TEOPETHYECKHE OCHOBbBI XHMHYECKOM TEXHOAOT'HH
THEORETICAL BASES OF CHEMICAL TECHNOLOGY

ISSN 2410-6593 (Print), ISSN 2686-7575 (Online)
https://doi.org/ 10.32362/2410-6593-2020-15-3-7-20 (c9)
YK 66.011:66.048.3

O0s1acTH SHEPreTHYECKOTO MPEUMYIIIECTBA CXeM pa3/iesieH sl CMeceid,
colepKAIMX KOMIIOHEHTHI ¢ OJIM3KHMMU JIETY4eCTAMM

M.E. ITemrexonueBa, M.A. MaeBckuii, H.C. 'aranos, A.B. ®poakoBa®

MHPSA — Poccutickuil mexHoiozuueckuil yHugepcumem (MHcmumym moHKUX XUMUHECKUX MEeXHO02UTL
um. M.B. Aomorocosa), Mockea, 119571 Poccust
@Aemop ons nepenucku, e-mail: frolkova_nastya@mail.ru

Ienu. /[ns pekmugpurkauuu 4uemblpexKoMNnOHeHMHbLX 3e0MpPONHbLX cmecell, CO0ePIKAULUX KOM-
NOHeHMbL ¢ bAUSKUMU Jlemyuecmsmu, onpedesneHvl Ycaosust aghpghexmusHocmu npumeHeHUs:
NPOMEIKYMOUHO020 3a0aHH020 paszdeseHusl (npu omcymemeuu KOMNOHEeHMaA, pacnpeoeseHHo20
MeXK0Y oucmunnsimubim u Kybosoim nomoxkamu). Ha npumepe cucmemut smunayemam—6eH301—
moayon-bymunauemam evloesieHa 061acme dHEepemuueckoz0 NpeumMyuiecmeaa cxemol, OCHO-
B8AHHOU HA UCNOABL308AHUU NPedsapumesbH020 YpaKyUOHUPOBAHUSL CMECU, NO CPABHEHUIO CO
cxemotl, nepeasi peKmugpUKAUUOHHAsL KOJIOHHA Komopoli pabomaem no emopomy 3a0aHHOMY
pasdenenuro. IKoHomust saHepezozampam cocmasasiem 0o 20%. Peanusayusi nepgozo u 8mopozo
3a0aHH020 pa30esleHUsL MOXKem CMmams KOHKYPEHMHOU NPU PACNOSI0AKEeHUU MOUKU UCXOOHO20 CO-
cmaega 8bnusu eduHuuHslx K-nogepxrHocmetl unu e obnacmu ¢ Opyaum coomHouleHuem Kosgpgpu-
uuermos pacnpedenerust. [Ipomesxxymouroe pazoeseHue He moxem bbimb peKoMeHO08AHO 05
pasdeneHust cmecu ¢ 6uUsKoli K eOUHUYE OMHOCUMEeNbHOU lemyuecmsbio napbl KOMNOHEHMOo8 CO
CpedHUMU memnepamypamu. KUNeHusl.

Memoobt. B kxauecmee memooa ucciedo8aHust blopaHo MAMEMAMUUECKOe MOOEAUPOSAHUE 8
npozpammHom Komnnexce Aspen Plus V.10.0. ModenupogaHue 0CHO8bIBAIOCH HA YPABHEHUU J10-
KanwHozo cocmasa Wilson. OmHocumensHble oOWUbOKU OnuUCaHusl pa3o8020 pasHO8ecUst He npe-
svuwarom 3%.

Pesynemamet. Fccnedosara cmpykmypa ouazpammsbl NaporKUOKOCmHO20 pagHogecust u oua-
2pammbl nogepxHocmeil eOUHUUHBLX KO9ghuyueHmos pacnpedeseHust KOMNOHeHmMoas 0st cucmem
smunayemam-6eH3on-monyon—-odymunayemam U AUEMOH—MONYON-OYMUNAUemam—o-KCUNON.
IIpednorkeHsl cxembl, OCHOBAHHbBLE HA UCNOJIL308AHUU NPOMEIYMOUHO20, 8Mopoezo (0be cucmembl)
unu nepgoeo (emopast cucmema) 3a0aHH020 pasdenerus. IIpoeedeH pacuem npouecca pexmugpu-
Kayuu u nooobparsl napamempsl pabomsl KOJOHH, obecneuusaroujue noayueHue geuecms, Kaue-
cmeo kKomopbslx omeeuaem mpebdosarusim 'OCT npu MUHUMANBHBLX 9HEP203AMPAMAX.

Bwieo0dst. Ha ocHoge npogedeHHbLX UCCied08aHUN CPOPMYNUPO8AHBL PEKOMEHIAUUU NO UCNOTb-
308AHUI0 NPOMEIKYMOUHO20 PA30ENeHUSL NPU PeKMUPUKAUUL UeMbIPEXKOMNOHEHMHbLX cmecell,
€o0epIKAULUX KOMNOHEHMBL ¢ OAUSKUMU StlemyUuecmsimu.

Knroueevle cnoea: pekxmugurayus, Npomelymouroe pasoeneHue, pagHogecue JKUOKOCMb—
nap, OMHOCUMelbHAsL lemyuecms KOMNOHEHMOo8, KoaghguuueHmbL pacnpedeneHust KOMNOHEHMO8.

Jlna yumuposanus: Temexonuesa M.E., Maesckuiit M.A., ['aranos 1.C., ®ponkoBa A.B. O0nactu 3HepreTH4eCcKoro nNpenmyIie-
CTBa CXEM pa3/IeNCHHUs CMECEH, COllepIKaIlMX KOMIIOHEHTBI ¢ OJTM3KUMHU JICTy4ecTsIMU. ToHKue xumuueckue mexvonoeuu. 2020;15(3):7-20.
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Objectives. The conditions for the effective application of the sharp distillation technique (without
a component distributed between the distillate and bottom flows) for the separation of quaternary
zeotropic mixtures containing components with similar volatilities were determined. The area
of energy advantage for the flowsheet based on the preliminary fractionation of the mixture,
compared with the flowsheet, the first distillation column of which works based on the indirect
separation mode, was identified for an ethyl acetate-benzene—toluene-butyl acetate system.
Energy savings of up to 20% were achieved. The direct and indirect distillation modes can become
competitive when the point of the original composition is located near single K-surfaces or in a
region with a different ratio of distribution coefficients. Sharp distillation is not suitable for the
separation of a mixture containing a pair of components exhibiting relative unity volatility with
medium boiling points.

Methods. The mathematical modeling in the Aspen Plus V.10.0 software package was chosen
as the research method. The simulation was based on the Wilson local composition equation. The
relative errors in the description of the phase equilibrium did not exceed 3%.

Results. The structure of the vapor-liquid equilibrium diagram and diagram of surfaces of the
unit component distribution coefficients were studied for the ethyl acetate-benzene—toluene—
butyl acetate and acetone-toluene-butyl acetate—o-xylene systems. Flowsheets based on the
sharp, indirect (both systems), or direct (second system) distillation modes were proposed. The
distillation process was simulated, and the parameters of the column work were determined (the
quality of the substances meets the State Standard requirements of the Russian Federation for
minimal energy consumption).

Conclusions. Recommendations regarding the use of sharp distillation for the separation of
quaternary mixtures containing components with similar volatilities were devised.

