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AAESavOpog Katoaouvng

AvatrAnpwTng Kabnyntig
TuAua XnUIKwv Mnxavikwy
MavemoThpio MaTtpwy, 26504 MNdTtpa
TnA: +30 2610 962757, fax: +30 2610 997269
e-mail:  alex.katsaounis@chemeng.upatras.gr
Google Scholar Citations Profile

ATOMIKA ZTOIXEIA

Huepopunvia MNévvnong: 12 ®eBpouapiou 1977
Oikoyevelaki Kardotaon: ‘Eyyauog pe duo mmaidid

YmrnkodétnTta: EAMNvIkn

EKNAIAEYZH

1999 - 2004 A1dakTopIKO AiTTAWUG
MavemoTApio Matpwy, TuAua Xnuikwv Mnxavikwy
TitAhog AlaTpIBAG: MeAétn ¢ HAekTpoxnuikNg Evioxuonc xpnoiuoTrolviag
Bcpuotrpoypauuanioucvn ekpopnaon, oéeidwaon kai Teipduara SUVAUIKAC
ammoKpIoNS o€ OUVONRKES uwnAou Kevou

1994 - 1999 AirAwpa XnuikoU Mnxavikou

MavemoTpio Matpwy, TuAua Xnuikwv Mnxavikwy

ENAITEAMATIKH EZEAIZH

2015 -

2011 - 2015

2010

2006 - 2010

2004-2006

AvatmmAnpwTtig Kadnyntig
MavemaoTApio MNatpwy, TuAua Xnuikwv Mnxavikwy (TXM-M1T)

Erikoupog KaBnyntig
MavemoTApio Matpwy, TuApa Xnuikwv Mnxavikwy (TXM-I11T)

Emokémmg Epeuvnmg oTto  TMoAutexveio 1ng  Awdldavng (Ecole
Polytechnique Fédérale de Lausanne (EPFL), Institute of Chemical
Sciences and Engineering, Lausanne, Switzerland)

NEKTOPOG
MoAuteyxveio Kpnng, TuAua Mnxavikwv MNepiBdAiovtog (TMIM-MK)

Epeuvnmig
MavemotApio MaTtpwy, TuAWa XnUIKwyv Mnxavikwy
Epy. Xnuikwv Algpyaciwv & HAekTpoxnueiag
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AIOIKHTIKH EMMEIPIA

2018 -
2018 -
2018 -

2016 -
2015 - 2017
2013 -
2013-
2012-2014

2008-2010

2007-2008
2007-2008

AvattAnpwTng Mpoéedpog TXM-II

OikovopIkog YtréuBuvog TXM-MM1

EmoTtnuovikog kal OIKOVOUIKOG YTTEUBUVOG Twv  TTPOYPAUUATWY  TOU
Mnxavoupyeiou Tou MMM

Mp6edpog NG Epopeiag Tng ®oitnTtikAg EoTiag tou M1

Mpdedpog Tng Emitpotmc KaBapidétntag tou M1

Mpbdedpog Tng EmiTpotmg Ktnpiou kai Ytrodopwyv TXM-II1

2 UuBouAog KabnynTtrig yia TTpoTuxiakoUug @oitnTég Tou TXM-MT1

Y1reuBuvog opydvwong Twv oepivapiwy (atrdé Kabnyntég kal EpsuvnTég Tou
EOWTEPIKOU Kal eEwTePIKOU) Tou TXM-TI

YmreuBuvog Mpapparteiog (TuAua Zmmoudwv) TMIM-MNK yia 8éuata
@oitnToAoyiou (€181KS AoyIoUIKS EAEYXOU TWV PaBNUATWY, SNAWOEWY
HaBnudTwy, eyypagng Kal €kdoong TTICTOTTOINTIKWY YIO TOUG QOITNTEG)
ExkmrpéowTtrog Tou TMI otn Z0ykAnTo Tou MNoAuTexveiou KpAtng
Akadnuaikég YeuBuvog atnv MNpakTtiki Aoknon ®oirntwy TMIM-MK, ®don
- EMNEAEK I

MEAOZ ENIZTHMONIKQN OPIrANIZMQN

¢ International Society of Electrochemistry (ISE)

e The Electrochemical Society (ECS)

¢ Working Party on Electrochemical Engineering (European Federation of Chemical Engineering)
e Hellenic Federation of Chemical Engineering

EMNIZTHMONIA ENAIAGEPONTA

1. MeAétn TOoU pnxaviopoU Tou @aivouévou Tng HAekTpoxnuikig Evioxuong tng KardAuong
(EPOC or NEMCA effect) kal Twv aAANAeTIdpdoewy Qopéa-ueTdAAou

2. HAekTpoxnuikn Evioxuon utrooTnpiydévwy KataAuTwy Katd tnv udpoyovwaon tou CO, Tpog
TTOPAYWYH KAUGIHWY Kal XPAOIMWY XNMIKWY TTPOIOVTWYV

3. lNapaokeur, @QUOIKOXNMIKOG-NAEKTPOXNMIKOG XAPOKTNPIOWOG KAl EQPOPUOYES KAIVOTOPWY
avodIkwv nAektpodiwv TUTTOU DSA (Dimensionally Stable Anodes) o€ e@apuoyEg
NAEKTPOXNMIKAG KAl QUTONAEKTPOXNMIKAG ETTECEPYATIOg UYPWYV aTTOBAATWY

4. XuuPatiki Kai TPI0dIKA AciToupyia KUWeAIdWY KAUGIUOU XaUNAwY BEPUOKPACIWY ME
TPoPodOTia UdPOYOVOU KOl AAKOOAWV.

5. Mapaokeur], QUOIKOXNPIKOG-NAEKTPOXNMIKOG XAPAKTNPIOKOG KAl EQOAPUOYEG KAIVOTOPWY
NAEKTPOBIWV OE EQAPPOYEG KUYEAIDWY KAUTiIou udpoydvou Kal aAKOANG

6. HAekTpoxnuikoi aioBNTAPES yIa GAIVOAIKEG EVWOEIG O UBATIKA SIaAUPOTO
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AIAAKTIKO EPIo

AUTOBUVOMO SISAKTIKO £pYO O€ TTPOTTTUXIOKO ETTITIESO

2011 - “Elgaywyn otn Xnuik Mnxavikn”, 1° e¢aunvo TXM-MM

2011 - 2012 “Knuikég Alepyaaieg I”, 6° e€dunvo TXM-MMM

2011 - 2012 “Ouoikég Alepyaaieg 117, 6° e€aunvo TXM-MMN

2011 - “Evépyavn Xnuikry Avéiuon”, 6° e¢aunvo TXM-IM

2013 - 2017 “@uoikoxnueia II”, 6° €aunvo TXM-MMM

2006 - 2011 “Texvohoyieg Emregepyaaiac Aepiwv Ekmroptrwv”, 8° e€aunvo TMIM-NK
2006 - 2011 “Alayeipion Aepiwv Ekmroutrwv”, 9° e€dunvo TMIM-MK

2007 - 2009 “Texvikn XnuiKwv Alepyaciwv”, 5° e€dunvo TMIM-MK

2009 - 2011 “Putravon kai ‘EAeyxog putravong Aépa”, 5° e€dunvo TMIM-MK

AuTOoBUVANO BISAKTIKO £PYO O€ HETATTTUXIOKO £TTiTrES0

2013 - “‘Alaxeipion Aepiwv Ektropttwv”, EAANVIKS Avoixto MNMavemmoTtpio (EAMT)
2006 - 2011 “MepiBaArovtiki KatdAuon”, TMI-MK
2008 - 2011 “‘E@appoopévn HAektpoxnueia”, TMI-MK

ENIBAEWYH ®OITHTQN

EmBAéTTwy KaBnyntng oTig 518aKkTopIKEG S1aTpIfég Twv:

MapiaAéva Makpr (M) MeAétn Tou @aivopyévou NEMCA katd tnv udpoyovwaon tou CO, pe
XPron OTEPEWV NAEKTPOAUTWV aywywy I0VTwY aAkaAiwv (Na* kai KY)

Bjorn Hasa (M) MeAETN TOu PnXaviopoU o&eidwong aAkooAwyv pe Xprion SIa@OopPIKAG

NAEKTPOXNMIKAG  @acuatookoTtriag Malag (DEMS)  kai
NAEKTPOXNMIKWY TEVIKWVY (UTTG OAOKAAPWGN)

EmiBAéTTwy KaBnyntAg oTIg NETATITUXIOKES DIOTPIREG TWV:

Bjorn Hasa (M) AvoOIkG nAekTpddia Pt-TiO, yia Tnv nAekTpoxnuikh ofecidwon

OAKOOAWYV 0€ KUWEAIBES KAUTiUoU XaunAwy BEpUOKPaACIWV

Eutuyiag Maprtivo (M) MeAETN TNG aTTGdO0NG KUWEAIBWY KAUGIUOU TTPWTOVIAKNG HEURPAVNG

(PEMFCs) utré ouvBnkeg TpIodIKAG AEIToupyiag

Eudyyedou Kahaupapd (MM)  Avodika nAekTpddia Pt-Ru-TiO, yia Tnv nAeKTpOXNMIKA 0&gidwon

OAKOOAWY O€ KUWEAIBEG KAUTIUOU XaunAwv BEPPOKPACIWY

MapiaAévag Makpn (I117) MeAETN TNG NAEKTPOXNMIKAG €vioxuong TnNG avaywyng Tou d1ogeidiou
Tou dAvBpaka o€ KaAtaAutn poubnviou (Ru) utrooTnpifOPEVOU OF

aywyo 16vTwy vartpiou, B7-Al,Oa.
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Veronique Amstutz (EPFL)

ABavaciag Katauritoou
(EAI)

MaAduwg BakalotrouAou
(EAIN)

lwavvn Mooyou (EAIT)

Ocodwpag Mmapka (EAIM)

AAEEAVOpag Aukoupélou
(EAI)

NIkoAETTOG ZTEPILOTN (EAIT)

EipAivng TpugivotrouAou
(EAIT)

21auativag Toouka (EAIT)

KwvaoTavivou KoutooUAn
(EAIT)

lwavvn XaxAadakn (MK)

AAéEavdpou Ndakou (MK)

MavwAn Kotpwvdakn (MK)

Nikou MatracTtepavakn (MK)

Influence of carbonate on electrochemical oxidation of chloride,
ammonia and urea. Application to synthetic urine treatment

Mapaywyn KAuoigwy Kal XpACIMWY XNUIKWY TTPOIOVTWY JECW
KATOAUTIKWV Kal NAEKTPOXNHIKWY diEpyaciwy avaywyng Tou CO,

KuyeAideg Kauaiou TpoPodOTOUUEVEG WE BIOKAUTIUO
Kartavoun pUmmwv amd eAa@pd oXAMATa OTOV TTOAEODBOUIKO 1I0TO TNG
Marpag

ZUMBATIKEG KAl EVOANAKTIKEG HEBODOI TTapaKaAAOUBNONG Kal EAEyXOU
NG aéplag putravong — Egapuoyn otnv epitrtwon 1ng Koldvng

AvBpakikd ATToTUTTwa MPOoidvToG: N TTEPITITWON TWV TTAPAYOUEVWV
alwTtouxwv Arracudérwy

Algepyacieg atropdkpuvong o&eldiwv Tou adwTtou atmmd  amagpia
Kauong

H oupBoAn TNG Xpriong Twv QUTOPAPUAKWY OTNV aTHOC@AIPIKA
puTTavon Kal otn dnuoacia uyeia

Alaxeipion @WTOROATAIKWY aTTORARTWY KPUOTAAAIKOU TTUPITIOU

2Uyxpoveg Tdoelg otnv HAekTpokaTdAuon

AVATITUEN NAEKTPOXNMIKAG MEBGOOU UTTOAOYIOUOU TOU GUVTEAEOTNA
ATTOTEAECUATIKOTATAG  avodIKwY nAekTpodiwv  Ti/lrO, katd Tnv
o&eidwaon aAkooAwv

MeAéTn TOou Qaivopévou TnNG HAekTpoxnuikng Evioxuong katd tnv
o&eidwaon pebaviou Tavw oe Rh/YSZ

MeAETn KuweAidag kauaipyou TrpwToviakng pepPpavng (PEMFC) ue
xpion oupfatikwyv  (UdPoydvo) Kal  EVOAAOKTIKWYV  (OAKOOAEG)
KAUoigwv

Mapaokeur], XapaKTNPIOKOG Kal HEAETN avodIKwV NAEKTpodiwv RuO,
uttooTnpiyuévwy ae Ti kKatd Tnv ogeidwan TPOTUTTWY OPYAVIKWV
EVWOEWV Kal attoBAATWYV gAaioupyeiou

EmBAéTTwv KabnynTtAg OTIG TTPOTITUXIOKESG EPYATIEG TWV:

Afuntpag TAtaiou (M), Mapiag Mmrapdn (M), MavayiwTag Adika (M), Katepivag T¢apaAn (1),
KupiakAg Aepuatda (M), AAikng Zauapd (M), Xdpn lwakeyion (M), Katepivag Matraudpkou
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(M), Xpiotivag kika (M), Mavayiwtn Adarrma (M), Elizabetta Turro (MK — Erasmus), 21€AAOG
MixaiA (MK), Xapn MavakouAia (MK), Mavayiwtn KaAatdn (MK), MeAétn ®ouokapn (MK), Avdpéa
Anpou (MK)

EZETAXTHZ AIAAKTOPIKQN AIATPIBQN

MéAog TnNG 7/HeNOUG £EETACTIKNAG ETTITPOTTHG TWV SISAKTOPIKWY SIATPIBWY TWV:

lwavvag KaAaitgidou (IMM), KaAhidottng Kouon (MM), ZraupouAag Zeaédou (MM), Z1éAou Boyiatdn
(Mr1), Aonuivag TpepouAn (MMM), AnuiTtpn OeAepitn (M), Hripsime Gasparyan (1), AAiv
Opoavidn (M), MixanA ABavaaciou (M), Métpou Kapayewpyou (MK), Ocodwpag BeAeypdkn
(MK), KaAAiotTng AvaoTaaoiddou (MK), Zaxapia ®povTioTr (MK), Mapiag AiBaAiwTn (MK), EuBaAiag
Xatr¢noupewv (MK), Atméotolou lMNavvi (MK), EppavoulA AiaAuvd (MK), EuBupiag TooAdkn (MK),
lwavvn XaxAadakn (MK).

