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Development of Neutron Shielding Block by Epoxy Molding
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Summary

Project Title
Development of Neutron Shielding Block by Epoxy Molding
. Objective and Importance of the Project

There are a lot of different kinds of neutron shielding materials and
structures of their combinations for development of neutron spectrometers.
These shielding materials are against gamma rays shielding and ones for
neutrons from fast through epi—-thermal to thermal neutrons. All of these

should be combined for effective and efficient shielding.

The basic principle of neutron shielding is to moderate fast neutrons into
low energy ones for easy and effective absorption because low energy
neutrons have generally high absorption cross-section, i.e., a kind of
shielding. Usually these fast, high energy neutrons are moderated by high
hydrogen containing materials such as water, paraffin or polyethylene, and
then the moderated neutrons, that is epi to thermal ones, are absorbed by
materials containing boron, cadmium, gadolinium, etc. showing very high

absorption cross—section.

Along the process of spectrometers construction or experimental
arrangements, there are many times of difficult shielding requirements for
not-strictly defined shapes, loading of internal volumes of complicated
structures, very high shielding efficiency under limited volume or positions
contrary to strict form of metallic structures of Al, irons and steels, Cd, Pb
and engineering plastics of PolyEthylene(PE) or borated PE(B-PE). We have
failed to make good neutron shielding block of epoxy for those kinds of
purposes for a long time but in this year we could achieve shielding blocks of
epoxy having good mechanical properties and got to know many technical

tips. This report describes the trials of molding and its properties for neutron



shielding and mechanical properties with its related understanding.

IV.

Scope and Content of the Project

Simple introduction of epoxy Molding

Physical and chemical properties of the selected commercial epoxy
types

Molding of epoxy and CdS and their transmission test

Molding of epoxy and Borax and their transmission test

Molding of epoxy and B,C and their transmission test

Molding of PE and CdS and their transmission test

Result of the Project

We got to know the general guideline and recipe of epoxy molding for
neutron shielding purpose, and several factors for their final properties

were surveyed qualitatively.

Epoxy shielding blocks can be used for poorly defined shapes,
charging internal volumes, high-efficiency shielding and structures of

not easy machining objects.

Epoxy is less efficient than PE in fast neutron shielding capability due
to its low hydrogen density. But good control of plasticity in any
shapes, various mixing capability of powders for neutron absorbing
materials, and quite good mechanical properties can be obtained. When
we combine these epoxy blocks of neutron shielding materials with PE,
B-PE, and Cd, etc., we would have very effective shielding capability

and good economic cost—effectiveness.

Epoxy with B4C powder is superior to the one with borax in terms of
shielding power but the epoxy with borax is more acceptable in most
of cases economically. Industrial grade borax is of coarse—grain form,
1.e., not so fine powder, but molding quality shows no dependency in

powder phase. Usually coarse grain powders made more air bubble



during epoxy curing, but careful attention is needed for good looking in
the epoxy blocks. Practically maximum content of mixing powders of

borax and B4C, etc. would be 50 weight percent.

- 40~50% borax epoxy has better shielding properties than the B-PE
but when we apply these shielding materials, we need to consider the
required shielding level, radiation to be blocked and background

properties.

- Based on the quality of the epoxy molding, Dongyang epoxy 1s much
superior to Kukdo Epoxy because Kukdo is a primary supplier for the
epoxy base materials and Dongyang is a secondary supplier improving
properties of the primary materials. Of course Dongyang epoxy i1s
much more expensive to Kukdo by 2-3 times higher. As for application
under tight requirement, Dongyang would be preferred but Kukdo YD-
127 and GO331 would be good in terms of cost effectiveness for most

of cases.

- (CdS has good neutron shielding properties and very nice property of
colouring in red or yellow but is expensive, too. This compound would
be good for colouring for PE, B-PE or epoxy blocks by just 0.5-3
weight percent content. Colouring is good for looking but also for
inventory control for differences of these expensive shielding

materials.

