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1. JInuHn JaHHH 3a KaHAUAaTa

I-p Credan Mapunos ¢ 3apppmmn XTMY- Codust ipe3 1980 r. Ot 1981 r. mocTemnBa
kato penoBeH goktopantT B MOXI®, BAH. Ilpe3 1986 r. 3amuraBa JOKTOpCKa
JUcepTanus U € 30paH 3a HaydeH ChbTPYAHUK B Chilus UHCTUTYT. [Ipe3 2001 r. cnevenBa
KOHKypC 3a ,,JIOIEHT" B JabopaTtopus ,,XUMHs Ha TBBPIUTE TOpPHUBA*, KbAETO PabOTH U

710 MOMEHTA.
2. Tlpernen Ha AUCePTALUMOHHUSA TPYA

[IpencraBeHUAT MU 3a PEICH3US AUCEPTAIMOHEH TPY/l € HanmvcaH Ha 173 MallMHOUCHH
CTpaHHIM U Chabpka 41 ¢urypu u cxemu, 35 tabnauu u 212 nurepaTypHU U3TOYHUIIH.
Cnexn kpaThK yBOJ W JIUTEpaTypeH 0030p ca ¢dopMylupaHH IenTa W 33JadyuTe Ha
W3CIIeIBAHMATA, HAIIPABEHO € MOJPOOHO OIMCAaHUE HA U3IMOJI3BAHUTE MaTepPHali, METOAU
Y MHCTPYMEHTATHA TEXHUKH, MPEJICTABEHN Ca OCHOBHU PE3YJITATH U TUCKYCHUS BBPXY TSIX,
KpaTK{ W3BOJM M OCHOBHH MIPUHOCH, JIUTEPATYPHU M3TOUYHUIIHA, CIIUCHIIN Ha MyOJIUKAIUH,

KOH(I)CpCHI_[I/II/I, HUTHUPAHUA U HAYYHH IPOCKTHU, CBBP3aHU C AUCCPTAITUOHHUA TPYA.

B VYBopnara wact Ha aumcepTanusaTa KaHAUIATHT YMENIO BBBEXKIa B MPOOIEMUTE,
CBBpP3aHH C M3IMOJI3BAHETO HAa BBIJIUINATA, U MMO-KOHKPETHO, C HEOIaronpusTHUs e(heKT Ha
csipaTta BbPXY KauecTBOTO Ha IMOJIy4aBaHUS KOKC U 3aMbPCABAHETO HAa OKOJIHATA cpeda U
MpoM3THYAIIaTa OT TOBa HEOOXOJUMOCT 3a ONpEJeNisHE Ha BUAA M CHABPKAHUETO Ha

CSpa-ChABPXKALIUTE CBHEAMHEHUS B OpraHM4Hata maca. AKLEHTUpa C€ U BBPXY



TPYAHOCTUTE, CBBpP3aHWM C TE3HM HU3CICABAHUA, KOHUTO IPOU3THYAT OT ciabara

Pa3TBOPUMOCT U TEPMHYHA HEYCTOMYHMBOCT HA TE€3U MATEPUAIIH.

B Jlureparypuust 0030p clie]] KpaThK MpErJie] HAa OCHOBHUTE ChCTOSIHUS HA CSpaTa BHB
BBIUIMIIATA, ABTOPBHT TPaBH 3aAbI00YCHA W KPUTHUYHA OICHKA HAa TPAJAUIIMOHHO
MPUJIATAaHATE METOJU 3a ONpEJCIISIHE Ha ChCTaBa HA OPraHUYHHUTE CEPHH ChEAWMHCHHS.
[TonpoOHO ca pasriielaHd TEPMHYHUTEC AHAJUTHYHA METOJH, NMPOBESKIAHH B pa3lindHa
ra3oBa cpega WIM B MPUCHCTBHE HA PEAylUpAIld Pa3TBOPHUTEIH, KaTO CIEIHAITHO
BHHMaHUE € OTJICJICHO Ha TEMIIEpaTypHO-TIpOorpaMupanHaTa peaykus. JleMoHcTpupanu ca
MPEeIMMCTBAaTa M HEJAOCTAaTBIIUTE HA TEPMHUYHHUTE H3CICABAHHS B OKHCIIHMTEIHA Cpeja.
HanpaseHn e mperjen u Ha BB3MOXKHOCTUTE, KOMTO IPEIOCTaBAT HEICCTPYKTUBHUTE
nHctpymeHTanau Metoau karo XPS, XANES, EXAFS, SEM-EDX, kouto ca u3noi3BaHu

Y B IMUCEPTALMOHHUS TPYA.

Ha 0Oazata Ha HampaBeHHSs JeTaiJIeH aHAJU3 Ha ChCTOSHUETO Ha IpobieMa, aBTOPBT SICHO
dbopMylipa menTa Ha JAUCEPTANMOHHUS TPYA W TMPOU3THYANINTE OT HEs KOHKPETHHU
3aJaud. BHuUMaHMETO Ha KaHAWJaTa € HACOYEHO KbM H3y4aBaHE M pa3BUBaHE Ha
BB3MOKHOCTUTE Ha PEAYKIIMOHHUS MUPOJU3 KaTO CPEACBO 32 €()EeKTUBHO KAUEeCTBEHO U
KOJIMYCCTBCHO OIMPCACIIIHC HAa CHABPKAHUECTO HA OPpTaHUYHU CEPHU CHCAUHCHUA IPEANU U
cien Ouonecyndypusanus Ha BbITIMINATA U JPYTU IPUPOJHU MPOJYKTH, KATO BBIJIUIIHU
JUTOTHUINH, OpUKETH 3a W3rapsHe M XYMHUHOBH KHCEIMHHM OT JMTHUTH U JIGOHAPIUT.
3HAUUTEIHO BHUMAHUE € OTJEJIEHO CHIIO U HAa ChCTAaBa HA JIETJIMBUTE MPOLYKTH OT BOJHU
H3BJICOMW OT M3JYIBAaHC Ha BbBIVIMIIA W OTACIAINHUTEC C€ Ta30BC IIPU MUPOJIMU3 Ha

JUTHUHOIIETYJIO3Ha OroMaca.

