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Magnetocaloric effect in amorphous-crystalline microcircuits PrDyFeCoB
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In amorphous-crystalline PrDyFeCoB microconductors obtained by ultrafast melt cooling, a negative magne-
tocaloric effect was detected at 200—250K (with heat release when the magnetic field is turned on), as well as
a positive magnetocaloric effect in the temperature range of 300—340K (with heat absorption when the magnetic
field is turned on). It is established that there are no phase transitions of the first kind in the studied temperature
range, which indicates that both of the detected effects are associated with a change in the magnetic part of the
entropy. The transition at 200—250K is due to the presence of metamagnetic states induced by a magnetic field
in the spin-glass state of the amorphous part of the PrDyFeCoB alloy, and with their transition to the ferrimagnetic
state. The transition at 300—340K is spin-reorientation, and it occurs in crystalline inclusions identified in the
amorphous matrix. Keywords: spin-reorientation transition, spin glass, magnetocaloric effect, entropy.

Keywords: spin-reorientation transition, spin glass, magnetocaloric effect, entropy.

DOI: 10.21883/PSS.2022.08.54615.373

1. Introduction
The magnetocaloric effect (MCE) offers a simple way
to achieve environmentally friendly energy-saving cooling
in the long run. The MCE is that when a sample is
placed in a magnetic field, a phase transition can occur
in it that changes the ordering of the magnetic moments
and the corresponding part of the magnetic entropy [1,2].
Such a conversion during an abrupt adiabatic change in
the magnetic field can lead to a change in the sample
temperature and can be effective provided that the magnetic
part of the entropy changes sufficiently much. In isothermal
slow change of magnetic field, the temperature of the
sample remains constant, but the magnetic part of entropy
changes ASy. If phase transitions of the first kind are
absent, the MCE is reduced to a change in the magnetic
part of entropy caused by the reorientation of magnetic
moments. The strongest entropy changes obviously occur
at transitions involving a completely disordered state, such
as the paramagnetic state or the spin glass state. Spin-glass
states and transitions in them to a magnetically ordered
state under the action of a magnetic field are known in
the literature. For example, in PrDyFeCoB amorphous-
crystalline microwires, there is a spin-flip transition between
the ferrimagnetic state and the spin glass state [3,4].

On the one hand, this suggests that such a transition may
involve a significant change in the magnetic part of entropy,
because the disorder—order transition in the spin subsystem
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gives the largest possible value of $Delta Sy. On the other
hand, the presence of rare-earth ions Dy** and Pr3* with
high spin values also works in favor of strengthening the
MCE. If an alloy transitions from a completely disordered
spin-glass state to a completely ordered magnetic state, the
expected maximum possible change in magnetic entropy
during this transition ASy depends on the multiplet 2J + 1,
where J — the total angular momentum and is defined by
the formula [1]:

ASy = RIn(2J + 1), (1)
where R is the universal gas constant.

In the trivalent rare-earth ions of the second half of
the lanthanoid group (heavy elements Dy3* and Pr3%),
the main multiplet is J=|L+ S|, and it provides high
values J in Pr** ions with shell 4f2 (S=1,L =5, J=4;
term (*H4)) and in Dy** ions with shell 4f° (S=5/2,
L=5, J=15/2; term(°H;s52)). In rare-earth alloys
containing Gd** ions, record values of MCE [5,6] were
found. The advantage of using the PrDyFeCoB alloy
could be the strong dependence of the spin-flip transition
temperature on the applied magnetic field [3,4] (Fig. 1).

In addition to these simple technical considerations in
favor of the PrDyFeCoB alloy, there are several reasons
to look for new fundamental effects in it related to
magnetocaloric properties.

First, almost all of the materials studied exhibit positive
MCE near room temperature, associated with the Curie
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Figure 1. a — electron diffraction of microwires by HR-TEM
data; b — micro-inclusions in the amorphous matrix revealed by
the microwire end study in SEM.

point transition. As far as the authors know, only the
FeRh [7] and Niz;xMn;_xSn [8] meta-magnetics showed
a significant negative magnetocaloric effect, i.e. reduction of
the material temperature when the magnetic field is acti-
vated. Since, according to the theory of spin glasses [9,10],
full spin disordering in them takes place only in the
absence of a magnetic field, and as the field increases, fan,
sphero-magnetic, and meta-magnetic structures arise, which
transition to a ferro or ferrimagnetic state in strong fields,
we can expect the PrDyFeCoB alloy to exhibit negative
MCE, going from spin-glass to ferromagnetic state as the
field increases.

