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ABSTRACT The present study describes the analysis of the evolution of microstructure in Al-
4mass%Mg alloy by utilizing the Electron Back-Scattering Pattern (EBSP) method and computer
simulation of grain growth. EBSP analysis of a recrystallized specimen revealed equiaxed
polycrystalline structure having a weak texture component around the cube orientation. Small angle
boundaries were observed not to localize around particular grains. Monte Carlo simulation using the
EBSP data showed a growth of grains containing low angle boundaries under the condition that these
low angle boundaries increase their length, while the grains disappeared drastically when calculated
using the different algorithm that every grain boundary has the same mobility.
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1. INTRODUCTION

Grain growth process is well known to show significant changes of microstructures such as
distributions of grain size, grain orientation and grain boundary characters. Local distributions of
these microstructural parameters such as grain boundary characters or grain size around each triple
junction affect the migration behavior of each grain boundary which dominates the grain growth
process.  Since new grain boundaries are formed when two boundaries migrated to come into
contact with each other, local distributions changes dynamically during grain growth and
consequently wide varieties of microstructure are expected to appear. Thus, it is quite important to
understand the grain growth process focusing on the local distributions of these parameters in order to
establish the method to control microstructures of polycrystalline materials.

In the present study, local distributions of both grain orientation and grain boundary characters in a
recrystallized Al-4mass%Mg alloy were investigated by the EBSP method®. Monte Carlo simulation
of grain growth was then performed utilizing the EBSP data® in order to make clear the dominant
factors in the grain growth process.

2. EXPERIMENTAL PROCEDURE

Al-4mass%Mg alloy specimens were prepared by annealing at 773K for 10%s after cold rolling with
the reduction of 90% in thickness. These recrystallized specimens were then mechanically and
clectrolytically polished, followed by the analysis of microstructures by the EBSP method which was
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performed using a scanning electron microscope (JEOL JSM-6400) with the accelerating voltage of
30kV.

Two dimensional grain growth processes were simulated by means of the Monte Carlo method".
The area for the calculation consisted of 100 x 100 sites in hexagonal arrays, and the EBSP data were
utilized as the initial grain structure of the simulation. Grain boundaries are classified into two groups
depending on their misorientation angle : low angle boundaries having the misorientation angle less
than 15 degrees and high angle boundaries. Two different algorithms for grain boundary migration
were used in the present simulation. The first one is that low angle boundaries at triple junctions
increase their length (algorithm-1), and the second one enables every grain boundary migrates with
the same mobility (algorithm-2).

3. RESULTS AND DISCUSSION
3.1 Microstructure of a recrystallized Al-1mass% Mg alloy
Figure 1 shows an example of the OIM (Orientation Imaging Microscopy) image of a recrystallized

Al-4mass%Mg alloy. It shows an equi-axed polycrystalline structure and no anomalous grains exist

AT bouhdary levels: 5.0° 15.0°
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Figure 1 An example of the OIM of Al-4mass%Mg alloy annealed at 773K for 10%s.
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indicating a normal grain growth are proceeding, and there also observed no significant localization of
low angle boundaries. Macro-texture or pole figures are shown in Fig.2. The figures indicate that

10 strong texture has developped for the present specimen, but weak component around the cube
orientation is observed.

3.2 Grain growth simulation utilizing the EBSP data
Initial microstructure for the grain growth simulation was prepared by transforming the EBSP data

Figure 3 Comparison of an OIM image (a) with the translated mictostructure (b)
used as the initial structure of the grain growth simulation.
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in Fig.1, and both the OIM image and the microstructure drawn using the transformed data are shown
in Fig. 3. These two figures are in consistent with each other, while many grain boundaries showed
rather irregular shape as seen in Fig.3(b).

This type of “mis-transformation” is attributed to the roughness of the surface and/or the local
changes of the orientation in the vicinity of grain boundaries. The former problem would be solved
by preparing quite smooth surface. The latter reason suggests that the present method enables the
simulation to deal with local change of the orientation which will be very important for the calculation
of grain growth behavior in slightly deformed materials or the simulation of grain boundary migration
where a dynamic change of the gfain boundary misorientation occurs . In the present study, grain
growth calculation with a few Monte Carlo steps was performed in order to make smoother grain
boundaries.

