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STRUCTURE AND MAGNETIC PROPERTIES OF Ni-Al AND
Ni-Mn-Al COMPOUND PRODUCED BY ARC MELTING

Bambang SOEGIJONO?, Hamdan Akbar NOTONEGORO?, Jan SETIAWAN?

In this paper, we trace the structure and magnetic properties of Ni-Al and Ni-
Mn-Al compound produced by Arc melting. Tracing have been done by comparing
the structure and magnetic properties of NisAl, NizMnAl and NisoMnszAl1s alloys
system. Analysis structure on NiMnAl show that the atomic position of Mn and Al
are at different site. But for NisoMns2Al1s , the atomic position of Mn and Al occupy
the same site. NisAl and NizMnAl do not show ferromagnetic phenomena, but
NisoMnzAlie alloys system have shown ferromagnetic phenomena. It could be
expected that one of the Ni-Mn-Al system (NisoMnsAlig ) could a parental
compound for magnetocaloric materials by partial substitute of Al by Mn in its
lattice.
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1. Introduction

Nowadays, many researches have been conducted on search of finding
new magnetocaloric material base on metal or its alloys. The magnetic refrigerant
becomes new cooling technology which is more efficiently and environmental
friendly [1,2]. The entropy changes due to magnetization cycle will replace
compression cycles to absorb or emitting heat. The material with the
magnetocaloric effect (MCE) properties will work for that functionality [2-4].
Many efforts have been made to achieve that goal such as increasing the MCE
value to absorb and release heat. In 1976, Gd which has large MCE in near room
temperature had been considered to be the most suitable refrigerant [5,6].
Nevertheless, Gd is highly expensive and more toxic for health [7-9].

Since Ni-Mn-Al alloys base on Heusler become the potential candidate
for cheaper materials which exhibiting good performance MCE around room
temperature, it also has a high strength of the grain boundaries and can be tuned as
favorable materials [10-13]. There is something interesting about this Ni-Mn-Al
system for magnetocaloric material research. In general, researcher uses Ni2MnAl
as a parental compound, to substitute partially the parts of the alloy [14-18]. But
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in last decade, recently found a new trend to uses NisoMnzAlig as a parental
compound but the question still open. They substitute the part of this alloy to
produce the magnetic material MCE which is quite good as a magnetic
refrigerant.

Kim et. al. reported in their study in the Nis1CosMn3z2Alisquaternary alloy
system shows the optimal value at 10 kOe to provide |ASm[’ of 2.1 J kg Kt
observed at 300 K. These values generate the refrigerant capacity (RC) as 52 J kg
1 of that material [19]. Furthermore, Kim et. al. also investigated the
Ni17C00.3Mn1.26Al0.74 alloy system that similar with Nisz5C075Mna15Al8s. In this
material, they could generate the value of |[ASm[™ as 2.1 Jkg*K? which gave
refrigerant capacity value (RC) of 49 J kg at AH = 10 kOe [20]. In other way,
Xuan et. al. found that in the NisaFesMna2Alisalloy system obtained the value of
magnetic entropy change as 3.35 J kgt K at AH = 30 kOe [21]. In the opposite,
Xuan et. al. also found that in the Nis»2CogMns2Alig alloy system generate the
value of |[ASm[PK as 7.7 J kg?K™! and got under AH = 60 kOe that capacity of the
effective refrigerant value of 112 Jkg™, more than Kim et. al. founded [22].

Therefore, in this research, we trace the magnetic properties and structure
of off-stoichiometric NisoMnz2Alig alloy system, from the features of NisAl,
which is binary alloys system, and the properties of Ni2MnAl which is full
Heusler alloy system. By this mean, the beneficial of NisoMns2Al1g as the parental
compound become more seen.

2. Methods

The series of Ni-Mn-Al alloy samples were prepared in proportional
composition (at. %) from pure powder metals (99% pro analysis) using arc
melting furnace with argon atmosphere. In a sealed quartz glass tube, the ingots
were annealed at 900 °C for 48 hours and cooling gradually at room temperature.

Powder X-ray diffractometer using Cu-Ko radiation was conducted to
identify the crystal structure and to characterize the phases present at room
temperature. Rietveld analysis by GSAS and Visualization for Electronic and
Structural Analysis (VESTA) software also used to model the atomic structure.
The field dependence of magnetization (J-H) was measured at 25 °C with an
applied magnetic field (Hext) 600 KA/m using PERMAGRAPH®-L MAGNET-
PHYSIK Dr. Steingroever GmbH.

3. Result and disccussion

TheX-Ray Diffraction pattern of NisAl, NizMnAl, and NisoMnz2Al1g alloys
system are shown in Fig 1, 2 and 3. NisAl alloys consist of two-phase as shown in
Fig. 1, which are cubic structure and space group (Pm-3m) also known as the fcc
and tetragonal (P4/mmm) structures [23].
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Fig.1 XRD pattern of NisAl Alloy system.There is two phase structure present, Cubic fcc (s.g.
Pm-3m) and tetragonal (s.g. P4/mmm).

Then, Fig. 2 shows that Ni2MnAl alloys compound consist of two-phase,
which are cubic (Fm-3m) as L2; type structure and cubic fcc (Pm-3m) structures
belonging to NisAl present [24-26,23]. We can identified the L2; structure as
Heusler Alloy system from the reflection of (111), (200), and (220) [27].
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Fig.2 XRD pattern of Ni2MnAl Alloy system which consist of two-phase structure, L2;(fm-
3m) and NizAl (Pm-3m).

