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Abstract— In this work we studied the albedo numbers change of Agz.Cu,s alloy after etching in hydrofluoric acid (HF). As samples four
groups of Agz,Cuys alloy were prepared the first group is control group, second group was immersed at 25°C in 10% HF for 1, 2, 3, 6 and
14 h, third was immersed at 25°C in 40% HF for 1, 2, 3, 6 and 14 h and the fourth group was immersed at 80°C in 40% HF for 15, 30, 45

are determined using 59.54 keV energy emitted from 2**Am radioactive source. It was observed that the surface scattering and

?nd 63 min. All the HF-etched Ag7.Cu,s alloy samples were evaluated under EDXRF system with HPGe detector. The albedo numbers

albedo numbers change with increasing the time of immersion and with high temperature of etching solution.

Index Terms— Ag;,Cuss alloy, Albedo number, HF etching, Surface scattering.

1 INTRODUCTION

Bimetallic alloys such as Ag-Cu, Cu-Zn and Ag-Au attracts
a growing interest in scientific studies. Bimetallic alloys have
different physical, optical, magnetic and chemical properties
and interesting scientific results can be obtained in materials
containing two types of atoms. Zing, silver and copper are the
most popular member elements of the bimetallic alloy studies
1.

Gamma radiations are known as an uncharged flows of
photons. The photons would be absorbed or scattered during
the interaction of gamma radiation with material [2]. Scatter-
ing is one of the phenomena of interaction of electromagnetic
radiation with matter. According to the energy of scattered
photons there are two groups of scattering they are elastic and
inelastic scattering. These scattering actions are also known as
coherent and incoherent scattering. Coherent scattering is typ-
ically utilized in the equivalent sense of elastic or Rayleigh
scattering. It is more observable in low radiation energies and
elements which have high atomic number. If there is a differ-
ence between the incident and scattered photons that come
from the scattering, this kind of scattering is called incoherent
scattering [3].

The backward scattering of gamma radiation from the sur-
face of material is called backscattering (or reflection) of gam-
ma radiation. Understanding the physical process of gamma
ray transmission and reflection in material is of fundamental
importance in calculation of the dose of gamma radiation,
shielding of gamma radiation, designation of gamma ray de-
tector and the nondestructive analysis of materials with gam-
ma radiation [4]. To investigate the reflection at the interfaces
one of the useful methods is the determination of the albedo
factors. Reflectivity or reflecting power of a surface is called
albedo. Albedo depends on the structure of a surface (rough-
ness, flatness, etc.) color, area and thickness of material the
spectral distribution ofincident radiation (intensity, energy)
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and atomic properties.

The materials which reflect more electromagnetic radiation
in various part of electromagnetic spectrum have a high albe-
do. Some materials reflect a very small part of electromagnetic
radiation falling on it, but absorb more radiation, the albedo of
such materials are low. Albedo has no specific unit, but we can
define it in two ways. First way to express the value of albedo
is percentage, second way, the range of albedo value is from 0
to 1. With respect to the first definition, the albedo of the mate-
rials which reflect all light falling on it is defined as 100% the
albedo of the material that does not reflects is 0% and the al-
bedo of material that reflects half of light is 50%. According to
the second definition 0, 50 and 100 numbers can be replaced
by 0, 0.5 and 1 respectively. Albedo factors are described as
number albedo, dose albedo and energy albedo [5]. The ratio
of the total number of backscattered photons to the total num-
ber of photons falling on the material is number albedo. Ener-
gy albedo is defined as the fraction of incident energy that
escapes the target. Also, energy and albedo number can be
used for calculating the dose albedo [6]. As far as the im-
portance of albedo factors is concerned, it can be widely used
in different studies, for instance, albedo factors can be used for
environmental research [7], nuclear reactor [8], astronomy [9]
and radiation protection dosimetry [10].

