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ABSTRACT §
In this study, phase transitions (structural and magnetic) and associated magnetocaloric properties of stoichiometric MnCoGe have been §
investigated as a function of annealing pressure. Metastable phases were generated by annealing at 800 °C followed by rapid cooling under §
pressures up to 6.0 GPa. The x-ray diffraction results reveal that the crystal cell volume of the metastable phases continuously decreases with 8
increasing thermal processing pressure, leading to a decrease in the structural transition temperature. The magnetic and structural transi- 3
tions merge and form a first-order magnetostructural transition between the ferromagnetic orthorhombic and paramagnetic hexagonal g
phases over a broad temperature range (>80 K) spanning room temperature, yielding considerable magnetic entropy changes. These findings
demonstrate the utility of thermal processing under high pressure, i.e., high-pressure annealing, to control the magnetostructural transitions
and associated magnetocaloric properties of MnCoGe without altering its chemical composition.
© 2024 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0204371
I. INTRODUCTION at different temperatures in their stoichiometric forms (i.e., the
Ternary intermetallic compounds of the general formula magnetic and structur.a.l properties are initiaH.y qncoupled), .with
MnTX (T = Ni, Co and X = Si, Ge) are versatile materials that the structure]ll_] 4tlransmons occurring at significantly higher
possess multifunctional magnetoresponsive properties, including ~ temperatures. Tbe}‘eforg, substantial efforts have been made to
magnetocaloric effects (MCEs), ~* magnetic shape memory effects,’ tune the phase transitions in these materials to create a magneto-
colossal magnetoresistance,” and negative thermal expansion,” "’ structural transition (MST) and understand its physical mecha-
all of which have fundamental and practical significance. Among nisms, as a proper understanding of the MST process will aid in
these effects, the MCE is a particularly attractive functional prop- tailoring their functional properties and may reveal novel physical
erty because it is the basis of energy-efficient magnetic cooling behaviors.
systems, which may be the future replacement of conventional The magnetic and crystallographic stabilities of MnTX com-
vapor-compression cooling technology. The functional properties ~ pounds are sensitive to the covalent bonding between the T and X
of MnTX compounds often originate from the strong interplay atoms and the interatomic distance between neighboring Mn
between the lattice and spin degrees of freedom, i.e., a coupling of ~ atoms.'”'® Hence, their phase transitions (magnetic and structural)
the magnetic and structural transitions.'" A challenge, however, is can be tuned by manipulating the interatomic spacing and
that these compounds undergo magnetic and structural transitions bonding, which has been done extensively via elemental
J. Appl. Phys. 135, 215101 (2024); doi: 10.1063/5.0204371 135, 215101-1
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substitution,' isostructural alloying, and stoichiometric
variations.””® These tuning strategies have resulted in coupled
magnetostructural transitions near room temperature, along with
large magnetoresponsive effects, in many of these materials.
However, in some cases, excessive levels of doping or alloying of
the parent compound are required,”””® which may generate unde-
sired effects, such as reducing the magnetic moment, which can
diminish the magnetocaloric effects.

The composition-variation technique is not the sole route for
tuning the phase transitions. The application of external hydrostatic
pressure, i.e., physical pressure, during measurement can also drive
the structural transition to lower temperatures, resulting in coupled
magnetostructural transitions in materials without changing their
compositions.”” "' However, the shifts in transitions due to the
physical pressure are temporary, i.e., the transitions return to their
original temperatures after the removal of the applied hydrostatic
pressure, in contrast to chemical pressure (doping, substitutions,
and interstitial elements), which permanently shifts the transi-
tions.">" In some cases, couplings between the magnetic and
structural transitions have been realized through post-synthesis
processing such as thermal annealing or quenching.*™*" A strategy
of size reduction, i.e., the synthesis of micro- and nanomaterials,”’
or the growth of thin films or ribbons’ ™ has also been employed
to manipulate the phase transitions and associated magnetocaloric
properties. Despite these various tuning strategies, the exploration
of novel and effective approaches for coupling the magnetic and
structural transitions in potential magnetocaloric materials is
actively ongoing for the optimization of their magnetoresponsive
properties.

