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OBIIAS XAPAKTEPUCTHUKA PABOTBI

AKTYaJIbHOCTb TeMbl. [IpOMBIIUICHHOCTh TOHKOI'O OPIaHUYECKOTrO CHHTE3a Hy-
KIaeTcst B pa3pabOTKe HOBBIX METOJOB MPOM3BOJCTBA OPraHMYECKUX IUICHKOOOpa3ylo-
IIUX BEIIECTB C YJYYIICHHBIMH IIOKa3aTeNsIMM KauyecTBa. HOJNBIIMHCTBO IUIEHKOOOpa-
3yIOIMX BELIECTB, IPUMEHAEMBIX B JIJAKOKPACOUHOW HMPOMBIIIICHHOCTH, HE YOBIETBO-
PSIIOT BO3POCHIMM TPeOOBaHUSIM IO KadecTBy. CyIecTBYIONIME TEXHOJIOTHH U TEXHUUE-
CKHE CPEICTBAa HE MOTYT HX 00ecHednTh. [I0OBBICHTH Ka4eCTBO MOXKHO 33 CUET HUCIIOJb-
30BaHUs HOBOTO BUZA CHIPbS MM Pa3paboTaB HOBBIC TEXHOJIOTMH IIPOHM3BOJCTBA OpTa-
HUYECKUX IIEHKOOOPa3yIONINX BEIIECTB, OCHOBHBIMH MPOLECCAMH MTOTYUSHUS] KOTOPBIX
SBJISIIOTCA TIePeITepUMUKALMA U NONHITEPUDUKALINS.

IMokazaTessiMi KadecTBa OPraHMYECKOro IUIEHKOOOPAa3YIOIIEro BELIEeCTBA SIBIIS-
IOTCSI: LIBETHOCTb, BPEMsI BBICBIXaHHS U TBEPAOCTb MOKPHITHA. J[JIs IOIy4eHHs NUIMEH-
TUPOBAHHBIX MJICHKOOOPA3yIOIIMX BELIECTB HEOOXOAMMO, YTOObI MIEHKOOOpa3oBaTelb
ObUT KaK MOKHO cBeTiIee (IUIsl MOBBIICHHS OSIM3HBI OMalieil), ObICTPO BBICHIXAJ, COXpa-
HSUI TIPOYHOCTb.

Iponecc mepesTepuUKaM PACTUTEIBHBIX Macel SBIISIETCS OCHOBOIOJATAO-
muM 1pu (GOpMHPOBAHHM IIOKa3aTeleil KadecTBa IUIEHKOOOPA3yIONIMX BEHIECTB, Ha
IIBET KOTOPBIX BIMSET Jlayke HEOOJbIIOE KOJINYECTBO NMpUMecei. Mcronbp30BaHne BBICO-
KOKaYEeCTBEHHOTO ChIPbsS IIPU IIPOU3BOJICTBE JIAKOB FAPAHTHPYET o0ecreueHre UM Heoo-
XOJMMOM 1IBETHOCTH.

B cBsi3u ¢ 3TMM pa3paboTKa TEXHOJIOTHYECKHX MapaMeTpoB MPOLECCOB IepeaTe-
puduKaIK 1 TONMITepUUKAIIH, 00SCICUNBAIONINX BBICOKIE XapaKTEPUCTUKH Kade-
CTBa JIaKa, U MPOTHO3MPOBAHHE KMHETHKH KaTATUTHYECKUX MPOLECCOB Iepe- M IMOJH-
STepuUKAMN HAa OCHOBE HCIIOJIL30BAHUS METOJda MAaTEMAaTHYECKOTO MOJEIHPOBAHHS
MIPEACTABIISIOT HAYYHBIH U IIPaKTHYECKUH HHTEpeC.

ean padorsl U 3ana4n uccienoBanus. Llenbio quccepTaunoHHOl paboThI sB-
JA€TCsL BBIOOP KaTaIM3aTOPOB UM OIpEJIeICHHE TEXHOJIOTHYECKHX MapaMeTpoB IpoLec-
COB MepesTepuuKaluy U NOIUITEPUPUKAILINY, 00SCICUUBAIOLINX OITy4YeHUE OpraHu-
YeCKOro INIEHKOOOPAa3yIOLIero BEIIeCTBa ¢ BHICOKUMH XapaKTepUCTHKAaMU Ka4yecTBa, Ha
npumepe naxa [1O-060.

Jlns noctrokeHus nenu Obun c(hOopMyITHPOBAHBI CIIEAYIOMINE 3a1aun:

1. Pa3paboTraTh TEXHOJOTMYECKHE MapaMeTphl Ipolecca yIajJeHus IMpuMecei u3
PacTHTEIBHOTO Macja ¢ HCIIOJIb30BaHNEM MAaTEPHAIOB B HAHOCTPYKTYPHPOBAaHHOI (hop-
Me, MO3BOJISIOINX IOJNYYHTh CHIPHE JUIS NPOU3BOJACTBA OPraHHYECKOTO ILIEHKOOOpa-
3YIOILEro BEILIECTBA C YJIy4lICHHBIMH OKa3aTeJIIMU KauecTBa.

2. Boibpath KaTanu3aTopsl ISl IPOLIECCOB IepedTepurKannl U moaudTepudu-
Kaluu, 00eCIeYMBAIOIINE X BBICOKHE KUHETHUCCKUE XapAKTEPUCTHKH.

3.TIpoBecTH OLEHKY aKTUBHOCTH YaCTHUIl KaTalIM3aToOpa B HAHOCTPYKTYPUPOBAH-
HOH (opMe Ha OCHOBE KBAHTOBO-XUMHUYECKOTO MOXOa.

4. TIpennoxuTb (GU3HIECKHe MOJEIH MPOIECCOB MepedITepUPHUKALINN U HOIUITE-
puuKaK Ha HAHOPa3MEPHOI YaCTUIIE KaTaIn3aTopa.

5. Pa3zpaboraTh MaTeMaTHueCKOE ONHCAHHUE IIPOIECCOB MepedTepuHUKaMU U 110-
JIM3TepUGUKALMN TOTyYEeHHUS! OPraHMYeCKOro IICHKOOOPAa3yIoIero BEIecTBa U Hpo-
BECTHU OLICHKY aJI€KBATHOCTU STUX MOJEICH.

6. UccnenoBars BIMSHUE KaTAIM3aTOPOB (METAIUIBI U HX OKCHABI B HAHOCTPYKTY-
PUPOBaHHOM (opMe) Ha KHHETHKY IPOLIECCOB MepedTepHHUKALMU U MOIHITSpHHKa-
UM ¥ IOKa3aTell KauecTBa OPraHUIeCcKOro IIEHKOOOPa3yIoEero BEIecTBa.



7.Pa3paborarh peKOMEHAALUHN 110 MOJEPHHU3AINH TEXHOIOTUH IIOJIyYCHHsI OpTaHH-
YECKOro IJICHKOOOPa3yIoIIero BEIeCTBa ¢ NCHOIb30BAHUEM KaTaIn3aTOPOB B HAHOCTPYK-
TYPHUPOBAHHO# (hOpME € LEIbIO NOIYYEHHs IPOIYKTa C BBICOKMMHU IOKA3aTeIMU KauecTBa.

