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ABSTRACT

The content of strain-induced martensite in austempered ductile iron has been

quantitatively determined using three different kinds of neutron methods: (1)

high-resolution powder diffraction with subsequent standard Rietveld refine-

ment, (2) phase quantification using pole figure measurements and (3) Bragg

edge neutron transmission. The accuracy and scope of applications of these

neutron diffraction and imaging techniques for phase quantification have been

compared and discussed in detail. Combination of these methods has been

confirmed as effective for dealing with problems like peak overlap in multi-

phase materials and texture formation after plastic deformation. Further, the

results highlight the potential of using single peak pole figure data for quanti-

tative phase analysis with high accuracy.

Introduction

Austenite, ferrite and martensite are the most

prominent phases in iron-based materials. Many

different kinds of methods like diffraction (XRD,

synchrotron/neutron diffraction), Bragg edge trans-

mission (BET), magnetic balance measurements,

image analysis (optical microscopy, EBSD) have been

used for quantification of phase contents in iron-

based materials over the last decades [1–5]. Image

analysis depends crucially on the quality of sample

preparation; it can provide fast phase quantification

with accuracy of ± 2 vol. % only when the parame-

ters of the whole sample preparation process are

optimized [1]. However, its application is severely

limited by the grain size of the material, as samples

with a grain size of less than 250 nm are not acces-

sible [6, 7]. The magnetic balance method requires the

existence of a single magnetic phase in multi-phase
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alloys for quantitative phase analysis. The theoretical

magnetic saturation of a sample with known phase

composition will be calculated using an empirical

equation [1, 8] and is subsequently taken as reference

sample [1]. Imperfections in magnetic field, inaccu-

racy in sample weight and variation in spring mod-

ulus of elasticity result in relatively large errors in the

calculation. If powder reference samples are used for

calibration, an accuracy of ± 4 vol. % in the phase

quantification can be achieved [1, 5]. However, using

this method in a bulk material without prior cali-

bration with powder reference samples can cause

errors of 20 vol. % or more in the results of a phase

content analysis [5]. Compared to these two methods,

powder diffraction plus standard Rietveld analysis

has been widely used in various classes of materials

over many years, and its accuracy for quantitative

phase analysis has been thoroughly tested in

numerous round robin campaigns [9–13]. Further-

more, also lattice parameters of phases, grain size and

strain/stress information can additionally be derived

in course of the data analysis of the diffraction pat-

tern. Therefore, results obtained through quantitative

phase analysis using diffraction methods are regar-

ded to be reliable and might be considered as a

benchmark in scientific investigations. Even so, phase

quantification using diffraction methods is far from

being a routine task and suffers inadequacies due to

some characteristics of the specimen itself. The Riet-

veld analysis on multi-phase steels can be challeng-

ing due to texture effects on the peak intensities,

possible peak shifts due to residual stress and severe

line broadening from plastic deformation. For

example, in the case of austempered ductile iron

(ADI), the austenite phase in ADI is meta-stable un-

der plastic deformation and will transform into

martensite. As a result, the austenite content in the

compressed ADI samples is lower than in the unde-

formed initial reference sample. However, for this

type of analysis dedicated software packages are

essential. For example the software package MAUD

[14] can deal with complicated microstructures, in

particular the complete orientation distribution

function (ODF) can be implemented into the Rietveld

analysis.

In the following two neutron diffraction-based

techniques, Bragg edge neutron transmission and

texture analysis using pole figure data are described

to deal with problems caused by peak overlap and

formation of preferred orientation of grains. Both

methods show promising results in the case of

quantification of the strain-induced martensite in

austempered ductile iron (ADI), and it is anticipated

that they will become powerful tools for phase

quantification in general.

Bragg edge neutron transmission was first pro-

posed in 1988 by Priesmeyer [15] and Bowman et al.

[16] and then successfully applied in gray iron for

quantitative phase analysis [17]. In the current article,

the neutron transmission has been used to quantify

the martensite content in ADI without consideration

of texture effects. It was successfully applied in

mildly textured austenitic stainless steel before; but

the accuracy of using this method in phase quantifi-

cation has not been examined in detail yet [18]. The

results in the current paper are to address this issue.

