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Effect of barrier layer thickness and composition
on fracture toughness of layered
zirconia/alumina composites
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Composites of yttria or ceria-partially-stabilized zirconia with layers of either alumina or a
mixture of 50% by volume of alumina and zirconia were fabricated by sequential
centrifuging of powder suspensions. This method allowed formation of layers with
thickness of 10 to 70 um. In both cases (Y-ZrO, and Ce-ZrO, matrices), a significant increase
in fracture toughness, work of fracture and bending strength was observed only for
composites with barrier layers made of a pure alumina. A crack deflection in alumina layer
was found to be the main mechanism responsible for an increase in mechanical properties.
For confirmation this thesis, no increase in the transformation zone width was observed. As
it was shown, crack deflection angle was dependent on alumina layer thickness. Higher
deflection angles for a thicker alumina layers were found. Explanation of this phenomenon
was given by determination of residual stress distribution in barrier layers made by
piezospectroscopy. A correlation between the crack deflection angle and the difference of
stress between the layer boundary and the centre of the layer was noticed. The residual
stresses observed are a result of thermal expansion mismatch between alumina and
zirconia and thermal anisotropy of alumina. Shrinkage mismatch, especially in the case of
Ce-ZrO, and Al,03, as a third source of stress is suggested. © 2000 Kluwer Academic
Publishers

1. Introduction ness has been related to crack deflection in the barrier
Since the discovery of transformation toughening inlayers the extent of that was dependent on layer thick-
ZrO, in 1975 [1], a variety of toughened Zpthhased ness and composition. This crack deflection mecha-
materials (Mg-PSZ, Y-TZP, Ce-TZP) with high tough- nism has been known previously to achieve toughening
ness have been developed. Up to now, the mechanism af multilayered ceramic composites containing weak
transformation toughening has been well known [2—4]layers or interfaces [9-11]. In our study of strongly
and some models have been presented [2, 5, 6] to abonded interfaces, the degree of crack deflection was
count for the considerable toughness enhancement théiked with the distribution of residual compressive
is observed in ceramic systems containing tetragonadtresses.
ZrO,. The models predict that the increase in tough- To understand the crack deflection phenomena He
ness is linked with the size and shape of the transformaand Hutchinson [12] considered the effect of an inter-
tion zone. A new way of optimising the transformation face between two dissimilar materials. Their analysis
zone surrounding cracks in Ce-TZP was developed bylefines the conditions under which the crack will deflect
Marshallet al. in 1991 [7, 8]. By introducing AlO;  into the interface rather than extend into the adjacent
or Al,O3/ZrO, layers into Ce-TZP, they observed an materials. It includes the effect of the elastic mismatch
increased toughening due to spreading of the transfoletween the two materials. Later, He and Evans [13]
mation zone. modified the analysis to include the effects of resid-
The aim of this work was to investigate laminar mi- ual stress. Recently, a phenomenon of the formation of
crocomposites containing layers of Y-Zr@r Ce-Zr@  an edge crack along the centreline of the layer under
and either A}O5 or a mixture of AbOz and ZrQ fab-  compression, directly related as a new crack deflec-
ricated by sequential centrifugation of aqueous particléion mechanism, i.e., the bifurcation of a crack, was
suspensions. In our work spreading of the transforreported by Heet al.[14] and Oechneet al.[15]. This
mation zone has not been observed, but similar inphenomenon has proved to be very helpful in under-
creases in toughness have been obtained. The toughtanding of the results of presented work.
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TABLE | Ceramic powders used for preparing of microlayered 40 mm bearing distance using the same testing machine.

composites The crack was initiated and slowly grown by repeated
Powder  Powder chemical Grain loading and unloading. The procedure results in an in-
type composition Producer  sizem Applicaton crease of crack length by one-step less than 100
The path of the crack during the fracture of layered
TZ-12Ce Zg& 12 mol% TOJS:*;n 03 'V'Ia;fzr composite was registered by SEM (using microscope
2100 1 3.4 MOI% Uit 06 Vato: model OPTON DSM 950). All experiments were done
Y05 Ceramics, layer at room temperature in a normal air environment. In
Great several samples the crack growth tests were done with-
Britain out unloading. The time dependent displacemenof
AKP 53 Al20; SUJ’ES‘;':O' 0.29 B‘T;i‘;rr the sample was measured and recorded together with

values of forceP. According to Fett and Munz [16],
the total complianceC, indicated by Equation 1

