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oo Glaall 223 3 .(Akman et al., 2019) daidie ol ddle WS @b sald) culS 1) Le il (ks g ledY) Sl
Aol (g5iee QD Augsll Sla) She ol eBlelaall b Uyg puin ol LalS dedl ligish Lasely 48D dle ligi ol
Ll o eyl i Diglhaall L8l o5 5all ol dlaall Bale clawss g5 Tasiy Cum (Kaur et al., 2016) L zsamall 350al)
e cleled¥) @l Bl € Galaial Ll Glebetl) e sl gl 5ale o Cam oyl Jane caiall lail
Jlga oY Blai . (Singh et al., 2018) sylaall cile iy (e uhall Sl Jlain) (o Y 38 Mg Syia (3)a) dilse
aaall & 3 lape g Ailially Lnaad] e asaal) ans Ll Gam Dilijalls (Ph) Galiayll die op i) (pe Lpulinll dleal)
il pid Chadally (bl rlagll e g led)) e Bleall dladly sauaall sledll e e ol o
aldialy ibud) cudas cdbad) slgall o e -(Kaur et al., 2017; Aygiin et al., 2019; Ersundu et al., 2018) L
Lo ety AVavally ciulal) clelall (@l cluill coloadl (Jaill Jia dibide clae & aadiid Cus s
pailadll i lia dalide iy ST 5l peaic (i DA e Blal) yealiall (o Judl 839a s 8 Ll
Asall Cpagi dudyay sl U (e alaial clliag . (Akman et al., 2019) 2l 5535 ST daglaay (dDiall Jio Ladiiall
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0.0015 ¢y Jadladl 538l AoS Geantd shIS cuige slSlasn malin il (pagill cBllae Gluea &3 .Geantd shis
Geantd it ciyelsl XCOM galip alasialy slSlal) gl 48y Hladl &5 . Calsh 0 <0 1S 155 calsi 09 50 1S
«ligigl (e 22 HS) i PDO e Ao Sl b dandl o) cuagil) cblalae Cayelily Ysina Galgs XCOM
bl sl cBlles %60 () 0 e PHO 53L) oy Byilall Lialal) 4 (it Loty sl cDlalea 2 Nl
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(Ozdogan et al., 2024) a3l (ailad e 25 zlal cilie b B2O3 &)l

e bl Ly ddhide 453y iy (Al-CU-ZN-CU) aliall (e duelyy clibin auieaiy Liad candl 12a
Jaray (HVL) Zell Couas diida ¢ (M) SI Goasil) Jalae alsl lgian (0 oo lad¥) Gaagill clales (amndd Sllual)
Lkl Sbleall ¢)aY XCOM 3lSlas el Liaxiius) 38 (1-2000) KeV (e d8Uall (1a (530 (asa (MFP) all jlesdl)
ol 13gd
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Table 1: Shows the alloying elements, concentrations, mass, and density of the samples used in the
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study.
sample | B Alloyi Alloyi Alloyi Alloy dAHO'y
ample ase oyin oyin oyin ensit
Sode . | material | Conc. | ‘Gierent | CONC- | ‘elenent | CONC- | Elemment | Conc. | mass gmy
m@m) | p (Gveer:)
Al Al %60 Cu %30 Zn 1.5% Pb 85% | 20593 3.857
A2 Al %60 Cu %30 Zn 2% Pb 8% 20..041 3.783
A3 Al %60 Cu %30 Zn 2.5% Pb 7.5% | 20.026 3.615
A4 Al %60 Cu %30 Zn 3% Pb 7% 19.833 3.584
A5 Al %60 Cu %30 Zn 3.5% Pb 6.5% | 19.784 3.464
AE3lallg ustaat)

(M) S gl Jalas

Aacds: lesloon 25 g Al Zio Lyl il (M) GBS gl Jalen 8 (2 Jsaall) o

@iy «(PD) Laliasl) ¢ Ao Jef o (ggins iy ((A]) Auall cul€ S gl Jolaad A el o il pe
»2a5 (1765keV) dslall xie (0.04567 cm?/gm) gsls cilS ded 3l Loy (60keV) dslall xie (1.098cm2/gm)
Ladl e i Ay g Dllal) A8l il WS el of e Gl sy L (PD) Gabayl) (e das BBl e (s5iad 30l
(1) JSEL mase WS € (<5 Jausll b e Jelin ¥ LisS oy Lllall Lgalial) 5,0l el JY) sl il LS
pabiaial e 45,385 Aullall 4SS Sliay (aluayll Y GBS sl Jalas (B bl s 5 LS 53T sy
S gl Jalaay Galia )l das (s 3Ball sy (2) JSally pualil) L (ga ST IS8 LIS i
Table 2: Shows the mass attenuation coefficient of the alloys for different ranges of gamma-ray energies.

