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Abstract: Fractal analysis was used to observe the size, shape and distribution of pores in Al-V,0; mechanically
alloyed composite. The analysis reveals that the pores are of uregular shapes, 1.e shrinkage pores, with
sphericity B < 0.3.The “worst” of the shapes is the pore with p = 1.0254e-009 and D = 1.8541, while the “best”
shape 1s the pore with B = 4.8309e-004 and D = 1.6521. Also, the graph of P against D shows that as [ decreases
the D values mcreases. This 13 in agreement with the theoretical background.
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INTRODUCTION

The use of fractals to study surfaces of different
materials has been done by different researchers and it is
still receiving increasing attention. Scientists who study
or try to describe natural phenomena have to consider the
use of fractal geometry. From the theory of chaos to land
swface description, from sea surface synthesis to stock
market analysis, fractal concepts are used in more and
more research field (Giuseppe et al., 2006). Chung-Kung
(1998) used the fractal analysis and observed the effect of
heat treatment on the well measured nitrogen isotherms
on alumina and aluminum borate samples. He observed
that heat treatment, for the two methods used may
decrease fractal dimension, D, of the four examined
porous samples. From analysis carried out, fractured
surfaces were discovered to be fractal m nature
(Alexander, 1990).

For alloys and composite materials contamning regular
microstructures a prediction of mechanical properties can
be made by a quantitative measurement of features such
as grain size, particle sizes and spacing etc. This however,
15 not the case where an irregular microstructure is
involved because of the difficulty in a numerical
characterization of the structure. For each microstructure,
the application of fractal geometry offers a method by
which both the mdividual particle shapes and the mode of
the distribution of the particles can be fully described in
a numerical manner (Shu-7Zu and Hellawell, 1994).

The measurement of the porosity m aluminum cast
alloys using fractal analysis was done by Huang and Lu
(2002). They found that fractal analysis can be applied to
the porosity measurement to describe the shapes of the
pores in the aluminum silicon cast alloys using two
dimensionless parameters, roughness, D and sphericity,

B. They further observed that the tensile strength of the
samples 1s related to the shapes of the pores in the
microstructure. The higher the sphericity, [3, the higher the
tensile strength.

Blaz et al (2004) while working on Al-V,0;
Mechanically Alloyed (MA) composite (Fig. 1) observed
that mtermetallic grains coarsening and increased
porosity of long aged samples result in a reduction of the
metallic hardness.

This research is an improvement on the work done by
(Blaz et al., 2004). The intention is to use fractal analysis
to numerically characterize the shape, size and the
distribution of the pores formed in the microstructure of
mechanically alloyed Al-V,0; composite 1mtially
subjected to heat treatment method of annealing at 873K
for 6 h.

MATERIALS AND METHODS

Fractal geometry was developed (Mandelbort, 1983)
about two decades ago. Its principle is umversal in any
measurement been previously used to
numerically describe complex microstructures meluding
graphite flakes and nodules (Lu and Hellewell, 1994, 1995,
1999). The mathematical basis for measuring chaotic
objects with the power law modified shall be adopted in
this research. The basic equation is as follows:

and has

P=P3"".....(1«D<2and 5, <5<5,) (1)

Where Py is the measured perimeter, P is the true
perimeter, & is the yardstick, &, and &, are upper and
lower lLimits respectively, for any shape and D 1s defined
as the fractal dimension (1 < D< 2). From the above
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Fig 1: Btructye of ALV 0, WA composite argiealed o 573 & h(3TEMD (F: Pores; IF: Intermetallic Particle; I Dlatrix)

expression, it can be deduced that the trae perimeter is
actually a function of the yardstick for meamrement The
smoaller the wardstick wused, the more acourate the
measwemert. This study intends to use the average of
for different yardsticks for better acowracy.

The fractal dimension, D, therefore describes, the
comn plex ity of the contour of an object. It can be more
practcaly called the roughmess (Huang atnd Ly, 2002).

