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Radiation Effects on the Capsule Materials
( Mechanical strength and thermostability
of high polymers )

Yoji HORIGUCHI, Takejiro MIYAUCHI and Akira YAMAMOTO
Division of Research Reactor Operation, Tokai, JAERI

( Received August 13, 1974 )

The changes in mechanical strength and the thermostability of
high polymers as capsule material, after exposed to Co-60 gamma
rays and reactor radiation, were investigated. Thermostability was
‘measured by measuring the activation energy in thermal oxidation
reaction by DTA-TGA ( differential thermal analysis and thermo-
gravimetric analysis), and mechanical strength was determined by
tensile and destructive tests. From these results, integrity of
such capsules was evaluated. Cautions to be taken in usage of the
capsules are also described.
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Table 2 M & %

) D (nvt) D¢ (nvt) r—Dose (R) Temp (°C)
A 7.8 X 10% |20 X 16 3.0 X 107 26~ 30
2.5 X 107 |50 X 10" | 1.¢X 10% 60~ 67
¢ 8.0 X 10¥ 112X 10 3.0% 108 60~ 67
D 45 X 10 |14 X 101 2.0 % 10° 60~ 67
T - - 1.95X%X 10% |Room Temp,
F - - .52 % 107 "
G - - 1.5 X 108 ”
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o/ ay
b
o] D
;/‘
O/ Rﬁ_ﬂ_ﬁ& s 7O G aER
of] c e
1 B FE & ®
ol ¥/ o
ol e
TERIF
3~ v
O IR £s
: B & &

RN v T

TR e L R B

Fig.l HWEFEA/XTE I 0244775 4




JAERI-M 5838

Photo 1 %%%‘?ﬁ@ﬁﬁ%ﬁfﬁ@ﬁ%

unpivye et & B

Pn(JRR-Zﬁ%%) .......................... 7.8X1016nvt(¢)'h)
v's:—:—s@(JBR—zﬁﬁ%Fﬁ?L) --------- 2.5%x1 0 nve (P,,)
VT—4 ( v IR 4.5x10%ave (P,)




JAERI-M 5838

3. £ B & A

3—1 REFEH _ ,
EAFHOMPBEOB NFEHEBRFC BN 2HhOFELDLH, KA ﬁ#&ﬁiﬁ'm B,
FOEBEAHEB LY, REFERNBROFIE (bR TnG, Freemen & Carroll

)
OFEFBATIEELH r ¥ —FRD% - |
B, BG4 L % 5 B0 AERIG OB 6508 0 RIEREAD Wk 5 HE X

-5 =KX | (1

X (A0BEE

t CEEME

K  #HEEH

p (AL DN TORIGKRE
BEETERFT—BH oK TROING,

K:Ze-E/BT , @
M, (AR LD |
ZB—MT—* :-———-d;{df _ (3)
2 EERT
E Bz d r¥—
R I QHKEH
T B BRE
thbib _
A1/T) _ Aleg(—dx/dt) »
“Alog X A logX '

COBREF e o b L THENE N NAE FORE ( ~-E72303R) »HEH Lz ~ ¥ —72,
FOEALGRIBRBEPROLT EDBTRE,
BREBTOREREF FVIBERE, HEHBAOC = » BLEREOEEN HER VBB LN L,
_dng __ Do dw (5)
dt we. dt _ .
n, ! KE4RQAOMPO = »~» &
n, [ EEM ¢ T BAN e A~ ¥
w, [ BICEERET TOERRYD
w FMiLETOERRD
%, W, =W~ wETHL, TP HABELILEX L TEORDIBLNL,

~E/2303R AC1/T) __ Alog- (—dw, dt) W
A log w, A log w,




JAERI-M 5838
CNLOVEBL T F A ¥t RIBREPRODHEEDT R D,

L DEER Fig, 2. 30AT . ArAEEBREESABLTARIELS °C/minTd
2K

AU ZF Uy ORBERIEOTVEBBROERA T X » ¥ —dEKEFAK T 81.2Kcal mol,
7.8%X10% nvt OEHT915Keal Mol & FHLB80X10nvtDBHET 41.9Kcal /mol &
KBbNE ., FhAVA I FEISH RREHE T183Keal Mol , 4.5X10% nve OFEHT
126Keal/mol FBEBOBEME EJCEFLF 2 F~3FLLTWICEBRAESINL,
FNn L% Table 3, 41Tx=T,

