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Evaluation of Low-Melting Pb—Sn Alloys as Shielding

Materials for X-Ray and Gamma Radiation
Dr. Saeed Mando
Department of Physics Faculty of Science, Idlib University

Abstract:

This study explores the preparation and characterization of low-
melting binary alloys in the lead—tin (Pb—Sn) system as potential reduced-
lead shielding materials for X-ray and gamma-ray applications. The alloys
were fabricated using two preparation routes: the melt-spinning technique
to produce thin ribbons suitable for X-ray measurements, and the
conventional melting—casting method for samples used in gamma-ray
attenuation measurements.

The investigation involved determining the melting temperatures
and evaluating key radiation shielding parameters, including the linear
attenuation coefficient () and the half-value layer (HVL), across different
photon energy ranges. The performance of the prepared alloys was assessed
based on multiple criteria, namely radiation attenuation efficiency, low
melting temperature, and reduced lead content as an indicator of potentially
lower toxicity.

The results reveal that both (u) and (HVL) strongly depend on
photon energy and alloy composition. A gradual reduction in the
attenuation coefficient was observed with decreasing lead content. Among
the investigated compositions, the eutectic alloy (Pbsg. 15161 9) exhibits a
favorable balance between shielding effectiveness and thermal
characteristics, with a melting temperature of approximately (183 °C).
Although its attenuation capability is slightly lower than that of pure lead,
the difference can be compensated by modest increases in shielding
thickness. These findings indicate that the eutectic Pb—Sn alloy represents
a promising candidate for the development of reduced-lead radiation
shielding materials under the conditions examined in this study.

Keywords

Radiation shielding; Pb—Sn alloys; Linear attenuation coefficient;
Half-value layer (HVL); X-rays; Gamma rays; Low-melting materials;
Medical radiation applications.
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X)
Linear Attenuation Coefficient (cm™1)
Element X — Ray y — Ray
10 keV | 50 keV | 1 MeV 3 MeV 6 MeV
Pb 1469 | 90.860 0.797 0.468 0.505
Sn 11010.320| 78.110 0.423 0.269 0.261
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HVL (cm)
Element
30 keV 60 kel 150 keV
Pb 0.0020 0.0121 0.0303
Sn 0.0023 0.0144 0.1558
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(18.5 keV) 4l sie & (abayll ) d8lia) dug jaall WDIAN jlgaty)

(X) dasl &8s a3 Blanal) BiSAY lguai) clajag (HVL) 5 (1) s :(4) Jsaad)

X — Ray (18.5 keV)

Alloys Melting point (°C) u(em™)  |HVL (X 1073cm)
Pb 327.50 1007.00 0.69
Pb,oSns, 183-215 61134 1.13
Pbag 1 Sng1 0 183 540.82 1.28
PboSs, 183-195 477.65 1.45

A3 (G ¢ pabiall s (alidd) aa (1) (o Lanys Ladln gl el
Al Gigan Jlas) aalp e 4By Lo salll LAl Gailadl) Galias) )
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=il ((Pbsg. 1SM61.9) siSiisd) cuSilly A Gala)l) o 4l
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ciles 5 (g (3aTl dalal) xie (1007/540.8~1.86) o)l dsiy dasacal]
QS die (183 °C) s Mo (An lgaV) dajy (it dyhall Lalill (s
- Syshll alaid) 385 (Ph — Sn) alas 8 (Y] aall sag ¢ i)

Laad) Jlaladll sl jf ya35eS) Gaba)ll (ggine patd ae Gelillsg
U giia g5 8eUS (s s Ulsia DUk (Phg. 1M1, o) Adadal 3o oy ¢(Alaiaal
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¢l 13s ¢(0.06 —0.356 — 0.662 — 1.17 — 1.33 Mev) caily shae digish
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Al lalll) Jas LgsSt Jolaill 3 (photopeaks) aedl) cilills el
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(HVL = In2/p) &all 2asinl ((HVL) ciall

scicly o(n = 5) LSt A8k JSU lulill el ¢l 4 laals
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Ldally &l pal—all g0 JST(HVL) 5 (1) a (5) dsaadl pam
ol b Jiay Lele lalasl milaal) ey . dabiaal) Lile @lilh vie (Pb — Sn)
29 «(HVL) o (8 2L} abiley cdisg paall dlsall paead Ogisall A8l sl xe (u)
okl pe cligisall Jelial 8ylascal) A5L5ll LYY 5t GeSa alsie il

