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ABSTRACT 

 
The X-ray detection improvement using many filters for soil samples are studied. The peak to 
background ratio is calculated for many filters and without filter mode. A non-destructive Energy 
Dispersive X-ray Fluorescence (EDXRF) spectrometer was used for measuring and analysing 
samples. Five filters can be used to decrease the background noise. Aluminium filter gave the best 
performance of peak / background ratio when measure any sample comparing with other filters. 
This work also included a SpekCalc program to calculate the X-ray spectra from different filters for 
different thicknesses. For Al, Cu, Be and Ti filters, the value of peak / background ratio are 
calculated. The best result is achieved at a maximum value of peak / background ratio. The 
obtained results from EDXRF spectrometer and simulation showed that increases of Aluminum 
filter thickness improved the detection of material samples. 
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1. INTRODUCTION 
In early 1960s, X-ray fluorescence (XRF) is 
developed to process mineral in factories. 
XRF technique is used to identify and 
determine the concentrations of elements in 
shape of solid, powder and liquid samples. 
XRF is usually used in mining, geology 
research ,  Cement production and 
petroleum industry[1][2]. X-ray 
spectrometers contain a source, sample and 
detector .Electrons are emitted when 
applied high voltage through filament wire in 
X-ray tube. The electrons accelerating and 
move to anode. Bremsstrahlung radiation is 
produced when electron hits anode atoms. 
This radiation is consist of continuous band 
from energies. Another radiation is 

produced  when electrons hit atoms and 
expel electrons from these atoms, this 
radiation is known as characteristic 
radiation[3][4]. Spectrum measurement 
systems are divided into wavelength 
dispersive systems (WDXRF) and energy 
dispersive systems (EDXRF). The elemental 
range of the elements that EDXRF 
spectrometer can detect is from Sodium to 
Uranium in the periodic table. The 
measurements are instantaneous for this 
device and it consumes a power of 5-1000 
watts. Resolution is good for heavy elements 
and less optimal for light elements[5]. EDXRF 
uses selective excitation and broad-band 
detection. The detector of EDXRF 
spectrometer separates the radiation from 
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the sample into the radiation of the 
elements in the sample. Silicon and 
Germaniumis the most material that used 
for semiconductor detectors. The properties 
of two materials are provide high energy 
resolution and a large size mono crystals 
with good electrical properties[6][7]. 
Because silicon is less exposure to charge 
carrier trapping and space charge 
accumulation, it considered the best 
detector for detecting low energy of X-ray. 
Silicon detectors are made by conventional 
technology: photolithography, oxidation, ion 
implantation and aluminum deposition[8]. In 
this study, EDXRF spectrometer provide by 
Si-PIN detector [9]. The important of PIN 
detector is reliability and accuracy in 
converting the measured currents into 
photon flux. In recently years, array of PIN 
detector is fabricated which is consist of 24 
element. High absorption efficiency and high 
resolution energy is achieved by using array 
of PIN detector [10]. Accuracy of energy is 
affected by detector leakage current, 
operating temperature and interference 
between channel[6]. The filter of EDXRF 
spectrometer is placed between the X-ray 
tube and the sample and absorbs the X-ray 
by adjusting the spectrum coming from the 
X-ray tube. In other meaning, filter improve 
peak to background ratio by reducing 
background noise. In general, filters are 
typical pure metal sheets with a thickness of 
10-500 µm. The voltage is first selected in 
kilovolts and then the filter is chosen. Filter 
properties are determined by selecting the 
material and determining its thickness[2]. 
Pure materials are used to evaluate peak to 
background ratios without filter and with 
filter: Al filter at 0.1mm thickness, Ag filter at 
0.01mm and W filter at 0.01mm. different 
filters of portable system was compared 
with stationary X-ray system by Guiherme et 

al[7]. There are many methods to reduce 
background in the low energy region. 
Cesareo et al. used barium oxide powder for 
filtering output of Ag anode X-ray. Another 
method presented by Ferreti et al. this 
method use Cu filter with 0.3mm thickness 
to decrease bremsstrahlung from W anode 
X-ray tube. X-ray systems are developed to 
use two filters or more for getting required 
result. Aluminum filter is a simple absorption 
filter and it is popular use in EDXRF. Al filter 
have absorption edge at 1.5 K eV it absorbs L 
lines from X-ray tube to remove 
interference[11][12]. 
 
