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EFFECT OF MN AMOUNT ON PHASE TRANSFORMATIONS AND MAGNETIC PROPERTIES 
IN Fe-Mn-Mo-Si ALLOYS

In this study, microstructural and crystallographic properties of phase transformations occurring with thermal effect in Fe-
XMn-Mo-Si (X = 15.14wt.% ve 18.45wt.%) alloys have been investigated. The effects of (wt.%) Mn rates in the alloy on the 
characteristics of phase transformations were investigated by using Scanning Electron Microscopy (SEM), Transmission Electron 
Microscopy (TEM) and X-Ray Diffraction (XRD). SEM and TEM investigations was observed that two different martensite 
(ε and α' ) structures were formed in austenite grain. In addition, in TEM observations, the interface regions were selected over 
the bright field image. Crystallographic orientation relationships were obtained by the analyses of electron diffraction patterns 
from the interface regions. γ → α'  type transformation was observed for α'  particle formation, and orientation relationship was 
found as (1

–
11)γ // (011)α' , [101]γ // [1

–
11
–

]α'  and, γ → ε type transformation was observed for ε martensite plate formation, and the 
orientation relationship was found as (1

–
11
–

)γ // (0002
–
)ε, [1

–
1
–

0]γ // [2
–
110]ε. It was noticed that this orientation relationships were 

compatible with the literature (Kurdjumov-Sachs and Shoji-Nishiyama orientation relationship). Precipitation phase (carbide) 
formation was observed in microstructure analyses. The changes in the magnetic properties of the alloys having different rates 
of Mn as a consequence of thermal effect phase transformations was investigated by using Mössbauer Spectroscopy. The internal 
magnetic field, volume fractions (transformation rates), isomer shift values and magnetic characteristics of the main and product 
phases were revealed by Mössbauer Spectroscopy. In the Mössbauer Spectrum, it was noticed that ε-martensite and γ-austenite 
structures showed paramagnetic single-peak, and α' -martensite showed ferromagnetic six-peaks.
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1. Introduction

Due to the micro and macro changes in materials and their 
technological use, phase transformations have become a subject 
of great interest today [1]. Within the scope of materials science, 
the word “phase” is used to describe homogeneous structures, 
where physical and chemical properties do not change. In a con-
tinuous matter, the crystal properties and the arrangement of at-
oms that are homogeneous in its own structure and as physically 
separated from the other parts of matter each region is defined as 
“phase”. The transition from one equilibrium structure formed 
by certain phases to another equilibrium structure formed by 
different phases can take place in the structure, which is known 
as phase transformation [2]. Phase transformations that occur 
without changing the neighborhood of atoms during the event are 
called diffusionless phase transformations [3]. During the phase 
transformation, the chemical composition of the transformed 

and non-transformed regions does not change, only the crystal 
structure changes [4].

Metal alloys undergo a number of processes (heating, 
cooling, deformation, etc.) before they are converted into useful 
forms. The structure of the material is changed depending on 
the process conditions applied. These changes in the structure 
affect the properties of the material [5]. Towards the end of the 
19th century in the study of metal and metal alloys, A. Martens 
first discovered the diffusionless phase transformation in metal 
and metal alloys [2,6]. Martensitic phase transformation occurs 
in all metals and metal alloys by cooling (or heating) the atoms 
so quickly that they cannot be displaced with by diffusion [7]. 
Firstly, martensite phase transformations in iron and iron based 
alloys have been observed as a result of the studies in many met-
als and metal alloys. The martensitic transformations in Fe-based 
alloys show crystallographically different transformations. These 
occur as the transformation of the main phase in the face-centered 
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cubic (f.c.c.) structure to the martensite phase in body-centered 
cubic (b.c.c.), body-centered tetragonal (b.c.t.) or close-packed 
hexagonal (h.c.p.) structures [6,8-11]. Today, metal and metal 
alloys occupy a very important place commercially. In particular, 
Fe-based alloys exhibit good mechanical properties and shape 
memory effect thanks to their martensitic phase transformations. 
In addition, the investigation of Fe-Mn and Fe-Mn based alloys 
among Fe-based alloys has become widespread [12-14]. Jun 
and Choi studied the effects of Mn amount on microstructure 
in Fe-Mn alloys [12]. In Fe-Mn alloys, two kinds of martensite 
may occur depending on the amount of Mn in the alloy. These 
are ε and α'  martensities. Percentage (wt.%) of Mn amount is 
effective in this formation. If the Mn volume in the alloy is less 
than 10 percent (wt.%), α'  martensite is observed intensively. 
If the Mn content of the alloy is more than 15 percent (wt.%), 
ε martensite formation is observed intensively. Both types of 
martensite species have different transformation properties and 
different physical properties [6,15,16]. 

