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YCcTOMUMBOTO oOmna3BaHe Ha OKOJIHATA CpeJa MpeIBHKAAa Ppa3BUTHETO Ha ePEKTUBHH
TEXHOJOTUH, KOMUTO MOTaT HE CaMO Ja CBeJaT A0 MHHUMYM BpEIHHTE €MHCHU, HO U Jia
OCUTYDAT ITBJIHOLEHHO OIOJ30TBOPSABAHE HA OTHAJHUTE CTPAHWYHHM NPOAYKTH. B Hamm aHu
TPAHCIIOPTHUAT CEKTOp CE€ CUUTAa 3a OCHOBEH H3TOYHUK Ha 3ambpcutenu. Cpen TaX
U3II0JI3BaHUTE MOTOPHM Maclia NpPEACTaBisABAT 3HAYMTENeH mpolieM, Tb Karo He ce
pasrpakgarT M ChABPKAaT MHOTO ONAcHU BEINECTBA, KAaTO TIOJUIHUKICHH apOMaTHU
BBIJIEBOJIOPOAN C BHCOK BHCKO3UTET, KHCIOPOJI-ChABPKAIIM ChEIUHEHUs, CMOJIM M JIAKOBE U
ap. PenukiimpaneTo Ha TakuBa OTHaJIHU MOTOPHH Macia € Hali-4ecTo M3MOJI3BAHUAT OJIXO0/ 3a
TAXHOTO OIOJ30TBOPSIBAHE, HO JTHEC Ce OYaKBaT M aliTepHAaTHUBHM peuieHus. OT apyra cTpaHa,
YTIBBPIKIaBamaTa ce TCHIACHIMS 32 W3YepIBaHEe HAa TPAJAMIMOHHUTE W3TOYHHWIIM HA TOpUBA U
SHEeprusi B CBETOBEH Maimad, 3aeJHO C MpoOJeMHUTe, NMPOU3THYAIM OT 3aMbpCSIBAHETO HA
OKOJIHATa Cpelia, BCE IMO- 0CE3aTeNTHO TOCTABAT BBIPOCA 32 ThPCEHE HAa HOBM aJTCPHATHBHU
U3TOYHUIM. METaHOIBT € MEePCHEKTHBEH AITEPHATHBEH W3TOYHUK HA CHEPrHs MOPaaH CBOSTA
MOOWIJIHOCT /1a ce TpaHC(hOpMHpa JIECHO 1O Pa3IMYHU PEaKIMOHHN MapIIpyTH, B pe3ysTaT Ha
KOETO ce MOJIydyaBaT LIEHHH 32 UHAYCTPUATAa XUMHUKAIU U ropuBa. ChIIECTBEHO MPEIUMCTBO €
BB3MOKHOCTTa 32 TOJY4aBaHETO MYy IO Bede J00pe YTBBPACHH TEXHOJOTMH OT peauna
JOCTBIIHH, BKJIIOYHTEIHO W BH30OHOBSIEMH aJITEPHATHBHU HM3TOYHHMIM. KaTamuTwu4HOTO MY
pasnazaHe pa3KpuBa BB3MOXKHOCTH 3a TIOTydaBaHE Ha Tra3oBH cMecH, chabpkamm CO,
BOJIOPOJI M METaH, KOUTO MOTaT J1a ObJIaT U3IMOJI3BAaHU KaTO TOPUBO B IBUTATEIIUTE C BHTPEIIHO
TOpeHe, TOPUBHUTE €IIEMEHTH M Ta30BUTE TYpPOWHH. YCHIENIHOTO MpHIIaraHe Ha TO3H TOAXOJ
U3MCKBA pa3pabOTBAaHETO Ha e€(EKTUBHHM KaTalM3aTOPH, OTJIMYABALIU CE HE CaMO ChC CBOATA
BHCOKAa aKTHBHOCT, CTAOMJIHOCT M CEJIEKTUBHOCT, HO W OT MKOHOMHYECKA TJeIHA TOYKa, C
HHCKa 1I€Ha U Bb3MOKHOCT 3a paboTa MPU OTHOCUTEIIHO HUCKU TEMIIEPATypPH.

[IpoexThT € HacoyeH KbM (YHIAMEHTATHO M3CIEBAaHE HAa BB3MOKHOCTHTE 3a
pa3paboTBaHe Ha BUCOKOC(PEKTHBHM MYJITHKOMIIOHEHTHH KaTaJW3aTOpd Ha OCHOBaTa Ha
aKTUBEH BBIJICH, CHHTE3WpPAH OT OTPAOOTEHO MOTOPHO MAaCIO W TOJMMEPHU OTIAIbIH
(monueTuneH Tepedranar M TepMoIIacTUYHU (eHod-popManaexugHn cMonu). OTnpaBHa
TOYKa B IJIAHYBAaHHUTE W3CJIEIBAHMS € Pa3KpUBAaHETO HA OCHOBHHTE CBOWCTBA HA TOYYEHHUTE
AaKTUBHHM BBIJICHM U TAXHOTO BJIMSHUE BBPXY CIEIBAIIOTO MM MOJUGHUIMPAHE C XpPOM- U
xems300kcuaHa (aza. OT mpakTUYecka TIeHa TOYKa, HHTEPEC MPENCTaBIIABA TPHUIIOKEHUETO
Ha Te3W KOMITO3UTHU MaTepuaIM KaTo KaTaJlM3aTOpH 3a pas3lajaHe Ha METaHOJ J0 BOJOPOI U
CO c ornen wW3MOJ3BAHETO MYy KaTo alTepHATUBHO TopuBO. OT o0coOeH wuHTEpec e
pa3paboTBaHETO HAa Hay4YHO-OOOCHOBAH MOJXOJ 32 KOHTPOJI Ha KaTAIMTHYHUTE CBOWCTBA Upe3
3ap009aBaHe Ha TMO3HAHWETO BHPXY NPUPOAATa HA KATAIUTUYHO AKTHBHHUTE IICHTPOBE U
MeXaHu3Ma Ha rnpoleca. He mo-maiko 3HauMM € U CTPEeMEXbT 3a MOHIM)KaBaHe Ha lieHaTa Ha
KaTaJIM3aTOPUTE UYpe3 M3MOJI3BAHETO HA €BTHHU W JOCTBITHU TPEXOJHH METaIH, KAaKTO M
ONTUMHU3UpPAaHE Ha CBOWCTBaTa Ha akTHBHaTa (pa3a upe3 MOJABPKAHETO W BBB BHCOKO
JIMICTIEPCHO U TTOJIXOJISIIIO OKHCIUTEITHO ChCTOSTHHUE. V3ceIBaHeTO Ha MOTyYSHUTE MaTepraln
IpeBIKIa KOMIUIEKCHO XapaKTepu3upaHe Ha CTPYKTYpHUTE, TEKCTYpPHUTE, TOBbPXHOCTHHTE,
CJIEKTPOHHUTE W PEIOKC CBOMCTBA Ha KOMIIO3HTHUTE Ype3 H3MOJ3BaHE Ha IOAXOJSIIN
CBhbBPEMEHHU (PU3MKOXMMHUYHHM TEXHHUKH (HHCKOTEMIIEpaTypHa a30THa (u3ncopOuus, mpaxosa
peHTreHoBa audpaxius, YntaBuosiaeToBa, MHbpauepBena 1 MpocbayepoBa CHEKTPOCKOIUH,
TEMIIepaTypHO-TIporpaMupaHa peayKLus ¢ BoJopo). Pesynratute oT KaTaTUTUYHUTE TECTOBE
U (pHM3MKOXMMHYHOTO XapaKTepH3MpaHE IIE M3ACHIT 3aBUCHMOCTTA MEXIy ChCTaB, CTPYKTypa




Y KaTAJIATUYHYU CBOMCTBA HAa KOMIIO3UTHUTE C L€l U3ACHSABAHE HA NPUPOJATa HA KaTAIUTUYHO-
AaKTUBHUTE LIEHTPOBE U POJISATA UM B KaTaJIUTHUYHUSA npoluiec. OuakBa ce MOIYyUEHUTE Pe3yJITaTu
Jla 10BeJaT JO HOBM 3HAaHUSA B OOJIaCTTa Ha BBIVIEPOJHUTE KOMIIO3UTH U BB3MOYKHOCTTA 3a
U3MO0I3BAHETO HAa TE3UM 3HAHUS B U3TPAXKAAHETO HA HAy4YHO-OOOCHOBaH IOJIXOJ 3a
pa3paboTBaHe HAa MHOBAaTMBHM  MaTepuaiu. PeamusupaHeTro Ha IpoekTa O JOBEIO [0
¢dbyHaaMeHTaNeH IPUHOC ¥ HOBH acleKTH HAa MEXaHW3Ma Ha KaTaJTUTHUYHOTO JCHCTBHE, KOETO €
IPEANOCTaBKa 3a YCHEIIHOTO pa3pellaBaHe Ha €KOJIOTMYHUTE IPoOIeMHU, CBbP3aHU C Olla3BaHe
M O4YMCTBAaHE Ha OKOJIHATa Ccpela M alTepHaTUBHUTE ropuBa. (OCHOBEH NOAXOJ 3a
pasnpoCTpaHEHUE Ha PE3yJNTaTUTEe OT U3CIeABaHMUATa Ie ObJe NyOJMKyBaHETO UM B
NPECTH)KHU HAy4YHM CIMCAHUS C BHUCOK HMMAKT (aKTOp, KAKTO M IMPEACTaBIHETO UM Ha
MEXyHAPOJIHU M HAITMOHAIHU HAYYHU OPYMH.




Pesyimamu u oocvacoane (0o 10 cmp.)

1. EKCHEPUMEHTAJIHA YACT
1.1. IlosryuaBaHe HA aKTHBEH BbIJIEH HA OCHOBaTa Ha OTPA0OTEeHH MOTOPHHU
MacJja.
3a cuHTE3a Ha aKTHBHH BBIJICHU € U3I0J3BaHO MOTOPHO MAacio CJIe]] €JHOTOIMIIHA yIoTpeoda.
3a moJy4aBaHETO UM € MPHJIOXKEH TPHUCTAJAMEH IMPOLEC, KOWTO BKIOYBA MOIU(UIMpPAHE Ha
CMEC OT M3MOJ3BAaHO MOTOPHO MAacCjiO U MOJMMEPHU OTHAIbIU B TEIVIOBHO ChOTHOLIeHHE 1:1
(monuetuneH Ttepedranar W TepMoOIUIaCTHYHM (peHon-popmanaexuanu cmonu) (crenkal);
KapOonmsanus (creika 2) u pusuuHo aktuBupane (crbmika 3). [lo BpemMe Ha IbpBHs €Tall,
cMecta OT OTpabOTeHO MOTOPHO MAaciO U TOJMMEPHH OTmagblii ce oOpaboTBa mpu
HENPEeKbCHATO pa30bpKBaHE 4pe3 JoOaBsHE Ha KalKu KOHI[. csipHa kucenuHa npu 433 K.
[Tony4yenusar TBbpA mpoaykT ce oopadoTsa ¢ 0.1 N pasrBop na NaOH B npoabmxenue Ha 30
MUHYTH U C€ MPOMHBA C JeCTUIUpaHa Boaa no HeyTtpanHo pH. Cnex ToBa, marepuansT ce
nojjara Ha kapOoHu3zauus 4pe3 HarpsaBase rnpu 873 K (ckopoct Ha HarpsBane 10 K min'l) B
npoabkeHre Ha 30 MuHyTH (CThlIKa 2). AKTUBHPAHETO Ha TONy4YeHUs KapOOHM3HpaH
npoaAyKT (cThIKa 3) ce M3BBPIIBA Ype3 MOBHUIIABAHE HA TEMIEpaTypara BbB BOJIEH MOTOK OT 2
K min™ no temneparypata Ha aktusupane (973 K) B mpoabmkenue Ha 30 min. [IpomecsT
3aBBpIIBA C OXJAXKIAHE HAa PEaKTopa B MHEPTHA aTtMocdepa M HM3CyIIaBaHE Ha MOJIYYCHHUS
aktuBeH BbrieH npu 383 K. [lonydeHnTe akTUBHU BBIJICHH OT U3II0JI3BAHO MOTOPHO MAacio U
N00aBKM Ha TMOJMETHJICH TepedTalaT M TEPMOIUIACTUYHH (DEHOI-POPMATIEXUIHU CMOJIU Ca
o06o3nayenu, cboTBeTHO Kato AC_MMT unmu AC_ MMF.
1.2. Moaudpuunpane Ha
BBIJIEPOAHHM HOcUTesH ¢ Fe n/nau Cr oKkCHIHM HAHOYACTHIH.
Onucanute B T. 1.1 HOcuTenu ca monuduuupanu ¢ Fe w/mnn Cr OKCUAHM HaHOYACTHUIM Ype3
U3II0JI3BAaHETO HAa METOJ Ha «OMOKpsiHe». 3a MOAW(UIMPAHETO Ha aKTUBHHUTE BBIVIEHU ca
usnonBanu pa3tBopu Ha Fe(NO3)3.9H,0 wmmm Cr(NOj3)3.9H,O. C men ocBobOoxaaBaHe Ha
MOpUTE W OTCTpaHsBaHe Ha (U3WYHO ajcopOMpaHaTa BOJA, BBIJICPOJHUTE HOCHTEIN
IpeBapuUTeNIHO Ce€ aKTHBHMpAT uype3 TepMUYHaTa oOpaboTka BbB BakyyMm npu 413 K. Taka
AKTUBUPAHUTE HOCHTEIHM CE HAaKalBaT C Pa3TBOpP Ha COJHTE, KaTo O0EMBT CHOTBETCTBA Ha
o0Oema Ha nmopute Ha HocuTenute. [lomydeHnTe Marepuanu ce HarpsiBaT BbB BakyyM mipu 323 K
B NpOAb/DKEHHE Ha 2 yaca. PasmaraHero Ha M3MOJ3BaHUTE COJM CE€ OCBHIIECTBSABA YPE3
ciefiBalia TepMUYHa o0paboTKa B MHEpTHa cpena mnpu temneparypa 773 K cbc ckopocT Ha
HarpsiBaHe 5 K/min B mponabikeHue Ha 2 yaca. 3a cpaBHeHHMe ca nonyueHu Fe w/mmm Cr
OKCUIHM HAaHOYACTHUIIM, HaHeCeHU BBPXY ThproBcku SiO;. [lomydyenure momamdukamum ca
oznauenun kato Fe/S, Cr/S u xFeyCr/S, cbOTBETHO 3a MOHO-KOMIIOHCHTHHUTE H Ou-
KOMIIOHEHTHUTE CHCTEMH, KBJIETO S € O3HAYEeHHETO Ha CBhOTBETHUS BBIJIEPOJIEH WIN
cunukateH Hocuten. Chabp)kaHHueTo Ha MeTan B MoHOKommoHeHTHHe Fe m Cr obpasmm e 8
wt.%, a B OM-KOMIIOHEHTHHTE, ChOoTBeTHO 2:1, 1:1, 1:2.
1.3. Meroan 3a (GU3MKOXMMHYHO XapaKTepU3HpPaHe HA HOCUTEJUTEe U
KaTaJau3aTopure
Beuukn momydeHn MaTepuany 0sxa M3cielBaHU MMOCPEACTBOM KOMIUIEKC OT (PU3NKOXUMHUYHHU
TexHukd. CrnennpuyHara MOBBPXHOCT, MOPECTHss 00eM M pas3NpeseseHueTo Ha MOpHUTe IO
pa3Mep ca OTpeesieH! ¢ MoMoITa Ha (pu3znyHa ajcopOmus Ha a30T npu 77K upes amapatypa
Quantachrome NovaWin 1200. Pentreno-ha3oBusT aHaiau3 € U3BbPIICH ¢ moMoInra Ha Bruker
D8 Advance mudpakromersp Cu Ko nwpuyeHue. Judy3noHHO-OTpaKaTEIHUTE CIICKTPH B
obmactra 200-800 nm ca cHetu npu u3noa3saHero Ha UV-Vis cnekrpodoromersp Jasco V-
650. MndpavyepBeHNTE CIIEKTPHU Ca CHETH C ToMoITa Ha criektpodotomeTsp Bruker Vector 22.




