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'RECOVERY AND PURI FI CATI ON OF ETHYLENE Background of

- the Invention Field of the Invention 5 This invention

‘relates to the recovery and purification of ethylene
and optionally propylene froma nulti-conponent gas
m xture whi ch contains conponents that are both
i ghter and heavier than the olefins that are to be
recovered and purified, and nore particularly rel ates
to the recovery of ethylene and optionally propylene
fromthe ool SR ANIFBURICAT EFRGIES f“r”ace
by a proc i but o
colum. Statenment Regardi ng Federally Sponsored
Research or Devel gpagjpbuntindfshd imvertionon was nade W th

upport under United States Departnent of
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urﬂlreﬁ p¥h<? qﬁor@ HESRIdPEh MRS fbdbvbly bhethgRAESHd oftfonally

pro 58 (%rl A F rélfﬂ ﬂfotetah}ﬁtlfsgﬁlec%?gg%%bg%% by a process
emP’GY‘HSBGtW?"&% "E%ﬂ“o 1 ene manuf act uring pl ant

2a ing Haslespily Spansored Fie -’.1 pr [lavelgpme
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Discdstiah can be used i ncl udi ng et hane,

‘%@%ﬂ‘?ﬂ pht has, distillates. and \
rreathesf of ﬁ'??d’n“?f@&l? PuFiopLAn be sk Sd sgéeefagb?‘” FecaViing

andparifvise cthilens pinil watierfally peanyless byl idsReTeghierein ithe soptext

. of Fa)é@ﬂanﬁéra&‘nd guifyiry enhpkes ahl e)ptxdik&llly @irdifymenttom the effluent of a
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cati o Vo § Febrp e s Weat?@ﬁﬁ%e@oeﬁ PP ERreggtes and
crdctsed:iodif_@derbﬁlmm®i ng hi gh pressure steam and al so
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medi um and any condensed | i quids rermved bef ore
entering 5 the subsequent conpression stage. Acid

gases such as H2S and CO2 are generally renoved after -
one of these stages of conpression, for exanple
through the use of a




caustic Contacting tower or an amine scrubbing system
Once conpressed. scrubbed and dried. the furnace

ef fl uent gas enters the separation section. A typica
et hyl ene pl ant separation section enploys a nunber of
distillation 10 towers for the purpose of recovering
ethyl ene fromthe furnace effluent gas and purifying
it sufficiently for use in domnstrean1processes.ga%%h
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distributing conponents in each colum. 10 The present

invention also relates to the use of an ethyl ene
di stri butor colum
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for the recovery and purification of ethylene. For the
purpose of this invention. an ethylene distributor
colum is one in which a sharp split is nade between
conmponents |ighter than ethylene and conponents
heavi er than ethyl ene- Therefore the ethyl ene
di stributor overhead stream contains ethyl ene and any
conponents 15 lighter than ethylene that ent e{ ﬁiihtﬁbuted
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energy and operability stangpoint to
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repl ace sone of the thermal. coupling with, for
exanpl e, a standard reboiler to provide stripping
vapor to the ethylene distributor However. while a
conpletely thermally coupl ed arrangenent would require
the |owest overall heating and cooling duty, it does
not necessarily represent the | owest 20 energy
sol ution when the refrigeration conpression energy
required to service the sub-anbient duties is
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coh@MUSHdI Repdrt reumﬁpatesénon refsigeratipmeystenas: hﬂ“é ﬁ@ﬁ&qyme?ygqegho
processes.
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adld@%‘vﬁ% ethe "p%ﬁ’}" |t§§tt| ction of the ,Pnhm:.tt neassura than
destr@nizéi aatitd G2 smmeus@ommeteﬁ@aﬁ e PECGERY PEF T he
ro SER! hnk RO BASKl |c&”gmg rrggiteldetweManley et
mé)ﬁesggﬁﬁ} %%Jﬁa&m{ te r?dard di stributed distillation _
systens, a hydrogen depl eted gas i s expanded and used
for refrigeration, so |l ess hydrogen is degraded from
chem cal to fuel value. This 20 overcones one of the

di sadvant ages of prior art.g£thylene recovery systens
based on
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an ethylene distributor, nanely. |ow hydrogen

recovery. W have further found that the nethane rich

gas fromthe aforesaid rough separation can be

expanded and chilled to provide a cooling duty to the

overal | process. Sunmma of the Invention 25 The present

invention is a process for ur recovery of cthylono

froma gas mxture conprising ethylene, ethane,

acetyl ene. nethane, droogen. a [ o
o, e PRI, CORTES A TS §%ﬁp%8‘c“%’fﬁ§??‘3%%“ Jifhny
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erefroma first_vapo derdBi hi§didtGelative
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to a fully thesmalhotUsleg SSP$™BSm 30 conpri si ng conponent s
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ead stream c¢) directing . at
produ@egteam iBeeddvereddiom henikeshaaaeapnedled fempefatydygnss fan —
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tharouthyleeackrd thus e P 057 ' , t g an
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and Hydiote® HbRder@y 6t diatbr vap i mesrathylenantanvarsidngipcese e sHED
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I'n hydr ogen and conpr,i sin et hy| | |
R A T
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avel@hfesRfb G e d]éacﬁhdityb@;@‘)pr@ndrt atm@eﬁ@;p?;@sww on
stream co I sl n [l X fUrREPIHah MEat
an gyt FRULIt s ot o BEoSh RXOER, 1R Ray, Lrgeehandns:
the héethand titiorab dtar e sforensid Tavgh fepawen (A0 R PARNAgd an

" chitRldS8 pRvideerceting aty tdithersealiergcess. et hyl ene from a

gas mxture conpri&iRQafidi¥hEmeentRhnane, acetyl ene,
met hane, hydrogen, conponents, and conponents
he i epresdrdrinyentignaisea PERSIPSS i'4 WE: vt P%E?‘V’ng“ e §b
m xture t. fd di giHahé at acfiar), umetand, r bgdrogen. ngind
mixtyrg é::f)%gt‘l&ng _e'ti{g?itne. deyl

roma“fir vapor overhead, stream I S
comparients heseieg RSB CoMOHES  SAPES IS e SRL ALY 6 fro
disEREDE DARRA andRebodefid thbrdnohi &Mt elpoearnrbaarbitiasimepmprising

conponents heavi er t

d_opti pnal
clhoonpehERNS; AP URGoCEEY P 3 o cokord srcam

con%@rié?ﬁ@e&&ﬁ%e‘hlsf RedVidrahpn edumne; b) ravw\ingeagatdpes fropsthe first
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eriead, stream c) separaf ] t | i@kt
amanrasbibng oA R ot b o ot

h the,
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-disgﬁﬁigﬂ ?&Epﬁgbg@gg%ﬁ\ﬁ‘e?{ng' RLION & efen8Tistititor \@pok S¥erdnd

eam conpri si ng et hyl ene, nethane
and hydrogen and substantially free of ethane, a

first liquid stream conprising ethylene, ethane and
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25 conmponents heavi er than ethane, and a second |iquid
stream conprising ethylene and ethane and
substantially free of conponents heavi er than ethane;
d) separating the ethane-free vapor stream of step
(c) into a light streamenriched in hydrogen and one
or nore streams depleted in hydrogen and conprising

et hyl ene, said separation conprising at |east one

streﬁﬁu%rr%fgsﬁa lottyidh@. ﬁietdaaas:hd a.ymghm and edbstandially framef éthane,
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dra erefr RS aﬂmdS&dqam
‘f‘l'%’ gﬁé‘{‘ﬁ e 058%1 %ygrogen anté&‘nsubstdgﬁt IS? ni
ethilémae soif staphtyshem eoramlssrag adeestionsisien ofydiling At 1eg rtion ©
g{:{?” S |£’t9bl§’( é Jdeff a6v YBAR; efaredihg Iaememmgmm of at

url | ene product fromthe

'neasn ater pbiopnar 'ét?'ﬁ’yﬁfé??é"%l eblpted YAt o B fmathanizer

distibiic cBRRRT bAd | Withdedwind ethBrefrainn g sddtosthanizesr everbagl stream
under st andi n f 1 r L I
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cortiiiag less nharhebmocmyarmmgt aF etyipg) ang ‘E‘g?%%’ab"“"ms
stre%ﬁrlh Xs&@? HedCSRIBhE S ftBSovening it psmﬁed Ftylede pedact

fromﬁéeﬁtgylﬁ%%dzg HU{%@O SR Q?I Ogref erred enbodi nent of

s 1 nven FI G 2|sas&g§r}a £
IIIustrhatpr@nnoﬁvmnmls?@@r@@ﬁ%@f&%m‘ﬁé&h‘e vipfigirom a

gas :Q{u?es eé?)tmdng’i‘lgn%{%nel tetsdHaul £hcberet naBhaned hyaget h &3

scale and are sche
oommr@ﬂ@ . andoompanants Heries A ORI PP L) andc ) dir&’“" fhe gas
mbiEE S ¥ distilafdh btﬂﬁﬁﬁsinarrdcmnng)ﬁletéf@"pﬁé%‘@mapm OVemeﬂd

e ot o R B B S i

corBpiiTeRE, arhiata fitse botteanst soeam scqmﬂswsce%%mqr*&s hpgvier than
prqﬁ)grr\rcle taﬁg Egaatvr]fahfe a(&l'\&ﬂl'&% Sﬁb@ﬂbﬁﬁ@b&eﬁdbh@&hﬁﬁﬁl@d’ irst vapar

scription t he

L n ent |
oveshes! disen FopiogHF BdowREEYORE 13 SUTHF RURAT, G rFeparstng =t
leagmi’l exB df e lohe&ﬁdemrmml eftlyaamghmubgzlt@ gsg pfone or

e Sqally. bropylenc. i .8, Largs YaLioheistior cotumn, to

crlb d herein in E‘g
redéoat @.xtetnmetfreea«apng strhfsneﬂﬂme!ﬂﬂ athyignea mathang,pnd hydrogen

Y t b ethyeeand
anﬁ 88%8%%%%@ Pr: gﬁf:géthan{@ lrbtri’\ﬁﬁﬂ éh‘rahﬂr)r(l?ﬁ?gﬁ |2? e?te?l:‘ggp E ” ::e
coppessis hsm@nmaoreﬂaas\%ﬁnéé\sse&pawqwgtg)s ean; GonIR(fina; SVt

anll'c ﬂfa%ﬁsandcogﬁg%tlﬁg?a#gqg%%ﬁ rcgg{gﬁn&{tbhbm tharoathangad) sepgraﬂng
tharebBaeo NgeR SER A nipochibr e shea REfeER Pyprogan and

loe Eh:{ré)str%mé hepiarihe ﬂydrbgérham mmuﬂngmtftlsd@}m pagieq@paratmn

irectin gas m , .
compriing Ahikpe! 088 S8 PhTRRPLIRonE ApioHel e ehidiiee vapor
stt@iﬁl: QF %ﬁe&h{;&ﬂﬂém ra)pmﬁmm of at ksast one ehilicepre ;r mor:*1 streams
acet yl ene, dr

deg@@q%ﬁg ggfqt 8&,[% & ggltllgg"n QistfitflioRd Eél{uﬁﬁ h&lﬂv drawing

corrponents avl er d
therchamea démethanizentraiienenstream sarapyisfag) el dae ppd gty rogen an

sugstan{la!lly?ree U sthylene and a demethanizer hottoms stream oompqsmg purified
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30 colum is a deethanizer. and the first vapor
overhead streamis substantially free of conponents
heavi er then ethane. |In another enbodi nent of step
(a), the first distillation colum is a depropanizer,
and the first vapor overhead streamcontains is
substantially free of conponents heavi er than propane.
In a prefer+red enbodi ment of step (&), the gas
mxture is split into at least two - fractions. the
first of which is 7 brought into indirect heat
athyfREh 2R en) CRRbASIngWa t Sodohé furilisd ethpene dveduré Bt e afrs

