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Abstract
In this study, mass attenuation coefficient (MAC) of some copper alloys: a computational study was

investigated. The study employed both XRF analyzer and XCOM software to determine MAC of a number
of copper alloys, namely, brass, copper composite A, gun metal A, copper composite B, gun metal B were
determined at 59.5, 356, 511, 661.5, 835, 1173.2, 1275 and 2580 keV. Results reveal that the highest
values of MAC were 1.8964keV and 3.6271 keV obtained at 59.5keV for copper composite A and brass
respectively. Finding also show the following values of 0.03904 keV and 0.03939 keV at 2589 keV for
copper composite A and brass respectively. Based on agreement with experimental results, it was
recommended that these results are applied to investigate other properties of materials for radiation
analysis.
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Introduction

Copper forms the basis for a large well established group of copper —base alloys which possess to a varying
degrees property closely allied to those of the metal itself, in particular high corrosion resistance and good

working characteristics by all the usual processes. In most commercial alloys, several elements are present
in varying proportions to give specific properties. The alloying additions produce the following effects.
Aluminium (up to 12 percent) forms the series of alloys known as aluminium bronzes, some of which are
single phase and some duplex. These are used for castings and in wrought forms. They have high strength
and, having a protective oxide film are resistant to corrosion. Other elements, in particular iron manganese,
and nickel, are often added to improve mechanical properties.

The knowledge of mass attenuation coefficient is essential in determining the penetration of x-ray and
photons in matter [1]. The measurement of attenuation coefficients of photons in biological and other
materials is of significant interest in industrial, biological, agricultural and medical applications [1]. Accurate
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values of photon mass attenuation coefficients are also needed to establish the regions of validity of theory-
based parameterization, in addition to providing essential data in such diverse field’s tomography, x-ray
fluorescence studies and radiation biophysics [2].

Tabulations of photon mass attenuation coefficients and interaction cross-sections have been published for
several elements and composite materials that are of dosimetric and radiological interest [3]. The authors
in [4] have also developed a computer program, XCOM, which calculates photon cross-sections and
attenuation coefficients for pure elements and mixtures in energy range of 1 Kev to 100 Gev.

Gamma transmission measurements had been used for studying penetration of gamma rays in soil in order
to evaluate different properties of soil and soil-water diffusion process [5]. For example, the size distribution
of particles for the purpose of characterization of soil can be determined using gamma ray attenuation
measurements.

Gamma ray transmission measurements has been used in solid phantoms to investigate the radiological
equivalency of these phantoms and their water using transmission curves and compared with Monte Carlo
calculations and standard published data [2]. The work resulted in an assessment of the dosimetric
response of the solid phantoms as compared to water.

The input data required for determination of mass attenuation coefficient include name of element or
compound, chemical symbol of element or compound, atomic number of element or compound and
filename where the data is to be stored. Once appropriate input data is provided, the XCOM software
automatically generates the value of mass attenuation coefficient at specific energies. In most cases, this
may not include energies of interest. In such situations, the mass attenuation coefficient is determined by
interpolation. This entails plotting a graph of mass attenuation coefficient versus energy using the data
provided by XCOM and determining the mass attenuation coefficient from the slope and intercept of the
resulting linear plot. The XCOM package was developed by [4] for calculation of mass attenuation
coefficients or photon interaction cross-sections for any element, compound or mixture at energies from 1
keV to 100 GeV. Recently, this well-known and much used program was transformed to the Windows
platform by [1].

Using these programs one can calculate the mass attenuation coefficient needed for any element,
compound or mixture, at any energy between lkev and 100Gev.

Owing to the various uses of Cu alloys in electronics, technology, jewelry, radiation protection and in the
military, a computational study of mass attenuation coefficient of copper alloys is examined [6-8].