AL OBOBRTEHHEY Fig-4, 5 Km3, COHLLF) x5 {2250 ~280°C
HLAEHEVERB OV AONT 2 DL —FHEORHFEC L AEHEERBELR LT 5.
FrAEHIZF LY TS5 0% TERRDTACETLREGRMEH T 380°C, 8.0 x10Y
avt DR T 420°C E#140°C LR TH . TRLEEBHICT ) RESS (ERLEFRES
FCEVEEBCENATREVMER LB R A DABL LAIABERIIERACENL NG T
BhH, ¥ A3 FEIFEHE500°0 HHABNEIERRII BT L. BECLLREREL
b b NN, BRESEMT S EARHABEBENE (20, 4.5%10%avt ORFTH
50°CRRBLENAEINL . REBBB L AL TEHFOFERBRANE L . Th
LOFERMEY Fig. 6, 70w+, TNEDHY =27 vrid 110 °CHTICRIBRIC L HB#E
2% 0 360 ~400°CICHB(LEIGICE AEEMD ) 440 ~ 450 CHEEC RO BRLIT L 5
REBOD Y BEARQCREL A EELLNL. —FEFERBEY T - ERORE, HA
RBREOWE TR —T 50, 400°C Ll EXMET 5 & BILIC L 5 R 492 b IRICRHE
AOBAE (REA)DARKES LCOBRARIEG & BLIT L L5 Lo R R
ot LELZ LN ADRHEMCONWTRESEBRIFTTEOLENRS L, ) 43 FEFLOWTH,
BEC L A2ELEBDOHNED o

3 -2 BEUIAE ,
Sl R ESAEL L TRRGBEONMES S, FMICTEA ¥ 2 b o » B3R
R AT RN T A BFREOIEN (3R VB I ) EMUEFRDE ., CNLORR
% Fig.8~110CmF. COBRLH# I 5 v d10°R O r BHCTE, 51 M,
BERCABREOZBINE I o TWnAD, IHLICEHAREIEHILT LEEIEICKEARE
R BNBE L BN BB L (ETLTL S .. BFRCTREFIL % $OFRA L
ijomxﬁwmﬁbﬁé.@U&%Kﬁ%%@%ﬁtﬁ%ﬁTLSﬂxw”mt@%%m
B ALRIE VRS REHOMEICRS . CNLEBABLSLIREREETH L, FIEIES,
B AT AR, BIEALEL RV TEDE, K v~ —ATOEBHOEBEHSNT (g 0
BEOL x 90 bB Ry, §IE0@It 3 {RbLELLND. #1043 FRiEHTFig.

11 O o CREROEMEFICTHDE AR IR OBT, BELBTHEPLTW G



JAERI-M 5838

eprwrafod jo joyd snrueyqirzy grdry suovlAaytedfod jo quid sniusyad A
ra [ I J 1 ! 34V ' 814
Mo M Tol sy A, CIM Tol sy g
wOﬁX
01 T T 52 0z §T
gt L X i : Iy : g —— )
_. o 450 _ 50
5 1AL 01X 08 5o
hL] 3_ o0
) g :
Jo1 g ] Ho1
o , M VAU OIXGL © 2
» -+ //
\no V \ O M.
._M .. x \ RE
| oo -t
| m o
pllerpeaitun —» _. L * XXO\O 181
w
L
abamgoHXm.vi ‘ | x
P31 BIPRIIIUN o
402 4072




- i

JAERI-M 5838

Table 3 Activation Energy of polyeihylene

Unirradiated

81.2 Kcali/mol

B OE (°C W (mg) Wr{mg) 1/T/ log Wrxlg-"-’i log dw./d t’io_g Wr
271 0.08 882 1.944 2.115
276 0.10 8.80 1.928 1.799
281 0.12 8.78 1.913 1.801
286 0.18 872 1.902 1.299
291 0.22 8.68 1.889 1.490
296 0.28 8.62 1.878 1.306

