HYDROCARBON GAS PROCESSI NG SPECI FI CATI ON BACKGROUND OF THE | NVENTI ON
[0001] This invention relates to a process and an apparatus for the

separ at i onoab11203g®ws cont ai ni ng hydrocar bons. SUBSTI TUTEPEHERTO10BWIES 26) WO
2011/ 034709PCT/ US2010/ 046953 [ 0002] Et hyl ene, et hane, propyl ene, propane,
and/ or heavi er hydrocarbons can be recovered froma variety of gases, such
as natural gas, refinery gas, and synthetic gas streans obtained from ot her

hydr ocarbon materials such as coal, crude oil, naphtha, oil shale, tar
sands, and lignite. Natural gas usually has a major proportion of nethane
and et hane, i.e., nmethane and et hane together conprise at |east 50 nole

percent of the gas. The gas also contains relatively |esser anpunts of
heavi er hydrocarbons such as propane, butanes, pentanes, and the like, as
wel | as hydrogen, nitrogen, carbon dioxide, and other gases. [0003] The
present invention is generally concerned wth the recovery of ethyl ene,

et hane, propyl ene, propane and heavi er hydrocarbons from such gas streans.
A typical analysis of a gas streamto be processed in accordance with this
i nvention would be, in approximate nole percent, 80.8% nethane, 9.4% et hane
and ot her C2 conponents, 4.796Bropane and ot her C3 conponents, 1.2%

i so-but ane, 2.1% nornmal but dAEDRGRARBONLAS FREGESSBYGis, with the bal ance
made up of nitrogen and carbon di oxide. Sulfur containing gases are al so
sonetimes present. [0004] The historically cyclic fluctuations in the prices
of both natural gas and its natural gas liquid (NG) constituents have at
times reduced the increnental value of ethane, ethylene, propane,

propyl ene, and heavi er conponents as liquid products. This has resulted in
a demand for processes that can provide nore efficient recoveries of these
products, for processes that can provide efficient recoveries with | ower
capital investnent, and for processes that can be easily adapted or
adjusted to vary the recovery of a specific conmponent over a broad range.
Avai | abl e processes for separating these materials include those based upon
cooling and refrigeration of gas,

SPECIFICATION

BACKGROUND OF THE INVENTION

[0001] This invention relates to a process and an apparatus for the separation

of a gas containing hydrocarbons.
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oi | absorption, and refrigerated oil absorption. Additionally, cryogenic
processes -2- SUBSTI TUTE SHEET (RULE 26) have becone popul ar because of

t he avai Iabi2bitwog4®md economi cal equi pnent that produces poTars2ewiok@s3

si mul t aneousl y expandi ng and extracting heat fromthe gas being processed.
Dependi ng upon the pressure of the gas source, the richness (ethane,

et hyl ene, and heavi er hydrocarbons content) of the gas, and the desired end
products, each of these processes or a conbination thereof may be enpl oyed.
[ 0005] The cryoddéii c exphihglicon chamcpepyléns, propneendpidichyiendrydfoearband ciror

natural gas liquids recovery because it provides maximnumsinplicity with

ease of start up re@pet@irbma vhti@xoliakdst ich gaaairebid, eiaane yas, saif@hteticand good
reliability. U S. Patent Nos. 3,292,380; 4,061,481; 4,140,504; 4,157, 904;

21 é;% 191831 4, %st?e%ﬁl’s oﬂtai%@c@fr&ﬂ%ﬁheﬂhy%?o%mﬂé? matfridQcBidooarterfde’0i039;

naphtha, oil shale, tar sands, and lignite. Natural gas usually has a major proportion
of methane and ethane, i.e., methane and ethane together comprise at least 50 mole
percent of the gas. The gas also contains relatively lesser amounts of heavier
hydrocarbons such as propane, butanes, pentanes, and the like, as well as hydrogen,
nitrogen, carbon dioxide, and other gases.

[0003] The present invention is generally concerned with the recovery of
ethylene, ethane, 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, 80.8% methane, 9.4% ethane and
other C, components, 4.7% propane and other C; components, 1.2% iso-butane, 2.1%
normal butane, and 1.1% pentanes plus, with the balance made up of nitrogen and
carbon dioxide. Sulfur containing gases are also sometimes present.

[0004] The historically cyclic fluctuations in the prices of both natural gas and
its natural gas liquid (NGL) constituents have at times reduced the incremental value
of ethane, ethylene, propane, propylene, and heavier components as liquid products.
This has resulted in a demand for processes that can provide more efficient recoveries
of these products, for processes that can provide efficient recoveries with lower
capital investment, and for processes that can be easily adapted or adjusted to vary the
recovery of a specific component over a broad range. Available processes for
separating these materials include those based upon cooling and refrigeration of gas,

oil absorption, and refrigerated oil absorption. Additionally, cryogenic processes
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4,689, 063; 4,690, 702; 4, 854, 955; 4,869, 740; 4,889, 545; 5, 275, 005;
5, 555, 748; 5,566, 554; 5,568,737, 5,771,712, 5,799,507, 5,881, 569;
5, 890, 378¥02008B4H64; 6, 182, 469; 6,578,379; 6,712, 880; ECING266D36953

have become popular because of the availability of economical equipment that
produces power while simultaneously expanding and extracting heat from the gas
being processed. Depending upon the pressure of the gas source, the richness (ethane,
ethylene, and heavier hydrocarbons content) of the gas, and the desired end products,
each of these processes or a combination thereof may be employed.

[0005] The cryogenic expansion process is now generally preferred for natural
gas liquids recovery because it provides maximum simplicity with ease of startup,
operating flexibility, good efficiency, safety, and good reliability. U.S. Patent Nos.
3,292,380; 4,061,481; 4,140,504; 4,157,904; 4,171,964; 4,185,978; 4,251,249;
4,278,457; 4,519,824; 4,617,039; 4,687,499; 4,689,063; 4,690,702; 4,854,955;
4,869,740; 4,889,545; 5,275,005; 5,555,748; 5,566,554; 5,568,737; 5,771,712;
5,799,507, 5,881,569; 5,890,378; 5,983,664; 6,182,469; 6,578,379; 6,712,880
6,915,602; 7,191,617; 7,219,513; reissue U.S. Patent No. 33,408; and co-pending
application nos. 11/430,412; 11/839,693; 11/971,491; 12/206,230; 12/689,616;
12/717,394; 12/750,862; 12/772,472; and 12/781,259 describe relevant processes
(although the description of the present invention in some cases is based on different
processing conditions than those described in the cited U.S. Patents).

[0006] In a typical cryogenic expansion recovery process, a feed gas stream
under pressure is cooled by heat exchange with other streams of the process and/or
external sources of refrigeration such as a propane compression-refrigeration system.
As the gas is cooled, liquids may be condensed and collected in one or more
separators as high-pressure liquids containing some of the desired C,+ components.
Depending on the richness of the gas and the amount of liquids formed, the

high-pressure liquids may be expanded to a lower pressure and fractionated. The
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7,191, 617; 7,219,513; reissue U S. Patent No. 33,408; and co-pendi ng
application nos. 11/430,412; 11/839,693; 11/971,491; 12/ 206, 230;

12/ 689, 610 200/084709394; 12/ 750, 862; 12/772,472; and 12/ PBT/IR2@00e®63 i be

rel evant processes (although the description of the present invention in
sone cases is based on different processing conditions than those descri bed
inthe cited U S. Patents). [0006]In a typical cryogenic expansion recovery
process, a feed gas stream under pressure is cool ed by heat exchange with
ot her streans wpotidagorprcoeess damg/copangs efrthaliqusb uesoksindirtheedooligerfatid on such
as a propane conpression-refrigeration system As the gas is cool ed,
l'iquids may besteandengedomne@ndigbisepit@toling tneohqiressire Bqi@naioatoahis as

hi gh-pressure |iquids containing sone of the desired C2+ conponents.

Dependi ng on t {805 Mg $e aQirafib & H&S (AR NGy @ TRYGhpRiurt kMliASH AT Med, the
hi gh-pressure |iquids fmay be expanded to a | ower pressure and fractionated.
The -3- SUBST|TUTE SHE%{GQRUHEg%Q%H%S¥a orizat.i on ??curri§ during

. ce nsion, XpPdl TISINg a Tixture oI lguid an Or, 18
expansi on of the I)laqwds Fedul eredoo i'ng oft gﬁe stréam Under

sonme conditions, pre-cooling the high pressure |iquids prior to the
expansi on may Ipitieatid i s lfomKamp Hanider G depiBRTif<B i dn {he ﬁﬁlﬁ?lattg“r e
resulting fromthe expansion. The expanded stream conprising a m xture of
| i qui d and vapopansiog coeletbttican@t i Garerdlistiller] totsenaraga iesidnal dethechaiipgear or
deet hani zer) colum In the colum, the expansion cooled strean(s) is (are)
distilled to sedathat elatdsgadesak onelidad ngyor from tlegiesireddhdoopdnents, M@l ati | e gases
as overhead vapor fromthe desired C2 conponents, C3 conponents, and

heavi er hydr oc@npeRn&OIMANRAN: hy@Scdtcdmbbdefild hlbdoRdield pr@fuct & separ at e
resi dual nethane, C2 conponentsS, nitrogen, and other volatile gases as

over head Vapor%&ﬁ@‘r&s{&ﬁal%ﬁiah&‘é& %ﬁ&%gg@%%t eotpeggééfaglg ég%ggsocar bon

conponents as ttom 1 quid product. I's not totally
condensed (typically it is pot), the vapor renainin romthe partial
condensati on’ Caga i o B CearRRi TBBT frdnBoh Pt Pabr i s
passed t hrough a work expansi on machi ne or engi ne, or an expansion val ve,
to a |lower presdarem fguidpiodertaddi tional |iquids are condensed as a result
of further cooling of the stream The pressure after expansion is

essential |y th@0ane aslfthedeqprgssuoeoatly wmdetsed tgidilg ttid dogt themapol um i s
operated. The conbi ned vapor-liquid phases resulting fromthe expansion are

suppl i ed as f eeshainigiiioe O cofdoRQ@]nldag bé ermint MG speintsi One pdribher vapor is
cool ed to substantial condensation by heat exchange wi th other process

streams, e.g.,pt Off)_og@?%;é({)tﬁfbh&%@@ﬂk%?p&ﬁ@@ﬁla&ﬂ&r&@ﬁ’gilne, SolRxphsigh! of the

hi gh- pressure |iqui e conbined wth this vapor portion prior to

cool ing._The real {ing, Sool e ALEeATURLLIER RIRANAEL.LNCONAt, AP
appropri ate expansion device, such as an ex(ban5| on val ve, (0] € pressure

at which the d t hanj zer is operated. During exPansion, ? ortion of the
liquid will v aﬁgﬁqrfgo ing gt the stream. The pressure after €xpansion is essentially the same as

the pressure at which the distillation column is operated. The combined vapor-liquid
phases resulting from the expansion are supplied as feed to the column.

[0008] The remaining portion of the vapor is cooled to substantial
condensation by heat exchange with other process streams, e.g., the cold fractionation
tower ovethead. Some or all of the high-pressure liquid may be combined with this
vapor portion prior to cooling. The resulting cooled stream is then expanded through
an appropriate expansion device, such as an expansion valve, to the pressure at which

the demethanizer is operated. During expansion, a portion of the liquid will vaporize,
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SUBSTI TUTE SHEET (RULE 26) resulting in cooling of the total stream The
flash expanded streamis then supplied as top feed to the denethani zer.
Typi cal | ywotzha/o3amer portion of the flash expanded streaorarsdomloesoss3

denet hani zer overhead vapor conbine in an upper separator section in the
fractionation tower as residual nethane product gas. Alternatively, the
cool ed and expanded stream may be supplied to a separator to provide vapor
and liquid streans. The vapor is conbined with the tower overhead and the
i quid is supplksuichgtioctohieg cidhattl sigcam. fopflablerpandddesedam [sQR@Shpphed ke | deal
operation of such a separation process, the residue gas |eaving the process
will contain swpsieantthe@didnetahize0Typioalyat hgiepdrior dfehd feellegasden t h
essentially none of the heavier hydrocarbon conponents, and the bottons

fraction |eaviggahhg de H@ﬁéﬂ&ﬂizéﬁvefril&%elcﬂ Vaﬁ&QbﬁiFi:ﬂe ﬁ%ﬁfpﬁé}tﬁé@hw s@hibn §f the

heavi er hydrocarbon conponents wth essentially no nethane or nore volatile
component s. |y PEAGLLG SN (AEVELaual Bl furde B Huc Sl YR PR 15, BoRBLA] ned
because the conventional denst hani zer |slbper§?e arge?% as a stripping
colum The net hane product of the process, therefore, typically conprises
vapors | eavi ngeXPﬁ@e(ﬁ) St?a@r%gﬁeé‘ﬂﬁi? i aSERgEAROT P PrOKide &%’Phﬁ%‘ﬁl% dE%/Eﬁ‘Er with
vapors not subjected to any rectification step. Considerable | osses of C2,
C3, and C4+ colisonrpmtisconbagd W@é@@d@\éﬁrtoﬁ@fh‘tad@mf thg liteld fsesepplicd i thg ns
substantial quantities of these conponents and heavi er hydrocarbon
conmponent s, reslnin B3¢ topcobumi fespondi ng equi | i brium quantities of C2
conponents, C3 conponents, C4 conponents, and heavi er hydrocarbon

conponents in @] vapor m the@vdl bgkritdg of ieh b k@atationmbédd) tktiddRe @hs t he
denet hani zer. The | oss of these desirable conponents could be significantly

g 1 cant qusht T oRrRPRT GG R TR kM R AT i

conponents, C3 co nent s [oX0) nents, and heavi hydr ocar bon
conponents frof H@gvgﬁ%?@h§§%YWH§§E§ﬁ%%{ﬁ%ﬂ%ﬁ@ﬁ%ﬁ%ﬁ%j_ @%Wﬁﬁ@%y

2011/ 034709PCT/ US2010/ 046953 [ 0010] I n recent years, the preferred processes
f or hydr ocar bo2'éwgdhg danedanigerevill goniyp atbsiapiady pid pl Bebeavishhdecpdeni de
additional rectification of the rising vapors. The source of the refl ux
stream f or t hecoupprmtsrvathtdsfengalyinomegmot pranore solaipeaaiongnia Inpryiadeed st ream
of residue gas supplied under pressure. The recycled residue gas streamis
usual |y cool edhdn@ve Ui tidal di@htion dnehe Bisahédivc e he adnvexhanig@emidifer @t her
process streans, e.g., the cold fractionation tower overhead. The resulting

substantial Iy capdansedy 8td §@Pisolhfn 18X RRRRDIRLQIAR AR apPr opri at e

expansi on devi ce, such as an expansion valve, to the pressure at which the

denet hani zer i s _operate Duri.ng expansi.o artion of t liquid wll
isual 1y vapor | DG BhR it Mo O oG RAER o, Bo PR o Ryt M6 1) G
expanded streamis then supplied as top feed to. the denefhanjzer.
Typically, t heCOJ}HIHbFOgHB?ng‘nVaB?rS poteuRisqrsiaad setiicainnalea: [Eﬁ%“‘l&@g%t hani zer
over head vapor conbine in an upper separator section in the fractionation
tower as resi diggks oféihem enddraodompongals ocony baspuse theven §quid faesd cop@ined and
expanded stream nmay be supplied to a separator to provide vapor and liquid
streans, substantial quantities of these components and heavier hydrocarbon components,

resulting in corresponding equilibrium quantities of C, components, C3 components,
C4 components, and heavier hydrocarbon components in the vapors leaving the top
fractionation stage of the demethanizer. The loss of these desirable components could
be significantly reduced if the rising vapors could be brought into contact with a
significant quantity of liquid (reflux) capable of absorbing the C, components, C;

components, C4 components, and heavier hydrocarbon components from the vapors.
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so that thereafter the vapor is conbined with the tower overhead and the
liquid is supplied to the columm as a top colum feed. Typical process
schenmes oWot2hiig3tywpe are disclosed in U S. Patent Nos. 2C88%2&4536953

5,568, 737; and 5, 881, 569, assignee's co-pending application no. 12/717, 394,
and in Mowey, E. Ross, "Efficient, H gh Recovery of Liquids from Natural
Gas Utilizing a H gh Pressure Absorber", Proceedings of the Eighty-First
Annual Convention of the Gas Processors Association, Dallas, Texas, March
11-13, 2002. UA6Idt t unat bilrycent yeais ghpproicasdprscaseg iir hpdrv¢rebon sepagfiomugonpr essor
to provide the notive force for recycling the reflux streamto the

demet hani zer, adgparabiosbeddchior to@reapiatidgitiompgttifRaton diehcaR@abpirg RSt of
facilities using these processes. -6- SUBSTI TUTE SHEET (RULE 26) WO

2011/.034709PCT{,}32 03¢ RABD ARG R] JHHer REEREMn sb?i}éﬁ My A1 'alsréby@lg@ | oys an

q.
upper rectification section (or a separate rectification colum if plant

size or other factors. .favar usi.p eparate J.ectificati.on and st.ri pping
Stredm 0{ ﬁ,éldl%e S lsBPpisl dglélgfrzrr] Pfesyury: hfhse rer:Cé/EIf:{j) ¥631du ag stream is . .

col ums). HoweVer, icatyon section is
provi ded by using a side draw of the vapors rising in a |ower portion of
the tower. Bec‘é?ﬂ%@ CS?le&?eguc;séf}n&f‘liCQ eg}SﬂHP@W lleéh%‘é]:*wg%‘fv}ﬂbﬁth?ffpr@?“corrponent s in
the vapors lower in the tower, a significant quantity of liquid can be
condensed in titicansede thercald fetaamnip veiouerhendeas fepglingssbyinsigiur e, of t en
using only the refrigeration available in the cold vapor |eaving the upper
rectificati on ®addnsaistraandisttied ckpaddl thropgnaegpeptigt exphnsiinl dgvicg nabthras ed

stream This condensed liquid, which is predomnantly |iquid nmethane, can

then be used t@ QPHRIOR vEe, COMPPRQNIS wiidh BRIPAARIHI R is GfertoMPONERt S, and
heavi er hydrocarbon conponents fromthe vapors rising through the upper

rectification i @ﬂg:t : ; nts in the
bottomliquid%‘?%%lﬁ@{l‘1 roﬁf?%%q gﬁé@ﬁ%ﬁ%@%ﬁﬁsﬁgb¥%¥ﬁ§$é?%?@ggf&guch a side
draw feature ha een oyed i + recovery.syste as illustrated in
the assignee' s°9. Fmﬁaﬁggé” ﬁm§£#é§§§%§ﬁxﬁgmﬁkﬁ¥% @ﬁ@ﬁi € recovery
systens, as illustrated in the assignee's U. S. Patent No. 7,191,617 and

co- pendi ng applemetienigy. Awrically pho prpopmutionf thezxpapdedstgam g the | sj ngl y,
applicants have found that using the flash expanded substantially condensed
stream t o provdedethanipgovérbend ofipar hemipooinian gpt sephmwtos sadeordingw f eat ur e

di scl osed in assignee's co-pending application nos. 12/206, 230 and

12/ 781, 259 pr oeREsRS0h IREeOMESiduEméRahe RO Qhd. @Ftediadvdly) ehesysibemdef f i ci ency
with no increase in operating cost. [0013]In accordance with the present

i nventi on, it Q@%m@?ﬁﬂm&QMg%e% haﬁ%a%%%ﬁ%ﬁﬁ&mbﬁdéﬁﬁ%§ﬁmQhu§§&@ﬁ&d G and
CA+ recoveries in excess of 99% can be obtai ned w t hout the need for

((:%BE I’Eeggl) on of sottﬁ'a? threree];%tgr)%hes\;[a{)(():"ral‘smcofm%rinetd r\])veithcgl(lae o&z@r%%r &ld-and Efe ligﬁf@issﬂ TUTE SHEET

supplied to the column as a top column feed. Typical process schemes of this type are
disclosed in U.S. Patent Nos. 4,889,545; 5,568,737; and 5,881,569, assignee's
co-pending application no. 12/717,394, and in Mowrey, E. Ross, "Efficient, High
Recovery of Liquids from Natural Gas Utilizing a High Pressure Absorber",
Proceedings of the Fighty-First Annual Convention of the Gas Processors
Association, Dallas, Texas, March 11-13, 2002. Unfortunately, these processes
require the use of a compressor to provide the motive force for recycling the reflux
stream to the demethanizer, adding to both the capital cost and the operating cost of

facilities using these processes.
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The present invention provides the further advantage of being able to

mai ntain in excess of 99% recovery of the C3 and C4+ conponents as the
recovery wb 202 /cemwponent s i s adjusted from high to | ow walrasgo1olomsvasidi ti on
the present invention makes possible essentially 100% separati on of nethane
and |ighter conmponents fromthe C2 conmponents and heavi er conponents at the
sane energy requirenents conpared to the prior art while increasing the
recovery | evels. The present invention, although applicable at |ower
pressures and Bgidier t efipgreenrimsptionslypanmpioysihrufdpyr radiaaicagectios (when
processing feed gases in the range of 400 to 1500 psia 112,758 to 10, 342
kPa(a) 1 or hi glapirat RdeficatiomelilinhOif plahiedpdior biRg INGhrs FR6QMBIL ¥epatkdinm over head
tenperatures of -50F [-46C] or colder. [0014] For a better understandi ng of

the present i nyafch@and ﬁcﬁﬁﬁiﬁé‘é‘o@uﬂnﬁ).”i?%geif%?tﬂe*ﬂ&lu&@ﬂr&a‘ﬁi"foﬁ&is"r@f&i’ﬁ%tﬁﬁ and

drawi ngs. Referring to the draw ngs: FIG 1 1s a flow diagramof a
prior art natural gas prLocessin Lant i.n _accordance with Unitegd States

Pat ent No. 5, 5015965 PRGEETRIEY e Qb SribeSFET A5RSR B b SP “hat ur
gas processing plant in accordance with United ates Patent No. 7,191,617;
[0017] FIG 3 i&Ver fﬁewﬁ%égerfa ey lagfb?qns?mfamn %ﬁzﬁ?fan)on@%mﬁfw@%i ng pl ant
in accordance with assignee's co-pending application no. 12/206, 230;

[ 0018] FI G. 4 ilewer in thevipwiraigvigimiicant uamidy efrleguidgas bpecndesed in ghipiidadray n
accordance with the present invention; and [0019]FIGS. 5 through 8 are flow
di agrans il | usteah widowalklcestingit pessoactenaking ppl teatfrigeragh avkiblriesent
invention to a natural gas stream [0020]In the follow ng expl anati on of

]g he above fi guhegold {#B} BSvidY Be g@éﬂe&ﬁﬂaﬁdh%@efohéhd‘ﬁe fihawxpates cal cul ated
or representative process conditions. In the tables
substantially condensed stream. This condensed liquid, which is predominantly liquid
methane, can then be used to absorb C, components, C3; components, C4 components,
and heavier hydrocarbon components from the vapors rising through the upper
rectification section and thereby capture these valuable components in the bottom
liquid product from the demethanizer.
[0012] Heretofore, such a side draw feature has been employed in C;+
recovery systems, as illustrated in the assignee's U.S. Patent No. 5,799,507, as well as
in C,+ recovery systems, as illustrated in the assignee's U.S. Patent No. 7,191,617 and
co-pending application nos. 12/206,230 and 12/781,259. Surprisingly, applicants
have found that using the flash expanded substantially condensed stream to provide a
portion of the cooling of the side draw feature disclosed in assignee's co-pending
application nos. 12/206,230 and 12/781,259 processes improves the C,+ recoveries
and the system efficiency with no increase in operating cost.
[0013] In accordance with the present invention, it has been found that C,

recovery in excess of 87% and C; and C4+ recoveries in excess of 99% can be

obtained without the need for compression of the reflux stream for the demethanizer.
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-8- SUBSTI TUTE SHEET (RULE 26) appearing herein, the values for flow
rates (in noles per hour) have been rounded to the nearest whol e nunber for
conveni erwo.20filns4100t al streamrates shown in the tabl espPcmalsoae/oadoss

non- hydr ocar bon conponents and hence are generally |arger than the sum of
the streamflow rates for the hydrocarbon conponents. Tenperatures

i ndi cated are approxi mate val ues rounded to the nearest degree. It should
al so be noted that the process design cal cul ations performed for the

pur pose of confemiaygnttifvenipmpoeske hedepiccadyantage of hang idpwesimrieicbased on t he
assunption of no heat |leak from (or to) the sunoundings to (or from the
process. The quaésk b9t rec@RTRITCheal;layd ay-addndbhetd R el redov&rg on@s eri al s makes
this a very reasonabl e assunption and one that is typically nmade by those

skilled in the@pbnenlQ0%idcatfLRNERIEN ¢ AuesPILLRRRN RA! HERhERRNASE T eported
in both the tradltlonal ritish units and in the units of the Syst ene

International d.Unite rates gi n abl es may
be interprete dmakes gosglﬁle(esse%tharlll ”}Fm eé)aratlon (%V}Inethane a }gé%{ caor%lpon ness r%né ¢ hour .
The energy con Eptlons repawﬁed as horse ower éHP and/or t housand British
Thermal Units ‘E% 2 HERACDVERGNEEVICT EYRRBERBHIGBIE TS EWEMYE ar {1 ow rat es

in pound nol es per hour. The energy consunptions reported as kilowatts (kW
correspond to eonwarsd it belpiaslagrvhilp oarepsngde fepovery loxplsarhherplesent aentinour .

