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Aaaial)
g lidl Gapanl) Q) Ayl gkall (e Basly ols cAmglsnl) Lalil) e 3yl dpnlaline g oSl Clelady) o

Gluball e aall ehal & G cpall o lasY) 508 Q] daulie Ledaad Gliludl 4lall 26USH () Loyl sa (sall
o« El-kateb et al. (2000) (& Jial) Juss o Al fuagll e labae o ddlinal) Jalgal) cufyili Jsa 4w jail)
psially alally 3igylly (ulaill) lludd) e (Zegr) Al ApA1 slae¥ls (0,) Apd Aumpal) adalidl (uld
@il xie Ni« Cr ¢ Fe J) dbibd g LS gl (Han et al., 2009) (a2 «(oabals osati¥ly ¢ sSiladl
JS g Uainfy ccandlly 535 @Bl (e g1 Al 00 Medhatt (2012) ¢S5 22.1, 25.0 ,59.5,88.0 keVysiss
Aahde 490 Sl ZnSn s PbZn 5 PbSN lilus (iaed Zegr (sl o Sharma et al. (2017) (s
Ol Clalae Gluay Singh, (2015) A6 Laplaill adll ae lede Jpand) & Al cluldll adaee 450 cus

<lila vie SN-Pb (Jie a8l cbibud) med g, sbss Kaur et al. (2016) o6 . alaa) —(ulaill il (e
Hom 88 (e Dapke et al. (2017) (S kil ae dliasll RSl 43)laa 235 662 5 122,511keV ddadludl () 5i 5il)
) ae Leijlie cass 1333 keV e (FeMONICT) «(TeFe) «(AINi) «(ZnCu) «(CuSn) JISal duasy clilud
Lapats Lylas SN Capyslal) 2l (and ¢ L)) (g Lleal) (ailiad 4l e Caglar et al. (2021) ¢S oy bl
Ahe o A8l Glalajll (any st e Kamil et al. (2022) S dagylailly dalaal) sl aa 3165 Jas ol
Slo 50 Ll cligal) s3] sl B leles il LalS da] (e S a3y (aliajll clisilS o ggiad s oSl
JalS Al aliaial

gl Sl o giall Ll sgall I3V o bt (e Blaadl dge Aubal 5 dea GupSS @8 8388 Clgind) b
L3l Galia )l @il dabaall apail) Clalae o Llais Lapad paba)l 585 580 duhy (e U6 Jeall 138,
spmn) ligall gpyull (ailas Luyy .« geal) Ak ddline oy dilise (Sl Glie umat 5 ((Al-Cu-Ph)
el alatinly Wyl (MFP) el jluall agiag o(HVL) dddal) Ciua ded Jadlly JESU G gil) Jolee Gl 6 Loy
Slo g GV LIS Al Gildas aladiuly Ll cluldl) ¢)al 5 .(1keV-100GeV) 4k Gl & XCOM
O 2 Lpnn ge Aysmnall ilial) 430505 ©°Co (1173,1332 keV) 5 1*'Cs (662 keV) ik xie Nal (TI) ails
Aphills dlead) bl Gy a8l clla
@il uilad)

Lambert- <yl ju o9l aladind & cappaill cilalas Jo Joanll auls Ui o addiins age Gaasill Jalas
.(Mahmoud,1995) | p,, bl sl Jelae Glual Beer

I = L.ebL* SR

de dima 4gie) 58 PlA Loluay Jall o Al dias pay die dsa s 05l plad) 308 A T L G
.(Manohra et al., 2007) idaulss arys dpaal ST oleall JESI ol Jalea ey o clas

U (emZ g™ ) =0 /P i e (2)

Ayl due BES L p (g om®) s

ALaY) aied cial il plasy) as Jli ) sald) cles Jiy (HVL) ded) caas dida il &
.(Sayyed et al., 2018) dlaulsy Janys

HVL = Ln(Z)

.(3)

M,



33

..................... el — o il Al 4 2l (ailad
Al Sl bugie DA e salll sl Jsh e Lkt o) sl (S ) ddluall Jaugic Jaay
-(Davission, 1965) (MFP)

