
OT3bIB
o$nquarbHoro orrrroHeHTa o Al4ccepralluoHHofi pa6ore

llraronoea Enrenus ArercaHApoBllqa

<Mo4uQrrq rr poBa HIre KaraJrurrrqecKrlx u a4cop6quoHn blx ceofi crn

uanec€nHbrx Ha crrJr[KareJrb MeraJrJroB Cu, Ni, Co n oKcI{AoB NiOo ZnO>>,

rrpeAcraBlennofi Ha coLrcKanvre yreuofi crerreHld KaHAnAara xLIMLTqecKTIX HayK

no crreuu€urbHocrrl 02.00.04 - @usu.re cKafl. xvMvrfl

Arrya.nruocrb reMbl Arlccepraqnonnofi pa6oru

TenAenqzu pa3BrTkrs. conpeueuHofi Kar€urlrrr4.recKoft xvrvrvru cBt3aHbI c

eSSer<rurrrux HaHop€BMepHbrx cLIcreM, MoryT 6urr I{ctIoJIb3oBaHbI rIpLIeMbI,

Ha npr{MeHeHr{r{ Hr43KoreMneparypHofi rrJra3Mbr AJrf, rroBbIIIreH}It

sHeproeSQerrueuocrr414 co3AaHlrf, 6oree aKTr{BHbrx r4 ceJIeKTIaBHbIx KaraJIIBaropoB.

3ra o6lacrb lrccJleAoBaHkr{ rrpeAcraBJrflerc.fi B rIocJIeAHee BpeMt IIcKJIIoTILITeJIIHo

ar<ryarlrnofi.

Pe:ylrrarbr uccneAoBannl Suelrro-xuMuqecKlrx ocHoB pa:pa6orKlI aKTI4BHrIX

KaraJrr43aropoB Lr crpyKTypHbrx xapaKTepl4crrlK rIacrLIII HuKeJIeBoro, ro6albroBoro I4

MeAHO|O KaTAJTU3aTOpOB B peaKrlplr4 AeflrApr{poBaHut }I3orlpolaHoJla, B 3aBLIcllMocTII

or rrJra3Mox?rMraqecrux o6pa6oror (una:rraa rneroqero pa3p-sAa krlrv CB9-nla:rraa,

Qa:n o6pa6orrcz) n BBeAeHrIfl pa3nl4qHbrx

onpeAeneHr4e BIrVrflH.I.dfl. yKa3aHHbX

rr,rolrE$r,rqtapyrou1ux Sarcropon Ha aAcop6qnonnrre ceofi crea AaHHrIX KaranllnaropoB

MoryT cnoco6crBoBarb rroBbrrrreHLTro eSQerrueHocrlt npoBeAeHLIt [poqecca vr

co3AaTb lrpe.4llocbrJrKlr Anr co3AaHI{t ycoBepIxeHcTBoBaHHbIX KaTaJILITI4qeCKI4X

rexnolorzfi. Baxsrru MoMeHToM flBlrflercfl, I{ctIoJIb3oBaHI{e B AaHHoM

AlrccepTarluoHHoM r{ccJreAoBaHrru KaTaJrLr3aTopoB, HecoAepxalqux onafopoAHblx

paspa6omofi HoBbrx, sSQexurBHbrx u gKoJIorI4rIecKLI 6egonacr-rnx cuoco6on

lonrleHr4fl xllMprrrecKl4x BeIrIecTB C I4CIrOJrb3OBaHr4eM HaHOpa3MepHbIX

Kararrlr3aropoB. llouuuo rroAXoAoB, cBt3aHHbIX c pa:pa6orr<ofi Bce 6olee

OCHOBAHHbIC

npr4po.4a ra3oBol4

aKrr4BLrpyroIIIvx AO0aBOK,

B rrpoqecce

a raKxte

M eTarrJr o B Ant p e aKIII4vr nerv wup oBaHkrfl , I,I3 onp o II aH o JI a.



