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20 neasurabl e degree even at roomtenperature. The key which allows styrene
distillation to be conmercially practiced is the use of chem cal addi t:YGAegUM
referred to as polynerization inhibitors. To mnimze styrene
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-3 ~Ww~ ~ ~ 1~ ~& ?? styrene nononer, unreacted ethyl benzene and

by- product styrene tar residue conprising styrene polyners, CO9+, arorré't(d“mv 200,

hydr ocar bons and pol yneri zati on inhibitors. The inprovenent clained for
this process involves recycling previously recovered styrene tar residue to
t he dehydrogenation reaction effluent at a point upstream of the separation

of the 5 isd MmbNEable frofE¢ithancr WithydoRemiteind ease cTopératidibdtaiidpbintsd A homiber afol ume
ratio of 1 to 20 volunes of styrene tar residue to 20 to 1 volunes of

react i on edt¢nts bave attgmptedite addressiibese Reobleapyin a yguetuof WaYS eacti on ef fl uent in
the presence of the recycled styrene tar residue. Qthers have recovered the
over head condensing duty (thermal energy) fromthe 10 ethyl benzene/ styrene

distillation cThssty.DyPateht Ng. 3,513,6470%ah Tasselt ehill) hawEangricsefor patisgpe,
for exanple in U S. Patent No. 4,628,13b (Sardina). Such a pethod requires
a | aPge hereng vigrasqistillasiop scheme haviag gssecigted sherewith #yired walldhiddmat or . bot h
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be desirable because upsets in the distillation section could result in
difficulty in controlling the reactor section of this systemand also could
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process othetdoists ahdidiffitultes of2be QIBIda0ES styrenEldbparatidnNTI ON Accordi ngly, a
general object of this invention is to provide inproved apparatus and 30

process for separating ethyl benzene from styrene nononer. -~ Pv i~ ~
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process for significantly reducl utilrt ts assocliatéd with the
normal |y eeparasd fromemganiemintires cpaprasingcstyrede ahid ethylbeatdne by cepactatg the  of
ethyl benz %qgm?enggansr}sygr?ensﬁde ofa polyure-thane elastomer membrane under pervaporation
permeation conditions and withdrawing at the other side a vaporous mixture having increased
styrene concentration. The polyurethane elastomer contains polyether or polyester groupings.
20 ’
U.S. Patent No. 3,801,664 (Blytas) teaches another process in which styrene is
separated from ethylbenzene in high yield and purity. The process comprises: (a) extraction
with a two-phase solvent system in which the extracting phase is a concentrated anhydrous
cuprous nitrate/propionitrile solution, wherein the styrene is selectively complexed with the
25 cuprous ion, and the ethylbenzene countersolvent is a C, to C,4 paraffin; and (b) separation of
the propionitrile solution phase containing the styrene-cuprous ion complex to recover the

styrene therefrom.

U.S. Patent No. 3,904,484 (King) describes a multi-stage distillation which involves
30 fractionally distilling the dehydrogenation reaction effluent under subatmospheric pressure in

a multistage distillation unit comprising a plurality of distillation stages to separately recover
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5 A specific object of this invention is to provide an efficient and .
econom cal approach to separating styrene product from ot her corrpo'hént‘-i?}\’ofl)@l?
t he out put stream com ng from an et hyl benzene dehydrogenati on. Anot her
specific object of this invention is to provide apparatus and process for

10 splitting an ethyl benzene/styrene feed into two process streans for
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and or der 3dhlyddBEnaion FcRo 8ilertlif B pReenc TR R B cledijrBnd @FRBfdue! © each of
the others, "as exenplified by the follow ng description and the

acconpanyi ng drawi ng. Various nodifications of and variations on the
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general, this invention conprises a cascaded arrangenent of two
di sti | | at fopex#iple i U PatgntiNe. 45418, k36f(8arding). r Susaguethed tequirésasiergedieatms

wher eby heat .contained in the overhead vapor, stream pof one col um.is

i1 2od EESTREBEA A e 5B T8 T I @ g pei P RATch reghite eolyidaginal” _
1~.. 0 MorgvetRents afdbhtdil codstly maimefinte. OThik fetod@doathkt thealRRpdrafdtatian d
process for splitting a feed containing ethﬁlbenzene and styrene nonomer
into two reedionsectian afihsopentionalirgetiy o the ethylbenzene/styrese pplitter.wigh may mab

col S oper at t different.pr ures whereby,the hi ressure calum is
bl 355y Pridutlls Beebisiteren R GO bR R ABRLEE I Sulinl <o
suppl y hege résRtdrRgetion\Wf BHi§ Systehfaridldlst dduldIdadsd dintge 30 the TERRIrSEeRatibl) Pr ocess
integration and thermal efficiency result in substantially | ower energy
costs as omalystas ot her rel ated savings. BRI EF DESCRI PTI ON OF THE DRAW NG
Fig. 1 is a schematic process flow chart illustrating a typical enbodi nent
of the 10 present invention. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS
As shown in Fi gli ofthe foRdgofig/pridrart Pibceds¥diof Sdpavating Gijrehe prothict #eunreacted

et hyl benzene dehydro?enatlon unit, shown schematically as unit 500, and
congPst i nethelbseashe flloyving a dehydrgenationgeastipm therafore hayerarions disadianiagpsde, s
di vided i . [RY; id
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T junct i oaperftingraxperises Lif thesezfidr ud proeedses) | THrbslatdipthieridraviback e vith iané
proportiops.of feed 100 directed respectively to process streans 102 and |
04. DepentMmifgtions of he RSIAT apNERGEESES Are OYRICPRIESin Yhale.prin part; with thecassaged, ¢ he

relative piRREBpRSueind fidtest 8Pl meGhisH, L0 Process

25
OBJECTS OF THE INVENTION
Accordingly, a general object of this invention is to provide improved apparatus and
30 process for separating ethylbenzene from styrene monomer.



20 streans 102 and 104 may range from about 90:10 to about 10:90 by"v@ﬁﬂﬁbﬁtu-
preferably a range of about 60:40 to about 40:60. A preferred split of feed
100 consistent with one typical set of commercial operating paraneters
conprises directing about 47%to process stream 102 and, correspondingly,
53% to process stream 104. 25 As shown in Fig: 1, process stream 102 is fed
to a nmiddl e reglipiciphl dbjeoPhesinvenion istoiprsvadd Apamfls i pickdss fof gh- pr essur e
colum 110 is operated under_ process conditions wherein the | ower region of
col uim 119gnificantlyfegcingsthe utiliy caps assogiawd withaherermally engsey intepsiveanitabout |
10-130C, and the [..redi .Of m. 110 i.s.at a pressure of about 4-7
psia and gpelr%t%leo atar 8"%}&3%%3?'1 5’86%)%?323?%”83”&%[ , condensing and boiling
tenperatures of 30 the various streans within the distillation section are
determ ned by operating pressure and-:stream conpositions. Froma practical
poi nt5 of vi ew, Atspecifie ebjacttof Hisrysntiangs o prewideran effisient gid economicalapproach of ; 1 1

ctroam | EroPRun R BRRS i el il AR BPH Riep oSk Bom 07

about 90 ethPf¥aue Uehydrogenation. ded into a product stream 114 (which is sent
to a finishing operation for further purification) and a recycle stream
116. Recycle stream 116 is passed through reboiler 118. where it is heated

by thermal exc AT id ok i é%éﬁls .ﬁ@!sk st eam
and returned b)'la/@'zr;@l Bﬁeéilrfsc%ﬂegg@@?rme‘la}ﬁ?ﬁ'&ﬁq?gltot%ﬁdg% wer r&')e{cgkon 3t col um
110.10The pplivtieg 4r ethylbénzend/stgrens feed dto 1@ prdcedsdireants fod sepiarane disiillgionel at i ve
to the proportion rectygled my range,. fromapout 10%to nearly 100% nore
typi cal | ypmessmgomﬁ%%ﬁaﬁm PIYCesh cstdatians in an iwdegrated a&%%@ﬂ&pe@&owémé&d
stream 12 b 1 :

