© 2003 WN. 96|40604 PC'TI 96106479 -2

; €3e3 0B6T 5 Background of the Invention This invention relates to a

. process for the separation of a gas containing hydrocarbons. Propane and
heavi er hydrocarbons can be recovered froma variety of gases, sO@MA&S)03
natural gas, refinery 5 gas, and synthetic gas streans obtai ned from ot her
_hydrocarbon materials such as coal, crude oil, naphtha., oil shale, tar
sands, and lignite. Natural gas usually has a nmajor proportion of methane
and et hane, woeé/qdo6oet hane and et hane together conprise at | eRcwUS60MIbe 10
-percent of the gas. The gas also contains relatively | esser amounts of
heavi er hydrocarbons such as propane, butapes, pentanes and

wel | as hydrogen, nitrogen, carbon dioxide and other gases. m&@ﬁmm “%H\
invention is generally concerned with 15 the recovery of pr propane
and heavi er hydrocarbons from such gas streans. A typical anal y‘%ﬁﬁls“of a gas
streamto be processed in accordance Wth this invention would be, in .
approxi mate nol e percent, 92.6% net haReseniptsisshane and ot her :
conponents, 20 1.0% propane and ot her C3 conponents, 0.2%i so- dmmﬂwl‘“lm ‘HW'
nor mal butane, 0.16% pent anes pl h rra e up of nity

and carbon di oxide. Sul fur co [ ' et i mes present The
hi'storically cyclic fluctuations in the prlces 25 of both natural gas and
its natural gasB;@% %;ﬁqgg ﬁggsﬂﬁ,#ﬂiég have reduced the |ncrerrent al

val ue of propane an eavl er copponen as I| urd rodugtt hi s has
resulted in a demand™fdF HPBRBELIER FRLACRSMT ¥ 1506 ent
recoveries of the;_sarqm::bdnlcos awaﬁvabhmmrm du:msw:ﬂmn$epar ating these

material s include thgs egn&pﬁ@asfeélﬁgga%@afﬁsﬁé ISR O reRfvered 8 MAY
ol |l absorpti an, and I‘e%fl‘l er at ed

oi | absorption. TERM| & BREIeyY EFy%ﬁ%%?c IR 2 ,
because of the gasj|ahdl syythécieogasi sateanﬁnqmm:med]aﬂrqmmhhees poyver :
whi l e si mul ta“eﬂg&é{cﬁi‘ﬂéﬂ ge£ith 2 S%éﬂfi %%'étgafeaérﬁdéfel he ngghicagl, Ny

processed. Depentl] g pressur e e gas’ source, the richness
(et hane and heaW-%rsh";'f ?ocﬁiﬁoﬁénéﬁnt%@)l%ﬁn’t% gRaturfl (938 4831LY end
products, each nasthemgefopeslseswbnaoﬁanéum:te cand hettenfe ey, ehe enpl oyed.

10 The CTYOUeN! GeEkpARSLER BEASESSChaePANL dEaRALLY awelfeeargrf%of Gio18f Opane

recovery because | es nmaxi nu w th ease start up,
operating F-PeerPFF??t g6obher gRer en"c";'*? %%?e‘?lys"a%‘am'g?ij&be abdvelyy. U S.
Pat. Nos. 4, 157) eeéer4amaane§4¢f lhedy26t, Mdc%dékum&kep&m;ane,

4,617 039, 4, oChutddes: ééﬂngﬁég #369113491@“%& $8H AP nydicyee U S

Pat. No. 33,408 an EE ation_no. 08/337,172 describe rel evant
processes. In anf";'rﬁi’gﬁ?'c??ﬁﬁ Ri Eifbgﬁs?‘%‘?r PERSY 935 vcess, 20 a feed gas
stream under pressur@gspresknd byvhaaionxxﬂa@gaemllycmmeme@emlm t he

process angsor exkeraghvagyr stp%gg%ﬁég%fépé?ﬂeséh&‘&' Rga ¥ opane

conpression-refr eratl on Sy

as 1s cool ed i ds
condensed and cBVgﬁeFQH PHSOFE"E‘SSBthﬁ?% §E5%?‘B‘For sAagmﬂ‘g‘# rﬁ”@gs)/
“liquids containiofigasgas strehm desbeegr@Bessedpbmeatsordpesndiitd: on the

richness of the.gag ga@ehraeoamaa&d%ellﬂwéﬁ ot SkiRae LHSL &I gk gumssur e
i qui ds may be expan rracéuonate The

| ower ure and
vapori zati on occ@drPEnBes8288ri fig éxﬁ&ﬁ?‘?ﬁnaﬁg PRBSF | CuiCEEPOBERFEs i n
further coaldi ng1o0%t peoptneaamdUsdeers Cirecampumiicritens 0 .2edsol-bngante hi gh

pressure |iquidg pel @b.4Q4t ggt%gangl g_lgg_nggngg ggsbf_ggl ewigh Her to

further |ower the terrper ature resul e expansi on, e 35 expanded
stream conpri sPAGRACH PEGEe UBF Ofi éi‘&ltéf"SﬁH %ﬁﬁoFarpgnf?h‘a‘?-%?\at P
distillation (deehtainiel) gases are also sometimes present.

The historically cyclic fluctuations in the prices
25 of both natural gas and its natural gas ligquid (NGL)
' constituents have reduced the incremental value of

Hdvaroca)

propane and heavier components as liquid products.
This has resulted in a demand for processes that can
provide more efficient recoveries of these products.
30 Available processes for separating these materials
include those based upon cooling and refrigeration of



0 a MAY Zoos dV 96140604 PCf NS96/ 06479col um. In the colum, the expansion
cooled streans)is tare) distilled to separate residual nethane, et hane)
nitrogen, and other volatile gases as overheadvapor fromthe desi BediYCB)3
conponent s and heavi er 5hydrocarbon conponents as bottom |iquid product.|f
.the feed gas is not totally condensed(typically it is not), the vapor
remaining fromthepartial condensation can be passed through a

workexpansi oNVMMHe or engine, or an expansion val ve) t ol0BCT/H§R6106479
-pressure at which additional liquids are ~ ,rcondensed as a result of
further cooling of the stream -.The presspre after expansion is slightly
bel ow t hepressure at which the distillation colum is operated. The expanded
streamthen enters the | ower section of anlb5absorption colum and is
contacted with cold Iiquids toabsorb the C3 conponents and heavi er
conmponents fro ev r rtion of expanded he |iquids

front he absorppb%% C%?? agg?gpfﬁ%% eﬁ? ﬁﬁQ?E 1g;ﬁ;?8FpﬁéPHnn at an
upper col umm f e2ddpsiPrabhy 20FEogemtheubatisstdd I estomeagobndar
thedeet hani zer pagafisel BeheRt S¥&IMNOA 118} A UrdMdnll dheeesiighengas from

t he absorber col ﬁrm and_.i s cool ed, condensi ng .at | east a portion of the

di stillationstrE8fFf PORALASS dReYek ke WMW%&@P"P?&@F—BE25§Q eam -
t hen ent er s5t heewppactiegt heat ofrdsﬂnetl'&bsyzrspﬂdeﬁngtme\dgeae t he col d

i quids contain t t RQLLLan t he
expanded strearrgg %ggéggb %&gﬁ@;&%‘%caﬁq% e va grrcgbrgl:;on i f any)
of the cool ed dF&ERPESSi 6#%%%@#%#&9&%@30%%@@#@@ Iﬁ:@aéevéboﬁfconbl ne

in an upper sepehat @aSpCihdNthd ddi Al e z@ahwa aseachdeuaheget hane
andet hane pr odug} gggseél égrga&g;&? r}/atlto%et 0%';_.% i stl I at i an 5eam may be
supplied to a séparafor toprovi vapor an igui 5‘a¥trearrs 2 vapor '

i s35conbi né8 with th’Shab%@'wnJe%|qma%mnh@mcgﬁ§ tli§e now gesemlzoos W

96/ d0604 PC Tr/ pF&pétHed 78or dptoshtid] retcienyl lbedah@et he 99501@% colum as,
a top colum f umﬁ SERBLALIAN JIAl 8L ERAE ) Bpt "Bl oeg

(produci ng a resl eavi n process iC s su%stantl ally
all of the met hgﬁﬁxhhﬂléyc e@ﬁfslqlﬁnFWe ﬁééetgfasawit goedsential |y none
of the C3 conponehisbihiicheavies. Bab.ocmshor ,asvpenent 8, 1angsss pot t ons

fraction | ggving, sbe, siest h@rﬁ@uw 393N (2Uhs! 31 34| e pldoo! (he C3

conmponent s and eaV| er g/ bdn cdrrporﬁent' ésse
met hane, ~ , Cs*c®rhorent s? ot &hotdd vamsk A éséeﬁﬁémeﬁﬁéfsééngu%espat ener gy
for feed gas coﬁbtn@ﬁ 408 ambordipending deplhezaiien nbor osgiduxivy the

deet hani zer, angi@érins f@I&@c{EPé‘r?ﬁéd e residue gas. The present
i nvention 15 provi.de %@a means fo r%gew this separation while

substantial ly reduci hd ¥ he¥Ra$3% tiFYrc’@(?&"Fe §5€'880FFHQ"eﬂ§bB¥???®S
ref | uxi ng, 28nd/ ar feed conpreostany )Junissd etebeurehdsr eootedybpfhedre desired
products. In acepedange widh éﬂ?eﬂors%&%%s' %\fe%leogrohhsgaéngﬁ mﬁee” found

that C3 recoveries in fxcess of e%?r cent can be”naintaine ile
provi di ng essentFafTyAt oipiete® r“?—ﬁ LrdgegrtEon: §hE8neft @ PEPRIREresi due
gas stream 1In awremommiirmatﬂomveysmem maResthesgadl Esessentially

100 percent sepasgie@ Piqias WRPHANRAAAsea LhANLE]1E0ERRNE gl M OM the
c3 conponeggs and heavi er %drocarbon conponents at éuced ener gy

requi renen TR PrESeFitPT alsiny) h&l@h@ﬁ&ﬁs&ﬁﬁl F&&BF‘@S afoPAETLHF essur es
and war ner tenpeemaeuptsthe sdepsanrteatm,ard:qrnmkvamgagemepenmamgpmca&sl ng feed

gases in the raegaﬂéss%oofl%é Cga@sooaﬁ't Oagg}ga@eafu?ggal&g%ﬁ

requiring col um_ over head tenperat ures or co ar_a etter
under st andi ng of B¢ MR: PP REPTSHIR eht I Gils rayePenesPrBIAtdECt®d 19e¥F ol | owi ng

Sxanpl es ?nd dr presgsre Fi&i@rfrm:itdhatd&@ drawlengﬁpoirizEl:Qonlod:éuﬁriﬁ@W
iagramo C tu roce a U8 MY
S003 W oanBeha Ik S HRARIE G it 3 H33:P LR B s HiBther o yogeni ¢
expansi on nat ur 8PHERT ppb eS| FiFeammnt Unidean saeecpadivéopsi oprart system
according to ret§§y§n§J She F}@{gh I\pfes’gin@ogl lEFGﬁrgo s¢8d Ehow diagram of a

cryogeni ¢ expansjon_5. nat ur al ¢eg r ocessi.ng an alternative prior
art system accoftP?g i'%n ey Brdesy abéi-%]?’fl 93’§erFF8 erFEeE ¥P¥RF di agr am

of a natural gash@roemsra\g.xm arﬁsultmgcﬁmnthevkkbahbeoﬁresmé i nvention;
10 FIG %5'5 @xﬁéﬂ&ég é@%éﬁ&"ééﬁ%fﬁ?"’ a mlxture of liquid and

vapor, is fractionated in a distillation (deethanizer)




alternative neans. of application of the present . -_ invention to a natural
gas stream and FIG 6 is a flow diagramillustrating another al tﬁi{fﬁ& mﬁz
means of application of the present 15 invention to a natural gas a

In the foll ow ng expl anati on of the above figures, tables are provided
summarizing flow rates calculated for representative process conditions. In
the tabl es appearing herein, the values for flowrates (in pound 20 nol es
per hour) h¥Wa96He@ rounded to the nearest whol e nunber forPEPeRi4Ehce.

. The total streamrates shown in the tables include all nonhydrocarbon
conponents and hence are generally |larger3than the sumof the streamfl ow
rates for the hydrocarbon conponents. 25 Tenperatures indicated are

approxi mat e val ues rounded to the nearest degree. It should al so be noted
that the process design cal cul ations perforned for the purpose of conparing

the processes depicted in the figures gre based.on the_assunption of no
heat |eak 30 fF8 roto e %%f‘i%noﬁﬂ?i?gf’ﬁp&“(s&‘mf FoR-© hégg%‘&é%’s. The
quality of comierc¢ant) ydiowallhdd et o nsepaatad ey nesticiuiadl serhkes, this a very

reasonabl e ass Lon %%t [ IvAlade 1pde Ry EBOsGeskbdded in
the art. 0 BEW%QOO '48‘%%‘31 %Er.té#)usgg‘/ 06478‘%-56 Descri St'i on of the
Prior Art RefeVEPRY FB9Pt'dheidesired L CORARSRT IR B$V 5 or art process
descri bed sher miyrotatisén gesmesi@ttss tae otanim diqid predade.psia as stream
31. If the 5 inlet S ng ai ns co ratl f :EPIE conpounds whi ch
woul d prevent the p?gdﬁlg% s??%a%%f}%%?#eeﬁéﬁgqﬁgql |%§%Fons, the sul fur
conpounds are reMp¥edlly Hppioprotle Hretvapameemadfiinge frewdthas (not

i1l ust ral eg)- bﬂrﬁgﬂit%éﬁﬁeﬂ%i@@g}cﬁ r&afpés%_ddsltdhlﬂo)dgjaoad&brﬁraé ed to
prevent hydrate_ (ice) formation under gcryogenic conditi.ons i esi ccant
has -.. typi caﬁf%aﬁﬁ ?langag%“f%‘? Thi S$th o%&_a'f’hé%g?%é%lggr‘e'%t?ng%é t(-':cgc@l)ol ed to
-97F (straam 3aalowarcreersiges a0 Wylch additdeadde bi@AdsorEer esi due gas at
15 -108F (streapnddhsadtai\id hreoppt ab O fahb Jodliitidi 8 &he- BOBEarist rream
35a). (The decjsion_as_to whether t re e hanger for

t he indicated ?§8| Pﬁﬁsg%ﬁ/iaégt%\ngl?x%é‘i‘ijogeﬁo oY as'tlg%g? gfgi?gc?égs i ncl udi ng,
but not |initeRressuralat Wasch| ohe rérstiiation coloFandsr OBpFatedt r eam
tenperatures, ehe. pxphidédesPr&aihOtitedldial ithie Qoweli septtiion aftamprocess,

th | eq feed, st 1 i stil.led , th
foed vt odm nasoRoEBRaR Lot Bia PARE P Mlch Ll Woe BraPigaarag g, 00
25 skilled in eheozbt the|F: commemensst RAd heavieroFOPRRREMI S F1P% it | |

tA hi s Z't re?m ef ﬁﬁ@birv?bi‘tﬂéntbﬁ EE@de_ﬁﬁ@?chBwezmsed'rﬂenlﬁhhiﬁexﬂﬂﬁ&\e.
. , ot t
Coronr oL oxihcRBRSERtEad SLLEAT Loe el dlash ssmapisy (i ouan o0

