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Hepidnyn

AvTiKeipevo g mapovoag epyaciog ivat 1 d1epehvior SAVTAV, GTEPEDY TPOCPOPTTAOV KOl HIEPYAUCLDV Y10,
M déouevon CO,, TooOV kol Oeovymv evdoemv and aéplo cvuvbeong mpv amd TN yPNoN TOVG Yo
KatoAVTIK obvleon 1/kal mapoywyn niektpikng evépyeag. H déopevon CO, péow "Oepuov xabapiopov
aepiov" (“warm gas cleaning”, diepyaoiec og Oeppoxpacieg Emg 200 © C) amotedel GNLOVTIKY TTVYN Kol Yo
TG 600 epappoyéc. Katd v mapaywyn vrokatdotatov @uowkod agpiov (SNG), n upeboavomoinon pe
povoéeidio tov avipaka (xopic CO, 610 0€P10) LEWDVEL TNV KOTOVAA®OT VOPoYyOVoL, To péyehog kot To
Kk60tog Tov géomhopov. Emumiéov, n 6éopevon oEvav aepiov (AGR) ce vynmiéc Beppoxpacieg emTpénel
6TOVG VOPOYOVAVOPOKEG VL d10pVYOLV amd TN povada kabapiopov. OeéAn pumopodv emiong vo onpeimbovv
Yo Tig povadeg ovvheong pebavoing (MeOH). Axoun, n déopevon CO, mpv v kovon vwd cuvOnKeg
Oeppov kobapiopod oe povadeg cvvovaopévov kvkiov pe aeplomoinon (IGCC) oamotelel oMpOvVTIKY
EVOALOKTIKN Yo TN HElOTN TV TEPIPUALOVIIKOV EMMTOCEMV TN TOPUYDYNS NAEKTPIKNG EVEPYELNG OO
oteped Kavoa pEcm ¢ déopevong, aflomoinong kar amodnkevong avlpoka (CCUS). EmmpocHera,
GUVEICQEPEL OTNV avENOT TG 0mddoong Tov KOKAOV GE GUYKpIoN MHe TG Wouypés depyacieg AGR (m.y.
Rectisol®). 1o mhaicto avtd, 1 Tapodca S13aKTopiky S1oTpipy SlEPEOVICE To YAPUKTNPLOTIKG, To 0OPEAT Ka
TOVG TTEPLOPIOHOVS TNG EQUPLOYNG Bepudv dwAvpdtov avBpokikod koliov o dwrtdéelg AGR. H gpyosia
omookomel otV emitevén WIOG OMOTIKNG TPOGEYYIONG UEC® TEPOPATIKNG UEAETNG, OepUOSLVOUIKNIG
povteAonoinong, povteronoinong g depyacioc AGR, kabmg kot povielonoinon g EVoOUATOoNS TG 6
povada IGCC yw cvumapaymyn evépyelag kot MeOH. Agdopévov 0t 1 diepyacio dev pmopel va emTyEL
TNPN amobeiwor, E101KA OGOV aPOPA DEIOVYEG OPYAVIKEG EVDGELS, TPUYLATOTOMONKE EXTAEOV TEPALOTIKY
dlepevvnon ¢ amoudkpuveng Tpocpifemv (opyavikov/avopyavov Oeiov kKot mGomv) amd evepyd dvOpoka,
gmiong vo cvvinkeg "Oeppov kabapiopov”. H oulevén g diepyasiog Oeppod avOpakikod kadiov pe Tétoteg
TPOoPoPNTIKEG KAIveg Oa Mtav amopaitntn ywo diepyocieg ocvvbeone, otic omoieg 1 dnAnmmpiacn TtV
KOTOAVTOV (.. VIKEMO, yoAkdg) pe Ogio amotehel cuyvd TPOPANUL, OKOUN KOl GE GUYKEVIPMGELS TOV
Kopaivovtal kovtd oto 1 ppmv. Xtn cuvéyela, Topovolaletal P chvToun mEPIANYN TOV KeEPoAoimv g

SwTpprg.