Second, the principal feature of the PrDyFeCoB alloy is
the very high single-ion anisotropy of the Dy’* and Pr’*
ions, which exceeds the exchange interaction energy, and in
the spin glass state leads to the fact that chaotic variations
in the directions of local anisotropy axes give the alloy
properties of spin glass. This significantly distinguishes
the type of spin glass PrDyFeCoB from the traditionally
considered alloys, which require an amorphous state of
atomic structure providing variations in the interatomic
distances and exchange interaction between spins. In alloy
PrDyFeCoB, the atomic structure of the material does not
necessarily have to correspond to an amorphous state for
spin-glass states to occur. This unique type of spin glass was
discovered in the works of Almeida [11] and Taulez [12] and
was confirmed in our works when studying PrDyFeCoB
microwires. The non cramer ions Dy*" and Pr’* have
significant anisotropy, in directions perpendicular to the light
axis of single-ion anisotropy. Such ions are called ising ions.

Third, in the crystalline state, the tetragonal phase
(PrDy)»(FeCo)14B has a very high coercivity 2—2.5T at
room temperature [13-15], which also results from the
high single-ion anisotropy of Dy** and Pr’*. Since the
fundamental cause of the single-ion magnetic anisotropy is
the high value of the spin-orbit interaction in Dy>* and Pr3*
ions, one would expect the orbital moment to make an
contribution to the magnetic part of the anisotropy and its
change in magnetic field in crystallites, which are usually in
the amorphous phase, when studying MCE.

Finally, an additional degree of freedom in the regulation
of the MCE in the PrDyFeCoB alloy is associated with
the possibility of substitution of Dy** and Pr’* ions for
other rare-earth ions and the presence of two sublattices of
PrDy and FeCo with negative antiferromagnetic interaction
between them. All this can lead to unusual manifestations
of MCE in the PrDyFeCoB alloy.

The aim of the work was to create experimental con-
ditions for isothermal measurement of the magnetic part
of the entropy ASy and its changes in the magnetic
field 0—5kOe in the temperature range of spin glass-
ferrimagnetic transition 190—340K in the amorphous spin-
glass state of PrDyFeCoB alloy, which occurs in microwires
obtained by superfast cooling of the melt. In addition, one
of the goals was to determine the contribution of crystalline
ferromagnetic inclusions in MCE.

2. Experimental methods and samples

The microwires were obtained by hanging drop melt
extraction (HDME) of PrDyFeCoB. The melt was created
by heating the face of the sintered magnet with an
electron beam. A drop of melt was captured by a
rapidly rotating water-cooled brass cylinder, which pulled
it into a long filament, which was cooled by thermal
contact with the cylinder at a rate of about ~ 10°K/s.
At high cylinder rotation speeds ~ 40—50m/s, microwires
with an amorphous phase fraction of up to 86at% are

Physics of the Solid State, 2022, Vol. 64, No. 8



Magnetocaloric effect in amorphous-crystalline microcircuits PrDyFeCoB 991

formed. Crystalline ferrimagnetic phases 1-4—1, 2—1
are also present in microwires. The resulting microwires
had a diameter of 60—100um and a length of 5—10mm.
The magnetic moment of the microwires was measured
with an MPMS XL Quantum Design magnetometer at
temperatures near the previously detected phase transition
of the second kind 60—350K and in magnetic fields
H =0—-5kOe. The external magnetic field was directed
along the microwire, because this orientation produces
the largest magnetic moment jump during the spin-flip
transition [3,4]. The curves M(H) were obtained with
a slow isothermal magnetic field rise, so that each was
measured at a fixed cryostat temperature. A series of such
curves was obtained at different temperatures in increments
of 5K to further calculate the magnetic part of the entropy.
Differential scanning calorimetry was used to confirm the
existence of the detected MCE.

In addition, the temperature dependences of the lon-
gitudinal magnetic moment M(T) were obtained in two
modes: 1) FC (field cooling), which corresponds to the
measurement of the magnetic moment when the sample is
heated in a weak magnetic field of 100 Oe after its cooling
in a strong field of 5kOe, 2) ZFC (zero field cooling),
which corresponds to the measurement of the magnetic
moment when the sample is heated in a weak magnetic
field of 100 Oe after its cooling in zero field. The residual
magnetization M., was measured in zero field.