Ferpor at urisAeeey i ik ARRRAGRRIRAE LAl R AL PIAERRI Bnflo ome
t enper at uthe, secondtdigilmdowosiumhow pressure col um 130. Thernodynamical ly, the
tenperature of the stream supplying the heat nust be at a higher
tenperature than the streamwhich is absorbing the heat. - In commrerci al
pracid ce, the e Qiehits : i r fluids I S
rrustltsibe at | eaist? E@@%gﬁ?@gmﬂfﬁlﬂ;? L@g&gﬁg%@ﬁ%&%%@kg@;ﬁ%&%ﬁgg g%tam 122 is

t ypi cal | y adaptitiva fomexisting fstyatreytlariOto-indré43€ opevhtinigeefficiehey dndmpducatenergy of t he
bottoms stream 132 fromthe | ow pressure colum 130 is typically in the
range of SPBYMPHAN.. o5C. Accordingly, stream 122 can be efficiently
utilized in reboiler 138, associated with colum 130, as a reboil er heating
stream and a source of thernmal energy required fox operating the

| ow pressur e diOsherlobfecis@nd advantigesof, the prebent ivanticnowillde partibe etviokoardowiling

t he heat exchange i,n r.ehoil 138..reboiler outlet stream| 46, ,

br ecth naif P9 SR BerioaRe: The IvCiinnaRcerd el Fomprisen Buriapoh imied 9 6o 1o
stream 12rodesseslind éfified dpparafiid iﬁ%]ﬂn'@%&'&@mﬁt@&%ﬁ tiiel VaPRUS ddtRponihils CahdTRY
be recycled to the upstream dehydrogénation unit 500 as shown in Fig. 1,

and a r ef theaelatiow and ord&ofigme o moge sush stepeand empoaentp with respgétdo eash of theurm
110. 25 Prqgcess_ stre 4.t second rtion.of the divided.fe .00, iIs
Ted to a MU B PGTIReEPY Moo EbRicrion R B ectroshyite desmne  Japiows

pressure addifidatidndof shd YRGALRING On ditdtbedds APHparafiddk hereisdesbrdiedivilibbe | over
regi on of colum 13Q is at a pressure of about 1-3 psia and a tenperature

of abbut APPAEALD those skilied intheart,apd pl sucdiy medifications auyl vasiatipnsarp censidiered of 30

about 0.4 _..1 i A { erature of about 40-70C. Bottons stream 132
from col u%@%@?%‘%}%ﬁ?%'ﬁ‘éﬁ redomi nantly styrene mononer of about 90 - 96%
purity, is divided into a _7_

SUMMARY OF TH T10

In general, this invention comprises a cascaded arrangement of two distillation

OeD

30 columns and a split feed stream going to those columns whereby heat contained in the

overhead vapor stream of one column is utilized to reboil the bottoms of the second column.
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- ~ h~L~V ~D~."". product stream 134 (which is typically conbined w th 0V 200
styrene stream 114 and sent to a finishing operation such as domstre’arjﬁl" 200
colum 600) and a recycle stream 136. Recycle stream 136 is passed through
reboiler 138, where it is heated by thermal exchange wi th ethyl benzene
stream 122, as descri bed above. Reboiler unit 138 includes condensing and 5

heat - ! . such .that .. b 2 is. d
east - patEd o, hisdhohgon R aifes Bl ar Apvatits S pRRRS PRI R0 Mo 138,
inturn %Mnﬂi%%lﬁ]ﬁéizeﬁ@aﬂ@%ﬁ@ﬁ@m%&ﬁ&%tb%o pfiRedsQttedrBE 08 bdpafdie eam 136

enmerges fromre er 138 and is returned as reboiler output streaml40 to
t he | owedistillgtiomrespectively imtwigenlumnsonpsraterbatidifferens praspuresowherebycthenhighs

wi t hdrawn for finishing relative t.o the propotti recycl.ed may range from
About - 10FrERs GOl o gPle o e P of Rppitafe SV obbed Hhyn B ffesthist e (N8 e
Process Rekwiph Béad to (B ¢Apasisiit colaifinl A%e kdsQRan eynergieslid réc@siintegition and ’
predom nantly et hyl benzene at a tenperature of about 40 -70 C. Stream 142
may be cdbgragl efficieneprraelhinsubgtantiallyiloperenergy wous acwell aspiheraelated savingsand
thereafter split into an ethyl benzene product stream 164, which 15 nay be
recycled as showmn in Fig. 1 to the upstream dehydrogenati on unit 500, and a

refl ux stprIERDESCRIFTION OF THEDRAWINGt he upper regi on of colum 130. The
foll owi ng exanples further illustrate the practice and benefits of the

present i nventhignl isagchematicprocgseilowshart illystrmsiog @ typicab embpdiment ofithe t he
present i A . technology utilizing a single packed distillation colum
to chpar ﬁqésgglhgﬁg%'zene fromstyrene nononer. It is presented here for

pur poses of subsequent conparison with the results of practicing this 25
invention. Uilizing a single packed colum_under typical comercial

condi t i orRETALEIRDESCRIP] RRERENMBOIMMENIS required to effect the

=a “: ac e :.‘ 22
requi red separgfd lib alﬂMﬁfrF’aﬁ\S L, while

styrene is rec%tiléeh%e E%ﬁé&go tomsf%dr Z’ﬁﬁ%’él?%ﬂﬁ{]ypl ca g@?g’%‘%'gguti lizes a
70 mmHgahdehydriogeratibe hnin\shoitva acheptagisallyr a3 vaitd 06, ahd Tomsisting lessehiidiiyosfistyperessur e.
Wth this pr essurg profile, the colunn, overhead and bottons tenperature are

abol? 66cnenppmergnd unreagted ethylbenzene, is diyided intp %9 prpsesy streams 102and 186 i ed t o

the colu W@s;%gﬁvéiy B@gigg?i(wg%&%ig&fg‘é%?‘-jhﬁéﬁoﬂg@.;%ivk or h&\é‘- BESR WHotiatdd®am

condensi ng ween a I's used as the heat source.
Over head witlp®¥jufictiom 106 enaydeunilized/ tordoatrcl dnd adimsicther eetative iptdpertians ofifeed ADO ng

water or air fin type, heat exchanger,.  To, m.nim ze hydrocarbon | osses to the
col um va‘g{fﬁf?fié'??ﬁéﬁ{el@oeﬂ’?@ﬁs ?fffﬁg’éﬂg?ﬁ’@d {T‘}%égﬂ%@’ R VEQUE RIS subcool ed,
typicall Ypafré?néiéxfs%ﬁ&eﬁﬁﬂ&tdeé&ﬁeh%?%ﬁv};br a;fbgﬁ&lﬁrofi’éeﬂ‘{ﬁéhir&féﬁ RGRodeEs from

entering the vacuum system the columm i 0 equi pped wth a vent
cond@nserstishing 02 and $04cmayieange frommbiout?0:1hte abewtdiOcfi0rhy vwhenh peefemblyar st r eam

t bout 10C. O W t h b d i bed | desi dt
or oduce. SSOERIGERREEG Hulormbe S P 28 Rekmeep iy Bl g Rnlebo T Ry
heat i DUt bfciferéidl YRRty Afarsdss Lhindisck @bl abodk Y34 orueds drcarbi 2

utilities required to support this separation is roughly , 300 kg/ hr steam
and a codndnepriespendingly,3ato process styeanf 14, 970 cubic neters/ hr.
Representative selective sinulation colum stage data corresponding to this
exanple is given belowin Table I: IS _ Table |

25 As shown in Fig: 1, process stream 102 is fed to a middle region of high-pressure

distillation column 110. High-pressure column 110 is operated under process conditions
wherein the lower region of column 110 is at a pressure of about 5-9 psia and a temperature
of about 110°-130°C, and the upper region of column 110 is at a pressure of about 4-7 psia
and a temperature of about 90°-110°C. In general, condensing and boiling temperatures of
30 the various streams within the distillation section are determined by operating pressure and

stream compositions. From a practical point of view, the product compositions are more or
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Stage Tenp. Press Flow from Stage Feed # C pain in kgnol/hr. V~r Liquid 20
93'" 10.0 0.870 - 5.8 92'" 4S.0 1. 064 12.4 24S1.7 91'' 65.5 1.354 2837NgV 2007
2684.0 6.0"" 90 66.2 1.370 3063.7 2682.6 2S 6S 76.9 |.773 3014.2 3S06.9
994.1'2 4 91.62.7552939. 4 3555. 03 91. 82. 7722940. 6 3556.22 9l .92.7882941.7
3553.830 1 92.42.8042939.3 - -9 - 7 ~' ~~ ~~~7~" 510 15 * 1 feed

= 0oa 1 Mgtdbn gt o g9 e ol s R RS RSB T2 Som o e
*4 1iqui Cto?ﬁxﬁﬂ@m,fcbﬁiﬁhﬁhg\%d%&iﬁanai SryFenk GORbMBF of BRI -%Wﬁ%ﬂtz,giﬁiiivfidé@m

Stage 92 = 12. 4 kgnol/hr. *5 vapor streamfrom Stage 93 = 6.7 Jjmol / hr.
Bot t ons  sintoempnodu@ srream Rk ydrbwhibh is seniite pfimishingfopematiemfor further purifigation) anduat