OO0ekT Ha M3CIIeIBAHMATA B IUCEPTALUATA CA HUICHK U BUCOK PAHT BBIJIMINA OT Pa3IuIHU
Haxomuima B bearapus, Typrus, Mcnanus u YkpaiiHa, BIIUIIHA TPOIYKTH (JTUTOTHIIH,
XYMUHOBHU KHCENUHHU) U OnomMaca. M3crneaBaHusiTa ca MPOBEAEHU MPH W3MOI3BAHETO HA
TemneparypHo-niporpamMupana peaykinus mpu armochepHo Hamsrane (AP-TPR) ¢
MOTEHIIHOMETPUYEH JIETEKTOp, ,,0N-line” Mac-CreKTpOMETpUYHO AeTekTupane u ,,0ff-
line” kKOoMOMHHMpaHO razxpomaTorpadcko- MacCIEeKTPaTHO OIMpeAeTsHE Ha MPOIYKTHUTE
clie]l TPEBAPUTEITHOTO UM aACOPOLMOHHO KOHIICHTpUpPaHE. B Mo-HOBUTE HM3CleaBaHUS
aBTOpPHT BKIIOYBA W MeETOJa Ha TeMiepaTypHO-IPOrpaMUpPAHO OKHUCJICHUE MpHU
armocdepro Hamsrane (AP-TPO). B to3u ciaywaii aHaau3uTe ce OMpoBexaaT “on-line”

IpU U3MOJ3BaHE HA Mac-CIIEKTPOMETHP Karo JAeTeKkTop. M3mon3BaHu ca U ChbBPEMEHHH



HEJECTPYKTUBHU METOJIU 32 aHAJIU3 MEXIY KOMUTO PEHTTEHOCTPYKTYpHA (OTOEIEKTPOHHA
cnekrpockonusi, Mudpauepena cnekrpockonus ¢ @ypue Tpancopmanusi, TEPMUYCH U
eJIEMEHTEH aHajiu3. MHOro 100po BIeyaTIEHUE MPaBH MOAPOOHOTO U TOYHO OMMCAHUE HA
U3MOI3BAaHUTE METOAM M NPOLEAYpH 3a MOJArOTOBKA Ha MaTepHaluTe U TAXHOTO
u3cleiBaHe, KOeTO HEChbMHEHO JI0OKa3Ba pyTHHATA Ha aBTOpa B 00JIacTTa, KOSITO € 00eKT

Ha JucepranusTa U IpaBy MOCJICAHATa 0Cco0€eHO IOCHHA 3a 6’b,H€H.II/ITC Hn3CJICA0BATCIIN.

Paznenst ,,Pesyntatu u auckycusa’ 3aema LEHTPAIHO MACTO B JUCEPTLHUOHHUS Tpya. B
TO3W paznen ca 000ocobeHn 8 rinaBH, MOCBETEHH HA MPHJIOKEHHE HA PEIyKIMOHHHS
IIUPOJIU3 32 ONpEJeNssHE HAa OPraHUYHHM CAPAChAbPKAILM ChEAMHEHHS W OpraHuyHaTa
Maca BbB Bbrauma (I'nasa 1), IMTOTUNM OT JUTHUTH OT MUHM ,,Mapuua M3tok*™ (I'naBa
2), opuxetu (I'naBa 3), 6nonecyndypuszupanu periunia (I'nasa 4) 1 XyMUHOBU KUCETUHU
0T OBJITAPCKU JIMTHUTH M OT TypcKu JeoHapaut (I'7aBa 5), mpoayKTH OT W3JIyrBaHe Ha
murautd (maBa 7). B I'maBa 6 u 8 ce pasmiexnmar pe3yiaTraTH OT HMUPOIMTUYHOTO

OIIPCACIIIHC HAa OpraHnvHaTa Maca CbOTBCTHO HA JIMTHHUTH WU JIMTHOLICITYJIO3HA ouomaca.

B TmaBa 1 or gucepramusita ca ONHCAHU PE3YIATAaTUTE OT HU3CJIEIBAHHUATA BBPXY
necyndopusrpany BBIIUINA OT Pa3IMUYHU HAXOAMINA B bbiarapus, HHCHK U BHCOK PaHT
Berimmia ot JlonOackust 6aceitn B YKpaiiHa M JTUTHUTHU BbIyMIIA OoT Mcmanus karo ce
W3MOJI3Ba METOABT Ha PEAYKUMOHEHHHsS] MTHUPONHM3 TpU aTMochepHO HajsIraHe ¢
noteHpomeTpuuna jgerekius B cbuetanne ¢ XANES, DTA/TGA u SEM TexHHKH.
[Tokazanu ca Bb3MOXKHOCTUTE Ha PA3JIUYHUTE METOJM 3a TPETUPAHE HA BBIVIMIIATA, KaTO
ce moAvepraBaT IPEeJUMMCTBAaTa Ha METOJA Ha aJKaJIHOTO CTalsiHE 3a IIOYTU ITBIHO
OTCTpaHsIBaHEe Ha OpraHUYHATa U HeopraHuyHa cspa. Otdenszan e eeKT OT pa3pyliaBaHe
Ha HSKOU CEPHU XETEPOUMKIEHU CHEIUHEHHS U MOCTOBO-CBBp3aHaTa CApa-ChIbprKalln
TPyNH IPU M3MOJI3BAHE HA PEAYKIMOHHUS MHUPoiau3. HapacTBaHeTO Ha KOJIMYECTBOTO Ha
THOJIHUTE TPYIIH aBTOPHT CBHP3Ba C Pa3KbCBaHEe Ha CyN(UIHUTE U AUCYI(DUIHU BPH3KU B
pe3yJiTaT Ha NUPOJIU3 C BOJHA I1apa, KOETO € IMO-CHJIHO HM3Pa3eHO B PEIyKIIMOHHU
ycaoBus. KanHauaaThT ChIOCTaBs MPOBEKIAHETO HA MHUPOJIM3a C BOJHA Mapa C TO3U B
pPENyKIIMOHHA Cpela, KaTo MpaBU ChHIIECTBEHH H3BOJM 3a BB3MOKHOCTUTE 3a IIO-
edexkTuBHA Jecyndypu3anus C MBIHO OTCTpPaHsIBaHE Ha HEOpPraHWYHATA csApa MpHU
W3MOI3BaHeTO Ha BoaHA mapa. ChIIeBpeMEHHO ce OTOensi3Ba BUCOKATa CTENEH Ha
paspyliaBaHe TpU PEAYKIUS Ha MOCTOBATa CsApa U XETEPOLMKICHHUTE ChEAMHEHUS OT
THOo(eHOB THUIl. JIEMOHCTpUpaHO €, Y€ TPH BOJHOIMAPOBHUS MHUPOJIU3 CAPaA-ChIbPIKAIIN