MpocOayepoBuTe CIEKTpU Ha 0Opa3IUTe ca MOJIyYeHH BbB Bb3AyX MpHU cTallHa TeMIepaTypa ¢
Wissenschaftliche Elektronik GmbH, Germany enekTpoMexaHn4eH CIIEeKTPOMETHp, paboTen] B
MOCTOSIHHO YCKOpSIBAalll pexXHUM. TepMOrpaBUMETpUYHUTE MPOMEHH C KaTalu3aTOpUTE B
yCIOBUSL Ha TemriepaTypHo-niporpamupana penykius (TPR-TG/DTG) ca wuscnenBanu ¢
nomomra Ha NETZSCH amapar. 3a mnonydaBaHe Ha KOJIMYECTBEHAa WHGoOpMaIus 3a
CHIBPKAHUETO HA PA3TMYHUTE JOCTHIIHH NOBBPXHOCTHH (DYHKIMOHAIHH TPYIH € U3IOJI3BAaHO
TUTPYBAaHE MO MeTOJa Ha bboM upe3 HeyTpanu3anusi ¢ ocHOBM ¢ HapacTBamia cuia: NaHCO3,
Na,CO3, NaOH u HaTpueB eTOKCHUI.

14, KaTaiauTuuHo pas3jarane Ha MeTaHOJI

KaranutuuHuTe €KCIEpUMEHTH Ha pas3jlaraHeé Ha METaHOJI ca IIPOBEJIEHM B amaparypa oT
noTo4eH Tum. J[03upaHeTo Ha METaHOJa Ce U3BBPIIBA C MOMOIITA HAa TepMOCTaTUpaH mpu 273
K caryparop, mpe3 KoiTo ce mporrycka aprot c¢b¢ ckopoct 60 ml/ min. Karamuszaropst (0. 055
mg) ¢ pazmepu 0.2- 0.8 mm ce paspexaa cbe cThkia B oTHomeHue 1: 3. [Ipenu karanuTuaHus
eKCIEpPUMEHT, KaTalIn3aTopbT ce 00paboTBa in-situ B motok ot Ar (30 ml/min) 3a 1 wac npu
373 K. ExcriepuMeHTUTE C€ M3BBPIIBAT MPU MapLHUAIHO HaysiraHe Ha meraHona 1.57 xPa u
CKOpOCT Ha noTtoka 4.5 h's temriepatyper uHTepBan 403-773 K. Ananu3bsT Ha peakimoHHaTa
CMEC U TOJYYCHHTE MPOAYKTH ce M3BBbpIIBa upe3 razoB xpomatorpad SCION, cHabaeH c
KaTapoMeThp U IJIaMbKO-HOHM3AIMOHEH AeTeKTop U KanwisipHa kosoHa PLOT Q (30 m). Kato
ra3- HOCUTEJ € U3I0JI3BaH aproH.

2. PE3YJITATHU U JUCKYCUSA

2.1. HuckoremneparypHa ¢pu3ucopOLus Ha a30T

W3otepmuTe Ha HUCKOTEMIepaTypHa (pu3ucopOIMs Ha a30T HAa U3XOAHHUTE AKTUBHHU BBIJICHU
(He e MOKa3aHO) ce XapaKTepU3UpPaT ChC CTPBMEH CKOK IPH HUCKO OTHOCHUTENHO HaisraHe P/
Po u kanmnsipHa KoHnaenszauus mpu okoio 0.5 P/Py. CwriacHo knacudpukarmsara Ha [UPAC,
u3zorepmure ca ot I/IV Tum, Kkoero e TMIIMYHO 32 MaTepUall ChC CMECEHAa MUKPO/Me30IopecTa
tekctypa. AC-MMF ce xapakTtepusupa ¢ Hail-BUCOKa clielU(pHUYHA TTOBBPXHOCT M 00eM Ha
nopure (Tabnuna 1). HaGmronaBaHOTO MOHMXKEHHE B crielu(UYHATA MOBBPXHOCT, ChYETAHO
ChC CllabM M3MEHEHHsI B o0eMa Ha MOpPUTE W MOHWKaBaHE Ha MHUKPOIMOpecTaTa MOBBPXHOCT
cien Monuduimpanero ¢ Fe w/mmm Cr OKCHIHM HAHOYACTHUIM, BEPOSITHO C€ ABDKM Ha
oTJaraHe Ha METaJI-ChIbPKAIIY YACTUIIM B MUKPOTIOPUTE HA BBIIICPOTHISI HOCUTEIL.

2.2. IIpaxoBa pentreHoBa qudpaxuus (XRD)

CrpykTypara Ha  [OJlyYeHHTE  OKCHJHM  MaTepuanu  Oemie  W3CileqBaHa  upes3
pPEHTreHOCTPYKTypeH aHamu3. XRD nudpaktorpamure Ha W3XOJAHWTE AKTUBHHU BBIJICHU
(Tabmuna 2) ce cbeToaT OT MHMPOKU peduiekcu mpu 24.5° u 43.2° 20, KOouTO ce CBBP3BAT C
BBIJIEpOIHATA CTPYKTypa. Pediexcure ca mo-MMpoOKH, KOETO CBUICTEIICTBA, Y€ HATMYUETO Ha
MOJIMETWIECH TepedTanaT U TepMOIIACTUYHU (HeHOI-POopMaIIeXuIHH CMOJIA BbB BBIVIEPOAHUS
MPEKypcop MPOBOKHUpAT oOpa3zyBaHeTo Ha amopdHa BbIIepomHa ¢aza (Tabmuma 2). Ipu
xenesnute moaudukanun Fe/AC-MMT u Fe/SiO; ce nabmrogaBaT sicHO u3pazeHHu pedrexcu
npu 35.4°, 42.8° 56.7° u 62.6° 20. Te morat na 6bpaat oTHecenu kbM (311), (400) (511) u (440)
KpucTanorpagcku paBHUHM Ha KyonmuHa FesO,4 da3za cve cpenen pasmep Ha kpuctanutute 10
nm (Tabnuna 2).




Tabmuma 1. Jlanau oT a3zoTHa (u3ucopOUMs HAa W3XOJHM AKUBHM BBIVICHH, MOJYyYEHH OT
orpaboreHo MoTopHo Macio u texuute Fe, Cr u 6u-komnonentau Fe-Cr mogudukarmu (Sget-
crenuduana nmoBbpxHOCT Mo BET, Syi- cnenuduyHa moBbpXHOCT Ha MUKpPONOpPUTE, V-001I1
00eM Ha nopure, Vmi-00eM Ha MuKponopure, Day-CcpeieH 1uaMeTbp Ha IIOpUTE).

Sample SeeT, Smi» Sexts \ Vi Day

m*/g m?/g m?/g cm’/g cm’/g nm

AC-MMT 427 256 171 0.52 0.11 4.9
Fe/AC-MMT 313 186 127 0.42 0.07 5.3
2FelCr/AC-MMT 360 220 140 0.42 0.09 4.8
1FelCr/AC-MMT 354 202 152 0.44 0.08 5.0
1Fe2Cr/AC-MMT 384 235 149 0.50 0.10 5.3
Cr/AC-MMT 345 196 149 0.47 0.08 54
AC-MMF 554 406 148 0.31 0.16 2.3
Fe/AC-MMF 483 372 111 0.25 0.14 2.1
2FelCr/AC-MMF 390 300 90 0.19 0.10 19
1FelCr /AC-MMF 385 286 99 0.21 0.11 2.1
1Fe2Cr/AC-MMF 398 317 81 0.20 0.12 2.0
Cr/AC-MMF 495 391 104 0.26 0.15 2.1

[lpu Fe/AC-MMF o6pasena ce peructpupar FesO, u Fe,O; daza cbc cpeieH pasmep Ha
KpUCTaTUTUTE 0KOJI0 14 1 33 nm, choTBeTHO. Penrenorpamara Ha Cr/SiO, nmokassa peduiekcu
npu 33,6°, 43,5° u 64,3° 20, xouro ca xapaktepHu 3a npuchcrBueTo Ha CrOz cbe cpesieH
pa3Mep Ha KpHCTajauTa OKojo 7 nm. B peHreHorpamute Ha MOHO-KOMIIOHEHTHUTE XPOMHU
mMoudukanyu, HaneceHH BbpXy AC-MMT u AC-MMF He ce Habmt0o1aBaT HUKaKBU pedIieKcH,
TUMIMYHU 3a MPHUCHCTBHE Ha XpOMOKcHAHA (ha3a, KOETO CBHUIETENCTBA 3a HeEWHara (¢uHa
mucniepcHoct. [Ipu 1FelCr/AC_MMT ce peructpupar MHOTO HIMPOKH pedeKkcH Ha cMeceHa
XpoM-kensn30 okcuaHa mmuHaaHa ¢asza (CrpsFe;sOy4), mokato mpu 1FelCr/AC MMF ce
HaOJr0aBaT MarHeTUTHU YacTHLIM CBhC CpeleH pasMep Ha Kpucraiutute 7 nm. I[lpu
MaTepHaJIuTe C BICOKO ChABPKaHUE Ha JKeNs30 ce peructpupa npucherBue Ha CrFe;O4 daza
3a AC_MMT u amopodna ¢aza 3a AC_MMEF. Uznonssanero Ha uHepter Hocuten (SiO7) Boau
JI0 TIOJTy4aBaHETO Ha J0Ope KPUCTATU3UPAHU MAarHETUTHU M XeMaTuTHH yactuiy (Tabmuma 2).




Tabmuma 2. Pa30B cbCTaB, MapaMeTpH Ha eJleMEHTapHaTa KIeTKa M CpeAeH pasMmep Ha
kpuctanutute Ha Fe, Cr u 6uxomnonentu Fe-Cr monudukanum, HaneceHu Bpxy AC-MMF,
AC-MMT u SiO,.

