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Explore of NiMn-base meta—magnetic shape memory alloys
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Heusler alloys such as Ni-Mn-Ga and Ni-Mn-In alloys have received much attention as ferromagnetic
shape memory alloys and metamagnetic shape memory alloys. These alloys are formed the solid solution of
bcc-base ordered structure at high temperature in the composition range from NiMn-B2 phase to
NiMnX-L2; phase. This bcc-base ordered phase transform to the martensite phase with unique magnetic
properties. In the case of alloys with Al, Ga, In, Sb of metalloid groups, the stability of bcc ordered structure
have been studied well, but in the case of Si,Ge,Pb,Bi in the same metalloid groups, those are not clarified
yet. In this study, NiseMnso.Xx(X: Si,Ge,Pb,Bi) was prepared and the phase stability of these alloys in the
temperature range from 850 °C to 1000 °C was investigated. Alloys added small amount of Si and Ge
showed the martensitic structure, and the solubility of Si and Ge in the NiMn-B2 structure is 4 at% and
Tat%, respectively. Both NisoMn3sSiss and NisgMnssGess alloys showed the single-phase structure. But the
crystalline structure of these alloys is I', phase with NisMn,Si, structure not solid solution phase with bcc
ordered structure. In the Ni-Mn-Ge system, I'y, I',, T were newly founded. In the case of alloys with Pb
and Bi, the solubility of these elements in NiMn-B2 phase is less than 1 at% and the structure of the
martensite phase are 2M structure.
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Ullakko & 2% Ni,MnGa Ffifsét: Tk it i &
EITBWT, <7 YA MBS E N
252 ETHELLMEOBEINCZEY,
EMELLD & M b RE WG H RS %
HELUTLR, MM IRGEE A ST L
W7 7 Faxz—FMEEe LCTHE ILTY
% (Appl. Phys. Lett. 69 (1996)1966). L 7L,
Ni;MnGa 13543512 L D340 712038 MPa
EINEWVWEWS BN D -2, HEEIT
Ni-Mn-In ZDOFR—R T —fHE2 X— R &7
HEARIZEBWT, RHHIRIEMAE D D TR
BatEH DUVNE T = URSE~E~ T 8o
NEREM ERE)T A4k E RN TE L, B
BHEICX s~ 1T oA NERRA £
HE) CO RGN R 2 R T & THERR
L 7= (Nature, 439(2006),957). Z O/ H
AT A X RHEAREIE A 4 & FEIT I, BEkg
PEIRFEIE &4 L 0 B K 23 A i
RENWZENWLT IV Fax—EEE LT
HYEHEN T\, £, AZREICHED I
Rr-r hrbe—Z{b, BRmEEERE L
THHE STV 5 La(Fe,Si)iz (VLT 5 K
XITHY, BEMEIE LTHAETHD
Z & & L T % (Appl. Phys. Lett.,
88(2006) 122507) .L7/L, Z DAL AL
RIS LR NN & PR L £ <,
-2 BERENRRD LN TN D,

2. e BB

NiMn{b&1E, F M B2 HE ) & KR
e LlgiE~ M EREEZE LS. 72, &
A 2T —HLALD NipMnX Tl X 234880
BA, < OTHET L2 HEL Y, ik
P72 D Z ENFBILTVWA. B2, L2 HiE
& HIZ BCC ERHAFEETH Y, NipMnX |X
NiMn @ Mn H A MMZEH I 72 X 23581
B LKA & 5D, Z OWE ET Mn
E%%%é@&:% Z 7= NizMn1+XX1.x /El\(j?yc%i,
Ni,MnSn-NiMn % /& & fH [ (J.Magn.Magn.
Mater., 38(1983),305)(Z L 9 (= BCC #iHIHH
DFEIRBIALSTFHETDH EEZ BN, /E- T,
Wt M ZEREN BRI LT 2B AN E
WEHEZER SRS, L, 20Ok
Re M ERER L OWEKZERE D BIH AN 5
MNZENTWDEDIL—EDORIETTH .
AMETIERBEOYEE X 281
Ni;Mn1X1(X:Si,Ge, Pb, Bi %444 1L
L, BCC HHIFHDOFHEE S, M ZRED B E %
RN ET D 2 Lok, - mi
TEIRFEEA S RET 5.
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NisoMnsoPby, NisoMnso.Bix, NisoMns.,Siy,
Ni50Mn50_xGex /El\ & % 7?\‘ 'f(fﬁ E/‘j I 'ﬁz @ L,
850~1000°C DIRETEHMELZITH Z LIT X

D SR COVEIREEZSS. TN D OFBER
RV T VYA NEREEENE BN, X HRIE]
P, EBEREIT e & OHFIED S AT EET
T 5.
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Ni-Mn-Si %

Fig. 112 Ni-Mn-Si 52 850°C CEMLEL L 7238
~ VT WA N ERRER A ORI ILEE A
XN~ h w7 ALEWEMPAE NN 2
FRARRR & 72 > TV 2. NiggMngsSis &4 Tl
BARHLRE NS STV A, F772, NisgMngoSing
A4 TIE 3 FEMAE, NisgMnysSis &4 Tl 2
AR & 72 o Tz, Z ORI R T, 850°C
725 1000°C £ TE DL 72> 7. Fig. 1(a)D

at 850°C

Fig. 1 Ni-Mn-Si % I 7 = ik 5 5 .
(a)5at%Si, (b) 15at%Si, (c) 20at%Si, (d)
25at%Si.
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Fig. 512 Ni-Mn-Si % 850°C CHMLFL L 727k
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(a) NigoMn,sGe; at 850°C (b) Nig,Mn, Ge,, at 850°C [

(c) NigoMn3,Ge,, at 850°C (d) Nig,Mn,.Ge,, at 850°C

Fig. 5 Ni-Mn-Ge % X 7 v fl#k 5 H.
(a)5at%Ge, (b) 15at%Ge, (c) 20at%Ge, (d)
22at%Ge.
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