Hay4yHu npunHocu

Ha wi. Kop. mpod. 1xH Koncrantun MBanoB XamkunBaHOB

1. O0Wwmn 6enexkn

OcHOBHaTa 4acT OT IMPUHOCUTE Ca CBBbP3aHU C U3IIOJ3BAHCTO U PA3BUTUCTO HA METOAa

Ha WH(padepBeHaTa CIEKTPOCKONMHUS 32 OXapaKTepH3HpaHe Ha Pa3IUYHU BHJOBE TOBBPX-

HOCTH, NIPOCIICAsABAHC HAa NOBBbPXHOCTHU BSaHMOHeﬁCTBHH 1 HU34ACHABAHEC Ha MEXaHU3MHU Ha

KaTaJIMTUYHH pCaKIHH. B mHOTO OT H3CJICABaHUsATa Ca MPUIIOKECHU U JPYyTH (bI/ISI/IKOXI/IMI/I‘lHI/I

MCTOAH, KAaTo peHTFeHO(I)aZ%OB aHaJin3, CJICKTPOHHA CICKTPOCKOIIHMA 3a XMMUYCCKH aHaJIu3,

TEPMOIIpOrpaMupaHa peayKLHs, €JIEKTPOHEH NapaMarHUTEH PE30HAHC, €JIEKTPOHHA MHUKpPO-

ckonusl, YB CHEKTpOCKONHMS, KATaIUTUYHU TECTOBE, TEOPETUYHO MOJIECIUPAHE, ATOMHO-

abcopOIMoHeH aHanu3 U Ap. Makap U IPUHOCHTE J1a ca B3aUMOCBBP3aHHU, T€ Hal-00I10 MoraT

Ja €€ pasaciidAT B CIICAHUTEC KaTCrOpUH:

Mopnenu Ha OKCUIHH MMOBBPXHOCTH;

Koopaunupane Ha 1Be U OBeY€ MOJIEKYJIU KbM €HH aJJCOPOLIMOHEH LIEHTHD;
CnexrpanHo uaeHTH(uUIMpane Ha TOBbPXHOCTHA NyOy ChbeIMHEHHs U MEXaHU3MHU Ha
KaTaJUTUYHA KOHBEPCHUS Ha a30THU OKCHUJIH;

Metoanunu Benpocu Ha MY cnekrpockonusita Ha aacopoupan CO u apyru
MOJIEKYJIH-COH/IU;

MexaHu3mu Ha ApyTH aACcOPOLIMOHHY U KaTaJIUTHUYHU MPOIECH U HOBH METOHU 3a
CUHTE3 Ha KaTallu3aTopy;

OH/OD rpynu u u3otornuu ehexTu;

Mertain-opraHuuHu CTPYKTYpH.

[To-HaTaThK € HaMpaBeH OMUT 3a KpaTKo 0000IIaBaHe Ha Hal-ChIIECTBEHUTE MPUHOCH

oo FOpeI/I36pOGHI/ITe TEMATHUKU. HOMepaI_[I/IHTa Ha OUTHpaHAaTa JUTCpATypa CbOTBCTCTBA Ha

HOMCpalusiATa HA HAYYHUTC TPYAOBC B CIIMCHKA HAa HYGHI/IKaI_[I/II/ITC.



2. Mopenun Ha OKCUAHMN NOBBHLPXHOCTU

B ta3u temaruka ca Bxitouenu 22 Hayunu Tpyna [144,159,166,167,171,177,178,182,
184,185,189,190-200].

Bb3 ocHOBa Ha eKclepUMEHTaIHU JaHHU U TEOPETUYHU Pas3riIeKJaHus € MPeaioKeH
JeTailyieH MoJieJl Ha MOBBPXHOCTTa Ha TUTAHOB JMOKCUJ - aHaTa3. To3u Mojen oOsCHsBa
HaOJro1aBaHaTa XETEPOTEHHOCT Ha MOBBPXHOCTTA HAa aHaTa3a W BIUSHHETO Ha Mopdoio-
THYHUTE XapakTepucTuku Ha TiO, BbpXy HeroBute afcopOIMOHHM cBoWcTBa. [Ipeanoxkena e
JOKaJIM3alusg Ha OTJEIHHUTE BHUJOBE KUCEIMHHU LIEHTpoBe NO JIIoMC M Ha XUAPOKCUIIHUTE
rpymu. TTokas3aHo e, ge eneKTpOoIIHATE CBOMCTBA HA KOOPAMHAIIMOHHO HenacuTenute Tit
KAaTUOHM 3aBUCSAT HE CaMO OT TSAXHOTO KOOPJMHAIIMOHHO YHUCIIO, HO M OT CHhCTOSHUETO Ha
BTOpaTa UM KOOpAHMHAIIMOHHA cepa.

