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ABSTRACT

On increasing temperature, the Fe;.\Rhy alloys present a transition from an antiferromagnetic to a
ferromagnetic state, which induces a negative magnetocaloric effect (MCE). The magnetocaloric
effect, in particular of the Fep49Rhy s alloy, was studied by direct measurements and according
to specific heat measurements. Here, we report the recent results obtained on the annealed
Feo.4sRhy s, compound we prepared by arc melting. The isothermal entropy change AS allowing
an estimation of the MCE was determined from magnetic measurements. The AS
experimentally found is larger than that reported for the annealed Fej49Rhy 5, sample. However a
significant difference occurs between transition temperature of the annealed sample FepsRhg 5o
and that reported in literature. This result shows that magnetic and magnetocaloric properties in
this kind of materials are very sensitive to the technique of samples preparation. Besides, the
magnetocaloric effect close the ferromagnetic — paramagnetic transition in Feg4sRhgs; is also
discussed.

INTRODUCTION

The magnetocaloric effect (MCE) is defined as the adiabatic temperature change provoked by
the isothermal entropy change upon the application and removal of an external magnetic field. In
recent years, much attention has been paid on the studies concerning the magnetic cooling
technology. Based on MCE, magnetic refrigeration has economical and ecological advantages
over the conventional gas refrigeration such as high efficiency and no use of environmentally
harmful gases. This technology appears to be a serious alternative to classical refrigeration. One
of the important areas which needs to be advanced before magnetic refrigeration becomes a
viable technology is the development of improved solid magnetic refrigerant materials with large
MCE. So, experimental characterization of new magnetic materials with respect to their MCE
performance still remains an important task for basic and applied physics. A big upsurge in
research has occurred in the recent years and many studies have been performed on
ferromagnetic materials close to their transition temperature. The discovery of the giant
magnetocaloric effect in GdsGe,Si, [1] which presents a first order transition from ferromagnetic
to paramagnetic states had a great impact in this field. However, interesting magnetocaloric
effect has also been reported on transition metals based compounds such as MnFeP, Asy [2] and
MnAs; xSby [3]. A common feature of these new classes of magnetocaloric materials is that they
undergo a concomitant first order structural and magnetic transition, when cycling around
transition temperature. Besides, the equiatomic alloys Fe-Rh undergoes a field-induced
antiferromagnetic-ferromagnetic first-order magnetic phase transition, which is accompanied by
a large negative magnetocaloric effect [4, 5]. The application of a magnetic field of about 2 T to
a quenched sample Fep49Rhgs; at 313 K causes a large temperature change of 12.9 K under
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adiabatic conditions. So the Feps9Rhgps; compounds are interesting working materials for
magnetic cooling technology. Many studies on antiferro-ferromagnetic transition have been
performed, but there were not enough experimental results on the magnetocaloric properties of
theses compounds. So, in this paper we investigate the magnetic and the magnetocaloric effect of
sample with Fey4sRhg 5o composition.

1 EXPERIMENTAL

The alloys were prepared by arc melting stoichiometric amounts of the constituent elements
(purity ~ 4N) under argon atmosphere and subsequently annealing the ingots to insure
homogeneity. Two heat treatments were carried out. First, the fused alloys were annealed in a
vacuum at 1100 °C for 48 hours and at 800 °C for 24 h, and then cooled up to room temperature.
In the second heat treatment, the compound was annealed at 1100°C for 6 days and at 800 °C for
24 h and also cooled down to room temperature. X-ray diffraction analysis reveals that the
samples Fep4sRhg s, are single phase with bee type structure. Magnetization measurements were
performed in Louis Néel Laboratory, Grenoble. The magnetocaloric effect represented by
isothermal entropy change was calculated using the Maxwell relation from magnetic
measurements.

2 RESULTS

The temperature dependence of the magnetization of the FepssRhgs, alloy measured in a
magnetic field of 0.1 T at heating is presented in Fig. 1. On heating the sample, a transition from
antiferromagnetic to ferromagnetic (AF-F) state takes place at 370 K. Such behaviour was
observed in Fep49Rhos; compounds, the AF-F transition occurring at 342 K for the annealed
sample and at 313 K for the quenched sample [4, 5]. The transition temperature of the
Fep4sRhg s compound is different from that reported in reference [6] which is equal to 333 K.
This result shows that the magnetic behaviour of equiatomic Fe-Rh alloys are very sensitive to
the preparation technique, heat treatment process and to the Rh concentration. As an example,
the critical transition temperature may vary from 143 K up to 408 K when changing the Rh
content within 47 — 63 % and from 155 K to 585 K by 3d-, 4d- and 5d-metal impurities [7].
Moreover, as was pointed out by Wayne [8], Polovov et al.[9], Annaorazov [4,5] et al and
observed in this present work, the properties of Fe-Rh alloys are extremely sensitive to the
slightest details of the thermal treatment. This problem requires further investigation. However,
in Fep4sRhg s, alloy another transition from ferromagnetic to paramagnetic state occurs at 675 K
as shown in Fig. 1.
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Figure 1: Temperature dependence of magnetization of Fey4sRhg s, upon heating under
the field of 0.1 T

The magnetocaloric effect has been measured directly in Fep49Rhys; by Annaorazov et al [4, 5].
Under 5 T the maximum adiabatic temperature change occurred near AF-F is -3.8 K for an
annealed sample and about -13 K for a quenched sample. Besides, as has been theoretically
shown [6], the application of a pulsed field under adiabatic conditions to an Feg4sRhg s, alloy
causes a temperature change of -20 K at T = 333 K and of -2 K at T = 77 K in a magnetic field B
= 30 T. Here, we used magnetic measurements to determine of the isothermal change of total
entropy based on the Maxwell relation:

AS(T,0— H) = j @—Aﬂ dH' (1)

H
the accuracy of AS calculated using this technique is about 3 — 10 % [10].

