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This letter reports on the superior magnetocaloric properties @fda 5., SrL,MnO; (x=0.05, 0.10,

0.20, and 0.2Bsingle crystals. Upon 50 kOe applied field, the magnetic entropy chdid&e

reach values 0f~10.5, 7.45, 6.97, and 6.86 J/kg K fe=0.05, 0.10, 0.20, and 0.25 compositions,
respectively. The large magnetic entropy changes have been found to occur around 300 K, thus
allowing magnetic refrigeration at room temperature. Due to the absence of grains in the single
crystals, the AS,, distribution here is much more uniform than that of gadolinium and
polycrystalline manganites, which is desirable for an Ericson-cycle magnetic refrigerator. The single
crystals have the large magnetic entropy changes induced by low magnetic field change, which is
beneficial for the household application of active magnetic refrigefAMR) materials. These
results indicate that the present single crystals are excellent candidates as working materials for
AMR. © 2005 American Institute of PhysidDOI: 10.1063/1.1867564

Magnetic refrigeration techniques based on magnetocaefrigeration at various temperatures, since the magnetic
loric effect (MCE) have been demonstrated as a promisingproperties of perovskite manganites, Curie temperature, and
alternative to conventional gas compression refrigerdtion.saturation magnetization, are strongly doping dependent.
The MCE is understood as an isothermal magnetic entropy In view of AMR requirements, note that besides the re-
change or an adiabatic temperature change of a magnetiiirement for an AMR material that should have large mag-
material upon the application of a magnetic field. It showsnetic entropy changéAS,,) induced by low magnetic field
that the heating and cooling in the magnetic refrigeratiorchange, the\S,, distribution also plays an important role in
process is proportional to the size of the magnetic momentachieving the magnetic cooling efficienJ(:§/.Unfortunately,
and to the applied magnetic field. That is why research in théhe nonuniformAS,, distribution, which is not beneficial for
magnetic refrigeration has been being exclusivelay conductedn Ericson-cycle magnetic refrigerator, has been found on
on heavy rare-earth elements and their compo rawith several AMR materials such as gadolinfuand polycrystal-
the highest magnetic moment, among the rare-earth metaline  perovskite manganiteqsl,0 due to structural
gadolinium was found to show the highest MCE and hasnhomogeneity*
been really demonstrated to provide success to the cooling In this context, the study of MCE in such lanthanum
between 270 and 310 KNonetheless, the cost for a mag- manganite single crystals can be of great interest, because the
netic refrigerant using gadolinium is quite expensiveabsence of grains in these materials would be expected to
~$4000/kg and this actually limits the usage of it as anshow a uniformAS,, distribution—which is desirable for an
active magnetic refrigeratAMR) in magnetic refrigerators.  Ericson-cycle magnetic refrigerator. Here, we report on the
Recently, the authorsdiscovered an extraordinarily large excellent magnetocaloric properties of o8& 3.Sr,MnO;
MCE in Gd(Si;Ge,)—which undergoes a simultaneous (x=0.05, 0.10, 0.20, 0.25single crystals, with which the
first-order structural and magnetic-phase transftitmat is requirements for an AMR material can be fulfilled.
believed to be responsive for the large MEEhis com- Single crystals of Lg,Ca3.,SrMnO; (x=0.05, 0.10,
pound exhibits the MCE about twice as large as that exhibg.20, and 0.25were prepared by the floating zone method
ited by gadolinium, the best known magnetic refrigerant mausing an infrared radiation convergence-type image furnace
terial for near room-temperature applications. Further effortshat consist of four mirrors and halogen lamps; details of the
to seek for new materials, especially the materials withougyrowth conditions can be found elsewhéfeThe starting
rare-earth elements; and exhibiting large MCE in response ceramic rods were obtained from the solid-state reaction of a
to low applied field, are of significant importance. Among stoichiometric mixture of LgO; CaCQ, SrCQ, and
them, perovskite-type manganese oxide matéﬁ%ﬂhaving MnCQ,. X-ray diffraction data and electron-probe mi-
large MCEs are believed to be good candidates for magnetieroanalysis confirmed the quality of the crystal. The mag-