EPEYNHTIKA NMPOrPAMMATA

EMIZTHMONIKOZ YINEYOYNOZ
1. TitAog: "KatoAuTikf emeepyacia ocwpatidiwv dvBpaka (soot) mTpoepxdpeva atd PNXavég
E0WTEPIKAG Kauong Diesel”
Popéag Xpnuatoddtnong: EAKE lMoAutexveiou Kpntng
MpouTtroAoyiopog: € 5.000
Aidpkeia: 2007-2008

2. Tithog: "Kataokeur kai MeAETN kuyeAidag kauaipou aAkoOANG xaunAwy Beppokpaciwy"
Popéag Xpnuatoddtnong: EAKE MoAutexveiou KpATng
MpoutroAoyiopog: € 12.000
Aidpkeia; 2008-2010

3. TitAog: "MeTprio€Ig Kal KATAVOUT OTO XWPO QEPIWV EKTTOPTTWY ATTO JovAada TTapaywyng
ao@aATopiyuartog"
Popéag Xpnuatoddtnong: I81wTikN eTaipeia PINOMIMETON — Xopddkn Xaviwv
MpoutroAoyiouog: € 10.000
Aidpkeia: 2009-2010

4. Tithog: "Electrochemical Promotion of aerobic-catalytic treatment of toxic pollutants in aqueous
phase"
Popéag XpnuatoddTtnong: MNevikn MpapuaTteia ‘Epeuvag kai Texvohoyiag — Eupwtraikr) ‘Evwon
(Mpdypapua APIZTEIA)
MpoUtroAoyiouég: € 300.000
Aidpkeia: 2014-2016

5. Tithog: "Mapaokeur) kal JEAETN avodIKWV NAEKTPOdIWV yia XapNnAnG Bepuokpaaiag KuWeAideg
Kauaiyou aAkooAwv" (Mpdypaupa KapaBeodwpn))
®opéag Xpnuatoddtnong: EAKE Mavemotnuiou Marpwv

MpoUtroAoyioudg: € 33.000
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Aidpkeia: 2014-2017

6. TiTAOG: "MeAETN vavodIEOTTaPPEVWY KATOAUTWY Kal KAIHAKWON PEYEBOUG NAEKTPOEVIOXUUEVWV
avTIdPaOoTHPWY Yia avTidpdoelg udpoydvwons” (Mpoypaupa APIZTEIA IKY/SIEMENS)
®opéag XpnuatoddTtnong: 1dpupa Kpatikwv Ytrotpopiwv (IKY)

MpoutroAoyiopog: € 36.900
Aidpkeia: 2016-2018

MEAOZ EPEYNHTIKHZ OMAAAZ

2018-2021

2014-2018

2012-2015

2012-2015

2011-2013

2004-2006

2004-2006

2000-2003

1999-2002

1997-1999

EYAE-ETAK — Epesuvw — Anuioupyw — Kaivotopw T1EAK-01631: KAipdkwon
MeYEBoUG TNG HAEKTPOXNMIKA €VIOXUOHEVNG KATAAUTIKAG udpoydvwong Ttou CO,
TTPOG TTAPAYWYH KAUCIUwWV

ESA RPEMFC: 4000109578/13/NL/SC Development of a Closed Loop
Regenerative HT PEM Fuel Cell System

EYAE-ETAK — ZYNEPTAZIA 09ZYN-42-729: AVATITUEN  vavoBOPNnPEéVWY
NAEKTPOBIWV yia TNV NAeKTPOAUCN TOU VEPOU € BIATAEIC TTOAUMEPIKAG MEPBPAVNG
uwnAng Bepuokpaaciag (HT-PEM-ELE)

EYAE-ETAK — ZYNEPTAZIA 09XYN-32-615: HAekTpOXnMIK €vioxuon Tng
KataAuTIKAG udpoydvwaong Tou CO, TTpog TTapaywyr] Kauaipwyv (ECHOCO,)

TET — APIZTEIA: HAekTpOXNUIKA €vioxuon TnG KAtdAuong yia Tnv udpoyoévwaon
Tou CO, o€ xproiya Kalolya Kai Xnuika TpoidvTa (Electrofuels)

FP6-2003-NEST-A: Electrocatalytic Gas-Phase Conversion of CO, in Confined
Catalysts

Greek Programme 04 AKMON 61 supported from the Greek General Secretary of
Research and Technology

Growth Project GRD1-1999-10239 Oxidation catalyst deactivation

European Project GRD1-1999-10239 — Study of the mechanism of Catalyst
Deactivation for ethylene oxide and vinyl acetate reactions

Electric Power Research Institute (EPRI) contact WO8065-25 — Electrochemical
Promotion of Ammonia Synthesis from N, and H,

AIAKPIZEIZ - BPABEIA

Carl Wagner Medal Award in Electrochemical Engineering, European Federation of Chemical
Engineering, Working Party on Electrochemical Engineering, 2008

NMPOZKEKAHMENEZ OMIAIEZ

"Recent advances in Electrochemical Promotion of Catalysis", 4" Training course: Trends in
Electrochemical Promotion of Catalysis (TEPOC), Almagro, Ciudad Real, Spain, November 24-26,

2009
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"Effectiveness factor of isopropanol oxidation and various redox couples on IrO, based electrodes
of different loading", 60th International Society of Electrochemistry Annual Meeting, August 16-21,
2009, China

"Temperature Programmed Desorption Techniques for the origin of Electrochemical Promotion of
Catalysis (EPOC)", University of Belgrade, Faculty of Technology and Metallurgy, December 8,
2008, Republic of Serbia

"Electrochemical Promotion of Catalysis (EPOC)... on the way to explore the mechanism of
promotion and develop the next generation of electropromoted reactors”, 8" European Symposium
on Electrochemical Engineering, Prague August 24-28, 2008

"Characterization techniques for electrode applications in PEM fuel cells and electropromoted
reactors”, 1* training course: Basics and Applications of Solid state Electrochemistry (BASE),
Patras, Greece, 2007

AINAQMA EYPEZITEXNEIAZ

"Method and apparatus for carrying out electrochemically promoted reactions" , C.G. Vayenas, S.
Balomenou, D. Tsiplakides, A. Katsaounis, S. Brosda, G. Foti, C. Comninellis, S. Thieman-
Handler, B. Cramer, World Intellectual Property Organization (W0O/2005/072860).

MEAOZ ZYNTAKTIKHZ EMITPOMHZ EMIZTHMONIKOY MEPIOAIKOY

MéAog Tou Editorial Board tou Journal of Chemical Technology and Biotechnology (JCTB)

KPITHZ ZE EMIZTHMONIKA NEPIOAIKA

Applied Catalysis B: Environmental lonics

Bioresource Technology Journal of Advanced Research

Canadian Journal of Chemistry Journal of Applied Electrochemistry

Catalysis Communications Journal of Catalysis

Catalysis Today Journal of Chemical Technology and Biotechnology
Chemical Engineering Journal Journal of Electroanalytical Chemistry
Chemosphere Journal of Hazardous Materials

Desalination Journal of the Taiwan Institute of Chemical Engineers
Electrocatalysis Separation and Purification Technology
Electrochimica Acta Solid State lonics

Global NEST Topics in Catalysis

Int. Journal of Hydrogen Technology Water Research
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AHMOZIEYZEIX

KE®AAAIA ZE BIBAIA
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C2.

C1.

C.G. Vayenas, A. Katsaounis, S. Brosda and F. Sapountzi, “Electrochemical Promotion of
Catalytic Reactions” in "Encyclopedia of Applied Electrochemistry”, editors R.F. Savinell, Ken-
ichiro Ota, G. Kreysa, Springer 2014

A. Katsaounis and S. Souentie “ In-Cell Mediated (via Active Chlorine) Electrochemical
Oxidation of Organic Pollutants in Water Using DSA Electrodes” in "Encyclopedia of Applied
Electrochemistry”, editors R.F. Savinell, Ken-ichiro Ota, G. Kreysa, Springer 2014

C.G. Vayenas, A. Katsaounis, S. Brosda and A. Hammad "Electrochemical Modification of
Catalytic Activity" in "Handbook of Heterogeneous Catalysis”, 2" edition, editors G. Ertl, H.
Knétzinger, F. Schith and J. Weitcamp, Weiheim, 2008

A. Katsaounis, "Air Treatment Technologies" in Introduction to Environmental Engineering
Science (in greek), Technical University of Crete, 2008

A. Katsaounis, S. Brosda and C.G. Vayenas, "Electrocatalysis" in Encyclopedia of
Electrochemistry, Vol. 5, Wiley-VCH GmbH & Co KGaA, editors A.J. Bard, M. Stratmann etc,
2008

EPrAZIEZ ZE EMIZTHMONIKA MNEPIOAIKA ME KPITEZ KAI AEIKTH ANMHXHZHZ

P62. D. Zagoraios, |. Kalaitzidou, S. Ntais, S. Brosda, A. Katsaounis and C.G. Vayenas

"Study of the electrochemical promotion of methane oxidation in Pd catalysts supported on
YSZ ", Materials Today: Proceedings (2018), in press.

P61. B. Hasa, J. Vakros, A. Katsaounis

"Study of low temperature alcohol electro-reforming"”, Materials Today: Proceedings (2018),
in press.

P60. M. Makri, A. Symillidis, D. Grigoriou, A. Katsaounis and C. G. Vayenas

"Electrochemical Promotion of CO, reduction on a dispersed Ru/YSZ catalyst supported on
YSZ solid electrolyte", Materials Today: Proceedings (2018), in press.

P59. A. Katsaounis, D. Teschner, S. Zafeiratos

"The effect of polarization and reaction mixture on the Rh/YSZ oxidation state during
ethylene oxidation studied by Near Ambient Pressure XPS", Topics in Catalysis (2018) in
press

P58. B. Hasa, J. Vakros, A. Katsaounis,

"Effect of TiO, on Pt-Ru-based anodes for methanol electroreforming”, Applied Catalysis B:
Environmental, 237 (2018) 811-816
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Venieri, E. Chatzisymeon, S. Sofianos, E. Politi, N. Xekoukoulotakis, A. Katsaounis and
D. Mantzavinos

63rd Annual Meeting of the International Society of Electrochemistry, Prague,
Czech Republic

1. "Pt-TiO; binary electrodes for electrochemical oxidation of alcohols"”, E. Papaioannou
and A.Katsaounis

2. "Effect of thermal treatment on the electrocatalytic properties of Pt-Ir binary electrodes
for DAFC " E. Papaioannou and A.Katsaounis

3. "Solar-induced photoelectrocatalytic degradation of bisphenol-A on TiO, ITO-film
anode and BDD cathode"V. Daskalaki, Z. Frontistis, A. Katsaounis and D. Mantzavinos

4. "Triode operation of CO poisoned PEM fuel cells" S. Divane, A. Gousev, E. Martino, A.
Katsaounis and C.G. Vayenas

15th International Congress on Catalysis, Munich, Germany
"CO; hydrogenation over Ru electropromoted catalysts", D. Theleritis, S. Souentie,
A.Katsaounis and C.G. Vayenas

2nd European Symposium on Photocatalysis, Bordeaux, France
"Removal of fecal indicator pathogens from waters and wastewaters by means of
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19-23/06/11

5-8/10/10

27/9-1/10/10

5-9/07/10

16-21/8/09

24-28/8/08

photoelectrochemical oxidation", V.D.Mantzavinos, E.Chatzisymeon, S.Sofianos, N.Politi.
N.Xekoukoulotakis, A.Katsaounis and D.Venieri

9th European Symposium on Electrochemical Engineering, Chania, Greece

1. "BDD anodic oxidation as tertiary wastewater treatment for estrogens and pathogens
removal ", C. Brebou, Z. Frontistis, D. Venieri, N.P. Xekoukoulotakis, D. Mantzavinos
and A. Katsaounis

2. "Photoelectrochemical disinfection of secondary treated wastewaters”, E.
Chatzisymeon, S. Sofianos, N. Politi, A. Katsaounis, D. Mantzavinos and D. Venieri

3. "Effectiveness factor of three-dimensional Ti/lrO, anodes", G. Foti, E.H. Calderon, A.
Katsaounis and Ch. Comninellis

4. "Influence of carbonate on anodic chlorine mediated ammonia oxidation"”, V.
Amstutz, A. Katsaounis, A. Kapalka, K. Udert and Ch. Comninellis

2nd International Conference on Hazardous and Industrial Waste Management,
Chania, Greece

1. "Electrochemical degradation of textile effluents by anodic oxidation on boron doped
diamond ", T. Velegraki, E. Tsantaki, D. Mantzavinos and A. Katsaounis

2. "Electrochemical degradation of ECDs by anodic oxidation on boron-doped
diamonds", Z. Frontistis, C. Brebou, A. Katsaounis and D. Mantzavinos

3. "Electrochemical oxidation of stabilized landfill leachate over DSA® electrodes on
IrO, and RuO,", A. Giannis, E. Turro, R. Cossu, E. Gidarakos and A. Katsaounis

61th International Society of Electrochemistry Annual Meeting, Nice, France
1. "Induced osillations by NEMCA effect over Rh electrochemical catalyst",
C. Jiménez Borja, A. Nakos, F. Dorado, A. Katsaounis and José Luis Valverde

2. "Electrochemical degradation of Reactive Red 120 using DSA and BDD anodes"
T. Panakoulias, P. Kalatzis, D. Kalderis and A. Katsaounis

3. "Ammonia Oxidation to Nitrogen Mediated by Electrogenerated Active Chlorine on
Ti/Pt-IrO2"
A. Katsaounis, A. Kapatka, N.-L. Michels, A. Leonidova, S. Souentie and Ch.
Comninellis

10" International Protection and Restoration of the environment Conference,
Corfu Island, Greece
"Use of Seawater for electrocatalytic treatment of ethanol distillation byproducts"”,

. Daskalaki, H. Marakas, D. Mantzavinos, A. Katsaounis, P. Gikas

60th International Society of Electrochemistry Annual Meeting, Beijing, China
"Effectiveness factor of isopropanol oxidation and various redox couples on IrO, based
electrodes of different loading",

E. Calderon, J. Hahladakis, G. Foti and A. Katsaounis

8" European Symposium on Electrochemical Engineering, Prague, Chech
Republic

"Electrochemical Promotion of Catalysis (EPOC)... on the way to explore the
mechanism of promotion and develop the next generation of electropromoted reactors"
A. Katsaounis
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1-3/10/08

5-7/09/07

26-31/08/07

28/08-1/09/05

17-22/07/05

1st International Conference on Hazardous Waste Management, Chania, Greece
"Electrochemical oxidation of Olive Mill Wastewater over DSA electrodes based on
Iro,"

E. Chatzisymeon, A. Dimou, D. Mantzavinos and A. Katsaounis

10th International Conference on Environmental Science and Technology, Kos
island, Greece

"Electrochemical promotion of catalysis (EPOC). Perspectives for application to gas
emissions treatment”

A. Katsaounis

Europacat-VIII, Turku/Abo, Finland

1. "'80, tracer investigation of the origin of metal-support interactions of Pt supported
catalysts".

