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Swelling of SUS 304 and SUS 316 Stainless Steels under Heavy Ion Irradiation
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Abstract To allow more accurate evaluation of the irradiation induced swelling behavior of
PWR core internals made of SUS304 and SUS316 a heavy ion irradiation study was carried out. In
particular, the effects of temperature and damage rate on swelling and the differences in swelling
behavior between the two kinds of materials was studied. Microstructural changes in SUS 304 and
SUS 316 induced by 4 MeV Ni* ion irradiation under variations of damage rate, damage level and
temperature were observed by using a transmission electron microscope (TEM). Cavity formation
was detected both in SUS 304 and SUS 316 at a temperature of 300[] and an irradiation dose of 2
dpa. It was found that the damage rate dependence of the cavity formation and growth differed
between SUS 304 and SUS 316. The primary cause may be the difference in the damage rate
dependence of dislocation structures. It was also shown that the swelling of SUS 304, for which the
cavity formation was saturated during the initial phase of irradiation, was larger than that of SUS 316
whose cavity formation continued until the exposure dose reached 25 dpa.

Keywords Swelling, ion irradiation, SUS 304, SUS 316, pressurized water reactor (PWR).
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SUS304 0.051 048 1.49 0.025 0.001
SUS316 0.061 0.51 148 0.028 0.001 1320 1647 2.34
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No. Material Temperature Dose rate Dose

(M) (dpa/s) (dpa)
1 SUS304, 316 300 1x 10° 2
2 SUS304, 316 300 4x 10" 2
3 SUS304, 316 300 1x 10" 2
4 SUS304, 316 400 1x 10° 2
5 SUS304, 316 400 4x 10" 2
6 SUS304, 316 400 1x 10" 2
7 SUS304, 316 500 1x 10° 2
8 SUS304, 316 500 4x 10" 2
9 SUS304, 316 500 1x 10" 2
10 SUS304, 316 300 4x 10" 10
11 SUS304, 316 300 4x 10" 25
12 SUS304, 316 400 4x 10" 10
13 SUS304, 316 500 4x 10" 10
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SUS304
Temperature Dose rate Dose Number density Diameter Swelling
(0) (dpa/s) (dpa) (m™) (nm) (%)
300 4x 10" 2 8.45x 10* 3.9 0.025
400 1x 10° 2 2.16x 10* 3.5 0.005
400 4x 10" 2 4.16% 10" 4.2 0.016
400 1x 10" 2 8.88x 10” 5.0 0.058
500 1x 10° 2 1.25% 10" 5.7 0.012
500 4% 10" 2 2.20x 10" 6.0 0.024
500 1x 10" 2 4.51x 10" 6.2 0.057
SUS316
Temperature Dose rate Dose Number density Diameter Swelling
Q) (dpa/s) (dpa) (m™) (nm) (%)
300 4x 10" 2 3.83x 10” 2.7 0.004
400 1x 10° 2 4.92x 10* 3.3 0.010
400 4x 10" 2 4.45% 10" 2.9 0.006
400 1x 10" 2 4.87x 10" 4.4 0.022
500 1x 10° 2 5.80x 10* 4.0 0.020
500 4x 10" 2 5.79x 10* 4.3 0.024
500 1x 10" 2 5.20x 10* 4.5 0.024
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SUS304

Temperature Dose rate Dose Number density Diameter
(0) (dpa/s) (dpa) (m™) (nm)
300 4x 10" 2 3.87x 10” 54
400 1x 10° 2 1.10x 10 12.3
400 4x 10" 2 2.82x 10% 17.7
400 1x 10" 2 4.41x 10* 18.2
500 1x 10° 2 2.40x 10* 27.5
500 4x 10 2 2.64x 10" 32.7
500 1x 10" 2 4.04x 10™ 34.3

SUS316

Temperature Dose rate Dose Number density Diameter
(@) (dpa/s) (dpa) (m™) (nm)
300 4x 10" 2 3.66x 10” 8.9
400 1x 10° 2 1.44x 107 17.0
400 4x 10 2 1.50x 10% 14.7
400 1x 10" 2 1.31x 10* 16.0
500 1x 10° 2 1.48%x 10™ 28.0
500 4x 10" 2 1.57x 10* 33.6
500 1x 10" 2 1.52x 10” 33.2
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SUS304
Temperature Dose rate Dose Number density Diameter Swelling
(@) (dpa/s) (dpa) (m™) (nm) (%)
300 4x 10" 10 1.20x 10* 5.7 0.117
300 4x 10" 25 3.90x 10” 5.0 0.257
400 4x 10" 10 6.25x 10” 6.2 0.791
500 4x 10 10 2.78% 10% 6.7 0.434
SUS316
Temperature Dose rate Dose Number density Diameter Swelling
(@) (dpa/s) (dpa) (m™) (nm) (%)
300 4x 10" 10 1.17x 10* 6.1 0.141
300 4x 10" 25 1.32x 10% 5.6 0.124
400 4x 10" 10 5.12x 10* 3.9 0.159
500 4x 10" 10 4.74x 10 6.1 0.555
(yoooo
SUS304
Temperature Dose rate Dose Number density Diameter
(@) (dpa/s) (dpa) (m™) (nm)
300 4% 10-4 10 5.40% 10% 9.0
300 4% 10-4 25 5.60x 10% 11.0
400 4% 10-4 10 4.68x 10* 19.3
500 4% 10-4 10 1.85x 10% 39.2
SUS316
Temperature Dose rate Dose Number density Diameter
(@) (dpa/s) (dpa) (m™) (nm)
300 4x 10-4 10 4.33x 10* 9.6
300 4x 10" 25 4.06x 10 11.3
400 4x 10" 10 1.28x 10* 20.7
500 4x 10" 10 2.59% 10” 35.6
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Cavity number densityd x10%2m=0
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