Required to | um = 50 RN kcal / hr. Stage. 93, f.epresents the Vent
Condensere St ua g hdye Seam Pl hRisen ieppb FeRiiB L 9o Bhig s ls BetipT oy e
top of th@edleRFhant@afhh réltilePRQEAKS strddth IRDHiplcANY Stean! EdiRirfedtd Thi s
exanple is based on a representative enbodi rent of the present invention as
20 25 showhoiler oyt streaph bdbtorihalomiex eegionaé golvmnpi P s Thepreperyion of pettem and
styrene NQNES Al .S: 1Lt el .0C tr f L stil] ati

capect i VoI 112 St et e RO B3 BPEARE <sBBrSirak raned BoMstant, on
pressure RO b AeaBT HI0A, encre Bidallp 20 - 3T%eddperdifig f 6thef protxss parhmetess. ar e set
such that the overhead condensing tenperature of one colum is higher than
the bottons tenperature of the other. Because the overhead vapor fromthe

P S0P o5 LA SRS ool DA S BB

t enper at ure of Dr essure co € uSed as

the heat eaipetsurt higheethhn Wepesitig CoridionsTin pakisulbai the Goitdnstehipetatirs GnplieCess
effciencies and synergies. In this exanple of the present jnvention, the

| ow pr esstfcand dowirpressye calumn 140; Thgrmaesiynapicaliye the iemperatyreoidhe Samigabs
0.677 ' t : DS : t hi
bot o pi el e Y R bR REF AU Hhockithe WAEAT Srdorr it ifibidibing the ' 015

The hi gh- h¢aes Bicotnmercialpracgie; dicacmpérathireatiffresvelbeten tirsolintegiated FhidsrHgabs

(5.704 psia) and a bottong pressure of 365 abs. At this qperating
pr ed3ur e, Muptbe af deast § to?‘QI\F‘OE) a3 wggamﬁaﬁm H%Sttmcﬂf)ygn-ﬂpﬁ BES%Ir e

col um cogfjm? it : ' beraratd dfifd rTelolY 943
tenperature o ?m lllé‘v\él’grﬁggs%qg% um (3&3&&6% *%ér purg%isggm(t}?qo&ls
I nvent i onpreBeracsemadaq istypichiheinthé rafpe of abguf 70° 859G Avenrdiaplyestrdahel 2 gher

ressure over he can ed.tQ reboil he bottons recycle streamfromthe
Ipovv- pres Saq.nebecqfﬁgiﬁﬂt?y v{i)lquggqll r@oﬁer I%%, assoctiated with column I30,yas a rebotxler ﬁleating

stream and a source of thermal energy required for operating the low-pressure distillation

20 column, as hereinafter described. Following the heat exchange in reboiler 138. reboiler ou;let
stream 146, predominantly ethylbenzene at a somewhat reduced temperature relative to
stream 122, is divided into an ethylbenzene product stream 148, which may be recycled to the
upstream dehydrogenation unit 500 as shown in Fig. 1, and a reflux stream 150 which is

returned to the upper region of column 110.

25
Process stream 104, the second portion of the divided feed 100, is fed to a middle
region of low-pressure distillation column 130. Low pressure column 130 is operated under
process conditions wherein the lower region of column 130 is at a pressure of about 1-3 psia
and a temperature of about 70°-95°C, and the upper region of column 130 is at a pressure of
30 about 0.4 - 1.5 psia and a temperature of about 40°-70°C. Bottoms stream 132 from column

130, comprising predominantly styrene monomer of about 90 - 96% purity, is divided into a
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5 schenme, heat is cascaded fromone colum systemto the other. In thisygy oo
exanple, the total feed flowis split such that 47% of the feed is directedﬁ""
to the high-pressure colum. The split of feed between the columms is

est abl i shed such that the high-pressure overhead condensi ng duty matches

the reboiling duty of the | ow pressure colum. The only heat supplied to

this two-col um s ]S, viat rehoi l er., of the high-pressure colum, at
the rat e Pepdu %}@és '&FSI‘HP‘_"'{;\ .@M‘Wm?ﬁmﬁ‘k‘?gﬂ E’Z“_)a'ldﬁ‘émdﬂlay
Signifi Cﬁﬂfspﬂg%gefaﬁﬂﬁ’g@c'h a8 USWndtRaftofurd cs%alarpecg%?éts §3é.rﬁéesyuae .
condenser o he | ow pressure colum. The esti nmat utrlirty consunptions
for the bintanyi Bpassgd througirreb@ler 638) whgtehit isdicated by itheomal excbange 3Gt n8/ hr  of

coolin ter circul ati . This, represents.a 4Q0% savi.ngs i n_steam
Cons Ut FON CEFHFIS ST | 28 Ao T S RARP T Y MR SRSt | on as
Conpar ed Ldttelciaige EIBRRAS ShohthA2 tHyhidtR st 9915 d38iel GHE he 1BAR Bhrdiafip" .

Exanpl e 1. Representative selecti've sinmulation columm stage data for the
| ow pr es somdensaudo tiiqyiddfions asiit passed throvgh ceboiles|38nthi tomp providinigheaktargdyslear e

i bel i | I1-A (LowP dlI-B i gh-P : 0 i ~
O o1 o° et 16 PeSterds SR BEEe S0t reboiie? 1Skl s e GBIl a6 otoler ot hge
Feed# %ﬁ@g'{ Srdafi A0 1B ltheMBIver repiofl o 698mh11800Ghe ﬁygﬂc%n%?%bﬁ&ﬁ stear 198317. 8

1268.191' ' 50. 00. 6771473. 4 1332.S 3. 8" ' 90S0. 80. 6 34.1 1331. 86S64. 31. 0401
S 12. 0 1v8thdeavepior finighlg relatigge theqgogoricy 8cydigBmagp tange roasthost 10% to

1773, 8282. 11. 4S5 1.3.1772.9 .§1.9341450.4 - * 1 feed streamto Stage
91 < 3. snﬁ‘bfﬁb? QPa“‘?‘&iWP"F“ZIXéQQé‘@% ge‘?“’@ BEAR OER PR SRAPMIES.- 524 1
kgmol / hr. *3 vapor stream overhead from Stage 91 = 1473.4 kgnot/hr. *4
liquid stream from Stage 92 = 200. S kgnol / hr. vapor streamvent from Stage
92 = 17. 8 kgnihverhead steapn i from columnf 13@reoiprises pegiominarglylethydibenzene aBat t ons

stream=.322. S k [hrsol-aternal o ux ratiq . 6.6 at ut Required to
Cow P es daipeeratop R BrE" Sfgwh B Bt codeding Sudgiven L iing § B
kcalhr. -of2ooling Whtér 162, and tBé&reatter sPlitifkoia® ethylbenzene product stream 164, which
15 may be recycled as shown in Fig. 1 to the upstream dehydrogenation unit 500, and a reflux
stream 166 which is returned to the upper region of column 130.

The following examples further illustrate the practice and benefits of the present

invention.

20 Example 1

This example is based on prior art (not the present invention) technology utilizing a
single packed distillation column to separate ethylbenzene from styrene monomer. It is
presented here for purposes of subsequent comparison with the results of practicing this

25 invention. )

Utilizing a single packed column under typical commercial conditions, between 85 to
100 theoretical stages are required to effect the required separation. Ethylbenzene is taken as
an overhead product, while styrene is recovered as the bottoms product. A typical design

30 utilizes a 70 mmHgabs (absolute) overhead pressure and a 145 mmHgabs bottoms pressure.

With this pressure profile, the column overhead and bottoms temperature are about 66°C and
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20 25 30 Table I1-B(H gh PressureStageTenp. Press. Fl ow from Stage , #Cpifdn 2007
kgnol / hr . Vapor Li qui d93*510. 0S. 318- 148.992*' 101.7 -S. S 11152.8 1610. 491
*'103.9S.7041787.1 1626.390104. 3S. 7191 799. 2 1626. 76S111. 16. 09S1764. 0

