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ABSTRACT

As 3D printing technology is used in the medical field, interest in metal materials is increasing. The
Department of Radiation Oncology uses a shielding block to shield the patient's normal tissue from unnecessary
exposure during electron beam therapy. However, problems such as handling of heavy metal materials such as
lead and cadmium, reproducibility according to skill level and uncertainty of arrangement have been reported. In
this study, candidate materials that can be used for metal 3D printing are selected, and the physical properties and
radiation dose of each material are analyzed to develop a customized shielding block that can be used in electron

beam therapy. As candidate materials, aluminum alloy (d=2.68 g/cm®), titanium alloy (d =4.42 g/cm®), and cobalt

chromium alloy (d=8.3 g/cm®) were selected. The thickness of the 95% shielding rate point was derived using
the Monte Carlo Simulation with the irradiation surface and 6, 9, 12, and 16 energies. As a result of the

simulation, among the metal 3D printing materials, cobalt chromium alloy (d=8.3 g/cm®) was similar to the

existing shielding block (d=9.4g/em®) in shielding thickness for each energy. In a follow-on study, it is
necessary to evaluate the usefulness in clinical practice using customized shielding blocks made by metal 3D
printing and to verify experiments through various radiation treatment plan conditions.
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Table 1. Information according to metal material
compositions and density

Material Composition Density
Al 87.22%, Si 11.00%,
. Mg 0.45%, Fe 0.55%,
Alumnium alloy
Cu 0.03%, Mn 0.35%,

(LaserForm® . 2.68
Ni 0.05%, Zn 0.10%,

AlSil0Mg)
Pb 0.05%, Sn 0.05%,
Ti 0.15%
Ti 88.10%, N 0.03%,
Titanium alloy C 0.08%, H 0.012%,
(LaserForm® Ti Fe 0.25%, O 0.13%, 4.42
Gr5) Al 6.5%, V 4.5%,
Y 0.005%

Co 61.32%, Cr 30%,
Mo 6.00%, Ni 0.1%,
Cobaltchrome ally Fe 0.50%, C 0.02%,

(LaserForm® CoCr)  Si 1.00%, Mn 1.00%, 83
Cd 0.02%, Be 0.02%,
Pb 0.02%
Lipowitz metal Bi 50%, Pb 26.7%, 04
(Cerrobend) Sn 13.3%, Cd 10%

Fig. 1. Penetration geometry using
Monte Carlo Simulation.
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II. RESULT & DISCUSSION
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Fig. 2. Thickness in Lipowitz’s metal with Theory
and Monte Carlo Simulation.
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Table 2. The thickness and error rate for a penetration
rate of 5% based on each material in 6 MeV

Alumnium Titanium Cobaltchrome
. alloy alloy ally
Materials (LaserForm® (LaserForm® (LaserForm®
AlSil0OMg) Ti Gr5) CoCr)
Thickness(mm) 12.1 7.2 3.8
. MCNP 49 4.6 4.0
Penetration
te(%
e GATE 16 12 1.0
Error rate(%) 33 34 3.0
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Table 3. The thickness and error rate for a penetration
rate of 5% based on each material in 9 MeV

Alumnium Titanium Cobaltchrome
. alloy alloy ally
Materials (LaserForm® (LaserForm® (LaserForm®
AlSil10Mg) Ti Gr5) CoCr)
Thickness(mm) 18.5 11.0 5.8
. MCNP 4.8 44 43
Penetration
rate(%)
GATE 2.0 1.0 0.8
Error rate(%) 2.8 3.4 3.5

Table 4. The thickness and error rate for a penetration
rate of 5% based on each material in 12 MeV

Alumnium Titanium Cobaltchrome
. alloy alloy ally
R (LaserForm® (LaserForm® (LaserForm®
AlSil0Mg) Ti Gr5) CoCr)
Thickness(mm) 24.7 14.7 7.8
. MCNP 4.8 4.9 4.6
Penetration
te(%
rate®) - GatE 2.5 15 0.7
Error rate(%) 2.3 3.4 39

Table 5. The thickness and error rate for a penetration
rate of 5% based on each material in 16 MeV

Alumnium Titanium Cobaltchrome
. alloy alloy ally
Materials (LaserForm® (LaserForm® (LaserForm®
AlSil10Mg) Ti Gr5) CoCr)
Thickness(mm) 33.1 20 10.5
Penetration MCNP 5.0 4.6 4.7
0,
rate(%)  GATE 2.6 1.5 12
Error rate(%) 24 3.1 3.5

IV. CONCLUSION
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