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ABSTRACT

In this study, 3D printing technology was used to compensate for the shortcomings of the use of lead, which
has proven to have excellent shielding performance, and to control unnecessary human exposure. 3D printers can
implement three-dimensional shapes and can immediately apply individual ideas, which has great advantages in
maintaining technology supplementation while reducing the cost and duration of prototyping. Among the various
special 3D printers, the FDM method was adopted, and the filament used for output was manufactured using a
research extruder by mixing two materials, PLA (Poly-Lactic-Acid) and tungsten. The purpose was to verify the
validity through dose evaluation and to provide basic information on the production of chapezones of various
materials. The mixed filament was implemented as a morphological shield. Filaments made of a research extruder
by mixing PLA and tungsten were divided into 10 %, 20 %, 30 %, 40 %, and 50 % according to the tungsten
content ratio. Through the process of 3D Modeling, STL File storage, G-code generation, and output, 10 cm X
10 em x 0.5 cm was manufactured, respectively, and dose and shielding ability were evaluated under the
conditions of tube voltages of 60 kVp, 80 kVp, 100 kVp, 120 kVp, and tube currents of 20 mAs and 40 mAs.
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II. MATERIAL AND METHODS
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(b) Tungsten powder

(a) Poly lactic acid pellet

Fig. 1. Experimental materials.
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Fig. 2. Research extruder for 3D filament production.
(FORDENTECH FILIBOT H450)

Table 1. Detailed explanation of FILIBOT H450

discharge
amount

Control Temperature RPM Nozzle Purpose

manual 23~550 C  0~24 1.5~1.7 mm 20 mm/s Test research

1.3. 3D PRINTER

ATE HE7IZ AztE EF AHHES AHA
2 A Fdstr] 93l Fig. 3¢ 2 LUGOpro
M(FORMERSFARM, Korea)S AF-&-3}51 T},

Fig. 3. 3D printer for the study.
(FORMERSFARM LUGO™° M)
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(a) Innovision ELIN T5
(DK medical system, Korea)

(b) Magicmax Universal
(IBA, Belgium)

Fig. 4. Equipment and device for measuring radiation
dose.
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Fig. 5. Schematic work-flow for the study.

3D AA 221321 Open source Free CAD 0.19
= AFg35te] 7FE 10 ecm x A2 10 em x %°] 0.5
em®| A7]2 AASta STL 3 F2oz A%}
At} STL 3d& 3D EHE o]8S 93l G-code
2 A Fig. 62> 9 AFoR 22
2 Z93517] 98] Table 28} 2 1S AA35HS]
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Table 2. 3Dprinter output condition of mix filament

n\w 10% 20% 30% 40% 50 %
cm

Tem(p)gr;ituer 203 207 210 215 215

Nozzle size 0.6 0.6 0.6 0.6 0.6
(mm) ] i . ' :
Layer height
o e 03 03 03 03 03
Printing speed 35 35 35 28 28
(mm/s)
Bed ter%perature 65 65 65 65 65
(L)

Infil Density
(%) 100 100 100 100 100

Fig. 6. Shield sheet.

o =
>
~
>
oo
il
ol
o
~
>
2
=2
YO
o
A ol
ok
nE 2
i
1o,
A
2L
lo
bl

120 kVp =714 A F 20 mAs, 40 mAs =712
2 1037k ZAEl 3 A HS ARSI

ZAFOF= 2 em x 2 em® F7] = heel effects
stAA ZpE| A 9 AFA el A71E aelstelh
= =ol7] fsto] A=A FRlol
Aok SAtd g XA e EE

4025 : 2017)3 <

o

(o3

of to off mx 2
ol of,

y, S oft

o

1o o o
A
ol
el

O

o S b
—
ox rE D:L

2l
o

559



Shielding Performance of PLA and Tungsten Mixture using Research Extruder

& Fol e S AT 9e A5
2"l S8 10 %, 20 %, 30 %, 40 %, 50 %=} 0.5

AU =
ko] BA S,

(Pb)e] A7 &3} )

S

Uinat - s

1500

Fig. 7. Method of testing the lead equivalent of X-ray
protective supplies according to the Korean Industrial
Standard 4025.
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Table 3. Conditions of extruder RPM 6 and temperature
230°C

Parameter Temperature Control Nozzle Extrude base
speed material
value 230 C  manual 1.5 mm 20 mm/sec  PLA
Tungsten 1500 2005 30 % 40 % 50 %
content
RPM 6 6 6 6 6
Production o o X X X

Table 4. Conditions of extruder RPM 6 and temperature
290°C

Parameter Temperature Control Nozzle Esx;gl::ge mgsesr?al
value 290 C  manual 1.5 mm 20 mm/sec  PLA
Tungsten 1500 2096 30 % 40 % 50 %
content
RPM 6 6 6 6 6
Production X X X 0 0