Y10 Kepdioro 1 mopovctaleTon o EXIGKOTN G TNG TPEXOVGOG KATAGTAONG Kol TV TPOPAEYEDV GYETIKA e
TN (PNON OTEPEDV KOVGIU®V Y0 EVEPYEW, KOVGILO KOl YNHKE o€ maykoopo eminedo. H emokdmnon
KOADTTEL TOV 0pLKTO AvBpaka Ko T Propdla, pe aitepn Eppoor otn devtepn AOyo g Procudtntdg .
Ot kuplotepeg Proynpikég kol Oeppoynuikég dlepyaciec MPETATPOTNG OvOADOVTOL, SIVOVIOS EUPOCT OTNV
aeplomoinom, M omoie mopovclalel EVOPEPOV Yo TNV TapovGo dTpPn. AkoOurn, mEPLYPAPOVIOL Ol
ONULOVTIKOTEPEG TPOGUIEELG TOL TPOKVTTOLV KATH TNV OEPLOTOINGCT GTEPEDV KOLGIL®V KOl TopovctaleTal
EKTETAUEVT PIPAIOYPOPIKT OVOCKOTNGT GYETIKA UE TN GVGTUGT TOVG GTO OKOTEPYUGTO OEPLO. XTI GUVEYELD,
TopovclafovTal Ol OTOITHOES KOOUPIGHOD TOV TPOGUHIEE®V aVTOV PACEL TOV KATAVTY SIEPYACIOV TOPUYOYNS
gvépyelng M katoAvtikng obvleong. Télog, yivetal o eTIOKOTNON TOV TEXVOAOYIOV KaOapiopov aepiov
ovVOEONC, G CVVIEGOG LE TIG dlEPYATies TOV HLEAETHONKAY 6TO TAAIG10 TG S18aKTOPIKNG SOTPIPNC.

Y10 Kepdiaio 2 mpaypotomom0nKe TEPOUATIKY HEAETN TNG OEPLOTOINONG, TPOKEEVOD Vo, diepguvnOel 1
ovotacn Tov agpiov cvvbeong. Ov peTproelg mpaypotonomOnKoy ce povado agplomoinong EVAmOoLS
Bopaloc 1oyvoc 3 MWy teyxvoloyiog pevotomomuévng kAiving. Ta  mepopotikd  amotedéopota
ypMNOLoTOONKAY Yo TV avamTLEN EVOC POVTEAOD 1G0ppOTiaG 6TabEPNG KATAOTOONG 6TO AOYIGHIKO Aspen
Plus™., Xg avtd 0 poviélo eAneOnoay vdyn o GYNUATIGUOG Tov pebaviov kot Tov avAieviov, kabmg Kot M
meplekTikotnTo. e€ovOpaxmpatog g umrdpevng téppoc. To poviélo Paciotnke oty gloyiotomoinon g
erevlepmg evépyetog Gibbs yio v exTipnon TV KOOV GVGTATIKAOV TOL 0EPIOV TPOIOVTOC, KAOMG Kol OTNV
eMidpoor ™G 1woppomiag Tng avtidpaong petatomiong (water-gas shift, WGS). H 816pbwon g avtidpaong
WGS ocvvéfare otV TPOCEYYION TOV TEPAUATIKOV SEO0UEVMV, OIKOOAOYDOVTOG TV vadbeson Mg 1M
avtiopoor umopel va Tapapeivel evepyn petd v 5060 tov aepromomtn. Otov e£eTdoTNKE AMOKAEIGTIKG O
oynuaticpog pebaviov, ta amoteAéouata TG TPocopoinong Ppédnkav vo amokAivouv GNUOVTIKE 0o To
TEPOUATIKG amoteréopata. [ 1o Adyo avtd, o oxnUaticpog abvieviov evoopatmbnke oto poviélo. To
Pedtiopévo poviélo katopbmoe va TPOPAEYEL EMOPKDC TO KVPWL GLOTOTIKA TOL aegpiov ovvleonc.
HopoampnOnkav emiong omoxAicelg katd T MHETOPOAN TV ocvvONKOV Aertovpyiog, OT®G 0 pLOUOS
TPOPOJS0GI0G KAVGIHOV Kol 0EEWMTIKOD HEGOV (aEPag). TVoYETIoELS Yoo TNV Tapaywyn eEavOpaxmdpatog, Tnv
Kotovoun Oglovy®V EVOCE®MV Kol TIGGOV UTOPoOV vo PBEATIOCOVV TEPUTEP® TIC TPOPAEYES TOV
Oeppodvvapkod Loviédov.



