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The study of ultrasonic attenuation by a non-destructive method has an important role in

characterizing the mechanical behaviour of different types of materials. The values of sound

absorption coefficient (attenuation) of sintered magnesium aluminosilicate glass powder at

different frequencies have been measured by the pulse echo method and the data were fitted

considering Rayleigh region scattering. Because the sample consists of two phases, one

glass and the other ceramic (cordierite), the value of the scattering coefficient can be

calculated from the theory by considering a two-phase medium and this value can be

compared with that from the Rayleigh region scattering part. The two values of the

scattering coefficient are in fair agreement.
1. Introduction
Ultrasonic scattering is an important technique for
non-destructive evaluation of materials such as plas-
tics, metals, composites and ceramics. When an elastic
wave propagates through a medium, it is quite logical
to assume that the nature of the propagation of the
wave differs depending upon the nature of the me-
dium. Scattering of the waves takes place and this
scattering is fully dependent upon the inhomogeneities
inherent in the medium. Because the inhomogeneities
of different samples are not same, the characteriza-
tion of the samples can be done by studying the
scattering of the elastic waves and thus the scattering
properties may be regarded as the basis of such a
classification.

Microstructural evaluation of metals have already
been done by many researchers [1—4] using the ultra-
sonic scattering properties as a tool. This technique
has been extensively used for the evaluation of micro-
structures of polycrystalline materials during the last
two decades [1, 5]. Ultrasonic attenuation is a suit-
able parameter to use to evaluate the microstructural
configuration of polycrystalline materials and hence
a quantitative knowledge of ultrasonic attenuation in
materials gives an idea about the microstructure such
as grain size, pore size, pore concentration, etc. [6, 7].
The effect of scattering of high-frequency waves (both
shear and longitudinal) due to grains in polycrystal-
line materials are not simple. The effective elastic con-
stants differ from grain to grain. This difference occurs
not only due to random orientation of the grains but
also for different grain sizes. When the wave length is
very large compared to grain size, Rayleigh scattering
occurs and the attenuation is given by [8]

a"af#bf 4 (1)

where a is the attenuation coefficient, f is the fre-

quency of the elastic wave, a is the elastic hysteresis
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coefficient, and b is the Rayleigh scattering coefficient.
Equation 1 has been extensively used to compare the
experimental values of attenuation of metallic systems
[1—4, 9, 10]. The scattering phenomena have also been
explained by theories based on polycrystalline systems
[11—16] where the materials have grains of randomly
distributed grain size. Evans et al. [17] have calculated
the attenuation in a polycrystalline ceramic system on
the assumption that the attenuation is dominated by
the large extreme of microstructure.

In the present work, attenuation was measured and
compared with the theoretical values which can be
calculated by considering the distribution of the grain
size measured from photomicrographs of the sintered
magnesium aluminosilicate glass ceramic samples.

2. Experimental procedure
2.1. Sample preparation
Magnesium aluminosilicate glass powders were pre-
pared from laboratory-made glass frit having the com-
position 25% Al

2
O

3
, 55% SiO

2
and 20% MgO.

Discs, 25 mm diameter and 5 mm thick, were prepared
by hydrostatic pressing at a pressure of &120 MPa;
5% PVA solution was used as a binder. The specimens
were subjected to a thermal treatment initially at
about 400 °C, to drive off PVA, and finally at about
950 °C in air. The rate of temperature rise was
150 °C h~1 with 1 h soaking at 950 °C. The sintered
samples were ground and polished and finished to
1 lm. The faces were maintained parallel to within
0.002 mm.

2.2. Grain-size determination
The polished samples were etched chemically using
5% hydrofluoric acid. Photographs of the sample at

different places on the surface were taken using
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Figure 1 Photomicrograph of a sintered sample showing the grains.

standard metallographic techniques. A typical photo-
micrograph is shown in Fig. 1. The grain diameter
distributions from these planar sections was evaluated
by measuring the length of chords that corresponds to
grain-boundary intersections at linear traces across
the plane. The details of this calculation are given
later.

