Pe3iome U aBTOPCKa CpaBKa 3a HAYy4YHU NPUHOCU

Ha nybaunKauuMute, paBHOCTOMHM HAa MOHOrpaguueH Tpya no Mokasarten B ot
M3UCKBaHMATA MO KOHKYPC 3a 3aemaHe Ha A/l ,,Mpodecop”,
O6nact 5: TexHuuecku Hayku, MNMH 5.4 EHepreTuKa, HC ,TepmuuHu n agpeHm
eNeKTPUUYeCKU ueHTpanu”
Ha gou. 4-p uHX. Cunsua boiuesa

Mo nokasaten B ca npeactaBeHn 15 Ha 6poii, PAaBHOCTOMHM HA MOHOrpaduyeH Tpya,
nybaunkaumm, pedepupanu B 6asmn aaHHmn Scopus n/unmn Web of Science.

MNMybankaummnte ca TemaTM4yHo obeanHeHN noa o6uOTO 3arnasme “OnonsoTsopsaBaHe
Ha nenenTa oT BbIULWHM TONN0eNeKTpUUecku ueHTpanm (TELL) upes ankanHa KoHBepcua B
3€0/IMTU C NPUNOXKEHUA B CUCTEMMU 3a Y/NaBAHE HA BbINEpPOSHU eMUCUM, [ECTPYKLUUA U
AeTeKUuUA Ha aTMOCPEepPHU 3aMbpPCUTENM, CbXPAHEHUE HA TOM/IMHHA EHEepPrua U OUMCTBaHe
Ha Boau”. lpeactaBeHMTe Nyb6/MKauMmM obxBawaT pe3yaTaTM OT 3aAbA004YEeHM HayyHuU
n3cneflBaHUA Ha Bb3AENCTBUATA BbPXY OKOMHATa cpeda OT M3rapsaHeTo Ha M3Komaemwu
ropuBa M pa3paboTBaHETO Ha TEXHOJIOTMYHW pelleHus 3a nogobpABaHe Ha eKONOTrUMYHUTE
nokasaTenuM Ha BbranwHuTe TEL. M3cneaBaHuATa ca HAcoOYeHUM KbM MNPOy4YBaHMA Ha
TEXHO/IOTMYHO pPeann3yeMm M UKOHOMMYECKM M3rogHM NOAXOAWM CbC 3HAYMM EKONOTMYEeH
edeKT 3a OMnosi30TBOPABaHE Ha CYPOBUMHHUA pPecypc Ha TBbpAodasHUTE oTnaabuu OT
FrOPUBHU NPOLECU U OrpaHMYaBaHEe Ha [AenoHMpaHeTo MM upe3 npepaboTkata MM B
aacopbeHTn Ha BbraepogeH amokcua (COz) oT AMMHM rasoBe, ePeKTUBHU KaTaUTUYHMU
CUCTEMU 33 TEPMUYHO OKUCNEHME Ha NETAUBM OpPraHMYHM cbeamHeHusa (/10C), aKTUBHM
cpean B OMNTUYHM CEH30PM 3a AeTeKuma Ha aTmochepHU 3ambpcutenn, aacopbeHTn Ha
TEXKM METaNu U KaTan3aTopu 3a OKUCAEHNE HA OPraHUYHMU 3aMbPCUTENN 33 OYMCTBAHE Ha
NPOMMLL/IEHO 3aMbPCEHN BOAM.

Ypes npepa60TKaTa Ha Bbl/1IMWHATA Nenesa B nopectn matepmrasn CbC CUIHO Pa3BUTA
CI'IELLVICI)VI‘-IHa NOBBbPXHOCT, T. HAP. 3€0/2INTKU CE NOCTUra:

® npeBpblLaHEe Ha CI0XKHATa MO CbCTaB M CTPYKTypa nenen B AedUHUPaH anyMUHO-
CUANKaATEH maTepuan (3eonntHa ¢dasza), KOETO NO3BO/IABA KOHTPOJ Ha CbCTaBa U
CBOWCTBATa, Ha MHaAYe BapMpaLLMTe CbCTaB U CTPYKTYpa Ha BbI/IMWHATA Nenen;

e Hap 40-KpaTHO yBe/nM4yaBaHe Ha cneuMduyHaTa NOBBLPXHOCT Ha MPOAYKTA —
BMCOKMTE CTOMHOCTM Ha creuuduryHaTa MOBBPXHOCT Ca KAKYOBM 33 BCUYKM
NPOLUEecM UM fABNEHMA, NOTMYALLM Ha rpaHMUaTa TBbPAO BelecTso/payng,
(apcopbums, KaTaAUTUYHM NpoLecH);

e Cb3daBaHe Ha MaTepuMann C MMKPO-Me3onopecTa CTPYKTypa C aedpuHupar
pa3mMep Ha NopuTe, KOATO NO3BO/IABA 3aAbpyKaHe Ha MO/IEKY/IM OT ra3osa ¢asa
onpeneneH pasmep 1M e NPeaumCcTBO Ha 3e0/IMTUTE OT BbIIMLLHA nenen cnpamMmo



MWKPONOPECTUTE YNCTU 3€0IUTHU, MOPALUN YCKOPEHUTE MAaCOOBMEHHM NPOLLECH U
No-HUCKOTEMMepPaTypHaTa pereHepauma Ha agcopbeHTuTe;

® TpaHchep M XOMOreHHO pasnpeneneHMe Ha KaTa/JIMTUYHO M aAcOpPOUMOHHO
aKTUBHM KOMMOHEHTM OT CbCTaBa Ha M3XOAHaTa nenes B CTPYKTypHaTa maTpuua
Ha NOJIYYEHWUN 3E0/INT, C KOETO Ce MOCTUraT NO-BMCOKWU KaTaIUTUYHA aKTUBHOCT M
aacopbumMoHeH KanauuTeT NpW 3e0/IMTUTE OT BbI/IMLLHA Nenen B CbMNocTaBKa C
NPUPOAHUTE N YNCTUTE CUHTETUYHM 3E€0IMTHU MaTepuanu;

® HamanABaHe Ha eMMCMATA Ha BPeaHU KOMMOHEHTU NPU KOHTAKT Ha maTepuana C
TeyHa a3 — BbIMWHATA Menen CbAbpPXKa LWKWMPOKA rama MeTanHu
MWKPOKOMMOHEHTU, BK/IIOUNTENIHO U TEXKKU METaNN, KOUTO NpU AEeNOHUPAHETO 1
ce MHPMUNTpMpaAT B MoyeBaTa M MNoAMOYBEHMTE BOoAW. [pwu 3eonnTU3aLMATA Ha
nenenTta, MUKPOKOMMNOHEHTUTE ce 6I0KMPAT B CTPYKTYPHATA MpEeXKa Ha 3e0/11Ta,
a camuTe 3e0/IMTHU MaTepPUaNn Ca XMMUYECKU MHEPTHU U TEPMUYHO CTabUNHY;

® MOCTUraHe Ha EeKONOrMYHM MON3U: HamanABaHe Ha JAenoHupaHaTa nenen,
CbXpaHeHMe Ha nNPUPOAHU aNyMUHOCUAMKATHU W 3E0/IUTHU  pecypcu,
pa3paboTBaHe Ha WMKOHOMUYECKU M3rogHM U edeKTUBHM aacopbeHTn wu
KaTannsaTopu.

MexaHM3MbT Ha 3€0/IMTU3aLMA Ha BbIMAMLWLHATA MNenen ce CbCTOM B aAJIKAJIHOTO
pa3TBapsAHe Ha aNlYMUHOCUANKATHUTE KOMMOHEHTU OT nenenta, oOpmMMpPaHETO Ha XUpporen
OT CUANLUMEB N aNyMUHUEB XMAPOKCUA M KPUCTAZM3aLMA Ha MOJYYEHUA XMAPOTren BbpXy
HepasTBOPMMM YaCTUUM OT Menenta, KOUTO M3NbAHABAT QPYHKUMATA HA LLEHTPOBE Ha
Kpuctanmsauma. MexaHuM3MbT Ha 3e0/IMTU3aLMA Ha BbI/IMWHA Nenen e npeactaBeH
CXeMaTM4HO Ha ¢wur. 1.
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dwur. 1. MexaHM3bM Ha 3€0/IMTU3aumnA Ha Bur/inuiHa nenen.

LlenTta Ha NnpoBeAeHUTE U3CNeABaHMA € KOHBEPCUS Ha nenenTa B 3eouT Tun Na-X, aHanor Ha
pPAABbK NpupogeH MuHepan dayxkacut (FAU), HO c wupoka uHAyCTpuanHa ynoTtpeba B
cenapaumaTa M OYMCTBAHETO Ha ras’oBe W TEYHOCTM, KAKTO M KaTo KaTaiUTUYEH HOCUTEN,
nopagm BMCOKaTa cu cneumnduyHa NoBbPXHOCT U TONAM AMAaMeETbP Ha MUKponopuTte cum (7.3



A). MpoCTpaHCTBEHOTO CBbP3BAHE HA CTPYKTYPHUTE eauMHUUM (COAANUTHU KNEeTKM),

narpaxkgawm seonut X, dopmupat T.Hap. Cynep-KAeTKa, NOo3BONABALLA aKYMWIMpaHe B

noputTe Ha 3e0/MTa Ha MONEKYAW B LIMPOK [AManasoH OT AuamMeTpu.

Han-Bu1cokK

aacopbumoHeH noteHuman kbm CO; e AoKnagsaH 3a 3eonnT 13X, KOWTO € TbproBCKM

npoTtotmn Ha FAU, nony4aBaH OT YNCTU CYPOBUHM.

CTpyKTypaTa Ha wu3cneaBaHWATa, 06XBaHATU OT nNybAMKauMWTe, PaBHOCTOMHW HA

MOHorpaduyeH Tpya e npeacraBeHa rpaduyHo Ha dur. 2.

U3cnepBaHe Ha BbIULLHA
nenen ot pasnnMyHu TEL,

TepMnyHU
XapaKTePUCTUKY,
MOPdONOrnA, XMMUYEH U
¢$a3oB cbCTas,
rpaHy/IOMEeTPUYEH CbCTaB.

KoHBepcua Ha BbravuHa
nenen B 3e0/NTU

MN3cnepBaHe Ha pasnyHK
TEXHONOTMYHM NOAXOAM U
ONTUMM3MpPAHE Ha YCOBUATA
Ha CMHTEe3 3a NoJlyyaBaHe Ha
BMCOK A061B fePUHNHUPAHU
3€0/IMTHU da3n.

U3cnepBaHe Ha 3e0nUTUTE OT
BbI/IMLLHA Nenen
XumuueH n $pasoB cbCTas,

—N

1
Mopdonorua, CTpyKTypa,
XapaKTEPUCTUKM Ha
MOBbPXHOCTTA, BUA U1

T

pasnpeaeneHue Ha
TpaHchepupaHu MeTan00KCUAHN
KOMMOHEHTM OT nenenta

L

U3cnepBaHe Ha NPUNOXKEHUA HA 3€0/IMTUTE OT BbI/IULLHA Nenen B CUCTEMM 32 ONa3BaHe Ha OKO/IHATa
cpeaa 3a eHepruHU U UHAYCTPUANHU 06EeKTH

e S

Aacopbuma Ha CO2 B paBHOBECHU U B ANMHAMUYHU
ycnosus;
CeneKktnsHocT Ha
ApcopbumMOHEH KanauuTeT U mexaHnsbm; Mogentu
nscnenBaHusA Ha aacopObUMOHHUTE NpoLecy.

YnaBsaHe Ha BbrnepoaHn emucum

Unknm  Ha  apcopbuma/gecopbums;

apcopbumata Ha  COz

KaTanuTuuHo usrapaHe Ha NeTINBU OpPraHUYHU cbeguHeHu (J10C)
KUHETUYHN N TePMUYHN 3aBUCUMOCTU Ha KAaTaAMTUYHO OKUCNEHUE Ha
mogentn J1OC po CO2 wm Boaa; EDEKTMBHOCT Ha KaTaAUTUYHOTO
okucneHune; KOHKypeHTHO okucneHme B cmecu ot J1I0C; MexaHU3bm Ha
KaTaIMTUYHUTE NpoLecH;

KaTanusatopuTe 3a nogobpasaHe Ha epeKTMBHOCTTA UM.

MoguduumpaHe Ha NOBBPXHOCTTa Ha

nenen;

ONTUYHM CeH30pU 3a AeTeKLUa Ha aTMochepHU 3ambpcUTenu
MonyyaBaHe Ha TbHKOC/NOMHM KOMMNO3UTHU CTPYKTYPU C aKTUBHA Cpesia 3€0/IUT OT BbI/IMLLHA
Mopdonornyxm,
uscnesBaHUA Ha ONTUYHUTE KOHCTAHTW; M3cnepBaHe Ha ONTMYHATA YYBCTBUTENHOCT Ha
TbHKOC/IOMHUTE CTPYKTYPU NPU EKCNO3ULUA Ha ra3006pas3HMN 3aMbpCUTENN.

TOMONOTNUYHUN U

CTPYKTYPHM  u3cneasaHusa; CrnekTpanHu

OumncTBaHe UHAYCTPUAIHO 3AMbBPCEHU BOAM
KanauuTeT Ha apcopbuma Kbm KagMui, O/0BO U OPraHUYHW CbeAMHEHUS B PABHOBECHWU U OUHAMUYHM
ycnosusa; MogenHu u3cnefBaHuWA Ha afcopbuMOHHUTE M30TEPMM M HA MexaHM3Ma Ha agcopbums;
KMHETUYHM U MOAENHU U3CNeABaHMNA HA KaTaIMTUYHOTO OKMCIEHUE Ha OPraHWYHK 3ambpcutenn n barpuna.

®ur. 2. CTpyKTypa Ha UscneaaHmATa B NnybankaumMmTe, paBHOCTOMHU Ha MOHOrpaduyeH

TPYA.



1. U3cnepBaHMA Ha BbrAUWHA Nnenen ot pasanyHu TEL,

MpoBeaeHW ca u3cnenBaHMA Ha BbIAWUWHKM nenenun, Aob6UTM KaTo cpegHu npobu ot
€NeKTPOCTATUYHUTE YTaUTENIN HA YETUPU FONIEMWN TOPUBHU MHCTaNauum y Hac TEL ,Mapuua
MN3tok 2”, TEL, ,,EM n Ec Mnbboso”, TELL ,KoHTyp Moban”, TEL, ,Mapuua 3”-Aumntposrpag,
nsrapawm sbravwa ot MuHu ,,Mapuua unsTtok”, MuHu ,,Mapuwkm 6acenH” n BbIINULLHK
cmecu. XMMMYHUMAT CbCTaB € Uu3cnedBaH 4ype3s KOMOWHMpPaHe Ha Bb3MOXKHOCTUTE Ha
KNACUYECKMA CUNMKATEH aHain3, aTOMHO-EMUCMOHHATa CMNEeKTPOCKONMA U eHepruinHo
ANCNEPCUOHEH PEHTreHOB MUKpoaHanm3 (EDX) HTerpaneH n Ha oTAeHU NenesiHu YacTULM.
OT rnegHa TOYKA Ha ONOA30TBOPABAHETO Ha /JeTAWATa Nenen oT U3rapAaHeTo Ha BbIMLWA,
cnopepg mexayHapoaHua Kpuctanorpadcku ctaHgapt ASTM C618, ce aedumHmnpaT asa Knaca:
knac C (SiOx+Al;03+Fe;03 =50 wt%) u knac F (SiO2+Al03+Fe;03 > 70 wt%), kowuto
pa3finyaBaT BMCOKO-KaNUMEBUTE U  HUCKO-KaNUMEBUTE BbIUMWHKM nNenean. Bucoko
Ka/uMeBaTa BbI/IMLLHA Nenen ce xapakTepmsmpa CbC CaMOLMMEHTMPALA cnocobHOCT u ce
npunara B NPOU3BOACTBOTO Ha CTPOUTENHM MaTepuanu.

B HacToAwWweTo uM3cneaBaHe e YCTAaHOBEHO, Y€ BbIIMWHUTE nenenmn oT 6barapcku
JINTHUTHM BBIMWA MO CBOA CbCTaB Ce KnacuduuumpaT KaTto Knac F B CbOTBETCTBME C
MeXayHapoaHua ctaHgapT ASTM C618, Tvin KaTo SiO+Al,03+Fe;03>70 wt%. Pesyntatute 3a
XUMMUYHUA CbCTaB Ha nenenta oT pa3nmyHu TELL noka3BaT cxo4eH anyMUHOCUAMKATEH AAN
(Hap 70 wt %) u no-3HauMTesnHa pa3nMKa B CcbAabpraHMeTo Ha CaO M KenesHu okcuau
(Fe20s). Menenta ot TEL, ,Mapuua 3”-OumuTtpoBrpas cbabprka nosedye CaO u no-manko
»enaso, AoKaTo nenenta ot TELL ,,Ef n Ec Mabb0B0O”, € 3HaUMTEeNHO No-6orata Ha »KesesHu
OKCUAM U CbAbPXKa ABa MbTh no-manko Ca0. CvrnacHo ctaHaapta CAN/CSA A3001-03, koito
BHaca Mo-npeumsHa KnacnduKkauma no OTHOLIEHME HA CbAbprKaHueTo Ha CaO, nenenta ot
TELL ,Mapuua 3”-AMMUTPOBrpag MoXe Ja Ce KaTeropmsmpa CbC CPeaHO CbAbp)KaHWEe Ha
KaNnLuMeB OKCUA U fa ce OTHece KbM mMmexXanHHuA Knac Cl. Mpu cheggawmte nscneaBaHma e
YCTAHOBEHO CbLLECTBEHO BAMAHUE HA CbAbPKAHMETO HA KA/ILMEBU U XKeJIe3HU KOMMOHEHTH,
TpaHcdepupaHM OT M3XoAHaTa Menen B CbCTaBa Ha 3e0/AUTUTE, BBPXY afCcopObUMOHMA UM
KanauuteT KbM COz. PazoBMAT cbcTaB Ha Npobu nenen ot pa3nuyHu TEL e nscnensaH ypes
peHTreHoBa Andpakums (XRD). PEHTreHOCTPYKTYPHUAT aHaIn3 Ha nenenTa oT pasnuynum TEL,
NMoKa3Ba CmMeceHa aMoOp(dHO-KpUCTanHa CTPYKTypa. 3a BCUYKM WM3CAenBaHM npobu ce
YyCTaHOBABA NPUCHLCTBMETO HA KPUCTaNHM ¢da3m KaTo KBapL (Quartz, a-SiOz), myaut (Mullite,
3Al;03.2Si0,), *Kenes3ookuaHU KpuctanHu ¢asm xematut (Hematite, a-Fe,03) n marHetut
(Magnetite, y-Fe304). Cneundumkn ce ycTaHOBABAT NO OTHOLUEHUE HA Ka/LMN-CbObpPKALLMUTE
KpUCTanHM ¢asun, Kato MNpu HAKOM OT obpasuyuTte, KaAUMAT € BKAKYEH B CbCTaBa Ha
aNYMUHOCUNUKATHUA MUHepan aHoptuT (Anorthite, CaAl,Si>Os) (TEY, ,Eit n Ec MabboBO”,
TEL, ,,KoHTyp oban”), a npu apyrn — ce peructpmupa BbB BUA Ha runc (Gypsum, CaS04.2H,0)
(TEW, ,Mapuua M3TOK 2”) unm Kato Kanuut (Calcite, CaCOs) mnum Bap (Calcium hydroxide,
Ca(OH)2) (TELY, ,Mapuua 3”-OumutpoBsrpas). PeHTreHOBM AndpakTOrpamu Ha BbIAULLHA
nenen ot TEL ,E u Ec Menbboso” u TEL ,Mapuua 3”-AumntpoBrpas ca npeacTtaBeHu Ha



¢éur. 3., 3aegHO ¢ pedepeHTHU peHTreHorpaMmn Ha naeHTUGUUMpPaHUTE KpUCTanHU ¢asu B
CbCTaBa Ha nenenTa.
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®wur. 3. XRD Ha BbravwHa nenen: CFAaes (ot TEL, ,,Eit 1 Ec MbnbboBo”), CFAms (TELL ,,Mapuua
3”-Anmuntposrpag,)

B npoueca Ha wu3cnegBaHe Ha 3€0/MTM3AUMATA Ha M3XogHWUTE nenenu belwe
YCTAaHOBEHO, Ye CbLLECTBEH MAapaMeTbp, BAMAELL BbpPXY CTEMEHTA Ha 3€0/1MTM3aums U AobumBa
Ha 3€0/MT, € CbOTHOLWIEHMETO MeXAy amopdHaTa W KpuCTanHaTa anyMUHOCUM/IMKATHA
CbCTaBNABALLA Ha M3XOAHATA CYpoBUHA. KpUCTanHUTE alyMUHOCUAMKATHM $a3m ca afkalHo
YyCTOMYMBM M 33 Aa 6bAAT YCBOEHW B 3€0/IMTU3ALMOHHMA MPOLEC WM3UCKBAT AByeTanHa
06paboTKa Ha nenenTa c NpeABapuTeIeH BUCOKOTEMMEPATYPEH eTan Ha cTansHe (asyeTaneH
CUHTE3), A0KAaTO aMopdHUTE alyMUHOCUIMKATK Ce Pa3TBApPAT JIECHO B afikanHa cpega. Mo
Tasn npuymMHa bewe M3cneaBaHO CbOTHOWEHMETO amopdHa/KpuUCTanHa CbCTaBAsBalla Ha
BbIMLWHATA nenea u4pe3 [AEeKOHBOOUMA Ha eKCnepuMeHTanHuTe AndpaKkTorpamu.
CbOoTHOLLUEHMETO MeXay amopdHaTa U KpUCTanHaTa cbCTaBaABalLM Bapupa ot 0.8 o 2.25 8
3aBUCMMOCT OT cneumMPumK1MTE Ha rOpUBHATA MHCTaALKA.



Mopdonoruata Ha uYacTMuM BbBIAMWHA (NeTAwa) nenen e wu3cnegBaHa uypes
CKaHMpallla eNIeKTPOHHA MUKpockonua (SEM). Yactmumute nenen ca MUKPOPA3MEPHM, C
mopdonorna 3aBucella OT CKOPOCTTA Ha OXNarKAaHe Ha nenenta U CbAbPKAHMETO Ha
KapboHaTM BbB BbrAMWaTa. TunMuHM SEM mn306parkeHMA Ha YacTUUM BbIMULLHA Nenen ca
npeacraseHu Ha oéwr. 4.
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®ur. 4. N306parkeHnsn, NONYYEHM CbC CKaHUPALL, eNEKTPOHEH MUKPOCKONM, Ha BbI/IMLLHA

nenen ot TEL, ,Mapuua 3”-Aumutposrpag (a) n TEL, ,,Ei n Ec Meabb0oB0” (6)

Pe3yntatn BbpXy M3CneABaHUATA HA XMMUYHMA U Pa30BUA CbCTaB Ha BbIINLLHUTE
nenenu ca npeacTaBeHn B:

Boycheva, S., Zgureva, D., Vassilev, V. Kinetic and thermodynamic studies on the
thermal behaviour of fly ash from lignite coals (2013) Fuel, 108, pp. 639-646;

S. Boycheva, D. Zgureva, M. Vdclavikov, Y. Kalvachev, H. Lazarova, M. Popova,
Studies on non-modified and copper-modified coal ash zeolites as heterogeneous catalysts
for VOCs oxidation, Journal of Hazardous Materials 361 (2019) 374-382;

M. Popova, S. Boycheva, H. Lazarova, D. Zgureva, K. Lazar, A. Szegedi, VOC
oxidation and CO: adsorption on dual adsorption/catalytic system based on fly ash
zeolites, Catalysis Today 357 (2020) 518-525;

S. Boycheva, D. Zgureva, H. Lazarova, M. Popova, Comparative studies of carbon
capture onto coal fly ash zeolites Na-Xand Na-Ca-X, Chemosphere 271 (2021) 129505

M3cneaBaHM ca KMHETMKATA U TEPMOAVMHAMMUYHUTE XaPaKTEPUCTUKM Ha GU3NYHU U
OUBUKOXMMUYHM MPOLLECU, NPOTMYALLM NpU TepMUYHaTa ob6paboTKa Ha neTAwa nenen or
JINTHUTHM BbIKWaA, nNpoboHabpaHa OT eNeKTPoCTaTUYHUTE YTauTeNM Ha HaW-ronamaTta
TonsioeneKkTpuyecka uUeHTpana B P. Bvarapua TEL, ,,Mapuua ustok 2”. U3AcHABaHeTO Ha
ONTUMANHUTE pPEXMMW Ha TepmumyHaTta o6paboTKa e OT CblLecTBEeHO 3HayeHue 3a
pa3paboTBaHe Ha e(dEKTUBHM TEXHONOTMM 3a OMON30TBOPABAHE HA BbI/IMLWHATA nenen.
MN3cnepBaHeTo e npoBeaeHo ype3 audepeHunanHo-TepmmyeH aHaams (DTA) npu pasnnyHm
CKOPOCTW Ha HarpsaBaHe. [onyyeHUTe eKCrepuMeHTa/IHU TEPMOrpamMm ce pasaensaTt yCAoBHO
Ha TPU TepmMmnyHK 30HKU: ao 200 °C, 200-675 °C n 675-950 °C, KbaeTo ca perncTtpupaHu
cnefHUTe TONIMHHU edeKTu:

NbpBa 30Ha — eHAoTepMuuyeH edeKT, AbaKalw, ce Ha aecopbumATa Ha Bnara U
apcopbupaHm razoobpaHn KOMMNOHEHTH;



BTOPa 30Ha — ABa E€K30TePMUYHWN edeKTa, CBbP3aHU C XMMMUUYHOTO OKUC/EHME Ha
MarHeTuTa B CbCTaB Ha NenenTa;

TpeTa 30Ha — eHAoTepMUYeH edeKT, CBbp3aH C BCTbKAsSBaHE Ha amopdHute
aNlyMUHOCUAMKATM OT CbCTaBa Ha nenenta. OT NOAyYeHUTE KUHETUYHM 3aBUCMMOCTM €
onpeaeneHa NoBbpPXHOCTaHaTa MU obemHaTa aKTUBALUMOHHA eHeprusa Ha pa3oBuMA npexosa Ha
MarHeTuT-xemaTuTHaTa TpaHchopmaums. Mo naowTa Ha U3MEPEHUTE TEPMUYHU edeKTH ca
n3uncneHn eHtannuata AH u eHTponuata AS Ha peructpupaHute TEPMUYHU edeKTu.
Pe3syntatuTe oT NpoBeAEeHOTO U3caeABaHe ca Nyb/MKyBaHW B NpUAOXKeHaTa NybanKaums:

Boycheva, S., Zgureva, D., Vassilev, V. Kinetic and thermodynamic studies on the
thermal behaviour of fly ash from lignite coals (2013) Fuel, 108, pp. 639-646

2. KoHBepcua Ha BbrULLHA nenen B 3€0/IUTU

N3cnepBaH e CMHTE3a Ha 3€0/1IMTU OT BbIIMLWHM Nenenun OT NpaxoynasBAwmTe YyCTPONCTBA Ha
Hal-ronemute BbrAMWHN TELL y Hac, nsrapawm mectHn AMTHUTHU Bbramwa: TEL, ,,Mapuua
M3Tok 2”, TEL, ,Et u EC MbnbboBo”, TEL, , KoHTyp FTnoban Mapuua Mstok 3”, TELL ,,Mapuua
37, [AvmuTposrpas uYpe3 Tpu nabopaTopHM Mpoueaypu: XUAPOTEPMANEH CUHTES,
ABYCTbNaNeH XxMApoTepmaneH CUHTE3 C NpeABapUTENHO a/ZIKa/NHO CTanAaHe U aTmochepHa
Kpuctanusauma. NpunoxKeHu ca Ase TeXHUKU Ha XOMOreHu3auma Ha peakuMOHHUTE CMecu:
MarHMTHa W YNTpPa3ByKOBa XOMoreHusauus. JlabopaTopHuTe npoueaypu Ha anKaaHa
KOHBECPMA Ha NenenTa ca NpeAcTaBeHN CXeMATUYHO Ha ¢ur. 5.
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®ur. 5. /TabopaTopHM NpoLenypy Ha CUHTE3 HA 3€0/IUTU OT BbI/IULLHA Nenen.

TexHONOrMYHTa NOCNeA0BaTE/NHOCT U YCNOBMATA HA a/IKa/IHA KOHBEPCUA Ha BbI/IMLHA Nenen
B 3€0/IUT € OMMCaHa B:

Boycheva, S., Zgureva, D., Lazarova, H., Lazarova, K., Popov, C., Babeva, T., Popova,
M. Processing of high-grade zeolite nanocomposites from solid fuel combustion by-
products as critical raw materials substitutes (2020) Manufacturing Review, 7, art. no. 22.



Mpn BCcUYKM nabopaTopHU Npoueaypu, Ha aHANUTMYHA Be3Ha Ce NpeTernaT M CMmecBaT B
onpeneneHo CbOTHOLUEHME asiKaleH aKTMBaTop W npobwu BbranwHa nenen. [lpu
Knacuyeckata XxuapoTepmasnHa akTuBauus, KbM MOJlyYeHaTa peaKkuMoHHa cmec ce Aobass
duKcnpaH obem aectunnpaHa Boga, 3aTBaps Ce B PeakLMOHEH CbJ, XOMOreHn3unpa ce ypes
NPOAB/IKUTENHO MArHUTHO pa3bbpKBaHe WMAM YNTPa3BYK M ce nognara Ha TePMMYHO
TpeTupaHe nNpu noBUWEHA TemnepaTypa WM C onpegeneHa npogbaxkuTenHoct. [Mpu
ABYCTbNA/IHUA CUHTE3 MpPETerneHnTe pPeakuMOHHM CMEeCU OT BbI/IMLLIHA MNenen U anKkaneH
aKTMBATOP, Ce noasaraT Ha ajikaZHO CTansHe B HWKENOBU TUMIU NpPU TemnepaTypa He no-
HucKa oT 550 °C, ocurypeHa ot mydenHa newl,. Taka CMHTEPYBaHUTE LUMXTU ce pasgpobssaT u
paspe)kgaTt C BOAa, XOMOreHM3mMpaT ce M ce noajaraT Ha XMApoTepmasiHa aKTuBauua B
3aTBOPEH Cba,. [MpaxoobpasHUAT NPOAYKT ce M3BeEXKAa Ype3 PUNTPyBaHe, NPOMMBA CE U ce
M3cylwasa npeau nocneasawim uscneasaHua. MNpu atmocdepHata camoKpucTanmsauma ce
NPUroTBAT B TEI/TOBHO CbOTHOLIEHWE CMECU OT BbI/INLLHA Nenen U BOAEH Pa3TBOP H asikaneH
aKTUBATOP, KOUTO CE XOMOreHM3MpaT M MnpecToasBaTr npu aTMochepHU ycnoBsuA
NPOAB/IXKUTENEH Nepuod, A0 NOCTUraHe Ha 3e0/INTU3ALLUSA.

CMHTE3BT Ha 3€0AUMTU OT BbIIMWHA Nenen ce ynpaeasBa 4ype3 BapupaHe Ha
CbOTHOLWIEHMETO BbIWUWHA Menes/ankaneH akTMBaTOpP, BWA, Ha ajnKa/lHMA aKTMBaTOp,
[00aBKM OT anKanHU COAKM, TemnepaTypa M MNPOABMNKUTENIHOCT Ha XuapoTepmasiHaTa
aKTUBaUMA, TemnepaTtypa Ha aJKka/HO CcTansHe, BuA W NPOAL/AKUTENIHOCT Ha
XOMmoreHu3saumaATa.

Hain-ronam pgobwus Ha 3eosmtHa  ¢asa, Haaxsbpasaw, 90 % cnpsamo
aNyMUHOCUNMKATHaTa KOMMOHEHTA B M3XOAHATa Menen, e MoCTUrHaT ypes3 ABYycCTbhaseH
CUHTE3 C nNpeaBapuUTENHO aJlka/HO CTansHe Ha peaKkUuMOHHaTa cmec W nocjeaBsaly,
XNAPOTEPMANEH CUHTE3, C NMPUaaraHe Ha Y/ITPa3BYKOBA XOMOreHM3aUua Ha peakuMOoHHaTa
CMec Mexay ABaTa eTana Ha cuHTe3: Popova, M., Boycheva, S., Lazarova, H., Zgureva, D.,
Ldzdr, K., Szegedi, A., VOC oxidation and CO: adsorption on dual adsorption/catalytic
system based on fly ash zeolites (2020) Catalysis Today, 357, pp. 518-525.

MKOHOMWYECKM Hal-u3rogHa W €KONOrMYHO CbBMECTMMA e TexHWKaTa Ha aTtmochepHa
KpucTanusauyma 6e3 eHeprnminHmM pasxogu, wuscnepsaHa B: Zgureva, D., Boycheva, S.,
Behunovd, D., Vdclavikovd, M. Smart- A nd Zero-Energy Utilization of Coal Ash from
Thermal Power Plants in the Context of Circular Economy and Related to Soil Recovery
(2020) Journal of Environmental Engineering (United States), 146 (8), art. no. 04020081.

3. M3cnepBaHe HA 3e01UTUTE OT BbI/IMLLHA Nenen

MpoAyKTUTe Ha aflkanHa KOHBEepPCUA Ha NpobuTe BbIMLLHA Nenen ca M3cnenBaHu C peauua
WHCTPYMEHTA/IHU TEXHUKMU: MOpPPONorva — CKaHMpalwa enekTpoHHa MMKpockonusa (SEM);
CTPYKTypa — peHTreHoBa audpakuma (XRD), dypue-TpaHchopmupawa uHdpayepBeHa
cnektpockonua (FTIR); XxMmuyeH cbCTaB — MHAYKTUBHO-CBbp3aHa nsiasma (ICP), aTomHa
abcopbumoHHa cnektpockonusa (AAS) n peHtreHoBa poTOeNIEKTPOHHaA cnekTpockonus (XPS);
TEPMUYHA CTAabMNHOCT — TepmorpasumeTpma U audepeHUUanHO-TEPMUYEH aHaNus;
BaNIEHTHM CbCTOAHMA — MbocbaepoBa cnekTpockonua w ap. 3eonntHute ¢asm ca



NOEHTUOMLMPAHN C NOMOLLTA Ha AOCTbNHU 6a3n AaHHKU C pedepeHTHN andpaKTorpamm Ha
3eonunTu (International Zeolite Association (1ZA)).

3a ycTaHOBABaHE Ha BMAA Ha MonyyeHaTa 3e0AMTHA ¢asza, NPOAYKTUTE Ha asiKaNHa
KOHBepCcMA Ha nenenta ca uscnenBaHu ypes peHTreHodasos aHanum3 (XRD). AudpakTorpamm
Ha 3€0/INTUPAHUTE BBIINLLHKU NENENU PasKpUBaT OCHOBHUTE pedieKcn Ha 3e01nTHa ¢asa oT
TMna Na-X. CTpyKTypHuUTe ocobeHocTn Ha 3eonnT Na-X ca npepgcrtaBeHu B Boycheva, S.,
Zgureva, D., Barbov, B., Kalvachev, Y. Synthetic micro- and nanocrystalline zeolites for
environmental protection systems (2015) Nanoscience Advances in CBRN Agents Detection,
Information and Energy Security, pp. 443-450.

Mpyv NpoAyKTUTE, MNOJNYYEHM Ype3 XMAPOTEPMANHA aKTMBauMAa W aTmocdepHa
KpUCTanm3auma ce 3anas3BaT pediiekcuTe Ha YCTOMUYMBUTE KPUCTANHW $a3u OT M3XoAHATa
CypOBMHA - KBapL, U aHOPTUT, AOKATO MPWU 3€0AUTUTE, NONYYEeHU 4Ype3 ABYEeTaneH CUHTE3,
BbPXY €KCnepumeHTanHuTe audpaKkTorpamm He ce OTKPMBAT MMKOBETe Ha Te3n ¢aswu.
Pebnekcute Ha rKenesookcuaHute ¢asm (xematut, o-Fe;03 M marHetut, y-FesOs) ce
npoABABAT NPU BCUYKM 0Opasum, HE3aBUCMMO OT METOAAa MM Ha NOyvyaBaHe, HO NpuU Tesw,
noflyYeHM Ypes AByeTaneH cuMHTe3 npeobnagasa o-Fe,0s3, nopaan BUCOKOTEMMEPATYPHOTO
oKucneHne Ha y-FesOs npu eTana Ha anKanHO cTansAHe, KOETO MOXe Aa ce npocaeam ot
nybnuvkauuute: Zgureva, D., Boycheva, S., Behunovd, D., Vdclavikovd, M. Smart- A nd
Zero-Energy Utilization of Coal Ash from Thermal Power Plants in the Context of Circular
Economy and Related to Soil Recovery (2020) Journal of Environmental Engineering
(United States), 146 (8), art. no. 04020081.

Boycheva, S., Zgureva, D., Lazarova, H., Popova, M. Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X (2021) Chemosphere, 271, art. no.
129505.

Boycheva, S., Zgureva, D., Vdaclavikovd, M., Kalvachev, Y., Lazarova, H., Popova, M.
Studies on non-modified and copper-modified coal ash zeolites as heterogeneous catalysts
for VOCs oxidation (2019) Journal of Hazardous Materials, 361, pp. 374-382. Boycheva, S.,

Zgureva, D., Lazarova, K., Babeva, T., Popov, C., Lazarova, H., Popova, M.

Progress in the utilization of coal fly ash by conversion to zeolites with green energy
applications (2020) Materials, 13 (9), art. no. 2014 .

TUNUYHWU peHTreHoBU gudpakTorpamm Ha 3eonmnt Na-X OT BbIAMWHA Nenen u pedepeHTeH
3e0/11MT X, NOJIyYEH OT YMUCTU CYPOBUMHU Ca NpeacTaBeHn Ha ¢ur. 6.
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®ur. 6. XRD Ha 3e0nT Na-X OT BbI/IULLHA MENEs, NOJyYeH Yypes3 ABycTbhnasneH cuHte3 (FH),
xmapoTepmanHa aktusauua (HA) m atmochepHa Kpuctanmsaumsa (AA), KaAKTO M Ha
pedepeHTeH 3eonunt FAU (Reference Na-X).

MpoBeaeHn ca MopdONOrMYHN U3CNEABAHUA Ype3 CKaHMpalla eNeKTPOHHA MUKPOCKoNUA
(SEM) aHanu3 Ha 3e0nMTUTE OT BbIUWHA nenen oT pasamyHm TEL, B cbnoctaBka ¢
pedepeHTEH 06paseLl, NoSyYeH OT YNCTU U3XOL4HU MaATepuanu, Kato Npu 3e0nuUTUTe OT TUNa
Na-X ce HabnogasatT TMNUYHWUTE 33 (a3aTa XEKCAOKTaeApPWUYHU KPUCTAZUTWU, MaKap U C
HenpaBuaHa ¢opma B CPaBHEHWME C YMUCTUA 3€01UT. PasamepbT Ha KPUCTANUTUTE U CTENEHTA
MM Ha arnomepauma 3aBUCAT OT NpUJIOXKeHaTa nabopaTopHa Cxema Ha CMHTEe3 U BMAA Ha
XOMOreHM3aumMa Ha peakunmoHHUTe cmecn. 3eonuTHuTe o6pasuu, CUHTe3MpaHuM 4pes
aTMochepHa KpUCTanmM3auma ca CbCTaBEHM OT arniomepaTu, AOKATO MOJyvyeHUTe upes
XMapoTepmaneH 1 AByeTaneH CUHTE3 Ce XapaKTepusmnpaT ¢ AUCKPETHOCT Ha mopdonoruaTa.
YNnTpa3ByKoBaTa XOMOreHM3aUMa BOAWM A0 MNOJy4aBaHETO HA HAHOKPUCTA/IHU 3€0/UTH,
AOKAaTO MarHUTHOTO pa3bbpKBaHe - A0 MUKPOKPUCTA/IHU CTPYKTypu. [lpu 3eonutute,
NMO/MlyYeHM upe3 YATPa3BYKOBA XOMOreHM3aumsa, ce YycTaHoBABa ¢MHA HaHOKPUCTaNHA
Mopd0oorma, KOATO OCUTypABaA MO-rONAMA BbHLIHA NOBbPXHOCT HA KPUCTAZIMTUTE, KOETO OT
CBOA CTpaHa O6naronpuATcTBa apcopbumaTa M KATAIMTUYHUTE MNPUIOXKEHMA Ha Te3u
maTtepuann. Pesyntatn n SEM unsobparkeHuns ca npeacrtaseHu B: Zgureva, D., Boycheva, S.,
Behunovad, D., Vaclavikovda, M. Smart- A nd Zero-Energy Utilization of Coal Ash from
Thermal Power Plants in the Context of Circular Economy and Related to Soil Recovery
(2020) Journal of Environmental Engineering (United States), 146 (8), art. no. 04020081;

Boycheva, S., Zgureva, D., Lazarova, H., Popova, M. Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X (2021) Chemosphere, 271, art. no.
129505;

Kalvachev Y., Zgureva D., Boycheva S., Barbov B., Petrova N., Synthesis of carbon
dioxide adsorbents by zeolitization of fly ash (2016) Journal of Thermal Analysis and
Calorimetry, 124 (1), pp. 101 — 106 DOI: 10.1007/s10973-015-5148-1.
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Tunnyum CEM msobparkeHua Ha pedepeHTeH 3eonnT FAU m 3eonnt Na-X OT BbrAMWHA
nenen, NOJly4yeH Yype3 pasNIMyHU NpoLeaypUn Ha CUHTE3 ca NpeACcTaBeHn Ha ¢éwr. 7.

EHT= 15.00 KV S%nal A=SE1

> 20kV  X5,000 " 6um % . 1144 SEl

dur. 7. SEM wmnsobparkeHua Ha pedepeHTeH 3eonuT X (a), 3eonntn Na-X, nonyyeHu ypes
ABYCTbNaNeH CUHTE3 c marHuTHa (b) M ynTpasBykoBa xomoreHusauua (c) n atmocdepHa
KpucTtanmsaums (d).

MOBbPXHOCTHUTE XapPaKTEPUCTUKN Ha 3€0/IUTUTE OT BbI/IULLHA Menen 3a KAYoBM OTHOCHO
npuaaraHeTo MM KaTto aacopbeHTn Ha CO; M KaTanMs3aTopu Ha OKUCNEHMETO Ha NEeTAUBU
OpraHuYHM 3ambpcutenu. MscneapaHmaAta ca mssbpuweHn ¢ Na-aacopbums/mecopbuma c
obemeH ras’oB aHanM3aToOp, CbrnacHo craHaapta ISO 9277:2010, KaTo ca MOCTPOEHWU
n3otTepmmM  Ha  aacopbuma/mecopbumMa  nNpu KpuMOreHHa  Temnepatypa.  Kbm
eKCNepMMEHTa/IHUTE MU30TEPMWU Ca MPUIONKEHU CTaHAAPTU3MPaAHM MoAenu Ha Brunauer-
Emmett-Teller (BET), t-plot u Barrett-Joyner-Helenda (BJH) 3a nsumcnssaHe Ha cneunduyHa
NoBBbPXHOCT (SSA, Mm?/g), naoL, Ha MUKPONopUTe (Smicro, M? /g), BbHLIHA NOBBPXHOCT (Sexternal,
m?/g), o6em Ha mukponopuTte (Vmicro, cmM3/g), 06em Ha mesonopute (Vmeso, cM3/g) 1 cpeaHa
WwupmHa Ha nopute (A). TUNWYHM eKcnepvMeHTaNHM M30TEPMHM Ha agcopbums/aecopbums
Ha 3e0/11UTK OT BbI/INLLHA Nenen ca npeacTaBeHn Ha ¢ur. 8.