210 Kepdlaio 3 mpaypotomotdnie TEPUUATIKT] LEAETN TG PLGIKNG TPOGPOPNONG OPYAVIKOD KOl OVOPYULVOL
Oelov oe evepyd avOpaka. Ov UETPNGEIG TPOGPOENOTG 0pYavVIKOL Beiov mpoypatoTomOnKoy o€ VYNAEG
Oepuokpacieg (100-200 °C) ce pia gpyastnplokn ddtaln otabepng kAivig. Q¢ avimpocmmevTIKy BE100)0¢
opyavikn évoor oty aépla edon Bempnnke to Beopaivio (C4H4S) Baoet kot g o0oTO0NG TOL GTO AEPLO
ovvBeong. H pelétn kdivye évo onpavtikd upog mapopétpmy Asttovpyiag, onwg 1 mapoyn oepiov (GHSY),
n Beppoxpacia, 1 cvykévipmon tov C4HyS kan n vmapén vypoociog 6to aéplo. Bpébnke mwg n Beppoxpocio
emNPeAlEl GNUAVTIKA TN YOPNTIKOTITO TOV TPOGPOPNTH, EVM ad TNV GAAN TAEVLPA, 1) ETIOPACT TNG TAPOYNG
Tov agpiov Bpédnke vo unv eivar a&loonuelotn mEpav g peimong tov ypoévov diéhevong (breakthrough
time). AxoAoOOnce avtimopafoArn TOV TMEPOUATIKOV OTOTEAEGUATOV HE OVO HOVTEAD 1000gppev
npoopoonong pe pio (Henry) wkon 600 petapintég (Langmuir) kor Ppébnke mog pio cvoyétion tHmov
Langmuir pmopel vo €mtOyEl 0L IKAVOTOMTIKY TPOGEYYIOT. X€ EMOUEVO Prpd, TPOyUATOTOUONKE
TMEPAPATIKT SIEPEVYNGT TOV GLVOVAGUEVOD KaOAPIoUOD BE0VYWOV EVOCEMY KOl TIGGMOV A0 EVEPYO AvOpaia
oe vyniég Beppoxpoaoicc. Katd ) dibpkela Tov PETPOE®V YPNOILOTOMONKE TPAyHATIKO AP0 cVVOESNC
amd povado aeplomoinong Propdlog woydog 1 MWy, texvoroyiag Koviomompévou kavaipov. Ta aroteléopata
vrédelgay Tmg M Tpocspoenon tov H,S mpaypotorombnke Ayodtepo amodoTiKd e TNV TOPOLGIH TIGOCOV GTO
aépro ouvleong (kvping CsHg). EmmAéov, avalbovral SuoKoAleg TOV AVTIUETOTIGTNKAV KOTA TN S1APKEWN TNG
TMEPAPATIKNG UEAETNG VIO GUVONKEG TPOYUATIKNG OEPLOTOINCNG KOl OPeiAovTal Kupimg otn UeTafANT
TOOTITO TOL a.EPiov cVVOESNG.