High-pressure techniques may serve as effective methods for
manipulating the structure and properties of materials. High pres-
sure can modify the micro- and macrostructures of a material by
inducing atomic rearrangement, which is reflected in changes in
physical properties.”* Therefore, many solids form new phases
under high pressure/temperature that are not obtained at ambient
conditions, which may be preserved as “metastable phases” upon
cooling and decompression. These new phases often possess useful
and different properties than their original stable phases, which
may enhance properties, or reveal new phenomena. Although high-
pressure techniques are capable of tuning the properties of materi-
als, their use in producing magnetocaloric materials has not been
fully explored.””" Hence, we investigated the effects of high-
pressure annealing on the phase transitions and associated magne-
toresponsive properties of a specific member of the MnTX family.

The material of interest in the present study is stoichiometric
MnCoGe, which undergoes a structural phase transition from a
high-temperature  NiIn-type  hexagonal  structure  (space
group:P6; /mmc) to a low-temperature TiNiSi-type orthorhombic
structure (space group: Pnma) around Ty ~ 420K, as shown in
Fig. 1.7 It further exhibits a magnetic phase transition between the
ferromagnetic (FM) and paramagnetic (PM) states at T ~ 345 K.
A promising feature of this material is that its structural transition
is sensitive to both physical and chemical pressures, enabling the
modification of its properties utilizing these stimuli.** Here, we
generated a series of metastable phases of MnCoGe by annealing at
800 °C followed by rapid cooling under different pressures up to
6GPa and investigated their phase transitions (magnetic and
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FIG. 1. (a) Orthorhombic and (b) hexagonal phases of stoichiometric MnCoGe
drawn in a polyhedral view using VESTA software.®’ The structural phase transi-
tion in MnCoGe occurs between these low-temperature orthorhombic and high-
temperature hexagonal phases.

structural) and associated magnetocaloric properties. When
thermal processing occurred under high pressure, the structural
transition shifted markedly toward lower temperature, leading to a
coupling of the magnetic and structural transitions near room tem-
perature, which resulted in considerable magnetocaloric effects. It
was found that this first-order MST could be tuned over a wide
range of temperatures by varying the thermal processing pressure.
These results illustrate that stoichiometric MnCoGe with negligible
MCE at room temperature (when synthesized using conventional
techniques at ambient pressure) can be transformed into an effec-
tive room-temperature magnetocaloric material by forming meta-
stable phases through high-pressure annealing without changing its
chemical composition.

Il. EXPERIMENTAL DETAILS

To fabricate a polycrystalline sample with a nominal composi-
tion of MnCoGe, an appropriate amount of the constituent ele-
ments with purities better than 99.9% were first placed in an Al,O3
crucible and sealed in a quartz tube under vacuum. The quartz
tube sample assembly was then heated to 1100 °C for 12 h in a tube
furnace to form MnCoGe, as the complete liquefaction of compo-
nents of MnCoGe occurs at this temperature.”® The so-formed
ingot was re-melted at 1100 °C for another 12 h to ensure homoge-
neity and slowly cooled to room temperature in 24 h. The ingot
was then ground into powder, which was used as the source mate-
rial for samples subjected to subsequent heat and pressure
treatments.

Two-gram samples of the source material were sealed in two
evacuated quartz tubes and annealed at 800 °C for 36 h at atmo-
spheric pressure. The sample labeled SC_0 was then slowly cooled
to room temperature at a rate of 0.5°C/min, while the sample
labeled RC_0 was rapidly cooled (i.e., quenched) by immersing it in
liquid nitrogen.

Thermal processing under high pressure was carried out using
a cubic multi-anvil apparatus manufactured by Rockland Research
Corporation. Initially, about 0.5g of the source powder material
was pressed into a pellet of 6 mm diameter and put in a boron
nitride (BN) crucible, which was then placed in a graphite tube
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TABLE I. Thermal processing parameters of all samples. The thermomagnetic properties for a field change of 7 T are shown for two samples.

Annealing temperature Pressure Twm —ASM SEWHM RCP
Composition Labels °O) (GPa) Cooling process (K) g kg_1 K (K) (J/kg)
SC.0 800 Ambient Slowly cooled 429
RC.0 800 Ambient Rapidly cooled 334
MnCoGe RC.1.2 800 1.2 Rapidly cooled 271 114 30 342
RC2.2 800 2.2 Rapidly cooled 267 10 42 420
RC.3.5 800 3.5 Rapidly cooled 263
RC.6.0 800 6.0 Rapidly cooled 254

