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Abstract: In this paper, we investigate the structural and magnetic properties of Ni based alloys which are in
the form of NixFeyMo, (x = 0.80; y = 0.15; z = 0.05), NixCryFe, (x = 0.70; y = 0.20; z = 0.10), and NixCryAl,Cu;
(x = 0.75; y = 0.20; z = 0.025; t = 0.025) and are prepared by heating the pellet formed samples at high
temperature. For this purpose, electron paramagnetic resonance experiment is performed for analysis of
paramagnetic centers of these compositions to see the behaviours of alloys in an external magnetic field. g
values are calculated from electron paramagnetic resonance spectra recorded at room temperature. Structural
features of NixFeyMo,, NixCryFe, and NixCryAl,Cu; alloys are observed by x-ray diffraction technique. Line
positions and line intensities are discussed by the help of x-ray diffraction spectra recorded at room temperature.
In order to understand the surface morphology of samples, scanning electron microscopy; for the elemental
compositions of the alloys energy dispersive spectrosopy experiments are carried out at room temperature.

Keywords: Ni-based alloys, magnetic properties, structural features

Ni-Esash Alasimlarin (Ni% >70) Analizi icin Spektroskopik Yontemlerin
Uygulanmasi

Ozet: Bu galismada NixFe,Mo, (x = 0.80; y = 0.15; z = 0.05), NixCryFe, (x = 0.70; y = 0.20; z = 0.10), and
NixCryAl,Cu; (x = 0.75; y = 0.20; z = 0.025; t = 0.025) seklinde olan ve yiiksek sicakliklarda pellet formunda
wsitilarak hazirlanan Ni esaslt alagimlarin yapisal ve manyetik 6zellikleri incelenmistir. Bu amagla, dig manyetik
alanda alasimlarin davraniglarini gérmek icin bu kompozisyonlarin paramanyetik 6zelliklerinin analizinde
elektron paramanyetik rezonans deneyi kullanilmigtir. Oda sicakliginda kaydedilen elektron paramanyetik
rezonans spektrumlarindan g degerleri hesaplanmigtir. NixFeyMo,, NixCryFe, and NixCryAl,Cu; alasimlarinin
yapisal o6zellikleri x-1s1n1 kirinimi teknigi ile gézlemlenmistir. Cizgi yerleri ve siddetleri oda sicakliginda
kaydedilen X-1isin1 kirmimi spektrumlart ile tartisilmistir. Numunelerin ylizey morfolojisini anlamak i¢in
taramali elektron mikroskobu; alagimlarin elementel kompozisyonu i¢in enerji dagilimli spektroskopi deneyleri
oda sicakliginda yiritilmiistir.

Anahtar Kelimeler: Ni-esash alagimlar, manyetik 6zellikler, yapisal dzellikler

the development of modern technology, the 3d
1. INTRODUCTION transition metals and their alloys have had great
interest and have played an effective role due to
their investigated physical parameters for
different applications. Results obtained by the
formation of alloys may reduce cost of material

The material obtained by processing two or more
metals together in various proportions with
different methods can be designated as alloy. For
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while preserving or changing some important
properties of the component of alloys. Hence,
they are used in a wide variety of applications. In
this context, alloys with different ingredients and
obtained by different methods have taken part in
many studies before [1-3]. Among these many
alloys, Ni-based alloys consist of nickel as main
solute with at least 50% content, have great
interest because of preferring in different areas
such as aerospace engines, marine equipment,
nuclear reactors, and petrochemical industries
[4]. 79% Ni, 16% Fe, and 5% Mo composition is
known as a soft magnetic material and is
characterized by high permeability and low
coercivity. The high-nickel based alloys
containing about 79% Ni have high initial and
maximum permeabilities and very low hysteresis
losses; additions of 4 to 5% Mo, or of copper and
chromium to 79Ni-Fe alloys, brings to the fore
the magnetic characteristics [5]. Therefore, it is
important to study the magnetic features of Ni
based alloys due to their uses in different
applications and various important properties.

