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Development of novel CoV-based shape memory alloys showing anomalous martensitic
transformation behaviors

XU, XIAO

2,300,000

Co
Co M
M Co-V-Ga

Recently, a cooling-induced shape memory effect was reported by our research
group in a Co-based Heusler alloy system. However, within the Co-based Heusler alloys, there are
few reports on the thermoelastic martensitic transformation behavior, which is a vital phenomenon
for the realization of shape memory effect. In this research, we developed a novel Co-V-Ga shape
memory alloy showing thermoelastic martensitic transformation. Furthermore, in a limited composition
range, an anomalous martensitic transformation behavior was found, where the magnetism was observed
greatly changes during the martensitic transformation.



¥ X C—19, F-19—1,7Z—19, CK—19 ()

1. WFZEBEAE S A D 5

WE O~ VT oA NERETIZ WEAENC X
S CEIEFMAMNSIKE~ LT VA M~
DOEEENEE B, RGBS FILZE DML
REFIRAT D720, MBI REIEN S S
nd, &ir. K7 1 —71% CoCr A4
WCBWTHERDOIIREEIE S & B2 D8
WG ERH L=, Co-Cr-Ga-SidkA AT —
AAITBWT, 600~700 K OFEIRIZEBWVT
BEO<NVT A NERBHIT IR, <
VT A MEE 100 KEA T OKIRE £ T A
T 5 & RS IRBEMER & LT 9 — B
T35, Va7 U NEERREEDZ LA
L7, ZOHRBITE - T, BEMETER
Nz Tz~nvT oA MREGBERIL TS, N
ALTH WY OREEDIRELEOLND
Z e ro T,

L. ZOX O RBEFER) T b
wNT YA NERERTEERITIESD L
ZACoCrGa-SiadEn 1 >Ln/kl Fi=,
ZTbHELVNLT YA FNEEEZRT Co R
A AT —4H41% CoaNbSn & Co-Cr-Ga-Si @
AL EEoTWND,

2. WMHEOHM

2T AT, FiE~ VT A B
EHReZ T Co BARA AT —HEDERB X
OCRFE IR~ VT oA NEREEENZ SV T
WFFe %41~ 7=,

3. WO ik
WFH~ T VA FEREE RT Co Rl A
AT —HeDBR
Co-V-Ga3 TR ELITB W THE 2 /il
L. BHilE M X 2R L O
EEIEDREEIT > T2, FRl~LT oA b
EREOHHR AR LA 4IcBW T, BN
B X OBWALRNE IS X 5 ZEREIRFE oM E %2
1TV, =T oY NEREIRE 2 & tefie 5FH
K OWEEIT> T,

(2) AT IR HE 0 BRI
(D L v KW Co-V-Ga3 TR DE
GE 2 ERL L. 1200°CH LT 1000°CIcE
WCEVLER L=, EAEFIEMEE AV T
Migkr2BR L, B~ A7ur7F o4 Y—
(EPMA) % W CHARZE M L, SR

TREEX] & FEERAIZIRE LT,

@ RFE I~ T oA NEREEEZRT A

& D REPEFR AL

Cos0Vs0-0Gax Wi (238 TRLAR 2 #ll > <
G Fx, BBALIIE RS L OB L » T b
TUYA NERREB AR LZE 2 A, WK
PERFAE N B B REME~ LT v A N~ D
BRELZ RTAEENRON T, Z DOk T
T BUR PRI E BRI SRR 5 B A S8 i
2TV ARG REALIINE 21T\ RHEDEE
XD A XM OF 8IZO0 T
THEIT- 7,

—
Co63 Ts
T o

— T
—COXVUOO-X)/ZGaUOO-x)/Z (Cox) ﬁf’
Co62_/ }TMS

. N ﬁ&-

Cob57 T.
W co60/ \Tws ]
— : T’.” : T 1

200 300 400 500
Temperature / K

1. CoxVaooxrGaaowre (Cox) &4l
DEGTHT DRE R,

DSC / a.u. Exothermic —

Martensite

(]
o
. Q
[ Bulk sample e [2, Parent
C = DO,, Martensite |7]
S[ ]
© - B
-
>F i
sl N 1
£ o <
- - L]
L |
- o
I S oo < o~ S
~— AN o NM O — < <
I~ a ® T ANO N © g
S} ° o me = [ Ng
WA A A
I S T U T U N B B A AN P R A Y 1l

