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Peslome Ha HayvHuTe nybankaummn, npeacraBexun kato
PaBHOCTOMHW Ha XabUAUTAUMOHEH TpyA,

A-p nHk. envua 3rypeBa,
kaHanpat 8 koHkypc 3a Al ,,doueHT” B8 HanpaBaeHwme 5.4 EHepreTuka

BbBEAEHUE

3agbnboyaBaHeTo Npes3 nocieaHUTe AeceTUNeTna Ha eKOIoTMYHMUTE NpobaemMun 1 KaTaknmsmu,
NPUYMHEHWN OT aHTPOMNOrEHHM U TEXHOTEHHM CUCTEMM, HANara pPa3paboTBaHETO Ha TEXHONOTMYHMU
peweHns 3a TAXHOTO oOrpaHuM4yaBaHe. CblLUEBPEMEHHO pPa3IMYHM MHAYCTPUANHU CEKTOPMU
npeTbpnABaT NOAEM B MHTEH3UTETA Ha CBOETO Pa3BUTUE, KOETO, CbYETAHO C Pa3BUTMETO Ha
6enHM CBETOBHM MKOHOMMKM M HAPaCTBALLOTO HaceneHne, BOAM A0 HenpecTaHHO HapacTBalla
eHepruiHa KoHcymaums. ToBa, OT CBOA CTPaHa, € CbNPOBOAEHO C HApacTBaL,a HE06X0ANMMOCT OT
NPOW3BOACTBO Ha EHEePruA U Hali-Beye Ha efIeKTPUYeCcKa eHeprua. Bce oule n3konaemute ropmea
MMaT HaM-TONAM M HapacTBal, AN KAaTO NMbPBMYEH eHeprueH M3TOYHWK 33 NPOU3BOACTBO Ha
enekTpuyecka eHeprua. NMPUHOCHT Ha BbINEBOAOPOAHUTE ropuBa (Bbranwa, HedT M ras) KaTo
MbPBUYHM U3TOYHULM B CBETOBHOTO BpYTO NPOU3BOACTBO Ha enekTpoeHeprusa 3a 2018 . e 63.9%,
KaTo BbrauwaTa MMaT Han-ronam gan ot 38%. Mopaaun HeobxoaAnMMOCTTa OT anBepcudUKaLma B
E€HEePrnMHNA CEKTOP KaKTO OT rneJHa TOYKa Ha eHepruimHaTta CUrypHOCT, Taka U OT r1e[iHa TOYKa
Ha TeXHONOrM4YHaTa YCTOMYMBOCT, NPEYCTaHOBABAHETO Ha M3MNOA3BAHETO HA M3KOMNAaeMn ropuea
HE € MKOHOMWYECKM M TEXHMYECKM OCHLLLECTBMMO, HO M3UCKBA MHTEH3MBHO pa3paboTBaHe M
npoy4YBaHe Ha TEXHOJIOTMYHW pPeLleHUs 3a HaMajiABaHe Ha BPEAHOTO Bb3AENCTBUE BbpPXY
OKOJIHaTa cpeAa, OKa3BaHO OT MPOLEecUTe, NPOTUYALLN B TON0ENEKTPUYECKUTE LeHTpanu (TELL).

B gMcepTauMOHHMA TPyA Ha KaHAWAaTa eKCNepMMEHTA/IHO e u3cnenBaH M NPeasioXKeH T. Hap.
3aTBOPEH LMKb/ 33 OMa3BaHe Ha OKonHaTta cpega B TELL upe3 cMHTE3 Ha BMCOKOMOPbO3HMU
3€0/IMTU OT NeTAWA Nenesa U NPuaaraHeTo UM B CMCTEMA 33 aAcopbuna Ha BbIepoaEeH AUOKCUA,
(CO2). CblueBpeMeHHO B CBETOBHATa Hay4Ha OBLHOCT Ce HAI0XW TEPMUHBT KPbroBa MKOHOMMKA
(Circular Economy), UMATO OCHOBHA KOHLENUUA CbBMaZa C MAEONOTUATA HA AUCEePTALNOHHUA
TPYA, @ MMEHHO OMO/I30TBOPABAHE HA Pa3/IMYHM OTNALHWU NPOAYKTU B MONE3HWU CYPOBMHM 33
APYrY TEXHO/IOTMW, KaTO BCUYKM NPOLLECU Ca B KOHTEKCTA HA EKOJIOroCbobpasHUTE U YCTOMUYMBH
peweHua. B Tasm nocoka ce fopasBuxa U eKCNEPUMEHTANHUTE AENHOCTU, OCbLLECTBABAHU OT
n3cnenoBaTesiCkKMA eknn oT TexHnyeckn yHusepcutet — Codus, Kato obwarta gedmHupaHa uen
Ha M3cneABaHMATA € ON0A30TBOPABaHE HA TBbPAOPA3HUA OTNAABK, NO/YYEH NPU U3rapAHETO
Ha BbI/IULLHKU rOPMBA B PA3/IMMHU CUCTEMU U TEXHOJIOTUM 33 OMas3BaHe HA OKOJIHATa cpeaa.
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NocTaBeHMTe 3a4a4M 32 NOCTUTaHe Ha Taka ,Cl,ed)MHMpaHaTa uen morat ga ce O606IJJ,F|T B HAKOJIKO

OCHOBHM rpynu, BU3yanusnpaHu Ha durypa 1:

yC'bB'prLIeHCTBaHe Ha CUHTE3a Ha BUCOKOMNOP3bO3HU 3€0/IUTU OT NeTAlla nenen 3a
NnoCTUraHe Ha NO-BUCOKa cneu,md)qua NOBBPXHOCT.

YcTaHOBABaHE HA YCNOBMA Ha KOHTPO/AMPAH CMHTE3 3a MOJiyYaBaHe Ha PasNNYHK
MOBBPXHOCTHU XapPaKTEPUCTMKM Ha egHa WM Cblia KPUCTasHa CTPYKTYpPa, a MMEHHO
Faujasite (FAU).

Pa3paboTBaHe Ha TEXHWKM 3a MoAMPUUMPAHE Ha NpoueaypuTe Ha CUHTE3 C uen
nony4vasaHe Ha FAU 3e0n1Tu C pasiiyHU NPUNOIKEHMUA.

OTnaraHe Ha TbHKM 3€0/JIMTHU C0eBe OT NeTALLA nenen.

EKCNepMMeHTanHO [0KasBaHe Ha MoCTaBeHa XWUNoTe3a B AMCEPTAUMOHHMA Tpya,
CBbp3aHa C BAMAHMETO Ha amopdHaTa CbCTaBNABAlLA B W3XOAHATA CYPOBWMHA BbPXY
KpanHaTa 3e01nTHa ¢asa.

EKcnepumeHTanHo M3cnesBaHe Ha NPUIOXKMMOCTTA Ha NenesIHUTe 3e0/IUTU B CUCTEMM 33
AWHamuMyHa agcopbums Ha CO2 1 oueHKa Ha cnocobHocTTa MM 3a paboTta B UMKANYEH
pexum agcopbumsa/gecopbums.

MogenHu nscnenBaHuAa BbpXy nNpouecuTe Ha aacopbuma Ha ra3oBM KOMMOHEHTU C Len
MalabupaHe Ha NOJyYeHUTEe pe3ynTaTM B NWAOTHA MHCTanauMA Ha CUCTeMa 3a
cnepropusHo ynasaHe Ha CO; B TELL.

EKCnepumeHTasIHO M3cseBaHe Ha Bb3MOXHOCTTA 3a NpuaraHe Ha neneaHUTe 3e0AnTu
B CUCTEMMU 3a ONTUYHA AeTeKUMA Ha KOMNOHEHTU OT ra3oBn cMecu.

EKCI'IepVIMEHTaI'IHO n3cneaBaHe Ha MNOPUNOKUMMOCTTa Ha NeneaHnTe 3e0/InTU 34
npe4yncreaHe Ha 3aMbpCeEHUN BOAUN OT TEXKM METa/INn, OPraHNYHU 3aMbpCcuTesin "
ouBeTuTenu.

MogaenHn mnscnenBaHuA BbpXy KMHETMKATa Ha peakuumATa npn AeKOHTaMWHUPAHE Ha
BOAHUTE NOTOUM U onpeanendHe Ha npouecHUTe napameTpum C uen Nno-HaTaTblWHO
Mau.|,a6MpaHe Ha MNOoAy4dyeHUuTe pe3yntatn B MNMUIOTHA UHCTanauunAa 3a npeyvymcrBaHe Ha
3aMbpCeHN BOOMN.

EKCnepnmeHTaNHO n3cseaBaHe Ha NPUNOKMMOCTTA Ha NenesiIHUTe 3e0/IMTU B CUCTEMMU 33
KaTa/IMTU4YHa AECTPYKUMNA Ha yCTOVI‘-WIBVI OpPraHN4YHM KOMNOHEHTH.

EKcnepnmeHTanHO nscsieaBaHe Ha NPUNOKMMOCTTA Ha NenesiIHUTe 3e0/IMTU B CUCTEMMU 33
TEPMOXMMUNYHO CbXpPaHEHUE Ha TONJIMHHA eHepPTruA.
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Apgcopbuyusa Ha AeTeKuna Ha KaTaausa MpeuncrtBaHe AKymysaupaHe
co, 3aMmbpcuTenmu Ha BOoAM Ha TonmAMHA
| OKucneHue Ha

YocC
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CUHTE3 HA BUCOKONOPbO3HU 3EO/ZIUTU 3A PAS/IUYMHHU
MHAYCTPUANHU NPUNOXKEHMUA

S3ATBOPEH UNWKD/1 3A ONA3BAHE HA OKO/IHATA CPEAA B
TONNOEANEKTPUYECKU LEHTPA/HU
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CsemosHo npou3306cmso Ha/emauwa nenen BbeﬂepoOeH OuoKcuo om npou3sodcmeo Ha eHepaus, 2017
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Gueypa 1. Busyanuszayusa Ha pasenexd0aHUmMe mexHos102uUuU 30 0ra3edHe Ha OKOAHamMa cpedd 8
KOHMeKCcMa Ha Kpb208aMa UKOHOMUKQ

EKCnepumeHTanHMTe AEWHOCTM MO W3CNeABaHMATa, Ny6/AMKYBaHM B HAy4yHUTE TPYAOBE,
npeAacTaBeHM KaTo PaBHOCTOMHU HAa MOHOTrpaduUyeH TPy, Ca U3BBbPLLUEHN B PAMKUTE Ha CiegHuTe
Hay4YHO-MU3C/IeA0BATE/ICKM NPOEKTU:

e [orosop [1H17/18 ,,CnHTE3 Ha 3€01UTM OT BLIIMLLHW Nenenmu 3a agcopbuma, KaTaaMTUYHa
OECTPYKUMA M AeTeKumss Ha aTtmocdepHu 3ambpcutenn”, ¢uHaHcmpadH ot OHU ¢
pbKoBOAUTEN A0, A-P UHXK. CunBuAa boliueBa B NapTHLOPCTBO C ABa MHCTUTYTa Ha BAH 1
Universitat Kassel.

e [orosop [AM17/6 ,3aTBOopeH UMKbA 3a oOMasBaHe Ha OKO/AHaTa cpeaa B
TONNOENIeKTPUYECKN LLeHTPanM 4pe3 KOHBEpPCUA Ha feTAaula nenen B 3e0AUTU U
npuaaraHeTo MM KaTto aacopbeHTU Ha BbraepodeH AnoKkena”, dmnHaHcupaH ot ®PHU ¢
PbKOBOAMUTEN . aC. 4-p UHXK. [eHnua 3rypesa 1 n3canenoBaTeNCKM eKMn OT MAagm y4eHu
N CTYAEHTU OT TexHmnuYeckn yHmusepcuteT — Codus.

e [orosop AHTC 06/01 Cnosakua ,AKTUBMPAHMN C HAHOYACTMLM 3€0/IUTU OT /IeTALLA nenen
33 OuMCTBaHe Ha Boam“, dMHaHCcMpaH No BuanTepanHo CbTpyAHNYECTBO MeXKay bbarapus
n CnoBakusA ¢ pbKoBoauTen AoL. A-p MHXK. Cuneus boiueBa B napTHbOPCTBO C Institute of
Geotechnics Slovak Academy of Sciences.
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e [lorosop 201MP0020-10 ,YnassaHe Ha BbrnepoaeH ANOKCUA M ONOA30TBOPABAHETO MY B
cMcTema 3a NPOM3BOACTBO HA CUMHTETMYeH ras”“, ¢uHaHcupaH ot TY-Coouma HUC c
PBbKOBOAUTEN . aC. A-P UHXK. [leHuua 3rypesa.

e WHoBatMBeH cTyaeHTCKM xbb 201MXbHB0004-02 ,Pa3paboTBaHe Ha cuctema 3a
TEPMOXMMUYHO CbXpaHeHWe Ha eHeprna c paboTHa cpeda 3e0/UT OT BbIIULLHA
nenen/sopa“, puHaHcmpaH ot TY-Codua HUC c meHTOpuU gou,. A-p nHXK. Cunsus boituesa,
rn.ac. o-p vHX. Jenunuya 3rypesa n gou,. a-p UHx. AceH AceHos.

e Jlorosop 01-205 ,HucKo BbrIepoAHa eHeprua 3a TpaHcnopTa M 6uta“, HaumoHanHa
Hay4Ha nporpama, duHaHcupaHa ot MOH ¢ pbkoBoauten ot cTpaHa Ha TY-Codusa npodo.
OH nHXK. NBaH Kpanos.

