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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTYyaJIbHOCTh padoThl. BaxxHol 3agaucii pa3BUTUSA HAHOTEXHOJIOIHH ABJISETCS IOJLY-
YeHHe MHOTOCIIONHBIX yIiIepoAHbIX HaHOTpyOok (MYHT) ¢ 3amaHHBIME CBOWCTBAaMH, YTO
MO3BOJINT 3HAYHMTEIBHO PACHIMPUTH O0JNacTh WX IPAaKTHYECKOro NpuMeHeHHs. Hambonee
MEepPCIEeKTUBHBIM MeTooM noiydeHnss MYHT B npoMblnuieHHBIX Maciitabax SBISICTCS Me-
ToJ razodaznoro xumuueckoro ocaxaenus ([®XO0), npu KOTOPOM OT KaTaau3aTopa 3aBUCST
MOP(OIOTHYECKHE U CTPYKTYpHBIC XapaKTEpPUCTUKH HAHOTPYOOK (mmamerp, Ae(eKTHOCTb,
HaJM4ue mpuMecei u ap).

[lpumeHeHne akTHBaLMK — IIpolecca INPeoOpa3OBaHUS CTPYKTYPHl M YIIyYIICHHS
CBOICTB — Ha CTaJM¥ NPUTOTOBJICHHS KaTaIN3aTOPOB CIIOCOOCTBYET IOJIYYCHUIO BEICOKOIHUC-
TIEPCHBIX, TEPMOCTaOMIIBHBIX METAJUIOKCHIHBIX CHCTEM. TpaJiIMOHHBIE METObI aKTUBAIIN
KaTaJIn3aTopoB (TepMuyeckas oOpabOTKa, OKHCICHHE HIM BOCCTAHOBJIEHHE HPH BBICOKHX
TeMIeparypax) He 00eCHednBaOT UX BBICOKOW KAaTaTUTHYECKOW aKTHBHOCTH M CEIEKTHBHO-
CTH, YTO TIOATBEPXKIAETCS, B YaCTHOCTH, padotamu b.H. Illennmosa.

AKXTHBaLUsl paCTBOPOB MCXOIHBIX KOMIIOHEHTOB KaTalU3aTOPOB (PU3UYECKUM BO3AEH-
CTBHEM MO3BOIAET (POPMHPOBATH KATAIMTHYECKYIO CHCTEMY BBICOKOAMCIEPCHBIX YaCTHUI]
OKCHJIOB METAJUIOB, 00ECIIEUHBAIONIYIO CHHTe3 BhICOKOKauecTBeHHBIX MYHT ¢ TpeGyeMbIMu
XapaKTepUCTUKAMU U YBEIMYEHHON yAEIbHOW IPOM3BOAUTEILHOCTHIO. [l03TOMYy monydeHue
a¢dexkTHBHOTO Karanu3aropa cuHTe3a kadecTBeHHEIX MYHT B nmpoMbInuieHHBIX Maciitabax
SIBJIICTCS aKTYaJIbHOMU 3aa4uell pecypcocOepekeHnsl B XMMUYECKOH MPOMBIIILICHHOCTH.

Hens padoTbl — pa3paboTKa METOJOB M ONpEIEICHHE TEXHOJIOTHIECKHX ITapaMeTpoB
COBMEIIIEHHBIX MPOLECCOB (PU3NUECKON aKkTHBAH Ni—-Mg KaTaJIuTHIEeCKONH CHCTEMBI CHHTE-
3a MYHT, obecneunBaronieid 6onee BBICOKHE YACIBHBIN BBIXOA M Ka4ECTBO HAHOMPOIYKTa
10 CPaBHEHUIO C UCIIOJIB3yEMBIMU B HACTOALIECE BpeMsl KaTalu3aTOPaMHu.

JInis TOCTHKEHUS TIOCTABIEHHOH LieJIU pelalich CISAYIOLHe 3a1a41:

— MpPOBEICHUE CPAaBHUTEIILHOIO aHAIM3a CYLICCTBYIOLIMX METOJOB aKTHUBALIUU KaTa-
JIUTUYECKUX CUCTEM;

— HCCIENOBaHHE CTPYKTYpPhl pacTBOpa MCXOIHBIX KOMIIOHEHTOB KaTaaM3aTopa C HC-
M0JIb30BAHUEM METOJOB KOMIIBIOTEPHOIO MOJAEIHMPOBAHUSA HA OCHOBE IPUHLUIIOB MOJEKY-
JISIPHON MEXaHUKH;

— pa3paboTka MeTOHOB (pr3HMUecKol akTHBAIMK KaranmuizaTopa cuHTesa MYHT, mo-
3BOJISTIONINX PEANT30BaTh PECypcocOeperaronyio TEXHOJIOTHIO 32 CUET MOBBIIIECHHS CTCTICHH
KOHBEPCUU UCXOHOIO ChIPhS;

— HCCIeI0BaHUE BIUSHMS (PrU3ndecKkoil 00pabOTKH pacTBOpa MCXOAHBIX KOMIIOHEHTOB
yabpTpa3BykoBbIM (VY3), anekrpomarHutHbeM (OMII) wactoToit 50 't 1 cBepXBBICOKOYACTOT-
HeiIM (CBY) BO3EHCTBUSIMH Ha CTPYKTYpY, MOP()OJOTHMIO M KaTaIUTHUYECKHE CBOWCTBA
Ni—-Mg karanusaropa cuaresa MYHT;

— OIpelesIcHUe TEXHOIOTUYECKHX MapaMeTPOB COBMEIEHHBIX IPOLIECCOB aKTUBALIUU
pacTBopa MCXOJHBIX KOMIIOHEHTOB KaTaiu3aTopa (U3MYECKMMH METOJAaMH BO3JCHCTBUS,
HO3BOJIFOIINX NOJIYYUTh 3()(HEKTHBHYIO KaTaIUTHUECKYIO cucTeMy cunresa MYHT;

— pa3paboTka CTPYKTYpHOH CXEMBI MPOIECCOB MONYYeHHs KaTaIH3aTOpOB CHHTE3a
MVYHT, Brimrogaronux GU3nIecKoe BO3ICHCTBHE HA PACTBOP €r0 HCXOTHBIX KOMIIOHEHTOB;

— CO3JaHHE YCTAaHOBKHU IJIS IPOBEJECHUS COBMEIIEHHBIX IIPOLECCOB aKTUBALUU Pac-
TBOpA UCXOJHBIX KOMIIOHEHTOB KaTanu3aropa cuatesa MYHT CBUY-Bo3aeiicTBuem.

Pa60Ta BBIIIOJIHEHA B COOTBETCTBUH C MPHUOPUTETHBIM HAIIPABJICHUEM Pa3BUTHUA HAYKH,
TexHoJorui u TexHuku Poccuiickoit ®enepanun «HAYCTpUs HAHOCHCTEM U MaTEpUANIOBY,
uccnenoanus nopaepxkanbl PODU 2006-2007 (mpoekt Ne 06-08-96354 p uentp_a), GLIIT
«Hay4Ho-mienarorndeckue kaapbl nHHOBaMOHHOW Poccnu Ha 2009-2010 rr.» ('K Ne 12089
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ot 03.11.2009), nporpammoii «Ctapt-2011» Ponna «CoxmeiicTBUS pa3BUTHIO MalbIX (OpM
HpennpuaTHii B HayqHO-TexHnIeckoi cdepey (K Ne 9073p/14859).