IIeHTpbr vr cTpyKrypHbre

MeAHO|O KaT€LrrU3aTOpOB B

xap aKTepvraTlrKvr qacTlrrl

pe aKrlr4rr A e f r4Apr4p oBaHLrfl

HuKeJIeBofo, ro6anrroBofo kr

z3orrpo[aHoJra, 3aBlrcrulue oT

B pa6ore 6rrrl peureH p.aA 3aAaq: xccneAoBaHbr Kar€urlrrkrqecKr4 aKTLrBHbre

rIJIa3MoxuMuqecKHX o6pa6oroK rr BBeAe lrturfl r\epufl ; olpeAeJreHo BIrufl:npre yK€BaHHbx

nao4u$nqupyrorqrzx $arropon

MeroAaMr4 a4cop6qlru, P@3C, POA, |ISM u Ap. Brr6paHurre o6lacrb u rlenb

IIccneAoBaHvIfl. cOOTBeTcTByeT npuOpLITeTHbIM HaIIpaBneHVflM pA3BLITr4fl,

TexHoJrorufi. u rexslma P(D I4 [epeqHro Kpr4Tr4qecK]rx rexHoJroriafi P@.

OcnoeHoe coAep)KaHrre pa6oru

,{raccepralll4.s a3noxteHa rta 146 crpaHurrlax, cocror4T r,r3 BBeAeHr.rrr,

BbrBoAoB, crrLrcKa JrklTeparypbr, coAepxrrr 75 pucyHKoB vr 55 ra6tw\.

nllTeparypbr coAep)Kar 1 16 r4crorrHzKoB.

Bo eeederuuu o6ocnonauu aKTy€LJrbHocrb pa6orrr, Haf{Ha.x HoBr{3Ha u

_ [paKTr4qecKar 3HarrlrMocTb.

B nepeoft ana6e <Jfumepamypruotil odsop) oulrcbrBarorcr csoficrsa rJr€BMbr kr

ed srllsHkre Ha cocraB rloBepxHocrlr Kar€urr{3aropoB u agcopieHToB, a raK}Ke poJrb

npoMoTl4pyloq[x 4o6anor. I4sroxeHrt nl{reparypHbre pe3ynbrarhr r43y.{eHr4.fl

KaTaJILITI4qeCKOTO AerLI.qpVpOBaHLIfl. I/BOnpOlaHOJIa V yTJIeKUCJIOTHOfi KOHBepCI,IH

MeraHa Ha MeraJIJIax. llpraeeAeHbl H3BecrHbre cBeAeHr4r o6 a4cop6qnoHHbrx

csoficrsax ronylpoBo.4HkIKoBblx oKcrrAos ZnO n NiO. ,{aurr nplrMepbr rrprrMeneHlrt

MeroAa peHrreHo@oroenerrponsofi cneKrpocKorrru (P@3C) Anr r4ccJreAoBalufl

KaraJrlrca na nu6paHHbrx Anr rrccJreAoBaHur MeraJrJrax.

utaaa <9xcnepuneHm&nbHo,n qacmw) coAepxr4T orrrrcaHr{e

B TOM qUCJre MeTOAOB LrX rrpHfOTOBneHr.Ir, yClOnufi TepMr,rqecKax Lr

o6pa6oror< 14 MeroIoB xapaKTepvrgar\uu, BcnoMorareJrbHbrx

ycraHoBKr4, prcrroJrb3oBaHxbre B pa6ore. OrAelrnoe BHI4MaHrre

KaTaJrLr3aTOpOB; yCTaHOBneHa ponb

a4cop6quoHHblx, KaraJrurLrrrecKl4x

[poBeAeHbr Sxszro-xlrMr4qecKr.re

Ha a4cop6qzoHHbre ceoficrna AaHHbrx

IrJr€l3MoxrrMr4qecKr,rx o6pa6oroK B u3MeHeHLr*r

,r Kr4cJrorHbrx xapaKTepncrlrK NiO u ZnO;

uccne.qoBaHvrfl KaTaJII43aTopoB, B qaCTHOCTU,

HayKLI,

6 tran,

Cnucorc

Bmopaa

KaTaJru3aTopoB,

NJI43MEHHbIX

MaTepu€trroB u

yAeneHo MeroAlIKaM onpeAeJleHur Kr4cJrorHocru. lloApo6no r{3nonreHbr MeroAr.rKr4



xpoMerorpa$uuecroro anaJrur3a, a raK)Ke Sn:urco-xLIMI4qecKLIe MeroAhI

rlccneAoB a:ntrfl. KaraJll{3aropoB (P (D3 C, P@A, n3M).