YCTaHOBEHO € HAJIWYMETO Ha M30JIMpaHU M aCOLMMPAaHU TUTAHOBU KATHOHU OT
NOBBPXHOCTTA Ha CMECEH THUTAaHOB-cuiauiueB okcuia. IlokazaHo e HanuuueTo Ha
PEaKTUBOCIOCOOEH KHCIOPOA BbpPXY IMOBBPXHOCTTAa Ha pyTHIHaTa MoauduKkauus Ha
TUTAHOBUSI TUOKCHUI.

VYcTaHOBEHO € MOBHUIIaBaHE Ha JIIOMCOBATa KUCEIMHHOCT U F€HEpUpPAHE HA MPOTOHHA
KHACEIIMHHOCT Ha TOBBPXHOCTTa HAa TUTAHOB ITHOKCHI cien cyidarupane. OmpeneneHa e
CUMETPUATA | JIOKATTU3AIUATA Ha TIOBEPXHOCTHHUTE CcyidaTh. [TomodeH edekr e HabmogaBaH
U 3a HUTpatHH HoHu. OOpaTHO, MOAU(HUIMpPaHE HA THTAHOBHSA IHOKCUA ¢ (ocdopHa
KHCEJIMHA BOAM J0 OJOKMpaHEe Ha JIIOMCOBAaTa KUCEIMHHOCT, a MPOTOHHA KHUCEITMHHOCT OT P-
OH tun ce renepupa ciaen moauduuupane ¢ NaH,PO4. OTkpuTH ca 1 ca oxapakTepu3upaHu
HOBH (opMH Ha cBpBXCTexHoMeTpudeH kuciopos (-OOH™ rpymu) BbpXy HOBBPXHOCTTA Ha
XUJAPOKCWINPAH TUTAHOB TUOKCHU]L.

[TocpencTBoM MOJEKYNIH-COHIM € YCTaHOBEHA JOKaJlM3alMATa Ha peaula KaTHOHU
(MenHHM, KOOAJITOBU, HUKEIOBH, CPEOBPHHU, TUIATUHOBH), aJICOPOMpPaHU BBPXY aHaTa3 U ca
U3yYeHH TEXHHUTE aJCOPOIMOHHM cBoWcTBa. OmpesneneHd ca ChIOIO Taka JIOKAIM3ALUATA,
CTPYKTypaTa W CHEKTPATHOTO IMPOSBICHHE HAa OKCOBAHAJAMEBH WOHH, aJCOPOMpPaHU BBHPXY
aHaTa3, KaKTO U TAXHOTO BIIUSHUE BbPXY MOBbPXHOCTHATA KUCEIMHHOCT.

[lokazaHo e, ye Hali-CWJIIHUTE KUCEIMHHU LEHTpoBEe MO JIIoMC OT MOBBPXHOCTTA Ha
LUPKOHUEB JTUOKCHUJ (Zr4Jr HOHM) HE ydyacTBaT B CbhCTaBa Ha HAl-CUJIHUTE KHUCEIMHHO-
OCHOBHH 1BOiiKH (Zr =0,

Pa3paboten € Mozen Ha MOBBPXHOCTTA Ha XPOMHUSI OKCUJ M ca YCTAaHOBEHU BHUJA U
JOKaln3aluaTa Ha HSIKOM (OpMHM Ha CBPBXCTEXHOMETpUYEH Kuciopon. Ilokazano e
3aTUXBaHE Ha MPOTOHHATa KHUCEJIMHHOCT C I[IOBUIIABAHE CTENEHTa HA PEAyKUHUS U €

mpocjcacHa €BOJIONUATa Ha JIFONCOBATa KUCCIIMHHOCT.



3. KoopauHupaHe Ha aBe 1 noBe4vye MONEeKynn KbM eguH
aAcopOLUMOHEH LUeHTbLpP
(o6pasyBaHe Ha GIM3HAYHM KOMMSIEKCH)

Ta3u Temartnka e oTpazeHa B 39 nayunu tpyna [23,25,39,41,44,49,51,54,55,63,65,68,
80,91,92,94,98,100,101,111-114,117,126,128,131,132,136,137,140,141,147,152,156,158,
160,161,188].

TeopeTndHO ca M3BEJACHU HOBU aJICOPOLIMOHHU M30TEPMHU, OMUCBAIIY MTOCIEIOBATE-
HOTO 3a€MaHe Ha €JIMH aKTHBCH IIEHTHD OT JIBE M TPU MOJICKYJIH Ha ajicopOara. TeopeTnuHuTe
U3BOJIU Ca MOTBHPJICHH EKCIIEPUMEHTAITHO.

