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X-ray spectrometry is an elemental analysis technique with broad application in science and industry. It is
based on the principle that individual atoms, when excited by an external energy source emit X-ray photons of a
characteristic energy or wavelength. Here we obtained the characteristic X-ray peaks of different brass compounds
and compared the intensity of characteristic peaks by changing with Zn rate. In this study we modelled different
brass samples by using Monte Carlo method and changed the zinc rate in brass samples for each compound. We
obtained the characteristic X-ray peaks of different compounds and compared the intensity of characteristic peaks
by changing with Zn rate. We achieved a good agreement between peak intensity and corresponding element rate
in compound. Also we obtained that characteristic peak rate increases by corresponding element rate in compound.
This study shows that Monte Carlo method is very effective method to simulate material features due to their

characteristic peaks and their intensities.
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1. Introduction

X-rays occur when the fast electrons interact with mat-
ter. During this process, kinetic energy of electrons is ba-
sically converted into heat energy but some is also con-
verted into electromagnetic energy in the form of pho-
tons. X-ray photons are a form of electromagnetic radia-
tion produced after the ejection of an inner orbital elec-
tron and following transition of atomic orbital electrons
from states of high to low energy. When a monochro-
matic beam of X-ray photons falls onto a specimen some
basic phenomena may result in some effects such as ab-
sorption, scatter and fluorescence. These three phenom-
ena forms are the basis of three important X-ray meth-
ods: the absorption technique is the basis of radiographic
analysis, the scattering effect is the basis of X-ray diffrac-
tion, and the fluorescence effect is the basis of XRF spec-
trometry. When high energy photons (X-rays or gamma-
rays) are absorbed by atoms, inner shell electrons are
ejected from the atom, becoming photoelectrons [1]. This
leaves the atom in an excited state, with a vacancy in the
inner shell. Outer shell electrons then fall into the va-
cancy, emitting photons with energy equal to the energy
difference between the two states. Since each element
has a unique set of energy levels, each element emits a
pattern of X-rays characteristic of the element, termed
characteristic X-rays. Figure 1 shows the generation of
the characteristic X-ray from atomic orbit. The inten-
sity of the X-rays increases with the concentration of the
corresponding element.

*corresponding author; e-mail:
huseyinozan.tekin@uskudar.edu.tr

Primary

X-ray Fluorescent

X-ray

-

e-
Ejected from
M K shell

Fig. 1. Characteristic X-ray.

X-ray fluorescence is defined as the emission of char-
acteristic secondary X-rays from a material that has
been excited by bombarding with high energy X-rays or
gamma rays. The phenomenon is widely used for ele-
mental analysis. When an X-ray is absorbed by a sam-
ple atom, the absorbing atom is left in an excited state.
It subsequently relaxes, emitting its own characteristic
X-rays (secondary fluorescence). Since an X-ray can be
absorbed only in an interaction with an electron having
a binding energy less than the energy of the absorbed
X-ray, the energy of the secondary fluorescence is neces-
sarily less than the energy of the primary X-ray [2]. Par-
ticular elements in compounds may directly estimated
from diffraction line. Because of the intensity of an X-
ray diffraction pattern directly proportional to the con-
centration of the component producing it, when due al-
lowance is made for absorption effects, it has been possi-
ble to develop methods of quantitative analysis based on
diffracted intensities [3]. The diffracted intensity of any
reflection from any crystalline compound can be related
to the composition of the compound and its matrix, and
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to the instrumental geometry [4]. In the field of materials
analysis, it is frequently used to quantitative X-ray anal-
ysis and its various methods for the different workspaces.
Numerous methods have been developed to use peak in-
tensities for quantitative analysis of diffraction data [5].
When analytical samples are irradiated with X-rays emit-
ted from an X-ray tube or radioactive source, fluorescent
X-rays are generated in the sample and can be measured
for quantitative analysis of its elements [6]. In this study
we calculated the intensities of the characteristic peaks
in different compounds and compared them by consid-
ering the Zn rate in compound. Intensities are usually
measured as a rate (e.g., the number of X-ray photons
detected per second) or as the total number of X-ray
photons detected in a given time period (e.g., number of
photons in 10 s counting time). These intensities are also
usually normalized to the electron beam current for quan-
titative purposes since the number of X-ray produced is
exactly proportional to the number of electron hitting
the sample.