Hayuynasi HoBu3Ha pa0oThbI:

— BIEpBEHIE ycTaHOBJIEHA 3 (PEKTHBHOCTH IPUMEHEHHS COBMEIIEHHBIX IPOIECCOB aK-
THBAI[MM PAcTBOPA MCXOIHBIX KOMIIOHEHTOB Ha CTAAWH MONYYEeHUsS KaTalu3aTropa CHHTE3a
MVYHT ¢usndaeckumu meronamu Bozaeiicteus (Y3, OMII, CBY);

— TIOCTaBJeHa M pEIIeHa 3ajada pacdyeTa ONTHMAaJIbHONH T€OMETPHUH MOJIEKYJIIPHOU
CHCTEMBI PacTBOPa MCXOAHBIX KOMIIOHEHTOB Ni—-Mg karanuzaTopa, 000CHOBBIBaoLIas oopa-
30BaHUE B HEM HOHHBIX KOMIUIEKCOB, KOTOPBIE PECTPYKTYPUPYIOTCS (U3NIECKHM BO3AEHCT-
BUEM. PecTpyKTypH3alys IPHBOIUT K YBEIHMUECHUIO KOJIMYECTBA U IIepepaclpe/ieNieHHI0 aK-
THBHBIX IIEHTPOB POCTA HAHOTPYOOK B KaTannu3aTope;

—  BIIEPBBIC JI0KAa3aHO M3MEHEHHE CTPYKTYPHI, MOP(OJIOTHN M KaTAINTHIECKOI aKTHB-
HOCTU METaJTIOKCHIHON CHCTEMBI IpU (U3MYECKOM BO3AEHCTBUU Ha PacTBOP €€ MCXOJHBIX
KOMIIOHEHTOB;

— HCCIefoBaHa KMHETHKA IPOIECCOB (pU3MIECKOro BO3ACHCTBHS Ha (DYHKIMOHAJIHHBIE
XapaKTePUCTHKU KaTaJll3aTopa, yCTAHOBJIEH JHana3oH BpemeHu Bosnerictaust (Y3, CBY - 10 c,
OMII — 30 c), mo3BossAronMi MOMy4aTh dPPEKTUBHYIO KATAIUTHUYECKYIO CUCTEMY CHHTE3a
MVYHT.

IIpakTHyeckas 3HAYMMOCTH PadoTHI:

— Hay4HO 00OCHOBaH BBIOOp (u3nueckux MeTo 0B aktuBanuu (OMII, ¥3-, CBY-Bos-
JEeHCTBHEM) KaTalnnu3aTopa, MO3BOJITIONINX PEallH30BaTh PECYPCOCOEPETaroNIyI0 TEXHOIOTHIO
MIpOMBIIIUIEHHOTO Ipou3BoacTBa MYHT;

— pa3paboTaHbl NPAaKTUYECKUE PEKOMEH ALY PEaTH3al[iH COBMEIIEHHBIX MIPOLECCOB
AKTHBALUM PAaCcTBOPA MCXOJHBIX KOMIIOHEHTOB Ha CTaJuy NpurorosieHus Ni-Mg karanmsa-
TOpa, MO3BOJISAIONINE YBEIHMUYHUTE yaenbHbli Beixoq MYHT Ha 30...80%;

— paszpaborana um BHenmpeHa B mpou3BoicTBo (OO0 «HanoTexLlentp», r. TamOoB)
TEXHOJIOTHS NONXydeHHs1 akTHBHpoBaHHEIX DMII popm kaTanmsaropa, obecrieunBaromas pe-
cypcocbepexenue npu cuareze MYHT;

— wucnblTanne aktuBupoBaHHoro DMII karanmusaTopa B Iporecce MPOMBIIIIEHHOTO
npom3BoacTBa MYHT BBISIBIIIO CTaOMIBHOE YBEIHYCHHE YIEIFHOTO BBIXOJIa HAHOMPOMYKTA
Ha 30...40% mpu ymydmeHnu ero kadecTBa (yMEHBIIEHHE quana3oHa pazbopoca MYHT mo
IUaMeTpy M Je(EeKTHOCTH CTPYKTYPHI).

Anpo6anusi padoTbl. OCHOBHBIE MOJIOKEHUS AUCCEPTALMOHHON PabOTHl JOKJIAIbIBA-
JIMCh Ha CIIEAYIOMNX KoH(epeHnusx: Bropas MexayHapoaHas mpakTHieckas KOH(EepeHIHs
«[IporpeccuBnbie TexHonoruu paszsutusi» (r. Tambos, 2005), Bcepoccuiickuii cMotp-
KOHKYPC HAyYHO-TEXHHYECKOTO TBOpUecTBa cTyneHTOB BY30B «OBpuka-2006» (r. HoBouep-
Kacck, 2006), Poccuiickas HaygHas koHpepeHnus «HoBoe mokoneHne crcreM Ku3Heobecte-
YEeHUS U 3alIMTHI YeTOBEeKa B UPE3BBIUAMHBIX CHTYalMsIX TEXHOT€HHOTO M MIPUPOTHOTO XapaK-
tepa» (r. Tam60B, 2006), XI Hayunas kordepenims TI TY «DyHnameHTanbHBIE U TPUKITAI-
Hble WCCIICJJOBaHWs, WHHOBAllMOHHBIE TEXHOJIOTHH, MNpPOQeccCHoHaIbHOE 00pa3oBaHUE»
(r. Tam6o0B, 2006), Hayunast koH(epenims «Pa3mepHbie 3G (eKTs B HAHOCTPYKTYpax U Mpo-
6s1eMbl HaHOTEXHOJIOTHID (T. Tam60B, 2009), 7-s1 MexayHapoaHas KoH(EepeHIUs: «YTIepo:
(yHIamMeHTaIbHbIE NPOOJIEMBl HAYKH, MaTepHaloBeACHHE, TeXHONOTHH. KOHCTPYKIIMOHHBIE
U (yHKI[MOHAIBHBIE MaTepHAaNbl (B TOM YHCIe HAHOMATEePHAIIbl) U TEXHOJIOTHH UX IIPOU3BOI-
ctBay, (r. Cysnans, 2010), II Beepocceuiickasi HayqHO-MHHOBAIMOHHAsT MOJIOJIGKHAsT KOH(e-
penmmst «CoBpeMeHHBIE TBEpAO(a3HbIEe TEXHOIOTHH: TEOPHs, MPaKTHKa ¥ MHHOBAI[MOHHBII
MeHemKMeH™ (r. Tam6os, 2010).

IMy6sukamun. [lo maTepuanaM quccepranuy onyosirkoBaHo 18 pabot, B TOM 4yucie
4 crathu B XKypHanax, pekomenaoBaHHeix BAK, 1 monorpadus, nmomydero 2 marenta Poc-
cuiickoit denepannu.
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Crpykrypa u 00beM pa6oTbl. OCHOBHOM TEKCT AMCCEpTaLUU H3JI0KeH Ha 122 crpa-
HUIAX, COCTOUT W3 BBEICHHS, YETHIPEX IJIaB, 3aKJIIOUYEHHMS, CIINCKA UCIONB30BAHHBIX UCTOY-
HUKOB, BKJIto4arouiero 107 HauMeHoBaHUi, 1 puiioskeHud. PaboTa comepxur 58 puCyHKOB U
18 Tabmir.

OCHOBHOE COJEPXKXAHUE PABOTbBI

Bo BBeJIeHHH NOKa3aHa aKTYaJbHOCTb PEIIaeMOi MpoOIeMbl, chOPMYTHUPOBAHBI LIE)Ib
W 3aJa4¥ MCCIIeJOBaHNUs, HayYHasi HOBU3HA, IPaKTHIeCKas 3HAaYMMOCTb pabOTHI.

