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Abstract—New neutron shielding materials, KNS-201/202 and KNS-301/302 have been fabricated to be used for radio-
active material shipping and storage cask. The base materials are a modified and a hydrogenated bisphenol-A type epoxy
resin, and polypropylene, aluminium hydroxide and boron carbide are added. These shielding materials offer good fluidity at
processing, which makes it possible to form this resin shield into complicated geometric shapes such as radioactive material
shipping and storage cask. Several measurements were made for the shielding materials to evaluate the thermal and mechan-
ical properties, radiation resistance and neutron shielding ability. The neutron shielding ability of the shielding materials was
revealed to be better than that of a foreign shielding material, NS-4-FR, due to higher hydrogen atomic density. Other proper-
ties of the shielding materials are as follows : onset temperatures 257-264 °C, thermal conductivities 0.94-1.01 W/m - K, ther-
mal expansion coefficients 1.22-1.73X107°°C"", tensile strengths 2.4-3.2 kg/mm’, compressive strengths 9.7-15.2 kg/mm?,
flexural strengths 5.5-6.4 kg/mm’, macroscopic removal cross section 0.16-0.18cm™". In general, the concerned properties
of KNS-201/202 and KNS-301/302 were revealed to be better than those of NS-4-FR. It is also observed that the neutron
shielding ability and radiation resistance of KNS-301/302 were better than those of KNS-201/202.
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Table 1-1. Composition of shielding materials

Composition(wt. %)
Shielding Additive
material  Resin  Hardener
Polypropylene AI(OH), B,C

KNS-201 275 10.5 - 59 3
KNS-202 275 10.5 3 56 3
KNS-301 275 105 - 59 3
KNS-302 275 10.5 3 56 3

Table 1-2. Chemical composition of shielding materials

Element Shielding material

(Wt.%) KNS-201  KNS-202  KNS-301  KNS-302
Carbon 27.26 29.81 25.38 27.94
Hydrogen 6.03 6.36 6.64 6.97
Nitrogen 1.24 1.24 1.30 1.29
Oxygen : 4273 40.88 43.94 42.09
Boron 233 233 233 233
Aluminum 20.41 19.38 20.41 19.38
Density(g/cm’) 1.676 1.620 1.658 1.605




NFASAA FHA Aola) 54 663

Cf-252

35x35 Surface

T : thickness
Fig. 2. Schematic diagram of experimental apparatus(unit : cm).

%2 0.1MGy, 0.5Mgy 2 1.0MGy°| i, |58 27} gz Ml
5kGy/h o2 2047k, 100417k 18] 7 20047} 5t 2Asle] dg]
o} wRARL ZARA] AP 9] FZ7)ol| e AN kel HALE Zo)
7] $135ke] 100 mm(W)x 360 mm(L)x 80 mm(H) =7)2] Akz}ol] A]H
55 o] AP AHBH 8emE]= Aol FasA dAsle] =
Abstdct. FA7) AR 2 ARS AR HEd FAAA
% (spontancous fission neutron source)3! Californium-252¢) £]3) 3}
Mzl on 28-S 93 Ax] 2 )8 5% Fig 29} 2o}, AL
HEE-2 1.01x 10 n/so| =, AR A7) Alo]9] Azl 50
cm, A2} =717} 350 mm(W)x 350 mm(H) X 25 mm(T)2] 3=} =}
Az} A&7 Alo]e] A2]= 15cme]w}.
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FAA AsiAe] EAAR R 9 AP AIAAAY, 94
EEAY W A9, JeA AYL A, dEAYE 2 F
A3 Ssiolct. A AP ASTM E5374] waba] A2 10
-15mgg 3ted A4 F-< 90 ml/min, 7}E LK 5 °C/min, 420l 4]
800 ‘C7}#] TGA &X & stgir}. JAEEAH-L ISO 8894-10)) u}
2}4] hot wire method 2l QTM-500(Kyoto Electronics)ol] &3] @A =
=5 EFAd9on, A9 =7 50 mm(W)X 100 mm(L) X 10 mm
(T)0)Sic}. I AZA§-L ASTM D696 wel4] DuPont 2100 Ther-
mal Analysis(TMA)ell o8] AYAAFE SFAs1glom, A|He] =
71+ 6 mm(W)x 6 mm(L) X 4 mm(T)e) i c}.

1A KS M3015¢) m2br] Zwick Model 14462 crosshead
458 SmmminZ YA FAH ARFES ZPage
AlH-2 KS M30159] FAol 23} Aztalgict. ¢4&A18-e KS M
3015¢) wheb] Zwick Model 14462 A|PLE5EE 1 mm/min2 QA
A 18k S E s on, AEY) 27)E 127 mm(W)
X 12.7mm(L)x 25.4 mm(T)o]gle}. Z-ZLAF-L KS M30150] weha]
Zwick Model 14462 A|H4EE 2 mm/minZ WA s}A] 9x]shd =
FAEE FAslson, g 27]+ 10mm(W)x 80 mm(L)X 4 mm
(Telsdct.

