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Introduction

The first wall of a fusion reactor will be subjected to a flux of

high energy neutrons which will result in the formation of atomic dis-

placements and their associated phenomena, coupled with the formation of

helium via (n,a) reactions. The purpose of the experiments described

here is to determine the irradiation creep properties of several austen-

itic stainless steels under irradiation conditions that simulate fusion

reactor conditions in terms of both damage rate and helium generation

rate (Herdpa ratio).

Experimental Procedure

Pressurized tubes 4.57 mm in diameter and 25.4 mm in length with a

0.25 mm wall thickness were fabricated from drawn tubing of U.S. Fusion

Program austenitic stainless steel designated PCA. The composition (in

weight percent) is 14.5 Cr, 15.6 Ni, 2.3 Mo, 1.8 Mn, 0.42 Si, 0.24 Ti,

bal Fe. The tubes were filled with helium to attain hoop stresses from

20 to 400 MPa depending upon irradiation temperature. They were irra-

diated at temperatures of 330, 400, 500, and 600°C in the Oak Ridge

National Laboratory ORR-MFE-4 experiment in a NaK environment with

active temperature control.

*Research sponsored by the Office of Fusion Energy, U.S. Department
of Energy, under contract DE-AC05-840R21400 with Martin Marietta Energy
Systems,- Inc.
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The fast portion of the neutron spectrum produces atomic displace-

ments, and the thermal portion produces helium in nickel bearing alloy;

through the following sequence of two thermal reactions: SBNi(n,v)s'Ni

followed by s*Ni(n,a)5*Fe. To provide a fusion reactor relevant He/dpa

ratio, the neutron spectrum was tailored as a function of time. This

was achieved by using changeable core pieces surrounding the irradiation

vehicle. The irradiation environment was changed from water to aluminum

to hafnium as irradiation progressed.

The tubes were removed from examination at displacement levels of

about 5 and 12 dpa. Measurements were made using a laser profilometer

capable of a precision of ±250 nm.

Results and Discussion

The results of the measurements appear in Fig. 1 where effective

strain (1.33 times diametral strain) is plotted as s function of effec-

tive stress (0.866 times hoop stress). Irradiation creep is seen to

have essentially no temperature dependence between 330 and 600°C and to

exhibit linear stress dependence except for the higher stresses at 330°C.

To determine the effect of helium, these data are compared with

pressurized tubes of the same alloy from the same batch of tubing which

was irradiated in the Fast Flux Test Facility (FFTF) where much lower

He:dpa ratios (<1) were achieved.1

The difference between the data from the two reactors can best be

seen in Fig. 2. At 400°C, creep in the FFTF was determined to vary as

dpa to the 1.74 power. However, the results from the ORR spectral

tailoring experiment fall significantly above this curve with the dif-

ference-increasing as helium content increases. The difference between



the two sets of data is expected to result from only the difference in

neutron spectra.

Swelling has been subtracted from the FFTF data and found to be

negligible in the ORR except for 600°C. The observed differences are

attributed to an effect of helium on stress-effected swelling or irra-

diation creep. These effects have not yet been separated in this

experiment but need not be separated from a design viewpoint.

The results for 400°C were also observed at 500 and 600°C, but the

effect was less clear at 600°C where thermal creep and swelling inter-

fered. Based on these data, it is concluded that the presence of helium

during irradiation in a fusion reactor environment will enhance irra-

diation creep in PCA by about a factor of 4 to 10 over that observed in

a fast reactor in the range of 400 to 600°C.

Irradiation creep can be beneficial in a fusion reactor in that it

relieves swelling and thermal stresses but harmful in that it produces

deformation in response to primary stresses at temperatures far below

the thermal-creep regime. Therefore, it must be accounted for in the

design of a fusion reactor.
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List of Figures

Fig. 1. Irradiation Creep of PCA alloy from pressurized tubes irra-
diated in the ORR to achieve displacement levels of 15 dpa and a helium
concentration of 200 appm.

Fig. 2. Ratio of effective strain to effective stress as a function
of dpa for PCA. The data on the line are for pressurized tubes irra-
diated in the FFTF [R. J. Puigh J. Nuci. Mater. 141-143, (1985) 954].
The data at 5 and 12 dpa are from tubes irradiated in the ORR.
Calculated helium levels are shown.
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