sealed with pyrophyllite lids at both ends. The graphite tube was
subsequently positioned inside a pyrophyllite cube, serving as the
medium for transmitting pressure. The temperature was monitored
using a thermocouple fitted within the pyrophyllite cube. The
entire sample assembly was compressed to the desired pressure and
then heated to 800 °C for 1h at that pressure. Subsequently, the
sample was rapidly cooled to ambient temperature by powering off
the heat source, and decompression occurred after a 3 h wait time.
Employing this process, the samples labeled RC_1.2, RC.2.2,
RC_3.5, and RC_6.0 were prepared under pressures of 1.2, 2.2, 3.5,
and 6.0 GPa, respectively. Note that “SC” and “RC” in the sample
labels stand for “slowly cooled” and “rapidly cooled,” respectively,
and the numbers (0, 1.2, 2.2, 3.5, and 6.0) indicate the magnitude
of pressure (in GPa) under which the thermal-pressure processing
occurred. The details of the processing conditions of all samples

are summarized in Table 1.

The crystal structures and phase compositions of all samples
at room temperature were identified through powder x-ray diffrac-
tion (XRD) using a Scintag XDS2000 powder diffractometer (Cu
Ka radiation). Rietveld refinements of the XRD patterns were
carried out using General Structure Analysis System (GSAS) soft-

62,63

ware to extract crystallographic parameters, including lattice
constants and unit cell volumes. Heat flow measurements were
conducted using a differential scanning calorimeter (SDT Q600
model from TA Instruments, Inc.) to determine the structural tran-
sition characteristic temperatures above 400 K. The magnetization
measurements were performed using a Magnetic Property
Measurement System (MPMS) manufactured by Quantum Design
at temperatures ranging from 100 to 400 K and applied magnetic

fields up to 7 T.

lll. RESULTS AND DISCUSSION

The room-temperature XRD patterns of MnCoGe annealed at
800 °C followed by either slow or rapid cooling under various pres-
sures are shown in Fig. 2. According to these results, MnCoGe,
when slowly cooled at atmospheric pressure, i.e., sample SC_0, dis-
played a TiNiSi-type orthorhombic structure, which is consistent
with the previous report.'” Furthermore, the XRD patterns of
MnCoGe when rapidly cooled at ambient pressure, ie., sample
RC.0, could also be indexed in the orthorhombic structure.
However, a combination of the TiNiSi-type orthorhombic and
Ni,In-type hexagonal structures was observed when the rapid
cooling occurred under 1.2 GPa pressure (RC_1.2), where the

dominant phase is the hexagonal phase (weight fraction = 0.874).
This coexistence of both high- and low-temperature phases suggests
that the structural transition temperature is close to room tempera-
ture (i.e., since the XRD data were collected at room temperature).
Moreover, when rapidly cooled from 800°C under pressures of

MnCoGe w5 simulated TiNiSi-type ortho.
= i El 8o
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e | i .
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FIG. 2. Room-temperature XRD patterns for MnCoGe thermally processed
under different pressures. The top and bottom patterns depict the ideal (calcu-
lated) XRD patterns for TiNiSi-type orthorhombic and NiyIn-type hexagonal
structures for comparison with experimental results.
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2.2 GPa or above (RC_2.2, RC_3.5, and RC_6.0), MnCoGe crystal- T T T T T T
lized in the Ni,In-type hexagonal structure. These results demon- 7.08 o—eo—
strate that an increase in thermal processing pressure continuously L ®
shifts the structural transition to lower temperature, eventually sta- 7.07 ¢ ~\3a
bilizing the high-temperature hexagonal phase near room tempera- ortho hex
ture. A similar result of hexagonal-phase stabilization at room 7.06 = 0.4%
temperature in MnCoGe has been observed for higher thermal pro-
cessing temperatures at ambient pressure:.M’MA8 7.05
The XRD data were further analyzed through Rietveld refine- -~ »
ments to determine the lattice parameters and cell volumes per < 91
formula unit for each sample, as presented in Table II. Figure 3 E& 5.9
shows the variation of refined lattice parameters of the orthorhom- “E’
bic and hexagonal structures as a function of annealing pressure. 8 5.76
Note that the TiNiSi-type orthorhombic structure is regarded as a g Agrtho * Chex
distortion of the Ni,In-type hexagonal structure, where their axes 8 5.60F ~10.6%
are related bY Qortho =2 Chex> bortho X Ahexs and Cortho =2 \/§ ahex-64_66 :E 5.44}
As the thermal processing pressure increased from 0 to 1.2 GPa, 3 )
Aortho decreased by ~10.6%, while by, increased by ~6.8%. 5280 o ® o e |
However, ¢y, changed minimally (~0.4%) relative to that of aosm, 4 08// P P ° ° q
and by These deformations of the lattice parameters suggest that
a significant reconstruction of the crystal structure occurs during
the structural transition. As a consequence, a large change in unit 4.00 1
cell volume (~4.2%), as shown in Fig. 4, was observed when boriho X Bnex
MnCoGe cbanged its crystallographic conﬁgur.ati(.)n from the 391 } ~6.8%
orthorhombic to the hexagonal structure. Such a significant change MnCoGe
in crystal volume suggests that the transition may be easily influ-
enced by hydrostatic pressure, and the material is likely to exhibit a 3830 , . , , , .
giant barocaloric effect.®® Furthermore, the unit cell volume in the 0 1 2 3 4 5 6 §
hexagonal phase continuously decreased with increasing annealing A i GP g
pressure (see Fig. 4). This crystal volume reduction may change the nnealing pressure (GPa) El
interlayer distance and covalent bond between the Mn-Mn atoms, i
which are largely responsible for shifting the structural transition to FIG. 3. Lattice parameters at room temperature as a function of annealing pres- 3
a lower temperature. '’ sure for MnCoGe annealed at 800 °C followed by rapid cooling under various S
Figure 5 displays the magnetization measurements as a func- Pl %
w