2085. 14119. 47.0131787.9 2080.13119. 57.0281788. 2 2080. 32119. 67. 0431788. S
2077.71120.07.058178S.8 - Feed 3.8* ~ 464.8*2 * 1 feed streamto Stage 91 =
3.8 kgnolgjae -reépemvelyeaﬂwms)su?gniédqs%é&lmimu&trﬁe@pﬁént‘y Qébofiek 9ol / hr. *3
vapor stream overhead from Stage 91 = 1787.1 kgnol /'"hr. ¥4 liquid stream

f r om St agEyrically law présingsteayni condensing besweenabowdr 6°G 10d30%E,dgjused 2s thellat 8
kgnol /hr. *S vapor, streamfrom Stage 93 .= 3.9 kgnol/hr. Bottons stream =
59175 Korohide Overhea yBFon sk the Split pvariadys eanbied sibenra sopiRe PHeeH um -
16. S80 miJi} fiRBypedRhd dikchargds To mirimize hifrocarbomlodsts B @Y bOunWatlhie tptgd, 10
styrene nononer (SM plants which dehydrogenate ethyl benzene (EB)  to
styré&ne, aftes condensingtthe ovgrhéndisireare isfsubebolel, typisalintd hetweemaboutedd°Gto 50°Cat e of
5 SO to 7Q%.per _pass .acrhoss.the.reactor. . The unreacted ethyl benzene nust
then be r %ﬁsﬁ%hﬁ‘g%ggwg?%%ﬁ?'PSW%m&vﬁmsyﬂc% tm%bﬁs 8 recycl e
to the reafulipfed withss Gt coitich$t® whithGCoble/Rofidfids Mbst SOHP AMikifig bl&héRY vapban EB
and conponents heavi er than styrene are al so produced. This m xture of

| i ght con‘-ﬁm&bo‘éﬂr@iﬁbenzene, styrene and heavies is typically fed to a
distillation train for SM product purification and EB recovery. The general
practice is to | O acconplish these purifications by a three-step

di stipl I ati on. WathaRe abaVeRlesdiibed Bywtn, forsian designdde piidate 50020000R1agiehion of
a styrene plant typically consists of three independent colum systens. The

first col Qasfapnum)iad seEencapsoqdust dheeguireddient igpiit te hesolum is 28 Janillion kralhene

and tol ue B u h ica in Fi.ao .11 I SSO,
t he secon{ﬁéo ‘%@é‘cﬁé?@ﬂgﬁ%@g gggastélpﬁvjf h%snsf Bmﬂ%\z‘éf%ﬁh@oﬁmygad t he
| ast col usmarfiiafd i tdslingomaterasrchiation 16w of 2976 bietfic fleistatize RepbREsRAtiverseREGW N
Col um) shown schematically in Fig. 1 as colum 600. This t_yq_i cal

t hr ee- col sinaliopica ath coresnopding o thisexampleds giver belowria Tgblgdt provi des
a 2Qsfurther opportunity to denonstrate the surprising and conpletely
unexpect ed advant ages of the present invention in conparison wth possible
al ternative cascade reboiler configuraablefs which may superficially appear
simlar to that of the present invention but which |ead to_very different
cost and ener gyt@8¢fi ci enE§MP-esul t Presss Exanpilew framgitages i | Feeskrate the

ef fect of applying the gereral co t of ca j nergy from one col um
systemto anot htr in theec?:onventi (r}%gﬁo t hr ee- ?gggﬁﬁﬁg}s"gri es used in the
distillation section of a _styrene plant but Ma@pbhouLigiide novel concept of
thi; i nvention fg spli tti‘?aot he EB/SM streaminto two process streans for
sep Pate distiPtation inl¢ cascadi®® EB/ SM di-sti | | aPi®on col unms. For
purposes of exgmple 3, thegconventjgiual threeysgl usgyy30 series is adapted
to cascade the heat fromtﬂe over head vapor o} ‘the et hyl benzene/ styrene
(EB/ SM col um91the ni ddéB5col urm §.354 he co@83NB8i o2G84.0seri 69)' to the final
col um which -14 .. ~ [.~ ~~ Z0C=Z reno eayj es (Finishing Colum).
Heat is typi ca%?y suppl i@%it o the ]f'ﬁﬂzshi ng\égg?gnnﬁ%ﬂ&aﬁ two i ndependent
reboil ers. The

25 65 76.9 1.773 30142 3506.9 994.17
4 91.6 2.755 29394 3555.0
3 91.8 2.772 2940.6 3556.2
2 91.9 2.788 2941.7 3553.8

30 1 92.4 2.804 29393 -




5 10 15 20 first, larger reboiler, which provides the majority of thg NOY 2000
colum's heat input, typically operates at |ow tenperature, while the
second, smaller reboiler supplies heat at a much higher tenperature. The

hi gher tenperature service is required to strip heavy polyners fromthe
desired styrene nononer. To effectively strip the polyners from styrene,

t he hirgh tenperat ur tofb Rl i s o] I at tenperature of
about 130 C. A’? thiefeseaeS eva’lttd;gu?g%%elr&aqlﬁﬁne, c'a@algagaggboiling of the

resi due strippi*2g r ddedisiream\ve Stagoéernst kgmathai t hi n t he styrene
distillation is_not practical. However, the |arger) |oytenperature

reboil er of thé3fi niV§Pﬁrr§§°%Pﬂ?¥hequﬁ%“g?ﬂﬁghﬁtggfaﬁ‘gﬁ’& ‘i on for cascade
reboi l i ng. For sgxa . 0 I nder consideration (the
EB/ SM and fi ni s%i ngﬁ%lgdusrms %%%@ﬁ%%ﬁgg%g k%?‘(.)“\l/}vi ng operating
charagteristics: Staaparsteddpoentifrang Staghi2 sd2rkegmadls EBI SM Col uim Fi ni shi ng
Col um Over head _Condensi ng Tenper at ure 45 45 Overhead Pressure (psia)
1. 354 0. 773 BotPoms VPR m@&%‘e&%&%ﬁ@&'@m Heat |nput (mmkcal /hr) 7.3
3.4 The total Hifaindsieith TAIW iRhiY, this two-colum systemis 10.7?

mkcal /hr (7.3 + 25 30 3.4). The heat input to the finishing colum

i ncl udes bot h tihterdal refluamatid ®Wit enper at ure sources. To achi eve sufficient

thermal driving,force to rehoi he fiLaLshi col with the overhead
vapor of the Egi“gkj"&‘}?% ,""'Bﬁ%kﬁf"‘gg’sﬁkggét{]mﬂﬁ%“ /A col um nust be
increg@sed and tdygpey3eS S Ulrgpridendsiife VbmtiCoRl&BecOl UM nust be decreased. G ven
the sane feed rate and product conpositions as the standard case above, one

f easi bl e set ofStageci2at i ngepresedisthaMaint Gondehser Exanpl e 3 cascade reboiling
adaptation is iJlustrated below,-1S. --. .~~~ ~y~ ~C~~2 Cascade

Reboi | i ng Adaptsj?ﬂg 5 16ePreseRs RGPS s sol™MA shi ng, Col unm Over head
Condensi ng Tenpgagd 1r € ( GprdQatsthedRbéit@dhepd Pressure (psia) , 6.575 0.580
Bottons Tenperature (O 12% 96 System Heat |nput (mmkcal/hr) 8.9 3.3
Recoverabl e Low Tenp Heat (innkeal/hr) -- 2.8 In this case, the overhead
vapor of the EB/SM colum is used to Eeboill gthe finishing colum bottons. A
porti%n of the overhead vapor stream ensed in the finishing colum's
reboiler |ocated at the bottom of the tower. The bal ance of the vapor from
t he EB/ SM col uim not used in the cascade reboiling is directed to a cooling
wat er condenserThigexample isihased amnrzepteseniative eohbpdiaent ofithe prsém énventiomas

t enperature avai l.abl.e .for casc eboiling s, approxi;mpately 9C ( 1 -
06y The PR BER | R AATFRLEe Eotins ik RGBSR e lp e s S
nmrkcal / hr inf Yo'précess stredm8 for ditillatiEn kedfestively i tvidGdscadee dtillagbridohsfihy € Of
the EB/ SM colum, the relative J 20 25 volatilities of the two key

conpdfent sopegted unsendidistent prgssure andriemperptaire canditions. s Thepresstires pf therpotumnsner gy

is require j Clel i . A, dard
dosi g, ( 158 sRElnERe by SR BpR o ErRperh iy BE EbuR i Bighiinat 84

adapt at i orbaenBnempéeatire (fahy 6ther. Beeagy the Grtcad vidr Svhchk high-pryssasscadi ng
it to the fini shi'gige col um, conversely the need to operate the EB/ SM col um

at hi gher ohwaagendepses abateatperaire higher tharithe hotpips ture)pf the; lpw-gressusen; s
exanpl e, P&ﬁ&ﬁﬂﬁﬁs%ﬁé&b@ yoisg Eéust%ﬁg.gthe%e& KSR @Qﬁow-.%?é?xﬂe?@l frent
energy prices, thrs anslhates 1 nto an energy Ccost savings of about $ |
00, 0Q5/ y e asesulting ity sukprising proceséfiivlenciesmnd syhergiegher pressure and
t enperature, however, requires 30
In this example of the present invention, the low-pressure column operates with an
overhead pressure of 36 mmHgabs (0.677 psia) and a bottoms pressure of 100 mmHgabs
(1.934 psia). At this bottoms pressure, the boiling point of the bottoms liquid mixture is
30 82.6°C. The high-pressure column operates with an overhead pressure of 290 mmHgabs