2. Instruments and Materials Used In 
Propsed Filters 

Minipal 2 energy dispersive XRF 
Spectrometer from Philips company were 
used for analyzing elements. Instrument 
measure the concentrations from 100% 
down to ppm levels. Minipal2 based on 
flexible and fast software [13]. Filtering 
system and hardware configurations are 
controlled by software. Furthermore, XRF-
Minipal2 is simple and no required any 
preparation for samples. EDXRF 
spectrometer used to measure the intensity 
of the different material in the research[14]. 
Minipal 2 provide with Si-PIN detector and 
rhodium as anode with Be window. 
Resolution of spectrometer is 160 eV at 5.9 K 
eV. The X-ray tube has a maximum voltage 
of 30 KV with a maximum current of 
1mA[15]. The power of X-ray tube is about 9 
watt, instrument spot area is 81.7mm2. 
Minipal 2 can analyze different material in 
the form of liquids, powders, bulk solid and 
surface layer [16]. Twelve position of sample 
can be changed continuously in the EDXRF 
spectrometer as shown in Fig.1. 
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Figure.1: shows the XRF- Minipal2 instrument. 

 
Five filters can be selected to improve the ratio of peak to background, while the background 
noise is decrease. Configuration of Minipal 2 system is shown in Fig.2 [12].  

 
Figure.2: shows the instrument configuration. 

 
The Instrument uses a Si-PIN detector with 
high efficiency and high resolution detector. 
The detector based on a peltier cooling 
system instead of liquid nitrogen cooling. 
The detector is operated with applied 
voltage equal to 5 and 60-70 voltage at the 
detector junction. Detector is operated at 
very low temperature at a value -
70℃ [17][18]. 
 
3. Features of SpekCalc Program 
SpekCalc is a computer program created by 
Cancer Research Institute in London[19]. 
This program is used to calculate X-ray 
spectra emitted from the tungsten anode for 
the X-ray tube. The program is a graphical 
user interface and based on Monte Carlo 

calculation. SpekCalc is used for research, 
education and medical physics. Half Value 
Layer (HVL) used to describe quality of x-
ray[20]. HVL is the thickness of the material 
required to reduce the intensity of the X-ray 
to half initial value[11]. Wide range voltages 
from 40 to 300 KV are used to display and 
calculate energies for X-ray spectra. This 
program allows using a set of different filters 
with different thicknesses. Material is used 
for filtering spectra is determined in mm 
thickness: Al, Cu, W, Sn, Be, Water, Air, Ta, C, 
Ti. SpekCalc shows the mean energy of 
spectrum 𝐸𝑚𝑒𝑎𝑛, and the effective energy 
𝐸𝑒𝑓𝑓 measured by K eV[21]. Graphic User 

Interface of program is displayed in Fig.6. 
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Figure.6: Graphic User Interface 

 
4. Filters Simulation Process 
By using SpekCalc, different filters are 
tested. The voltage is chosen at 120 kV for 
all Measurements. Theta is set at 30 which 
represents the anode inclination angle. This 
study includes an explanation of the effect of 
filters on peak/ background ratio by 
changing the thickness of filter. The program 
displays the spectrum  of energy by reading 
the value of the intensity (count value per 
second) on the y-axis with the value of the 
energy on x-axis is in K eV[13]. The intensity 
and noise value is determined precisely from 
View Data in GUI. 
For Al filter, the value of peak/ background 
ratio is calculated at each thickness. The 
thickness of Al filter is increased to improve 

the ratio of peak/ background. The 
maximum achieved value of peak/ 
background ratio is about 5.02 at 25mm 
thickness of Al filter. Peak to background 
ratio is calculated of Cu filter. The maximum 
obtained value of peak/ background ratio is 
about 5.02 at 0.7mm thickness of Cu filter. 
The peak/ background ratio of Be filter is 
calculated starting from 100mm thickness. 
The maximum peak to background ratio is 
determined at 300mm thickness.  Finally, Ti 
filter is tested on X-ray spectra. The value of 
thickness is set from 1 to 3mm, the best 
ratio of peak/ background is determined at 
3mm[22]. The filters thicknesses andratios of 
peak / background for Al, Cu, Be and Ti 
filters are shown in Table 7. 