appropriate ex ) Such aS” expansiton “va to the
operating presS6eEhRAbEREXFARNER 2R 730 /APRET FHOLIEFa ELLS PRBLEABEr tower 15.
Duri ng expansi on t hendoulreriibagsanseiirstidnirdthayanc dalom tthe feed stream |In

e e ocess | G ok g o B B S B e
- absor bi ng sect %8%i88e0grA ATPBWERS BEPBRPYY IXEIRGAE s GO9ErY oner 7. 5.
The ~ ~ MAY od2ndif6| 40604aBETA( bSPOLOO4D the distillation
stream from the deethanizer. The cooled distillation
25 stream then enters the upper section of the absorption
column where the cold liquids contained in the stream
can contact the vapor portion of the expanded stream
as described earlier. Typically, the vapor portion
(if any) of the cooled distillation stream and the
30 absorber overhead vapor combine in an upper separator
section in the absorber column as residual methane and
ethane product gas. Alternatively, the cooled
distillation stream may be supplied to a separator to
provide vapor and liquid streams. The vapor is
35 combined with the absorber column overhead and the



liquid portion of the expanded stream conm ngles withliquids falling
downwar d from absorbi ng section 15b-andthe conbined |iquid streanyg )ﬁ%&&s
t he bottom of . separator/absorber 15. The vapor portion of theb5expanded
streamrises upward t hrough absorbing sectionl5b and is contacted with cold
liquid falling downward. The separator/absorber tower 15 is a
conventionaldistillation colum containing a plurality ofvertically spaced
trays, one or ﬁ%?éwﬂggked beds, or10sone conbi nation of trays BREUSH6H#Tg.
‘As is often the ,'case in natural gas processing plants,

t hesepar at or/ absorber tower may consist of t+o sections. The upper section
15a is a separator wherein any vaporcontained in the top feed is separated
fromitsl5corresponding liquid portion, and wherein the. vaporrising from
the lower distillation or absorbing sectionl5b is conbined with the vapor

portion (if any) ofj &f QR . Q 4f e .sti4 ] ation_stream 42

whi chexits the top J'cr);%dlt he t%\%gg}agﬁee%&grg, aggégl?%%: n%élﬂjd%‘ecatsl S‘ng'-‘fgb
contains the traysc%\’&)"orfeﬁgcki ng andprovi des the necessary contact between
the liquidsfalling dowrwar depadathenvenatstakss ngladwar 13 Cprderge and

absorb the propan ier ; e . Jhe conmbined |iquid stream 35
| eaves t he bottomgﬁ%&%%gigegafggg?ﬁgbgégbg?a‘i%n%ttl}elé’sﬁg’.‘:% W&LEopl i ed
asa m d- col um¥ feé’d’n(cﬁ%"éaﬁi-‘-BSE}nf—baHéﬁt adhi ofrthe maghane addaCier it
provi des cool i ng @on-@?%@xeﬁ:@@ditﬁaﬁhénféﬁ%é@ﬂ@fw%ﬂi@sé&ﬁ@l@?dngﬁél ber endhe
eet hani zer into ] oper.atin ia ls also a
convent i onal 30di st I?%W%’Ee%toﬁ L?rﬁ% ?ﬁi"&%ﬁ%ﬁﬁﬁﬁ‘#&fﬁ EOMRANSIHR 4 &R P
spaced trays, oneb@ttemsefpackédnbieaying sbherdesttrmateromhdtht caysasand
packing. The deet hribjsz@hciQ1ey HBY SfSPn&OASicHn gge%g\gdégcgtﬂ%e@n uppes
section 17a ﬁger ek% any vapor contalined iIn % he Pop Teed 35 1s separated
fromits correspo fﬂﬁ‘é’cﬁirﬁﬁf‘dcﬁ’&’?’i‘%ﬂ?saﬁﬁtWﬁ%%ﬂéYvaﬁomeEP%ﬁg from
the | ower distill & icrmpenents- 3 Ma¥e? (@3 aVidel 46mP4n&itind)’ |dakS«IAT7I. - g_
deet hani zi ng sect ig@Rr&fbros €081 Hed %5%15 e y&pqrebﬁ%&ti%lgntﬁ f any) of the
| e top

topfeedtoform%iﬁs%?_llatlon Etrean#G h exits > of .the tower;
and a. |ower, deeffiTMPFAGeSectPbr a7tFad Comdasidiandgery a9Ra4oEnErs,
packi ng to provi deetkeormpreessng ytheontesidb=tgeen (e breseds isvréhtgon
downwar d andishe P 8ekl 8 AGaNPWBSH - ,;iﬁgé iZi b al so

i ncludes a reboil g? lg V\hi.c? heat%vigndaggf%rl z,egﬁg%gr% E‘%ﬁ%#’ﬂﬁézﬁequi d at
the bottom of theSEEPURRCEBLHY FTURCHRE £h8 ikl ditynimegud ABBRRERhi ch 1 ow up
the colum to stri(gophéngli gebdipingluctefbixiam ahd/okr met bemprassifz)
conmponents. A typi gakasgegbti ggglpgc‘g@éqpl‘@f bgtd cgggilrgwg B&?QE&E is to have
an ethane to propane ratio of 0.02:1 f@\"\g ol ar basis. The I qui d product
stream 37 exits the 15 BofEERTOF TR The PIEASRt, JGVRRL LGt et B2q 10F
(stream 37a) 20n h&getefennAgehay Chakgoveirieni iy eéxcetnral®3 Feecmner head

vapor stream 36 | eaviebedRaiReaiged WRVES o@i!di:njgg':es%@ﬁthilfﬁ‘rééﬁpﬂai¥te
condensed by heat égegf_cgangfr 24 and 25 through the, use of™ -40 ropane
g5ESSsthshe ek

refrigerant and - ert CGEPIRER Fes B VERSL AU, @35, SR

condensed stream 38padAdtian, - S0F presey) jrventiom emkesepboxiblem 26 and
i s separated intoe¥apatislipaid S arcesO 1ldrd\ged eStd, et sPUER 29
liquid {str am4f)_ to the

27 is used tqg_supplLy.a portion of the condense
top of deet hgﬁi ze&%fﬁﬁ FTMBRREREF (KFOM RS drraf FPRRIRNS v dpaper

condensed |iquid byfreasridfp cemsompahtechhyrqiuged éneeghhed@Préhents.
separ at or/ absor berndSpagshhe E%%%%ggé%ﬁé%?#g%%%g??é%t%§f¥398£s rising

upward t hrough absorbing section rlrer. ux drum 26
is operated at esBEREPHFPY RPE Campeh eReratayresopdsapertigetably 15,

i i Ie.) a:)ﬁut 10 pshdbtahoagéb?swmémt%;f@?@fﬁﬁ@h rﬁf_@f lgﬁggghgigi gﬁéd‘g%ng%h%ﬁ 35

al l ows the vapor n 0 e partia condensed, deet hani zer

over head (st ?gam gg%) h?oségn%?%en gg}l?% \78“&%&6%64@%‘&%%6/ 06479

_g_ Wth the col dcatyip| puerbeadt remper@tyresndthe S06F of tolder.

separator/absorber 15 borforgetfer Cohder A MLLYT Theglddne: The I esidue
g fe

gas stream passes,' countercurrently to the_.incomn d gas in heat 5
exchanger 10 wher 8 ERFSOReaf 8ECTRABE-F AR BIRE TPhEOVERT (REAHRALEF s
then used to subcaol dhewhhgs. prestereimy opanthe &rawgagant i n heat

exchanger 28azheating residu to. 7 styeam 34b) _before it is
re- conpresse 5i n one s%ggé.f(%rgt%fgwc%éaéé)fﬁiosfr PR&SE &Ehﬁ’ﬁ}é%ge?%%luces
refrigerati on conpRre¥spdndaf PHecespErS LAntesi due gas conpression, but

results in a net |ower overall power consunption.) Conpressor 22 is driven
by a suppl enental power source to conpress the residue gas (stream 34c) to

sales line pressure 15 (usually on the order of the inlet pressure). After
cooling in discharge cooler 23) the residue gas product (stream 34d) flows

b o o o o o, A A N ~A N



A summary of streamflow rates and energy 20 consunption for the process
illTustrated in FIG 1 is set forth in the follow ng table: 0 8 M) MBOB W
96J40604 PC 1CIQIS96/ 06479 -10 TAHLS | (FIG 1) Strum Fl ow Sunmary- f
LbMbl €9 / Hr) Stream Met hane Et hanePr opaneHut anes+5 3181340 4| 28878439356349
.20268334393610952 69574303851 35 ~ 70410414603 494733010 401214
1306904276205 34085403481340 41 12550370
16823439Recwoe6i40694 15Pr opane93. 71%But anes+100. 00%-or sepower FERPHSOE479
.Conpressionl2, 973Refri gerati on Conpression.|6,56220Total 2-9,535Utility
Heat . MBTLI/ Hr Deet hani zer Reboi | er 29, 976x6Based on un-rounded fl ow at es)
Total 87840 9770 182S5 5916 9764 2575 ,' 80645' -_ 86561 1279 25 In the -
prior art illustrated in FIG 1, the residue gas (stream 34) consists of
both the separator/absorber overhead (stream 42) and the vapor (stream 38)
remai ning after partial condensation_of the deethanizer overhead (stream
36). As such, the 3BIHeetnifi2efleVtiRETRALRE %epE¥Eﬂ%RFQ(?%?§554AQﬁ ently
I"ow te(rjrperaéI urﬁa(:tdzﬁeE) gas photessseqtprany eflamfadlﬂ:mmuipm@ﬁﬂorcopt ai ns

i s condensed a t t : t t-he Jper.tion
(stream 40) of Q?ﬁegﬁé‘égﬁt?%‘égg@% %z;sédf‘l?%%‘?% ?ﬁé]at ?%tf ed 't oﬁt'r@%t'op of

0 8 MAY 2003 ~l O 96F26602 € @' Fbowodiagua™ °F 12 STHEPIRBYT SBIEC™S5 | s
col d enough tongeadensgaseproyeddin®fplanet PG P ca Dosutwed tinck ipr:ildiel vapor
portion of theé?"ﬁ%c&éf’é&%ﬁgi& d.stgeam glb ag,1t, | & F£pfacted @ in
absor bi ng section . oI NCEé eére are no process 5 stredns “dvail abl e at
sui t abl e t enper at ur B&Gt o4 pidvadélevedtagtanehice REWHRHAAT al | y condense
the deet hani zeprovesBend, pexher Dal a seshdaneal wieh rilgerpidsent( evaporation of
propane refrigerant in heat exchanger 24 and ethane refrigerant in heat ,
exchanger 25) MI¥EH&°%0 used for this duty, adding a substantial amount of
utility co@sunpti onFEGr Pelisi gefhov dbnpramsiblustratgng i@y to achi eve the
desired prOPanSJ.E%_QﬁHEH.y'eV\ElE&ﬁslQf\/eé%sﬁgiéﬁ'@iéﬁiéftﬁmé?%&g&ﬁﬂ onis to-
revise the mannper |g.mh|ch the cold 1iquid feeding the top of the 15

separ at or / absoFBEFRFECR, B8t BaP*EBTFha¥ 2T he E%%Piﬁ%l oad can be better

mat ched to the tenp8E&tufeibegefiovfdiagramalliptteratiresnaihesans. FIG 2

represents an ghterAative RehAE attaPpPLESCidn SECEYidaneasearid h rei ssue U S
Pat. No. §§,408n%hag.acc npllghgsrg |sa20 QEQLn The process of FIG 2 has
been appl i"ed t 0™t RE “s8ie “Pedd 3 g con%o%i?lon ahd conditions as descri bed
above for FIG 1. |B&ntkhesEpilaving erpianatpprcesstheakove FdB/IGAR-ati on

for the procesgadliell @relprepeaali 5GmeaRLELhGNE1HR! Laed antlathllarad ni Ni ze

the 25 energy ¢onsunption for.a given Level of. propane. 50V e feed

stream 31 is c§8Fe5g§ﬁ38§Eﬁ%E§¥F 260533 e§?n§§5£%%%é 3}§h cpg%xPé%?due gas
at -104F (streappSazingnbieRein, dshehdalves fesdflpyuracest (LSEOURSE (stream
47a) . The 2pool adlekr e Rdarenhave Beparsbanddd b tBRd memnckdi7Gripsliea where

the vapor (st eam33) dos SEROCALelel! Orrhbecparegoedad Adh (aideam 33).

The vapor (stréam m separ a 11 enters wor kK expansi on anachi ne
13 in whi ch medRatbeartabresgyncdudset phtt BANPYBRPERFROPOFITRAPSHES IR g

pressure feed. hence are generally larger than the sum of the stream
flow rates for the hydrocarbon components.

25 Temperatures indicated are approximate values rounded
to the nearest degree. It should alsc be noted that
the process design calculations performed for the
purpose of comparing the processes depicted in the
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 reasonable assumption and
one that is typically made by those skilled in the art.



~ 8 MAY 2003 WO 961 40604 P(: T/tJS96106479 -12 The nmachi ne 13 expands the
vapor substantially isentropically froma pressure of about 570 psia to a
pressure of about 425 psia (the operating pressure of separator/absbg My 2003
15), with the work expansion cooling 5 the expanded stream 32a to a
.tenperature of approximately -104F. The typical comrercially avail able
‘expanders are_capabl e of recovering on the order of 80-85% of the work
theoreticaIIQN%3§#V$ble in an ideal isentropic expansion. ThBCT{E¥/06479
‘recovered is 10 often used to drive a centrifugal conpressor (such as a
item 14), that can be used to re-conpress-6the residue gas (stream 34b),
for exanple. The expanded and partially condensed stream 32.a enters the
upper section of internedi ate separator 29. 15 The separator liquid (stream
33) is likew se expanded to 425 psia by expansion valve 12; cooling stream
33 to -95F (str L1Bef ekerhk 8RigLSatdie | ower section of internediate
separator 29. The portion Qf Stream t vaporizes during the flash
expansi on (stream 20RE5PTFaRFeEOVNEC| Bler Ledid énh sdimilatéomedifatbesepar at or
29 and enters tiprioppartspebicesst efotibéddecnedieam Partieengat gxpapgded

stream 32a, form,ng i ped ¥apo t m 43 that then flOows_to
separ at or / absorb@gr% E%Qm‘l)‘hggpgpt ?o%n;ajfég@r%salrﬁ $%2 T 3fdendésth®ri ng 25

expansi on (St r edMi8%) IREaFeBEHBS UppePReRIitaciosf ofnselfedi abepsepds at or 29

and enters the hieh 960L80PréPeh®i thé Nerdduts gtg%hjsoer% &gggynixpanded
ows to

stream 33a, forg i liguid siream 46 that then ft unp 30.
30 The conbi nedg@gg%rggg?,‘r-'2§%43 ?\t%‘f'}s{“ﬁé"qw eBfPokemoved by

of . separ at or / ab$8PBEP*33tat prevusatment 2E AdicafeAd ghe Vapor streamrises
upward t hrough theusttawed) . i tIﬂﬁa&&I‘Eﬁﬁiﬁ‘ih@Y&EQﬂ EQ!I:'gaxjg' i g fM{png
downwar d tg&onﬁgggg gggdagsorb t he propane and heavi er 35 conponémnts. The
liquids fromthe Ton of ~2ePaTETdr /}}}E?g’(?rtﬁer 1¢5) (EPFERRIAB) are punped.by
punp ~ 0 8 MAYREEP3Cryomerde Odontl tigndlSO6b06d78es18c4st rigaen 35a) to join

the conbined |i qupticsiipased®aused o4 %iguggrégsef orm ng deet hani zer feed
-58F

stream 4?. Stream 474 ng&ed from_-100F_t f]stream 47a) ' as it

provides cooling in Heat exehaTe JF qrdef 5/ 52 7EBF(fr e 3%%)r édm 42b)
as it provi des E¥EPRRZLT ey hsathanphange. witheanld 7hessdidiarassupl i ed to

deet hani zeL51? (DPEYRL (MPrédm 490 REIS ikt 3efhfacokiPsdand gg@adﬁ ripped
¢ Xl

of its nethane d_ .aelne i gui [ oduct stream ts the
bottom of the 1§Ede§%§% %&e%%ﬁffgp 'an‘i? esgﬁ‘gﬂ)ﬁe‘ant%s 199 heierah®32a) in
' heat exchangerY$® BFrie3n Mhdiaas sechagger~Lahethbe eitbiarhnepor st ream
36 | eaves deet haookimg tesieridds atilhoRepead snPAl bimbeY &O by heat

exchanger 24 thgQuohy - 4QF .praopane 1f . refrigerant. The partially
condensed gérea}gnﬂ%a,iﬁrg'w%a% ?g%tFﬁg'rﬁQz?gS%&i ?fll%'f‘lt%?% {]e%' FB5fum 26 and
i's separat i NEBRY PR A iRR afd resRd saBperatynes, stveam 39. Punp 2?

