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[Tporpamma paspaborana cpeactBamu Visual Basic. [Iporpamma mpeanasHadeHa Kak Jajst
MPAKTUYECKUX AHAJUTUKOB KOHTPOJBHO-aHAJUTUYECKUX Jaboparopuil  (apManeBTHYECKUX
MPEeANpUATHH, TaK U JUIsl pa3paOOTUYMKOB aHAJIMTUYECKON HOpMAaTHUBHOM JOKyMeHTauuu. Mmeer
JpY>KECTBEHHbIM MHTepdeiic U MpocTa B OOpaIleHUU, MOXKET MPUMEHAThCA AJIs aHalIM3a APYTux
JIEKapCTBEHHBIX CPEACTB METOAAMHU T'a30BOM U JKUAKOCTHON XpoMaTorpadum.

Takum o6pa3oM, pa3paboTaHHas HaMHM HpOrpaMMa MOMUMO KOHKPETHOW HpPaKTHYECKOH
3agaun 00pabOTKH pe3ysIbTaTOB XpPOMATOrpahuIecKoro aHaInM3a rOTOBBIX JIKAPCTBEHHBIX CPEICTB
MOJKET ObITh IPUMEHHMMA Ha CTaJUU Pa3pabOTKU yKa3aHHBIX METOJUK C LIEJbI0 UX ONTUMM3ALNU U
BaJIMIAIIHH.
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KOMIIBIOTEPHOE MOJEJIMPOBAHUE INTPOUECCA AKTUBUPOBAHUS
YIJIA-CbhIPLHA
[Isen I.1.*, Canrunosa O.B., I'yns H.B.
*NHcTUTyT copOumu 1 nmpodaem sHaoskonorun HAHY,
HanmonaneHbiit Texamueckuii yausepceuteT Y kpaussl «KITW», kxtp@xtf.ntu-kpi.kiev.ua

AXTUBHBIC YTJIM TPUMEHSIOTCS B NMPOMBIIUIEHHOCTH KakK aJCOPOCHTHI Ui pa3/ieiCHUs U
OUMCTKM BEILIECTB B Ta30BOM W KUAKMX (a3ax, B KauecTBE KarTajau3aTOPOB M HOCUTENEH
KaTaJn3aTopoB, XEMOCOPOCHTOB M ocymuTeneil. DPPeKTHBHOE NCTIOIB30BAHUE YTIIS ISl PELICHUS
TOW WJIM WHOW MPOM3BOJACTBEHHOH 3aaud BO3MOXKHO MPHU COOTBETCTBUU €0 KauecTBa (MOpHCTas
CTPYKTypa, TPHUPOJAA TIOBEPXHOCTH, COCTAaB MHHEPAJIbHON 4YacTH, MEXaHH4YecKas IPOYHOCTD)
YCIIOBUSIM TIPOBECHHS TEXHOJIOTHYECKOTO Mpoliecca.

TexHoMOrMYecKuii MpoIecc aKTUBUPOBAHUS YTJsI-ChIpIa (KOHJCHCHPOBAHHOTO YIJIEpo/a),
3aKJII0YaeTCsl B TEPMUYECKOM 00paboTKe ero maporasoBOod CMecH MpH CIEAYIOUINX MapaMmerpax:
temriepatypa — 850+900 °C, naBnenue raza — 0,03 MIla, naBnenue Bozmyxa —0,3 Mlla, BoasiHOTO
mapa — 0,6 MIlla. [lanublii mporecc siBiaseTcss (PAKTUYSCKH OKHCICHHEM M COMPOBOXKIACTCS
yIaJIEHUEM YaCTH CKEJIETHOTO YIJiepo/ia B BUIE€ OKCHIOB YIJIEPOa, B PE3yJIbTaTe Yero MPOUCXOAUT
pa3BUTHE MOPUCTOI CTPYKTYPHI U YTOJIb CTAHOBUTCS AKTUBHBIM, T.€. 3((EKTUBHBIM MOTJIOTUTEIEM
BEIIECTB M3 Ta30BOM CPeJIbl U pacTBOPOB (aICOPOSHTOM).

