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Applications None. Background of the Invention

Distributed distillation has been suggested as a basis

for the design of refinery 10. systens, ethylene

[)Lewwt j oegfﬁéggm?&@mmnew eFrmS‘ltRlBlur;l;Elg ﬁltsg*rlTlgLATlON IN

operations for many yearg"?% s%rlVE eYS distillation

i s best understood by contrasting it with sharp split

di stillation. CrssRefdrensdld Reftitsd iAppftatidhs a

separation i s nmade between Tight and heavy conponents
Nona.hat are adjacent to each other on the volatility

curve of the m xture being separated. That is, 15.

there are no conpounds in the mxture that have

volatility that i sBhekblinRgoptHe thenﬁd‘rOSG of the Ii ght

and heavy conponents. For exanple, a ty

sr&smbsnmd distibatiamhas beep suggested asna baﬁw f@n éhe desigardf refinery

oyt B 8o AR Bl DR LB 3BTRS, ptotum ang

petro%ﬁémiéalalsbpamonéo@yét@nﬁs agpseratiénd ofok on@rryorye@r@ Distributed
essentially no 20. ethane. The overheads therefg

distilleian ds begt |und@rﬁé@%rhyscqmtgaﬁﬂeg it with shesp $I§'ﬁtd'$<t@§t'°" In sharp
split g%ﬁ?&ﬁpcongg atlen% Lrﬁﬁ%% R%R&é@? ﬁ%hteélgdr hteﬁég Q:ohﬂfqrgents that are

adja%mim@ :@lenh dtieergon fiiepakadlity Glsve of the. mixture bking rsebataiéd That is,
istillation o

thereogfmgowﬁggaghgg hphlgqxa’}léqsegﬁ'ggj I}%/{@L]{/olgﬁlltyhtinat Is mtermedlate to
thgg%@# ﬁiéoﬂ@ﬁ)eéngem Arpidritdut ed distillation anal og :

nlzer Is a "C2s distributor". A C2s
diEnrr@;mmnpﬂe adi/pinal grarpwapdit dackiaaizer splunon maam@:hyl@n@ recovery

SyStAR PoERR P eh e SRR U EOIRme A RIRIRReA 5 SV FdIRecs of the
colurhA éonﬂ?am @s§érﬁﬁah A6 ﬁi@pW@ﬂle bhe mwegbéﬁom@n@@m@m és§entlally no
nmet hane and the heav nponent i s propyl ene.

etharenpldieaverheads thete aas} se@mn el C@amcrmﬁ%mgbtertthan ‘the fight key

comifft (i EHENE, RS, 860, SHBADETRARME i o porponens

hea\!IHrQhah @ﬁ@heaw thinponasiee.d. frB'Opan@,tM@tapd et hyI ene
"di stribute" between, the colum ov headﬁlﬁand bottons

THR aoUisiritided %W{aim eprtionn#hé yiBeRet 'B%de ‘between
compPilent8 thaBirR e addH dr Y latility curve. A distributed distillation analog

to the deethanizer is a “C2s distributor’. A C2s distributor column produces a sharp

split between methane and C3 components while distributing ethane and ethylene
between the column overhead and bottoms. In a C2s distributor column, the light
compbnent is methane and the heavy component is propylene. These components
are not adjacent to each other on the volatility curv‘e;'ethane and ethylene have a
volatility that is intermediate between methane and propylene. In this case,'then,
ethane and ethylene “distribute” between the column overheads and bottoms. The
overheads contain some ethane and ethylene, as well as methane and lighter
components, but essentially no propylene. The bottoms also contain some ethane
and ethylene, as well as propylene and heavier components, but essentially no
-
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conmponents, but essentially no propylene. The bottons

al so contain sone ethane and ethylene, as well as
w@e@ppswne and heavi er conponents, but essentlm:T/jJsmo4/00779s

-1 WD 2004/ 085023 PCT/ US2004/ 007798 net hane.

metfighl " or HoOiag: (HhbL sifincalon or iy [RAROIEH:S i 8 oo

dowtlsFeamiuslgsngl sti l | atl on systemis that it requires
| ess total enertgé)hl produce the final purifjed
T t%Chdl

coAeanait of andia stifalien systappissthat it'requires less total energy

E pﬁ?@fv"&' L7 e B BRG om Rl 4, pHBIOGREE B wh e istation

seqlﬁélﬁfe it faeEnBf iRSstaRainge iRy dnefly ehvingePSRRtics By tdistributed

fewer overall phase changes. Phase changes
dlstltlaimmaqﬁmtnbﬁco@mphwms the iseppratieguek eompengits with fewer overall

ol 45456, BB EP g (BRI GBRHSoial ) 50 Bheray, an

redueiigPtienaudber of pRBSe ichapfes Ao refuked the lenef@) @dmétﬂnptlon of the
- the overall energy efficiency of a distillation-based