B mepBoii riaaBe npencrasieH 0030p IUTEPATYPHBIX HCTOYHUKOB, IIOCBSIICHHBIX aHa-
JM3y PONHU KaTalu3aTopa B IPOIecce CHHTEe3a YIIEepOIHbIX HaHOMaTepuainoB. [Ipencrasien
aHanu3 Haubolee PaclpOCTPAHEHHBIX CMOCOOOB MOMYYEHUS KaTallHM3aTOPOB U BO3MOXKHBIX
METOJIOB MX aKkTHBaIMu. Ha oCHOBe IIPOBEAEHHOIO aHAINM3a HAyYHO-TEXHWIECKHX M IaTCHT-
HBIX HICTOYHHMKOB OMPEJIENIEHbl OCHOBHBIE 3TaIbl IPOBOJUMOIO UCCIIEA0BAHHSI.

Bo BTOpOIi r1aBe paccMaTpuBaeTCsl CTPyKTypa pacTBOpa KOMIIOHEHTOB Ha CTaJHUU IO-
nydenust Ni-Mg karanuzatopa. JlanHeie 0 cTpykType u coctaBe Ni—-Mg karamusaTopa, 3a
HCKITFOYEHUEM HPSIMBIX SKCIEPHMEHTOB (IIPH YCIOBHU BO3MOXXHOCTH HMX TPOBEICHHS), MOX-
HO TIOJTy9UTh Ha OCHOBE MaTeMAaTHYECKOTO MOJETHPOBAHHS.

OOBEKTOM MaTeMaTHYECKOTO MOJEIUPOBAHUS B paboTe SBISIETCS BOAHBIA pPacTBOp
Ni(NOs),, Mg(NO3), 1 aMHHOYKCYCHO# KHCIOTBI B COOTHOIICHHH, [TO3BOJISFOLIEM MOJTYYHTh
Ni-Mg karanuzarop cuate3a MYHT, 1t 4ero UCIonp30BaH METO]] MOJICKYJISIPHONH MEXaHH-
k1 MM+. B nanHOM ciy4ae aToMbl pacCMaTpUBAIOTCS KAK HbIOTOHOBCKHE YACTHIIbI, B3aUMO-
JeHcTByIOIIME APYT € IPYTOM IOCPEACTBOM MOTEHLIUAIBHBIX MOJIEH, 3a1aBaeMbIX Ha OCHOBE
SMITUPHYECKUX 3aKOHOB (DM3HMKH, a MOTEHIHAJIbHAS SHEPrUs B3aUMOJICHCTBHUS 3aBHCHUT OT
JUIHBI U YTIIOB CBSI3H, TOPCHOHHBIX YTJIOB M HEKOBAJICHTHBIX B3aMMOJCHCTBUH (B TOM UHCIIEe
cun Ban-gep-Baanbca, smekTpocTaTHYeCKHX B3aMMOJCHCTBHI W BOJOPOAHBIX CBS3EH).
B o6mem cirydae cHIoBBIE MOJIS NOTEHIMATBHON SHEPTUH MOJICKYIISIPHON CUCTEMBI 3a/IaF0TCSI
B BUJIE CYMMBI MapHBIX aTOM—ATOMHBIX B3auMmoJjeiicTBuil. Merogq MM+ paccmaTpuBaeT mo-
TEHI[HAIBHYIO YHEPTHIO MOJIEKYII B BH/IE CYMMBI CIEIYIOIINX COCTABIISIONINX:

U=Up+U, +Ug,+Us +Uq+U 5 +Upp, 1)
re ciaraeMble MOTEHIHUAIBHBIX HHEPIHi OTBEUYAIOT CIEAYIOIUM BUAAM B3aUMOICHCTBUS:
Ub — XUMHYCCKUX CBS[3CI>1; UV — BAJICHTHBIX YTJIOB; U(p — TOPCUOHHBIX YI'JIOB; U f - JI10-
CKMX TPYII M TNCEBAOTOPCHOHHBIX yrioB; U, j; — Ban-nep-BaanbcoBbIX KOHTAaKTOB; Uq -

JNEKTPOCTATUUECKUX B3aUMOAEHCTBHIA; Uy, — BOJOPOIHBIX CBS3EH.

[TocranoBKa 3aa4u pacueTa reOMETPUN MOJIEKYJSIPHOM CUCTEMBI pacTBOPa MCXOHBIX
KOMIIOHEHTOB KaTanu3aTopa cuHte3a MYHT, naxoasieiics B paBHOBECHUU MPH JIOKATHLHOM
MUHHMYyMe€ 3HaYCHUH MMOTEHIIHAIEHON SHEPTHU, UMEET CICTYIONIHIA BHUI:

U =Up (N +U, () +U (@) +U 1 () +Uq (N +U 3 (1) +Upp(r) > min , 0

rae I,y — Marpuna koopauHat N, aToMoB B M-MepHOM npocTpanctse; |, — Bexrop mmiH T
XUMHYECKUX CBA3€EH; O, — BEKTOp 3HA4YeHUIl yrioB H XMMUYECKHX CBSI3EH; (bg — BEKTOp

3HAYCHUI TOPCHOHHBIX YriIoB G xuMuueckux cBsizei; N =1, ..., Ngym=1, .. M;t=1, .., T,
h=1,..,H;9g=1,...,G.



Up()== ZKbt(lt—loo @3)

t =1

rae Kpy — 3ddexTuBHas )KeCTKOCTh BAICHTHON CBA3M; lg; — paBHOBecHas ATHHA XUMUUe-

CKOM CBSI3H.
— 1 H 2
Uy(0) =22 Kynlon —0on)? @)
h=1

rae K, —sddexTuBHas ynpyrocts BaleHTHOTO YIUIa; Ogpy — PABHOBECHOE 3HAUYEHHE YIia

XUMHYECKOU CBSI3H.

U,() = zz Ko g.sMg.s cosog —8)+1]; ®)
g=1s=1
U (@)== ZZKf 0.5V s €0S(5,5 0 ~8)+1], ©)
g—ls—l

rae Kygs Kfgs — KOHCTAaHTBL, ONpEAENSIOLHE BHICOTHI OTCHIMANBHBIX GapbepoB ABY-
IPaHHBIX YrioB; Vg ¢ — BKIaj FApMOHUKM B OTEHLMAN TOPCHOHHOrO yria (-1 <Vg ¢ < 1);
Sg,s — KpaTHOCTb TOPCHOHHOTO Oapbepa; & — cnBUr (assl; S — HOMEp TAPMOHUKH; S — KOJH-

YECTBO rapMOHHUK.
Na—1 Ny

Ug(r) = Z z l (_1‘ @)

i=1 j=i+l "J
rae 0, Jj — mapuuanbHBIC 3apA/Ibl HA aTOMaX; € — AMIIIEKTPHYECKAs MPOHUIIAEMOCTE CPE/IbI

(B Hawem ciy4ae Bona); W j — paccTosHHE MEKIY i u j atomom, W; i= ‘ri - rj‘ .

Na-1 N,

uun=>Y > 127 "6 ; ®)
i=1 j=i+l] W WIJ
Na Na [ B! .