In the present work, our aim is to observe the
magnetic properties in an external magnetic field
and structural features of Ni-based alloys consist
of NixFeyMo, (x = 0.80; y = 0.15; z = 0.05),
NixCryFe, (x = 0.70; y = 0.20; z = 0.10) and
NixCryAl,Cu; (x = 0.75; y = 0.20; z = 0.025; t =
0.025). Therefore, electron paramagnetic
resonance (EPR), a spectroscopic technique that
helps us to recognize quantum systems with
unpaired electron by using the microwave region
of the electromagnetic spectrum, is preferred to
determine the paramagnetic centers of the
structure. EPR spectroscopy is interested in the
spin transitions between the energy states in the
presence of an external magnetic field, while
they are degenerate in the absence of magnetic
field [6]. In addition, we perform X-ray
diffraction (XRD) study to make qualitative
analysis of alloys NixFeyMo,, Ni.CryFe, and
NixCryAl,Cu;. XRD is one of the most preferred
techniques to obtain information about the
chemical composition and crystallographic
structure of any crystalline material. While XRD
pattern of NiFeMo alloy was given by Wang et

al. [7], the method used for preparing the sample
and also the proportions of elements were
different from our study. In order to have
knowledge in detail for determining near surface
properties of samples, SEM (scanning electron
microscopy) is used. With SEM technique,
another system EDS (energy dispersive
spectrosopy) is used. A point, line and area scan,
selected areas X-ray mapping, qualitative and
quantitative analyzes in these areas can be
determined by EDS system.

In the previous studies, NiFeMo alloy were
reported by different sample preparation and
different analysis methods [8,9]. However, to the
best of our knowledge, there are no EPR, XRD,
SEM and EDS studies about Nio.goFeo.15M0o.0s,
Nio.70Cro20F€010 and  Nio.7sCro20Al0.025CUo0.025
alloys in the literature. Thus, having magnetic
and  structural  information  for  these
compositions with given element rates will be
helpful to address this lack.

2. EXPERIMENTAL
2.1. Sample Preparation

In our studies, we prefer two sample forms for
alloys. One of these is to prepare the alloys by
providing total concentration one with pure 3d
transition metals which are bought commercially
in powder form. They are milled by using agate
hand-mortar and are stirred in the sample mixer
to obtain a homogeneous dispersion. Thus,
particle size and absorption effects are
minimized within the possibilities. These
mixtures are pressed under pressure for making
pellets. Prepared pellets are heated at high
temperatures for having alloys. The second way
is to order these samples in the foil form
commercially. In this study, we have supplied
our alloys in foil form from Goodfellow
Corporation in the size of 0.012 mm thickness;
10 mm diameter for NiosFe0.15M0o.05, 0.025 mm
thickness; 15 mm diameter for Nio.70Cro.20F€o.10
and 0.025 mm thickness; 10 mm diameter for
Nio.75Cro.20Al0.025CUo.025.
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2.2. Instrumentation

An X-band JEOL JESFA-300 EPR spectrometer
with 100 kHz modulation field and 9.23 GHz
frequency was used for recording EPR spectra at
room temperature. Diamagnetic tubes were used
for samples in the pellet form performing by
EPR spectrometer.

The XRD patterns of alloy samples were
obtained using JEOL D8 ADVANCE XRD,
which was operated at 40 kV and 40 mA with a
scanning speed of 2.5° min™t. Cu Ka radiation of
wavelength 7 =1.54059 A was used and data
was taken for the 20 range of 3° — 90°.

In SEM technique, an electron gun with
thermoionic emision is usually used for
producing electron.  Obtained electrons are
accelerated in high voltage (1 — 30 keV) and
condenser lenses are used to demagnify electron
beam until it has a diameter of approximately 10
nm. The signals composed due to the interaction
between incident electron beam and sample give
us different information about the specimen. The
scanning electron microscope images of
powders were measured by JEOL JSM-6610
SEM Spectrometer.

3. RESULTS and DISCUSSION
3.1. EPR measurements

The observed EPR signals are identified by g-
values and these values are calculated from the
equation v = gfH with H the magnetic field, »
the microwave frequency, h the Planck constant
and g the electron Bohr magneton. g is an
unitless constant which is a distinctive property
of studied sample. EPR spectra of
Nio.goF€0.15M00.0s  and  Nio.75Cro.20Alo.025CUo.025
alloys are taken at room temperature and given
in Figure 1. For alloy NiogoFeo15sM0oos, three
EPR lines are observed with g values of 5.665,
5.333 and 4.396 centered at 1164 G(Gauss),
1236.5 G and 1500 G, respectively (Figure 1a).
All obtained EPR lines are not well-resolved and
overlapped, so we are not able to identificate the
peaks clearly. As shown in Figure 1b, g values
of Nio.75Cro.20Al0.025CUo.025 alloy are calculated as