N30TepmuTe Ha BCUYKM 3€0/IMTU OT BbI/IMLLHA NEMen ce oTHacaT KbMm Tun IV cnopepg,
Knacuodukaumata Ha IUPAC (International Union of Pure and Applied Chemistry, 1985), kato
onuceaT xuctepesncHa obnact ¢ H3 dopma, TMNMYHA 33 MaTepUann CbC CMECEHA MUKPO-
Me30Mnopbo3Ha TeKcTypa. BJH-PyHKUMUTE Ha pasnpeseneHne Ha nopute Mo pasmep
NOKa3BaT Hall-ronAM AN Nopw ¢ AuameTbp okono 40 A npu Bcuukmu 3eonutn. O6pasuuTe C
NMOBULLEHO CbAbPKAHWE HA Ka/NUWUIN ce XapaKTepusmpaT ¢ popmupaHe Ha me3onopu ¢ no-
ronam amameTwbp (okono 60 A).
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nopute no pasmep Ha 3eonntn (6), nonydeHu ot BbrAMWHa nenen ot TELU ,E u EC
Mavboso” (FH 9) n TEL, ,Mapuua 3”, Aumutposrpag (FH 12, FH24, FH 25).

OugeHKaTa Ha cTeneHTa Ha 3e0/IMTM3auMA Ha mM3xogHaTa nenen B 3eonuTHa ¢as3a Na-X e
HanpaBeHa KAaTO OTHOLWEHME Ha chneumduyHaTa NOBBLPXHOCT, OnNpeaeneHa 3a 3e0auUT OT
BbI/IMLWHA nenen, cnpamo cneumduyHaTa NoBbPXHOCT HA pedepeHTeH FAU, cMHTE3npaH oT
YUCTM U3XOLAHWU CYPOBUHU, U3MEPEHU MPU €4HWU U CbluM ycnoBua. Han-BucoKa cneunduyHa
nosbpxHocT 61130 500 m?/g e nocTurHata nNpu NPoAyKTMTE Ha npepaboTka Ha nenenta ot
TEL, ,E" n Ec Mabb0oB0”, Nopaan Hali-BUcOKaTa amopdHa anyMUHOCUAMKATHA KOMMOHEHTA
B CbCTaBa Ha M3xogHaTa nenen. XOMOreHU3NpPaHeTO Ha PeaKUMOHHUTE CMECU C YATPA3BYK
BMECTO C MarHUTHO pa3bbpKBaHe yBenYaBa CbOTHOLIEHNETO Sextr/Seer BbHLWIHA cneumduryHa
NOBBPXHOCT KbM 06Wa cneunduryHa NOBBPXHOCT, MOPaAN NOCTUTAHETO Ha CYOMUKPOHHA
rpaHy/IOMeTpUA Ha NPOAYKTa, KOeTo 6aaronpuATcTBa MacoobMeHHUTe npouecu. Pesyntatu
OT M3c/neABaHe Ha XapaKTepPUCTUKM Ha MOBBPXHOCTTA HA 3€0/UTU OT BbIIMLLHA MNenen ca
npeactaBeHn B nybnvkauun: Boycheva, S., Zgureva, D., Vdclavikovd, M., Kalvachev, Y.,
Lazarova, H., Popova, M. Studies on non-modified and copper-modified coal ash zeolites as
heterogeneous catalysts for VOCs oxidation (2019) Journal of Hazardous Materials, 361,
pp. 374-382;

Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Lazdr, K., Szegedi, A. voC
oxidation and CO; adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525;

Zgureva, D., Boycheva, S. Experimental and model investigations of CO> adsorption
onto fly ash zeolite surface in dynamic conditions (2020) Sustainable Chemistry and
Pharmacy, 15, art. no. 100222.

MaKpPOKOMMOHEHTHUAT XMMWYEH CbCTaB Ha 3€0/IUTU OT BbI/INLWHA Nenen e nscneaBaH ypes
€HeprumHo-ANCNEePCUOHEH PEHTreHOB MWMKpoaHanm3 (EDX) wHTerpaneH M Ha OTAENHM
4YacTUUM, @ EeNeMEHTHUAT — 4pe3 aTOMHO-EMMUCUMOHHA CMEeKTPOCKONUA C WHAYKTUBHO
cBbp3aHa nnasma (ICP-AES). YeennuaBaHeTo Ha cneumMduyHaTa NOBbPXHOCT U Ha A06MBA Ha
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3e0mnT Na-X ca NpsAKo CBbP3aHM C NOBMLIABAHETO Ha aMOPPHOTO CbAbPKAHME B U3XOAHATA
BbM/IMLWHA Menes, Nopagu no-sBMCcOKaTa YCTOMUYMBOCT Ha KpUCTanHUTe $asm OT CbCTaBa Ha
nenenta Ha aNKalHO pa3TBapsAHE B CpPaBHEHME C aMopdHUTE KOMMNOHeHTWU. lMogobHa
3aBMCMMOCT Ce YCTaHOBABA W 33 AeN1a Ha MUKPOMNOpUTE B CUHTE3NpPAHUTE Npobun. YcTaHOBABA
ce, Ye XMMWUYHMAT CbCTAaB Ha M3XogHATa nenen He BAMAE BbPXy BMAA Ha MOJyYyeHaTa
3eo0/IMTHaTa ¢asa B AuanasoHa Ha SiO/Al,0s ot 1.5 go 2.3. OT BCMYKM M3CNeaBaHU
CYPOBWHU, MNMpPU CbUSMEPUMM YCNOBMA Ha CUHTE3 ce nojsyyaBa 3eo0auTHa d¢asa Na-X.
Cbabp:KaHueTo Ha Si M Al B 3e01MTUTE OT BBIIULLHA MEnesn € CbM3MEepMMO C TOBa Ha
pedepeHTHMA cbCTaB Ha 3eonunT FAU, Ho ce ycTaHoBsABa aedunumt Ha Na*-MoHu, 3a cmeTKa Ha
MHKOPMOPUPAHETO Ha MOHM M OKCUAHM YaCTULM Ha XKens3o M KaJLuWMi, KaKTo U Ha ronsama
rama OT METa/IHN CBPBXMUKPOMMOHEHTU B CTPYKTYpPHATa MaTpuua Ha MNpPOAYyKTUTE Ha
npepaboTKaTa Ha NenenTa 3a pas/iMka OT YNCTUTE CUHTETUYHM 3e0IUTU. M3cnepBaHMA BbPXY
CbCTaBa Ha 3€0/IUTK OT BbI/INLLHA Nenes ca Ny61MKyBaHU B:

Boycheva, S., Zgureva, D., Lazarova, H., Lazarova, K., Popov, C., Babeva, T., Popova,
M. Processing of high-grade zeolite nanocomposites from solid fuel combustion by-
products as critical raw materials substitutes (2020) Manufacturing Review, 7, art. no. 22;

Boycheva, S., Zgureva, D., Barbov, B., Kalvachev, Y. Synthetic micro- and
nanocrystalline zeolites for environmental protection systems (2015) Nanoscience
Advances in CBRN Agents Detection, Information and Energy Security, pp. 443-450;

Boycheva, S., Zgureva, D., Lazarova, K., Babeva, T., Popov, C., Lazarova, H., Popova,
M. Progress in the utilization of coal fly ash by conversion to zeolites with green energy
applications (2020) Materials, 13 (9), art. no. 2014.

TepmunyHaTa cTabUNHOCT Ha NPOAYKTUTE Ha a/iKa/iHA KOHBEPCUA Ha BbIAULWHA nenen
Ca OT CblLLECTBEHA BAXKHOCT 3a TAXHATa NPUNOKMMOCT KaTo aacopbeHTn Ha CO,, cBbP3aHO C
YCNOBMATA Ha TEPMMYHATA MM pereHepauma, KaTo KaTa/sM3aTopm 3a KaTaAUTUYHO M3rapsaHe
(oKMcneHune) Ha NETANBKU OpPraHMYHM BELLECTBA, @ CbLLO W NPU NPUIAraHeTO MM KaTo cpeam
32 TEPMOXMMMUYHO CbpXaHEeHWe Ha TOMJIMHHA eHeprna. TepMUYHUTE XapaKTEPUCTUKU Ha
3€0/IMTUTE OT BBIIMWHA Nenen ca u3cnegBaHuM 4ype3 TepmorpasumetpuyeH (TG) u
andepeHumanHo-tepmuyeH aHanusm (DTG). TG-DTG ¢yHKUMMTE Ha uM3C/eABaHUTe
MaTepMann ca TUNUYHWU 33 3€0/IMTWU, KaTo YCTaHOBEHUTE 3arybu Ha maca ce AbaxKaT Ha
AexmapataumATa Ha aKyMy/iMpaHa BJlara Ha MOBBLPXHOCTTAa M B MOPUTE HA MaTepuana.
MpouecsbT Ha 3aryba Ha maca e 3ano4sa npu okono 30 °C 1 3aBbpLuBa npu okono 350 °C. B
cbnocTaBka ¢ pedepeHTeH FAU, nonyyeH oT YMCTU CYPOBUHU, MPU 3€0AUTUTE OT BbIIULLHA
nenen TepMMUYHUTE MUKOBE CE€ M3MECTBAT KbM MO-HUCKU TemnepaTypu, Ob/KAWO ce Ha
pa3nMKata B TEKCTPYPHUTE XapaKTEPUCTUKM NPU ABaTa MaTepumana — MUKporopecTa
CTpyKTypa npu FAU n cmeceHa MMKpPO-mesonopecta CTPYKTypa nNpu MNPOAYKTUTE Ha
3€0/IMTU3aLUMNA Ha BbIAMWHA nenes. ToBa e NPeauMCTBO Ha 3€0/IMTUTE OT BbI/INLWHA nenen
CrpsAAMO TE3U OT YMCTU CYPOBUHM NMPU LLMKAUTE Ha 3aperkaaHe Ha cpeauTe 3a TEPMOXMMUYHO
CbXpaHEHUEe Ha TOMJIMHA, KOUTO Lie NPOTEeKaT NpU NO-HUCKU TemnepaTypu. YCTaHOBEHa e
TepMMYHa CTabMAHOCT Ha U3cneaBaHUTe maTepuann go Hag 700 °C.
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Pe3yntatn oT npoBeaeHUTe nscneasaHua ca nybaunkysanu B: Kalvachev Y., Zgureva
D., Boycheva S., Barbov B., Petrova N., Synthesis of carbon dioxide adsorbents by
zeolitization of fly ash (2016) Journal of Thermal Analysis and Calorimetry, 124 (1), pp. 101
- 106, DOI: 10.1007/510973-015-5148-1.

4. YnaBaHe Ha BbINepoaHM eMUCUMn

Mpw nscnegBaHeTo Ha NPUAOKMMOCTTA Ha 3€0/IMTU OT BbI/IULLHA Nenen 3a ynasaHe Ha COy,
OT CbLLECTBEHO 3HAYEHNE Ca TEXHUTE NOBbPXHOCTHN XapPaKTEPUCTUKK, Tbl KAaTO ANHAMMKATA
M KanauuTeTbT Ha MpouecuTe Ha aacopbuma CUAHO 3aBUCAT OT KOHTaKTHaTa MOBbPXHOCT
ras3/Tebpao Bewectso. [lopagu KaTeropusauuaTa Ha CcypoBaTa Bbl/MWHA nenen B
3aBMCMMOCT OT CbAbprKaHMeTo Ha Ca0, e BaXKHO M3y4yaBaHETO Ha BAMAHMETO Ha NOBULIEHOTO
CcbAabpKaHne Ha CaO BbpXy aAcopbuMOHHA CNOCOBHOCT M MexaHW3mMa Ha aacopbuma Ha CO;
(dmsmnuHa apcopbums nnam xemucopbums), CENEKTUBHOCTTA W YC/NOBMATA 3a TepPMMYHA
pereHepauma Ha agcopbeHnTe oT Bbr/MLLHA nenen. NoBUWEeHOTO cbabpKaHue Ha Ca-MoHU B
3e0/IMTHaTa MaTpuua nogobpssa aacopbumoHHaTta cnocobHoct Kbm  COz, nopaawu
AOMbAHUTENIHOTO €N1eKTPOCTAaTUYHO 3aAbprKaHe Ha monekyauTe Ha CO, OT KanuuesuTe MOHU
N 3aCWU/IBAHETO Ha KUCENMHHO-aNKalHUTE B3aMmodencTBuA. CbAbpKAHMETO Ha XKenesHu
OKCMAM € CbLOo OT CbLLECTBEHO 3HayeHWe NpuM NpUaaraHeTo Ha Te3nM MaTepuanu Kato
agcopbeHTn Ha CO2, B Ta3uM Bpb3Ka ca NpPoOBeAEHM CPABHUTENHW WU3CNeABaHUA BbpPXY
NOBBPXHOCTHUTE XapPaKTEPUCTUKKN M NOTeHUMana 3a ynasaHe Ha CO; Ha 3e0/IMTHM 06pasum ¢
BMCOKa cneundmryHa NOBbPXHOCT M C Pa3/IMYHO CbAbPXKaHUE Ha KaLUWUI U Kenaso.

U3zcnedsaHe Ha pasHoeecHa adcopbyua Ha CO; 8bpxy 3e0AUmMU Oom 8v2aAUWHA nenena npu
HanazaHusa 6au3ku 0o ammocgepHomo
KanauuTteTbT Ha agcopbumsa Ha 3e0AMTM OT BbIIMLWLHA NENen ¢ PasNYHO CbAbPrKaHWe Ha
Kanumn kbm CO; e wu3cnegBaH B pPaBHOBECHM WM AMHAMMYHM ycnoBuA. PaBHoBecHaTa
agcopbums e nscneasaHa B cucremara Tristar Il 3020, Micromeritics, ¢ paboTeH ras umct CO;
npu 0 °C. MMocTpoeHM ca M30Tepmu Ha aacopbuma BbBB PYHKUMA OT PaBHOBECHOTO
aacopbupaHo Konmyectso CO; M OTHOCUTENHOTO HanaraHe p/po=0.001-0.030, KbaeTo po €
HafnAraHeTo Ha HacuwaHe Ha CO, npu 0 °C. M3oTepmunTe Ha agcopbumata ca NOCTPOEHU Ypes
NM3MEpPBaHUA B 25 eKCNepUMEHTANHN TOYKM N Ca MaTEMATUYECKM OMMCaHW Ype3 npunaraHe
Ha mogena Ha Langmuir, BaaMaeH 3a eaHOCNOMHA aAcopbuma Ha ra3oBM MOEKY/IN BbPXY
NIOKanu3mMpaHu agcopbuMoHHM LLEHTPOBE, PAaBHOMEPHO pasnpeseneHn BbPXy TBbPAATA
NOBBPXHOCT. YCTaHOBABA ce nporpecmBHa aacopbuma Ha CO; ¢ HapacTBaHe Ha HaNAraHeTo
Ao 105 kPa. YnaBaHeTto Ha CO; NpoTMYa YCKOPEHO NPU HUCKM CTOMHOCTM Ha HanAraHeto,
CBbP3aHO CbC 3anb/iBaHe Ha MMUKPOMOPUTE B 3€0AUTUTE, NOCAeABAHO OT NMPOABLAXKUTE/NHA
agcopbums B Mme3onopuTe NpuU MNO-BMCOKO HansraHe. MopgenHuTe M30TEpMM ONKUCBAT
EKCMepMMEHTaIHUTE C BUCOK KoedpuumeHT Ha Kopenaumsa (R?>0,99) KoeTo nokassa
XOMOFeHHO pasnpeaesieHMe Ha LLeHTPOoBEeTe 3a aacopbuma B 3e0NTUTE OT BbIIMLLHA Nenen.
Hali-BMCOKa CTOMHOCT Ha paBHOBeCHaTa agcopbunoHHa cnocobHocT kbm CO2 npu 104
kPa e nsmepeHa npu obpasum, CMHTE3MPAHN 4Ypes ABYCTbNANIEH CUHTE3 OT CpeaHOKaAUMeBa
nenen ot TEL ,Mapuua 3”-AumuTtpoBrpaa, nocneaBaHuM OT Te3W, MOJAyYeHW OT nenen c
HUCKO CbAbprKaHue Ha Kanuuit ot TEL, ,En n Ec MabboBo”. PaBHOBECHUAT aacopbLUMoHeH

14



KanauuteT Ha CO, poctura 3.205 mmol/g 3eonunt (141 mg/g), HaaxXBBLPAALL U3MEPEHUA NPU
pedepeHTeH 3eonnt FAU. Ha ¢ur. 9 ca npeacraBeHM eKCnepuMeHTaslHa U MOAesHa

M30TEPMU Ha a,CI,COp6LI|MF|Ha CO; oT 3e0nuT OT BbravuiHa nenen.
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dur. 9. EKcnepumeHTanHa U MoAenHa n3oTepma Ha Langmuir Ha agcopbumaTta Ha COz oT

3€0/1UT OT BbIr/INLWHa nenen.

EkcnepumeHmanHu uscnedeaHus Ha adcopbyus/decopbyus Ha CO, 8 OUHAMUYHU ycn08us

8bpXy 3e01UMU OM 8vbe/IUWHA nenen.

MpoBeaeHU ca nscnenBaHUA Ha ap,cop6u,MﬂTa Ha CO; BbpXy 3€0/1nTN OT Bbl/INLWHA Nenen B

ANHAMWUYHM ycnoBusa. EKcnepumeHTanHaTa yCTaHOBKaA e npeactaBeHa Ha ¢ur. 10.

T Gas mixture
| 90/10 N2/CO2

TC - Thermocouple Nir:#i (K)

Calibration gas line
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|
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Data |
collection |
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dur. 10. Cuctema 3a nabopaTopHO M3cneABaHe Ha AMHamMYHaTta agacopbuma Ha CO; ot

3€0JIUTU OT Bbl/INLWHa nenen.

KbM 3e0nuTHUTE 06pasum e nponyckaHa razosa cmec CO2/N2, cbabprkaua 3 vol.% CO2 npwm

cKopocT Ha noTtoka 30 ml min'l. M3axoaawmAT ra3os NoTok e aHaAnsmpaH on-line upes rasos
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xpomatoradp GC TCD. lMocTpoeHM ca KpuBM Ha AMHaAMM4YHA agcopbumsa Ha CO; BbPXY
n3ceaBaHUTE 3€0/INTU OT BbIIULWLHA Nenen

ADUHUTETBT KbM MOrAbLLAHE Ha B/ara € OCHOBHUAT TEXHO/IOTMYEH HEAOCTaTbK MNpu
npwuNaraHeTo Ha 3e0NUTUTE KaTo aACcOpPOEHTU, CBbP3aH C MOBULIEHUTE EHEPTUMHWN HYKAM 33
npoueca Ha npeaBapuUTeNHO cyweHe. BogHUTe napu ca OCHOBEH KOMMOHEHT Ha AMMHUTE
rasoBe, KOMTO Ce MoJjlydaBa MPU OKUCAABAHETO Ha BOAOPOAA WM BbIIEBOAOPOAUTE MAWN Ce
OTAeNA OT CbAbP)KAaHMETO Ha Bnara B ropueaTta. 3eo/nTUTe uUmaTt cuneH aduHUTET Aa
3abprKaT NONAPHN BOAHM MOJIEKY/IN, KOUTO 3aMb/BAaT NOPUTE B TAXHATA CTPYKTYPHA Mpeka
npu atmocdepHn ycnosus. Korato ce nscneaBart 3e0/MTUTE KaTo aAcopbeHTH 3a yiaBsHe Ha
Bbr/1IepoAeH ANOKcKA, OT 0cobeHO 3HayeHMe e aa ce M3ACHU KOHKypeHTHaTa aacopbuus B
cuctemata CO/H,0. [oknagBaHuTe HanocneabK npoyysBaHMA obade nokasBaT, uye
CbAbprKaHMEeTo Ha BJsara B rasosu notoum o 20 vol. % He BbL3NPenATCTBa, a nNoAdobpsasa
ynagaHeto Ha CO; oT 3eonuTu. lloBedeHM ca U eKCnepuMeHTW 3a CeNeKTUBHOCTTa Ha
aacopbums Ha CO, Npu cbAbprKaHMe Ha BOAHW Mapwu B rasoBusa notok ot 3 vol % CO; um
ponbaHutendn 1 ml min?! BoaHa napa npu obuw, ae6but 30 ml mint. Hacroauure
n3cneABaHUA CbLLO NOTBbPXKAABAT, Ye PAaBHNU 06EMHM CbOTHOLLIEHMA Ha BOAA W BbrepoaeH
AMOKCMA, B TpeTUpaHuMA ra3 He HapywasaT agcopbumsata Ha CO; BbpXxy 3e0nuMTUTE OT
BbrAnwHa nenen. Ha ¢ur. 11. ca npeacraBeHn KpUBKM Ha AMHAMUYHAE aacopbums Ha 3e01UTU
OT BbrAnLHa nenen Kbm unct COz n B cmec CO2/H,0.
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dwur. 11. EKcnepMMeHTanHM KpMBM Ha agcopbuma Ha CO, BbPXY 3€0/UTU OT BbI/IMLLHA Nenen
B MOTOK Ha 4mncT CO2 (a) n KoHKypeHTHa aacopbumsa B cuctemata CO2/H,0 (b).
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Hali-Bucokata aacopbumoHHa cnocobHocT kbm CO2 B AMHAMWMYHM YCNOBUA € M3MepeHa
OTHOBO MNpWU 3€0/UTU OT cpeaHoKanuuesa nenen ot TEL ,Mapuua 3”-OAumutposrpag,
nocneaBaHu OT Te3n, NOJIY4EHN OT Nenen C HUCKO CbabpXKaHue Ha Kanumin ot TEL ,Ei 1 Ec
MabboBo“. To3m pesynTat ce obACHABA CbC cnocobHocTTa Ha Ca?*-itoHun aa aacopbupart no-
ronemmn Konmyectea CO2 B cpaBHeHWe ¢ Na*-MOHW, KOeTO NpPOBOKMpa 3a4bib604eHOTO
M3yyaBaHe Ha mexaHmn3ma Ha ynasaHe Ha COz npu 3eonntn Na-X u Na-Ca-X. Pesyntatute ot
n3cnenBaHeTO Ha KOHKypeHTHaTa aacopbuma Ha COz OT 3e0/MTU OT BbIAULHA nenen B
npucbcTBueto Ha H,O pasKpuBaTt, Ye BBAPEKU CUNHUA APUHUTET Ha 3€0/IUTUTE KbM
MOJIEKYIUTE Ha BOAATa, HA/IMYMETO HA Bjlara B ra3soBUA NMOTOK HEe BAOLWIABA 3HAYUTESTHO
npuoputeTHata aacopbuma Ha CO,. YcTaHoBABaA Cce MpomMsHa BbB Qopmata Ha
aacopbunoHHMA GPOHT, HO BpemeHaTa, 3a KouTto ce pernctpupat 5 vol% n 100 vol % CO; B
N3XOAALLMA MOTOK Ca CbMamepumm B NoTok oT CO2 n B notok CO2/H,0.

N3cneaBaHuaTa Bbpxy agcopbumata Ha CO; B pPaBHOBECHM U AWHAMMYHM YC/NOBUA €
nybnukysaHa B: Kalvachev Y., Zgureva D., Boycheva S., Barbov B., Petrova N. Synthesis of
carbon dioxide adsorbents by zeolitization of fly ash (2016) Journal of Thermal Analysis
and Calorimetry, 124 (1), pp. 101 — 106; DOI: 10.1007/5s10973-015-5148-1;

Boycheva, S., Zgureva, D., Lazarova, H., Popova, M. Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X (2021) Chemosphere, 271, art. no.
129505;

Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Lazdr, K., Szegedi, A. vocC
oxidation and CO; adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525.

3a u3ACHABaHe Ha MexaHu3ma Ha aacopbums Ha CO OT 3€0/UTU C pPas3IMYHO
cbabprkaHne Ha Ca ca nNpoBegeHN M3MePBaAHMA Ha AMHAMMYHaTa agcopbuma B UMKAM Ha
aacopbums/oecopbuma Bbpxy o06pasyM, CUHTE3UPAHM uYpe3 [ABYCTbMajfieH CUHTE3 C
YNTPa3BYKOBa XOMOT€HMU3aLMA Ha PEAKLMOHHUTE CMECU OT BbIINLLHA JIETALLA Nenes C HACKO
(4,45 wt. %) n cpegHo (9,36 wt. %) cbabpkaHune Ha CaO. Chean Tpy UMKBAA Ha pereHepauma
He ca OTKPUTM MPOMEHMU B ANHAMUMKaTa Ha agcopbuma npu Na-X. KanauuTteTsbT Ha aacopbums
0OCTaBa MOCTOAHEH Cnef BCUYKM LUMKAM HA pereHepaumsa Ha 3e0nUT OT BbI/MWHA Nenen ¢
HUCKO CbAbPXKAHME HA KaNUWIA, KOETO MNOKa3Ba MexaHM3bM Ha ¢usmcopbuma, Tbil KaTo
NbJIHOTO Bb3CTaHOBABAHE Ha agcopbeHTa ce nocTura Npu HUCKKM TemnepaTypu (80 °C). Mpwm
3€0/1MTa CbC MO-BMCOKO CbAbprKaHMe Ha Kanuui, o3HaveH Kato Na-Ca-X e ycTaHOBEHO
HamafnABaHe Ha BPeMEeTO 3a AOCTUraHe Ha HacuLaHe Ha agcopbeHTa cneg NbpPBUA LUKDBA Ha
pereHepauma. B cneppawmute UMKAM Ha aacopbuma He ce yCTaHOBABA CTECHABAHE Ha
agcopbumoHHaTa 30Ha. AgcopbumoHHMAT KanaumuTeT Ha Na-Ca-X HamandABa cneq nbpBaTa
pereHepauma u cnep ToBa NoadbpyKa MOCTOSHHA CTOMHOCT, HagBMWwaBala Tasmn Ha Na-X.
Tasn TeHAeHUMA Ha AMHAMUYHUTE KPMBM MOKasBa CMECeH MexaHW3bm Ha agcopbuma B
NPUCHCTBMETO Ha Kanum. Hakom peaktmsHu Yactnum CaO mnm Ca(OH), ce npexBbpnsaT B
3€0/IMTUTE OT Menenta OT BbIMLWA M y4yacTBaT B npoueca Ha xemucopbuma Ha COz, KaTo
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obpa3yBaT KapboHaTM, KOMUTO He yyacTBaT B NOCAeABAWM LMKAM Ha aacopbuma npwu
pereHepauua Npu HUCKM TemnepaTypu. Ha ¢ur. 12. ca npeacraBeHn AUHAMUYHN KPUBK B
LMKAKN Ha aacopbuma/aecopbumsa Ha CO2 Ha aacopbeHTU OT BbrAULLHA nenen.
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dur. 12. MHaMUYHU KPUBM B UMKAM Ha aacopbuwms/mecopbuma Ha CO, OoT 3e0auTH OT
HWUCKOKanumesa nenes (a) M oT nenen ¢ ymepeHo cbabpKaHue Ha CaO (b).

Mpu 3a4bN160YEHOTO M3C/eBaHE Ha MexaHu3ma Ha agcopbumsa Ha CO;z ot Na-X u Na-
Ca-X, nposeaeHo upes In-situ nHppayepBeHa CNEKTPoCcKoNuA ¢ npeobpasyBaHe Ha Pypue e
YCTaHOBEHO, Ye efiHa OT PO/IUTe Ha Ka/uus e Aa yBenmyasa 6pona Ha gocTbnHM Na* KaTMoHu B
3€0/IMTUTE, KbAEeTo MoraT Aa ce aacopbupat eaHoBpemeHHo ase CO mam CO, monekynu.
N3cnepBaHeTo e nybamkysaHo B: Boycheva, S., Chakarova, K., Mihaylov, M., Hadjiivanov,
K., Popova, M., Effect of calcium on enhanced carbon capture potential of coal fly ash
zeolites. Part Il: a study on the adsorption mechanisms (2022) Environmental Science:
Processes and Impacts, 24 (10), pp. 1934-1944.

ModenHu uscnedsaHusa Ha npoyecume Ha adcopbyusa/Oecopbyua Ha 8vanepodeH OUOKcud
8 OUHAMUYHU YC/108UA 8bPXY 3e0AUMU OM 8b2aAUWHA nene

Mpn onNMcaHMETO M CUMYIMPAHETO Ha aACOPOLMOHHM Mpouecu B cucTtemaTa TBbPAO TANO0-
ras, Han-WKUPOKO NPUNOKEHNE HAMMPA MOAENDT, OCHOBABALL, Ce Ha XMNnoTe3aTa Ha IMHeNHa
Asuxewa cuna LDF (Linear Driving Force). OcHoBHO pgonyckaHe B LDF mopena e
HaCTbNBAHETO HAa MWIHOBEHO TEPMOAMHAMMYHO PaBHOBECME Ha rPaHW4YHaTa MOBBLPXHOCT
ras-TBbpAo BewecTso. KbM Mogena ce npuaara TeopuATa Ha IMHEEH ABUMKeL, NOTEHLMAN 33
onucaHue Ha macoobmeHa. MpoBeAeHN ca CMMYIALMOHHN M3CNenBaHMA Ha NpoLlecuTe Ha
agcopbums Ha CO, OT 3€0/IUTU, CUMHTE3MPAHM OT BBLIIUWHM Nenenu, Kato e BaanampaH
undpoB mogen B cuMmynaumoHHa cpeaa ProSim DAC no ekcnepuMeHTanHWUTe pesyntaty oT
n3cneaBaHUATa Ha GU3NYHU U TEPMOAMHAMMWYHM MapaMeTpKn Ha npoueca Ha aacopbums B
ANHAMWUYHU YCNOBUA. 32 MOAENHO ONMUCAaHME Ha PaBHOBECHUTE abCOPOLMOHHN N30TEPMU €
3a/10)KeH MogenbT Ha Langmuir, oTHacAW, ce 3a MOHOC/OMHA aacopbuma nNpyu XOMOreHHo
pa3snpeaeneHne Ha aAcopbUMOHHUTE LEHTPOBe BbPXY MOBbLPXHOCTTA Ha aacopbeHTa.
KopenaumsaTta Ha eKcnepuMmeHTanHUTe M30TEPMM M MOoAeNHaTa M3oTepma Ha Langmuir e
nscnefBaHa 4ype3 napamMeTpus3auma Ha eKCNnepuMeHTasIHW paBHOBECHM M3oTepmu. KaTo
MOZEN Ha OonucaHWe Ha AMHAMMKATA HA afCOPOLMOHHMA npouec e 3ajafeH MoAen Ha
NMHelHaTa asuKewa cuna (Linear Drive Force Model, LDF). YcraHoBsBa ce paobpa
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Kopenauma mexay moAenHata U eKCnepumeHTanHaTa AMHAMUYHU XapaKTEPUCTUKKU, KOETO
NnoKasBa, ye mogenute Ha Langmuir 3a ctaTuyHa n LDF 3a guHamumyHa aagcopbuma onuceat
AOCTOBEPHO aACOPOLMOHHA KOMIOHA C aACOPHEHT 3€0N1T OT BbIIMLWHA Nenes n moraT ga ce
npunarat 3a MauwabupaHe Ha aacopbuMOHHaATa Ko/soHa OT nabopaTopHa A0 NMAOTHA
cuctema. Ha ¢wur. 13 ca npeactaBeHW eKCnepuMeHTasnHa M MOAeNHa KPMBM Ha AMHAMMYHA
agcopbums Ha CO2 3a 3e0NUT OT BbIIMLHA Nenen.
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dur. 13. EKcnepmMmeHTanHa U moaenHa KpmeuM Ha aacopbuma Ha CO, OT 3e0/1UT OT BbIIULLHA
nenen.

Pe3yntatute oT MoAenHUTe n3cnenBaHmA ca NnybonMKyBaHU B:

Zgureva, D., Boycheva, S., Experimental and model investigations of CO:
adsorption onto fly ash zeolite surface in dynamic conditions (2020) Sustainable Chemistry
and Pharmacy, 15, art. no. 100222.

Boycheva, S., Marinov, I., Zgureva-Filipova, D., Studies on the CO: capture by coal
fly ash zeolites: Process design and simulation (2021) Energies, 14 (24), art. no. 8279.

ModenHu uscnedsaHuUa HAO NUAOMHAMA UHCMAAAYUA 3d YyndesaHe HA 8b2aepodHU emucuu
Cnepn BanupupaHe Ha uUMGPOBMA MOAEN Ca NPOBEAEHWN CUMYALMOHHWU NPECMATAHMA B
cpepa Ha cneumanmsmpaH coptyep ProSim DAC Ha agcopbuMOHHA KOAOHA Ha MUAOTHA
WMHCTaNauma 3a ynaBAHe Ha BbIepOAHW eMUCUU C MpuaaraHe Ha 3e0AUTU OT BbI/IULLLHA
nenen. CumynauMoHHUTE MNpecmMATaHWA Cca MNpOoBeAEeHU nNpu BapupaWo OTHOLWeHue
AvameTtbp D/abnkuHa L Ha apcopbumoHHATa KOMOHA M MpU ABE PasinyHKM PaboTHM
HanaraHua. WM3cneaBaHM ca YeTUMpPU BapuaHTa Ha MWAOTHA aAcOPOUMOHHA KOMOHaA.
M3uncnennaTta ca nposegeHn 3a 1000 m3/h aumeH ras, cvabpkaw, N2 n CO> B o6emHO
cboTHoweHme 90/10 vol%/vol%. TemnepaTypaTta Ha agcopbaTta ce nogabpiKa NOCTOAHHA OT
24 °C BbB BCUYKM CUMYNALUNOHHU eKcnepumeHTU. MonydyeHnTe pesyataTv NokassaT BUSHUE
Ha cboTHoweHueto D/L Ha apcopbumoHHATa KONOHaA NpW eAHaKBa maca Ha agcopbeHTa
BbpXy aacopbupaHoTo Konuyectso CO,. ToBa NOKasBa, Ye 3a MPaKTUYECKU MPUNOXKEHUA
ONTMMM3UPAHETO Ha TO3U NapameTbp e 3a4b/IKUTENHO.
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Pesyntatute BbpXy MOAENHM W3CNeABAaHWA Ha NUAOTHA WHCTaNauMA 3a YyNaBAHE Ha
BbINEepPoAHN emucun ca nybnukyesaHu B: Boycheva, S., Marinov, l., Zgureva-Filipova, D.,
Studies on the CO; capture by coal fly ash zeolites: Process design and simulation (2021)
Energies, 14 (24), art. no. 8279.

5. KaTanAuTUUHO u3rapsaHe Ha NeT/IMBU OPraHUYHU cbeguHeHu (J10C)

JleTanBuTE OpraHMYHU CbeaUHEHUA Ca cpel, OCHOBHUTE 3aMbpCUTENM HA Bb3Ayxa, nopagu
TAXHOTO BPEAHO Bb3AENCTBME BbPXY YOBELIKOTO 34paBe NPU MOBULIEHN KOHLEHTPALUUM U
TEXHUS TMPUHOC KbM T[/106a/HOTO 3aTon/jisAHe, AeWCTBaKM KaTo NpeKypcopu 3a
GOTOXMMUYHOTO reHepupaHe Ha NapHMKOBK ra3oBe U cmor B aTmocdeparta. JIOC ce otaensT
B OKO/IHaTa cpega OT pPas/IMYHM NPOMMULUIEHW UM NpUpoaHM npouecn. OCHOBHUTE
NPOMMULUNEHN M3TOYHMUM Ha JIOC ca opraHM4yHaTa M dapmaueBTMYHATA NPOMULLIEHOCTH,
npepaboTKaTa Ha NeTPO/IHU NPOAYKTU, U3rapsHETO UM NUPOAM3aTa Ha BbInLa, bBuomaca,
b6uoropmsa M oTnagbln, aBTOMOOUAHN aBuratenn n ap. KoHTponbT Ha emucunte Ha J1OC
ype3 TEPMUYHO OKUC/NEHWE € efHa OT HAW-AO0CTbMHUTE TEXHONOTUU, MNPUNOKUMU KbM
M3TOYHMUM Ha OPraHM3MpaHu rasoBum MNOTOUM OT FOPUBHU U NPOMMULLIAEHU WMHCTaNauUw.
N3barsaHeTo Ha m3nyckaHeTo Ha J/IOC B atmocdepaTa Ype3 TEPMUYHOTO UM OKUC/IEHME €
npegnoymMtaHa TEXHOAOrMA, Nopaau HeWHaTa bBKaABOCT cnpamo Bcuuku JIOC, KouTto
0BUKHOBEHO Ce OTAENAT KaTo CMEC, BUCOKA epeKTUBHOCT, gocTurawa 99 % n npnaoxmMmocT
B WUMPOK AMANa30H OT KOoHUeHTpaunn. OCHOBHMAT HEAOCTAaTbK Ha KOHTPosMpaHeTo Ha J10C
ypes TEPMUYHOTO MM pa3pyLlaBaHe Ca BUCOKMUTE TemnepaTtypu 3a Mb/IHOTO MM OKUC/IEHME
Hag 900 °C, KoeTo BOAM 40 BUCOKW EHEPIrMMHM pasxoau 3a npoueca. 3a ga ce Hamaam
TemnepartypaTta Ha okucneHmneto Ha JIOC nog 500 °C, 3a nNpakTUYECKU Uenu ce npuaarat
KaTanusaTtopu, Halh-ePeKTMBHU OT KOMTO, HO C BMCOKa cebecTomHOCT, ca HnaropoaHuTe
meTanu (Pt, Pd, Rh, Au). PaspywaBaHeTo Ha JIOC 4ype3 TEPMMUYHOTO UM OKMUC/IEHUE BbPXY
KaTa/IN3aTopm Ce CYMTA 32 KAaTaIMTUYHO U3rapsaHe.

3aabnboyeHnTe M3cnenBaHMA BbPXY XapPaKTEPUCTUKUTE HA 3€0/UTU OT BbI/IULLHA
nenen, NoKasaxa 61aronpuUATHU NPeANOCTaBKM 33 OYaKBAHA BMCOKA KaTaMTUYHA aKTUBHOCT
M NPOBOKMpaxa U3CnelBaHUATA B Ta3M HACOKA B TbPCEHETO HA MO-UKOHOMMYECKA M3rogHa
anTepHaTMBA HA KATa/IN3aToOPMU.

KaTannuTuyHata aKTMBHOCT Ha 3€0/MTUTTE OT BbI/MWHaA nenen ce obycnaea ot
6naronpuATHUTE CTOMHOCTM Ha crneumMdPuyHata MM NOBBPXHOCT, CMeceHaTa MWKpPO-
Me30MoPbO3HOCT M PaBHOMEPHOTO pa3snpeseneHne Ha meTanHu okenam (Fe0s, Fes0s, MgO,
MnO, TiOz) n metanm (W, V, Co, Cu), npeHeceHM OT cypoBaTa BbIMLIHA MENEsN, KOUTO
0eNCcTBaT KaTo LLEeHTPOBE 3a aKTUBHO OKMC/IeHWe. 3e0AUTUTE, NONYYEHU OT BbIIULWHA Nenen
ot TEU, npuTerkaBaT BUCOKA KaTaAUTUYHA aKTUBHOCT 33 NbJAHOTO OKmMcneHue Ha J10C B npAKa
B3aMMOBpPb3Ka CbC cneumMPuuyHMUTE MM MNOBBPXHOCTHMU W TEKCTYPHU XapPaKTEPUCTUKU WU
CbCTaBa UM. BUabT 1 pasnpeneneHMeTo Ha XKenesooKkcnaHute ¢asn ca Kaw4dosu daktTopw,
KOWTO Ca n3cnenBaHn 3a4bN00YEHO NpPU 3€0/UTU, NOJIYYEHM YPEe3 Pas3/IMYHMU TEXHUKHK, Ype3
KOMbBMHaUMA OT CbBPEMEHHN MHCTPYMEHTaNHM TeXHUKM MbocbayepoBa cnektpockonusa, UV
Vis cnekTtpockonusa wn TemenpaTtypHo-nporpamupana peaykums (TPR). U3cnepBaHa e wm
Bb3MOKHOCTTA 33 MNOBMLIABAHE Ha KATaJIMTUYHATA aKTUMBHOCT HA 3€0/IMTU OT BbIAMLLHA
nenen 4pes npunaraHe Ha cneacuHTE3Ha MoAUOUKALMA Ha MOBBPXHOCTTA MM 4pes
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AONBAHUTENHO MMMpPerHupaHe ¢ meTanHn okenmam  (Cux0, Cosz0s4). KatanutuuHute
n3cnenBaHUA BbPXY OKMCNEHMETO Ha TOJIyeH ca MPOBeAEHM MPW aTMOCHEpPHO HanAraHe B
PEaKTOp C HEMOABWMKEH CNoM c Hocew, ra3s Bb3ayx (30 ml/min) B cucTema 3a KaTaNUTUYHM
nscnepBaHua, npeacrtaseHa Ha ¢ur. 14. On-line aHanM3bT Ha PeaKUMOHHUTE NPOAYKTU e
M3BbPWEH C ra3oB XxpomaTorpad, KaTo Ha uM3xo4 B rasoBaTa CMeC €eAWMHCTBEHUAT
perncTpupaH Bbrnepoa-cbabpKaly npoaykr e CO,.

h "
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capillary column H
carrier gas - N, Analytical gases
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P
[ ; ) pure Si0,
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PC Mictovoltmeter
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> 1.25mm

®ur. 14. J'Ia6opaTopHa CUCTeMa 3a n3cneaBaHe Ha KataIMTU4HATa akKTUBHOCT HA 3€0/INTUTE
OT BblrnHa nenen.

KatanutmMyHata aKTMBHOCT e u3cneaBaHa BbB (QyHKUMA OT Temnepatypata U BpemeTo.
AKTUBHUTE KaTaZIMTUYHU LLEHTPOBE, KOMUTO ce GOpPMMpPaT B 3€0/IMTUTE OT BbI/INLLHA Nenesn, ce
Ab/KAT Ha HasnmnumeTo Ha 14,73 wt% Fe 03 B no-HUCKO cunmumesn n Ha 12,99 wi% Fe,03 BbB
NO-BUCOKOCUINLUMEBM Menenn. Yactuumte OT Kene3eH OKCUA ca AaucneprupaHn ¢uHo B
pe3ynTaT Ha NPWAAraHeTo Ha YNTPA3BYKOBA XOMOreHM3auma nNpm CMHTe3a U He ce OTKpMBaAT
KaTo cenapupaHu $asn Ha PEHTreHOrpaMmuTe Ha 3e0NUTHUTE NPOAYKTU. KaTanutuyHute
n3cneABaHUA ca NpPoBeAeHM BbPXY MbJAHOTO OKUCAEHME Ha TOJlyeH, KaTto MOZAEsHO
cbeamHeHune. M3xogHaTa netAwa nenen ce XapakTepusmpa C Hes3HayuTesIHa KaTa/lMTU4YHa
aKTUBHOCT, A,0KaTO TpaHchopmaLmaTa i B 3e01UTU Nof06pABa MHOTOKPATHO KaTanUTUYHUTE
OTHACAHWA Ha NoayyvyeHUTe maTepuann. Katanusatopute OT BLIUWLHA Nenen, nojyvyeHu
ypes3 yNTPa3ByKOBA XOMOreHM3aLuMA, MOKA3BaT MO-BMCOKA KaTa/IMTUYHA AKTUMBHOCT KbM
NbJHOTO OKUCNEeHWe Ha TonyeH Hagd 75 % npu 490 °C B cpaBHEHWEe CbC 3e0/UTUTe,
CUHTE3MpaHM C MarHuTHa obpaboTka, nopagn no-GuMHOTO pasnpepeneHne Ha Fe?'/Fe3*-
aKTUBHUTE ULEHTpOBe B 3e0/AUTHaTa MmaTtpuua. CneacuHTesHata moauduKauma, ypes
AONBAHUTENIHO UMMPErHUPaHe C META/IHU OKCUAM 3HAUUTENHO nofobpAsBa KaTaAUTUYHATA
aKTMBHOCT Ha 3€0/1UTUTE, Nopaaun 06pa3yBaHETO Ha AONBAHUTENHN KaTaIUTUYHW LEHTPOBE.
MoandbuumpaHnte ¢ meg U KobanT 3e0nMUTM OT BbIAMLWHA Nenen npoasaBat ePpekTUBHOCT

KbM OKUCNEHWEeTO Ha TonyeH Hag 90 % npu 400 °C. Katanusatopute OT BbI/IULWHA nenen
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MOKa3BaT CTabMNHOCT B KAaTaAMTUYHOTO CU NoBeAEeHME NPU U3CneaBaHETO UM B nopeauua oT
KaTaJIMTUYHU UMKAU. M3cneaBaHO e KaTanaTMYHOTO MM noBegeHue (KOHKYpPeHTHa KaTasinsa)
B CMECM OT NeTNIMBU OPraHUYHU CbegUHEHUA.

