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OEQPHTIKO MEPOX, EIXATQI'H
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Kotd ™ owdwoaocia mg mpospoenong (adsorption), éva 1 meplocoOTEPO OEPLOL
GLOTOTIKO OTTOLOKPVVOVTOL OTO TO PLTOGLEVO AEPLO PEVLLO TPOGKOAALOVUEVO GTNV
emeaveln evog otepeov. Ta popla Tov agPiov TOL ATOUAKPVVOVTOL OVOPEPOVTOL
G TPOGPOPOVLEVH, GLOTATIKA 1 Tpoopopnuéveg ovcieg (adsorbate), evd To
OTEPED TOL TPOYLATOTOLEL TNV TPOSPOPNGN OVOUALETOL TPOTPOPNTIKO VAIKO M
TPocpoPNTIKO oteped (adsorbent). Ta mpoopoentikd vAkd eivor eEonpetikd
TOPWOT, EVA 1 TPOTPOPNGT KATA KUPLO AOYO AAUPAVEL YDPOL GTNV EGMOTEPIKT] TOVG
EMPAVELQL.
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AYNAMEIX ITPOXPO®PHXHY, XHMIKH & ®YXIKH

H depyasia g mpospoenong umopel va givon gite puowkn| ite ynukn. H Baoctkn
dlopopd. AVAUESO GTI GUGIKN KOl OTN YNHKY TPOSPOPNCT Eival 0 TPOTOC e TOV
0ooi0 TO. HOPLOL TOV OEPIOV OEGUEVOVTOL OTNV EMUPAVELL TOV TPOGPOPNTIKOV
HECOV. XTNV QUGIKY] TTPOGPOPN G TO HOPLO. TOV OEPIOV OEGCUEVOVTOL GTIV
EMPAVELD TOV 6TEPEOD NESM 060EVAV OLOPOPLOKAOY dvvape®y. H ynuikn eoon
TOL TPOGPOPOVUEVOL 0EPIOV TAPAUEVEL OUETAPANTY, EMOUEVOS, 1 (QULGIKN
TPocpOENoN elval (o eOKOAN avTIoTPEYIUN OlEpyacio. AvTIOETMS, 6TV YUK
TTPOGPOPGI), 0 OEGUOC TOV GYNUATILETAL PHETACD TOV HOPLOV TOV CEPLOV KOl
TOL TTPOSPOPNTIKOV VAIKOV €ivan TOAD woyvpos. H ynukn tpoopodepnon dev eivai
Ho. €0KOAO avTIoTpEYIUN Otadikocio Kabdc mAektpdvia aviaAldocovtolr M
notpalovtot, 6mm¢ cupuPaivel Ko g Evay ynuko deopd (Zynuoa 1).
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(a) (b)
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2ynua 1. Zynuotikn anetkovioTn QUGIKNG Kol YNUKNG TPOGPOPNoNG.
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KAMITYAEX AIEAEYXHY (BREAKTHROUGH CURVES)
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[a@ v «xatovomon tov  xopumvAov  Oiédevcelg  (breakthrough curves)

TopovctdleTor T0 Xynuo. X100 mve PEPOC avtov, 1 otabepomoinuévn KAv

amewovileTal o€ TPEIC OPOPETIKEG Ypovikés otiyuéc. Ilo  ovykekpuéva

AVOTOPIOTATOL TO HECOOAGTNO amd TNV €16000 TOV agpiov otV KAlvl €®C TOV

YPOVO KOTA TOV OTOI0 GNUOVTIKT] GUYKEVIPMOGT TOL OEPIOV SLOPEVYEL OO OQLTY).

210 KAT® MEPOC TOL GYNUOTOS, 1N YPOPIKN TAPACGTOCT OTEWKOVICEL TN

ovyKévipoon €000V TG  KAIVIIE ®G ouvaptnon  Tov  YPOvVov
ema@c/AerTovpyiag 1 TOL 0YKOL EKPOTGS KOl OVORALETOL KOPTOAY dElevonc.