A. Katsaounis and C.G. Vayenas

2. "Proton tunneling in PEM fuel cell"
M. Tsampas, A. Katsaounis and C.G. Vayenas

Europacat-VIl, Sofia, Bulgaria

1. "The Role of Potential-Dependent Electrolyte Resistance in the Performance and
Steady-state Multiplicities of PEM Fuel Cells".

A. Katsaounis, M. Tsampas, S.P. Balomenou, D. Tsiplakides and C.G. Vayenas

2. "Monolithic Electrochemically promoted reactors: A step for practical utilization of
electrochemical promotion”

S.P. Balomenou, D. Tsiplakides, A. Katsaounis, S. Brosda, G. Foti, Ch. Comninellis,
S. Thiemann-Handler, B. Cramerand C.G. Vayenas

3. “The effect of membrane thickness, potential and gas composition on the
conductivity of Nafion: Experiment and Theory”
M. Tsampas, A. Picos, A. Katsaounis, S. Brosda and C.G. Vayenas

4. "The effect of film thickness on the Electrochemical Promotion of C,H, oxidation on
Pt paste films deposited on YSZ”
C. Koutsodontis, A. Katsaounis and C.G. Vayenas

5. “Oxygen ion mobility and its influence on chemisorptive and kinetic parameters”
Z. Nikopoulou, A. Katsaounis, C.G. Vayenas and X.E. Verykios

SSI-15 International Conference on Solid State lonics, Baden-Baden, Germany

1. “The Role of Potential-Dependent Electrolyte Resistance in the Performance and
Steady-state Multiplicities of PEM Fuel Cells”.

A. Katsaounis, M. Tsampas, S.P. Balomenou, D. Tsiplakides and C.G. Vayenas

2. “Monolithic Electrochemically promoted reactors: A step for practical utilization of
electrochemical promotion”

S.P. Balomenou, D. Tsiplakides, A. Katsaounis, S. Brosda, G. Foti, Ch. Comninellis, S.
Thiemann-Handler, B. Cramerand C.G. Vayenas

3. "The effect of membrane thickness, potential and gas composition on the
conductivity of Nafion: Experiment and Theory”
M. Tsampas, A. Picos, A. Katsaounis, S. Brosda and C.G. Vayenas

4. The effect of film thickness on the Electrochemical Promotion of C,H, oxidation on Pt
paste films deposited on YSZ”
C. Koutsodontis, A. Katsaounis and C.G. Vayenas

Bioypagiké onueiwpa Tou Ap. AAEEavdpou Katoaouvn oelida. 20 atrd 43


http://www.gnest.org/cest/Default.htm
http://www.gnest.org/cest/Default.htm

15-20/05/05

26-28/01/05

19-24/09/04

11-16/07/04

16-21/05/04

16-21/11/03

207" Meeting of The Electrochemical Society, Quebec City, Canada

“The Role of Potential-Dependent Electrolyte Resistance in the Performance and
Steady-state Multiplicities of PEM Fuel Cells”

A. Katsaounis, M. Tsampas, S.P Balomenou, D. Tsiplakides and CG Vayenas

First Conference of the European Union Coordination Action “CO-ordination of
Nanostructured Catalytic Oxides Research and Development in Europe”:
CONCORDE, Louvain-la-Neuve, Begium

“Oxygen ion mobility in metal oxides used as catalysts or catalyst carriers”

Z. Nikopoulou, A. Katsaounis, C.G. Vayenas and XE Verykios

55" Annual Meeting of International Society of Electrochemistry, Thessaloniki,
Greece

1. “Monolithic Electrochemically Promoted Reactor: A Step for Practical Utilization of
Electrochemical Promotion”

S.P. Balomenou, D. Tsiplakides, A. Katsaounis, S. Brosda, G. Féti, Ch. Comninellis, S.
Thiemann-Handler, B. Cramer and C.G. Vayenas

2. “Electrochemical promotion of ethylene oxidation on thick Rh and Pt films deposited
on a YSZ plate in a MEP reactor”

S.P. Balomenou, D. Tsiplakides, A. Katsaounis, S. Poulston, V. Houel, S. Thiemann-
Handler, B. Cramer and C.G. Vayenas

3. "0, isotope investigation of electrocatalysis and electropromotion in solid
electrolyte cells”
A. Katsaounis and C.G. Vayenas

4. “Electrochemical promotion of oxidation reactions and NO reduction on Pt and Rh
catalyst electrodes”
C. Koutsodontis, I. Constantinou, A. Katsaounis, D. Tsiplakides and C.G. Vayenas

5. “The Role of potential-dependent electrolyte resistance in the performance ad
steady state multiplicities of PEM fuel cells.”
A. Katsaounis, S.P. Balomenou, D. Tsiplakides and C.G. Vayenas

13" International Congress on Catalysis, Paris, France

1. “Electrochemical promotion and metal-support Interactions with O% conducting
supports: Size effects and modeling of the role of O spillover”’

S. Balomenou, A. Katsaounis and C.G. Vayenas

2. “Isotope Tracer and STM Investigation of the Origin of Electrochemical Promotion of
Catalysis and of Metal-Support Interactions”
A. Katsaounis, D. Archonta and C.G. Vayenas

10™ Int. Conference. on Properties and Phase Equilibria for Product and Process
Design (PPEPPD), Snowbird, Utah, U.S.A.

“Thermodynamics and adsorbed species and the double layer approach to catalysis”
C.G. Vayenas (invited), C. Pliangos, C. Brosda, A. Katsaounis and D. Tsiplakides

Annual Meeting of AIChe, San Francisco, USA
1. "Isotope tracer investigation of the origin of electrochemical promotion of catalysis”
A. Katsaounis and C.G. Vayenas

2. “180, tracer investigation of the origin of metal-support interactions”
A. Katsaounis, Th. Halkides, X.E. Verykios and C.G. Vayenas

Bioypagiké onueiwpa Tou Ap. AAEEavdpou Katoaouvn oelida. 21 atrd 43



30/8-05/9/03

16-21/09/02

01-08/10/00

54th Annual Meeting of International Society of Electrochemistry, Sdo Pedro,
Brazil

“Isotope tracer investigation of the origin of electrochemical promotion of catalysis”

A. Katsaounis and C.G. Vayenas

9th Euroconference on Science and Technology of lonics, Ixia, Rhodes, Greece
“Thermal Desorption Study of Oxygen Adsorption on Pd films deposited on YSZ and
B"-AlO3"

A. Katsaounis, D. Tsiplakides and C.G. Vayenas

7th Euroconference on Science and Technology of lonics, Corsica, France
“Temperature Programmed Oxygen Desorption of the Perovskites Series
LNg.e5Sro3MnggC0g203 (anLa'Gd)

F. Tietz, Ch. Papadelis, D. Tsiplakides, A. Katsaounis and C.G. Vayenas

* YITApXOuVv OKOMN OCUMHETOXEG OTO TTEPICCOTEPO OTTO TA TTAPOAKATW £AANVIKA OuvEDpIa
(MeTd 1o 2000):

MaveAArvio Zuptrooio KatdAuong

MaveAArvio ETmioTnuoviké ouvédplo XnuIKAG Mnxavikig

EBvIKG Zuvédpio Texvoloyiwv Ydpoydvou

MaveAArvio Zuvédpio Mpdoivng Xnueiag & Biwoiung Avamtuéng
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2YNOAIKH EIKONA APOPQN ZE EMIZTHMONIKA MNMEPIOAIKA ME KPITEZ

i i Api1Bué Acgiktng ATTAXnong*

EmoTnuoviko fepiodiko AI‘IUOF:J'I::'JO'ngV (ISrIIf]CR r;)(§r117)ng
Applied Catalysis B: Environmental 6 11.698
ACS Catalysis 1 11.384
Water Research 2 7.051
Journal of Catalysis 4 6.759
Chemical Engineering Journal 1 6.735
Desalination 1 6.603
Journal of Hazardous Materials 3 6.434
Electrochimica Acta 8 5.116
Catalysis Today 3 4.667
Electrochemistry Communications 2 4.660
ChemElectroChem 1 4.446
International J. of Hydrogen Energy 1 4.229
Journal of Environmental Management 2 4.005
Electrocatalysis 1 2.889
The Journal of Physical Chemistry A 1 2.836
Environ. Science & Pollution Research 1 2.800
Solid State lonics 2 2.751
J Chem Technology & Biotechnology 2 2.587
Topics in Catalysis 3 2.439
lonics 1 2.347
Journal of Applied Electrochemistry 6 2.262
Surface Science 1 1.997
Chemical Physics Letters 1 1.686
J Water and Health 1 1.352
Water Science and Technology 1 1.247
Materials Today: Proceedings 3 0.940
International Journal of Structural Integrity 1 0.700
Global NEST Journal 1 0.665
Zuvolo 61

*  Zroixeia Aeiktn Atmxnons (Impact Factor) tou ISI-Journal Citation Reports (JCR), 2017.

2UVOAIKOG aplBuog apbpwv o€ ISI TTePIodIKA (SNUOCIEUPEVWV): 61
2UVOAIKOG aplBudg ke@aAaiwv ae BiBAia (d1eBvry/eAANVIKA): 4/1
ZUvolo avagopwyv (TrnyRn: google scholar): 1814
h-index (1TTnynA: google scholar pe Baon TIg ETEPOAVAPOPES): 28
i-10 index (1TTnyn: google scholar pye Baon Tig ETEPOAVAPOPEG): 39
ZUVOAIKOG aplBudg epyaciwv wg corresponding author 22

Evnuépwon louAiog 2018
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KATHIOPIOMNOIHZH EPEYNHTIKOY EPIoy
KAI NMEPIAHYEIZ AHMOZIEYMENQN EPIrAZION

To dNUOCIEUPEVO OU £PYO KIVEITAI OTIG TTOPAKATW EPEUVNTIKESG TTEPIOXEG:

A. KuyeAideg kauoipou (Aeitoupyia, atrédoon, NAEKTPOSIA K.A.TT.)
(epyaoieg P 2, 6, 8-9, 13, 15, 43-45, 48, 52, 54, 58, 61)

B. XpAon TnG nAeKTpokKaTdAuong yia Tnv emegepyacia aépiwv pUTTWVY KAl TTOPAYWYNG
KOQUOipwV — MeAéTn Tou pnxaviopou tou @aivopévou NEMCA kai aAAnAemidpdoeig
@opéa NETAAAOU
(epyaoieg P 1, 3-5, 7, 10-11, 14, 16-17, 24, 28, 37-38, 46, 47, 49, 50, 56, 57, 59, 60, 62)

r. Mapaokeun, XAPAKTNPIOHWOGS Kol HEAETN KAIVOTOUWY avodiKwy NAEKTpodiwyv yia Tnv
NAEKTPOXNMIKE / PWTONAEKTPOXNHIKI OEEIBWON OPYAVIKWV EVWOEWV OE UYpd péoa
(epyaoieg P 18-23, 25-27, 29-36, 39-42, 51, 53)

A AAAeg TTEPIOXEG OXETI(OHEVEG HE NAEKTPOXNHMIKEG DlEPYATiEg
(epyacia P55: HAektpoxnuiki d1dBpwon UAIKWY)

MapakdTw TTapatiBevtal o1 TTEPIANYEIG TWV EPYACIWY OTTWG AUTEG gival dNUOCIEUPEVES aTa BId@opa
TTEPIOBIKA.

P62. "Study of the electrochemical promotion of methane oxidation in Pd catalysts
supported on YSZ ", Materials Today: Proceedings (2018), in press.

Studies on CH,4 oxidation are of special interest due to the difficulty in activating this particular
hydrocarbon, due to the demand of an active catalyst at low temperatures (Ts, at 300°C) as well as
due to possible deactivation of the catalyst upon exposure at high temperatures. To address these
issues, we used Electrochemical Promotion of Catalysis (EPOC), which was discovered in the
early 80's and has been studied for more than 100 catalytic systems. EPOC allows for the
controlled enhancement of the catalytic activity by potential or small current application between a
catalyst (working electrode) supported on a solid electrolyte and an auxiliary electrode. In this
study, Pd nanoparticles (2-4 nm) deposited on O% conductor (YSZ) was used to study the
electrochemical promotion of methane oxidation. It was found that EPOC could be used to
promote nanodispersed catalysts and enhance the reaction rate at temperatures lower than those
that have been observed in previous studies.

P61. "Study of low temperature alcohol electro-reforming”, Materials Today: Proceedings
(2018), in press.

The electrochemical reforming of two alcohols using electrochemical mass spectrometry (EMS)
was studied on a Pt-SnO, anodic electrode. The effect of two parameters, alcohol concentration
and temperature, on the cell performance was investigated for the case of methanol and ethanol
feeding. It was found that hydrogen production is feasible from methanol with efficiency up to
100%. In both cases, fraction of CO, and other side-products diffuses from anode to cathode. In
addition, alcohol crossover through the membrane is taking place during the electrolysis process.
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P60. "Electrochemical Promotion of CO, reduction on a dispersed Ru/YSZ catalyst
supported on YSZ solid electrolyte", Materials Today: Proceedings (2018), in press.

