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Behavior of compression set due to a change in temperature of
the containment vessel for improved EPDM rubber (EP-176)
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Abstract
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In Japan, from the heat resistance and the steam resistance and the radiation resistance when the severe
accident occurs, the sealing material of the containment vessel is instead to the silicone rubber, have come to

adopt the EPDM rubber called "improved EPDM rubber".

However, the compression set test to be evaluated

for sealing properties, rubber gaskets changing the timing of radiation that its behavior is changed has been
suggested. Therefore, for the "improved EPDM rubbers (EP-176)", we performed a compression set test with

different timing of the irradiation, and to clarify the behavior.

Further, the sealing material of the containment

vessel, it is necessary to also maintain the sealing properties after the severe accident has ceased. For the
"improvement EPDM rubber (EP-176)", we do the compression set test you change the heating conditions after
a severe accident considerable amount of time, made it clear also that behavior.

Keywords: EPDM rubber, Silicone rubber, Heat, Steam, Radiation, Compression set, Seal, Leak, Severe accident,

Containment vessel
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Fig.2 Penetration leak
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Table 1 Typical properties

Rubber Improvement EPDM
Sample name EPDM-B
NICHIAS NU2670-EP-01
Product No. NU2680-EP-01
NICHIAS
EP-176
Compound No.
Hardness
A 82
JIS K 6253
Tensile Strength [MPal 121
JIS K 6251 '
Elongation [%]
140
JIS K 6251
Compression set [%]
150°C x 72hr 7
JIS K 6262
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77w B BB LT, MNAESROIRENME T %
ZEEMEL, MBRTIORE AT ST ERAKAOTY
HBRbAT oo, ARSI TRUDTR T,

- FUEPIAR - KRB AME ¢ 29mm, JE X 125mm

- NIRAERBE - WA KRR

- RS - fRE 08MGyY . 1.2 MGy

y BRI Co60), HrE=R 10 KGy/hr

- KFER  RBRIEE CORIFZRK

- ARBRIEEE : 150°C, 200°C, 250°C

- SRBRIFRH : 24hr(1day), 72hr(3day). 168hr (7day).
168hr—168hr( 7day), 720hr(30day).
168hr—744hr(31day). 1272hr(53day).
168hr—720hr(30day)—552hr(23day)

Table 2 Test condition

Test Radiation Heating

No. |Timing | Total |Environ 1st 2nd 3rd
dose | -ment |Temp. |Time |Temp. |Time |Temp. |Time
MGy °C hr °C hr °C hr|

