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To establish design of high temperature shape memory alloys, the effect of alloying element on
phase transformation and mechanical properties was investigated for TiPd and TiPt compounds
whose martensitic transformation temperatures are high. Martensitic transformation temperature,
which decides application temperature of shape memory alloy was changed by addition of an

element. Candidate alloys whose transformation temperatures are between 400 and 1100 “C were



H=X21

found. Some alloys had large shape recovery strain due to large solid solution hardening effect and
suppression of detrimental precipitates by alloying element. We also found some alloys was stable
during ten thermal cyclic test. In this study, alloy design was successfully established and new

alloys which can survive at least ten thermal cyclic test were developed.

1. ¥ITE£% 92,290,156 M
CEERE 70990156 M. MEELE 21,300,000 A)

2. WAEEMEARM TER23F2810B~F/H264F3A318

3. HIREBM

EROZBIERFHFEHEDSIEH AU ITRILF—ERMH S, 20%HEEH PO SHHIA TS,
LRBBOHEEEEMA . —BRIERRDHHEFHIR T H7-OICIF. KAKE MEHOD VLT
DOUIRE R B DR BESN EE M E AN BER A R TH D BRENER L (R BB EOR L) D
128, INFET. BEHEICEDLNATMEBM B OMBEED LRENHALN TE, LHL. TEE
EDOLRICIIBANHY . RIEMEESSITH LSEIOICEHARHEH AR ELLZ ST
%,

FHRRADEREL T, REHR O IVNIV VO EHETHIE MK CI—EVEFEHR
DBMEHZ. BEZRMLTENT IS EMKREEEEZRAVTHEIRSELLLSELH D, Ch
[C&Y. CNFETHEVATLLGE  BHTEEDHLIV AT LEF>TL AL BETAVTS
VAN LR ELGRIKEIEESRICET A oNS-OH ., BMEHEDBEELIZOENAS, BELLR
BRERLICEMRAGHETHS. LHIL. BERATK. @R T CHERATIRELGSERKEEESE
MWV, ZCT.AMRETIEH. SRICET AR KEENRERICEUNLGTEFZEAHL. 400-600°CT
BT 2 ERIREIRERDHIIEHEMITHLEBENET D,

4. HAREE-AE

BEOEEMEIE. A NEMASLEERTOHBICESLEWD . AREEBTHAITILTUOHANERE
FRCTEEMEEYIE. ERLTEERALULEIZNR. HDVIEN DOBREIZKY. TORIKIZE
BETHMEEE D, COLSHMEEF OMBEELTIE. TINi NAFISNTEY. BLWRHTERESH
TS, LAL TiNi [FERERAEL 6. 100°CREEFETLAMERATAIENTET . SIRTERETD
BEDRAESRDONTING, ZCT. BEVERERRZRIMBELT TP, TiPt IZEBL, Chiod
EEMIZKLT, 4—7T VT HEREESRE, BULEREEZ/oNSIARMTREHSNCT
%,

FT. 7T VBBEAICKVRRE=TRERMLZERI TV EEREL. EREE. EARES.
SmAE . ERFORBELEZAXN. 4V rOEREEHE. BULGEAHREENFONLHM
TRERV)—=059 5, ChlckY . S RTHREET OB ELZRFOERERAL,NICT



H=X21

%o
TOCz MR T, TREMOHHIEEYITHL T, —ERETCTREZERRAUEIZEREE,
BUZEBEFTTRIEIRY(VILEHBRZTL), £FELBYRLEMHEFTET 5, SIS RAETF
BRELR(EBSD)IT LY. #BRYRLARA R DMBBEILZHET S5 LITKY . SRMIGHKEEZEL
MBS OVTHIRET D, ULEICKY ., GRMREEESEDRETIEHERELT D,

