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Abstract

The multifunctional materials have demonstrated various properties such as shape
memory effect (SME), magneto caloric effect (MCE), magneto resistance (MR),
piezoresistance (PR), exchange bias (EB), half metallic ferromagnetism (HMF), and
spin polarization. Among many Heusler compounds, Ni-Mn-Ga alloys provide SME,
MCE, PR, and MR behaviors. These properties can be tuned by some external/internal
perturbations such as pressure, magnetic field, and chemical composition. These
alloys are prepared using an arc melting furnace under by melting the high-purity
starting elements (99.99%). The aim of the book chapter is to enhance the multicaloric
properties (MCE and PR) nearer to ambient temperature by the application of some
external parameters. Hence, we have chosen few Heusler alloys. These materials are
investigated under extreme conditions (hydrostatic pressure, high magnetic field, and
low temperature). All the doped and undoped Ni-Mn-Ga alloy series alloys exhibit
conventional MCE. The application of external magnetic field increases the magneti-
zation for both alloys. The hydrostatic pressure influences Ms and broadens the
hysteresis width in both the samples. The observed metamagnetic transition at ambi-
ent pressure gets suppressed at higher pressure. Also, high pressure induces larger
magneto crystalline anisotropy. The effect of pressure on MCE is decreased for both
Ni, Mn;,,Ga (x = 0 and 0.15) alloys. These alloys exhibit —ve PR (x=0 @ 30 kbar)
and +ve PR (x = 0.15@ 28 kbar) when subjected to hydrostatic pressure. The rate of
change of T and resistivity with respect to pressure are calculated and show positive
values for both the samples. The residual resistivity and electron-electron scattering
factor are found to be decreased with pressure for x = 0, and it exhibits metallic
behavior. However, both parameters increase for x = 0.15 alloy, and it may be related
to static disorder effects and spin fluctuations.

Keywords: Heusler alloys, NiMnGa, magneto caloric effect, magnetoresistance,
piezoresistance
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1. Introduction

1.1 Investigation of the influence of hydrostatic pressure on the magnetic
magnetocaloric properties, electronic transport, and piezoresistivity of
Ni, Mn,,,Ga (x = 0, 0.15) Heusler alloys

The discovery of new phase transformations can be performed through high-
pressure studies. The hydrostatic pressure effect gives insistently to recognize the
physical stuff of ingredients adjacent to the phase transitions with correlating phe-
nomenon. Within various stages happening in scheme of magnetic shape memory,
they exhibit phases at high and low temperature, high (austenite) and low (austenite).
The self-generated lattice strain is brought by martensite transformation in Heusler
alloys at low temperature. Freshly, the series of Ni-Mn alloys have been fascinating for
numerous uses because of the concerning multifunctional assets such as shape mem-
ory effect (SME) [1, 2], magneto caloric effect (MCE) [3, 4], exchange bias (EB)
behavior [5], and magneto resistance (MR) [6-10]. In the foresaid credible tenders,
the resources having MCE demonstrations predict for custom in condensed matter
cooling system. Within the diverse magnetic shape memory alloys, Ni-Mn-Ga has
premeditated widely; afterward, enormous strain was developed by magnetic field.
The samples endure first-order structural alteration from extraordinary thermal aus-
tenite to low thermal martensite and consume prominant magnetocrystalline anisot-
ropy in the lower martensite in addition to low twinning stress, which provides
magnetic field-induced strain. The change in composition considerately impacts the
phase transformations, crystallographic structures, and magnetic properties in
NiMnGa alloys [11-16].

