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Development and Performance Comparison of Silicon Mixed Shielding Material
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Abstract A shield was made by mixing materials such as bismuth(Bi) and barjum(Ba) with silicon to evaluate its shield-
ing ability, Bismuth was made into a shield by mixing a bismuth oxide(BiOs;) colloidal solution and a silicon base and
applied to a fibrous fabric, and barium was made by mixing lead oxide(PbO) and barium sulfate(BaSO;) with a silicon
curing agent and solidifying it to make a shield. The test was conducted according to the lead equivalent test method for
X-ray protective products of the Korean Industrial Standard, The experiment was conducted by increasing the shielding
body one by one from the test condition of 60 kVp, 200 mA, 0.1sec and 100 kVp, 200 mA, 0.1 sec, At 60 kVp, 2 lead
oxide-barium sulfate shields, 2 bismuth oxide 1,5 mm shields, and 5 bismuth oxide 0.3 mm shields showed shielding
ability equal to or higher than that of lead 0.5 mm. At 100 kVp, 2 lead oxide-barium sulfate shields and 2 bismuth ox-
ide 1.5 mm shields showed shielding ability equal to or higher than that of lead 0.5 mm, It was confirmed that when
using 2 pieces of lead oxide-barium sulfate and 1.5 mm of bismuth oxide, respectively, it has shielding ability equivalent
to that of lead. Bismuth oxide and lead oxide-barium sulfate are lightweight and have excellent shielding ability, thus
they have excellent properties to be used as an apron for radiation protection or other shielding materials.

Key Words : Radiation shielding, Radiation Protection, Lead, Barium, Bismuth
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Fig. 1. Shied material of Bi.O5 cloth
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Fig. 2. Shied material of PbO+BaSO,
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Table 1, Shielding material size, weight, density(e)
Shielding material Size weight(g) p(g/cm?)
Pb 100 mm X 100 mm X 0.5 mm 56.2 11.34
PbO;+BaSO; 100 mm X 100 mm X 1.6 mm 60.8 1.85
Bi,05(1.5 mm) 100 mm X 100 mm X 1,5 mm 55.0 2.69
Bi,05(0.3 mm) 100 mm X 100 mm X 0,3 mm 3.2 2,78
Bi,03(0,16 mm) 100 mm X 100 mm X 0,16 mm 8.3 1.98
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Fig. 3, Geometric method of shielding material test
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KVp, 80 kVp, 100 kVp, 120 kvpe] ] 7H] BAES AME-
shdct. TAFE 200 mA, ZAPAZEE 0.1 sec AHE3HA
o Zzhe] Ak 2NN AANE S FH F7AIAT
A e EABIAT 247k Al 108] W AES
slo] ek 7153kt

60 kVp TN AL G A9 10819] B3t Al
©388.9 4Gyolt}. 0.5 mmPbe] ASIAE Faket Ao
15.8 #Gyolch AMSh-SHiblE AR 14 54
A Z7H7 RN F3t 5 AR ZAsEY 22 619,
14,4, 4,0, 1.3, 0.4 #Gylo= UePgth ABH|ARE 15
mm S P 37 Z7HA A Rt A
2 ZAsIgEY 22 22,2, 5.2, 15 uGyO= ekt

S oo

ABHIARE 0,3 mm AFHAE 1F7E 58714 F7HA17]
WA T & Aee SAsHIE Y 242} 1432, 68.8, 36.9,
21.3, 13.0 #Gy°o= YElth ARMH|ARE 0,16 mm 2;
HAE FE 57 S7HA 74 B & s 54
a9y Zhzh 328.9, 283.4, 246.1, 214.7, 188.9 uGy<
2 YETH(Table 2),

