Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica -

Institute of Physics, CAS

FERE AN R EER TR

EEAR BR EER

Magnetocaloric effects and magnetic regenerator performances in metallic glasses

Huo Jun-Tao Sheng Wei Wang Jun-Qiang

5| H15 2. Citation: Acta Physica Sinica, 66, 176409 (2017) DOI: 10.7498/aps.66.176409

7E 2% 1% 32 View online: http://dx.doi.org/10.7498/aps.66.176409
2N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/117

AT RERCH B B S &
Articles you may be interested in

R PO A RE S B AR U
Bonding nature and the origin of ductility of metallic glasses
YH % 4:.2017, 66(17): 176402  http://dx.doi.org/10.7498/aps.66.176402

< R BB R PRI i Y
Thermoplastic forming of bulk metallic glasses
PP 2EH%.2017, 66(17): 176404  http://dx.doi.org/10.7498/aps.66.176103

AR b P SR AL S id
The inherited structure of amorphous matter
YE%4.2017, 66(17): 176405  http://dx.doi.org/10.7498/aps.66.176103

AR AL AN SR CuseZryg BB IR TE HLRE 1A K B) )15 2

Heredity of icosahedrons: a kinetic parameter related to glass-forming abilities of rapidly solidified CussZry4
alloys

PP 2242016, 65(6): 066401 http://dx.doi.org/10.7498/aps.65.066401

I 5E <5 B IS WO S5 48 v () — - AR S BT 7%
Identifying icosahedron-like clusters in metallic glasses
YE = 4.2016, 65(9): 096402  http://dx.doi.org/10.7498/aps.65.096402


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.176409
http://dx.doi.org/10.7498/aps.66.176409
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I17
http://wulixb.iphy.ac.cn/CN/abstract/abstract70687.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70687.shtml
http://dx.doi.org/10.7498/aps.66.176402
http://wulixb.iphy.ac.cn/CN/abstract/abstract70713.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70713.shtml
http://dx.doi.org/10.7498/aps.66.176103
http://wulixb.iphy.ac.cn/CN/abstract/abstract70714.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70714.shtml
http://dx.doi.org/10.7498/aps.66.176103
http://wulixb.iphy.ac.cn/CN/abstract/abstract66832.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66832.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66832.shtml
http://dx.doi.org/10.7498/aps.65.066401
http://wulixb.iphy.ac.cn/CN/abstract/abstract67123.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67123.shtml
http://dx.doi.org/10.7498/aps.65.096402

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176409

EiE FREMRER

ERE SHIHRIN KSR RE

B TFERE

EE#

(hER B T A RBOR S TR, T EREE GRS S E TSI &, T 315201)

(2017 4£ 6 /7 21 HYZEI; 2017 4£ 7 H 20 HigBIE 6 )

IR dt & K I REMIETT A2 AR b & e N S R i kil 2 —. WA AR AR de & ) — A L ZERRAE.
R PR AR 5 < (RO REAR AR 7 R AR JRE 28O, RT LRSI P A A0k — 7 T A i 75 < R R A OB mT LA A
TGRS T TR L, 53— T3 T IR & <6 0 B IR AR T LA 9 8 v AOREB T TR IR A L. A SOl
A it A 4 IR RE RS RV 78 ¥4 Y R ) S B RPAE B JFG I FH I S EAT T VR A2,

KA AEdn B4, MEININE, & A TERE
PACS: 64.70.pe, 75.30.Sg

1 58 =

Ak dh A &P R B = 4 ) 2 60 3 T R HE
B, GEH R S M R S b A7 e [
RF ) 45 A R AR AR FL B e AR A T b S A R AR
SPERERIFEHINLEL. BB A0, | i TG, i
B A & A AE RS BRI, gl ik dE
e RIER 6 GPalY, 8l T AR AT &
JEATERE R . SRIERE S EAREN
oL RN RGN 8 FE  BRARAE ELRE N MR IR 2, KA hE
WEI1/4—1/5, B4 Z T HI1Eoh 248 kg B
CatE G &M MM RE S HFHA+ o8, B
ARG ITEMEE, MR N G, feis
ek H g g A K ML RS E S AIE BN
FART S5 RO ThREM B, HABERR sk AR —
Tt AR, TR T R AR A S
REFPAR KR FEERNHIT R4S AIEE, 75
SR v P B AR AT AR 47y B R A . TR
ARG B R RS AR R S EE T R T
BRI, ARG SR R AR | JE S S
Fa) < W FE P B B R 5% AR B e S ) 9 R 3 SR

