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The paperdescribes procesdor preparatiorof yttria stabilizedzirconia(YSZ) coatingsby plasmaspraytechniqueem-
ploying non-equilibriumplasmaspraytechnologyat atmospherigressure. Yttria-stabilizedzirconia (10—-15wt. % Y 2 O3)
powders(10-105' m in diameterhave beenused.Plasmasprayedcoatingshave beencharacterizedisingscanningelectron
microscope(SEM) and X-ray diffractometer(XRD) for the microstructuralstudy and phaseanalysisas a part of a process
optimisationstudy Thedependencef microstructureof coatingsoninitial povdercharacteristicandthein uence of deposi-
tion temperaturén the rangeof 3000-3350 C on the structuralcharacteristicof plasmasprayedcoatingswereinvestigated.
By the dataof XRD analysis.all samplesvereobtainedwith cubic crystalorientation. It hasbeenfoundthatcrystallitesize
hastendenyg to decreasavith increasingthe depositiontemperature.YSZ depositedat 3150-33506 C arefound to have a
nanocrystallinestructurewith averagecrystallite size of 75 nm. The samplessprayedusingcoarse-grainegovder feedare
characterizetyy largergrainsizeandcrystallitesize. Themainparameterg uencing the coatingformationarethe properties
of theinitial powderandthe plasmaprocessemperatureThe SEM analysisshaved thatthe besttemperatureegion for the

depositionof YSZ coatingswasabout3200-335G C.
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1. Intr oduction

High temperaturexide ceramicsbasedon zirconia
arewidely useddueto their excellentpropertied1-3].
Zirconia-basederamicdabricatedusingdifferentpro-
cessingechniquesresuccessfullyusedasa structural
or afunctionalceramicmaterial[4, 5]. In recentyears
agreatattentionis focussedn thethin coatingsof ion-
ically conductingmaterialg6, 7].

Advancecelectronicsaandup-to-datédoranche®f in-
dustry need advancedmethodsfor ceramicprocess-
ing in theseapplications. The requiredpropertiesof
ceramic materialscan be optimised by the process-
ing methodand its tuned parametersbecauseof the
strong dependencebetween processing,microstruc-
ture,andproperties.The powderbasedprocessinge-
quiresmulti-stepoperationsvith hightemperaturein-
tering processto provide the nal propertiesand di-
mensionsof the nal product. Thesestepsare long-
lastingandrequirea greatdealof time to complete.
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Plasmasprayingcanbe usedasan economicalter
native methodfor the depositionof ceramiccoatings
on varioussubstrate$2,5-7]. Good mechanicaland
physical propertiesof plasmasprayedcoatingsarede-
terminedby their microstructurg8]. The microstruc-
ture of plasmasprayedcoatingsis determinedoth by
processingparameterandmorphologyof initial pow-
der[9]. A lot of plasmgprocessinyariablesdetermine
themicrostructurendpropertieof depositectoatings.
Procesgiases,o w rates,voltageandamperagespray
distance,locationsof powder injection in uence the
melting stateof initial powder in the plasmajet and,
asaresult,the propertiesof obtainedcoatings.

Therefore an attemptto obtaindenseandhomoge-
neousyttria stabilizedzirconia (YSZ) coatingsin the
temperatureangeof 3000-3356G:C wasundertalen. In
this study we reportthe resultsof the formationand
microstructuralanalysisof plasmasprayedYSZ coat-
ings obtainedby non-equilibriumair plasmaspraying
technologyat atmospherigressure.The objective of
this work wasto examinehow theinitial powvder par
ticle sizeandthe depositiontemperaturen uence the
structuralcharacteristicef plasmasprayedcoatings.
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2. Experiment

A specialtestbenchwith long operationtime and
stableoutlet plasmajet parametersvas usedfor YSZ
deposition[9, 10]. The averageoutlet jet temperature
wasestimatedrom heatbalance.

In the presentstudy commercial YSZ powders
(CERAC, USA), typically 99% purewith 10—15wt. %
of yttria, were usedfor the depositionof the coatings.
Initial powder with different particle size from 10 to
105t min diameterfurtherdenotedasZ1 with particle
sizeof 10-44* m andZ2 of 44-105' m, wereutilized
for plasmaspraying.

Polishedstainlesssteelsheetavereusedasthe sub-
stratematerial.Priorto plasmaspray the substratesur
faceswerehand-polishedo 0.05* m nishing, cleaned
with acetoneanddriedin air beforethey wereused.To
obtaina uniform coating,thesubstratesvereplacedon
acylindrical xture, which couldrotatearoundits own
axis during plasmaspray 20—100mm away from the
exit of thetorch. Thethicknessof the steelsubstrates
was100t m.

