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DI STI LLATI ON. SEQUENCE. FOR THE. PURI FI CATI ON. AND
WORBODVERY OF HYDROCARBONS. Cr oss- Ref erence to Rel/asmd4/007799

Applications 5 None. Background of the Invention The

pﬁglrﬁ% I@gﬁ mg?#ﬁlmlbﬂ Bgl:jENé fHEWR#l@‘Aﬂ@N AND
HYDROEARBONS ™

dlstlllatlon sc

"sharp-split"” dlstlll.tlon mhereln e
col umn i s usedCtossrRgierence to Related Applicafigl:s
adj t conponents of a horml ogous series. In a
sharp-split distillation sequence, each conponent
| eaves the distill| Bagkgraumdioftheningeitiopl e product
stream either as .overheads or botto i nhere

i ndihei useakdistifationdp pusify prodycis era?'ggﬂs plants s well known in the
art. oéﬁﬁ{/éfﬁﬁjorﬁf cﬁé}ﬂﬁg&‘? SbROMERS: g@i‘érgg)zrhaﬂ%% Lﬁh@é& “ ﬁ‘é\‘bgﬁﬂlt” distillation,

necessar UCeé a Trec rocar
whe&r@lripeaehtdlsfﬂta“tloaxamnlnm ia byed otoammqe @ashéq:ec‘aeparahon between

adjacbRy COMPPreats pF @%'ogreél%gﬁi%ag 6.0 1% @R heots istlatau sequence,
each %@ﬂﬁ’éﬁéﬁqe \Fbsatt%eaféﬁ oluﬁﬂ‘P' |HC§ é;i,%@@l ﬂrbdﬁ@ﬂ“gl‘?é‘érﬁd either as

agal n as |qU| pro roma itter.
ovedfeadsr ee bmmhset eAphabereﬂhangﬁmemzyt |mshaqnsphpd|SBMn can be

obsgol by R R s RS ger o e 8 Brocuce
r ecdi}éfi‘éﬁleq’tr}@ﬁ&%%baﬁ RefRthdriRnb! FeHeRamply,H ﬁ?&b@ﬁfbon gas feed typically

conponent such as ethylene can be reduce
contalmlhgz@flr ahydrocadmns; ﬁpoh @snvethylepgal is sfnratpcogfiemed in a

den}ﬁ é%\l’pllrzlgﬁt h &la\ga(up%tﬁrzgg .lrg &qeﬁﬁgﬁlzgf se{ﬁ?!o %ﬁp%ﬁy condensed again as a

liquid @r‘ddhbﬁfrbﬁﬂa@@%ﬁﬁ&elom tefal oy riAref c@rhhﬁléi@@:mase changes must be
components is "distributed" between the top and
acc«y@gs

ghed foroplk thy etiensy; dive %mdwre@%ﬁﬁ@ha@%manges applies to
eih&@glq&fﬁ%%/éﬁ@u' re |l ess energy to operate than
|

conven Sharp-split schemes. In addition, they
pr dhiedeurmber bf phase dhgnges neédéd de gooddas amydlrggarbon component

SuciEst PhHae Erc b STaackoY Hitsise 2 enRment gt gpvefiional, sharp-
spl@%fﬂ%ﬁén Olgychher PEinFasR! '|§9<rﬁmﬁ‘é§i'ﬂ'§r15@ﬂédamuéﬁon In a

to olefins plant separations, furt
dlsimimd:edl drgulmmngscheaw eraronreoreThE ieafead conmo@@nts is “distributed”

betEBbiIN gPori Sdeits ohgrguey Fide dREPARR, Shuplfs. Such schemes
reqtﬂfé’YéééeQn@dgyatoVMété)thad cabvshtiirde ehan-spitnachephdie In addition,
col um. ¥d| oi ng so, the thernodynami cally undesired

they peavide mraicdmieas «drfrerdemnioni enargy optimization — namely the
distribution ratio of the distributing components in each column. Finally, concepts of

ich. distillation

thermal coupling of columns can also be applied fo olefins plant separations, further
reddcing energy requirements. Thermally coupled columns are those where at least
some of the reboiling or condensing duty for one column is provided by a vapor or
liquid sidedraw from another column. By doing so, the thermodynamically undesired
“remixing” phenomenon can be minimized.

A discussion of distributed .distillation that incorporates the features of thermal
coupling is found in Manley (U.S. Patent No. 5,675,054.) Manley recites fuliy
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A di scussion of distributed distillation that
i ncorporates the features of thermal coupling is
w0 oaoaaisism? Manl ey (U.S. Patent No. 5,675, 054.) R&EMUS2004/007799
recites fully -1 WD 2004/085577 PCT/ US2004/ 007799
n .
therfaly ERiplod MARbRnfiRs Hor Bl forle sopalHioRy indfARECAN Smbodiment
thatdepltemarfrm'dfermt tigprapanizec @ﬂwlgn@melccmmy fandamurﬁm:atlon process that

utiidgso R et cstlining & i s dbiRtat ek ofiene Wistitor. The
therfiflf Roupfing fof the é‘d?ur‘r'lﬁ@ﬁs lﬁte'gFélet%rﬁ‘Je &Iﬁlrﬁ&? éh'e?é;f’%ﬁ:cnency of this

energy efficiency this 5 prior art process
priof apoproaass.t dt lsompmrtmtt tal notefthahell oflthereolurans treciteéchin Manley's

el nAE A OBRIRRI T, el U W rrces
pres%ﬁré ¥REcR tybwé! ﬁg l’efullﬁr;ﬁ'é%hr% GropRSthilidgH ¢k EBRimns, exchangers,

col ums, exchan pi ng. Substwanti al
and cplplﬁgr eﬁmtwanhalmlﬁeeamces bmpnemrettmtwebnrthe codurnds would require

uir or co ressi o r liquid punping between
vapQr q{mﬁrgss&)@p P%'Q%Ee&f?ﬁn%ﬂ ng fully-coupled
di Manldrestted ?éﬁét' kaéh @f@l&ﬁéﬁm@d‘sdlsiri%Wd ‘%!'Eiﬂlst{on system has

requi renents than systems that are not thernal
loweasogriesdy reauitementsnathani ssystarssigdhat saltehano‘rsu’ﬂalermally coupled.

