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The isothermal change of the magnetic entropy of a magnetically ordered material upon application
of external magnetic field can be calculated from the temperature and field dependence of the
magnetization or of the specific heat. The adiabatic temperature change, i.e., the magnetocaloric
effect (MCE) can be measured directly or can be calculated via different methods using the
field-dependent specific heat values, or a combination of data obtained via magnetization and
thermal measurements. In the present study, magnetic and thermal measurements were carried out
on GdisY.5(Tc=232 K) and GdgYsy(Tc=161 K) samples, for applied fields ranging between 0

and 7 T. From both datasets, the magnetic entropy change and MCE values were calculated and
compared, in order to assess the mutual reliability of the methods applied. The magnetically or
thermally deduced specific heat discontinuities show a reasonable agreement within experimental
error. Similar comparison of the calculated magnetic entropy changes reveals that the measured
transition temperature and the shape of the curve do not depend on the method selected. It is
demonstrated that the choice of an integration constant during entropy calculation has a significant
impact on the adiabatic temperature change deduced from the field and temperature dependence of
the entropies. For the MCE, a better approximation can be obtained using the magnetically acquired
magnetic entropy change and the field-dependent specific heat. The results prove that magnetic
measurements carried out in high enough magnetic fields provide reliable information on the
isothermal magnetic entropy change and, when combined with field-dependent specific heat
measurements, on the magnetocaloric effect as well.1987 American Institute of Physics.
[S0021-89707)01313-3

I. INTRODUCTION which can be used to calculate the isothermal entropy change
or the adiabatic temperature change, can be time consuming
and costly on a large number of samples. Therefore, it would

e advantageous if the prescreening and at least part of the

ploited by several cryogenic applications. The MCE of acharacterization could be realized via magnetic methods.
paramagnetic salt or of nuclear spins in metals is used for 1€ Problem with this approach is that broad tempera-

magnetic refrigeration belo 4 K or 5 mK, respectively. ture range data on the mutual reliability of the two methods
Other applications, e.g., the magnetic liquefaction of gases iA'e not available in the literature. The only existing data were
the 4—300 K temperature range require |arge MCE over éaken well below 100 |’é,’4 i.e., on Samples with low transi-
broad range of temperatures. For this purpose, materials wittion temperaturesT(c < 100 K), where evaluation of the re-
strong magnetic orderinge.g., ferromagnelshave to be sults does not require long-range integration over the tem-
used. As the MCE of ordered magnetic materials is signifijperature.

cant only in a relatively narrow temperature range near the In the present study, we investigate samples with transi-
ordering temperature, several materials with different transition temperature3 . above 100 K, and compare the values
tion temperatures are needed to cover broad temperatueg the specific heat discontinuith C,,, magnetic entropy
ranges. Measurements of the field-dependent specific he@hangeAS,,, and adiabatic temperature chang€ obtained

via different methods. On this basis, we point out problems
dElectronic mail: chahine@ugtr.quebec.ca with numerical processing and their effect on the final result.

The magnetocaloric effe€MCE), which is the isother-
mal change of the entropy or the adiabatic change of th
temperature upon the application of magnetic fiéld ex-
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Il. EXPERIMENTAL METHODS lll. THEORETICAL BACKGROUND AND NUMERICAL
METHODS

The_alloys of gadoli_nium and ytt_rium Were_prepa_lred via_ﬁé);r?:;g:]oer;iéerr:g;itruerrieﬂg specific heat anomaly
conventional metallurgical processing, described in detalil

elsewheré. Samples of about 10 mg for superconducting ~ The theory for the second-order phase transifidmse-
quantum interference devidSQUID) magnetometry were dicts the following relation between the high-field magneti-
cut using a precision diamond saw. Calorimeter samplegation M (“approach to saturation)’ and the external
weighted aboul g and were diamond polished on one sur-magnetic-fieldH near the transition temperature:

face. a+BM2Z=H/M. (&)

