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ABSTRACT

3D printing technology is expected to be an innovative technology of the manufacturing industry during the 4th
industrial revolution, and it is being used in various fields including biotechnology and medical field. In this
study, we verified the printing materials through Monte Carlo simulation to evaluate the radiation shielding ability
of the raw material using this 3D printing technology. In this paper, the printing materials were selected from the
raw materials available in a general-purpose FDM-based 3D printer. Simulation of the ICRU phantom and the
shielding system was carried out to evaluate the shielding effect by evaluating the particle fluence according to
the type and energy of radiation. As a result, the shielding effect tended to decrease gradually with increasing
energy in the case of photon beam, and the shielding effect of TPU, PLA, PVA, Nylon and ABS gradually
decreased in order of materials. In the case of the neutron beam, the neutron intensity increases at a low
thickness of 5 ~ 10 mm. However, the effective shielding effect is shown above a certain thickness. The shielding
effect of printing material is gradually increased in the order of Nylon, PVA, ABS, PLA and TPU Respectively.
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I. MATERIAL AND METHOD

1. 2HFFEZE AlE# o]A(Monte Carlo Simulation)
EHZFEE AEHolAS &3t AARALE 93]
2AGYRA THATRAA JEE o] AAA
°ow HFTH Z=I1¥ MCNPX(Monte Carlo
N-Particle eXtened, ver 2.5.0)2 ©]-83}3it}.

1.1 ICRU slab phantom

A FAPAI G S A A LB (ICRU)= - 9]
PARe] e 9% mUHPS 98 54 sHsd
Aggel e S ANt T F AANFY

ZF2 ICRU tissue® T/J%¥ phantom Ul 10mm,
3mm, 0.07 mm %l°] ofef] S =S 242 A4l
H,(10), =4 A Hy@3), AHAl Hy(0.07)0l] thgh ANz o
Foz GOl thl B Sl = Bo|uE A 2=A
ICRUI A 4 ¢]g ICRU slab phantom®] +4d7d %
(ICRU tissue, O 76.2%, C 11.1%, H 10.1%, N 2.6%),
718kt A71(30 x 30 x 15 cm), ¥ 1 glem’S
Etjze RAMIH

1.2 Radiation Type and Energy

WALl T 9 oy Ao wE 2 g9E 3
7vat7] 918l ) A (particle)= & AH(photon), &4 A}
(neutron)®l] i3] A7l ). FA}e] g AdE
XAl A Agas A oA Ged(10, 20, 40 keV)
3} FA42ke] 7$- ICRP Pub. 602 WA 75 =] o
278+ 10 keV, 100 keV, 2MeV, 20MeVZE A A
slod, Zb7ke] 49 d(source specification)S 7 2] 3}
i \;]..[8]

1.3 3D Printer Type & Materials
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Fig. 1. FDM type 3D Printer(MyD, P250).

910



PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 12, No. 7, December 2018"
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2 200mm, ¥°] 250mmo]il EHEHEEZE 30~200
mm/sec®]tF. == I7|E 0.4mmolH, A= FAE
2 100mm ~ AEH 3007k A 0] AEEE ZbEq

At

A e AR E ol 4%l0] Sold Bel
HE Fe|2 S22 A9 A PLA(poly lactic acid)E
X383t TPU(Thermoplastic Poly Urethane), ABS

(Acrylonitrile-butadiene-styrene), PVA(Polyvinyl Alcohol),
Nylon(Polyamides) &©°| 7Fs3al™, €59 74 2
Hlgoll gk AR E Table 10 A|AEFom, o]
RS EdE A9 s ZARH.