KombuHaumaTa oT KaTa/MTMYHA aKTMBHOCT 3a okucaeHue Ha JIOC go COz u H;0 un
apcopbumoHHaTta cnocobHocT Kbm CO; Ha 3e0/IMTUTE OT BbLIIMLLHA Nenen e NpeanocTaBka
3a pa3paboTBaHeTo Ha BUPYKLMOHANHN KaTaNUTUYHO-aACOPOUNOHHN CUCTEMMU.

Pesyntatute oT T€3M U3cnenBaHMA ca NyH6NMKYBAHM B:

Boycheva, S., Zgureva, D., Vaclavikova, M., Kalvachev, Y., Lazarova, H., Popova, M.
Studies on non-modified and copper-modified coal ash zeolites as heterogeneous catalysts
for VOCs oxidation (2019) Journal of Hazardous Materials, 361, pp. 374-382.

Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Lazar, K., Szegedi, A., VOC
oxidation and CO- adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525.

Mopaan ycTaHOBEHMAT b6naronpuATeH egpeKkT Ha MNOBULWEHOTO CbAbPXKAHME Ha
KEenesooKkcnaHu $a3m BbPXYy KaTaAUTUYHATa aKTUBHOCT HA 3€0/UTUTE OT BbIMLHA nenen,
Ca MONYYEHM KaTa/aM3aTOpPW 4Ype3 ajskasiHa KOHBEPCUMA Ha XeneseH cenapaTt OT BbIULWHA
nenen, fo6uT KaTo cpeagHa Npoba OT XMAPO3aTBOPUTE HAa €NEeKTPOCTATUYHUTE yTauTenun B
TEL, ,,Ef n Ec MnbboBo”. MoaobHM BUCOKOMKENE3HW cenapaTh mMoraT Aa 6baaT noayyeHu
ypes MarHWTHa cenapauma Ha BbravwHa nenen. CbAbprKaHMETO Ha Fe-KOMNOHeHTU B
cenapara e u3cnefBaHo Ypes ONTMYHA EMUCUMOHHA CNEKTPOCKONUA B MHAYKTMBHO CBbp3aHa
nnasma (OES-ICP). EneMeHTHMAT My CbCTaB € M3cneaBaH C peHTreHoBa ¢GOTOe/IeKTPOHHA
cnekTpockonusa (XPS).

KatanusatopuTe OT BUCOKOXKENE3EH cenapaT OT BbIMLHA NENEN Ce XapaKTepmnsunpar
C HUCKa cneumndmruHa NOBbPXHOCT OT 257 M2/g, HO C BUCOK TPpaHCdEp Ha XKeA30-CbaAbpsKallm
KOMMOHEHTN OT M3XOAHaTa cypoBMHa oT 6aM30 40 wt %. KatanusatopuTe, nonyyeHu ot
eneseH cenapat, ca moauMPUUMPAHM AONBAHUTENIHO C NAa3meHa o06paboTka B
paguoyecToTeH nnasmeH reHepatop Oxford Plasmalab ¢ yectota 13.56 MHz B nnasma Ha
CHF3 3a nogobpABaHe Ha KaTa/MTMYHATa MM aKTUMBHOCT. [n1a3meHaTa 06paboTKka BAOLWaBa
NOBBPXHOCTHUTE XapPaKTEPUCTUKM Ha 3€0/INTUTE, HO eLBalikKM NOBBPXHOCTTA MM, OCUTYPABA
OOCTbMHOCT Ha KaTa/MTUYHUTE LEHTPOBE, OTBaApPAMKM NOpUTe MO MNOBBLPXHOCTTA Ha
MaTepuana, C KoeTo MOBULIABA KaTa/JIMTUYHATa aKTUBHOCT. YCTAaHOBEHO e, Ye Maa3mMeHo
MoaANOULMPaHNAT 0boraTeH € Kensa3o 3e0UT NPOoABABA CU/IHA KaTa/IMTMYHA aKTUBHOCT 3a
okucnenue Ha JIOC, pocturakm creneH Ha npeobpasysBaHe oT 98 % npu 500 °C n BUCOK
ANHAMMWYEH KanauuTeT 3a ynaBsHe Ha BbriepoaeH Anokcua ot 3,8 mmol/g. 3a cpaBHeHue,
KOMePCUaNHUTE KaTaIMTUYHU cucTemmn, 6asnpaHn Ha 61aropoaHM MeTann U HAKOW OKCuau
Ha NPeXoAHUTE MeTanu AOCTUraT TakaBa KaTa/MTMYHA akTUBHOCT npu 700 °C. Ha ¢wr. 15. ca
npeacTaBeHN TeMMNEPATYPHUTE U KMHETUYHUTE 3aBMCMMOCTU HA KaTa/IMTUYHATa aKTUMBHOCT
Ha KaTanu3aTop, MOJy4YeH OT XKene300KCUAEH cenapaT Ha Bbl/IMLLHA Nenen npeau n cneg
nnasmeHa obpaboTKa.
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dur. 15. TemnepatypHa M KUHETMYHM 3aBMCMMOCTM Ha aKTMBHOCTTA Ha KaTanusaTtop,
NONIYYeH OT }KeNe300KCMAEH cenapaT Ha BbrMWHA nenen: HemoamduuMpaH KatanmsaTop
(Fe-CFAZ) n nnazameHo-moauduumpaH katanusartop (Fe-CFAZ_30).

Pe3yntatuTe OT M3C/NeABaHETO Ha KaTanu3aTopu OT BUCOKOXKENe3eH cenapaT Ha BbrAULHA
nenen ca nybnaukyesaHu B: Boycheva, S., Szegedi, A., Lazar, K., Popov, C., Popova, M.,
Advanced high-iron coal fly ash zeolites for low-carbon emission catalytic combustion of
VOCs (2023) Catalysis Today, 418, art. no. 114109.

6. ONTUYHM ceH30pU 3a AeTeKUUA Ha aTMOCPEPHU 3aMbPCUTENN
3a pa3paboTBaHeTO Ha cpeaum 3a ONTUYHU CEH30PU € HeObXOAMMO 3e0NTUTE OT BbIULLHA

nenen ga 6bAaT Nony4yeHW B TbHKOCNOEH BMA. 3€0AUTUTE Ca NOAXOAALW, HOCUMTEN 3a
WMHTErpMpaHeTo MM C ONTUYHO-AKTUBHU Cpean, MopPaan NOAXOAALLMTE CU XapPaKTEPUCTUKM Ha
NOBBPXHOCTTA U CU/IHA NOPbO3HOCT, NO3BO/IABALLA aKYMY/IMPAHETO HAa MONEKYAM OT rasoBa
¢dasa. 3eonnTuTe OT BBIIMLLHA Menen ca CBOeobpasHWM CamMOOPraHM3MPaHU KOMMIECHU
CUCTEMMU OT 3€0/IMTEH HOCUTEN C pa3npenefieHn akTUBHU LLeHTPOBE OT MeTasiHU OKCuaMm,
KOeTo € MpeAnocTaBKa 3a TAXHATA ONTMYHA aKTMBHOCT. llo/sy4yaBaHETO Ha 3€0/1UMTU OT
BbI/IMLWHA Nenen B TbHKOC/N0EH BUA e abCcontoTHa HOBOCT B NpeAcTaBeHUTe U3CNeABaHUA.
MonyyeHn ca KOoMnosuTHU TbHKM cnoeBe NbyOs-Na-X Bbpxy NOANMOMKM OT CUANLMIA 4Ypes
anapar 3a CNMHOBO HaHaCAHE Ha MOKPUTUA OT CYCMEH3UW Ha 3€0/IUT OT BbI/IMLLHA Nenen B
HMobues 3on. EkcnepumeHTuTe ca onucaHu B Lazarova, K., Boycheva, S., Vasileva, M.,
Zgureva-Filipova, D., Georgieva, B., Babeva, T. Acetone-sensitive thin films comprising coal
fly ash Na-X zeolites and Sol-Gel Nb:Os matrix (2021) Nanomaterials, 11 (9), art. no. 2399 .

Bbnpekn HaHOKpucTanHata mopdonorMa Ha  MOAyyeHMTe  ype3  yATpa3BYKOBa
XOMOTreHM3auUMa 1 ABYCTbMANEH CUHTE3 3€0/IUTU, AOMNbBJHUTENIHOTO CMU/IAHE 32 HaMansABaHe
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pasmepa Ha KPUCTA/IUTUTE € OT CbLecTBEeHa BaXXHOCT MPU ONTUYHUTE MaTepuanun 3a
HamanABaHe Ha edeKTa Ha ONTUYHO pasceliBaHe. paxoobpasHute obpasum 3eonntn Na-X,
nonyyeHn 4pes aTmocdepHa KpucTanusaums M ABYCTbMAJIEH CUMHE3, ca NOAJ/I0XEeHU
npeaBapuTeNIHO Ha MOKPO CMUNAHe B TOMKOBa Me/IHMLA, KaTo ca NpoBeAeHU U3cneaBaHUA
NPW pasiNYHM BpeMeHa Ha CMWAaHe 33 M3ACHABAHE Ha Bb3AEWCTBMETO Ha edeKTa Ha
CMUNAHE BbPXYy ONTUYHUTE XaPaAKTEPUCTUKU Ha MaTepuanute U BbpXy CTAabMAHOCTTA Ha
3eonMTHaTa $asa. M3XoAHUAT 3€0/IUT Npean CMUIAHETO Ce XapaKTepusmpa C pasmep Ha
YyacTmumuTe oKoso 1 um, KOWTO He ocurypssa A406po ONTUYHO KayecTBO Ha KOMMO3UTHUTE
TbHKM C/10€Be, KaTO pasmepa Ha YacTuuuTe cael CMMNAHETO € HamaneH g4o 617 nm, ¢ KoeTo
ce noctura no-gobpun onTUYHM NoKasaTtenn. NpomsaHaTa B pa3amepa Ha YacTULUTE Ha 3e0UT
Na-X cnep CMUNAHETO e U3CNeABaHO Ype3 AMHAMMYHO CBETIMHHO pascenMBaHe (Dynamic
Light Scattering, DLS).

3a Oga ce OUEHM YYBCTBMTE/IHOCTTA Ha TbHKMTE CN0EBE KbM Mapu Ha aueToH Wau
€TaHO/l, C& WM3MepPBaT CMNEKTPUTE Ha OTPa*KeHue npeau M cned u3jaraHe Ha aHaauTa.
MN3uncneHnTe NpomeHuM B oTpakaTesHaTa cnocobHocT AR, npeansBMKaHW cnen, ekcnosnuma
Ha Mapu Ha aUeTOH W eTaHo/N B 3aBMCMMOCT OT BPEMETO Ha CMW/IaHe Ha 3e0auTa, ca
npeacrtaseHu Ha o¢wur. 16.

0.002 ml zeolites 0.010 ml zeolites

20 0.002 ml zeolites 0.010 ml zeolites : (b)
1.8 i
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®ur. 16. NMpomaHa B KoeduumeHTa Ha oTpaskeHne ARmax (%) 3a Nb20s/Na-X KOMNO3UTHM
cnoese, NernpaHn C PasIMYHN KONMYECTBA 3e0UT OT BbrnwHa nenen (0.002 ml (nsso) n
0.010 ml (ascHO)) Npw pa3NMyYHM BpeMeHa Ha CMUNAHe c/el eKCno3mums B Napu Ha aueToH
(a) n etanon (b).

Te3u pe3ynTaTn ACHO NOKa3BaT, 4e Komno3uTHute cnoese Nb,Os/Na-X npoasasat no-
ronAama YyBCTBUTENHOCT KbM auUETOH, OTKO/JIKOTO KbM €TaHON. YCTaHOBEHU ca OMTMMaHU
YCNOBMA 3a Hali-M3paseH ONTUYEH PECNOHC NPU eKCNO3ULMA Ha C/I0EBETE HA MApPU HA ALETOH
B 3aBMCMMOCT OT KOJIMYECTBOTO Ha 3e€0/MTHATa f06aBKa M OT NPOABL/IKUTENHOCTTA Ha
cmunaHe. Cnea KaTo e yCTaHOBEHa BMCOKA CENEKTUBHOCT Ha Komno3uTHute NbOs/Na-X
CNnoeBe KbM aLeTOHOBM Napw, ca NpoBeAEeHN eKCNepuUMEHTaIHU TeCTOBE 3a YCTAaHOBABAHE Ha
NpomMsaHaTa B oTpa)keHneTo AR npu eKcno3numA Ha TeYeH aLeToH Npu CTaliHa TemnepaTypa.
3a pga ce m3umcamn AR, ca MamepeHu CNeKTpUTe Ha oTparkeHue npeau (Ha Bb3AyX) M cnep,
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nu3naraHe Ha TeYHUA aHanuT. Ha d)VII'. 17 e NOKa3aHO CNEKTPaANHOTO OTMEeCTBaHe Ha TbHKMUA

cnon, nernpat ¢ 0.002 ml 3eonut oT BbrAMLHA Nenen.

v 1 v ) v I
80 -
60 f-
<«
S
m |
40 - —— Air
- — Acetone
20 -
M 1 " 1 " 1
400 500 600 700
Wavelength(nm)

dur. 17. OTmecTBaHe Ha CreKkTbpa Ha oTpaxeHue Ha KomnosutHute NbOs/Na-X TbHKM

cnoese, nernpanu ¢ 0.002 ml 3e0uUT, NP EKCNO3MLUA Ha TEYEH ALLETOH.

Bb3MOXKeH HauMH 33 NOBMLIABAaHEe Ha ONTUYHATA YYBCTBUTE/NIHOCTTA € TbHKUAT cnomn Aa 61>p,e

MHKOPMNOPUPaH B MHOTOCI0MHa NepuoanyHa CTPYKTypa, T.Hap. bpar cTek, cbcTosAwa ce oT
peayBallM ce CI0EBE C BUCOK M HUCHK MOKasaTenN Ha npevynsaHe, Kato HegotupaH Nb2Os m
A0TUpaH cbe 3e0nnTn Nb2Os, KaTo 3a AM3aiHa HA TaKbB TUM MHOFOC/NOMHM CTPYKTYpWU ca
NPoBeAeHN MOAENHWU U3CNeABaHMA Ha ONTUYHUTE KOHCTAHTU. Ha ¢ur. 18 ca npeacTtaBHu
MOZENNPAHN CMEKTPM Ha MPOMyCcKaHe Ha 7-CNoeH CTeK BbB Bb3AyX M B cpeda Ha napu Ha
aueToH. YcTaHOBABA Ce, Ye C yBe/iMyaBaHe Ha 6pos Ha cnoeBeTe B CTeKa, Ce yBeaM4yaBa U

CEH30PHNA MY OTK/IUK.
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®ur. 18. (a) MozennpaHu cnekTpM Ha NPOMyCcKaHe Ha KOMMIOTbPHO reHepupaH 7-coeH
CTeK Ha bpar BbB Bb3Ayx M B cpeja Ha aueTtoHoBWM napu; (b) ceH3opeH OTKAMK Ha

KOMMIOTbPHO reHepupaHu CTEKOBE C pa3nunyeH 6poii cnoese.

PesyntaTuTe oT NnpoBeAeHUTE U3cneaBaHUA BbPXY TbHKOC/IOMHM CEH30PM OT 3€0/IUTU OT
BbIMLWHA Nenen ca ob6obuweHn B Lazarova, K., Boycheva, S., Vasileva, M., Zgureva-
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Number of layers
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25



Filipova, D., Georgieva, B., Babeva, T., Acetone-sensitive thin films comprising coal fly
ash Na-X zeolites and Sol-Gel Nb,Os matrix, (2021) Nanomaterials, 11 (9), art. no.
2399.

7. MpunoxkeHue Ha aNKaNHO-KOHBEPTUPAHa BbI/IULWHA Nenen 3a oOYMCTBaHe UHAYCTPUANHO
3aMbpcCeHun sBogu

OuyucmeaHe Ha 800U OM MeXKU memanu
3eonntnte ca npegnoynTaH ed)eKTMBeH a,CI,COp6eHT Ha TEXKU MeTaM N OpPraHn4YHU

3aMbpCcUTENN NPU OYUCTBAHETO Ha BOAM, nopaau pobpaTa CM XMMMYHA WMHEPTHOCT U
61aronpuUATHM NOBBbPXHOCTHWU XapaKTePUCTUKN. AacopbumaTa Ha 3ambpcuTeNN OT BOAM Ype3
NPWNaraHeTo Ha 3€0/IMTU e YTBbPAEHA KAaTo Hal-A406pa HaAMYHA TEXHMKA 33 OYMCTBAHE Ha
BOAN. MPUNOXKEHNETO HA MAarHUTHM HaHoyacTuum (MNP) 3a ouncTBaHe Ha OTNAAbYHU BOAMU
OT TEKM MEeTaIn e LWMPOKO NPOydyeHO, Mopaau YHWUKanHaTa MM KombuHauma ot
€NeKTPMYECKM U MArHUTHM CBOMCTBA, BMCOKA aAcopObLMOHHA CNOCOOHOCT M EKONorMyHa
CbBMeCTUMOCT. OCHOBHMAT HepocTaTbKk Ha MNP e TAxHaTa CKAOHHOCT Aa arnomepwupar,
KOeTO HamasnfiBa KOHTAaKTHATa MM MOBbPXHOCT ¢ obpaboTBaHaTa cpepa. PeweHneTo Ha TO3un
npobnem e mnperHnpaHeTo Ha MNP B 3€0/1IMTHM MaTpPULM, KaTO NO TO3M HAYMH Ce Cb3aaBaT
KOMMO3UTK C BUCOK aacopbunoHeH NnoTeHUMan, KOMTO MMaT CBOMCTBOTO Aa Ce MarHeTusupar
n ca 6e3BpeaHun. MNpunaraHeTo Ha npaxoobpasHW agacopbeHTM 3a o4yMcTBaHE Ha BOAM
OCUrypsiBa MO-TONIAIMAa KOHTAKTHA MOBBbPXHOCT Ha rpaHuMuUaTa TBbpAa/TedHa cpean, KoATo
HapacTBa C HamanABaHeTO Ha pasmepa Ha vactuumTte. ToBa BOAM [O MNO-rOAAM
aacopbumMoHeH KanauuTeT n epeKTUBHOCT Ha oymcTBaHe. [10-MaNKUAT pasmep Ha TBbpAUTe
yactuun, obaye, 3aTpyAHABA OTCTPaHABAHETO MM OT obpaboTeHaTa cpega B Kpasa Ha
npoueca. MarHUTHUTE 3€0/INTU UMAT TEXHOJIOTMYHOTO NPEAMMCTBO 33 Y/IeCHEHO U3BEXOAHE
Ha aacopbeHTHUTE YacTuUuM OoT obpaboTBaHaTa cpeda Ypes npuiaraHe Ha BbHLUEH MarHuT.
MarHMTHOTO oOTAenAHe Ha apcopbeHTM OT BOAHMTE MOTOUM € MHOro M3rogHo 3a
NPOMULLNIEHO NPUNOXKEHWE, TbMA KaTO CNecTABa €Heprya WM Bpeme B CpaBHEHMEe C
aNTEePHATMBHM MNPOLLECU Ha pasgeniaHe, Kato QunTpupaHe, ueHTpodyrmpaHe uam
rPaBUTALMOHHO pasaenaHe.

B Ta3n Bpb3Ka e nscnegBaHa aacopbumoHHaTa cnocobHOCT Ha 3€0/1MTU OT BbIINLLHA
nenen 3a oTcTpaHABaHeTO Ha Kaamuesu Cd?*- u 010BHU Pb?*- OHM OT TECTOBU BOAHM
pPa3TBOPM C U3MEHEeHMe Ha KOHUeHTpauuata oT 5 ao 200 ppm. U3xopHata u KpaliHaTa
KOHLLEHTPAUMA Ha MeTaNHU MOHM B 0OpaboTBaHWTe pa3TBOpPM € aHanuM3mMpaHa ¢ Mac-
CNEeKTPOMETbP C WHAYKTMBHO-CBbp3aHa nnasma ICP-MS n ¢ 6bp3ogeiictBall, aTOMHO-
abcopbuUMOHEH crneKTpomeTbp. M3cneasaHo e BAMAHMETO Ha pH Ha TecToBUTE pPasTBOPMU
BbpXy e(PeKTMBHOCTTA Ha OTCTPAHABAHE Ha TEXKWM MeTann B MHTepBasia oT 1 po 8.
YCTQaHOBEHO €, Ye 3e0AUTUTE OT BbIIMLHA Nenen NpoABABaT NO-BUCOKA e€PEKTUBHOCT KbM
OTCTpaHsiBaHe Ha OWBANEHTHM KAaTMOHM W NO-HUCKA KbM MOJIMBANIEHTHU, TbN KaTo
aacopbumsTa Ha NOSIMBANIEHTHU KaTUOHW BbPXY OTPULATENIHO 3apedeHn MOBbPXHOCTM € B
KOHKYPEHUMA C e4HOBANEHTHUTE KAaTUOHU. 3€0UTUTTE OT BbIINLWHA Nenes MmaTt No-HUCKO
CbAbpXKaHWE Ha OCHOBHMA KOMMNeHcupal, KaTuoH (Na*) B cpaBHEHME C YNCTUA CUHTETUYEH
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3eonnt FAU, nopagn Koeto U MOHOOOMEHHMAT MM MOTEeHLMaAN € NO-HUCHbK, HO TbM KaTo
OTCTPaHABAaHETO Ha METAJIHUTE KAaTMOHM OT KOHTaKTHUA PasTBOP Ce WM3BbPLIBA MO ABa
MeXaHM3ma - agacopbums M MOHHOOOMEH, TO OOWMAT KanauuTeT Ha 3afbprKaHe Ha
3€0/IMTUTE OT BbI/INLLHA Nenen e CbU3MepPUM C TO3M Ha YUCTUTE 3€0/IMTU. 3aBUCMMOCTTA Ha
edEeKTMBHOCTTAa Ha OYMUCTBAHE 33 WM3XOAHM W MOAMOULMPAHM C a METa/IHU OKCMAM
afacopbeHTn No oTHOLEHMe Ha MoHuTe Ha Kagmuin (Cd?*) u onoso (Pb?*) oT usxogHaTa MM
KOHUEHTpauua e npeacrtaseHa Ha ¢ur. 19.
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dur. 19. EdeKTMBHOCT Ha oOTcTpaHaBaHe Ha (a) Cd?* -ioHM u (6) Pb?* -iioHn ot
HeMoANPUUMPAHM U MOANPULMPAHM 3€0IUTM OT BbI/IULHA Nenes

YcTaHoBsABa ce 94-98 % ouncTBaHE Ha MOHWUTE Ha MU3C/NeABaHUTE TEXKKM MeTanu oT
3€0/IUTUTE OT BbIAMLLHA Menen npu KoHueHTpauumn ao 50 mg/l Cd** n go 100 mg/l Pb*+
MOHM, KaTO PaBHOBECHUAT aacopbuMOHEeH KanauuTeT goctura ctoiHoctn ot 170 mgCd?*/g
3€01UT N He ce BanAe oT pH B ananasoHa ot 3.0 go 7.0.

3a Aa ce U3CHU MeXaHM3MbT Ha ynaBAHE Ha KaaMWEBUTE MOHW OT M3CneaBaHuTe
aAcopbeHTN, eKCnepuMeHTa/IHUTe [aHHWM Cca OMUCaAHM C Pas3IMiHM TEPMOAMHAMUYHMU
moaenun. Apcopbumsta Ha AMBANEHTHM METa/lHW WMOHW OT BOAA BbPXYy MNPUPOAHU W
CUHTETMYHM 3€0/INTU Hal-4yecTo ce onucea ¢ fobpa Kopenaums OT TePMOAMHAMUYHUTE
mogenun Ha Langmuir u Freundlich. Pegnua uscnegsaHms nokaseat, Ye npu agcopbuma Ha
OVBANEHTHN MOHW HA TEXKM META/IN OT XEeNesHU 4yacTuum unm ¢asm Ha KeneseH oKcua,.
nobpa Kopenaums ¢ eKCnepMMeHTa NoKasea nsotepmata Ha Temkin. MogensT Ha Langmuir
npegnonara, 4e aacopbumaTa ce ocbllecTBABa 4pe3 ¢GopmMpaHe Ha MOHOC/IOM Ha
MoONeKynuTe Ha agcopbaTta BbpXy XOMOreHHaTa NoBbPXHOCT HA agcopbeHTa, KaTo AONycKa,
ye aKTUBHMUTE LEHTPOBE Ha afcopbuma ca paBHOMEPHO pasnpeaeneHun, aacopbupaHute
YacTULUM He B3aMMOAEWNCTBAT MOMeXKay cu M obpasyBaT camo eauH aacopbuMOHeH csiom
(moHocnolHa agcopbumsa). Mogenbt Ha Langmuir-Freundlich e BaanaeH 3a cnyyauTe Ha
MOHOCNOMHaTa aacopbuma BbpXy XeTeporeHHU NoBbPXHOCTU. TePMOAMHAMUYHUAT MOLEN
Ha Temkin e npunoXMM 33 oOnMcaHMe Ha afcopbUMOHHUTE WM30TEpPMM, Korato ce
OCbLLECTBABAT WHAMPEKTHM  B3aMMOAENCTBMA  Mexay aacopbeHTa w  aacopbara,
CbNbTCTBAHU C IMHENHO HaMasiaBaHe Ha CBOboAHaTa eHeprus Ha agcopbuma ¢ ysennyaBaHe
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Ha agcopbaTHMA cnon BbpXy NOBbPXHOCTTA. OT NpoBeAeHWTe MOAENHW U3CneABaHUA M
NoJlyYeHUTE Pe3ynTaTh 3a TEXHUTE NapaMeTpu, 3ae4HO CbC CTOMHOCTUTE 33 KoebULMEeHTUTE
Ha Kopenauma (R?) e ycTaHOBeHO, uye u3oTepmuTe Ha agcopbuma Ha Cd?*-MoHM BbBPXY
TEeCTBaHWUTE 3€0/IUTM OT BBIULLHA Nenen ce OnUCcBaT C HaM-BMCOK KoedbUUMEHT Ha
Kopenaums OT J/MHerHMAa Mmoaen Ha Langmuir, KoeTo npeanonara pPaBHOMEPHO
pa3snpeaeneHne Ha aacopbuMOHHUTE LEeHTPOBe U NOBbPXHOCTHATA €Heprua U MoKe aa ce
3aK/IH04N, Ye 3e0/IUTUTE OT BbI/IMLHA Nenes, Noay4YeHu Yype3 KoMOMHaLMA OT yATPa3BYKOBa
XOMOTreHM3aumMsa U ABYCTbNANIEH CUMHTE3, CE XapaKTepmM3npaT C XOMOreHHO pasnpegenieHune
Ha $asunTe Ha KeneseH OKCcUA, M Ha APYrute KOMMOHEHTWU, NMPEXBbP/JEHM OT CbCTaBa Ha
BbrAMlHaTa nenen. EKcnepumeHTanHUTE M30TepMK Ha agcopbumata Ha Cd?*-MoHM BbpXy
HemoandUuMpaHn n mogudULMpPaHn 3e0/IMTU OT BbIIMLLHA NEenes, KaKTo U MOAENHOTO UM
onucaHue 4pe3 JIMHEWHaTa M He/auHeMHaTa ¢opmMM Ha M3oTepmaTta Ha Langmuir, ca
npeacraseHu Ha ¢wur. 20.
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dur. 20. EKcnepMMeHTaHU M MOZeNTHN M30TepMmM Ha Langmuir 3a aacopbuma Ha Cd?* - MoHm
BbpPXy HemoaubuumpaHm wn moauduuMpaHn 3e0nMTU  OT BbIAWWHaA nenen: (a)
HemoauduumpaH Na-X; (6) Na-X moauduumpaH ¢ MarHeTUTHWM HaoHodacTuuum; B) Na-X
moanduumpat ¢ Cux0; r) Na-X moanduumpat c Co,0s.
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3a nopobpaBaHe Ha ePEeKTUBHOCTTa MM Ha OYMCTBAHE, 3€0/IUTUTE OT BbIMLLHA Nenen ca
moanduumpaHun ypes gobassHe Ha MarHEeTUTHM HaHOYACTMUM MO BPEME Ha CUHTE3a UAn
cnef CUMHTE3HO Ype3 MMMPEerHMpaHe Ha NnoJsiyd4eHUTe 3e0AnTU C MedHN U KobanToBu conm m
nocnegBalliata UM TEPMUYHA PeayKLUMA A0 CbOTBETHUTE META/IHWU OKCUAM.

MarHeTuTHO-aKTMBMpaHuTe agcopbeHtn (MNP-CFAZ) ca OT  W3KAOYUTENHA
TEXHO/IOMMYHA BAXHOCT 33 OYMCTBAHE Ha OTNAAbYHM BOAM, Tbil KAaTO Te MOraT JIeCHO 4a ce
oTAenaT ot obpaboTBaHMTE Cpean, KaTo Ce NPUIOKN MArHUTHO NoJje cieq NPUK/OYBaHe Ha
obpaboTkara.

PesyntatuTe BbpXy M3cnenBaHUATa 32 ePEeKTUBHOCTTA Ha OYMCTBAHE HA BOAM OT TEXKM
MeTanun C NpuiaraHe Ha 3e0/IMTU OT BBI/IMLHA Nenen Kato agcopbeHTn 1 MOHOOOBMeEHHULM
ca nybnukysaHu B Boycheva S., Zgureva D., Miteva S., Marinov I., Behunovd D. M.,
Trendafilova I., Popova M., Vdclavikova M., Studies on the Potential of Nonmodified and
Metal Oxide-Modified Coal Fly Ash Zeolites For Adsorption of Heavy Metals and Catalytic
Degradation of Organics for Waste Water Recovery, Processes 2020,8,778.
doi:10.3390/pr8070778.

OyucmeaHe Ha 800U OM OpP2AHUYHU 3AdMbpPCcUMenuU Ype3 Kamaaumu4yHoO OKUC/neHUe 8bpxy
HeaKmueupaHu U aKmusupaHu ¢ Memaso0KCUOHU HAHOYacCMuyu 3e01umu om 8baAuWHa
nenen

OuncrtBaHeTO Ha BOAM OT OPraHMYHWU 3aMBPCUTENU Ype3 KaTaUTUYHO UM OKUCAEHMue B
npucbcTene Ha Fe?*-MoHM e M3BeCTHO KaTo Fenton npouec n e eguH OT Hail-edeKTUBHMUTE
MEeTOoAM 3a pasrpakAaHe Ha OpraHWYHM 3aMmbpcuTenn BbB BOAU. lNpouechT ce peannsmpa
NPW HUCKU CTOMHOCTM Ha pH 1 B npucbcTBmeTo Ha H,0, KaTto okucanten. OKUCNEHUeTo ce
KaTanmsupa oT Fe?*-ioHM No Bepu)KeH PaAMKanoB MEXaHW3bM. 3e0/IMTUTE OT BbIMULIHA
nenen, CUHTE3MpPAHU 4Ype3 YNTPa3BYKOBO-aCUCTUPAH ABYCTEMNEHEH CUHTE3, CbAbPXKAT GUHO
pasnpegeneHn o-Fex03 u y-FesOs HaHowacTMum, Kakto n depo- n bepu-oHn. Taka
noayyeHUTe maTepuanun ot 3e0NUTU3NPAHA BbI/IMLLHA Nenea UMaT Cblo U NPeANMCTBOTO Ha
BMCOKMTE CTOMHOCTM Ha BbHWHATAa MM cneunmduyHa NOBBPXHOCT (Sexirn). Mo-passutaTta
BbHLIHA MOBBbPXHOCT Ha KaTanus3atopa ocurypsaBa Obp3 KOHTAaKT C MOJIEKY/INTE Ha
3aMbpCUTENA, KOeTO BOAM [0 NO-BMCOKA CKOPOCT HA OKMCAUTenHuAa npouec. MOKpoTo
MMMNPErHMpaHe Ha 3e0nUTUTE C MeAHM WM KobantoBu conu Boau A0 GOPMMPAHETO HaA
ponbnHutendn Fe?*/Fe3*/Cu?* wn Fe?*/Fe3*/Co?*/Co3- aKTUBHM LEHTPOBE, LE YCKOpU
bopmMMpPaHeTOo Ha XMAPOKCUAHU pagmKanm 3a Fenton oKMCNEHMETO NpU CPABHUTENHO HUCKK
TemnepaTypu u We Hanpasu npoueca Ha OYMUCTBAHE HA OpPraHWYHKM 3amMbpCUTENU OT BOAM
TEXHONIOTMYHO No-m3rogeH. EdpekTnBHocTTa Ha Fenton oKucneHneTo Ha opraHnyHo Harpuno
(MB) B 3aBMCMMOCT OT M3XOZHaTa KOHUEHTpauuMa Ha pa3TBopa, uscnegsaHa npu 90 °C n 60
°C, e npeactaseHa Ha ¢wur. 21. YcraHoBaBa ce, Ye npu 90 °C HemoANDUUMPAHUAT 3€0UT
NPosABABa HAN-BMCOKA KaTa/IMTMYHA aKTMBHOCT C HanpeABaHETO Ha NpoLeca Ha OKUCIEHMeE.
Mpw NoHW}KaBaHe Ha TemnepaTypaTta obayve o 60 °C, moanduLMpaHnTe 3€01UTU NPOABABAT
NO-BMCOKA KaTaNMTUYHA aKTUBHOCT OT M3XOAHUTE, KAaTO HaM-BMCOKATa cTeneH Ha Fenton
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OKUCNeHne e perncTtpmnpaHa npm mMmarHeTUTHO-akKTUBUpPaHUTE 3€0J/IMTU OT BBI/IUWHA nenen
(MNP-CFAZ).
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dur. 21. Fenton okucneHne Ha MB B npucbcTBMETO KaTanmsaTtopu HemoanduumpaH (CFAZ)
n moguduumpaHu 3eonmtm ot BbranwHa nenen (Co-CFAZ, Cu-CFAZ, MNP-CFAZ) (a)
KuHeTn4Hu Kpmem npu 90 °C; (6) KnuHetnyHm kpusm npm 60 °C.

EkcnepumeHTanHUTe pesyntatM ca ONMCaHW 4Ype3 KMHETUYHM MOLEeNn OT NceBao-
NbpPBU N NCEBLO-BTOPU pes 3a U34UCNABAHE HAa KMHETUYHM KOHCTAHTM U BPEMEKOHCTaHTaTa
T1/2 Ha OKMCAMTENHaTa peakuma. CTOMHOCTMTE Ha KoeduumeHTa Ha perpecua (R?) nokassar,
ye KMHETUKaTa Ha oKucaeHue Ha MB ce onucea No-A0OCTOBEPHO C KMHETUYHOTO ypaBHEHME
OT NCeBAO-NbPBU pPes, KOraTo KaTo KaTanu3atopu ce npunarat HemoguduumpaH 3e0nuT oT
BbIULWHA Nenes n mogndunumpaH TakbB C MarHETUTHM HAaoOYaCTULLK, N OT NCEBAO-BTOPU pes,
KOraTo OKWUC/IEHMETO ce KaTanmsupa oT moauduumpaHm c men u Kobant 3eonntu. Mpu
nposexgaHe Ha Fenton okmcneHmeto Ha MB npu 90 °C BCUYKM M3C/IeaBaHM KaTaZIUTUUYHMU
CUCTEMM, BKAKOYBALLW 3€01MT U aKTUBHM LLEHTPOBE HA META/NIeH OKCMA, NpPoABABAT BMCOKA
KaTa/AIMTMYHA cnocobHocT. Mpwu Te3n ycnosua, HemoanouumpanmaT CFAZ ce xapaKkTepusmnpa ¢
Hal-BMCOKA KaTa/IMTMUYHA aKTMBHOCT, MOPaAM MNO-TONSIMATA KOHTAaKTHA MOBBPXHOCT, KOATO
ocurypAaBa 3e0/IMTHaTa matpuua. C NOHWXKaBaHeE HA TemmnepaTtypaTta, AONbJHUTENHUTE
AKTUBHM KaTa/IMTUYHU LEHTPOBE, Cb3dafeHn yYpe3 moandukauma Ha CFAZ, ponpuHacat 3a
MHTEH3UDULMPAHETO Ha MHTErpasHMA npouec Ha oKUcneHue. lNonyyeHuTe pesynTatm ot
Te3n u3cnenBaHus ca nybnukyesaHu B Boycheva S., Zgureva D., Miteva S., Marinov |I.,
Behunova D. M., Trenddfilova I., Popova M., Vdclavikova M., Studies on the Potential of
Nonmodified and Metal Oxide-Modified Coal Fly Ash Zeolites For Adsorption of Heavy
Metals and Catalytic Degradation of Organics for Waste Water Recovery, Processes
2020,8,778. doi:10.3390/pr8070778.

MonyyeHUTe CbLLECTBEHU HAYYHU M HAYYHO-NPUNONKHU pe3ynTaT 3a paspaboTBaHe
Ha TEXHO/IOTMYHWU peLLeHUn C eKosiormdyeH edeKkT 3a HamansBaHe Ha NoTpebneHneTo Ha
NPUPOAHU CYPOBUHMW, OrpaHUYaBaHe Ha FreHepMpPaHeTo Ha TBbPAW OTNAAHW NPOAYKTU Npu
€HepronpomMs3BoACTBOTO, CbYETAHO C MKOHOMMUYECKU WM3FOAHM TEXHONOMMW 3a yNaBAHe Ha
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eMUCNnNTE nNapHUKOBU Ta30BeE, eq)EKTMBHVI KaTa/M3atopmn 3a AeCTPYKUnA Ha NeTansu

OpraHn4yHn cCcbegunHeHna wm 4YyBCTBUTE/NIHN CEH30PU 3a [AeTeKUuuMATa Ha aTMOCd)epHVI

3aMbpPCUTENMN C HUCKA ceOECTOMHOCT.

Hay4yHu U HAy4YHO-NPUIOKHU NPUHOCKU

Bb3 ocHOBa Ha MOCTUrHaTMTe pesynTtati, 0600LWeHM B nyb6aAMKauumTe, PaBHOCTOMHU Ha

MoHorpaduyeH Tpya, moraT Aa 6baaT GopMyAnPaAHN CNeaAHUTE HAYYHU U HAYYHO-NPUIOKHM

NPUHOCHK!

(1)

(2)

(3)

YcTaHOBeHO e cboTHoweHneto Si/Al, amopdHa/KpuctanHa cbcTaBaABawa M ca
NaeHTUOMUMPaHN KpuctanHute ¢asun B U3cneaBaHuTe BbIIMLWHM Npobu nenen, fobutm
KaTo cpeaHu nNpobu OT eNeKTPOCTaTUYHWUTE YyTauTenu Ha YeTUpPU FONEMWU BbIULLHU
ueHTpanu B P. Bbarapua: TEL, ,,Mapuua U3Tok 2”, TELL ,,EM 1 Ec MeabboBo”, TELL ,,KoHTyp
rnoban”, TEU ,Mapuua 3”-Oumutposrpag. MonapHoTo cboTHoweHue Si/Al npu
BUCOKOCUAMLMEBUTE nNpobu Bapupa B MHTepBana 3.3+3.8. CbabpraHMETO Ha
meTanHute ¢asu (KenesHu okcuam), uspaseHu Kato Fer0s, goctura 12+3 wt. % npwm
BUCOKOCUAMLUMEeBUTE nenenn u o 47 wt. % BbB BUCOKOXKENE3HUTe cenapaTtu,
npeacTaBeHNM BbB BMA, Ha dasuTe MarHeTUT M xemaTuT. CbOTHOLEHMETO MeXAay
amopdHaTa M KpUCTanHaTa CbCTaBAABAWIM HA M3CnenBaHUTe 06pasuy OT BbIAULLHA
nenen sapupa ot 0.8 g0 2.0 B 3aBMCUMOCT OT crneundpuKkuTe Ha ropMBHaTa MHCTanaUmS.
paHynomeTpuATa Ha NeneaHUTe YacTuum Bapmpa mexay 45+250 um.

YCcTaHOBEHM ca ONTMMaANAHU YCI0BMA 33 a/IkalHA KOHBEPCMA Ha NenenTta oT U3rapsaHeTo
Ha JIMTHUTHW BBbIINLLA B YETUPU roiemun ropmsHn obekTta y Hac TEL, ,Mapuua MU3ToK 27,
TEL, ,,Ei u Ec Mabboso”, TEL, , KoHTyp Tnoban”, TEL, ,Mapuua 3”-AumutpoBrpas 3a
nosy4yaBaHeTo Ha 3e0auUT Na-X, CMHTeTUYEH aHa/Nor Ha NPUMPOAHMAT 3eonuT Fajasite
(FAU - eguH OT HamW-mscnefBaHUTE 3€0/UMTHU MWUHEPANM C LUMPOKO NPUIOXKEHME B
Pa3NMYHN MHAYCTPUANHWU chepn, No TPU TEXHONOTMYHU CXeMW: ABYCTbMANIEH CUHTES,
XMApOoTepManHa akTMBaLMA U aTMochepHa KpUcTanmsaum npu MakCMMasaHa CcTeneH Ha
KOHBepcMAa Ha nenenta. Hali-BMCOKA cTeneH Ha 3eonutusauma ot 94 wt% c
KpucTanusayma Ha 3eo/iMTHa ¢asa oT Tuna Na-X e nocturHaTta npu nenenta ot TEL, “En
n Ec MabboBo” Ypes aByeTaneH cUHTe3. M3BeaeHM ca B3aMMOBPDB3KM 33 BAMAHMETO HA
YCNOBUATA Ha CUHTE3, $a30BUA U XMMUYHUA CbCTAB Ha U3XOAHATA Nenen Bbpxy CTeneHTa
Ha 3e0/MTM3aumA, MOPPONOrMATA M TEKCTYPHUTE XapPaKTEPUCTUKU Ha MONyYeHUTe
CUHTETUYHU 3€0/IUTMU.

Mony4yeHn ca CMCTEMATUYHU JAHHM 3@ cneundmryYHaTa NOBbPXHOCT, pasnpeaeneHneTo Ha
nopuTe Mo pasmep M CTeneHTa Ha KOHBEPCMA Ha 3e0/INTUTE OT BbIIULLHA Nnenen ypes
MOZEe/IHN U3CNeABaHMUA Ha eKCMepUMEHTaNHUTE M30TEPMM Ha aacopbumsa/aecopbuus.
YCTaHOBEHM ca CTOMHOCTMTE Ha crneumdumyHata nosbpxHocT no BET (Seer, m?/g),
NOBBLPXHOCTTA, ONMUCaHa OT MUKPONOPUTE (Smicro, M2/g) BBbHIIHATA MOBBPXHOCT (Sextern,
m?2/g), obuwma sbTpeweH obem (Viota, mM3/g), obembT onpegeneH or MuKponopute
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(4)

(5)

(6)

(7)

(8)

(9)

(Vmicro, m3/g), 06embT, onpepeneH ot mesonopute (Vmeso, M3/g), cpefeH anameTrsp Ha
Mukponopute (dmicro, A) U cpeaeH anameTbp Ha mesonopuTe (dmeso, A) Ha 3e0nuTH oT
BBLI/IULLHM Nenenu, Noay4eHn Npu BapmpaHe Ha YCI0BUATA HA CUHTES.