1
ML (%)

-(Kumar, 2017) ddauls: lgand 23 Al clibd) Slual (RPE) g by (e leall 3.6 e Jgaal) o

RPE= (1—I/L) X 100% ....co .. (5)
Samples Preparation Gliml) judass

(Ausie 452 1080 € Hleal) dayd) il dibide oty jguaall Aiplay Al-CU-Ph lils jpuant
ia)) (Z=82) uabiasll & e (6603 €7 ojluail An)d) (Z=13) assialY) Al cudis A3d 18 bl
(1 Jsaall) 8 monse S Adbide 38050 asnialV) olilis jumad 2 Cua L 35l 8 5adl (327€7 oylgual
b Aashiie lalada (1) JSE Gans -XCOM galin ahainly G sil) cdlaladl il 382 a8
ol Dl

§ycanall eliluall Al 38l Galsdd) 11 Jgaal

Samples Compounds Thickness (cm) Volume (cm®) Density (g cm™)
Al Al 67Cu29Pb4 0.9 0.854 19.54
A2 Al67Cu29Pb4 1.2 1.139 14.66
A3 Al67Cu21Pb12 0.9 0.854 17.54
A4 AIl67Cu21Pb12 1.2 1.139 13.15
Source Control & Display
PC
/ I
X l Scintillator PM | High | TP
Colimator Tube | Voltage MCA
Amp
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Ay A haldll Jeay aay cpall Al CodhSl e ABagn B Gy ey Saw aball pealiall 6l Glilee iyl

clilual)
.1keV -100GeV e gsisill cilila xic s XCOM gualiys dlaulss lpamnd 2 ) ligell dplall 3kl s
L) (5l S 8 pumaal) bl il aplie a4

LBl bl
SN Cagil) Jalas
Sl w5 (e @il 5 NaI(TI) oase sl CadlSl aladinly el e 1 gl Jabead Gleal) ciliall)

Agpbailly aleall aslll cp AV ol aagly (2 Jsaall) 8 Apbally dupaill adl)l i sy XCOM galin plasinly
%24 e S

Gt & XCOM ddanlsy 4iSlae o 2l g (gpbail) (I BSH cpngill Jabaa (hn 4yl ¢(2) JSE30 sy
P o8 O A0 (2 Jsaall) (sl leme lua WIS el ) Agnpaill 28l e (1 keV - 100 GeV) ikl
dall o3 22y 5.0 MeV I dosi ) (y5isal dilda 5005 g Aeguy (mfST p a Of ang dg el 4yl
il il KN palaie¥) Jolaal da T ) AL () gisil) 28la 50l ae Lingy JESY (alaieV) Jalas 2l
AL daall culS dag 8l LA4

Calsa G (100 keV) oo BB (sS85 ) dmidiaddl (sl clille ie copeds ) Calsall (e apaell Glllia
e e sl Al die Calsall chiaa L alially elailly asaialY) jualial =M o= Lo - K s 568 (aliaial)
eI (s Y Ly il

Llenl) aidlly lilbuudl ghaiall g, (em? g™t) SN SN cpagill Jalas ad 12 Jgand)

Energy 662 keV 1173 keV 1332 keV

Sample Exp XCOM Exp XCOM Exp XCOM
Al 0.0453 0.0595 0.0515 0.0572 0.0525 0.0572
A2 0.0502 0.0595 0.0567 0.0572 0.0566 0.0575
A3 0.0695 0.0726 0.0710 0.0743 0.0658 0.0746
Ad 0.0723 0.0726 0.0738 0.0743 0.0740 0.0746
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! E (MeV)

Lot Aslial) o) ga gr,, A Galaiad) Galaal &y il al) A50a gadngy 12 JS

A laal) o giay el Cual Ak
HVL af o) aas il L gl e ddgypilly 45kl MFP s HVL a8 o 45id) (4 53 Jsaall) moas
lizs MFP 5 HVL (lisi) Jaes (356 5 MEV (35 - sisill 2l 53l an Ly 2355 Al b dumisie MFP
A o g & Al 8 (el £ 50l Ly 486D 80l ae pain MFP 5 HVL gl cculdlall doually
Al Gl 4 XCOM dhanly leand & Al bl cilisd (MFP) sl L) davigia aidy (HVL) dadll Coas
LAl e (453) sV 8 TkeV -100 GeV (e Easlal