3.719, 2.442 and 2.049. All three lines are broad
and this broadness may be due to the dipole-
dipole interactions between the interacting spins.
EPR spectra of Ni?* (d®) ion are observable
generally at low temperatures. At room
temperature, very few papers have been seen in
the literature and in these reports isotropic g
value of Ni was given close to 2.2 value [10]. A
g value of 2.343 due to the Ni?* was reported in
the previous study [11]. We are awared of from
the reports that the g value of 4.396 can be
attributed to Fe*3 ion [12]. It was reported that
the resonance at g ~ 4.3 corresponds to high-spin
isolated Fe*? in the glassy matrix [12]. As we
observed from our EPR result (Figure 1b), it was
also defined by Reddy et al. [13] that the broad
resonance signal at g = 2.049 is a characteristic
of Cu?* ion. Additionally, we are known that the
g values of isotropic Cu?* centers are generally
located in the 2.100 - 2.200 range from previous
papers [14-16]. Also according to the studies
reported before, we are able to label the line with
g ~ 6.0 as hematite (Fe.Os) [17,18]. For g =
3.719 line, it can be said that this EPR line is due
to some iron centers as mentioned in previous
studies [19-21]. Also an EPR signal at g = 3.7
value was reported by Davis et al. [22] as a
FeMo protein signal. Also in the same study, the
line given with g = 2.0 was explained as Fe
signal [22]. EPR spectrum of Nig70Cro.20F€0.10
alloy is given in Figure 2. The observed EPR
lines for Nio70Cro20Feo10 have the g values of
2.078, 2.026 and 1.934. Signals with 2.078 and
1.934 values are broad compared to line with g
value of 2.026. The broadening of EPR signals
can be arisen from the dipole-dipole and
exchange interaction between the interacting
spins. Kabir et al. [15] determined the g values
of 1.943 and 1.967 for NiFe alloy and 1.966 for
Ni. Fedorov et al. [23] reported a g value of =
2.040 for Fe** close to our result. It was
expressed by Vercamer et al. [24] that the signal
with g = 2 can be attributed to Fe®*" with high
symmetry. EPR signal with g value = 1.9
indexed to Cr(lll) center was obtained by
PusphaManjari et al. [25]. Also, Padlyak et al.
[26] gave the g = 2.020 value for Cr** (dip).
Therefore, it can be concluded that the obtained
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g values of EPR signals for our samples are in
good agreement with the given literature results.
Additionally, paramagnetic features of all
studied alloys are dedected by EPR experiments.
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Figure 1. EPR spectra of a) Nio.soFeo1sMoo.0s and b)
Nio.7sCro.20Alo.02sCuUo.025  alloys  recorded at  room
temperature.
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Figure 2. EPR spectrum of Nio.70Cro.20F€0.10 alloy recorded

at room temperature.

3.2. XRD measurements

The XRD patterns of  NiggoF€o.15M0g s,
Nio.70Cro20F€010 and  Nio.75Cro.20Alo.025CU0.025
alloys are seen in Figure 3. In Figure 3a, sharp
peaks centered at 20 ~ 44.0°, 51.2°, 51.3°, 75.5°
and 75.7° are observed for NiogoFeo.15M0o.0s
alloy. Peak located at 44.0° can be assigned as
Fe,O3 which was mentioned also by Aliahmad et
al. [27]. Other Fe;0O;3 peak centered at =~ 75.0°
was again reported before by Drbohlavova et al.
[28]. For Iwasaki, this peak with = 75.0° value
might be labeled as Fe3z04[29]. Also, XRD peak
of = 75.0° was assigned as Mo [2]. Other Bragg
reflections seen at 20 = 43.9°, 51.0°, 51.1°, 75.2°
and 75.4° are given for Nio.75Cro.20Al0.025CU0.025
alloy in Figure 3b. Ul-Hamid et al. [30] gave the
characteristic Ni peak 20 =~ 44.0°. Hence, the
peak centered at 26 = 44.0° and 43.9° can be
attributed to Ni for both of the alloys. The peaks
located at 43.9° and = 75.0° can be attributed to
Fe,0O3 and Fe;04 compounds as mentioned and
shown in EPR explanations (Figure 3a). XRD
peaks centered at 43.9° and = 51.0° are observed
as Cu peaks [31] For Nio.75Cro20Al0.025CUo.025
alloy, 43.9° and = 75.0° are also obtained as Al
peaks [2]. Reflection angles of Nio.70Cro.20F€0.10
alloy centered at 20 = 43.8°, 51.1° and 75.3° are
obtained and shown in Figure 3c.  For
Nio70Croz0F€010 alloy, our observed peaks
located at 20 = 43.8°, 51.1° and 75.3° are in
harmony with the values given by Saravanan and
Mohan [32]. Additionally, Park et al. [33] gave
the Cr peak centered at = 44°. The sharpness of
peaks are determinative to get information about
the crystalline nature of the samples. We can
express that the line shapes of XRD patterns
show the crystalline phase.
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Figure 3. XRD patterns of a) Nio.soFeo.1sM0o.05 b) Nio.7sCro.20Al0.025Cu0.025 and ¢) Nio.70Cro.20Fe€0.10 alloys recorded at room