Computational Method

Sample Preparation

The copper alloys used in this research work was obtained at the Metallurgical Research Centre in Jos
Nigeria of which Zn 40%, Cu 60% were alloyed to obtain Brass, Cu 70%, Fe 30% were alloyed to obtain
Copper Composite A, 92%Cu, 8%Fe were alloyed to obtain Copper Composite B, 10% Cu, 25% Sn, 65%
Zn were alloyed to obtain Gun Metal A, 60% Cu, 10%Sn, 30%Zn were alloyed to obtain Gun Metal B.

The copper alloys sample which includes; Brass, Copper Composite A, Gun Metal A, Copper Composite B
and Gun Metal B where all shaped into various diameters and were weighed in a Precision Electronic Digital
Balance capable of weighing up to a fraction of a milligram. The weighing was repeated a number of times
to obtain consistent values of the mass. The mean of this set of values was taken to be the mass of the
sample.

The analyses of the material sample were carried out using Pan-analytical EPSILON 3 XRF analyzer. The
prepared samples were cut into appropriate size that is easily accommodated by the sample holder of the
equipment. The machine (Epsilon 3 XRF). The machine uses a direct excitation method to analyze
elements in samples and has been configured with calibration standards and that cover a wide range of
element between Na to U.

The analytical procedure involves an initial process of subjecting the machine to perform gain stabilization
process in order to stabilize the equipment before commencement of sample analysis. Samples were then
loaded on the sample tray which can handle 12 samples simultaneously and specific conditions for analysis
including measurement time, X-ray filter, tube current etc set before actual measurement. Quantitative
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analysis was carried out using the dedicated OMINIAN software which converts the measured intensity to
concentration of the various elements present in the samples.

Determination of Mass Attenuation Coefficient using XCOM

Each of the copper alloys obtained were subjected to the XRF analyzer to obtain the various elements
present in the alloys with their respective percentages.

The elements with their data obtained were then imputed to the XCOM software from which the mass
attenuation coefficient was obtained for the various energy of 59.5, 356, 511, 661.5, 835, 1173.2, 1275,
and 2580KeV

The XCOM package was developed by [4] for calculation of mass attenuation coefficients or photon
interaction cross-sections for any element, compound or mixture at energies from 1 keV to 100 GeV.
Recently, this well-known and much used program was transformed to the Windows platform by [1].
Using the program, the mass attenuation coefficient needed for the copper mixture, at the specified energy
level were calculated. WinXCOM has the additional advantage of making it possible to export the cross-
sectional data to a predefined MS Excel template. The later feature greatly facilitates any subsequent
graphical or numerical data treatment.

It has also been established that there is good agreement between theoretically based XCOM software and
experiment, hence the extensive applications of XCOM software in scientific and engineering applications.

Determination of Mass Attenuation Coefficients of Cu-based Alloys

The mass attenuation coefficients of Cu-based Alloys at various photon energies were determined using
the mixture rule which is based on the fact that the contribution of each element of the compound or mixture
to total photon interaction is the sum of the appropriately weighted proportions of the individual atoms. Thus,
the mass attenuation coefficient ¢ .., )_ of compound or mixture is given by:

(/um)c = ZWI % )

|
Where (£¢,,) . isthe photon mass attenuation coefficient for the compound, (,,/ ), is the photon mass

attenuation coefficient for the individual elements in the compound, and ,, is the fractional weight or

concentrations of elements in the compound. Thus, in order to determine the mass attenuation coefficient
of Cu-based alloys at various photon energies, the weight fractions of the constituent elements were first
determined using x-ray fluorescence technique and subsequently used as input data in the mixture rule
along with mass attenuation coefficient. Application of equation (1) for determination of mass attenuation
coefficient of compounds and mixtures involves averaging over atoms of all the elements in the compound
or mixture. This requires the values of mass attenuation coefficient of the individual constituent elements,
their weight fractions, atomic number and Avogadro’s number as input data.

Results and Discussion

Table 1 shows the theoretical values of the total mass attenuation coefficients of the various Cu-based
alloys in the energy range 59.5-2580 keV using the mixture rule and WinXCOM program. It is readily
observed that the mass attenuation coefficient for the various Cu-based alloys varies with photon energy
and the concentration of elements in the alloys. From Table 1, it is clearly observed that the mass
attenuation coefficient is different for different alloy samples. This is attributed to variation in the type and
amount of constituent elements in the samples. The mass attenuation coefficient actually represents the
average attenuating characteristics of individual elements contained in the alloy samples.