Proposal for Application

We acquired the techniques for mixing of epoxy with neutron shielding
materials such as B,C, Borax, Gd:03, CdS, BN, etc. And these techniques
would be applied for neutron shielding purposes for neutron
spectrometers and experimental configurations such as shielding blocks,
bricks, beam narrowers and stoppers, and various objects of irregular

shapes.

As for its first applications, we will apply these for the detector



shielding structure of 100mm W x 200mm H dimension for residual stress
instrument and for exterior wall shielding of the 2-D PSD chamber of the

HANARO small angle neutron spectrometer.

We will apply the CdS for colouring PE or epoxy blocks and the CdS
coloured PE could be fabricated only when HDPE(High Density
PolyEthylene) were injection—-molded in the company. As a separate
project collaborating with a PE injection molding company, PE with boron
materials for effective shielding of both fast and thermal neutrons for
thick plates or bricks will be tried, which have been very expensive and

should be ordered in big volumes of 2-30k USD quantity.
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7104 A7 717F ol g B = Aol ofa™ §7]el aEl= So o AE
g $ AFLIE AR ol FA AEet Jt=F e 3| ALt
o+ o 2ot

S gH Ak e 1)
DE-Cd2

95X(NZA] F-A) / 1.2(o| Z A B]F) + 5X(FIE=H F-A) / 4.8FEH H|Z)
=4.2x4.2x%x3.14%x1.2=66.5cm®
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(3%

|71 AA AE 4.2, 74 1.2cm 993) X =0.83

upEpA] o ZA] FA = 95X = 78.8 g
AZEA FA : A3A =10:3=60.6g: 18.2¢g
JI=H otgEF =5X = 4.15¢
FteF 5 = [(4.15 x 0.847)/(78.5+4.15)] x 100=3.9%
« A FAN AR} A LS A LA AL F US
T2 B EA + FlE=F s (DE-CA) A8AZ 2 FA42 F34&
(B : sample= A X|3}#] 2892 w o] monitor count)
o ZA] | o EA] | TI=E | JIEE | TIEF A A
A | AgAl | Ae | Az | g (B%g%l) £y
(2) (2) (2) (2) (Wt%) ’ (%)
DE-CdO | 62.0 18.5 - E 0.0 155,637 38.4
DE-Cd1 | 62.0 185 - 4.2 3.9 31,987 7.9
DE-Cd2 | 62.0 18.5 4.2 - 3.9 32,057 7.9
DE-Cd3 | 62.0 18.5 2.1 2.1. 3.9 31,551 7.8

=

okol o
5 A=

] ] monitor count)

3. TFNFA] / HEFH Al + Borax (DE-B/KE-B) Al&A12 9 F44 F

-4 (B: sampleS A3 38}A

= o] A -
T | TY VD-128 & | Borax | Boron M/150s /32
A | B3kA G-0331 g | g% | (B=405,191) | Fo&
kg) | (ke (Wt%) | (Wt%) (%)
(kg)
DE-B1 3.1 0.9 - 50 3.4 1,737 0.4
DE-B2 | 3.1 0.9 - 50 3.4 1,399 0.3
KE-B7 - - 4.0 50 3.4 1,349 0.3
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2. B EA) /| ZEJZA] + Borax (DE-B/KE-B)
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3. I=ZA] + Borax / Bi«C(KE-BC) / 7t=%& <¢H=(KE-Cd)

oo EA(FA] YD127, 434 G-0331)el Borax$t 7l=F <taE 7t
40wt% EFste] o FA] A A MES ALEdth. 747t &3 FAM]
Boron % 7}=5H d&Fe % 49} Tt}

53] KE-B2HE9] 45 o FA1¢ Borax® o] Foxl P&l AwFe] <F
E A7EE W AN s ddetr] Y8t 1 wted Jt=F kR H7be
o 2o KE-BO= Borax7h Z3HE#] &2 ol FAwtez o]0 A=
tq =