CbCIUHCHHUS, KOHUTO HE Ca OT TI/IO(I)GHOB TUII, HaMajldBaT CHJIHO C IIOBHIICHHUC Ha



TEeMIlepaTypara, Karo NpU TEe3W YCIOBHS CE€ OTCTpaHSBAaT M ChEAMHEHHATA Ha
cyndoHOBaTa KUCENMHA. 3a CpaBHEHHE € OTOEIA3aHO, Y€ KJIACHUECKUAT MUPOJIN3 B TOK HA
Ar Biusie B MO-TOJIsIMA CTENEH HAa KOJIMYECTBOTO Ha HETHO(EHOBA csApa W OTCTpaHSIBA
BCHUYKU OKHCIICHH CEpHM CheAMHEHMS. B Xoma Ha m3crnenBaHusTa, aBTOPBT MONOOpsBa
Meroaa Ha AP-TPR upe3s “on-line” BkiItouBaHe Ha Mac-CIIEKTPOMETPHUUCH aHAJIN3, C KOETO
JI0Ka3Ba IBJIHOTO OTCTpaHsIBaHE HAa HeTHO(EHOBaTa Csipa MPU BOJHOMAPOBHS MUPOJIU3 H
CbC 3HAYUTENHA MPELUU3HOCT OINpeNeis ChAbPKAHHETO Ha anudaTHu U THOPEHOBU
ChEIMHCHUS BBB BBIVIMINA OT pa3nuuHu Oaceiinm B bearapums. CnenBama Kpadka B
ycbBbpuicHcTBaHeTO Ha AP-TPR Texnukata e BrmouBaneto Ha GC/MS ananus Ha
oTAeneHuTe ra3zoBe. HampaBeHm ca wu3BOIM 3a mpeo01agaBamoTO MPHUCHCTBHE BBHB
BBIJIMINA OT HUCHK PaHT Ha apOMAaTHHU CHhEIUHEHHUS C JIBA MPHCTEHA W BUCOKA CTEINEH Ha
3aMecTBaHe. Y ChbBBPIICHCTBaHATa TEXHHUKA I103BOJISIBA J]a CE ONPEIENU ChIAbPKAHUETO Ha
THOJM, MOHO- W IHMCYI(QHIM, aJKHJI U O-aJKSHWI THO(EHH, ajJKuia OeH30-THO(EHH U
anKuI 1nOeH30-THodeHn BbB BhIMINA. YcbBbpiieHcTBaHaTa AP-TPR-GC/MS TexHuka,
B ChUETAaHHME C TpEABApUTENIHA aIcopOLMs W KOHIIEHTPUPAaHE Ha OTACJICHHUTE Ta30Be
BbpXy Tenax, e mpuiiokeHa 3a MbPBU BT 3a OMNpEAEsSHE Ha ChCTaBa HA JUTOTHIU OT
JurHuTHY Bhravma (I'nmasa 2). M3non3BaHeTo Ha Ta3u TEXHHMKA MO3BOJISBA HA aBTOpa Ja
M3cieBa B ICTAMIM IPUCHCTBUETO HA CSpa-ChIbpPIKAILIM IpynH B muToTUnHTe. [lokaszan e
3HAYUTEIHO TOJ00pEH cepeH OanmaHc B pe3ylnTaT Ha OTYMTAaHE HA ChIBbP)KAHUETO Ha
HUCKOMOJIEKYJIHUTE CEpHU CBEIUHEHHS, KOETO € HEBB3MOXHO Jla C€ IOCTHTHE MpHU
oOuyJaifHUTe MUPOIU3HMU TeXHUKH. [1og00HM M3cnenBaHus ca HaNpaBEeHU U 3a OpPHUKETH,
m3non3Banu B Ourta (I'maBa 3). bux uckama ga orOenexa HSKOM CHIIECTBEHU H3BOJH,
CBBp3aHU C poOJsiTA Ha CYpOBHHATa TIPH MPOU3BOJICTBOTO HAa OpUKETH BBPXY
ChIbPKAHUETO HA OpPraHWYHM CBHEAMHEHHs B TAX. Taka Hampumep, 3a OpUKETHUTE,
MOJTy4eHH OT OMoMaca € JeMOHCTPHPAHO HUCKO ChABP)KAaHUE Ha JHAIKWI CyAQUAn U
amupaTHA THONMW. 3a CpaBHEHWE 3a OpPUKETH, IOJyY€HH OT JIMTHUTHU BBITUINA €
YCTaHOBEHO OT/EISIHETO Ha JUMHHUTE Ta30BE, CHABPKAIIA B 3HAYUTEIHO KOJIUYECTBO
anupaTHU cynpuan, CMECeH! anudaTHU-apOMaTHU Cynduau, apui cynduau, aaudaTHu
THOJIH, THO(PEHOBH CTPYKTYPH, METHITUO(PEH U METHIATHON. Y CTAHOBEHO € (hopMUpaHeTO
Ha MO-CJI0XKHHU THO(PEHOBH CTPYKTYPH B OUTYMHUHO3HUTE U CyO-OUTYMUHO3HUTE BBIJIMIIA.
MHOTro MHTEepecHU ca M3CIEABAHUATA HA aBTOpA BBPXY OMOAeCyapypH3NpaHU BBIVIMINA
(I'maBa 4). AP-TPR-MS wu3cnenaBanusTa, BKIIOYUTEIIHO U B cpella Ha XENWH, TOKa3BaT
MPUCHCTBUETO HA CIOXHHU CEPHHU CHEAWHEHHS KaTo CYI(QOHU U CYI(POKCHUIH, KOETO €