A. Sample processing

_ _ Consequently, wheid/M is plotted as a function oM?
B. Materials testing (Belov—Goryega pldtd), the relationship is linear in the re-
The homogeneity and correct composition of the9iOn above the technical saturatith,e., where the material

samples were tested using conventional metallography folS ON€ domain and the rotation of spins toward the field di-

lowed by Scanning electron microscopy with an energy_rectlon is the main mechanism of Increasing magnetization

dispersive composition analyzer. No second phases or Si%‘_‘true” magnetizag:;q or paraproce$s Techrj:ilcally, the
nificant inhomogeneities were found. The standardles8€l0V—Goryega plot”is equal to the Arrott plot- The cal-

composition analysis qualitatively confirmed the composi-culations leading to the Arrott plot, however, are based on
tion and revealed only=1.5% deviations as a function of less general assumptions, and allow only for the determina-

beam location. On the basis of the low loss during meltingfion of the Curie point, without deducing the specific heat

the homogeneity of the composition, and the qualitativeanomaly' Equationl) was fitted to the experimental data by

agreement found by the standardless analysis, the nomin8]€ least-squares method. The resultingnd 5 parameters
and actual compositions can be considered equal. were used to calculate the thermodynamic Curie pdigt
and the specific heat anomaly &t . The Curie point is

obtained by a linear fit to thex=a (T—Tc) equation,
whereT equals the thermodynamic Curie point amd is a
_ _ _ material's constant. The specific heat anomaly eqidls,

The magnetic measurements were carried oua i7 T :(a’c)zTclzﬁc, Wherel[)’c is the value ofﬁ at the thermo-
quantum design SQUID magnetometer. The susceptibilityyynamic Curie pointT.. Details were given elsewheve.
curves at 0.0025 ahl T were first measured over the total \ith the usual SQUID precision, i.e., 0.1 K in temperature
temperature range. The comparison of the low- and highand 0.1% in magnetization, the above calculation gives the
field susceptibility curves indicated the nature of the mag-Curie point with an error of about-1%, while the error

netic order present. The low-field susceptibility curve wasestimate for the specific heat discontinuity is abc18%.
used to identify the transition region in which a set of about

20 isothermal magnetization curvés(H) - const WaS mea-

sured. The temperature steps were 2.5 K apart closer to the ) )

transition and 5 K further away. These magnetization curvesB- Magnetic entropy change from magnetic

were used to calculate the specific heat discontinuity and theasurements

magnetic entropy change. From the magnetization data, the magnetic entropy
change for isothermal magnetization can be calculated as
well. Due to the slow increase of the magnetic field in the

D. Thermal measurements superconducting magnet, the condition can be considered as

The specific heat capaci,(T) up to 320 K was mea- |sothermal rather than adiabatic. Thg entropy c_hange associ-
. : 7P . ated with the change of the magnetization is givelf as
sured in an improved version of a vacuum calorimeter as

described in Ref. 6. The quasiadiabatic step heating method H] 9M
(Nerst methogl was used. The contribution of the sapphire ASMZJ T
sample holder, of the Pt100 thermometer, and of a minute

amount of grease, which was used to attach the sample, was
measured in a separate run and subtracted. The thermod§- Magnetic entropy change from thermal

namic conditions of theC,(T) measurements were quasia- measurements

diabatic(externalﬁQfO), and the measurements were per-  The entropy of a material at temperatufeis defined
formed at constant fields of 0 and 7 T. The sAff(AR) of 542

the temperature calibration of the Pt100 thermometer in the

magnetic field 67 T was small and negligible above about TCoo .,

100 K. A larger relative temperature shiffT is visible only So(T)= fo ?dT +30, 3

below about 100 K, becoming more severe with decreasing

temperature, reaching the value 8fT/T~0.4% at liquid- whereC, is the specific heat at constant presspii@ zero
nitrogen temperaturé/7 K). field, and the value of the constant is chosenSgs 0, in

C. Magnetic measurements

@

0 H
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order to give zero entropy far= 0. If the applied field is not HouoTV/[ oM
zero, the field-dependent specific heat has to be introduce}[j (—)
p,H

C aT
into the above integral. 0 “PH
Ho
TC, B ,uoTVfH((?M> "
STzJ'—p;dTHL , 4 = —T| dH
H( ) 0 T SO,H () CP,H 0 oT pH 0
where C, ; is the specific heat measured with a figtd Ho d[ T H{ oM ,
applied, andSy;;=0 as above. We note here that the as- f *oVaH| Co fo i pH”dH dH. (8

sumption of a zero integration constant is valid only if both
measurement and integration took place betwee refer-  If we assume thal/C, ; varies much slower withd than

ence temperature and the temperature in question. If the re¢M/dT)y ,which is a good approximation in the transition
erence temperature is not zero, the integration constant witiange, the second integral can be neglected, and the adiabatic
be different, and will depend on the reference temperaturéemperature change can be written as