Hydrostatic pressures are known to play a significant role on the magnetic and
structural properties of these systems [17-19]. The relative stability of the high-
temperature cubic phase and the low-temperature martensite phase can be influenced
by pressure. Magnetism in these alloys mainly arises from RKKY exchange interac-
tion, within the Mn atoms [20]. The exchange interaction between Mn-Mn atoms in
Heusler alloys powerfully influences on the distance and is reformed by either chem-
ical substitutions (or) hydrostatic pressure. These consequences suggest the observa-
tion of positive pressure coefficient of Jy, mn [21]. Recently, the effect of pressure on
some of the NiMn-based systems has been reported [22-26]. Hydrostatic pressure
effect on magnetic and martensitic transition shifts toward higher temperature with
decrease of ASy; in NiMnIn magnetic superelastic alloys [22]. Albertini et al reported
the pressure effects on MCE in Mn-rich and Ni-rich Ni;MnGa alloy and found that the
MCE decreases (increases) for Ni (Mn)-rich alloy [23]. Kamarad et al [27] have
studied the effect of hydrostatic pressure on magnetization of Ni-rich Ni,,,Mn; ,Ga
(x = 0, 0.15) compounds and reported that pressure decreases ASy; ™** at Ty;. Further,
Esakki Muthu et al [26] have reported the effect of hydrostatic pressure on M, and
ASy in Nisg_ xMns7,,Sny3 (x = 2, 3) alloys. Nayak et al [24] reported on NiCoMnSb
alloy that the pressure enhances the stability of the martensite phase and decreases
ASy ™ besides an upward shift in Ty, By the hydrostatic pressure effect on the
magnetic and magneto caloric property of the Heusler alloys. At the same time, up to
now few reports are available on the pressure need of MCE in Mn fertile Ni-Mn-Ga
alloys [23].

Band ferromagnetism is a significant phenomenon developed in several transition-
metal compounds. High-pressure studies can provide valuable information on elec-
tronic structure and electron-electron interactions in intermetallics. Among many of
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these studies, hydrostatic pressure [24] has been recognized as an effective tool to
change physical and chemical properties in solids. Nevertheless, resistivity,
piezoresistance (PR) [25], and pressure-induced phase transition [26, 27] are
renowned as important phenomena that occur in Heusler alloys. PR is the change in
resistance provoked by pressure effect was first discovered by Smith [28] in semi-
conductors (Si, Ge) possessing anisotropic energy with wide band structures. Further,
they are being broadly used as stress and strain sensors [29]. Numerous kinds of
Heusler alloy systems such as Ni-Mn-X (X = Sn, Ga, Si, Sb) have been extensively
studied [9, 30-48]. Among them, Ni,MnGa, a potentially well-known magnetic shape
memory alloy (MSMA) [1, 31, 32], has been considerably investigated material for
both scientific and technological purposes and is known to exhibit various phenomena
such as MCE, EB [32], MR, and magnetic-field-induced strain (MFIS) [33-36]. It
undergoes structural transformation from cubic austenite (high temperature, high
symmetry phase) to low-temperature martensite phase at Ty = 202 K [37] and
second-order paramagnetic to FM phase transition at T¢ = 376 K [27]. Additionally,
the increased rate of Ty, with pressure is 0.55 K/kbar. On the divergent, for

Ni; gsMn; 15Ga (T = 138 K), Ty is diluted at the rate of —1.08 K/kbar with fixed
hydrostatic pressure and magnetic field [38, 39]. The temperature-reliant electrical
resistivity p(T), whichever frequently employed to separate metals from insulators,
band-gap insulators, Anderson localized insulators, has been studied for Ni-Mn-Ga
alloys, for instance, Ni;MnGa; By (x = 0.03,0.05) [40], Ni,MnGa;_,In,

(X = 005—015) [41], Ni2.16Mno‘g4Ga alloy [42], Ni2+XMn1_XGa (X = O——.2) [9, 43], and
Ni49.5Mn25,4Ga25.1, Ni51.1Mn24.9Ga24 alloys [44] Furthermore, the time—dependent
and field-induced hump in the resistivity was also observed in Ga doped Ni-Mn-Sn
alloy [45]. Clear view of magneto structural transition has been investigated in

Ni, 1sMng g,Ga [46]. Temperature dependence of electrical resistivity under various
hydrostatic pressures has been studied for Ni, 14Mng g4Ga; 02, Nip 14Mng 9,Gag 94, and
Ni,MnGa single crystals [47]. Large value of piezoresistance and magnetoresistance
under uniaxial stress has been observed in NiysCosMns; sIng, 5 [48]. In this work, we
investigate the effect of hydrostatic pressure on the resistivity and piezoresistivity
(PR) of Ni; Mny,,Ga (x = 0, 0.15) magnetic shape memory alloys. We have also
determined the po and (A) for the alloys.

