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〔論文審査の要旨〕

本博士論文は,自動車の排気ガス浄化のための三元触媒の助触媒や酸素濃度を高めて燃

焼効率を高める酸素燃焼のための酸素源等として使用される酸素吸蔵材料を主にソフト

ケミカル法(sol-gel法)により作製し,その性能に対して化学組成の最適化を試みたもの

である.本論文の予備審査は2015年10月 16日(金)10:00から豊洲キャンパスの機

械機能工学科会議室にて実施した.申請者の1時間ほどの発表の後,審査委員からの質疑

を行った.論文全般に対する審査員の意見は概ね好意的であり,論文の構成および内容

については,特に,問題なく,博士論文として十分な水準にあることが確認された.た

だ,酸素吸蔵・放出のメカニズム,酸素吸蔵材料の形状と活性化エネルギーの関係や作

動温度等の科学的・技術的な質問が出されいくつか不備な点が指摘され,修正を要する

ことが明らかとなったが,特に,大幅な修正を必要とするようなものではなかった.そ

の後,申請者により論文の修正がされ,さらに,予備審査後に実験(シンクロトロン放

射光実験等)も進められ,博士論文の改定版が,2016年1月に提出されたので,最終審査

を実施することとした.最終審査は,2016年2月 15日(月)13:00から豊洲キャンパ

スの406教室にて実施した.主査および審査員の他,外国人留学生や本学学生を含む10名

の聴講者があった.質問は,酸化還元反応速度等の組成依存性や今後の研究の展望に関

する科学的なものがほとんどで,論文の修正等に関するものはなかった.発表および質

疑が終了後,審査委員による合否判定の審議を行った.審査委員が記入した学位審査評

価シートの評価点は、4つの評価項目 「専門性」, 「広範な教養」, 「業績」, 「コミ

ュニケーション能力」のすべてにおいて,地域環境システム専攻が定める採点基準を満

たしており,学位審査合格と認められ,最終的な投票の結果,合格と判定された.
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主論文題名 Perovskite-basedoxygenstoragematerials

内容の要旨

Thisthesisconcernsdeterminationofoxygenstorage-relatedproperties,aswellas

窯haer basic physicochemicalcharacteristics in a group of candidate oxygen storage
terials(OSM),havingperovskite-typecrystalstructure.Seriesofcation-orderedMn-

basedoxideswithageneralformulaofBaLnMn205+s(Ln:Pr,Nd,Sm,Gd,Dy,ErandY),
Ln-site substituted BaYi-xLnxMn205+s(Ln: Pr, Sm, Gd), and doubly doped materials
belonging to Bao.gSro.iYi-xLnxMn205+δ group, and additionally, selected Co- and Fe-
containingoxideswerecharacterizedintermsoftheircrystalstructureinoxidizedand
reducedstate,structuralevolutionontemperatureandoxygencontent.Thoroughstudies
concerningtheiroxygenstorageproperties,withoxidationandreductioncharacteristics
recordedasafunctionoftemperature kineticsoftheoxidation/reductiondeterminedfrom
theisothermalstudies,aswellasreversibleoxygenstoragecapacity(08C),constitutea

lmmainpartoftheexperimentalwork.Complementaryresearchonmicrostructureandorphologyofthepreparedmaterials oxidationstateofthemanganesecations,aswellas
electrical conductivity and Seebeck coefficient dependence on temperature was also
conductedforselectedsamples.Anattempttoelucidatecorrelationbetweenthechemical
composition ofthe considered oxides and their physiochemical properties inⅡuencing
oxygenstorageperformancehavebeenconducted.Theperformedinthisthesisstudies
allowedtoselectthebestcandidate materials,havinghighandreversibleOSC,which
surpassthecurrentlycommercializedcompounds.
At the beginning of the thesis,introduction to currently,commercially used oxygen
productionandstoragemethodsandtooxygenstoragematerialsisgiventogetherwitha
descriptionofthe mechanismofincorporation andreleaseoftheoxygeninto/fromthe
oxides,with following information about four particular OSM systems,Selected
applications ofthe oxygen storage materials(three-way catalytic converters,chemical
loopingprocesses,flamelesscombustionofhydrocarbons)arediscussed.Duetothefact
thattheconsideredcompoundsexhibitperovskite-typecrystalstructure eitherwithor
withoutcationordering,adetailedinformationaboutstructuralpropertiesoftheparent
ABOs-type,aswell ascation-ordered(AA'B206,A2BB'06)perovskites,andA2B205-type
brownmillerites are shown.Additional data concerning oxygen nonstoichiometry,

transportandmagneticpropertiesofsuchoxidesarealsogiven.
Preparation methods of the materials are described together with experimental

techniques used for characterization of the synthesized compounds:X-ray diffraction
(XRD)andneutrondiffractionmethodswithRietveldanalysisofdata,performedatroom
temperature and at elevated temperatures invarious atmospheres,thermogravimetric
(TG)analysisconducted as afunction oftemperature,withisothermal studies executed
withachangeofatmospherebetweensyntheticairand5vol.%H2inAr,microstructural
studiesusingscanningelectronmicroscope(SEM),withadditionalmeasurementsofthe
specificsurfaceareabyBETtechnique,X-rayphotoelectronspectroscopy(XPS)studies,as
wellaselectricalconductivityandSeebeckcoefficientmeasurements.

