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ABSTRACT. An accurate calculation of the different magnefmte-related magnitudes derived from
the temperature dependence of the magnetic entobyge in materials exhibiting first-order
magnetocaloric effect is imperative to correctlyireate the true potential of a specific material fo
refrigeration purposes. In this contribution, wegant a meticulous study of two different thermal
procedures to measure the set of isothermal maatietn curves from which the total field induced
magnetic entropy chang@$Sy, is calculated using the adequate Maxwell relatibrthe accurate
determination oAS; for any temperature is pursued the thermal andnetaghistory of the materials
must be taken into account, and then, the unidomeagt measurement of reversible isothermal
magnetization curves after a thermal cycle is nexgliThe analysis was conducted on MnCogzeB
alloy ribbons that show a gian; at the coupled magneto-structural transition, floferromagnetic
(TiNiSi-type) phase to a paramagnetic (Nitgpe) one, owing to the concomitant abrupt
magnetization change. We suggest that the condsiseached can be applicable to any other system
displaying magnetocaloric effect originated atratforder phase transition.
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1. Introduction

Since the giant magnetocaloric effect (GMCE) wasored in the G¢(Si,Ge,) alloy in 1997
[1], some discrepancies between authors aboutditieat determination of the temperature dependence
of the total magnetic entropy chang8r(T) from isothermal magnetization measurements fderas
exhibiting GMCE have emerged. The main controvéersont refers to the validity of the Maxwell
relation (equation 1) [2-6], in the sense that #ppropriate selection of the thermal procedure to
measure a set of isothermal magnetization cum@gH) is of paramount importance for a correct
estimation of the\Sr(T) curve [7-10]:

The determination of the magnetic entropy changenfisothermal magnetization curves,
M(uoH), through the Maxwell relation for materials ungi®ng a second order phase transition (SOPT)
is well established. In these systems, apart fronsidering the effect of the demagnetizing field.(i
MoHint = HoHext - NgM), that entails the sample preparation with thereyppate geometry to perform
the proper correction on théd(u,H) curves, a particular care must be paid in ordeassure that for
each temperature the measurement ofMifg,H) curve must start with the sample in the thermally
demagnetized state. The magnetization isothermalesucan be successively measured either on
heating or cooling. However, for a material exhiigt a first order phase transition (FOPT) the
magneto-thermal history followed prior to measuwecgssive isothermadfi(u,H) curves around the
coupled field-induced magneto-structural transiiethe origin of discrepancies on the estimatddeva
of ASH(T) [11]. The GMCE shown in FOPT materials is exptgirunder the consideration that the
value of ASr is the sum of the conventional second order magmettropy changeASy, and the
entropy difference between the two different criystgaphic polymorphsAS;, [12-14]. In this sense,
most of the discussion focuses on the overestimaif)AS; when is calculated from the isothermal
magnetization curves that sometimes gives risesuike-like shape of th&Sy(T) curves. The origin of
the spike has been considered as an artefact dhe summation of the Maxwell relation with a fanit
field interval [2]. Liuet al [3] suggested that the spurious spike comes fr@mnadequate use of the
Maxwell relation within the temperature region dfet magneto-structural transition, where the
paramagnetic (PM) and ferromagnetic (FM) phasesgisbeMoreover, it has been stated that the height
of the spurious spike is inversely proportionalthe temperature stefT between two subsequent
isothermalM(poH) curves and proportional to the variation of thelan fraction betweeit andT + AT

[5]. A thermal procedure (referred as LOOP procedtinat we describe below) was suggested by
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Caronet al [9] as a practical method to almost avoid therispis spike-like shape of th&Sy(T)
curves. However, thaSy(T) curve becomes broader and, as a result, thebatea theAS(T) curve is
essentially the same independently of the thermadquiure [15]. More recently, the results obtained
from different procedures in a {§Mn,sGa, single crystal by Niemanat al reveal that the LOOP
procedure approach fails due to the magneticallijiged reorientation of the crystal structure in the
martensitic phase [10]. In addition to the spikie@f the contribution due to the irreversibilitf the
process should be taken into consideration forcanrate estimation &S.