210 Kepalaio 4 mapovctdletol 1 TEPOUATIKT dlEPEDVION TG SHAVTOTNTOG KOl TOL PLOUOL amopPOPNoNG
tov CO, og vdotkd droavpata Ko,CO; yopic kot pe ypriion npocbétwv. H pekét dieénydn og avadevdpevo
avtidpootpo. pe epapuoyn aovveyovg (batch) mepapotikng pebodov. o o voéoTkd dwAdpate KrCOs
yopig mpocheta, dSe&nybnoav doxiéc oe Bepuokpacieg oto gvpog 80-120 °C pe V0 SPOPETIKES
ovykevipwoel; KyCO;. Ov mepapotikés petpnoelg Ppédnkov vo cupeovodv pHE TIG EKTIUNGELS TOL
Oeppoduvapkov povtélov electrolyte-NRTL. Xe endpevo Prjna, SoKpdoTnKOV ©¢ TPOGOETO GTO LOUTIKO
dwlvpa K,CO; o1 evooelg yAvkivn, pebvio-diebavorapnivn (MDEA), aiBavorapivy (MEA) kot mimepalivn
(PZ). Ocov agopd ta voatikd dwivpato kabapod Ky,CO;, n dtodvtotnta tov CO, avédvetal pe peimon g
Oeppokpaciog | pe TUKVOTEPO O10ADTH. Avapopikd pe T ypnon mpocbétmv, M mpochnkn PZ PeAitidver
OMUOVTIKA TN S10AVTOTNTA Kot To puOpd amoppoenong tov CO,. H yprion MEA eivar emiong gvepyetikn 1060
Yo T S1oAvToHTTO OG0 Kol Yo T puOUd amoppoOPNoNg, WoTOG0 6 KPOTEPO Pabld 68 GVYKpLom pe v PZ.
And v dAAn mhevpd, 1 MDEA pmopel va Beltidost v amoppoentiky wkavotnta 0tav mpoctifetal o€
LIKPOTEPEG TOGOTNTESG, MOTOGO, OTAV YPTCILOTOLEITUL GE VYNAOTEPEG GLUYKEVIPMOGELS, LEIDVEL TN SLoALTOTNTA
tov CO,. Téhog, N TpooONKN YALKIVIG o€ YOUNAN GLYKEVIPMOOT GTO SLIAVUO €YEL APVNTIKY ETIOPACT OTN|
dwAvtomta tov CO,. Mg Baon to mepopatikd anotehéspata, ot MEA kot PZ emhéyOnkav g mpdcbeteg
EVIOOELS Y10, TEPUUTEP® UEAETT).

210 Kepalaro 5 mapovcldleton pio Telpopatikn HEAETN Yo T cuvdvaouévn déopeuon COL/eEAappdV TGOV
amd voatikd draAvpata kabapod Ko,COs, aAld kot pe MEA g tpocbeto. EmléyOnkav d0o mpodTumeg evOoeLg
ol omoiec umopobv va a&lomombovv katdvin tov oagpromomty] (PeviOAl0 kol TOAOLOAD) ). UECH
avapopewong tov PevioAiov kotd T pebovomoinon. H cvykekpyévn mepapatikny diepebvinon pmopet va
Oeopnbel g eméktaon g perétng mov mapovoldletonr oto Kepdiao 4. H mepapotikny dta&n mov
ypnotporobnke oto Kepdiaio 4 tpomomomOnke yio vo emTpéYel Tn Guveyn availvorn g aéplag eaong
péow paopotockoniog FTIR. Z1o kepdhato ovtd pehetdTon 1 EXidpacn TG OepHoKpaciog amoppOPNoNG, TG
ovykévipmong MEA kot g pepikng mieonc tov mocmv otn cuvdvacpévn amoppognon tov CO,/Ce¢Hg kat
CO,/C;Hg. H xotaAAniomnto tov Ogpucdv dwivpdtov K,CO; vo emrpémovv 1 Oi€AELON TGCMV
emPefornddnke, kabmg petpnONKaV TOAD YoOUNAEG TYEG SIHAVTOTNTOC.