Conf T ont SRRk it ST Rk, A RS nermaty

coupl@dphr@&ldctse froredngrgyefficient thart echBhie/thae hQ‘s @8- coliples or is only
risingly, we have .found out that such a fully

‘ partngjlg? Qrmﬁ“é’dx’él'iplﬁq |l ati on sequence is not as energy

ef o) 1 e
CERLETQTS " L8R Bt TS, SLehs G Pl cistiaion
sequanggl & het asendroe cficienists ithistinveriich. dees bénha ¢hermal couples

teughf ST Nirsion ShRFIGHY BeciRiTED OUBle Batign the 2 distributor and
decif@hBal bYIumes 8Ag ehd IRerRRE E:SM L E8ARAL o l?ﬁé@lst ribuicr and ihe

process 20 when i npl ement ed PR a2 convent i o crac
deethanlzec onenispbiter, acaialIygecmaserthewwrgymfaqwré'ment for the process
stem of tEIS i nve t her ef or.e

whefl, Tpleferiat, iee” SRYENER el Aok Quf <Sarienlional” Fefigeration

equipArRe TheditiliioneTe Rim iof 18 AV iBAVIHRES RS, dbé%ﬁﬁ'clude these
to Manley. In addition, it has been found t hat

couplesraningtasesis andinexeesigd inmipyesent inwrergy Savings as compared
tol\flgﬁ &hanl zer/ C2 splitter to be operated at a | ower,
optimal pressure than the rest of the

d| It adidition oib hae chemrcfounditaaf rdrhovihgrthase oo hémdal couples allows
n the other hand, requires that

r ec ted by Man] e
the qaathaniperig sl th E?&Pe&@teﬂcﬁ}gﬁlﬂwqfh @%@@@tlmaégseﬁsyre than the
rest 8\" théJHls'tllléﬁor? B@&Gé!néé‘t FRE U AR JoBPRID YESRICEY Manley, on the

other hand, requires that all columns be operated at roughly the same pressure, or

utilize energy intensive vapor recompression between columns.

Summary of the Invention

In one aspect of the invention, the hydrocarbon feed comprising hydrogen,
methane, ethane, ethylene, propane, propylene, and optionally heavier components,
is introduced into a C2 distributor to produce a first overhead and a first bottom
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30 Summary of the Invention In one aspect of the

i nvention, the hydrocarbon feed conprising hydrogen,
woredohasss77 et hane, et hyl ene, propane, propyl enePCEHON2004/007799

optionally heavier conponents, is introduced into a

e, £ B PRORNCE il RS ROIANRRE Aefblih. and e
first Brtton rstieapy ds latddateddntoi 8 dedthadizerd T C2ndistributor and the
ethyl ene distributor, and the first _bottomstreamis i
othylane distibuion arecineraly RaHpled butrthe €2 Aiptibpiasans thendesthanizer

t hen LSk (-1 L ks I ;
are 1 (BT SolliBH" | 02 Al REIOR o 2 Efivchinal reboiler
exchdmjerandyisaefloked withhe liglidsislerdrawt fromuthiel éthglene distributor. The

conventional reboiler 5 exchanger and is refluxed wth

hydrgcarhan feed i the sihylesendisiebutonys digiibutad aga geconghdop stream

- and g¥g%$§(@fjcfg(gt)ﬂo‘?ﬁdsﬁ8aﬁ1he %Qyé?%oditﬁgagﬁgégt é% ﬁigtroduced into a

as a second top ream
demethdrizersts paoducEha fretintop cireatt emoh faurtmbottdnc etteam, and the

secanftibplam HIeAT B iR Eedushs] mid CREPIGEEo TN BvlaRe dstributor and
e G A SRR S L 9 e BB P2 spitr
are noti{hesmhallp ebupled. eThy feurth dofs stream isrseart doxRydipgen trecovery, and
oo BT BonorAeane o URRH o0 Bl Prd S fS Avor wtes
comﬁr&tﬁrﬁ 'rébéi%ioé)?dh%‘?\g@g Hd¥d sefuxel Qitht BYERNE side draw from the

Ibutor utilize conventional reboiler ]
demethardnerer Thedydsocasbomfeed i the depthamizerds distdbuigdfasomthird top

t he enet.hani zer. The. hydraocarhon feed t.0. .
streRBeeRi,a JUF POCGEFPaMk oANaano P, J1p SahiGqusa into the C2
splitBtdadd thé teird BbHem skré&anaanTbe inthbdubddoipte brea@plitser for recovery

i ntroduced into the C2 splitter, and the third bottom

propanee ardc aromdenatacsermanisnt dhg deeljanizarepnd ohe C2 splitter are

nerh R0 P DREHESRERRAID SRS, o Biuted oo i
top stpsarhers retbeertapits ottgldim) ahelealfifth bottbm GPeamlfot etranarrecycling.