Diverse families of materials exhibiting FOPT hdween investigated as potential candidates
for room temperature magnetic refrigeration appibices. Among them, GfSiGe.)s [1, 16],
La(Si,Fe,X)3 (X= Co, Mn) [17, 18], MnFe(P,X) with X = As, Gej B, 19], non-stoichiometric Ni-
Mn-X-based Heusler-type (X= Ga, Sn, In, Sb) [20-86 Mn(Co,Ni)Ge-based alloys [27-37]. It is
worth noting that MnCoGe-based alloys have ondeflargest contributions afS;; to ASy, giving rise
to one of the highest reported GMCE in terms of thaximum value ofAS; [14]. The coupled
magneto-structural transition in these alloys osdoetween the PM hexagonal (hex) parent phase
(Ni2In-type crystal structure; space group/R6ng and the FM low temperature orthorhombic (orth)
phase (TiNiSi-type crystal structure; space grémmg [38, 39]. This transition is attained when the
starting and finishing temperatures for the diggad reverse martensitic transformathg Ms, A;, and
As, respectively, are within the temperature windowlirdited by the Curie temperature of the
hexagonal Tc"™) and orthorhombicTc®™) phases [32, 38]. These phases are often callstrite
(AST) and martensite (MST), respectively.

The effect of B on the crystal structure, magnéittrabehaviour and martensitic transformation
in the MnCoGeR (0.01< x < 0.05) system was first reported by Trung et asuaning that boron
atoms occupy interstitial sites [32, 40Jhey found that the addition of B provokes a drashift
of the FOPT temperature from about 650 K for tlmeckiometric MnCoGe alloyto be tuned
around room temperature (between Thevalues of the two allotropic MNnCoGe phasgsl),
42], whereas the magnetic moment per formula unit nesnenaffected (3.86-3.8%is/f.u.) for
0.01< x < 0.03. Moreover, the maximum value of the magnetitopy change reaches values of 38-
47 Jkg'*K™ for x = 0.02, 0.03. The structural transition ic@mpanied by a large relative volume
change, estimated a&52.3 % for x = 0.02 [40], and around 4.0 % for otMCoGe-based alloys [39,
41]; as stated by Pecharsky et al. [14], MnCogGabBoys with x = 0.02, 0.03 show the largest
contribution fromAS;; to ASr. An important feature of these alloys, closelatedl to our investigation,

is that the magnetic field induces the AST-to-MSTage transition [43], being the lattice defects
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originated by the interstitial inclusion of borotoms the key ingredient that facilitates the nuttea
and growth of the martensitic low-temperature phagke MnCoGeRBsystem [38].

In this work we discuss about the differences m tiagnetic entropy change vs. temperature
curve as well as in the refrigerant capaéity of MnCoGeB o; alloy ribbons obtained from the widely
used LOOP procedure [9], and from the herein desdrBnF (“Back and Forward”) heating-cooling

procedure. The observed discrepancies depend dhdhmomagnetic history of the sample.

2. Experimental procedures

A 3 g bulk alloy sample with nominal composition BoGeB o1 (MN2g 448031 565638 9B0.06 AN
(Mn33.2LC 033205633 280,34 IN Molar % and at. %, respectively) was preparngdrigon arc melting from
highly pure starting elements (Mn 99.9998 %, G&999 %, Co 99.98 % and B 99.6 %). The sample
was melted 3 times to ensure a good starting cleinamogeneity. As-spun ribbons were obtained by
melt spinning under a controlled ultra-highly pargon environment. The linear speed of the rotating
copper wheel was kept constant at 20'nT® ensure an homogeneous crystalline structoesgiibbons
were encapsulated in quartz tubes under an ulgfayhipure argon atmosphere and annealed for 4
hours at 1148 K and then were water quenched. Véage dimensions of the obtained ribbon flakes
were around 30-35 pm thick, 8-15 mm length and1152mm width.

The phase transitions occurring in the sample wewvestigated by differential scanning
calorimetry (DSC) using a TA Instruments model Q2§8tem. X-ray diffraction (XRD) patterns of
finely powdered samples were collected at room tratpre with a Rigaku smartlab high-resolution
diffractometer using Cu-K radiation @ = 1.5418 A; 20 < 260 < 6(; step increment 0.6}
Magnetization measurements were performed usingantQm Design Evercool-l PPMS 9T platform
with the vibrating sample magnetometer module. N&(T) curves were obtained from a set of
M(uoH) isotherms by applying the Maxwell relation (egoatl). Refrigerant capacityRC) was
estimated making use of the following three differeriteria: RG-1= AS***x3Tewrm, RC — 2 =

fT"‘”[AST(T)]#OH dT, andRGC-3 according to the Wood and Potter method [44)cdee ofRC-1 and

