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Abstract. Dynamic structural changes during creep tests for about 10 hours at 600 and 650°C were
investigated in a P92-type 9%Cr martensitic heat resistant steel. The structural changes are
characterised by the development of relatively large equiaxed subgrains with relatively low
dislocation densities in place of initial martensite laths. The coarsening of substructure was
accompanied by a growth of second phase precipitates. The final grain/subgrain sizes and
dislocation densities evolved after the creep tests were in rough correlation with applied stresses, i.e.
larger (sub)grains developed under lower stresses. The structural mechanism responsible for
microstructure evolution was considered as a kind of continuous dynamic recrystallization.

Introduction

Martensitic steels containing 9-12%Cr are considered as promising creep resistant structural
materials [1-3]. Commonly, the strengthening of these steels results from tempered martensitic
structures including the well developed lath martensite substructure with high dislocation density in
the subgrain interiors and the various homogeneously distributed fine second-phase precipitations.
The creep resistance, therefore, depends on the stability of original tempered martensitic structures
at elevated temperatures. The coarsening of initial structural elements, i.e. martensite laths and
second-phase particles at clevated temperatures can remarkably deteriorate the mechanical
properties [4, 5]. In spite of much effort to discovering the crept microstructures, the evolutional
mechanisms responsible for microstructure development in martensitic steels during high
temperature creep are still unclear. Thus, the studies on the structural changes in the heat resistant
steels during creep at elevated temperatures are of great practical importance.

The fine uniformly distributed particles in tempered martensite provide the dispersion
strengthening of the steel and the stabilization of martensite lath substructure. Generally, the size of
substructural elements (subgrains, laths, etc.) in single-phase metals and alloys gradually increases
with increase in heating temperature and/or duration of annealing [6]. In the case of plastic
deformation at high temperatures, the dynamic size of developing subgrains depends inversely on
the level of flow stress (or temperature-compensated strain/creep rate) [7]. The presence of fine
particles in every alloy retards the subgrain growth in static and dynamic conditions because of so-
called pinning effect [8]. Therefore, much finer subgrain size can be predicted in the tempered heat
resistant steel subjected to long term creep/annealing. The relationship between the evolved
grain/subgrain size in multiphase matrix-type metallic materials and the size and volume fraction of
second-phase particles has been fairly clarified for static annealing condition. However, effect of hot
plastic deformation on the developing substructures in dispersion strengthened steels has not been
investigated in sufficient detail. In the present work, dynamic structural changes in a 9%Cr















concurrently with the coarsening of second-phase particles. The size of structural elements
increased with an increase of temperature and/or a decrease of flow stress similar to conventional
hot working. The mechanism of microstructure evolution was considered as a kind of continuous
dynamic recrystallization.
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