is used to supply a Porthepmdvidus eppdessedohi g th{Stgeap 4k to the top
of deethani zer gP,douer 42 eql 8 L Lhing portion of the
condensed | i quing_;ts,t ream 430)6%%1:%/4 %egu%grﬁgmn?%{:' ST FPRISBBRYY to form
conbi ned st r eanP¥2E 1 Rbidte PRASVER 4 2Spsbecteedr stagathoms awalidapae 20 in
heat exchange ratat ilower tgrdduurib tiepanat enlisbspihiele OVenliad vapor stream

condensat 3 of - Thered b e i midd) reBBnt it Y i B 428 at - 110F
is then flash RPFMRIE 157 Sigitidd &dsoptrane ekfersivwiydat ohe feed
gas pressure used in this example. Accordingly, the
cooled feed stream is first flash expanded through an
appropriate expansion device, such as expansion valve
30 13, to the operating pressure (approximately 470 psia)
of separator/absorber tower 15. During expansion the
Joule-Thomson effect further cools the feed stream. In
the process illustrated in FIG. 1, the expanded stream
31b leaving expansion valve 13 reaches a temperature of
35 -108°F and is supplied to absorbing section 15b in a
lower region of separator/absorber tower 15. The



30 such as expansion valve 28, to the operating pressure (approximtely 425
psia) of separator/absorber tower 15. Reflex drum 26 is operated
significantly above the operating pressure of separator/absorber %ﬁﬁ Mﬁ
60 psi). As a result, a portion of the stream 42a is 35 vaporized duri 8
expansi on, providing further cooling of the total stream Ire the process
illustrated in 0 8 MAY 2003 W96/d0604 PL"11'/Q S96/ 06479 -14 FIG 2, the
expanded str eeopeddbosl eavi ng expansi on val ve 29 reaches a tenper/Hsses79f
.-113F and is then supplied to the separator._section in separator/absorber
tower 15 as the cold liquid that contacts .iyhe vapors rising 5 upward

t hrough the absorbing section. The.distillation stream|eaving the top of
separator/absorber 15 at -111F is the cold residue gas stream 34. The

resi due gas stream passes countercurrently to the conbined stream 42 in
heat 10 exchanger 20 and is warnmed to -104F éstrean134a) as it .' provides
cool i ng and substigiiraPoEsAgBnS4t £BR 6KPRRAde c%ﬁ%?%%dF@NW%RSﬁeSTH@tEeSidue

gﬁ's = furthe][ Vg d st Qaﬁ&En@SHbﬁﬁﬁhﬁébF:éaﬁT%ﬁs@ﬂﬁﬁg@ SLAHH AT QN aﬁal y to
the inconming feed gas in_heat .exchanger e, resi.du as s then

re- conpressed i ﬁq’[e og’%)é&?g. &‘]'ﬂgl i Fgfeﬁ“aﬁ% ﬁl%%n%l?ee&%trst%h °5|r'i ven by
expansi on nachim@Pﬁsatvméabsgghérsiége Eheomm@@ns@gwtinpcnﬁ\nhe by a

suppl ement als PORiHa%@WHC 8tWREAN r¢ QBRI 8pR88at Hierd&sh %&%ﬁrﬁsqstsre%%%d) to
sales line pres§g%9. gfter coollng ZOilg dlf hﬂr e q&#@p 23,. the residue
gas product (st AoRPERe ) Sf FORE2FEoRE SR GaTq bl Sr i 19t LY PRYEvaRE 613
psia. A summary of sTheasepkhortpalebsantdernerywsr chhsim iconvesytiohalpr ocess

| lustrated in HiGeidibtigh Seiuhfl BntBihley [0l dnhia dable: 08 MAY
2003 W96/ 406i k1 -15 TAELE I éFlG. 2) 5 10 15 Stream 3 %@ 33 43 46 35
36 38 41 40 34 FPEECRLIE) SBBLOG4TEREEs oGRF FPE A RAGRed beds, or

(LbMol es/ Hr)avet semeEchabé Rabpancbifit aneys8a3d Opd FBBUBA3FD AL IFTEES512he315055

53366336792143I4%%%03;2Lg§g§;§9§4;8%}g§59§g§3%&ﬂ§§§§0qgﬁ;50308711533107.607
353234301 4531S31081340411,2550016823439 Recoverles*%g%fpane Hut anes+

Hor sepower Resi RRPAERTHF{EDEGRPRET FPYEF AP B rC et JFerSteatio8Su i ity
Heat, MBTU Hr D&iuchapipeer sRebdphel5a is a separator wherein any vapor

contained in the top feed is separated from its
15 corresponding liquid portion, and wherein the wvapor
rising from the lower distillation or abgorbing section
15b is combined with the vapor portion (if any) of the
top f£eed to form the cold distillation stream 42 which
exits the top of the tower. The lower, absorbing
20 section 15b contains the trays and/or packing and
provides the necessary contact between the liquids
falling downward and the vapors rising upward to
condense and absorb the propane and heavier components.
The combined ligquid stream 35 leaves the bottom of
25 the separator/absorber 15 at -108°F. It is supplied as
a mid-column feed (stream 35b) to deethanizer 17 by
pump 16 after it provides cooling of the feed gas in
exchanger 10 as described earlier. The deethanizer in
tower 17, operating at 480 psia, is also a conventional
30 distillation column containing a plurality of '
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 1l7a wherein any vapor contained in the top feed
38 is separated from its corresponding liquid portion, and
wherein the vapor rising from the lower distillation or



* (Based on un-rounded flow rates) 93.69% 100. 00% 13, 429 6, 690 20, 119
23,626 Total 87840 85051 2789 8367l 4169 1945 ,' 10395 -~ 4335 5560 500
86561 1279 Conparison of the utility consunptions in Table Il above for the
FIG 2 process with those in Table | for 30 the FIG 1 process sh@ysMA/hAl]
the FIG 2 process does substantially reduce both the refrigeration
conpression |oad and the deethanizer reboiler duty over that of the FIG 1
process for YU opane recovery level. This is acconpl i SREVSBEOI ng

process streans to ~ 8 MAY 2003 ~I 9614a604 PC ~"1BJ596106479 -16
provi de the cooling required for the cold48quid streamfeeding the tap of
- separator/absorber tower 15. The FIG 2 process still requires the use of

external mechanical refrigeration (evaporation of propane . 5 refrigerant
in heat exchanger 24) to partially condense the deethani zer over head

(stream 36). As c@gtmannghgngegﬁﬁﬁgl?ﬁzggl ?me?.ﬁegl ,%_ C@a’ﬁofmﬂ i ncur

the capital cost associ ate at1 on of
conpr essi on- r ef BGEAT dAfs§BYbnPf16he Erp3frepr E@eﬁ@ma@l%ﬂﬂékmcmle prior -

art.processi n acuaredanGe wnlibhlJeaSltEatheNeoE4oﬁlchQ3@mbé@1 aedigeves the
desired propane ver n s_cost]y plant
et d%&?g_{ﬁe_é'ﬁg felhi aged % F*’i SERE3 r(ﬁfs trays

arrangement . Thé Process s
conposi ti on2and apd/ean@rckdnRs Be Eégt#ﬁbeghaboeee‘!ﬂ@arﬂ@tdctarnét’.«_weam t he

f,' mul at i (r)]n of ththe nrlqlﬁeaa fabﬁlﬁgedoﬁhﬁgggl §ﬁdl §h§ Zﬁ&é rsaies?& nger 10 by
eat exc ange O as.at - an separator
li qui ds at -91%%’Q’a%§am g@%)g lgaréﬁﬁf‘lé% E?F éﬁ?3 t’é’r"sl @ator 11
at -73F and 570%§bcilemer8 vhichapeat$sandavepoyizes @mmm fafornttehe

condensed Ilqw cil(;s;tlaeam B.ﬁé bJ@eo&taaﬁrtﬁét&sm&eo ;lszcwﬁaoa&ét or 11
enters a r nsion _nmach Nanl Ca

nerg S 25
extracted from tshl SPRAPE Bﬁp?)’fst“ "f"ﬁl &?)Vegguﬁ:%ef%%]dm’nr r%ﬁh
expands the vapéiayddspaaduat | ystxeamr dpi caf | pethame samt essuompoﬁeabsut 570
psia to a pressar Qy%‘%c@.@ob‘{:ﬁéﬁl@étfoﬁtf‘@roﬁ)ﬁéaﬁé@lgmprle.i. ﬁﬁf oduct

separ at or/ absor bteg Wwor k ex$an5| on copl I'FH% expanded
stream 32a to a tef Gr 82 oFERHRT oRP Bt RPFRe 153 © E8F5Hd&F &nd
partially condeﬁ@é—érsbﬁeé\m 3Zehent 2yeid herodwer s@o&amrﬁbfexlts the

separ at or / algsor bett&ﬁ ofhEhél Edvréh: PRE t 2 D81 B adde; £xpanded f nagwgcommi ngl es
with |iquids 35 secté on ,and the

rd f the ab
conbi ned |iquid st ream ggognﬂ sh?ﬁéo%%?l?%%?%’?o{?@gmre lowing to

storage.

The overhead vapor stream 36§ leaves deethanizer

tower 17 at -19°F and is partially condensed by heat

20 exchangers 24 and 25 through the use of -40°F propane
refrigerant and -85°F ethane refrigerant, respectively.
The partially condensed stream 36b, now at -80°F and
479 psia, enters reflux drum 26 and is separated into
vapor stream 38 and condensed liguid stream 39. Pump

25 27 is used to supply a porticn of the condensed ligquid
(stream 41) to the top of deethanizer tower 17 as
reflux. The remaining portion of the condensed liguid
(stream 40) is supplied by pump 27 to the top of
separator/absorber 15 as the cold liquid that contacts

30 the vapors rising upward through absorbing section 15b
as described earlier.

Reflux drum 26 is operated at essentially the same
pressure as separator/absorber 15, i.e., about 10 psi
below the operating pressure of deethanizer 17. This

35 allows the vapor portion (stream 38) of the partially
condensed deethanizer overhead (stream 36b) to combine



V~ 96140604 -17 ~ 8 MAY 2003 1PC f NS96/ 06479 separ at or/ absorber 15 at
-111F. The vapor portion of ' the expanded streamrises upward through the
absorbing section and is contacted with cold liquid falling, ' downward to
condense and absorb the propane and heavier 5 conponents. The conbj peshy 2003
liquid stream 35 fromthe bottom of the separator/absorber 15 is supplied
as a cold top colum feed (stream 35a) to deethani zer 17 by pu 16. The
separ at or Iiﬁﬂ?ﬁmwgvrean133) is flash expanded to 10 slightl @647Re 368
‘psi a operating pressure of , deethanizer 17 by expansion valve 12, cooling
stream 33. to -91F (stream 33a) before it-provides cooling to the incom ng
feed gas as described earlier. Stream 33b, now-at 65F, then enters ’
deet hani zer 17 at a m d-colum 15 feed point to be stripped of its nethane
and CZ conmponents. The |iquid product stream 37 exits the bottom of the

deet hani zer at [ oqled. 10F (str 7 i n..heat exchanger 19
before fl ow ng '}Ig‘ésﬁt g%%g&élgoal‘rﬁgl%%%%% I|{:négtépefﬁt;§ls zrgeﬂl)‘ﬁ“ gtgéet ra‘fé’ﬁ’. f’gr 17 is
mai nt ai ned sl i gifePfrabevéabrerbper 3% te fom@s sithe afld emaiadusr balgsor ber 15.

This all ows thes@%raﬂaaiezerm&e&ee@éuaagfa distdBRP3Ped 0 pressure flow
t hy ough heat exchan and.thence info the upper_ section_ of 25

er 20
separ at or / absor FEPPEETCPRTRBELY e kR hERG RSN & RRL1FEthi FeMesFer head at
-21F i s direct eexchahgat 2Rcwhege iel id ilsated ftd RS W efsmmdn( S4a¢am 34)
{1 om separal of | ah80Lgh ads. gag0hbNEndlGeld WM dhookbad e Higam 30a) and

partially conden5|ng It. gar | %ﬁéﬁfqndense stream 1S then supplied
to the separat oPTEEERFENPFAPRBHaF &t B+ Bt Redferexahangss R8r it s
condensed | i qui dhersingpahat edsidubegasrecd 0 W (Bddegn d4)abetamtadts t he
vapors rising u - e;ab i ect, T i stillation .
stream | eavi ng RﬁgEﬁgggg?Eggs%?a%gr?%%E%%%gg ﬂ§éﬂk- l-FQﬁfg?hghégld
resi due gas-® SR VRYCHBBIS G\ T 9BRERB e it gepat s ARSIPFESSions fbe B34
The resi due gasespesam passesidoeng®s cevnparddsidm dest haziuaes aweshead
stream 36 in he%teteist}éggs{r??:glfggovbér% o i o2 %%@sééakzags't
provi des coolln%aand partial condensation of “the deet hani zer over head
stream The resPda¥eHabyYi @ FUPPhEFeRA RIS ARNCE tOaFoTWERSasthe passes
count er current | yesddtibegaac¢st ngahedtc)lga isaleatl imec pargeure0. The residue
gas s | held e qAdRaL39CHn! EnkVBraLAUer tol Ardid il <) cagppgssor |4
13. The second s

driven by ' 10 expansi on machi ne age | s conpressor , 22
driven by a supfPf ﬁéﬁﬁaan WBFRREEP MR F2e. T FREIYE BRS resi due gas
(stream 34d) topgetest!| (atrpamsl4de. f¥dwerccadils mplias giasc pdpgtineoker 23,
the . residue gqgopgogﬁgt5i§t§§§g134e) flows to the sales gas 15 pipeline
at 110F and 613 psia, A _sunmar stream fl ow rates and energy consunption

of
for the process iIIuét?&?@ﬂrYngﬁlffr%ﬁTs? e 3¢ SRETEY | owi ng t abl e:
0 8 MNAY 20®¥ veegstnpedan for the process illustrated in FIG. 1 is

set forth in the following table:




PC 1'/BJS96/ 06479 -19 TABLE Il (FIG 3) Stream Fl ow Sunmary - fLb

Mol es/H Z . Stream Met hane Et a a Propane Hutanes+ Total 5 31 81340 412S
878 439 87840 32 80476 3792 . 623 149 86078 33 B64 336 255 290 1762 35 2199
1261 689 156 4359 36 3063 1581 121 7 4843 10. 34 81340 4112 55 0 BBSMAYIN30
16 823 439 1278 Recoveries* Propane 93. 70% But anes+ 99. 85% 15 Horse ow r
Resi due Conpression 21,210 3Lti i y Hea r_, N-TU H Deet hani zer Reboil er
22;298 * (BaseQ ¥#%8h- r ounded f1ow rates) 20 Conparison of t RETYBI9/0647)
consunptions in Table |11 above for the FIG 3 process with those in Table
Il for the FIG 2 process shows that the F1& 3 process achieves the
desired propane recovery |level for approximtely the sanme total conpression
| oad and 25 deet hani zer reboiler duty as that of the FIG 2 process. The
deci sion whether to use the sinpler, less costly FIG 3 process rather than
the FIG 2 process wll often depend onTa%iE &actors as the relative costs
of utility heat and conpressi on horsepo ; ant size, 30 etc. It should
be noted in passing that the success of (F¥&. RI)G 3 process depends on the
absorption cooling effectgdritain OGY Sumbairde - Sepak atws] absprper 15, wherein

t he saturation vapgrs, rising ward t e _tower by

vapori zati on of%$¥%%§ﬁ anggggﬁggandEgga.es JrAsIsles vuEuSeneggos Iotal

FC f1US96/ 06479 - 23 et hane8%340ai ned4l®8stream&3®a provi ddagor ef r iggerat i on
to the tower. Notgsthat) asggsgesul tzghpth the guapor |eavi t he head
of the tower and ége quuig§9 | eavin tﬁe bottéﬁﬁ%f t he tgagr aregégpder
than the ' 5 respdCtive fetB”3freans®®F7those edds of the t8wer. 18RFE
absorption cooling8effect ab1®3%s the Todaer overhaad (streanp34) teggpgovi de

" the cooling neededii n heat gggfangerﬁggbto partbglly condenae t he

deethanize& overhgﬂd (stream 36) wi thout operating deethanizer 17°7%%0 at a
pressure S|8nific tly hight¥*than t¥2?6 of the s@parator/ab8orber23%5 This -
was not the case #R the FIT2Q@5 proce3s)8 where Jeul e- Thonsonocool Boga®f- t he
condensed deet hangzer overggfgg streafq s neededst o provideothe_gggpfrature
driving force tha57allomed the, 15 heat_ exchange to occur. Description of
the Invention Exafple 1 FIG 4illustrtes a fP8W di agranfd® a prd2dss in
accordance with the present invention. The feed gas 20 conposition and
condi tions consi der edetdvéPeag¥ OCess presented in FIG 4 are the sane as

those in F .1 thr h 3. Accordingly, the FIG 4 process can be conpared
with the FFEE, 1 thrgﬁgﬁmﬁaprocesses to illustrate the 3dvdhtages of the
present invention. 2§UF%PQmE simulation of the FIG 4 poocess, feed gas
enters at 80F and a Reoes&emswe©f 5A0 psia as stream 31. The feed stream 31

is cooled in exchang y-heat exchange with cool residue gas at -88F
(stream 34a), with sg%)%%g %rcc?n?%ﬁsassioﬁ -92F (stream 3;3?3)?7%md with 30
separ at or / absor ber | RgEFigezatiom Tonpnassdon35a)) The t6p5&2l stream 3la
enters sepabator 11 at -78F and 570 psia where the vapor (stream 32) is
separated fromthe ceg%%psed liquid (stream 33) The vagor stream 32) from
separator 11 enters a 35 work expansi on machine 13 in t 2 mechani ca
energy is L Hr

Deethanizer Reboiler 29,976

* (Based on un-rounded flow rates)

25 In the prior art illustrated in FIG. 1, the
residue gas (stream 34) consists of both the
separator/absoxber overhead (stream 42) and the vaper
(stream 38) remaining after partial condensation of
the deethanizer overhead (stream 36). As such, the

30 deethanizer overhead must be cooled to a sufficiently
low temperature (-80°F) so that essentially all of the
propane it contains is condensed and does not escape in
Stream 38, and so that the portion (stream 40) of the
resulting condensed liquid that is fed to the top of



0 8 MAY 2003 1IN 94 40604 P~C 1'/i1JS96106479 -21 extracted fromthis portion
of the high pressure feed. The machine 13 expands the vapor substantially
isentropically .froma pressure of about 570 psia to a ' pressure of about
396 psia (the operating pressure of 5 separator/absorber 1S)) with 0 tBriAYWsak
expansi on cooling the expanded stream 32a to a tenperature of approxi mately
+107F. The expanded and partially condensed stream 32a enters the | ower
section of S¥PAFME4/ absorber 15. The liquid portion of the PEF/ESHAMIBA.
stream comm ngles with liquids failing downward fromthe absorbing section
and the conbined liquid stream 35 exits t+eibottom of separator/absorber 15
at -10BF. The vapor portion of the expanded streamrises upward through the
absorbing section and is 15 contacted with cold liquid falling dowward to
condense and absorb the propane and heavi er conponents. The conbined liquid
stream 35 from the bo&to Ee sggarat %égbsorber 15 H%gIOUtEd t 0 _heat
exchanger 10 bySHEfP> gr ?Sr BT (57 rbRnr253) SPRUERAFR FALSHFS PS5 Y des
cooling of the ahéonfnghéepdogaseasomEsrme@eﬂneahelEﬁpoﬂrppnnudmruﬁiI|qU|d
streamis heat e@gteocoé%d Qi‘%&h&e%yfé( Oétfééhﬂ §i£eé‘£” i3c5t5.§398(091rt%dtted S

supplied as a col um eet hani zer . The separat or
(stream 33) is FRagdRSexpiRde8efbion %5?ght$§n%509€e¥?m?§EtP9N3§Q atlng
pressure of sdeeshapamer a¥dibybbs pansswhtapl ¢ etédperaoltery =i pravide to - 92F
(stream 33a) beggge 5519%? ggsae&()e& 5@5{:}?&{% &8&8&@ Hefed gas as

3 now_at

descri bed earlier. n enters ethanrzer 17 at a
| ower nmid 30 copﬁﬁﬁhﬁéé&eEoPﬁFrh?%dth%xﬁ%ﬁ?%%h??%?ankﬁ%kxﬁﬁfgﬁﬂ?%ﬁﬁ}°§3b are
stripped of thei(evapblrantoandf Géropame neat sigdhant esnlHdaty dxcmalm_l;em oduct”

stream 37 exitsa,ih o] f n §§ ﬁEg:r c 0 110F
(stream 37a) |n2%e§?ae%%ﬁg%gefégg %§§%$€ #%omnng %ﬁ toFE) i %?

2003 WD 9618, 068&3d~fPBJSQGFOG!AVEr-Q@dm B peas FARE e SRAUaT; ﬁ’fdeet hamzer :
17 is nai /nt gr negtanugbt bwnabﬁyelbhef@:pefafrmepaﬁsscusmpﬁfssmn

separ at or/ absor ber t SLARA stream
36? to pressure flowgPﬁruhg @é % é%écﬁ%%ggggiﬁgaH%Mﬁﬁgﬁgg'|nto he upper
section of sepa¥hide/ aBYSrhEE the ‘P'ﬁllﬂb‘alt' ERBFEAREEOP (LS the TV
overhead at -25mahfegi facCWREchnthe€ato®d Chbdgedr eeading vid ftd{:}"IleO\teJrehead

(Stream 343 f 1 ORLRSRALALOLLARIALHCT o 10 o£00h | Mol B PHERATAA 1 Al

(stream 36a ensi n condensed streamis
t hen supplied tGaPhQESES& &Fowa§ﬁﬁ?¢oﬁ°|ﬁh%epﬁ?ﬁfﬁﬁF%ﬁﬂxﬁqﬁﬁl% Sfeth5 where
the condensed | agaidablesppacasadstreamshe BPDGoNZenepressay anlhe
uncondensed vapgh .cooRdGs WriBrl fec VBPOLedd 1hShOGolsAiBd RA dpver

absorbing section ormt ation stream_34 eavrngithe upper
regi on of separéF&PF&ﬁerﬁerPTE) ¥he 23ndRAsER2Fi AGFOFRLEHSA F&HS nto two
portions. @@e pgoiilon) Ther pancdBs ©f FDGL e2 hast beeh oawyl iahs arcbitdhg secti on
of separator/abgarRerela 88 2Qu B8 €L dn ! LAY Qﬁﬁﬁﬂu‘}&é‘té&td‘%s@l‘iﬁ@oors

rising upward through the absorbr g sectron e, ot eriﬁprtron stream 39,
is supplied to @& arfr|°feFI§7 &s r ef| ERep§ lﬂﬂﬁﬁtéﬁn A t AR S eam 39a
flowwng to a topsfemdtm@ stimodadéehhfiorzehe lpratesdi @F. FRS. The distillation
stream | eavi ng ?2?% 2y c%?x&ﬁ'i: BHE/ a2§9rgeieé§eat £ Imilfmd 2 tdige col d

resi due gas str he resr as st reanrzasses countercurrently to
deet hani zer*% veﬁ?@&@ystcr"@&l’ﬁ“?@lPﬁ RR3t 2eHEHERgERVED ShPTPIRG ned to - 88F
(stream 34a) as geccfexmyr.ovi des cool.ing and partial condensation of the

deet hani zr over head woid Galla Tecefosduesdasel sl uh oy

(stream 34b) as it passes countercurren n %%ed gds |n heat

exchanger 2L0. TR&Y EXNFOIGay ity CREA Fésééﬁﬁr6§§eat351@ °E WS skeRfes. The

first stage is comregsdiwith dceteanbyecexpara oaguiashape-dd:r The second
stage is

2

30 (stream 47a). The cooled stream 3la enters
separator 11 at -Bl°F and 570 psia where the vapor
(stream 32) is separated from the condensed liquid
(stream 33). '
The vapor (stream 32) from separator 1l enters a
35 work expansion machine 13 in which mechanical energy is
extracted from this portion of the high pressure feed.



0 8~ MAY 2003 W96l 40604 5 -23 PCT/9JS96/ 06479 conpressor 22 driven by a
suppl enental power source which conpresses the residue gas (stream 34d) to
sales line pressure. After cooling in discharge cooler.23) the re§'qgh?2 S
product (stream 34e) flows to the sales gas pipeline at 110F and 6 psi

A summary of streamflow rates and energy consunption for the process
illustrated in FIG 4 is set forth in the table below. 10 15 20 25 TABLE
|V (FIG 4) W 6¢l6p4rl ow Summary - (Lb. Mol es/ Hr) Stream Met h8EEusss/nears

Et hanepr opaneHut anes+Tot al 3181340 4128878439878403280084 :
365654911785436331 256 472329322240435227./4,4 13959711741 82364378
208413506695402676 | 5491 020439539845 4893201388348l 340 411 255086561 370
168234391 279Recoveri es* . Propane93. 68sEut anes+100. 00%Hor sepower Resi due
Conpressionl7,536Utility Heat. MBTU HrDeet hani zer Reboil er 16, 270* ( Eased on
un-roundedflo%ﬁgtggé 30 arison of the utility consunptions of the
prior art procésses P%ﬁ?a E¥PRIGDH| e |vanqr gubstantdiaiiiyt he utility

consunpti ons olseRerppisahiy i fwemtd wral A i I :shores that the
nmp P Pred A )&ddﬂ%u-s%‘%l@6§¥é§_ gé S

present inventhplssue &oMHHA0S 406 P~H / ~J mai nt ai ns
the desired C3bco onen recoverqi/ﬂw%%lea X SRSTENWPSr PFGEFHEebRt h t he

conpr essi on ho? & QT ARPIREWET )it Wikdatt hee qoirkemeptnsThe 668DIRSSI ON
hor sepower5i s tine eaxpwmdddavad siedde I2eN e d AWRlerbaa +A0Y ?ﬁo‘c the prior art

processes, Wwhi Id4 gy -heat, requirenent "i's noré Than twenty-seven
percent | ower %ﬁpémﬂ&éelfl}{ helrbp%r iLFdr h¥BiE8desommBKpARL HY t he

an any o
present . i nvent?‘fﬂf“taé’{%eemﬁr@emr arpr capabldi sl agedviedifdy Gon Jndote the
t enperat ures ofrddr tdfe sU8{EIAILE LRRS QBRR thggggggcgﬁ?e%r%gf%i n FIG 3 and

stream 35b in t feed point ,to deethanize JtehemFI G 3.
process, :Hleseﬂ i(idtjefQ s%'asreg;' & o e?‘ﬁ@“ﬂé@?han?%@rw%kar%‘éﬂ”@mﬂo Heeed.

However, the t A89% t6r driyedeechanrifugalectrpredSorapaidn w2lF, IS
nuch war mer t hiarent 1@ )-, 1t0GRf ead bemigeat 59l gggg.ﬁé litfgsg]idglati ng -t hat
e

the top feed i &h der.than necessary to marntain &d pr opane
and heavi er cc?'r?psgﬁentr%g%nngéﬁﬁl‘a Pane?‘ﬁm?{‘u%'tomer overhead. In the FIG 4

process, the feed SPfe&iPapdedt ardnpashiakly econddiesaleaithaninzapaat - 46F at
a |lower feed Eoiters thesuppePUshcebosesst Hn %ﬁf rature of its
deet hani zgy o&ghgg§a¥gggg ﬂéﬁag] i ndi catitthgg]'ﬁgle e.t'iéef_gg%a r@ﬁ:olrozghe feed
conditions needed to achieve ERESJLRFTRRP idhaife bitewies iesmandegonent 25
content of th&%#érnBada h¥ expamsien alve dz atdolield wWerehress st r eam

-39a, is needed9B6F thertap 3zey bHersestirani Ty [ rocess.
The nuch | owebsr elokbkgbatity {90 08!S . 4%%%6%%-9%1%%%?2

_ ~Ihe portion of stream
33a that vaporizes during the flash expansion (stream

20 45) leaves the lower section of intermediate separator
2% and enters the upper section to join the vapor
portion of expanded_stream 32a, forming combined vapor
s;;eam 43 that then flows to separator/absorber 15.

The portion of stream 32a that condenses during

25 -expansion (stream 44) leaves the upper section of
intermediate separator 29 and enters the lower section
to join the liquid portion of flash expanded stream
33a, forming combined liguid stream 4§ that then flows
to pump 30.