5. MIRAR-KEHE

BULEEBE. MIREEEZRIE=ZRFTODRV)——UJZRAPERDAENS6HED
TREFMRICRHBIITo . TR BIKERE(T41E> 51K > 6RDIEIZ/NELARY,
AEDOTRIPIRVRELGEEEZTRT IENBALN LGS, 4TEDTRICT DV THBIKE
HEFMICARANTZESAH, 100%DEIEZ RS HMZ RV, RIMTHRECHEMIZLS
HKEEZEDEWNE. THRHEMIZKITILTUOYAMEERBEDEIE, T ILTUo YA BES
SIS ADET. BEUEEREL EICMEALIZEEICERT HHEMDERBEEDEL
KBHIETHOMICLIZ HFIC6 ETREFMNT H&. IKERZEE T HITHA ERL P
ILIGHIETDEEDT=,

5_

SHIZEATHRDOFMIZEKY . HEHDEEE \

BOLALICR-FE EREEE LRSS Tt

HBHTEITRIIL, 400°CHS 1100°CDRRER 5 °[  FESTUREE uspsas

v 44 S Ll <> HI|

ACHREEATREERERVEL. B o 0 @

ERLEIZESETIaR. EEEERLEICH Tk S

E4RRELE . EEROBEEHREITL, Lo

é%%ﬁ%ﬂﬁﬁ’&ﬁﬁﬁ LT’ 0 100 200 300 400 500 600

=18 7B /F . = 757 ZRERE, (C)
351‘_\ Iﬁlmfzmgﬂ{?)bﬁit:%ﬁiﬂ") —&)0) 1 %ﬁéYﬁﬁﬂliﬂL‘@—éﬁ:$%@tb%ﬁ§
AR EEH- (TR, RBLI. JeiEa
X ZRTEGBERITIZEY . ChFETHLI>-E z‘gégz:j;;gslgg“g‘;x) —_—‘;g;;z}i;:;z;gz‘ggrgf;ga) o
N “r 1 1'7 ®

BCOERGEAMEN AT, CORE | 0 ok

ERVNTREYAILRRICKY. BRKER - = — 7 1 =8

SEBHFBEMEL . MRAROEERE. - — =+
. > g @ E ]

SETHRSNTVSAROMBREVEREE | = ], _

EERTCEMRBLESRE, (R 1) [E AT - (0]
" mTEf:?DPe::urem:uC;M e MTer::;er::ur: z"C;u - mT""m;’E':"anc;m B

TiPd BRICE=ERREFMUEERICOVT. —F o w5 | st

FETC. REZEENCEEEELULEFEFTLERSE

. BUEBETITS. B AVIILHBRERT CLICRY. BYRLEEDOF@MEE T o1z, ZD
BR.XELRYBRLEHERL. A OREGLEEEZTTHAMTRMNASI LGS, I
DaFlE. AEOEBFBRILICEDTHY. KO MIREELHFEMEMOEREFNZ D3R



H=X21

DNHEZEDNALMELE STz, B 2 (L. TiPd G2 DB YA VIILRBOBERETRT . 1 H1VILE(E
RELGEHMEAZ RSO, 2B B UEE. BEEAH 055U TICHASN, 10EFETHRELS:
BIRFFEE R -, YA VLRI OEBELRLI-ECAH BY A VILERBRAIIL., ZILTY
YARNYTUMNTUF LIZEKL T, B A 7)LEDOMERIE, 001 ARIZZEA>F=/\)T
URDERLz, ChIEERARICRLEAZENL. EHEADBAZR/PRICLTRELRE
BEAETFEZDARATHAHIENS, COFSLTHEBELNBNGRFEICDEMNDHIEHH
bMELEoT=,

LEIZ&Y, AR TIE, 8RR REESEDRHER LIZEDETRORRE, TOHIBEE
AT HILICLY. BEMIREESEDREHEHERILLT-,

ABEIZLY ., B THHCES 10 AIETEIEEATTRGEEENFRRESN=5H. HEDENE
THRRGFICISANFAIRRTH S, T AR THONREFHEHETIC. SRMIREES
EFRENIEST DHRAHFEND,



H=X21

6. WARRRZF
IR | BRFAI-BZEY) H1TH

BT 4

1.

10.

11.

12.

13.