Unp() = Z Z 12 I'io ’ ©)
i=1 j=i+l Wi j Wi

rae Aj, Bij, A, Bfj — xoHcTanTel, onpejensiomye riayOuty NOTEHIHATbHBIX SM H

pAacrosiokKeHne NX MUHUMYMa, 3aBUCAT OT TUIIOB | U j aTOMOB, YYaCTBYIOIINX BO B3aUMOJEHi-
CTBHUH.
OrpaHu4eHus:

Fn,m €Qum, Imint< k<lnaw Ominh < Oth < Olmax by Pming < Pg =< Pmaxg - (10)

Hauvanpabie yCJI0BUA:
_Zﬁo;l-: 0;a:K0;6:60. (11)



Heobxomumo HaiiTn Takue Bapbu-
pyeMble TmapaMeTrpsl | — KOOPJAWHATHI

aToMoB B M-MepHOM mpoctpaucTse, | —
JUIMHBI XUMUYECKUX CBs3el, O — 3Hade-
HUsL yIJIOB XUMHYECKUX CBsI3eH, (¢ — 3Ha-
YECHHS TOPCHOHHBIX YIJTIOB XHMHYECKHX
CBs3eil MpPU KOTOPBIX KPUTEPHU ONTH-
MaJbHOCTH  (HOTCHIMANbHAs  SHEPTHUs
cucteMsl) (2) CTpeMUTCS K MHHHMYMY
npu BeIMoJHeHHH ycnosuid (3) — (11).
Pemenne 3anaun (2) — (9) 6pu10 MOTYYEHO
TIPH MCTIOJIb30BAHUH METO/A CONPSHKEHHBIX
rpaaueHToB, anroputM [lomaka — Pubbepa
(ITmmennaHOTO).

KonnuecTBo atoMoB B paccMarpu-
BaeMoil cucreme — 968. Pesynbrarsl pac-
4yera, XapakTepU3YIOLIWe OOIMid  BHI

> H
Al
an
@

Puc. 1. Bua cTpyKTypBl HOHHOTO KOMILIEKCA

B pacTBope koMmnonenToB Ni-Mg kataiusaTtopa

(pe3yabTaT pacuera)

® vz
O ni+

CTPYKTYpBl KOMIIOHEHTOB Kartajiu3aropa cuHreza MYHT B BotHOM pacTBoOpe, IpeacTaBIeHbI
Ha puc. 1. (OTKII0YEHO 0TOOpaKEHUE MOJICKYJI BOABI M HUTPAT-HOHOB). Pe3ynpraTel onTHMu-
3allMOHHOIO pacyeTa CTPYKTYphl CUCTEMbl KOMIIOHEHTOB Katanu3aTopa cunteza MYHT mo-
Ka3aJd, 9YTO TEOPEeTHYECKH B PAacTBOPE MOTYT 00pa30BaThCA U CYIIECTBOBATH HMOHHBIE KOM-
TUIEKCHI, SIIPOM KOTOPBIX SIBISIFOTCSI QHCAMOIIM MOJICKYJI aMHHOYKCYCHOM KHCIIOTBI, YAEPKH-
BaeMble BOJOPOIHBIMH CBsI3sIMH (puc. 2). [Ipn uccnenoBaHNM MEXaHU3MOB aKTHBAIMU pac-
TBOpa KOMIIOHEHTOB HEOOXOJNMO YYHUTHIBAThH BIMSHHE (DU3MUECKUX IMOJIEH HAa MOHHBIE KOM-
IUIEKCHI, OT KOTOPBIX, IO BCEH BHIMMOCTH, 3aBHCHUT ()OPMHPOBAHUE AKTHBHOH CTPYKTYpHI

KaTtaJimsaropa.

Bozopoznasa
& CEAZB

a)

Puc. 2. Pe3yJbTaThl MO/IEIMPOBAHMS
a — aHcaMOJIb MOJIEKYJI aMUHOYKCYCHOM KHCIIOTBI; 6 — HOHHBII KOMITIEKC

Ha ocHoBaHMU pe3yiabTaTOB MOJEIMPOBAHHS BBISBICHO, YTO MPH CMEIIEHHH U PAacTBO-
peHnu uexoaHbIX koMmnoHeHToB Ni—-M( karann3aropa 00pa3yroTcs HOHHbIE KOMIUIEKCHI (TpH
HaXOXJEHUH CHCTeMBI B paBHOBecuH). [lox nelicTBueM (U3MUYECKHMX METONOB AKTHBAIIMH
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MOHHBIE KOMIUICKCHI BBIXOJSIT M3 COCTOSIHUSI PaBHOBECHS, YTO IPHBOIHT K Iiepepacipesere-
HHIO aKTUBHBIX KOMIIOHEHTOB Ha ITOBEPXHOCTH aMHHOYKCYCHOTO KOMIUIEKCA, CIIOCOOCTBYIO-
IeMy YBEINYEHNIO aKTUBHOCTH KaTalM3aTopa.

B TpeTbeii riaBe mpencTaBieHbI Pe3ydbTaThl IKCIEPUMEHTAIBHOTO HCCIENO0BAHMS
BIUSHUSL  (M3UYECKHX METOJOB AaKTHBALMM HA XapaKTEPUCTUKH METATIOKCHIHBIX
Ni-Mg karaan3aTopoB, MOJYYSHHBIX METOAOM TEPMHYECKOTO PAa3IOKCEHHsI COJeH IMph
t = 550...600 °C. BpibOp UMEHHO 3TOTO THIIA KaTalM3aTOpa CBsI3aH C €ro MIMPOKHM HCIOThb-
3oBaHueM Jursi cuaTe3a MYHT B Poccuiickoit @enepanuu u 3a pyOesKoM.

Ni-Mg katamuzaTop HO3BOJSIET
CHHTE3MpOBAaTh HAHOMACIITAOHBIC HUTE-
BUJIHBIE 00pa30BaHMs MOJIMKPHCTAILIHYE-
CKOro rpaduTa IMIMHAPHYECKOH (OPMBI
¢ BHyTpeHHUM KaHaioM — MVYHT, uro
MOATBEPXKIACTCS Pe3yIbTaTaMu IIPOCBe-

Q'
A YUBAIOIIEH 3IEKTPOHHOM MMKPOCKOIUU
100 emy (HSM) (pHC 3)
1= ‘ 6pad &
O0paboTka (QHU3MYECKUM BO3JCHUCT-
Puc. 3. II9M uzo6pasenne MYHT, BHUEM pacTBOpa HCXOAHBIX KOMIIOHEHTOB
cunTe3npoBaHHbIX Ha Ni-Mg kaTanuszarope Ha CTaAuu TIPUTOTOBJIEHUS KaTalln3aTo-

PoB cmocoOCTBYeT (GOPMUPOBAHUIO aAK-
THBHBIX [IEHTPOB KPHCTAUIU3ALMU yriepona. B paboTe uccnenoBaHbl 3 MeTo/a aKTHBALIUH:
V3 (ymerpasBykoBas ycranoBka cepuu WUJI-100 c¢ paboueit wactoToit 22 kI, MOIIHOCTHIO
2 kBt), ODMII (smekrpomarnutHbiid anmapar Mapkd B-100K, wacrora DOMIT 50 T'm) u
CBU-Bo3aeiictBueM (dactora moist 2,45 I'T'i, momnocTts 0,8 kBT) B Teuenue 5...120 c.
Crioco6 mosydeHns] HeaKTHBUPOBAHHOTO KaTalu3aTropa BKIIOYAeT CTaJHU CMEIICHUS,
pacTBOpeHusi KOMIOHEHTOB (HarpeB 10 60 °C) U TepMUYECKOTO pa3iokeHus. st momydeHust
AKTHBHPOBAHHOTO KaTajlM3aTopa MEXIY CTaIusMH PacTBOPEHUS M TEPMHYECKOTO pasiioxkKe-
HUS TIPEIJIOKEHO BHEAPHUTH CTAJIUIO aKTHBAIMH, KOTOPasi CIIOCOOCTBYET paBHOMEPHOMY pac-
npenenenmo noHos NiZ* u Mg?" B Marpuie, 06pa3soBaHHOI MOIEKYIAMH aMHHOYKCYCHOM
KHCIOTHI (pHc. 2).