- dlstéb%tortahﬁr bén%@tnmfbofnbﬁﬁtstrfeém@tl on and war m t he

rst overhead 5 second or nore
of which are-i i Posth t%ﬂ'Bf

c oFerenmate @Wﬁ‘%‘ﬁéﬁf’ew’%‘@‘é‘ﬁl fis '"BE’@Oé‘p e?%’% ﬁt‘"cp dbw be
madiih RSl epbodifients invetmatddin greater defals IW@W@DW@WQQS

andfdreQ&HbeE*ﬁﬁtow ﬁﬁkaﬁ’@fﬂﬁbrr@le@rdﬂ&&dnﬁdnueam to produce a
: om#acety ene

over head s od of
enﬁiﬁjﬂn'érﬁs%‘ﬁ"?f‘%a mnontﬁ@ (i Feg%ﬁ?g n?deolr?rjt‘)r{‘/elgﬁgjfg]ceertn?mneo

this roeptigrses t he hydrogenati on of acetylene to ethyl ene
or FF:‘:CE h:?rfse 2ObcHeldtic Ristikes@ ol yansthep piéfered emirodiemt of the

acetyl ene and hydrogen contained in the first
pre*f?\? stream in 10 the presence of a su

c attahydd R e L g
in nhidrst InVaRah instanteadetatis ehich aanndiaecesqancios ed updersiagding
of th%tpf%s&eg%vle?ﬂoée?@mg% réAL%@B&Q%eéﬁ@ Bifcelt thpeFdéﬂfe may be

nvention conprises directin | east

omi@e@ONt bienld bf dridersteng. o spyisenthat thes favertigny a[t? SePREAY

limite® (8 heSididuenenttiogtrdrivalllostratedshéreinat i on 15 col uim and
recovering there forman ethylene distributor overhead

stream conpri S|E ng & iﬁﬂ%ng}e{hgggg nfgd hydrogen and
substantial ly

hyl epe
di $t shdid dre Wﬂ@iﬁﬁ’%@@aﬁ?ﬁcﬁ’ﬁﬁ?‘%‘i“ﬁ@“t@f‘hé?"eES Yngfoved for
recﬂaﬂiﬁ?eand' uﬁf?ﬁg‘?&ﬁﬁl% anfl dirhioﬁallyl proppienerin marge variety of

progessgs eeggn ?rg nl ng%ﬁ% &§ F? h Ricthd tc%ﬂtegfofv\ﬁédﬁﬁﬂ @he effluent

of e
froth W &ledm segadral ﬁmmoef Thie inventiore camdlset mleem@\fﬁg to a wide

‘ rangg%?é%@éxnd Hm&@re@bdféedio pr oduce a product -qual ity

| ene 'stream._ I n such

t
et Hsepiesentt lﬂwrglﬁg %I’?QHS? %Pa B 15] ﬁgil\?va% dgﬁée'sg foPthe
recBv@l) ot dthegh from 8 qros ma@tars ca)mms*gﬂeﬁfthﬂ%ﬁq shang goplyiene.

e ql oﬁ hbeof-
mepgqf%lrﬁyde?qeau?%ﬂg&;ngg{q%e fr st st&?ﬁﬂaet (%(;&9(0'4) cPthe o od
i lmahtckdmprisch KEHGGS aiNE? (@ fiPt GRS Colin an

re e&%ﬁ’g)eﬂl\%r }0 Fi"éf th pdii &Iéfrllléagt ét'.tﬂefézng @bwpHising mtlamet etiylene,
) eas one T1ee (0] e

aceliistie, mmgeru as@ imethens mndof it '&%ﬁ’“@%@ %‘le A spmpdsing

m%ﬁﬁg éﬁ? %ﬁbt‘ éﬁmwséthﬁﬁ’én M §id échieddirmentad |8telpr(a). dingfirst distillation

raw 1 s taken from the el h
coldimat it iabiae1anizea AT e 6 VERPT AERd 5 %‘é‘c?gﬂbg’m"“a"\! frag of

oog\ngérﬁ' tHaaREE lfhé&pgﬂfaﬂém &phudiliﬁer emhommesemebepaﬁ)aﬁ@ﬁm
stri utor colum or_the
distioe apEn & & SARPRANZGE oL B sk Gl publehd duesth eRtains s
Sugétgﬁﬁa“?l igeb it lcainponerts haavier fihe peipans.e tie aggelgred @FE’(?E‘&S‘?&"‘
distillation colum_ qper.ate &5S B of which
of stesr Bathey93HELR 'iggﬁ ﬁ‘é’ﬂ%‘ Ié\%}% r‘ﬁgé’t""%@?r{g&r more '
“preferably between 150 psig and 450 prig. In- another
preferred enbodi nent, step (c) conprises steps (g) -
(m, of which -7-
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step (g) conprises wthdrawi ng a vapor stream
conprising ethylene. nethane, and hydrogen fromthe

et hyl ene distributor distillation columm; -step (h)
conprises chilling said vapor streamof step (g) to a
tenperature no colder than -500F to produce a
partially condensed vapor stream. step (i). conprises
directing the partially condensed vapor stream of

'broug;gx; ﬁ@% (et Chd %x@tiﬁlgg@ rBoffacBwiiettid firsCatpbonverbent streo o

nprises 5 Wi rawi ng.an over-h r e
therebip cogifsuch Yy fractiop end warng ?E’Fqc%’%ﬁg‘gg%a@%g‘%?{ﬁ‘é%ﬂa
secofdbt ok ot WRicR e t@dusapiato fedinsttdisiiationt qolyrenat gifferent
locatidg@ns to pr oduce a partially condensed rectification

neans over head stream ste 1) c rj - di '
| Stem (b)2F st Mediodopt ff’ﬁe‘“]’?‘@fﬂ(‘ o PR (shBGpd B e
the ﬂ&@%ﬁ(ﬁ’ld\&!ﬂﬁﬁﬂl deasado pedubé b taw-bostylenofitst ayediond geam. In

t tot t f, th tf [ i |
one [omGRReRfl €18y e oRER | Sclo g PR oRbres lus

hydroRRatiorD of ticeylent thethplane i arl ¢tharsoAddrlied Rrefelaby P &
means_oye h@nefisi Glartidadtstibam in

mmwsggeagégé Egeggeg%é(gﬁf&ar%%&%éﬁwc tion means, can he

the mesanppef aswiiablereaiAlyst i furhytebinedDEfqeeBRt sy P 5™

first YERA BlEnERl WiBa@r oA @RS bbmpreshal Ibotbovrselywam isf rempyed

| ene distributor. Step (d) of the nethod of the
me‘"‘"'g'f’ ent invention conprises separati

pr > at | he .
etStgp enef thesmetiod: dfthis jaentyc ps 5??%3%8.* gﬁ%‘é‘ 3 portion
of tld HH-aSihE/MERAT dvelieshd Brdurto gen ettaieds odigtribwtongiséllation

steans depl eted i.n hydrogen ang \Sd -
cougtn oy PO e PO SRSl AR LR AR
othyfohé) i@natant gdiogan portsubsiaotally lee of RfPeReand an ethylene

dis i.}%%g%ioﬁgrh?%trega e%&?-gﬁsixﬁ%ﬂfyje%br%%thbﬁb.ah’pltres‘ esrited of this

t . .(h d ..
invefition, aMmmﬂwiﬂgﬁggﬁ% ?%e‘iéo g‘ﬁ ?&ﬁﬁ“\%%?eé:’n 1'%)sar ? %QF{T“I)};
free Pgt?lgﬁfivﬂ%n% @RndieRphralioR 6f the @thané abdethgibhy fsaygsassary in

LStri

utor overhead strea st e ' .
ordes petet o PRI AN WP ABRL Lo ol ate

of efiahb it dmyidnengie ngechiip det bayow about{k00% thpuob g some cases a
_distributo er head, vapo SR Nedsbeshrlidnoel e reflux
highep FRiIP; "ﬁ“tﬁ’g'-[‘%%e%‘&%t ha %%eéT%%te I iggbstl rtea{‘ﬁmm the
fiquid &gl tae Gct istilkafidn cgemndn @revited vy 'Wg"de?% RS ;;d e%
L di ' li66 BMBfuhN In Gh&hvegabodirhasanat leasticohd
gm‘éﬁ/&&rdgggﬁmﬂ%%ﬁ?ﬁe Separated 25 vapor

f
the mtiefancabistibgior | disfiliation GBI, FOTBFT Reg eog%ﬁh??gg\t%ngg% dh

. ups%etlrﬁtcﬁﬁillatﬁdﬁ) colfimpyRindCa eiduidoside drav iic sakeorfrom the cthylene

ane rectificatiqgn.cal ym, . Bma,
dstaiviaeigst s e o PP PRI SBRAGRoate Bl
whillV S4rGEeas 4 E2uidishibunolmnor thehfystrdistiation qobtn.f Thegthdene
stiapon ot AndhSleSP af! i bolGRRPT TRESethylene
distfiggleq COLEY Bragyae e%gtd%%ggr(?%@ﬁmgfb? he gt I enew:}go
distlb@by Hietitation culanineagkrates ovilih @ FoPPEEsYR PI§TETERY  TEdHeOn

psié%cg% ﬁs@% dan}'% ggé;fgngg%em&ﬁ‘ 150G syl 450 @aigl on col um

0 eam conprising the vapor, str
i ot metonad b chove: HoPA B o
. inventi AL [ Rgmbéommiil ahybare nathanef an
Ste%{zg)l %’WS%“E@?‘J&?@ %r\{éﬁﬁé nor e sti?gar%s depl eted in
hydrogen to a denet hani zer distillation colum and
wi t hdrawi ng t herefrom a denet hani zer overhead stream
conpri sing nmet hane and hydrogen and substantially free
of ethylene and a denethafi-zer- bottons stream
conprising purified ethylene. Preferably the
denet hani zer distillation colum is operated at
pressure that is at |east 25 psi |ower




10

15

20

25

" 30

5 than that at which the ethyl ene distributor
distillation colum is operated Step (f) of the nethod
of this invention conprises recovering a purified
et hyl ene product fromthe ethylene distributor bottons
stream Preferably step (f) conprises directing the
et hyl ene distributor bettonms™ streamto a C2 splitter
distillation colum and w thdrawing froman up

 hydrégmt tromm tief ethylendCiskiplitor distilladipe coplutmgi plgn (bbq:qmqpsgs j_;bmmg

said élgétgrn 3@%[” : ff §t8[gj (@t lEry + ‘i‘é?ﬁpé?ﬁtﬁ%iﬁé colBF fhafr-8bhe abpydutda

fied duct
partakydoddenond e oD RApOTERAE IFEAied O Pl Fopar

vapotr @‘tare&g ﬁ)f%}eﬁ Eg to e §9ﬂtdrﬁ tofla rdbiichlidrainieans; cadép (fncormpibes

over head vapor._ streamfro
w:thctrnwenng;zars greeat vapQt ff?fr'a%? dﬁcttfﬁmﬂea“%rn%‘é ﬁ"’dE?'BP'QJ‘*S
furthLePElﬂﬁtﬂ@ﬂ‘\etd%t@ﬁ}daﬁ vapod fﬁﬂ? theO’ﬁettf'cﬁtlcmymadm}Me frodudecy pashally
ani zer S
condpppnibisUaEen Geric Rr e s dbe( friedoaidtihy Bt east
a poatohlqv Herguidefpationdf thh partilly @:tndéﬁsﬁq 'PP@PPW 'BBF'Eﬁﬁl"e”H?é’
e ?%k egg de pld d}e ! ﬁgrtoﬁjh@a}& hatdfoR gaHUaRY atﬁﬁdm‘) kemprises

ni zer IS ation colum is

mmm-apmguﬂzcavamn pertion of the paftially ﬁfﬂ\dﬁf‘%ﬁd ’FE@OV{‘%'ES%%? Qyprhead
stre %{? ea'f;“me ol kﬂ%dth%&@br edHeddstieae bTheé eectizativangeans

bl fr t
can bR 2 R ESIRLACTE SN 4'3%"&% R OLAE TR Sssure
She’t@wgwrﬂé'f te q“é‘é%Te 495 on of the overhead