14.

15.

16.

17.

A. Wadood, H. Hosoda, Y. Yamabe—Mitarai, Phase transformation, oxidation and shape
memory properties of Ti—-50Au—10Zr alloy for high temperature application, J. Alloy
and Comp., 595 (2014) 200-205.

R. Arockiakumar, M. Takahashi, S. Takahashi, Y. Yamabe—Mitarai, X-ray diffraction
studies on Ti-Pd shape memory alloys, Thermec 2013, 783-786, (2014) 2517-2522.
Y. Yamabe—Mitarai, A. Wadood, R. Arockiakumar, T. Hara, M. Takahashi, S. Takahashi,
H. Hosoda, High— temperature shape memory alloys based on Ti—Platinum group
metals compounds, Thermec 2013, 783-786 (2014) 2541-2545.

Y. Yamabe—Mitarai, T. Hara, T. Kitashima, S. Miura, H. Hosoda, Composition
dependence of phase transformation behavior and shape memory effect of Ti(Pt, Ir),
J. Alloy and Compounds, 577S (2013), S399-S403

R. Arockiakumar, M. Takahashi, S. Takahashi, Y. Yamabe—Mitarai, Microstructure,
mechanical and shape memory properties of Ti-55Pd—5x (x=Zr, Hf, V, Nb) alloys, Mat.
Sci. Eng. A, 585 (2013) 85-93.

A. Wadood, Y. Yamabe—MlItarai, Recent research developments related to
near—equiatomic TiPt alloys for high—temperature (above 800 degree C) applications,
Platinum Metals Review,58, 2, (2013) 61-67.

A. Wadood, M. Takahashi, S. Takahashi, H. Hosoda, Y. Yamabe—Mitarai,_
High—temperature mechanical and shape memory properties of TiPt—-Zr and TiPt—-Ru
alloys, Mater. Sci. Eng. A, 564 (2013) 34-41.

A. Wadood, T. Inamura, Y. Yamabe—Mitarai, H. Hosoda, Strengtheningof -
Ti-6Cr—-3Snalloythrough [ grain refinement, = phase precipitation and resulting
effects on shape memory properties, Mater. Sci. Eng. A, 559 (2013) 829-835.
HFEEBF.[FAOELEYWOSERKREREEELLTOREEM . FRUE. 61,
4 (2013) 318-323.

A. Wadood, M. Takahashi, S. Takahashi, H. Hosoda, Y. Yamabe—Mitarai, Improvement of
mechanical and shape memory properties of Ti—-50Pt high temperature shape memory
alloys by addition of group IV elements, TMS 2013, (2013), 949-958.

A. Wadood, M. Takahashi, S. Takahashi, H. Hosoda, Y. Yamabe—Mitarai, Improvement of
mechanical and shape memory properties of Ti—-50Pt high temperature shape memory
alloys by addition of group VI elements, proceeding of TMS 2013 (2013) 949-958.

M. Kawakita, M. Takahashi, S. Takahashi, Y. Yamabe—Mitarai, Effect of Zr on phase
transformation and high—temperature shape memory effect in TiPd alloys, Mater.
Letter, 89 (2012), 336—338. http://dx.doi.org/10.1016/j.matlet.2012.07.104

Y. Yamabe—Mitarai, T. Hara, M. Phasha, P. Ngoepe, H. Chikwanda, Phase
transformation and crystal structure of IrTi, Intermetallics, 31 (2012) 26-33.
10.1016/j.intermet.2012.05.016

Y. Yamabe—Mitarai, T. Hara, T. Kitashima, S. Miura, H. Hosoda, Composition
dependence of phase transformationbehavior and shape memory effect of Ti(Pt, Ir), J.
Alloy and Compounds, (2012), doi:10.1016/jjallcom.2012.02.136

K. Maweja, M. Phashaa, Y. Yamabe—Mitarai, Alloying and microstructural changes in
platinum—titanium milled and annealed powders, J. Alloy and Compounds, 523 (2012),
167-175

Y. Yamabe-Mitarai, T. Hara, S. Miura, H. Hosoda, Phase transformation and shape
memory effect of Ti(Pt, Ir), Metall. Trans. A, 43A (2012) 2901-2911,
10.1007/s11661-011-0954~y.