Hay4Hnast HoBH3HA padoThI:

— MCCIIC/IOBAHO BIIMSHME KATAJIU3aTOPOB B HAHOCTPYKTYpPHUPOBaHHOH (opme Ha
KHUHETHKY HPOILECCOB NepedTepudUKalny ¥ NOIUITepU(HUKALNY, JUIUTEIBHOCTD IPO-
necca nepesrepudukany CHU3WIach B 2,3 pasa, nonmdtepudukanuu B 1,5pasza;

— npeuIoKeHbl (PU3NUECKHE MOJIEIN IPOLIECCOB MepeITepU(UKALIMU U HOJIHITE-
pudHKauuy, cocrosime U3 craaui aud@dy3HOHHOro nepeHoca peareHToB U3 sAapa Io-
TOKa K MOBEPXHOCTH YACTHIl KaTaIn3aTopa, JaTepalnbHoil nuddy3un Mo moBepXHOCTH
YaCTHIBl KAaTAIU3aTOpa, XUMHYECKOH peakiuu Ha akTUBHOM LeHTpe (AIL) yacTuusl,
9KCIEPUMEHTAIBHO YCTaHOBJICHBI JIMMUTHPYIOLIME CTAAUM IPOLECCOB. XUMUYECKas
peaxuus s nepesrepubukanuu, bdys3us a1 noaudTepudrKanmy;

— HPEUIOKEHbl MaTEMaTHYEeCKUE MOJEIH TIPOLIECCOB NepeITepUDHKALMK U TIOJIHATE-
pudUKaIMH, SKCIEPUMEHTAIBHO YCTAHOBJICHA UX aIeKBATHOCTb B JIAOOPATOPHBIX YCIIOBHUSX;

— TpeyIoKeHa METOMKA IIPOTHO3UPOBAHMS KaTAIUTHIECKOH aKTHBHOCTH B 3aBH-
CHMOCTH OT T€OMETPHIECKOI KOHPUTypalliy U SHEPTeTHIECKUX XapaKTEePUCTHK aKTHB-
HBIX LIGHTPOB YaCTHI] KaTaJlIu3aTopa;

— Ha OCHOBaHUM KBAHTOBO-XMMHYECKUX PacueTOB OJMHOYHBIX MOJICKYN peareH-
TOB ¥ KOMIUIEKCOB (peareHT—aKTHUBHBIN LEHTP) MPEII0KEH MEXaHH3M B3aHMOICHCTBHS
¢raneBoro aHruApuza ¢ JBYXOCHOBHBIMH 3(HpaMH INIMIEPUHA M NEHTAPUTPUTA HA
AKTUBHBIX IIEHTPAaX YaCTHULB KaTajlM3aTOpa, 3aKIOYaloluiics B copOuuM (raneBoro
anrugpuna Ha All, Hykireo(MIbHOH aTrake ero MOJEKYIOH IBYXOCHOBHOTO 3¢dupa H
necopOumu oopaszoBasiierocs mpoaykra ¢ All.

ITpakTHyeckasi 3HAUUMOCTh.

— IpeAsoKEeHO MCIOIb30BaTh B KauecTBe copoenta YCBP, Ag u nmpoBoauts mpo-
Hece yaajieHust npumeceii (0enku, kapaTuHOuabl, pocharuapl) U3 MOACOITHEYHOTO Mac-
na npu Temnepatype 90 C;

— pa3paboTaHbl MaTEMaTHYECKUE MOJIEIHN TIPOLIECCOB MepedTepudHKaluy U MoIu3Te-
pUUKAIMH, SKCHEPUMEHTAIFHO NPOBEACHA HACHTU(MHKALMS KHHETHYECKHX IHapaMeTpoB
HPOLIECCOB, [UIs IIpolecca NepesTepuUKALUN MOJIYYEHO 3HAYEeHHE SHEPruH aKTUBALMU
E,= 104x/lx/Monb ¥ HPEISKCIIOHEHUMANEHOIO MHOKUTENA Ko = 4,25.18 m¥(monb-c),
IIPOBEJICHA OIEHKa aJeKBaTHOCTH MAaTEMaTHYECKOTo OIMCAHUs, CpeHEe OTKIOHEHHE pac-
YETHOH 1 SKCTIEPUMEHTAJIEHON KOHIIEHTPAIMY PeareHTOB COCTaBMIIo 5%;

— MOJIy4E€HO OPraHMYEecKOe IUICHKOOOpa3ylollee BEIIECTBO C YIYYIICHHBIMH Xa-
PaKTepUCTHKAMH KayecTBa (LIBETHOCTH, BPEMs BBICHIXAHHsI, TBEPAOCTD IIOKPHITHS).

TexHonorus ynaneHus HpuMecell M3 MOJICOJHEYHOrO Macia NepelaHa Julsi Hc-
nonp3oBadust Ha OAO «Turment» (r. Tam60oB). BHeapeHre MO3BOIUIO MONYYUTh ChI-
pbe CO CIECAYIONMMH XapakTepucTukamu: 1BetHocts 3 |,/100 eM®, KHCIIOTHOE YHCII0
1,4 mr NaOHk. Beiiassl pakTHYECKHE PEKOMEHIALMH [0 OPraHU3allul M COBEpILICH-
CTBOBAHUIO IIPOLECCOB NEPEITCPUPUKANNY H MONUITEPUPUKAIINN C HCIIOIb30BaHUEM B
Ka4yecTBE KaTalu3aTopa OKCHAA HUKENs, MOAM(DHUIMPOBAHHOTO XPOMOM, 3aKIIIOYAIOLINECs
B crenyromeM: Temrneparypa npoieccoB 260 T, konmuectBo karanmsaropa 0,002%ot
PEaKIMOHHOM Macchl, ¥ BHEAPeHH! B mpou3BoicTBo Jaka [1P-060 na OAO «[IurmenTt»
(r. TambOB), UX peanu3anys MO3BONIJIA JOCTHYb COKPAIICHHUS IJIUTEIBHOCTH MpOLEcca
nommTepudukamu B 1,5 paza u obecriedymna mojgydeHHe MPOLYKTa C MOKA3aTEIIMU:
userHocts 10 L/100 em®, Bpemst Boickixarms 16 4, Tepgocts 0,18 yen. ex. PacuerHbiii
9KOHOMHUYECKHUI 3 heKT OT BHeApeHus npeatoxenHoi Texnotorun 1 040 00G./rox.
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Anpodanusi padorbl. Hayunble pe3ynbTaThl U MOJOKCHUS AUCCEPTALIOHHON pa-
0OTBHI JOKJIABIBAICE M OOCYXAAINCh Ha CICOYIOIIUX KOH(EpeHUMs X M CeMHHapax:
I-i1 Beepoccuiickoi HayqHO-TIPAaKTHYECKON KOH(EPEHLMH CTYICHTOB, aCIUPAHTOB U MO-
JOABIX y4eHBIX «[IpOrpecCHBHBIC TEXHONOTHH M IEPCICKTUBBI pa3BuTisa» (. TamGoB,
2010); VOGuiepoccHiicKoii HayqHO-MPAKTHIECKON KOHPEPEHINH «AKTYabHbIC BOPOCHI
COBpEMCHHOM Hayku u obpasoBanus» (r. Kpacuosipck, 2010); Mex1yHapoIHOMH Hay4IHO-
npakTHyeckoil koHdepeHmu «HaydHble HCCIEA0BAHUS U UX IPAKTHYECKOE IPHUMEHEHHE.
Cospementoe cocrosire U mytu passutus 2010» (. Oxecca, 2010); IMexayHapoaHoi
Hay4yHO-TIPaKTHYeCKOH KoH(pepeHIMH <«CoOBpEMEHHas HayKa: TEOpHs M IpaKTHKa»
(r. Crapomnosns, 2010);MexayHapoaHON HAyYHO-TIPAKTHIECKOH HHTEPHET-KOH(EPEHIINH
«CoBpeMeHHbIe MPOOIEMBbl M IYTH UX PEIICHHS B HayKe, TPAHCIOPTE, MPOM3BOJICTBE M
ob6pazoBannu 2010» {. Oxecca, 2010).

y6mukanuu. [To Teme auccepranuu onyOINKOBaHO TPUHAALATH CTAaTeH, B TOM
YHCcIIe YeThIpEe B )KypHaIax, pekoMeHa10BaHHBIX BAK P®.

CTpyKTypa M 00beM padoThl. [luccepTanimonHas paboTa COCTOUT U3 BBEACHHS,
YeThIpeX I71aB, BBIBOJIOB, CIHCKA HCIIOJIb30BAaHHOM JIMTEpaTyphl, BKIodaomiero 145anme-
HoBaHuil. OCHOBHasi 4acThb paboThl m3nokeHa Ha 160 crpanumax Tekcra, COAEPKHUT
39 pucynkoB, 13 tabuui 1 IPHUIOKSHUS.

