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Background of the Invention This invention relates to a process for t he
separation of a gas containing hydrocarbons. Propane and heavier PR 2003
hydr ocar bons can be recovered froma variety of gases, such as natur 1\
refinery gas, and synthetic gas streans obtained from ot her hydrocar bon
materials such as coal, crude oil, naphtha, oil shale, tar sands, and
lignite. Natuwgl9egee4usual |y has a nmjor proportion of nethanBCHHSS6®647aNeE,
i-e., methane and ethane together conprise at |east 50 nol e percent..of the
gas. The gas also contains relatively | essem-anounts of heavi er
hydr ocar bons such as propane, butanes, pentanes and the I|ike, rummmmmum
hydr ogen, nitrogen, carbon dioxide and ot her gases. The prese mm‘ “
is generally concerned with the recovery of propyl ene, propane and.heavier
hydr ocarbons from such gas streans. A typical gnalysis of a ga
be processed in accordance with this |#@ﬁt‘|‘%l d be, in ap@ ﬂﬁ@ﬂ@al II “ "
nol e percent, 92.6% net hane, 4.7% et hane and ot her C2 corrponen
propane and ot her C3 conponent Sf‘l&ﬁﬁgﬂwﬁ%@r mal but argeoy. 16%
pent anes plus, with the bal ance Trade up 0 rogen and carbon di oxi de.
Sul fur containing gases are also sonetinmes present. The historically cyclic
fluctuations in @aimmumltmgﬁmgas and its natural gas liquid
(N&) constituents ha gg,g égg !rQi {._1 egé £8P and

as r

heavi er conponents as ucts. ted In a demand for
processes t hat céﬁPBFG\FPEPé‘ I‘?Sré grfhi SPBFI?‘:LF%SVBY%QC%F ?P2se products.

Avai | abl e processes f propapar andnhetfréee hpdieocarbons ctaml ebé hosavased upon
cooling and refri ati 0 20 6.} CT, 479
gas, oil absorpt |f%§£n %n re%ty 3 ?éggs' Qé%so?gt?%gépﬁldd%g éﬁﬁ%@ﬁ
cryogeni ¢ pr dces$@§. hape Bé’é&ﬁﬁté§paﬁér Sbeéa'ﬂgeo%t:a%%%dafvﬁ?maﬂﬁl}qlty of

gconom cal eqtﬁl pm&a&ot:beboar adugeaameweﬁcnhabgcéawltaﬁ@@d usiy, eimuﬁh a)g and
extracting heat_.fro as bei progcesse in pon. the ssure
of the gas sour cé’l ﬁg]a F¢h EESB(“BE%a §§1%%%&/Fe ?ﬁ?%%gr%ao%s co nt)
of the gas, and 1hne deBRiey pmAPOrSdoot of methant andsetmrReshsds .or a
conbi nati O|n| t her&tf@f:h&)é tadeephayedcogetibe eéﬂ@ﬁfaeCaechsb RAAGESS 'S
now genera preferr ropane rggover cau [ OVi Xj mum
sinplicity i t h &5&E° g O?aFF‘ % ?é? X g??b??n%élggooaldaetﬁl Ci ency,
saf ety, and goodlegepzbpmouptsyos. hlaatflemobydnoqevbgm 51451175.1_5 qEPPAR

4, 251, 249 4, 278, ‘bﬁEanés519e&24heé @hé, @88, 1ﬂk§§37a§9\9e1ﬂ I dhPdingeh 869, 740,

and 4, 889, 545, 4 ng application no.
08/ 337 172 descr |%b§§§§|e Vaﬁt-“ %chggge‘gﬁé 2§ 9%12% §§éc]%/ogem o expan5| on
recovery process, 20 5‘hﬁe§€e§§§tsﬂ-rl¥§mtélﬁ§e15pﬂ%%gmblec%%@P Witdy
exchange W tily ot tdle secedakyobtt beopyleass pPREp&hecCxh@Hedvierir ces of

refrigeration sugh ane co n .t

gas is cool ed, "Cn d% "%ﬁ%?%% I%&?H‘dgg?g‘dggﬁd éﬁ??"@% ZA %% é{ﬁzﬁa‘ﬁ:%rsg
separators as h| Br gasussreaguit@s beoprarassgd stneaceordrneR witdd C3+
conponents. Depewlegleﬁrehheow wagas pef, iheaﬂﬁﬁoﬂﬂﬂaéé%@w%rﬁndlqw ds

formed, the high-Qar sur ower ssure and
fracti onated. Th«?B g% gcgga¥tg’ﬁn r? BEEXQ‘aﬁgmgﬁnngfhe | i qui ds
results in fadt hér O&ODP:DDg»nt atnﬁeoshlee‘aﬁa qqmnesmae GoRdi tlﬁ@nbutpnecool i ng
the high pressurg bikguicdshadl bAtabe,t 3 18%¥PpEAEARIBY1bS, d@ftﬁé\t}tee in order

to further |ower e tenperature resultln fromthe exp nS|o 3
expanded stream @3 nF"ﬁG YR ﬁuPétEngP g] ﬁﬁﬁb% +°x+ }t?'l]l t ed
in adistillati om:omtaemam gaises are)alABR sometmsepne@emt PGT/ US96/ 06479

-3 colum. In the col ¢, htleeoe&raernyo egebeélét:teea‘ﬁamé {Rr&)e qiSiddd ed
to separate residual t hane, et hane ot her_vol a |Ie I%ases as

over head” vafor f BmPOR® dasirad @§ c 8o gtga’aﬁ’d’aheﬁﬁ?e}

conmponents as botdomsntl:.itmmndspmadtech:eldbc'ehetheeﬂngnemestmbtvahnald>1;/
condensed(t ypi caldyiahel %é;ﬁokt)eav&*é‘i \é% néﬁ@E' é”ﬂn%uﬁé“r% Add 2
condensation can~be passe ex ansi on or engine, or an
expansi on val ve, 'Ithdﬁoalalsoﬁélsué Peaa@emﬂpéhfaédpﬂéﬁ%@eﬁ'é]‘%ﬂ"dscan

a][ econdensed as q;rroelamlet mlefref lérftfherlﬁ@molreaevehéb:ﬁstEneﬁeT RIessUr e
after expan n i,s _shi_ght bel ow t pressure t he I ation
colum is o?eofat etyaf'th%leixp FeF  S& eam ﬁgﬁalé'ﬁ?%?g k‘ﬁ owe‘?ééeécllt% on of
anl5absor pti on cdingduSendhiosec basgst e@om thotdhd andurefrigemsbioniofe C3
conponents and heavi er conponents from thevapor portion of the expanded
stream The |iquids fronthe absorption colum are then punped into

t hedeet hani zer colum at an upper colum feed position.20The overhead

d| stl I I at| on st ream f rom t hedeet ham zer passes | n heat exchange reI at| on

o r - b L o o




C3 conponents and heavi er hydrocarbon conponents, and a bottons fraction
| eavi ng the deet hani zer which contains substantially all of the C% APR 2003
conponents and heavi er 10 hydrocarbon conponents with essentially d%

met hane, C2 conponents or nore volatile conponents) consunes energy for
feed gas cooling, for reboiling the deethanizer, for refluxing the

deet hani zer, and/or for re-conpressing the resrdue gas. The present
invention 15 pVOYPHE4 5 reans for achieving this separation wRFTRIS96/06479
substantially reducing the utility requirenments (cooling, reboiling,

refl uxi ng, and/or re-conpressing) needed forR-the recovery of the desired
products. In accordance Wth the present invention, it has 20 been found
that C3 recoveries in excess of 93 percent can be naintained while
providing essentially conplete rejection of CZ conponents to the residue

gas stream In adgifiqmsy tﬂfs R, hﬂ&egéfgggﬁ?gﬁédpgﬁ'%;o%%' ally

100 percent separatr on. of c onénts an ter conponents fromthe
C3 conponent s andPfEtRA O96R1EoRFBREAPES Pavedla%% ar
requirenents. Theb@a:aamtoﬂ mtmwtavarilaahn.lnaygbfaecbnombtel aéqd:cpmnqor essures

and war nmer t enper gt It a e cessidyy feed
gases in the rangé %%W c%,%gj S:é}réeOQXﬁuiﬁgggﬁﬁﬁ%\f % %}ﬁs

requi ri ng col Brm eXe¥aeting daadr fmereshef gasohewgcnmeessw a better
under st andi ng of péwerdBsepdn et b&@ssﬁ?éeéﬁnﬁﬁel agbgeuter t thd ol | owi ng

exanpl es and drawings. Refgerring to .t 1lis fl
di agram of a priof™ %H g é’ﬁ’r"% P’ﬁﬁvbﬁg ﬁ?‘i’é@gif}ﬁ%ﬁ?ﬂ tert) %NAPR
2003 WD 961 40604 tie Fsasusg@t 67 eplieedoend Rrodoatdi agacamqﬁ theseogeni ¢

expansi onnat ur al ﬁaécégﬁ@sc&l g d&xmhae&oantﬁéiewazhayeb@rérﬁgna:r}xedsyst em
according to_feissue LJ{,ktﬁ w di aqgr Tof a
a

cryogeni ¢ expansi on5n aqryéagsen&poggggpﬁéjo& Bﬁ?cﬁ?sahs a’il? r%eaﬁ vg' riorart
syst em accor di ng prefgreddfior [mropangl 7e089eEy edause ait Imm\cﬁdm}r am of a

natural gasprocessfxmih Himd1l AEGOWdeACRaNEt Hr t HLaPE a&@ntéﬁr&qﬁ , 10FI G
5|saflowd|agr |JI tratin gas?lternatrve%?anso gpé) tion of the
presentinvention Jl]:ratl g(j% FESAPRGRAFPE o) 1 62 di agr am
illustrating anotmmﬂe]rlrta»tl vdl . $oaketoef Nappl 4 cuB7 oP06f 4 hk71,964,

present 15i nvesti af, 351 ausat tarazlvagasvst aegmal B2k hegf ol ows g £¢875matd,on of

t he above figures t@é)iegss d|4t By vr7 %d grr?ag%gg‘b%gg%v? jates ﬁ:ag C q:tedf or

representative process (o) Yer i,
val ues for flow r%@es3:(44ﬂ%)c§mﬁjmeedlperappbi¢aha% lbfeer\o&/(iﬁr?délﬁzt o the

near est whol enunb@éséﬁbé:m@vm@m&gségt al streamrates shown>in the
tables include all nonh I}/dr car bo n’gonents andhe ce are dener al lé’erar ger

than the sum of the stFeanfldwTat es¥Per-thie® ﬁ@?ﬁ’% *¥Y pro
conponent s. 28Tenprrired ny mireamegndes ppeesyrenie ml@ o he@ddt o t he

nea]r est ge?r ee. hléx@if&@é v?lt&p d&é&orsedeaﬂatbbetﬂéolseéée@@s%rmy&alhcgl ations
per f or me or the se Q co rocesses depicted in thefigures
are based on the %%%%&%i Pt e%ﬁtf'fg%%?:ﬁ?f%% T%? toﬁ % RS oundi ngs
to (or from the Wmmmmngrefa@#onomcwal | is abg |gaR &S

insul atingnateri %&rﬁealtqmlsisama@r Ye! eaﬁaeﬁbé& aﬁe%@ilé&@wdweﬂéﬂat i's
typically nagg by those ski 6/.4Q604

200
PGTNS96/ 06479°-6 T ‘?°’f%esﬂ9ra|rc§'rd‘°ﬁr‘-‘t aﬁef’g#‘ Bﬁeﬁ%‘r}rf? oB éﬁ cqafaining
simul ation of thesgme ?f dihe slesdaed Fe's anipsthenits-ei @eprenldenggas eheers the

plant at 80F and pfihmsds 6 c&{er%ﬁl@ %ﬁd Lﬁetéﬂﬁoént nb£t1 Has: é‘éJrftc%'nQeii a
concentration of sqlfu.r conpounds whi ch .woul d revent é%&ro&fe t streams

from neeting spect?§ B9 estsr‘l’t,;esdl"ﬂﬁﬂ'dﬁoﬂ% SSEpTR
appropriate pret reeessmmnte @na Heraforddngaed( noThe | vassor dzaton lav@udtirioon,
the feed strggmigusua Lé%al&i@%&r %@dla pagVELLy .Tdrﬁi € i) fOrmation

under cryogeni c condj i1 Sol 1 d desi ccan as typl ca been used for
this purpose. TheS9R¥etRFtfedfs £EEad Pﬁde§7@¥‘%t?%%ﬁ%ﬁs i P¥&changer

10 by heat exchangsoMind wind chilgesipteesgee aiqibds 115)ﬁfofs&dset&'m 34) and with

separ at or/ absor be | O&F m T o]

whet her to use rmér’fe‘g‘?P'ﬁspll'ncoj'ics)r’r'g'1 hé’a %gfé%é'hfgr ?o?%?%éé dﬂg 1.?4010000 ert
services wll deperRl BMRerarvre r@fsuﬂaemrércmcmmmamomot 'Hl’iem ted to,
inlet gas flgw rag ar?ééd‘%re%?h%&&@h&ﬁé a Shigemrd %‘Peiﬁ:*\}ircﬁ%ncﬁtc ). In

t he previous applrcatron of this prior, art”proces the c feed stream
3la was subsequenfiBPTH st Iqr&ft&iopnﬁrtégsg ‘aés‘fhiiﬁ‘%’e‘ep s?‘%e%r% er)

avail able at a |l ower pressure than in thi s exanpl e. Those 25 skilled in the
art will recognize that it is not possible to distill this stream
effectively at the feed gas pressure used in this exanple. Accordingly, the

cool ed feed ‘stream | s f| rst flash expanded through an approprr ate expansi on
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1 0 APR 2003 WD 961 40604 PGI/ US96106479 _g_ deet hani zing section 17b is
conbi ned with the vapor portion (if any) of the top feed to form 10
distillation stream 36 which exits the top of the tower; and a | ower, APR 2003
deet hani zi ng section 17b that contains the trays 5 and/or packing to
provi de the necessary contact between the liquids failing dowward and the
vapors rising upward. The deet hani zi ng section 17b also includes a reboiler
18 whi ch heat & ?‘Fé‘%pori zes a portion of the liquid at the DS SPH he
colum to provide the 10 stripping vapors which flow up the colum to strip
the liquid product, stream 37, of methane ahu Cl components. A typica
specification for the bottomliquid product is to have an ethane to propane
ratio of 0.02:1 on a nolar basis. The liquid product stream 37 exits the 15
bottom of the tower at 2Z5F and is cooled to 110F (stream 37a) in heat

exchanger i9 bef @beukthOW fig {10 SEOTEAS, the HYANATRA VABREASEESEEMRS) | eaves

deet hani zer tower, 17 at -]19F d1s partially condensed by heat 20
exchangers 24 an&szﬁafﬁ}o‘%’g%tﬁ:%e%s (ﬂegatﬁ?lgepFﬁﬁéﬁé‘arleF‘F\F/BEPﬁnt and - 85F
et hane refri geraethanespeitrogey, aimd qhdrn aldlptidedgnrsed asrewerB&d now
at «80F and 470 i r j r j,nt o vapor
Kapdr EP{::IR Snd Edddr i YN ggmﬁ%ﬁ’ez%ész 3&!&2 A d p

stream 38 and condensed qui d stream 39. Pu 27 used to supply a
portion of tRe cHYEEASREPPR RPHPIREBEH A POLE™ AdAdE BEOGBEEhani zer t ower
17 as reflux. The renBEntitg Pposdigas ofs tdvr ecetdenyedohdgisdd(stream 40) is
supplied by punp 1 p; Of arat or. 0 . S dliquid
that contacts 30 (t%%g%ggﬁbgfsh?ilégn%&?p\/varaet‘/ﬁ oﬁg%%%§?89n5£§‘§c§$%n 15b as
descri bed earl i eParRédl uKoRReRIPELOR Gehe d@sgede$BEALER| RyWORE sane
pressure a%s sepaé&b@ﬁéﬁbﬁ%&)@iiﬂééof.a?ginmow a0 pspahshew vﬁh@peﬁ@gg;‘g f
pressure of jdeet ha WS ; r n_(stream 0
the parti al I19 co%dgﬁégg é%%?%‘g#]iéz%‘? v%%/ler g‘agrl?ézégggm}g%;agoa%%nbi ne 10
APR 2Q03 WO 961 4660depesdans 1dcueganlly ofyifurthesr €ordingsef| Fhei srreateam 42

g 2 omTth he to_pdof TRRAPREOSUDD SOFOSF hbpdris i st b@i?nhdyraﬁhdwet@ejs st][ea?
. e residue am pass .count er.cur rent the Ln ee
gas in heat 5 exgggﬁéé%gl#vﬁlr%‘éi%h?s #etzitlé' tg. §g4§§12’§flr %gmoggg%'é] e
residue gas is tPABR 6¥panden sIPHERRM ShRN [Anfiersr 6beulewpropaatkierfef @1 ant

in heat eXChanggé.bESrpbﬁaﬁidS@.ﬁﬂ&?: ézﬂiiQﬁ:cﬁﬁ&c‘t@d?QEtigSEbﬁamﬁﬁxﬁid@afd)re it
i S re-conpresse e e.. (For i.S | heat_.exchan

reduces refriger g.%) ?8%gc%$r'}%?%s§ P‘%ﬁggfhp ﬁea%;;}genas%{]% FEEGE tésagfromggke
conpr essi on, but VRPSE| PRrtirn ¢Rttheeypandedaistrganer Thashhgeids from

Corrp(rjessor 2(2 i Stdel agedaycfoﬁtwi@ml_ N HHRWEbui eacentlel €Rapr ef‘s thg f
resiadue gas (str sSa) e l.ne pressure ugua 0 e order o
the inlet pr essursgjg‘.:gﬁ%%érgc%o "l’n?]rglg 3% fé?é’(ﬁfffggoégg‘?’e?eﬁg, g?ﬁgt%%%i due gas
product (st®@am 34d) FThewevexhear digtillafsion sskeam from theF and 6l 3

IOS>i a. A sumary aéeahm%?aélmé@éefnfmt@@imnt 3 Q-lalmaufirahi ?ﬂtllﬁothé hi .
priocess | ustra . 1.N | S e or 1 N e (0] W, Ng .