pe3yaTar oT OKHCIeHHe Ha anudarHaTa csipa npu ouonecyndypuzanusta. [lpeanoxena e



HOBa, MOA0OpeHa Mpollenypa, 3a OIpelaesHe ChIbPKAHHETO Ha E€JIeMEHTHa csipa B
MUKpPOOHATHO JeCcynpypru3npaHul BBIIHUINA OT pa3InIHH Haxonauiia. /leMoHcTpupaHu ca
Bb3MokHOCTUTE Ha AP-TPR-MS/GC Merona 3a ompenensHe Ha peAMiia OpraHHUYHH
cspachAbpiKAIlU CheIUHEHHS B TBBPIU OUTYMHHU OCTaThLU. Upe3 U3MOI3BaHETO HA TO3U
METOJI, aBTOPBT YCTaHOBsIBA OjaronmpusteH e(eKT OT KOMOMHHUPAHOTO XUMHUYHO/
MUKpOOUATHO JecylnypusnpaHe Ha JTUTHUTHU BBIIUIIA. CBIIECTBEHO MSCTO B TO3U
pa3zen Ha JUCepTalusATa 3aeMaT U3CICABAHUATA BBPXY MPOMEHHUTE, KOUTO HACTHIIBAT B
OpraHMyHaTa Maca U CepHHUTE (YHKIIMOHATHOCTH Ha TBBPAM HM3KOMAEMH TOpUBA CIE]
pa3IMYHU XUMUYHA ¥ OMOXUMUYHHN 00padoTku. [TocpeactBom usnonsanero Ha DTA-TG
TeXHUKa J-p MapuHOB J0OKa3Ba IO-I00pH IMOKa3aTeldd Ha 3amajiBaHe, HE3HAYUTEITHO
HaMaJsIBAaHE HA KAJIOPUYHOCTTA, KAKTO W PEAMIIA HEIOCTATHIN, MEKIY KOUTO YBEITHUCHO
BpEMe Ha M3rapsiHe U MOHIKEHUE Ha TeMIlepaTrypara Ha camo3araliBaHe Ha BBIIIMIIATA B
pesynrat Ha 6uonecyndypusanus. HanpaBeH e u3Bo 3a UAJIOCTHO MOJOKUTEIHUSA €PEKT
0T OMO-TPETHPAHETO BHPXY 3aMbPCIBAHETO Ha OKOJHATA cpepa. HOBOCT B M3cieABaHMITA
Ha kKaHmupata ¢ mnpuioxkenuero Ha AP-TPR-MS/GC texnukara 3a wu3yuaBaHe Ha
ChIIbP)KaHUETO Ha OpraHWyHaTa csipa B XyMuHoBU kucenuHu (I'maBa 5). [lokazano e
MPUCHCTBUE Ha MUANKWI cynbuan, cyndokcuau u cyndonu. lemMmoHcTprpaHo e, ue upes
JIONBIHUTETHOTO chueTaBane Ha AP-TPR ¢ TD-GC/MS netekiust MoraTt Ja ce Onpe/IesisT
roJsiM Opoi ChEIUMHECHHSI B XYMHUHOBHTE KHCEIIMHH KaTO apOMaTHH CTPYKTYpU M JIPYTH
BBIVIEBOAOPOaHU, TpuchecTBUe Ha N- u S- cbabpkamm cbenuHeHus. [locTUrHaTUST
JIeTaiifieH aHaJlW3 € B OCHOBaTa Ha HW3KAa3aHOTO IMPENINOJIOKEHHE 3a TMPOM3XoJa Ha
BBIVIMIIATA OT pa3jMYHU Haxoaumia B beiarapus. HampaBeHa € KakTo KayeCTBEHA, Taka M
KOJIMYECTBEHA OIICHKAa HAa KOMITOHCHTHTE B HEEKCTpaxupyemara 4acT Ha OPTraHMYHOTO
BEIIECTBO HAa XYMHHOBUTE KHCEIMHH, KaTo (PEHON W HETrOBU MPOHM3BOAHU, (ypaHU U
oensodypanu u Hskou N- U S- CHABPKAIIM OPraHUYHH CHEIUHEHHS] KATO TUMETHII
mucyndua, aumetun Tpucyiadun, THopeHu u OeHzoTHodeHu. HechbMHEHO, CBIECTBEH
MIPUHOC Ha paboTaTa € WICTPUPAHOTO MPEAUMCTBO HAa HOBHUS ITOIXOJ 3a ONPE/ICIITHE Ha
OpraHMYHUSI CHCTAaB Ha JIETIMBUTE BEIIECTBA HAa XYMHHOBH KHCETHUHH OT pa3iHyueH
npou3xox (TBbPAM TOPUBA, MOYBH, TOP(OBE, CEAUMEHTH U JIp.). ABTOPBT IEMOCTpUpPA U
BB3MOXHOCTUTE Ha TO3M METOJ 3a JETAMIIHO XapaKTepu3npaHe Ha OpraHMYHaTa Maca BbB
BervmIa. Unentudunmpanu ca roysim Opoit oprannyHu cheauHeHus kato Cg-Cip anku
ocnsenn, Cg-Ci5 nuHEHHM BBITIEBOAOPOAM, HapTanuHH, OWdeEHUTH, aneTrHadTaieHu,
(bIyopeHU W TeXHH ANKWINPAHU XOMOJO3H, MOHO- ¥ TUAPOMATHH CTPYKTYpPH, 3aMECTCHU

¢denonu u ceckureprieHouau (I'masa 6). 3a mbpBU BT I-p MaprHOB MpuUIIara Noaxojaa Ha



penykimonuuss mmpoym3 ¢ AP-TPR texnmka m “off-line” TD-GC/MS nerekmus 3a
orpeselisiHe Ha OPTaHUYHUTE KOMIIOHEHTH B MUPOJIU3HUTE Ta30BE OT JIMXATHUTE (ppakiuu
Ha Obnrapcku surHuTH (['maBa 7). IlpunokeHa € ompocTeHa cxema 3a HM30JIMpaHe U
(bpakMOHU3UPAHE Ha JIMXATH OT JUTHUTH. AHAIM3BT IMOKa3Ba CHIICCTBCHO MOHUKCHHE
Ha KOJIMYECTBOTO Ha Mapa(MHOBHUTE BBHIVIEBOAOPOIU U QKK OCH3EHUTE B CPABHECHHE C
U3XOJHUTE JIMTHATHH BBIJUIIA, KAKTO ¥ HapacTBaHE Ha ChIBPKAHUETO Ha
MOJIMIUKIINYHUTE apOMATHU BBITIEBOJAOPOAN M N-ChAbpKAIUTE ChequHeHus. HanpaBen
€ H3BOJl 3a OTCHCTBHE Ha TOKCHYEH PHUCK Ha JIMXaTUTE 3a OKOJHATa Cpeja, HO ca
OTIIPAaBEHU TPEHNOPHKUA 3a TAXHOTO IIOCTOSHHO HAONIOJCHHE, C KOETO ce JO0Ka3Ba

CollMaJIHATa aHTaXKUPAHOCT U 3HAYUMOCT Ha U3CJICAOBAHUATA HA KaHAUATa.