CUHTE3 HA BUCOKOMNOPBbO3HN 3EOTNTU OT NETALLA NENEN

B paMKuTe Ha ekcnepuMeHTaNHUTe U3cnenBaHusA, CBbP3aHM CbC CUHTE3A HA 3€0/INTU OT NIeTALLA
nenesn, ca NPUIOXKEHU TPU NpoLeaypu, NocNeL0BaTENHOCTTa Ha KOUTO e onucaHa Ha durypa 2.

ABYCTbrNaneH CMHTE3: XMPOTEPMaaHa aKTMBaLMA C NpeaBapuTe/HO a/IKaAHO CcTanAHe
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®ueypa 2. TexHO02U4HU MPOYECU 8 NPUAA2aHUMe MexHoA02UU 3a CUHME3 Ha 3e0/AUmu om
nemsawa nenesn
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B pamKuTe Ha u3CcneABaHETO Ha 3€0AMTM3auMA Ha OTnagHMA TBbPAOdPaseH NPOAYKT ca
npuaaraHM NPOMEHINBU YCNOBUA NMPU PA3INYHUTE TEXHONOTMYHU NOAXOAM C Len onpeaenaHe
Ha KOHTPOJIMPAHM YCNOBMA 32 NOAyYaBaHe Ha KeslaHaTa BMCOKOMOPbO3Ha CTPYKTypa Faujasite
(FAU). NposeneHn ca Hag 100 eKcnepuMeHTaNHU U3CenBaHMA KaTo OLLEHKATa Ha NoslyYyeHuTe
pe3ynTaTh e u3BbpLUeHa Ha 6a3a Ha aHaIMTMYHO onpeaenaHe Ha $a30BUTE XapPaKTePUCUTUKM Ha
CUHTE3MPaHUTE MaTepuann Ypes PeHTreHOCTPYKTYpeH aHanms (XRD), mopdonornyeH aHanuns Ha
NONlyYeHUTE KPUCTA/IHU CTPYKTYPU Upe3 CKaHMpalla eNeKTPoHHa MUKpockonua (SEM),
onpegensHe Ha cneumduyHaTa NOBBPXHOCT Ha MaTepuanute (Sger, m?/g) Ha 6asa Ha
eKnepuMmMeHTaNnHO NnocTposaBaHe Ha Nz-M30Tepmum Ha agcopbuma n aecopbuma NpU KPUOTeHHU
ycnosusa. Mpu HAKOM OT CUHTETUYHMUTE 3€0/IMTU Ca NPUNOXKEHUN U OOMBAHUTENHN AHAUTUYHM
TEXHUKM C UeN U3ACHABAHE TONAOOU3NYHUTE MM XAPAKTEPUCTUKM WMAM Ha pPasanuunAta B
MEXaHU3IMUTE, MPU KOUTO MNPOTUYAT PeaKuMUTE MNpPU MNPUNONKEHMETO Ha MaTepuanute B
€KONOTMYHM cuctemn. Kato M3Xo4HM CYpOBMHM 33 onpegensHe Ha ONTMMAJIHU YCNOBUA Ha
KOHTPOJIMPAH CUHTE3 3a MoJjy4vyaBaHe Ha FAU 3eo0nutu 4ypes3 ABYyCTbMaseH CUHTE3 M 4ypes
XMOpoTepMasHa aKTMBALUMA, KAaKTO M KaTO OCHOBA 3a nocsiegawa mogudukauuma ¢ uen
MHTEH3UOULMPAHE HA KaTaAMTMYHATA AKTUMBHOCT Ha NenefHuTe 3e0/MTU, Ca W3NON3BAHMU
nenenu, Aobutn ot enektpoduntpute Ha TELL, nsrapawm sbravwa oT HaxoauuweTto ,Mapuua
n3tok” (Tabnunua 1).

Tabauya 1. Cbcmae Ha U3M0738aHUME U3XO00OHU MebpdoghazHU omnadvbyu 30 CUHME3 Ha
BUCOKOMOPbLO3HU 3€0/UMmu

Cocras, wt. %  SIO,

TEL “Mapuuya
M3TOK 2”

TEL “Mapuuya
M3TOK 2”
BucokoxceneseH
cenapam

TEL, “AES-
Mav6oso” sl
TEL, “AES-
Mnb6oso” s2
TEL, “Contour
Global”

TEU “CG”
BucokoxcenezeH | 27.46  14.54 46.51 5.45 1.27 2.16  0.40 094 0.21 0.08 0.52
cenapam

52.70 1 23.40 870 5.80 2.80 2.40 0.01 0.01 (0.04) - -

30.80 18.78 27.95 10.04 299 3.79 149 1.25 - - 1 0.72

46.58 23.26 14.73 3.01 081 249 - - - . 131
65.16 24.53 (3.85) 1.28 1.23 0.98 0.87 0.78 1.31

48.16 | 25.11 1 11.30  5.86 1.79 192 0.64 1.64 - - 078

TEL, “Mapuua 3” 50.80 21.33 4.68 9.36 0.82 0.86 0.37 2.17 0.09 0.49 0.78
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OT nonyyeHwuTe pe3ynTaTM € YCTAHOBEHO, Ye 3amAHaTa Ha MarHUTHOTO pPa3bbpKBaHe Ha
PEeaKUMOHHMA Pa3TBOP C NPOADB/KUTENHOCT OT 5-18 Yaca ¢ yATpa3ByKOBa XOMOreHn3sauma sogm
€lHOBPEMEHHO [0 3HAYMTE/IHO CbKpallaBaHe Ha BPEMEeTO Ha CMHTE3 U A0 yBe/M4YaBaHe Ha
Aobumea Ha FAU 3eonut. Ha durypa 3.2 ca nokasaHm XRD peHTreHorpamm Ha CUHTETUYHMU
obpasym, NoNy4YeHU Ypes xMapoTepmanHa aktueauma (H-cepma) npu TernoBHO CbOTHOLIEHME
NN/NaOH=1/2 8 100 ml gectunmnpana Boga npu 90 °C 3a 4 yaca Bpeme Ha Kpuctanmsaumsa. MNpu
06pasumTe, NOA/IOKEHN HA MAarHUTHA XOMOTeHM3aUMs Ha peakuMoHHMA pasTeop (H-1 n H-3) ce
Habnogasa cnaba peKkpucTanmsauma Ha M3XogHATa CTPYKTypa. Bbpxy XRD cnektpute Ha
obpasyuTte, NognoXeHn Ha ynTpasBykoBa (Y3) xomoreHusaumsa (H-2 u H-4), ce otuutar
WMHTEH3MBHM pedieKcn Ha 3e0nUTHU $asK, KaTo npu obpasey, H-2 e nonyyeHa moHodasHa FAU
CTPYKTYpa. YBe/nM4yeHOTO Bpeme Ha Y3 xomoreHusauuma npu obpaseu H-4 e pgosena Ao
nocneasaila pekpucranmsaums B LTA cTpyktypa — edekT Ha meTtactabunHoct Ha FAU,
HabnogaBaH M B NpeaULLIHN HallW U3cneaBaHus.

MN3uncneHaTta ypes npuaaraHe Ha cTaHATAapTU3UPaH BET meToa KbM ekcnepumaHeTanHute Np-
aacopbumnoHHun nsotepmun (dPurypa 3.6) cneunduryHa NOBBLPXHOCT (Seer, M2/g) HA CUHTETUYHUTE
o6pa3uM noTBbPXKAABA M3BOAWTE, HAMNPaBeHUM OT PEHTFeHOCTPYKTYPHUA aHaam3. B
nocnefBallmMTe eKnepuMeHTaNHU npoueaypu no cuHTe3 Ha 3eonutu ot JIM e wm3bpaHo
YNTPa3BYKOBO TpeTuMpaHe 3a nepuos oT 15 MMHYTM KaTo onTMMmanHa npouenypa 3a
XOMOFeHM3aUMA Ha peakuMOHHAaTa CMeC NpW MPOBEXAAHEe HAa [ABYCTbNANEH CUHTE3 M
XMApoTepmanHa aktueauma. Obpasey FH (Purypa 3.a) e nonyyeH npu coblmuTe yCA0BUA KATo
H-2, Ho Ype3 npunaraHe Ha NpeABapUTE/IHO asikanHo cTansaHe npu 550° 3a 1 yac, KaTo, O4aKBaHO,
TasM CTbNKa BOAM A0 WHTEH3NPUUMpPAHE HA Npoueca Ha 3e0AUMTM3aUMA M NOoJyvyaBaHe Ha
MoHoda3Ha FAU cTpyKTypa cbe cneundunyHa noBbpxHocT oT 388 m?/g.
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®ueypa 3. a) XRD peHmeeHo2pamu Ha 3€0/AUMU3UPAHA 1eMAWa neres Ypes XuopomepmasnHa
akmusayusa (H-obpasuu) u dsycmvnanHa akmueauus (FH-obpaszeu); 6) Nz-uzomepmu Ha
adcopbyus u decopbyusa Ha H-obpasyu
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MoguduumpaHeTo Ha nenenHUTe 3e0/UTU C Uen nopobpaBaHe Ha KATaA/IMTUYHUTE UM
XapaKTEPUCTMKN € OCHLLECTBEHO MO METo4a Ha MOKPOTO MMMPErHMpaHe 4Ype3 CMecBaHe Ha
neneneH 3e0/1MT C Pa3TBOPEHA B AeCTUAMpPaHa Boga meaHa unun kobantosa con (Cu(NOs),2.3H,0)
Co(NOs3)2:6H20 B KONM4YecTBO, CbOTBETCTBAWLO Ha 5 wt. % M nocneaBawo M3cyllaBaHe.
MMnperHnpaHeTo e NPpUIoKEHO KbM 06pasLm Ha nenenHu 3eonntn ¢ FAU CTpyKTypa, NonyyYeHu
N Yypes TpUTe eKCNepUMEHTaIHN TEXHUKMW. YCNELWHOTO MMMNPErHMpaHe Ha CUHTETUYHN 3€0/IUTH C
Co 1 Cu e ycTaHoBeHO ¢ nomouuta Ha XRD aHanus (durypa 4).
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®dueypa 4. XRD cnekmpu Ha nenesHuU 3e0/aumu, rnosay4YeHu 4pe3 mpu ekcriepumeHmasaHu
mexHUKU u umnpezHupaHu ¢ Cu u Co

N3xoaHuTe N mogudnumpaHmTe obpasum ca aHaamMsmpaHm n ¢ nomouwta Ha Na-dusmncopbums,
UV-Vis cnekTtpockonus, Moessbauer chnekTpockonma W TepMOrpaBUMETPUYEH aHanu3.
MMnperHnpaHeTo Ha nenesHUTe 3e0ANTKM BOAM A0 3aryba Ha cneunduryHa NOBBPXHOCT Nopaam
3aemMaHe Ha CBOOOAHWTE OTBOPEHM MPOCTPAHCTBA B CTPYKTypaTa OT METa/IHUTE MeLHWU UK
KobantoBn KatmoHu (Tabnauua 2). Han-cbluecTBeHa peaykuua ce oTymta npu obpasuuTe,
noNy4yeHn ype3 aTMochepHa CaMOKPUCTANIN3ALMA M KNACUYECKA XMAPOTepMasHa aKTUBaLuMA,
KOeTO € O4YaKBaHO MNpeaBuA TAXHATa CUMIHOPA3BMTA ME30NOPbO3HOCT M cBoboaeH obem,
OCcUrypeH OT Nopwu C WKUpPUHA Hag 55 A.



