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Development of high performance transparent shielding materials

for fast neutrons

Yoshiaki Tachi *, Shigeki Kano

Abstract

For innovative improvement of fast neutrons shielding performance on
glove-box panels in fuel manufacturing facilities , high performance transparent
shielding materials have been developed as frontier materials research since 1994
fiscal year. Transparent synthetic resin which contained much quantity of
hydrogen than acrylic resin was searched and attempted the manufacturing of
sheets as panels of glove-box.

Its shielding performance was evaluated by experiments using fast neutrons
radiated from Cf-252, and then its attenuation rate for fast neutrons of mixed
oxide fuel was calculated by MCNP code. Their results were described as follows;

(1) Because it is difficult to increase amount of hydrogen in acrylic resin with
present strength , the transparent shielding material (300 X 300 X 10' mm)
containing much hydrogen than acrylic resin was newly manufactured from
ringed-olefin-copolymer (olefinic resin) synthesized by ethylene and
tetracyclododecene.

(2) It was clarified that -olefinic resin was as excellent as acrylic resin on
transparency and mechanical properties required as glove-box panels.

(3) The shielding experiment using Cf-252 showed that fast neutrons shielding
property of olefinic resin was more about 13% excellent than that of acrylic
resin.

(4) It was clarified by shielding calculation that olefinic resin was more about
20% excellent than acrylic resin on fast neutrons shielding of mixed oxide

fuel.

Like the above, the olefinic resin is more useful than acrylic resin because it has
excellent properties of transparency , mechanical strength and shielding of fast
neutrons. :

*  Frontier Technology Section , Advanced Technology Division , Oarai Engineering Center , PNC
—_ H —
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7 TR OFMS & LR

AV 7 4 YRR X B BIERA OCRE IS AR ER D T 7 ) VAR &
DHBENTVBZ LA, 4EDERERE LTI BOEKRIHEOVWTIOEREIL B
HoheRolz, L 714 YBIEMOEBRMRENTT 7 VVEEM L) ERLELER
LTI, SEKRERDBVHEITORE, Sz kid, HI7CRT, ThTRON K
BT E2EAKRERL BREFOMRPHEM ARY ) OKFEROKBEIOLELNTH
50

¥, SEEBWTERL-LBY ., ERMEROFMII IR ZRIE D RO TR
THILLAMTHY , EREROER/IHEZMOXREZMIFL LB/ ICONWT
b, HHEHERPO L7 4 VBRMIGERRSH . T VIVEIEM LB LT E
BB ICEN T WA I L\ LRI o,

LT, SEIEPET 2ERT 200K EE LTKERFIC X 2BEHREHV -
25, PUFRIIE (GTE) 2RNTAZ LICX 2 ERDEICOVTHRITT S, —#&K
I IZ e F A RS VAR S PWVIBICBWTik, #hlETFRINGTEORMAER T H
B, AED X 5 ICCERMOXBRE 2 IR & L7 PEF B —RICANR S PIVHSEEW 72
. RIRTEDORMOGEEIZES 2T 2V, Lo T, WL ohDhEFRIN TG
R 224 L7 4 VBHIEH OB # 3T EIC X D BRMG L 720 RHEHEE, BHEE T
Vi 5ETITobDLARKTH D, BRNTHEOWMAEITROEY & L7z, ARiZAL
EWMOFREL FNIC L AEEELERBT RETHIH, T TREMEOLDIIF V
7 4 YRR OEE (1.02g/cm3) ZREL. TOKEBEDI% B L V% OEBEES 7S
FRINTEERZRNT 5, cICX ), BEIF—ETHE I LIPOKEOERFEEIIRA
T+ 5, WRINTTHEE. Li6,Be9,B10,Ag,Cd,Ev HIDTH ZE Lz ENETROFAITO W
T, L EOHBROBFEELRIACRT, ZOKR, ERMOICBITEZRML 72
Tk aEREEROBERZEDONT, HISICRT L) ICKAESARLEBERE DA
MAIEEICRKREVI L P 2o, TRHDZ LS, A& DBRITTEDOERINT
iLERAERE O L IXERD 5 P, ﬁ%ﬂﬁﬁttfdﬁ?ﬁﬁi@@mklépﬁﬁ%
MEXEBEL-IENRETHo LV D,

—F, Fa—=TEy 7 AONFVHE LTLHERERAE (XRE8F) 255k - i
TFHBEEICOWT A L7 4 V#HRIET7 7 ) Vs Ed L RS OMRBZF LTw5, AL 74
VIR OBMERBERI0CTH Y 72 U VEIRL D LB, REREHRTOR
HREOOTE N iEEL., MER2VWEZEILRE,

PEDk iz, A1 7 4 YBIEHGEHERN L LTLERENE, MBEL Vo 2

HEeEA LoD, #ROT 2 ) NVETEM & D b hEFOERMEIBICENRTBY, RER
ERRICBT2BHERM E LTHFCEHRODOTHL LR S,

PesEa 8 EEErE ERLLREEEEREEETE
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Y AR al

OLO U _YUIVUIN Z.