OCHOBHOE COJEPKXAHUE PABOTbI

Bo BBenennn 060CHOBaHa aKTyaJIbHOCTH TEMBI, CHOPMYIHPOBAHBI IIEJIb U 3312491
HCCIIEOBaHUN, apryMeHTHPOBaHA HayJYHas HOBH3HA M INIPAaKTHYecKas 3HAYUMOCTH I10-
JIy9eHHBIX Pe3yNIbTaTOB, IIPEACTABICHEl BBIHOCHMBIC HA 3aIIUTy HAyYHBIC MTOJOXKCHUS.

B nepsoii riaBe npuBeneHs! pe3yIbTaThl aHAIHM3a JINTEPATYPHBIX HCTOYHUKOB MO
criocobaM ynaneHus: IpuMeceil U3 MOACOIHEYHOro Macia. PaccMoTpeHo coBpeMeHHOe
COCTOSIHHE TEOPHH M TEXHHKHU IIPOIECCOB INepedTepU(PUKANUN U MOIMITEpUPHUKAINT
TIOTYYeHUS] OPTAaHUYECKOTO IUIEHKOOOPAa3yIoIero BEeUIeCTBa, METOIBI MOIEINPOBAHHUS
9THX TPOILECCOB, (GAKTOPHI, BIMSIOIINE HA XapaKTEPUCTHKU Ka4ecTBa IUIEHKOOOpasyro-
ILIEro BELIECTBA, IOAX0bl K KBAHTOBO-XHUMHYECKOMY PacdeTy CBOMCTB MOJIEKYJIAPHBIX CUC-
TeM. ChopMyITPOBaHBI 33Ja9H TCOPETUIECKUX U SKCIIEPUMEHTAIEHBIX HCCIICIOBAHMIA.

Bo BTOpOIi Ii1aBe NpeCTaBICHEI Pe3yIbTAaThl UCCISIOBAHMUS BIUSHUS KaTaun3a-
TOpa B HAHOCTPYKTYpPHPOBAaHHOI (hopMe Ha NOKa3aTeln KauecTBa OPraHMIEeCKOro IUIeH-
KOOOpa3yIoIEero BEIIECTBA, a TAKKE Ha KMHETHKY IPOLECCOB IepesTepuduKaiuu u
HNOJIMITEPUPUKALIIH.

Hcnonp3yemslil pyu 04MCTKE Macel METOA THIPATaIluy He 00ecTieunBaeT MOJIHO-
ro ynaneHust 6enxoB, gocdarunoB u kapatuHougoB. [To3TOMy npH ruapatanun ObUTH
ucnonb3oBanbl YCBP (yriieposHasi cMech BBICOKOM PEAKIHOHHOM CIOCOGHOCTH), Me-
TaJUTbl U UX OKCHABI B KadecTBe copOeHTOB mpumeceil. s ynaneHus mpumecei u3
MOCOTHEYHOT0 Macja HCIOJb30BaIM YACTHUIBI OKCHJOB METAJUIOB B HAHOCTPYKTYpH-
poBaHHO# (opme (maryHs (JI68), Cu, Ag)c pasmepamu yactuil 40...100aM.

[IpousBoguTensiMu HCIOJB3YEMBIX HaHOMAarepuanoB sBisuMch. Hawno-LleHnTp
TITY (r. Tomck), HITK «Hanomer» (r. Mocksa), OOO «Xonmunr 3os0tast popmyaar»
(r. Cankr-IlerepOypr).

Ouenky 3(¢eKTHBHOCTH yIaleHus NpUMeceil NPOBOIMIM, UCIONB3YS CIELyIOIMe
kommozuimn: Ne 1 —-YCBP, narynp;, Ne 2 — YCBP, Cu; Ne 3 — YCBP, Ag. B tabmime 1
MpeICTaBICHBI MOKA3aTeNIN KauyeCTBA MOACOTHEUHOTO Macia, OYUIIEHHOTO IO TPAIUIH-
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OHHOW TEXHOJIOTHH THIPATALMH U C UCHIOJIb30BAHUEM MATEPHAIOB B HAHOCTPYKTYPHPO-
BaHHOW (opme. BiusHue xauyecTBa Macia, OUMIIEHHOTO ¢ UCIIONB30BAHHEM KOMIIO3H-
uun MatepuaioB Ne 1 — 3, Ha XapakTepUCTHKH [UICHKOOOPA3yIOLIero BeuiecTBa ObLIO
orieHeHo rpu npousBoacTse jaka [1D-060m0 TpaaniMOHHO# TEXHOJIOTHH.

1. IMoka3aTe/iu KayecTBA MOACOJHEYHOI0 MAcCJIa U JlaKa P-060

Tpan. | Homep komnosuumu

HaumenoBanue nokasareneit Hopma o TY

TEX- | Nel [Ne2| Ne3
Lger maca o UMIII, Beicimii copt — o 15
mr 1,/100cm® Copr | — 10 25 15 15 5 3
Kucnorxoe uucno macna, Beicimii copt —mo 1,5
mr NaOH#t Copr | —mo 4 3.1 23| 21 14
TepmocrabunsHocTs Macia, °C | He menee 250°C, C

. OOTBETCTBYET
MPOAYKT IPO3PAYHBII

IIBer naka mo MMIII, Beicimii copt — o 60
MI I2/lOOCM3 copt | — o 130 30 30 25 15

Bpems BbIChIXaHUS IICHKH JIaKa, 4,

He OoJiee, IIpu TeMIeparype:
(80x2)T 2 2 1 1 1
(20£2)T 24 19 16 | 16 | 17

TBeproCTb MJIEHKH JIaKa 110 Npu-
6opy Tunia TMJI (M.A), yen. en.,
HE MEHEe

Beicumii copt — 0,12

copr | — 0,11 0,13 | 0,12| 0,18 0,14

VMIII —fiomomeTpuueckas IKana.

V3 aHanm3a SKCIEPUMEHTAIbHBIX JAHHBIX Tabia. 1 BHIHO, YTO HCIIOJIb30BaHHE
KOMITO3UIIMH MaTepuanoB Ne 3 B mpolecce OYHUCTKH Macia MPUBOJUT K YIYYIICHHIO
LIBETHOCTH IOZICOJIHEYHOTO Macja M OPraHM4eCKOro IICHKOOOPA3yIOILIero 3a cHeT aji-
copbuuu 6enkoB, pochaTHIOB U KAPATHHOUIOB Ha IIOBEPXHOCTH HAHOCOPOEHTOB.

Jl1st noBbllIeHUs [TOKa3aTenei kadecrsa jaka 11M-060 u yiayduieHus KMHETHYC-
CKHMX XapaKTepUCTHK IPOIIECCOB Iepe- W MOJUITepUGUKALHUU ObUIM HCIIOIb30BaHBI
BBICOKOJIMCIIEPCHBIE KATaJIM3aTOPbl: METaUIbl M OKCHABl B HAHOCTPYKTYPHPOBaHHOM
¢dopme ¢ pasmepamu yactui 40...100 um: Ni, W, Cu, Sr, Sn, C KOMIO3HIHH:
Nel—W, Sn, SrNe 2 — Cu, Cr, Sn)Ne3 — Ni, Cr, Sr;Ne 4 — Ni, Cr.

Tpu BBeCHUH B PEAKLMOHHYIO MacCy KOMIO3MIMHU Ne 4 10Jy4eHO [ICHKOOOpa-
3yIOIIee C IYYIIHNMHE TTOKa3aresiMi KayecTsa (tabi. 2).

BbuM npoBezieHbl CHHTE3bI IIIEHKOOOPA3yIOIIEro BEIeCTBA Ha OYMILEHHOM PacTH-
TEJPHOM Maclie MPH HCIOJIB30BaHHH KOMITO3ULMK Ne 3 M KaraM3aTopoB — PHUIMHOJEATa
JuTHS U Komro3uimu Ne 4 Ha cranuu repe- U noimdtepudukanuy. Fcrnoib30BaHue BbICO-
KOKa4eCTBEHHOTO CBIPbsl M KaTaJIM3aTopa OKCH/A HUKENs, MOAN(HUIIMPOBAHHOTO XPOMOM,
[03BOJIMIIO 3HAYMTENBHO MOBBICHTH Ka4eCTBO IIICHKOOOpasyroiero erectsa (tadim. 3).