With the addition of other alloying elements (such as Mo, 
Si, Co) to Fe-Mn based alloys, many physical properties of the 
material (such as transformation rate, transformation amount, 
mechanical properties) can be improved. For example, the ad-
dition of Si increases the shape-memory effect of the alloy [17]. 
On the other hand, Mo can be added to increase the strength 
and hardness of the alloy [13]. For these reasons, Fe-Mn-X 
type alloys have received considerable attention. Marinelli et al 
studied the austenite-martensite type phase transformations in 
Fe-Mn-Co alloy [18]. 

Mössbauer Spectroscopy method is very important for the 
determination of magnetic properties. Mössbauer Spectroscopy 
has been widely used in alloy physics because it is a suitable 
technique for characterizing the configuration of atoms in sol-
ids of crystals [19,20]. In addition, Mossbauer spectroscopy is 
a technique mainly used as transmission and is very suitable not 
only for crystalline materials but also for amorphous materials 
 [67-69]. In the case of Fe-based alloys, extensive research has 
been carried out since 1960 on martensite [21] and retained 
austenite [22,23] phases, by using Mössbauer Spectroscopy 
[24]. In previous studies: It has been shown by using Mössbauer 
Spectroscopy method that internal magnetic field decreases 
with increasing Si amount in Ni3Fe1-xSix alloy [25]. In the stud-
ies performed on Fe-33%Ni-0.7%C alloy and Fe-Ni-C alloys, 
it was shown by using Mössbauer Spectroscopy method that 
the internal magnetic field of the alloy decreased as the heat 
treatment temperature increased [26,27]. In a study carried 
out by Armağan et al., ε martensite and α'  martensite structure 
formations obtained by adding Mo and Co to Fe-Mn based al-
loys were observed and by using Mössbauer Spectroscopy were 
investigated volume quantities and crystallography of these 
martensites [28]. XRD and Mössbauer Spectroscopy have been 
extensively used to determine the relative fraction of ε type 
martesite occurring in Fe-Mn based alloys [15]. In an earlier 
study, for Fe-Mn alloys, Acet et al. investigated the magnetic 
properties of γ → ε and γ → α' austenite-martensite type transfor-
mations [16]. In Fe based alloys, generally austenite phase and 

ε martensite phase paramagnetic and α'  martensite phase show 
a ferromagnetic property. In Fe based alloys, generally austenite 
phase and ε martensite phase paramagnetic and α'  martensite 
phase show a ferromagnetic property [29-32]. In this study, the 
effect of Mn amount on martensitic transformations in Fe-Mn-
Mo-Si alloys containing different amounts of Mn is discussed. 
SEM, TEM, X-Ray and Mössbauer Spectroscopy methods were 
used to search the morphological, crystallographic and magnetic 
characters of the alloys.

