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Descripti 03’90 98’17609 Hydr ocarbon UeRL9340

Pr ocessi ng 5 Background of the Invention

This invention relates to a process for the separation of a gas contai ning
hydr ocar bons. Propyl ene, propane and/or heavi er
hydr ocar bons can be recovered froma 10 _j. variety of gases, such as
natural gas, refinery gas, and synthetic gas streans obtained from
ot her hydrocarbon materials such as c crude oil, naphtha, oil shale,

tar sands, and lignite. Nat U%Lag{sl—b%sual |y has a nmaj or proportion
of net hane and et hane, i.e., nethane and et hane together conprise
at | east 50 nole percent of the gas. The gas_al so _contains

relatively |l esser anopunts of heaS3¥ELCAVN L8R IEROEESIBEICh as propane, but anes,
pent anes and 15 the like, as well as hydrogen, nitrogen, carbon dioxide
and ot her gases. The present invention is generally
concesned with the recovery of propyl ene, propane and heavi er

hydr ocarbons #rom such gas streans. A typical analysis of a gas
stream to bBagkgnoundfdh¢ Inventtenr dance with this invention would be, in
approxi mate nol e percri.gt,. 92.6% net hane, 4. 7% et hane and other Cerr]
conmponents, 1.0% 20 1S InyEniion feiates i 6?%%%@%%58#@?1%9%&%%&5@ ane,
0. 2% nor mal yhib Akons0- 16% pent anes plus, with the bal ance made up
of nitrogen “and carbon di oxi de. Sul fur containing gases are al so
someti mes present. Propylene, propane and/or heavi€hkydio&drbénsCaahlbe réy®lerdd from a
fluctuations jn the prices of both natural gas and its natural gas
i quit® ( NGLYariehnhet sasee siich #rnAtupkbepse dineReaSnenknmthetic spaFiearns optaimsdne and

25 h ' - Lig W r . Jihi s resulted in, a
dorand for DonnE HRRRERR iferid O, RBHL Ehte oMb nEE ofiShle B 5ol mad o
these produigmite. Neidabpdseuspalde Bsssemafop broportion of meé@RA¢ aid Aland)§8€ m@BhAel al S

I ncl ude those based upon cooling and refigeration of gas, oil

absor pt i on, andrfghanertpgeiagreoaprise pt lgps SO mols percanoti the gas. | The gasyadspeeninains

processes ukar_because of the availability of

acononi cal q%gagilvgl%ﬁisq ﬁg?&r%? gﬁlﬁ%g/gerrl}g%gar 303 Su as propane?butanes, pex}/tanes and
15 the like, as well as hydrogen, nitrogen, carbon dioxide and other gases.

The present invention is generally concerned with the recovery of
propylene, propane and heavier hydrocarbons from such gas streams. A typical analysis
of a gas stream to be processed in accordance with this invention would be, in
approximate mole percent, 92.6% methane, 4.7% ethane and other C, components, 1.0%

20 propane and other C; components, 0.2% iso-butane, 0.2% normal butane, 0.16% pentanes
plus, with the balance made up of nitrogen and carbon dioxide. Sulfur containing gases
are also sometimes present.

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

25 heavier components as liquid products. This has resulted in a demand for processes that
can provide more efficient recoveries of these products. Available processes for

L separ.ating‘ these materials ip.'clude t'hosc,based.u;cui__ E:'OQFHig and _reﬁ-igera;ibn'af gas,.oil -

absorption, and refrig.e_rated oil ébsofption. AdHitionally‘; cry;geni;)roceése:s have R

become popular because.of the availability of economical equipment that prodt;ces power

-

-

-
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whi | e si mubbsmsous| y expandi ng and extracting heat from t hRRCHESIHEBHY
processed. Dependi ng upon the pressure of the gas source, the

ri chness (ethane and heavi er hydr ocar bons content) of the gas, and
the desired end products, each of these processes or a conbi nation
t hereof nmay be enpl oyed. 5 The cryogeni ¢ expansi on

process is now generally preferred for'%?opane recovery because it
provi des maxi mumsinplicity wth ease of start up, op%rxing
[

" f1 exi bi | i while sjoudtangdusky expending apdexiractipg heai fepm Hie 825 deingyproggseed. pat . Nos.

4.157,904 : 171,964 4, 4,617,039,
4. 687, agoDenengi wRos hepiestire ophe 23S scutce, i ipfedtbunatle lEnERRer oS30 £ac
and 5, 275, 0052 b&iscoH@n) oBthdlals; arlihe 3Ssivtd@nd peoduededty ofhese prégepddsat i on
no. 08/ 337,172 and co-pendi ng application no. 08/696, 114 descri be rel evant

precessesa combination thereof may be employedn a typi cal cryogeni c expansi on
recovery process, agLeed gas st ream un i.S cool ed by

der . ) ressure
heat’ exchange with offhEY B HESTRANGIPIPRRCH} Eélé’?sgeé’r‘?ﬁaﬁ)lé'rpr%éfrgfl £ propane
. _sources o [ ' mRanPsi BRy GOMRIRE ' fdd j on
ystem AIéeC{) ﬁgergl 'Sgcgiu%lt‘ﬁ?oﬁ?!és\sng%% ed, £lﬁii%guiﬁy m?%%%n@géﬁgﬁy col ifcted
i n one or flsxibRity goad effiviencgssafiétghand good reliabi e¥s8rRat WNopi4disS 7¢89dt ai ni ng -

f the desired C3 . [ i f
he gas afd7iAEseeua ot ATRGaT ab Sl HEAbA BN R A0S EHR0F . il Ty be
expanded afgsa,gk?,vexe%@ms%}Hsg,staﬁ,gar{d@}ﬁs 08RGk TS, PAPRL] ZREOOROQRGHIE! NI

during Xpansi on’ o iquids Tesults In further cooling o

st rgam Uaﬂqrcaﬁ@nﬁo,mmminrmd cdbending applieationabi 08/696)1&1hdeferipe edavane
liquids prior to the expansion may be desirable in order to

further | pwsessehe tenperature resulting fromthe expansion. The expanded

stream co ggé{[)ﬁ:'z@ag gﬁp@eﬁ% lé;(gang{onlzr%)fﬂd)ﬁ& ﬁl{&gesg aPREq lgia§ sti‘éa gh&? at ed

inadistillation ( ani n the colffum, t

expansi on peRQire s &oledasi ekt exchamgeeyithlbther btreachstof theprdtess@nd/or external r esi dual
met hane, ethane. nitrogen, and other volatile gases as overhead vapor from
the 25  sourcesaxfirefsigeadon SWHCRFARIGDHIF OHIPASSSION-TR TIECHRINISTHCHo hOIERRE as

oL AL e by MR BRI
the parti gleseap#ighatoRAinGd sobe: ¢fake debitel U gbmponemk Degndiigon the
machi ne or engine, or an expansion valve, to a |lower pressure_at which
addi t i onalrichiagsipfithe gas and the amoupboldighidsfossed, thebightorespure Jiquidsmenbe i ng of
the str eargxpz;lr_) gd Por'cga ower %re%gx}rg ind i&%&ﬁ‘o%fa{’e'&. iﬁxe vaporization occurring during
expansion of the liquids results in further cooling of the stream. Under some conditions,
20 pre-cooling the high pressure liquids prior to the expansion may be desirable in order to
further lower the temperature resulting from the expansion. The expanded stream,
comprising a mixture of liquid and vapor, is fractionated in a distillation (deethanizer)
column. In the column, the expansion cooled stream(s) is (are) distilled to separate
residual methane, ethane, nitrogen, and other volatile gases as overhead vapor from the
25 desired C, components and heavier hydrocarbon components as bottom liquid product.
If the feed gas is not tota}ly condensed (typically it is npt), the vapor
<. remaiﬁing-from_-the pértial condénsation cén 1E)e péss_ed througil a work éxpansion
- .rhacﬁine .or engine, or an eﬁphnsion \}alve, to a lower pressure at which additional liquids

are condensed as a result of further cooling of the stream. The pressure after expansion is



-
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slightly Y 831 76p% pressure at which the distillation col urmpclTéUSog[-)”el?%?toed.
The expanded streamthen enters the | ower section of an absorption
colum and is contacted with cold liquids to absorb the CJerr]
conponents and heavi er conponents fromthe vapor portion of t he
expanded stream The liquids fromthe abgarption columm are then punped
into the deet hani zer columm at an upper columm feed position.
exchange r on w residue gas fromt sorber col um and
cool ed,  stream thet emenia¢ hgvatsettaasdf an ghsorption cofunirhanddis sbhtattat ivath cild eam
fromthe deethani zer. The cool ed _distillation streamthen enters
the upper liquids lorpbserbithe G sempprsnihandohearicr Gp@paneiirer) e yapor portion)f ds

contained jn the streamc 1 . tion of the expande
stream as the expéndea até%aé?'i gie}%ﬁgglrd ?l(ﬁteorn]i &fé%ﬁ?@?&t‘lﬁg ng)}(l)ern I‘B‘(S?R | dﬂ%(lgf any)
of the coojRehadizt Ebluatni 22 8n Sbp&aBlumn feed posRidd, t he absorber overhead vapor
conbine in an upper separator section in the absorber colum as

resi dual met hane andTbe heerbegst diguldatiogestrean| fram tlaet daethanjzer passeoinl ledt
distillation . streamrmay be supplied to a separator t rovi de
vapor and $%chenes ’§W‘85P?Qt.h_t ﬁ_ées\?‘é'k? S?‘s?"gg‘e a%sor%e’c%‘ﬁ’dﬁ%ﬁé‘&d\kﬁ ?W??‘ﬁe absor ber
col um OVeédh%@x?si?é‘Qt dlkm alpoftirfof the B14BRLY GFstteAnd ﬁ@matﬂégéaﬁénizer. The coofe@! UM
as a top colum feed. The separation that takes

pl ace in tdistsllapioncassm(theroehteisnie appee seative ofalse absorption colwenn whgretthe cpldocess

whi ch cont ai ns subst an_tiﬁll all of the nmethane and err| co&onents in
thelPeed ¢iquids sontainedin the Siream Garcoptagtihe @068%6%5‘&%[‘%3 SRAnAhSfream as

hydr ocar bo .. C t : fI LOoR | t
deet hani z e&r]es\%ﬁll) ecdhea(r:l(l)enrf m@ggb@a gﬁ? %afﬁ‘@&{ &P%) qua% +0%(1)?d @ﬁt\éll%mcsgr%%% nent s
and heavi egndid absvabdravereald vasstcombiidinedagpet edpayatdtGection in the abRkbane,

Clerr] conponents or nore volatile conponents) consunes energy for feed gas
cool i ng, feMumapsrgsidigl methage and gHippe produglgase Aligmatiyelyn thegostadistillation

and/ or for re- ' e I esi i e i.nvention
o ovi des. <SSaEHE=Y B STARAT §3eiio Wik b MBatRR 1gE s RLRRE e TAART 5

| owgs capi écthbif€bivitBthehhsovbed Goluith GNesitdadtan@Rhe R WIATs &ipplied to the absdrbBeér
deet hani zer colum to be conbined into a single fractionation tower. In

sone casestolumn as a top e¢lumprfeednt i nvention al so provides an i nprovenent in
product recovery and cti.on.in the tidit[}/ reglxéi renents
oducing

. d
(cooling, reboiling, II‘BKEF‘?W‘W&th%‘n‘al;egrplf"?cg-lgé PEYSP aTeSIANE &A% f or
the recoveryyvigh iR Srot&s Wiith BoRaHS sibstantially all of the methane and C, components in

the feed gas with essentially none of the C; components and heavier hydrocarbon

20 components, and a bottoms fraction leaving the deethanizer which contains substantially
- all of the C; components and heavier hydrocarbon components with gssentially no
methane, C, components or more volatile components) consumes energy for feed gas
cooling, for reboiling the deethanizer, for refluxing the deethanizer, and/or for
re-compressing the residue gas. The present invention provides a means for achieving
25 this separation at substantially lower capital cost by allowing the absorption column and
the deethanizer column to be combined into a single fractionation tower. In some cases,
" the prese}lt invention also provides an improvement.in produgt recovery and/or 4
reduction in the utility requirements (cooling, reboiling, refluxing, and/or re-compressing)

needed for the recovery of the desired products. ® ) =
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| n accor dWes/Ma% t he present invention, it has been foundPERFEITIP340
recoveries in excess of 93 percent can be maintai ned while providing
essentially conplete rejection of CJerr] conponents to the residue
gas stream In addition, the present invention makes possi bl e
essentially 100 percent separation of C[grr] conponents and lighter 5
conponents fromthe (err] corrponents and heavi er hydrocarbon conponents at

reduced ene qui renents. The. resent enti.on,, although
"applicable at |ower I{S‘r%ggr %‘at e presentin 5\%‘1‘%? ktaé\rg’ﬁﬁri' Iqundd g (?

parti cul ar, t et%g S&0w nge
of 400 to é%’dﬁgéf‘@ %rggﬁr%ghge Fbe er con ?it%rmgns rgigiéj vicﬁn%@ enuall er elétt

t enper at unrgjecén 5f)([:edsdd1ﬁoxmhtsa0 Itlcbe;resxdﬂré) gas stream. In addition, the predéﬁf ingtefit@irt er
under standing of the present invention, reference is made 't o t he

fol | owi ng mamwp@eblaﬁasemlaw h%perrtertérpqrﬁwwf Grromepaagnisgad lighter

FIG_.1 is a flow di.agram L tural S cessi ng
plart in &88&9&8?1‘830 f}ﬁ ﬁj e% Er?(afi i hrc-?atl 28% %rb éf?‘lt?é‘gf?‘s aPredices”

FIG 2is e%elf%y%@ﬂké%ﬂérﬁin prte PreSeny BORAL 6n, AkBANE sppmarsleraalov@@@r@g@e@m ng 15
plant of an alternative systemin accordance wi th co-pending U S. Patent

Appl n. No.warmer temperg@8re50is pgmmularly a}vantageous when processing [fged, gages i the f | ow
di agram of _a enr n ur al rocessin pl ant of a
second al tré?gf’a? ‘&g’ @%prs oéi’bétg ‘ieé cqpdi OB%PeﬂBngrfé’h%.n%.‘w?fQF%t Appi n.

