Dynamic polygonization in 9%Cr heat resistant steel
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Abstract. Structural changes in 9%Cr martensitic steel during creep were examined. The grip
section of the crept specimen was characterised by a lath martensite structure, which hardly
changed during the test. In contrast, quite different microstructure developed in the necking
portion of the specimen. The structural changes were characterized by the evolution of
relatively large equiaxed subgrains with remarkably lowered density of interior dislocations at
places of initial martensite laths. The development of the well-defined subgrains in the necking
portion was accompanied with a coarsening of second phase precipitations. The structural
mechanism responsible for the microstructure evolution during creep is considered as a
dynamic polygonization.

1. Introduction

Nowadays, tempered martensitic 9-11%Cr steels are considered as promising creep resistant structural
materials for fossil power plants [1-4]. The creep properties of these materials at elevated temperatures
depend on the stability of martensite laths [5, 6]. Structural changes leading to significant changes of
original microstructures during hot deformation are commonly related to the development of dynamic
recrystallization [7]. Two general mechanisms for dynamic recrystallization were proposed [8]. The
discontinuous dynamic recrystallization was shown to occur in alloys with relatively low stacking
fault energy, when the new grains nucleate and grow due to bulging and migration of original grain
boundaries over long distances. Another mechanism of dynamic recrystallization takes place in
materials with high ability to dynamic recovery and involves continuous development of new grains as
a result of formation of strain-induced subboundary network and gradual increase in misorientations
between subgrains. However, the mechanisms of microstructure evolution operating in martensitic
steels during the creep at elevated temperatures have not been detailed. Efficiency of different second-
phase particles for microstructure stabilization against dynamic evolution is still unclear. High
dislocation densities in martensite laths may promote a local bulging of grain boundaries, leading to
discontinuous recrystallization. On the other hand, the rearrangement of lath boundaries and interior
dislocations may result in the development of new recrystallized grains that is similar to continuous
recrystallization by subgrain coalescence. The aim of the present work is to study the mechanism of
microstructure evolution in a 9%Cr steel during the creep at a temperature of 650°C, which is just
above the service temperature of 620°C for this material.









precipitations. A few of round-shaped fine particles with an average size of about 30 nm can only be
observed with in interiors of subgrain after creep test (figure 2b).

The development of relatively large subgrains in necking portion of crept specimen and the creep
softening indicate that the plastic flow can significantly accelerate the coarsening of all second phase
particles. The dislocation fluxes promote the diffusion processes leading to the particle coagulation
during creep. The mobility of dislocation subboundaries increases due to decreasing the pinning
forces. Also, the dislocation motion and interaction with the special boundaries result in the change of
orientation relationship and, therefore, facilitate the boundary mobility. Then, the dislocation
rearrangement within martensite substructure and the development of dynamic recovery result in the
evolution of conventional hot worked substructure. The formation of new subgrains takes place
continuously during the deformation due to rearrangements of interior dislocations; that is in-situ
without nucleation and growth of new recrystallizing grains. Any local bulging of high-angle grain
boundaries scarcely accompanies the microstructure evolution. The fraction of high-angle grain
boundaries does not rise and the (sub)boundary misorientation distributions do not significantly
change during the process. Therefore, such evolutional process is similar to a continuous dynamic
recrystallization, which frequently develops during hot working of metallic materials with high
stacking fault energy [10]. In the present study the structural changes took place on the substructural
level; namely, the martensitic laths gradually transformed to hot deformation subgrains. Thus, the
considered mechanism of microstructure evolution should be discussed as a dynamic polygonization.

4. Conclusions

The structural changes depended significantly on the amount of plastic strain. The initial
microstructure of tempered martensite with the transverse lath size of 330 nm was changed to
relatively coarse substructure with the average subgrain size of about 740 nm in the neck portion of
the crept specimen, where the experienced strain (reduction in area) was about 60%. In contrast, the
martensitic microstructure in the grip section of the specimen scarcely changed during the test.

The subgrain coarsening in the necking part of the specimen during the creep test was accompanied
by corresponding growth of second phase particles that originally precipitated at boundaries of blocks
and laths. The average particles size increased from 85 to 211 nm during the test.

The mechanism of microstructure evolution in the neck portion of the crept specimen is considered
as a dynamic poligonization.
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