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In the present work, several commonly used aluminum alloys were investigated for their protective properties
against gamma radiation. The gamma transmission technique was used to study the gamma attenuation behavior

of the alloys.

Cs-137 (0.662 MeV) and Co-60 (1.25 MeV) gamma radioisotope sources, which have relatively

medium and high gamma energy levels, were used as gamma sources. The linear and mass attenuation coefficients
of the aluminum alloys were measured. The mass attenuation coefficients of the samples were compared with the
theoretical values which were calculated using XCOM computer code. The difference between the experimental and
theoretical values was below 5%. In addition half-value layer (HVL) values for the studied aluminum alloys were
calculated using the linear attenuation coefficients. The attenuation coefficients of the different aluminum alloys
were compared. The biggest HVL was observed for 1050 alloy, for both gamma isotope sources, which means the
smallest gamma attenuation capability among the studied alloys. It is concluded that the alloys were applicable

for the gamma radiation shielding applications.
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1. Introduction

Aluminum is one of the light engineering metals, hav-
ing a strength to weight ratio superior to steel. Pure
aluminum is relatively soft, ductile, and corrosion resis-
tant and has a high electrical conductivity. It is widely
used for foil and conductor cables, but alloying with other
elements is necessary to provide a higher strength needed
for other applications. Aluminum alloys are used in en-
gineering structures in a wide range of the industrial
sectors. Most of the aluminum reaching the market-
place is alloyed and such alloys have extensive application
areas [1].

By utilizing various combinations of its advantageous
properties such as strength, lightness, corrosion resis-
tance, recyclability and formability, aluminum is being
employed in an ever-increasing number of applications.
Aluminum is the most strong and resistant material for
every season. It is 43 times more lasting than wood,
23 times more lasting than PVC. It does not need the
extra protection against ultra violet light. In an alloy
aluminum can be strong and durable as much as iron
and steel. On the other hand aluminum is by 1/3 lighter
than these metals. The array of aluminum alloy prod-
ucts ranges from structural materials to thin packaging
foils. Alloy systems are classified by a number system of
ANSI. Aluminum alloys are also used in nuclear reactors
for different purposes (e.g. it is used as the tank material
for the TRIGA Mark Reactors). In this study, the be-
havior of aluminum alloys against gamma radiation was
investigated. Several aluminum alloys were studied in
the experiments.
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2. Experimental procedures
2.1. Materials

In this study, six different aluminum alloys were used
in experiments. The contents of the studied aluminum
alloys is given in Table T [2].

TABLE I
The contents of studied aluminum alloys.
Alloys| Fe Si Zn | Cr | Ti Mg Mn Cu  |Others
1050 | 0.4 0.25 0.07 | — |0.05] 0.05 0.05 0.05 —

3003 | 0.7 0.6 0.1 - | - - 1.0-1.15/0.05-0.2| 0.15

5005 | 0.7 0.3 0.25 (0.10] — ]0.50-1.1] 0.2 0.2 0.15
6063 | 0.35 |0.20-0.6| 0.1 |0.1/0.1(0.45-0.9] 0.10 0.1 0.15
7072 | 0.7 | Fe+Si |0.8-1.3] — |0.15 - 0.10 0.10 0.05
8006 [1.2-2.0] 0.40 0.10 | — | — 0.10 (0.3-1.0| 0.30 0.05

2.2. Gamma sources

In the experiments two main gamma radioisotopes
were used as gamma source. One of them is Cs-137,
which has a single gamma energy peak, and the other
is Co-60, which has two energy peaks above the energy
of 1 MeV. Properties of the gamma sources are given
in Table II.

TABLE II

Properties of the studied gamma radioisotope sources [3].

.. Energy Half-life Activity
Radioisotope MeV] [years| (1Cil

Cs-137 0.662 30.1 8.89

Co-60 1.17; 1.33 5.27 8.32

2.8. Gamma transmission technique

Gamma transmission technique is a radiogauging tech-
nique that is also a non-destructive method. It is used
to examine the behavior of the materials against the ra-
diation. The gamma source and the detector are placed
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on the opposite sides of the materials, on the same axis.
Gamma radiation comes from the gamma source, pene-
trates the object and the detector detects the transmitted
gamma rays [4-10]. The principle of the gamma trans-
mission technique is shown in Fig. 1.
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Fig. 1. Schematic view of the experimental set.
Lambert-Beer’s equation is used for gamma transmis-
sion technique:

I = Ioe_”x. (1)
Here I is beam intensity after transmission, I is the in-
coming beam intensity, p is the linear attenuation coeffi-
cient and, x represents material thickness.

Mass attenuation coefficient can be found by the fol-
lowing formula:
"
Hm = —, (2)
P
where, p,, is the mass attenuation coefficient of the ma-

terial and p is the density of the material.

In the experiments, gamma rays were detected by Can-
berra Model (802-2X2) Nal scintillation detector and di-
giBASE model PMT with integrated bias supply, pream-
plifier and digital multichannel analyser, which was sup-
plied with MAESTRO-32 MCA Emulation software com-
bined system. In experimental geometry lead blocks were
used for radiation shielding and collimating of gamma
rays, so scattering effect was minimized by using a
7 mm diameter harrow hole.