(5.704 psia) and a bottoms pressure of 365 mmHgabs. At this operating pressure, the
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that the rate of polynerization inhibitor addition be increased - 7 NOY 2002
significantly. At the higher tenperatures required by the cascade reboiling
adaptation, the styrene polynerization rate of the EB/SMcolum is 7 to 8

ti mes higher than the standard (non-cascade reboiling) case. For exanple,

if the polynerization inhibitor dosing rate is doubled, the increased cost

of the i nkiveilead vamuﬁdnhhe h@#mmtcelummmdénsésmttme 7f©1\ah1cbiinuﬁ®dxﬁﬂlyenergy
cost savings from-1 ascade_reboiling. Mreover,

under the O%wa.bmtwnétcntme%ar @eé%@tqssqrﬁa?lum@?yﬁe%for puposes ohhis/i es and
I t
o e, et BECARS Eieqllf it SriviikioltBid AubbIL SR diechuBSRhEd D1

negat es aldan®k ubdieto petailthe bottonmaregyclecsiehmseon tgdowipréshirs csluhmeVith this
Furthernore, given that ¢ scade reboiling i nherently i ncreases ital

i nves? mentscherdenbsatds drom oneroiumysysteghio theather g this gxanple. §ﬁ%§% feed
reboiling Wﬂ‘ts@x{ Qi3h SR F7900f M fell RAreCtBE o tﬁQg@gﬁé{ssﬁrnggﬂm tTH esgﬂp&ds

needed to justify energy recovery prograns. woul d
t each t hosfeed bétiveandthe wolumins tsaavtabhslmgi schothatabe hngbtpresgxre ovcrhe@gmaﬂmsn@s cade

boi l i h t | EB/SM(j till t t . 10
Excanpl e 5 S0 R Pocaioning SuCONE B BRrr Ep i is po Depe Sapled 1o s
convent i onglo-&eRlmiVsfhieth is VidiHe QeboRl¥Ss AR ﬁ@mesgeé csﬁm, hi RO e of 1esd 1 T st

colum in the distillation train (B/T 15 °Columm) wth the EB/SNIoverhead
vapoid0 Themhkeal/hol (659 ofmBtudhr}. i Inkcwrsmlthmwnly bignificans/heat] remneal isteprow giis tva:l- um)

represents nl 0@60ffth tot ene I|ed 0 t dIStI||at

Secti on. PSSR T g1 PnGenat O RO P ToUR Rl bt e ssTmpied W9 ol urm,
addi ti Onal cdnBYRHdIR Tor the tEd’ste?d hr¥ 3@%00 wgfnk Siréath hsm%artosdo moRFede
reboiling of this service. reover, because the feed streamto this

initial cotamimg Mtwatrcndatmms'ﬂmﬁepkﬂdngi‘n4@ésasngs% steameonsunptioe apd essur e of

this colum is.usu Jot .practi Red uch ressute of this colum
Fosul o | rEEaER 3 So0b dhabE ronfitk welt B atbe et Eorbien wh e smpeeSutioum

syst gm Wﬁéant,ggnmmgrmrgﬂgﬁsmmgwe of the BIT colum being around
| 00C) cascade reboiling is difficult unless the heat source is on the order
of 108 to I 10C. Again, having to operate the EB/ SM columm with this

el evated overhegd te r at re t n 5 increase
Sty anel pol s mor RenrbeeREhE beldctif ShtbisdncBnfhult dela R e Sv e e RS il
descri bed pregsaresshining corfedponaing t6 thié QS bre @fvehn Ibero&aﬁqtibm IARLbwat | on

i nhi bitor woul d negate any energy savi ngs. Again, based on econonics,
cascade reB‘@FW?)gngﬂ BNH!gbel?rwnv t ol uene colum with the EB/ SM col umm

over ﬁad cannot be justified under normal circunstances. As with Exanple 3,
Exanpl'e 4 woul d teach those skilled in this art away fromattenpting to 30
i ntegrate cascade reboiling technology into the conventional EB/ SM
distillation system -17 - T~ C ,~~~~~1t will be apparent to
those skilled in the art that other changes and nodifications may be nade
in the above-descri bed apparatus and process w thout departing fromthe
scope of the invention herein, and it is intended that all matter contained
in the above description shall be interpreted in an illustrative and not in
alimting sense. Mire specifically, although the 5 various enbodi nents of
this invention have been described with reference to the separation of

et hyl benzene from styrene nononer as part of an overall styrene plant which
produces styrene by dehydrogenation of.ethyl benzene, the apparatus and
processes described herein may have simlarly beneficial application to

ot her m xtures ethyl benzene and styrene as well as to the separation of

ot her hydrocarbon m xtures wherein the conponents have volatilities 10 that
are relatively close to one another resulting in di~cult distillation
separati ons.
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Havi ng described the invention, what is clainmed is: 15 -18 -~ T ~_ 7 a4y 2002
~~i' 1. An apparatus for the distillation separation of a first hydrocarbon
conpound from a hydrocarbon m xture consisting essentially of said first
hydr ocarbon 5 conpound and a second hydrocarbon conpound, the boiling
points of which are so close as to nmake separation by fractional
distillatibn difficult, said apparatus conprising: (a) first and second
distillation colum neans, each s Presserekpectively first and
second portions of said hydrocarbon m xture under dii~"erent pressure and
tenperature conditions, wherein one of said colum neans conprises a

hi gher - pressur &tghiest i | | atTetip. 1 0 c@ressn and FrovafremStadeed t Rednal ener gy
source and the other col um neans conprises a |ower-pressure distillation
colum and an a%soci at ed ‘Chermal emSiagy sour cBkgBPVRL. T junction splitter
for sfplitti ng a stream of sai d hydrocarbon Myl € 1dhQ said first and
second portions;—aid first—and second porti substantially

i dentical compa@gtti on andoteenper at 387 15 (c) f+irst d@® second conduits for
conveying respectively said first gand _second portiops respectively to the
distillation ccﬂzh‘rms of 4% first ‘Eﬁ} second %%un]r?%ans; (d) athird -
conduit for comyeying a hjggher - preggge di stijhhphi 0[1339? ums@ver head stream
wi t hdrawn froman upper region of the higher-pressure disti F1 ation colum
to a thermal eXhange | océt8 on; 20 Q.61 t her ndlS3€xchbi3de8 neans at said

t hermal exchange | ocation whereby said higher-pressure distillation colum
over tad streamis brought into thermal exchange with a | ower-pressure
distillation cgsumm bott sy stream ppgghdr awn (k§pg ajfzouer rggi.p'm of the

| ower - pressure 3i stillation colum so as to produce a heated | ower-pressure
distillation calum bottons stream and 25 (f) neans for returning said
heat ed | ower-pressure distillation cglumm bott S mto the

| ower - pressure Yistillati®e col um.-82 an apd&gﬁusﬁﬁgordi ng to claim1
wherein said fluid sputteg greans furgdger congukggs {fA% control neans to
control the relative proportions of said first and second 30 portions. 3.
An apparatus aczording tdB2l ai m 1 whedlki n saildSt.Ber hE2.%xchange neans at
said thermal exchange | ocgtjion cu~~jiprjses a.r 6) iler. 4. An apparatus
according to clhim 1 wher¥%h the thlle§ enerlég 'gour ce ;9  ~~~f ~~~
associated with each distillation colum conprises a reboiler. 5 An
apparatus according to claim1l fturther conprising a rourth conduit for

returning at |eYst afepdstraanrtoditagedlic= Bi8gmol/pr. €aisigakage) still ati on col um
overhead stream,fromsaid thernal C | ocation to the higher-pressure
distillation col%mh%e%&%@tsgﬁefﬁ“ S?‘gggél?‘ﬂ purified styrene mononer
fromp@n et hyl besyzeneyapor stream overhead from Stage 91 = 1473.4 kgmol/hr.
*4 liquid stream from Stage 92 = 200.5 kgmol/hr.
vapor stream vent from Stage 92 = 17.8 kgmol/hr.

*5 vapor stream from Stage 93 = 4.8 kgmol/hr.
Bottoms stream = 322.5 kgmol/hrs
25 Internal reflux ratio = 6.6
Heat Input Required to Low-Pressure Column
(from the High-Pressure Column) = 14.270 million kcal/hr.