APR 2003 WD 96/ 48%%&‘5}5&]‘%@6‘%{%2 ° ﬁPBPK%LeE f°ﬁt’ﬁf‘eaf‘§) &r&%ﬁfi‘?bw Sunmary
_ (Lb. bl es/ Hr) SOREEREIRS Rl @tk DOXiorealt AhesAiFbial8B10B| 340 41 28

878439 8784035 634%eaM26ram3isd AdnilAN0? @9a/ c6380ed8855881 0480004 10

591641 40034047 130, 97641040, 1211306, 90 251542 0205, 3405, 840 8054534

| 279Recover i es* 15PAEpRNERSr T 2058 t oded NN P Honsadoadr Rastheestream

Conpr essi on 2, 973Raf Ebieaat | O CHPGL AL 582R8L0uababbll st 28351 31
Heat. MHTU Hr t Deethani zer .Reboj] er 2[319;17,6* lcllBasﬁg on_un-gr ougded fl ow
rates) 251 n the pProPCEFFPEE (SFTHITL" i nRG211Y 1t fBP¥PHAE BRET1S%ream 34)
consi sts of both (ifiegsphraf orthabsoobsl diarildadipst searan2anddthée

vapor (st r eagp38) ab@%b@i:”&rﬁfﬁ@édp@é oAl cnfidengat h%”u%ﬁé?es £Lhen) zer

overhead (stream 36).As such, the30deet hani zer overhead nust be cool ed toa
sufficientlyl ow SEFPEPRt 4 etipe SHRFORREY AL Wl @8t FePigual 1m8EhaRe piBbane it
contai ns i s condenbadeaptodwes guwd. eApperiatiiviedsn 88e aodleqd that the

portion (stream §QL. 98 LPEEESHLLLLN KAPIRNSAPCL Y dot BabebarhEGEOLNE tOP

of

provide vapor and liquid streams. The vapor is
35 combined with the absorber column overhead and the



~ 0 A PR 2003 WD 96140604 -11 PGI/US96/ 06479 separ at or/ absorber 15 is cold
enough to condense nearly all of the propane contained in the vapor portion
of the cool ed expanded feed stream 31b as it is contacted ' in absor’gprewR 2007
section 15b. Since there are no process 5 streans avail able at suita
tenperatures to provide the cooling needed to partially condense the
deet hani zer overhead, external nechanical refrigeration (evaporation of
propane refri ger‘X&%{‘Pﬁoﬂeat exchanger 24 and et hane refri gerantP WA6479
exchanger 25) nust be 10 used for this duty, adding a substantial anount of
utility consunption for refrigerant conpressir. One way to achieve the
desired propane recovery while lowering the utility consunption is to
revise the manner in which the cold liquid feeding the top of the 15
separator/absorber is created, so that the cooling | oad can be better
mat ched to the tenppiqiideid eMplpl idls ihe cavakbablBepr 86B&Mm Hd @2op PIG 2
represents an alternagl ve rltgr art process in accordance with reissue U S
Pat. No. 33,408 that® ‘t‘f%nﬁ?? ‘hes this 20 goal. The process of FIG 2 has
been applied to the sanfThectppastdompadati cakesdptacdi in arisisapmeseEs bed
above for FIG 1. Ig?w@uéiﬁgﬂaatfe%&d%fe 'sSlQBQQi\'}gsth@S?f&éé}evﬁii@ﬂ ation
for the process_of G 1, operating conditions re selected tog mnimze
the 25 energy consuRPRTFIHS oefubf 11y 8 1oPEpFBR MRt IR\ C2The f eed
stream 31 i s cool edcompaxedander the eedeansewtbAngesentialdoononesictuehgas
at - 104F (Stream 342) capdowehbs 0sh MBLZEL: AR dMIAS cBloBBhe 30 &aargam
11 at - an

47a). The cool ed stream 3la enters separator ; /0 psia where
t he vapor (stream Pyttransgdrackion Aegvinge thgndenshbanizemivhich corRaigs.
The vapor (stream 38ybstamg iilar alldr oFl thet € cdnptnettsk afdpRaatdsx nachi ne

13 in which neghani i racted.tromthis. i.on of .t hi gh
pressure feed.fg 1 1%?%5%%{}%%1 \%’@éﬁlﬁ%&(ﬁq@&é 5&%&&5%%% eé:hma%Hi ng 13
expands the vapor sthSCERCRERES PEcRRFOpYeiRtile raampenensssurensymaBout 570
psi a t? a/ pL essgre éﬁeﬁﬁﬂyﬁ%ﬂ&h&d@igﬁs( ice12R8", atbﬂgfaﬁ@ﬁﬁ%ﬂgehmfe
separ at or / absor ber WO, xpansi cQoljing . e
stlroeam 32a to a terr&p%;r’% gu!rnézeo ! gfpoﬁr 5)%@&?‘&% g%ﬁ4§?eﬁ'ﬂ%ﬂ%z§/epél‘caﬁn%/%%n%q
commerci al |y avai | abtecemprerfing &he capidue ghsy ecBherprrpent tinventden of
expansi on.  The Jor kg Semmel S0 ot Lo e po v Fogal
expansi on. e wor v i . .
cogpressor (such assﬁe%ﬂerzf)aﬁ]tyhzfte Can etﬁseat%glF%-E%ﬂ%Ié%%er’tﬁ?e ?esi due
ggs (sirean}[ ﬁQb) , fwomlﬁ%@xpiﬁémnﬂ.p@#@f%}l%ﬁwnﬂ)r?am

a enters e uppefie&dsd i HeoWaghya separ at or
liquid (stream 32])0 ies i e?m:‘{sc%r%d pand%q_t%?t;%gﬁ%gi?g/:g%:q: sgzoni\ealhp%_ 12,
cooling stream33 to -9 (svtream ?a) bef or'e enters the 10Mer secti on
of internedi at20sepegenr ofourl thad Ser¥reepveries risn@xvesst Rt 93 ape¥FeRs
du;i ng 5 _hetflash em&bgmﬂgﬁa&m&nﬁ&b beawaiﬁ%ieeémt ia3a6t itc%'ihplfete
i ntermedi at e separator . an er e r ction.to join vapor
p(r)]’rti on of expagdedées:{er%talrﬁréfaf?%o?%%n%%ﬁ%ﬁﬁe} a 8?19{1?{33???4%‘: ﬁ%‘f‘pt hen
flows to separator/Hhsafditidb. thee pyesensniovesticamdes arsibdrdenses
during 25 expansi onedsdritea 144)100epeeTehlie supRBAL 888 6O, 0bchpbréNBs i A&
separator 29 gfg eg}hers t he | ower section tgj_ in the |iguid go tiop of
flash expanded®3treht¥BRE FTRANTT S0 M5 e GRE] gmct?“?PF’@& 48R¢HaE2YHeN
flows to punp 30. 3fydiwcaodn rehposmentssttezpdddednérnesgyt heequiwemesest.i on
of separat or / absor be 1or Alencl Atfredftd 2% aREhBugASAbHELIANA o HEART | SES

y t cold,

upward through the tower, it 1s contacted rquid talling
downwar d to condensRFSFRPEAR AN &S0 bERBCEABURRS Y| £F PREF LGSR ddts. The
i quids fromthe badwnidgempandicor priosesBéhglbeédt gases I thee ramgacdby
punp 16 10 R 2 4 -13. US9 6 i Lo join
t he conbi ned I?A(g)ui d@r%ﬁG%&a\ﬂ%éﬁuﬂﬁ% §E',§é$o€¥n§#&d%gs?h@ae g)é:rltn%eed
stream 47. Stream 4RI WUhHER R D hempegRtzes5ef (30 R AN FRPderas it

provi des cooling in heatFexchangtle2dnderdthh@ih§ ob8fhd pderntst ream 47b)
as it provides coolj n‘%i n, heat changer, 10. .Stream 47P i.s t.hen Slégrg ied to
3 55

deet hani zer 17 (opetlXTHyt SIERLT 28 BAARICR oA IR Y 5PN ped

of its nethane and a&d cbrepoings.s. REferitiggi toptbdudtrawingsm 37 exits the

bottom of the 36 deethangzer ati 2 L8F13A0 disgean! 8¢ éo%wiﬁ (83/8gead)k i N
r

heat exchanger 19 before flow ng to storage. The overhead vapor Stream 36
natural gas processing plant;

| eaves deet hani zer



tower 17 at 15F and is partially condensed by heat exchanger 24 thr h the
use of -40F propane 15 refrigerant. The partially condensed stream l?mﬁhv
at -35F and 485 psia, enters reflux drum 26 and is separated into vapor
stream 38 and condensed liquid stream 39. Punp 27 is used to supply a
pertion of the condensed liquid (stream4l). to the top of deethanizer 20
tower 17 as reflux. The renmai ning portion of the condensed | 'dﬁéstream
40) |eaving p¥RBE46% oins with ' stream 38 to form conbi ned k&%" eI
Conbi ned stream 42 passes through heat exchanger 20 in heat exchange
relation with the 25 separator/absorber overhead vapor stream 34 and the
deet hani zer feed stream 47, resulting in cooling and substanti al
condensati on of the stream The substantially condensed stream 42a at -110F
is then flash expanded through an appropriate expansion device, 30 such as

expansi on val ve 28, tfrd ho, TR BSSIMGE deABPEOYLEBNELY of2onBsba) of

separ at or/ absor ber tower l'ux drum 2 era i cant |y above
the operating pridEiret cﬁa%éiﬁﬂ%ﬁst?r’-/‘%?&ﬁﬁ‘ér anPaﬂéﬁFrEBtg YE)PTREY
result. a porti carbofsydteenstacmedily ito Teisaper Uz6d @ati.n§oexPRNs0dN,
previding further co I fated
in 10 APR 2003 \/\00%%?4@0 g réef%@ﬁﬁé%fg% ofelliy S é{;ﬁgéd
stream 42b | 2aviPRFEEa R D PRRISAS NG Pé&é‘ﬁe§faaf’eﬁ‘ﬂéﬁéf‘BFé"6fPr&9§F and is
t hen supplied tcattheywana alcdorkEtid @ Unssewatat Ne/.akhsenheo3s pwer 15 as

the cold liquid that %ﬂglts %té{]eﬂwgﬁggaﬁeaw 3 g\e@g_,gltgggugh t he

absorbi ng section. Th i"on stre g
separ at or / absor BR¥OQeSsing JP_I.lﬂm'l din peceydances witd §hs EFFG&?&'— 34. The
resi due gas streomw&asses; count ercurrently to the conbined stream 42 in

heat 10 excggnger 20 [ warJt Jé%%gmggt%%ﬁ%ggggﬁ}]gagnlt provi des

cool i ng and”Substanti‘a cohdénsati o on o The residue
gas is further MWQ@‘@F‘%@% cefmappdiicas ion pis§be PvaAeBECurrently to

the incom ngdf eetn@ést idh fwtaTﬁi@cﬂiﬁwergabOstP@aﬂ eandue 15 gis i's theg
re-conpressed in two ge e first..stage i r r ven by
expansi on machi ne 13. e éseconad gﬁogggmgr%gnﬁiégsggagiigr?g/f%%g%§ a

suppl ement al povit} teIRACEetmesns afprepddsation ofi the BASSEBEream 34d) to
sal es I:jne p%essm\eenﬂ?,eﬁ&@lﬂa&gn%g |g|3]9d|s:fggaahge clool er 23, 1t he res%clige
gas product (stream 34e ows, Lo the e el i ne

psia. i A summary of 3:lél%re}éﬁn o*lﬁvfiﬁges?%?%aigﬁgfpay %onéurrp %"6% ? é?%
process il | ustrataeles ﬁﬁp@\r@% syamardzimg; Flowe rRSEEoRRhguABLd: 10

APR 2003 WO 96/ 4660 4r SE TN LA/ prirebiBldanklitibis .2) Shr ene EapyeSUMTAr vV

b. Mol esl
a§IIéS+T(I\)/? aF§3T£3|)tre 5t Sfé"g%g’g‘hp a@%%‘?fsﬁfﬁ%ﬁ%’o%ﬁ??56%%5%3‘6’8@3627894

37921431472892183‘6]7191@2M@QMMMP@@S‘O698?29194538&8398998405010
3953830871153310&&&54:&1@53&6’@2&%&@4031%3L%%hQSQQ1:53ﬂSi369§1§355ﬁ8656137

0168234391279Recover|es* ane9 6o/But anes gator sLdye
Conpr essi onl3, 425Ret r?ge o %bdz éngogé‘é’%% g %6 %ﬁggﬁg{‘ﬁsl gé/i
Heat. MHTU Hr Dekehesizxe JRiRNdlly Zsumer *th(aaam SHmy 9L §bﬁd§‘élrFFJ@w

rates) Conparisofiéd #deed!tfdat tgyhé: Hen icdm bgtgl above for the

FIG 2 proc ththoselnT | for 30 the EIG t hat
the FIG 2 BPoceltmebERedent Tt fﬁ# Hrs AP HineRe BIPRRorRETaRe
conpression | oadtan'dhe heeaees thdraxee + eJoi Ishoudgk plsgeibet hatedf that FIG 1

process for a giygs 9&@@@ d roal @Melei ol %e‘r&o&ﬁ@@”ﬁbkshﬁé by usi ng
process streans to $ WD 961 40604 - ICDIGT/ U%Qg/ 96433 provi de
the cooling requfr"luéﬁo"f%r h%mﬁQﬁﬁuI"q o BRASEAR épicted in

figures are based on the assumption of no heat leak

30 from (or to) the surroundings to (or from) the process.
The quality of commercially available insulating
materials makes this a very reasocnable assumption and
one that is typically made by those skilled in the art.



feeding the top of separator/absorber tower 15. The FIG 2 process still
requires the use of external nechanical refrigeration (evaporation Eﬁ APR 2003
propane 5 refrigerant in heat exchanger 24) to partially condense t

deet hani zer overhead (stream 36). As such, a plant design based on the FIG
2 process nust incur the capital cost associated with the installation of
the ~ propane conpression- refrrgeratron system 10 FIG 3 re

alternative pr‘fverrggéﬂ‘[’ process in accordance with U S. Pat. pﬁ&sﬁ%&%@Q
t.-hat achi eves the desired propane recovery while using a sinpler, |ess
costly plant arrangenent. The process of FI & 3 is based on the sane feed
gas conposition and 15 conditions as descri bed above for FIGS. 1 and 2. In
the sinmulation of this process, the feed stream 31 is cool ed i n exchanger
20 by heat exchange with cool residue gas at -97F (stream 34a) and Wth
separator |iqui dspédcridthi dftdreaRe3daliorTher cool ed stream 3la 20 enters

separator ii at -73F 57Q psia_ wher he va or (sIr epar at ed
fromthe condensed |i g{h s"lrfge w353 %?{?e }/ap s?Jr @Tﬁr%f)r) forf(S) %gepar at or
11 enters a work pximsmn pmﬂqased@@cmbaﬁr t;)rnemxmamnﬂat P ptiers25
extracted fromthige &QfédtO%tOfad*ﬁe a'ih'dgbaﬁrﬁéﬁ”& feefbant AL MBCFH RBel3

expands the vapor substantra i sentropicall ressure of ud out 570
psia to a pregsur%n ns 2 (:f’ﬁgeﬁf) %’%’r‘?’hd’% %"gs‘ﬁ”rr 248
separ at or/ absor bewhiltB) wcmltdn preyentr khexpanduon susamsy Bon h‘e‘e@@panded

stream 32a to a t@ﬁ@@fﬁdﬂﬁdﬁs aRROBUTRES! ¥omdditas He Sdarvded rynd
partially condensed stream 32a enters the Lo

ection

separ at or / absor be?PRECPEARLS RRAtF SFEMER nCb1 t\'{\ﬁ*f’le""'s Jns"ttr eam commi ngl es
wth |iquids 35 fallustyatediwar dof addithenabsive bi e mgaam imncisuadly
conbined |igyhd s BFdR . Wal-Y nlo) R0 WO 961 40604
-17 PCTNS96/ %%4796ée araz:%éira;egb?orbern? ths(gfmi-11gLFéle)‘?'h]‘::;tl’:)va o(r?ﬁ1 ortion of '
the expanded stre¥Ri$% FYBIRLT CORCIEIARERe Sokid SR Sand is
contacted with cotypicajlivd Hesdrd ivagpd fdewnhds dpaxpasmdense and absorb the
propane and heavier 5 GaIBuistzo g&elsoet;b 68 L4 Q8 fo ! (B sHRIM LN

bott om of the separator absor er IS suU colum feed

(stream 35a) to d%?%%ﬂ%?%?eﬁ&nﬁxfﬁa ﬁ‘ﬁe"%'%‘bacf%&%rrqsﬁﬁ&ed 98$t fEam 33)
is flash expadded-1@8%H (Htingan B4dband wheh388pasa tonfersirnhey Jiewddse of

deet hani zer 17 byaexpfdhswonﬁa@evaa %%a)coqlrhagdéé{sefsa%?s tQ whbEnest £gam

33a) before it provr des co i ncom ng feed %ﬁs .as descrr bed

earlier. Stream 3%%2 BRFF &2 ags%ne( ﬁ’@ﬁ‘teﬁ?‘EP%n t¥emi &% d- col um
15 feed point to beoking pyeonicdfes twailietiepard aoul a?:mxnmqmrmm'act'ﬁm l'iquid

broduct st r eam 37ugxi.ids Ad1e Hhill LY inkBRades! NAnige o AR ARd,i s cool ed
to 1 10F (strgam 3/a eat exchanger 19 before rovm to storage 20 The

operating pré¥surle th AR S1267 PETRAPNESIRRTE ST YT 1S5 Sove t he
operating pressure of Bepdventpreidlms: bepplibatidm sofalthos grioxaetthani zer