Jl1s cuHTe3a OPraHMYecKoro IIEHKOOOPa3yIoLIero BEIecTBa PEKOMEHAYEeTCs HC-
[0JIb30BATh B Ka4ECTBE KATAIU3aTOPA OKCHI HUKEIs, MOAU(UIMPOBAHHbINA XPOMOM, U B
KaueCTBE CBIPbSI MOACONHEYHOE MACIO, OYMIICHHOE C HCIIONB30BAHHEM KOMITO3UIIUH
martepuanon Ne 3.
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2. loxa3arenn kayectBa Jiaka [IP-060, cCHHTe3HPOBAHHOI'O € HCNOJIb30BAHHEM
KOMIO3UIHiT KATAJN32TOPOB B HAHOCTPYKTYPUPOBAHHOIi (hopme

Hopwma Homep xommnozunmu
Moo | moTy 6061276 | o

IIBet naka mo UMIII, Beicmii copt — 1o 60
mr 1,/100cm® copt | —10 130 30 601 50| 25 15
Bpewms BbicbIXaHu1, 4,
He Ooree, Ipu TeMIeparype:

(80+2) € 2 2 1 1 1 1

(20+2) € 24 18 | 16| 15| 14| 16
TBepIOCTh IIICHKH JIaKa 1o N _
npuGopy turna TMJT (M.A), CB;"‘;‘TPi”Och 012 1 013 0,14 0,14] 0,14] 0,16
yCII. ell., He MeHee P '

3. Iloka3aTesin KayecTBa JaKa H‘D-OGO,CHHTGSHPOB?IHHOFO C HCIOJIB30BaAHUEM
KOMIIO3UIUHM Ne 4 HA OUMIIEHHOM MOJCOJTHEYHOM MacJie

HanmenoBanue - TYPGIS(-)EBO/I—aGlZ—?G Tpaauuumonnas | MoaepHU3UpPOBaH-
noKa3areyen o TEXHOJIOTUS Hast TCXHOJIOTUA
cusm. 1-11

IIBer naka mo MUMIII, Bercmmii copr —no 60 30 10

mr 1,/100cm® copr | —mo 130

Bpewms BbIcbIxanus, 4,

He Ooree, pu TeMIieparype:
(80£2)C 2 2 1
(20£2)C 24 18 16

TBepHOCTH TUICHKY JIaKa N

o npu6opy tuna TMJI CB;IZHIM_HOC?ET 012 0,13 0,18

(M.A), ycn. en., He MeHee P '

B Tabnuue 4 npeacTaBiIeHs! Pe3yIbTaThl 0 KMHETHKE MPOLIECCa CHHTE3a [ICHKO-
obpasyromuiero BeniecTa npu temmeparype 260 T ¢ BBeZeHHEM HAHOCTPYKTYpHPOBaH-

HbIX KatanuzaTopoB Ne 1, 2,

3, 4.

4. Bpemsi npoueccoB nepeyrepupukanuy 1 NoIHITepUPUKALNHN IPH CHHTE3E
OPraHMYecKoro MJIEHK000Pa3yoLIero BeecTsa

H Bpems Bpewms
oMep KOMIIO3HIIHH
nepearepuuKay, MUH oMMATEpUPUKALIUH, MUH

TpaauuuoHHas TEXHOIOTUS 35 180

1 60 300

2 30 320

3 80 240

4 15 120




AHaIM3 MOJNYYEHHBIX JaHHBIX (CM. Tabu. 4) oKasai, 4To MCIOJb30BaHKE KaTaju-
3aTopa OKCHIA HHUKes, MOJAM(HUINPOBAHHOTO XPOMOM, B HAHOCTPYKTYPHUPOBAHHOMN
¢dopme cokpamaer mpouecc nepesrepudukanun B 2,3 pa3a U noimdTepupuKanum
B 1,5 pa3sa. [Ipu ucrnonp30BaHuK APYruX KOMIIO3ULUI KaTaln3aTOPOB B HAHOCTPYKTY-
PHUPOBaHHO# (hopMe MPOCICIKUBACTCS YBEINUCHHE BPEMEHHU ITPOBEICHHS IPOLIECCOB.

OLeHNBANIOCH BIMSIHUE TEMIICPATypPbl U THIPOANHAMHUYECKOTO PEXKUMA B arapa-
TE Ha CKOPOCTh MPOTEKAHHUs MPOLECCOB Mepe- U MOJIUITepUbHKALUU. DKCICPUMEH-
TalbHBIC HCCIICJOBAHUS MPOBOJMINCH IIPU BapbHPOBAHHWH TEMIIEPATyphl Hpolecca B

npenenax 250...265 € npu GpUKCHPOBAHHBIX 3HAYSHHUSIX CHJIBI TOKA JICKTPOABUTATEIIS
(puc. 1u 2).

214 —
v 5036
“5 2 3 =
= Euu-
g 191 s 4
132
= 54 2 et o.
3 3
i o
& 177 @ 030
= =
e =
g_ 1.6 2028+
a
o
5 57 1 5 0264 2
: 3
1.4
2 S 024
“ia- 1
0224
12
11 0.20 4
; T T T T : T | T 1 T T ; 1
250 25 254 256 258 260 262 264 H as 10 105 M e =5
TemnepaTypa,’c YacToTa BpaweHna mewankm, My

Puc. 1.3aBucumMocTb cKopocTH nponecca Puc. 2. 3aBHCHMOCTb CKOPOCTH Mpouecca
nepesTepuUKALHU OT TEMIEPATYPBI NOIMITePHPUKALMHI OT YACTOTHI
NP YaCTOTe BPALIEHHS] MELIAJIKH: BpalleHHsl MELIAJIKH NPU TeMIieparype:
1-11,08My; 2—11,61Tm; 3—12,15I' 1 - 250°C; 2 - 255°C; 3—260°C; 4 — 265°C

Jst mponecca nepeaTepruHKauy HAOMIOAASTCS BIMSHIE TEMIIEPaTyphl HA CKO-
POCTB IIpoIIecca, YTO CBUACTEILCTBYET O KMHETHYECKOH 00JIaCTH NMPOTEKaHUS JaHHOTO
nporecca. Kunernka npouecca nonusrepuduxanny GopMupyercs ruJpoAdHaMIYeCcKOH
00CTaHOBKOH B ammapare, Mpouecc JTMMHTHPYETCS SBICHUSIMU MEPEHOCA PEareHTOB K
MOBEPXHOCTHU YACTHI] KaTaan3aTopa.

TpeThsi riaBa mocesieHa MOJACIHPOBAHUIO MPOIECCOB MEPEITEpUBHKAMU U
HOJMMATEPU(HKALMN TIPH CHHTE3¢ OPraHMYecKOro IUICHKOOOPa3ykoIero BeliecTsa (Jlaka
I1®-060). [Tyt orrcaHust IPOLIECCOB Iepe- U MONMATEPUUKAIINN TPUHUMAITH, YTO YaCTH-
IbI KaTaJIM3aTopa BMECTE C HEKOTOPHIM HEMOBIKHBIM CJIOEM XKHIKUX PEareHTOB H IIpo-
JIyKTOB PEAKIHH, OKPYKAIOIIMX YaCTHILy, IIEPEMEIIAI0TCs B PEAKIIMOHHON cpejie, KOHIIeH-
Tpauus KOMIIOHEHTOB B KOTOpPOH OJHOPOJHA BCIEACTBHE INepeMelnBaHusA. MexaHu3M
HPOLIECCOB Mepe- U MOINITEPUPHKALINN OCYIIECTBIIETCS Cleayromum oopasom (puc. 3):

1. KoHBEeKTHBHBIH IEPEHOC PEareHTOB U3 sApa MOTOKA K HeMmoABIKHOMY Tuddy-
3MOHHOMY CJIOI0, OKPY’KaIOI[EMy YacTHUIly KaTalu3aTropa.