cohdg rta) ag trcwmeﬂﬁcﬁr of ichpekentt ieerditiydosmneisels sepaBlingthe
ethyd@g\%t u&l gorlfg nggretan'?mgoeﬁémasrﬁ‘eéﬁf ermcﬁédi el ﬂ}dr@@an

ortiron o he ch I % h
and r@qamor @abré o&teai‘n% d@@t@éﬂdatﬂ bHPAeTS 8P w)r’ﬂsm as‘PH%r suc

f atli5st P8 dhilklai & [bavt@Nparteon of the athylens
sapg or es al éﬁ 'Srtl%eatsg% %@éﬁo l I'I'Ql

f f t
dqst@q@rgfv@ﬁ‘@gglvapgrt g%@n-( g§ % _pr%ﬁ%gc{a éoﬁilﬁle{el té;ggg co(ﬂphses
stepﬁ" 3. leﬁ)earfal HOwh@irCE8ph Qg)rmn@ﬁsm)dmytlmamcs pawaﬂmwgg?m at

eav ane, r
leasd 15 é’ﬁﬁ'f’? 2‘5‘55?'& g alqm%&eregvo Ja% St\é%gﬁt gt@ﬁ 2(23 |Q%r peses
sephiatng etehaper andfiauH ontaiiedgn thio PEGA SHKISEHTL BAYPY £& the
eth3g(|/:3r}e QURARST eﬁ%%g G OHD QReNIepahieRMIicRId ddmptisingranparithe ome

iment, the present inve i
or merediatie SAnpetapipd) Thydragsn AT TSRS PSR ehabten @
co n§ #F&o@&fﬂ@r!h%'%oﬁ%b&&rﬁnﬁmclﬁdﬂmbydfm yb@nkl;:e separated

d e
Skl ORI Ay RO o
(h) Bt QibjdcRd taf ret:tiﬂcaticeﬂhoai mwmeaemmmccdnm@c@n%@‘ PM%‘head
vapgé &g m Xt ﬁ%‘gfls‘h@q g}ar rﬁoists%rgérﬁtehh&%w iRThy@RIgEATs dRdrawn from

rst” vapor overhead sjream -10
the cmmmﬁns iragifieativan eplueinhy lie reaathge @n}}qo ment hﬁﬁ’P campnses

Adistibefor |ovathedd kmtebmma a
rec@fcﬁﬁ% %pn,%lﬁ% | co np oﬁ%n%gﬂmz avier t

rectipalionaditmn @d @:@hq!f@wmtfgmam reclitisation 5o "P%/B‘f Pg%ﬂ%?f @por
é%gﬁ{fagﬁk%t 19 thé Gapr Br@dR ehfsheddmbyatiogernt of step (a),
|

t distillat | -
Lnbten fahot egpiivon ot s e i caieRae CARRRRRf Gpt 7 plttion

 of 150 BRERE HeSorteavinase stiwamsplepptatein hydroggn e @fc@mq@emzer

enbodi ment of step (a), the gas mxture is split into
at least two fractions, the first of which is brought
into indirect heat exchange contact with the first
vapor overhead streamto thereby cool such first
fraction and warmthe firs8-overhead vapor
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stream and the second or nore of which are introduced
into the first distillation 10 columm at different

| ocations. Step (b) of the nethod of this invention
conprises renoving acetylene from the first vapor
over head streamto produce a | ow acetyl ene first
overhead stream In one enbodi nent .of step (b), the
step of renoving acetyl ene conprises the

hydr ogenati on of acetylene to ethylene or ethane or

dast.ﬁé%{? (fof’drﬁﬂi eér%blaii’th&ta%g( Merdton® m@n&fgnm?a@em@ad Sffeag
ace an en ¢ r r fep

mmg‘l'ﬁ"@hrﬁ“? ang f%‘%?‘gg%ﬁce 0 %hgﬁlg?&dgre %eatéa{ 8 ?ﬁ“ % form
demagahizbe etioydr atreaat icomppsioglupwidied Tigthylaner st P ggpy the

%%%BESFJ\% SlahEREbIGAR iDepsatEr fsreskubetal & atdeisy B pei lower
f::r; tﬁ@té%}rv b(};lt %:ﬁ‘g‘ e(?][andlls b%ﬂ)r(dﬁs)ullﬁlt)ntcgﬁmﬂm; Besaftfa. t hi s

I'SES separatin | east a ortio ﬁﬁed

of Stehelf) ofvthe angthah &ff thissfnvegt h@%mﬂ%‘ieﬁ e1%"‘8ugr?” _
eths)ib?lt@ HhaR %@g tﬂ@éﬂyﬂh@ﬁ:ﬁt&t&tdrmttoml simamt. Brederably ¢ e H)
acts as an e i Stri C
compfispgrfirectpgibe 'ij?tﬂ%‘f%? ‘CoNpr SSSI? g gm} %5@{&8}/&5 gﬁ%ﬂ
wlmmﬁtm@mngmmemmweamwfm@@z sgutteetdwawon golumn a
oot Bl Uien WS- it honaces oo
product wamniiasishpithdrawg fremmg fra thal %é???&ﬂ%e A4 8%' thé B df the
c2 §¢lﬂé$ @i@ﬁllaﬁbxli )éolﬁiﬁﬁ?l? and ac,ﬂmgnmS dgeawaé wapd:ramre@tr%m the
top P@ﬁm(q{g spift{.?r &n‘gg g coi&n?r' is &1%&6(130 rdt ll'&gén’(fogn%étt £t $8P8ne
trayl abovatbetbpttemeot thq m@flé‘?’%é’éﬁ“&ﬁ"@é’ﬁ"‘ﬁ"@ directed to a
tcglf]ﬁh i 3dthdd HGFZ 9s lﬂlﬂ?{thh' fttlém acﬁﬂr&ﬂﬂé‘oﬂtﬂe sepplgvapor of the
ererr om S St or e a
firstc Gfpiatienn go g iy gﬁ‘ I'gi) dls%%fcﬂ At ﬁ %lumn a:dr} t::e
aemﬁm;ﬁmtdwauatgquoé@nrofs mwaé%flrbbﬁ%ﬁ'ﬂ"%a% ﬁeﬂf‘gg SHine
res ;?éch@@%eluﬁﬁdbﬁ‘tcﬁgﬁ liGlii tatrbbrat dn d)tﬁtn(bwse@hammi’referably a
)risin ene a
iyl el WS TimeampsE R ona g o
emﬁby&l&m revigé tahmaalvm padion (96 the; ?‘@thqdqcﬂ"ﬂe@’f'ge‘éﬁ'ﬁg nEp?
the ée?gsy;ie u'§t}:’)‘r8&8\r/ glrshl)e%tl@h Scltofr%lgg{mal;iti prar aérgftgﬁﬁizdrhﬁstﬂg@)n Toél:]nem
and atfeast eppﬂﬁatoéﬂ‘ec‘iﬂ"mﬂ#%feﬁ%%‘% E‘FWSP%'?L" tee"t &
et hyLefferdidtddiheiter tevrodeaadf Siy ievention @ﬁpioreﬁamgsteps (&) —

0. el TS BTy RO ks e

25

- 30

S
comaimp CB siongoetity lapd sompaneith heavier|than pEpars. athE he %rs?vapor

, ov%%{% gxrr{g issthdédespat}“lQ{fy Qé’eie?g%ﬂp&feh&ﬂﬁﬁedv?mérhdﬁag @l the
irs le“?‘Hé B9 RIS £ FarRp; 3 Erirbhents ek than

prdmanéldravm as the second liquid streamof step (c). In

? thr 8%{’ efrr dith R ROMB senfinvdiizatis 8 ppocks fm re@ivery of

: dtothe tr btor col
ethglape | fram mwa%qmwpﬂvm@tﬁg %ﬂl S‘a%leﬁ Pont eﬂe“l’h 1&8%&

hycﬂ’b i, '\’ib@ﬁ'\ p&idandRhipaneds elbaviee thaarwopieatd g@mpruses

whi ch t
steeg I@ﬂr'r SStglp gﬁgtl)f?taqu %mb?)ﬂl’menf Icrigrgl)nlés%lé (@édﬁpﬂﬁg gaél thindure to a
firsP YiddidnOLollie b reaweting éregeffdm st firshvaphe @@e@p@c@ Sifeam

Is directed to an ethylene distributor distillation
columm to recover
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t herefrom an et hyl ene distributor colum overhead
stream conprising ethylene. nethane, and hydrogen and
substantially free of ethane and an ethyl ene

di stributor columm bottons stream conpri sing

et hyl'ene, ethane and conponents heavier than 15
ethane- In step (h) the ethylene distributor colum
overhead streamis withdrawn as the ethane-free vapor

stream of step (c). In ste et h
coniishg ethanorelodpAReoBRS AP IATPE (4 FaFaTRoIs o
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first distillation colum, each of the one or nore
distillation colums used within step 20 (c), and the
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colum bottons liquid streans in a reboiler exchanger.
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contai ning | ess than about 0.1 nol % conponents |ighter

than propyl ene. Thus, the Gas distributor colum 17

produces a sharp split between & and C4 conponents,

25 and allows the G3 conponents to "distribute”

bet ween the overhead and bottons streans. Optionally,

columm 17 could be operated as a full depropani zer

colum such-that the colum bottons Stream 21 is

substantially free of C3 conponents, for exanple,
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ethylene in stream63 is typlically |ess than about

0. 005, preferably |l ess than about 0.001, Thus, the

et hyl ene distributor colunn 66 produces a sharp split
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et hyl ene. and allows ethylene to "distribute" between
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64 is' split"into streans 65 and 66, “and stream 66 is

heated and at |east partially vaporized in reboiler

exchanger 67 and the resulting stream 68 is retuyrn q
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the columm. The dividing wall thereby provides for a
single rectification section above the wall and for
two separate half sections in the | ower portion of the
colum and on either side of the wall. The feed
streans 48 and 51 enter one of the half-sections at 5
a point below the top of the dividing wall. The
section which the feed enters, along wth the upper
rectification section, make up the ethyl ene
di stri butor—col unmm descri bed herei nabove. The ot her
hal f -section functions as the sidestripper colum
descri bed herei nabove. Stream 63 is withdrawn fromthe
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where it is partially condensed agai nst a cold process
or refrigerant stream In the enbodinent of Figure 1.
this cold process streamis the expanded denet hani zer
over head vapor from colum 78 and drum 106, as
descri bed hereinbel ow. The vapor and liquid in the
partially condensed stream 99 are separated in drum
100 and 10 the liquid returned in stream 101 to colum
93 as reflux. The hydrogen-rich vapor from drum 100,
stream 102, contains primarily hydrogen and net hane
and relatively little ethylene. Stream 102 woul d
typically be directed to a hydrogen recovery - section,
the design of which is well known to those skilled in
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10 tenperature of the stream The resulting cool ed.

| ower -pressure depicts one potential then be used to
provi de cooling for the process. Figure design where

t he expander effluent in stream 110-4+-s used to provide
chilling to the nethane rectifier condenser 98. The
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It is directed to the 02 splitter colum 121.
Preferably columms 119 and 121 are thermally coupl ed
in that reflux to columm 119 is provided by stream
122, a liquid sidedraw fromcolum 121. This therma
coupling between the deethanizer and C2 splitter
colums 119 and 121 is beneficial in that it saves
both energy and capital. |If 15 desired, the
deet hani zer can be operated as a standard
non-t hermakky coupled colum with a partial or ful
condenser. though this node of operatlon woul d be | ess
energy efficient_ Colum 121 is a C2 sp %
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stanti a free o - C2 conponents, for exanple, :
cont ai ni ng Iess than 1nol % C2 conponents. It is
conbined with stream 36 and directed to a nethyl
acetyl ene and propadi ene (MAPD) hydrogenati on system
147 as shown- The MAPD hydrogenation system effluent,
stream 148. is directed to_the C3 splitter tower 149
to produce an over head 15'5 oduct stream 160 and a
bottorns product stream 151- Stream 150 is cool ed and
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partially condensed in exchanger 152, and the
resulting vapor and liquid stream 153 is introduced
into drum 154 where the vapor and liquid are
separated. The ~vapor is Wthdrawn in stream 155
which is product quality propylene, The liquid is

withdrawn -in stream 156 and returned as reflux to
columm 140. |f desired.
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otherd) ET¢MEaNy aictingn 7Bndk wpewte gt @%ﬁ%@%ﬁe%n?%%%%&eggd ah