YCTaHOBEH € BUCOK KanauuTeT Ha aacopbuma Ha COz Hag 3,0 mmol/g oT 3eonuTtn ot
BbI/IMILHA nenen cbC cneunduyHa noBBLPXHOCT oKono 400 m?/g npu aTmochepHo
HanAraHe WU BMCOKA CENEKTUBHOCT Ha KbM ynaBaHeTo Ha CO; nNpu noBuLIEHa BAAXKHOCT
Ha ra3oBuMA NOTOK, KOETO OT MPWU/IONKEH aCMNeKT, € TEXHO/IOTMYHO 3HAaYMM pe3ynTaT npu
WHCTa/IMPAHETO Ha CUCTEMM 3a Y/laBAHE Ha BbINEPOAEH AMOKCUA, KbM TOMJO-
€N1eKTPUYECKM LEHTPaM, Tbl KaTO AMMHUTE ra3oBe OOUKHOBEHO CbAbPKaT 3HAYUTENHO
KONMYeCTBO BOAHM Napw.

BanngupaH e undpos moaen 3a onucaHMe Ha afCcopbLUMOHHA KOJIOHa 3a ynaBsHe Ha
CO; OT 3€0/1MTK OT BbI/IMLLHA Nenes, NPUIOKUM 3a MalwabupaHe Ha nabopaTopHa A0
NMUIOTHA CUCTEMA, KaTo e YCTaHOBEHa € BUCOKa Kopesiauusa Ha mogennTte Ha Langmuir 3a
paBHoBecHa U Linear Drive Force 3a AuHamun4Ha agcopbums.

M3scHeH e mexaHuM3ma Ha agcopbums Ha CO2 OT 3€0/AMTU OT BbIWLLHA nNenen ¢
MOBMLWIEHO Ka/iUMEBO CbAbP)KaHME, KATO € YCTaHOBEHO, Ye e MNOoBWLIeHaTa WM
aacopbuMoHHa cNocobHOCT e pe3ynTaT OT MO-BMCOKAa KOHLEHTpaumMa Ha goctbnHM Na*
KaTMOHW Ha CTPYKTYPHM NO3NLMM, B KOUTO MOraT Aa ce aacopbupart eaqHOBPEeMEHHO ABe
CO; monekynu.

Bb3 ocHOBa Ha u3cnegBaHMATa Ha KaTa/MTMYHUTE npouecu B rasoBa ¢asa 3a
OKUC/NIEHUETO Ha JIeTIMBM  OPraHUYHU CbeAMHEHUSs BbPXY CaAMOOPraHU3MPaAHU
KaTaJIMTUYHU CUCTEMW C HOCUTEN 3€0/IUT OT BbI/INLLHA Nenen U KaTalMTUYHWN LLeHTPOoBe
OT NPEeHEeCeHM OT CbCTaBa Ha NenesTa MeTasHU OKCUAKM ca pa3paboTeHN MKOHOMMUYECKN
N3roAHN U ePEeKTUBHM KaTaNM3aTopPM 33 MbJIHOTO OKUCIEHWE HA OPraHWYHWN BELLLEeCTBaA U
Ca YCTAHOBEHM ONTMMA/IHU TeMmnepaTypu Ha MbJAHO KaTalMTUYHO OKMUCAEHME OT OKOJO
500 °C, cbuamepuMmn M OOPWU MO-HUCKM OT TE3U MPWU KaTaan3aTOpPUTE OT OKCMAM Ha
npexogHu u bnaropogHute metanu (Pt, Pd, Rh).

M3sCHEHM ca MexaHM3MUTE Ha KaTa/ZMyHa aKTMBHOCT Ha 3€0/IUTUTE OT BbI/MLLA Nenen
ypes uscneaBaHe Ha BWAA M pPasnpeaesieHMETO Ha KenesoKCcuaHuTe ¢asu, npeHeceHu
OT cypoBaTa nenes, B CTPYKTypHaTa 3€0/AMTHA MaTpuua. YCTaHOBEHO €, Ye BMUCOKaTa
¥Ke/Ie300KCUAHA KOMMOHEHTU WU Cb3[aBAaHETO HAa CMECEHW KaTa/IMTUHU LEeHTPoBe OT
™na Fe?*/Fe3*/Cu* n Fe?*/Fe3*/Co?* upes cneacuHTesHa moanduKauma Ha 3e0AUTUTe oT
Bbr/IMLHA Nenen nosMlaBa KaTaaMTUYHaTa UM aKTMBHOCT M HamansaBa TemnepaTypara
Ha OKWUC/IEHME Ha NeT/IMBU OPTraHUYHU CbeANHEHUSA.

B pesyntat Ha npoBeaeHWUTE W3CNeABaHUA BbpXy MNOJyY4aBaHETO Ha TbHKOC/IOWHU
CEH30pU OT KOMMO3WUTHWU C/N0eBe OT 3e0/INMTU OT BbIIMWHA Nenen, MMNPerHupaHu B
maTpuua Ha Nb2Os M Ha ONTUYHUTE MM KOHCTaHTU MPU EKCnosnuMata MM B Napu Ha
NEeT/INBM OPraHUYHU CbeAMHEHUs e YyCTaHOBeHa A06pa YyBCTBUTE/NHOCT Ha ONTUYHUTE
KOHCTaHTU Ha cnoeBeTe KbM aueToH. KoedpuUMEHTHLT Ha npeyynBaHe U CEH30PHUTE
CBOWMCTBA HA CTPYKTypuTe MoraT Aa 6bAaT KOHTPO/MPaHM 4Ype3 KOHLEHTpauuATa Ha
3€0/IMT B KOMNO3MTHATA MaTPMLA M pa3smepa Ha YactTuumTte. TbHKOCNOMHUTE 3€0/1IUTU OT
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BbrMLLHA Nenen nokassBaT npomaHa oT 20 % B oTpaxaTenHaTa CM CNOCOBHOCT,
npeausBMKaHa OT alETOH, KoeTo e Aobpa OnTMYHA YYBCTBUTE/IHOCT 3@ CEH30PHMU
NPUNOXKEHUA.

(10) B pesyntaT Ha npoBeAeHWUTE M3CNeABaHUA BbpPXy MPUIOKMMOCTTA Ha 3€0/IMTUTE OT
BbrAMWHA nenen 3a aacopbums Ha TEXKM MeTanu OT BOAM Ca YCTaHOBEHMU
KOHUEHTPaUMOHHUTE N pH-AnanasoHMTe Ha MakKCMManHa epeKTUBHOCT Ha OYUCTBAHETO.
Ypes mogenHu m3cnegBaHMa e YyCTaHOBEH MEXaHW3bM Ha MOHOC/NOMHa aacopbuma c
BMCOKa Kopenauus Ha mogena Ha Langmuir 3a onucaHue Ha eKcnepumeHTasHuTe
aACcopPOUNOHHN N30TEPMU.

(11) Hemoanduumpannte U moauduUUMpaHUTE C METaNHU OKCUMAM 3€0AUTU OT BbIAULLHA
nenen nposBABaT BMCOKA KaTa/MTMYHA aKTMBHOCT 3@ OYMCBAHE HA OPraHWYHO-
3aMbpPCEHM BOAM Upe3 okucnssaHe no Fenton npouec. YCTaHOBEHW ca ONTUMaNHUTE
Temnepatypu Ha npoueca. OT NpoBeAeHUTE MOAENHN U3CNeABaHUA € YCTaHOBEHO, Ye
KMHETMKATa Ha NnpoL,eca Ha OKUCNEHMUE Ce ONMUCBA HaAEeXAHO C KUHETUYHOTO ypaBHEHME
OT NCeBAO-MbPBU pes Npu HeMoANPULMPAHN U MArHETUTHO-aKTUBMPAHU 3€0AUTU U
ype3 KMHEeTUYHOTO ypaBHEHWe OT NceBao-BTOPU pes npyu moaudUUMpaHM C OKCMAN Ha
meq, U KobanT 3e0/IUTU OT BbIULLHA Nenen.
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Pe3iome U aBTOPCKa CpaBKa 3a HAYy4YHU NPUHOCU

Ha ny6amnKauuute no NMokasarenu I'7 u '8, u Nokasaren 3 oT U3IUCKBAHUATA
No KOHKYypC 3a 3aemaHe Ha A/ ,,NMpodecop”,
O6nact 5: TexHuuecku Hayku, MNMH 5.4 EHepreTuKa, HC ,TepmuuHu n agpeHm
eNeKTPUUYeCcKn ueHTpanun”
Ha gou. 4-p uHX. Cunsua boinuesa

Mo nokasaten I'7 ca npeactaBeHu 8 Ha 6poii HayuyHu Nyb6ankaumm, pedepupaHm B 6asm
AaHHKM Scopus n/unm Web of Science.

Mo nokasaTen '8 ca npeacTtaBeHn 34 Ha 6poi HayYHU Nyb6AMKaLUK, B HepedbepupaHu
CNUCaHMA C Hay4YHO peLeH3npaHe AN B pefaKTUPaHU KOIEKTUBHN TpyA0Be.

Mo nokasaTten 3 ca npeacTaBeHM 3 Ha BpPoI HayyHM Ny6AMKALMM C MMNAKT paKTop
/MM MMNAKT paHr, pedepunpann B 6asun aaHHKM Scopus n/mnm Web of Science

MpeacTtaBeHUTE N3BBH MOHOrPaPUUHUA TPYA HaydyHM Nyb6MKauMm moraTt aa ce rpynupat B
cnefHUTe TEMaTUYHU HanNpPaB/IEHUSA:

1. U3cnepBaHe Ha Bb3MOXHOCTUTE 33 MOAEPHU3MPAHE HA MHCTanauum B
Tonnoenekrpuyecku (TEL) u agpeHun enektpuyecku ueHtpanu (AEL)

ObnbokoTto obe3consBaHe WM pgeaepauuAaTa Ha NOAXpaHBALLATa BOAA € 3a4b/IKMTENHO
yCNOBMeE 3a OrpaHM4YyaBaHe NMPOTUYAHETO HA HeraTUBHU BOAHO-XMMUYHM npouecu B |-8u u Il-
PV KOHTYp Npu ABYKOHTYpPHU AELL. YTBbpAEeHaTa B NpakTUKaTa M HaN-LWMPOKO Pa3npocTpPaHeHa
TEXHO/IOMMA 33 OCHOBHO OYMCTBAHE Ha BogaTa € MOHHOOOMeHHaTa, C M3MNon3BaHe Ha
CUHTETUYHN MOHOOBMEHHN CMOAU (MOHUTK), KOATO € HaZEXKAHA U CPAaBHUTENIHO U3rofHa, HO
MMa [ABa OCHOBHW He[oCTaTbKa: ronama TexHONOrMyHa nAoLW, 3a pasnoJsiaraHe Ha
CbOPBKEHMATA N EKONOTUYHA HECBBMECTMMOCT, NOPaAM pereHepaumaTa Ha MIOHOOOMeHHUTe
OUNTPU C KUCESIMHU U OCHOBM, NMPU KOETO Ce OTAENAT ro/IAMO KOJIMYECTBO KUCENM U afIKa/IHU
otTnagbyHn Boau. CbBpemMeHHa MO-eKonocbobpasHa anTepHatMBa e MembpaHHOTO
obesconnaBaHe Ha BOAaTa, KOETO pellaBa Te3uM HeaocTaTbuUW. B Ta3n Bpb3Ka e npoBeAeHo
codpTyepHO M3cnepBaHe 3a pas3paboTBaHe Ha BAPWMAHTHWU pPeLeHUA Ha MHCTanauuA 3a
membpaHHO 0b6e3conABaHe Ha BOAA 33 MOAEPHM3aLMA Ha CbluecTByBalla MOHOOOMeHHa
BOAONOAroTBUTENHA MHCTanauma B AELL ,Kosnogyin”, npm 3anasBaHe Ha NPON3BOANTENHOCTTA
N KayecTBOTO Ha obe3coneHata Boga. lpensiorKeH e onTUMaseH BapuaHT U e HanpaBeHa
OLLEHKA Ha eKCn/oaTauMOHHUTE pa3xoam Ha membpaHHaATa MHCTanauma, KaTto e ycTaHOBEeHa

no-HWUcKa cebecToMHOCT Ha obe3coneHaTa BOAa B CpaBHEHUNE C KNNaCNYHECKUA MoHoOobOMeH.



N3cnepBaHeTo e nybnukysaHo B: K. lMaenos, C. boliyesa, BapuaHm 3a modepHuzayus HA
lioHoobmeHHama eodonodzomeumenHa uHcmanayusa e AEL ,,Ko3nodyii” ype3 3amaHa Ha
Knacuvyeckama lioHoob6meHHa mexHono2usa ¢ membpaHHo obe3conseaHe, EHepaueH ¢hopym,
22-25.06.2016, HayyHo-mexHUYecKuU cbto3 Ha eHepemuyume 8 bvnzapusa, MexodyHapooeH
dom Ha yyeHume ,,®.)K. Kiopu”, BapHa, bvazapusa, C6opHUK, Yyacm nvpea, 219-224, ISSN:

2367-6728.

Ba)kHoCTTa Ha cucTemuTe 3a nacmsHa H6e3onacHocT B AELL e goka3aHa oT nocneacTeuATa oT
aBapuaTa BbB Pykywmma npe3 2011 r. MornbL,aHeTo Ha PagMOaKTUBHM ra3oBe, OTAE/IEHN NP
AOPEHU aBapumn, ypes pusnyecka n xummyecka agcopbumsa, e yTeBbpaeH B NpakTUKaTa Noaxos
33 NpefoTBpaTABaHe Ha PagMOaKTMBHO 3ambpcasaHe. [BYyKOHTYpHUTe AEL, ca cbopbiKeHu
CbC CUCTEMM 3@ CNeuuanHo rasooyncTBaHe, paboTewm Ha aacopbumoHeH npuHUMN,
npegHasHayeHM 3a HamanABaHe Ha U3XBbPAAHMATA HA PagMOAKTUBHU ra3oBe U aepo30Mu,
KOMTO Ce OTAENAT Npu Aeaepaumsa Ha 06paTMMO-NpoAyxXBaTe/IHATA BOAA U OpraHU3npaHuTe
NPOMYCKM OT MbPBU KOHTYP NPU BCUYKN PEXKUMM HA €KCNaoaTaumMa, KakKTo M OT CMCTeMaTa 3a
Aoun3rapsaHe Ha BOAOPOAL U OT HAKOW pe3sepBoapu. AacopbeHTa, npunaraH B cuctemmte 3a
CNeunanHo rasooyMcTBaHE € aKTUBEH BbI/IEH, KOMTO e YHWBEpPCasieH NOrNbTUTEN, HO ce
Bb3njameHaBa npu Temnepatypu 400 — 450 °C, koeTo 61 morno Aa gosede A0 aBapPUNHU
CUTyaUUKM C U3XBbPAAHE Ha ra3006pasHM PagMOaKTUBHU NPOAYKTM B aTmocdepaTa. B Tasm
Bpb3Ka € npoBefeHO Mu3c/eABaHE Ha Bb3MOMKHOCTTA 3@ 3aMAHA HA aAKTUMBHWUA BbBINEH,
M3MNOA3BaH KaTo aAcopbeHT B cucTemaTa 3a CneumasHo ra3ooumcTBaHe Ha aapeH 610K ¢
MmolHocT 1000 MWe Ha AEL, ,Ko3noayit”, ¢ HeropMm 3eonuTeH aacopbeHT ¢ TepMMYHa
yctonumsocT Hag 700 °C. lMpecmaTaHMATA Ha BPEMETO Ha 3a4bpXKaHe Ha OCHOBHMU
paaMoaKTUBHM U3otonu (13otonu Ha Kr, Xe u |2) npu rpaHunuya ot 1400 TBg/roa, nokassar, ye
3amMsHaTa Ha CbluecTByBaLWma agcopbeHT ¢ umct 3eonunT 13X 6u goseno go ysenmyasaHe c 30
% Ha MmacaTa Ha aacopbeHTa B cMCTeMaTa, KOETO e NPUIOKMMO KbM CbLLeCTBYBALLATa CUCTEMA
32 CcnNeLmanHo rasoovncTeaHe.

Pesyntatute oT T€3M U3CNeABaHMA Ca NyOANKYBAHM B:

Zgureva, D., Tomova, V., Boycheva, S. Studies on the activated carbon replacement by
zeolite Na-X in the gas purification system of 1000 MWe nuclear power plant to improve
nuclear safety (2021) Proceedings of the 2021 6th International Symposium on Environment-
Friendly Energies and Applications, EFEA 2021, art. no. 9406259;

B. Tomoea, . 32ypesa, C. boiiyesa, N3cnedsaHus HaO NOBBLPXHOCMHUME XAPAKMepucmuKu
HA CUHMeMu4YHU 3e0Aumu Kamo adcopbeHmu 8 nacusHume cucmemu 3a 3aujuma Ha AEL|,
EHEPITMEH ®OPYM, 22-25.06.2016, Hay4yHo-mexHUYeCKU Cbl03 HA eHepzemuyume 8
bvneapusa, MexoyHapodeH dom Ha yvyeHume ,D.M. Kiopu”, BapHa, bvazapus, COOpHUK,
yacm nvpea, 213-2178, ISSN: 2367-6728.

2. M3cnepBaHe Ha 3aBUCMMOCTTA HA eHepruiiHUA ceKTop B cTpaHuTe oT EBponeiickua
Cblo3 OT AedpuULMTa Ha CYPOBUHU 33 NPOU3BOACTBOTO HA KOHCTPYKLMOHHM maTepuanm



Peanua KOMNOHEHTU Ha KOHCTPYKLMOHHM MaTepuan 3a KNKYOBM OTPAC/IN KaTo eHepreTuKa,
aBMaALMA M TPAHCMNOPT Ce OCUrypABaT OT M3TOYHMUM M3BBH EC, ype3 KoeTo ce cb3aaBaT
npeanocTaBKM 3a 3aBMCUMOCT M PUCK HA A0CTaBKUTe. KNtOYOBU KOHCTPYKLUMOHHU MaTepuanm
33 AAPEHATa eHepreTMKa Ca HEPDBXKAAEMUTE CTOMAHU, BUCOKOHUKENOBUTE N LUPKOHUEBUTE
CNNaBu, OT KOMUTO Ce MU3FOTBAT CbOPDBKEHUATA U KOMNOHEHTUTE B KOHTAKT C TONIOHOCUTENA.
OcHOBEH KOMMOHEHT Ha NbpBUTE ABe KaTeropuu maTepuanm e xpombT (Cr), KOWTO e
KaTeropmsmpaH Kato egHa oT 20-Te CypOBMHWU OT M3K/IOUMTENHA Ba*KHOCT 3a EC ¢ BMCOKO
PUCKOBO CHabasBaHe M BaXKHO MKOHOMMYECKO 3HauyeHue, KaTto 88 % oT goctaBkuTe Ha Cr ca
OT CTpaHM M3BbBH CblO3a, KOETO € npeanocTaBKa 3a Cb3gaBaHe Ha MKOHOMMYECKA M
CTpaTerMyecka 3aBMCUMOCT Ha K/AKOYOBWU OTPACAM OT NMPOMMLUNEHOCTTA, B TOBA YMUCAO M Ha
eHeprniHmna cektop. OrpaHMYaBaHETO Ha PUCKOBETE OT AePUUMT Ha BarKHW CYPOBMHM Haniara
M3cneaBaHeTO Ha YCTOMYMBUM U MKOHOMMYECKM e(PEeKTUBHU pelleHus 3a peuuKkaIMpaHe,
3aMEHSEMOCT U paspaboTBaHe Ha aNTEPHATMBHM KOHCTPYKLUMOHHM maTepuanun. B Tosm
KOHTEKCT € MNpoBeAEeHO MNpOoyyYBaHe 33 MPUAOKMMOCTTA Ha HaJAUMYHMUTE NoAxoAM 3a
orpaHW4yaBaHe Ha 3aBMCMMOCTUTE OT AOCTAaBKM Ha XPOM 33 KOHCTPYKLMOHHW MaTepuanu B
AEL. U3cnenBaHM ca CbCTOAHMETO HA MUKPOCTPYKTypaTa, CbCTaBa M LENOCTTa Ha 3aWMUTHU
OKCMAHW CNOEBE M HAZIMYMETO Ha OT/IOKEHMSA MO NOBBbPXHOCTTA HA HEPBXKAAEMU CTOMAHM Ha
OCHOBHO 0060pyABaHe cied NPOAb/IKUTENHA eKCNAoaTauus, OT rneJHa ToYKa Ha npaBu/HaTa
HACTPOMKa Ha BOOAHOXMMUYHUTE pexnmn. M3cnegBaHn ca Bb3MOXKHOCTUTE 3a NpuaaraHe Ha
AOMbAHUTENHA MarHMTHa 06paboTKa 3a NogobpaABaHe Ha MeXaHUYHUTE XapPaKTePUCTUKM Ha
KOHCTPYKLMOHHUTE MaTepPManm 3a yab/KaBaHe CPOKa Ha eKcnioaTaumaTa um.

MpoBeneHUTe n3cnenBaHNA B Ta3W HACOKA ca NPeACTaBEHM HAa MeXKAYHapoAHa M HALMOHANHU
KOHdepeHLUNn 1 ca Nnyb6aMKyBaHM B:

C. boiiyesa, 3asucumocm Ha eHepauliHUA cekmop 8 cmpaHume om Eeponelickus cbi03 om
degpuyuma Ha cyposuUHU 3a NPOU3800CMBOMO HA KOHCMPYKYUOHHU mamepudnu, XXII
HayyHa KoHgpepeHyua ¢ mexoyHapodHo yyacmue, EM® 2017, 17-20 Cenmemepu 2017,
Co3onon, C6opHUK c doknadu, mom I, 110-117, ISSN 1314-5371;

WN. HalideHos, M. Ansew, C. boiivesa, M. Monmemop, K. duaunos, U3cnedeaHe Ha
MUKPOCMpPYyKmMypama u cbcmasd Ha obpa3syu om HepbXoaema CMoMaHa 8 KOHMeKcMa Ha
3HaYUMOCMMa HA Kpumu4yHume CypoeuHuU 3a Obs20cpoyHama u 6e3onacHa
eKcnaoamayusa Ha A0peHUme enekmpu4vyecku yeHmpanu, EHepzueH gopym 2018, 26-27
toHU 2018, MexcdyHapodeH dom Ha yyeHume ,,D.)K. Kiopu”, BapHa, bvnzapusa, C6OpHUK ¢
0oKnadu, 84-94, U30. ,,HayyHo-mexHu4YecKUu cblo3 Ha eHepzemuyume 8 bvazapus, ISSN
2367-6728;

1. KvHues, C. boliyesa, L. MNempoea, N3cnedsaHe HA 8AUAHUEMO HA MdA2HUMHamMa
obpabomka Ha mebplu cnaasu u bvp3opercewu CMoOMaHU B8bpxXy ycmolivusocmma um
KoM abpa3usHo uszHoceaHe, XXIIl MHTK ,,A4I1-2014";



3. U3cnepBaHe Ha NPUNOXKMMOCTTa Ha 3€0/IMTU OT BbI/IMLHA MeEnen Kato cpeam 3a
TEPMOXMMUUYHO CbXPaHeHUe Ha TONJIMHA U TEPMUYHU edEKTU Ha aAcopbLMOHHM NpouecH
PaspaboTrBaHeTo Ha e(eKTUBHM CUCTEMW 3@ CbXPaHEHME Ha TOM/JMHHA €eHeprus e oT
CblLLECTBEHA BA)KHOCT 33 BCE MO-LIMPOKOTO W3MON3BaHE Ha C/AbHYEBaTa eHeprua 3a
oTonauTenHu uenn. OCHOBHMAT HEAOCTaTbK Ha COMIAPHUTE OTOMAUTENHW MHCTaNauuu e
HENOCTOAHHOTO E€HEepronpoM3BOACTBO B AEHOHOLWMETO U Npe3 pPas/IMYHUTE Ce30HU. ToBsa
Hanara TbPCEHETO Ha ePEeKTUBHU U MKOHOMMUYECKM AOCTbMHU pPelleHMna 32 NPOAbAXKUTENHO
CbXpaHeHWe Ha conapHaTa eHeprua. CUCTeMUTE 3a CbXpaHEeHMe Ha TONIMHHA eHeprus morat
Aa ce npunaraT M 3a bHanaHcMpaHe Ha [OCTAaBKMTE M NOTpebneHWeTo Ha eHeprus,
CbXpaHABAMKKN OTNaAbyHa TONAMHA. [JOCTbNHA TEXHO/IOTMA 33 AbATOCPOYHO CKNaaupaHe Ha
CONapHa eHeprva ca cUCTeEMMUTE 3a TEPMOXMMUYHO cbxpaHeHue (TCE), HapuyaHu oule
XMMUYHM TEPMOMOMMK, KOUTO CE€ OCHOBABAT Ha EK30TEPMMYHU ePeKTU Ha XUMUYHU U
OU3MKOXMMUYHKM NpoLLecH: pas3TBapsaHe, XuapaTauus, B3aMmoaencTsme unu agcopbuus B
paboTHM cpeaun. TCE ca MPUNONKEHW yCMewHO B NMUAOTHU MHCTanauuu 3a OTOMNJEHMEe Ha
CrpaZu, HO 3a NO-LIMPOKOTO UM BHeApPsABaHe e HeobxoAMMO Aa ce pa3paboTAT UKOHOMUYECKK
M3roAHW, €KONOTMYHO CbBMECTMMW U 6e30onmacHM TOM0aKyMy/aMpalm cpeauM C BUCOKa
eHepruiiHa NAbTHOCT, KOUTO Zla CbXPaHABAT TON/IMHHATA eHeprusa B Maibk obem.

EgoHa oT Han-uscneaBaHuTe cpeam 3a TCE ca 3e01nTUTE, NOpaaun CUIHO NopecTtaTta cu
CTPYKTYypa, B KOATO Ce 3a4bprKaT BOAHW MoneKynu. MornbuiaHeTo Ha Boaa (agcopbumsn) B
nopuTe Ha 3e0/IMTa € CBbP3aHO C OTAeNsHe Ha TonauMHa (eKk3oTepmuueH edekT), a
ocB0obOXAaBaHETO Ha BOAA MPW HarpsBaHeTo My (Aecopbuma) - ¢ NOrAbLWAHE HA TOMNAMHA
(eHmoTepmuueH edekT). Ypes uumkAMYHaATa aecopbuma (3apexkpgaHe) u  agcopbuwms
(paspexpaHe) Ha Boga B 3e0/IMTHaTa cpefa Ce OCbLLECTBABAT PabOTHUTE PeXUMU Ha egHa
TCE — cbxpaHeHWeTo M 0cBOOOXKAABAHETO HA TOM/IMHHA eHeprusa. OcBobOXKAaBaHETO Ha
BOoAaTa OT aKymy/aupauwaTa cpefa CTaBa 4ype3 MPOMycKaHe Ha ropell Bb3ayX, NOArpAT oT
COMlapHa TOM/IMHA, KOATO OCTaBa CbxpaHeHa B TCE HeorpaHMYeHO AbATO A0 NPONYyCKaHeTo Ha
CTYAEH U BNaXKeH Bb3ayX, KOUTO 0cBObOXKAaBa akymynMpaHaTa TonavHa. EdekTnsHocTTa Ha
TEPMOXMMUYHO CbXPaHEHME Ha TONIMHHA eHeprus B cpeaun, NoNy4YeHuM C ONoI30TBOPSABAHE Ha
nenenTa oT M3rapsAHe Ha Bbrnwa B TELL, e uscneasaHa B paspaboTeHa 3a uenta nabopatopHa
CUCTEMA, NPUHUMMNHATA CXeMa Ha KOATO e npeacTaBeHa Ha ¢ur. 1.
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cFM ~ Control Flow Meter Koblold KFR
PT ~ Process Transmitter Endress+Hauser RMAA2
MCR = Multi Channel Recorder Endress+Hauser R5G30

TC = Thermocouple NICe-Ni (K)
RH — Relative Humidity Transmitter RHTE-100
FM - Flow Meter Kobold KDS

o®ur. 1. MpUHUMNHA cxeMa Ha nabopaTopHaTa TEPMOXMMUYHA CUCTEMA.

MPUHLMNBT HAa U3MEPBAHE U BMAA Ha N3MNOA3BAaHUTE N3MEPBATE/IHN YCTPOMCTBA Ca ONUCAHN B
Boycheva, S.V., Zgureva, D.M., Marinov, I.K., Miteva, S., Yankov, I., Ivanov, A., Asenov, A.N.
Studies on the thermochemical energy storage in the coal ash zeolite/water system (2021)
I0OP Conference Series: Materials Science and Engineering, 1032 (1), art. no. 012033.

OT npoBeAeHNTE eKCNepPMMEHTANHN U3MEPBAHUA e onpeaesieHa NAbTHOCTTa Ha CbXpaHeHue
Ha TOMN/IMHHA EHEPTUA B 3€0/IUT OT BbINLLHA Nenen, KaTto paboTHa cpeaa B TCE. 3apexkaaHeTo
Ha paboTHaTa cpeda e nposexkaaHo npu TemnepaTtypu 60-80 °C. MNocTpoeHn ca AUHAMUYHU
XapaKTePMCTUKN Ha USMEHEHME HA TEMNEpATypaTa Ha U3X04ALWMA Bb3AyLUEH NOTOK B PEXMMMU
Ha 3apexaaHe un pasperkgaHe Ha TCE n Ha M3MeHEHMETO B OTHOCUTE/IHATA My BJIaXKHOCT B
peXxum Ha pasperkgaHe. EKcnepMmeHTanHO noaydeHaTa NAbTHOCT Ha CbXPaHEHWE Ha eHeprusa
ot 135 kWh/m3 e B guanasona 86-203 kWh/m?3, yctaHoBeH npu Tbproscku 3eonut 13X.
Pesyntatute oT npoBeAeHUTE M3CAeABaHUA MNOKa3BaT, 4Ye 3e0/IMTUTE, MNOJIyYeHU upes
0OMNoN30TBOPSABAHE Ha BbrAuWHa nenen oT TELL ca KOHKYPEHTHM Ha TbProBCKUTE 3€0/IMTU MO
KanauuTeT Ha eHepPruiHO CbXpaHeHWe M MoraT yCcnewHo Aa 6baaTt npuaaraHy Kato paboTHU
cpeau B TCE.

M3cnepnBaHeTo Ha TOMAMHATA Ha €K30TEPMUYHUTE edeKTU Ha agcopbuma e BaxKHa 3a
OopraHusaumaTa, NOAAbPXKAHETO Ha TEMNEepPaTypHUTE PEXMMM U ONON30TBOPABAHETO Ha
TON/IMHATA OT aLCOPOUNOHHMTE NPOLLECH, HO CbLLO M 33 OLLEHKA Ha eHepruitHaTa NAbTHOCT HA
cpefara oT rnefHa ToUYKa Ha MHTerpupaHeTo Ha NPoLLecUTe 3a OYUCTBAHE Ha ra30BM NOTOLM B
CUCTEMM 33 TEPMOXMMWYHO CbXPaHEeHWe Ha TonAuHa. B Tasu Bpb3Ka ca wu3cnenBaHU
cneymounyHaTa TONAMHA Ha agcopbuma Ha BbIepoaeH AMOKCUA OT 3€0/IUTU, MOJTYYEHU C



OMNo/I30TBOPSABaHE Ha BbIAMLLHA MNenes, B OpraHn3MpaHa 3a LenTta fabopatopHa cuctema,
npeacraBeHa Ha dwr. 2.
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Ha AaHHU MwuKposonTmeTbp FlowPrep 60, Cco,
PC MS 82-18 Micromeritics
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1: TONbn TepMOeneKkTpos ¢ ty
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®ur. 2. EKCcnepuMeHTasHa YCTaHOBKA 3a M3MepBaHe Ha TON/MHATA Ha agcopbuma Ha CO;

CneumMdPUYHMAT TONAMHEH KanauuTeT Ha aacopbeHTa e M3mepeH KaJIopUMMETPUYHO B
TemnepaTtypHua ananasoH 30-120 °C. N3cnepBaHa € AMHAMKUKaTa B TeMnepaTypHMa npodun
B cuctemata CO2/3eo0nnT B yCNoBMA Ha aAacopbums, Kato e uM3MepeHa MaKCMMasiHa
andepeHumanHa TemnepaTypHa pasnuka (ATmax) oT 32.88 °C npu ek30TepMUYHKNA NPOLLEC Ha
¢u3nyHa agcopbuma. N3umcneHata cneumduyHa TonanHA Ha agcopbuma B MscnenBaHaTa
cuctema e: -36.83 + 1.84 kl/kg.

MpoBeAeHUTe U3CNeABaHNA B Ta3W HACOKA Ca NPeACTaBeHN Ha MEXAYHAPOAHM U HAUMOHANHU
KoHdepeHLmMM B 061acTTa Ha eHepreTMKaTta u ca NnybanKyBaHM B:

Boycheva, S.V., Zgureva, D.M., Marinov, I.K., Miteva, S., Yankov, I., lvanov, A., Asenov, A.N.,
Studies on the thermochemical energy storage in the coal ash zeolite/water system
(2021) IOP Conference Series: Materials Science and Engineering, 1032 (1), art. no. 012033;

C. boiivesa, C. Mumesa, N. MapuHos, [. 32ypeea, U3cnedsaHe Ha cucmema 3a
TepMOXUMUYHO CbXpaHeHUe Ha CAbHYe8d eHepaus U omnadvbyHa monauHa ¢ npusoxceHue
8 c2padHu omonaumenHu uHcmanayuu, EHepeueH ¢popym 2020, MexcdyHapooeH 0om Ha
yuyeHume ,,®.}K. Kiopu”, BapHa, bvazapus, C6opHUK ¢ 0oknadu, 261-269, U39d. ,Hay4Ho-
mexHuU4YecKuU cvio3 Ha eHepeemuyume 8 bvazapus, ISSN 2367-6728;

C. Mumeesa, U. MapuHos, A. UeaHos, U. AHKos, C. boliyesa, []. 32ypesa, A. AceHos,
Pa3spabomeaHe Ha cmeHO 3a u3cnedeaHe HA MePMOXUMUYHO CbXPAaHeHUe HAd MmonauHa
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upe3 adcopbyusa/decopbyua Ha 600a 8 MOPLO3HU U XU2POCKOMUYHU mMamepuanu,
BvnaapcKo cnucaHue 3a UHMeHepHo npoekmupaHe”, bpoii 42, 2020, 24-29, ISSN 1313-7530;

A. 32ypeesa, C. boiiyesa, A. AceHos, EKcnepumeHmanHo onpedensaHe HAO MonauHaMa Ha
adcopbyua Ha evanepodeH OUOKCUO om 3eonum om evenuwHa nenes, XXI HayvyHa
KoHghepeHyusa ¢ mexcdyHapoOdHo yyacmue, EM® 2016, 18-21 cenmemepu 2016, Co3onos,
Bvnaapus, C6opHuk doknadu, m. I, 74-79, ISSN 1313-5371;

4, OI'IOI'I3OTBOpﬂBaHe Ha BbrnepoagHn emMmucnunm OT KOHBEHLUMOHA/IHU eNIeKTPU4YeCKu
LEeHTpPaAun 3a NnponsBoaCcTBO HAa CUHTETUYHU ropuBa

EoMH OT noaxoamte 3a HamanABaHe Ha BbraepogHUTe emMUCcUMM OT U3rapAaHeTo Ha
KOHBEHLMOHA/IHM ropm1Ba 3a NPOM3BOACTBOTO HA TOMJIMHHA U e/IeKTPUUYECKa eHeprusa, Kato u
OT OpraHM3MpaHu rasosBuM MNOTOLWM OT MHAYCTPUANHWU NPOMU3BOACTBA, Ca TeXHOJOrMUTe 3a
ynagaHe Ha CO;. B nbpBOHA4YasHATa CM peanmnsauma, Te3m TEXHOJIOTMU Ca U3BECTHM KaTo
ynaBsaHe 1 cbxpaHeHue Ha CO; (Carbon Capture and Storage — CCS) u B nocneacTame pa3Butu
00 ynassaHe 1 onossoTtsopsaBaHe Ha CO; (Carbon Capture and Utilization - CCU). B Ta3u Bpb3Ka
Ca NPOY4YeHU U CUCTEMATUINPAHUN TEXHONOTMYHUTE Bb3MOMKHOCTM 33 ONOA30TBOPABAHE Ha
BbrNepoaHUTE eMUCUU, FTeHepUPaHU B KOHBEHUMOHANHU eNeKTPUYeCcKU LeHTpaau, 3a
NPOM3BOACTBO HA CUHTETUYHU OPraHMYHM ropmea. [poyyeHU ca AeTaNHO Bb3MOXKHOCTUTE
Ha TexHo/ormMuTe oT ,eHeprus Kbm ras” (power-to-gas technology), KouTo ce ocHoBaBaT Ha
WMHTErpaumaTa Ha npoLeca Ha eNeKTPOXMMUYHO NOoJslyYaBaHe Ha BOAOPOS, Ype3 eNlekTpoan3a
Ha BOAA, M3NON3BAKN eHeprua OT Bb30OHOBAEMM €HEProM3TONHULM U NPUIAraHeTo My 3a
xnaporeHmpaHe Ha CO;, yn0oBeH OT AMMHW ras3oBe WAM OT ra3oBe OT MNPOMMULLIEHMU
WHCTaNnaumMy, A0 MNOJIYyYaBAaHETO HA MeTaH, T.Hap. CUHTETUYEH MNPUPOLEH ras.
CuctematmsmnpaHa e MHGopMaLMA 33 ONTUMATHUTE YC/I0BUA HA PEaKLMATA HA MeTaHUPaHE Ha
CO;, edeKTMBHM KaTanM3aTopu, CbOPbKEHUA 3@ OCbLLLECTBABAHE HA Mpoueca, KaKTo M ca
NPOy4YeH UHBECTULIMOHHUTE W eKCNN0ATALMOHHUTE Pa3xoam Ha MHCTanaums ,Power-to-gas”.
MpoyyeHn ca TEXHONOTUYHUTE BB3MOXKHOCTU 32 0N0s30TBOpABaHe Ha CO; 3a nosyyasBaHe Ha
LEHHN XMMUKANN.

MonyyeHnTe pe3ynTaTh 3a BMCOKATa KaTa/IMTMYHATA aKTUBHOCT HAa KOHBEPTMPAHA B
3€0/IMTU BBIMLLHA Nenen NpPoBOKMpaxa nocneasallm MscaenBaHMa 3a NPUAOKMMOCTTA Ha
TEe3N MmaTepuanm Kato GUPYHKLMOHANHM cpeamn 3a eAHOBpPeMeHHa aacopbuma Ha CO;z wm
KaTa/IMTUYHATa My KOHBEpCUA A0 Bbrnesosopoaun. MpouechbT € CTUMYAMPaH OT NOBULLEHMU
HanaraHma ot 5.5 MPa (Pressure-swing adsorption, PSA), 3a peanusvMpaHe Ha KOuUTO e
obopygBaHa cucTema 3a M3cnegBaHe Ha agcopbums Ha COz NpM NOBULLEHW HANATAHMA B
peakTop OT HepbXKaaemMa cToOMaHa. PaBHOBECHUAT aAcopbuUMOHEH KanauMTeT Ha 3€0/1MTH OT
BbrAUWHN nenean kKbm CO, npu 5.5 MPa pgoctura 404 mg/g agcopbeHT U HaaxsbpaA
YeTUPUKPATHO M3MepeHuTe ctorHoctM npu 0.1 MPa. lMpoBeaeHU ca eKcnepumMeHTasIHM
n3cnenBaHMA BbPXY MNPUIOXKEHUMETO HA 3€0/IMT OT BUCOKOXKeNA3Ha BbIAMLLHA nenen 3a
e[lHOBPEMEHHO MPOTUYaHe Ha agcopbuma M KaTaAMTUYHO NpPEBPbLLAHE HA BbrAepPoAeH



OVOKCUMA, B METaH, nopagun W3ABEHWUTE MY KaTaAUTUYHKU OTHacaHMA. PopmupaHeTo Ha
BbINeBOA0POAM € U3C/IeABaHO YPe3 aHaN3 € ra3oBa xpomaTtorpadus Ha aecopbupaHaTa npu
HarpsiBaHe rasoBa CMec OT eKcrnoHupaH Ha CO; aagcopbeHT/KaTtanusatop. a3oBa npoba ot
TEPMUWYHOTO pas/siaraHe B TEPMOrPAaBUMETDBP CE UHIKEKTUPA C ra30B KNanaH, oTAenAa ce u ce
aHaNM3Mpa KaA4YecTBEHO W  KOAMYECTBEHO, KAaTO KayecTBeHaTa WMAEHTUPMKAuMA Ha
KOMMOHEHTUTE e HanpaBeHa CbC cnekTpanHa 6ubnmoteka NIST. Ma30BUAT XxpomaTorpadcku
aHanu3 Ha gecopbupaHaTa rasoBa CMec, ACHO NOKa3Ba, 0CBeH dpusndecku agcopbupanua COy,
NPUCLCTBMETO Ha  MeTaH. Pe3syntatute  AOKasBaT  ABOMHUTE  PYHKUMM  Ha
aacopbeHT/KaTanmMsatopute, Noay4eHU Yypes onoA30TBOPABAHE Ha BbI/IMLLHA Nenes C BUCOKO
¥KeNe300KCUAHO CbAbpKaHWe, 3a aacopbumsa U KaTaAUTMYHO nNpespblaHe Ha CO, B CHa.

MeTaHWpaHeTO e NOTeHUMANHA Bb3MOXKHOCT 32 NPOMULLIEHO ONON30TBOPABAHE Ha
ynoBeHmna CO, upe3 npeBpbLWAHETO MYy B CMHTETMYHO ropuso. OCHOBHaTa npeyka 3a
MHAYCTPUaNHaTa peasin3auma Ha Ta3u KOHBEPCMOHHA TEXHOI0TUSA € BUCOKATa KOHCyMaLMA Ha
eHeprus 3a nojsyyaBaHe Ha BOAOpPOA, HEOHXOAMM 33 CMHTE3a Ha METaH, KOUTO 0OMKHOBEHO
ce noJsydyaBa 4pes3 eflekKTpo/an3a Ha Boga. B TOo3M npouec, 3eonntute ce M3NOA3BaAT
OOMKHOBEHO KaTO KaTa/IMTUYHM HOCUTENU M afacopbeHTM Ha BbrepoAdeH AMOKCMA, HO
CKOPOLWIHM MpPOyYBaHWS OTKPMBAT JApyra BaxHa TaAxHa OyHKUMA. YCTaHOBEHO e, u4e
npedepeHumnanHata agcopbuma ot 3e0/MTHATa MaTPULLAG Ha BOAHM MONEKYIN, NMPOAYKT Ha
B3aMMO/ENCTBUETO OT PEAKLMATA HAa METaHMpPaHEe, MU3MECTBA PaBHOBECUETO Ha peaKkumaTa Ha
Sabatier n ocurypasa no-BncoKa cteneH Ha npespbluaHe Ha CO, B MeTaH.