tion of temperature for all samples carried out with field-cooled

cooling (FCC) and field-cooled warming (FCW) protocols in an < .
appliedg magnetic field of 4 H = 0.1 T. Fgr MnCoGI; slowly cooled 40.0 Orthorhombic MnCoGe
at atmospheric pressure, ie., sample SC_0, a thermally reversible —
magnetic transition from a high-temperature PM to a low- <
temperature FM state was observed at T = 350 K. Its structural £ 396
transition was investigated using DSC measurements, as shown in o
the upper right curves in Fig. 5 because it occurs at a temperature E
significantly higher than room temperature and in the g 392

T =~ 4.2 % volume change

&

) ) . @ 388}
TABLE |I. The structural parameters of all MnCoGe samples, including their g
primary crystal structures, lattice constants, and cell volumes per formula unit, deter- 2 Hexagonal
mined through Rietveld refinements of the XRD data collected at room temperature. > 384 v
Labels Phase a (A) b (A) ¢ (A) Vol./fu. (A%
SC.0 Ortho.  5.9535  3.8216  7.0528 40.117 38.0 — )
RC.0 Ortho. 59472  3.8248  7.0528 40.108 0 1 2 3 4 5 6
RC.1.2 Hex. 4.0871 4.0871 53128 38.428 Annealing pressure (GPa)
RC22 Hex. 4.0869  4.0869  5.3125 38.424
RC.3.5 Hex. 4.0854 4.0854 5.3109 38.383 FIG. 4. Pressure-dependent cell volume per formula unit for MnCoGe. The cell
RC.6.0 Hex. 4.0848  4.0848  5.3086 38.355 volumes decrease as the annealing pressure increases.
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FIG. 5. Magnetization as a function of temperature for all samples measured in
an applied field of uoH = 0.1 T using FCC and FCW protocols. The arrows in
the graph indicate the directions of the heating and cooling paths. The baseline-
corrected DSC measurements, as shown in upper right curves, were performed
to detect the structural transition in the sample SC_0, as it occurs at a tempera-
ture significantly higher than room temperature, and is not detectable in the
magnetization measurement. An increase in annealing pressure continuously
shifted the structural transition to lower temperature.

paramagnetic state, which is not detectable in the magnetization
measurement. Note that the heat flow data measured during
heating and cooling processes with a ramp rate of 2 K/min have
been corrected for baseline drift. According to the DSC results,
the sample SC_0 undergoes forward and reverse structural transi-
tions at T = 415 and 443 K, respectively, with a thermal hysteresis
of ATphye =28K. This is consistent with previously reported
results.

For MnCoGe rapidly cooled at ambient pressure (RC_0), the
structural transition significantly shifted to a lower temperature
(Tym = 334 K) and merged with the magnetic transition to form a
first-order magnetostructural transition (MST). The first-order
nature of this transition is clearly demonstrated by the considerable
thermal hysteresis between the heating and cooling curves (see
Fig. 5). When the rapid cooling occurred under pressures of 1.2
(RC_1.2), 2.2 (RC2.2), 3.5 (RC_3.5), and 6.0 GPa (RC.6.0), the
structural transition continuously shifted to lower temperatures

ARTICLE pubs.aip.org/aip/jap
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200 |
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FIG. 6. Magnetic and structural phase diagram of MnCoGe as a function of
annealing pressure and temperature, where all samples were annealed at
800 °C followed by rapid cooling. The abbreviations “ortho.” and “hex.” refer to
the orthorhombic and hexagonal crystal structures, respectively.

while still coinciding with the magnetic transition, i.e., they were
still coupled.