1.2 Experimental techniques

The samples have been prepared by standard arc melting technique [15, 49]. The
elemental ratio is influenced using energy-dispersive analysis of X-rays, which pro-
vide the actual chemical ratio as Ni; 99 Mn; 91Ga 9o and Ni; oMn; 15Gag o5 for x = 0
(Ni,MnGa) and 0.15 (Ni; gsMn; 15Ga), respectively. The magnetic studies are accom-
plished at different pressures by 9 Tesla Physical Property Measurement System
(PPMS-9T)-Vibrating Sample Magnetometer (VSM) (Quantum design, USA) module
furnished with the Cu-Be clamp-type pressure cell with 10 kbar upper pressure [28].
The thermomagnetic data are recorded with VSM for both cooling and heating mode
in the temperature range of 2 K-300 K under ambient and high pressures up to
7.4 kbar for Ni; gsMn; 15Ga (x = 0.15) and 9.69 kbar for Ni,MnGa (x = 0) nominal
compositions at a constant magnetic field of 0.01 T. The isothermal magnetization M
(H) is recorded up to 5 T at ambient and high pressure at different temperatures
(180-250 K: x = 0 & 130-160 K: x = 0.15) across Ty. The materials preparation,
characterization, and other studies such as isothermal magnetoresistance, magnetiza-
tion on Ni, ;Mny,,Ga (x = 0, 0.15) alloys have been discussed [15, 49-51].
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High-pressure electrical transport measurements are performed by four-probe
resistivity method. Throughout the measurements, the samples with four-probe con-
tacts are immersed in a Teflon capsuled Daphane (#7074) and kept inside the Be-Cu
clamp-type hybrid pressure cell (30 kbar). Usual persistent DC current of 80 mA is
provided by programmable fixed current source (224, Keithely, USA), voltage is
restrained with nanovoltmeter (34420A, Agilent, USA), and temperature is assured
through temperature controller (Lakeshore, USA) and is computerized with
LABVIEW software. The external pressure is applied to sample using 20 Ton hydrau-
lic press. The clamped pressure cell is externally loaded inside the closed-cycle refrig-
erator (CCR-VTI). The pressure is standardized using Bi-resistive transitions of Bi I-II
(25.5 kbar) and II-III (27 kbar) at ambient as well as least temperature was reached
(300- K) employing CCR-VTI. Expending with turbo molecular pump, the cavities
have been vacuumized up to 10~ ° mbar. A sufficient He gas is entered into container
of CCR-VTI when the alloy is cooled, and the temperature of the alloy is suppressed
by the compressor. An external mechanical refrigerator removes the warm helium
vapor.

2. Results and discussion

The temperature dependence of magnetization M (T) is measured for Ni, ,Mng,
Ga (x = 0, 0.15) alloys at 0.01 and 5 T (Figure 1). While cooling from ambient
temperature, from x = 0, a rapid decrease in magnetization happens at 209 K in the
magnetic sources of 0.01 T, which point out the martensitic begins (M; = 209 K).
Advanced cooling at less than 188 K (martensite end (Mg = 188 K)) results in persistent
magnetization up to 5 K. The reduction in magnetization nearby Ty is caused by
prominent magneto crystalline anisotropy in the lower-order phase [1, 52]. Here, the Ty
is calculated using the relation Ty=(Mg+A¢)/2. The hysteresis is noticed between cooling
and warming modes, which describes the first-order structural transition. Comparable
property is found in the M (T) curve for x = 0.15 at a field of 0.01 T (Figure 1b),
which is in agreement with our earlier M (T) measurement at 0.01 T in Ni; g4Mn, ;;,Ga
in the limited temperature range [50]. The observed M values for x = 0 and 0.15
are consistent with reported literature [50, 53, 54]. The various characteristic

100 100

(a) Ni2MnGa (b) Nij gsMnjy 15Ga
%2282000 Ay
— 80- Cog J A
__EP - /.. ° \‘
= | ™¢ | %o
' "-c. o
E » Mg
- e = ?\'
E 4 1w L] "lﬂ =, ‘
T(K) '
‘e H=0.01T
-
| o
2 .\I! :
m—tl_ A,
0 100 200
T (K) T (K)