distributed as a fifth top stream as recoverabl e, .
oty pBather aspest pf e, Mysykigm 2t HEAGATBPNJeRd FomPrising hydrogen,

clqi f los i . ani

metf kB, SRy PR 8Blne] i RelHER) hevizPoomponens

is irdtdumeed iatdyd eesefhanizgratoe pradusey befirel tapdstigstm angd byfirst bottom
heavier components, . i.s, introduced into,a deethani zer

streg pi DRt bR srea s EpRRSH IR a0 P GRlgior® produce a

secoiid fTstrdA® dnd alsd@RdSBARANstBahilt TREWRANARIEEr RMvefluxed with a
ethyl'ene distributor to produce a second top stream

liquidrdraw fsemdhe aibyleoedistribuiar. Tive sreanekioip-airean is introduced into a

refluxed with a 25,1 i.qui r [,QM,t: I ‘

denigtugieBieodsfe bR pLEH W o 8m. The third top
stream ResBARIM MRIrogén Peesigs dhd the thitdpolibresiieamdisarecovered as
. third bottom'stream ‘The third top =~ L

ethylene. The ethylene distributor is refluxed with a liquid draw from the
demethanizer. In addition, the ethylene distributor is reboiled with a reboiler
exchanger. The second bottom stream is introduced into the C2 splitter to produce a
fourth tbp stream and a fourth bottom stream. The fourth top stream is recovered as

ethylene and the fourth bottom stream is sent for ethane recycling.
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streamis sent for hydrogen recovery and the third

bottom streamis recovered as ethylene. The ethyl ene
waele@unsdsator is refluxed with a liquid draw freer/ukmo4/007799

denet hani zer. In addition, the ethylene distributor is

r elpRé| Eﬁbd@!shhsﬁaﬂ%@'deﬁfcn%@dekﬁhm%%gﬁgés SGFCHRI%tratlon only in
bottom streamis introduced into th [itter

conngdignc with cedain rernbpdineanéam aHmN@VGfrou’t ti® tﬁmgomed that various

charldsy ipialfy \PHEEshets i ROt BER P JRE distragpa ombodiments
mayeﬁéﬁrﬁﬁjef Wtﬂdsﬂen&rsoﬁs Wi RS ak/ 4l Wﬁdﬁﬂﬂﬂt’h@z@ﬁﬁﬁand scope

The process shall be described for the pur poses of
of thelinventiait.i on only in connection with certain
enbodi nent's. However, it is recognized that various
changes, additions, inprovenents and nodifications to
the illustrated eghgﬂmggéﬁ[ﬁ,onr@ﬂ/[h@@m by those
persons skilled in the art, all TalTtng within the
Figusgil depicia@ fsenfpend Qe@nopganger etdene recomeneand purification design

contaifd bBil A b B o P o bR S0

purification design containing both a C2s distributor
and an ethylene distributor. 10 Figure 2 depicts a
Figure grderials adionépadi genropanize pthylene regavesy,@nd purification design

ontai ning an et hyl ene
°°“t§¢‘l‘i'ﬁ?§ Ewgn%gﬁt%tgpmscrl ption of the Invention 15
Wth reference to FIG 1, the feed streamto the
process begi ns as g verhead st mfr_om a

depropanl zer t oRsialeddesernpiion o he process

lthStréi%‘?‘&% % ﬁ@e@mtﬂgofe%ﬁnﬁfrééﬁlst@ tﬂbxﬁwc%sgfbegins as an
y rogen, ane, ethane et hyl ene, propahe, and

overpead Eiream frﬁm ead&mopaihmsr tpearoimak lsiaoww andﬂﬁem the process via
th h hydr nation reactar,in g

strean {001 o Stipiin | PEF KASthes, 1 BHEMES Glefyomgony Methans, sthane,

@thyl@@n@t bed}sard, édwp@yréﬂeacswaﬁfn¢0@lm@smm@wawrb@en@%sed through

depropani zer overhead is optionally cooled in

a hydsageaagen reacior e prdes t@rrsmqvlegesﬁﬂlmﬁw all of the agetylena as well as

poridff of L WiltulieCipich e sflChionetiort] DR FptpoatiBir pygrhead is

opticmzllp ackkdi m@mﬁang@mmm esfgadsmiofing beluem @1101 exsl dtréaim 101.
in essentially all of th

stream 102 and a e
hﬁ?@@@h%ﬁ% 'ﬁ@t L’-ﬂﬂene%tmraﬂt@ ihﬁéswﬁﬁﬁ a @@Sﬁ%ﬂbumf It can

o B e 5 e AR o s
102 pndrmn&amressemlmllplﬂ afdhe dydadgrerd and methame gi@Bentlimethe column

feed? gtstm%]if as a fraction of the ethane and ethylene. Column C101 is controlied

v

such that little or no propane or propylene is contained in stream 102. The bottoms
of C101 exit in stream 112 and contain essentially all of the propane and propylene
present in the column feed, as well as the remainder of the ethylene and ethane.
Column C101 is controlled such that there is liitle or no methane in the column
bottoms.