=% 230 C, 290 C
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Table 5. Conditions of extruder RPM 7 and temperature
230°C

Parameter Temperature Control Nozzle Extrude base
speed material
value 230 C  manual 1.5 mm 20 mm/sec  PLA
Tungsten 4500 20 9% 309% 40 % 50 %
content
RPM 7 7 7 7 7
Production o o X X X
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Table 6. Conditions of extruder RPM 7 and temperature
290°C

Table 7. Proper set temperature and RPM according to
tungsten ratio

Parameter Temperature Control Nozzle E;;t;lége mZ?esreial Parameter Temperature Control Nozzle E;g?elge mZ?eSr?al
value 290 C manual 1.5 mm 20 mm/sec PLA value 260 C manual 1.5 mm 20 mm/sec PLA
Tclgﬁzgft“ 10% 20% 30% 40 % 50 % Tc‘ghgt:ft“ 10% 20% 30% 40 % 50 %
RPM 7 7 7 7 7 RPM 8 8 7 6 6
Production X X X 0 [ Production o 0 0 0 o
B AH v 2 XA AAHew 4 -
13. 2R Apie] wheE A8 Ad S R RM ) a4 9 Ade 97
o Q o)=v]o Oral A =Z7 .S | B _ . _
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Table 8. Evaluation of Absorption Dose under Various Conditions (unit: mean + SD [uGy])
10 % 20 % 30 % 40 % 50 %
Ttems non filter Tungsten Tungsten Tungsten Tungsten Tungsten 0.5 mmPb F p-value
20 mAs  646.75+9.72 176.54 £ 1.60 107.57 £ 0.65 73.70 £2.37 3547+091 19.54+0.04 3.33+0.01 34635.746 0.00
60 kVp
40 mAs  1320.90 +7.41 358.07 +£2.46 222.34+1.52 149.02+1.74 73.58+0.46 37.43+0.38 5.93+0.03 223693.403  0.00
20 mAs  1172.30 = 8.65 420.40+2.70 279.31+1.19 206.05+0.85 122.78+0.48 79.61+0.25 33.02+0.07 128076.989  0.00
80 kVp
40 mAs 2373.60+10.53 802.55+0.67 549.04 £ 3.09 42235+2.88 247.53+£1.58 157.86+0.54 65.67+0.38 335313.798  0.00
20 mAs  1762.50 =8.78 681.48 + 1.63 509.85 £ 1.06 383.85+1.18 251.56+1.28 157.56+0.51 99.31+0.29 271320.889  0.00
100 kVp
40 mAs 3619.50+22.56 1365.80 +9.48 983.33+£8.92 78490 £4.20 498.26 +£3.64 333.39+3.50 203.58+1.59 133363.761  0.00
20 mAs 2474.60+23.92 1127.30+4.44 801.04 £4.22 619.61 £1.01 427.05+£2.02 27691 +1.87 17532+1.10 70289.568 0.00
120 kVp
40 mAs 493580+ 17.16 2201.60+13.63 1588.00+14.60 1232.00+5.59 837.64+5.40 563.46+2.87 308.77+1.59 227466.36 0.00
Table 9. Evaluation of shielding rates under various conditions (unit: mean = SD [%])
Ttems 10 % Tungsten 20 % Tungsten 30 % Tungsten 40 % Tungsten 50 % Tungsten 0.5 mmPb
20 mAs 72.78 £0.154 83.41 £0.088 88.73£0.111 94.53 +0.043 96.98 £0.014 99.48 £+ 0.002
60 kVp
40 mAs 72.89 £0.077 83.16 £0.333 88.71 £0.044 94.42+0.017 97.16 £ 0.009 99.55+0.001
20 mAs 64.13 +£0.705 76.17 £0.571 84.42 +0.049 89.52 +0.025 93.20+0.018 97.18 £ 0.006
80 kVp
40 mAs 66.21 = 0.060 76.86 £ 0.053 82.20+£0.058 89.57+£0.014 93.33 +£0.008 97.21 +0.006
20 mAs 61.33+0.072 71.07 £0.059 78.22+0.038 85.72+0.038 91.06 +£0.018 9436+0.011
100 kVp
40 mAs 62.97 +£0.125 72.83 £0.079 78.31+0.053 86.23 £ 0.040 90.84 + 0.060 94.29 +0.029
20 mAs 54.44+0.134 67.62+0.121 74.95+0.079 82.74 £ 0.051 88.80+£0.037 92.91+0.027
120 kVp
40 mAs 55.39+0.055 67.82 +0.081 75.03 £0.027 83.02 £ 0.039 88.58 £0.018 93.74+£0.013
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