Before | 0.8 Dry 200 24

Before | 0.8 Dry 200 72

Before | 0.8 Dry 200 168

Before | 038 Dry 225 24

Before | 0.8 Dry 225 72

Before | 0.8 Dry 225 168

Before [ 0.8 Dry 250 24

Before [ 0.8 Dry 250 72

Before | 0.8 Dry 250 168
Before | 0.8 Steam 200 24

Before | 0.8 Steam 200 72

Before | 0.8 Steam 200 168

Before | 0.8 Steam 225 24

Before [ 0.8 Steam 225 72

Before | 038 Steam 225 168

Before | 08 Steam 250 24

Before | 038 Steam 250 72

Before | 0.8 Steam 250 168 -

Before | 0.8 Steam 200 168 150 168

Before | 0.8 Steam 200 168 150 720

Before | 038 Steam 200 168 150 744
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Table 3 Compression set (1)
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_ _ Test |Radiation Heatin, Cs %
. Before 12 Steam 200 168 - - - - No. |Timing |Total |Environ 1st 2nd 3rd Actual || Ave
— Before 1.2 Steam 200 168 150 168 - - dose | -ment| Temp. ! Time | Temp.|{ Time | Temp.| Time Value || val L;e
— Before [ 1.2 Steam 200 168 150 720 - - MGy c hr c hr c hr
-7 | Before| 12 | Steam | 200 | 168 [ 150 [ 744 | - - 171 |Before] 08 | Dry [ 200 4 24 | -} - | - | - g 9
— Before [ 1.2 Steam 200 168 150 [ 1272 - - 9
. Before 12 Steam 200 168 100 1272 - - 1-2 | Before| 08 Dry 200 72 - - - - 12 12
-10 | Before [ 1.2 Steam 200 168 150 720 100 552 12
—-11 | Before | 1.6 Steam 200 168 150 168 - - 12
= During | 08_| No heat — = — = — — 1-3 | Before| 08 | Dry | 200 | 168 - - - - 20 19
2 | During | 08 | Steam | 200 | 168 | - | - | - | - 18
= During | 0.8 Steam 200 168 150 744 - - 1-4 | Before| 08 Dry 225 24 _ _ _ _ 14 14
— During [ 1.2 | No heat - - - - - - 14
= During [ 12 Steam 200 168 - - - - 14
— During | 1.2 Steam 200 168 150 744 - - 1-5 | Before 08 Dry [ 225 72 - - - - 16 15
Before : The irradiation before compression }i
During : The irradiation during compression =% [Beroral 08 oy [ 225 | 168 — — — — 7 7
17
17
= N A 1-7 | Before| 08 Dry 250 24 - - - - 15 14
- PRI - A5 3 (EI(n=3) 13
PRI 3O L 5 8 |Before] 08 | Dy | 250 | 72 | - | - | - | - 12(9) 19
o [FHRESRT (10- - 250, 19
Jj—i" E“ﬁ[ (to tl)/to ] . 25 A) 1-9 |Before| 08 Dry 250 168 - - - - 24 24
23
23
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Table 4 Compression set (2)
Test |Radiatiol Heating Cs %
No. |Timing |Total |Environ 1st 2nd 3rd
- - - Actual || Ave.
dose | -ment Temap. Time Temf. Time Tem:). Time Value [|value
MGy C hr C hr C hr
2-1 | Before | 08 Steam 200 24 - - - - 4 14
4
5
2-2 | Before | 08 Steam 200 72 - - - - 1 17
18
17
2-3 | Before | 08 Steam 200 168 - - - - 21 21
21
21
2-4 | Before | 08 Steam 225 24 - - - - 16 16
16
17
2-5 | Before | 08 Steam 225 72 - - - - 22 22
22
22
2-6 | Before | 08 Steam 225 168 - - - - 26 25
25
23
2-7 | Before | 08 Steam 250 24 - - - - 24 24
24
24
2-8 | Before | 08 Steam 250 72 - - - - 28 27
26
26
2-9 | Before | 08 Steam 250 168 - - - - 31 31
30
31
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Fig.4 Compression set
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Fig.5 Time and Compression set (steam)
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Table 5 Compression set (3)
Test [Radiatio Heating Cs %
No. |Timing |Total |Environ 1st 2nd 3rd
- - - Actual || Ave.
dose | —ment | Temp. | Time | Temp. | Time | Temp. | Time Value [|value
MGy °c hr| °c hr, °c hr|
3-1 | Before | 08 Steam 200 168 150 168 - - 8 17
8
1
3-2 | Before | 038 Steam 200 168 150 720 - - 2 23
23
22
3-3 | Before | 08 | Steam [ 200 { 168 [ 150 [ 744 - - 22 22
22
22
3-4 | Before [ 12 | Steam | 200 | 168 - - - - 21 21
21
19
3-5 | Before [ 1.2 Steam 200 168 150 168 - - 16 18
18
19
3-6 | Before [ 12 Steam 200 168 150 720 - - 26 22
21
19
3-7 | Before [ 12 Steam 200 168 150 744 - - 24 23
22
22
3-8 | Before [ 12 Steam 200 168 150 {1272 - - 26 23
22
22
3-9 | Before [ 12 Steam 200 168 100 {1272 - - 25 24
24
23
3-10 | Before | 12 | Steam [ 200 { 168 | 150 | 720 [ 100 | 552 26 25
24
25
3-11 | Before [ 1.6 Steam 200 168 150 168 - - 19 20
19
20
30
O Steam 0.8MGy
& Steam 1.2MGy
T 20 + M Steam 1.6MGy
= %
n
[v)
10
(T : MAX-MIN)
o N\
2nd Time 168 ‘ 720 hr
2nd Temp. 150 C
Fig.6 Compression set (2steps-heat)
30
A Steam 1.2MGy
T 2011
w
[¥)
10 + (T : MAX-MIN)
O -
3rd Time hr
3rd Temp. °C
2nd Time hr
2nd Temp. °c