Researchresultsobtainedby author ofthisthesis are gatheredinfivefollowing

chapters.Detailed information about crystalstructure of the oxidized and reduced

compoundsisshown.Significantlysmallerunitcellvolume,measuredforalltheoxidized
samplesinrelationtotherespectivereducedones,wasexplainedasoriginatingfor a
strongerbondingbetweenmanganeseandoxygen,andsmalleraverageionicradiusofMn
intheoxidizedBaLnMn20s,resultinginadecreasedMn-Obondlength.
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Material with the smallest introduced Er3" lanthanide cations exhibits the least

change of volume upon oxidation.For selected materials additiona1 structural

measurementsasafunctionoftemperaturewereconducted,whichallowedtoobservein

situtransformations ongoing during the oxidation process.Precise neutron diffraction

measurementsconductedinHelmholtzZentrumBerlininatmosphereof5vol.%H2inAr

allowed for in-situ observation of the reduction process and determination of the

mechanismoftheoxygenrelease Furthermore,possibilityofreductionunderlowvacuum

environment(～ 100 Pa)at elevated temperatures of the oxidized samples was also

researched.TheperformedXPSstudiesindicatedpresenceof manganesecationshaving
different oxidation states and modification of chemical environment of the elements

betweenthereducedandoxidizedsamples.Analysisofthemicrostructureoftheobtained

powderswasperformed,inordertohavefully-characterizedsamplesfortheTGstudies

used for comprehensive characterization of al1compounds in terms of their oxygen

storage-relatedproperties.Inallofthecases,closetotheoreticalvalueoftheOSCwas

recordedduringisothermalexperimentsperformedat500゜Cwiththeatmospherechange

between synthetic air and 5 vol.%H2 inAr gas mixture,corresponding to the change

between fully oxidized and fully reduced materials.The recordedreversible capacities

correlate well with a molar mass of the compounds,being the highest for
Bao.9Sro.1YMn205+δ(3.73 wt.%).It was documented that for al1of the materials the

reduction process occurs much slower(on the order of minutes)than the oxidation

(seconds),andthusislimiting.Amongstudiedoxides,thebestperformancewasregistered

forBaYo.75Pro,25Mn205+δsample,forwhichthereductiontimeat500oCimprovedto2.6

minonthe50thcycleofreduction/oxidation.Furthertestsprovedanexcellentstabilityof

thismaterial.Therecordedtemperaturedependenceofthereductiontimewasinterpreted

onabasisofoxygendiffusioninabulk,andassuch,allowedtocalculatetheactivation

energyoftheionic transport.Itwas alsofoundthatmaterialswithlargergrains show

deteriorated kinetics of the reduction process.For the selected samples electrical

conductivitytestsshowshigherconductivityforoxidizedsamplethenthereduced.

PossibilityofamajorimprovementofOSCwasexploredinstudiesofpropertiesof

Fe-and Co-containing oxides,which were characterized analogously as Mn-containing

materials.Thehighest08C(exceeding4wt.%)wasmeasuredforLao.6Sro.4Coo.sFeo.20s-s,

while the fastest reduction speed at 500 oC(～ 2.3 min) was found for

Lao.5Sro.5C00.5Feo.503-8.Thematerialswerealsofoundtoexhibitloweractivationenergyof

the ionic transport.The compounds,however,were shown to suffer from insufficient

stability inreducing conditions,especially athigher(≧500 oC)temperatures,limiting

theirpossibleapplication.

Conclusions based on the presented studies and given discussion are listed with

recommendationsaboutfutureresearchonOSMsalsoincluded.Itshouldbeemphasized

that the recorded oxygen storage performance of majority ofthe considered materials

surpassesthatofthecommercialmaterials.

Inaddition,thethesiscontainsfourappendixes.Thefirstoneisdevotedtoahighly-

precise structura1identification of selected BaLnMn205+8 which was performed by

analysisofsynchrotrondatagatheredatArgonne'sLaboratoryAdvancedPhotonSource

(U8A).Second appendix B contain additional information of neutron diffraction

measurementsetup andparametersofthestructuralrefinementsofthegathereddata.

Appendix C presents information about submitted patent proposal concerning

improvementofOSMsby ahigh-energy milling process.Selectedresults offlameless

oxidationofCH4withBaYMm(6usedasthecatalystandoxygencarrierarealsoshown.