No. Qx%rﬁgsﬁofl%é F 8Pcolder. FIG 4 is a flow diagram
of a natur rlrl gas processing plant in accordance with the present
i nvéti on; For a better understancﬁh@of Eheipsesgnf ingentghm gefarencd Isusddeadbi ng an

alternative S. appl i cation,of resent invention to a
natural gdBe gﬁ)&iﬁ% eé‘ﬁgplesan draw1ngs Referring to the quwngg is a flow diagram
pr esent i nventi on €0 it G greay o £prGar cryogerPRat g ProRlsskiet |

foll ow ng }ﬂamlmraatardmacefmﬂﬁémadlb&ateﬁ PgtentNp. 4,6b7,63%ar e provi ded

sumari zi ngf | ow rate l&g culrfg) for r resent ative process conditigns. In

the tabl es W Giegrem Of §EYORFE XRATF 0N TG RITR LA PTG Un
I 7 N RO feorince i R AP Ry NG 0
08/696,114;
FIG. 3 is a flow diagram of a cryogenic expansion natural gas processing
plant of a second alternate system in accordance with co-pending U.S. Patent Appln. No.
08/696,114;
20 FIG. 4 is a flow diagram of a natural.gas processing plant in accordance
with the present invention; ‘ _
FIG. 5 is a flow diagram illustrating an alternative means of application of
the present invention to a natural gas stream; and
FIG. 6 is a flow diagram illustrating another alternative means of
25 application of the present invention to a natural gas stream.
In the following explanation of the above figures, tables are provided
summarizing row rates calculated for repr'esentative };roces:s eonditions. In thetables ‘

appearing herein, the values for.ﬂO.w rates (in pound moles per hour) have been rounded

to the nearest whole number for convenience. The total stream rates shown in the tables
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i ncl ude aljv?gég’%ﬁ%rocar bon conponents and hence are generally Warger t han

t he sum of the streamflow rates for the hydrocarbon conponents.
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 ofsconparing the processes 5
depicted in the figures are based on the assunption of no heat |eak from

(or to) thepeiyde all nopRrbOHBSH EfSpdrenis¥hd HeREd ark Ik%lnﬂ‘égfa %chrttﬁgﬁ tHEHRI by Of

commerci al ly avail abl € 1 nsul ating mat eri a IS a very
reasonabl e ths suegh iflow wated fornthe hipdfocarboh gpmpahénts.nBelapratirénindicated are
skilled in the art. 10 DESCRI PTI ON OF THE
PRI OR ART approximate values rounded to theryepgest qiqggeq,omsh@ﬂmaéo be nated thattheul at i on

of the prior a . ' | ' t,gas enters the
ol ant at sopepryeHRRCRyHAGR P2 Rged for the pulrdft B Somilel fBRoctiles
cont agns a giaedin @k ifigireplareSbsbdibn GREOEAREoNBT SO h¥RUdAat RSB\ o) ke
product streans . from nmeeting specifications, the sulfur conpounds

are renovedsupsouagings pr {cafren)3he processpFhe gealitynoficommerdially awilablesingwiating

illustrated). l.n sadditian, the feed streamis usual l . . dehydr at ed
Lo prevent HUTRISEORNES S5 b SFROEr DR IR AR O e citds brRisally S48 by those
desi ccant YiRith@hky been used for this purpose.

The feed s:g?czlzliém@ltﬁ?s cool ed in exchanger 10 by heat exchange with cool

residue gas at -97[err]F (stream 34a) and with separator |iquids at
-91[err]F (stream 33a). (The_20 decision_as to whether to use nore
t han18ne heat exchanger for Bl ART services will

sepenc, o1 Tt o ARSI 0y Ol L0 e

rate, heat exchanger Sl ze, ream er‘rﬁeratures, e Stream

3la enters therein, inlet gedfeaters the pldnt at 80 T34l 5§0Fpsinsk SirkAnmpsl. alfwheletidag vapor
(stream 32) is separated fromthe condensed liquid (stream 33). 25

The vapor (entainh@ soncentrainsefisaifug epmpounds tdrieh wowldricevsnp thesiroduetstishmes

13 in which.nmechani cal eper [ omthis rtion of the high
L3 0 T O RSRAR R Yo SR UL A5G0 AET YIS0 Al ",

| senti5opi Capretedtimem 6f tRE GRAWaS (1wt ildkedied). In additioh fhk f28d Stréfin & PhARFUr € Of
about 353 psia, wth the work expansi on cooling the expanded

stream 32a dehydrateshioerencnt bydsptedsp} fxmatior nydercryyasnicienditivaseSplidded and
partially desiccant has typically been used for this purpose.

The feed stream 31 is cooled in exchanger 10 by heat exchange with cool

residue gas at -97°F (stream 34a) and with separator liquids at -91 °F (stream 33a). (The

20 decision as to whether to use more than one heat exchanger for the indicated cooling
services will depend on a number of factors including, but not limited to, inlet gas flow
rate, heat exchanger size, stream temperatures, etc.). The cooled stream 31a enters
separator 11 at -73°F and 570 psia where the vapor (stream 32) is separated from the
condensed liquid (stream 33).

25 The vapor (stream 32) from separator 11 enters a work expansion machine
13 in which mechanical energy is extracted from this po}tion of the high pressure feed.
"I_'he machine 13 expands the vapor substantially isentropically from a pre;sure of about
570 psia to a pressure of about 353 psia, with the work expansion cooling the expanded

stream 32a to a temperature of approximately -110°F. The expanded and partially
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condensed WO9847§032a is supplied to absorbing section 15b i REAYSGUEP4? egi on

of separator/absorber 15. The liquid portion of the expanded
stream conmm ngles with liquids falling downward from the absorbing
section and the conbined |iquid stream 35 exits the bottom of

separator/ absorber 15 at -111[err]F. The, vapor portion of the expanded 5
streamrises upward through the absorbing section and is contacted with
cold liquid rd t,0 conden and,absorhb the propane

and heavi eFOWHm.aizlai is g“%?%%absorbmg section sl$Hén 8 VT IERIOP M sor ber
tower 15 ig ﬁrﬁ&%@{ﬂep P&l TAL Bhhikl R bARE BPanded stream corbRHedds Wity 2

plurality o Vertica 'y spaced trays, one or nore packed beds. or sone
conbi nat i ohiqoafds faikys dewdwarddkom ghe disorbengdertion avbthe zsmbinedizguid streagads

processing plants, 10 the separatqr/ orb tower may conpsist of two
sections. FHis ﬁbsbeﬁorgéétsﬁma@%bwéea 18% 3139, ?é%éi?%ﬂr@fm féR?le’éRNld%por

ons. * S WpperOBSLErRs L el o
T quth por SRR Fsgr RS e B Ab @Gttt an A QU ERROREN A NG o1 o o

absor bi ng  falling downw&@ttb @6ndenbe hisd £361H the gropahbaiidiBeavipebmponddtan (i f any)
of the top feed to formthe cold distillation stream 34 which
exits the top of the Thgweparatprabsoghes towegrHSdp picprvesdenal gistison solumn

contains the trays and/or packi an rovi des the necessary contact N
bet ween t h&Ff gjasgluralﬁy opve'#(lgpﬁ'i sr?age ovHRaT s BHCE ﬁ’é&v?pc?fig‘ ¥i°¢M5g upwar d
to Conde_ns%oﬁaBﬂlaat%efﬁais%dgia@mg.e/\@@ﬂoﬂen the case il @32 zaS PRSI Slants,

The conbined liquid stream 35 fromthe bottom of the separator/absorber

15 i B0 supplthestpastog/absirberttopermhy aonsis of twe sgcdians. 3bbe unper skedichdfaies 17 by
punp 16. The 20 . separator Liqgui stream 33) is,flash expanded to

I TEBhi Ty assvephwhesin 55 apanAnaiyn the fop f6ed s SeharBd o e ESTFRRPIGRE 17
by expansi Qiﬂum%a:,\{-ﬁor% 2nd $ARlINERVapaMidsy 8m B Il disiRtis® 8 hbsorbing 33a)

before it provides cooling to the incomng feed gas as described earlier.
St ream section 13Bls corobinad wathrthe vapmon perticar(if angpofithaitorefeed Yo farmethaicdldcol uim

feed point fo be stri f . i t ha nd rr]. conponepnts.
25 distnaton steab $hwblchsain i ont s TOUEIS, IOV absnt ing SR OBt
s a)50 a %pméﬁl@&ﬁ@@gls and/or packingthit prob el 912 reOdsiiFy ORMALASMVEEh theMgulRl T 1Y
of vertically spaced trays, one or nore packed beds, or sone

conbi nat i orfaltihg oaywaminchdphe kapogs riSihg upwatdiacpadanse andeabsnbythalpsapane asd st

of two sections: an upper section 17a wherein any vapor contained in the
top feed i f€avier componelsarated fromits corresponding |iquid portion, and

wherein the vapor ri SIiHég:pom@dtlfh%id stream 35 from the bottom of the separator/absorber
15 is supplied as a cold top column feed (stream 35a) to deethanizer 17 by pump 16. The
20 separator liquid (stream 33) is flash expanded to slightly above the 368 psia operating
pressure of deethanizer 17 by expansion valve 12, cooling stream 33 to -91 °F (stream
33a) before it provides cooling to the incoming feed gas as described earlier. Stream
33b, now at 65°F, then enters deethanizer 17 at a mid-column feed point to be stripped of
its methane and C, components.
25 The deethanizer in tower 17, operating at 368 psia, is also a conventional
distillation column containing a plurality of vertically spaced trays, one or more packed
" beds, or some cdr;ﬂ;ination of trays and packing. The deeth;mizer tower may also consist
of two sections: an upper section 17a wherein any vapor contained in the top feed is

separated from its corresponding liquid portion, and wherein the vapor rising from the



WD 98/ 17609

PCT/ US97/ -7 -
| ower distil Aﬂa}ﬁ7gon9 or deet hani zi ng section 17b is conbi ned WIPFPI‘II{ 9gl$'§%or
portion (if any) of the top feed to formdistillation stream 36
which exits the top of the tower; and a | ower, deet hani zi ng

section 17b that contains the trays and/or packing to provide the
necessary contact between the |liquids falfing downward and t he vapors
rising upward. 5 The deet hani zi ng section 17b al so includes a

reboi | er 18owkt gibtill@RmSoraiethd ARt s2€60r@17b is combined)ﬂith'tﬁ’é‘vﬂfor?Bﬁio'n' (Ffing at
the bottom of the colum to provide the stripping vapors whic

fl ow up t hefdhs wmfeedtosfort distitlatiph queain Bb ovhich ¢xitstthe top &the odwerebdbe and
Cl err] conponent.s. .. . i cal specgification for the bottomliquid
product is ?We’hé}s%thgﬁz‘é‘ﬁﬁﬁﬁémﬁo-}%ﬁ’éb lg%tﬁﬁedrays and/or packing tp provide ghe

nol ar basi | dofibblc 1 {Fsa%’ i t of ..t he 10
deet hani Ze?reg%ﬁ%gf}d[og%r fE&g\%g‘y?% C u{l) e 1{9% 118| er%l d?%téagjg}n% %S}}éguﬁwr‘{arfqeat
exchafger IFhelhizbthagizing section 176 hiysiimgudes axebsikgd8 which heats and vaporizes a

The operating pressure in deethanizer 17 is maintained slightly above The
operating posdeueithefiquickathe bettap §bthseolumn torproyidel the sksipping eetshelmick er

over head v t.r .36), to,.pressur | ow t.hr ough heat

exchanger gg’qgﬁ%ﬂﬁceokﬁnitél?%mﬁ ﬁgeqlé%%é)rro%‘gc&sl T5A™ ,o?megha&e afld > Components.

separ at or / gD et kpdeBficdtidn Tofthe H6aBANURId FRAUENTS 18RSI BN ESLe BYRS @‘i’atﬁf] g
rhea

-21[err]F is directed in heat exchange relation with'the ove
(st ream 34)of0:Q2y] ompanclanbgsish sOrebléquid product streatts37 eadtslthafottdre oftheeam t o

-116Jerr] F {stream 3 .and partially condensing it. The partiall

cond{a(ﬁs ed s‘{eFé;‘&WFrsatS%énﬁéﬁ%% "roé’éeaétt(? Rlﬁepgﬁﬁé%) 13 fgatiegphanger 19 Before

separ at or / gRGHPES stbaper 15, so that its condensed liquid is
separated to beCone the cold liquid that contacts the vapors 20

ri sing upward t hr oughTheepeaditny fressyresimateethanizer 17 is maintained slightly above thBe
distillation stream | eavi ng the top of separator/absorber 15 at - 1l1l7[err]F

i's the col PPFENINGREesTUE of seRaspreyabsor 15 Jihif allayussthe deethnipersoyeshead vapor
count ercurr, ' t . i.n, heat .
xchanger 30" ant3#o pressurs fosd Sb ATy ABRIAPark! HERT Hf) 48 yi6@ section
provifles cafisepayatariabspeberilsl I haatenskxngen2®fthd estiitedidhanerheid avel fead
stream 25 | _Tge resi due qas_ Is.further warmed to 75[err]F (stream 34b)
as it passdireEsdin bpat Grehange yelaon with the overkgad;(seeam Ad) fremaseparatoriabsnaber

cxchanger 18 Tt 2L 25 1 LR S5 IRLESRGY shbnsived, TSI

The first sfage conpressor 14 driven.
second st agendensed SiRfaas Baher2ehplicd @51tHRYse ParBtdP RERIFR T 8paPRYBEbsOLE ERvaisCh

conpr esses . the residue gas (stream 34d) to sales |line pressure.
After cool iSAghatitsgpadensedjliquidds egpapaged to become the cold liquid that contacts the vapors
20 rising upward through the absorbing séction.