SySfGVStem Thermal coupling of colums consists of

AU Sk RO o g overa

. eneiggpefficishcy @ﬂlaﬂmsﬁuaitlbnabaem@b@ysﬂedﬁ dTaermébr @dupling of columns

ownstream colum, In_ this way, the conpositjon of the
consigis| gk Rreyding zﬂﬂuldhéeﬁ% tQSaoF‘)'tJH'ﬁ' thy @ liggidygide draw from a

conf o ol BAIONG SBARRRRE 0 Sy A Bl ice craw

froncaddenstrean.ciamins dn thiseway rthe cotmpusitioh ofcthe reflux {iquid gt the top
r sent to t om of he col um

of thé BaHERIA TSI, PIRSRT (o i BGU PSSR EXRHRS 6 1 P of the
coluftin 3% &y P@ rﬁgggt:j'?ég by%ygﬂﬁﬁbo r%ege'l‘.ﬂ{e%lgé’ thé" | ddingbsition of

convent i ona erma coup I Ng reduces
the sthppmgmaﬂog seht tiethe kottard . of dbensohumnn és mushi oleser toribe equilibrium

.bott o { um_apd th nt .. t
compiiiRenTang, el e RO of v EoG DR Yos) 1Y Yaresgenereted
withi dTB6 Ve iohAE réBEfIeRD diHiS theérma fdoupling ¢ed @ded the émbum@, of heavier

reduci ng reflux and reboil rates and thereby savi

- comppeedty. “Temixerd]i intethedbaitemngf Wae | calwnonfArd rta@eaﬁ@@ﬁt of lighter

com@ﬁ@%i{ﬂ%l ad?rﬂl,geﬁe irR5 RS @5 b #%e EOWn t ?Plsclmb% ﬂiesﬁieﬁﬁbdynamlc

rocesses w thi e pressure s
effici&hicg fuif ‘tk’géJaoluﬁih Eeéﬂdmg 3éﬁlu>damt Ir@b@blraes)anﬁ rthereby @aving energy.

colfeiiens g al sabimis hya kgt ranted Fribe Rt as a way to
combiMe dRtinBP dRERatfSH prd&s¥es within a single pressure shell. Wright (US
2,471,134) disclosed a partitioned fractionating column for separating components of
a composite fluid in 1949. Petlyuk et al. (Int. Chem. Eng. 5, pp 555-561, 1965)
disclosed a systematic discussion of dividing wall columns in 1965. The early
dividing wall column designs included a dividing wall within the middle section of a
column, with open, full-diameter rectifying and stripping sections in the top and
bottom of the column, respectively. Oginsy (US 5,709,780) disclosed a dividing wall
column in which the vertical dividing wall extends from the middle section of the
column all the way to the bottom of the column. The dividing wall therefore supplied
the column with two stripping or absorption sections. Oginsy (US 5,755,933) further
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di scl osed a systemati c di scussion of dividing wal

colums in 1965. The early dividing wall colum
waele®itgs®23 ncl uded a dividing wall w thin the nPcdiUg2004/007798

section of a colum, wth open, full-dianeter

disc[g%fa%j' f%&\? gpagg% |:I1l.ﬁ‘P ngﬁ&g% ons |c@gqilxgi§pgf yygq eﬁends from the
mldéle@e%tlaﬁ@f tl‘i’é ééiuﬁﬁfgll ﬂ'né'\bvéy% b M@J of the Yolifin] W’H@‘djl‘mjmg wall in

the vertical divid extends fromthe md
this sase suppligd theecolumhwwth ’EWO sewaratm;ethlmgl eebhnnaam of

t hsm%%l (ﬁﬁ" & &&@@)\A ! ”%V’(Ep Lg;‘ﬁs ef o ﬁpgﬁ qgﬁémn for combining

the %éf/l'%ézo and’@eetByRhefztd ﬂﬁ‘fctlong df‘@r?%%fn@fgﬁ@ﬁg separation train.

04/ 007798 di scl osed dividing wall colum in
Thisntolahant desigre contains didiiding gvallaﬂhat extemdésfrﬁmdhemddle section of a

404 Pgﬁgpﬁtg tbz% p&pmn tfﬁ\g to tggtgtprggre split into

two bBftofifal dHBRoKS ! 'Fe*e%rﬁ&%%%@ n'ilﬁafe' 6fy6ﬁlﬂoﬁﬂfétsb%'é%tlons which acts
Stork (US 6,077,985) discloses the use of a divid

as a/vdeethauizwmolmnnc arttsi fullrdiametent ieetityig saction o{qthamdolumn acts as

an éié@gpéltrgg Z' n %ét%ﬂg-%par}ggf{%ﬁga%}eg{gnsgﬁ%r%%% of the dividing wall
actsde\é/ bﬂ'é‘tﬁyléﬁé'stﬁﬂﬁér %\ﬁé‘\%‘r boeof e @ibﬁl!ﬁtlbrﬁ%bh@ﬂs @ﬁsclosed by

col unn al to e bottom of the col um.

