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Fracture Mechanism of Stainless Steel Charging With Tritium
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Abstract: Based on diffusion equation, the concentration of hydrogen isotopes and heli-
um in the stainless steel film specimen aging at room temperature for two years was cal-
culated and measured by finite diffusion method. The fracture strength was measured by
tension test. The SEM and PAT were applied for the investigation of the fracture. The
initiation and propagation of cracks were investigated in situ by tension in TEM at room
temperature. The effect of tritium on the fracture of stainless steel was evaluated. The
results show that the concentration of helium from the decay of tritium in the stainless
steel aging at room temperature for two years is up to 30 ppm. The fracture strength
decreases by the existence of helium and tritium. The increase of the defects makes the
lifetime of positron annihilation longer. There are no helium bubbles by TEM. The
tension process in TEM indicates that the tritium provokes the emission, propagation of
dislocation in the cracks tip. The micro fracture process of HR-1 SS and HR-2 SS can be

described that tritium cracks nucleate, blunt to microvoids and then incorporate into
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crazing tritium which results in the lessening or vanishing of the dislocation free zone

(DFZ) for HR-2 SS.
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Fig. 1 Location of weld joint in sample
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Table 1 Ingredient of experiment materials

Mok w(C% wND% wMn% w(C% w(P) % w(S) % wSHY%  wND%  w(Mo)% w(Fe)%
HR-1 18.13 13. 08 2.44 0. 04 — 0.55 — 2. 44 K
HR-2 21 6 9 0.04 0.005 0. 45 0.295 - A
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Table 2 Concentrations of H isotope and He in A type and B type samples

. AV FF ¥ &/ ppm i T2 5 &/ ppm ARV ¥ & i/ ppm
i A% B % A % B % A% B %
HR-1 153.3 140. 3 171. 4 140. 4 0.005 16. 8
HR-2 287.5 257.3 319.2 255.0 0.009 30. 3
AR BAORE
_07F ~ 08r
@ T 07F
0.6F
£ 0.5F é 05L
< 04+ 2
XV \x 0.4
2 o3r = o0sf
2 02 g 021
H 01 E 01
s
= 00kt 0.0 I | L L |
00 01 02 03 04 05 00 01 02 03 04 05
PEF MR E /mm PER I E /mm
K2 J{FEmE H.T . He 3210

Fig. 2 Depth distribution of H, T, He in samples tritium charging
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Table 3 ¢, of welding samples before and after tritium charging
on/MPa
12 5 44 o LTI WOBH
RICI TG A 2 FUI B 2 R I FUI» A 2 FEM B 2
HR-1 505 465 443 624 624 568
HR-2 601 592 497 840 747 673
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Fig. 3 Fracture face of samples charged with tritium aging for 2 a
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Table 4 PAL date of sample before and

after tritium charging
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Fig.4 TEM images on fracture face
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Fig. 5 Micro fracture process of HR-1
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