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The magnetocaloric effect of M@aC, which shows an antiferromagnetic to ferromagnetic
transition at 165 K has been investigated. In this compound, magnetocaloric effect obtained at the
transition is opposite to that of ordinary ferromagnetic systems, namely, negative magnetocaloric
effect. It was found that a large magnetic entropy chang®,,,, of 15 J/kg K is obtained under an
applied field of 2 T. The adiabatic temperature chamgg,y, reaches 5.4 K in a field change of 2

T. At higher magnetic fields, bothS,,,gandA T4 retain a large value over wide temperature range,
exhibiting characteristic temperature dependence of a trapezoidal shape. These features are
attributed to a sharp first-order transition retained in high magnetic fields as well as small
magnetocrystalline anisotropy. ®03 American Institute of PhysicgDOI: 10.1063/1.1587265

I. INTRODUCTION netocaloric effects on FeRh alloy were investigated by An-
narazovet al. They found a large magnetocaloric effect ac-
In recent years, on the background of growing socialcompanied by the first order magnetic transition near room
interest in environmental and energy issues, much attentioremperaturé. This motivated us to study a magnetocaloric
has been paid on the studies concerning the magnetic refrigffect of the first-order antiferromagnetic to ferromagnetic
eration technology. Magnetic refrigeration has a number ofnagnetic transition. In the present study, we have chosen
ecological advantages over the conventional gas refrigeratiokingGaC. This compound undergoes an antiferromagnetic to
such as high efficiency or no use of environmentally harmfulferromagnetic transition around the temperature Tof
gases, so it is expected to be a probable alternative refrigera= 160 K.” In previous studies, the entropy jump at the anti-
tion method. Magnetic refrigeration utilizes the magnetocaferromagnetic to ferromagnetic transition in zero field was
loric effect, the nature of magnetic solids that when exposedeported to be 17 J/kg k2 On the other hand, the field de-
to a magnetic field, entropy of the substance varies owing t@pendence ofl; has been found to be large, beidd,/dH
the change of magnetic moment alignment. For the achieve=4 K/T.'° The former suggests that a large magnetic entropy
ment of a high efficiency magnetic refrigerator, it is strongly change will be obtained when a magnetic field is applied on
desired to develop the magnetic working materials with ghis compound. The latter may lead to a large adiabatic tem-
large magnetocaloric effect at a relatively low magnetic fieldperature change. Therefore, these results suggest a large
(hopefully up to 2 T, which can be attained by a permanentnagnetocaloric effect of MyGacC.
magnet. Up to now, most of magnetocaloric effect studies
have been performed on ferromagnetic materials near their
Curie temperatures. In particular, the report of giant magnel. EXPERIMENT
tocaloric effect of GgSi,Ge, near room temperature region,
which undergoes a first-order ferromagnetic to paramagnetik‘/In

transitiort had a great impact on this field. Focusing on a
first-order ferromagneti¢or ferrimagneti¢ to paramagnetic pure carbon. Powders of these elements were carefully
g g b g .mixed in the desired proportion and sealed in an evacuated

transition, we have recently reported giant magnetocalon%ilica tube, the wall of which were coated with the carbon to

effec_t of MnAS near rsoom temperature and large magneto-,, g 4 reaction of the compound with the silica tube. Then
caloric effect of ErCg” below 30 K. Subsequently,

a Mag- ne mixture was heated at 750°C for 7 days. The reacted

netic entrgpy change of mat_enals e>§h|b|t|ng a first-order fer'product was ground, mixed and heated again in vacuum at
romagnetic to paramagnetic transition has been report

) 5 . 9950 °C for another 7 days. The compound thus prepared was
extensively*® However, there are only few materials known checked by x-ray diffraction and electron-probe microanaly-

to undergo a first-order magnetic transition between ferro—siS (EPMA). This compound has the cubic structure of a

magnetic and 'paramagr]etic states. This ipdicates that tf}?erovskite-type, in which the Mn atoms are located at the
subject of our investigation should be inevitably restricted.t; e _centered positions. All of the observed diffraction lines
Now, we focus on a first-order magnetic transition betweenere indexed with the cubic perovskite structure. The lattice
antiferromagnetic and ferromagnetic states. Previously, MaGsarameter was determined to e 3.894+0.001 A. From

the result of EPMA, we verified that the prepared sample is
dElectronic mail: tohei@cms.mtl.kyoto-u.ac.jp in the single phase and the other phases are negligible.

The starting materials used for the preparation of
s,GaC are 3 N pure manganese, 6 N pure gallium, and 4 N
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FIG. 1. Temperature dependence of magnetization ofB&C at various  F|G. 2. Magnetization curves of M@aC near transition temperatuife.
fields. The data were taken on increasing temperature. The data were converted froM —T curves in various magnetic fields.

