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Evaluation of Tungsten Blended Filament Shields Made by 3D Printer in
Radiography

Joon Yoon"-Myenog-Seong Yoon?

epartment of Radiological Technology, Dongnam Hea lniversity
vp, t t of Radiol | Technol. D Health Ul t

? Department of Emergency Medicine, Hanyang University

Abstract

In the medical field, radiation provides information for the diagnosis and treatment of diseases. As the use of

radiation increases and the risk of exposure increases, interest in radiation protection is also rapidly increasing. Lead

shielding material is mainly used, which has a risk of lead poisoning and absorption into the body. Tungsten mixed fila-
ment shielding sheets were fabricated with a size of 70 X 70 mm and a thickness of 1, 2, and 4 mm by using a 3D
printer, In the general shooting experiment, the thickness of the shielding sheet is 1 ~ 5mm, the tube voltage is 60, 80,
100, 120 kVp and the tube current is 20, 40 mAs. In general photography, Tungsten showed better shielding rate com-
pared to Brass, Copper, and Lead protective tools under all irradiation conditions, and in particular, Tungsten 5 mm
showed 100% shielding rate, The 3D-printed tungsten mixed filament shielding is expected to be used as a new shield
that can replace the existing lead protection tools as it shows a better shielding rate than the existing lead protection

tools in Radiography.

Key Words : 3D printer, Shielding sheet, Tungsten, X-ray, Radiation
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1. 3D ZZ2IEQ} Tungsten EF ZZIHEZ 0|28t

AtH AE A=

1) 3D =l

5% 90.7%2] Tungsten 23 JPHIER A|25t 27|
A EX 3D AA |2 32 Open source Free CAD 0,195
ARE3F] A7]5= 70X 70 mm, F71& 1 mm, 2 mm, 4 mm
& Fig. 13 gl Al2airt.

2) 84 AA U G-code HF

STL u}al2 #H3lE 3D nulS SelolA T2 13H(Cura
4.9.1, Ultimaker, Nethelands)2 ©|-83}o] Table 13} Z+
o] &9 AAsHiL, G-codeR HEBITE,

Fig. 1, 3D Printing Modeling for Shielding
Sheet Production

Table 1, The output parameters of 3D printing

Parameter Value
Temperature of printing (C) 210
Bed temperature (C) 60
Infill Density (%) 100
Nozzle size 0.6
Tungsten (7.5 g/cm3)
Filament Brass (3.9 g/cm3)

Copper (4.7 g/em’)

3) 3D Y &9 9 A AE Azt

A% G-codeE Fig. 2—(a) 3D ZHE (Ultimaker,
Netherlands) 2 Z<:35}0] Fig, 2—(b)¢} Zo| x4 A ES
Zesin

-|% 3D Printing

7 N\
4 N
—_—

. .
Ultimaker

1. 2, 402) mm

(b) shielding sheet

(a) 3D Printer

Fig, 2, Shielding sheet output for dosimetric measurement

<5 90, 7%2] Tungsten &3+ HIES A&-5fo] A2+
S Aol A2 Al A BHlsh] Sla) xalgit 2
AIES] Al 1,000 mm, 245l AS9F HF 238 Aele
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Tungsten shield thickness

Unit : mm Xeray tube
Tmm 7 O
! I | Collimater
2mm /i
Iy
JI | Il
3mm g fd
. foad
' . [} Shielding sheet
4mm I:T‘Il " [‘Imm':gmm}
o
smm it
LS ‘ ----- + Dosmater

Fig. 3. Method of Dosimetry of Produced Shielding Sheets

Table 2, Parameter for dose measurement

Parameter Value
Tube voltage [kVp] 60, 80, 100, 120
Tube current [mAs] 20, 40

Collimation [inch] 15 %15
Filter [mmaAl] 1.2

2) A& 54

Aege Ba, 134 20| A8ste] ANsct,
o), W s 94 A9e] 2APIFolH, Wok 3

AL 98 290 ZAIol

Eq. 1

* Shieldingrate (%) = (1 — W)X 100
W

* W: radiation dose and dose rate as measured at the
shielding
Wy. radiation dose and dose rate as measured at

the non—shielding

3) g HEETY A

Tungsten .2 AZ3+ 2}H A EQ} 7|20 Y WL
of Aolg wlmsyl $io) XA AelE FHem

ZX
=

Apron 0,175 mmPb, 0,25 mmPb, 0,35 mmPb, Thyroid
protector®] AT W ZH| &S SHskaL, A AJEQ]
A&} v)aL - BASIL,