2. Experimental

The alloys used in the experiments were obtained by melting 
(99.9%) pure elements (Fe, Mn, Mo, Si) in argon atmosphere and 
quenching them as cylindrical rods. These cylindrical rods are 
10 cm long and 1 cm in diameter (Ingot). Alloys were prepared by 
using the arc melting technique. Two alloys consisting of these el-
ements were prepared: Fe-15.14% Mn-5.10% Mo-2.18% Si and 
Fe-18.45% Mn-4.69% Mo-1.99% Si (Table 1). These chemical 
rates were determined using Electron Dispersion Spectroscopy 
(EDS). The ingot-shaped alloys were cut into 1 (or 2) cm length 
pieces with a diamond cutter at room temperature, and the cut-
ting samples were sealed into quartz capsules by vacuuming. 
These samples were placed in quartz tubes and put into a heat 
treatment furnace. The heat treatments applied were given in 
Table 2. Sanding (sandpapers) and polishing were applied to the 
surfaces of the samples for SEM examinations. The samples were 
left in a solution consisting of 5% nitric acid and 95% methanol 
(throughout 30 seconds) to finally correct the sample surfaces. 
The JEOL 5600 device was used for SEM observations (20 kV). 
EDS analyzes were performed while micro photographs were 
taken from samples prepared for SEM studys.

TABLE 1 

Chemical composition of the studied alloys (wt.%)

Alloys (wt.%)
Chem൴cal compos൴t൴ons (wt.%)

Fe Mn Mo Si C
Fe-15.14 Mn-5.10 

Mo-2.18 Si (A) 77.17 15.14 5.10 2.18 0.015 

Fe-18.45 Mn-4.69 
Mo-1.99 Si (B) 74.43 18.45 4.69 1.99 0.048 

TABLE 2

Heat treatments of alloys

Samples Nature of heat treatments

A Homogenized at 1200°C for 2 h and quenched 
in water bath at room temperature

B Homogenized at 1200°C for 2 h and quenched 
in water bath at room temperature 

Samples of 40-60 μm thick and 3 mm diameter were 
prepared for TEM observations. First the samples were cut by 
a diamond cutter and then thinned by sandpaper. In the next 
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stage, a solution was prepared for the samples. This solution was 
created from a mixture of 90% acetic acid and 10% perchloric 
acid. With this solution, double jet electro-polishing (drilling) 
were applied in the Streurs-tenupol Jet unit at a temperature of 
between –15°C to 10°C and with a voltage of 20V. For TEM 
investigations, a JEOL 3010 device was used operating at 300 kV.

Volume fractions of α' and ε phases were measured by XRD 
method. The Rigaku Geigerflex D-MaxB X-Ray diffractometer 
was used as the XRD device (Cu Kα radiation and monochro-
matic from an angle of 20-80° (2θ) with a step size of 0.02° 2θ 
and a counting time of 6 s step−1). In a previous study, lattice 
constants were calculated using the following formula:

 hkl

h k la  

where λ, (hkl), and θhkl are the wavelength of the radiation, the 
three Miller indices of a plane and the Bragg angle, respectively 
[33,34].

Mössbauer Spectroscopy was used to study the magnetic 
characters of main and product phases. The samples were pre-
pared in the form of discs 40-60 μm thick and 3 mm in diameter. 
Measurements were made at room temperature. The radioactive 
source of the spectrometer used is 50 mCi 57Co. A Normos-90 
computer program was used to obtain Mössbauer parameters. 
The Mössbauer spectra of the examined sample were cali-
brated α-Fe, and isomer shifts were given relative to the center 
of the α-Fe.

3. Results and discussion

3.1. Microstructure investigations

The sample (sample A) in Fe-15.14% Mn-5.10% Mo-
2.18% Si alloy was subjected to heat treatment at 1200°C for 
2 hours and cooled rapidly in water at room temperature. The 
SEM image of this sample is given in Figure 1a,b. SEM images 
showed that the structure remained in the austenite phase and the 
austenite grains were clearly seen. These grain sizes are known 
to vary depending on the heat treatment temperature, duration 
and cooling method. In general, it was observed that grain size 
increased with increasing heat treatment temperature and time 
in iron and iron alloys [35,36]. As reported in the literature, 
identical atom arrays at grain boundaries cannot be mentioned 
because they contain defects such as dislocations, interatomic 
spacing and impurity atoms [6]. Also, the precipitates were 
formed besides the austenite phase. In the SEM image taken at 
high magnification in Figure 1b, the carbide precipitates formed 
at the grain boundary were clearly observed. On the other hand, 
small amount of carbide precipitates were observed with in grain 
areas. In a study by Wang Bin, the iron-carbide morphology 
of hypereutectic steels was investigated and as shown in the 
our SEM image, the presence of precipitates along the grain 
boundaries is observed [37]. 

