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Pedepar. BunmioBbiii MoHomep BuHmianerar (BA) cayuT i IPOW3BOACTBA MOJMBHHIJIOBOrO —CIIMPTA, MOJMBHHKJIAIICTATA,
HOJIMBUHWIOYTUPAIIS, CONOIMMEPOB C 3THICHOM M HPOIHIeHOM. MHUPOBOii 00bEM BbIITyCKa BUHMIIALIETATa COCTAaBISIET Oonee 4 MIH. T. B TOJ.
Ha coBpeMeHHOM 3Tarie MPOMBILIIEHHOTO PAa3BUTHS BUHIJIALIECTATA TIOTy4aloT B OCHOBHOM KATAJIUTHYECKMM CHHTE30M STHJIEHA, YKCYCHOH KHCIIOTBI
(YK) u kucnoposia, B COOTHOLICHHH NPUOIH3UTENBHO paBHOM 8:4:1. Crenenb KoHBepcuH 3a ouH mpoxof — 8 %; 18 %,; 45 %. CenekTuBHOCTS 110
BUHMIIALIETaTy coctaBisier 91-92%. OcHOBHBIM MOOOYHBIM POLYKTOM SIBISIETCS TMOKCU ] yruiiepoaa (1Y), sTunauerar, STHIMACHIUALIETAT — BCE HE
6onee 1%. M3-3a cBoeii Upe3BbIYAHOI TT0XKAPO- U B3PHIBOOIACHOCTH IPOLIECC PACIIPOCTPaHEH OTHOCHTENIBHO Maio. Beero B Mupe HacUMThIBaETCS
mpumepHo 30 Takux ycraHoBoK. B Poccuiickoii deneparmy nMeercs TOIBKO OTHO TAKOE IPOU3BOCTBO € MPOU3BOAUTENFHOCTHIO IO BUHMIALIETATY
50 TeIc. T B rox (xommanms «lykoitmy, OO0 «CraBponen»), KoTopoe ObUIO 3aKymuieHo B 1975 r. mo smmensun ¢upmsl «baiiep» OPI. st
UCKITFOUEHHS 3aBUCHMOCTH OT JIOPOTOCTOSILIMX MMIIOPTHBIX IOCTABOK, aKTYaJIbHBIM SIBJISIETCS IIEPEXOJL JAHHOTO IIPOM3BOJICTBA HA OTE€UECTBEHHBIH
KaTalIu3aTtop Win npousBoaumblii B ctpanax CHI'. B oroil cBsi3u aBTOpamu IpoBefeHa CTPYKTypHas M Iapamerpuueckas MASHTU(HKALMS U
HOJTy4€eHBbl JKCIIEPUMEHTAIbHBIE JaHHblC. B J1aHHOW paboTe NMpUBOAWTCA pE3YNbTAaT IPOBEAEHHBIX JKCIIEPUMEHTOB, & MMEHHO IMHAMMYECKast
MaTeMaTHyeckasi MOZIE/b CKOPOCTH 00pa30BaHMs LIEIEBOr0 BUHMALIETaTa (AKTMBHOCTU) U 10OOYHOro — JIY mpoayKTOB, MMEIOMAsl CyIECTBEHHO
HEJIMHEHHYI0 CTPYKTYpY. BbIIO NpUHSATO, YTO peakuus NOJyYeHWs BMHUJIALETAT IPOTEKAeT MO IEpBOMY MHOpsAAKY, a oOpasoBanus Y —
1O MOJyTOpHOMY. [l MCIIONBb30BaHMS MOJIENM IIPU YIPABICHUM peabHbIM IPOU3BOACTBEHHBIM IPOLECCOM HEOOXOIUMa MapaMeTpuyuecKast
uaeHTuguKaLys Haubonee 3HaUMMBbIX KO3 PULMEHTOB PETPECCUH.

