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ABSTRACT

It is hard to get Filaments which are materials of the 3D printing Fused Deposition Modeling(FDM) method
as radiation shielding in Korea. and also related research is insufficient. This study aims to provide basic data for
the development of radiation shields using 3D printing by evaluating the physical properties and radiation
shielding capabilities of filaments containing metal particles. after selecting five metal filaments containing metal
particle reinforcement materials, the radiation shielding rate was calculated according to the Korean Industrial
Standard's protective equipment test method to evaluate physical properties such as tensile strength, density, X-ray
Diffraction(XRD), and weight measurement using ASTM's evaluation method. In the tensile strength evaluation,
PLA + SS was the highest, ABS + W was the lowest, and ABS + W is 3.13 g/cm® which value was the highest
among the composite filaments in the density evaluation. As a result of the XRD, it may be confirmed that the
XRD peak pattern of the particles on the surface of the specimen coincides with the pattern of each particle
reinforcing material powder metal, and thus it was confirmed that the printed specimen contained powder metal.
The shielding effect for each 3D printed composite filament was found to have a high shielding rate in proportion
to the effective atomic number and density in the order of ABS + W, ABS + Bi, PLA+SS, PLA + Cu, and PLA
+ Al In this study, it was confirmed that the metal particle composite filament containing metal powder as a
reinforcing material has radiation shielding ability, and the possibility of using a radiation shielding filament in
the future.
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II. MATERIAL AND METHODS
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Fig. 1. Composite Filament of Metal Reinforcement.
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Fig. 3. 3D Printing Modeling of the Test Piece.
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Fig. 5. 3D Printed Sample.
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Table 1. Tensile Strength of 3D Printed Samples
(unit: N/mm?)

Protocol Mean Value SD (6\%
PLA + Al 19.61 0.58 2.94
PLA + Cu 22.93 1.02 4.46
PLA + SS 32.82 1.19 3.64
ABS + Bi 18.50 0.30 1.60
ABS + W 13.53 1.08 7.96

FEdA BagEw 2y ¥ 7 AW %

Table 2. Density of 3D Printed Samples
(unit: g/cm?)

Protocol Sg‘;:sllgf ]()l\irésal;))’ SD Ccv
PLA + Al 1.162 1.159 0.002  0.15
PLA + Cu 1.940 1.934 0.002  0.09
PLA + SS 1.971 1.965 0.001  0.18
ABS + Bi 2311 2.304 0.005  0.20
ABS + W 3.319 3.129 0.012  0.40
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Fig. 6. X-ray Diffraction Analysis.
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Table 3. Weight of 3D Printed Samples (unit: g)
PLA + Al PLA + Cu PLA + SS ABS + Bi ABS + W
1 14.23 23.02 24.36 28.99 37.89
2 14.11 23.08 24.85 28.36 37.13
3 14.05 23.11 24.69 28.47 37.45
4 14.23 23.5 24.33 28.15 37.42
5 14.35 23.62 24.78 28.33 37.96
SD 0.11 0.27 0.24 0.31 0.34
Mean 14.19 23.27 24.60 28.46 37.57
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Table 4. Absorbed Dose (None) (unit: mGy)
60 kVp 80 kvp 100 kVp
1 0.603 1.013 1.503
2 0.599 1.015 1.502
3 0.597 1.020 1.520
4 0.600 1.013 1.522
5 0.605 1.016 1.519
Mean 0.601 1.015 1.513
SD 0.002 0.002 0.009
Table 5. Absorbed Dose of PLA + Al
Thickness Dose (Mean) SD shielching
rate(%)
1 mm 0.5586 mGy 0.004003 7.09
2 mm 0.5160 mGy 0.001857 14.17
60 kVp 3 mm 0.4790 mGy 0.003440 20.34
4 mm 0.4783 mGy 0.003029 20.44
5 mm 0.4178 mGy 0.001890 30.50
1 mm 0.9542 mGy 0.003817 6.03
2 mm 0.8918 mGy 0.007754 12.17
80 kVp 3 mm 0.8386 mGy 0.004860 17.41
4 mm 0.8351 mGy 0.004896 17.76
5 mm 0.7459 mGy 0.005125 26.54
1 mm 1.4388 mGy 0.008786 4.92
mm 1.3598 mGy 0.004658 10.14
11\0,% 3 mm 12880 mGy ~ 0.009110  14.88
4 mm 1.2816 mGy 0.006731 15.31
5 mm 1.1664 mGy 0.001808 22.92
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Table 6. Absorbed dose of PLA + Cu Table 8. Absorbed dose of ABS + Bi
Thickness  Dose (Mean) SD sgfel(c})%g Thickness  Dose (Mean) SD s?aiteelgi/‘r)l)g
1 mm 0.2388 mGy 0.001965 60.27 1 mm 0.0515 mGy  0.000225 91.44
2 mm 0.0891 mGy 0.000473 85.18 2 mm 0.0135 mGy  0.000037 97.76
60 kVp 3 mm 0.0520 mGy  0.000361 91.35 60 kVp 3 mm 0.0067 mGy  0.000022 98.89
4 mm 0.0358 mGy 0.000273 94.05 4 mm 0.0046 mGy  0.000042 99.23
5 mm 0.0221 mGy 0.000091 96.33 5 mm 0.0036 mGy  0.000037 99.40
1 mm 0.4944 mGy 0.002060 51.31 1 mm 0.1562 mGy  0.000847 84.62
2 mm 0.2367 mGy 0.001126 76.69 2 mm 0.0642 mGy  0.000163 93.67
80 kVp 3 mm 0.1677 mGy 0.000572 83.49 80 kVp 3 mm 0.0347 mGy  0.000115 96.59
4 mm 0.1297 mGy  0.000469 87.23 4 mm 0.0214 mGy  0.000119 97.90
5 mm 0.0940 mGy 0.000440 90.74 5 mm 0.0144 mGy  0.000093 98.58
1 mm 0.8325 mGy 0.018013 44.98 1 mm 0.3286 mGy  0.001404 78.28
2 mm 0.4815 mGy  0.003425 68.18 2 mm 0.1570 mGy  0.000660 89.62
100 kVp 3 mm 0.3739 mGy 0.001625 75.29 100 kVp 3 mm 0.0927 mGy  0.000601 93.87
4 mm 0.2943 mGy 0.001877 80.55 4 mm 0.0623 mGy  0.000290 95.88
5 mm 0.2271 mGy  0.001474 84.99 5 mm 0.0410 mGy  0.000123 97.29

