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Evaluation of the Shield Performance of Lead and Tungsten Based Radiation Shields
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Abstract 'This study was intended to evaluate the shielding rate of radiation shields manufactured using 3D printers that
have recently been used in various fields by comparing them with existing shields made of lead, and to find out their
applicability through experiments. A 3D printer shield made of tungsten filament 1 mm, 2 mm, 4 mm shield, RNS-TX
(nanotungsten) 1.1 mm, lead 0.2 mmPb, and 1mmPb were exposed to ™ Tc, F, and *"TI for 15, 30, 45 minutes, and
60 minutes after measuring cumulative dose three times. Based on this, the shielding rate of each shield was calculated
based on the dose in the absence of the shield, In addition, ®"Tc, "®F, and "I were located 100 cm away from the
phantom in which the OSLD nano Dot device was inserted, and if there was no shield for 60 minutes, the dose of thy-
roid was measured using 1.0 mm of lead shield, 1.1 mm of RNS-TX shield, and 2 mm of tungsten shield made by 3D
printer, The use of shields during radiation shielding emitted from open radiation sources all resulted in a reduction in
dose. The radiation dose emitted from the radionuclides under the experiment was all reduced when the shield was
used. This study has been confirmed that tungsten is a material that can replace lead due to its excellent performance
and efficiency as shield, and that it even shows the possibility of manufacturing a customized shield using 3D printer,
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1.0 HAKME S-IIE 0188 RHA Q| Xim
'8 &8
D) AdA=

(1) 79l AP 2797]
FobdT ol TS BAE ZHY 4 o,
Semiconductor W49 A&7|E ARSI} 0.1 1Bbv~10 Sv
0.1 4SV/h~1 Sv/ne] M =

=
Fe SAY 7 vk 54 7R oluA] el 30 keV~
6 MeVolH, A Tl= (Bv/h, mSvolth(Fig, 1),

Fig. 1. SPD-9200 SFTechnology Co.

@) A

RNS—-TX 17§ : 85 mm X 55 mm X 1.1 mm(E-ele]
Korea)E ARESIR O, 712 85 mm X A2 50 mm&z 0,2 mm,
0.5 mn F7A19] T 271 oA T 1.0 mn A 9] H(Pb),
3D ZAUEIZ AZ5E 70 mn X 70 m AFZF FEjS] gAE
1 mm, 2 mn, 4 mE Aol o]-&stk(Fig. 2).

Flg_ 2 (9 Tungsten 1 om, 2 o, 4 mom, (0) PO 0.2 mm, () Po 1.0 mm,
(@) RNS-TX 1.1 mm

* RNS-TX consists of nanoparticle-sized tungsten

(3) WAM &1

A o] FHRRE 54 41} 0.09 uSv/hE 54
o MFL #mTe 95 mCi, T 3 mCi, °F 10

mCiE o= tfehgdat FE oA AeS 2dst

WAE AL DT, UF, OTIE 242} ) Ak
H

Z7719} 30 emo] AT HAS FaL WAV EFI a0l A
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WEHE PAbe] WAl Fejele w
15, 30, 45, 60& &<te
gl 45 g AR 0.2 m, 21 1]
RsA) 11w, 3D EAER AT EééEi oa 1401 m, 2
mn, 4 mnE ARES A -ri o] Zkzto] Aty

) Hee 38) 24 & WIS AESHA

JUA

2. HES 0183 HII(YAM) N 53
) AP

(1) ¥ (phantom)

AJel e (The Alderson Radiation Therapy Phantom,
Model ART-210X, Alderson, Oklahoma)2 AME-3}SLY,
olH|e} Elet Lxoln, 27 Er} Bz ZAE o] 9lo]
27)19] W 4719 BAS FEsioe HHskele] otk
(Fig. 3).

Fig. 3. Model ART-210X, Alderson

(2) LAY SFA A 2~8)(Optically Stimulated
Luminescence Dosimetry System, ©]3} OSLD)
Reading A|2~E]S OSLD MicroStar Reading System
(MicroStar, Landauer, USA), AA}= OSLD nano Dot
(Landauer Co., Glenwood, IL, USA), Annealing A|2~H]
2 4% OSL annealing(Serial NO: HA—ONHO001, Hanil

Nuclear Co., KOREA)S ARE-ATHFig, 4).