HFEXEBF EERBKEREERL £F 82 6 (2012) 19-25.




H=X21

(BEEH—BREL) F0#H

(Ri5ED) ot

RBRER

Bt 38 #

EMRMAIT 537 #

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

HFHXBF. R Arockiakumar, [R1El. S4B . SHEE. B FH . TiPd SERMIKE
BAETOMREERFELSEESMVILEREE. BAEREF= (2014) 3 A 23 B,
RIR

A. Wadood, M. Takahashi, S. Takahashi, H. Hosoda, Y. Yamabe—Mitarai, Ti—Au and
Ti—Pthigh temperature shape memory alloys, IBCAST , (2014) 1 B 14 B, /8% X4A>
P. Zywicki, D. H. Ping, H. Garbacz, Y. Yamabe—Mitarai, K. J. Kurzydlowski, phase
transformation and twinning in a beta—type Ti-30Nb—3Pd alloy, Thermec 2013 (2013)
12 A48, 7AUA.

R. Arockiakumar, M. Takahashi, S. Takahashi, Y. Yamabe—Mitarai, Microstructure and
shape memory properties of Ti—Pd based ternary alloys, Thermec 2013 (2013) 12 A 5
B.7AUA.

R. Arockiakumar, M. Takahashi, S. Takahashi, Y. Yamabe—Mitarai, X-ray diffraction
studies on Ti-Pd shape memory alloys, Thermec 2013 (2013) 12 H4H. 7 *)AH

Y. Yamabe—Mitarai, A. Wadood, R. Arockiakumar, T. Hara, M. Takahashi, S. Takahashi,
H. Hosoda, High— temperature shape memory alloys based on Ti—Platinum group
metals compounds, Thermec 2013, (2013) 12 A5H. 7 A A.

A. Wadood, H. Hosoda, Y. Yamabe—Mitarai, TiAu Based Shape Memory Alloys for High
Temperature Application, Thermec 2013 (2013) 12 A 5 B, 7AUA

R. Arokiakumar, S. Takahashi, M. Takahashi, Y. Yamabe—Mitarai, High temperature
shape memory properties of Ti-50Pd-2.5Hf-2.5Zr, ISAJ symposium (2013) 10 A 11
B.®R.

EFEBF. R Arockiakumar, R, SIEM. 255, MIASE. SkEEARMLIz
TiPd B € DHEERLEKEERE. BXAEEFS (201309 A 18 H. &R

R. Arockiakumar, Y. Ya,abe—Mitarai, M. Takahashi, S. Takahashi, Isobarack thermal
cycling of Ti-50Pd-5Z shape memory alloy; effect of twinning. B A EE£(2013)9
A18BA. &R

A. Wadood, H. Hosoda, Y, Yamabe—Mitarai, TiAu—based high temperature shape
memory alloys, BAERE¥E (2013)9 A18H. £iR

Y. Yamabe—Mitarai, Recent development of high temperature shape memory alloys,
TICMS (2013) 8 A 30 H. 2<I4.

A. Wadood, H. Hosoda, Y. Yamabe—Mitarai, Thermo—mechanical and shape memory
properties of TiAu—Zr and Ti—Au—Ag high temperature shape memory alloys, TICMS
(2013) 8 A 30 H. o<I&.

P. Zywicki, D.H. Ping, H. Garbacz, Y.Yamabe—Mitarai, K.J.Kurzydtowski- The
stress—induced alpha” martensite at the surface layer in beta—type Ti alloys, TICMS
(2013) 8 A 30 8. KIE.

R. Arokiakumar, S. Takahashi, M. Takahashi, Y. Yamabe—Mitarai, Mechanical and shape
memory properties of hot worked Ti-Pd-based alloys, TICMS (2013) 8 A 30 H. D
<IE.

