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Abstract. A Super304H austenitic stainless steel, Fe — 0.1%C — 0.12%N — 0.1%Si — 0.95%Mn —
18.4%Cr — 7.85%Ni — 3.2%Cu — 0.5%Nb — 0.01%P — 0.006%S (all in mass%), with an average
grain size of about 10 um was used as the starting material. The multiple forging was carried out
by means of multi-pass compressions at room temperature. The hardness of 6 GPa and the
yield strength of 1430 MPa were achieved after total strain of 4. The strengthening during the
multiple forging resulted from the formation of almost equiaxed nanocrystalline structure with an
average grain size of about 30 nm. The softening behaviour of the nanocrystalline samples was
studied by means of isochronal annealing at temperatures of 500 to 700 °C for 30 min. The
structural mechanisms responsible for the grain refinement during the large strain cold working
and those operating upon the subsequent annealing and their effect on the mechanical proper-

ties are considered.

1. INTRODUCTION

Severe plastic deformation that is large strain cold
working at temperatures below about half of melting
point is now considered as one of efficient method
forthe development of submicro- or nanocrystalline
metals and alloys [1,2]. The total strains required
forthe development of deformation microstructures
consisting of highly misoriented structural elements
with their size in the range of tens to hundred na-
nometers are significantly largerthan those used in
conventional metal working processes [3-5]. Re-
cently, several research centres around the world
have developed and practically utilized several pro-
cessing techniques, which allowed deforming vari-
ous metals and alloys up to very large strains at
relatively low temperatures including severe defor-
mation at room temperature. The most widespread
and universal techniques are mechanical milling/al-
loying with subsequent consolidation, equal chan-
nel angular pressing, torsion under high pressure,
accumulative roll bonding [6-14].

Early investigations revealed the common se-
quence of structural changes leading to the grain
refinement during severe deformation. The develop-
ment of submicro- or nanocrystalline structures re-
sults from a kind of continuous reactions [9]. The
plastic working brings about a spatial network of
deformation subboundaries. Then, the new fine
grains are gradually evolved in place of deformation
subgrains as a result of progressive increase in the
subboundary misorientations with straining. It should
be noted that various metals and alloys are charac-
terized by remarkably different kinetics of grain re-
finement during severe deformation [15-18]. The rapid
development of nano/submicrocrystalline structures
was observed in materials allowing pronounced grain
subdivision upon deformation. Typical representa-
tives of such materials are titanium alloys and meta-
stable austenitic steels [19-21]. The grain refine-
ment in these materials is accelerated by multiple
mechanical twinning and/or strain-induced phase
transformation, leading to fast development of nano/
submicrocrystalline structures at relatively small















ated with a decrease in the dislocation density and
an increase in the grain size.

4. SUMMARY

The structural changes and the mechanical proper-

ties were studied in a Super304H austenitic stain-

less steel subjected to large strain cold forging and
subsequent annealing. The main results can be
summarized as follows:

1. The multiple compressions of a 304-type auste-
nitic stainless steel to a total strain of 4.0 re-
sults in the development of uniform
nanocrystalline structure consisting of ferrite and
austenite grains with a size of about 30 nm.

2. The evolution of the nano-grained microstructure
is facilitated by the development of multiple me-
chanical twinning and strain-induced martensi-
tic transformation.

3. The evolved microstructure is rather stable dur-
ing the subsequent annealing at temperatures
up to 600 °C, when a static recovery leads to a
decrease in the dislocation density.

4. The heatingto 700 °C results in the development
of static recrystallization. The average recrys-
tallized grain size is 500 nm after 30 min an-
nealing.

5. The nanocrystalline steel processed by multiple
forging exhibits high yield strength of 1430 MPa.
Annealing for 30 min at temperatures below 600
°C does not lead to remarkable softening. The
yield strength decreases to 1190 MPa only after
annealing at 700 °C.
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