20 S — Heaxrusuposanssiii Ni-Mg ka-
70 H —— s — & — CRY amni— Talu3aToOp HMEET Iiopanno6pa3ny}o
40 CTPYKTYPY C yACTBHON IIOBEPXHOCTHIO
50 4 m°/r, pazmepom nop 0,48 HM (MeTox
E‘lﬂ 1‘ P ™ ol 00 BOT), cpemumii pasmep 4acTHil

|

|

L

== e 74 mxm. Ilepexn ucmonb3oBaHWEM B
/ nponecce cuHresa MYHT katanusa-
TOp TIO/ABEPTalll W3MENbYCHUIO B JIe-
3HHTETPAaTOpPEe W AHATU3UPOBAIH €TO
IICTIEpCHBI cocTaB. B pesymnbrare
0 10 20 30 40 50 60 70 80 50100110120 BBIIBJICHBI  3aBUCUMOCTU  BJIUSIHUA
EpeM, ¢ BpEMEHH aKTHBALUH PACTBOPA MCXOJI-
HBIX KOMIIOHEHTOB Ha CPEIHHH pa3s-
Puc. 4. Biusinue BpeMeHH aKTHBALUHU Mep 4YacTHI| KaTanu3aropa IpH pas-
Ha IUCIIEPCHOCTD KaTaIn3aTopa JIMYHBIX METOJIaX aKTUBALMHU (pHc. 4).
AHanu3 HOJNy4YeHHBIX JAHHBIX CBUJETEILCTBYET O TOM, YTO aKTHBALUs CHOCOOCTBYET
MOJTyYCHUIO HanboJiee TUCTIEpCHOrO KaTanm3aropa. CpemHuid pa3Mep 4acTHIl KaTaln3aTropa,
aktuBupoBanHoro DMII B Teuenue 30 c, cocraBmsier 36 MkMm, ¥Y3- u CBU-Bo3xeiicTBueM B
teuenue 10 ¢ — 18,8 mxm 1 34,6 MKM COOTBETCTBEHHO.
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a) 0)
Puc. 5. 3aBucumocTb y1eJIbHONH MOBEPXHOCTH KaTAJIM3aTOPa
OT BpeMeHH aKTHBALHH PACTBOPA KOMIOHEHTOB (a) M criocoda akTHBauuu (6)

BEIsiBIIEHO, YTO aKTHBAIMs PacTBOpPAa MCXOAHBIX KOMIIOHEHTOB KaTajM3aTopa (Hu3Hude-
CKMMH METOJIaMH BJIHSIET HE TOJIBKO Ha JUCIIEPCHBIN COCTaB, HO U Ha YJIEIbHYIO IIOBEPXHOCTh
Katanm3aTopa (puc. 5).

Hawubonbiiast yaenpHasi MOBEPXHOCTh KaTajan3aTopa popMHUPYETCs IPH aKTUBALMU Pac-
TBOpa HCXOAHBIX KOMIOHEHTOB ¥Y3- u CBY-BozneiicTBreM B Teuerue 10 ¢, OMII — 30 c. Ak-
TUBALKS MTO3BOJISET YBEINYUTH YACIBbHYIO IOBEPXHOCTH B 2—2,5 pasa.

Mopgonocuss nonyuennvix Kamaiu3amopoé WCCIENOBaJIacCh METOJIOM CKaHHpyomieit
3eKTpOoHHOM MUKpockomuu (COM) (puc. 6). AKTHBAIUSA OKa3bIBACT CYNICCTBCHHOE BIIMSHUC
Ha MOp(OJIOTHIO KaTalu3aTropa, B YacTHOCTH, HaOJoIaeTcs yMEHBIIECHHE pa3Mmepa Iop U
CTPYKTYPHas OJHOPOJHOCT. Memodom penmeenopasznozo ananusa (PPA) BBISIBICHO, YTO BO

Wi i oKP~350A | OKP~350A OKP~ 420A Al J OKP~350A
o ia=41811A 2=41784A 2=4,1820 A a=4,1783 A
1 | | | 4 CEE
L = ——— s
a) 6) 6) 2)

Puc. 6. COM (Bepx) u P@A (1u3) Ni-Mg karanuzaropa:
a — HeaKTHBUPOBAHHOT0; 6 — aKTHBHPOBaHHOTO Y3 B TeueHue 10 c;
6 — aktuBHpoBaHHoro OMII B Teuenue 30 c; 2 — aktuBupoBanHoro CBY-oszaeiictBuem B Teuenue 10 ¢
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Bcex oOpasmax npeobianaromiei Gpas3oit seisercs okeua Hukens NiO. B oOpasmax karanmza-
Topa nocie akrtusaruy IMII npucyrcTBytoT cienst unucroro Ni (puc. 6). Pesynbrarsl, nomy-
YEHHBIE Memodom penmeenocmpyknmyprozo anaiusa (PCA), no3sonunu paccunrats OKP
(obmacTh KorepeHTHOro paccesiHus) mo dopmyine Jebas — [lleppepa 6e3 yuera MUKpOHAIPSI-
JKEHUH U PacCTOSHHE a MEXIy LEHTpaMU aTOMOB, HAXOASAIIUXCS B COCEIHUX y3lIax KyOude-
CKOIi TPaHELICHTPUPOBAHHO# penieTku (puc. 6).

Karamutudeckas AKTHBHOCTb

[—— HeaxmEnp opanHEl —=— BMIT v npfoGpasor:;aHme bm3uIecKIM BO3-

0 JecTBHEM MeTauToKcuaHbIXx Ni—Mg

45 = cucTeM ObljIa MCCIIeIOBaHa B MpoIecce

. gg cuntesa MYHT merogom I'dXO mpo-

§“3U |t naH-OyTaHOBOM cMecH. AHalM3 IOIy-

225 YEHHBIX 3aBHCUMOCTEd (puc.7) mo-

[

40 M 3BOJISIET BBIACNIUTh TPU CTAIUM, CO-
15 e

10 L= craBisomue npouecc pocta MYHT.

il

5 IIpennonaraercs, uTo nepBas CTafAus —

0 BOCCTAQHOBJICHHE KaTajmu3aTopa C 00-

0 5 1015 20 25 30 35 40 45 50 55 60 65 70|  pa3oBaHMEM KPUCTAJUIUTOB METAJLIOB.

Bpel\dﬂ ,E[eﬁCT‘EII/IH KaTaanaTopa, LOIH BTQpa;[ cragua — q)opMPIpOBaHI/Ie 3a-

poabIlIell CTPYKTYPHPOBAHHBIX (OpM

Puc. 7. Knnernka pocta MYHT na YIJIeposa Ha ThUIbHON CTOpPOHE YacTH-

AKTHBHPOBAHHBIX KaTAJIM3aTOpPaxX bl KaTajM3aTopa C MNOCICAYIOIUM

poctom MYHT. Tpetbst cTanus xapakrepusyercs Je3aKTUBalMel KaTaau3aTopa 3a cdeT Kal-
CYJIUPOBAHHUS aKTHBHBIX YaCTHIl BHYTPHU HAHOTPYOOK.