Scanning electron microscope (SEM) images of mi-
crowires were obtained using the TescanClara super-
resolution complex at 15 kV accelerating voltage on a
cross section prepared by ion etching and polishing in
the Technoorglinda SEMPrep2 complex. The microwire
structure was analyzed by electron diffraction in a high
resolution transmission electron microscope HRTEM JEOL.

Differential scanning calorimetry in a magnetic field
was performed using the LKH-500 complex. In each
experiment, the cell with and without sample filled with
polyethylsiloxane oil (PES-4) had its own initial temperature
(the base dotted line in the graphs), relative to which the
temperature jump of the microwire was estimated.

3. Experimental results and discussion

3.1. Chemical and phase composition
of microwires

According to the HRTEM electron transmission mi-
croscopy data, the microwires contained amorphous phase,
the fraction of which varied in the range of 50—80 at.% from
sample to sample (Fig. 1,a/), as well as micro-inclusions
(Fig. 1,b). Since the electronogram shows solid rings,
indicating the presence of significant structural disorder,
the samples are amorphous material with nanocrystalline
inclusions. In Fig. 1,b, in addition to solid rings, the
diffraction pattern contains point reflexes, which are caused
by the presence of inclusions.
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Fig. 2 shows the SEM image of the microwire end [
(Fig. 2,a) and Fig. 2,b—e results of energy dispersive
chemical analysis (EDX) as chemical element distributions
of Fe, Co, Pr, Dy obtained on the microwire end I
(Fig. 2,b—e).

An increase in brightness corresponds to an increase in
the concentration of each element. In Fig. 2,5 you can
clearly see light areas of size 0.5—1 um, which correspond
to local iron enrichment, although no change in the
concentration of cobalt in these areas is observed (Fig. 2,¢).
In Fig. 2,d you can see that in the same areas there
is a dimming, which corresponds to a decrease in the
concentration of Pr. In this case, there is an enrichment
of these areas Dy (Fig. 2,e). Since the inclusions have
an increased concentration of Dy and Fe, we most likely
observe inclusions of the DyFe or DyFeB type (B not
determined by the EDX method).

Thus, the microwires were an amorphous matrix of
PrDyFeCoB containing crystalline inclusions of DyFe
or DyFeB.

3.2. Almeida—Taulez spin-flip transition
in the amorphic part of the microwire

In our work [3,4] we reported a spin-flip transition in
the amorphous part of PrDyFeCoB microwires (Fig. 3),
and it was found that the magnetization approximation to
saturation and the magnetic relaxation dynamics satisfy the
predictions of the Ising [16] spin glass theory.

Figure 3,a shows the temperature dependences of the
microwire magnetic moment, obtained at different values of
the external field 0—10kOe, directed along the microwire
axis. The microwires were first cooled in a zero field
to a temperature of 60K, and then the magnetic field
was switched on and the temperature dependence was
measured while the sample was being heated. It can
be seen that the temperature dependences of M(1/T)
in the high-temperature area deviate significantly from
the Curie—Weiss dependence and show a jump change
in the microwire magnetic moment at different critical
temperatures T (shown by arrows for 0 and 10kOe). The
critical temperature T. decreases with increasing magnetic
field, as described for the spin-flip transition in spin-
glass rarc-earth alloys [16-18]. The regularities of this
spin-flip transition were first described in de Almeida
and Thouless (de Almeida—Thouless) [18]. The authors
applied Sherrington—Kirpatrick [17] flow theory to describe
the magnetization of local areas of the DyFeB ising spin
glass, predicting the critical field at which magnetization
islands would merge (the percolation limit) and a ferro-
magnetic state would emerge from the original spin-glass
state. From the theory follows a formula that relates the
critical magnetic field H of the magnetic phase transition
between a Heisenberg spin glass and a ferromagnet to the
temperature T:

H?2=A(1 -T/T.)%. (2)
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Figure 2. ¢ — SEM image of the microwire end /, b—e — distributions of chemical elements on the microwire end / determined by
EDX method. An increase in brightness corresponds to an increase in the concentration of the element.

This function separates the areas of existence of spin-
glass (SG) and ferrimagnetic (FM) states in the coordi-
nates H—T. Figure 3,b (curve I) shows the dependence
of the critical field H?> on the normalized temperature
(1-T/T.)? for DyPrFeCoB microwires, which is close
to linear, as it should be if ratio (2) is met. Fig-
ure 3,b (curve 2) shows the work [17] data in spin glass
Dy6CuyjyFes, for comparison. The approximation results
are shown by solid lines. Thus, the spin-flip transition in
the amorphous part of microwires is well described by spin
glass theory. Such a transition of the second kind can be
the basis for the magnetocaloric effect.