Stream 102 is fed to column C102, which acts as an ethylene distributor.
Columns C101 and C102 are thermally coupled in that a liquid side draw from C102,
depicted as stream 103, provides reflux to C101. Stream 112 is fed to column C104,
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of Cl01 exit in stream 112 and contain essentially all
of the propane and propyl ene present in the colum

w0 e@d/ 08537 wel | as the remai nder of the ethyl eneCEHOBS2004/007799
et hane. Columm C101 is control | ed such that there is

s, DR o 2N A S4 A B 6 o1,
and dhétdeelﬂhémmr o@@idﬂwas@d}ﬂmrﬁ1@402reanet tﬂmmmylmupled Column
oupled in that a li qui d side draw fr

'C10de|§| rebeiecidn dhe quofsonqirraanaerswrtefnanglebe&qmnger E102. It has

oo LA, iR TP % o A BB s it

and TM04C3studilg timphoiied the eegrgytefficiency oh‘dtnm pEdcess. AM important to
t he deet hani zer, depicted as columm C104, are no

this timegntion is thﬂmedpre@@umm streem i '% i, deransed bﬂf@re it is fed to
coldFALARl, PR RN b AR fo AR REBiplipo trouon

a pr@@sm*eelehﬁwwl\/@ol\mm thdegh otierdmetiisisaateiabhijable and known to
nproves the energy efficiency of the process. Al so

thosierﬁi‘drqda'ﬁtt e@t.this invention is that the pressure of :
Clg'ﬁrénbr%éerﬂeéas RCE$09 SstePRIMGRd bs! Stré&% 104 gﬁgbottoms are

ure shows this pressure reduction
remaesd gl stedwat 108 otTgrie overhpadss:ir@1 02 tcdotain idvagen/Ibethane and

ethylaha fad a7 e b BAEmaBaRizaT GOl CD Sor CPRaS B202 Bhd C103 are
therfr@'igv&ﬂjfg%d Slérrtﬁﬁf“al id"Edé NFrafPibMTE RIE déiPRYess &tream 105,
stream Jﬂ

. The overheads of Cl102 contai n hydrogen,
providesh eafhixated C182hyCotummuill G ean eemploy onte methhenei side condensers,

col 03. l.yrms C102 and C103 are thermally
dep@&%%al 13??1&3 "liquid side draw from Cl03, depi cted

asThb eabAO of ©N0Ti 88stalitfdtiehe ShB2etHaplelENICHI3 fad to an

can enpl oy one or nore side condensers, 15 depicte

ed
ethvengfeiBane (62)srdiffier Takinbt € 6608. Stolomum G4 831iginet thermally coupled

Wrih(%gier g%ﬁn«:gr %@ﬁnelﬁﬁ%ﬂ&ﬁ@l&oﬁﬂb%’i (@I@%Q&L@%{“ﬁ{ 8l Pfventional

I'r't'ter
marinee with teboiler eikelangertin@3.t hichas"heén eurfislhglyl foahd dhat removing

oo i i s i 1 R oy oo

e e R

the prgzsureef streamntld)is dédreasat bpfare it héeﬁrtommnﬁﬂ?t% The figure
[ nyenti on t he pressure

showd s, prapuiresedudianbeRolstaripisiéd thidlGhts Sy ftdown vaive,
v10¢1%ugﬁrtﬁhér fidtifodsSaNsvdiBble @ﬁ@&ﬁyrvﬁ b SHOSE sRile®® @ art.

acconpl i shed through a pressure | etdown val ve,

The overheads of C104 contain mixtures of ethylene and ethane and exit in
stream 114. This stream is fed to column C105. Columns C104 and C105 are
thermally coupled in that a liquid side draw from C105, depicted as stream 115,
provides reflux to C104. Columns C104 and C105 are operated at a pressure that is
significantly lower than that of columns C101, C102, and/or C103. The bottoms of
Column C104, depicted as stream 116, contain essentially all of the propylene and
propane and are sent to a C3 splitter (not shown).

The overheads of C105 contain product quality ethylene and are removed as

stream 110. Column C105 is refluxed in the conventional manner with a condensing

-5-
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V101, though other nethods are avail able and known to

those skilled in the art. 25 The overheads of Cl104
weonwtasys7m xt ures of ethyl ene and et hane and eRCT/UB2004/007799

stream 114. This streamis fed to col um C105. Col umms
exclidiferaB U071 Wolafth C106T BBlcbyil6® witre ExcitaridrtE f0d | 'a%!d' l‘FHe bottoms

side draw from C105, depicted as stream 115, provid

contain |ethane whigh capobe fasydeddodhe wackingr irepeasat ameae are many

wer TREASUA IS oy L5 ARALY PSR b oo whor

C1 OGdb weboiletlid, a d@m&ﬁ@ﬁaﬁmaﬁhéﬁayhgleﬁrebb%t 8kéhanger E108.
essentially all of the propylene and propane and are

serfet @V%rhegdmf. €188 gandainshysvepenThctbere mndismall amounts of

ethygr%ss o e %gfog%ftanﬂu%!ééét j&%}ﬁ#lvggﬁgﬁsﬁqﬁr HIBVIGS reflux for

C1080n\RBt |1oehbw5amiwrnem hc@omgnﬁﬁétﬁlvﬂm a- StaWard partlal condenser
2004/ 085577 PCT/ US2004/ 0077 exchan E107.

exchanger; 510% 36| sepagation éi(unhn@theemgaﬂa qfrﬁynaiwn@rreﬂux can be

b I a
empfSE (0o GeifedRatohel S Brg SHIE ERvEh 16 P gfe"EIAP i the ant
Overeadwapes flordthepértial Soadensersexiplie s&%&hﬂl’mﬁhéﬁdﬂ are sent to a
Cl05 is, rehoiled in conventional manner using
CWOG@B& gestiop,le fecr)er refligerationmyalue aadippiigsally ad:nvateogen product.
cont ai n hydrogen, nethane and small anounts of
et hyl ene. They are cool ed and at |east partially
condensed to provide reflux for Cl103. FIG 1 shows
this being acconplished w t'lh”f standard parti al

condenser  exchang&iredmms @g@gg@p drum Qher
pet hods _of unBDI ying reflux ¢ ?wlrg{' ved (e.