N3cnenBanusta Ha 1-p MapuHOB BbpXy ChCTaBa Ha oTnaaHara 6uomaca (I'nmaBa 8) ca ¢
MOTEHIMATHO TPUJIOKEHHE KbM PEIIaBaHETO Ha BBIIPOCH, CBBP3aHU C AITCPHATHBHHUTE
ropuBa U ekosiorusTa. Upes n3nos3BaHeTO Ha CPAaBHUTEIHO HEOTAaBHA OTKPUTHS MPOLIEC
Ha BOJIHOIIAPOB MUPOJIN3, aBTOPBT YCTAaHOBSABA OyaronpuaTHus egekT Ha 1ob6aBka or CO,
KbM BOJ[HaTa Iapa BbpXy KapOoHM3alusATa Ha Ouomacara. Y CTaHOBEHO €, Ue€ B MHEpPTHa
cpena ce TMOBHWIIaBa JOOMBBT HA TPBPAUS MPOAYKT. MHOTO aKTyalHH ca M3CIICABAHUATA
Ha KaHJuJIaTa BBbpPXY NPUIOKEHHETO Ha PEAYKLUMOHHHUS MUPOJIM3 3a H3CJIEIBaHE Ha
chbCTaBa Ha JIMTHOLENYJIO3HAaTa 4YacT Ha Ouomacata. 3a I'bPBU IBT aBTOPBT NPaBU
JieTaiJIeH KaueCTBEH U KOJMYECTBEH aHAJIW3 Ha JICTIIMBUTE KOMIIOHEHTH, OTAEISIIH Cce B
Te3u ycnoBus. HampaBenoro momuduimpane Ha AP-TPR-TD-GC/MS wmetona, upes
3aMsHA Ha BOJOPOJA C aprOH M CIJIE/IBAIIO aJCOPOLMOHHO KOHIIEHTPUPAHE Ha JICTINBUTE
IPOAYKTH TO3BOJISIBAT Ha JA-p MapHHOB Ja MOJy4yd HOBa MHGOpMalus 3a ChCTaBa Ha
HEKOHJIU3UPYEeMUTE KOMIIOHEHTH IpU MHUPOJN3a HA LENyJI03a, XEMHIIETYI03a U JINTHUH,
KOMTO ca OT M3KJIIOYHTETHO BAKHO 3HAYEHHE 33 MPOM3BOACTBOTO Ha OHOAM3EN H

OIla3BaHEC 3ApaBE€TO Ha XopaTta.

Pesynrarure OoT wW3cneaBaHHWATa ca NMyONMKyBaHM B 26 CTaTUM B CICIHATU3WPAHH
cnucanusi U 14 peleH3WpaHu JOKIaJa B MaTepuaiute Ha HaydHu Qopymu. 14 ot
MpeJicTaBeHUuTe cTatuu ca B crucanus ¢ kBaptun Ql, 4-Q2; 2-Q3 u 3-Q4. Yactuuno
pesynratute ca nokimansand Ha 30 koHpepeHIMM y Hac U B 4y:kOnHa. M3ciienqBanusirta ca
¢unancupanu ot 2 poroBopa ¢ ®HU-MOH, 4-c Hayuno-uscnenoBatenckus ¢GHoHA Ha
benrust u ca mogkpeneHu OT ABYCTPAHHU ChTPYJHUYECTBA C AKaJEMUUTE HA HAYKUTE HA
Typuust (2 Oposi) u YkpaitHa (2 Opost). 3HaYMMOCTTa Ha TONYyYEHUTE pPE3yiTaTH ce

JI0OKa3Ba C BHCOKATa IIUTHPYEMOCT Ha BKJIIOYCHHUTE B aucepTarusaTa myonukanuu (mo 20



OT cTtaTHHTE ca 3abensn3anu 328 murara). JI-p MapuHOB B rojisiMa 4acT OT IyOJIMKaIMUTE
€ Ha IBPBO WIM Ha BTOPO MSCTO. BCHYKO TOBa, KakTO M MPELUU3HO MOATOTBEHUTE
pa3eNUTENHN NPOTOKOIM ChC ChAaBTOPUTE HECBMHEHO JOKa3BaT BoOJeEIlaTa pojis U

CBbIICCTBCHUA JIMYCH IIPUHOC HAa KaHAWAAaTa B IIPOBCACHUTC U3CIICABAHM.

ABTopedepaTbT € HanucaH MHOTO J00pe Ha OBJITapCKHU U HA aHTJIMKUCKH €3UK, KaTo SICHO

1 TOYHO OTpassiBa CbABPKAHUCTO HA AUCCPTATUOHHUA TPYA.

3akao4yeHue

[IpencraBeHUsT MU 32 PEIICH3HS TUCEPTALIMOHEH TPYIl € CUCTEMAaTU3UPAHO H3JIOKEHUE Ha
onuTa A-p MapuHOB B 00JACTTa HAa KAYSCTBEHOTO M KOJMYECTBCHO XapaKTepPH3UPaHE Ha
CBhCTOSTHUETO Ha cspaTa BbB BBIVIMIIA U APYTA OOCKTH, KAKTO U Ha JICTIIMBUTE OPTaHUIHU
ChCIMHEHUS, OTICNISIIN CE IPH TEPMUYHOTO UM TpeThpaHe. CuuTam, 4e pa3BUTHETO HA
PENYKIIMOHHKS TMUPOJIM3 4Ype3 KOMOMHUPAHETO MY C HOBH, BHCOKO YYBCTBUTCIHH
TexHUKHU 3a aHanu3 karo MS-GC c mpeaBapuTenHo ajcopOIMOHHO KOHIIEHTpHpaHE Ha
KOMITOHCHTHUTE, KaKTO M MIIMPOKaTa JEMOHCTpAIMs Ha BBH3MOKHOCTHTE HA METOIUTE
BBpPXY ToJisiM Opod pa3HOOOpa3HM OOCKTH (BBIJIMINA OT PAa3IMueH PaHT MPEId U CIel
ouonecynypusanus, XyMHUHOBH KHCEIWHHU, OpHUKETH, IJMTHUHOIENYIO3Ha Ouomaca,
MPOJYKTH OT M3JyrBaHEe Ha BBIJIMIIA BHB BOJM) MOTAT Ja CE CYMTAT 33 OCHOBHU MPHHOCH
OT U3CIEABAHMSTA, OMHUCAHU B JUCEPTALMOHHMS Tpyd. HechbMHEHO, pe3ydaTratute OT
W3CIIEIBAHMATA Ca KAKTO C METOOJIOTHYCH XapaKkTep, Taka U ¢ MOIePTAHO MPAKTUIECKO
3HaUCHWE 3a pellaBaHe Ha peJulla EKOJOTHYHU MPOoOJIeMH, CBBP3aHH KaKTO C
eKCIUIoaTalusITa Ha TPAAWIMOHHUTE TOPHBA, Taka M ChC CHHTE3a HAa alTepHATHUBHU
ropuBa Ha 0Oa3zara Ha JHMTHUHO-LIETYJIO3Ha Ouomaca. VHTepecHH akIeHTH OT