DESCRI PTI ON OF THE PRI OR ART [0022]FIG 1 is a process flow di agram show ng
t he desi gn of adthpughaeplgibigadbaeatprdsauresand warmeCRmpenmpanie parsicdlartym nat ur al gas
using prior art according to U S. Pat. No. 5,890,378. In this sinulation of

the process, ighgia fg@@, veRh fo@esglhgfe@agms 1ﬁtthe8f5«ﬁge[02%©]toqmb itQ2psi@ [ 6, 688
kPa(a)] as stream If the inlet gas contains a -9- SUBSTI TUTE SHEET

(RULE 26) CO“RPJ&%PE(?T@& fﬂ%he% WhdelE ﬁﬁlgﬂsoﬂé{ﬂlﬁﬁng‘t’!ﬁ{}fi Bec Qohﬂﬁr?éfx%%a& he

product streans fromneeting specl YV'cati o e su conpounds are
renoved by appropriate eat f the feed gas (not illustrated). In
addi tion, the ?@@amgvﬁgﬁéﬁﬁﬁ‘ﬁ(ﬁqrf Yd¢ehydrated to prevent hydrate (ice)
fornatlon under cryogenic conditions. Solid desiccant has typically been

used for this BWdhose. Foedservadasadingof Rispiesent ngerigpl relgrents ihiade exchanger

10 by heat exchange
to the following examples and drawings. Referring to the drawings:

[0015] FIG. 1 is a flow diagram of a prior art natural gas processing plant in
accordance with United States Patent No. 5,890,378;

[0016] FIG. 2 is a flow diagram of a prior art natural gas processing plant in
accordance with United States Patent No. 7,191,617;

[0017] FIG. 3 is a flow diagram of a prior art natural gas processing plant in
accordance with assignee's co-pending application no. 12/206,230;

[0018] FIG. 4 is a flow diagram of a natural gas processing plant in
accordance with the present invention; and

[0019] FIGS. 5 through 8 are flow diagrams illustrating alternative means of
application of the present invention to a natural gas stream.

[0020] In the following explanation of the above figures, tables are provided

summarizing flow rates calculated for representative process conditions. In the tables

8-
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Wi th cool residue gas (stream 45b), denethani zer | ower side reboiler

| iquids at 32F [0C] (stream 40), and propane refrigerant. Note that in all
cases excwengero3i®oi s representative of either a nultit ede/ustoiongioss dual
heat exchangers or a single multi-pass heat exchanger, or any conbination

t hereof. (The decision as to whether to use nore than one heat exchanger
for the indicated cooling services will depend on a nunber of factors
including, but not limted to, inlet gas flow rate, heat exchanger size,

st r eam t enper aippeaeng hatio, the Tes ¢odloadatss (ieanie8ia hewd bavs bempawrstdo 11 at OF
[-18C] and 955 psia [6.584 kPa(a)] where the vapor (stream 32) is separated
fromthe condensgrdsi Wiwlenniter NI Siencd NEheSEPBKBAM FatdsisBidi in (itcard@am 33) i s
expanded to the operating pressure (approximately 444 psia [3,061 kPa(a)])
of fractionati iﬁ&u(ﬁeqa‘lﬁfon—%?dr@é’ar&?ﬁré@ﬁﬁéﬂéﬁts‘éfi’d NGoclRe g&@ﬁh%mg%emﬁméﬁa to -27F
[-33C] before i1t Is supplied to fractionation tower 20 at a tirst | ower

m d- col um fee oint . -[0024].The vapor .(stream 32).from separatar 11 is
further cool e R Wakp negefaigafe HRByh LS RRAD PSRBT due gas
(stream 45a) and denet hani zer upper side reboiler |iquids at -39F [-39(C
(stream 39). TRBrOR B oy it w30 B aparer %eggfép&rsﬁ?%ﬁl algybeored et 35C] and
950 psia [6,550 kPa(a)] where the vapor (stream 34) is separated fromthe
condensed | i quirecesssdesign pal@rationsipeefonegddpibopurpgse of epnpatirehepB®ssess expanded
to the tower operating pressure by expansion valve 19, -10- SUBSTI TUTE
SHEET (RULE 26Jepiceddd ihafjguty @abasdlen thoassabtption-obdddheabledlofir@n (dr ta)shesuppl i ed to
fractionation tower 20 at a second | ower m d-colum feed point, [0025] The

vapor (st ream @fbuddiRMoSEPRERS BE prddest. Ihdlpliclest chiibretanp awiligans, 35 and 36.
Stream 35, containing about 39% of the total  vapor, passes through heat

exchanger 15 ' iﬂs%ﬁ% gl%f&ﬁ?ﬂ@ﬂﬂ sl Q(Iér? ReaW¥nbile Eﬁﬁn[gtg)lnqq_{]%' tﬁieHE‘ﬁ t?[lﬁ?]aélgﬁt ream

45) where it is coo to substantial condensati e res

substantially condensed ream 35a at -123F [-86C] is then flash expanded

t hr ough expans@%‘ﬁ%\ygtf%%s@i?dﬂ%{pgIa’?‘ghtIy above the operating pressure of
fractionation tower 20. During expansion a portion of the streamis

vapori zed, resli¥ ng i nfereemeRigness prpgres Ragmgtersarg gpapsted ip bethghepr ocess
illustrated in FIG 1, the expanded stream 35b | eavi ng expansi on val ve 16
reaches a tenpeditonaldrivith uni@@K in-BQ@jts oftheS wipeidethasmaeBii@5hll.s war ned to
-126F [-88C] and further vaporized in heat exchanger 22 as it provides

cool ing and partemdlardondeaisgyénan eftatidsSiidylbe adiérped apéeithespoug@nmorLpss t hdr awn
fromstripping section 20b of fractionation tower 20. The warned stream 35c

i s then suppligg, &tkiﬁ?rahmﬂﬁés 1bug O ek @ EChs R s re?&te@tﬁ%rggpegelseai on
20a of fractionation tower 20. [0026] The remai ning 61% of the vapor from

separator 14 ( ea 6) enter. wor k. expansi ine 17 | i ch
mechani cal ene%@a?dg)rgl}(%?aé@?g&a} flgrlﬁn %lﬁ{ngts g%rrhf) ﬁlrgﬁd%ﬁﬁpﬁem]ﬁ?sa%ndg?\é@sure f eed.
The machi ne 17 expands_the vapor substantially isentropically to the tower
operating pres¥affkmolys v ‘iaf‘i’élf\/ﬁﬁ’flﬁds‘é‘@ﬁ%\??é oH- Eé%?qeﬁgg CORIMBYYS APEHCSt r eam 36a
to a tenperature of approxinmately -86;@(&{-66C . The typical comercially
avai | abl e expatiddpwatt(eWeeqiegbitoad bt the geled mplandovprplas hiekimeHay meles B0- 85% of t he
work theoretically available in an ideal isentropic expansion. The work
recovered i s ofduen used to drive a centrifugal conpressor (such as item 18)
that can be used to re-conpress the residue gas (stream 45c), for exanple.
The partially SUBSTI TUTE SHEET (RULE 26) condensed expanded stream 36a is
thereafter supplied as feed DESURAIIONTGH TOP PROWEARF0 at a m d-col unm feed
poi nt .

[0022] FIG. 1 is a process flow diagram showing the design of a processing
plant to recover C,+ components from natural gas using prior art according to U.S.
Pat. No. 5,890,378. In this simulation of the process, inlet gas enters the plant at 85°F

[29°C] and 970 psia [6,688 kPa(a)] as stream 31. If the inlet gas contains a

9.
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[ 0027] The denet hani zer in tower 20 is a conventional distillation colum
containing a plurality of vertically spaced trays, one or nore packed beds,
or sone cwobwnaiikmna of trays and packi ng. The denet hani Per/USeN®N466MSi St S
of two sections: an upper absorbing (rectification) section 20a that
contains the trays and/or packing to provide the necessary contact between
t he vapor portions of the expanded streans 35c and 36a rising upward and
cold liquid falling dowmmward to condense and absorb the C2 conponents, C3
conponent s, angnéagwticanof edivpomariusds vénd veoulldoprevent the piogygit sigame obinon 20b t hat
contains the trays and/or packing to provide the necessary contact between
the |iquids fahtdingspioiommns drndifirRempamas ge finfivabbydpprptate The

dernet hani zi ng section 20b al so i ncl udes one or nore reboilers (such as

reboiler 21 an[%etréﬁﬁneil S8 €O BB 11ﬂ?c§a@erdb bﬁ@d&lﬁ@ﬂ’ 'ttf%tfé?édﬁredﬁms eluaigat and
vaporize a portion of the liquids f omnng down the colum to provrde t he

el 13, SRR HRER R BT NI 8 Tl B 000
denet hani zer &B? |nte dlate feed position Iocated in the | ower
regi on of abso GHW8 8“8? IofWe PHRAzer 20. The liquid portion of

t he expanded strean136a commngles with liquids falling downward from

absor bi ng sectP®3] 20a ahb fettstieonBl segolpd tﬁgﬂﬁ@t csdngen LBy bolgrakange i nt o
stripping section 20b of denethanizer 20. The vapor portion of the expanded
stream 36a ri sesh coph@sidud das Gurgdm dfts afebiethgnisee ddvioo pid@faoiken tquids a @2fFact ed wit h
cold liquid falling downward to condense and absorb the C2 conponents, C3

conponents, ange @Q?ﬁféa@rr40ﬁ‘aﬁ&3ﬂ’aﬁd% %frl%eQlegSﬂI&e BT hiaR0asRf olchfedi®td | | ati on

vapor (strean142) is withdrawn fromthe upper region of stripping section

20b. This stream.is ool ed arti SUBSTI TUTE SHEET ( RULE
26)" condensedttbienulin JsHR ATLRRE R Bub B4 Kyt e SGHIBE wi ch expandea
substantially condensed stream 35b as_descri bed previaously, cooling stream
42 from - 96F [mtm(l;’fssth@atéﬁ%{lgef o8y ‘[0“’@9’@;110”(@??@61%21531510%%0 WB@PG&U ng
pressure (441 psia [1038 kPa(a)]) in reflux separator 23 is naintained
slightly bel owotukeemep draahdleeapexekangerdorghe idéinaehenlizesera@s withdepenskavi des t he
driving force which causes distillation vapor stream 42 to fl ow t hrough
heat exchangera@intend fhdianmelutling dut e lingkd toXinke paridivatte ABaviieiaggdrhe
condensed liquid (stream44) is separated from any uncondensed vapor

(stream 43). [s@&zéﬂeﬂ_ﬁ%d@eﬁh‘tﬂﬁ% &E'j @R cAdted Sieih BES dns s%ﬁﬁ%ﬁhoa&o% i s punped
by punp 24 to a pressure s i ghtly above the operating pressure o

(et o aenbrRESas FaRlostT b3 yn R SRR TR A2 P BRA SPURT, °

absorbs and condenses the C3 conponents and heavi er _conponents rising in

t he upper rect{opfeised ltﬂﬁldr@gfia@r%bfTlﬁtser@rwﬁl@u@é%rerlaﬁ3)21®axnarldeééqr@? hani zer 20.
[ 0030] The liquid product stream 4l exits the bottomof the tower at 112F

[ 44C], based orpertinypesale (gpexinhdtdptdopiads,0al kis(HRwefraaionttiamever 01 o of
0.025:1 on a nolar basis in the bottom product. Cold denet hani zer overhead
stream 38 exi tig; dxpgnsiofPalod 12 esdtinh sirdazed3a 20-2atF - B28 Foefor8 A Glsupplkd eobi nes

Wi th vapor stream 43 to formcold residue gas stream 45 at -128F [-89Cl.

The col d resi dﬁ'z%u&ﬁ%oﬂo%ﬁmﬁéﬁﬂ%mﬁmﬁpwﬁn%{&w%&rﬂt'y to the incomng feed
gas in heat exchanger 15 where it is heated to 7/F [-38Cl (stream 45a), in

heat exchanger wher e Theyabs b and in
heat exchangerm¢%]mhere |ﬁw?miﬂﬂmP‘ )IoméﬁfmkﬁitS%Pﬁprggﬁﬁigc?& The residue

gas is then re-conpre WO st e first is c npressor 18
driven by ex pa%raeﬁerr@rrﬁ angept §8‘&16‘?§ Ug gafairean 458 %%ée% anasr . 13-
upper side reboiler liquids at -39°F [-39°C] (stream 39). The cooled stream 32a
enters separator 14 at -31°F [-35°C] and 950 psia [6,550 kPa(a)] where the vapor

(stream 34) is separated from the condensed liquid (stream 37). The separator liquid

(stream 37) is expanded to the tower operating pressure by expansion valve 19,

-10-
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SUBSTI TUTE SHEET (RULE 26) driven by a supplenmental power source which
conpresses the residue gas (stream 45d) to sales line pressure. After
cool i ng two2B0M31M49CL i n di scharge cool er 26, the resi o/ usasops@diict
(stream 45f) flows to the sales gas pipeline at 1015 psia [6,998 kPa(a)],
sufficient to neet line requirenments (usually on the order of the inlet
pressure). [0031] A summary of streamflow rates and energy consunption for
the process illustrated in FIG 1 is set forth in the follow ng table:
- 14- SUBSTI TUT®@oBHEETani BULE -&6Y [-534HIbefote i iFk@plidd toStarteantiddl towerS0mnary - Lb.
Mol es/ Hr [ kg nol es/ H] Stream Met hane Et hane

second lower mid-column feed point.

[0025] The vapor (stream 34) from separator 14 is divided into two streams,

35 and 36. Stream 35, containing about 39% of the total vapor, passes through heat

exchanger 15 in heat exchange relation with the cold residue gas (stream 45) where it

is cooled to substantial condensation. The resulting substantially condensed stream

35a at -123°F [-86°C] is then flash expanded through expansion valve 16 to slightly

above the operating pressure of fractionation tower 20. During expansion a portion of

the stream is vaporized, resulting in cooling of the total stream. In the process

illustrated in FIG. 1, the expanded stream 35b leaving expansion valve 16 reaches a

temperature of -130°F [-90°C]. The expanded stream 35b is warmed to -126°F

[-88°C] and further vaporized in heat exchanger 22 as it provides cooling and partial

condensation of distillation vapor stream 42 withdrawn from stripping section 20b of

fractionation tower 20. The warmed stream 35c is then supplied at an upper

mid-column feed point, in absorbing section 20a of fractionation tower 20.

[0026] The remaining 61% of the vapor from separator 14 (stream 36) enters a

work expansion machine 17 in which mechanical energy is extracted from this portion

of the high pressure feed. The machine 17 expands the vapor substantially

isentropically to the tower operating pressure, with the work expansion cooling the

expanded stream 36a to a temperature of approximately -86°F [-66°C]. The typical

commercially available expanders are capable of recovering on the order of 80-85%

of the work theoretically available in an ideal isentropic expansion. The work

recovered is often used to drive a centrifugal compressor (such as item 18) that can be

used to re-compress the residue gas (stream 45¢), for example. The partially

-11-

SUBSTITUTE SHEET (RULE 26)



Propane But anes+ Total 31 53,228 6,192 3,070 2,912 65,876 32 49, 244 4,670
1, 650 815 56, 795 33
WO 2011/034709 PCT/US2010/046953

condensed expanded stream 36a is thereafter supplied as feed to fractionation tower
20 at a mid-column feed point.

[0027] The demethanizer in tower 20 is a conventional distillation column
containing a plurality of vertically spaced trays, one or more packed beds, or some
combination of trays and packing. The demethanizer tower consists of two sections:
an upper absorbing (rectification) section 20a that contains the trays and/or packing to
provide the necessary contact between the vapor portions of the expanded streams 35¢
and 36a rising upward and cold liquid falling downward to condense and absorb the
C, components, C3 components, and heavier components; and a lower, stripping
section 20b that contains the trays and/or packing to provide the necessary contact
between the liquids falling downward and the vapors rising upward. The
demethanizing section 20b also includes one or more reboilers (such as reboiler 21
and the side reboilers described previously) which heat and vaporize a portion of the
liquids flowing down the column to provide the stripping vapors which flow up the
column to strip the liquid product, stream 41, of methane and lighter components.
Stream 36a enters demethanizer 20 at an intermediate feed position located in the
lower region of absorbing section 20a of demethanizer 20. The liquid portion of the
expanded stream 36a commingles with liquids falling downward from absorbing
section 20a and the combined liquid continues downward into stripping section 20b
of demethanizer 20. The vapor portion of the expanded stream 36a rises upward
through absorbing section 20a and is contacted with cold liquid falling downward to
condense and absorb the C, components, C; components, and heavier components.
[0028] A portion of the distillation vapor (stream 42) is withdrawn from the

upper region of stripping section 20b. This stream is then cooled and partially

-12-
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3,984 1,522 1,420 2,097 9,081 34 47,282 4,037 1,178 405 53,293 37 1,962 633
472 410
WO 2011/034709 PCT/US2010/046953

condensed (stream 42a) in exchanger 22 by heat exchange with expanded
substantially condensed stream 35b as described previously, cooling stream 42 from
-96°F [-71°C] to about -128°F [-89°C] (stream 42a). The operating pressure

(441 psia [3,038 kPa(a)]) in reflux separator 23 is maintained slightly below the
operating pressure of demethanizer 20. This provides the driving force which causes
distillation vapor stream 42 to flow through heat exchanger 22 and thence into the
reflux separator 23 where the condensed liquid (stream 44) is separated from any
uncondensed vapor (stream 43).

[0029] The liquid stream 44 from reflux separator 23 is pumped by pump 24
to a pressure slightly above the operating pressure of demethanizer 20, and stream 44a
is then supplied as cold top column feed (reflux) to demethanizer 20 at -128°F
[-89°C]. This cold liquid reflux absorbs and condenses the Cs components and
heavier components rising in the upper rectification region of absorbing section 20a
of demethanizer 20.

[0030] The liquid product stream 41 exits the bottom of the tower at 112°F
[44°C], based on a typical specification of a methane to ethane ratio of 0.025:1 on a
molar basis in the bottom product. Cold demethanizer overhead stream 38 exits the
top of demethanizer 20 at -128°F [-89°C] and combines with vapor stream 43 to form
cold residue gas stream 45 at -128°F [-89°C]. The cold residue gas stream 45 passes
countercurrently to the incoming feed gas in heat exchanger 15 where it is heated to
-37°F [-38°C] (stream 45a), in heat exchanger 13 where it is heated to -5°F [-21°C]
(stream 45b), and in heat exchanger 10 where it is heated to 80°F [27°C] (stream
45c¢). The residue gas is then re-compressed in two stages. The first stage is

compressor 18 driven by expansion machine 17. The second stage is compressor 25

13-
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3,502 35 18,582 1,587 463 159 20,944 36 28,700 2,450 715 246 32,349 38
44,854 790

WO 2011/034709 PCT/US2010/046953

driven by a supplemental power source which compresses the residue gas (stream
45d) to sales line pressure. After cooling to 120°F [49°C] in discharge cooler 26, the
residue gas product (stream 45f) flows to the sales gas pipeline at 1015 psia

[6,998 kPa(a)], sufficient to meet line requirements (usually on the order of the inlet
pressure).

[0031] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 1 is set forth in the following table:

-14-
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11 0 45,920 42 12,398 720 42 3 13,270 43 8,242 135 2 0 8,421 44

WO 2011/034709

Stream
31
32
33
34
37
35
36
38
)
43
44
45

41

Table I

(FIG. 1)

PCT/US2010/046953

Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]

Methane
53,228
49,244

3,984
47,282
1,962
18,582
28,700
44,854
12,398
8,242
4,156
53,096

132

Ethane

6,192

4,670

1,522

4,037

633

1,587

2,450

790

720

135

585

925

5,267

-15-

Propane Butanes+
3,070 2912
1,650 815
1,420 2,097
1,178 405

472 410
463 159
715 246
11 0

42 3

2 0

40 3

13 0
3,057 2912

SUBSTITUTE SHEET (RULE 26)

Total
65,876
56,795

9,081
53,293

3,502
20,944
32,349
45,920
13,270

8421

4,849
54,341

11,535



4,156 585 40 3 4,849 45 53,096 925 13 0 54, 341 41 132 5, 267 3,057 2,912

WO 2011/034709 PCT/US2010/046953

Recoveries*
Ethane 85.05%
Propane 99.57%
Butanes+ 99.99%

Power
Residue Gas Compression 24,134 HP [ 39,676 kW]
Refrigerant Compression 7,743 HP [ 12,729 kW]
Total Compression 31,877 HP [ 52,405 kW]

* (Based on un-rounded flow rates)

[0032] FIG. 2 represents an alternative prior art process according to U.S. Pat.
No. 7,191,617. The process of FIG. 2 has been applied to the same feed gas
composition and conditions as described above for FIG. 1. In the simulation of this
process, as in the simulation for the process of FIG. 1, operating conditions were
selected to minimize energy consumption for a given recovery level.

[0033] In the simulation of the FIG. 2 process, inlet gas enters the plant as
stream 31 and is cooled in heat exchanger 10 by heat exchange with cool residue gas
(stream 48b), demethanizer lower side reboiler liquids at 33°F [0°C] (stream 40), and
propane refrigerant. The cooled stream 31a enters separator 11 at 0°F [-18°C] and
955 psia [6,584 kPa(a)] where the vapor (stream 32) is separated from the condensed
liquid (stream 33). The separator liquid (stream 33) is expanded to the operating

pressure (approximately 450 psia [3,103 kPa(a)]) of fractionation tower 20 by
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11, 535 -15- SUBSTI TUTE SHEET (RULE 26) Recoveries* Ethane85.05%
Propane99. 57% But anes+99. 99% Power Resi due Gas Conpression24,134 HP[ 39,676
KW Ref riwyeranto3€wopr essi on7, 743 HP[ 12,729 kW Total Ceoprisssioondi3 877 HP[
52,405 kW * (Based on un-rounded flow rates) [0032]FIG 2 represents an
alternative prior art process according to U S. Pat.

expansion valve 12, cooling stream 33a to -27°F [-33°C] before it is supplied to
fractionation tower 20 at a first lower mid-column feed point.

[0034] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas (stream 45a) and demethanizer
upper side reboiler liquids at -38°F [-39°C] (stream 39). The cooled stream 32a
enters separator 14 at -29°F [-34°C] and 950 psia [6,550 kPa(a)] where the vapor
(stream 34) is separated from the condensed liquid (stream 37). The separator liquid
(stream 37) is expanded to the tower operating pressure by expansion valve 19,
cooling stream 37a to -64°F [-53°C] before it is supplied to fractionation tower 20 at a
second lower mid-column feed point.

[0035] The vapor (stream 34) from separator 14 is divided into two streams,
35 and 36. Stream 35, containing about 37% of the total vapor, passes through heat
exchanger 15 in heat exchange relation with the cold residue gas (stream 45) where it
is cooled to substantial condensation. The resulting substantially condensed stream
35a at -115°F [-82°C] is then flash expanded through expansion valve 16 to the
operating pressure of fractionation tower 20. During expansion a portion of the
stream is vaporized, resulting in cooling of stream 35b to -129°F [-89°C] before it is
supplied to fractionation tower 20 at an upper mid-column feed point.

[0036] The remaining 63% of the vapor from separator 14 (stream 36) enters a
work expansion machine 17 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 17 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the

expanded stream 36a to a temperature of approximately -84°F [-65°C]. The partially
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No. 7,191,617. The process of FIG 2 has been applied to the sanme feed gas
conposition and conditions as described above for FIG 1. In the sinmulation
of this pwvocesis34®s in the simulation for the process ofPCFIUS2012/04@pEr at i ng
conditions were selected to mnimze energy consunption for a given
recovery level. [0033]In the sinmulation of the FIG 2 process, inlet gas
enters the plant as stream 31 and is cooled in heat exchanger 10 by heat
exchange with cool residue gas (stream 45b), denethanizer | ower side
reboil er |i qui @sdased33panl@Glrefs Bpemmhedd])tcr sapiep nolpethie fretianaigartamtr. The

cool ed stream 31a enters separator 11 at OF [-18C] and 955 psia 116,584
kPa(a) 1l where 20w avaposlu(steepim32) is separated fromthe condensed |iquid
(stream 33). The separator liquid (stream 33) is expanded to the operating
pressure (app;@ﬁy te'YAiéRmH%fﬁe&%@k&@§vﬁi%%ﬁ@£ﬁ4}ﬁs&ﬁﬁ%%&ﬁﬁ&ﬁ&@” tower 20
by -16- SUBSTI TUTE SHEET (RULE 26) expansion valve 12, cooling stream 33a
to -27F [-33C] before it, is.supplied.t ractionati tower 20, at a first

[ ower i - col e easy Hond TSP L lisBEo) BRRLAR b M Rl ar at o 14
is further cooled in h exchanger 13 heat exchange wth cqol. residue
gas (stream 45@p%aﬁramd§ﬁ5€t[r5§§¢-li%?ﬁaﬁdé%égél@épﬁ@ BTG 4f) n3gF
[-39C] (stream 39). The cool ed stream 32a enters separator 14 at -29F
[-34d and 950hopsixghanger33 by kea xchingaméth ghetroals! dempidaniges pyasianed suppni 38 separ at ed
fromthe condensed liquid (stream 37). The separator liquid (stream37) is
expanded t o t heitingwiertoppliatcatihagzqp 2@ sisU27BF B8N pdhscodhdenatharizd9, cool i ng
stream 37a to -64F [-53Cl1 before it is supplied to fractionation tower 20

at a second | oweedt e isupimbea@BnidPIoNt20°F g@@@}@h@amam@sﬁﬁém%m 34) from
separator 14 is divided into two streans, 35 and 36. Stream 35, contai ning

about 37% of t&ﬁd%@%%Lk%ﬁQB&ﬁ,P@ﬁﬁ%ﬁnh?roth heat exchanger 15 in heat
the' col '

exchange relation wt d residue gas (stream 45) where it is cool ed
to substanti al densat,j on. The resulting. t i.al | y.condens stream
55 at - 115 (OGS s Phediepasut SRE ka THPEL AU ORIV 16 5o
the operating pressure of fractionation tower 20. During expansion a
portion of t helsguingaiedisighilybelpw iepperabng pressyyg of @PW@PVW&“M isProyides 35b to
-129F [-89C] before it is supplied to fractionation tower 20 at an upper

m d- col unm f eetle gaving forde GOBB|cTUves digiaiion vagor68eennf2 Hewhpogh fsaom separ at or
14 (stream 36) enters a work expansion machine 17 in which mechanica

energy is extrachamgerf22and thbics ipOhe rdux @patane 2B whbre pHeadsdehedfligeid. The
machi ne 17 expands the vapor substantially isentropically to the tower

e L PSR o K I RSB ORISR ot am 363
combines with the warmed demethanizer overhead stream 38a from heat exchanger
22 to form cold residue gas stream 45 at -120°F [-84°C].
[0039] The liquid stream 44 from reflux separator 23 is pumped by pump 24
to a pressure slightly above the operating pressure of demethanizer 20, and stream 44a
is then supplied as cold top column feed (reflux) to demethanizer 20 at -121°F
[-85°C]. This cold liquid reflux absorbs and condenses the C3 components and
heavier components rising in the upper rectification region of the absorbing section of
demethanizer 20.