Hawarta KoHuenuma gonb/iBa TOBa U3CneaBaHe, KaTo Npeanonara, Ye 3e0AMTmMTe morat
03 OCUTYPAT AOMbAHUTENEH BOAOPOA 33 NpoLLeca Ha MeTaHMpaHe oT Brgnsted KucennHHute
LEHTPOBE B CTPYKTypaTa MM, 32 KOUTO € YCTAaHOBEHO, Y€ A0CTaBAT NPOTOHU 33 KaTaJIUTUYHU
B3aumogelicteuna. MamepBaHeTO Ha MeTaH B rasoBata Ccmec, ocBobozieHa OT 3eo0/inTa OT
BbI/IMLWHA Nernen, NOTBbP)KAaBa XMNoTe3aTa 3a AO0OCTaBKa Ha BOAOPOA OT 3e0/MTHaTa
CTPYKTYpa U y4acTMeTo My B MeTaHupaHeTo Ha COy, Tbit KaTo B NpeAcTaBEHOTO U3CneaBaHe
He e BbBeEXAaH BOAOPOL OT BbHLIEH M3TOYHMK. MeTaHupaHeTo Ha CO; 6e3 KaTaAUTU4YHA
nomoul, e 6aBeH NpoLec, N3UCKBALL, MOBULLIEHN TEMNEPATYPU, NOPaaM eHAOTEPMUYHOCTTA Ha
npoueca. Katannsatopute, KOUTO ce MU3ceaBaT 3a YCKOpABaHe Ha KOHBepcmaTa Ha COz o
MeTaH ca ba3vMpaHM Ha HUKeN WA BGUMETasNIHM CUCTEMM, HaHECEeHM BbBPXY KepamuyHa
nognoxkKka (CeO,, TiOz, Al,Os, 3eonntn). CbobwaBa ce, Ye KaTannsaTopuTe Ha Hasata Ha
KEenA30, NMoKa3BaT BMCOKa aKTMBHOCT B MpoOLLEeca Ha MeTaHMpaHe, KoeTo ce 0bAcHABa ¢
peayumMpaHeTo Ha XenesHuTe oKcuau u obpasyBaHeTo Ha Kapbupgu. 3eonutonogobHuTe
MaTepuann, nojaydyeHM 4ypes anKkasHa KOHBEPCUA Ha BbIAMLWLHATA nenen nNpeacTtaBnABaT
CaMOOPraHM3NPaHMU KaTaJIMTUYHN CUCTEMU, B KOUTO Hocelata PpyHKUMA Ce U3NbAHABA OT
3€0/1MTHaTa MaTpmLa, a METASIHUTE YaCcTULN, NPEHECEHU OT U3XOA4HATa Nenes, AeNCTBaT KaTo
aKTUBHM KaTa/IMTUYHM LUEHTPOBE. B TO3M cnyyall, uscnenBaHUAT NPOAYKT OT KOHBEPCUATA Ha
NeTAWA nenen ¢ BUCOKO CbAbPrKaHME Ha KeNe3HW OKCUAWU, KOUTO ce TpaHcdepupaT B
3HauYMTeNIeH NPOLEHT B KPaMHUA NPOAYKT, NPOsABABa ABOMHA aACOPOLUMOHHA MU KaTa/IMTUYHA
dYHKUMA npu ynaeaHeTo Ha CO,. PesynTatuTte OT Te3mM n3cnenBaHuA, KaTo M ONMCAaHUETO Ha



MexaHW3ma Ha meTaHupaHe Ha CO; BbpXy aacopbeHT/KaTannsaTopm OT BbIULWHA Nenen ca
06006L1eHM B cieaHUTe Nyb6AMKALUK:

A. 3eypesa, C. boiivesa, OnonsomeopseaHe HA BbarepodOHUMe emucuu om
KOHBEHUUOHA/HU esleKmpuYecKu yeHmpanu 3a npou3zeo0cmeo HaO CUHMemu4YHU 20puea:
0630p, EHepaueH ¢popym 2020, MexdyHapoOeH dom Ha yyeHume , @.}K. Kropu”, BapHa,
bvneapus, C6opHuk ¢ O0oKnadu, 270-293, WU30. ,HayyHo-mexHUYeCKU CbHO3 Ha
eHepzemuyume 8 bvazapus, ISSN 2367-6728;

S. Boycheva, D. Zgureva, Studies on the CO; adsorption onto coal fly ash zeolites at elevated
pressures, Session V, Climate Change Mitigation and Adaptation, CEST ID 298, XViith
International Conference on Environmental Science and Technology, Athens, 1-4 September,
2021, Greece, https://cest.gnest.org/sq/climate-change-mitigation-and-adaptation-3;

S. Boycheva, D. Zgureva, Development of dual-function materials by utilization of coal
combustion by-products for CO, capture and conversion into synthetic fuel, XVIII
International Congress Summer Session “Machines, Technologies, Materials”, 08-
11.09.2021 Varna, Bulgaria, Proceedings, vol. 3, ISSN 2535-0021, pp. 259-262.

Zgureva, D.M., Boycheva, S.V., Filipov, K.B. Fly ash zeolites as a dual system for simultaneous
CO; capture and its utilization in the production of synthetic gas (2021) IOP Conference
Series: Materials Science and Engineering, 1032 (1), art. no. 012032, DOI: 10.1088/1757-
899X/1032/1/012032

5. U3cnepBaHe Ha ONON30TBOPABAHETO HA BbI/IULLHA Nenen upes asikasHa KOHBepcus
B 3€0/IMTM 3a aacopbuusa, KaTaMTUMUHA [ecTPyKuuMa U OeTeKuua Ha atmocdepHu
3ambpcuTenu

MNybnankaummute, PaBHOCTOMHM HaA MoOHorpaduyeH Tpya, obobuiasat wm3cnenBaHUATa U
NPUNOXKEHNETO Ha a/Jilka/IHO KOHBEepTMpPaHa BbrAMWHA nenen oT pasanyHn TEL, npu
YCTAaHOBEHM ONTMMANAHW MPOLECHNU napameTpu 3a nosydvyaBaHe Ha 3eoanT Na-X u
NPUNOXKEHNETO UM B HemoguduumpaH n mogmnduumpaH BuAa 3a aacopbeHTM 1 KaTamsaTopu.
My6nanKaummnte, NpUNoXKeHU no nokasatenu 7, I8 n 3, gonbaBaT M3cnenBaHMATA B TOBA
Hanpas/ieHMe, KaTo NPeaCTaBAT AETAWHN Pe3ynTaTh OT U3CNeABaHETO U KaTeropmsnpaHeTo
Ha BbI/MLLHA NENen oT roJIEMU rOPMBHU MHCTaNaUUKU y Hac, NpocieasBaT ONTMMM3aUmMa Ha
YC/IOBMATA Ha a/sika/iHaTa KOHBEPCMA Ha BbIIMLWHA Nenes no pasAnYyHUTE TEXHOJIOTMYHU
cxemun. B nybnmkaumata S. Boycheva, S. Miteva, D. Zgureva, |. Marinov, Characterization of
fly ashes from thermal power plants in Bulgaria supplied by lignite coal XXVIII Scientific
Symposium with International Participation Situation in Ecologically loaded Regions of
Slovakia and Central Europe, 24-25. October 2019, Slovakia, Hradok, Proceedings pp. 97-
104, ISBN 978-80-89883-10-3 e onucaH MexaHM3Ma Ha GopmMMpaHe Ha T.Hap. NeTAwa nenen,


https://cest.gnest.org/sg/climate-change-mitigation-and-adaptation-3

MUKPOPA3MEPHM NPaxoBU HYaCTMLM, KOUTO Ce YHACAT C AMMHMA ras, KaTo TAXHATa eMucKa B
aTmocdepaTa ce NpenoTBPATABA Ypes3 cenapaumaTa UM OT ra3oBMA MOTOK B NMPAXOoy/aaBALUM
CbOPBIKEHUA TUM ENEKTPOCTaTUYHU yTauTenu (enektpoduntpu). MNpu naporeHepaTopuTte C
NPaxoBo U3rapAHe Ha BbrAnwWa, Hag 85 % OT HeropMmaTta MMHepasHA Maca Ha BbranwWaTa ce
OTAEeNnA BbB BUA HA neTAlWa nenen n camo nog 15 % ocrasa BbB BMA HA AbHHA nenen B
newHuTe Kamepun. OBeKT Ha HacTosWwmUTe M3cneaBaHMA € ONoA30TBOPSABAHETO Ha /JeTAWaTa
nemnen, KOSTO € OCHOBHUAT TBbpAodaseH oTnagbK OT BbrauwHUTe TEL. XuUMUYHMAT u
$a30BMAT CbCTaB Ha NeTAwaTa nenen ce BiMAe OT CbCTaBa HA BbIMLWATA, TemnepaTypaTta Ha
FTOPUBHMA NPOLEC M CKOPOCTTA Ha OXNaXKAaHe Ha YacTMuMTe nenes npu ABUMKEHMETO UM OT
KOHBEKTMBHATA LWAXTa Ha NaporeHepatopa 40 NPaxoynaBAWOTO CbOpbrKeHue. NposeeH e
CpaBHUTENEH aHANM3 Ha XMMUYHUA 1 Ga30BUA CbCTAB Ha NeTAWwa nenes, 4obuTa KaTto cpegHu
npobu oT eneKkTPocTaTUUYHUTE yTamuTenun Ha 6aok Ne5 Ha TEL, ,,Mapuua-ustok 2”, 610K Nol Ha
TELL ,,AES MenbboBo” 1 610k Ne3 8 TEL, ,KoHTyplno6an Mapuua U3ToK 3”7, naeHtupuumpax e
BMAA Ha KpucTanHuTe asu, onpeaeneHyW ca CbOTHOWEHMATa amopdHa/KpucTanHa
CbCTaBAABalLM M oTHoWweHMeTo Si/Al B cbcTaBa nm.

BAMAHMETO Ha CbCTaBa M XapPaKTEPUCTUKUTE HA M3XO4HATa Nenen Bbpxy CTeNeHTa Ha anKaHa
KOHBepcus B 3e0/11MTH e u3cneasaHo B [. 3rypesa, C. boiueBa, CpaBHUTE/IHU U3cneaBaHuna
BbpXY 3€0/IUTU3aLMATA Ha neTawa nenen ot TELY ,,AES Mavb6oso” u TEL, ,,Mapuua UsToK
2”, XX-ta HayyHa KoHpepeHuuMa ¢ mexxayHapogHo yyactue EM® 2015, 13-16 CentemBpu
2015, Co3onon, bvarapua, C60pHUK ¢ aoknagm, 1.1, 71-78, ISSN 1314-5371.

MpoBeneHN ca CPAaBHUTENHU U3CNeABaHNA BbPXY KOHBEPCUATA HA BbIAMWHA nenen ot TEL
,AES IMonbboB0” 1 TEL, ,,Mapuua-n3Tok 2” npu cpaBHUMM EKCNEPUMEHTAJTHU YCI0BUSA, KaTo €
YCTAQHOBEHO, Y€ MNO-BUCOKMAT AAN Ha amopdaHaTa KOMMOHEHTa B CbCTaBa Ha nenenta
pe3ynTMpa B NO-BUCOK A06MB Ha 3e0/MTHa $asa Na-X npu cbusamepumm cboTHoLleHus Si/Al.
YcTaHOBEHO e, Yye nenenta oT asete TELL e nogxoaAall UsxoaeH matepuan 3a nonyvyasaHe Ha
BMCOKOMOPbOo3eH 3e0/nT Na-X, KaTo e NnOoTBbpAEHA MNPUAONKMMOCTTA Ha NPeONOXKeHuTe
TEXHONIOTMYHM NOAXOAM 32 KOHBEPCUA Ha nenenTa OT PasAIMYHU FTOPUBHU MHCTANALMN U NPU
ANHAMUYHU peXMMM Ha paboTa Ha eHepruiHUTE NaporeHepaTopu.

Mo-KbCHO e nNpoBeneHO 3a4b/60YEHO M3c/edBaHe BbPXY MPUIOKMMOCTTA Ha Noaxoda Ha
atmocdepHa Kpuctanmsauma 6e3 eHeprunHo noTpebneHWe, KOWTO Cce OCHOBaBa Ha
NPUPOAHUTE NpoLecn Ha GopmuMpaHe Ha ecTeCTBEHM 3€0/IUTU, NopaamM KoeTo belle Ha3oBaH
,KBa3n ecTecTBeH CMHTEe3“, 3a OM0N30TBOPABAHE HA BbMMLWHA Nenen OT NO-WWMPOK Kpbr
WMHCTaNauMKn, U3rapalm pasanyHM BMAOBE BbIAMWA (AUFHUTHU, KadABWM, aHTPAUWUTHU) B
LWUMPOK AMana3oH Ha U3MeHeHMe Ha cboTHoweHuneTo Si02/Al03 n Bapupaly $a3oB CbCTas,
KaKTO W BbpXy AbHHA nenen. [oTBbprKAaBa ce ybeautenHo TeHAEHUMSATA B HApacTBaHe Ha
[061Ba M CbOTBETHO Ha cneundryHaTa NOBbPXHOCT Ha 3€0/IMTHUA NPOAYKT C yBe/IM4aBaHe Ha
amopdHaTa KOMMNOHEHTA B U3X04HATa CYPOBUHA. YCTAHOBEHO €, Ye NPU NPOLB/KUTENHOCT Ha
ankanHata KoHeepcua 7-14 meceua, NosydeHUAT NPOAYKT e 3eonnT Na-X, cbnbTcTBaH OT
3eonunTHa dasa duamncut (FPI) npm no-npoabaKUTENHUA NEPUOA Ha CMHTE3. TO3M NoaxoA Ha
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0ONoN30TBOPABAHE Ha BbIMWHA nenen e obewasaly 3a WKpokomawabHa npepaboTka Ha
OoTNagbLM, NOpagM TEXHONOTMYHATA CU GYHKLMOHAHOCT, HyN1IeBO NoTpebieHMe Ha eHeprua 1
HUCKN onepaTMBHM pasxoam. MoKe Aa ce MPUIOXKM NIECHO B MeCTaTa Ha AenoHWpaHe Ha
BbIMLLHA Nenes, Kakto U ga 6baaT onon3oTBOPABAHM OTAABHA AENOHMPaHM OTNagbuy.
JeTtannun 3a nscneagsaHeto ca nybaunkysaHu B Zgureva, D., Stoyanova, V., Shoumkova, A.,
Boycheva, S., Avdeev, G., Quasi natural approach for crystallization of zeolites from different
fly ashes and their application as adsorbent media for malachite green removal from
polluted waters (2020) Crystals, 10 (11), art. no. 1064, pp. 1-16. DOI: 10.3390/cryst10111064

BAnAHMETO Ha TeMnepaTypaTa Ha eTana Ha NpeABapUTENIHO CTaNAHE Ha PEAKUMOHHUTE CMecH
NPy ABYCTbMANEH CUHTE3, KOHLEHTPAUMATA Ha a/Ika/IHUA aKTMBATOP M NMPOLBAKUTENHOCTTA
Ha xuapotepmanHata 0b6paboTka BbpXy BUAA U XapPaKTEPUCTUKUTE Ha NOy4YEHUA 3€0/IUTEH
NPOAYKT ca wu3cnegsaHn B nybnaukaumumte [J. 32ypeea, C. bolivesa, CuHme3 Ha
BUCOKOMOPbLO3HU 3€0AUMHU Mamepuanu om Aemaw,a nenes, noay4eHa npu us2apsasHemo
Ha nuecHumHu eveauwja, XVIll-ma HayyHa KoHgpepeHUUs ¢ mexcOyHapooOHO y4vdacmue,
EM®’2013, 15.09-18.09.2013, Co3onon, bvnzapus, C6opHuUK c doknadu, m.1, 166-173, ISSN
1314-5371;

D. Zgureva, S. Boycheva, Utilization of fly ash byproduct from the coal combustion in
environmental protection systems, Resources of Danubion Region: the Possibility of
Cooperation and Utilization, Eds: L. C. Popovic, M.Vidakovic, D.S. Kostic, Belgrade,
Humboldt-Club Serbien, 2013, ISBN 978-86-916771-1-4, pp.389-404;

S. Boycheva, D. Zgureva, A. Shoumkova, Recycling of Lignite Coal Fly Ash by its
Conversion into Zeolites, Coal Combustion and Gasification Products, 7, 1-8, 2015, ISSN 1946-
0198, doi:10.4177/CCGP-D-14-00008.1;

Zgureva, D., Boycheva, S. Synthesis of highly porous micro- and nanocrystalline
zeolites from aluminosilicate by-products (2015) Nanoscience Advances in CBRN Agents
Detection, Information and Energy Security, pp. 199-204. DOI: 10.1007/978-94-017-9697-
2_21.

YCTaHOBEHO €, Yye TemmnepaTtypata Ha aJKaNHO CTanAHe He B/MAEe BbPXYy MEXaHU3ma Ha
KOHBepcua B AuanasoHa 550-850 °C, HO CbOTHOLLUEHMETO asikaneH aKTMBaTop/BbrAuLLHA
nenen, Temnepatypata W NPOAL/KUTENHOCTTA HA XuApoTepmasnHaTa obpaboTka ca
onpeZenAawmM 3a BMAA HA nosyyeHata 3eonutHa ¢asza. 3eonut Na-X ce nosnyyaBa Kato
MeXAMHHa $asa, KaTo NPy U3nn3aHe OT ONTUMAIHMA ANANA30H HA U3MEHEeHMe Ha YCN0BMA Ha
npoueca 3a Nony4YaBaHeToO W, TA NPeMUHaBa B Apyrun 3eonnTHU $asu. U3cnepsaHeTo Ha peaa
Ha TEPMOAMHAMMYHA CTAOUNHOCT HA BEPOATHUTE 3€0NUTHU Pa3m, KOMTO MOraT ga ce nonyyaT
OT Ja4eH CbCTaB Ha MenenTa e BaXKHO 3a yNpaBAeHMETO Ha KOHBEPCUATA Ha NenenTa B XenaH
n peduHMpaH NpoayKT. 3a YCTAHOBABAHETO HAa ONTMMA/NIHM YCNOBUA 33 KOHBEPCUATA Ha
BbrAnWHa nenen B usbpaHa 3eonutHa ¢asa (FAU, LTA, CHA, GIS, SOD) ca noctpoeHu
06nacTuTe Ha KpUCTanmnsauma (KPUCTanmM3aumMoHHU noneTa) B 3aBUCMMOCT OT BpemMeHaTa Ha
a/IKa/HA aKTMBALUMSA U CbOTHOLLEHMATA aNkasieH peareHT/neTawa nenen. YCTaHOBEH e pesa Ha
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TepMOgMHAaMMYHaA CTAabMAHOCT 3a MNosy4yaBaHe Ha NeT 3e0AUTHU ¢a3M C MPOMMULLNEHO
3HauyeHue. Pesyntatute ca nybamkysaHu B: D. Zgureva, S. Boycheva, Crystallization fields of
zeolite structures from lignite coal ashes, EHeprueH ¢opym 2018, 26-27 ioHu 2018,
MexgyHapogeH aom Ha yseHute ,,®. XK. Kiopu”, BapHa, bbarapus, C6o0pHUK ¢ aoKknaam, 51-
57, U34. ,,HayuyHo-TexHMn4ecKkun cbio3 Ha eHepreTuuute B bbarapusa, ISSN 2367-6728;

MN3cneaBaHa € Bb3MOXHOCTTA 33 HamanfiBaHE HA EHepruiHuTe pasxo4M 3a aJikasHa
KOHBEPCMA  HA  BbIIMWHA MNemen  nNpuM  MAKCMMANHO  OMON30TBOpPABAHE  Ha
a/lyMUHOCUIMKATHATa KOMMNOHEHTA (amopdHa M KpWCTanHa) OT CbCTaBa Ha nenenTta 4ypes
XMbpuAaeH CUHTE3, BKIIOYBALY a/IKa/IHO CTANAHE HA PeaKUMOHHATa CMeC, MOCNeABaHO OT
aTMocdepHa KpucTanmsauma. HanpaseHa e cpaBHUTENHA OLEHKA Ha pa3xoguTe Ha eHeprus
3a npoueca B kWh/kg npousBegeH npoayKT 3a TPU TEXHOJIOTMYHW CXEMWM Ha asikanHa
KOHBEpCUA: ABYCTbNA/IEH CUHTES3 a/IKa/IHO CTansAHe — XMAPOTEPMA/IHA aKTUBALMA, XNOBpUaeH
CMHTE3 a/NKa/IHO CTanAHe — aTMochepHa KpucTaamsaums M efHOCTagMeH npouec Ha
aTMocdepHa KpucTanmsaums. Pesyntatute ot NpoBeaeHOTO M3caeaBaHe ca nybankysaHu B D.
Zgureva, S. Boycheva, Novel technical and economical superior approach for synthesis of
zeolites from coal fly ash, Fourth National Conference with International Participation,
"Ecological Engineering and Environment Protection" (EEEP'2015), Burgas, 3-6 June 2015,
published in “Ecological Engineering and Environment Protection”, No 2, 2015, p. 12-18,
ISSN: 1311-8668.

B nybnukauunarta S. Miteva, D. Zgureva, S. Boycheva, Ultrasound-assisted synthesis of zeolite
Na-X from coal ash for applications in environment protection technologies, SCEESD, Student
Conference “Energy efficiency and sustainable development”, 4th to 7th December 2018,
University Ss Cyril and Methodious, Scopje, Macedonia, Book of Papers SCEED, 2018 ca
NPOBEAEHN MbPBOHAYANIHN EKCNEPUMEHTU BbPXY 3aMAHATa HA MAarHUTHATa XOMOTeHU3aums,
KOATO € BPEMEBO /IMMUTUPALL eTan B TEXHONOTMYHATA CXEMa Ha a/ika/lHa KOHBEPCMA Ha
BbIMLLHATA Menesn, ¢ yATPa3BYKOBA XOMOreHW3auMA 33 YCKOPABAHE HA Pa3TBAPAHETO Ha
alYMUHOCUIMKATHUTE KOMMOHEHTU B aJfIkaZiHa cpefa C Len CbKpaliaBaHe Ha obuwarta
NPOAB/IKUTENHOCT Ha npoueca. M3cneaBaHa e M onTMManHaTa NPOABLAKMUTENIHOCT Ha
yNTpa3ByKoBaTa XOMOreHusauma. B nocneactsme e MsyyeHo noApobHO MoNyyaBaHETO Ha
3eo0/MTeH NpoayKT Na-X cbc cybmMKpoHHa Mopdonorma Ypes ynTpasByKoBa XOMOreHM3aums
Ha peaKUMOHHWUTE cmecu, BnaronpuaTHa 3a KaTa/IMTUYHM MPUNOXKEHUA. M3cneaBaHu ca
edeKTUTe Ha yNTPa3BYKOBOTO pa3bbpKBaHe N A006ABKUTE BbPXY NpoLLEeca Ha 3e0aUTU3aLMA.
3eonntnte Na-X OT BbIAMLWHA nenen, NoayvYeHU 4ypes yATpasByKOBA XOMOreHusauma, ce
XapaKTepm3ampaT C HAHOKPUCTATHA MOPDONIOTUA U CMECEHA MUKPO-ME30MopecTa CTPYKTypa C
NO-BMCOKa BbHLUHA crneumdryHa NOBbPXHOCT B CPaBHEHME C MUKPOKpUCTaneH 3eonunt Na-X,
nofydeH 4Ypes MarHUTHO pa3bbpkBaHe. YcTaHOBEHa e, Heob6XoAMMOCTTa OT MENKAWMHHO
KOHOMLMOHMPAHE Ha peaKLMOHHATA CMeC NPW YCI0BUATA Ha OKOJTHATA cpesia MeXay eTanuTe
Ha ynTpa3BykoBaTa 06paboTka M XMAPOTEPMANHOTO AaKTMBMPaAHE 3a MOAMMEpPM3AULUA Ha
xuaporena M nocneggawiata My  KpUcTanusauma.  YCTaHOBEHA €  ONTMMasiHa
NPOAB/IKUTENHOCT Ha YATPA3BYKOBOTO TpeTMpaHe oT 15 min 3a nonyyaBaHe Ha NPOAYKT C
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HaHOKpUCTanHa mopdonorva U BUCOK A06MB Ha 3eonnT Na-X oT noytn 90 wt.% upes
AByeTaneH cuMHTe3. Taka NONYyYeHMAT NPOAYKT € C OTIMYHA TepMMYHA cTabuaHoCT, nopaau
BMCOKOTO CbOoTHOLeHMe Si/Al. CUHTE3bT C NOMOLLTA Ha YATPA3BYK e NoaxoasAl, 3a NonyyaBaHe
Ha BWCOKOKayeCcTBEH HaHOKpucTaneH 3eonuMT Na-X OT BbIMWHA nenen 3a epeKTUBHMU
KaTanusatopu. PesyntatuTte oT MscnenBaHeTo ca nybauMkyBaHu B Boycheva, S., Marinov, |.,
Miteva, S., Zgureva, D., Conversion of coal fly ash into nanozeolite Na-X by applying
ultrasound assisted hydrothermal and fusion-hydrothermal alkaline activation (2020)
Sustainable Chemistry and Pharmacy, 15, art. no. 100217, DOI: 10.1016/j.scp.2020.100217.

3a nNbpBKM NbT € NpeacTaBeHa KOHUENuUMATa 33 NPUAOXKEHMe Ha NPOAYKTU OT ajKanHaTa
KOHBEPCMA HA BbIAULWHA Nenen B TEXHONOMMWU CbC 3HAYMM MKOHOMMYECKM MOTEeHUMan wm
eKonormnyeH edeKr: aacopbeHTn, KaTanmsaTopm n GoToUyBCTBUTENHU Cpean, MOTUBMPAHO OT
CbNOCTABKATa HA XapaKTEPUCTUKUTE M CbCTaBa Ha MNOJIyYEHUTE 3€0AUTU C U3UCKBAHMATA,
npeaABABaHM KbM MaTepmMannTe 3a CbOTBETHUTE NPUAOKEHUA. B nocheacrteme, KoHuenumaTa
€ pasBuTa 4ype3 3a4bNO0YEHM M CUCTEMHWU U3CNEABAHMA B OYEpPTAHUTE HanpaBAeHMUA.
KoHuenumaTa U HacokuTe 3a u3cnenBaHe ca nyb6aukysaHu B: C. bouuesa, C. MuteBa, W.
MapuHoB, [. 3rypeBa, CMHTE3 Ha 3€0/MTU OT BbLIUWHM Neneau 3a agcopbuwms,
KaTa/IMTUYHA AeCTPYKUMA U AeTeKuma Ha atmocdepHu 3ambpcutenun, EHeprueH ¢opym
2018, 26-27 oHu 2018, MexKayHapoaeH aom Ha ydyeHute ,P. K. Kiopn”, BapHa, bbarapus,
C60pHUK ¢ poknagm, 58-72, U3pa. ,,HayuHO-TeXHUUYECKU CbIO3 Ha eHepreTuuuTte B bbarapus,
ISSN 2367-6728. NMon3ute

B nybaukauuute A. 3rypesa, C. boitueBa, OnonsorBopsiBaHe Ha feTAWLATa nenen or
M3rapsHe Ha TBbpPAMU rop1Ba 3a CUHTE3 Ha 3€0/INTHU MaTepuanu, cn. bbarapcka Hayka, 6pou
75, 2015, 12-24, ISSN:1314-1031 v A. 3rypesa, C, boitueBa, TEL, ¢ HyneBn emucum upes
CUHTE3 HA 3€0JIUTU OT NenenTa OT BbI/INLWWA U NPUIAraHeTo UM 3a yNaBsAHe Ha BbraepoaeH
avokeng, XIX HayyHa KOHdepeHuma ¢ MmexayHapoaHo ydyactme EM® 2014, 14-17
Centemspu 2014, Cozonon, bbvarapusa, C60pHUK ¢ aoknaam, 1.1, 132-139, ISSN 1314-5371 e
npeacraBeHa naeAaTa 3a 3aTBOPEH LMKbBA Ha ona3BaHe Ha OKonHaTa cpepa B TEL, nsrapawm
BBIM/IMLLA 33 ONOA30TBOPABAHE HA BbI/IULLHA Nenen Ype3 ajsikasHa KOHBEpPCUA B aACOopbeHTH
Ha BbrNepoAHN emucuun. PasrnepaHn ca nonsute 3a nopobpsBaHe Ha EKONOrMYHUTE
XapPaKTEPUCTUKM HA Aa[eHa BbI/INLWHA LEHTPana U TEXHUKO-UKOHOMUYECKMA edeKT BbpXy
npouecute 3a o4YUCTBaHe Ha AMMHUTe rasose. lNpeanoxeHata KOHUEeNuma e nogKkpeneHa ¢
TECTOBU M3NUTaHMUA Ha agcopbumaTta Ha CO; BbPXY cenekTnpanu obpasum npm 0.1 MPa B
pPaBHOBECHM M B AMHAMWYHM ycnoBua — B NOTOK oT CO,. Ypes uscnensaHe ¢ MHPpayepseHa
CNEeKTPOCKONMA Ha eKcrnoHupaHu Ha CO2 aacopbeHTn e yctaHoBeH ¢u3myeH agcopbumnoHeH
MeXaHU3bMm Npu Te3un ycnosua. NpoyyBaHUATA ca NPOAB/KUAM B MOCOKA Ha U3cnenBaHe Ha
agcopbumsata Ha CO, npu HanAraHua O6AM3KM A0 aTMOCPEepHOTO M HanAraHuATa Ha
n3XoaAWwmTEe AUMHW ra3oBe OT FOPMBHUTE MHCTANALMKN. YCTAHOBEHM Ca eKCnepumMeHTaaHuTe
yCNnoBUA 3a nsmepBaHe Ha aacobumata Ha CO, OT 3e0UTK OT BBIIMLLHA Nenen Ypes obemeH
agcopbumoHeH aHanmsatop Tristar I 3020. M3mepBaHuATa ca npoBexaaHn B 25
eKCNepMMEHTa/IHM TOYKW B AMana3oHa Ha OTHOCUTENHO HanaraHe p/po=0,001-0,03, KbaeTo po
€ HansaraHeTo Ha HacuuwaHe ¢ CO; (3485,6769 kPa npu temnepatypa 0 °C). Pesyntatute ca
nybaukysanu B I. Marinov, D. Zgureva, S. Boycheva, Equilibrium adsorption of carbon
dioxide onto zeolite sorbents obtained from solid wastes, SCEESD, Student Conference
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“Energy efficiency and sustainable development”, 4th to 7th December 2018, University
Ss Cyril and Methodious, Scopje, Macedonia, Book of Papers SCEED, 2018.

MonyyeHnTte obewasawm pesynTaTm OT KATA/JIMTUUYHUTE TECTOBE Ha 3€0/IUTU OT BbI/IMLLHA
nenen 3a OKUCAEHME HA NEeTANBU OPraHUYHU CbeaWHEeHMA, MNPOBOKMpaxa cienBalm
n3cnenBaHUA Ha Bb3MOXKHOCTUTE 32 MOBMLIABAHE Ha KaTaJIMTUYHATA UM aKTUBHOCT, e4Ha oT
KOMTO e nnasmeHaTa o6paboTKa Ha NOBBLPXHOCTTA UM 3a NOJIy4YaBaHe Ha T.Hap. MepPaPXUYHM
KaTanmsatopu. MoanduumpaHeTo Ha 3€0AMTUTE OT BbBIIMWHA Nenea C MUKPOBB/IHOBA
nnasmeHa o6paboTka ce uM3BbpPWBA C LEN yBeAMYaBaHE Ha Me30MOpPbO3HOCTTa W
xmapodobHOCTTa MM, KOETO e npeanocTaBKka 3a Nno-gobpa KaTaauTuyHa edeKTUBHOCT.
MepapxuuyHuTe 3€0/MTM NOKa3BaT Pas3/IMUHKM TEKCTYPHM NapameTpu cnes obpaboTka B
PaAnoYecToTeH NAA3MEH reHepaTop ¢ ABa nnasmeHu areHta CHFs n SFs npu ase pasninyHum
NPOABNXKUTENHOCTM Ha Bb3genctemeto — 30 u 60 s. TpetnpaHeto ¢ SFe nnasma snuse
OTPULLATENHO BbPXY TEKCTYPHU CBOMCTBA Ha KaTanusatopuTe, Aokato ¢ CHF3 6naronpuaTtcTea
obpa3syBaHeTO Ha Me30MNOpPbO3HOCT M noaobpsBa peayuUMpyemMocTTa W KaTa/JUTMYHaTa
aKTUBHOCT Ha BCMYKKM M3cneaBaHun npobu. MposeaeHnte UV-Vis cnekTpanHu nscneaBaHus,
n3cnenBaHuATa C peHTreHoBa GOTOENEKTPOHHA chekTpockonua XPS u u3cneaaHuaTa C
Tepmo-nporpamumpyema peaykumsa TPR nokassat ¢opmupaHeTto Ha OUHO AuMchneprupaHum
*KenesHn okemam ot Tmna Fes0s n FeoO3 B 3e0nMTHATA CTPYKTYPHA MpeKa. YCTaHOBEHO e, ye
nnasmeHaTa 06paboTka BoAM A0 NpepasnpesesieHMe Ha Kene3ooKCMAHUTE YacTULM BbPXY
NOBBPXHOCTTA Ha KaTa/mMs3aTopuTe, KOeTo CnocobCTBa 3a No-1ecHO ocBoboXKaaBaHe Ha
Kucnopos npu obpaboteHUTe € Naasma 3e0AUTU U BNaronpuAaTCTBa CbLECTBEHO peakuuATa
Ha OKMCNeHWe MO MexaHuM3ama Ha Mars—van-Krevelen. Pa3paboTBaHeTo Ha e(peKTUBHU U
MKOHOMMYECKN U3rogHN KaTanmsaTopu C ONOA30TBOPABAHE Ha OTNAAbLUM e AonpuMHece 33
cnecTaBaHeTo Ha AedULUTHUN CYPOBMHM KaTo 61aropoaHN MeTanun, 40 PAa3BUTUETO Ha KPbroBa
MKOHOMMKA N UHTENIMTEHTHO YNpaBAeHMe Ha OTNaabuuTe.

PesyntaTute oT TOBa u3cseABaHe ca nybnukysaHu B Boycheva, S., Zgureva-Filipova, D.,
Popov, C., Lazarova, H., Popova, M. Plasma-Modified Coal Fly Ash Zeolites with Enhanced
Catalytic Efficiency toward the Total Oxidation of Volatile Organic Compounds as Low-Cost
Substitutes for Platinum Group Metals Catalysts (2022) Physica Status Solidi (A) Applications
and Materials Science, 219 (15), art. no. 2100632. DOI: 10.1002/pssa.202100632

EAHA OT HOBAaTOPCKMUTE HACOKM 3a NPUIOXKEHME HA aNIKa/IHO-KOHBEPTMPaAHA BbIIMLLHA nenen
CbC 3HAYMM EKOJIOTMYEH U TEXHOIOTMYEH NOTEHLMA Ca ONTUYHUTE CEH30PHM CPean, 3a KOeTo
NUMNCBAT U3CNeABaHUA B HAayYHaTa IMTepaTypa M TeNbpBa Bb3HMKBA HayYHO-U3CNeA0BaTeNCKU
MHTepec. TOBa HANOXM NPOBEXKAAHETO Ha CUCTEMATU3MPAHU U3C/Ie[,BaHNA 33 YCTaHOBABaHE
Ha eKCnepuMeHTaIHMTe NpoLeaypu 3a Nosly4aBaHe Ha TbHKOCIOMHN KOMMO3UTHU CTPYKTYPU
C ONTUYHO-aKTUBEH KOMMOHEHT 3€0/IUT OT BbIAMWHA nenen. M3cneaBaHo € BAUAHMETO Ha
pasmepa Ha 3€0/IMTHUTE YacTULM, NPOABLIKMUTENHOCTTA HA CMMNAHEe 3a peayuupaHe Ha
pa3mepa MM Npu 3ana3BaHe Ha 3e0/IMTHATa CTPYKTYPa MU KONIMYECTBOTO 3€0/1MT 33 ONTUMAJTHO
[OTUPaHe Ha MaTpuuaTa oT HHObueB oKcua,. PaspaboTeHu ca npoueaypu 3a onpeaenaHe Ha
CNeKTPasHMUTE 3aBUCMMOCTU Ha ONTUYHUTE KOHCTaHTU (MHAEKC HA npevynsaHe, KoebuumeHT
Ha EKCTUHKUMSA, KoedUUMEHT Ha OTpakeHWe U KoedUUMEeHT Ha TPaHCMUCKA) U OMNTUYHO
onpenensHe Ha aebennHata Ha cnoesete. M3cnenBaHa e modponoruaTa U CTPyKTypaTa Ha
TbHKUTE CNOEBE B 3aBUCUMMOCT OT CTEMNEHTA Ha IerMpaHe U pasmepa Ha 3e0/IMTHUTE YacTULM.
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N3cneaBaHoO e M3MEHEHMEeTO Ha ONTUYHM MOKas3aTe/In MPU eKCno3MuMATa Ha C/loeBeTe Ha
pPa3NMYHKN aHanuTu. NMpoBeaeHUTe U3cnenBaHUs U NONYYEHUTE Pe3ynTaT ca ONUCAHM B:
Lazarova, K., Boycheuva, S., Vasileva, M., Zgureva, D., Georgieva, B., Babeva, T. Zeolites from
fly ash embedded in a thin niobium oxide matrix for optical and sensing applications (2019)
Journal of Physics: Conference Series, 1186 (1), art. no. 012024, DOI: 10.1088/1742-
6596/1186/1/012024;
K. Lazarova, S. Boycheva, M. Vasileva, D. Zgureva, T. Babeva, Influence of the Size of

Coal Ash FAU Zeolites Used as Dopants on the Sensing Properties of Nb;Os Thin Films, The
2nd Coatings and Interfaces Web Conference (CIWC 2020), Mater. Proc. 2020, 2, 3;
doi:10.3390/CIWC2020-06829

Lazarova, K., Boycheva, S., Vasileva, M., Zgureva, D., Babeva, T. Effect of Milling Time
on the Sensing Properties of Fly Ash Zeolite Composite Thin Films, (2021) Engineering
Proceedings, 6 (1), art. no. 55, DOI: 10.3390/1352021Dresden-10068

6. U3cnepBaHe Ha ONONA30TBOPABAHETO HA BbLI/IUWHM Nenenn 4ypes anKkaznHata um
KOHBepcna B 3€0/IMTU 3a O4YUCTBaHE HA BOAU U B CUCTEMU 3a npepa6on(a Ha Te4YHuU
PaAnNOaKTUBHU OTNaAbuun

MN3cneaBaHa e Bb3MOXKHOCTTA 33 MNPWIOMKEHME Ha aacopbeHTM M MOHOOOMEHHMUM OT
BbI/IMWHA Nenen KaTo MKOHOMWYECKU M3rogHa anTepHaTMBa HA MNPUPOLHM 3€0/INTU 3a
OEKOHTAaMUHMPAHE Ha PagMOaKTUBHO 3aMbPCEHM BOAM M HA TEYHU PAANOAKTUBHM OTNASbLUM.
M3non3BaHeTo Ha 3e0/1MTM C gobpe u3pa3eHa MOHOOOMEHHa crnocobHoCT, B cay4yas
XMOpPOCOAANUT, NONy4eH OT BbrAMWHa nenen ot TEL ,,Mapuua m3tok 2“ e yTBbpaeHa
NPakKTMKa MNpuM AEeKOHTaMMHWPAHE Ha PAAMOAKTMBHM TEYHW OTNagbun. 3€0/INTHU
NOHOOOMEHHMLUM ca NpUNaraHn 3a AeakTUBUpPaAHE Ha BOAM M MOYBU OT PAfMOaKTUBEH LE3ni
(137Cs), ctpoHumin (°Sr) u Ap. M30TONM MPU BCUYKM FONEMU MHUMAEHTU B UCTOPUATA Ha
AapeHaTa eHepreTuka (AEL, Three Mile Island npe3 1979 r., AEL, YepHo6un npe3 1986 r. n AEL|
®dykywmma [fanum npes 2011 r.). 3eonutute ce WHKOPNOpPUPaAT B UUMEHTMPALIM U
CTbKNOO6pa3yBalLUM WKNXTU 3@ KancyampaHe u 6e30nacHO CbxpaHeHWe Ha PaAnoaKTUBHMU
otnagbvuun. Cneq aBapumuTe, OrPOMHU KOJIMYECTBA MPUPOAHM 3€0/UTM Ca WM3NOA3BAHU 3a
n3rpaxaaHe Ha 3alWMUTHU Bapuepun, 3a CENCKOCTOMAHCKN NPUNOKEHMA B 3aMbPCEHM 30HMU, 33
obe33apa3snBaHe Ha NUTElHa BOAA, KAaKTO W 33 M3B/IMYAHE HAa PaAMOHYKAMAM OT APEHAXKHMU
Boau B aBapupanute AEL. MOHOOBMEHHUTE MeXaHWU3MM M KanauuTeTu ca onucaHu B: D.
Zgureva, S. Boycheva, Synthetic zeolitic ion-exchangers from coal ash for decontamination
of nuclear wastewaters, Annual Conference of Bulgarian Nuclear Society, 02-05.09.2015,
Sozopol, Bulgaria, BgNS TRANSACTIONS, 20 (2) 2015, 132-136, Bulgarian Nuclear Society,
ISSN 1310-8727;

H. ﬁopp,al-loea, L. 3rypeBa, C. boitueBa, CMHTE3 Ha 3€0/1MTU OT NIeTALLA Nenen C NPUAoKeHune
B CUCTEMM 3a NPEeYUCTBaHe Ha TEeYHMU papguoakTMBHu otnagavbum, EHEPTMEH ®OPYM, 22-
25.06.2016, Hay4yHO-TeXHUYECKM CbIO3 Ha eHepreTuumuTe B bvarapua, MexxayHapoaeH aom
Ha yuyeHute ,,®.}K. Kiopn”, BapHa, bbarapusa, C6opHuUK, yact Tpeta, 23-28. ISSN: 2367-6728.

CnepBawuTte Tpu nybavKauuMuM [onbnBaT  M3CNeABaHWATA, NpeacTaBeHn B
PaBHOCTOMHUTE HAa MOHOrpaduyeH Tpya Ny6AnKaunmn BbpXy aacopbLMoHHUTE N HOHOBMEHHU
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XapPaKTePUCTUKM Ha 3€0/UTU OT BbIAMLWIHA Nenen B OYMCTBAHETO Ha BOAM OT OpPraHWYHU
3aMBPCUTENN N TEKKM METANMN.

N3cnepBaHa e apcopbumoHHaTa e(deKTUBHOCT Ha 3€0/UTU OT PasMyHM dasu,
NOMly4eHM OT BbI/INLLHA NeNes B LWWMPOKKU rPaHULM Ha U3MEHEHME Ha CbCTaBa M OT Pas/INYHMU
TELL ¢ pasHoo6pa3Ha ropuBHa BbIMlLHa 6a3a. [lokasaHa e NPpUAoKMMOCTTa Ha Noaxoaa 3a
nosy4yaBaHe Ha ePeKTUBHN U MKOHOMUYECKM N3TOLHM aAcopbeHTM 33 OUMCTBAHE Ha BOAM OT
WMPOKa rama TBbpAodasHM oTnagbunm OT ropuBHM npouecn B TEL,. Bcuukm mscnepBaHu
apcopbeHTn ce xapaktepusmpat ¢ 96 % edeKTUBHOCT B OYMCTBAHE HA BOAM OT TOKCUYHMU
barpuna (TectoBeTe ca npoBegeHM C pasnanyHm barpuna MG, IC, MB). MogenHute
n3cneABaHUA MOKa3BaT BMCOKA KOpenauua Ha eKCnepuMeHTaNIHUTE AaHHM C KUHEeTUMYeH
mogaen oT BTopu pea. Pesyntatute ca onuncaHu B Zgureva, D., Stoyanova, V., Shoumkova, A.,
Boycheva, S., Avdeev, G., Quasi natural approach for crystallization of zeolites from different
fly ashes and their application as adsorbent media for malachite green removal from
polluted waters (2020) Crystals, 10 (11), art. no. 1064, pp. 1-16. DOL:
10.3390/cryst10111064.