Table 1. Information of FDM 3D printer materials

Materials Composition SPGClﬁC 3
gravity(g/cm”)
PLA(Poly Lactic Acid) C3H40; 1.24
TPU(Thermoplastic CAHLOACO .
Poly Urethane) SH43 ’
ABS(Acrylonitrile C3H3N+C4Hg+CoH o4
-Butadiene-Styrene) 3 '
PVA(Polyvinyl Alcohol) CHy(CH)(OH) 1.24
Nylon(Polyamides) C10H20(CO)2(NH), 1.2

o] ICRU slab
Aol 30 x 30 x d
(thickness) cm ZL7]9] A& EAFFITE o]l o
gk ApAg 153 AR Fig. 20 AAIsEATE A
HA 2, XA wARE Al AR Y] S R oY
Aol wh2} ICRU slab phantom ©}2] 10mm, 0.07 mm

phantom= A A7 *

A7 Hy(10), Hy(0.07)el T3k 12} ZFA1E 2
Saldith F HAR, 29Y 5o e A9 =
HE Frtstr] H&l s WA W ZARSE 2}
H Ao FA(5~25mm) STk WE JA EFA
£ 8= 5}03 o, ZHH A WAL Al WAL BEE
7o s A& (%)S H7heSt

Tally specification card= f5 tallyE ©]-&3}¢]

-—

ICRU slab phantom W 10mm A3 W] Z=&3sl= d
7 5 um ring detector W YAFE UA 5
(particle/cm’) S T-8ko] 25t Ko dF W ¥
34 mps)= 10 F838t50m, 28d SR
o[ &=

U = DV

213 S AA &% (uncertainty) ™ 3%

.

ICRU slab phantom
1 H,(0.07)

T H(3)

: Hp(10)

-> F5 tally (#/cm?)
particle fluence

Shielding Materials
(FOM Type : PLA, ABS, TPU, Nylon, PVA)

Fig. 2. Simulating model for shielding effect evaluation

of 3D printing materials.

. RESULT

1. FAAY UXE =Y 50 o2 X9 ad

A MR OF AFEEE FDM H2] 9] 3D ZHE]A]
A& 7Hs%F PLA, ABS, PVA, Nylon, TPU 52| 9159]
WAL & g atel] tis] Brletaiat EETFER A
Edol g o] 83 ArEALE 85l

A WA &, ICRU phantom ©}2] 10mme] ZAle]
gk A7 AHE VIEo R A oA Fpaded o
st 37t AR, AT Sl wpebA] A 5
/\7]_ xq;‘q.ﬂ o7 7L/\f5}l1 O]:/x]—.o_ EOﬂ ol:q 10 keV
A A, AT Skl wey 2 AdEE
ABS 46.4~95.5%, PLA 40.4~99.9%, PVA 32.5~99.6%,
Nylon 24.3~98.5%, TPU 44.2~100.0%2] 2}¥ & 3}=
Btk 20 keV FAPAS] A ABS 22.0~54.6%,
PLA 28.7~72.0%, PVA 26.5~68.2%, Nylon 23.7~62.3%,
TPU 29.6~72.8%°] #}¥ &3& YeR AT

40 keV FAA 2] 9, ABS 1.4 ~ 18.7%, PLA 3.8
~ 26.1%, PVA 3.8 ~ 24.9%, Nylon 3.3 ~ 21.8%, TPU
2.7 ~ 23.4%2] 9 &JJr~ et A o, Faad o
Aol F7kel wet Y A5 Ad a3t 4

g PR gass @%H% EX-

olo] thek ApAEk 18l AREL: Fig 300 AIAIEHITH
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H,(10) Photon Fluence Calculation
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L=
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Fig. 3. Hy(10) Photon fluence according to shielding materials and thickness.

HP{D.D?} Photon Fluence Calculation

10 keV 20keV
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Fig. 4. Hy(0.07) Photon fluence according to shielding materials and thickness.
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H_(10) Meutron Fluence Calculation
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Fig. 5. Hy(10) Neutron fluence according to shielding materials and thickness.
H,{0.07) Neutron Fluence Calculation
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Fig. 6. Hy(0.07) Neutron fluence according to shielding materials and thickness.
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