The utilization processes of CO, are of great potential environmental and industrial importance as
they can contribute to the reduction of its emissions to the atmosphere. When co-feeding CO, and
H, over a hydrogenation catalyst there are two main processes that can take place: the production
of CO (RWGS) and a synthesis reaction leading to the formation of hydrocarbons and/or alcohols.
In the studies of Electrochemical Promotion the conductive electrode-catalyst is in contact with an
ionic conductor and it is promoted by the application of a potential or current between the catalyst
and a counter electrode [1]. In this study, the Electrochemical Promotion of Catalysis (EPOC) was
used to modify the activity and selectivity of a dispersed catalyst 2% Ru/YSZ powder catalyst
deposited on an O? solid electrolyte conductor (YSZ) disk. The experiments were carried out at
temperatures 280-380°C and atmospheric pressure. The reaction products were CO and CHy, both
under open circuit and polarization conditions. It was found that the selectivity of CH, increases
(from 20% to 60%) with the loading of the nanodispersed catalyst. In all cases, positive potential
enhances methane production whereas negative one enhances the production of CO. The results
are in agreement with the rules of Electrochemical Promotion of Catalysis.

P59. "The effect of polarization and reaction mixture on the Rh/YSZ oxidation state during
ethylene oxidation studied by Near Ambient Pressure XPS", Topics in Catalysis (2018) in
press

In this study, near ambient pressure X-ray photoelectron spectroscopy (NAP-XPS) is applied to
investigate an electrochemical cell consisting of a rhodium thin film catalyst supported on an YSZ
solid electrolyte under various ethylene-oxygen reaction mixtures. The aim of the study is twofold:
first to show how the surface oxidation state of the Rh catalyst is correlated with the reactants feed
composition and the temperature, and second, to reveal the effect of the anodic polarization on the
stability of Rh oxides and the implications on the electrochemical promotion of catalysis. It is
clearly shown that even under reducing conditions part of the Rh electrode remains oxidized at
temperatures up to 250°C. Reduction of the oxide can take place by increasing the temperature
under C,H,; excess, something which is not happening under oxidizing reaction mixtures.
Moreover, anodic polarization, i.e. oxygen ion supply to the surface, facilitates reduction of
oxidized Rh electrodes over a broad range of ethylene-oxygen reaction mixtures. Remarkably,
under mildly reducing conditions a stable ultrathin Rh surface oxide film forms over metallic Rh.
This surface Rh oxide film (RhO,) is associated to higher cell currents, counterintuitive to the case
of bulk Rh oxides (Rh;05).

P58. "Effect of TiO, on Pt-Ru-based anodes for methanol electroreforming”, Applied
Catalysis B: Environmental, 237 (2018) 811-816

This study examines the electrochemical reforming of methanol for hydrogen production using
novel DSA type anodes (modified with TiO;) with low metal loadings. Mass spectrometry (MS) in
conjunction with electrochemical techniques were used to study the performance of the process as
well as crossover phenomena. The electrolysis process was carried out in a Polymer Electrode
Membrane (PEM) electrolyzer comprised of a Pt-Ru modified with TiO, anode, a commercial Pt/C
cathode, and a Nafion 117 electrolyte. Both methanol concentration and cell temperature were
varied to investigate the cell performance. In all cases, our results showed that the Pt-Ru-TiO,
electrode had better electro-catalytic activity than the Pt-Ru electrode. This higher electrocatalytic
activity of the TiO,-modified electrode was attributed to the enhanced Pt-Ru dispersion as well as
the formation of smaller Pt and Ru patrticles, and thus to the higher electrochemical active surface.
For all studied Membrane Electrodes Assemblies (MEAS), both CO, and methanol crossover were
observed at the cathode of the cell. In addition, it was found that hydrogen production is taking
place with Faradaic efficiency values very close to 100%. This study demonstrates that the TiO,-
modified electrode with a decreased noble-metal loading can increase the current density up to
56%.
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P57. "Electrochemical promotion of nanodispersed Ru-Co catalysts for the hydrogenation
of CO,", Applied Catalysis B: Environmental, 232 (2018) 60-68

Electrochemical promotion of the CO, hydrogenation to CH, and CO on a nanodispersed Ru-Co
catalyst has been achieved via slurry deposition of the nanodispersed catalyst on an interlayer Ru
film deposited on a BZY (BaZryssY01503) proton conducting solid electrolyte disc. The effect of
current is non-Faradaic, with Faradaic efficiency values as high as 60 and leads to a reversible
variation of the selectivity to CH, between 16% and 41%. Due to thermal spillover of protons on the
Ru-Co catalyst surface, the open circuit selectivity to CO is quite high, i.e. up to 84% and similar
values are obtained via negative potential application, i.e. proton supply to the Ru catalyst film
deposited on BZY before the deposition of the nanodispersed catalyst. These results underline the
similarity between electrochemical promotion and metal support interactions when using proton
conducting supports. They also show the usefulness of electrochemical promotion for mechanistic
investigations. The electrochemical promotion of nanodispersed catalysts is a promising step for
the practical utilization of electrochemical promotion.

P56. "Electrochemical promotion of carbon supported Pt, Rh and Pd catalysts for H,
oxidation in aqueous alkaline media", J. Chem. Technol. Biotechnol. 93(6) (2018) 1542-1548

The effect of electrochemical promotion of catalysis (EPOC) for the case of H, oxidation reaction
over commercial M (M=Pt, Rh, Pd)/Vulcan XC72 (ETEK) electrodes immersed in alkaline media
was explored in this study. Various reactant mixtures (H, and O;) fed simultaneously through a
glass frit to the anodic electrode which was immersed in the electrolyte. Both positive and negative
currents were applied between anode and cathode while all the reactants were followed by mass
spectrometry. In the case of Pt electrode, itwas found that application of small positive currents
resulted in a reversible enhancement of both oxygen and hydrogen consumption rate, higher than
the expected Faradaic one (I/2F). Pd and Rh electrodes exhibited lower catalytic activity at
ambient temperature while positive current applications induced an acceleration of the catalytic
reaction. Interestingly, modification of the catalytic activity of Pd and Rh electrodes was found to be
irreversible even under negative current applications. Commercially available, carbon supported
metal (Pt, Rh, Pd) catalysts, can be electrochemically promoted during hydrogen oxidation reaction
in alkalinemedia. The rate enhancement could be explained by modification of the work function of
the catalytic surface (thus the strength of the reactant’s adsorption bond) during potential or current
application as well as modification of the catalyst surface.

P55. "Resistance and Mechanical Characteristics of dual-phase steel B500c, after shot
blasting processes”, International Journal of Structural Integrity 8(5) (2017) 544-564

Corrosive agent constitutes a major problem for constructions located in coastal areas, since it
keeps affecting their durability. This phenomenon, in synergy with moisture and high temperatures,
leads to premature deterioration of the structures. Under these conditions, the need for
management of the problem of resistance of steel against corrosion is an issue of paramount
importance and a challenge to the structural integrity and reliability. The paper aims to discuss
these issues. The need for management of the problem of resistance of steel against corrosion is
an issue of paramount importance and a challenge to the structural integrity and reliability. In the
present study, an effort was made to increase the corrosion resistance of the high strength and
ductility dual-phase steel B500c category, with the use of different shot blasting processes, without
any interference in the chemical composition or in the production mode. In particular, shot blasting
treatment was used for both cleaning and creating compressive stresses on the surface of steel
bars, according to the pertinent protocols. The modified samples were studied via both
conventional characterization methods and electrochemical techniques. Through the whole surface
treatment process of B500c steel, a positive impact came about not only the corrosion resistance,
but also the mechanical performance. Shot blasting process aims to increase the corrosion
resistance of high ductility dualphase steel (B500c), without any interference in the chemical
composition or in the production mode.
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P54. "Experimental investigation and mathematical modeling of triode PEM fuel cells",
Electrochimica Acta 248 (2017) 518-533.

The triode operation of humidified PEM fuel cells has been investigated both with pure H, and with
CO poisoned H; feed over commercial Vulcan supported Pt(30%)-Ru(15%) anodes. It was found
that triode operation, which involves the use of a third, auxiliary, electrode, leads to up to 400%
power output increase with the same CO poisoned H, gas feed. At low current densities, the power
increase is accompanied by an increase in overall thermodynamic efficiency. A mathematical
model, based on Kirchhoff’s laws, has been developed which is in reasonably good agreement
with the experimental results. In order to gain some additional insight into the mechanism of triode
operation, the model has been also extended to describe the potential distribution inside the Nafion
membrane via the numerical solution of the Nernst-Planck equation. Both model and experiment
have shown the critical role of minimizing the auxiliary-anode or auxiliary-cathode resistance, and
this has led to improved comb-shaped anode or cathode electrode geometries.

P53. "Electrochemical treatment of biologically pre-treated dairy wastewater using
dimensionally stable anodes", Journal of Environmental Management 202 (2017) 217-224

In this work, electrochemical oxidation of aerobically pre-treated dairy wastewaters using IrO,-Pt
coated dimensionally stable anodes was investigated. It was found that IrO,/Ti electrode
outperforming Pt/Ti and IrO,-Pt/Ti at lower current densities, while Pt/Ti achieved better efficiency
at higher current density. Among the different parameters which were studied, the current density
was the most crucial for the efficiency of the process. A current density of 100 mA/cm? led to
almost complete removal of 3700 mg/L COD after 360 min of treatment using IrO,/Ti electrode and
0.2 M of sodium chloride while complete decolorizationwas achieved in less than 60 min.
Electrolytes also found to significantly affect the process. More specific, the use of sodium chloride
instead of sodium sulfate enhanced both COD and color removal due to the formation of active
chlorine species. The effect of temperature was relative low; the process was favourable at
elevated temperatures while increasing COD loading resulted in a decrease of COD and color
removal.

P52. "Investigation od advanced components in a high pressure single cell electrolyser for
the development of a HP-ELY stack as part of a regenerative fuel cell system", E3S Web of
Conferences 16 (2017) 09004

The objective of the presented work, done under current ESA activity (Contract No.
4000109578/13/NL/SC), is the performance and tolerance evaluation of selected components and
materials for the development of a High Pressure, Polymer Electrolyte Membrane (PEM)
Electrolyser (HP-PEM-ELY) Stack, aiming to operate at 80 bar with a performance output of 0.3
Alcm? at 1.6 V. An extensive study was performed on a single-cell high pressure PEM electrolyser
manifold, leading to a list of materials with suitable properties and engineering solutions towards
operation in space environment. This investigation provided the necessary feedback for the design
of a HP-PEM-ELY stack, which is also discussed. The ultimate target of the current ESA activity is
to implement research findings, develop and operate a complete regenerative fuel cell system,
comprising of a High Temperature Fuel Cell Stack and the HP-PE

P51. "Boron-doped diamond electrooxidation of ethyl paraben: The effect of electrolyte on
by-products distribution and mechanisms"”, Journal of Environmental Management, 195
(2017) 148-156

Ethyl paraben (EP), a representative emerging pollutant of the parabens family, was subject to
electrochemical oxidation over a boron-doped diamond (BDD) anode. Experiments were carried
out in a singlecompartment cell at 10-70 mAcm™ current density, 200-600 mgL™* EP concentration,
initial solution pH 3-9 and 0.1 M electrolyte concentration. The degradation rate is favored at
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increased current densities and in the presence of NaCl as the supporting electrolyte, while the pH
effect is inconsiderable. For instance, the first order rate constant for the degradation of 200 mgL™
EP at 30 mAcm? was 0.25, 0.1 and 0.07 min™? with NaCl, Na,SO, and HCIO,, respectively.
Degradation in secondary treated wastewater was faster than in pure water presumably due to the
action of chloride ions present in the effluent. Liquid chromatography time-of-flight mass
spectrometry (LC-TOF-MS) was employed to determine major transformation by-products (TBPS).
The route of EP degradation with Na,SO, involves hydroxylation and demethylation reactions,
signifying the role of electrogenerated hydroxyl radicals in the process. Twenty one TBPs were
identified with NaCl as the electrolyte, including several chlorinated and non-chlorinated dimers
and trimers; these findings suggest that indirect oxidation mediated by chlorine radicals and other
chlorine active species also takes place. In this view, the role of the supporting electrolyte is crucial
since it can influence both reaction kinetics and pathways.

P50. "Comparative study of the electrochemical promotion of CO, hydrogenation on Ru
using Na', K*, H" and O% conducting solid electrolytes", Surface Science, 646 (2016) 194-
203

The kinetics and the electrochemical promotion of the hydrogenation of CO, to CH, and CO are
compared for Ru porous catalyst films deposited on Na*, K*, H* and O? conducting solid
electrolyte supports. It is found that in all four cases increasing catalyst potential and work function
enhances themethanation rate and selectivity. Also in all four cases the rate is positive order in H,
and exhibits a maximumwith respect to CO,. At the same time the reverse water gas shift reaction
(RWGS) which occurs in parallel exhibits a maximum with increasing pu, and is positive order in
CO,. Also in all cases the selectivity to CH,4 increases with increasing py. and decreases with
increasing pcoz. These results provide a lucid demonstration of the rules of chemical and
electrochemical promotion which imply that (or/o®)(or/opD)>0 and (or/o®)(or/opA)<0, where r
denotes a catalytic rate, @ is the catalystwork function and pp and pa denote the electron donor
and electron acceptor reactant partial pressures respectively.

P49. "Electrochemical Promotion of CO, hydrogenation on Ru catalyst-electrodes
supported on B"-Al,O3(K") solid electrolyte", Electrochimica Acta, 179 (2015) 556-564

The electrochemical promotion of the hydrogenation of CO on porous Ru catalyst—electrodes
supported on K—B"-Al,O3, a K* conductor, was investigated at temperatures 280°C to 420°C and
atmospheric total pressure. Methane and CO were the only detectable products and the selectivity
to CH,4 was varied reversibly between 0.01 and 98% by varying the catalyst potential between -0.8
V and 0.4 V, which corresponds to a change in the K* coverage on the catalyst surface between
0.32 and zero. The rate of CO formation increases monotonically with increasing K* coverage 6k,
and thus with decreasing potential, i.e. it exhibits electrophilic behavior, while the rate of CH,4
formation is an overall decreasing function of 6., i.e. it exhibits electrophobic behavior. However,
for lower temperatures the methanation rate exhibits a local maximum at intermediate 6. and
potential values, exhibiting volcano-type behavior. This minimum shifts to lower potentials with
increasing hydrogen partial pressure and increasing temperature. The results are in very good
agreement with the rules of electrochemical and classical promotion.