30
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feed by dehydrogenation and subsequent separation, said system conprskfg: 2007
(a) a dehydrogenation reactor packed with a dehydrogenati on catal yst and
having 10 a dehydrogenation reactor inlet and a dehydrogenati on reactor
outlet; (b) a T junction splitter in-line with said dehydrogenation reactor
outlet for splitting a fluid streamfrom sai d dehydrogenati on reactor
outlet into first and second portions, said first and second portions being
of substantially identical conpodeblesl-BsHightPressuiedt ure: 15 (c) a first
conduit in comunication with said splitter nmeans for conveying said first
portion to a first distillation colum; (d) a second conduit in

comruni cati on Wstape sai d sPerhpt er nmeRress. f or c e YondSta@l d secondFgsrti on to
a second distillation colum; (e) cascade reboil er neans associated with
sai d second distf#llation c8um, safsh 2p cascatekgmdydrl er neans incl uding:
nmeans for w thdrawi ng a second-col um bottong,gtream froma | ower region of
sai d Second distT ati on Tolfum; neans for p econd- colrum
bottons stream ¢35t her mal ot act wWs.818 a fl ui d-streangat a hi gher
tenperature to grgduce a heat ed second-col um bottons stream and neans for

thereafter retu?4i ng sai d!'Hebt ed bottbhs streditfo L% s : cond -
distillation cojuam; and, ¢35 (f) a §hp4d conqq§§_1f0¥6mveyi ng a 3 gt
first-columm overhead stream from an upper region of said first
distillation co9@m to sal@#.TascadeS.7Eboil er 1T82Bs 1626&7nction as said
fluid streamat a higher tenperature. 7. A systemaccording to claim®6
furtA8r conprisi'ng a third distillation 30 colum, |ocated in-1line between
sai d dehydrogenggion reacfﬁﬁl and sag gosput t ern7gRgns s ﬁ'ﬂﬁ separ at ypgget yrene
and et hyl benzene fromthe |ighter conponents of the 8e ydr ogenati on react or
effluent. -20 ..- ~ P;t~'d %~~~ A systemaccording to claim?7 further

conprising a fourth disti]])]afion co | ocat in-1i downstream from
said first and gecond di s{h‘i ation J(:@ﬁ]rms fd?g}épaﬁggﬁhg styrene nononer
wherei n sai d el tter moane nol udes T ow cort ol maad ta contral the

rel atlibve propor2i ons of sbBi%6first AMB second7p®6ti @0%7.710. A system
according to claim6 furt conpri sj a four conduit for returning a
first portion o? said fi rgﬁ'?:ol um ‘Zbéghead ;ltﬁggm com ng from sai d cascade
10 reboiler neans as a reflux streamto said first distillation colum. 11.

A system according to claim 10 TIxrther conprising a TifTth conduit Tor
recycling a secthd pfeed steannfo Stagei9ff + B Stkgowl/bminleakdgend st ream coming from

said cascade repoile ans as.a recy treamto said dehydrogenation
reactor. 15 12. g\ pr%&ggmgg%%%ggfﬁhgsgg‘w e nononer froma m xed
hydr ggar bon stream codper SrdantoRiahd fiomt Sigdd1 SUYSEDRgRGFhret hyl benzene
conprising the steps of (a) splitting said m xed hydrocarbon streaminto

first and secon® por liguid streamp frop) Stagesd2 + | Thkampléhrf i rst portion in a first

distillation colum eeRal &4 2 rified styrene as a
first-colum bottonsé%tofggén@l%éﬁ%g?}é&&%&@e ig#/F gg‘f‘? f'umm over head stream
consi sting essem§i al bwgu@mﬁbmwgggkgﬂjom_l | ing said second portion

in a second distillation colum so as to produce
Bottoms stream = 291.9 kgmol/hr.

25 Internal reflux ratio = 9.4

Heat Input Required to Column = 16.580 million kcal/hr.

30
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partially purified styrene as a second-colum bottons streamand to Qrpqm‘p 2002
a 25 second-col um overhead stream consisting essentially of ethyl benzene;

and, (d) heating a recycle portion of said second-col umm bottons stream by
bringing it into thermal contact with said first-colum overhead stream so

as to cool and at least partially condense said first-colum overhead

stream and thereafter returning th second-col um bottons streamto
a lower region of said second col um:. - 3 A process according to claim
12 fiarther conprising the step of returning at -21 I~ v (east a portion

of the cooled and at | egst rtially condensed fjrst-cal over head stream
Lo said first AHREVoysh discusteds o obyresemonomer (SM) planis viich SRV EioRERals m 10
wher ei n S| fheh h /) WY stk Blhy IbanRRE Fal §CyBlcally EiiREred ASSHfeSsT and
hi gher t%m ere%%nr%té}ssﬁkﬁ;artl}%g%’ sgcond.dP’sUtci at%oﬁg%’gl ﬁwh 15. A process
accdr di ngotto 76%egienpds? avdosy the reastmr~The wrseacthidsthylibenzéngrmesy thembeirecoypredat ed at

ressures rangin rom about 5- si.a jn the |ower region of .the col.unn to
P bout . nf Semraieh 8 T h0Ene Bgpult PHer LretvEls th ik reagi saflem I B gestuioh
di sti || atgeQRnCIrpBhehtS li &kﬁén%dwn%bmﬁmmmné R AIPYEuckd3 PSi a

in the lower region of the colum to about 0.4-1.5 psia in the upper region
of the cdlhismixuiré of Aghtrconwenenss; ethythenzenestoerd andteavipeisgypicallyfpd ted d fi r st

distillatjon columm i per at ed der pr ss _condifions erein the | ower
Fegi on odiEtELRiRer W are et iulitaitn B HERSRIY she SRR dis 1 |

t eNIEr at WgorpglishIRust pldfkationsli3Pa Bireeaitéh did@I4iBRET T €gion of the colum is at
a pressure of about 4 - 7 psia and a tenperature of about 90 -110C, and (b)

sai d second distillation colum is operated under process conditions

wherein the | i f th | i.s at. f t 1 -.3 psi
and & temper arrEPHRSLRUHES s GRni e dhdfinch BEEGH rn Bt R o
at a prespiifs of thikdHdependent column B§étem NTheirkCBRRARINhE sées akaviérs 2tk 40 -

70C. 17. A process according to claim 12 wherein the proportions by vol ume

of said flightcomponenssuchashenzens and teduens (Bl ToGolnmn)shomvmmehemasicallpin Big. 1 o

abo 10: 90., 25 . +A process according to claimil12 ' e _proportions
by b1 U gpuh 350; 1 P8 EP g B i hesalied s e (EP SN Sl 865

60: 40 t o thé Rl coftin® BistillPheadich FOFARS NABRAT firefe prodedt FFiRishidgfCUIEMAY shown
conprising a distillation step upstreamfromsaid splitting step to

subst ant i sghematicalipineFigi hag eolumafHbnent s of sai d mi xed 30 hydrocarbon
stream -22

This typical three-column series in the distillation section of a styrene plant provides a
20 further opportunity to demonstrate the surprising and completely unexpected advantages of'
the present invention in comparison with possible alternative cascade reboiler configurations
which may superficially appear similar to that of the present invention but which lead to very

different cost and energy efficiency resuits.

25 Examples 3 and 4 illustrate the effect of applying the general concept of cascading
energy from one column system to another in the conventional three-column series used in
the distillation section of a styrene plant but without the novel concept of this invention of
splitting the EB/SM stream into two process streams for separate distillation in two cascaded
EB/SM distillation columns. For purposes of example 3, the conventional three-column

30 series is adapted to cascade the heat from the overhead vapor of the ethylbenzene/styrene

(EB/SM) column (the middle column in the conventional series) to the final column which
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-~ P~~~ a ~2 20. A process according to claim19 further comprysymg 202
a distillation step downstreamfromsaid first and second distillation

colums to substantially separate heavier hydrocarbon conponents from said
partially purified styrene. 10 15 -23 . A Ay. AN. A . A52. As5. AH A Y.A .A |

A3[. A +_ . AF. AsY. A~F. A. AFY. A r. Ae. AS. ASAR A nl . A5L3Fn&G r.

> I-gb C @V] c@a
o] ca] cal EEOR BN E BRSO BE L TRl A chra( 1 eelcalealea]

AlT"Yxsnid_ZUl ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]l

|
;g]sgoa/q]&gg]?c ?] C a &"]( g?)](WW} S al]eﬁ?‘lrﬁ‘gﬁ%’%hggm)ﬁmbwkm’% "’éf?,e&]iﬁ‘&]'@é]'léﬁ"] Becal ca

| cal cal cakeg] GREFRLGRLS @@gé@&%@]@&j%&%ﬁ@&aﬁlﬁ%@ﬁkw Gepiehcal cal cal ¢

]:: = ]Jy > ]> I\/Bfmqieg h{ l])(h}] tem]aexat]xm]wiﬂ]: te] seedndadmallee Iae]l\?gﬂ]mbpjm]s hadtmah anich a]:%ei caj (2:
a] ca] ca] ca] ca] c”a a cal cal ca GGGH
HHHSI FI 1 | mm ?ﬁ%ﬂ@&ﬂﬁe@r }E“é}‘&% Sd&‘]"d’&j‘é%j‘%ag]%‘e%‘]y [%BE Eh‘?‘&a] cal ca
Lea akeal SNy OR: RERPPPP” RR5S@BS
]SgamY ] ] ’\’\{ vgl f° [\/]a]ég] cal cv’%g{/s]?@%] c]é’]G@']g]ﬁ?la] cal ¢aj ca] ca]é(?ao] cajcajcalc
a] ca] ca] c’tex]mnxgtg?);]bsga]%zgd ma}uﬂWm@m@lwh&q&i}w@;ﬂg&]ﬂﬁ?wm\at}?:hﬂus géx]]]z:Riaea]ga
j amapasavayxaaa g 3 calca]c
a] c”a] ca] Giéé(]’@gfec’giecm]‘{?a FHCEL Q?Zif %f? §ieBRes g vm-mmm
NNNN{Y 000 WA frestyrére! distil M ROVIricticap) ﬂo&édes qhé ﬂ%‘eﬂl&@lt&ﬁ #drcal ca

