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Preparation of Giant Pseudo-Single Crystals of Superelastic Alloys and the Mechanism
of Grain Growth

Ishida, Kiyohito
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The grain growth of beta(bcc) phase in Cu-Al-Mn base shape memory alloys has been
studied. The abnormal grain growth was realized when the Cu-Al-Mn alloys were first quenched from the beta
single-phase region at high temperature round 1173K and then was slowly cooled at about 773K, and subsequ
ent heating to the beta single-region. The pseudo-single crystals due to abnormal grain growth were obtain
ed by thermally cycling where beta ﬁhase leads to a precipitation and subsequent dissolution of the alpha
phase. This abnormal grain growth phenomenon results from the formation of subgrain structure introduced t
hrough phase transformation, where the subgrain-boundary energy might be one of the driving force. These f

indings provide a method of fabricating a single-crystal or large-grain structure important for superelast
ic properties.

Cu



B X C—19, F—19. Z2—19 (GtH)

1. WFEBHAR B O 5=

7 BRI PR LA B 2 il - 2 EEE 2R K]
FThHY ., ZOREMITOIL TS, i
b FERE T The KRR b b A2 72 5%
BHE L, BB, 7 U — 7R L
F2F o2 NIRGEEES ST T 5 Ek
Feeb 2D —>Th 5, HiEH HIX Cu-Mn-Al
B AR O I T R LT K T BRI R 0D 5 2
B XK d D (d I3RSk, DI
WEtO A X) NEERFTHLFEEZRL,
1B T2 BB 2 15 DI PRI 2 T4 K
ELRTIUERLRVWEEZIA LM L, (Y.
Sutou, K. Ishida et al. : Acta Mater., 53 (2005)
311.)

ORI BEMERRE 2 A T 5 EE AR
K+ D —>Th 2 db bR ILE XA & W
I LR T A —Z T4 5 A A HE
7o te i, ERITHET D 72 DI R
RSB A K 2 A N THEIAT 000 o
TWa,

2. WEEOEM

it BRI B D Ry & SRR 3 5 E A
FTTHY, b FEL & bio, KRS
B TR BT O %A b2V, RIFF4EIE Cu
FETR R A & O R 2 KiE (2 m -
SEBHEDIC, TEML~LOIT - Bl
B X o Tl BRRREL B A A 2 E S -
HNCHRERT D DO TH D, HLWRE ST
A= T DI (SRt & B4
REDH d/D, 22T d AR O A
2. DIIBMOEZRD LJAIBMOES) %
KELT DD « BILF M 2 R4
5 &L HITEDORE MBI A Z I S 0
T 5,

3. WHEDIIE

1. BB A XoREBEE, Ko
T R OVBESIIEEE & & DALEREFR 2 SR A
T 5,

2. Cu-Mn-Al &4 DR B FiZ bee DRI
ETH DN, 600°CUFEIC fec a AHOHTH
D) —REHTDH, 1> TLHENLDHE
HHEIZ L - TR HFELB + o 2 FEERE
ERDHZENHKD, O Lz ot
O 1 D FLAS 1y HIH E D 18 B 8h S 2
BI20ERD D, &HICHEMNIC
600°C T THERL L C a HAMTH S ¥ 7=
LRI OWTOREL FAET 5,

3. EIRALIRE & = OREFRERM

R E—mE 2 M0 K LAT O &R dbhz
PR LT WHARZH DD T, ED
M0 R LR OEEZH T D,

4. WFIERE

(1) Cu-Al-Mn JZRFEE G @ O IEF R &

Cu-Al-Mn FERFLEA 4D 750C~900°CIC
B 5 EFRIE % EBRIOICIRE L=, £
DFERZ 1 1Z5RT, WP oI T 120 B
MR E ORFFIFEI T H R L Z 400 2 7 1 LL
TOREEREETHY . B SIISE LN
WERS o T2, FEHIEEICBWT3RT
7RI RREN I TH D EE 2 B NLDHE
ALEREERIIC B W TR 2 12T RR IS, R E
BHIIBLZF6~18THY., flixDELEFRE
PEARTHEHREWEL & D FERS -T2,

Imin 30min Ih 24h  120h
800 T T T T
= 900 °C (0.2mm, 2-D)}
g ® 800 °C (0.2mm, 2-D)
- 600 . N
le= ® 750 °C (0.2mm, 2-D)
i
E .t
E 400
a L] *
E }’J,”/._',JL
Z
&} .
8 200 47 .
S
o
=

L L L L
10?7 103 104 105 108
Annealing Time, 1/ s

X1 0.2m/EHA D 900°C, 800°CH L
750°CIZ 31T B it iz & e & D BIFR

(2) Cu-Al-Mn FIRFLIE A 4 D Bar ki
O #v K LBV D 28

X1 ISR T RRIZ I E O @ O IR TR EF
L CHEmBL O KALIHEE ITEY, Ll
RINHIRIEK E WA R IETFEICE -
THO TREWRERRIASEOND T2
BERIICETWED T, O KILIRE .,
WHEREE . S HNEEE 72 & OFEIK - &GSk
ROBRZ RN Lz, X 3130
W LA IR BVILBR O ¥ BB IRBE I K B
FEERIER DAL Z R T, 550°C E THAIL
7ot BHEMBL CTRAMEEREL TH 1mn
~2 mfEE F T LR L7243, 500°C LA
TIWHEIT B ERBENF LI REL 2D,
RO b OTIERE O K S 71 20mm 2
FEDOBERFEMRIPBEIND, 2D DR
Rk, KEEZCTERSR 25572
DO R LBV DS E — o D— i &
4R,