2. Tuddysus peareHTOB uepe3 HEMOABMKHBIIH CIOI K MTOBEPXHOCTH YaCTHIBI Ka-
TaJIN3aTopa.

3. AncopOrus peareHTOB Ha OBEPXHOCTH YaCTHIIBI KaTaIn3aTopa.

4. JlatepansHast 1uddy3us peareHTOB 10 NOBEPXHOCTH KaTaIW3aTopa WM HEIo-
CpPE/ICTBEHHAs aTaka afcopOMPOBAHHOTO PearcHTa peareHToOM U3 sjpa MoToKa.



Anddyana peareHToB Yepes

KOHBEKTUBHbIN NepeHoc HEerMoIBMXHbIV Con U
peareHToB U3 sijpa MoToka K afcopbuns Ha NOBEPXHOCTU
A dy3snoHHOMy crioto Karanuaatopa

natepanbHas anddyauns no
NOBEPXHOCTM KaTanuaaTopa

XUMunyeckas peakuyms Ha akTUBHOM
UeHTpe KaTanusaTtopa

necopbuysi NpoAyKTOB € aKTUBHOTO
LeHTpa kaTanusaropa v auddyans ero
yepes HenoaBNXHbIA Croi

NepeHoc NPOAYKTOB U3
[AVAY3MOHHOTO CNOSI B SIAPO NOTOKa

Puc. 3.Cxema npoueccoB nepe- 1 MoJIM3TepupUKALNN HA TOBEPXHOCTH YACTHIBI KATAIN3ATOPA

5. Xumudeckas peakiys Ha akKTUBHOM IIEHTPE KaTalll3aTopa.

6. JlecopOryst IPOTYKTOB PEAKIMU C IOBEPXHOCTH YaCTHUIIBI KaTaIN3aTopa.

7. Tudy3ns mpoIyKToB peakuy dyepes HeMOABKHBIH CII0H KHUAKOCTH.

8. IlepeHOC IPOTYKTOB PEAKIUH B PO MOTOKA.

Cornacuo npunnmry ®Onopu CKOpOCTH XMMUYECKOH PEaKIMH KakK IPH IOCIeN0Ba-
TETLHOM MPUCOEIUHEHNN PEareHTOB, TaK U MPH PEAKIIMH MEXTY IPOIYKTaMH OJMHAKOBBI.

Ckopoctu qu¢dy3un MpoaAyKTOB peakiuu OyAyT YMEHbIIATCS IPU POCTE MOJie-
KyJISAPHOH MacChl M Pa3BETBICHHOCTH CTPYKTYPHI OJTUTOMEpA.

Jlomyienus, NpUHATBIE TPH COCTABIEHUM MAaTEMaTHYECKOTO OMHCAHUs MpoIiec-
COB IIepeaTepU(UKALIN 1 O TEPHDUKALIIH:

1. YacTuns! Kataiu3aTopa HMEIOT MapoodpasHyio Gopmy.

2.T'pamyieHT KOHIIGHTPAUH U TEMIIEPATyphl PEareHTOB M MPOAYKTOB PEaKIHil B
SJpe MOTOKa OTCYTCTBYET.

3. HacTuip! KaTanu3aTopa paBHOMEPHO paclpeielieHbl B peaKIMOHHOM Macce.

4. Temneparypa B npolieccax InepesTepudukanuy 1 nojamdrepudukaniy nouuep-
JKUBAETCS NOCTOSHHOM.

5. Peakius nonusTepudUKALMU IPOXOAUT MO CTYHNEHYaTOMY MEXaHU3MY ¢ o0pa-
30BaHHEM JIMHEHHBIX MAKPOMOJIEKYII.

6. Briusiaue MoOOYHBIX peaknuil He yIUTHIBACTCSI.

Cxema XUMH3Ma Ipoliecca mepe’Tepu(GUKaInm:

TEG + PE <=> DEG + MEP <=> MEG + DEP <=> Gl + TEP,

rae PE — nenraspurpurt; Gl — rimuepun; MEG — moHoadups! runepuda; DEG — nu-
a¢ups! ruuepuna; TEG — tpusdups rmiepuna; MEP — MoHOA(UPHI MEHTadpUTPHTA,;
DEP — mmdups! nentaspurputa; TEP — Tpuadups neHTaspurpura.

CxeMa XUMHU3Ma [porecca HoJMITepHU KA.

DEP + FA<=> Olig;; MEG + FA <=> Qlig,; Olig, + Olig, = Oligs u 1.1.,

rae FA — ¢ranessiii anruapua; Olig; — pasinuyHbie 0JIUTOMEPBI.
O6a npouecca Beaytes npu temineparype (260£5)°C.



Kunernka nporecca nepesrepudpuKaiy OMUChIBACTCS YPaBHEHHEM BTOPOTO HOPsIKa

dCpge = Ky [t ZNGXd— E, /(RT)) (CFZ,E + ACy Cpe ) (1)

dr

Vcnonp3oBanue 3aBUCUMOCTH (1) mo3BOJISIeT ONpeAenuTh yObUIb KOHICHTPAIUH
[ICHTAdPUTPUTA BO BPEMEHH H, KaK CJIEICTBHE, IIPOJIOJKUTEIBLHOCTH HPOIiecca.

JUtst upeHTHHUKALMKA TapaMeTpoB MOAeIH (JHEPrHH aKTHBALMH U MPEIIKCIIO-
HEHIMAJIbHOTO MHOXXHTENS) ObUIH HAaiICHB! 3HAYCHMsI CKOPOCTH IpoLecca HepeITepH-
¢bukanun npu yerbipex temmeparypax (250, 255, 260, 265)C. DkcnepuMeHTaIbHbIC
JIaHHbIE OBUIM AIPOKCHMHUPOBAHBI JIMHEHHOH 3aBUCHMOCTBIO 10 METOIY HAMMEHBIIUX
kBajparoB. KoaduiuueHT nerepMHHALMN MOJYYCHHON alpOKCHUMALIMOHHON 3aBHCHU-
MoctH paeH 0,986,910 rOBOpUT 0 BBICOKOI €¢ HaIeKHOCTH.

3HaueHUs] KHHETHYECKUX KO3()(HULMCHTOB PaBHbI:

E, = 104x/x/mMoms;  Kegquo = 4,25-10 MY (Mo <).

OCHOBHBIM CONPOTHBJICHHEM IpoLiecca MOIUITEPUPUKALNK SBISETCS CIOi mpo-
JIyKTOB PEaKIUK TONIINHOMN O, MEXaHH3M MEPEHOCA PEAareHTOB K MOBEPXHOCTH YaCTHIIbI
KaTajxu3aTopa — MOJICKYIsipHast AUGy3us.

Tak kaKk pa3mepsl 4acTHUIl KaTaln3aTopa B HAHOCTPYKTYPHPOBAHHOH (opme Maibl,
HEOOXOIMMO yYHTHIBATH KPUBH3HY MX MOBEPXHOCTH U pacCMaTPHBaTh MOJICKYJISPHBINA
MEPEHOC BELIECTBA B CJIOE JKUIKOCTH Ha MOBEPXHOCTU YaCcTHUIIBI KaTajan3zaTopa B chepu-
YeCKO# cucTeMe KOOPIUHAT.

