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ABSTRACT NiMnGaSi alloy powder was prepared by diffusion-reduction method and then bonded
and shaped a cuboid. The magnetic properties of the sample show that a martensitic transformation starts
at 308 K and the Curie temperature is 358 K. The NiMnGaSi alloy shows a 0.56% giant strain at room
temperature under a magnetic field of 0.7 T.
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Fig.1 X-ray diffraction pattern of NiMnGaSi alloy

at room temperature
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Table 1 Composition of the NiMnGaSi alloy (%)

Element Mass percent Atomic percent
Si 3.14 6.43
Mn 30.61 32.07
Ni 43.88 43.03
Ga 22.38 18.48
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Fig.3 SEM images of NiMnGaSi alloy powder

FIT RS IR AETE, X BRI R AR E . ¥
PE R REBON B AP RHRAE AT RE. S35, d X k2 0.040
FRA LRI, KK T SR F ke, M $embr
B AR FE . T &S R BRI K
AN TR, R B iR TR 4 L 0P R 25
ARG 7B RE S LR RE B G52
2.2 NiMnGaSi FXRHRNSKREETEESE
BEE

Bl 4 4511 T NiMnGaSi &8 KB S RAGAL %
x PR BE Y PR IR i £, BB BT F G371 6.4 A/m, 0010 T 0 w0 200 250 300
W% f=1111 Hz. HE 4 WLLE H & m — B 4 Temperature / K
&, AB B &S mi A R G R Roe &,
LRI R AR, TI7E B A4 & B, Al 4 NiMnGaSi §@&3CRMEE x BEIRE T 19784k

0.035

0.030

0.025 -

Susceptibility

0.020 |-

0.015 |

SRAF K BC BASTIREIL R SIRBE R R AR, U1 2

%#%Z{ETQEEM:*HQ, X 5k [4,6,8] s Fig.4 Terflperature.d.e.pendence of low-fjleld ac Tnag—
EC R AR (oL, th I 7T %0 NiMnGaSi ¥y K44 T netic susceptibility measured during cooling
[CPRAEASTFRRIRLEE My R 300 K, & IRIREE M; g

255 K. H1FARIR &, WA W EEEE T 300 K osf M, — cooling

AT IR AL AR B B S &R, ToULmER ARG o T N

LR 5 ELAE RE  T EPRAR AR FF AR M, g i%  \

& FLELBE. k. R A IR SR SR T (VSM) M T FEV R

FEMERGALRE M FEIRE T BB R, i E 0sf . ‘

RS 9 8x10° A /m, $REVBIR 77 Hz, FHEF 5 o2l

M R M—T MiZn® 5 Brs, ATEA A HFE = o

BT RV AHAS TP IR M, O 308 K, 31 T A N
ﬁmﬁﬁﬁﬁg As jg 292 K’ ég_”:ﬁg Af j‘ﬁ 325 K’ 280 300 320 340 360 380 400

B by B BB A 358 K, DA BRI SOk IR Temperature [1€

i 458 oA
2.3 NiMnGaSi BARESREHDUHTE S
CTEES

i 6 RLASRAE NiMuGaSt BiAR: SR B RS

5 NiMnGaSi HRBEALIREE M HREE T #FEHR
FITHE 2%
Fig.5 Temperature dependence of magnetization

measured during cooling and heating



330 o B R % M 23%
0.0 —a—— 3 & @
0.1 \.
02f L PR A IR AR SRR L . B E AR
| REAE T & BA T [RHAHRT NiMnGa & K.

Strain ¢/ %

04l '\.
05) \.

06 ( 0.7T,0.56%)

0.7 ! ! ! ! ! ! !
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Applied field H/ T

Bl 6 NiMnGaSi BiAKESE @M TE 300 K IREEL
Y78 55 00 BE ) S 2R
Fig.6 Variation of the strain with the applied

magetic field of the bonded NiMnGaSi alloy
measured at 300 K

WA SRR, AT H NiMnGaSi £ fh £E
300 K, 0.7 T %% FHREENEH 0.56%, 0.5 T
Y T B A A 0.36%. 7T WL REE # g S,
TFARREBOY A I L EL 4%, MRk nE] 0.3 T )5
LSS 7R FF ARG, B 0.7 T J5 SR AR iy
Fd, X FRAEA L u] LA RGO AR R R EK B
TCICALR AR, RIRES) T A 27 B PRI, AL
RUT —BIBRICIL A & N R R R AR R
FEHRAT. NiMnGaSi K45 il i iSO AL LB A e B
i NiMnGa #£d, HEEHRER NiMnGa 25 HI#E
HVAEEER T, BEEAT HATR AR 6 4
RGO AR RGE 121510 P2 R RR ], A
AksEhnR, HNE 6 HARMBERE, XHEHAREE N
5, HREER Y AR e AR EEHE R, EIE AR IR B 25D/,
AR T HRA.

A 45 R A Un I R B R B AR 32 B i TR T
TET: (1) NiMnGaSi #2484 . 3B JEY BV iR
JEERT R [ py 42 1, S AR i Y 5 ER AR AR IR B B s
A IR B0 RE— Ty I E S RA NiMnGaSi 4
& OA WA TR, INHE R TES M T
TR By FMR AR e A BT, (2R
KA, B KR4 O 55—,
NiMnGa 5 &#RI0 St J5ahF2 i, i ol 5
PN T FRARAE B T ) SRR, (M RE R 2 K
R RERRZ H2EFWBF, REFEH
RESON AR e — IR, (2) FFEREGHI A & T2
NiMnGaSi & & ¥ AR BREA /D, BB AL S
FERAIN . FEAICH, FEI LA B R 45505k
45 T2, (RS 45 Rl PR e B R PR BE AR R I B
BV ARy HRg 121516,

2. JHEFBREDRE S50 RO 45 TR S AR 1
300 K, 0.7 T Wt T BA 0.56% HIRBEBENAL.

3. WJFEY R RR(E Mn SN Ni f1 Ga Ik
A TS T NiMnGa &40 5 RS R, fif
B O (R AR E AR B SIMAAE
FIFARE S 3R B R i 5 IR AR i 2 [6) 22 & AL 8 3,
HEREEY A — K.

