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ABSTRACT

Analysis of the evolution of grain geometry during grain growth
have been performed by cluster analysis method. Size and shape
of grains have been described by points in 3-dimensional space
of geometrical features. Population of grains have been divided
into clusters (sub-population) which vary depending on the
condition for the process of grain growth.
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INTRODUCTION

Grain growth is an important phenomenon taking place in
polycrystalline materials exposed to temperatures exceeding
approximately 0.4 of the material melting point T,. Generally,
the process results in a systematic increase of the mean
equivalent diameter of grains, E. (d), as function of annealing
time t. However, depending on the experimental conditions it can
proceed along different paths which are distinguished by specific
changes in the shape of grains and the equivalent diameter
distribution functions fio(d).

Normal grain growth is a special case of grain growth path
characterized by a constancy of the normalized distribution
functions f(d/E.(d)) and self-similarity of the subsequent grain
structures. Lazecki et al (1993) have shown that normal grain
growth is rarely observed in commercial alloys. As a result, in
experimental studies of grain growth it is usually necessary to
record and categorize changes in the distribution functions of
the size of grains and the distribution functions observed assume
complicated, multi-modal character.

In the general case the process of grain growth brings about
changes in both size and shape of grains (Kurzydlowski 1992). As
a result additional geometrical parameters, and their
distribution functions, are included in the studies of grain
growth. In the modern approach to the phenomenon of grain growth
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this process is analyzed in multi-dimensional space of random
variables and special tools are required to handle and analyze
the collected data.

It has been assumed in the present paper that analysis of the
evolution of grain geometry during different variants of grain
growth and identification of the grain growth paths can be much
facilitated by cluster analysis methods.

MATERIAL AND THE METHODS

The chemical composition of the material used in the present
studies is given in Table 1. One set of the specimens have been
annealed at 0.7 T, for the annealing times varying from 5 to 160
minutes.

Table I. Chemical Composition of the Material.

Element Mn C S N 0,
Concentration 2.1 0.068 0.002 0.0015 0.0045
|—‘_——‘—‘—_—“————'—‘-——|
H, Fe Si Mg Co Cr Ni
0.0008 0.01 0.00X 0.00X 0.00X brak reszta

Specimens of the second set were strained, in uniaxial straining
to 4% elongation and subsequently annealed in the same annealing
condition as for the first set. Specimens for metallographic
observations were prepared according to standard procedures.
Individual grains revealed on cross-section of the specimens were
characterized in terms of:

a) d - equivalent diameter;
b) dpax - maximum chord length;
c) p - perimeter.
These parameter were used to calculate:
the normalized size d =d/E(d) (1)

and two shape factors o and B, previously used by Kurzydiowski
et al (1989), defined in the following way:

a=d,,,/d (2)

B=p/d. (3)
In this way geometry of individual grains revealed on a section
of the polycrystals is described by 3 parameters:

(dn, @, B)
and can be represented by a point ¢q; in a 3-dimensional space.
Accordingly, population of grains characteristic of a given
specimen form a set of points, Q, in such a space.
The Q sets, i.e. the points representing geometry of grains in
a given polycrystal, are arranged in the space of geometrical
features in specific configurations of varying density. These
configurations evolve in the course of grain growth according to
specific patterns, characteristic of a given grain growth path.
The Q set configurations and their evolutions can be studied and
systemized using the method of cluster analysis.
Cluster analyses have been successfully used in a wide range of
applications; including biology and medicine. The method helps
to divide the populations studied, for example grains in a
polycrystalline material, into distinctive sub-populations
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(groups, clusters) in an optimal way or according to some
specified criteria. Elements, for example grains in a
polycrystal, showing similar values of their features can be
found and be characterized by some average values common to a
given sub-population. At the same time the grains that are
categorized to be in different groups radically differ among
themselves.

Without an "a priori" knowledge of the potential cluster

positions it is convenient to base the grouping of elements using

as a criterion the distance from the nearest neighbor.

It is assumed in this case that a cluster C is formed by the

points/elements such that:

a) for any point X; in the cluster there is another point X. in
the cluster that is placed at a distance smaller than a
certain critical value R,

b) each point outside the cluster is at a distance larger than
R from any point in the cluster.

The distance d;y; between the points qi(xil,xiz..xim) and

qj(x-l,sz..x-m) which represent geometry the i-th and j-th grain,

has been defined using the formula:

3 (X=X 50) 2
= e (4)

Y n n
\ 2 Xikds X
k=1 k=1

where n is the number of studied grains. In the present example,
three parameters (d,, @, B) have been measured for each grain.
It means that m=3 and X31=(dp) i, Xjp=0;, X;3=B;.

RESULTS AND DISCUSSION

The results of grouping are shown in Figures 1 and 2. It has been
found generally that the grains in polycrystals of the first set
of specimens, annealed at a constant temperature, show much more
uniform geometry than the grains in the specimens strained before
the annealing. However, in most cases the cluster analysis lead
to identification of cluster of grains. The results suggest that
population of grains in these specimens can be viewed as build
up of two or more sub-populations. One of these sub-populations
consist of large grains (d,>1) and the other consists of small
grains (dp<1). It can be further found that the larger grains
show significantly smaller elongation in terms of the mean value
of a shape factor.

In one case, annealing time t=40 min., the population of grains
has been found to be totally uniform (see Table 2). This is an
indication that the degree of homogeneity of the geometrical
features of grains varies during the process of grain growth in
a non-monotonic way.

Grains revealed in the specimens pre-strained, by 4% elongation,
before the anneal have been found significantly less uniform in
terms of their geometrical features. There were at least 3
clusters in each population studied. These clusters., for each
annealing time, are characterized in Fig.2. It can be noted that
again sub-populations of large and small grains can be
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Fig.1l. Number of grains in the clusters (sub—populations)land
their characterisaction as a function of annealing time for first
set of specimens (see text); No-number of population, Fg—fractlon
of grains.
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Fi1g.2. Number of grains in the clusters (sub-populations) and

their characterisaction as a function of annealing time for
second set of specimens (see text); No-number of population,
F,-fraction of grains.
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identified. However, a reversed trend is observed for larger
grains to be more elongated that the smaller ones.

In the present the geometrical features of grains have been
measured on their 2-dimensional sections. Since the grains are
in reality 3-dimensional objects, this simplification
significantly reduces possibility for any generalization of the
conclusions. Nevertheless, detected changes in the internal
structure of the Q-sets describing geometry of grain sections
indicate transformations in geometry of 3-dimensional grains and
justify further research in this directions.
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