YpaBuenue muddy3un B chepruuecKux KOOpANHATAX

oCzn _ 62C(z;r)+gac(z;T)

: )
ot 0z z 0z
C HavyaJIbHBIMH U T'PaHUIHBIMA yCHOBI/IﬂMI/I:
C(z; 0)= Cvos C(r;r)z Cs; C(r+ 6;1): Cy. (3-5)
H3meHeHune KoInuecTBa PE€areHToB B AAP€ IIOTOKAa
dv . ,dC
—= jdF = -DgradCdF = -D4nr —(r;r)NV. (6)
dt dz
IIpu 3amene nepemeHHOM
W(z 1)+ S(z
z
1
rae S(z; r):—((r+6)(z—r)CV(r)+(6+ r —z)rCf). (8)
)
Vpasnenue ana pacuera Gpynknun W(Z, T) ¢ 0HOPOIHBIME MPAHUYHBIMHE YCIIO-
BUSMH UMCCT BH]
. 2Ap/ (o .
0W(z1) _ Da W(z 1) 0S(z71) . ©)

ot 9z° ot

TIpousBogHas KBa3UCTALOHAPHON YacTH ypaBHEHHs (9) 3aBUCHT OT BPEMEHH IIpH

yCHOBHH, qTo KOHHeHTpaL[I/H/I B O6'beMe HU3MCHSKTCA B XO€ Hpouecca. HpH HepI/IOZ[I/I“Ie'
CKOM TIPOIIECCE MOYKHO PACCMOTPETH JIBA BAPUAHTA €TI0 MPOTEKAHHUSL:
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1) nmpousBoaHAS KBa3HUCTALIMOHAPHOM YaCTH YpaBHEHHs JOCTATOYHA Malia, U €0
MOXHO IpeHeOpedb (MeIeHHbIH mpolecc);

2) 3HaYeHHE MPOU3BOJHON KBAa3HUCTALMOHAPHOI 4acTH ypaBHEHHUsSI HEOOXOMHUMO
y4IUTBIBaTh (OBICTPBIIT IIpoLIECC).

Jlns MeyIeHHOrO mporiecca (pyHKIms koHIeHTpanuy pearentos C(Z; T) 3aBucur ot
HayaJbHBIX YCJIOBHI Ha JOCTaTO4YHO MaioM otpeske Bpemenn (0,1...1c), nanee npoduib
KOHHCHTpaHI/Iﬁ PEarcHTOB IOJHOCTBIO OINPEACIICTCA 'PAHUYHBIMU YCJIIOBUAMU. rpaZ[I/IeHT
KOHIECHTpAINX pEarcHTOB Ha IMIOBEPXHOCTU YaCTULILI ITPHU T> 1 C paCcCHUTBHIBACTCA KaK

dc (r+s)lcy(m-c)
—(r;7)= : (10)
dz or

V3MeHeHre KOHLIEHTPALMII peareHTOB B 00beMe OIPeIesIAeTCs pelIeHUEeM YPaBHEHNUS
dc, 4nrND(r+3)
== -2 e, ) -cy ). 1)
dr
Jiist OBICTPBIX MPOIECCOB KBA3UCTAIMOHAPHYIO 4acTh ypaBHeHus (9) MOXxHO 3a-
ITMCaTh B BUAC

ﬁ(z; 1)= (r+3)(z~r) oy (x). 12)
ot o dr

IIpu sToM peutenue ypaBHeHHs (9) HaXOMUTCS UTCPALMOHHBIM IYTEM IO Clie-
IYIOLIEMY alIrOPUTMY:

1) 3a HauanbHOE 3HaueHue npurumaercs Cy (t): Cvo;

2) HaxoauTCs QYHKIHS W(Z; t) pertenueM ypasHenus (9);

3) 110 nosTyueHHOMy peruennio Haxomurest pyrkums G, (T) PpEIIEHNEM ypaBHEHUSI

dC ()=-4zDN rd—W(r;r)—W(r;r)+M(C\,(r)—Cf) ; (13)
dt dz d

4) nmyHKTHI 2, 3TIOBTOPSIOTCS 10 HAXOXKACHMS PELICHHS, YIOBICTBOPSIOILETO 3a-
JAHHOM TOYHOCTH pacyera.

Tporece momaTepruMKALIFK OTHOCUTCS K Mporieccam MeyieHHoro Tuma (T > 90 mum),
YTO HPEIoNaraeT UCHOJIb30BaHUE ISl pacyeTa KOHIICHTPALMH PEareHTOB B sApe IOTO-
ka 3aBucumoctH (11). B ypasuenuu (11) nemspectrbm siBnsercs kommieke D(r + 8)/5,
0003Ha4YUB CUMBOJIOM [3, alIPOKCUMHPYEM CTEIICHHOW 3aBUCHMOCTHIO BU/A

B=AReM L™, (14)

Koadduuuentsr A, Ny, Ny onpeaensorcs 3KcrepuMenTansHo. [t nporecca 1o-
uoTepUPUKAMA UMEIOT 3HaueHus: A = 5,55-101?*, n, =0,36;n,=-0,6.

B uyerBepToOii IiIaBe MpEICTABICHBI PE3YJIbTaThl MOJCIUPOBAHHS, OOOCHOBBI-
BAIOLME BHIOOP AKTMBHBIX LIEHTPOB HA IOBEPXHOCTH YACTHUIBl KaTajJM3aToOpa B HAHO-
CTPYKTYPHPOBAaHHOH (hopMe, ONpe/IeICHbl HX TeOMETPUUYECKIE KOHDHUIYPALMH U dHEp-
TETHYECKUE XapPAKTEPUCTHKH.

ITpeioKeHHBIH AJIs TIPOLIECCOB MepedTeprBHUKALH U TTONUITEPUPUKALIMK KaTaIH-
3aTOp MPEICTABIAET COOOM OKCHI HHKEINs, MOAU(UIMPOBaHHBIH atoMamu xpoma. Ha rmo-
BEPXHOCTH YaCTHI] KaTalu3aTropa HMEETCsl HECKOJIPKO THUIIOB aKTHBHBIX LICHTPOB, OTINYA0-
IIUXCS TEOMETPUUYECKON KOH(Urypaleil U SHEeprueil CBSA3M ¢ MOJEKYJIaMH PEareHTOB.
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JIns MoJenpoBaHus yJacTKOB MOBEPXHOCTH YaCTUIIbI KaTaIM3aTopa OKCHAA HHUKET, MO-
JTUGHUIPOBAHHOTO XPOMOM, UCIIOJIB30BAJICS KIIACTEPHBIN METOJ, 3aKJIIOYAIONIHIiCS B pac-
CMOTpPEHHH HabOpa aTOMOB Y4aCTKOB IIOBEPXHOCTH YaCTHIBI, COOTBETCTBYIOIINX OIIpe/ie-
JICHHOH KpHCTAIIMYECKON CTPYKType. Bbu paccMOTpeHBI HECKOJIBKO BapUAHTOB KJIACTe-
POB, MO3BOJISIOIINX MOJIEIUPOBATh AKTUBHBIE LIEHTPHI MOBEPXHOCTU YACTHUIIBI KaTalu3a-
TOpA: YHUCTHIA OKCHI HUKensl (BapuaHT 1); aT0OM XpoMa BO BHELIHEH aTOMHOM MJIOCKOCTH
KprcTamia (BapuaHT 2); aToM XpOMa B MPHUIIOBEPXHOCTHOM aTOMHOM IIOCKOCTH KPHCTAI-
na (Bapuant 3); 2aTOMa XpOMa yepe3 KUCIOPOAHBIA MOCTHK BO BHEILIHEH aTOMHOM ILIOC-
KOCTH KpHcTajuta (BapuaHt 4); 2aroma XpoMma, IIepBblii BO BHELIHEH aTOMHO#! IIOCKOCTH
KpHCTaJIa, BTOPOH B IPUIIOBEPXHOCTHON aTOMHO INIOCKOCTH, B HOJIOKCHUH, OJIDKaii-
IIeM K BHELIHEMY aToMy Xpoma (BapuasT 5). 'eomerpudeckie KOHGUTyparuu OBEpXHO-
CTH KPHCTaJUIA OKCUJIA HUKEIIST, MOU(UIIPOBAHHOTO XPOMOM, IIPEACTaBIICHBI Ha puc. 4 — 8.

Puc. 8. Bapuaur 5
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HcxoQHBIMH peareHTaMu Iporecca Moau3TepuUKaLiy ABISUIMCH. (QTaneBblil aH-
ruapua, l-MHonear IiMIEepUHa; NPOAYKT MX B3auMozeicTBus: l-nunHonear-2-¢ranar
rIMIepuHa. MexaHusM nporecca B3auMOACHCTBHIS HCXOAHBIX KOMIOHEHTOB COCTOUT M3
CIEAYIOIIUX CTaJui: ascopOuus GTaeBOro aHIHAPUIA Ha aKTHBHOM LICHTPE YaCTHULIbI
KaTaJl3aTopa; HyKJIeo(hHIbHAs aTaka MOJICKYJbl (hTaleBOr0 aHTHAPHAA MOJICKYJIOH
1-muHONeEaT ThMIEpHHA; JecopOuus l-mHONMEar-2-pranar TIMICPHHA C AKTHBHOTO
LEHTPa KaTalu3aTopa.