(HVL) afs daiire (1) ad 0555 (0.060 MeV) datiiall ilElal) aied
Gl ) JEY) g ¢ isns S GalaiaV) Blan o daiis Lo i aa
S delall Jlaal (aidid (OginasS Ci 0 deal e 305 Lllally Ao wigial)
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9 OghasS Cid i (117 — 1.33 MeV) Jie oY) clilall xie L
V) ¢(1.022 MeV) dse (st zlo3¥) 1) daalose seks Lol a8yl cual) 41V
Ayl s 4 Jexinadl BUAY Jlaall Cpaa L Tagasa w0yl o

dalidal) Lale clila cad paaall WAL (HVL) 5 (p) s :(5) Jgsad

Energy (MeV) 241 Am (0.060) 133Ba (0.356)
u HVL 7 HVL
— (em™) | (x107%2cm)| (em™) (cm)
Pb 56.93+2.84 | 1.22+0.06 | 3.284+0.16 | 0.21+0.01
PbuoSns, | 52.4242.62 | 1.32+£0.06 | 2.11£0.10 | 0.33£0.02
Pbag Sngro | 51.34£2.56 | 1.35£0.06 | 1.83£0.09 | 0.38+0.02
PbyoSn,, | 50.6122.53 | 1.37£0.06 | 1.64=0.08 | 0.42+0.02
Energy (MeV) 137Cs (0.662)
u HVL
Alloys (@) (cm)

Pb 1.36 £0.07 0.50 £0.03
Pb,oSns, 0.9540.05 0.7240.04
PbyySny, 0.79+0.04 0.87+0.04

Energy (MeV) 80Co (1.17) 0Co (1.33)
7 HVL u HVL
Alloys (em™1) (cm) (em™1) (cm)
Pb 0.71£0.04 [0.98+0.05| 0.64+0.03 1.08+0.05
PbyoSns; | 0.55£0.03 |1.26+0.06| 0.5020.03 | 1.38+0.07
Phyg1Sngro | 0.5120.03 |1.36+0.07| 0.4740.02 | 1.48+0.07
PbyoSny,y 0.48+0.02 1.434+0.07| 0.44+0.02 1.55+0.08

sl Jaladd o el o il al )l dails colgal) G A3l xieg

LA cyelal ety cAsg paall i) ppas die Caill ASLawd ad raaly il
138 Jasiyig - pabeall dans (aleddl e (HVL) ey (1) b Loy Laaleas
521 ae aDUAL ALy Jladl) (653 aaal) (aletily Liad cpagill cDlalas & il
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Balall ()3 2aal 53U e Logae ligigall (alaial 5ol 323 3 ¢ yaaalll Ao
coipag Sl il e 3 Aaidid) il Jlae 8 Law Y

oo (W) Gaiadl (0.662 MeV) Aslhall e JUill oy o e
oaleaily ol ((Phsg1Sneyo) Aadall (0.86 cm™) N saball (1.36 cm™)
Le «(0.80 cm) ) (0.50 cm) (e (HVL) coadi) (s (A o= 37%) )l
Jiles (a5 (gginnn 3iaal ST ASLes ) dslad) ) el

Fia e il vie Le i J& alsad) o ciligall o Jaadl LS
oaluasll (0.64 cm™) deagpadd) dsal) (o ol (1) ab zaws 3 (1.33 MeV)
i 5 Aias pe i Lo 589 ((Phbag1Sng; o) alall (0.47 em™) il
LS Sl 138 8 ()5S

(1) Bl sl Jalea 2 (S) IS gy il 45)laal) Jagatily
zsass 35 3 (Uaadll dday il (A e Ay paal) LDally Gala)ll Lile dilh ae
sl (s 3y Alsall aniig ABlal) 2Lyl ae (1) (LAY aliiiall olan)
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