Kak cnencrsue, puc. 7 HarJAHO AEMOHCTPHPYET Ul HeakTHBHUpoBaHHOHW Ni-Mg ka-
TAJIITHYECKOH CHCTEMBI SIPKO BBIP@)KEHHBIN MHAYKINOHHEIN neprox (3...15 MuH) B TeyeHHe
KOTOpOTO NPOUCXOAMT AKTUBALMs Karaiau3aropa U orcyrctByeT pocT MYHT. Axkruanus
katanu3aropoB cuHTesa MYHT DMII n Y3-Bo3aeiicTBIEM Ha CTaAWuH €ro MOJYYEeHUs T03BO-
JSIeT 9TOro n30exaTb. AKTHBHOCTH KaTanu3aropa, aktuBupoaHHoro OMII u Y3-Bo3zeiict-
BUEM, Ha0JIfOAaeTcs B TedeHue 55...65 MuH, IOCIIe Yero NPOUCXOAUT €ro Je3aKTHBaLIMS.

DKcrneprMeHTalbHbIe 00pasibl aKTHBHPOBAHHBIX KaTaIW3aTOPOB TECTHPOBAIH B IPO-
MBIIUICHHBIX YCIIOBHSX, BIHMSHHE METOJa AKTWBAMKM OIEHUBATH IO YAEITFHOMY BBIXOLY
MVHT (puc. 8).

20 ==
. A ~ L

& 18 7 =

e L R Iy T -,

© 16 ; L = - <t=1
E 14 - ——
o1z L i
=

10

Y eNbHbIH BBIXOT
= o s On

[=1 NN

ya. Beixog MYHT, 1/t
)
WON RO

1 = + = CBY e omees M —a— ]|

B)6e3 akTuBanUM BaxTusanus V3

0 5 10 15 20 25 30 35 40 45 50 55 60
Baxrusauus OMIT  Bakrusanus CBY

BpeMd aKTHEALTHH, ©

Puc. 8. Biusinue MeTo1a aKkTHBALMM Ha yaeJbHbIA Boixog MYHT
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BeIsiBIIeHO panmoHaIbHOE BpeMs NPOBEICHHS MpOoIecca aKTUBALMH PacTBOpa KOMIIO-
HeHToB Ni-Mg karanmuzatopa: ¥Y3- u CBU-Bo3aeiicteuem — 10 ¢, qs OMII — 30 c. Ucnons-
30BAaHUE aKTUBUPOBAHHOIO Karajau3aTopa B npouecce cuntesa MYHT no3Bonuio yBenudurhb
BBIXOZl HaHOIIpOAYyKTa Ha 40...85% (B 3aBUCHMOCTH OT BHIOPAHHOT'O METO/Ia AaKTUBALIMH).

Memodom mepmozpasumempuu (TI'A) Ovina onpenenena tepmocrabuinbHocTh MYHT,
CHHTE3MPOBAaHHBIX Ha aKTUBHPOBAHHBIX KaTalM3aTopax. YCTaHOBIEHO, YTO BCE 0Opa3IbI
MVYHT tepmoctabuibibl g0 Temmeparypsl 550 °C. Hcnosnb3oBanue memoda ouggepenyu-
anvro-ckanupyrowell karopumempuu ([{CK) TO3BOJUIO KOCBEHHO OIICHUTH OJHOPOJHOCTH
MVYHT no nuameTpy, CHHTe3UPOBaHHBIX Ha aKTHBHPOBAHHBIX KaTaIn3aTopax.

Mopdonoruro MYHT, cHHTE3HpOBaHHBIX Ha UCCIICIYEMbIX KaTallu3aTopax, ONCHUBAIN
memooom COM mytem n3mepenust quamerpa 100...150 oTnensHBIX HaHOTPYOOK (prc. 9). ITo
nmaHHeiM COM, HeaKTHBHPOBaHHBIA KaTanu3aTop mo3BossieT noixydats MYHT ¢ mmpokum
paz6pocom no auamerpam 30...100 HM, Ha BepiuuHe TPYOOK OOHAPYIKEHBI YACTHIIBI KaTalH-
3aropa. Hanbonee y3koe pacmpejeneHue 1Mo JuUaMeTpaM M CPaBHHUTEIBHO HU3KYIO CTEHEHb
nedexrHoctr umeroT MYHT, cuHTe3upoBaHHBIE HA KaTalu3aTOpax, aKTHBHUPOBAHHBIX Y3 U
OMII. BrisBneno, uro Y3-Bo3felcTBUEe Ha KaTajau3aTop Ho3BosisieT cuHTe3uposaTb MYHT
nuameTrpoM 10...30 M. JleiictBue OMII Ha pacTBOp KOMIIOHEHTOB MO3BOJISIET M10JIy4aTh Ha-
HOTpyOKH auamerpoM 30...50 uM. B momydenusix obpasuax MYHT nHabmomaeTcs 3Ha4u-
TENbHOE YMEHBIICHHE IIPUMecei aMOp(HOTO yIiepoa, 4YTO TOBOPHUT O BHICOKOH CEJIeKTHBHO-
cTu Karanm3aTopa. HaHONpPOAyKT, TOMy4eHHBI Ha KaTalu3aTope, aKTHBHPOBAaHHOM
CBUY-Bo3aeiictBueM, npeacrasnser coboit MYHT muamerpom 20...50 HM 1 XapaKTepHU3yIOT-
s BBICOKOM CTENEHBIO Ae(EKTHOCTH, YTO HATILIIHO oTpaxkeHo Ha KP crektpax.

il
DiG=0.52 T

@« DIG=14 @i DIG=125 | v v ’
'6. [ '6 \

§ | E |

3 | 5 (A

=, Ml = J A

g ‘ { é ne . WS 2

= s 2 .

a) 0) 6) 2)

Puc. 9. COM nszo0paxenus (Bepx) u cnekrpockonust KP (un3) MYHT,
CHHTEe3MPOBAHHBIX HA KaTaJIu3aTope:
a — aktuBupoBaHHOM CBY; 6 — HEaKTUBHPOBaHHOM,;
6 — aKTHBUPOBAHHOM Y3; 2 — akTUBUpOBaHHOM DOMIT

B pesynbrare comocraBieHHs MOIY4YEHHBIX 3KCIIEPUMEHTANBHBIX AaHHBIX MOXKHO CHE-
JaTh BBIBOJ O TOM, YTO MCIIOJIb30BaHUE (PU3MUECKUX METOJOB aKTHBALUH PACTBOPOB KOMITO-
HEHTOB Ha CTAJUH IPHUTOTOBJICHUS METAJUIOKCHIHBIX KaTalN3aTOPOB MO3BOJISIET CYIIECTBEH-
HO yBEIMYUTH YAEIbHBINA BBIXOA U peryauposath kadectso MYHT.
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Ipenmonaraercs, 4To KMHETHKA KOMILIEKCOOOPa30BaHMS TETEPOTCHHEBIX CTPYKTYp 0Oasu-
pyercst Ha mponeccax kpucrammsanun npu OMII, V3-Bo3pelictBusix. Onpenensromum ddex-
TOM (OPMHUPOBAHMS CMEIIAHHBIX KAaTAIM3aTOPOB NPHU Y3-BO3AEHCTBHM SBIACTCSH KaBUTALMS.
Bo3HukHOBEHNE B pacTBOpax CONEil METAIIOB MyIbCUPYIOIUX KAaBUTALMOHHBIX KaBEPH SBIIS-
eTCsl IPUYUHOHN JMCIIEPTHPOBAHUS KPUCTAIJIOB M YBEINUEHHUs CKOPOCTH 3apO>KACHHS LIEHTPOB
KPHUCTaJUIM3ALMH, KOTOPbIC M ONpPEICIAIOT B KOHEYHOM HTOre mporecc (OpMHUPOBAHHS aAKTHB-
HOM KaTaJIMTHYECKOH CTPYKTYpHI, YTO B YaCTHOCTH, IOATBepxkIaercs B paborax A.B. Pomen-
ckoro, M.I'. Cynemana.

