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Abstract

With the advantages of compensating and controlling the thermal expansion of materials, negative
thermal expansion materials play an important role in the manufacture of high-precision instru-
ments and devices. Mn,Sbh-based alloy shows a first-order magnetic transition from high-tempera-
ture ferromagnetic state to low-temperature antiferromagnetic state. The magnetic transition is
accompanied by a sudden change in the lattice parameters, leading to a large negative thermal
expansion effect. In this study, {110}-oriented Mn; ¢Cr,.1Sb alloys were prepared by a directional
solidification technique. Its microstructure, grain orientation, magnetic properties, negative ther-
mal expansion and other properties were systematically characterized by means of scanning
electron microscope, X-ray diffractometer, comprehensive physical property measurement sys-
tem and thermal mechanical analyzer. The textured Mn.9Cro1Sb samples show not only a high
density, but also a linear expansion coefficient of @ = -53.8 ppm/K. Additionally, our study also
provides a new strategy for the preparation of other negative thermal expansion materials.
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(NTEME N —F 5 2 M S B A ML, s R PR R 2 TR mp Rk M RESR AL TR 5
o ARGEARLE FRIEIR ML Z 5, SRR R A G BRI A AR B 2 . A AR B 47 R A
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AR RIS 4 7 S A SR KR IR R I, 6 T B R R SRR A MR AR,
La(Fe,Si)is FE A 4[3] [4]. MMX E&42[5] [6]LA K #5438 7 (Heusler) & 42[7] [8], 1 T HAEfiAH A 172
HORT IH AR AR B s S HUR AR5, (R RE S AR 3 HE DK I S B I 20

ZIGIESr MngSh A &I SRR EE R Cu,Sh B IU T 45k, A IRIBESE FDN PAinmm. 7EIXAMAE R,
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2. OOy
2.1, HEEl&E

DURR B8 BR(AEREI ST 99.9 w.t%, TR M R R AR AEMEL, R BTG G AR & 1
Mn; oCrosSb S& 8558, ARSI SN, R R IGE 4 I, ARG EE K @4 mm (1A &%
Mo SRIGEEMBBAERNI &, £ 1873 K HIRLE TRb, Wik kA 4 8 v 815 m BeE 77 %, i hhoE
2, Hil& T BEAEARBUAAES . &, BUARE SRR T EH T A E T, 7F 1023 KR IR
KAKR, RIGHK.
2.2. MERESRAE

S [7) 5 [ R A5 1) SR ot FNBE B Ry A it ) i AR 25 AR X SRHERAT A A (X-ray  diffraction, XRD)
(Bruker-AXS D8 Advance) #4720 87, FAHE A EE 20 S 20°~90°; FI F 24 B i (Axio Vert. AL T
ST (Scanning electron microscope, SEM) (FEI Quanta 250F)% 2 F4) £F i AN 85 EE IO 21 2 3R 3t 4T W
2, FIH SEM IR/ H11% (Energy dispersive spectrometer, EDS)K il 7 ZIH4E i 7T 5 0 A 1 Wl . )
LRE WML Z 4L (PPMS, Quantum Design, Dynacool)f % F IR SR i 5 1H(VSM)II R 1 SLRIHF: i O 1
PERE; FFH ML 4% (Thermal mechanical analyzer, TMA) (NETZSCH F3)ill & 23Uk 4 i i 2k K &
K515 RE 195 R (N4 B3R % 5 K/min).

3. HR5ITR

1 5E T [ B ) o A Ay R RE B 55 U5 XRD 13 o %F T 58 ) B RE A T SRBCH: S A
], ASCYRA BT HAW 7 I T — AN 247 XRD M. B 1 AT, #5%5E MnyoCro4Sb A i
J& T CuSb-2K [ 2 G VU J7 d A 51, A I Fo At kb, AT IR I tHBE LI, I To B R i e
HUml o AT EERE L, 8 A1 5 (A RF S 1A 0 2 B0 o B S5 ) B OR A, R R B R B LR
TERARIEZ A 100 pm/s 1150 pum/s B, $R95 7 {11030 B AR SR E A, B Rt — D, 78
250 pm/s BRI EL A AR {111} g7 1) @R AR R S8, ARBE RO T RO EAR (1 {1103 b R EL
[EEETR

2(a)« K&l 2(b)s Kl 2(c) Ml 2(d) B B4 A2 S EERE S A 100 pm/sy 150 pum/s A1 250 pm/s s
RAIRE RS E . WERRT ISR 1, S5 aBE 0L, BARZENSEE, 1M ik
Je HIRE S BT B AL, RBUH AP R B . AR, BEE R RN, B2 iR
O, X AT REL 58 ) R AR R S A H AT G . 8 4 A AN A B A R L ) XRD A A A
SR, AR AR 8 MIEER 150 pm/s (R RSOy LR IE S, FERCRE AR R, AR ECN
FRAE A BAT {LL03HU ) o I FLIR 28 0 vy B0 B ) SRR o
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Figure 1. XRD patterns of ingots and samples directionally solidi-
fied at different tensile rates
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Figure 2. Metallographic diagram of ingot sample and directionally solidified samples with
different tensile rates. (a) Metallographic diagram of ingot, (b), (c) and (d) are metallographic
diagrams of texture samples at 100 um/s, 150 um/s and 250 pum/s tensile rates respectively

2. RS EERETERBREESNESEE. () HiEeHEE, (b). (). ()
435039 100 pm/s, 150 pm/s. 250 pum/s RIHIIR % T AHHE R EV S HEE

3(a)Z T E A EEEGE N 150 pm/s FORESH ) SEM B A, B0 5 W, %R 5 B A B 8 .
3(b). [ 3(c). & 3(d)7rI4 Mn, Cr 1 Sb T EDS 204G, HE W W, &Hcaafms), oo
RIS, T E RGeS PR 350, A AR AR i, X5 ESCH XRD AT RA2av &1 .
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Figure 3. (a) SEM images of the sample after directional solidification, (b), (c), (d) EDS images
of each element of the sample after directional solidification
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Figure 4. M-T curves of textured Mny ¢Crq;Sb alloy
4. 4R Mn, oCry,Sh & & H) M-T #hzk
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Figure 5. Temperature dependence of thermal expansion coefficient of tex-
tured Mny 4Crq,Sb alloy
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