oyer head vapor (s&@@éBs?fi):ﬁ@dH ARl QUL OV es eulichiaaRny20 and

ence into the er sectr on separ at or-/ absorber 15. | n heat

exchanger 20, the R‘T\Fé’f%&d &F tEEFf?%dcﬁ?%?ﬁ"ed'aﬁ%aWé'&llaB}Ehange
relation with theaovaer]tmm:t (xtes=ame34hahr dm skpairetampglabs orhersel5, cool i ng

the stream t9s- 115F; { fdd %q{né@)aﬁ”%ﬁir Ebgb#%ﬁ ;ﬂ?aﬂ_s'ﬂg iid nothe 30

partial |y condensed sireamis. then_.supplie separator section in
separ at or / absor bePOsHRYe B9 dFtiddt this SHRERASBHLISGINLY Ss&hs deed to
become the col d | gasiprésmire aertin tthe svapanslé | srmgcoqnmrgiyt,hrtcbngh t he

absorbi ng sectiong J :QN a V, @t

separ ator/absorber %ged %%%%éﬁ ﬁ% gg%grg%%%ﬁeé%%ﬁ %&K%Ig 8‘83 WO
96J40604 PGT/ USOGRPBRORF i3l S¥RENRIzn deNdCResPYCR: %%se@%ftsd-rﬁnpé@éé@

count er cgr r esbI937/F13> oh&et&reéglotﬁra@i@rgh(p&esagream _mmdmzél}emc;_rma:waa) 20 and
is warned to - stream. 34a) .as it provide ing and part.ia

condensati on of tﬂé %e%%reﬁ%oaﬁz °r<§\? KEXETs ?? uﬁ'ﬁ“egr aﬁ?e'oélasthres
further warnmed toJ@&ke{Biamson 3Mfecas fmtpa$seeomwh@rﬁﬂﬁd ahideant.o fhe

incom ng feed gasghg ;&‘F@ées%xcl*lelri&%rral:%d 1RerrgSi fUe tlSeigaddid st
re-conpressed in gwo stages. The first stage_ls co?nﬁ)ressor 14 drrven l%y 10

expansi on nmachi ne34R 1§HE G SHRATSGIATe VAL VEoAD r ESRNED A HSTRETANATE ©

suppl enent al 3power 168 czzxd/Ms:rsxmpnﬂeelssesabberbmg Oseectgiaom (16 daoma34d) to
sales line pressu fi [ th esidue gas
product (stream 3 e eﬁ q#h%g ggogzgg%g%‘?%g%ﬁ%g}s 118{' and 613
psia. A sunmary of streamflow rates and energy consunption for the process
illustrated in FIG 3 is set forth in the follow ng table: 1 0 APR 2003



WD 96140604 -19 TABLE Il (FIG 3) 5 10 15 20 25 30 PC TI US96106479 Stream
Fl ow Suauna~,yr - (Lb. Mol es/ Hr)reMet haneEt aProganeHut anes+To

al 318134041 28878439878403280476379262314986078338643362552901762352| 919[|] ABR 003
8915643593630631581' 121748433481340411 255086562370168234391278 Recoveri es*
Propane 93. 70% But anes+ 99. 85% Hor se ower Resi due Conpression 21,210

Uility Heat. |I~TU H Deet hani zer Reboil er 22,298 * (Based on un-rounded
flow rates) CoMu96/4884 of the utility consunptions in Tabl e | [RCTAS8Y/#47%r

the FIG 3 process with those in Table Il for the FIG 2 process shows that
the FIG 3 process achieves the desired propane recovery |level for

approxi mately the sane total conpression | oad and deet hani zer reboiler duty
as that of the FIG 2 process. The decision whether to use the sinpler,

| ess costly FIG 3 process rather than the FIG 2 process will often depend
on such factors as; r i S o) 1] S§k
hor sepower, pl ant iéLlhtz}gd é%g&%“? éﬁo{'ﬁ% %#o%égj%grﬁ%nsg%ggﬁgﬁg%gtﬁ%&guccess
of the FIG 3 proédguigepéalising @%@%@%r%ﬁqﬁbﬁ-‘:@&;&iﬁl@ eerséent hak #;Rrturs
I nsi dg separ a 0{/h &htéof:bﬁibiﬁéd M@L_ﬁﬂars&f@m?altyr@_tig@n t%fﬁ bb@.tbﬁlp@fsl A i ZiF)gg
upwar roug vapari z on i_qui_d _net hane an

2003 WD 961 40604 %&?%%é%?%%ﬂ@gﬁ-)%a}éhan eca'# |rn§&rittﬁ°§lt Pgagrp'%a provi des
refrigerati on5to ekpapdedrstream rhses upward gduiqughbebscrbéngagestieavi ng
the overhead of theéptguaridndohbectsdlUifen | QAW NG quia 2ahl9RyOhokhvatover

are colder than the 5 spective fe streansg at thaqse ends of the t r.
Thi s absorption cool i ngﬁgf F%B?r%'f'?lfﬁékﬁ?@b?ro < e5d¥( §PP¥5HE§%EOJ\(A§
provide the cool i Agshddletion eelumexetririoingl & plyarliisyl pfcondense the
deet hani zer oyfe_r h%ﬁ:ﬂ.é%i@ r@.ﬁ?%\e&“é ,g}f&f&l Mr@etgha)ﬁagzaégy alg atT ha
pressure significantly higher an_that o e _separator/absor : is
was not the g‘zgse isﬁm?hgoi'—'gtfaﬁl‘ﬁ?o%%g%fa%eﬁf’g P&ﬁ?‘éﬁﬁhoneﬁniaoﬁf'ﬁré W t he
condensed deet hanicage dnenatutaltgasrpyecessiagelaats,othde the tenperature

driving force tha%e?hk@%?/&ﬂ@oﬁéefe@éw@ﬁCnl&%n%nts@s@c%‘fr cwbe§eEL PbhoN Of
the I nvention Exa el FIG 4

illusfrates a fl ow di ag&‘am of a 1;'grocess in
accordance with tHA8%pPREERt SEATEYRI R & RSP IFIS 2 0PESAPBSAREY PRI
condi tions consi derstiainedhinpthe escp pfestnisedeparbtéd frameitBe sane as
those in FIGgs 1 EBEQHﬂgoédiﬁﬁcP{Q&mlﬂoréi%,':laﬁd %nRR48S EheaPaper cONpar ed
Wth the FIGS. 1 throu 3 procesSes to_jllustrate the advaptages of, the
present inventi on.r’“ign nf'f'ﬂxg Pt WD LHIt @ teeR oF 338855'5“? f BBOEHR
enters at 80F and1&bpisseomeinéd 5@itpstke ampsir gontidn ThE &svpldl of rigdsen 31

i s cooled in exchaggeged@ BY PSah EXENAHNE AWl 1690k ohC S Fe8mIBE Fhic8F
(stream 34a), with sggar at or

liquids at -92F (Brtr am33a%‘P and with 30
separ at or / absor beP*FFguFBg GPP- 9D 78¢ st9%Sm 3 353 PHETe 0BPERTEREPEam 31a
enters separ &dor $ecgion735barantIMpstie iays End/vappackingeand3?) is
separated from thgreondessere! hbbssd Sy r&Bact3betid@ny2Bar 16§h{8am 32)
fhom separator 11 egiers &ﬁ:jg vvo%(kﬁ?ﬁp nsi on nmachi,ne 13 in V\:al ch nmechani cal
energy is ~ 0 APRY34BS Jgh -Bie PERES: F364PI BRVFREFLEQ fromthis
portion of the hi ghngenseuardfaibsiord the pmropsinec ahd bepids thwpongwrs.

substantial 'y isentropirgal bunaﬁiﬂéfaalﬂ?ﬁét’é@ré&h AR0YLavEd PREALELLEM of
pressure of out 396 psia gggg operaii ng pressure of iﬁ]sg ar at o;/iggsor ber

15), with thé&>work Exﬁgﬂgf"ﬁ PR 2Afaddd *Srr e aSyBP as
tenperature of apprwidrabdluyn- 16, (dtrean Fitdedt cadeephnniakkyltobyensed
stream 32a enter spmg !L@"\SftéfcitOﬁ‘r&‘;iﬁéfaé&ﬂ%{]ga:&()'&h relag EQQ {4quid

portion of the 10 exganded stream comm ?gﬂees W t I&UI s fajll ng ownwar d
from the absorbi nG*SBEPPER ARPEnEeRORPER FALIGEd stPEafrsshaRteT (1R

bott om of separ at apwabsh? beopdbaaing 18R 80siegpdis pdsbi ancohveheisngphnded
streamri ses jypwa : h 1 h ﬁ!%gr i i QN i 5.gontacted with
cold.liquid Pgl i Egsgg\ﬁixn%%?aﬁt §°con e%%@%%g%%opgﬁ?ﬁgit}oggne and heavi er
conponent s. vertically spaced trays, one or more packed beds, or

some combination of trays and packing. The deethanizer

' tower may also consist of two sections: an upper
section 17a wherein any vapor contained in the top feed
35 is separated from its corresponding liquid portion, and

wherein the vapor rising from the lowexr distillation or



The conbined liquid stream 35 fromthe bottom of the separator/absorber 15
is routed to heat exchanger 10 by punp 16 where it (stream35a) is h&atPQQogg
as 20 it provides cooling of the incom ng feed gas as described earlier.

The conbined liquid streamis heated to -46F, partially vaporizing stream

35b before it is supplied as a md-colum feed to deethanizer 17. The

separator liq eam 33) is flash expanded to 25 slightly 411
psi a operati n&b(g?é‘iogéfre of deethani zer 17 by expansion val ve ]l’gp’%gg%q%i'hﬁg
stream 33 to -92F (stream 33a) before it provides cooling to the incom ng
feed gas as described earlier. Stream 33D, ‘fow at 70F, then enters

deet hani zer 17 at a lower md 30 colum feed point. In the deethanizer,
streans 35b and 33b are stripped of their nmethane and C. i conponents. The
resulting liquid product stream 37 exits the bottom of the deethanizer at
198§5and is cool thet@a%];_%nosbéeaﬁrb/ﬁflaygl mghe/aiﬂbgﬁggaﬁggﬁ g&_t;ﬁ;w;e fl ow ng
to storage. ating
pressure in deet IParﬁcLz'e%rnR 6‘9 g‘“&f %tﬁ'al %gdtgp%ﬁ?gygébo Igmt egrb féf%ffoer[
pressure of separdhxaamBfowbadch18xithi shal FORsOL hehe ckowemi zfe?d cver head

valtoort ﬁ stream 36)1:%&:&0r mlef hﬁnﬁ.h?ﬁg} BEQEﬂBn5lhBaEh£t<C&1§m%{t n@hQ:ﬁ\dzizal(')Wfﬁ
into the upper sectjpn o arator/absaqr eat _exchanger

deet hani zer g/e t?é’eéf i‘#gﬁst& P&?t’ég ﬁ;’ﬁeﬁ?cﬁ(ﬁt PhECTE ST iBHETh t he
over head (streamt3®w JfqumndSeyﬁan.atlug/ dbwnwbed asj t;b@lvatgormermmmm to
-112F 10 (stream@pﬁa)r@ndm@r Eileél:h&nﬁ%ﬂ@”ééeglbﬁ 1756 P8 tdlyaspndensed

streamis then su Q.the separator “section |n se arator/ab

tower 15 where ttfg&é’dﬁtfé'ng'édwpﬁﬁﬁl BepEsSsapgr ¥RRATHF oM o%tﬁstgbe
vapor. The uncondersed axpshecbobipmsofi thet heluapoto J.I_Srcw:sdetg:lie omt he

| ower absor bj g %Etﬁt:.';ﬂﬁrfgovB.BE%t bﬁleﬁl elewttbltﬂtleamtﬁeééns?&iﬁeﬂ@g the
upper region of geparaqtorlggfs:or er . g ?n densed Ilctgvé di'vided into
two portions. Feaﬁttﬁeam r o8t HEtRARS CSBE’BPBPﬁa
section of separaPt myf;amairlspecihaatient Bercohed bottwn Ximiid @rabict t he

vapors rising up t (o] a] i i-on,
stream 39, is su\ﬁﬁ ftg:lmt’ag}égggt ng;}»?ggr E%ngﬁ?g 9Qtl§/-r%f R rt% Jp\?\ﬁ haor ef | ex

stream 39a fl owi PSS - fe@BepBFﬁPlGnPHQQPﬁ’én?E%?a“iﬁ XD NS The
distillati onstrémutiomaingheheowep at smpar-‘aand/msmdnma 150 at10%F3F i s
the cold residue gas 3 r Sq gt g@g%

countercurrently to eet ﬁg@zgﬁ gggtr: g;;cgﬁ ng%GIEl eat excﬁtganger 20 and
is warmed to - 88FY¥®%%m 34a) as it 30 prOV| des cooling and parti al
condensation of the déBtehavezrbeadveabpeadssieannds Theaves|deerhpasizex f urt her
warmed to 75F (SWRAR $4)h:as1bbrPasscssCOURLELEHY Coldenda P oM Ng

feed gas in heat exch t hen_re- conpressed 35 1in

anger

two stages. r@%&'&e | saesnﬁf’eg‘é‘ﬁf’uﬁg H?Fv%ﬁeb?/fex%%\r%ﬁtﬁf’ i ne
13. The second straaﬁ':ugaran:t 8ndPR8 20683 eYiaié J2860ige 2 tPCTY 388603 41Y .
cqnpressor 22 dr 'W%ﬂaﬁﬁ?pESHB%QEdpQW%aﬁOﬂéﬁe bV Gt CofpeSaRe the

resi due gas (stream to Sales line pressure. Aiter cooli ng i n, di scharge

cool er 23, the re437°dt§’€1§as eBFSHﬁCFeF§P?‘e§H"§4Ef RS (PRIFALEH RGP gas
pi peline at 110F vapbt Etresama38Aandnrengensedt I tquid | swreamt e9 andwaer gy

consunpti on rt I ted. ] S tabl e
o o P rABL 2 5|)v1o";(q’§| g}%tar to) sHppio & bgtﬂ’? of s %‘ﬁi%%ﬁ&mﬂ

Met haneEt hanePr opEteB@hfdd + ¥6t §h3189349£1 88 RANHBYB MO U F56549117854
361533| 256472329 XXEABA35 ARE7 +2RA59T h7Bd 8236433826084 | Ao ifetd 26/l 53191 020

43953984548932013 041l | 370 3439 27, ries*. Propane9
3. 68%ut anes+100. %g%%%ﬁé% 4% \%géggggg EZ(%Qﬁﬁeg?I%%lﬁﬂgﬁ cﬁaty

Heat . MBTU Hr Deet IBRRESST T/BHSPEPEE, éﬁoaeeagedce?aduhl%tﬁtcrétﬁtt|w%&t§s) 30
Conpari son ot hene hid;idtsCQ'ﬁ.Sﬂﬁﬁt upwaraf chheughi MsEfiy Aessiam disy! ayed
in Tables 1) 11 and s gth% utility consunptions of the present

i nvention displ ayed | cl‘zi‘t}ﬂ iy %‘hSﬁs that the present invention 1 0 APR
2003 WD 961 40604 PCTI BsF3MxoATem- 26 A nparasedhetdw¢mm}cm’qﬁ)me
recovery whil e syhslsfiidl lsyseergyateg/assert,af £910{ 88S] bR SEPQer and

the utility heat _requirenent he conpressi on hor Sepower |s nore than

twel ve percent | % Fi¢ 2RpTatongt RéeBFFBF aﬁtdﬁ?m Thi | Fh4R
utility heat3g eqlﬁh’l&jﬂsntthévﬁpbe pbapibnensyresmens pes£ettie Imawidlian any
of the prior art en n ard or
art process di splcg/et%?ﬁ%%%lszld&ggggﬁ%?g %’ﬂgrgégaer% t%%grgo& c?h%%ﬁ{é '
separ ator/absorber liquids (stream 35a in Fl G 3 and stream 35b in FIG 4)
at the feed point to deethanizer 17. In the FIG 3 process, these |liquids
are fed to the deethanizer as a cold top feed. However, the tenperature of
t he deet ham zer over head 15 vapor) -21F |s much var mer than the -110F feed

e o, o ~ - o, ' MY N 1 o



to deethanizer 17 in the FIG 4 process. The nuch | ower reboiler duty for
the FIG 4 process is a further indication of the better match bet eAr%
tower feed 30 tenperatures and the desired tower product streans. %@ R 2003
supplying the separator/absorber liquids to the FIG 4 deethanizer at a
nore optimal tenperature, not only is the efficiency of the deethanizer

i nproved (as refl inits lower reboiler duty), the refri j.on
potenti al of tﬁé@gﬁ sﬁ‘gui ds can be captured at a tenperature Igg'@s?‘ﬁogﬁb

all ows providing a portion of ~ ~ APR 2003 WD 96/ 40604 -25 PCTNS96l 064T9
the process cooling duty. Wth these Iiqui d€ -hel ping cool the incomng feed
gas in heat exchanger 10, the cooling that the residue gas (stream 34a)

must supply ' in heat exchanger 10 is reduced. As a result, the 5 residue
gas can enter heat exchanger 10 at a warnmer tenperature, which in turn

al l ows operating ¥in ke <bIsERASHIANARBSAT Eei-eaﬁdaﬁle@wantﬁ@rt@;s d¥ gher

pressures. i Accor din si d as_enters co 14 at a higher
pressure in the I%%‘?’Efcag’sssor lig’s SOE’BHBPESEggﬂ ﬁ%?%%‘b%vﬁs is
t her ef ore needed sbremmiﬂe-r tThe mesiidue gas svrepapebasgesressure. Exanple 2