Table 5. Fig.6 7> 2 B& H (2nd) O IEAEEES 744hr £ C
DEEr, FEREARAOT HaBRRN B3 2 iR oOf &
08MGy & 12MGy ThE V&bV 72<, L6MGyY 2725
EOTMIIREL ootz Fi2, 2 B ONEEHNE
< 72 LJEMEAAOTHRITHOTNNTKE < R BN
B M, 2 B B ONIEVEAT - TRV S OO K
IKOTHEFE A EEDLIRD ST,

Table 5. Fig.7 @™ 2 EfFEE ONED L EWlod 1,272hr
FTOHER BFEH 1000CE 7213 150°C) & 2 B o
#A 150°C, 720hr & LT 3 EXfH OME%E 100°C,
552hr(720hr+552hr=1,272hr) & L7234 C, [EfiAKAOT
HIFEAEE DL DST,

LI D, AZERIENZE T, 200°C, 168hr JE%
(IS 2 T T & fikfe L C b B KA O 2003
200°C, 168hr EADHD LIEE A EED LN L)V
-7z,

WIZ, R A B L 7= a oD Ak A OV
HRBROFEH% Table6, Fig.8 (IR,

Table 6 Compression set (4)

Fig.7 Compression set (2steps, 3steps-heat)

Test |Radiatio Heating Cs %
No. |Timing |Total |Environ 1st 2nd 3rd Actual | Ave.
dose -ment | Temp. ; Time | Temp. | Time | Temp. | Time Value [|value
MGy °c hr °c hr °c h
4-1 | During [ 08 | Noheat| - - - - - - 47 43
37
47
4-2 | During | 08 Steam 200 | 168 - - - - 51 51
49
51
4-3 | During | 08 | Steam | 200 | 168 [ 150 [ 744 - - 53 53
54
52
4-4 | During [ 12 | No heat - - - - - - 58 58
58
59
4-5 | During | 12 Steam 200 168 - - - - 63 62
61
61
4-6 | During [ 1.2 Steam 200 168 150 744 - - 61 61
60
61
70
r O Before
60 i
L B During
. 0
£ 40
3 L
30
I (T : MAX-MIN)
20
10
2nd Time 744 hr
2nd Temp. 150 150 c
1stTime 168 168 168 168 hr
1st Temp. 200 200 200 200 ¢
No heat Steam Steam No heat Steam Steam
Dose 08 1.2 MGy

Fig.8 Compression set (Radiation Timing)
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Table 6, Fig.8 726, JHAEAKAONT AR (During)l S hk
FHRIRF 5 & iRBRAT(Before) (2 URHRIBST L 7= 6 o &
0 FEAE KON HIFEFIC R E 7o Tz, RRCABRIC
BRI~ 2 LN L 72\ VIR OIREE C b FEREAA O
FTIIIIEFIIREL 7podz, SHIT, BERTICHEHRER
FHLU72 6 OIFHRED SO 1.2MGY D573 0.8MGy D D &
0 BIEMIARAOT HNBRKE L 20T,

42 BE&
IKFRENEAD A DR A ONT Bk BRA L DR S D

ZXEER Hr % Table7 12753,

Table7 Hardness rate

Test Radiation Heating Hr
No. |Timing | Total |Environ 1st 2nd 3rd
dose | -ment |[Temp. |Time |Temp. |Time |[Temp. |Time