. purl QRWE6RARd 3p0@eiact Wit hdrawn as a |iquid
pstg, ﬁg)rﬁ éﬁr%dégg%@ea vapor

1en DAl f 803, @aaied 5id
| tha prettonst pRda. & sokilin 787 HBACH Sroni 102 22

, parﬁa!bg g&&ﬁn@a&i irdéxdhangdr 104 tivdiHeyresyiting yggggnﬁ jirqntélé Eaﬁ% hésésfd

, and the resuylt] : iafe ESiddated dnd wvithdrawn
in stream19BitA g &85 eri}eéé (E:% \Egr#? ??ﬁ% %@%? raeam@ﬂ15%a Sgg@@ﬁxﬁﬁogen
in str?érhm')" hid womrrasrmcﬁ@!-yﬁif%;\ﬂ 193 @gﬂ?eésg“?m. ) 1@@; egch "

furnace, atainirgy lsecthr
and ig ﬁﬁ%ﬁ?rﬁ@ﬂfﬁ%% Sfﬁ%geﬁeﬁ\%ﬂﬁ 0 pﬁ’é%\/\llwl{o\‘;agh theSamn RET LdoRtHind! dridnarity
of etineaet | Theahetfayeriead areuchgt Y trplef;\ﬁw pp%u E:L' h% \P&J sgfl ins
fro et jsOdent ftol rexpasdt e Q
meﬂ-\apa ﬁntdh éfr?(fﬁénu it isOsen

ocar bons, The J.ni t.] f liwBa St enebn ttfdcan
terpecriyie sﬁhérr"’t%qagbs%g'?efeg‘iﬂ?ﬁlné gé&%%' thosg@ggscri hed g%cﬁential
then [ tE uSEP @slipftinde ofalifigdfor ¢hel procses:- Frure s FRRUET E sk T eam

composi tions are ' nRvhaised i progide chilling to the
desigybers e ePgiie o) lp%“?ﬁrlf:é*{taaﬁg feed to f Qﬁ%afnﬂ%&‘aﬁr%am 14
metiifiel retifiérs cahideneec@8. MONe FEHTNE HHMY. *t'he funace "
S By R R REH Seraulonaigeds borl nagas fic dlgf shgyay but |
typiclly S5 T3 ch ent er Sind Ip|§d,gg§ 1GEN BeaiRabR @Bn haQErected
needvrifoe henkbatenceg 8PS ¢dhe TS - 'g cogl ed, gi §3lY The
o q}‘%&h oRleSdxpah@aratner oxiroade hyditiars! el %ﬂ&f{?y v &%5ind
er eby roducgi n &I). N RIRSE W theStopadthaviebiatnn . as reflux
NiquidesePEy 19 ffP{'h‘imﬂ'gﬁ,, al so E‘r ong?i S'L%r %%ﬂéerf&{eams 113
fiquil T#e Hadbins podduchetrgand d 4 Som AL bt & & uent  gas

anqi}]g? 2[5{{?%&?6&(& 1—%2%&& ﬁ$l§ed cpIt et partialhye vapasized i reboiler

€ pressure i s incr sfindk irgo abluchn
exchaagai i Scasw] ©a 'F‘é"l?f@a‘ftreﬁ%ﬁﬁ? é{%. @%Z%gt u?%ﬁ@Xﬂ? heavy

76.| 64913 onstains pehduct-giality e and conpr essi on

sections are Wl @M_r@éuigsrmti‘&?@aaﬁorﬂ@a)’mﬂde process
re%@m"@?‘?“ fngﬁj%onbl ned jn stream.209 R Reuld b
codihgSauticed frurat Fupical jethyiRAS P‘?B'ﬁ ?"erﬁg‘s%%g reRifer °

e higher-pressure

“eff L ye S fdHe2HA dthylamolebigeraiin systpmsy (e have found
PWQE’HE@%@S i(?]_st rel ativel eddpitalesvitgsi and energy
! | @ %’H&fn%tﬁ ph lahd

that i qopess 20f thisaiueqtion PRYArT "G Vapor — an Fég l"sc%:l#b%ation

e@tcggrf%‘?& Wher thelrafigaation requiremants 2(3P ¥ REVapor

redus Fquid are -Seﬁa%ﬂ%‘#tﬁé’wﬁﬁﬂ%ﬁi cdtich advelselapd a_mixed

of acropyienay (RMIAeEAIAD Y and” an_uncon en%ﬁ%l Vta@‘)h uce 1. for

rofip bG8 2 Stent fayubd atdagdavets.4 Fagdhe ROREIBFNed Wlth -
streans 207 ang. 2%%ticgu{dq)term£@d2ﬂl9emasgmﬂ4. #h.r48aiand 130

exagple, SGE PRI TWG st reans, One js directed as s portion

it cafogorpé il PP 2%t 5 p

ambEaeR1 6T tieomixed ovfgerpintheysii™ WOHh i PETCol um 2 fited
he ot her 'Cg"(l) Li, ‘g‘ahﬁeé%em@aﬁamgm athiersn Those sk

ofdhe FRIFQRIAY an eresulti % oal elgn sﬁ;g%&?%ﬁi rationt

inQA8 kadvif gadagnize thahtoerariye My %PE% F29"% Ne “over head . .
222 fr aceim &g& #Smi&lgfe rERGirdL8utlt) rtgk&ydm.éﬂeresqrpégqﬂyﬂgeren

systerg;th c‘i’e_ 0 an upper point on colum 217. Col um

217 acts as a front-end deet hani zer col um- The

over head stream 222 contains ethane, ethylene. and
conmponents lighter than et h)él1ene. and is-
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20 substantially free of C3 conponents, for exanple,
containing |less than about | nol % C3 conponents- The
bottons stream 224 contai ns propyl ene, propane, and
conmponents heavi er than propane and is substantially
free of C2 conponents, for exanple, containing |ess
than about 0-1 nol % C2 conponents. Stream 224 is split
into streans 225 and 226, and stream 226 is heated and
at |l east partially vaporized 25 in reboil er exchanger

ixeafrigah St ih Ao RAREA2S the wosking it Typically the
mnxe%%rpﬂr%erag\ﬁa‘gg strippin apor. r
i eftgsrant sl @RI o Y YR iod o E X0 nfiifeqtons and
addidesdlly asiherTiyat aud Heewd compengnts fp taiter g brilyg; behavior of the
refrié hre22A1 30¢h dbtRS bthe iniixeat fofiiyerad8 dystetthdedigmare
wﬁh@,{ﬁ%?ggpe quggrggﬁogn 230. The conpressor effluent 231

a stan ront. end acet r i
syStream 58pa PIFPE %9&%91%“?0”8@%%‘% e %“i’;
valvBNa M agelreamand to deethanizer colsymanhi S HoalyBn ALY serasqfes the
andgiiﬁtﬁiegkﬂ%lkéﬁﬁstsﬁgﬁgtﬁe ‘Qlt@ énd(lmdi r bomgm;eg Z‘Ei;e; e{:{@ghznqi;zp?r
. ) ] .
fromy sRlMEM dAP 1R GHFant ! gﬁ 3?0%%.% 5 ﬁ#%&ytﬁr S ac%;{%?r%ee nr;nt;
subktdiiaig dreataf 38 cympanentsafprisxample less gy 4gio ayurapens-
T8 A7 1013 g dadinese. » b
fi i 14 , a liqui
the’@?aﬁylfgﬂ{’]'e? S acetﬁ‘gﬁfﬁa%r ggenat itﬁn ;eaﬁ?‘t em andq )
sidesfraive fon2@Bymin 924y dj ih@ghpgﬂwal cadpling Jstwean gﬁisé aniz & I?
ooy &l ethenach pav picabiieie dnden dociabapoemen e¥lE.
desjsed o en dfaRanizer Cal, S? e%gevrﬁléé H0Y ﬁaﬁ@a‘?ﬂ &P lthertha 008

I'ch exc

xchange. heat. bet
 colimt edimepBRta e idendenans Bost FHqBPdt PTPa HgR Otk less

enevgiDeffidioitl ent tenperature process streams. The
(rj.e oljl}riBrQ?Z‘ﬂl‘i d F@%ﬁﬁt%gﬁmﬁh@m%ﬁaﬁa&kl ethyRinb ying tremlane into
i I"BUt 6r colu rom an. Pirdt ;
a-poriach gvena e BraRtic; s an cOkpa iR FRAUER DL Bl ith
sired 1286 Y BvdrhesdTpiddycicaupdlianini HS;, ket & ePrigR 9f; laﬁiq?ttgg:
0 .cqlu L Se ' §i @i Bahd giosain 928
Pm%’éﬁ‘ ?qrcgma%%%%ﬁﬁésé%%%g%g? 623 aﬂg@ St I %$ 23%ankdd in
ovelessid rddudt of emyma 121 cstiean K5 B”emé’f?gr‘ PR
exdﬂ.gn%&om. add tﬂfslarmumag nihhidrstﬂeamp‘fmn'@ium@:;‘i KofiyA, 132 from
in Figure.9 Col unn. e 134 and
whigh dhe ‘EHE‘{F Erw'g%ﬁwm{nzﬁ%gﬂgf%fé&gggﬁ ﬁggdtﬁ apor . o ea‘rggj“::ii
13248 e amt BB Pradet Aty Sl s FPRIER (iR SR
o gg?gﬁ'sﬁgs oBfink fndtAUBR Bl i 135, DSt d@ s diccted

r ratio of _et

as seaxin 0 the @Ry oh eaimy TPEs FeRomAT4Y B e B2 selter

 colhff E5R Withd@Sn hatleatho187 andoeglit bRtweenbyeasifs 135 86d,dH9-

stream 241 cant ai NS bRkl Yaplikid iRiebdRBkeRhbeger 140dand
Stieggm g@o‘??’fﬁﬁaﬁ y ?eree %@ thane. . f or ,
the crshittingistigamekdd 16 Iratimed st SUPPING YRGS ?%‘fqﬁﬁﬁg??sﬁ“@% 139
coffhins trinlar) GG ypiualy copgedioribe Wiipﬁlqmggé |
et hane t hat ent.er .col.u sufe Wi that of
i nt EY@??|'¥§H§’"‘E'221q§r?&dZ1%.w%%ggﬁf%%@?gh%ﬁeat ed gnd Aty
col@@fd sPaintli 56. | yn wapoasa dile ipresstsopf sreams /3 fGd, 6D yguld be
and the resulting stream 245 is returned as stripping
vapor to colum 236 As one option of the present

i nvention,. colum 236 operates with a reflux .reheater

section at the top. The gross overhead vapor of col um
236. stream 240, -22-
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25 contains primarily ethyl ene, nethane and hydrogen.
It is condensed as nmuch as possi ble in exchanger 246
agai nst relatively warm for exanple, propylene-Ievel
refrigerant and optionally through the heating of
sub-anbi ent tenperature process streans. The '
tenperature of the resulting partially condensed
stream 247 -teavi ng exchanger 246 wT|l typically be in
the range of -35 to -45F. This stream 247 enters .30 a
reflux reheater columm 248 which contains a relatively
cedutBB kol RevesOf 1 7catt EAT, irexpecti/blyg o6 thfaughiseatd gtherrrgssure-

redut&rfllgnmégré%gelw eB i oﬂe ) feJJ‘u‘?e G R_undRd 119 Gud dA1nwill

bot t f 4 T.
depersbon airiusHier @b e UG iE Qxehtgr‘?e o il Witefl e/ B
comip8sitan e thefiebds aerterdrigl ther e@vmm e@ndh{hed 8R4 fo | %iw% %‘Eﬂ"@

