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Swelling Behavior of ¥ -ray Irradiated Elastomers
in Boiling Spray Solution
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Masahito YOSHIKAWA and Kenzo YOSHIDA

Department of Development,
Takasaki Radiation Chemistry Research Establishment,JAERI

(Received April 14, 1983)

Elastomers swelled significantly by water sorption
during a simulated LOCA test, and this phenomenon could cause
the deterioration of their mechanical and electrical properties.
Many factors like as radiation, heat, the composition of spray
solution, types of elastomers and their formulation, related
to the phencmenon. _

A relationship between swelling properties of the formu-
lation-known various elastomers and the pre-aging conditions
such as radiation dose and thermal aging period was studied
by measuring their swelling behaviors in boiling spréy solu-~
tion (water and chemical solution). All eight elastomers
tested showed remarkable swelling with an increase of radia-
tion dose when they irradiated in air. A swelling in boiling
water was about twice of in chemical solution. Scme types
of Neoprene and Hypalons had an optimum swelling dose where
they showed the maxima. Over this dose, the swelling ratio
decreased with dose. When irradiated under vacuum, 1its
swelling ratio became significantly lower than that of exposed
in air. This attributed the swelling phenomena closely re-

lated to radiation oxidation degradation.

Keywords; Elastomer, Chemical Spray, Water Sorption,Swelling,
Radiation Degradation, Thermal Aging, Oxidative Degradation

Irradiation Effects, y-ray
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Fig. 1 Effect of Dose on Swelling Behavior of HP—1
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Fig. 2 Effect of Dose on Swelling Behavicr of HP—2
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Fig. 5 Effect of Dose on Swelling Behavior of CR—1
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Table 2 Changes of Mechanical Properties of Various
Flastomeric Materials by Thermal Aging in
Air
Aging Conditions © 121 T X 188 h
Mechanical | 100 % medulus ( kg/cm?)|Tensile Strength (kg/cm?) | Elongation (%)
_ Property
Rubber Name QOriginal Aged QOriginal Aged iOriginal | Aged
EPT-1 194 -15.8 169 109 915 1108
EpPT—-2 27.3 315 193 146 840 646
EPT-3 139 176 2072 76 883 465
EPR-1 20.1 203 166 130 1165 | 1202
HP-1 €80 443 230 157 483 560
HP-2 327 434 183 151 473 3889
CR-1 254 534 21¢ 72 737 168
CR-2 & 24.4 2179 211 158 5296 480




Swelling Ratio (%)

Swelling Ratio (%)

JAERI-M 83-072

O/
6 ) ) -o/
O/ e
" 2 5
A o o g
/D
. FAY
o]
n
/a Aging Time (h}
/ o: 0
2t o 0. 50
AN 100
L - [ I 145
O L 1 1 1 1 1 1 1
0 40 80 120 160

Swelling Time (h)

Fig. 32 Effect of Therma! Aging on Swelling Behavior of
HP—1 (Aging Temperature . 121°C)

[
2} 8§ —f——5—
o/"‘_g 9] o)
® A
i /
0/8 8 Aging Time(h]
tr .| (O 0
P a 50
N A 100
® 145
O 1 1 1 L 1 t i i
0 40 80 120 160

Swelling Time ({(h)
Fig. 33 Effect of Thermal Aging on Swelling Behavior of
HP--2 ( Aging Temperature : 121°C)



Swelling Ratio (%)

swelling Ratio (%)

JAERI-M 83-072

- Aging Time {h) A/
O =0
120 A100 / P
. Ay [ ]
@ 145 / /
i ]
FAN
o/
8O o
A/
r .
A //D
40" ® D/D
‘ 1:1/
L I:l/ _foﬁ_____o-f——""_OM
o0
/ O
O ég/:o 1 1 b L 1 I I
0 40 80 120 160
Swelling Time (h)
Fig. 34 Effect of Thermal Aging on Swelling Behavior of

CR—1 (Aging Temperature : 121°C)

Aging Time(h)
S )
W] 50
80Fr A 100 i
o 145 /0/.
. . A
o/ e
40} . o
//A/ O
;/ D—'*"”D'_——F—FD
| /:U/D O Q—-
oo o
=720 8 10 160

swelling Time (h)

Fig. 35 Effect of Thermal Aging on Swelling Behavior of

CR—2 (Aging Temperature ! 121°C)