101 1 04 I 106, 1) 107 k tgﬂ t hﬂ\ﬂg ;1} g%‘h 1 116

Te VN T[Y 400 =70.07° 1 2050 ~100° | a5 . 1109

Preed¥@a) Al 1| ) [OdeT Nead [ Vapgr S f (wn &L gaeaT @t 343:U|Iluwbql 20
Fﬁgéaréw@ﬁm n. 064 2 re_se I to a cr B/napnu‘

= 71 24, 314 26 00 00 | 60 | 0 . 9,0 o0

Fw@@m T O 585 11| SRR Ets7ab ¢ lebd 1 Cloatt Qg Y as ot é@d‘ﬁ%"‘ &H%a 00

' . S reeperuic$e54s 1 fadel[e oSt Ir eam F..oWs eand & Operd | ¢S oa

M&O GgFer 1B 1 X102 107F 02 gﬁﬁn 00

! X0 I J14 1 25603 | 8588 73 1 08

easaat Ube [ \odOF) oo 3J08) |- dab. ~oY.- U o0

oY ngp 01 3 171B. ® 11059 sl - 658.7

) o 1_00 1" o0 L .00 1,00 40, 0.4 140.5
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013928 13401 894 0350 .10 6 010 35

L 00 oo 08 LS00 | A0 2000~ I~ B0y 00
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N @ (O 00 N\EoTH-oa 4v 114 ¢ B30k T 00
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00 00 0.0 00 0.0 0.0 0.0 0.0
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Contrary to the prior art, columns C103 and C105 are not thermally coupled.
The bottoms of C103 are reboiled in the conventional manner with reboiling
exchénger E106. The bottoms stream 107 contains product-quality ethylene.
The embodiment shown in FIG. 1 has significant energy benefits over the prior art
design. The features attributed to such an energy savings are the lack of thermal
coupling of the bottoms section of the C2s distributor and the deethanizer, the lack of
thermal coupling of the bottoms section of the ethylene distributor and the C2 splitter,
and the operation of the deethanizer and C2 splitter at a substantially lower pressure
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tharBH Stfler] cOirts. | Pallle 11 fepregepts the bompbsfidin?afd properties of
selecten Sreavrefram ENE. 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0

0.Q .7, 0. PCEf 7YLE, NE 3.6 0.0 0 0 0.00.0,0.0

O B Ty TRt b o e S
subslaftidliydoWe? tihrPthe 1e8srFofih8 dihér &bitimAs0 0.0 0.0 0.0
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0. Beplaging the thermal caviptiny batweed the0CQ. distibitor &nd. deethanizer
w0y oS8 QR R o C2 TEds Fen  eFey aanc

¥ . iAad i 0 14 :

and ge%m% 18 egang @o%ggow%k@%'tgé\gﬁgg t"g@ﬁ‘e)e'g?@g} 12}1%) feﬂe%y savings
is bresghimaboat because protohithe Weethdnizeratebpilendptye teqiiiiag relatively

. 3. are-.rehoiled in the conventiona _
high SShIrEFE e 1heRRbis HE 18 Rt cienPRsB U Evalath the C2 distrbutor
rebofiér, eafieid it HRROMEY D IURBHAAT hearsinky fGt RBhEBRsIng"S0 F propylene

.enbodi nent _shown in FIG | has significant energy
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In addition, replacing the thermal coupling between the ethylene distributor
and C2 splitter with a separate reboiler on the ethylene distributor‘ is beneficial from
an energy standpoint in that removing the thermal couple costs very little enérgy, but
allows other process changes that provide significant energy savings. The changés
in energy consumption brought about by removing the thermal couple between the
ethylene distributor and the C2 splitter can be seen in Table 3.
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As seen here in Table 3, removing this thermal coupling causes little, if any,

energy penalty. Removing this couple, however, does allow the deethanizer and C2

gplittier to be operated ai a lower, more efficient pressure, which resulis in a

significant energy savings. When the aforementioned thermal couples are removed

from the design, it is possible to operate the deethanizer and C2 splitter at a pressure

lower than the rest of the columns. Operating these columns at a lower pressure is

not possible with the fully coupled prior art, since lowering the C2 splitter pressure

would require all other columns to be operated at lower pressure also, and any

energy savings from a lower pressure C2 splitter would be offset by energy penalties

elsewhere in the system. Operating the C2 splitter and deethanizer at a lower

pressure than the other columns results in a significant energy savings because it

reduces the condensor and reboiler duties and allows column reboiling and feed

vaporizing to occur at lower temperatures, thus providing greater recuperating ability.

