IE OB TEEE ¢, = 0.1332nm, ¢ = 0.7991nm TH
D, B2 HOBFERIL ac = 0.3029nm TH Do deglT NS DK FERELVESNDS dETH S,

B2 BfEE & C11, BUREE OITIE 3 DO TFHREMEET S, Cl1 BB OREAMWHER Y ML
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& _5000m

Fig. 7.5:  Bright field TEM image of a Ti-40.5Ni-10.0Cu alloy aged for
36 ks at 873 K. Observation was made at a temperature around 350 K. Three
variants of thin plates of precipitate having a habit plane {001}, are seen.

Zayg, by, ey & Do ay, bl IENEN B2 MEGEDEANHENRY B (ac, be, c.) DT INITHE
JEL, e l33K0 O B2 BIEIE OREANHENR Y VD 3EDKEZI DAY MUTHIRT B, Lizho
T, B2 RO~ U w7 A5 CLRE DTN ER T 558, 3FDNY T > hE
AR I Rl VA S

Fig.7.5 12873 K T 36 ks RFZhULEE U /=3Bt O FERMEE GG 2 oR 9, #BIZ3 350 K T
BIBoTND, NI 3 DONU T > "AMFIET 2 Z EAMER TE 5, Fig.7.5 LERICH 24T
HNIEAREREIC K DO I N TS, ZHULEBIEER T EHT AT TN TH S,

FA OHTHPRLTIIIE S 25 nm OHIRH D, B2 #l & Ti(NiCu)FHORITIZ [100]. || [100];,
[001] || [001)y DINBABAFET B T EMbinoTz. £z, B2 A& Ti(NiCu)o A ORI
IRERIEIIANAIE L, £ OHEEIT {100} TH o7, Fig.7.5 EFUD Ti(NiCu) 4178, Z/Xw ik
SR DU 721 973 K THESE L 7= Tigr 5(NiCu)so s B RICBNWTHE I N TN S, 9

AWIRICHT S 873 K THREIMLEEZ i L 723kt T, WIh ol icB W TH AT OJE
S, 1FE25 nm THolz, UL, KRN 720 ks DikkE Tl Fig. 7.6 1RT KD ITESH)
100 nm OHTH D LIZLIEAR SN, T DL D ITENHTHP ORI I3 HIZ0 I TId ARy,
HTRRETIEN S S0 E 912, B2 MlE Ti(NiCu) Mt ORI il O 4 B E X
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Fig. 7.6:  (a)Bright field TEM image showing thick particles of Ti(NiCu),
precipitate of the Ti-50.5Ni-10.0Cu alloy aged for 720 ks at 873 K.
(b)Corresponding selected area diffraction pattern taken from the area in-
cluding both the precipitate and the matrix.

nTns,

XHRET & D15 5 R - AT O Tk & B FUiMSHER X 015 oz iR L 0, &
FHEHT A DO R IHEE 2 HELE T 5 Z &N TES, BFIRLD, [100], A& [010] S FIDIE
THAND I AT FI 3.4%(= (ar — ac)/ac) TH Y, [001] M TIE-12.1%(= (¢; — 3ac)/3ac) T
HDH. TOXDIT, [100], AlAI& [010]) HTFNTEE T 2B [001] HFIOEAEL D RN, 0
BEVEDENWDWTH OIIEIHIR TH D Z EDFRERTH S EEZOND, HFHENH MO
DI ATy FIZK D EFFEENLZ FWIITEA TS 2 EICK DRI N5 . Z o
TERIZEFNEKRD D ZENTE S, fRTRRZREHNSE, [100], A& [010) S HTiE
9.2 nm(= aca/(ar — ac)) T ENTTHRACEA IR, [001] HANTIE 2.3 nm(= acar/(3ac — ¢)) T
EITHHRAIAEA I ND Z ENDN D,

Fig. 7.7 13 [010], /i 170 & A7 REAH S AT ) DI FELA ORI TH 5. [001] HTITBNT,
8ac& 3¢y MFRFURE L/2->THD, ZOFWOHIT 1 DOREENFIEL Tnd, TOR
AL 2 F DG ZE 2 256G, Y b v I ZENEHD I AT v FIE (3¢, — 8ac)/8a:. T
HYO, XERDOHE IDMEIZ-1.07% &85, Lizi>T, Hithid~ hU w7 2126 LT [001);
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Fig. 7.7:  Schematic drawing of the atomic configuration near the boundary
between the matrix and the precipitate. Note that 8a. (2.423 nm) corresponds
to 3c¢ (2.397 nm).