TABLE |l Shrinkage of the matrix and barrier layer materials in sin-

tering temperature C = E (1)
. . P
Linear shrinkage after
Material sintering in 1600C, % s nsists of the compliance of the measuring system,
Y-Zr0, 19.04 C., the compliance of the uncracked b@g, and the
Ce-ZrQ 21.39 portion AC caused by the crack.
Al,03 16.27
Mixture of Al,03 and Y-ZrQ 18.47
Mixture of Al,0; and Ce-ZrQ 18.60 C=Cui+GCo+AC )
with
2. Experimental procedure L2 L
Composites of Y-Zr@or Ce-ZrQ with alumina layers Co=—=—— [_ + @+ U)ﬂ} (3)
with thickness of 10 to 72m were fabricated by the se- wBE[ 4w 2L

quential centrifuging (Model 2382, Hermle) of powder

suspensions (Table I). Aqueous slurries containing 5 tavhereE is Young's modulusy is Poisson’s ratiow is

10 wt% of subsequent powders were prepared by ultrathe specimen thicknesB, is the specimen width arid
sonicating the powders in deionized water at pH 4. Casis the bearing distance. The compliance part due to the
samples were dried, additionally isostatically pressed agrack could be obtained from ref. [16] as

120 MPa and then sintered at 160 To minimise the

shrinkage mismatch of Y-Zr§) Ce-ZrQ and AbOg, L2 a ‘2.3 fw\ !
in some layered composites the mixed composition of AC = 4-5m(fa) . Z Bjja (f) (4)
50 vol% alumina and zirconia was used instead of a 1=0j=0

pure ALOs3 (Table II). The samples after sintering were )
cut and ground to the dimensions of 48} x 4 mm or ~ With a=c/w, wherec is the length of the crack and
45x 4 x 1.5 mm and one surface perpendicular to theBij are the coefficients given by Fett and Munz [18].
layers was polished. A sharp notch in the centre of the The stress intensity factdt, values have been de-
beams was prepared with two diamond saws: 0.200 an@'mined from the relation (5)
0.025 mm.

The bending strength of the composites was de- K| = 1.5EYC% %)
termined on square bars with the dimensionsx45 w?B
4 x 4 mm perpendicular to the layers, in three-point ) ) )
bending tests using a universal testing machine (Mode}Sing the geometric functiow, stated below in Equa-
1446, Zwick) with 1 mm/min loading speed and 40 mm tion 6, with the coefficient#\; given by Fett and Munz
bearing distance. [18].

For measurement of Young's modulus the beams Ui . _
were trimmed to the height of 1 mm and then the com- I wY’
pliance of the samples was recorded during Ioading?( = (l_—§|:0.37381+ 1-a) Z Aja <f> }

tests with 0.1 mm/min loading speed and 40 mm bear- =0

ing distance. The values of Young’s modulus were de- (6)
termined using the relationship given by Fett and MunzThe crack growth rate = dc/dt controlled by the stress
[16], which is stated in Equation 3 below. intensity factor,K|, was calculated from the time de-

The critical stress intensity factoK,., was mea- pendentcrack lengtl, Assuming a power-law relation
sured by using Evans’s [17] method, on notched beambetweerv andK|
(45x 4 x 4 mm, notch~1 mm) perpendicular to the
layers in three-point bending test. The bearing spacing dc n
was 40 mm and the rate of loading 1 mm/min. V=T AK; )
The controlled crack growth tests were performed in

three-point bending with m/min loading speed and the parameters (or log A) andn could be obtained.

4166



Giventhatthe areaunder the recorded load-deflectior

curve of the specimen is the sum of the work used -0 o— Zr0,
for creating of two new surfaces and the elastic strain St St
energy of the system and sample studied, the work-of-
fracture,yr, was determined: ':';: “;f‘ AL O,
U
Ot e

wherel is the total deformation work of a specimen up
to fracture andA is the area of fractured cross-section Figure 1 Expected stress distribution in layered zirconia-alumina com-
of the specimen. positesiot - tensile stresses. - compressive stresses.
The spatial distribution of residual stresses within the
alumina and a mixture of alumina and zirconia layer of

the composites were measured using the piezospectrg;[AI203 =9x107%°C1) the biaxial compressive stress
scopic technique. This method is based on the photgs expected and similarly, the biaxial tensile stress in the
stimulated fluorescence from trace*€rions in alu- layer with higherx (ezi0p=12x 1078 °C~1). Such a
mina. The frequency shifdv of the two lines in the  stress distribution (Fig. 1) indicates that the expected
R-doublet is a measure of the elastic strain within theensile stress in the zirconia layer should cause opening
volume of material excited by the laser, following ten- ofthe crack in the notched beam during bending. On the
sorial relation [19]: contrary, the compressive stress in alumina layer will
prevent the opening of the crack. This expectation was
confirmed by the tests of crack initiation in the notched
eams of composite studied. It would appear that for the
ame layer thickness and bearing distance, 25% higher
orce had to be used to initiate the crack in a sample