[0040] The liquid product stream 41 exits the bottom of tower 20 at 114°F

[45°C]. The cold residue gas stream 45 passes countercurrently to the incoming feed
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SUBSTI TUTE SHEET (RULE 26) condensed expanded stream 36a is thereafter
supplied as feed to fractionation tower 20 at a m d-colum feed point.

[ 0037] A pwotzpom3efoot he distillation vapor (stream 42) i #CRiushaoawssrom t he
upper region of the stripping section in fractionation tower 20. This
streamis then cooled from-91F [-68C] to -122F [-86C] and partially
condensed (stream 42a) in heat exchanger 22 by heat exchange with the cold
denet hani zer overhead stream 38 exiting the top of demethanizer 20 at -127F
[ -88CI The col ghs devet drelmingerlS oherchigabeagtte 867l [s38RAL (vechns4daghm haat t 0 - 120F
[-84C] (stream 38a) as it cools and condenses at |east a portion of stream
42. [0038] The @pemadri1dGvhpreass iead(dA7F psia] [s&eshf 95K Paxian hoat éxdhan@éd ux
separator 23 is naintained slightly below the operating pressure of

denet hani zer 26 thl ipishtaXd @86-it1e qrdithdsd ok & rom'e%boﬁﬁ’gja%%?evgiuﬁ&' |l ation
vapor stream 42 to flow through heat exchanger and thence into’the
reflux separator 23 he_co densed i.d ream 44 separ at ed

f rom any uncorBeHt 8%%55%%&“8&8 SRR RS e s*atgﬁs DSk TISRRR N (e

war med denet hani zer overhead trean138a i{g m heat exchanger 22 to formcold
resi due gas stPeRIMSN grachinobrangd cappspssoy Frie? $uph ﬁ‘inEfltgtPP}é(%Fr?P%e from
reflux separator 23 is punped by p 24 to a pressure slightly above the
operating presAlgretrepm ‘éénﬁa(tqq&dTQ@°%9°@nmdl§Qhﬁ@amdﬂt¥6l the fenidpe gappl i ed as
cold top colum feed (reflux) to denethanizer 20 at -121F [-85C]. This cold
i quid refl ux @baot scaardsfcitovden the saledpas pipelmeaptiiépsis @993 kike@Mi er
conponents rising in the upper rectification region of the absorbing

section of dengidipni zer A20mmh Qrﬁ@&emendmﬁtés ghdrhedyesnsehpRatodde exits the
bottom of tower 20 at 114F [45C]. The cold residue gas stream 45 passes

countercurrent [Lr}fcegs%lﬁs}ﬁ‘?iteh PR 5 95 stetqglqh s foll&HﬁgQ"ge-llol-EpTE SHEET (RULE 26)
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gas in heat exchanger 15 where it is heated to -36F [-38Cl (stream 45a), in
heat exchanger 13 where it is heated to -5F [-20C] (stream 45b), and in
heat exchwiogeri/B@mhere it is heated to 80F [27C] (streaoTABe)10Ma36953
provi des cooling as previously described. The residue gas is then
re-conpressed in two stages, conpressor 18 driven by expansion machine 17
and conpressor 25 driven by a supplenental power source. After stream 45e
is cooled to 120F 1149C1 in discharge cooler 26, the residue gas product
(stream 45f) flows to the sal es gas pipgelyidyg at 1015 psia 116,998 kPa(a) 1.
1100411A sunmary of streamflow rates and energy consunption for the
process illustrated in FIG 2 is set f&&g?zkn the following table: -19-
SUBSTI TUTE SHEET (RULE 26) Table I1 ( *“2) Stream Fl ow Surmary - Lb.
Mol es/ Hr [ kg nol es/ H] Stream Met hane Et hane Propane But anes+ Tot al

Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]

Stream Methane Ethane Propane Butanes+ Total
31 53,228 6,192 3,070 2,912 65,876
32 49,244 4,670 1,650 815 56,795
33 3,984 1,522 1,420 2,097 9,081
34 47,440 4,081 1,204 420 53,536
37 1,804 589 446 395 3,259
35 17,553 1,510 445 155 19,808
36 29,887 2,571 759 265 33,728
38 48,675 311 23 1 49,805
42 5,555 373 22 2 6,000
43 4,421 113 2 0 4,562
44 1,134 260 20 2 1,438
45 53,096 924 25 1 54,367
41 132 5,268 3,045 2,911 11,509
220-
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31 53,228 6,192 3,070 2,912 65,876 32 49, 244 4,670 1,650 815 56, 795 33
3,984 1,522 1,420

WO 2011/034709 PCT/US2010/046953

Recoveries*
Ethane 85.08%
Propane 99.20%
Butanes+ 99.98%

Power
Residue Gas Compression 23,636 HP [ 38,857 kW]
Refrigerant Compression 7,561 HP [ 12,430 kW]
Total Compression 31,197 HP [ 51,287 kW]

* (Based on un-rounded flow rates)

[0042] A comparison of Tables I and II shows that, compared to the FIG. 1
process, the FIG. 2 process maintains essentially the same ethane recovery (85.08%
versus 85.05%) and butanes+ recovery (99.98% versus 99.99%), but the propane
recovery drops from 99.57% to 99.20%. However, comparison of Tables I and II
further shows that the power requirement for the FIG. 2 process is about 2% lower
than that of the FIG. 1 process.

[0043] FIG. 3 represents an alternative prior art process according to
co-pending application no. 12/206,230. The process of FIG. 3 has been applied to the
same feed gas composition and conditions as described above for FIGS. 1 and 2. In
the simulation of this process, as in the simulation for the process of FIGS. 1 and 2,
operating conditions were selected to minimize energy consumption for a given

recovery level.
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2,097 9,081 34 47,440 4,081 1,204 420 53,536 37 1,804 589 446 395 3,259 35
17, 553
WO 2011/034709 PCT/US2010/046953

[0044] In the simulation of the FIG. 3 process, inlet gas enters the plant as
stream 31 and is cooled in heat exchanger 10 by heat exchange with cool residue gas
(stream 48b), demethanizer lower side reboiler liquids at 36°F [2°C] (stream 40), and
propane refrigerant. The cooled stream 31a enters separator 11 at 1°F [-17°C] and
955 psia [6,584 kPa(a)] where the vapor (stream 32) is separated from the condensed
liquid (stream 33). The separator liquid (stream 33) is expanded to the operating
pressure (approximately 452 psia [3,116 kPa(a)]) of fractionation tower 20 by
expansion valve 12, cooling stream 33a to -25°F [-32°C] before it is supplied to
fractionation tower 20 at a first lower mid-column feed point.

[0045] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas (stream 45a) and demethanizer
upper side reboiler liquids at -37°F [-38°C] (stream 39). The cooled stream 32a
enters separator 14 at -31°F [-35°C] and 950 psia [6,550 kPa(a)] where the vapor
(stream 34) is separated from the condensed liquid (stream 37). The separator liquid
(stream 37) is expanded to the tower operating pressure by expansion valve 19,
cooling stream 37a to -65°F [-54°C] before it is supplied to fractionation tower 20 at a
second lower mid-column feed point.

[0046] The vapor (stream 34) from separator 14 is divided into two streams,
35 and 36. Stream 35, containing about 38% of the total vapor, passes through heat
exchanger 15 in heat exchange relation with the cold residue gas (stream 45) where it
is cooled to substantial condensation. The resulting substantially condensed stream
35a at -119°F [-84°C] is then flash expanded through expansion valve 16 to the

operating pressure of fractionation tower 20. During expansion a portion of the
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1,510 445 155 19,808 36 29,887 2,571 759 265 33,728 38 48,675 811 93 1
49, 805
WO 2011/034709 PCT/US2010/046953

stream is vaporized, resulting in cooling of stream 35b to -129°F [-90°C] before it is
supplied to fractionation tower 20 at an upper mid-column feed point.

[0047] The remaining 62% of the vapor from separator 14 (stream 36) enters a
work expansion machine 17 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 17 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 36a to a temperature of approximately -85°F [-65°C]. The partially
condensed expanded stream 36a is thereafter supplied as feed to fractionation tower
20 at a mid-column feed point.

[0048] A portion of the distillation vapor (stream 42) is withdrawn from an
intermediate region of the absorbing section in fractionation column 20, above the
feed position of expanded stream 36a in the lower region of the absorbing section.
This distillation vapor stream 42 is then cooled from -101°F [-74°C] to -124°F
[-86°C] and partially condensed (stream 42a) in heat exchanger 22 by heat exchange
with the cold demethanizer overhead stream 38 exiting the top of demethanizer 20 at
-128°F [-89°C]. The cold demethanizer overhead stream is warmed slightly to -124°F
[-86°C] (stream 38a) as it cools and condenses at least a portion of stream 42.

[0049] The operating pressure (448 psia [3,090 kPa(a)]) in reflux separator 23
is maintained slightly below the operating pressure of demethanizer 20. This provides
the driving force which causes distillation vapor stream 42 to flow through heat
exchanger 22 and thence into the reflux separator 23 where the condensed liquid
(stream 44) is separated from any uncondensed vapor (stream 43). Stream 43 then
combines with the warmed demethanizer overhead stream 38a from heat exchanger

22 to form cold residue gas stream 45 at -124°F [-86°C].
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42 5,555 373 92 2 6,000 43 4,421 113 2 0 4,562 44 1,134 260 20

WO 2011/034709 PCT/US2010/046953

[0050] The liquid stream 44 from reflux separator 23 is pumped by pump 24
to a pressure slightly above the operating pressure of demethanizer 20, and stream 44a
is then supplied as cold top column feed (reflux) to demethanizer 20 at -123°F
[-86°C]. This cold liquid reflux absorbs and condenses the C, components, C;
components, and heavier components rising in the upper rectification region of the
absorbing section of demethanizer 20.

[0051] The liquid product stream 41 exits the bottom of tower 20 at 113°F
[45°C]. The cold residue gas stream 45 passes countercurrently to the incoming feed
gas in heat exchanger 15 where it is heated to -38°F [-39°C] (stream 45a), in heat
exchanger 13 where it is heated to -4°F [-20°C] (stream 45b), and in heat exchanger
10 where it is heated to 80°F [27°C] (stream 45¢) as it provides cooling as previously
described. The residue gas is then re-compressed in two stages, compressor 18 driven
by expansion machine 17 and compressor 25 driven by a supplemental power source.
After stream 45e is cooled to 120°F [49°C] in discharge cooler 26, the residue gas
product (stream 45f) flows to the sales gas pipeline at 1015 psia [6,998 kPa(a)].

[0052] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 3 is set forth in the following table:
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2 1,438 45 53,096 924 95 1 54,367 41 132 5,268 3,045 2,911 11, 509

WO 2011/034709

Stream
31
32
33
34
37
35
36
38
)
43
44
45

41

Table 11

(FIG. 3)

PCT/US2010/046953

Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]

Methane

53,228
49,340
3,888
47,289
2,051
17,828
29,461
49,103
4,946
3,990
956
53,093

135

Ethane

6,192

4,102

1,490

4,040

662

1,523

2,517

691

285

93

192

784

5,408

25-

Propane Butanes+
3,070 2912
1,672 831
1,398 2,081
1,179 404

493 427
444 152
735 252
19 0

8 0

1 0

7 0

20 0
3,050 2912
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Total
65,876
56,962

8,914
53,301

3,661
20,094
33,207
50,103

5,300

4,119

1,181
54,222

11,654
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But anes+99. 98% Power Resi due Gas Conpressi on23, 636 HP[ 38,857 kW

Ref ri ger amo 2@ompum®ssi on7, 561 HP[ 12,430 kW Tot al

Recoveri es* Et hane85. 08% Propane99. 20%

Conpr es3iusa®@b/0id33 HP[

51,287 kW * (Based on un-rounded flow rates) [0042] A conparison of Tabl es

and |1

shows that, conpared to the FIG 1 process, the FIG 2 process
mai ntai ns essentially the sane ethane recovery (85.08% versus 85.05% and
but anes+ recovery (99. 98% versus 99.99%,

but the propane recovery drops

from99.57% to 9Rc20%esHownever, conparison of Tables | and Il further shows

that the power requirenent for the FIG 2 process is about 2%l ower than
r ﬁess. [0043]FIG 3 é{&gr esents an alternative prior
gé)t on no. 12/ 206, 230. The process

that of the FIG 1 p
art process accordin

®co- pendi ng appl i

of FIG 3 has been applied to the sane feed gas conposition and conditions

as descri bed above fdirofah&sS. 1 and 2.
in the simulation for the process of FIGS. 1 and 2,
were sel ected to m nighze,energy consunptdeQpqfor a given recovery |evel.

I n POtB&%si mul ati on of this process,
operating conditions

Power
Residue Gas Compression 23,518 HP [ 38,663 kW]
Refrigerant Compression 7,554 HP [ 12,419 kW]
Total Compression 31,072 HP [ 51,082 kW]

* (Based on un-rounded flow rates)

[0053] A comparison of Tables I, II, and III shows that the FIG. 3 process
improves the ethane recovery from 85.05% (for FIG. 1) and 85.08% (for FIG. 2) to
87.33%. The propane recovery for the FIG. 3 process (99.36%) is lower than that of
the FIG. 1 process (99.57%) but higher than that of the FIG. 2 process (99.20%). The
butanes+ recovery is essentially the same for all three of these prior art processes.
Comparison of Tables I, II, and III further shows that the FIG. 3 process using slightly
less power than both prior art processes (more than 2% less than the FIG. 1 process

and 0.4% less than the FIG. 2 process).

DESCRIPTION OF THE INVENTION

[0054] FIG. 4 illustrates a flow diagram of a process in accordance with the

present invention. The feed gas composition and conditions considered in the process
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-21- SUBSTI TUTE SHEET (RULE 26) WD 2011/034709PCT/ US2010/ 046953 [0044] I n
the sinmulation of the FIG 3 process, inlet gas enters the plant as stream
31 and i swoaoligd4ion heat exchanger 10 by heat exchange wcrhise@olo4696si due
gas (stream 45b), denethani zer | ower side reboiler liquids at 36F [2(C]
(stream 40), and propane refrigerant. The cool ed stream 3la enters
separator 11 at 1F [-17C] and 955 psia 116,584 kPa(a)] where the vapor
(stream 32) is separated fromthe condensed liquid (stream 33). The

separ at or | i quprekefitsd mddtn 88} thesarex pethabe ch KISt he, apek atccordinplyetbsur e
(approximately 452 psia 113,116 kPa(a)]) of fractionation tower 20 by

expansi on val VEG12 proe@eLint@ csitpaanwidBaatdd ted86GS.[1 3264 3hefcena tht is supplied
to fractionation tower 20 at a first |lower md-colum feed point. [0045] The

vapor (stream1ﬁggtra{ertﬁqu§§9@g@@@fqﬁeI;rgsehtsm\teﬁﬁ(gdﬂer cool ed in heat exchanger 13
by heat exchange with cool Tesi ue gas (stream 45a) and denet hani zer upper

si de reboiler i 37F am. 39 The eam 32a
enters separ atljo()bsg}l]4 fnéli(i—&]flu]% aﬁg IBCselS%i)H}lLﬁ%?% t:g aEvvhere t he
vapor (stream 34) s ted m, t condensed | i qui.d stre The
separat or |i quf%d'} 759tq; ﬁS@%S“} - 6§g}5%3r95$%? rgene A aqdd%%%&jeéb%é‘?f ?Xﬁg‘“ﬁg?ressur e by
expansi on valve 19, cooling stream 37a to -65F [-54C] before it is supplied
to fractionati Bhythselesrcipogeavithecosbictidet gap(sarannd ) ctsmaihmnizes ivepgilnt .

[ 0046] The vapor (stream 34) from separator 14 is divided into two streans,

35 and 36. St rebdtledhquidandRE M0y (saband0)38Ropedpatidrefrigetaal THapiled spadses
t hrough heat exchanger 15 in heat exchange relation with the col d resi due

Posul ti ng_ substanteRrry i TAdR R ISLAN S84 CERIFORR eIl 2 11 o
et i onat i on BBl 56 ST ETEL AR QopbriruhSd: Thhribr laibsT TUTE
SHEET ( RULE 26() _ ' . .
stream 33) is expanded to the operating pressure (approximately 452 psia
[3,116 kPa(a)]) of fractionation tower 20 by expansion valve 12, cooling stream 33a
to -25°F [-32°C] before it is supplied to fractionation tower 20 at a first lower
mid-column feed point (located below the feed point of stream 36a described later in
paragraph [0058]).
[0056] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas (stream 45a) and demethanizer
upper side reboiler liquids at -38°F [-39°C] (stream 39). The cooled stream 32a
enters separator 14 at -31°F [-35°C] and 950 psia [6,550 kPa(a)] where the vapor
(stream 34) is separated from the condensed liquid (stream 37). The separator liquid
(stream 37) is expanded to the tower operating pressure by expansion valve 19,
cooling stream 37a to -66°F [-54°C] before it is supplied to fractionation tower 20 at a

second lower mid-column feed point (also located below the feed point of stream

36a).
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streamis vaporized, resulting in cooling of stream 35b to -129F [-90(C
before it is supplied to fractionation tower 20 at an upper md-colum feed
poi nt. [ O®O02pTiBs4T0emai ni Nng 62% of the vapor from separarom/UB4010®8696AM 36)
enters a work expansi on nmachine 17 in which nmechanical energy is extracted
fromthis portion of the high pressure feed. The nmachine 17 expands the
vapor substantially isentropically to the tower operating pressure, wth

t he work expansi on cooling the expanded stream 36a to a tenperature of
approxi mat el y WEBF [ - 650)e vapbrdstpamt3dalrdy seporathe A4 edliedqdand égo stepmam 36a i S
thereafter supplied as feed to fractionation tower 20 at a m d-col umm feed
poi nt. [0048] AqmdBsostrdam Ishendismid dboatigaoiiapon] Kapor pass 4djughSeari t hdr awn
froman internmediate region of the absorbing section in fractionation

col umm 20, aboygndbg 159e8kaPOShdnbOR 10N §XRARUSH r&idueai0 (FRANI 43) HRGe |over
regi on of the absorbing section” This distillation vapor stream42 is then

cool ed from - 1i(s) %‘ Fole[d-tg él%tﬁltltgagl E(?]{le%}lgr%lzsatgdn.s q’%‘l I‘e%lﬁ&ln%) %B%t%ngila%?ogﬁ%lg%; %r%egm (stream

42a) i n heat eXxchanger exchange w ani zer

over head streap 38 I ti the t of denethani zer 20 at -128F [-89C]. The
Col d dermet hani 2B dubr e kit e Hishexmaaeibrods GRSV 1%@@5%'{%&]
(stream 38a) as it cools and condenses at |east a portion of stream 42.

[ 0049] The oper&@praige ppesxtiog prsua4d (eionai@, (0eg 2R PREHE)E oxpinsion@ppilivn Separ at or
23 is maintained slightly bel ow the operating pressure of denethanizer 20.
Thi s provi des thégredmiiyvapgrifedyresltingiicépotingisfabe Wiasitichihaln hapweapor stream 42
to flow through heat exchanger 22 and thence into the reflux separator 23

where the condgpg@eddlid o, 4, tﬁ@éxﬁ%ﬁl@ﬂ écﬂe)amisbmpiﬁ%@mﬂsﬁrmmeqyeaumqnd_ensed
vapor (stream 43). Stream 43 then conbines with the warnmed denet hani zer

cuenead LT ARSIV TLAE OOl ) BIL S al4S 0os tream
ggéy g? g r7 0 g g ClTlg &%ﬁ%@é&%@g E-\%tﬂf}l"gga%g qulellti e%iliagge% Ei aGSaipf)rgéidésraop%]rtlro%folf ux
the cooling of distillation vapor stream 42. The warmed stream 35¢ is then supplied
at an upper mid-column feed point, in absorbing section 20a of fractionation tower
20.
[0058] The remaining 62% of the vapor from separator 14 (stream 36) enters a
work expansion machine 17 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 17 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 36a to a temperature of approximately -86°F [-65°C]. The partially
condensed expanded stream 36a is thereafter supplied as feed to fractionation tower
20 at a mid-column feed point (located below the feed point of stream 35¢).
[0059] The demethanizer in tower 20 is a conventional distillation column
containing a plurality of vertically spaced trays, one or more packed beds, or some
combination of trays and packing. The demethanizer tower consists of two sections:

an upper absorbing (rectification) section 20a that contains the trays and/or packing to
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to a pressure slightly above the operating pressure of denethanizer 20, and
stream 44a is then supplied as cold top colum feed (reflux) to

denet haniwenro2@3at09- 123F [-86C]. This cold |iquid refl upcahmseriosi@ns
condenses the C2 conponents, C3 conponents, and heavi er components rising
in the upper rectification region of the absorbing section of denethanizer
20. [0051] The liquid product stream 4l exits the bottom of tower 20 at 113F
[45C]. The cold residue gas stream 45 passes countercurrently to the

i ncom ng feed gasdd the heatsany xafian fegwediBhevpppepairtions sf the extpentiet] strea88B5¢ - 39C]
(stream 45a), in heat exchanger 13 where it is heated to -4F [-20C] (stream

45b), and i n hgaeexahangerd &d calaekeidifillihSddeaurido tendSRE ahPabkdrb (iRt r eam 45c)
as it provides cooling as previously described. The residue gas is then

re- conpr essed ngh%@mﬁka©Q§mmﬁ&%Rrﬁﬁ§@£w&%oﬁﬁ&%ﬁ@ﬁ@%tﬁ%ﬂﬁ&§hﬁﬂ machi ne 17
and conpressor 25 driven suppl ement al power source. After stream 45e

is cooled to 120F i.scharage |.e reS| as .product
(stream 45f) flfpwar dcﬁl]ﬁwer flg%m% 9t10n| pglﬂllagl(éonga%nsf gi Yhel Or[p%&ﬁgénga( a)].

[ 0052] A summa treamfl ow rates a en for the process
illustrated i ni}/ffff@ tﬁ%n‘?cﬁsséfétcoﬁ%ﬁlgﬁwlawt hA) |%§% ‘?Q?d’an& aél.g ﬂle-VQBflfs SUBSTI TUTE
SHEET (RULE 26) Table IIl (FIG 3) Stream Fl ow Summary - Lb. Ml es/H [kg
mol es/ Hr] St r eanaveriain d hederagieanpingsedtien 20b also includes one or more reboilers

(such as reboiler 21 and the side reboilers described previously) which heat and
vaporize a portion of the liquids flowing down the column to provide the stripping
vapors which flow up the column to strip the liquid product, stream 41, of methane
and lighter components. Stream 36a enters demethanizer 20 at an intermediate feed
position located in the lower region of absorbing section 20a of demethanizer 20. The
liquid portion of the expanded stream 36a commingles with liquids falling downward
from absorbing section 20a and the combined liquid continues downward into
stripping section 20b of demethanizer 20. The vapor portion of the expanded stream
36a rises upward through absorbing section 20a and is contacted with cold liquid
falling downward to condense and absorb the C, components, C; components, and
heavier components.

[0060] A portion of the distillation vapor (stream 42) is withdrawn from an
intermediate region of absorbing section 20a in fractionation column 20, above the
feed position of expanded stream 36a in the lower region of absorbing section 20a.
This distillation vapor stream 42 is then cooled from -103°F [-75°C] to -128°F
[-89°C] and partially condensed (stream 42a) in heat exchanger 22 by heat exchange
with the cold demethanizer overhead stream 38 exiting the top of demethanizer 20 at

-129°F [-89°C] and with the expanded substantially condensed stream 35b as
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But anes+ Total 31 53,228 6,192 3,070 2,912 65,876 32 49, 340 4,702 1,672 831
56, 962 33 3, 888
WO 2011/034709 PCT/US2010/046953

described previously. The cold demethanizer overhead stream is warmed slightly to
-127°F [-88°C] (stream 38a) as it provides a portion of the cooling of distillation
vapor stream 42.