A lot of studies have been done about reflection of photons
and albedo factors. Dependence of albedo factors on mean
atomic number was studied by T. Akkus and D. Yilmaz [6], in
their study, dependence of albedo factors on mean atomic
number determined by using 662 keV gamma rays emitted
from ¥Cs radioactive source for 180° scattering angle. Albe-
do factors of 279, 320, 511 and 662 keV backscattered gamma
photons was studied by A. D. Sabharwal et al. [4], they ob-
tained that the number and energy albedos increase with an
increase in the target thickness and saturate at the saturation
thickness of multiply-backscattered photons. They also ob-
tained that the energy albedos are decrease with the increase
in the incident gamma-ray energy. Albedo factors of rare-earth
oxides were studied by T. Ahmet [3], in this study 59.54 keV
energy was used in 160° scattering angle. This work shows
that the albedo factors change with the increasing atomic
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number of target. With same incoming radiation energy and
scattering angle, the reverse Compton scattering effect and
changing of scattering centers cause the decrease in albedo
factors. The effect of sample thickness on albedo factors were
studied by D. Yilmaz et al. [11], the investigation of albedo
factor was for 59.54 keV and 662 keV energy. Albedo factors
measurement was done by using Germanium (HPGe) detector
which operated at a 180° scattering angle.

Intermetallic compounds have complex and rigid struc-
tures, they can be used for the improvement of new substance
systems. Bimetallic alloys of Ag and Cu are of extreme techno-
logical significance [12]. They can be used for different pur-
poses. Bimetallic alloys have dissimilar catalytic, optical, sur-
face, electricand magnetic properties [13].

In this study were determined the roughness created by
hydrofluoric acid on the alloy surface by photon scattering.
Albedo numbers change of AgnCuzxs alloy were studied de-
pend on immersion times and etching solution temperatures.

2 APPROACHES FOR CALCULATING THE AL-
BEDO FACTORS

2.1 Theoretical approach

In experiments the albedo is often described with a thin beam
of gamma radiation, without considering build-up factors as
they are insignificant in a narrow beam geometry. The albedo
number is given as follow [4].

Ay =2 J;7 [T N(6, EDsind dOdE' (1)

In above equation MN{8 E") being the number of scattered
photons at an angle & relative to the incident beam direction.
Albedo energy can be calculated by the following equation.

2w
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The numbers of reflected photons are always smaller than
the number of incoming photons at a specific reflected angle
due to the absorption of gamma radiation; therefore, the val-
ues of albedo number and energy albedo are always smaller
than unity [4].

2.2 Experimental approach

A precise measurement of albedo can be determined by using
a well-designed geometry. For a scattering medium where
gamma photons are not absorbed, the sum of number and
energy albedos will be unity. The source activity will provide
the amount of radiation released by the source in unit time.
The number albedo (Ay) is the simplest of these albedos
which is the ratio of the total number of backscattered photons
to the total number of photons falling on the target [4]. Num-
ber albedo is given by the following equation [14].
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In this equation Ny and N, show the number of events
recorded under the Compton and Coherent peaks, respective-
ly. e(Egpmp) and £(Epqy) factors are photo peak efficiencies of
HPGe detector for Compton and coherent peaks, respectively.
HPGe photo peak efficiency was described by determining the
K X-ray yields from spectroscopically some pure targets. dil in
above equation is the solid angle. 1/2 in the above equation
indicates that half of the gamma radiation emitted by the
source are incident on the target [6].

3 EXPERIMENTAL SETUP AND MEASUREMENT

3.1 Acquisition system

This study was done in Prof. Dr. Wolf Weyrich High Energy
Spectroscopy laboratory at Atatiirk University, Erzurum, Tur-
key. The experimental setup of this study is shown in Figure 1.

MCA
Amp.
Source
Pre. Amp. I Sample
HPGe detector I
Source
High voltage
powier supply b collimator
Fig. 1. Experimental geometry.