Fig. 2 shows the M-H curves for selected temperatures. The traces are determined during heating
in the temperature region in which the magnetic transition AF-F occurs. The magnetization
increases with the temperature increasing at the corresponding magnetic field range. Especially
at the transition temperature, magnetization increases more rapidly. The magnetocaloric effect
represented by the entropy change can by obtained from data of Fig. 2 by numerical integration
of the relation (1) which becomes:

Mi+ _Mi
i i+1 [

1

where M ,,, and M, are the magnetization values measured in a field /, at temperatures 7,,, and
T., respectively. The above relation shows that AS is equivalent to the area between two

1

magnetic isotherms divided by the temperature difference between the isotherms.
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Figure 2: Magnetization isotherms of the Fej 4gRhy s> alloy between 340 and 410 K

The entropy change AS as a function of temperature for Fe4sRhg s, under different magnetic
fields is plotted in Fig. 3. The entropy changes are large and reach their maximum near the AF-F
transition temperature. For a field change of 2 and 5 T, the entropy change is about 12 and 18
J/kg K respectively close to 370 K. These values are similar to those obtained in GdsGe,Siy [1]
and MnFePj45As055 [2] compounds where the absolute value of AS under 5 T is 18.5 and 18
J/kg K respectively close to their Curie temperatures. The large magnetocaloric effect observed
in Feg 4gRhy 5, is essentially due to first order transition from AF to F states and is associated with
a large and sudden change of magnetization. Besides, AS obtained with the annealed sample
Fep4sRhy s, is about twice higher than that found in the annealed Feg49Rhgs; where AS = 6.5
J/kg K at 342 K and under 2 T.
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Figure 3: Isothermal entropy change of Fep4sRhy s, as a function of temperature under different
applied fields close to the AF-F magnetic transition
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The FepssRhps, compound exhibits a second order transition from ferromagnetic to
paramagnetic phase at 675 K, but as shown in Fig. 4 we measured a smaller change of entropy
(4.9 J/kg K for 0 — 5 T). To have an idea about the adiabatic temperature change in the annealed
Fep4sRhy s alloy, the determination of the MCE was based on the specific heat taken from
reference [4] and for magnetic field variations of 2 and 5 T. AT,, is about -9.6 and -14.5 K,
respectively.
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Figure 4: Isothermal entropy change of Fey43Rhy s, close to the F-P magnetic transition

CONLUSION

We have studied the magnetic properties and the MCE of annealed Fe( 4gRhy s, alloy prepared by
arc melting. The transition from the antiferromagnetic to ferromagnetic states occurring at T =
370 K is accompanied by a large and sudden change of magnetization, which leads to a large
negative magnetocaloric effect (positive AS ). At this transition, the maximum of the isothermal
entropy change is about 18 J/kg K for 5 T. Moreover, a transition from ferromagnetic to
paramagnetic phase takes place at high temperature (T¢c = 675 K), but at this transition we
measured a smaller change of entropy (negative AS'). Besides, the magnetic properties of Fe-Rh
alloys are markedly sensitive to the composition, technique of preparation and heat treatment
process. This question requires further investigation and will be treated in a forthcoming
communication.

REFERENCES

Pecharsky V. K., and Gschneidner Jr. K. A., Phys. Rev. Lett., 78 (1997) 4494.

Tegus O., Briick E., Buschow K. H. J., de Boer F.R., Nature, 415 (2002) 150.

Wada H., Tanabe Y., Appl. Phys. Lett., 79 (2001) 3302.

Annaorazov M. P., Asatryan K. A., Myalikgulyev G., Nikitin S.A., Tishin A. M., and

Tyurin A. L., Cryogenics, 32(1992) 867.

5. Nikitin S.A., Myalikgulyev G., Tishin A. M., Annaorazov M. P., Asatryan K. A., Tyurin
A. L., Phys. Lett. A., 148 (1990) 363.

6. Ponomarev B.K., J. Eksp. Teor. Phys, 63 (1972) 199.

b s

IIF-IIR Commissions B2, A1 with E2 Materials 227



Second IIF-IIR International Conference on Magnetic Refrigeration at Room Temperature
Portoroz, Slovenia, 11-13 April 2007

7. Annaorazov M. P., Unal M., Nikitin S. A., Tyurin A. L., Asatryan K. A., Dovletov A.
Kh., J. Alloys Compd, 348 (2003) 18.

8. Wayne R. C., Phys. Rev, 170 (1968) 523.

9. Polovov V. M., Ponomarev B. K., Antonov V. E., Fiz. Met. Metalloved, 39 (1975) 977.

10. Pecharsky V. K., Gschneidner. Jr. K. A, J. Magn. Magn. Mater, 200 (1999) 44.

IIF-IIR Commissions B2, A1 with E2 Materials 228




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