Keywords: distillation, sharp distillation, liquid-vapor equilibrium, components relative volatility,

components distribution coefficients.
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BBEJIEHHME

Bonpoc BbIOOpa 3HEProdPEeKTUBHOIO BapHAHTa
CXEMBI Pa3[eNeHUs SIBISICTCS OMHUM M3 KIIOUCBBIX B
TEXHOJIOTUH OCHOBHOTO OPraHMYECKOTO M He(PTeXUMH-
YEeCKOTO CHHTE3a. B mepByIo ouepesp 3TO CBA3aHO C TEM,
4TO Ha OJNOK pa3[eNeHUs] PEaKIMOHHONW CMECH IpHUXo-
nutest ot 60 1o 80% Bcex aHeprosarpar [1-3]. Pa3zpa-
00TKa CXeMBbI Pa3AeICHUsI MHOTOKOMIIOHEHTHBIX cMeceit
SIBJSIETCS] TIONMBApUAHTHOHN 3a7adei, IIOCKOJIBKY ONHY 1
Ty € CMECh MOXKHO Pa3JeIUTh C UCIOIb30BAHUEM Pa3-
JIYHBIX BUIOB pa3IesieHus (IepBOe, BTOPOE HITH IIPOME-
JKYTOUHOE 33/JaHHOE Pa3/ieJICHNE) WU 3a CUET IPUMEHE-
HUS CTIENIMANBHBIX MEeTONO0B [ 1, 2, 4-8]. ®opmynupoBka
MPAaKTHYECKUX PEKOMEHJIAIUI [0 HCHOIb30BAHUIO TOTO

WITH UHOTO BUJIA MJIM METO/A TI03BOJIUT 3HAYUTEIBHO CO-
KpaTUTh BpeMsi Ha dTare MPEeInpOCKTHON pa3paboTKu
TEXHOJIOTUH Pa3/ICICHHUSI.

B pabote [9] npoBenieHa olieHKa BO3MOYKHOCTH UCTIOINb-
30BaHMUSI PEXKMUMA POMEKYTOUHOIO 33IaHHOTO Pa3/IeIeHHs
(mpH YCJIOBUH OTCYTCTBUSI KOMITOHEHTA, PACIIPEICIICHHOTO
MEXITy KyOOM ¥ JTUCTHIUISITOM) TIPH PEKTH(UKAIIAK YEThI-
PEXKOMITOHCHTHBIX HEUJCATBHBIX CMECeH, COIepIKaIINX
A3€0TPOIbI W/HITH KOMITOHEHTBI C OJIM3KHUMHU JICTYYECTIMH.
Ha ocHoBe aHanu3a quarpamm MOBEPXHOCTEH SIMHMHIIHBIX
KO3((DHUIMEHTOB PaCIpe/Ie/ieHUs] KOMIIOHEHTOB BBIICIICHBI
00JIaCTH COCTaBOB, /ISl KOTOPBIX HCIIOIB30BaHUE MPOMeE-
YKyTOYHOTO PA3/IENICHNsI HE TOJIKO BO3MOYKHO, HO U MOTEH-
[MAJIHO YHEPreTUYecKH OoJiee BBITOAHO 110 CPaBHEHHIO C
[IEPBBIM U BTOPHIM 33/IAHHBIM Pa3/IeiICHHEM.
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B pamkax Hacrtosimieil paGoThl TPOBEIICH CPaBHH-
TEJBbHBIM aHaIN3 CXEM IOJTHOTO Pa3/ieiIeHUss MHOTOKOM-
MIOHCHTHBIX 3€0TPOITHBIX cMeceil (comeprkamux Ou3Kue
IO JIETYYECTAM KOMIIOHEHTHI), OCHOBAaHHBIX Ha HCIIOJb-
30BaHUM pa3IM4YHBIX BUJOB pasaeneHus. OnpeneneHsl
YCIIOBHSI, IPU KOTOPBIX IPOMEKYTOUHOE 3aJlaHHOE pa3-
JICTICHAE SIBIISCTCSI DHEPTETUUECKU O0Jiee BBITOTHBIM TI0
CPaBHEHUIO C APYTUMH BHJIAMH pasJielieHUs, a TakkKe
OTpaHUYEHHUS IO €r0 MPUMEHEHHUIO.

OObeKTaMHu HCCIIEJOBaHUS BBICTYMAIOT YeThIpeX-
KOMITOHEGHTHBIE CHCTeMbl: ATHiarerar (DA)—OeH307
(b)—Ttonyon (T)-Oyrunanerar (bA) (cMech pacTBopuTe-
JIe Tpou3BoJICTBa OMopa3inaraeMpiXx mosmmepoB [10]),
anetoH (A)-romyon (T)-Oyrunauerar (BA)—o-xcumon
(0-K) (cmecw pacTBOpHMTENE TPOW3BOACTBA ATOKCHI-
HBIX TpYHTOBOK [11]). OGe cucTembl 3e0TpOIHBI U CO-
JiepKaT napbl KOMIIOHEHTOB € OJM3KUMU JIETY4YECTAMU:
STUIIALETaT—OEH30J1, TOIYOoI—OyTHUIameTar.

MATEPHAJIBI 1 METO/bI

MonenupoBanue (ha30BOr0 pPaBHOBECHS IPOBO-
IIIOCH B Cpeie MporpaMMHOro kKomruiekca AspenPlus
V.10.0 ¢ ucnonpzoBanuem ypaBHeHus: Bunbcona:

_ Z A;x;
EkA/'kxk
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b, e,
rie 4, =a, +F’+cl.j In7+d,T +T—’2 , a, a, b, b, —mapa-

METpbI ypaBHeHUs BuibcoHa.

JanHOe ypaBHEHHE XOpPOIIO 3apEKOMEHOBAIIO
cebs mpH HcCieoBaHUHM (Pa30BOTO PaBHOBECHS TOMO-
TCHHBIX CUCTEM, B TOM YHMCIIC TIPH N3MEHEHUH BHEITHUX
ycnoBuit. Beioop moenu 00ycioBieH HeOOXOAMMOCThIO
MIPOBEICHNUS PacdeToB (Pa30BOrO PaBHOBECHS W MpOIIEC-
ca pCKTI/I(I)I/IKaL[I/II/I IpH MOHUKCHHOM J1aBJICHUU.

[TapameTpbl OMHAPHOTO B3aUMOJICHCTBHS ¥ ONTHOKH
onucanus (Ha30BOro paBHOBECHS ITPUBEICHBI B Ta0I. 1.

PE3YJIBTATBI U UX OBCYXKJIEHUE

Ha ocHoBe aHanm3a KpHUBBIX (Pa30BOTO PaBHOBECHSI
OMHAPHBIX CHCTEM 3THIIAIETaT—OCH30I1 U TOIYOJI—0y THII-
anerar [12—13] ObLI0 MOKa3aHO, YTO OTHEJIEHHUE dTUIAle-
Tara oT OEH30M1a ¢ MCIOIb30BAHIEM OOBIMHOMN peKTH(HKA-
LMY HEBO3MOYKHO HHU TPH KAKUX YCIOBUSIX. JlaHHBIH (hakT
HAKJIaJ[bIBACT OTpaHMUYCHHE Ha HCIOJIB30BaHUE IMEPBO-
r0 3aJaHHOTO DAa3IeJCHUS MPU PEKTUPHUKAMUK CMECH
DA-b-T-BA. Ortnenenue tonyona ot Oyrunarerara 0e3
MPUMEHEHHS CHELHAIbHBIX METOIOB BO3MOXKHO B PEK-
TU(UKAIMOHHON KOJIOHHE IPU TTOHKEHHOM JIABJICHUU
(naOmomaeTcsi  yBEJIMYEHUE OTHOCHTENIbHOM JIETY4eCTH
KOMITOHEHTOB Oosiee yeM B 1.5 paza). Takum oOpasom, Jyist
paznenenus cmecu DA-b-T-BA Ha nepBoM 3tare BO3MOXK-
HO MCIIOJTb30BaHUE MTPOMEKYTOYHOTO I BTOPOTO (IIPH T10-
HIKEHHOM JIaBJICHUH) 33/IaHHOTO Pa3leieHus, VIl CMECH
A-T-bA—0-K noTeHIman»HO BO3MOXEH JIF000i BapHaHT.