Ki1ioueBble €/10Ba: alleTOKCHIMPOBAHHE, MOICIMPOBAHIE, BUHWIALICTAT, BUHUIOBBIH MOHOMED, KaTalIn3aTop

Mathematical modeling of processes of acetoxysilane of ethylene in the
domestic catalyst
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Summary.Vinyl acetate monomer (VA) serves for the production of polyvinyl alcohol, polyvinyl acetate, polyvinyl butyral, copolymers with
ethylene and propylene. The world production of vinyl acetate is more than 4 million tons per year. At the present stage of industrial
development, vinyl acetate is mainly produced by the catalytic synthesis of ethylene, acetic acid (OC) and oxygen in a ratio of approximately
8:4:1. The conversion rate for one pass is 8 %; 18 %; 45 %. The selectivity for vinyl acetate is 91-92%. The main by-product is carbon dioxide,
ethyl acetate, ethylidene diacetate — all not more than 1%. Because of its extreme fire and explosiveness, the process is relatively small. There
are approximately 30 such installations in the world. In the Russian Federation, there is only one such production with a capacity of 50,000
tons per year for vinyl acetate (Lukoil, Stavrolen), which was purchased in 1975 under the license of Bayer FRG. To exclude dependence on
expensive import supplies, it is important to switch this production to a domestic catalyst or produced in the CIS countries. In this connection,
the authors carried out structural and parametric identification and obtained experimental data. In this paper, we present the results of the
experiments performed, namely, a dynamic mathematical model for the rate of formation of the target viniacetate (activity) and the secondary-
carbon dioxide (DU) of products, which has a fractional-nonlinear structure. It was assumed that the reaction of obtaining the VA proceeds
according to the first order, and the formation of the DM is one-and-a-half. To use the model in managing a real production process, parametric
identification of the most significant regression coefficients is required.
Keywords:acetoxylation, modeling, vinyl acetate, vinyl monomer, catalyst

CuHTe3 BUHMIIALIETaTa HA OCHOBE 3THJICHA, Pd
C,H, +CH,COOH +0,50, ——>

YKCYCHOHM KHCJIOTBI M KHCJIOpPOAA pean3yercs
MyTeM IPOITyCKaHUsI Mapora3oBOil CMECH HCXOJI-
HBIX PEarcHTOB uepe3 CJIOW KaTajau3aropa Ipu
temneparype 140-200 °C u paBnenuu 0,8 MIla.
XUMH3M TIpollecca armpoOKCUMUPYETCsT OpyTTO-
peakuusiMu 00pa3oBaHMs LEIEBOTO M MTOOOYHOTO
npoaykToB [1]:

Jlns muTHpoBaHUs

1
—CH,COOCH =CH, + H,0 @

C,H, +30, —>2C0, + 2H,0 @)

[Ipomecc B 3HAUUTETHLHOW MeEpe 3aBHUCUT
OT MOCTaBOK UMITOPTHOT'O KaTain3aTopa, KOTOPHIH
TIPE/ICTAaBIISIET COOOM TIOPUCTHIE ATFOMOCHIIMKATHBIC
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IIAPUKHU TUAMETPOM 5—6 MM, Ha Pa3BUTYIO MOBEPX-
HOCTh KOTOPBIX OC&XKACHBI B MEIIKOAUCICPCHOM
COCTOSHUM METAJUTHUeCKui mamtamuit (3,3 1/1),
301010 (1,5 r/1) m anerarom kanust (30 /).

C TeyeHHEM BpEMEHH KaTAIMTUYESCKUN KOM-
TJIEKC cTapeeT U ero akTUBHOCTD mazaeT. st moa-
JeprKaHMsI TIOCTOSSHHOW aKTUBHOCTH KaTajln3aTopa
MpOIleCC CHHTE3a BHWHMJIAIETATa IPOBOIUTCS
C MEIJICHHBIM ITObEMOM TEMIIEPATyPHI B TEUCHHE
omuHoro roga ot 140 mo 200 C. Cpox ciryxObI
UMIOPTHOIO KaTajnuzaTopa 1 ro/.