 
Table7: Display peak / background ratios and Thickness of filters in mm. 

Al(mm) P/B Cu(mm) P/B Be(mm) P/B Ti(mm) P/B 

5 3.7 0.3 4.6 100 3 1 4.2 

15 4.82 0.5 4.88 200 4.3 2 4.56 

25 5.02 0.7 5.02 300 5.32 3 5 

 
 

5. Results discussion 

Three soil samples are analyzed using 
Minipal 2. In this experiment, peak to 
background ratio are calculated in order to 
choose the best filter that give the best 
performance of peak / background ratio. 
Five filters are used: Kapton, Al-thin, Al, Mo 
and Ag filter. Samples are measured at 30 KV 
and total measuring time 50 sec. 

     The first sample used in the research is a 
soil sample which composed of clay powder. 
Table1. Shows the peak/ background ratios 
for Ca (𝑘∝), Fe (𝑘∝). It is clear that Al filter 
gives the best results, the value of Ca (𝑘∝) 
for Al filter is about 29.6, and the value of Fe 
(𝑘∝) is about 29.9 while Al-thin filter gives 
the value of Ca (𝑘∝) is about 23.5 and Fe 
(𝑘∝) is about 17.25. It is observed from 
results that Mo filter gives a minimum value 
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of peak / background ratio. The optimum 
results is obtained using Al filter compared 
to other filters. From these results conclude 
that Al filter with thickness equal 500µm can 
be used efficiently for detecting soil samples, 
which used for industry of many kinds of 

Cement. The effect of using Al-thin and Al 
filter on x-ray spectra is shown in Fig.3 (a, b). 
The percentage of concentration for Ca (𝑘∝) 
and Fe (𝑘∝) in sample1 using:  Kapton, Al-
thin, Al, Mo and Ag filter is shown in Table2.  

 
Table 1: peak/ background ratios without filter and with filter of sample 1 

Ag filter Mo filter Al 
filter 

Al-thin 
filter 

Kapton 
filter 

Without 
filter 

Sample1 

13 9 29.6 23.5 16.625 13 Ca (𝑘∝) 
17.75 9.5 29.9 17.25 8.15 6.2 Fe (𝑘∝) 

 

 

 
(a) 

 

 
(b) 

Figure.3: Spectra of sample1 measured with: (a) Al-thin filter, (b) Al filter. 
 

Table 2: percentage of concentration of elements in the soilsample1 

Ag Mo Al Al-thin Kapton element 
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filter filter filter filter filter 

67% 72% 73% 74% 76% Ca (𝑘∝) 

24% 24% 23% 21% 20% Fe (𝑘∝) 

 
In this step, mixture sample is used for 
analyzing. Figure.4. shows the resulting X-ray 
spectrum for sample 2. The Al filter gives the 
value of peak/ background ratio for Ca (𝑘∝) 
is about 45.5 and for Fe (𝑘∝) is about 18.2. 
The value of Ca (𝑘∝) is about 34.25 and the 
value of Fe (𝑘∝) is about 10.7 by using Al-

thin filter. The value of peak/ background 
ratio obtained for Ca (𝑘∝) and Fe (𝑘∝) shows 
the best improvement using Al filter.  The 
comparison of peak / background ratio for 
filters are shown in Table3. The percentage 
of concentration for Ca (𝑘∝) and Fe (𝑘∝) in 
the soil sample 2 is displayed in Table4. 