Onerka 3((GEKTUBHOCTH UCIIOIB30BAHHS TOTO FUIH
MHOTO BapuaHTa Pa3AeiICHUs MPOBOAMIACH I CMecei
Pa3IMYHOrO COCTaBa, XapaKTEPHU3YIOLIMXCS Pa3HBIM CO-
OTHOIIEHHEM KOX(P(UIIMECHTOB PACHPEICICHHIS KOMIIO-
HEHTOB. /{151 BbIOOpa MCXOAHBIX COCTABOB MOCTPOEHBI
JMarpaMMbl €MHUYHBIX TOBEPXHOCTEH KOd(hUIMEeH-
TOB pacIipe/ie]ICHUs] KOMITOHEHTOB (puc. 1).

OO61acTh COCTaBOB, B KOTOPOH KO3((PHUIMEHTHI
pacnpeseneHus ABYX KOMIIOHEHTOB XapaKTepU3YIOTCs
3HAYCHHEM OOJIbIIE CMHHUIIBI, & OCTAILHBIX — MEHbIIIE
€IMHULIbI, OJTAarONPUATHA TS pealln3allui IPOMEKYTOY-
HOTO paznenenus. [l cuctembl, MPUBEICHHON Ha pHC. la,
JaHHasg 00JacTh 3aHMMAaeT 3HAUUTENIbHYIO 4acThb KOH-
LEHTPAIMOHHOTO cuMILiekca. [{ns cucremsl puc. 1b ata
00IacTh JOCTAaTOYHO Y3Kasi, YTO CBS3aHO C OJH30CTHIO

Tadmuna 1. [Tapamerps! ypaBaenus Wilson juist OMHapHbIX cocTaBisitoinux cucrem 6enson (b)—romyon (T)—
stunanerar (DA)-Oyrunanerar (BA) u aneron (A)-rtomyon (T)-Oyrunanerar (bBA)—o-kcumnon (0-K)

Table 1. Wilson equation parameters for the binary constituents of the benzene (B)—toluene (T)—ethyl acetate
(EA)-butyl acetate (BA) and acetone (A)-toluene (T)-butyl acetate (BA)—o-xylene (0-X) systems

BHHapHaﬂ cucremMa
Binary system i @i ij i AT, % AE, %

Eﬂ ~1.5857 2.3275 634.7787 ~913.6505 0.17 1.06
B-DA
B EA 8.2122 ~11.6434 | —2841.5425 | 4010.0664 0.07 0.31
E:BBIZ 0 0 ~19.0272 54.5272 0.20 112
T-A*
T A% 5.10951 —4.14947 ~2010.08 1570.5 0.20 0.94

- *
LEAA* ~2.0001 1.53945 951.97 ~848.68 0.27 456
gﬁ:gﬁ 0 0 ~5.6575 ~15.65 0.37 1.67
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Taoauna 1. OxkoHuanue
Table 1. Continued

BHH.apHan cucreMa “ a " b AT, % AY, %
Binary system i i i Ji

::¥ 0.8857 -0.8619 —461.065 247.597 0.57 1.47
A-BA
A_BA 0 0 0.1353 87.2465 0.44 0.55
A—o0-K
Ao-X 0 0 163.265 96.3392 0.00 0.10
T—o-K*
Too-X* 0 0 151.016 126.916 - -
BA—o0-K**
BA—o-X** 0 0 245.808 409.273 - -

Ipumeuanue: *mapaMeTpbl OIICHEHBI 10 SKCIIEPUMEHTAILHBIM JTaHHBIM [ 12—14];

**[mapaMeTpbl OlICHEHBI ¢ uctoib3oBanuem Mozenn UNIFAC.

Note: *parameters are estimated from experimental data [12—-14];

**parameters were evaluated using the UNIFAC model.

DA /EA
Ky=1/K,=1

K)/\> 1/KEA> 1
Kh} I, BA <1 /K[L'I.li/\< 1

KE‘ 3/\> 1 /KB‘F.A> l
Kppa<1/Kppp<1

b/B

le')AA T > l /KB.]-//\. I'> 1
| Kia<1/Kgy<1

(17 Kpp ox< 1

K'I.b/\. U'|'\—< 14

Krpaox<1T
T, BA, 0-X {Kp=1

C3Kea= 1/ Kgp =1
0-K/o0-X

______

KA. I, BA > 1 /KAC]‘. BA > 1
K< 1/K,x<1

FA/BA
b

Puc. 1. [lnarpamMmel equHYHBIX K-ioBepxHOCTEH cuctem: stmnanerar (DA )-0en3on (b)—ronyorn (T)-Oyrunanerar (BA) (a),
anetoH (A)—romyon (T)—Oyrunanerar (BA)—o-kcunon (0-K) (b) mpu 760 MM pr. cT.

Fig. 1. Diagrams of the unit K-surfaces of the systems: ethyl acetate (EA)-benzene (B)—toluene (T)-butyl acetate (BA) (a)
and acetone (A)—toluene (T)-butyl acetate (BA)—o-xylene (0-X) (b) at 760 mm Hg.

JieTy4ecTell KOMIIOHEHTOB € MPOMEKYTOUYHBIMU TEMIIC-
parypamu KUIeHus (Toiayosa u OyTuianerara).

Hns cuctembl DA—b—T—-BA BBIOpaHBl TOYKH
HCXOAHBIX COCTaBOB, MpUHAANEKALIUE Pa3HBIM ce-
KymuM (cekyinasi 1 oTBe4aeT dKBUMOJISPHOMY COOT-
HOUIEHUIO OeH30a, ToJayoa 1 OyTuiialeTara; s ce-
Kymux 2, 3, 4 cocTaBbl 000TalEeHBI OyTHIIAIETATOM,
OEH30JI0M, TOJIYOJIOM, COOTBETCTBEHHO). [IJ1s1 Kax 101
CeKyIllel paccMaTpuBaeTcs MATh COCTABOB, OTBEYAr0-
mux cedeHusM (1-5) ¢ mocTossHHON KOHUEHTpauuei
stunanerara 0.05 (1), 0.25 (2), 0.45 (3), 0.65 (4),
0.82 (5). UcxoaHblli cocTaB cMecH 0003HAUYCH JIBYMSI
nudpamu, meppas U3 KOTOPHIX yKa3bIBaeT Ha HOMEP
cekyuiei, BTopasi — Ha Homep ceueHus. CocraB 2.1
(x,, = 0.05, x, = 0.05, x, = 0.3, x;, = 0.6 mon. nonei)
MIPUHAJICKUT 001aCTH, B KOTOPOU TOJIBKO OyTHIIaleTaT

SIBISICTCSl TSDKETIONETYYMM KOMIIOHEHTOM, OCTaJbHBIC
KOMITOHEHTBI — JierkosieTy4ne. OCTanbHbIC COCTABBI Xa-
PaKTEePU3YIOTCS CIEAYIONUM COOTHOIICHHEM KO3 HH-
uuenTos pacnpenenenus: K, > 1, K. > 1, K <1,K,, <1.