Lo

>~

Z}% Borax®e] a3E Atelr|9al 1A E = AZE Y. S5 Ak
o2 2

P

ﬁﬁiﬂkm

= gH AR e 2)
KE-B2

50X(ol|ZA] F-A) / 1.2(o|ZA] H]Z) + 50X(Borax FA) / 1.6(Borax H|%)
=42x%x4.2x%x3.14x1.2=66.5cm’

(A& &7 AA : RAE 4.2, 77 1.2cm 9¥¥) X =0.912

wel A o] ZA] FEA =50X =456 ¢
ANEZEA FA : A3MA =7:3=31.9g: 13.5¢g

Borax® = 50X = 45.6g
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A

sample S A X|s}A] &S

S A=

B AEEKE-Cd) AlsA%

W] ] monitor count)

FA | A3 - M/150s | &4#

¥D127 | Go3a1 | Pr| i TS | T B= | E7s

(g) (g) & & & o 368.205) (%)

KE-BO | 57.1 | 24.5 - - - 0.0 29.230 7.9

KE-B1 | 32.6 | 14.0 | 466 | - - B 7.4 1,390 0.4

ke-B2 | 32.6 | 14.0 | 466 | - |og3| B74 1.306 0.35

' ' ' 721 Cd0.85 ’ '

KE-BC | 38.6 | 16.6 - |52 - | B39.0 610 0.17

KE-d1 | 49.0 | 21.0 - - |46.8| Cd31.2 1,117 0.3
4, =X ZA] + Borax

SO ZX(FA YD127, AZA G-A0432)9 BoraxE z+zt 25, 50, 60

wt% <3slo] o FHA| ZH A WES ALY 2ol &3 A8 9F Boron

%Laokg. kv 59} 7L‘jr.

o] A

XS Hrbsta Al Borax@]

e 2w Wss

1o o

A &
s}ol

]
I

ZAYsha b

[e)
=qEFe

G-0331HT HE7F ¥ G-A0432 A3MAE AFgsle] 2]
W3 A Z1 o 2R Boron
g HHoz AAFHA

[z

o ol of

=
=

r*ﬁ

l 741 o= ofefiet At

= FH] AR 9 3)
KE-B4

75X ZA] FA) / 1.2(o)| FA] H]F) + 25X(Borax §41) / 1.6(Borax H| %)

=44.3 cm®

(HE &7 AA : RAFE 4.2, 74 0.8cm 9#¥), X = 0.57
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wehA] o] ZA] FA =75X =425¢g
AZEA FA : A3IA =7:3=29.8g:12.8¢g

Borax® = 25X = 14.3g

# 5. ol FAl + Borax Al&AR B AR kg
o}
5 A

Py
(B : sample= A X|3}A] &%= wWe] monitor count)

of| %A of| Z-A] =
— s Borax | Boron | M/150s | =73#k
A d8tAl | Borax | o, gy ~ e o
YD127 | G-A0432| (g | T | ®%° (B= | TH&
(Wt%) | (wt%) | 368,205) | (%)
(2) (2)
KE-B4 33.6 14.4 16.0 25 3.7 22,635 6.1
KE-B5 22.0 9.4 31.3 50 7.4 7,047 1.9
KE-B6 19.7 8.5 42.4 60 8.9 7,981 2.2

¥ 6.PE+ CdS A 2A% 2 2X4x Fig

(B : sampleS A X]8X] &9tS w2 monitor count)

PE CdS CdS Cd M/150s kg
(2) (2) (wt%) | (wt%) | (B=265,583) (%)
PE-CdO | 15.76 | 0.00 0 0 66,135 24.9
PE-Cdl | 15.76 | 0.16 1 0.85 64,978 24.5
PE-Cd3 | 15.76 | 0.49 3 2.54 55,808 21.1
PE-Cd6 | 15.76 | 1.01 6 5.08 45,926 17.3
PE-Cd10 | 15.76 | 1.76 10 8.47 41,703 15.7
Boron PE 9,237/405,191 | 2.3
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