] ca] c™a] ca] ca] ca] ¢ca] ca] ca] ca] ca] ca] c”a] c”a] ca] ca] ca] ca] ca] ca] ca] ¢ a] ca] caly
XZ}{ I ] | }]EEWM ﬁﬂiﬂ!@nmct@@x]ﬂ md@pc@m@mmt m]fdfliﬂg? _fﬁirc_&émal]eg E]A? a] ICa]b
ca] ca] ca]ca calca a ca L*¥>5ij:(w = %

1 W V] ca] ca’PJE'E‘?lLY '% 8‘]1 11']“{% L]‘% ]@5?@2&'{4&}*@3 séﬁ‘#fﬁi"(?ﬁ]sgoﬁgl g ca]ch]
cal ca] ca] gake akaal b 8héald

n7Au} xsni d_Z] V] ] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal | XC5LTi NQTY7Au} xsni d_Z] V] ] ca] ca] ca]
ca] cal ca] ca] ca] ca] ca] ca] cal ca calcahcal ca) ca. ca] cal ca] ca] ca] ca] cal ca]
ca] cg% ca] ca] ca3Fi K-s, " 10% & (§F+s10° Sy iEERNE) -0 10%2& ()-' 10%& ()
9°10%& ()-1 10%& () - n&GeF- s, 10(%2&' 1G'10%& ()-2"10%& ()-F$10%& ()-f
10%2& ()-sf!10%& ()- Lml0% & () r.

dE-s, " 10% & 13%d0% & ()-&0! 10% & ()-. ! EBS&MColumn 10%#inishing Column

1008 () 141 10% 109%,' 100h& ()- 107 10z 107#<
)10cyz§¢(§)é1‘t?3}&° %f“%@“foﬁ?&’@%m%@ow&() 49 102 102 1045

Overhead Pressure (psia) 1.354 0.773
20 Bottoms Temperature (°C) 93 98
System Heat Input (mmkcal/hr) 7.3 34

The total heat input required by this two-column system is 10.7 mmkcal/hr (7.3 +

3.4). The heat input to the finishing column includes both the high and low temperature

25 sources. To achieve sufficient thermal driving force to reboil the finishing column with the
overhead vapor of the EB/SM column, the pressure of the EB/SM column must be increased
and the pressure of the finishing column must be decreased. Given the same feed rate and
product compositions as the standard case above, one feasible set of operating conditions for
the Example 3 cascade reboiling adaptation is illustrated below:

30
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0% ()-m!y#109%& ()-m XI{Y:19"10% u& ()-!~(gl0%u& ()- 10 h 10 h 10 Hg1¥sh 2002
h& ()-! " #109& ()-m!i #109%h& ()-m1;, dE{Y: ! Y&10% u& () -

10% u& () - y3" 10% u& () -

L1 10% u& ()-,10% u& ()-10% u& ()-, A dE{Y " 10% U& () - @#10% u& () - 10% u& ()
SL110% u& () - F"10% & () - #10% @& L - 940% u& () -+ 10% u& ()-9*!10

% u& ()-(!10% u& ()-' 10% u& () =YoEo%s us 571 10-u9

10% u& ()-F7G'10% u& ()-59%40% u& ()-3 1Q% 010% & ().-! /3* 1096USU& (
| 1jH ! 10-u! f npAO% ()-!10%& () - 10%85(-%&—1@& -3 10- u

10-ul AL LR 0/(10%I'&' flO%I'&' () 3

1099& () - oﬂ%g‘?b ?d‘;?goa&f;‘% %ﬁw&&asw 1% u- 109a& () - 83:y

10907 & () - OMAlRad PRisgyre (09T & () - 10977& () - SUBBIBE () - &&?' | ' §:580" ' ' xnbC!
10-u" ' 10% & 0T 10T :

10908 () - @pf(ezmi%emve@&éié“%&- ()-2109@& ()-' ' 12 ((0)aBmbC 9

10-uf 9! 10 (e WAEL0% u&' () - 10% & () - 3

& 10% u&' %?'%m'%oa?m (g%ké r\Bl) Xk *x +aBrrbC'89 3

10-u, Ilowasepw(eyame_bwa&n(gHea mman(r)- 1 $10%-E & ()-FT10%2&' () -
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10-u/‘10%u&'() ‘-$10%u&'() &3"10% u& ()-!#7940% u-u& ()-f 10% u& ()-g
10% 9% () -: . S. 1n Wik bdsk] the brerhéad vhBorbf ik BBARM HolhfiniPdedad!bbil thefinishing
"10% u& ()-5"10% u& () - 310% u& ()- @ 10% u& ()-~/r/1122J2dEYNC! 10-u
1098 () - s colvg ottomsl Gv@ortipn ofitke oyyrhead)\Gip@r §teamio e@idensed e thikSindshingE YNC!
10-u

column’s reboiler located at the bottom of the tower. The balance of the vapor from the
EB/SM column not used in the cascade reboiling is directed to a cooling water condenser. At
the above operating conditions, the differential temperature available for cascade reboiling is

15 approximately 9°C (105 .- 96). The net amount heat supplied to the columns with this scheme
is 9.4 mmkcal/hr (8.9 + 3.3 - 2.8).

At the required higher operating pressure of the EB/SM column, the relative
volatilities of the two key components, ethylbenzene and styrene, are reduced such that 20%
20 more energy is required to achieve the same degree of fractionation as the standard design,
(7.3 versus 8.9 mmkcal/hr). While this cascade reboiling adaptation on one hand recovers
energy from the EB/SM column by cascading it to the finishing column, conversely the need
to operate the EB/SM column at higher pressure increases the required energy input. Overall,
for this example, cascade reboiling saves about 1.3 mmkcal/hr. Based on current energy

25 prices, this transiates into an energy cost savings of about $100,000/year.

Operating the EB/SM column at higher pressure and temperature, however, requires
that the rate of polymerization inhibitor addition be increased significantly. At the higher
temperatures required by the cascade reboiling adaptation, the styrene polymerization rate of

30 the EB/SM column is 7 to 8 times higher than the standard (non-cascade reboiling) case. For
example, if the polymerization inhibitor dosing rate is doubled, the increased cost of the

inhibitor would be approximately equal to the total projected energy cost savings from
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Tooe: () ctsoalgsappiliag: MY s ol (RGN o Gl ok MR iefy s o
10- uL' ! 10%&atiks andlgBi$mey to alsd incrake.l Plidrefore, evaluating this Example 3 adaptation in its
10968 ()-7! L09F& () -5YYA09%F& () - DYDE, FzFF/ GIEBC

10- u! 10%&’ qoyirey ?“EG%&“Q ganclugo ga(t }he lg‘@@ed/&bs( 9t ighibitempegatys il of the projected

4 Lsi00 (Foaregnua (ps et Tthmirt, Bffeicatsypata epoipe inbgrently

s, abiam st o ) rodiiio, 2 pcnt gl
KKKKLM = 0 0 ' 0
109%& () - 7Ceheidips e?amtmnmlm%mw ypmeémm&s@fe%dﬁ%w@ ()-F

‘Vd.O% & 1A R 1090°& (
) 0w B U PR PR oRTRe TlsB B0 291 Lot
T& ()-/ 10%5&;( froth hEEMESixg to islegaIERAsase RBBRIABRIRNJIDEY (b0YMiE CoNVERLINED EB/SM
10%1) & () - £ (d' g}? & 1090& () -/ 10%& () - PPPPPYQQ [ 1] PC 5109 & () -
s10%s' &() ai'@li}é M. 9109 & ()- | t10% & ()-

10% &() - QDR RRES@SS| [:]PC MLO% & ()- f10% & ()- s10% & ()- S10%&& ()-
S1094 & ()-- S10%@B& ()-SSS=VWWW [ :]PC F2! 109 & ()- 3510% & ()- 010% & ()-
BF"Y'109% & ()-° -10% & ()-- 940% & ExandyWWKf YY/ [vU4 3S$10% & ()-m

3040% (y& ()- P3%40% & ()- ' 10%(yé& () - 10)10) 10) -

: 109 & ()-/[[\]]]]]] | [NA410y(y10y(y10y(y F3940%(y& ()-P Y@ "10%(y& ()-3
FI $10%y& () - Fh%iQyda (ﬁo& Qdﬁiﬁ 1i0h bf the conventitithl BB/sM0% & () -
10% & ()-P 10%&() 1008 & () 108 ) - -