LlokymeHmu 3a KaHOudamcmeaHe Ha [eHuuya 32ypesa 8 KOHKYpC 3a 3aemaHe Ha A/] doueHm 6 [TH 5.4 EHepeemuka

Tabauya 2. Cneyughu4Ha NO8LPXHOCM HA NernesnHU 3e0aumu, nosayvYeHU Ype3 pasauvyHU mexHUKU
Ha cuHmes, npeodu u cied UMnpe2HUPaHuU ¢ Kobaamosu u meodHu UoHU

TexHoNOrnA Ha CUHTE3 MmnperHupaHe Seer (M?/g) Sger (M?/g)
Ha U3XoaHMA Ha UMnNperHupaHua

neneneH 3eonut neneneH 3eonut

AtmocepHa Cu(N03)2.3H,0 227 71

caMoKpUcTanusaums

[BycTbnaneH cuHTes ¢

npeaBapuUTeNHO aNKa/lHO Cu(NO:s)2.3H,0 396 224

cTanaHe

Xuaporepmana Co(NO3)-6H;0 268 81

aKkTuBauuma

Xupporepmana Co(NO3)2-6H20 220 69

aKkTMBauuma

AtmocepHa Co(NO3)-6H;0 283 180

CaMOKpuUCTanusauma

[BycTbnaneH cuHTes ¢

npeABapUTeNHO aNKa/HO Co(NOs3),:6H,0 486 212

CtandHe

3a M3cneaBaHe M AOKa3BaHe Ha NOCTaBeHaTa XMnoTe3a 3a BAUsAHWE Ha amopdHaTa CbCTaBABaLLa
B u3xoaHaTa JIM BbpXy BMAA M CTeNeHTa Ha 3e0/UTM3auMa 3a M3c/iedBaHM neneam ¢
MaKPOKOMMOHEHTEH CbCTaB B NO-LUMPOKM FPaHNLM, NOYYEHW OT U3TaPAHETO KAKTO Ha JIMTHUTHY,
Taka M Ha KadABM W YEepHU BBIMUWA B PA3/NIMYHU FTOPMBHU CUCTEMM — C TBBPAO U TEYHO
wnakootaensaHe. CbCTaBbT U CTPYKTYpaTa Ha MOA/I0XKEHUTE Ha aTMOCPepHa cCaMoKpucTanm3auma
TBbpAoda3HM OoTNaabLUM ca npeacTaBeHn B Tabamua 3.

ATMmocdepHaTa camoKpucTanmnsaumaTa e nssbplueHa kato 10 g /1N ce aobasat kbm 150 ml 5 M
NaOH (unctota> 98%), cycneHanuTe ce NoCTaBAT B 3aTBOPEHM PEaKLUMOHHN CbA0BE U Ce OCTaBAT
3a CTapeeHe npwu cTanHa TemnepaTtypa. CmecuTe ce pa3bbpKBaT 38 XOMOreHU3MpPaHe Npe3 AbAru
NHTepBasM OT Bpeme. Masika YacT oT npobute ce usBexaaT oT cbaoseTe cnes 7 n 14 meceua,
NPOMMBAT ce C gecTuaMpaHa Boga Ao pH = 8 u ce m3cywasaT Npu cTanMHa Temnepatypa.
CuHTesnpaHuTe npobu 6saxa HaMmeHyBaHU ¢ npeduKc Z-3eo0nuT Npeam cbkpallieHuata FA (J1N),
nocneaBaHu oT TUPE N BpeMe Ha npeobpasyBaHe. [1paxoobpasHUTE NPOAYKTM Ca NOAJSIOKEHWN HA
Pas3/INYHKN aHaNN3MK, 33 Aa Ce OLLEHAT TAXHaTa CTPYKTypa, MOPPONorna n noBbPXHOCTHU CBOMCTBA.
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Tabauya 3. Cbcmas u amopgHa maca Ha renesau, MosayYeHu rnpu u32apaHemo Ha pPasauyHU
sudose 8bauWa, NoOAOHEHU HO AMMOCHEPHA CAMOKPUCMANU3ayus

NaO Ca0O MgO SOs K0 TiO, AP”  SiOy/

wt. % wt.% wt.% wt.% wt.% wt.% wt.% AlO3

FAB | 40.29 20.49 1359 0.79 13.11 214 3.21 @ 4.09 230 58 1.97
FAG | 1250 8.36 45.87 0.65 642 049 2572 0.00 0.00 36 1.50
FAM | 39.51 22.89 16.09 1.78 988 258 534 | 134 0.59 57 1.73
FAR | 54.63 28.67 594 000 153 194 108 4.87 135 54 1.91
FARE | 49.30 27.02 14.40 0.00 3.23 2.08 0.00 3.98 @ 0.00 94 1.82
FAV | 46.75 27.13 1031 1.08 3.73 155 299 | 6.46 @ 0.00 65 1.72

SS 39.47 | 17.17 | 20.09 1.11 10.72 | 155 594 395  0.00 @ 100 2.30

* FAB (/11 om TEL| “6060800n”, Kaghasu 8baauWa C 8UCOKO nernesnHo cbobpxcaHue); FAG (TEL “AES Mav6080” s3,
AUHUMHU 8venuwa); FAM (/Il om TEL “Mapuya 3” s2, auzHumHu eveauua); FAR (/i om TEL “Penybauka”,
Kagasu evaenuuwja); FARE (/1I1 cmeceHa cbc cmasHa wiaaka om TEL “Pyce usmok”); FAV (/11 om TEL “BapHa”,
BUCOKOKA/I0PUYHU U HUCKOCEPHUCMU GHMPAayumHu eveauwa); SS (waaka om TEL “Ceuno3a”, 6BumymHU 8beauwa).
**AP e amophHama maca 8 Cmpykmypama Ha 0bpasyume, us4ucaeHa uypes 0ekoHeontoyua Ha XRD cnekmpume

Pesyntatute ot XRD aHanu3a ca nokasaHu Ha Purypa 5, npeactaBaiku andpakrorpamuTe Ha
cyposuTe JIM, cuHTe3MpaHuTe obpasHy, cnes 7 u 14 meceua caMokpucTanmnsaums n pedpepeHTeH
3eonut FAU 3a cpaBHeHuMe. Hal-nHTeH3nBHUTE pedneKkcn Ha FAU ce oTKpMBaAT BbpXy CNEKTpUTE
Ha BCUYKM NENEsHN 3e0/INTU NpKn 2 © = 26.6 °, KaTO MUKBLT HA 3e01MTa Ce NPUNOKPMBA C TO3M HA
KBapua. Mo TOo3M HauMH NPUCBHCTBMETO HA Hepearmpan KBapl He mMoxe Aa 6bae noTBbpAeHO
efHo3Ha4yHo upe3 XRD aHanm3. Camo Bbpxy XRD cnektpute Ha o6pasumuTe, NONy4EHN OT HAMb/IHO
amopdHa cyposa /1M, KaTo SS n FARE, HECbMHEHO MOMKe Aa Ce CYMTA, Ye UHTEH3UBHMUAT MUK NpU
TO3U bIbA NpUHagnexm Ha FAU. 3a npobute oT BCUYKKU CEPUMN NO-ABATOTO BPEME 33 CUHTE3 BOAM
[0 NEeKOo yBesn4aBaHe Ha UHTEH3MBHOCTTA Ha pednekcuTe. Mpu 3eonuTa, nonyyveH ot FAB cnepg,
14 meceua ankanHO cTapeeHe, ce HabnwpgasBa cmec OT 3€0/UTHWU CTPYKTYpWU, Tbi KaTo B
AonbnHeHMe Kbm FAU pednekcuTe ce naeHTMPUUMpPAT ABa MHTEH3UBHM NKKa Ha PHI. EAMHMYeH
PHI pednekc cbuo ce noasasa B XRD cnektpute Ha npobute, cMHTe3mpaHn ot FAR n FAV. Ha
TexHUTe AndpaKkTorpamm MOXKe aa ce BUAM U pamo B OCHOBATa Ha NuKa npu 2 © = 26.6 °, KoeTo
€ MNOKasaTe/IHO 3a Henb/HOTO YCBOABaHe Ha KBapua B npoueca Ha 3eonutusauma. [pwu
obpa3umTte, nonyyeHn cnep 14 meceua Ha CaMOKPUCTANM3auMA, PamMoOTO € MO-U3paseHo B
CpaBHeHMe C NeneHnTe 3e0/1IMTH, NOJIyYEHM NPU NO-KPATKO Bpeme Ha MHKybauuaA. ToBa Noka3Bga,
4ye nopagy TepmogMHamMMYHaTa cu HectabunHocT, FAU 3anouyBa Aa npekpucTanusmpa cnep
NPOABb/IKUTENHA MHKYDAUUA B peaKkLMOHHATa CMec.
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®ueypa 5. XRD cnekmpu Ha u3xo0HUMe CypoBUHU U CUHMeEMUYHUMe 3e0aumu, rnosay4yeHu cneo
7 u 14 meceya Ha CAMOKpUCManu3ayus, CblocmMaseHuU ¢ peHmeaeHo2pama Ha pegepeHmeH FAU
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MpoBeaeHUTe MOPPONOrMYHM aHANM3UN NOTBBLPKAABAT pe3ynTaTuTe, noayydeHm ot XRD, KaTo yacT
OT TAAX Ca NOKa3aHu Ha durypa 6.
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. !m» -_— !
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Gueypa 6. SEM uzobpaxceHus Ha 0bpasyu nosayyeHU Yype3 ammocghepHa CaMoKpucmanu3ayus
Ha mebpooghaszeH nenesH OCMAMbBK, NOAYYeH Om U32apAHeMo HA PA3IUYHU 8baAUUHU 20puUBd

Hama yHudMumpaH noaxon 3a OUEHKA Ha 3€0/UTHUS A0OMB B NPOAYKTUTE, MOJyY4EeHM OT
KoHBepcuaTa Ha /M. B nntepaTtypaTta 3a OUEHKa Ha CTENEHTa Ha 3e0/UTM3auUMA ca NpuUaaraHn
AAHHW OT TepMOrpaBMMETPUYHM aHanu3u, aacopbuma M oTaensHe Ha BoAHW napu, XRD
[LeKOHBONIOLMA U CPaBHeHWe Ha cneumduyHaTa nosBbpxHOCT (Seer, M?/g). 3a uenaunTte Ha
[OKa3BaHe Ha MOCTAaBeHAaTa XMMNoTe3a CbMNOCTAaBAHETO Ha Sger Ha CUMHTE3MpaHWUTe 06pasuum e
M3MNON3BAaHO 33 OLLEHKA Ha B/IMAHMETO Ha CBOMCTBAaTa HAa CypoBaTa /ieTAlWLA MNenen BbpXy
KpuctanmsaumsaTa Ha 3eonnt FAU. 3aBucumoctute Ha Sger U Mshare (487 Ha MMKponopuTe B
CTPYKTypaTa) Ha wu3cneaBaHutTe npobu oT cboTHoweHueto SiO2/AlLbO3 u amopdHaTta
CbCTaB/ABaLLa B cypoBaTa /1M ca npeactaBeHn Ha durypa 7. YBennueHmeTo Ha Sger M AobumBa Ha
3eonut FAU ca npAKo cBbp3aHM C NOBULIABaHEe Ha aMOPQPHOTO CbAbP}KAHME B CypoBaTa
netawa nenen. Cobliata 3aBUCMMOCT ce HabnwgaBa M Npu Aena Ha MUKponopute B
CUHTE3MpaHUTe npobu (MHAEKC W), npeaonpeaeneH OT no-Aobpata pPasTBOPMMOCT Ha
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aNyMUHMEB OKCUA U CUANLMEB AMOKCUA, B afKasHa cpefa M No-HaTaTblIHA KPUCTanM3auma Ha
NoyYeHuA Xxnugporen B onpegeneHa 3eonntHa pasa. Hanmumeto Ha PHI B HAKOM OT npobuTe He
B/InAe BbpXy NOPbO3HOCTTA Ha FAZ. YCTaHOBEHO €, Ye XMMUYHUAT CbCTaB Ha cyposua J1I He Bandae
3HAYMUTE/NIHO Ha NPOoLLeCa Ha 3e01UTM3aumMA B AMana3oHa SiO2/Alx03=1.5-2.3, KaTo CTPyKTypaTa Ha
FAU ce nony4yaBa OT BCUYKU n3cne[BaHN CYPOBUHM.
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dJueypa 7. 3asucumocmu Memdy rnoevpxHocmHume ceolicmea Ha u3cnedsaHume npo6u u
XapakmepucmukKkume Ha cypoeama siemAawa rneriesn