Vemotpe cnedynryux anflBbt cocmatilnrum p%ynbmamu u ax oficyucdeHue u

rBJr.rrrorcr ocHoBHbrMr4. B HI{x coAepxr{Tcfl IauSoprraaqua uo llccne,qoBaHkllo

npoqecca KaT€urLrTr{qecKoro AerI4ApHpoBaHI{rI II3OnpolaHoJIa Ha KaTaIII43aTOpaX,

coAepxau{ux qacrnrlbr H}rKeJru vr Mep;z. Oco6ufi LIHTepec [peAcraBJlflror AaHHbIe o

Blrvfllrnvr yclonufi o6pa6omv KuraJrvrcaropoB s CBrI-nruBMe ?I TJlerculero pa3ptAa B

pa3[LrrrHbrx r€BoBbrx arlaoc$epax (rncnopoA, BoAopo4, apron) Ha Kar€IrII4TIarIecKI{e 14

a4cop6quoHHbre csoficrea Lr3freHHbrx c?IcreM. Fomruoe BHI4MaHIIe y,qeneHo

Susuro-xr{MLlarecKr/rM r{ccJreAoBaHI{rM DTLrx KarallrrcaropoB Ao tI ttocJle [JIa3MeHHrIX

o6pa6oror.

Hau 6onee cyqecrBeHnbre Hayq H bre pe3yJr brarbr, rrMeroqfie

rrprrHrlr{[HaJrbHyr0 HoB[3Hy

OAnurra n3 ocHoBHbrx pe3yirbraroB 4aunofi pa6oru rBJl.f,ercfl noflyqeHl,Ie

gKcnepr{MeHT€urbHbrx AaHHbrx rro BJrrrrHI{Io [apaMerpos CB9-IrJIa3MII I4 [JIa3MbI

TJIeIOUIeTO pa3prAA HA KaT€LrrLrTrrqecKHe I4 aACOpOqLIOHHbIe CBOIACTBa HI{KeJIeBbIX,

ro6anrrossrx yr MeAHbrx Kar€urr43aropoB. B AuccepraIluonnofi pa6ore 6nep6bte

ycmaHo*neHo, rrro rrpeABap[TeJrbHat o6pa6orra xo6alrroBofo, HI4KeJIeBoro vr

Me.{Horo KaraJILI3aropoB nrasN,Iofi Tneloqero pa3pfl,Aa (n Oz, H, Lr Ar) vr

BbrcoKoqacToTHoro pa3pflAa B BoAopoAe yBenuquBaloT aKTI4BHocTb B peaKIII4LI

.{err4AplrpoBaHrr.fl ?r3orrponaHona BcJIeAcrBI4e SoplarEpoBaHvrfl HoBbIX aKTkIBHbIX

rIeHTpoB, BKrroqaroqr4x arrusHrrfi yrnepoA. Cre,4yer oco6o orMerl{Tb, rITo s$Qercr

rrJra3MeHHofi o6pa6orKn He Lrcrre3aer rrocJre orxplra KaraJILI3aropoB flpu AocraroqHo

BbrcoKax reMrreparypax, T.e. eru e$QeKTbr ycrofi.ruerr H B pe3yJlbrare Aeficrr,u.x

nJra3Mbr Qopuapyrorcr HoBbre crpyKrypHbre oJIeMeHTbI vr aKTITBHbIe IIeHrpbI B

Kararrr{3aropax. O6uapycrceHo AncneprlrpoBaHl{e rlacrrall Ni ra Cu, HaHeceHHbIX Ha

cr4Jrr4KareJrb, rrocJre Ao6aereHus r{epu-r K KaraJlu3aropaM. Anroporu eneprbte

ycmaHozneHo) qro a4cop6qur Lr3orrpo[aHoJla rlpll Manblx 3arlonHeHl4sx rloBepxHocrl4

ua Ni, Co, Cu, a raKxe Ha rronyrpoBoAHlrKoBblx oKclzAax NiO u ZnO onucblBaerc.tt

ypaBneHueM LrHAyrlrrpoBaHHofi a4cop6qr,ru. Eqe oAHH saxHrrft I4 TIpLIHI4III4nTI€LIIHo