30 The combined vapor stream 43 enters the lower
section of separator/absorber 15 at -104°F and 425
psia. As the vapor stream rises upward through the
tower, it is contacted by the cold liquid falling
downward to condense and absorb the propane and heavier

35 components. The liquids from the bottom of
separator/absorber 15 (stream 35) are-pumped by pump 16



i ndi cation of the better match between tower feed 30 tenperatures and the
desired tower product streanms. By supplying the separator/absorber.|iquids
to the FIG 4 deethanizer at a nore optinmal tenperature, not only is the
efficiency of the deethanizer inproved (as reflected in its |ower McbdpY 03
duty)) the refrigera 35 tion potential of these |liquids can be captured at
a tenperature level that allows providing a portion of 0 8 M~Y 2000 W
961 40604 - 25 Pcrw@ne/@msosa~9 the process cooling duty. Wth theseciriugaé/as?s
hel ping ' cool the incomng feed gas in heat exchanger 10, the cooling.
that the residue gas (stream 34a) nust supplyi3.in heat exchanger 10 is
reduced. As a result, the 5 residue gas can enter heat exchanger 10 at a
war mer tenperature, which in turn allows operating the FIG 4
separ at or/ absorber and deethani zer at hi gher pressures. Accordi ngly) t he
residue gas enters conpressor 14 at a higher pressure in the FIG process
and less ' |0 conpr E3EFean Hhade Fonsodins F@Fﬂéﬁ-éeﬁebﬁ@@l@os@éﬁ@me‘“i he

res:cdue gasnt)odpl peiéeﬁfﬁlr%y” eRay 0, @@mln? decbkfmndzELPEQSENE Srddle 47.
preferred enbodi nenf,_ o presen ntion.fg e ure
pressure 15 condi t | D& 35?124\?’/11 lﬁei’ﬁ?steeqqtfe ?‘3?3 § E)?OV$§U£ a% W@
pl ant "arrangenent f®2 it @nanides mqiam@ntlnr beateeychanager Wsli@th;mm)re
cosbnt 1al 1y the: s it 111y Pl T o o B aeh Eyee vt 5D a5t ner
Ss i y S utili S [ I ev usi
enbodi ment of the ﬁ%% rﬁxq}?\%\?@ﬁﬁ Was SHHeRTY 9§Peﬂs 'ﬁh?IH ég %gp‘?%cess.
TheFT ((aaedSQas corr]rposdeemamtzorcmdlﬁdmmms?dene;npmaheaqaaa)aﬁ q:mlzémged
in are the s t cer

ﬁé@‘:%e )2 F%ﬁf%aﬁ%f 1 +hrgUgn4- aA§CE) bﬂ@ enfk

can be conpared wt 3 _processes to illustrate the
advant ages of the pFeRehiTuif dradmet e?r'ﬁfe@éh 30 REHFS et RINRT RF t'97% he
enbodi nent di spd ayedeethdrdiGerd atl rigrF ainduliat cooled thelH G Gs'qmreme'ss;'

the feed gas cooli oo S t -used
in FIG 4. The di f%%ﬂ%ﬁ%?l n t}% I slgslbtg?g%eo?f??ﬁ%@%a ro.di si?%l ation
stream 3G | eaving . the BTRFEL d’éé’t"l’i’aﬁlthPmr’ls FR7¢eT ,c%ertlaarp TS

stream 36 at 8F fl owswédw IRkait asrirmrges 1%4pam1:.a$lyh tendensed H;eaneaetxchange

relation with the p :JH}% i QAN S4B st ream 35b)
punped from ~_8 N%\E(é%%ﬂéé%/%&a%r P Ug%%/ n%El%%dF %‘E d

separ at or / absotber ¥HEIFRA o0l THY P?trFé-él%lﬁ’Gcaﬁﬁens%%r??’é?ﬂ I ng
it. The partially candeIse®l =std e W.aentee:ltsersei-éﬂmxlrdmﬁ&atan&ﬁs and

410 psia where the gwg@ﬁ tq%gh@ S S {qefathe
condensed liquid (stream 39 ti\?w(?cgznse ?séﬁﬁ% to h
deet hani zer 17 as reFFER® (3t r e RO D’ pﬁﬁﬁpjﬁ 3 PREFHTR Phethe

deet hani zer at -22Fcendensad lfi@d.q)oﬁsttrea"ﬁhdlf) ucbhthe waopeaf cdedtparl zexui d

stream (streanyg5c) cbgayi Jge%tefllqu@xcwwefrenainihgvgoieié&eé@amaer 17 at
2F and enters . at gbn enseé 1qu15x%4%¥égh ) &eaVLSStpgﬂézfq joins with
stream 38 to form combined stream 42.
Combined stream 42 passes through heat
exchanger 20 in heat exchange relation with the
25 separator/absorber overhead vapor stream 34 and the
deethanizer feed stream 47, resﬁlting in cooling and
substantial condensation of the stream. The
substantially condensed stream 42a at -110°F is then
flash expanded through an appropriate expansion device,
30 such as expansion valve 28, to the operating pressure
(approximately 425 psia) of separator/absorber tower
15. 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 procéss illustrated in



streans 35c and 33b (entering at a |lower md-colum feed point) are
stripped of their nethane and C. 1 conponents. The resulting |liquid product
stream 37 15 exits the bottom of the deethanizer at 198F and is cooled to
110F (stream 37a) in heat exchanger 19 before flow ng to storage. (ThRAY 2003
operating pressure of reflux drum 26 is naintained slightly above the

oper ati ng presvgére of 20 separator/absorber 15. This allows the uncondensed
vapor (stream )9 foo‘bressure fl ow t hrough heat exchanger 20 eodusidussme
‘into the upper section of separator/absorber 15. In heat exchanger 20, the
vapor streamat -22F is directed in heat ex&Kange relation 25 with the
overhead (stream 34) from separator/absorber 15, cooling the streamto
-112F (stream 38a) and partially condensing it. The partially condensed
streamis then supplied to the separator section in separator/absorber
tower 15, so that S L£0 n I| parated to becorrethe cold
liquid that cont aF(':Itdé tzﬁng%po a?ilgm n%l“l % aag ? GHRY HeRaRsdom yglve
section. The di st48 I"88G®Sser EgmrREatlng Ofie- ib@"EfamcEpa#a:&m&:/&h@@&be& 15

at -113F is the o athreesleﬁu&aﬁa& d8ctibgaih3dep %Pgt&g q__bggs trea

passes counter c%gr §% \é ;Lﬁ Xgl%g sgé gm 38_1n heat exchanger Yahd ~ 8
MAY 2003 | ~V~ 9/ 406 / 58168359°9B%2TES \EhedmRasS. 8’85Fnestream
34a) as it provi d’@é’aé‘éolthﬁauahdtbar@habrbmgies\sah‘.im of the stream The

residue gas is furtherrh\eaaﬁrgdﬂpax?ﬁ&n(&f@%m% i e %Sse§lo H
ea E,‘XC an e . e

countercurrently e as In
residue gas is tﬁgﬁar&gg%ﬁﬁggﬂﬁﬂﬁ sHhyel isritdef icpdd seajdues
conpressor 14 dr F#E€nsbyearpdfdsi driheranéwim).éii_;asﬂm:fﬁﬁppdsﬁéage i's

conpressor 22 dr b\tﬁﬂté!‘cﬁrﬁéﬂ@i ES ! Bhe POMRN 1 S TS M 29 CO resses the
resi due gas, gstrggg}éé % g sal s, line 10 pressure. ?15
di scharge cool er red; v mc’-’P ‘§tq4e°§'m(34§?amIM) tas tite s

sales gas . pi pePrAeides 190l tngl BB Waaﬂmﬁeﬁﬁaﬁiéﬁaﬂifiw rates

Forth inthe tabLeberon ot DR o0s L 8, et paiaddbs 70

forthlnthetabgc};)g %NAY 2003
-28 TABLE V (FI 5 AR ) P RANRE SORRELFCUT LD 1o HHBHSt r eam
Met haneEt hanePr obammrﬂé@edrcaaaa 3131&@&4@2&&&&@39818403%@0&%%@52118854
593312424678263 2423803 53436 736433834R25675-84863843762092

~162~ 1672 93945 %;1[%405542257 - 3481340411255
086561 370168234381 REC Ot gﬂ‘ngg@"ﬁ"ﬂﬁ gifenalon machine 13.
99. 99%-or spower cﬁ&"—'%ﬁt@m dsl ZoBEgQEdsor 22, dritieatoy a
. MVHTU Hr Deet hani snegpRestid=6r B39 source which compresses the residue
gas (stream 34d) to sales line pressure. After cooling
20 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

consumpt:.on for the process illustrated in FIG. 2 is
25 set forth in the following table:



* (Based on un-rounded flow rates) 25 30 Conparison of the utility
-consunptions displayed in Tables I, Il and Ill for the FIGS. 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)gMAY 2003
consunptions for a given C~ conponent recovery |evel over that of the prior
art process. The conpression horsepower is nore than twelve percent | ower
than any of WM&O6#P¢%r art processes, while the utility heat PEHUBIAGE i s
nore than twenty-ei ght percent |ower than any of the prior art processes.
Conparison of the utility consunptions disptayed in Tables IV and V for the
FIG 4 and FIG 5 processes shows that the FIG 5 enbodi nent of the ~ 8
MAY 2003 9W- 96! 4060d -29 P~'g'/6JS96/ 06479 present invention requires
slightly nore conpression horsepower (about 0.25 percent) than the FIG 4
enbodi nent, but uses about 1.7 percentéﬁﬁiﬁ%giglity heat f or the

deet hani zer reboiler. These two 5 enbo f the present invention have
essentially the sane total utility requiBEherR)s. The choice of whether to

i ncl ude the additional,egu&ggﬁn@IBQaSthszglG. §IB[0ﬁg§%SQ§gHireS\MII
general |y depeng_on_factaqrs I ch 1ncl ude prant size and avall able 10

equi pnent, as mgFFQ%@ t higEhane o Rlane of BRepane| orButanesrsegokdl and
utility heab. Ex3ahple 3 A1340d enbsxlzgrent of &8h& presentaimventgizgao s
shown in FIG 6, yherein a;sg4pl er eqppdi nent of,4he 15 pr%%ent_%g%%qyion
is applied. The fggd gas conposition and conditions considered in-the
process illustratad in FIGI®0%re théeShnme as tHBe in FIES6 1 t hR2F8gh 5.
In the sinulationddf the PI32146 proceEssy the fergbgas cool izng andagypansi on
schene is essentigily the me as t used 44, FIG 4. e difference»
lies in th dispo§§tion of t %ébonbiﬁggeliquid % reamfror?'\-Eré 1768

eepar ator/iBsorbe?sl 5 aftert396 has bef parti-al387 war med ( $tr eam 388F by
provi ding cooling3®f the incasd ng femgbyas in heed exchanger 10. 1Rgberri ng
to 25 FIG 6, strgam 35a fr unp is heated fyom-112F to -45F.i.p heat
exchanger 10 as i?gpr ovi desﬂ{:%ongl i ngjlo éa'tshe incon%lng feed ga? as dégér@’i bed
previously in Exathle 1. Thfhkat ed FI%am st r¥dn 35b, is Ohen sBFFPied to
deet hani zer 17 at4@ top col s feed @ust, 30 ergering the power akpo4SF to
be strippedsof itg, methan CZ cq ents. The. resulting,liquj oduct
stream 37 ge!>5<i ts t%;e bottoergo t he dee Chr:Jmi zer a[g%lglF and i 9 coobgagéo

15. OF (stream 37a37in heat exchanger 1€ befor 833 owi ng t 438t or agd27% o0 8
MAY 2003 W 961406U4 -30 PC 1"/ ~JS96/ 06479 The operating pressure in

deet hani zer 17 is $ b ightly above the operating pressure of
separator/absorberTgfgégégiéﬁﬁoms t he deet hani zer overhead vapor (stream
36) to pressure flow 1THOtYh 5 heat exchanger 20 and th@3c&3fnto the upper
section of separatorButarmasyer 15. | n heat exchanger 20,1otch@odeet hani zer
overhead ato- 15F is gh¥hgifebin heat exchange relation with the overhead
(stream 34) from

Residue Compression 13,429
. Refrigeration Compression €,690
Total 20,118
25 Utilicy Heat, MBTU/Hr
Deethanizer Reboiler : 23,626

* (Based on un-rounded flow rates)

Comparison of the utility consumptions in Table II
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



separ at or/ absorber 15, cooling the.streamto -114F 10 (stream 36a) and
partially condensing it. The partially condensed streamis then supplied to
t he separator section in separator/absorber tower 15, so that its condensed
liquid is separated to becone the cold liquid that contacts the vapors
rising upward 15 through the absorbing section. The distillation $t&¥an2003
I eaving the top of separator/absorber 15 at -115F is the cold residue gas
stream 34. Th¥O%&0é@de gas stream passes countercurrently to pdeRiddatdsser
-overhead stream 36 in heat 20 exchanger 20 and is warned to -71F (stream
34a) as it provides cooling and partial cemndensation of the deethanizer
overhead stream The residue gas is further warned to 75F (stream 34b) as
it passes countercurrently to the incom ng feed gas in heat 25 exchanger
10. The residue gas is then re-conpressed in two stages. The first stage is

conpressor 14 drj . xpansi.on machine 13. The second stage is
conpressor 22 dr#%gpnlcg% rgli%ucp%qle’!%trzﬁquﬂé\%ér £qBukRe Gplénltowbi e3traant he
resi due gas (stréeedBm)the gl ef |dapardQopyabsorber ALSQSr COD] i NELd N

di scharge cool erg23, 4 ' S . r ream 34e) flows to the

sal es gas pi pel i ne_at 1(%%%%%%%#5@%%U%r‘ﬁs%Pgt%’éﬁ‘?ﬁ@r%w rates and
energy consunpt i BASEHCEHhe tipRudevape Rt ol & Mromand5 set forth
in the tabl e5bel pafrigeraitVAY 2283 ¥NcAShOH084 ) 3o TABLE M1 ddfgese> 10

10,2025 30 stroam Yedlhatl At Wedhold ThelLalr R0P! O/ L SAM O

(Lb. Mol es/ Hr ) Met ISR PAFES SFafbBuFARes? SPBARS D SRV J0RAA 13i2465961379933
822823024995298 3831305 WF134223821 282349441 2551 G 43 ion of the

Recoveri es*Prop 89 +99. 83%or se over Resi due >
Conpr essi on20, 2%51L%t % @#@%&%&Pnfrﬁ’f‘fﬁ?ﬁ% A& Reboi | er 20, 254 *
(Based on U r ounded FiCow3r ¥EPsPSToLal aB 78URBE8GIved $E 30869 PEbc8EE62
1278 Conpar i son iof aidverdainkist ieAnsUSDtboNS 1wl SR, a4ed d3d Eg‘g!tes I, Il -and

11l for the Fl Ggenlievdsdfle3 ses W th those displayed in Table VI for
the FIG 6 process eho(f?rslgt ea?%%l‘ggaeﬁﬁ%%?%rﬁe.cé’fveﬁ% &8cHELPAVENti on uses

a lower total utd Tcoh&8RpFPBRLY cPlanyarangememipondhe peoaessyofevel
than the prior @#TG.pBodesbasedTbr EREDILRS I RAYSCRNBLsiS168S§RLI al Iy the

e (e, Sameol dithlebthes L, WG L0t O Bl
percent | ower tﬁé‘ﬂ‘u&WIBF PRetpif oPregespy sdesfesd Bywern Bisisinpl er
SIS |1 chett et s it scche l oef g o0 of
AT ot ek £ i Mool
. ed stream 3la
20 énters separator 11 at -73°F and 570 psia where the
vapor (stream 32) is separated from the condensed
liquid (stream 33).
) The vapor (stream 32) from Separator 1l enters a
work expansion machine 13 in which mechanical energy is
25 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 353 psia (the operating pressure of
separator/absorber 15), with the work expansion cooling
30 the expanded stream 32a to a temperature of
approximately -110°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
35 falling downward from the absorbing section and
the combined liquid stream 35 exits the bottom of