Fig. 4, OSLD system(Landauer Co,, Glenwood, IL, USA)

B Abo] A2l 100 mz fASk, A9
AZFe: 60302 AR 7] AP 24 Hols
o2 AAst A XYWt OSLD nano Dot A7}
cn GoZl tof| 33 £ Al Bt
25.11 mCi *"Tc ALE YI2A713L, 60% F<t 2HHA|7}
= A, & AHA 1.0 mm, RNS-TX XA 1.1 mm, 3D
ZER AL P20 A 2 me ol gao] e
AgFS 43} OSLD nano Dot A"AR 743 2]
AE 33] S4sto] AL Fatol A Background Aige
Alefet ghe ARSI A7 l= o= dAstkar 27}
2704 0] Ake SRk 9ok 22 Wwos T 3,03

mCi, ®F 10,14 mCi AL 0] 83| SUsHA AT 2P
=, el ol AR g0z Bt

3D 24U Tungsten HEES
213}] Open source Free CAD 0.19 3D AA|Z213HE A}
ga5t0] =7] 100X100 mm, FA= 1, 2, 4 mmE A2t}
I STLE WgkA% shoith, &9 A4 % Slicing= STL
a2 H3lE 3D RulS Lol ZE W (Cura 5.4.1,
Ultimaker, Nethelands)2 ©]-8&3}o] &£82% 210C, W
H AP 100022 &8 HA3}al, G—codeZ WHESFAITH
gAE i ES} 3D ZHEL &EtolA] H G—codeS 3D

ZE(S3, Ultimaker, Nethelands)e} §ABI(7.5 g/cm®)
Pl Agalel Zelslsich
3. B4 24

SPSS Ver. 23.0(IBM Co, Chicago, USA)& ©]|-83}¢]
AR A Adsigon, §A AL uEs 239
Kruskal Wallis A4S A5t o, A7 95%= A
Hsjol §2lekE 0,05 ulgiel A2 BAHCE o4l
e ez A

M. &

Ol AR

R A e =Hat
158 A3} A =2 Agke 0.2 mn, 1.0 mn 23] ARE-
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£ A 11,92 \bv, 52" 1.0 mm, 2.0 mm, 4,0 mm 2}=|F] A
Al 2F2F 15,20 (B, 12,70 1bv, 2,30 vE UERGeH,
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Table 1, Measurement of accumulated dose and shielding rate (Unit: zesv)
Radionuclide Shield (%) 15 min 30 min 45 min 60 min
No shield 100 44.6510,22 76.8510.04 111,95%0.15 146,3510,35
Pb 0.2 mm 70.38 32.20%0.24 56.4010.34 81.00+0,19 103.0010.10
Pb 1.0 mm 15.45 11,60=£0.20 16,10£0.51 19.300.20 22.6040.34
™ Te RNS-TX 1.1 mn 21.87 11,9240,75 16,400,11 24,2010,41 32,00£0,40
Tungsten 1.0 mm 43.39 15.20£0.04 29.50+0.47 44,8010.07 59.10%0.11
Tungsten 2.0 mm 21.32 12,70£0.18 15.8040.17 23.7540.14 31.2040.07
Tungsten 4.0 mm 5.95 2.30+0.17 4.30%0.12 6.30£0.08 8.70%0.09
" Adlge 0% A% A FAReE A
Table 2, Measurement of accumulated dose and shielding rate (Unit: zesv)
Radio nuclide Shield (%)* 15 min 30 min 45 min 60 min
No shield 100 6.4310,14 12,20£0.43 18.54£0,42 24,6010.61
Pb 0.2 mm 53.70 3.5240.34 6.60£0,53 10,0740, 24 13,2140, 14
Pb 1,0 mm 11,14 0.81£0.15 1.5110,34 2,12£0.81 2.7410,20
Rt RNS-TX 1.1 mm 15.78 1.04£0,18 1.9140.40 2,95+0,22 3,88+0.41
Tungsten 1.0 mm 39.92 2.3310.74 4.9510.16 7.40%0,51 9.82+0.15
Tungsten 2.0 mm 16.92 0.95+0,17 1.9140.09 3.14+0,17 4,1610.66
Tungsten 4.0 mm 9.80 0.65%0.21 1.25+0.13 1.8510.17 2.41+0.09

AR wIARE A 44,65 V2 UiebgTh w608 7}
AR AR W 0.2 m, 1.0 m Al A Al Zkz
103,00 18v, 22.60 1&v, RNS—TX 1.1 mm X}s|x] A& A]
32.00 Sv, §28E 1.0 mm, 2.0 mm, 4,0 mm XpH|H] AR A
77 59.10 |Bv, 31.20 (Bv, 8.70 \SvE rERton. 2}
Al O)ARE Al 146,35 SVE YERGTH Table 1).