| Storwtmm Shern-wdlter@th@r n dlsﬁﬂhutﬁd digtlllaion. oms secti ons

o e 18 887515l diofed off Boftbindf 18 0F ba M atiputors and
ethyleird distiingoredr the ffcolbly 6P etiflers firond crakean gas mlxtures for a
et hyl ene rectifying section, and the section on

vaﬂ%tvrrefrfe@ddam tMa_nlev\ﬂr\sii th%y (Hydracarien Eﬁoe_q%m%#évrﬂ 1999, p

f
17 e aPREE AR ety Ttiifind Seblioft 'Ry |3 MGhp@NShell, and
combhirding lsbpamﬂe etmpumg aéclions ivenh ayngleJShéll _65!5, i&ﬁ@ombmmg rectifying

and %‘@rﬁﬁ%{uﬁé?@g{ frgm n(g g?%ﬁ?l’%t%g@g@@g thl@%ltg;lo @Lgﬂgs inio a single
shelf.rom cracked gas mi xtures for a variety of feed

types. Manl ey and Hahesy (Hydrocar bon Processi ng,
Ap he m%snt nveritipnt eelatie stoc 8 ndistillatigns epltinen én which two distinct

ekl hReE LRI NRIRUShSHuFe BRE e SBliviangy oovery nd

purifidioh, al’@tﬁclﬁﬁ\heaqm@ A bingld sisdli. f yi degar: adafl ivithiim @1@ single shell
-~ sections fromtwo separate djstributed distillati

divides) tieneoluntibirdo Fongs dn wingh |the g:bstmm éilgﬂl@ggntfunctlons take place.

This! |ﬂ\\/§r§fdrfﬁrne::s§h?s{ ﬁlz rahg?ll%t@é ﬁ{a't Hr & Béé[ﬁ! déiﬂcﬂéﬂ’t fiiplementation

y coup iIStr
of distgibuteadistitatiomnitt teen sedaveretamgd pamal ennificatiomraf ethylene. This

invention further relates to the recovery of ethylene from a cracked gas stream
through the use of distributed distillation, particularly through the combined use of a
C2s distributor and an ethylene distributor.

Prior art designs utilize separate distillation columns for the C2s distributor and
ethylene distributor functions. Two separate pressure vessels, foundations, and
support structures are required to build and operate the prior art system. This
invention is an improvement over the prior art in that both distillation functions are
combined into a single pressure shell. Therefore, only one pressure vessel,
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purification are conbined into a single shell. A
separating wall within the single shell divides the

W@ odogss0ent o zones in which ,the distinct di stPCT/EH81004007798
functions take place. This invention presents an

a f.Qn i tal.- f' A . . .
fourfRBE 43 BB BYie8euFARFE TR s ygnton. Tris
resultsqnva reigreificantareiduation un i Hoth ahiaterialy aﬂtjhmlsﬁnatloﬁ ltoSts compared

invention further relates to the recovery of ethyl ene

withth@ prigr aftacked gas stream through the use of
distributed distillation, particularly through the
conmbi ned use of a Cgs di stributor and an et hyl ene

di stributor. Prior Summdas ghiheUhivéntich separ at e
distjillation colums for t;ﬁe C2s distributor and 30
et hhisdpveriien regigssan ppRatatus dor theoreseparyaard padial pusfication of

ey SRR R g M5 S prosure hor

encadassan - upsart fegion thatnhasinoethvidlie distfiblitoe r@étif?lhgaééction and a
in that both distillation functions are mbi ned i nto

lowey regis @aérlwsar@ Slislriputorrggctiosr and & 9trwi@qoﬁl@§rmt@r stripping
4 4
st Tho ity F PSR T A o dyars v
the eﬂnyled'@ Id!};’anlmitot restifyingesédtiom and Tor Strarfsp@btirththm liquid to the C2
ni ficant gﬁctlo in both materi al s and
distribigersectiongand E@P&#@Hib%pf AiriPRINGyP¢dionar ¢ The C2 distributor
sectighHRY whef?ﬂapr%phnef&?fuu% gﬂﬁgﬁ Oﬁd;%@@ﬁd ré %6l BF‘a??é”io prevent the

appar at us e recovery rtral purl I ca

. passageydkliguid ramvapdnbbtwean hmih fseetions.r AéaporAs pasgeéd from the lower

still,ation colum pre re,shell ases. an p L
rogidr, §iign e HPE el  FA GHE (R 19 IMIFLCRRo I yBGC2 distributor
sectifction and a lower region that has a C2 distributor

section and an ethylene distributor stripping 10.
sethisdavention wpiber secitestaprecassdns tifeorecoyeryeand pgrtial punfcauon