[0061] The operating pressure (448 psia [3,090 kPa(a)]) in reflux separator 23
is maintained slightly below the operating pressure of demethanizer 20. This provides
the driving force which causes distillation vapor stream 42 to flow through heat
exchanger 22 and thence into the reflux separator 23 where the condensed liquid
(stream 44) is separated from any uncondensed vapor (stream 43). Stream 43 then
combines with the warmed demethanizer overhead stream 38a from heat exchanger
22 to form cold residue gas stream 45 at -127°F [-88°C].

[0062] The liquid stream 44 from reflux separator 23 is pumped by pump 24
to a pressure slightly above the operating pressure of demethanizer 20, and stream 44a
is then supplied as cold top column feed (reflux) to demethanizer 20 at -127°F
[-88°C]. This cold liquid reflux absorbs and condenses the C, components, C;
components, and heavier components rising in the upper rectification region of
absorbing section 20a of demethanizer 20.

[0063] In stripping section 20b of demethanizer 20, the feed streams are
stripped of their methane and lighter components. The resulting liquid product
(stream 41) exits the bottom of tower 20 at 113°F [45°C] (based on a typical
specification of a methane to ethane ratio of 0.025:1 on a molar basis in the bottom
product). The cold residue gas stream 45 passes countercurrently to the incoming
feed gas in heat exchanger 15 where it is heated to -40°F [-40°C] (stream 45a), in heat
exchanger 13 where it is heated to -4°F [-20°C] (stream 45b), and in heat exchanger

10 where it is heated to 80°F [27°C] (stream 45¢) as it provides cooling as previously
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1,490 1,398 2,081 8,914 34 47,289 4,040 1,179 404 53,301 37 2,051 662 493

427 3,661
WO 2011/034709 PCT/US2010/046953

described. The residue gas is then re-compressed in two stages, compressor 18 driven
by expansion machine 17 and compressor 25 driven by a supplemental power source.
After stream 45e is cooled to 120°F [49°C] in discharge cooler 26, the residue gas
product (stream 45f) flows to the sales gas pipeline at 1015 psia [6,998 kPa(a)].

[0064] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 4 is set forth in the following table:
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Table IV
(FIG. 4)

Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]

Stream Methane Ethane Propane Butanes+ Total
31 53,228 6,192 3,070 2,912 65,876
32 49,407 4,712 1,676 832 57,046
33 3,821 1,480 1,394 2,080 8,830
34 47,346 4,041 1,176 401 53,354
37 2,061 671 500 431 3,692
35 17,991 1,536 447 152 20,274
36 29,355 2,505 729 249 33,080
38 49,756 713 14 0 50,779
42 4,688 249 7 0 5,000
43 3,336 57 0 0 3,420
44 1,352 192 7 0 1,580
45 53,092 770 14 0 54,199
41 136 5,422 3,056 2912 11,677
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Recoveries*
Ethane 87.56%
Propane 99.55%
Butanes+ 99.99%

Power
Residue Gas Compression 23,552 HP [ 38,719 kW]
Refrigerant Compression 7,520 HP [ 12,363 kW]
Total Compression 31,072 HP [ 51,082 kW]

* (Based on un-rounded flow rates)

[0065] A comparison of Tables I, II, IIL, and TV shows that, compared to the
prior art, the present invention matches or exceeds the propane and butanes+
recoveries of all the prior art processes while significantly improving the ethane
recovery. The ethane recovery for the present invention (87.56%) is higher than the
FIG. 1 process (85.05%), the FIG. 2 process (85.08%), and the FIG. 3 process
(87.33%). Comparison of Tables L, I, III, and IV further shows that the improvement
in yields was achieved without using more power than the prior art, and in some cases
using significantly less power. In terms of the recovery efficiency (defined by the
quantity of ethane recovered per unit of power), the present invention represents an
improvement of 5%, 3%, and 0.3%, respectively, over the prior art of the FIG. 1,

FIG. 2, and FIG. 3 processes. Although the power required for the present invention

is essentially the same as that for the prior art FIG. 3 process, the present invention
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improves both the ethane recovery and the propane recovery by 0.2% compared to the
FIG. 3 process without using more power.

[0066] Like the FIGS. 1, 2, and 3 prior art processes, the present invention
uses the expanded substantially condensed feed stream 35¢ supplied to absorbing
section 20a of demethanizer 20 to provide bulk recovery of the C, components, Cs
components, and heavier hydrocarbon components contained in expanded feed 36a
and the vapors rising from stripping section 20b, and the supplemental rectification
provided by reflux stream 44a to reduce the amount of C, components, C;
components, and C4+ components contained in the inlet feed gas that is lost to the
residue gas. However, the present invention improves the rectification in absorbing
section 20a over that of the prior art processes by making more effective use of the
refrigeration available in process streams 38 and 35b to improve the recoveries and
the recovery efficiency.

[0067] Comparing reflux stream 44 in Table I for the FIG. 1 prior art process
with that in Table IV for the present invention, it can be seen that although the
compositions of the streams are similar, the FIG. 1 process has over 3 times as much
supplemental reflux as the present invention. Surprisingly, however, the FIG. 1
process achieves much lower ethane recovery than the present invention despite the
much greater quantity of reflux. The better recovery achieved by the present
invention can be understood by comparing the condition of the warmed expanded
substantially condensed stream 35¢ in the FIG. 1 prior art process with that of the
corresponding stream in the FIG. 4 embodiment of the present invention. Although
the temperature of this stream is only slightly warmer in the FIG. 1 process, the

proportion of this stream that has been vaporized before entering demethanizer 20 is
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-25- SUBSTI TUTE SHEET (RULE 26) Recoveries* Ethane87.33% Propane99. 36%
But anes+99. 99% Power Resi due Gas Conpressi on23,518 HP[ 38, 663 kW

Ref ri ger amo 20ompum®ssi on7, 554 HP[ 12,419 kW Total Conpr @s3iusa®@d/0@d23 HP[
51,082 kW * (Based on un-rounded flow rates) [0053] A conparison of Tabl es
I, 1l, and Il shows that the FIG 3 process inproves the ethane recovery
from85.05% (for FIG 1) and 85.08% (for FIG 2) to 87.33% The propane
recovery for the FIG 3 process (99.36% is lower than that of the FIG 1
process (99. 57¥thblughenhihghdat ¢fhlzerpreshettimehtianid2% vGsus2 20 oCles mefi8%ha20% . The
but anes+ recovery is essentially the sanme for all three of these prior art

processes. Conjabhls @h@é ledaddldEsquld in ktreamd38d of the Fi@ntpheessshawsletthrat t he FI G
3 process using slightly | ess power than both prior art processes (nore

than 2%l ess tRafihfR IrtdevagorPfiQsaa abR0nGeditn| 208 Shdrb R Mk R fiofe Vipor2

process).

in the upper region of absorbing section 20a that must be rectified by reflux stream
44a. The net result is that reflux stream 44a of the FIG. 1 process allows more of the
(, components to escape to demethanizer overhead stream 38 than the present
invention does, reducing both the recovery and the recovery efficiency of the FIG. 1
process compared to the present invention. The key improvement of the present
invention over the FIG. 1 prior art process is that the cold demethanizer overhead
vapor stream 38 is used to provide a portion of the cooling of distillation vapor stream
42 in heat exchanger 22 so that sufficient methane can be condensed for use as reflux,
without adding significant rectification load in absorbing section 20a due to the
excessive vaporization of stream 35¢ that is inherent in the FIG. 1 prior art process.
[0068] Comparing reflux stream 44 in Tables II and III for the FIGS. 2 and 3
prior art processes with that in Table IV for the present invention, it can be seen that
the present invention produces both more reflux and a better reflux stream than these
prior art processes. Not only is the quantity of reflux higher (10% higher than the
FIG. 2 process and 34% higher than the FIG. 3 process), the concentration of C,+
components is significantly lower (12.6% for the present invention, versus 19.6% for
the FIG. 2 process and 16.9% for the FIG. 3 process). This makes reflux stream 44a
of the present invention more effective for rectification in absorbing section 20a of
demethanizer 20, improving both the recovery and the recovery efficiency of the
present invention compared to the FIGS. 2 and 3 prior art processes. The key

improvement of the present invention over the FIGS. 2 and 3 prior art processes is
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DESCRI PTION OF THE I NVENTION [O0054]FIG 4 illustrates a flow diagram of a
process in accordance with the present invention. The feed gas conposition
and condiwpansl/3eme8i dered in the process -26- SUBSTI TUPET&ISEHD/0{dERE 26)
presented in FIG 4 are the sane as those in FIGS. 1, 2, and 3.
Accordingly, the FIG 4 process can be conpared with that of the FIGS. 1,
2, and 3 processes to illustrate the advantages of the present invention.
[0055]In the simulation of the FIG 4 process, inlet gas enters the plant
at 85F [29(C] athd UG ppsledsyib@a6BBy kRdémy] stmsm Sbb edneh3d prdeninstlgdighidd i n heat
exchanger 10 by heat exchange with cool residue gas (stream 45b),

denet hani zer | gvRinesis d®etted RBtide@int M@ bih digan At mSBni {06k Head vpanudihh 38and
propane refrigerant. The cool ed stream 3la enters separator 11 at 1F [-17(C]

and 955 psia [Qnr84s HIERLA) hedl x@pc}rrﬂ% Ns%&%ﬁee(ﬁB§lﬁt_@'ﬂ§kq3z§ﬂ)e(aip%rt§ﬁ%?€h@t ed from

r
t he condensed i quid (stream 33) e separator |iqui stream 33) is

expanded (o the, operalliNgi LGRS WS ARPLOXLIRLEL /A3 PRLA dediddf, kPa()])
of fractionation wer y '‘expansi on val ve , €00l | ng stream 33a to -25F
[-32C] before it i(? s%pﬁlie to_fractionation tower 20 at a first |ower

mi d- col umm f ee?¥ 9BTRECdEnSRSE atrehet B ME ARG S nt of stream 36a descri bed

| ater in paragraph [00581). [0056] The vapor (stream 32) from separator 11
is further cooled in heat exchanger 13 by heat exchange with cool residue
gas (stream 45a) and denet hani zer Q@Sh@é@ﬂaée_lﬁeboi ler |iquids at -38F
[-39C1 (stream 39). The cool ed stream 32a enters separator 14 at -31F
[-35C] and 9500¢®i a [ 6, BSOchk@alayith tisenentidneitwageoeral(ysddvasage@s)o i s separ at ed
fromthe condensed liquid (stream 37). The separator liquid (stream37) is

expanded to t h@sihRWehabRpei@EldclPcapbsstion obihe BXPARSI N0 ¢adve mbfiplec ool i ng
stream 37a to -66F [-54C] before it is supplied to fractionation tower 20

at a second | OpEfr T teGRlidiNal & toRAeR i diRh&fs &?ﬁ@ﬁr@s@nﬂﬂeﬂ%ﬁ &g vt eed point
of stream 36a) - 97e SUBSITTOTE SHEET (RULE 26

achieved with as few as two theoretical stages. For instance, all or a part of the
pumped condensed liquid (stream 44a) from reflux separator 23 and all or a part of
the warmed expanded substantially condensed stream 35¢ from heat exchanger 22 can
be combined (such as in the piping joining the pump and heat exchanger to the
demethanizer) and if thoroughly intermingled, the vapors and liquids will mix
together and separate in accordance with the relative volatilities of the various
components of the total combined streams. Such commingling of the two streams,
combined with contacting at least a portion of expanded stream 36a, shall be
considered for the purposes of this invention as constituting an absorbing section.
[0070] FIGS. 5 through 8 display other embodiments of the present invention.
FIGS. 4 through 6 depict fractionation towers constructed in a single vessel. FIGS. 7
and 8§ depict fractionation towers constructed in two vessels, absorber (rectifier)
column 27 (a contacting and separating device) and stripper (distillation) column 20.

In such cases, a portion of the distillation vapor (stream 54) is withdrawn from the
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WO 2011/ 034709PCT/ US2010/ 046953 [ 0057] The vapor (stream 34) from separator
14 is divided into two streans, 35 and 36. Stream 35, containing about 38%
of the towvel2ouapery passes through heat exchanger 15 i nprhgaiS2@eoh@8s)e
relation with the cold residue gas (stream 45) where it is cooled to
substanti al condensation. The resulting substantially condensed stream 35a
at -122F [-86C] is then flash expanded t hrough expansion valve 16 to
slightly above the operating pressure of fractionation tower 20. During
expansi on a popwimactoh of fisoberebmn 2 audpotad 2ed{lux emdénsen?d th genewel | ng of the
total stream In the process illustrated in FIG 4, the expanded stream 35b
| eavi ng expansieflik fahbserbdicon@RATE ThaoteBPE T pbiktR 1950 fdBGippe0ajnn The
expanded stream 35b is warnmed slightly to -129F [-89C] and further

vapori zed in hgafoR%6 RRIRE s@BoSt abdorl OMbERS7 Bif@ehih 8D @he EdiickgO! | NG of
distillation vapor stream 42. The warnmed stream 35c 1s then supplied at an

upper m d-col wm fee Okt .. i n_absaor bj section 20a of fr i gnation
Coner 20 [ oosB e eRRon g RuB SRk R RREM P PP R d b S AL P
36) enters a k expansi on machine 17_in which nmechanical ene IS
extract ed fro\r?ff{lh}lsgféb%ﬁomeélﬁl&fndﬁ ReeHp g7 (sisias Belkont SO RERT Ko 17
expands the vapor substantially isentropically to the tower operating
pressure, wth QW@OﬁﬁfiRPeéqu%{h%¥Q)W thad dhei tiyg taviees alepaisbiddncdipn esrme36a to a
tenperature of approximtely -86F [-65C]. The partially condensed expanded
stream 36a i s ditigiheaf dysems Whpdaeshn adectherad comtriat detftacivambtiiconovawen 20 at a

m d- col um feed point (located below the feed point of stream 35c).

[0059] The demediddWegRI (shdh & QWREhAR et 20 i@ FEO UQRoh @B or fluRiblelveatlk @M1 col um
containing a plurality of vertically spaced trays, one or nore packed beds,

or some combi naklpnQfy,hhay faf'é[bgs 9‘21919%%' i sigé) %e%%%%@éﬁi@ﬁtiohg%ﬁftieﬁons' sts
of two sections. an upper absorbing (rectification) section 20a tHhat
contains the trays and/ or packing to -28- SUBSTI TUTE SHEET (RULE 26)
provi de the né%%ssary contact between the vapor portions of the expanded
streans 35c and 36a rising upward and cold liquid falling dowward to
condense and alB€d}b t heSTPe disHBYMEAT B2y @Brcyhgunanrtiae dighigioneaperer
conponents fromthe vapors rising upward; and a | ower, stripping section
20b t hat cont aitmem @& klQysandrtdian thp apper ngionef grippingectidie20hecessary cont act
between the liquids falling downward and the vapors rising upward. The
denet hani zi ng &aethamier20suahis 85). Ne bicleaseoiemay bk eidgedinid ®ltsirdvsich as
reboiler 21 and the side reboil ers described previously) which heat and

vaporize a por§ii@Ru®f vabi&ukdndsd HSm teQ¥ 3 e VUTaBJ_&ﬁ)iE‘gﬁeé{mﬂ 209 (BoRUhde the
stripping vapors which flow up the colum to strip the liquid product,

stream 41, of hane.and |ighter nents. .Stream 36a e [S
denet hani ver 20RO PR B8P TRAOST R B R ST SR FITTRD: Peer
regi on of absorbing section 20a of .denet hani zer 20. The ]iquid portion of

[ he expanded SUPEARSES LoRFEAGHSS 208 PROP et RaPT S REN oA F  om
absorbi ng section 20a and the_conbined |iquid continues downward into

stri ppi ng sect{opvinzeBcants denddhanpmesonpoed Hiyellaiapvipopsreenda, afl dirgré expanded
stream 36a rises upward through absorbing section 20a and is contacted with
cold liquid fadonibingd diitaan dapoosteende nsieassxdhaba@2o bd@oled anbpauintignt s, C3
conponents, and heavi er conponents. [0060] A portion of the distillation

vapor (stream dadenk®l. Wil aFIGS. anind B aipbiieh @dARES) o 8eirRAd 94porbsor bi ng
section 20a in fractionation colum 20, above the feed position of expanded

; 364 i I : . . o digtillati
vapor st r eam 40 158 ik BB DRGSR SRR PG R O
tiall d d 42 in h h 2 by heat h ith
Phe. col d’ denot hATT 241 B JBRSAR 9eF Sar 38 GErBr AGSPHE POB BfRlshet han zer 20
at -129F [-89C] and with the expanded substantially condensed stream 35b as

-20- absorber column 27), with the remaining portion (stream ng flowing to the lower

section of absorber column 27.
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SUBSTI TUTE SHEET (RULE 26) descri bed previously. The cold denet hani zer
overhead streamis warned slightly to -127F [-88Cl (stream 38a) as it

provi des woporttize9of the cooling of distillation vapor PETIES2m0A26953

[ 0061] The operating pressure (448 psia [3,090 kPa(a)]) in reflux separator
23 is maintained slightly bel ow the operating pressure of denethanizer 20.
This provides the driving force which causes distillation vapor stream 42
to flow t hrough heat exchanger 22 and thence into the reflux separator 23
where the condé@@ed | i gbimk (stmgamesldl)y fagsorsepiag deecndimonvapnypatmmondensed
vapor (stream 43). Stream 43 then conbines with the warnmed denet hani zer

over head st r eagira8p43) bodvohea alstixioh /nwestredd 428 with o feolichati@Sdotig gas stream
45 at -127F [-88C]. [0062] The liquid stream 44 fromreflux separator 23 is

punped by punpythedQs@ealf 35, %hbrn%uﬁdmﬂ%&lla Mm?e@@éf@an{ D% B%h@ﬁ%ef‘% @ressure of
denet hani zer 20, and stream 44a |s then supp Ied as col op colum feed

(reflux) to deget.hani zer ld |i.qui.d refl ux

absor bs and ¢ O[g_{(c)l\écrl]esae%orl‘tl%n 0%%& cool dls{111a§ apor Qreamggtor comb (fdheaw er
conponents rising i.n the uppe ctlflcatl f a sorbln section
20a of denet haﬁftgléﬁlonzwpor[sa%%ﬂ nl s Flﬁ)b‘indﬁi%&é{gi%%ﬂgz’g’ﬁmd CHBHLURAR zer 20,
the feed streans are stripped of their nethane and |ighter conponents. The

resul ting |i quiSoresmtogdiom qostbinegrheiellueseparator ypopsireasmd ith dweelupd at 113F
[ 45C] (based on a typical specification of a nmethane to ethane ratio of
0.025:1 on a nokacad@sdam I8 istrecdothtarxguagu22.). The col d resi due gas
stream 45 passes countercurrently to the incomng feed gas in heat

exchanger 15 weng it iasheadiedcifer &@Els{lnaﬁ@ﬂa BitfeR@ A2 4P} corhtindyeat
exchanger 13 where it is heated to - stream 45b), and in heat

ool ing as pr 2@?%@%?5“13%69%%%%?%%0@%@% PRUE Yl peda@Ralbprovi des

to absorb valuable C, components, C; components, and heavier components from the
vapors rising through absorbing section 20a of demethanizer 20 or through absorber
column 27. However, the present invention is not limited to this embodiment. It may
be advantageous, for instance, to treat only a portion of these vapors in this manner, or
to use only a portion of the condensate as an absorbent, in cases where other design
considerations indicate portions of the vapors or the condensate should bypass
absorbing section 20a of demethanizer 20 or absorber column 27. Some
circumstances may favor total condensation, rather than partial condensation, of
distillation vapor stream 42 or combined distillation vapor stream 42 in heat
exchanger 22. Other circumstances may favor that distillation vapor stream 42 be a
total vapor side draw from fractionation column 20 or absorber column 27 rather than
a partial vapor side draw. It should also be noted that, depending on the composition
of the feed gas stream, it may be advantageous to use external refrigeration to provide
partial cooling of distillation vapor stream 42 or combined distillation vapor stream 42

in heat exchanger 22.
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described. The residue gas is then re-conpressed in two stages, conpressor
18 driven by expansion machi ne 17 and conpressor 25 driven by a
suppl emrenwveal2oposeroosour ce. After stream 45e is cool ed t ®CTABGRO10D4BEL | n
di scharge cool er 26, the residue gas product (stream45f) flows to the
sal es gas pipeline at 1015 psia [6,998 kPa(a)l. [0064] A sunmary of stream
flow rates and energy consunption for the process illustrated in FIG 4 is
set forth in the followi ng table: -31- SUBSTI TUTE SHEET (RULE 26) Table
IV (FIG 4) StiPedin FlI owresd gmeaoyditionsbplanvize s dkablp kguiproéne it bihr Bttoream Met hane
Et hane Propane But anes+ Tot al

may indicate that elimination of work expansion machine 17, or replacement with an

alternate expansion device (such as an expansion valve), is feasible. 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 substantially condensed portion of the feed stream

(stream 35a).

[0075] When the inlet gas is leaner, separator 11 in FIG. 4 may not be

justified. In such cases, the feed gas cooling accomplished in heat exchangers 10 and

13 in FIG. 4 may be accomplished without an intervening separator as shown in

FIGS. 5 through 8. The decision of whether or not to cool and separate the feed gas in

multiple steps will depend on the richness of the feed gas, plant size, available

equipment, etc. Depending on the quantity of heavier hydrocarbons in the feed gas

and the feed gas pressure, the cooled feed stream 31a leaving heat exchanger 10 in

FIGS. 4 through 8§ and/or the cooled stream 32a leaving heat exchanger 13 in FIG. 4

may not contain any liquid (because it is above its dewpoint, or because it is above its

cricondenbar), so that separator 11 shown in FIGS. 4 through 8 and/or separator 14

shown in FIG. 4 are not required.

[0076] The high pressure liquid (stream 37 in FIG. 4 and stream 33 in FIGS. 5

through 8) need not be expanded and fed to a lower mid-column feed point on the

distillation column. Instead, all or a portion of it may be combined with the portion of

the separator vapor (stream 35 in FIG. 4 and stream 34 in FIGS. 5 through 8) flowing

to heat exchanger 15. (This is shown by the dashed stream 46 in FIGS. 5 through 8.)

Any remaining portion of the liquid may be expanded through an appropriate
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31 53,228 6,192 3,070 2,912 65,876 32 49,407 4,712 1,676 832 57,046 33
3,821 1,480 1,394
WO 2011/034709 PCT/US2010/046953

expansion device, such as an expansion valve or expansion machine, and fed to a
lower mid-column feed point on the distillation column (stream 37a in FIGS. 5
through §). Stream 33 in FIG. 4 and stream 37 in FIGS. 4 through 8 may also be used
for inlet gas cooling or other heat exchange service before or after the expansion step
prior to flowing to the demethanizer.

[0077] In accordance with the present invention, the use of external
refrigeration to supplement the cooling available to the inlet gas from other process
streams may be employed, particularly in the case of a rich inlet gas. The use and
distribution of separator liquids and demethanizer side draw liquids for process heat
exchange, and the particular arrangement of heat exchangers for inlet gas cooling
must be evaluated for each particular application, as well as the choice of process
streams for specific heat exchange services.

[0078] Some circumstances may favor using a portion of the cold distillation
liquid leaving absorbing section 20a or absorber column 27 for heat exchange, such as
dashed stream 49 in FIGS. 5 through 8. Although only a portion of the liquid from
absorbing section 20a or absorber column 27 can be used for process heat exchange
without reducing the ethane recovery in demethanizer 20 or stripper column 20, more
duty can sometimes be obtained from these liquids than with liquids from stripping
section 20b or stripper column 20. This is because the liquids in absorbing section
20a of demethanizer 20 (or absorber column 27) are available at a colder temperature
level than those in stripping section 20b (or stripper column 20).

[0079] As shown by dashed stream 83 in FIGS. 5 through 8, in some cases it
may be advantageous to split the liquid stream from reflux pump 24 (stream 44a) into

at least two streams. A portion (stream 53) can then be supplied to the stripping
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2,080 8,830 34 47,346 4,041 1,176 401 53,354 37 2,061 671 500 431 3,692 35
17,991
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section of fractionation tower 20 (FIGS. 5 and 6) or the top of stripper column 20
(FIGS. 7 and 8) to increase the liquid flow in that part of the distillation system and
improve the rectification, thereby reducing the concentration of C,+ components in
stream 42. In such cases, the remaining portion (stream 52) is supplied to the top of
absorbing section 20a (FIGS. 5 and 6) or absorber column 27 (FIGS. 7 and 8).

[0080] In accordance with the present invention, the splitting of the vapor feed
may be accomplished in several ways. In the processes of FIGS. 4 through 8, the
splitting of vapor occurs following cooling and separation of any liquids which may
have been formed. The high pressure gas may be split, however, prior to any cooling
of the inlet gas or after the cooling of the gas and prior to any separation stages. In
some embodiments, vapor splitting may be effected in a separator.

[0081] It will also be recognized that the relative amount of feed found in each
branch of the split vapor feed will depend on several factors, including gas pressure,
feed gas composition, the amount of heat which can economically be extracted from
the feed, and the quantity of horsepower available. More feed to the top of the
column may increase recovery while decreasing power recovered from the expander
thereby increasing the recompression horsepower requirements. Increasing feed
lower in the column reduces the horsepower consumption but may also reduce
product recovery. The relative locations of the mid-column feeds may vary
depending on inlet composition or other factors such as desired recovery levels and
amount of liquid formed during inlet gas cooling. Moreover, two or more of the feed
streams, or portions thereof, may be combined depending on the relative temperatures
and quantities of individual streams, and the combined stream then fed to a mid-

column feed position.
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[0082] The present invention provides improved recovery of C, components,
(s components, and heavier hydrocarbon components or of C3 components and
heavier hydrocarbon components per amount of utility consumption required to
operate the process. An improvement in utility consumption required for operating
the demethanizer or deethanizer process may appear in the form of reduced power
requirements for compression or re-compression, reduced power requirements for
external refrigeration, reduced energy requirements for tower reboilers, or a

combination thereof.