Iox BmstaHneM SMII MoKeT IPOMCXOIUTH MOIAPH3AIMS U AeopManus HOHOB, COIIPO-
BOXKJIAFOIIAsICS YMEHBIICHHEM HX THIPATAIUH, TOBHIIIAIONINE BEPOSTHOCTh MX CONMDKEHUS U
00pa30BaHus IIEHTPOB KPUCTAJUTU3ALUY HA CTAJAUH aKTHBAI[MM PACTBOpPA KOMIIOHEHTOB KaTa-
nmu3aropa. MccnenoBanus BamsHus OMII Ha ruzparanuio MOHOB OCBEIleHBI B paborax
B.N. Knaccena, JI.I'. Canoruna, O.51. Camoiinosa.

YeTBepTas IJ1aBa IOCBAIIEHA Pa3paboOTKe CTPYKTYPHOU CXEMBI MOTYyYEHUs] aKTHBUPO-
BaHHOTO KaTallM3aTopa, 00CYXKJICHUIO Pe3yJIbTaTOB IPOMBINUICHHBIX MCHBITAHUN aKTUBHPO-
BanHoro DMII karanuzaropa cunreza MYHT. CtpykTypHas cxema INOJy4YeHHs aKTUBUPO-
BaHHOTO KaTajau3aTropa npeacrasieHa Ha puc. 10.

KaTanuaaTor
cuHTeaa YHM

Hex, KOMMNOHeHTH
KaTanmaaTora

Puc. 10. CTpykTypHasi cxeMa NnoJiy4eHHsl aKTHBHPOBAHHBIX KATAIN3aTopoB cuHTe3a MYHT

. = HcxonHble KOMIIOHEHTHI IJISI TIPUTO-
— toBneHnss Ni-Mg KkaTanm3atopa U3 eMKO-
5 Tm 4 cTeil otenenust 1 mocTymaroT B ammapar
ﬁ‘“‘\i ke cMemeHns 2, rae Harpesatores 10 60 °C.

- =y BonHblil pacTBOp KOMIIOHEHTOB U3 amma-

para 2 mocTymnaeT Ha aKTHBAIHIO (pHU3HUe-
CKHM BO3/ICHCTBHEM B 3IICKTPOMArHUT-
HBIH ammapat 3 gactotoit 50 I'm, ymprpa-
3ByKOBO#l ammapat 4 wyactoroi 22 kIt
i peaktop ¢ CBU-o6paborkoii 5 yacto-
Toi 2,45 I'Tu (B 3aBUCUMOCTH OT 3ajaH-
Horo kagectBa MVYHT). PactBop mocne
! cTaguu aktuBauuu u3 3, 4 wim 5 nmocry-
naeT B MHAYKIHOHHYIO Iredb 6, rae moa-
BepraeTcst TeMIepaTypHoit 06paboTke mpu
550...600 °C B Teuenune 30 mun. MeTtai-
JIOKCHIHBI KaTannu3aTtop, IOJydIEHHBIN
TEPMHIECKHM METOJOM pPa3lIOKEHHS CO-
Heﬁ, MEXaHOAKTUBUPYIOT C I[IOMOLIBIO

Puc. 11. CxeMa onbITHO-IPOMBIIILJICHH O
CBY-ycTaHOBKH VISl AKTHBALMM KaTaJu3aTopa:
1 — xopmyc; 2 — kamepa HarpeBa;

3 — MHEBMOUMIHH/IP; 4 — eMKOCTB [UTS PACTBOPA,
5 — mepemeniuBaroiee yCTpoicTBo; 6 — momamon

Je3uHTerpaTopa 7 A Moiy4deHus pabo-
4ei ppakaum.



Jlig akTHBauM pacTBOpa MCXOJHBIX KOMIIOHEHTOB KaTanuszaropa CBU-Bo3ueiicTBueM
pa3paboTaHa M H3TOTOBJIEHA OIBITHO-TIPOMBIIIJIEHHAS YCTaHOBKA, IPEACTABICHHAas Ha
puc. 11.

[IpenMymiecTBOM TpeiaraeéMoil YCTAaHOBKH SIBIISICTCSl HAIMYHE IEPEMENIHBAIONIETO
ycrpoiictsa (5), obecrieunBalomero HHTEHCHBHOE NEPEMENIMBAaHNE PAacTBOPA KaK B ITOIeped-
HOM CEYECHUH eMKOCTH (4), TaK U MO BBICOTE, YTO CIIOCOOCTBYET €0 PABHOMEPHON aKTHUBAIIUU
CBEPXBBICOKOYACTOTHBIM BO3IEHCTBHEM.

KaTamm3zarop, IpUroToBICHHBIH 110 pa3padOTaHHON TEXHOJIOTHH (aKTHBAIMS IEpeMeH-
HeIM OMII), ucObITHIBaIN B MPOMBIIIICHHOM peakTope cuHTe3a MYHT monyHenpepbBHOTO
neiicTBust mpou3BoauTeabHOCTHIO 10 2000 kr/rox (OO0 «HanoTexLlentp», r. TamboB).

JInst IpUTOTOBJIEHNST B IPOMBIIUICHHBIX YCJIOBUSX akTUBHpoBaHHOro DOMII karammsa-
TOpa WCIIOJIL30BAIM 3JIEKTPOMAarHUTHEIN ammapar B-150K (Bpemsi akTWBammu cCOCTaBILsLIO
90 ¢), mociie yero pacTBOpP TEPMUUECCKH pasiiaraid U MeXaHOAKTUBHPOBAIIM COTTACHO TEXHO-
JIOTUM NIPUTOTOBJIEHUA KaTanu3aTopa. B mponecce cunreza MYHT ucnonp3oBanu katanusa-
Top aucnepcHocThio 80...140 MxM.

D¢ddexTuBHOCT pa3pabOTaHHON TEXHOJOTHH OIMPENCUTH 1O yAEIbHOMY BBIXOAY H
Ka4ecTBy HaHOTPYOOK. IlomydeHHBIE MOP(OIOrHYECKHE U CTPYKTYPHBIE XapaKTEPUCTHKU
MVYHT npusenens! B Tabu. 1.

Taoauua 1
Pacxon Temnepa- Bpewms V nenbHbINH Juamerp
Tun kaTanuzaTopa ra3a G, | Typa cuHTe- | cuHTesa, | Beixog MYHT, | MYHT, D/IG
/4 3a, °C MUH re/ Tiat HM
HeakTuBupoBaHHBIH 5,23 20...80 | 0,96
400 650 40
AxtuBupoBaHHbIit DMIT 7,3 20...50 | 0,83
HeaxtuBupoBaHHBII 7,73 10...90 | 1,18
600 650 60
AxtuBupoBaHHbIii IMII 9,93 10...50 | 0,88

IIpu wucnonp3oBaHMU KaTalnu3aTopa, akTuBUpoBaHHoro OMII, B mporecce cHHTe3a
(Graza = 400 /4, t.,,,. = 40 mun) ynensubiil Berxog MYHT ysenuumics Ha 40%, IpH yCIoBH-
X (Graza = 600 1/4, t.y,. = 60 MUH) ynenbHBIN BeIX0 yBemmuamics Ha 28,5%. [1o pesynpratam
UCIIBITAHUH MIPUHATO pelieHre 00 MCIIOIb30BaHUK pa3pabOTaHHBIX TEXHOJOTHH B CEPUIHOM
peirycke MYHT Ha 6a3e OO0 «HanoTexLlenTp», r. TamboB.