HFH£BF.R Arockiakumar, [R. /M. SER. MAFH. TiPdZr
AEDOHKEREFE. BFXERFZESFHAR(2013)3 A 27 HRREEH K
2

A. Wadood, M. Takahashi, S. Takahashi, H. Hosoda, Y. Yamabe—Mitaraim High
temperature shape memory effect and oxidation behavior of Ti—Au—Zr alloy,
BRAEEFEEFHNAREL(2013)3 A 27 BEEREH X

R. Arockiakumar, Y, Yamabe—Mitarai, M. Takahashi, s. Takahashi, Effect of




H=X21

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Pd content on phase stability and shape memory behavior of Ti—Pd-5x
(x=Zr, Hf, V, Nb) shape memory alloys, HAEEFE S EHFH KXK=(2013)3 A
27T HERERKE

Y. Yamabe—Mitarai, R. Arockiakumar, T. Hara, M. Kawakita, M. Takahashi, s.
Takahashi, H. Hosoda, Effect of alloy composition on the phase
transformation and the shape memory behavior of TiPd alloys, TMS 2013
(2013)3 A 5 B, San Antonio, USA

R. Arockiakumar, H. Maheswari, M. Kawakita, M. Takahashi, S. Takahashi, Y.
Yamabe—Mitarai, Effect of alloying and hot roolng on the shape memory
behavior of Ti-Pd alloys, TMS 2013 (2013)3 A 5 H, San Antonio, USA

A. Wadood, M. Takahashi, S. Takahashi, H. Hosoda, Y. Yamabe—Mitarai,
Improvement of mechanical and shape memory properties of ti-50Pt high
temperature shape memory alloys by addition of group IV elements, TMS
2013 (2013)3 A 5 H, San Antonio, USA

H. Shim, T. Kawamura, M. Tahara, T. Inamura, K. Goto, H. Kanetaka, Y.
Yamabe—Mitarai, H. Hosoda, Effect of Cr addition on phase transformation
of AuTi and AuTiCo shape memory alloys, TMS 2013 (2013)3 A 5 H, San
Antonio, USA

A. Wadood, M. Takahashi, S. Takahashi, H. Hosodam Y. Yamabe—MItarai, TiPt
based shape memory alloys for high temperature materials applications,
IBCAST, (2013) 1 H 9 B /\FRAY

Y. Yamabe—Mitarai, Ti base functional and structural materials —high
temperature use—, 3rd Workshop on Joint Graduate Program between WUT
and NIMS, (2012) 10 A 16 H Warsaw

Y. Yamabe-Mitarai, A. Wadood, R. Arockiakumar, M. Takahashi, S.
Takahashi, H. Hosoda, Potential of TiPt and TiPd as high—-temperature
shape memory alloys, Energy Materials conference 2012 (2012) 10 A 18 H
AFJR

R. Arockiakumar, H. Maheswari, M. Kawakita, M. Takahashi, s. Takahashi, Y.
Yamabe—Mitarai, Phase transformation behavior of Ti-Pd based ternary
shape memory alloys, India— Japan symposium 2012, (2012) 9 B 21 H&E &
HEEEF. BB NEZEXZTF.SBA.SHBKR.MEBFH. TiPdzZr I
BHOHEEERLERERIROELERKEE. BXEREEZRMNHAKXS
(2012)9 B 18 HEEKE

A. Wadood, Y. Yamabe—Mitarai, T. Inamura, H. Hosoda, Analyzing Ti—-Cr and Ti-Pt
based alloys for room to high temperature applications, B A EZESFMEA KRS
(2012)9 A 18 HEE KRS

R. Arockiakumar, H. Maheswari, M. Kawakita, Y. Yamabe—Mitarai, M.
Takahashi, S. Takahashi, Effects of group IVBm VB and VIB transition
elements on the shape memory behavior of Ti-Pd alloys, BAZEZ&SFIEA
K£(2012)9 B 18 HZERZ