Eiooboc acplou Eioobog aeplou EicoBoc aepiou
Ca C,
KopeEopeEvog 1|. |

AV PAaKEE —
ZuWT Mpoopdp:

“kabapde”
avBparag l l

‘EEnbocg acpiou C; 3 ‘EEolog acpiou Cu;
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1 s I Iy
‘Oyrog acpiou 1 ¥pévog Aoitoupyiag

Yymua. To kdua Tpoopdenong Kat 1 Kaumving diEdevong (breakthrough curves).
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KAMITYAEX AIEAEYXHYX (BREAKTHROUGH CURVES)

Ot kaumdAeg 01 eVONG 0€ TAOTIKY] KAILOKO TPETEL VO KABOPIGTOVY GE GLVONKEC
mov vo  Ppilokovtol TPOGEYYIOTIKA MO KOovid o ovvOnkec Aettovpyiog

Bropmyoviov.

210 TOPAKAT® XyMNUo TOPoLGLALeTOL £va TOPAOELY O VITOAOYIGLOD TNG TOGOTITOG

NG TPOGPOPTLEVIC OLGIOG:

1 e S -

cic,

TOmog vToLoyiG oD

P-Mr t C
o PN (1)

Wsorbent

Effluent volume, V

YyMuo. Kopmodn siélevong (breakthrough curve).

omnou

t: O xpovog podnaong

ft (1 - ﬂ) dt: To {ntolupevo oAokARpwpua
0 Co

Fg: pon (mL-min-t)

W pent: BAPOG UALKOU (8)

Mr: poplakd Bapocg aepiou (g-mol?)

Yin: YPOHHOHOPLOKO KAAOpO aeplou otnv eicodo
R: 0.082 L-atm-mol-*-K?

T: Beppokpacia kelvin

P: mtieon og atm

C, kat C, ouykévipwoan o€ elcodo kat £§060
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Aéopevon tov CO, (Carbon Capture)

H apxikry 6éopevon tou Stoeldiov tou avOpaka (Carbon Capture) pmopet va

npaypatornoLnOst:

* Eite péow tne¢ Swadwkaoiac tne amoppodpnonc touv amnd uvypd StaAvpato
(absorption), onwc eival Ta vdaATKA SLHAUpATA ALVWV

* Eite péow tnNc mpoopodnong tou navw oe otepeE emidpaveleg (adsorption).

H nmpoopodnon tou Sloéeldiov tou avOpaka oe otepeEC eMIPAVELEC UMOPEL va
Staxwplotel oe ¢uowkl mnpoopodnon (physical adsorption), av ol
oAANAeTILOpaAoEeLlC TTpoopodPNTLKAC eTLPAVELAC KoL agplou elval acBeveig kol os
XNUWKAR mpoopodnon R xnuewopodnon (chemisorption) av umnelo€pyetal
OXNHATIOUOG XNUIKWV deopwv petagd CO, kot podnth.

Flue Gas

Scrubbed Pure coz

Flue Gas Sffaiin 3 2
. Orgar;‘i;:';irr;;;;ganic ‘
%

Heat »
Exchanger Zeolites i = Calcium oxides

‘Capacity (mmol/g)
N &2 @ = o R

25°C 87 -100°C
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dvown) tpocspoonon CO,

* H ¢uolkn mpoopddnon MPAYUATOTOLETOL O XAUNAOTEPEC BEPLOKPAOIEG HE TILO
ypAvopn Kwntikn mpoopodnons. YALKA TOU XPNOLUOTIOLOUVTOL yla Tn ¢uoLkn
npoopodnon tou CO, eivar ouvnBwg {edABoL kar evepyoi AvOpakeg, Omou
ocupBaivel didxuon kot cuykpdatnon twv popiwv CO, 0TOUG MOPOUG TWV UALKWV
QLUTWV.

e OLleoMBol gival pkpomopwdn apytAomupttika VALK OTTou To apvnTLko dpoptio mou
UTTAPXEL AOYW TwV aTtopwv Al, avtiotaBuilovtal e TNV TOPOUCILA OVTLOTAOULOTIKWY,
BeTIKA POPTIOUEVWV LOVTWV (TT.X. AAKAALD, AAKAALKES YOLEC).

