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INVESTIGATION OF THE PHYSICAL PROPERTIES OF
MnNi;.x)Mx ALLOYS WHERE M=Ti, Al

R. HIRIAN?, A. MERCEA?, V. POP**

ABSTRACT. MnsoNisoxMy, where M=Ti, Al and x=0, 2.5, 5 and 10, alloys with the L10
crystal structure were successfully synthesized. The martensite type transformation
was fond to be strongly affected by doping. Both x=10 samples show a spin glass
type behavior while the sample doped with Al also shows large exchange bias.
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INTRODUCTION

Permanent magnets are crucially important for modern industry. The high
energy product Nd,Fe14B and highly stable SmCos or Sm,Co17 based magnets permit
the creation of highly compact devices, such as mobile phones and laptops, while also
being excellent at delivering high performance for large applications such as wind
turbines and electric vehicles [1-6]. However, the supply of rare-earth elements is
tenuous and their extraction and processing has significant environmental impact,
therefore a concerted scientific effort has been put forward in recent years towards
developing magnetic materials from non-rare earth elements [4]. Amongst the
proposed solutions are Mn based phases [2, 4], such as MnBi [7] and MnAl [8, 9],
as they are low cost and present good magnetic properties. The useable
magnetocrystalline anisotropy of these materials is given by the L10 crystal structure
with high ¢/a ratio. In this work, we study the effect of doping on the L10 MnNi phase
[10]. While this phase is antiferromagnetic, adequate doping may change the Mn-Mn
distance leading to ferromagnetic coupling, similar to MnAl or MnBi.
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EXPERIMENTAL

The MnsoNisoxMy, where M=Ti, Al and x=0, 2.5, 5 and 10, alloys were
produced by induction melting of the pure elements under purified argon
atmosphere. The as-cast ingost were then placed in tantalum sample holders inside
evacuated cuartz tubes and annealed at 1000 K for 48 h. In order to preserve
formation of the high temperature structure, the samples were quenched in water.

Crystalline structure of the produced material was investigated using X-ray
diffraction (XRD), on a Bruker D8 Advance diffractometer equipped with a Cu Ko
source. The lattice parameters were calculated from XRD patterns using the Celref3
program.

Differential scanning calorimetry (DSC) measurements were carried out on
a TA-Instruments Q600 simultaneous thermal analysis instrument. Measurements
were done in high purity Ar flow, with a heating and cooling rate of 20 °C/min.

Thermomagnetic measurements were carried out on a Faraday-Weiss type
magnetic balance, in the temperature range 300-900 K.

Magnetization measurements, along with zero-field cooled (ZFC) and field
cooled (FC) measurements up to room temperature, were carried out using a
vibrating sample magnetometer produced by Cryogenics.

RESULTS AND DISCUSSION

In order to determine the annlealing temperature of the MnsoNisg.M
alloys, DSC measurements were carried out in the temperature range between 600 K
and 1100 K, Figure 1. These measurements show a phase transition around 1000 K
for the undoped MnNi phase. This transition corresponds to the martensitic
transformation between the low temperature and high temperature MnNi phase
[10, 11]. In the case of both Ti and Al doping, Figure 1a and 1b respectively, we can
see that the martensitic transformation shifts to lower temperature as doping is
increased. The transformations for the x=10 samples are shifted below the
measurement range of the instrument, i.e. below 600 K.

In order to obtain the L10 phase at room temperature, all samples were
annealed for 48 h at 1000 K and quenched.

The X-Ray diffraction patterns for the annealed and quenched alloys are
given in Figure 2. In the case of Al doping, Figure 2b, the structure of the L10 MnNi
alloys is maintained for all doping ammounts. Of note are the shifts in peak
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possitions due to the variations of lattice parameters. In the case of Ti doping,
Figure 2a, the majority phase is the L10 MnNi phase, however some impurity peaks
can bee seen for x=2.5 and x=10, to the right of the very intense [101] peak.
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Figure 1. DSC curves for MnsoNisoxMy alloys, where M is Ti (a) or Al (b).
Cooling curves are dashed. Exotherms are displayed as peaks.
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Figure 2. X-Ray diffraction patterns for the annealed and quenched
MnsoNisoxMy alloys, where M is Ti (a) or Al (b).
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The lattice paramenters for the doped alloys were estimated from XRD,
using the space group P4/mmm, Table 1. For Al doping, the a parameter remains
largely unchanged until x=10, when it contracts slightly. On the other hand, the
MnNi cell is expanded on the ¢ axis when Al is entered into the structure. This
expansion cause an increase in the c/a ratio from 1.34 at x=0 to 1.40 at x=10. In the
case of Ti doping, the same trend is observed, a significant contraction of the a
parameter alongside an expansion of the ¢ parameter for x=10.