MonennpoBaHHIO U YIPABICHHIO CHHTE30M
BUHWJIAIETaTa Ha OCHOBE OTHIEHA, YKCYCHOM
KHCIIOTHI U KUCIIOPO/Ia TIOCBSIIEHO OTHOCHUTENHHO
HEOOJBIIOE  KOAMYECTBO  mmyOsnmkaruii[2—8].
Maremarryeckasi MOJIENb CHHTE3a BHHWIJIAIIETAT
Ha Katanmuzatope ¢upmsl «baiiep» ncmomp3yercs
JUTs yripaBiieHust 3TuM mporeccom[10] Ha neficTBy-
OII[EM TTPOU3BOICTBE.

JU1a MCKITFOYeHNsT 3aBUCUMOCTH OT JIOPOTO-
CTOAIINX MMIIOPTHBIX TIOCTaBOK, aKTyalbHBIM
SIBIISIETCS TIEPEXO0J] TAHHOTO MTPOU3BOICTBA HA OTE-
YECTBEHHBIN KaTaau3aTop WU IPOU3BOJIUMBIN B
crpanax CHI [4, 5]. B [6-7] pa3paboTana MaTema-
THYECKasi MOJIeNIb chHTe3a BA Ha oreduecTBEeHHOM
KaTaJn3aTope, MO3BOJISIONMAs ONPEASTUTh OITH-
MaJIBHYIO CTPYKTYpY U COCTaB KaTaIUTHYECKOTO
koMmruiekca. B3AO «Epesanckuit HUU «IInactmo-
mumep» (Pecriy6nuka Apmenus) u B PITY um.
JL.W. MeHnzeneeBa HakoIUIeH OOIIMPHBIN SKCTIepU-
MEHTAIBHBII MaTepua 110 UCCIIEIOBAHUIO TIpoliecca
alleTOKCUITMPOBaHMs dTWiIeHa [3—5] Ha OTeYeCTBeH-
HOM KaTalu3aTope, HM3rOTOBJICHHOM Ha OCHOBE
cuukarenst KCC3. Onnako moydeHHas aBTOpaMH
MareMaTHIeckast Moziens cuate3a BA [3, 9] obmamaer
3HAYUTENbHOW morpemHocTeio  (15-20% otH.)
OTHOCHUTEIBHO  AKCIEPUMEHTAJIbHBIX  JaHHBIX
W HYXJaeTcsi B CYIIECTBEHHOW JopaboTke.
E€ cTpykrypa u mapameTpbl MOTYT OBITh UCIONb-
30BaHbl TOJBKO B BHJIC HAYAJIbHBIX MPUOITMKESHHUIH
MIpU CO3[aHUU aJIeKBaTHOU Moaenu. B 3Toi cBs3u
OblIa TIpOBENIEHA CTPYKTYpHAs W TapamMeTpHyecKast
uaeHTH(GUKAHA ONMyOJIMKOBAHHBIX JKCIEPUMEH-
TaJbHBIX JaHHBIX U MOJy4YeHa [8] quHaMuyecKas
MaTeMaTH4YeCKasi MOJIENIb CKOPOCTH OOpa30oBaHUS
1ienieBoro BA (aKTHBHOCTH) M ITOOOYHOTO — JHOKCH/IA
yrirepona (J1Y) mpomayKToB, IMeroImas CyecTBeHHO
HEMHEWHYI0 CTPYKTYpy. bbUIO mpuHSATO, 9YTO
peaknusi monydeHuss BA mpoTekaeT mo mepBoMy
MOPSIIKY, a 06pazoBanus Y — 1o oIyTopHOMY:

— dG,,
MUV dt
x(a + @, Xg* + g (0,001 + e )’2)-exp(fa8t)/ (3)