Figure 1.
Temperature dependence of magnetization at H=(0.01 s T) for (a) Ni,MnGa and (b) Ni, gsMn, ,sGa.
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transition temperatures obtained from our M (T) curves are shown in Tables 1 and 2
for x = 0, 0.15. The characteristic transformations decrease with increasing Mn compo-
sitions at normal pressure. The closed view of Figure 1 shows the enlargement of
magneto thermal curves information approximate Ty measured. The H = 5 T enhances
the magnitude of magnetization equated to the lower magnetic field (0.01 T) for both
x = 0 and 0.15 (Figure 1). Besides, the magnetization of the low-stability phase is more
than that of high-stability phase at 5 T for both alloys. This is owing to the alignment of
magnetic domains in the oriented axis, it destroys the magneto crystalline anisotropy at
H = 5T [55, 56]. Similar increase in magnetization with the application of magnetic field
has also been observed in Ni; g4Mn; 17Ga, Nisg,,Mnys ,Ga (x = 0, 2, 3,5), and

Ni; 75Mn; 55Ga [50, 57, 58].

Figure 2 indicates thermo-magnetization with cool and warm modes at different
hydrostatic pressures up to 9.69 kbar (x = 0) and 7.4 kbar (x = 0.15) at H=0.01T.
Notification from Figure 2a that M; increases slightly with pressure, because of
hybridization among Ni-3d and Mn/Ga atom. Table 3 displays pressure-derived
function of M and Ty equated to existing reports. The hysteresis found in both cool
and warm curvatures appears to be extended with enhancement of hydrostatic pres-
sure. The possibility of owing to the variation in magneto crystalline anisotropy at
minimum temperature in lower-order phase. Related pressure reliance has been
described in x = 0 [54], where the heating and cooling curves show opposite trend
compared with the present results.

Figure 2b demonstrates the M (T) curve at several hydrostatic pressures
(0-7.4 kbar) for Ni, ;Mn;,,Ga (x = 0.15). It is originated that Mg and Ty suppress as
the pressure enhances (dMy/dP = —2.027 K/kbar); dTy/dP = —1.081 (K/kbar). At the
same time, Albertini et al [23] noticed that martensitic transformation temperatures
raise by pressure for Ni; ¢Mn; 3Ga; g. The negative alteration of Mg graces the stability
of cubic higher-order phase representing that martensite phase is low stability with

Pressure (kbar) Transition temperatures (K)
M, M A, As Tar = (Mo+Ap)/2
0 209 188 205 222 216
1.37 209 185 208 227 218
6.06 210 209 212 230 220
9.69 210 212 213 233 222
Table 1.

Transition temperatures with several hydrostatic pressures of Ni,MnGa.

Pressure (kbar) Transition temperatures (K)
M, Mg A A¢ Tm = (Mg+Ag)/2
0 137 128 142 152 144.5
3.0 133 117 141 146 139.5
5.8 128 113 140 147 137.5
7.4 122 101 136 151 136.5
Table 2.

Transition temperatures with different hydrostatic pressures of Ni, gsMn, ,;Ga.
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Sample dTw/dP (K/kbar) dMg/dP (K/kbar)
Ni,MnGa 0.619 0.103

Ni; gsMn; 15Ga —1.081 —2.027

Ni, 1sMng gsGa [23] 0.58 —

Ni; oMn; 3Ga; g [23] 17 —

Ni 15:Mng 771Ga [59] 0.6 —
NisgMn3eSnyz [60] — 3.16
Niy7MnyoSn;3 [60] — 0.51

Table 3.

Pressure derivative values of Tyy and Mg for various NiMnGa (Sn) systems.
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Figure 2.

Thermomagnetic curves (both cool and warm) of Ni,_, Mn,,.Ga (x = 0, 0.15) alloys with various applied
pressuves at H = 0.01 T.

pressure. Furthermore, substantial alterations happen in electronic structure under
pressure and may extend to various transformation temperatures. Pressure steadies
the lower-order phase in further FM shape memory alloys (FSMAs) [61]. In addition,
a large width of the hysteresis is noticed on increasing the pressure that is attributed to
the enhancement of magneto elastic coupling with lattice strain, twin boundary
motion, and first-order transition [61].

