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Abstract

In this paper, the radiation attenuation parameters for gamma rays were calculated (mass attenuation
coefficient (MAC), effective atomic number (Zeff), effective electronic density (Neff), mean free path
(MFP), half-value layer (HVL), and tenth thickness layer (TVL), resulting from replacing phosphate oxide
(P205) with iron oxide (Fe203), antimony oxide (Sb203), and bismuth oxide (Bi203). The samples
were prepared using the melt-quenching technique at a melting point of 1150 °C, and the density of the
samples was calculated using the Archimedes method. Attenuation parameters were calculated using
the simulation program PHY-X/PSD at energies (0.248, 0.347, 0.662, 826, 1.17, 1.33, and 2.51 MeV)
for four aluminium-zinc phosphate glass compounds containing red lead oxide (Pb304) according to
the composition:

(S1): 60Pb304 32P205 3Zn0O 5Na2S04

(S2): 60Pb304 29P205 3Fe203 3Zn0O 5Na2S504
(S3): 60Pb304 29P205 3Sh203 3Zn0O 5Na2S04

(S4): 60Pb304 29P205 3Bi203 3ZnO 5Na2S04

Radiation interactions with matter were calculated using the X-COM program in an energy range
ranging from (0.15 - 5 MeV), which is the range that contains the values of the energies emitted by the
element's cobalt 60 and cesium 137 because they are used in the field of radiation therapy and scientific
research.

The results showed that sample S4 containing bismuth oxide had the best attenuation parameters at
all energies, followed by sample S3, then S2, and finally sample S1 without additives. The experimental
results also showed that the samples obtained were not sufficiently transparent, except sample (S1).
The X-COM simulation results showed that the Compton interaction had control over the attenuation
process at all selected energies, with little involvement of the photoelectric effect interaction at the first
two energy values.

Keywords: Radiation shielding, bismuth oxide, attenuation reactions, phosphate glass, attenuation
coefficients.
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Cilias s ol ailiad Jael ala ) Jags S Jandl AL iy Zul jall o3a 3 Lgiilial &5 131 adi yall (g3 Ladae
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Alenl s el sa0nal) A5 ol ol Conen Cplysall (e (350 3 T Al Jall 038 3 dadiiisall 3pulSY) IS 5
&M sad 1150 OC‘;\\:\;:}JJSBJ\);.“&“_\aﬁ)(ﬁ‘u.\.\shaa.lalsooocmu‘)sl\@gﬂhda_a&_\uaj‘)@_d\
a3 Iy aay A3 jall 30 s Aa ja die 3l E iy« 200 OC e ds (3 90 (A il Cua @l 22y el
Ax )Y aliall (1) Jsasl) SPhy-x/ PSD

A )Y i) 2 5adl ()5 5Y) Jas sia s AESH) 28 (1) J o)

Composition in Wt %

Average
Density | molecular
g/cm?3 weight

(g/mol)

Sample | Pb304 | P205 | ZnO | Na2S0O4 | Fe203 | Sb203 | Bi203

s1 60 32 | 3 5 - - - 544 | 466.32
s2 60 29 | 3 5 3 - - 581 | 466.86
S3 60 29 | 3 5 - 3 - 6.27 | 47081
S4 60 29 | 3 5 - - 3 6.77 | 476.05

4Bl g guiliil) 8

(ligall G A LY ilS S Ll o)) Baadl oy sl ()50 s gia s A8 a8 AaaSlay5 (1) Jsaad) e
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L gia s ((HVL)Aal Couai daidal 3 jpaall ) b Jiliallys cJuadl e lad) dlea pailiad e Jsasll JaY
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X-COM gebi s aladialy Lbuss a3 (7 500 Uil 8l g ¢ gaim s 5eSh 58l 5 () sine o€ 55) 50l e g laiY)
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(Dl (5 a3l 5 S 5 adll) s il <l sial J e sy (2) Jsaad)