%37 A%8L Polycthylene ZH<12 = 9" remmeter(Eberline
Co)2 24shict.

Az Bl 4, B4 Y A 95 $4L CHN-1000 Elemen-
tal Analyzer(LECO Co.)2, ¥-4= {4+ ICP-AES(Inductively Coupled
Plasma Atomic Emission Spectrometer)2 543 3}ic}.

Table 2. Thermal stabilities of shielding materials

Shielding material

Description
KNS-201  KNS-202 KNS-301 KNS-302
Onset temp.(’C) 257 257 263 264
Weight loss(%) 46.4 50.7 504 50.6
at 800 °C
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Fig. 3. TGA curves for epoxy resin based shielding materials.
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o] KNS-2019] ¥ wgfo] c}& FAAL A SH} 2A) Jeht
o} =& o] 5 S XS Table 30ll4] B nje} o] o))
A AT g 5471 Q2] AMeEE $42 AulA), NS4-FR
2o} dAEwgle] 34 Jeyirl. Fejz2dale] HrlEl KNS-202
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Table 3. Thermal conductivities of shielding materials

Shielding material

Description
KNS-201 KNS-202 KNS-301 KNS-302
Thermal 1.006 0.926 0.952 0.936
conductivity
(W/m - K)
Reference[18]  Bisco Products NS4-FR(Fire Resistant Shielding):0.65

Table 4. Thermal expansion coefficients of shielding materials

Shielding material

Description
KNS-201 KNS-202 KNS-301 KNS-302

Thermal 1.259 1.728 1.215 1.418
expansion
coefficient
(xX107°°C™")
(50-180 °C)

Reference[18]  Bisco Products NS-4-FR(Fire Resistant Shielding):1.97

o} zFo] KNS-3018] dq3ASghe] k2 A2 A AER) G
A vepget. o) vlaslEsA FEACA A7 A2 94k
2|2 " 24 naHFAY AFAFAVL G2 AT iR
A7+t Table 4oll4] 8= uls} zho] Fejz2ddle] 37k FA
2 A A AR o] A vehtet. =3 ol& 494 2
A Ee] dRgtgA o] T4t FAAL A\ A, NS-4-FRE T} 94
g A2 viehgel
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Az A=} 2} A)ql KNS-201/202 % KNS-301/302 A|HE-2
e EA] Al A-E Table 5o Vel gich. Table Sell4] 2& u}
9} zro] AT W FFF}ExioAE= KNS-201 202¢] KNS-
3013} 30280} 943}, vl ol QF&7FE ol A= KNS-3013} 3027}
KNS-201} 20212 ¢} 953 Ao 2 Jepgch Zejzadalo] Ay}
g A1z} 2}u) A (KNS-202¢} 302)5-9] 71AA 727} Aubd o
A vepton], 53] &7t e gt 3 Gyt o)
Felz g9 Qixtar|)7) AL Ee)Ea el uc 2 A
ol 7113 Af12]7 &7t xelde Elz 2 249 2}
7 e A6l 7)elgk o2 Azbsich =g Table Sol4] B ule}
Zro] ol FAAL AHAEL JEH AdAe] HubH oz NS-4-FR
R} % 710 2 vhehydel

3-3. LHARMY

Table 5. Mechanical strengths of shielding materials

Shielding material

Description
KNS-201 KNS-202  KNS-301  KNS-302
Tensile strength 3.19 2.76 2.74 244
(kg/mm’)
Compressive 13.16 9.70 15.22 10.47
strength
(kg/mm’)
Flexural strength 6.42 5.86 6.12 551
(kg/mm’)
Reference[18] - Bisco Products NS-4-FR(Fire Resistant Shielding):