Sample Phase composition Unit cell Particles size, nm

AC-MMT amorphous

Fe/AC-MMT Fe;0, 8.383 10

2FelCr/AC-MMT CrFe,0, 8.415 8

1FelCr/AC-MMT CrysFe; 50, 8.411 7

1Fe2Cr/AC-MMT amorphous -

Cr/AC-MMT amorphous - -

AC-MMF amorphous - -

Fe/AC-MMF Fe30, 8.384 14
Fe,0; 5.054 33

13.784

2FelCr/AC-MMF amorphous - -

1FelCr/AC-MMF Fe,03 8.347 7

1Fe2Cr/ AC-MMF amorphous -

Cr/AC-MMF amorphous - -

Fe/SiO, Fe;0, 8.383 10

2Fel1Cr/SiO, Cry5Fe; 504 8.411 7

CrFe,O, below >4

1FelCr/SiO, amorphous - -

1Fe2Cr/SiO, Fes04 8.384 14
Fe,03 5.054 33

13.784
Cr/Sio, Cr,03 8.347 7

2.3. Uu¢pavepBena cnekrpockonusi (FTIR) u Meroa na brom

FTIR cnektpute Ha BBIIEPOJHUTE 06113213111/1 ca uscnenBanu B uHTepBaia 4000-400 cm™,
Hlupokata meuna npu 3600-3000 cm™ B crHekTpuTe Ha BCHUYKH AaKTUBHU BBIJICHH (HE €
NIOKa3aHO) c€ NpUIMCBA Ha OCTaThYHA BOJAa WJIM Ha BOJOpoJ-cBbp3aHu O-H BaneHTHH
Tpentenusd. Msunara npu 1675 cm™ orroBaps Ha apomatHu C-C w/mnmu C-O BaJleHTHU
TPENTEHHUs B IAKTOJHYM M KAapOOHWIHH IPYIH, JOKaTo MBHIaTa mpu 1526 cm™ ce cBbp3Ba ¢
COOH BanenTtHu tpentenus. Msunara npu 1054 cm™ e Tunmuna 3a C-O BaneHTHH TPENTEHUSA
B Pa3IMYHO OOKPBKEHHE, KaTO KUCEIHMHH, aJIKOXO0JH, (heHonu, erepu U ecrepu. MBunure npu
790 cm™ u 670 cm™ ce ceppsBar ¢ C-C neOpPMAIMOHHH TPENTECHHS B APOMATHH H
HeapoMaTHH CTpykTypu. HaOmionaBanute npomenu BbB FTIR cnekTpure Ha akTHUBHHUTE
BBIJICHH, TIOJYYEHH OT Pa3jIMuHU MPEKYypCOpH, MOKa3BaT HAKOU PA3IMYUs B MOBBPXHOCTHATA
¢ynkumonannoct. C men mojgy4yaBaHe Ha TIOBedye HHQOpManus 3a TOBBPXHOCTHATA
(GYHKIIMOHAIHOCT Ha BBIVIEPOJHUTE HOCUTENN € MPOBEJEH MPELUM3eH aHalu3 ype3 MeToja Ha
broMm (Tabnuna 3). YcTaHOBEHO € HATMYMETO Ha KUCENWHHU (TJIaBHO KapOOHWIHM) U 0a3uuHU
rpymu. 3a AC-MMF e oTtyeteHa 1mo-BHCOKa MOBBPXHOCTHA KUCEIMHHOCT, KOSTO CE ABJDKH Ha
IPEUMYIIECTBEHO NPUCHCTBUE HA JIAKTOJNHHU, XMAPOKCWJIHUM W KapOOHWIHHM Tpynu. TodHo
obparaoto, npu AC-MMT ca peructpupanu NpeIUMHO KapOOHWIHHU TPYNU M TOJSMO
KOJINYECTBO OCHOBHM (DYHKIIMOHAIHU TIpynu. BbOpekn HaIMUMeTo Ha MOBBPXHOCTHU
kapOormmHE W xuapokcwinHu rpynmu B AC-MMF o0pasena € ycraHOBEHa W OTHOCHTEITHO
BUCOKa 0aznyHOCT. B choTBeTcTBHE ¢ JaHHMTE 0T XRD aHanu3a, TOBa BEpOSITHO c€ JBJDKU Ha
no0pe kpucranu3upaiaTa 6a3aaHa MOBbPXHOCT Ha BBIJICHA B T€3H MaTEpHAIIH.




Tabnuna 3. [IoOBbpXHOCTHH KHCEIMHHU ¥ OCHOBHU (DYHKITMOHAIHU TPYITU HA U3XOHH aKTUBHU
BBIJICHHU.

XapakTepuCcTHKH \ Oobpasen

KucennaHn moBpXHOCTHU (DYHKITMOHAIHU TPYITH, meq/g

AC-MMT AC-MMF
KapOonunuu rpynu 2.53 2.35
KapOoHWIHU rPYIH OT JIAKTOHEH THIT - 0.0074
XUJIPOKCUITHH TPYIIH - 0.17
basuunu rpynu, meq/g 1.48 1.30
Agicop6rust 1o o, mg/g 1031 841

2.4. HWndpauepBena cnekrpockonusa (FTIR) wu jaudy3uoHHo orTpaxkatenna

yarpaBuoJieroBa crnekrpockonusi (UV-Vis) na Fe u/mau Cr/SiO,.
Hab6nronaBanure uBumm mpu 1080, 800 u 450 cm™ BBB BCHUKH cunekrpu Ha Fe u/umu Cr/SiO,
ca XapaKTEepHU 3a CUMETPUYHU M acCUMETpUYHHM BUOpalMu B cuiMkaTtHara pemierka (dur. 1a).
VHTepec MpencTaBIsiBa HBUIATA TP OKOIo 960 cm™, KOSATO OOMKHOBEHO CE CBBP3BA C
HamMuueTo Ha gedextd oT tuna Si-O-M B cwimkatHara crpykrypa (M e BOJOpoIeH HIiu
MeTalleH KaTuoH). He e M3K/II04eHO BH3CTAaHOBSIBAHETO HA Ta3U MBHIIA B OM- KOMIIOHEHTHHTE
o0Opa3ii Ja € CBBP3aHO C HaMaJIsIBaHE HA B3aMMOJICHCTBHETO Ha JKEJE3HHTEC HOHH ChC
CUJIMKaTa MOpaJy MosiBaTa Ha HOB TUIT B3aMMO/ICHCTBUE HA JKEJIE3HUTE HOHU C XPOMOKCUIHUTE
YaCTHIIH.

Crisio,

1Fe2Cr/Sio,

FelSio, 1FelCr/SiO,

2Fel1Cr/SIO,

2FelCriSiO,

Absorbance, a.u.

1FelCr/SiO,

Absorbance, a.u.

1Fe2Cr/Sio,

crisio,

4000 SObO 20‘00 lO‘OO 260 460 660 860
Wavelenght, cm™? Wavelenght, nm

@urypa 1. FTIR (a) u UV-Vis (6) cnekrpu Ha Fe-Cr/SiO, matepuany.

UV-Vis cnekTspbhT Ha MOHO-KOMITOHEHTEHHUSI JKEJIEe3€H OKCHJ MTOKa3Ba MIMPOKa aOCOPOITMOHHA
uBuia B obmactra 240-400 nm, KoeTo MOXe Ja ce ABJDKH Ha CYNEepIIO3UIMs Ha Pa3IuyHU
XapaKTePUCTUKH, THIIMYHU 3a TIPUCHCTBHE HA MOHOSJIPCHH Fe** iionn B OKTaeIpuIHa
koopauHanusi, Manku (FeO), xmbcrepu w/mmn Fe,O3 wactumm (pur. 16). Mankara
abcopOrmonHa WBHIlA, HaOmogaBaHa moja 250 nm, BEpOSITHO € CBBpP3aHA C HAJUYHETO Ha
xaruonu Fe®' B TeTpaeapuyHa KoopauHanus. MBumute ¢ Mmakcumymu nipu okojo 250-300 u
300400 nm morar na ObIaT CBBP3aHU C HAIMYMETO HA MOHOMEPHU KAaTHOHM Ha JKEJISA30TO B
OKTaelpu4yHa KOOpJAWHALMs, JOKaTO MBHUIATa, pasnosiokeHa Haa 400 nm, e cBbp3aHa C
gaanyue Ha Fe,O3; vactunu. HabmrogaBaHOTO CMHBO OTMeECTBaHE Ha Te3u ImukoBe 3a Fe/SiO; B




CpaBHEHHME C OM-KOMIIOHEHTHHTE OKCHIM MOKa3Ba IO-BHCOKATa JAMCIIEPCHOCT Ha JKEJIE3HUTE
HAHOYACTHIIM B CMECEHM MaTepuald W/WIA B3aUMOJCHCTBHE MEXKIY IKEIsA30- U
XpoMOKcUAHUTE YacTully (¢ur. 10) U Te3u pe3ynraTu ca B CbOTBETCTBUE C JaHHUTE, OIYYECHU
ot XRD ananu3a. B cnyuas Ha Marepuanure, MOTUGUIIMPAHHA C XPOM, UBHIIaTa TIpH 0K0JIO 250,
350 1 450 nm e cBBp3aHa C NPUCHCTBUETO HA TETPACAPUIHO KOOPAUHUPAH Cr® B MasKK MOHO-
WM TTOJHXpoMath. JIekoto mormpmane Hax 600 nm ce ompesens ot npuchcTBreTo Ha Cro™ B
WHOHOOOMEHHHU ITO3ULIAN (Cr3+—> Cr6+) wm B kiberepu Cr;O3 mmn CrOy. B cboTBeTCTBHE €
XRD u FTIR nanHute, HaOonaBaHUTE MPOMEHH B abcopOmusaTa Haa 350 nm 3a BcHYKH
CMECEHH OKCHUJIU TOTBBPKIAaBaT HAPABEHOTO MO-TOpe MPEINON0KEHNE 32 ChIIECTBYBAHETO HA
CUJIHO B3aUMO/ICHCTBHE MEX]ly METATHH HOHU W/UIK oJo0peHara JUCIepCHOCT Ha METaTHUTE
OKCHU/IH.

2.5. MbochayepoBa ClIeKTPOCKOMUSI
[To-nogpoOHa WHGpOpMaIUs 32 CHCTOSHHETO Ha KEISA30TO B OOpa3lMTe € TMOIy4eHa 4pe3
MprocbayepoBa CIIEKTPOCKONHA. XapaKTepUCTUYHHUTE TTapaMeTpH, n3oMepHo otmectBaHe (IS),
kBajpymnonHo pasuenBane (QS), edexrtuBHO BbTpemHO MarHuTHO mnone (Heff) kakro u
OTHOCHUTEJIHATA YacT Ha Bceku KoMroHeHT (G) ca mpencraBenu B Tabnuna 4. 3a cpaBHEHUE €
npeacraBenu rexaure SiO; aHamo3u.

Tabmuna 4. MpocbayepoBu mnapamerpu Ha Fe-Cr momudukanuu Ha akKTHUBHH BBIJICHH OT
0TpabOTEHO MOTOPHO MAcCIIO.