P48. "Effect of TiO, Loading on Pt-Ru catalysts during methanol electrooxidation",
Electrochimica Acta, 179 (2015) 578-587

In this study, Pt-Ru based electrodes modified by TiO, were prepared by means of thermal
decomposition of chloride and isopropoxide precursors on Ti substrates, characterised by X-ray
Diffraction (XRD), Scanning Electron Microscopy (SEM), X-ray Photoelectron Spectroscopy (XPS),
electrochemical techniques and CO stripping and used as anodes for alcohol oxidation. The
minimization of the metal loading without electrocatalytic activity losses was also explored. TiO,
was chosen due to its chemical stability, low cost and excellent properties as substrate for metal
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dispersion. It was found that TiO, loading up to 50% results in a 3-fold increase of the
Electrochemically Active Surface (EAS). This conclusion has been confirmed by CO stripping
experiments. All samples have been evaluated during the electrochemical oxidation of methanol,
ethanol and glycerol. In all cases, the Pt25-Ru25-(TiO,)50 electrode had better electrocatalytic
activity than the pure Pt50-Ru50 anode. The best modified electrode, (Pt25-Ru25-(TiO,)50), was
also evaluated as anode in a PEM fuel cell under methanol fuelling conditions. The observed
higher performance of the TiO, modified electrodes was attributed to the enhanced Pt-Ru
dispersion as well as the formation of smaller Pt and Ru particles.

P47. "Electrochemical Promotion of the hydrogenation of CO, on Ru deposited on a BZY
proton conductor", Journal of Catalysis, 331 (2015) 98-109

The electrochemical promotion of the hydrogenation of CO, on polycrystalline Ru deposited on a
BZY (BaZrogsYo01503 + 1wt% NiO), a proton conductor in wet atmospheres, was investigated at
temperatures 350 to 450°C and atmospheric pressure. Methane and CO were the only detectable
products. It was found that the selectivity to CH, is very significantly enhanced by proton removal
from the catalyst via electrochemically controlled spillover of atomic H from the catalyst surface to
the proton-conducting support. The apparent Faradaic efficiency of the process takes values up to
500 and depends strongly on the porous Ru catalyst film thickness. The results strongly suggest
that the observed strong promotional effect is due to the formation and surface migration of a
promoting formate anion generated via potential controlled disproportionation of formic acid
adsorbed at the catalyst-proton conducting support interface. This is the first successful
electrochemical promotion study of a hydrogenation reaction at temperatures as low as 350°C.
There is an up to fourfold enhancement in catalytic rate of CH, formation with concomitant 50%
suppression of the CO formation rate which proceeds in a parallel route.

P46. “Comparative study of the electrochemical promotion of CO, hydrogenation over Ru
supported catalysts using electronegative and electropositive promoters’,
ChemElectroChem, 1 (2014) 254-262

The kinetics and the electrochemical promotion of the hydrogenation of CO, over Ru-catalyst
electrodes deposited on yttria-stabilized zirconia (YSZ) and (Na*)-B8“Al,Oz; solid electrolytes are
investigated at temperatures between 200 and 340°C and pressures up to 5 bar. In the case of
both the O% conductor (YSZ) and the Na* conductor (8”-Al,Os), the selectivity for CH, production is
enhanced significantly when using a positive potential by supplying of O to, or removal of Na*
from, the catalyst surface. The opposite effect is observed when using a negative applied potential,
which suppresses CH, formation and enhances the production of CO through the reverse water—
gas shift reaction. However, at low Na coverage, and under reducing conditions, both methanation
and H, production are promoted by the application of a negative potential. The observed
electrochemical promotion behavior in conjunction with the reaction kinetics is consistent with the
rules of electrochemical and chemical promotion.

P45. “Pt-Ir binary electrodes for direct oxidation of methanol in low temperature fuel cells
(DMFCs)”, Electrocatalysis 4 (2013) 375-381

In this study, Pt—Ir binary electrodes were prepared by DC magnetron sputtering and characterized
by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), electrochemical techniques,
and CO stripping. The effect of Ir loading in electrocatalytic activity was also explored. It was found
that Ir doping up to 80 % resulted in an increase of the electrochemically active surface (EAS) area
and better electrocatalytic performance toward methanol electrooxidation reaction (MOR). The
above conclusion was confirmed by CO stripping experiments as well as during oxidation of
methanol where the electrodes were used as anodes in a one-compartment cell. The electrode
with the lower Pt loading (i.e., 20 %) exhibited better electrocatalytic activity than the pure Pt
anode. The observed higher performances of Ir loading electrodes were attributed to the enhanced
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EAS of the Pt—Ir binary electrodes and the electronic interactions between Pt and Ir atoms.

P44. “Electrochemical oxidation of alcohols on Pt-TiO, binary electrodes’, International
Journal of Hydrogen Energy, 38 (2013) 15395-15404

In this study Pt-TiO, binary electrodes were prepared by means of thermal decomposition of
chloride precursors on Ti substrates, characterised by X-ray Diffraction (XRD), Scanning Electron
Microscopy (SEM), X-ray Photoelectron Spectroscopy (XPS), electrochemical techniques and CO
stripping and used as anodes for alcohol oxidation. The minimization of the Pt loading without
electrocatalytic activity losses was also explored. TiO, was chosen due to its chemical stability, low
cost and excellent properties as substrate for Pt dispersion. It was found that TiO, loading up to
50% results in Electrochemically Active Surface (EAS) increase. The EAS of Pt(50%)-TiO2(50%)
was found to be almost one order of magnitude higher than that of pure Pt while the EAS of
samples with Pt loading lower than 30% was negligible. The above conclusion has been confirmed
both by following the charge of the reduction peak of platinum oxide and by CO stripping
experiments. All samples have been evaluated during the electrochemical oxidation of methanol
and ethanol. In both cases the Pt(50%)-TiO,(50%) electrode had better electrocatalytic activity
than the pure Pt anode. The observed higher performance of the binary electrodes was mainly
attributed to the enhanced Pt dispersion as well as the formation of smaller Pt particles by the
addition of TiO..

P43. “Mathematical modeling of Ni/GDC and Au-Ni/GDC SOFC anodes performance under
internal methane steam reforming conditions’’, Journal of Catalysis 306 (2013) 116-128

A simple kinetic model has been developed to describe the catalytic and electrocatalytic
performance of Ni/GDC and Au-Ni/GDC anodes of SOFCs operating under internal methane-
steam reforming reaction conditions, at low and high steam-to-carbon ratio values. The model
accounts for the surface dissociation of CH,4 to form methyl species which then react with H,O to
form CO and H,. Under fuel cell operation conditions, two cases have been distinguished
according to the observed electrochemical behavior; the high and the low steam-to-carbon ratio
feed conditions. The former is characterized by electrochemical consumption of H, and CO,
produced by internal CH,4 steam reforming, while the latter by electrochemical partial oxidation of
CHy, to form H, and CO, and oxidation of H,. Interestingly, the coverage of methyl-type species of
the catalyst surface, as extracted from the model and the catalytic kinetic data, was found to
coincide with the methyl species coverage at the three-phase boundaries, as extracted from the
electrocatalytic experiments. The model is in good agreement with experiment under both open-
circuit and fuel cell operation conditions.

P42. “Use of seawater for the Boron-doped diamond electrochemical treatment of diluted
vinasse wastewater’”’, Water Science and Technology 68 (2013) 2344—-2350

Vinasse wastewater of high organic content (COD=131,000 mg/L) and low biodegradability
(BOD5/COD=0.11) cannot be easily managed and usually require several consecutive treatment
steps. The objective of this work was to dilute vinasse wastewater with seawater and then subject
them to electrochemical oxidation over boron-doped diamond (BDD) electrodes. The use of
seawater is arational and novel approach for plants close to the seashore since it may achieve the
desirable levels of effluent concentration and conductivity without consuming other water
resources and extra electrolytes. Experiments were conducted at initial COD values of 830-8,400
mg/L, NaCl concentrations of 34—200 mM and current densities of 70-200 mA/cm? for up to 5
hours. The effect of current density and NaCl concentration was marginal on the electrochemical
treatment, while the single most important parameter was the initial COD concentration. The order
of reaction for COD reduction appears to be first’ at low effluent concentrations and it decreases to
‘zero’ at higher concentrations, denoting the importance of the ratio of organics to reactive radicals
concentration. Based on COD and total organic carbon data, it is postulated that degradation
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occurs predominantly through total oxidation (i.e. mineralization) to carbon dioxide and water,
which is characteristic of BDD anodes.

P41. “Photoelectrocatalytic disinfection of water and wastewater: performance evaluation
by qPCR and culture techniques’’, Journal of Water and Health 11 (2013) 21-29

Photoelectrocatalytic oxidation (PEC) was evaluated as a disinfection technique using water and
secondary treated wastewater spiked with Escherichia coli and Enterococcus faecalis. PEC
experiments were carried out using a TiO/Ti-film anode and a zirconium cathode under simulated
solar radiation. Bacterial inactivation was monitored by culture and quantitative polymerase chain
reaction (qPCR). Inactivation rates were enhanced when the duration of the treatment was
prolonged and when the bacterial density and the complexity of the water matrix were decreased.
E. coli cells were reduced by approximately 6 orders of magnitude after 15 min of PEC treatment in
water at 2V of applied potential and an initial concentration of 107 CFU/mL; pure photocatalysis
(PC) led to about 5 log reduction, while electrochemical oxidation alone resulted in negligible
inactivation. The superiority of PEC relative to PC can be attributed to a more efficient separation
of the photogenerated charge carriers. Regarding disinfection in mixed bacterial suspensions, E.
coli was more susceptible than E. faecalis at a potential of 2V. The complex composition of
wastewater affected disinfection efficiency, yielding lower inactivation rates compared to water
treatment. gPCR yielded lower inactivation rates at longer treatment times than culture techniques,
presumably due to the fact that the latter do not take into account the viable but not culturable state
of microorganisms.

P40. “Removal of faecal indicator pathogens from waters and wastewaters by
photoelectrocatalytic oxidation on TiO,/Ti-films under simulated solar radiation®,
Environmental Science & Pollution Research 19 (2012) 3782-3790

The disinfection efficiency of water and secondary treated wastewater by means of
photoelectrocatalytic oxidation (PEC) using reference strains of Enterococcus faecalis and
Escherichia coli as faecal indicators was evaluated. Operating parameters such as applied
potential (2—10 V), initial bacterial concentration (103—107 CFU/mL), treatment time (up to 90 min)
and aqueous matrix (pure water and treated effluent) were assessed concerning their impact on
disinfection. Methods PEC experiments were carried out using a TiO,/Ti film anode and a
zirconium cathode in the presence of simulated solar radiation. Bacterial inactivation was
monitored by the culture method and real-time SYBR green PCR. A 6.2 log reduction in E. faecalis
population was achieved after 15 min of PEC treatment in water at 10 V of applied potential and an
initial concentration of 107 CFU/ mL; pure photocatalysis (PC) led to only about 4.3 log reduction,
whilst negligible inactivation was recorded when the respective electrochemical oxidation process
was applied (i.e. without radiation). PEC efficiency was generally improved increasing the applied
potential and decreasing initial bacterial concentration. Regarding real wastewater, E. coli was
more susceptible than E. faecalis during treatment at a potential of 5 V. Wastewater disinfection
was affected by its complex composition and the contained mixed bacterial populations, yielding
lower inactivation rates compared to water treatment. Screening the results obtained from both
applied techniques (culture method and real-time PCR), there was a discrepancy regarding the
recorded time periods of total bacterial inactivation, with qPCR revealing longer periods for
complete bacterial reduction. PEC is superior to PC in terms of E. faecalis inactivation presumably
due to a more efficient separation and utilization of the photogenerated charge carriers, and it is
mainly affected by the applied potential, initial bacterial concentration and the agueous matrix.
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P39. “Effects of carbonate on the electrolytic removal of ammonia and urea from urine with
thermally prepared IrO2 electrodes’, Journal of Applied Electrochemistry 42 (2012)
787-795

Recent studies have shown that electrolysis can be an efficient process for nitrogen removal from
urine. These studies have been conducted with urea solutions or fresh urine, but urine collected in
NoMix toilets and urinals has a substantially different composition, because bacteria hydrolyse
urea quickly to ammonia and carbonate. In this study, we compared electrochemical removal of
nitrogen from synthetic solutions of fresh and stored urine using IrO, anodes. We could show that
in fresh urine both ammonia and urea are efficiently eliminated, mainly through chlorine-mediated
oxidation. However, in stored urine the presence of carbonate, arising from urea hydrolysis, leads
to an inhibition of ammonia oxidation. We suggest two parallel mechanisms to explain this effect:
the competition between chloride and carbonate oxidation at the anode and the competition
between chlorate formation, enhanced by the buffering effect of carbonate, and ammonia oxidation
for the consumption of active chlorine in the bulk. However, further experiments are needed to
support the latter mechanism. In conclusion, this study highlights the negative consequences of
the presence of carbonate in urine solutions, but also in other wastewaters, when subjected to an
electrolytic treatment on IrO, in alkaline media.

P38. “Hydrogenation of CO, over Ru/YSZ electropromoted catalysts”’, ACS Catalysis, 2
(2012) 770

The effect of electrochemical promotion of catalysis (EPOC or NEMCA effect) was investigated for
the hydrogenation of CO, using Ru catalyst electrodes supported on YSZ solid electrolyte pellets
at temperatures 200-300°C and ambient pressure. Methane was found to be the main reaction
product at temperatures up to 240°C, whereas CO dominated at higher temperatures. It was found
that the O?” supply to the Ru surface causes a significant increase in the CH, formation rate and
selectivity, accompanied by a significant decrease in the rate of CO formation. This is a very rare
case in which electrochemical promotion is found to promote a catalytic reaction and at the same
time to poison a reaction proceeding in parallel with the promoted one. The faradic efficiency
values were found to be on the order of 10-10°, which are among the highest reported in the
EPOC hydrogenation literature. The kinetic and electropromotion results can be interpreted, using
the rules of electrochemical promotion, in terms of the changes in the surface RuOx/Ru ratio
induced via potential application, as observed via ex situ XPS.

P37. “Oscillatory behaviour of Rh/YSZ under electropromoted conditions®”, Chemical
Physics Letters, 519-520 (2012) 89-92

Electrochemical induced oscillations were studied during ethylene oxidation over Rh films
deposited on YSZ. Oscillations period and amplitude were for the first time analyzed depending on
the applied potential or current, related with cyclic oxidation and reduction reactions and discussed
on the basis of the phenomenon of the electrochemical promotion of catalysis.