OCHOBHBIE BbIBO/IbI U1 PE3YJIbTATBI PABOTBI

OOmuM pe3ynbTaToM paboTHl SIBISETCS HAydHO OOOCHOBAHHOE M 3KCHEPUMEHTAIBEHO
HOATBEPXKIECHHOE PELIeHUe MPOoOIeMbl MOBBIIICHUS! AKTUBHOCTH KaTaJUTUYECKOW CHCTEMBI
cunte3a MYHT ¢usnuecknmu MeTogamMu BO3ICHCTBHS.

1. Pa3pabotansl Metonsl pusmueckoii aktuBanuu OMII, Y3- u CBU-Bo3aelicTBUAME
Ni—-Mg karanmutudeckoii cucremsl cuare3a MYHT, mo3BoISIFOLIME TTOy9IaTh HAHOTIPOAYKT C
perynupyeMbIMi MOP(OJIOTHIECKHMH U CTPYKTYPHBIMH XapaKTepUCTHKaMH. [Ipe/ioxkeHHbIe

13



METO/IbI TO3BOJIAIOT yBEIUUUTh yaenbHbld Boixod MYHT na 30...80% u yMEHBIIUTH UX CTe-
NeHb Ae(EKTHOCTH.

2. TlocraBnena u pelleHa 3agada pacyera ONTHMAIBHOW T€OMETPUH MOJICKYIISIPHON
CHCTEMBI PacTBOpa MCXOJHBIX KOMIIOHEeHTOB Ni—-Mg kaTanu3aropa, 000CHOBEIBaIoIast oopa-
30BaHUE B HEM HOHHBIX KOMIUIEKCOB, KOTOPBIE PECTPYKTYPUPYIOTCS (GM3HISCKHM BO3/EHCT-
BUEM. PecTpykTypu3aiys IPHBOIUT K yBEIHUEHHIO KOJNMUYECTBA U IEpepaclpe/ieieHUI0 aK-
THBHBIX IICHTPOB POCTa HAHOTPYOOK.

3. IIpoBemeHBI KOMIUIEKCHBIE SKCIEPHMEHTAIBHBIE HCCIIEIOBAHHS CPaBHUTEIBHBIX
nokasareneil kadectBa Ni-Mg cuctem, 00paOOTaHHBIX (PU3NYECKUMH METOJaMU BO3ICHUCT-
BUsL. BBIIBIIEHO yBeNmMUYeHHE yIenbHOI MOBEPXHOCTH U BPEMEHM aKTHBHOTO JEUCTBUS KaTa-
nmm3aTopa B 2-2,5 pasa. Jloka3aHo, 4TO aKTHBHPOBAHHBIE KaTaJIN3aTOPHI O3BOJIIIOT CHHTE3HU-
poBate MYHT 3amanHOrO KauectBa (yMeHbBIIEHHE pa30poca 1o aAuaMerpy U Ne(eKTHOCTH
CTPYKTYpPHI)

4. OrmpenenceHbl TEXHOJIOTUYECKHE MapaMeTPhl COBMELIEHHBIX MPOIECCOB aKTUBALUH
pacTBOpa HCXOIHBIX KoMIoHeHTOoB Ni-Mg karanmusaTtopa (Bpems aktuBanuu Y3- n CBU-Bo3-
neiictueM — 10 ¢, OMII - 30 c).

5. Paspaborana cTpyKTypHas cxema npousBojctBa Ni-Mg kaTanuszartopa, npeiycMar-
pHBarollas CTaJu0 aKTUBAIMK PACTBOPA UCXOIHBIX KOMIIOHEHTOB KaTAJIUTUYECKON CHCTEMBbI
¢usnveckumu Metonamu Bosxciicteus (Y3, OMII, CBY), ais moBBINICHHWS KavyecTBa H
yaensHOro Bbixona MYHT.

6. PaspaboraHa KOHCTPYKLHs ONBITHO-IPOMBIIIICHHOH YCTAHOBKH AJIs TPOBEACHUS
COBMEILIEHHBIX IPOLIECCOB aKTUBALUKM PAaCTBOPA UCXOJHBIX KOMIIOHEHTOB KaTalu3aTopa CHUH-
te3a MYHT CBU-Bo3neiicTBuem yactoToit 2,45 I'T'.

7. Paspabortana u BHenmpeHa B mpou3BoictBo (OOO «HanoTexllentp», r. TamOo0B)
TEXHOJIOTUsl NIPUIOTOBJIEHMs akTuBUpoBaHHOro OMII karanu3aropa, MO3BOJSIONIAs 3@ CUET
CHIDKEHHS 3aTpaT Ha roJioBoii o0bseM npoussoacTsa (2000 kr MYHT) nomy4auTs SKoOHOMHYE-
ckuif apdexr B pazmepe 3 450 000 p., a Taxke yBeTHUUTH 00beM mpon3BocTa Ha 40%.

CIIMCOK ONMYBJIMKOBAHHBIX PABOT IO TEME JUCCEPTALIUN

B nepuoouuecxux uzoanusx, pexomenoosannvix BAK PQ:

1. HccrnenoBaHne METOJOB HMOBBIILICHUS] aKTUBHOCTH KaTaJM3aTOPOB JUIsl TPOM3BOJICT-
Ba YIJIEPOAHBIX HAaHOCTPYKTYpHBIX MartepuanoB / E.A. Bypakosa, 3.A. Muxanesa, A.I". Tka-
yeB // Xumuueckas texsoorus. — M., 2009. — Ne 2. — C. 81 — 86.

2. HccnenoBaHWe aKTHBAIlMHM METAJUIOKCHAHBIX KaTalM3aTOPOB JJIS CHHTE3a MHOTO-
CIIOWHBIX yriepoaHslx HaHOTPYOOKk / E.A. BypakoBa, A.E. Bypakos, A.I'. TkaueB u ap. //
Bectauk TamboBckoro rocymapcTBeHHOTO TexHHYeckoro yHmBepcurera. — 2010. — T. 16,
Ne 2. - C. 337 —-342.

3. BiusiHHE CBEPXBBICOKHMX YaCTOT HAa KaTAJUTHYECKHE CHCTEMbI CHHTE3a yIIIePOIHBIX
Hanomarepuaiio / E.A. BypakoBa, A.E. bypakos, A.I'. TkaueB u nap. // Xumudeckas TeXHO-
qorus. — M., 2011. — Ne 9. — C. 81 — 86.

4. TlpuMeHeHHE YIIepOaHBIX HAHOTPYOOK Uil MOBBIMICHUS PPEeKTHBHOCTH PaboThI
BOJIOKHUCTHIX (DMIIBTPOB CBEpXTOHKOTO oOecnbuinBanus ra3oB / A.E. bypakos, A.I'. Tkaues,
E.A. Bypakosa u ap. // BectHuk TaMOOBCKOTO TOCYZapCTBEHHOTO TEXHHYECKOTO YHHUBEPCH-
tera. — 2010. — T. 16, Ne 3. — C. 649 — 655.

14



B Opyeux uzoanusx:
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