of <, 4 E 00 MDARACL LRGBS RS0 = it

coluitrie pl’eswlr@ dhelit BRcdsing Chrstdppl@lntl@glo?ﬁhbugih aaﬁl éth?lene distributor
yl ene dlstrlbutor stripping section,
reCt'g’l'"Q se@ianoand adeweb Fegiar hoHeingt %92&1@"&“&%39&9@6 and an ethylene

dlsiiﬁbidapgﬂnﬂ%*r@e%ét% aF S fRRY %ﬁ?ﬁmt g Eéd lltlli% ihe C2 disiributor

I'qui d or vapor ween sect
sectmsapoStrwmumss;e@'sfareralm éntranumedlihto tim oa ailaﬁ'mutdtaecmn and the

ethylghB: el stoBoorrction: s Uplowitid Gepars,rorB thp dos cirigutor and
the EthPRARSIERbUGCsHHPPMECSSCtRIaRA Htiodlucey rlhtfc:' Rt é®lene distributor
recﬁfying section. The ethylene distributor rectifying section is refluxed, and distinct
hydrocarbon products are recovered from the C2 distributor section, the ethylene
distributor stripping section, and the ethylene distributor rectifying section.

The apparatus and process shall be described for the purposes of illustration
only in connection with certain embodiments. However, it is recognized that various
changes, additions, improvements and modifications to the illustrated embodiments
may be made by those persons skilled in the art, all falling within the spirit and scope
of the invention.
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of ethylene. At |east one hydrocarbon feed streamis

introduced into a distillation columm pressure shell
WE@n@assgs an upper regi on housi ng an et hyl ene PCT/US2004/007798

di stributor 20. rectifying section and a | ower region

housing a C2 di st ' : hyl ene

di stributor stri pg?'gﬂbgéﬁ'?‘ﬁﬁ 8#”%@32}& reamis

Flgtunet 1 ddpintsian rinbddimefPofithis inventien in whichitwo. distiliatippifagctions
ar.s re al so |ntroduced into the C2 distributor

are Sopahigad inia 2 $igg leshellvdHeh icorpemgtaso ditiding wallg
section. Upflow ng vapors fromthe C2 distributor and
the ethylene distributor stripping section are

i ntroduced into thtalle(d Ddseriptioh of tHellmventicth recti fying
section.. The ethyl ene distributor rectlf%l ng section

is rlalﬁlret&é’@pl% idistriRutor anglepthyiensstistgbutal colinpg as combined
intor§ Qﬁgfee Sgl i 16 u% giréésrdrguélfgll Sqfk! g Qﬂg Id I&ﬁy@n is designated

|bu tripprng Séction

C103t h}9&| lewer de@tton @MB'DM iscdividediin inecsulesections t@panﬁmbemWs wall
process shall be. described for the purposes

that; mneugmsawp&rﬁnsm of ljawidsoamwanars drafm oResaibrsgation to the other. The

[l I ac s
SRR ol o eSS0 S VAN T v
dividingt the sédticstsr ist twwaﬂtodtienmﬂys insajatbe toreduby theoamount of heat

tranrs PotSEn 406 w0 shb el anBokh SecHonchoard Sadism B contain

mec?ﬁ%éé?%%%fe@ogﬁaeagbbﬁ acﬁﬁﬁgﬂayetdfr%c%gt it BnRhes ghe contacting

Figure deplcts an e hi's~i nvention |
of lighidshandwyapoes inl each of thieisectians Each sectibn rezo camtairaa different

at di l1, 5 .
typpf BieRsaRaL i Tbuli 3N ERERS Foufer bt M ednpefs e dosians of
suckaiRvities! Bs RUkedwRisliRIsR)EIAIRA iflitRé Brbut or col umms as

conbined into a single distillation colum pressure

shdile ugpr saalighof (6l Qinpbeve thesdiyisingwall éa designalesihes Section C

in Fﬁ Gl 9N Ak S i cbﬁtﬁﬂ'{vh‘fj&%a'nigsa?tc%égﬁqra%ggﬁ%é filiigé iﬁ frays or

ervi ous wa preven er o

pachmgijmatraref detﬁgmrﬁ te uintmmcki the gombbté oﬁtAlh;el‘dd agbevépbr within this
secﬁslqlfp.[:i tIg\(/)qmr e${4§>r q?c::tgo o(rttqe,(py?s,s;at {eq%gt §Sg@||§[{@np§%tséd in E101 and
1o BMREGAl u

e 4818 YIS T Yol I8 SR R BD ATBUR! 25 = porion
of ifseredoyered hqudd%use@mo Prandae s@ffux lieddh ﬂratmiiemdhectep of Section C

sych ongactin S, or ing, that enhapce th
of Bl EF1675 S Pec@riised JEL ey Eaiorapvahifa stisam 105 as
an é@hb@ﬂﬂiqu@@i’o&ﬁﬁt | SBctioH CCBNCHI0N M 4I68TIRAVe one or more side
condensers, shown as E102. Those skilled in the art will recognize that there are

=)

many potential designs for the overhead condensing system that are represented
schematically by E101 and D101 and the side condensing system represented by
E102 in Figure 1. The specific design of these systems does not impact the nature
of this invention.

