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Radiation Resistance of Ultra High Molecular
Weight Polyethylene and Polyetheretherketone

as Materials for Gasket and Sealing
Tadao SEGUCHI, Naotaka NAKAGTRT and Michihiro KOTKE

Department of Develcpment
Takasaki Radiaticn Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken

(Received October Z3, 1990)

Radiation resistance of ultra high molecular weight polyethylene (NL
~W) and polyetheretherketone (PEEK-450G) was tested to select the gasket
and sealing materials used in the piping and valve for high level radio
active liquid in reprocessing of nuclearfuel. The tensile, bending,
hanidness, and seal tests were carried out after 6OCo-eray irradiation in
air, in oxygen under pressure, and in nitric acid of 3N and 10N at room
temperature. For NL-W, the degradation was small until 3.2 MGy by the
irradiation in air and in nitric acid, then the sealing was maintained.
However, the degradation was observed by the irradiation in oxygen under
pressure, then, the physical properties and sealing would be loosed
gradually with dose in air at very low dose rate irradiation. For PEEK-
450G, the radiation degradation was very small in the these irradiation
conditions, but it was observed to degradate in the case of high

temperature in high concentration of nitric acid.

Keywords : UHM-PE, PEEK, y-irradiation, Gasket, Sealing, Nitric Acid,

Tensile Test
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Table 1 Properties of Ultra High Molecular Weight Polyethylene (NL-W)

and Polretheretherketone (PEEK-450G)

Property NL-W PEEK-450G
ASTM . Unit ASTM Unit
Test method Test method
Density b1505 g/cm® 0.94 D792 g/cn? 1.3
Tensile strength | D638 kg/cm? 450 D638 ke/cm? ag0
Elongation
at break | D638 % 450 D638 ¥ 50
Bending strength D790 kg/cm? 1450
Bending
elastic modulus D747 kg/cm? 8000 D780 kg/mm? 380
Hardness D2240 - 67 (HDD D785 - 6 (HR)
NL-W :Formulated by SAKUSHIN CORPORATION

PEEK-450G ;Manufacturd by SUMITOMO CHEMICAL CO.,LTD

Table 2 60Co—y ray Irradiation Condition for Polyethylene (NL-W)
and Polyetheretherketone (PEEK-450G)

Sample

Atmosphere

Dose rate

NL-W and PEEK-450G

for tensile test

Nitric acid
Oxygen, Air

1.15X10%rad/h(1.15X10Gy/h)

5.0X10°%rad/h (5. 0X103Gy/h)

NL-W and PEEK-450G
for tightness test

Nitric acid

8.0X10°rad/h (8. 0X10Gy/h}




JAERI-M 90-204

Table 3 60Co y-rays Irradiation Conditions for Polyethylene (NL-W)
and Polyetheretherketone (PEEK-450G)

Sample Irradiation Dose Rate*? Accumulated Dose
atmosphere (kGy/h) (MGy)
Tensile  NL-W,PEEK  Nitric acid*! 11.5 1.2 ,2.4 ,3.5 ,4.6
test NL-W Air 5.0 0.59 ,1.0 ,1.5 ,275
3.7 ,6.2

NL-W Oxygen under 50 0.59 ,1.0 ,1.5
) pressure *2

Tightness NL-W, PEEK Nitric acid 8.0

0.5.,1.1 ,1.6 ,2.4
test : 3.2

Irradiation temperature ;Room temperature

*] Nitric acid ;3N and 10N
*2 (Oxygen pressure ;0. 5MPa (bBar)
*3 Dose rate ;Determined by Alanine dosimeter

Table 4 Tensile‘Strength and Elongation at Break for NL-W Irradiated
in Nitric Acid Bath at 3N, in Air, and in Oxygen under Pressure

at Room Temperature

Jrradiation Dose Tensile strength E10ngation
condition {MGy) - {kg/mm?) %)
Initial 0 2.15 >160
Air 0.59 2.82 ' 23.5
1.0 3.0 23
1.5 - 3.18 21.6
2.5 3.36 20.8
3.7 3.49 20.6
5.2 - 3.57 19.2
Oxygen 0.59 2.62 23
(0. 5MPa} 1.0 2.73 23.8
1.5 2.9 22
Nitric acid 1.2 2.67 27
{3N) 2.4 3.12 21.8_
3.5 3.25 22. 1
4.6 3.4 21.2
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Table 5 . Tensile Strength and Elongation at Break for NL-W Dipping
in Nitric Acid Bath at 100°C for 10h after Irradiation in
Alr and 4n Oxygen under Pressure at Room Temperature

Irradiation Dose Tensile Strength Elongation

condition (MGy) (kg/mm?) ' (%)
Initial 0 2.08 >160
Air 0.59 2.5 34.1
1.0 2.65 27.2

i.5 2.77 26.6

2.5 2.9 24.6

3.7 3.1 23.6

5.2 3.31 22.8

Oxygen 0.59 2.28 32.2
(0. 5MPa) 1.0 2.43. 26.6
5 2.61 24.0

Table 6 Strength at Break and Modulus by Bending Test and Hardness
for NL-W Trradiated in Nitric Acid Bath at 3N, in Air,
and in Oxygen under Pressure at Rcom Temperature

