High temperature properties of an austenitic stainless steel
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Abstract. Tensile properties of the 18Cr-9Ni-W-Nb-V-N austenitic stainless steel were studied
at strain rates ranging from 6.7x10° to 1.3x107 s™ in the temperature interval 20-740°C. It
was found that this steel exhibits jerky flow at temperatures ranging from 530 to 680°C and an
initial strain rate of 1.3x10” s™'. This phenomenon was interpreted in terms of Portevin-Le
Chatelier (PLC) effect occurring due to dynamic strain aging (DSA). PLC yields significant
increase in high temperature strength of this steel due to extending of plateau on temperature
dependence of yield strength (YS) and ultimate tensile strength (UTS) to higher temperatures.
As aresult, YS and UTS remain virtually unchanged with increasing temperature from 350 to
740°C. Role of additives of tungsten and vanadium in DSA and high temperatures strength of
the austenitic stainless steel is discussed.

1. Introduction

Austenitic stainless steels, containing 18% of Cr and 8% of Ni, are widely used in high temperature
applications. Additives of W, V, Nb and N provide an increment in their service temperature [1].
However, the origin of positive effect of these elements on high temperature strength is not yet clear.
It has been reported that at high service temperatures the austenitic stainless steels are susceptible to
dynamic strain aging (DSA) associated with interactions between solute atoms and mobile dislocations
during plastic deformation. This phenomenon depends on temperature and strain rate. DSA may have
a large impact on the mechanical properties such as strength, ductility, fatigue and creep life of high
temperatures structural units [2-4]. The present study aimed to examination of DSA phenomenon in
the 18Cr-9Ni-W-Nb-V-N steel and its effect on strength at high temperature. A role of alloying
clements in high temperature strength of the 18Cr-9Ni-W-Nb-V-N austenitic steel is discussed.

2. Experimental procedures

The austenitic stainless steel with a chemical composition Fe—0.018%C-18.2%Cr—8.2%Ni-2.1%W-
0.43%Nb-0.29%V-0.17%N-1.75%Mn-0.14%Si was manufactured by chill casting. The ingots were
forged into rods at a temperature of ~1180°C, then solution treated at 1150°C for one hour and
quenched into water. The flat tensile specimens having a gauge length of 25 mm and 7x3 mm® cross-
section were cut from solution treated rods. These specimens were tensioned in the temperature
interval of 20-740°C at strain rates ranging from 6.7x10° to 1.3x107? s, An Instron universal testing
machine (Model 5882) equipped with a three-zone split furnace was used. Temperature accuracy was









In order to examine temperature dependence of yield stress for the 18Cr-9Ni-W-Nb-V-N steel in
details the shear modulus compensated yield stress was plotted against the reciprocal absolute
temperature in logarithmic scale (figure®5b). For the SUS304 the values of yield stress normalized on
temperature dependence of shear modulus steel decrease with increasing temperature excepting short
temperature interval where DSA effect was found. On the other hand, for the 18Cr-9Ni-W-Nb-V-N
steel the normalized YS increases with increasing temperature from 530 to 740°C. Thus, positive
temperature dependence of o, ,/G takes place providing high strength of the steel examined in a wide
temperature interval. It is obvious that this positive temperature dependence is attributed to the PLC
effect.

In the temperature interval 350-680°C where DSA occurred, the values of UTS of the 18Cr-9Ni-
W-Nb-V-N steel remain almost unchanged; plateau is observed at these temperatures (figure 5a). At
high temperatures, UTS decreases extensively. It is seen in figure 5a, that at T > 530°C the present
steel demonstrates values of UTS significantly higher than that for the SUS304 steel. It is known that
the strong interaction between mobile dislocations and solute elements provides accumulation of
lattice dislocations in DSA regime [8,9]. As a result the values of UTS increase at temperatures there
DSA occurs. Therefore, it is possible to conclude that additional additives of W, Nb and V to 18%Cr-
8%Ni steel lead to extension of the DSA regime to higher temperatures providing high value of UTS.
As a result, the 18Cr-9Ni-W-Nb-V-N steel exhibits increased high temperature strength.

4. Conclusions

L. PLC effect was found in the 18Cr-9Ni-W-Nb-V-N steel with following typical attributes: jerky
flow; the platcaus on temperature dependencies of YS and UTS; positive temperature
dependence of o,,/G.

2. The extending of DSA to higher temperature due to additions of W, Nb and V increases high
temperature strength of the 18Cr-9Ni-W-Nb-V-N steel and provides high value of YS and UTS
up to 740°C and 680°C, respectively.
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