The distillation stream leavipg the top of separator/absorber 15 at -117°F
is the cold residue gas stream 34. The residue gas stream passes countercurrently to
deethanizer overhead stream 36 in heat exchanger 20 and is warmed to -97°F (stream
34a) as it provides cooling and partial condensation of the deethanizer overhead stream.
25 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 in
two stages. The first stage is compressor 14 d;ivcn. by expansion machine 13. The . y ot
second stage is compressor 22 driven by a supplemental power source which compresses

the residue gas (stream 34d) to sales line pressure. After cooling in dischafge cooler 23,



WO 98/ 17609
PCT/ US97/ 19340
t he resi WRIHHE%r oduct (stream 34e) flows to the sales gaECHUE%W"Pﬁ‘E’ at

110[err] F and 613 psi a. A summary of stream
flow rates and energy consunption for the process illustrated in
FIG 1 is set forthinthe followng table: 5
TABLE | -8- (FIG 1)
Stream Fl ow Summry - (Lb. Mol es/Hr) Stream Met hane
: g&gzge the r9§i gas product @tfgam%qgfﬂowigpgt-gg es %Qsapi\g%&e at | IOSI;an%EB
80476 psi 3792 623 149 86078
864 . PP¥%3g 255 290 1762 35
2199 1261 A sumn®89 of stream flowlrs&s and energs 368sunifiion for the fBécess
3063 .. 1581 .12 ) 7. 4843 34
81340 illustratgdin FIG. 1 is sejdorth in the folloying table: ggrpo 37
0 & 16 823 439 . 1278 20
Recoveri es Pr opane 93. 70%
But anes+ TABIII 85% Hor sepower
Resi due Conpressi on 21,210 25 Uility Heat.
MBTU Hr (FIG. 1)
Stream Flow Summary - (Lb. Moles/Hr)
Stream Methane Ethane Propane Butanes+ Total
10
31 81340 4128 878 439 87840
32 80476 3792 623 149 86078
33 864 336 255 290 1762
35 2199 1261 689 156 4359
15 36 3063 1581 121 7 4843
34 81340 4112 55 0 86562
37 0 16 823 439 1278
* =
20 Recoveries
Propane i 93.70%
Butanes+ 99.85%
Horsepower
Residue Compression 21,210
25 Utility Heat. MBTU/Hr
Deethanizer Reboiler 22,298

* (Based on un-rounded flow rates)

DESCRIPTION OF CO-PENDING PATENT APPLICATION



Deet hani zer Reboil er 2.2,298 * (Based on

un- r oundedyblogisdost es) DESCRI PTI ON CF eeritishih %o
PATENT APPLI CATI ON WD 98/ 17609

PCT/ US97/ 19340 _ -9 -
One inprovenent to the prior art process described above whi ch has been

di sclosed in co-pending United States Patent Application No. 08/ 696,114 is
shown in FiG 2. The feed gas cdhposition and conditions
considered in the process presented in FIG 2 are the sane as
those in FIG 1. 5 Oneimprovement to the prioraft prbeess desdrided abowsf whith Hak Geer?
process, feed gas enters at_80[err pressure of 580 psia as

. ( Fand a . C
st ream 31. disglosedincospending Qmﬂ%s@lﬁéﬂ’@&m APpleriiangie. 0896941 Heistshown in

h et ' . - 8 F tr. 343), with t.
i qur de. at Ti9f o pg 63 oAl BortRihidin el ellions e SRGAR e B bt pEERIERSS
|'i qui ds at FiG¢07 h@rthé karh&hd @a5e G, 1The cool ed stream 3la enters

separator 11 at -78[err]F and 570 psia where the vapor (stream 32) is 10
separiated fromthe cdndensmalationwf the BiG.€apmo8S, feed gas enters at 80°F and a

The vapor (stream f.rom separ, at 1 enters, a work expansi on machi ne

155 noii BSER RS KA P AR PG5 S e bF Lk SireRinot o Roelepen Erchengtr 1hey heih
pressure feg . j:NQe d; t ig@bky

I sent ropi cg'(ﬁ?n ?? g#}lhefoglr;egggﬁfggg%#t g%iﬁ%%%%)’ Qggé@@g&g]{{gﬁg?g{r eg?shre of
about 396 psaieam(332, andewial beparaoriatsorter ifuide par1A7OF (akaar 3%, The.codled

with the work exgansi on cooling the expanded stream 32a to a tenperature of
appr oxi mat srgam 3by paters| separsios 1d,ap 280 Eandrid Oisia Where phe vanee fssesans32)dam 32a
ent t he I [ | -of axat or/ absorber 15. The liquid
portellrogn of s?ﬁ?éa‘%%é“ﬁ‘dﬁe%\é\%‘s’?%glg‘% il (sreahf 33 ngles with liquids falling
downward from the absgiehiapér @&edrh 32) 0 dePlrast i dieéls a work expadsiéiindcigihe €am
35 exits the bottom of separator/absorber 15 at -108[err]F. If’he vapor
portion 2013 in whichf me¢hanieabenststis sxtractad fiogethisipantion of thechigh ptessuralfeat. bi ng

section and.is contacgted wit ohd.liquid falling downward to
condense aﬁ?}e %ﬁ% a"?heé(pﬁj?v%p'g% S 3“%%?@121@?' isentrop 1cajly (f‘i?ﬁbg REFSWre of about
The conbin bidl 4o 8 pedsb@aBf 3ot 398 A f

15 is rout ggo %)1 heatp esichanger th lg)% gt%ﬁfgéﬂmr%eergﬁiﬁﬁ?g??gggnﬁégg@%fs)’

heatldd as mithabe work expameiondeslingthicienparafedtstreamidand ngerhpedtugasf as
descri bed earlier. Th Lned |i i d ) treamis heated to
CeLor 1 r. Sampiely Sard b randid o popiallv epplersearean M ieatFh s

lower section of separator/absorber 15. The liquid portion of the expanded stream

commingles with liquids falling downward from the absorbing section and the combined
liquid stream 35 exits the bottom of separator/absorber 15 at -108°F. The vapor portion
20° of the expanded stream rises upward.through the absorbing section and is contacted with
cold liquid falling downward to condense and absorb the propane and heavier
components. ’
The combined liquid stream 35 from the bottom of the separator/absorber
15 is routed to heat exchanger 10 by pump 16 where it (stream 35a) is heated as it
25 provides cooling of the incoming feed gas as described earlier. The combined liquid
stream is heated to -46°F, partially vaporizing stream 35b before it is supplied as a
mid-column feed to deethanizer 17. The separator liquid (stream 33) is flash expanded to
slightly above the 411 psié operating pressure of deethanizer 17 by expansion valve 12,

cooling stream 33 to -92°F (stream 33a) before it provides cooling to the incoming feed



m d-colum feed to deethanizer 17. The separator liquid (stream33) is
flash expanded_to slightly above the 411 psia ope I sure
of deet haWP2&R76P% by expansion val ve 12, cool i ng égrrr’gedag%/g%gfo
-92[err]F (stream 33a) before it provides cooling to the incom ng feed
WD 98/ 17609 '

PCT/ US97/ 19340 - 10-
gas as described earlier. Stream 33b, _.pgw at 70[err]F, then enters
deet hani zer 17 at a | ower m d-colum feed point. In the

. deet hani é%sgrs] g%{cgﬁ%ﬁéﬁg %ﬁalﬁlﬁ%lﬁhgwsa b PP erpéntgxlg%ieéthgniizer 17 at aﬁﬁg@ ne and

Clerr] c e resu i qui d prdduct stream exits ottom
of

mid-tdlemé geddwintz éh tieet detBRhieer, breand3Sts amb38lesre tstripbk@[ofthidit (St ream
37a) in heat exchanger 19 before 5 =  flowng to storage.
The oper anethgneanssGigomponentse haraspbing liguikpredneitsiiepra 7ty fie §otigmoof t he

over hoad WagEranser 3 ISEERRISkOART & DRF KeeeplS T B Bies b e Th BB S ger

20 gnd t hgheRgitdt@rdgee upper section of separator/absorber 15. In
heat exchanger 20, the deethani zer overhead at -25[err]F is 10

directed in heat exTheoppeatingl paessure inide¢thamizerdves nesaatainsd skgltlBabove tioan
separ at or/ absor be he streamtog -112[err] F (stream

15, | i
36a) and ?f&r%qng|nr§ﬁser6r?éémﬁrﬁgr§?hsgﬁ>%ﬁ'é?-g;(hsgagm the deethanizeg BierBFRLYRROF r eam
Is then suppldeg) & rfﬁﬁreﬁwg}ﬁ‘é%% REbichindcn 26 SRARRURL ARO B Bier LORMRh 15

wher e t he condense I qui arated fromthe uncondensed vapor. The
uncondenseftkeparator/absorber (161 lic hedtieretmngert 20, thealegthaaizer owirlaadfat 25 Whie | ower
absorbing section to formthe, cold 15 distil]lation stream 34 | eaving
t hdOupperdirestiddn heat exehangs relatiopyh fsroveshead (tregp b fesy separator/absophegui d i s

di vided i i i gﬁ'ﬂ%l#) I : e : ower
absor bi ngig'ég8§lly’%ntﬂg% &ésagrggbr-e{%ﬁ g%%%llrn?gr? ) %&J S ec%do‘ﬁ%%}g‘ﬁ?g‘u?r eﬁqr?gtghql ontacts
t he vaporondensed streant issh&wgsupplied tb the sepagitot seetiah fosdparagorradebibentowkiasot her

portion, stream 39. is supplied to deet hani zer 17 as reflux by
punp 21, Whem theegondsnsed fignichisseparates o theunconggnsed ¥argfoi e ungondensed oy

deet hani z .- ‘s . ESLI i;on
Stream | capehirize whh B ko s fipm s e ot prd{ R Bl he BT |
t hgscol d dieglifioq sgedm St N@¥ingIhe upped région ofisepgratorrdbse:®et PRSTRS condensed
countercurrentl deet hani zer overhead stream 36 in heat

exchangerliqpd ¢ 'Vi}dgd e HeeipertionggPae pertiopsitieamyr0, is routed to Samlowes | t
0 01 4% GShAAh Bl SRRIGE T o o g ARASFL BT REC2S . o
as it pasgsifig GpMrdeneugh tietabyorbing section. The other portion, stream 39, is supplied to
deethanizer 17 as reflux by pump 21, with reflux stream 39a flowing to a top feed point
20 on deethanizer 17 at -112°F.

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

25 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 in
two stages. The first stage i.s compressor 14 driven by expansion machine 13. The

second stage is compressor 22 driven by a supplemental power source which compresses

the residue gas (stream 34d) to sales line pressure. After cooling in discharge cooler 23,



the incom ng feed gas in heat exchanger 10. The residue gas is then

r e- conpr es 46! o8/7609 two stages. The first stage is COMpcaasdH195ho
driven by expansion machine 13. The second stage is conpressor 22
driven by a suppl emental power source which conpresses t he residue

gas (stream 34d) to sales |ine pressure. After cooling in discharge cool er
23, WD 98/ 17609

PCT/ US97/ 19340 -11- - 11 -

t he resi due gas product (stream 34e) flows to the sal es gas pipeline at
110[ err] F thadestdiiz gas product (strpan34e) flows to the sales gas pipeline atA 199R R4 ¥ 19f
stream flow rates and energy consunption for the process

illustratedPS% FIG 2 is set forth in the table bel ow

TABLE || FIG 2).
Stream Fl ow Summary - AE™R 0L &Fegry flow rates and §P?r5gr‘if’nsum3t?9é‘tfﬂéﬂ’§ process
Et hane il REBREFIG. 2 is &ttfaﬂﬁwme tabiebalowl 0 31 81340
4128 878 439 87840 80084 3656 549 117 85436
33 5 1256 472 329 322 2404 35 2277 1139
597 117 4182 36 V4 2084 135 0 6695 15
40 2676 1549 102 0 439%3@14— 845 489 32
0 1388 34 . 81340 41](% IG. ﬁ . 86561 37
0 16 823 439 1279 20 Recoverl es ’
. Propane Stream Flow Sum@ar . Moles/Hr
Stream Methane Ethane Propane Butanes+ Total
10 31 81340 4128 878 439 87840
32 80084 3656 549 117 85436
33 1256 472 329 322 2404
35 2277 1139 597 117 4182
36 4378 2084 135 0 6695
15 40 2676 1549 102 0 4395
39 845 489 32 0 1388
34 81340 4112 55 0 86561
37 0 16 823 439 1279
20 Rgggvez;jes*
-~ Propane 93.68%
Butanes+ 100.00%
HQ[§CQOW§I’
Residue Compression 17,536
25 Utility Heat. MBTU/Hr

Deethanizer Reboiler 16,270

* (Based on un-rounded flow rates)



But anes+ 100. 00% Hor sepower

Resi due Conpression 17,536 25 Uility Heat. MTU Hr
Deet hani 20 98&1$69 | er 16, 270 * (Based on un-r ouRGeF TR at es)
WD 98/ 17609

PCT/ US97/ 19340 ' - 12 -

Anot her inprovenent to the prior art process of FIG 1 above which is

al so disclosed in co-pending patent apphication nunber 08/696,114 is shown
in FIG 3. The feed gas conposition and conditions considered in
the process presented in FIG 3 .are the sa h .n FIGS. 1
“and 2. 5 Another improvgTent i the, BHAT A7 BIRCesP OFEE@'ISQI %90%3%}’%&555, t he
feed gas gooki XRARFPatent applicatios ARBBE: 087656 SRNsisAblY it REGSANME as

t hat useaaqé)onélé‘ﬂgfeggg c%y}}e} dlﬁifg?ear enc%pl ies in the di sposition of the
conbi ned Thefebdgad canapositiamarsiapadiaioos terissdaréein the pedcessrpresentealsinfden3
partially warned (stream 35bé by (g&ovi ding cooling of the incom ng feed gas
i n heat arethesamee3§dha§¢gngI@ : ring to FIG 3, stream 35a from punp 16

is peated from -1 1%{ %{sLngultaﬁon e FfIG. 3 j)f'ol_%légsr i eE@g%liﬁé%H@@gﬁm%g as

It provides cooling o i ncom ng feed gas as desc

pr evi ous| gehbRE iFdsCentially the sitpahetiastsed anF1G12. eBime differencs lithinthsuppl ied to
deet hani zer 17 ) at a top colunn feed point, entering the tower at
- 45[ er r | Rispositionsefi thp pewtbisked ligyidrsstepmfeors separator/absorber{l§ after ddapbefdnt s. The

resulting li.quid product st 37 i he f. .

deet hani z%qmg‘ry ‘i’@‘%’f‘gtjs?rffngég?& p@a@%‘xgéé?%hrﬁ %%'ée?l{rpf%l?é@r%g A %e)ati n heat
exchanger .1 9,08f 95€ Ret&ring to FIG.| ) ir8éin BSa Flo@i p@fp 16 is heated from -112°F to

The operating pressure in deethanizer 17 is maintained slightly above the

opépat i ng-45Eds hea esthagpalGavit pahidesiseplingof thejincoming feedigas agidescribed zer
overhead ggeﬁ)rusly for FIG. 2. The heated stream, stream 35b, is then supplied to deethanizer 17
at a top column feed point, entering the tower at -45°F to be stripped of its methane and
C, components. The resulting liquid product stream 37 exits the bottom of the
deethanizer at 191°F and is cooled to 110°F (stream 37a) in heat exchanger 19 before
15 flowing to storage.
The operating pressure in deethanizer 17 is maintained slightly above the
operating pressure of separator/absorber 15. This allows the deethanizer overhead vapor
(stream 36) to pressure flow through heat exchanger 20 and thence into the upper section
of separator/absorber 15. In heat exchanger 20, the deethanizer overhead at -15°F is
20 directed in heat exchange relation with the overhead (stream 34) from separator/absorber
15, cooling the stream to -114°F (stream 36a) and partially condensing it. The partially -
condensed stream is then supplied to the separator section in separator/absorber tower 185,
so that its condensed liquid is separated to become the cold liquid that contacts the vapors
rising upward through the absorbing section.
25 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 countercurrently to
deethanizer overhead stream 36 in heat exchanger 20 and is warmed to -71 °F (stream

34a) as it provides cooling and partial condensation of the deethanizer overhead stream.