Downflowing liquid that exits Section C is distributed between Sections A and
B, and upflowing vapors exiting Sections A and B are combined and then enter
Section C. Without limiting the nature of this invention, a typical arrangement for
accomplishing the distribution of liquid and the combining of vapors is to situate a
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" space above ithe dep of the slividingoeall esd dz@owc!mﬂwsmb

15. type of nechanical vapor/liquid contacting device,
or different nunbers or designs of such devices, as

WO gookgia3 t o those skilled in the art. The uppRCT/US2004/007798
section of Cl0l1 above the dividing mall i s designated

totaf g ool iy avsiuated Dl %acﬂ 25 AP eRY abpue the top
of t%@?lﬁ]ﬁgrﬁ@,%hmn WM:I t15“”|n En Hég ?II %?%Hﬂwd exiting

sect e over pro
Sectlen 4 id aappepan thad blymumydtaays adndi ﬁmuEJmévemtdd ftama dlrectly entering

qU|d| separ _at om a unonensedvaorlndr
Sec A apdioE Bt The 3 tc{ Apped on BPEY dEY| nsor@mpveé Via stream

1OBE’a?ﬁfféootogf)ﬂr“deM??f\}vH@%q%@% ttﬂatne?%g @n dllénse%ofo‘?fﬂow control.

The: mataangl frayndttm pempvatietigdividethimid Bio aarleamsshd%’ rdrfeiam8 Stream
J qui roduct . Sect on. C al so. have one

107 g (iregteg to dhe é@ﬁc&f ggtion ghc‘!&ﬂ'%?r@g@ﬂ 08y, diregted) 1Ioe'ﬂ"e top of
Sech5‘n ti‘:‘heTI’;lF;tf oW Htercﬁ%‘i’t%%'n{sem?aatrhot 65 Laft" c&ﬁFBﬂed tp(reongh the use

ns for the overhead condensi ng
of ﬂbWanrmm valapr\éﬁ@ht é)ihesnieenatofc&ﬂhttmgoandiﬂ:ﬁﬂtrahnlg Bidflow of liquid

to &%,c on C Shd %ond qué]lnggazéetg epr 77 ”@f@yb Qf&gsski[fed in the
art. ”Ol? dPFiPWI tadcflﬁ%r‘li}lﬂgdbznﬁen%rst b§ géWiﬁthé%%rt of Qear the top of Section

ng hat exits ction distr
A toum‘oweiermSe@hqmdg‘low and/or, gmabbnqlﬁgreanaﬁ gontrpbtosthis section. Such

‘ S ctions n conbi ned and then enter
acogﬁg nsé OW"t%E?Og '?riFBg he nature of this

| NTRBtVAYbrS &rdmméﬁlor@rAaémrBeme fcﬂnbnﬁé&%'é@'ﬁhmg in an open
the distribution of |liquid and the conblnlng of vapors
q

ﬂwra@g»ut chimney.

ray o ey bl e tPadih JFic ek oy Aok B ER 2 5t ppen spacs

abovelthe cimabyviray anbi igslow Seclioh CicHTige dapognthedl tonfinue to ﬂow
the liquid exiting Section C is trapped on the
upwgrﬁlyrﬁaa giighthsn@ponlisuisrandatitg 99 dssainrsestion @nt eri ng

Cr RIS 2 L Bypir@a Gy caRaPBCa eprittebTRer, enters

coluwin G‘iOﬂrmm&l-m H@1ntenasmntyn¢arett®umm@lofﬂamtmn A. It should be

ottt Ftintr Bshcsiragsie yifli MR R3S Louf auee fection A

Wlthb@t éﬁé‘lﬁ@ﬂwé’ﬁa@étcﬁf%lsﬁmv@ﬁﬂldrﬁ Sfitl Hdure1{8 l‘sﬁ‘ngﬁ& & ﬁﬁSectlon A
etopo Section B. he flow rate of streans
dwldmdseo&omm inte acﬁtrlpmnge%eetmnoa@uateﬂebﬁlew thef fefaoband above the

sectiog-ﬂl{)ﬁtgérpﬁ%ﬂqe ﬁﬁ?ﬂf@g@%&%{tipﬂ%ﬁtﬁ&é’é béﬂeietntth@%&@ %nd the top of the

dividing wall. The bottoms of Section A are reboiled using exchanger E104. The
bottoms product from Section A exits via stream 103. The bottoms of Section B are
reboiled using exchanger E105. The bottoms product from Section A exits via -
stream 104. _

