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EFFECT OF SURFACE‘TREATMENTS'ON STRENGTH
OF PZT POLYCRYSTALLINE CERAMICS
' % o %%k
Dipak R. Biswas and Richard M._Fulrath-
- Materials and Molecular Research Division, Lawrence Berkeley Labofatory
and ‘Department of Materials Science and Mineral
Engineering, University of Callfornla,
Berkeley, CA 94720
ABSTRACT
In bending strength determinations of ceramics, the fracture
usually initiates from the tensile surface or the edges. ' The edge
effect could be minimized by carefully rounding off the edges of speci-
mens subjected to four-point bending. Effect of tensile surface polish~
ing, polishing and rounding off the edges, and the acid treatment of

the poliéhedvsurface on the strength of PZT‘polycrystalline-ceramics was

determined along with the failure mechanism.

Now in the Department of Materials Science and Engineerlng at the
Un1vers1ty of Utah, Salt Lake City, . UT 84112 :
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.I. INTRODUCTION

In the ceramic iﬁdustryvsurface'finishing of compbnent parts is
very iﬁpdrtaﬁt; particularly from the pbiﬁt of view of‘sfrength.f-A
wide range_of sﬁrféce finishes can be generated by grinding, agrading
and péiishing. Grinding and abrading»might produce extfinsicisurface
cfacks, wﬁefeas polishing‘might-remove séme of these éracks;  In
additibn; there may be some intrinsic flaws in the polyérystalline'
ceramics. fhe strength of céramics is senéitiye to these types of flaws.
Tﬁeir reﬁoval shouid improve the strength.

These extrinsic.or ihtrinéic fléws'in polyérystalline ceramic
-_materials.are reiated to the miérostructure,'pérticulariy_to,the grain
size, second phase and the grain boundary structure. The classical
strength—grain.size felationship is shown in Fig. 1. Region I which fol-
lows the Griffith-Orowan stréﬁgth_relatioh is représented by df = Kldl/z
where cf is the strength, K is a constant, and d is the avérage grain
size.A In this region, previous expériméntal results suggest‘that for
some polycrystalline ceramic materials the 1argeétvgrain siée is the
most severe flaw leading to failure. ‘The failure mechanism coﬁsists of -
. propagation of these existing flaws. Region II which folléws the Hall-
Petch strength relation is reprgsented by Of'= Oo +“K2dl/2‘ Here, the
genera;ed flaw mechanism is based on the microplas;ic flqw nucleated
fracture=dge to dislocation ptoceéées. Application of tHis equation to
fine grained ceramic materials assumes that the presence of'miéroplastic
flow orvdislocatioﬁ activity'leads to crack nUcleatién.l'A combination.

‘of both relations was observedvby Carniglia1 for polycrystalline A1203..
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-Some.ceramiC’materials:eahiblt only the Grifflthébrowan relation, some
only'the Hall-Petch relation,szut-in most cases a combination of the -
two relations is observed.

.Recently Bradt and Tressler3 observed that surface finish hads a

‘definlte effect on strength of f1ne—gra1ned A1203 and SicC ceram1cs

E .whereas surface finlsh has no apparent effect on strength of coarse-

grained materials. In this case, the intrinsic microstructural flaw
uas operatiVe‘in region I, andvmachining operations controlled the strength
in region II instead of the miCroplastic'flow processes. As the_surface
finlsh by the diamond_gritvsiZe hecame finer; thej'found.that the |
.strength increased considerably. | |

" The purpose of this study was:to determine the effect of.various
surface treatments on strength of a hlghly dense polycrystalllne lead
'21rconate-titanate (PZT) ceramic, and 1ts failure mechanlsm.