CucremMaTu3upanu ca OJIM3HAYHHUTE aJICOPOIIMOHHN KOMILICKCH, KaTo ca Pa3JIeIiCHH Ha
JIBa TUTA: IETCPMUHHUPAHH OT KOOPAWHAIIMOHHOTO ChCTOSIHUE Ha aacopOImoHHus neHTHp (I
TUN) ¥ JCTEPMHUHUpPAHU OT chcraBa Ha komiuiekca (II tum). Ilokaszano e, ye OaM3HAYHU
KOMIUIEKCH OT | Tum ce oOpa3yBaT €IWHCTBEHO TOpaad HAIMYHEC HAa KOOPIWHAIIMOHHU
BaKkaHIMK W (0OpaTHO Ha JOTOTABAIIHUTE OYAKBAHHS) CHEPreTUYHUTE XapaKTCPUCTHUKU Ha
aJicopOIMsATa MPAKTHYECKU HE OKa3Ba BIIMSHUC BBPXY SIBJICHHUETO. Y CTAHOBEHA € JIMTICATa Ha
CHEKTPAIHO pa3leNBaHe HA BAJICHTHUTE TPENTEHUS HA JIMTaH/a NPU OJU3HAYHU KOMILICKCH
ot [ Tun B ciydaute Ha cinaba aacopOIus.

[TokazaHo e, ye 3a 1a 00pa3yBaT OJU3HAYHU KOMILICKCH OT | THI, KATHOHU, OOMEHEHHU
B TIOBEYETO 3COJHUTH, TPSAOBA Jla TPUTESKABAT WOHEH paJdyC HaJ ONpe/eicHa KPUTUYHA
BCJIMYMHA, 3aBUCEINAa OT KAaTHOHHATAa Mo3ulus. KarnoHn B cnenuUYHM TMO3UIMH BbHB
(depuepuT ca ITOCTBIIHH OT JIBETE CTPAHH Ha 3COJIMTHHS NMPBCTEH M KOOPJMHHUPAT IO JIBE
MaJIKU MOJIGKYJIM HE3aBHUCUMO OT pajWyca CH. 3a TpPbB MIBT Ca H30JIHPAHU U
OXapakTepU3WpaHu peauna OMU3HAYHM KOMIUIEKCH OT | Tum, Kato: Na+(N2)2, K+(N2)2,
Rb' (N, Cs'(Na),, Ni'(Na),, Cu’'(NO),, K'(CO),, Rb'(CO), Cs’(CO),, Ca’'(CO)s,
Sr**(CO),, Sr*(CO)s, Ba*'(CO),, Ba*'(CO);, Ag'(CO),, Cu*'(CO),, Au*(CO),, Mn*"(CO),,
Co'(CO)3, Co'(CO)4, Ni'(CO)3, Pt'(CO)3, KaKTO M MPOM3BOIHH CMECEHH KOMILIEKCH, KaTo:
Na"(N)(CO), Ag'(H,0)(CO), Ni' (CO)(N,) u Cu (H,0)(CO).

YCTaHOBEHO € TeHepHpaHe Ha KOOPIAMHAIMOHHU BaKaHIIMM HAa KaTHOHH, HAHECCHU
BBPXY OKCHIIH, CJIC]] PEAYKIIHUATA UM JIO IO-HUCKOBAJICHTHO ChCTOSHUE.

brmusnaunute xomrmiekcu ot Il Tunm ce paszmarar Ge3 oOpa3yBaHe Ha ChOTBETHHU
NTMHEHHYN KOMTIEKCH. Pa3paboTeH e MeTo 3a M30/IMpaHe Ha TaKkMBa KoMILlekcH (Hamp. Rh'-
CO nnu C02+—NO), OCHOBaH Ha MMITYJICHA JECOPOLIHSL.

[MocpencTBOM M30TOMHO-0EIA3aHN MOJICKYJIH € YCTaHOBEHA CTPYKTypara Ha pejl HOBU
GamsHauny Komiuekcu ot 11 tum, kato: Co'(CO),, Rh*(CO),, Ru* (CO)s, Ir* (CO), Ir'(CO)4,
Pd**(CO),, P (CO), m Pt (CO),, KakTO W Ha HSIKOM CMECCHH KOMIUIGKCH, KaTO
Rh*"(CO),(NO). 3a ycraHOoBsBaHE Ha HAKOM TOTMKAPOOHWIHH CTPYKTYPH 3a TPHB IBT B
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ceeta € npuwitoxkeHa ~C O — “C "0 uzoronHa cMec.



4. CnekTtpanHo naeHTudmnumpaHe Ha noBbpXHocTHU N,O,
CbeAMHEeHUA N MeXaHM3MUN Ha KaTafrMTU4YHa KOHBepCcus Ha
a30THU oKcuaun

B temarukara ca BkirodyeHu 33 HayuHu Tpyna [2,3,4,9,11,24,26,31,95,103,108,109,
116, 118,119,125,127,129,134,135,139,146,148,149,151,157,165,168,173,176,179,183,187].

Hanoxena e nnesra, ye 3a yCTaHOBSIBAaHE HA MEXaHU3Ma Ha KaTAJIMTUYHA PEAYyKLIUS Ha
NO e HeoOXxoaMMO Ja ce M3ydaBaT aJcopOLMOHHUTE My (opMu B aepoOHU YCIOBUS.
YcTaHoBeHa € mpupoAaTa Ha MOBBPXHOCTHUTE ChEAUHEHUs, 00pa3yBaHU IpU ajcopOuusTa
Ha NO, nnn koanacop6ouusita Ha NO + O, Bepxy TiO,, ZrO;, Al,O3 u Cr,03 u np.