#&1 MOX#EF OPuRILAFEHF

B | HEXR |BEALY 0| BIRER BATMOX#RE K EMOX#AE

a BRERS ‘ PuO2 12kgF DEE| (a,n) HUHE|SpniitiE|Pu02 12kg P DEE | (o,n) HBEHTEE| SpaBUHE
Pu-238 | 238.0496 0.999} 2.505E-10 1.448E+02 2.359E+06]| 3.848E+05 2.504E+(2 4.080E+06{ 6.654E+05
Pu-239 | 239.0522 0.998} 9.133E-13 5.597E+03 2.535E+05] 1.269E+02 5.324E+03 2.412E+05| 1.207E+02
Pu-240 | 240.0538 0.999} 3.362E-12 2.624E+03 4.532E+05] 2.389E+06 2.440E+03 4.125E+05] 2.222E+06
Pu-241 | 241.0568 2.45E-05] 1.526E-09 1.389E+03 2.100E+03} 6.866E+01 1.608E+03 2.429E+03| 7.946E+01
Pu-242 | 242.0587 0.999] 5.841E-14 5.145E+02 1.209E+03] 8.673E+05 7.009E+02 1.646E+03| 1.182E+06
Am-241} 241.0567 0.999] 5.086E-11 3.176E+02 1.046E+06{ 3.940E+02 3.174E+02 1.045E+06| 3.938E+(02
C1l 1.059E+04 4.115E+06] 3.642E+06 1.064E+04 5.792E+06{ 4.070E+06
8] 15.9994 1.00000 1.413E+03 1.420E+03
0-16 15.9949 0.99762 1.409E+03 1.416E+03
0-17 16.9991 0.00038 5.705E-01 5.733E-01
0-18 17.9992 0.00200 3.179E+00 3.195E+00
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£2 72 VEIIEROEA F

HHE 7 7 V) WEEBRAR
TG AR (Wt%) H:8.0
C:60.0
0:32.0
EXBEER (%) 93
HRE (g/fcm3) 1.19
5 | R 5R BE (MPa) 63.7
BIERIEEREE (%) 2.2
HTIREE  (MPa) 90.2
BT (Pa) 2.94E+09
srEraE  (C) 100




_..g'[.__

®3 BKET 7 ) VBHEIROZERIFE

BAkE (94wt%) |KFEESOWMRT 7 V) VIR %
HE 77 VEIER  1& Ltk X DN

H:9.4 1.175
TG A B (Wt%) C:70.3 1.172
0:20.3 0.634
SHHEEE (%) 03 1.000
W (g/cm3) 1.11 0.933
5 sRAEEE (MPa) 16.7 0.262
SRR (%) 1.5 0.682
BH VTR (MPa)' 179 0.199
g TEdEE (Pa) 2.16E+08 0.073
arpRE (C) 74 0.740

¢L¢-G6 OLlY6NL ONd




£4 BAEESARITHRO—E

#E%Z JCFEAER TR [ SXRERE P TERREeE BHEM) Bk (SIRMEE | TERRUEME [fthE| mirud® |[BrpaE
(wt%) @em3)| (%)  |EE (mm) |BIEEHRI (MPa) (%) (MPa) (Pa) (T)
7 2 ) WtiRiK H:8.0 30 1.00
C:60.0 1.19 93 60 1.00 152 | 63.7 22 9.2 3.24E+09 160
0:320 ) 1.00
FYH—FKFx—+ [HS58 30 1.08
C:74.4 1.20 86 60 1.18 — 63.7 85 932 2.35E+09 135
- 10:19.8 ) 1.29
FY A F VRV F|H143 30 0.96
C:85.7 0.84 S i 60 0.92 146 | 172 25 353 1.27E+09 9%
) 0.88
KAV 7rFry |H143 30 0.91
C:85.7 092 92 60 0.82 nMEEEZETIEEEMBOLD, F—r 2L
2 0.75
ERTI7UN H:5.8 Pb:30.0 30 1.01
C:43.8 1.60 82 60 1.02 154 | 48.1 ig 69.6 2.06E+09 80
0:20.4 20 1.02
8T A H:0.9 Si:16.1
C:25.6 Bad4s | 445 85 — — — 117.7 12 496 — 400
0:1.8 Pb:51.1