 According to the present invention, Section A functions as a C2 distributor,
Section B functions as the stripping section of an ethylene distributor, and Section C
functions as the rectifying section 6f an ethylene distributor.
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10. to Section A and Section B can be used and are
wel | known to those skilled in the art. If desired,
w@dwisvsoenl condensers may be situated at or nREF/US1964/007798

top of Section A to provide nore liquid flow and/ or a

great er degree of control gg(gmm:g section. Such a

condenser is shown as E10 ure 1. The vapors

f r @ Separatussoftheridvéntivneresenibling dhatf sHovex iPigire Wv@eﬂdesngned
15 space above the_top of the dividing wall and

for @eﬂgQPKM ebidene i plant + The- @Qﬁlgl&mfmﬂ@§ example dméynot include

oxchRAESEAGE SUOR IS ) TR ApAL g BeE TR 105 i

prodlxceBh eTN@kﬁé&chdrhhi@ @@ﬁﬁpléd@at\@p& Wm tRyevéeihead st a depropanizer
enter the vapor/liquid contacting devices in Section

column fatshowat indhg, Figuie) and qqﬁréalas yeegens nagihane ogthylene, ethane,

orofRH P BE A8bab. L RATple? SEFLHT? BEfn 7, HekBaBa staves
Sectien Aotstaingas4 nthkebigtical fswbsﬁtdrﬁﬁfs?edﬁothnbd)ﬁtBMSew theoretlcal
concentrations could enter Section A wthout alterin

stagese iR (R eterh Section énat @ Roint ROrthgoretical stagesrahioye the bottom
of SEE6 ‘?ny\o Section A divides Section Ainto a stripping
section situated below the feed and above the section

bof herdagnmwr of meca:om%megswiighn dld'i tbiste)@fnlﬁple_kll_ﬁtﬂ?;feéthme height

t i vi di ng wa e hottons
is 297 Taah (Ansh LeoRGTBteR b I 1oB BroSRYeuet ARl RsidE1 Bae CRdistrbutor of
Mar|$<ﬁ{e td?ﬁslspé Qﬁ’.:'éf—ﬁlgfe c(t%gt) §8@Hl‘9 With &-EgPPeY k8t 8%%8? of 11 feet, a

toms o are ed using exc
low&lsm:tloﬁhdlaumteomﬁ Gob deet; tarf puenafielseigbh of about < 00i feet and a top

oesay B b 558 s S 7 oy tB35% Dogmrtel 10 fot

in dianietéﬁtzzmﬂfeemw é‘ﬁd éhﬁ% Z0) a%ﬁtp@@ssﬂ{% éff?émi ik omparing the

di stri butor, and i on functions as .
insialiget quipment sost @ﬁ ibe smgl@pngamh ef ﬂ‘llsmveﬂiwrwﬁh ¢hanmvo columns

of ARG Tt nBIEheT dtahaPn STk ST, o MR IRE M pgen save
appxirhgtehdUSt $2. 5anmmcwée«mmwmm plant. The desi gn of
this, exanpl e does not jnclude exchangers E102 and

E168b 'eaﬂdPW'qqsqGP@P%@PﬁﬁaﬁﬂdpP@BG'@P"?sfPF dhis exayples The feed
e (AR SS TR g1 Sl SHEPRL 4 rd LRRREiEA 8P e 04 o
stript bl ofi iper pletiaamb cndlt Byhisr lepdipogenis Merhahe, ligetithydottoms product,
stregrtnh%g.’ Stream 103 therefore contains essentially only propane, propylene,
ethane, and ethylene.

Sufficient liquid is fed from Section C to the top stagé of Section A to remove
all propylene and heavier components from the vapor leaving Section A. The vapor
‘leav'ing Section A therefore contains essentially only ethylene, ethane, and
components lighter than ethylene. Sufficient liquid is fed to the top of Sectioh C
(generated by exchanger E101) to remove all of the ethane from the vapor leaving
the top of Section C. The overhead product of the column, stream 102, therefore
contains essentially only ethylene and components lighter than ethylene.

. The liquid leaving Section C that is not fed to the top of Section A is fed to the

top of Section B. Sufficient stripping vapor is generated in E105 to strip all of the
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propyl ene and propane. In this exanple, Section C
contains 70 theoretical stages, Section A contains 34
wao b@engtoexal stages, and Section B contai ns 30PCT/US2004/007798

theoretical stages. The feed enters Section A at a

L nt_ 20,1 retical stages,aboye the bottom . of .
metB8hg et uSeR Eoiinenk BF St R Lfne Reduofinhofamea Secton B.
Thefefors)| el Bofiome HQAE . oft BecHH B)!strddim 2134, 66HitaindNEsddntially only

operates at a top pressure of 500 psig. The Cgs
ethanesand pthylenesf Manl ey "054 is a dual -di aneter col um "
Wi th an upper section dianeter of 11 feet, a | ower
section dianmeter of 6.5 feet, an overall height of
about 100 feet, and a top 15 pressure of 500 psi. The
et hyl ene distributor of Manley 054 is approxi mately
13 feet in dianeter, 240 feet tall and operates at a
top pressure of 500 psig. Conparing the installed
equi pnent cost for the single colum of this invention
with the two colums of TiHppeely 054 indicates that

ppr ox! gl 48 Sontions FF Rt FidGre 1 20

Steahfiil. € L Provrtes T : T STyt IO T Vapr ot Socton A1
Tom 3] ET Yook 3 CYU R e 1057
Pres 3id) ENT ST T1 PP N ayaper 8300 JENeiaT ¢o g1y H104 TG0