.omelr My ' rl%hgjse%'émﬁnﬁqmsa&% MADRBsdRALEIAGoh TE paigoarueisd

furth hilled d
ps'gpﬁﬁef‘?rﬁti%i UERG gﬁé&et mﬁa§%3ﬂ§§'8 lrJrZSSr Rgflrlgér afllnon

f oThe )bottemg arodE6 of welumn # §iic withdrapg i g i, and split
belvlléaé?tsartrebﬁs RaBtanBV42, SekadiMeliyhenédandcdintoapt panially Yapprized
in reeh?ﬁler exghan%'gr ﬁi? %h8 'ﬁfe REullhe Srbanti4d @ estatiedRisHipR@ vapor

or ~and re 257 fr

to cplima? 1. SEHALAY CHAPAY O3 °8’“8°1‘%‘9$na§§ o taeinsally
freesdf G2atoniEents; onexruple 2B@tainingless Hee MghhdF2 EUTRARE™MS4 4!
is c@:?hb ahl With 3@6ach BenardREteatad tpar triettivi ycetstbne mnd dpropadiene
(MAIJEg %%F%%ﬁﬁ%ﬂn%{eﬁn a37ids QRRIACTRe MXPD Q—‘nly@fbgmeitiym system

vapor. This refl u>§ thead
effigant, strgemetf8. fsatirepted t? 818 GF seiiter Esy | é%gc’ Bmgt‘?‘g% LPET
m@&it 4FBard 360 dnddubeMhprodngraypametfli retpaADi5¢ & papkidgnd

parti gcie}% | neSdl i %' %ﬁ e?”l%@ o Bl |tﬁ*:'g% é\taf{cﬂﬁﬁﬁd difbam 153

pr.op

i inteHubaErITTHioWagTe éﬁfg@%*ﬁ?“‘é!'%d afee%ﬁ? e g vapor is
trkf?ém?fnaslu‘ébﬁﬁ 1f5 dakien kaRoduct auality pepyihes. eThy fiquid isowithdrawn

in SF&?‘r’g‘éE‘ef &0 5%8r eqwsrrgﬁirrgr}? %g@ﬁ}nﬁﬁtg l;{ﬁrg@g?é Bjd_étﬁ ‘;ﬂgsaﬁm

1505 ki foggeampletaly gandeggad n exchangey eﬁd)téh%'qughe Py 'ﬁ% §’°"3’*e"e
ro&@d’ﬂ Qﬁh@hwﬂdsmﬂmu%ﬁsteuhbﬂa vapET. Campmw;pguthbstream 151

| ene d ) u Q58liH nbRed aha&ﬂ Ieast partially
is 5 eéw ger g‘%&‘r‘ 1% bg{?%&gl de lco%ﬁense

vappGndit ncekcbanasi5odpemilttyrasung SFFuh ICRAS SeHyPd AdSipping

vagr §J Ldiltdh Qo ! Sa%ambRITQuntdinsaminalily groparegis typicalnredyelist yo .
condense vapor to the reflux reheater rectification
the rnace 8990% ¢ ed above the ethyl ene distrihuto

S ot asasond drsletoRerOANG ob LB AP ien s
parg rﬁfbél{brc:‘é\éfdﬁ!&w& dndi faﬁh?(h@liﬁghf alefin frophibat effluent of

t t .. i
furnanet Hfod oyt eaattely ot RaeRo o TH duifidl GRS qfdithy dhd
corh%(t@'s:ﬁ@tlt lsiepReé eirhikd th fthostehdaesuptw:hmu thg quatesignent ¢SiFigute 1.
Thgﬁﬁp{ggp\f%yg Ire}tﬂ{; buécgs(rgto%lg {I @xﬁ&\bﬂﬁlcﬁﬁ&é&h’mm those in

t he gross
Figuoeet eineg thefesd \hR f%"ﬁé?%?‘?ﬁ“ E féetr 'Pteast partially

C 0 rﬁg Sftidufdl e MiARYE Stion 201 pg:elneeta @heatad denacehefflusnt
re t
Qaﬁ é@%‘?fﬁ i‘zég%% ﬁé‘téést @' c(%' Fﬁé}“ %%%H owe rregﬁég(?lﬁag?mu?gtrls

25 exanpl e bel ow about 400 psig, such that the gross
over head vapor cannot be at |east partially condensed
-agai nst propyl ene-range refrigeration, However, in
this case the use of a refdux reheater configuratlon
woul d be | ess advant ageous. The optinmal operating

pressure of ethylene distributor colum 236 wll
depend on a
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nunber of factors, including the type of -
refrigeration systemused, the conposition of 30 the
feed or feeds entering the colum, the cost of energy,
whet her or not a purified hydrogen product is desired
fromthe downstream separati on section, and the

requi red pressure of the purified hydrogen product
that may be produced. Typically -26 this colum wl|
operate at a pressure between 1.50 and 550 prig.
preferably in the range of 150 to 450 psig. The vapor
fromdrum 258 is withdrawn through stream 260 which is

coofrg ikt P Btk 21, ¥ RUARRSF brhfle fXGhRAAIre26Ad indiesy

r eam 2 vapor" an
pFOduﬂngob‘Qh'GfﬁsﬁlffFoStfﬁamTWEG@ s fpapEed 'ﬁ‘e'“\?a%@)fj A Ais fipgding
heaf R cBRPahAd elthapaocais.hlinavwnled eBued aas speamA0g ip fxl to the

oon?q;'éﬁ%%t i:e\éﬁ{)ry 208_ huﬂ'néré % ?re%%urﬁamaﬁcﬁ%deﬂ @i siesit @d0 psig and

h va

eam 267 t.o
agayhﬁg_gleq D T EWP%E tergqef%tgﬁ o B heagﬁ ny&H? %gﬁden-gaﬁ in the
queiielh hare compteshionr se@ibumﬂrezwshd@hm sag otAdMSC @Hfaﬁ‘ﬂ% 28,

~res$&4tl%|§/ VelYeontBldd i Wkesk zﬁg W&zﬂcbe atrgemd ftaylirciildeyired.

- O than _ten, theoretic

The, Blgl’.}ﬁhpr%%‘“? £fuent gaz e Ay eng%ﬁlég erEP BHEW%Snﬁnsgg
agdidse relafivelynwaon refrigeraet, 'éa?ﬁcmef #14nagdh é*?“g\yesé'ﬂ]'l"ﬂc‘f"é’ﬂf an

ligq uf@QQ@ém 2khkeis h&b&m Bid @ann 209 eberbathes vardrmnd figuid are

separqﬁ%cg{gn éjdocf fO% r% \’.rel \fg'h 9' &5 DY 409 @R uncaitiénk&d vapor

roug

e
streZe5 215 e i PH%%{H 1\7’& 5of ‘aenc%? e, PR st A 2 B
strezint @0% ae)xabhangeFtreans 21$t'5 pRlit dy¥e|twa siisames P97 t"°1 g\“f’ e as
strezanganeediovsr poichandmath2@r aglainn 17 a Toelahqs HEERsdn éFeam
21d BfcbbRBIRBkchahg@aNY anBiltBe vapilling anded istieard 220 i¢ heoled again
in excﬁ’am teP 591 gg‘ﬁ Flét%é }Sv&ﬁé&ﬁﬁﬁeﬁoﬁi%@&m 297l Weresafting abeldd

ned to colum 268
s“‘??é"? ||sl51>{e ?rtoan'ip)pf Bcf'h Jﬁ d‘l:ﬁbgin r| ch_over head, strearn
vagsiuma it] @etgngo7 front-aqd fé%?rﬁ\{ ?{6 “ﬁa
22:hyedntairen etade mettiybene. and mmﬁeo@l vghf?ft ﬁh%‘ &E’Wf d is
sub%isrrﬂaum AbofEBItEmBoenEatdr exdrepl2Ocalitaieiog éezfsﬂbaraabout 1m°'%

Cak d@ﬁ&}%ﬂtsr ecﬁ\é%}{ttéﬁ&téu‘égm bhe Qasign pﬁtfpymec tprdummaeldnd

t O
comsp e FRar, RSPRE BB T PGty 8%, o C2\rigdrehes, for
exdpepielsaaiairtion [Bse dareahdve onyrm'%g% comepnasts eGHPP 624 spit

J é&'ihezﬁr ADP 8, Rk RaBa 26 hs hédted dnd st leastparially veparized
in rlg alm; eggxaggeﬂ di“z?':hw{h% r@%uztir{g%hnﬁzzaae Rdtuied eABIAHA 217 as

) ts a sin e st a 6]
strippA SRRt | SHEATD 225 6305 %V%efn%'f’ﬁ ‘%J?‘g‘}"li"‘gg:ﬁ & uspd as

fuek St Quxfed® T he dvervBadestorant 23kis weamed 4 exhanaersAlja directed
in Etga%l? 06 A RChirdd Eﬁge ok é&np@%&]&{ 23@r "['ﬂ@ QofpRdssot Bifltent 231

or rmr

s
~—-ereFa 18y ?tﬁ t?a&‘u ~end to g%l Diich QstBhOS85S ARS system

n C
coneins @ it Bée{@éag‘?fﬁ 35 5‘@8 tog i oh. g il 36538 options
ar@ &8l kiloviri Uthesd skilleolrin dxaamsl &s vathdhe firghgmbodiment of Figure 1.
ang BN SER M RntiGal BSigR ey ancaskidend Rpirbddnation system can be
esigns of U S. Patents Nos. 6,343,487 and 4, 496, 381
could be used, anopng others. These and ot her nethods
that can be utllized are all contained within the
scope of this invention. -27 :
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Col um 255 acts as a denet hani zer col utm, separating
et hyl ene and any heavi er conponents in the feeds from
t he met hane and |ighter conponents. If the pressure
of columm 255 is lower than that of the chill train
drum 263 and col unms 248 and 268, the pressure of the
various feed streans can be reduced through valves 5
266. 253 and 270 as shown. Col unm 255 can operate over
a relatively wide range of pressures. The optinma
operating pressure of colum 255 will depend on a
nunber of factors, including the type of _
refrigeration systemused. the conmposition of the
feeds entering the colums, and the cost of energy.
anmong others. Typically colum 255 will operate at a
emjidyes satideadedt thedacalion of #iegaceiersE0ydoedepatioy efastoall {re front

end @ {HeGRMesd & iApBitatd 300 psig. The overhead and bottons
pf%i&h&ggn%m fialg e%é% oGt LREAHEB3, is typically
v Y SARF SRR, B %ﬂi‘éﬁ‘:ﬁg‘f‘”ﬁﬁ%é@a*@e’?%‘* in

praqtiea exchipageq 334 ymuﬁ'pfﬁpﬁs@at Ariyrehssiqf e%xclé%(m%gbﬁe%zw ich
exclzange hehicbateser straagn 233 eadrp@3r inorg eefrigemtigndevals andigr svg-
amblétﬁ@émﬁ&amﬁi pidbefbsireatiy. €ine 2801th§ ohillad atrasm 235 enters the
JAR UG EE Aol nYn 83d1VE@RPan Thérgp WA REAEI S4VIRRtBddboir it is
pref{%ﬁgle tﬂaﬁ{;ﬁ RAL D zfaog.%emgggauy%% : ggg Gkt fefithe 1 to
colugin 24758 G S 8 A SR SR s SR o e

238\aag GlreaM@30d il gsired, colupn @Afrcam also berfirgrated Bt 2 Raprpypled

modweg bilviladn grideiply do ogemn dddn Figusubst antial ly free of

et byliRRe3cSipeeass 288n etiyleakniistiitigor dofuuird  The prods wreR8sd
vap8hdath BES LoRBRHs IS HXd Bmpanst ugRe ian Sihy1eadnadd s
sub%tﬁnt%ﬁf'freg B ﬁ%@kgdqfor?e%gm b, 5 Hokic rhgo Bf &RSHE B 8fhdlene in
S 0d. %Sfe?a%!ye@@ 2R 'gBQS{b B§1 The

stog 0 Ay s MR
bottg@pi eedudnalrgrst efith aﬂong“ék‘ﬁo?’ﬁ'”m@rght é'ee?B‘én%g'F‘"e and is
aseantaigngless tancabouti imelse

subgiaftially iteei of gtethasm faroexanyp
methfi. NBir&an €241 ewill ialdoecontain day SempR@dnts Tieeviva thapdethane that
enté?wﬁm\eﬂzét BEBAM2Y isSspliy P atkdamd U42 RAa 243 NBgadnn 243 is

heaﬁa ggﬁ%ﬁaﬁ @Qﬂor&@ﬁ id Peiibi @?Jlﬁhyerbﬁi-tiuéﬁcﬂﬂﬁsresuitmg
sire e e st |It o'??c?gﬁm'n{u%%heat bal ance,
trog 3 4?6%% ikl oot & a7

i % ONB PRigN ¢ é““ei’ o vERiady <ol 26T eSosfitn g mepux

reheatercseatigraaldbe tefut Tee 9Ess ovwé%ffﬂ@fz@f calugiy 29% $lream440-
conbiist mrimkacibt ethgiend,r methtihe aatiftyidergendi iy chuteosed aolnumh as

