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Abstract. To elucidate the conduction-blocking process ob-
served in sintered electric ceramics, measurements have been
cartied ot on o weld between two YSZ (Yuria-Stabilized
Zirconia) single erystals and on YSZ0 AL O composiles in
addlition 1o previous measurements on eracks generated at
room temperature in YSZ single arystalse A fraction of the
mobile oxide jons appears 1o be blocked at impermeable
parts of the internal surlaces. The surlaces of voids (cracks,
pores, and probably parts of the grain boundaries) can gen-
erate the same blocking effects as the surface of precipitated

seeomd phises,

PACS: 8140, 8460

The erain boundary blocking effect in sintered zirconias (cu-
bic, tetragonal or partially stabilized) is a well documented
phicnomenon [ 5] wihich can be deseribed in terms of either
series o paralle! cireuirs, depending on the physics of the
phenomeni, For instanee, the series ('iﬂ'l!ii More appropri-
ately relates the observed additional “prain boundary semi-
cirele™ o the electiic properties of hTm King precipitate, On
the other hand, the paralle! cireuit more direcily deseribes
the phenomena i terms of mobile carriers being blocked at
some patts ol the grain boundaries. Details on these models
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have been given elsewhere [6] and are summarized in Figs.
1, 2 quoted from | 7],

The blocking effect can be consistently measured by the
blocking factor o, detined cither from admittimee diagrinm
parameters (¢l Fig, 1), by

. A
g = XN h
where
A L ot L)
B S Al (2

or from impedance diagram parameters (e g, 29, by:
g = HII;’( I, | H-;" (3

1t directly gives the fraction of the electric carriers being
blocked at the impermeable internal sifaces, mnder the
measuring conditions, with respect to the total number of
electric carriers in the sample,

The goal of this briel paper is to report new hloc kml' fea-
tures which support the assumption of an observed |\|l)(.l~k(|
conductance associated with the fraction of the clectrie car
riers being blocked ar interfaces,

Measorements were performed on cracks i YSZ0 sin-
ple crystals (YSZ: Yuria-Stabilized Zivconnn, on a welding
hetween two YSZ single erystals and on YN/ ALO come
posites, The single crystals, Kindly supplicd by Crisniatec,

were doped with TOmaole %0 Y0, The bases on which we
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Fig, 2. Grain-bowsdary effect, Basic diagram of the series wmodel |7)
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worked were oriented perpendicutar o the 1T direction,
The sircoma-alumina composites were prepared by wel niix-
ing ol a Ymole % yurasstabilized zirconia powder and an
alumina powder. The mixture was pressed isostatically un-
der 400NMPa, and sintered al 2023K for 2h in air. After
sitering the YSZ g size was of the order of 10 pm and
the alumina grain sizes were in the range 2-6 pm.

The YSZ powder was prepared from zirconia (Merck
SO0 and yuria (Rhone-Poudene, 4N) powders and thie
alumina was purchased Trom Baikovski (A 125 AS3). The
lollowing compositions in AL Oy were prepared: 0, 0.2, 0.5,
L0, 2.0, 5.0 mole %,

The impedance measurements were performed with a
Hewlen Packard PO AL impedance analyzer. The
data were processed with a soltware that we have developed
for the Hydro Quebee Rescarch Center (IREQ) and which
runs on a Hewlew-Packard 300 desk top computer.

I Cracks in Single Crystals

The cell used o perform measarements on cracks and a
typical admittance diagram are shown in Fig. 3.

The cracks were generated at room temperature by Vick-
ers indentation, The measurements were conducted locally
with a platmum point clectrode.

The essennal feature we want 1o stress here is the
following: qualitatively, the response ol the cracks is similar
to that of the gran boundaries and this even dat 750K
at the very stant of the first 1emperature cycle. Under
these conditions, a chemical segregation or a second-phase
precipitation has certainly not yet taken place and cannot
be invoked as the determuming physical process, Only the
ceomctical nusniateh between the Taces of the cracks can
be responsible for the blocking cllect. More experimental
details can be Tound in |6, 8].

2 Bicrystal Weld

Two parts of a single crystal were roughly polished on the
faces 1o be welded with a grinding machine (roughness of
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Fig. 3. a Diagram ol the elecirochenncal eell used for local impedance
spectioscopy cliaacterisation of cracks and b otypical admittance dia-
pram obtained at 673K on a siogle crystal indented under a 392N
load, i the crack response. Measurements were pertormed in air.
The numbers imdicate the ac frequency logarithm |7}
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Fig. 4. Typeal admttance diapram obtined onc o weld hetween two
siple crystals b OFVKL Measwicments were peddonned e an The
numbers indicate the ac trequeney loganthim, L and THE e the Tow-
and high-frequency conduction blocking responses

the order of 1 pm), slightly pressed and welded by curing
at 2273 K for 7h. The micrography ol the weld shows
the presence of pores of about 1Opm in thickness | 7).
Another single picce of the single crystal was subjecied
to the same temperature cycle for use as a reterepce, The
admittance  diagrams (Fig. 4) can be resolved into two
conduction blocking charactenstics. The low- frequency (.19
characteristic is very similar to that of grain boundaries. "The
high-frequency response (HEF) can be atributed o a blocking,
process al the surface ol the pores. This process relases al
a frequency rather close to that of the intragrain diclectric
relaxation of YSZ with which it overlaps. For greater
accuracy in the deconvolution of the corresponding loops,
we used the reference single erystal diagiam from which
we caleulated the “intragran response™ ol the bicrysal:
the high-frequency blocking response was deternmined by
the difference between the experimental response and this
calculated “intragrain™ characteristic,