Pressure habituation of transformation in x=0, 0.15 is represented in Figure 3,
which confirmed that transformation rises with pressure in x=0, while transformation
suppresses in x = 0.15. This occurrence can be described in following ways. Enhance-
ment of pressure will decrease the crystallographic volume, which affects character-
istic transition temperatures. Furthermore, these alloys show that lower volume
change with pressure results in slight change in M. Kim et al, described the pressure
reliance of Ty in x = 0 and Ni, 14Mng g4Ga; o, and established high volume
change [39]. However, the volume change in our present alloys is lower than the
reported Nisg_Mns7,,Sny3 (x = 2, 3) [60] and NisoMn34In;g [22]. The characteristic
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Figure 3.
Pressure veliance of Tpy in Ni,_Mn, . Ga (x = 0, 0.15) evaluated at H = 0.01 T under different hydrostatic
pressures.

transition temperatures under different pressure are given in Tables 1 and 2 for both
alloys respectively.

The isothermal curves have restrained in x = 0 around Ty, (180 K-250 K) at
ambient, high pressures (Figure 4a and b). The magnetization work is absorbed into
two ways: magnetic field is improved 0-5 and reduced 5-0 T. It is observed that
magnetic field prompted first-order metamagnetic transition arises at 220 K, ambient
pressure for x = 0 (Figure 4a). The enclosure of Figure 4a) displays the transition
clearly. However, this transition disappears at 9.69 kbar. Related actions have been
detected in Ni, 50Mng 73,Ga [59]. From Figure 4b, the crossover in magnetization is
noticed in the M (H) curve approximately 190-235 K. The magnetization is hard to
impregnate for temperatures 190 and 196 K specifying a martensite phase, although at
austenite phase at 223 K and 235 K the magnetization is relaxed to saturate. This is
because of the firm magnetocrystalline anisotropy around transformations in x = 0 at
high pressure. Figure 4c and d shows the isothermal curve of x = 0.15at P = 0, 7.4 kbar.
This M (H) is assessed with rate of temperature 130 K-160 K in gradual rise of 2 K; even
though only picked out readings are drawn in Figure 4c and d for the clear visibility. At
normal pressure, the field brought metamagnetic transition is seen in low field (0.68 T)
at 146 K insert (Figure 4c). But, this transition is blocked at 7.4 kbar (Figure 4d).
Similar to x = 0, the cusp in magnetization has been perceived between martensite and
austenite temperature for x = 0.15 at P = 7.4 kbar, as viewed in (Figure 4d). Therefore,
the subjection of pressure develops large magnetocrystalline anisotropy in both alloys.

The entropy change in magnetization (ASy;) at various pressures is evaluated using
the Maxwell’s relation

H

[ (0M(H,T)
ASy = J (T) HdH (1)

ASy; is computed from the over equation using numerical integration of the iso-
thermal curves. ASy; with temperature for various pressures is represented in
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Figure 4.
Isothermal curves of x = 0 (a) ambient and (b) 9.69 kbar pressure, x = 0.15 (c) ambient and (d) 7.4 kbar

pressure.

Figure 5. The usage of pressure declines the ASy; is 19.21 Jkg 'K~ (P = 0 kbar) to
6.04 Jkg 'K ! (P = 9.69 kbar) for x = 0. Nevertheless, the peak temperature of ASy
gains in the direction of higher temperature with pressure. Enhancement of the
maximum temperature of ASy near room temperature with the application of higher
pressure. The degree of ASy; suppresses from 8.9 Jkg 'K~ ' (P = 0) to 1.27 Jkg 'K !
(P = 7.4 kbar) in Ni; gsMn; 15Ga and the highest temperature of ASy; moves near to
lower temperature. Likewise, for Ni-rich Ni, ;0§Mng 73;Ga, ASy shrinkages from
96 Jkg "K' (P = 0) to 86 Jkg 'K * (P = 8 kbar) [59]. Additionally, in Ni,;sMng gsGa,
ASy reduces from 24 Jkg 'K~ (P = 0) to 20 Jkg 'K~ * (P = 11.7 kbar); however, in
Mn-rich Ni; oMn; 3Gag g, ASy promotes from 4.5 Jkg 'K~ " (P = 0) to 6 Jkg 'K "
(P =12.2 kbar) [23]. Based on the earlier reports, it is concluded that pressure stimu-
lates additional magnetic entropy in prominent additional Mn in Ni, ,Mn;,,Ga com-
pounds equated to the x = 0.15 sample analyzed and excess Ni in Ni, Mn,,,Ga.
Temperature dependence of resistivity p (T) is measured for polycrystalline Ni,_
xMny,Ga (x = 0, 0.15) at several hydrostatic pressures both in cool and warm
sequences. In order to see the clear features, the heating cycle graph has presented for
pressure (Figure 6) and the cool-warm lines are prearranged as inside view of Fig-
ure 6 at least and maximized pressure. At normal pressure, p falls with decrement of
temperature in x = 0 (Figure 6a) and exhibits least thermal hysteresis near martensite
transition. This specifies that structural transitions are specified in the closed view of
Figure 6a. Comparable p (T) is identified for x = 0 [47]. These results are perceived as
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Temperature desirable of magnetic entropy change in Ni, Mn,,Ga (x = 0, 0.15) alloys at different hydrostatic
pressures.
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Figure 6.