H3CJICABaHUATA C TOAYCPTAHO MMPHUIIOKEH XapaKTEP Ca U3BOAUTEC, OTHOCHO:

- edekra Ha TeMIepaTrypara Ha MHPOJIU3 INpU ToJyyaBaHE Ha OHOropuBa OT
JUTHUHOLENYJIO3Ha OnoMaca BbpPXY ChCTaBa Ha OTACISIIUTE C€ CsApa-ChAbpiKAIIUTE

ChEJIMHEHUS B HEKOHICH3UPYEMH JICTIIUBU OPraHUYHH MTPOIAYKTH;
- 3ama3BaHe Ha CTPYKTypaTa U KaJOPUYHOCTTA Ha BBIVIMINATA cea 6Moo0padoTka.

Cuutam, ye pa3pabOTEHUSAT NUPEKTEH METOJ 3a KOJUYECTBEHO OIpelessiHe Ha cspa-

CbAbpiKallln OpraHUYHU CHCAWHCHUSA BHB BBIJIMIIA U B APYTrM TBHPAU HCPA3TBOPUMHU U



HEJICTJIMBU TPUPOJHU MaTepuany, KakTo W METOJMKaTa 3a JUPEKTHO OIpeleisHe Ha
€JIEMEHTHAaTa csipa BbB BBIVIMIA W ONPEICNISIHE HAa OPraHUYHUTE KOMIIOHEHTH B
MUPOJIUTUYHUTE Ta30B€ B CHUETAHME C MHOIO IOAPOOHOTO M TOYHO ONMCAHUE Ha
MOJIrOTOBKATa Ha MPOOUTE M MPOBEXKIAHETO HA €KCHEPUMEHTUTE Morar Ja ObJaT LIEHHO
PBKOBOJACTBO 3a u3cieqoBarenuTe padoremu B Ta3uw obsact. IlpeacraBeHusr
IMCEPTALMOHEH TPYJ € OrJIeNaj0 Ha OTPOMHATa, TPYAOEMKa U3CIe10BaTeICKa JEHHOCT U
Ooratusi ONMUT, 3HAHUS M yYMEHHUS Ha J-p MapuHOB Ja yCHBBPILICHCTBA IpWiIaraHara
TE€XHUKA 4pe3 KOMOMHHMpaHE ChC ChbBPEMEHHM AaHAJUTHYHM TEXHUKU M MPUIIOKEHHE 32
pelaBaHe Ha BaKHU IMPOOJIEMH, CBBP3aHM C €HEPrUHHHUTE M3TOYHUIM M 3paBEeTO Ha
xopara. Jlokas3areiacTBo 3a KauecTBOTO M IOJIE3HOCTTAa HA M3CIE/BaHUATA ca
3HAYUTEIHUAT Opoi MyONMKAaWW B TPECTIDKHU M3JAaHUS, KAKTO W TOJEMHUST Opoit
3a0ens3aHl LUTaTW BBPXY Te3u myonaukanuu. I[lopagu ToBa, BHUCOKO OILEHSBaM
IPEJCTaBEHUs] MU 3a pPELEH3Us JUCepTallMOHEH TpyJ U TOpeIlo IpernopbuyBaM Ha
yBa)KaeMOTO JKypHU J1a MpUChau Ha Aol. A-p Crepan MapuHOB Hay4yHaTa cTereH ,,JlokTop
Ha HaykuTe“ TO npodecHuoHamHO HampaBieHue 4.2. XWMUYEeCKH HayKd, HaydHa

cnenuanHocT ,,OpraHnyHa XuMHus‘.
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1. Personal details of the applicant

Dr. Stefan Marinov graduated from Higher Technology School of Chemistry and Metallurgy -
Sofia in 1980. Since 1981 he has been enrolled as a full-time PhD student at IOCCF, BAS. In
1986 he defended his doctoral thesis and was selected as a researcher at the same institute. In
2001, he won the "Associate Professor" competition at the “Solid Fuel Chemistry”

Laboratory, where he has worked so far.

2. Review of the DSc thesis

The dissertation submitted for review is written on 173 pages and contains 41 figures and
diagrams, 35 tables and 212 references. After a brief introduction and a literature review, the
aim and the related tasks of the investigations are formulated, followed by a detailed
description of the materials, methods and instrumental techniques used, presentation of basic
results and discussion, short conclusions and main contributions of the thesis, literature
sources, lists of publications, conferences, citations and scientific projects related to the

dissertation.

In the Introduction part of the dissertation, the candidate describes the problems related to the
use of coal, in particular, the adverse effect of sulfur on the quality of the coke produced and
the environmental pollution and the need to determine the type and content of sulfur-

containing compounds in the organic mass. Emphasis is also placed on the difficulties



associated with these studies, which result from the poor solubility and thermal instability of

these materials.

In the Literature Review, after a brief overview of the basic states of sulfur in coal, the author
makes a thorough and critical assessment of the traditionally applied methods for determining
the composition of organic sulfur compounds. Thermal analytical methods conducted in
different gas environment or in the presence of reducing solvents are discussed in detail, with
particular attention to temperature-programmed reduction. The advantages and disadvantages
of thermal studies in an oxidizing environment have been demonstrated. The possibilities
offered by the non-destructive instrumental methods such as XPS, XANES, EXAFS, SEM-

EDX, which are also used in the dissertation, are reviewed.