T The magnetic entropy change is the difference of the

two entropies above, AT ASy(H). 9

Cp.H
[ASu(T)|=So(T)—Sx(T)= jT Cp'o—,cp'HdT’ +AS,. Both the magnetic entropy change and the specific heat have
0 T to be introduced at the same field and temperature value. For
) AS,,, we can introduce the value calculated from thermal or
We note, again, that S,= 0 only if bothmeasurements were magnetic measurements, as described in Secs. IlIB and
started afT=0. If not, there will be a starting temperature Ill C, respectively. ASC(H)—C,(0) can be estimated from
and field-dependent constant present. magnetic data, todit is actually theT derivative ofASy,),
this calculation can be carried out even if only the zero-field

D. Adiabatic temperature change, “thermal only,” and specific heat is known.

combined methods

IV. EXPERIMENTAL RESULTS
1. “Thermal only” method

This method takes advantage of the definition of the Figure 1 shows the temperature dependence of the spe-

adiabatic (external AQ=0) temperature change, i.e., tem- cific heat for sample GgY 5 [Fig. 1(@)] and GdgY's; [Fig.

perature changing with changes in the applied field, Wh”el(b)], in zero ¢ 7 T applied field. In the case of second-order

the entropy is kept constand &=0). In this way, the adia- phase transitions, the zero-field specific heat displays a sharp

batic temperature change equals the horizontal distance ng_SCOI"ItII"IUIty. The temperature corresponding to the maxi-

tween the entropy curvéaT(S)], which can be determined mum of th.IS7\ shaped anomaly is the transition temperature.
: - _The error inT¢, as determined from the graph, equals about
for a series of constant entropy values and transformed into a : o ; -
. . +1 K. Graphically, the specific heat discontinuiyC, can
temperature-dependent curve. We point out, again, that co P

. Be obtained via linear extrapolation, by calculating the dif-
rect results can be expected only if t8ET) entropy curves . Y .
. oo . : ference between the peak and the “flattened” section above
are correct, not just qualitatively, but including the values of

. . . the transition. This method gives a lower limit f&C, due
the integration constant, andS; 4 as well. Neglecting the . N
) . " : to the expected curvature of the lattice contribution to the
constants will shift the two curves in a different way, result-

ing in incorrectAT readings specific heat. To obtain the upper limit, the temperature de-
' pendence of the lattice and electronic contributions to the
specific heat is calculated according to the Debye thé&eg
2. Combined methods the dashed curves in Fig) and subtracted from the experi-
mental curves. Reasonable values for the Debye temperature
tocaloric effect is given by the following equatiof? ®p and electronic specific heatfor 'Gd and Y were ta.k.en
from Ref. 13 and averaged according to the composition of
dT=— MoTV< ﬂ) ’ (6 hesamples.
CpuldT o.H ’ On this basis, graphical evaluation of the curves allows
' us to determine the following transition temperatures, as well

where o equals the permittivity of the free space aids 55 |ower and upper limits for specific heat discontinuities,
the molar volume. The total magnetocaloric effect is given,hich are summarized in Table I.

by the integral Figures 2a) and 2b) show the temperature dependence
HoumoTV( oM of the 0.0025 ad 1 T susceptibility for both alloys.
AT= Jo m(ﬁ—-r (7 Gy 5 [Fig. 2(@)] behaves as a simple ferromagnet, with no
‘ pH obvious low-temperature transition. @¥s, [Fig. 2(b)], on

If the field and temperature dependence of the specific hedlhe contrary, displays susceptibility curves characteristic for
are known, the numerical calculation can be carried out. Ushoncollinear magnetic order, clearly showing a low-
ing the rule of integration by parts, the integral on the right-temperature transition as well, as predicted by the phase
hand side can be rewritten diagram**

The infinitesimal adiabatic temperature charigegne-
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FIG. 1. Specific heat as a function of temperature, for samplg¥Gel(a) or FIG. 2. Magnetic susceptibility as a function of temperature, for sample

GdygYs, (b), in zero(Od) or 7 T (@) applied field. Solid lines represent the ) e
theoretically calculated latticeelectron contribution. Arrows indicate the GdsY 25 (8) Or GelgYs (b) in 0.0025 T(®) or 1T (L) applied field.

maximum and minimum values of the specific heat discontinuity.