MpoBeaeHn ca eKcnepumeHTaNHU U3cneaBaHMA U BbPXy OT/IaraHeTo Ha TbHKWU 3€0/IUTHU GuUamm
oT JIM BbpXy MOANOMKKM OT ONTUYHO CTbKNO 4Ype3 xmapoTepmanHa in situ Kpucranmsaums.
CybcTpaTuTe ce nocABaT yATPa3BYKOBO 3a A3 Ce Cb3434aT LEHTPOBE Ha KpUCTanusauma u cneg,
TOBa Ce MNOCTaBAT B aJjKalHMA MeneseH pasTBOP 3a pacTeXX Ha 3€0/JUTHU KPUCTaANW.
EkCcnepumeHTUTE C XMAPO0TEPMAJIHO OTNaraHe ca nposegeHu npm 90 °C ¢ NpoabAKUTENHOCT OT 4
0o 20 uvaca. lMNonyyeHuTe NOKPUTUA Ca M3CNefBaHM NO OTHOLWEHWE Ha MOBbPXHOCTHATA
mopdonorma ¢ nomowta Ha SEM aHanu3 m No OTHOWEHMEe Ha MOBBPXHOCTHA rPanaBoCT C
NOMOLLTa Ha ONTUYeH NPobUAIOMETbP NPU CTAHAAPTHO yBennyeHue ot 50x. ONTUYHUTE CneKkTpu
Ha NPOMNyCKaHe 1 OTpakeHMe ca 3anucaHn ¢ BUCOKO npeumseH cnektpopotomersbp. Ha durypa 8
Ca NOKasaHW pe3ynTaTtvTe OT OXapaKTepM3MPAHEeTO Ha MOJlyYeHWUTe TbHKM CnoeBe, KaTo e
YCTAaHOBEHO cnen 8 4aca Ha oOT/naraHe ce MoABABAT MbPBUTE 3€0/JUTHU TbHKKU C/OeBe.
YBennuasaHeTo Ha BpemeTo Ha oTtnaraHe go 20 yaca BoAM A0 MNOJy4aBaHETO Ha MAbTEH U
paBHOMepPEH TbHbK C/0M.
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dueypa 8. Peayamamu om oxapaKkmepusupaHemo Ha MbvHKU ¢uamu, noayyeHu caned 12 yaca Ha
omnaeaHe (a) u cned 20 yaca (b)

[etaiinHO onucaHMe Ha npoueaypuTe NO CUHTE3 HA 3€0/IMTHU MATepUanu oT NeTawa nenen,

KaKTO U NBb/ZIHOTO OXapPakKTepusnpaHe Ha Noay4yeHUTe NPoOAYKTU Ca nNpeacTtaBeHn B cnegHuTte

Hay4yHU TpyAoBe OoT Kateropusa B.4:

Boycheva S., Zgureva D., Vaclavikova M., Kalvachev Y., Lazarova H., Popova M., Studies on non-modified
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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,
Manufacturing Rev., 2020, 22 (7)

Boycheva S., Zgureva D., Lazarova K., Babeva T., Popov C., Lazarova H., Popova M., Progress in the
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2020, doi: 10.3390/ma13092014
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NPUNOMKEHWE HA NENEHUTE 3EO0/IUTU B CUCTEMM 3A OAVMHAMMUYHA
AZICOPBLMA HA CO,

B pamkuTe Ha gMcepTauMOHHUA TPyA Ha KaHAMAaTa e AoKa3aHa cnocobHocTTa u aduHUTETa Ha
nenenHUTEe 3e01NTU KbM MoiekynaTa Ha CO;, KaTo AMHAMMYHaTa aacopbuna e uscnepBaHa camo
BbPXy eaAnH obpasel,. 3a Aa ce YCTAaHOBM Aanu NenesHuTe 3e0/IUTU, NONYYEHN Ype3 Pas/INYHU
CNocobu Ha CUHTE3 U OT PA3INYHU U3XOAHU CYPOBUHM, Ca MPUIOKMMM B MaLLLabHU cnearopuBHU

cucteMu 3a ynasaHe Ha CO;, ca M3BbPLIEHU NOpeauua OT eKCMEPUMEHTANHMU U3cnenBaHuA.
M3non3eaHa e rasoBa XpomaTorpadma KaTo aHa/AMTUYHA TEXHMKA 33 onpegensaHe Ha
KOHUEHTPaUMATa Ha ra3oBUTE KOMMOHEHTW B NMOTOKa ras, NpemmHaBall, npe3 aacopbumoHHa
KOJIOHa, 3anb/iIHEHA C nenefneH 3eonuT. M3amepeHuTe npes onpeaeneHn MHTEpPBaIN OT Bpeme
KOHUeHTpaummn Ha CO, cnyKaT 3a NOCTPOABAHE Ha KPUBM Ha HacuLlaHe U onpeaensiHe 30HUTE Ha
MacoobmeH No BUCOYMHA Ha aAcopOUMOHHUA cNoit. TUNUYHKU KPMBM Ha AMHAMKU4YHa aacopbums
Ha CO; BbpXy NOBBPXHOCTTA HA NENENHN 3€0/IUTU, NONYYEHU YPES PA3/IMYHU TEXHUKM HA CUHTES,
Ca NoKasaHuM Ha durypa 9 3ae4HO C PaABHOBECHW aACOPOLMOHHM M30TEPMU Ha CbLUUTE
martepuann. PaBHoBecHaTa aacopbums Ha CO; e wuscnegsaHa npu O °C Kato BCUYKM
eKCnepuMMeHTaIHU U30TEPMMU, NOJIYYEHU B PAMKUTE Ha U3CNeABaHUATA, Ca YCMELHO ONUCaHu C

MaTemaTnu4yeCkMAa MmoLen Ha Langmuir, KaTO Ca NOCOYEHU NPUMEPHN MOAE/THN NAPaAMETPU.

PaBHOBecHM aACcOpPObUMOHHM M3oTepMn  [AMHAMUYHU aaCOPOLMOHHM KpUBHM
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Guaypa 9. PasHosecHU a0copbUUOHHU U30MepPMU U KpUusU HA HACUWAHE npu OUHAMUYHA
dacopbyusa Ha CO2 8bpxy NOBLPXHOCMMA HA NenesiHU 3e0/AuUmu, nosay4YeHU Ype3 pasaudHu
eKcrepuMeHmasnaHu mexHuKu

B Tabnuua 4 ca NoKasaHM Ai@aHHU 32 PaBHOBECHUTE N AMHAMUYHUTE aACOPOLMOHHN KanaumuTeTu

(mgCO0,/g) Ha nscneasaHute obpasum. Hain-nobpn aacopbUNOHHN CBOMCTBA Ca YCTAaHOBEHM 3a
obpasym, NonyyeHW 4ypes ABYCTbMNANEH CMHTE3 C eTan Ha NpeABapUTE/IHO anKa/IHO CTanaHe

14



LlokymeHmu 3a KaHOudamcmeaHe Ha [eHuuya 32ypesa 8 KOHKYpC 3a 3aemaHe Ha A/] doueHm 6 [TH 5.4 EHepeemuka

(obpasew, FH oT npeacTtaBeHnTe No-rope) Npu BCUYKM CUHTETUYHM FAU, nonyyeHn OT pasinyHu
N3Xo4HW cypoBuHWU. [lpepnoctaBka 3a 6naronpuaTtHata aacopbuma Ha CO2 ca BMUCOKATa
KPUCTA/IHOCT Ha Te3n ob6pasuum, CBbp3aHa C TAXHATa HaW-BMCOKa cneumduyHa MOBBLPXHOCT
(cnpsmo ocTaHanuTe nenesiHv 3e0/IMTU) U NO-BMCOKATA KOHUEHTpauma Ha Na* ioHM BbB ¢daszaTta
Ha Na-X (FAU) 3eonunt. OcBeH ToBa e ycTaHOBeHO Ype3 Moessbauer cnekTpockonus, Yye npu Tesun
06pa3Lm KenasoTo CblLecTBYBa NPeAUMHO B MOHOOOMEHHA No3numA B 3e011Ta nog dopmaTa
Ha Fe?*/3* loHW, KaTo TOBa BOAM OO reHepupaHeTo Ha noseye agcopbuMoHHKM ueHTpose. OT
Apyra CTpaHa, Ha/IMYMETO Ha OTAENHW, cnabo aucneprupaHn KpUcTaaHm $Gasm Ha MarHeTUT U
XeMaTUT B NPOOUTE, NOYYEHM YpE3 KNacMyecKa XnapoTepmMasHa aktueauma (H-cepusa), 3aegHo
C HMCKATa MM MOBBPXHOCT M Manbk obem Ha mopuTe, morat Aa MOMpeyaT Ha AOCTbMa Ha
monekynute Ha CO2 A0 aAcopbLUMOHHUTE LLEHTPOBE.

Tabauya 4. AdcopbyuoHHU Kanayumemu Ha nernesHuU 3eoaumu no omyoweHue Ha COz u
mo0lesnHU napamempu Ha Langmuir, onuceauwju pasHosecHama adcopbuyus

O6pasey, H1 H2 FH AS
Cads Npy 100 kPa, mg/g 93 76 133 108
Cads B AMHAMUYHU ycnoBua, mg/g 57 66 123 79

Mapametpu Ha mogena Ha Langmuir
Vo, mmol/g 2.1419 1.8462 3.0962 2.4825
B, 1/kPa 0.1568 0.0888 0.1653 0.1847

MpoBeneHN ca U eKCnepuMeHTaNHU U3CAeABaHNA 33 onpedensHe Ha ONTMMasHa TemnepaTypa
Ha aecopbumsa Ha aacopbupanusa CO2 C Len UMKANYHO M3MN0A3BaHe Ha NnenenHuTe 3e0/IMTH BbB
BbrNepoA00UMCTBALLN UHCTANALUMKN. YCTAHOBEHO €, Ye ANHAMUYHUAT aacopbLUMOoHEH KanauuteT

Ce NPOMEHSA B TECHM MPAHMULM NPU MUHUMATHA TeMnepaTypa Ha gecopbums ot 60 °C.

EKnepumeHTanHo e mM3cneaBaHa M cCnocobHOCTTa Ha nenenHuTe 3e01nTU Aa aacopbupar CO; B
ANHAMWYHUM YCNOBUA NPU NPOMEH/IMBA KOHLEHTpauma Ha CO2 B NOTOKa ras 1 e yCTaHOBEHO, ye
yBe/iMyaBaHeTo Ha obemHaTa KoHueHTpauma Ha CO; B noToKa ¢ 5 vol.% Boau A0 CbKpalwaBaHe
Ha BpPEeMeTO 3a M3Be)K[aHe B pereHepauma Ha agcopbumoHHaTta KonoHa ¢ 30 %, Kakto U Ao
HamMansfiBaHe Ha AMHAMMYHMA aacopbumoHeH KanmauuTteT ¢ go 10% B 3aBMCMMOCT OT
TemnepaTypaTa Ha pereHepauus.

EKcnepumeHTanHo e onpegeneHa M cnocobHOCTTA Ha nenesHuTe 3e0AnTU ga paboTAT KaTo
paboTHa cpeda B UMKAMYEH pPeXMm Ha paboTta aacopbuuma-gecopbuua-agcopbumnsa npu
TemnepaTtypa Ha gecopbumata ot 50 °C. MpoBegeHu ca 6 NnocnesoBaTeIHN LMKbAA Ha agcopbunsa
Ha CO; oT ra3zosa cmec Ha CO2 1 N2 B 06eMHO CbOTHOLLEHMe Ha ABaTa KomnoHeHTa CO2/N»=10/90.

15



LlokymeHmu 3a KaHOudamcmeaHe Ha [eHuuya 32ypesa 8 KOHKYpC 3a 3aemaHe Ha A/] doueHm 6 [TH 5.4 EHepeemuka

UukbnbT 0 npeacTtaBA NbpBUYHUTE OAHHW 33 aACOPOUMOHHMA KamauuTeT Ha M3CneABaHUA
nenesneH 3e0/IUT, MONYYEHU Cel NbpPBOHAYaAHaTa NpeaBapuTenHa obpaboTka Ha npobaTta npu
200 ° C. flecopbuwmaTa npu 50 °C ocurypsasa 100% pereHepauma Ha aacopbeHTa 3a NbpBUA LUKBA.
3a cnepgawmTe UMKAM afcopbuMoHHATa cnocobHOCT 6aBHO HamanABa, KAToO Hal-HWUCKaTa
eKCNepMMEHTAIHO YCTaHOBEHA pereHepauma Ha agcopbenTta e 87%. MonyyeHuTe pesyntatm ca
nokasaHu Ha durypa 10.