The JEOL JSM5600scanningelectronmicroscope
(SEM) was employed to examine the microstructure
characteristicef plasmasprayedtoatings Microstruc-
tural investigationswere carriedout for sprayedcoat-
ings and for powder analysis. The crystal structure
of initial powders as well as crystallite size of the
plasma depositedcoatings were analysedusing an
X-ray diffraction(XRD) (DRON UM1) with CuKg ra-
diation. The meancrystallite sizewas estimatedrom
integral width of thediffractionpeaks111) of YSZ by
the CrystallographiceSearch-Matctprogramme[11].
The meangrain sizewas estimatedoy linearintercept
methodusing SEM micrographs. The coatingthick-

Tablel. Plasmasprayingparameteror YSZ coatings'

deposition.
Amperageof plasmatorch,A 170-220
Plasmget temperature;C 3000-3400

Total masso w of air, g 1 55

Total masso w of hydrogengs' * 0-1.5
Sprayduration,s 30-60
Spraydistancemm 70

nessvasevaluatedoy cross-sectionacanninglectron
microscopy obsenation.

3. Resultsand discussion

Seven groups of sampleswere deposited using
plasmasprayingfrom initial Z1 andZ2 powders. The
main parametersf plasmaprocessegime for deposi-
tion of YSZ coatingsarelistedin Tablel. Changing
plasmagascompositionwith additionof hydrogengas,
the plasmget propertiesverechanged.

Thecrystalstructureof powdersusedis cubiczirco-
nia. After beingdried, the initial povderswere used
for plasmaspraying.Characteristicef plasmasprayed
coatingsversugpowderusedandtheoperatingparame-
tersof theplasmatorcharepresentedh Table2. Spray
durationis 30—60s, spraydistance/0 mm.

Investigationof thein uence of initial powvderprop-
ertiesandplasmaprocesgparametersn the properties
of plasmasprayedcoatingswas undertalken analysing
the morphologicalpropertiesof as-sprayedoowders
and depositedcoatings. The melting state of initial
powders in the plasmajet was examined analysing
waterquenchedpowder sprayedinto distilled watet
Typical morphology of plasma-meltedand sprayed
powdersis shovn in Fig. 1. As shavn in micrographs

(b)

Fig. 1. SEM micrographf (a) initial powvderZ1 and(b) Z2 afterpassinghroughthe plasmajet.
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Table2. Characteristicef YSZ coatingsversusinitial povderand
processingarameters.

Sample Particlesize  Plasmaorch Totalmassow Plasmget
No. in powder, * m power, KW of air, g &' temperature:C
1 10-44 40.8 5.35 3185
2 10-44 48 4.61 3107
3 10-44 48 5.29 3250
4 10-44 49.4 4.33 3123
5 44-105 49.4 4.46 3023
6 44-105 49.6 5.07 3212
7 10-44 54.2 5.24 3350

of Z1 and Z2 powders, the particlesare well melted
andspheroidizedafter passingthe plasmajet. As ob-
senedby scanningelectronmicroscop, aball-like mi-
crostructurewith relatively uniform size of powdersis
typical of all sprayedpowders. This morphologypro-
motesgood o w ability of the powder during plasma
spray deposition. Only the differencein the particle
sizeof sprayedZ1 andZ2 powderswasnoticed.In the

(@)

()

initial powderZ1 particlesareball shapedvith average
sizeof granulesabout20 micrometresPlasmasprayed
powvdersZ2 arecharacterizetby sizesvaryingfrom 40
to 100 micrometres.

Typical SEM surfacemorphologyof plasmasprayed
YSZ coatingsis shavn in Fig. 2. Thesecoatings
were depositedfrom precursorZl at differentvalues
of amperageand, as a result, at different deposition

(b)

(d)

Fig. 2. SEM imagesof the top surface morphologyof YSZ coatingsplasmasprayedfrom Z1 powder at (a) 3107*C and (b) 3350*C
depositiontemperatureandfrom Z2 powderat (c) 3023*C and(d) 3212*C depositiortemperature.
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Fig. 3. The XRD patternsof initial powderof plasmasprayedzirconiasamples.

temperature- (a) 3107*C, (b) 3350*C, andfrom Z2
powder — at (c) 3023*C, (d) 3212*C. The deposited
coatingsare characterizecby homogeneoustructure
formedfrom ne andequal-sizedyrains. A uniform
graindistributionis typical of all plasmasprayedy SZ.
Comparisonof the surface morphologiesshavs that
YSZ coatingdepositedat highertemperatures char
acterizedby ner grain size. The averagegrain size
estimatedrom SEM analysids aboutl50nmfor YSZ
sprayedrom Z1 powder (Fig. 2(a,b)), while the grain
sizeof materialdepositedrom powderZ2 (Fig. 2(c,d))
is about300 nm. SEM investigations shav that the
YSZ coatingsdepositedathighertemperaturarechar
acterizedby more denseand homogeneoustructure
due to better sintering at higher temperature. The
higherdensityvalueof 5.20g=cm® wasdeterminedor
sampleN7 depositecit3350*C. Thedensityof coating
wasmeasuredby Archimedesmethodwhich excludes
anopenporosityeffect[12]. In comparisonthedensity
of 8YSZ obtainedby low pressurglasmasprayingis
5.43-5.79g=cm?® [13]. The densityof the as-sintered
8YSZ coatingproducedby electrophoretiaeposition,
measuredby the Archimedesmethod,is 72% [12].
YSZ electrolyteswere depositedusing 8 mol% YSZ