7.8%X10% vt 91.5Kcals/mol
313 0.22 8.38 1.849 1.699
318 0.25 8.35 1.836 1.523
323 0.30 8.30 1.826 1.301
328 0.33 827 1.814 1.523
333 0.35 8.25 1.801 1.699
338 0.38 8.22 1. 789 1.523

2.5%X10%nvt 63.5 Kcal/mol
253 0.02 9.18 1.974 20717
258 0.03 917 1.957 2.078
263 0.04 9.16 1.940 2.079
268 0.05 9.15 1.922 2.080
273 0.08 9.12 1.908 1.586
278 011 9.09 1.893 1.589
283 0.15 9.05 1.881 1.461
288 0.18 9.02 1.867 1.594

8.0X10Mavt 41.9 Keal /mol
247 0.05 12.05 1.779 1.572
252 0.08 12.02 1.764 1410
257 0.10 12.00 1.748 1.574
262 0.15 11.95 1.735 1.208
267 0.20 11.90 1.722 1.210
272 0.22 11.88 1L.709 1.582
277 0.30 11.80 1.696 1.023
282 0.32 11.78 1.682 1.586
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Table 4 Activation Energy of polyimide

Unirradiated 183 Kcat - moi
j . X107 [ log dwdt,
B E (°C) W (mg) Wr (g} l/T/log\-Vr ‘ log Wr
510 0.05 13.75- 11218 1.1429
515 0.08 13.72 1.1158 1. 3390
520 0.10 13.70 1.1094 1 4946
525 0.15 13.65 1.1039 1. 1462
530 0.20 13.60 1.0983 1.1478
535 0.25 13.55 1.0937 1. 1494
540 0.40 13.40 1.0913 0. 6202
545 0.60 13.20 10904 0. 6238
550 0.90 12,90 1.0940 0. 4708
555 i.10 12.70 1.0044 0.6333
560 1.70 12.10 1.1082 0. 2048
7.8X10%nvt 140 Kea t /mol
511 0.02 18.78 1.001 4 1. 3336
516 0.03 18.75 $.9956 1. 1963
521 0.05 1870 0.99G3 1. 0230
526 0.02 18.68 0.9B44 1. 3363 |
531 0.06 1862 0.5794 9. 9620
536 0.10 1852 0.9751 0.7889
541 0.07 18.45 0.9704 0.9122
546 0.25 1820 0.5650 0. 4833
551 0.40 17.80 0.9704 0.3182
556 0.50 17.30 D744 0. 2431
25X 10 nvt 142 Kcal/mol
502 0.02 15.08 1.0076 1. 3267
507 0.03 19.07 10013 1. 5620
512 0.05 19.05 0.9953 1. 3274
517 0.10 19.00 09898 0. 2353
522 0.12 18.98 0.9840 1. 3301
527 D.15 1895 0.9784 1.1820
532 0.18 18.92 0.9720 1.1927
537 0.30 18.80 0.9689 0.72286
542 0.40 1870 0.9648 0. 7863
547 0.45 18.65 0.9597 0. 6484
552 0.95 1815 0.9628 0. 2391
4.5%10% nve 126 Keal/mol
482 0.2 1819 1.0514 1.5876
487 0.2 1818 1.0446 1. 5878
492 0.2 1817 1.0380 1.5881
497 0.2 1815 103186 1. 3496
502 0.3 1810 1.0259 1.0344
507 @3 1808 1.0198 1. 3514
512 0.3 1805 1.0138 1.2120
517 0.3 1802 1.0080 1. 2127
522 0.4 17.95 1.0030 D. 9209
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Table 5 M & £ # i
nTEN | mayy, | A RAEE Pth ey | Pt ey | TTRO%E
1 Hp—1 7 5 2.7 X 10" 1.2X10V 3.9 X 10°
2 v m 20 1.1 X 1048 4.8 X107 1.3 X 1010
3 " ” 50 2.7 X 1018 1.2 X108 3.9 X 1010
4 " " 100 5.4 X 1048 2.4 X 10 7.7 X 1610
5 " 10 100 7.7 X108 3.4 X108 1.1 X 10!
8 HpP- 2 # 150 9.8 X108 5.0 X108 1.7 X 104