3.3. Blocking temperature in micro-conductors
with nanocrystalline inclusions

The presence of micro-inclusions in microwires leads
to other properties that are more characteristic of fer-
romagnetic nanoparticles than of the amorphous matrix.
In particular, there is a difference in the temperature
dependences recorded in the measuring field 50 Oe after
cooling the sample in the strong field 5kOe (1) and
without field (2) (Fig. 4,a). These dependences are usually

called FieldCooling, FC (1) and ZeroFieldCooling, ZFC (2).
They intersect at a temperature Tp = 300 K, which can be
interpreted as the blocking temperature of the magnetization
of crystalline ferromagnetic nanowires in the microwire. If
you increase the measuring field to 500 Oe, the blocking
temperature decreases to Tp = 195K (Fig. 4, b).

The decrease in the blocking temperature with increasing
measuring magnetic field in such experiments is explained
by the slope of the potential relief formed by the magnetic
anisotropy profile summarized with the Zeeman energy
of the nanoparticle. The effective height of the barrier
separating the opposite directions of nanoparticle magne-
tization decreases as the Zeeman energy [19] increases. The
blocking temperature depends on the field according to the
formula

To(H) = KV (1 — H/Hp)?/kg In(1in/10). (3)
where 7, — the measurement time, 7y — the time between
attempts to overcome the barrier, K — the anisotropy

constant, V — the nanoparticle volume, Hp — the critical
field of overcoming the potential barrier. The latter value can
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be determined by applying ratio (2) at 50 Oe and 500 Oe:

Tor/Toa = (1 — Hi/Hp)*/(1 — Ha/Hp)*. (4)

From expression (4) with values Ty = 300K,
Ty = 195K, H; = 500Oe, H, = 500 O¢ follows
Hp =9000e. The low value of the critical field of

overcoming the barrier is advantageous for the manifestation
of MCE in low fields.

Thus, in addition to the amorphous matrix, crystalline
nano-inclusions can also contribute to the magnetocaloric ef-
fect, since their blocking temperatures are in the 200—300 K
area at the magnitude of the fields used in our experiments.
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Figure 3. a — dependences of the microwire magnetic

moment on the inverse temperature in the magnetic field directed
along the microwire axis. The vertical arrows show the critical
temperatures Tc for comparison. b — dependences of the
normalized transition temperature (1—T/T;)® on the square of the
magnetic field H? applied along the microwire axis when heating
the sample from 2K in the field directed along the microwire axis
in DyPrFeCoB microwires (1) in this work and (2) in [17] in
the spin glass DyisCuj;Fe7,. The solid line shows the theoretical
dependences predicted by the Almeida—Taulez theory [18].
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Figure 4. Temperature dependences of microwire magnetic
moment measured in 500e (a) and 500 Oe (b) magnetic fields
after cooling (1) in 5kOe magnetic field (FC) and (2) without
sub-magnetizing field (ZFC). The arrows show the blocking
temperatures in the 50 Oe (a) and 500 Oe (b) fields.

3.4. Isothermal measurement of the magnetic part
of entropy

To calculate the magnetic part of the entropy, we obtained
the field dependences of magnetization in isothermal mode,
when the field increased slowly enough (33 Oe/min) so
that the sample was in thermal equilibrium with the
magnetometer chamber and did not change its temperature.
From the extensive series of isothermal curves we have
recorded, several examples at various temperatures are
shown in Fig. 5, a.

The basis for calculating changes in total entropy is
Maxwell’s equation, which relates changes in entropy and
magnetic moment [16]:

().~ (&), ®
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Figure 5. ¢ — isothermal dependence of the magnetization of the
microwire in the temperature range 120—300 K. » — temperature
dependence of the change in the magnetic part of the entropy.

Maxwell’s equation (5) refers to the total entropy S
which includes the phonon, electron, and magnetic
parts. For the second kind transitions considered in our
work, the Maxwell equation can be transformed into the
Clausius—Clapeyron equation:

AS/AM = —dH/dT. (6)

Equation (6) is strictly valid for calculating the change
in the magnetic part of the entropy ASy alone if there
is no temperature hysteresis, which we found in separate
experiments. A series of isothermal magnetization curves
were used to calculate the magnetic part of the entropy Su
and its change ASy(H, T) caused by spin-flip transitions
(Fig. 5,b). The expression for calculating the magnetic part
of the entropy can be obtained from (6) [16]:

ASu(T.H) = /(g)d o

Since in real experiments the temperature and magnetic
field change discretely, expression (7) is usually rewritten
as a discrete formula

Mi+1(Ti+1, H) — Mi(Ti, H)
T—T .