A lead collimator with circular aperture having a diameter
of 0.5 cm, a length of 6.6 cm and a wall thickness of 1.8 cm was
used for protecting the detector from being directly exposed to
radiation from the radioactive source and environment. Sam-
ples were excited by 59.54 keV gamma radiation emitted from
MAm (intensity of 5 Ci) radioactive source. HPGe detector
with 182 eV at 5.9 keV resolution was used to detect the scat-
tered gamma radiation from all the samples. The radiations
were scattered under 168° angle. The XRF spectra of the alloy
samples were recorded for 7200 s. Also, background spectra
for the same period of time were subtracted from each meas-
urement. MAESTRO program was used for data analyze.

The thickness of Ag»Cuzsfoil alloy (Sigma Aldrich) was 0.25
mm. The sample with radius 0f0.65 cm were cut from the foil
alloy. Four groups of Ag»Cuzs alloy were prepared the first
group is control group, second group was immersed at 25°C in
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10% HF for 1, 2, 3, 6 and 14 h third was immersed at 25°C in
40% HF for 1, 2, 3, 6 and 14 h and the fourth group was im-
mersed at 80°C in 40% HEF for 15, 30, 45 and 60 min. The exper-
imental obtained XRF spectra of AgnCuzs are shown in Figure
2.
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Fig. 2. EDXRF spectrum of Ag7;Cuss.

4 RESULT AND DISCUSSIONS

In this study, the albedo number of the unetched AgnCuas al-

loy surface was found to be 0.1524. The mass attenuation coef-

ficient z,u/ pTheo.(j and effective atomic number | Zy ) of

AgnCuss alloy are 5.093 cm?/g and 45.33, respectively. Albedo
TABLE 1

ALBEDO NUMBERS OF AG72CU28 ALLOY FOR DIFFERENT IMMER-
SION TIMES IN 10% HF AT 25°C AND 40% HF AT 25°C

Albedo numbers

Time (h) 10% HF at 25°C 40% HF at 25°C
1 0.1485 0.1362
2 0.1412 0.1322
3 0.1386 0.1274
6 0.1354 0.1225
14 0.1218 0.1179

numbers were given in Table 1 and Table 2, respectively, for
each immersion times in 10% HF at 25°C and 40% HF at 25°C.

25

TABLE 2
ALBEDO NUMBERS OF AG72CU28 ALLOY FOR DIFFERENT IMMER-
SION TIMES IN 40% HF AT 80°C

Albedo numbers

Time (min) 40% HF at 80°C
15 0.1278
30 0.1166
45 0.1114
60 0.1084

After times of treatment, surface porosity (roughness) in-
crease compared with the control group. In addition, with
longer treatment times, the AgnCuzs alloy HF-treated reveal a
further increase in the development of large holes on the alloy
surfaces. The albedo number value varies inversely with the
surface porosity of the alloy. Albedo numbers decrease with
increasing immersion time and higher concentration of the
etching solution. This is due to the surface irregularities ob-
served on the alloy sample surfaces. It is found that albedo
numbers decreased at higher etching solution temperatures. In
this study, it was also concluded that levels of concentration,
immersion times and temperature of the acid solution affected
the rate of reaction leading to micro-morphological changes.

5 CONCLUSION

Albedo is used to describe the reflective capability of electro-
magnetic radiation from the surface of materials. Albedo fac-
tors plays an essential role in different parts of science and
research, for example, astrophysics, radiation protection and
dosimetry, environmental science, etc. In this study the pur-
pose was to determine the roughness created by hydrofluoric
acid on the alloy surface by photon scattering. Albedo num-
bers change of Ag»Cuzs alloy was studied depend on immer-
sion times and etching solution temperatures. It was found
that the albedo number changes with the increasing of the
etching time, temperature as well as it changes with high per-
centage of hydrofluoric acid. It can be concluded that albedo
numbers decreased at higher etching solution temperatures
with extension of involving time and greater concentration of
the etching solution.
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