Irradiation Dose Strength at break  Modulus Hardness

condition {MGy) (kg/mm?) {kg/om?) {HDD)
Initial 0 2.34 89.6 69.9

Nitric acid 1.2 2.63 98.2 72.6

(3N) 2.4 3.12 106.8 72.2

3.5 4. 06 134. 4 70.6

4.6 . 4.27 137.7 71.2

Air 0.59 3.31 135.3 67.7

1.0 3.66 153.7 68.0

1.5 .3. 87 159.1 69. 3

2.5 4.2 168.5 70.0

3.7 4. 39 173.4 70.2

52 4.61 174. 3 69.5

Oxygen 0.59 3.1 184.1 66. 6

{0. BMPa) 1.0 3.28 146.9 65.9
1.5 3.26 140. 0 67.1

= 10—
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Strength at Break and Modulus by Bending Test and Hardness
for NL-W Dipping in Nitric Acid Bath at 100°C for 10h after
Irradiation in Air and in Oxygen under Pressure at Room
Temperature

Irradiation Dose Strength at break Modulus Hardness

condition (MGy) (kg/mm2) (kg/mm?) {(HDD)
Initial 0 2.24 71.5 67.5
Air 0.59 3.25 147.38 67.8
1.0 3.38 148.2 £9.8

1.5 3.58 148.6 70.1

2.5 3.80 148.1 69.9

3.7 4.05 149.2 69. 8

52 4.29 162.17 69.9

Oxygen 0.59 2.96 ' 176.5 65.1
(0. 5MPa) 1.0 3.0 134.7 64.6
1.5 3.01 121. 8 65.9

Table 8

Strength at Maximum and Modulus by Bending Test and Hardness
for PEEK-450G Trradiated in Nitric Acid Bath at 3N

Irradiation Dose Max strength Elastic modulus Hardness

condition  (MGy) (kg/mm?) (kg/mm?} (HDD)
Initial 0 17.8 422.8 88.5
Nitric acid 1.2 18.1 461.6 89.6
(3N) 2.4 16.5 457.2 81.0
3.5 16. 8 456.5 .
4.6 17.2 506. 2 90.7
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Table 9 Weight Changes for NL-W by Dipping in Xyleme Bath at 140°C
after Irradiation in Air, and in Oxygen

Irradiation Dose Weight befor Weight after Decrement

.condition - (MGy) dipping (&) dipping (g) (%)
Initial 0 0. 1406 0.1107 23. 54
Air 0.59 0.1359 0.1244 10. 82
1.0 0.1473 0.1322 8. 00

1.5 0. 146 0. 1366 6. 44

2.5 0.1377 0.1319 4.21

3.7 0.1405 0.1325 5.69

5.2 0.1444 0.1367 5. 33

Oxygen  0.59 0.1397 0. 0994 28. 85
(0.5Mpa) 1.0 0.1305 0. 099 24.14
1.5 0.1424 0.1106 92.33
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Fig. 2 Arrangement of specimen for Co-v rays in nitric acid, in air,
and in oxygen under pressure
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Fig. 3 Air soap leak rate under pressure at O.Skg/csz for Ni-W
and PEEK-450G irradiated in nitric acid of 3N and 10N at room

temperature
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Fig. & Thermal cycle test for NL-W, PEEK-450G in nitric acid at 5N

NL-W ; Leak at 11.5h.
PEEK ; No leak at 50h. 2
Both samples were stored under pressure at 0.8kg/cm G

after irradiation of 3.2MGy

ke
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Fig. 5.1 Change of tensile strength(TS) for NL-W irradiated in air (),
in oxygen under pressure at 0.5MPa (@), and in nitric acid at

3N ()

[
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0 1 2 3 4 5 6
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Fig. 5.2 Change of tensile strength(TS) for NL-W dipping in nitric acid
bath at 100°C for 10h after irradiation in air ([J) and in oxygen
under pressure at 0.5MPa ()
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Fig. 6.1 Change of elongetion at break for NL-W irradiated in air (Q),
in oxygen under pressure at 0.5MPa (@}, and in nitric acid at

3N (A)
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Fig. 6.2 Change of Elongation at break for NL-W dipping in nitric acid bath
at 100°C for 10h after irradiation in air ([) and in oxygen under
pressure at 0.5MPa (W)
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Fig. 7.1 Change of bending strength(BS) for NL-W irradiated in air (O),
in oxygen under pressure at 0.5MPa (@}, and in intric acid at
3N (A)

BS(kg/mm?)

Dose (MGy)

Fig. 7.2 Change of bending strength(BS) for NL-W dipping in nitric acid
bath at 100°C for 10h after irradiation in air ([) and in oxygen
under pressure at 0.5MPa ()
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Fig. 8,1 Change of bending elastic modulus for NL-W irradiated in air (O
in oxygen under pressure at 0.5MPa (@), and in nitric acid at 3N (A)
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Fig. 8.2 Change of bending elastic modulus for NL-W dipping in nitric acid
bath at 100°C for 10h after irradiation in air and in oxygen under

pressure at 0.5MPa ([)
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Fig. 9.1 Change of hardnress for NL-W irvadiated in air (). in oxygen
under pressure at 0.5MPa (@), and in nitric acid at 3N (A)
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Fig. 9.2 Change of Hardness for NL-W dipping in nitric acid bath at 100°C
for 10h after irradiation in air ([), and in oxygen under
pressure at 0.5MPa (W)
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Fig. 10 Change of hardness for PEEK-450G irradiated
in nitric acid at 3N
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Fig. 11 Change of bending elastic modulus for PEEK-450G
irradiated in nitric acid at 3N
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Fig. 12 Change of weight decrement for NL-W dipping in xylene
bath at 140°C after irradiation in air () and in oxygen
under pressure at 0.5MPa (A)
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Fig. 13 Cracks at surface and the depth of oxidation from the surface
by microscopic observation for NL-W after irradiation in oXygen

under pressure.
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Photo. 3 Method of thermal cycle test
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