When & < & the meastemert 15 hot sensitive to the
vatdatick chosety therefore giving a sthoaller walue of the
dope, while & = &y, the size of the yardstick exceeds that
of the individual featore being measwed so that the
teasement loses mearing because the object falls
below the rescltion limit of the wardstick vsed for
meanyement (Lo and Hellawrell, 1994,

Sphericity, B, another dithensionless mamber, is used
together with rouglmess, D, to describe the shape of the
potes formed It can be evpressed as

p=dnbs /P? (O<pel and 1<D<2) ()
SubstititingEq. (10 in (5 gives
p=[dnb, /B2)e™ (D<p<l amd 1<D<2) (&)

Where & isthe total pore area. When =1 and D =
1, a perfect circular shape is formed by the pore in the
microstructure. For shrinkage pore B<0.3 and for gaseous
pores (=03 Az P decreases, the shapes become moore
elongated showing a departure from perfect sphere
(HuangandLu, 2003).

The locations of 1 < D < 2 represents less regular
ghapes.

It was also discovered that the larger the roughmess,
the more irregolar a pore and thws more  stress
cotcentration
Area of apixel of yardstick=L= B

Area of the total pore Ar= Area of ywardstckx Mumber
of var dsticks

To caloalate the perimeter P oof the pore, the Slit
Island DMlethod (31N (Bigeralle and Lost, 2006)

inttoduced  (Iandelbort 19830 was used It is
expressed as:

oz, P=05Dlg A, e

P = plt¥0bed (3

Using the Eg. (1), (2 and (20 above, an interactive
softwate i Mlatlab programming lanonage is developed
to obtain the mamerical walues of the fractal dimension D
ati] the sphericity B for the microstractaresFigl

RESULTS AND DISCU SSION

The extrusion of the mechand caly alloyed composite
to produce rods gives a microstructare as shown in Figl.
Somme large oxide particles remaing ~300 fum in size, which
are accomparied by large mamber of wery fine V-rich
patticles refined by milling process. Fine W anadium oxide
patticles of 065 pm in size are uniform ly distribnged
within the Al-matrix. Cavities are not oheerved within the
areatested andhighlyrecovered Alwniniom grans within
the matrix are 0182007 pm in size (Blaz of al., 2004).
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Fig. 2: Graph of sphericity against fractal dimention

Cavity growth and coarsening of new intermetallic Fractal analysis reveals that the pores are of irregular
grains is observed for samples annealed at §73K for 6h shapes, i.e shrinkage pores, with [ approaching zero and
revealing intermetallic grains of 1+0.4 pm in length and the fractal dimension D approaching 2.0 (note: For a
0.3+0.08 pm in width are observed in the structure Fig. 2. perfect sphere (=1 andD =1 where 0 <[0 <1 and 1< D=
The pores are of different sizes and shapes and their 2. For shrinkage pore, [}<0.3 and for gaseous pores, [(3-0.3
distribution are as shown in Fig 3. {Huang and Lu, 2002).
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Fig. 3: Tsolation of the pores 1-10 in the microstructure

Table 1: Measured result for view field in Fig, 1

D §

1.7450 3.6585e-005
1.7103 2.0611e-004
1.7872 8.6501e-006
1.6521 4.8309e-004
1.812% 1.1118e-003
1.7413 5.2065¢-005
1.7855 5.5648e-009
1.7641 1.3835e-008
1.8541 1.0254e-009
1.7828 5.5154¢-009

The “worst” of the shapes is the pore with p =
1.0254e-009 and D = 1.8541, while the “best” shape 1s the
pore with p = 4.8309e-004 and D = 1.6521. Also the Fig. 3.
shows that as the sphericity B decreases the fractal
dimension D increases Table 1. This is in agreement with
the theoretical background Eq. (3).

CONCLUSION

* Amnealing of the composite was found to result in the
intermetallic grains growth and an increase of the
material porosity due to chemical reaction between
components.

*  The resulting pores, in the microstructure of Al-V,0,
mechamcally alloyed composite annealed at 873K for
6hrs, are shrinkage pores.

¢ The “worst” pore is characterized by p = 1.0254e-009
and D = 1.8541, whle the “best” pore 15 characterized
by b = 4.8309¢-004 and D = 1.6521.

s Also, the graph of P against D shows that as P
decreases the D values increases. This is in
agreement with the theoretical background.
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