2. 0 ArME ZFTIE 0188 *Tiof it

o
A& e =da

154 1k Al 72 A g 0.2 mm, 1,0 mn ZH|A| ARE-
Al Z¥ZF 3.52 15v, 0.81 (bv, RNS—TX 1.1 mm 2} A AR
Al 1,04 1bv, F26 1,0 mn, 2,0 mn, 4,0 mn ZpsH|A] ARE-
Al 242} 2,33 1bv, 0,95 (B, 0.65 v LRt om, 2|
Al WIS A 6,43 (bvE UrERETE ERE 602 AT Al
2] ek 0.2 mn, 1,0 mn FHA] AR Al ZF2E 13,21 1bv,
2.74 \Sv, RNS-TX 1.1 mm x}#|5] AR A] 3,88 |Sv, EA
8l 1.0 mm, 2.0 mm, 4,0 mm X} H) AR A] 2FzF 9,82 (S,
4.16 \Ov, 2.41 bvE YEG o, XA Ak A] 24,60
WvE U THTable 2),

Al ZkZF 156,11 16V, 124,71 |6V, RNS—TX 1.1 mn 2} 4]
ARE A 138,40 (Sv, §2E 1,0 mm, 2,0 mm, 4,0 mm X} ]|
ARE A] ZhZF 141,48 (B, 132,51 (Bv, 120,55 [BvE e}
o A mARE Al 159,95 [SvE YEbgth E3H
60+ At Al & AuF2 e 0.2 mm, 1.0 mm 2HA] AR
Al Z}7} 488,33 1bv, 396,20 15V, RNS—TX 1,1 mn 2|
Ag- A] 452,13 1By, EAEI 1.0 mn, 2,0 mm, 4,0 nm x}#|]
ARG A ZFzZF 457 94 \Sv, 420,60 (S, 387,74 SVE UEH
wow, ZuA| v Al 498,80 SVE LERGTHTable 3).

4. OSLDEZ 0|83 *"Tco| ZhaM Mz Z33

AP ) Z Aeke 1.0 mn )R] AR A] 2,412 5V,
RNS-TX 1.1 mn 2,557 (&v, BJAEl 2.0 mn 2,764 |SvE 1t
Ehgron 2| v)ARE- A] 16,221 (SVE ZH|AE f-o5t
Z}o)E B TH(p<0.05)(Table 4).

P PAd
O HA

-4

5. OSLDE 0|88t *'TIo| Uefd M

I

7P 1) AERe 1.0 mn H|H] ARE A] 0,306 16V,
RNS-TX 1.1 mm 0,335 |6v, §28l 2.0 mn 0,377 \bvz U}

wom xjulA] mARg A 2,781 SvE A G253t
Apol5 HolA] Adth(p0.05)(Table 5).
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Table 3, Measurement of accumulated dose and shielding rate (Unit: zesv)
Radio nuclide Shield (%)* 15 min 30 min 45 min 60 min
No shield 100 159.9510.61 279.12+0.42 395.7510.53 498.80%0,40
Pb 0.2 mm 97.91 156,11£0.19 275.2740.61 389.47+0.44 488.3310,34
Pb 1.0 mm 79.44 124.7120.20 217.4240,90 310.0610,34 396.20£0,51
p RNS-TX 1.1 mm 90.65 138,400, 14 253.09+0.64 358.3410.38 452131031
Tungsten 1.0 mm 91.81 141.48%0.70 253,301+0.66 360.8010.60 457.94%0,74
Tungsten 2.0 mm 84.33 132.51%0.34 231,5710.81 333.75+0.09 420.60£0.71
Tungsten 4.0 mm 77.74 120,55%0,12 213.81+0.51 308.3510.81 387.74+0.48
Table 4, Thyroid dose by using *™Tc (Unit: zsv)
Radionuclide Shield Mean SD. Ratio(%) Efficiency(%) p-value
No shield 16,221 1.050 100 0
- Pb 1.0 mm 2,412 0.474 14,86 85.14
RNS-TX 1.1 mm 2,557 1,037 15.76 84.24 0.05
Tungsten 2.0 mm 2.764 1.144 17.03 82.97
Table 5, Thyroid dose by using 'l (Unit: gesv)
Radionuclide Shield Mean SD, Ratio(%) Efficiency(%) prvalue
No shield 2.731 0.541 100 0
gy Pb 1.0 mn 0.306 0.337 11.20 88.8
RNS-TX 1.1 mm 0.335 0.217 12.26 87.74 0.0687
Tungsten 2.0 mm 0.377 0.183 13.80 86.20
Table 6, Thyroid dose by using '®F (Unit: sv)
Radionuclide Shield Mean SD. Ratio(%) Efficiency(%) L-value
No shield 55.420 1.784 100 0
- Pb 1.0 mm 44,025 4,148 79.43 20,57
RNS-TX 1.1 mm 49.237 3.211 88.84 11.16 0.0741
Tungsten 2.0 mm 46.734 1,981 84.32 15.68
6. OSLDZ 0|83t Fo| AN Mz Z-3 o] g,