HoBbrfi pe3yJrbrar pa6orsr - o6uapycrceHq 3aBvrcuMocrb Ll3ocrepu'{ecxofi TerIJIorbI pI

eHrporlrr4 agcop1ryun Ha Mer€ulrlax (Ni, Co, Cu) vr oKcLIAax (ZnO n NiO) or

rrJra3Moxr{MlrqecKgx o6pa6oroK, cBr3aHuafl, c Lr3MeHeHLIeM cocraBa rloBepxHocrll I4

o6pa":onaHlreM,4es erron B qacTr,rrlax MeTairnoB Lr oKCuAOB.

[ocronepgocrb [oryqeHnbrx B pa6ore HayrIHbIx pe3yJrbraroB rr BbIBoAoB

rIpeAcTaBJIeHHbIX B AIICCepTarIrr

.{ocroeepHocrb rroJr}nreHHbrx pe3yJlbraroB o6yclonlena roppemnofi

rrocraHoBKofi peuaeMbrx 3ailaq, r<nanuQuqupoBaHHblM [puMeHeHueM coBpeMeHHbIX

MeTO.TIOB ?rccJreAOBa]F.vTfl9 TrqaTeJIbHocTbIo rlpoBeAeH?If, SKCIIepI4MeHTOB Vr

corrocraBJreHrreM [olyrreHHbrx AaHHrIX LI pe3ynbraroB I4ccJleAonanufi B MLIpoBofi

rrpaKT?IKe.

Ocgoegrre pe3ynbrarrr pa6orbr rronHocrblo ony6nuroBaHbl B qerblpHailr\aru

neqarHbrx pa6orax, B ToM rrrrcJre B Irrecrl{ vr31alnflx, peKoMeHAoBaHHbrx BAK, a

raKxe o6cyx4enbl Ha MexAyHapoAHbIX ?I Bcepoccuficrux roHSepeHllll{x.

flpar<ru.recKafl IIeHHocrb Pa6oru

flonyvenHrre aBTopoM pe3yJrbrarbl, a uMeHHo rlpeAJloxeunrrfi cloco6

aKTr4BarluvKararru3aropoB o6pa6omofi n nrasrvre CB9-pa3pflra LI [JIa3Me rneroqero

pa3pfl.Aar rrMeror cepbe3Hbre [paKTl{uecKue [epcIreKTLIBbI. 3ro o6tscHtercfl TeM, rrTo

Karzuru3aropbr rl3freHHofo rvrrra c MeTaJIJIaMI,I HerlnaruHoBofi rpyunu ycllellrHo

I{crronb3yrorcr Bo MHortrx orpacnrx [poMbllxneHHocrll. Vcranonnego

MHOfOKpaTHOe yBenuqeHr4e aKTLTBHOCTT4 KaTaJII{3aTOpa co 5o/o naacc./sio2 B paa"KrlvLr

B Oz, Hz, k u IrJI€l3Mofi ueroqero

yBenr4qeHl4e aKTI4BHOCTI{ B peaKII}ILI

ZnO u NiO nocile rlpeABapurersnofi

yrJreKr{cnolrofi KoHBepcrau MeraHa Ao CO LrHz rlocne IlpeABapl4renblrofi o6pa6otru

KaraJlll3aropa rrn€tsuofi uerorlero pa3pfl'Aa

pa3pfl,Aa B l1r. Kporvre roro, o6napyNeHo

Aen4Ap?IpoBaHI{fl lI3OnporIaHoJIa Ha oKcl{'{ax

o6pa6orrv rrJra3Mofi srrcoKoqacrorHoro pa3p{Aa e Ar I4 rrJlzl3Mofi rnerou{ero pa3p{Aa

B Oz. Baxnrru [paKTr.rqecKuM acrreKToM .f,BJlterc{ o6napyxeHlle cra6uflbHocrl{

o6HapyNeHHbIX sS Qerron rIocJIe BbI coKoreMnep arypHux o6pa6oroK.