¥ v Cd + 1ppm Pt 2
os| HP : High Purity Cd + Ippm Pb N ZrSn

/" HP Brass

04 r
Zr Al +400 at ppm Cu
7 [
O-0-0——00 -

verrr v | Bruss,
03r T

02t =

Iiverse of Grain Growth Exponent, a

0.1} o 4
up a1 © o pd present work
0 | 1 1 1 I | 1

03 04 05 06 07 08 0.9 10

Alpha Iron

Normalized Annealing Temperature, TVT

2  Cu-Al-Mn &8 L UM O 5 &
DRIREFEEE DO Wi & AR THIR L L
TRE & ORISR



3 DR LA L BVLERR O m Hlik
FAREEIC & D AR A D21k

800°C, 10 min or
\ 900°C 900°C, &0 min
(B single-phase) (P single-phase)

.

water
quench

.

Temperature

500°C, 10 min
(B + o two-phase)

k.
r
Time

4 KD IR LUBSLEL S Z — o D]

@ BERILED A 1= XA

FL RSk &2 45 2 72 9012 1% 500°CLL i
%ﬂbt%@am@HM#égf%é$
B L TS, £I2T, atHOREERTH
MR- >WT EBSD IC L VFHE L, K5
1% 730°C THEE A=kl EBSD (A [X)
K OVRLN O - E R 361 D HHETTfr &
DT %ERx$ GROD (BX) TH 5, GROD X
X0, 500°CHBMEAL & 51T a HHK
L7=tk b i HIBFE TR & 7 di 5 dl ks
MDD RRF SN TV DRI ERIN D, X
GAIXBIHE afHD EBSD B TH Y . 5°CLL
TOIFZEERFE> TS, F/-. X6B I
RTRREREY . oL BARIT K-S DORILR
({110} 4 //{111) ,<111> 4 //<110> ),
Bain({OIO}B//{OIO}a, <101> ;4 //<001> )
R Pitsch({110} , //{100} ,, <111>,
//<011> ) OFESFHERER LTV 5D,
X 6C X0 B SR HERE SRR A 23
BENDFENDND, ZORIZHAEIFIC «
MR ET DIH > CTa/ B RE DKL

MET L, dfSbi RN SN D & & X
HND, ZOWRENLIET S & o FHDH
KL THhoREREENEIGT 5 F TR
MZERHDT-D, afIBRIREDA e E
H— &LT%%5$%E‘MﬁE®ﬁ%
REREEZOND, K TIZRERIKEN
LB A= ZA%Efmurﬁﬂ B HL
FBWT, diAE SRR 2 T D B G Stk N
WCRFFEN TV E L D | SR = %
L —DNEREN ) & 7 o TRUERLER R 23 B
HREND, AR ORRITFRIC L - T
HEVE LW, BisEkLILE kL
REOBEN )& 5 %2 bk, B R kL
~NERETBHEEZLND,

—
L

A oM

H 300 300 ym
345

001 LU

X5 0l LA LEVGLEL D i
ERED 730°C THEANL LT=iEl D
EBSDIC k5~

c
. iM!f‘”\E_, GROD(B)

X 6 BW$ (ZHTHE L7 o FH DR D
(A)EBSD ¥ (B)fisi (C)OMis L Tr
GROD

Abnormal grain growth (AGG) during heating process

I N
cooling

B+
two phase

Subgrain
boundary

Grain boundary

i grain size with increasing the number of
h!!lldllﬂ!nll:rl (Cu-Al-Ma sheets)

L [

7 BERIRRE DA U 5 EAX



(3) # A St & AR A R
AL LRI L BRI & OB E 2 A T
B2, flix ORIREHTHRED L — %
VERR LB A2 1IE LT, = O R %X
8IT/RT, T 2T, dIiTfEsRIEE, t 1THE,
o JXBEIRIG T, e pp (THBIEMEES, dopyd e
TN TR AR, A o 13X 8 (a) (ITRTHEIC
2%DEREHZT-HBM L, LITHERT
EAIMUIEEED 1 %8BT D1 2R L
TW5, TNHORERERREREDHTH
HFARRIRE d/t CTEHLZEREZX 9ITR
T, ZORRICEEMEIT d/t=1 & d/t=2 &8
Rl LT 3 DOMEITKAAT 2 FHI L7,
Tbb, d/t<1 ORIEORH A fEE, 1<
d/t<2 O#e=Z AT —fEEk, £ LT 2<d/t
DFERIR AT LT —FHIETH D, d/t 232 LA
FORE 2GSRI TIE 6% LA F R ME S