Quantitative phase analysis using the results of

pole figure/ODF was first reported for textured Al-

Cu alloys and graphite [19]. However, after that, the

method has not been widely spread to phase quan-

tification in textured materials. The main reason is

that in order to avoid the error caused by the inho-

mogeneously distributed texture formation, and it is

necessary to measure the texture distribution of the

entire sample, so the measurement can only be

completed by using neutron diffraction as only here a

large gauge volume can be achieved. The lack of

corresponding experiments has the consequence that

the accuracy of this method for phase quantification

for different materials and its measurement condi-

tions still needs to be developed. In case of deformed

ADI material, we have already shown that using

standard Rietveld analysis considering the texture

can yield phase contents with very high accuracy

(error in phase volume fraction is less than 2 vol. %)

[20]. However, the experimental effort and data

analysis processes are quite time consuming and we

therefore aim to a practical approach of this method

making it more time efficient and simplifying the

whole process.

Experimental and methods

Sample preparation

The initial cast ductile iron plates, produced by Bosch

Rexroth AG with the dimension of

140 9 110 9 20 mm3, were machined to a cylindrical

shape with a diameter of 6 mm and a length of
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10 mm. The chemical composition of the samples is

listed in Table 1 (see also [20]).

The cylindrical samples were subjected to a two-

stage heat treatment in a mirror furnace with inert Ar

gas atmosphere. All samples have been austenitized

at 900 �C for 30 min. After austenitization, ten sam-

ples with 0 wt% Ni were quenched to 350 �C and

austempered for 30 min, while another set of samples

with 1.5 wt% Ni were also quenched to 350 �C, but a
holding time of 35 min was needed to reach carbon

content saturation in that case [21]. Finally, all the

samples have been cooled to room temperature after

austempering.

The samples were then compressed ex situ using a

test rig [22] at a strain rate of 4 9 10–4 s-1 to different

strain levels. Details on the compressive deformation

process are found in [20].

Phase content quantification using
the Rietveld method

Neutron diffraction patterns of compressed ADI

samples with 0 wt% and 1.5 wt% Ni were collected

using the SPODI diffractometer [23] at FRM II/MLZ

over a 2H range = 10 * 152 deg. Details on the

instrument settings of the measurements have

already been published in [20] and can be found

there. Using the software package MAUD [14], the

neutron diffraction pattern and calculated orientation

distribution functions (ODFs) from the measured

pole figures have been combined for further quanti-

tative phase analysis.

Phase quantification using texture data
analysis

Complete pole figures of ferrite (200) of ADI samples

(0 wt% Ni, austempered at 350 �C) which have been

compressed to 0%, 10%, 20%, 30% and 40% strain

levels were measured at the materials science

diffractometer STRESS-SPEC at MLZ [24] with a

wavelength of 1.68 Å using a Ge (311) monochro-

mator. Being an isolated non-overlapping peak in the

diffraction pattern, the intensity of the austenite (200)

reflection can be used as a scaling value for its cor-

responding austenite content. The integrated inten-

sity of the austenite (200) peak in the complete pole

figure has therefore been used for austenite phase

fraction determination, which was then further used

to calculate the respective martensite content.

Phase quantification using Bragg edge
neutron transmission (BET)

The neutron radiography experiment was carried out

at the cold neutron radiography and tomography

facility (ANTARES) at MLZ [25, 26]. ANTARES is fed

by a continuous beam of cold neutrons. In the

radiographic measurement, five compressed ADI

samples with 1.5 wt% Ni were stacked together in the

vertical direction and put into the neutron beam

(beam size * 80 mm 9 80 mm (Fig. 1a)). A cooled

scientific CMOS camera with 2560 9 2160 pixels in

combination with a 100 lm thick LiF:ZnS scintillator

was used as detector system. To get more quantita-

tive information about martensite, a large wavelength

range between 1.6 and 5.9 Å was scanned by means

of the double crystal option of ANTARES with a

wavelength resolution step of 0.05 Å [27].

In the second measurement, each of the five sam-

ples has been placed with its cylindrical axis parallel

to the neutron beam (Fig. 1b). Both beam directions

in Fig. 1a and b can be used for the measurement of

transmission spectra. For the second measurement

with two wavelengths, the geometric effects (texture

and barreling effect of the sample) can be effectively

avoided using the cylindrical symmetry of the sam-

ple in the beam setup shown in Fig. 1b. This way

spatially resolved information about the phase dis-

tribution over the sample cross section can be

obtained without performing a time consuming

tomography. Two monochromatic wavelengths 3.9 Å

and 4.5 Å were chosen for this measurement. The

attenuation coefficients at these two wavelengths of

the individual samples were collected simultane-

ously for further calculation.