2. Material and method

One of the general-purpose in this study that we devel-
oped is a new Monte Carlo (MC) approach for different
types of brass samples by using the WinX Ray code [6].
A screenshot of program Fig. 2 shows the structure of
the MC program in below. In Fig. 2, we can see the
trajectory and interaction volume of X-rays in a sample.
Various simulation investigations and estimation studies
on medical applications and for other aims such as com-
putational methods are found in literature [7-19].
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Fig. 2. Schematic structure of the MC program.

A schematic representation of modelled geometry is
shown in Fig. 2. It is clear from Fig. 3 that produced
X-rays are directed onto brass sample and an energy dis-
persive detector is counted in the spectra of specimen.

Before the comparison studies on different compounds
we simulated the pure Cu and Zn spectra and observed
characteristic peaks and compared with experimental
data [20]. We obtained good agreement of experimental
results and Monte Carlo simulation. Figure 4 shows the
characteristic K41 (8,047.78 keV) and K1 (8,905.29 keV)
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Fig. 3. Schematic view of MC.

peaks of Cu and Fig. 5 shows the characteristic K
(8,632.86 keV) and Kp1 (9,572.0 keV) peaks of Zn.
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Fig. 4. Ka1 and Kpgi peaks of pure Cu.
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Fig. 5. Kao1 and Kpq peaks of pure Zn.

3. Results

X-ray analytical results of pure brass samples are il-
lustrated and K, and Kz X-rays have been studied in
some previous works [21]. In this study we consider the
most common used brass samples and their Cu-Zn ra-
tios. Characteristic peak identification is an analytical
technique used to determine the elemental composition
of inorganic based materials also using for identification



Quantitative Characteristic X-Ray Analysis. . . 441

of materials. In this study we calculated each sample
compound spectra and observed the Cu and Zn charac-
teristic peaks in spectrum. For instance, Fig. 6 shows the
sample ID 5 sample spectra.
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Cu KB (8,905.29 keV)
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Fig. 6. Ko and Kgi peaks of a compound of study
(sample ID 5).
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Fig. 7. Count and Zn rate in different brass compound.

TABLE I
Elemental rates of different brass compounds.
Sample | Cu (%] | Zn %] Zn Ko Zn Kg1
1 65 35 6,23E+07 | 4,82E+06
2 67 33 1.72E+07 | 4.28E+06
3 75 25 4.47E+06 | 3.08E+05
4 80 20 1.91E+4+06 | 2.26E+05
5 90 10 1.81E4+06 | 1.04E4-05
6 95 5 9.015E+05 | 6.52E+-03

For each sample we changed the Zn rate in compound.
Table I shows the elemental amount of compounds.

We can see from Table I that intensity of K, and Kg;
is proportional to Zn rate in compound. Figure 7 shows
relationship between counting amount and Zn rate in dif-
ferent brass compound. The ideal specimen for charac-
teristic peak analysis is one in which the analysed volume
of specimen is representative of the total specimen, which
is, itself, representative of the sample submitted for anal-
ysis. We prepared six specimens with different elemental
rates in compound. For each specimen we changed Zn
rate by using industrial data [22].

Also we can see a linear increase from Table I between
peak intensity and Zn rate in compound. It shows that
Monte Carlo approach provided the accuracy of experi-
mental studies.

4. Conclusion
As opposed to the continuous spectrum of

bremsstrahlung radiation, characteristic radiation is
represented by a line spectrum. As each element has a
specific arrangement of electrons at discrete energy levels
then it can be appreciated that the radiation produced
from such interactions is characteristic of the element
involved. This study shows that Monte Carlo method is
very effective method to simulate material features due
to their characteristic peaks and their intensities.
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