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Abstract

The total mass attenuation coefficients, partial interactions and Z of glass
system un-doped composition (90-x)Zn0O-xB,05-10Si0,, where x= 30, 35, 40,
45, 50 mol% at photon energies 0.662 and 1.25 MeV have been calculated on
the basis of mixture rule using Win XCom software. Results specified that the
total mass attenuation coefficients showed decreased with increasing ZnO
concentrations, because of a decrease in Compton scattering probability, which
gave a dominant contribution to the total mass attenuation coefficients for the
studied glass samples at 0.662 and 1.25 MeV energies. Also, the photoelectric
absorption and coherent scattering show an increase with increasing ZnO
concentrations at both energies. For comparison, the total mass attenuation
coefficients of the glass system had higher values at energy 0.662 MeV than that
at 1.25 MeV. Effective atomic number (Z¢; ) was found, it was obviously to
increase linearly as ZnO concentrations increase. Therefore, it is recommended
to use low ZnO content in borate silica glass system which makes it suitable for
radiation detection purposes for the environment and industry.

Keywords:Mass Attenuation Coefficients, Borate Silica Glass System, Gamma
Energies
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1. Introduction

The mass attenuation coefficient is a measure of the probability of the
interaction that occurs between incident photons and the matter of the unit mass
per unit area. The knowledge of the mass attenuation coefficients of X and A-ray
in biological and other important materials is of significant interest for
industrial, biological, agricultural, and medical applications [1, 2]. Mass
attenuation coefficient is a measurement of how strongly a chemical specie or
substance absorbs or scatters radiation at a given wavelength, per unit mass [3].
The energy absorption in a given medium can be calculated by means of well
established formulae if convinced constants such as effective atomic number and
electron density of the medium are known[4]. The information of parameters
such as mass attenuation coefficient (), linear attenuation coefficient (y), total
atomic cross-section (ot), electronic cross-section (ce), effective atomic number
(Zesr), electron density (Neg), mean free-path (A) acting an important role in
understanding the physical properties of compound materials. [3]. To found
effective atomic numbers (Z,~) various attempts have been made for partial and
total gamma ray interactions in alloys and compounds, some empirically
deduced formulas have been reported in the literature but their validity is
incomplete to the experimental conditions used in that particular work [5]. The
response of a thermoluminescent material to y- ray detection depends on the
atomic number of its constituents; then it is important to know first the effective
atomic number of such material, Z., for obtaining its expected TL response at
different energies[6]. To calculate the total mass attenuation coefficient, the
software WinXCom was utilized [7]. Berger and Hubbel developed the
theoretical tables and computer program (XCOM) for calculating attenuation
coefficients for elements, compounds and mixtures for photon energies from
1keV to 100GeV. This program was transformed to the Windows platform by
Gerward et .al[8], and the Windows version is being called WinXcom[3].
WinXCom is now become a familiar software to calculate interaction cross-
sections of gamma rays with any elements, compounds or mixture in the energy
range between 1 keV to 100 GeV. By using WinXCom software, it is possible to
calculate and compare mass attenuation coefficients between theoretical and
experimental results[9].

2. Calculation Method
The glass material having un-doped composition (90-x)ZnO-xB,0z-
10Si0,, where x= 30, 35, 40, 45, 50 mol% were investigated in our previous
report [10, 11] and used to study in this work. The total mass attenuation
coefficient of the studied glasses for photon energies 0.662 MeV and 1.25 MeV
were calculated theoretically by using Win XCom software based on the mixture
rule as follow:
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Where (E)l Is the mass attenuation coefficient for individual element and w; is

the weight fraction of each element, boron (B), oxygen (O), zinc (Zn), silica
(Si). The effective atomic number can be obtained according to Eq.2 [12]

b
Zops = J(alef +axZ +-) (2)

i = z?;(iz(lz)a r M= NaZi
where a;, a, ,... are the fractional contents of electrons that are belong to
different elements of atomic number, Z; , Z,, ... . in the composite system, n; IS
the number of electrons in one mole, belonging to each element Zi and Na is the
Avogadro’s number.

The range of b are in the range from 2.94 to 3.5 [12].

3. Results and Discussions
In this study, the un-doped composition (90-x) ZnO-xB,05-10Si0O,, where x= 30, 35,
40, 45, 50 mol% was converted to weight fraction and given in table (1).