Table 1 Chemical composition of cast ductile iron material used for compressive deformation

C Si Mn Ni Cu, Mo, P, S Fe

Elementary chemical composition in wt% 3.6 * 3.7 2.3 0.2 0 or 1.5 less than 0.08 balance
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Results and discussion

Rietveld refinement with consideration
of texture

As mentioned in the introduction, the results

obtained using Rietveld method is set as benchmark

in the comparison of the BET/Rietveld and Texture/

Rietveld methods.

Figure 2 shows the results obtained from the Riet-

veld method with consideration on texture forma-

tion. These results have already been published in

our previous research work [20]. The following dis-

cussion about different neutron techniques in phase

quantification is based on them, and we highlight the

differences between BET/Rietveld and Texture/Ri-

etveld methods.

Bragg edge transmission analysis

Quantitative phase analysis by BET has been carried

out using two methods: first, analyzing the height of

the Bragg edges in the BET spectrum and second,

calculating the attenuation ratio of neutron images

acquired at two different wavelengths. Both approa-

ches will be discussed in the following paragraphs.

First method: Bragg edge height calculation

The theoretical background of using Bragg edge

height for quantitative phase analysis is based on the

Kroppf model (Eq. (1)) [28]. Figure 3a shows the

theoretical transmission spectra of 100% austenitic

and 100% ferritic Fe calculated using the software

Nxs [29]. Thus, the ferrite (110) and austenite (111)

edges nearby k = 4.0 Å cannot be resolved and sep-

arated due to the limited wavelength resolution at the

reactor-based sources. Still it would be the best choice

for martensite quantification as the attenuation coef-

ficient differences of ferrite at other edges (e.g., ferrite

(200) or (211)) are small and less suitable for quanti-

tative phase analysis (Fig. 3a). Here, the Bragg edge

height of ferrite (110) was chosen to be calculated for

all the bcc phase fraction contents in ADI. The mea-

sured Bragg Edge of undeformed ADI is shown in

Fig. 3b. Examples using this method with practical

experiment performance and data analysis process

have been introduced in [30, 31] in details. The Bragg

edge height of the ferrite (110) reflection in ADI

samples with different strain levels has been calcu-

lated using the Kroppf model [28] and compared

with martensite content calculated using the standard

Rietveld method (Fig. 3c). Because of the propor-

tionality between Bragg edge height (110) reflex and

bcc phase content, a linear fit between them was

performed to quantify their relationship (Fig. 3c). The

ADI sample with 0% strain (bcc phase: 60 vol. %

ferrite and 0 vol. % martensite, fcc phase: 40%

austenite) was set as reference/start point in the

Figure 1 a Example images of the first measurement for Bragg

edge height calculation. Neutron radiographs in the Bragg edge

transmission (BET) measurement at different wavelengths. In this

measurement, the samples were superimposed in the vertical

direction. b Example images of the second measurement using

two wavelengths. Geometry of ADI samples and its corresponding

neutron radiograph. In this measurement, the samples were

mounted with the base on a thin Al plate, and the incoming

beam direction is perpendicular to the plane surface.

Figure 2 Martensite phase fraction vs. plastic strain in ADI with

0 wt% and 1.5 wt% Ni, austempered at 350 �C as determined by

Rietveld refinement of the high-resolution neutron powder

diffraction data [20]. Error bars are within the size of the symbols.
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fitting line, and the martensite contents calculated

using this fitting line have been set in Fig. 4 to com-

pare with the results obtained by the Rietveld

method.

Hhkl ¼ rNB kð Þ þ rhkl kð Þ ¼ ahkl þ bhklkhkl ð1Þ

Hhkl: Bragg edge height of hkl reflection, rNB (k): fit-
ting function on the right side of the Bragg edge, rhkl
(k): fitting function on the left side of the Bragg edge,

ahkl, bhkl: constant in the Gaussian function deter-

mined from the relationship between rNB (k) and rhkl
(k) for a k = khkl and k: neutron wavelength change

from 1.6 Å to 5.9 Å with a wavelength resolution step

of 0.05 Å.