[ToBbiienne Temmneparypsl akTuBauuu Bbilie 900°C mpuBOAUT K yXYILICHHIO KadyecTBa
yriaepoga U rpaguTH3anuu moBepxHocTH yris. [Tonmxenue temmeparypsl Hmke 800 - 850°C
MPUBOJUT K PE3KOMY CHM)KEHHMIO MHTEHCHBHOCTH MpoIecca 3a CYET YMEHBbIIeHHs KOdpQuIreHTa
pa3nokeHus napa; NocaeAHUH Mpu onTUMalbHbIX ycioBusax (850 — 900 °C) cocrasstet 40 - 45%.

[lonnepsxanue Temreparypbl akTUBAlUU TpeOyeT MpuToka Teruia. [lpuMenenue nporpamm-
cumynaTopoB, Takux kKak Hysys, Unisim, ChemCad, nasi OTBICKaHMSI ONTHMAIbHBIX YCIOBUH
WCIIOJIb30BaHUs TeIia, MOJIYy4aeMoro MpH CXKUTaHWU MPOAYKTOB aKTHUBAIUMH, MO3BOJISIET CHU3UTH
ce0eCTOMMOCTh TOJIYYEHHOTO MPOAYKTa U KOJIUYECTBO TBEPABIX OTXOOB — 30JbI M MBUICBUIHOTO
yrisi. OCHOBHBIM IPEUMYIIIECTBOM TaKUX MPOTpamM SIBISETCS TO, YTO MOJIB30BaTENI0 He Tpedyercs
paspabarbiBaTh MOJEIN KaXKIOTO armapara TEXHOJIOTHMYECKOH CXEMBbI, OH JIUIIb KOHPUTYpHUPYET
0JIOKH, BXOJAIME B cocTaB Oubamoreku. Kaxkapiii 610k MoJenupyeT 4acTh IMporiecca — anmapar,
MOTOK WJIM PETYIISITOP.
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B nanHO# paboTe paccMOTpEHBI BOIIPOCHI MOACTMPOBAHMUS TPOLIECCa AKTUBUPOBAHUS YTIIsI-
ceipua B cpene ChemCad. Ha mepBom sTame MonenupoBaHusi M3 OUOIMOTEKH BBIOMPAIOTCS
CTaH/JapTHBIC OJIOKM, COOTBETCTBYIOIIME 3JIEMEHTaM TEXHOJIOTMYECKOW cxeMbl. B cmywae, ecim
TpeOyeMble KOMIOHEHTBI OTCYTCTBYIOT B OuOmuoreke, B mporpamme ChemCad mpeaycmorpena
BO3MOYKHOCTh CO3JaHHMS TaK HA3bIBAEMBIX IICEBJIOKOMIIOHEHTOB C 3aJlaHHBIMH XHUMHKO-
¢usnueckuMu cBoiicTBamH. Jlanmee 3amaroTcs mapamMeTphl KaXAoro U3 OJOKOB, (OpPMHUpPYETCS
MEpeYeHb BCEX XUMHUYECKMX KOMIIOHEHTOB U BBIOMpACTCS TEPMOJWHAMHYECKHH TITaKeT, B
COOTBETCTBUM C KOTOPBIM PAaCCUMUTHIBAIOTCA (PH3MKO-XMMHUYECKUE CBOWCTBA KOMIIOHEHTOB.
Cremyronuii 3Tam CBsi3aH HEMOCPEICTBEHHO C PAacdeTOM MaTepHAIbHOTO OanaHca, MOJCITMPOBAHUEM
Pa3IMYHBIX PEKHUMOB PAOOTHI OOBEKTa M IIOMCKOM ONTHMAIBHBIX YCJIOBUHM TPOBEACHHUS MpoLecca.
TexHonOrMUYecKast cxema Mpou3BoICTBa akTHBHBIX yrieil B ChemCad npexacrasiena Ha puc. 1.
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Puc. 1. Cxema nmponecca aktuBupoBanus yris-ceipia B ChemCad