. posdBB: inl SxHLARTI2H b@é(@étgié!éfaéléeua"rﬂ@ fandxahplepprot9Rabdevel

refn{é] gpc?mé B?Iﬁl %rl Wbdﬂmthesfoea&g of sﬁﬂjahH‘lHl“el_ng Ympéhifird Brocess
streg@:g e tfa%ﬁ oEStﬁ f\?rsggmg tfﬁ'ﬁfaﬁ}f] %8n<§e‘% Qﬁ %tr :Qm%i?elgmmg

e ‘
exctlanseg wildyriga lt/ ke i Hlelmﬂg%\ﬂa—%m %gﬁg FF fB&t‘?&ﬂ&efs
a rgfiuo caihetter ColliomTR4Bouhicts containg al relativale paalk duberof contacting

stagj%‘s?@ﬁiéél (bSY®AN 10 RdrehLsmyek38 The Cagdi@ang liqaid i strazim 247
dts %;n bbtorh &6 ﬁ hEQRUIR Y a}éﬁ%r 49¢s afhwat® tRIOYM the

_ conﬁcg%gs 'f\% Itter o r%%ly rgalfggggﬁom?ﬁd’uﬂ{\iéolég%md The

dermnstrat e an opt| onal configuration i ncI uded within
the scope of this invention, colum 294 operates with
a pasteurizing section at its top. This

95 .
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5 section hel ps ensure that the ethyl ene product
contains sufficiently | ow concentrations of nethane or
| ighter gases. The liquid ethyl ene product. stream
295, is drawn froma tray a few stages fromthe top
of columm 294 and is conbined with stream 280 to form
the final ethylene product stream 296. The over head
product fromcolum 294 is withdrawn in stream 297
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- exchanger 298, and the resulting cooled stream 299 is
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Hydr ocar bon Processing , March 2003, pp. 96-98. It is
dear that the energy perfornmance of the process of

_this invention represents a 15 significant energy
savings relative to current2fractice



10

15

20

95

30

From the above description, it is apparent that the
obj ects of the present invention have been achieved-
While only certain enmbodi ments have been set forth

al ternative embodi ments and various nodifications will
be apparent formthe above description to those
skilled in"the art. These and other  alternatives are
consi dered 20 equivalents and are within the spirit

d
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ltquuﬁ A rtroliuced into drum 263, where the vapor and liquid are separated and

withdrawn as streams 264 and 265, respectively. The liquid stream 265 is directed
through valve 266 and steam 267 to column 255.

The vapor from drum 263, stream 284, is directed to methane rectifier column
268. This column contains a relatively small number of contact stages, typically lass
than ten theoretical stages. The purpase of column 268 is to recover ethylene from
stream 264 into the calumn bottoms stream 269 in an eénergy-efficiont manner. The
bottoms stream 269 contains primarily methane, ethylene, and dissolved hydrogen,
and is directed through valve 270 and stream 271 fo column 255. The overhead
vapar in stream 272 from column 268 entars exchanger 273, It is cooled and
partially condensed in exchanger 273 against a cold process or refrigarant stream.
The vapor and liquid in the resulting partiaily condensed stream 274 are separated in
dium 275, and the liquid retumed to column 268 as refiux stream 277. The
hydrogen-rich overhead vapor from drum 275 , stream 276, contains primarily
hydrogen and methane and relatively fittle ethylene. Stream 276 would typically be
directed to a hydrogen recovery section, the design of which is well known to those
skilled in the art. _ _

As in the first embodiment, it should be noted that ather methods can be used-
to-produce the hydragen-ich stream 276 and tﬁe one or more methane-rich liquid
streaams {streams 265 and 269 in Figure 2) from the vapor stream 280. Figure 2
depicts a single stage of partial condensation followed by a methane rectificatian step
as one method. More or fewer partial condensatian stages can be used. Also, other
arrangements that combme ane or mare of the elements of process gas chifing,
partial condensation, and rectification could also be used in place of the methane
rectifier 268 in Figure 2. For example, ona or more dephlegmators, or the advanced
rectification designs of U.S. Patents Nos. 6,343,487 and 4,496,381 caould be used,

" among others. These and other methods that can be utilized are all contained within

the scope of this invention.
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Column 255 acts as a demethanizer column, Sep_arating ethylene and any
heavier companents in the feeds from the methane and lighter components. If the

- pressure of calumn 255 is lower than that of the chill train drum 263 and columns 248

and 268, the pressure of the various feed streams can be reduced through valves
266, 253 and 270 as shown. Column 255 can operate over a relatively wide range of
pressures. The optimal operating pressure of column 255 will depsnd on a number
of factors, including the type of refrigeration system used, the composition of the
feeds entering the columns, and the cost of energy, among others. Typically column
255 will operate at a pressure hetween 100 psig and 500 psig, preferably between
100 and 300 psig.

The overhead and bottoms products from columa 255 are withdrawn through
streams 278 and 279, raspectively. Stream 279 is split into stream 280 and 281.
Stream 281 is heated and at least partially vaporized in reboiler exchanger 282, and
the resulting stream 283 is returned as stripping vapor to column 265. Stream 280
contains product-quality ethylene. The overhead stream 278 is cooled and partially
condensed in exchanger 284, and the resulting coolad stream 285 is introduced into
drum 286 where the vapor and liquid are separated. The vapor from drum 286,
stream 287, contains primarly methane and hydragen and is substantially free of
ethylene. Stream 288 contains the liquid from drum 286 and is returned as reflux to
column 256. Stream 287 is sent to expander 289 to reduce the pressure and
temperature of the stream. This stream can then be used to provide cooling for the
process. Figure 2 depicts one potential design where the expander affluent in stream
290 is used to provide chilling to the methane rectifier condenser 273. The warmed
expanded stream 231 is typically further warmed in other exchangers and can
ultimately be used as fuel. Not shawn, but if needed for heat balance, a partion of
the hydrogen-rich stream 276 can be directed to the expander inlet to provide
additional cold expander outlet gas.

Stream 242, a portion of the battoms stream from e ethyiene distributor
column 236, is directed through valve 2972 and stream 293 to the C2 splitter column
294. Column 294 acts to separate the ethane and ethylene contained in stream 293
to produce a purified ethylens product from the top section.of the ¢column and an

ethane-rich bottoms product. Cofumn 294 is typically operated at a pressure lower
than column 236, so the pressure of stream 242 is reduced through valve 292 as

- 928 -
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shown. The C2 splitter column 294 typically opecates at pressures between 150 psig
and 350 psig. )

in order to demonstrate an aptional configuration included within the scope of
this invention, column 284 operates with a pasteurizing section at its top. This
soction helps ensure that the ethylene product contains sufficiently low
concentrations of methane or lighter gases. The liquid ethylene product. stream 295,
is drawn from a tray a few stages from the top of columa 294 and is combined with
stream 280 to form the final ethylene product stream 296, The overhead product
from colurmn 294 is withdrawn in stream 297 which is caoled and pattially condensed
in exchanger 298, and the resulting cooled stream 299 is introduced into drum 300
where vapor and fiquid are separated. A vapor vent stream, stream 301, can be
taken from the C2 splitter reflux drum 300 and directed to a paint near the bottom of
the demethanizer column 255. Stream 301 contains primarily ethylene along with
ariy light gases entering column 204 and will preferably enter a few stages ahove the
boitorn of column 255 so that any light gases contained in stream 301 are not carried
into the purified ethylene product stream 280. A liguid stream 302 from the drum 300
is retumed to column 294 as reflux. The botioms product of column 294, stream
303, contains primarily ethane and is split into streams 304 and 305. Stream 304 is
recavered and is typically recycled to the furnace saction 201. Stream 305 is heated
and at least parfially vaporized in reboiter exchéngar 306, The resulting stream 307
is relumed as stripping vapor to column 294.

The following spscific example serves to illustrate certain  specific
embodiments of the invention disclosed herein. This example is for illustrative
purposes and should not be construed as fimiting the scope of the invention
disclosed herein as there are many alterative modifications and vagations which will
be apparent to those skilied in the art and which fall within the scope and gpidt of the
disclosed invention.
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Example :
An example of the second embodiment of this invention was simulated using a

commercially available simulation package. The process simulated in the example is
identical to the preferred embodiment of Figure 2. The feed to the fumace in this
example was approximately 345,000 pounds per hour of a mixture of 70 weight
percent of ethane and 30 weight percent of propane. The cracked gas was initially
compressed ta 172 psig and cooled to S9°F against propylene refrigerant in
exchanger 211. The flow rates and compositions of key streams in Figure 2 are
given in Table 1, and the key heat exchanger duties are given in Table 2.

The specific energy for the process of this example is determined to be 5,100

'BTUMD of ethylene. This is substantially lower than the specific energy of other

commercially available processes, which average approximately 5,700 BTUAb for
ethane cracking. as reported in Hydrocarhan Processing, March 2003, pp. 96-@8. It
is clear that the energy performance of the process of this invention represents a
significant energy savings relative to current practice.

From the above description, it is apparent that the objects of the presant
invention have been achieved. While only certain embadiments have been set faith,
alternafive embadiments and various modifications will be apparent form the above
description to those skilled in the art. These and other alternatives are cansidered
equivalents and are within the spirit and scope of the present invention.

Thatwhich ic claimed ie:
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Cr) A process for the recovery of ethylene froma gas
m xture conprising ethylene.

N ——

A process for the recovery of ethylene from a gas mixturs comprising ethylene,

‘ethane, acetylene, methane, hydrogen, and optionally components heavier than

ethane, comprising:
a. directing the gas mixture to a first distillation column and recovering

therefrom =2 first-vapor averhead stream comprising ethane, ethylene,
acetylene, hydrogen and methane and a first bottoms stream comprising
 components heavier than ethane;

b. remoaving acetyfene from the first vapor overhead stream to produce a low-
acetylene first overhead stream;

¢ directing at least a portion of the tow-acetylene first averhead stream to an

ethylene distributor distillation column and recovering therefrom an
ethylene distributor vapor averhead stream comprising ethylene, methane
and hydrogen and substantially free of ethane, and an ethylene distributor
bottoms stream comprising ethylene and ethane;

d. separating the ethylene distrbutor overhead vapor stream into a fight
stream enriched in hydrogen and one or more strearas depleted in
hydragen and comptising ethylene, said separation comprising at least one
step of chilling at least a portion of the ethylene distributor overhead vapor
stream;

e. directing at least a portian of at least one of the one or more streams
depleted in hydrogen to a demethanizer distillation column and withdrawing
therefrom a demethanizer overhead stream c;.cmprising methane and
hydrogen and substantially free of ethylene and a demethanizer boltoms
stream comprising purified ethylene; and

f. recovering a purified ethylene product from the ethylene distributor bottoms
stream. '

The process of Claim 1 wherein the first vapor overhead stream is substantially

free of companents heavier than ethane.