The difference between the values determined by

BET and the reference values reflects the accuracy of

the BET method in phase quantification. Figure 4

shows the differences in martensite content measured

and calculated by these two methods, ranging from

0.5 to 3.9 vol. %. These differences are within an

acceptable range as compared to the martensite con-

tent measured by other methods [32, 33]. Further

analysis shows that two main reasons are responsible

for the observed differences in phase content

obtained by these two methods. First, the wavelength

increment (resolution) of our neutron radiograph is

0.05 Å making it difficult to separate the Bragg edges

of ferrite (110) and austenite (111). A remedy here

Figure 3 a Theoretical transmission spectra of 100% fcc austenite

and alternatively 100% bcc ferrite/martensite calculated using Nxs

program [29]. b Measured transmission spectra of the ADI sample

with 0% strain. c Enlarged view of Fig. 3b in the wavelength

ranging from 3.6 to 5.0 Å. d Bragg edge height H vs. bcc

ferrite/martensite content in ADI as determined by Rietveld

analysis of diffraction data. The straight line represents to a

linear fit gauging attenuation ratio versus H.
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would be to use a time-of-flight source with inher-

ently better wavelength resolution which therefore

can separate these two Bragg edges and most likely

enhance the accuracy of neutron transmission in

phase quantification [34]. Second, the existence of

texture in ADI after plastic deformation has not been

considered in the analysis of the BET measurements,

which might have also influenced the accuracy of

phase content quantification [35].

Second method: attenuation ratio of two wavelengths

The above-mentioned evaluation method relies on

the height of the Bragg edge. Any feature, which

depends on the neutron energy below the wave-

length resolution limit, will be lost in this averaging

process. This drawback can be overcome directly

comparing the height of the image contrast on both

sides of a Bragg edge (for example in Fig. 3a, at the

bcc (110) Bragg edge). The attenuation ratio relates

directly to the phase fraction ration of bcc and fcc

phases in the sample. Its basic theoretical background

and detailed examples are explained in [34, 36].

Based on this, Eq. (2) [36] is derived for the attenua-

tion ratio calculation. Now two wavelengths (3.9 Å

and 4.5 Å) on both sides of the (110) ferrite Bragg

edge (4.1 Å) were chosen for radiography measure-

ments, and the attenuation ratio of these two mea-

surements has been used for further martensite phase

analysis.

logIk2
logIk1

¼ lrk2d
lrk1d

ð2Þ

Ik1;k2 : Intensity at wavelength 3.9 Å and 4.5 Å, l:
number density of neutron interaction centers, rk1;k2 :
neutron total cross section at 3.9 Å and 4.5 Å and d:

thickness of sample.

The areas marked with red squares in Fig. 1b were

used for attenuation ratio calculation. The deter-

mined attenuation ratios of different compressed ADI

samples have been plotted together with the phase

analysis results obtained using the standard Rietveld

refinement in Fig. 5.

The bcc phase contents (ferrite ? martensite) cal-

culated using the Rietveld method were plotted as a

function of attenuation ratio measured by BET and

fitted using a linear equation (Fig. 5). Similar to the

first method, the ADI sample without plastic defor-

mation which contains 60 vol. % ferrite and 0 vol. %

martensite was set as the reference/start point in the

fitting line. The attenuation ratios calculated using

BET are linearly related to the martensite content [35].

From Fig. 5, the martensite contents can be directly

calculated and direct comparison between the results

obtained by Rietveld method and BET using two

wavelengths is shown in Fig. 6 as a function of

deformation level. Differences between the direct

Rietveld analysis and that based on attenuation ratios

are at maximum 2.3 vol. %. Thus, the martensite

Figure 4 Comparison of Rietveld method and BET spectra

analysis in martensite phase quantification. The ADI samples with

1.5 wt% Ni content and austempered at 350 �C were compressed

to different strain levels between 0 and 45%.

Figure 5 Attenuation ratio of the two wavelengths 3.9 Å and

4.5 Å vs. martensite content as determined by Rietveld analysis of

diffraction data. The open symbols are the results from the

Rietveld refinements of differently deformed ADI samples (the

numbers above the symbols give the degree of deformation). The

straight line represents to a linear fit gauging attenuation ratio

versus bcc—martensite content.
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contents obtained using the second method are close

to the results obtained from the first method. This

indicates that the second method using BET is also an

effective method for martensite phase quantification

with, the added advantage of distinctly shorter

experiment times.