On the basis of a detailed analysis of the problem, the author clearly formulates the purpose of
the DSc Thesis and its specific tasks. The applicant's attention is directed to the study and
development of the possibilities of reduction pyrolysis as a means for effective qualitative and
quantitative determination of the organic sulfur compounds before and after bio-
desulfurization of coal and other natural products such as coal lithotypes, briquettes for
burning and humic acids from lignites and Leonardite. Considerable attention has also been
paid to the composition of volatile products from the aqueous extracts of coal leaching and
gases released during pyrolysis of lignincellulose biomass.

The subject of investigations in the dissertation is low and high rank coal from various fields
in Bulgaria, Turkey, Spain and Ukraine, coal products (lithotypes, humic acids) and biomass.
The studies were performed using Temperature-Programmed Reduction at Atmospheric
Pressure (AP-TPR) with potentiometric detector, "on-line™ mass spectrometric detection and
"off-line"” combined gas chromatographic-mass spectral determination of the products after
their pre-adsorption concentration. In more recent studies, the author also includes the
Temperature-Programmed Oxidation under Atmospheric Pressure (AP-TPO) method. In this
case, the analyzes are performed on-line using a mass spectrometer as a detector. Modern
non-destructive methods of analysis have been used, such as X-ray Photoelectron
Spectroscopy, Fourier Transform Infrared Spectroscopy, Thermal and Elemental analysis. A
very good impression is made of the detailed and accurate description of the methods and
procedures used for the preparation of the materials and their study, which undoubtedly
proves the author's routine in the field that is the subject of the dissertation and makes the

latter particularly valuable for future researchers.



The Results and Discussion section is central to the dissertation. This section identifies 8
chapters directed to the application of reduction pyrolysis for the determination of sulfur
containing organic compounds and organic matter in coal (Chapter 1), lithotype lignites from
Maritza East mines (Chapter 2), briquettes (Chapter 3), biodesulfurized coal (Chapter 4) and
humic acids from Bulgarian lignites and Turkish leonardite (Chapter 5), products from lignite
leaching (Chapter 7). Chapters 6 and 8 discuss the results of the pyrolytic determination of the
organic mass of lignite and lignocellulosic biomass, respectively.

Chapter 1 of the dissertation describes the results of studies on desulphurized coal from
different fields in Bulgaria, low and high rank coals from the Donbass Basin in Ukraine and
lignite from Spain using the method of atmospheric pressure reduction pyrolysis with
potentiometric detection combined with XANES, DTA / TGA and SEM techniques. The
possibilities of different methods of coal treatment are shown, emphasizing the advantages of
the alkaline melting method for the almost complete removal of organic and inorganic sulfur.
The effect of the destruction of some sulfur heterocyclic compounds and the bridge-bound
sulfur-containing groups using reduction pyrolysis was noted. The increase in the amount of
thiol groups is attributed to the rupture of sulfide and disulfide bonds as a result of water
vapor pyrolysis, which is more pronounced under reducing conditions. The candidate
compares the impact of water vapor pyrolysis with that of the reducing medium, drawing
significant conclusions about the possibilities for more effective desulfurization with
complete removal of inorganic sulfur when using water vapor. At the same time, there is a
high rate of destruction of the reduction of bridging sulfur and thiophene-type heterocyclic
compounds. In water vapor pyrolysis, it has been demonstrated that sulfur-containing, non-
thiophene-type compounds decrease strongly with increasing temperature, and under these
conditions sulfonic acid compounds are also removed. In comparison, it has been noted that
conventional pyrolysis in Ar influences more the amount of non-thiophene sulfur and
removes all oxidized sulfur compounds. In the course of the investigation, the author refines
the AP-TPR method by "on-line" incorporation of mass spectrometric analysis, which
demonstrates the complete removal of the non-thiophene sulfur in water vapor pyrolysis and
with considerable precision determines the content of aliphatic and thiophene compounds in
coal from different fields in Bulgaria. The next step in the development of the AP-TPR
technique is the equipment with GC / MS gas analysis. Conclusions are made about the
predominant presence in coal of low grade aromatic compounds with two rings and a high

degree of substitution. The advanced technique allows to determine the content of thiols,



mono- and disulfides, alkyl and w-alkenyl thiophenes, alkyl benzothiophenes and alkyl
dibenzothiophenes in coal.

The advanced AP-TPR-GC / MS technique, in combination with pre-adsorption and
concentration of the released gases on Tenax, was applied for the first time to determine the
composition of lignite lithotypes (Chapter 2). The use of this technique allows the author to
investigate in detail the presence of sulfur-containing groups in lithotypes. Significantly
improved sulfur balance has been shown as a result of reading the low molecular weight
sulfur compounds, which is impossible to achieve with conventional pyrolysis techniques.
Similar investigations have been done on household briquettes (Chapter 3). |1 would like to
point out some significant conclusions regarding the role of the raw materials in the
production of briquettes on the content of organic compounds in them. For example, for
briquettes obtained from biomass, low levels of dialkyl sulfides and aliphatic thiols have been
demonstrated. For comparison, lignite coal briquettes have been found to produce flue gases
containing a considerable amount of aliphatic sulfides, mixed aliphatic-aromatic sulfides, aryl

sulfides, aliphatic thiols, thiophene structures, methylthiophene and methylthiol.

The formation of more complex thiophene structures in bituminous and sub-bituminous coals
has been identified. The author's research on biodesulfurized coal is very interesting (Chapter
4). AP-TPR-MS studies, including in helium atmosphere, have demonstrated the presence of
complex sulfur compounds such as sulfones and sulfoxides, which is the result of aliphatic
sulfur oxidation during the biodesulfurization. A new, improved procedure is proposed for the
determination of elemental sulfur content in microbially desulphurized coal from different
fields. The capabilities of the AP-TPR-MS / GC method for the determination of a number of
organic sulfur compounds in solid bituminous residues have been demonstrated. Using this
method, the author finds a beneficial effect of the combined chemical / microbial
desulphurization of lignite. An important point in this section of the dissertation is the
research on the changes that occur in the organic mass and sulfur functionalities of solid fossil
fuels after various chemical and biochemical treatments. By useing the DTA-TG technique,
Dr. Marinov demonstrated better ignition rates, a slight reduction in calorific value, and a
number of disadvantages, among which increased combustion time and a decrease in the auto-
ignition temperature of coal as a result of biodesulfurization. The overall positive effect of

bio-treatment on environmental pollution has been assumed.