= o, exp(a, —4084,0/ X, ) X, X,X,, x

[ty (14 XX, + X, )+ (a0 + 0, X ) %

X(L+ Xy X, + X, ) Xy + (0t + s X7 ) XE + (o + @ X,) |;
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dG
co2 = VCCi?Z :ﬂ1EXp(ﬁ2 -9607,0/ X3)X1ﬁ3 (sz4)/]4 x

x(By+ BXE + 5,(0,001X, + ) Jexp(~fit) | ()
|:ﬁ11(1+ X1X2 + Xz)z +(ﬂ12 +ﬁ13X2)(1+ XlXZ + XZ)X4 +

+(ﬂ14 +ﬁ15X12) X +(By +ﬁ1exz)]

rae K,,,K.,, — COOTBETCTBEHHO Yy/EIbHBIE CKOPO-
ctu obpazoBanus BA u 1Y, mons [ (1 karain. -u);
V — 00beM KaTaiu3aropa, Jr, G — KOJIM4ecTBO 00-
Pa3oBaBIIErOCs MPOAYKTA, MOJIb; X; — COOTHOILICHHE
stuneHa kK YK B mapora3zoBoil ChIpbEBON CMeECH;
X, — MoOsbHas 0N KHUCIOpPOAa B CMecH; X, —
temnepatypa peakuun, ° K; X, —abcomoTHOE
JaBJICHHE B PEAKLMOHHOH 30HE, aTa; X, — 00beM-
Has CKOPOCTH IOJAYM MApora3oBOi cMecH, u ' ;
t — Bpemst paboThI KaTanusaropa, u; «;, i =1+15,
B, 1=1+18 — perpeccronnbie KO3PPUUHEHTBL.
Jlnama3on  OEWCTBHSL  MOJENMH: 2<X,<8,;
0,01<X,<0,07; 413<X,<473; 2<X,<10;
2000 < X, <10000. Cpenusis OTHOCHUTEIbHAs

MOTPEIIHOCTh MOAEIH COCTABISCT: [0 BUHHUIIALIE-
taty (1) £4,9%, mo auokcuay yraepona (2) £5,7%.

[Tapamerpuueckass MICHTU(GHUKALIMSA MaTe-
MaTHYECKOTO OTIMCAHUS MTPOBeIeHa TeHETHYECKIM
anmroputMoM [9, 11], MCKOMBIMH KOHCTaHTaMHU
cy)atr KO3(pQUIMEHTH & U ,E B xagectBe
GYHKIMM [eIH HWCIONB3YyeTcs KBaapaTHYHBIN
KpPUTEPUI OTKJIOHEHHS pacyeTHBIX 3HAYCHUN
BBIXOJIOB CKOpPOCTEeH 00pa3oBaHUsl MPOAYKTOB
OT 3KCIIEPUMEHTAIbHBIX:

>3- Kk“i‘i’ﬂ) i i;_;, ©

n=1| k=1

K —h K ex
rac kn a,,B , rn — COOTBETCTBEHHO PACYETHOC

U U3MEPEHHOC 3HAYCHUE Y/AENbHOH CKOPOCTH
o0OpasoBanus K Ipo/IyKTa CHHTE3a B N OKCIIEPUMEHTE;
N, — KOIMuYecTBO OMBITOB JI1 K — HPOIYKTa;
2 —9rcno ocHOBHEIX TponykToB (BA u /1Y) mporiecca
CHHTE3a, UCIIOJIb3YEMBIX ISl HICHTU(UKALUH.

B Tabnuue 1 npuBenensl 3HaueHns ko3 du-
MUCHTOB & W [, pacCUMTaHHbIE HA OCHOBAaHWH

dbopmyisr (3).
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3HadyeHus mapaMeTpoB MaTeMaTrndeckor moaenu (1), (2)

Tab6nuna 1.

Table 1.