The main reason for the difference between the

results obtained by BET method and Rietveld method

is the inhomogeneous distribution of martensite

during plastic deformation [35]. As shown in Fig. 1,

the data collection area of the BET method is focused

in the middle of the sample, while the data used in

the Rietveld method come from the whole sample. In

our previous results [35], we have confirmed that the

deformation level in the middle part of the sample is

higher than in the other areas at the beginning of the

plastic deformation (strain\ 20%). In the later stage

of plastic deformation (strain[ 30%) the situation

becomes the opposite.

Phase analysis using pole figure data

Quantitative phase analysis using diffraction is based

on the fact that the total scattering intensity of any

phase is directly proportional to its phase volume

fraction. Here, each individual Bragg reflection in a

diffraction pattern represents only a specific propor-

tion of the scattered neutrons [37] where the rela-

tionship of phase volume fraction and scattered

intensity of this reflection (hkl) can be expressed

through Eq. (3). This relationship is the fundamental

principle of quantitative phase analysis using texture

data, i.e., in austenite, the relationship in Eq. (3)

applies to the total scattering intensity of any Bragg

reflection (hkl) of the austenite in ADI [37]. The con-

stant K in Eq. (3) is between 0.98 and 1 for all our

samples. This factor is related to the effects which

may influence the total intensity in the diffraction

patterns, like mosaicity change of crystals caused by

strain-induced martensitic transformation, fluctua-

tion of neutron flux etc.

Ic;hkl ¼ VcKRc;hklAm ð3Þ

Ic;hkl: integrated intensity of reflection (hkl) for

austenite, Vc: volume fraction of austenite, K: con-

stant specific of the experiment [21, 37], Rc;hkl: scat-

tering factor of reflection (hkl) for austenite [37] and

Am: absorption factor of the phase mixture. In the

case of ADI, both ferrite and austenite are iron phase,

so the absorption factor of both phases is the same

[38].

Furthermore, the total integrated intensity of a bulk

material in a pole figure is theoretically equal to the

scattering intensity measured from its powder sam-

ple equivalent, which effectively eliminates the pre-

ferred orientation caused by texture formation during

plastic deformation. Taking into account, these two

aspects provide the theoretical frame for phase

quantification using pole figure measurements and

texture data analysis.

Therefore, the volume fraction ratio of the two

phases austenite and ferrite in ADI can be expressed

as the ratio of their scattering intensities using Eq. (4).

Ic; 111ð Þ
Ia; 110ð Þ ¼

KVcRc; 111ð ÞAm

KVaRa; 110ð ÞAm
¼ VcRc; 111ð Þ

VaRa; 110ð Þ ð4Þ

Equation (4) can also be used to calculate and

compare the same phase (austenite) fractions in dif-

ferent deformed ADI samples. In the subsequent

calculation of the martensite content, Eq. (4) can be

converted to Eq. (5). Nevertheless, two basic

requirements are necessary for successful application

of this calculation. First, the phase should have at

least one independent reflection in the diffraction

pattern without any peak overlap. Second, among a

group of samples, the known phase composition of

an initial sample is needed as a reference.

Ve
c

V0
c
¼

Iec;hkl
I0c;hkl

; Martensite phase fraction ¼ V0
c � Ve

c ð5Þ

Ve
c: Volume fraction of austenite at strain level e, V0

c :

initial volume fraction of austenite at 0% strain, Iec;hkl:

Figure 6 Comparison of Rietveld method and BET imaging with

two different wavelengths in martensite phase quantification. The

ADI samples with 1.5 wt% Ni content and austempered at 350 �C
were compressed to different strain levels between 0 and 45%.
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integrated intensity of reflection (hkl) of austenite in

ADI at strain level e and I0c;hkl: initial integrated

intensity of reflection (hkl) of austenite in ADI at 0%

strain.