Tcola

RGC2, 8Trwnm IS the temperature interval corresponding to thewidth at half-maximum of the
ASH(T) curve that is delimited by the temperatuiies; and Teow. 6Trwrm = Thot - Tco 1S USuUally
assumed as the useful working temperature rangheoimagnetic refrigerant. We shall focus our

attention on the estimation of the magnetic entrdpnge associated to the heatingphase transition



(i.e., from the ortho-FM to the hex-PM phase). Twe different thermal procedures (TP) we have

considered are the following:

TP-1 (LOOP procedure): firstly, the sample is cdad®wn to the selected starting temperattige(i)

the isothermaM(,H) curve is measured &t= T, under an increasing applied magnetic field froto 0
HoH™ (ii) the magnetic field is removed; (iii) the spi@ is heated up to a temperature at which the
sample is in PM state; (iv) the sample is cooledmdo the next selected temperatufe= T; + AT.
Then, the procedure is repeated, following stepgo(i(iv), up to the final selected temperature to

acquire the full set of isothermisl(u,H) curves within the target temperature range.

TP-2 (BnF procedure): After selecting the startiegpperatureT;, we follow steps (i), (ii) and (iii) of

the TP-1 procedure. However, the main differencBnir procedure is the subsequent cooling of the
sample that now goes down to a temperature wedvb#he structural phase transformatdpn where

the sample is in FM state. Afterwards, the sampleeiated to the next measuring temperafpreT; +

AT and the procedure is repeated up to the final saletemperature. The key point here is the
following: TP-2 procedure ensures that the samplays reaches each selected measuring temperature
through the same thermal and magnetic history;thecefore, the phase percentages across the phase

transition region is that given by the DSC curve.

3. Results and discussion

Figures 1(a) and 2(a) show the heating/cooling D%@/es for MNnCoGeRy; ribbon samples,
whereas the magnetization vs. temperature curvesuned under a low magnetic field (5 mT) on
heating after zero-field-coolin§ylzrc(T), and during field-coolingMgc(T), are depicted in Figures 1(b)
and 2(b). From calorimetric curves the temperatassociated with the direct and reverse martensitic
transformations can be obtaing = 318 K A = 343 K,Ms = 313 K andV; = 282 K. The coupling
between the structural and magnetic transitionsydsn the FM-orth phase and the PM-hex phase, is

clearly evidenced in DSC amd(T) curves, being consistent with those already tepdB2, 45-47].

In Figure 3 we plot two different room temperatXreay powder diffraction patterns of the sample.
The pattern in figure 3(a) corresponds to a ribttat was previously heated up to 1148 K, and that i
figure 3(b) to a ribbon cooled down to 77 K and saduently taken to RT. Both patterns show the
coexistence of the hexagonal (H).Nitype and the orthorhombic (O) TiNiSi-type phaséth the
expected volume fraction at RT from DSC addT) measurements. There is not any evidence of

secondary or spurious phases.



We have selected the MSP AST transition, i.e. the magneto-structural traosi from the FM-
orth phase to the PM-hex phase, in order to olta#AS;(T) curves in the MnCoGeR; ribbon
sample. By choosing this transition direction, teported magnetic field induced effect of the PM-he
to the FM-ortho phase transition [38, 42] can beided, and therefore, only the magneto-structural
transition contributes to th&S(T). In Fig. 1(c) and Fig. 2(c) we show the obtainH(T) curves from
TP-1 and TP-2 procedures, respectively. The mdfardnces between both curves are related with the
maximum value of the total entropy changde"*®* and the temperature for this maximum. These
discrepancies depend on the different thermo-magmebcedure used for measuring the set of
isothermal magnetization curves. We will discuss tioe results from both procedures in more detail:

TP-1 (Figure 1): Let's assume that the temperatoreesponding to point 1 (red solid circle
number 1) is chosen to measure the first isothelifpbH) curve. After the measurement, the sample
is heated up to a temperature well abMeg(to ensure a complete AST-PM state). Then, itoisled
down to the next measuring temperature, namelytgined solid circle number)2 Unlike point 1,
point 2 belongs to the cooling path of the calorimetrid 8(T) curves that appear in figure 1(a) and
figure 1(b), respectively. If thdi(p,H) curve is measured increasing the magnetic fiedehfO to
HH™ the sample undergoes a field-induced phase ti@mgFIPT) from the PM-hex phase to the
FM-orth phase [38, 42]. However, in the backwandction (i.e., from orth to hex phase) no FIPT
exists; accordingly, when the applied magnetiafislremoved the transformed phase fraction remains
(solid rhombus labelled as & figure 1(a) and 1(b)). As a result, after eapplied/removed magnetic
field cycle there is an extra contribution to tlséat magnetic entropy change due to the field-ieduc
AST - MST. It is worth noting that the amount of trarrsfied phase due to the FIPT effect cannot be
larger than the volume fraction in the PM-hex phasdhe temperature at which the isothermal curve
is measuredlhus, it is reasonable to fimeS*** at point 2 since the maximum contribution duehi® t
FIPT occurs at this temperature. On cooling below temperature (i.e., that of point 2), the fraictof
FM-orth phase in the initial state increases, legqdo a lower contribution of the FIPT from PM-hex
the FM-orth phase (with the lower limit at point Epr temperatures above that corresponding to the
AS"®¥ (point 2) the PM-hex phase increases, givingtise lower contribution of the FIPT from PM-
hex to the FM-orth phase (with the upper limit airp 3).