Sample Components IS, 1Q (2¢), | B, Gexpy | G, %
mm/s mm/s T mm/s

Sx1- Fe** . - a-Fe,05 0.38 -0.17 | 509 | 0.30 12

Fe/AC_MMF Sx2- Fe* eira - Fe3.,04 0.30 0.01| 486 | 0.50 37
Sx3- Fe?* s - Fes, Oy 0.60 0.02 | 438 | 1.49 42

Db - Fe* 0.34 0.69 -1 061 9

Sx1- Fe¥ yra - Fe3,04 0.30 0.00| 485 1.07 8

2Fe1Cr/AC_MMF Sx2- Fe? . - Fes, O, 0.60 000 | 440| 1.87 9
Db - Fe* 0.33 1.01 -| 0.75 83

Sx1- Fe¥ s - Fe3,04 0.30 0.00| 485| 0.66 3

1Fe1Cr/AC_MMF Sx2- Fe? . - Fes., O, 0.60 000 | 44.0| 064 4
Db - Fe¥ 0.34 0.99 -1 076 93

1Fe2Cr/AC_MMF Dbl - Fe¥ 0.33 1.12 -1 073 91
Db2 - Fe? 0.98 1.94 -| 0.48 9

Sx1- Fe¥ s - Fe3,04 0.30 0.00] 479] 0.64 14

Fe/AC-MMT Sx2- Fe** ... - Fes,Os 060| -003| 432| 268| 53
Db - Fe* 0.34 0.77 -1 074 33

Sx1- Fe** ya - Fe3,04 0.30 0.00| 470 1.50 4

2FeICITAC-MMT | o5 peass ' po. 0, 0.60 000| 440| 127| 11
Db - Fe* 0.34 0.88 -1 o071 85

1Fe1Cr/ AC-MMT Db - Fe¥ o 0.35 1.04 -] 072] 100
1Fe2Cr/AC_MMT Dbl - Fe* 0.33 1.11 -1 071 94
Db2 - Fe** 0.77 1.54 -1 077 6

MpocbayepoBUTE CIEKTpH Ha BCHYKM MOAM(DUKALMU CBHABPKAT CEKCTETHH M AyOJETHH
komroHeHTH (Tabmumna 4). CekcrerHust komnoHeHT (Sx1) B cnektspa Ha Fe/AC MMF c




OTHOCHUTEINHO Terjo 12% chboTBETCTBA HA HAJM4YKE HAa MAJKU KojimdyecTBa XxeMaTuT. OCHOBHATa
4acT OT CHEKThpa C€ CbCTOU OT ceKcTeTH (Sx2 u Sx3), KOUTO OTrOBapAT Ha Fe®" u Fe**" jionu ¢
BHCOKO OTHOCHUTEIHO TErJI0, ChOTBETHO B TETPAeIpUYHA U OKTACAPUYHA MMO3UIUSI HA MAarHETHT,
KaTo Te3U pe3yiraru ca B choTBeTcTBHE ¢ XRD ananmm3a. Te3u cexcreTn ce HaOMI0AaBar u npu
nob6apsHeTo Ha xpoMm KbM kemsizoro (1FelCr/AC MMEF). Fe** jionn B TeTpaeApuyHa M
OKTaeqpuyHa mo3uius ce perucrpupar u npu Fe/AC_MMT. Jluncara Ha cekcTeT, KOsSTO ce
peructpupa npu croTHomeHnue 1Fe:1Cr npu uznonzpane Ha AC_ MMT BeposITHO ce ABJIKU Ha
dopmupane Ha cmecena Cr-Fe okcunna mmuHanHa (asa. [losBara Ha 1y0sieTHA 4acT C BUCOKO
OTHOCUTEIIHO Terj0 Ha BCHYKM MoAudUKAIMM  pa3KpHBa ChIIO HaJIM4YMe Ha
cynepnapaMarHuTHu ~ Qa3u, kato Cr-zamectren xemaTuT, Cr-3amMecTeH MAarHeTuT U
crexuomerpudyeH FeCr;Os. 3a cpaBHeHHME € W3CIEIBAHO CBHCTOSHHUETO HA XKENsA30TO B
obpasiure, HaneceHu BupXy SiO; (Tabsnuna 5) CriekTpuTe Ha BCHYKH OKCHIHH MaTepHAU Ce
CBCTOSIT OT AyOJIETHH KOMITOHEHTH. TeXHHUTEe MmapaMeTpy MoKa3BaT HAIMYHME HA MapaMarHUTHU
WIH CyleprapaMarHuTHu (as3u, KbAETO KENA30TO € B TPUBAICHTHO ChCTOSHUE U OKTaeqpUYHa
KoopauHanms. Te3u pesynrtatu ca B cboTBeTcTBUE ¢ XRD u UV-Vis nannute. CpaBHUTETHO
BHUCOKUTE CTOMHOCTH Ha KBaapymnoiHo paszaensHe (QS) Moxe Aa ce AbHKAT Ha U3KPUBSBAHETO
Ha pelIeTKaTa Ha IIMUHENIa, NPUYMHEHO OT 00pa3yBaHETO Ha KHUCIOPOAHM BakaHIuH. QS
napaMeTpHTe Ce yBelnyaBaT C YBEIHUaBaHE Ha ChABPIKAHUETO Ha XpoM B oOpasziute (Tabnuna
5). Te3u pe3ynTaTH MoKa3Ba, Y€ C yBEIMUABAHETO HA ChABPKAHHUETO HA XPOM B MaTEpHAJIHTE,
EJIIEKTPUYECKOTO TOJIE OKOJIO JKENIE3HUTE SApa CTaBa M0-aCUMETPUYHO.

Tabnuna 5. Moessbauer napamerpu Ha Fe-Cr monudukaruu Ha SiO,.

Sample Components IS, Qs, Gexps
mm/s | mm/s | mm/s
Fe/SiO, Db - Fe* ouia 0.34 0.77 | 0.52
2FelCr/SiO, Db - Fe*oeia 0.33 0.87 | 0.52
1Fe1Cr/SiO, Db - Fe¥ o 0.33 093| 0.54
1Fe2Cr/SiO, Db - Fe* ouia 0.31 1.03 | 0.68

2.6. TemneparypHo-nporpammupana peaykuus ¢ soaopoa (TIIP)

Ha ®ur. 2 ca npencraBenun TIIP-TT' mpodunute Ha pasauyHUTE KENIA30-XPOMOKCHIHU
Moaudukanuu Ha akTUBHU BhIIIeHU B HHTepBana 400-750 K. Benuku Mmoaudukanmm moka3par
3ary6a Ha Terno Han 460 K, karo B uaTepBania 10 750 K ce HabmomaBa moctosiHHa 3aryda Ha
TErJIO B LIeNIUs TeMIepaTypeH uHTepBai. Cropes IUTEpaTypHU JaHHH, YUCTUST JKEJIE3EH OKCHUT
MOKa3Ba JIBa pelyKUHOHHM nuka. Huckoremmneparypuust (mipu okoso 633 K) nuk ce mpunucsa
Ha peaykuusaTa Ha Fe;O3 1o Fe3O4. Bropust nuk (mpu okosio 900K) ce 1bJiku Ha IBYCTETIEHHO
penynupane Ha Fe304 10 FeO u FeO no meranen Fe. Ilpu aktuBHUTE BBIJIEHH T3 €EKTH ca
He J100pe u3pa3eHH, KOeTo MoKasBa, 4ye xkeysa3Hara (aza B AC mpencraBisBa Cl0KHA CMEC OT
JKEJIE3HU YaCTULU B PA3JINYHO OKHUCIUTEIHO CHCTOSHUE. TyK 4acTULUTE H3IJIEKIAT MOUYTH
€IHOPOJHU M (UHOIUCIEPCHHU, KaKTO Oelle ycTaHoBeHO M ¢ Moessbauer crekTpockonusita
(Tabmuua 4). CeriiacHo naHHUTE OT a3oTHara ¢usucopbuus (Tabmuua 1), dopmupanero Ha
T€3M YacCTHIM C€ KOHTPOJIUpPAa OT MPEUMYIIECTBEHOTO WM OTJIaraHe B MHUKPOIIOpPHUTE Ha
akTHBHUTE BbrieHU. 3a cpaBHenue, JITT npodunsr Ha Fe/SiO; moka3Ba enuH peayKIMOHEH
nuk 1pu okojo 630 K u, copen manaute o XRD u Mossbauer, To3u edext ce nbmku Ha
penykuus Ha Fe,O3 no FezOy,
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@urypa 2. TIIP-TI" npoduim Ha Kens30 U Kena30-XpoMOKCHIHN Mogudukanuu Ha AC_MMT
1 AC_MMF akTUBHU BBIJICHHU.

HabnronaBanoro n3mectBane Ha To3u TPR edekr 3a cMeceHnTe OKCHIHM MaTepuaid KbM I0-
BHUCOKa TeMIIepaTypa U HErOBOTO pa3UIMpsABAHE B CPABHEHHE C MOHO-KOMIIOHEHTHUS JKEJIe3€H
OKCHJ CBUJETEICTBA 3a IPOMSHA B CpelaTa Ha JKEJIE3HUTE HOHM, Hal-BEPOSITHO MOpanu
oOpasyBaneto Ha pepurtHa ¢aza. Cnadust edext Ha peaykuus okono 650K 3a obpasmuTe ¢ no-
BHUCOKO CBIBP)KAHHE HA XPOM MOJKE Jla C€ OTJaJe Ha PEAyKLUs Ha LIECTOBAJICHTEH XPOMHHU
YaCTULM J0 TPUBAJIEHTHU XPOMOKCUAHM HaHowdacTuuu. Pesynrature or TPR scHo mokassar
CBIIECTBYBAHETO HA B3aMMOJEHCTBHE MEXIy pa3IMYHU BHUIOBE METAJIHU OKCHIU B Ou-
KOMIIOHEHTHH MaTrephalid, Karo To3u e(eKT € 1o A00pe u3pa3eH IpU MaTepUalIUTe,
MOJIUGUIMPAHU C aKTUBEH BbBIVIEH. TOBa BOJAM JI0 HAIWYHETO HA MO-TPYIAHO PEAYLUPYEMU U
no-GUHO JUCHEpPrupaHd OKCUAHU KPUCTAJIUTH, HO TO3U €QEKT CHJIHO 3aBUCH OT
cboTHOHIeHUeTo Fe/Cr u TeKCTypHUTE XapaKTepPUCTHKHM Ha U3MOJI3BaHUS HOCUTEIL.
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@urypa 3. TIIP-TT npodunm Ha Kens30 U KeIi30-XpOMOKCUTHH MoaupuKauu Ha SiO,.




2.7. KaTaanTuuHo pa3najgaHe Ha MeTaHOJI
Ha ®ur.4 ca npencraBeHu TemrepaTypHUTE 3aBUCUMOCTH Ha pasjlaraHe Ha METaHOJI BBPXY
paznmuanre Moaudukanun Ha AC_MMT nu AC_MMF aktuBuu BbriieHd u SiOp. OCHOBHHUTE
BBIVIEPO] CchAbpkaly npoayktu ca CO, aumerunos erep (JAME) meran u CO; B paznuuHu
cpoTHomeHus (Tabnuna 6). KatanuTtuuHa akTUBHOCT MpU BCUYKHM MaTepualid ce HabiogaBa
Hax 650K. Cpen MOHO-KOMIIOHEHTHUTE MaTepHad, KEJIE3HUTE MOIU(PHUKAIIMUA IEMOHCTPUPAT
M0-BHCOKa KaTaJUTHUYHA aKTUBHOCT B pas3mnagaHero HO MeTaHod 10 CO u BOAOpOa B LeNus
TEeMIIEpaTypEeH Jnana3oH, He3aBUCUMO OT u3noi3Banus Hocuten (Pur. 4). [TosBarta Ha aTo B
HEroBUTE KOHBEpCHOHHM KpuBM Hajg 680K e jgokasarencTBo 3a J1e3aKTHBUpaHE Ha
karanuzaTtopa. B crorBeTcTBHE ¢ nanHuTe 32 TPR (dur. 2) ToBa Moke 1a ObAe BB3JIOKEHO Ha
pPenyKIIMOHHH TpaHc(opMaIy Ha akTUBHATa MarHeTuTHa (aza. [Ipu BCHYKM KaTaln3aTopH ce
HabsromaBa Bucoka cenektuBHocT 10 Metan (CHy) (Tabmuia 6), KOETo MOKE Ja CE CBBPIKE C
yIECHEHOTO pa3kbcBaHe Ha C-O Bpb3kara B aacopOupaHaTa MOJEKYJIa METaHOJ, MOpPaiH
€HOBPEMEHHATa AaKTUBHOCT Ha OCHOBHHUTE (KHUCIOPOJHU HOHM) M KHUCEIUHHUTE (MKEIC3HH
HOHM) LEHTPOBE B MAarHETUTHU W/WiM XeMaTHTHH dactuim. Karamusatopsr Fe/AC-MMF
NpOsBsBA Hail-BHCOKa aKTUBHOCT U B choTBeTcTBHE ¢ XRD 1 Mossbauer ananusa, To3u edexr
BEPOSITHO C€ IABJDKM Ha MPHUCHCTBHETO HA J0OpE KPUCTAIM3UPAHW XEMATUTHH M MarHETHTHHU
yacTuld. BcUYKM MOHO-KOMIIOHEHTHH XPOMHH OKCHUIU TPOSBSBAT Hall-HHCKA KaTaJUTHYHA
AaKTUBHOCT M MaKCUMaliHaTa KoHBepcus ot okoio 40% ce peructpupa Hax 700K (@ur. 4). [Tpu
Ta3u TeMIeparypa ce HabmogaBa Obp30 NOHMKABaHE Ha KOHBepcusTa (Gur. 4c), Hail-BepOsITHO
MOpaJiy arperupaHeTo Ha akTUBHATa (a3a 1/iiu 00pa3yBaHETO HA HEJECOPOUPYEMHU POITYKTH.
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Ourypa 4. TemnepaTypHH 3aBUCHMOCTH Ha pa3jlaraHeTO Ha METAHONI 3a pa3JInYHU
moudukanuu Ha AC-MMT (a), AC-MMF (b) u SiO,, (c).