 
Table 3: Comparison of the peak / 

background ratio of sample2 

Ag 
filt
er 

Mo 
filte
r 

Al 
filt
er 

Al-
thi
n 
filt
er 

Kapt
on 
filte
r 

With
out 
filter 

Samp
le2 

29.
33 

12.1
25 

45.
5 

34.
25 

24.9 19.6
6 

Ca 
(𝑘∝) 

15 5.25 18.
2 

10.
7 

4.94 3.44 Fe 
(𝑘∝) 

 

 
 

 
(a) 

 

 
(b) 

Figure.4: Spectra of sample2 measured with: 
(a) Al-thin filter, (b) Al filter. 

 
Table 4: the percentage of concentration of 

elements in the soil sample2 

Ag 
filte
r 

Mo 
filte
r 

Al 
filte
r 

Al-
thin 
filte
r 

Kapto
n filter 

elemen
t 

81% 83% 85% 87% 87.2% Ca (𝑘∝) 
12% 12% 11% 10% 9.8% Fe (𝑘∝) 

 

Stone sample is the third soil sample used 
for measuring and analyzing, Fig.5. Shows 
result of X-ray spectra for sample3. It is 
observed from the Table 5 of sample 3 that 
the maximum value of peak / background 
ratio was achieved at Al filter. The value of 
Ca (𝑘∝) is about 58.15 for Al filter while the 
value of peak/ background ratio for Al-thin 
filter of Ca (𝑘∝) is about 51.65. Mo filter 
gives the minimum value of peak/ 
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background ratio of Ca (𝑘∝). Concentration 
of Ca (𝑘∝) and Fe (𝑘∝) for sample3 are 
shown in Table 6. 
 

Table 5: Comparison of the peak / 
background ratio of sample3 

Ag 
filt
er 

M
o 
filt
er 

Al 
filt
er 

Al-
thi
n 
filt
er 

Kapt
on 
filter 

With
out 
filter 

Samp
le3 

22.
5 

18.
2 

58.
15 

51.
65 

30.3 20.6 Ca 
(𝑘∝) 

0.6
25 

0.5 0.9
2 

0.6
5 

0.32
5 

 Fe 
(𝑘∝) 

 

 
(a) 

 
(b) 

Figure.5: Spectra of sample3 measured with: 
(a) Al-thin filter, (b) Al filter. 

 
Table 6: shows the percentage of 

concentration of elements in sample3 

eleme
nt 

kapto
n 
filter 

Al-
thin 
filter 

Al 
filter 

Mo 
filte
r 

Ag 
filte
r 

Ca (𝑘∝) 98.7% 97.6
% 

96.8
% 

95% 92% 

Fe (𝑘∝) 0.41% 0.53
% 

0.52
% 

0.6
% 

0.5
% 

 
6. Conclusions 

Al filter shows the best result to improve the 
peak/ background ratio for soil samples. Al- 
thick filter obtained the maximum value of 
peak to background ratio compared with Al-
thin filter for all samples. Mo filter gave the 
lowest P/B ratio compared to other filters 
and no improvement can obtained using this 
filter. In SpekCalc program, the 
peak/background ratio is calculated for Al, 
Cu, Be and Ti filter. The Al filter gave the 
maximum ratio of P/B at 25mm thickness. 
The maximum value of peak/ background 
ratio is obtained at 0.7mm thickness of Cu 
filter. For Be filter, the maximum peak to 
background ratio is achieved at 300mm 
thickness. The best ratio of peak/ 
background for Ti filter is determined at 
3mm.The thickness of Al, Cu, Be and Ti filter 
is increased to improve the ratio of peak/ 
background. The practical results are 
agreement with simulated results for Al 
filter, which concluded that increase Al filter 
will improve the detection of material 
samples. 

REFERENCES 
[1] F. Nakhaei, A. Sam, and A. Nakhaei, 

“Prediction of XRF analyzers error for 
elements on-line assaying using Kalman 
Filter International Journal of Mining 
Science and Technology Prediction of 
XRF analyzers error for elements on-line 
assaying using Kalman Filter,” Int. J. 
Min. Sci. Technol., vol. 22, no. 4, pp. 
595–601, 2012, doi: 
10.1016/j.ijmst.2012.01.025. 