The residue gas is further warmed to 75°F (stream 34b) as it passes countercurrently to



(stream 36) to pressure flow through heat exchanger 20 and thence into the
upper sect of separator/absorber 15. In heat exc t he
deethaniz€?8§98?ﬂgad at -15[err]F is 20 directed in heg? exg é%%%
relation with the overhead (stream 34) from separator/ absor ber

15, cooling the streamto -1 14[err]F (stream 36a) and partially condensing
it. The partially condensed streamis then supplied to the
separator section in separator/absorber tqwer 15, so that its
condensed liquid is separated to becone the cold liquid that contacts the
vapors . t.SJ f tihe -3 .Qn. :

The distill i ipgotnisb 48 gge)%@ih%‘tét}{?g ; élgf Tg’leagggr’git’%%szgg%ér“ber°°{'§§55tsed n
-115[err] F two stages. Thesfitshstagoisdtongiedoel4dtvat bearpardionhachins13luEhgas
stream passes countercurrently to . deet hani zer overhead stream 36
in heat exclsesnpdrstazs ineRmpresses2aeliives by ziquppleprental powigrsource which copapypssas

it provides cooling an ar ty condensation of ,the deet hani zer overhe
stroam - e wadieBRAR B8} e AR B o Rt B fresB SEREE RS
34b) it PRSRERIuE RHGM (EtBeHm B46)Xows to the sales iB&ide’£8090°F and 613
PCT/ Ugses)?/ 19340 uEuh ( % gl o 13 -

t he i ncom ngsfaeced gas in heat exchanger 10. The residue gas is then

re-conpgessed in two stages. The first stage is conpressor 14
driven by expansion n&ﬁ?ﬁg‘%‘??%ﬁé‘ flow rates 284 EBFEY SPBJYEIRUONS dRifhe PERRESD 2

driven by a; k&%ﬁ?!s@fﬁforﬁpﬂ{tﬁ@tém&g?o%”pr esses t he residue

gas (stream to sales line pressure. ter cooling in discharge cool er

23, 5 t he resi due gas product (sthiaABhE3He) flows to the sal es gas

pi peline at 110[err]F and 613 psi a. A summary

of sttkam flow rates and energy consunptF¥#s3) or the process

il dinFIG 3 ' | &b
1l ustrated in 'S oot S UATLA dimbAP! 3 RO [

Stream Fl owspieannry - Methandbl eskitahe Proffineeam ButgnesMBt hamgta]
1

Et hane Pr opane But anes+ Tot al 81340
4128 878 339 8784081340 4128 32878 439 838407 3746 596 137 85861 15
33 32993 3828038P3746 3006 1747 sss61
15 33 993 382 282 302 1979
35 4995 2983 826 153 9080
36 5988 3349 285 17 9781
34 81340 4112 55 1 86562
37 0 16 823 438 1278
20
Re:coverieg=t . .
Propane 93.68%
Butanes+ 99.83%
Horsepower
25 Residue Compression 20,215
Utility Heat, MBTU/Hr _
Deethanizer Reboiler 20,254

* (Based on un-rounded flow rates)



35 4995 2983 826 153 9080 36 5988 3349

285 17 9781 34 81340 4112 55 1 86562

37 WO9sN7609 16 823 438 1278 20 PCT/USIINI340 +
Recoveri es Pr opane 93. 68%
But anes+ 99. 83% ' Hor sepower 25
Resi due Conpression 20, 215 Uility Heat.

MBTU/ Hr Deet hani zer Re\ta%d_er 20, 254 * (Based on
un-rounded fl ow rates) 98/ 17609

PCT/ US97/ 19340 . .- ) . . -14-
Al three of the pr @éb@geesog ﬁlé%rs? c%sggcé}ﬁr%eesdj ea%“otifé %9? Vs Ptélézet\%) ??Céﬁ)f‘f’%%t I on
tovers, a?ﬁ%r&%%é&@ﬂ%cﬁﬁﬁfor 15 and dedBALIPANIZ &Y achloveltRe MSsBHRR dddgngleespt i on
cooling effect that occurs inside absorber/separator 15, wherein

t he sat ur giat occund inside absgrberésepargiondS, wherein the sggwratidn ofi theugipotsisingwer by

vapori zation of liquid nethane and et hape contained in. 5 . St.ream 36a
provi des PEWF‘E%}EF%IEH(S}PF O R VRRRREALOR Rg]t“émgﬁéfftﬁ,’anﬁfng eF}E‘QEF?r,“aH’Gaﬁnt he

vap | WwhlENLRVRL:, 304 i helSadopavi ng
the%{)otto?ﬁreoafm gﬁig Ic‘)/v\ﬂ/%rs%a}rﬁggr\é%ljpW@le cvg)l dglr\] tha%\t’taﬂerérsgg’p%(g?%%% ggd
streanms aleaviip3he evetheadfofttietovenend theliguidslisaring therbottom of the towaldrelg ef f ect
allows the tower overhead (stream 34) to provide thegcooling needed in

heat ex;:]haﬂlééfr thap thegesngeti Yalierq srameictt dkose kadaelthp owde rThis ahsemiten( st r ealm
A<l 10 ! . _ . Satr i ¢
Uher 1 niolticafest aj i hE v SVERLAFERD Shf (S iRidUBE pb AR O 1Y

hi gher th tor/abs

towers ar gedt@sthanger 200tofattidlyecohbiénsp s ddetiintet YidtBead (stream 36§ Ghi@6uf or fl ow
of deethani zer 17 overhead stream 36 through exchanger 20 and to the top

f eeld posi vperating dectleanidss 47 bt prespue sigpificanyiphighet thar Hiasof s f eed, stream
ggﬁ‘bi inZs n%ga&ﬁ%ﬁ%ﬁsé%&}s.? |%W%V§Hﬂ%§g$\ger% %ge }eggirgc? R)O;groel%g ttli1e0 Bre(sjgurtie Eirixslfnrgrpl y
force for flow of deethanizer 17 overhead stream 36 through exchanger 20 and to the top
feed position of the absorber/separator. Typically this top feed, stream 36a, is not totally
condensed and the vapor portion of it simply combines with the vapor flowing upward
15 from absorber section 15b to form the cold residue, stream 34. The uncondensed portion
of stream 36a, therefore, does not contribute to the absorption cooling inside

absorber/separator 15.

DESCRIPTION OF THE INVENTION
20 _ . Example 1

_ FtIG. 4 illustrates a flow diagram of a process in accordance with - X
application of the present invention to the process of FIG. 1. The feed gas composition
and conditions considered in the process presented in FIG. 4 are the same as those in FIG.
1. Accordingly, the FIG. 4 process can be compared with that of the FIG. 1 process to

25 illustrate the advantages of the present invention.

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 strearh 31 is ;:ooled in exchanger 10 by heat

exchange with cool residue gas at -97°F (stream 34) and separator liquids at -91°F



15 from absorber section 15b to formthe cold residue, stream 34. The

uncondensedyBYsi1héd9 of stream 36a, therefore, does ne¢rEQefobit €
to the absorption cooling inside absor ber/ separator 15.

DESCRI PTI ON OF THE | NVENTI ON 20 .

Example 1 FIG 4 illustrates a flow di agram of a
process in accordance with application of the present invention to
the process of FIG 1. The feed gas conpokition and conditions

considered in the process presented in FIG 4 are the sane as those in FIG

1. Accor di nglrgamt33g). FTks coblétl QEARS3 BAdhtds seiRaF el ati78PF bhas70pstaRthdrt Ge 1
process to 25 Illustrate the advantages of the present invention.

I n the si nmuyaporésireem 32 ds saparatef fsppdbe gondensed lipadd Gtreams3t 80[err]F and a
pressure of 580 psia 33 stre i s.cooled in

31, f eed st nt. 31 .
exchanger 10 by heat ¢ Vap°ra(5?é%?8héﬁ§/§°%%ﬁ‘f“§t8gﬁ PRIETS /1 WORGEXRaPSIOon Ppachiner

(stream 34) Y CTRatRr a ] . ) 609
BT/ USO7/ 19%%8{jwﬁ§ﬁ%é@h§ﬁ1c$l eReedSs Bktrackd B6hlths portion of the high prggu%gfe%c_z. 15

(st r edm 33aThe fifachine B edpatds dlanvaponswhstantisly spatrapiosllylfromta présdues of Fboand
570 psia V\:h? e the va?Q[ E’st r%am 322_ Is separated fromthe
condensed | ‘gqu%a o3 pr@gqﬂrggg about 355 psia (the operating pressure pﬁéeq;hggzer(lg”r),r\@@hn 32)

from separ r ' i 3 in whigh
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a pressure of about 570 psia to a pressure of about 355 psia (the

operating pHRRSEmig-colungpeAansizer 17), with the work expansion
“0p 8] F The- oxpandbh Caniay of g T2annentieq Srn BERiE5a gl
The. doot hanper e e s e ey T Pac s G
cont ai ni ng eombingatiin efitrays ané packing.| Vhedeetonizer topmwer consists f two seqpmakedn beds,
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15 rising upward and cold liquid falling downward to condense and absorb the propane and
heavier components; and a lower, stripping section 17b that contains the trays and/or
packing to provide the necessary contact between the liquids falling downward and the
vapors rising upward. The deethanizing section 17b also includes a reboiler 18 which
heats and vaporizes a portion of the liquid at the bottom of the column to provide the
20  stripping vapors which flow up the column to strip the liquid product, stream 37, of
methane and C, components. Stream 32a enters deethanizer 17 at an upper mid-column
feed position located in the lower region of absorbing section 17a of ‘deethanizer 17. The
liquid portion of the expanded stream commingles with liquids falling downward from
the absorbing section 17a and the combined liquid continues downward into the stripping
25 section 17b of deethanizer 17. The vapor portion of the expanded stream rises upward
through the absorbing section and is contacted with cold liquid falling downward to
condense and absorb the propane and heavier components.

A portion of the distillation vapor (stream 36) is withdrawn from the upper

region of stripping section 17b. This stream is then cooled and partially condensed



15 rising upward and cold liquid falling dowmward to condense and
absorb the propane and heavi er conponents; and a |lower._ stripping
secti on WO/K4P? contains the trays and/ or packinGCTﬁmg?HQﬂhe t he
necessary contact between the liquids falling dowward and the

vapors rising upward. The deethani zing section 17b al so includes a reboiler

18 whi ch heats and vaporizes a portion ofthe liquid at the bottom
of the colum to provide the 20 st_rli ppi ng vapors which flow up the
colum to strip the liquid product, stream 37, of met hane and

~derr] conmpone ... Stream 3 enters deet hani z 17, at_an upper m d-gol um
Foed pos i GTOH PERLDEITNEERE POTER el ah "aP ILorshalr L SuhB saf,
deet hani %ﬁﬁicﬁzﬁit{ﬂﬁ top, of deethanlizedl ¥ @t AQTPE OThOEoliNRe@ERBAARLIAE 838Am is
comm ngles wt Iquids falling dowmward from t he absor bi ng
secti on Iwamsmddo tapproxonitelye@7FF quitdoclontream 86 fibowri2dFdoiahowt -1 he°Fst ri ppi ng
25 section_17b of deethanizer 17. The vapor portion of the expanded
stream ri@@?@&ﬁ%}rd t hrough t he absorbing section and is contacted
with cold liquid faki g@g SO
pr ogane and heavi erH(]:éoﬁg%ne éﬁEﬁréereﬂux separat gﬁﬁn@%g%??@mbé&gﬁ he

di still attheopsaffs plesiure aftieihanizer W7t Mtiscaliowisrdistillafion Wi istream 36 to T egi on
of stripping section 17b. This streamis then cool ed and partially
condensedpressure flow through {gatggehangen20 and thence into the reflux séparator 15 wherein

PCT/ US97/ 19340 .. . -
(st r eam IBEFORIENSSANUHY Lresm %93) I%%ezftara&dc%%rﬁége yngamdensed vaRes (s 42)-
over head Bhd @R¥hdéhsed vapor stredfiid@htothbines wittethe SRirgitd de/hdAriroRerhbdd at
-117[err]F. The col d deet hani zer overhead streamis warnmed to
appfoxi mesteshn 387ren ckphanget 20 tooform ceekresidnagassisam-IMU[ err] F to about
-116[err]F st.ream 36a) 5 . The o ating
pressure in reflux Ié‘bbfl‘é@&}re‘fg :;lgsfr%ﬁﬂlg‘ﬁ?@gagqrilaﬂi PWB%q W“mg% 02 t'he
oper at i NG, REBFSH{ A9 Tabdee B ¥petihg %Fessd[*g o8 dsdthaser d7ahil khedtdeath (38RP Stream
36 to pressure flow through heat exchanger 20 and thence into the

refl ux sethen swppliedas ebldrtep polumn feed (reflime to deetbarszet 17 Jlhisicqld liqewifedd) i s
separated fromthe uncondensed vapor (strgam.42). .. ..__Ihe_uncondensed
Vabor st G B HESSF BT aee ok B uR orkine iret fgdgn) grobon

st jgam 38pyf SO{R.A%ADEN DA RAbkOrbENIPaaRR 15 FIREHRG A85rosdss Sl 3fabsorbs

The liquid stream 39 fromreflux separator 15 is punped by punp 21 to a
pressur e aid gntitnsesthevpropine and deatiemmpmpoassts flewifg dpesriddrom below? and t he

stream (39a) is t hen supplied oldt ol.u feed (reflux) to
deet hani zer 17. Thi @@SISHIHW%?%Bg%iﬁ’ OPgee%hamze( igf ﬁ%eggp%‘?’ﬁ t he sane
absor pti og600f dfMfeif feffuhe afld @D IGMBbMG Bt ebilIGAS 1igMY pP6fict QPeatr37 17a
of deet haﬁpé@e@éﬁﬂgiﬁ{eﬂ agsorber/sgpar ator 15 ofﬁéhgu Flp?i 1 process while
it absor baxits the bottom of the deethanizer at 182°F and is cooled to 110°F (stream 371) in heat

16 -

20 exchanger 19 before flowing to storage. *

The cool residue gas stream 34 is warmed to 75 °F (stream 34a) as it
passes countercurrently to the incoming feed gas in heat exchanger 10. The residue gas is
then re-compressed in two stages. The first stage is compressor 14 driven by expansion
machine 13. The second stage is compressor 22 driven by a supplemental power source

25 which compresses the residue gas (stream 34c) to sales line pressure. After cooling in
discharge cooler 23, the residue gas product (stream 344) flows to the sales gas pipeline
at 110°F and 613 psia.