temperature.

3.3. EDS measurements also given. For Nio75Cro.20Alo.025CUo 025 alloy, we
could not dedect the Fe elemental weight by

EDS measurements are carried out at room EDS, this may be because of the instrumental

temperature  to  determine the elemental sensitivity, less than 0.1% can not be detected by

compositions of samples and obtained results are EDS, while some ferric centers are seen by XRD

given in Figure 4. As seen in Figure 4, contents and EPR methods for this alloy.

of three alloys, Cu, Ni, Cr, Mo Al and Fe, are
determined by EDS. The amount of elements are

Figure 4. EDS and SEM results of &) Nio.soFeo.1sM0o.05 b) Nio.75Cro.20Alo.025Cuo.025 and ¢) Nio.70Cro.20Feo.10 alloys recorded at

room temperature.
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3.4. SEM measurements

In SEM experiments, secondary electrons (SE,
inelastic scattering) are used for determining
sample  morphology (topography), back-
scattered electrons (BSE, elastic scattering) are
important for analayzing sample composition
[34]. SEM pictures are recorded at room
temperature. In Figure 4, SEM images of two
alloys are given. Microstructure properties are
seen from micrographs. As shown in SEM
figures, for Nig.soFeo.1sM0o 05, the surface is more
smooth than the surface of
Nio.75Cro.20Al0.025CUo.025.  FOr  Nio.70Cro.20F€0.10
alloy, the layered surface is seen from SEM
picture in Figure 4.

4. CONCLUSION

In the present study, 3d transition metal element
aIons, Nio,goFeo,lsMOO,os, Nio,7oCl’o,zoFeo,1o and
Ni0,75Cro,20A|0,025CU0,025, have been studied by
EPR, XRD, EDS and SEM methods at room
temperature. From room temperature EPR
experiment of NiogFeo1sMooos alloy, the g
values have been calculated as 5.665, 5.333 and
4.396. Due to the fact that the peaks are
overlapped we are not able to identificate them
clearly. For Nig.75Cro20Al0.025CUo 025 aIon, three
lines with g values of 3.719, 2.442 and 2.049
have been observed in the EPR spectrum. EPR
parameters obtained for Nig70Cro.20F€o10 alloy
have been given as g = 2.078, 2.026 and 1.934.
The lines with g = 2.078 and 1.934 values can
not be determined clearly due to the broadness.
For all of the alloys, the EPR line properties have
given us chance to evaluate the existence of
ingredients clearly as supported by the other
used techniques. Also by EPR method, we are
able to see that these alloys have shown the
paramagnetic properties in an applied external
magnetic field. In XRD figures, we can observe
the position, intensity and sharpness of lines. It
is concluded that the difference between line
positions and line intensities of samples are
because of contents, different proportions of

elements and structural properties. The
sharpness of XRD peaks have given the
crystalline nature of alloys. EDS analysis have
shown the elemental composition of the samples
which supports the XRD and EPR results. In
SEM pictures, microcrystalline properties have
been observed. As we have discussed above,
from the defined g-values, XRD, EDS, SEM
results and the literature knowledge, structural
and magnetic properties of these alloys can be
understood clearly in the frame of resolution
restrictions. Results obtained by EPR
experiment show the paramagnetic property of
the samples in the presence of an external
magnetic field. Also by structural analysis
(XRD, SEM, EDS), we have obtain information
about the samples with the given alloy ratios for
the contribution to the literature.
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