(1). Alloys with simple ferromagnetic order are more af-
fected than noncollinear alloys, which display usually a
lower saturation magnetization. Comparison of the values
. . obtained from magnetic and thermal measurements reveals a
tempe'rature curves of sample@dSz[Hg_ Ab)] are consis- good qualitative agreement. For the ferromagnetic alloys
tent with a noncollinear magnetic structure. Gd;5Y 55 the agreement df ¢ is better in low field, while the

The thermomagnetic parameters obtained from the transAC obtained from the high-field measurement well approxi-
formed curves are summarized in Table Il. The numbers d'smates the upper limit of the range, deduced from thermal
play the strengths and limitations of the method. It is a 9eN: easurements. On the contrary, the noncollineas G4 al-

eral feature of the processing that the resultihg and loy displays good agreement between magnetic and thermal
AC, increase with increasing applied field. The behavior can . s only when magnetic measurements were carried out
be attributed to the approximations used in senesup 07T

expansiort? i.e., to the neglected higher-order terms in Eq.

Figures 3a) and 3b) show the transformed magnetiza-
tion curves(Belov—Goryega plofs). Gd.:Y,s [Fig. 3@)]
displays simple ferromagnetic behavior, while the low-

At the individual measuring temperatures, the field de-
pendence of the isothermal magnetic entropy change of
TABLE I. Transition temperature and specific heat discontinuity, as deterSample GegkY,s, as calculated from the magnetization
mined by thermal methods, as well as parameters used to calculateurves, is consistent with simple ferromagnetic order., a
AC™. monotonic, almost linear increase is spewer the total in-
vestigated field and temperature range. On the contrary,
when plotted the same way, the isothermal magnetic entropy

Specific heat

Transition discontinuity Debye ) i .
temperature  AC, (JkgK)  temperature v change for sample Ggl 5, displays the signs of noncollinear
Alloy Tc (K) min max 0p (K) (mJimol K?) order, as positive values at low temperatures and fields, as
GaoY 232 100 138 170 s well as nonmonotonic field dependeriéégs. 4a) _a_nd 4b),
Gy sy 161 55 83 210 8 for temperatures below and above the transition, respec-
tively].
312 J. Appl. Phys., Vol. 82, No. 1, 1 July 1997 Foldeaki et al.
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FIG. 3. Belov—-Goryega plots for sample {3d,5 (8) or GdisYs, (b), a5 FIG. 4. Isothermal magnetic entropy change vs maximal applied field for
calculated from the magnetization curves. The arrow indicates the directiogample GgyYs,, as calculated from the magnetization curves; belb25—

of increasing temperature. For convenience, selected temperatures aigs5 K, (a)} or above{170-210 K, (b)} the transition. For convenience,
shown next to the corresponding curve. selected temperatures are shown next to the corresponding curves.

Figures %a) and 8b) show the temperature dependencewhile the curves obtained from thermal measurements dis-
of the calculated magnetic entropy change from both methplay a negative “tail” at higher temperatures. There is no
ods, for an applied field of 7 T. The temperatures correqualitative difference in the behavior of the samples, thus,
sponding to the maximal change in magnetic entr(®86 K the magnetic structuréGd,sY,s is a simple ferromagnet,
for GdzsY o5 and 166 K for GdgYsy) are in good agreement while Gd,gYs, is noncollinear does not seem to have an
with the thermal results, and do not show a significant fieldmpact on the observed discrepancy.
dependence. The curves calculated from magnetic or thermal The total magnetic entropy change for full ordering of
measurements display maxima at identical temperatureie alloys can be estimated as followsS,,g total
(within experimental errgrand are also very similar in  =xg4R In(25+1), wherexgy is the concentration of GAR
shape. The most significant difference is a constant shifthe universal gas constant aBe- 7/2, the Gd spin. Assum-
along the vertical axis; the curves calculated from magnetiéng Y does not contribute and does not influence the Gd

measurements are positive over the total temperature rangerdering, the values are 95.5 J/kg K for £4,5; and 68.2
J/kg K for GdygY 5. The observed magnetic entropy changes

(11 and 7 J/kg K, respectivelyare much smaller than the
TABLE II. Transition temperature§ ¢ and specific heat discontinuities yalues above, showing that the alloys were far from full or-

