PREFARATION, CHARACTERIZATION OF
OXIDATION-REDUCTIONPROPERIES AND
APPLICATION OF Fe-ZSM-5CATALYSTS

D. Szalay*,G. Horvath**, J. Halasz** andl. Kiricsi**
Departmenbf EnvironmentalEngineeringSzcheryi IstvanCollege,
H-9026Gy6r, Heédenari Gt 3., Hungary
*Departmentof Applied andErnvironmentalChemistry
Universityof Szeged,
H-6720Szeed,Rerrichtér1. Hungary

Submitted to HEJ. Manuscript no.: ENV-010207-A

This versionis for internaluseonly!

Abstract

The removal of nitrogenoxidesfrom mobile and stationarysourcesremainsan importantervironmental
problem. Transitionmetal exchangedVIF| zeoliteswere proven to be active in catalyticreductionof NO and
NO, by ammoniaor hydrocarbonsaswell asin the direct decompositiorof NO to nitrogenand oxygen. In
the presentwork therole of iron containingcatalystswasinvestigatedn the decompositiorof NOx andin the
reductionof NO by CO in connectionwith the methodof preparatiorand reduction/oxidatiorcharacteristics.
The sampleswere preparedby liquid phase,and solid stateion-exchangemethods. The IR spectra,the X-
ray diffraction patternsandthe BET measurementdemonstratedhat therewasno changein the MFI zeolite
structureduringtheion-exchange Theiron contentdeterminedn thesamplegprovedthehigherefficiency of the
solid statemethodin theion uptale of the zeolite. Acidity measurementshavedthattheliquid phasemethodis
not favourablefor formationof Broenstedacidic sites. The sampleprepareddy the solid statemethodwasmore
active in themajority of catalyticreactionshowever, it canbecomeoxidizedanddeactvatedeasietthanthe other
one.In addition,theinvestigatiorshaved, thatthedecompositiorof N> O - in contrasto the otherNO and NO-
reactions occursover the oxidizedcatalysttoo, but thereactionis slower.

1 Introduction

The nitrogenoxide contaminatiorof air is a seriouservironmentalproblemnowadays.The naturalformationof
the NO,, (e. g.,volcanicactuity, lightning)is negligible in comparisorwith the humansourcesTheseemissions
canbe industrial processes(e. g., producingof nitric acid), but mainly the comhustion of fossil fuel (internal
comlustionenginesjet enginesheaterinstrumentsandpower plants),becausé¢he reactionbetweerthe nitrogen
andoxygentakesplaceatthehightemperaturef theflame.Moreoverin total N O, emissionfrom theratio mobil
sourcegtraffic) is alsoincreasingandthe presenengineconstructionsesultin closelyperfectburningof thefuel,
thereforethereis no possibility for the formationof reducingagent(CO or hydrocarbonshecessaryor catalytic
reductionof NO,. In thisfield the diversity of conditionscausedlifficultiesin the decompositiorof NOx. There
is no adequatesolutionsofar for thelean-turnengines.

The mostpractical,and thermodynamicallyiable way of neutralizingN O, is the direct decompositiorto
nitrogenandoxygen.Accordingto theliteratureit canbe carriedout overtransitionmetalexchangedVFl zeolites
ascatalysts. Thesezeoliteswere provento be active in catalyticreductionof NO and NO, by ammoniaf] or
hydrocarbons]] aswell asin thedirectdecompositiorof NO[?].

Although mucheffort wasdevotedsofar to understandhe mechanisnof thesereactionsthereis hardly ary
informationavailable on therole of the metalin forming the active sites.In the presentvork iron containingcat-
alystswereinvestigatedn thereactionsanddecompositiorof N O, in connectiorwith the methodof preparation
andreduction/oxidatiortharacteristics.