CO, desorption at 50 °C - 6 cycles
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Guaypa 10. JukauyHu adcopbyuoHHU mecmose u OUHamu4eH adcopbyuoHeH Kanayumem Ha

FAU neneneH 3eonum no omHoweHue Ha CO; npu memnepamypa Ha decopbuyus 50 ° Cu
obemHo cbomHoweHue Nz/CO2 om 90/10

[JeTtaiinHO onucaHMe Ha eKCNepuMMEHTANHUTE U MOAEeNIHU u3cneaBaHUA NO OTHOLIEHUA Ha

NPUNOXKMUMOCTTA Ha NenenHUTe 3e0/IMTU B CUCTEMM 3a aacopbuma Ha CO, ca npeacTaBeHU B

cneaHUTE Hay4YHU TPyAoBe OT Kateropusa B.4:

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,
Manufacturing Rev., 2020, 22 (7)

Zgureva D., Boycheva S., Experimental and model investigations of CO2 adsorption onto fly ash zeolite

surface in dynamic conditions, Sustainable Chemistry and Pharmacy 15:100222, 2020

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, Materials 13, 2014,
2020

Popova M., Boycheva S., Lazarova H., Zgureva D., Lazar K., Szegedi A., VOC oxidation and CO2 adsorption

on dual adsorption/catalytic system based on fly ash zeolites, Catalysis Today 357, p. 518-525, 2020
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NPUNOKEHUE HA NEMNENHUTE 3EO/IUTU KATO ONTUYHWU CEH3OPU 3A
AETEKUNA

ONTMYHUTE CBOMCTBA Ha NenesHuTe 3e01MUTU Ca U3CNeaBaHN Ype3 OT/IAaraHeTo Ha C/I0eBe TbHKM
¢éunmu. MNopBaTta npoueaypa e onncaHa B Yactta CuHMe3 HaA BUCOKOMOPLO3HU 3e0/Aumu om
Aemawa nernes v e CBbP3aHa ¢ XMAPOTEPMANTHOTO OTNaraHe Ha TbHKU GUAMM BbPXY CUANLMEBMN
NoANoXKW. BropaTa npunaraHa npoueaypa e u3BbplieHa B MHCTUTYTa MO ONTUYHU MaTepuanu
Kbm BAH no metoga spin-coating upes oTnaraHe 1M nocnegsawo otrpasaHe npu 320 °C Bbpxy
cunmumeBo nokputme Ha NbOs maTtpuua € MHKOPNOPMPAHM 4YacTULM NenenHn 3e0/UTH,
nosy4yeHun Yypes atMmochepHa camoKkpucTanmsaumsa. Hnobuesata matpmua, NnpmMroTseHa no 30/-
ren metog, ce cMecBa ¢ 5 wt.% gucneprupaHu 4actmum nenesiHm 3e0UTU B Cpea Ha eTaHoA Npu
PasINYHN 06emMHU KoHueHTpauuu: 1 vol. %, 2.5 vol. % 1 5 vol.

M3cnegBaHa e NPUAOMKMMOCTTAa Ha ABaTa TUNa TbHKM GUAMKM 3a ONTMYHA AeTeKuua Ha
KOHLUEHTpaUMATa Ha NeTANBU OPraHMYHN cbeguHeHus (/1OC) ype3 nsamepBaHe Ha ONTUYHOTO
OTpakeHue npeau v cnem usnaraHe Ha Napu Ha aUeToH, U3bpaH KaTo MOAENEH ras.

ONTMYHUTE CNEKTPM Ha MPOMYCKAMBOCT U OTPAXKEHUE HA TbHKM GUAMKM OT NenesHn 3e0/nUTH,
NnoayyYeHU 3a pasIMYHO BPemMe Ha OTN1araHe BbpXy CTbKAeHa NOAJ0XKa, Ca HAHECEHN CbOTBETHO
Ha ®urypa 11 a) u b). duamute ce xapakTepusmnpaT ¢ BUCOKA NPOMYCKAMBOCT BbB BUAMMMUA U
61un3kma IR (VIS-NIR) cnekTpanHu gnanasoHun. durypa 11 c) npeacrasa oTHoCMTeIHaTa NPOMsAHa
B OTparKaTeNHaTa CNOCOBHOCT cnel n3naraHe Ha 3e0/IMTHUTE TbHKM GUAMM HA ALETOHOBM Napu.
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Gueypa 11. Cnekmpu Ha onmuYeH KoeguuyueHm Ha nponyckaHe (a) u ompaxceHue (b) HO MbHKU
uamMuU om nenesaHU 3e07UMuU, OMOMEHU MPU PA3/aUYHU 8pemMeHd HA Kpucmanau3ayus, u
peakuua Ha ompaxceHue (dR/R, %) Ha cbwume puamMu, U3A0XEHU HA auemoHosu napu (c).

KoraTto ¢unmute ca M3N0XKEHW HA ALETOHOBM Napu, B NOPUTE HAa CUHTETUYHWUA MaTepuan
HacTbnBa KOHAEH3aumA. B pe3yntaT Ha ToBa ePeKTUBHMAT KoedUUMEHT Ha npedynsBaHe Ha
dbnnmunTe ce yBennyaea, Tbi KaTo Bb3AyXbT (MOKa3aTen Ha npeyynsaHe 1) ce 3ameHA ¢ matepuan
C NO-BMCOK MOKa3aTen Ha NpeyynBaHe (T.e. Te4eH aLeToH). Tbil KaTo oTparkaTenHaTa cnocobHocT
Ha ¢unama e PpyHKUMA Ha ONTMUYHMUTE KOHCTAHTU Ha maTepuana, ce Habnogasa M NPomsAHa B
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CNEKTPUTE HA OTpPaxKaTesIHaTa CnocobHocCT. OTpaXkaTtesiHaTa CNOCOBHOCT e Hal-BMCOKa 3a d)mmv\a
nonyyeH cnepg 12 yaca Kpuctanmnsauusa, KOMTO ce XapakTtepusnpa n c Haﬁ—rnap,KaTa NOBBPXHOCT.

MpoBeaeHN ca eKcnepuMMeHTaIHM U3CNeABaHMA U BbPXY KoedULUMEHTA Ha NpeyvynBaHe Ha TbHKK
dnnmmn B NbOs matpuua, M3noxKeHM Ha Bb3AENCTBME OT aLETOHOBM napu. M3cneaaHo e
BAMAHMETO Ha pasmepa Ha YacTuuuTe nenefHn 3eo0nUTW, MHKOPNOpMpaHM B HMobMWeBaTa
MaTpuLa, KaTo 3a LenTa NnpeasapuTesIHO e U3BBbPLLUEHO MOKPO CMUNaHe Ha obpa3uunTe B TONKOBA
MEe/IHULLA OT MOKbBP TUN NPU PasanNYHM BpeMeHa Ha TpeTupaHe. NpeasapuTenHoOTo cMMAaHe Ha
nenenHuUTe 3e0/JIMTU BOAM A0 APACTUYHO YBENNYEHWE HA U3MEHEHMETO Ha KoeduuumeHTa Ha
npeyynsBaHe, CbrNACHO MOKa3aHMUTE eKCNEePMMEHTAJIHU pe3ynTath Ha Purypa 12.

25
| I Milled for 60s
[ Not milled
20 F
;\i 15
a
<110

Lh
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Zeolite concentration (%)

Gueypa 12. 13ameHeHuUe 8 KoeguyueHma Ha ompaxceHue Ha MbHKU 3e0aAUMHU uamu
HaMOoBAPEeHU C pa3sau4YeH Macos 04/ Ha renesHu 3e0Aumu npu eKCrno3uyusa Ha mevyeH ayemoH

[JeTtaiinHO onucaHMe Ha MNOJy4aBaHETO HA TbHKU GUAMM OT nenefHu 3e0/IUTU, TAXHOTO

OXapaKTepuinpaHe U NpUIO0XKEHUETO MM KAaTOo ONTUYHU [AEeTEeKTOpUu Ca npeacraBeHun B

cnegHUTeE HayvyHU TPyAoBe OT Kateropusa B.4:

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, Journal of Physics: Conference Series,
Volume 1186, 2019

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,
Manufacturing Rev., 2020, 22 (7)

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, Materials 13, 2014,
2020
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NMPUNOKEHUE HA NENENHUTE 3EOIUTU 3A MNPEYUCTBAHE HA
3AMbPCEHN BOAN

MenenHn 3e0nUTWU, MONYYEHM Ype3 PaA3IMYHU TEXHUKM HA CUHTE3, BK/OYUTENHO MU
moauduumpanmn c Magnetite, Co n Cu, ca u3cneaBaHu KaTto maTepmasnm 3a Npe4yncTBaHe Ha Boau,
3ambpceHun ¢ Cd, Pb 1 opraHnyHu 6arpmna Kato MeTuieHoBO CUHBLO (MB) M ManaxmMToBO 3e1eHO
(MG). NpoBeaseHn ca nabopaToOpHM EKCMEPUMEHTM, KATOo € U3C/eABaHO B/MAHMETO Ha
KOHLUEHTPALUMATA Ha 3amMbpcuTennTe BbB BoAaTa, TeMnepaTypaTa Ha B3aMmogelcteune, pH Ha
pa3TBopa M Ap. M3cnenBaH e okUcaMTeNeH npouec Ha Fenton cnpsamo meTuieHOBO CMHBO Ypes
fobaesaHe Ha 3 ml 6 % H,0; kbm 25 ml pa3tBop Ha MB ¢ HayanHa KoHueHTpauma 20 mg/L. 3a
onpegenAHe Ha aacopbuMOHHATa CNOCOOGHOCT MO OTHOWEHWE Ha TEXKU MeTanu, nenenHu
3€0/1MTHM Ca NOCTaBAHM BbB BoAgHM pa3TBopu Ha conm Cd(NOsz)2.2H,0 1 Pb(NOs), B KOHLEHTpaLUK
Ha Cd?* itoHu 0 200 ppm 1 Ha Pb?* no 100 ppm. MpoBeAeH ca eKCNepUMEHTaNHN U3CeABaHuA,
KaKTO B PaBHOBECHM, TaKa U B AMHAMWYHU YCNOBUA. 33 BCUYKM U3CNEABAHN 3aMbPCUTENN Ca
onpefeneHn KanaumteTM Ha 3agbprkaHe, n3bpaHu ca ONTMMaNHM YCNOBUA 3@ NMPOTUYAHE Ha
peakuuMmMTe M MaTeMaTUYeCKM ca OMnuCaHW MpPOLEeCUTe Ha PaBHOBECHO W AMHAMWYHO
B3anmogeiictame. C uen nocnensallo mawabrpaHe Ha MHCTaNaUMA 338 NPOMMULLIEHO OYMCTBAHE
Ha 3aMbPCEHM BOAHW NOTOLM Ca ONPEAENEHN N KUHETUYHUTE NapamMeTpyu Ha npouecuTe.

Ha ®urypa 13 e nokasaHa epeKTMBHOCTTa Ha oumcTBaHe Ha Cd?* u Pb2* iloHK. Mpu KOHUEHTPaLMK
£0 100 mg/l BCMYKM nenenHW 3e0AUTM MOKasBaT BMCOKA afCcopbuMOHHA CMOCOBHOCT Mo
oTHolweHune Ha Cd?* MoHK, KaTo € NOCNeABaLLO YBeNMYaBaHe Ha KOHLEHTPaUUMATa Ha MeTa/lHuA
MOH B M3XO4HMA pa3TBoOp ePpeKTMBHOCTTA HamanABa, a 3a Cu n Co MoauduumnpaHute obpasum e
nog 50 %. ToBa cbOTBETCTBA M HAa HamasneHaTa cneumMduUyHa NOBBPXHOCT Ha Te3M MaTepuanu,
CpaBHeEHa C M3XO4HMWA NeneneH 3e01UT, KOETO € MOoKas3aTeN 3a NPoTMYaHe HA MEXaHW3bM Ha
aacopbums, a He Ha MOHOOOMEH.
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duzypa 13. EppekmusHocm Ha oyucmeaHe Ha 800HUMe rnomouyu om Cd?* u Pb?* lioHu npu
Pa3AUYHU KOHUeHmpayuu
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Mo oTHoweHMe Ha Pb?* MOHM BCMUYKM MaTepuanu NokassaT BUCOKa eDEKTUBHOCT Ha OYMCTBaHE
(Hag, 95 %) Npw BCUYKM U3XOAHU KOHLUEHTpaunn. N3cnepBaHuaTa BbpXy BAMAHWETO Ha pH Bbpxy
edeKTMBHOCTTa Ha NpoLecuTe nNokasear, ye u Cd?* MoHM ce peayumpat B Hali-BMCOKaA CTENEH Npu
pH=7, nokato Pb?* iioHK npu pH=5.
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duzypa 14. BauaHue Ha pH ebpxy pedykuyuama Ha Cd?* (a) u Pb?*(b) lioHu

C uen aa ce U3ACHM MexaHM3Ma Ha 3a4bpXKaHe Ha KagMUEBUTE MOHM KbM eKCNEepPUMEHTATHUTE
[aHHU Ca NPUNOMKEHU Pa3NUYHU TepMOANHAMMYHM mogenun. B Tabnvua 5 ca npepncraBeHn
0606lleHM pe3ynTaTM OT MOAENMPaHeTo, KaTo e npeacTaBeHa W Kopenauuata C
€KCNepPMMEHTA/IHUTE [iaHHU, OT KOATO Ce BUMKAA, Ye IMHENHUAT moden Ha Langmuir Hali-gobpe
onucea npoueca. Te3n pes3ynTaTM OTHOBO MOTBbPKAABAT MPOTUYAHETO Ha aacopbuma Ha
METa/IHUTE MOHWN BbPXY MOBbPXHOCTTA Ha NeneHUTE 3e0/IUTH.