AC,, as determined from magnetic measurements. dering.
Transition temperature Specific heat discontinuity Integration of the specific heat curves give a total en-
Tc (K) AC, (J/kg K) tropy (Siota= Stattice ™ Selectrorit Smagnetit) of about 300 J/kg K
Alloy 1T 7T 1T 7T for the GgsY »5 and 200 J/kg K for GghY 5, at the tempera-
GaY e 2353 25153 3743 1237 ture of the mggnetlc transition. The observed magnetic en-
GdyY 5 147+2 157+2 nia 49-3 tropy change is very small as compared to these total entro-

pies, only about 3% of the values given above. Conse-
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- AS, (J/kgK)

H=H .. This calculation(based on the definition of the
magnetic entropy changes valid only for the saturation
regime of the magnetization curve, where changes in mag-
netization result from moment orientation, and not from
domain-wall displacement as is the case for low fields. Con-
sequently, far below the transition, the calculated entropy
contains a contribution corresponding to hysteresis losses.
The domain-wall contribution and the hysteresis rapidly de-
crease upon approaching the transition from the lower tem-
perature side, and disappears above the transifien T
>Tc). Its importance increases with decreasing temperature,
consequently, magnetic measurements deliver reliable mag-
netic entropy change data only in the vicinity of the transi-

100 200 300 ) : )
tion. We made efforts to correct for hysteresis loss contribu-
T(K) tion, by considering only theM, H) values consistent with
8 —— I the linear section of the Belov—Goryega plot in the entropy
' integral[Eq. (1)]. This method has three flaws:
(i) The Belov—Goryega pldtis in itself an approxima-
_ : (b) tion, well demonstrated by the field dependence of the
’5-, 4 - delivered parameterdRef. 15, as well as Table)ll
= (i) It is impossible to give an objective criteria for the
:’—2 cutoff point; it is a subjective decision.
g - (i)  Above the transition, all points of the magnetization
roor ) curve have to be considered, thus, the result of a cor-
rection is often a distorted curve for the magnetic en-
tropy change.
-4 L R . On this basis, we decided that instead of arbitrary cor-
100 200 300 rections, we would integrate from zero field, and compro-
T(K) mise with the possible presence of a small error below the

transition.
FIG. 5. Magnetic entropy change as a function of temperature for 7 T~ The calculation based on thermal measurements has
applied field, from thermal®) or mag.netic measurements); for sample similar problems. The integral8), (4), and(5), calculating
GusY 25 (@) or GdigY's, (b). The solid line corresponds to-a3 Jkg K shift  the total entropies with or without applied magnetic field, as
of the thermal data. L . '

well as their difference, should all be carried out fram0

K, in which case the integration constant can be considered

quently, the experienced difference between the results of thgero- In our case, the measurements have s_tarted at a refer-
magnetic and thermal measurements is well within the erronce temperature of 37 and 80 K, respectively. Thus, the
margins of both methods. In case of a random error, no furlntegrals all carry a constant representing the contribution of
ther considerations would be necessary. However, the diffeloWer temperatures. The constant is not essentially the same
ence is systematic, thus, it deserves further investigation. Al Eas.(3) and(4), thus, there is a nonzero constant in Eq.

it does not seem to depend on temperature or on sample, @) as well. For sample GgYs, Fig. 6a) illustrates the
probably results from a difference in integration constant€Xtreme sensitivity of the calculated entropy curves to the

used in both methods. In an empirical approach, we shiftedeference temperature. Figuréobdisplays the effect of the
the thermal curve by 3 J/kg K for both samp[asiown as a  reference temperature on the magnetic entropy change, as

solid line in Figs. %a) and Hb)], which resulted in a reason- calculated from the entropy curves of Figab It clearly

ably good overlap with the results obtained from magneticShows that the shape of the curves is not distorted by chang-
measurements. As the magnetization measurements welftd the reference temperature, neither is the temperature of
performed in an isothermal wagadiabatic measurements the transition influenced. The only impact, a parallel shift
would be hard to realizeand the thermal measurement under@long the vertical axis. Well below the transition temperature
adiabatic conditions, the measurements have different extef] <0-4Tc) and for materials with no low-temperature tran-
nal constants, even if they both arrive at the isothermal enSitionS, the shift could be calculated apprOXimately from the

tropy change as the final result, and these different constangin-wave theory. Unfortunately, Gd-Y alloys do not retain
might have contributed to the observed shift. the simple ferromagnetic behavior of gadolinium, thus, as
the susceptibility curves demonstrate, there are low-
temperature transitions present. This way, an empirical cor-
rection is the only choice, e.g., by determining the constant
In order to calculate the magnetic entropy change fronmusing the criteria that the magnetic entropy change should
magnetic measurements, we integraké/JT from H=0 to  not change sign. As the structure of Gd and Y is very similar,

A. Assessment of derived data reliability

314 J. Appl. Phys., Vol. 82, No. 1, 1 July 1997 Foldeaki et al.
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FIG. 7. Temperature dependence of the adiabatic temperature change for
sample GgsYs, as obtained from the uncorrect¢M) or corrected(®)
magnetic entropy change value ane th T specific heat, as well as the
experimentally determined adiabatic temperature ch&bgeSolid lines are
guides to the eye.