Temperature dependence of resistivity for (a) Ni,MnGa, (b) Ni, ssMn, ,5Ga alloys at various pressures. Inset:
shows p vs T in the temperature region of 180—300 K for the pressure of 0 kbar and 30 kbar.

hysteresis curves at ambient and P = 7 kbar. The fascinating report at 25 kbar pressure,
the hysteresis graph gets repressed in x = 0, at 30 kbar, the hysteresis completely be
wiped out, and it can be evidently seen in inset of Figure 6a. As increasing pressure,
its p decreases entire 4-300 K and boosts the metallic nature in the alloy due to
enriched hybridization of valence band by applied pressure [40, 62, 63]. A mark of the
pre-martensite transition (Tpy) detected at 260 K at ambient pressure for x=0. The
cross of the Tpy is not clearly witnessed at higher pressure (30 kbar) (Figure 6a). The
magnetic field and hydrostatic pressure are significantly affected on Ty; and Tpy of
Ni,MnGa system [39, 64]. Similar p (T) has been found for x = 0.15 (Figure 6b),
where the application of pressure increases the p due to the pressure-induced phase
transformation, which indicates the phase changes from pre-martensite to martens-
ite [46, 47]. Still, total p for x = 0.15 is lower than x =0. Besides, in demarcation to

x = 0, considerable thermal hysteresis is seen for entire pressure. This may be related
to electronic structure as compared with magnetic actions [19, 63, 65]. The application
of pressure shifts the transformation temperature to higher values, and the clear view
of transformations for x = 0.15 is illustrated from the inset Figure 6b.
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Figure 7 displays the pressure addiction of T,
[Tay = (As + Af) /2] (2)

Martensite to austenite transition for x = 0 and 0.15, which rises with improvement
of pressure. The derivative pressures of T, are 0.15 K/kbar and 0.82 K/kbar for x = 0
and 0.15, respectively. This directs the change in volume with pressure for
Ni; gsMn4 15Ga matched to Ni,MnGa. The additional Mn atoms will fill the Ga and Ni
sites consequential in hybridization between Ni and Mn/Ga states in NiMnGa
alloy [63]. The application of pressure increases the exchange interactions between
Mn-Mn ions, which enhance the hybridization between Ni and Mn/Ga. This needs
more thermal energy to drive martensite transition, which in turn increases the
characteristic transformation temperature [66, 67]. An important aspect is that width
of the hysteresis (given by the difference of (As+A¢)/2 and (M+Mg)/2) [68] decreases.
This implies larger mobility of the twin boundaries with the application of hydrostatic
pressure.