. 2 =
Mo Al MY =7
D) XAl A 54 % Ave 37}

XAdof| A o] AwF Bl Ahle Ai= 120 kVp, 20 mAs©fA]
A AEZF ¢l 1] 183,67 mR, Tungsten 1 mm+= 7,33
mRE 94 52%, Brass 1 mm+= 51,33 mRZ 66,09%, Copper
1 mm+= 45,33 mRZ 61,6%5 &21& 4~ A}

120 kVp, 40 mAsol|lA] 2] AJE7} Q1S W, 274,33 mR,
Tungsten 5 mm= 0 mRZ 100%, Brass 5 mm+= 28 33
mRE 92,1%, Copper 5 mm+= 21,67 mRZE 89 67%2] x}4|
£ Table 33} o] gHlallrt,

RE ZAA] Tungsten¥} Brass, Copper 1 mm¥-E 5
mm7Z7A] H|E}GS W, Tungsten©] 7} <=3t 2|9 &
= H 931, Tungsten, Brass, Copper <02 X}y|-&0]
Eo= Fig. 49 o] gRlskint

2) W mETel A3 AEe] Hoig vl

e =] Ak 9 2jule ATH= 120 kVp, 20 mAs

ol A#H AE7} ¢ ] 13367 mR, 0,175 mmPb:
32.33 mRZ 75.81%, 0,25 mmPb+ 19,33 mRZ 85,54%,
0.35 mmPb®} Thyroid protector+= 14,33 mRZ 89, 28%
= 2RI 4= At

120 KVp, 40 mAso|A] bl AJE7} 912 wj 274,33 mR,
0.175 mmPb+ 63,67 mRE 76,79%, 0.25 mmPb+= 19,33
mR=Z 86,03%, 0,35 mmPb+= 28 67 mRZ 89,55%, Thyroid
protector= 27.67 mRZE 89 91%2] AH&S E2Ig 4= Q)
Act. |5 Tungsten 24| AJEQ} B]WS}E wf 120 kVp,
20 mAsO)|A] Tungsten 1 mm+= 7,33 mRZ 94.52%, 2 mm
+ 1.67 mRZE 98,75%, 3 mm+= 0,33 mRZ 99,78%, 4 mm
9} 5 mmE= 0 mRE 100%% Table 49} o] &elgk 4= QJ¢1
t} ESE 120 kVp, 40 mAso|A Tungsten 1 mm+= 13,67
mR=Z 95,00%, 2 mm+ 3.67 mRZ 98,66%, 3 mm+ 0,67
mR=Z 99.78%, 4 mm+ 0,33 mR= 99,88%, 5 mm+ 0 mR
100%8] AHHlEo] U A o2 Kol i Wo thn) o3k

Aot 9SS Fig. 59 ol Bl 4 919
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Table 3, The result of the radiation shielding sheet tests in X-ray (60, 80, 100, 120 kVp, 20, 40 mAs)

X-ray
1 mm 2 mm 3 mm 4 mm 5 mm
Sheet Ko mAs  Dose shieldng Dose shieldng Dose shieldng Dose shielding Dose  shielding
MR rate [% MR rate [% [mR] rate [% [mR] rate [% [mR] rate [%