¢L¢-G6 OLY6NL ONd
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#5474 VHIEARD AR
BERDT 2 VEIEE

HE FL74 8 1E L Z204ENE | 72 U VEIEER
| H:120 - 1.500 H:8.0
TSR ALK (Wt%) 880 1.467 C:60.0
0:32.0
B (g/cm3) 1.02 0.857 1.19
B {KFH12h O
REE (g/cmn3) 0.1224 - 1.286 0.0952
EVCRRE BT (%) 91 0.978 93
AL X . 2
B |ERIREE (MPa) 441 0.693 63.7
5 [RARIR(R (%) 30.0 13.64 2.2
il VTSR BE (MPa) 93.2 1.033 17.9
i Y o (Pa) 2.45E+09 0.758 3.24E+09
35 (Vv Fbh)
T4V FMEREE | (kef - cm/cm2)| 20 (Y ¥ F=L) e —_—
Oy 7Y x VIEE 120
MFR (Melt Fiow Rate) | (g/10min) 30
W5 RSB (C) 80
BEBIRE (C) 70 0.700 100
7 (727T)
LI ROREL 6 (&) — —
0.6 (#=T) e —
i ANE R (%) 0.5 (xZ) — —
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F6 Cf252D iR

Cf-252 D BRI bR FE i
MEUEFEHIANVE — 240 (MeV)
=581 2.65 (year)
R 1.051E+08 (n/s)

(1995/3)
LT 1.022E+08 (n/s)
(1995/3)




Ll o VBT ULN &

%7 ERGIES O RDLT Z U VERF L7 4 VEIROBESR

7 7 ) Vishg

V74 g

Ex (mm) | FHEME | BEE EHE BEEE
0 14.20 1.0000 14.20 1.00000
20 9.024 0.6355 8.599 0.6056
40 5.920 0.4169 5.366 0.3779
60 3.867 0.2723 3.296 0.2321
80 2.590 0.1624 2.127 0.1498
100 1.770 0.1246 1.414 0.0996
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&8 S PuO2R R OPuRN A E AR

B

BEX |BEY%-Y0| BREER S PuO2
o RS PuO2 12kgHDEE| (a,n) BHE Spnjit =
Pu-238 238.0496 0.999 2.505E-10 1.721E+02 2.804E+06] 4.573E+05
Pu-239 239.0522 0.998 9.133E-13 5.868E+03 2.658E+05 1.330E+02
Pu-240 240.0538 0.999 3.362E-12 2.825E+03 4.380E+05 2.572E+06
Pu-241 241.0568 2.45E-05 1.526E-09 8.149E+02 1.232F+53 4.026E+01
Pu-242 242.0587 0.999 5.841E-14 5.891E+02 1.234E+03 9.930E+05
Am-241 241.0567 0.9%9 5.086E-11 3.176E+02 1.046E+06 3.940E+02
=111 1.059E+04 4.606E+06 4,023E+06
0 15.9994 1.00000 1.413E+03
0-16 15.9949 0.99762 1.410E+03
0-17 16.9991 0.00038 5.707E-01
0-18 17.9992 0.00200 3.180E+00
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B0 AMOXHEIDD (an) FETHHE

O (a.n) FUEHHEFNE (n/sec)

M | BaMeV) | HITFMOX | #RI{EMOX HESPu02
Pu-238 5.5 23598406 | 4.080B+06 2.804E+06
Pu-239 5.1 25358405 | 2.412E405 2.658E+05
Pu-240 52 4.532B+05 | 4.215E+05 4.880E+05
Pu-241 4.9 2.100B+03 | 2.429E+03 1.232B403
Pu-242 49 1.209E+03 | 1.646E+03 1.384E+03
Am-241] 55 1.046E+06 | 1.045E+06 1.046E+06
(a,p) ARZ BV (nfsec)