[0083] While there have been described what are believed to be preferred
embodiments of the invention, those skilled in the art will recognize that other and
further modifications may be made thereto, e.g. to adapt the invention to various
conditions, types of feed, or other requirements without departing from the spirit of

the present invention as defined by the following claims.
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WE CLAIM:

1. In a process for the separation of a gas stream containing

methane, C, components, Cs components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, Cs components, and heavier hydrocarbon components
or said Cs; components and heavier hydrocarbon components, in which process

(a) said gas stream is cooled under pressure to provide a
cooled stream;

(b)  said cooled stream is expanded to a lower pressure
whereby it is further cooled; and

(c) said further cooled stream is directed into a distillation
column and fractionated at said lower pressure whereby the components of said
relatively less volatile fraction are recovered;

the improvement wherein following cooling, said cooled stream

is divided into first and second streams; and

(D said first stream is cooled to condense substantially all
of it and is thereafter expanded to said lower pressure whereby it is further cooled,

2) said expanded cooled first stream is heated and is
thereafter supplied to said distillation column at an upper mid-column feed position;

3) said second stream is expanded to said lower pressure
and is supplied to said distillation column at a mid-column feed position below said

upper mid-column feed position;
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(4)  an overhead vapor stream is withdrawn {rom an upper
region of said distillation column and heated, thereafter discharging at least a portion
of said heated overhead vapor stream as said volatile residue gas fraction;

(5)  adistillation vapor stream is withdrawn from a region
of said distillation column below said upper mid-column feed position and above said
mid-column feed position and is directed into heat exchange relation with said
expanded cooled first stream and said overhead vapor stream, whereby said
distillation vapor stream is cooled sufficiently to condense at least a part of it and
thereby form a residual vapor stream and a condensed stream, thereby supplying at
least a portion of the heating of steps (2) and (4);

(6)  atleast a portion of said condensed stream is supplied to
said distillation column at a top feed position; and

(7)  the quantities and temperatures of said feed streams to
said distillation column are effective to maintain the overhead temperature of said
distillation column at a temperature whereby the major portions of the components in
said relatively less volatile fraction are recovered.

2. In a process for the separation of a gas stream containing
methane, C, components, Cs components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C; components, and heavier hydrocarbon components
or said Cs components and heavier hydrocarbon components, in which process

(a) said gas stream is cooled under pressure to provide a

cooled stream;
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-32- SUBSTI TUTE SHEET (RULE 26) Recoveries* Ethane87.56% Propane99. 55%

But anes+99. 99% Power Resi due Gas Conpressi on23,552 HP[ 38, 719 kW

Ref ri ger amo 20ompum@ssi on7, 520 HP[ 12, 363 kW Total Conpr @s3iusa®@d/ 00023 HP[
51,082 kW * (Based on un-rounded flow rates) [0065]A conparison of Tabl es
[, 1l, 111, and 1V shows that, conpared to the prior art, the present

i nvention matches or exceeds the propane and butanes+ recoveries of all the
prior art processes while significantly inproving the ethane recovery. The
et hane recovery for the predent saentaddomea8iz cfBdfeditsa kinghpresstlean t he FI G
1 process (85.05%, the FIG 2 process (85.08%, and the FIG 3 process

(87.33% . Conpwilidraégnt iofurthadbeigd;land! |, 111, and IV further shows that the
i nprovenent in yields was achieved w thout using nore power than the prior

art, and in sone cases U$i“g@S'gﬂhéhﬁﬁ&%b&aiﬁﬁﬁm@&&ﬁﬁwdhﬂa&@ﬁﬁﬁu&f the
recovery efficiency (define he quantity of ethane recovered per unit

of power), the reseﬁ%mlnvenélon present s an gﬁrovenent g%ﬂ?@b 3% and

0.3% respecti ve niln’ anov ctlonl';lte at sald 10 Presslple \%here']_pP/ c?mp?;t}e&so Lnd EIG 3

processes. Althou h the P gf re U|red for the present invention is
essentially tH@a§§Wée§§°41 r@%@“ﬁ%@“ﬁ?ﬁ r art FIG 3 process, the present

i nvention -33- . o . o
the improvement wherein said gas stream is cooled sufficiently

to partially condense it; and

(1)  said partially condensed gas stream is separated thereby
to provide a vapor stream and at least one liquid stream;

2) said vapor stream is thereafter divided into first and
second streams;

3) said first stream is cooled to condense substantially all
of it and is thereafter expanded to said lower pressure whereby it is further cooled,

(€)) said expanded cooled first stream is heated and is
thereafter supplied to said distillation column at an upper mid-column feed position;

5 said second stream is expanded to said lower pressure
and is supplied to said distillation column at a mid-column feed position below said
upper mid-column feed position;

(6)  atleast a portion of said at least one liquid stream is
expanded to said lower pressure and is supplied to said distillation column at a lower
mid-column feed position below said mid-column feed position;

@) an overhead vapor stream is withdrawn from an upper
region of said distillation column and heated, thereafter discharging at least a portion

of said heated overhead vapor stream as said volatile residue gas fraction;
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SUBSTI TUTE SHEET (RULE 26) inproves both the ethane recovery and the
propane recovery by 0.2% conpared to the FIG 3 process w thout using nore
power. [O86@pLidserobhe FIGS. 1, 2, and 3 prior art proce®sgdiS2alp4@sesent

i nvention uses the expanded substantially condensed feed stream 35c
supplied to absorbing section 20a of denethanizer 20 to provide bul k
recovery of the C2 conmponents, C3 conponents, and heavi er hydrocarbon
conponent s contai ned in expanded feed 36a and the vapors rising from
stripping section 20b, and t(Re sappliétentaor steeniis widaldvonrpn ovigded by
reflux stream 44a to reduce the amount of C2 conponents, C3 conponents, and
CA+ conponent sofe@nidRiingidn cluhh@clowkald ufreshid@suninhtd peitbosid dbovddarl resi due
gas. However, the present invention inproves the rectification in absorbing

section 20a ovgfy bl 10fd fobiBoPEddqf diftlled RIiORABS@BanRY reTRikh R BRI e ef fective
use of the refrigeration available in process streans 38 and 35b to inprove

the recoveries_an he.r.ecovery effi.ciency., [0067] Conpari ng .reflux stream
sa in Table | TR ehane R SRR P TR el & Vi or

the present inyention, it can be seen that although the conposifions of the
streams are si 4N YR ke 1Sf0%?<§%§%%eﬂﬁ&go SO RS fraich

suppl enmental reflux as the present invention. Surprisingly, however, the

FI G 1 processtherety fetes randet vipsnetireagt 4nd neondeased strapny Haigby Hieplyinegent
invention despite the much greater quantity of reflux. The better recovery
achi eved by t hleaspz peant ofitinvientingar sepi(4padder st ood by conparing the
condition of the warned expanded substantially condensed stream 35c in the

FIG 1 prior art process W th) t hatleRfa pdiGonCP%4i@ snRBENdreahiEAPplica (¢ he FI G
4 enbodi nent of the present invention. Al though the tenperature of this

streamis only,s{4.ghtl | e process, the proportion of
this strean1tﬁ?§h%%@£(%%%ﬁégggﬁk é%ﬁﬁgg%gga%%tering denet hani zer 20 is -34-
SUBSTI TUTE SHEET (RULE 26) st hi gher than that of .t he present

Cvent 1 on (4256 ver sus 1255 . (1 s WheEnR et B bl BELRESRERS cor g
liquid in stream 35¢c of the FIG 1 process available for rectification of
the vapors ri siaiiglistiHatigcslmingie diseiicsnmeprin thpeyeghepd leppemiufegi é2idapor in t he
upper region of absorbing section 20a that nust be rectified by reflux
stream 44a. Thdéstiletonreiminat p ntpamture whdreby et mgampoditas off the qrenpeh@ts it pr ocess
allows nore of the C2 conponents to escape to denethani zer overhead stream
38 than the pragadhivenvieitvoRiledaeson aiedttsieied. both the recovery and the
recovery efficiency of the FIG 1 process conpared to the present

invention. The key inprovemgpt pRked NG R E58MonbMY BRI Q¥&niddhe FIG 1
prior art process is that the cold denethani zer overhead vapor stream 38 is
used to provi dg. g, Rort ol .G Ng A Al Shdb kAN VAR, BJ £am 42 1n
heat exchanger I A RAPOE TP R et HaAeT A Y BREEBAGENREE"F B0 Uise as
reflux, w thout adding sigpificant rectifjcatjop |oad in absorbing section
20a due to the"Oé%E‘gEe‘Sg ‘%?éiag&%@? 44 TSRy ferékﬁigsf@E“anfﬁPtaﬁnglgiar’i??é‘?fent in the
FIG 1 prior art process. [0068] Conparing reflux stream44 in Tables Il and
111 for the FImsionpfandCacqmuonentsft copposess ard hepyipr ydepearben cpalppeentsv f or t he
present invention, it can be seen that the present invention produces both
nmore refl ux and saidlgetémponees indhesiti¢rédguimotdiam compa®nrih ®hichptocgrsocesses. Not
only is the quantity of reflux higher (10% higher than the FIG 2 process
and 34% hi gher than the Fl G()3 pﬁfﬁ’&%ﬁ%ﬁrearﬂi@@o&émﬁlﬁ&tp'i@mr@ﬂ)ﬁ?(ﬁvi&?a"‘
conponents is significantly lower (12.6%for the present invention, versus
19.6% for the f&ﬁhs%m -ocess and 16.9% for the FIG 3 process). This nakes
reflux stream44a of the present invention nore effective for rectification
i n absorbing section 20a of denethani zer 20,. inproving, both the recovery
and the recovery efficiency tﬁ@?ﬁpégéﬁﬁmiﬁﬁgﬁngﬁo85W65@3ﬁmF0 t he FI GS.
2 and 3 prior art processes. The key inprovenent of the present invention
over the FI GS.Wherehydt isfusthergpolgditandhy ocesses is - 35-
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SUBSTI TUTE SHEET (RULE 26) t hat the expanded substantially condensed
stream 35b (which is predomnantly liquid nmethane) is a better refrigerant
medi um t o 2demBtiteani zer over head vapor stream 38 (whi clrCiraiSpotiomadoss y

met hane vapor), so using stream 35b to provide a portion of the cooling of
distillation vapor stream 42 in heat exchanger 22 allows nore nethane to be
condensed and used as reflux in the present invention. O her Enbodi nents

[ 0069] I n accordance with this invention, it is generally advantageous to
desi gn the absorbing (rectif(tkcat bahjurtbectilohstehmthdrededmtdhadistdriont 0 cont ai n
mul ti ple theoretical separation stages. However, the benefits of the
present i nventdoumcAa fletiocacHd e\seid IWdr Predsird vawrads tHewomphieats ef saedl st ages.

For instance, all or a part of the punped condensed |1 quid (stream 44a)

fromreflux Sel@ﬁﬁ@él}pfesszx%laﬁfé%a@ﬁén £ oyt of the warnmed expanded _
substantially condensed stream 35c from heat exchanger 22 can be conbi ned

(such as in the piping joinipng the pu and heat exchanger. to.the
demst hani zer) and 17 1 hor ought e NERF gt G 1 1es SRR SR Mt wi 1
m X together and separate inh_ accqrdance with the relative volatilities of
the various conponents OPAREY (WIS LoR8i ned streams. Such commingling of
the two streans, conbined with contacting at |east a portion of expanded
stream 36a, shall be consi débed sad paridlysordsassd sasgtrearhissepapmpsihérehy as
constituting an absorbing section. [0070] FIGS. 5 through 8 display other
enbodi nent s of totpheiderneggmtir¢anvandi ot ofel 1G8id sdednnr ough 6 depi ct
fractionation towers constructed in a single vessel. FIGS. 7 and 8 depi ct
fractionation towers constryget edsddydpdPsué@s kehSear@PSCIIRLI(rQGhd f 1 er)
colum 27 (a contacting and separating device) and stripper (distillation)
colum 20. In &H%ﬂsﬁ&&ﬁs’ a portion of the distillation vapor (stream 54)
is withdrawn fromthe -36- SUBSTI TUTE SHEET (RULE 26) | ower section of
absorber colum 27 and rout to refl ux condenser 22 t enerate reflux for
absorber colum 27. The oveﬁ ead® g %?“@PPE%WF%E”?W@%?@?%‘%%%VWE%Iunn 20
flows to the | ower section of absorber columm 27 (via stream51) to be
contact ed by r®fdayjeas opehgridgreandp RER peemdingieue vdsepatridgpmhingbndensed
stream 35c. Punp 28 is used to route the liquids (stream47) fromthe

bot t om of absottian iscobladrty @Adense suhsantielly @Fof stanil ppkareatior expand@@tossaidt hat t he
two towers effectively function as one distillation system The decision
whet her to consienygéssirtb@hécRcit isondict @dldlower as a single vessel (such as
denet hani zer 20 in FIGS. 4 through 6) or nultiple vessels will depend on a
nunber of factors such as pl@nt §jid&patdd€ A&t BRGHed QrehRRE harl LR
facilities, etc. [0071] Sonme circunstances may favor w thdraw ng the

distillation V#ERfeer supplied to said distillation column at an upper mid-column feed position;

5 said second stream is expanded to said lower pressure
and is supplied to said distillation column at a mid-column feed position below said
upper mid-column feed position;

(6)  any remaining portion of said at least one liquid stream
is expanded to said lower pressure and is supplied to said distillation column at a
lower mid-column feed position below said mid-column feed position;

@) an overhead vapor stream is withdrawn from an upper
region of said distillation column and heated, thereafter discharging at least a portion

of said heated overhead vapor stream as said volatile residue gas fraction;
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stream42 in FIGS. 5 and 6 fromthe upper region of stripping section 20b

i n denet hani zer 20 (stream 55). In other cases, it may be advant ageous to
wi t hdr aw wodnsitasifoat i on vapor stream 54 fromthe | ower Pegiusaoiofo4@bsor bi ng
section 20a (above the feed point of expanded stream 36a), w thdraw a
distillation vapor stream 55 fromthe upper region of stripping section 20b
(bel ow the feed point of expanded stream 36a), conbine streans 54 and 55 to
form conbi ned distillation vapor stream 42, and direct conbi ned
distillation vapor stream 428t o hdatllatire hapogerca@2s vichdosvrciooh e ccgand
partially condensed. Simlarly, in FIGS. 7 and 8 a portion (stream 55) of
over head vaporofshid @rmilbion telomn 8¢16Ww pRE tpreomindldth ey pdeiofhidedbecaido heat
exchanger 22 (optionally conbined with distillation vapor stream 54

wi thdrawn fromyfghedhaWeld Refbi Y i08irdR8 AP GRhAI redafibn with bdig t he remai ni ng
portion (stream51) flowing to the | ower section O0f absorber colum 27.

37 SUBSTI TUIE, SHEET (RUGE28).... N, 2OAA( 034709PCT) LIS2040/.006953

[ 0072] Some ci rdtifEt ances nay Favor m xing the renainrng vapot portion
(stream 43) of cooled distillatiaon vapor stream42a with the fractionation
col umm over heaS{{8HMeGRYT3ETAM S HANCEWNHISPIRY GOReny ddigapaani ¥l heat
exchanger 22 to provide a portion of the cooling of distillation vapor
stream 42 or cloghyniedn giesidpal|vapar sircangnd e cerdersafrsam, hhicBy supplsimewn i n Fl GS.
6 and 8, where the m xed stream 45 resulting from conbining the refl ux
separ at or vapoleas( s pereanof4iR) hewtitgof ttops (@pdndrf7); over head (stream 38) is routed
to heat exchanger 22. [0073] As described earlier, the distillation vapor

stream 42 or the conbined di@sfil hatdsOfpot@RT s§ll tRRABAERsthefm RAfubplid ky
condensed and the resulting condensate used to absorb val uable C2

conponents, C3.,CO0R t ' Smpenent s fromthe vapors rising

t hr ough absorﬁang §2@?@5§m5%gg%Pﬁgﬁﬁ§%%gnfzer 20 or through absorber col um
27. However, the present inventign is not limted to.thi odi pent. It
may be advant ageous, for inéf ncg?qP%n]?%%mn%ﬂ$V&595SFTégﬁgggmpﬁgge vapor s
in this manner, or to use only a portion of the condensate as an absorbent,
in cases wher esakdidiflaipacplpmnagdicaaeae maimtain heipyesicad [sapergrolstidt he vapors
or the condensate shoul d bypass absorbi ng section 20a of denethani zer 20 or
absor ber col undistitionSoennct p cupstapme eberetyythd major portiena bf thocmenoesetts ion, r at her
than partial condensation, of distillation vapor stream 42 or conbi ned
distillation vapatlasiehclamvdAiletrab@atarescdvaeger 22. Qther circunstances may
favor that distillation vapor stream 42 be a total vapor side draw from
fractionation colum 204or QQ§9ﬁP&£ﬂﬁ%&%&&nﬁ%nb?&Qﬁ%u&ﬂﬁ%nénﬁﬁgt!a! vapor
side draw. It should also be noted that, dependi ng on the conposition of
the feed gas siream ofdnMBYRo:AdNANA0CAUS L0 UG S ETOGh AL i gor at fon
to provide par?1aﬁ tdﬁilﬁg 0 ’%1SPPP?a ion vaporys9rean1ﬂ9por conbi ned
?IRa[_IEl lzgg I OC\Dva Oig_e/ %%&u%%?@i@%@%ﬁ%}:@ﬁ%&asnsgv%{atilze%facti%8cont§ilr{%§e-llnLlJJ(;I;E SHEET

portion of said C, components, Cs components, and heavier hydrocarbon components
or said Cs; components and heavier hydrocarbon components, in which process

(a) said gas stream is cooled under pressure to provide a
cooled stream;

(b)  said cooled stream is expanded to a lower pressure

whereby it is further cooled; and
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[ 0074] Feed gas conditions, plant size, available equipnent, or other
factors may indicate that elimnation of work expansion nmachine 17, or
repl acenawo 20i1td34mn al t er nat e expansi on devi ce (such asPam/USz@ansioon

val ve), is feasible. A though individual stream expansion is depicted in
particul ar expansi on devices, alternative expansi on neans may be enpl oyed
where appropriate. For exanple, conditions may warrant work expansi on of
the substantially condensed portion of the feed stream (stream 35a).
[0075] When the inlet gas is (beanend fustbpapeledstredin is direFleGntola drstylapat be
justified. In such cases, the feed gas cooling acconplished in heat
exchangers 10 @nghnlahdiffactonied 4 sh@Yovae pReL ek @R comphieuls ofgaid nt er veni ng
separator as shown in FIGS. 5 through 8. The decision of whether or not to

cool and separ@kﬁwﬁy@%R%ggkgﬁQﬁ&ﬂH@thkgh? steps will depend on the
richness of the feed gas, plant size, avallable equipnent, etc. Depending

on the quantity of heavier hydragathons,bhibf. fised s andudbs.tsed gas
pressure, the cooled feed streaﬁf@ia]}eaving eate exc nger I'hFl GS. 4

t hrough 8 and/or the cool ed stream 32a | eavi ng heat exchanger 13 in FIG 4
may not contain any quﬁﬂﬂmkaéﬁ% shandiseqoad serg ”@55 dewpoi nt, or because it
is above its cricondenbar), so that separator 11 shown in FIGS. 4 through 8
and/ or separator 14 shown i nDFI Gsaidifizgy sregais qoelgdiforceadenpeonbagminlly 4k gh
pressure liquid (stream37 in FIG 4 and stream33 in FIGS. 5 through 8)
need not be exaradd therehfeeckphmled d saiddoweripebsnd winmelyeieid fypibemioolods t he
distillation colum. Instead, all or a portion of it may be conbined with

the portion of the separatorgyapesid &phiRAORR fArkt slibdm isheARhnd iy €am 34 in
FIGS. 5 through 8) flow ng to heat exchanger 15. (This is shown by the

dashed stream g6 ﬁﬁf Pa b Qg Red : 1.0 [ f the liquid
BiSedtd d -2 % f&%%% a‘ﬁ i q
may be expandeﬁ ?%rgu aﬁ'%pproprﬂatg 9§Q-H§ﬁgg¥ gﬁ@h@ %%ULE 26)
expansi on devi ce uch as an.expansi.on valve or, expansi an machi ne, and fed
Lo a Tower m deabr BRPPEEE B PR ainet fidatofam Bard M0t r oam 37a i n
FIGS. 5 through 8). Stream 33 in FIG 4 and stream 37 in FIGS. 4 through 8
may al so be uswiEr§ugen sai] kattomdiguid seeanhiy senplied lepid disilatien eplampe ser vi ce
before or after the expansion step prior to flowing to the denethani zer.
[0077] I n accordance wi th thd3)pr esahsecomhsaedn prxpantal tasad bfveextengal
and is supplied to said contacting and separating device at a first lower column feed
position below said mid-column feed position;
4 a second overhead vapor stream is withdrawn from an
upper region of said distillation column and is supplied to said contacting and
separating device at a second lower column feed position below said mid-column feed
position;
(5) said first overhead vapor stream is heated, thereafter
discharging at least a portion of said heated first overhead vapor stream as said
volatile residue gas fraction;
(6)  adistillation vapor stream is withdrawn from a region

of said contacting and separating device below said mid-column feed position and

above said first and second lower column feed positions and is directed into heat
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refrigeration to supplenent the cooling available to the inlet gas from

ot her process streans nmay be enployed, particularly in the case of a rich

i nl et gaswothe/assmoand di stribution of separator |iquidecan$2demnetosani zer
side draw |liquids for process heat exchange, and the particul ar arrangenent
of heat exchangers for inlet gas cooling nust be evaluated for each
particul ar application, as well as the choice of process streans for

speci fic heat exchange services. [0078] Sonme circunstances nay favor using a
portion of theexclmnge glagbn Withsaidexphidgd cebldddastismepnadslonid ifing owelpid gapoR0a or
absorber colum 27 for heat exchange, such as dashed stream 49 in FIGS. 5
through 8. Al tdneughwvierdby séd pietillationypbr duleem lid @uled sifficiontBs cindemgasect i on 20a
or absorber columm 27 can be used for process heat exchange w t hout

reduci ng the ethang,t §GOMETNrdD (HRNBERAA] %Sbr &BarR indd ohBRG! sEedym 20, nore
duty can sonetinmes be obtained fromthese I'iquids than with I'iquids from

stripping section 20b.or stripper..col Q. LS hS ause the liquids in
absor bi ng sect%%ﬁmﬁﬁgﬂng@éﬁg %%%?%E#H%%w%g$(%%g§# éwggﬁlunn 27) are
avai l abl e at a col der tenper%gure | evel than those in strippin&fsection 20b
(or stripper colunm 20). [0079] A8l IShoAwrrrinP YayheddstsredriB® VAP ElEs, 5
through 8, in some cases it may be advantageous to split the [iquid stream
fromreflux pusgp cRatagtogaadsepyaa)g denicoatatton sebpositin asdr eans. A portion
(stream 53) can then be supplied to the stripping -40- SUBSTI TUTE SHEET
(RULE 26) section of fract(BonatheqnarttiGevseand Rnpefatu@S.of Saidfedd Gjeams tot he t op of
stripper colum 20 (FIGS. 7 and 8) to increase the liquid flowin that part

of the distillgtd c@ﬂta&bé%taﬁd@e@ﬂ@tiﬂgfﬂéﬁ%/@feEH&tiﬁf@@)tﬂldfiﬁtﬁﬁ&ﬂe%ﬂerhéalder eby reducing
t he concentration of + conmponents in stream42. In such cases, the

remai ni ng portj L.St.rean I: i : kg section
208 (FI Ga. 5. cndres B P 3 Alchi GHRRHG: 4kl LA RRBELEY, T
accordance with .the present invention, the splitti f the vapor feed may
be accompl i shelAPTPOEBREPLTe GRREnch oA iRl Lse gl Bedan sy ough 8, the
splitting of vapor occurs follow ng cooling and separation of any |iquids
whi ch may haveweidf or med. The hi gh pressure gas may be split, however,
prior to any cooling of the inlet gas or after the cooling of the gas and
prior to any separati onS.st ades process St seprbaichn vEmgas streeapomntagmig tti ng may be
effected in a separator. [0081]1t will also be recognized that the relative
amount of feedmébaned’, ] ddmpathisbCaonaomhist /d heplidrhydtageionfcegponehts intelepend on
several factors, including gas pressure, feed gas conposition, the anount
of heat which &o’i’dﬁl&%ﬁ&lﬁ%@ﬁﬁ&dt%n% £réfati A rd v%[aﬁl@‘f%a@@onfc%ﬁﬂtni@'l%aﬁ&e quantity
of horsepower available.” More feed to the top of the colum™may i ncrease
recovery whi | e ogtieo%ro "sa‘asi(il agc n? V(\)Iecgntsr CQS’H? ro?lgntsf Bt?(megwhleer heér[())ae{]rgoenrco%lhgr'ie% sy

i ncreasing the"reconpres o orSebomé% reqU|renent§. ncreaspng eed | ower
in the colum redyces the horsepower consunpti on but, al so reduce
product recovéﬁ?@gfhgxmgmgﬁ?vg' By H%m%P‘?W@”WPEJEgﬁ%ﬁﬁ“F@%ds may vary
dependi ng on inlet conposition or other factors such as desired recovery

| evel s and anount of |iqui d ®or neadd ghssiresgn is peaed upder NEGBIE I9Providsricover , two
or nore of the feed streans, or portions thereof, may be conbi ned dependi ng
on the rel ati veotednpanat ures and quantities of individual streans, and the
conbi ned streamthen fed to a md-colum feed position. -41-