Moreover, in Fig.3 appear the phase structure of NisoMns2Als alloy
system consist of single cubic fcc structure (Pm-3m). This structure were
identified from the reflection of (100), (111), (200), and (220) as obvious
intensity, and the reflection of (110), (210), and (211) which are tiny.
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Fig.3 XRD pattern of NisoMns2Al1s Alloy system which consist of single-phase Cubic fcc and
space group (Pm-3m)

We can see in Table 1 that the structure of L2; formation has volume much
larger than the cubic fcc (Pm-3m) and tetragonal (P4/mmm) phase structures but
has mass density much smaller than two other phase structures.

Tabel 1
Phase structure of alloys system NisAl, NizMnAl, dan NisoMn3z2Als
Phase a=b=c o \Y Density
Compound structure S.G. (A) 0=p=y (A3) (gr/icm?®)
3.795
. Tetragonal P4/mmm 3.795 90° 47.909 7.04
NisAl 3.395
Cubic Pm-3m 3.602 90° 46.744 7.21
(‘,:\l‘:b,{zn'fll) Fm-3m 5811 |  90° 196.296 |  6.74
NizMnAl 2V
Cubic Pm-3m 3.629 | 90° 47.795 7.05
(NizAl) ' ' '
Ni50Mﬂ32A|13 Cubic Pm-3m 3.575 90° 45.700 7.68

Table 2 shows the present position of Ni2 atoms of NizAl alloys in
tetragonal phase structure (P4/mmm), which also found in NiMnAl with cubic
phase structure (Fm-3m). The Mn atom and Al atom occupies different position.
Meanwhile, the present position of Mn1 atoms and Al atom in NisgMnz2Al1s alloy
system occupy the same position with site occupancy 0.64 and 0.36 respectively.
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Tabel 2
Atomic Position of alloy system NizsAlzs, NisoMnzsAlzs, and NisoMnszAlis
Compound SG Posisi atom (x,y,2)
" Nil Ni2 Mn1 All
P4/mmm 2 Le - la
. (0,0.5,0.5) (0.5,05,0) (0,0,0)
NI3A| 3 1a
Pm-3m | 0,05, 0.5) ) ) (0,0, 0)
8c 4b 4b 4a
Fm-3m (0.25, 0.25, (0.25, 0.25, (T
NizMnAl 0.25) 0.25) 0.5) e
Pm-3m 3c ) ) la
(NizAl) (0, 0.5, 0.5) (0,0, 0)
3 la la
NisoMn32A|1s Pm-3m (0 0.5.0 5) - (0, 0, 0) (O, 0, 0)
T SOF 0.64 SOF 0.36

In Fig.4 shown the structure of the 3-dimensional simulation which based
on data from Rietveld analysis results of NisAl, Ni2MnAl, NisoMns2Alsg alloys
system. In NizAl alloys, both phases structures, cubic fcc (Pm-3m) and tetragonal
(P4/mmm), seem almost identical (Fig.4a). both phases are distinguished by the
ratio of the lattice length of the tetragonal phase structure (P4/mmm). In Fig.4b
we can see the present formation of L2; cubic (Fm-3m) structure. In Fig.4c also
shows that the formation of a single phase in NispMns2Al1g alloys which has afcc
cubic (Pm-3m) phase structure.

a) NizAl

b) Ni2MnAl

Cubic Fm-3m L2 Cubic (Pm-3m)
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Fig. 4 The Vesta simulation of the unit cell of the crystalline structure of a) NisAl,
b) NizMnAl, and c) NisoMnz2Al1g alloy system.

¢) NisoMns2Alig

Fig. 5 shows the results of magnetization of binary alloy NisAl alloys, to
tertiary of NizMnAl alloys, and NisgMns2Alg by the external field. The NizAl
magnetization curve had conduct a negative linear slope which shows the
diamagnetic properties (Fig.5a). The magnetization of NiMnAl curve also shows
the forms of negative linear slope (Fig.5b). However, the presence of the L2:
phase structure in alloys compound has decreased the diamagnetic properties in
Ni2MnAl alloys. Then, a magnetization curve of NisoMns2Alsg alloys in Fig.5¢c
shows the ferromagnetic properties of the compound. It appears that the
magnetization curve conduct a positive value and reaches saturation of J=0.06 T
at H = 600 kA/m with a small remanence ( 6.21-10* T) and coercivity (2.5-10°
KA/m).
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Fig. 5 Magnetic hysteresis curve of a) NizsAlzs, b) NisoMnzsAlzs, and ¢) measured at 25 °C.

Inset shows the small remanence (6.21-10* T) and coercivity (2.5-10"° kA/m) of NisoMnz,Alsg
alloys system.
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From the results above that the revealed magnetic properties of each alloy

Is divided into two major magnetic domains, that is:

. Diamagnetic, which are consists of NizAl and Ni2MnAl/ NisoMn2sAlos.

o Ferromagnetic, belongs to NisoMns2Al1g alloys which have cubic fcc single
phase structure (Pm-3m).

From these results, it is shown that NisoMn3z2Al1g alloy could be used as a
parental compound among the possible Ni-Mn-Al alloy systems. The magnetic
properties of the NisoMns2Alig could be enhanced by partial substitute of Mn with
other ferromagnetic element such as Cobalt. It is expected that substitution of
these parental compound will be obtained the cubic phase structure of fcc or cubic
L2; [20,28]. Then, the alloy have ferromagnetic properties at room temperature. It
may be possible to search another compound from Ni-Mn-Al system to be another
parental compound.

6. Conclusions

From the above results, that the ferromagnetic NisoMnz2Alg had shown
with single phase structure of fcc cubic (Pm-3m). The use of NisoMnz2Alsg alloys
as the parent composition becomes very reasonable. Partial substitution to this
compound would obtain to adjust magnetic parameters to conduct the
ferromagnetic properties of the alloy system. NispMns2Alig become a new trend as
a parental compound to produce magnetic material MCE which quite good as a
magnetic refrigerant.
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