TP-2 (Figure 2): We follow the same steps of TPdcedure until the heating up To> Ms (to
ensure again a complete AST-PM state), but thensémple is cooled down < As in order to
guarantee that the sample is in MST-FM state bdfeating it up to the next measuring temperature

(point 2). The process is repeated after everyhéatal magnetization curve is completed. By means
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of this thermal procedure the sample reaches emegsurement temperature following the same
thermal and magnetic history. Notice that the terajpee interval for thA Sy curve corresponds to that
of the MST to AST magneto-structural transitioristis denoted by the vertical white stripe depiated
figure 2. The temperature corresponding with thsitimm of AS;"*® (point 2) is in excellent agreement
with the DSC [minimum of the heating curve withmetMST-to-AST transition, see figure 2(a)] and
the M(T) curve [inflection point in figure 2(a)].

From now on we will refer to theSi***temperature for both thermal procedured asAt this
temperature the contribution of the field-inducedgmeto-structural transition to the total entropy
change is maximum, but its origin is different 1d?-1 and TP-2.

The measuredM(uoH) curves for TP-1 and TP-2 are depicted in figusga) and (c),
respectively. The monotonous increment of magrbizaon increasing the applied magnetic field
with a non-saturating trend [see figure 4(a)] resfiom the FIPT effect when TP-1 is used. This is
further confirmed by the irreversible behaviour, wmagnetic hysteresis, observed between the
isothermal M(uoH) curves measured following an increasing-decrgasiragnetic field cycle [see
figure 4(b)]. When TP-1 is used, the maximum maigrtetsteretic loss (18 %) is achievedliat = 316
K. In contrast, figure 4(c) shows that for TP-2 ikethermalM(p,H) curves tend to saturate in the
ferromagnetic region. In this cask,;s = 331 K. Moreover, the field-up and field-dowk(p,H) curves
overlap (absence of hysteresis) owing to the alesesfc any field induced magneto-structural

transformation [see figure 4(d)].

The isothermal magnetization curves obtained Wollg TP-1 are smooth and exhibit a
monotonous dependence on the applied magneticifisidad of a step-like shape typical for materials
with a critical activation field due to the FIPTiext at a given temperature [7], in which once T
is completed the structural contribution to the@oy change remains magnetic field independent [37]
Hence, the shape of tiM(ji,H) curves does not depend only on the thermal proeg®], but also on
the nature of the FIPT (i.e., step-like or monotwmwith the applied magnetic field), if it existus,
the spike effect arises as an artefact of the Méxwhation (equationl) whenASy is obtained from
step-likeM(poH) curves ASr curves with gaussian-like shape are obtained Bomothly monotonous
M(uoH) curves, and give no information on the existeac@absence of any FIPT phenomenon. For
example, no spike effect is achieved when both Tdd TP-2 are used, figure 1(c) and figure 2(c),

respectively, even though the FIPT effect was pndeeoccur when the PT-1 is used.



It is worth noting that the dissipative enery, related to the irreversibility of the process,
should be subtracted from the area belowABHT) curve for a correct estimation of the GMCE in
materials exhibiting FIPTEq can be estimated from isothermal magnetizationsorements, whergy
is one half of the area enclosed by the loop ah éamperature [14]. Following this method, we have
calculated the energy losses (due toEkebeing around 9 % &t,s = 316 K for TP-1 [see figure 4(b)],
andEy ~ 12 % when the contribution of all the loopsdsled. Surprisingly, the difference between the
areas belowASr curves obtained from TP-1 and TP-2 is of the samder: AreadSr; TP-1) -
Area(ASr; TP-2) = 11 %.