FI G- 4 represent Sc&hﬁ:é’fcﬁfz‘f‘r‘éﬂaﬁW@h@ﬁhc%;ﬁ&ef%&s?% 1Avigddd on for the

t enperature apd pre sure 15 conditiaqgns beCause i | cal l rovi des
t he sinplest Plan DeRferéhisse dtgiivehersed ohpohBnt f y'}/?ag)
slightly nore con‘ﬂhememsdtgn gakaausrrmhahauaedt be sabeofB thepoimnt recovery
for essentially t SAME g 20

anot her enbodi rren of thelﬁpl'lrcJ sent | nve %%%Eagﬁwgﬁgagg%ﬁ%ﬁ%}f‘ﬂ] FIG 5
process. The feed? rﬁf&lrﬁsﬁ-ﬁménﬂat?oﬁal 7P 8Rs (ebrermad o) ibpiare prtocess

presented in FIGi® :aerecdmfrmaa dn ohesstagelF| CiFot thiougdse, this
Accordingly, 1§l G n?%gp Wit yﬂ.ﬂi rQgesses
to illustrat eEt heh%‘:l'?c/ant age Q:reﬁﬂ;c regg’ﬁ?f %g%ﬁ%%n 3%%5@ %kngvmq%e be
conpared to the eRWREAMRME d-iessd-ldélfe@a?'n cempreasion, (At SFRRHkES G G t he
FIG 5 process, thet flasekegaveralll ppwatdcexpanst Don SEhetempresamh 2hd ssane
as 30 that used | & FH T e S t he
vapor distillation gt%aﬁ( ?6%%(??18;“%5%% Béggﬁeagu£$gd€%t ézéeér%'n é;{
Referring to Fl GTe5id49e s8R 3‘@%338!:314%%%65‘%%& b&%lﬁ?@%‘i‘u’-ﬂ and is
directed in hpat éxsielige oreltaid @mwrt bft bre phil et pyeSSuiey nedifitwxbi ned
liquid stream (stggay o PR, 20. 604

PCT/ US96/ 06479 - 2 ’g??at e ) Cooer ?L? gé%l ?%%ygfggé@
andpartially cond%ﬁ%ﬁ Ui i st rH"i'é‘ étdtl §PPYSCBﬁdEh§e%¥?%aﬁﬁ%®lmjé?es atef | ex
drum 26 at -22F armb%(hmmsaMyseLat he uncondenaed vapor (stream 38) is

separ at ed5from the co gg@ﬁ% e 9 e,58N liquidis
re!tour ned to deet hani zer}$i as rg)leﬁI ﬁ%‘%‘eg%‘g L3 %Q I%Sgﬁﬁg'p g
entering thedBet NEPRSNFPLIOn £or é"theaPFSSePéeHlb’é?ﬁFat%eiff' ¥FrerndrEred

conbi ned |iquid ssereafpit riennhibEoliewingotieréiOexchanger 24 flows to
deet hani zer 17 at 2F and entersat a mid-colum feed point. In the

deet hani zer, streans 35c and 33b (entering at a | ower m d-col unnfeed poi nt)
are stripped of their methane andC. 1 conponents. The resulting |iquid
product stream 3715exits the bottom of the deethanizer at 198F and i scool ed
to 110F (stream 37a) in heat exchanger 19before flowi ng to storage. The
operating pressure of reflex drum 26 ismaintained slightly above the
operating pressure of 20separ at or/ absorber 15. This all ows the
uncondensedvapor (stream 38) to pressure flow through heat exchanger 20 and
thence into the upper section ofseparator/absorber 15. In heat exchanger

20, the vaporstreamat -22F is directed in heat exchange relation25with the
overhead (stream 34) from separator/absorber1l5, cooling the streamto -112F
(stream 38a) andpartially condensing it. The partially condensedstreamis

t hen- supplied to the separator section inseparator/absorber tower 15) so
that its condensed30liquid is separated to becone the cold liquid

t hat contacts the vapors rising upward through the absorbi ngsection. The
distillation stream | eaving the top of separator/absorber zZ5 at -113F is the
col d resi due gas35stream 34. The residue gas stream passes
counter-currently to vapor stream 38 in heat exchanger 20 and 1 0 APR
2003 WO 961 40604 -27 PCT/ US96106479 is warned to -88F (stream 34a) as it
provi des cooling and partial condensation of the stream The residue gas is
further warnmed to 74F (stream 34b) as it passes ' countercurrently to the
incomng feed gas in heat 5 exchanger 10. The residue gas is then
re-conpressed in two stages. The first stage is conpressor 14 driven by
expansi on machi ne 13. The second stage is conpressor 22 driven by a

suppl enent al power source whi ch conpresses t he re5|due gas (strean134d) to
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-28 TABLE V (FIG 5) 5 10 15 20 Stream Fl ow Suanmva-~r -

| Lb. Mol esLHr), St ream\et hanet h 10 APR 2003
aPr osaneHut anes+Tot al 31813404| 288784398784032800983661552118854593312424673
2632123813531361641 659119 .562736483634575675~
8986384378209216216729394581365405422573481340411255086561370168234391279
Recoveri es* Pro 2% But anes+ 99. 99% Hor sepower Resi du j on

i 7,580 Wili tW‘E@Q‘?ﬂ al\/HTUI Hr Deet hani zer Reboil er 15,999 * (Base %ﬁéﬁd-
un-rounded flow rates) 25 30 Conparison of the utility consunptions

di splayed in Tables I, Il and Il for the B%s. 1, 2 and 3 processes with
those displayed in Table V for the FIG 5 process shows that this

enbodi ment of the present invention also reduces the utility consunptions
for a given Cs conponent recovery |level over that of the prior art process.
The conpression horsepower is nore than tppeigerpercent |ower than any of
the prior art processes, while the “t”'{]ﬁ&% t requirement is nore than
twenty-ei ght percent |ower than any of t r art processes Conpari son
of the utility consunpti orEtutias o SunE iyl e A3 Gt he . FIG 4 and

FIG 5 processes %ﬁ t hap@;ﬂgngl Gg_él,ﬁgodl thg take8+A PB:2903 VWO

961 40604 PCTNS96/ 9 -29 i lon re es slig

conpr essi on rsep r (abogi"gﬁSZS pegigélt) tha?Fu;tage FI G gggnbodlgﬁg'l?

uses about 1.7 percnt |ess 6B&Pity h2e26for theé3Beet ha. ni 288 reboPl&P.
These two 5 enbodi ngnts of Eggsgr esenggéfnvention fyave essentigal | yigbgssane
total utility requi rerrents e _choi ce_of whether to include the a d| él onal
equi pnent t hat theda 5 pr5&é§s requ??‘és will gé"neral |y deﬁend o] ctors
whi ch include pl ant4isi ze and4&9ai | abl €949 equi pm&@®&, as wel | Oas the7é64
relative cos{s of opressi ontjgr sepoygpgand utiligy heat. Eganpl e2g7A
third enbodi ment of _the prese invention is shown in FIG 6, wherein_a

si npl er enbodi nent % the 188 Bpésent PH08nti on |554appl ied. TRe feggséas
coanposi tion and c@#diti ons82d40i deredldl2 the pr&Sess illustBated8BR6FIG 6
are the sane as thasg in FIGS. @ througfg5. In tdig sinul atiggg of the751G 6
process, the feed gas cooling and expansion schene is essentially the 20
sanme as that used in FIG 4. The difference lies in the disposition of the
conbi ned |iquid streaRecoyeriepdr at or/ absorber 15 after it has been
partially weygred (strq_qlnggQ) by providing cooling of thgsi pgem ng feed gas
in heat exchanger 10. Referri .ng to 25 FIG 6, stream 35 fr punp 16 is
heated from -112F to BPRRPR*heat exchanger 10 as it pr @?z’cool i ng of

t he i ncom ng feed gas Horsepewerbed previously in Exanple 1 The heat ed

stream stream 35b, |§é§1@gesegﬂbkggs§_gndeet hani zer 17 atz,@780op col um feed
point, 30 entering th stripped of |tsﬁgsthane and CZ

conponents. The resul %%§1ﬁPaGF&°Br SBUEFeﬁ’r%%\m 37 exit$%R&%ottom of the
deet hani zer 28 191F and is cooled to 110F (stream 37a) in_heat exchanger 19
ﬁf ore flowing to staAge. 1 0 APR 2003 W O 961 40604 28CERg596106479 - 30

e operating pressur deet hani zer 17 i s maintained sli ght | y above the
operating pressure of M&W%S This all ows the deet hani zer
over head vapor (streamesthandzpre®ebpilétow t hrough 5 h&&t, 98%6changer 20 and
thence into the upper (ﬁgeﬁogno{lnsgggﬁaggrfwoﬁqﬂs)w I n heat exchanger
20, the deethanizer overhead at -15F is directed in heat exchange relation
with the overhead (stream 34) from separ at or/ absorber 15, cooling the
streamto -12%F 10 (st]m&mneBQa)Loa-nelrpaulaﬂ;txyamm(iansﬁnag it,. thlee partially
condensed st ream i {dIEN 3UPREL2al034NCcEREEA We SRR Yd N

separ at or/ absor ber tower S condense 'S segarat ed to
becone the col d |FRAPHN: a(labéé’H'PSEt §VFHBE%pb$%r§%M3 FRarde1 52 PREough
t he absorbi ng sec{streamiB@)dirainaihdhgoasf sét epatt Bl ictndemgatdpnobf

separ at or | abSor baind adleriahd 3yl SblfelR! fal £olfl 5105 15 el S The

resi due gas stream passes cou rcurren ani zer over’hea& stream

36 in heat mex&m@@(mz@ramreirbemrmattbe qaql g& e ansydijicaentdy

provi des cooling 1o Hgddraltueandessar) OBOOEhi@EééM&i@IJ. alQverhead

stream The residue s i,s further rrredﬁ& %Cg (n&rde l;_) as _it passes

countercurrentlyq?&fﬁae |lr'fc8r‘?inﬁ61f‘§ Sga8RFAEALd oes not escape in
stream 38, and so that the portion (stream 40) of the

resulting condensed liquid that is fed to the top of



25 exchanger 10. The residue gas is then re-conpressed in two stages. The
first stage is conpressor 14 driven by expansion machi ne 13. The sé@qﬁm2m3
stage is conpressor 22 driven by a suppl enental power source which
conpresses the residue gas (stream 34d) to sales line 30 pressure. After
cooling in discharge cooler 23, the residue gas product (stream 34e) flows
to the sales ga ipel]ine at 110F and 613 psia. A sunmary of ream f | ow
rates and eneggéggﬂﬁghnptions f or the process illustrated in§%T 560647 35
seét forth in the table bel ow 1 0 APR 2003 WD 96/ 40604 PCTNS96/ 06479 -31
TABLE VI (FIG 6) Stream Flow Sunmary - (Lb1l1lwbl esLHr) S ream Met hane

Et hane Propane Butanes+ Total 5 31 81340 4128 878 439 87840 32 80347 3746
596 137 85861 33 993 382 282 302 1979 35 4995 2983 826 153 9080 36 5988
3349 285 17 9781 10 34 81340 4112 55 1 86562 37 0 16 823 438 1278

Recoveries* Prop 3 O8H7 1hd SRSy 139183 %cha @fo%%hofﬁweEogﬁéﬁgé'enearl%
Conpressi on 20, 21 Heat . N HTU H .Deethani zer Rebol| | er 20,254

5. ZTt il i e
(Based on un-rourdet $F oWR¢ aél”e%ﬁanﬂ)%"i Aot Ren ¥2RPF| PP L8RsBhpt i ons
di spl ayed in Tabl &e | cotlednexpanddd f dee sEr@8m B1b2 aandt3ipr ooesgesedi th
those displayed |, Tabk&rMind SMcdilln AlsE. 6 AHAECEReHOURI N pLBESss
enbodi nent . of _the present i1nvention uses a_lower total utility 25 |
consunption for aSYFSARE A LA ft RESFOLP terPeratnesnEopPFoYidet
processes. The cotipe essobindaresimivro paredadillyl adndenbe shee (about 0.5
percent higher) t ﬁéf:i.i@é“erﬁ;ef@al&% Pé%&%:%l.a%c?xfantigglp%é?f‘i?é}ation

utility t

processes, whi |l e the eat requirenent 1S nore an nrne percent

| ower than any of (eYRPPFFoiom 9L RranedseTeipnigerant dnshRpFcPXaRRBIEMENt
than the FIGS. 4 2#dandeatitaherardfyigdrant! Gn heatbedictiangesf 25hempsesieat

i nvention of f 1 v t Lgh_i i gher
Wility consamt jiﬁ@*%mw% ﬁ%@%ﬁﬁéﬁpﬁﬁ%a‘?gamg 32
to the other enbo : i & cmpres -6
enbodi ments of the precmatwayvemtdaniesd lthef ides idedepdtopanéaceéoseesyich as
pl ant size) avail ar%g ; c ' l.an iLal st
versus operating @gzlé?e e%{her t&%{]qn%tﬁpgtﬁn%%&%% g%(?g \('/Emgt Egtﬁ?‘gilg%vg?\%i on,
it is generally 1Ma3BReFHtIYLCh Fhresiald diauddyfesbdnoabherbeP o6 BRI de
ﬁo cont act i Eglﬁevi sgpzwwsf Labgdryay tislareht ed) e @cetchat! t’ﬁépﬁbﬁlip@hscba@fes.
wever, the bene r t entio ew
as one theoretica éé%gg?éég%lpi%eéeﬁée&é& ?ﬁ%&ggggﬁggh%gggg?\\l/\%# e% of. a
fractional theor e?Y2hlaRieRrog8S%ISFRMSH eFilfy Rh&SPTBBABEFtAR For
instance, all or alperhadivefpiiwr pard iprldoessontrazedrabneanwielnyvi ng heat
exchanger 20 and gl gQte ayp@r tpridl’ i e.( ;&%r o3l k%ﬁ%?%g%gﬁréﬁi%é&%iéom wor k

expansi on nmachine 13 can_be co uch “as DI N éOI ni ng t he
expansi on nethi neIedt t heTRR RFARAT ffsdilfer ¥ BAS PleePhBPB?:gﬁ yteothe
interm ngl ed, thesampoteednghs | cpmpissiwidn pnd cogdiftdbnandssépacnivedn

agcordance with t | AL L V. olatildfi f i QUS of the
total cdnbined stﬁ%ﬁ. ir‘l 1?1:1%/}1 %'n_ efrﬁ)ggl%n%%ﬁhat%}%%\%aggrfﬁéui %Eégﬁfe from
Pﬁat e]>c<changelr3 ZOa%aﬁ'gi;:usW%qfh@? %zﬁg: et f‘lﬁ -I?-quiiidI Ioolr)ti on
ereof ma.y be separ Sorodi igHY reN@eQ WomihimBs® ShHe e
consi dered f th o .S dhvent]. a Stiiet Ut contacting
device. In a%%t he?n‘\%#ff?%% o?élﬁ{z ffocr%'-r %‘gt%l%lgg,n ?‘ﬁg’%?)'atro#i §H’€g%%ndensed 30
stream from heat ERXePER¥er 20 can be separated, and then all or a part of

t he sep?r gt teﬂ i ?Ui d Sﬁﬂg@'f@@%t%ﬁéﬁ? _%Qpa._rsatcﬂ]o/l@asci?béﬁccﬁéngéfeﬁo\ﬂb?h gge
vapors fe ere cribed. earlier in.the preferre odi pen

t he over head vapofr?esaéf%xg%’?qedlng/tq'toci?c?ghsr&flgﬁ& %?gdatto"dmggg gﬁ?’g@?ﬁ%3 WO
96/ 40604 PCT/ US963%ak 7and 3@ tih stperhanlirgy £e6d ddapddsnas ah8°Reavi er

conponents f5em t hgr ¥8RRT £74 PAVI THE (1M lstPedan3inan enBebsne. However, the
present invention_ is no i o this = [

t limted t enbodi,nent. It y be
advant ageous, fors?ﬂ§f%\ﬁ%’é,ﬂcﬁ% 1§%edt 9 v 4 BEAE y&;e&e Fgg BBPPEL vapor
fromthe work expéasreamnIZhiise separrtedfmoar ther coandessednlyqaigorti on of
the overhead condegsalgmagspn absorbent, in-cases where other design
considerations indicate portions of the expansion machine outlet or
overhead 10 condensat eTRHOYARPHy(HKEAh S Qe F30M FePaF3sPBetl PREATHal
Cﬁndi t: ons, P antw:si.—lzeexpal@éi@blneacﬁmﬂeﬁrmnth%iQﬂxhﬁfelchaﬁieas engrgpdigate
that elimnation xpansian. machine 13, repl acenen it
alternate expansi%frc\t}é%élg%g €§%‘§haélss r?ré-’xlﬁélnsﬂfo rh\'f"a?‘\% % plggs%%%egg?gre) or
that total (rather than partial) condensation of the overhead streamin
heat exchanger 20 is possible or is preferred. It should al so be noted that
t he separator/absorber can be' constructed either as a separate vessel or
as a section of the

*
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20 deet hani zer colum. In the practice of the present invention,hPRao | |
necessarily be a slight pressure difference between the deethani zer and the
aepar at or/ absor ber whi ch nust be taken into account. If the overhead 25
vapors pass through heat exchanger 20 and into separator/absorber 15