100 kVp ¥l ZHA7F Gl -9 103]9] Bt 4
2 62,15 #Gyo|tt, 0.5 mmPbe] AHAE Fabet A
2 91.6 pGyolt}, APd—sihbgE AHHAIE 1745 5
A S7IAZIEA Bt & AgE SASIEY 22
190.5, 89.0, 48,1, 28.3, 17.6 pGy o= UERJT) Als]
AHE 1.5mm AHAE FRE 3B7HA] S7HA71HA &
I & AgS SHstAuY 242 123.4, 41,7, 17.0 uGy
o7 Yehgth ABRIARE 0.3 mm JJHAS 135E
SHTMA S7HAZIHA B 3 Ags SAsSleY 2447
427.2, 316.4, 243.0, 189.7, 1517 uGy o= JeRJT) A
SH|AFE 0,16 mm AHAE VdFE 58712 S7HA714
A B & A9E SASAEY ZH72) 586.6, 555.3,
526.4, 499.7, 475.5 uGy o= UEPITH Table 3).
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Table 2, Average dose and rate of shielding material at 60 kVp (unit : «Gy)

Non 05 mmPb 1 2 3 4 5

PhOSBASO 61.9 14.4 4.0 1.3 0.4
ST (84.1%) (96.3%) (99.0%) (99.7%) (99.9%)

i 222 5.2 15
158 BiZ0(15 mm) (83.9%) (96.3%) (98.9%)
60 kvp 388.9
(95.9%) BLO0.3 mm) 143.2 08.8 36.9 21.3 13.0
10,2 (63.29%) (82.3%) (90.5%) (94.5%) (96.6%)
‘ 328.9 283.4 246.1 214.7 188.9
Bi0,(0.16 mm) (15.4%) (27.1%) (36.7%6) (44.8%6) (51.4%)
Table 3, Average dose and rate of shielding material at 100 kVp (unit : «Gy)

Non 05 mmPb 1 2 3 4 5

190.5 89.0 48.1 283 17.6
PhO+BasO, (69.3%) (85.79%) (92.3%) (95.4%) 97.29)

) _ 123.4 417 17.0
100 kvp 916 Biz0,(1.5 mm) (80,2%) (93.3%) (97.3%)
(0.2 mmCu 6215

filier) (85.3%) BLON0.3 ) 4272 316.4 243.0 189.7 151.7
st i (31.3%) (49.1%) (60.9%) (69.5%) (75.6%)

. 586.6 555.3 526.4 499.7 475.5
B.0,(0.16 mm) (5.6%) (10.7%) (15.3%) (19.6%) (23.5%)

100 kVpYd W 103] AP Bt 621.5 ¢Gyolil
0.5 mmE T AeF2 91,6 uGy= A& 853 &
AREEIQITE S 20A AR -k A 24
T ek 89.0 uGy= AFu&o] 85.7 %0]7]¢] 27 ©]
& ARGl 0.5 mm} FESHAL 1 o)/ Fe] A E4
< UERdT ABHIARE 15 mm A 28-S Faket
AT 417 pGyE &) 93.3%0]7]00 27 o At
83l F 0.5 mm¥} FE5SHAL 1 o]4ko] A SA4E W
Wit ABH|ARE 0.3 mm 4] 534S B3t Ak
151.7 uGyE 2}HE0] 75.6 %0]7]°] 'F 0.5 mm®} 55
2| & Uetl7olls AgkebA] ehgtet. Alshu] g
0.16 mm 2HA| 5785 Faet A2 475.5 Gy =] 2t
#&o] 23.5%0]7]°] & 0.5 mme} 553 A 58
Elf7]ol= ARkshA] ket

hd

m ot rlo
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3. FutE

Abshd—gH4bE 214 1.6 mmE AR o kg
2 60 kVpollAl= ZHAI7E gl o) A2 137.9 #GyollA
AHIA] 1.6 mmE AR F 22.2 £GyE 16.1 %7} F2HE Q)
. 80 kVpollA AHHAIZE §1& o A=k 295.7 uGyollAl
A 1.6 mmE ARE- $ 70.2 #Gy = 23.8 %7t F1E| 9]
o}, 100 kVpoll A= HAI7F §g wf A=F 479.4 ¢ GyollA
A A 1.6 mmE AR $ 146.7 pGy= 30.6 %7+ Fk= 9]

o}, 120 kVpoll A= A A7} S o) AF 678.6 1 GyollAl
AHHA| 1,6 mmE ARE- $ 242,11 pGy = 35,7 %7} F2HE| 3
tlTable 4)[Fig 4].