These energy saving can be seen in Table 4 below.
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Table 5
Ethylehe and Propylene Refrigeration Compressor Energy Requirements

Teble 5 comparss the propylene and ethylene systern refrigeration

Manley ‘054

Embodiment of FIG. 2

Total Refrigeration
Compressor Energy (HP)

45,778

42,

053

The invention, as embodied in FIG. 1, saves a significant amount of energy

over the prior art design. Those skilled in the art will also recognize that because the

invention of FIG. 1 contains fewer thermal couplings between columns, it will be

15

easier to operate and control than the prior art design.
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Duty Tenp (F) Duty Tenp (MMBTU hr) (MVBTU hr) (F) C2
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woeoppsdne refrigerant Qeb 76.88 31.1 70. 27POr/6S264007799

Propyl ene 1921 refrigerant Ethane recycle 9.06 -44
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ethwéﬁé I st8pahé Ond ?%mwe Sty Qoegwé%pﬁ&?alq{%é??@é%& through

for equi valent total ethylene production

a h}ﬂf@gﬁ%fm‘t@nweactamppr@retoﬂemovgwsﬂanballpaﬂmf thws ecef&lmeg ws well as
of FI G

BB 8Tt RO o A oSk ey ornod 5
optléﬁrﬂ’y ddtfled MVEXEH=PIer E909 rﬁé‘fé‘ﬂe@htéﬂng &lurdn C%’If%sastream 201.

ni fi cant ampunt of ener over pri or
&%ﬁnn Tkisaidistdlation davmeatftat\aelrvesaasm deeth;xmzee column. It
on of FI,G tai ns

Ca“tb% P BA0E PhpackBvnadie Byfery 3% helfnRELEIEHS stroam 202,

whldhamtﬂélﬁsoemhéﬂ)ﬁaﬂmtﬁé"hfyﬂf& eh'"@ﬁbthﬁﬁel?éﬂ@nea%hd ethylene. The
9 WD 2004/ 085577 PCI/ U52004/ 007799 W

boﬁ@@s@fgﬁam texitragsstream B84 fanstcentaimmiitaf theepiopavesand propylene
that %ﬂ@éﬂ%(l f\ @;ﬂ% gshn%rﬁ% F@%Eﬁg&%ﬂ;g cﬂrge%?cg?onfuzrﬁ\er downstream
purification columns if deswed

Stream 202 enters column C202, which acts as an ethylene distributor.
Columns C201 and C202 are thermally coupled such that a liquid side draw from
C202, depicted as stream 203, provides reflux liquid to C201. The overheads of
C202 exit as stream 205 and contain essentially all of the hydrogen and methane
that enter the column, as well as a portion of the ethylene. The ratio of ethvlene io
ethane in stream 205 is such that product-quality ethylene can' be made without
further separation of ethylene and ethane.

The botioms of column C202 exit in stream 207 and contain the remainder of

the sethylene and essentially all of the ethane that enters C202. The pressure of

stream 207 is reduced by a pressure letdown valve, V201, though other methods are
available and known to those skilled in the art. Stream 207 is fed to column C204,
which acts as an ethylene/ethane separation column. Columns 202 and 204 are not
thermally‘ coupled. Column 202 is reboiled using a conventional reboiler exchanger
£203. Optionally, the feed to column C204 can be split and partially vaporized in
exchanger £208, as shown in FIG. 2.

The overheads of C204 exit in stream 212 and contain product-quality
ethylene. The bottoms of C204 exit in stream 213 and contain ethane and possibly a
small amount of ethylene. The overheads of column C202, depicted as stream 205,
enter column C203, which acts as a demethanizer. Columns C202 and C203 are
thermally coupled such that a liquid sidedraw from C203, depicted as stream 2086,
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The invention embodied in FIG. 2 has significant energy benefits over the prior
art design. The lack of a thermal couple between the ethylene distributor, C202, and
the C2 Splitter, C204, that is characteristic of this invention allows a number of
process options that reduce the energy requirements of the system. Table 7
illustrates some of the major energy benefits of the design shown in FIG. 2.
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0.10should be noted that these savmgs are partlally offset by energy penalties
elsewhere in the system. For example, the reflux requirement of C201 is significantly
higher than that of C101, and the duty is required at a significantly lower temperature.
This offsets a portion of the savings outlined in Table 6, but a rigorous energy
analysis of the overall system indicates that there is a net energy benefit for the
process of FIG. 2 compared with the prior art. Table 8 compares the total propylene
and ethylene system refrigeration horsepower required for both the prior art design
and the invention design in FIG. 2 for equivalent total ethylene production. Itis clear
that there is an overall energy savings for the process of FIG. 2 over the prior art

- design.
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prior art, Table 8 co the total

Bt byl e BeRDBe s BT R0Po koA s JURBVRRE AT optpfiply heavier
bot h 1 %Mdr@nt@ﬁﬁtodﬁS‘Irgﬂséﬁar%ﬂéntdmmﬁvﬁnbb@h defilsditop stream
in FIG for equivalent total ethylene production. It

is cl ea&ndaﬁmtbpﬁ@rresiir%al@n overal | energy savings for

the 864?@@?& fr,ag%cf;i Lﬁ'ﬁ’géﬁ‘;’ 0%&%—8 #ﬁ){;@?’%ﬂ&?ﬁ}ﬁgﬁmﬂc’i‘ golumn to

Pr opyl SRainResecaRy @ stredi Epdes s8condHett@n. stream;