The process of any one of the preceding claims wherein the first vapor overhead stream

is substantially free of components heavier than propane.
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et hane, acetyl ene. nethane, hydrogen, and optionally
conponents heavier than ethane, conprising: a.
directing the gas m xture to a first distillation
col um and recovering therefroma first vapor

over head stream conprising ethane, ethylene.

acetyl ene, hydrogen and nethane and a first bottons
stream conpri sing conponents heavi er than ethane; b.
renovi ng acetylene fromthe first vapor overhead
streamto produce a |low acetylene first overhead
stream c. directing at |least a portion of the

| ow- acetyl efie first overhead streamto an- ethyl ene
~distributor distillation colum and recovering

4. rgcfeng)Mr@'%ne (ﬁnﬁ}m%g(ilaﬂsr\ﬁh@&ﬁgﬂld ¥a RilurO¥ @1 @Rkt least two
zr ream conpr.i si ng yl'ene, nethane and héé/dr ogen and
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VQEHPUEMQFW?QG’E?PQHH1|S substantially free of
9, ccmpgfaee@i 8f ivgpamt ef thepeavedingheves WhereiTRlepst Greled tof haffylene
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g. chilling and partially condensing at {east a portion of the ethyiene distributor

averhead stream to provide a partially condensed portian of the ethylene
distributor overhead stream;
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and hydrogen contained in the first overhead streamin
the presence of a suitable catalyst to form acetyl ene
hydr ogenati on products. 7_ The process of any one of
the preceding clains wherein the first vapor overhead
streamis conpressed before entering the acetyl ene
renmoval step (b). 8The process of any one of the
preceding clains wherein at |east a portion of the
reflux liquid for the first distillation colum is
provided by a liquid side draw streamfromthe
ethylene distributor distillation colum. 9. The
process of any one of the preceding clainms wherein at
| east one feed to the ethylene distributor
~distillation colum conprises the entire overhead
vahor separatingtpstvapanardi Biuid tantiins iodhe partialhnebndensedubodion
- side Graw étﬁyﬁérﬂ*&ﬁﬁtn‘ﬁ&l@ﬁbﬁ&ﬁe@i o Baiddiephrdtédifiquid comprising
di stildndlor B &Jmo@qauﬂ'sﬁéﬁ%géeﬁéteﬁ% h?di'obérﬂﬂﬂlcﬂcdr@)rising
sai d geﬁmgreadﬁlstl ation col um, d wherein sai
upstr st 1 ation colum is domnstrean1of sai d
first rebwbtind ahidovapoe|stieam éfrichéthdn prydoges fadm Chaisep&rated
wher ei,BosalfdidgRRf.r €am distillation colum is a Cgs
dlstrlbutor colum. 19. The process of any one of the

14or E@@mcm%‘?kamﬁttw@wwnsw@) cerpipehretd? €t ri but or

di S“ ! '.tﬁ“ Qfhg £%%h g %g{ g éﬁ%&h@ Ré’%n@t’hﬁﬁé% hydrogen
befwe ﬁ rocess o
d ai mrfT ﬁq’é{ etcﬁgstélf ﬂS/‘P%W iy ‘L‘ﬂ"f"f"ﬂrut or distillation
COh UNMhillipR @ E@vapoMbtidanfof S8 1) €5 & trkpdietuveRs cAiBér thsh 950°F

and 4300kl a barEPcRiBRESPvithr afdarene Of the
precedi hg cl al whereln step (d) conprises:

chi.| | idirgctmacsajshpartiallyl pndemmtdnebaistmam eizter {) fothe bsiom of
of t he rettfightermemdaes;ri butor overhead streamto

provide a partiall dens of the ethylene
G 51 r nfaRvaT nee A fom st HaRirif g e
vagor cﬂﬂﬂg'daﬂﬂbderﬁ@@d Yapadfrbm e rqpfifiddtiah| slementepsddee a
port i QRiafhf rggp SANERBG AebhbShodRidaRAd vapor,
[

sai d separate quid. conprising one of the one or
mok. e  Idirgeting egﬂwaﬁmo@m @ftthel liquid Fipeflopgd pajghieprtially condensed
conpr ir&dtifigationtrydransjerterad dtreaeciovbe ilvpgoissdid ractification means
streaqgggm&qaﬁg 444 hydrogen fromthe separated vapor
of step (h). 14" The process of Clainps 1 to 13 wherei
 step dthdrawingr fhee yapere Partigp sofpsaid (pariglly nepndansryl gectf ication
vapor nsdane aonectorrol isbeany 8¢ hegic mthylanet dighibutaingapor overhead
hydr oggBamfrom t he ethyl ene distributor distillation
colum; h. - chllllqggﬁald vapor strean1of g}og.éa& to
1% TeerpecasupicClabn d8) Whareiniatieasbr poftipnfdhe @lorgsald separated
‘pavdgioal df ystem bl iss edbjectpd rtostectfigation in @i rastticatign siglgnn and
pawhéda@ln yn oatiens edpyaposans icoeprising tsd eppdrhjirdam eheched in

bogg, cﬁé@éﬁﬁs withdir8h iffont &l RAiRRRASoldmn, W t hdr avw ng an
over d vapor fromsaid rectification nean
46. The process of any one of the preceding claims wherein step (d) comprlscs rectification of at

least a portion of the ethylene distributor overhead stream in a rectification column and
withdrawing from the rectification column an overhead vapor stream comprising
~ the vapor stream enriched in hydrogsn.
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k. chilling said overhead vapor fromsaid

17.'

18.

20.

21.

rectification nmeans to produce a partially condensed
rectification nmeans overhead stream 1. directing at

least a portion of the liquid fraction of said

partially condensed rectification neans overhead
streamto the top of said rectification neans as
reflux liquid; and m wthdrawi ng the vapor portion of
said partially condensed rectification neans overhead
stream as said ethylene distributor vapor overhead
stream 15.~The process of Claim 13 Wherein at |east a
portl on of the aforesaid separated vapor of step (h)

eﬁ)w%s@ 8; 5‘19 ohof qr%%éczdlr&Q‘akn%l%ﬂeglﬂhJ &&E&ninhz@%éhﬁﬂmn column is
co wher el n an overhead va

c‘éﬁ‘iﬁ‘@f‘ g? hgwﬁ% AP Ret oarn By ih&trfgdhﬁ ﬁhyleﬂ?/ &}S‘&a‘é?f qisgillation
Woldar awn fromthe rectification colum. 16. The

pﬁ%‘iﬁ%m?z < Of an@%}{s 8t ﬁ’rf:ceﬁ gfe.;lQFn? GRILR Qte& kfﬁéoﬂﬁné’@ G Bhid at least a

offprises rectitTication | east

preﬂntorl@ﬁ %?thnl%diavmréﬁ@ma PUEHTP F%ff?oﬁp"t&%‘ftﬂé‘}f& °%‘t%%i*ﬁ1 in
ithBfdwWihd fFadi Muppel sedion nfthevi2 Sdittadisiaficrocoltthe a purified

. re%‘%rf &gglcgn colum an over head vapor stream
0
19.

C rising the vapor streamenriched in hydrogen. -36
Tine prooessef Gfaimrils wherolf said sepencadifieg Ahviehms PlIdiFeP A
tij@iddeaRi-han E:Z)ﬁf adisytat (bt 0B &yl beww itse tah7of thpBbitter
%ﬁ ?tgresgﬁ%g arB:l %gﬁﬁ.gn%? bvérﬁe\!ﬁ%f ﬁ&;&é)ﬁtﬁoﬁf tb6p of

1Lon

ity TG il F%ééfaeﬁogc%? 0 Gy avove

| sIh%bO‘Ff')‘ af mesaniger é@f”ﬂaﬁ'@“ 5PMBast a  portion of

t bt sbdawl | £05, o% Sttihd ftkatke (5’;9&\51.: @mlﬁt iaa mpt)rqmaof@?e stripping vapor
sputter distillation colu awi ng from an

uﬁoﬁé‘%"' hgsplipligtion Gelusgan ébee;éﬂgfmdrsmbét?f ddﬂt‘giti"P PRSI um a
plenidthadzer distijdtioneoprdia orovidpd by the vaogeation ofpt lepsf apart
18 thh@spédiive abldneamtntsliqaid fstresine inhy teboitermxduinger.i s a

| bR lesdiof Y oA tﬁerlﬁd%@ngtdlaaﬁs xateraue@smgamn ys@¥h ARG inore
the top of the 02 ncolup;tﬂé and a

@fﬂt‘iﬂsﬁf’%’r’“ﬁ“ﬁé “18\?’83%‘5%"1 V “Sedq" %rf""""' A t oMt he F of

tqverr@admnwtsew dyty for M%ﬁthﬂ%ﬂ%ﬁﬁwmﬁ @S‘&‘PP%?%“ Gitipast

|20 patticonofathe emsheaheotdensingbduty oft the drsnetbanicy dipdlation

%ﬂﬁﬁth ad?idzeﬁr ledbt atddricH dQRe eRltingauty2@quirddefopthaceparatibn of
{Jon the preceding clains wherein at |east a

por An of the stripping vapor for the first

. Q4 pracebafdrdine cabuery of etiglepe liphem gad mixtudemermrising ethylene,

tﬁ-]lr{e} | addefd Qneco}n%fﬁ%nea'mdfbbgn deneidigdtieaty and components
atl on_cal g{gﬁ Snneqr:)row ded by the vaporization of

S ER I BT respective col utm bottons
|d)qméi:t|ﬁg r angas Mstuwebioi b efirsiexictifatger col@bn ik recovering

Pg? e“;ffoa Iagnr}}{'so(}%pd} f Gi%m%éfy I%G'gghngorﬁbr@lﬂas AR dihytene,
conPeFidrRe. by q’?ﬁé %ﬁﬂbﬁ‘ fqnﬁ @%cgmpg %rELF og?)&r) ngf rst, battoms
| eastrezm pmnigrisingobortipineotsehérvint bomduaRaAnggaer optienglly C3

t hecghpytee distributor distillation colum, at |east
a portion of the overhead condensing

t f th '
- déntarheMing agetyprg frpmghe diFst vapor overhead s%lregmoto proc?uce a lowf

acetylene first overhead stream;
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“columm, and at least a portion of the chilling duty
required for the separation of step (d). 22. A
process for the recovery of ethylene froma gas
m xture conprising ethylene, ethane, acetylene,
nmet hane, hydrogen, C3 conponents, and conponents
heavi er than propane, conprising: .a)-directing . the
gas mxture to a first distillation colunm and
recovering therefroma first vapor overhead stream

h s
Tl B8, A v, 5557500 s s

str Qﬁmiugtonwusslaﬁ gne onpore disyliatien erumnenene o yyehactsfg an
opt Iq?hﬁ ey d@nbu@&mﬂ%t Sto hdcdvBNMUA Nhaestad aﬁﬁOff rstream

t he vapor overhead streamto produce. a
acetopirgnising i etbyleas emethahes apd dydregen gy s‘%‘ﬁ'g}ag? %YLH fige of
| aShngheP Al ArbOfuR] sﬂrélé?nlc@]\:%pﬁﬁiﬂblﬂﬂmef letisinecanel Fmgbnents
stream rou e use of one

col Ureasier §i78 @ihanghiaod 3560 "“é'l‘f{ {émﬁl E'L%fhét% ﬁ%gjlte gand
col Lgmanet@adrsaomauaugrfreetdﬂmp@mems b%aytﬁft haryedhghe:

P bl S AR LR A YO B0 ot s

PaEne,"a first Ij qui d stream d
Conpérrzhed irehydrbgemeande bharve rage st6aps tierteted Felasiregen an

than et hane, kib&l hApadit amﬁarm@sﬁemf chilling
et hyf ¥R c?mw}?éﬁgggs%gg?ubst anfl alllgfE

conpatierst 8 phaiguobiheraiagneciremyapor a‘fe%éﬁ? ap f‘ﬂg t he

ot ARV r onad dri @bie st
st eNfge “é% %%g IE&&ISﬂarﬂfo{xt l%ﬁ&pm(ecbf it On r,@ o streams

rogen and OI’]Iet or (gD nd wu%g'?amng
depl e¢gaed in hyddogagela Baﬁ@!“e‘é‘éﬁ'ﬁ?‘i dpiigtitt fYY TS
sepagaidsQh GPMichdiart alAsdd aheasit epmpfisiohi Mbthage and

t | t t f,t t
St ephydggencipitenialy deer iz 8 E R0l HehBRbalons

one eﬁednlneammtrmpufﬁﬁtéeﬁﬂe@ﬁn%“d depl eted in hydrogen

to_a denet hani z hAURR 1RRH i FiREramal figond
t hBr BPUHId %I@ﬁg? cc"Iéer ovg@Eegﬁg st rélgm éon‘prl si ng "

met héaEd sFpOS RS and substantially free of

938t Jp%l}, E,Q,@eérkﬁ (ﬁa:n@%ﬁb&&hwti (aptdmprines ter siepn donpri si ng
pur i

led ethylene; and f) recover econd nu
et By ldading s deret o SRR H%a“\e. ‘P%’facﬁhge%g?% %Yeg?ea% gtff“"”% 3
Stregys &?Jtnlﬁ&cﬁ*@ls(ﬁﬂéﬂon?éﬂuﬂm and raoesigdhedirainm QIZS distributor
wherein step r se . § and
| @xahead ﬁgés(r%l gﬂmg iSIfIgPI y‘el?\%acegné rﬂIeth 8 aflif 1§84dgB8 an

at ene |rst over head
str eaﬁbi*ﬁntaﬂly Gge ofl nsmmrmntaahem«umthan ethaem a9 ifms diRybutor

recover,in s t be@d: th
Sty eii‘#t %BH i gﬁlﬁﬂ? g%?léiil'gt Egihhé: #hd ocﬂ’ag: eavier than
hydr cdesneand SUB@B@H@Y] Par 9‘”\“‘?‘5‘@"% 9 n‘pgnen féavi er

E‘E ghta%mﬁneg( ﬁ\@dci’s Ge6iptios bbithHt @frearh QisttheTirs tineidratream of

yl ene, ethane, and conponents heavier
than S%RW ne and substantially free of conponents

i QPt(ﬁFecﬁr‘baQt By heftion of the C2s distributor overhead stream to an
ethylene distributor column and recuvenng therafrom an ethylene distributor
overhead sfream comprising ethylens, methane, and hydmgen and
substantially free of ethane and an ethylene distributor bottoms stream
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24.

25.

h) withdrawi ng the C2s distributor bottons stream as
the first liquid streamof step (c); i) directing at

| east a portion of the s distributor overhead stream
to an ethylene distributor colum and recovering

t herefrom an ethyl ene distributor overhead stream
conprising ethyl ene, nethane, and hydrogen and
substantially free of ethane and an ethyl ene

di stributor bottons stream -38 conprising ethylene and
et hane and substantially free of conponents |ighter
than ethylene; j) withdrawi ng the ethylene distributor
over head st+eam as the ethane-free wvapor stream of
step (c); and k) VWthdramﬁng t he ethylene di stri butor

bot t t th .
o L RSB iy AP
f or hepetodgnedi st ri butor colum is pr ovided by a

| I LAk
‘éq%tﬁdrﬁ s%@%zﬁ%ﬁ@m.gmmat gfer;ﬁ%}y ﬁﬁ%ﬁg :jénsSg{éeguh( i free

C
comTHE 8ESFRE §tte§r@ S$§ g) directing at |least a
PRI Widlradfing Be: bibiWlete adisttibuter bottahs etrearh emdthet seeand fiquid
an celfybengpgystributor distillation colum and
recovering t I?1er efroman ethylene distributor colum
ovler preaesssof @laim 28 mareingfites linpideies thene?h diskibuigr golumn is

hitevia@eBy anguis slastert stsédnyfnﬁmehae ethyletddistzibatod calnmn.

t hyl di sgr.i but tt t
CTI Pfiess SRR BB Io) CEHER (51 “ORERC ot hane

a@dd{eémﬁ a0ekdl & YoftioRtafaho (WREARBLS filst GMREad Badam to an

COI {lpﬁln ens gl ?(Eﬁnécg hcﬁgtﬁyd}gcél{ﬂﬁ %BFWTN,%QQW‘;B t‘ﬁ%Felf&H{ Qﬁ ethylene

st r AHIFPHIOT UMY Gerhand, Bisaid STEE A BYiRGY - fgthane, and
di shrdrpgarornceiugtantiplbt fresmel fé‘i‘ﬁ“@aﬁﬂdafg‘ Fthdens ‘i"§ff1b1“|°{:1€ﬁ"d““
st r batitorad stearp couiprising etildnd: athiang aad [coquicteds deayiemthan
st r gemahd badstibtardiahy fre@ ef eﬁrﬁ;idriebtsthghtecmian rethyddne; a

@ a8 EortheaieLise ST Duitesad Trem 3 R athane-
I oW@cé’ﬁW@ﬁ@aﬂ efste(fdr head streamenters the
WC}RJ}S n?j ik & h‘@fé%grdlﬁ%dﬂ%hmﬂﬁb%st diRand ALk irst liquid

E gl rises mnethane et hyl ene and
et héﬁ%a'ﬁﬂ te] ubst antially free of conponents heavier

t hanith@alaae lidiid sideaei sti@atihfeorh itleiéttlylene didtriputos toleaw at

ol g:feo}nt?rﬁer%e (8 b%ﬁﬁéerdtﬂ p 6P TR dSRERICLAEn and

et nfipRit et die ot e { R e G 4 Bintane

congistrigwtas qolugm é’ﬁ'elfﬂﬁﬁh%l'w éﬁ@draafn%ffegm g?fﬂ@%ﬁemiia?"e
oV e eltgttle strileathuns apd iis isnbstantalia free of pompeeiitafieadet fien
Si dgtianpper bottons stream as the second liquid stream

of step (c), and
k) directing the thuld sidedraw stream to the top of a sndestnpper column and

recovering therefrom a sidestripper bottoms stream comprising ethylene and
ethane and substanfially free of components lighter than ethylene, and a
sidestripper overhead stream comprising methane;

) withdrawing the sidstripper boftoms stream as the second liquid stream of -
step (c), and
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-39 rn) directing the sidestripper overhead streamto
the ethylene distributor colum. 26. The process of
Cl aim 25 wherein the separation functions of the

et hy(ene distributor columm and the sidestripper
colum are conbined into a single divided wal

columm. 27. The process of Caim 26 wherein the

di vi ded wal |l col um produces an over-head product and
two distinet-liquid bottons products;” and further
wherein the overhead product is mﬁthdramn as the

et hanefree vapor streamof step (c) an the. t :
bﬂ)t diesngthedidstipper evarheaddeedf faghft ﬁ'@)"ﬁi‘? dptriie” calumny

uid stre HaR @R&ASs Sofothe ChtaylaBe
26. BFUE‘?S‘?/\HZQ?' E?S‘Lﬁ ?‘Z’ %gn%%a ses di rec{) hF‘? Mg €, single
srﬁsmimdmt cofume 8ng éla%su pRo” SpbTYY 8fF YL at I on,
caligsmwhicgoduce a C2 splitter bottag{s streafr:
- conprl S| ng hdudgs hh @ediead
27. | e R difid vglierglngﬁf'av‘d@ﬂ %Wogl st“?’?‘ i ;%%P&H ”ﬁ?le
t;hedfﬁc&cmttj t\p@lrdlﬂlﬂéﬂ "@tﬂﬁy'l’@??@‘splp process
d? : ec@ B @h&%ﬁ:ﬁ%cﬂa&& aB ul(ef )etgfauﬁrbe gfamni;gzﬁ S&;P %(;) and
dihettivp |bREPHA pé?d%fsﬁwarfe % aSYJcég a efelfahrg'nl zer glfller head
s@frmc(},orrprl sing pri rmrl |y ethane and et hyl ene and a
o LG s mar et
ams
s%ﬁﬁ?"&ié%t%gi% i@’fte‘b\‘??ﬂ@ga cq)tmrrg'gm t%g s8] 3‘9 'fﬁg tL8lon of
distsddoh loatnpasing elimarily efignerRRd itheERddy Oﬂ"ga&ﬁga
fthieeh daleRyiherrecqardupluified eyleae from
\Aﬁgﬁgjggsi htz:tlﬁluleée?rI bot t ons streg(w gg opt i onrg% 'd%e&glgxr@hbhﬁ‘st
29. The tordysss Gfk-laity 2 yhein steRdDPEEE ST R
L hgie éﬁeﬁﬁ‘nffifﬁ%ﬁm;?mgif'm“ "Tj;;’,f Lt;jz’:m ept
dadthdanizer
| Pyerhead plieA RIPLRPE SO 3
dbsttornt atdeom coMoRTing 328 CPRBORS i A0 8‘!")“1 frishfs; hgagvier, than

rMHRE EhRd Sbelingesad aﬂepmantteledvaifhtﬁﬁﬂ alfany #%éa@t CRgspljtter

l'd%%léinowcg)n% awn froma tray at |east one tray bel ow
op 0

i tt di stillat
AR R R T i M PR
|t h&e ?@etﬁﬁuér%%&or% sirbdrh ahi aaucmummmse AR ety
OCa

fon at least one tray above 't ot of - t he
31.deReetrrset 2flain3Q wherpin etlest 2PBTHEmH the “‘% g‘%‘ 4 f%m‘e The
&%&ﬁ%a@f- qishiakis® cAdminas Brovided by iarigtidesidiedrawtdispgelrom the
?%%‘pllﬁfﬂtal&“laﬁ w]bh‘hs oper ated at a pressure at | east

ower an the pressure of the ethyl ene
320i §hd bt or Claiok 2 3bvhagtiepsid segond mrEedtyleasodyft it ai s

> léﬁt'ohb&l‘aychdéw kﬂeatolpomf thelGaraplitter
i s"qb'ﬁje’l“’é?m%t? 'JO& %:Iga sure at | east psi. | ower H‘%%p of
t heistiiatias oolemat anchg pogioatal e PYPY ‘?ﬁf‘ §eof ﬁté m
the G2 spiitter distillation column is directed ta a location at least one tray above
the bottom of the demethanizer distillation column.

-4Q -




33.

34.

35.

36.

37.

distillation colums enployed in step (c). 35_ The
process of Clains 22 to 34 wherein step (d) conprises
g. chilling and partially condensing at |east a
portion of the ethane-free vapor streamof step (c)
to provide a partially condensed portion of the

et hane-free vapor stream h. separating the vapor and
liquid contained in the partially condensed portion

of the ethane--free vapor stream said separated
l'iquid conprising one of the one or- nore liquid
streans depleted in hydrogen and conpri sing ethyl ene
of step (d): and i. - recovering said vapor stream
B8 ploelad Clains19 dr 0 gdereif o dedfenize gistlatiwdovapor of step
obbBated3ft-a %Fé%s@rfe%qéést b (o Riwsr madRerRbssuad of Brsithylene

rtlon BQ f@yesaid separated vapor of step (h)
dFSbUt téﬂie tification in a rectification

Thebngmss céﬁkﬂrmsm er 38 ivherain s (-8 PRIBH (IS PLEHRT ol ésprrared
F QPR8N 1&43@25 Paswéith@aMe@aedsahest day loduidn ogany éfshe

r diB8&lehfbcation colum. 37. 'The
d&&ﬂ% %ﬁﬂ él ns 22 t%=|p Gﬁmherein step (d) conprises

ﬁ@qﬁmﬁ%oanmmmzbbSahhﬁam@@(@cpmrﬁ@on of the ethane-free

s Aol fhighiiod of Bk L bR ROl va
e oo ﬁgvaﬂﬁlfg coasired ppan ob i i é)

hydpogdream;

h. separating the vapor and liquid contained in the partially condensed pottion
of the ethane-frae vapor stream, said separated liquid comprising ane of the
one or mare liquid streams depleted in hydrogen and comptising ethylene of
step (d), and

. recovering said vapor stream enriched in hydrogen from the separated vapor
of step (h). -

The process of Claim 35 wherein at least a pottion of the afaresaid separated

vapor of step (h) is subjected to rectification in a reclification column and

wherein an overhead vapor stream comprising the vapor stream entiched in
hydrogen is withdrawn from the rectification column.

" The process of Claims 22 to 36 wherein step (d) comprises rectification of at least a
portion of the ethane-free vapor from step {c) in a rectification column and
withdrawing from the rectification column an overhead vapor stream comprising

- the vapor stream endched in hydrogen.
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