Swelling Ratio (%}

Swelling Ratio (%)

JAERI-M 83-072

. *-—
“ /ﬁ///’/g/’.m 0
8 e o

ol 0
/ o 50
A i00
L 145
O I L 1 L X 1 1 1
0 40 80 120 160

Swelling Time {(h)
Fig. 36 Effect of Thermal! Aging on Swelling Behavior of
EPT-1 (Aging Temperature . 121°C)

30 Aging Time (k)
0 0
r 1 50 /A:’—-'
f 122 ¢ A/D/
200 . 1 .//A/D//
/ / D/
| A
o%g/ ,_.~———'O"'_—‘/_OP—~
Q
10‘ /A/ /O/
O (@]
! o%o/

40 80 120 160

Swelling Time (h)

<

Fig. 37 Effect of Therma! Aging on Swelling Behavior of
EPT-2 (Aging Temperature © 121°C)



Swelling Ratio (%)

)

(%

Swelling Ratio

JAERT-M 83-07¢

Aging Time{h)
81 O 0
| I 50
A 100
6r ® . 14
- ———® *—
4 o .
o/
2t / A A X
A//A -
e
-
B e
\_,/of——*—_
_.2_ O
1 1 F] 1 L 1 1 A 1
0 40 80 120 160
swelling Time (h)
Fig. 38 Effect of Thermal Aging on Swelling Behavior of
EPT—3 (Aging Temperature : 121°C)
Aging Time (h]
ot 0 0
o 50 *—
4t A 00 o«
i a H——
3 /u
O o} o]
7
1t
0 1 L 1
120 160
swelling Time (h)
Fig. 39 Effect of Therma! Aging on Swelling Behavior of

EPR—1 (Aging Temperature . 121°C)




JAERI-M 83-072

222 [EiEEEnEeEEOR G

GiEi TR L DT, 121 COMELElc k - CTA4 7Y (CR-1, CR-2) &xF L~
ForlLyYryIa (EPT-2)8E LWEHEOEAREZR L, £0T, ZALDERICD
VT, SR A E A EE SR Gk T, 120 BRHARE L LEDERER) C5A 5%
WARNTHI,

Fig. 40 i, & # 7L v OV R e KT InEEM oz 8 R Lz, CR-2E, Ik
AL & CERFEENICEMT 54, CR-1EKSEFERFO L LRRCEERC -7
HEHN DL, CHRCR-1OEIBHILEH LTEHEL , RECEAFBEOIDE BHNS,
RO E -7 0@ 120 BT, COBRBEREREOBELEEFFE LY. Thid, AH1L
i@ & B E OB SRSt L AEMOins . REAHUIEBICE T sl EERL
TWaEZEALLNS, '

Fig. Al s rr7ary Iz yaa (EPT-2) QKGEREEESEC &IX sk
MR OB ARYT, BEEOBEMETE LA S WENELEREEPR CE5 o0 TEIMOE]
BINE 2B, EHRBHN OB AR ORI >N THLEER CRZRIEA LIcd KB
T oot HBAEL LT A,



Equilibrium Swelling Ratio (%)

JAERI-M 83-072

| C
120} / w
s ,
: / N

. 80

Equilibrium Swelling Ratio (%)}
¥ T
™~
\
i
|
[
A

05 50 100 150

Aging Time (h}

Fig. 40 Relationship between Aging Time and

Fquilibrium Swelling Ratio of Neoprene

—_ — [ Y ()
(@] un & i
1] T T T

o

(6]
T

L

o

0 50 100 150
Aging Time (h)

Fig. 41 Relationship between Aging Time and Equilibrium
Swelling Ratio of Ethylene—Propylene —Diene
Rubber {(EPT—2)



JAERI-M 83-072

4. & & 2y

FoM OB LS T AME 8 B >0 T . MERSILE I UHF L EBRKDE LT
B RIC s U BHEH & ORI ATE o, ME O, HASREE D LEHOBEPRT L
EROBREL TOX I ENTE 4,

(1) OFHOMES, BERKCE - TELIBET S, &8, BREGOrF L7 oE

Ly I LDEREE L,
0) EBEOBINE &SI, BKESETEAZ O, CR-1, HP- ITREMESEE T
KAGBIGEE L, ChEMi TR T3 2 BEERIEED 5,

(3 i BOBEER, BRKbOEDI SRNTHE O s, 5z, CR-LHP - IT

L lElE—mEf oY - 7ILHBT 5.