The calculated total atomic and electronic cross-sections (o, and o, ) for the Cu based alloys were also
presented in Tables 2 and 3 respectively. The changes of o, and o, show almost similar behavior to the

mass attenuation coefficient u/p as the values of botho, and o, decrease because the probability of
absorption reduces with increasing incident photon energies.
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Table 1. Photon Mass attenuation coefficient of some Copper Alloys in cm?/g

Mass attenuation coefficients (cm?2/g) of Cu-based Alloys at various Gamma Ray

Copper Alloys Energy
59.5 356 511 661.5 835 1173.2 1275 2580
Brass 3.6271 0.10959 0.08604 0.07503 0.0654 0.05509 0.05103 0.0393
9
Cu-Composite  1.89364 0.10284 0.08233 0.07312 0.06460 0.05488 0.05104 0.0390
A 4
Gun Metal A 2.04109 0.10395 0.08263 0.07324 0.06464 0.05486 0.05098 0.0390
0
Cu-Composite  1.89943 0.10294 0.08237 0.07315 0.06462 0.05489 0.05105 0.0390
B 4
Gun Metal B 1.94282 0.10337 0.0826 0.07331 0.06476 0.05499 0.05112 0.0390
9
Table 2. Effective atomic Cross Section (b/atom) of Copper Alloys
Copper Alloys Gamma ray energy (KeV)
59.5 356 511 661.5 835 1173.2 1275 2580
Brass 439.2515 13.2722 10.4200 9.0868 7.9201 6.6720 6.1803 4.7710
Copper 199.9961 10.8620 8.6959 7.7230 6.8234 5.7964 5.3907 4.1942
Composite A
Gun Metal A 219.4682 11.1781 8.8850 7.8754 6.9509 5.8988 5.4823 4.1942
Copper 200.4474 10.8633 8.6931 7.7197 6.8200 5.7932 5.3873 4.1206
Composite B
Gun Metal B 206.4596 10.9857 8.7777 7.7906 6.8824 5.8443 5.4331 4.15480
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Table 3. Effective Electronic Cross Section (b/atom) of copper alloys

Gamma Ray Energy (KeV)

Copper 595 356 511 6615 835 11732 1275 2580

Alloys

Brass 15.2889 0.4432 0.3623 0.3042 0.2570 0.2119 0.1948 0.1503

Cu 14.1908 0.4306 0.3187 0.2776 0.2415 0.2035 0.1883 0.1452
Composite A

Gun Metal A 18.4643 0.5524 0.3637 0.3057 0.2585 0.2135 0.1962 0.1524

Cu 249586 0.5675 0.3675 0.3073 0.2587 0.2129 0.1956 0.1514
Composite B

Gun Metal B 14.8331 0.5379 0.3574 0.3012 0.2552 0.2110 0.1940 0.1502

Conclusion

Mass attenuation coefficient (MAC) of some copper alloys: a computational study is presented. Photon
mass attenuation coefficient of some copper alloys such as brass, copper composite A, gun metal A, copper
composite B, gun metal B were determined at 59.5, 356, 511, 661.5, 835, 1173.2, 1275 and 2580 keV using
XCOM software and X-ray fluorescence analyzer. The attenuation coefficients were then used to compute
the effective atomic number and electron density of copper alloys in photon energy range 59.5- 2580 keV.
Results reveal that the highest values of MAC were 1.8964keV and 3.6271 keV obtained at 59.5keV for
copper composite A and brass respectively. Finding also show the following values of 0.03904 keV and
0.03939 keV at 2589 keV for copper composite A and brass respectively. Based on these variations with
photon energy which agree with result of experimental works [5,9,10], results of the present study can be
applied to investigate other properties of materials for radiation analysis which is recommended.
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