* Ol evepyol AVOPOKEG LIE TN OELPA TOUC ATOTEAOUVTAL ATTO ATAKTO SOMNUEVOUG
MiKkpO- Kol HEoOmMOpouG Kal sival blaitepa eAkuotikol otn Blopnxavia Adyw tou
XONAOU TOUG KOOTOUGC, KaBw¢ pmopouv va mapaxBouv amnod Sladope mpwTteg UAEG,
onwg elvat o Awvitng, umoAsippota MAACTIKWY, Ttiooa, AAAAQ Kol UTIOAEiMpOTA
Blopalac.

Zeo0or Evepyoi avOpokeg



Xnpewpoonon CO,

H xnuelwopodnon AapBaver xwpa oe vPnAotepeg OepHoKpOOieg Kal MUMOPEL va
odnynoeL oe LEyaAUTEPN XWPNTIKOTNTA TPoopodnaong, mou cuvABwe HeTpLlETal o€ mol
pobnuévov CO, ava kg podnti. 2ta UAKA TIOU XPNGOLUOTIOLOUVIOL YLd TN
XnHelopodnon tou CO, ocuykataAleyovtal petalAwka o§eidia (CaO, MgO), avOpakikda
alata (Na,CO;, K,CO,), kepapikd vAwa (Li,ZrO;, Na,ZrO,, Li,SiO,), ubpotadaciteg kat
UBPOIKA UALKA Olw¢ €lval oL OpPyovIKA TPOTIOTIOLNUEVEG OILALKEG Kol Ta
HETOAAAOOPYAVLKA TIAEYOTAL.
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WA

OC&eiowo Tov AoPeotiov

(Calcium oxide) AVBP“K“‘(’ Nazpro Zrpkoviko AiGrwo
(Sodium carbonate)

(Lithium zirconate)

v

[M'(OH) J*

G
[M"(OH),J*

soc-MOF

Yéporaheireg (Hydrotalcites) YBp1dikd vika MEeTarhoopyaviKd TAEYpOTA
(Hybrid Materials) (Metal Organic Frameworks)
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Xnpuewpoonon CO, og vyni Ogppokpacia: CaO

To Ca0 eival €va amd T onuavtikotepa ofeidla mou Ypnolpomolovvtal yla Tn
XnHeLopodbnon tou CO,

H 6€opeuvon tou CO, ano to CaO (ovopdletal kat avBpakomoinon) eivat pio e§wOepun

avtidépaon kal mpayuatonoleitatl petd amnod enadr otepeol CaO pe anagpla Kavong o€
uPnAn Bepuokpaocia (650 — 750 °C):

CaO(S) + COz(g) —> CaCO3(S)

2Tn CUVEXELO TpayUaTomoLElTal n evé00epun avtidpaon tng anodéopevong tou CO,
(ovopaletal kot anavOpdakwon) pue avénon tng Bepokpacioag otoug 800 — 950 °C umod
pon agpa:

CaCO;3) — CaOg) + COxy)
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Xnpuewpoonon CO, og vyni Ogppokpacia: CaO

H xpnon tou CaO mpoodepel to TMAgovEKTNUA TNG MOAU UPYNAARG XWPENTIKOTNTOG
podnong pe Bewpnuiki T ta 17,8 mol/kg, wotdoo £XEL TO HELOVEKTNUA TNG XOUULNARG
KWWNTIKAG mpoopodnong kat tng unmoPaduwong (degradation) tou evepyou podntn
AOyw TUPOCUCCWHATWONG TWV KOKKWV Tou Ca0 petd amod Stadoxlkou¢ KUKAOUG
npoopodnong/ avayevvnong. Evog TpOmMoc QVTIUETWILONG AUTOU TOU TPOPBARUOTOC
elval n mpooBnkn pHeTAAAWV otabepomolntwy, OMwWE To Zr, UE OTOXO TNV avénon Ing
otaBepotnTag Tou evepyol podnth.