A summary of stream flow rates and energy consumption for the process

illustrated in FIG. 4 is set forth in the table below:



and condenses the propane and heavi er conponents flow ng upward from bel ow.
I n the striwpbsrgreeecti on 17b of deet hanizer 17. the feed strepdBruRsRLI9340
stripped of their methane and C[err] conponents. The resulting |iquid
product stream 37 exits the bottom of the deethanizer at 182[err]F
and is cooled to 110[err]F (stream 37a) in heat 20 exchanger 19
before flowng to storage. The cool residue gas
stream 34 is warned to 75[err]F (stream 3448)- as it passes
countercurrently to the incom ng feed gas in heat exchanger 10. The residue

gas is

conpr essor
conpr essor
conpr esses
cooling in

then re-conpressed i n tTxBKEdyes.

The first stage is

14 driven by expansion

22 driven by a supplenental gbf&rd4)source 25

machi ne 13. The second stage is
whi ch
Af ter

the residue gas (gir 4 Q_sal | he pressure.
di scharggtre o ”E 2 S product (stream

34d) flows Bgeifie Sal @deiage Pi PEEihake Propadk 110/B,and 813 pg
A summary of streamflow rates and energy consunpti on—1ufor S’f he p?%%léss
illustrated Bh FIG 4 8B540e#13%rt8V8i n 43 8284 @& bel ow WO
98/ 17609
TABLE |V 33 803 346 (FIG 4)
Stream Fl ow Summary - (LB’. ND| es/%—(frz) 293 1811St ream Met hane
Et hane 3¢r opane 3130 BS04nely 7 Tot4®30 5 31 81340
4128 878 439 87840 32 80447 3782 616 146 86029
33 4893 346 9362 492930 18110 991 36 3130 1604
117 7 4930 42 << 32 549 0 0 991 10
39 10 ?§198 155521%7?’” 7 117393979 3938 38 80408 4062
52 0 85569 8040834062 52  8l34@s5%ll 52 0 86560
37 0 17 826 439 1280
34 81340 4111 52 0 86560
37 0 17 826 439 1280
15 Recoveries*

Propane 93.96%

Butanes+ 100.00%

Horsepower

Residue Compression 21,210

.20 Utility Heat. MBTU/Hr

| Deethanizer Rebeiler -22,060

* (Based on un-rounded flow rates)

In essence, the FIG. 4 process allows the vapor portion of stream 36a in the FIG. 1

25 process to bypass exchanger 20, making it possible to integrate the absorbing section 15b
of the absorber/separator 15 of the FIG. 1 process into the deethanizer 17 of the FIG. 4
process as absorbing section 17a. While this reduces inghtl.y (relative to the amount of
stream 34 in the FIG. 1 process) the amount of deethanizer overhead stream 38 which

flows to heat exchanger 20 in the FIG. 4 process, it allows absorbing section 17a and



15 Recoveri es Pr opane

93. 96% But anes+ 00

Hor sepoweWO 98/17609 Resi due Conpr essi on Pﬁr,fé%gng%‘
Uility Heat. MBTU Hr Deet hani zer Reboi | er 22,060

* (Based on un-rounded fl ow rates) In essence, the FIG 4 process
all ows the vapor portion of stream36a in the FIG 1 25 process to
bypass exchanger 20, nmaking it possiblego integrate the absorbing section
15b of the absorber/separator 15 of the FIG 1 process into the
deethanlzer 17 of r 7a.
“While thi § IIPB% ng(énogjleﬁ'g)ht?iopér(a}ee?t etssentxgﬂyﬁﬁ%%m%?%@ﬂﬁl% bﬂﬂgpr%‘%?&és%bré

0 the a tream 34 in
the FIG #vﬁf&%@@§§p)or-lhaﬁl éegaumrmﬁ{ indaetblaRinz@hich\nesrbeaeh offseaate 3thzmbssh
flows to heat exchanger 20 in the FIG 4 process, it allows absorbin
section 1@fcaulihg in exchanger 20. In fiot,g@mpasigon of the values displayed in Table I for the

el Eﬁ.‘gﬁ’glf%ﬁf prosess it Gogsslismlayedip Table Y forths FIG & eraness shews g therp, ¢

prov des *4 process a achiel &S g@ﬂcentxgdopdmisluwepbr@gmé ﬂe@wewrtuaﬂ thBIGO] um

whi ¢h nore ets the slight |loss cool1ng in exchanger
20. In fa@‘r‘ocemlaemamrremﬂud demprassigshatsgpivey.cdt itre siatsl tene, thoF1G e

FIG 1 process with those displayed in TaBJé( eth for the FIG 4 gﬁr?ﬁc

shows t hapraoges mduces the phant capita) r°8§té§’§519‘8rﬁ we fractiopatonfavs ©hetter
propane r Lesigue

conpr essi gﬁ@ g Pg CEQ%QC E%lﬁ%cﬁmé‘ a rsrlé1g1<: tower H{]tﬂe E?% @hr&c@?s whidh Sp@r‘%cdglss

reduces tfaqu@hféﬁi ar@ﬁﬂttﬁl@éﬂoﬁ%ﬁt dandditenadelyx sdiieatbnts bf tetHIGnatprarest swer s
of the FIG 1 process are conbined into a single tower |n the FIG
4 ptbcess swialletingizameserghan the top sepagier sSREHR 13hel 4h§§1tbsr/|sat’%rawré6§ef the

addi tion, ll;lrléf l Pﬁ’ésep ilﬁ’é?‘ﬁa%s ffﬁmhg-esa in 4 process is 10 smaller in

di anet er secCtlon~lba of absorber/ separator 15 of
t he FIG 1 process, which provides further savings.
Exanpl e 2

Example 2

FIG. 5 illustrates a flow diagram of a process in accordance with
15 application of the preferred embodiment of the present invention to the process of FIG. 2.
The feed gas composition and conditions considered in the process presented in FIG. 5
are the same as those in FIG. 2. Accordingly, the FIG. 5 process can be compared with
that of the FIG. 2 process to illustrate the advantages of the present invention.
In the simulation of the FIG. 5 process. feed gas enters at 80°F and a
20 pressure of 580 psia as stream 31. The feed stream 31 is cooled in exchanger 10 by heat
exchange with cool residue gas at -90 f_’F (stream 34), with separator liquids at -94°F
(stream 33a), and with deethanizer liquids at -108°F (stream 35). The cooled stream 31a
enters separator 11 at -78°F and 570 psia where the vapor (stream 32) is separated from
the condensed liquid (stream 33).
25 The vapor (stream 32) from separator 11 enters a work expansion machine
13 in which mechanical energy is extracted from this portion of the high pressure feed.
The machine 13 expands the vapor substantially isentropically from a pressure of about
570 psia to a pressure of about 396 psia (the operating pressure of deethanizer 17), with

the work expansion cooling the expanded stream 32a to a temperature of approximately



FIG 5 illustrates a flow diagramof a process in accordance with 15

appl i cati QPoQkntdes Preferred enbodi ment of the present inventdwosdraoidoe
process of EI G 2. The feed gas conposition and conditions
considered in the process presented in FIG 5 are the sane as
those in FIG 2. Accordingly, the FIG 5 process can be conpared with

that of the FIG 2 process to illustrate the advantages of the present

i nventi on. In thd sinmulation of the FIG 5 process.
feed gas enters at 80[err]F and a 20 pressure of 580 psia as stream
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pressure feed. . .The nmachi ne 13 expands the vapor substantially

i sent r opi ceantseted with goldligudd, fadling dogypard to condense amgyabseeh theqmsopansia@dsur e of
about 396 ' ating pressure of deethanizer 17), wth

t he work eg%é’?%i(céﬁﬁgo%q%ng t he expanded stream 32a to a tenperature of
approxi mat el y A liquid strédh 98 /bAG@&thanizer 17 is withdrawn from the upper
PCT/ US97/ 19340 o ) , o -
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conbined |iquid proceeds downward into the stripping section of deethanizer
17. The 5The liquidstpam ipheatédon -66 °1, pertallyanapenizisg seeam 358 dsfonpds tetuinedugh

t he absorbing section and i . contacted w.th cold liquid.falling
downvar o 8 EERTERLETAE i spnizes  raRaHD e Middle 1 ion of fieipting
conponent Sgacti A liquid stream 35 from deet hani zer 17

i's withdrawn from the upper
15 The separator liquid (stream 33) is flash expanded to slightly above the

19-

396 psia operating pressure of deethanizer 17 by expansion valve 12, cooling stream 33
to -94°F (stream 33a) before it provides cooling to the incoming feed gas as described
earlier. Stream 33b, now at 71°F, then enters deethanizer 17 at a lower mid-column feed
point. In the deethanizer, streams 35a and 33b are stripped of their methane and C,

20 components. The resulting liquid product stream 37 exits the bottom of the deethanizer at
194°F an.d is cooled to 110°F (streamn 37a) in heat exchanger.l9 before flowing to
storage. '

A portion of the distillation vapor (stream 36) is withdrawn from the upper
region of the stripping section in deethanizer 17. This stream is then cooled and partially

25 condensed (stream 36a) by heat exchange with cold deethanizer overhead vapor stream
38 which exits the top of deethanizer 17 at a temperature of about -113°F. The

« deethanizer overhead stream is warmed to approximately -89 °F as it cools stream 36

from -28°F to about -112°F (stream 36a).



region of stripping section 17b and is routed to heat exchanger 10 where it
is heated as it 10 provi des cooling of the |ncon1ng
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deet hani zer is via thernosiphon circulation, but a punp could be used.
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it is returned as a md-colum feed to deethanizer 17, typically
in the mddle region of the stripping.ggp- section. 15

The separator |iquid (stream33) is flash expanded to slightly above the
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t deet h 17. Thi th | ed_and
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t enper at u?g ‘flmgf)d ¢ eanﬁ%ﬁqg %}F&)ﬂdﬁa 1ﬁtB%t oAk tQ/Bepg)'?@J adrgﬁ E::ar q{g\?ernheég stream
i s war medqé ds aRReDAd tlasptfeédy(refﬂﬁd)eds dédfhmzer 17 aptlescodd ligatisB contacts the from

-28[err]F to about -112[err] gst ream 36a V\g 98/ 17609
PCTIOUS97/ ¥g849rising upwar throught e absorbing (rectlﬁcatlon) section. The other portion, " _ 5 _

The oper alj.ng, Bf G350, AERKANA9Ta b SoBLDLAREMSh Itbidutn thove the

operating ux separ at or I'S stillation vapor
stream 36yupger region of theMirdsping sectib'ts plovitlegarthe adctificatangfdistibitiandapérence
into reflux separator 15 wherein the condensed liquid (stream 39)
i s separ asteehnt 36m t he uncondensed vapor (stream 42). The 5

uncondensed vapor caglAgerelidhl ghi Grolf B0 ARSERTDI S (BUERNGATLSR T 2am 382

from excha e cool residue ga stream 34. The

congensed phisguishntétieaily38)hd ﬁlcommg feed ggzumbest elxyhamgnplmlThoremque gas isr e
slightly above the operating pressure of deethanizer

punped st theare30mpressedisrtwe siaggad Thefiest slage t?é‘@fnﬁrmob& drimsby ?Zﬂ’énﬁB’I‘t i on,
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which compresses the residue gas (stream 34c) to sales line pressure. After cooling in

discharge cooler 23, the residue gas product (stream 34d) flows to the sales gas pipeline

20 at 110°F and 613 psia.

A summary of stream flow rates and energy consumption for the process

illustrated in FIG. 35 is set forth in the table below:



10 vapors rising upward through the absorbing (rectification)

section. Qfﬁg@ portion, stream 41, is supplied tperdevhssavzer
17 at a nl -columm feed position located in the upper region of
the stripping section to provide partial rectification of distillation
vapor stream 36. The cool residue gas
stream 34 is warned to 75[err]F (stream 34a) as it 15 passes
countercurrently to the incomng feed gas2l n heat exchanger 10. The residue
gas is then re-conpressed in two stages. The first stage is
conpressor 14 driven by expansion TABLIB®Chi ne 13. The second stage is
conpressor 22 driven by a suppl enent al omer source whi ch

conpresses the residue gas (stream 34c) RIg. 84l es Iine pressure. After

cooling in di schargg _coo 3mrrt1 he product (stream
34d) flows to the sal es gas M ]F and 6l 3 psia.