ASw(T, Ho) =)

(8)

M;(Ti,H) — magnetic moment at temperature T,
Mi;1(Tiz1, H) — magnetic moment at temperature Ti;.
The dependence —ASy(H, T) obtained this way is shown
in Figure. 5, b. It can be seen that in the area of 200—250K
there is a negative MCE, while in the area of 300—340K
there is a positive MCE.

The obtained data allow to calculate the main mag-
netocaloric parameters of microwires for positive MCE
at 700 Oe: the maximum change of magnetic part of entropy
—ASy ~ 0.35ml/kg - K, and the relative cooling power
RCP = 0.007J/g. The latter characteristic was calculated
according to the formula [16]:

RCP = —AS,AT) 2. 9)

where ATj;; = 10K is the half-width of the maximum
on the dependence —ASy(T) (Fig. 5). For the negative
MCE corresponding to the minimum in Fig. 5, b, the fol-
lowing parameters were obtained: —ASy ~ —0.4ml/kg - K,
RCP ~ 0.04J/g.

Although the values obtained are not record values and
cannot compete with the maximum values obtained in
the literature for Gd alloys, they are quite acceptable for
technical applications.

3.5. Isothermal measurement of the magnetic part
of entropy

The above results of calculating the magnetic part of
entropy are, to a certain extent, indirect, although widely
used method of research MCE. This section discusses the
MCE detected by differential scanning calorimetry (DSC).
In the course of the experiment, the field strength increased
sharply from zero to the selected maximum value, which
led to changes in the temperature of the sample. Thus,
we plotted the dependences of the sample temperature
change on the maximum values of magnetic field strength
AT(H) (Fig. 6). The reverse experiment was also conducted
when the magnetic field was completely switched off from
the maximum value. In this case, the change in sample
temperature AT changed the sign.

During measurements near 300K, a positive MCE was
detected, which was expressed as an increase in the sample
temperature with a sharp increase in the strength of the
generated magnetic field (Fig. 6).

This can be judged by the excess of the slope of the
linear dependence AT (H) for the cell with the sample over
the slope of the reference dependence AT(H) recorded
for the cell without the sample (dotted line) (Fig. 6,a).
If the magnetic field was turned off, the opposite effect

Physics of the Solid State, 2022, Vol. 64, No. 8



Magnetocaloric effect in amorphous-crystalline microcircuits PrDyFeCoB

995

AT-1073, K

0.8
2814K ¢
288.9 K
0.6 .
M -
S 04f =~
> <~ 2974K
02} oz
O 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 1
H, kOe
C/,
0.8 3
//// /'
0.6 et
MY 7
o R
7 <,
i ////
C 041 ote
> P
e 255.6 K
021 277
#° 2652 K
/ﬁ
O fi 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 1
H, kOe

2

H, kOe

Figure 6. Dependences of temperature increase on the field for microwires in the PES-4 chamber (black) and for the PES-4 chamber
without samples (red/dotted line): @ — heating of the sample when introduced into the magnetic field, b — cooling of the sample when
the field is turned off (for temperature 297.4K), ¢ — cooling of the sample when introduced into the magnetic field, d — heating of the

sample when the field is turned off.

occurred — the temperature of the sample decreased. The
maximum effect was reached at 2974 K (Fig. 6, b).

Measurements in the 250K area showed the presence
of a negative MCE, which manifested itself in a decrease
in the temperature of the sample with an increase in the
magnetic field. The field dependences of the temperature
increase AT (H) now have a reduced slope compared to the
reference cell without sample (Fig. 6,¢). If the magnetic
field is switched off, the situation is the opposite — the
sample is heated (Fig. 6,d).