TR 11 111
20 30 40 50 60 70 80 90 100
20/°

2. Co57.1V21.6Gaz1.3 (Cob7) A48T B
MRABZE & WEERRAT D5 S, (Q=IRIZE T 5
BB RIS, (D) RN 31T 5
7Y o B %IRRT DR,
(0)253K (2331 5 XRD Ol E it 4,



400 e
: 1" 3
350 | C0s0Vs0.4Ga, (Gax) ] 2
Parent 125 ¢
« 300 F Ms (PM) QE>
~ r o
[ — €
S 250 F o
© s ?
[} r [
S 200F g
N £
r (2]
150 F Martensite §
. (PM) c
100 S
c
r [o]
[ Q.
I 1 P BT SRR %)

10 15 20 25 30 35

Ga/%

3. Cos0VeonGax (Gax) &&IZBIT 5
IR,

4. WFFERR R

WFM~vT oA FEREEZTT Co %
A AT —BEDEER

Cos0VGowGax (LLF Gax A4)B L
CoxVaoo-wrGaaoowz (LT Cox &42) 2 DD
HOGEEZER L, —fl LT, K112
Cox G&DENHT OFERERT, TXTOAE
BTN T, MEIZRE Y — 2 | mHEIFIC
FEENE — 7 B, MRIAWA AR AR R B
WTC=/T oA MEEREN TS Z &
Ny moiz, F£72. Cob7 ITITHEE T DL
REIRE 2R 723, Co BEOHMZEN, &
REIR D RIEIZ EH L, Co65 TlE 500K it
SETERLIEZZ ERgmnoTz,

B 1DXHiz, CobTiEITlX, RIEDF
FTIIRAETH L0, —EHRHAZITV, =il
FTCTHIEZIT-oTH, v /T V%A FERED
EAT U RICEDEZLL D ALT YA b
HPEET 5, ZofEEZRA L, REEHZ
LD E MBS SR AT, X 212
HRIZBIT 2B ZrT, REHIIZIER
MRETHY, Aty hOBFEHHET
IRTE IS AN KRA AT — (L2132 5 )
2R 2 DN o T, HiEE T TS
REEZOFFRARERICEI AT 7B L
ATV, FESECHZ LRSI 2(0)

Thb, 2 DwILT oA MEADBBIE I,

EFREIFTHE S~ VT 4 AT D09
ElRBEEZRTZENDholz, £,
20D LT, FHE~LT YA MMEDIE
174 % 253 KR TZ O8 X BT E %
TV, BAEBEORPTHE & —&K T 585 %
BELINT,

312 Cos0ViowGax (Gax)Brimicdsit 5
Bt ot REEKMXN A T, Gax BrimicB v T
b T oY MERBITRONTZN, Gald
L GalT52 0DAEEICEE 72, ERroE
BT 20, O = U —IRE (Tep)
BILOBIHB (Msp) ORI 2 R
IR D Z LR, K3 DXk oIz, 1k
FERHBEARICBWN T 2 U —REN R ME
L, HFEFEERCTND Z EIZONIET
THT B holo, e, BERENZ LT,

Magnetization / emu-g"'

H F Ak O R R A7 & Bl L 7o Mk A7 &
RU, EEREIC Lo T, BT
FOBRT— A FORE S% BIREMEN
KELS BT D2 EWNRIBES NI,

(2) -l R HE X D FEBR V)R 7E

Co'V-Ga 3 tRAEICEBWT, FixDE
ExEHE L. 1200° C BLV1000° C Tk
WO BV 24T o 7=, 2 fH - 3 T2 ffif &
N o s AN o S (P74 = v Rl (i /
— 2 K DB ORI T 2TV SR T
SEAIR B 2 EERAY IS E LT-, Wl & b
IZ Co-Ga 2 TR H D B2k A AT —FA, #li
Co 75D fee 1, VsCo 225 D A15 FHE LY
FEV 225 D bee A% O EFIGEINMFET 5 =
ENR G oT, £, ZOREREHWVWT,
< NT YA NERERERTHEO SR
MY =T YA NERBIEE D 200~500K
OEEVIRERBEICB W CHIET B Z &0

ALY e

@ RFE I~ T oA NEREEEZRT A
& D REPEFR AL
1~3 127”7 Co-V-Ga ZAEITBITH
<N T YA NERDITE A EIT MR
Wb EBE~VT YA MME~OFZERE
Thbd, T, 5T X HIT,
40

[ 665;\/3215&351'7.5' (]Ga175)