[2] E. Van Grieken, Rene, and Andrzej 

9306

http://www.neuroquantology.com/


NeuroQuantology|July2022|Volume20|Issue8|Page9300-9308|doi:10.14704/nq.2022.20.8.NQ44950 
Dhuha Abdulmunem Mohammad  et al/ Employing Electronic Features Extraction to Improve The  X-ray Detection Based on Aluminums 
Filter 

 

eISSN1303-5150                                                                                                                                               www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
   

 

Markowicz, Handbook of X-Ray 
Spectrometry, Second Edition,. New 
York: Marcel Dekker, 2001. 

[3] P. Brouwer, Theory of XRF, Third Edit. 
Netherlands: PANalytical B.V., 2010. 

[4] H.Spieler, semiconductor detector 
systems. New York: Oxford University 
Press, 2005. 

[5] H. G. Nam, M. S. Shin, K. H. Cha, and N. 
I. Cho, “Fabrication of a Silicon PIN 
Diode for Radiation Detection,” vol. 48, 
no. 6, pp. 1514–1519, 2006. 

[6] C. E. Cox et al., “A 24-element Silicon 
PIN diode detector for high resolution 
radioxenon measurements using 
simultaneous X-ray and electron 
spectroscopy,” in IEEE Nuclear Science 
Symposium Conference Record, 2013, 
p. 8, doi: 
10.1109/NSSMIC.2013.6829481. 

[7] MARAY, A.H., Alsaif, O.I., TANOON, K.H. 
"DESIGN AND IMPLEMENTATION OF 
LOW-COST MEDICAL AUDITORY SYSTEM 
OF DISTORTION OTOACOUSTIC USING 
MICROCONTROLLER". Journal of 
Engineering Science and 
Technology, 2022, 17(2), pp. 1068–1077 

[8] L. Ceccarelli et al., “Comparison of 
portable and stationary x-ray 
fluorescence spectro_ meters in the 
study of ancient metallic artefacts,” X-
Ray Spectrom., vol. 59, no. 1, pp. 27–34, 
2007, doi: 10.1002/xrs. 

[9] S. Pessanha, A. Samouco, R. Adão, M. L. 
Carvalho, J. P. Santos, and P. Amaro, 
“Detection limits evaluation of a 
portable energy dispersive X-ray 
fluorescence setup using different filter 
combinations,” X-Ray Spectrom., vol. 5, 
no. November, 2016, doi: 
10.1002/xrs.2737. 

[10] Mohammed, N.L., Aziz, M.S., AlSaif, O.I. 
"Design and implementation of robot 
control system for multistory buildings". 
Telkomnika (Telecommunication 
Computing Electronics and Control), , 
18(5), pp. 2682–2689, 2020 

 [11] A. Chandrasekaran, A. Naseerutheen, 
and R. Ravisankar, “Data in Brief 
Dataset on elemental concentration 
and group identi fi cation of ancient 
potteries from Tamil Nadu , India,” Data 
Br., vol. 10, pp. 215–220, 2017, doi: 
10.1016/j.dib.2016.11.075. 

[12] A. A. Mubarak et al., “Multielemental 
analysis of pharmaceuticals derived 
from plant seeds by energy dispersive 
X- ray fluorescence spectrometry,” 
Instrum. Sci. Technol., vol. 9149, no. 
November 2015, 2016, doi: 
10.1080/10739149.2015.1057845. 

[13] A. Z. H. S.C.Chen, W.L.Jong, “Evaluation 
of X-Ray Beam Quality Based on 
Measurements and Estimations Using 
SpekCalc and Ipem78 Models,” Malays J 
Med Sci, no. July, 2012. 