2 Experimental

ZeolitesarecrystallinealuminosilicatesThe zeoliteframewnork structureave threedimensionalrrangemensf
Si04 and AlO, tetrahedraassembledogethertthroughsharingof oxygenatoms.The presencef Al3+ generates
negative chagesin theframawork, which canbe compensatetly the presencef cationicspeciesn the voids of
theframework, this generatingation-exchangegproperties.p]

TheNa-ZSM-5startingmaterialwassynthesiseth ourlaboratoryutilizing themethoddescribeclsavhere.[?]
Theratio of Si/Al in our basiczeolitewascloseto 40, andthe Na™ ions compensatinghe negative chageswas
exchangedor Fe?t andFe®t ions. Theiron containingZSM-5 samplesvereprepareckitherby the solid state
ion-exchangeproceduredescribedby Karge and Beyer[?], and by liquid phasemethodsuggestedy Hall and
Feng.[]

Thefirs stepof the solid statemethodwasa 24 hour stirring of 10 g Na-ZSM-5zeolitein 0.5dm? solutionof
NH4Cl at0.5mol /dm?® concentrationAfter filtration andwashingstirring wasrepeatedThe samplewasfiltered
off, washeddried and heatedat 600°C for 4 hoursto decomposehe N H," ionsinto gasphaseN Hz and H+.
The productwasH-ZSM-5 form, which wasmixedwith 5 % Fe-equvalentFeCls * 5H»0, heatedat 600°C for
4 hours.This sampleis referredto as”S”.

Theliquid phasdon-exchangemethodin the caseof Fe?t needsnitrogenatmospherdree from oxygen,so
we hadto usea specialapparatuslescribedy Hall. It consistedf two sealedlasksjoinedatthe bottomthrough
afritted disk sealednto the connectingube. This allowedionsto passfreely, but preventedthe passagef solids.
The vesselswverefilled with distilled water, one of them containedthe zeolite, the other containedron oxalate.
The nitrogenatmospherendthe presenceof 0202* ions prevent Fe?t — Fe3t oxidation and formation of
Broenstedacidicsitesduringthe procedure The samplepreparedy this methodis referredto as"H".

3 Methods

To determingheiron contentthe samplesveremeltedwith carbonatefollowedby dissolutionof thesolid formal,
andthesolutionsweretitratedby complexometricmethod.Theion-exchangdevel wascalculatedrom theresults
of themeasurement.

The X-ray diffraction methodandthe IR spectraare essentiato describethe crystal structure becauseahey
canreveal changesiuringthe ion exchange.The samplesvereanalysedbn a DRON3 X-ray diffractometerand
the IR-spectraof about0.5 mg zeolite homogenizedn 200 mg KBr weretaken with a Mattson-Genesi§TIR
spectrometer

BET surfacemeasuremenshaved whetherary changeshappenedn the porosity of the zeolite during the
exchange. To determinethe surfaceareaof the samplesa volumetric adsorptionapparatusvas applied. The
adsorptionisothermsweretakenat 77 K, afterpretreatmenof thesamplesn vacuumat 723K .

To describethe acidity of sampleswe usedthe pyridine adsorptionmethod. The feedingof pyridine was
followedby temperaturggrogrammediesorptiorfollowedby derivatographianethod.The highertemperaturef
desorptiorrefersto higheracidity.

The investigationof catalytic activity was carriedout in a recirculatoryflow reactor The massof applied
catalystavasl g with 0.35-0.5mm particlesizefractionof granules After feedingthereactangaseghereaction
wasfollowedby avolumetricmeasurementssingDATAMETRICS equipment.

4 Results

Theiron contentstheion-exchangdevelsandthe BET surface-areasf thesamplesareshovnin theTablel. The
resultsthrow light onthehigherefficiengy of solid statemethodin ion uptale of zeolite. The samplecontainamore
iron thencalculatedrom thetheoreticaion exchangecapacityis calledas”overexchanged’sample . Thehighion-

exchangdevel of the”S” samplecanbe explainedby the fact, thatthe polyvalentiron ions compensatenly one
negative chage, andiron occupiesnot only ion-exchangepositions,but alsothe voids of zeoliteasiron-oxides.
Theresultsof BET-measurementsdicateno changesn porosity

Tablel.: Thecharacteristicsf the catalysts

iron-content(%) | exchangdevel (%) | BET-surface(m?/g)
sampleS 2.23 316 339
sampleH 0.499 a7 319




The X-ray diffractogramscomparedvith the literaturef?] (Fig. 1) shav no changesn the crystalstructureof
the zeolite. The examinationof the IR spectra(Fig. 2) givesthe sameresult. Theratio of the extinctionsof the
650 — 550cm ! and480 — 440cm ! bands(higherthan0.72)confirmsthatthe zeolitestructureis intact.[?]

The pyridine thermodesorptiomeasurementg-ig. 3) shav low amountof adsorbeduyridine, thereforethe
amountof acidicsitesis low in ZSM-5 structure.Iln the caseof sample’H” no Broenstedacidsitesweredetected.