netic measurements were performed using either a Quantum

dAuthor to whom correspondence should be addressed; electronic maip_eSign MPMS-5 superconducting quantum interference de-
m.h.phan@bristol.ac.uk vice magnetometer or a PPMS-7 magnetometer.
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FIG. 1. Temperature-dependent magnetization taken both zero-field COOIeI(—;'IG. 2. Magnetic field dependence of magnetization measured at various

and field cooled aH=100 Oe[in the inset, for LgCa 3,SLMNO; (x t t for L M =0.10 sinal tal
=0.10 single crystal andH=5 kOe for Lg ;Cay 3-,SrMnO; (x=0.05, 0.10, emperatures arourit for Lao 25, StMNOs (x=0.10 single crystal.

and 0.29 single crystals.
noted is that a large proportion of changes of the magnetiza-

Figure 1 shows temperature dependences of the magngon occurs in a relative low-field range<20 kOé, which is
tization of La+Ca3,SLMNO; (x=0.05, 0.10, and 0.25 beneficial for the household application of MCE materfals.
single crystals measured in the fields of 100 Oe and 5 kOe. In order to evaluate the MCE of the present materials,
The Curie temperatur€l), defined by the maximum in the We calculated changes of the magnetic entrap§,) caused
“absolute value” ofdM/dT, has been determined from the by the application of external magnetic fields from the iso-
M-T curve. The Curie temperatures of the samples are sunibermal curves of magnetization versus the applied field by
marized in Table I. As shown in Fig. 1, when increasing theusing the following expressi
applied magnetic field, thd: of the x=0.10 sample in-
creases from-307 K for H=100 Oe(the inset of Fig. 1to AS,|=S M; - Mi+1AH_ )
~308 K for H=5 kOe. This is attributed to enhancement in o P
the ferromagnetic interactions with higher applied fields. As
shown clearly in Ref. 5, the AMR material of MnAsSh,;  WhereM; andM;,, are the magnetization values measured at
indicated smooth temperature variation of the magnetizatiotemperature§; and T, in a field H, respectively.
under high fields whereas the shape of MeT curve for Figure 3 shows the magnetic entropy change as a func-
MnAs was almost unchanged. As a result, MnAs exhibitedtion of temperature for the samples witk0.05, 0.10, and
the larger MCE. As it is noted from Fig. 1, updh=5 kOe  0.25 atAH=50 kOe. Upon 50 kOe applied field, among the
the shape of thé1-T curve remains almost unchanged while samples investigated the highest value aiSy
the T¢ is shifted to a higher temperature. Therefore, the lan-~10.5 J/kg K of thex=0.05 sample is found at a tempera-
thanum manganite single crystals in the present study will béure of ~275 K. This value is obviously larger than that of
expected to show large MCEs near their Curie temperaturegadoliniunf (AS,~10.2 J/kg K atAH=50 kOg and sev-

In order to confirm this, the isothermal magnetization oferal other manganese oxides’ The large magnetic entropy
all the samples were measured with a field step of 500 Oe iohanges for thex=0.10, 0.20, and 0.25 samples have been
a range of 0-50 kOe and a temperature interval of 5 K in dound to occur at and above 300 (Kee Table )l and which
range of temperatures aroumg. To ensure the readability of allow water to be used as a heat transfer fluid in the room-
the figure, only some of isotherms are presented in Fig. 2, foremperature magnetic refrigeration regime. This result is of
a representative sample of {.-& &, ;,SLMnO; (x=0.10. It practical importance, because it shows that the present man-
can be seen clearly from Fig. 2 that there is a drastic changganite single crystals could be good working materials for
of the magnetization around tfi&, indicating a large mag- magnetic refrigeration in household refrigerators or air con-
netic entropy change. This coincides with the rapid reductiorditioning. It is worth noting that, due to the absence of grains
of magnetization at thd: (Fig. 1). Another feature to be in the present manganite single crystals, &®,(T) distri-