Beuukn cMecenn Matepuanu, HaHeceHH BbpXy akTuBeH BbrieH AC-MMT u SiO; mokassar
NOJ00OpPEHO KAaTAIMTHYHO IOBEJCHUE B CpaBHEHHE C oTAenHuTe okcumu (Pur. 4 a, c).
M3KmI0YUTeIHO BUCOKAaTa aKTUBHOCT ce HaOniomaBa 3a o0pa3luTe C  EeKBUMOJIApHO
ceotHomenue Fe/Cr (AC-MMT u SiO;y), koeTo Moxke Ja ce IbJDKU Ha 00pa3yBaHETO Ha (PHHO
nucrieprupana ¢aza Ha mmuHena (Tadmumum 2). Moke na ce mpemioXu BB3ICUCTBHE Ha
aKTHBHOCTTA HA PEAYKIMOHHHTE Boiikn Cr’ -Fe?*, pasmonoxkenn B OKTagIpPUUIHH TIO3UIH B
pemrerkata Ha mmuHena. OOmara XapakTepUCTHKAa HA CMECEHHTE OKCHAHHU KaTalu3aTOpH €
TSAXHATa MOJ00peHa cTaOWIIHOCT MOJ BIMSHHE Ha pEakIMOHHaTa cpena. ToBa Moxke aa ce
IBIDKA Ha OBP30TO OCBOOOXKIaBaHEe Ha OOpa3yBaHUTE MO BPEME Ha PEaKUUATa BBIVIEPOIHU




OTJIOXCHUA YpC3 OKHUCICHHUC HAa BUCOKO MOJABMIKHUTC KHCIJIIOPOIHU WOHU OT peuiceTkara Ha
HIIMUHCIIA.

Tabmuma 6. Temmeparypa 3a gocturane Ha 30% kouBepcust (T3gw) M CEICKTHBHOCT [0
pa3nuanu npoayktu pu 30 % KoHBepCHUst HA METaHOIL.

Obpa3zen T30, K CenextuBHoct, %
CO, CH, | DME

Fe/AC-MMT 694 16 87 2
Fe/AC-MMF 686 15 82 0
Fe/SiO, 663 24 98 2
1FelCr/AC-MMT 675 14 68 0
1FelCr /AC-MMF 713 16 40 0
1FelCr /SiO, 665 35 52 2
Cr/AC-MMT 714 14 24 4
Cr/AC-MMF 725 16 25 1
Cr/SiO, 691 4 9 4

BbrieposHuTe HOCHTENM aKTMBHO ydacTBaT BBbB ()OPMHPAHETO Ha CIIOKHA OKcuaHa (asa,
cberosima ce oT Cr-zaMecTeHM MarHeTHUT M XemaTtuT u crexuomerpuueH Cr-Fe mmmuenex
okcuna. He e wukimodeHo mo-Bucokara karanuTuuHa akTuBHOCT (Pur. 4) Ha ¢epurHute
MOIU(HUKAINH J]a C€ JBJDKU Ha CHEIH(PUIHOTO B3aUMOJICHCTBHE MKy HOHUTE B IITIMHETHATA
deputHa pemerka. KakTo € W3BECTHO, 3aMecTBaHETO ¢ mo-rodemure Cr' ifoHnm B
TETpaeIPUYHUTE MO3WIMKA Ha MAarHeTUTa, pas3lINpsBa TeTpacqpUYHATa TOAPEIIETKAa M CBHUBA
okraeapnunata. ToBa IPOBOKMPA yIECHEH eKTpoHeH npexon Mexny Fe*'-Fe?*-ifomu, B mo-
n00pe M3JI0KEHUTE Ha IMOBBPXHOCTTA OKTASAPHUYHU MO3UIMH, KOETO BOJM JIO IMOBUIIABAaHE Ha
KaTaJIMTUYHATa akTUBHOCT. OT Jpyra cTpaHa, MOXXe Ja Cc€ OyakBa, 4e I[OBMIICHATa
KOBJICHTHOCT Ha BPB3KHTE B OKTAaEApPUYHATA TOJpENIeTKa HaMallsiBa OCHOBHHUS XapakTep Ha
KHCJIOPOAHUTE HOHU B Hesd. Moxke J1a ce oTOeNeXH, e JBaTa akKTUBHHU BbIJIEHA, OJIYYeHU OT
0TpabOTEeHO MOTOPHO MacJo, yJIeCHSIBAaT 00pa3yBaHETO Ha MM0-aKTUBHH XKEJSA30 U KEISA30-XPOM
OKCHJIHM MOAM(DUIMpPAHU KaTalM3aTOpH B CpaBHEHME CbC CHJIMKaTHUA Hocuten. B
CbOTBETCTBUE C JIaHHUTE OT a3zoTHarta (uscopobumst (Tabmuma 1), mo-moOpe pasBurara
MHUKPONOPHCTOCT B HU3XOAHWUTE BBIVIEPOJHM MaTepHalu yJecHsSBa OOpa3yBaHETO Ha IIO-
(GUHOAMCIIEPCHU W JIOCTBIIHHM 32 pEareHTHTE AaKTUBHU METAIHW YacTUIM. JlucmepcHoCTTa,
OKHCITUTEITHOTO CBCTOSHUE U JIOKAIM3allMATa Ha HAHECEHUTE YacTHLM MoraT jJa Obaar
KOHTPOJIMPAaHH 4Ype3 TEKCTypHUTE OCOOCHOCTH Ha BBIJIENONHATA MATpHIA, KAaKTO M dYpe3
BapupaHeTo Ha choTHOIEeHHeTo Fe/Cr.

H3600u/O60061ienue

® AKTHUBHHTE BBIJICHU, MTOJYYCHH OT OTPAOOTEHO MOTOPHO MAacCio, ca MOAXOJSII HOCUTET 3a
cTabunu3rpaHe Ha BUCOKO JUCTIEPCHU JKENIE3HN U XPOMHU HAHOYACTHIIN.

e JloGaBsiHeTo Ha TepMoIUlacTHUHU (eHoa-popmangexugan cmomu (AC-MMF) karo
IpeKypcopa yiaecHsBa 00Opa3yBaHETO Ha MO-CHJIHO aMOp(eH aKTHBEH BBIJICH C IO-TOJIEMHU
cneur(uyHa TMOBBPXHOCT W 00EM Ha MOpUTE M TI0-BHCOKAa KHCEJIMHHA TOBBPXHOCTHA
(YHKIIMOHATHOCT B CPaBHCHHE C BBIVICPOJHHUTE MATEPHAIH, MOJYYCHH 4pe3 I00aBsSHETO Ha
nonueTuieH Tepedranar (AC-MMT).




® B’LFJ’IepO,I[HI/ITe HOCHUTCIIM aKTHUBHO Yy4YaCTBAaT BbHB (bOpMI/IpaHCTO Ha CJIOKHa OKCHJHa (ba:«;a,
CbCTOAIIIA CE OT Cr-3aMeCTCHH MarHeTUT W XEMaTUT U CTCXHOMCTPHUUCH Cr-Fe mmunencH

OKCH/I.

e [lo-Bucokara MHKPOIIOPUCTOCT HAa AKTHUBHHUTC BBIJICHM Ha OCHOBAaTa Ha MOTOpPHH Macja
MMpCaAN3BUKBA q)OpMI/IpaHCTO Ha IMO-AOCTBHIIHU 3a MOJICKYJIMTC HAa PCAKTAHTUTC MCTAJIOOKCUIHU
qacTulu C noz[o6peHa KaTaJluTHYHa aKTUBHOCT B pasnnaJaHETO HA METAHOJI.

e ExBuMonapHoTo chabpkaHue Ha Fe/Cr karamusaropure yrnecHsBa oOpa3yBaHETO Ha IO-
XOMOT€HHH U BHCOKO JIMCIIEPCHH METAJOOKCHUIHM HAHOUYAaCTHIM. Te JeMOHCTpUpAT
U3KJIFOUMTETHO BUCOKA KAaTAIMTUYHA aKTUBHOCT U MOA0OpEHa CTAOMITHOCT MpH pasmajaHe Ha
METaHOJ B IIMPOK TeMIIepaTypeH HHTEPBAJL.

Ilyonukayuu (u3ne3nu uiu nooadeHu 3a nevyam NYOAUKAUUU, 8 KOUMO U3DUYHO € U3KA3AHA
onazooapnocm kvm Ilpozpamama) u yuacmus na nayunu gopymu
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ABSTRACT

In present study mesoporous iron—chromium oxide sillica materials with different composition were
prepared by wet impregnation method. The obtained composites were characterized by XRD, UV-Vis, FTIR,
Mossbauer spectroscopy and temperature programmed reduction (TPR). The catalytic behaviour of the
samples was tested in methanol decomposition to syngas. The effect of phase composition on the structure
and redox properties was discussed in close relation with their catalytic activity and CO selectivity. It was
found that the catalytic behavior of the samples in the methanol decomposition could be successfully
controlled by the Fe/Cr ratio.

Key words: iron and chromium oxide catalysts; methanol decomposition

INTRODUCTION

In the last two decades among the various procedures of methanol conversion (steam reforming, partial
oxidation, etc.), methanol decomposition has received growing attention as a source of hydrogen and
synthesis gas for chemical reactions or as an ecological fuel for gas turbines, vehicles and fuel cells [1-6].
The synthesis and characterization of novel multicomponent nanosized materials have been intensively
investigated because of their wide application in various fields, in particular in the field of catalysis [7-10].
The requirements for them are high, both for their activity, selectivity and stability during operation, as well
as from an economic point of view - low cost and ability to operate at relatively low temperatures. These
issues are in the focus of many studies and patents in which innovative porous materials based on transition
metals and nanosized metal oxides are used [11, 12]. They are one of the most important and widely used
categories of solid catalysts that could be used both as active phases and supports. They have been widely
used for various catalytic reactions, including oxidation, dehydration, dehydrogenation and isomerization
[10-12]. The mixed metal oxides are oxygen-containing combinations of two or more metal ions, which ratio
can be varied or defined by strict stoichiometry. Furthermore, the nanosized materials consisting of more
components in different proportions reveal unlimited possibilities to improve the catalytic properties of
materials through structural, phase composition and textural changes, improved thermal stability, changes in
the acid-basic and redox properties and the occurrence of synergistic effects between the individual
components. Large scale application of iron oxide with small particles and tailoring of specific properties

have prompted the development of widely used chemical methods, including sol-gel methods, microwave



plasma, host template, co-precipitation, micro emission methods, citrate precursor techniques and
mechanical alloying for the fabrication of stoichiometric and chemically pure spinel ferrite nanoparticles
[13-15]. Iron—chromium oxides, both in crystalline and amorphous states, were obtained using ultrasonic
radiation hydrothermal methods, and thermal decomposition of mixtures of salts as metal sources [16-20].
The Fe,O3—Cr,03; mixed oxide system has been widely studied due to its potential application as catalysts in
wide range of reactions especially in the high temperature water gas shift reaction, dehydration of ethyl
benzene to styrene, oxidative dehydrogenation of butene to butadiene, etc [16, 17, 18]. This study is focused
on the preparation and characterization of series of supported on silica iron-chromium mixed oxides by wet
impregnation techniques. Their application as catalysts for methanol decomposition was studied in details.
The elucidation of the relation between the Fe/Cr ratio and the structure, texture, morphology, surface and
catalytic properties of the obtained materials was the main challenge in the study. For the purpose, the
obtained materials were characterized by a complex of different physicochemical techniques, such as XRD,

FTIR, UV-Vis and Mosshauer spectroscopies and TPR with hydrogen.

EXPERIMENTAL

Iron and chromium supported on silica (Cabosil M5) materials with total metal content of 6 wt.% were
prepared by wet impregnation method of silica with Fe(NOs)3.9H,0 and/or Cr(NOs)s.9H,0 aqueous solution
in appropriate ratio. The powder samples were calcined at 773 K for 2 h in nitrogen and denoted as
mFenCr/SiO, where m/n corresponds to the ratio between the amount of different metals in wt.%

XRD patterns were collected on a Bruker D8 Advance diffractometer with Cu Ka radiation and LynxEye
detector. The FTIR and UV-Vis spectra were recorded on a Bruker Vector 22 FTIR spectrometer and Jasco
V-650 apparatus, respectively. The Mossbauer spectra were obtained on a with a Wissel (Wissenschaftliche
Elektronik GmbH, Germany) electromechanical spectrometer using 57Co/Rh source and o-Fe standard. The
TPR/TG (temperature-programmed reduction/ thermogravimetric) analyses were performed in a DSC/TGA
NETZSCH instrument. Typically, 20 mg of the sample were placed in a microbalance crucible and heated in
a flow of 50 vol. % H, in Ar (100°cm®min™) up to 773 K at 5 Kmin™ and a final hold-up of 1h. Methanol
conversion was carried out in a fixed bed flow reactor (0.055 g of catalyst), argon being used as a carrier gas
(50 cm® .min™ ). The methanol partial pressure was 1.57 kPa. The catalysts were tested under conditions of a
temperatureprogrammed regime within the range of 350770 K with heating rate of 1 K.min-1 . On-line gas
chromatographic analyses were performed on SCION INSTRUMENTS equipped with flame ionization and
thermo-conductivity detectors, on a PLOT Q column, using an absolute calibration method and a carbon

based material balance.