En (MeV) | BATMOX | ®RIEMOX HESHPuO2

0.1 5.093E+04]  6.827E+04 5.660B+04

0.2 5.395B+04|  7.342E+04 6.009E+04

0.3 5.286E+04|  7.182E+04 5.886E+04

0.4 6.053E+04|  8.326E+04 6.753E+04

0.5 7.80SE+04|  1.093E+05 8.731E+04

0.6 8.584B+04| 1.211E+05 9.613B+04

0.7 9.329E+04|  1.321E+05 1.045E+05

0.8 1.00SE+05|  1.429E+05 1.127E+05

0.9 9.502E+04|  1.357E+05 1.066E+05

1.0 7879B+04|  1.123E+05 8.838E+04

1.1 8.448B+04|  1,196E+05 9.466E+04

1.2 9.195B+04|  1.299E+05 1.030E+05

1.3 1.031E+05|  1.458E+05 1.155B+05

1.4 1.116E+05|  1.567E+05 1.250B+05

1.5 1.145B+05|  1.615E+05 1.282B+05

1.6 1.210E405|  1.703E+05 1.354E+405

1.7 1.317B+05|  1.851E+05 1.474E+05

1.8 1.472B+05|  2.066E+05 1.647E+05

1.9 1.544E+05|  2.161E+05 1.727B+05

2.0 1.627E+05|  2.276E+05 1.820B+05

2.1 1.639E+05|  2.289E+05 1.833B+05

22 1.714E+05|  2.394E+05 1.916B+05

23 1.736B+05|  2.427E+05 1.942B+05

2.4 1.66TE+0S|  2.329E+05 1.864E+05

25 1.589B+05|  2.223E+05 1.77TE+05

2.6 1.519B+05|  2.128E+05 1.699E+05

2.7 1.443B+05|  2.024E+05 1.615E+05

2.8 1.332B+05|  1.870E+05 1.490E+05

2.9 1.228E+05|  1.80SE+05 1.435E+05

3.0 1.197B+05|  1.689E+05 1.340B+05

3.1 1.0S3E+0S|  1.488E+0S 1.180B+05

3.2 9.804E+04]  1.389E+05 1.099B+05

33 8.371B+04]  1.189E+05 9.384E+04

34 6.752E+04| 9.617E+04 7.572E+04

3.5 5.582E+04|  7.998E+04 6.266E+04

3.6 4743E+04|  6.824E+04 5.328B+04

3.7 3.784E+04|  5.474E+04 4.254B+04

3.8 3.201E+04|  4.657E+04 3.601E+04

3.9 2.767E+04|  4.040E+04 3.115E+04

4.0 2.236B+04|  3.269E+04 2.517B+04

4.1 1.982E+04|  2.912E+04 2.234E+04

42 1.302E+04|  1.913E+04 1.46TE+04

43 1.018B+04|  1.496E+04 1.148B+04

4.4 6.220E+03]  9.135E+03 7.009E+03

4.5 3.965E+03]  5.823E+03 4,468B+03

4.115B+06]  5.792B+06 4,606E+06
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210 T2 MVBISHEE L OF L 7 1 VIR O

WE% 7 7 ) VA IRAR F V714 YRR

ﬁzﬁ Iiﬁﬁ%’ﬂ% BEE (fem3/b) I wtib | EE (fem3/b) I wtlt
K% H 5.6879E-02 8.00% 7.3130E-02 12.00%
1) F A6 Li-6
) F 7 LT Li-7
~) )y A Be
B F#10 B-10
R F#11 B-11
R C 3.5799E-02 60.00% 4.5004E-02 88.00%
2% N
[ 0] 1.4333E-02 32.00%
FThYTA Na
RTAVIL Mg
LIz al Al
rAFE Si
) v P
e S
v/ R K
ANTT A Ca
713 A Cr
TvH Y Mn
3 Fe
=v Tl Ni
£ Cu
Ihvaz=y A Ir
=F7 Nb
EYTFV Mo
AX Sn
TE (g/em3) 1.190E+00| 100% 1.020E+00| 100%
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%11 BAMOXEE %2 hiETFR L L7zEESR

Gy A
TZUNBIRIK | V714 VBRI
EEem)| BHEME | BEE | B | EIEE
o 117E-02| 10000 1.17E-02  1.0000
2| 9.70E-03|  0.8274| 9.29E-03|  0.7927
4| 7.71E-03|  0.6575| 7.14E-03|  0.6089
6| 6.03E-03|  0.5141) 5.22E-03[  0.4451
8| 4.53E-03] 03865 3.81E-03]  0.3251
10| 3.39E-03|  0.2896] 2.69E-03]  0.2292