Hust cuctembl A—T-BA—0-K OynyT paccMoTpeHbI
JIBA HMCXOJIHBIX COCTaBa, IMPHHAICIKAIIUE OONACTIM C
pa3HBIM COOTHOIICHHEM KOA((HUIIMCHTOB pacrpesere-
Hust: SkBUMOIsIpHbl (K, > 1, K > 1, K, > 1, K  <1)
nx, =0.04,x.=032,x,, =0.32,x = 0.32 mon. nonen
K, >L,K>1,K,<1,K  <1).

JItst KaskJToM CHCTEMBI TIPEJIOKEHBI CXEMBI pasJie-
JICHUST Pa3IMYHON CTPYKTYpBI, MPOBEJACH pacdeT IIpo-
necca peKTuUKaIK U moo0paHbl apaMeTpbl padboThl
KOJIOHH, 0OCCIICUHBAIOIINC TIONyYCHHUE BEIICCTB, Kade-
CTBO KOTOpBIX oTBeuaeT TpedoBanumsiM [OCT (Genzomn
— Ne 5955-75, stunanerar, Oytunamnerar — No 8981-78;

K
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toimyon — Ne 14710-78; aneron — Ne 2768-84; o-xcwmon —
Ne 9410-78) nmpu MUHMMAaJbHBIX dHEprozarparax (pac-
CMaTpUBaeTCs TEIJIOBas Harpy3ka Ha KUISTHIbHUKU
KOJIOHH).

Cucmema smunayemam—0en30n—monyon—oymuiayeman

Juia pa3nenenus cMecedl npeasaralorcsl ABe MpUH-
[IUTNHAIIbHBIE CXeMBI (pHC. 2).

[TapameTpst pabotel komoHH (UTT — uwmcio Tte-
OPETHYECKUX Tapenok; P — naBieHue (MM pT. CT.);

F MCX/FWp — COOTHOIIIEHHE KOJIWYECTB MCXOIHOU CMECH
U 3KCTPAKTUBHOTO areHTa; T1l — HOMep Tapenku muTa-
HUs; R — (rierMoBoe 4uciio, a Takke dHepro3arpatsl (Q)
Uit o0enx cxeM u 20 MCXOTHBIX COCTABOB IPUBEICHBI
B TaOm. 2—5. Hymepanusi Tapejgok HaunHAeTCs ¢ Bepxa
KOJIOHHBIL. JlJis pa3jiesieHus napbl KOMIOHEHTOB THII-
areTaT—0eH30J UCTIONB3YEeTCS PEKOMEHAYEMBII B JIHTE-
parype [15] ¢enon, moBbImaoNMii 1eTy4ecTs OCH301a

10 OTHOIICHHWIO K STUJIALICTATY.

B/B  DA/EA
B/B A /EA T DA,B, T DAB
3AaB/EA,B EA,B,T fAiB i i
PA
SA
4| 2A.B.TBA
EA,B,T,BA| ! 2 3 4
<15
g
BA/BA T T T
T,BA /T, BA EA /BA A
a b

Puc. 2. Cxems! pa3nenenus cmecu stminanetar (DA)—0en3on (b)—roxyor (T)-Oytunanerar (BA), ocHoBaHHEIE
HAa HCITOJIB30BaHUH MIPOMEKYTOUHOTO (a) 1 BToporo (b) 3aqaHHOTO pa3aesieHus (IKCTPAKTHBHEIA areHT — PEHOM).
Fig. 2. Ethyl acetate (EA)-benzene (B)-toluene (T)-butyl acetate (BA) mixture separation flowsheets based

on the sharp (a) and indirect (b) distillation modes (separating agent (SA): phenol).

Tadnuua 2. [TapameTpbl pabOTHI KOJIOHH CXEM pa3eICHUs, IPUBEICHHBIX Ha pHC. 2

(s mexomgHbIX coctaBoB 1.1-1.5)

Table 2. Parameters of the columns work of the separation flowsheets shown in Fig. 2
(for the original compositions from 1.1 to 1.5)

qTT T 0, qTT T 0,
(F, /F,) P cm/PA R KBT ¥, /F.) P cm/PA R kBT
Koaonna NTS FS 0, NTS FS 0,
Column (F../F.) mix/SA kW (F,./F.) mix/SA kW
IIpoMeskyTOoUHOE pa3iejieHne BTtopoe 3a1anHoe pa3iesieHue
Sharp distillation Indirect distillation
Hcxonneiit cocras emecn 1.1 (x,), = 0.04, x, = 0.32, x, = 0.32, x,, = 0.32 mon. noneit)
The original composition of the mixture is 1.1 (x_, = 0.04, x, = 0.32, x_ = 0.32, x,, = 0.32 mol. fract.)

1 34 760 14 2.7 1189.2 36 100 10 1.1 1551.0

2 24 (1/1) 760 13/6 1 766.6 34 760 18 1.7 850.1

3 36 760 6 4.8 222.0 24 (1/1) 760 13/6 1 766.6

4 32 110 10 3.5 1492.7 36 760 6 4.8 222.0

>0 =13670.5 >0 =3389.7
Hcxonneiit cocras emecn 1.2 (x,), = 0.25, x, = 0.25, x, = 0.25, x,,, = 0.25 mon. noneii)
The original composition of the mixture is 1.2 (x_, = 0.25, x, = 0.25, x_ = 0.25, x,, = 0.25 mol. fract.)

1 24 760 14 2 1346.9 24 100 9 1 1669.5
2 30 (1/1.7) 760 9/4 3 608.6 24 760 12 1.4 1064.2

3 22 760 9 3 987.4 30 (1/1.7) 760 9/4 3 608.6

4 24 110 12 3.8 1230.6 22 760 9 987.4

>0=4173.5 >0 =4329.7

Toukue xumudeckue TexHosoruu = Fine Chemical Technologies. 2020;15(3):7-20
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OGAACTH 3HEPreTHYECKOro MPEHMYIIECTBA CXEM Pa3ZlEACHHUSI CMECEH, ...