The significant shift in structural transition in rapidly cooled
samples at ambient pressure as well as under high pressure relative
to that of a slow-cooled sample could be associated with the disor-
dered structure caused by quenching and applied pressure. As
reported in the literature, the structural transition in MnCoGe is
sensitive to annealing temperature, cooling procedures followed by
annealing, and applied physical pressure.”*®” Moreover, Caron
et al.*” reported that the magnetocrystalline coupling present in the
MnCoGe-based compound is more easily driven by crystallo-
graphic change. When MnCoGe is allowed to cool slowly (at a rate
of 0.5C/min) after annealing at 800 °C, the transformation from
the high-temperature hexagonal to low-temperature orthorhombic
phases completes naturally above room temperature. However,
rapid cooling, i.e., quenching, induces a remnant strain resulting in
lattice distortion. This may lead to a strengthening of the covalent
bonds between Mn-Mn atoms by reducing the Mn-Mn interlayer
distance, which is considered a major factor in driving the struc-
tural transition to a lower temperature in MnCoGe-based
compounds.®®

Similar to the thermal treatment procedure, physically applied
pressure also stabilizes the high-temperature hexagonal phase in
MnCoGe by lowering its structural transition temperature. This is
seen directly when pressure is applied during measurement (rather
than during synthesis).”” This change in transition temperature is
also attributed to the reduction in Mn-Mn interlayer distance and
strengthening of the covalent bond due to applied pressure.”’
When both quenching and physical pressure act simultaneously on
a sample, cumulative effects are likely to occur, leading to a greater
degree of internal strain and lattice distortion in the sample
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compared to that induced by quenching alone. Consequently, a
larger reduction in Mn-Mn interlayer distance can be expected,
which in turn further decreases the magnetostructural transition
temperature in samples rapidly cooled under high pressures relative
to those quenched at ambient pressure. The continuous shift in
magnetostructural transition with increasing annealing pressure in
high-pressure annealed samples are likely due to the increased
pressure-induced lattice distortion. The structural transition tem-
peratures obtained from the magnetization measurements are in
agreement with the XRD results shown in Fig. 2.

In Fig. 5, it can also be noticed that the magnetostructural
transition in high-pressure annealed samples became broadened
and less sharp in comparison to those of the heat-treated samples
at ambient pressure. It is reported in the literature that the struc-
tural transition in MnCoGe-based compounds is usually broadened
due to the application of physical pressure, and its cause is mainly
attributed to the pressure-induced residual strain, which affects the
martensitic transformation.”” A similar cause might be responsible
for the broadening of the magentostructural transition in high-
pressure annealed samples in this study. Furthermore, an earlier
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investigation shows that an increase in applied hydrostatic pressure
continuously drives the magnetostructural transition to a lower
temperature in MnCoGe, and the decoupling of its magnetic and
structural transition occurs when the pressure is sufficiently high
(>7.9kbar).*® In the current study, the high-pressure annealed
samples might be on the verge of decoupling (or have partially
decoupled) their magnetic and structural transitions, resulting in a
notable broadening and two-step like feature of the magnetostruc-
tural transition. In any case, the significance of these magnetization
results is that magentostructural transitions can be established in
stoichiometric MnCoGe without altering its composition by
varying the thermal processing pressure. This can lead to signifi-
cant magnetocaloric effects near room temperature, despite the
conventionally synthesized material showing negligible such effects.

Figure 6 shows the annealing pressure dependence of the
structural and magnetic phase diagrams, which were constructed
using the XRD, DSC, and magnetization data. Here, the structural
transition temperature (Ty;) represents an average of the forward
and reverse structural transition temperatures, which were evalu-
ated from the peaks of the derivatives of the M-T curves. Note that
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FIG. 7. Isothermal magnetization measurements performed at different temperatures near the magnetostructural transitions for samples (a) RC_1.2 and (b) RC_2.2.
Temperature dependence of magnetic entropy change for the samples (c) RC-1.2 and (d) RC_2.2 for field changes of uyAH =1, 3,5,and 7 T.