PeBi3upana e HHTepIpeTalusITa Ha MBKIA npu 2133 cm’™' (BB3HUKBAIIA MPH COPOLS
Ha NOX B 3€0nUTH) M € TOKa3aHo, ue TS ce JbkM Ha NO', 3aeMal KaTHOHHH MO3HIIUN.
VYcTaHOBeH € MeXaHU3MbT Ha mpoueca. VaeHTudunupanu ca M IOJIOKUTEIHO 3apeieHu
mumepu [ONNO]".

ITy6nukyBan e kpuTuueH 0030p 3a uaeHTUUIMpaHe Ha MNOBBPXHOCTHU N, Oy
ChEIMHEHUS U ca pa3pabOTEeHH HOBU METONIMU 3a WACHTH(HKAIMS, KaTO aHAJINW3 Ha o0JacTTa
Ha OOEpTOHOBUTE M KOMOMHALIMOHHUTE YECTOTH, PEAKTUBOCIIOCOOHOCT IO OTHOILIEHHE Ha
a30TCH OKCUJ U Ap.

VYCcTaHOBEHO €, Y€ MOBBPXHOCTHM HUTPATH Ca BAKHU MEXIWHHU CHEAVHEHHS INpU
penyKIuATa Ha a30THU OKCHUIOM C aMOHSK M C BBIVIEBOAOPOAU. B dacTHOCT € mokasaHa
BUCOKATa PEAaKTUBOCIIOCOOHOCT Ha MOHOJEHTATHUTE HUTPATH Ha KobanTa M HUKeENIA U
TAXHATa pellaBalla poJisi 3a NpoTHYaHe Ha mpoueca. IlokazaHo e, ye HUTpaTUTE B3aUMO-
JieicTBaT ¢ BBIVIEBOOPOAU OT ra3osa ¢aza 10 oOpa3yBaHe Ha aJcopOMpaH HUTPOMETAH WMIIU
IOPOM3BOJHU CHEIUHEHUs, KOUTO C€ pasjaraT [0 pEeakTUBOCHOCOOHU W30IMAHATH.
VYCcTaHOBEHO €, Y€ BOJHHU IapHM OKa3BaT HE3HAUUTENHO BIIMSHUE BBPXY OOpa3yBaHETO Ha
HUTpaTH BbpXy Fe-ZSM-5, kakTo U BbpXY CJelBaIllUTEe CTHIIKMU Ha Mpolieca, KOeTo 00sICHABA
e(eKTUBHOCTTA Ha TO3M KaTaJu3aToOp B IPUCHCTBUE HA BOJIA B PEAKIIMOHHATA CMEC.

YcranoBeno e, ye mnpu penykuus Ha Co-ZSM-5 u Ni-ZSM-5 karanuszaropu ¢
BBIJIEBOOPOHU ce oOpasyBat Co' u Ni' HOHH U e TIPeAToN0KeHO, e PeIyKIUATa Ha a30THH
OKCH[IY C€ OCBIIECTBSABA C YYACTUETO HA HIOHHUTE JBONKU Co*'/Co™ u Ni**/Ni".

YcraHoBeHO e aucnpornopironupane Ha Cu®’ iorn 1o Cu’” u Cu” mpu ancopOuus Ha
NO Bbpxy Cu-ZSM-5, K0eTo XBBpJIs HOBA CBETIMHA BHPXY MEXaHM3Ma Ha pasziaraHe Ha NO
¥ peabunutupa unesta, ye Cu' HOHH ca aKTUBHH LIEHTPOBE HA MPOIIECA.

OTKpuTH ca HOBU MEKIUHHM cheuHEeHUs pu KoHBepceusa Ha NO Bepxy CeO;: NO” un

N3-, qusAaTO peaKTI/IBOCHOCO6HOCT € HO,I[O6Ha Ha Ta3U HA U3OCTPYKTYPHHUTEC U30LUAHATH.



5. MeTtoau4Hun BLNpPOCU Npu npunaraHeTto Ha U4
MOJIEKynn-coHaun

B temaTtukara ca Bkitouenu 54 Hayunu tpyna [16,17,57-61,64,67,69,71-73,75-77,79,
81-90,93,96,97,99,102,104-107,110,115,120-124,130,133,138,143,145,153,155,163,170,172,
186].

Bb3 ocHOBa Ha excriepuMenTH 1o koaacopouus Ha CO u H,O BbpXy HaHECEHU MEIHU
KaTaJn3aToOpu € aHAIM3UpaH OalaHChT MEXAY O- M TM-KOMIOHEHTHTE Ha Bpb3kara Cu-CO u
OTpaXeHUeTo My BbpXy BajeHTHHTE C-O TpenteHus. ChIIMAT MOAXOJ € MPUIOXKEH 3a
Bpb3kara M-CO B apyru HaHECEHM KaTajlu3aTopu. B pe3yinrar Ha HampaBEeHUTE W3BOIU €
NpeJIoKEH METOJ 3a TecTBaHe Ha TMOBBPXHOCTH Ha HEAKTUBMPAHU KaTallu3aTopH,
ChABPIKAIIY KATHOHU Ha MPEXOIHU METaJIl B HUCKO BaJ€HTHO ChCTOSTHUE.