. Requirenents Man| eé " 054) Enbodi nent of FIG 2 Total
s

Ref r |<§é’6ﬂ‘ﬂ¥|69| sl firs a&arﬁggn ol ¢dtLR ligtiek raw frpmp said second
Al l ?ﬁﬂﬁ{ﬁc&l folas heati ng, and cooling steps have

been sho déscription of the preferred

enmbodi.rebbiting Saltefideseparatioh cohempwithes selutsiler gnchdmger
are wel] known to those s [ e art

|1
5 B0 ORUCIBe LSRR TS DRHaT: SreBy ad it Separdtion column to
val ves, o&&iﬁ@ﬁ‘ilt@%géﬂ%én‘l k@d é“@‘Y flebhgd I n
enon ear

order to trate nore thelrrportant
conc eptirstradudiig sa'rm\/ee@cbmm top@tream mzmdw@lswp’aratlon column to -
PCT/ USZ% gljnoao’r?o ?’t% fop aiream Thd a fourth bottom stream;

g. refluxing said second separation column with a liquid draw from said
fourth separation column;

h. reboiling said second separation column with a reboiler exchanger;

i. chilling said fourth fop stream to provide reflux for said fourth separation
column;

j. introducing said second bottom stream and said third top stream into a
fifth separation column to obtain a fifth top stream and a fifth bottom
stream,;

k. refluxing said third separation column with a liquid draw from said fifth
separation column; and

l. recovering said fourth bottom stream and said fifth top stream as a

hydrocarbon component.
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1. A process for the separation and recovery of
hydr ocar bon conponents, 5 conprising: a. introducing

w@2dwgaissscar bon feed conprising a m xture of hyPeDYS2004/007799

nmet hane, ethane, ethylene, propane, propyl ene and

PPTha nBlld&ésEeé‘P’ Cléim SO HEIEM Sald'thir@ dnd Fiihe 88paAtioA" columns
col umMm®to tana irst top stream and Irs

bobperats tat eaqlmswrebsubshamtmilydowgr treeirdthfel pressursplevelseainsaid first, .
into a second separation c lumm to obtain a second

t opeaand andfeyrt Esﬁ’@fﬁﬂﬁ’ E"E‘ﬁ'\sst ream c. refluxing

said first separation colum with a liquid draw from

said second separation colum; d. reboiling said

3.i The prowesst obnClairhurm whieréina saiebdirstesepacdiiongeojuras is a C2
e. Introducing said first bottomstreaminto a third

 sePigHHUR colum to obtain a third top streamand a

third bottomstream f. introducing said second top
streaminto a fourth separation columm to obtain a
4f oThé Iprooesss bf €lainan dvberetiu sald bmt ttmnsb’eaeam)m@nses a mixture of

éy#fggg 33{9 asnggoq gﬁ@eﬁ% pﬁ é:l%]ugaqj\/\f%eﬁ whgreln said first

(0] Wi
rego, &k ashAts P AR drobitiEhel éthyRne, propane, " and

nger: 1. chilling said fourth fop stream
topmpylenhaanébpmnaltyrhmm davopomerepar ati on  col um;
j. introducing said second bottom stream and sai d
third top streaminto a 25 fifth separation colum to

S?blfr?é Pr deelsk [dfTCIbRR 1SWhERIN 881 sedontt depapatichitolshire’an ethylene
K. luxing said third separation columm with a

i q'l$lr¢buiﬂaw fromsaid fifth separation colum; and 1.
recovering said fourth bottom stream and said fifth
top streamas a 30 hydrocarbon conponent. -14 WO

R0 PR éd PCIAIND2 AHErEI /L8 sécoridh mma@emscmﬁpiﬂ@ anmixture of
| wherein said third and fifth separatio

op@ﬁbﬂ@%t hgﬂr@g@gsap@_@@ﬁgpgnﬁn@h urthes ¥ e%,§a gecond bottom
pr gﬁééfﬁlecéiﬁéﬁ%eas n%g‘ni%ﬁ‘,l'r@ of bfiffenc 88§ @Athneand fourth

separ at

7. The process of Claim 1 wherein said third separation column is a deethanizer.

8. The process of Claim 1 wherein said third top stream comprises a mixiure of
ethylene and ethane, and further wherein said third bottom stream comprises
a mixture of propylene and propane and optionally heavier components. 4

9. The process of Claim 1 wherein said fourth separation column is a

demethanizer.

10. The process of Claim 1 wherein said fourth top stream comprises a mixture
of hydrogen and methane, and further wherein said fourth bottom stream

comprises a recoverable ethylene component.
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5 3. The process of Caim1l wherein said first
separation colum is a C2 distributor. 4. The process

w@Roo@losssm 1 wherein said first top stream conpPCBHES2084/007799

m xture of hydrogen, nethane, ethane, and ethyl ene,

ST ERBSABEERD 39 oo R8P SSaE b gometnanizer
pr apetigienérstovety.onal | y heavi er conponents. 5. The

process of Claim1l wherein said second separation
colum is an ethylene distributor. 15 6. The process

Fisct 1 bRbsCaiCTain A iy FE A Bt GO R B spiiter
further wherein said second bottom stream conprises a

m xture of ethfyl ene and ethane. 20 7. The process of
B3-alhg progessafClalind wheredn saigklifth tamsieeamaemprises a recoverable

3o SRS ool 08350 by o I 8 comoris

et latitghe.and further wherein said third bottom stream
conprises a mxture of propylene and propane and
optionally heavier conponents. 25 9. The process of

: . Lot : h ; :
SR Dot of Ak o' Aéich SERFUBMdaies Bmbfeds ope or more
f ogidehcdrersieream conpri ses a m xture 30 of hydrogen
and net hane, and further wherein said fourth bottom
stream conprises a recoverabl e ethyl ene conponent.

