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ABSTRACT

In the current medical field, lead is widely used as a radiation shield. However, the lead weight is very heavy,
so wearing protective clothing such as apron is difficult to wear for long periods of time and there is a problem
with the danger of lethal toxicity in humans. Recently, many studies have been conducted to develop substitute
materials of lead to resolve these problems. As a substitute materials for lead, barium(Ba) and iodine(I) have
excellent shielding ability. But, It has characteristics emitting characteristic X-rays from the energy area near 30
keV. For patients or radiation workers, shielding materials is often made into contact with the human body.
Therefore, the characteristic X-rays generated by the shielding material are directly exposured in the human body,
which increases the risk of increasing radiation absorbed dose.

In this study, we have developed the FLUKA transport code, one of the most suitable elements of radiation
transport codes, to remove the characteristic X-rays generated by barium or iodine. We have verified the
reliability of the shielding fraction of the structure of the structure shielding by comparing with the MCPDX
simulations conducted as a prior study. Using the MCNPX and FLUKA, the double layer shielding structures
with the various thickness combination consisting of barium sulphate (BaSO4) and bismuth oxide(Bi,O;) are
designed. The accuracy of the type shown in IEC 61331-1 was geometrically identical to the simulation. In
addition, the transmission spectrum and absorbed dose of the shielding material for the successive x-rays of 120
kVp spectra were compared with lead.

In results, 0.3 mm-BaS0,/0.3 mm-Bi,O; and 0.1 mm-BaSO,/0.5 mm-Bi,O; structures have been absorbed in
both 33 keV and 37 keV characteristic X-rays. In addition, for high-energy X-rays greater than 90 keV, the
shielding efficiency was shown close to lead. Also, the transport code of the FLUKA’s photon transport code was
showed cut-off on low-energy X-rays(below 33keV) and is limited to computerized X-rays of the low-energy
X-rays. But, In high-energy areas above 40 keV, the relative error with MCNPX was found to be highly reliable
within 6 %.
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I. MATERIAL AND METHODS
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Fig. 1. (a) Input source date and (b) set-up diagram for
FLUKA and MCNPX simulation for double layered x-ray
protective sheet.
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Fig. 2. The FLUKA(a) and MCNPX(b) transmitted
spectrum of thickness of combination BaSO./Bi;Os
double layer and Pb(0.6 mm) single layer
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Fig. 3. Transmitted spectrum of BaS04/Bi203 double layer and Pb(0.6 mm) single layer obtained by FLUKA and
MCNPX simulation with continuous x-ray photons(120 kVp).
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Table 1. Simulation results of Pb single layer and BaSO4/Bi,O; double layer

Thickness combination of ' MCNPX FLUKA Relative
double protective Scoring type o
layer (mm) mean error(%) mean error(%) error (%)
Surface flux 9.51x10™ 0.05 9.48x10™* 0.02 0.26
BaS04(0.1)/Bi,05(0.5) Cell(ion chamber) flux 1.08x10° 0.13 1.08x10° 0.04 -0.35
Absorbed dose (MeV/g) 2.13x10° 0.16 2.08x10° 2.76 2.39
Surface flux 1.1x107 0.05 1.09%10° 0.01 0.4
BaS04(0.2)/Bi,03(0.4) Cell(ion chamber) flux 1.24x107 0.13 1.24x10° 0.01 -0.09
Absorbed dose (MeV/g) 2.46x10° 0.15 2.33x10° 2.61 5.46
Surface flux 1.27x107 0.05 1.26x107 0.01 0.6
BaS04(0.3)/Bi,05(0.3) Cell(ion chamber) flux 1.44x10° 0.12 1.44x107, 0.03 0.02
Absorbed dose (MeV/g) 2.88x10° 0.14 2.84x10° 2.71 1.47
Surface flux 1.49x107 0.04 1.47x107 0.02 1.19
BaS04(0.4)/Bi;05(0.2) Cell(ion chamber) flux 1.7x10° 0.11 1.69x10° 0.03 0.51
Absorbed dose (MeV/g) 3.47x10° 0.13 3.48x10° 1.9 -0.25
Surface flux 1.84x107 0.04 1.76x107 0.01 4.41
BaS04(0.5)/Bi,05(0.1) Cell(ion chamber) flux 2.13x10° 0.1 2.06x10° 0.03 3.17
Absorbed dose (MeV/g) 4.63x10° 0.12 4.53x10° 1.58 2.28
Surface flux 4.49x10* 0.07 4.41x10* 0.02 1.94
Pb(0.6) Cell(ion chamber) flux 5.12x10* 0.2 5.03x10" 0.05 1.84
Absorbed dose (MeV/g) | 9.97x107 0.23 1.02x10° 3.61 2.34
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