PLA + SS Al
100 kVpoll A A&

250 A< 60 kVp, 80 kVp,
A A= Table 73 Zot

ABS + W Al £ &9 39 60 kVp, 80 kVp,
100 kvpollAl A==4 A= Table 99F #uh.

JlN' ﬂHN'

ABS + Bi Al E9&59] #1960 kvp, 80 kVp,
100 kVpoll Al A&gF=57d A3= Table 83 ) Table 9. Absorbed Dose of ABS + W
Thickness  Dose (Mean) SD s?aiteelgi/‘r)l)g
Table 7. Absorbed Dose of PLA + SS
— I mm 00363 mGy 0.000084  93.96
Thickness  Dose (Mean) SD shlelq)mg
rate(%) 2mm 00107 mGy  0.000029  98.22
I'mm 02416 mGy  0.001714  59.82 60 kVp 3 mm 00056 mGy 0.000035  99.07
2mm  0.1272 mGy 0000518 7834 4mm 00042 mGy 0000029 993
60 kVp 3 mm 00819 mGy 0000319  86.37 Smm 00037 mGy 0.000010 9938
4 mm 00552 mGy  0.001001  90.82 I'mm 01191 mGy 0000475 8827
Smm 00409 mGy  0.000849  93.19 2mm 00468 mGy 0000146 9539
1 mm 04929 mGy 0002357 5146 80 kVp 3 mm 00247 mGy 0000150  97.56
2mm 03073 mGy 0.001576  69.74 4mm 00158 mGy  0.000050  98.44
8 kvVp 3 mm 02212 mGy 0001147 7822 S mm 00125 mGy 0000069  98.79
4mm 01698 mGy 0001252 8327 Lmm 02316 mGy 0001343 8469
5mm 01372 mGy 0000577 8649 2mm 00940 mGy  0.000504  93.79
I'mm 08401 mGy  0.003636  44.48 100 kVp 3 mm 00485 mGy 0.000222  96.79
2mm 05778 mGy 0005772  61.81 amm 00305 mGy 0000069  97.98
100 kvp 3 mm 04460 mGy  0.004256  70.52 s mm 00222 mGy 0000123 9853
4mm 03687 mGy 0001924  75.64

5 mm 0.3128 mGy  0.001808 79.33
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