B' 10% &" & q:;ul&tmﬁ@#stym@mnwgmmga%&ﬁ(s) ccfumn in the distillation train (B/T

15 Column) with the EB/SM overhead vapor. The heat duty of the first column

(benzene/toluene removal column) represents only 10% of the total energy supplied to the
distillation section. Given the relatively small heating requirements of the B/T Column,
additional investment cannot typically be justified to support cascade reboiling of this service.
Moreover, because the feed stream to this initial column contains dissolved light gases,

20 lowering the pressure of this column is usually not practical. Reducing the pressure of thi's
column results in a larger increase in hydrocarbon losses to the column’s vacuum system.
With the normal bottoms temperature of the B/T column being around 100°C, cascade
reboiling is difficult unless the heat source is on the order of 108 to 110°C. Again, having to
operate the EB/SM column with this elevated overhead temperature results in a significant

25 increase in styrene polymerization rate. Similar to the finishing column adaptation described
previously in Example 3, the cost of increased polymerization inhibitor would negate any
energy savings. Again, based on economics, cascade reboiling of the benzene/toluene
column with the EB/SM column overhead cannot be justified under normal circumstances.
As with Example 3, Example 4 would teach those skilled in this art away from attempting to

30 integrate cascade reboiling technology into the conventional EB/SM distillation system.
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109 & ()-3 1099 & ()-3 109 & () - 37610N & ()-- -7 OV 200
3.10% & () - @A CMFAKAXAYA <NAA10 #33 10% &' ()-3 10% & ()-3 10% & ()-3" VY b
109 & () -#3YrZM[ M A~ roMAhL, 43 109 & ()-3 109 & ()-#3 3 1099 & ()-3
109 & ()-3 1099 & ()-3 109 & () -trzAnannn 243 1098 109 & ()-3 109 & ()-3
1099 & ()-#33 109 & ()-3 109 & () -AnAnn 2,43 1098 109 & ()-3 1099 & ()-3
109 & ()-3 109 & ()-#33 109 & () -"MAIMNMANT < 43 10#33 1090 & ()-3 10%9 & ()-3
10% & ()-3 109%™l berapparent to those skilled in the art that other changes and modifications may
be made in the above-described apparatus and process without departing from the scope of
the invention herein, and it is intended that all matter contained in the above description shall
be interpreted in an illustrative and not in a limiting sense. More specifically, although the
5 various embodiments of this invention have been described with reference to the separation of
ethylbenzene from styrene monomer as part of an overall styrene plant which produces
styrene by dehydrogenation of ethylbenzene, the apparatus and processes described herein
may have similarly beneficial application to other mixtures ethylbenzene and styrene as well
as to the separation of other hydrocarbon mixtures wherein the components have volatilities

10 that are relatively close to one another resulting in difficult distillation separations.

Having described the invention, what is claimed is:

15
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10% & ()-#33 109 & ()-3 109 & ()-P___ " b g mv__?,43 10#3 1099 & ()-3
109 & ()-3 109 & ()-3 1099 & ()-#33 109 & (DaMe W X_J " "~= 43 10#
"109%&' ()-Z "10%mR ()-Z @ "10% & ()-Z 9 && ()-Z3
10% & () - #3" aJaCaPaaRaeagavU4

1. An apparatus for the distillation separation of a first hydrocarbon

compound from a hydrocarbon mixture consisting essentially of said first hydrocarbon
5 compound and a second hydrocarbon compound, the boiling points of which are so close
as to make separation by fractional distillation difficult, said apparatus comprising:

(a) first and second distillation column means, each for distilling respectively first
and second portions of said hydrocarbon mixture under different pressure and temperature
conditions, wherein one of said column means comprises a higher-pressure distillation

10  column and an associated thermal energy source and the other column means comprises a
lower-pressure distillation column and an associated thermal energy source;

(b) a T-junction splitter for splitting a stream of said hydrocarbon mixture into
said first and second portions, said first and second portions being of substantially identical
composition and temperature;

15 (c) first and second conduits for conveying respectively said first and second
portions respectively to the distillation columns of said first and second column means;

(d) a third conduit for conveying a higher-pressure distillation column overhead
stream withdrawn from an upper region of the higher-pressure distillation column to a
thermal exchange location;

20 (e) thermal exchange means at said thermal exchange location whereby said
higher-pressure distillation column overhead stream is brought into thermal exchange with
a lower-pressure distillation column bottoms stream withdrawn from a lower region of the
lower-pressure distillation column so as to produce a heated lower-pressure distillation
column bottoms stream; and

25 (f) means for returning said heated lower-pressure distillation column bottoms
stream to the lower-pressure distillation column.

2. An apparatus according to claim 1 wherein said fluid splitter means further
comprises flow control means to control the relative proportions of said first and second
30 portions.
3. An apparatus according to claim | wherein said thermal exchange means at
said thermal exchange location comprises a reboiler.

4. An apparatus according to claim 1 wherein the thermal energy source
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5 An apparatus according to claim 1 further comprising a fourth conduit for

returning at least a portion of said higher-pressure distillation column overhead stream
5 from said thermal exchange location to the higher-pressure distillation column.

6. A system for producing purified styrene monomer from an ethylbenzene
feed by dehydrogenation and subsequent separation, said system comprising;

(a) a dehydrogenation reactor packed with a dehydrogenation catalyst and having

10 a dehydrogenation reactor inlet and a dehydrogenation reactor outlet;

(b) a T-junction splitter in-line with said dehydrogenation reactor outlet for
splitting a fluid stream from said dehydrogenation reactor outlet into first and second
portions, said first and second portions being of substantially tdentical composition and
temperature;

15 (c) afirst conduit in communication with said splitter means for conveying said
first portion to a first distillation column;

(d) a second conduit in communication with said splitter means for conveying said
second portion to a second distillation column;

(e) cascade reboiler means associated with said second distillation column, said

20 cascade reboiler means including: means for withdrawing a second-column bottoms
stream from a lower region of said second distillation column; means for passing the
second-column bottoms stream in thermal contact with a fluid stream at a higher
temperature to produce a heated second-column bottoms stream; and means for thereafter
returning said heated bottoms stream to said s~.cond distillation column; and,

25 (f) a third conduit for conveying a first-column overhead stream from an upper
region of said first distillation column to said cascade reboiler means to function as said
fluid stream at a higher temperature.

7. A system according to claim 6 further comprising a third distillation
30 column, located in-line between said dehydrogenation reactor and said splitter means, for
separating styrene and ethylbenzene from the lighter components of the dehydrogenation
reactor effluent.
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F10% & ()-F 8. A system according to claim 7 further comprising a fourth distillation
column located in-line downstream from said first and second distillation columns for
separating styrene monomer from heavier hydrocarbon components.

5 9. A system according to claim 6 wherein said splitter means includes flow
control means to control the relative proportions of said first and second portions.

10. A system according to claim 6 further comprising a fourth conduit for
returning a first portion of said first-column overhead stream coming from said cascade
10 reboiler means as a reflux stream to said first distillation column.

11. A system according to claim 10 further comprising a fifth conduit for
recycling a second portion of said first-column overhead stream coming from said cascade
reboiler means as a recycle stream to said dehydrogenation reactor.

15

12. A process for separating styrene monomer from a mixed hydrocarbon

stream consisting essentially of styrene and ethylbenzene comprising the steps of:

(a) splitting said mixed hydrocarbon stream into first and second portions;

20 (b) distilling said first portion in a first distillation column so as to produce
partially purified styrene as a first-column bottoms stream and to produce a first-column
overhead stream consisting essentially of ethylbenzene;

(c) distilling said second portion in a second distillation column so as to produce
partially purified styrene as a second-column bottoms stream and to produce a

25  second-column overhead stream consisting essentially of ethylbenzene; and,

(d) heating a recycle portion of said second-column bottoms stream by bringing it
into thermal contact with said first-column overhead stream so as to cool and at least
partially condense said first-column overhead stream, and thereafter returning the heated
second-column bottoms stream to a lower region of said second column.

—30
13 A process according to claim 12 further comprising the step of returning at
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the column is at a pressure of about | - 3 psia and a temperature of about 70° - 95°C, and the

upper region of the column is at a pressure of about 0.4 - 1.5 psia and a temperature of about
20 40° - 70°C.

17. A process according to claim 12 wherein the proportions by volume of said

first portion to said second portion range from about 90:10 to about 10:90.

25 18. A process according to claim 12 wherein the proportions by volume of said
first portion to said second portion range from about 60:40 to about 40:60.

19. A process according to claim 12 further comprising a distillation step upstream

from said splitting step to substantially remove lighter components of said mixed
30 hydrocarbon stream.
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