RESULTS AND DISCUSSION

XRD data for phase composition, unit cell parameters and average crystallite size of all modified oxide
materials are presented in Table 1. In case of the iron modification, well defined reflections at 35.4°, 42.8°,
56.7 ° and 62.6 ° 20 are detected (not shown) [19]. They could be indexed to (311), (400) (511) and (440)

planes of cubic Fe;O, with crystallite size of about 10 nm. The patterns of chromium modification exhibit



reflections at 33.6°, 43.5° and 64.3 ° 20 which are assigned as Cr,O; with average crystallite size of about 7
nm [20]. In case of the sample with high iron content (2Fe1Cr/SiO,), the reflections of magnetite are still
present and no reflections of chromium oxide are observed. Additional reflections, typical of Cr; sFe; 50, and
CrFe,0, mixed oxide with spinel structure are detected. Similar tendency for homogeneous spreading of Cr**
ions in the magnetite lattice by occupying of the octahedral sites and a simultaneous transfer of the displaced
Fe? and Fe** ions to tetrahedral sites was reported in [21]. The XRD patterns of 1FelCr (not shown)
represent very broad peaks and no reflections associated with the iron and chromium oxides are observed,
probably due to their high dispersion (Table 1). The XRD pattern of the sample with high chromium content
(1Fe2Cr/SiOy) exhibits presence of well crystallized hematite Fe,O; and magnetite Fe;O, phases.

Table 1. Phase composition, unit cell parameters, and average crystallite size for all iron and chromium oxide

materials.
Sample Phase composition Unit cell, Particles
size, nm
Fe/SiO, Fes0, 8.383 10
2FelCr/SiO; CrysFe 50,4 8.411 7
CrFe,0, below >4
1FelCr/SiO, amorphous
1Fe2Cr/SiO, FesOy 8.384 14
Fe,03 5.054
13.784 33
Cr/SiO, Cr,0; 8.347 7

FTIR spectra of all silica materials consist of intense bands at around 1080, 800 and 450 cm™*, which are
typical of the characteristic symmetric and asymmetric vibrations of Si-O-Si bridges in silicas (Fig. 1a) [12].
The band around 1600 cm ™" is due to the adsorbed water molecules and the broad band in the interval 3100—
3700 cm* is assigned to O-H stretching vibrations. The band at 538cm® is assigned to Cr-O vibration,
whereas a wider band centered at 640cm?® could be assigned to Fe-O vibrations [23, 24]. The band around
960 cm ' is more complicated and it is assigned generally to Si-O stretching vibrations in defect Si-O-M
structures, where M is metal ion (Fig. 1a) [22]. The slight shift of the band as compared to pure silica support
[22] indicates interaction between metal oxide species and surface silanol groups. This interaction seems to
decrease for bi-component iron-chromium materials, probably due to the creation of new contact between

both metal oxide nanoparticles.
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Figure 1. FTIR spectra (a) and UV-Vis spectra (b) for all iron and chromium oxide materials.

The UV-Vis spectrum of pure iron oxide represents a broad absorption band in the 240-400 nm region which
could be due to the superposition of various features assigned to mononuclear Fe** ions in octahedral
coordination, small (FeQO), clusters and/or Fe,Os particles (Fig. 1b) [25, 26]. The small absorption band
observed below 250 nm is possibly related to the presence of Fe** cations in tetrahedral coordination (Fig.
1b). The bands with maxima at about 250-300 and 300-400 nm can be connected with the presence of
monomeric iron cations in octahedral coordination, while the band located above 400 nm is related to Fe,O3
particles [25]. The observed blue shift of these peaks for Fe/SiO, in comparison with bi-component oxides
indicates the higher dispersion of iron nanoparticles in mixed materials or interaction between iron and
chromium particles (Fig. 1b) and these results are consistent with XRD data. In the case of the chromium
modified samples, the band at about 250, 350 and 450 nm are connected with the presence of tetrahedrally
coordinated Cr®* into small mono- or polychromate species [27]. The slight absorption above 600 nm is
assigned to the presence of Cr** in ion-exchange positions (Cr**—Cr®) or in Cr,0s or Cr,O, clusters [27]. In
accordance with XRD and FTIR data, the observed changes in absorption above 350 nm for all bi-
component materials confirm the assumption done above for the existence of strong interaction between
metal ions and/or to the improved metal oxides dispersion.

Mossbauer spectroscopy was applied to obtain more information about the phase composition, cationic
occupations and/or different state distribution of iron ions in the studied oxide materials (Table 2). The
characteristic parameter, isomer shift (I1S), quadruple splitting (QS) and the relative part of each component
(G) are listed in Table 2. The spectra of all oxide materials consist of doublet components. Their parameters
indicate presence of paramagnetic or super paramagnetic phases, where iron is in trivalent state and
octahedral coordination. These results are in consistent with XRD and UV-Vis data. The relatively high
values of quadrupole splitting (QS), could be due to the spinel lattice distortion caused by the formation of
oxygen vacancies. The QS parameters increase with the increase of chromium content in the samples (Table

2). This evidences that with the increase of chromium content in the samples the electric field around the iron



cores becomes more asymmetric. This confirms the presence of chromium in the vicinity of the iron in

proportion to the chromium content in the sample.

Table 2. Moesshauer parameters for for all iron and chromium oxide materials.

Sample Components IS, QS, Gexps

mm/s mm/s mm/s

Fe/SiO, Db - Fe** . 0.34 077 052
2FelCr/SiO, Db - Fe** . 0.33 087 052
1FelCr/SiO, Db - Fe* .. 0.33 093 054
1Fe2Cr/SiO, Db - Fe** . 0.31 1.03  0.68

To study changes in catalysts reducibility, iron and chromium materials were analyzed by TPR (Fig. 2).
According to literature data [27], the pure iron oxide shows a characteristic curve with two peaks. The low
temperature one at about 633 K is assigned to the reduction of Fe,O3; to Fe;O4. The second peak at about
900K probably originates with the two step reduction of Fe;0, to FeO and FeO to metallic Fe. TPR profile of
Fe/SiO, shows one reduction peak at about 630 K and, according to the XRD and Mossbauer data, this effect

belongs to the reduction of Fe,O; to Fe;0, [19].
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Figure 2. TPR-TG and TPR-DTG profiles for all iron and chromium oxide materials.

The observed shift of the this TPR effect for the binary oxide materials to higher temperature and its
broadening as compared to the corresponding individual iron modification evidence change in the
environment of iron ions, most probably due to the formation of ferrite phase. This indicated changes in the
environment of the surface lattice oxygen ions probably associated with the formation of more difficult to
reduction Fe-O-Cr bonds in the mixed structure [28]. This effect is most pronounced for the sample with the
highest iron amount, where formation of mixed structures is registered. The TPR profile of 2FelCr/SiO,
shows an additional peaks at about 500 K, which can tentatively attributed to the formation of a CrFe,O,and

CrysFe; 50,4 spinel structure (Fig. 2). According to the literature data [28], the slight reduction effect around



650K for the samples with higher chromium content could be ascribed to the reduction of hexavalent
chromium species to trivalent ones. Thus, TPR results clearly demonstrate existence of interaction between
different metal oxide species in bi-component materials. It results in the presence of more difficultly
reducible and more finely dispersed oxide crystallites, but this effect strongly depend on the Fe/Cr ratio.

In Fig. 3 are demonstrated the temperature dependencies of methanol decomposition on various iron and
chromium modifications. The conversion is observed above 650 K and CO, methane, DME and CO; in
different proportions are detected.
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Figure 3. Methanol conversion for all iron and chromium oxide materials.

Among the mono-component materials, the pure iron oxide demonstrates higher catalytic activity in
methanol decomposition to syngas. The appearance of a plateau in its conversion curve above 680K is
evidence for catalyst deactivation. In accordance with the TPR data (Fig. 2) this could be assigned to
reduction transformations with the active magnetite phase. The observed high selectivity to methane (at 30%
concession, 98% for Fe/SiO,, 67% for 2FelCr/SiO,, 43% for 1FelCr/SiO, and 50% for 1Fe2Cr/SiO,) could
be related to facile C-O bond scission in the adsorbed methanol molecules due to the simultaneous activity of
strong basic (oxygen ions) and acid (iron ions) sites in magnetite and/or hematite species. The Cr/SiO,
material exhibits extremely low catalytic activity during the whole temperature interval and maximum
conversion of about 40% is detected just at 700K. At this temperature a fast decrease in the conversion is
observed (Fig. 3), most probably due to the aggregation of the active phase and/or formation of non-
desorbable products. All binary materials exhibit improved catalytic behavior as compared to the individual
oxides (Fig. 3). The extremely high activity is observed for the sample with equimolar Fe/Cr ratio
(1FelCr/SiOy) which could be due to the formation of finely dispersed spinel phase (Table 1 and 2). The

impact of the activity of Cr**-Fe** redox pairs, situated in the highly exposed to the reactants octahedral



positions in the spinel lattice could be proposed. A common feature of the binary catalysts is their improved
stability to the influence of the reaction medium. This could be due to the fast release of the formed during

the reaction carbon deposits via oxidation from the high mobile oxygen ions from the spinel lattice.

CONCLUSION

Supported on silica nanosized iron and chromium spinel oxides could be successfully synthesized using wet
impregnation technique. Their composition could be tuned with the Fe/Ce ratio. The equimolar Fe/Cr content
facilitates formation of more homogeneous and finely dispersed materials. They demonstrate extremely high
catalytic activity and improved stability in methanol decomposition in a wide temperature interval.
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YBOA

Ha 14 noemBpu 2020 r. ce HaBbpimBar 100 rOAMHN OT POXXAEHNETO HA efVH OeleXKuT
ObIrapcKy yueH, pbKOBOAUTEN U OOI[eCTBEHNK, OCTAaBII sIPKa C/lefia Cpell HaydIHaTa U
obpasoBarenHa 0OIMHOCT y HaC — aKaj. Ieopru bausnaxos. Tolt momy4aBa CBeTOBHO Ha-
yIHO IpU3HAHNE 32 CBOUTE Pe3y/ITaTH B 00/1aCTTa Ha KPUCTATHNS PACTeX, KMHETUKATa
u KaTanusa. Heros BaxkeH QyHAaMeHTajIeH IPUHOC € CBBP3aH C BAMAHMUETO Ha aficop6-
LU ATA Ha IPUMeCH BbPXY KPUCTAaTHMUA pacTeX. bansHakos cbh3fasa Chbllo pefuija HOBK
M3CTIe[0BATEICKY HATIPAaB/IeH )1, KOUTO HAMUPAT 6BP30 pa3BUTHe OlarofapeHe Ha I1o-
moTBOpHaTa My paboTa cbc cpTpyauuny ot BAH (MIOHX) u CY (OXP), MHOTO OT KOUTO
cera M3BeCTHU O'bITapCKY YUEHM.

B HayuHaTa 1 obLiecTBeHaTa U paboTa BIM3HaKOB MPOABABA USKTIOUUTETHATA €PYANU-
LU, MIXPOTA HA MUC/IEHETO M aKTUMBHA IPaKjaHCKa mosunusA. KadecTsaTa My Ha mujiep B
HayKaTa J BUCIIIeTO 06pa3oBaHue ce IPOABABAT KaTo pbkoBoauTen Ha Karenpa Heopra-
HIYHa XxuMus npu XuMndeckus dakynret Ha Copnitckns YuuBepcuret ,,C. KnumeHT
Oxpupckn, 3aM. fekaH Ha XuMudeckus GpakynreT, pekTop Ha Coduiickus YHUBEpCHU-
teT (1981-19851.). ITpe3 1960 rog. Toit e efuH OT OpraHusaropuTe Ha VIHCTUTYTa 10 061112
u HeoprannvHa xumus npu bAH u e neros gupexTop o 1990 r. bun e 3aMecTHUK-TTpeN-
cemaren Ha bprrapckara akajeMns Ha HaykuTe B nepuoga 1985-1987 r. Toir e ureH Ha
penuna 4y>XJAeCTpaHHM aKaJleMU Ha HayKuTe: Ha Pyckara u Ha Yemkara akajieMun Ha
HayKNTe, Ha VIH>XeHepHaTa akajeMua Ha MeKcuko, JJoKTop XOHOpuUC Kaysa Ha YHUBED-
curera Cokka B Tokno, nodereH npodecop Ha YHuBepcurera B JIuMa, MOYeTeH WieH Ha
Kpanckoro spyxecTBo Ha MH>XeHepuTe B JIoHIOH, Ha PPEHCKOTO APY>KECTBO 38 BUCOKM
TeMIepaTypu 1 Ha CpBOCKOTO XMMUYECKO APY>KECTBO.

B cmomenuTe Ha CBOMTE yYeHUIM 1 KOJIETH aKa/l. BIM3HAKOB OCTaBa KaTO U3K/IIOYMTETHA
JIMYIHOCT, C APKO IIPUCHCTBME KAKTO B TpodecroHanHa Taka 1 B HedopmanHa cpena. En-
HaKBO 3a'b/I00YEH U MHTEPECeH KaKTO B 00CHK/JAHETO Ha Ba>KHU BBIIPOCH Ha O'brap-
CKOTO 00pasoBaHye ¥ HayKa, Taka U B Pa3roBOp Ha Hali-o6mouoBenrku reMu. Herosara
NPUHLMUITHOCT U BUCOKM KPUTEPUM PECIIEKTUPAT, HO M C/Ty>KaT 3a IPUMepP Ha TOKOJIEHNU A
IIO-MJIagVI YI€HU, 9€ C eV, OTHAAEHOCT M YMCTOTA B HAyKaTa Morar fa ce IIoCTUraT Bu-
COKM Pe3y/NTaTu.