(b)  said cooled stream is expanded to a lower pressure
whereby it is further cooled; and

(c) said further cooled stream is directed into a distillation
column and fractionated at said lower pressure whereby the components of said
relatively less volatile fraction are recovered,

the improvement wherein said gas stream is cooled sufficiently
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SUBSTI TUTE SHEET (RULE 26) WD 2011/ 034709PCT/ US2010/ 046953 [0082] The
present invention provides inproved recovery of C2 conponents, C3
conmponentwQ 2anch3kmavi er hydrocar bon conponents or of C3pcomgsenent®sand
heavi er hydrocarbon conponents per anmount of utility consunption required
to operate the process. An inprovenment in utility consunption required for
operating the denethani zer or deethani zer process may appear in the form of
reduced power requirenments for conpression or re-conpression, reduced power
requi rements for externalpartiefly capderat itomd reduced energy requirenents for
tower reboilers, or a conbination thereof. [0083]Wile there have been
descri bed what are believed (10 beippefigiceticarbosh srent & sefardidiiahdrebsent i on,
those skilled in the art will recognize that other and further

modi fi cati ons ﬁ@MWQ@aq@gﬁs&gﬁ{ﬁhgtb%t&wlhgw%QQQﬁ the invention to various
conditions, types of feed, or other reqU|renents mnthout departing fromthe

spirit of the pr esent |nvent on def i ned 0 |.a -42-
SUBSTI TUTE SHEET (RULE 26) CER POt 1Sytherr%a‘cté“s lfiedmn{]gﬁergtsepar ation of
a gas stream cont ai ni ng net hane, C2 conponents, C3 conponents, and heavi er

hydr ocar bon ¢ &l nto a vol atile residue gas fraction and a
relatively less volatile fraction containing a major portion of said C2
conponents, C3 conponents, dAd heudfiststisymiscoaledbrroadmponbinsialbralsai d C3
conponent s and heavi er hydrocarbon conponents, in which process

of it and is thereafter expanded to said lower pressure whereby it is further cooled;

4) said expanded cooled first stream is heated and is
thereafter supplied at a mid-column feed position to a contacting and separating
device that produces a first overhead vapor stream and a bottom liquid stream,
whereupon said bottom liquid stream is supplied to said distillation column;

(5 said second stream is expanded to said lower pressure
and is supplied to said contacting and separating device at a first lower column feed
position below said mid-column feed position;

(6)  atleast a portion of said at least one liquid stream is
expanded to said lower pressure and is supplied to said distillation column at a
mid-column feed position;

@) a second overhead vapor stream is withdrawn from an
upper region of said distillation column and is supplied to said contacting and
separating device at a second lower column feed position below said mid-column feed
position;

(&) said first overhead vapor stream is heated, thereafter
discharging at least a portion of said heated first overhead vapor stream as said

volatile residue gas fraction;
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(a) said gas streamis cool ed under pressure to provide a cool ed stream
(b) said cooled streamis expanded to a | ower pressure whereby it is
further cwol2etyo3amd (c) said further eoolusdoiston@aim i s
directed into a distillation colum and fractionated at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; the i nprovenent wherein follow ng cooling, said cooled
streamis divided into first and second streans; and (1)
said first streamis cool ed (Plo ceddelrsien saposst@amiisavithdran fraof a rqgioand i s
thereafter expanded to said | ower pressure whereby it is further cool ed,
(2) said expang8geideomictidy hidrssparging dantd tRloheatdanidapimngeddpesieas mar suppl i ed
to said distillation colum at an upper m d-colum feed position;

(3) said secong sl HLRATIa8d SXORNISL HRSF:E JoQUEHs AR RITHE iBRdGedS Suppl i ed
to said distillation colum at a m d-columm feed position below said upper

m d- col um feed position: -43-. SU LT . ET ULE .2 VD
2011/ 034700 PCT DR b Gl il i exPuRted Lot i S5 el yonce ot ¢ cam
is withdrawn from an u%per ég@jqn of said dist %ﬁLon col um and heat ed,

|1
thereafter di sCRAPgYIELasaif digdlfatign yppk fisam sycogiatl riHeighdo eRrdPiedd vapor
stream as said volatile residue gas fraction; (5 a
distillation vigbrpatefetand therahy fharagomdual wpvistieay pishe ewhdensgddtrednst i | | ati on
col um bel ow sai d upper m d-colum feed position and above said m d-col um
feed position @edbyi sipelyingeatlemdt 4 priridonhve dte heaxtigarigrepsr(é)l @atli®n wit h sai d
expanded cool ed first stream and said overhead vapor stream whereby said

distillation vapor stream i §1®ooh@ehscibdriic @BAill YoddOnsePALBMIEupplicleast a
part of it and thereby forma residual vapor stream and a condensed stream

thereby suppl yéaﬂﬁoﬁ‘%acdn%%ﬁ& % i,ngt(ﬁ{ Odg%e&ﬁaé&ﬂ‘ﬁe hibR%n@f steps (2) and (4);

(6) at least a portion~o ensed streamis supplied to said

distillation colum at a to eed position; and = . (7) the

quantities and tenperaturesqéb sgPau?@hﬁ”§pF@%ﬁﬁm?@(§§P%ﬁﬁ?§F?PFEEion

colum are effective to maintain the overhead tenperature of said

distillation coldfepagingand eppaingdsriee heHemye oreingn die peheddons of t he

conponents in said relatively less volatile fraction are recovered.
temperature of said contacting and separating device at a temperature whereby the

major portions of the components in said relatively less volatile fraction are
recovered.
6. In a process for the separation of a gas stream containing

methane, C, components, C3 components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C; components, and heavier hydrocarbon components
or said C; components and heavier hydrocarbon components, in which process

(a) said gas stream is cooled under pressure to provide a
cooled stream;

(b) said cooled stream is expanded to a lower pressure

whereby it is further cooled; and
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2.1n a process for the separation of a gas stream contai ning nethane, C2
conponents, C3 conponents, and heavi er hydrocarbon conponents into a

vol ati | e we=ntus4mas fraction and a relatively | ess vol aCcirius2610aed95Hn
containing a major portion of said C2 conponents, C3 conponents, and
heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon conponents, in which process (a)said gas streamis cool ed under
pressure to provide a cool ed stream -44- SUBSTI TUTE SHEET (RULE 26) WO
2011/ 034709PCT/ US2010/ 046953¢)  said further cooled streaifilif) diggfed inoodigdlager eam i s
expanded to a | ower pressure whereby it is further cool ed; and

(c) said furt h@unoaledctiiniednshid Iehd prbrek witidy thedompordeh@bf @i col utm and
fractionated at said | ower pressure whereby the conponents of said

relatively | esgMlakld RadileatkiiQM@ftoleggover ed; _the inprovenent
wherein said gas streamis cooled sufficiently to partially condense it;

and (D sg%gmp%£%ﬁau condenseq[r as stre ﬁﬁﬁﬁmﬁfparated

. ! erein sapd gas S mlsc%i)le
thereby to provide a vapor Feamand at 1eas ne Tirqurd stream

(2) said vapor streamis the{eafter divided into first and second streans,
(3) said first stream i®Pedgieerntdersetifddnse substantially all of it and is
thereafter expanded to said Iomerigressure whereby it is further cool ed;
(4) said expanded cool ed firéx staiepaitidlly chrdgnied geprptredns istsprarasefthesebysuppl i ed
to said distillation colum at an upper m d-colum feed position;
(5) said second psivideamapes secapeand adledsooediqdidl sovsen; pressure and i s supplied
to said distillation colum at a md-colum feed position bel ow said upper
m d-col um feed position; (2)  said vapor stream is thereafter divided into first and
second streams;
(3) said first stream is combined with at least a portion of
said at least one liquid stream to form a combined stream, whereupon said combined
stream is cooled to condense substantially all of it and is thereafter expanded to said
lower pressure whereby it is further cooled;
(€)) said expanded cooled combined stream is heated and is
thereafter supplied at a mid-column feed position to a contacting and separating
device that produces a first overhead vapor stream and a bottom liquid stream,
whereupon said bottom liquid stream is supplied to said distillation column;
(5)  said second stream is expanded to said lower pressure
and is supplied to said contacting and separating device at a first lower column feed
position below said mid-column feed position;
(6)  any remaining portion of said at least one liquid stream

is expanded to said lower pressure and is supplied to said distillation column at a

mid-column feed position;
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(6) at least a portion of said at |least one liquid streamis expanded to
said | ower pressure and is supplied to said distillation colum at a | ower
m d- col unwmof2ead3pmsi ti on bel ow sai d m d-col um feed poSIPCITAI$2010/046953

(7) an overhead vapor streamis w thdrawn from an upper region of said
distillation colum and heated, thereafter discharging at |east a portion
of said heated overhead vapor streamas said volatile residue gas fraction;
-45- SUBSTI TUTE SHEET (RULE 26) WD 2011/034709PCT/ US2010/ 046953

(8) a distillation vapor str@am asecond dhvdrhawhvapemsirean segihdrwofirosednd
distillation colum bel ow said upper m d-colum feed position and above
sai d m d- col unipptreedopeshididpaliand colamdiai®e kaplibhbgaileatacti¥ei@nge rel ation
wi th said expanded cooled first stream and said overhead vapor stream
wher eby sai d dicsfrhddo@bli0h % 308ha BWLAMhSrGARk AN 846 b4l B tofubPrecPndense
at least a part of It and thereby forma residual vapor streamand a
condensed stream. t hereby supplying at | east a portion of the heating of

steps (4) and %§¥@n’ (9) at least a portion of said
condensed streamis supplied to said distil]ation colyum at a fop feed
posi tion; and ®) f%ﬁr%%f Efla‘ﬁp?&srr@aéna at‘f‘@ﬁﬁ@@ #ures of

said feed streans to said distillation colum are effective to maintain the
over head t enpetisghiig@ag afleashi portonsefishifl dedtesiiirsioverherdappa sieampssaitlur e wher eby
the major portions of the conponents in said relatively less volatile
fraction are retowereadue g3s frivtian;pr ocess for the separation of a gas stream
cont ai ni ng net hane, C2 conponents, C3 conponents, and heavi er hydrocarbon

conponents into a volatile resi dygisgidsion @t {tRBmANitRirdva] Roh ¥ Rlodon! €SS
vol atile fraction containing a major portion of said C2 conmponents, C3

conponents, ang Si‘éfﬂt&ﬁngé{ﬁrs ;ga%fi’lg'&%I&%W}aﬁfdﬁmﬁkoﬁlﬁﬁl‘i‘ee%oﬁﬁ’&})a‘?ﬁe”t s _and

heavi er hydrocarbon conponent process (a) said
by sal a cool clrout vsdiiniiet sbparas ol S Cuf BB RLPERR « i o
further cool ed; and -46- SUBSTI TUTE SHEET ( RULE 26) o
exchange relation with said expanded cooled combined stream and said first overhead
vapor stream, whereby said distillation vapor stream is cooled sufficiently to condense
at least a part of it and thereby form a residual vapor stream and a condensed stream,
thereby supplying at least a portion of the heating of steps (4) and (8);
(10)  at least a portion of said condensed stream is supplied to
said contacting and separating device at a top feed position; and
(11)  the quantities and temperatures of said feed streams to
said contacting and separating device are effective to maintain the overhead
temperature of said contacting and separating device at a temperature whereby the
major portions of the components in said relatively less volatile {raction are
recovered.
7. The improvement according to claim 1 wherein

(1) said overhead vapor stream is combined with said

residual vapor stream to form a combined vapor stream; and
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WO 2011/ 034709PCT/ US2010/ 046953 (c)said further cooled streamis directed
into a distillation colum and fractionated at said | ower pressure whereby
t he conpowenvsi/i7osai d rel atively less volatile fracti oRCaNS2010000963 €d;

t he i nprovenment wherein said gas streamis cooled sufficiently to partially

condense it; and (1) said partially condensed gas stream
is separated thereby to provide a vapor streamand at | east one liquid
stream (2) said vapor streamis thereafter divided into

first and second streans; (2)  said combined vapof Syeagiai dirdcierdsito beat eam i s
conbined with at least a portion of said at |east one liquid streamto form

a conbi ned st r&amngyvRekienRFOR saddistiRachyapecssin eaMehed, caedgdo fppgandense
substantially all of it and is thereafter expanded to said | ower pressure

whereby it is fuff P&fiorP&thﬁ‘Qéoling of said distillation vapor sfrfam 984 feRNRRNded cool ed
conbined streamis heated and 1S thereafter supplied to said distillation

colum at an u r md-colum.feed .pesition,. . 5) said
cecond ot roam NersatifER {EMGPE MBREN AP lben wrgrirer bl o oa o
distillation coluym af a md-colum feed position bel ow said upper

nmi d- col um f ee@SI<3AE {Tefyon. (6) any remaining portion of
said at |least one liquid streamis expanded to said | ower pressure and is
supplied to said distil8ati dieaoaprarameat acgorfliggs claring- whsiraimm f eed position
bel ow said m d-colum feed position; (7) an overhead
vapor streamis w thdrawn fr(om armidigyeeread epbostreah iss@intlindd sith kdidit i on col um
and heated, thereafter discharging at |east a portion of said heated

over head vapor e§ififagapopsireditdforfh dbhbiBed RBOdHEngasd f raction; -47-
SUBSTI TUTE SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953

8 distillati t I I a g I id
(8) a distillation vapor s r(ggmu%%%@lﬁn@%@wba%a@Qg&e‘%&h?xﬂoHéatSa'

distillation colum bel ow sal e position and above
said md-colum feed pasition. s directed int.o heat exchan el ation
W th said expangegecEarau LB Reul Ty uart i ail GogtHord o SaI8A ot ram
whereby said distillation vapor streamis cooled sufficiently to condense
at | east a parleasbd pertionse{gaid geql@B ! fait distdlatiensyjaperaireapy ot theteplisim and a
condensed stream thereby supplying at |least a portion of the heating of
steps (4) and diharging at least a portion of said heated combined vapor stream as said volatile
residue gas fraction.
9. The improvement according to claim 3 wherein
(D) said overhead vapor stream is combined with said
residual vapor stream to form a combined vapor stream; and
2) said combined vapor stream is directed into heat
exchange relation with said distillation vapor stream and heated, thereby to supply at
least a portion of said cooling of said distillation vapor stream, and thereafter
discharging at least a portion of said heated combined vapor stream as said volatile
residue gas fraction.
10.  The improvement according to claim 4 wherein

(1) said first overhead vapor stream is combined with said

residual vapor stream to form a combined vapor stream; and
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(9) at least a portion of said condensed streamis supplied to said
distillation colum at a top feed position; and (10) the
guanti ti esoand/a3emper at ures of said feed streans to sai @Cuitstélvloadosdn
colum are effective to maintain the overhead tenperature of said
distillation colum at a tenperature whereby the major portions of the
conponents in said relatively less volatile fraction are recovered. 4.1n a
process for the separation of a gas stream contai ning net hane, C2
conponents, C3 conponents, dAd headiwmibiteddnme sirdaons diowpdngnbsiti nto a

vol atil e residue gas fraction and a relatively less volatile fraction
contai ni ng a naclingPRltibORitRiaiGaktdateh LHPA0AN hifl hetidd CRIFYNSHIBly aBNd
heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydrocarbon cogReRERtish ofislid MUIGE oPfRFESlation vapor siream, and thereaffe?) Sai d gas
streamis cool ed under pressure to provide a cool ed stream

(b) said coole tream.s. expanded .t ower pressyre whereby it is
further cool edt>HHAME TR GTAREDE u Bl YRl BV GRS Wi 0 SA PR

2011/ 034709PCT/ US2010/ 046953 (c)said further cooled streamis directed into
a distillationtSfWhI4HAf racti onated at said | ower pressure whereby the
conponents of said relatively less volatile fraction are recovered,

t he i nmprovenent wher ei nlk ol Ilbwimgyoeowsing sgordisa iarlapol wpran r eam i s di vi ded
into first and second streans; and (1) said first stream
is cooled to condense subst dhx i akdiyfiat dvedicad vaparsdeans istchabiaed teh sagkpanded t o
said | ower pressure whereby it is further cool ed; (2)

sai d expanded ©Q@laehpbt Jihm$S foRAMCHHLIRRRSBEL sBn;lafd t hereafter supplied at a
m d-col um feed position to a contacting and separating devi ce that

produces a first overhead vg@pr éﬁ&&ﬂﬂﬁﬂﬁqﬁﬁFQP Eggmkkgﬁgﬁoﬁ&#eam

wher eupon said bottomliquid 'streamis sup to sal stillation
col umm;

ressure and | Segpren v bl B RTEEP g LT SRRy b PeaT s
first lower colum feed position below said md-colum feed position;
least a portion of said cooling of said distillation vapor stream, and thereafter
discharging at least a portion of said heated combined vapor stream as said volatile
residue gas fraction.
12. The improvement according to claim 6 wherein
(D) said first overhead vapor stream is combined with said
residual vapor stream to form a combined vapor stream; and
2) said combined vapor stream is directed into heat
exchange relation with said distillation vapor stream and heated, thereby to supply at
least a portion of said cooling of said distillation vapor stream, and thereafter
discharging at least a portion of said heated combined vapor stream as said volatile
residue gas fraction.
13. The improvement according to claim 1, 2, 3, 7, 8, or 9 wherein

said distillation vapor stream is withdrawn from a region of said distillation column

below said mid-column feed position.
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(4) a second overhead vapor streamis w thdrawn from an upper region of
said distillation colum and is supplied to said contacting and separati ng
devi ce atwe 2s038m9| ower col umm feed position bel ow sai #cwiu$2@olowyns f eed

posi tion; (5) said first overhead vapor streamis heated,
thereafter discharging at |least a portion of said heated first overhead
vapor streamas said volatile residue gas fraction; (6) a

distillation vapor streamis withdrawn froma region of said contacting and
separating devi ce bel owléai dhmimdprovimenmnactedidg podaimi 1o, RAM, abbwkersiai d fir st
and second | ower columm feed positions and is directed into heat -49-

SUBSTI TUTE SHEET (RULE 26) (exchangedic@laabn @ipomdtielm saiichdexparnaedidcool ed
first streamand said first overhead vapor stream whereby said

distillation V@@@ﬁ oShl0RAMIh N CBRIADe BY hil Gh SR blid c510m s RRIBARRNARA | €ast a
part of it and thereby forma residual vapor stream and a condensed stream

t hereby supplying at. |east a rti.on of the heating of steps (2) and (5);
(7) at |east aﬂ%%??%%%lé?ﬁggﬁgiéQ%P%hsed streamis supplied to said

contacting and separating deyice at a top feed position; and

(8) the quantities and tenpé¥btu?§§o%#&§§?H“Y%% Sg?m%ﬁﬁﬂm?@WEQPH“bontacting
and separating device are effective to nmaintain the overhead tenperature of
sai d cont act i nggiamef suishytidatongolemibelewseid and-epipan &ed pesitiietndby t he naj or
portions of the conponents in said relatively less volatile fraction are
recovered. 5.1n a process fds) t haidpadigiliaom aporatrgasissbmbiacd windaal ni ng

nmet hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents

into a vol ati | @cdniseHaRiod Igpd: E@Gh 16 TorANGid AistiBARL VYR VudaiSSs Vol atil e
fraction containing a major portion of said C2 conmponents, C3 conponents,

and heavi er hydrocarbon1§on3ﬁ@§ﬂ&gwgkn5§£gd&§Kﬁgﬂpﬁﬁgﬂi§Qq@?g?§avier

hydr ocar bon conponents, 1n proce sai d gas

t i l ed und t ide a. | ed. st. )
(b) el d cool ceat S PeXERHhfurEs RSB SiPb TRlangor 1 5

further cool ed; and o (c) said further cooled streamis
di rect ed i nt o %reynded 3 sesndghstilgionyapcl sdeany yberryea sag seepndsdistdlaliodner pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; t hevaporptroane menpplingh erseidrostadtiog gakseparatagrievise at ool etomlibwerci ent |y
e column feed position.
16. The improvement according to claim 4, 5, 6, 10, 11, or 12
wherein
(1) a first distillation vapor stream is withdrawn from said
region of said contacting and separating device below said mid-column feed position
and above said first and second lower column feed positions;
() said second overhead vapor stream is divided into a
second distillation vapor stream and a third distillation vapor stream, whereupon said
second distillation vapor stream is supplied to said contacting and separating device at
said second lower column feed position;

3) said first distillation vapor stream is combined with said

third distillation vapor stream to form said distillation vapor stream.
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SUBSTI TUTE SHEET (RULE 26) to partially condense it; and

(1) said partially condensed gas streamis separated thereby to provide a
vapor strwermand4mb | east one |iquid stream PCT/US201002995%ai d
vapor streamis thereafter divided into first and second streans;

(3) said first streamis cooled to condense substantially all of it and is
thereafter expanded to said | ower pressure whereby it is further cool ed;
(4) said expanded cooled first streamis heated and is thereafter supplied
at a md-colum feed po§i.ti dietiopravanent @ceriling tearkdmslepak; 418, ngd dhkereice t hat
produces a first overhead vapor streamand a bottomliquid stream

wher eupon said bottom |iqui distr eaddnerSetoiplehe ¢ dind&lahd adiest i fiksat i on

col um; (5) said second streamis expanded to said | ower
pressure and ig,§HPRlLSSohPpR@nd contacting and separating device at a
first lower colum feed position beI ow said m d-colum feed position;

(6) at least a portion of s d at.. st one | anded to
said | ower pressure and is gu)ppl Sal Omonds %lpgﬁ dq? aatlé%ﬂm(?o nCOlP At a

m d- col um feed g&ﬁ ition; (7) a second over head vapor
streamis wit hIPAMPPS ?GSrPP%{HOIhﬁ%r region of said distillation colum and is
supplied to said contacting and qugar ating device at a second | ower col um
feed position bel ow said m d3kol seteelpoppsiig Juppiied to said distillation (8)
said first overhead vapor streamis heated, thereafter discharging at |east
a portion of saiwneatednd irl'rclsctollmmﬂehaaﬂitmmbmw sdid mahechansizedposoioat i | e
resi due gas fraction; -51- SUBSTI TUTE SHEET ( RULE 26)
18.  The improvement according to claim 13 wherein
(1) said condensed stream is divided into at least a first
portion and a second portion;
(2)  said first portion is supplied to said distillation column
at said top feed position; and
(3)  said second portion is supplied to said distillation
column at a second mid-column feed position below said mid-column feed position.
19.  The improvement according to claim 14 wherein
(1) said condensed stream is divided into at least a first
portion and a second portion;
(2)  said first portion is supplied to said distillation column
at said top feed position; and
(3)  said second portion is supplied to said distillation
column at a second mid-column feed position below said mid-column feed position.