a)

b)

Fig. 1. SEM micrographs showing the microstructure of A sample 
a) α' and ε martensite b) Precipitate (EDS)

ε martensite plates and α' particles were found in the 
surface investigations of structure. Here, it was observed that 
ε martensite plates were formed in a stacked way as parallel to 
each other, whereas α' particles were formed as small complex 
structures. The effects of grain boundaries on martensite plate 
formations are described in a study conducted by Easterling 
and Porter [38]. It was found that grain boundaries prevented 
the growth of martensite plates and the martensite nucleation 
numbers had no effect on the grain size, but the shape and size 
of the formed martensite plates were a function of the grain 
size [39-43]. 

EDS results for sample A are given in Table 3. According 
to the results of EDS analysis, Mo element showed a very high 
increase. As it is known, Mo is a carbide-forming element. The 
increase in Si along with Mo is remarkable. These two elements 
have replaced Fe and Mn at the grain boundaries. This forma-
tion, known as the precipitate phase, is a condition that occurs 
generally at the grain boundaries. As a result of homogenisation 
and rapid cooling in water, the accumulation and precipitation 
of Mo and Si at the grain boundaries (ie in the precipitate area) 
has produced a significant result. It is stated that the formation 
of precipitation at the grain boundary is a thermodynamic result 
in alloys [44]. According to the literature, it is known that the 
precipitations at the grain boundaries increase the strength and 
hardness by preventing the transformation, increase the resist-
ance of the material against cohesions by increasing the ductility 
and toughness and produce different morpholological results for 
superalloys [45,46].
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TABLE 3
EDS analysis datas 

Elements Fe 
(wt.%)

Mn 
(wt.%)

Mo 
(wt.%)

Si 
(wt.%)

C 
(wt.%)

Total 
(wt.%)

1. Area 69.29 14.08 11.60 4.67 0.36 100

The SEM image of the B sample, which was heat treated 
at 1200°C for 2 hours and cooled rapidly in water at room 
temperature, is given in Figure 2a,b. The surface examination 
of the alloy showed that most of the structure remained in the 
austenite phase and grains were formed in the sample. It was 
observed that the grains formed belong to austenite phase with 
a size of 50-200 μm. The shape and size of these grains is in 
accordance with the literature [6,47]. According to the first sam-
ple in  Fe-15.14%Mn-5.10%Mo-2.18%Si alloy homogenized at 
the same temperature, austenite grains became larger and more 
prominent in addition to the increase of Mn rate [5].

a)

b)

Fig. 2. SEM micrographs showing the microstructure of B sample 
a) Austenite grains b) α' and ε martensite

In addition, two different structures were observed in 
some areas within austenite grain. These are ε martensite plates 
stacked in parallel with each other and α' particles formed in 
the form of lenticular size complex structures (Fig. 2b). Here, 
the driving force required for the formation of the martensitic 
transformation was obtained with the temperature difference 
resulting from rapid cooling [4,47]. α' martensite formation was 
quite decreased compared to sample A while ε martensite amount 
increased.

3.2. TEM investigations

The sample in Fe-15.14%Mn-5.10%Mo-2.18%Si alloy was 
annealed at 1200°C. TEM image of the sample, and electron 
diffraction patterns with index diagrams are given in Figure 3. 
Both ε martensite structure and α' martensite structure were 
observed in the images taken from selected regions. In the 
electron diffraction pattern in Figure 3 (diffraction pattern in the 
upper left corner), the orientation relationship for γ → α' type 
martensite transformation was found as (1–11)γ // (011)α' , [101]γ 
// [1–11–]α' . It was observed that this orientation relationship was 
consistent with the literature [6]. By measuring the distances “d” 
between the reflecting planes, lattice constants were calculated 
as aγ  3,5989 Å for f.c.c. structure and aα'  2,8567 Å for b.c.c. 
structure. In the other electron diffraction pattern in Figure 3 
(diffraction pattern in the lower left corner), the orientation re-
lationship for γ → ε type martensite transformation was found 
as (1–11–)γ // (0002–)ε, [1