ITo nosop, 100-rogMIIHMHATA OT POXK/IEHMETO Ha aKafl. binusHakos, ®aKkynTeTHT MO XU-
mus 1 papmarusa koM Coduiicky yHuBepcuTeT 1 VIHCTUTYTHT IO 0011 ¥ HeOPraHMYHA
xumust KbM BAH opranusupar I06uneitna HaydHa cecusi. T e pasfeneHa Ha iBe YaCTH.
ITppBaTa yacT Ha cecusATa BK/IKOYBA CIIOMEHM 3a aKafl. BIM3HAKOB OT HETOBU CBIPYH-
HULM, CHPATHUIM ¥ YYE€HUIIN, JOKATO BTOPaTa YacT MMa 3a Ile/l a o4epTae HOBUTE IO-
CTIDKeHMs Ha OBATAPCKUTE YUEHNU B TPM OOMACTM Ha XMMUYECKUTE HayKM: XMMUS Ha
MaTepuasanTe, XMMMs Ha TOBBPXHOCTTA U METOAMKA Ha 006ydeH1eTo Mo xumusi. Q61T
6poit Ha IpUETHUTE CTIE; pelieH3VpaHe pe3oMeTa ca 92 ¢ aBTOpU OT 25 HayYHM OpraHu3a-
LIMM OT CTpaHaTa U 8 OT 4y)KO6MHa. Bciuko ToBa pasKpuBa YBa>KeHUETO U IPU3HAHUETO,
C KOETO Ce MO7I3Ba aKaJ,. b/M3HaKOB Hopy 1 B HAIIM THI.

u71. kop. npo. Tonu Cnacos (Jexan na PXP-CY)
npog. Padocmuna Cmosnosa (Jupexmop na MOHX-BAH)

CbAbPXAHUE

AOKAAAN

1.

2.

3.

4.

100 FOAVHW OT POXKAEHVETO |
HA AKAAEMUK MTPOQECOP rEOPT BAUSHAKOH

hpod. gxH A. TogopoBcKku

15

A MOA ,,FAABEH YYNTEA" — akag. leopau BAusHako§

hpod. gmH 3axapu 3axapue8

33

AKAAEMWK FEOPI'M BAU3HAKOB N EbATAPCKOTO VHUAULLIE|

bou. g-p Auaana BoaHoBa

4

NOMEHU 3A AKAAEMUK FrEOPI1 EAUSHAKOH

hpod. gxH Aumumbp MexaHgKueB

44

MbPBATA CTATUA C YYACTMETO HA AKAA. TEOPIM BAN3HAKOB

CNOMEHM B CHUMKW

PE3IOMETA

K1UMnA HA MATEPUAAUTH

52

fi.

CUHTES3 U OXAPAKTEPUSUPAHE HA Pd/La,0./ZnO KATAAU3ATOP, |

BA MbAHO OKWCAEHUE HA METAH, NPONAH 1 BYTAH
P. BenuHoBa, H. KvHeBa, I MBaHo8, A. KoBaueBa, C. Togopo8a, |

[. AmaHacoBa, K. Nana3oBa, A. GoxkuHoBa,A. HaligeHo8

|60

. CTbKAOOBEPA3YBAHE N CTbKAOKEPAMWKW B OKCUAHATA CUCTEMA |

L:aO—GeOn—LLO—BnO,—RenO, (Re=Eu?, Tb**, Dy*")]
1. KoceBa, B. Hukono8, M. LIBemkoB, M. MaHueBa, M. IBaHo8, |

[1. MempoBa, P. TomoBa

d2

. BAMAHWE HA HACLUW AMUHOKWUCEAVHI (Gly, Ala u Val) |

BbPXY BUOMUMETUYHUA CUHTE3 HA NIOHHOMOAUDULIMPAHU|
KAALIMEBOQOCQHATHU KEPAMUYHW MPAXOBH

K. Ce3aHoBa, A. PabagrkueBa, P. lepaynoBa

g4

. PASPYLUABAHE HA XAOPOPTAHUYHU NECTULINAN BLB BOAM |

HPE3 TAMA-PAAVALINOHHO OEABYBAHE]|

. MuHeBa, I. BboAaueBa, 1. KoBaueBa

d6

. PASPYLLUABAHE HA MOAVNLMKANYHN APOMATHN BLIAEBOAOPOAM |

B MUTEWHA BOAA YPE3 TAMA-PAAUALINVOHHO OBALYBAHE

. CmameHoBa, I. BbaueBa, 1. KoBayeBa

as

. EAEKTPOKATAAUTUYHO OKUCAEHUE HA CYAQUAHU MOHMW, |

ASNOA3BANKU LNPKOHNEB KATAAU3ATOR
H. AepmengrkueBa, A. YayH, I MueaapoB, |

K. MempoB, E. PaskasoBa-BenoBa

[70

2

HAHOPA3MEPHUW MMn__Ni_ _PO_(M-* = Na, Li) |

Ic NPUAOXKEHUE 3A CbXPAHEHUE HA EHEPTUA: |
MHTE3 U OXAPAKTEPU3UPAHE

. KO/\EBa, T. BoagrkueBa, P. CmoaHoBa

72
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CogupKaHue

Bs.

AKTUBEH BBIAEH OT OTNAAHU MOTOPHU MACAA: |

CUHTE3 1 NPUAOXKEHWE KATO HOCUTEAN |
HA HAHOPA3MEPHU Fe-Cr OKCUAW

. Vicca, C. MapuHo8, H. BeauHoB, A. KoBaueBa, /. CnacoBa, T. LloH4yeBa

1%

B9.

KOBAATOB PEPUT U QOTOKATAAUSATOPY OT TUMA |

,AAPO/OBEBUBKA"“ HA HETOBA OCHOBA 3A PASIrPAXKAAHE

HA OPTAHNYHU MOAEKYAU KATO SAMbPCUTEAU HA BOAU

1. 3axapueBa, M. LIBemkoB, A. EAeHKoBa, M. MuaaHoBa

176

po.

ISNOASBAHE HA BLIAEPOAEH HAHO-KOMMOS3WUT |

A MOAOBPABAHE HA EAEKTPOXUMUWYHUTE |
APAKTEPUCTUKW HA LiMnO

K. BaHoB, 1. MonoB, A. MBaroB8a, 5. GaHoB

178

B1.

ANTUPAHU MAHTAHOBUW OKCUAW, MPUTOTBEHM |

10 PASAUYHU METOAN|

K. BaHoB, P. bokypewaueBa, A. IBaHoBa, b. baHoB8

180

p2.

CUAVLIMEB AHOA MOAYYEH OT OTNAAEH CUANLIMEB NPAX

K. BanoB, T. Nemko8, A. IBaHoBa, 5. baHo8

182

B3.

BAVWAHWE HA CUHTETUYHATA NPOLIEAVPA |

BLPXY QOTOKATAAUTUYHATA AKTUBHOCT |
HA AUPEKTHA Z-CXEMA g-C N /NiWO, 3A PASIPAXKAAHE |
HA OPFTAHWYHU 3AMbPCUTEAUN BbB BOAU|

M. LIBemkoB, E. EHueBa, M. MunaHoBa

184

b4.

AWSAUH, CUHTE3 U KOMNAEKCOOEPA3YBAHE |

HA SAMECTEHW CMMPOHADTOKCA3UHU
C. MurkoBcKa, T. Aeauzeopaue8, H. Bypgsue8, 0. Pegopos, |

D. PegopoBa, H. Lllenea

186

B5.

AYMUHECLIEHTHW CBOUCTBA HA KOMNAEKC HA Eu(lll) C|

1,10-QEHAHTPOAUH, BTPAAEH B CUAUKATHA MATPULIA: |
MOAEKYAHO MOAEI\I/IPAHE

| 1. 3axapueB, H. TpeHgaduaoBa, W. leopzueBa

188

6.

BAWAHWE HA BUCOKO KUCAOPOAHO HAAATAHE |

BLPXY TEPMOEAEKTPUYHUTE CBOUCTBA |
HA NEPOBCKNTU HA OCHOBATA HA KOBAAT)|

C. XapusaHoBa, E. )KeuyeBa, P. CmoaHoB8a

190

OBPA3VBAHE HA KAPBOHATHN YACTULUI NPU HATPABAHE

HA KAALUMEBO-MATHE3SMEBU BOAMN

[D. Xogrkaozanuy, I. Xogrkaoany

192

B8.

EKPAHWPAHE HA BPEAHOTO Bb3AEWUCTBME |

HA AAYMWHWEBUTE WOHW C LUTPATEH BYQEP |
[1PU UISMEPBAHE HA CBOEOAEH QAYOP |
C NOH-CEAEKTUBEH EAEKTPOA

. Xogrkaoany, ®. Xogaoaay, V. Kpbecme8

193

B9.

BOAOPOAEH EAEKTPOXUMWYEH KOMNPECOP — |

10

IHOBATUBEH AN3ANH, EAEKTPOAHA CTPYKTVYPA |
1 METOAW 3A OXAPAKTEPU3VPAHE]

. BopucoB, H. bopuco8, E. CaaBueBa

194
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[70. BOAOPOAEH EAEKTPOXUMWYEH KOMMPECOP B ABYCTAMAAEH |
PEXXM HA PABOTA — MATEMATUYHO MOAEAUPAHE |

HA PABOTEH AATOPUTBM

H. BopucoB, I bopucoB, E. CraBueBa 195
1. CUHTE3 HA 3EOANTUN OT AATEPHATUBHU NU3TOYHULIN HA Si U Al

B. Bap608, A. Aumumpo8 196

2. CUHTE3 U CTPYKTYPHA XAPAKTEPUCTUKA |
HA BOPOCUAUKATHU HAHOKOMMO3UTI
X. XpucmoB 197

3. EAEKTPOAHWU MATEPUAAU BASUPAHU HA Ni 1 Co |
BA NPNAOXEHWNE B AAKAAEH EAEKTPOAU3BOP |
E AHWOHMPOBOAALLA MEMBPAHA|
. MakcumoBa-AumumpoBa, E. AedmepoBa, I. BopucoB, E. CraBueBa 198

4. BAMUAHNE HA OTKPUTUA KOCMOC BbPXY CTPYKTYPATA |

1 MEXAHWYHUTE CBOUCTBA HA CTbKAOBLIAEPOAHU MOKPUTUA |

CAEA MPOABAXXUTEAEH MPECTOMN HA MEXXAYHAPOAHATA |

KOCMUYECKA CTAHLINA (ISS)

\. TeogocueB, A. byseroBa-MenkoBa, K. MuzopoB, M. LIBemko8, |

b. Llunuapcku, A. MonoBa, A. LiaHeB 199

5. EAEKTPOXUMWYHU CBONCTBA HA Pb_O,-LiMn_O, |
BA AUTUEBO-WOHHA CUCTEMA C BOAEH EAEKTPOAUT]
T. MemkoB, A. Momyuno8, C. Cmanko8, U. Mono8 [200

6. TPUMEPHW MOPbO3HN METAAHU CTPYKTYPU MOAYYEHM |
HPE3 CEAEKTMBHO PASTBAPAHH
T. CnacoB, A. MuxalinoB, E. BacunaeBa [201

7. EKCTPAKLIMOHHO-XPOMOIEHHW CUCTEMW 3A HUKEA(II), MEA(I) nl
DPKEAA3O(IIN) C YYACTUE HA 5-METUA-4-(2-TUAZOAUAA3O)PESOPLIHOA |

1 ALIQUAT 334

. ToHueBa, W. KotlueBa, C. YobaHoBa, M. KaaeHgapcka, K. laBaso8 202

K1UMMA HA NOBLPXHOCTTA

/8. NYBCAEABAHE HA KATAAU3ATOP (10 % Co + 0.5 % Pd)/TiO, B MPOLIECA|
XUAPOTrEHUPAHE HA CO NMPN HUCKO W BUCOKO HAANATAHE]
M. Loncka, C. TogopoBa, A. MapmuHec, . KaguHo8 204

VQ. OXAPAKTEPU3WPAHE N NPEABAPUTEAHU USCAEABAHNA |

HA MATEPUAA HA OCHOBATA HA MEAMLUMHCKOTO PACTEHUE |

BAA PABHELL 3A OMUCTBAHE HA BOAHW PA3STBOPU OT MEAHW |/|OH|/||

\. BaHoBa, . BacuneBa, A. AeueBa 206

B0. AKTUBEH BbI'AEH OT OTNAAHA EMOMACA KATO EQEKTUNBEH |

AACOPBEHT 3A OYMCTBAHE HA Bb3AVYX |

DT SAMbPCABAHUA C ETUAALIETAT]