'_I'he PIEZOSpectroscopic measurements Were maqQgyq e the notch ended at the beginning of the alumina
using an optical microscope with an attached spectroml-ayer in comparison to the sample where it ended in

eter (Model DHI‘OR })1(4?2221 én argon ion (Ijaser}g)per- zirconia layer. The character of the crack path during
ating atawavelength of 514.5 nm was used as the exCh .1 re was also different in these two samples. In the

tation source. In gach experiment an area of interest iEase of the first sample (notch ended at the beginning
the sample was first selected using th_e microscope the& alumina layer), the crack was deflected at the begin-
a laser beam was focused on a spot in that area. In th

ﬁng of its path through the alumina layer (see Fig. 2).

way, the pure alumina or mixture layers of COMposites; e case of the second sample, the initiated crack
were scanned by 5 to m steps. The intensities ofthe .55 gated through zirconia layer perpendicularly to
stimulated R and R fluorescence lines were collected tpe layers

by scanning the spectrometer gratings using steps of per opservations of the controlled crack growth
.0'2_0'4 wave numbers and integrating them over 0.5 Showed that deflection of crack takes place only in the
intervals. The collected data was subsequently analyse&r

with curve-fitting algorithms (double Lorenz function). b
The line position was identified by simultaneously fit-
ting the R and R peaks using NiceFit software pack-
age. By using an objective lens of 00magnifying
power, a minimum spot size ef3 um diameter could
be achieved. Itis knownthatboth Bnd R lines shift to

Av = Iljj ajj (9)

where:IT;; are the piezospectroscopic coefficients andg
oij are the stress components.

umina layer. In the zirconia layer the crack deflects
ack to its original direction. At the beginning of the

crack, the deflection process in alumina layers is more
complicated than itis shown in Figs 1 and 2. The crack
not only deflects but also branches (see Fig. 3) which
distinctly enhances the length of the crack’s path and
energy release during the fracture through the alumina
. Lo %yer. It would appear that the degree of the crack de-
a consistent calibration for a ruby was performed. Mon-action is dependent on the thickness of the alumina

it(_)ring an external reproducible sp_ectral line of a neonIayer. The values of the crack deflection angle in terms
discharge lamp compensated for instrumental fluctua

i For determining the st " alumina th Rbf layer thickness are listed in Table Ill. As can be
lons. For determining the Sresses in alumina the Rgaap hjg angle increases with layer thickness. For ex-

line and piezospectroscopic coefficients found by He : :
and Clarke [19] have been used, ample, at 6Qum thick alumina layer the crack deflects

. i at 90 (see Fig. 4). In layers with a thickness of 10
The width of the transformation zone over the wake m and lower, deflection does not take place (Fig. 5)
of the crack was determined by Nomarski and opticalfF ! o

terf ) I hic mi Model he crack behaviour described was observed not only
Interference using metallographic microscope (Modely, the cut surfaces but also in the bulk of the material
MeF2, Reichert).

studied.
Generally, the deflection process is linked with the
3. Results effect of the thermal and elastic mismatch between
3.1. Layered Y-ZrO,/Al,0O3; composites two materials of the layered composite [12]. A distinct

In general, since the thermal expansion coefficientglastic mismatch is present between®d and ZrGQ

of the two materials of layered composites are differ-(Eapzosz =400 GPa,Ez0,=200 GPa), but residual
ent, residual strain can develop during cooling fromstresses found in barrier layers seem to be the most im-
fabrication temperature. In the layer with lower portant parameter responsible for the crack deflection.
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Figure 2 Character of crack path in layered Y-Z#®I,03 composite dependent on the type of layer where notch has been made: a) the end of the
notch in the zirconia layerthe crack propagates perpendicularly to the layley the end of the notch in the alumina layéne crack immediately
deflects

As can be seen from Fig. 6, the compressive stress imina layer thickness. Minimum stress is achieved in
alumina layers calculated from the frequency shift ofthe centre of the layer. The minimum stress was found
the Ry line is not only a function of barrier layer thick- to be dependent on the thickness of the alumina layer.
ness but also a position across the layer. The maxin the case of the 6@m thick barrier layer the min-
mum of the compressive stress equalled 280 MPa isnum equals 88.3 MPa. This value is exactly equal
observed at the interfaces and it is independent on alue the residual stresses measured in an alumina pellet
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Figure 3 The crack path in the alumina layer of Y-Zz@\I,03 composite at the crack front (inverted image).