MNapakdatw d¢aivetal n Stadikaocia avBpakomoinong kot amoavOpdkwong tou Cao, pe
geudavn to amotéAeopa tng umoBaduong tou podnti HETA AMO MUPWOCUCWHATWON
TWV KOKKwV CaO.

CcO, > Unrea CaCoO,
CaO duct layer

#

co. carbonation ” regeneration '
@ —— —




Xnuewopopnon CO, og evordpeon Oeppokpacia: Na-Al,O,

oéwvou popiou tou CO,.

AAKAALDL KOl OAKOALKEG yaleg lval apKETA €veEPYA WG TIPOG TNV MPoopodnon tou

Turkd, evepy€g paoelg aAkaAiwv kot adkoAtkwv yowwv (rt.x. CaO, MgO, Na,0, K,0,

Na,CO;, K,CO;) pmopouv va umootnpixBouv oe umootpwpata UPnAnG €LdKAg
grudaveiag (r.x. Al,0;) kat va mpoopodroouv CO, o evdldpeon Beppokpaaia (r.x.
300 °C) rtou dev pmnopei evkoAa va paypatornolnOel pe aAAa UALKA.

Tot UALKA UTA PTTopOUV €MioNG va cuvOUACTOUV PE pia KATaAUTLKA evepyn dAon Kot

va epoppooTolV o POPNTIKA EVIOXUHEVEG AVTLOPACELS (TT.X. pOPNTLKA EVIOXUMEVN
avtidpaon Hetatomiong 0OATOC), AAAd Kol WG OSLAELTOUPYLKA UAWKA (m.X. otn
ouvduaopuevn podnon kat pebavomnoinon tou CO,).
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CO, capture

o O
o
2

support (Al,O,)

Y e
Step 1: CO, capture  1b) 0* g
(adsorption) OH Nll(:rR OH
11

a

Al Al Al

1600 cm™! ﬁ 2b) 5b) 0
1370 em™ ¢ {%ﬂ_ﬂﬂ
9 4] Na' i
Ol HRuNa s i RuOHN ?Hllma | Ru ?H lI{u/
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Step 2: Methanation
(H; reduction)
4H; 1320 cm’!
5 o / 1520 cm’
|3 4) || 2035 cm!
H /C\fH H O—(I:—H H
on| Na% 20 | on oulna'| | om |
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C/C,

Xnuewpopnon CO, og evordpeon Oeppokpacio: Na-Al, O,

KapmUAeg SteAevong CO, pe dtadopetikd UAka otoug 300 °C:
1. Ca0, MgO, Na,C0,, Na,0, K,CO,, K,0 unootnptlopeva o Al,O,
2. Na,O unootnpuopevo o dtadopoug dopeig Al,O,, ZrO,, TiO,, SiO,, CeO,

Time (min)

C/C,

0,0

NaAl
NaZr
— NaTi
——NaCe
NaSi

— :
5 10 15 20 25 30
Time (min)
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C/C,

Xnuewpopnon CO, og evordpeon Oeppokpacio: Na-Al, O,

KaumnuAeg Stehevong CO, tou uAkou Na,O/Al,O;:
1.
2.

Ye Sladopetikeg Beppokpaoieq pe ouykevtpwon 1% CO,/Ar (vol%)

2toug 300 °C pe Stadopetikeég ouykevtpwoelg CO,/Ar

0,0

I T T T T T T T T T
5 10 15 20 25 30

Time (min)

c/C,

Time (min)
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Iewpapatikn owedkacia tpospopnong (H,S)

2Tn OUYKEKPLUEVN €pyaoTtnpLakn doknon, Ba npayuatonolnBetl mpoopodnon
H,S pe xprion evog epmopkol popLakol Kookivou ({e0AB0G) pe TNV KwdLKN
ovopaoia IMS (Industrial Molecular Sieve). Meplkég armo TLG PUOLKOXNULKES
L8LOTNTEC TOU IPpoopPOoPNTIKOU UALKOU TTapoucLAloVToL OTOV TIOPOKATW TIVOKAL:

<1600 °C

. pH 8-11

TLUKVOTNTA

1.363 g-dm?3

BTN cdapws
ALQpETPOG 0.9 mm
odaipag '

0.5 nm

ALQpETPOG
OPOoU



IMewpopatikng owwokacia tpospopnong (H,S)
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Ta nelpapata npoopodnong ywa tn deopevon tou H,S Ba mpaypatonownbouv og vaAwo
avidpaotinpa otabepnig kAivng (9 mm eowteptkn dtapetpog kat 400 mm unkog). M
OXNUATIKA avamopaotacn TNG Telpapatikig Olataéng mou Ba  xpnolpomolnBet
TIOPOUGCLALETAL OTO TTAPOKATW ZXN AL

OL pOEC TWV aepiwv HETpoUVTAL OXOAAOTIKA UE TN XpNon GUCAALSOUETPOU TIPLV Ao TNV
evapén kabe mepapatog. AtadopeTikeg ouykevtpwoelg H,S (m.x., 200, 1000, 2000, 3000,
4000, 6000, 8000 kot 10000 ppm) peAetOnKav.

H ouykévipwon tou H,S otnv €6060 tng KAlvng peTpLETAL pe PaopaTtopeTpo palag (QAMS
300 Prisma of Pfeiffer Group), To omoio €xeL tn Suvatotnta va mapEXEL o ansuBeiag Kot
OUVEXOUEVN KaTaypadn.

e

MV: metering valve
OFV: on-off valve
NRV: non-return valve
3WV: 3-way valve

UT: union T

TC: thermocouple

MS: mass spectrometer
BM: bubble meter
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IMewpopatikng owwokacia tpospopnong (H,S)

Mpwv amod ta nepapata ntpoopodnong, To HopLako kookivo (0.7 g) mpoBepuaivetal pEoa otov
avtdpaotpa otoug 200 °C kdtw amd ocuvexn pon Ar uPnAng kaBapotntag yia U0 wWPEG,
yla TNV amopaKpuvon TUXOV uypaciag 1) UTTOAELMUATWY TIOU UTtopEel va mapouaotdalovtay. Ev
ouvexela, o avtdpaotipag Puxetal otnv emBuunty Bepuokpacia (25 °C) otnv omoia n
npoopodnon tou H,S dieayetal oe mieon 1 atm. H cuvoAwr) por agpiou eival otabepn ota
100 mL-min? yia 0Aa ta melpapata. Mo tnv aloAdynon tng enidpaong KAbe mapopETpou,
Eeklvwvtacg amo ouvlnkeg avadopdc, dtadopormoleital pa mMapAUeTpoc TN dopd, EVw ol
UTTOAOLTTEC TTopapEVOUV oTtabepeg. H wplaia tayvtnta xwpou tou agpiov (GSHV) sival 8571
h kat n cuvoAwkn pory 100 mL-mint. Ta apxlkd melpapata die€dyovial oe cUVONKEG Tiieong
kol Beppokpaciag meplBdAAovio. O KUKAOG TEAELWVEL OTAV TO OUOTNUA EPXETOL OE
Loopportia kat o Adyog C,/C, yivetal Eva.

H nmoodtnta H,S (mg-g?!) umoloyiletal anod tig kapnuAeg SLEAEUONG XPNOLLOTIOLWVTOG TNV
akoAouBn etiowon:

Fa it -y ! (1-—L]d:

w.f-l]'l"ﬂ'!‘lll

q=

omou t eivat o xpovog pddnong, Fr elvat o cuvoAkdg pubuog pong (mL-mint), W, . ElvaL to
Bapog tou mpoopoodntA (g), M, eivar to poplakd Bapog tou H,S (g-mol?), vy, eivar to
ypappopoplako khaopa H,S otnv elcodo kat C, kat C, givat oL GUyKeVIpwOEeLG tou H,S, otnv
eloodo kat tnv €060, avtiotowa (R =0.082 J-mol 1K1, T=298 K, P =1 atm).
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AGKNGEIS TPOG emilvon

Aoknon 1:
YroAoyiote TNV TPOCPOPNTIK LKAVOTNTA TOU UAWKOU (mg-gl) oe Tpelg
SLabOPETIKEG CUYKEVIPWOELG EL00S0U H,S.