0 8 MAY 2003 ~W 96l 40644 to the other enbodiments. fZ' f/iJS96/ 06479 -32 The
choice between the FIGS. 4, 5 and 6 enbodi ments of the present i thBeMAY 26
will often depend on factors such as plant size, avail able equi prent, and

t he econom ¢ bal ance of capital cost 5 versus operating cost. O her

Enbodi ments I n accordance with this invention, it is generally advantageous
to design the separator/absorber to provide a contacting device conposed of
mul tiple . fUﬁﬂH@Hretlcal separation stages. However, the HEfI606478f

t he present |nvent|on can be achieved with as few as one theoreti cal stage)
and it is believed that even the equival entl®df a fractional theoretical
stage may al |l ow achi eving these benefits. For instance, all or a part 15 of
the partially condensed stream | eaving heat exchanger 20 and all or a part
of the partially condensed streamfrom work expansi on nmachine 13 can be

conbi ned (such a LQi th ansj.on _nachi ne
separator/absorb%ﬁ?ggﬁggrpég%ﬁngggﬂ$ fﬁfgg %uYaHﬂﬁépﬁébéPE Rfd
liquids will nlxtbégéﬁﬁéﬂdaﬁdSSEQQMaresea @pwardkﬂhnpugmIthehabsekatnge

volatilities of %Qet!éh' aHe £8Mpenestseaf |1 P eams. In
such an enbodlneg Bﬁ vEgorI a uid n?iguyggﬁr%ﬁ?ﬂggt exc%ggégrgzo can be
8 P’&FPO n

used 25 wit hout fRSE| JBF PBPER oHe RHCEGReafdhBea¥paF at ed.
Such commi nglsi ngcofipbhentso streans shall be considered for the purposes of

this invention as con@hbte5hggn cgg%§§§0§g¥rean] roﬁ?h%ﬂgtggE %arLgtion of

the foregoing, the partially ens eat exc anger 20 can

be separated, and héﬁpﬁfitB? %b%%??eﬁflﬁh%ss%RER%ﬁQQjﬂsl&uFBléuEBPied to
t he separator/absoibmn feedi xetireamh3sde wapdsscHaml ddrengt by pempgeseri bed

332552eL”aﬁﬂeué’éﬁge%ﬁgﬁmdi5@%%3@#%%?%ﬁ)}%ﬁ@%%@s%%?%éﬁtﬁa%ég' Y
absorb val udfll e E318BHPENERPYS e h26d i RF1a PRFRNHNG PrEASEKe 9&pors
| eaving the workdegphasmzarnhthbyeexﬁtmmium)viiuh[mzesebbluﬁyeﬁtreﬂml33n0t

limited to this toen‘ggdgrreg{._reg_,fl TEY) bﬁg@?ﬂ%%?%@\lﬁﬁ?&o%OBTE}lgngg ;ﬁ ne in

treat only a portion of the o et va ansion nmacC
this nmanner, or tBCEEEREnf§ed FRTFtIPreRFCTHReGRHIHEET -cofBER3EL 23Rs an
absor bent in casew ahesB° Bl hetienl st iger < olse teraidedan 171 8di gamed pedlunns of

the expansi 98 mebkacodhtetode WEHSAL 16 CHGIMLGLS AN € bYPass Lhe

separ at or/ absor ber. . gas con I'ant “si ze, aval |l abl e equi prrent,
or ot her factors°ﬁ§9°PﬁBFEatéT¥%a}iiW4¢nPER WHE FCBRIFK 33X BEHES ORRBRChi ne
13, or repl acenehbtubnhofinthé t deerhan xqanst arsdfavian@ (suebonsdatoexpansi on

valve) 15 15 | casbbbekaphaidittnd ot 2l ALat NetalDiuL 30! bBEL-cOpOERRALT 0N Of

t he over head streantln eat exc anger e or Is pre erre
shoul d al so be n&Pef*Ph&ESt he separator/absorber can be’ constructed elther
as a separa?@ vessel Theasperaeit§opredésiie ) diestaadizeer 12oigm. I n the

t f th t ht
practice o e ﬁﬁ@ﬁ@ﬂlnéavgﬂiéﬁﬁﬂy 555@évﬁﬂééﬁ%ﬁ%&ﬁ%&eggﬁgggfe %fg

pressure difference betmez deet hari1zer sor ber
whi ch nust be t aRER2FREBT ﬁ’t?%ﬁﬁl?erlt' t he %’v%ra?'f’éeﬂi’sZGh\?aﬁﬁ%hﬁ‘és%through
heat exchanger 20venteadtvapepalatoeimb3ér bey ﬂﬁbsﬂukhoﬁnoanyhboagh in -

ressure, the se t €59S I a t
Br essure sli 3%?) gg%g g%&?ﬁﬁ@&?e?gt%tlﬁ%gﬁf%{d% *5‘%2 Fz§?8§$6&| 1rjtgtgh IS

case, the ¢ P3H2FPH(RESSTPRant thﬁ?dﬁﬁ??r?ﬁﬁhﬂ%@eseﬁaraFBF/absorber
can be punped todeeshasédeposiérbeadnat heateetimniizectednial heabative is to

provide a Doost CexBhauet LaLLDENTPOy | LHE SONAIAE (E<aRecsa] | BRoR! essure
in heat exchanger 20 arat ar sor
separator/ sorber 15, coollng the stream to -116°F
(stream 36a) and partially condensing it. The
30 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
through the absorbing section.
35 The distillation stream leaving the top of

separator/absorber 15 at -117°F is the cold residue gas



35 that the conbined liquid stream can be Supplied (after heat exchange
with other process streans as descri bed 0 8 MAY 2U03 ~Td 961 40604

P~' T/ ~JS96/ 06479 -34 in Exanples 1, 2 anal 3) to deethanizer 17 without
punpi ng. Still another alternative is to nount separator/absorber m&meZW3
sufficient elevation relative to the feed position on deethanizer 17 so
that 5 the hydg, ﬁhﬁﬁ head of the liquid will overcone the pressure

di fference. d distribution of the separator |iquids BOAHUSYS6479
separator/absorber |iquids for process heat exchange, the particul ar
arrangenent of heat exchangers 10 for feed ub&-cooling, and the choice of
process streans. f or specific heat exchange services nust be eval uated for
each particul ar application. Mreover, the use of external refrigeration to
suppl ement the cooling avail abl e to the feed gas from ot her process streans

- 15 may be enpl oyeder@ant 34ul aflllé/ inl et as ri cher than
that used in Exa W || Agg ceeegén)éxz. HRI=SHeE 've .

anount of feed f 'ﬁﬁr?’ﬁt&c?lo ﬁ%@ﬁ%z%mé’wwremlﬁ danteaned in
stream 36a t hat |exslpﬂ.mgezbamwd2£btwm,é@ H OV Fo g N It Bant 3%') agegend on

several factors e r eed conposition and't
quantity of horseégc\glx\y/e#@%%g?ﬁlf% a?rf]&' ogtﬁtllrﬁﬁ'm‘g?ﬂ RSELHR © eﬁEPaI I y be
predicted w t hout et 387y QRFTRAG isheam.ci rThestemicee fgas asspecific
appl i cation 25 offuthanr e:taeﬁ:ted reee s oen. (sthe i dael! lél fteﬁgsggé' tions
depicted in FIGS.q zluﬁé(}._( ar.e thg__ referred feed | ocatfons tor the
process operating conditions d:eé’crtho ASRSTERY £158% GRSt iBebeaEati ons of
the mid-col um f&SHRARILR A0 déﬁ@mmewgdm galseuﬁﬁhemwescbmpﬂegﬁe@tmr

factors such as oha»mrsmhgeaaovmh)é |f€1‘t%|tsst§b‘é ;M0 Hxég{egﬁa&-v‘?cio&rﬁerr? 9 the

feed streansyqor eglg’g 3’% Eheof nbi ne

relative terrperat e and quan i 8| ?F&B&F §FP8§n§s ﬁ%%?@%%nm ned -
streamthen fed 3¢ $Fiven &vcsl &Wpﬂ-eménpaél pioerr Eb@ﬁce4w]hhdﬂough 6 ar e t he
preferred enbodi ruemprfe@se@heheo&’e@&&hboggsar@gt%gﬁsgg déai\%\( ][21

961 40604 -35 PCde g% 647% g_gndl ns showa t houg ST ream
expansion i s depicted in ErEhl §9° xBansPo*EGRERSE, C‘a‘PJf%‘F a4 Ve

expansi on means MEFiGE eeﬁﬁPo?é‘GdWﬁéréStreampaéph flewsFoo ehanlies gas
condi tions ey waipedtineosk diexpansiopi®fpthg. condensed liquid stream
(stream 33). The presgn tiLen vi d roved recovery of C3
conponents per anpunt ﬁo%u}ré ?Pt i??cSEE% ?%ﬂwngﬁﬁ?? HPE PRAYEAt e t he
process. An i nprS\‘?é‘ﬁEﬂPtFﬁnuf-PFl Fbeceneem| bhlustrated fn FI@per als ng the
1D deet hani zer peetefernhyiappREr £bDléWend Okabpé: reduced power requirenments
for conpression or re-conpression, reduced power requirenents for external
refrigeration, reduced energy requirenents for tower reboilers, or a

conbi nation thereof. Alternatively, if. desired, 15 increased C3 conponent
recovery can be obtained for a fixed utility consunption.




Wil e there have been descri bed what are believed to be preferred

enbodi nents of the invention, those skilled in the art will recognize that
ot her and 20 further nodifications may be nade thereto, e.g. to adg@qﬂquw
invention to various conditions, types of feed or other requirenents

W thout departing fromthe spirit of the present invention as deffined by
‘the foIIovm'@ggg}“;gs. 0O 8 MAY 2003 Clains 1 ~ 1 . In a .process for the
separation g& st ream cont ai ni ng net hane, 2 C= conponeiffiKUSaER6479
conponent s and heavi er hydrocarbon conponents into a volatile 3 , residue
gas fraction containing a major portion o¥®said nethane and C, conponents
and a 4 relatively less volatile fraction containing a najor portion of
said C conponents and heavi er hydrocarbon conponents, in which process (a)
said gas streamis treated in one or nore heat exchan~e 7 and/or expansion
steps to partially condense at | east ti t her eof and provi de thereby
.8 at least a first vapor stream and Q#Eggagg£one first C3-containing
li'quid stream which also 9 contains |i@¥#%r 3ydrocarbons; and 10 (b) at

| east one of said firstwﬂﬁm&iﬂiﬁmﬁmi”wed into a
distillation c wher gl jdliquid i1s separated 1nto a second vapor 1
? strean1conta?%#%%mpred%%g%%%%ly'%é#%%%e a 808 p FHEARS SN d Tokad
relativel y°l ess 33 vol ati®%&34Pacti obl2®nt ai ni @J&t he maj or3porti @rrsab said
C~ conponents andzheavi ergd47éydr ocgydon conmpgignts; the,i,gprovergsg
wherein 16 (1) sghd second apor strg mis co§lgd sufficiently to_condense
17 at least a paff of it, thefeby fotrt ng a céidensed strfedm  18175% a
portion of said 8®&ndensed 2¥9%am i sl2fdppl i ed ®89sai d 19 dbstil | agdsa col um
at a top feed posgtion; .,3063. VVidHgat |easij,qg portion of said4ghgst .
vapor str$3n1is 5Qtinate3¥ 2 % congfcted with at | east pan of the renmai ning
portion of said tondenses1$%am i ftiF2 35 0 85MAY 2003 28 conBAEEPng

devi ce having no3fore than on@ fractilgnati on 8age, therebysforni ng7a t-hird
23 vapor stream and a second C3-containing liquid stream 24 (4) said
second C3-containiqg Ikguid g;rean1is supplied to said 2~ distillation
colum as a second to; 2G (~) at least a portion of said third
vapor streamis di rBE®RaR€ nto 27 heat exchange rel ati os3awres sai d second
vapor stream ther ebytdmesupply the cooling of 28 stepgd dsqg and thereafter

di schargi pg at Iea;%2$¥%%##%ﬁn of said third vapor stream as said 29
a

vol atile residue g ; (6) said first C3 -containing liquid stream

i s heated and Residue Compression 21,210
Utilicy Heat, MBTU/Hr
Deethanizer Reboiler 22,298

* (Based on un-rounded flow ratés)

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



31 supplied to said distillation colum as a third feed thereto; and ~
(7) the quantities and tenperatures of said feed streans to said 33
contacting device and said distillation colum are effective to naintain

t he overhead 34 tenperatures of said contacting device and said 0 8 MAY 2003
distillation colum at tenperatures 35 whereby the mgjor portion of said C3
conponent s“ﬁ)gd hgpavi er hydrocarbon conponents 36 is recovered in said
relatively WL atile fraction. 2. The | nmpr ovenment acc&EAUSPH/4E47%] ai m 1
wherein at |east a portion of 2 said second C3-containing liquid streamis
heated prior to supplying said second C203F containing liquid streamto said

distillation colum: ., , 1 3. In a process for the separation of a gas -
stream cont ai ni ng nmet hane, Cz 2 conponents, C~ conponents and heavier
hydr ocar bon conponents into a volatile residue 37 ~ 8 MAY 2003 3456 7

8 9 10 11 12 &8ndfelbodbaided®d Lot 362 2vhHaE! LOR, @@;}ﬂf&é‘g a maj or

portion of said rrﬁt hane and C= conponents a rve ess vol atile
fraction cont SPnFRG 5°WEF or YRS iHrtor afaiad resudsepbatht shernaiwavi er
hydrocar bon cdepuhegt shei ovedtiedy OGS towerSand 6As Figeadyis treated in

one or nore h h r ansi on _steps t artially condense at
| east a porti gﬁg}t’ﬁégegﬁg%\%‘ﬂ%&rﬂgv‘?%e Zcroé’ﬁff 3trgl 88@?35 5835 "R por stream
~and at | edst BREPEFFiYe Eeedrataisrmsy At dlicdesendanpihiivh whenr.cont ai ns

: i ght gr hydr orat §oass ol db)caty il Setf_fﬁ&@ _aﬁ_lgagldtﬁé r%w&; - cont aijn: ng .
iquid strea e intg.a . distillati col u erej n sai i qui

i s separ at ednlaﬁ%%hgééegéoiﬁ%a\%&%r) &% @gﬁlvd%ﬁt ggﬁi ﬁ‘g"ﬁ?f&d?ﬁﬁ%ﬁ P et hane
and C, conpontfis exehanrger 2l 40 wainriladdy condehse ithe fdemtthand ze@nt ai ni ng
the maj or porévrermedd sedtkda %ﬁp%%@:b%taeﬂei}ééi{h?rdéyg{a%qe@a conponents;
t he |rrpr9§erre€£ X\hﬁreén "S(Fl J)__Saj.d se onﬂ,vagor stream1s cool ea
sufficiently To partralt @&?&H‘%&W Yt R&BBBY PRt thfta Qfatial | y :
condensed st reeRRrIIr/Alsbaert i15.] y Tbdsdwasedost rtleamase sepanat ed, t her eby
to forma thiFiGvap@reddsdMiiaded 7588 80FnEmaSR SN0 Jel Gyied stream (3)
at least a poﬁﬂc?&soefd sai ﬂ]second G -cgnt aini ng | ch streamis supplied
to said di-stillation co 2R 28T QYeFBERAd pBET EHD IS Z8deRi £ vapor stream
i s cool ed sufPFVidR Ithe & armedensweatiriving. folkd edmit alpawedothit, thereby
form ng ¥5 cortgets askcHam@to 3@curl 8 MAY 2003 .