– 1–0]γ // [2
–110]ε. It was observed that this 

Fig. 3. Bright field TEM image and electron diffraction patterns obtained 
from the selected areas (interfaces) for sample A
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orientation relationship was in accordance with the literature 
[6]. By measuring the distances “d” between the reflecting 
planes, lattice parametres were calculated as aγ  3,5967 Å 
for f.c.c. structure and aε  2,5615 Å, cε  4,0229 Å for h.c.p. 
structure. 

In Figure 3, ε martensite was observed in the form of parallel 
plates. It can be said that the stacking faults required for ε mar-
tensite plate formation are increased for this sample and these 
defects combine to form ε martensite plates [48-50]. It is thought 
that the ε plates in Figure 3 may be formed by the combination 
of many stacking faults or by the effect of other defects in the 
austenite phase [6]. The embryo required for the formation of 
ε martensite occurs due to stacking faults in the austenite phase. 
Approaches that explain this situation are based on the hypothesis 
that the stacking faults overlap every second close-plane of the 
austenite structure and the conversion occur with the displace-
ment of Shockley partial dislocations af.c.c./6<112> [13,51-53]. 
a¢ martensite particles, another type of martensite in the TEM 

image, was observed to form as small complex structures and 
this formation was thought to be related to dislocations in the 
previous austenite phase. Therefore, dislocations occur in areas 
of austenite are seen [6,54]. ε and α' martensites formed by cool-
ing of the heat treated alloy was revealed by TEM images. This 
result is consistent with current SEM observations. In general, 
in Fe-Mn based alloys, researches on martensitic phase trans-
formation have shown that γ structure can be converted to ε and 
α' structures and ε → α' conversion is possible under certain 
physical conditions [55].

TEM image of sample B annealed at 1200°C is given in 
Figure 4. ε martensite plates and precipitate phase formation was 
observed in this sample. Electron diffraction image taken from 
the precipitate phase region was given in Figure 4 (upper right 
corner). According to the sample in Fe-15.14%Mn-5.10%Mo-
2.18%Si alloy annealed same heat treatment temperature, it 
was observed that ε martensite plates were formed in a thicker 
way (Fig. 4). 

3.3. XRD analyses

XRD measurements of sample A homogenized at 1200°C 
are given in Figure 5a. In the XRD investigations, the peaks 
belonging to diffraction giving planes of this sample were ob-
tained for the austenite structure (111)γ, (200)γ, (220)γ, for the 
α' martensite structure (110)α', (200)α' and for the ε martensite 
structure (002)ε, (101)ε, (110)ε. Lattice parameters calculated 
from the peaks obtained according to XRD measurements for 
this sample: were calculated as aγ  3,6194 Å for the (200) plane 
of f.c.c. structure, aα'  2,8842 Å for the (110) plane of b.c.c. 
structure, aε  2,5722 Å, cε  4,0687 Å for the (002) plane of 
h.c.p. structure (Table 4). 

Fig. 5. XRD measurements of belonging to samples of homogenized 
at 1200°C for 2 h and quenched in water bath at room temperature 
a) A sample  b) B sample

Fig. 4. Bright field TEM image and electron diffraction patterns obtained 
from the selected area (precipitate phase) for sample B
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TABLE 4

The lattice parameter of γ, ε and α'  phases in A and B alloys

Alloys
Latt൴ce parameters (A°)

γ phase α' phase ε phase
(aγ) (aα') (aε) (cε)

A 3.6194 2.8842 2.5722 4.0687
B 3.6156 2.8854 2.5823 4.4031

XRD measurements of sample B are given in Figure 5b. 
In this sample, the peaks belonging to diffraction giving planes 
(111)γ, (200)γ, (220)γ of austenite phase were observed. At the 
same time, the peaks belonging to diffraction giving planes 
(110)α', (200)α' of b.c.c. structure were obtained and the peaks 
belonging to diffraction giving planes (100)ε, (101)ε, (002)ε 
and (110)ε of h.c.p. phase. Lattice parameters calculated from 
the peaks obtained according to XRD measurements for this 
sample; were calculated as aγ  3,6156 Å for the (200) plane 
of f.c.c. structure, aα'  2,8854 Å for the (110) plane of b.c.c. 
structure, aε  2,5823 Å, cε  4,4031 Å for the (100) plane of 
h.c.p. structure (Table 4). 