With this bicrystal, the idea was w vary the bicrystal
thickness £ (see Fig. Sa) by successive cuttings, keeping the
same weld, The erystal thicknesses £ varies from 5.32 num
to LE2mm.

According to the series models, whatever the physics,
segregation or precipitation, the resistances associated with
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Fig. 5. a Successive cuttings ol the welded bicrystal and bresisiances
per unil surlace arca o contact assoctated with the blocking processes
versus the thickness ol the welded bicrystal
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the blocking processes at the weld should be independent
from £, However, this is not at all the case, as shown in
Fig. Sh.

YS7-Al, 0y Composites

With the zirconia-aluming composites, we examined the
variation of the blocking effect with temperature, 1t s
well known that the Blocking effeet disappears ot high
temperature. With nominally pure YSZ, Bernard [9] noticed
that this occurs around 1000K. In agreement with the
exponential laws generally reported on Arrhenius diagrams
for Xy and N tor I and JE)), the general shape ol the
variation law for o, is o sigmoid (Fig. 6). In the central pant
the variation is approximately linear with temperature. This
variation law allows us to define a temperature T, where o),
starts (o decrease, and a temperature 7 where the blocking
effect practically disappears. With the samples investigated
by Bernard [9], it was found that the higher the blocking
factor, the higher the transition temperature T,

Figures 7a ¢ show the lincar parts of the variations ob-
served with different ALO, contents, Table | gives the cor-
responding equations and the temperatures 7', at which the
blocking effect practically disappears. The Al,0, solubility
in YSZ is generally assumed to be of the order of 0.4 mole %
at 20000 K [0 10] The remarkable feature is that the slope
ol the o, decrease versas 17 Clable 1) does not show any
stenificant differences between samples with low alumini
contenty, which conld dissolve into the zirconia grains, and
those with high concentrations which certainly cannot. Ob-
vionsty, the disappearanee of the blocking effect cannot be
related o the dissolution of the second phase present in (he
material, The temperatures 1ol the disappearance of the
Blocking etfect Clable 1) are also L 100 low 1o be inter-
preted e this way,

At g stage, the only interpretation which appears re-
alistic 1 thar the volme of the blocked zones, similar 10
space-charpes, i contact with the aluming prains, decreases
with increasing temperature because ol an increasing con-
ductivity ol the YSZ0 10 is aoccommon observation in semicon-
ductors, tor mstance. that space-charge effects decrease with
mcreasing conductivity, In Tact, variations i the degree of
charee carrier Mocking have also been observed inelectronic
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Fig. 7. Blocking factor vs temperatne for YS70 ALO L composites
tlinear purts). The compositions in ALO marked i the diagrams are

WY

in mole 4

conductors, for instance in BaTiO [T A rather general ob-
servation is that, in reasonably pure materials, blocking at
grain boundaries disappears when the conductivity reaches
approximately 107 Tem ' whatever it is, electronic or
ionic.

Table U Parameters of the Tincar vinginion of the Blockine Lactor as
a hunction ol temperatime for ditlerent Y870 ALO L compoates. 1
temperatures af which the blocking efect pactically disappears

ALY,
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4 Conclusion

Experimental results obtained with bicrystals ad zirconia -
alumina composites support the assumption that the observed
blocking effect in stabilized zirconia results directly from
the fonmation ol blocked zones, where electrie carriers e
“trapped™ and do not contribute to the transport ol the elec-
e current, under certam experimental conditions, This ¢f-
feet decieases as the conductvity ol the malrix increases,
The blocked zones are formed along internal surlaces im-
permeable to the electric carriers. Such impermeable inter-
nal surfaces may simply be the interfaces with a precipitated
second phase. The results obtained with cracks and pores
show that the surfaces of voids can also be impermeable
to the electric carriers, Accordingly, the blocking effect ob-
served at the grain boundaries could also result from local
mismatches between grains.

This derivation does not discard possible additional resis-
tances associated with a segregation of yttrium or impurities.
1t simply stresses that blocking of a lraction of the mobile
ions at internal surfaces impermeable o them is an important
contribution to the observed grain boundary ctfect.

ln agreement with this interpretation, the experimental
resulls are better expressed in terms of any parameter which
measures the concentration ol blocked ions than in terms of
any “additional™ vesistance. For the sime reason, it s better
modeled in tenms ol parallel rather than series circuits.
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