A sunmmary gsl;gﬁllg:eam f voMhirt es aigapner gy _)tg,@%r_ ahdPt | OBytest he pr&gle\s/\z
abl'e

illustrate IG 571s set forth in the bel ow.
98/ 17609 31 81340 4128 878 439 87840 PCT/ US97/ 19340
-21- _ TABLE V
(FIG 5) 32 80065 3650 546  1d6r 330 ow Summary - (Lb. Mol es/ Hr)
St ream t hane t e ro But anes+ Total 5
2

31 1340 412é27% g%l 433 87%5 2a¥s 32 80065 3650
546 116 807 2241 3B114 583 120273108478 332 323 2433
35 2241 1114 583 120" 4105 36 4289 2019
1 13 0 ¥b16 10 428942019 113 Og45651G4 1 0 898
39 444 1975 12 0 561 40 2669 1531
g7 10 43%22 84%1 44 = 1 7?’5 SR 25 0 1264
38 B8P495 4068344491975 192 896595618

40 2669 1531 87 0 4354

41 775 444 25 0 1264

38 80495 4068 49 0 85659

15 34 81340 4112 50 0 86557
37 0 16 828 439 1283

*

Recoveries
Propane 94.24%
20°. Butanes+ . ' . ~100.00%
| Horsepower
Residue Compression 17,534
Utility Heat. MBTU/Hr
Deethanizer Reboiler 16,000

25 * (Based on un-rounded flow rates)

Comparison of the values displayed in Table II for the FIG. 2 process with those
displayed in Table V for the FIG. 5 process shows again that by allowing the vapor

portion of stream 36a in the FIG. 2 process to bypass exchanger 20, the fractionation
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Hor sepower Resi due Conpression 17,534

Utility Heat. MBTU Hr Deet hani zer Reboiler 16, 000 25

* (Based on un-rounded flow rates) Conparison of the val ues

di splayed in Table Il for the FIG 2 pspcess with those di spl ayed

in Table V for the FIG 5 process shows again that by allow ng the vapor

portion of A3 bek Sepalioly s adliaRRRR 14 fh MYRIES 2 ARG v20: the

fracti on®f9

PCT/ US97/ d into a single column, deethanizer 17 in the FIG. 5 process. By using aside - 22 -
provi dedcé%%g'%sérrlgear}sgepar ator 15 and deethani zer 17 in the FIG 2 process

can be liquid drawdrdm teccolurho taproividg partiad inlahgasdeetingin exshangerilfl anidyFl G 5
process. By using.a side liquid drawbgrom t hﬁ cgl umwfto pr.ovi de
partial isalinghesliqudstream Bha gﬁmﬂgéﬁe%at% o two decthantggr;feqspihe; e

liquid stream Lo T gpg? h t ' : ds, the
5 s SaNE “lnﬁ%?g{rllggr@\] ?‘lgdnd%?%duc %g%g%/rg)r,;ﬂg%%lddgﬁcgggﬁ rﬁ?ﬁeiaggtui{gﬁ can be
real i zed @G, D PrdcBss. In fact, becabse@e fagriomates ocduns frexsingloeohuse thdieolumn
fractionation occurs in a single colum, the colu . .. can.be

oper at ed can ba operaise ab p AaNETPECSS RIS FETULIARE anrfn%rfévqra&grvamrehwsGﬂuqhib&aw

equi libriym . . Thi.s viel d | RGT, i for this
case of Ol bvigk apiReigme popieBcidedtin RY AR e f PAPIIEERGIRR

r econpr esginRaliP R sam@ et fondptver recuite@ivRt atb@td 18 édetli@lgdr réFoilkd
duty relative to the FIG process. As in Exanple 1 above, this single

" fra@ti onahitprelative to the FiGoRprecessy shein Fkamplgrlqbore thisningdefragicnabdapi t al cost
savings. Ip addition. cess, the single

fracti ondorHH: Eﬁfwlg(ﬁ?ﬁ%;%g‘éitdgﬁgleaﬁg g?lbcé’fsygaé'gggi athg?&)&i 101k compa;r)eudntf)) for
further cgpri@ls ﬁx‘ageﬁ,t thk ising1eSRackiBAStion column eliminates the absorber/separator
pump for further capital and utility savings.
Comparison of the values in Tables IV and V for the FIG. 4 and FIG. 5
15 processes shows the advantages of the FIG. 5 embodiment of the present invention over
the FIG. 4 embodiment. The split reflux streams (streams 40 and 41) of the FIG. 5
embodiment allow both rectification of deethanizer overhead stream 38 and partial
rectification of distillation vapor stream 36, reducing the amount of C; and heavier
components in both streams compared to the FIG. 4 embodiment. The result is 0.28
20 percentage points higher propane recovery for the FIG. 5 embodiment ﬁsi'ng 17% less

residue compression power and 27% less deethanizer reboiler duty than the FIG. 4 .

embodiment. Accordingly, FIG. 5 is the preferred embodiment of the present invention.

Example 3

25 FIG. 6 illustrates a flow diagram of a process in accordance with
application of the present invention to the process of FIG. 3. The feed gas composition
and conditions considered in the process presented in FIG. 6 are the same as those in
FIG. 3. Accordingly. the FIG. 6 process can be compared with that of the FIG. 3 process

to illustrate the advantages of the present invention.



Conparison of the values in Tables IV and V for the FIG 4 and FIG 5 15
processes shg9¥g1isge advantages of the FIG 5 enbodi ment of tB1P6R588M40

i nvention over the FIG 4 enbodinent. The split reflux streans
(streans 40 and 41) of the FIG 5 enbodi ment al | ow both
rectification of deethanizer overhead stream 38 and parti al

rectification of distillation vapor stream 36, reducing the anmount of C3
and heavi er conponents in both si¥eans conpared to the FIG 4
enbodi nent. The result is 0.28 20 per cent age poi nts hi gher propane
recovery for the FI G Ibtherbodufi®nbs BeiFG. 8 poce®S feed gas enters A1BDPHYRI a
conpression power and 27% | ess deet hani zer reboiler duty than the FIG 4 .
enbodi ment . pragsuey ofi 33§ nsia gsis@eam 31s Thedepd stfeam 31 issoviobadi imenthaniget b bp hestent

i nventi on. . . o . . .Exanple 3 25
FIG 6 illuSFhanassvith e90darsifusorasdl ofk (Srewe 3. mithscerates diaidyat n93 °F
applicatio W 4 b O b h F e fe gas
conposi ti orq(S%mt‘ Bga)%lg(?lgﬂ&%odﬁgelh tg ?%Esl %ﬁss%tdg%%?) ﬁﬁé?rﬁgs?)r gg%égégol%;gtgm ggal n
FIG § are ¢rwes sepueatarslt &1036°F and 570 psia whteGhe Japddqseash BY) ¥ sepdtel iGm 6
process can_be conpared with that of the FIG 3 process to

i |1 ustrat e PR&onenssst igud (Breamdd)pr esent i nventi on. WO

98/ 17609

PCT/ US97/ 19340
- 13 in which mechanical ehérgl i€ettadtddatdRmhi9 boitidd dr'tte high PraSERYeed €€d
gas enters at 80[err]F and a pressure of 580 psia as stream 31.
The feed stFheaneching B3 exngndsitheryapresibaigatialioistytrdpically from a pressumxaftuboge

AR R S A e T
-112[ err] F the WoRlagr Qion-EB%ME?Qp%eS@HE&@Za% a éeéslpargtmeeéﬁtpgfééﬁx%%{reym 11

at -75[err]F and 570 psia where the vapor (stream IS sepa
t he condensd@ 5. qlhedexpandesband3gixtially condensed stream 32a enters the 1chher régipalof the
(stream 32) ,f

rom separator (11 ente wor k. expansi qn machi ne
i n which @ﬁ%{ﬁf!&%ﬁ%ﬁ&?‘g@ﬂhﬂgmmqf%@ﬁ@anw -t Hassligid ppiongit therexpanded
pressure f ; ,ggm subhstantjally
I sent ropi cgsﬁé?/mfcro glnr?lgglg? gv;ﬂgxﬁl; of ag@(%]ﬁ% 1§ 8%l Q’%‘%"g?g‘gt%‘?té"“p ds@ﬁre of
about5 371 pembifedisuapproaeédsglopmsesd imto dfe shépiihgséction of dkethiMikdr 17. The

t he work expansi on cogling the expanded stream 32a to a tenperature of
appr oxi mat e\fayor portion of the expanded stream rises upward through the absorbing section and is

contacted with cold liquid falling downward to condense and absorb the propane and

The vapor (stream 32) from separator 11 enters a work expansion machine 23

heavier components.
A liquid stream 35 from deethanizer 17 is withdrawn from the upper
20 region of the stripping section and is routed to heat exchanger 10 where it is heated as it
provides cooling of the incoming feed gas as described earlier. Typically the flow.of this
liquid from the deethanizer is via thermosiphon circulation, but a pump could be used.
The liquid stream is heated to -46 °F, partially vaporizing stream 35a before it is returned
as a mid-column feed to deethanizer 17, typically in the upper region of the stripping
25 section.
The separator liquid (stream 33) is flash expanded to slightly above the
371 psia operating pressure of deethanizer 17, by expansion valve 12, cooling stream 33 "
to -93°F (stream 33a) before it provides cooling to the incoming feed gas as described

earlier. Stream 33b, now at 71 °F, enters deethanizer 17 at a lower mid-column feed



-109[err] F. The expanded and partially condensed stream 32a enters the

| ower region of the absorbing (rectification) section of

deet hani zZ¥©9A760Phe | quid portion of the expanded PCTLYSI/A9A40
commingles with liquids falling dowward fromthe absorbing section and the
15 conbined liquid proceeds downward into the stripping section of
deet hani zer 17. The vapor portion of the expanded streamri ses
upward t hrough the absorbing section Qgg“js contacted with cold
liquid falling downward to condense and absorb the propane and

heavi er con S. . J 1 quidd, stream 35 om

deet hani Zg&%ﬁzgﬁﬂée &f?thﬁpﬁ%s%e%%sé Aét %B%%I?‘r eﬁ 1ppe% orfgré?l%)rr?%g’?“? ﬁ'éé trippi ng
section aE@mPéneh%‘.‘t’HQ bl theAliqed phagestrehh INSLS thé bbtorl R HRMeRthahizer at

provi des.cooling of the incomng feed gas as described earlier. Typically
t he flow 987 hamsl is cooled to 11Q°Fustiedm 37a)tih deatexchanger §9 before/flawingaonosi phon
circulation, but a punp could be used. The liquid streamis heated
to -46[ er fP¥partial |y vaporizing stream 35a before it is returned
as 3 md-col um feed, {5g8 8t HRY:dHatidd vafor Rt ¥6) i9 WitkRraiRPEbm! BELGHL "
the stripping 25 secti on. e separator
liquid (stegtanofdBy strippiogastti@xipaledthdnizer 1. i THit btyeaad tvben bwvled and partialB7 1
psi a operating pressure of deethanizer 17 by expansion valve 12, cooling
st r eam 33condensed (streagn 36m) by heatexchange it gl dsethapiger qvegheadivaper ssami ng t o

the i ncomygg.t Sodidas. A3 HABGhARES 17 at atemperfifid bEdhoyt1N33F $7B. noW al

(1F, entefsS deethani zer ower WO
98/ 17609 deethanizer overhead stream is warmed to approximately -70°F as it cools stream 36
PCTI US97/ 19340 - 24 -

poilft . | nfrome-248E thalriut ek 4°Et(stecams3®Da and 33b are stripped of their

nmet hane and C, components. . The .resul tLng |iqui r oduct stream 37
exits the bottom of TPﬁgPﬁé@%gﬁﬁ?@?l geethariizer 1 1%§7’[ng‘??ﬁ%ﬁ?1§ﬁﬂy iagmf?‘o%f’ ed to
110[err] Foge?hﬁx?ga}ﬁ‘?eé’s?@é of 12102 8épaeat6NES) UFKis ARoWE Rt Bat drOVpBYsttdm 36 to

storage. A portion of the distillation vapor
(st r eam 3plesswe fowttirangh heatexchangengfpand thence into refluyiseparaér thwhsteni thpi ng

section in deet haniz 17. LS str is,then cool ed and,parti al.l
comtonocuCutER AL s A0 B EA R e BB SAE v RN (SRR D, by
vapgsr str gAdBndensed vaporydmMitheswitkie Svirived He@hafizdeenRRd é8dand I8t roM
tenperature of about -115[err]F. The deet hani zer over head stream

i s war nedexchanggyi20xp fertrethg cogDiesidne & sisaint 34 clescontlensadligsidi(Stream 39) f r om
-25[err]F.to ahout -114 rel F ream 36a) . ) . The
ope£ at | ]ngfrawg 3 éer?aﬁatalle ﬁd’}ﬁ“ﬁ’%atbﬁuf’? \?orﬁ%rﬁﬁ@ae dighglrabgveths veerating

pressure of deethanizer 17. The pumped stream 39a is then routed as top feed (reflux) to
deethanizer 17 as the cold liquid that contacts the vapors rising upward through the
20 ~ absorbing section. : <L T
The cool residue gas stream 34 is warmed to 75°F (stream 34a) as it
passes countercurrently to the incoming feed gas in heat exchanger 10. The residue gas is
then re-compressed in two stages. The first stage is compressor 14 driven by expansion
machine 13. The second stage is compressor 22 driven by a supplemental power source
25 which compresses the residue gas (stream 34c) to sales line pressure. After cooling in
discharge cooler 23, the residue gas product (stream 34d) flows to the sales gas pipeline
at 110°F and 613 psia.
A summary of stream flow rates and energy consumption for the process

illustrated in FIG. 6 is set forth in the table below:



operating pressure of reflux separator 15. This allows distillation vapor
stream 36 WO 98/17609 pressure flow through heat exchanger 2@cafskovieda6e
into refluX separator 15 wherein the condensed liquid (stream 39)
is separated fromthe uncondensed vapor (stream 42). The 15

uncondensed vapor conbines with the warned deethani zer overhead stream 38a
from exchanger 20 to formthe cool residue gas stream 34. The
condensed liquid (stream 39) f+26m refl ux separator 15 i s punped by
punp 21 to a pressure slightly above the operating pressure of
deet hani zer 17. The punped stream 39aTABIHETEN routed as top feed (refl ux)
to deet hani zer 17 as the cold liquid that contacts the vapors

ri sing upward through the 20 abs@6i A secti on.

The cool residue gas strearg 34 iE! vvaé ned to {@! grlri Fqiitream 34a) as it
passes countercurrently to & S t exchanger 10. The
residue gas is then re-conpressed in two stages. The first stage
is conpressor 14 driven by expansion machi ne 13. The second stage
iS conpresH@dan?? NMethyme by cEthappl enmedirbpinepower Bmatres€ 25 Total which
conpresses the residue gas (stream 34c§ to sales line pressure. After
cooling in31 8134 schar ge4t&bl er 2878t he resi 438 gas pdB¥Gct (stream

34d) flows }1p thegﬁﬁfs gas péﬂgﬂni ne gg4 at J@g[err] ﬁ]g%ﬂd 613 psi a.