Pe-untepnperupanu ca penuua KapOOHMJIHM WBHULM Ha 371aToTo. Bb3 ocHOBa Ha
aHaJINU3 Ha CTAOMIHOCTTA W BHOpallMOHHATa YE€CTOTa € MOKa3aHo, ue T. Hap. Au® LIEHTPOBE
TIpenCcTaBIABaT AU’ KaTHOHH, Pa3MONOKEHH Ha TOBBPXHOCTTA HA METAHH 3/IaTHM YaCTHIIH.
JleMoHCTpHpaHO €, ue Au’” IIEHTPOBE OOMKHOBEHO HE CE€ JIETEKTHPAT, Thil KaTo ca OJIOKUpaHU
oT BoxHH Monekynr. IToka3aHo e, 4e 06JIacTHTE Ha MposBIeHUE Ha kKapoonmmute Au -CO u
Au’-CO ce MPUNOKPUBAT W WHTepnperanusaTa Ha Y uBunmre TpsiOBa na ce 6asupa u Ha
ctabunmHocTTa Ha Komiuiekcute. [lokazano e, 4e mopaad NpoTHUYaHE HA MPEHOC Ha
MHTEH3UBHOCT, M30TOITHATA CMEC 2¢'%0 + Bc®o e MO-IOIXOIINA OT 2¢0 + Bcl%0 3a
oXxapakTepuszrpaHe Ha Au LEHTpoBe. /[eMOHCTpUpaHe € OKHCIEHHUETO Ha HAHECEHU 3JIaTHU
Hanouacturm oT CO; u popmMupaneTo Ha Au®-CO KapOOHWITH.

Pa3zpaboreno n u3non3sanero Ha NO KaTo MOJIEKyJia COHJIa 32 OXapaKTepU3HpaHe Ha
peayurpaHy BaHaJueBU U BOJIGPaMOBU EHTPOBE U HA KEJIE3HU KATHOHU B 3€0JIUTH.

Peuntepriperupann ca Hsakou uBuid Ha CO u NO, agcopbupanu BbpXy KOOAITOBH
HOHM, KaTo 3a IPBB IIBT SICHO € HAOJI0JaBaHO €THO3HAYHO CHOTBETCTBUE MEXy KapOOHUIIHU
Y HUTPO3WJIHU KOMIUIEKCH Ha KoOaJITa.

Pazpaboreno e wusmomBanero Ha CO m NO (caMOCTOSTENIHO W B CMECH) 3a
omnpeessiHE Ha BAJIEHTHOTO ChCTOSTHUE Ha peulla HaHeCceH! KaTuoHu. T. Hamp., cmecu ot CO
1 NO ca W3NOI3BaHM 3a €IHOBPEMEHHO M CEJEKTHBHO jeTekThpane Ha Cu' (oOpa3syBar
kommieken ¢ CO) u Cu®’ iionn (obpasyBa kommiekcu ¢ NO) B HAHECEHH MeIHH
karanu3aTopu. [lomobeH moaxon € MpUIOKEH M 3a OXapakTepu3HpaHe Ha peauia JIpyrd
Marepuaiad. B dacTHOCT € mokasaHo, e koanacopOruara Ha CO u NO Moxke J1a ce U3MoJi3Ba
3a ceneKTUBHO JeTekTupane Ha HaHeceHU (Ni, Cr) KaTHOHM M KaTHOHU OT MOBBPXHOCTTA Ha
nocurems (Ti'", Zr*").

[Ty6nukyBaH € KpuTHYEeH 0030p 3a Bh3MokHOCTHTE HAa CO kato Y Monekyna-coHpa.



6. MexaHn3Mu Ha apyrum a,D,COpﬁLI,VIOHHVI n KataJlinTU4HUN
npouecu " HoBu MeToaun 3a CUHTE3 Ha KaTasnin3aTopu

B Ta3u Temarnka ca BkiIroueHu 23 HayuyHU Tpyna [22,28,29,32,37,38,42,45,47,52,62,
66,70,142,150,154,162,164,169,174,174,180,181].

VYcraHoBenn ca eramute Ha eposuBHOTO nerictBue Ha CO BBpxy Ru/Ti0O;. Ilpm
temnepatypu Hajg 100 K CO pguconuupa BBPXYy OINpENEICHH IIEHTPOBE OT METajHaTa
MOBBPXHOCT M TH OKHCIABa. Ilocimemaure obpasyBar ¢ CO mekmacmuecku Ru™ (CO);
kapOoHwm. M3ydena e koposuonHata ancopOius Ha CO BBpXy HAHECEHHM IHCIIEPCHU
MeTaIHU Katanm3atopu. [lokazano e, ue Hag 145 K CO B3auMojelcTBa ¢ METaIHUSI HUKET,
o0Opa3yBaiiku JIETJINB HUKEJIOB TETpakapOOHWI. YCTaHOBEHA € CTPYKTYpHa UyBCTBUTEIHOCT
IIpU pa3jaraHeTo Ha METaHOJ BbPXY HAHECEHU HUKEJIOBH KaTallu3aTOPH.