Table 1. Lattice parameters, estimated from XRD, for the annealed
and quenched MnsoNiso.«My alloys, where M is Ti or Al.

Composition a(A) error c(A) error c/aratio

x=0 2.641 0.008 3.534 0.003 1.34
M=Al x=2.5 2.641 0.016 3.541 0.014 1.34
M=Al x=5 2.655 0.005 3.557 0.004 1.34
M=Al x=10 2.632 0.003 3.681 0.031 1.40
M=Ti x=2.5 2.647 0.006 3.538 0.006 1.34
M=Ti x=5 2.648 0.040 3.556 0.013 1.34
M=Ti x=10 2.628 0.061 3.608 0.057 1.38

Thermomagnetic measurements (Figure 3) are in accordance with the
DSC measurements, with magnetic transitions associated with the structural
transformations, being measured around 900 K and 800 K for the samples
with x=2.5 and x=5 respectively. It should be noted, that the thermomagnetic
measurement range is larger than that used in DSC, Figure 1, therefore all of the
phase transitions can be investigated. The Ti and Al doping at x=10 reduces the
phase transition temperature to aproximately 400 K. In all cases, for the magnetic
transitions, hysteresis is observed, which can be explained by the thermodynamics
of phase transitions, specifically the undercooling and superheating imposed by the
germination process.
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Figure 3. Thermomagnetic measurements in small applied magnetic field,
between 300 K and 900 K, for the annealed and quenched
MnsoNisoxMy alloys, where M is Ti (a) or Al (b).

ZFCand FC curves for the x=10 alloys are shown in Figure 4. For the Ti doped
alloy, Figure 4a, we see a large diffrence between the FC and ZFC curves, at low
temperatures. The blocking temperature for these alloys is close to 70 K. In the case
of Al doping, Figure 4b, while we still see a large difference between the ZFC and
FC curves, the blocking temperature is much higher, around 140 K. At room
temperature, a small peak appears, possibly a Neel temperature. Moreoever, this
feature seems to show signs of thermal hysteresis. In the case of Al doping, similar
low temperature features were observed to be due to a spin glass type behaviour
[12]. Due to the similarity of the behaviour and composition, we may suspect that
there is possible spin glass behaviour in the Ti doped sample as well.
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Figure 4. ZFC and FC curves concatenated with high temperature
measurements (HT) for the annealed and quenched
MnsoNisMso alloys, where M is Ti (a) or Al (b).

Magnetization measurements for the x=10 samples are given in Figure 5.
The samples measured at 4 K have been field cooled. Measurements at 4 K, for the
Al doped sample (Figure 5b) show the existence of a large exchange bias, typical of
the coexistence of ferromagnetic and antiferromagnetic interactions. The exchange
bias disappears at high temperature, 300 K and 500 K. At elevated temperature,
although the behaviour seems largely paramagnetic, the slight change in slope
around 0 T indicates the presence of some non-compensated negative magnetic
interaction.

The analysis of the magnetization curves is also similar to that of Ti doping
at high temperature (Figure 5a) however the exchange bias seen at 4 K in the case
of Al doped samples completely disappears when doping with Ti. At higher
temperatures, the Ti doped samples show some magnetic order, likely due to
uncompesate negative magnetic interactions.
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Figure 5. Magnetization measurements at 4 K, 300 K and 500 K, for the annealed and
quenched MnsoNigMyg alloys, where M is Ti (a) or Al (b).

CONCLUSIONS

MnsoNisoxMy, where M= Ti, Al and x=0, 2.5, 5 and 10, alloys with the L10
crystal structure were successfully synthesized. Both Ti and Al doping produces
distorsions of the L10 MnNi lattice. At doping amounts of x=10, the c/a ratio is

significantly increased.
Doping also lowers the martensite transformation temperature, from 900

K for x=0 to 400 K for x=10.
In the case of MnsoAlsMso alloys, for both M=Ti and M=Al doping, the

samples show a spin glass type behaviour at low temperatures.
The MnsoAlgAlip alloys show a large exchange bias at low temperatures.

This feature is absent in the Ti doped sample.
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