ARBHIARE 15 mm AHAE ARESRE o Fad
60 kVpollAl= AHHAI7}F gl o A= 137.9 uGyollAl 2}
HA 1.5 mmE AN - 2.7uGyE 2.0%7 F= e
80 kVpollA= A AI7F ¢l w A=F 295.7 uGyoll Al 2}
HA 1.5 mmE AME- F 19,5 uGy= 6,6%7} FIH=| AT,
100 kVpollAli= AHHAI7E ¢l wf A=F 479.4 uGyollAl 2}
HA 1.6 mmE AR & 57,6 uGy= 12,0%7} FatE| St
120 kVpoll A= A A7F gl& o A 678.6 uGyollAl 2}
HA 1.5 mmE A F 999 uGyE 14.7 %7} FFE et
(Table 5)[Fig 5].

ABHIARE 0.3 mm AHAE AR o T
60 kVpollAl= A A7F §& wf A2 137.9 nGyollA 2}
HA 0.8 mmE AR 5 61.6 £Gy= 44,7 %7} F2p=| et
80 kVpollAl= A A7} $l& wf A=F 295.7 1 Gyoll 4] 2}
Al 0.3 mmE AR ¥ 161.2 £Gy= 54.5%7F Fak= QlTt,
100 kVpollAli= FHAI7F ¢l o A=F 479.4 pGyollA] 2}
HA| 0.3 mmE AR § 290.8 £GyE 60.7%7} F=QL
o} 120 kVpollAl= A7} gla uf A%F 678.6 1 GyollAl
|7 0.3 mmE AR F 436.3 £Gy = 64.3 %7} FIE
)tiTable 6)[Fig 6].
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Table 4, Transmission through PbOs+BaS0O, 1.6 mm (unit : «Gy)
Number of sheet
(thickness, 0 1 2 3 4 5
mm) (0.0mm) (1.6mm) (3.2mm) (4.8 mm) (6.4 mm) (8.0mm)
kVp
137.9 22,2 5.2 1.5 0.5 0.2
0 (100.0%) (16.1%) (3.7%) (1.1%) (0.3%) (0.1%)
% 295.7 70.2 25.2 11.5 5.8 3.1
(100.0%) (23.8%) (8.5%) (3.9%) (2.0%) (1.1%)
100 479.4 146.7 06.5 36.6 21.5 13.3
(100.0%) (30.6%) (13.9%) (7.6%) (4.5%) (2.8%)
120 678.6 2421 120.5 68.2 41.2 26.1
(100.0%) (35.7%) (17.8%) (10.1%) (6.1%) (3.8%)
Table 5, Transmission through Bi:Os 1.5 mm (unit : xGy)
Number of sheet
(thickness, 0 1 2 3
mm) (0.0mm) (1.5mm) (8.0mm) (4.5mm)
kVp
6 137.9 2.7 0.2 NA
(100.0%) (2.0%) (0.1%) NA
% 295.7 19.5 43 1.1
(100.0%) (6.6%) (1.5%) (0.4%)
479.4 57.6 18.1 6.7
100
(100.0%) (12.0%) (3.8%) (1.4%)
120 678.6 99.9 32.8 12,7
(100.0%) (14.7%) (4.8%) (1.9%)
Transmmison through PbO,+BaSo, 1.6mm Transmmison through Bi,0; 1.5mm
1.000 1.000
0.100 ] el 0.100 L R
% -~ ¢« -120kVp I é e -120kVp ;i \“‘--.
20.010 100kVp gomo 100kvp
80kVp 80kVp
60kVp 60kVp
0.001 0.001
0.0 2.0 4.0 6.0 8.0 10.0 0.0 1.0 2.0 3.0 4.0 5.0