LB S E 751 10cm OALE

7 2 V) VR EAR F V714 VR
E&em) BHEME | BEXR | AEME | BES
0| 1.16E-02|  1.0000] 1.16E-02 1.0000
2| 9.60E-03| 0.8287| 9.19E-03]  0.7933
4| 7.57B-03|  0.6534| 6.99E-03]  0.6035
6| 5.87E-03]  0.5066| 5.09E-03]  0.4397
8| 4.44E-03| 03838 3.75B-03]  0.3237
10| 3.32E-03| 0.2866| 2.61E-03]  0.2255
gl 2 & &4 ) 20ecm DHAE
7 2 ) Vi BER F V74 YBRER
E&em)| EtEfE | BEE | BHEME | WIESE
o| 1.12E-02{  1.0000| 1.12E-02 1.0000
2l 9.61E-03| 0.8201] 8.78E-03]  0.7860
4| 7.20E-03| 0.6444] 6.68E-03]  0.5982
6| 5.52E-03| 0.4945| 4.83B-03]  0.4325
8| 4.138-03| 03695 3.47E-03] 03104
10| 3.07E-03)  0.2752| 2.43E-03}  0.2175

Sl A S 22516 40cm DHLE

7 7 ) VB IEAR F 171 YRR
EXem) BHEME | W3R | AEME | B3EE
ol 9.79-03]  1.0000] 9.79E-03]  1.0000
2| 7.66E-03|  0.7826] 7.32E-03]  0.7480
4| 5.82E-03]  0.5943] 5.35B-03|  0.5463
6| 4.348-03] 0.4438] 3.77E-03]  0.3854
8l 3.19E-03] 0.3257| 2.62B-03]  0.2679
10l 2.30E-03] 0.2351] 1.82E-03]  0.1854
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#12 BRIEMOXEREL ® TR & L7 mEFEE

ARy
7 7 ) VBIER F V7 4 BIEAR
E&Ccm) #EME | BREFE | BEME | BEE
o 1.17B-02| 10000 1.17E-02]  1.0000
2| 9.69E-03| 0.8266| 9.29E-03|  0.7928
4| 7.68E-03]  0.6556| 7.14E-03|  0.6087
6| 6.04E-03]  0.5150| 5.22E-03|  0.4453
8| 4.51E-03|  0.3845| 3.83E-03]  0.3265
10| 3.41E-03] 0.2913| 2.68E-03|  0.2288

gl A 551 10cm DALE

| T2 VEEER V74 BHER
E&(cm) BHEME | MFEE | BHEME | BESE

0| 1.16E-02]  1.0000] 1.16E-02]  1.0000

2| 9.59E-03] 0.8279| 9.19E-03|  0.7940

4| 7.55E-03]  0.6524] 7.00E-03|  0.6048

6| 5.88E-03]  0.5077| 5.10E-03]  0.4407

8| 4.42E-03| 0.3818| 3.77E-03|  0.3252

10| 3.33E-03|  0.2880] 2.61E-03]  0.2254

Lol 4> 5 #7718 20cm DALE

7 2 ) W BRAR F L7 4 B
E&Ccm) BEM | BFES | #EHE | BES
0| 1.128-02| 1.0000] 1.12E-02|  1.0000
2| 9.16E-03|  0.8203| 8.79E-03|  0.7865
4] 7.17E-03| 0.6422| 6.67E-03] 0.5974
6| 5.59E-03] 0.5007| 4.84E-03]  0.4330
8| 4.11E-03] 0.3678| 3.48E-03| 0.3114
10| 3.09E-03] 0.2766] 2.43E-03|  0.2173
HOEl D HEF T 40cm DALE
7 7 ) VIR F V74 IER
EXcm) #EME | REER | BHME | BEE
o| 9.79E-03]  1.0000| 9.79E-03|  1.0000
2| 7.66E-03]  0.7822| 7.33E-03]  0.7488
4| 5.81E-03| 0.5934| 5.36E-03] 0.5473
6| 4.356-03]  0.4448| 3.77E-03|  0.3851
8| 3.19E-03| 0.3257| 2.63E-03]  0.2688
10| 2.31E-03{ 0.2364| 1.81E-03] 0.1851




PNC TN9410 95-272

%13 HESPuO 2B P TR & L7 HEEE

gy e
7 7 ) VB HEAR F V74 VEEER
Excm)| BAEME | RER | MEME | BEX
ol 1.178-02| 1.0000| 1.17E-02]  1.0000
ol 9.70E-03] 0.8275| 9.29-03]  0.7927
4l 7708-03]  0.6569| 7.14E-03|  0.6091
6| 602803 05139 5.22E-03|  0.4456
3| 4.53E-03| 0.3867] 3.81E-03|  0.3254
10l 3.40E-03| 02897 2.66E-03]  0.2266
ol HEH T 10cm OALE
7 7 ) WA BEAR + V7 1 Y BBRIR
Exem) arEM | RER | BHEM | RIS
ol 1.16B-02] 1.0000] 1.16E-02|  1.0000
2| 9.60E-03]  0.8288] 9.19E-03|  0.7935
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