20. The improvement according to claim 4, 5, 6, 10, 11, or 12

wherein
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(9) a distillation vapor streamis withdrawn froma region of said
contacting and separating device bel ow said m d-colum feed position and
above saiwofrigiz4mad second | ower col umn feed positi onspamaSeeodieIsst ed
into heat exchange relation with said expanded cooled first stream and said
first overhead vapor stream whereby said distillation vapor streamis
cooled sufficiently to condense at |east a part of it and thereby forma
resi dual vapor stream and a condensed stream thereby supplying at |east a
portion of the heating of st(éps ¢dJcamdehs¢Byream is divided into at least a firs( 10) at

| east a portion of said condensed streamis supplied to said contacting and
separ ati ng devpeonaind a sécofd fodgsh; posi tion; and (11) the
guantities and tenperatures of said feed streanms to said contacting and
separating device are effecthyve {9 fRI Rh@ins LpBLRAUE EAEAR k gature of
said contacting and separating device at a tenperature whereby the ngjor
portions of tq% Somponent s &Euﬁqﬁﬁ,%Sh&¥iﬁfly | ess volatile fraction are
recovered. 6.1T A pﬁocess £Or '“Phe §bpara i'on of a gas stream contai ni ng
met hane, C2 conponents, C3 c onents, and. heavier hydrocarbon conponents
into a vol ati l gp resi due gas ! ):rgcﬁql%??c%ﬁﬁlc?o&lopéﬁ SéEPl?ll?Qlt%/lsaf dillggmyy lrrg
fraction containing a major portion of said C2 conponents, C3 conponents,
and heavi er hyuweat bomw lewmeeHent s or said C3 conponents and heavi er

hydr ocar bon conponents, in which process (a) said gas
streamis cool ed under pi.esslheénprovgmeavicd@diag coddimd Sstheearm

(b) said cooled streamis expanded to a | ower pressure whereby it is

further cool ed; and -52- SUBSTI TW[&Ecoatilkdd bk & d@8ded iM@at least a first _
2011/ 034709PCT/ US2010/ 046953 (c)said further cooled streamis directed into

a distillatioqgﬁﬁjqﬁg @ng£$§§ lonated at said |ower pressure whereby the
conponent s of ald refativ y I'éss volatile fraction are recovered;

he i wh i i ; IS . I ffi 1t | iall
(e Toroverent e i al 3029, kA5 388 SHETLE] BT o part1aly

is separated thereby to provide a vapor streamand at |east one liquid
stream separating device at 5y topdeed Pogibet a8t ream i s thereafter divided into

first and second strearns;
(3)  said second portion is supplied to said distillation

column at a top feed position.
22, The improvement according to claim 16 wherein
(D) said condensed stream is divided into at least a first
portion and a second portion;
(2)  said first portion is supplied to said contacting and
separating device at said top feed position; and
(3)  said second portion is supplied to said distillation
column at a top feed position.
23.  In an apparatus for the separation of a gas stream containing
methane, C, components, C; components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major

portion of said C, components, C; components, and heavier hydrocarbon components
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(3) said first streamis conbined with at | east a portion of said at |east
one liquid streamto forma conbi ned stream whereupon said conbi ned stream
i s cool edwbaotiosdmpse substantially all of it and is theceafSten/oesopanded to
said | ower pressure whereby it is further cool ed; (4)
sai d expanded cool ed conbined streamis heated and is thereafter supplied
at a md-colum feed position to a contacting and separating device that
produces a first overhead vapor streamand a bottomliquid stream

wher eupon sai dorbatl Ce nerhpapentelarsithe@aenhydrosutppl comgorteots sasald appstaius ittetd on

col um; (5) said second streamis expanded to said | ower
pressure and itigupplied to said contacting and separating device at a
first lower colum feed position below said md-colum feed position;

(6) any remaining portion ofgsai gdgal (dofRShefR® ddofiUdidhas lifGAMEG expanded to
said | ower pressure and is supplied to said distillation colum at a

m d-col um feeqe sorgiC(t) ing&éd tbS:rg-Vid%Le{%%_lle&_ S reE Slﬁ@?rre%slﬁ%l"lz 26)

(7) a second eérhea vaporps Feam 1 s Wt hdra rom an upper region of

said distillation colum and jis s lied.to said contacting and separating
device at a second | ower col®m Fgg@ge’%%ﬁlqni%ﬁn%@%%@é‘? B R Bt Gm f eed

position; . . (8) said first overhead vapor streamis heated,
t hereafter di seeamgif pygd eqolddetieam wndgopressen apd cxpanddt ieedewet pfasiuse. over head
vapor streamas said volatile residue gas fraction; (9) a

distillation vapabystideanrmi is fusthethpladyanir om a regi on of said contacting and
separating device bel ow said m d-columm feed position and above said first

and second | ower colum feedc)posh tis@MsioRBsluhS ceinb @&t 8 ebckifd Qid@akerexchange
relation with said expanded cool ed conmbi ned stream and said first overhead

vapor stream Wl eby,S ?af-icfidigg?{ié)d Jo%ﬁd%ﬁnﬁg%{}ecﬁo;s%%?é s%id.‘%g@lgfgoo%‘df ficiently

to condense at least a part It an I esi vapor stream

and a condensed stream thereby s | yi ng. at. |l east a portion of the heating
of steps (4) a aI{l g)ef\? Al over cad Va\ﬁor seteatn dnd Sglfﬁﬁ’laté’e%’ﬁgséé’{)lagleé‘&?tﬂnon of said
condensed streamis supplied to said contacting and separating device at a
top feed position; and the improvement whereingspidapparggsdp¢lides es and
tenperatures of said feed streans to said contacting and separating device
are effective to maintain tHé ovédhismdndaenpmenatadiesast fisaiodlingondaactoi ng and
separating device at a tenperature whereby the major portions of the

conponent s i n & saidlcadley@leym laessividoltadw figt dndacdondrreame; recovered. 7. The
i mprovenent according to claim1l wherein (1)said overhead vapor streamis

g ggb' gid with said residual ¥ApOLecSid @B Reah@fIh& (R MiN&didRRRGanST I eam
to receive said first stream and cool it sufficiently to substantially condense it;
3) second expansion means connected to said second
cooling means to receive said substantially condensed first stream and expand it to
said lower pressure;
(4)  heat exchange means connected to said second
expansion means to receive said expanded cooled first stream and heat it, said heat
exchange means being further connected to said distillation column to supply said

heated expanded first stream to said distillation column at an upper mid-column feed

position;
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SUBSTI TUTE SHEET (RULE 26) WD 2011/ 034709PCT/ US2010/ 046953 (2)sai d

conbi ned vapor streamis directed into heat exchange relation with said

di stil | atworrouaperest r eam and heat ed, thereby to supplyPpat/useast4@sporti on
of said cooling of said distillation vapor stream and thereafter

di scharging at | east a portion of said heated conbi ned vapor stream as said
vol atil e residue gas fraction. 8.The inprovenent according to claim?2
wherein (1) said overhead vapor streamis conbined with
sai d residual vapor stream t(® f osad Arscapivisnedeaggdomgsommeend tosaid

(2) said conbined vapor streamis directed into heat exchange relation with

sai d distill atdigginy apeis 18 tdaddmaandcdndatreth andhesabi b aidlppl presdlre,| east a
portion of said cooling of said distillation vapor stream and thereafter

di schargi ng at|@fa§lexinRof hkbaR b@ihgrﬁﬁt'hgr Dgaked t&s%f&%éﬁ%&'udﬁ%@ﬁ‘fnn% ream as said
vol atil e residue gas fraction. he inprovement according to claim3

\é\g?{jelr 2‘SI dual sug%l said {:xpandegl s&),co stream Y& ga%g 1&11189 R0 colusna{nr a Hll(li coh?n(?n elecrl] ed wth

eamto
(2) said conbined vapor stream | irected into heat exchange reI ation with
said distill atl?oé‘ﬁm@s‘g%‘?’ Sad P@&W&lﬁ‘iﬂ)ﬂ’r’i@af?‘lé]ol’os‘t“ﬁ'er eby to supply at |east a

portion of said cooling of said distillation vapor stream and thereafter
di scharging at |east a porti(en ofaidkdaticnbumeecashbippbutheporecst keam as sai d
vol atile residue gas fraction. 10. The inprovenent according to claim4
wher ei n (1) sai didfdigtidlaticoveihmadreedipoat l@stragartion of cadddpierhed] wvapotstsand r esi dual
vapor streamto forma conbi ned vapor stream and -55- SUBSTI TUTE SHEET
(RULE 26) separated therein and heat it, thereafter discharging at least a portion of said heated
overhead vapor stream as said volatile residue gas fraction;
(7)  vapor withdrawing means connected to said distillation
column to receive a distillation vapor stream from a region of said distillation column
below said upper mid-column feed position and above said mid-column feed position;
(8)  said heat exchange means being further connected to
said vapor withdrawing means to receive said distillation vapor stream and cool it
sufficiently to condense at least a part of it, thereby supplying at least a portion of the
heating of steps (4) and (6);
(9)  separating means connected to said heat exchange
means to receive said partially condensed distillation vapor stream and separate it,
thereby forming a residual vapor stream and a condensed stream, said separating
means being further connected to said distillation column to supply at least a portion
of said condensed stream to said distillation column at a top feed position; and

(10)  control means adapted to regulate the quantities and

temperatures of said feed streams to said distillation column to maintain the overhead
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WO 2011/ 034709PCT/ US2010/ 046953 (2) sai d conbi ned vapor streamis directed
into heat exchange relation with said distillation vapor stream and heat ed,
t her eby two=oppidy7oat | east a portion of said cooling of Peaiu$2aiossd9ss at i on
vapor stream and thereafter discharging at |least a portion of said heated
conmbi ned vapor stream as said volatile residue gas fraction. 11.The

i nprovenent according to claim5 wherein (1) said first
over head vapor streamis conbined with said residual vapor streamto forma
conbi ned vaportempergariof sandidistillation column at a tempera(2y whertly tbombpongutionapbr stream
is directed into heat exchange relation with said distillation vapor stream

and heat ed, t h@¢ edypohentsidpl yelaively @as ol@ilPBidion ireddcos@édl cool i ng of said
distillation vapor stream and thereafter discharging at |east a portion of

sai d heated conbi ned vappr %hﬁﬁ%&iﬁhﬁ%s%&'t& s\éﬁ&ra?cfoh'oﬁa LRSIMEc ARl act i on.
12. The i nprovenent according to claim6 wh (1) said

first overhead yapor-str e&?@n{ cSAIBLOGH. andtheav?er dib &l dual L aRo t51 (i reamto
form a comnbi ne vapior2 QPRS- P hy ?%1 ardconbl hed vapor

streamis direc ohet exchange Iatlo th said dlStI||atI0n vapor
stream and han%?e rﬁﬂé‘f"éﬂﬁ?? TEGHOR i gaa‘fe lé%fsz)ﬂaWﬁ@Fteqn&qmammg&.ﬂew%o| ing of
said distillation vapor stream and thereafter discharging at |east a
portion of sailRbrivegtedd Eoedsipeaehts &permponents mdeayel hydipetrben dogppeesisdue gas
fraction. 13.The inprovenent according to claiml1, 2, 3, 7, 8, or 9 wherein
sai d di stil | atereaidapanpmtiteanhhesvianhlydrde v cbmpameatsri&g:iid)appajfamamh
distillation colum bel ow said m d-colum feed position. -56- SUBSTI TUTE

SHEET (RULE 26eingVWO 2011/ 034709PCT/ US2010/ 046953 14. The i nprovenent
according to clalml 2, 3, 7, 8, or 9 wherein

(a) a first cooling means to cool said gas stream under
pressure connected to provide a cooled stream under pressure;

(b) a first expansion means connected to receive at least a
portion of said cooled stream under pressure and expand it to a lower pressure,
whereby said stream is further cooled; and

(c) a distillation column connected to receive said further
cooled stream, said distillation column being adapted to separate said further cooled
stream into an overhead vapor stream and said relatively less volatile fraction;

the improvement wherein said apparatus includes

(1)  said first cooling means being adapted to cool said gas
stream under pressure sufficiently to partially condense it;

(2)  first separating means connected to said first cooling
means to receive said partially condensed gas stream and separate it into a vapor
stream and at least one liquid stream;

(3)  dividing means connected to said first separating means

to receive said vapor stream and divide it into first and second streams;
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(1) a first distillation vapor streamis withdrawn fromsaid region of said
distillation colum bel ow said upper m d-colum feed position and above

sai d m d-wol2armn3fimed position; (2) a eetarsdoidiosdsss | ati on
vapor streamis withdrawn froma region of said distillation columm bel ow
said md-colum feed position; and (3) said first

distillation vapor streamis conbined with said second distillation vapor
streamto formsaid distillation vapor stream 15.The inprovenent accordi ng
toclaim4, 5 6, 10, 11, or412 wherdionligancinsemoent:ddv eaihémdingapans st r eam
is divided into said distillation vapor stream and a second distillation

vapor stream whetewpanfisadtdaseedad digtitibdiatd Qbstwaply celdesam i s suppl i ed
to said contacting and separating device at said second | ower colum feed

posi tion. 16.The inprovenmentsAacciGid\@piRios nfthfl Bnneeted & safiQecokd, or 12
wherein (1) a first distillation vapor streamis

w thdrawn from said regjon of sai ont.act | d. separating gdevice bel ow
aai d - col o bonEeleiReRk T BB AR TR, SR R ber col o
feed positions;. (2) said second overhead vapor streamis
di vided into 2KHEEHPEYEi || ation vapor streamand a third distillation
vapor stream whereupon said second distillation vapor streamis supplied
to said contacting and separ@ki nheaexchonge aransgpenesied wredidisessed col umm f eed
posi tion; (3) said first distillation vapor streamis
conmbi ned w t h s@adionmenns tdirestivé said ¢xpaded paiedSirsteameant amdtheoatin s tebat
distillation vapor stream -57- SUBSTI TUTE SHEET (RULE 26) WO

2011/ 034709PCTéxLina0d BéHd 68 a8 futifier LOBneb R fOMRIMRA A RA OIS MsupplyGhidi m 1, 2, 3,
7, 8, or 9 wherein (1) said condensed streamis divided

into at least g,fj E)ﬁ)tan&grﬁtrét QikafNg s Aa SEERAGn PRGHA 80 upper mid-column feed
position;

(7)  said first expansion means being connected to said
dividing means to receive said second stream and expand it to said lower pressure,
said first expansion means being further connected to said distillation column to
supply said expanded second stream to said distillation column at a mid-column feed
position below said upper mid-column feed position;

(8)  third expansion means connected to said first separating
means to receive at least a portion of said at least one liquid stream and expand it to
said lower pressure, said third expansion means being further connected to said
distillation column to supply said expanded liquid stream to said distillation column at
a lower mid-column feed position below said mid-column feed position;

(9)  said heat exchange means being further connected to
said distillation column to receive at least a portion of said overhead vapor stream
separated therein and heat it, thereafter discharging at least a portion of said heated

overhead vapor stream as said volatile residue gas fraction;
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(2) said first portion is supplied to said distillation colum at said top
feed position; and (3) said second portion is supplied to
sai d di stwbl2ativsmrogol uim at a second m d-col um feed pogcTiuseolbekods sai d

m d- col um feed position. 18. The inprovenent according to claim 13 wherein
(1) said condensed streamis divided into at least a first portion and a
second portion; (2) said first portion is supplied to
said distillation colum at said top feed position; and

(3) said second portion is gUppl vegdr wohdavidg tdiestsichinattcdio saidldisniiatmb a second
m d- col um feed position bel ow said m d-colum feed position. 19. The

i mprovenent ac&meh Bgeck@e & Hdimtidd vadoestRhiM from a region of said distillatichkplusai d
condensed streamis divided into at least a first portion and a second

portion; below said upper mld(cgl)am%%éa gfo!slﬁ@nt anBAbdve @ﬂd ifa-SHRRh [8dpdsRicnal d
di stillation col um at said top f posi tion; (3)

said second portion is suppl dt istill] |on | unm_at second
m d- col um feed position beI ﬁ/s%?%ﬁﬁlﬁwg enwa B%@P?mnmmwgg)

i mprovenent accoy di ng to claim4, 5, 6, or 12 wherejn -58-
SUBSTI TUTE SHEEH V@P&BIYEt hdyina g9y 195634 ?%gﬁié‘#afﬁ?ﬁf@i EGT B@A cool it

sufficiently to condense at least a part of it, thereby supplying at least a portion of the
heating of steps (6) and (9);

(12)  second separating means connected to said heat
exchange means to receive said partially condensed distillation vapor stream and
separate it, thereby forming a residual vapor stream and a condensed stream, said
second separating means being further connected to said distillation column to supply
at least a portion of said condensed stream to said distillation column at a top feed
position; and

(13)  control means adapted to regulate the quantities and
temperatures of said feed streams to said distillation column to maintain the overhead
temperature of said distillation column at a temperature whereby the major portions of
the components in said relatively less volatile fraction are recovered.

25.  In an apparatus for the separation of a gas stream containing
methane, C, components, C3 components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C; components, and heavier hydrocarbon components
or said Cs components and heavier hydrocarbon components, in said apparatus there

being
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(1) said condensed streamis divided into at least a first portion and a
second portion; (2) said first portion is supplied to
sai d contwotnnign3amed separating device at said top feed pogiuscan/,4@nsl

(3) said second portion is supplied to said distillation colum at a top
feed position. 21.The inprovenent according to claim15 wherein

(1) said condensed streamis divided into at least a first portion and a
second portion; (2) said first portion is supplied to
said contacting and separati(ng detirsteoding meaind td @pl faslegls gosintunder; and

(3) said second portion is supplied to said distillation colum at a top

feed positi on.prédurdbennedmad LpevRREG casledsthnand® pekarsn 16 wherein
(1) said condensed streamis divided into at least a first portion and a

second portion; ®)  afifs@ixpaRich Iﬁéaﬁss(t,oni?&'feh't@f&céﬁe ARl ed to
sai d contactlng and separating deV|ce at said top feed position; and

(3) said secon |on |§ FQ ied to said dlst l atlon colunmm at a top
05[80 sa1d cooled s N}, under pregsire and ex to a 10\?/er ressure,
feed position. happaratu sep gas’stream

cont ai ni ng met han conp onents é%éﬁ nponents and heaV|er hydr ocar bon

conponent5||ﬂY¢%F 6W>P?W@“?@§¢ﬁﬂ@o raction and a relatively |ess
volatile fraction containing a major portion of said C2 conponents, C3

conmponents, and heavi er hyddébarbdﬁU@@ﬁ@@ﬂ@hM@ﬂmﬁgﬂHSGB§W$%mmEﬂSHEET (RULE
26)
cooled stream, said distillation column being adapted to separate said further cooled

stream into an overhead vapor stream and said relatively less volatile fraction;

the improvement wherein said apparatus includes

(I)  said first cooling means being adapted to cool said gas
stream under pressure sufficiently to partially condense it;

(2)  first separating means connected to said first cooling
means to receive said partially condensed gas stream and separate it into a vapor
stream and at least one liquid stream;

(3)  dividing means connected to said first separating means
to receive said vapor stream and divide it into first and second streams;

(4)  combining means connected to said dividing means and
said first separating means to receive said first stream and at least a portion of said at
least one liquid stream and form a combined stream;

(5)  second cooling means connected to said combining
means to receive said combined stream and cool it sufficiently to substantially

condense it;
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or said C3 conponents and heavi er hydrocarbon conponents, in said apparatus
t here bei ng (a) a first cooling neans to cool said gas

st ream umalenofwss®ar e connected to provi de a cool ed streamuseaden4@sessur e;
(b) a first expansion nmeans connected to receive at |east a portion of said
cool ed stream under pressure and expand it to a | ower pressure, whereby
said streamis further cool ed; and (c) a distillation

col umm connected to receive said further cooled stream said distillation
col um bei ng adapted to sepdbpat essandkxpasioherasoohedied tareslse¢ont o an

over head vapor streamand said relatively less volatile fraction; the

i nprovenment wh@bRhgmsak 6 ra@panat wshstamglllydeflensed combined stream and expab)l idi vi di ng
means connected to said first cooling nmeans to receive said cool ed stream
and divide it {n4i@1dwet plesBd second streans; (2) second
cool ing neans connected to said dividing neans to receive said first stream
and cool it sufficiently to §Ubsflaart]£ ic :»!ml Xm%org%grrﬂnse(cat (Ho;sa'd second

(3) second expansi on nmeans é nnected tocsal d second coo i'Ag nmeans to
receive said substantially condensed fjrst stream and ex 51 dit to said

| ower pr essur eSXpansion means (o receive sai ?Xﬁﬁ‘ndﬁ%qdeél%&ﬁ‘gﬁ Sliras el Bahihetiled o sai d
second expansi on neans to receive said expanded cooled first stream and
heat it, said Iretaxchanehaenme beregivghtyepmgeted iorshiddisibaive colaan tosupply d
distillation colum to supply said heated expanded first streamto said
distillation caldirmedtxpamled pqelingd sdeaniomaid dissdaiopesiutinanin wpé- SUBSTI TUTE
SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953 (5) said
first expansi ogigr@ang H&ipgiiepnnected to said dividing means to receive
said second stream and expand it to said |ower pressure, said first

expansi on rreans being fur t hag, conneehedeliaidndiibibhALion Al um to

supply sai d expanded second streamto s i st ion colum at

m d- col um feed .position bel.ow said ypper m.d-colym feed position;

(6 sai d hea SxBREnsuR e R tiar b PBRa M ShigL 4 SOYaR BRI 1 ati on
colum to receive at |east a portion of said overhead vapor stream

separ at ed t her@id{irgisgpanaign meqns beipg fusthen copnegied Eraidglisigatiqn coBg®to a portion of
sai d heated overhead vapor streamas said volatile residue gas fraction;
(7) vapor wi t hupplywndexpeaded sgonhgrtmdo sagl @stilldtieh @iunin &t inohcdaohufead t o
receive a distillation vapor streamfroma region of said distillation

col um bel ow sgisigion peew sdfil Gppepmldnsdidngedeysitibh,on and above said m d- col um

feed position;

(9)  third expansion means being connected to said first
separating means to receive any remaining portion of said at least one liquid stream
and expand it to said lower pressure, said third expansion means being further
connected to said distillation column to supply said expanded liquid stream to said
distillation column at a lower mid-column feed position below said mid-column feed
position;

(10)  said heat exchange means being further connected to
said distillation column to receive at least a portion of said overhead vapor stream

separated therein and heat it, thereafter discharging at least a portion of said heated

overhead vapor stream as said volatile residue gas fraction;
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(8) said heat exchange neans being further connected to said vapor

W t hdrawi ng neans to receive said distillation vapor stream and cool it
suf fici enwbyotio3emadense at | east a part of it, therebypPsupskyiongoar | east
a portion of the heating of steps (4) and (6); (9)
separating means connected to said heat exchange neans to receive said
partially condensed distillation vapor stream and separate it, thereby
form ng a residual vapor stream and a condensed stream said separating
means being further connect ddl)t ovapar ditldirsting natns opnnedtdironaiti disglgphy  at

| east a portion of said condensed streamto said distillation colum at a
top feed posi tioQimin @R eive a distillation vapor stream (ftb@) a 10804 HdaidrEGiINSicAdGapingd t o
regul ate the quantities and tenperatures of said feed streans to said

di stillation C@ld%@llélﬂ)péﬁhlﬁtc@hﬂmtfé@ p@é{%ﬂﬁl@qbovg%ald Bl VE RidEfRh; (RULE

26) temperature of said distillation colum at a tenperature whereby the
maj or portions of the conpo ts relativ s. volatile fraction
are recovered. 24.1n an appgﬁgt Sm$haf#¥PMlen%?gﬁﬁﬁ%hﬂim“mnmmwd¥rean1
cont ai ni ng net han C2 conmponents, C3. co ents, and heaV| ydr ocar bon
conponent s i nt séada"al?‘?fl "‘dfhfhfa& INgdRqaRy 8 Terae r@g‘tﬁﬂ 15O, KOs tie @ &’P‘FQP@R}I | ess
volatile fraction containing a major portion of said C2 components, C3
conponent s, an@ffisecaily ircondedpeod datapat ohh direehy supplyingatdeagd R@m@p@ﬁ@ﬁt s and
heavi er hydrocarbon conponents, in said apparatus there being

(a) a first caochimgpfrepn@) i (6ol sai d gas stream under pressure connected
to provide a cool ed stream under pressure; (b) a first

expansi on neans connect ed t qi3)ecic¥Rl RparhiBR Hleads PAdcie@ @fd 1ead d cool ed
stream under pressure and expand it to a |lower pressure, whereby said

streamis fur t&%ﬁa g@ﬁllezﬁlg dm? sald partia ly (é)ndensed dlstﬁlgﬁonavagéﬁ[‘ré%n} ?ffd' on colum
connected to recel Ve sal urt h COO stream said disti ation colum

b dapted t ) ] head
G S&Barfit?ﬁa*?efswﬁm%awdaﬁ T ftreéwn@rﬁ%g%%@% SEASAbnt wher o

sai d apparatus includes said first cooling neans
bei ng adapt ed $eePndgenarasigg meyydeiag fushipn @ﬁ@éwdm%ﬁsqﬁt@awmumnémqpp Yt o
partially condense it; (2) first separating neans

connected to sammmwﬂmﬁmnobmmimgdmn®M$£MmKn@ﬁ@ﬁﬂéusmmdmpmmté@pﬁydcondensed
gas stream and separate it into a vapor streamand at |east one liquid
stream position; and
(14)  control means adapted to regulate the quantities and
temperatures of said feed streams to said distillation column to maintain the overhead
temperature of said distillation column at a temperature whereby the major portions of
the components in said relatively less volatile fraction are recovered.
26.  In an apparatus for the separation of a gas stream containing
methane, C, components, C3 components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C; components, and heavier hydrocarbon components

or said Cs components and heavier hydrocarbon components, in said apparatus there

being
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(3) dividing nmeans connected to said first separating neans to receive said
vapor streamand divide it into first and second streans; -62- SUBSTI TUTE
SHEET ( RUk@ 288)034%® 2011/ 034709PCT/ US2010/ 046953 PCT/US2010/04695% 4)
second cool i ng nmeans connected to said dividing neans to receive said first
stream and cool it sufficiently to substantially condense it;

(5) second expansion neans connected to said second cooling neans to
receive said substantially condensed first stream and expand it to said

| ower pressure; (@  afi@s6yoohiemmemx thanbridgarsisganondact ed to said
second expansion neans to receive said expanded cool ed first stream and
heat it, said festreexsbany®e prars coetdgrehmihite pres@pnect ed to said
distillation colum to supply said heated expanded first streamto said

distillation colum at an upper Fiitl GQhAA hGRIRARKIIORceive at least a
(7) said first expansion neans being connected to said dividing neans to

recei ve said segondyshi eamoand, expand. L e S8k | QUST,RLeSSHL e, said first
expansi on means %eing ?ur fer “Connect ed t6 sard dr stiTTafion col um to
supply said expanded second streamto said distillation colum at a

mi d- col umm f ee¥hsy ﬁ?ﬁ@ﬁ”ﬂ@?gﬁm§épﬂk%ﬁﬁgr m d- col um feed position

(8) third expansion neans connected to said first separating neans to
receive at |least a portion df) sahdisaiatipeedempemanediedu gceive wethivghdd expand it
to said | ower pressure, said third expansi on neans being further connected
to said disti ldoalei oncamobaidahistiltienapinn seaigddeptg@ian depdratd squdifoktiet ceduth t 0 sai d
distillation colum at a | ower m d-colum feed position bel ow said

m d- col um f eegheRA$itd h R overhead vapor stream and saidShti %R 1BsshERtilcgHERANGE Means
being further connected to said glstlllatlon columm to receive at least a

portion of said overhead vag&ﬁnﬁh%gﬂgh§$&@&3&@gpggﬁ&gha%ﬁgd heat it,

thereafter discharging at |east a portion o eat ed over head vapor
stream as said volatile residue gas,.fraction; -63- SUBSTI TUTE SHEET ( RULE
26) ( 1(5;‘1) vaﬁle;@% Raels %ﬁl%&%g%?ﬁﬁ%&ocﬁﬂl@&%ﬁni sai d

distillation colum to receive a distillation vapor streamfrom a region of
sai d distil | atficeivecardgaelchdrcawaaddivide g pue fif tpdsetondpirrBed position and
above said m d-colum feed position; (11) said heat
exchange neans bei ng furt her2onseetdrboling meinglconagntad tosdidhdivdmgmgeaneans t o
receive said distillation vapor streamand cool it sufficiently to condense
at | east a part r@bive taid fiResteby asdig@iol iy bulficiadilylieastamiappedndemse f the heati ng

of steps (6) and (9);