As understood from the peaks in the XRD graphs given in 
Figure 5a,b: ε martensite formation is more intense in B sample 
compared to A, while α' martensite formation is more intense 
in A sample compared to B. On the other hand, when the vol-
ume quantities remaining as austenite phase for both samples 
are compared, the volume amount of austenite in sample B is 
greater than that of A.

3.4. Mössbauer spectroscopy analyses

Through Mössbauer Spectroscopy, the magnetic states of 
the main phase and product phases, conversion percentages, 
isomer shift values, and the internal magnetic fields of the 
product phases can be determined [6]. The Mössbauer effect 
arises from transitions between energy levels in atomic nucleus 
as a result of absorption of γ rays by the material [6]. In Fe-Mn 
alloys, the γ and ε phases usually show paramagnetic properties, 
while the α' phase exhibits ferromagnetic properties [55-57]. 
Samples exhibiting paramagnetic properties in the Mössbauer 
Spectrometer give single peaks, while samples exhibiting 
ferromagnetic and antiferromagnetic properties give sextet 
peaks [29,31].

According to the data obtained from the Mössbauer Spec-
troscopy of the A and B samples which were heat treated at 
different temperatures and cooled rapidly in the water at room 
temperature, the single paramagnetic peak of the ε martensite 
and γ austenite structures and the six ferromagnetic peaks of 
the α' martensite were observed (Fig. 6a,b). When we look at the 
transformation percentages of the product phase (α' martensite) 
showing ferromagnetic properties, a higher amount of formation 
was observed in the A sample (Table 5). Reason of this may be 
due to the fact that at higher Mn rates, the structure is more prone 
to remain in the austenite phase and therefore the product phase 
formation occurs in smaller amounts. The volume quantities 

(transformation percentages) of austenite and martensite phases 
formed in an alloy can be determined by Mössbauer Spectros-
copy method. These transformation percentages are calculated 
thanks to the different magnetic characteristics showed of the 
phases. However, in this study, since both γ austenite and ε mar-
tensite phases show paramagnetic properties, it is not possible to 
differentiate these phases by Mössbauer Spectroscopy at room 
temperature [55].

Fig. 6. Room temperature Mössbauer spectra of a) A sample b) B sample 

TABLE 5

Mössbauer Spectroscopy values in the thermally induced alloys

Samples γ + ε phase 
(%)

α'  phase 
(%)

δγ + ε 
(mm/s)

δα' 
(mm/s)

Bhf (Tesla) 
(α' )

A 48.266 51.734 –0.2012 0.0083 32.7510
B 97.600 2.400 –0.1597 0.2675 31.7586

α' martensite formation was quite intense in A sample 
(15 wt.% Mn), while decreased significantly in B sample 
(18 wt.% Mn) (Table 5). Based on this result, it can be said that 
15 wt.% Mn rate is very suitable for α' martensite formation. 
When the product phases formed after heat treatment in samples 
A and B were taken into consideration, it was found that sample 
B with a high Mn content had a lower internal magnetic field 
value than sample A with a low Mn content (Table 5).

Foreign substances such as Si, Mn, Mo, Cr and Cu may 
reduce the magnetic field of Fe atoms [24]. The magnetic 
properties of Fe-Mn based alloys change according to the Mn 
amount. As the Mn amount increases, the internal magnetic field 
decreases, which means that as the Mn amount increases, the 
ferromagnetic character decreases and at high Mn values it can 
disappear completely [58]. In previous studies of Fe-based alloys 
have been reported that the internal magnetic field decreases in 
alloys with Mo or Si additions. [59]. In addition, the reduce in 
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the internal magnetic field indicates a reduce in the magnetic 
moment, this can be attributed to an increase in electron transfer 
for unfilled 3d bands [60,61]. Because in the 3d shell of the Fe 
atom, there are only single electron in 4 energy levels. They 
rotate in the same direction and their magnetic poles are parallel 
to each other. This electron structure explains why Fe has a high 
magnetism. The reduce of the internal magnetic field shows that 
the magnetic moment of iron is decreased by the increase of 
electron transfer to the 3d shell [62].