P36. "Anodic oxidation of textile dyehouse effluents on boron-doped diamond electrode”
Journal of Hazardous Materials 207-208 (2012) 91-96

The electrochemical oxidation of textile effluents over a boron-doped diamond anode was
investigated in the present study. Experiments were conducted with a multi-component synthetic
solution containing seventeen dyes and other auxiliary inorganics, as well as an actual effluent
from a textile dyeing process. The effect of varying operating parameters, such as current density
(4-50mA/cm?), electrolyte concentration (0.1-0.5M HCIO,), initial solution pH (1-12.3) and
temperature (22-43°C), on process efficiency was investigated following changes in total organic
carbon (TOC), chemical oxygen demand (COD) and color. Complete decolorization accompanied
by significant mineralization (up to 85% depending on the conditions) could be achieved after 180
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min of treatment. Performance was improved at higher electrolyte concentrations and lower pH
values, while the effect of temperature was marginal. Energy consumption per unit mass of COD
removed was favored at lower current densities, since energy was unnecessarily wasted to side
reactions at higher densities.

P35. "BDD anodic oxidation as tertiary wastewater treatment for the removal of emerging
micro-pollutants, pathogens and organic matter”, Journal of Chemical Technology and
Biotechnology 86 (2011) 1233-1236

This work reports for the first time the removal of 17a-ethynylestradiol (EE2), a synthetic estrogen
hormone, from secondary treated effluents by electrochemical oxidation. Experiments were
conducted in a single compartment reactor comprising a boron-doped diamond (BDD) anode and
a zirconium cathode. EE2, in the range 100-800 ug L™", was spiked in the postchlorination effluent
of a municipal treatment plant and oxidized at 0.9-2.6mA cm™ current density. Complete
degradation of 100 ug L™ EE2 was achieved in 7 min at 2.1 mA cm™ and inherent conditions,
while the addition of 0.1mol L™ NaCl achieved removal in just a few seconds. The process was
then tested in the pre-chlorination effluent at 2.1 mA cm™ and inherent conditions; complete E. coli
killing and EE2 removal occurred in just 1.5 and 3.5 min, respectively, while overall estrogenicity
(assessed by the YES assay) and residual organic matter (in terms of chemical oxygen demand
(COD)) decreased by 50% and 85% after 30min, respectively. These results clearly show the
potential of BBD electrochemical oxidation to serve as an efficient tertiary wastewater treatment.

P34. "Electrochemical oxidation of stabilised landfill leachate on DSA electrodes", Journal
of Hazardous Materials, 190 (2011) 460

The electrochemical oxidation of stabilized landfill leachate with 2960mgL™ chemical oxygen
demand (COD) over a Ti/lrO~RuO, anode was investigated in the presence of HCIO, as the
supporting electrolyte. Emphasis was given on the effect of electrolysis time (up to 240 min) and
temperature (30, 60 and 80°C), current density (8, 16 and 32mAcm ™), initial effluent’s pH (0.25, 3,
5 and 6), HCIO,4 concentration (0.25 and 1M) and the addition of NaCl (20 and 100mM) or Na,SO,
(20mM) as source of extra electrogenerated oxidants on performance; the latter was evaluated
regarding COD, total carbon (TC), total phenols (TPh) and color removal. Moreover, the anode
was studied by scanning electron microscopy and cyclic voltammetry. The main parameters
affecting the process were the effluent’s pH and the addition of salts. Treatment for 240 min at
32mAcm™ current density, 80°C and the pH adjusted from its inherent value of 0.25 (i.e. after the
addition of HCIO,) to 3 yielded 90% COD, 65% TC and complete color and TPh removal at an
electricity consumption of 35kWhkg™ COD removed. Comparable performance (i.e. 75% COD
reduction) could be achieved without pH adjustment but with the addition of 100mMNaCI
consuming 20kWhkg™ COD removed.

P33. "Degradation of Reactive Red 120 using hydrogen peroxide in subcritical water",
Desalination, 274 (2011) 200

Reactive azo dyes, such as Reactive Red 120, are commonly used to dye cellulosic fibres.
Reactive dyes have a low utilization degree compared to other types of dyestuff, since the
functional group also bonds to water, creating hydrolysis. This results in only 60% fixation to
fabrics, therefore creating considerable amounts of wastewater. In this work, we propose a
simplified method that uses hydrogen peroxide and manipulates the properties of the aqueous
environment of the wastewater to degrade the dye. No pumping systems or rotational parts are
required, just a closed vessel and a source of heat. Hydrogen peroxide is used as an
environmentally-friendly oxidant, as it leaves no residues after treatment. Complete degradation of
RR 120 was achieved at all temperatures, dye and oxidant concentrations in no more than 70 min.
The TOC removal ranged between 20-64% at all conditions. This method is a safe and
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environmentally-friendly process that has great potential for treating a wide range of textile
wastewaters.

P32. "Electrochemical enhancement of solar photocatalysis: Degradation of endocrine
disruptor bisphenol-A on Ti/TiO; films", Water Research 45 (2011) 2996

The photoelectrocatalytic oxidation over immobilized Ti/TiO, films in the presence of simulated
solar light was investigated for the degradation of bisphenol-A (BPA) in water. The catalyst,
consisting of 75:25 anatase:rutile, was prepared by a sol-gel method and characterized by cyclic
voltammetry, X-ray diffraction and scanning electron microscopy. Experiments were conducted to
assess the effect of applied current (0.02-0.32 mA/cm?), TiO, loading (1.3-9.2 mg), BPA
concentration (120-820 mg/L), initial solution pH (1 and 7.5) and the aqueous matrix (pure water
and treated effluent) on BPA photoelectrocatalytic degradation which was monitored by high
performance liquid chromatography equipped with a fluorescence detector. The reaction was
favored at anodic currents up to 0.04 mA/cm? and lower substrate concentrations, but it was
hindered by the presence of residual organic matter and radical scavengers (e.g. bicarbonates) in
treated effluents. Moreover, a pseudo-first order kinetic model could fit the experimental data well
with the apparent reaction constant taking values between 2.9x10° and 32.4x10° min™. The
degradation of BPA by pure photocatalysis or electrochemical oxidation alone was also studied
leading to partial substrate removal. In all cases, the contribution of applied potential to
photocatalytic degradation was synergistic with the photocatalytic efficiency increasing between
24% and 97% possibly due to a more efficient separation and utilization of the photogenerated
charge carriers. The effect of photoelectrocatalysis on the ecotoxic and estrogenic properties of
BPA was also evaluated measuring the bioluminescence inhibition of Vibrio fischeri and performing
the yeast estrogen screening assay, respectively.

P31. "Solar light-induced degradation of bisphenol-A with TiO, immobilized on Ti",
Catalysis Today, 161 (2011) 110

The photocatalytic degradation of bisphenol-A (BPA) was investigated over immobilized TiO,/Ti-
film catalysts irradiated by artificial solar light. Catalysts were prepared either by a sol—-gel method
(TIP catalyst) or deposition of Degussa P-25 slurry (P-25 catalyst) and characterized by X-ray
diffraction. The effect of TiO, loading (0.65 and 1.3 mg), initial BPA concentration (150, 300 and
600 ppb) and initial solution pH (3, 6, 8 and 10) on degradation was studied. The latter was
assessed following changes in BPA concentration by means of high performance liquid
chromatography equipped with a fluorescence detector. It was found that both catalysts, consisting
of about 75:25 anatase:rutile, were equally active in degrading BPA (e.g. 85% reduction at 300 ppb
BPA concentration, 180 min of reaction, 0.65mg catalyst loading and inherent pH) and conversion
increase with increasing the TiO; loading; however, the P-25 catalyst was considerably unstable at
high loadings suffering about 50% active phase dissolution. Conversion decreased with increasing
BPA concentration and it was favored in the pH range 6—8. BPA degradation can be approached
by a pseudo-first order rate expression with the apparent kinetic constant taking values between
6x107° and 2x107° s™.

P30. "Electrochemical oxidation of ammonia (NH;'/NHs) on thermally and electrochemically
prepared IrO, electrodes", Electrochimica Acta, 56 (2011) 1361

The electrochemical oxidation of ammonia (NH,;"/NHs) in sodium perchlorate was investigated on
IrO, electrodes prepared by two techniques: the thermal decomposition of H,IrCls precursor and
the anodic oxidation of metallic iridium. The electrochemical behaviour of Ir(IV)/Ir(lll) surface redox
couple differs between the electrodes indicating that on the anodic iridium oxide film (AIROF) both,
the surface and the interior of the electrode are electrochemically active whereas on the thermally
decomposed iridium oxide films (TDIROF), mainly the electrode surface participates in the
electrochemical processes. On both electrodes, ammonia is oxidized in the potential region of
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Ir(V)/Ir(IV) surface redox couple activity, thus, may involve Ir(V). During ammonia oxidation,
TDIROF is deactivated, probably by adsorbed products of ammonia oxidation. To regenerate
TDIROF, it is necessary to polarize the electrode in the hydrogen evolution region. On the
contrary, AIROF seems not to be blocked during ammonia oxidation indicating its fast regeneration
during the potential scan. The difference between both electrodes results from the difference in the
activity of the iridium oxide surface redox couples.

P29. "Ammonia oxidation to nitrogen mediated by electrogenerated active chlorine on
Ti/PtO«-IrO," Electrochemistry Communications 12 (2010) 1203

The electrochemical oxidation of ammonia (NHs; and/or NH,") in the presence of chloride was
investigated on a Ti/PtO,—IrO, electrode. It was shown that ammonia is effectively removed from
solution via electrogenerated active chlorine. Based on mass balances, nitrogen is postulated to be
the main product of ammonia electrolysis. In the bulk, the concentration of chloramines was low.
This could be explained by the fact that the oxidation of ammonia takes place close to the
electrode surface where an excess of chlorine relative to ammonia is ensured during the process.
This results in the oxidation of ammonia to N, and in a local pH decrease. As a result, chloramines
were decomposed in the proximity of the electrode prior to diffusing into the bulk.

P28. "Electrochemical promotion of methane oxidation on Rh/YSZ", Applied Catalysis B:
Environmental, 101 (2010) 31

The effect of electrochemical promotion of catalysis (NEMCA effect or EPOC) has been studied for
the methane oxidation reaction over Rh catalytic films interfaced with YSZ, an oxygen ion
conductor, at temperatures from 350 to 550°C, under reducing, stoichiometric and oxidizing
conditions. CO; is the main reaction product; however, CO is produced in small amounts at high
temperatures. The effect of electrochemical promotion of catalysis on the reaction catalytic rate
has been found to decrease by increasing partial pressure of oxygen and temperature. Under
reducing conditions, at 430°C, positive current application can cause a 3-fold increase of the
catalytic rate, while the apparent Faradaic efficiency is 170. After positive current interruption the
catalytic rate reversibly returns to the initial open-circuit state value. Negative current application
results in a 57% decrease of the catalytic rate with an apparent Faradaic efficiency equal to 40.
After negative current interruption the catalytic rate slowly increases but remains lower than the
initial value. This permanent poisoning effect has been interpreted by formation of a surface oxide
layer by the strongly adsorbed oxygen from the gas phase upon negative polarization. A poisoning
index, B, has been defined to quantify the magnitude of the effect. Moreover, under stoichiometric
conditions, a periodical oscillation of the rate is observed both under open-circuit and polarization
conditions in a narrow temperaturewindowbetween 480 and 520°C, which is attributed to catalyst
phase transition phenomena.

P27. "Anodic oxidation of phenol on Ti/lrO, electrode: Experimental studies", Catalysis
Today 151 (2010) 185

The electrochemical oxidation of acidic solutions of phenol on a Ti/llrO, anode has been
investigated by cyclic voltammetry and bulk electrolysis in a single-compartment cell. In the
potential region of oxygen evolution, anodic oxidation resulted in electrode passivation (as
evidenced by voltammetric measurements) allegedly due to the formation of a polymeric film on its
surface. Phenol degradation increased with increasing temperature in the range investigated 30—
80°C and it was affected by the addition of CI” and Br~ anions in the supporting electrolyte.
Complete conversion of 10mM phenol was achieved after 37 Ah L™ of charge passed at 80°C
under galvanostatic conditions (50mAcm™) in absence of CI". In contrast only 10 Ah L™ were
needed in the presence of 35mM CI". The presence of chloride can induce reactions involving
chlorohydroxyl radicals and electrogenerated oxidants such as free chlorine. On the other hand,
addition of Br~ slightly inhibited degradation possibly due to bromide scavenging of
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electrogenerated active species. Phenol degradation proceeded through the formation of three
dominant, aromatic intermediates, namely 1,4-benzoquinone, hydroquinone and pyrocatechol,
while total oxidation to CO, was not significant unless harsh conditions (i.e. high temperatures and
charges) were employed.

P26. "Electrochemical degradation of Reactive Red 120 using DSA and BDD anodes",
Journal of Applied Electrochemistry 40 (2010) 1759

Electrochemical oxidation of an azo dye (Reactive Red 120) was studied in acidic media (1 M
HCIO,) using DSA type (Ti/lrO—Ru0O;) and boron doped diamond (BDD) anodes. Ti/lrO>—RuO,
exhibited low oxidation power with high selectivity to organic intermediates and low TOC removal
(10% at 25°C and 40% at 80°C). On the other hand BDD was found to be suitable for total
mineralization of the organic loading to CO.. In both cases, the decoloration of the solution was
almost 100% achieved very quickly with BDD (2 Ah L™) but only after long treatment with Ti/lrO —
RuO, (25 Ah L.;). The instantaneous current efficiency (ICE) was up to 0.13 in the case of Ti/lrO—
RuO, and up to 0.45 in the case of BDD.

