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Fig.1 DSC and M(T) curves of Niss,Mn;9_,Ga,; alloys: (a) x=0.2; (b) x=0.6; (c) x=1.0
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Tablel Martensitic transformation temperatures and thermal hysteresis of Nis4.,Mn;o_,Ga,; alloys

X AJ/K Ai/K AdK MJ/K Mi/K MK TA/K TwK (AT=4:—My)/K (AT=A4—M;)/K
0.2 265.2 285.8 298.2 291.3 279.5 257.4 281.7 274.4 6.9 6.3

0.6 284.4 302.5 319 310.7 290.2 275.2 301.7 293.0 8.3 12.3

1.0 295.1 - 323.2 313.1 - 286.3 309.2 299.7 10.1 -
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Table 2 Average thermal expansion coefficients of Nisy, Mn;o,Ga,; alloys at martensite and austenite phases

Temperature range/K

Thermal expansion coefficient, a/(10° K™

Correlation coefficient, R

* Martensite phase Austenite phase Martensite phase Austenite phase Martensite phase  Austenite phase
0.2 50—-250 300-360 7.67 3.75 0.99999 0.99499
0.6 50-260 320-360 10.31 7.72 0.99999 0.99998

1.0 50-210 327-360 5.02 3.74 0.98180 0.97145
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Fig. 5 Strain curves of alloys Nisy.,Mnjo-,(Ga,; near martensitic transformation: (a) x=0.2; (b) x=0.6; (c) x=1.0
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Table 3 Average thermal expansion coefficients of

Niss Mn;o-,Ga,; near martensitic transformation

Temperature range /K Thermal expansion

¥ coefficient, a/(10° K™")
Cooling Heating Cooling Heating

0.2 260—278 280286  —26.40 —48.93

0.2 278-292 286—298 43.08 9.70

0.6 274-289 283-301 —41.41 —-16.14

0.6 289-311 301-318 49.67 36.56

1.0 286313 295-323  —136.44 —139.84
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Successive martensitic phase transformations and abnormal thermal
expansion in Ni-Mn-Ga magnetic refrigeration materials

WEI Sheng-xian', HE Xi-jia', CAO Yi-ming', LI Zhe', ZHANG Qing-qing', SHI You-ming?, TAO Chang?

( 1. Center for Magnetic Materials and Devices, Qujing Normal University, Qujing 655011, China;
2. College of Physics and Electronic Engineering, Qujing Normal University, Qujing 655011, China)

Abstract: The magnetic refrigeration materials Nisg,Mn 9 Gay; (x=0.2, 0.6, 1.0) with nominal composition were
prepared to reveal the thermal expansion properties of Ni-Mn-Ga alloys. The actual compositions, crystal structures,
martensitic transformation temperatures, magnetic transition and zero field thermal strain of the alloys were
experimentally investigated by scanning electron microscope equipped with energy-dispersive spectrometer (SEM-EDS),
X-ray diffractometer (XRD), differential scanning calorimetry (DSC), vibrating sample magnetometer (VSM) and
standard strain-gauge connected with physical properties measurement system (PPMS), respectively. The results show
that the nominal composition of these alloys agree with the actual composition. The results from DSC and magnetic
transition measurements show that the martensitic transformation temperatures gradually increase with Ni content
increasing. Moreover, the peak temperatures of direct and reverse martensitic transformations increase from 274 K, 282 K
(x=0.2) to 300 K, 309 K (x=1.0), respectively, and they have a distinct thermal hysteresis of about 7 ~ 10 K. Two
successive martensitic transformations and magnetic-structural coupling transition are observed in alloys x=0.2, 0.6, and
x=1.0, respectively, during cooling and heating cycles. The temperature window of phase transformations is about 33.5 K,
35.1 K and 27.5 K for x=0.2, 0.6 and 1.0. Zero field thermal strain curves illustrate that the alloys studied exhibit an
isotropic thermal expansion property. The thermal expansion coefficients range from 5.02 to 10.31 X 107K ™" and 3.74 to
7.72X 107 K" at martensite and austenite phases, respectively, for Niss+,Mn9-,Gay; alloys. More importantly, the alloys
exhibit an obvious and abnormal negative thermal expansion behavior in the vicinity of the martensitic transformation.
The maximal negative thermal expansion coefficient occurs in alloy with x of 1.0 is about —139.84X 10 ° K", This
abnormal negative thermal expansion behavior may well be related to the nucleation and orientation of martensitic
variants during the martensitic transformation. Based on the experimental data, the negative thermal expansion effect of
Ni-Mn-Ga alloys was discussed briefly from microcosmic point of view.

Keywords: magnetic refrigeration; Ni-Mn-Ga alloy; martensitic transformation; thermal expansion property; negative

thermal expansion behavior
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