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Enna ot Hali-akTyaqHWTE W HEOTJOXHU 33Ja4d Ha HAIIETO CHBPEMHE €
peliaBaHeTo Ha MpodiieMa ¢ HENMPEKbCHATO HApacTBAIIOTO MOTpeOJieHHe Ha
€HEprus M ONa3BaHE Ha OKOJHATa Cpela CBBP3aHO C H3I0JI3BAHE Ha
TPaIUIMOHHUTE ToOpuBa. EjgHa anTepHaTHBa € BOJAOpPOJAHATA ECHEPreTHUKA -
U3T0JI3BAHETO Ha BOJIOPO/I, UMSTO XMMHUYECKa eHeprus Aa 0be TpaHchopMupaHa
B €JICKTPUYECTBO UPE3 U3MOJI3BAHE HA TOPUBHU €JIEMEHTH. TOBa € MpuyYMHATA Ja
ce HaOJIro1aBa 3aCHIICH U3CJISA0BATEIICKA HHTEPEC IIPe3 MOCISTHUTE TOAUHN KbM
pa3pabOTBAaHETO HA TEXHOJOTUM HA BOJOPOJHU TOPUBHU €JIIEMEHTH, KbM
M3CJIeIBAHUS CBBP3aHU C U3MOJI3BaHE HA TBRHPAN WIK TEUYHU CheAUHEHUsI, OoTaTH
Ha BOJIOPOJI, KAKTO ¥ KbM MHUKPOOHAJITHA TOPUBHH €JIEMEHTH - €/THa ChBPEMCHHA
MEPCIEKTUBRA 32 TEHEPUPAHE HA BOJOPOI.

N3cnenBanusTa B TUCEPTALMOHHUS TPY/ Ca CBBP3aHU ChC Ch3/IaBAHE HA
MHOBATUBHHU (010)EICKTPOXUMUYHN CHCTEMH 3a TeHepHUpaHe Ha eICKTPUICH TOK
Y Ha BOAOPOI.

N3nos3BaHu ca TOPUBHU €JIEMEHTU C JUPEKTHO EJIIEKTPOOKHUCIIEHHE Ha
oopxuapua. OCBeH BHUCOKOTO ChIbpPXKAHUE Ha BOJOPOJ, €IEKTPOXUMUUYHOTO

OKHCJIEHHME Ha OOpXUAPUIIUTE C€ M3BBPIIBA C YYaCTHETO HA TOdsIM Opoi



€JNIEKTPOHH, KOETO THU TMpeBpblla B YAOOHO M 0e€30macHO pelieHue 3a
CbXPAaHEHUETO M TPAHCIOPTHUPAHETO HA BOAOpOona. V3Moi3BaHUW ca TOPUBHU
€JIEMEHTH C EJIEKTPOOKHUCIIEHUE Ha CYI(PUAM, KOSITO HAapea C IeHepupaHe Ha
€JIEKTpUYECKa €HEeprusi BOAM M JI0 TAXHOTO O4yucTBaHe. M3mos3BaHu ca H
Pa3HOBUJIHOCTH HA KJIACUYECKUTE FOPUBHU €JIEMEHTH - MUKPOOHWAIHU TOPUBHU
€JIEMEHTH C U3MO0JI3BaHE Ha YUCTH U CMECEHU KYJITYpPH KaTO OMOKATaIu3aTOpH.
OT crioMeHaToTO MO-TOpe CTaBa SCHO, Y€ LEeNTa U 33JayuTe Ha JUCepTaLMsTa ca
0e3ClIOpHO B CBBPEMEHHA, aKTyaJlHa U I[EpCIeKTMBHa 00jacT Ha
EJIEKTPOXUMHUSATA.