MGy °C hr °C hr| °C hr] %
2-1 Before | 0.8 Steam 200 24 - - - - 2.1
2-2 Before | 0.8 Steam 200 72 - - - - 3.1
2-3 Before | 0.8 Steam 200 168 - - - - 2.3
2-4 Before | 0.8 Steam 225 24 - - - - 1.8
2-5 Before | 0.8 Steam 225 72 - - - - 0.5
2-6 Before | 0.8 Steam 225 168 - - - - 0.8
2-7 Before | 0.8 Steam 250 24 - - - - 0.2
2-8 Before | 0.8 Steam 250 72 - - - -0.7
2-9 Before | 0.8 Steam 250 168 - - - - -0.6
3-1 Before | 0.8 Steam 200 168 150 168 - - 27
3-2 Before | 0.8 Steam 200 168 150 720 - - 30
3-3 Before | 0.8 Steam 200 168 150 744 - - 2.8
3-4 Before [ 1.2 Steam 200 168 - - - - 38
3-5 Before | 1.2 Steam 200 168 150 168 - - 43
3-6 Before [ 12 Steam 200 168 150 720 - - 43
3-7 Before | 1.2 Steam 200 168 150 744 - - 49
3-8 Before [ 12 Steam 200 168 150 [ 1272 - - 4.7
3-9 Before [ 1.2 Steam 200 168 100 [ 1272 - - 46
3-10 | Before | 1.2 Steam 200 168 150 720 100 [ 552 | 43
3-11 | Before | 16 Steam 200 168 150 168 = - 54
4-1 During [ 0.8 | No heat - - - - - - 0.7
4-2 During | 038 Steam 200 168 - - - - 3.0
4-3 During | 0.8 Steam 200 168 150 744 - - 3.1
4-4 During 1.2 | No heat = = = - - - 1.6
4-5 During 12 Steam 200 168 - - - - 217
4-6 During | 1.2 Steam 200 168 150 744 - - 4.1
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LUF T, 3Tl S ERIE 5% AT & 720 | JERiARA
O BB CORBIOE LT b e o T, 65T,
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OTAIFE A EED LR CER HEEE 2 5, 1R,
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150°CITIRFE DN I T B DEREAR AT ATk $d 7=
150°C CORHRMN L DT 72D L E 2 BiLD,
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Cs : JEMEAAOT A, t : . a : ERROMEZ, b :
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Fig.9 Temperature and y-axis intercept
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Fig.10 Time and Compression set
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16% & DFIEE 2 5 & 21+16=37% L 7210 | D 23% L
0 HIEFICREREEL 72D, Z4UF200°C, 168hr D
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IO 16% 2 N 2% 72 T2 DR A A O e K& < RAE
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ZZC, HMEANOT HME TAETIE, 150°C & 200°C
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TOEREARAOT HOREREN L D EALDEFREDN S|
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2843hr L7325, T, 150°CIZIBNT, 2,843hr 735,
& 5|2 744hr $6E LT- & & DFERKAOTRERD S &
TRDOE T 2%L 725,

Cs = 3.630Ln (2,843+744)— 7.868
= 22%
Z AT, FEBEOAE 23%( Tabls, Test No3-7) EEIERI L & 7
V. 200°C, 168hr f4iZ 150°C, 744hr #% L C % 200°C,

168hr B DEREAKAOT L 21% LT E A EZEH S0
ZEEILSHAL TS,

6.

PLEG, B EPDM &REEILD EP-176 (22U T,
=W B B RO B DZEEN OV, LUTF
DI ST,

j

WA KARR L BITREEDSE < B S Ru
DEREARAOT AT E VN,

VL 0 B IKIRR DI DGR AT IR E N,

- BRI HGHRIRS U 7250 C O EME A A OV 2k
B0 BB ETREICE v b LT ERRRIE Tl
e B LT R AR O B8R D 7 8 R AN OY
FHIFERICRE L T2 D,

« RERAT TR A B U723 COEREARA O 7
AR, HEHROBREDEe > CTHEfIRAOT
HHFEAEEDBRN,

BB EICE v b LT ERRREE Tl & IR L
T EREARAOT HBRCIE, BREDRZ W IT D3 A
KAOTIMNIRE L 72D,

- JKZE. 200°C, 168hr AL 7%, 150°CE CTlE%
TP TINEAE e L7355 A, JEREARA O A0
200°C, 168hr TOfE & IZE A EED BN,
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