2.3. Attenuation measurement
The ultrasonic attenuation measurements were made
at room temperature by the ultrasonic pulse-echo
method with a polystyrene buffer rod between the
transducer and the sample. A Kraut Krammer ultra-
sonic tester USIP-12 and a 15 MHz broadband trans-
ducer (CLF4) were used for the measurement. The
transducer emits longitudinal waves. The signals from
the front surface reflection, A, first back surface reflec-
tion, B, and the front surface reflection without the
sample, A@, have been selected and digitized using
a digitizing oscilloscope (Phillips model 3350) inter-
faced with the ultrasonic tester USIP-12 and stored in
an IBM PC. Each digitized signal was Fourier trans-
formed using an FFT algorithm after high-pass
filtering above 6 MHz using a filtering algorithm. At-
tenuation coefficients, a, for different frequencies have
been calculated by the A@ AB method [18] using the
equation

a"
1

2l
ln C

A@(1!R2)

B D (2)

where l and R are the thickness of the specimen and
the reflection coefficient, respectively. R was cal-
culated from [18]
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It is well known that if the thickness of the couplant is
very thin, then the reflection coefficient, R, is given by
[19]
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where Z and Z are the acoustic impedance of the

S T

specimen and the transducer, respectively. a values as
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Figure 2 Variation of attenuation coefficient, a, with frequency; (s)
experimental, (——) theoretical.

calculated from Equation 2 are limited to the range-
bounded 1/10th of the peak amplitude of the fre-
quency spectrum of signal B. Outside this range the
calculation is subjected to large errors because of the
low amplitude of the frequency components of the
signal B [18]. The beam-diffraction corrections do not
apply in the measurement.

3. Results and discussion
The experimental data of the attenuation measure-
ments are shown in Fig. 2 and Equation 1 is fitted to
the data by regression analysis. This gives

a(dbmm~1)"6.211]10~2 f#2.413]10~7 f 4 (5)

with a Q value of 0.952. Equation 5 is also plotted in
Fig. 2, where Q is defined by
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where a
i
is the measured value, â

i
is the calculated

value from the fitted equation and a6
i
is the mean of the

measured value.

3.1. Theoretical prediction
3.1.1. A two-phase system
In this theoretical consideration, attenuation of the
sound wave is dependent on the scattering cross-
sections, ), of the predominant scatterers. The scatter-
ing cross-sections can be calculated from the solutions
of both the scaler and vector potential with the bound-

ary conditions that the stresses and displacements



vary continuously across the boundary of the embed-
ded obstacle [13, 14]. In the Rayleigh region, the scat-
tering cross-section is given by

)"4/9 pg
%
x4
1
a6 (7)

where x
1

is the longitudinal wave number, a is the
radius of the scatterer and, for an elastic spherical
scatterer, g

%
is given by [14]
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where x and k are the wave numbers for longitudinal
and mode-converted transverse waves, respectively,
and l is the shear moduli. Subscripts 1 and 2 refer to
matrix and scatterer, respectively. Assuming there is
no interaction between individual scatterers, the at-
tenuation is given by
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where ) and D
i
are the scattering cross-section and

diameter of the ith scatterer, respectively, and
n(D

i
)dD

i
is the number of scatterers per unit volume in

the size range D
i
to D

i
#dD

i
, and is given by [20]
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where n (l) dl is the measured number of chords per
unit length in the size range l to l#dl. To evaluate
n (D) from Equation 10, the data on n (l) versus l were
analysed in terms of the Pearson probability density
function [21], which gives a beta distribution of the
form

n (D)"1.025 66]10~11 (D!3.908)1.1695

](14.367!D)10.9257 (11)

which is shown in Fig. 3. Using Equation 11, the total
attenuation was evaluated from Equation 9 by numer-
ical integration, which is given by

a (dbmm~1)"2.851]10~7 f 4 (12)

where f is in MHz. From Equation 12, we obtain the
value of the scattering coefficient calculated from scat-
tering cross-section by considering the two-phase me-
dium theory. This value of scattering coefficient is in
fair agreement with that of the Rayleigh region scat-
tering (coefficient of the second part of Equation 5).
Therefore, it may be concluded that the attenuation
measurement could be a powerful non-destructive
technique for characterizing the microstructure of
these types of sintered materials. In the above calcu-

lation we neglect the scattering due to small pores
Figure 3 Distribution of the number of grains per unit volume with
the grain diameter.

present in the material. But the agreement indicates
that the pores do not contribute significantly to the
scattering process at this level of porosity.

4. Conclusion
The attenuation in a sintered glass system was mea-
sured. The scattering coefficient was calculated from
the two-phase medium theory. The experimental data
were fitted to the Rayleigh region scattering and it was
found that the scattering part of the fitted equation is
in fair agreement with that calculated from the two-
phase medium theory. This indicates that attenuation
measurement could be a powerful approach for char-
acterizing the microstructure of sintered materials.
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