210 Kepaiaio 6 mapovoidletal 1 poviehomoinon tng diepyaciog amoppoenong/ekpoenong CO, kol H,S amod
aéplo ovvbeong péom Oepumv voatikov SoAvpdtov K,CO; oto Aoylopikd Aspen Plus™. H pelétn
Tpayuatorombnke oto TAGIGI0 TG EVOOUAT®ONG NG dlepyaciog o€ povade obvleong SNG amd Atyvitn
péow aAloBeppukng aeplomoinong (ympig va copmepiAn@dodv ®cTdc0 GTN LOVIEAOTOINGT Ol AVAVIN Kot
Katdvin Olepyacieg agplomoinong Kol KoTaAvTIknG ovvleong, avtiotorya). A&oloynnkav 10060 vOATIKG
dwAvpoto kabapov K,CO; 6co kor piypata H,O-K,CO;-PZ pe petoforrdpevn ovotacn PZ. Apyd,
npaypatorombnke pOOwon tev mapapétpeov oAAnAemiopacnc tov povtédov electrolyte-NRTL péom
avAAVONG TOAMVIPOUNGONG HE TEPAUATIKG OES0UEVA, KAODG Ol TPOETIAEYUEVEG TIUEG TOV TOPAUETPOV OTO
Aspen Plus™ mopovcialovv meplopiopévn Kavotnta TpoPrleyng Tov Oepuoduvapik®dv 1010THTOV TOV



dwAivpdtov. Movtéha puBupov (rate-based) ypnoyomombnkav — ywo T MHOVIELOTOINGN TOV OTNA®V
amoPPOPNONG KOl EKPOPNONG. XTN GLVEYEW UEAETNONKE M emidpacn SpdpOv GuVONK®Y Agttovpyiag TG
dtepyooiag oty anddoon décpevong tov H,S, oty amattovpevn mopoy palag vypod dAvTn Kot GtV
€101K1| KoTovAaAmon OepluKng EVEPYELNS GTOV avaBpacTipo Yo OAES TIG TEPIMTOGELS OLOAVT®V. Bpébnke mog
OTIG TEPUMTMOCEL TTOL YPNOILOTOI0VVTOL d10AVTEG e mpochetn PZ givonr okt n emitevén ovtiotoyng
Oeppucng katavalmong pe to dwdvpoto kabapod K,CO; 6e onpovtikd younAdtepn mieon tng 6TANg
amoppoenonc. Emmiéov, yuo ta Stahdpato mov mepiEyovv PZ armarteitatl peyolutepog Adyog avOpakmong Tov
TTOYOL S1ADTN e€oUTiog TNG LEYAADTEPNG EOIKNG OEPLOTNTOC AVAYEVVIONG, EVOD ETIOTC TPEMEL VAL EEETAGTOVY
{nmpota oyetikd pe v ttnTikotTa g PZ. Ermpocheta, n Asttovpyia tng oThANG ekpodeNong oe VYnAn
mieon PBpébnke va gvvoel dloAvTEG e VYNAGTEPT TEptekTKOTNTA o PZ. H amddoon déopevong HoS ftav
otafepd peyorvtepn amd 1o m0c0otod décpevong CO, (otabepd kot ico pe 95% oe dheg TIg TEPMTMOGELS).
Téhog, TEPLYPAPOVTAL GTPATNYIKES Y10 TNV TEPULTEP® UEION TNG GVYKEVIp@ONG Tov HyS oto xabapd aéplo
cuvheong.