The temperature dependence of piezoresistivity (PR) of Ni, xMn;,xGa (x = 0,
0.15) alloys at various pressures is computed using the relation

PR(T) = [pp(T)) = pa(T))/pa(T)] 3

where pp and p, are resistivity at pressure (P) and ambient pressure. Fascinatingly,
PR has negative and positive sign for x = 0 and 0.15 (Figure 8). The highest PR is
found at the martensite transition (near Ty;) for all pressures. Inset of Figure 8a
exposes that for x = 0, negative PR gradually enhances with pressure and peak value of
-PR is 34% mentioned at 232 K for P = 30 kbar. For x = 0.15, a prominent peak of PR is
remarked at Ty; and the application of pressure increases the +PR (inset of Figure 8b).
The maximum +PR of 17% is noticed at 154 K for P = 28 kbar. The observation of
negative and positive PR is stimulated by decrement and increment in resistivity (p)
with pressure for x = 0 and x0.15 presented in inset of Figure 8a and b. Therefore, it
affirms that the PR of x = 0 responds with pressure. The PR activities are watched in
single crystalline NiysCosMns; sIng; s under uniaxial stress and attained peak value of
PR 122% [48]. Hereafter, the Ni-Mn-Ga compounds are hardly prospective applica-
tions in subject of spintronics by revealing changes of PR.

225 -=—NigMnGa o 4168
-o=Niq gsMnq 15Ga / 1

- 1162
= {156 2
= 223 " 1 —

1150

wmt 7

0 10 20 30

P (kbar)

Figure 7.
Pressure dependence of T, for Ni,  Mn,,.Ga (x = 0, 0.15) alloys.
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Figure 8.
Temperature habituation of PR at various hydrostatic pressures for (a) x = 0, (b) x = 0.15 alloys. Pressure variant
of PR for x = 0 and x = 0.15 is exposed in insets of a and b.

Figure 9a and b shows variation of both residual resistivity (po) and electron
scattering factor (A) with pressure for x = 0 and 0.15. The py and (A) are obtained by
fitting the simple electrical resistivity equation,

p=po+ (AT?) (4)

From the low thermal region 4-200 K (x = 0) and 4-130 K (x = 0.15) and the
curved fitting are displayed in the inset of Figure 9a and b. The p, happens in these
alloys due to impurities (or) imperfections. The (A) value at lower thermal region
denotes electron-electron scattering [69]. From Figure 9a, the rate of pp and A
reductions with pressure for x = 0. In demarcation, for x = 0.15 mutually po and (A)
gains with subjected pressure Figure 9b. The divergent changes of (A) involve that
the subjection of pressure suppresses and enhances the electron-electron scattering for
x = 0 and x = 0.15. In the case of x = 0.15, the fixed disorder on because of additional
Mn that lodges the Ni locations possibly liable for rises in both the py and (A) with
pressure [7]. Another factor that might increase (A) could be related to the spin
fluctuations due to Fermi surface nesting under pressure [70, 72].

3.0 3A8F :
. NiMnGa Ni (Mn  Ga 430 _
. E 9 f:;\ # _- e‘ll
~ 2Tfe= & =3 v
. e—q—|. 2 & E
g 24 \ PE G g
a” 2.1 17 I% o E lg.,
. = 3.00F o P
00 05 L 5
1L8f . Xl lM}thK‘lz * . 16 2.94 " L 4.15
0 10 20 30 0 10 20 30
P (kbar) P (kbar)
(a) (b)
Figure 9.

Pressure discrepancy of residual resistivity (p,) and electron scattering factor (A) for (a) Ni,MnGa (b)
Ni, gsMn, ,sGa. The insets of a and b reveals p, dependence T? for Ni,MnGa and Ni, gsMn, ,;Ga.
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3. Conclusion

The usage of outward magnetic field raises the magnetization for Ni,MnGa and
Ni; gsMn; 15Ga alloys. By applying hydrostatic pressure, which includes M and
expands the hysteresis width in both alloys. The metamagnetic transition is detected
at ambient pressure and suppressed at maximum pressure. The high pressure encour-
ages greater magnetocrystalline anisotropy. Finally, the pressure impact on MCE is
reduced in ASy for both alloys. In compact of the work, Ni,MnGa and Ni, gsMn; 15Ga
alloys reveal negative and positive PR, when applied to hydrostatic pressure of 30 kbar
and 28 kbar. The rate of variation of Ty and resistivity pertaining to pressure has been
computed and exhibits positive numbers for the two alloys. The py and (A) are
originated to be reduced with pressure for Ni,MnGa, which exhibit metallic property,
merely both rise for Ni; gsMn; 15Ga, and it may be associated to stationary disorder
effects and spin oscillations. These materials have incredible potential interest in
sensors and spintronics.
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