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Summary 

Studies to determine tritium exposure effects on the properties of welded steels are being conducted. In this 
investigation, the effects of tritium and decay helium on the fracture toughness properties of high-energy-rate-forged 
(HERF) Incoloy 903 were measured. Fracture toughness measurements were conducted for tritium-exposed samples in 
the as-forged condition and compared with welded samples. Tritium-exposed HERF Incoloy 903 had fracture toughness 
values that were 33% lower than those for unexposed HERF Incoloy 903. Tritium-exposed welded samples had fracture 
toughness values that were just 8% of the unexposed HERF alloys and 28% of unexposed welded alloys. 

Background 

Tritium reservoirs have limited lifetimes because of the embrittlement effects of tritium and decay helium. Thresholds 
for tritium-induced cracking are estimated by calculating, from the exposure history, the amount of tritium and decay 
helium that accumulate in the walls of a reservoir and by measuring the fracture toughness values of the steels as a 
function of decay helium content These data, in combination with reservoir stress analyses, are used to determine the 
safe lifetimes of tritium reservoirs. Most experimental efforts to date have concentrated on the properties of high-
energy-rate-forged (HERF) steels because reservoirs are fabricated using this process. Experimental results indicate that 
fracture paths and toughness values of tritium-exposed steels are greatly affected by microstructure (1,2). Defects such 
as dislocations and interfaces trap decay helium and hydrogen and change the flow and fracture properties. 

The effects of tritium and decay helium on the properties of welded microstructures are not well characterized and are 
the focus of current programs. Three kinds of investigations are planned and underway. First, the fracture toughness 
properties of resistance welded microstructures are being measured. Solid state resistance welds are used to weld new 
fill stems to reclaimed reservoirs, seal reservoirs after filling (pinch weld), and may be used to fabricate reservoirs in 
the future. Second, the fracture toughness properties of heat-affected zones near fabrication welds will be measured. 
Our results have shown that annealed microstructures are more embrittled by tritium than as-forged microstructures 
(1). Finally, the properties of gas tungsten arc and electron beam welded steels will be measured. This study will 
include the effects of hydrogen isotopes and helium on the properties of the weld as a function of ferrite content. 

In this study, the effects of tritium and helium on the fracture toughness properties of high-energy-rate-forged (HERF) 
and welded Incoloy 903 were measured. The purpose of the study was to compare the resistance to tritium-induced 
cracking of as-forged steels with welded steels. Although Incoloy 903 is not used as the material of construction for 
reservoirs, it was chosen for study because tritium-exposed welded fracture toughness samples were immediately 
available from a previous investigation. 

Experimental Results and Discussion 

The composition of this Fe-Ni-Co-based super alloy is given in Table L Arc shaped fracture toughness samples (C-
Samples) were cut from cylindrical forgings after they were TIG welded with Incoloy 903 filler wire at Rocky Flats. 
Welded samples were treated in one of three ways: (1) Heated at 991K for 16 hours, air cooled; (2) Heated at 991 K for 
32 hours, air cooled; (3) untreated. Welded samples were machined such that the notch and subsequent fatigue crack 
could extend into the weld region. The specimens were then thermally charged-at 423 K with a tritium partial pressure 
of 437 atm for six months. The samples were then aged at 273 K to allow for decay to helium-3 while minimizing 
offgassing losses of tritium. At the time of the fracture toughness tests, the samples contained approximately 1200 
atomic parts per million (appm) tritium and 400 appm helium at the crack tips. 
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The samples were pulled to failure at room temperature in air using a screw-driven testing machine and a crosshead 
speed of 3.3 x 10*4 j ^ /s_ Typical load displacement diagrams are shown in Figure 1. The areas under the curves up to 
maximum load are an indication of the energy absorbed by the specimen prior to crack initiation and can be used to 
estimate fracture toughness values (3-5). Note that unexposed welded alloys have a lower fracture toughness than the 
uncharged HERF alloy (Figure 1). This is most likely due to the gamma-prime phase that is present in the weld heat-
affected zone. Because fracture and plastic deformation are competitive processes in a stressed material, fracture 
toughness tends to decrease with increasing yield strength. Fracture is made easier in the welded alloy because 
precipitation of the gamma prime phase increased the yield strength. The data show that uncharged HERF Incoloy 903 
alloys had fracture toughness properties that were about 70% higher than HERF-and-welded alloys. 

Both welded and as-forged tritium-exposed samples had lowefftacture toughness values than the'unexposed samples. 
This is evident from the areas under the curve up to maximum load in Figure 2. Note the difference between the 
unexposed (Fig. 1) and tritium-exposed (Fig. 2) samples. The data show that the tritium-exposed-and-aged HERF 
Incoloy 903 had fracture toughness properties that were about 33% lower than uncharged HERF Incoloy 903. Welded 
and Tritium-exposed Incoloy 903 had fracture toughness properties that were just 8% of unexposed HERF alloys and 
28% of unexposed welded alloys. These fracture toughness values are summarized in Table n. 

It could not be determined at this time if these results could be directly related to the tritium effects on the fracture 
toughness properties of the commonly used reservoir steels like 304L and 21-6-9. If the low fracture toughness values 
of welded Incoloy 903 is due to the gamma prime phase present in the weld region then these results would not be 
directly applicable because this phase would not be present in Types 304L and 21-6-9 steels. Future studies will address 
the effects of tritium and decay helium on the properties of electron beam, gas tungsten arc, and resistance welded 
stainless steels. 
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TABLE I Heat Compositions (wt%) 

Alloy C Mn Fe S Si Ni A! Ti Co Cb+Ta 
Incoloy 903 0.01 0.11 41.31 0.001 0.16 38.11 1.03 1.38 14.97 2.92 
*Alloy was high energy rate forged. 



TABLE II Fracture Toughness Values 

Fracture Toughness 
Control Condition Values (in-ibs/sq.in) 
19-9 HERF 2460 
19-10 HERF 3222 
11 HERF, Welded, Aged 16 h 788 
19 HERF, Welded, Aged 32 h 946 

Tritium-Exposed-And-Aged 
(1284 appro hydrogen isotopes, 406 helium) 

19-12 
19-13 
12 
110 

HERF 
HERF 
HERF, Welded, Aged 16 h 
HERF, Welded, Aged 32 h 

1832 
1938 

184 
314 
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Figure 1. Load-Displacement Diagrams Of HERF And HERF & Welded Incoloy 903 (Control Samples). 
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Figure 2. Load-Displacement Diagrams Of HERF And Welded Incoloy 903 (Tritium-Exposed Samples). 