Yt0 Kepdioro 7 avoldeTOL 1 HOVIELOTOINON OTOOU®Y GLVOLOCHEVOL KUKAOL HE aeplomoinom Propdlog
(BIGCC) o10 Aspen Plus™, 6mov evoopotdvetarl og texvoroyia AGR 1 diepyacio ynpikng omoppoepnong pe
Oeppd vdatikd odivpa K,COs. MeletnOnkav tpelg S@opeTikés S10TAEELG KOl GUYKEKPIUEVO 0) EVOG
otafpog BIGCC yia niextpomapaymyn yopic CCS, B) évac otabuog BIGCC yia niextporoapaymyn pue CCS
Kot depyacio ynuikng amoppoepnong tov CO, kot HyS péow dtwdvpdtov K,CO;s ko v) évag otabpog BIGCC
Yo cvpmapayoyn niektpikng evépyswag kot MeOH pe CCS kan digpyosio ynuikng amoppoenong tov CO,
kot HoS péocw doivpdtov K,COs (povade AGR mpv v kavon). Xe Oheg TIC nepmtdoelg Oewpnidnke mmg
TpoypoTomoteital ovtobepuky agpromoinon og vynAn wieon pe piypoto H,O/O; kot kabopiopds aepiov oe
vynAn Oeppokpacio yioo ™ ovlevén pe v mpotewdpevn texvoloyion AGR. Me Bdon ta povtélo tov
dwrtdEewv avaldbnke mn emidpoon Tov AdYov atpov/Propdloc (oTAd0  0EPLOTOINONG), TOL TOGOGTOV
déopevong CO, kot Tov T0600T00 cupmapaywyng MeOH otov evepyelakd Pabud anddoong, otov eEepyelaxod
Babud amdd0oMC Kol GTO TOGOGTO KOTAGTPOPNG eEEpyelag avd diepyacio. H povada dwoympiopod aépa, ot
ocoumtieotég N, yio TV apaimon tov agpiov cuvBeonc Kot 0t GLUTIESTEG Yo TNV anobnkevon CO, cuvtehovv
OTO CNUOVTIKOTEPO TOGOGTO TOV 1310KATAVOADGEMV NAEKTPIKNG evépyelag. O Babuodg evepyelokng omddoong
v 10 otafud BIGCC yowpic epoapupoyy CCS vmepéfn to 46%, evd 1 evooudtoon g depyaciog
amoppoOPNoN/expdenong e voatTikd dwwAdpate Kr,CO; npokdiese T peimon tov kotd 6.5-11.5 mtocootiaieg
povadeg. EmmAéov, éva onpoviikd T0G00TO TG CUVOAKNG KATUOTPOPNG eEEPYELNG 6TO 6TAOUO cLVTEAEiTOL
oTOV 0.€PLOOTPOPIN0, GTOV 0L TODEPIKO Ogplomon T Ko ot povada CCS.

Téhog, 610 Kepdlaio 8 mapovsialovtol ta KOPLOL GUUTEPAGUATO TNG JTPIPC, KaOMG KOl TPOTAGELS Yid
HeALOVTIKN epyacia.



Summary

The scope of the present thesis is the investigation of solvents, sorbents and processes for CO,, tar
and sulfur removal from syngas prior to its utilization for synthesis and/or power generation.
Carbon capture through “warm gas cleaning” (processes at temperatures up to 200 °C) is an
important aspect for both applications. During SNG production, methanation with carbon
monoxide in a CO,-free syngas decreases the demand for hydrogen and the size and cost of
process equipment. In addition, high-temperature acid gas removal (AGR) permits hydrocarbons
to pass through the cleaning unit. Benefits can also be noted for methanol (MeOH) synthesis
plants. In addition, pre-combustion CO, capture at elevated temperatures in integrated
gasification combined cycle (IGCC) plants comprises an important solution for reducing the
environmental impact of power generation from solid fuels through Carbon Capture, Utilization
and Storage (CCUS), while increasing the cycle efficiency compared to cold gas cleaning
processes (e.g. Rectisol™). In this framework, this PhD thesis investigated the characteristics,
benefits and limitations of applying hot potassium carbonate solutions for AGR. This thesis aims
to provide an holistic approach through experimental work, thermodynamic modeling, as well as
modeling of the AGR process and its integration in an IGCC plant for power and MeOH
cogeneration. Since the process cannot achieve deep desulfurization especially regarding organic-
sulfur species, gas cleaning (particularly organic/inorganic sulfur and tar) by activated carbon was
experimentally investigated at “warm gas cleaning” conditions. A coupling of hot potassium
carbonate process with sorbent beds would be essential for synthesis processes, in which sulfur
poisoning of catalysts (e.g. nickel, copper) is often an issue even at concentrations in the range of
1 ppmv. Next, a brief summary of the thesis chapters is provided.