5 o4/ 5&%? 1
1)% éV\?irm 10 \?ﬁgﬁgn&) (5ep (e){;Hr?g? é(rz&ges igft I&ggl%(?% &?%omponents
decotpaisingsr in ethyl ene recovery. 12. The process of -
Claiml.v¥he el.n said fift segar%tion calum is a C
spl i t3-efMroaducing arp dydragarkan jeed CorpASinE o7 JPRWs; gf hydrogen,
fifth teRethbheABITD! bifferd, ' BN AR ;ﬁbwéﬁ@eand optionally
conponent, and further wierein said fifth bottom
st r eam beaypier sespansaiis into adirsysemaration gobyan & parduos a first top

9 wher eis&eéﬁ{ gng%r?%pg&&&%rsﬁ%%%ri ses one or nore

b. introducing said first top stream into a second separation column to

produce a second top stream and a second bottom stream;

c. refluxing said first separaiion column with a liguid draw from said
second separation column;

d. introducing said second top stream into a third separation column to
produce a third top stream and a third bottom stream,;

e. refluxing said second separation column with a liquid side draw from
said third separaﬁon column;

f. reboiling said second separation column with a reboiler exchanger,

g. introducing said second bottom stream into a fourth separation column
to produce a fourth top stream and a fourth bottom stream; and

h. recovering said third bottom stream and said fourth top stream as a
hydrocarbon component.
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si de condensers. 15. A process for the separation and
recovery of hydrocarbon conponents conprising: 15 a.

WO pion/o08835¢T ng a hydrocarbon feed conprising a nPGL/USE0H607799
hydrogen, nethane, ethane, ethylene, propane, and

I i I eAV] ' oy '
e E08e84 Br SIARE TS wiers Sl Touft WPRRRTD el operates at a
angresslife stbstahtialy Biwerdhan the bréssude tévels stbsdidffirstsecond, and
top streaminto a second separation colum to 20
pr Bugcseparatieb RAIUMYYS-st r eam and a second bott om
stream c. refluxing said first separation colum wth
a liquid draw fromsaid second separation colunmm; d.

1Mt Theuprecessaiof Sigiemd1 s owheteiragaidntfipsta sepiaration column is a
separation colum to produce a third top streamand a

t hdeethgsizesm st ream 25 e. refluxi ng sai d second

separation colum with a liquid side draw from said

third separation colum; f. reboiling said second

182 Mheapioeess of CrainwiiBhwheretrb saidefirsttophstrepm; comprises a mixture of

i ntroduci ng said second bottom stream i nt fourth, )
septhvigne netbangnmhydragen.oand emethang ¢ ﬁnaoﬁ‘ e‘ﬂhﬁ%@ said first

,?hﬁﬁgé@g?tfégﬁ m ﬁ?@ﬁg rﬂﬂ&&%?o#broﬁ?%ﬂ\éeéﬁ@g)r%& and optionally

om stream sal ourth’top stream as a
hyHeavier bomponeptsnent . -16 WO 2004/ 085577
PCT/ US2004/ 007799 16. The process of Claim 15 wherein
said fourth separation colum operates at a pressure

12 PPhENSoRbLY JFOCRAind E?:panil'ﬁ?eiﬁ@éia%écdlﬁj’ @e’foa?’égioﬁicélumn is an

first, 'second, and thi separation col ums.
Thethylareedistribffut@l. ai m 15 wherein said first separation
colum is a deethanizer. 18. The process of O aim 15
wherein said first top streamconprises a m xture of

2] MHEROcest BRTIn Y8 hifiesin sHid sEBb IR s@ssmicorhiiddes a mixture

wherein said first 10 bottom stream conprises

mi &t etfylere, fhepggementhmetiaimaran adtigstyisiain §§d second bottom
heaylot, GONRANENL Soidl e FRARLACERS lorfd 2l m 15

secon separ Ion CO

21. The process of Claim 15 wherein said third separation column is a

demsthanizer.
22. The process of Claim 15 wherein said third top stream comprises a mixture of
hydrogen and methane, and further wherein said third bottom stream

comprises a recoverable ethylene component.

23. The process of Claim 22 wherein a dephlegmator assists said demethanizer
in ethylene recovery.

24. The process of Claim 15 wherein said fourth separation column is a C2

splitter.

-17-



et hyl ene distributor. 15 20. The process of Caim15
wherein said second top stream conprises a m xture of

wetdwlogise7; hydrogen, and net hane, and further PMIBEUS2004/007799
said second bottom stream conprises a m xture of

Giho BEnPLRRS: Pl 1oL AFDBFFIR ofdlfn QUL tob S1Sam- comprises a

depENBRAIET ethyRenel R@nipdeRt S afll ﬂuﬂiéﬁ %eY‘éiﬁr%ﬁl $@ur@h bottom
third top stre nlconprlses a mxture of hydrogen and

nmestieam, camprises ethanewherei n said third bottom stream
25 conprises a recoverabl e ethyl ene conponent. 23. The
process of Claim 22 wherein a dephl egmat or assi sts

5 Zfﬁ'ﬁéjgf&fé%@%fz@l%lm'ﬂ @hByeiRnRid AeAVEhinizEP cérhprisBS one or more
proces G aim15 wherein said fourth separation
cobidercarslensers. splitter. -17 WO 2004/ 085577
PCT/ US2004/ 007799 25. The process of Caim 15 wherein
said fourth top stream conprises a recoverable
et hyl ene conmponent,* and further wherein said fourth
bottom stream conprises ethane. 5 26. The process of
Claim 21 wherein said denmethani zer conprises one or
nore side condensers. -18
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