DOTI: 10.7498/aps.66.176409

E2TSMIEAYALR

AF 5 A AR TT R e Bk T8 B9 ST AT
o, RSB SERARRRE R EHGR TR S A R
MR RE. B 7T Rl ARG & B T2 250, K
JE A DR e AR s AR, W BT R R A
AR S G <, BONAR & SO0 2 R H bRz
—. TPRBEAFRE AR & &, BeA A TR
i e AE T B R 2P AR, AR 2 0 W) B AT B
FARL U oK BE 2 [R5 R L.

FEVEAR R G R AR A S — D EEAR. R
TR B BRI AR S e, B RER EAERE
& VREEAER A SR LRI E R A S5 -1 ixy
B AR s < ) — A B R R B RO AR IR,
Wl 2 R AEMAAR, 221 FTEI 8 LA S R AR
fE R R SO AR IR . WA AR AR
K, —RREPWAA, 73— IR IR A
AVFHAR TR AR, — AN AR R, KA
FEARE MIRLIX, WEFEHEA B A Fr FEARAG 2, i —
PRANAL A LA, MASIR X B9, HEFEHESI
A AN, AR & SRR BT AW R
RERIHIAAL, — BB T AL,

* ER AR ARG (MHES: 51771217) MIHLE B AR5 E (IHES: LY17E010005) % BRI EREE.

T #{E/E#. E-mail: huojuntao@nimte.ac.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

176409-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.176409
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176409

F 1 AREES SR IR AR
Table 1. Magnetic transition temperature of different

metallic glasses.

IS TR0 WA IR /K SCHR
Gds3Alz4Cog0Zrs3 93 [6]
ThssCoz0 Alas 45 7]
Dy3seHoz0Al24Coz0 23 8]
HoseDy20Al24Coz0 17 [9]
Er50Al24Co20Ye 8 [10]
TmsgHo16Co20Al25 4.2 [11]
PdyoNig2.5Fe17.5P20 94 [12]
Fer5NisB1oZreCuy 408 [13]
Coy0.2Fe20.1Nig.7B22.75i5.3Nbs 462 [14]
NigsGdaoAlys 57 [15]
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Fig. 1. Schematic diagram showing the cycle based
on the magnetocaloric effect with and without a mag-
netic field applied to a magnetic system: The isother-
mal process (a) to (b) or (c) to (d), which leads to a
change in entropy; and the adiabatic process (b) to (c)
or (d) to (a), which yields the variation in tempera-

ture 171,
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Fig. 2. The magnetic entropy change for a field change from 0 to 5 T for the RCoz, RAla, Gds(Si1—zGez)4,
Mn(As1—zSbg), MnFe(P1_;As,) and La(Fej3_4Siz) families plus a number of individual compounds with

first-order (FOMT) and second-order magnetic transitions (SOMT) versus the Curie temperature [39].
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Fig. 10. The magnetic entropy change vs. temper-

ature curves of the ribbon samples (a) FeggZrsBs,
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Fig. 11. Magnetic entropy change of (Feg.71 REo.05
B0‘24)96Nb4 (RE = Tb, Ho, Tm) BMGs, typical
Nanoperm-type and light RE-containing alloys versus

the glass-forming ability of the materials (401,
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Fig. 12. Temperature dependence of magnetic
entropy change of the (Cog.402Fe0.201Nio.067Bo.227
Si0.053Nbg.05)100—zCuz (xz = 0, 0.5, 0.75, 1) ribbons
under an applied magnetic field of 2.2 T (141,
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Fig. 13. The magnetic entropy change vs. tempera-

ture curves of Nig5GdapAlis metallic glass [15]
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Fig. 14. XRD patterns of high entropy metallic

glasses [41,42]
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Fig. 15. Magnetic entropy changes as a function of temperature under a maximum applied field of 0.5-5.0 T

for (a) GdagThagDy20AlzgFez0, (b) GdaoTbagDy20Ala0Coz0, (¢) GdagThagDy20AlagNisg HE-BMGs 41
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Table 2. Thermodynamic and magnetic parameters of high entropy metallic glasses.