In Chapter 1, an overview of the global status and projections regarding the utilization of solid
fuels for energy, fuels and chemicals is presented. The overview covers coal and biomass, with a
special emphasis on the latter due to its sustainability. The major biochemical and
thermochemical conversion pathways are reviewed emphasizing on gasification, which is of
interest in the present dissertation. The main syngas contaminants from coal and biomass
gasification are analyzed and an extensive literature review is provided regarding their content
and speciation in the raw product gas. Moreover, gas cleaning requirements depending on
downstream processes for power generation or catalytic synthesis are presented. Finally, an
overview of syngas cleaning technologies is provided as a link to the processes studied in the
context of the PhD thesis.

In Chapter 2, an experimental study was carried out on biomass gasification in order to
investigate the syngas composition from a 3 MWy, air blown bubbling fluidized bed gasification
plant operating with woody biomass. The experimental results were used to develop a steady-
state, equilibrium Aspen Plus™ model for the gasifier. In this model, the formation of methane
and ethylene were taken into account, as well as the char content in fly ash. The model was based
on the minimization of Gibbs free energy for the estimation of the main product gas components,
as well as on the effect of the water-gas shift (WGS) reaction equilibrium at the reactor outlet.
The implementation of a WGS model reactor contributed to the approximation of experimental
data, since the reaction can be still active after the gasifier outlet. When only methane formation
was considered, the simulation data greatly deviated from the experimental results. For this
reason, the formation of ethylene was incorporated in the model in a stoichiometric reactor. The
improved model managed to adequately predict the main syngas components. Deviations when
operating conditions, such as fuel and oxidant feed rates changed, were also discussed.
Correlations for char production, organic sulfur and tar distribution can further improve the model
performance.



In Chapter 3, physical adsorption of organic and inorganic sulfur onto activated carbon was
investigated experimentally. Organic sulfur adsorption was carried out in a lab-scale fixed bed
reactor at elevated temperature (100-200 °C). Thiophene (C4H4S) was considered as the model
species in the gas phase based on its concentration in syngas. The study covered a wide range of
operating parameters, such as the gas flow rate (or gas hourly space velocity, GHSV),
temperature, C4H4S concentration and moisture content. Temperature was found to influence
significantly the capacity, while on the other hand, GHSV did not have a notable impact other
than a reduction in breakthrough time. A comparison of experimental data with two isotherm
models implementing one (Henry model) and two parameters (Langmuir model) followed and a
good agreement was found for the latter model. As a next step, a study on the combined removal
of sulfur and tar species by activated carbon was conducted. Real syngas produced by a 1 MWy,
entrained-flow gasifier was used during the experiments. The investigation concluded that
selectivity issues arise since the AC material could adsorb H,S less efficiently in the presence of
CsHg. Moreover, difficulties encountered during AC evaluation under real gasification conditions
are discussed (mainly due to the variability of syngas quality).