B cooTBeTcTBHM € TEXHOJIOTHEH aKTUBUPOBAHUS YIJIs-ChIpIia B3BELICHHBIN Ha Becax yroJib-
ceiper] (KapOOHHU3aT) 3achIaeTCs B MPHEMHBIH OyHKEp, MPOXOIUT MArHUTHBIA CermapaTop IS
yaaneHus GpeppoMarHuTHBIX NMpUMecel (BKJIIOUEHHI), pa3iesieTcs Ha TpoxoTe ¢ HabOpoM CHUT IO
¢pakuusm ot 0,3 103,0 mm, cBeimme 3,0 mm u meree 0,3 mm. EMkocTs OyHkepa - 0,12M3. Ha
KOHYCHOH 4acTu OyHKepa yCTaHOBJIEHO 3allOPHOE YCTPOMCTBO, KOTOPOE PETYIUPYET MOCTYIICHHE
yTJs B Ne4b. 3arpy3ka nepuoanyeckas. MakcuMaabHOE KOJMYECTBO 3arpyKaeMoro yris - Chblpla B
neysb - 80 Kr.

JInsi akTUBAIMM YTJISl - ChIpIA B TEYM KHUISIIErO CJIOS B KaMepe CTOpPaHHs CHKUTAIOT
ra3oo0pa3Hoe TOIUIMBO - MpUPOAHBINA Tra3. IIpoAayKTel CropaHust CMENIMBAIOT C HEpPErpeTbiM
BOJISTHBIM TTAPOM, TTOJITAaBAEMbIM M3 TEIUIOOOMEHHUKA, TJI€ TPOUCXOTUT BHIPABHUBAHHUE TEMIIEPATYPHI
CMECH 3a CYET AaJbHEUIIero nepeMelnBatus ee KOMIIOHEHTOB. Pacnipeniensacek noa 6ecnpoBaibHOM
KOJITAYKOBOM PEIIeTKOM, mapo-razoBas cmech npu t = 950 - 1000°C nmpoxoAuT Moj AaBICHUEM
CHM3Y BBEpX 4epe3 CJION yrIiis — ChIplia, ceBa00kMkKast ero. Ilpoecc akTuBay NpOUCXOIUT NPU
temiepatype kumsiiero ciost 800-950°C B teuenuu 3 yacoB. BricoTa KHUISILIEro CJI0S COCTABIISAET
300-400 mMm. B pesynbpTaTe B3aMMOACHMCTBHUS YIJIepojAa YTIIsA-ChIpIA C peareHTOM (BOASIHBIM
[apoM), B 3aBHCHUMOCTH OT JUIMTEIBHOCTH IIpoliecca, oOpazyercsi Mopucras CTPYKTypa YyIs,
BKJTIOYAIOIAS BCE PA3HOBHAHOCTH TOP C aACOPOLHOHHEIM 06beMoM 0.4 -1,0 cM’/r, mpu cTeneHu
BBIrOpanus yriaepoga 50 - 60%. Haceimuas miotHocTs — 0,3-0,4 1/ ev’. Tlocie akTHBALHY Yromb
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Kowrioreprie Mopeniosarks xiviko-Texonomax Ta Gloxivikx ipouedsionerem
MOCTYNaeT B pas3rpy304yHbId OyHKep Juis oxJaxaeHus. OXJaxaAeHHe OCYLIECTBIISAETCS
aTMOC(EpHBIM BO3JYXOM OT BO3IyXOIyBKM nA0 Temmeparypsl 40 - 60°C. MextpyOHOE
MIPOCTPAHCTBO Pa3rpy30uHOro OyHKepa NpoAyBaroT azoTroMm noja nasineHueMm 0,03 mlla nus
CO3J1aHMsI MHEPTHOM atMocdepsl, a B TpyObl MmojatoT arMocdepHblit Bo3ayx aasieHueM 0,3 mlla.
OxJaX/IeHHbIM aKTUBHBIN YrOJib MOJAETCS B MPUEMOYHBbIH OyHKEp MAarHUTHOIO cemaparopa s
ynaneHus: (heppOMarHUTHBIX IpuMecel (BKIIOYEHUH), a 3aTeM MOCTYyIMaeT B IPOXOT ¢ HA0OPOM CHUT
s GPaKIIHOHUPOBAHMSL.