MedoboAoyia

KabBe dortntrc Ba mpemel va eTiAEEEL 3 SLAPOPETIKEC OUYKEVTPWOELS L0060V, Ta
QTTOTEAECOATA TWV TIELPAUATWY TIPOopOdNoNG mapEXOVTOL UTIO popdn excel, omwe
auta mpoékuPav amod tov avaAutn paloc (MS). Ou doltntég kaAouvtal va
OtaAgéouv amo 3 Oladopetikeg KoptéAeC. KabBe kaptéla avtlotolxel o€
SlapopeTIK CUYKEVTPWON, yLa tapadeypa 200 ppm, 2000 ppm, 3000 ppm, 4000
ppm, 6000 ppm, 8000 ppm, 10000 ppm. 2t cuvexela Ba TTPEMEL VoL UTTIOAOYLOTEL N
MPOOoPOGNTIKA LKOVOTNTO TOU UALKOU OTLC OUYKEVTPWOELC QUTEC. H mpoopodnTiki
Lkovotnta umoAoyiletol amd to oAoKARPWHO TNG Mapakdtw eélowong. MNa tov
UTTOAOYLOMO TOU  OAOKANPWHATOC TPOTELVETOL N XpPAon  HaBnpoTKwY
UTTOAOYLOTIKWV TIPOYPOLLUATWY OTIWE TO origin, n python, to matlab, ri/kat to excel.

P -Mr t L
-FR'W '}'fn'.ll-n[:i-fi‘)d':

w.ﬁ]'l"ﬂ'!‘ll!

q=
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AGKNGEIS TPOG emilvon

Aoknon 2:

Na mopaotioete ypadplkd T KopUAES SLEAsuonC yia T 3 SLadOPETLKEC
OUYKEVIPWOELG eLcodou omou C,/C, (y-a&ovag) kat xpovog mpoopodnaong o€
Aemttd [min] (x- d€ovacg).

Aoknon 3:

Moco tng % avénBnke n mMpPoopodPNnTIKA LKAVOTNTA TOU UALKOU HETOEL TWV
SU0 akpaiwv cuyKeEVIpWOoewV €L00dou tou H,S mou emihefate (m.x. petady
2000 ppm kat 8000 ppm).
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AGKNGEIS TPOG emilvon

Aoknon 4:

Yriohoyiote to AH® kat to AS® AapPBdvovtoac umopn ta Sedopéva Tou
MOPOKATW Tiivaka pe T PBonBsia tou OSwaypappoatoc Van't Hoff (va
napaotafetl ypadikd). ZXOALAOTE TA ATOTEAECUATAL.

AS®  AH°
Ky =~ Rr

MeGoboAoyia

EAEYXETAL N YPOUULKOTNTA TWV ONOTEAECHATWV HE XpAon TG €lowong
Van’t Hoff kal umoAoylopd tou cuvtedeoty cuoxétonc. Edboocov umdapyel
YPOMULKOTNTA, Ao TV KALlon tTng guBelag Kol amod TNV Toun HE Tov afova
TWV TETAYUEVWVY UTtoAoyilovtal ta {nTtoupeva amoteAeopata. Alvetal R =
8.314 J-mol-1-K?

ApLlOuog OepuoKpacia
n£t DALLOTO o€ Kelvin

I'Istpap.a A 298.15 1.451

308.15 1.404
323.15 1.350
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AGKNGEIS TPOG emilvon

Aoknon 5:
YrioAoyiloTe TNV EVEPYELO EVEPYOTIOLNONG KOl TOV TIPOEKOETIKO TTAPAYOVTA LIE
TN Bonbela Tou MopaKATW TTivVaKAL.