Mass Attenuation Effective Atomic number | Effective Electron density
Energy Coefficient (MAC) (Zeff) (Neff) (E+23)
(MeV) (sz/g)
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 | $4
0.284 0.385 | 0.385 | 0.383 | 0.389 | 56.57 | 56.81 | 56.91 | 57.53 5.00 498 | 494 | 494
0.347 0.261 | 0.261 | 0.260 | 0.264 | 50.86 | 51.13 | 51.27 | 51.88 4.50 4.48 | 4.45 | 4.46
0.662 | 0.103 | 0.103 | 0.103 | 0.104 | 37.63 | 37.93 | 38.13 | 38.61 | 3.33 3.32 | 331 | 3.32
0.826 | 0.082 | 0.082 | 0.082 | 0.083 | 35.09 | 35.38 | 35.59 | 36.03 | 3.10 3.10 | 3.09 | 3.09
1.17 0.061 | 0.061 | 0.061 | 0.061 | 32.53 | 32.82 | 33.03 | 33.42 | 2.88 2.87 | 2.87 | 2.87
1.33 0.056 | 0.056 | 0.056 | 0.056 | 32.06 | 32.34 | 32.56 | 32.93 2.84 2.83 | 2.83 | 2.83
2.51 0.043 | 0.043 | 0.043 | 0.043 | 33.28 | 33.56 | 33.79 | 34.18 2.94 294 | 293 | 2.94
()':.hd\ Clawl daala 5 aail) dladld) A3k g jal) JL.MS\.LMJL) Q‘f“‘)@tﬂ*‘}:‘ (3) Jgaall
Energy Mean Free Path Half Value Layer Tenth Value Layer
(MeV) (cm) (cm) (cm)
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4
0.284 | 0.478 | 0.448 | 0.416 | 0.369 | 0.331 | 0.310 | 0.288 | 0.256 | 1.100 | 1.030 | 0.958 | 0.850
0.347 | 0.703 | 0.659 | 0.613 | 0.544 | 0.488 | 0.457 | 0.425 | 0.377 | 1.620 | 1.518 | 1.410 | 1.253
0.662 | 1.776 | 1.664 | 1.545| 1.381 | 1.231 | 1.153 | 1.071 | 0.957 | 4.090 | 3.832 | 3.558 | 3.180
0.826 | 2.230 | 2.089 | 1.939 | 1.736 | 1.546 | 1.448 | 1.344 | 1.203 | 5.135 | 4.810 | 4.465 | 3.998
1.17 3.010 | 2.819 | 2.616 | 2.347 | 2.087 | 1.954 | 1.814 | 1.627 | 6.931 | 6.492 | 6.025 | 5.404
1.33 3.293 | 3.084 | 2.862 | 2.568 | 2.282 | 2.138 | 1.983 | 1.780 | 7.581 | 7.101 | 6.589 | 5.913
251 4.306 | 4.032 | 3.740 | 3.356 | 3.985 | 2.795 | 2.592 | 2.327 | 9.915 | 9.285 | 8.612 | 7.729
2:07 m sl
s2
s3
o s4
1.5+
&
S 101
s
0.5+
oo, I‘ l| I| lIll“l“l“l“|“|“l“l“|“l“|“l“l“ll
0';000'}000{&“07’060@&QVQQ069000@’000@&0%’000?’{&\/QQQ»96'»?’%0»?’00%9@%(9@%9&VQQQ@QQQ
Energy (MeV)

Ll (R, S 5l o i) Jalaa) c 4l e s (2) JSA
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(zso i) iliy (5 gum s 5eSh il 5 o sina s i)

G il COle i o8 (4) Jgand)

E Compton effect (cm?/g) Photoelectric effect (cm?/g) Pair production (cm?/g)

MeV | 51 52 53 S4 51 52 53 S4 51 52 S3 S4
015 | 0111 | 0411 | 0110 | 0110 | 0991 | 0992 1003 1.042 0 0 0 0
0.20 | 0.103 | 0.103 | 0.103 | 0.103 | 0462 | 0.463 0.467 | 0.486 0 0 0 0
0.30 | 0.091 | 0.091 | 0.091 | 0.091 | 0.160 | 0.160 0162 | 0.168 0 0 0 0
0.40 | 0.082 | 0.082 | 0.082 | 0.082 | 0.077 | 0.077 0.078 | 0.0813 0 0 [i 0
050 | 0.076 | 0.076 | 0.075 | 0.075 | 0.045 | 0.045 0.045 | 0.0474 0 0 0 0
0.60 | 0.070 | 0.070 | 0.070 | 0.070 | 0.029 | 0.030 | 0.0297 | 0.0310 0 [i [i] 0
0.80 | 0.062 | 0.062 | 0.062 | 0.061 | 0.016 | 0.016 | 0.0158 | 0.0165 0 0 [1] 0
1.00 | 0.056 | 0.056 | 0.056 | 0.056 | 0.010 | 0.010 | 0.0099 | 0.0104 0 [i [i 0
102 | 0.055 | 0.055 | 0.055 | 0.055 | 0.009 | 0.009 | 0.0095 | 0.0099 [i] 0 0 [i]
125 | 0.050 | 0.060 | 0.050 | 0.050 | 0.006 | 0.006 | 0.0064 | 0.0067 | 0.00021 | 0.00022 | 0.00022 | 0.00023
150 | 0.045 | 0.046 | 0.045 | 0.045 | 0.005 | 0.005 | 0.0046 | 0.0048 | 0.00105 | 0.00106 | 0.00107 | 0.00100
200 | 0039 | 0039 | 0.039 | 0.039 | 0003 | 0.003 | 00028 | 0.0029 | 0.00324 | 0.00326 | 0.00330 | 0.00338
204 | 0038 | 0.038 | 0.038 | 0.038 | 0.003 | 0.003 | 0.0027 | 0.0028 | 0.00344 | 0.00346 | 0.00350 | 0.00358
3.00 | 0.031 | 0.030 | 0.030 | 0.030 | 0.001 | 0.001 | 0.0015 | 0.0015 | 0.00727 | 0.00732 | 0.00741 | 0.00756
400 | 0.025 | 0.025 | 0.025 | 0.025 | 0.001 | 0.001 | 0.0009 | 0.0009 | 0.01059 | 0.01066 | 0.01080 | 0.01099
500 | 0.022 | 0.022 | 0.022 | 0.022 | 0.001 | 0.001 | 0.0007 | 0.0007 | 0.01339 | 0.01348 | 0.01366 | 0.01388
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