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ABSTRACT

To find a 3D printer material that can replace lead used as a shield for high-energy electron beam treatment,
the shielding composites were simulated by using MCNP6 programs. The Percent Depth Dose (PDD), Flatness,
and Symmetry of linear accelerators emitting high-energy electron beams were measured, and the linear
accelerator was compared with MCNP6 after simulation, confirming that the source term between the actual
measurement and simulation was consistent. By simulating the lead shield, the appropriate thickness of the lead
shield capable of shielding 95% or more of the absorbed dose was selected. Based on the absorption dose data
for lead shield with a thickness of 3 mm, the shielding performance was analyzed by simulating 1, 5, 10, and
15 mm thicknesses of ABS+W (10%), ABS+Bi (10%), and PLA+Fe (10%). Each prototype was manufactured
with a 3D printer, measured and analyzed under the same conditions as in the simulation, and found that when
ABS+W (10%) material was formed to have a thickness of at least 10mm, it had a shielding performance that
could replace lead with a thickness of 3mm. The surface morphology and atomic composition of the ABS+W
(10%) material were evaluated using a scanning electron microscope (SEM) and an energy dispersive X-ray
spectrometer (EDS). From these results, it was confirmed that replacing the commercialized lead shield with
ABS+W (10%) material not only produces a shielding effect such as lead, but also can be customized to patients
using a 3D printer, which can be very useful for high-energy electron beam treatment.
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II. MATERIALS AND METHODS
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Table 1. Information of 3D printing materials in FDM
type

Materials Specific Gravity

Composition (g/cmS)
ABS + Tungsten 40
C3H3N + C4Hg + CoHz + W(10%) ’
ABS + Bismuth 7
C3H3N + C4Hg + CoHz + Bi(10%) ’

PLA + Iron

2.4

C3H40;, + Fe(10%)

= %) 2AMZ ANAES 3D
ITHEE FH3 TR 3D THE 9 AL A2k =
el

Table 2. 3D printer specifications and sample
manufacturing temperature

Manufacturing

Specifications Samples Temperature[ C]
. ABS +
Y-tech, TT fi
e 11 untlorm Tungsten(10%) 240

460 mm [L] x 360 mm [W] ABS -

H
% 750 mm [H] Bismuth(10%) 230

Fused Filament Fabrication PLA +

(FEF] Iron(10%) 240

aEa, A AAFS AR A S
7] $l8te] FALA A1 7 (SEM, JEM-2100F, JEOL)
&3t IR =A7] @ EXE F<lsta, 29 A

A3 ol o

ghel e}
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Fig. 5. Absorbed dose curve by thickness of
ABS + W(10%) compared to 3 mm lead.

Fig. 6= ABS + Bi(10%) 4 A1¢] MCNP %.2] 23]
ZAz}olt}, ABS + Bi(10%) A+ F717F 15 mm <

W 3 mm FASE F2 A TS BT

——3mmPb
—+—ABS +Bi1 mm
—+—ABS +Bi5 mm
—~—ABS +Bi 10 mm
—+—ABS +Bi 15 mm

1E-04 |

1E-05 -

Absorbed Dose (MeV/g/particle)

0 1 2 3 4 5 6 7
Depth in ICRU slab Phantom (cm)

Fig. 6. Absorbed dose curve by thickness of
ABS + Bi(10%) compared to 3 mm lead.
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Fig. 7. Absorbed dose curve by thickness of
PLA + Fe(10%) compared to 3 mm lead.
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Fig. 8. Absorbed dose curve by 10mm of ABS+W(10%),
ABS+Bi(10%), and PLA+Fe(10%) compared to 3 mm lead.
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Fig. 9. SEM image of ABS+W(10%) sample.
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Fig. 10. EDS spectra measured for (a) the whole, (b)
spherical particles, and (c) other substances in
ABS+W(10%) sample.
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Fig. 11. Comparison of the shielding ratio between
measurement and simulation of ABS + W(10%).
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Fig. 12. Comparison of the shielding ratio between
ABS + W(10%), ABS + W(20%) and ABS + W(90%).
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