4. Discussion

In the field of rare-earth alloys Re—TM—-B (Re —
rare-earth metals, TM — transition metals, B — boron)
a considerable amount of research on the magnetocaloric
effect has been done on bulk samples [13-25]. Studies of
micro-magnets exhibiting MCE are not so widely presented
in the literature. Let us briefly analyze the parameters

7*  Physics of the Solid State, 2022, Vol. 64, No. 8

reached in the literature, comparing them with the MCE
parameters in the present paper. The alloys Pr; 3Ndg 7Fe;;
and Pr; sNdo sFe;7 possess a rhombohedral crystal lattice
of the ThyZn;7 [18] type, give maximum changes in the
magnetic entropy component of 4.31J/kg - K, an order of
magnitude larger than in our experiments. The authors note
that the relatively weak interaction of iron and rare-earth
metal sublattices in R,Fe;; alloys significantly reduces the
entropy change near the Curie temperature. Due to the
Curie temperature Te = 307 K, close to room temperature,
and the high value of RCP = 487J/g, the Pr;3Ndg;Fe;;
alloy has the potential to provide efficient cooling at room
temperatures. Note that the RCP value in Pr;3Ndg;Fei;
is comparable in value to the data of our experiments,
which is explained by the significant width of the entropy
peak in the alloys we study. Magnetocaloric parameters of
rare-carth alloys (Curie temperature Tg, maximum change
in the magnetic component of entropy —ASy.x, RCP) are
collected in the Table according to data [13-25].
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Magnetocaloric parameters of rare-earth alloys (Curie temperature Tc, maximum change in the magnetic component of entropy

—ASnax, RCP) by data [13-25]

—ASnax, Jkg - K RCP, J/kg
Compound Te, K Reference
20kOe 50kOe 20kOe 50kOe

DyCo,B, 10 54 12.1 88 282 [13]
DyCo3B, 22 74 126 154 397 [13]
PrNdFe,; 310 28 6 56 120 [14]
Pr1‘3Ndo.7F617 (HDME) 307 2 43 110 487 [15]
Pr1_5NdoA5Fel7 (HDME) 302 1.2 3.0 66 345 [15]
ErNi (HDME) 10 125 24 133 432 [22]
ErNi 10 15 29 300 510 [22]
Pr2F617 292 — 6.4 — 160 [23]
Pr,Fey; 285 2.8 55 70 138 [24]
Pr1‘75Dy0‘25Fel7 299 4.6 73 115 183 [24]
PrCo, 42 6.9 10.7 52 192 [25]
Pr().gDyOQCOz 66 1.5 3.2 13 71 [25]
Pr().gDyOACOz 83 1.3 22 10 31 [25]
PI‘()ADyOAsCOz 100 3.0 5.2 26 115 [25]
Pr().szO.gCOQ 122 5.5 89 41 188 [25]
DyCo, 151 6.8 104 60 291 [25]

It follows from the data presented that the phase transition
temperatures investigated in our and other works are
close to room temperature. For example, the alloys
(Prp_xNdx)Fey7 are also characterized by phase transition
temperatures close to the operating temperature of 300 K
and have larger changes in the magnetic part of entropy
and parameters RCP than in the present work. The use
of rapid quenching, typical of the HDME method, to obtain
the ErNi [22] alloy slightly reduces the resulting RCP values
due to the formation of an amorphous phase. In the case
of iron Pry_yxDyy)Fei7 [24] and cobalt (Pr;_xDyx)Co, [25]
alloys, replacement of praseodymium with disprosium can
extend the temperature range of the magnetic entropy burst,
thereby increasing the parameter RCP. The increase of
the magnetocaloric effect in DyPrFeCoB microwires can
be further achieved by optimizing the chemical and phase
composition.

5. Conclusions

1. In amorphic-crystalline microwires of PrDyCoFeB a
negative magnetocaloric effect has been detected, which
consists in reducing the magnetic part of the entropy
during adiabatic magnetic field growth in the temperature
area 200—240K. In this area, a spin-flip Almeida-Taulez
transition is observed between the spin glass state and the
ferrimagnetic state of the amorphous part of the microwire.

2. At higher temperatures 300—340K a positive magne-
tocaloric effect was found, which consists in an increase
of the magnetic part of entropy during isothermal magnetic
field accretion. This effect is related to the spin-flip transition
in crystalline inclusions. The presence of DyFeB inclusions

of size 0.5—1um and Pr inclusions of size Sum in the
amorphous matrix were identified by electron microscopy.

3. The closeness of the detected magnetocaloric effects to
room temperature and the high single-ion anisotropy of rare-
earth ions in the alloy allow us to hope for possible practical
applications of the detected effects. The micron size of the
microwires is an important condition for improving heat
transfer when using an array of microwires as the working
body of the refrigerator.
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