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A Steady-State Creep Model for the AISI 316 L(N) in the Technically Relevant Stress Range

Among many other applications the austenitic 17/12/2—CrNiMo steel 316 L(N) (DIN 1.4909) is used or envisaged for both conventional and nuclear
power plant construction as well as for ITER within the International Nuclear Fusion Project. Worldwide a huge number of experimental
investigations have already been carried out to determine the material properties (including creep behavior) of this steel type in the conventional
stress and temperature range. In the design relevant low-stress range at 550 °C and 600 °C, however, creep data allowing statements to be made
about the stress dependence of the minimum creep rate or about the technically relevant creep strain limits are almost unavailable. This is not only
due to reasons of time, but to technical reasons, too. In this stress-temperature range, the expected creep or strain rates are so small that they can
hardly be measured by conventional creep tests. Therefore, a special long-term creep testing program at 550 °C and 600 °C, respectively, was
started in 1991. After an experimental period of about 10 years the creep tests have been either finished or aborted, and evaluated [1,2]. Now, this
low-stress creep data not only allow for a much better long-term prediction of the reliability of 316 L(N) applications but also enable deformation
modeling for a broader stress range.

The according model has been derived from four different well-known deformation mechanisms [3-12] which are described by rate equations. It
contains only four free parameters that have to be determined from experimental results.
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As can be seen, the transition from power-law creep to plasticity (which has been fitted just to the 600 °C results) fits also nicely to the results
gained at 550 °C and 650 °C. At higher temperatures the experiments have been performed at stresses below the transition range.The power-law
creep range which has been fitted to the 600 °C, 650 °C, and 700 °C experimental results, applies also for the 750 °C test results. Only the creep
tests performed at 600 °C reach down to the range of diffusion creep. Therefore, it is not possible to verify the whole model for the other
temperatures. But at least for 600 °C the model predictions fit perfectly to the experiments. At 550 °C, however, the model is too optimistic.
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Fig.1: Creep model (lines) as defined above compared to the experimental results (symbols). ~ Fig.2: Precipitation map for AISI 316 L alloys [13] including sigma phase analysis
for the present material (red dots).

For an evaluation of the influence of the time-dependent microstructural composition on the creep behavior a precipitation diagram is necessary. At
NIMS, Japan extensive aging experiments have been performed followed by TEM examinations to generate a time-temperature-precipitation
diagram for a 18Cr-12Ni-Mo steel that is comparable to the AISI 316 L(N) [13]. In Fig. 2 this precipitation map is shown together with some results
of the 316 L(N) sigma phase observations (see also Fig. 3) which are in good agreement. It can be seen that during steady-state creep in the
medium and low stress range (i.e. 750 °C, 500 h down to 550 °C, 50000 h) only carbides and Laves phase precipitate at grain boundaries and
within the grains. Therefore, the change of microstructure with time can not be the reason for the observed creep behavior shown in Fig.1. In fact,
the steady-state creep rate depends strongly on the underlying deformation mechanisms which in turn depend on the applied stress [14].
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