2 F X ®

1 K.Ullakko, J.K.Huang, C.Kantner, R.C.O’Handley,
V.V.Kokorin, Large magnetic-field-induced strains in
NioMnGa single crystals, Appl. Phys. Lett., 69(13),

1966(1996)

2 CUI Yuting, WANG Wanlu, LIAO Kejun, Temperature
dependence of the magnetic-field-induced-induced strain
in Niso.5Mngg.5Gags single crystal, Chinese Journal of
Materials research, 18(2), 123(2004)

(BE=, %, B3R, Niso.s Mnoe s Gags FERERA N AE
BRI, PPEHFR 2R, 18(2), 123(2004))

Y.Ge, A.Sozinov, S-P
Recent breakthrough development of

3  O.Soderberg,
V.K.Lindroos,
the magnetic shape memory effect in Ni-Mn-Ga alloys,
Smart Mater. Struct., 14, 223(2005)

Hannula,

4 Huibin Xu, Jingmin Wang, Chengbao Jiang, Yan Li, Ni-
Mn-Ga shape memory alloys development in China, Cur-
rent Opinion in Solid State and Materials Science, 9,
319(2005)

5 S.J.Murray, M.Marioni, S.M.Allen, R.C.Handley,
T.A.Lograsso, 6% magnetic-field-induced strain by
twin-boundary motion in ferromagnetic Ni-Mn-Ga, Appl.
Phys. Lett., 77(6), 886(2000)

6 A.Sozinow, A.A.Likhachev, N.Lanska, K.Ullakko, Gi-
ant magnetic-field-induced strain in NiMnGa seven-layer
martensitic phase, Appl. Phys. Lett., 80(10), 1746(2002)

7 GUO Shihai, ZHANG Yanghuan, ZHAO Zengqi, LI
Jianliang, WANG Xinlin, Effect of directional solidifi-
cation on magnetic-field-induced strain in Ni-Mn-Ga-RE
(RE=Tb, Sm) alloy, Aact Physica Sinica(in Chinese),
53(05), 1599(2004)

(BRI, Sl i, BAHEAE, 2R, EHAK, 2 I BER A K3 Ni-
Mn-Ga-RE (RE=Tb, Sm) & & #ERAE NALHTEI, YJE R,
53(05), 1599(2004))

8 K.Ullakko, Y.Ezer, A.Sozinov, G.Kimmel, P.Yakovenko,
V.K.Lindroos, Magnetic-field-induced strains in polycrys-
talline Ni-Mn-Ga at room temperature, Scripta Mater.,
44(3), 475(2001)



3 FIE SRS NiMnGaSi S&#45H . MRS R 331

9 LI Jianliang, ZHAO Weiren, ZHANG Yanghuan, WANG 13 N.Scheerbaum, D.Hinz, O.Gutfleisch, K.-H.Mueller,

Xinlin, ZHANG Jianfu, GUO Shihai, The effect of rapid L.Schultz, Textured polymer bonded composites with
quenching from melt on martensitic transition and strain NiMnGa magnetic shape memory particles, Acta Mate-
characteristics of Ni-Mn-Ga alloy, Aact Physica Sinica(in rialia., 55(8), 2707(2007)
Chinese), 52(11), 2849(2003) 14 A.A.Likhachev, K.Ullakko, Magnetic-field-controlled twin
(Z=f, B A, SRFEd, FHAK, skaE, I, wiacbur boundaries motion and giant magneto-mechanical effects
% Ni-Mn-Ga &4 5 RS EAE S N A5 o, Sy FEs2iR, in Ni-Mn-Ga shape memory alloy, Phys. Lett. A, 275(1-
52(11), 2849(2003)) 2), 142(2000)

10 W.Manfred, C.Corneliu, J.Li, Phase transformations in 15 Chengbao Jiang, Yousaf Muhammad, Lifeng Deng, Wei
ferromagnetic NiMnGa shape memory films, Materials Wu, Huibin Xu, Composition dependence on the marten-
Transactions JIM, 41(8), 933(2000) sitic structures of the Mn-rich NiMnGa alloys, Acta

11  A.A.Cherechukin, V.V.Khovailo, R.V.Koposov, Mater., 52(9), 2779(2004)

E.P.Krasnoperov, T.Takagi, J.Tani, Training of the 16 Yuttanant Boonyongmaneerat, Markus Chmielus, David

Ni-Mn-Fe-Ga ferromagnetic shape-memory alloys due C. Dunand, Peter Miillner, Increasing magnetoplasticity

cycling in high magnetic field, J. Magn. Magn. Mater., in polycrystalline Ni-Mn-Ga by reducing internal con-

258-259, 523(2003) straints through porosity, Physical Review Letters, 99,
12 ZHU Xiaoying, ZHANG Hong, BAI Shuxin, Study on

bonded NisaMnay 4Gags.g magnets, Journal of Materials
Science & Engineering, 23(3), 439(2005)

(REEE, 3k UL, 43K, Ki%h NisaMnog 4Gags.e BARFR,
PRl 5 TR, 23(3), 439(2005))

247201(2007)