From a general thermodynamical equation, the isotherpound is opposite to that of ordinary ferromagnetic systems.
mal entropy changed Si,.g, can be described by the Max- Mn;GaC exhibits negative magnetocaloric effect, i.e., heats

well relation, as up when demagnetized and cools down when magnetized. In
H dM the AS;,,g—T curves, spikes were observed around 155 and
ASmag= f d_T) dH. (1) 160 K. These spikes are probably artifacts due to the proce-

0 H dure to evaluate\ Sy, in which summation with a finite

One can calculate the magnetic entropy change by the ndield interval was employed instead of integration. Neglect-
merical integration using magnetization values measured d89 spikes, the peak value &Sy, reaches 15 J/kg K under
functions of field and temperature. The temperature depern applied field of 1 T, which is in agreement with the en-
dence of magnetization was measured in the field of 0.01 0Py jump in zero field estimated from a heat capacity
and from 0.2 to 5 T with an interval of 0.2 T using a com- Measuremerit.The magnitude ofASy,, is comparable to
mercial superconducting quantum interference device mad-hat of a candidate for magnetic refrigerant materials in this
netometer. temperature range, e.g., (TEGd)Al,.* This large mag-
The adiabatic temperature changel 4, was evaluated Netic entropy change originates from a large value f/d T
in the following way; the zero-field total entrog§,_, can @t Tt, as shown in Eq(1). The maximum value oA S;,gis
be obtained from the specific heat data in zero field. Adding'0t dependent on a magnetic field, whereas the peak width
up Sy—o and AS,,,, the total entropy at a certain field is increases almost linearly with increasing field. Consequently,
obtained as a function of temperature. ThE,4 is given as the temperature dependence &8, under high applied

the isentropic distance of two entropy curves with and with-fields shows a trapezoidal shape. This is due to a sharp tran-
out magnetic field. sition retained at even higher fields.

To estimate the adiabatic temperature change, we calcu-
lated the total entropy curve as a function of the temperature
under several finite fields, as shown in Fig. 4. The entropy

Figure 1 shows the temperature dependence of the magurve in zero field is calculated using numerical data of heat
netization at various magnetic fields. With increasing temcapacity measurement from the IiteratﬁrEigure 5 shows
perature MgGaC undergoes a first-order antiferromagneticthe temperature dependence of the adiabatic temperature
to ferromagnetic transition and magnetization shows amhange. Owing to strong dependenceTefon a magnetic
abrupt increase aI;. The T, is 165 K at a field of 0.01 T.
The transition temperature is lowered with increasing fields
almost linearly at the rate of about 5 K/T. It is noteworthy

Ill. RESULTS AND DISCUSSION

that a sharp first-order transition is retained up to the highest 20l MnyGaC Dareiis
fields studied. Small thermal hysterisis of abduK was —=—0-3T

—o0—0-4T

observed between the heating and cooling process. The mag- 15

netization curves at various temperatures are depicted in Fig.
2. The compound exhibits a metamagnetic transition below
T,. The critical field is increased almost linearly with de-
creasing temperature. The temperature dependence of the
magnetic entropy change calculated from magnetization data
is presented in Fig. 3. One must note that the sign of the ,
magnetic entropy change is positive. This is because the fer- 130 140
romagnetic state is a high-temperature phase in this com-

pound, so that applying magnetic field increases the entropyg. 3. magnetic entropy change caused by a magnetic fieRhag, Of
In this sense, the magnetocaloric effect of the present conMn;GaC as a function of temperature.
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is large enough to fix magnetic moments along the magneti-
zation easy axis in a high field, the component of effective
field on each grain is widely distributed. This makes the
transition of polycrystalline samples broadened in a magnetic
field, resulting in a loss of magnetocaloric effect. As for
Mn;GaC, the magnetocrystalline anisotropy is considered to
be small. Therefore, a sharp first-order transition is realized
even in high fields and larg&sS;,,,;andAT,4are kept over a
wide temperature range. Consequently, the temperature de-
. . . . pendence of magnetocaloric effects becomes a plateau. In
130 140 150 160 170 180 terms of small magnetocrystalline anisotropy 8ansition

T(K) metal based compounds are favorable. Amorfg com-
pounds, materials containing Gd, whose magnetic anisotropy
is always negligible, and some others meet the requirement.

FIG. 4. Total entropy curves in several magnetic fields.

) . ) _ IV. CONCLUSION
field, AT qin low fields below 2 T shows quite a large value

of 2.7 K/T at its peak. Whereas, in high fields above 3 T, the N conclusion, we found a negative and large magneto-

peak value ofAT,q is saturated and only a peak width in- caloric eﬁ_‘ect in MGacC in relatively !ow .fields. The mag-
creases, resulting in a plateau. This trend is similar to th&etocaloric effects of the compound in high magnetic fields
ASpagT curves. exhibit a characteristic temperature dependence of a flat

Now, we discuss the origin of largaS, ., and AT shape. In _the active magnetic rege_nerato_r system, Which i_s a
mentioned earlier. To yield large S, it is necessary that r_nost fea&ble_prototype of magnetlc refrigerator today, it is
the entropy jump at a transition in zero field is large, in otherlikely to combine several materials to cover a large tempera-
words, there should be a considerable difference in the erfUré span. The flat temperature dependence of magnetoca-
tropy between two magnetic states. According to the result!ric effect is preferable for designing of a practical refriger-
of neutron diffraction, the magnetic moment of Mn atom in @nt unitin a V\{Ide temperature range. In addition to the large
this compound is 1,8g in the antiferromagnetic state and Magnetocaloric effect, the; of Mn;GaC can be changed by

1.2u5 in ferromagnetic stat® This indicates that the mag- substituting & elements for Mn or Al for small portion of

netic moment of Mn atom strongly depends on magneticGa.ls'“These characteristics suggest that;@aC can be an

state, suggesting an itinerant electron character. The signifiPPropriate candidate for the magnetic refrigerant for corre-
cant difference in the Mn moment between the antiferromagSPonding temperature range.
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