AS (J/kgK)

-8 : — : , : In Fig. 7, we show the directly measurdd of sample
0 50 100 150 200 250 300 350 GdygYs, in comparison to the values calculated from the
magnetic entropy change, as obtained from magnetic or un-
T(K) corrected thermal measurements, respectively. Figure 7 dem-
onstrates that the experimentally determined data of the adia-

FIG. 6. _Er_1tropy curves integra_lted from di_fferent reference tempergaire batic temperature chang&eT show a better agreement with

and their impact on the resulting magnetic entropy chaydor sample . .

GheY se the AT values calculated from the magnetically obtained
magnetic entropy change, which justifies the correction of
the thermally obtained magnetic entropy change values.

it is not surprising that the same constant applies to both  Similar discrepancies arise if we calculaid directly

alloys: the low-temperature behavior is expected to be simifrom the entropy curves. The effect of the neglected integra-

lar. tion constant appears again and has a non-negligible impact

The magnetic entropy change corrected this way agreesn the results. In the case of the isothermal magnetic entropy
well with the values obtained from magnetization measurechange, the shift, as shown above, represent a constant con-
ments, especially above the transition. For sample screeningibution over the total temperature range. For the case of the
both measurements carry the same information; while thadiabatic temperature change, however, the correction is not
thermal measurements are clearly superior in that sense thah additive constant, but depends on the temperature. An
they deliver the specific heat values necessary for furtheapproximation can be obtained from EE) as

calculations and refrigerator design, should the material be

selected. We would like to stress here, that values of the gaT1=——

specific heat, or magnetization, as raw data, are not influ- Cpn(T)

enced by the above ambiguities. They are introduced in thgy it can be derived geometrically from Fig. 8,

course of the numerical processing.

6ASy(H), (109

aT aT
SAT=—| 6Sy+ —=
B. Reliability of AT (adiabatic temperature aS 0 SH aS

change =magnetocaloric effect) calculations (10b

AT can be calculated from the approximate E®). or  where §S, and 6S, correspond to the shift of th&, and
directly from the entropy curves. If the correctddsy, is Sy curve, respectively, and T, and AT, correspond to
introduced into Eq(9), the AT value carries only as much the correct or erroneous value of the adiabatic temperature
error as the approximation in the equation, which was conehange, respectively.
sidered negligible. This calculation givesAal (T¢) of 9.5 The equation clearly shows that the correction depends
and 4.3 K for samples GgY ,5 and GdgY 55, respectively. It on the differentials of both curves, and as they are neither
can be seen that although the magnetic entropy change bhear nor parallel, it will not be constant. Its value is, how-
GdysY 25 is not yet significantly reduced as compared to pureever, always positive, thug\T,,;<AT,, in the total tem-

Gd, the adiabatic temperature change is smaller, obviouslperature range. Consequently, neglecting the integration con-
due to the increased specific heat of the alloy in comparisostants will result in an underestimated adiabatic temperature
to pure Gd'® change. For sample GgY .5, the estimated error equals 3.7

8Sy, ATeon=AT.p+ SAT,
H
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resent any experimental or numerical difficulty. Simulta-
$8,=C,;88,=C, neously, magnetic measurements have the advantage of
- M}/ being fast and less costly than specific heat measure-

' s/s/ ;/ ments in magnetic fields, thus, prescreening of a large

; AT - number of candidate materials does not present a prob-
: lem.
as, fa's, (6) Assumptions and approximations used in numerical
0 v methods have the most significant impact on the calcu-
' lation of the adiabatic temperature change; the presence
y of such an influence should be checked carefbbijyore
0 4 A8y =45y, - 85,435, =ASy- C coming up with final conclusions regarding the materi-

H AT =AT4+BAT  =AT-57 al's performance.
T —

)

88
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