_Eq
k = Ae RT

MeGoboAoyia

EAEYXETAL N YPOUULKOTNTO TWV ATTOTEAECUATWY ME Xpron tne e€lowong
Arrhenius. EpOoov uTtapyeL ypOoUULKOTNTA, oo tnv KAlon tn¢ euBesiag Kal
aro TNV ToUN ME Tov dfova Twv TETAYUEVWY uTtoAoyilovtal ta {nToupeva
amoteAgopata. Aivetat R = 8.314 J-mol*-K1. Emlong pmopet o pottntrc va
XPNOLUOTIOLACEL KAl LN YPOLULULKY) HEB0SO emiAuong av to emBUUEL, KoL oTN
OUVEXELO VAL CUYKPLVEL TIC SUOo pebodouc.

neta Qato KeAoiou

I'Istpaua A 1.02:103
35 1.08:10°3
50 1.52:10°3
| Neipapa A

Neipapa A 100 15.81-103




catalysts MbP1)

Rewiew

Removal of Hydrogen Sulfide From Various
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Abstract: The separation of hydrogen sulfide (H25) from gas streams has significant economic
and environmental repercussions for the oil and gas industries. The present work reviews HaS
separation via nonreactive and reactive adsorption from various industrial gases, focusing on the
most commonly used materials Le., natural or synthetic zeolites, activated carbons, and metal
oxides. In respect Lo cation-exchanged zeolites, attention should also be paid to parameters such as
structural and performance regenerability, low adsorption temperatures, and thermal conductivities,
in order to create more efficient materials in terms of HaS adsorption. Although in the literature it
is reported that activated carbons can generally achieve higher adsorplion capacities than zeolites
and metal oxides, they exhibit poor regeneration potential. Future work should mainly focus on
finding the optimum temperature, solvent concentration, and regeneration time in order to increase
regeneration efficiency. Metal oxides have also been extensively used as adsorbents for hydrogen
sulfide capture. Among these materials, Zn{ and Cu-Zn-0 have been studied the most, as they
seem to offer improved H;S adsorption capacities. However, there is a clear lack of understanding in
relation to the basic sulfidation mechanisms. The elucidation of these reaction mechanisms will be a
toilsome but necessary undertaking in order to design materials with high regenerative capacity and
structural reversibility.

Keywords: zeolites; activated carbons; metal oxides; adsorption; HyS
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Abstract: The removal of the environmentally toxic and corrosive hydrogen sulfide (H,5) from gas
streams with varying overall pressure and Ha5 ion is a long- di halls faced by
the oil and gas industries. The present work focuses on HsS capture using a relatively new type
of material, namely metal-organic frameworks (MOFs), in an effort to shed light on their potential
as adsorbents in the field of gas storage and separation. MOFs hold great promise as they make
possible the design of structures from organic and inorganic units, but also as they have provided
an answer to a long-term challenging objective, i.e., how to design extended structures of materials.
Moreover, in designing MOFs, one may functionalize the organic units and thus, in essence, create
pores with different functionalities, and also to expand the pores in order to increase pore openings.
The work presented herein provides a detailed discussion, by thoroughly combining the existing
literature on new developments in MOFs for HaS removal, and tries to provide insight into new areas
for further research.

Keywords: H;S removal; MOFs; gas separation; isoreticular principle; host-guest interactions

https://doi.org/10.3390/ma13163640

PUBLICATIONS

N ACS
Lcj OMEGA

hatp:Ypulbe.acs.orgjournal facsodf

Adsorption of Hydrogen Sulfide at Low Temperatures Using an
Industrial Molecular Sieve: An Experimental and Theoretical Study
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ABSTRACT: In the work presented herein, a joint experimental
and theoretical approach has been carried out to obtain an insight
into the desulfurization performance of an industrial molecular
sieve (IMS), resembling a zeolitic structure with a morphology of
cubic crystallites and a high surface area of 590 m® z ! with a view
to removing H,5 from biogas. The impact of temperature, H,S
inlet concentration, gas matrix, and regeneration cycles on the
desulfurization performance of the IMS was thoroughly probed.
The adsorption equilibrium, sorption kinetics, and thermody- ~
namics were also examined. Experimental results showed that the XXX
relationship between H,5 optake and temperature increase was

inversely proportional. Higher H,S initial concentrations led to

lower breakpoints. The presence of CO; negatively affected the
desulfurization performance. The IMS was fully regenerated after 15 adsorption /desorption cycles. Theoretical studies revealed that
the Langmuir isotherm better described the sorption behavior, pore diffusion was the controlling step of the process (Bangham
maodel), and that the activation energy was 42.7 kJ mal ™ (physisorption). Finally, the thermodynamic studies confirmed that
physisorption predominated.