W3cnenBanusita B JUCEPTAMOHHMUS TpPyA HMMaT MPUIIOKEH U
MHTEPAUCIMILIMHAPEH XapakTep. Te ce ocHoBaBaT Ha MHOTOTOJIUIIIHUSI HAYYEH U
€KCIIepUMEHTaJieH onuT Ha npod. MwutoB. M3BbpiieHa e roiasiMa mo odem
eKCIIEpUMEHTaHa paboTa U ca M3MOJ3BaHU PAa3HOOOpa3HU METOAU U TEXHUKHU.
HamnpaBeHute u3BOIM OT W3BBPIICHUTE HU3CIEABAHUA KOPEKTHO MPEICTABAT
MIOCTUTHATHUTE PE3YNTATH.

HakpaTko, OCHOBHUTE NPUHOCH Ha TUCEPTALMOHHMS TPY CHOPE] MEH ca
B pa3pabOTBaHETO MU OXapaKTepU3UpaHE HA 7 HOBU THUNA EIEKTPOXUMHYHU
cucteMd (2 abuotTmuHu W S5 OWUOTHYHHM) C TOTEHIMAT 3a MPAKTHYECKO
OPWIOKEHHUE 332 TEHEPHUPAHE HA €JIEKTPUYEH TOK U IPOU3BOJICTBO HA BOJAOPO/I.

[To Moe MHEHUE, HA-TOJISIM UHTEPEC MPEACTABIABAT CIECIHUTE PE3YJITATH:

» 14 Bomopoa-abcopOupaniy CruiaBu ¥ KOMITO3UTH KaTo aHOJICH MaTepra 3a
€JIEKTPOOKHUCIICHUE Ha HaTpueB Oopxuipua ca wuscieaBaHu. OT Tiax
crmaBTa AKL-86 nemoHCTpHpa Hall-BUCOK pa3psAEH KallalluTET B TOPUBEH
€JIEMEHT C JAMPEKTHO EJIEKTPOOKUCICHUE Ha OOpXHApHA, KAaTo Npu

U3MOJI3BAHETO HA JiBa BB3AYIIHM KaToJa € MOCTUTHATO METKPaTHO

yBEJIMYEHUE HA MaKCUMaJIHATa MOIIHOCT.

» W3crnenBaHo € eNeKTPOOKHCICHUETO Ha CYJI(PUAN B TOPUBHU €IEMEHTH C

Pa3IMYHU OKUCIUTENH Ha KaToJa, €JIeKTPOJIHA MaTeprau U CemapaTopH.

VYcraHoBeHara  kKaraauTuuHa akTuBHOCT HA NIW  u NiMoW



€JIEKTPOOTIOKEHHS 110 OTHOIIEHUE OKHCICHUETO Ha CYI(PHUAN B alKaJleH
€JIEKTPOJIUT ' MPEBPBILA B MOAXOAANIN aHOAHH KaTAIM3aTOPH 32 AJIKATHU
CyJ(bUIHU TOPUBHH €JIEMEHTH.

» IlokasaHo e ye, OCBEH 3a T€HEepHpaHe Ha EIEKTPUUYCH TOK U OYHCTBaHE Ha
OTIMAJIHUA BOJM, OMOTOPUBHUTE €JIEMEHTH MOTaT Jla CIIy»XaT KaTO YHUKAJICH
WHCTPYMEHTApUYM 3a HU3CJe/IBAaHE Ha METaO0OJUTHUTE IMIbTUIIA Ha
M3MO0JI3BaHUTE KaTO OHMOKATAIM3aTOPU MUKPOOPraHU3MH, ydacTBAlllM B
eKCTpaleIyJapHus eJIEKTPOHEH MTPEHOC.

» PaspaboTteHnu ca pa3jaudHH MO0 00eM M AW3aiH CEIUMEHTHU MUKPOOHATHU
ropuBHu enemeHtd (CMI'E). W3cnegBana e BB3MOXKHOCTTA 34
npwiokenne Ha CMIE karo eBTMHM aBTOHOMHH W3TOYHHIIM Ha
€JIEKTPUYECKA EHEPTUs 32 3aXpaHBAHE HA PA3JIMYHU €JIEKTPOHHU CHCTEMH,
B T.4. 32 EKOMOHUTOPHUHT B OTJAQJICYEHU U TPYAHOIOCTHITHU paiOHHU.

