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Abstract New neutron shielding materials, KNS-201, KN5-301 and KNS-601 have been fabricated to be used for ra-
dioactive material shipping and storage cask. The base materials are a modified and a hydrogenated bisphenol- A type
and novolac type epoxy resin, and 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 evalu-
ate the thermal and mechanical properties and radiation resistance. The properties of the shielding materials are as fol-
lows: onset temperatures 257~280°C, thermal conductivities 0.95~1.14W/m - K, thermal expansion coefficients 0.77
~1.26x107°C ", combustion characteristics < 800°C, ATB(average time of burning) < 5sec, AEB(average extent of
burning) < 5mm, tensile strengths 2.5~ 3.2kg/mm? compressive strengths 13.2~15.2kg/mm?, flexural strengths 5.2
~6.4kg/mm’ In general, the concerned properties of KNS-201, KNS-301 and KNS-601 were revealed to be better
than those of NS-4-FR, foreign neutron shielding material. It is also observed that the radiation resistance of KNS-601
was better than those of KNS-201 and KNS-301.
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Table 1. Composition of shielding materials
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Fig. 1. Flow chart of specimen preparation.

A% 9} AEAS G e T F, 22AS A
85S¢ AFTEYV P ARG T AF 3 EF3H
ot At ge B qEAFR ] 4y FTHAE
Yy 2gsbd dalat Bare] Awe) Y\ 2Ee] TAUT

E& AAF7) dsted AFAFA] FALEE 0.5% ~
10% 2ZAE Y3, ATE 2~4x10 torr S A
ZEHY) oA 25~30% For £ty EFE iR
NEE AAs}. 71Z7F AA" F 4F5 AHEel o
Aol EFEL 93 A2olA A AN SHAHel &3
= A)He Astgc

2 A4 9IRS FAAET FA 5T W
whALAA, FFEA Y go] 2 FAA Ao ok BA4E
sty Az 247 AR ] ZAE F 1 o
el sich.

AzE AJHo) that M ZAARS kg ZAAA

(o]

Composition (wt.%)
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KNS-201 275 105 59 3
KNS-301 275 105 59 3
KNS-601 265 135 57 3
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Fig. 2. Schematic diagram of experimental apparatus.

24

A2 A BAAPeE AP dLAA A
d, dAERAY, WA, 928 L WA, o
FHAPL ARAY, AFAY L FFAEE et
A AP ASTM EB37e) wleba] A& 10~ 15mg
& F3tod Aa f< 90ml/min, 7}¥E T 5C/min, AH&
o4 800C7HA TGA =HE& 3ttt dAEEAYPE
ISO 8894-19 w}2}4] hot wire method?]l QTM-500
(Kyoto Electronics) o 9j8] dHAETE SA3}dom, A
#He] z=7]&= 50mm (W) x100mm (L) x10mm (T) o) i},
A28 ASTM D696l w2t4] DuPont 2100 Ther-
mal Analysis (TMA) o] 93] Q3 A4E SHstodon,
AlH o] Z7]= 6mm (W) x6mm (L) xdmm (T) o) ek, g2
EQXYEE ASTM E1369) gl 42 7jd2 ypat &
< FHks 3719 F42 3m/min, WHEHE Fote) 2%
7} 800C7} HEE 7hdsle] H4g 158 o)k $23 &
AlHE 7FdR ] Fokoll ¥ 3087 AW WHELE S
FAslgon, AWY =r)E 38mm (W) x51mm (L)
x38mm(T) o]=], WA A|H-& ASTM D635l mah4 &
F2] Fol7} 26mm<l ERAHA YA 30&27F 94 F o
A7 B dadelg: FAsiglen, AjH ZAE 12
5mm (W) x125mm (L) x12.5mm (T) o] gich.