II.'-EXPERIMENTAL-PROCEDURE

zThe‘material used‘was stoichiometric PZI, The_samples mere fine
grained ln | which the average grain size was controlled by doping-With
one mole'percent niobiumvoxide, Fig.VZ; ,The;sampleSIWere'fabricated.with
st,w/o-excéss PbO,and sintered.at 1200°C for ‘eight hours in one atmos- |
.phere pressure of oxygen} The excess PbO enhances the s1nter1ng process
-and den81t1es .over 99/ of the theoret1cal value were obtalned In sin-
tering the spec1mens were embedded in a packing powder of PbZrO3 +
.5 w/o ZrO2 whlch is used to absorb excess Pbo and control the PbO content.

A wide range of surface treatments was. glven to the bend’ speclmens
_after slic1ng from the s1ntered pellets by us1ng a precision didmond.

blade. A set of elght spec1mens'were USed for each series of i)‘as cut,
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ii) as cut + rounded edge (by using a rotatiﬁg lum.diamond whéei), iii)
'bolished tensile surface, iv) polished'tensile_surface + roundéd‘edge,
and vﬁ‘polished tensile surface + roﬁndéd edg¢-+ etching (HF/HC1 éolution).
All the specimens (2.54 cm.x 0.3 em x 0.2 ém) were tested. in a 4-point
: bending macﬁiﬁe Wifh>an‘dvéraii.span_of 1.9 cm. The fracture origin was
detectéd.by’séahﬁing.eléctroﬁ-microscoﬁe (SEM) exaﬁination.
| III. RESULTS AND DISCUSSION

Table I shows the strength values of ;hg‘different suffacé treated
specimensQ It is clear- that the-strength variation with respect to
different surface treatments is insignificant. If the polishing removed
surface.craéks produced dufing,machining, fhe strength should have
increased. In this case, however, there is no change in strength even °
after remdvaliof'the extfinsic:flaws indicating that the intriﬁsiékflaWS
are mdre-severé"tﬁan the'introduced surface flaws.'b

SEM examination indicated that intergraﬁular fracture was thé
primary fracture. mode with some transgranular fracture. By tracing back
the river pattern, tﬁe fracturerorigin was.detected. In as-cut spécimehs,
the fracture initiatiOn.was at the edges of the Speciﬁen (Fig. 3a) and/or
at the width of the bend specimen (Fig. 3b).. Rounding off the edges of
the specimen miﬁimized the edge failﬁre‘(Fig. 4a). 1In the cases of the
poiished tensile sqrfaée; polished fénsile surface'+ rounded'edge, and
poliéhed tensile sufface +. rounded edge + etchedbspecimens, the failure
occurred at or near the tensile surface (Fig; 4b, 4c and 4d, respec-
tively). It is intéreétingvto note that‘the crack initiatioﬁ morphology
in most cases is very similar and the crack size is very large (around

200-300pm in length or in depth). This behavior indicates that the



-4~

byvfaiiﬁfermeCHaniéﬁ is the'SAﬁeffof‘all spécimens_irteSpéCtive of surface
: treatmeﬁts, v

It has been observed tﬁat_mate;ials (e.g. ZrOZ, Mgiizos) with léw"

',éléStic modu;us:and high internél friction contain many mic;oéracks.4

?re&ipﬁs experimental reéults on this ?ZTvceramic showédsthatvit has a

4

low elastic ﬁodulus; E = 6.89 x 10 MN/mz, and a high ihternai friction.

 _1¢ isvthéh expected‘thaf it had many inherent miérqgracks.»rde reasons
-:fér tﬁe presencé of microcraCRs aré proposed. The: first cause could be
the.présehce-éf_sqﬁé eXéess PbOyalong‘grain boundaries if it is notléom—
'1§1éte1y:éyaéorated iﬁto the packingvpowder duringvsintering. The‘remain?
v.ing-Pbo during cooling frqﬁ the sintering fempe:ature remains at the
-gféin'boundériés and it.might be the source- of microcfacks;' Because of
the tﬁéfmal;exﬁansion aniSOtrOPy and-&ifferénces‘bQFWeénﬂthe PZT and Pb0
pﬁases,vboup&ar&lstresses can develop which produce the microcracks..
'iSecqhdly, in the presence of exéess Pbo; rapid and more complefé densi-
ficaﬁidn coﬁld.océur in'a'ldcglized‘region,' where material shrinks more
than in other regions developing sufficient stress to form microcracks.
: in.bénding, as the stréss level increasés, these microcracks are linked
up to form:a large crack that causes failure.