TABLE 11l Crack deflection angle and difference of compressive p_repared from the same type of alumina powder and
stress in alumina layer of Y-ZrAl,Os composite as a function of ~Sintered at the same temperature but caused by thermal

layer thickness anisotropy of the alumina.
The Table Il shows the difference in compressive

Thickness of alumina  Crack deflection  Difference of compressive

layer, um angle® stress, MPa stress between the layer boundary and the centre of the
layer correlates with the angle of crack deflection. Good
10 0 132 correspondence observed indicates that the magnitude
2(5) ggi g lgg-? of the stress difference can be regarded as an important
60 90 188.4 factor responsible for the degree of crack deflection and

afurther contribution to the crack deflection mechanism
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Figure 5 The crack path in the 8.2m thick alumina layer of Y-Zr@/Al,O3 composite (inverted image).

in enhancing the toughness observed in layered con{see Table Il). As can be seen from Fig. 7 the crack
posites. propagates through the barrier layer without deflec-

The importance of the role of compressive stress diftion, independently of the layer thickness. The com-
ferences in the process of crack deflection confirms theressive stress in this case is distinctly higher than in
crack path observed in composites with barrier layerghe layer made of pure alumina but independent of po-
made of an oxide mixture instead of a pure@$ and  sition across the layer (Fig. 8). The compressive stress
prepared to minimise the larger shrinkage of Y-ZrO difference is zero.
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2 100 ness and it reaches the maximum for the thick layers.
£ —e— In the case of the thinnest layers, where crack deflec-
S =200 tion is not observed the above mentioned properties do
2 E not differ from the values represented by composites
= 100 | ; : _

s with barrier layers made from a mixture or the same Y-

g 0 : TZP matrix. Similar changes are observed in the crack
© 0 5 10 growth ratev and character of-K; curve. The crack

growth rate for composites with 6dm thick alumina

Position across the layer [um . .
yer fum| layers, described by parameterand logA, is much

@) lower in comparison to the same of composites with

300 X 10 um thick alumina layers, where crack deflection
V was not found. A plot ob-K, obtained for composite
200 with 60 pm thick alumina layers is shown in Fig. 9.

Points on this plot where — 0 can be interpreted as

Compressive stress
[MPa]

100 | ! .
a crack arrest in barrier layers or as an effect of crack
0 ‘ ‘ ‘ propagation in a direction parallel to the layers. For
0 5 10 15 20 25  comparison, Fig. 10 shows a plot ofK; for compos-
Position across the layer [um| ite With_ barrier layers made of a mixture. As can be
seen either the character of the curve or the values of
(b) parameters and logA in this case are similar to those
2 300 of the matrix.
& ) f The determination of the transformation zone width
00 is confirmation of the thesis that crack deflection is
¢S the only mechanism responsible for the observed in-
g = 1007F crease in the toughness of Y-Z#®l,03; composites.
E 0 . ‘ The zone width of the Y-TZP matrix equals 3#5n,
o 0 10 20 30 40 butthe height of the uplift observed in optical interfer-
Position across the layer (] ence is about 0.&m. The_same measurements maqle
for Y-ZrO,/Al,03 composites showed no increase in
© width and height, independent of the layer thickness
% 300 . and composition.
f‘;j E 200
£5 100! 3.2. Layered Ce-ZrO,/Al,03 composites
g As it shown in Table I, the sintering shrinkage mis-
S 0 match between Ce-Zrand ALOj3 is higher than 5%.
0 20 40 60 Preparing the oxide mixture reduces this mismatch only

Position across the layer [pm] to about 2.4%. The test of controlled crack growth in
@ Ce-ZrG/Al,03 showed similar dependence on barrier
layer composition as was found in Y-Z3@\l ,O3 com-
Figure 6 Distribution of compressive stress in the alumina layer with poSites. In the case of barrier layers made of a mixture
thickness of: a) 10um, b) 25 um, ¢) 40 um and d) 60um, of  the crack does notundergo deflection (Fig. 11) indepen-
Y-ZrO,/Al 03 composite as a function of position across the layer. dently of layer thickness and layer thickness does not
affect the mechanical properties and parameateasd
Crack deflection in alumina layers dependent onlog A of composites in comparison to the same prop-
layer thickness results in an increase in toughness drties of Ce-ZrQ matrix (Table V). Distinct changes
Y-ZrO,/Al,O3 composites. Table IV shows bending in properties of Ce-Zr@Al,03; composites have been
strength, critical stress intensity factor and work-of-found when the barrier layers made of a mixture were
fracture increase with the alumina barrier layer thick-exchanged for pure alumina. The result was an 80%