In Chapter 4, an experimental investigation of CO, solubility and absorption rate into pure and
promoted K,COj; solutions is presented. The study was carried out in a stirred reactor by applying
a batch-type pressure decay experimental method. For the pure K,CO; aqueous solutions, tests
were carried out at temperatures between 80 and 120 °C with two different K,COs concentrations.
The experimental measurements were found to be in agreement with estimations of electrolyte-
NRTL thermodynamic model. In a next step, Glycine, MDEA, MEA and PZ were tested as
additives in the K,CO; aqueous solution. As far as K,CO; solvents are concerned, solubility
increases with a decrease in temperature or with a denser solvent. Concerning the addition of
promoters, the use of PZ greatly improves CO, solubility and absorption rate at the same time.
The use of MEA is also beneficial for both solubility and absorption rate, but to a lesser extent
compared to PZ. On the other hand, MDEA can potentially improve solvent capacity when added
in lower quantities, however, when used at higher concentrations, it lowers CO, solubility.
Finally, Glycine addition at a low molarity deteriorated CO, solubility. Based on solvent
screening results, MEA and PZ were selected as promoters for further investigation.

In Chapter 5, an experimental study on the removal of CO,/light tar mixtures by pure and MEA-
promoted K,COj; aqueous solutions is presented. Two model compounds which have the potential
to be valorized in downstream synthesis applications were selected (benzene and toluene) e.g.
reforming of benzene during methanation is possible. This study can be considered as an
extension of the work performed in Chapter 4. The experimental apparatus used in the batch-type
experiments was modified to allow continuous gas phase analysis through FTIR spectroscopy.
The effect of absorption temperature, MEA concentration, and tar partial pressure on the co-
absorption of CO,/C¢Hg and CO,/C;Hg is reported. The low affinity of K,CO; solutions towards
light tar species is confirmed, since very low tar capacities were measured.

In Chapter 6, an Aspen Plus™ model for the hot potassium carbonate process aiming at the
simultaneous capture of CO, and H,S from coal syngas is presented. The study was carried out in
the framework of process integration in a Coal-to-SNG plant based on allothermal gasification.
Both pure K,CO; and PZ-promoted K,COj; solvents with varying PZ fractions were evaluated.
Adjustment of electrolyte-NRTL parameters was performed through experimental data
regression, since default Aspen Plus™ parameters did not accurately model the thermodynamics
of the liquid solution. Detailed rate-based models were used to describe the absorber and desorber
columns. The effect of process parameters on H,S capture efficiency, liquid circulation rate and
specific reboiler duty was investigated for all solvents. It was found that when the process
operates with PZ-promoted solutions, similar reboiler duties to the pure K,COj; solvents can be
achieved at lower absorber pressure. A higher lean solvent loading is required for the former due



to their high heat of desorption, while PZ volatility issues must also be considered. In addition,
operation of the desorber column at elevated pressure was found to benefit solvents with a higher
PZ fraction. Finally, H,S removal efficiency was consistently above the CO, capture level (set to
95% in all cases). Strategies for further reducing the H,S content in clean syngas are also
discussed.

In Chapter 7, Aspen Plus™ process models encompassing the integration of the hot potassium
carbonate process in a biomass IGCC (BIGCC) plant are presented. Three configurations were
considered, particularly a) an electricity-only BIGCC plant without CCS, b) an electricity-only
BIGCC plant with pre-combustion CCS by means of aqueous K,CO; solutions for CO, and H,S
capture and c) an electricity and MeOH cogeneration BIGCC plant with pre-combustion CCS by
means of aqueous K,COj; solutions for CO, and H,S capture. In all configurations, autothermal
pressurized gasification with steam/O, mixtures and hot syngas cleaning were considered for
coupling with the hot potassium carbonate process. The effect of steam-to-biomass ratio, carbon
capture rate and MeOH cogeneration share on the plant energy efficiency, exergy efficiency and
exergy destruction ratio per process was investigated. The air separation unit, N, compressors for
syngas dilution and compressors for CO, storage/sequestration account for the major electric
power consumptions of the plant. Energy efficiency for the BIGCC w/o CCS was found to exceed
46%, while the integration of hot potassium carbonate technology caused an efficiency penalty in
the range of 6.5-11.5 percentage points. A high share of exergy destruction was found to occur in
the gas turbine, autothermal gasifier and CCS unit.

Finally, the main conclusions of the thesis, along with suggestions for future work, are presented
in Chapter 8.