Mony4yeHn ca 3e0/INTU OT BbI/INLLLHA Nenen, akTUBUPAHU C HAHOYACTULUM OT MarHeTuT

M OpYyrM MeTasiHW OKCuAMW, in situ No Bpeme Ha TAXHATa KPUCTANM3auMa WM Ypes
CNeacuUHTe3HO MMMNPErHuMpaHe, KakTo WM MarHUTHO-aKTUBHW aacopbeHTU uypes xubpuaeH
CUHTE3, KOMOUHUPANKM NpeaMMCTBaTA Ha ABYCTbMANHMA CUHTE3 3a MOCTUraHe Ha BMCOKa
cneundmyHa NOBBLPXHOCT Ha MPOAYKTA M Ha eAHOCTbMANHUA XMAPOTEpPMANeH CUMHTE3 33
CbXpaHABaHe HA MAarHUTOAKTUBHUTE WWNUHENHU OKCUAMN (MArHETUT U MareMmuT) OT CbCTaBa Ha
Bbr/MWHATA nenen M TpaHcdepa MM B 3€0/IMTHATA MATpMLA, KAaTO ce npenoTBpaTABa
OKUC/IEHMETO MM A0 MapaMarHUTHUA XeMaTUT 33 3ana3BaHe Ha MarHUTHUTE MM OTHaACAHMUS.
Mo To3n HauyMH ce NoaobpABaT aACOPOUNOHHUTE XapPaKTEPUCTUKM Ha 3e0/IMTUTE, MOBULLABA
Ce KaTa/ITMYHATa MM aKTMBHOCT 33 OKUC/NEHWE MO MeXaHM3Ma Ha Fenton Ha opraHuW4HM
3aMbpCcUTENN BbB BOAM, @ MarHUTHMTE MM CBOWMCTBA CMOMaraT 3a JIeCHOTO M3BeXKAaHe Ha
aacopbeHTUTe/KaTannsatopuTe B Kpas Ha npolueca OT oyucTeHaTa BoAHa cpeda 4pes
MarHMTHO Bb3gdelcteue. U3cneasaHuaTa ca nybankysaHm B S. Boycheva, D. Zgureva,
Conversion of coal fly ash to zeolite-based iron oxide magnetic nanocoposites, Ecological
Engineering and Environment Protection, No 1, 2020, p. 30-35;
S. Boycheva, I. Marinov, D. Zgureva, S. Miteva, D. Behunova, M. Vaclavikova, Application of
coal ash zeolites for removal of heavy metals and dyes from polluted waters, XXVIII Scientific
Symposium with International Participation Situation in Ecologically Loaded Regions of
Slovakia and Central Europe, 24-25. oktéber 2019, Slovakia, Hradok, Proceedings, pp. 89-
96, ISBN 978-80-89883-10-3.

7. AHanu3 U NPUNOXKEHMEe Ha MEeTOAO0NOrMATa 3a EKCNEePUMEHTA/NIHU U MOAEsTHU
M3cnepBaHMUA Ha XapaKTEePUCTUKUTE HAa NOBBbPXHOCTTA HA aAcop6eHTU u KaTanmnsaTopu

XapaKTepUCTUKUTE HA MOBBPXHOCTTA Ha TBbPAM BELLECTBA Ca KAHOYOBM 3a MPUAAraHeTo Um
KaTo agcopbeHTM u KaTanmsatopu. ToBa Hanara HageKAHO U3MepBaHe Ha MNOBBPXHOCTHUTE
napameTpu 1 Noy4yaBaHe Ha AOCTOBEPHM pe3ynTaTu. MoabopbT Ha YCI0BUATA 33 NOATOTOBKA
Ha MaTepuanuTe 3a M3MepBaHe (NpeaBapuUTENHO AerasupaHe) U Ha NOAXOAALL, AHANUT (Xenui,
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a30T, BbIIEPOAEH ANOKCUA), Ca BaXKHU 33 AOCTOBEPHOCTTA HA pe3yaTaTuTe U ce onpeaenar
cnopeg, cneundurknTe Ha BCeKM KOHKpeTeH 06eKT. MpeaBna, BaXKHOCTTA HA XapaKTEPUCTUKUTE
Ha MOBBLPXHOCTTA HA 3€0/1MTUTE OT BbIIMWHA nenes, KaTto o6eKkT Ha 3agbnboyeHn
M3CcNefBaHUA KATO KaTa/M3aTopu W afcopbeHTU B MPUIOXKEHUTE HayyHu nybavkaumm,
KNKOYOB MOMEHT € onpeaenAHeTo Ha ONTUMA/IHM YCN0BUA 33 eKCNepuMeHTanHO u3mepBaHe
Ha u3oTepmuTe MM Ha Nr-aacopbums/aecopbuma, OT KOUTO upe3 npuaaraHeTo Ha
MaTeMaTUUYECKM MOAE/IN Ce NMPecMATaT MOBbPXHOCTHUTE NapameTpu.

MeToabT 3a n3cneasaHe Ha NOBBPXHOCTHUTE XapaKTEPUCTUKKU Ha TBbpAM BeLLecTsa
ypes agcopbums Ha rasoBM MOJIEKYIN € cTaHaapTuampaH ot ISO 9277:2010, a uyucaeHu
NPecMATaHUA Ha MNOBBPXHOCTHMUTE cBOMCTBA - B ISO 14488. Bbnpeku npunaraHeTo Ha
CTaHAAPTU3UPAHN NOAXOAM U MoAenn, peanua GakTopm MoraT @ OKaXKaT BAMAHUE BBPXY
AOCTOBEPHOCTTA Ha pe3ynTatute, ocobeHo npu paspaboTBaHeETO Ha HOBM MaTepuanu, 3a
KOMTO NnnceaT pedepeHTHU OAHHM 3@ CbNOCTaBKa. TOBA HA/NOXW BHMMATENEH aHA/M3 Ha
pe3yntatuTe oT ronsam obem m3cnenBaHMA Ha PA3IMYHU MATEPUANN 33 UAEHTUOULMPAHE HA
baKTopu, KOUTO BAUAAT Ha aACOPOUMOHHO/AECOPOUNOHHUTE U3MEPBAHUSA, BKAOYMTENHO U
Bb3MOXHM rpeLlku Ha onepartopa. NocnegoBaTenHoCcTTa Ha NpuaaraHaTa eKkcnepumeHTanHa
npoueaypa 3a M3mepBaHe Ha NOBbPXHOCTHU XaPaAKTEPUCTUKN HA M3CNeaBaHUTE BeLLLeCTBa €
BU3yannsumpaHa Ha ¢ur. 3.

Empty tube weight Filling of ~0.150 g sample Sample’s moisture and Cooling to the atmosphere Real weight of sample
for analysis at! pheric gas rel g
f ' ; N " o 9, }
) Powdered -
m \lmr"':
Rusdilis Adsorption isotherm Experiment’s conditions Liquid nitrogen and gas Sampling
i input y 1 line preparation =

<

Applying of T
standardized models - \
to the experimental | ”
data for surface ) 1 R o (| { "
[
|

properties
determination
BET, BJH, t-plot, DFT

Qdur. 3. NocnenoBaTeNHOCT Ha eKcnepumMeHTanHaTa npoueaypa 3a wu3cnenBaHe Ha
NOBBPXHOCTHUTE XaAPAKTEPUCTUKN Ha ap,cop6eHT|/| N KaTain3saTtopwu.

MPUNOKMMOCTTA HA CTAHAAPTUM3IUPAHN MOLENMN KbM €KCMEePUMEHTAHUTE U30TePMM
3a onpepensHe Ha NOBbPXHOCTHUTE XapaKTePUCTUKM e NpeacTaBeHa Ha our. 4.
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Apcop6uroHHa n3oTepma — JecopburoHHa nsotepma

t-plot mogen BJH mopen

O6em Ha O6em Ha
AnameTtbp Ha
MHUKponopute BbHWHa naowy me3sonopuTte
3 2 mesonopurte v 3
Vmicru' cm /g sex‘ternal' m /g A mesor M /g
. dmesn’ A
v
Mnow, Ha 0O6wa nnow, Ha AnameTtbp Ha
MUKponopure MOBBPXHOCTTa —% MHUKpPONopUTe
Smicro’ mzlg SBEP‘ mzlg dmicro’ A

Qur. 4. an}'IO)-KMMOCT Ha CTaHAAPTU3NPAHU MOLAENTN KbM EKCNEPUMEHTA/THUTE N30TEPMU 3a
onpeanenAaHe Ha NOBbPXHOCTHUTE XapPaKTEPUCTUKU

AHanNM3bT Ha METOA0N0TUATA Ha U3MepBaHe e 060bLWEeH M NpeacTaBeH HA MEXAYHAPOAHM
¢dopymu: S. Boycheva, D. Zgureva, Experimental and numerical studies of surface properties
of solids by physical ddsorption technique, Proceedings of the Humboldt-Kolleg, Varna,
September 18 — 21, 2019, In: Science without Borders: Alexander von Humboldt’s Concepts
in Today’s World, (L.Taseva, R. Argirova, D.a Boteva, M. L.Grilli, T. Vlad-Bubulac, Eds), 2020,
pp. 154-171, Faber Publishing House, 2020, ISBN 978-619-00-1217-7;

D. Zgureva, S. Boycheva, K. Filipov, Comparative studies on the determination of
specific surface area of solids by adsorption of different gases, International Scientific
Conference UNITEX'2019, 15-16 November 2019, Technical University of Gabrovo,
Proceedings, University Publishing House “V. Aprilov” — Gabrovo, 2019, ISSN 1313-230X vol.
I, pp. 111-321-111-324.

AHanu3bT M TMNM3NPaHeTo Ha Ny-M3oTepmuTe Ha agcopbumns/mecopbuma Ha uscneaBaHuTe
NPOAYKTU OT KOHBEpCMATa Ha BbIULWHA Nenes e B CbOTBETCTBME C aKTyaausupaHaTa
Knacudurauma Ha IUPAC (1985 r.), BbBe)gawa LWeCT TMNa M30TEPMM U YeTUpU Tuna
XUCTEPE3UCHU 30HM, OYepTaHM OT KpuBUTE Ha aacopbumoHHaTa M aecopbuMOHHATA
nsotepmu. M3xogHaTta BbI/IMLLHA Nenen ce xapakrepumsumpa ¢ n3otepma Ha Na-agcopbuma ot
TMN |, KOATO € TMNWYHA 32 HENOPECTU AN MAKPOMOPECTU MaTeEpPUANN C MaaKa cneundumyHa
NOBbPXHOCT. M3MepeHUTe CTOMHOCTM 3a cneunduyHaTa NOBbPXHOCT HA BBIIULLHM Nenenu e
oT nopagbKa Ha 10 m?/g. PedepeHTHUAT YUCT CMHTETUYEH 3eonunT Na-X, nokassa M3oTepma
Ha agcopbuma ot TMn | ¢ TACHA xmucTepesncHa obnact ot TmMn H4, TMNWYHA 3@ MUKPOMOPECTH
MaTepuanu, Kato cneumdpuyHaTa my noBbpxHocT goctura 800 m?/g. UscnensanHuTe 3e011TH
OT BbravwHa nenen ot Tvn  Na-X ce xapakTepusumpaT ¢ u3oTepmun  Ha  No-
apcopbums/mecopbuma ot TMn IV ¢ WKpoKa H3 xuctepesncHa 30Ha, TUNWYHK 33 MaTepuanu
CbC CMeCceHa MUKPO-me30nopecTa CTPYKTYpa, KOATO e NpeauMCTBO 33 YCKOPEeH MaconpeHoc
npu aacopbUNOHHN N AecopOUMOHHM NPOLLECU B CbNOCTaBKa C MMKPONOpPECTUTe aacopbeHTH,
M e NpeanoCTaBKa 3a NO-HUCKOTEMMNEpPATYypHaTa pereHepauma Ha aacopbeHTUTe CbC cMeceHa
Nopbo3HOCT. pUCBCTBMETO Ha Me3onopu npegonpenens UM MO-BUCOK aaCcoOpPOUMOHEH
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KanauuTeT Npu NOBULIEHWN HanAraHuA. [leTaineH aHann3 Ha pesynTaTuTe OT NOBBbPXHOCTHUTE
n3cielBaHUA Ha U3X0AHATA CYPOBUHA, pedepeHTEH 3e0/IUT U Ha 3€0/IMTU OT BbI/IMLLHA Nenen,
KaKTO U NPOMEHUTE B MOBBPXHOCTHUTE XapPaKTEPUCTUKU Ha aAcopbeHTUTe npu naasmeHata
nm 06paboTKa ca NpeAcTaBeHM Ha peanua KoHdepeHUUn n NybanKyBaHu B:

Boycheva, SV, Zgureva, DM Surface studies of fly ash zeolites via
adsorption/desorption isotherms, Bulgarian Chemical Communications: vol. 48 Special
Issue: A, pp.: 101-107 Published: 2016, ISSN: 0324-1130 Web of Science Accession Number:
WO0S:000377707900016;

h. 3rypeBa, C. boitueBa, MN3cnegBaHe Ha NOBbLPXHOCTHUTE XapPaKTEPUCTUKU Ha
3€0/IMTU OT NeTAWlA nenen Kato agcopbeHTM Ha BbraepogHu emucuu, XX-ta HayuHa
KOHdepeHUuUa ¢ mexayHapoaHo yyactue EM® 2015, 13-16 Centemspu 2015, Co3onon,
bvarapua, C6opHUK ¢ goknagm, 1.1, 79-86, ISSN 1314-5371;

S. Boycheva, I. Marinov, D. Zgureva, C. Popov, Experimental on the microwave
plasma modification onto the surface of microporous fly ash zeolite, Energy Forum, 7-10
September 2021, International House of Scientists ,,F.J. Curie”, Varna, Bulgaria, Conference
proceeding pp. 114-123. Edition of Scientific and Technical Union of Power Engineers in
Bulgaria, ISSN 2367-6728.

8. PaspabotBaHe M U3cnepBaHe HAa TbHKOC/IOUHU cpean 3a GOTOBONTAUUHU KNETKU

EdeKTMBHOTO 0NON30TBOpPABAHE HA CAbHYEBATA €EHeprua Kato eKonorocbobpasHa
aNTepHaTMBa Ha MPOM3BOACTBOTO HA €Heprua OT KOHBEHUMOHA/NHW ropuBa Hanara
YCbBbpPLIEHCTBAHE Ha $OTOBONTOBONTAUYHUTE naHenu, ypes nogobpasaHe
OYHKUMOHUPAHETO Ha u3rpaxgawmte rm dotoenemeHTH, npeobpasyBaliy CAbHYEBaTa
eHeprua B enektpmyecka. OCHOBHMAT M3NOA3BaH NOAYNPOBOAHWKOB MaTepuan, NPoABABaLL
doToBONTANYEH ePEKT € CUNULMAT, raIMEBUAT apCeHna, U Ap. XanKoreHnan. JoTUpaHUAT ¢
aNyMUHUMA LMHKOB oKcupg, (AZO) e nonynapeH, MKOHOMMUYECKM W3FOAEH U HETOKCUMYEH
MaTepuan, KOMTO HaMMPa NPUNOKEHME KaTo NPOBOAALLA Cpea C LWMPOK ONTUYEH Npo30opeL,
(nponycknuBa) BbLB BMAMMATa 4YacT M 6aAM3KaTa MHPpayvepBeHa 061aCT Ha CNEKTbpa,
nogxoanuia 3a ¢oToBoATanYHU, GOTOHHM U CEH30PHM YCTPOMCTBA M Ce Npuaara KaTo npeaeH
npo3payeH NPOBOAUM eNeKTPOos 33 TbHKOC/NOMHU cuanumeBn GOTOBONTAMYHMU KNeTKU. 3a
ToBa cu npunoxeHme AZO cnoAat TpabsBa Aa e NPOBOAMM W CUIHO TPAHCMUCMBEH 3a
BXOAALWaTa CBET/IMHA. Ype3 onTummanpaHe Ha mopdonormata Ha AZO cnoa ce noctura no-
BMCOKa e(eKTMBHOCT Ha OMNOJI30TBOPABAHE HA C/AbHYEBATA €HeprusA, a OT TaM W Ha
doToBONTANYHATA KNETKA. B npeactaBeHata nybankauma e aHanusupaH orpomeH Habop ot
NONYYEHU EKCMEePUMEHTANHMU [AaHHW 3@ eNeKTPUYECKUTE, ONTUYHUTE, CTPYKTYpHUTE W
MOPGONOrMYHUTE CBOMCTBA Ha JlerMpaH C aNyMUHUIM UMHKOB okcua (Al:ZnO), T.Hap. AZO
TbHKOC/IONHU CTPYKTYpU. AZO cnoeBeTe ca NOJYYEHM Ypes paAnMoYecTOTHO pasnpallaBaHe Ha
MMLLIEHU CcbeC cbeTaB ZnO, cmeceH ¢ 2 wt% Al,Os. YcTaHoBeHo €, ye AZO c/ioeBe CbC CXOAHU
[06pn ONTUYHU U eNEeKTPUYECKN CBOMCTBA MOraT Aa 6baaT nonyyeHu No pasinyHU HAYUHU
ype3 MNoaxoAAlWo KOMOMHWpPaAHe Ha MapameTpuTe Ha OT/NaraHe. YCTaHOBEHO e, 4Ye npu
pa3/IMYHU YCNOBMA HA OT/NaraHe Morat ga ce MoJjyvyaT CAoeBe C BUCOK KOedUUMEHT Ha
TPAHCMUCKUA BBB BMAMMATA chekTpanHa obnact (91 %) u pobpu enekTpuyHM CBOMCTBA
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(KoHueHTpauua Ha TokoHocuTenn N=1,86x10%° cm? ¢ noasumskHocT u=10-11,8 cm?V! sl). 3a
$OTOBONTAUUYHM MPUNOXKEHMA, HAMaNABAHETO Ha pa3xoAuTe 3a MaTepuanu M 3a TAXHaTa
0bpaboTKa ca KntoyoBKM GaKTOpPM B NPOM3BOACTBEHUA NPOLEC.

MocTurHaTUTe pesynTatu ca NybAMKyBaHM B:

Grilli, M.L., Sytchkova, A., Boycheva, S., Piegari, A. Transparent and conductive Al-doped
ZnO films for solar cells applications, (2013) Physica Status Solidi (A) Applications and
Materials Science, 210 (4), pp. 748-754. DOI: 10.1002/pssa.201200547, SOURCE: Scopus.

Hay4yHM M Hay4YHO-NPUNOKHU NPUHOCU

Bb3 ocHOBa Ha nocTUrHatuTe pesynTtatv, ob6obueHn B nNybaMKauuuTte, NpPeactaBeHu Mo
nokasatenu 7, 8 n 3, morat ga 6b4aT popMynnpaHn cnegHUTE HAyYHU U HAYYHO-MPUIOKHMN
NPUHOCHK:

1) PaspaboTeH e BapuaHT 3a MOAEpPHM3aUMA Ha MNOHOObMeHHaTa BOAONOArOTBUTE/IHA
WMHcTanaums Ha AEL, ,Kosnoayin“ c pgokasaHa no-gobpa MKoOHOMMYEcKa ePeKTUBHOCT U
€K0/10rocbbpasHOCT OT CbLLECTBYBALLATA MHCTANALMS;

2) JlOKa3aHa e Bb3MOKHOCTTa 3a I'IO,£||O6pF|BaHe Ha I'IO)-KapO6e3OI'IaCHOCTTa Ha CbllecTByBalla
~

MHCTaNaumaTa 3a cneumanHo rasooumncrsaHe B AELL ,Ko3noayin“ ypes 3amsHa Ha aKTUBHMA
BBI/IEH C OrHeynopeH 3e0anT 6e3 HeobXo4MMOCT OT PEKOHCTPYKUMSA;

3) CucTemaTM3npaHM ca HACOKWUTE 3a OrpaHMYaBaHe Ha PUCKOBeTe OT AePpUUMT Ha XpOom B
KOHCTPYKUMOHHM MaTepuanu 3a OCHOBHO obopyasaHe B ABYKOHTYpHM AELL M e pgokasaHa
HaLEeKAHOCTTa Ha MpuaaraHMa CNabooCHOBEH BOAHO-XMMWYEH PEXUM BbB BTOPWU KOHTYP
ypes oOueHKa Ha MMKPOCTPYKTypaTa M CbCTOAHMETO HA MNOBBLPXHOCTTA HA OCHOBEH
KOHCTPYKLMOHEH MaTepunan B KOHTAKT C TOMNJIOHOCUTEN;

4) Pa3paboTeH e nabopaTopeH CTeHA, 3a M3c/neaBaHe Ha TEPMOXMMUYHOTO CbXPaHEHWe Ha
TONAIMHA OT npaxoobpasHM U TrPaHyAMPaAHU MopecTn maTepuann. Ypes nposBeseHU
n3cnefBaHUA e [0Ka3aHa Bb3MOXKHOCTTA 3a OMNO/JI30TBOPABAHE Ha BbI/MWHA nenen 3a
noayyaBaHe Ha WMKOHOMMUYECKM W3rogHM U eKoNorocbobpasHu cpegn 3a edeKTUBHO
TEPMOXMMUYHO CbXPaHEHWE Ha TOM/IMHA B UMKAM Ha aacopbuumsa/pecopbums Ha Boga C
€HepruinHa NIbTHOCT, CbM3MepPUMa C YCTaHOBEHATA NPUM TbPrOBCKM aHaN03M, NPOU3BEAEHN OT
YMUCTM U3XOLHMU CYPOBUHM;

5) Bb3 OCHOBA Ha MPOYYBAHMATA BbPXY MEXaHM3Ma M YyCNOBMATA 33 ONON30TBOPSBAHE Ha
BbIIEPOAHN EMUCUN Ype3 MeTaHMpaHe, ca NPOoBeAEeHN U3cneBaHMA Ha xemucopbumaTta Ha
BbINepoAeH  AMOKCMA,  NpW  MNOBMULIEHO  HanAraHe  BbpXy  OUYHKUMOHANHM
afcopbeHT/KaTannsaTopu, MNOJMYYEHU C OMON30TBOPSABAHE HA BbI/MLWHA Menes, Kato e
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[lOKa3aH MexaHM3bM Ha MeTaHupaHe Ha CO2 c gocCTaBKa Ha BOAOPOA 3a npoueca oOT
KMCENIMHHUTE LEHTPOBE B 3€0/IMTHUTE CTPYKTYPHU;

6) [loKa3aHa e NPUAOKMMOCTTA Ha TEXHONIOTMYHUA NOAXO0/, 32 ONOA30TBOPABAHE HA BbINLLHA
nenen yYpes asnKasHa KOHBEPCUA B LUMPOK AMANA30H Ha U3MEHEHME Ha XMMUYHUA U da3oBuUA
M cbCTaB, NPoboHabpaHa OT MHOXKECTBO EHEepPrnnHKM 06eKTn ¢ pa3HoobpasHa ropMeHa 6asa,
KaKTO M 3a OM0/I30TBOPsIBaHE Ha AEeNOHMpaHa BbrAuwWHa nenen. MNpoayKTUTe Ha asKkanHa
KOHBEPCUSA Ha Pas3/IMyHa No CbCTaB M NPOU3X0A BbI/INLLHA Nenes, NosydyeHn npyu onTMMaaHu
NMPOLLECHN MapameTpu, ca NPUNOKMMWN KaTo ePeKTUBHU aacopbeHTU U MOHOOOMEHHUUM B
OYMCTBAHETO HA BOAM OT TEXKKMU METaNMN, OPFraHUYHU CbeANHEHUA U PAANOAKTUBHU U30TOMMK;

7) PaspaboTeHa e HageKaHa eKCnepuMeHTasHa U MOAeIHa MeTOA40/10TMA 3a U3cneaBaHe Ha
XapaKTEPUCTUKUTE Ha MNOBBPXHOCTTA (cneumduyHa MOBBPXHOCT, CPeaeH AMameTbp U
pasnpegeneHue No pasmep Ha MUKPO- U me3onopu, ceoboaeH obem, BbHLWHA NOBBPXHOCT U
[1p.) Ha HOBW CNOXHW MO CbCTaB M TEKCTypa MaTepuanu, NOAy4YeHM C OMNo30TBOPSABAHE Ha
oTNagblUM, 33 HaAeXKAHA OLEHKa Ha NPUNOMKMMOCTTa UM KaTo aacopbeHTH 1 KaTanusaTopu;

8) Pa3paboTeHn ca xMbpuaHu NpoLeaypu Ha asika/lHa KOHBEPCMA Ha BbIIMLLHA nenen 1 3a
cneAcuHTesHo moauduumpaHe 3a nofobpsABaHe Ha eHepruiiHaTa eQPeKTUBHOCT Ha
npepabotkata M M 3a nNOBMWABAHE HA KaTa/MTUYHATA aKTUMBHOCT W aacopbUMOHHA
ePeKTUBHOCT Ha MOJIlyYeHUTE NPOAYKTU, KAaKTO M 3a NpuaaBaHe Ha MarHUTHW CBOMCTBA Ha
aacopbeHTN 1 KaTanusaTopu 3a IECHOTO MM TEXHO/IOTMUYHO U3BeKAaHe oT obpaboTBaHUTe

cpeau;

9) Ypes cucteMaTM3MpaHU eKCnepuMeHTaNHU M3CAeABaHMA ca YCTAaHOBEHM ONTUMANHUTE
yCNoBMA 3a NO/ly4aBaHe Ha BUCOKOKAYECTBEH HAHOKpUCTAeH 3e0anT Na-X upes AByCTbManeH
aflkasleH CWHTe3 UM YATPA3BYKOBA XOMOTFeHM3aums C 61aronpuATHU  MOBBPXHOCTHM
XapaKTePUCTUKN U XOMOFeHHO pa3npeaenieHne Ha KenesookcngHute ¢asum, TpaHchepupaHm
OT M3Xxo4HaTa nenen, npegonpeaenalm BUCOKa KaTaIMTUYHA aKTUBHOCT;

10) YctaHOoBeHa e TepmoAMHaMW4YHA MOCNeA0BaTeNCHOCT MPU MPOLLECUTEe Ha ajKajHa
KOHBEPCUA Ha BbI/IMLIHA NEenen M ca oYepTaHM 30HMTE Ha KPUCTanAmM3auusa Ha pPasiuyHu
3€0/IMTHN $asn OT eaMH M Cbll CbCTaB Ha WM3XOAHATa CYPOBMHA NPU U3MEHEHWEe Ha
napameTpuTe Ha NPOLLeCa;

11) NMpeanoxkeHa e Bb3MOXKHOCT 3a noaobpsaBaHe Ha GYHKLMOHANHOCTTA U cebecToHOCTTa
Ha cuaMumeBn GOTOBONTAMYHM KNETKM UYpe3 NpuaaraHe Ha MOBBPXHOCTHWU TbHKOC/IOMHMU
eNeKTpoaM OT NlerMpaH C aJlyMUHUI LMHKOB OKCUA, HETOKCUYEH, eKOJIorocbobpaseH U
MKOHOMWYECKN U3rOAEeH MaTepuan, KaTo ca YCTaHOBEHW YCN0BMATA 33 MOJly4aBaHETO My B
TbHKOC/IOMHU CTPYKTYPU C BUCOKA ONTUYHA TPAHCMUCUBHOCT U HUCKA PE3UCTUBHOCT.
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Abstract and author reference for scientific contributions
of the publications equivalent to a monographic work
Indicator B of the requirements for achieving the academic position
"Professor"”,
Higher Education Field 5: Technical sciences, Professional Field 5.4 Energetics,
Scientific speciality "Thermal and nuclear power plants"

Prof. Dr. Eng. Silviya Boycheva

According to indicator B, 15 publications, equivalent to a monographic work,
referenced in Scopus and/or Web of Science databases are presented.

The publications are thematically united under the title "Utilization of ash from coal-
fired thermal power plants (TPP) by alkaline conversion in zeolites with applications in
systems for capturing carbon emissions, destruction and detection of atmospheric
pollutants, thermal energy storage and water purification". The publications presented
include the results of in-depth scientific research on the environmental impact of fossil fuel
combustion and the study of technological solutions to improve the environmental
performance of coal-fired power plants. Research is aimed at the development of
technologically feasible and economically advantageous approaches with significant
ecological benefits for the utilization of the raw material resource of solid waste from
combustion processes and limiting their landfilling by processing them into (1) carbon
dioxide adsorbents; (2) efficient catalytic systems for thermal oxidation of volatile organic
compounds (VOCs); (3) active media in optical sensors for detection of atmospheric
pollutants (4) adsorbents and catalysts for purification of industrially polluted waters from
heavy metal and organic pollutants; (5) media with high energy density for thermochemical
storage of heat through charge and discharge cycles based on physical endothermic
desorption/exothermic adsorption of water.

The processing of coal ash into zeolites achieves the following results:

e Conversion of coal ash with complex and varying composition and structure into a
defined alumino-silicate material (zeolite phase), allowing control of the properties of
the products;

e More than 40-fold increase in the specific surface area of the product — high values of
the specific surface area are key factor for all processes and phenomena occurring at
the solid/fluid interface (adsorption, catalytic processes);

e micro-mesoporous structure with a defined pore size that allows the retention of gas
molecules of a certain size. This is a big advantage of coal ash zeolites compared to



microporous pure zeolites due to accelerated mass transfer processes and lower
temperature regeneration of adsorbents;

e Leaching of harmful components is reduced when the material is in contact with
fluids. Coal ash contains a wide range of metal microcomponents, including heavy
metals, which infiltrate into the soil and groundwater during its disposal. In the
zeolitization of ash, the microcomponents are blocked in the structural framework of
the zeolite;

e Environmental benefits: less deposited ash, preservation of natural aluminosilicate
and zeolite resources, development of economically advantageous and effective
adsorbents and catalysts.

The mechanism of coal ash zeolitization consists in the alkaline dissolution of the
aluminosilicate components from the raw ash, the formation of a hydrogel from silica and
alumina components, and hydrogel crystallization on the insoluble particles from the ash,
wich take place as crystallization centers. The mechanism of coal ash zeolitization is
presented schematically in Figure 1.
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Fig. 1. Mechanism of zeolitization of coal ash.

The aim of the performed studies is the conversion of coal ash into zeolite Na-X, an
analogue of a rare natural mineral faujasite (FAU) with many industrial applications in the
separation and purification of gases and liquids, as well as as a catalytic support due to its
high specific surface area and large micropore diameter (7.3 A). The spatial bonding of the
main structural units (sodalite cages) building the zeolite X framework create the so-called
super-cage, allowing to retain in its pores the molecules in a wide range of their diameters.
The highest CO, adsorption potential was reported for zeolite 13X, which is a commercial
FAU prototype obtained from pure raw materials.

The studies covered by the publications equivalent to a monographic work are
structured as presented schematically in Fig. 2.



Study of coal ash from
different thermal power
plants

Thermal characteristics,
morphology, chemical and
phase composition,
granulometry.

Conversion of coal ash to
zeolites

Investigation of different
technological approaches and
optimization of synthesis
conditions to obtain high yield
defined zeolite phases.

Study of coal ash zeolites

Chemical and phase
composition, morphology,
structure, surface characteristics,
type and distribution of
transferred metal oxide
components

Investigations on Applications of Coal Ash Zeolites in Environmental Protection Systems for Energy and
Industrial Applications

Carbon capture

Adsorption of CO, in equilibrium and dynamic
conditions;
Selectivity of CO, adsorption; Adsorption capacity
and mechanism; Model studies of adsorption

Adsorption/desorption cycles;

their efficiency.

v

Catalytic combustion of volatile organic compounds (VOCs)

Kinetic and thermal dependences of catalytic oxidation of model
VOCs to CO, and water; Catalytic Oxidation Efficiency;
Competitive oxidation in VOC mixtures; Mechanism of catalytic
processes; Surface modification of catalysts for improvement

Optical sensors for the detection of atmospheric pollutants

Deposition of thin-layer composite structures with active media of coal ash
zeolite; Morphological, topological and structural studies; Spectral studies of
optical constants; Investigation of the optical sensitivity of thin-film structures

upon exposure to gaseous pollutants.

Treatment of industrially polluted waters

Adsorption capacity for cadmium, lead and organic compounds in equilibrium and dynamic
conditions; Model studies of adsorption isotherms and adsorption mechanism; Kinetic and
Model Studies of the Catalytic Oxidation of Organic Pollutants and Dyes.

v

Thermochemical heat storage

Development of a laboratory system for studying thermochemical heat storage in the coal ash/water
zeolite system. Investigating the energy density of coal ash zeolite heat storage media in charge/discharge

Fig.2. Structure of studies in publications equivalent to a monographic work.



1. Studies of coal ash from different thermal power plants

Coal ashes sampled from the electrostatic precipitators of four large combustion plants in
Bulgaria: TPP "Maritsa lztok 2", TPP "AES Galabovo", TPP "Contour Global", TPP "Maritsa 3"-
Dimitrovgrad, burning coal from mines Mini "Maritsa East", Mini "Marishki basin" and coal
mixtures were thoroughly studied. Their chemical composition was investigated by
combining the capabilities of classical silicate analysis, atomic emission spectroscopy and
energy dispersive X-ray microanalysis (EDX) of integral and individual ash particles. From the
point of view of the utilization of fly ash from coal combustion, according to the
international crystallographic standard ASTM C618, two classes are defined: class C
(SiO,+Al,03+Fe;03 >50 wt%) and class F (SiO,+Al,03+Fe;03 > 70 wt%), which distinguish the
high-calcium and low-calcium coal ashes. High-calcium coal ash is characterized by self-
cementing ability and is used in the production of building materials. In the present study, it
was found that the coal ash of lignite is classified as class F according to the international
standard ASTM C618, because SiO,+Al,03+Fe;,03>70 wt%. The results for the chemical
composition of ash from different TPPs show a similar aluminosilicate yield (above 70 wt %),
and differ significantly in the content of CaO and iron oxides (Fe,03). The ash from TPP
"Maritsa 3"-Dimitrovgrad contains more CaO and less iron, while the ash from TPP "AES
Galabovo" is enriched in iron oxides and contains twice as little CaO. According to the
CAN/CSA A3001-03 standard, which imposes more precise classification in terms of CaO
content, the ash from TPP "Maritsa 3"-Dimitrovgrad can be categorized as having an average
calcium content and referred to the intermediate class Cl. In the following studies, a
significant influence of the content of calcium and iron components, transferred from the
raw ash in the composition of the zeolites, on their adsorption capacity to CO, was found.
The phase composition of ash samples from different thermal power plants was investigated
by X-ray diffraction (XRD). X-ray analyses show a mixed amorphous-crystalline structure. For
all studied samples, the presence of crystalline phases such as Quartz, (a-SiO;), Mullite
(3Al,05.2Si0,), Hematite (o-Fe;03) and Magnetite (y-FesO4) was found. Specificities are
established in relation to the calcium-containing crystalline phases, and in some of the
samples calcium is included in the the aluminosilicate mineral phase Anorthite (CaAl,Si,Osg)
(AES Galabovo TPP, Contour Global TPP), and in others - is registered as Gypsum
(CaS04.2H,0) (TPP "Maritsa East 2") or as Calcite (CaCOs) or Calcium hydroxide, (Ca(OH),)
(TPP "Maritsa 3"-Dimitrovgrad ). X-ray diffractograms of coal ash from TPP "AES Galabovo"
and TPP "Maritsa 3"-Dimitrovgrad are presented in Fig. 3. Diffractograms of reference
crystalline phases were presented for comparison. Upon studying the zeolitization, it was
found the ratio between the amorphous and crystalline aluminosilicate components in the
raw ash is an essential parameter for the degree of zeolitization and the zeolite yield.
Crystalline aluminosilicate phases are alkaline-resistant and to be dissolved in the reaction
mixtures, a two-stage thermal treatment with a preliminary fusion stage (two-stage
synthesis) is required. Amorphous aluminosilicates are easily dissolved in an alkaline medium
at mild temperatures. For this reason, the amorphous/crystalline ratio of coal ash was
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investigated by deconvolution of the experimental diffractograms. It varies from 0.8 to 2.25
depending on the specifics of the combustion plant.
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Fig. 3. XRD of coal ash: CFAxgs (from TPP "AES Galabovo"), CFAys (TPP "Maritsa 3"-
Dimitrovgrad)

The morphology of fly ash particles was investigated by scanning electron microscopy
(CEM). The ash particles are micro-sized, with a morphology dependent on the ash cooling
rate and the carbonate content of the coal. Typical SEM images of coal ash particles are

presented in Fig. 4.
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Fig. 4. Scanning electron microscope images of coal ash from TPP Maritsa 3-
Dimitrovgrad (a) and TPP AES Galabovo (b)

Results on studies of the chemical and phase composition of coal ashes are published in:

Boycheva, S., Zgureva, D., Vassilev, V. Kinetic and thermodynamic studies on the
thermal behaviour of fly ash from lignite coals (2013) Fuel, 108, pp. 639-646;

S. Boycheva, D. Zgureva, M. Vdclavikov, Y. Kalvachev, H. Lazarova, M. Popova,
Studies on non-modified and copper-modified coal ash zeolites as heterogeneous catalysts
for VOCs oxidation, Journal of Hazardous Materials 361 (2019) 374-382;

M. Popova, S. Boycheva, H. Lazarova, D. Zgureva, K. Lazar, A. Szegedi, VOC
oxidation and CO, adsorption on dual adsorption/catalytic system based on fly ash
zeolites, Catalysis Today 357 (2020) 518-525;

S. Boycheva, D. Zgureva, H. Lazarova, M. Popova, Comparative studies of carbon
capture onto coal fly ash zeolites Na-Xand Na-Ca-X, Chemosphere 271 (2021) 129505

The kinetics and thermodynamic characteristics of physical and physicochemical
processes occurring during thermal treatment of fly ash from lignite, sampled from the
electrostatic precipitators of the largest thermal power plant in the Republic of Bulgaria, TPP
"Maritsa East 2", were investigated. Elucidation of the optimal thermal treatment regimes is
essential for the development of efficient technologies for the utilization of coal ash. The
research was carried out by differential thermal analysis (DTA) at different heating rates. The
obtained experimental thermograms are divided into three thermal zones: up to 200 °C,
200-675 °C and 675-950 °C, where the following thermal effects were registered:

first zone — endothermic effect due to the desorption of moisture and gases;

second zone — two exothermic effects related to the chemical oxidation of magnetite
in the composition of the ash;

third zone — endothermic effect associated with vitrification of the amorphous
aluminosilicates from the composition of the ash. The surface and bulk activation energy of
the phase transition of the magnetite-hematite transformation was determined from the
obtained kinetic dependences. The enthalpy AH and entropy AS of the registered thermal
effects were calculated from the area of the measured thermal effects. The results of the
performed studies are published in the following publication:

Boycheva, S., Zgureva, D., Vassilev, V. Kinetic and thermodynamic studies on the
thermal behaviour of fly ash from lignite coals (2013) Fuel, 108, pp. 639-646

2. Conversion of coal ash to zeolites

The synthesis of zeolites from coal ashes from the electrostatic precipitators of the largest
coal-fired power plants in Bulgaria burning local lignite coal TPP "Maritsa Iztok 2", TPP "AES
Galabovo", TPP "Contour Global Maritsa Iztok 3", TPP "Maritsa 3", Dimitrovgrad was studied
through three laboratory procedures: hydrothermal synthesis, two-stage hydrothermal
synthesis with preliminary alkaline melting and atmospheric crystallization. Two techniques



of homogenization of the reaction mixtures were applied: magnetic and ultrasonic
homogenization. The laboratory synthesis procedures are schematically presented in Fig. 5.
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Fig. 5. Laboratory procedures of zeolite synthesis from coal ash.

The technological sequence and conditions of alkaline conversion of coal ash into zeolite is
described in: Boycheva, S., Zgureva, D., Lazarova, H., Lazarova, K., Popov, C., Babeva, T.,
Popova, M. Processing of high-grade zeolite nanocomposites from solid fuel combustion
by-products as critical raw materials substitutes (2020) Manufacturing Review, 7, art. no.
22,

In all laboratory procedures, alkaline activator and coal ash samples are weighed and mixed
in a specific ratio on an analytical balance. In classical hydrothermal activation, a fixed
volume of distilled water is added to the resulting reaction mixture, closed in a reaction
vessel, homogenized by continuous magnetic stirring or ultrasonically, and subjected to
thermal treatment at an elevated temperature for a certain duration. In the two-stage
synthesis, the weighed reaction mixtures of coal ash and alkaline activator are subjected to
alkaline melting in nickel crucibles at a temperature not lower than 550 °C, provided by a
muffle furnace. The sintered products are crushed and dispersed in water, homogenized and
subjected to hydrothermal activation in a closed vessel. The powdered product is removed
by filtration, washed and dried before subsequent tests. In atmospheric self-crystallization,
mixtures of coal ash, distilled water and alkaline activator are prepared in a weight ratio,
which are homogenized and left under atmospheric conditions for a long period until
zeolitization is achieved.

The synthesis of coal ash zeolites is controlled by varying the coal ash/alkaline
activator ratio, type of alkaline activator, additives, temperature and duration of the
hydrothermal activation, alkali melting temperature, type and duration of the
homogenization.

The highest yield of zeolite phase, exceeding 90 % relativelly to the aluminosilicate
components in the raw ash, was achieved by a two-stage synthesis with preliminary alkaline



melting and subsequent hydrothermal synthesis, applying ultrasonic homogenization
between the two synthesis stages: Popova, M., Boycheva, S., Lazarova, H., Zgureva, D.,
Ldzdr, K., Szegedi, A., VOC oxidation and CO, adsorption on dual adsorption/catalytic
system based on fly ash zeolites (2020) Catalysis Today, 357, pp. 518-525.

The most economically advantageous and environmentally compatible is the technique of
atmospheric crystallization without any energy consumption, studied in: Zgureva, D.,
Boycheva, S., Behunovd, D., Vdclavikovd, M. Smart- A nd Zero-Energy Utilization of Coal
Ash from Thermal Power Plants in the Context of Circular Economy and Related to Soil
Recovery (2020) Journal of Environmental Engineering (United States), 146 (8), art. no.
04020081.

3. Studies of coal ash zeolites

The alkaline conversion products of the coal ash samples were investigated with a number of
instrumental techniques: morphology — scanning electron microscopy (SEM); structure — X-
ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR); chemical composition —
inductively coupled plasma (ICP), atomic absorption spectroscopy (AAS) and X-ray
photoelectron spectroscopy (XPS); thermal stability — thermogravimetry and differential
thermal analysis; chemically bonding states — Mdssbaer spectroscopy, etc. The zeolite
phases were identified using available databases of zeolite reference diffractograms
(International Zeolite Association (IZA)). The alkaline conversion products of the coal ash
were investigated by X-ray diffraction (XRD) to establish the type of zeolite phase produced.
Diffractograms of the zeolitized coal ashes reveal the main reflections of a zeolite phase of
the Na-X type. The structural features of zeolite Na-X are presented in Boycheva, S.,
Zgureva, D., Barbov, B., Kalvachev, Y. Synthetic micro- and nanocrystalline zeolites for
environmental protection systems (2015) Nanoscience Advances in CBRN Agents Detection,
Information and Energy Security, pp. 443-450.

In the products obtained by hydrothermal activation and atmospheric crystallization,
the reflexes of the stable crystalline phases from the raw material - quartz and anorthite are
preserved, while in the zeolites obtained by two-stage synthesis, the peaks of these phases
are not detected on the experimental diffractograms. The reflexes of the iron oxide phases
(hematite, a-Fe,03 and magnetite, y-Fes0,4) are manifested in all samples, regardless of their
preparation method, but in those obtained by two-stage synthesis, a-Fe,O; predominates,
due to the high-temperature oxidation of y-Fe30,4 at the alkaline fusion stage, which can be
found in the publications: Zgureva, D., Boycheva, S., Behunovd, D., Vdclavikovd, M. Smart-
A nd Zero-Energy Utilization of Coal Ash from Thermal Power Plants in the Context of
Circular Economy and Related to Soil Recovery (2020) Journal of Environmental
Engineering (United States), 146 (8), art. no. 04020081.

