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2. SCHEDULE/MILESTONES:

1988-90 Program Schedule
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Design& ConstructNew Reactor& Data AcquisitionSystem

ESB Conductivityand AgingPhenomena

Conductivity-ExchangeCurrent Density Comparison _

Characterize"Blackening"Phenomenonin YSZ _
FluorescenceStudiesof YSZ andESB _'_

MassActionand KineticData _'_

Analysis of ElectrocatalyticData and Calculations _'_

DevelopRateEquations _

Analysisof InputandExhaustGases _J

CorrelationBetweenNet Reaction & ElectrochemicalReaction -_

Analyze Stability and Lifetime of "Blackening"Effect _

Investigate ElectrolyticDomain of ESB _

3. .QBJECc._..V.E_:

As stated previously (Wachsman, et al.), the objective of this contract is to test the
feasibility of eliminating the pollutant species NOx and SO x in combustion exhaust gases by
pumping off oxygen employing a dry solid-oxide, oxygen-ion electrolyte system.
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4. BACKGROUNDSTATEM_:

In previous work, the feasibility of eliminating the pollutants NOx and SOx in combustion
exhaust gases employing a solid-oxide pollution abatement reactor has been described
(Wachsman,et al.). In such a system,NOx (NO and NO2)and SOx (SO2 and SO3) are
electrolytically dissociated on the cathodic side of a solid-oxide electrolyte, under an
applied potential, forming N2 and gaseous sulfur (whichcan be readily condensed
downstream), with oxygen being pumped through the electrolyte. Numerous pollution
abatement reactions were performed using both yttria-stabilized zirconia (YSZ) and
erbia-stabilized bismuth oxide (ESB) electrolytes. These reactions indicate that such a
pollutionabatement reactor is feasible. These results also indicate that the solid-oxide
electrolyte plays a preeminent role in the electrocatalytic mechanism, hence the bulk and
surface properties of these electrolytes are receiving a significant research effort.

5. PROJECTDESCRIPTION:

While the scientificfeasibilityof a solid-oxidepollutionabatementreactorhas been
demonstrated(Wachsman,et al.), manyof the resultsof that investigationare basedon
preliminarydata. Furthermore,the derivationof rate equationsbasedon the massaction
effecthas yet to be accomplished,lt is thegoalof the initialphaseof this researchto
furtherinvestigatethe role of oxygenvacanciesin electrocatalysisand then addressthe
massactioneffect.

6. RESULTS/ACCOMPUSHMENTS:

Duringthe fourth quarter of this grant, the major accomplishmentconcernsthe
spectroscopicinvestigationof oxygenvacanciesin YSZ and ESB(Wachsman,E. D., Jiang,N.,
Frank,C. W., Mason,D. M. and Stevenson,D. A.). The natureof electrolytic"blackening"
was studied,lt was foundthatthe same reductionprocessesthat turnpolycrystallineYSZ
black turn singlecrystalsorange.Two absorptionbandsattributableto thisorange
coloration,328 and 470 nra, were observed.The 328 nm absorptionband agreeswith
theoreticalcalculationsfor an F-centerin YSZ. Severalfluorescencebandswere also
observed.An excitationbandat 302 nm was foundto increasein intensityuponreductionof
YSZ andtheresultingemissionat 580 nmwas foundto havea temperaturedependence
typicalof F-centers.These resultsare in agreementwiththe hypothesisof the formationof
color-centersuponreductionof YSZ as beingresponsiblefor "blackening"and the resulting
enhancementof electrocatalyticreactivity.

An excitationpeak at 489 nmthat resultsin an emissiondoubletat 545 and 558 nmwas
foundin bothYSZ andESB, even thoughtheyarechemicallydissimilar.We believethe
commonchromophoreis a lanthanide(y3+ and EP3+, respectively)associatedoxygen
vacancy.This assignmentexplainsthe similardecayin 545 nm emissionintensityand
conductivityof ESBuponaging(Wachsman,E. D., et al.). The agingphenomenonis
attributableto orderingof theoxygenvacanciesin <111> directionsandconcomitantcation
ordering(Wachsman,E. D., Jiang,N., Mason,D. M. andStevenson,D.A.). Thecation
orderingin ESB canbe describedin termsof associationof Er withO, thusdecreasingthe
populationof Er associatedoxygenvacancieswithtime resultingin the observeddecayin
emission intensity.
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Backgroundresearchandequipmentdevelopmentfor themassactionandkineticdata
studieshave been persuedduringthisquarteras weil. Literaturesearcheshave been
conductedto gather informationto helpdeterminethe mosteffectivemethodfor usinggas
chromotographyto quantitativelyanalyzethe inputand exhaustgases. This includesthe
designof a new two-chamberquartz reactor,necessaryto preventthe mixingof the input
and exhaustgases. Fabricationof apparatusfor stabilitystudiesof electrolyteshas also
begun.

7. FUTUREWORK:

The relationshipbetweensolid-stateionicdiffusionand the heterogeneousreactionrate
(conductivityvs. currentexchangedensity)previouslydescribed(Wachsman,et al.;
Wachsman,Naixiong& Mason)will be repeatedfor ESBin the morecarefullycontrolled
environmentof a new quartz reactortube. In addition,this relationshipwill be investigated
for differentcrystallographicorientationsof singlecrystal YSZ, also in the new
reactorpresentlyin the designand constructionstage.

Usinggaschromotographyanda newquartz reactor,inputandexhaustgaseswillbe
quantitativelyanalyzedto determinereactionrates.The gas-phasemass actioneffectwill
thenbe investigatedanda rateequationdevelopedwhichincludesboththe electrolyteand
gas phasecompositions.The stabilityof ESB at lowoxygenpartialpressureswillbe
investigatedwiththe new apparatus.
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