JIns OLCHKH BO3MOXKHOCTH XUMHYECKOTO B3aMMOJCHCTBHS PEAareHTOB Ha aKTHUB-
HOM LIEHTPE YaCTHIbI KaTallH3aTopa ObLIM PACCYUTAHBI TEOMETPUUECCKHIE KOHPUTYypALIUH
U SHEPreTUYECKHE XapaKTePUCTHKU: MCXOAHBIX PEarcHTOB U MPOJYKTA PEaKLUH; Kila-
CTEpPOB, MOJCIMPYIOIIUX CTPYKTYPY aKTUBHBIX LIEHTPOB YaCTHIIBI KaTalH3aToOpa; KOM-
IJIGKCOB YaCTHILbI KaTalu3aTopa ¢ (QTaneBbIM aHIMAPUIOM; KOMILIEKca (yraiaeBoro aH-
ruapuza ¢ 1-mMHoNeaToM TIHLeprHa.

Pacuersr BoimonHeHsl MetogoM Xaprpu—Doka (HF) u Teopun ¢yHKIHOHATA
wiotHoctd (DFT).

Jlns moucka reoMeTpHYecKHX KOH(UIypalui KiIacTepoB U KOMIUICKCOB Kila-
CTep+MOJIEKyJIa, COOTBETCTBYIOIMX MHHUMYMY SHEPTHH CHCTEMBI, ObLI MCIIOJNB30BaH
meroa HF ¢ 6asucom 6-31G* st atomoB 1-2 neproos u 6asucom SBKJICc nobasie-
HHEM TOJIIPU3ALMOHHBIX (QYHKIMI U1 METAIUIOB.

B03MOXXHOCTh XMMHUYECKOTO B3aUMOJEICTBUS PEareHTOB Ha aKTUBHBIX LIEHTPaxX
YaCTHUI OLICHUBAJACH 110 CJICAYIOLIMM XapaKTePUCTHKaM: IPHHLHUI T€OMETPUYECKOTO
COOTBETCTBHS (BO3MOXKHOCTB NIEPEKPHIBAHIS MOJICKY/ISIPHBIX OpOUTAIeH JacTHIBI KaTa-
JIM3aTOpa M pearcHra), SHeprus copOimu peareHta ((prajgeBoro aHruapuaa) Ha aKTHUB-
HOM IIEHTpE; IepepacrnpenesieHHe ICKTPOHHOH IUIOTHOCTH B MOJIEKyse (TaneBoro
AHTUJIPULA TIPU aACOPOLIMHU €ro Ha aKTUBHOM LICHTPE YaCTHIBI KaTaIH3aTopa.

IIpyHUMII TEOMETPUYECKOr0 COOTBETCTBUS COOIIOAAETCA IIPH  PACHOJIOKEHUH
aTOMOB KHCJIOpo/a (hTajeBoro aHruaApy/Ia BAOJb AUArOHAIH IPaHH KyOHYEeCKON PeIeTKH
OKCHJIa HUKEIIsl, PACCTOSIHME MEKLY aTOMaMHU KHCIIOpoJa B MOJIEKyJie (TaieBoro aHrusi-
puna (2.278 A),paccrosune mexy aromamu aukens B kinacrepe (2.891 A).IMo suepreru-
YECKUM XapaKTepUCTUKaM aJcopOLun (raneBoro aHruapuIa Ha akTHBHOM LICHTPE 4acTH-
IIbl KaTalu3aTopa MOJIXOMAT BCE TUIIbI AKTUBHBIX LIEHTPOB, TaK Kak SHEPrus aJicopOuuu
HMEeT BEJIMYHHY, JOCTaTOUHYIO VIS YACPKaHHS MOJIEKYIIbI (rajieBoro aHruapuia (tabim. 5).

5. JHeprernyeckue XapaKTepUCTHKH KJIacTepa
(raneBplii aHTHAPUA—YACTHLIA KATAIN3ATOPA

DHTanbnus copouuu
3apsiipl Ha KapOOHHUIIBHBIX
(dranesoro anruapuaa

Karanusarop aToMmax yriepona
Ha MOBEPXHOCTH YaCTHIIBI
(hraneBoro aHruapUaa

Karanusaropa, kJ[x/mMoib

OKcu HUKES -45,11 0,282; 0,283
OKcn/:[vHHKenﬂ, MO HIHPO- 46,02 0.277: 0.277
BaHHBIA XpOMOM, BapuanT 1
OKCI/III}{I/IKeJIS[, MOAU(PHUIIPO- 55,48 0.272: 0,309
BaHHBIA XPOMOM, BapUaHT 2
OKcuJ HUKeJIst, MOH(UIIAPO- -183,85 0.303: 0,302

BaHHBIA XpOMOM, BapHaHT 4
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e ) Puc. 9.TeomeTpuyeckasi kKoH(purypanus
- M 3apsiibl HA ATOMAaX KOMILIEKCa
(rasneBblii aHrMAPHA—OKCH/L HUKEJIS,
MoaH(GHUUMPOBAHHBINH XPOMOM

CHIDKCHHE aKTUBALIMOHHOTO Gapbepa [l peakiyii NoansTepuHKaliy HaOIoaaeTCs
[PU YBEJIMYCHUH TOJIOKUTENBHOTO 3apsija Ha KapOOHWIBHOM aToMe yriepoza M yBennye-
uun nossipHocTy cBsi3u C = O.Ilo maHHBIM Tabn. 5 HU3KUM aKTUBAIMOHHBIM 0apbepoM
PpeaKIyH noiuITepuduKanuy obasaeT akTUHBHBIA LEHTP YaCTUIIbI, BapuaHT 5 (puc. 9).

OrmpeneneHa reoMerpudeckas KOHQHUTyparysi KOMIUICKCa, MOJIEHPYIOIIETo IpoLece
B3aMMOJEHCTBUS (hTayeBOro aHrHipuiaa u l-mHoneara TimnepuHa Oe3 HCIONB30BAHUS
KaTaIM3aTopa, PacCYUTaHa HTANBINS ero obpasoBanus, pasHas —6,84 k/lx/monb. Benn-
YHHA SHTAJIBIINN IOKA3bIBACT €ro HeCTaOMIbHOCTH. ITosioKUTENbHBIC 3aps/ibl Ha Kap6o-
HWJIBHBIX aromax yrieposaa nanuoro komiuiekca (0,109u 0,11) MeHbie, yeM Ha KOM-
iekcax (hraneBoro aHruApuzAa ¢ 4acTHLEH KaTaanu3aropa, YTO CHUKAET BEPOSTHOCTh
araku (hTaJeBOro aHrHApuAa HykIeowIbHbIMU pearenTamu. [losroMy peakuus oOpaso-
BaHUs 1-mMHONeaT-2-(Tanara MnepuHa 0e3 IPUCYTCTBHS KaTalnu3aTopa MaJOBEpPOSITHA.

JI71st OLIeHKH aJIeKBaTHOCTH MOJEINPOBAHMS aKTUBHBIX [IEHTPOB YACTHI KaTan3a-
Topa OBUIO IIPOBEAEHO CPaBHEHNE KMHETHUECKUX XapaKTEPUCTHK Mpolecca MOINITepH-
GbuKanuy npy pasIMYHBIX YCIOBHUSAX €ro IpoBeacHus: 1) 6e3 karanmsaropa; 2) B Kaue-
CTBE KaTaJIM3aTOpa MCIHOJIB30BAICSH YUCTBIH OKCHJ HHMKENS B HAHOCTPYKTYPHPOBaHHOM
¢bopme; 3) B KaueCcTBEe KaTaanM3aTopa — OKCHA HUKENS, MOIU(UIMPOBAHHEI XPOMOM.
HccnenoBanus IpoBOAMINCE IPH GUKCHPOBaHHOM Temneparype 260°C.

be3 BBeneHus KatanuzaTopa W3MEHEHHE KOHLICHTpPALMH PEarcHToB 3a(MKCHPOBAHO
He Obu10. Bpemst nporiecca nonuatepudUKalMy Ipy UCIIONB30BAHUH KaTaIM3aTopa. YUCTO-
TO OKCH/Ia HAKEJIS COCTaBIIIO 5 U; OKCH/Ia HUKEIsl, MOAU(DUIMPOBAHHOTO XPOMOM, — 24.