ITokasaHo e, ue BOZOPONBT ce afcopoupa auconuarnsao Bspxy Rh’/TiO, u nraynupa
0o0paTuMo cerperupane Ha npeasaputenHo aacopoupan CO.

YcTaHOBEHO e, ue penyKuusaTa Ha cpeObpHU HOHU BHPXY TUTAHOB JUOKCH], BOJU /10
O0CBOOOKJ]aBaHE Ha OpUTMHAIHUTE aJCOpOLMOHHM LEHTpoBe. B pe3ynratr Ha ToBa
HaOmozeHue ¢ (1) mpeyIoyKeHa XUIIOTe3a 32 MEXaHu3Ma Ha ()OTOKATATUTHYHO OTJIaraHe Ha
Metanu Bbpxy Ti0; m (i) e pa3paboTeH HOB METOJN 3a CHMHTE3 Ha HAHECCHH METaTHU
KaTajlu3aToOpd C KOHTPOJMPAHM pa3Mepd Ha METAJIHUTE HAaHOYACTUIM, a WMEHHO
nocyenoBarenHa aacoponusa-penykmuus (ITAP).

CuHTe3upaHM ca U ca 0XapaKTepU3UpaHU HOB KJIac OT KaTalIU3aTOpH, MOJIYUYEHH Ype3
MHKOPIOpUpAHE Ha METaaHU KaTuOHU B T-mo3uniun B 3e0aut BEA.

VYcTaHOBEH € MEXaHU3MbT Ha JIEUCTBUE HAa MPOMOTOPH OT Gocop U ajaKaIHH MeTalu
BbB V,05/Ti0O; karanu3atopu 3a MapiuaiHO OKUCJICHHE Ha o-Kcuioil: docdopbT Om0oKHpa
eKCIIOHMPAHUTE Ha MOBBPXHOCTTA HA KaTalu3aTopa KOOPAUHAIIMOHHO HEHACUTEHU TUTaHOBU
KaTHOHW, KOUTO B TPOTHBEH Ciy4yall OJarompusTCTBAT MBIHOTO OKHUCIEHHE. B
NOTBBPK/IEHWE Ha Ta3M XWIIOTe3a € I[I0Ka3aHo, Y€ JE3aKTUBUPAHM C BOJHU Mapu
KaTaJn3aTOpPH CE XapaKTepu3upaT ¢ MOHWKEHO ChAbpkaHue Ha docdop.

[Tokazano e, ue mo6aBku oT Ce BOJAT 10 TO-BUCOKa AUCTIEPCHOCT Ha Mn BepXy Al,O3
U T0-BHCOKAa AaKTHUBHOCT B pe€J KaTaJUTHUYHU peaklUu. YCTaHOBEHH ca JBa peKMMa Ha
npotuyane Ha NO + CO eko-peaknuara: HUCKOTEMIEPATypPHUST PEKHUM CE€ OCHIIECTBIBA
BBPXY MOBBPXHOCT, MOKpUTa ¢ NOX, a BUCOKOTEMIIEPATYJHHUAT — BBPXY IMOBBPXHOCT,
MOKpHUTa C KapOOHATH.

OTkpuTa e peakius Ha U30TONEH 0OMeH Mexay ancopoupanu mosekyau CO, KosTo
BBPXY CPeOBPHU 3€0JIUTHHU KaTaauzatopu npotuda nopu nmpu 100 K.

[Tokazano e, ye TiO, u CeO; ¢ pa3Bura cnenuduyHa MOBBPXHOCT ca €PEKTUBHHU
MaTepuai 3a TBbpaoda3Ha eKCTpaKLus Ha CJIEeOBU KOJIMYECTBa eleMeHTU. Pa3paboreHu ca

AaHAJIMTUYHW MCTOJHMKH 3a aHAJIN3 Ha WOHU Ha TEKKU METaJIH.



7. NMoBbpxHOCTHU xugpokcunuu rpynu (OH u OD)

N N3OTOMNMHU e(*)eKTM

Temartukara BxitouBa 15 Hayunu tpyna [13,27,30,33-36,40,43,46,48,50,53,74, 78].

Ta3u TemMaTuka € CpaBHUTEIHO HOBa 3a rpynaTa u ce paszsusa oT 2011 r. M3BecTHO e,
ye D-xucenunure ca mo-cimabu B cpaBHeHue ¢ H-kumcenmuute. [TompoOHOTO M3yuyaBaHe Ha
U30TONHHTE ePEeKTH 00aue € 3aTPyAHEHO OT €THOBPEMEHHOTO NMPUCHCTBUE B CUCTEMHUTE HA
U30TOIHO 3aMECTEHM CIIPETHAaTH OCHOBU. B XuMusAta Ha NOBBPXHOCTTa € BB3MOXKHO
M3yYaBaHETO Ha B3auMOJeicTBUETO Ha 100pe nedpunupanu OH u Ha crorBeTHHTE OD Tpymnun
C €/IMH U ChIIYU PEareHr.