https://doi.org/10.1021/acsomega.0c06157



https://doi.org/10.3390/catal10050521
https://doi.org/10.3390/ma13163640
https://doi.org/10.1021/acsomega.0c06157

. materials

PUBLICATIONS

by

Article

CO; Physisorption over an Industrial Molecular Sieve Zeolite:
An Experimental and Theoretical Approach

Anastasios I. Tsiotsias

check for
updates

+

, Amvrosios G. Ceurgiadis' , Nikolaos D). Charisiou ' and Maria A. Goula *

Laboratory of Alternative Fuels and Environmental Catalysis (LAFEC), Department of Chemical Engineering,
University of Westemn Macedonia, GR-50100 Kozani, Greece

* Correspondence: mgoula@uowm.gr; Tel: +30-461-056-651

¥ These authors contributed equally to this work

Abstract: The present work studies the adsorption of CO, using a zeolitic industrial molecular sieve
(IMS) with a high surface area. The effect of the CO; feed concentration and the adsorption temper-
ature in conjunction with multiple adsorption-desorption cycles was experimentally investigated.
To assess the validity of the experimental results, theoretical calculations based on well-established
equations were employed and the values of equilibrium, kinetic, and thermodynamic parameters
are presented. Three additional column kinetic models were applied to the data obtained exper-
imentally, in order to predict the breakthrough curves and thus facilitate process design. Results
showed a negative correlation between temperature and adsorption capacity, indicating that physical
adsorption takes place. Theoretical calculations revealed that the Langmuir isotherm, the Bangham
kinetic model (1.e., pore diffusion is the rate-determining step), and the Thomas and Yoon-Nelson
models were suitable to describe the CO; adsorption process by the IMS. The IMS adsorbent material
maintained its high CO, adsorption capacity (>200 mg g ') after multiple adsorption—desorption
cycles, showing excellent regenerability and requiring only a mild desorption treatment (200 °C for
15 min) for regeneration.

Keywords: CO, capture; industrial zeolite; breakthrough curves; adsorption isotherm; process modelling
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s ABSTRACT: CO, adsorbents comprising various alkaline sorption active phases supported on mesoporous Al,O; were prepared.
& The materials were tested regarding their CO, adsorption behavior in the midtemperature range, i.e., around 300 °C, as well as
7 characterized via XRD, N, physisorption, CO,-TPD, and TEM. It was found that the Na,O sorption active phase supported on
8 ALO; (originated following NaNO, impregnation) led to the highest CO, adsorption capacity due to the presence of CO,-philic
9 interfacial Al-O~—Na" sites, and the optimum active phase load was shown to be 12 wt % (0.22 Na/Al molar ratio). Additional
10 adsorbents were prepared by dispersing Na,O over different metal oxide supports (ZrO,, TiO,, CeO,, and Si0,), showing an
11 inferior performance than that of Na,0/ALQ,. The kinetics and thermodynamics of CO, adsorption were also investigated at
12 various temperatures, showing that CO, adsorption over the best-performing Na,O/ALO; material is exothermie and follows the
13 Avrami model, while tests under varying CO, partial pressures revealed that the Langmuir isotherm best fits the adsorption data.
14 Lastly, Na,O/AlLO; was tested under multiple CO, adsorption—desorption cycles at 300 and 500 °C, respectively. The material was
15 found to maintain its CO, adsorption capacity with no detrimental effects on its nanostructure, porosity, and surface basic sites,
16 thereby rendering it suitable as a reversible CO, chemisorbent or as a support for the preparation of dual-function materials.
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