Table 1: The raw materials for undoped glasses system.
Batches Composition (mol%)

Samples Zn0O B,O; SiO,
S1 60 30 10
S2 55 35 10
S3 50 40 10
S4 45 45 10
S5 40 50 10

The total mass attenuation coefficients, of the studied glass systems were calculated at
two

photon energies 0.662 (**’Cs-source) and 1.25 MeV (average energy of *°Co-source)
using the WinXCom software on the basis of mixture [7, 13].

Photoelectric mass absorption cross section (ufn")

Based on our calculations, it was found that the photoelectric cross section (u”mh) of
the studied glass system at 0.662 and 1.25 MeV an increase with increasing the ZnO

concentrations as shown in Fig. 1. It is very clear from Fig. 1 that the values of (ufnh)
at low photon energy (0.662 MeV) are higher than those at high energy (1.25 MeV). In

addition, the slope of the straight line between (u”mh) and ZnO concentrations at 0.662
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MeV is higher than that at 1.25 MeV. Therefore, the effect of increasing ZnO
concentrations showed an increase in the (ub, ) values of the studied glass systems at
both energies.

Compton scattering (u$,

Compton scattering mass attenuation coefficients ( (ugs) of the studied glass system
were calculated using WinXcom software. The result is given in Fig. 2. The (u%:
values show a slight decrease with increasing ZnO concentration. Also, values of (us$;

at 0.662 MeV are higher than those at 1.25 MeV. Therefore, both (u”mh) and (u$
values are more effective at low energy value, i.e at 0.662 MeV.

Coherent Scattering (u<h

The Coherent scattering mass attenuation coefficients (ut) of the studied glass system
were also calculated and the result is represented in Fig. 3. The rate of increase
in (uSM) is obvious at the energy of 0.662MeV higher than those at 1.25 MeV with
increasing ZnO concentration.

Photoelectric scattering mass attenuation coefficient ®  0.66 MeV
® 125MeV

9.0x10™*
8.5x10™ A
8.0x10™ +
7.5x10™ +
7.0x10™ +
6.5x10™ ~ .
4 Equation
6.0x10™ 4 Adj. R-Square 1 1

5.5x10™ ] Value Standard Error
1 Intercept 1.486E-5 1.00995E-7
5.0x10"

Slope 1.4734E-5 2E-9

OO0 ww

Photoelectric interaction (cm®/g)

4.5x10™ Intercept 2.9E-6 1.16619E-7
4.0x1 04 _- Slope 3.008E-6 2.3094E-9
3.5x10™ +
3.0x10™
2.5x10™ o
2.0x10" °
15x10" .7//FJJJ/4/"”’
1.0x10* T - T . T . . . '
40 45 50 55 60

ZnO mol%

Fig. 1 photoelectric mass absorption coefficient of undoped composition (90-x)ZnO-
X8203-108i02
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Compton interaction (cm?/g)

7.5x10”

6.5x10”

6.0x10”

5.5x107

Compton scattering mass attenuation coefficient

m  0.66MeV
® 1.25MeV

Equation y=a+b*x
2 Adj. R-Square  0.99989 0.99974
7.0x10° Value  Standard Error
B Intercept  0.07883 1.00995E-5
B Slope -3.74E-5 2E-7
[} Intercept 0.0557 1.00995E-5
C Slope -2.5E-5 2E-7
L Py
T T T T T T
40 45 50 55
Zn0O mol%

Fig. 2 The Compton scattering interaction of (90-x) ZnO-xB203-10SiO2 with various

of ZnO mol%

Coherent interaction (cmZ/g)

coherent scattering mass attenuation coefficient

m (.66 MeV
® 1.25MeV

8.5x10
8.0x10™
7.5x10
7.0x10*
6.5x10™
6.0x10 Equation y=a+b*x
o Adj. R-Squar 1 1

5.5x107 Value  Standard Erro
5.0x10 B Intercept  1.603E-  2.99876E-19
4.5x10™ B Slope 1.128E- 5.93842E-21
4.0x10* C Intercept 3.692E-  1.16619E-7
3.5x10° [ Slope  2.624E-  2.3094E-9
3.0x10™
2.5x10™
2.0x10™ e e
1.5x10™ o o &

40 45 50 55 60

ZnO mol %

Fig. 3: The coherent scattering mass attenuation coefficient of (90-x)ZnO-xB203-
10Si0O2 with various of ZnO mol%.