N3mepena e mo-HUCKa KUCEIMHHOCT Ha NMOBbpXHOCTHM OD rpymnu B cpaBHEHHE C
texaute OH anano3u 3a okcunuu (Si0;) u 3eommmtau (H-ZSM-5, H-FER, [Si]BEA) o6pa3mm.
Te3u edexTu ca yCTaHOBEHH 110 JIBa HAUMHA:

- MHaupekTHO: MOKa3aHO €, Y€ CTOMHOCTUTE Ha OTMEcTBaHe Ha TpenteHusra OD
(xopurupanu ¢ (pakTopa Ha U30TOMHO OTMECTBAHE) clie] aIcOpOIIMsl Ha peiulia OCHOBH ca I0-
HUCKHU OT OTMECTBAHUATA, U3MepeHH 3a choTBeTHUTE OH rpynu.

- JlupexTHO: ycTaHOBEHHU ca pa3nuuus B croiHocTtuTe Ha V(C-N) TpenTeHusita Ha
ALETOHUTPUI (YyBCTBUTEIHU KbM 3/paBUHATa Ha oOpa3zyBaHaTa BOJAOPOJHA BPb3Ka), KOraTo
Toii € cBbp3aH kbM OH rpynu u kbM Texuure OD ananosu.

BaxHo creactBue or pesynraTure €, 4e (PaKTOpBT Ha M3OTOMHO OTMECTBaHE
HaMmaJlsiBa C [TOBUIIIAaBaHE HA CHJIaTa Ha BOJOPOJIHATA BPb3Ka.

[To-HuCKUAT pakTOp HA M30TOMHO OTMECTBaHE Ha BoaopaHOcBbp3aHute OH rpynu e
0TOeIs3BaH B JIUTEpaTypaTa M Hail-o0Io € 00sICHABAH ¢ MO-BHCOKa HexapMoHu4HOCT Ha OH
TpenteHusta. Hue ycranoBuxme obade, 4ye oOpa3yBaHETO Ha ciaba BOJIOPOJIHA BPb3Ka BOIU
70 HaMajsiBaHe Ha HexapMoHuuyHocTTta Ha OH Tpenrtenusita. JlocturHato € 1o u3Boja, 4ue
HUCKHUAT (aKTOp Ha M30TOIMHO OTMECTBAHE Ha BOJOPIHO-CBBP3aHU XMJIKOKCHUIIHHU IPyIH Ce
IBJDKU Ha Mo-cabaTa BOJOP/IHA BPB3Ka, KOSTO ce ochinecTBsiBa ¢ OD rpymnure.

Bp3 ocHoBa nHa anamm3za Ha wusotomHuTe OH/OD edexktn ycraHoBuxme u
ochllecTBsiBaHETO Ha depMu-pe3oHaHc U pasuenBaHe Ha OH uBuuMTEe NpH M3MEpBaHE Ha
KHACEIIMHHOCTTA Ha XUAPOKCHIIHH TPYTIH TIOCPEICTBOM aJIcOpOLMs Ha C1a0l OCHOBH.

JleMoHCTpHpaHa € U 3HAYUTENHO IO-CUJIHAaTa OCHOBHOCT Ha D, B cpaBHeHue c¢ Hj,
KOETO BOJM JI0 YyBCTBUTEIHO [TO-CUITHO B3auMoJeiicTBie Ha D) ¢ KMCETMHHY LIEHTPOBE.

[lokazano e, ye MeToABT Ha BOJOpPOAHATA BpPb3KA 3a HM3MEpPBAaHE Ha MPOTOHHA
KHCEJMHHOCT € HENMPUJIOKUM 32 CUCTEMH, XapaKTepU3Hpalll ¢ U ¢ KUCEIUMHHOCT 1o Jlouc.
3a NpbB BT € YCTAHOBEHA 3HAYUTEIIHA KUCEIMHHOCT HA aMOHUEBH MOHU B 3€0JIUTH.

Pa3paborena e monudukanys Ha METO/Ia Ha BOJAOPOJHATA Bph3Ka 3a ONpeAeisiHE Ha

KHCCIMHHOCTTA HAa HUCKOKHUCCIIMHHU IMTOBBPXHOCTHHU XUAPOKCHUIIHU I'PYIIHN.



8. MeTan-opraHu4yHu CTPYKTYypH

B rematukara ca Bximrouenu 15 nayunu tpyna [1,5-8,10,12,14,15,18-21,56].