From the application standpoint, the calculatidrthe refrigerant capacityRC, is a relevant
parameter for evaluating the quality of magnetitigerants. TheRC gives the effective amount of
heat that might be transferred from the hot todbld sink if an ideal refrigeration cycle is coresied;
its magnitude is proportional to the area belowABgT) curve. Figure 5 shows the calculate@-1,

RG2 andRG3 up to a maximum magnetic field change ghld = 5 T. In Table 1 th&®C values for
MoAH =2 T and 5 T estimated from experimental dateofahg TP-1 and TP-2 procedures, as well as
the differences in percentage between them arengNetice that the overestimation of tR€ values
from the TP-1 data is again of the order of thedated irreversible isothermal losses, because it
depends directly on the area bela®: curve as mentioned above. In accordance witheaeber [47],

the effect corresponding to the magnetic entromnge due to the FIPT has the same sign as that of

the martensitic structural transition, giving rieean enhancement of the magnetocaloric effect.

In addition, if we compare the direct measurenoéithe magnetization curves obtained from an
isofield measurement under 5 T (solid circles gufe 6) and those obtained indirectly from isothedrm
data following TP-1 (open squares in figure 6) dd2 (open circles in figure 6) the result shoudd b
equivalent because both isofield and isothermalsomesments probe the same phenomenon [9]. The
directM(T) measurement is in good agreement with the cupt@med from TP-2. Once again, we can
conclude that using TP-2 is the correct way to enghat the transition is being traversed in theesa

way.

We have demonstrated, by using MnCoggBas a case of study, that the magnetocaloric
properties of a material estimated from isothemmagnetization measurements can be miscalculated if
a wrong thermal procedure is used. However, thderemust note that: (a) rather than a distinctive
characteristic of the MnCoGgHRlloys, the occurrence of field-induced phaseditains, together with

the associated irreversibility, is a common featofenost of the magnetocaloric materials already



known exhibiting a giant field-induced magneticrepy change (i.e. GMCE, owing to a coupled
FOPT); (b) the application of Maxwell relation leetmost common method followed by the scientific
community to estimate the temperature dependenc&Saf The thermal procedure here described
(BnFHC) allows an accurate and reliable determomatf ASr(T). Its implementation must start after
the starting and finishing FOPT temperatures aeeipely determined, typically by DSC and low-field
M(T) measurements. Afterwards, the transition patbetonvestigated and the most adequate thermal
procedure to measure each isothermal magnetizatiore in the temperature interval of the FOPT
must be selected. This supports our view that thequlure here presented could be universally applie

to any other first-order magnetocaloric effect sgst
4. Conclusions

In summary, we have investigated and analyzed tieetethat two different thermal procedures
have on the calculated isothermal magnetic entrchgnge and the refrigerant capacity in
MnCoGeB o; alloy ribbons from magnetization curves. We fothat even though an overestimation
of the magnetocaloric effect of a material is ugushown as a spike in the magnetic entropy change
curve, the absence of it doesn’t imply that both thaximal entropy change and the refrigerant
capacity are undoubtedly properly determined. Weafestrated that the MCE parameters (e&:"*
value and position, the area beld8; curve, and the refrigerant capacity) are stromtggendent on
the thermal procedure employed during the measurenidis should take into consideration the
thermal and magnetic history of the sample. Thas,af correct estimation of the magnetic entropy
change in the absence of the FIPT effect, the esothl measurements should be always performed
across the same direction of the transition. Otissythere is a risk of measuring the FIPT effé¢he

reversal transition, if any.
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FIGURE CAPTIONS

Figure 1. (left column) and Figure 2 (right column). (a) heating/cooling DSC curves. (Blzec(T)

and Mgc(T) curves measured under,Hi = 5 mT. (c) ASi(T) curve obtained from isothermal
magnetizatiorM(pH) curves measured following thermal protocols Téatl TP-2, respectively. The
solid circles and diamonds indicate the measuremmené followed in each case. In the case of TP-1
an arrow from solid circle to solid rhombus inde#te initial and final state of the field indugathse
transition (FIPT) for each isotherm. The Curie tenapure of the hexagonal phase is pointed out by
arrows on thé/(T) curves. The vertical white stripe depicted irufigs 1 and 2 denotes the temperature

interval in which the total field induced magnegittropy change was calculated (see text for ditails

Figure 3. Room-temperature X-ray powder diffraction pattefas MnCoGeB o; ribbons (a) after

cooling down to 77 K and (b) after heating up td8 K.