30 1
20 1
10 B
! (a) -
0 Ll
0 10 20 30 40 50 60
Magnetic Field / T
60 —r v 1 1 1 r r r 1 rr7
Parent
'_
E I Hag
3 40+ .
Q r
[0}
S Ho
(] L
=
©20F N
(&)
z2 L Martensite s
O ¢
[ CosVspsGayss (Gal7.5) (b) -
O L 1 1 1 1 L 1 1 1 1 ! 1 ! 1 1 | 1 L 1
100 120 140 160 180 200

Temperature / K

4. (a) Cos0Vs25Gairs (Gal7.5) A&kt

SRS PRHMEIE DORE R, (b)Gallb B4
2B HHS-RE (H-T) K,



Co-Cr-GaSi §&lcBWTHE+T A~ /LT
YA FEREDOY = bT 2 bFEENIZ
Co-V-Ga3 tRIZBWT R4 Z LAk
Mmolz, 72720, X3 D Gal7.b &4IZHEE
TBHE MEPERE LT YA NEREITR
FHOX2 U —BEUT Lo TR, Mt
FEFEN B EREME~ LT Y A MH~DFIZLE
MBERTZENDND ., T72bb, BRMHER
BITPE S B~ T oA NERREE &
Co BAHRAAT—E4EIIBWNTHIOTREL
7.

Gal7.5 &4 % H iz /L X ki ime b i)
EDOFERZ K 4 1277, ¥ 4()iZ 130 K, 150
KBLU180 K OfERAERTA, 556 T £ T
DS ZHINT % Z & T, R A ik
SNDHT L EYOTHRRB L, Fx OJER
EIZBW TR 2o, B L
Ty b LEERNK 40)TH D, KR~
T A MDD ERBESTEIND
W B IR E DR TSR, AR~ &
EHA B ERGhoT,

5. LRI

CdesEamsr) GBE3 ) (F_THEFA)

1. Odaira Takumi, Xu Xiao, Miyake Atsushi,
Omori Toshihiro, Tokunaga Masashi, Kainuma
Ryosuke
"Thermal, magnetic field- and stress-induced
transformation in Heusler-type Co-Cr-Al-Si
shape memory alloys". Scripta Materialia
(2018) In Press.
doi: 10.1016/j.scriptamat.2018.04.033.

2. Xu Xiao, Nagashima Akihide, Nagasako
Makoto, Omori Toshihiro, Kanomata Takeshi,
Kainuma Ryosuke
"Martensitic transformation and phase diagram
in ternary Co-V-Ga Heusler alloys". Applied
Physics Letters 110(2017)121906.
doi: 10.1063/1.4978878.

3. Jiang Hengxing, Wang Cuiping, Xu Weiwei,
Xu Xiao, Yang Shuiyuan, Kainuma Ryosuke,
Liu Xingjun "Alloying effects of Ga on the
Co-V-Si high-temperature shape memory
alloys". Materials and Design 116(2017)300—
308 . doi: 10.1016/j.matdes.2016.12.021.

(FzyER] GE7H)

1. Xu Xiao, Nagashima Akihide, Miyake Atsushi,
Nagasako Makoto, Omori Toshihiro, Tokunaga
Masashi, Kanomata Takeshi, Kainuma
Ryosuke
"Martensitic and magnetic transitions in
Co-V-Ga alloys". Moscow International

Symposium on Magnetism (MISM) 2017

2. Xu Xiao, Nagashima Akihide, Nagasako
Makoto, Omori Toshihiro, Kanomata Takeshi,
Kainuma Ryosuke
"Martensitic transformation in Co-V-Ga
Heusler alloys". International Conference on

Martensitic Transformations ICOMAT) 2017

3.8, X R, B s

"CoCr £:B LT CoV AR A X7 —H&I2B
T~ T oA FERREBAMEK". AR
B JETFR 2017 A 161 [DFEHH RS

4. FF B RIS BEFH. =% BE, kA E,
R BPE, UK s, X R, B 58
Ir
"Co-V-Ga " A A7 —H@IZBITLH~ LT
WA NARR LGRS AP
¥ 2017 FRKFE RS

5. FF &, BEXCR, BE sur

"Co BARA AT —HEIZBITHRE I~
T WA NERE L ARG E R
—fFEEEN TRRGEEE S s 5 10 [F
SMA ¥ ART 7 L2017 in AL

filL 2 44

6. WFTHERL
(D) A RFTE
B (XU, Xiao)
ALK « KB LA 5E R - Bh#
WEEF S : 20781389

(2) B Fe oy i
B



(3) E R T
B

(4) B Fe i 1
B