3atvre.ranufl rlo coAeplraHrlro pa6orrt :

1. He coBceM IIpaBLIJIbHo yuorpe6neH?Ie TepMI{Ha "upotvtotop" B

orHorrreHuu Ao6ay3or< raSnnfl,r\epus,ptKaJrvrfl.) TaK KaK 3TLI KoHKperHbIe 4o6anru, rar

rrpaBr{Jro, He rroBbrruaror aKTr{Brrocrlr Karanl43aropa. He o6ocHoBan nu6op STIirx

Ao6asor v vrx KoHrleHTpaguit, a raKxe KoHIIeHTpaUlz'it HaHeceHHbrx ocHoBHbIx

MerarIJIoB (2% Ni, 5o/o Cu,5% Co).

2. Errlo 6rr qelecoo6pasuo lpoBecrr.r cpaBHeHLIe .{Byx BI4AOB rIJIa3MeHHoI4

o6pa6orru: Bll-paspflAall rneloulerc pa3ptAa. B aeropeSepare He yKa3aHo pa6ouee

,qaBneHue,npv KoropoM co3AaBaJracb rIJIa3Ma Brl-pa^:Psila I4 TJleroqero p€Bpf,Aa.

a
J. flpra o6cyNgenzn 3aBLIcLIMocrefi Appeuuyca AIIfl' peaKIII{lI

Aerr{Ap}rp oBalvrfl. rr3orrponaHona BelnqllHa noraplESrnra KoHcraHTbI peaKllnu

HenpaBLInbHo H€l3brBaercg "nbrxo,4oM aqeroHa". He coeceM npaBoMepHo cpaBHeHLIe

KATAJII'ITI'IqCCKIIX AAHHbIX, NON}N{EHHbIX B PA3HbIX TEMIIEPATYPHbIX ALTAIA3OHAX (390-

460K am Ni/SiO2 u 330-383 K rrs Ce-Ni/SiO2).

4. flora^saHo, qro ArraMerp qacrurl HuKeJI-[ B npllcyrcrBukr Ao6asKu Ilepz{

yMeHbrrraerctr B 1.5 pasa B cpaBHenuu a uelao4raQulll4poBaHurru o6pa3IIoM' orKyAa

.4enaercfl BbIBOA O TOM, rrro rloBepxHocrb rracrl4rl MeraJIJIa raKlKe yBerI/FII4BaerCt B

1.5 pasa, TofAa KaK Ha CaMOM AeJre OHa AOJIIKHa yBenI4qI4BaTbCt IlpollopquoH€ulbHo

KBaApary Al4aMerpa HaHoqacrI'IIL T.€. v2-25 paz.

5. Zuerorcs He6olb[Il4e HeAocTarKlt o$opruleuu.a: Ha pl{c. 3.2I, 3.25,

6.1!,6.15 ner ccbrJrKr4 B reKcre .qr4ccepralluu; orcyrcrBylor Ta6l. 2.1,6.12; sa c.92

o6cyx4aercs Ta6x. 4 6e: yr<araHkrfl HoMepa ra6nuqu; Ha c. 130 HenpaBurlbHo

yKa3aHa Ta6n. 6.11 (nyNHo yKa3am Ta6n. 6.I\; uMerorct HeyAarIHbIe BblpaxeHl4fl

("no4ava ssrcorofi qacrortrr"); n ueroropbrx cJrrra{x KoHcraHTa cKopocrl,I peaKIII',I?I

rrpr,rBoAr{Tcfl. B e[r4ntrrlax vrnH(-l)/r, TorAa KaK gra BeJII4r{I{Ha He AoJIxtHa 3aBl4cerb or

HaBecKr{ KaraJrlr3aropa; cneAoB€rJro 6rr BbIrcHI{Tb nporrcxo)KAeHl4e yrJlepoAa B

o6pa:qax, o6pa6oraHHbrx urasvrofi rJleloqero pa3p{Aa B LIHeprHoM ra3e, reu 6olee,

iITO aBTOp IIpeAIIOnaIaeT r{acTl{e yfJlepoAa B KaTaJII4TI{qeCKOM rpoqecce; ua crp. 10

AorlyuleHa oruu6xaanrope$epara B rlpeAnoxeur4r4 "I43 Ta6n. 5 Bu.4Ho"'"

(upanranruo - Ta6 r. 4); B rrplrBeAeHHbrx Ll3orepMax a4cop6qnu u3orlporlaHoJla ro



OCu Op,qtrHaT orur{6oqHo yKa3aHO IIIICJIO MOiIeKyn, TOI.4a KaK AonXHo 6bITb qIIOJIO

MOJTeKyJI Ha rpaMM KaTaJILI3arOpa.