» llotBbpaeHa € BB3MOXKHOCTTa 3a cb3gaBaHe Ha MFC-06a3upana
TEXHOJIOTHSI 3a €JHOBPEMEHHO OYMCTBaHE HA OMOpa3rpaJlMU OpraHUYHH
NPOAYKTH U pPEreHepupaHe Ha Mea OT OTMAaJHU BOJU, TPHU KOETO
JOIBJIHUTEHO C€ TeHEpUpa U €JIEKTPUUYEH TOK.

» OlleHeHa € KOpPO3MOHHATa YCTOMYMBOCT W €IIEKTPO-KaTaUTHIHATA
akTUBHOCT 1o oTHomeHrne Ha HER Ha 27 HoOBOCHHTE3MpaHU MaTepuaiu ¢
pa3iMueH CbCTaB B HeyTpalieH QocdaTeH eIeKTPOJUT C OrJien
MOTEHIIMAIHO MPUJIOKEHNE KATO KaTOAN B MUKPOOHAJICH €JIEKTPOIU3bOP.
C nBa Tuma moauduimpanu katomuu wmatepuaian - NiIW/Ni-foam wu
NiMo/Ni-foam, € nmocTursHara mo-BUCOKa €HepruiiHa e(eKTUBHOCT Ha
MUKpOOHaTHA €JEKTPOJIM3HA KIIETKA, KAKTO M KaTOJHA €()EeKTHBHOCT IO
OTHOULIEHUE OTAEISHETO HA BOJOPO/I, OT T€3H JOKJIAJIBAHU B JIUTEpaTypaTa
3a HETUIATUHOBU KaTaJIM3aTOPH.

Hayunurte pe3yntaTu B JuCEpTALlMOHHUS TpyA ca MyOnuKyBaHu B 27
nyOnukanuu ¢ uMnakT gakrop (oOm umnakr ¢axrop 50.811) u 15 cratuu B

JIPYTH CICNHAIM3UPAHA CIIMCAHUA W COOpHUIM OT HayuyHu ¢dopymu. Hamam



HUKaKBO CbMHEHHUE B ChILECTBEHUS MPUHOC Ha TIPod. M. MUTOB B U3I'BIIHEHUETO
Ha MTOCTaBEHUTE LEH U 3a/1a4U.

ABropedepaTbT Ha gucepranusATa OTpas3siBa B PE3IOMHUpPAH  BUJ
ChABPKAHUETO HA JAMCEPTALMATA U € HAIlMCAaH B ChbOTBETCTBUE C YTBBPJCHUTE
paBuIa.

B 3axiroueHue cuutam, 4e NpeCTaBEHUST JUCEPTAMOHEH TPY/ HAITBIIHO
oTroBaps 1o o0eM, HAyYHO-TIPUJIOKHU NMPUHOCH W MyONMKAalMM B Hay4yHaTa
JUTepaTypa Ha M3MCKBAaHUATA 3a JAUCEpPTAllMOHEH Tpynl, U Ha [IpaBuiHMka Ha
K03V “’Heodut Puncku” 3a npupoOruBaHe Ha HAy4YHH cTeneHU. Bb3 ocHOBa Ha
U3JI0KEHOTO TMO-TOpe M KaTo HM3XO0XKJIaM MpPead BCHYKO OT MPUHOCHTE Ha
JUCEPTALMOHHUA TPYZ U OJIyYEHUTE PE3YNTATH, IPENOPbYBAM HA YWICHOBETE Ha
HayuynoTo Xypu nma rnacyBaT 3a NPUCHXKIAHE HA Hay4yHa creneH 'J[okTop Ha
HayKuTe" 110 Hay49HO HampasiieHue 4.2 Xumudecku Hayku (Heopranmana xumus)

Ha Mapuo Mopnaros Mutos.
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One of the most pressing and urgent tasks of our time is solving the problem of
the steadily increasing energy consumption and environmental protection related
to the use of traditional fuels. One alternative is hydrogen energy - the use of
hydrogen which chemical energy is transformed into electricity by the use of fuel
cells. This is the reason why there has been increasing research interest in recent
years towards the development of hydrogen fuel cell technologies, to studies
related to the use of solid or liquid compounds rich in hydrogen, and to microbial
fuel cells - a modern perspective for hydrogen generation .