Boycheva, S., Zgureva, D., Lazarova, H., Popova, M. Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X (2021) Chemosphere, 271, art. no.
129505.



Boycheva, S., Zgureva, D., Vdaclavikovd, M., Kalvachev, Y., Lazarova, H., Popova, M.
Studies on non-modified and copper-modified coal ash zeolites as heterogeneous catalysts
for VOCs oxidation (2019) Journal of Hazardous Materials, 361, pp. 374-382. Boycheva, S.,

Zgureva, D., Lazarova, K., Babeva, T., Popov, C., Lazarova, H., Popova, M.

Progress in the utilization of coal fly ash by conversion to zeolites with green energy
applications (2020) Materials, 13 (9), art. no. 2014 .

Typical X-ray diffraction patterns of zeolite Na-X from coal ash and a reference zeolite X
obtained from pure starting materials are presented in Fig. 6.
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Fig. 6. XRD of zeolite Na-X from coal ash prepared by two-step synthesis (FH), hydrothermal
activation (HA) and atmospheric crystallization (AA), as well as of the reference zeolite FAU
(Reference Na-X).

Morphological studies of coal ash zeolites from different TPPs were carried out by scanning
electron microscopy (SEM) in comparison with a reference sample, and the typical
hexaoctahedral crystallites of the Na-X type phase were observed, although irregularly
shaped compared to pure zeolite. The size of the crystallites and the degree of their
agglomeration depend on the applied laboratory synthesis scheme and the type of
homogenization of the reaction mixtures. Zeolite samples synthesized by atmospheric
crystallization are composed of agglomerates, while those obtained by hydrothermal and
two-stage synthesis are characterized by discrete morphology. Ultrasonic homogenization
leads to the obtaining of nanocrystalline zeolites, while magnetic stirring - to microcrystalline
structures. In zeolites obtained by ultrasonic homogenization, a fine nanocrystalline
morphology is established, which provides a larger external surface area of the crystallites,
which favors the adsorption and catalytic applications of these materials. Results and SEM
images are presented in: Zgureva, D., Boycheva, S., Behunovd, D., Vaclavikovd, M. Smart- A
nd Zero-Energy Utilization of Coal Ash from Thermal Power Plants in the Context of Circular
Economy and Related to Soil Recovery (2020) Journal of Environmental Engineering
(United States), 146 (8), art. no. 04020081;



Boycheva, S., Zgureva, D., Lazarova, H., Popova, M. Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X (2021) Chemosphere, 271, art. no.
129505;

Kalvachev Y., Zgureva D., Boycheva S., Barbov B., Petrova N., Synthesis of carbon
dioxide adsorbents by zeolitization of fly ash (2016) Journal of Thermal Analysis and
Calorimetry, 124 (1), pp. 101 — 106 DOI: 10.1007/5s10973-015-5148-1.

Typical SEM images of reference FAU zeolite and coal ash Na-X zeolite obtained by different

synthesis procedures are presented in Fig. 7.
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Fig. 7. SEM images of reference zeolite X (a), Na-X zeolites obtained by two-step synthesis
with magnetic (b) and ultrasonic homogenization (c) and atmospheric crystallization (d).

Surface characteristics of coal ash zeolites predetermine their application as CO, adsorbents
and catalysts for the oxidation of volatile organic pollutants. The studies were performed
with Nj-adsorption/desorption with a volumetric gas analyzer, according to the ISO
9277:2010 standard, and adsorption/desorption isotherms were constructed at cryogenic
temperature. Standardized Brunauer-Emmett-Teller (BET), t-plot and Barrett-Joyner-Helenda
(BJH) models were applied to the experimental isotherms to calculate specific surface area
(SSA, mz/g), micropore area (Smicro, mz/g), external surface area (Sexternal, mz/g), micropore
volume (Vmicro, cma/g), mesopore volume (Vmeso, cma/g) and average pore width (A). Typical
experimental adsorption/desorption isotherms of coal ash zeolites are presented in Fig. 8.
The isotherms of all coal ash zeolites refer to type IV according to the IUPAC (International
Union of Pure and Applied Chemistry, 1985) classification, describing an H3-shaped
hysteresis loop typical of materials with a mixed micro-mesoporous texture. BJH-pore size
distribution functions show the largest proportion of pores with a diameter of about 40 A for
all zeolites. The samples with increased calcium content are characterized by the formation
of mesopores with a larger diameter (about 60 A). The conversion degree of the raw ash into
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Na-X zeolite was calculated as a ratio of the specific surface area of coal ash zeolite to the
specific surface area of a reference FAU measured under the same conditions. The highest
specific surface area of nearly 500 m?/g was achieved for the ash processing products from
the TPP "AES Galabovo", due to the highest amorphous aluminosilicate component in its

composition.
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Fig. 8. Typical isotherms of N,-adsorption/desorption (a) and BJH-pore size distribution of
zeolites (b) obtained from coal ash from TPP "AES Galabovo" (FH 9) and TPP "Maritsa 3",
Dimitrovgrad (FH 12, FH24, FH 25).

Homogenization of the reaction mixtures by sonication instead of magnetic stirring
increases the ratio of Sey/Sget €xternal specific surface area to the total specific surface area,
due to the achievement of submicron product granulometry, which favors mass transfer
processes. Results of the surface characteristics studies of coal ash zeolites are published in
publications: Boycheva, S., Zgureva, D., Vdclavikovd, M., Kalvachev, Y., Lazarova, H.,
Popova, M. Studies on non-modified and copper-modified coal ash zeolites as
heterogeneous catalysts for VOCs oxidation (2019) Journal of Hazardous Materials, 361,
pp. 374-382;

Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Lazdr, K., Szegedi, A. voC
oxidation and CO; adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525;

Zgureva, D., Boycheva, S. Experimental and model investigations of CO, adsorption
onto fly ash zeolite surface in dynamic conditions (2020) Sustainable Chemistry and
Pharmacy, 15, art. no. 100222.

The macrocomponent chemical composition of coal ash zeolites was investigated by energy-
dispersive X-ray microanalysis (EDX) integral and of individual particles, and the elemental
one by inductively coupled plasma atomic emission spectroscopy (ICP-AES). The increase in
the specific surface area and the yield of zeolite Na-X are directly related to the increase in
the amorphous content in the coal fly ash, due to the higher alkaline resistance of the
crystalline phases of the ash composition compared to the amorphous components. A
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similar dependence is also found for the proportion of micropores in the synthesized
samples. It was found that the chemical composition of the starting ash does not affect the
type of the obtained zeolite phase in the range of SiO,/Al,0; from 1.5 to 2.3. From all
investigated raw materials, under comparable synthesis conditions, a Na-X zeolite phase is
obtained. The content of Si and Al in the coal ash zeolites is comparable to that of the
reference composition of zeolite FAU, but a deficit of Na* ions is found, at the expense of the
incorporation of ions and oxide particles of iron and calcium, as well as a large range of
metal ultramicrocomponents in the structural matrix of ash zeolite in contrast to pure
synthetic zeolites. Studies on the composition of coal ash zeolites have been published in:

Boycheva, S., Zgureva, D., Lazarova, H., Lazarova, K., Popov, C., Babeva, T., Popova,
M. Processing of high-grade zeolite nanocomposites from solid fuel combustion by-
products as critical raw materials substitutes (2020) Manufacturing Review, 7, art. no. 22;

Boycheva, S., Zgureva, D., Barbov, B., Kalvachev, Y. Synthetic micro- and
nanocrystalline zeolites for environmental protection systems (2015) Nanoscience
Advances in CBRN Agents Detection, Information and Energy Security, pp. 443-450;

Boycheva, S., Zgureva, D., Lazarova, K., Babeva, T., Popov, C., Lazarova, H., Popova,
M. Progress in the utilization of coal fly ash by conversion to zeolites with green energy
applications (2020) Materials, 13 (9), art. no. 2014.

The thermal stability of the products of alkaline conversion of coal ash is of
importance for their applicability as CO, adsorbents related to their thermal regeneration, as
catalysts for catalytic combustion (oxidation) of VOCs, and also in their application as media
for thermochemical heat storage. The thermal characteristics of coal ash zeolites were
investigated by thermogravimetric (TG) and differential thermal analysis (DTG). TG-DTG
functions of the investigated materials are typical for zeolites, and the established mass
losses are due to the dehydration of accumulated moisture on the surface and in the pores
of the materials. The mass loss process starts at about 30 °C and ends at about 350 °C. In
comparison with a reference FAU, for coal ash zeolites the thermal peaks are shifted to
lower temperatures, due to the difference in the textural characteristics of the two materials
— a microporous structure for FAU and a mixed micro-mesoporous structure for the products
of coal ash zeolitization. This is an advantage of coal ash zeolites in charge cycles of
thermochemical heat storage that will occur at lower temperatures. Thermal stability of the
studied materials over 700 °C was established.

Results of the performed studies are published in: Kalvachev Y., Zgureva D.,
Boycheva S., Barbov B., Petrova N., Synthesis of carbon dioxide adsorbents by zeolitization
of fly ash (2016) Journal of Thermal Analysis and Calorimetry, 124 (1), pp. 101 — 106, DOI:
10.1007/s10973-015-5148-1.

4. Carbon capture studies

Applicability of coal ash zeolites for CO, capture is obeyed by their surface characteristics, as
the dynamics and capacity of adsorption processes strongly depend on the gas/solid
interface. It is also important to study the influence of CaO content on the adsorption
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capacity of coal ash zeolites for capturing carbon dioxide, the mechanism of CO, adsorption
(physical adsorption or chemisorption), the selectivity and the conditions for their thermal
regeneration. The increased content of Ca-ions in the zeolite matrix improves the adsorption
capacity to CO,, due to the additional electrostatic retention of CO, molecules by calcium
ions and the strengthening of acid-base interactions. The content of iron oxides is also
essential in the application of these materials as CO, adsorbents. In this regard, comparative
studies have been carried out on the surface characteristics and CO, capture potential of
zeolites with high specific surface area and different calcium and iron content.

Studies of Equilibrium CO, Adsorption on Coal Ash Zeolite at Near Atmospheric Pressure
The adsorption capacity to CO, of coal ash zeolites with different calcium contents was
investigated under equilibrium and dynamic conditions. Equilibrium adsorption was
measured in a Tristar Il 3020 system, Micromeritics, with pure CO, working gas at 0 °C.
Adsorption isotherms were built as a function of the equilibrium adsorbed amount of CO,
and the relative pressure p/py=0.001-0.030, where pq is the saturation pressure of CO, at 0
°C. The adsorption isotherms were described by measurements at 25 experimental points
and were mathematically computed by applying the Langmuir model, which is referred to
monolayer adsorption of gas molecules on localized adsorption centers uniformly distributed
on the solid surface. A progressive adsorption of CO, was found with increasing pressure up
to 105 kPa. CO, capture is fast at low pressure values associated with filling of the
micropores in the zeolites, followed by continuous adsorption in the mesopores at higher
pressures. The model isotherms describe the experimental ones with a high correlation
coefficient (R*>0.99) indicating a homogeneous distribution of adsorption centers in the coal
ash zeolites. YctaHoBABa ce nporpecnBHa aacopbuma Ha CO, ¢ HapacTBaHe Ha HANAFAHETO
Ao 105 kPa.

The highest value of the equilibrium adsorption capacity for CO, at 104 kPa was
measured for samples synthesized by two-step synthesis from medium-calcium ash from
TPP “Maritsa 3” Dimitrovgrad, followed by those obtained from low-calcium ash from TPP
“AES Galabovo". The equilibrium adsorption capacity of CO, reaches 3.205 mmol/g zeolite
(141 mg/g), exceeding the measured values for the reference zeolite FAU. In Fig. 9
experimental and model isotherms of CO, adsorption by coal ash zeolite are presented.
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Fig. 9. Experimental and model Langmuir isotherm of CO, adsorption by coal ash zeolite.

Experimental studies of CO, adsorption/desorption on coal ash zeolites under dynamic
conditions.

Studies of CO, adsorption on coal ash zeolites under dynamic conditions have been carried
out. The experimental setup is presented in Fig. 10.

Calibration gas line

|

i

Data |

collection |

{

{

Adsorption 4
column
Adsorption :: Desorption
p mode mode
TC - Thermocouple NG (K)

Gc-cudsmnmgwhmﬁc,mmq

Fig. 10. System for laboratory studies of dynamic adsorption of CO, by coal ash zeolites.

CO,/N; gas mixture containing 3 vol.% CO, was passed to the zeolite samples at a flow rate
of 30 ml min™. The outlet gas stream was analyzed on-line by a GC TCD gas chromatograph.
Curves of dynamic CO, adsorption on the investigated coal ash zeolites were measured.

The affinity for moisture absorption is the main technological disadvantage in the
application of zeolites as adsorbents, related to the increased energy requirements for the
pre-drying process. Water vapor is a major component of flue gases, which results from the
oxidation of hydrogen and hydrocarbons or is released from the moisture content of fuels.
Zeolites have a strong affinity to retain polar water molecules that fill the pores of their
structural network under atmospheric conditions. When investigating zeolites as adsorbents
for carbon dioxide capture, it is of particular importance to elucidate the competitive
adsorption in the CO,/H,0 system. However, recently reported studies show that the
moisture content of gas streams up to 20 vol. % does not hinder, but enhances CO, capture
by zeolites. Experiments were also conducted on the selectivity of CO, adsorption in the
presence of water vapor in the gas stream containing 3 vol % CO, and an additional 1 ml min
! of water vapor at a total flow rate of 30 ml min™. The present studies also confirm that
equal volume ratios of water and carbon dioxide in the treated gas do not impair the
adsorption of CO, on coal ash zeolites. In Fig. 11. dynamic adsorption curves of coal ash
zeolites to pure CO, and in a CO,/H,0 mixture are presented. The highest CO, adsorption
capacity under dynamic conditions was again measured for zeolites from medium-calcium
ash from TPP Maritsa 3, Dimitrovgrad, followed by those obtained from low-calcium ash
from TPP AES Galabovo. This observation is explained by the ability of Ca’*-ions to adsorb

14



larger amounts of CO, compared to Na'-ions, which provoked the in-depth study of the
mechanism of CO, capture in Na-X and Na-Ca-X zeolites. The results of the study of the
competitive adsorption of CO, by coal ash zeolites in the presence of H,0 reveal that,
despite the strong affinity of the zeolites for water molecules, the presence of moisture in
the gas stream does not significantly impair the preferential adsorption of CO,.
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Fig. 11. Experimental curves of CO, adsorption on coal ash zeolites in a stream of pure CO,
(a) and competitive adsorption in the CO,/H,0 system (b).

Comparing CO, adsorption curves in the CO, stream and in the CO,/H,0 stream, a change in
the shape of the adsorption front is found, but the times for which 5 vol% and 100 vol % CO,
are recorded in the outlet flow are similar. Studies on CO, adsorption in equilibrium and
dynamic conditions is published in: Kalvachev Y., Zgureva D., Boycheva S., Barbov B.,
Petrova N. Synthesis of carbon dioxide adsorbents by zeolitization of fly ash (2016) Journal
of Thermal Analysis and Calorimetry, 124 (1), pp. 101 — 106; DOI: 10.1007/s10973-015-
5148-1;

Boycheva, S., Zgureva, D., Lazarova, H., Popova, M. Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X (2021) Chemosphere, 271, art. no.
129505;

Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Ldzdr, K., Szegedi, A. VOC
oxidation and CO; adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525.
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To elucidate the mechanism of CO, adsorption by zeolites with different Ca contents,
dynamic adsorption measurements were carried out in adsorption/desorption cycles on
samples synthesized by two-step synthesis with ultrasonic homogenization of the reaction
mixtures of coal fly ash with low (4.45 wt. %) and medium (9.36 wt. %) CaO content. After
three cycles of regeneration, no changes in adsorption dynamics were detected for Na-X.
The adsorption capacity remained constant after all regeneration cycles of low-calcium coal
ash zeolite, indicating a physisorption mechanism, as full recovery of the adsorbent was
achieved at low temperatures (80 °C). For the zeolite with a higher calcium content,
designated as Na-Ca-X, a reduction in the time to reach adsorbent saturation after the first
regeneration cycle was found. In subsequent adsorption cycles, no narrowing of the
adsorption zone was detected. The adsorption capacity of Na-Ca-X decreases after the first
regeneration and then maintains a constant value exceeding that of Na-X. This trend of the
dynamic curves indicates a mixed adsorption mechanism in the presence of calcium. Some
reactive CaO or Ca(OH), particles are transferred to coal ash zeolites and participate in the
CO, chemisorption process, forming carbonates that do not participate in subsequent
adsorption cycles at low temperature regeneration. In fig. 12. dynamic curves in CO,
adsorption/desorption cycles on coal ash adsorbents are presented.
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Fig. 12. Dynamic curves of CO, adsorption/desorption cycles of zeolites from low-calcium
ash (a) and from ash with medium CaO content (b).

In the in-depth study of the mechanism of CO, adsorption by Na-X and Na-Ca-X,
carried out by in-situ Fourier transform infrared spectroscopy, it was found that one of the
roles of calcium is to increase the number of accessible Na* cations in zeolites, where two CO
or CO, molecules can be adsorbed simultaneously. The research was published in: Boycheva,
S., Chakarova, K., Mihaylov, M., Hadjiivanov, K., Popova, M., Effect of calcium on enhanced
carbon capture potential of coal fly ash zeolites. Part Il: a study on the adsorption
mechanisms (2022) Environmental Science: Processes and Impacts, 24 (10), pp. 1934-1944.

Model studies of carbon dioxide adsorption/desorption processes under dynamic
conditions on coal ash zeolites

In the description and simulation of adsorption processes in the solid-gas system, the model
based on the LDF (Linear Driving Force) hypothesis is most widely used. A key assumption in
the LDF model is the occurrence of instantaneous thermodynamic equilibrium at the gas-
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solid interface. The theory of linear driving potential is applied to the model to describe the
mass transfer. Simulation studies of CO, adsorption processes by zeolites synthesized from
coal ash were performed, and a digital model was validated in the ProSim DAC simulation
environment based on the experimental results of the physical and thermodynamic
parameters of the adsorption process under dynamic conditions. For a model description of
the equilibrium absorption isotherms, the Langmuir model is used, referring to monolayer
adsorption with a homogeneous distribution of adsorption centers on the surface of the
adsorbent. The correlation of the experimental isotherms and the model Langmuir isotherm
is investigated by parametrization of experimental equilibrium isotherms. A good correlation
between the model and experimental dynamic characteristics is found, indicating that the
Langmuir models for equilibrium and LDF for dynamic adsorption reliably describe an
adsorption column with coal ash zeolite adsorbent and can be applied to scale the
adsorption column from a laboratory to a pilot system . In Fig. 13, experimental and model
curves of dynamic adsorption of CO, for coal ash zeolite are presented.
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Fig. 13. Experimental and model curves of CO, adsorption by coal ash zeolite.

The results of the model studies are published in: Zgureva, D., Boycheva, S., Experimental
and model investigations of CO, adsorption onto fly ash zeolite surface in dynamic
conditions (2020) Sustainable Chemistry and Pharmacy, 15, art. no. 100222,

Boycheva, S., Marinov, I., Zgureva-Filipova, D., Studies on the CO, capture by coal
fly ash zeolites: Process design and simulation (2021) Energies, 14 (24), art. no. 8279.

Carbon capture pilot plant model studies

After validation of the digital model, simulation calculations were carried out by specialized
ProSim DAC software on an adsorption column of a pilot plant for capturing carbon
emissions using coal ash zeolites. The simulation calculations were carried out at varying
ratio diameter D/length L of the adsorption column and at two different operating
pressures. Four variants of a pilot adsorption column were investigated. The calculations
were carried out for 1000 m3/h flue gas containing N, and CO, in a volume ratio of
90/10vol%/vol%. The adsorbate temperature was kept constant at 24 °C in all simulation
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experiments. The obtained results show the influence of the D/L ratio of the adsorption
column at the same mass of the adsorbent on the adsorbed amount of CO,. This indicates
that for practical applications, the optimization of this parameter is mandatory. Results on
model studies of a carbon capture pilot plant are published in: Boycheva, S., Marinov, 1.,
Zgureva-Filipova, D., Studies on the CO; capture by coal fly ash zeolites: Process design and
simulation (2021) Energies, 14 (24), art. no. 8279.

5. Catalytic combustion of volatile organic compounds (VOCs)
Volatile organic compounds are among the major air pollutants due to their harmful effects

on human health at elevated concentrations and their contribution to global warming by
acting as precursors for the photochemical generation of greenhouse gases and smog in the
atmosphere. VOCs are released into the environment by various industrial processes,
household preparations and natural processes. The main industrial sources of VOCs are the
organic and pharmaceutical industries, the processing of petroleum products, the
combustion or pyrolysis of coal, biomass, biofuels and waste, automobile engines, etc.
Control of VOC emissions by thermal oxidation is one of the most available technologies
applicable to sources of organized gas streams from combustion and industrial plants.
Thermal oxidation is a preferred technology to avoid the release of VOCs into the
atmosphere, due to its flexibility to all VOCs, high efficiency of 99 % and applicability in a
wide range of concentrations. The main disadvantage of controlling VOCs through their
thermal destruction is the high temperatures for their complete oxidation above 900 °C,
which leads to high energy costs for the process. In order to reduce the VOC oxidation
temperature below 500 °C, for practical purposes, catalysts are applied, the most effective of
which, but with a high cost, are noble metals (Pt, Pd, Rh, Au). The destruction of VOCs by
their thermal oxidation over catalysts is considered as catalytic combustion. The
characteristics of coal ash zeolites are favorable for expected high catalytic activity and
provoked our research of more economical and advantageous catalysts.

The catalytic activity of coal ash zeolites is determined by the favorable values of
their specific surface area, the mixed micro-mesoporosity and the uniform distribution of
metal oxides (Fe,03, Fe304, Mg0O, MnO, TiO;) and metals (W, V, Co, Cu), transferred into the
zeolites from the raw coal ash, which act as centers for active oxidation. Zeolites obtained
from coal ash possess high catalytic activity for the complete oxidation of VOCs in correlation
with their specific surface, textural characteristics and composition. The type and
distribution of iron oxide phases are key factors that have been thoroughly investigated in
zeolites prepared by various procedures, through a combination of modern instrumental
techniques Mdssbauer spectroscopy, UV Vis spectroscopy and temperature-programmed
reduction (TPR). The increase in the catalytic activity of coal ash zeolites by applying post-
synthesis modification of their surface by additional impregnation with metal oxides (Cu-0,
Cos04) was also investigated. Catalytic studies on the oxidation of toluene were carried out
at atmospheric pressure in a fixed bed reactor with carrier gas air (30 ml/min) in a laboratory
system presented in Fig. 14. The on-line analysis of the reaction products was carried out
with a gas chromatograph, and at the outlet in the gas mixture the only registered carbon-
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containing product was CO,. Catalytic activity was investigated as a function of temperature
and time.
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Fig. 14. Laboratory system for studying the catalytic activity of coal ash zeolites.

The active catalytic centers that form in the coal ash zeolites are attributed to the presence
of 14.73 wt% Fe,03 in lower siliceous and 12.99 wt% Fe, 03 in higher siliceous ashes. The iron
oxide particles are finely dispersed as a result of the application of ultrasonic
homogenization in the synthesis and are not detected as separated phases in the X-ray
patterns of the zeolite products. Catalytic studies were carried out on the complete
oxidation of toluene, as a model compound. The initial fly ash is characterized by
insignificant catalytic activity, while its transformation into zeolites improves the catalytic
properties of the obtained materials many times. Coal ash catalysts obtained by ultrasonic
homogenization showed higher catalytic activity towards the complete oxidation of toluene
above 75 % at 490 °C compared to zeolites synthesized by magnetic treatment, due to the
finer distribution of Fe?*/Fe**-active centers in the zeolite matrix, leading to higher catalytic
activity in the complete oxidation of VOCs. The post-synthesis modification, through
additional impregnation with metal oxides, significantly improves the catalytic activity of the
zeolites, due to the formation of additional catalytic centers. Coal ash modified zeolites with
copper and cobalt exhibit an efficiency for the oxidation of toluene above 90 % at 400 °C.
Coal ash zeolites show stability in catalytic behavior when tested over a series of catalytic
cycles. Their catalytic behavior (competitive catalysis) in mixtures of volatile organic
compounds was investigated. The combination of catalytic activity for the oxidation of
VOCs to CO, and H,0 and the adsorption capacity to CO, of coal ash zeolites is a prerequisite
for the development of bifunctional catalytic-adsorption systems.

The results are published in: Boycheva, S., Zgureva, D., Vaclavikova, M., Kalvachev, Y.,
Lazarova, H., Popova, M. Studies on non-modified and copper-modified coal ash zeolites as
heterogeneous catalysts for VOCs oxidation (2019) Journal of Hazardous Materials, 361,
pp. 374-382.
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Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Lazar, K., Szegedi, A., VOC
oxidation and CO, adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525.

Due to the established favorable effect of the increased content of iron oxide phases
on the catalytic activity of coal ash zeolites, catalysts were obtained by alkaline conversion of
iron separate from coal ash, collected from the hydraulic gates of the electrostatic
precipitators at TPP "AES Galabovo". Similar high iron separates can be obtained by
magnetic separation of coal ash. The content of Fe-components in the separator was
investigated by optical emission spectroscopy in inductively coupled plasma (OES-ICP). Its
elemental composition was investigated by X-ray photoelectron spectroscopy (XPS).
Catalysts from high-iron coal ash are characterized by a low specific surface area of 257
m?/g, but with a high transfer of iron-containing components of 40 wt %. The catalysts
obtained from high-iron coal ash were further modified by plasma treatment in an Oxford
Plasmalab radio frequency plasma generator with a frequency of 13.56 MHz in CHF3 plasma
to improve their catalytic activity. Plasma treatment deteriorates the surface characteristics
of zeolites, but by etching their surface, it provides accessibility to the catalytic centers,
opening the pores on the surface of the material, thereby increasing the catalytic activity.
The plasma-modified iron-enriched zeolite was found to exhibit strong catalytic activity for
VOC oxidation, reaching 98 % conversion at 500 °C and a high dynamic carbon dioxide
capture capacity of 3.8 mmol/g. For comparison, commercial catalytic systems based on
noble metals and some transition metal oxides reach such catalytic activity at 700 °C. In Fig.
15 the temperature and kinetic dependences of the catalytic activity of a catalyst obtained
from high-iron coal ash before and after plasma treatment are presented.
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Fig. 15. Temperature and kinetic dependences of the catalytic activity of a catalyst obtained
from high-iron coal ash: unmodified catalyst (Fe-CFAZ) and plasma-modified catalyst (Fe-
CFAZ_30).
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The results of the study of high-iron coal ash catalysts are published in: Boycheva, S.,
Szegedi, A., Lazar, K., Popov, C., Popova, M., Advanced high-iron coal fly ash zeolites for
low-carbon emission catalytic combustion of VOCs (2023) Catal. Tod., 418, art. no. 114109.

6. Optical sensors for the detection of atmospheric pollutants

For the development of optical sensing media, it is necessary to obtain coal ash zeolites in
thin film form. Zeolites are a suitable carrier for their integration with optically active media,
due to their suitable surface characteristics and strong porosity, allowing the accumulation
of molecules from the gas phase. Coal ash zeolites are a kind of self-organized complex
systems of a zeolite carrier with distributed active centers of metal oxides, which is a
prerequisite for their optical activity. Obtaining zeolites from coal ash in thin-layer form is an
absolute novelty in the presented research. Nb,Os-Na-X composite thin films were obtained
on Si-substrates by spin-coating apparatus from suspensions of coal ash zeolite in niobium
sol. The experiments are described in Lazarova, K., Boycheva, S., Vasileva, M., Zgureva-
Filipova, D., Georgieva, B., Babeva, T. Acetone-sensitive thin films comprising coal fly ash
Na-X zeolites and Sol-Gel Nb,0s matrix (2021) Nanomaterials, 11 (9), art. no. 2399 .
Despite the nanocrystalline morphology of the zeolites obtained by ultrasonic

homogenization and two-step synthesis, additional grinding to reduce their crystallite size is
essential in optical materials to reduce the effect of scattering. Powder samples of Na-X
zeolites obtained by atmospheric crystallization and two-step synthesis were wet-milled in a
ball mill, and studied at different milling times to elucidate the milling effect on the optical
properties and on the stability of the zeolites. The zeolite before grinding is characterized by
a particle size of about 1 um, which does not provide good optical quality, and the particle
size after grinding is reduced to 617 nm, which achieves a better optical quality. The change
in particle size of Na-X zeolite after milling was investigated by Dynamic Light Scattering
(DLS). To assess the sensitivity of the thin films to acetone or ethanol vapors, reflectance
spectra were measured before and after exposure to the analyte. The calculated changes in
reflectance AR induced after exposure as a function of milling time are presented in Fig. 16.
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Fig. 16. Change in reflectance ARmax (%) for Nb,Os/Na-X composite layers doped with

different amounts of coal ash zeolite (0.002 ml (left) and 0.010 ml (right)) at different
grinding times after exposure to acetone (a) and ethanol (b) vapors.
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These results clearly show that the Nb,0Os/Na-X composite layers exhibit greater sensitivity
to acetone than to ethanol. Optimum conditions for the most pronounced optical response
upon exposure of the layers to acetone have been determined, depending on the amount of
zeolite additive and the grinding duration. Having established the high selectivity of the
composite Nb,Os/Na-X layers to acetone vapor, experiments were carried out to determine
the change in reflectance AR upon exposure to liquid acetone at room temperature. To
calculate AR, reflectance spectra were measured before and after exposure to the liquid
analyte. Fig. 17 shows the spectral shift of thin layer doped with 0.002 ml coal ash zeolite.
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Fig. 17. Shift of the reflectance spectrum of the composite Nb,0s/Na-X thin films doped with
0.002 ml zeolite under exposure to liquid acetone.

A possible way to increase the optical sensitivity is to incorporate the thin layer into a
multilayer periodic structure. Multilayer structures of so-called Bragg stack consisting of
layers with alternating high and low refractive index, such as undoped Nb,0s and zeolite-
doped Nb,Os were designed to study their the optical constants. In Fig. 18 are presented
modeled transmittance spectra of a 7-layer stack in air and in an acetone vapors. It is found
that as the number of layers in the stack increases, its sensor response also increases.
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Fig. 18. (a) Modeled transmission spectra of a computer-generated 7-layer Bragg stack
in air and acetone vapor media; (b) sensor response of computer-generated stacks with

different number of layers.
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The results of studies on thin-film sensors of coal ash zeolites are summarized in:
Lazarova, K., Boycheva, S., Vasileva, M., Zgureva-Filipova, D., Georgieva, B., Babeva, T.,
Acetone-sensitive thin films comprising coal fly ash Na-X zeolites and Sol-Gel Nb,Os
matrix, (2021) Nanomaterials, 11 (9), art. no. 2399.

7. Application of alkali-converted coal ash to purify industrially polluted waters

Water purification from heavy metals

Zeolites are a preferred effective adsorbent of heavy metals and organic pollutants in water
purification, due to their good chemical inertness and favorable surface characteristics. The
adsorption of pollutants from water through the application of zeolites has been established
as the best available technique (BAT) for purification technology. The application of
magnetic nanoparticles (MNPs) for heavy metal removal from wastewater has been widely
studied due to their unique combination of electrical and magnetic properties, high
adsorption capacity and environmental compatibility. The main disadvantage of MNPs is
their tendency to agglomerate, which reduces their contact surface with the treated
medium. The solution to this problem is the impregnation of MNPs in zeolite matrix, thus
creating composites with high adsorption potential, which have the property of being
magnetized and are harmless in water purification. The application of powdered adsorbents
for water treatment provides a larger contact surface at the solid/liquid interface, which
increases with decreasing particle size. This leads to greater adsorption capacity and
purification efficiency. The smaller size of the solid particles, however, makes it difficult to
remove them from the treated media at the end of the process. Magnetic zeolites have the
technological advantage of facilitating the removal of adsorbent particles from the treated
media by applying external magnets. Magnetic separation of adsorbents from water streams
is very advantageous for industrial application as it saves energy and time compared to
alternative separation processes such as filtration, centrifugation or gravity separation. In his
regard, the adsorption capacity of coal ash zeolites for the removal of cadmium Cd?**- and
lead Pb*'- ions from aqueous solutions with varying concentration from 5 to 200 ppm was
investigated. The initial and final concentration of metal ions in the treated solutions was
analyzed with an inductively coupled plasma ICP-MS mass spectrometer and with atomic
absorption spectrometer. The effect of pH on the removal efficiency was investigated in the
range of 1 to 8. It was found that coal ash zeolites exhibited higher efficiency towards the
removal of bivalent cations and lower towards polyvalent ones, since the adsorption of
polyvalent cations on negatively charged surfaces is in competition with monovalent cations.
Coal ash zeolites have a lower content of the main compensating cation (Na*) than pure
synthetic zeolite FAU, therefore the ion exchange potential of coal ash zeolites is lower, but
since the removal of metal cations from the contact solution is performed by two
mechanisms - adsorption and ion exchange, the total retention capacity of coal ash zeolites
is comparable to that of pure zeolites. The dependence of the purification efficiency for
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initial and metal oxide modified adsorbents toward cadmium (Cd**) and lead (Pb*") ions is
presented in Fig. 19.
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Fig. 19. Removal efficiency of (a) Cd** ions and (b) Pb** ions from initial and modified coal
ash zeolites.

It was found 94-98 % purification efficiency of the coal ash zeolites toward heavy
metal ions at concentrations up to 100 mg/l, with the equilibrium adsorption capacity
reaching values of 170 mgCd**/g zeolite and not affected by pH in the range from 3.0to 7.0.
In order to clarify the mechanism of cadmium ion capture by the investigated adsorbents,
the experimental data were described with different thermodynamic models. The
adsorption of divalent metal ions from water onto natural and synthetic zeolites with good
correlation is most often described by Langmuir and Freundlich thermodynamic models. A
number of studies have shown a good correlation of Temkin isotherm with experimental
adsorption of divalent heavy metal ions by iron particles or iron oxide phases. The Langmuir
model assumes that adsorption takes place by the formation of a monolayer of adsorbate
molecules on the homogeneous surface of the adsorbent, assuming that the active centers
of adsorption are uniformly distributed, the adsorbed particles do not interact with each
other and form only one adsorption layer (monolayer adsorption). The Langmuir-Freundlich
model is valid for the cases of monolayer adsorption on heterogeneous surfaces. Temkin's
thermodynamic model is applicable to describe adsorption isotherms when indirect
interactions between the adsorbent and the adsorbate take place, accompanied by a linear
decrease in the free energy of adsorption with an increase in the adsorbate layer on the
surface. From the model studies and the obtained results was found that the adsorption
isotherms of Cd®* ions on coal ash zeolites were described by the highest correlation
coefficient by the Langmuir linear model, which implies a uniform distribution of adsorption
centers and surface energy. Thus, it can be concluded that coal ash zeolites obtained by a
combination of ultrasonic homogenization and two-step synthesis are characterized by a
homogeneous distribution of iron oxide phases and other components, transferred from the
coal ash composition. The experimental isotherms of the adsorption of Cd** ions on non-
modified and modified coal ash zeolites, as well as their model description by the linear and
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non-linear Langmuir isotherm, are presented in Fig. 20. To improve their cleaning efficiency,
coal ash zeolites have been modified by adding magnetite nanoparticles during synthesis or
after synthesis by impregnating the obtained zeolites with copper and cobalt salts and their
subsequent thermal reduction to the corresponding metal oxides.

Magnetite-activated adsorbents (MNP-CFAZ) are of extreme technological
importance for wastewater treatment, as they can be easily separated from the treated
media by applying a magnetic field after the treatment is completed.
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Fig. 20. Experimental and model Langmuir isotherms for adsorption of Cd®* ions on
unmodified and modified coal ash zeolites: (a) unmodified Na-X; (b) Na-X modified with
magnetite nanoparticles; c¢) Na-X modified with Cu,0; d) Na-X modified with Co,0s.

The obtained scientific and scientific-applied results are significant for the development of
technological solutions with an ecological effect for reducing the consumption of natural raw
materials, limiting the landfilling of solid waste from energy production, economically
advantageous technologies for capturing greenhouse gas emissions, effective catalysts for

destruction of and sensitive sensors for the detection of volatile organic compounds with
low cost.
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Scientific and scientific-applied contributions

Based on the achieved results, summarized in the publications equivalent to a monographic
work, the following scientific and scientific-applied contributions can be formulated:

(1)

(2)

(3)

(4)

The Si/Al ratio, amorphous/crystalline constituent, and the crystalline phases
were identified in the studied coal ash, obtained as average samples from
electrostatic precipitators of four large coal-fired power plants in the Republic of
Bulgaria: TPP "Maritsa East 2", TPP “AES Galabovo”, TPP "Contour Global", TPP
"Maritsa 3"-Dimitrovgrad. The Si/Al molar ratio in the high-silica ashes varies
between 3.3 and 3.8. The content of the metal phases (iron oxides), expressed as
Fe,0s3, reaches 1213 wt. % in high-silica ashes and up to 47 wt. % in the high-iron
separates, presented as magnetite and hematite phases. The ratio between the
amorphous and crystalline constituents of the studied coal ash samples varies
from 0.8 to 2.0 depending on the specifics of the combustion plant. The
granulometry of the ash particles varies between 45+250 um.

Conditions for alkaline conversion of coal ash from lignite combustion in four
large thermal power plants: TPP "Maritsa East 2", TPP "AES Galabovo", TPP
"Contour Global", TPP "Maritsa 3" -Dimitrovgrad have been optimized for the
preparation of zeolite Na-X, a synthetic analogue of the natural zeolite Fajasite
(FAU - one of the most researched zeolite minerals with wide industrial
application), via three synthesis approaches: two-step synthesis, hydrothermal
activation and atmospheric crystallization at the maximum degree of ash
conversion. The highest degree of zeolitization of 94 wt.% in zeolite Na-X was
achieved with the coal ash from TPP AES Galabovo by a two-stage synthesis.
Interrelationships are derived for the influence of synthesis conditions, phase and
chemical composition of the raw ash on the degree of zeolitization, morphology
and textural characteristics of the obtained synthetic zeolites.

Systematic data on the specific surface area, pore size distribution, and degree of
coal ash conversion to zeolites were obtained through model studies of
experimental adsorption/desorption isotherms. The values of the specific surface
area (Sget, mz/g), the surface described by the micropores (Smicro, mz/g), the
external surface (Sextern, mz/g), the total internal volume (Viotal, m3/g), the volume
determined by micropores (Vmicro, mg/g), volume determined by mesopores
(Vimeso m3/g), average micropore (dmicro, A) and mesopore diameter (dmeso, A) of
coal ash zeolites obtained by varying the synthesis conditions.

A high CO, adsorption capacity above 3.0 mmol/g was found for coal ash zeolites
with a specific surface area of about 400 mz/g at atmospheric pressure and a high
selectivity for CO, capture at increased humidity of the gas stream, which from an
applied point of view, is a technologically meaningful result for implementation of
carbon capture systems to thermal power plants, since the flue gases usually
contain a significant amount of water vapor.
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(5) A numerical model was validated to describe an adsorption column for CO,
capture by coal ash zeolites, applicable for scale-up of a laboratory to a pilot
system. High correlation of Langmuir and Linear Drive Force model was found for
describing equilibrium and dynamic adsorption, correspondingly.

(6) The mechanism of CO, adsorption by coal ash zeolites with increased calcium
content was clarified, and it was found that their increased adsorption capacity is
the result of a higher concentration of accessible Na* cations at structural
positions where can be adsorbed simultaneously two CO, molecules.

(7) Based on the studies of catalytic processes in the gas phase for the oxidation of
volatile organic compounds on self-organized catalytic systems with a carrier coal
ash zeolite and catalytic centers from metal oxides transferred from the raw ash
composition, economically advantageous and effective catalysts for the total
VOCs oxidation have been developed and optimal temperatures of about 500 °C
were found, comparable to and even lower than those of transition and noble
metals (Pt, Pd, Rh) catalysts.

(8) The mechanisms of catalytic activity of coal ash zeolites were elucidated by
studying the type and distribution of iron oxides transferred from the raw ash
into the structural zeolite matrix. It was found that the creation of mixed
Fe?*/Fe*/cu* and Fe?'/Fe®'/Co** catalytic centers, as well as the plasma
treatment of the catalytic surface with CHF; in a short exposure, increases the
catalytic activity and reduces the VOC oxidation temperature, being developed
coal ash catalysts for the total oxidation of VOCs at 500 °C.

(9) As aresult of the performed research on thin-film sensors from composite layers of finely
ground coal ash zeolites impregnated in a matrix of Nb,Os and their optical constants
determined when exposed to vapors of VOCs, a good optical sensitivity to acetone was
detected. The refractive index and sensing properties can be controlled by the zeolite
particle size and concentration in the composite matrix. Coal ash zeolite thin films
show a 20% change in reflectance induced by acetone, which is good optical
sensitivity for sensor applications.

(10)  As a result of the studies on the applicability of coal ash zeolites for heavy
metals adsorption from water, the concentration and pH ranges of maximum
purification efficiency were established. Through model studies, a monolayer
adsorption mechanism with a high correlation of the Langmuir model was
established to describe the experimental adsorption isotherms.

(11) Unmodified and metal oxide-modified coal ash zeolites exhibit high catalytic
activity for the treatment of organically polluted waters by Fenton oxidation
process. By model studies, it was established that the kinetics of the oxidation
process is reliably described by the pseudo-first-order kinetic equation for
unmodified and magnetite-activated zeolites and by the pseudo-second-order
kinetic equation for copper and cobalt oxide-modified zeolites from coal ash.
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Abstract and author reference for scientific contributions
of the publications from Indicators G7, G8 and Z of the requirements for
achieving the academic position "Professor",
Higher Education Field 5: Technical sciences, Professional Field 5.4 Energetics,
Scientific speciality "Thermal and nuclear power plants"

Prof. Dr. Eng. Silviya Boycheva

According to indicator G7, eight /8/ scientific publications referenced in Scopus and/or Web
of Science databases are presented.

According to indicator G8, thirty four /34/ scientific publications are presented, in non-
refereed peer-reviewed journals or in edited collective proceedings.

According to indicator Z, three /3/ scientific publications with an impact factor and/or
impact rank are presented referenced in Scopus and/or Web of Science databases.

The scientific publications presented outside the monographic work can be combined in the
following thematic areas:

1. Studies on modernization of installations in thermal power plants (TPP) and nuclear
power plants (NPP)

Deep desalination and deaeration of the feed water is mandatory for avoiding the negative
water-chemical processes occurring in the first and second circle in double-contour NPPs.
The established in practice and the most widespread water desalination technology is ion
exchange, using synthetic ion exchange resins, which is reliable and cost-effective, but has
two main disadvantages: a large technological space for the deployment of facilities and
environmental incompatibility due to the regeneration of ion exchange filters with acids and
hydroxides, in which a large amount of acidic and alkaline wastewaters is released. A
modern, more environmentally friendly alternative is membrane water desalination, which
solves these drawbacks. In this regard, a software study was performed to develop solutions
for a membrane water desalination plant for the modernization of an existing ion exchange
water treatment plant at NPP Kozloduy, while preserving the productivity and quality of the
desalinated water. An optimal option was proposed and an evaluation of the operating
costs of the membrane installation was made, establishing a lower cost of desalinated water
compared to the common ion exchange.

The study was published in: K. Pavlov, S. Boycheva, Variant for the modernization of the ion
exchange water treatment plant at NPP Kozloduy by replacing the ion exchange
technology with membrane desalination, Energy Forum, 22-25.06.2016, Scientific and
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Technical Union of Power Engineers in Bulgaria, International House of Scientists "F.J.
Curie", Varna, Bulgaria, Proceedings, vol. I, pp. 219-224, ISSN: 2367-6728.