Tadnuma 2. OxoHyaHue

Table 2. Continued
qTT TII 0, qTT TII 0,
¥, _/F,) P cm/PA R kBT (F, /F,) P cm/PA R kBT
Kosionna S FS 0, NTS FS 0,
Column (F,./F) mix/SA kW (F,./F) mix/SA kW
IIpomeskyTouHOE pasjiejeHHe Bropoe 3aganHoe pasjiejieHue
Sharp distillation Indirect distillation
Hcxonnbiit cocras emecu 1.3 (x,,, = 0.46, x, = 0.18, x, = 0.18, x,, = 0.18 mMon. noneit)
The original composition of the mixture is 1.3 (x,, = 0.46, x, = 0.18, x = 0.18, x,, = 0.18 mol. fract.)
1 32 760 19 1.4 1413.6 28 100 8 0.4 1419.1
2 36 (1/3) 760 10/4 1.3 1417.2 32 760 21 1.2 1278.3
3 28 760 5 1.3 1172.5 36 (1/3) 760 10/4 1.3 1417.2
4 36 110 12 3.1 766.6 28 760 5 1.3 1172.5
>0 =4769.9 >0 =5287.1
Hcxonnbiit cocras emecn 1.4 (x,,, =0.64, x, = 0.12, x, = 0.12, x,, = 0.12 mMon. noneit)
The original composition of the mixture is 1.4 (x,, = 0.64, x, = 0.12, x, = 0.12, x,, = 0.12 mol. fract.)
1 36 760 23 1.3 1598.5 28 100 8 0.3 1417.1
2 36 (1/4) 760 10/4 1.3 1943.1 32 760 22 1.3 1582.6
3 32 760 5 1.6 1791.0 36 (1/4) 760 10/4 1.3 1943.1
4 32 110 11 3.5 559.7 32 760 5 1.6 1791.0
>0 =15892.3 >0 =6733.8
Hcxonnbiit cocras emecn 1.5 (x,,,= 0.82, x, = 0.06, x, = 0.06, x,, = 0.06 mon. noneii)
The original composition of the mixture is 1.5 (x,, = 0.82, x, = 0.06, x, = 0.06, x,,, = 0.06 mol. fract.)
1 36 760 24 1.2 1751.0 24 100 8 0.2 1339.1
2 32 (1/5.5) 760 11/4 0.9 2885.0 32 760 21 1.3 1821.2
3 32 760 5 2.1 2708.6 32 (1/5.5) 760 11/4 0.9 2885.0
4 32 110 11 3.6 285.9 32 760 5 2.1 2708.6
>0 =17630.5 >0 =8753.9

Tlpumeuanue: SKCTPAKTUBHBIH areHT — (GEHOI.
Note: the separating agent is phenol.

Tadaumna 3. [TapameTpsl pabOThI KOJIOHH CXEM pa3elieHus], IPUBEICHHBIX Ha PUC. 2
(st uCcXoMHBIX cocTaBoB 2.1-2.5)
Table 3. Parameters of the columns work of the separation flowsheets shown in Fig. 2
(for the original compositions from 2.1 to 2.5)

YTT ™ 0, YTT ™ 0,
(F, /F,) p cm/PA R KBT ¥, /F.) P cm/PA R kBT
Koaonna NTS FS 0, NTS FS 0,
Column (F../Fs) mix/SA kW (F,./F) mix/SA kW
IIpome:kyTOYHOE pa3ieeHne Bropoe 3agaHHoe pa3jieieHue
Sharp distillation Indirect distillation
Ucxonnerii cocras cmecu 2.1 (x,), = 0.05, x, = 0.05, x, = 0.3, x,, = 0.6 Mon. nonei)
The original composition of the mixture is 2.1 (x,, = 0.05, x, = 0.05, x, = 0.3, x,, = 0.6 mol. fract.)
1 58 760 16 8 832.6 37 100 11 4.3 2296.7
2 33 (1/2) 760 11/6 0.5 175.7 36 760 15 4.6 509.8
3 28 760 6 1.3 125.9 33 (1/2) 760 11/6 0.5 175.7
4 37 110 12 6.1 2195.6 28 760 6 1.3 125.9
>0=13329.8 >0=3108.1
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M.E. IlemexonueBa, M.A. MaeBckuii, H.C. 'aranoB, A.B. ®poaroBa

Taoauua 3. OxoHyanue

Table 3. Continued
yTT TII 0, qTT T 0,
(F,./F,) P cM/PA R kBT (F,./F.) p cM/PA R kBT
Konouna NTS FS 0, NTS FS 0,
Column (F, . /F,) mix/SA kW ¥, /F) mix/SA kW
IIpomesxyTOoUHOE pa3eeHne BTtopoe 3aganHoe pa3aesieHne
Sharp distillation Indirect distillation

Hcxonnebiit cocras emecn 2.2 (x,), = 0.25, x, = 0.039, x, = 0.237, x;,, = 0.474 moun. noneii)
The original composition of the mixture is 2.2 (x_, = 0.25, x, = 0.039, x, = 0.237, x,, = 0.474 mol. fract.)

1 37 760 17 2.5 960.1 36 100 10 2.1 1900.8

2 32 (1/5) 760 11/5 0.5 882.2 33 760 20 1.9 767.9

3 33 760 5 2.1 818.2 32 (1/5) 760 11/5 0.5 882.2

4 40 110 12 5.7 1638.4 33 760 5 2.1 818.2
>0 =4298.9 >0 =4369.1

Hcxommprii cocras cmecn 2.3 (x,, = 0.45, x, = 0.029, x, = 0.173, x, = 0.348 moun. poneii)
The original composition of the mixture is 2.3 (x_, = 0.45, x, = 0.029, x, = 0.173, x,, = 0.348 mol. fract.)

1 36 760 21 1.6 1176.5 33 100 9 1.2 1689.8

2 33 (1/5.5) 760 13/5 0.4 1550.1 28 760 18 1.6 1131.9

3 28 760 5 2.2 1525.1 33 (1/5.5) 760 13/5 0.4 1550.1

4 37 110 12 6.2 1283.6 28 760 5 2.2 1525.1
>0 =55353 >0 =5896.9

Hcxonneiit cocras emecu 2.4 (x,), = 0.65, x, = 0.0184, x, = 0.1108, x;, = 0.2208 mou. noneii)
The original composition of the mixture is 2.4 (x,, = 0.65, x, = 0.0184, x, = 0.1108, x,, = 0.2208 mol. fract.)

1 37 760 25 1.4 1485.0 28 100 8 0.7 1519.8

2 32 (1/6.5) 760 12/5 0.5 2599.0 29 19 1.8 1686.3

3 33 760 5 2.6 2443.6 32 (1/6.5) 760 12/5 0.5 2599.0

4 37 110 12 6.1 810.9 33 760 5 2.6 2443.6
>0 ="17338.5 >0 =8248.7

Hcxonnbiit cocras emecn 2.5 (x,,, = 0.85, x, = 0.008, x, = 0.048, x;, = 0.094 mon. noneii)
The original composition of the mixture is 2.5 (x_, = 0.85, x, = 0.008, x, = 0.048, x,, = 0.094 mol. fract.)

1 36 760 25 1.3 1786.6 29 100 9 0.2 1172.9

2 33 (1/8) 760 15/8 0.4 4075.4 32 760 21 1.8 2152.2

3 36 760 5 3.2 3689.0 33 (1/8) 760 15/8 0.4 4075.4

4 33 110 12 7 395.0 36 760 5 3.2 3689.0
>0 =9946.0 >0 =11089.5

IIpumeyarue. SKCTPAKTUBHBINA areHT — ()EHOJI.
Note: the separating agent is phenol.

Ha puc. 3 mpuBeneHbl rpaduKy 3aBUCHMOCTH CYM-
MapHBIX HEPro3aTpaT CXeM pa3AeleHHs OT COIEPKaHUs
JTUIANeTaTa B UCXOMHON cMech (st cexynmx 1 u 2).
J1n1s1 cocTaBOB, PACMONOKEHHBIX Ha IBYX JIPYTHX CEKYIIHX,
aHAJIOTHYHBIC TpaUKH HE CTPOWIIUCH B BHIY TOTO, YTO
9HEPro3arparbl CXeMbl, OCHOBAaHHOW Ha HMCIIOJIb30BAaHUU
MIPOMEKYTOYHOTO pa3/ICICHUs], HIXKE M0 CPABHEHHUIO CO
CXEMOH, IepBasi KOJIOHHA KOTopoii padoTaet mo 11 3amgan-
HOMY pa3JIeJICHHUIO.