A summary stre ow rate d enefrgy consunption for € process
ilTustratedgy n FI Giogyis set fzggh in pRe table bghyw 1996 WO
98/ 17609 PCT/ US97/ 19340
- 25 - 35 5187 3089 826 132BLE VI 9380
(FIG. 6) eam Fl ow Symmary - b. Ml es/Hr)
10 Siredin mebhdhe 38%hane §§§ Pr opane % But %99& + Tot al
31 81 759 4128 39 878 43§ $HE840
32 80336 3742 594 136 85844
33 103 5432 386 3420 284 285 303 9291996
35 5187 3089 826 15 380 10
36 6131 80581 3459 4073 g5 33 16 357?3097
42 P g1340 39 4112 053 8 86561806
15 37 0 16 825 439 1279
Eecoveries*
Propane 93.86%
Butanes+ _ 100.00p%
20 . . , -
Horsepower .
Residue Compression 20,215
ility Heat. MBTU/Hr
Deethanizer Reboiler 19,770
25 * (Based on un-rounded flow rates)

Comparison of the values displayed in Table III for the FIG. 3 process with those
displayed in Table VI for the FIG. 6 process shows again that by allowing the vapor

portion of stream 36a in the FIG. 3 process to bypass exchanger 20, the fractionation



39 5432 3420 285 17 9291

38 80581 4073 53 0

34 M@ 3%/17609 4112 53 0 pciRSitspw

37 0 16 825 439 1279

Recoveri es Pr opane ' 93. 86%
But anes+ | 00. 00% 20 Hor sepower
Resi due Conpression 20, 2159¢ . Uility Heat. MBTU Hr
Deet hani zer Reboil er 19, 770 25 * (Based on un-rounded fl ow rates)

Conparison of the values di | ap t an By ocess with
" those  provide )s%qsgvgggﬁp%h?‘gljb%?ﬁ& deEtoh-r£ 1121“&&!1@2’"1&%?@38:35 gs%ovx%r agai n that
by al | owi.pgbida i¥B8RMingle column, B&thdndzer AF7 is tHecRID. $Gaotess.t Bg using a Sder ocess

to bypass exchanger 20, the fractionation o WO 98/.17609
PCT/ US97 Ai@R¥draw from the column to provide partial inlet gas cooling in exchanger 10,the _2g -

provi ded by absorber/separator 15 and.deethani.zer 17 i e process
can be sane impPrYRECRAEH W?fﬁ’&t geaysly PRd ERTTE N ﬂ%%‘ec{%can'b% rgg%ﬁianr% € FIG 6

anlt zer

Progess. ?’} ?’%M&gssa Bhd because the fradiiohetish so¥utd DM difde Ol thedcdliupui de
partial inlet*gas coofing in exchanger 10, the sane i nmprovenent in

product rcag By epyrateddit @ hewdpressinei reautlingincanrefavorableivaper-hguid quilidrigm.
FIG 3 process. Again, because the fraFtio.natio oggurs in asin Ite col umm.
L 3

t he col urfhis yields an ingrease e PEASHFIIEERYCRY 101 thig case PFESPREARTINE i n nore
favorabl e vapop-Li qul Ll %Ba,v i h$atd BWLF dehariEdr @S silel N

pr oduct reé%eé’\/‘éﬁ%h}eora mtgﬁ?cg)%cdélg%{d& .eféecbuéﬁ%r?g%(gatpoi nt's at ' ©
essent i alduyy tdMiveadehd FIC BIPr6&ss. 0As frolirampleduibosesthis sarede fctivratiner

deet hani zer” reboiler duty_ relative to the FIG 3 process. As in
Ex3@pl e Iohirow eysternvill glsaprevide epnisidsrable eapitpbeost savingso| ynm systemwi |1 al so

provide considerabl g capifal (05538 A49Btes IV and VI for the FIG. 4 and FIG. 6

processes shows that the FIG. 6 embodiment of the present invention can achieve
essentially the same recovery levels as the FIG. 4 embodiment with slightly lower utility
consumptions (residue compression power and deethanizer reboiler duty). Comparison
15 of the values in Tables V and VI for the FIG. 5 and FIG. 6 processes shows that the
FIG. 6 embodiment of the present invention cannot match the efficiency of the FIG. 5
embodiment, but the simpler arrangement of the FIG. 6 embodiment may offer capital
cost advantages that outweigh its higher utility consumptions. The choice between the
FIGS. 4, 5 and 6 embodiments of the present invention will often depend on factors such
20 as plant size, available equipment, and the economic balance of capital cost versus

operating cost.

Other Embodiments .
In accordance with this invention, it is generally advantageous to design
25 the absorbing (rectification) section of the deethanizer to contain multiple theoretical
separation stages. However, the benefits of the present invention can be achieved with as
few as one theoretical stage, and it is believed that even the equivalent of a fractional
theoretical stage may allow achieving these benefits. For instance, all or a part of the

condensed liquid (stream 39) leaving reflux separator 15 and all or a part of the partially



Conparison of the values in Tables IV and VI for the FIG 4 and FIG 6

processes le%@at the FIG 6 enbodi nent of the present in¥§&és@2{1§3§9
S

achi eve sentially the sane recovery levels as the

enbodi ment with slightly lower utility consunptions (residue
conpressi on power and deet hani zer reboiler duty). Conparison 15 of
the values in Tables V and VI for the FIG 5 and FIG 6 processes shows
that the FIG 6 enbodi nent of itjme.present invention cannot natch
the efficiency of the FIG 5 enbodi nent, but the sinpler

ar r angenmentoofentdibufehis 328 R WU ReRbanRN iRidhile LA R combi[ﬁde(sgﬁﬁ 98tn the

advant ages that outweigh its higher  utility consunptions. ol ce

bet ween t heiping joining tiel éXpansion Mmaelnide G thelleethanindry and ifttheropgklydAtermingded, i on
will often depend on factors such 20 as plant size, avail able

equi prent , theraperseangd dighists vallgpixdageberrand separate 1p agqordance wgth the relative

operating . . QX her .
Enbodi ment gﬁ’l%{ﬂmes of the various components of tr?e é%tglocrod%tﬁggd %rffaﬁxsr rﬁu§hicﬁ{7}§ﬂ‘€1€8ﬂ$ it

i s ggner al byihadwanRiraaeHsllte cbasiderd fébthe purdodes GRRRNRVEEiohl8¢bhétitaatd o)
section of the deethanizer to contain nultiple theoretical

separ at i onabsozkjog sedtionever, the benefits of the present invention can be
achi eved with as f.ew as.one.theoretical stage it i.s believed
that even the equi valpésrﬂes‘brfbegeﬂﬁ%t‘%‘r‘?d%reém emk’og’ﬂfg‘bﬁga?géﬂthgfj%gam

al | ow achi exiQutRa3e iFABANY SondeRled ARAANSuIHAL!

condensed l%(%d&?g %hzt rela§n 39)§ I %rc}a\fi neg reftl ugegtsﬂttalg fg{?%erngitg%g%%maﬁsggor a part
of the par valahbly C, components and heavid®cOBpdrd®Ofrom the vapors leaving the work

PCT/ US97/ 19340 , . . _ . ) . - 27
-1 eXpaagion apAcbines tHauKen she Pressnt ibertien s ligHtedde this smbadiraent &t

R _ . SR pRtiens embgdireen
Che doet hafi s dryeyiilebott forinsience PR FLOARA drife SERTORAHARGN S °

li qui ds W Workiexpahsioinfiehin@na tiis prEASS o © 136 0AlyRHSTE oMoF thel ddRdERad 45\
volatilities of the various conponents of the total conbined streans. Such
commi ngl i nabsosbent, in cagss wheee other desizapepsideratipnspiadicategioatéonscoiitbe expansion

.S i ' ti ' . .ab bi tion.
e Boseri omathin? bl rEp RISl AR spsorbing sectigh Stthe efitudibarac 1 on
VngﬂSbSt r e B8 dBgusi conBitiohs, Pldny size/wlanstie eqiifmeRE of 8het facitls fAPIRMe AL ehdised to
absor

5

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 distillation vapor stream 36 in heat exchanger 20 is possible or is
preferred. It should also be noted that, depending on the composition of the feed gas

20 stream, it may be advantageous to use external refrigeration to provide partial cooling of
the distillation vapor stream 36 in exchanger 20. _

In the practice of the present inventién, there will necessarily be a slight
pressure difference between the deethanizer and the reflux separator which must be taken
into account. If the distillation vapor stream 36 passes through heat exchanger 20 and

25 into separator 15 without any boost in pressure, the separator shall necessarily assume an
operating pressure slightly below the operating pressure of deethanizer 17. In this case,
the liquid stream withdrawn from the separator can be pumped to its feed position(s) in
the deethanizer. An alternative is to provide a booster blower for distillation vapor

stream 36 to raise the operating pressure in heat exchanger 20 and separator 15



val uabl e C3 conponents and heavi er conponents fromthe vapors |eaving the
wor k 10 expansi on machi ne. However, the present invention is not
limted two®$im0enbodi ment. |t may be advant ageo®ST/UBHY194st ance,
to treat only a portion of the outlet vapor fromthe wor k
expansi on machine in this manner, or to use only a portion of the
condensate as an absorbent, in cases where other design

consi derations indicate portions of thegexpansion machi ne outl et
or the condensate shoul d bypass the absorbing section of the deethanizer.

15 Feed gas conditions | anj, si ze, avail abl e.eqgui nt r ot her
“factors neafficigeflysq thaf hgdiquid St%amrgge‘fa\n eﬁ&??@# t8fde\7\glf/’1%z%£ a‘ﬁ'ﬁtp%lﬁ nmachi ne
13, or reglrgﬁl%gtsnt with an alternate expansion devi ce (such as an
expansion'Q/ ve), is feasible, or that total (rather than partial)
condensation of di strhé usd arddiseipatiorsof thase@fatonlidquads, deethiwzineresidexliaws
possible or is preferred. It should al so _be nqgted that, depending
on the coliguids,tand thewefluysepasaiar hgwidter process heat gxghangs, hesRari@ilaryy ant ageous
to yse external refrigeration Vi | al: i (PPN he

di sPi | | at MEHPESRSBE 0@‘*%@%5‘%%%?'%9%%%@3g‘r‘@%’%thghzeq?@d $iafilcooling, and thd I'n

the pract pjgfcobf Arbesh s@SM for Bycifid kuat exdhange wriitesracadeavhluytetforteashi ght
pressure difference between the deethani zer and the reflux separator which
nust be t partinular applicationi. nloreayen the useof exigemalireftigeration Wrsupplsaienstheeam 36 -
passes throygh heat, excha r 2Q._and,25 LNt r.at 5 w t hout any
Poost i n EraldeaNzklE i GEpaas roan gt posess supfng mRg BRI Rl ™

operat | NYpRiieRRHY n e AN biarPBleed HieheP RithabiGedliemtige Of deet hani zer 17.
In this cgse, the liquid streamw thdrawn fromthe separator can
be ygunped to its feddwilbalsd boreceynized that the relativerrmelme ohfasid feynd iagach
alternative is tQ provide bqost et hl.ower f I still.ation vapor

st r eam 36 biagch gf the copdenspd ﬁ&‘t“g ﬁ@nﬁ?@gé'& Ftéeaﬁ“hg é?eﬂ’lat B3R hﬁhﬁ&?e‘é@egwa
ISDeC'?'?ng(;; ié@w feeds in FIG. 5 wimegé(dmgeral factors, includin;-; gas pres‘sure, feed gas 28
suf fi ci entbypssitibihaid the quhitipyiod hetsepawar 39aitable. bEheseopphiragplitcagaet hani zer 17
wi t hout pumpi ng. . . . . The use_and di.stribution
of the sepganuelbybg P@dw&g‘,"vﬁ*&{tﬁ&ﬂf‘%&g the partigplappircumstances fqriaspeGiic oy ¢ he
refldx se N VORI StheRRL c OBt R A8 Dositidhs Bepitld W RIGS 4
arrgyngemnﬁﬁlg#agéggrﬁ%fgﬁsgﬁglgys %B(;)lr fged gcas and d?gf“hlan? zg{l feed stream
cool i ng, aGugé are the preferrehfzbd bocafions for the prodeseaprsating congdiivns deschibed.
exchange services nust, be eval ugtttﬁg%{igr each i cul ar

f

rt .
appl i cat i dlowaver, shraefative featjgps eakmn feds may éﬁriycpg%p? g P iFent the

g(r)n(;: i);g da\(/:grinlpgsbllign bPothBErRE RIS RASS BEQdeQE&%ErﬁEQQ?,SéC. St foRRVEr, WY oPfhore

of the, feed streams, or portions thereof, may be combined depending on the relative

20 temperatures 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 conditions shown. Although individual stream expansion is
depicted in particular expansion devices, alternative expansion means may be employed
where appropriate. For example, conditions may warrant work expansion of the

25 condensed liquid stream (stream 33).

The present invention provides improved recovery of C; components per
amount of utility consumption required to operate the process. It also provides for
reduced capital expenditure in that all fractionation can be done in a single column. An

improvement in utility consumption required for operating the deethanizer process may



particularly in the case of an inlet gas richer than that used in Exanple

1. 10 ' 8/17609 It wll also be recognized that tperagbpidsye
anount of‘YggJ found in each branch of the condensed liquid
contained in stream 39a that is split between the two , col um f eeds

in FIG 5 will depend on several factors, including gas pressure, feed gas
conposition and the quantity of horsepower avail able. The optimm split
cannot general |y be predicted % hout evaluating the particul ar

ci rcunstances for a specific 15 application of the present invention.
The ni d- calppear ihekefqasofredued popiec reephiremeRts@r cémpression or ré-tompighsién.ar e
the preferred feed | ocations for the process operating conditions

descri bed.reduced power reapisgaientst e exteImal refegeration.irgduced Enengy IRHIGRANGTAOr f eeds
may vary depending on inlet,. .. o] 1.tion, I tors such as
desired r 38@’\%*?0%899%? cQiphinaon %’8%’?’, %gﬂagllrvgﬁﬁgede%gﬁ er@anga Cts3he. f eed
streans, Qong¥nkhORkeovdtcaPbe obBine@For AREDaGligaRAR NN the rel ative 20
tenperatures ‘and quantities of individual streanms, and the conbi ned stream
thenSfed to a Whilsi therediauerhednedascpbed whatrare belisSed 4o bapmfgiieds are t he
preferred enbodi nents. for the .., conposi ti gns and pressure cppditions
shown. Al tSRRAFAMERTi i‘%‘é‘l""%‘{‘}"eéhﬂsﬁy‘é‘b‘élﬁg i“gﬁ‘ei%1 will rec%mz%&hﬁf B{f‘éaa?‘ﬁ&“her
par ti cul ary,GpanstAmaesE Ghde ﬂ?éréts,r@g.t to\RlaFt4RE iAo R (TR X oh&i it D! oy ed
wher e appropriate. For  exanple, condFtions may warrant work expansion of
the 25 types sftfeelbosetiet tequireineits edtho(is ieatin3dm the spirit of the present

The present invention provides inproved recovery of C3 conponents per
amount of igventianasdshigadpy itkfolleying €aims operate the process. It al so
provi des for reduced capital expenditure in that al

fractionation can be done in a single colum. An i nprovenent in
utility consunption required for operating the deethanizer process nay