Jloka3aHO BIMSHHE YacTHIl KaTajan3aTopa B HAHOCTPYKTYpHPOBAaHHOH (opme Ha
KHHETHKY IPOLECCOB Iepe- ¥ NONUITePH(DUKALIHIH.

OCHOBHBIE BBIBO/JbI 1 PE3YJIbTATBI PABOTBI

1. TTono6paHbl TEXHOJIOTMYECKHE IapaMeTphl Mpolecca yAaleHHs MpuMeceid u3
MOJICOJITHEYHOT0 Macjia C HCIIOJb30BaHUEM MAaTepuajoB B HAHOCTPYKTYPHUPOBAHHOMN
¢dopme (YCBP, AQ), N03BOJSIONINE TIOIYYUTh CHIPhE C YIYYIICHHBIMH TTOKA3aTeISIMI
KagecTBa: BETHOCTH — 3 b/100 CM3, kuciaotHoe yncio — 1,4mr NaOH/r.

2. [MonoOpan kaTanu3aTop OKCHI HUKEIsI, MOAUMUIIMPOBAHHBIA XPOMOM, B HAHO-
CTPYKTYPUPOBaHHON hopMe ISl MPOLECCOB MepedTepuUKALMN U MOTHITepUPHKALIMN
B CHHTE3€ OPraHWYeCKOro [UICHKOOOPAa3yIoIero BElecTBa, 00ECIIeYHBAOIINIA TTOIyUeHHEe
IIPOAYKTA C BEICOKMMH IOKA3aTeNsMH KauecTsa: 1BeTHocth 10Mr 1,/100 em® 1o cpasie-
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HUIO ¢ TpamuroHHEM MeTonoM 30 mr 1,/100 ev®, TBeprocts mokpsrrus 0,18 yer. e,
BpeMs BBICBIXaHHS 16 4.

3. IIpoBeneHa oneHka 3)GEKTUBHOCTH aKTHBHBIX LIEHTPOB YaCTHIl KaTalM3aTopa
B HAaHOCTPYKTYPHUPOBAHHOW (hopMe Ha OCHOBE KBaHTOBO-XUMHUYECKOTO MOAXO0/a, U3y4de-
HBI FEOMETPHYECKUE KOH(PUTYpAILH BO3MOKHBIX CTPYKTYp aKTHBHBIX LIEHTPOB Ha IIO-
BEPXHOCTH YaCTHI[bI KaTalIU3aTopa, ONPEICICHBI HX SHEPru 00pa30BaHus U pacipee-
JICHHUS! DJICKTPOHHOM IUIOTHOCTH MEX/y aroMaMu. BriOpaHa MoJesb aKTUBHOTO LIEHTpa
KaTaJli3aTopa KOMIUIEKCa — 2 aToMa XpoMa, MEepBbIil BO BHELIHEH aTOMHOMW MIIOCKOCTH
KpHCTajUla, BTOPOH B MPHUIIOBEPXHOCTHOM aTOMHOM IIOCKOCTH, B IOJOXEHHUH, Onu-
XKaifllleM K BHEIIHeMy atoMy Xpoma. JlokasaHa MaJjias BEPOSTHOCTb HPOTEKaHUs IpO-
recca noausTepupuKanuy 6e3 UCIOoIb30BaHUS KaTaau3aTopa.

4. TIpennoxensl Gpu3Myeckue MOJEIN NPOLECCOB MepedTepUPHUKALIK U MOJIUITE-
puduKanuy, cocrosume u3 craaui 1udQGy3sHOHHOr0 NMepeHoca peareHToB U3 sAApa Io-
TOKa K MOBEPXHOCTH YaCTHIl KaTaau3aTropa, JaTepayibHON quddy3uu 1m0 MOBEPXHOCTH
YACTHULBl KAaTajJu3aTopa, XMMUYCCKOH PEaKIUH Ha aKTHBHOM LIEHTPE YaCTHIIBI; JKCIIe-
PHMMEHTAJIBHO YCTAHOBJICHBI JMMHTHPYIOIIHE CTAJHN MPOLECCOB. XUMUUYECKAsh PEaKLIUs
Ut iepesTepuuKanyy, T Gy3ust I HOMUAITepHpUKaUN.

5. PaspaboTanbl MaTeMaTHYeCKHE MOJENIH IPOLECCOB HepesTepuduKaluy 1 1o-
JIM3TepUGUKALM  OPraHUYECKOro IUICHKOOOPa3yIoIero BeIlecTBa, NPUMEHUMBIC B
Jmanaszone temreparyp 250...265°C u npu Tommmae quddysuonnoro cios 0,1...8pamry-
COB YaCTHIbl, CPEIHEe OTKIOHEHHE SKCIIEPHUMEHTAIBHBIX M PACUETHBIX JAHHBIX KOH-
LEHTPALUK PEareHTOB CocTaBmiIo 5%.

6. HccnenoBaHo BIUsHIE KaTamu3aTopoB (METaLIbl U UX OKCH/IBI B HAHOCTPYKTYPHUPO-
BaHHOW (opMe) Ha KHHETHKY MPOLIECCOB MEepeaTepUGUKALMK U TIOIUITepUBHKALH, Bpe-
Ml TIpo1iecca IepesTepuduKayy CHU3MIOCh B 2,3 pasa, nmoinstepudukanyy B 1,5paza.

7.Pa3paboTaHbl ¥ BHEAPEHBI PEKOMEHIALMH [0 MOJCPHHU3ALUH TEXHOJIOTHH I10-
Jy4YEHHS] OPTaHMYECKOTO IUIEHKOOOpa3yoIIero BEIIECTBA ¢ BHICOKHMMH ITOKA3aTeNISIMU
kayectBa Ha OAO «[TurmeHt» (remmeparypa nporeccoB — 260 T, karanuzarop — okcuz
HUKeIsT, MOAU(UIMPOBaHHbIA XpOMOM, KoirdecTBo katanuzatopa — 0,002%ot peaxiu-
OHHO# Macchl). PacyeTHblil SKOHOMUYECKHUH 3(PEKT OT BHEAPEHHUS MPEVIOKEHHOM TeX-
Honoruu 1 040 00G./rox.

OCHOBHBIE YCJIOBHBIE OBO3HAYEHUS

Kequo — IIpEIIKCIIOHEHIMAIBHBIH MHOXKHTEb; ACo HayaJlbHasl Pa3HOCTh KOHLEHTPAaLK
Tpu>(UPOB TIMIEPHHA W MEHTAaspuTpuTa (MOIb/MY); Cpge — KOHUEHTPALHS MEHTAYPHTPUTA B
KoHLEe nporecca; N — KOHIEHTpALsl YacTHI] Katamsatopa (t/m°); E, — 9Heprus akTiBawmu
(x/moiB); ' — paaryc 4acTHIBI KaTaan3aTtopa (M) R — yHuBepcanbHas ra3oBast MOCTOSHHAS
(Iox/(Monb-K)); D — xoadduument muddysun (M%/c); Cpr — KOHIEHTPALWS [ICHTAIPHTPHTA B
PEaKIMOHHOM cMecH (MOJIB/M”); & — TOJIIMHA [IEPEXOHOTO CJIOSL PEAreHTOB U IPOIYKTOB PeaK-
MU Ha MMOBEPXHOCTH YaCTHIIbI KaTanu3aropa (M); 1 — anHamuveckas Bsskocth (Ilac); Re —
Kputepuii Peiinonbaca; T —Bpewms (c).
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