The values of the parameters of the mathematical model (1), (2)

a,=10,0

a, =—0,18487479

a, =6,2335735x10”7

a, =130,63863

o, =1,4222931

o, =1795,3167

o, =14,100476

a, =5,3596838x10°

a, =0,63049767 %10

a,, =—0,16218276x10*

o, =—0,31882x10

a, =0,172464x10°°

a,; =0,89261043x10°°

a,, =—0,24707023x10°°

a,; =0,42068918 %10

B,=10,0

B, =8,6500656

B, =1,2083872

B, =1,5499401

S, =-1,3618666x10*

B, =563,375184

S, =0,30930987

B, =3,2579163x10°

/3, =18,370189

B, =2,7646105

B, =-0,219608x107"

B, =0,3721551x10""

B, =-0,0148895

B, =0,45137469x10°*

B =0,29683677 x10™

B, =1,1490892

B, =—0,025611384

|

Bs =0,45726603
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Pucynox 1. 3aBUCHMMOCTB CEJIEKTUBHOCTH OT TEMIIEPATYphI U OTHOLIEeHH 3THiIeH/ Y K 1pu koHIeHTpauuu kuciopoaa 7%,
nmaBieHun 9 ata, 00pemMHO# ckopoctr ogade [1I'C 8000 1/4, Bpemenun paboTs! katanu3aropa 3010 a

Figurel. The dependence of selectivity on temperature and the relationship of ethylene/UK when the oxygen concentration of 7 %,
a pressure of 9 ata flow rate of the calibration gas from the Eclipse 8000 1/h, working time of catalyst 3010 h
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PucyHok 2. 3aBUCUMOCTb CEJIEKTUBHOCTH OT JaBJICHUS
n obpemHoi momaun III'C mpm KOHIEHTpanuu
kuciopona 7%, temmeparype 155 °C, oTHomeHnu
stusner/ YK 4, Bpemenu pabotsr 3010 g

Pucynoxk 3. 3aBHCHMOCTh  CEJIEKTHBHOCTH  OT
KOHIICHTPAIIMK KUCJIOPOJa W BPEMEHH pabOThI, IpHU
naenennn 9 ara, oobemHoi mogaue III'C 8000 1/,

i . temneparype 155 °C, orHomennu >tunen/ YK 4
Figure 2. The dependence of selectivity on pressure and

volumetric flow of GHS at an oxygen concentration of
7%, a temperature of 155 °C, ethylene ratio 4, operating
time 3010 h

Figure 3. Dependence of selectivity on oxygen
concentration and operating time, at a pressure of 9 ata,
volumetric flow of PSS 8000 @ 1/h, temperature 155 °C,
ethylene/UK 4 ratio
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CropocTe obpazoeanma BALL mone/(n katan. - )
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PucyHok 4. 3aBUCHMOCTb YIETBHOH CKOPOCTH 00pa3oBaHHMs
BUHUJIAIIETaTa OT OT OTHOIIeHUs 3Twiier/ YK u Temneparypbl
IIpY KOHLIEHTpaluu Kuciopona 7%, nasineHuu 9 ara, o0beM-
Ho#t nogaue [1T'C 8000 1/4, Bpemenu pabotsi 3010 u

Figure 4. Dependence of the specific rate of formation of
acetate on the ratio of ethylene / UK and temperature at an
oxygen concentration of 7%, pressure of 9 ata, volumetric
flow PGS 8000 1/ h, operating time 3010 h

CropocTe obpazopanua BALL mone/(n katan. - y)

= R W = th m oW

- 5 4
a7 ®
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9 ObbemHan nogada, 1004 *C
Pucynoxk 5. 3aBUCHMOCTE yAEIEHON CKOPOCTH 0Opa30BaHUS
BUHWJIALIETATa OT AaBieHus U oobemHor noxaun [1I'C mpu
KOHIIEHTpaIMu Kuciaopoaa 7%, temneparype 155 °C, otHoO-
mennu >tuser/ YK 4, spemenu pa6ots: 3010 u

Figure 5. The dependence of the rate of formation of vinyl
acetate from the pressure and volumetric flow calibration
gas when the oxygen concentration of 7 %, a temperature
of 155 °C, with respect to the ethylene/UK 4
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