I'pacdmku, mpuBeeHHBIC Ha PUC. 3, OBITN UCITOIB30Ba-
HBI IS OTIPEeNieNIeHUsT KOOPIMHAT TOUEK MepeceueHust 3aBHU-
CHMOCTEH SHEpro3arpar cXeM OT COICPIKAHUS dTHIaleTara
B HCXOIHOM cMecH: Juts ceKytuei 1 Xy, = 0.17 mon. jorei,
JUISL CEeKyIen 2 Xy, = 0.29 momn. momeit. Ha puc. 4 xa-
YECTBEHHO IMOKa3aHa rpaHulla (IOBEPXHOCTH BhIJIENECHA
MTPUXOBKOW), HA KOTOPOH DHEpPro3arparsl paccma-
TPUBAEMBIX CXEM pa3JeleHHs MPaKTUYECKU OJIHMHA-
KOBBEI.

Toukue xumudeckue TexHosoruu = Fine Chemical Technologies. 2020;15(3):7-20
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OGAACTH 3HEPreTHYECKOro MPEHMYIIECTBA CXEM Pa3ZlEACHHUSI CMECEH, ...

Taoauua 4. [TapameTpbl pabOTHI KOJOHH CXEM pa3AeICHHUs, IPUBEICHHBIX Ha PHC. 2

(st mexomHbIX coctaBoB 3.1-3.5)

Table 4. Parameters of the columns work of the separation flowsheets shown in Fig. 2
(for the original compositions from 3.1 to 3.5)

qTT T 0, qTT T 0,
S (Fﬁ ’SI/FS‘PA) p cnggA R Kg’T (F“cx/l;PA) P cn;:/gA R KS’T
Column (F,./F) mix/SA kW F,./Fs) mix/SA kW
IIpomeskyTouHOE paseeHHe Bropoe 3a1anHoe pa3jesieHue
Sharp distillation Indirect distillation
Hcxonnerii cocras cmecu 3.1 (x,,, = 0.05, x, = 0.6, x, = 0.05, x, = 0.3 Moxn. noneit)
The original composition of the mixture is 3.1 (x,, = 0.05, x, = 0.6, x, = 0.05, x,, = 0.3 mol. fract.)
1 30 760 15 1.8 1616.23 30 100 7 1.4 1745.58
2 30 (1/1) 760 14/7 1.2 1123.41 36 760 23 1 1318.31
3 32 760 5 6.2 359.27 30 (1/1) 760 14/7 1.2 1123.41
4 47 110 14 18.3 859.27 32 760 5 6.2 359.31
>0 =3958.18 >0 =4546.61
Hcxonnbiit cocras emecn 3.2 (x,,, = 0.25, x, = 0.474, x, = 0.039, x;,, = 0.237 mou. noneii)
The original composition of the mixture is 3.2 (x,, = 0.25, x, = 0.474, x, = 0.039, x,, = 0.237 mol. fract.)
1 30 760 15 1.4 1571.93 29 100 9 0.8 1629.03
2 22 (1/2.6) 760 10/6 2.4 1332.27 36 760 23 1 1606.97
3 24 760 5 4 1240.14 22 (1/2.6) 760 10/6 2.4 1332.27
4 47 110 14 18.5 671.34 24 760 5 4 1240.16
>0 =4815.68 >0 =5808.43
Hcxonnbiit cocras emecu 3.3 (x,,, = 0.45, x, = 0.348, x, = 0.029, x;,, = 0.173 mou. noneii)
The original composition of the mixture is 3.3 (x_, = 0.45, x, = 0.348, x_ = 0.029, x,, = 0.173 mol. fract.)
1 30 760 16 1.4 1745.25 28 100 9 0.6 1674.92
2 38 (1/2.4) 760 9/4 3.5 1218.12 33 760 21 1 1850.27
3 20 760 5 1.6 1275.53 38 (1/2.4) 760 9/4 3.5 1218.19
4 47 110 14 18.5 500.86 20 760 5 1.6 1275.58
>0 =4739.76 >0 =6018.96
Hcxonnebiit cocras emecu 3.4 (x,, = 0.65, x, = 0.2208, x, = 0.0184, x,, = 0.1108 mou. noneii)
The original composition of the mixture is 3.4 (x_, = 0.65, x, = 0.2208, x, = 0.0184, x_, = 0.1108 mol. fract.)
1 30 760 16 1.4 1901.95 28 100 10 0.5 1720.68
2 38 (1/4.4) 760 10/5 8.5 1616.26 34 760 21 1 2043.17
3 24 760 5 2.4 2326.96 38 (1/4.4) 760 10/5 8.5 1620.69
4 47 110 14 18.3 313.27 24 760 5 2.4 2327.07
>0 =06158.44 >0 ="7711.61
Hcxomnprii cocras cmecn 3.5 (x,,, = 0.85, x, = 0.094, x = 0.008, x_, = 0.048 moun. noneii)
The original composition of the mixture is 3.5 (x,, = 0.85, x, = 0.094, x_ = 0.008, x,, = 0.048 mol. fract.)
1 30 760 17 1.5 2128.95 27 100 10 0.5 1756.05
2 38 (1/5) 760 10/4 29 2159.29 36 760 23 1.1 2239.51
3 23 760 5 22 2893.40 38 (1/5) 760 10/4 29 2164.64
4 47 110 14 16.4 137.03 23 760 5 2.2 2893.40
>0 ="17318.67 >0 =9053.60

Tpumeyanue: SKCTPAKTUBHBIIN areHT — (PEHOIL.
Note: the separating agent is phenol.
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M.E. IlemexonueBa, M.A. MaeBckuii, H.C. 'aranoB, A.B. ®poaroBa

Taoauna S. [TapameTpsl paboTHI KOJIOHH CXEeM pasZelicHHs, TIPUBEICHHBIX Ha pHC. 2

(st ucxomHBIX cocTaBoB 4.1-4.5)

Table 5. Parameters of the columns work of the separation flowsheets shown in Fig. 2