Opakmuu ot 0,5 mm 10 2,0 mm (KAVY-1, -2; CAVY-1, -2, tun A); ot 0,2 mm g0 0,63 MM
(KAVY-1, -2; CAY-1, -2, tunn b); cobuparot u nepesaroT Ha CKJIaJ TOTOBOW MpoayKuuu. Opakuun
oT 0,2 MM M HI)XE HIYT B OTXOZbl. TBEpable OTXO/bI (30J1a U MBUIEBUAHBIN yrojb) COOMPAIOTCS B
LUKJIOHE U YTUIU3UPYIOTCA KaK y10OpeHHe.

[TpoBeneHHbIE pacuyeThl MoKa3aiu, 4To U3 80 Kr yIJis - Chlplia MOXHO MOJyYUTh OKOJIO 32 KT
TOTOBOTO TOBapHOro mpoaykra- akTUBHbIX yriaed KAY-1 m KAY-2, CAY-1 u CAV-2. Beixog
IpOAyKTa cocTaBisgeT B cpenHeM 40%.

[Tonck onTHManbHBIX YCIOBUM WCIHOJB30BAaHUS TEIJIa, MOJIYYaeMOro MpU CKUTAHUU
MIPOAYKTOB aKTUBALIMH, BHIIOIHIETCS AJI1 KOHKPETHOTO NPEANPUATHS OTAEIbHO, B 3aBUCUMOCTH OT
YCTaHOBJIEHHOTO oOopynoBaHusi. TakuMm oOpa3oM, NPHUMEHEHHE MPOrpaMM-CUMYJISITOPOB
MO3BOJISIET CHU3UTh CTOMMOCTH IOJIyY€HHOI'O YIJIS-ChIPIA 3a CYET IMepepacipe/iesieHUs] TOTOKOB
TEIUIa, OJYy4aeMOro NPy C)KUTaHUM MTPOTYKTOB aKTHBALIUH.
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The process of cyclohexane oxidation is widespread in chemical industries all over the
world, mostly to get cyclohexanone and cyclohexanol, being in turn processed into caprolactam,
adipic acid, and — subsequently — polyamide fibers and plastics (as nylon 6, nylon 66). Practically
all of the adipic acid and about 63% of the caprolactam produced in the world in 1990 used
cyclohexane oxidation as the first step. The amount of cyclohexane oxidized this way exceeds 4
million t/year. The process is a relatively difficult one, since the desired products (i.e.,
cyclohexanone and cyclohexanol) are intermediates in a sequence of reactions, and the
overoxidation results easily in a number of useless (or hardly recuperable) by-products.

Cyclohexane oxidation is a two — phase process, carried out in a gas — liquid system. The
course of the process may be affected both by chemical kinetics and by hydrodynamic factors. One
of the processes commercially employed to oxidize cyclohexane is the Polish CYCLOPOL process.
In this process, cyclohexane is oxidized by air or mixture O,/air in a horizontal flow reactor. The
reactor is divided into 4 — 6 chambers, to which air is introduced through spargers. In order to keep
pace with other leading companies, the owners of the CYCLOPOL process continue to carry on
research and development work, aimed at increasing productivity and selectivity of the process.

The mechanism of cyclohexane oxidation is a complicated, multistage, free-radical chain
reaction with degenerated chain, comprising different chain inhibition, chain propagation and chain
termination steps. A reaction scheme comprising up to 154 reactions has been developed by
Tolman, but was never published (at least not in the open literature). A number of simplified kinetic
models for both catalytic and noncatalytic oxidation have been described in our earlier paper [1].

An early model of noncatalytic cyclohexane oxidation was presented by Kharkova et al. [2].
The model was based both on the literature data and the author’s own experiments. The model
comprises 19 reactions, but for some of them only the ranges of values of the reactions rate
constants were given, which renders it useless for detailed design purposes.

On the basis of that model and our own experimental data we formulated a new, modified
kinetic model shown in Table 1.
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