LD,
PLEDORERZ R, BFEOBILERF TR
WU ZITHFIC LD . ERERNE S
. 6%LL OB Z T ERMR I N,
REEEZHIBEMEI~ICHT B ZED
TW5, SREIOMFETHE IV D K LEKL
PIEE OB REBER 25 5 ik
ARFER A4 T, BaMESM B, M2 Y
— 7B & b % < O BN~ O3 FH S FF
TZ 5,

{a} T'egsd Temsn My + S0 K

Siress (MPaj

By 600 —
O o —
£ 400 =~
z 7/ /
-
é 200 = /
: =74/
GWF e T
i = ] T
o
{c} 7 4 Sm
& it = 5.05 o
= 2 =i
a I
B ) 1‘;’32:__—,;? /
i _____I__—_—:___——r:____—-"
¢ H w=1} H & 1
Fre Srrain (%)

(d)

Stress (WPa)

8  FHXPRIFE(dNt) & i ) — E Al

1 s m
.

(b)

(c) w0

[ "% !
- "
& 120
= \ m
A
g ® N
a0 " "
a
o 3 9 01 1
m
A (= frg)
@ T
gt
! e
raget | o
% 5
F )}, .
w 'a-’bo m
Ep AT = 77
|

9 AAKPRIAR(dI) & (a) o

16 (b) do, Jde
(©)Ac (d) =z & DBIR

5. E7pdEFim
(WFFeEAE . WHIEs 1R e O IE4 1
(=)

CGEREam ) (GE o 34)

@ Y. Sutou, T. Omori, R. Kainuma, K. Ishida,
“Grain size dependence of pseudoelasticity
in polycrystalline, Cu-Al-Mn-based shape
memory sheets”, Acta Mater., 61 (2013)
3842-3850;
http://dx.doi.org/10.1016/j.actamat.2013.03.
022. (&EFHA)

@ Tomoe Kusama, Toshihiro Omori, Takashi
Saito, lkuo Ohnuma, Kiyohito Ishida and
Ryosuke Kainuma, “Two- and
Three-Dimensional Grain Growth in the
CUuAlMn Shape Memory Alloy”, Materials
Transactions, 54, (2013) 2044 -2048,
DOI:10.2320/matertrans.M2013167. (# &t
A)

® Toshihiro Omori, Tomoe Kusama, Shingo
Kawata, Ikuo Ohnuma, Yuji Sutou,
Yoshikazu Araki, Kiyohito Ishida and
Ryosuke Kainuma, “Abnormal Grain
Growth Induced by Cyclic Heat Treatment”,
Science, 341, (2013) 1500-1502; DOI:
10.1126/science.1238017. (Zwmif)

(FxyR) (Gt 41)
O FFHEE, NG, RREE. KBS
e, ZEEERE], A HIEC. HEET,



http://dx.doi.org/10.1016/j.actamat.2013.03.022
http://dx.doi.org/10.1016/j.actamat.2013.03.022

“Cu-Al-Mn JEARFLIE A &I BT DA RE
AR LI RERRE", AAREYS
2014 £E(5 154 [ R HIEHE RN =, 2014 48 3
H 22 B, FORTHERY

®@ T.Kusama, T. Omori, T. Saito, I. Ohnuma, K.
Ishida, R. Kaihuma, “Normal grain growth
behavior in two- and three- dimensional
modes of Cu-Al-Mn shape memory alloy”,
Joint Symposium on Materials Science and
engineering for the 21 Century, 2013 4F- 6
23 H, Hsinchu, Taiwan.

® T.Kusama, T. Omori, T. Saito, I. Ohnuma, K.
Ishida, R. Kainuma, “Grain Growth
Behavior of Cu-Al-Mn Shape Memory
Alloys with BCC Structure”, 5™ International
Conferenceon Recrystallization & Grain
Growth, 201345 A 6 H, Sedney Australia.

@ FHEEL, “GE&OHEEN & MBI
H A i 52 2013 4F(5F 152 A1) F 15T

2201343 H 28 H, HATHLRL K

(KEF) Gt off)

(PE £ A PEME)

ottt G 1)

HFER =« R5FE 2013-099996 HFER :
% 25 45 H 10 H

A Fr TEE LT @ 2 7”9 Cu-Al-Mn SRk
MEOMH, oGk, e vzl
B A QNS HI A & O T ) B A
(N

FIAE  KREBEE. FEaE, BHEEN. A
B, S, B, FiEER, A
JIER], PEPEE . B R

e kXSt T o~ 7, |
SEREEENFAE RS, R TS
FHEE - HFEF

%5« HiFE 2013-099996
HFE4EHA B - 201345 A 10 A
EWNAOR] : [EHN

Offsikdt Gt o)

6. AFIERERR

(LOAFFEREE

« HAH 1 (ISHIDA, KIYOHITO)
ALK « KPR LRl - 4% 20w
WoeE#FKE 20151368

Qe

- K AbiE (OHNUMA, IKUO)
ALK « K2R LSRR - HEH%
e E: 20250714

« K# %7 (OMORI, TOSHIHIRO)
WAL KR « KR TEFERE - B
g #=:60451530