From the above calculations of photoelectric, Compton and coherent interaction, the
total mass absorption coefficient were calculated and illustrated in Table 2, we observe
that the total absorption coefficient closes to the Compton interaction values. To
confirm the obtained values of the attenuation coefficient of the studied glass, the
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effective atomic number (Z ) should be calculated and compared the obtained data by
the attenuation coefficient of the element with Z has the same or near Zg.
Zeff —calculation
Zss Was calculated for the studied glass samples and given in Table 3(A, B, C, D and E)
using Eg. (2). Column 1 gives the ZnO concentration, element under study is given
under column 2, the atomic weight, A and atomic number Z are given under columns 3
and 4, respectively. Weight fraction, w, and the total number of electrons per gm, NoZ
w /A are displayed under columns 5 and 8 respectively. The fraction number of
electrons due to each element in the composition is then calculated and given under
column 9 and denoted by a. The values of a Z° were then calculated and given under
the last two columns where b takes the values 2.94 and 3.5. Finally, values of Z.were
calculated and given in the last row of each glass composition. The variation of the
mean values of Zeff of the present glass system with ZnO is given in Fig. 4. It is clear
that (see Fig. 4), Zeff increases with increasing the ZnO concentration and their values

range from 23.335 to 28.862. This variation is represented by an excellent linearity
form with R*=0.998.

Table 2. Total absorption coefficient values of the studied glass system.

Sample | Energy(MeV) | Coherent | Compton | Photoelectric Sum
Zn0% (cm2/g)
60 0.662 8.37E-04 | 7.66E-02 8.99E-04 7.83E-02
1.25 1.94E-04 | 5.42E-02 1.83E-04 5.46E-02
55 0.662 7.81E-04 | 7.68E-02 8.25E-04 7.84E-02
1.25 1.81E-04 | 5.43E-02 1.68E-04 5.47E-02
50 0.662 7.24E-04 | 7.70E-02 7.52E-04 7.84E-02
1.25 1.68E-04 | 5.45E-02 1.53E-04 5.48E-02
45 0.662 6.68E-04 | 7.72E-02 6.78E-04 7.85E-02
1.25 1.55E-04 | 5.46E-02 1.38E-04 5.49E-02
40 0.662 6.12E-04 | 7.73E-02 6.04E-04 7.86E-02
1.25 1.42E-04 | 5.47E-02 1.23E-04 5.50E-02
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Fig(4) The effective atomic number of (90-x)ZnO-xB203-10SiO2 with various of ZnO
mol%.
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Table 3A, Zeff calculation for our studied glass samples (90-x)Zn0O-xB,03-10SiO, when
Zn0O =60

Ele Weight
Sam men Fraction(W NAZ(
ple t A Z ) NAZ WA WA) a axz*%  a*7®°
Zn0O 10.8 3.001E 8.62 2.59E 0.09 10.2611 25.2709
(60) B 11 5 0.093171  +24 E-03 +22 0412 87 05
15.9 48016 2.36 1.13E 0.39 179.246 574.356
O 99 8 0.378032 E+24 E-02 +23 6613 697 517
280 1 8.4028 1.66 1.40E 0.04 114506 501.949
Si 8554 4 0.046744  E+24 E-03 +22 8889 052 634
653 3 1.8006 7.37 1.33E 0.46 10217.2 68631.4
Zn 82 0 0.482053 E+25 E-03 +23 4086 78203 41621
sum 2.86E 10521.2 69733.0
[ 1.0000 +23 92139 18678
23.3373 24.2013
Zest 0528 4828

Table 3B, Zeff calculation for our studied glass samples (90-x)Zn0O-xB,03-10Si10, when
Zn0 =55

Ele Weight
Sam men Fraction(W NAZ(
ple t A Z ) NAZ WA W/A) a axz*%  a*7%°
ZnOo 10.8 3.001E 1.01 3.02E 0.10 11.944 29.4166
(55) B 11 5 0.1087 +24  E-02 +22 5244 569 83
15.9 48016 252 1.21E 0.42 190.50 610.424
O 99 8 0402675 E+24 E-02 +23 1519 2805 235
28.0 1 8.4028 1.66 1.40E 0.04 114.24 500.822
Si 8554 4 0.046744 E+24 E-03 +22 8779 9038 985
653 3 1.8006 6.76 1.22E 0.42 9344.8 627709
Zn 82 0 0441882 E+25 E-03 +23 4458 18060 57430
sum 2.87E 9661.5 63911.6
i 1.0000 +23 14472 21332
22.670 23.6060
o 31497 2213