TABLE |V Properties of Y-ZrQ/Al,03 composite as a function of barrier layer thickness and composition

Mixture of
Barrier layer Al,03 and Matrix of
composition Alumina Y-ZrQ Y-ZrO
Layer thicknessym 10 25 40 60 45 -
Young's modulus, GPa 286+5.7 286.4+5.7 286.4+5.7 286.4+5.7 227.3+5.0 195.4-1.0
Bending strength, MPa 42663 566+ 100 712+ 136 808+ 40 644+ 141 417+ 108
Kic, MPa /2 7.20+0.15 8.42+0.55 9.99+0.76 10.0G£0.33 7.11+0.41 7.32£0.20
Work-of-fracture, J/rf 39.8+8.30 47.06+ 3.25 52.83+5.80 58.88+5.30 38.15+3.50 37.38:5.46
Parameter n 4945151 15425 3.7+ 0.7 3.7+1.3 43.9+6.0 53.1+7.0
Parameter log\ —345+11.4 -16.6+2.1 —-8.7£0.5 —-8.0+£1.1 —36.5+5.2 —38.7+ 3.6
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Figure 7 The crack path during fracture of Y-ZpDAl,O3 composite with layers made of alumina and zirconia mixture.

increase irKc, 50% increase in work-of-fracture and n = 28 for composite with the same thickness of barrier
30% increase in bending strength in comparison to théayer but made of a mixture.

matrix and composites with barrier layers made of a Distribution of compressive stress in the barrier lay-
mixture was observed (Table V). In the case ofild@  ers of Ce-ZrQ/Al,O3 composite is similarly dependent
thick alumina layer, a 90crack deflection in the centre on layer composition (Fig. 14). In an oxide mixture bar-

of the layer (see Fig. 12) was found. ParamatandA  rier layers compressive stress is unchangeable across
(see Table V) and a plot ef K, (Fig. 13) confirm such the layer and independent of layer thickness. In the
a crack behaviour. As can be seen, parametguals alumina barrier layers a difference in the compressive
4 for composite with alumina layers in comparison tostress is observed. However the maximum stress at the
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Figure 8 Distribution of compressive stress in the 4f thick barrier
layer made of a mixture of Y-ZrgdAl,O3 composite as a function of
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Figure 9 Crack growth rate in Y-ZrO,/Al 03 composite with 6Q.m
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Figure 10 Crack growth rate in Y-ZrO,/Al,03 composite with 45%:m
thick barrier layers made of a mixture verskis

layer boundary of Ce-Zr@Al,O3 composite is higher
than in the case of Y-Zrg@dAl,O3 composite. This dif-
ference can be related to higher mismatch in the sintion temperature. And the third one is an external ten-
tering shrinkage of Ce-Zrand ALOs than the same  sile stress applied in bending of the notched beam. As
mismatch between Y-ZrPand AbOs (see Table II).

The width of transformation zone and the height of
uplift in Ce-ZrO, matrix measured by Nomarski and
optical interference equal 12-16m and 2.7um, re-
spectively. The same measurements made for layered
Ce-ZrG/Al,03 composites did not show any increase
of these two parameters. This fact confirms the earlier
thesis that the observed increase in toughness of layered
composites is a result of crack deflection mechanism
acting in alumina barrier layers.

4. Discussion

Ho et al. [14] and Oechneet al. [15] observations
show that the stress state near the surface of the lami-
nar composite specimen as presented in Fig. 1 seems to
be more complex. The authors mentioned above found
edge cracks on the surface of the thin layers that were
under nominal, residual compressive stress due to the
biaxial constraint of an adjacent, thicker layer with a
largera. These edge cracks appeared near the centre of
the layer, propagating into the layer and running paral-
lel to the centre line. They showed that although biaxial
compressive stresses exist in the layer far from the free
surface, the stress distribution near the free surfaceis tri-
axial. Specifically, the component of the triaxial stress
perpendicular to the centre line of the layer is a highly
localised tensile stress, which diminishes in magnitude
from the surface to the interior. Hat al.[14] observed

that the occurrence of edge cracks was dependent on the
thickness of the embedded layer and the magnitude of
the residual compressive stress in the embedded layer.
They found also that for a given residual stress, crack
extension without any external stress takes place only
when the layer thickness is greater than a critical value.