A novelty in candidate studies is the application of the AP-TPR-MS / GC technique to study
the organic sulfur content of humic acids (Chapter 5). The presence of dialkyl sulfides,
sulfoxides and sulfones has been demonstrated. It has been demonstrated that by combining
AP-TPR with TD-GC / MS detection, a large number of compounds in humic acids such as
aromatic structures and other hydrocarbons, in the presence of N- and S-containing
compounds, can be determined. The detailed analysis achieved is the assumption for the
origin of coal from different localities in Bulgaria. Both qualitative and quantitative
evaluation of the components in the non-extractable part of the organic substance of humic
acids, such as phenol and its derivatives, furans and benzofurans and some N- and S-
containing organic compounds such as dimethyl disulfide, dimethyl trisulfide, thiophenes and
benzothiophenes.

Undoubtedly, a significant contribution of the work is the illustrated advantage of the new
approach for determining the organic composition of the volatile substances of humic acids of
different origin (solid fuels, soils, peats, sediments, etc.). The author also demonstrates the
possibilities of this method for detailed characterization of organic mass in coal. A large
number of organic compounds have been identified, such as Cs-Cyo alkyl benzenes, Cs-Cis
linear hydrocarbons, naphthalenes, bi-phenyls, acetnaphthalene, fluorine and their alkylated
homologs, mono- and di-romatic structures, substituted phenols and sesquiterpenoids
(Chapter 6).

For the first time, Dr. Marinov applied the approach of reduction pyrolysis with AP-TPR
technique and off-line TD-GC / MS detection to determine the organic components in
pyrolysis gases from the fractional fractions of Bulgarian lignites (Chapter 7). A simplified
scheme for the isolation and fractionation of lignite rates has been implemented. The analysis
showed a significant decrease in the amount of paraffinic hydrocarbons and alkyl benzenes
compared to the starting lignite, as well as an increase in the content of polycyclic aromatic
hydrocarbons and N-containing compounds. The conclusion was made about the absence of
toxic risk of environmental hazards, but recommendations were made for their constant

monitoring, proving the social commitment and importance of the candidate’s studies.

Dr. Marinov's investigations on the composition of biomass waste (Chapter 8) is potentially
relevant to addressing alternative fuel and environmental issues. By using the relatively
recently discovered process of water vapor pyrolysis, the author establishes the beneficial

effect of the addition of CO, to water vapor on the carbonation of biomass. It has been found



that in an inert environment the yield of the solid product is increased. Applicant's studies on
the use of reducing pyrolysis to investigate the composition of the lignocellulosic portion of
the biomass are very relevant. For the first time, the author makes a detailed qualitative and
quantitative analysis of the volatile components released under these conditions. The
modification of the AP-TPR-TD-GC / MS method, by replacing hydrogen with argon and
subsequent adsorption concentration of the volatile products, allows Dr. Marinov to obtain
new information on the composition of the non-condensable components in the pyrolysis of
cellulose, hemicellulose and lignin which are crucial for the production of biodiesel and the
protection of human health. The research results have been published in 26 articles in
specialized journals and 14 peer-reviewed papers in scientific forums. 14 of the articles
presented are in Quartered magazines Q1, 4-Q2; 2-Q3 and 3-Q4. The results were partially
reported at 30 conferences in Bulgaria and abroad. The research was funded by 2 contracts
with the National Scientific Fund, 4- by the Belgian Research Fund and supported by bilateral
collaborations with the Academies of Sciences of Turkey (2 projects) and Ukraine (2
projects). The significance of the obtained results is proved by the high citation of the
publications included in the dissertation (328 citations of 20 articles were noted). In most
publications, Dr. Marinov is first or second author. All this, as well as the carefully drafted
separation protocols with the co-authors, undoubtedly prove the leading role and the
significant personal contribution of the candidate in the conducted studies.

The abstract is written very well in Bulgarian and English, clearly and accurately reflecting
the content of the dissertation.

Conclusion

The dissertation presented for review is a systematic exposition of Dr. Marinov's experience
in the qualitative and quantitative characterization of the state of sulfur in coal and other
objects, as well as the volatile organic compounds released during their thermal treatment. |
believe that the development of reduction pyrolysis by combining it with new, highly
sensitive analytic techniques such as MS-GC with pre-adsorption concentration of the
components, and the broad demonstration of the capabilities of the methods on a large number
of diverse sites (coal of different rank before and after biodesulfurization, humic acids,
briquettes, lignincellulosic biomass, coal leaching products in water) can be considered as
major contributions from the research described in the dissertation. Undoubtedly, the results

of the studies are both methodological and of considerable practical importance for solving a



number of environmental problems related to the exploitation of traditional fuels and
synthesis of lignin-cellulosic biomass based fuels. Interesting emphases from the highly
applied research are the conclusions regarding:

- the effect of pyrolysis temperature on the preparation of lignincellulosic biomass biofuels on
the composition of the sulfur-containing compounds released in non-condensable volatile
organic products;

- preserving the structure and calorific value of coal after bio-treatment.

| believe that the direct method developed for the quantification of sulfur-containing organic
compounds in coal and other solid insoluble and non-volatile natural materials, as well as the
method for the direct determination of elemental sulfur in coal and the determination of
organic components in pyrolytic gases in combination with detailed and accurate description
of sample preparation and experimental can be a valuable guide for researchers working in the
field. The dissertation summarizes the vast, time-consuming research and the extensive
experience, knowledge and skills of Dr. Marinov to perfect the applied technique by
combining modern analytical techniques and application for solving important problems
related to energy sources and human health. Evidence of the quality and usefulness of the
research is the significant number of publications in prestigious publications, as well as the
high number of citation.

Therefore, 1 highly appreciate the dissertation submitted for the review and strongly
recommend to the Scientific Jury to award Ass. Prof. Dr. Stefan Marinov the Doctor of

Science degree in Professional Field 4.2. Chemical Sciences, specialty "Organic Chemistry".

Sofia, 2.03.2020 Reviewer:

/Prof. DSc. Tanya Tsoncheva/