HINZHIEROWNERIS N 2RI 2 &iciz s,

HHEHOREIBEZ B, EROI ATy FiIIEEIN, U vy X EHEYOFEIE
Fig. 7.7 KL LB ZHRF 5 2 &N TER LD, Fig. 7.7 DREBIEEMRT 22 ENT
EDHRADE L 3acc/(8ac — 3¢) TRYT ZEMNTE, RELOYE ZOHIZ 28 nm TH D, Hr
HY DRI N DIEZE R D R HEM DN EE /25, Lo T, iR ZOREE %
HAZIE, O REEMNZHRT 22T ORGSO EHEETDH I LIT/ED, ZD
CEMERT, FEALZOHHY GRRSIRENENER) OREX2MI25 nm &85 EEZS
N5, ZOHAE, I Fig. 7.5 IZA5ND XD AT EHTH D, FihDESA128 nm
A D& Fig. 7.6 ICALNS KD IZERHEITEH TR </RoTWw5,

7.3.4 ZEEMKEENS LRI SRR

Fig. 7.4 BV TR X D1T, RN IC DN B2—B19 B LU B19—-B19 A HERRAR
BR AT, ATEZORBZERTS, 0RO Ti-Ni §2ICBN TR T REARWIE
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EB2-BIYRERBBEN LR TS ZEMHSNTNS, Thabb, B2MIEZTIL TP M
MUT, HMRINCARRE L7325, FEhck D, Ti(NiCu),#H2Y 49.5Ti-40.5Ni-10.0Cu B& D~ ~
Uy 7 AM6HIET2ET MU w7 2O NI BEIRED TS ZEI857 . TORE, ZiR{4
ERUKIDITB2 MHIEILT >3 MOt UTHMICARZE &30, EREBBEREIIERTS
LEERDBTHAD. bl, BEERLOIZMWEEFRGRE LROBBTHIUL, R EHL
T a B O ZEREFAAATR L 1 3VA AR L ALEEIRRE O Ti-40Ni-10Cu B DR ERBIRE 28 X 5 Z &3k
WTH2D, LnL, KA 720 ks DK O B2-B19 ZHEMREIT - NETHREINT
W5 Ti-40Ni-10Cu & DOEERBKREL D&V, T7xbb, TREKEE O LE, BESY
TR TE RN,

ZREFERE Z R I EDHOFRK & LT Ti(NiCu) MR D < 2NEE T ORENE % 5
Nz, BL, YOO NN BI9 HOAEREHBIT 272518, LRERKBEII LA
BT EIES,

BIEi TR /2K D12, TINICu) MM MU » 7 21k U TR IC BB R AT /b5
REE D [001) A FNZEIRONEIEH 2 XIFT, & 25T, B19 Mg [011], HFNIIK 2.3% N TH
D, ZOFHFNIRFED [001] A FITHRL TS, L= T, Hriid)oREmicEE A I
% B1I9 #HONU T > b OAERKEBATHYI DD < 2 NEIS 1 D720 ER LT <25, ZDED
2, Ti(NiCu) M7 B2—B19 BREICKITIHENT, BELERHTHIY) TisNig ¥ B2—R 2RI
BIETHREEEUL TR EEZ5NS, ThabE, FERED FRIINTHIC X 2BERLEN
HRAOHFEHRICE D EE X H5NS,

DI EZMHERT D720, FRLE L 23 BHI DWW T B2—B19 BREOBEFHlMEEIC L 220
SR Z2B oz, TORE, TINICu)AMHEAIE B19 MOERY A h&ixo TS Z LA
S5nETEoTz. ED—H% Fig. 7.8 {RT, Fig.7.8(a) FRZIRFEIN 6 ks DML 2H) 350 K THL
KLUIHGEFRTH D, BEFROARAENIIZIZ [100) /AT TH B, Ti(NiCu) Hrii#nNELRIR
WEEL THO, Tt oRBEIEEI S F I A MRALEND, ZORENSHEBZRAITS &,
Fig.7.8(b) ICA 535 KT B19 HHAMHEM O D NS ERKR Uz,

IFENALER U 72308 DSC AR B NT, SEDORME—D %L Hird B2-B19 £kid
ROEDITHETTHEEX éhéo WHANZ E B2, Fig. 7.8(b) 1R L7z & 512 Ti(NiCu) At
VORI O B2 LY B19 MHICERET 5, 2, Ty THESRRBAO -T2, &
SIHHITZET N w7 XD B2 AN BI9MICERET S, s, Ty THESREMOE—
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Fig. 7.8: Bright fieled TEM images observed in the specimen aged at 873 K
for 6 ks in the cooling precess from (a) to (b). Note the strain contrast of the
matrix around precipitate of Ti(NiCu), in (a). In (b) B19 martensite is formed
around the precipitate.