WD 98/ 17609
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appear in the formof reduced power requirenents for conpression or

re- conpressi on, reduced power requirenents for externa
refrigeration. reduced energy requirenments for tower reboilers, or

a conbination thereof. Alternatively, if desired, increased Cerr]
conponent recovery can be obtained for a fixed utility consunption. 5
Wil e there have been descri bed what are believed to be preferred

enbodi ments of the invention, those skilled in the art will recognize that
ot her and further nodi fications may be nade thereto, e.g. to adapt
the invention to various conditions. types of feed or other

requi renents without departing fromthe spirit of the present



invention as defined by the foll ow ng clains. WD 98/ 17609
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Clains WO 98/17609 1. In a process for thRCEERH®#40n of
a gas stream cont ai ni ng net hane, Cerr] conponents, (err]

conponents and heavi er hydrocarbon conponents into a volatile 5
resi due gas fraction containing a major portion of said nmethane and (Jerr]

conmponents and a relatively legg_volatile fraction containing a
maj or portion of said CJerr] conponents and heavi er hydrocar bon
~conponents, in which process Clai (a) sai d gas
streamis treated in one or nore heat—exgﬁange and/ or expansi on
steps to partially condense at | east a portion thereof and provide thereby
10 at least a first vapor streamand at | east one C3-containing

| i qui d stream whi chlal solna process for tret sgparatibh giia ges styinocantfioing methdne,

(b) at | east one of said err]-containing.,liquid streans is directed
into a di St FIPERIHH @Fmow%%}fﬂ#eé&eaﬁwraa OPgoglesla%waowbﬂ second

vapgr str Fe@f&‘ug gas fr ctiorf&'ﬂ{a%ifl% Qﬁgﬁg%{? ?FE&LM n@ﬁ%%ﬁ?@%ogg%%rlts and a.

conponents and sald relative e 15 raction contal ni ng

t he maj or relaivielyolesofolatile dratiBorc comainiigt Smajod poetion ffsaidydy @ewsdnents and
conmponents; | . . t he i nprovenent wherein
(1) at heavigshydrasarbon samgpnes.dn Which Piegessr streamis directed into a

m d- col um feed positi on(;%n sggﬂ g%'ké&éirh?‘%%’ﬁe&&' m’%maihé%%%g?‘{%ﬁdst eam

thereto; 20 a vapor

i's Wi thdr gwiof éxpahsion S8pPM faktially condenseSiilehsta Britioh WidredT 2@ p1dO elepiyysai d
first vapor stream and cooled sufficiently to condense at least a
parlQ of | atleashafiesyvapor siean andidhlqagt engforcontpinmg liqvid strepomdbindedsost r eam
(3) at I(—t*ast .ah@o#;t' on of said condensed streamis supplied to

sai d di st % %H‘f’Bﬁ 5 CAYOTS: F5 f eed position; 25

(4) at least a portiogpyof sdidstoRedTdaMapOtontdii®gMguid Hidafili®directed
into heat exchange relation with said vapor distillation stream thereby to

suppl y at inteadistiflation column wherein spiddiquihis separatedgniofa sstesnsl YaPpr aweam
e e e AR B SEag tREE, et Ehih i s RS
ands fraction containing the major portion of said C, components and heavier hydrocarbon
components;
the improvement wherein
¢)) at least a portion of said first vapor stream is directed into a
mid-column feed position on said distillation column as a second feed thereto;

20 (2)  avapor distillation stream is withdrawn from a region of
said distillation column below said first vapor stream and cooled sufficiently to condense
at least a part of it, thereby formihg a third vapor stream and a condensed stream,;

3) at least a portion of said condensed stream is supplied to
said distillation column at a top feed position;

25 (4) at least a portion of said second vapor stream is directed
into heat exchange relation with said vapor distillation stream, thereby to supply at least a
portion of the cooling of step (2) and thereafter discharging at least a portion of said

second vapor stream and said third vapor stream as said volatile residue gas fraction; and

I
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(6) t he quant8|/t|6es and tenperatures of said feed streans toP(s:gllugg 719340

distillation colum are effective to maintain the overhead tenperature of

31-

said distillation colum at a tenperature whereby the nmajor
portion of said CJerr] conponents and heavi er hydr ocar bon
conponents is recovered in said relativelylless volatile fraction. 5
2. The i nprovenment according to claim1 wherein a liquid distillation

streamis withdrawn from SE('JJ dithé fhidnitie® Bnd Rin\p¥Fatades df k418 TédOdreaRRUE shide
regi on wherein sai d vapor distillation streamis w thdrawn,

wher eupon s distilihtiepuéaiumih 2rd ¢ffestive to Brintimtheoverhead temperatire df said distdlatiaf t er

redirected into said distillatio ol unm as eed thereto . at a 10
| ocat i on bef et St SRRy T3 B0 Aora st Graogpaber Beaa eavier

Wi t hdr awn. édrocarbon components is recovered 3n said raaﬁvél%ﬁ%ﬁﬁ% ﬁ)g)ed' ng to

claim1l wher sal nsed stream
is divided into at least a first liquid stream and a second liquid
stream 15 . said first liquid streamis

supplied to said distidl atildg improvement %@ngéﬁcam@ bpvhesein adisyiid ﬂ@ﬁlla%@m

3 d | | at
(o) 2 SR A R R0 LA A LA S8 whori
subst ant i al kyid vagorsHétilation stream 1srxeghaaawnhﬁh@|enp@rasaﬂd Yig@ardiétilfdtioh! streh@ns
streamis w thdrawn. 20 The i nprovenent

according t beitittbanﬁ '@emhﬁcleﬂedlr%cwd qm ghid dzstxilam@n q:qinmn as a third festdrtbereta at a
wth rawnf lg§ tlllatlgn col 4m Llocatlon abov, he region
wher loeatin Py %B‘-‘&P’h‘i" T S BE}P%FPS& AP SEGRThiF e Wher eupon

sai d I |qui d distillati-on streamis heat ed and thereafter
redirected into said distillation colum as a fourth feed thereto at a 25
| ocati on bel ow t he regdi on Vihernmproveaiedt apuodingltcs¢lnink dtwhereiat ream i s

wi t hdr awn. . : In an aratus for the
separation of a gas contaifdlhg ﬁé‘filfé’ﬁg?nsﬁiéﬁr?‘]m is diVlded fnto at least a firs liquid

stream and a second liquid stream;
15 (2)  said first liquid stream is supplied to said distillation
column at a top feed position; and
3) said second liquid stream is supplied to said distillation
column as a third feed thereto, said third feed location being in substantially the same

region wherein said vapor distillation stream is withdrawn.

20
4. The improvement according to claim 3 wherein a liquid distillation
stream is withdrawn from said distillation column at a location above the region wherein
said vapor distillation stream is withdrawn, whereupon said liquid distillation stream is
heated and thereafter redirected into said distillation column as a fourth feed thereto at a
25 location below the region wherein said vapor distillation stream is withdrawn.

5. In an apparatus for the sepaFation 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

* [ L M S *



conponents, C3 conponents and heavi er hydrocarbon conponents into a

vol atil e residue gas fraction containing a major portion of said
met hane awmol9€i#09] conponents and a WD 98/ 170¢1USI7/19340

PCT/ US97/ 19340 -32 -
relatively less volatile fraction containing a major portion of said CJerr]
conponents and heavi er conponents, in said apparatus there being-
(a) one or nore first heat exchange greans and/ or expansi on

means cooperatively connected to proviée at | east one partially condensed

gas stream 5 roviding thereby at.least a fir vapor stream and at
" | east onéel@tllé‘P]V]lesé(YHfa&f#r?@o icaﬁﬁaﬁuﬂ)%? gygyor portion OHS§}§%3 %odﬁ?%eﬂ Eﬂ%ght er
hydr ocar haons: in said tus there bei (b) a distillation
col um cglr?ﬁzlg{ g‘ﬁgg%nefl tes(’:lenl S\'7ue aaptp afae%sst ergnemgf sai d
Clerr]-containing |iquidayt r eamesoruhore firstheaxshaetreans pad/ar expaisdnst r eam
into a second i vapor stream containing prag]glom' antly net hane and
Jerr] congrmseaererativelseqmpesied iq prpxidg at iggst one partially copdensed gas §1Feati on

congai i B%ﬂhgﬁ}#ﬁ%%h gﬂ%&é&rﬁr&fvaaeﬁ Srertash lﬁm@%&tfz}ﬁggp;@w &hich

hydr ocar B0l _ rovement
wher ei N sgifcARAAS RiMEr Aydeddaetdms; and _ (1)
connecting nmeans connected to said distillation colum to suppl y

at least a portion of saftl fiadistillatingy colume gennesteddp gecgivstatlgast euseicol um

at a 15 ) m d-col um.feed pasi.tion; . . (2)
vapor wi t¥3if g#?f&alﬁﬂﬁéq‘%‘{)ﬁﬁe@ﬁe‘%"f%lssdglaﬁtegi 1o, 36PRfalg §ai], stream into a sgegnd )y
receive ava‘ﬁ%PQ&eagA fadtéihf’ﬁy Shortih AR hé@RAGanda] @hnpdhesidiadd dhidirklatiaély on

col um el ow sard first vapor stream .

(310 seclesgvdiaiit fertdmomaining e majonportiog of said 47 ccopmooents 20d heavier

W t hdrawi hg neans to recei ve said vapor distillation stream and cool it

suf fi ci enYdyogagbon componentsyngense at | east a part of it;

(4)  separating means CERNBHFARNeRt WAbEinSALPspahR® ineabange

(1) connecting means connected to said distillation column to

supply at least a portion of said first vapor stream to said distillation colurnn at a
15 mid-column feed position;

) vapor withdrawing means connected to said distillation
column to receive a vapor distillation stream from a region of said distillation column
below said first vapor stream,; '

3) second heat exchange means connected to said vapor

20 ~ withdrawing means to receive said vapor distillation stream and cool it sufficiently to

condense at least a part of it;

4 separating means connected to said second heat exchange
means to receive said partially condensed distillation stream and separate it, thereby to
form a third vapor stream and a condensed stream, said separating means being further

25 connected to said distillation column to supply at least a portion of said condensed stream
to said distillation column at a top feed position;

(5)  said distillation column being further connected to said
second heat exchange means to direct at least a portion of said second vapor stream

separated therein into heat exchange relation with said vapor distillation stream; and
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means to receive said partially condensed distillation stream and separate

|S;I dt ggreugptg%ﬂ.mog forma third vapor stream and a congepgResdsheam
parating neans being further 25 connected to sald

distillation colum to supply at least a portion of said condensed stream

to said distillation colum at a top feed position;

(5) said distillation colum being further connected to said

second heat exchange neans to direct at-Bd8ast a portion of said second

vapor stream separated therein into heat exchange relation with
.sai d vapor distillation stgpanm cont@! means adapted to refi{utd el i&@%ties and
PCT/ US97/ 19340 - 33-

(6)  cont teshparatarss ofdaisk feed steeamsga saidddistiilatign antunen womaintpin the overhead
tenperatures of said.feed. streans.to said distillatio ol unm_t o _maintai.n
the over hegamperatire of sefg fistha o isin 368 fprtir i Shesghy E8irbAAr hgrigh of sl
tenper at ur ¢ Wherehvnd B84 BRIV BRIpbh&Mts Af re8@eded in said relazﬁélngman%s and

heavi er components is recovered in said relatively |ess vol

fracts on. fraction. 6. The i nprovenent according to
claim5 wherein said apparatus i ncl udes
(1) | iquid withdraw ng neans connected to said distillation 10

colum to receive a |§qui dpgli g#ru,g{."rggcg rg;&%r}gfcqaqm@wﬁgg{?%gp;@mgs

distillation colum ove vapor Wt W neans;

(2) sai djddlidds heat exchange neans connected to said liquid

W t hdrawi ng means to receive said liquid distillation streamand heat it;
and , (1) liquid wiidrawiggingeans cganeiedito sxidishstglationans
bei further connected to 15. .. . said distillation col.u to S ly said
neatd ot r EEIpFEOROER ep LAP s iaton Sefin T 5 en B pisatGp SHERR, ¢ e
of sai d vapgsvedhal 6l M VsporRahdrawing means; 7. The

i nprovenent according to claimb5 wherein said apparatus

) said first heat exchange means connected to said liquid

withdrawing means to receive said liquid distillation stream and heat it; and
3 said first heat exchange means being further connected to
15 said distillation column to supply said heated stream to said distillation column at a

location below that of said vapor withdrawing means.

7. The improvement according to claim 5 wherein said apparatus

includes

20 : : ¢)) dividing means connected to said separating means to
receive said condensed stream and divide it into at least first and second liquid streams,
said dividing means being further connected to said distillation column to supply said
first liquid stream to said distillation column at a top feed position; and

(2) said dividing means being further connected to said
25 distillation column to supply said second liquid stream to said distillation column at a

location in substantially the same region as said vapor withdrawing means.

8. The improvement according to claim 7 wherein said apparatus

includes

D



i ncl udes 20 (1) di vi di ng means connected to
sai d separating neans to recei ve said condensed stream and di vi de
it into awO%84360%f i rst and second |iquid streans, RGIHSH AR ng
nmeans being further connected to said distillation colum to supply said
first liquid streamto said distillation colum at a top feed position; and
(2) sai d dividing neans being further connected to said 25

distillation colum to supply said se(_:?g)(j liquid streamto said
distillation colum at a | ocafion in substantially the same region
as said vapor wthdrawi ng,nmeans.., . . 18 ..1v..The

" inmprovenent according to(qal aialh‘iu}dmglrdé%%m%é?e&n%ﬁ%%x}eﬁe&éo sa1d%1snllat1§£cl udes
WO 98/ 17 i iquid distillati eam from a region of said distillation column

PCT/ US 97?9851}{&0 receive a liquid distillation str g

(1) | i abbek thiat itkaidwaygr methideaavdogmeansid to said distillation

et bt onceor o IS L st b oxShagRs BSEAR (OEFeArS Frif Baridy moans
st _ _ vapor Wi
(2) S 4 r@g,d*r,}a@g%ﬁ&am@fa&?ec&%@@mgqu&?sﬁﬁad&l : dridHehtit; Ahd

W t awi 0 recelve sal rquid distillation streamand heat it;
and (3)  said first Bpat exskingefmeant bhingtfusheritangectedm@ns

bei ng further connected to ...said distillation colunp to supply said
heat ed stsaidatistillationicalummsio supnlyi 9 hestednitream tg said distillatiog calungphatie| ow t hat

of sald \apa Wl WhArS: %id"VAPY? withdrawing means.
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