WA o2 A2 1.0 mn XA AR A] 44,025 15V,
RNS—TX 1.1 mm 49,237 |&v, B§2AH 2.0 mm 46,734 |[SVE
Uebgow, XA v]Abg- Al 55,420 (SvE AHEAE 5
O3t ztolE HolA| UK p»0.05)(Table 6).
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£ 1E1E 7180l 90, ol A8 e ndlol
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Bk o| @A - ol oA Bt A - 5l 85 HA T
Al 218 FoltH14], oA K A A Rk A|&5AQ1 25l A 7F XS 085k YRt Yoyt b o
A5 ZFYshHA] Ho AS AAdSkaL ARt A |ok= O3t il o oyt A& HokolAe A8
I 7 Sl AR ] IH1s). o5 Al 71 4 S Ao s ETh T 2 Ao AR gaEl A}
% sht= 3D EE‘HE AR | AE-S ARg-sto] WA HAE ol-g-sto] 3HO5t -8 WA Al A AFstAL
AHA o) AHlEE 7Y W E U FAHo® ARk 2 Aol A AREE HARAAS AlQlstaL dlofet HAL A
A A oL vlwste] Ads-& BrIskalAl skl A AREShs WA Y-S ARESto] IS e tE
3ol AREEH M Te 25 mCiof A= B8l 4 mne] 2} A7 A 7o) Wt AYS FUHE SE o AlEA
Hl&o] 71 & UeRtow 0.2 mPb7} 71 WA vER s 2IE IS 5 oS Zlolgt AlmErh E3E 3D ZlE
o} ESE g AH 2 mme} RNS-TX 1.1 mm7} S-ARSH 2|82 of AMgE= UM E A EE Aluminium, Barium, Brass,
wolck I 3 mCi E3F ) AEl 4 mne] i}ﬁﬂgro] 7 = Bismuth, Tungsten¥} PLA 9 ABSO] &332 59 AR85}
Al yepster, 0,2 mPbzt 7Y R ApHleS Bl 1 of o TRt AHHAE ARl o] A 2 A A
)31 #'T19] 79- o H2]7} 63 keVe] H]w A W o %] oF vlarste] 71 A o oA 2| 24, A FAE
o]7] ufjszoll A#H| A} Zpol7k 2] ghgkeh, 3 YAH 2 Yol v A7t o Floz AlgEc)

me} RNS—TX 1.1 mm 28|31 g2Hl 4 mme} 1,0 mmPb7}| &
ARSE A2 Bt €§24HE 2 mef RNS-TX 1,1 mn7} =}
W Ea7 Bl e AR EOAE § ghe A
o] RNS-TX 1.1 m7h 39 &37} o %7 SA =, ol
& RNS-TX 1.1 mm7} €€l 2 mmof| B3] UA}A7|E ufj-$&-

n|N|&sle] =8 S 7Ex| a1 §)7] wjFolekar AbRE )
F 10 mCi2] 49 9] g8l 4 mo] xjw|go] 71 7
UERten], 0,2 mPb7k 7Hg WA UreRgeh SRR T
25 mCikth ARAO R vlwd e 2y e 2k
o= 7] o Ui 4|7} 511 keVi THE Alflo] u]3| aleio]
uj$- 7517] wEoleka AR Eeh 1.0 mPbe} 8D L]

= A 28 A s o A 2 m o
AFREZL 1.0 mPbo H|E AT ES Mol AL & 4

om 4 m ojAto] H Wl 1.0 mPbRET} T & &S
Holt} o] BES thof 3D ZES ARE35lo] YA 7]
uke] 2| A FAIE e Alo sk o] Q)& Ao

AKX A~
e} Abggt,

HE A Sl Y YA A
A A B gAY T % MR FRaAY)s AuE B
At} Y 1.0 mm, RNS—-TX 1.1 mm, 3D ZHEZ AHZst &
28l 2,0 mn k0] 2] e PTeol iz W 1.0 m7h

o3} ZJo]S Hgl o} PITI, ¥R Ao A 7t {0
g Zpol7h Gt
B A Lo A Prre, M AnfE W g A 2 mv} 2z}

7+ ZpH| YL AOZ 100% 7|Z02 21.32%, 16,92%9)
Ao AHES BRIt} Yoon 59 A3 A4S HH XA
A}

O % SIS ul 3D ZE| = A& g 2dlo] 1 e
O AulE 90% oS Ko
=121 2 mo| A 2|t 100%2] &}
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