IZXIRd %,

7.4 ¥R

Ti D 50at% &K DD UKW Ti-40.5Ni-10.0(at%) % 873 K THighd % &, FeghRefloR
IMZEH7EW, B2—B19, B19-B1YEREMAREIZEBIC EA TS, 0 LRI CL1, MG D
it OARICE DR Z 5,

Ti(NiCu) T HHAHIZ b U 7 ZITH LT, A TH D RHHD {001} 1 % &9 & UHBCR
AT S HTHEHICIZ 3 DN 7 > R B O, R EHTHIAH O S ALBIFRIE [100). || [100],
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[001] || [001]; T&H B.
VT 2B A NRREBRIAIR S O ERIZRENIC & B 72D Ti(NiCu), FrbH ORI & 0 Ti e
NEATZDHTHS. FHHOD BNERBHBER, B19 XILT P11 FOERZTS,

e

BTER o &b D 2EOKRT EINNEDLE TUANZIF ST FEEN DA B ZRD 5, 22
TIREE ba<b&T 5. £, TNSOBFOIZATYFIFTHINEY, F72bE (h—a)/a < 1
LT, INSORTEADVEDE TERDEHA, (n+1)a =nb DRMEVHREINE &, B&
a DETIIERZ b DB FLED 1 D%<HDZEITRD, ThbERAGMIMEERS, Ih%
nIBAL T L, n=a/(b—a) £E72B. £ T, FEEMOERRIL, nb=ab/(b—a) &725,

KIZ, 3a b BMIELTHED, 3a>bDFFITONTER D, ZOHH, (3n—1)a = bn K
DIDEE THREEMNNTND, nliZDOWTHS En=10a/(3a—b) £72%, L7ZMN>T, REiE
RLOMIREIL, bn = ab/(3a — b) E725.

BRIRIT, 8a £ 3bAIELTHY, 8a> 3b DHBITDONTEZS, ZOHA, (8n—1)a = 3bn
R OALDE S THRERMIEINS, nIZDOWTHL L, n=a/(8a—3b) &735%, LENHT,
SEEERA OFEIREIE 3bn = 3ab/(8a — 3b) E725,
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Fig. 8.1: DSC cooling curves of the Ti-40.5Ni~10.0Cu(at%) alloy aged at
873 K for periods 0 ks, 36 ks and 720 ks. The exothermic peaks are mainly
due to the B2—B19 transformation. The single peak in the Oks specimen
separates to two peaks in the 36 ks specimen, and the change to a sharp peak
in the 720 ks specimen.
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Fig. 8.2: Strain vs temperature curves of the Ti—40.5Ni-10.0Cu(at%) alloy
aged at 873 K for periods Oks, 36ks and 720 ks.
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Fig. 8.3:  The eleongation due to B2—B19 transformation plotted against
the applied stress. Data ara obtained from the constant-load thermal cycling
test.
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Fig. 8.4: Temperature dependence of lattice parameters for the cubic B2-
phase a.; and orthorhombic B19-phase a,, bg, ¢, of the Ti—40.5Ni—10.0Cu alloy
aged at 873 K for periods 0 ks, 36 ks and 720 ks.
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Fig. 8.5:  (a)Bright field TEM image observed around 325 K in the cooling
process of the Ti—40.5Ni-10Cu alloy after aging at 873 K for 720 ks. (b)
Schematic drawing of (a).
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Fig. 8.6: Temperature dependence of the 0.5% offset stress obtained form
the tensile tests for the Ti—40.5Ni-10Cu alloy aged at 873 K for 0 ks, 36 ks,
720 ks.
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Fig. 8.7:  Stress vs strain curves of the Ti—40.5Ni-10.0Cu(at%) alloy aged
at 873 K for 0 ks ((a),(b)), 36 ks ((c),(d)) and 720 ks ((e),(f)). (a), (c) and
(e) are tested slightly below transformation start temperatures. (b), (d) and
(f) are tested slightly above them.
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