Fig. 4. Transmission through PbO;+BaSO, 1.6 mm

ABHIARE 016 mm 2 AFLHS o Eeo
60 kVpoll A= 2| A7} ¢l wf A1k 137.9 nGyoll A 2}
A 0.16 mmE AME- & 119.6 £Gy= 86.7 %7} FE G

mm

mm

Fig. 5. Transmission through Bi.Os 1.5 mm
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o} 80 kVpolldl= AuAI7} e ol A= 295.7 pGyollAl
A 0,16 mmE ARE- $- 265.6 £ Gy= 89.8 %7} T
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Table 6, Transmission through Bi.O; 0.3 mm (unit : «Gy)
Number of sheet
(thickness, 0 1 2 3 4 5
mm) (0.0mm) (0.3 mm) (0.6 mm) (0.9 mm) (1.2mm) (1.5mm)
kVp
137.9 01.6 311 16,9 9.7 5.8
% (100.0%) (44.7%) (22.5%) (12.3%) (7.0%) (4.,2%)
% 295.7 161.2 98.8 65.0 453 32.4
(100.0%) (54.5%) (33.4%) (22,0%) (15.3%) (11.0%)
100 479.4 290.8 194.7 140.7 108.2 83.4
(100.0%) (60.7%) (40.6%) (29.4%) (22.6%) (17.4%)
0 678.6 436.3 306.7 227.6 178.2 140.2
(100.0%) (64.3%) (45.2%) (33.5%) (26.3%) (20.7%)
Table 7. Attenuation rate by BixOs 0,16 mm (unit : xGy)
Number of sheet
(thickness, 0 1 2 3 4 5
mm) (0.16 mm) (0.32 mm) (0.48 mm) (0.64 mm) (0.80 mm) (0.96 mm)
kVp
o 137.9 119.6 104.7 92,2 82.2 73.2
(100.0%) (86.7%) (75.9%) (66.8%) (59.6%) (53.1%)
@ 2957 205.6 240.4 2185 199.7 183.9
(100.0%) (89.8%) (81.3%) (73.9%) (67.5%) (62.2%)
100 479.4 439.3 404.1 374.6 348.0 326.3
(100.0%) (91.6%) (84.3%) (78.2%) (72.6%) (68.1%)
120 678.6 629.5 585.4 547.3 514.5 4857
(100.0%) (92.8%) (86.3%) (80.7%) (75.8%) (71.6%)
Transmmison through Bi,0; 0.3mm Transmmison through Bi,O; 0.16mm
1.000 . 1.000 S
%0-100 % - «-120kVp
% - -120kVp %
g 100kVp g 100kvp
s0p 80kVp
60KV 60kVp
0.010 0.100
0.0 0.5 1.0 1.5 20 0.0 0.2 0.4 0.6 0.8 1.0

Fig. 6, Transmission through BioO; 0.3 mm

A ZHH|A] 0.16 mmE AR 3 439.3 £ Gy= 91.6 %7} £}
=9Itk 120 kVpollA= A A7) 9l o) A 678.6 #Gy

mm

Fig. 7. Transmission through Bi:O; 0,16 mm
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Table 8, Half Vale Layer of PbOs;+BaSO,, BixOs; 1.5mm, 0.3 mm, 0.16 mm

Half Vale Layer
(mm) PbOs+BaS0O, BiOs 1.5 mm BiO; 0.3 mMm BiO; 0,16 mm
kVp
60 0.72 0.29 0.30 NA
80 1.01 0.47 0.41 NA
100 1.27 0.60 0.51 NA
120 1.43 0.66 0.57 NA
4. Ht7}=(Half Vale Layer) 2.69 g/cm®0]3 0.3 mme] Y& 278 g/cm’o]H, 0.16

APt —gAkaFg It ABHMHIARE 1 5 mm, 0,3 mme]
APE Fike T 2[Fig 4-6]15 2-8sto] ZH2he] XA
opeh $gkel whE WkeS ekl Alehd -2
A A= 60 kVpoll A= 0,72 mm, 80 kVpollAl+= 1,01 mm,
100 kVpol| A= 1,27 mm, 120 kVpoll A= 1,43 mmE LERy:
o}, ARBHIARE 1.5 mm A A= 60 kVpofl A= 0,29 mm,
80 kVpoll A= 0.47 mm, 100 kVpolA4= 0,60 mm, 120 kVp
ol A= 0.66 mmE YERHRITE AFSH]AFE 0.3 mm 2}
HAH= 60 kVpollAl= 0.30 mm, 80 kVpol|Al= 0,41 mm,
100 kVpollAl+= 0,51 mm, 120 kVpollAl= 0,57 mmE LyE}
Wdeh ARSHHIARE 0,16 mm AH|Al = FaFA oA =
Hokgo] 50%0l s e H7ks-g FHeHA] FEekeich
(Table 8).