powvdersby atmospheriglasmaspraying(APS) with
porosityof 8.2%[14]. 7-8% Y SZ coatingswith den-
sity of 4.89-5.18y=cm® weredepositedwvith ve dif-
ferentplasmaspraysystemsby plasmaspraying[15].
The densityof thermalbarriercoatings(8.7 YSZ), de-
ned as coating mass(measurementsf the plates'
massbeforeand after deposition)per ceramiccoating
volume,obtainedoy electronbeamphysicalvapourde-
position,is declaredo be4.51g=cm? [16].

The XRD analysisdataof all studiedcoatingsshaw
(Fig. 3) thatcrystalstructureof plasmadepositeccoat-
ingsis cubiczirconia(diffractionpeaksattributedto the
111, 200 220, 311, and222re ections of cubiczirco-
nia werefound) with differentcrystallite size depend-
ing onthe processingparametersBy XRD, YSZ coat-
ingsarefoundto have ananocrystallineubicstructure
and a good preferentialorientationat the 111 plane.
As the depositiontemperaturancreasesthe size of
the crystallite decreasegFig. 4) but the crystalphase
remainsunchanged.It hasbeennoticedthat average
crystallite size of plasmasprayedzirconiafrom large-
sizedprecursoiZ2 is higherthanin thecaseof Z1 pow-
der.

The thicknessof sprayedlayer dependson spray
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Fig. 4. Crystallitesizeof plasmasprayedYSZ coatingsversusde-
positiontemperaturend powder used: white pointsfor Z1, black
pointsfor Z2.

durationanddiffers from 30t m for spraydurationof
30 sto 50 1 m for spraydurationof 60 s. It is deter
minedthatthe optimal spraydistanceor bothregimes
is 70mm.

4. Conclusions

The paperdescribes procesdor preparatiorof yt-
tria stabilizedzirconia (10-15wt. % Y,03) coatings
by plasmaspraytechniqueemploying non-equilibrium
plasmaspraytechnologyat atmospheripressureThe
effect of plasmadepositiontemperatureon the mi-
crostructureof sprayedsampleswas investicated. It
was found that this processingfactor had a notice-
able effect on the structureof plasmasprayedmate-
rial. By the dataof XRD analysis,all sprayedcoat-
ings are found to have a nanocrystallinecubic struc-
ture. The samplessprayedusing coarse-graineg@ow-
derfeed(44—105! m) arecharacterizedy largercrys-
tallite size. Thecrystallitesizehastendeng to decrease
with increasingthe depositiontemperature.From the
dataof SEM analysisthe besttemperatureegion for
the depositionof YSZ coatingswasfoundto be about
3200-33503C in thetemperatureegion investigated.
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PLAZMOS SRAUTO TEMPERATUROSITAKA YSZ DANGU FORMAVIMUI IR STRUKT URAI
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Santrauka

Tirti plazminu itriu stabilizuotocirkonio oksido (YSZ) dangu
formavimo ypatumaiir vertintosdangu strukiuroscharakteristiks.
Cirkonio oksidodangosgautosplazminio purskimobudu, taikant
nepusiausvirosro plazmostechnologia. PurSkimuinaudoti44—
1051 m dyd io YSZ (10-15sworio % Y203) milteliai. Dangos
analizuotogentgendlifrakcijos (XRD) ir skenuojarmioselektroni-
nesmikroskopijos (SEM) metodais.Pateiktagautu dangi struki-
ros, fazinessucktiesbei kristalitu dyd io priklausomyle nuo plaz-

mossrautotemperatrrosir aliavosmilteliu smulkumo.Nustatyta,
kad dangu strukiura sudarokubinesgardeksnanometriniodyd io

cirkonio oksido kristalitai, kuriu dydis ma eja, didejant plazmos
srautotemperatrai. Pasteletasnedideliskristalitu dyd io padi-
dejimasnaudojanstambesasfrakcijos YSZ miltelius. Nustatyta,
kaddid iausiaitakaplazminiubuduformuojamu YSZ dangu struk-
turai turi pursSkimuinaudojann milteliu charakteristiks bei plaz-
mossrautatemperatra. Remiantisatliktaistyrimais,optimaliplaz-
mossrautotemperairaY SZ dangomgormuotiyra3200-335G C.