At first the background radiation and after that the
initial gamma intensity without any material (Iy) were
measured. Gamma intensities (I) were then measured
for each material at different thicknesses. Net inten-
sity counts were calculated by reducing the background.
Each measurement was repeated minimum three times
using the accumulation time of 300 s. Relative intensi-
ties (I/Iy) were calculated at different thicknesses. Af-
ter that, the graphs which include relative intensity as
a function of material thickness were drawn. The lin-
ear attenuation coefficients (1) were calculated from the
graphs by using Origin 8 computer program.

3. Results and discussion

The behavior of the aluminum alloys against the
gamma radiation sources was studied experimentally.
The experimental studies consist of two steps. In the first
step, the transmission of gamma rays was measured with
Cs-137 gamma source. In the second step, the experi-
ments were repeated with the Co-60 gamma radioisotope
source. The experimental results are given in Table III.
Figures 2a and 2b show relative intensity as a function

of material thickness for six different aluminum alloys
against Cs-137 and Co-60 gamma radioisotope sources,
respectively. The graphs of relative intensity as function
of material thickness were drawn using the values given
in Table III.

TABLE III

Experimental results for the different aluminum alloys.

Aluminum | Thickness | Average | Standart | Relative
alloy [cm] count | deviation | count
0 7943 282 1.000
0.0959 7862 26 0.990
1050 0.1917 7748 23 0.975
0.2872 7588 62 0.955
0.3832 7315 74 0.921
0.4792 7214 109 0.908
0 8174 102 1.000
0.1949 7959 133 0.974
3003 0.3907 7689 73 0.941
0.5856 7270 57 0.889
0.7800 7009 86 0.857
0.9750 6658 9 0.815
0 8075 201 1.000
0.1197 8010 62 0.992
5005 0.2382 7765 56 0.962
0.3575 7537 40 0.933
0.4765 7309 176 0.905
0.5958 7149 135 0.885
0 8103 62 1.000
0.2085 7832 40 0.967
0.4174 7514 52 0.927
6063 0.6280 | 7150 3 0.882
0.8374 6824 100 0.842
1.0466 6603 6 0.815
0 7606 50 1.000
0.1949 7524 70 0.989
7072 0.3907 7073 26 0.930
0.5856 6681 39 0.878
0.78 6511 54 0.856
0.975 6253 124 0.822
0 7614 68 1.000
0.144 7349 135 0.965
0.289 7196 141 0.945
8006 0435 | 6925 123 0.909
0.582 6841 73 0.898
0.726 6597 181 0.866

The experimental linear attenuation coeflicients () of
the materials are shown in Table IV. The experimental
mass attenuation coefficients (u/p) were also calculated
for the studied aluminum composites. XCOM computer
code was used for calculation of theoretical mass attenu-
ation coefficients [11]. Linear attenuation coefficient, ex-
perimental and theoretical mass attenuation coefficients
and their difference in percents are given in Table IV. For
all samples, the experimental and theoretical mass atten-
uation coefficients are acceptably close to each other.



Gamma Attenuation Properties of Some Aluminum Alloys 815

a) Cs-137
1,00 4@ . = 1050
'1‘ = ® 3003
[ ] A 5005
0.96 i L3 v 6063
S <« 7072
= \ A: > 8006
= y
£ 092 =
3 R 2N
2 3
o
= 088 ¥
= <
© -
o ]
0.84 - v
“
@ v
0.80 — T T T T T T T T T T 1
00 01 02 03 04 05 06 07 08 09 10 1.1
Material Thickness (cm)
Co-60
b)
1.00 J& # = 1050
e T e 3003
0.98 : A 5005
#, Il v 6063
. 0.96 - b s < 7072
= b » 8006
= 094 Log
3 -
8 -
S 092+ -
= Sy
5 0.90 » “
) A
o« > e
0.88 | v
- @
0.86 v
T T y y T T T T T T T ]
00 01 02 03 04 05 06 07 08 09 10 1.1

Material Thickness (cm)

Fig. 2. (a) Attenuation graph for six aluminum alloys
against Cs-137. (b) Attenuation graph for six aluminum
alloys against Co-60.

4. Conclusions

Shielding properties against gamma radiation of six
different aluminum alloys were studied. As a result,

J

the increase of the amounts of high-atomic-number el-
ements in the alloy leads to a decrease of the linear and
mass attenuation coefficient of studied aluminum alloys.
The differences between theoretical and experimental re-
sults were in the range of 0.07-10.74%. Therefore the
calculated and the experimental results are in agreement
with each other.
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TABLE IV
Linear attenuation coefficients and correlation coefficients of the six different aluminum alloys.
Linear . . 9 9
. Mass attenuation coefficient, p/p [107° cm*/g]
attenuation
Aluminum Coeﬂ‘icielnt I Cs137 Co-60
alloys [em™"]
Theoretical | Difference Theoretical | Difference
Cs-137 | Co-60 | E i tal E i tal
S o xperimenta. (XCOM) (%] xperimenta. (XCOM) (%]
1050 0.190 | 0.144 7.011 7.433 5.676 5.314 5.486 3.142
3003 0.198 | 0.149 7.253 7.429 2.372 5.458 5.483 0.458
5005 0.198 | 0.164 7.333 7.432 1.328 6.074 5.485 10.740
6063 0.197 | 0.147 7.351 7.444 1.253 5.485 5.495 0.181
7072 0.199 | 0.149 7.316 7.428 1.505 5.478 5.482 0.074
8006 0.198 | 0.149 7.226 7.426 2.690 5.438 5.480 0.767
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