" To support the egistenqe of microcracks’in fhe presgnce of a small
amountvqf PbO, a éimple.é#perimeht was conducted. A small amount of PbO

was placed on top of a sinteréd PZT piece and heated at _9_50°c (m.p.. of PbO

is 888°C). for one hour in air. After cooling, the specimens on -examination

With thé'SEM iﬂdicated large cracks as shdwn'ih Fig. 5a and 5b.. The li-
. quid PbO'penetrates through the grain boundary or tﬁrough the microcracks
" .and during cooling, because of the thermalgekpansiOn_differenCesfbetWeen

'the,phases,ﬁfdaﬁcés such:largegéracks..
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Similar experimental evidenée_of microcrack formation in SiC and B
compaCts to which B was added as & sintering aid was obseryéd by Evans.

~ From the size of the fracture initiating flaw, the fraéture_

toughness,-KIC,'was calculated by using the Griffith-Irwin equétion.
2
K. : : .
o= & _1C '
*TyY\q ) | . - W

where-Of is the fracture stress, a is the flaw depth in case of surface
flaw, Z is the flaw'shape parameter, and Y is a geometrical constant.
The "a" value was measured from the flaw configuration of Fig. 4a, 4b:

and 4c; and Z and Y valueé'weré taken from ref. 8. Using the Of values

value Waé calculated from equation (1) and found

3/2

from Table I, the KIC

to be approximately 1.40 MNem . The experimentally measured9 KIC

3/2

value was 1.60 MN'm ~'“ for this cerémic. Therefore, using the flaw
- size measurement the calculated fracture toughness matches well the
experimental value. ’The uniforﬁity of flaw configu?ation isvin accord-
ance'withkfhe proposgd.mecﬁanism for failure éf Pvacéramics.
| . CONCLUSION

Surface finish could improve the streﬁgth of some polycryétéiline
. ceramics whosevstfength is;contfolled_by.exfrinsic surfacé flaws whicﬁ
can be removed by surface polisﬁing or- other treétments; In ﬁhevcasé
Qf pqucfystalline»fine grained PZT:ceramicsiQithbsome excess PbOvas a.
second phase, surface treatmenté df bend spécimensfdo not affect the
'strength because the extrinsic flaws geherated by machining are less:
sensitive than the intriﬁsic microcracks prodﬁcéd by the presence of é

small amount of PbO phase.



ff6°-v

: ACKNOWLEDGMENT
Thanks are extended to Professor J A. Pask for rev1ew1ng the -
.nanuscript and F ’F'-Lange and Al G; Evansvfor helpful dlSCUS510nS; Tnis
‘work was supported by the D1V1slon of Materlals Sc1ences, ‘0ffice of Ba31c
ﬁsEnergy Sc1ences, U S Department of Energy under contract No W—7405—‘

 Eng-48.




-7-

‘Table I. Effect of Surface Treatments on Strength of PZT Ceramics

)

Sufface Tfeétments ' Strength;, MN/mz
as cut o - 82.70 * 5.5
as cuﬁ + rounded edges _  85.65 + 4.4
.Pélished tensile surface | o 79.30vi 9.1
polished tensile surfaéé + ' 79.68 +7.8

rounded edges

polished tensile surface + . v 79.92 = 4.1 -
rounded edges + etching : : :
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FIGURE CAPTIONS

Strength - grain size relationship.

Typical microstructure of dense PZT ceramic.
Fracture surfaces of as-cut PZT specimens.

Fracture surfaces of specimens: a) as-cut and rounded edges,

.b) pdiished tensile surface, c) polished tensile surface and

rounded edges, and d) polished tensile surface, rounded edges

and etched.

Large cracks in presence of PbO in PZT specimens{v
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Fig. 4
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