(for the original compositions from 4.1 to 4.5)

qTT T 0, qTT T 0,
S (Fﬁ ’SI/FS‘PA) P cnggA R Kg’T ¥, /F.) P cn;/gA R Kg’T
Column (F,./F) mix/SA kW (F,./F) mix/SA kW
IIpomesxyTouHOE pasejeHne Bropoe 3a1anHoe pa3aesieHue
Sharp distillation Indirect distillation
Hcxonnerii cocras cmecn 4.1 (x,,, = 0.05, x, = 0.3, x,= 0.6, x, = 0.05 mMoxn. noneit)
The original composition of the mixture is 4.1 (x,, = 0.05, x, = 0.3, x, = 0.6, x,, = 0.05 mol. fract.)
1 36 760 17 4 1543.79 25 100 9 0.4 1406.04
2 29 (1/0.8) 760 13/5 1 503.63 32 760 15 2.1 1244.33
3 22 760 5 33 209.09 29 (1/0.8) 760 13/5 1.3 580.73
4 25 110 10 1.1 1094.80 22 760 5 33 212.09
>0 =3351.31 >0 =3443.19
Hcxonnsbiit cocras emecn 4.2 (x,,, = 0.25, x, = 0.237, x, = 0.474, x;,, = 0.039 mou. noneii)
The original composition of the mixture is 4.2 (x,, = 0.25, x, = 0.237, x, = 0.474, x,, = 0.039 mol. fract.)
1 32 760 16 3 1769.60 23 100 8 0.3 1405.04
2 33 (1/2.4) 760 9/4 3.1 767.02 29 760 14 1.7 1540.01
3 23 760 5 1.7 729.90 33(1/2.4) 760 9/4 3.2 788.41
4 25 110 10 1.1 864.99 23 760 5 1.7 730.26
>0 =4131.51 >0 =4463.72
Hcxonnbiit cocras emecn 4.3 (x,,, = 0.45, x, = 0.173, x, = 0.348, x;,, = 0.029 mou. noneii)
The original composition of the mixture is 4.3 (x_, = 0.45, x, = 0.173, x, = 0.348, x,, = 0.029 mol. fract.)
1 30 760 16 3 2270.55 22 100 7 0.2 1368.67
2 38 (1/3.2) 760 10/5 7.9 1182.36 24 760 13 1.2 1641.69
3 22 760 5 1.6 1276.29 35(1/3.2) 760 10/5 7.5 1109.44
4 25 110 10 1.1 634.97 22 760 5 1.7 1287.29
>0 =5364.17 >0 =5407.09
Hcxonnebiit cocras cmecu 4.4 (x,,, = 0.65, x, = 0.1108, x, = 0.2208, x,, = 0.0184 mou. noneii)
The original composition of the mixture is 4.4 (x_, = 0.65, x, = 0.1108, x_ = 0.2208, x, = 0.0184 mol. fract.)
1 30 760 18 2.8 2621.59 20 100 6 0.2 1408.87
2 38 (1/6) 760 9/4 17 1533.78 23 760 13 1.3 2008.85
3 22 760 5 32 2825.41 38 (1/6) 760 9/4 17 1528.09
4 25 110 10 1.1 402.88 22 760 5 3.2 2817.44
>0 ="7383.66 >0 ="17763.25
Hcxomnprii cocras cmecn 4.5 (x,,, = 0.85, x, = 0.048, x = 0.094, x_, = 0.008 moun. noneii)
The original composition of the mixture is 4.5 (x,, = 0.85, x, = 0.048, x, = 0.094, x,, = 0.008 mol. fract.)
1 30 760 18 2.6 2907.61 18 100 5 0.2 1376.49
2 40 (1/9.5) 760 11/5 50 1883.38 24 760 13 1.4 233991
3 24 760 5 4.9 5077.87 40 (1/9.5) 760 11/5 50 1887.00
4 25 110 10 1.1 171.47 24 760 5 4.9 5075.90
>0 =10040.33 >0 =10679.30

Ipumeuanue: SKCTPAKTUBHBIH areHT — (eHolL.
Note: the separating agent is phenol.
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OGAACTH 3HEPreTHYECKOro MPEHMYIIECTBA CXEM Pa3ZlEACHHUSI CMECEH, ...

S

Y
s ]
S II 3aanHOe pasjeneHue
S5 /
38 . T .
S$S7 Indirect distillation
it
3 36
£
;)
STy
§ & [TpomexyTounoe
MR 3ajlaHHOE pasjiefieHue
SR
2, /
9} 1 . .. .
Sharp distillation
2

o

0.2 0.4 0.6 0.8

Konyenmpayus DA 6 ucxoonoit cmecu, mon. 0onu /
The concentration of EA in the initial mixture, mol.
fractions

a

~ 11
s
§ =10 4 Il 3ananHOe pazjeneHue
S /
35 9 . 1
38 Indirect distillation
g5 %]
g
33 74
g2
S8 [TpomexyTouHOE
S S 3aJITaHHOE pas/ielieHHe
SR 4
g /
31 Sharp distillation
2
0 0.2 0.4 0.6 0.8

Konyenmpayus DA 6 ucxoonoii cmecu, mon. oonu /
The concentration of EA in the initial mixture, mol.
fractions

b

Puc. 3. 3aBHCHMOCTH 2HEPro3aTpaT CXeM paseiICHHUs CMECH dTHIIAIeTaT—O0CH30J—TOIy0I—0y THIaleTar
OT cojieprkanus dTrianerara (JA) B ICXOIHON CMECH:
(a) cexymas 1 (cocrassl 1.1-1.5); (b) cexymas 2 (cocrassl 2.1-2.5).
Fig. 3. Dependence of the energy consumption of the ethyl acetate-benzene—toluene—butyl acetate mixture separation
flowsheets on the content of ethyl acetate (EA) in the initial mixture:
(a) secant 1 (compositions 1.1-1.5); (b) secant 2 (compositions 2.1-2.5).

DA /EA
NKs=1/Kg=1

Qupoven. = Cut
\\ Qshxrp: Qinair

\

Puc. 4. O6nactu 3HEPreTUICCKOTO MPEUMYIIIECTBA CXEM
pasJieNieHNs, OCHOBAHHBIX HA MCIIOIb30BAHUH POMEKY-
TOYHOTO pasjeneHus (HaJ MOBEpPXHOCTEI0 O =~ 0,) 1
I 3amanHOTO pazaeneHus (0] MOBEPXHOCTHIO anmm_: op-
Fig. 4. Areas of energy advantage of the separation
flowsheet based on the sharp distillation (above =0

sharp
surface) and indirect distillation (below O™ 9 dsrpurface).

indir

OO0nacTh YHEPTETHYESCKOTO MPEHUMYIIECTBA CXEMEI,
IIPEJCTABICHHON Ha PUC. 2a, PACIIOJIOKEHA BBILIE I10-
BEPXHOCTH anumem. =~ QH, CXeMBI prcC. 2b — HIDKE TOBEpPX-
woetn 0, =0,

Cucmema ayemon—monyon—0ymunayemam—o-KCunon

Jns pasneneHus JaHHON CMECH PaccMaTpUBAIOTCS
TPU CXEMBl PA3IUYHON CTPYKTYPHI: B MEPBON KOJOHHE
peanusyercs pexxuMm mepBoro (puc. 5a, 5b), Broporo
(puc. Sc, 5d) wu npomexkyTouHOTO (pHC. S€) 3alaHHO-
ro paznesnenus. Cxembl Ha puc. 5a U 5b u Ha puc. 5c
1 5d OoTIMYaroTCs MCMONIBb30BAHNEM MIEPBOTO M BTOPOTO

3aJJaHHOTO DPA3JENCHUs MpPU PEKTU(DHUKALUN TPOUHON
CMECH TOJYOII—0y THITAIIeTaT—0-KCHIION (alleTOH—TOTyOJ—
OyTunanerar).

[IpenBapuTesbHble pacyeTbl IOKa3ald, YTO MpPU
OT/ENEHUH TOIyoNna OT CMECH OyTHiIalneTaT—o-KCHIION
JOCTHYL TPeOyeMOro KadecTBa TONyolla HEBO3MOXKHO,
Jaske pu gasiaeHun 50 MM pT. cT. JlaHHbI (akT cBa3aH
C TE€M, UTO JIETy4EeCTh TOyoJIa TI0 CPAaBHEHUIO C Oy THII-
aleTaToM B TPOMHOM cMecH HIDKE, YeM B OMHapHOH.