Tabauya 5. Peaynmamu om npunazaHemo Ha mepmoOUHAMUYHU MOOesnU KoM
ekcriepumeHmasnHume AaHHU 3a 3a0bpxrcaHe Ha Cd?* lioHu om nenesHu 3eonumu

Model
Thermodynamic Models ——————— CFAZ MNP-CFAZ  Cu-CFAZ Co-CFAZ
Parameters

Qeat, mglg 170.1 163.7 9.8 93.9

Langmuir linear Kp, Limg 0.3 0.4 0.3 0.4
R® 0.992 0.995 0.909 0.922

Qsat, mglg 159.1 157.4 932 92.5

Langmuir nonlinear Ki, Limg 0.5 0.7 Le 14
R? 0.978 0.928 0.825 0.886

Kg mg/g 52.9 60.2 387 389

Freundlich n 34 4.0 44 49
R? 0.903 0.781 0.851 0.820

Qzat, mglg 161.8 139.7 93.0

- . K, Limg 0.5 215 - 1.3
Langmuir-Freundlich n 10 144 0.94
R? 0.978 0.953 0.886
b 88.5 94.3 204.3 2097

Temki RT/b 27.7 26.0 12.0 117
emsm AuLfg 7.1 0.8 5.2 39.8
R? 0.975 0.874 0.846 0.864
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EdeKkTMBHOCTTA Ha gerpagaumata Ha MB npu okucnuteneH Fenton npouec e namepeHa npu
Temnepatypu 90 °C n 60 °C, KaTo pe3ynTaTuTe OT NOAYYEHUTE KMHETUYHM KPUBKM Ca NOKA3aHM Ha
®urypa 15. Mpn no-BUCOKM TemnepaTypu 0b6Ww,o0TO OKncneHne Ha MB ce noctura 3a No-masnko ot
25 MUHYTK, KaTO BCUMYKM U3Cne[BaHM NPO6M NOKA3BAT BUCOKA KAaTa/IMTUYHA aKTMBHOCT B MpoLeca
Ha oKucneHue. Moxe aa ce otbenexu, 4e HemoanPULMPaAHMAT NeneneH 3eo0NnT NPoABABA Hall-
BMCOKAa KaTa/IMTMYHA aKTMBHOCT C HanpeABaHETO Ha okucautenHua npouec npu 90 °C, aoKaTo
MmoandUUMpPaHmAT ¢ Kobant obpasel (Co-CFAZ) e Hali-manKo akTUBEH. py NOHM)KaBaHe Ha
Temnepatypata go 60 °C moguduumpaHuTe npobu npoABABAT MNO-BMCOKA KaTa/NUTMUYHA
aKTUBHOCT OT WM3XOAHWA NeneneH 3e0/UT, KAaTO Hal-BMCOKA CKOPOCT HA OKUCNEeHMe e
perucTpupaHa npu moamnduumnpanma ¢ Magnetite obpasen, (MNP-CFAZ) .

100 ,__i::eﬁffc?fmi- ™~ 100
90 //F a8 —8——=
| A =
B; 80 -— a_ ol
§ 70| §
5 oof 5 a0l
5 [ =
8 50 S
S sl S ol
3 >
° I o
i —»— Cu-CFAZ 5
o i o
52l | —e Co-CFAZ 5 » —#— CFAZ
& - »— CFAZ @ —e— Co-CFAZ
1 o —o— MNP-CFAZ
[ —o— MNP-CFAZ oL
0 _u CI) PR [N TN [N TR NN TN N TR (N TR NN VNN [T TN T TN N T N 1 1 1 1 1 1 1
a

5 10 15 20 25 30 35 40 45 50 55 60 0 20 40 60 30
Time, min

(b)

100
Time, min

(@)

Gueypa 15. EdpekmusHOoCcm HaA oKUC/AEHUEMOo Ha memusaeHos8o cuHbo npu 90 °C (a) u 60 °C (b)

3a BM3yanM3auMa Ha Npoueca Ha OYMCTBAHE HA 3ambpceHa ¢ barpuna sBoga Ha Purypa 16 e
nokasaHo obe3uBeTABaHETO Ha MU3X0AeH pa3TBop Ha MB c KoHueHTpauma 100 mg/l cnea npectoi
oT 24 vyaca B cpega c FAU neneneH 3eonut.

®ueypa 16. ObesysemsasaHe Ha 8004, 3MbPCEHA C MEMUIEHOB0 CUHbO
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M3cnepgBaHa e npeuyncTBawata CnocobHOCT Ha MenenHWUTe 3e0/IUTU MO OTHOWEHWE M Ha
ManaxmToBo 3eneHo (MG) — TOKCMYHO CbeaMHEHUe, U3NON3BAaHO B MHAYCTPUATA HE CaMO KaTo
OUBETUTE/, HO U B XPaHUTE/IHO-BKYCOBAaTa NPOMMLLIEHOCT BbB pepMK 3a pa3BbKaaHe Ha puba.
MenenHn 3e0nnTK, NOMYYEHU Ype3 aTMocdHepHa CaMOKPMCTaIM3aLmMA, Ca NOCTaBEHN B U3XOAEH
BOAEH pa3TBop Ha MG c KOHUEeHTpauma Ha ougeTuTena ot 10ml/l. U3cneasaHa e KMHETUKaTa Ha
NPomsAHa Ha KOHUEHTpaumaTa Ha MG A0 AOCTMraHe Ha paBHOBECHA CTOMHOCT, KaTo pe3yaTature
3a noslyyeHaTa epeKTUBHOCT Ha OYMCTBaHE ca NpeacTaBeHn Ha Purypa 17.
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Gueypa 17. EhekmusHocm Ha pedyKyus Ha Masaaxumoso 3e/1eHo om fnefneaHu 3e0umu,
nosy4yeHu Ype3 ammocgepHa CaMOKpUCMAAu3ayusa Ha pasnu4yHu U3Xo0HU Cypo8UHU
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BCUMYKKM nenenHu 3e0nnTM NOCTUraT BUCOK KoedUUMEHT Ha npeynctBaHe Ha MG (Hag 95 %),
HE33aBMCMMO 4Ye Ce XapaKTepu3mpaT C PasUYHU MOBBPXHOCTHM CBOMCTBA. 33 Aa Ce WU3ACHMU
MEeXaHU3Ma Ha KMHETUKA M Aa Ce U3YMUCAAT NOKa3aTeIM KaTo CKOPOCTHA KOHCTaHTa M Bpeme Ha
nonypeakumsa, Heobxoaumm 3a mawabupaHe Ha npoueca, € M3BbPLIEHO MATeMaTU4eCcKo
mozaenvpaHe. EKcnepMmeHTanHuTe gaHHM ca npunoxeHn kbm Pseudo First Order (PFO) n Pseudo
Second Order (PSO) mogenu Ha KUHETUYHU peaKkunn - Durypa 18. YctaHoBeHoO e, 4e PSO mogenst
ocurypasa Haii-gobpa Kopenauva C KMHETMKaTa Ha 3agbprkaHe Ha MG Bbpxy nenenHute
3€0/IMTW, KOETO € XapaKTepHO 32 XeMUCOPOLIMOHHU NPOLLECH, BKIKOYBALLM cnoaensaHe u obmeH
Ha Ba/JIEHTHU €NEeKTPOHHU CUAN mexay copbeHTa 1 copbaTta. ToBa ce NOTBBLPXKAABA U OT daKTa,
ye He ce YCTAaHOBABA TEHAEHLMA HA HapacTBaHE HA CKOPOCTHAaTa KOHCTAHTa C yBean4vaBaHe Ha
cneundmyHaTa NOBbPXHOCT HAa 3€0/IUTUTE OT BbIULLHA nenen -Tabaunua 6.

Tabauya 6. Napamempu Ha PSO kuHemu4yeH moden

MapameTbp ZFAB-14 ZFAG-14 ZFAM-14  ZFAR-14  ZFARE-14 ZFAV-14
k2, M. min! 0.0075 0.0070 0.0080 0.0180 0.0081 0.0174
T1/2, min? 13.42 14.22 12.45 5.57 12.37 5.76
REmax, % 96.6 97.0 98.6 97.5 97.0 97.0

B cnyuaid, 4ye NpoLechT NPOTUYA KaTo aACcoOPOLUMOHEH, TOraBa NOBbPXHOCTHUTE XapaKTEePUCTUKM
Ha copbeHTa KaTo pasmep Ha YyacTuuuTe, cneundryHa NOBBLPXHOCT U AMAMETHP Ha NopuTe e
6bAaT OT CbLLECTBEHO 3HayeHMe 3a KMHeTMKaTa Ha Mnpoueca, Koeto He ce Habnwoaasa npu
HacToAWwMTe M3cnedBaHMA Ha B3aMmogelcTeme. Moke ga ce nNpuveme, Ye MexaHM3MbT Ha
xemuncopbuma Ha MG BbpXy NeneaHuTe 3e0AUTK Ce NoAYMHABA OT KaTUOHHOTO NoBeAeHue Ha
ToBa 6arpuno npu pasTBapAHETO My BbB BOAA, Tbil KaTO KaTMOHHWUTE 6arpuna HoOCAT
MONOMKUTENHWN 3aPAAN B CBOUTE MOJIEKY/IM U CE ANCOLMMPAT Ha KaTUOHM BbB BOAHUTE Pa3TBOPM.
B TO3M cnyyaih moKe Aa Bb3HMKHE NpoLec Ha MOHOOBMEH MmeXKAy NOABUMKHUTE KaTUOHW B
CTPYKTypaTa Ha 3e0/MTa U KaTMOHWTE Ha 6arpuMnoTo OT pas3TBopa. M HaKpas, moxe Aa ce
NpPeAnonoXu, Ye CKopoCTTa Ha aacopbuma Ha MG Bbpxy NeneaHnTe 3e0/IMTU MbPBOHAYaNHO Lie
6bae AOMUHMPAHA OT NOBBPXHOCTHM GAKTOPU U C HaNpeABaHETO Ha MPOLECa KOHLEeHTpaumATa
n pasnpeneneHneTo Ha MOHOOBbMeHHMTE LIeHTPOBE B pamMKaTa Ha 3€0/1MTa LWe UrPasT Ka4voBa
pons.

JeTaiinHO onucaHMe Ha NpPoOBEeAEHUTE EeKCNepUMEHTU U NOoJlyYeHUTe Pe3ynTatm OTHOCHO

npuaoxeHneto Ha nenesHuUTe 3e0/1IMTU B CUCTEMMU 3d NPeYUCTtBaHe Ha 3aMbpPCeHn BOAU Ca

npeAacTaBeHn B cnegHUTE HayYHU TpyaoBe OT Kateropusa B.4:

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,
Manufacturing Rev., 2020, 22 (7)
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Boycheva S., Zgureva D., Miteva S., Marinov |., Behunova D, Trendafilova I., Popova M., Vaclavikova 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

Zgureva D., Boycheva S., Behunova D., Vaclavikova M., Smart- and Zero-Energy Utilization of Coal Ash

from Thermal Power Plants in the Context of Circular Economy and Related to Soil Recovery, J. Environ.
Eng., 2020, 146(8): 04020081

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, Crystals 2020, 10(11), 1-16, 1064
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Gueypa 18. PeepecuoHeH aHanU3 Ha eKcriepumeHmanHume 0aHHU Ha adcopbyusa Ha MG om
nenesaHu 3eonumu 4Ype3 PFO u PSO KuHemu4Hu mooesnu (nuHeeH 8uo)
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MPUNOMXEHWUE HA NENESTHUTE 3EOCJZTUTU B CUCTEMU 3A KATAIUTUYHA
OECTPYKUMA HA YCTOMYMBU OPTAHUYHA KOMIMOHEHTU

MpoBegeHN ca eKcnepMMeHTaNHM U3Cne[BaHMA BbPXY NPUAOKMMOCTTA Ha NENesiHn 3e0UTH,
NONlYyYEHM UYpe3 PaA3/IUYHU TEXHUKM HA CUHTE3 U uype3 mogudukauma ¢ Co n Cu B cuctemm 3a
KaTanuTuyHa gectpykuma Ha YOC. B nabopatopeH peaKTop ce nocTaBA M3BECTHA maca oT
neneaHua 3e0/IUT B HACUMHO CbCTOAAHME, orpaHuyeHa ot SiO; PunTbp. B NpoToyeH pexkmm Ha
paboTa ce nponycKka rasos NOTok ¢ g4ebut ot 30 ml/min B NnpogbaKeHMe Ha 45 MUHYTM KaTo 3a
mogaennu YOC Ha uscnesBaHe ca NogN0XKeEHN TONYeH, aueToH, n-hexane n 1,2-dichlorobenzene.
EkcnepumeHTUTE ca nposBedeHn B TemnepaTtypHua uHtepsan 500-723 K. KoHueHTpaumaTa Ha
mogennute YOC B n3xogAwmA NoToK e onpeseniaHa B AMHAMUYEH PEXMM C MOMOLLTA Ha ra3os
xpomatorpad. MNpu BCMYKM NPOBEAEHN EKeNPUMEHTA/IHU OMUTM € YCTaHOBEHO MOCTUraHe Ha
paBHOBECHWM 3a peakumAta ycnosma cneqd 30 MUHYTM Ha eKcno3umuma. Pesyatatm ot
KaTa/IMTUYHMUTE eKCMEPUMEHTM 33 KOHBEPCMA HA TONYEH OT NenesiHM 3e0AMTU U CYypOBa 1eTALLA
nenen ca rnokasaHu Ha ¢urypa durypa 19.
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Gueypa 19. KoHsepcusa Ha MosyeH 8bpXy U3XOOHA AemAw,a renes, neneanHu 3eoaumu, Cu-
MOOUGUUUPAHU nenesHU 3eoaumu: memnepamypKa 3a8UcuMocm a); speme Ha peakyus b)

Halt-0o6pun pe3yntatv 3a MbJIHO OKUC/IEHNE HA TO/IlyEHA Ca NOCTUFHATK OT 3€0/IUTUTE, MONYYEHU
ypes KOMOMHaUMA OT ABYCTbMNAa/IEH CMHTE3 N aTMOcPepHa camMoKpucTanmsaums. 3a obpasymte,
noJsly4eHn Ypes aTMochepHa CaMOKPUCTaNU3aLLMA AN Ype3 ABYCTbMNANEH CMHTE3, ce HabaoaaBa
NOBWLLABAHE HA KATa/IMTMYHATa aKTMBHOCT NPW HapacTBaHe Ha TemnepaTtypata. Ob6paseuwbr,
nosydeH upes aTmochepHa KpUCTanm3auma, NoBMLIABA KaTaIMTUYHATA CU aKTUBHOCT OT 26.7 %
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10 59.8 %, a ApyrmAat obpasew, — ot 17.6 % no 56.3 %. MoanduKaumata Ha nenesHUTe 3e0AUTHU C
MefeH OKCua, BOAW A0 3HAYMTENIHO YBe/IMYeHMe B KaTanuTUYHaTa aKTMBHocT. O6pasuuTe, 3a
KOUTO Ce PperucTpMpa BMCOKA KaTaJIMTUYHA aKTUBHOCT, MOKa3BaT W CTabWMAHOCT npwu
NPOABAKUTE/IHA EKCNO3ULUA.