Molas flowsdlbandi/hif  t he net hane and |1 ghter conpongni's Trom
HYRRQGSEN qui d bott onsl p8addudt 8597stl eadn 103. 0St rleam 1887

METHANESf ore cantains| e4Méngi 713y bonl9 pfopdne 5221
ETHANE'Y  —. "~ Ao A 1. g8 . 1 1823 1 . 3964

PR g \ Z 2N RN 7 P 3 O

PR E g8 T [PTePy Emga i rgaviyer 0
CONMPONENTS TTOM T NE Vapor eaving Sectiom A —Tie vapor
| eaving Section A therefore contains essentially only
et hyl ene, ethane, and conponents |ighter than

ethyl ene. Sufficient liquidis fed to the top of
Section C (generated by exchanger E101) to renove al
of the ethane fromthe vapor |eaving 30. the top of
Section C. The overhead product of the colum, stream
102, therefore contains essentially only ethylene and
conponents |ighter than ethylene. . The liquid | eaving
Section Cthat is not fed to the top of Section Ais
fed to the top of Section B. Sufficient stripping
vapor is generated in E105 to strip all of the -7 WD
2004/ 085023 PCT/ US2004/ 007798 net hane and |ighter
conponents out of the liquid |eaving the bottom of
Section B.
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Therefore, the bottons liquid of Section B, stream
104, contains essentially only ethane and ethylene. 5

wa aismsd023| ows and Conditions for Streans in FPQUUS2004/007798

Stream No. 101 102 103 104 Vapor from Section A
Tenperature (Deg F) 5.0 -80.7 70.2 33.7 -24.1
Pressure (psia) 515 500 515 513 510 Molar flows | b

WeBMifir HYDROGEN 8597 8597 0 0 8737 METHANE 4714 4713

0 1 5221 ETHYLENE 9355 4417 . 1462 3476 12456 ETHANE
2506 1 682 1823 3964 PROPYLENE 884 0 882 2 4 PROPANE

06 0 206 Q 0, -8 WO 2004/ 085023 PCT/ US2004/ 007798 \e
- &0 eperalts Jor gy iacavery 416t benel pUGbRAIoh ol RiNNe feam ot least ono

. . . . h r e f y .
Rl ey Srphso Mo g, beeshpShEn: o Bffbonerts igher
thanmthyene, andloptionaliyhG8 aridhlyeavier, campongnts coaprisi

anﬁeg\?i r c% pone Iyn@co r.i si ng: a.nam:?n Iepr, "@

or & <8 ANdIR ATESEHE el SRFATIG &N HRBS T el MArisinG,An ethylene
b SSLCU St b 10134 R ATy 2 it
et hy| eecliodi arnd ab ethylerse distributgr skippingisedion; b. a '

saPh 2 RppBRelor qpalebing, i WG HGRERER ool fid ethylene
; A i of: ca

(5T ABARS SRR St R 5l g i Separtoy
st ri peaciyof saitt Candistribuiomeection and sssid redbylene histdbatdr stripping

- di st r%ﬁb#I gr section and the ethylene 15 distributor

strip '8n3ecti on and for preventing passage of liquid .
Or cva®Omeans for separating said C2 distributor section and the ethylene

distributor stripping section and for preventing passage of liquid or vapor
directly therebetween;

d. a means for permitting the passage of vapor within said lower region into
said upper region; and

e. a feed introduction means for introducing said feed stream into said C2
distributor section. -

2. The apparatus of Claim 1 wherein an overhead stream comprising ethylene

and components lighter than ethylene from said ethylene distributor rectifying
section is at least partially condensed, and the recovered liquid is used to
reflux said ethylene distributor rectifying section.

3. The apparatus of Claim 1 wherein said C2 distributor section comprises a

rectifying section located above the introduction of said feed stream.