€2:8€'20 $20¢ Jequisdeqg 92

J. Appl. Phys. 135, 215101 (2024); doi: 10.1063/5.0204371
© Author(s) 2024

135, 215101-6


https://pubs.aip.org/aip/jap

Journal of
Applied Physics

Ty was determined from the heat flow data for the sample SC_0.
The structural transition temperatures for all samples are provided
in Table I. Similarly, the magnetic transition temperature is defined
as the point where the slope of the M-T curve reaches its
maximum. In Fig. 6, it can be seen that the structural transition
temperature decreases with increasing thermal processing pressure.
Furthermore, a noteworthy observation is the coexistence of the
magnetic and structural transitions, resulting in a first-order mag-
netostructural transition (MST) between the FM orthorhombic and
PM hexagonal phases in a wide range of temperatures from 254 to
334 K. This behavior causes the magnetocaloric effects to occur on
the periphery of room temperature, which is advantageous for
practical applications.

The strong spin-lattice coupling often results in large magne-
tocaloric effects in these materials, where the contribution of the
latent heat of the first-order transition is significant.”””" Here, the
MCEs were characterized in samples RC_1.2 and RC_2.2 by evalu-
ating their isothermal magnetic entropy changes (ASy), which is
one of the parameters that quantifies magnetocaloric properties of
a material. For this, we performed a set of isothermal magnetiza-
tion measurements [M(H)] at different temperatures in fields up to
7T, with the temperature being incrementally changed across the
magnetostructural transition, as shown in Figs. 7(a) and 7(b). The
M(H) curves were measured using the “loop process method,”
where the sample was gradually cooled from the high-temperature
PM phase to the desired measurement temperature in the zero
magnetic field before each isothermal magnetization measure-
ment.”””* This procedure effectively prevents the occurrence of the
so-called “peak effect” and allows for precise determination of ASy
during the magnetostructural transition, even when there is a
thermal hysteresis. The magnetic entropy changes were then calcu-
lated employing the thermodynamic relation,

H /
ASy (T, AH) :J (LM(;:H )> dH’
0 H

1 H H
~ J M(T + AT, H’)dH’fJ M(T, H)dH' |.
AT | ), 0

Figures 7(c) and 7(d) show the temperature-dependent iso-
thermal magnetic entropy changes (—ASy) for field changes of
HoAH =1, 3,5, and 7 T for samples RC_1.2 and RC_2.2. The mag-
netic entropy changes in both samples are of comparable magni-
tude, but their peaks occurred at different temperatures. For the
sample RC_1.2, the maximum ASy for a field change of
HAH =7T is —11.4]kg71 K™!, and its full width at half
maximum of the entropy is Jpwnum = 30K. Similarly, the
maximum ASy of —10.0Jkg ' K~! for 7T field change was
observed in the sample RC_2.2, and its corresponding Spwum is
42 K. These significant values of ASy; are a consequence of magne-
tostructural transitions induced by high-pressure annealing in both
samples. Furthermore, the relative cooling power (RCP), another
parameter used to assess the magnetocaloric effectiveness of mate-
rial, was estimated for both samples using the relation,
RCP = |AS|,,.x X Srwnm. For RC_1.2, the RCP is ~ 342]kg*1 for
UoAH = 7T, while its value increased to =~ 420Jkg™' in the
sample RC_2.2. These results show that high-pressure annealing

ARTICLE pubs.aip.org/aip/jap

can act as an effective method to induce large magnetocaloric
effects in MnCoGe.

IV. CONCLUSIONS

In conclusion, the effects of high-pressure annealing on the
structural, magnetic, and magnetocaloric properties of stoichiomet-
ric MnCoGe were investigated. It was found that, as the annealing
pressure increased, the structural transition shifted to lower tem-
perature, locking the hexagonal structure in a metastable phase. A
considerable deformation in the crystal structure was observed
across the structural transition, resulting in a significant change in
unit cell volume (~4.2%). A magnetostructural transition between
the FM orthorhombic and PM hexagonal phases was established in
stoichiometric MnCoGe, which can be tuned over a wide range of
temperatures (>80K) by adjusting the annealing pressure, and
resulted in considerable magnetic entropy changes (up to
11.47kg ' K! for uyAH = 7 T) and large relative cooling powers
(up to ~ 420 J/kg) near room temperature. These results established
the approach of applying high pressure during thermal processing/
synthesis as an effective method to tailor the magnetocaloric proper-
ties of materials without changing their compositions. Moreover, our
findings may pave the way for the development of new functional
materials in the field of magnetocaloric cooling.
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