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 gseparator 1l at -78°F and
570 psia where the vapor (stream 32) isg separated from
the condensed liquid (stream. 33).
The vapor (stream 32) from separator 11 enters a
35 work expansion machine 13 in which mechanical energy is



4 (~) at least a portion of said first vapor streamis intimtely 2[2
contacted with at |l east a portion of said condensed streamin a cont @MA%(}UU}
devi ce, having 26 no nore than one fractionation zone thereby formng a
fourth vapor streamand a third 27 C -containing liquid stream 28 (G at
| east a portion of said third C -containing liquid streamis 29 directed

(into heat e elation with said second vapor stream | eavi t he upper
30 region o&gg{)‘gﬁ'ﬁ{ stillation colum, thereby to supply t he? ?6%%?%47‘6

step (1) and partially 31 condense said second vapor stream 3? (7) said
third C3-containing liquid streamis theredfter supplied 33 to said
distillation colum as a second feed thereto; 34 (8) at |east 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

Lher eaf ter ! Sciartl a4 G sin g AOXI0%, 0k LS LM Lk aggE sbgam as

said volatile 37 residue gas fraction; 38 (9 taining

Iiquid stream i PhdRFEIFRERARAT e d’%% anrf’rtalﬁjéﬂf colum as a
third feed theridentioph ) {1 Hrdme @itsdsute ofbdMErapdias cef asai d

feed streans t e dsald istillation colum are
effective to rr%lrsﬁada%ndé[lhe oqa\t'/ﬂgcﬁ%]ﬂear%sd%gt% et at U eesrao S EeESHFSCPan

devi ce and Zai PRI IIRARFPIEAHD Jat "211:}'1'{ driferanit sowieasdlop cheliagor
portion of saicdtHs Wt&m Ay itey & Whngeaar ahﬁﬂ»er of, » Vn 44

conmponents is r%%]@/oggl%équs cb.;aebl ati c,ﬁlsf_jﬁal yet’%Pgsa(ﬁS%ﬁ m%; rag i on. 0

8 MAY 2003 1 4 accor di'ffy rA-a¥ Ieast a
portion of 2 seﬁQildcemi’rQ!i @t@m A28 ranterfuith s thawen issdidanediprior to

bei ng directed depardiant/aediege 13 1 elmald i guid palﬂo%e%@n@h&apor stream

13456 7,89 1~ In 1768 or, the separation of
a has stre-??am con m#er%%r}:eﬁ%e mEgl’%%-rﬁi é'%tkg 1&%75‘ é‘ g and heavi er
hydr ocar bon corfsomerassd ifnam éhmlaéftaqrébm&mﬂm::gm andadihieosonbhnedni ng a
naj or portion oh@eml g@éﬁﬂaw&u@% G B I a@ia%bwsbyokséﬁ
volatile fracti éy 9 /18] orti nof é”?‘ n‘g ents and
heavi er hydrocarbén co?gp ent s AR P 6‘5’5’55{ axéaa& sEFESHPi s
treated in one WSefprapwass l'émmmigé'-he amqnbmmmmrsaagsa.sm partially
condense ais| easdntadidd Wt hefepf i %ﬂ@rﬁ\ﬂ!lq_%gt @dﬁh&ﬁt tbeashddnbér st
vapor stream argqlqit I £ast « ne f| rst ontealvg[ n “%Pl %t ream whi ch al so
contains |ighter ot ar bons REEYHE 5058 &-first

C3-cont ai ni ng i qui df'l'si r%@%in%i dll{cadtde@tlrrﬁa@ @ difan [tdei brttoluaf wherein

said liquid is tﬂ@%’e}iﬁiﬂd’ﬁl&ﬁb&&fé&ndyaﬁo&oﬁﬂé@@cﬁ%@ @kBHanger

predom nantly monent and s rela | ess voI atile
fraction containi We%e nﬁ"%orW%por |nig°n (Zsftrseff“da‘ilé) %lr?@%teé 8Rd heavi er
hydr ocar bﬁoco%m@dQ%§QQﬁ%%@%mhmmqg ﬁe)edsaiaé 8&cond vapor
streamis cool elesuififieni aRidlid®. Conae etplihed Alid@dsistaepdl bsof it

thereby form ng,a &QNdeNset«# §UBrially vaporizing stream 35b before
- it is supplied as a mid-column feed to deethanizer 17.
The separator liquid (stream 33) is flash expanded to
25 slightly above the 411 psia operating pressure of
deethanizer 17 by expansion valve 12, cooling stream 33
Lo -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-
30 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
a5 storage.



40 0 8 MAY 2003 1 g . (2) at least a portion of said first vapor stream
isintimtely 19 contacted with at |east a portion of said condensed stream
in [at | east oneJ a contacting 20 devi ce having no nore than one UBMA& 2003
fractionation zone, thereby formng a third vapor stream 21 and a secon
-C,-containing liquid stream 2'' (3) at least a portion of said second
C3-cont ai ni ngwbiggHb&4stream 23 is heated and is thereafter sulct%I ied to said
distillation col’'Um at a top feed position; (4) at |east a pS A EH"F%aid
‘third vapor streamis directed into 25 heat exchange relation with said
second vapor stream thereby to supply the%@goling of 26 step ( 1) and
thereafter discharjing at |east a portion of said third vapor streamas -
said 27 volatile residue gas fraction; 2S (~) said first C3-containing
liquid streamis heated and 29 supplied to said distillation colum as a

second feed thereto; Thd Sfexfidd Hrsntrd i8S d@gghggqgg?ay_yrgg of said
feed streans to ﬁ%igtgl cg(r;%t,]glrpti %&vi ce and said distillation colum are
effective to maintarnthe Eﬂb'%g PVEE R PRRES LRI RFBSEBEE aeEi ng

devi ce and sai d 8eBaiiater/aveaxdarmisat iipenaAlowestB3 vBeERRYit&e naj or
portion of said &Grafr Vigeh d n onents 34 is
recovered in_sai relﬁ??\r}ggérl Z{s%ljvéo atai%l)etg’%sré%%lg%ﬁgelgggylﬂh]é?lu%lbpar at us
for the sepalatiBh*bfe%¥F Forthidfch FheBcRaABEOCthe BBRBONBRT S 0ICIOE
conponents and heerdeacymiaicander ASNPOIANheatNERcRaN@bAl2h e F1Esi due W w
gas fraction congadmLeh | it L,QN _gf .Sai e, and .C= conponents
and a 41 OBVAY2003 éﬁ%{fﬁ\%}h% C_le'sag v% a?i Fg ??%%??%% ot i ng a maj or
portion of said T 1000 WRERy BE e¥RphARGt StTeam a4 dpeam at us
there being 6 (agepamratnT/falsorberstisheabotinfatge SELEST ardli .Oor egpansi ons7

means coopefi@ti V?é&’ré‘é?ﬁ‘%)eﬁnhop%:@ﬁ‘i? af, nggéigneiga_rt' al |y condensed
gas stream (b) sagg%,rﬁtlon means Tconnect 8d-fo Tecelve sai rtially 9 .

condensed gas stF e coR(epe6di aEngamhie ebhentsuppkied: ta rtdte vapor-
stream and at | esspaxitameckitish Cn- 8ephehBbhfabisithek Wiwdy alss Qi ai ns

| i ghter hydrocar ' distillation.colu connected to receive
at | east one of égga?(sjcoll‘%ﬁ?lls%?t& -ggnkgi %?%%rﬁ%ﬁji %‘?%ﬁ%ﬂncd%qs?dadapt ed
to separate sai dHRPeamFfit ¥25C8EeBAEA1RaRAPoFOmR IS Widt dihe vgpor

predoni nant1y metisimy drdmCtheopesenabsartisqi shdtel t i 06| abrkft dHRSS
volatile fracti (dbi1Eiacs! ; i poL t4 | d conponent s .and
heavier 1 ~ hydrocarhb ntggﬂg'gﬁigﬁt gekg%mt%ie jl'ér)r%kfagé\lgeﬁn%ln .u%éerrei nosad of

appar atus i ncl ucfeesf)aff'%(orfagggﬁgﬁﬁdiﬁeatT’%%c‘l‘n%ﬁfb%“ﬁﬁ?aﬂé-%%é@t ddvidedai d
distillation 18 ig$uwo portdeonse enédpsering, \epmans t4gadsanduted tot

sufficiently to wndense t of_d form
condensed Sztd earg, &Esb‘é_ﬁ%hgaségtpé‘ﬁ of & eéc?ﬁatcg%%re/%g%é\?ggseg‘: ggc%rsldensed

£24Q (J-é) 19 Vl.gl nﬂameans connect 21V
stream ? 1 and to divide T4 bHABNSRRE_REr B aHS WP s stisdng sewend | i quid
streans, said ditArsuey ®BensbAorbinggsécridier Immenimed portdod,
distillation CO|sﬁﬂéa§r03§l,Jp@EYS§§bﬂiéaré$_&é%aﬂ:i Sh7eaD t2531dy,
distillation coll‘llmgjgg_ a tgg,.fggd posi tion; . contacting ang :
separating mean's?_q nifact By -PorPELET RETgam 392 £lowing, to gntep §8Bd second
liquid stream aRPiFt lonadeethpoizeonldfatsai LFdR.st vapor stream
25 The distillation stream leaving the toép 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




42 n 8 MY 200s 26 wherein said liquid and vapor are commngled in a
contacting device hav~-n~ no nore ?7 than one fractionation zone, sajd
contacting and separating means including separating 28 nmeans to &@py 2003
the vapor and liquid after contact in said contacting device to forma 29
third vapor streamand a second C -containing liquid stream 3p (4) said
contacting and separating neans being further 31 connected to said
distillation PO supply said second C~-containing |iqui PEHYLER32
separated therein to said distillation colum as a second feed thereto; ;3
(5) said contacting and separating nmeans bei2idr further 34 connected to said
second heat exchange neans to direct at |east a portion of said third 3 5
vapor stream separated therein into heat exchange relation with said second
vapor stream _ ' 36 (6) first heat exchange nmeans connected to said
separation 37 neans.| i | Iest. G - jnin'_lLiquid and heat
it; .said first hegtaf‘gggﬁgﬁge%gsa%‘g%é B3 PR TR mowel et |
distillation col uWRi€h FPEPraesseai thaesgebdyes rgas OB BRawIdd) niteyg silgsi d as
a third feed thergtiae pRdssule(7)A£Od r@bolBaNSi RABN@hAR BQYlat @3t he
gquantities and 41 hen‘gera ures_of saéad fe?d streaﬁeto sai d contacting and
separating neans afng £5P4°%3 RE(PFPMTFon' THITAM LS £ k& SoFartRSad
t enperatures Bf sghd popeddhengt ahtio 48 mwhadLl ipgiaeans and said
distillation colum at at E%&%Uéf%ﬁf@ézf?bﬁ’lé&‘%é@éﬂ%@%ﬁ gy44 of said C3
&

conponent s and heavi er comgongnts is recovered | n sai ati'vely | ess
vol atile 4~ fract FORSUWIPTLOR3Tor othe \prOCRRR Jllustrffed By FCnefit 1S
according to cl ai se6 fhrthi insthe tabileadielnwand separati ng neans is
connected to said first heat exchange neans whereby at |east a 3 portion,of
said second C=-containing liquid stream separated therein is heated, said
first 4 heat exchange neans being furthe ed to said distillation
columm to supply said heated second C, - coI&.ni4dg liquid streamto said
distillation colum as a segRdf 9%‘,%&@5%0; 18, Mok ﬁ@ar atus for

t he separation of _a gas confal ni ng et hane, conponent s, conponent s
and heavi er hydro@-&Fg%ﬁ con%%%’é%?—g i A0S 0| otRYPANS;| JBHL3NgSL | ton

containing a major Pdortion o8izadtd netdm@e and C871nponent a3and as?s40
relatively less vol ggile fraghpgp contfddy ng a Ny porti oglgf sa5§4
e

conponent s ang heavégr corrponenté, in sald apparatus there ing 6 (a) one
or more first-heat change ne4n® and/ oﬂ‘”expansi A?% neans éaaperat'ﬁ‘ T*y
connected to providédSat | east2®he partikd9y condé&®skd gas sthZam 84LBP
first separation neags connechgglgto reggdye said paytially 9 gondenggdsgas
stream thereby proyjding the at least a first vapor stream and

| east 10 one first %;b-cont ai n#ﬁggl i quilog“%ni ch al sto_ contains | ?ght er4%5
hydr ocarbons; and 129(c) a di s84¥Fl ati omk&bl utm cord&cted to r@cei velass

| east one of 282 sai gafirst Cgiggptai nifnd i qui d stggeans whi chgi s agapged to

separate said streapgLinto a
P gy 0 16 823 439 1279

Recoveriesx

Propane 93.68%

Butanes+ 100.00%
25 Horsepower

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



13 second vapor stream containing predom nantly nethane and C, conponents
and said ,, . 14 relatively less volatile fraction containing the major
portion of said C, conponents and 1 ~ heavi er hydrocarbon conponent 9 § .
0 8 MAY 2003 10 the inprovenent wherein said apparatus includes 17 §;:N6 2003
second heat exchange neans connected to said distillation 18 colum to
- receive sai vapor stream and cool it sufficiently

condense 1§QP?%8@ﬂgreby formng a partially condensed stre3§¥2§%%k second
separating nmeans connected to said second heat 21 exchange neans to receive
said partially condensed stream and sepa?éte it, thereby to 22 forma third
vapor stream and a second C3-containing |liquid strean1 said second ?3 ’
separating means being further connected to said distillation colum to
supply at least a 24 portion of said second C3-containing liquid streamto

sai d distillat m@mts@im@ntlaé ded Ofed Q‘.‘?dc&% b | Bdcovdrf Jnitilai rd heat
exchange nmeans_connected to sajd second

third vapor st?3BraRg F]ANGKIY °é'fll?t e G%‘Bﬁ&é 1@naROBILAMRE 4 part

of it, therebyahdrpiegital tiorddresad refud remed® . (4)I‘heonbmpi:es|glcand separating

means connect efotfep S8k Vs oD JHRAS w10 LedRed g § m stream .
ere| n sal

and at | ea t a gortlon of said first vapor _ stream liquid

and vapor are RonthhdEPT LF (Rﬁﬂ%?@tsleﬁg Hé‘&lléetﬁévPﬁglhBYnkéﬁ’aé: 32 than one

fractionati on zeysl rapent cientnaotd rtgaamndweapypabvag peaosnt dwedt ng

separating 33 gﬁgz{\saﬁ}? éfegﬂ{%?q. \é@pggoggg Ligquid after contact in said
to fTorma “Sur th

contacting device por sPream and a third
C3- cont ai ni ng | i qui CPREHE the pIeseatdiswesrdoRese E&@hﬁ?ﬂg@-’ @&dns bei ng
further connecpescess ,didpllayeniith GGt agt i Agrandhaepamnpé rm:r@amﬁ to >

receive at, Ieagﬁeas d‘tdﬁ}ﬁb&@b%rt |i| h_ggg igﬁgg%aég%ln?nléﬂ.}u stream

separatedtherelna I Nt o ere ion Wi th 45 0 8
MAY ?0-s 38 sat®f Ut BRPorisFli&ant) eati ket fieedppetnt egp on of said -
distillation c@émrranimmakw t an3¢heoghcand pabtests| yreesdlanismigai d second
vapor stream & (A S &P Rl iRy eXa0a0 0 TRans, DELY. Tur Lher

I rd C3-containing

connected 41 tQ said dlzé_l atl on co K
liquid streamT"HY 49%itQMRETAUSR P8I Eﬁ‘ﬂ Qgeﬁ 3RLEPE FEEdeAer et 0; 43
(7) said tbnt acapary arRl°Fepdrsanmucy weanerbehan thet hero9® fminected to said

third heat exchanuerdmans d diizeiel 38h | 2831 c2cPAE T LA, Alne Tk TRULN 45

vapor stream sg Lrated therein into exc idthird
vapor stream R 19qide %é‘é’ta”e%‘@ﬁ&ﬁﬂé%éﬂsm%%ﬁ%%‘?e@“? @?&Fﬁdsepar ation
47 neans to repeipAnes @ fHaastie@3-compbaentngohcentaeion hreamd t; said

first heat exchange JRaid DAYnbUEbacr s ngeesgsd e SAlh Sl 3 fation

colum1to§ov de sm%#)satedflrst talnin ?q;lgl
thereto; aRd ol®hEETs t&&aﬁ?%ﬂh?ﬁ ?%ﬁu?%lt 48 e FfudntiP¥eEs and ~
1 tenperatur eszﬁd Roihtf.ceThsitsr damsurh shbderondathée ner®I®l separ ati ng neans

and said ~2 di sdigdaidn o Yr fd@ema&aég a@@rﬁasa £ GHRLaf ures of
said contacti n nd ~3 sean%ratl F‘ﬁtﬁ' s and salLd distilTation colum at

terrperatures L9 BhReshegd CROSHpRsPee8Rd heavi er
conponents is ‘2@@6&1&&3& ithes sleg ireldaprropayel| 258 heiwiert ecomponent

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

separating,neans to receive said .