Taking the neutron diffraction pattern in Fig. 7 as

an example: Due to peak overlap of austenite (111),

ferrite (110) and martensite (101), (110) reflections

around 2h = 44� and ferrite (200), martensite (200)

around 2h = 66�, only the austenite (200) peaks fulfil

the basic requirements and its pole figure can be used

for further quantitative phase analysis. The experi-

mental conditions of the texture measurement have

to be set identical for all measured ADI samples. In

such experimental conditions/settings, the peak

intensity of austenite (200) in different ADI samples

can be compared directly without further normal-

ization. The samples used in this experiment were

ADI with 0% Ni austempered at 350 �C and plastic

deformed from strain level 0% to 45% in 5% incre-

ments (10 samples). Texture analysis was performed

on five of these ten samples which plastic deformed

to 0%, 10%, 20%, 30% and 40% strain levels. As the

initial austenite phase fraction in ADI without plastic

deformation has already been calculated using

Eq. (4), the austenite fraction of the other plastic

deformed ADI samples can be obtained straightfor-

ward using Eq. (5). The austenite content difference

between the deformed samples and the reference

sample is directly proportional to the martensite

phase fraction, and the results are depicted in Fig. 8

for comparison with the results obtained from the

Rietveld method [20].

The crystal structure type of martensite chosen for

Rietveld refinement is bct martensite, the lattice

parameter in this bct crystal structure model is based

on our previous TEM investigation on the martensite

in ADI [20]. Small amount of hcp martensite may also

exist at strong plastic deformation (the slight inflec-

tion at 2h & 55� shown in Fig. 7 may be due to hcp

martensite). Since no evidence of its existence was

found in the high-resolution neutron diffraction pat-

tern and TEM results, it was not.

taken into account in the phase quantification

using the Rietveld method.

The previous results in quantitative phase analysis

using different diffraction techniques have already

shown that the minimum error of quantitative phase

calculation, i.e., accuracy, from standard Rietveld

analysis in different materials is about 1 to 3 vol. %,

depending on the diffraction technique, the instru-

ments used and materials properties [9–13]. Com-

parison of the results obtained from the texture

analysis and the values from the reference Rietveld

method in Fig. 8 shows that the difference in deter-

mined martensite content is less than 2.5 vol. %,

which is well within the error range of standard

Rietveld analysis. This illustrates the high precision

and good practicability of texture data analysis in

phase quantification. Further, this method has quite a

few advantages when compared to full powder

diffraction measurements and subsequent standard

Rietveld analysis. The data analysis process of this

method is much simpler. Only the integrated inten-

sity of one single peak needs to be analyzed. In

Figure 7 Neutron diffraction pattern of ADI austempered at

350 �C and compressed to 35% strain level as an example.

Figure 8 Comparison of Rietveld method and texture data

analysis in martensite phase quantification. The ADI samples

with 0 wt% Ni content and austempered at 350 �C were

compressed to different strain levels between 0 and 45%.
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addition, the microstructural effects, i.e., grain size,

microscopic strain, texture etc., which might com-

plicate the Rietveld analysis can be avoided. In con-

sequence, the necessary long-term data analysis

experience using Rietveld refinement software is not

required making the texture method suitable also for

non-expert users of diffraction. This is a significant

advancement in methodology for using the diffrac-

tion method for phase quantification. Finally, by

virtue the method to analyze single pole fig-

ures avoids the influence of strong texture formation

on phase calculation effectively. In the Rietveld

refinement approach with inclusion of texture, either

errors in ODF calculation or uneven spatial distri-

bution of texture in the samples will affect the phase

calculation considerably.

Conclusion

The following conclusion can be drawn after com-

paring the scope of quantitative phase analysis using

different neutron diffraction and imaging methods:

1. Standard Rietveld refinement with consideration

on texture formation is a comprehensive and well-

proven analysismethod for phase quantification in

all sorts ofmaterials. Usually no reference samples

are needed with this methodology. However, the

measurement and especially the data analysis

process are relatively complex and time consum-

ing. In general, the neutron diffraction beam time

limits the number of samples.

2. BET offers the possibility to measure several

samples within one measurement. It can provide

additionally three-dimensional quantitative

phase content information that the other methods

cannot. The data analysis process using BET is

not as complicated as the standard Rietveld

refinement, but several reference samples with

known phase composition are needed for calcu-

lation correction factors; therefore, it has to be

combined with other methods for phase analysis.

3. Phase quantification using texture/pole fig-

ure data has the simplest data analysis process

within these methods. It can provide accurate

results and avoids a series of problems in

diffraction-based quantitative phase analysis like

peak overlap and texture formation. It is an

effective method in phase quantification for

following the phase content of a particular phase

through phase transformations, i.e., martensite

development in iron alloys after plastic deforma-

tion. However, it also needs at least one reference

sample with a known initial composition.
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