The importance of passive safety systems in nuclear power plants has been proven by the
consequences of the Fukushima accident in 2011. The absorption of radioactive gases
released in nuclear accidents by physical and chemical adsorption is a well-established
approach to prevent radioactive contamination. Double-circuit NPPs are equipped with
special gas cleaning systems operating on the adsorption principle, designed to reduce
emissions of radioactive gases and aerosols, which are released during deaeration of the
reversible water and the organized gaps of the first circuit in all modes of operation, as well
as from the hydrogen afterburner system and from storage tanks. The adsorbent used in
special gas purification systems is activated carbon, which is a universal absorbent, but it
ignites at temperatures of 400-450 °C, which could lead to emergency situations with the
release of gaseous radioactive products into the atmosphere. In this regard, a study was
performed on the possibility of replacing activated carbon, used as an adsorbent in the
special gas cleaning system of a nuclear unit with a capacity of 1000 MWe of the NPP
Kozloduy, with a non-combustible zeolite adsorbent with a thermal resistance above 700 °C.
Retention time calculations of the major radioactive isotopes (Kr, Xe, and |, isotopes) at a
limit of 1400 TBq/y show that replacing the existing adsorbent with pure zeolite 13X would
result in @ 30% increase in the mass of adsorbent in the system, which is applicable to the
existing special gas treatment system. The results of these studies are published in: Zgureva,
D., Tomova, V., Boycheva, S. Studies on the activated carbon replacement by zeolite Na-X
in the gas purification system of 1000 MWe nuclear power plant to improve nuclear safety
(2021) Proceedings of the 2021 6th International Symposium on Environment-Friendly
Energies and Applications, EFEA 2021, art. no. 9406259;

V. Tomova, D. Zgureva, S. Boycheva, Investigations of the surface characteristics of
synthetic zeolites as adsorbents in the passive protection systems of NPP, Energy Forum,
22-25.06.2016, Scientific and Technical Union of Power Engineers in Bulgaria, International
House of Scientists "F.J. Curie", Varna, Bulgaria, Proceedings, vol. I, pp. 213-2178, ISSN:
2367-6728.

2. Study of the dependence of the energy sector in the countries of the European Union on
the critical raw materials

A number of construction materials for key industries such as energy, aviation and transport
are sourced from outside the EU, creating conditions for supply dependency and risk of
supply. Key construction materials for nuclear power plants are stainless steels, high-nickel
and zirconium alloys, from which the equipment and components in contact with the cooler
are made. A major component of the first two categories of materials is chromium (Cr),
which is categorized as one of the 20 raw materials of extreme importance to the EU with
high risk of supply and high economic importance. Almost 88 % of Cr supplies coming from
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non-EU countries. Limiting the risks of supply of important raw materials necessitates the
exploration of sustainable and cost-effective solutions for critical raw materials recycling and
replacement by alternative construction materials. In this context, the applicability of
available approaches to limit dependencies on chromium supplies for construction materials
in NPPs was studied. The microstructure, composition and integrity of protective oxide
layers and the presence of deposits on the surface of stainless steels of main equipment
after long-term operation were investigated from the point of view of optimization of the
water chemistry regimes. The applying of additional magnetic treatment to improve the
mechanical characteristics of construction materials to extend their life was investigated.
The obtained results were presented at international and national conferences and
published in: S. Boycheva, The risk of supply of critical raw materials for equipment of
electric power plants in European Union countries, XXIl Scientific Conference with
international participation, EPEPM 2017, 17-20 September 2017, Sozopol, Proceedings, vol.
I, pp. 110- 117, ISSN 1314-5371;

Naydenov, M. Alves, S. Boycheva, M. Montemor, K. Filipov, Microstructural and
compositional studies of stainless steel samples in the context of the critical raw materials
importance for long-term and safe operation of nuclear power plants, Energy Forum 2018,
June 26-27, 2018, International House of Scientists "F.J. Curie"”, Varna, Bulgaria,
Proceedings, pp. 84-94, Scientific and Technical Union of Power Engineers in Bulgaria, ISSN
2367-6728;

P. Kanchev, S. Boycheva, Tz. Petrova, Study of the influence of magnetic processing
of hard alloys and high-speed cutting steels on their resistance to abrasive wear, XXl
International Scientific Technical Conference, Automation of the Discrete Production-2014;

3. Investigation of the Applicability of Coal Ash Zeolite for Thermochemical Heat Storage

The development of efficient thermal energy storage systems is essential for the increasing
the widespread use of solar energy for heating purposes. The main disadvantage of solar
heating installations is the variable energy production during the day and during the
different seasons. This necessitates the development of effective and affordable solutions
for long-term storage of solar energy. Thermal energy storage systems can also be applied to
balance energy supply and storing the waste heat. An affordable technology for long-term
storage of solar energy is thermochemical storage systems (TSS), also called chemical heat
pumps, which are based on exothermic effects of chemical and physicochemical processes:
dissolution, hydration, interaction or adsorption in working media. TSSs have been
successfully applied in pilot installations for heating buildings, but for their wider
implementation, it is necessary to develop cost-effective, environmentally compatible and
safe heat storage media with high energy density that store thermal energy in a small
volume. One of the most studied media for TSS is zeolites, due to their highly porous
structure, in which water molecules are retained. The absorption of water in the pores of the
zeolite is associated with the release of heat (exothermic effect), and the release of water
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when it is heated - with the absorption of heat (endothermic effect). Through the cyclic
desorption (charge) and adsorption (discharge) of water in the zeolite, the working modes of
a TSS are carried out - the storage and release of thermal energy. The release of water from
the storage medium occurs by passing hot air, heated by solar heat, which remains stored in
the TSS indefinitely until the cold and moist air is passed, which releases the accumulated
heat. The effectiveness of thermochemical storage of thermal energy in coal ash zeolite was
investigated in a laboratory system, presented in Fig. 1.
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Fig. 1. Scheme of the laboratory thermochemical system.

The principle and the type of measuring devices used are described in: Boycheva, S.V.,
Zgureva, D.M., Marinov, I.K., Miteva, S., Yankov, I., lvanov, A., Asenov, A.N. Studies on the
thermochemical energy storage in the coal ash zeolite/water system (2021) IOP
Conference Series: Materials Science and Engineering, 1032 (1), art. no. 012033.

From the experimental measurements, the density of thermal energy storage in coal ash
zeolite was determined. The charge mode was carried out at temperatures of 60-80 °C.
Dynamic characteristics of temperature changes of the outgoing air stream in charging and
discharging modes of the TSS and of the relative humidity in the discharging mode were
recorded. The experimentally obtained energy storage density of 135 kWh/m? for coal ash
zeolite is in the range found for commercial zeolite 13X of 86-203 kWh/m?. The results of the
performed research show that zeolites obtained by utilizing coal ash from thermal power
plants are competitive with commercial zeolites in terms of energy storage capacity and can
be successfully applied as working media in TSS.
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The study of the heat of the exothermic effects of adsorption is important for the
organization, maintenance of temperature regimes and the utilization of heat from the
adsorption processes, but also for the assessment of the energy density of the media from
the point of view of the integration of the flue gas cleaning processes in systems for
thermochemical heat storage. In this regard, the specific heat of adsorption of carbon
dioxide by coal ash zeolites was investigated in a laboratory system presented in Fig. 2.
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Fig. 2. Experimental setup for measuring the heat of adsorption of CO,.

The specific heat capacity of the adsorbent was measured by DSC in the temperature range
30-120 °C. The dynamics of the temperature profile in the CO,/zeolite system under
adsorption was investigated, and a maximum differential temperature (ATmax) Of 32.88 °C
was measured during the exothermic physical adsorption process. The calculated specific
heat of adsorption in the studied system is: -36.83 + 1.84 kJ/kg. The research was presented
at international and national conferences and has been published in: Boycheva, S.V.,
Zgureva, D.M., Marinov, I.K., Miteva, S., Yankov, I., lvanov, A., Asenov, A.N., Studies on the
thermochemical energy storage in the coal ash zeolite/water system (2021) IOP
Conference Series: Materials Science and Engineering, 1032 (1), art. no. 012033;

S. Boycheva, S. Miteva, I. Marinov, D. Zgureva, Investigation of a system for
thermochemical storage of solar energy and waste heat with application in household
heating installations, Energy Forum 2020, International House of Scientists "F.J. Curie",
Varna, Bulgaria, Proceedings, 261-269, Scientific and Technical Union of Power Engineers
in Bulgaria, ISSN 2367-6728;

S. Miteva, I. Marinov, A. Ivanov, I. Yankov, S. Boycheva, D. Zgureva, A. Asenov,
Development of a bench for the study of thermochemical heat storage by
adsorption/desorption of water in porous and hygroscopic materials, Bulgarian Journal of
Engineering Design, issue 42, 2020, 24-29, ISSN 1313-7530;

D. Zgureva, S. Boycheva, A. Asenov, Experimental studies on the adsorption heat of
CO; onto fly ash zeolite, XXI Scientific Conference with International Participation, EPEPM
2016, September 18-21, 2016, Sozopol, Bulgaria, Proceedings, vol. I, 74-79, ISSN 1313-5371;
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4. Utilization of carbon emissions from thermal power plants for the production of
synthetic fuels

The main approach to reducing carbon emissions from the combustion of fossil fuels are CO,
capture technologies. In their initial implementation, these technologies were known as
Carbon Capture and Storage (CCS) and subsequently developed to Carbon Capture and
Utilization (CCU). In this regard, the technological opportunities for utilizing the carbon
emissions for the production of synthetic fuels have been studied. The "power-to-gas"
technologies, which are based on the integration of the electrochemical production of
hydrogen by water electrolysis with renewable energy and its application for hydrogenation
of CO, to produce methane, the so-called syngas, have been studied. Experimental
experience on the optimal conditions for the CO, methanation, effective catalysts, facilities
for process implementation have been systematized, as well as for the investment and
operating costs of a "Power-to-gas" installation. The technological possibilities for utilizing
CO, to obtain valuable chemicals have been studied. The obtained results on the high
catalytic activity of coal ash zeolites provoked further research on the applicability of these
materials as bifunctional media for the simultaneous adsorption of CO, and its catalytic
conversion to hydrocarbons. The process is stimulated by increased pressures of 5.5 MPa
(Pressure-swing adsorption, PSA) in a stainless steel reactor. The equilibrium adsorption
capacity of coal ash zeolites to CO, at 5.5 MPa reaches 404 mg/g and exceeds four times the
measured values at 0.1 MPa. Experimental studies on the application of high-iron coal ash
zeolite for simultaneous adsorption and catalytic conversion of carbon dioxide to methane
were performed due to its prominent catalytic properties. Hydrocarbon formation was
investigated by gas chromatography of the desorbed gas from the CO, exposed
adsorbent/catalyst. A gas sample from the thermal decomposition is analyzed qualitatively
and quantitatively, the qualitative identification of the components being done with a NIST
spectral library. Gas chromatographic analysis of the desorbed gas clearly shows, in addition
to physically adsorbed CO,, the presence of methane. The results prove the dual functions of
the adsorbent/catalysts obtained by utilizing coal ash with high iron oxide content for the
adsorption and catalytic conversion of CO, to CH4. Methanation is a potential opportunity
for industrial utilization of captured CO, by converting it into a synthetic fuel. The main
obstacle to the industrial implementation of this conversion technology is the high energy
consumption for obtaining hydrogen needed for the synthesis of methane, which is usually
obtained by electrolysis of water. In this process, zeolites are commonly used as catalytic
carriers and carbon dioxide adsorbents, but recent studies have discovered another
important function of them. Preferential adsorption by the zeolite matrix of water
molecules, an interaction product of the methanation reaction, was found to shift the
equilibrium of the Sabatier reaction and provide a higher rate of conversion of CO, to
methane. Our concept develop this research by assuming that zeolites can provide
additional hydrogen for the methanation process from the Brgnsted acid centers in their
structure, which have been found to supply protons for catalytic interactions. The
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measurement of methane in the gas mixture released from the coal ash zeolite confirms the
hypothesis of hydrogen supply from the zeolite structure and its participation in the CO,
methanation, since no hydrogen was introduced from an external source in the presented
study. Methanation of CO, without catalytic assistance is a slow process requiring elevated
temperatures due to the endothermic nature of the process. Catalysts that are studied to
accelerate the conversion of CO, to methane are based on nickel or bimetallic systems
supported on a ceramic support (CeO,, TiO,, Al,03, zeolites). It is reported that iron-based
catalysts show high activity in the methanation process, which is explained by the reduction
of iron oxides and the formation of carbides. The zeolite-like materials obtained by alkaline
conversion of coal ash represent self-organized catalytic systems in which the support
function is performed by the zeolite matrix, and the metal particles transferred from the raw
ash act as active catalytic centers. In this case, the studied fly ash conversion product with a
high content of iron oxides, which are transferred in a significant percentage to the final
product, exhibits a dual adsorption and catalytic function in CO, capture.

The results of these studies, as well as the description of the mechanism of CO, methanation
on coal ash adsorbent/catalysts, are summarized in the following publications:

D. Zgureva, S. Boycheva, Utilization of carbon emissions generated in thermal power
plants for the production of synthetic fuels: an overview, Energy Forum 2020, International
House of Scientists "F.J. Curie", Varna, Bulgaria, Proceedings, pp. 270-293, Scientific and
Technical Union of Power Engineers in Bulgaria, ISSN 2367-6728;

S. Boycheva, D. Zgureva, Studies on the CO, adsorption onto coal fly ash zeolites at
elevated pressures, Session V, Climate Change Mitigation and Adaptation, CEST ID 298,
XVIIth International Conference on Environmental Science and Technology, Athens, 1-4
September, 2021, Greece, https://cest.gnest.orq/sq/climate-change-mitigation-and-

adaptation-3;

S. Boycheva, D. Zgureva, Development of dual-function materials by utilization of coal
combustion by-products for CO, capture and conversion into synthetic fuel, XVIII
International Congress Summer Session “Machines, Technologies, Materials”, 08-
11.09.2021 Varna, Bulgaria, Proceedings, vol. 3, ISSN 2535-0021, pp. 259-262.

Zgureva, D.M., Boycheva, S.V., Filipov, K.B. Fly ash zeolites as a dual system for
simultaneous CO; capture and its utilization in the production of synthetic gas (2021) IOP
Conference Series: Materials Science and Engineering, 1032 (1), art. no. 012032, DOI:
10.1088/1757-899X/1032/1/012032
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5. Investigation of the utilization of coal ash by alkaline conversion in zeolites for
adsorption, catalytic destruction and detection of atmospheric pollutants
The publications, equivalent to a monographic work, summarize the research and
application of alkaline converted coal ash from various thermal power plants under
established optimal process parameters for obtaining zeolite Na-X with application in
unmodified and modified form for adsorbents and catalysts. The publications attached
under indicators G7, G8 and Z complement the research in this direction by presenting
detailed results of the study and categorization of coal ash from large thermal power plants,
tracking the optimization the alkaline conversion of coal ash according to the various
technological schemes. The so-called fly ash is micro-sized dust particles that are carried
away with the flue gas, and their emission into the atmosphere is prevented by their
separation from the gas in dust-collector devices such as electrostatic precipitators
(electrofilters). The mechanism fly ash formation is described in S. Boycheva, S. Miteva, D.
Zgureva, |. Marinov, Characterization of fly ashes from thermal power plants in Bulgaria supplied
by lignite coal XXVIII Scientific Symposium with International Participation Situation in Ecologically
loaded Regions of Slovakia and Central Europe, 24-25. October 2019, Slovakia, Hradok,
Proceedings pp. 97-104, ISBN 978-80-89883-10-3.
In pulverized coal-fired steam generators, more than 85% of the mineral mass of the coal is
released as fly ash and only less than 15% remains as bottom ash in the furnace chambers.
The aim of current research is the utilization of fly ash, which is the main solid-phase waste
from coal-fired thermal power plants. The chemical and phase composition of the fly ash is
influenced by the composition of the coal, the temperature of the combustion process and
the cooling rate of the ash particles. A comparative analysis of the chemical and phase
composition of fly ash obtained as average samples from the electrostatic precipitators of
Unit 5 of TPP Maritsa-East 2, Unit 1 of TPP AES Galabovo and Unit 3 of TPP Contour Global
was performed, the type of crystalline phases was identified, the ratios of
amorphous/crystalline constituents and the Si/Al ratio in their composition were
determined. The influence of the composition and characteristics of the raw ash on the
degree of alkaline conversion in zeolites was studied in D. Zgureva, S. Boycheva,
Comparative studies on the zeolitization of fly ash from the TPP "AES Galabovo" and TPP
"Maritsa East 2", XX-th Scientific conference with international participation FPEPM 2015,
September 13-16, 2015, Sozopol, Bulgaria, Proceedings, vol.1, 71-78, ISSN 1314-5371.
Comparative studies were conducted on the conversion of coal ash from TPP "AES
Galabovo" and TPP "Maritsa-East 2" under comparable conditions, and it was found that the
higher proportion of the amorphous component in the composition of the ash resulted in a
higher yield of a Na-X zeolite phase at similar Si/Al ratios. It has been established that the
ash from the both thermal power plants is a suitable starting material for obtaining highly
porous zeolite Na-X, and the applicability of the proposed technological approaches for the
conversion of ash from different TPPs has been confirmed.

Later, extensive research was conducted on the applicability of the energy-free
atmospheric crystallization approach, which is based on the formation of natural zeolites,
named "quasi natural synthesis”. The tendency to increase the yield and the specific surface of
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the zeolite product with an increase in the amorphous component in the raw ash is confirmed.
It was found that for an alkaline conversion during 7-14 months, the product obtained was a
zeolite Na-X accompanied by a phillipsite (FPI) in the longer synthesis period. This approach
of coal ash utilization is promising for large-scale waste processing due to its technological
functionality, zero energy consumption and low operating costs. It can be easily applied to
coal ash disposal sites, as well as to recover long-term landfilled waste. Details of the study
are published in Zgureva, D., Stoyanova, V., Shoumkova, A., Boycheva, S., Avdeev, G., Quasi
natural approach for crystallization of zeolites from different fly ashes and their
application as adsorbent media for malachite green removal from polluted waters (2020)
Crystals, 10 (11), art. no. 1064, pp. 1-16. DOI: 10.3390/cryst10111064

The influence of the temperature of the fusion stage of the reaction mixtures in two-step
synthesis, the concentration of the alkaline activator and the duration of the hydrothermal
treatment on the type and characteristics of the resulting zeolite product have been studied in
the publications: D. Zgureva, S. Boycheva, Synthesis of highly porous zeolites from fly ash
obtained by combustion of lignite coal, XVIIlI Scientific Conference with International
Participation, FPEPM 2013, 15.09-18.09.2013, Sozopol, Bulgaria, Proceedings, vol.1, 166-
173, ISSN 1314-5371;

D. Zgureva, S. Boycheva, Utilization of fly ash byproduct from the coal combustion
in environmental protection systems, Resources of Danubion Region: the Possibility of
Cooperation and Utilization, Eds: L. C. Popovic, M.Vidakovic, D.S. Kostic, Belgrade,
Humboldt-Club Serbien, 2013, ISBN 978-86-916771-1-4, pp.389-404;

S. Boycheva, D. Zgureva, A. Shoumkova, Recycling of Lignite Coal Fly Ash by its
Conversion into Zeolites, Coal Combustion and Gasification Products, 7, 1-8, 2015, ISSN
1946-0198, doi:10.4177/CCGP-D-14-00008.1;

Zgureva, D., Boycheva, S. Synthesis of highly porous micro- and nanocrystalline
zeolites from aluminosilicate by-products (2015) Nanoscience Advances in CBRN Agents
Detection, Information and Energy Security, pp. 199-204. DOI: 10.1007/978-94-017-9697-
2 21.

Fusion temperature was found not to affect the conversion mechanism in the range 550—
850 °C, but the alkaline activator/coal ash ratio, temperature and duration of the
hydrothermal treatment determine the type of zeolite phase. Zeolite Na-X is obtained as an
intermediate phase, and out of the optimal range of process conditions for its preparation, it
converts into other zeolite phases. Investigating the order of thermodynamic stability of the
likely zeolite phases that can be obtained from a given ash composition is important in
managing the ash conversion to a desired and defined product. To establish the optimal
conditions for the conversion of coal ash into a selected zeolite phase (FAU, LTA, CHA, GIS,
SOD), the crystallization fields were described depending on the hydrothermal activation
times and the alkaline reagent/fly ash ratios. The order of thermodynamic stability for the
preparation of five industrially relevant zeolitic phases was established. The results are
published in: D. Zgureva, S. Boycheva, Crystallization fields of zeolite structures from
lignite coal ashes, Energy Forum 2018, June 26-27, 2018, International Home for the
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Invalids "F.J. Curie", Varna, Bulgaria, Proceedings, 51-57, Ed. Scientific and Technical Union
of Power Engineers in Bulgaria, ISSN 2367-6728;

The possibility of reducing energy costs for alkaline conversion of coal ash with maximum
utilization of the aluminosilicate component (amorphous and crystalline) from the
composition of the ash by means of a hybrid synthesis involving alkaline melting of the
reaction mixture, followed by atmospheric crystallization, was investigated. A comparative
assessment of energy costs for the process in kwWh/kg produced product was made for three
technological schemes of alkaline conversion: two-stage synthesis alkaline melting -
hydrothermal activation, hybrid synthesis alkaline melting - atmospheric crystallization and
one-stage process of atmospheric crystallization. The results of the conducted research are
published in D. Zgureva, S. Boycheva, Novel technical and economical superior approach
for synthesis of zeolites from coal fly ash, Fourth National Conference with International
Participation, "Ecological Engineering and Environment Protection" (EEEP'2015), Burgas, 3-
6 June 2015, published in “Ecological Engineering and Environment Protection”, No 2,
2015, p. 12-18, ISSN: 1311-8668.

In S. Miteva, D. Zgureva, S. Boycheva, Ultrasound-assisted synthesis of zeolite Na-X from
coal ash for applications in environment protection technologies, SCEESD, Student
Conference “Energy efficiency and sustainable development”, 4th to 7th December 2018,
University Ss Cyril and Methodious, Scopje, Macedonia, Book of Papers SCEED, 2018 initial
experiments have been conducted on replacing magnetic homogenization, which is a time-
limiting step, with ultrasonic homogenization to accelerate the dissolution of the
aluminosilicate components in an alkaline solustion in order to shorten the overall duration
of the process. The optimal duration of ultrasonic homogenization was also investigated.
Subsequently, the preparation of Na-X zeolite with submicron morphology by ultrasonic
homogenization of the reaction mixtures, favorable for catalytic applications, was studied in
detail. The effects of ultrasonic treatment and additives on the zeolitization process were
investigated. Coal ash Na-X zeolites prepared by ultrasonic homogenization are
characterized by nanocrystalline morphology and mixed micro-mesoporous structure with
higher external specific surface compared to microcrystalline Na-X zeolite prepared by
magnetic stirring. The necessity for intermediate conditioning of the reaction mixture under
ambient conditions between the stages of ultrasonic treatment and hydrothermal activation
for the polymerization of the hydrogel and its subsequent crystallization was established. An
optimal ultrasonic treatment duration of 15 min was found to obtain a product with a
nanocrystalline morphology and a high Na-X zeolite yield of almost 90 wt.% by two-step
synthesis. The resulting product has excellent thermal stability due to the high Si/Al ratio.
Ultrasound-assisted synthesis is suitable for obtaining high-quality nanocrystalline zeolite
Na-X from coal ash for efficient catalysts. The results of the study were published in
Boycheva, S., Marinov, Il., Miteva, S., Zgureva, D., Conversion of coal fly ash into
nanozeolite Na-X by applying ultrasound assisted hydrothermal and fusion-hydrothermal
alkaline activation (2020) Sustainable Chemistry and Pharmacy, 15, art. no. 100217, DOI:
10.1016/j.scp.2020.100217.

For the first time, the concept of application of products from the alkaline conversion of coal
ash in technologies with a significant economic potential and ecological effect is presented:
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adsorbents, catalysts and photosensitive media, motivated by the comparison of the
characteristics and composition of the obtained zeolites with the requirements imposed on
the materials for relevant applications. Subsequently, the concept was developed through
in-depth and systematic studies. The research concept and guidelines are published in: S.
Boycheva, S. Miteva, I. Marinov, D. Zgureva, Synthesis of zeolites from coal ashes for
adsorption, catalytic destruction and detection of atmospheric pollutants, Energy Forum
2018, June 26-27, 2018, International House of Scientists "F. J. Curie", Varna, Bulgaria,
Proceedings, pp. 58-72, Scientific and Technical Union of Power Engineers in Bulgaria, ISSN
2367-6728.

In the publications D. Zgureva, S. Boycheva, Utilization of fly ash from combustion of solid
fuels for the synthesis of zeolites, Bulgarian Science, issue 75, 2015, 12-24, ISSN:1314-1031
and D. Zgureva, S. , Boycheva, TPP with zero emissions through synthesis of zeolites by coal
fly ash and their application for capturing of carbon dioxide, XIX Scientific conference with
international participation FPEPM 2014, 14-17 September 2014, Sozopol, Bulgaria,
Proceedings, vol.1 , 132-139, ISSN 1314-5371 the idea of closed-loop environmental
protection in coal thermal power plants by utilization of coal ash via conversion in carbon
emission adsorbents is presented. The benefits for improving the environmental
characteristics of a given coal plant and the technical-economic effect on flue gas cleaning
processes have been investigated. The proposed concept is supported by experimental
studies of CO, adsorption at 0.1 MPa in equilibrium and in dynamic conditions. A physical
adsorption mechanism under pressures close to the atmospheric was established by
infrared spectroscopy of adsorbents exposed to CO,. The experimental conditions for
measuring the adsorption of CO2 by coal ash zeolites were established using a volumetric
adsorption analyzer Tristar Il 3020. The measurements were carried out at 25 experimental
points in the range of relative pressure p/py=0.001-0.03, where pq is the pressure of CO,
saturation (3485.6769 kPa at 0 °C). The results are published in I. Marinov, D. Zgureva, S.
Boycheva, Equilibrium adsorption of carbon dioxide onto zeolite sorbents obtained from
solid wastes, SCEESD, Student Conference “Energy efficiency and sustainable
development”, 4th to 7th December 2018, University Ss Cyril and Methodious, Scopje,
Macedonia, Book of Papers SCEED, 2018.

The promising results obtained from the catalytic tests of coal ash zeolites for the oxidation
of volatile organic compounds provoked further research into the possibilities of increasing
their catalytic activity, one of which is the plasma treatment of their surface to obtain the so-
called hierarchical catalysts. The modification of coal ash zeolites with microwave plasma
treatment is carried out in order to increase their mesoporosity and hydrophobicity, which is
a prerequisite for better catalytic efficiency. Hierarchical zeolites show different textural
parameters after treatment in a radio frequency plasma generator with two plasma agents
CHF3 and SF¢ at two different exposure durations — 30 and 60 s. Treatment with SF¢ plasma
negatively affects the textural properties of the catalysts, while with CHF;s it favors the
formation of mesoporosity and improves the reducibility and catalytic activity of all
investigated samples. The conducted UV-Vis spectral studies, X-ray photoelectron
spectroscopy XPS studies and thermo-programmable reduction TPR show the formation of
finely dispersed iron oxides of the type Fes0,4 and Fe,0s in the zeolite structural network. It
was established that the plasma treatment leads to a redistribution of the iron oxide
particles on the surface of the catalysts, which facilitates the easier release of oxygen in the
plasma-treated zeolites and significantly favors the oxidation reaction according to the
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Mars—van-Krevelen mechanism. The development of efficient and economically beneficial
catalysts with waste recovery will contribute to the saving of valuable raw materials such as
precious metals, to the development of a circular economy and intelligent waste
management. The results of this study are published in Boycheva, S., Zgureva-Filipova, D.,
Popov, C., Lazarova, H., Popova, M. Plasma-Modified Coal Fly Ash Zeolites with Enhanced
Catalytic Efficiency toward the Total Oxidation of Volatile Organic Compounds as Low-Cost
Substitutes for Platinum Group Metals Catalysts (2022) Physica Status Solidi (A)
Applications and Materials Science, 219 (15), art. no. 2100632. DOI:
10.1002/pssa.202100632.

One of the innovative directions for the application of alkaline-converted coal ash with
significant ecological and technological potential is optical sensing, for which there is a lack
of knowledge and is an emerging scientific research of interest. This necessitated conducting
systematic research to establish the experimental procedures for obtaining thin-layer
composite structures with an optically active component coal ash zeolite. The influence of
the size of the zeolite particles, the duration of grinding to reduce their size while preserving
the zeolite structure, and the amount of zeolite for optimal doping of the niobium oxide
matrix were investigated. Procedures have been developed for determining the spectral
dependences of the optical constants (refractive index, extinction coefficient, reflection
coefficient and transmission coefficient) and optical determination of the thickness of the
layers. Morphology and structure of the thin layers were investigated depending on the
degree of alloying and the size of the zeolite particles. The change of optical parameters
during the exposure of the layers to different analytes was investigated. The research
conducted and the results obtained are described in:

Lazarova, K., Boycheva, S., Vasileva, M., Zgureva, D., Georgieva, B., Babeva, T. Zeolites
from fly ash embedded in a thin niobium oxide matrix for optical and sensing applications
(2019) Journal of Physics: Conference Series, 1186 (1), art. no. 012024, DOI: 10.1088/1742-
6596/1186/1/012024;

K. Lazarova, S. Boycheva, M. Vasileva, D. Zgureva, T. Babeva, Influence of the Size
of Coal Ash FAU Zeolites Used as Dopants on the Sensing Properties of Nb,Os Thin Films,
The 2nd Coatings and Interfaces Web Conference (CIWC 2020), Mater. Proc. 2020, 2, 3;
doi:10.3390/CIWC2020-06829

Lazarova, K., Boycheva, S., Vasileva, M., Zgureva, D., Babeva, T. Effect of Milling Time
on the Sensing Properties of Fly Ash Zeolite Composite Thin Films, (2021) Engineering
Proceedings, 6 (1), art. no. 55, DOI: 10.3390/1352021Dresden-10068

6. Investigation of the utilization of coal ashes through their alkaline conversion in zeolites
for water purification and radioactive waste processing systems

The utilization of coal ash adsorbents and ion exchangers as an economically advantageous
alternative to natural zeolites for the decontamination of radioactively contaminated waters
and liquid radioactive waste has been investigated. The use of zeolites with good ion
exchange ability is an established practice in the decontamination of radioactive liquid
waste. Zeolite ion exchangers have been applied for the deactivation of waters and soils
from radioactive cesium (**’Cs), strontium (°°Sr), etc. isotopes in all major accidents in the
history of nuclear power (Three Mile Island NPP in 1979, Chernobyl NPP in 1986 and
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Fukushima Daiichi NPP in 2011). Zeolites are incorporated into cementing and glass-forming
matrix for encapsulation and safe storage of radioactive waste. After the accidents, huge
amounts of natural zeolites were used to build protective barriers, for agricultural
applications in contaminated areas, to decontaminate drinking water, as well as to extract
radionuclides from drainage water. lon exchange mechanisms and capacities are described
in: Zgureva, S. Boycheva, Synthetic zeolitic ion-exchangers from coal ash for
decontamination of nuclear wastewaters, Annual Conference of Bulgarian Nuclear Society,
02-05.09.2015, Sozopol, Bulgaria, BgNS TRANSACTIONS, 20 (2) 2015, 132-136, Bulgarian
Nuclear Society, ISSN 1310-8727;

N. Yordanova, D. Zgureva, S. Boycheva, Synthesis of zeolites from fly ash with
application in systems for adioactive waste water decontamination, ENERGY FORUM, 22-
25.06.2016, Scientific and Technical Union of Power Engineers in Bulgaria, International
House of scientists "F.J. Curie", Varna, Bulgaria, Proceedings, vol.3, 23-28. ISSN: 2367-6728.

The following three publications complete the studies presented in the equivalent
monographic work publications on the adsorption and ion exchange characteristics of coal
ash zeolites in the purification of waters of organic pollutants and heavy metals. The
adsorption efficiency of zeolites of different phases, obtained from coal ash from different
thermal power plants was investigated. The applicability of the approach for obtaining
effective and economically advantageous adsorbents for water purification from a wide
range of solid-phase waste from combustion in thermal power plants has been proven. All
tested adsorbents are characterized by 96 % efficiency in cleaning water from toxic dyes
(tests were carried out with different MG, IC, MB dyes). Model studies show a high
correlation of the experimental data with a second-order kinetic model. The results are
described in Zgureva, D., Stoyanova, V., Shoumkova, A., Boycheva, S., Avdeev, G., Quasi
natural approach for crystallization of zeolites from different fly ashes and their
application as adsorbent media for malachite green removal from polluted waters (2020)
Crystals, 10 (11), art. no. 1064, pp. 1-16. DOI: 10.3390/cryst10111064.

Coal ash zeolites activated with nanoparticles of magnetite and other metal oxides
were obtained in situ during their crystallization or by post-synthesis impregnation.
Mmagnetically active adsorbents were also obtained by hybrid synthesis, combining the
advantages of two-step synthesis to achieve a high specific surface area of the product and
the one-step hydrothermal synthesis to store the magnetoactive spinel oxides (magnetite
and maghemite) and to preserve their magnetic properties. In this way, the adsorption
characteristics of the zeolites are improved, their catalytic activity for Fenton oxidation of
organic pollutants in water is increased, and their magnetic properties allow easily removal
of the adsorbents/catalysts from the purified water at the end of the process. The research
was published in S. Boycheva, D. Zgureva, Conversion of coal fly ash to zeolite-based iron
oxide magnetic nanocoposites, Ecological Engineering and Environment Protection, No 1,
2020, p. 30-35;

S. Boycheva, I. Marinov, D. Zgureva, S. Miteva, D. Behunova, M. Vaclavikov3,
Application of coal ash zeolites for removal of heavy metals and dyes from polluted
waters, XXVIII Scientific Symposium with International Participation Situation in
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Ecologically Loaded Regions of Slovakia and Central Europe, 24-25. oktéber 2019, Slovakia,
Hradok, Proceedings, pp. 89-96, ISBN 978-80-89883-10-3.

7. Development of methodology for experimental and model studies of the surface
characteristics of adsorbents and catalysts

The surface characteristics of solids are key to their application as adsorbents and catalysts.
This requires reliable measurement of surface parameters and obtaining reliable results. The
selection of the conditions for the preteatment of the materials (pre-degassing) and of a
suitable analyte (helium, nitrogen, carbon dioxide) are important for the reliability of the
results and are determined according to the specifics of each object. The method for
studying the surface characteristics of solids by adsorption of gas molecules is standardized
by ISO 9277:2010, and numerical calculations of surface properties - in ISO 14488. Despite
the application of standardized approaches and models, a number of factors can influence
the reliability of results, especially when developing new materials for which there is no
reference data for comparison. This necessitated a careful analysis of the results of a large
different that affect
adsorption/desorption measurements, including possible operator errors. The sequence of

number of studies on materials to identify factors

the applied experimental procedure for measuring surface characteristics of the investigated
substances is visualized in Fig. 3.
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Applying of
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to the experimental

data for surface
properties
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BET, BJH, t-plot, DFT

1
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Adsorption isotherm

Sample’s moisture and
atmospheric gas releasing

Experiment’s conditions
input 4

Cooling to the atmosphere

Liquid nitrogen and gas
line preparation

Real weight of sample

Sampling

Fig. 3. Sequence of the experimental procedure for studying the surface characteristics of

adsorbents and catalysts.

The applicability of standardized models to experimental isotherms to determine surface
characteristics is presented in Fig. 4.
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Fig. 4. Standardized models applied to experimental isotherms for determining surface
characteristics

The methodology has been summarized and presented at international conferences:

S. Boycheva, D. Zgureva, Experimental and numerical studies of surface properties of
solids by physical ddsorption technique, Proceedings of the Humboldt-Kolleg, Varna,
September 18 — 21, 2019, In: Science without Borders: Alexander von Humboldt’s Concepts
in Today’s World, (L.Taseva, R. Argirova, D.a Boteva, M. L.Grilli, T. Vlad-Bubulac, Eds),
2020, pp. 154-171, Faber Publishing House, 2020, ISBN 978-619-00-1217-7;

D. Zgureva, S. Boycheva, K. Filipov, Comparative studies on the determination of
specific surface area of solids by adsorption of different gases, International Scientific
Conference UNITEX'2019, 15-16 November 2019, Technical University of Gabrovo,
Proceedings, University Publishing House “V. Aprilov” — Gabrovo, 2019, ISSN 1313-230X
vol. lll, pp. 111-321-111-324.

The analysis of the N,-adsorption/desorption isotherms of the studied coal ash conversion
products is in accordance with the updated IUPAC classification (1985), introducing six types
of isotherms and four types of hysteresis loops delineated by the adsorption and desorption
curves of the isotherms. The raw coal ash is characterized by a type Il N,-adsorption
isotherm, which is typical of non-porous or macroporous materials with a small specific
surface area. Measured values for the specific surface area of coal ash are of the order of 10
m?/g. The reference pure synthetic zeolite Na-X shows a type | adsorption isotherm with a
narrow hysteresis loop of type H4, typical of microporous materials, and its specific surface
area reaches 800 mz/g. The investigated Na-X coal ash zeolites are characterized by type IV
N,-adsorption/desorption isotherms with a wide H3 hysteresis loop, typical of materials with
a mixed micro-mesoporous structure, which is an advantage for accelerated mass transfer in
adsorption and desorption processes in comparison with microporous adsorbents, and is a
prerequisite for the lower temperature regeneration of adsorbents with mixed porosity. The
presence of mesopores predetermines a higher adsorption capacity at elevated pressures. A
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detailed analysis of the results of the surface studies of the raw material, reference zeolite
and coal ash zeolites have been presented at a number of conferences and published in:

Boycheva, SV, Zgureva, DM Surface studies of fly ash zeolites via adsorption/desorption
isotherms, Bulgarian Chemical Communications: vol. 48 Special Issue: A, pp.: 101-107
Published: 2016, ISSN: 0324-1130 Web of Science Accession Number:
WO0S:000377707900016;

D. Zgureva, S. Boycheva, Surface studies of fly ash zeolites for their application as
carbon dioxide adsorbents, 20™ Scientific conference with international participation
FPEPM 2015, 13-16 September 2015, Sozopol, Bulgaria, Proceedings, Vol. 1, 79-86, ISSN
1314-5371;

S. Boycheva, I. Marinov, D. Zgureva, C. Popov, Experimental on the microwave
plasma modification onto the surface of microporous fly ash zeolite, Energy Forum, 7-10
September 2021, International House of Scientists ,F.). Curie”, Varna, Bulgaria,
Conference proceeding pp. 114-123. Edition of Scientific and Technical Union of Power
Engineers in Bulgaria, ISSN 2367-6728.

8. Development of thin film media for photovoltaic cells

The effective utilization of solar energy as an environmentally sustainable alternative to the
production of energy from conventional fuels requires the improvement of photovoltaic
panels. The main used semiconductor material exhibiting photovoltaic effect is silicon,
gallium arsenide, chalcogenides, and etc. Aluminum-doped zinc oxide (AZO) is a popular,
cost-effective and non-toxic material that finds application as a conducting medium with a
wide optical window (transmissive) in the visible and near-infrared region of the spectrum. It
is suitable for photovoltaic, photonic and sensor devices and is applied as a front transparent
conductive electrode for thin-film silicon photovoltaic cells. For this application, the AZO
layer must be conductive and highly transmissive to incoming light. By optimizing the
morphology of the AZO layer, a higher efficiency of solar energy utilization, and hence of the
photovoltaic cell, is achieved. In the presented publication, a huge set of experimental data
is obtained on the electrical, optical, structural and morphological properties of aluminum-
doped zinc oxide (Al:ZnO), the so-called AZO thin film structures. The AZO layers were
deposited by radio frequency sputtering of targets with ZnO mixed with 2 wt% Al,Os. It was
found that AZO layers with similar good optical and electrical properties can be obtained in
different ways by suitably combining the deposition parameters. It was found that under
different deposition conditions layers with a high transmission coefficient in the visible
spectral region (91%) and good electrical properties (concentration of current carriers
N=1.86x10%° cm?® with mobility n=10-11.8 cm?V! s1). For photovoltaic applications, reducing
the cost of materials and their processing are key factors in the manufacturing process.

The results achieved are published in: Grilli, M.L., Sytchkova, A., Boycheva, S., Piegari, A.
Transparent and conductive Al-doped ZnO films for solar cells applications, (2013) Physica
Status Solidi (A) Applications and Materials Science, 210 (4), pp. 748-754. DOI:
10.1002/pssa.201200547, SOURCE: Scopus.
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Scientific and scientific-applied contributions

Based on the achieved results, summarized in the publications presented under indicators
G7, G8 and Z, the following scientific and scientific-applied contributions can be formulated:

1. The modernization of the ion-exchange water treatment plant of the NPP Kozloduy by
replacement with membrane desalination unit with proven economic efficiency and
environmental friendliness has been developed;

2.  The possibility of improving the fire safety of the existing installation for special gas
cleaning at the NPP Kozloduy by replacing the activated carbon with refractory zeolite
without the need for reconstruction has been proven;

3.  The guidelines for limiting the risks of chromium supply for construction materials for
main equipment in double-circuit NPPs are systematized, and the reliability of the
applied water-chemical regime in the second circuit is proven by evaluating the
microstructure and surface condition of the main construction material in contact with
the cooler;

4.  Alaboratory system has been developed to study the thermochemical heat storage in
powdery and granular porous materials. The possibility of utilizing coal ash to obtain
economically advantageous and environmentally friendly media for efficient
thermochemical heat storage in water adsorption/desorption cycles with an energy
density comparable to that found in commercial media produced from pure raw
materials was proven;

5.  Based on the studies on the mechanism and conditions for the utilization of carbon
emissions by methanation, studies on the chemisorption of carbon dioxide at elevated
pressure on bifunctional adsorbent/catalysts obtained by the utilization of coal ash
have been carried out, and a mechanism of methanation of CO, with hydrogen
delivery from the acid centers in the zeolite structures has been demonstrated;

6. The applicability of the technological approach for the utilization of coal ash sampled
from different TPPs in a wide range of variation in its chemical and phase composition
through alkaline conversion , as well as for the utilization of deposited coal ash has
been proven. The products of alkaline conversion of coal ash of different composition
and origin, obtained at optimal process parameters, are applicable as effective
adsorbents and ion exchangers in the purification of water from heavy metals, organic
compounds and radioactive isotopes;

7. A reliable experimental and model methodology has been developed to study the
surface characteristics (specific surface area, average diameter and size distribution of
micro- and mesopores, free volume, external surface area, etc.) of new materials with
a complex composition and texture obtained by recovery of waste, for assessment of
their applicability as adsorbents and catalysts;
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10.

11.

Hybrid procedures of alkaline conversion of coal ash and for post-synthesis
modification have been developed to improve the energy efficiency of its processing
and to increase the catalytic activity and adsorption efficiency of the obtained
products, as well as to impart magnetic properties to adsorbents and catalysts for their
easy technological removal from treated environments;

By systematic experimental studies the optimal conditions for obtaining high-quality
nanocrystalline zeolite Na-X by two-step alkaline synthesis and ultrasonic
homogenization with favorable surface characteristics and homogeneous distribution
of the iron oxide phases transferred from the starting ash have established;

A thermodynamic sequence has been established in the processes of alkaline
conversion of coal ash, and the crystallization fields of different zeolite phases from
one and the same raw ash have been outlined when the process parameters are
changed;

An opportunity to improve the functionality and cost of photovoltaic cells by applying
surface thin-film electrodes of aluminum-alloyed zinc oxide, a non-toxic,
environmentally friendly and economically advantageous material, has been proposed,
and the conditions for obtaining it in thin-film structures with high optical
transmittance been established.
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