\. BolikoBa, . CnacoBa, A. KoBauyeBa, b. LluHuapcKu, T. LloH4yeBa 208

b1. OLLEHKA HA PUCKA OT BUOAKYMYAALINA HA TEXHOTEHHMU |
PAAVIOHYKAUAW OT NOYBU U TPAHCHEPA M NO XPAHUTEAHATA I

BEPUI'A B YCAOBUATA HA PA3KO 3ATO|'|I\F|HH

M. Bbp6eBa, 1. KoBaueBa 310
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58. AKTUBEH BbIAEH OT OTNAAHN MOTOPHN MACAA: CUHTE3 N
NMPUAOXEHUE KATO HOCUTEAN HA HAHOPASMEPHW Fe-Cr OKCUAN

I. Nicca'*, C. MapuHoB', H. BeauHoB82, A. KoBaueBa?, /. CnacoBa?, T. LloHueBa'

"MIHcmumym no op2aHu4Ha xumua ¢ LieHmvp no pumoxumua — BAH
Cogpua 1113, ya. akag. leopeu boH4e8, 6a. 9
2/iHcmumym no obwa u HeopaaHuyHa xumua — BAH
Cogpua 1113, ya. akag. leopeu boH4e8, 6a. 11

*E-mail:

YcToiuMBOTO OIa3BaHe Ha OKOJMHATa Cpefla IPENBIDKAA PasBUTHE U IPUWIOKEHMEe Ha
eeKTUBHM TeXHO/IOTMM, KOMTO MOTaT He CaMo Jja CBelaT ;O MUHMMYM BPeTHUTE eMUCUM,
HO J1 J]a OCUTYPAT ITB/IHOLIEHHO ONO/I30TBOPsABaHe Ha OTIIaJHUTE CTPaHNYHY npopyktu. Ilo-
HACTOAIIEM TPAHCIOPTHUAT CEKTOP Ce CYMTa 32 OCHOBEH M3TOYHUK Ha 3aMbpcutenu. Cpep
TSX U3IMO/I3BaHUTE MOTOPHIU MAac/a IPefCTAaB/sIBAT 3HAYUTE/IEH eKOIOTMYeH MpobieM, Thit
KaTo He ce pasrpa’kfiaT IIpy OOMKHOBEHM YCTOBYA U ChBP)KAT KaHIIEPOTeHHM I TOKCUYHY
XMMWYHM CheVHEeHM 1, KaTo IIOMMIMK/IEHN apOMaTHM BBITIEBOJOPOAY C BUCOK BUCKO3UTET,
KUCTIOPOJI-ChbPIKallV CheHEH A, CMOJIN, TaKOBe U [ip. VI3BeCTHO e, Ye aKTMBHUTE BBIJICHN
IPUTEXABaT Hee[[HOPOJHA MUKPO/Me30II0pecTa CTPYKTYpa, a CBIIO TaKa U PeryIupyeMu
XMMMYHM CBOJCTBAa Ha IIOBBPXHOCTTA, AB/DKAIM Ce HAa IPUCHCTBUETO HA PasIMYHU
KUCETVIHHM ¥ OCHOBHU NOBBPXHOCTHM (PYHKL[MOHA/MHM Ipymn. VI3mon3BaHeTo Ha aKTUB-
HUTe BBITICHM KaTO HOCUTEIN IPY MOMy4YaBaHETO Ha HAHOPa3MEPHM MY/ITMKOMIIOHEHTHU
MaTepyany e MpeAlocTaBKa 3a IOAIbp)KaHe Ha aKTMBHaTa (asa BBB BUCOKOIMCIIEPCHO
CBCTOAHMNE, TeHepypaHe Ha HOBY KaTa/IMTUYHM CBOJICTBA B eIl KaTa/IUTUYHY PeaKLUu
[1]. OT mpyra crpaHa, HaHOpa3MepHUTE KOMIO3UTHM MaTepyaly pasKpyBaT MPaKTUIeCKU
HeorpaHM4YeHM BB3MOXXHOCTM 33 ONTVMMU3MPaHe Ha CBOJCTBaTa Ha KaTa/lM3aTOpUTeE Ype3
Bb3HMKBaHe Ha CJIOXKHU eeKTPOHHM e(eKTH, IIPOM3TIYAIIN OT M3TPa’kIaHeTO Ha CMECEHN
OKCUJHU CTPYKTYpM u/unu uHTepdeiicHU C/oeBe, C KOeTO Ce peryaumpa AUCIIepCHOCTTa,
MOop}OIOrusATa, pefyKIMOHHNUTE U KaTa/IUTHIHUTE CBOJICTBA Ha MaTepuanute. ChlieCTBEH
Ppesy/ITaT OT IpeANIIHY Hally M3CTeABaHu [1] e pa3paboTBaHeTO HA AKTUBHY BBITIEHN, HA
OCHOBaTa Ha OTPabOTEHO MOTOPHO Mac/Io. ABTOPUTE YCTAHOBABAT, Ye Te3) aKTUBHU BbI/Ie-
HI Ca TIOAXOMAIIN HOCUTE/IN 3 CTAOM/IM3UPaHe Ha CUTHO AVICIIEPCHI XeTIsI30, IMHK U LINHK
depurHN HaHOYacTHIN. []e/ Ha HACTOALIOTO M3C/IefBaHe € pa3paboTBaHe Ha HAHOpA3Mep-
HY MYITMKOMIIOHEHTHM KaTa/JM3aTOPU Ha OCHOBAaTa Ha aKTVMBEH BDBIVIEH, CUHTE3UPAH OT
cMec OT 0TPabOTEHO MOTOPHO MAC/IO U OMMMEPHN OTIIA/BIM OT HONUETHIEH TepedTanaT
(AC_MMT) unu repmonnactuanu pexon-popmangexupuu cmonu (AC_MMF). Ornpasna
TOYKA B M3C/IEIBAHNUATA € Pa3KPVMBAHETO Ha OCHOBHUTE CBOJICTBA Ha MOTy4YeHUTe aKTUBHIU
BBITIEHM M TAXHOTO BIUAHME BHPXY GOPMIPAHETO Ha XPOM- U/VIN XKeNA300KCUIHATa dasa.
3a npupobuBaHe Ha HoBa MHQOPMALNA 32 CTPYKTYpaTa U QYHKIMOHATHNTE OCOOEHOCTI Ha
HOJTy4eHaTa Cepys BBITIEPONHM MaTepuanu 6e M3IO0N3BaH KOMIUIEKC OT QU3MKOXMMUYHYI
Mertop. [TomyueHnTe aKTUBHY BBIIEHN Ha OCHOBATa Ha OTPAbOTEHO MOTOPHO MACTIO TIPHU-
Te)XaBaT BICOKa celnduyHa IOBBPXHOCT U [OOPe pasBUTA MUKPO- 1 ME30IIOPECTa CTPYK-
Typa. IIoBBPXHOCTHUTE (QYHKIMOHATHN I'PYIN Ca OIpPefie/ieHN KOMMYeCTBEHO M0 MeToxa
Ha BboM. YcTaHOBEHO e HalMM4uMeTo Ha KUCEIMHHY (ITTaBHO KapOOHWIHIY) U 6a3UIHM TPYIIN.
PentrenoBnte fudpakTorpaMu Ha IOTyYeHNUTe XKele3HI MOANGUKALNY CHIDPKAT UHTEH-
3MBHM pedIeKCH, KOUTO Ce TB/KAT Ha CTEHHO IIeHTpupaHa Ky6udHa cTpykTypa Ha Fe,O, cbc
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cpefnieH pasMmep Ha Kpuctamutute 10 nm 3a Fe/AC_MMT u 14 nm 3a Fe/AC_MMEF. I1pnu no-
cnemuusA ce HabmoffaBat pedieKcy, TUIMYHM 3a TIPUCHCTBIETO Ha XeMatuT Fe, O, ¢ pasmep
33 nm. B peHrenorpamure Ha MOHOKOMIIOHEHTHUTE XPOMHU MOfMpUKALINY He Ce Habmoa-
BaT HUKAKBU pedyeKcy, TUIIMYHM 38 IPUCHCTBUE HAa XPOMOKCHHA (asa, KOeTo CBUETEN-
cTBa 3a HelfHara ¢uHa fucnepcHocrt. IIpu 1FelCr/AC_MMT ce perncrpupar MHOTO LIMPOKM
pedrekcy Ha cMeceHa XPOM-XKeNA30 okcupHa mmHanHa dasa (Cr, Fe [O,). Tlpu 1FelCr/
AC_MMEF ce HabnmiofaBat 1 MarHETUTHY YaCTULIM CC CPefieH pasMep Ha KPUCTAIUTUTeE 7
nm. MpocbayepoBuTe CIeKTPY Ha BCUYKY MOAU(PUKALUN CBABPIKAT CEKCTETH I FyO/IeTHY
xomnoneHTn (Tabmuua 1). CekcreTHusT KoMIoHeHT (Sx1) B cekrbpa Ha Fe/AC_MMF ¢
OTHOCHUTEHO Ter/o 12 % chOTBETCTBA Ha Ha/IM4YMe Ha MAJIKM KOJIMYeCTBa XeMaTUT.

Ta6auya 1. Mbocbayep napamempu Ha BCUUKU *KeAe3HU MoguduKayuu

Sample Components d, A (2¢), B, I'exp, G, %
mm/s mm/s T mm/s
Fe/AC_MMF Sx1- Fe*  -a-Fe,O, 0.38 -017 50.9 0.30 12
Sx2- Fe* .- Fe, O, 0.30 0.01 48.6 0.50 37
Sx3- Fe?**  -Fe, O, 0.60 0.02 43.8 1.49 42
Db - Fe® . 0.34 0.69 - 0.61 9
1CriFe/AC_MMF  Sx1- Fe*_ -Fe, O, 0.30 0.00 48.5 0.66 3
Sx2- Fe***  -Fe, O, 0.60 0.00 44.0 0.64 4
Db - Fe* . 0.34 0.99 - 0.76 93
Fe/AC_MMT Sx1- Fe* -Fe, O, 0.30 0.00 47.9 0.64 14
Sx2- Fe***  -Fe, O, 0.60 -0.03 43.2 2.68 53
Db - Fe* . 0.34 0.77 - 0.74 33
1Cr1Fe/AC_MMT Db - Fe?®* 0.35 1.04 - 0.72 100

octa

OCHOBHATa YacT OT CIIEKTBPa Ce ChCTOM OT CeKcTeTn (Sx2 m Sx3), KouTo orroBapar Ha Fe** u
Fe>** j10HM C BICOKO OTHOCKTEITHO TEIVIO, ChOTBETHO B TETPAEHPUYIHA I OKTAePUYHA OIS
Ha MarHeTuT. Tesn ceKcTeTy ce HAOMIOABAT 1 IIPY 06aBsAHETO Ha XpoM KbM xeyisi30To (1Cr1Fe/
AC_MMEF). Fe** it0Hu B TeTpaeapyyHa ¥ OKTaeApuaHa MosuLusi ce perucrpupar u rmpu Fe/AC_
MMT. JIuricara Ha CeKCTET IIPY MOC/IEFHIUS BEPOSITHO e /DKM Ha popmupare Ha cmecena Cr-
Fe oxcupHa mimyHanHa ¢asa. [TosiBata Ha y6/1eTHA 4acT C BUCOKO OTHOCKUTE/THO TEIVIO Ha BCUY-
Ku MOfUKaIMY pasKpyBa CLIO HaMM4Ne Ha CylepiiapaMarHuTHU ¢asi, kato Cr-3amecteH
xematut, Cr-samecren Marnetut u crexnomerpude FeCr,O,. B saxmouenue me ce oTbenexu,
e aKTMBHWTE BBITIEH) HAa OCHOBATa Ha OTPabOTEHO MOTOPHO MAac/IO Ca IIEPCIEKTUBHYU MaTe-
puanu, KaTo HOCUTENN 3a CTabWIM3paHe Ha GUHO JUCIIEPCHM JKENsA30- M XPOMOKCUIHM Ha-
HOYACTHUIIM. BBI/IEpOTHISAT HOCKTENT aKTMBHO YYacTBa BbB (POPMIUPAHETO Ha C/IOXKHA OKCUHA
¢asa, crcrosiia ce oT Cr-3aMecTeHy MarHETHUT 1 XeMaTuT U crexyoMerpudet Cr-Fe nimnmnenes
okcup,. JINcriepcHOCTTa, OKUCIUTETHOTO ChCTOSTHME Y IOKa/IM3AIMsITa Ha HAHECEHNUTe YaCTULIN
Morar Ja 6'bfjaT KOHTPO/IVPAaHH Ype3 TeKCTYPHUTE 0COOEHOCTH Ha BBIVIEAOHATA MATPULIA.

brarogapHocTun

ApTropuTe M3KasBar 6/1arofapHOCT 3a GpuHaHCKMpaHeTo 1o IpoekT Ha MOH ot Hamwo-
Ha/IHa Iporpama ,Mmagn ydeHu u nocrpokropantu DCM#577/17.08.2018 1 mpoexT
®HU KII-06-H27/9.
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