Table 3C, Zeff calculation for our studied glass samples (90-x)Zn0O-xB,03-10SiO, when
Zn0O =50

Ele Weight
Sam men Fraction(W NAZ(
ple t A Z ) NAZ WA WA a axz*%  a*7*®
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ZnO 10.8 3.001E
(50) B 11 5 0.124228 +24
15.9 4.8016
O 99 8 0.427317 E+24
280 1 8.4028
Si 8554 4 0.046744 E+24
653 3 1.8006
Zn 82 0 0401711 E+25
sum
i 1.0000
Zeff

1.15
E-02
2.67
E-02
1.66
E-03
6.14
E-03

3.45E
+22
1.28E
+23
1.40E
+22
1.11E
+23
2.87E
+23

0.12
0010
0.44
6313
0.04
8670
0.38
5007

13.620
329
201.70
8430
113.99
3404
8476.2
82741
8805.6
04905
21.966
19468

33.5436
88
646.330
190
499.702
387
56936.8
37046
58116.4
13311
22.9735
5633

Table 3D, Zeff calculation for our studied
when ZnO =45

glass samples

(90-X)ZnO-xB,04-10Si0,

Ele Weight
Sam men Fraction(W NAZ(
ple t A Z) NAZ WA WA a a*z%%  g*z73°
ZnO 10.8 3.001 129 388E 0.13 15.288 37.6524
(45) B 11 5 0.139757 E+24 E-02 +22 4710 686 61
15.9 48016 2.82 1.36E 0.47 212.86 682.075
@) 99 8 0.45196 E+24 E-02 +23 0997 4066 965
280 1 8.4028 1.66 1.40E 0.04 113.73 498.585
Si 8554 4 0.046744 E+24 E-03 +22 8561 8684 792
65.3 3 1.8006 5.53 9.96E 0.34 7611.6 51128.6
Zn 82 0 0.36154 E+25 E-03 +22 5732 10195 63655
sum 2.88E 7953.5 52346.9
[ 1.0000 +23 01630 77872
21.218 22.2974
Zeti 78613 268

Table 3E, Zeff calculation for our studied
when ZnO =40

glass samples

(90-X)ZnO-XBZOS-1OS I 02

Ele
Sam men Weight NAZ(
ple t A Z Fraction(W) NAZ W/A W/A) a a*z>%  a*7°%°
Zno 10.8 3.001 1.44 431E 0.14 16.949 41.7427
(40) B 11 5 0.155285 E+24 E-02 +22 9343 528 27
15.9 48016 2.98 1.43E 049 22396 717.662
O 99 8 0476602 E+24 E-02 +23 5570 9936 278
28.0 8.4028 1.66 1.40E 0.04 113.48 497.475
Si 8554 14 0.046744 E+24 E-03 +22 8453 5326 172
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65.3 1.8006 4.92 8.85E 0.30 6750.8 45346.4
Zn 82 30 0.321369 E+25 E-03 +22 6633 06800 80108
sum 2.89E 7105.2 46603.3
[ 1.0000 +23 11591 60284
20.420 21.5691
et 21025 7305

Conclusion

The total mass attenuation coefficients and partial interactions at photon energies
0.662and 1.25 MeV of glass system (90-x) ZnO-xB,03-10Si0,, where x= 30, 35, 40,
45, 50 mol% have been investigated using the Win X Com software. Results showed
that total mass attenuation coefficients increased with increasing ZnO concentrations,
due to a decrease in Compton scattering of glass samples which contribute dominantly
to the total interaction. Although, the coherent scattering showed an increase with
increasing ZnO concentrations but it has lower values than Compton scattering. The
photoelectric interaction also increases in these glass samples. In addition, the Zeff
values of our studied glasses showed an increase with increasing ZnO concentrations
and found to have values from 23.335 to 28.862. Results recommend this glass system
as a TL y-dosimeter especially at low ZnO content.
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