W t hout any boost in pressure, the separator/abeorber shall necessarily
“assume an operating pressure slightly bel ow the operating pressure of

deet hani zer WO 96/44604 hi s case, the conbined 30 liquid streanP@/PPREO4W from
the separator/absorber can be punped to its feed position in the

deet hani zer. An alternative is to providela-booster blower in the vapor
line to raise the operating pressure in heat exchanger 20 and
separator/absorber 15 sufficiently so 35 that the conbined liquid stream
can be suppli ed (after heat exchange Wi th other process streans as

descri bed 1 Rhis I 0 6 Examples 1, 2
and 3? to deet hanl zer }f'}‘e JT aﬁ%@ éhgqé#@? é‘ggég%é?l g]fjt}grnatl ve IS to
mount separ ator#%o’-’rclie?rcaﬂg-ifatfr@msaf preﬁeﬁ:eepévabpeﬁ 520 R9idfe G0 3 he feed

posi tion on de f@ﬂ@ﬁ o1:7 a:dbutthatz55phms yBe 0ghata €ihe s e suiree dri qui d

wi |l overcone t e and, distributiaon

separ at or I|qU|%eSp &) g‘?ﬁabgbpgegﬁ?l'ﬁﬁf]aseﬁ?nsplr%ecffqhngt
exchange, the detretiet;cnamdedr rs&rxgemaﬂaotomatemehanwsofio f or feed gas
cooling, and thghahiee efiyr-aeasy. st raans Q&aﬁpesﬁuﬁéﬁcfaeﬁt exchange

servi ces nust be eval uat ed ‘for. each particl gpg ication. over, the
use of external ‘fae‘flﬁ'téeer &?dFdssﬁ‘ﬁEI Eﬁgﬁ]f’ ?h‘é %??Yﬁ%r’efﬁlqrhﬁ & to the
feed gas from cetder mHESsS53t ofatbelyorhytheorepicybly peailiahlieadhy in the
case of an inlef gagedl Ci.rb‘:‘ernttrlaiﬁct Q%a&ﬁ?gn' n 'Eﬁémp&ﬁc 1recl,5vé’§5éd ial so be
recogni zed éhat he rele%er ve of g foir i n_each an%g of the
condensed 1? qui F htise s r‘?rg'tVFeérngﬁ'arf' 32921 SCYPRT TR m{e%w St he two
towers in FIG item |14)demdhat cansbecnakdf tiot vescompresslithe gesiguessur e,
feed gas conposidd ofk &t RATIUARLL! ¥xQhpDO! Sepover avail able. The optimum
split cannot genhera beﬂp dicte wrthoug eval u t| ng.the ePartr cul ar

ci rcunst ances for ag{?e vy PP PRER2 1%fc?’ﬁ SRFLL FRETM ERB on. The
m d- col umm f eederpuarist ithes whperc BedtiinnFoESinterhedinte separatier B9ef erred
feed | ocations FHe JdpuAAtRRCIS RREN %h?gaﬁoi‘ﬁ) t19npilesrdd R8ghardewever, the

relative | ocations t he d-co endr i nl et 30
conposition or O} h4e2(r)5 S mg'°8e¥?i‘éﬁ ¥%c ‘é‘?ﬁ“ﬁ) %9%%38
Mor eover, . two 5 %8ristofeanhd3pdetieSoreant, enrtepsr theonsowsrrsasitiomay be

conbi ned depen%ﬁ&ﬂﬁbﬂéﬁ;a&'@%‘eﬁﬁrbﬁ%%é‘t Ur@h@@oﬂé‘f&ﬁ id# @@y Ndi vi dual
streans, and thg c%r;g ned stream then fe m d-co urm feed osi tion.

FIGS. 4 througt¥ & AERSFIRES &Hréﬁgo‘d{‘ﬁeﬁfis?o?xﬁ’ﬁfés s and
pressure 20 0 49R W&WY@GM4BEG¢)1Q)S%£Omtimemmmﬁnamgrshom

Q\I t hough i Indl V|§igtradn§termse>gmn%bggr séétﬂgﬂl%%%ﬂvﬁ% t\}@&xal‘ expanS|t on
evi ces, alternative expansion ans na e er.e, appropri ate.
For exarrpl e, C(ﬁﬁﬁttll%ﬁm \KB?% ggﬁxgg S Sforkines, g’ﬁ’

liquid stream (mrmnﬁs)cha'thahpneﬁénwal ho esepara pexfasarhemidued recovery
of C3_component i o loeOeldall 8aCeASHMBLAGESESI thlahg 0 operate (he

process. An |rrproverrent in utility consunption required operating the
10 deet hantZer’ PIRARLL ftéﬁﬁ‘@alﬂl) lemge OF?FO‘FPP%HLR:%‘EF requi renents
for conpressi orn.m:remquer mamtored&ceﬂdpemeerse@n rlcovest sse‘cmloaxt er nal

refrigeration, er tSef ko

conbi nati on thet;cgo Altzﬂeér rerg't ;&b&%g@geéf PId#?S m%:r ease%r% corrponent
recovery can be’bt %%Foﬁ’bﬁpﬁgdlaﬁ}lﬁitﬁt’é%ﬁﬁtﬂr%t?w 81 £1CW8r e have
been descri bed whaiungy dothel i eved to be preferred enbodinents of the

i nvention, y4hose skidle ogi t d 20
further rmd(rsfr cati onis%'l rrg: lH%gde F er e%ré%ﬁ b3 %&é%@ ‘-Tl&tt e | nventr on to
various conditiggrtiqy SSParas@TrdRbEORBeT  bYAF eTﬁaQﬂ Wah &S5 departing

fromthe spirit ﬁ‘athaaorc@@e%pb&ve&&ema 2ssdef hpeshed )t Hitudio ldhew ng

cl ai ns. R 2003 13 roc or paration of a
gas stream contA%cr'*W~ et He‘r‘né:“éac&Sﬂpgﬁeﬁg C{J’rﬁ)‘ﬁ’r‘fgrﬁil heavi er
hydr ocar bon corrlmvmmr;i ittt coadenlsat and 3bsesbdtﬂmegauso:ﬁamtanm heanti@mi ng a

maj or port{&n Oéon%ﬁéﬁ%t ha‘l%ea'ﬂqﬁldgoﬂ&ﬂe% gelatively |less

vol atile fraction contalning a nmajor portron ? sal d&&% conponent s and
heavi er hydr oc FRAT S/ ARERTEDET] ﬁsmﬁis&ﬁe%‘ﬁo%@ssa’ee (eumRed PYg RIS A8am | s

treated in one or nore heat exchange




7 and/ or expansion steps to partially condense at |east a portion thereof
and provide thereby 8 at |east a first vapor stream and at | east onﬁ Ergbﬂ;
C3-containing liquid streamwhich also 9 contains |lighter hydrocarb Pu PR

10 (b) at least one of said first C3-containing liquid streans is 11
directed into a distillation colum wherein said liquid is separated into a
second vapor 12 stream containing predom nantly nethane and C, conponents
and said relati vemo%6e960413 vol atil e fraction containing the maj ACTIHEAGETY
of said C3 conponents and heavi er 14 hydrocarbon conmponents; 1 ~ the

i nprovenent wherein ' 16 (1) said second vapor-igt-reamis cool ed
sufficiently to condense 17 at least a part of it, thereby formng a
condensed stream 18 (2) a portion of said condensed stream is supplied to
said 19 distillation columm at a top feed position VI .. 20 3) at |east
a portion of said first _va streamls i na contac ed w at

| east part of the rerféittﬁ'ieﬁ’s %57)“5‘?1 713 &be Qﬂ% &HP&&nF he a'mSéga 10
APR 2003 ?? cont acti Agagérgcputmyvi fg formine ddenhamizefr feedosbream 4dne,

thereby formng a th's"t@eam237V9§)015e§Eé&3ﬂ&{ﬂd-13005%‘3%d @%‘%‘O%%Bhﬂg-ﬁhﬂu' d
stream,6 24 (4) said second C3 nt al ni ng uid streamis gg I ed tngal
$

2- distillation col uff & BEQELGER) ‘F%%Jduf%d tl};atzexfg}?.ngfaq t 289 6F PP on
of said third vapmor stBEENtDSEH?F elseredmt47E)7 etiea.tt @xolva.dge cebatingnini t h

sai d second vapor st feam efc@ﬁéx’?&é(rti’owpé%o saﬂgpt g&a% si¢Ba(td ) and

t hereafter dischar~in~ at ortion o st reami
said 29 vol atile resPg§&h Qéézﬂ’a%'fl fpperating gt éa?odpﬁlﬁét ae3a RIAT SPHFRG
liquid streamis heatfeédand Bé stipppped ¢O Hied dhetihainel batl ) amiponens.a

thHird feed ther et o; ? Z&dépg 19&'@”$ }éae‘? %1%#%%2%5@5 oﬁ{f o§al:ﬁef eed

streans to said 33 co Fce an sal d t1o
effective to mailt ai ﬁeﬁﬁéaé%‘é?he%ﬁ—j 28R mRg atureeeled &8 &1@oﬁt ééFFﬁam

devi ce an](cj sai g di st islaat taNheot U@ﬂﬁclﬁ’éné@ﬂpﬂ Hefre Fowiageby sheraggor
portion of said C3 conpon s_an vier hydrocar han n

recovered in said relati vggi ‘ngh\e/%? atir e fs%arg al%olr%% 1%%@%9 $Eg§h§gr1%§€rrent
according to claim 1taWereth ak 12dEtandpbs tpantidlly sepdesgednhy neat
C3-containing |iqui décbhaagbtszbeaﬁgdu | e t@él&ﬂ)l-wong- paogagsacond C3 3
containing i qU| St d

process for the separ %? %grsg% dtﬁétlf’%gﬁn;!'%}r# c#‘rg}’m'rret ﬁtkeg‘m Qea’ now
components, C3 corrpoﬁént‘éséﬁdaMaW%rpﬁwr oRRaRsh ed dxum 2ftang is
volatile residue 37 gepa®afBR L2068 vaﬁoﬁaécféaa\etsm&n@oebahehagdalmma

ortion of said neth d C t n I vel volatile
Pr action contai ni ng %r&%aeg%rs"gort%ngnﬁsg? 3“%@ ﬁ’?l & ﬁak:gi%n B Ehl"
hydr ocar bon conponentc®ndersgfli thapt@cestren aﬁl)saFiQ:l thas t§Pr éémdF-‘?tFPEéFéﬁ

in f)ne or nore lpmat exweange isaﬁdfpﬁxEXMLﬁhﬁrﬂm mrnab]gu okl yheondense
at least a portion theraghsaRc Loy dpctDELE Yo P AlaiB8S bullel 275 oYAB i n

stream and at | east one T AT Ng ich
cont ai ns li ghter hydS§&&RBoAS; tantorm Q@rbh@ecl deagnd2pf said first

C3-containing |i qu; d st re@aﬁbmealsdrégﬁtcﬂ lbgggbsa thirshighl alekén col um
wherein said liquid |e§cc§1§g§rg ﬁp%ﬁ;ﬁ X cgnd r(ﬁl&j“-% L Leam Eﬂ%t ai ni ng

predom nantly net hane an ve I"eéss
vol atile fracti &% comaﬁ'eﬁgr{ﬁbsqaper 9‘6?-!1!1%313 ofapsy @t@‘sa@bﬁﬂoﬁeﬁt §hgnd

hea\él er 1 . hydr ocar Mc&aﬁmeaerféedlfé?f@&nm?,r Oﬁléﬁiﬂftt:.n\ghfi:hebaolﬁnédinh
sai d second vapor stry uf ficient y condense
it, thereby formng a%%%]r ta%ﬁllgf 88%%3%3%512? r%é;rﬁhel a%sal a‘%éartl ally
condensed streamis @@&ﬁapeelalwecemenequﬂmm aﬂtahlartd -VaR3F §sr &hR/Rand

a second C3-contai m 'ﬂa'shqe&ﬁaﬁaééaﬁhrgQgﬁ%naépﬂz%"ztla%eo‘é&bbﬁalgh aélvdce,
id stream 21 is_supplied t

second C3-cont al u said_ distillatio
colum at a top Sb‘(‘fgﬁ FFOﬁXPQBSQ-a? gg&-}ﬁet gy o""?/aF&?r P EEH TS E&?FBEQ
sufficiently to conde(mr@bugatélsyl €25t paippréf afepdratidiiadisprbermitogea
condensed stream 3835 Reflux drum 26 is operated significantly above the
’ operating pressure of separator/absorber 15 (about
60 psi). As a result, a portion of the stream 42a is
35 vaporized during expansion, providing further cooling
of the total stream. In the process illustrated in



1 0 APR 2003 24 (~) at least a portion of said first vapor streamis
Intimately 25 contacted with at |least a portion of said condensed {sf A@RQO05 N
a contacting device, having 26 no nore than one fractionation zone thereby
formng a fourth vapor streamand a third 27 C -containing liquid stream
28 (G at least a portion of said third C -containing liquid streamis 29
directed into heat exchange relation with said second vapor streanlleaV|
t he upper 30 rgﬂ?ﬂﬁwﬂv said distillation colum, thereby to s 63' 470
cooling of step ( 1) and partially 31 condense said second vapor strean1
32 (7) said third C3-containing liquid streatffis thereafter supplied 33 to
said distillation columm as a second feed thereto; 34 (8) at least a
portion of said fourth vapor streamis directed into 35 heat exchange
relation with said third vapor stream thereby to supply the cooling of

step 36 (4) and t hemeaft,ekhdi &&?aheeagsafe&zﬁaﬁb aléwltﬂgoré En%ilbﬁ fzaw&h
vapor stream as s? d voI Z{[I | e sai d

C3- cont ai ni ng | i qffi'd *SAEEM Ps ﬁﬂﬁgiégﬁﬁag%é {éhf¢(ﬁyqtis ndF?PP %3 |on
colum as a third ticedde separatorngdeddiénOin t smpapativtabsorbrd towperdFures

of said feed streans che wahd 41g698t 88kt Ndolteyd e A vl sdirgkihhat i on
colum are effective t #he over head 42 tenperatures of Said
8, TReGhi r

contacting devi ce EHE= &t PBRCERI RIS « enper at ur eswher eby
the major portion af' sdhe Gistohpahbon sstneamckadeingydeotapbofi r ~r v r 44

conponents is r ecgwa%cb&/aasgrﬁskaisvﬂy iffﬁs‘ Vil alHd @chaacks9hue3® 10
APR 2003 1 4. The inprovenent ;.accord g?to claim3 wherein at least a

portion of 2 saldg?ﬁlﬁﬁreamcaﬁtalﬂpﬁg @ 9% SRS RBE8.E prior to
bei ng directed i ntcountarcexcrkanly Borehetc@mbﬂn&d1snmeﬁnsdeomd hepor stream
1J4567 §¢9 1%:&&1&%&326 and~ léﬁwﬂmé&) & PIFRY %eameaaspaaatwn of

a gas stream contal ni ng net hapne, C~ ¢ nmponent s, nmponent s and heavi er

hydr ocar bon conpoﬁgﬁté eﬁt6°81689a??@engé?%ﬁ&?iﬁﬁFqQQQEPP5ﬁ°EOHFth?ng a
maj or portion of sambimedhabeeamd CEheonmn&ﬁuEsgasuiaaﬂu&tabrvvhymbésso
volatile fraction ggapt ek's@'rﬁgmasﬁﬁb 04 % %é’ébég étf'H e@cu%?gggﬂgn{:é £ad

heavi er hydrocarbgn conponents, rocess treamis

treated in one or1ﬁ5P@‘H€aFeé?cﬁ%ﬂgé“ahﬁ?%re¥ﬁﬁﬁﬂ%ﬂqbﬁosteE et 5epirfttal I y
condense at l&ast gaspdst chent rer eahprasised oin dovd uages .at Theastratfirst
Contains |1hter BEAre ap,cafptebsby ¥4 AN B0 Sxbfilalon REBIMADI £31. 21 50
C3-containigg quJ%G §FF€§HBSF§93|}%c?%ﬁp¥?ﬂ§P¥1%ﬂfﬂﬁ €2t P¥n@col umm wherein
said liquid is sepappletenbad powerosocuvesorhisit esmpresisasnthg residue
predom nantly netggge(gggegh SQﬁpoggnééléE“hfﬁE‘%fégéﬂf e'XfE§§5c¥81§ﬁ§|e

fraction containin ortion of said C- conp onent's _.and heavi er
hydr ocar bon 38npoﬁgn9§scpﬁ% PB%%HE%? vﬁﬂﬁeﬁ??%@?f Pa§aPH°§EEBn839%ﬁEW
streamis cool ed 84ke)i €lewsl| yot bheosalbesegad pigeliine par L10PFi andt her eby
form ng a condensgdsspgeam 40 1 0 A PR 2003 18 (?) at least a portion of
said first vapor streamis intimately - 19 contacted with at |east a
portion of said conden®e§UEPREENPE nS 5?ameﬁﬁﬂw(ﬁﬁﬂeﬁaaEGnFQEFgﬁg 20 devi ce
havi ng no nore thannsnmptiantanath@npiﬁmesstﬂmmudmrak@ﬂnungFaGthmrﬂsvapor
stream? 1 a 0 n n Jygam 2' ' (3) at least a
portion of sggd s%%gnggaghcgﬁt%?%lﬁg %&%qgﬁéean123 is heated and is
thereafter supplied to said dlstlllatlon colum at a top feed position; 24
(4) at least a portion of said third vapor streamis directed into 25 heat
exchange relation with said second vapor stream thereby to supply the
cooling of 26 step ( 1 ) and thereafter discharging at |east a portion of
said third vapor streamas said 27 volatile residue gas fraction; 2 S (~)
said first C3 -containing liquid streamis heated and 29 supplied to said
distillation colum as a second feed thereto; and 30 (6) the quantities and
tenperatures of said feed streans to said 31 contacting device and said
distillation colum are effective to maintain the overhead 3' _
tenperatures of said contacting device and said distillation colum at
tenperatures 33 whereby the major portion of said C, conponents and heavi er
hydr ocar bon conponents 34 is recovered in said relatively less volatile
fraction. 1 G In an apparatus for the separation of a gas containing

met hane, G

ng



2 conmponents, C3 conponents and heavi er, hydrocarbon conponents into a

vol atile residue ,. , gas fraction containing a major portion of sgbd

nmet hane and C, conponents and a 41 ~ ~ APR 2003 - 4 relatively | sAPR 2003
vol atrle fraction containing a major portion of said C~ conponents and - ~
heavi er conponents, in said apparatus there being G (a) one or nore first
heat exchange neans and/ or expansion 7 neans cooperatively connected to
provi de at | eX%#¥Mpartially condensed has stream S (b) sePaFHEIHE4 M eans
connected to receive said partially 9 condensed gas stream thereby
providing thereby at least a first vapor sti®amand at | east 10 one first
C~-containing liquid which also contains |ighter hydrocarbons; and 11 (c) a
distillation colum connected to receive at |east one of said 12 first