P25. "Electrochemical oxidation of benzoic acid in water over BDD electrodes: Statistical
analysis of key operating parameters, kinetic modelling, reaction by-products and
ecotoxicity", Chemical Engineering Journal 160 (2010) 538

The electrochemical oxidation of benzoic acid over boron-doped diamond electrodes was studied.
Experiments were conducted in a flow-through electrolytic cell at current intensities ranging from
11 to 24 A, an electrolyte concentration of 0.05M and initial substrate concentrations ranging from
16 to 185mg L™. Liquid chromatography (LC) coupled to diode array detector was employed to
follow benzoic acid concentration profiles, while chemical oxygen demand and dissolved organic
carbon (DOC) analyses were carried out to assess the extent of mineralization. In preliminary
experiments, the effect of different electrolytes (NaNO3z, NaCl or Na,SO,4) and the initial pH of the
solution (10 or 3.8) was evaluated. The effects of operating parameters such as applied current
intensity, electrolysis time and initial benzoic acid concentration on the degradation and
mineralization efficiency were investigated with the application of factorial design methodology and
simple linear models describing and predicting adequately the removal of the substrate and DOC
were developed. The initial substrate concentration and the treatment time constitute important
parameters with regard to the efficiency of the process. Benzoic acid conversion proceeds through
the hydroxylation of the aromatic ring as evidenced by the formation of several hydroxylated
derivatives identified by LC coupled to mass spectroscopy (LC/MS-MS). Of these,
monohydroxybenzoic acids appear to be quite stable to electrochemical oxidation. Toxicity tests
with marine bacteria V. fischeri showed that, at the conditions in question, degradation by-products
are consistently more toxic than the parent compound even after deep oxidation.

P24. "Recent developments and trends in Electrochemical Promotion of Catalysis", Journal
of Applied Electrochemistry 40 (2010) 885

Electrochemical Promotion of Catalysis (EPOC or NEMCA effect) is one of the most exciting
discoveries in Electrochemistry with great impact on many catalytic and electrocatalytic processes.
According to John O'M. Bockris, EPOC is a triumph, and the latest in a series of advances in
electrochemistry which have come about in the last 30 years. It has been shown with more than 80
different catalytic systems that the catalytic activity and selectivity of conductive catalysts
deposited on solid electrolytes can be altered in a very pronounced, reversible and, to some
extent, predictable manner by applying electrical currents or potentials (typically up to 2V) between
the catalyst and a second electronic conductor (counter electrode) also deposited on the solid
electrolyte. The induced steady-state change in catalytic rate can be up to 135x10° % higher than
the normal (open-circuit) catalytic rate and up to 3x10° higher than the steady-state rate of ion
supply. EPOC studies in the last 7 years mainly focus on the following four areas: Catalytic
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reactions with environmental impact (such as reduction of NOx and oxidation of light
hydrocarbons), mechanistic studies on the origin of EPOC (using mainly oxygen ion conductors),
scale-up pf EPOC reactors for potential commercialization via development of novel compact
monolithic reactors and application of EPOC in high or low temperature fuel cells via introduction of
the concept of triode fuel cell. The most recent EPOC studies in these areas are discussed in the
present review and some of the future trends and aims of EPOC research are presented.

P23. "Effectiveness factor of isopropanol oxidation on IrO, based electrodes of different
loading" Electrochimica Acta 55 (2010) 8215

The influence of IrO; loading on the effectiveness factor, E;, of the electrochemical oxidation of
isopropanol was investigated. A model has been proposed based on three main reactions:
Electrochemical IrO, oxidation to 1rO3, chemical oxidation of isopropanol via IrO; and O, evolution
via decomposition of IrO;. It has been found that the effectiveness factor, E; for the
electrochemical oxidation of IrO, to IrO; is loading independent contrary to the chemical reaction
which decreases with increasing IrO, loading.

P22. "DSA electrochemical treatment of olive mill wastewater on Ti/RuO2 anode", Journal of
Applied Electrochemistry 40 (2010) 729

The electrochemical oxidation of olive mill wastewater (OMW) over a Ti/RuO, anode was studied
by means of cyclic voltammetry and bulk electrolysis and compared with previous results over a
Ti/lrO, anode. Experiments were conducted at 300—1,220 mg L™ initial chemical oxygen demand
(COD) concentrations, 0.05-1.35 V versus SHE and 1.39-1.48 V versus SHE potential windows,
15-50 mA cm? current densities, 0-20 mM NaCl, Na,SO,, or FeCl; concentrations, 80°C
temperature, and acidic conditions. Partial and total oxidation reactions occur with the overall rate
being near first-order kinetics with respect to COD. Oxidation at 28 Ah L™ and 50 mA cm™ leads to
guite high color and phenols removal (86 and 84%, respectively), elimination of ecotoxicity, and a
satisfactory COD and total organic carbon reduction (52 and 38%, respectively). Similar
performance can be achieved at the same charge (28 Ah L™) using lower current densities (15 mA
cm) but in the presence of various salts. For example, COD removal is less than 7% at 28 Ah L™
in a salt-free sample, while addition of 20 mM NaCl results in 54% COD reduction. Decolorization
of OMW using Ti/RuO, anode seems to be independent of the presence of salts in contrast with
Ti/lrO, where addition of NaCl has a beneficial effect on decolorization.

P21. "Effectiveness factor of fast (Fe®*/Fe?"), moderate (Cl,/ClI") and slow (O,/H,O) redox
couples using IrO, based electrodes of different loading"”, Journal of Applied
Electrochemistry 39 (2009) 1827

The effectiveness factor, E;, (fraction of the electrode surface which participates effectively in the
investigated reaction) of fast (Fe*'/Fe?"), moderate (Cl,/CI") and slow (O,/H,O) redox couples has
been estimated using IrO, based electrodes with different loading. The method of choice was
linear sweep voltammetry (measurement of the anodic peak current) for the Fe**/Fe*" redox couple
and steady-state polarization (determination of the exchange current) for the O, and Cl, evolution
reactions. The results have shown that the effectiveness factor depends strongly on the kinetics of
the investigated redox reaction. For the Fe®*'/Fe*" redox couple effectiveness factors close to zero
(max 4%) have been obtained contrary to the O, evolution reaction where effectiveness factors
close to 100% can be achieved, all being independent of IrO, loading. For the Cl, evolution
reaction intermediate values of the effectiveness factor have been found and they decrease
strongly, from 100% down to about 60%, with increasing loading.

P20. "Boron-doped diamond anodic treatment of olive mill wastewaters: Statistical analysis,
kinetic modeling and biodegradability", Water Research 43 (2009) 3999
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The electrochemical treatment of olive mill wastewaters (OMW) over boron-doped diamond (BDD)
electrodes was investigated. A factorial design methodology was implemented to evaluate the
statistically important operating parameters, amongst initial COD load (1000-5000 mg/L),
treatment time (1-4 h), current intensity (10-20 A), initial pH (4—6) and the use of 500 mg/L H,O,
as an additional oxidant, on treatment efficiency; the latter was assessed in terms of COD,
phenols, aromatics and color removal. Of the five parameters tested, the first two had a
considerable effect on COD removal. Hence, analysis was repeated at more intense conditions,
i.e. initial COD values up to 10,000 mg/L and reaction times up to 7 h and a simple model was
developed and validated to predict COD evolution profiles. The model suggests that the rate of
COD degradation is zero order regarding its concentration and agrees well with an electrochemical
model for the anodic oxidation of organics over BDD developed elsewhere. The treatability of the
undiluted effluent (40,000 mg/L COD) was tested at 20 A for 15 h yielding 19% COD and 36%
phenols’ removal respectively with a specific energy consumption of 96 kWh/kg COD removed.
Aerobic biodegradability and ecotoxicity assays were also performed to assess the respective
effects of electrochemical treatment.

P19. "Electrochemical behaviour of ammonia (NH;/NH;) on electrochemically grown anodic
iridium oxide film (AIROF) electrode"”, Electrochemistry Communications 11 (2009)
1590

The electrochemical behaviour of ammonia (NH,;"/NHs) in sodium perchlorate at pH 9 has been
investigated on electrochemically grown anodic iridium oxide film (AIROF) electrode. In base
electrolyte at pH 9, the Ir(IV)/Ir(lll) surface redox couple exhibits unusually large separation of the
oxidation/reduction peaks (AEp~750 mV) due to the local pH changes within the oxide film. These
local pH changes are induced by protons released/consumed during the Ir(IV)/Ir(lll) redox activity.
As a consequence, the local pH within AIROF changed up to 10 units during potential cycling. The
presence of ammonia at pH 9 prevents these local pH changes because NH,'/NH; buffer the
solution inside the electrode. As a consequence, AEp of Ir(IV)/Ir(lll) was reduced to 100 mV. It has
been shown further that ammonia oxidation is mediated by Ir(V), resulting in the appearance of
anodic peaks in forward and backward scans.

P18. "Electrochemical Oxidation of model compounds and Olive Mill Wastewater over DSA
electrodes: 1. The case of Ti/lrO," Journal of Hazardous Materials 167 (2009) 268

The electrochemical oxidation of olive mill wastewater (OMW) over a Ti/lrO, anode has been
studied by means of cyclic voltammetry and bulk electrolysis. Both model organic compounds
typically found in OMW and actual effluent were tested. Bulk electrolysis experiments were
conducted for p-coumaric, cinnamic, caffeic acid and phenol aqueous solutions. Besides,
electrolysis of actual OMW was studied in the temperature range between 60 and 80 °C at various
NaCl concentrations (0, 5, 15 and 25 mM). at 80 °C and j = 50 mA cm?, after 43 Ah dm™ of charge
passed, complete decolouration of OMW and total phenols removal up to 90 % was achieved, in
the presence of 5mM NaCl. On the other hand in the absence of sodium chloride the observed
value for total phenols removal under the same conditions was 65%. The COD removal was
almost the same regardless of the amount of NaCl added while the maximum value of total
phenols removal observed without any NaCl addition was 85% after 125 Ah dm™ of charge
passed. After this period of applied current COD was decreased around 85%.

P17. "Temperature programmed desorption of oxygen from Pd films interfaced with Y,0s-
doped ZrO,", Journal of Applied Electrochemistry 38 (2008) 1097
The origin of the effect of non-faradaic electrochemical modification of catalytic activity (NEMCA)

or Electrochemical Promotion was investigated via temperature-programmed-desorption (TPD) of
oxygen, from polycrystalline Pd films deposited on 8 mol%Y ,0s-stabilized-ZrO, (YSZ), an O*
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conductor, under high-vacuum conditions and temperatures between 50 and 250 °C. Oxygen was
adsorbed both via the gas phase and electrochemically, as O, via electrical current application
between the Pd catalyst film and a Au counter electrode. Gaseous oxygen adsorption gives two
adsorbed atomic oxygen species desorbing at about 300 °C (state ;) and 340-500 °C (state f,).
The creation of the low temperature peak is favored at high exposure times (exposure >1 kL) and
low adsorption temperatures (Tads < 200 °C). The decrease of the open circuit potential (or
catalyst work function) during the adsorption at high exposure times, indicates the formation of
subsurface oxygen species which desorbs at higher temperatures (above 450 °C). The desorption
peak of this subsurface oxygen is not clear due to the wide peaks of the TPD spectra. The TPD
spectra after electrochemical O* pumping to the Pd catalyst film show two peaks (at 350 and 430
°C) corresponding to spillover Oads and O ads according to the reaction:

2— 58—
O(YSZ) - Oads - Oads

The formation of the spillover O% .4 Oxygen species is an intermediate stage before the formation
of the atomic adsorbed oxygen, O,qs. Mixed gaseous and electrochemical adsorption was carried
out in order to simulate the Electrochemical Promotion conditions. The initial surface coverage with
oxygen from the gas phase plays a very important role on the high or low effect of polarization. In
general mixed adsorption leads to much higher oxygen coverages compare with that observed
either under gaseous or electrochemical adsorption. The binding strength of the atomic adsorbed
oxygen (state b2) was investigated as a function of applied potential. It was found that the binding
energy decreases linearly with increasing catalyst potential and work function. Similar behavior has
been observed for oxygen adsorption on Pt, Ag and Au deposited on YSZ in previous studies.

P16. "Electrochemical promotion of catalysis (EPOC): Perspectives for application to gas
emissions treatment", Global Nest Journal 10 (2008) 225

Heterogeneous Catalysis and Electrocatalysis can be used very effectively on air pollution control.
Air emissions coming either from mobile sources or from stationary sources, including volatile
organic emissions, nitrogen oxides, hydrocarbons and carbon monoxide could be well converted to
harmless non-pollutants at reasonable temperatures with cost-effective systems utilizing
heterogeneous catalysis and suitable catalysts. Some of the disadvantages of conventional
heterogeneous catalysts are the high production cost (since most of them are metal supported
catalysts), short life time (due to the catalyst deactivation) and the weakness to control their activity
during the catalytic process. A new phenomenon of Solid State Electrochemistry called
Electrochemical Promotion of Catalysis (EPOC) combined with classical heterogeneous catalysis
could be applied in order to overcome some of the above problems. In this paper we are trying to
show with characteristic examples how EPOC could be useful in environmentally important
reactions (oxidations, reductions, etc). The results show that EPOC reveals great perspectives in
environmental issues and especially in gas emissions treatment technology. The utilization of
EPOC could be really useful since we can increase the catalytic activity, alter the selectivity to the
desirable products and simultaneous control the reaction rate during a given electrocatalytic
process.

P15. "First principles analytical prediction of the conductivity of Nafion membranes",
Electrochimica Acta 52 (2007) 2244-2256

A first principles model is developed to describe and predict the protonic conductivity of fully
hydrated Nafion membranes and its peculiar non-linear dependence on membrane thickness,
potential and P.,. The model focuses on the surface migration of protons between adjacent
sulfonate groups and utilizes the Poisson—Boltzmann charge distribution around each proton
combined with the basic Gamow equation of quantum mechanics for proton tunneling. It is shown
that the proton tunneling distance equals the proton wavelength and that each proton surrounded
by its Debye—Hlickel cloud behaves as a leaking nanobattery. The model, which contains no
adjustable parameters, is solved analytically and its predictions are in semiquantitative agreement
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with experiment, including the magnitude of the conductivity, its linear increase with membrane
thickness, its exponential increase with potential and its strong dependence on Py,.