When isomer shift values belonging to austenite phases 
for both alloys were compared, the austenite phase belonging 
to sample A showed more isomer shift values (Table 5). It is 
possible to say that the differences in isomer shift values are 
because of concentration changing in the s-electron bands of the 
alloying elements. By the electron density in the 3d band of Fe 
increases, the electron density in the 3s and 4s band decreases, 
so the isomer shift values increase [63,64].

In Fe-Mn based alloys containing Co, austenite lattice 
constants have been observed to increase by the increase of Mn 
content. On the other hand, elements such as Cr, Al, and Si added 
to Fe-Mn-based alloys have been reported to affect austenite 
lattice parameters [65]. This effect is relating with the atomic 
radius of the elements that make up compounds of Fe in Fe-Mn 
alloys. These alloy atoms are larger than the Fe atom and for this 
reason increase the lattice constants. To support this situation, the 
atomic radius of Mn (0.127 nm) is also greater than the radius 
of Fe (0.126 nm) and causes the lattice parameter to increase 
in Fe-Mn-Co alloys [58]. Also in a study by Jung et al. on the 
Mn effect, isomer shift (relative to α'-Fe) and internal magnetic 
field values were said to decrease with the number of nearest 
neighbor Mn atoms [66].

4. Conclusions

In this study, the effects of phase transformations occur-
ring with thermal effect in Fe-X(wt.%)Mn-Mo-Si (X =1 5.14% 
ve 18.45%) alloys with different Mn rates were investigated 
on microstructure, crystallographic properties and magnetic 
properties.
– In the SEM studies of A and B samples, which were sub-

jected to heat treatment for 2 hours at 1200°C and cooled 
rapidly by throwing into water at room temperature, the 
formation of ε and α' martensite structures together with aus-
tenite phase were observed. It was understood that austenite 
lattice parameters increased in both alloys containing high 
Mn rate. In sample B, with increasing Mn rate (according 
to sample A) austenite grains were observed to become 
larger and more pronounced. Again in sample B (according 
to the sample A) amount of α' martensite is significantly 
reduced while increasing the amount of ε martensite was 
observed. In addition, precipitate phase (carbide) formation 
was observed in SEM investigations of sample A.

– According to the analyses of electron diffraction patterns 
taken from the interfaces at TEM examinations of A sample: 

Martensitic transformations of type γ → α' and γ → ε were 
observed. Crystallographic orientation relationships:

 (1–11)γ // (011)α' , [101]γ // [1–11–]α'

 (1–11–)γ // (0002–)ε, [1
– 1–0]γ // [2

–110]ε was obtained as.

 At the same time, according to electron diffraction pattern 
analyses, it was understood that α' martensite crystallized 
in b.c.c. structure and ε martesite crystallized in h.c.p. 
structure. On the other hand, the TEM investigations of the 
B sample was observed precipitate phase formation with 
ε martensite.

– Lattice parameters belong to martensite structures observed 
in SEM and TEM studies were calculated from XRD analy-
sis datas.

– In Mössbauer Spectroscopy that was determined that the 
γ and ε phases showed paramagnetic properties and the α' 
phase showed ferromagnetic properties. Table 5 was created 
according to Mössbauer Spectroscopy analysis datas. In this 
way, data such as internal magnetic field, isomer shift and 
formation quantities were compared for A and B samples. 
In sample A, an internal magnetic field of 32.7510 T was 
measured and it was observed that the amount of α' mar-
tensite was quite high. In sample B, the internal magnetic 
field value of 31.7586 T was measured and the amount of 
α' martensite was found very low.
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