C -containing liquid streans which is adapted to separate said streaminto
a second 13 vapor stream containing pr ed%@;_ﬂ%_nic%y met hane and C, conponents
and.said relatively 14 less volatile fra 0 ntai ning the maj or portion
of said C3 conmponents and heavier 1 ~ hytfHeardbn conponents; 16 the

i mprovenent wherein said Hyresat FlowiGhmeasyl/ (ILbsepoadsiigal exchange
means connected akd di gLifLation | um ei v, | 4. se vapor
stream and cool i r% icig'rgf.lyigo c%%g%érirge atg%'g%é‘ﬁéa 1%1'1‘%%A +fc‘1%£%l

t hereby fornithg a é8ndensed®3BfBam 28128) divi dPA§ neans cbithect &7&4P
recei ve said condenged streapsd3% and §o7¢w de sagglzcondenserthstreapgsit o

first and second | i,quid stre said diyiding 2 ans bei furt
connected to said |gsti Il ati %ﬁﬁgm um gl(‘s)gsuppl y ég.lgg first :ﬁ%qui d 859t ream

to said distillatiéd col um78814 top, B2&d positidd® .. , .. 2% 24 371
contacting and sepawati ng nmegmasconnecégd to recsoge at 2~ 4mpst aqg@dion

of said sec i qyi.d strea at le a portj of said fjrst

stream 42 qﬁi{ AP 52003 ZGné\zggei n sa?@gl iquid %ﬁg vapor arge1 com%%;d in
a contacting devi c86havi ng n88aBre - 2903 han one4®¥acti onati dh zodd3%%i d
contacting and sepagati ng negpgyi ncl ugi g separatsp~ 28 nmeang to sepasate

t he vapor and liqui,d after c ct in jd contagting device to for 29
third vapor stream4gnd a secggéqc,-coﬂgg ni ng Ii%&%d stream %o (4)5r2553)| d
contacting and sep&Pating neah45bei ng 348t her 31 3Ibnnected td said 500
distil Itafji ;)hrn_szo! umat o sgpgby?ga: dt §e49ﬂﬂl C, -contgsni ng Lli ?ui% ;sthrm13233
Separate erein sai istillation um as secon er, ;
(~) said contacti négand separ at{)ng mean g)bei ng f her 34 cbtnhect ea‘%t sai d
second heat exchange neans to direct at |east a portion of said third ;5
vapor stream separ at edetBoeeiBgkNt 0 heat exchange relation with said second
vapor stream 36 (6) first _heat exchange neans connected (o id separation
37 neans to receive s%FBP Fst C3-cont ai ni ng |iquid and r#e%ts%lq‘t; said first
heat exchange 38 neanBubanag+further connected to said di®@idd%ti on col um
to provide s d heateggib_gFglgg 39 containing liquid as a third feed
thereto; and 40 (7) c [ ans_adapted to re?ul ate t ntities and 41
tgrrper atures of said gg%&?%?rgaﬂgr%sg?ﬁd contacting anglezs'g%}r ating nmeans
and said 42 distill at Refirigeuanion Garpressiome over head &.8fferat ures of
said contactinJ and 43 separating nmeans and said distillation colum at

t enper at ur es wher eby ghg ﬂaj or portion 44 of said C3 co '—'toonlen s and heavi er
conponents is recover q F_ said relatively less volatil &%= raction. W. v

1 0 APR 20051 7. ThelkiphibyeHeat aMBEIAHNgG to claim 6 wherein said
contacting and ? sepapaktAgniBapSrbBotPEpected to said fig dagreat exchange
means whereby at |east_a_3 _portion_ of é%iid fecond C,-containing liquid
stream separ at ed t her éPASPE RBaPBarouadedFIQY %2HeSt exchange neans bei ng
further connected to said distillation colunm to supply said S heated

second G - contai ning Cofgads Sbheam LReSat sh 851 Ebhalngrs 6ol U 33,2 Second
feed 6 thereto. 1 8. In an agparatus or the Sseparation of a_gas _contalning
net hane, C2 above for the FIG. 2 process with those in Table I for
30 the FIG. 1 process shows that the FIG. 2 process does
substantially reduce both the refrigeration compression
load and the deethanizer reboiler duty over that of the
FIG. 1 process for a given propane recovery level.

This is accomplished by using process streams to




2 conmponents, C3 conponents and heavi er hydrocarbon conponents into a

vol atile residue 3 gas fraction containing a maj or portion of saifd) xpghmpe
and C= conmponents and a 4 relatively less volatile fraction containing a
maj or portion of said C3 conponents and heavi er conponents, in said
apparatus there being 6 (a) one or nore first heat exchange neans and/or
expansi on 7 means cooperatively connected to provide at |east one partially
condensed gas WOM&AP4 8 (b) first separation neans connect ed PEI/PE6LO472
said partially 9 condensed gas stream thereby providing thereby at |east a
first vapor streamand at |east 10 one firsi6-C3-containing |iquid which

al so contains |lighter hydrocarbons; and 11 (c) a distillation colum
connected to receive at |least one of 12 said first C;-containing |iquid
streans which is adapted to separate said streaminto a 13 second vapor

stream cont ai ni ng%?%ﬁqugtpfé;@demg;@@gﬁegdCf%lcom@n@sﬁé ﬂfbglni%gi réam~ 14

relatively |ess | ction ntaining the maj or porti sald C~
conponents and 15feREAA% R FFc &b SFPREAPOREMREOTRRY tawer ASR o2& - 16
the inprovenment WAEEei widbsappRaidluseqiftkeseshd udd)os andgutdadat exchange

means connected t | o dist] j C el .4 second vapor
stream and cool i@e@%ﬁégleH{éﬁyg‘}%&l@?aﬂ%&%ﬁ%ﬁ% ﬁ%egfo,adatq}?ereby

form ng a par?i al F§EegrRIANed s teasmexgbangsr stbbrel RPehiallyy crngense
connected to sai deheduutHarilzed] oeahenge (5EeEm D6y SCaAY G, d spPliainal | y
condensed stream . rate it,.th by, to 2 Q i hi or stream
and a second C3- c%%%ﬁ%fﬁdﬁflﬂ 5h§t ?gg’n ?sgf%c%%%on‘gﬂ’gfﬁsge‘{)rgrta%long nmeans
bei ng further confREitRL (ePsfaiags@ciateBavibh e uinstal nmpisiry oft theast a 24

portion of said Sﬁﬁ?&&&@’ﬁe@sﬁbﬁgrbkg%érﬁ{&@%ﬁ&éﬁj d distillation
colum at a igp fee o$' tion, 26 éS%@t hj’s‘[_d heaivexch.aoglge rqa}ar}s cess
connected to Said second 2 §§|§’§F§teflﬁ aPs TS B A vapor
stream and cool iinAgdonsdanng ywitd PoldeRsk. dfo 28t | &LB03P Fat of it

thereby form ng aa&RNEans athesldeddPed? Brofané OXd @shdRg wid & 8i3MmY iaNg nNeans
connected to recej of said conder)%led stream a@d at

e At 3Q | east g;;’orﬁi OEn ! £a
| east a portion of 1[ar’fi &° \Fgﬁ’ FYsPraR STTIRETETH saidd ip(fﬁ’l F-and vapor
are conm ngl ed i nFEG cohtigcbangddon cbehssmagierd AR SAMAIRT iome and
fractionati ofszongon®il Kbried RisAdelstd 1888 aBORE afdNFITANL idd 2di TG the

separating 33 nea 0. .separ t.he_vapor and |igui fter nt,act in said
contacting devi cegf%&lf%trlnq%a 4%&& Pﬁ°§§88r é{?? e%ﬁ(gn%%e?f“h%?'d i

C3- cont ai ni ng | i ceeeted renmxchangexr 38 By skeah cgxtmnge witdh@9%keans bei ng
further ConlneCt edresidue -gas %"AQ t-_©'7$'§‘ih_dsﬁeéélﬁci74ﬂg 2l wwiana quﬁﬁa_&ﬁtlmans to
recei ve at | east of,.% ir nt ai ni-n | r.eam
separ at ed t herei nﬁaﬁ#éd%&ectgli t§J ﬁﬁ%geﬁ%aﬁ%ibhgﬁbee "l'r%cf%a I 5%:%3 10
APR 2003 38 38 d 2ResN SARfsRtory ddnptea?? i and ith@sideghereotthei d

distillation cgl)uwépoﬁ h@g@;@ant 3239 igogbpaﬁgtmrﬁ@ﬁla%é:gam%ﬁ@eﬁai d second
vapor stream i n eat exchange neans being further
SEET R LR

connected 41 to sal ¢olumm to supply said third C3-containing
liquid streamto sai d d® Mapdy |(gtreamc3Runfirem SERREUIRY flde@ntigdiSeRo; 43

(7) said contactivwerianskpeiAlcd ma¢hiRaniaben nghick thdinAl GAnkeeee g said
third heat re#ghan%g rrea*{\s |th di rtﬁﬁ-t at | east g ortion of said f%urth 45
vapor streanf3epatat stk therdoR iRes HEAFI8RcH n%ée PSR BRESHYET ££°8t hi rd
vapor stream 46 T nighiimendat expahdsgthervvapor gutmnantitadlyai d separati on
47 nmeans to receiyfemaddbildaldly E3vaOR! prBE8Eré | SRIiLbAN FRApdik; tRld first
heat exchange neans_ 48 bei ur%hgr conneckled to said distillation_colwnn
to provide said MRETEHHS W9 303nPEEAI Y% | AP HESh RS e F
thereto; and 50 (9ramtowiabscaberaddpt editb tlgyuiatie etpargism icocddingnd ~
1 tenperat urgs of i pdi dedHfAE S8R B2aSRbda COMAG Ai-AYE Separating means

and said 52 distillation col.um to maintain the “over ead tenperatures of
sai d contacting ARPEEIETEL i-dd OrEansTARdeXRARAeA 419 IRALSFR LA um at

t enper at ur es wherehmddrmdajtaeapoiRaocentefd the SouwkCesamiponett s and
heavi er conponents_J I i_n id l.afively less volgtile fraction.
1 9. The inpr oven%?#%g(:tgogro/&?r??}?grcﬁgi‘mgﬁﬁha%}ce‘ffna/§§. J‘cc.’cglntogtzti ng and .. 2
separating means %Re comansesd sitgesai gommingler itk dianwslsneans wher eby at

l east a 3 posii 0“f£il§§ caadﬁwa@dciir%gn&ﬁ&nwgoﬁm& Gl iRpMazanar at ed

therein is heated, said.f,rst .heat
the combined lq.quid stream 35 exits the bottom of



1 0 APB 2003 4 exchange neans being further connected to said second heat
exchange neans to direct said heated third C,-containing liquid strean1|nto
heat exchange relation with said second 6 vapor stream |l eaving th Uuﬁﬁbmm
region of said distillation colum. 13456 7 89 10 11 12 13 1~ 1~ 1G
10. In an apparatus for the separation of a gas containing nethane,
conmponents, C3 components and heavi er hydrocarbon conponents

vol atile resi df¥0 g&%‘??actlon containing a major portion of sa F%8H§FW&H8
and C, conponents and a relatively less volatile fraction containing a
maj or portion of said C3 conponents and heavil@r conponents, in said
apparatus there being (a) one or nore first heat exchange nmeans and/ or
expansi on neans cooperatively connected to provide at |east one partially
condensed gas stream (b) separation neans connected to receive said

partially condensege @éf,eﬁsadﬁt@zems RitoviidiiRg .t hepebyapér | icn fde st
vapor stream and east_o first .containin al sq .
contains |ighter % cﬂesd saﬁﬁfa("b)rlzfeﬁi SPVAE: at }:bﬂog%qx% g’llé}? to
receive at |east osn%cfaiozsaami fia stonCaated aithngolidqliguid r&skisinghi ch i s
adapted to separ at@omﬁétw%da&&eaa%@%@,o p@heséféﬁéﬁéoiﬁé"ﬂad?ﬁer
predom nantly nethane and C, conponents and said relatively less volatile

fraction conta? ni ngPERRRERTST portion of said C, conponents and heavi er
hydr ocar bon conponent s; Thédecomijimed rErfuid-seream 381 frappeathsttionclafies ~.

% 10 AP('}&QOQ’e réé‘érmg}g% Cgﬁgghgﬁ@é éE t to sai d

d| sti IIatlon 18 colum to recel've sal econ r stream and coo

sufficiently to coftbiee tged ckafiream @584, tooflepthapherrd’ i AYRP &
condensed stream m(iapmummmmdmmnaaamglnmmmm tto
receive at ? 4l eagilﬁp%twé)ft@égac gg[rtg%{% Ioefast a

portion of sald first r stream 2 vapor are
comin?led in a co‘ﬁ?%ﬁ%%\ﬂr%é’%msﬁé’mvﬁ ?ha?P%:\'fé‘S’r EG3Fh 25 on
zone, said contacttag- $aF Seyaren d3a)e datorec iudppgvidesarabolnhg?4£arades t o

separate the vapor; gy Uféjecf“:?%‘sr a%oﬁe%%%ého%dséhgﬁé@t acééﬂ%n(jes‘ﬂ&e to

forma 25 third vapor str am an cotalnlng stredm 26
(3) first heat exchh@Et nedts diffeErd®nsy degthardaercl r@taﬁ‘ld’u??‘commn
separati ng nmeafs tpeddCedist alo leacrd peid o¥fn itk metBasecamdl €;3- cont ai ni ng

liquid stream 28 s her, ' eyhange
nmeans being furt he(r? %‘grfged tlglézj&ai%’% gleﬁ Stdlruicl a?}:gﬁ%oﬁm%at o supply said
heat ed second C3- c}é‘h'%‘a?%l% theydeethandzan atsasd°Boand sig |Fe@iash ¥l um at
a top feed positionio®d (srssm G7RONUAC A akEhaapaf als Noe feed F lviingy
further 32 connect€% e % J second heat exchange neans to direct at |east
a portion of said iTd vapor stream separated therein into heat
exchange rel a®fon w t h T8 PRIFBHRY RFASTeedm deathanizexr dL% ¥t exchange
neans further connesigtaimned allghtisepdicid Mem@a&atmgqcﬁmwldtfl rst

C,-containing liqu Al fir, h h@iggg bei ng
fl,)th her connect ed %%psal dglel S écﬁ ogj coI'IELt:'nhs g‘aﬁor ov sal eated ,, ,
37 first C3-contai AYFERERGINIPS %F'-'s"@?éhé‘f)eé@ Pﬁéﬁét%e %Jrewz@roqgln APR
2003 38 (6) controhemeaéuscml@é:ﬁctd Qre el ih€oduRet uppes sdutidh of

t enper at ures Qgt ;SI +%¥;§§&%} ﬁal d I%Ot%hggover %ef%r ailng neans

and said 40 di's on o mai-nt ai enpera Ures of
sai d contacting an@eﬁqh%@h%ﬁlam‘f@ﬂ?ﬁ?%?tan@lé’é' ésdfi;i,#ﬁ%ﬁlﬂdh hesttumm at

t enper at ures wher efychdieg émwramﬂ Ivﬁrtrfl?crﬁf ovahrfle&d @@ﬂﬁé&t@@ﬂ afxebrhieavi er
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separator section in separator/absorber tower 15, so

that its condensed liquid is separated to become the
cold liquid that contacts the vapors rising upward
through the absorbing section.

35 The distillation stream leaving the top of
separator/absorber 15 at -117°F is the cold residue gas
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&10W &0- 32 80476 3792 623 149 86078
33 864 336 255 290 1762

35 2199 1261 689 156 4359

36 3063 1581 121 7 4843

10 34 81340 4112 55 0 86562

37 0 16 823 439 1278

Recoverjes*

Propane 93.70%

Butanes+ 99.85%
15 Horgsepower

Residue Compression 21,210

Utility Heat, MBTU/Hr

Deethanizer Reboiler 22,298

* (Based on un-rounded flow rates)

) 20 Comparison of the utility consumptions in

Table III above for the FIG. 3 process with those in
Table II for the FIG. 2 process shows that the FIG. 3
process achieves the desired propane recovery level for
approximately the same total compression load and

25 deethanizer reboiler duty as that of the FIG. 2
process. The decision whether to use the simpler, less
costly FIG. 3 process rather than the FIG. 2 process
will often depend on such factors as the relative costs
of utility heat and compression horsepower, plant size,

30 etc. It should be noted in passing that the success of
the FIG. 3 process depends on the absorption cooling
effect that occurs inside separator/absorber 15,
wherein the saturation of the vapors rising upward
through the tower by vaporization of liquid methane and
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ethane contained in stream 36a provides refrigeration
to the tower. Note that, as a result, both the vapor
leaving the overhead of the tower and the liquids
leaving the bottom of the tower are colder than the
5 respective feed streams at those ends of the tower.
This absorption cooling effect allows the tower
overhead (stream 34) to provide the cooling needed in
heat exchanger 20 to partially condense the deethanizer
' overhead (stream 36) without operating deethanizer 17
10 at a pressure significantly higher than that of the
separator/absorber 15. This was not the case in the
FIG. 2 process, where Joule-Thomson cooling of the
condensed deethanizer overhead stream was needed to
provide the temperature driving force that allowed the
15 heat exchange to occur.