Figure 4. Set of isothermal magnetizatidi(,H) curves measured on increasing the applied magneti
field up to 5 T for MNCoGeBy; alloy ribbons following thermal procedures TP-14ad TP-2 (c). The
field up and field down M(H) curves (up to 2 T) for selected temperatures aredsfollowing TP-1

(b) and TP-2 (d).

Figure5. RG1, RG2 andRG3 as a function of ¢aAH for TP-1 (a) and TP-2 (b).

Figure 6. M(T) curves at 5 T obtained from isofield measurenaet from M(H) curves following

thermal procedures TP-1 and TP-2.

TABLE CAPTION
Table 1. Values ofRG-1, RG2 andRG3 calculated for magnetic field changeg\H of 2 Tand 5 T
for thermal procedures TP-1 and TP-2.

LoAH 2T 5T

criteria TP-1 TP-2 diff (%) TP-1 TP-2 diff (%)
RG1 (Jkg) 110 97 118 292 265 9.2
RG-2 (Jkgh) 88 78 114 272 244 10.3
RC-3 (Jkgh) 56 50 10.7 220 197 10.5

13



heat flow (arb. units)

heat flow (arb. units)

-
[$)]

—= 1

-
o

)]

M (Am’kg™)

o
T

-
[$]

-
o

M (Am’kg™)
'U'l

N
o

-
[$))

-
o

-AS, (Jkg'K™)

[,

w

5T

1148 K

Temperature (K)

v.9.4 L
350

Temperature (K)

2 4

C ’ 5mT

—
2 2
3

5T
2 -

: N 148K

1 2 1 1 1 1 " i i
300 350



sample heated to 1148 K
and then cooled to 300 K

~~

) —

O (11€)
0 (z0g) =5y,

oz
0 (¢02)

O (€l1)
o (log) ~

o) =

H (z00)

H (101
0 (00g) =%
0 (zol)

W@r

o (1o1)

H@LL)
o(cLz)—»

o(le)
0 (zog) -

oGzl

0 (g02)
ofcLl) ..

sample cooled to 77 K
and then heated to 300 K

0 (10g) “Fows
02 %

o SRR

M

o (gLo)
H (L)

H (LoL)

0 (002) =& &
o (zol) =

o (1o) -

(b)

(syun "gJe) Ajisuaju|

25 30 35 40 45 50 55 60

20

20 (degree)



[o]
o

~

[}

Magnetization (Am’kg™)

Magnetization (Am’kg™)

5 [ Temperature (K)
—=—280.0 ——2825|
2850 —— 2875
290.0 —i—2925
2950 ——296.5)
——298.0 ——2995|
——301.0 — —3025]
——3040 ——3055|
——307.0 — —308.5|
——3100 ——311.5]
3130 ——3145]
——316.0 317.5)
319.0 ——3205]
. |=—3220 ——3235|
3250 ——326.5]
3280 ——3295]
331.0 — —3325]
—=—3340 ——3365|
——339.0 —— 3415|
3440 ——346.5)
——349.0 ——351.5

6

Magnetization (Amzkg'1)

285.0
290.0
295.0
(—+—298.0
——301.0
——304.0
307.0
——1310.0

|——349.0

Temperature (K)
—=—280.0 ——282.5

.0 ——323.5|

——287.5|
—a— 202 5|
——296.5
—o— 299 5|
— —302.5|
——305.5|
— —308.5
——311.5
——314.5)

317.5|
——320.5

——326.5
——329.5|
— —332.5|
—»—336.5|
—o—341.5]
—+—346.5

—o— 351.5|

Magnetization (Amzkg

» N @
o o O
T

20
10

307.0 K

o

80

— 701
60-
50-
40+
30-
200
10F

00000




300 T T T T T 300 T T T T T

250 250
—~ 200 200
> 4
X ]
> 150 150
0O
X 100 100
50 50
o il 0F
0 0




100

Magnetization (Am 2kg'1)

(o)) ~
o 1
— — T

N
)
——

L 5T

=& M(T) curve - isofield measurement
=O=M(T) curve - from M( p H) curves TP-1

== M(T) curve - from M( u H) curves TP-2

?5;0' |

575

300 325 350 375
Temperature (K)

400



Highlights

» Correct estimation of total field induced entrogyange from Maxwell relation
Is discussed.

« We compare results after using two different meas@nt procedures.

* Unidirectional measurement of isothermal magnebmaturves proves to be
fundamental.

* Magnetic entropy change overestimation can be adoibdy using proper
measurement procedure.