P14. "Monolithic Electrochemically Promoted Reactors: A step for the practical utilization of
Electrochemical Promotion", Solid State lonics 177 (2006) 2201

A novel dismantlable monolithic-type electrochemically promoted catalytic reactor and “smart”
sensor-catalytic reactor unit has been constructed and tested for hydrocarbon oxidation and NO
reduction by C;H, in the presence of O,. In this novel reactor, thin (~40 nm) porous catalyst films
made of two different materials are sputter-deposited on opposing surfaces of thin (0.25 mm)
parallel solid electrolyte plates supported in the grooves of a ceramic monolithic holder and serve
as sensor or electropromoted catalyst elements. The catalyst dispersion was higher than 10%. A
22 flat plate reactor operated with apparent Faradaic efficiency up to 100, at near complete
reactants conversion, at gas flow rates up to 30 I/min. The novel design has only two external
electrical connections and thus significantly facilitates the practical utilization of electrochemical
promotion of catalysis.

P13. "Potential-dependent electrolyte resistance and steady-state multiplicities of PEM fuel
cells" Solid State lonics 177 (2006) 2397

The role of the non-linear conductivity of fully hydrated Nafion membranes is discussed on the
performance of state-of-the-art PEM fuel cells. It is shown that the Nafion conductivity contains two
components, one constant corresponding to proton transport in the aqueous phase of the
membrane, the other exponentially dependent on potential, linearly increasing with membrane
thickness and strongly increasing with hydrogen partial pressure at the anode. A simple
macroscopic mathematical model, accounting for the observed exponential dependence of Nafion
conductivity on potential is developed and shown to provide a semiquantitative fit to the
experimental I-U curves.

P12. "Proton and electron wave-particles in chemical and physical environments", Applied
Catalysis B: Environmental 64 (2006) 111

The energy equations resulting from the dual particle-wave nature of protons, neutrons and/or
electrons are used, in conjunction with the necessary relativistic corrections, to obtain an analytical
expression for the gravitational constant, G, in terms of h, e, ¢, and the proton mass m,. The
analytically computed value of G=6.676x10"** m*/(kg s?) is in excellent (within 0.04%) agreement
with experiment. The stability of nuclei, also of chemical molecules, is analyzed by the same
approach and the energies of formation of the He nucleus (~27.1 MeV), and the H, molecule
(~4.52 eV) are computed analytically with high accuracy, without any typical quantum mechanical
treatment. The unification of strong interactions, gravitational and electrostatic forces is also
demonstrated and discussed.

P11. "The effect of catalyst film thickness on the magnitude of the Electrochemical
Promotion for the case of ethylene oxidation on Pt/YSZ", Topics in Catalysis 39 (2006)
97-100

The effect of catalyst film thickness on the magnitude of the effect of electrochemical promotion of
catalysis (EPOC or NEMCA effect) was investigated for the model catalytic reaction of C,H,
oxidation on porous Pt paste catalyst-electrodes deposited on YSZ. It was found that the catalytic
rate enhancement p is up to 400 for thinner (0.2um) Pt films (40,000% rate enhancement) and
gradually decreases to 50 for thicker (1m) films. The results are in good qualitative agreement
with model predictions describing the diffusion and reaction of the backspillover O* species which
causes electrochemical promotion.
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P10. "The effect of catalyst film thickness on the magnitude of the Electrochemical
Promotion of catalytic reactions”, Topics in Catalysis 38 (2006) 157

The effect of catalyst film thickness on the magnitude of the effect of electrochemical promotion
was investigated for the model catalytic reaction of C,H, oxidation on porous Pt paste catalyst-
electrodes deposited on YSZ. It was found that the catalytic rate enhancement p is up to 400 for
thinner (0.2um) Pt films (40,000% rate enhancement) and gradually decreases to 50 for thicker
(Lum) films. The Faradaic efficiency A was found to increase moderately with increasing film
thickness and to be described semiquantitatively by the ratio 2Fr./l,, where r, is the unpromoted
rate and |, is the exchange current of the catalyst—electrolyte interface. The results are in good
gualitative agreement with model predictions describing the diffusion and reaction of the
backspillover O species, which causes electrochemical promotion.

P9. "The effect of membrane thickness on the conductivity of Nafion", Electrochimica Acta
51 (2006) 2743-2755

The conductivity of fully hydrated Nafion 112, 1135, 115 and 117 membranes was measured via
ac impedance spectroscopy and steady-state current—potential measurements both in symmetric
H,, Pt|Nafion|Pt, H, and D,, Pt|Nafion|Pt, D, PEM cells and in H,, Pt|Nafion|Pt, air and D,,
Pt|Nafion|Pt, air PEM fuel cells. In agreement with recent studies, it was found that the
conductivity, o, increases almost linearly with membrane thickness L and also depends

exponentially on potential and almost linearly on P,i;_z. These and other observations, including the

strong isotope effect obtained upon switching between H, and D, at the anode, show that the
conductivity of Nafion contains two components, one due to proton migration in the aqueous
phase, the other due to proton tunneling between adjacent sulfonate groups in narrow pores. The
observed near-linear increase of g with L is consistent with the proton tunneling mechanism but
can also be explained by the existence of skin layers with lower conductivity at the ionomer
interfaces with the anode and cathode.

P8. "The role of potential-dependent electrolyte resistance in the performance and steady-
state multiplicities of PEM fuel cells: Experimental investigation and macroscopic
modeling" Electrochimica Acta 50 (2005) 5132

The current—potential curves of polymer electrolyte membrane (PEM) fuel cells exhibit under
certain conditions steady-state multiplicity, i.e. for a fixed current value, there are two
corresponding cell potential values and thus the current versus potential curve exhibits a local
maximum. This behaviour cannot be described by any of the known classical mathematical
expressions for overpotential. We have studied this phenomenon in PEM fuel cells operating on H,
with Pt cathodes and Pt-Ru- or C-based anodes and have found that the steady-state multiplicity
results from the significant dependence of the Nafion membrane conductivity on cell potential. A
simple mathematical model accounting for this non-linear behaviour of Nafion conductivity
describes semiquantitatively the results both of the present work and of previous literature studies,
where the current—potential curves exhibit either steady-state multiplicity or a significant downward
bending of the current—potential curve. The role of the non-linear Nafion membrane conductivity in
the current and potential oscillations observed in presence of CO at the anode is also briefly
discussed together with its implications about the proton transfer mechanism in the Nafion
membrane.

P7. "Electrochemical promotion of Catalysis: Mechanistic investigations and monolithic
electropromoted reactors”, Catalysis Today 100 (2005) 133

Recent progress is surveyed both in elucidating the mechanism of electrochemical promotion at

the molecular level and in utilizing it in monolithic electropromoted catalytic reactors. On the
mechanistic side, recent *0, TPD and '®0, + CO TP reaction studies have confirmed, together
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with STM, the validity of the sacrificial promoter model for both electrochemical promotion and
metal-support interactions of Pt and Rh with anionic (YSZ) and mixed anionic-electronic supports.
On the practical side, two recent advances are discussed, i.e., the electropromotion of thin (40 nm)
sputtered catalyst films, with metal dispersion of the order of 20%, and the development of the
monolithic electropromoted reactor (MEPR) which is a hybrid between a monolithic catalytic
reactor and a flat-plate solid oxide fuel cell and allows for compact design and easy scale-up and
scale-down of electropromoted catalytic units.

P6. "Proton tunneling-induced bistability, oscillations and enhanced performance of PEM
fuel cells", Applied Catalysis B: Environmental 56 (2004) 237

Proton migration through hydrated Nafion membranes in polymer electrolyte membrane (PEM) fuel
cells occurs both in the agueous phase of the membrane and on the sulfonate groups on the
surface of the membrane pores. Here we show using D, and H, fuel and basic quantum
mechanical equations that this surface proton migration is largely due to proton tunneling between
adjacent sulfonate groups, leading to an exponential variation of Nafion conductivity with cell
potential. This amphibious mode of proton migration, particle-like in the aqueous phase and wave-
like in the narrow pores, is shown to be the major cause of cell overpotential, bistability and
oscillations of state-of-the-art PEM fuel cells operating on H,, reformate or methanol fuel. We also
show that this phenomenon can be exploited via introduction of a third auxiliary electrode to
independently control the anode—cathode potential difference and dramatically enhance fuel cell
power output even in absence of noble metals at the anode.

P5. "Comparative isotope-aided investigation of Electrochemical Promotion and Metal-
Support Interactions: 2. CO oxidation by *®0, on electropromoted Pt films deposited on
YSZ and on nanodispersed Pt/YSZ catalysts", Journal of Catalysis 226 (2004) 197

The oxidation of CO by gaseous 0, was investigated on electropromoted Pt films deposited on
Y,0s-stabilized ZrO, (YSZ) and on nanodispersed Pt/YSZ catalysts under high vacuum and under
atmospheric pressure conditions. For both catalyst systems and in both cases it was found that the
temperature dependence of the catalytic oxidation rate can be correlated directly with the
corresponding TPD spectra of *20,, **0™0, and *°0, and that lattice oxygen plays a key role in the
oxidation reaction, acting both as a reactant and as a sacrificial promoter. For both systems the
results confirm the sacrificial promoter model of electrochemical promotion and metal-support
interactions with O?-conducting supports. This mechanism contains as limitihng cases the
promoted Langmuir—Hinshelwood and the Mars—van Krevelen mechanisms, which predominate at
low and high temperatures, respectively.

P4. "Novel monolithic electrochemically promoted catalytic reactor for environmentally
important reactions", Applied Catalysis B: Environmental 52 (2004) 181

A novel dismantlable monolithic-type electrochemically promoted catalytic reactor and “smart”
sensor-catalytic reactor unit has been constructed and tested for hydrocarbon oxidation and NO
reduction by C,H, in presence of O,. In this novel reactor, thin (~20-40 nm) porous catalyst films
made of two different materials are sputter-deposited on opposing surfaces of thin (0.25 mm)
parallel solid electrolyte plates supported in the grooves of a ceramic monolithic holder and serve
as sensor or electropromoted catalyst elements. Using Rh/YSZ/Pt-type catalyst elements, the 22-
plate reactor operated with apparent Faradaic efficiency exceeding 25 achieving near complete
fuel and NO conversion at 300°C in presence of up to 1.1% O, in the feed at gas flow rates
exceeding 1.3 I/min. The metal catalyst dispersion was of the order of at least 15%. The novel
reactor design requires only two external electrical connections and permits easy practical
utilization of the electrochemical promotion of catalysis.
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P3. "Comparative isotope-aided investigation of Electrochemical Promotion and Metal-
Support Interactions: 1. *0, TPD of electropromoted Pt films deposited on YSZ and of
dispersed Pt/YSZ catalysts", Journal of Catalysis 222 (2004) 192

The adsorption of 1802 on porous electropromoted Pt films deposited on Y,0s-stabilized ZrO,
(YSZ) and on nanodispersed Pt catalysts deposited on YSZ powder was investigated via TPD. The
TPD spectra are very similar for both systems: When 20, adsorption takes place above 200°C,
two O adsorption states (8, and B states) form, which desorb at 425 and 500°C, respectively. The
latter is always occupied by lattice oxygen. For *®0, adsorption temperatures below 100°C a
weakly bonded state (B, state) forms in addition to the B, and s states. It desorbs at 100-160'C
and is occupied exclusively by 0. Both the Pt film and the nanodispersed Pt catalyst act as
oxygen portholes and mediate, via O spillover and backspillover, respectively, the incorporation of
gaseous *®0; into the YSZ lattice during adsorption as well as the desorption of lattice **0O during
TPD. The excess oxygen stored in YSZ plays a key role in interpreting the TPD spectra. The
observed very strong similarity between the O, TPD spectra of electrochemically promoted Pt/YSZ
films and nanodispersed Pt/YSZ powder catalysts corroborates the mechanistic equivalence of
electrochemical promotion and metal-support interactions (MSI) with O?"-conducting supports.

P2. "Temperature Programmed Oxygen Desorption of the Perovskites Series
LNgesSrosMnggCo0203 (Ln: La-Gd)", lonics 7 (2001) 101

Temperature programmed O, desorption (hereafter denoted reduction, TPR) in a high vacuum
system equipped with a mass spectrometer was used to investigate the oxygen loss as a function
of temperature in perovskites materials of the type LngesSro3sMngsC00.03 (LN = La-Gd), which are
important as potential electrode materials for solid oxide fuel cells (SOFC). The materials were
prepared either by spray drying as described elsewhere or via the Pechini method for the
perovskites with Lh = Nd-Gd. The TPR experiments were carried out at temperatures 300-1000 K
with various heating rates £in order to determine the onset of reduction and the activation energy
of reduction for each perovskite. The experiments were carried out in an ultra high vacuum
chamber (base pressure 10™° mbar after baking) equipped with a quadrupole mass spectrometer.
Additional oxygen adsorption was attempted at several adsorption temperatures but no discrete
oxygen desorption peaks were observed before the onset of reduction. PrggsSrosMnggCog203 was
tound to have the lowest reduction activation energy (14919 kJ/mol) and the lowest temperature,
Tg, for onset of reduction (750 K). On the other hand Gd e5Sro.:MngsC00..03 was found to have the
highest reductionactivation energy (232#38 kJ/mol) while the Tg was about 850 K. The reduction
activation energies follow the sequence Pr <Sm < Eu < La < Nd < Gd while the Tg values follow
the sequence Pr < La < Gd < Eu <Sm < Nd.

P1. "High-Pressure Electrochemical Promotion of Ammonia Synthesis over an Industrial
Iron Catalyst", The Journal of Physical Chemistry A, 104 (1999) 10600-10602

The catalytic reaction of ammonia synthesis is of paramount importance in the chemical industry,
mainly for fertilizers production. The reaction is equilibrium limited and is favored by low
temperatures and high operating pressure. Since the pioneering work of Haber and Bosch the
industrial ammonia synthesis is carried out over potassium-promoted Fe catalysts at pressures up
to 300 bar. Here we show that the catalytic activity of state-of-the-art fully promoted industrial
ammonia synthesis catalysts can be enhanced by up to 1300% by interfacing the catalyst with a
proton conductor (Calng1Zry903.,) and electrochemically supplying protons to the catalyst surface.
The rate increase is up to 6 times larger than the rate of proton supply to the catalyst. This is the
first demonstration of the effect of electrochemical promotion, or non-Faradaic electrochemical
modification of catalytic activity (NEMCA) using a commercial catalyst and under high (50 bar)
pressure. It is also the first demonstration of scale-up of an electrochemically promoted catalytic
reactor as 24 electrically connected catalyst pellets were used. The results could in principle lead
to a substantial decrease in the operating temperature and pressure of ammonia synthesis
reactors.
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