In our study the thickness of matrix and barrier layer
was equal (10 to 7@m) and edge cracks parallel to
the layer were not found. But the presence of tensile
stress perpendicular to the alumina layer plane with a
maximum localised in the centre ofthe layer can be used
to explain the role of compressive stress differences in
the crack deflection process.

In our opinion, crack deflection in alumina barrier
layers is a result of interaction of three types of stress.
The first one is a residual compressive stress acting in
the plane parallel to the layers found in our experiments.
The second is a perpendicular tensile stress found by
Ho et al. [14] and Oechneet al. [15]. Both of them
are present in a laminate after cooling from fabrica-

it was described, the maximum compressive stress is

TABLE V Properties of Ce-Zr@dAl,03 composite as a function of barrier layer thickness and composition

Barrier layer Matrix of
composition Mixture of AJO3 and ZrQ Al»,03 Ce-Zr®
Layer thicknessym 20 50 70 50 -

Young'’s modulus, GPa 22785.0 227.3t5.0 227.3t5.0 286.4:5.7 195.4+1.0
Kic, MPa /2 6.5+0.3 6.9+0.3 7.0£0.7 11.6+0.7 6.8+0.1
Work-of-fracture, J/rf 88.4+5.0 87.4+20.2 87.3:2.1 137.9+8.1 95.7£4.3
Bending strength, MPa 6519 615+ 22 633+ 31 811+ 19 615+ 22
Parameter n 48419.3 28.1+2.6 46.6+4.3 4.1+0.7 45.8+9.8
Parameter lod\ —42.94+14.6 —23.6+8.0 —37.5+6.1 —-9.24+0.7 —43.2+7.7
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Figure 12 The crack path in alumina layer of Ce-Z#@®Il,03 composite (inverted image).

observed at the interface and the minimum in the cenY-ZrO,/Al ,O3 and 50um for Ce-ZrGQ/Al ,O3 compos-

tre of alumina layer. After Het al. [14] and Oechner ites) perpendicular tensile stress dominates. As aresult,
et al.[15], the maximum of perpendicular tensile stressthe crack deflects in the centre of the layer and prop-
exists in the centre of the barrier layer and it is alsoagates along the layer. When the compressive stress
dependent on layer thickness. It means that in the cenncreases from the minimum in the centre to the maxi-
tre of barrier layers with critical thickness (@0n for  mal value at the interface, then the crack deflects back
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Figure 13 Crack growth rate in Ce-ZrQ,/Al,03 composite with alu-
mina barrier layers versus.
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Figure 14 Distribution of compressive stress in barrier layers with thick-
ness of 50um made of: a) alumina, b) an oxide mixture, of the Ce-

Zr0O,/Al,03 composite as a function of position across the layer.

to the original direction. In the case of the thinnest

The controlled crack growth tests showed that the
only mechanism responsible for the observed toughness
increase was crack deflection. The degree of deflection
was proportional to the alumina layer thickness. In the
case of layer thickness lower than Lt the crack was
undeflected during fracture. Crack deflection was not
observed in the layers made of a mixture independently
of layer thickness. Explanation of this phenomenon was
given by the determination of residual stress distribu-
tionin barrier layers made by piezospectroscopy. As our
work shows, the compressive stress at the layer bound-
ary was independent of the alumina layer thickness.
But dependence on layer thickness was found for the
difference of stress between the layer boundary and the
centre of the layer. A correlation between the crack de-
flection angle and the difference of stress was observed.
Similar relations for Ce-Zr@Al,03 composites were
noticed. Higher compressive stress at the layer bound-
ary in this case was related to the higher mismatch in
sintering shrinkage of Ce-Zand ALbOs.

The only responsibility of crack deflection for en-
hancement of layered composite toughness was con-
firmed by determination of the transformation zone
width by Nomarski and optical interference. The zone
width for Y-ZrO, and Ce-ZrQ matrices equals 3—om
and 12—-15%:m, respectively. However the spreading of
the transformation zone in layered composites based on
these two matrices was not observed. The different zone
widths of Ce-ZrQ matrix and Ce-Zr@Al ,03; compos-
ite compared with Y-Zr@ matrix and Y-ZrQ/Al,O3
composite resulted in a subsequent increase in work-
of-fracture found.
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