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ABSTRACT

The sensilivity of acoustic techniques to topological and morphological variations in
SiC/porous SiC laminated ceramics is studied using a transfer matrix formalism. To
implement this transfer matrix technique, the mechanical propertics ol the SiC porous
layers arc characterized using the effective medium approximation of Kuster and ‘Toksoz.,
We show that topological defects have a stronger acoustic signature than morphological
defects. Also, we observe that there are particular [requencies at which the defects do not
present any acouslic signalure,

INTRODUCTION

Compositional modulation of ceramic materials has opened the possibility of
constructing tougher and stronger ceramic malterials. A simple and cconomic way of
achieving compositional modulation of a material is by introducing weak interfaces. This
interfaces act as crack deflectors, that prevent a catastrophic failure when the sample is
subject to high stresses [1].

Weak interfaces have been successlully introduced in SiC ceramic materials by
sintering alternate layers of SiC and carbon. During sintering the carbon layers will have
become porous SiC layers due to the reaction between volatile SiO and carbon 2] The
resulling structure consists of alternate layers of SiC and porous SiC. This structure has a
higher fracture toughness than the pure SiC ceramic [2].

Duc to their potential applications in material science [3], the characterization of these
structures is important. Ultrasound is a non-destructive method suitable for this purposc.
The sensitivity of this technique to topological (changes in layer thickness) and
morphological (changes in porosity) is the subject of this paper.

THEORY

To study the acoustic signature of topological and/or morphological changes, we will
compare the transmissivity spectra T(w) of a reference system with the spectra of a system
that presents such variations. Our reference system consists of a periodic laminated
structure made of 5 bilayers cach made of a SiC layer of thickness d; =100 pun and a
porous SiC layer ol thickness d; =10 jun and porosity ¢=35%.

The transmissivily speetra, an experimentally measurable quantity, is calculated using
a transfer matrix formalism. This formalism has been previously developed for the study of
diclectric, metallic and elastic superlattices [4-6].  For the implementation of this
formalism, the clastic properties of cach layer has to be known. These  parameters are
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the density (p ), the bulk (k) and the shear modulus (), that for SiCare: p=13.8 glem’,
Ks=6.12 Mbar and W= 3.06 Mbar [7]. The respective propertics (Pps Kp, 1) Of the porous
SiC layers are determined, within an effective medium approximation, using the Kuster
and Toksoz (KT) model [8]. For the implementation of the KT model we assume that the

Pr=9p.+(1-9)p,, )
K!"_K‘ — Ka_'fx

3K, +4pu, 3, +4u,

and

Hp =l =¢- —Hy 3)
o — ____‘_——'-—-—.
6:“;1(’\.5 +2.|“.v)+ HJ(S'K_; + 8#5) ,!1_.,-(9-\",— + 8“:)

The subindex p refers to the effective properties of the porous media and the subindex a to
the propertics of air. Notice that the cffective propertics of the porous layers depend only
on the porosity ¢.

With the elastic parameters of both layers determined, the transmissivity spectra can
be calculated using the transfer matrix technique fully described in Reference [6]. In this
work we assume a longitudinal wave propagating perpendicular o the layered system. To
be consistent with an experimental situation we assume that the whole laminated Sic
structure in embedded in water [9].

RESULTS

In Figure 1, the transmissivi ly spectra of the reference system is shown. Even with
only 5 bilayers, a pass/stop band-like structure becomes apparent. In the case of an infinite
number of layers, the band structure predicted using Bloch’s theorem will be obtained. We
have plotted the natural log of the lransmissivity (Nepers), to be consistent with an
ultrasonic experimental situation.

The SiC laminated structure €an present topological and morphological defects due o
use, wear, fabrication induced defects cte,, that will change the acoustjc response of the
system. The presence of defects js simulated by varying the topology and/or morphology

variable € is a measure of the maximum amount of disorder allowed with respect to the
reference system, The transmissivity of the disorder or “defective” system js calculated by
taking an average (<++>) over 500 different representations. The sensitivity to the
disorder of the acoustic wave is measurcd by the difference A{m)=|[u'['.,(w)-‘iln'l'(m))]
between the ordered (To) and disordered or defective laminated systems,
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Figure | Transmissivity Spectra for a SiC/porous SiC laminated ceramic with § bilayers.
The arrows indicate the frequency at which the stop bands begin,

Three separate cases of disorder are considered:

a) Topological defects. We assume that the thickness of the porous layers varics according
to the rule: d7=d,(14y), while the porosity and the thickness of (he SiC layers remain
constant. Figure 2 shows (he difference A(w) as a function offrcqucncy for three differen
values of ¢, For e=10%, A(w) is very small except at frequencics Corresponding to the
beginning and end of the stop bands of the reference structure. As the disorder parameter
€ increases, A(w) becomes larger duc 1o the effects of disorder. It is important 10 notice

that there are particular frequencies af which A(w)~ 0, lalscly indicating
defects,

b) Morp!miugical defects. When the defects are attributed to changes in porosity, the
effective clastic parameters change according (o the KT model, and hence difTerent
lransmissivity is obtained. The changes in porosity, in terms of the random variable Y, are
given by ¢’= (1+y). For fixed layer thickness® angd changing porosit ¥, the difference Aw)
is shown in Figure 3. The values of A(w) are smaller than in case (a) of topological
disorder, The biggest difference A(w) is observed on the edges of the slop bands. This
results also show that the acoustic impedance does not change signiﬁcanlly with variations
of porosity. As in casc (a), there are fiequencics at which Alw)=0,
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Figure 2. A(w) for topological defects. The porosity remains constant and the thickness of
the porous layers varies.
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Figure 3. Sensitivity A(o) as a function of frequency, when the porosity is varicd and the
period of each bilayer remains constant.
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¢) Mixed defeets. A more realistic physical situation is when both, topological and
morphological defects arc present. This is shown in Figure 4, where the variations in layer
thickness corresponds to [e|= 10% for all curves and the porosity is varied as in Figure 3.
The acoustic signaturc is distinct from having topelogical or morphological disorders only,
For this particular case the morphological disorders scems to dominate over the
topological ones.
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Figure 4. Sensitivity A(w) for diflerent values of porosity and variations in the thickness of
 the porous layers of at most [¢|= 10%.

* CONCLUSIONS

The acoustic signature of defects present in SiC/porous SiC can be determined using
‘ultrasonic techniques, by comparing the transmissivity of a reference structure with one
presenting some type of defect. Our tesults suggest that care should be taken when
choosing the working frequencies. There are ficquency regions in the thice cases (a,b,c),
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for which A(w) =0 that can be falscly interpreted as the absence of any deflects. The value
of these particular frequencies depend on the type and amount of disorder present. At
frequencies corresponding to the edges of the stop bands (indicated by the arrows in the
Figures 1-4), the sensitivity of the acoustic waves to the defects is greater and thus more
reliable measurements can be made at these frequencies. We also showed that topological
defects have a stronger acoustic signature as compared to variations in porosity. The
technique presented here, enables the detection and identification of the types of defects.
The quantification or ammount of disorder present in the laminated structure remains an
open issuc.
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