A il adl) ga XCOM aladialy dlibauall (CM) 5ang 8 (HVL) dell Ciual Aiph b :3 Jgaal

Energy 662 keV 1173 keV 1332 keV

Sample Exp XCOM Exp XCOM Exp XCOM
Al 0.782 0.596 0.688 0.620 0.675 0.616
A2 0.940 0.794 0.833 0.826 0.834 0.822
A3 0.678 0.543 0.555 0.531 0.600 0.529
Ad 0.728 0.725 0.713 0.708 0.711 0.705
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LasaS Aulial) i) ga 4iia & XCOM Ay Lypmnall Lttt HVL (s 4lall gy 3 Jeal

L 2l ailly XCOM galipy aladinly dilbiadl (Cm) 33 & (MFP) all jluall augia ad 14 Jgand)

Energy 662 keV 1173 keV 1332 keV

Sample Exp XCOM Exp XCOM Exp XCOM
Al 1.128 0.860 0.992 0.894 0.974 0.890
A2 1.357 1.146 1.192 1.186 1.203 1.186
A3 0.580 0.784 0.865 0.764 0.865 0.764
A4 1.050 1.046 1.025 1.018 1.025 1.018

MFP {em]

E (MeV)
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37 ol — gl Al il ailad

(RPE) glaiy) ¢ &laal) 3¢ lis
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A(5) IS 3 (e LS (RPE) g bty (e Aulanll 3l Alle Led cllics Ad Gl o) Jaadly Cas <5

80
70
&0
0
40 @
30 =
20
I I 10
E_1332 E_1173 E_662 f
mAl 59.7
mA2 514 63.2 587
A3 64 675 66.7
Ad 69 58.9 68.1

HAl A2 EAT mAL

“lial (1332 (1173 662) keV clilall sic (RPE %) gld) e dlaall 5plis ;5 JLil
il

clalinay)

4y XCOM gl aladiinly ddbide 5805 Al CU, Ph e 4y ginall @lilid) ciligal ayill cBlalas Al <
0Co (1173, ¥ Cs (662 keV) dupnill il go dpunal) il d3jlie s 5,100 GeV-1 keV (e sl
83L) ae A2 cpagll Galsd o) aag L Aplailly dleal) 4l G aa @85 s OIS Na (Tl Haaiul 1332 keV
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Shielding Properties of Al- Cu- Pb Alloys by XCOM and Experimental Data

Karam M. Abd al Aziz Mahmood A. Hamood Laith A. Najam
Department of Physics/ College of Science/ University of Mosul
Ayman M. S. Al -Sawalha
Department of Physics/ Faculty of Science/ Jerash University/Jerash/ Jordan
Howaida M. Ahmed
Department of Physics/ Faculty of Women for Arts Science and
Education/ Ain Shams University/ Cairo/ Egypt

ABSTRACT

The current study, the efficiency of many binary and triple aluminum alloys was examined for
the alloy’s samples consisting of (Al-Cu-Pb). These alloys were manufactured in the laboratories of
the physics Department and the manufacture of melting furnaces as well as the design of casting
molds, and then we used the gamma ray penetration technique to study the behavior of radiation
attenuation by the manufactured alloys. The shielding properties of the prepared samples include
mass attenuation coefficient (u,,), radiation protection efficiency (RPE), half-value layer (HVL),
and mean free path (MFP), Which were calculated theoretically using XCOM software.
Experimental measurements were made at “°Co (1173, 1332 keV) **'Cs (662 keV) using a Gama
spectrometer, which it contains the Nal (TI) detector. It found that there is a good agreement
between the experimental and theoretical values.

Keywords: gamma ray penetration, XCOM, HVL, RPE.