> fraction. 1 9. The inprovenent according to claim8 wherein said
contacting and V ~ 2 separating neans is connected to said first heat -~
exchange neans whereby at |east a 3 portion of said third C3-contdl $iMAY 2003
liquid stream separated therein is heated, said first heat 46 0 8 MAY
20034 G134JJ6 78910 11 12 13 14 1~ 1G exchange neans being further
connected to said second heat exchange neans to direct said heated third C
-containi n‘ﬁoﬁﬁ/dﬂﬁoﬁ streaminto heat exchange relation wt hPEH VP8¢ 8nd
vapor stream | eaving the upper region of said distillation colum. 10. In
an apparatus for the separation of a gas2%ontaini ng nethane, C conponents,
C, conponents. and heavi er hydrocarbon conponents into a volatile residue
gas fraction containing a major portion of said nmethane and C, conponents
and a relatively less volatile fraction containing a major portion of said
~ Co”pon?”tst%%d Q%%&hschBﬂEHﬁeﬁﬁé | Ny$eh de RODAT 24 i&é‘eﬁéleé’ﬁ&#‘g (a) one
.or nore first eaf exchange neans an%/or_ex ansion means cooperatively
connected to [FPOY §8ealnFeBingofieefagefalrynedhderchangas 10+ c&lds (b)

Sﬁpar gt ion rrpa@mlcmﬁnenaedthel feseauef gasd(petéanl iyaﬁolﬁﬁigﬂdsﬁﬁbiﬂ@ﬁ stream
.thereby providing thereby, at |east. LI apoj _stream an east one
first C;-cont&FnlﬁStIF5§¥3n§ﬁchaa gorggﬁ%gghs %79 t§$5 g%fogéﬁbons; and
(c) a disthil| aesddueopaamcennantecdheatrescharger 1@aat drneavresaid first

C, - cont ai ni ng cleh@eirdeatecapBivii €A ESradapl 6@s t SpSLRBIRG erigai B! ream i nto
a second vapor stre%n1 ont ai ni ng grego ant | neth%n and_C~ conponents

and said reIaFFP@F? sz§g§8F§?FI3 ?r 3$¥%ﬁnﬁﬁ%¥37%i bg?%% %Eﬁ%ﬁu%g%tion of
sai d C3 conpoldesordindliieavher ragidee agdsnenospd nermrresser | hprav erent :

v~herein sai ddgperabeessiebUdiaSthe FI¥.l440rocdssS MY 2&3 17 (1) second
heat exchange neans connected to said dkﬁ%%?éatlon %§%§°| recei ve
n

u 0
sai d secord V§S§Pr§FPé8ﬁ1 RESEBBIEFt 2y %¥?yn?% %%ﬁ@%i%%e east a 19
part of it, tlaeckpesidoai ggsatoontipatinespresdyre) (2) contacting and -
separating nmeans connected to receive at 21 |least a portion of said
condensed stream and at |least a portion of said first vapor stream 2?
wherein said %?§§$§—a2d vapor are commngled in a contacting device having
no nore 33 than on&IGraét repuesentgonbe pueferved aembodinent separhe i ng

means i ncl udi RGe3ePR’ Abi/BHr 24n"RBESthE SERBERLCutdCaN@PPFeddidrd i quid after
cont act I Saldﬁ%ﬁﬂt%ptlnﬂ dev#ce to fg a 25 iflrd g@ggr strgan1and a
second CFcontSRHrd OPEqIRG™E: PESATSS6 Eg%YPi?% H BT EIRENGE neans
connected to sdimplestt adtephgaxminggmenpafari AgIHveMmsCt ¢OMPOBERE at | east a

Eorti on of fSSiz?.e_ 1@3e§QEt Al Qhﬂgnhigghé:@%@@ﬂfﬁ &EPEGRt b d he[) eign a_n(cji
eat I1t, sal I,I St eal. excnangg neans _peln urt I Qnnect sal
distillation é’&’ﬁ%?jflg gﬁﬁp??.m?alsﬁ %oélﬁoé]c?nste%oeﬁ VEs- cgrc?traie%%ﬁglgli%g&?’d

stream to sai ¢h®0 s@met EfikEyn copFumptionacanpbe ceghpeved wPingl (4) said
contacti i anGneRPddtnBgaiRans BQiEﬁefEEEQQﬁt 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 8°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



32 connected to said second heat exchange neans to direct at |east a
portion of said third 33 vapor stream separated therein into heat exchange
relation with said second vapor stream 34 (~) said first exchangilté'reans
further connected to said 3~ separation neans to receive said fir MAY 2003
C -containing liquid and heat it; said first heat 36 exchange neans being
‘further conngelogdede® said distillation colum to provide sak&@g%o%%g, .
37 first C~-containing liquid as a second feed thereto; and 8 MAY
2003 ;g (6) control nmeans adapted to regzgéate the quantities and ,9
tenperatures of said feed streans to said contacting and separati ng means
and said 40 distillation colum to maintain the overhead tenperatures of
said contacting and 41 separating neans and said distillation colum at

t enper atures whereby the mpjor portion 42 of said C3 conponents and heavi er
conponents is isepaveted/ebssabdrrebdér VES Y dRssinglsireba §8 fraction 49

. AE. A Aa. Af. A3
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LEEe>"" | val gb] \(kbreancabspl 67 £2d GallGads 3 C%]nq:%lrﬁﬁg % a] ca] ca] ca] ca] ca]c
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- M1)&3)6) ))) ore BFca a] ca] c®

e D
% c call ca c

aU] ca] cal ca] c g] a%g U% %;%ff%‘]zca cz'a:glca ga] %g fa cagl cfaﬁehcae%ca] caU] ca
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aU] ca] cal] ca d
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U] ca] ca] ca caL}]z”ca C;f 5] ca? ﬁLJf%%T%%’tﬁ}%aﬁltfﬁi‘(%Ft‘%’%PE'éUfEﬁ%ﬂ-‘& Ta] ca] cal

Ca] Ca] cal & 9CFJF3!-§$.C1?E;.1?91'-_‘L§CBR 48 the|] deethanizer at 198°F and is '

s UsX<<<g<< t
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ok
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cajca]ca]ca ca ca
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cal] ca] ca] ca] cEHU&3} cale]‘ci?eH°<f'a]l@a}iea‘]eca]Eda}na1]1eat} cetatainge] eallaaloa)] cal cal cal
caj ca 25 with the overhead (stream from sepa

@B]gca?ca] ca] cal ca
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ytoj e’ [ UUU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca]
.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 92?" @\ }
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15 ~ Propane : 93.72%
Butanes+ _  99.99%
Horsepower
Residue Compression 17,580
Utility Heat, MBTU/Hr
20 Deethanizer Reboiler 15,999

* (Based on un-rounded flow rates)

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 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 regquirement 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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present invention requires slightly more compression
horsepower (about 0.25 percent) than the FIG. 4
embodiment, but uses about 1.7 percent less utility
heat for the deethanizer reboiler. These two '

5 embodiments of the present invention have essentially
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 d

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 composition
‘and conditions considered in the process illlustrated 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 game as that used in FIG. 4. The difference lies in the
disposition of the combined liquid stream from
separator/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 coocled to 110°F (stream 37a) in heat exchanger
19 before flowing to storage. |
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The operating pressure in deethanizer 17 isg
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 -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 pértial 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-compressged in
two stages. The first stage is compressor l4 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

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 - Ib. Moles/Hr _
Stream Methane Ethane Propane Butanes+ Total
5 31 81340 4128 878 439 87840
32 80347 3746 596 137 85861
33 993 382 282 302 1879
35 4995 2983 826 153 9080
36 5988 3349 285 17 9781 d
10 34 81340 4112 55 1 86562
37 0 16 823 438 1278
Recoverieg¥
Propane 93.68%
Butanes+ 99.83%
15 Hor weyr
Residue Compression 20,215
tilit eat Hr
Deethanizer Reboilex 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
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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 advantageocus, for instance, to
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
condensate should bypass the separator/absorber. Feed
gas cconditions, 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
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
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
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. In this case, the combined
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
that the combined liquid stream can be supplied (after
heat exchange with other process streams as described

() &0

49 &10%{ & &'() /
PCT/US96/06479.
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in Examples 1, 2 and 3) to deethanizer 17 without
pumping. Still another alternative is to mount
separator/absorber 15 at' a sufficient elevation )
relative to the feed position on deethanizer 17 so that
the hydrostatic head of the ligquid will overcome the
pressure difference.

The use and distribution of the separator liquids
and the separator/absorber liguids for process heat
exchange, the particular arrangement of heat exchangers
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
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
ligquid contained in stream 36a that is split between
the two towers in FIG. 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
the particular circumstances for a specific application
of the present invention. The mid-column feed
positions depicted in FIGS. 4 through 6 are the
preferred feed locations for the process operating
conditions described. However, the relative locations
of the mid-column feeds may vary depending on inlet
composition or other factors such as desired recovery
levels, etc. Moreover, .two or more of the feed
Streams, or portions thereof, may be combined depending
on the relative temperature and quantities of
individual streams, and the combined stream then fed to
a mid-column feed position. FIGS. 4 through 6 are the

‘preferred embodiments for the compositions and pressure
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utility consumption required for operating the
10 deethanizer process may appear in the form of reduced
power requirements for compression or re-compreésion, St
reduced power requirements for external 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 preférred embodiments of the invention, those
skilled in the art will recognize that other and
20 further modifications may be made thereto, e.g. to
adapt the invention to various conditions, types of
feed or other requirements without departing from the
spirit of the present invention as defined by the
foilowing claims.
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3 residue gas fraction containing a major portion of said methane and C, components and a

4 relatively less volatile fraction containing 2 major portion of said C; components and

wh

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 is cooled sufficiently to condense
17 at least a part of it, 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;,_

e ®
&

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

2 contacted with at least part of the remaining portion of said condensed stream in a

36
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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 is recovered in said relatively less volatile fraction.

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

ro

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

(8]

containing liquid stream to said distillation column;

-
-

o *

\-\:-

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

3

components, C; components and heavier hydrocarbon components into a volatile residue
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(2) said partially condensed stream is separated, thereby to

010°/$

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

20 (3) at least a portion of said second C,-containing liquid stream

21 is supplied to said distillation column at a top feed position;

22 (4) said third vapor stream is cooled sufficiently to condense at
& ' ’ g

23 least a part of it, thereby forming a condensed stream;
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10%;54& ( b}-cgl‘gflaining liquid stream;
28 (6) at least a portion of said third C;-containing liquid stream is
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 (7) 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 is 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 said C, components and heavier hydrocarbon

- ?
bt

44 components is recovered in said relatively less volatile fraction.

39
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GLO%& (spid third Cs-containing liquid stream is heated prior to being directed into heat exchange

3 relation with said second vapor stream.

1 5.  Inaprocess for the separation of a gas stream containing methane.

19

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

2

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 l .
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
5 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;
13 the improvement wherein
16 (D said second vapor stream is cooled sufficiently to condense

o 7
b

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

40
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: 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 1s 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.

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

[

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

[F3]

41
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-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 (¢) adistillation column connected to receive at least one of said
12 first C,-containing liquid streams which 1s 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 (N 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
77

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;

"
o

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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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 (3) said contacting and separating means being further

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

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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6 thereto.
1 8. Inan apparatus for the separation of a gas containing methane, C,
2 components, C; components and heavier hydrocarbon components into a volatile residue »

W

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 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
2 said first C;-containing liquid streams which is adapted to separate said stream into a
13 second vapor stream containing predomiBantly methane and C, components and said
14 relatively lig volatile fraction containin‘g the major portion of said C, components and

heavier hydrocarbon components;
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20 (2) second separating means connected to said second heat

21 exchange means to receive said partially condensed stream and separate it, thereby to

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

23 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 positibn;

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 comected 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
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;

35 (5) said seconci_heat exchange means being further connected
36 to said contgé’ting and separating means to receive at least a portion of said third C;-

37  containing liquid stream separated therein and direct it into heat exchange relation with
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43 (7) said contacting and separating means being further

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

45 vapor stream separated therein into heat exchange relation with said third vapor stream;

46 (8) first heat exchange means connected to said separation >
47 means to receive said first C;-containing liquid and heat it; said first heat exchange means _
48 being further connected to said distillation column to provide said heated first C,-

49 containing liquid as a third feed thereto; and

50 (9) 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

o, M
&

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

9

(O8]

portion of said third C,-containing liquid stream separated therein is heated, said first heat
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4 relatively less volatile fraction containing a 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 (c) a distillation column connected to receive at least one of
12 said first C;-containing liquid streams which 1s 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

¢e
ALY
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29 said distillation column to supply said heated second C;-containing liquid stream to said

30 distillation column at a top feed position;

31 4 said contacting and separating means being further

w
o

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

[ 93]
(93]

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

[P
I~

(3) said first exchange means further connected to said

(%]
wy

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

36 exchange means being further connected 1o said distillation column to provide said heated

»
&

37 first C;-containing liquid as a second feed thereto; and
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40  distillation column to maintain the overhead temperatures of said contacting and
41 separating means and said distillation column at temperatures whereby the major portion
42 of said C; components and heavier components is recovered in said relatively less volatile

43 fraction
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