Thefirst reactionin the investigationof catalyticactivity wasthe reductionof oxidizedsampledy hydrogen.
Beforethemeasurementhie samplesverepretreatedn oxygenat400°C' for onehour. Thechangen thepressure
of thereactorsystemin the caseof 200°C' and350°C reductionsareshown in Fig. 4. For sample’H” thereis no
considerablehangdn the pressureat ary temperaturethefirst little fall hasnot beencontinued.The sample’S”
hasbeenreducedat350°C.

L il

Figurel: The X-Ray diffractogram®f Na-ZSM-5[8], sample’H” andsample’S”
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Figure2: ThelR-spectreof H-ZSM-5 (upper),sample’S” (middle)andsample’H” (lower)

Beforethedecompositiomf N,O thesamplesverepretreatedn hydrogerat350°C for anhour. Thechanging
in the pressuref the gasphaseof reactorfor reactionscarriedout at 400°C' and450°C' areshavn in Fig. 5. The
assumedeactionis: 2N,0 = 2N, + O,, which causesncreasedn pressurehasbeendetected The curvesshow,
thathighertemperatureausegasterreaction.Thesample’S” givesfasterreactionatbothtemperature.

Therole of the catalystsvasinvestigatedn C'O + NO reactiontoo. Beforethe reaction,the sampleswvere
pretreatedn hydrogenat 350°C for onehour. The changesn the pressureof the reactorareshowvn in Fig. 6 in
the caseof 250°C and350°C reactions.The assumedeactionis: 2CO + 2NO = 2C04 + N5, which causes
decreasén pressureashasbeendetected.The sample’S” is moreactive at 250°C, but afterthefirst reactionit
losesits actiity. Thereis no changein pressureat 350°C. However, the sample’H” preseresits actvity, and
giveshigheractity athighertemperatureThe CO + NO reactionwascarriedout overthereduced'S” sample
after CO-pretreatmertbo, andwe foundthatthe catalystpreseredits actvity. Consequentlyleactvationcanbe
explainedby theresultof oxidationby NO or O2.

The decompositiorof N20 wascarriedout over the deactvated,probablyoxidizedsample’S” aswell. The
resultcomparedo the reactionover reducedsample”S” is showvn in Fig. 7. In the decompositiorof N,O, at
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Figure3: DTG curvesof thetemperatur@rogrammedlesorptiorof pyridine overNa-ZSM-5(marked 1) H-ZSM-
5 (marked2), sample’H” andsample’S”
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Figure4: Reductionby Hs
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Figure5: Decompositiorof N,O
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Figure6: TheCO + NO reaction

the sametemperatureboth the reducedand oxidized catalystsare active, but the reducedsampleshaved faster
reaction.

Finally theC' O+ O2 reactionwascarriedout overthesamplesBeforethereactionthesamplesverepretreated
in hydrogenat 350°C for onehour. The changen the pressureof the systemareshown in Fig. 8 for reactions
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Figure7: Decompositiorof N, O oversampl€’S”
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Figure8: TheCO + O2 reaction

250°C and350°C. Theassumedeactionis: 2CO + 02 = 2C'O,, whichresultsin decreasé thepressuref the
system.Thesampl€e’S” hashigheractiity at250°C, but afterthefirst reactionit losestheactiity, andthereis no
changehasbeenfoundin the pressureat 350°C'. However, the sample’H” preseresits actiity, andgivesfaster
reactionat highertemperature.

5 Conclusions

The resultsof the investigationgroved, that both ion-exchangemethodsare applicablefor catalystpreparation,
but the solid stateproceduregives more effective catalyst,thanthe other The differentbehaiours of samples
duringthereductionmay be causedy the differentoxidationstatesof iron, mainly Fe(ll) in the sample’H”, and
Fe(lll) in thesample’s”.

The catalyticactiity of thesample’S” in mostcasess higher, whichis dueto the higheriron content but the
sampleeasilybecomesxidized, leadingto the lossof actvity in the CO + 02 andCO + NO reactions.The
sample’H” preserestheactiity in thesecasegoo.

The catalyticdecompositiorof N20 occursprobablyin differentway thanthe otherreactionspecausd takes
placeoveroxidizedsample’S” too, althoughthereactionis slower.
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