[14] G. Poludniowski and G. Landry, 
“SpekCalc: a program to calculate 
photon spectra from tungsten anode X-
ray tubes,” Phys. Med. Biol., no. May 
2014, pp. 433–438, 2009, doi: 
10.1088/0031-9155/54/19/N01. 

[15] Yahya, M.A., Alsaif, O.I., Saleh, I.A., ...Al-
Yasir, Y.I.A., Abd-Alhameed, R.A. "Noise 
cancellation for HIPERLAN/2 with open 
loop transmit diversity 
technique".Inventions, , 4(3), 46. 2019 

[16] J. Malinauskaite et al., “Municipal solid 
waste management and waste-to-
energy in the context of a circular 
economy and energy recycling in 
Europe,” Energy, vol. 141, pp. 2013–
2044, Dec. 2017. 

[17] Abdul Talib Din, Abdul Talib bin Din, and 
Siti Norehan binti Rosli, “Proceedings of 
Mechanical Engineering Research Day 
2018,” in Conceptual design of a 
multipurpose mobile smokeless 
incinerator, 2018. [7]  

[18] Q. Tang, Y. Liu, F. Gu, and T. Zhou, 
“Solidification/Stabilization of Fly Ash 
from a Municipal Solid Waste 
Incineration Facility Using Portland 
Cement,” Adv. Mater. Sci. Eng., 2016. 

9307

http://www.neuroquantology.com/
https://www.scopus.com/authid/detail.uri?authorId=55365466200
https://www.scopus.com/authid/detail.uri?authorId=57211256182
https://www.scopus.com/authid/detail.uri?authorId=57211251084
https://www.scopus.com/authid/detail.uri?authorId=57211256182#disabled
https://www.scopus.com/authid/detail.uri?authorId=57211256182#disabled
https://www.scopus.com/authid/detail.uri?authorId=57211256182#disabled
https://www.scopus.com/authid/detail.uri?authorId=57218684789
https://www.scopus.com/authid/detail.uri?authorId=57204873089
https://www.scopus.com/authid/detail.uri?authorId=57211256182
https://www.scopus.com/authid/detail.uri?authorId=57211256182#disabled
https://www.scopus.com/authid/detail.uri?authorId=57211256182#disabled
https://www.scopus.com/authid/detail.uri?authorId=57210154249
https://www.scopus.com/authid/detail.uri?authorId=57211256182
https://www.scopus.com/authid/detail.uri?authorId=57211256902
https://www.scopus.com/authid/detail.uri?authorId=57203284898
https://www.scopus.com/authid/detail.uri?authorId=57203284898
https://www.scopus.com/authid/detail.uri?authorId=7003902501


NeuroQuantology|July2022|Volume20|Issue8|Page9300-9308|doi:10.14704/nq.2022.20.8.NQ44950 
Dhuha Abdulmunem Mohammad  et al/ Employing Electronic Features Extraction to Improve The  X-ray Detection Based on Aluminums 
Filter 

 

eISSN1303-5150                                                                                                                                               www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
   

 

[19] E. Elmaslar-Özbaş and N. Balkaya, 
“Extraction of heavy metals from 
compost using a mixture of Na2EDTA 
and Na2S2O5: Column studies,” J. Soil 
Sci. Plant Nutr., vol. 12, no. 3, pp. 525–
534, 2012. 

[20] L. Pan et al., “Potentially toxic element 
pollution levels and risk assessment of 
soils and sediments in the upstream 
river, miyun reservoir, china,” Int. J. 
Environ. Res. Public Health, vol. 15, no. 
11, Nov. 2018. 

[21] M. Azam, S. S. Jahromy, W. Raza, F. 
Wesenauer, K. Schwendtner, and F. 
Winter, “Comparison of the 
characteristics of fly ash generated from 
bio and municipal waste: Fluidized bed 
incinerators,” Materials (Basel)., vol. 12, 
no. 7, 2019. 

[22] K. I. Dietzel, “On-line X-ray fluorescence 
analysis applied to industrial processes 
and environmental monitoring,” The 
University of Bergen, 2000 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

9308

http://www.neuroquantology.com/