MNenenHn 3eonntTM U MeaHO-MmogubULUMpPaHKM obpasum ca uscnenBaHM U NO OTHOWEHWE Ha
KaTa/IMTUYHOTO OKUCneHne Ha cmec oT YOC, cbabprKalwa ToAyeH, aueToH, n-hexane,
1,2-dichlorobenzene (®urypa 20). [Mony4yeHuTe pe3ynTaTM ca CXOAHM, KaTO OTHOBO
moanduumpaHmTe obpasum ocurypasaT 3HAaUYMTENHO NO-BUCOKA CTEMEH HA KOHBEpPCKA.
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Gueypa 20. KoHsepcus 8 2a308e cMec HA: d) auemoH; b) n-hexane;
c) monyen; d) 1,2-dichlorobenzene

BinaHmneTo Ha CI'IeLI,Md)VI‘-IHaTa NOBBPXHOCT Ha neneaHuntTe 3€0/IMTM No OTHOWEeHWE Ha
KaTaIMTU4HAaTa MM aKTUBHOCT € YCTAaHOBEHO Ha 6asa Ha npoeeaeHNUTE €EKCNnepuMmMmeHTH.
YcTaHOBEHO e CbWo TaKa, 4ye CTOMHOCTTA Ha CI'IELI,Md)M‘-IHaTa NOBBPXHOCT AO0CTUra KPUTUYHA

26



LlokymeHmu 3a KaHOudamcmeaHe Ha [eHuuya 32ypesa 8 KOHKYpC 3a 3aemaHe Ha A/] doueHm 6 [TH 5.4 EHepeemuka

CTOMHOCT W KaTa/IMTMYHaTa aKTMBHOCT Ha NenefHUTe 3e0AMTWU 3anoyBa ga 6bae noBauMsBaHa
NPeauMHO OT KOHLeHTPaLMATa Ha aKTUBHU LLEHTPOBE B KPUCTa/IHATA peLleTKa. YCTAaHOBEHO €, Ye
AobpaTa KaTa/IMTMYHA aKTMBHOCT Ha NeneaHuTe 3e0/IUTW, MNOJAy4eHW upe3 aTmocdepHa
CaMOKpPUCTaNn3aLumsa, ce bMXKKU Ha PuHO ancneprupaHuTe y-Fes-0a yactnupm.

MogudukaumatTa Ha nenenHn 3e0/UTU BOAW [0 3HAUMTENHO YyBe/MYyaBaHe Ha TAXHaTa
KaTa/IMTUYHA aKTUBHOCT MPU OKUCIEHNETO HA TONlyEeH B HUCKMA TemnepaTypeH AMana3oH KaTo
Cu-mogmdunumpaHmTe nenenHn 3eonuTu nocturat go 94 % peaykuma Ha TonyeH npu 713 K un
100 % koHBepcus Ha 1,2-dichlorobenzene npu 550 K. AHaforMyHu pesyatatu ca noayyeHu un 3a
Co-moanduumparHm obpasum, nscnenBaHn No OTHOLWIEHME Ha KOHBepCUATa Ha ToayeH (Purypa
21).
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Qdueypa 21. KoHsepcusa Ha MosyeH 8bpxy MernesaHu 3e0aumu, nosayvYeHu Ype3 mpu pasnu4yHu
eKcriepuMeHmasnHU mexHuKu Ha cuHime3s u Co-moouguyupaHume um ¢opmu

KatanutmyHata ctrabunHocT Ha Cu- n Co-mogmduumpanm obpasuy No OTHOWEHWE HA MbAHOTO
okucneHue Ha YOC B ra3oBa cmec e uscnegsaHa npu 673 K B pamKkute Ha Tpu paboTHM UMKbAa
(Purypa 22). UscnepsaHuTe 06pasum NokaseaTt NnpeHebpekMma geakTMBaLumMs no oTHOWEHME Ha
BCMYKM nscneasanmn YOC.

Ha 6a3a BCUYKK MOAYYEHN EKCNEePUMEHTA/IHU Pe3ynTaTh € A0Ka3aHo, Yye moauduKaumaTa Ha
nenenHUTe 3e€0/IMTU C MeAHM WAN KODBanToBM CONM MMa MNONOKUTENEH e(dEeKT BbpPXY
KaTaMTUYHUTE CBOMCTBA Ha NenesiHUTE 3e0/INTK MO OTHOLWEHME Ha KoHBepcuaTa Ha YOC.
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®ueypa 22. KoHgepcus Ha MoOesIHU CbeOUHEeHUSA rnpu paboma Ha Kamasau3amopume 8 mpu
nocsnedosamesnHU UUKbAa

[eTtaiinHO onucaHMe Ha NpPOBEAEHUTE EKCMEPUMEHTU WU NOoJlyYeHUTE pe3yaTaTu OTHOCHO

NPUNOXKEHUETO HA NenesiHUTe 3€0/IMTU KaTo KaTa/M3aTopu 3a peayKUMA Ha YCTOWYMBMU

OpPraHUYHU CbeAUHEHNA Ca NPEeACTaBEHU B CI€AHUTE HAYYHU TpyAoOBe OT Kateropusa B.4:

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, Journal of
Hazardous Materials 361:374-382, 2018

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,
Manufacturing Rev., 2020, 22 (7)

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, Materials 13, 2014,
2020

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, Catalysis Today 357, p. 518-525, 2020
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LlokymeHmu 3a KaHOudamcmeaHe Ha [eHuuya 32ypesa 8 KOHKYpC 3a 3aemaHe Ha A/] doueHm 6 [TH 5.4 EHepeemuka

NMPUNOKEHUE HA NENENHUTE 3EO/IMUTU B CUCTEMU  3A
TEPMOXUMWYHO CbXPAHEHUE HA TOIMJIMHHA EHEPIUA

MonyyeHUTe CUHTETUYHU 3€0/IMTU OT /eTAWA nenen ca u3cneaBaHW KaTo paboTHa cpeaa B
cMcTemMa 3a TePMOXMMUYHO CbXpPaHeHWe Ha TONIMHA Ha NpUHUMNa Ha agcopbuusa/gecopbums B
nopbo3Ha cpeaa (Purypa 23).

MPMHMNDBT Ha TEPMOXMMMUYHO CbXPAaHEHME Ha TOMAMHA OT 3€0/MTU Ce M3pasAsa Mo caeaHuA
HaYMH:

XuppatupaH 3eonut + TonanHa <> BogHu napu + [lexmapatnpaH 3eonur

Mpwn TO3M UMKANYEH TEPMOXMMMYEH MPOLLEC Ha XuapaTauua/gexumapataums CTPyKTypaTta Ha
3e0/IMTHaTa MaTpMLa OCTaBa yCTOMYMBA NOPaAM BUCOKaTa MHEPTHOCT U TePMUYHA CTaBUAHOCT Ha
Tesn matepuanu. Cnep pecopbumsaTa 3e0NUTHT MOXKE A3 OCTaHe NPOABL/IKUTENHO Bpeme B
,3apefieHo” cbcToAHMe 6e3 3arybu B akymy/nupaHaTa eHeprud, AoKaTto He 6bae crapTupaH

1

aacopbUMOHHUAT npouec.

3apexgaHe Ha TES
ypes gecopbuus

- 1

KongeHsaTop

OTnagHa
TONAMHA

lopeL, Bb34YX
T=120-180 °C

PaspexaaHe Ha TES Br3ayx
ypes agcopbuyua

v

BnaweH Bb3ayx
<10-15 °C

AacopbunoHHa
KONOHa

OCBOGO}‘HAEBaHe Ha TOn/MHa
T = 40-50 °C

dueypa 23. MpuHYUN HO MePMOXUMUYHO CbXPAHEeHUE Ha MOIAUHHA eHepaus
8 pabomHa cpeda 3eonum/sooa

3a npoBexAaHe Ha eKCNnepuMmeHTasHUTe u3cnenBaHusa belwe m3rpageH crneuvaneH CTeHA,
obopyaBaH C BMCOK K/ac namepBaTesiHa anapatypa B nabopatopusaTta no ,Bogonoarotoska u
ropmea“ B TY-Codus. 061 M3rnen 1 TeXHONOTMYHA CXEMaA Ca NoKasaHu Ha Purypa 24.
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Guaypa 24. 06wy uzened U NMPUHYUNHA MexXHOA02UYHA CXeMa Ha U32padeHus usmepeameneH
CcmeHO 3a uscnedsaHe HA MePMOXUYMUYHO CbXPAHEHUE HA MOMAUHA

M3BbpLIEHM Ca eKCNePUMEHTA/IHM MU3C/1eABaHNA NPU AeBUTU Ha BOAHUTE Napu U CyXmUa Bb3AYX
No BpemMe Ha 3apexaaHe 1 paspexaaHe pasHU Ha 30 I/h, KaTo NPOABMKUTENHOCTTA Ha MbPBUA
PEXMM € MONOBMH Yac, a Ha BTOPUA — eAMH Yac. TUMUYHKU pe3ynTaTU OT WU3BbPLUBAHMTE
M3MepBaHUA NO BpeMe Ha NpoLecuTe 3a 3apeXkaaHe 1 paspekaaHe ca nokasaHu Ha durypa 25.
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Gueypa 25. Tunu4yHu pe3yamamu om UsmMepeaHe Ha memnepamypama e rnpoyecume Ha
3apexcoaHe u pasperoaHe

Ha 6a3a Ha nosiyyeHUTe pe3ynTaTM OT U3MepBaHE Ha Pas/INYHU MNapameTpu No Bpeme Ha
AWMHAMUYHUTE N3cneaBaHUA Ha TEPMOXMMMYHATA CUCTEMA 33 CbXPaHEHWe Ha TON/IMHA NeneneH
3e0/1T/BOAA € onpefeneHa NABTHOCT Ha TOMAMHHMA notok ot 135 kWh/m3, koato e
CbMNOCTaBMMA C NOJYYEHUTE AAHHW B APYrM HAayYHW M3C/eABaHUS, B KOUTO € M3MO0A3BaH YMCT
CMHTETUYEH 3e0/IUT KaTo paboTHa cpeaa.