@ 20 0.67 98.38 0 100 0 100 0 100 0 100
40 0.67 99.17 0 100 0 100 0 100 0 100
20 1.67 97.52 0.33 99.51 0 100 0 100 0 100
Tungsten % 40 3.67 97.29 1.33 99.02 0 100 0 100 0 100
100 20 3.33 96.58 1.33 98.63 0 100 0 100 0 100
40 8.33 95.80 1.67 99.16 0.33 99.83 0 100 0 100
120 20 7.33 94,52 1.67 98.75 0.33 99.75 0 100 0 100
40 13.67 95.00 3.67 98.66 0.67 99.78 0.33 99.88 0 100
20 5.67 86.28 1.67 95.96 0.67 98.38 0 100 0 100
% 40 10.67 80.83 3.67 95.47 1.67 97.94 0 100 0 100
% 20 15.33 77.23 7.33 89.11 3.67 94.55 2,33 96.54 1.33 98.02
Brass 40 29.67 78.13 14.33 89.44 7.67 94.35 5.67 95.82 3.33 97.55
100 20 30.33 08.84 17.33 82,19 11.33 88.36 8.33 91.44 6.33 93.50
40 60.67 69.41 34.67 82.52 23.33 88.24 16.67 91.59 12.33 93.78
20 20 51.33 61.60 32.67 75.56 23.67 82.29 17.67 86.78 14.67 89.02
40 103.67 62.21 66.33 75.82 47.67 82.02 37.33 86.39 28,33 89.67
20 3.67 91.12 0.67 98.38 0.33 99.20 0 100 0 100
% 40 7.33 90.95 1.67 97.94 0.67 99.17 0 100 0 100
20 11,67 82.67 5.33 92.08 2.67 96.03 1.67 97.52 0.67 99.00
Copper % 40 23.67 82.55 10.33 92.39 5.67 95.82 3.33 97.55 1.67 98.77
100 20 2533 73.98 13.67 85.95 9.67 90.06 5.67 94,17 3.67 96.23
40 50.67 74.45 28.67 85.54 17.33 91.26 11.67 94,12 8.67 95.63
20 20 45.33 66.09 20,67 80.05 19.33 85.54 14.33 89.28 10.33 92,27
40 89.67 67.31 55.67 79.77 38.67 85.90 28,33 89.67 21.67 92,10

100

95 T

90

85

80

75

70

65

60

55

50

Smm 4mm 3mm 2mm imm
=*=Tungsten=Brass~~Copper

Fig. 4. Results of graph for shielding rate according to sheet thickness in X-ray, (120kVp, 40 mAs)
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Table 4, The result of the radiation Apron, Thyroid protector tests in X-ray, (60, 80, 100, 120 kVp, 20, 40 mAs)

None 0.175 mmPob 0.25 mmPob 0.35 mmPb Thyroid protector
Kp  mAs Dose A Dose shielding Dose shielding Dose shielding Dose shielding
MR rate [%) [MR] rate [%)] MR rate [%) [MR] rate (%]
60 20 41.33 4.33 89.52 1.33 96.78 1.33 96.78 1.33 96.78
40 81.00 7.67 90.53 1.33 98.36 1.33 98.36 1.33 98.36
% 20 67.33 9.33 80.14 4,33 93.63 2,33 96.54 2.67 96.03
40 135.67 18.67 86.24 8.33 93.80 4,33 96.81 5.33 96.07
100 20 97.33 17.67 81.85 10.67 89.04 6.67 93.15 7.67 92,12
40 198.33 37.67 81.01 21.33 89.25 13.33 93.28 15.33 92,27
120 20 133.67 32.33 75.81 19.33 85.54 14.33 89.28 14.33 89.28
40 274.33 63.67 76.79 38.33 86.03 28.67 89.55 27.67 89.91

imm 2mm 3mm 4mm S5mm
"Tungsten "Brass "Copper "0.175mmPb " 0.25mmPb  0.35mmPb  Thyroid

(a) 60 kVp, 20 mAs

100
95

8

80

7

7

6!

60
|
50

1mm 2mm 3mm 4mm 5mm
"Tungsten "Brass ®"Copper "0.175mmPb “0.25mmPb " 0.35mmPb  Thyroid

(b) 120 kVp, 40 mAs
Fig. 5, Comparative evaluation of the manufactured shielding sheet and lead protection tool,
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