Research in the dissertation is related to the creation of innovative (bio)
electrochemical systems for generating electricity and hydrogen.

Direct borohydride fuel cells were used. In addition to the high hydrogen content,
the electrochemical oxidation of borohydrides is carried out with the participation
of a large number of electrons, which makes them a convenient and safe solution

for the storage and transport of hydrogen. Sulfide electrooxidation fuel cells have



been used which, in addition to generating electricity, results in their removal.
Varieties of classic fuel cells have also been used - microbial fuel cells using pure
and mixed cultures as biocatalysts. From the aforementioned, it is clear that the
purpose and tasks of the dissertation are undoubtedly in the contemporary, current
and perspective field of electrochemistry.

Research in the dissertation is applied and interdisciplinary. It is based on many
years of scientific and experimental experience of Prof. Mitov. Large-scale
experimental work has been carried out and various methods and techniques have
been used. The conclusions drawn from the studies performed correctly represent
the results achieved.

In short, the main contributions of the present dissertation are, in my opinion, in
the development and characterization of 7 new types of electrochemical systems
(2 abiotic and 5 biotic) with potential for practical application for electricity
generation and hydrogen production.

In my opinion, the most interesting are the following results:

» 14 hydrogen-absorbent alloys and composites as anode material for Sodium
borohydride electrooxidation have been investigated. Of these, the alloy
AKL-86 demonstrates the highest discharge capacity in the fuel cell with
the direct electrical oxidation of the borohydride, with the use of two air
cathode a five-fold increase in maximum power.

» The electrooxidation of the sulphides in fuel cells with different cathode
oxidizing agents, electrode materials and separators is investigated. The
established catalytic activity of NiW and NiMoW electrodeposits in
relation to the oxidation of sulphides in alkaline electrolyte makes them
suitable anode catalysts for alkaline sulfide fuel cells.

> Itis shown that, in addition to generating electrical current and wastewater
purification, bioelectrochemical fuel cells can serve as a unique toolkit for
the study of the metabolic pathways of microorganisms used as biocatalysts

involved in the extracellular electron transfer.



» Differentin volume and design sediment microbial fuel cells (SMFCs) have
been developed. The possibility of application of SMFCs as cheap
autonomous sources of electrical power for powering various electronic
systems, including for eco-monitoring in remote and inaccessible areas, has
been investigated.

» The possibility to create a MFC-based technology for the simultaneous
purification of biodegradable organic products and regeneration of copper
from wastewater is confirmed, in which an electric current is also
generated.

The results from dissertation are published in 27 publications in international
journals with impact factor and impact rank and 15 articles in other journals and
proceedings from scientific forums. | have no doubt in the substantial contribution
of Prof. M. Mitov in fulfilling the objectives and targets set.

Both versions of the abstract very well reflect the main results and
contributions of the dissertation.

The dissertation contains fundamental and applied results, which make an
original contribution to the science and meets all the requirements of the Law for
the Development of the Academic Staff in the Republic of Bulgaria (LDASRB).
The submitted materials and the dissertation results fully comply with the specific
requirements of the South-West University ‘’Neofit Rilski’’ Regulations for the
application of the LDASRB.

The dissertation shows that the candidate, Professor Mario Mitov possesses
deep theoretical knowledge and professional skills, demonstrating qualities and
skills for conducting research with obtaining original and significant scientific
offerings.

Because of the above, | am convinced of my positive assessment of the
research, presented in the dissertation, abstract, achieved results and
contributions, and propose to the Honorable Scientific Jury to award the scientific

degree "Doctor of Science" to Prof. Dr. Mario Mitov in the field of higher



education “Natural sciences, mathematics and informatics”, professional field 4.2

“Chemical sciences” (Inorganic chemistry).

Blagoevgrad Assoc. Prof. lvanka Stankova

19.08. 2019