4. The apparatus of Claim 1 wherein said G2 distributor section comprises a

stripping section located below the introduction of said feed stream.
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directly therebetween; d. a nmeans for permtting the
passage of vapor within said |lower region into said

waipensioey)i on; and e. a feed introduction neanBCT/U82004/007798

i ntroduci ng said feed streaminto said C2 20.

i dy BioB s T BB rebevary ol BRI EHiotbn siBlhe tarp at least one
conansitban inifideked Na® atdm!u@ﬁanfédvumn&apn@sgaﬂwbﬁé\e encasmg an
distributor rectifying section is at |east partial

couaeeseeglonam@mm@mgeaomhydane.ouﬁmauﬁog rg@ta‘wng@ecggn and a lower

éefﬁé Sal ; et af#‘f@s&n Irtc':;erb i p@l qeﬁcggﬁ t@geﬁg% dtfButor stripping

di §ééﬂléwt §éld5‘fééd Oéiré‘eﬁ’ﬁpécbrﬁﬁﬁsu?lg e8fyldr e}/ | 8%hahBCtd Ydbmponent or
| ocat ed 'above the introducti on said feed stream 30

4. compoappty kghter tfancetuylene, ahd rq;pmng&y &3cand heavier components
dlstr|butor section conprises a stripping section
oW ow t he introduction of said feed stream -9

V\D 2@44&ﬁﬂ%?n§gﬁlf§8@@ﬂégﬁl7lﬁﬁﬁséd (7,“2 Efs@mﬂﬁér §6dtionhe

recoverg@ond partial purification_ of hyl ene from at
| eastb.oRgovidingd a&tmeansi farr @@tmmgwtﬁnapmgstwappat iné; said. C2

col umm encasi ng an upper region
conpri s,.%f?gﬁ%‘#iﬁﬁ&féhe di stributor rectifying section
and &.| ayRddudif@u ﬂoﬁﬁma;ﬁjrﬁmo’m Gidlicg Hlshiﬂmor section and said
section and an et ene distributor strip
o

sect i ongethylene f distribskere StHRRING r sestien éﬂltﬁylséhg ethylgag e distributor
a conpo : onents |ighter than ethyl ene, and

opt i onaF‘?@ﬁ@bgﬁgﬁﬁ@avi er conponents conprising: a.

Intr cmiue?r@@dﬁ@ d freads sfor datroduding Siiphind vhperrintousaid ethylene
secti on ., Providing a neans for introducing

strippif WHQFSVWPB"%%‘?‘&'O“ C2 10. distributor
sect 'é’nlnthdddVlé QAMFHIABRirP 1 @SM‘ ﬁﬁm@é}@réthgl"eﬂ@ Ssdirufet reciifving

di stributor section an | ene distributor

st ri ppi sgctiar tindon saidt 625d|sthm!i¢ine@tmrmamdr saidt ethylene distributor
rectlfylp sectl on d. Provi ding a neans for

i ntroduél ﬁ)@ g vapor into said ethylene 15.

di strf, bﬂéﬂhxﬁfgrédi@ lefigyisRs His@ibutor rectifying section;
g. Recovering a stream of ethylene, ethane and C3+ components from the
bottorn of said C2 distributor section;
h. Recovering a stream of ethane and ethylene from the botiom of said
o ethylene distributor stripping section; and
i Recovering a stream of ethylene and components lighter than ethylene
from the overhead of said ethylene distributor rectifying sectioh.

6. The process of Claim 5 wherein a wall separates said C2 distributor section
and said ethylene distributor stripping section.

7. Thé process of Claim 5 wherein said C2 distributor section, said ethylene
distributor rectifying section, and said ethylene distributor stripping section
each comprise a mechanical means for enhancing the contact of upflowing
vapor and downflowing liquid.
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e. Introducing downflowi ng liquid fromsaid ethyl ene
distributor rectifying section into said C2

wale@usioes or section and sai d et hyl ene di stri bP€DUS2004/007798
stripping section; f. Refluxing said ethylene
di stributor rectifying section; 20 g. Recovering a
stream of ethyl ene, ethane and C3+ conponents fromthe
dofThempodcessi df Rlaitns 6r Miiarein seid idistillation Reclowey iprgssure shell
stream,of Fthane an eth%lenﬁ 6ron1the bott om of said
et RPPEES 8t 3Predie frath 2opyt AB0 Peta torboufRPA psia.
Recovering a stream of ethylene and conponents |ighter
than ethylene 25. fromthe overhead of said ethylene
8l Theigrotess ofeClaihyd wheseinta liquid Gepatetiopr dedss sitliated above said
Aaim5 whereip a wall separates said C2 distributor
se@WiT egm@@@ﬁben%@thﬁaﬁgpaegtr pOIH: Brevants figiidgxiting said upper
Se » 0 a . . .
o ST rord Rirkot] WBRRE Rt T2 FhhBhior JHEY ol Sthforte®distributor

r estripbinggectieasi on, and said et hyl ene distributor

stripping section each conprise a nechani cal neans

for enhancing the contact of upflow ng vapor and

downfl owi ng liquid. -10 WD .2004/ 085023

PCT/ US2004/ 007798 8. The process of Claimb5 wherein

said distillation colum pressure shell operates at a

pressure from about 400" psia to about 550 psia. 5 9.

The process of Caim5 wherein a |liquid separation

devi ce situated above said |ower region and beneath

sai d upper region prevents liquid exiting said upper

area fromdirectly entering said C2 distributor and

said ethylene distributor stripping sections. -11
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