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Table-like magnetocaloric effect and large refgerant capacity of composite magnetic refrigerantbased
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Lingtong Zhou, Yongbai Tang*, Yungui Chen, Huagidhgo, Wenkai Pang, Xi Zhao
College of Materials Science and Engineering, Sichuniversity, Chengdu 610064, China

Abstract:

Composite magnetic refrigerants were prepared lygipal mixing LaFe, Sih H, alloys with different Curie
temperaturesTc). The magnetocaloric effect (MCE) and refrigeraapacity (RC) of these composite magnetic
refrigerants were investigated by experiment aridutation in this paper. The results indicate thxpeximental
magnetic entropy changeAy)-T curve corresponds reasonably with thASy)-T curve calculated by the linear
combination of (ASy)-T curves of the single material. An optimal mixiregio can make the composite magnetic
refrigerant possess a table-likeAGy)-T curve which is beneficial to magnetic Ericsson leydVhen three
LaFe; ¢Sii 4Hy alloys with differentTc are mixed, the full width at half maximumTewwum) Of (-ASw)-T curves is
about 48.7 K and the RC is about 177.76 J/kg umderagnetic field change of 2 T. The composite magne
refrigerants based on LafgSi;H, alloys can be promising candidates for near roemperature magnetic
refrigeration and the work will be helpful to deeplnovel composite magnetic refrigerants with tdide MCE and
large RC.

Keyword: Magnetic refrigeration; Magnetocaloric effect; Tediike; LaFe; ¢Si;sHy; Composite refrigerant; Rare
earths

1. Introduction

Magnetic refrigeration, which is based on the maaggedoric effect discovered by Weiss and Piccarti9n7 [1] ,
was a new cooling technology. Compared with traddi compression refrigeration, magnetic refrigeratis
environmentally friendly and more efficient, sohias attracted wide attention from all over the aidé—4]. In
recent years, owing to the damage of traditionganic refrigerant (CFCs) to ozone layer and thesatiof global
warming, room-temperature magnetic refrigeratios hade application prospect in civil refrigeratidield [5].
Especially, with the discovery of the giant MCEGSi,,Ge, [6-9], LaFe3,Si,[10-15], MnFeP(Ge, Si, As) [16-18]
and Ni-Mn-X (X = Sn, In, Ga and Sb) [19-23] whictegtly promoted the practical application of ro@mperature
magnetic refrigeration, room-temperature magnetiégeration has become a new research hotspot .

For room-temperature magnetic refrigeration systengsson cycle should be chosen because Erickgde-c
can overcome the influence of large lattice entrapyigh temperature and possesses large coolingerature
range. For the magnetic refrigeration system base&ricsson cycle, the magnetic refrigerant neettbke-like
MCE which means theAS, of the magnetic refrigerant should be constantfd@gh in the operating temperature
range [24,25]. Unfortunately, traditional room-tesngture magnetic refrigeration materials, such dsSipGe
[6-9] and MnFeP(Ge, Si, As) [1£8], possess the narrow operating temperature raage result of the sharp
magnetic entropy change&\S, peak. In other words, theAS, values of these magnetic refrigerant materialp dro
rapidly when the temperature deviates frd So these traditional room-temperature magnetiigeation
materials are not applicable to Ericsson cycle.bf@ak through this limitation, composite magnegfrigeration
materials composed of a few ferromagnetic matewils differentTc have been extensively investigated. Tian et al
[26] have prepared Fe.CeSiNbsB1,.Cu; (x = 0-10) composite materials by gluing the,&&eSi;NbsB1,Cu,
alloy ribbons layer by layer or mixing the alloyvptders with varied Ce contents and the compositssqzsed a
table-like MCE (the-AS, value remained approximately constant in a widepkrature span over 80 K) and large
RC values (>370 J/kg at a field change €5 0). Kim et al.[27] have reported that a M&e(Co, Fe) composite
consisting of physical mixture of MBe;, Mns1G66 Mn,7:C0oy4G6 and Mn ;4 ,5Ge;, generated a table-like
(-ASw)-T curve which leads to a wide operating temperatange of 45 K and enhanced RC value of 52 dtla
field change of 61 T.

La(Fe, Si)s-based compoundsone of the most promising materials for room-terapge magnetic refrigeration,
have been highly studied for their advantageswfdost, giant MCE and adjustablg in a large temperature range
[10-15]. However, La(Fe,Si}-based compounds also possess sha@, peak which extremely restricts the
practical application. In this work, LaReSi sH, alloys with differentTc were prepared by the high-temperature
hydrogenation method [28,29]. On this foundatiamposite magnetic refrigerants composed of a phlysiixture
of LaFei6Sh4H, alloys with different Tc were prepared to broaden the operating temperaamge and
consequently increase the refrigerant capacityoptimal compound ratio made the composite magmefiggerant
based on LahkeeSi; sHy, alloys possess a table-like MCE and enhanced R@hwwas applicable for Ericsson
cycle.

2. Experimental
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