Samples

E (keV)

60

186

242

295

352

609

662

1120

1173

1332

1765

Am-
241

Ra-226

Cs-137

Ra-226

Co-60

Co-60

Ra-226

Mm (cm

2

/gm)

Al

XCOM

1.098

0.2298

0.1639

0.1341

0.1155

0.08075

0.07703

0.05785

0.05643

0.05275

0.04574

A2

XCOM

1.081

0.2247

0.1614

0.1326

0.1146

0.08052

0.07685

0.05781

0.05639

0.05273

0.04572

A3

XCOM

1.065

0.2196

0.1589

0.1311

0.1136

0.08029

0.07666

0.05776

0.05636

0.05270

0.04570

A4

XCOM

1.049

0.2146

0.1563

0.1296

0.1127

0.08007

0.07647

0.05772

0.05632

0.05268

0.04568

A5

XCOM

1.032

0.2095

0.1538

0.1281

0.1117

0.07984

0.07629

0.05768

0.05629

0.05265

0.04567
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Fig. 2: Shows the relationship between the mass ~ F19- 11 The relationship between the mass
attenuation coefficient and the lead attenuation coefficient and energy.
(Pb%) ratio.
Caai Al Ao el o ) (e g Aniadd) eyl @bl (HVL) dal) Caai Aok (3 Jsaall) s
A 52l ol 403 A B o s 3 (1765KeV) 8L sie (4.38146 €M) (g5lusis (AD) Auall vie il dail
B8y Ayl M) il 03 (e iy (60KEV) L) wie (0.16367CM) L (gshes ade lS Lo Chms LS
JSally Lgiad Caai ) g ledV) sad Qi el dllaw # b ¢ ledV] dila cool) LalS Cum Aol Gt Ay LS dac
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(HVL) Lol Couas

Table 3: Shows the half-value layer thickness of the quaternary alloys for different ranges of gamma-
ray energies.

Samples E (kev)
60 186 242 295 352 609 662 1120 1173 | 1332 1765
';‘21 Ra-226 Cs-137 | Ra-226 | Co-60 | Co-60 | Ra-226
HVL(cm)
Al | XCOM | 0.23613 | 1.12828 | 1.58202 | 1.93348 | 2.24517 | 3.2113 | 3.36587 | 4.48229 | 4.5945 | 4.9152 | 5.66861

A2

XCOM | 0.24453 | 1.17647 | 1.63800 | 1.99362 | 2.30680 | 3.28299 | 3.43997 | 4.57456 | 4.6877 | 5.0132 | 5.78201

A3

XCOM | 0.25974 | 1.25976 | 1.74094 | 2.11015 | 2.43546 | 3.44589 | 3.6088 | 4.78927 | 4.9082 | 5.2490 | 6.05326

A4

XCOM | 0.26598 | 1.30022 | 1.78539 | 2.15331 | 2.47586 | 3.48553 | 3.64963 | 4.83559 | 4.9541 | 5.2966 | 6.10873

A5

XCOM | 0.27973 | 1.37798 | 1.87722 | 2.25377 | 2.58464 | 3.61663 | 3.78501 | 5.00500 | 5.1287 | 5.4830 | 6.32111




Os A5 (SSE ud sl

—.— A(l)
—o—A(2)
—A A(3)
—v—A(4)

ABB)

T
0 200 4

00 600 800 1000 1200 1400 1

E(MeV)

T 1
600 1800 2000

Fig. 3: The relationship between the half-value layer thickness and energy.
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Table 4: Shows the mean free path of the quaternary alloys for different ranges of gamma-ray energies.

Samples

E (keV)

60

186

242

295

352

609

662

1120

1173

1332

1765

Am-
241

Ra-226

Cs-137

Ra-226

Co-60

Co-60

Ra-226

MFP(cm)

Al

XCOM

0.23613

1.12828

1.58202

1.93348

2.24517

3.2113

3.36587

4.48229

4.5945

4.9152

5.66861

A2

XCOM

0.24453

1.17647

1.638

1.99362

2.3068

3.28299

3.43997

4.57456

4.6877

5.0132

5.78201

A3

XCOM

0.25974

1.25976

1.74094

2.11015

2.43546

3.44589

3.6088

4.78927

4.9082

5.2490

6.05326

A4

XCOM

0.26598

1.30022

1.78539

2.15331

2.47586

3.48553

3.64963

4.83559

4.9541

5.2966

6.10873

A5

XCOM

0.27973

1.37798

1.87722

2.25377

2.58464

3.61663

3.78501

5.00500

5.1287

5.4830

6.32111
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Simulation of Gamma Ray Absorption by Quaternary Alloys (Al-Cu-Zn-Pb)
Using XCOM Program

Aws Q. Shukri Asmaa A. Aziz
Tikrit University/ College of Education for Pure Sciences/ Department of Physics/ Iraq
Mahmood A. Hamoud
University of Mosul/ College of Science/ Department of Physics/ Iraq

ABSTRACT

In this research, the linear and mass attenuation coefficients were found for a quaternary alloy
of (AL-Cu-Zn-Cu) with different weight ratios that was manufactured in the physics laboratory. It
was simulated theoretically using the XCOM program to study its behavior to attenuate gamma rays.
This work included finding the mass attenuation coefficient ([m), the half-value layer (HVL), and the
free path rate (MFP), which were calculated theoretically using the XCOM program for energies
from (1-2000) keV and different concentrations of lead (Pb) (8.5-6.5%). The results showed that
alloys containing a higher concentration of lead (Pb) absorb the largest number of photons and thus
the attenuation coefficients increase, while the value of both the half-value layer (HVL) and the rate
of free path (MFP) decrease. It is clear from the results that the highest value of the mass attenuation
coefficient was for alloy (Al), which contains the highest percentage of lead (Pb), and is equal to
(1.098 cm?/gm) at the energy of (60keV), while the lowest value was equal to (0.04567cm?/gm) at

The energy is (1765 keV) and this alloy contains the lowest percentage of lead (Pb), and we find that

the highest value for the half-value layer was in alloy (A5), which is equal to (4.38146 cm) at the
energy (1765 keV), while the lowest value is needed to become the gamma ray intensity. Half of what
it was, approximately equal to (0.16367cm) at energy (60keV).
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