D iptd v
Example 1
FIG. 4 illustrates a flow diagram of a process in
accordance with the present invention. The feed gas
20 composition and conditions considered in the process
presented in FIG. 4 are the same as those in FIGS. 1
through 3. Accordingly, the FIG. 4 process can be
compared with the FIGS. 1 through 3 processes to
illustrate the advantages of the present invention.
25 In the simulation of the FIG. 4 process, feed gas
enters at 80°F and a pressure of 580 psia as stream 31.
The feed stream 31 is cooled in exchanger 10 by heat
exchange with cool residue gas at -88°F (stream 34a),
with separator liquids at -92°F (stream 33a), and with
30 separator/absorber liquids at -107°F (stream 35a). The
cooled stream 3la enters separator 1l at -78°F and
570 psia where the vapor (stream 32) is separated from
the condengsed liquid (stream. 33).
The vapor (stream 32) from separator 1l enters a
35 work expansion machine 13 in which mechanical energy is
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extracted from this portion of the high pressure feed.
The machine 13 expands the vapor substantially
isentropically from a pressure of about 570 psia to a
pressure of about 396 psia (the operating pressure of
separator/absorber 15), with the work expansion cooling
the expanded stream 32a to a temperature of
approximately -107°F. The expanded and partially
condensed stream 32a enters the lower section of
separator/absorber 15. The liquid portion of the
expanded stream commingles with liquids failing
downward from the absorbing section and the combined
liquid stream 35 exits the bottom of separator/absorber
15 at -108°F. The vapor portion of the expanded stream
rises upward through the absorbing section and is
contacted with cold liquid falling downward to condense
and absorb the propane and heavier components.

The combined ligquid stream 35 from the bottom of
the separator/absorber 15 i1s routed to heat exchanger
10 by pump 16 where it (strxeam 35a) is heated as
it provides cooling of the incoming feed gas as
described earlier. The combined liquid stream is
heated to -46°F, partially vaporizing stream 35b before
it is supplied as a mid-column feed to deethanizer 17.
The separatbr liquid (stream 33) is flash expanded to
slightly above the 411 psia operating pressure of
deethanizer 17 by expansion valve 12, cooling stream 33
to -92°F (stream 33a) before it provides cooling to the
incoming feed gas as described earlier. Stream 33b,
now at 70°F, then enters deethanizer 17 at a lower mid-
column feed point. In the deethanizer, streams 35b and
33b are stripped of their methane and C, components.
The resulting liquid product stream 37 exits the bottom
of the deethanizer at 198°F and is cooled to 110°F
(stream 37a) in heat exchanger 19 before flowing to
storage.
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The operating pressure in deethanizer 17 is
maintained slightly above the operating pressure of
separator/absorber 15. This allows the deethanizer
overhead vapor (stream 36) to pressure flow through

5 heat exchanger 20 and thence into the upper section of
separator/absorber 15. In heat exchanger 20, the
deethanizer overhead at -25°F is directed in heat
exchange relation with the overhead (stream 34) from
separator/absorber 15, cooling the stream to -112°F

10 (stream 36a) and partially condensing it. The
partially condensed stream is then supplied to the
geparator section in separator/absorber tower 15 where
the condensed liquid is separated from the uncondensed
vapor. The uncondensed vapor combines with the wvapor

15 rising from the lower absorbing section to form the
cold distillation stream 34 leaving the upper region of
separator/absorber 15. The condensed liquid is divided
into two portions. one portion, stream 40, is routed to
the lower absorbing section of separator/absorber 15 as

20 the cold liquid that contacts the vapors rising upward
through the absorbing section. The other portion,

} stream 39, is supplied to deethanizer 17 as reflux by
pump 21, with reflux stream 39a flowing to a top feed
point on deethanizer 17 at -112°F.

25 The distillation stream leaving the top of
separator/absorber 15 at -113°F is the cold residue gas
stream 34. The residue gas stream passes counter-
currently to deethanizer overhead stream 36 in heat
exchanger 20 and is warmed to -88°F (stream 34a) as it

30 provides cooling and partial condensation of the
deethanizer overhead stream. The residue gas is
further warmed to 75°F (stream 34b) as it passes
countercurrently to the incoming feed gas in heat
exchanger 10. The residue gas is then re-compressed

35 in two stages. The first stage is compressor 14 driven
by expansion machine 13. The second stage is



10:1 &10%& ()- . P&l &10% & ()- | &10%& ()- . Pe@[:shl< ' 10% & ()-0-
xs10% *: & ()-# (1098 )3 & ()- " (10%(& ()- (1098 D 3 & ()- 0 APR 2003
G(10% & ()-zJ-|[:sh]< 96B10% *: & ()-- @' 10% & ()-0 BD ' 10% & ()-0
"10% & ()-0 GH '10% & ()-0 V' '10% & ()-0- vU4d< YL09&x*&& ()- 109%&x*&& ()-
' 1098x*&&' ()- 10*10*10* H 18 10% & ()- 18 10% & ()- BCDYy z oO74< F&l
&10%8x* &&' () - +l *8& ()-+F&l 810%8x* &8 () -+l &10%Ex*&& () -

#109%8x* &&' () -2 ‘l"%]’%/ YoX<d< | &LOYEx* &8 () - +F& &10YEx*&&' () - l’l”’”s"’“‘”’

810%8x* &&' () - +F&I &10%Bx*&&' () -+ &L0%Ex*&& ()-+ !! I QR S} sWi4< |
810%8x* &&' () -+ &10%Ex* &&' () - +F&l &LOYExX* &&' 7(43 &10%8x* &8 () - +F&l
&LOVEX* &&' () - +} ! ~1 111111 xX@< F& &LO%&x*&&' () - +| &10%8x* &8 () - +F&l
810%8x* &&' () -+ &LOYBX*&&' () - +F&I 1 111"""pX<4< | &LOYEX* &&' () - +F&l

810%8x* && () -+ &L0Y&x*&&' () - +F& &1O0%&x*&&' () - +l

E10%&x* && () - +' D’ Edonprés :é'b':':SW‘l&rivéﬁOl?/f‘Xa 8§u;,6;):5 Hrﬁgrﬁﬁ/@b&‘%
&10%Ex" && () -+ 81048 8& %#r+F&ls é% (stre d)F%L sales
&10%8x* &&' () -+ &1 $R8F %e&e g8s 2R

line pressure After cooling in discharge cooler 23,
the residue gas product (stream 34e) flows to the sales
s gas pipeline at 110°F and 613 psia.
A summary of stream flow rates and energy
consumption for the process illustrated in FIG. 4 is
set forth in the table below:

TABLE IV
10 (FIG. 4)
Stream Flow Summary - (Lb. Moles/Hr)
Stream Methane Ethane r ne Butanes+ Toktal
31 81340 4128 878 439 87840
32 80084 3656 549 117 85436
15 33 1256 472 329 322 2404
35 2277 1138 597 117 4182
36 4378 2084 135 0 6695
40 2676 1549 102 0 4395
39 845 489 32 0 1388
20 34 81340 4112 55 0 86561
) 37 0 16 823 439 1279
) overi
Propane 93.68%
Butanes+ 100.00%
25 Hor wer
Residue Compression 17,536
Utility Heat, MBTU/Hr
Deethanizer Reboiler 16,270

* (Based on un-rounded flow rates)

30 Comparison of the utility consumptions of the
prior art processes displayed in Tables I, II and III
with the utility consumptions of the present invention
displayed in Table IV shows that the present invention
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requirement is more than twenty-seven percent lower

than any of the prior art processes.

Comparing the present invention to the prior art

process displayed in FIG. 3, note the temperatures of

10 the separator/absorber liquids (stream 35a in FIG. 3
and stream 35b in FIG. 4) at the feed point to
deethanizer 17. 1In the FIG. 3 process, these liquids
are fed to the deethanizer as a cold top feed.

However, the temperature of the deethanizer overhead
15 vapor, -21°F, is much warmer than the -110°F feed

temperature of stream 35a, indicating that the top feed
is much colder than necessary to maintain the desired

propane and heavier component concentration in the

tower overhead. In the FIG. 4 process, the feed stream
20 (stream 35b) enters the deethanizer at -46°F at a lower
feed point. This is much closer to the -25°F
) temperature of its deethanizer overhead vapor stream,
indicating a better match to the feed conditions needed

to achieve the desired propane and heavier component

25 content of the overhead. As a result, only a small
reflux stream, stream 39a, is needed for the top feed

to deethanizer 17 in the FIG. 4 process.

The much

lower reboiler duty for the FIG. 4 process is a further
indication of the better match between tower feed

30 temperatures and the desired tower product streams.

By supplying the separator/absorber liquids to the

FIG. 4 deethanizer at a more optimal temperature, not

only is the efficiency of the deethanizer improved (as

reflected in its lower reboiler duty), the refrigera-

35 tion potential of these liquids can be captured at a

temperature level that allows providing a portion of
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the process cocling duty. With these liquids helping
cool the incoming feed gas in heat exchanger 10, the
cooling that the residue gas (stream 34a) must supply
in heat exchanger 10 is reduced. As a result, the

s residue gas can enter heat exchanger 10 at a warmer
temperature, which in turn allows operating the FIG. 4
separator/absorber and deethanizer at higher pressures.

\ Accordingly, the residue gas enters compressor 14 at a

higher pressure in the FIG. 4 process and less

10 compression horsepower is therefore needed to deliver
the residue gas to pipeline pressure.

Xample 2
FIG. 4 represents the preferred embodiment of the

present invention for the temperature and pressure

15 conditions shown because it typically provides the
simplest plant arrangement for a given C, component
recovery level. A slightly more complex design that
maintains the same C; component recovery for essentially
the same utility consumption can be achieved using

20 another embodiment of the present invention as
illustrated in the FIG. 5 process. The feed gas
composition and conditions considered in the process
piesented in FIG. 5 are the same as those in FIGS. 1
through 4. Accordingly, FIG. 5 can be compared with the

25 FIGS. 1 through 3 processes to illustrate the
advantages of the present invention, and can likewise
be compared to the embodiment displayed in FIG. 4.

In the simulation of the FIG. 5 process, the feed

gas cooling and expansion scheme is much the same as

30 that used in FIG. 4. The difference lies in the
disposition of the vapor distillation stream 36 leaving
the overhead of deethanizer 17. Referring to FIG. 5,
stream 36 at B8°F flows to heat exchanger 24 and is
directed in heat exchange relation with the partially

35 warmed combined liquid stream (stream 35b) pumped from
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liquid is returned to deethanlzer 17 as ref
(stream 39a) by reflux pump 27, entering the
deethanizer at -22°F at a top feed point. The further
warmed combined liquid stream (stream 35¢) leaving heat
10 exchanger 24 flows to deethanizer 17 at 2°F and enters
at a mid-column feed point. In the deethanizer,
streams 35¢ and 33b (entering at a lower mid-column
feed point) are stripped of their methane and
C, components. The resulting liquid product stream 37
15 exits the bottom of the deethanizer at 198°F and is
cooled to 110°F (stream 37a) in heat exchanger 19
before flowing to storage.
The operating pressure of reflux drum 26 is
maintained slightly above the operating pressure of
20 separator/absorber 15. This allows the uncondensed
vapor (stream 38) to pressure flow through heat
) exchanger 20 and thence into the upper section of
separator/absorber 15. In heat exchanger 20, the vapor
stream at -22°F is directed in heat exchange relation
25 with the overhead (stream 34) from separator/absorber
15, cooling the stream to -112°F (stream 38a) and
partially condensing it. The partially condensed
stream is then supplied to the separator section in
separator/absorber tower 15, so that its condensed
30 ligquid is separated to become the cold liquid that
contacts the vapors rising upward through the absorbing
section.
The distillation stream leaving the top of
separator/absorber 15 at -113°F is the cold residue gas
35 stream 34. The residue gas stream passes counter-
currently to vapor stream 38 in heat exchanger 20 and
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) and partial condensation of the stream. The residue
gas is further warmed to 74°F (stream 34b) as it passes
countercurrently to the incoming feed gas in heat
5 exchanger 10. The residue gas is then re-compressed in
two stages. The first stage is compressor 14 driven by
expansion machine 13. The second stage is compressor
22 driven by a supplemental power source which
compresses the residue gas (stream 34d) to sales line
10 pressure. After cooling in discharge cooler 23, the
residue gas product (stream 34e) flows to the sales gas
pipeline at 110°F and 613 psia.
A summary of stream flow rates and energy
consumptions for the process illustrated in FIG. 5 is
15 set forth in the table below:
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(FIG. 5)
Stream Flow - 1 )

Stream Methane Ethane Propane Butanes+ Total

5 31 81340 4128 878 439 87840
32 80098 3661 552 118 85459

33 1242 467 326 321 2381

35 3136 1641 659 119 5627

36 4836 3457 567 5 8986

10 38 4378 20952 162 i 6729
39 458 1365 405 4 2257

34 81340 4112 85 0 86561

37 0 16 . 823 439 1279

Recoverijeg*

15 Propane 93.72%
Butanes+ 98.99%
Horsepower
Residue Compression 17,580
Utility Heat, MBTU/Hr

20 Deethanizer Reboiler 15,9589

) *+ (Based on un-rounded flow rates)

Comparison of the utility consumptions displayed

in Tables I, II and IITI for the FIGS. 1, 2 and 3
processes with those displayed in Table V for the

25 FIG. 5 process shows that this embodiment of the
present invention also reduces the utility consumptions
for a given C, component recovery level over that of the
prior art process. The compression horsepower is more
than twelve percent lower than any of the prior art

30 processes, while the utility heat requirement is more
than twenty-eight percent lower than any of the prior
art processes. Comparison of the utility consumptions
displayed in Tables IV and V for the FIG. 4 and FIG. 5
processes shows that the FIG. 5 embodiment of the
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the same total utility requirements. The choice of

whether to include the additional equipment that the
FIG. 5 process requires will generally depend on
factors which include plant size and available

10 equipment, as well as the relative costs of compression
horsepower and utility heat.

Example 3
A third embodiment of the present invention is

shown in FIG. 6, wherein a simpler embodiment of the

15 present invention is applied. The feed gas camposition
and conditions considered in the process illustrated in
FIG. 6 are the same as those in FIGS. 1 through 5.

In the simulation of the FIG. 6 process, the feed

gas cooling and expansion scheme is essentially the

20 same as that used in FIG. 4. The difference lies in the
disposition of the combined liquid stream from
sgparator/absorber 15 after it has been partially
warmed (stream 35b) by providing cooling of the
incoming feed gas in heat exchanger 10. Referring to

25 FIG. 6, stream 35a from pump 16 is heated from -112°F
to -45°F in heat exchanger 10 as it provides cooling of
the incoming feed gas as described previously in
Example 1. The heated stream, stream 35b, is then
supplied to deethanizer 17 at a top column feed point,

30 entering the tower at -45°F to be stripped of its
methane and C, components. The resulting liquid product
stream 37 exits the bottom of the deethanizer at 191°F
and is cooled to 110°F (stream 37a) in heat exchanger
19 before flowing to storage.
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The operating pressure in deethanizer 17 is
maintained slightly above the operating pressure of
separator/absorber 15. This allows the deethanizer
overhead vapor (stream 36) to pressure flow through

5 heat exchanger 20 and thence into the upper section of
separator/absorber 15. 1In heat exchanger 20, the
deethanizer overhead at -15°F is directed in heat
exchange relation with the overhead (stream 34) from
separator/absorber 15, cooling the stream to -114°F

10 (stream 36a) and partially condensing it. The
partially condensed stream is then supplied to the
separator section in separator/absorber tower 15, so
that its condensed liquid is separated to become the
cold liquid that contacts the vapors rising upward
15 through the absorbing section.

The distillation stream leaving the top of
separator/absorber 15 at -115°F is the cold residue gas
stream 34. The residue gas stream passes counter-
currently to deethanizer overhead stream 36 in heat

20 exchanger 20 and is warmed to -71°F (stream 34a) as it
provides cooling and partial condensation of the

) deethanizer overhead stream. The residue gas is

further warmed to 75°F (stream 34b) as it passes
countercurrently to the incoming feed gas in heat

25 exchanger 10. The residue gas is then re-compressed in
two stages. The first stage is compressor 14 driven by
expansion machine 13. The second stage is compressor
22 driven by a supplemental power socurce which
compresses the residue gas (stream 34d) to sales line

30 pressure. After cooling in discharge cooler 23, the
residue gas product (stream 34e) flows to the sales gas
pipeline at 110°F and 613 psia.

A summary of stream flow rates and energy
consumptions for the process illustrated in FIG. 6 is

35 set forth in the table below:
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TABLE VI
(FIG. 6)
Stream Flow Summa - Lb. Moles/Hx
Stream Methane Ethane Propane Butanes+ Total
5 31 81340 4128 878 439 87840
32 80347 3746 596 137 85861
a3 993 382 282 302 1979
35 4995 2983 826 153 9080
36 5988 3349 285 17 9781
10 34 81340 4112 55 1 86562
37 0 16 823 438 1278
Recoverieg*
Propane 93.68%
Butanes+ 99.83%
15 Hox wery
Residue Compression 20,215
tili e MB
Deethanizer Reboiler 20,254

* (Based on un-rounded flow rates)

20 Comparison of the utility consumptions displayed
in Tables I, II and III for the FIGS. 1, 2 and 3
processes with those displayed in Table VI for the
FIG. 6 process shows that this embodiment.of the
present invention uses a lower total utility

25 consumption for a given C, component recovery level than
the prior art processes. The compression horsepower is
essentially the same (about 0.5 percent higher) than
the lowest value used by any of the prior art
processes, while the utility heat requirement is more

30 than nine percent lower than any of the prior art
processes. Due to its simpler arrangement than the
FIGS. 4 and 5 embodiments, the FIG. 6 embodiment of the
present invention may offer capital cost advantages
that outweigh its higher utility consumption compared



110% " & ()-5Wd@!'f :110%": & ()-f :110% ": & ()-f :'1096"'&f() f

:110% ": & ()-bbbbbbc_?.4f :110%":f :110%":& ()-f :110%":& ()-
110% " & ()-f :110%": & ()-f :110%": & ()-f :110% ": & ()- cccccccﬂllﬂ ARRF 2003
'l10@6"'&f() f :110%":& ()-f :110%": & ()-f :110% ": & ()-f :110% ": & ()-5W
d@! ccccc c$cnﬁ4 af :'1096"'&f() f :110%": & ()-f :110%": & ()-5Wd@! "f
110% " & ( d,km{ 4. & ()-%$c(c+c-clc2chel-.4f (110% ": & () - PArafBébearo
:!1096":&f() f 10@6"'&f() f :|1096"'&f() f

:110% " & () - 5c8c>cCththb_7 4f 110% " f _3510%": & ()-f (110%": & ()-f
110% " & ()-F :110%": & ()-f :!1096":&f()-?