* Tensile strength:2.99 « Compressive strength :7.38
* Flexural strength:5.34
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A9 ZAls TEAFEAS] B & 93-E uxA =i o]d
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&, F4(side chain)e] A<t ¥ Fall7|Ale WAz Bxsbagte] A
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2] 2 A2 ukgsle] Aok 3o stwAge sHAl Hol[13,
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drchs 40 A7 et gzle] Ajte] $-A)sly QAtss}
E PATFZE o|F= JlaAgsT) Fols] e M 4
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ZrheH16]. zeh WAk AR ERe] 0.1 MGy ol Abdla = &471
272 23t AR =] Frlavu ke FHt) o] Al
28 AATE X gz BEEshkge s AgdE = dhgo] ¥t
A QA=) sk Aog Az} w3 KNS-201-8 of&
FAA AAER} QAR ES} A Faske AR ehye)
gHo 2 Felxzgalo] -2l KNS-202 ¥ KNS-302 X}oljzjE2)
WA= F7HEE FA|, HAaEE WA Yelyicl o] wiAl
ZAMAIEFO] 0.1MGy olslolxle Ealza gzl o Za)4x|ee]
7t ZAte] WU 1 olAtellMe Felzagdle] slaAgtuc)
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Fig. 4. Radiation-induced tensile strength of shielding materials.
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Fig. 5. Radiation-induced compressive strength of shielding materials.
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-3027} wW3}Zo] A2 gl ubdell KNS-202%= ZHAste A48ke 1}
etisle}. 0.1 MGy7HA] k&3 =7} Z7kshe AL AFA A9t Z
szegddse] rlndgs she 5 A Sl gt rtw
A7t Bobd 4574 Er) Fokshe 2o g 39 o
FAeA e FA4A ARl KNS-3019] sF37h s whalad 24
Foll Ao kg WA We A 02 veltA|Rh, alkyl glycidyl ether
B RAE AFAFA] FAAF 2ol KNS-2012 HhAPd 2AR
2] Ftel we} SR Es} Fadhe Ao eyt
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N
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Fig. 6. Radiation-induced flexural strength of shielding materials.

Table 6. Atomic densities of shielding materials

Shielding Atomic density(X 10” atoms/cm®)

material

Carbon Hydrogen Nitrogen Oxygen Boron Aluminum

KNS-201 2.291 6.042 0.089 2.696 0217 0.764
KNS-202 2422 6.157 0.086 2493  0.210 0.701
KNS-301 2.111 6.576 0.092 2742  0.215 0.756
KNS-302 2.249 6.681 0.089 2.543  0.208 0.694
Reference Bisco Products NS-4-FR(Fire Resistant Shielding):

[18] * Hydrogen atomic density : 6.07 X 10 atoms/cm’

Fig. 6] vtebligich. Fig. 604 M= ule} zbo] wiabd ZApAgpo)
0.1 MGy7}#] Z7}3tol| nle} KNS-3013} 302 3}z 59 Z227}e
7} 718k, 0.1 MGy ool Zhashe 738 el o,
KNS-2013} 202%= WA AP ] F71o) me} ZHashe AL
vehiglet.
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3-4-1. A HE 24

FAZ AEEIL v & iUt dFA F5dwAe)
2 S22 A Wert S Aslsn LA AAE 1A
B2 FA2 A9 Az e sjeto] g 3sjr}. Table 6
FA2} 23R, KNS-2013} 202 ¥ KNS-3013} 302¢) 1444 2x
S yehd Zol=, o]= Table 1-29] FA2} xbsi| )] shstzAdn) o}
“Reactor Physics Constants” (ANL-5800)2] A}8.& AMg-slo] AlxrgH
A2 vehd Zlolth. Table 604 B uje} 7Fo] o]5 FAA} 3}
AN EL] AU YEE 4 242} 2192, NS-4-FR B}
A vebgtet

3-4-2. AXA AAGHH

FA7 29521 A5 Table 79 Vebigic}. Table 7oll4] B
£ b} o] FaUAl WEr} FL& KNS-3019] ARAA AADA
A (Zp)o]l KNS-2018c} A Yehge}. ol $48xts dwst 3
A2 Adsel S vidE F93 AN & F Yot w3y
Table 79|14} ¥ wpe} ko] )24t FA4)2} A}si|zj2] NS-4-FRH.c}
A vebdet. 9714 AAA A A=A (macroscopic removal cross
section)e FA2 A AslY5-E bl dab oz %
sA) 29 FA 1emollN FAAL RE Hubgsgoleh: Ze)H
ulE Zdeth A AAAY AN AADGARL f5 Ak
B8] g2 ohg A (1)l 8l AEsldth4).

D/D,=exp(~ %X T) )
714, D, : 445 AZ7) Apololl 27 1 whel T4 4

Table 7. Macroscopic removal cross section of shielding materials

Shielding material

Description

KNS-201 KNS-301
Neutron energy, E(MeV) 0.524 0.524
Shield thickness, T(cm) 25 25
Source to detector distance(cm) 50 50
Source to shield distance(cm) 35 35
Attenuated(D,)/Unattenuated(D,) 0.6629 0.6337
Macroscopic removal cross 0.16 0.18

section, Ze(cm™")

Reference[18]  Bisco Products NS-4-FR(Fire Resistant Shielding)

« Neutron energy:1.1 MeV

» Macroscopic removal cross section:0.13cm ™"
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Fig. 7. Dose rates of neutron shielding materials at the cask surface,
as a function of thickness.
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Fig. 8. Dose rates of neutron shielding materials at 2m from the
cask surface, as a function of thickness.
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