AAAE-2 KS M30159) waba] Zwick Model 1446 2

DAFAFEAA FA4A AAA A R B 459

crosshead £ 5% 5mm/minZ YAsHA A8} AR
=E 2Astgen, A1He KS M30152] F4o) s 4|
et AP KS M30159) wetbA] Zwick Model
14462 A|E$EE Imm/min® A #2359 45
A= FAsden, AW A= 12.7mm (W) x12.
7mm (L) x25.4mm (T) o]gich. 248 KS M30159)
w2} 4] Zwick Model 14462 A|¥4EE 2mm/mind <
AeA A FSFAEE SHsen, Ay Z)E
10mm (W) x80mm (L) x4mm (T) ¢]¢ic}.

3. &nt ¥ nE

o5 =N
oty

Az" FA2F 22, KNS-201, KNS-301 ¥ KNS-
601 AHEe) TGA £4HE E 29 29 3ol vhehfsd
th X 204 Bi= wle} o] FAIR} s)Al KNS-601 2
R+ KNS-2017 KNS-301 Bt} =4 ey},
=3 7Y 304 2 uleh o] FAA ANAS Lo

£ FAWs= KNS-601°] KNS-2012 KNS-301%.
o A Jepgeh ol miete welTze FEAEs)
Zojse) Lo Bk Aol A Aol 7] Ao
2 A7 E 2004 B ubeh 2ol A7 252
A¥s) LEL 257~280°C2 Lhehdt). oS AHAE A}
£F HAR SHE7l] ALY B, WY FFZ N4
Za47) A B2 SEE 120C AFO|2E A2W F
Ak A AG o] B o2 qhgsihs AL o % 9
o} ER olF QEHLEE 4 Fol A ALE AN S I

110

100 —

\ ~—— KNS-201
\ — — KNS-301
o0 L \ ~—~ KNS-601
8 8o}
E
=g
S 70t
60 |-
50 f-
40 1 1 | —e 1 1 1

0 100 200 300 400 500 600 700 800
Temperature (°C)

Fig. 3. TGA curves for epoxy resin based shielding materials.

Table 2. Thermal stabilities of shielding materials

Shielding material
KNS-201| KNS-301{ KNS-601
Onset temperature(C) 257 263 280
Weight loss(%) at 800°C 46.4 50.4 35.0

Description
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Table 3. Thermal conductivities of shielding materials

Shielding material
KNS-201 | KNS-301 | KNS-601

Description

Thermal conductivi

ty(W/m - K) 1.006

0.952 1.142
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Table 4. Thermal expansion coefficients of shielding ma-
terials

Shielding material
KNS-201 | KNS-301 j KNS-601

Description

Thermal expansion
coefficient
(x107°TC~'X(50~1807T)

1.259 1.215 0.767

Table 5. Burning test of shielding materials
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Fig. 4. Interior temperature response for shielding materials in a
vertical tube furnace at 800°C.
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Table 6. Mechanical strengths of shielding materials

Descriptio Shielding material
escription KNS-201 | KNS-301 | KNS-601
Tensile strength
. 2. 2.
(kg/mm?) 319 74 48
Compressive strength 13.16 15.22 14.67
(kg/mm?)
Flexural strength
6.42 6.12 524
(kg/mm?)

Bisco Products NS-4-FR(Fire Resistant
Shielding)': -+ Tensile strength: 2.99kg/
mm?* - Compressive strength: 7.38kg/mm?

» Flexural strength: 5.34kg/mm?

Reference
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Fig. 5. Effects of radiation on TGA curves for epoxy resin
based shielding materials.
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Fig. 6. Effects of radiation on TGA curves for epoxy resin
based shielding materials.
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Fig. 7. Effects of radiation on TGA curves for epoxy resin
based shielding materials.
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Fig. 8. Effects of radiation on thermal expansion of shielding
materials.
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Fig. 10. Radiation-induced compressive strength of shielding
materials.
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Fig. 11. Radiation-induced flexural strength of shielding mate-
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