110% ": & ()-NcGcPcScUcXe\enN. . 4f 110% ": & ()-f :110% ": & ()-f
110% " & ()-f :110%": & ()-f :110% ": & ()-5Wd@!'\c cecfcgchctcml. 4f

to the other embodiments. The choice between the FIGS.

4, 5 and 6 embodiments of the present invention will
often depend on factors such as plant size, available
equipment, and the economic balance of capital cost

5 versus operating cost.

Other Embodiments
In accordance with this invention, it is generally
) advantageous to design the separator/absorber to
provide a contacting device composed of multiplée
10 theoretical separation stages. However, the benefits
of the present invention can be achieved with as few as
one theoretical stage, and it is believed that even the
equivalent of a fractional theoretical stage may allow
achieving these benefits. For instance, all or a part
15 of the partially condensed stream leaving heat
exchanger 20 and all or a part of the partially
condensed stream from work expansion machine 13 can be
combined (such as in the piping joining the expansion
machine to the separator/absorber) and if thoroughly
20 intermingled, the vapors and liquids will mix together
) and separate in accordance with the relative
volatilities of the various components of the total
cémbined streams. In such an embodiment, the vapor-
liquid mixture from heat exchanger 20 can be used
25 without separation, or the liquid portion thereof may
be separated. Such commingling of the two streams
shall be considered for the purposes of this invention
as constituting a contacting device. In another
variation of the foregoing, the partially condensed
30 stream from heat exchanger 20 can be separated, and
then all or a part of the separated liquid supplied to
the separator/absorber or mixed with the vapors fed
thereto.
As described earlier in the preferred embodiment,
35 the overhead vapors are partially condensed and used to
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absorb valuable C; components and heavier components
from the vapors leaving the work expansion machine.
However, the present invention is not limited to this
embodiment. It may be advantageous, for instance, to
5 treat only a portion of the outlet vapor from the work
expansion machine in this manner, or to use only a
portion of the overhead condensate as an absorbent, in
cases where other design considerations indicate
portions of the expansion machine outlet or overhead
10 condensate should bypass the separator/absorber. Feed
gas conditions, plant size, available equipment, or
other factors may indicate that elimination of work
expansion machine 13, or replacement with an alternate
expansion device (such as an expansion valve), is
15 feasible, or that total (rather than partial)
condensation of the overhead stream in heat exchanger
20 is possible or is preferred. It should also be
noted that the separator/absorber can be constructed
either as a separate vessel or as a section of the
20 deethanizer column.
In the practice of the present invention, there
) will necessarily be a slight pressure difference
between the deethanizer and the separator/absorber
which must be taken into account. If the overhead
25 vapors pass through heat exchanger 20 and into
separator/absorber 15 without any boost in pressure,
the separator/absorber shall necessarily assume an
operating pressure slightly below the operating
pressure of deethanizer 17. 1In this case, the combined
30 liquid stream withdrawn from the separator/absorber
can be pumped to its feed position in the deethanizer.
An alternative is to provide a booster blower in the
vapor line to raise the operating pressure in heat
exchanger 20 and separator/absorber 15 sufficiently so
35 that the combined liquid stream can be supplied (after
heat exchange with other process streams as described
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The use and distribution of the separator liquids
and the separator/absorber liquids for process heat
exchange, the particular arrangement of heat exchangers

10 for feed gas cooling, and the choice of process streams
for specific heat exchange services must be evaluated
for each particular application. Moreover, the use of
external refrigeration to supplement the cooling
available to the feed gas from other process streams

15 may be employed, particularly in the case of an inlet
gas richer than that used in Example 1.

It will also be recognized that the relative
amount of feed found in each branch of the condensed
liquid contained in stream 36a that is split between

20 the two towers in PIG. 4 will depend on several
factors, including gas pressure, feed gas composition
and the quantity of horsepower available. The optimum
split cannot generally be predicted without evaluating
tle particular circumstances for a specific application

25 of the present invention. The mid-column feed
positions depicted in FIGS. 4 through é are the
preferred feed locations for the process operating
conditions described. However, the relative locations
of the mid-column feeds may vary depending on inlét

30 composition or other factors such as desired recovery
levels, etc. Moreover, .two or more of the feed
Streams, or portions thereocf, may be combined depending
on the relative temperature and quantities of
individual streams, and the combined stream then fed to

35 a mid-column feed position. FIGS. 4 through 6 are the
preferred embodiments for the compositions and pressure
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conditions shown. Although individual stream expansion

is depicted in particular expansion devices,

alternative expansion means may be employed where .
appropriate. For example, conditions may warrant work

5 expansion of the condensed liquid stream (stream 33).

The present invention provides improved recovery
of C; components per amount of utility consumption

required to operate the process. An improvement in

utility consumption required for operating the

10 deethanizer process may appear in the form of reduced

power requirements for compression or re-compression,

reduced power requirements for extermal refrigeration,

reduced energy requirements for tower reboilers, or a
combination thereof. Alternatively, if desired,
15 increased C, component recovery can be obtained for a

fixed utility consumption.

While there have been described what are believed
to be preferred embodiments of the invention, those
skilled in the art will recognize that other and

20 further modifications may be made thereto,
adapt the invention to various conditionms,

following claims.

e

.g. to

types of
) feed or other requirements without departing from the
spirit of the present invention as defined by the
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& ()-F5 Q resighd (g)fg\é fraction containing a major portion of said methane and C, components and a
4 relatively less volatile fraction containing a major portion of said C, components and
5 heavier hydrocarbon components, in which process
6 (a) said gas stream is treated in one or more heat exchange
7 and/or expansion steps to partially condense at least a portion thereof and provide thereby
8 at least a first vapor stream and at least one first C;-containing liquid stream which also

9 contains lighter hydrocarbons; and
10 (b) at least one of said first C;-containing liquid streams is
11 directed into a distillation column wherein said liquid is separated into a second vapor
12 stream containing predominantly methane and C, components and said relatively less
13 volatile fraction containing the major portion of said C, components and heavier
14 hydrocarbon components;
15 the improvement wherein
16 (1) said second vapor stream 1s cooled sufficiently to condense
17 at least a part of 1t, thereby forming a condensed stream,

18 (2) a portion of said condensed stream is supplied to said

19 distillation column at a top feed position;_
\‘-" )

20 3) at least a portion of said first vapor stream is intimately

21 contacted with at least part of the remaining portion of said condensed stream in a
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23 vapor stream and a second C;-containing hquid stream:

| N

4 (4)  said second C;-containing liquid stream is supplied to said
25 distillation column as a second feed thereto;

26 (5) at least a portion of said third vapor stream is directed into
27 heat exchange relation with said second vapor stream, thereby to supply the cooling of
28  step (1) and thereafter discharging at least a portion of said third vapor stream as said

29 volatile residue gas fraction;

30 (6) said first C; -containing liquid stream is heated and

31 supplied to said distillation column as a third feed thereto; and

32 (7)  the quantities and temperatures of said feed streams to said
33 contacting device and said distillation column are effective to maintain the overhead

34 temperatures of said contacting device and said distillation column at temperatures

35 whereby the major portion of said C, components and heavier hydrocarbon components

36 1s recovered in said relatively less volatile fraction.

! 1 2. The improvement according to claim 1 wherein at least a portion of

1

said second C;-containing liquid stream is heated prior to supplying said second C;-

[US]

contarning liquid stream to said distillation column:

-
-
%
:-:n
-

1 3. Inaprocess for the separation of a gas stream containing methane, C,

[ 28]

components, C, components and heavier hydrocarbon components into a volatile residue
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26 no more than one fractionation zone thereby forming a fourth vapor stream and a third

27 C,-contaiming liquid stream;

28 (6) at least a portion of said third C,-containing liquid stream 1s

29 directed into heat exchange relation with said second vapor stream leaving the upper

30 region of said distillation column, thereby to supply the cooling of step (1) and partially
31 condense said second vapor stream;

32 (7N said third C;-containing liquid stream is thereafter supplied

33 to said distillation column as a second feed thereto;

34 (8) at least a portion of said fourth vapor stream 1s directed into

35 heat exchange relation with said third vapor stream, thereby to supply the cooling of step

36 (4) and thereafter discharging at least a portion of said fourth vapor stream as said volatile

37 residue gas fraction;

38 %) said first C, -containing liquid stream is heated and

39 supplied to said distillation column as a third feed thereto; and
) 40 (10)  the quantities and temperatures of said feed streams to said

41 contacting device and said distillation column are effective to maintain the overhead

42 temperatures of said contacting device and said distillation column at

43 temperatureswhereby the major portion qf sald C, components and heavier hydrocarbon

‘.-

44 componems is recovered in said relatively less volatile fraction.
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1 5. Inaprocess for the separation of a gas stream containing methane.

2 C, components, C; components and heavier hydrocarbon components into a volatile

(U8

residue gas fraction containing a major portion of said methane and C, components and a
4  relatively less volatile fraction containing a major portion of said C, components and
5 heavier hydrocarbon components, in which process
6 (a) said gas stream is treated in one or more heat exchange
7  and/or expansion steps to partially condense at least a portion thereof and provide thereby
8 at least a first vapor stream and at least one first C;-containing liquid stream which also
9 contains lighter hydrocarbons; and

10 (b) at least one of said first C;-containing liquid streams is

11 directed into a distillation column wherein said liquid is separated into a second vapor

12 stream containing predominantly methane and C, components and said relatively less

13 volatile fraction containing the major portion of said C, components and heavier

14 hydrocarbon components;

15 the improvement wherein

16 (N said second vapor stream is cooled sufficiently to condense
&7

17 at least a part of it, thereby forming a condensed stream;

40
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[KY-]1g 10% & () - (2)  atleast a portion of said first vapor stream is inimately
19  contacted with at least a portion of said condensed stream in [at least one] a contacting
20 device having no more than one fractionation zone, thereby forming a third vapor stream
21 and a second C,-containing liquid stream;
22 (3) at least a portion of said second C;-containing liquid stream
23 is heated and is thereafter supplied to said distillation column at a top feed position;
24 (4) at least a portion of said third vapor stream is directed into
25 heat exchange relation with said second vapor stream, thereby to supply the cooling of
26  step (1) and thereafter discharging at least a portion of said third vapor stream as said
27 volatile residue gas fraction,
28 (3) said first C, -containing liquid stream is heated and
29 supplied to said distillation column as a second feed thereto; and
30 (6) the quantities and temperatures of said feed streams to said
31 contacting device and said distillation column are effective to maintain the overhead
32 temperatures of said contacting device and said distillation column at temperatures
33 whereby the major portion of said C; components and heavier hydrocarbon components
) 34 is recovered in said relatively less volatile fraction.
! 6. In an apparatus for the separation of a gas containing methane, C,
2

[ )

components, C; components and heavier hydrocarbon components into a volatile residue
¢’ :

gas fraction containing a major portion of said methane and C, components and a

41
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relatively less volatile fraction containing a major portion of said C, components and

i

heavier components, in said apparatus there being

6 (a) one or more first heat exchange means and/or expansion

7 means cooperatively connected to provide at least one partially condensed gas stream,

8 (b) separation means connected to receive said partially

9 condensed gas stream, thereby providing thereby at least a first vapor stream and at least
10 one first C;-containing liquid which also contains lighter hydrocarbons; and
11 (c) adistillation column connected to receive at least one of said
12 first C;-containing liquid streams which is adapted to separate said stream into a second
13 vapor stream containing predominantly methane and C, components and said relatively
14 less volatile fraction containing the major portion of said C, components and heavier

15 hydrocarbon components;

16 the improvement wherein said apparatus includes
17 (1) second heat exchange means connected to said distillation
18 column to receive said second vapor stream and cool it sufficiently to condense at least a

19 part of it, thereby forming a condensed stream;

20 (2) dividing means connected to receive said condensed stream
21 and to divide said condensed stream into first and second liquid streams, said dividing

22 means being further connected to said distillation column to supply said first liquid

23 stream to said distillation column at a top,feed position;

’
&

24 3) contacting and separating means connected to receive at

25 least a portion of said second liquid stream and at least a portion of said first vapor stream

42
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FKY- ] 100/ %CQH said flqmd ané Q/apor are commingled in a contacting device having no more

27 than one fractionation zone, said contacting and separating means including separating
28  means 1o separate the vapor and liquid after contact in said contacting device to form a
29  third vapor stream and a second C,-containing liquid stream;

30 (4) said contacting and separating means being further

31 connected to said distillation column to supply said second C,-containing liquid stream
32 separated therein to said distillation column as a second feed thereto;

33 (5) said contacting and separating means being further

34  connected to said second heat exchange means to direct at least a poﬁion of said third

35 vapor stream separated therein into heat exchange relation with said second vapor stream;
36 (6) first heat exchange means connected to said separation

37 means to receive said first C, -containing liquid and heat it; said first heat exchange

38 means being further connected to said distillation column to provide said heated first C, -
39  containing liquid as a third feed thereto; and

40 @) control means adapted to regulate the quantities and

41 temperatures of said feed streams to said contacting and separating means and said

42 distillation column to maintain the overhead temperatures of said contacting and

43 separating means and said distillation column at temperatures whereby the major portion

44 of said C, components and heavier components is recovered in said relatively less volatile

45 fraction.
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3 portion of said second C;-containing liquid stream separated therein 1s heated, said first

4  heat exchange means being further connected to said distillation column to supply said

5 heated second C;-containing liquid stream to said distillation column as a second feed
6 thereto.

1 8. In an apparatus for the separation of a gas containing methane, C,
2

components, C; components and heavier hydrocarbon components into a volatile residue

LI

gas fraction containing a major portion of said methane and C, components and a

4  relatively less volatile fraction containing a major portion of said C; components and

W

heavier components, in said apparatus there being
6 (a) one or more first heat exchange means and/or expansion
7 means cooperatively connected to provide at least one partially condensed gas stream,
8 (b) first separation means connected to receive said partially
9 condensed gas stream, thereby providing thereby at least a first vapor stream and at least
) 10 one first C;-containing liquid which also contains lighter hydrocarbons; and
11 (c) a distillation column connected to receive at least one of
12 said first C,-containing liquid streams which is adapted to separate said stream into a
13 second vapor stream containing predominzmtly methane and C, components and said
& -
14 relatively less volatile fraction containing the major portion of said C, components and

15 heavier hydrocarbon components;
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21 exchange means to receive said partially condensed stream and separate it, thereby to

12
3]

form a third vapor stream and a second C;-containing liquid stream, said second

1)
(V8]

separating means being further connected to said distillation column to supply at least a
24 portion of said second C,-containing liquid stream to said distillation column at a top feed
25 position;

26 (3) third heat exchange means connected to said second

27 separating means to receive said third vapor stream and cool it sufficiently to condense at
28 least a part of it, thereby forming a condensed stream,;

29 4) contacting and separating means connected to receive at

30 least a portion of said condensed stream and at least a portion of said first vapor stream

31 wherein said liquid and vapor are commingled in a contacting device having no more

! 32 than one fractionation zone, said contacting and separating means including separating
33 means to separate the vapor and liquid after contact in said contacting device to form a
34 fourth vapor stream and a third C;-containing liquid stream;
33 (5) said second; heat exchange means being further connected

o *
&,

36 to said contacting and separating means to receive at least a portion of said third C;-

37  containing liquid stream separated therein arid direct it into heat exchange relation with
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46 (8)  first heat exchange means connected to said separation

47  means to receive said first C;-containing liquid and heat 1t; said first heat exchange means
48  being further connected to said distillation column to provide said heated first C,-

49  containing hquid as a third feed thereto; and

50 ) control means adapted to regulate the quantities and

51 temperatures of said feed streams to said contacting and separating means and said

52 distillation column to maintain the overhead temperatures of said contacting and
53 separating means and said distillation column at temperatures whereby the major portion
’ 54 of said C; components and heavier components is recovered in said relatively less volatile
55 fraction.
1 9. The improvement according to claim 8 wherein said contacting and
NS N
N
2

separating means 1s connected to said first heat exchange means whereby at least a

(o8]

portion of said third C,-containing liquid stream separated therein is heated, said first heat
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& 10% &3() - ¥is riRSDIn&oAQYGBS § najor portiod of sdid%hEthaie(and Cs components and a
4  relatively less volatile fraction containing 2 major portion of said C; components and
5 heavier components, in said apparatus there being
6 (a) one or more first heat exchange means and/or expansion
7  means cooperatively connected to provide at least one partially condensed gas stream,
8 (b) separation means connected to receive said partially
9 condensed gas stream thereby providing thereby at least a first vapor stream and at least
10 one first C;-containing liquid which also contains lighter hydrocarbons; and
11 (©) a distillation column connected to receive at least one of
12 said first C;-containing liquid streams which is adapted to separate said stream into a
! 13 second vapor stream containing predominantly methane and C, components and said
14 relatively less volatile fraction containing the major portion of said C, components and

15 heavier hydrocarbon components;

16 the improvement wherein said apparatus includes

3
hlY
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30 distillation column at a top feed position;

31 4) said contacting and separating means being further

(93]
()

connected to said second heat exchange means to direct at least a portion of said third

[V3)
L)

vapor stream separated therein into heat exchange relation with said second vapor stream;

(V3]
RN

(5)  said first exchange means further connected to said
35 separation means to receive said first C;-containing liquid and heat it; said first heat
36 exchange means being further connected to said distillation column to provide said heated

o
S,

37 first C,-containing liquid as a second feed thereto; and

48
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(6) control means adapted to regulate the quantities and
temperatures of said feed streams to said contacting and separating means and said
distillation column to maintain the overhead temperatures of said contacting and
separating means and said distillation column at temperatures whereby the major portion
of said C; components and heavier components is recovered in said relatively less volatile

fraction
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