Mertan-oprannuaute ctpykrypu (MOC) ca cpaBHUTEITHO HOB KJac OT ChEAWUHEHUS,
CBCTOSIIIU C€ OT HEOPTAaHWYHHU si/ipa (METATHU KaTHOHU WIH KIIBCTEPH, ChIbPKAIIA METATHA
KaTHOHH), CBBP3aHU MTOCPEICTBOM IOJMTPOITHA OPTraHWYHHU JIUTAH/IU, B PE3YJITAT Ha KOETO ce
00pa3yBaT TPUMEPHH MTOPECTU CTPYKTYPH.

[HocpenctBom um3nom3BaHero Ha CO KaTo MOJIEKyJa-COHAA JETAMIHO € H3yuyeHa
noBbpxHocTTa Ha Cu-HKUST-1 (Menen OeHzeHTpuKapOOKcHiIaT). Y CTaHOBEHO € HAIMIHETO
Ha TICEBIOAMKAPOOHWIHA KOMIUIEKCH (BKJIIOYBAIM JBa MeAHM KathuoHa u gBe CO
MoJieKyiH), a ¢ nomoura Ha CO HM30TONMHM CMECU € YCTAaHOBEHO, Y€ MBUIM, NPUIHCBAHU
JI0TOTaBa Ha JUKApOOHMIIH, C€ ABIDKAT Ha B3aumoJeiicteue Ha CO ¢ opraHMyHUS JTHHKEP.

OOpaszyBaHe Ha TICEBIOTPUKApOOHWIN € ycTaHOBeHO mpu Apyra Cu-chabpikamia
MOC, Cu-CPO-27. TTokasano e, ge Cu’’ KaTOHMTE H TO3HM 00pa3el ce XapaKTePHU3HPAT C
U3KIIFOUNTEIHO HUCKA €IEKTPO(UIHOCT NOopaau KOeTo o0pa3yBaT HECTAOMIHU KapOOHUIIHU U
HUTPO3UIHN KoMiuiekcH. Hanporus, Cu' KaTHOHHM, CBBp3aHH ¢ JAed)eKTH B CTPYKTypaTa,
dbopMupaT CTAOMITHN HUTPO3UITHU U KapOOHMIIHU KOMILIEKCH.

JlemoHcTpHpaHa € 3acuieHa n—KoMrnoHeHTa Ha Bpb3kara Ni-CO B Ni-CPO-27, koero
BOJM 10 BB3MOXKHOCT 3a M3MECTBaHE Ha mpeancopOupana Boma or CO. B mureparypata
CBIIECTBYBa CIIOp OTHOCHO oOxiactra Ha mposisiaenune Ha V(H—H) na H,, ancopbupan Bepxy
METaJIHA KaTHOHH. Y CTaHOBEHO €, 4e 3a Ni-CPO-27 Ta3u uBuiara ce mnposiBsisa npu 4031
cm’', [OKaTo HBHUIA mpu 4118 em! xapakrtepuszupa Hj, cBbp3aH C JMHKEpa, KaTo Tas3u
azcopOrmonHa ¢opma ce ctabuian3upa ot npeajacopoupaHa Boja.

WuTepnpernpanu ca XUAPOKCHIHUTE TPYNH B OTBOpPEHATa W 3aTBOpeHara (opma Ha
mumamy  MIL-53  (amymunmeB Ttepedranar). Te3su rpynu ca wuISHTHQUIIMPAHU KaTo
aacopouronuu Gopmu Ha CO;. C U30TONHU EKCIIEPUMEHTH € YCTaHOBEHO 00pa3yBaHETO Ha
numepu (-OH "OCO),, npenusBukBamniy (a3zoB mnpexoa B Marepuana. [lokasano e, ue
WHKOPIIOPHPAHETO HAa XHUAPOKCWIHM TPYNUd KbM pHUHKEpa BOJU 1O TIOBUIIABAHE HAa
a7IcCOpOIIMOHHUS KamanuTeT 1o oTHomeHue Ha CO;.

[Tokazano e, ye agcopommsta Ha CO; Bbpxy UiO-66 (mpkoHueB OeH3eHEeIuKapOo-
KCUJIaT) MpOTHYa BBPXY OCHOBHHM IIeHTpoBe U Bbpxy OH rpynu. Ancopbuusra ce mpoMoTHpa
OT BOJHHM TAapH TOpagu oOpasyBaHE Ha XUAPOKCHIIHH Tpymu. ToBa € BaXHAa CTBIKA MpPH
pa3paboTBaHETO HA MaTEpHAIM, MPIJIOKUMH IMPH PEaTHH ycIoBHSA (TPUCHCTBUE HAa BOJIHU
napm).

B nauganoto Ha 2021 r. Xa/kuuBaHOB CHC ChAaBTOPH OT HEroBaTa rpymna myOJIuKyBa
0030p 3a Bb3MOXXHOCTUTE Ha BUOpallMOHHATA CHEKTpockonus 3a uyuyaBane Ha MOC, koiito

U3JIM3a B Haill-peHOMHUpaHOTO XuMu4ecko cnirmcanue — Chemical Reviews (IF = 52.758).