3aKrro.reHlle

flpe4cranJreHHbre Borrpocbr n 3aMeqaHllf, HocflT ALIcKyccLIoHHbIlI xapaKTep pI

He BJrrrrror Ha KaqecrBo v o6ocnosaHHocrb rIpeAcraBJIeHHbIX pe3yJlbraroB

rrpoBeAeHHofi pa6orbl I4 [onyqeHHblx BbIBoAoB.

Anrope$epar Avrccepraquonnofi pa6oru u orty 6 nuKoBaHHbIe aBTopoM crarbn

s norHofi Mepe orpaxaror coAepx(aHvre

<Mo4zSraqLIpoBaHue,{uccepraqvon:eafl. pa6ora

KaraJruruqecKux u agcop6rluoHHblx csoficrn Hanecdnnblx Ha cI4JIuKareJIb Mer€ulnoB

Cu, Ni, Cou oKcLTAoB NiO, ZnO>> rBlrflercfl 3aKOHIIeHHOI,I narflIHO_

realnsuraquonnofi pa6orofi, B xoropofi coAepxarct: peIxeHLIe rocraBnennofi

3AAAIS.II I{CCJIeAOB AIJLrfl- LTMeIOqeI{ CyqecTBeHHOe

o6lacru gHaHuft Suan'recrofi xvrMuu. llo

rrpoBeAeHHbIX l4ccneAoBamufr', aKTy€uIbHocrI{

AuccepTal{xv.

llnarouona E.A.

3HaqeHlle Anf, coornercrnyroulefi

cBoeMy coAepxaHHro, ypoBHIo

eu6paHnofi teuu, crerleHLl

o6ocnosaHHocr14 HayrrHbrx [oJroxeHuitl, u BbIBoAoB, AocroBepHocrl{ noJIfreHHbIX

pe3yJrbraroB, r{x Hayuuofi n [paKTrr.Iecxofi 3HarII,IMocrI4 AI4ccepraIILIoHHat' pa6ora

flnarosorafl.A. e nonHofi Mepe orBeqaer rpe6onaur,rsvr BAK, [peAbtBJIreMbIM K

KaHArrAarcKr{M Ar4cceprarlulrM (u. 9 <<flotoxeHra-s o npucyxAeH}Ie yI{eHbIX

creuenefi), yrBepx(AeHHoro uocraHoBJIeHI4eM flpannrelbcrBa P@ or 24 cewrxdpn

2013 r. J\e 842), a ee aBrop flraroHos E.A. HecoMHeHHo 3acrlyxtllBaer

nplrcynqelglns. yrenofi crerreHrir KaHArrAara xHMI{rIecKI4x HayK rlo cilerll4€ulbHocrl4

02.A0.04 - @usu'{ecKar xvruufl.

OQuuua"nrnrrfr o[rIoHeHT:

Kycron JIeouuA MoAecrosrq

B.u. c., A.X. H., npoQeccop, 3aBeAyIouINft na6oparopuefr

pa:pa6orKr4 Lt rrccJreAoBaHLrr norraSynKIILIoHzuIbHbIX Kar€LIIV3aropoB

(De,4epanruoro rocyAapcrBeHHoro 6m4xerHoro

frpexAeH vfl, HayKLr VIucruryr opraHuqecxofi

xprMvruuvr. H.,{. 3eluncroro Poccnficrofi aKaAeMLII4 HayK



lI999I, r. MocKBa,

Jleuzncrulfi upocnexr, 47

Ten.: (499) 137-2935

Email: lmk@ioc.ac.ru

lloAuracr pyKLI B.H.c.,,4.x.n.KycroBa

VqeHufi ceKperaPb, K.x.H.

28.04.2016
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