TABLE I. Maximum entropy changdAS®{, occurring at the Curie tem- 12
perature T¢, at H=50 kOe, and values of the saturation magnetizatidg, La,,Ca,,,5rMnO, 005
for several magnetic refrigerant materials. 101 AH = 50 kOe
< &
Mg Te [ASH Reference -
Material (emu/g (K) (J/7kg K) No. % 64
Lag 7Cay 25, 0MN O3 99.26 275 1050  Present ‘g: 41
Lag &y 2091p.1gVINO3 95.05 308 7.45 Present 2.
Lag Cay 10515 20MN0O; 94.11 340 6.97 Present
Lag /Cay ¢Sl 2MNO; 93.07 341 6.86 Present 01
Lag 751 1MNO; 196 580 9 160 200 240 280 320 360 400
Lag g5l 1MN0O; e 243 575 9 TK)
Gd 294 10.20 2
Gd;Si,Ge, 276 18.40 3 FIG. 3. The magnetic entropy changeAS,,) as a function of temperature
MnFeR) 46ASy 55 310 18.00 6 in an applied field of 50 kOe for L@Ca 3,SKLMnO; (x=0.05, 0.10, and

0.25 single crystals.
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bution here is much more uniform than that of gadolinfum 10 — ——
and polycrystalline manganités® This is desirable for an T _r- awl T ,r-“
Ericson-cycle magnetic refrigeratbrAnother remarkable I H 2. i
feature is that the present samples exhibited a relatively = ! z '

small magnetic hysteresis with coercivity 6f30 Oe near PR | P —

their T¢, which is beneficial to the magnetic cooling effi- s st Mo sohoo TEhan 8 13600 30800
ciency. In addition, compared with gadoliniﬁn"and its H (Oe) H (Oe)
compounds, perovskitelike structured materials are easier to Pl T e
fabricate and possessing a higher chemical stability as well i R :’

as a higher resistivity. The high resistivity is beneficial to & ! £ {
lowering the eddy current heating. All these excellent mag- s 5 2% :
netocaloric features make the present manganite single crys- 100 =ams —d 00| w-v-venemd

tals a competitive material for active magnetic-refrigeration 00015000 (‘:». )15000 w0 o005 (‘:». )15000 2000

applications.
In general, the large magnetic entropy change in Perovrig. 4. TheM-H loops of the Lg-Cays., S, MnO; samples measured at

skite manganites originates mainly from the considerable=10 K.

variation of magnetization neaf.. In addition, the spin-

lattice coupling in the magnetic ordering process also plays o _ )

an important rol€=*° Due to strong coupling between spin 0US magnetization and, the sharper the change in magnetiza-

and lattice, significant lattice change accompanying magnetiion with respect to temperature at the ordering temperature,

transitions in perovskite manganites has been obs€rvee. the larger the magnetic entropy change is obtained. In such

lattice structural change in théin—O) bond distance as rare-earth materials, the magnetic moment fully .develops

well as the(Mn—O—Mr) bond angle would, in turn, favor only at low temperatures, and therefore the magnetic entropy

. . . change near room temperature is only a fraction of the po-
the.spl_n ordering. Thereby, a more abrupt_reductpn .O.f Malfential value. Whereas, the spin-lattice coupling id 3
netization nearTe occurs and results in a significant

; h In thi lusi ioh btransition—metal oxides may strongly occur in the magnetic
magnetic-entropy change. In this way, a conclusion might %rdering process and thereby results in a rapid change of

draw'n. that a strong spin-attice cquplmg in the .magnet'cmagnetization in the magnetic ordering phase transition.

transition process would lead to additional magnetic entropy-, o it the magnetic moment of manganese is only about

change neallc, and consequently, enhanc_es the MCE. half that of heavy rare-earth elements, further enhancement
In the present study, the large magnetic entropy change& the MCE associated with magnetic moment alignments

in the manganite single CTYSt?"S I|kely originate from th.emay be achieved through the induction of magnetic ordering
abrupt reducthn of magnet|zat|qn—wh|ch IS as§90|ated With)hase transition, which will result in much higher efficiency
a ferromagnetic-to-paramagnetic phase transition near the .. magnetic refrigeratér

Curie temperature. The additional entropy change can prob-
ably be attributed to the fact that the magnetic transition  This work was supported by the Korean Science and
greatly enhances the effect of the applied magnetic field.Engineering Foundation through the Research Center for Ad-
That is probably the reason why a sharp magnetic phasgance Magnetic Materials at Chungnam National University.
transition retains almost unchanged even under high fields.
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