(4) B FE7EE oL, BEHOES R LIKEBRREE LJECTS

(5} Z¢GPRAET R . INEETERS LR omEkd oz, MAohs oo (HP-2,
CR=2) EHFOELHEVED (HP-1, CR-1, EPT-274&E) #H 5,

B NASND Y FATUYOFANERET, RERKBOTHRES LbiTD LI oENT 5.
FEh T T 5 & oAt 5, — 4 EPT, EPRED 2 F Ly oL T
L, BEC X o TH VR RBIE T T 5. HiC, EPR-1TZOHEMAEL V. UL,
EPR-1& MM THRIET 5 &EMCBECE - TO L322 21I8INY 5.

{7 'r'f’r'}‘iﬁ\J!Cchéﬂwtfjéf’h, A u iy 24T Ly TEREROEMCONUE N 4, HZE

R OIS 2, A0 Ve E DBRONKOD, 24 7L il WiRgITEbO A
ﬁ%i@ﬁﬁﬁ?7

(&) MHEA LR AR OIHEIC RIE T N N o Y TR EALEROS 24T L

HESICHON . REHROBS L VIEET 2IEAbE LS, tF Ly ToE LYYy T

Tl WAL - TESHELN, EPT-1 &-3 THHEDRENIVS, EPT-2
@%%%ﬁi LAY 5 SR

Lk EER ubnﬁ$k%i&%tocno®WMCowfﬁ AIELICHER] 248 A T
FeDT. FHMIEE S, ERFHEOBEBLUNO NS v R & SMB U OERY
B LT ATl ETEhins,

At 2R OOEMBERO Y - 7 0nE WRNEEPESR[ENEE) K DX IR

AN ZTOEBCDOTHAEEDSLELH S,



JAERI-M 83-072Z

% & W
D e o, PESH. FEME . (PEEELEE . WEEE . SHES, [ETFHEERAE R
LifstEsE®m (SEAMATE-II) oI%7-4 1 (25 laEs) | 0 JAERI-M 9361

(1981)
) W . ST, MEECE. RS, HERE. HOES. TR VISR
S¥RstERER (SEAMATE-ID OT¥7 -4 » 2 HENBENGREOREIRFERR) | |
JAERI-M 9699, (1981)

3) FAMMGE, S, TSGR, B &, PEBEE. DERE SHE=. TETEN
SEEME MRS (SEAMATE-ID #@ER0Mk k], JAERI-M 9706,
(1981 )

4y IEEE Std.323-1974 . IEEE Standard for Qualify ing Class 1E Equipment
for Nuclear Fower Generating Stations” , IEEE Inc., New York.

) LLEREAE. SKEH, SRR, MEET, SIEA, SHEZ [ LOCABERIRE ML
i B EA R OH B B TR 0EE ] | %@@Wﬁ@f?’“ﬁf% EIM-82-108. (1981)

6) RIESCE . ZNIF A, (FEKSE, BB, /KB, HDE= HegBoRReR
DE(LI T B LOCABHEEHOEE | fgbhaptine, BEIM-82-109 , (1982)

70 GEND-022 . TMI—-2 I[nformation and Examination Program, 198l Annual
Report ” . (1982)

8) D.,A.Tester ,]J. Polym. Sci., 19,535, (1956 )

& K.T.Gillen.R.L.Clongh .G. Ganoua —Cohen , J. Chenion G, Delmas , NUREG /
CR=2763 . ” Loss of Coolant Accident (LOCA) Simulation Tests on Polymers !
The Importance of Including Oxygen” , (1882 )

10) ICEA Pub.S—68-5158 ,NEMA Pub,WC8-1976 ., ICEA/ NEMA Standards
Publication Ethylene —Propylene rubber insulated Wire and Cable for the
Transmission and Disiribution of Electrical Energy. ”

11) C.Decker ,F. R.Mayo and H. Richardson, J, Polym, Sci, Pelym, Chem. Ed. . 11
2879 (1973)

12) K, Arakawa . T. Seguchi , Y. Watanabe and H. Hayakawa , ]. Polym. Sci. Polym,
Chem, Ed., 20,2681, (1982)