Pesynprate pacuera mpouecca pexkTudukanmy (Ta-
paMeTphl paboThl KOJIOHH U SHEPro3aTparsl) AJIsl OCTalb-
HBIX CXEM IIPUBEICHEI B Ta0MI. 6.

[omy4eHHbIe pe3ynbTaThl MOKA3bIBAIOT, YTO /IS CU-
crembl A—T-BA—0-K ncrnons3oBanne mpoMexyTOIHOTO
pasneneHns NCXOTHOM CMeCH HEBBITOIHO (3Hepro3arpa-
Tbl Ha 20-30% BBILIE 110 CPABHEHUIO C APYTHUMHU PEXHU-
MaMH pa3zieNeHust).

3AKJIIOYEHUE

Ecmm mcxomHplif cOCTaB 4YeTHIPEXKOMIOHEHTHOM He-
uJIeaTbHOM 3e0TporHol emecH i——k—1 (17 < ];0 <T)<T)
MIPUHAJISKUT OOJIACTH, JUIT KOTOPOW COOIFOIaeTCs Co-
otHomenue K, > 1, Kj >1, K <1, K <1, To MOXHO
PEKOMEHIOBATh HCIIONIL30BaTh NPEABAPUTEIHHOE (paK-
[IHOHUPOBAHKE HA MIEPBOM dTare pasaencHus. O6macThb ¢
YKa3aHHBIM COOTHOIIICHUEM KO3 UITMEHTOB pactpesie-
neHus OyzieT 3aHUMaTh OOJIBLIYIO 4acTh 00beMa KOHIICH-
TPAIMOHHOTO CUMILIEKCA, E€CIIM CHCTEMa XapaKTepu3y-
eTCsI HATMYUEM KOMIIOHEHTOB € OJIM3KHMU JICTY4ESCTIMU
Jutst miap i—j w/vm k—I. Tlpu pasjeneHun cMecH cocrta-
Ba, MPHUHAJICKAIIETO TaHHON 001aCTH, UCTIONIB30BaHHE
MIPOMEKYTOYHOTO PAa3JeNIeHUus] OylAeT SHEPreTHYeCKH
0oJiee BBITOMHBIM TI0 CPABHEHHIO C PEKUMAMH MEPBOTO
M BTOpOTO 3amaHHOro pazaencHus (mo 20% skoHOMUHU
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(©) (d)
A BA /BA
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A, T,BA, 0-K , 3
A,T,BA, 0-X s <
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<
by =S
T
0-K/o0-X

(e)

Puc. 5. Cxemsr pazzaenenust cmecu anetoH (A)—rtomyon (T)-Oyrunanerar (BA)—o-kennon (0-K),
OCHOBaHHBIC Ha UCIIOJIb30BaHNH 1epBoro (a)—(b), Broporo (c)—(d) 1 mpoMexyToUHOTO (€) 33/laHHOTO pa3/ICIICHHSI.
Fig. 5. Flowsheets of the separation of the mixture: acetone (A)—toluene (T)-butyl acetate (BA)—o-xylene (0-X),
based on the direct (a)—(b), indirect (c)—(d) and sharp (e) distillation modes.

Tabauna 6. [TapameTpsl pabOTHI KOJIOHH CXEM pa3/IeICHUs, NPUBEICHHBIX Ha PUC. 5
Table 6. Parameters of the columns work of the separation flowsheets shown in Fig. 5

0, 0,
Kosionna qTT P TII R KBT qTT p TII R KBT
Column NTS FS 0, NTS FS 0,
kW kW

HUcxonubiii cocras x, = 0.25, x, = 0.25, x,, = 0.25,x = 0.25 mouL. noseii
The original composition of x, = 0.25, x, = 0.25, x,,, = 0.25,x_, = 0.25 mol. fract.

[TepBoe 3amanHoe paznenenue (puc. Sb) [TpomexyTodHOE 3a7aHHOE pa3/eiieHue (puc. Se)
Direct distillation (Fig. 5b) Sharp distillation (Fig. Se)
20 760 11 0.6 491.3 48 760 16 4.6 2832.3
33 760 16 2.3 1687.3 24 760 18 0.7 388.6
36 110 12 44 1397.2 40 760 24 4.8 1476.6
>0 =3575.8 >0 =4697.5
Bropoe 3ananHoe pazzaenenue (puc. 5¢) Bropoe 3aganHoe pazaenenue (puc. 5d)
Indirect distillation (Fig. 5c) Indirect distillation (Fig. 5d)
36 760 17 1.2 1868.0 36 760 17 1.2 1868.0
2 25 760 11 0.6 424.5 33 110 10 1.2 1208.5
40 110 13 4.5 1422.9 28 760 22 0.6 368.0
>0=37154 >0 =13444.5
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Taoauna 6. OkoHuaHue
Table 6. Continued

0, 0,
Kosionna YyTT P T R KBT YyTT P TIT R kBT
Column NTS FS 0, NTS FS 0,
kW kW
Hcxonnwriii cocras x,= 0.04, x. = 0.32, x,, = 0.32,x = 0.32 mou1. moaeit
The original composition of x, = 0.04, x = 0.32, x,, = 0.32, x__ = 0.32 mol. fract.
ITepBoe 3amanHoe paznenenue (puc. Sb) [IpomexyTouHOE 3a7jaHHOE pa3esieHue (puc. Se)
Direct distillation (Fig. 5b) Sharp distillation (Fig. Se)
1 20 760 9 3.6 213.7 80 760 24 8 3260.0
2 33 760 16 22 2090.1 24 760 13 1.6 110.5
3 36 110 12 3.1 1363.6 40 760 25 4.8 1889.5
>0=3667.4 >0 =5260.0
Bropoe 3apanHoe pazaeneHue (puc. 5¢) Bropoe 3aganHoe pazaenenue (puc. 5d)
Indirect distillation (Fig. 5c¢) Indirect distillation (Fig. 5d)
38 760 18 1.8 2056.5 38 760 18 1.8 2056.5
25 760 11 32 177.3 33 110 11 2.7 1469.6
36 110 12 3.1 1363.7 24 760 13 1.6 110.6
>0 =3597.5 >0 =3636.7

sHeprozarpar). [locnemHre peKIMbI MOTYT CTaTh KOHKY-
PEHTHBIMH TIPH PACIIONIOXKEHHN TOYKH HCXOJJHOTO COCTa-
Ba BONM3M eNMHUYHBIX K-TIOBEPXHOCTEH MIH B 00JIacTH
C IPYT'HM COOTHOIICHHEM KOA(PPHUIIUEHTOB pacipeerne-
HUsL. JlaHHBIE 3aKOHOMEPHOCTH TPOMIITIOCTPHPOBAHEI
Ha MPHUMEpe CUCTEMBbI JTHIIaleTaT—O0eH30—TOIy0NI—0y-
THJIAIICTAT.

Ecin Onuska K eMHMIIE OTHOCHTEINbHAS JIETY4ecTh
Tapbl KOMIIOHEHTOB CO CPEIHUMU TEMITEPaTypaMi KHIICHUS
(7—k), obnacTb cOCTaBOB € COOTHOIIEHHEM KOI(P(DHUIIEHTOB
pacnpeenermi K> 1, K> 1K, <1,K <1 Oyznet HeOOITb-
HIOW M NPOMEKYTOUHOE pas/ielieHne He MOXET OBbITh
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