Tahle 6 ﬁﬁfﬁfﬁfg%
& 2 i (Kg 'm)

HT N 05 07 09 1.1 1.4 1.7 35
EMHH = F X - - - —_ - -
n YA O O O O O O O
Ba sl O O O O O O O
2 O O O O O O O
%3 O O O O @ O O
A4 4 O O O O O X -
A B O O O O O x -
Ao 6 O b - — l - - -

% OHR+ OBRETHEE LA -7 L EREL, XEGREELACLEHRT D KRRBHP AV =F v
7 MO WTIES 4 7R LEOROR/MIFE -~ Tnd . (BAER0Kg -m)
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Table 7 BaFH RO A

H N oL F v' > i A
o] (va—tra?2 Hg5008) (8P —-12
Na .47 (ppm?} 7.2 (ppm)
L 0.4 9 45
Ar 0.43 1.7
Se 000036 0.000089
Cr 16 2.5
Mn 0.02 0.0 9
Fe ..3'8 13
Co 9.003 0.05
Cu - 0.83 —
A 2.7- 3.9
‘ Ag - 0.09
Sb 0.004 0.01
La 0.002 -
Ta - 0.02
W - 0.2 3
Au 0.00D02 00006

% Na, Cf, Ar, Mn, Cu &1 bhrfEg

FOfid 284h r Bl o
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%ﬁ%ﬁﬂﬁ%%éﬁmﬁmf,ﬁE?%K#*ftWHﬂ&Lf%mgnTma.ﬁn;
FULELBOF » 7 e ArHBELTERTHSHILEFELONA, F1 41 FRIFLICDNT
k@ﬁ%tﬁofﬁﬁﬁwﬁﬁ#*fﬂW%ﬁ%L,ﬁ%ﬁ%%ﬁﬁh,mﬁmiﬂﬁﬁ%&
SHLAo CHLALERMOBH s 72+E LT, JRR-2GXFCT L00EM, JRR
—IEEERCISORMBEC T AERTELC LMok F1 43 FElEE,. BH* »
TeakLTHEAITEL, WEEE, HBEHBELTOS(ORRPHBETELIOLE,
REAERFALOChK VEEE, BHENF AT L TROMBE, AEHERX,
FEAE . MER . =4 XE. HERBRBEEHERE. FETHES LURBFHRRE

D ERIC IS A R LT

7. 82 E X B
i. Du pont Far East HHrsgesy [ VESPEL J
2. WNIE, B, HE [ F3XFez2x v V7w 2 |BEEE
3. JRR—2%&M™# JAERI—memo 4141 [ JRR—2 3 RMHHERMR
4 E.S Freeman snd B.Carroll J phys chem 62. 394 ( 1958 )
5. BE . [ BEEBCHT IBTEREATA Y b -7 &% 284 ( 1966 )
6. FIBFMR [Fv—rxe—HHEHREEFF ] HEEE
7. TFH F &8 FOEsE | R
8 WE FrMcEseEAM I E, T L
9. E#Mfb %*7tﬂﬁﬂ®%%@éﬁm 4 5 ERFHEEFRE
1o, RAfh  *. T EAHROFEESRD 46 ERFNFEES
11, éégg%éﬁ%% [ 7525w 2RB > V7 ws ] BHLHE
12.

Z<fH JAERI—-memo 3945 [ 7a77—rBEORKRI ]

- 26 —




JAERI——M 5838
6. & H H (T

HATHOBFBEEMECONT, BELIL * » T2 aHBELTRNLGNRTING . K1 2
F Uy bBOF s T e HBELTHERTLA I EHEL LRSS, F1 43 FRFLKDNT
k@ﬁﬁtﬁaéﬁ%%mﬁﬁ#*fﬂ»%ﬁﬁb,ﬁ%ﬁ%%ﬁﬁm,WﬁM¢®ﬁ%%&
HLf, CNLALCEREOBM +y 7ert LT, JRR-2GXTCTI008MH, JRR
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- B, BES. =R FE . MRABRBHARERE, hETHES LU HEFARRE
DERICEE N LET.
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