AETaVIﬂHO OMNUCaHMeE Ha npoueaypuTe U pe3yntatnute OT eKCNepmMMeHTa/IHOTO onpeaenAaHe Ha
XapPaKTEPUCTUKUTE Ha nenesHUTe 3€0/1IMTU NO OTHOWEHNE Ha NPUNOKNMOCTTa UM B CUCTEMMU 34
TEPMOXMMUYHO CbXpaHeHMe Ha TOMJIMHA ca NpeACTaBeHU B HAaYYHUA TPyLoBe OT KaTeropua B.4:

Boycheva S., Zgureva D., Marinov |., Miteva S., Yankov I., Ivanov A., Asenov A., Studies on the
thermochemical energy storage in the coal ash zeolite/water system, IOP Conf. Ser.: Mater. Sci. Eng. 1032
012033, 2021
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Abstract

Thin films consisting of a sol-gel Nb205 matrix doped with fly ash zeolites in different volume fractions were deposited by
the method of spin-coating. Zeolites of Na-X phase were prepared by long-term alkaline atmospheric conversion of coal ash
collected from the electrostatic precipitators in TPP "AES Galabovo" supplied by lignite coal from the "Maritza East" basin
using two different molarities of alkaline activator (NaOH). The surface morphology and structure of zeolite powders and
films were studied by scanning electron microscopy and X-ray diffraction, respectively. Optical constants (refractive index
and extinction coefficient) along with thickness of the films were calculated using a previously developed procedure
comprising two steps of nonlinear minimization of the discrepancies between the measured and calculated reflectance
spectra of films deposited on silicon substrates. The liquid adsorption and vapor sensing ability of fly ash zeolites were
tested by measuring the reflectance spectra of the films prior to and after exposure to probe acetone molecules. The
application of zeolites from fly ash for optical sensing is demonstrated and discussed. © Published under licence by IOP
Publishing Ltd.
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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. Cited 26 times.

Abstract

The present study is aimed at investigations on the catalytic activity for total oxidation of volatile organic compounds
(VOCs), such as toluene, acetone, n-hexane and dichlorobenzene onto zeolite-like materials synthesized from coal fly ash
(FA) directed to development of an economically efficient approach for degradation of VOCs. Fly ash zeolites (FAZ) were
prepared by alkaline conversion of FA collected from Thermal Power Plants supplied with lignite coal from “Maritza-East”
basin in Bulgaria. Different synthesis procedures double stage fusion-hydrothermal activation, fusion-atmospheric
crystallization and atmospheric aging were applied. The synthesis products were identified by X-ray diffraction, and were
assigned to zeolite Na-X. Scanning electron microscopy images reveal submicron dimensions of the composing crystallites.
Nitrogen adsorption/desorption measurements reveal a mixed micro-mesoporous structure and specific surface area
between 116 and 396 m2/g for the obtained FAZ. Relationships between surface properties, iron content and the catalytic
activity of FAZ were investigated and discussed. Copper-modified fly ash zeolites (Cu-FAZ) were prepared by incipient
wetness impregnation technique with copper acetylacetonate. The loading of 5 wt. % copper on the zeolite samples was
achieved. The catalytic activity of FAZ and Cu-FAZ in the total oxidation of model VOCs mixture containing n-hexane,
acetone, toluene, 1,2 dichlorobenzene was evaluated. © 2018 Elsevier B.V.

Author Keywords
Catalytic activity; Coal ash; Fly ash zeolies; VOCs oxidation

Index Keywords

Acetone, Catalytic oxidation, Coal, Coal ash, Copper compounds, Fly ash, Gas adsorption, Hexane, Hydrothermal
synthesis, Oxidation, Scanning electron microscopy, Thermoelectric power plants, Toluene, Volatile organic

compounds, Zeolites; 1 ,2-dichlorobenzene, Heterogeneous catalyst, Incipientwetness impregnation, Mesoporous
structures, Nitrogen adsorption, Scanning electron microscopy image, Submicron dimension, Thermal power plants;
Catalyst activity; 1,2 dichlorobenzene, acetone, coal, copper, hexane, iron, lignite, nitrogen, toluene, volatile organic
compound, zeolite; activation energy, catalysis, catalyst, copper, crystallization, degradation, fly ash, hydrothermal

activity, lignite, oxidation, volatile organic compound, zeolite;

adsorption, aging, Article, atmosphere, Bulgaria, catalyst, controlled study, crystallization, degradation, desorption, electric



3)

4)

a
-

power plant, fly ash, geothermal energy, oxidation, scanning electron microscopy, surface area, surface property, X ray
diffraction; Bulgaria

2-s2.0-85053753230
Document Type: Article
Publication Stage: Final
Source: Scopus

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, . Cited 1 time.

Abstract

High-grade zeolite nanocomposites are synthesized utilizing solid by-products from combustion of coal for energy
production in Thermal Power Plants applying alkaline aging, hydrothermal and fusion-hydrothermal activation procedures.
The obtained coal ash zeolites were studied with respect to their chemical and phase composition, morphology, surface
parameters and thermal properties. It was found that they are distinguished in nanocrystalline morphology and significant
content of iron oxide nanoparticles (y-Fe203, a-Fe203, y-Fe304) and doping elements (Cu, Co, Mn, V, W, etc.) transferred
from the raw coal ash, and therefore they are assumed as nanocomposites. Coal fly ash zeolite nanocomposites are
characterized by a mixed micro-mesoporous texture, significant concentration of acidic Brgnsted centers due to their high
surface insaturation, high chemical and thermal stabilty. This unique combination of compositional and textural properties
predetermines the application of these materials as catalysts for thermal oxidation processes, anticorrosion barrier coatings,
carbon capture adsorbents, matrices for hosting functional groups, detergents etc. Examples for coal fly ash zeolite
applications for substitution of critical raw materials in practice are provided. © S. Boycheva et al., Published by EDP
Sciences 2020.
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Progress in the utilization of coal fly ash by conversion to zeolites with green energy applications
(2020) Materials, 13 (9), art. no. 2014, . Cited 5 times.

Abstract

Fly ash (FA) from lignite coal combusted in different Thermal Power Plants (TPPs) was used for the synthesis of zeolites
(FAZs) of the Na-X type by alkaline activation via three laboratory procedures. FAZs were characterized with respect to their
morphology, phase composition and surface properties, which predetermine their suitability for applications as catalysts and
adsorbents. FAZs were subsequently modified with metal oxides (CuO) to improve their catalytic properties. The catalytic
activity of non-modified and CuO-modified FAZs in the total oxidation of volatile organic compounds was investigated. FAZs
were studied for their potential to retain CO2, as their favorable surface characteristics and the presence of iron oxides
make them suitable for carbon capture technologies. Thin films of FAZs were deposited by in situ crystallization, and



investigated for their morphology and optical sensitivity when exposed to pollutants in the gas phase, e.g., acetone. This
study contributes to the development of novel technological solutions for the smart and valuable utilization of FA in the
context of the circular economy and green energy production. © 2020 by the authors.
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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
(2020) Processes, 8 (7), art. no. 778, . Cited 2 times.

Abstract

A nanocrystalline zeolite of Na-X type (CFAZ) was synthesized by ultrasonic-assisted double stage fusion-hydrothermal
alkaline conversion of lignite coal fly ash. Modified CFAZ with magnetic nanoparticles (MNP-CFAZ) was obtained by adding
presynthesized magnetic nanoparticles between the synthesis stages. CFAZs loaded by particles of copper (Cu-CFAZ) and
cobalt (Co-CFAZ) oxides were prepared by postsynthesis modification of the parent CFAZ, applying a wet impregnation
technique. The parent and modified CFAZs were examined for their phase composition by X-ray diffraction, morphology by
scanning electron microscopy, and surface characteristics by N2 physisorption. Comparative studies have been carried out
on the adsorption capacity of the starting CFAZ and its derivatives with respect to Cd2+-and Pb2+-ions from aqueous
solutions. Adsorption isotherms of Cd2+-ions on the studied samples were plotted and described by the adsorption
equations of Langmuir, Freundlich, Langmuir-Freundlich, and Temkin. The best correlation between the experimental and
model isotherms for the parent and modified CFAZ was found with the Langmuir linear model, assuming a monolayer
adsorption mechanism. Parent and modified CFAZs were also studied as catalysts for heterogeneous thermal Fenton
oxidation of methylene blue. At 90 °C, the higher catalytic activity exhibits the nonmodified sample, but with the decrease in
temperature to 60 °C, the modified samples are more effective catalysts. © 2020 by the authors.
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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, . Cited 3 times.

Abstract

This study is focused on a technologically viable and zero-energy green synthesis of zeolite Na-X by aging fly ash from
lignite coal (CFA) in alkaline solutions at ambient conditions resembling a quasi-natural crystallization process. The smart
utilization of CFA instead of its disposal will contribute to reducing landfill areas and to the recovery of polluted soils. The
obtained coal ash zeolites were characterized by X-ray diffraction, scanning electron microscopy (SEM), and N2
physisorption regarding their phase composition morphology and surface properties, respectively. The highest yield of
zeolite Na-X was achieved by incubating CFA in 1.5 mol/L NaOH for 1 year. However, significant crystallization extent was
established after 8 months of alkaline aging. Coal fly ash zeolites (CFAZs) obtained by atmospheric crystallization have
specific surface values up to 280 m2/g CFAZ, which make them suitable amendments to uptake contaminants from polluted
soils and ground waters. Examples on the retaining ability of CFAZ for methylene blue as a model dye and of Cd2+ ions
were provided. © 2020 American Society of Civil Engineers.
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Zgureva, D., Stoyanova, V., Shoumkova, A., Boycheva, S., Avdeey, 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.

Abstract

Worldwide disposal of multi-tonnage solid waste from coal-burning thermal power plants (TPPs) creates serious
environmental and economic problems, which necessitate the recovery of industrial waste in large quantities and at
commercial prices. Fly ashes (FAs) and slag from seven Bulgarian TPPs have been successfully converted into valuable
zeolite-like composites with various applications, including as adsorbents for capturing CO2 from gases and for removal of
contaminants from water. The starting materials generated from different types of coal are characterized by a wide range of
SiO2 /AI2 O3 ratio, heterogeneous structure and a complex chemical composition. The applied synthesis procedure
resembles the formation of natural zeolites, as the raw FAs undergo long-term self-crystallization in an alkaline aqueous
solution at ambient temperature. The phase and chemical composition, morphology and N2 adsorption of the final zeolite
products were studied by scanning electron microscopy (SEM), energy-dispersive X-ray (EDX), X-Ray Diffraction (XRD) and
Brunauer—Emmett-Teller (BET) analyses. The growth of faujasite (FAU) crystals as the main zeolite phase was established
in all samples after 7 and 14 months of alkaline treatment. Phillipsite (PHI) crystals were also observed in several samples
as an accompanying phase. The final products possess specific surface area over 400 m2 /g. The relationships between the
surface properties of the investigated samples and the characteristics of the raw FAs were discussed. All of the obtained
zeolite-like composites were able to remove the highly toxic dye (malachite green, MG) from water solutions with efficiency
over 96%. The experimental data were fitted with high correlation to the second-order kinetics. © 2020 by the authors.
Licensee MDPI, Basel, Switzerland.
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VOC oxidation and CO2 adsorption on dual adsorption/catalytic system based on fly ash zeolites
(2020) Catalysis Today, 357, pp. 518-525. Cited 8 times.

Abstract

Zeolite NaX was prepared by conversion of coal ash residue, collected from the electrostatic precipitator of a thermal power
plant supplied with lignite coal, by treatment with alkaline solution. Three different synthesis procedures, namely
hydrothermal activation, double stage fusion-hydrothermal activation, and atmospheric aging, were applied. Formation of
zeolite NaX, accompanied by iron oxides or Fe2+/3+ ions incorporated in the zeolite matrix was found. The zeolite
crystallites are with uniform size around 1-2 ym. The obtained materials showed the formation of a micro-mesoporous
composite with relatively high specific surface area (between 220 and around 500 m2/g). Fly ash zeolites (FAZ) showed
high capacity for CO2 adsorption depending on the state of iron in the zeolite structure. Cobalt-modified fly ash zeolites (Co-
FAZ) were prepared by incipient wetness impregnation technique with 6 wt. % cobalt loading. The initial and cobalt modified
FAZ showed high activity in degradation of different VOCs (acetone, n-hexane, toluene and 1,2 dichlorobenzene). It was
established that the extent of zeolitization and the state of iron in FAZ are critical parameters for the catalytic activity. The
obtained initial and modified fly ash zeolites are promising candidates for development of a dual catalytic/adsorption system
for VOCs and CO2 elimination. © 2019 Elsevier B.V.
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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, .

Abstract

Deterioration of the air quality and the greenhouse effect requires replacement of the conventional fuels with renewable
energy sources (RES). The main disadvantage of RES is the intermittent production of energy during the day and the
different seasons. This requires efficient energy storage solutions. Affordable technologies applicable to household-scale
heating are thermochemical energy storage systems (TES). TES are usually applied for concentration and storage of solar
energy. TES based on zeolites as heat storage media use the exothermic effect of water adsorption. The preferred storage
medium is commercial zeolite 13X, which is characterized by high porosity and a large specific surface area. In these
systems, the charging is carried out at 130-180 C and the energy storage efficiency is over 90 %. In the present study,
storage media of zeolite X synthesized by the alkaline conversion of coal fly ash was studied in a laboratory assembled TES
as a possible substitute of zeolite 13X. The results revealed a micro-mesoporous structure for coal fly ash zeolites (CFAZ) in
contrast to the microporous 13X. The charge of TES with CFAZ can be carried out at lower temperatures, while its
discharge is enough exothermic. The utilization of coal ash as raw materials for synthesis of heat storage media contribute
to many environmental benefits. © Published under licence by IOP Publishing Ltd.
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