Figure 4 shows an example of grain growth process using the “@lgorithm-1”". The shaded grains
have almost the same orientation and a low angle boundary exists in between these grains. In this
calculation, low angle boundaries are settled to increase their length preferentially. ~As grain growth
proceeds, the shaded grains grew consuming surrounding grains, but the reversed tendency appeared
after calculation of SOOMCS.
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Figure 4 An example of grain growth process using the algorithm-1
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These changes in the evolution of microstructure were also observed in Al-0.3mass%Mg alloy © .
According to the paper, “clusters” of grains in the same orientation group tended to contain low
energy boundaries, and formation of the cluster is important for the preferential growth. In the
present simulation no significant clusters were observed and consequently no drastic change of grain

growth such as anomalous grain growth or formation of texture was concluded to occur.
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Figure 5 An example of‘ grain growth process using the algorithm-2

Figure 5 shows the different type of grain growth process calculated for the same initial
microstructure as that used in Fig.4. This simulation was performed using the “algorithm-2” for the
grain boundary migration, i.e. all the boundaries have the same mobility. In the early stage of the
grain growth the shaded grains disappeared, showing different process of the evolution of
microstructure from that shown in Fi g.3.

Analysis of microstructure for each snap shot of the grain growth was then performed focusing on
the local grain boundary character distribution, i.e. the fraction of low angle boundaries around the
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Figure 6 Changes of the fraction of low angle boundaries around the
shaded grains in Figs. 3 and 4 during grain growth.
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shaded grains indicated in Figs. 3 and 4, and the result is shown in Figure 6. Simulation using the
algorithm-1 yielded an increase in the fraction with grain growth, while a drastic decrease occurred
when calculated using the algorithm-2.

These results suggest that migration behavior of each grain boundary plays quite important role in

grain growth process. ~Grain boundary migration is known to be caused by an imbalance of grain

boundary energies at each triple junction. In addition, grain boundary energy is functions of both
the intrinsic factors such as grain boundary structure or segregation and the extrinsic factors such as
annealing temperature, pre-strain and so on. Therefore, grain boundary migration and grain growth
process should be affected and wide variety in microstructure would appear by these factors which
can be controlled by some heat treatment methods.

The present results indicate that different processes of grain growth appear depending on the

behavior of grain boundary migration even for the same microstructure or the same local grain

boundary character distribution. In other words, the extrinsic factors are also important in grain

growth process as well as the factors associated with microstructure and the properties of grain
boundaries.
Effects of these intrinsic and extrinsic factors should be made clear systematically in order to

understanding the grain growth process perfectly and to find the most suitable condition for

controlling microstructure for given materials. Computer simulation of grain growth based on real

microstructure is one of the effective methods for this purpose and detailed works would yield many
fundamental data which would be summarized as “data base of microstructure” in future.

4. SUMMARY

Microstructure of recrystallized Al-4mass%Mg alloy specimens were analyzed by means of the
EBSP method, and two dimensional grain growth simulation was performed utilizing the EBSP data.
The specimen showed weak cube texture but no significant localization of grains with particular
orientation. Low angle boundaries were also observed not to localize preferentially around particular
grains. Monte Carlo simulation of grain growth process using the EBSP data revealed that different
ways in the changes of microstructure occurred depending on the algorithm of grain boundary
migration. That is to say, development of the clusters or the texture evolution would be controlled
by the behavior of grain boundary migration at each triple junction, and grain growth simulation using

real microstructure is useful for the classification and elucidation of grain growth processes.
Acknowledgment

The authors are grateful to the Light Metal Educational Foundation Inc. for its financial support.
REFERENCES

(1] B.L.Adams, SI,Wright and K.Kunze : Metall. Trans., 24(1993) 819.
2] T.Baudin, P.Paillard and R.Penelle : Scripta Mater., 36(1997) 789.

(2]
(3] M.P.Anderson, D.J.Srolovitz, G.S.Grest and P.S.Sahni : Acta Metall., 32(1984) 783.
[4] K.Matsumoto, T.Shibayanagi and Y.Umakoshi : Acta Mater., 54(1997) 439.