RIGH . BRIES, fE2t, MBSE. €555, MFEEF. REBERE ATi &
BRKEEESEOEBEELMBMHEEICRIZITHNOZE. BALEZRUH
K£(2012)9 B 18 HZERZ

Y. Yamabe—Mitarai, High temperature shape memory alloys, NIMS
conference (2012) 7 A 5 B, 2<KIF

TiPt base High Temperature shape memory alloys, Y. Yamabe—Mitarai, T. Hara, T.
Kitashima, S. Miura, and H. Hosoda Ti 2012, Beijin, China, 6 A 20 Bm%5 6 A 23 H
EmIKEREEE. HFERF. IELEET. SR, BEMA.ISM L URDD
L, XKIE 11 A21BM5 22 H

ITi (B ITHEEREEER L, HFESF. [R#. Maje Phasha, Hilda Chikwanda,
BAEE¥S, F# 200 FE11 B6BM58H

TiPd DVILTUOHANERREELMRERFEICE TS Hf-2Zr DR, NIEZ E
EF o5 R a8 A #HFEE BF BXAERFESR, HHE 2000 F 11 A6




H=X21

HMhMo 8 B

36. Composition dependence of phase transformation behavior and shape memory effect
of TiPt, Y. Yamabe—Mitarai, T. Hara, T. Kitashima, S. Miura, and H. Hosoda
ICOMAT-2011, Osaka, 9 H5BM59 A 9 H

37. High temperature shape memory alloys, Y. Yamabe—MIltarai, T. Hara, S. Miura, and H.
Hosoda, South Africa—Japan workshop, Cape Town, South Africa, 9 B 12 Hh5 9 A
13 H

—fgmET B4
1. BMFEBRF TIEEOEE~ANDEHADREE. FA/SVIAMES 20145 2 H 24

H.2%

z
o
EEEBE | (MBFEH 14
¥ ERMREEEERUVZDEESE:
HEE-EE | REE HFERFVIEZEEF. FEE. RE. SEE. 51EA
Hin EHE MITBGEAYE - H P ERE
HEEES :PCT/JP2012/067988
Hap HEER TR 2457 A 13 H
=N -E45 05l E S
(HEES) &2 ¢
1. EFa 25 F 2 A7 BIFYF 7IRYIL, #HFEEF $5EE 2013-021948, TiAu ik
PiEEE
2. L 24 F£ 9 B 14 BIFRYIF ZIRYIL  HFEABFEEA (. SER, 155E
2012-203383, TIPtRE R IKEEEE RV ZDEE A E
V\(eb’{— http://www.nims.go jp/group/g functional—-structure—materials/index.ntml ~ NIMS 2= HP
(/URL) http://www.nims.go jp/units/high—temp—mat—u/functional-structure-mat—-g/ %' JL—J HP
ER&ED | 1. NIMS —EARICTRRI—FRERSLUVUEZAEEREE 2012 F 4 5. 20135 4 8
Bl Hifi | 2 BAEXKA—ToF v R RICTERERITHEE 201257 A30 8 HPIZTTETA 2R
MEDE |3 NMSEUIHELICTMNEAEMITEERBERMECPEAERSE 90 %4):2011 £ 8 H 24 A,
FEIRn 20124 8 A 23 H
4. FTA)AVARY—ILEREMITREREERE 2012459 A
5. EEWM-RERTOVSLHAEENED 2RBE V-2 S3147/4/RX—=2ao~0#H$H
MR RATE (CT—HRmITEERE 20124 10 B 27 B HP [CTETA AR
HEEBF. TREH. HASHE., PHER. EREOXNEFO-OOLAREES T —
Ve SATA/ R=V I UADHHAERER ZREELT, FTYH, 52, 1, (2013)
32-35.
6. KFHELEEDER ICTRRAI—HEK. 2011 4E8 A11 B, 1 ARE dEERNR. 504
20135 8 108, XHMHBELRE. PEERR.50 %
WE-— | BRIITEHA 2012412 B3 8 1 BIYHEEISERRTESS)
HE%EB
#H
T4




=21

Z Dtk

7. TOMFEEEIR




