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ABSTRACT

Modeled grain structures of annealed carbon steels using voronoi tessellation is reported in
this work. Three stages of programming were used in modeling the microstructures. The first
stage was iteration of the voronoi cells in order to obtain equivalent grain size with
experimental specimens. In the second stage, the pearlite phase was introduced using the
lever rule represented by a plot of random points. The third layer was modeled to reveal the
grain boundaries of the carbon steels. The values of the grain sizes of modeled
microstructures showed good agreement with experimental values. The study has shown that
the microstructures can be modeled fairly accurately thus enabling a fairly quick export of
geometric models on to some other finite element packages for analysis of stress - strain
effect on  microstructure and generally a stress-microstructure response could be
determined.
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INTRODUCTION

Materials selection and design for durability, rests upon our understanding of phenomena
occurring at microstructural scales as well as at the scale of structural components[1-4] The
goal of tailoring the material microstructure to control plastic deformation and related failure
processes are of great economic importance. It then becomes a necessity to find a way to
predict the effect of different levels of concentration of constitutional components on the
mechanical properties of alloys. The concept of Voronoi tessellation [5-8]has been
extensively used in materials science, especially to model the geometrical features of random
microstructures like aggregates of grains in polycrystals, patterns of intergranular cracks and
composites[9].

METHODOLOGY

Experimentation

Steel rods of wt.% carbon compositions 0.23,0.25,0.28%,0.33% and 0.47 were cut into
linch lengths to ensure ease of handling during subsequent metallographic processes. The
samples were subjected to annealing heat treatments using a Carbolite® electric furnace with
maximum operating temperature of 1700°C. They were then subjected to standard
metallographic analysis[10] (Oluwole et al,2008). Nital was used for etching.
Photomicrographs were obtained using camera fitted optical metallurgical microscope. Heyn's
intercept method and ASTM E112[11] standard was used in obtaining grain size number.

121



Modeling Annealed Grain Structures of Some . .
Carbon Steels Using Voronoi Tessalation Oluwole, 0.0 and Akinkunmi, A.L.

Modeling

Three stages of programming were used in modeling the microstructures. The first stage
involved iteration of the voronoi cells in order to obtain equivalent grain size with
experimental specimens(Fig.1). In the second stage, the pearlite phase was introduced using
the lever rule and is represented by a plot of random points (Fig.2). Number of points were
input to correspond with the pearlite composition. The remaining spaces uncovered with the
scattered points represented the ferrite phase. The third layer was modeled to reveal the
grain boundaries of the carbon steels(Fig.3). Iteration of random tessellations continued until
equivalent grain cells were obtained by grain size calculations as expressed in section 2.1
above and comparing with experimental results.

MATLABR 2007b[12,13] was used for the programming environment. The final result is a
model clearly showing the grain boundaries, the grain size, the grain shape, and the carbon
content represented by the ratio of ferrite to pearlite phases in the microstructure.
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RESULTS AND DISCUSSION

Results

Figures 4a, 5a, 6a, 7a and 8a are the photomicrographs of annealed carbon steels of %wt.
carbon composition of 0.23,0.25, 0.28%,0.33% and 0.47 respectively. Figures 4b, 5b, 6b, 7b
and 8b are the modeled grains using voronoi tessellation. Their grain sizes are presented in
Tablel.

Table 1: Comparative Grain Size Number for annealed carbon steels and model

Steel Sample ASTM Grain Size Grain size

(Wt % Cafbon) Heat Treatment Number(Model)
° Number(Experimental)

0.23 Annealed 8.0 8.8

0.25 Annealed 9.0 10.0

0.28 Annealed 10.0 10.2

0.33 Annealed 10.3 10.5

0.47 Annealed 10.5 10.5

Figures 4b,5b,6b,7b and 8b show the modeled micrographs of the five steel samples. It was
observed that the greater the number of iterations, within any confined space, the smaller
the grain size.

DISCUSSION

From the results, photomicrographs of the annealed samples showed fully recrystallized
grains due to annealing (Figs.4a,5a,6a,7a and 8a). The modeled grain structures(Figs.
4b,5b,6b,7b and 8b) showed pearlite and ferrite portions of the steel constituents as dark
and white patches respectively. Visual comparison show close resemblance and grain size
calculation show close agreement with the photomicrographs.
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Fig.4(a): Annealed 0.23% carbon
(Mlcrograph) X200 )
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Fig.4(b): Annealed 0.23% carbon
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Fig.6(b): Annealed 0.28% carbon
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Fig. 7(b): Annealed 0.33% carbon
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ifig.8(a): Annééled 0.47% carbon Fig.8(b): Annealed 0.47% carbon
(Micrograph)X200 (Model)

CONCLUSION

This work has presented grain structure modeling of some annealed carbon steels using
voronoi tessellation. This study has shown that the microstructures can be modeled fairly
accurately. These models can be exported on to some other finite element packages for
stress or strain analysis effect on microstructure and generally a stress-microstructure
response could be determined.
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