V.

]
L

Olm 7| ol A A&t Xtk il
7HQ1e] AN WBE Qo HE T AR ARG
TSRO HE7|HE ARSIl sy tHizl sHARE He
FAE AR A5 2ol A7 o] E 4 QA Jo &
g ol Hofstr]ofl Mz A=A gt Za4do] 5
7hE|aL QLA of2] AFtAEo] Rt EAE AHAE Al
25k A 9 EslEo] 3y FoltH13-17], ojof &
TollAes gl vRE(Ba) 1} AelE(si) StEE 50 11
3lst Arshd -3 AR (PbOs+BaS0,) 2H|A|9k A2 u||o)
2 BHo| ABH| AT E (Bip05) SF5lo] E3x3F O R Th
< AHAE ARG, olFA AlAet ZH|A o] 54
AAef Fafistal Eef4] A E w45t 224 A=
off A M =AY s ] o= 54& 7HA AL JleH18],

o] W= 11,34 g/em’® u]$- AL B F shfo
o}, A 2 A5-E ol A AP - eNES
E7} 1.85 g/em®olal ABRIARE 2 15 mme] W&

& WA TREA Y A

o

2 °

Ar

mm?| WL 1,98 g/cm’o|tHTable 1), goll v]af vjl$-
7PH710) o5 WA Hrol-g gt 22 AHHAIE A2kt
= ZPEAl AR 5= 9k Aol

60 kVp2] AEjoll A= Alshd—gihE-S 24,
2E 1.5 mm 2%, ABHIARE 0.3 mm= 5% 5&
S F 0.5 mme} F53HAY o 9435t A S
t}, SAEE ASIHIARE 0,16 mmo] H$-= 5402
0.5 mm9| 2| 58S Yepd 4= gick

100 kVp2] AefolA= AShd—SHAtE-2 2%, Aksd]
AHE 15 mm 2% 52 A 0.5 mme} 553514
L ] =% 2| 5 7HKICh SRR ASPHH|I AR E
0.3 mme} 0.16 mmi= AZH 54& ARESiAl= H 0.5
mm®| AH5ESE Yebd 4= gick Alshg-ghihkga) 4t
SHIARE 1,56 mmo| 749 2| FElo] £7]o | 0.5
mm®]| k= A E ARGSHE AR B 715t A&l 4
&5l 83 Zlo|tt,

2| oS AAre wf £ Hoff 7]E3he, A oA
Wold7iz| o] A, = o SAAIKE, AR, HR<l
Al 5 aresto] ARG Hoff QoA o] Fakg-S 285t
o] Aikstofof sltH20], & Aol cheFet HAF 27
oAl A& 4= =EE FHS 60, 80, 100, 120 kVp2] A
glofx] Tk dlolE|et ¥tE-S FHeF3ith(Table 4-8),
[Fig 4-7].

o] 5 100 kVpollA 0.23~0.28 mm H9ollA R}
S YR 2 1.8~2.7 mme| ¥I7}5S Ve Sich

[19,20], & ArollA Tl Abshd—aHinkgel Hvhe-2

PAE RPN
A
712
=1

= O

rr

1.27 mm, AFBH|ARE 1.5 mm?| ¥ 0,60 mm, At
SHIARE 0,3 mme] W72 0.5l mm=z gHoE=E 3
e wrkEoE Ltk 120 kvp o4

Ak Roh=
ol M= o] W7} 0.28~0,31 mmo]il, Ho] Byl
2.43~3.6 mme YERHATH19, 20], 2 A-tellA izl
AlSPe-gAHEEC] Y7152 1,43 mm, ASHIARE 15
mm®] Y7122 0,66 mm, AFSH|ARE 0 3 mmo] ¥}
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