B &Sy Tg/K  Tw/K  AT/K  Tc/K  —ASmax/Jkg 1K1 RC/J kg™t
(d20Tb2oDy20Coz0Alsg 594 626 32 58 9.43 632
Gda20ThaoDy20NizgAlzg 582 607 25 45 7.25 507
GdagThaoDyz20FeaqAlgg 611 — 112 5.96 691
GdagHoggEragCogzoAlag 612 652 40 37 11.20 627
Dy20Ho20Era0CozpAlag 632 668 36 18 12.64 468
HogoErap TmagCozoAlag 648 680 32 9 14.99 375

T 1) RPFSE T Ty NPCSEUHEARIRL; T, ASUITIRERIE; AT = Ty — T AR KBAK TR, To N
WEFARIRIE; — ASmax FECKHEMALE; RC VB HEST; 2) 2 e B i T BT H I IN#AGE 3 0 20 K /min.

E16F ~ N i E. WU &L o 05 E 5 A 4 B K R 7 4B 2 3 D 11.20, 12.64 F1
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HOQOEI'Q(]REQ()COQ()AIQO (RE = Gd,Dy, Tm) _‘l%— k%ﬁ%igjt EIEé/a\ S E*¢%jﬁ’ﬁ EIEHEEII/E\éIZ\
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Fig. 16. Influence of temperature, magnetic field, and
rear earth elements on the magnetic entropy chang of

high entropy metallic galsses (421,
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Fig. 17. Magnetic entropy changes as a function of
temperature under a maximum applied field of 2 T
for Gds5CossM10 (M = Mn, Fe and Ni) amorphous

alloys 431,
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Fig. 18. Magnetic entropy changes of the
Gdg(Feo.566Al0.434)100—2 (z = 65-90) ribbons
under a magnetic field change of 50 kOe [44].
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Fig. 19. Temperature dependence of magnetic entropy
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Fig. 20. Bright-field TEM image of ErgoNi2gAl17Gds
glassy composites: (a) SAED pattern of part I;
(b) SAED pattern of part II; (c) SAED pattern of
part IIT; (d) HRTEM image of part IT[65].
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Fig. 21. The XRD patterns of the as-cast TmgoAlzg Cozo,

TmseAlzpCo24 and TmsgY16Co20Al2s alloys (667,
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Fig. 22. The comparison of temperature dependence
of the volumetric specific heats of He, Pb, ErsNi and
ErgoNi2gAl17Gd3s glassy composites [65],
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Fig. 23. The comparison of temperature dependence of
the volumetric specific heats of (ErgNi)goAl2g—5Gdy
(=0, 1, 2, 3) glassy composites (67,
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Fig. 24. The temperature dependence of the volumet-
ric specific heats of (ErzNi)ggAli7X3 (X = Cu, Ho,

Y) glassy composites [65]
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Fig. 25. Comparison of temperature dependence of
the volumetric specific heats of widely used regenera-
tor materials Pb, ErgNi and Tm-based BMGs [66]
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Fig. 26. Comparison of value of specific heat peak Cp_peak
and position of C}, peak Thear of Tm-based BMGs [66]
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Fig. 27. The comparisons of (a) the XRD patterns,
(b) temperature dependence of the volumetric specific
heats, (c¢) temperature dependence of the ZFC and
FC magnetization under a magnetic field of 200 Oe of
TmegoAlzgCo20 BMG and crystalline TmggAl2gCozo
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Abstract

Metallic glasses with functional properties, such as magnetic properties, are promising materials for potential ap-
plications and have aroused great interest. Magnetic phase transition is an important feature of metallic glass. The
unique effect of the magnetic phase transition can be applied to the field of refrigeration. On the one hand, due to its
magnetocaloric effect, the amorphous alloy can be used as a magnetic refrigeration material for magnetic refrigerator.
On the other hand, because of its specific heat anomaly the amorphous alloy can be used as a magnetic regenerator
material for cryogenic refrigerator. In recent years, the magnetocaloric effects and magnetic regenerator performances of
metallic glasses have become hot topics in the field, and opened up possibilities for the functional applications of metallic
glasses. In this paper, the principle of magnetocaloric effect and magnetic regenerator performance of metallic glass and

its characteristics and application prospect are introduced in detail.
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