3) second expansion means connected to said second
cooling means to receive said substantially condensed first stream and expand it to
said lower pressure;

4) heat exchange means connected to said second
expansion means to receive said expanded cooled first stream and heat it, said heat
exchange means being further connected to a contacting and separating means to
supply said heated expanded first stream to said contacting and separating means at a
mid-column feed position, said contacting and separating means being adapted to
produce a second overhead vapor stream and a bottom liquid stream;

(5)  said first expansion means being connected to said

dividing means to receive said second stream and expand it to said lower pressure,
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(12) second separating neans connected to said heat exchange neans to
receive said partially condensed distillation vapor stream and separate it,
t her eby fworrnng3aropesi dual vapor stream and a condensedPstrrusam/os@ssl second
separating nmeans being further connected to said distillation colum to
supply at least a portion of said condensed streamto said distillation
colum at a top feed position; and (13) control neans
adapted to regulate the quantities and tenperatures of said feed streans to
sai d distil | atsaghfirsiekpamion memaibangiuntheirenpyed head deppmg andiseparatingsai d
distillation colum at a tenperature whereby the major portions of the
conponents i n @éindtors@ply kdi@Expakdes Secw@l diehrh & afdadhia@hgan@sep@a@ani@ds 25. 1 n
an apparatus for the separation of a gas stream contai ning nethane, 2

conponents, at%%'i’@?%%?&oﬁumﬁf&@dP&ﬁ%h%élo%ﬁﬂ%ﬁ@wﬁ&ﬂn?e@ QRARALS into a
vol atile residue gas fraction and a relatively less volatile fraction

contalning & mm or port i on b, 2 b FRRIPRIANE R RO RN S, AN
heavi er hydrocarbon conpone s or sald s eavi er

hydr ocar bon conponents, in said a us there hei n UBSTI TUTE
SHEET (RULE 26y°0¢i32394 PO ARIPCHRRIOT0) biRGoBton Ofgsald%ottom iqud - (g) a
first cooling neans to cool said gas stream under pressure connected to
provi de a cool #@ammt r eam under pressure; (b) a first
expansi on nmeans connected to receive at |least a portion of said cool ed
stream under pressure and expandsdid cinticéng amdsepapriesseans peinhBirthlyy sai d
streamis further cooled; and (c) adistillation colum

connected to reaRica aidkifllRROLEAAb LSS 5196H0 a fodicA ollkad fikst &leteiy col um
bei ng adapted to separate said further cooled streaminto an overhead vapor

stream and sal Qaip I?:U@?Id‘h Y& ednf¥SveY Chifthh Fea I)(E goh'b%g Lﬁ‘?mh-wﬁlﬂi(%&”t wher ei n

sai d appar at us u Irst cooling neans
bei ng adapted to. cooI sald gas stream under pressure sufficiently to
partial ly cond&Rdgn (2) first separating means
connected to said flrst coollng nmeans to receive said @grtlally condensed
gas stream and separate it (Bt o 8ridkgabexchangepging RengfurtherLennesiséla i qui d
stream (3) dividing nmeans connected to said first
separ at i ng neansl colactagend epsraling napoto rekeve anteanadpaiion deaidtecomt o first and
second streans,
overhead vapor stream separated therein and heat it, thereafter discharging at least a
portion of said heated second overhead vapor stream as said volatile residue gas
fraction;
(9)  vapor withdrawing means connected to said contacting
and separating means to receive a distillation vapor stream from a region of said
contacting and separating device below said mid-column feed position and above said
first and second lower column feed positions;
(10)  said heat exchange means being further connected to
said vapor withdrawing means to receive said distillation vapor stream and cool it

sufficiently to condense at least a part of it, thereby supplying at least a portion of the

heating of steps (4) and (8);
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(4) conbining neans connected to said dividing neans and said first
separating neans to receive said first streamand at |east a portion of
said at |we201103e70bi qui d stream and form a conbi ned str @amUsS2010/046953

(5) second cooling neans connected to said conbining neans to receive said
conbi ned stream and cool it sufficiently to substantially condense it; -65-
SUBSTI TUTE SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953

(6) second expansi on nmeans connected to said second cooling neans to

recei ve said substantial ly dohdespedtiggnizngeshnstieddamidhat expagd it to said
| ower pressure; (7) heat exchange neans connected to said
second expansi@énfBad@iveQail @aehiecosdinsbdakpianead asotr@eh margjanedt, st r eam and
heat it, said heat exchange nmeans being further connected to said

distillation CREMYokRinS ¥ RRIGYal S & stﬁ’e%ﬁlta%@a%&%ﬁk‘é@gre%ﬁ’lmﬁdk%ﬂarﬁh{geam to said
distillation colurm at an upper m d-colum feed p05|t|on

(2] eran oty o LuBiPR0T PRATR TR BELIRAEPRIEE B0 AP S PR T2 11
expansi on neans be|n9 %;tger connected to sald dlstlllatlon colunn to
supply sai d expRhHBIISHE Catdersrgmdassd eaniciing Al seiaratipg WS k2 a

m d- col uim feed position bel ow said upper m d-colum feed position;

(9) third expaﬁBﬁ@ﬁP%ﬁéﬁsMﬁelng connected to said first separating neans to
receive any remaining portion of said at |least one liquid stream and expand
it to said | ower pressure, g&)d tdnmbmesnpadapicdm repdns thoguangitiésantlher
connected to said distillation colum to supply said expanded |iquid stream

to said distilkabdrRbres6t diMediltsudanQ¥elid mn@acﬁ@ %H@eﬁa&ﬁﬂ%]ﬁ@ﬁs td AmnRl ow said
m d- col um feed p05|t|on sai d heat exchange neans

being further h@%ﬁrﬁ)g’raﬁ?&:‘d}sﬂﬂ%ﬂta{c g%én‘a”se&? (B Theh R af ?fégllp%l%tu?et least a

portion of sal over vapor stream separate ereln and heat it,
t hereafter dlschar vapor

RSB T S G A L Rt %egatw%?ﬁ e e

26) (11) vapor mnthdramnng means connected to said
distillation c#tFeVeEd- recei ve a distillation vapor streamfrom a region of
said distillation colum bel ow said upper md-colum feed position and
above said md-colum f2Zkd pdosi gpipanifus for the separation of a gas stream containing

methane, C, components, Cs components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C; components, and heavier hydrocarbon components
or said Cs; components and heavier hydrocarbon components, in said apparatus there
being

(a) a first cooling means to cool said gas stream under
pressure connected to provide a cooled stream under pressure;

(b) a first expansion means connected to receive at least a
portion of said cooled stream under pressure and expand it to a lower pressure,

whereby said stream is further cooled; and
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(12) said heat exchange nmeans being further connected to said vapor

W t hdrawi ng neans to receive said distillation vapor stream and cool it
suf fici enwbyotio3emadense at | east a part of it, therebypPsupskyiongoar | east
a portion of the heating of steps (7) and (10); (13)
second separating nmeans connected to said heat exchange neans to receive
said partially condensed distillation vapor stream and separate it, thereby
form ng a residual vapor stream and a condensed stream said second
separating neans being furtHher cednelttiedcdlonseaindeatiddtd rdcbia¢ saghfughdrumrm t o
supply at least a portion of said condensed streamto said distillation
colum at a topofe@etkapQsdid dihlati@Nelumn being adapted to separate( shidl)fu@RNtsoWd Means
adapted to regulate the quantities and tenperatures of said feed streanms to

sai d distillatQmmaRb MR SRR MHpdi dredl EnPURINMBERRL IBARGhHAK Hagiml Sai d

distillation colum at a tenperature whereby the rmajor portions of the

conponents in said relati veltl;{ |l ess vol athi le fraction .ane, recovered. 26.In
e 1mprc1:vement whetein said Apparatus includes

an apparatus for the separationtor a gas streantcontal ning nmethane, C2

conponents, C3 conponents, d heayj.er hydrocarpon conponents into a
vol atile residue gas fracti gib anéﬁli%lﬁsbqoﬁi{’i‘%ﬁe?s F%%%a Eﬂ“g iPe Spi 4R i on

containing a nmajor portion of said C2 conponents, C3 conponents, and
heavi er hydr ocsilictyp hndes pisepheersulicntlsigipdtialy ewdponént s and heavi er

hydr ocar bon conponents, in said apparatus there being -67- SUBSTI TUTE
SHEET (RULE 26) WD 2011/ 034I09PGkt €p28ddd/ eh68&@nected to said first cooling  (a) a
first cooling neans to cool said gas stream under pressure connected to

provide a cool gghnstd B@iMediid Bhirt MRS g]as stream and separate it into@Rhpad fir1 st
expansi on nmeans connected to receive at least a portion of said cool ed

stream under pressyre t‘i’é&gj{o‘ﬁé‘g&’(ﬁ@s&e&mm a lower pressure, whereby said
streamis further cooled; an ’ (c) adistillation colum

connected to receive said further. cooled stream, said.djistillation colum
bei ng adapted to separate sgf’)d fﬂlrvfdﬁgrmeé‘%‘foé‘aec%eflF%%?Hﬁ“ﬁtts(gpaéat’fngrlr’s?fmsover head

vapor streamand said relatively less volatile fraction; the inprovenent
wherein said appaeae eid vaper ey and divide it into first and secopd yiregingi di ng means
connected to said first cooling neans to receive said cool ed stream and
divide it into first and sedénd sicombwsling means connected to said dividig ngeeond
cool ing neans connected to said dividing neans to receive said first stream
and cool it subfréceiverdid first Greslasd @dt it alffiylertigneamsentatly condense it;
() second expansion means connected to said second
cooling means to receive said substantially condensed first stream and expand it to
said lower pressure;
©6) heat exchange means connected to said second
expansion means to receive said expanded cooled first stream and heat it, said heat
exchange means being further connected to a contacting and separating means to
supply said heated expanded first stream to said contacting and separating means at a
mid-column feed position, said contacting and separating means being adapted to
produce a second overhead vapor stream and a bottom liquid stream;

(7)  said first expansion means being connected to said

dividing means to receive said second stream and expand it to said lower pressure,
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(3) second expansi on neans connected to said second cooling neans to
recei ve said substantially condensed first streamand expand it to said

| ower pr eseLnH;034709 (4) heat exchange neamsTas2eO0t@d3to said
second expansion neans to receive said expanded cool ed first stream and
heat it, said heat exchange nmeans being further connected to a contacting
and separating neans to supply said heated expanded first streamto said
contacting and separating nmeans at a md-colum feed position, said
cont act i ng andsagdpstireapansign meam $eibgiunfcradapred ¢ widpooddng and spoeimg over head
vapor streamand a bottom|liquid stream (5) said first
expansi on nmeangedaeiongpglp el Gecsii dredth W Aid@nta@AR A @pirREEI H@nsai d
second stream and expand it to said | ower pressure, -68- SUBSTI TUTE SHEET

(RULE 26)  sai g i fweP XR@RS [0MpiRRADIOF SN nfilt ISR rL@pARLhed to said
contacting and separating neans to supply said expanded second streamto

oLy B9 and =ePar o0, TR Ahh WL L SPUHI ithPos! e
di stillation colum being connected to sajd contacting and separating means
to receive at PEAsto racebV&gaf SR A S I&i}}ichtfgf’?f? gupoand Lo |

(7) said contacting and separati ng neans being further connected to said
distillation celdawerpeessue siid didexpaasion mgans deing dutherfecosrgicdd f4 saisk  over head
vapor stream at a second | ower colum feed position bel ow said m d-colum
feed posi ti on;distillation column to supply said@kpadedliduebdreax chanighstitteangoheinng f urt her
connected to said contacting and separating neans to receive at |least a
portion of saigygeeanth PMeigagl vapor stream separated therein and heat it,
thereafter discharging at |least a portion of said heated second overhead

vapor streamas said volati I(9) r egﬁi@&ﬁilﬂﬁ? éoﬁtﬂﬁ%l&eﬂ{%konnecﬁd to said (9)

vapor w thdraw ng neans connected to sald contacti"ng and separati ng neans

to receive a distillation vapor streamfr regi on. of said.contacting and
Separating devicBRCHE O DAIARSRe BT LBt pOETYT ool RatabBeTsai o 11
and second | ower columm feed positions; (10) said heat

exchange neansS§#ng further connected to said vapor w thdraw ng means to
receive said distillation vapor stream and cool it sufficiently to condense
at least a part of it, therdby segptopianigngand serastingmpans beéiomfugthert he heat i ng
of steps (4) and (8); -69- SUBSTI TUTE SHEET ( RULE 26)

(11) separati ngni®adso eandietihesh dotmsab eechieal Iexchnga ofeadtist efeaki ve sai d
partially condensed distillation vapor stream and separate it, thereby

formng a resi \%?@11 SYAR A2 SEdn8 W2 B ufn FRDPENRAE DDl SBMid-SALMy RERar ati ng
means being further connected to said contacting and separating neans to

supply at IeastoSlio ortion of said condensed streamto said contacting and
separating nmeans at’ a top feed position; and

(11)  said heat exchange means being further connected to
said contacting and separating means to receive at least a portion of said second
overhead vapor stream separated therein and heat it, thereafter discharging at least a
portion of said heated second overhead vapor stream as said volatile residue gas
fraction;

(12)  vapor withdrawing means connected to said contacting
and separating means to receive a distillation vapor stream from a region of said
contacting and separating device below said mid-column feed position and above said

first and second lower column feed positions;
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(12) control means adapted to regulate the quantities and tenperatures of
said feed streans to said contacting and separating neans to nmaintain the
over head werppawrstwpe of said contacting and separati ng FERNS2E0/086953

t enperature whereby the major portions of the conponents in said relatively
| ess volatile fraction are recovered. 27.1n an apparatus for the separation
of a gas stream containi ng nethane, C2 conponents, C3 conponents, and
heavi er hydrocarbon conponents into a volatile residue gas fraction and a
relatively less volatile frdédi omitlmat achinggmaanyifiog fuypibertdoomecefl tsai d C2
conponents, C3 conponents, and heavi er hydrocarbon conponents or said C3
conponent s andsaliapérefithlieliraadabo r&eivp ene ikisllatibivHat dreappad @blig t here

bei ng (a) a first cooling neans to cool said gas stream
under pressur eqgRIRAE IRDnd@isdl R4LADaR o ERMEDy ShIHPAD HAGT RIS _
(b) a first expansion nmeans connected to recéive at |east a portion of said
cool ed strean1ﬁg%§rfe&qa§gq%>?ﬂd expand it to a |l ower pressure, whereby
said stream i s Firx NeFPER6Td! Vand - 70-  SUBSTI TUTE SHEET (RULE 26) WO
2011/ 034709PCT/ US2010/ 046953 éc)a distillation colum connected to receive
said further cool ed stream (& id“ﬁP%ﬁFPWﬁF%é%”@HPBWﬁmgg?%ﬁ”&Hapted to
separate said further cooled streaminto a first overhead vapor stream and
sai d rel ati vel §xchaagesmeass &1 ie¢asvefspid pritiady, confens¢ditibloierneaporaienneind sai d

apparat us incl udes (1) said first cooling neans being
adapted to codcepmat d, fasbysfornsiagm renidedl vapoe stsaamenns atdrdensedstteymt @idpar ti al |y
condense it; (2) first separating nmeans connected to said

first cooling JesSefatuin€EoANBein@iidhbahhcdlel Yo GRNYANASET af@SpahiiRam and
separate it into a vapor streamand at |east one liquid stream

(2o 100, TS CORIFRUEE, {0 AL L AR PR ocolve 1 o

separating means at a top feed position; and

(15)  control means adapted to regulate the quantities and
temperatures of said feed streams to said contacting and separating means to maintain
the overhead temperature of said contacting and separating means at a temperature
whereby the major portions of the components in said relatively less volatile fraction
are recovered.

28.  In an apparatus for the separation of a gas stream containing

methane, C, components, C; components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C; components, and heavier hydrocarbon components
or said Cs; components and heavier hydrocarbon components, in said apparatus there
being

(a) a first cooling means to cool said gas stream under

pressure connected to provide a cooled stream under pressure;
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(4) second cooling neans connected to said dividing nmeans to receive said
first streamand cool it sufficiently to substantially condense it;

(5) secomsioerparsioon nmeans connected to said second coolPCmySeEaN$6CISD
receive said substantially condensed first stream and expand it to said

| ower pressure; (6) heat exchange neans connected to said
second expansi on neans to receive said expanded cooled first stream and
heat it, said heat exchange nmeans being further connected to a contacting
and separating neans to suppby safidt érpabseuh necepardedtdlit gteist atdeasnat o sai d
contacting and separating neans at a md-colum feed position, said
contacting andps@partadid b@ldamansn brlngeRaapheskphl iptoadoee piess@gond over head
vapor stream and a bottom|liquid stream (7) said first

expansi on nean@mggh@gdg@gﬂﬁghggaygo@@wgdd|V|d|ng means to receive said
second stream and éxpand It to sald | ower pressure, -71- SUBSTI TUTE SHEET

(RULE 26) said first expansion mmans, belng,furhnel CoNREELEMR,Sal d
contacting and separating ns ?y sal d)ex ANAEd L edond ¥ ream t o
said contacting d separ neans a first Iomer colunn fe d position
bel ow said mi ocoéggatﬁfﬁ‘mﬁ ﬁélgﬁgpﬂ ypmn emg adapted to separate sajdgyrthepeqofpdey pansi on
nmeans connected to said first separating neans to receive at |east a
portion of saiticanifteadnst oweichd vaposusan satnaardlagvebaay vokatiledragiéing | ower
pressure, said third expansi on neans being further connected to said
distillation colum to supplty isgprareazpahded shidgppagatstindadest 0 sai d
distillation colum at a m d-colum feed position; (9)

said distillation colum beiing coinget@dlifOn&at BeifLNbASd ioRgolaRd ggepar at i ng
means to receive at |least a portion of said bottomliquid stream

(10) said Contﬂﬁ&hﬂﬂkﬁﬁ%%ﬁﬁgﬂﬁﬁkhﬂfggﬁﬁﬁ vy Q5h0ge further connected to said

distillation umm to receive at portlon of said first overhead
vapor stream at a second |O%§{ 09 gnn feed 03|t|on el qy&@aldlnld col um
feed position; ¢ TParétéHgd“ RO BN HBH RS e ng
further connected to said contacting and separating nmeans to receive at

| east a porti oHcaHp t%@@&%@é@ﬁ&ﬂ@f@ﬂg@w apbanepd EaRSIBPAtaRPt her ei n and
heat it, thereafter discharging at |east a portion of said heated second
over head vapor ststm eshatdmsiae dquostenint e resi due gas fraction

(12) vapor w thdrawi ng neans connected to said contacting and separating
means to receive a distillat@on vapig mdaheaihdclednd id i soparafng itk
contacting and separating device bel ow said md-colum feed position and

above said fi rt%%c@ﬂ@sa?@%@f’sule%ﬁd G0lE b BRAHAQSIChE QRGms; 72-  SUBSTI TUTE
SHEET (RULE 26)

(4)  combining means connected to said dividing means and
said first separating means to receive said first stream and at least a portion of said at
least one liquid stream and form a combined stream;

(5)  second cooling means connected to said combining
means to receive said combined stream and cool it sufficiently to substantially
condense it;

©6) second expansion means connected to said second
cooling means to receive said substantially condensed combined stream and expand it

to said lower pressure;
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(13) said heat exchange nmeans being further connected to said vapor

W t hdrawi ng neans to receive said distillation vapor stream and cool it
suf fici enwbyotio3emadense at | east a part of it, therebypPsupskyiongoar | east
a portion of the heating of steps (6) and (11); (14)
second separating nmeans connected to said heat exchange neans to receive
said partially condensed distillation vapor stream and separate it, thereby
form ng a residual vapor stream and a condensed stream said second
separating neans being furtHhér cbeechege measabohectohtomeidiseapndnd separ at i ng
means to supply at least a portion of said condensed streamto said
contacting andexpapmhaichiigo FRARNS saad expardeP cdor@dopbimbd st aAdBkat it, said

(15) control means adapted to regulate the quantities and tenperatures of

said feed str %Hﬁex%&@@ﬁ@'an&l%lﬁgafahh&ﬁlpﬁﬁ@teé%pﬁéoﬁ{a&mg_aH@?eB%a&ﬂg f@hdfai n the
overhead tenperature of said contacting and separating nmeans at a

tenperature ""“%%%ﬁg 2id ﬂgategaek}?arndtpdo ohin g ggefall’nttg SR 3 slpre]lra 1{?‘#1(1 rel ati Vel y
| ess volatile actli on are recover ed. LI noan appar us T1or e separation

of a gas stream containin t hane, C2 conponents, C3 conponents, and

heavi er hydr oc3r3d# adE‘HﬁSﬁEﬁ&%e iPRYEO, S ?Ogl%cﬁﬂé% qn§§?pa{§gngglggan§ de¢ion and a
relatively less volatile fraction containing a major portion of said C2
conponent s, C3idepppomerives a aendipserheadvapy dieoiaand ehotanwponésitesmor sai d C3
conponent s and heavi er hydrocarbon conponents, in said apparatus there
being (a)a first cooling nedBs teiciintexpaisthngaanssicinganmnecd@ro spilessur e
connected to provide a cool ed stream under pressure; -73- SUBSTI TUTE SHEET
(RULE 26) WO @@kt A34nkQ9 Redib dp20bnd 488a3and expand it to said lower preskiy, & first

expansi on nmeans connected to receive at |least a portion of said cool ed

t d i i d
stream under p, a@ffﬁw&?@@?n %@@%&nﬁg Furth & Bnh QW80 s‘ﬁl&d‘:;?ﬁtg&@fg g}(@ﬁ)?ﬁ’ﬁgza'

streamis furt coo col um
connected to receive %ﬂ (o]e]o) stillation colum

id.further d stre sai d di
boi ng. agapt ed Tesbupat sid it El pEREH TEuR b g Shis iy ver oad
vapor stream aeﬂ?l fi?sat.ilo?x/e; ce(lh%}nll Kagcll %)losliti%?l ?)el\é\?flse?ia inlic?—céhﬂr%r? %eieg B(;)sition;

(9)  third expansion means connected to said first separating
means to receive any remaining portion of said at least one liquid stream and expand
it to said lower pressure, said third expansion means being further connected to said
distillation column to supply said expanded liquid stream to said distillation column at
a mid-column feed position;

(10)  said distillation column being connected to said
contacting and separating means to receive at least a portion of said bottom liquid
stream;

(11)  said contacting and separating means being further
connected to said distillation column to receive at least a portion of said first overhead

vapor stream at a second lower column feed position below said mid-column feed

position;
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the i nprovenent wherein said apparatus includes (1) said
first cooling neans being adapted to cool said gas stream under pressure
suf fici enwbyotio3pmpti al | y condense it; PC[A)S2610/084953
separating means connected to said first cooling neans to receive said
partially condensed gas stream and separate it into a vapor stream and at

| east one liquid stream (3) dividing neans connected to
said first separating nmeans to receive said vapor streamand divide it into
first and second streans; (12) said heat exchange (ndjns banpiumtherponmeaied tcconnect ed
to said dividing neans and said first separating nmeans to receive said
first stream aadl ehtadt@@ahd @ppatidg Manof ré@ivd aglbast @astionsTRail k@uhdl stream and

forma combined stream ~(5) second cooling neans
connected to S@jfe b B IB&ARA HREERINYA iS Abdat?OREMRShSE Tam and cool
it sufficiently to substantially condense it; (6) second

expansi on means, cONReES fd & 38h G AREQNS o?sgr%hrh%%lsai AMRid Qi RGEL ve said
substantial ly Eondensed eondr ned st T eantan expana it 10 “8aiI¢T ower
pressure; -74- SUBSTI TUTE SHEET (RULE 26) (7) heat
exchange means™®8kect ed to said second expansi on neans to receive said
expanded cool ed conbi ned stream and heat it, said heat exchange neans being
further connected to a cont d&di nyrenditkbspanamiesy comngeied togaid gpiptafing ai d

heat ed expanded conbi ned streamto said contacting and separating neans at
a m d-col um faddefaosing moams te@cdvecodidtdlationngpandesepan atregg afs@as bei ng
adapted to produce a second overhead vapor streamand a bottomliquid

stream  contacting and sepafafilg ®ic6 bélbw Stid BXP&NIShPRABARNDN AR Mvearnect ed to
said dividing nmeans to receive said second stream and expand it to said

| ower pressur eg. Sal dcbid Bl eLRANSEQA L SRARS being further connected to said
contacting and separating neans to supply said expanded second streamto

said contacting and separati nmea t first | aowe ol um feed position
bel ow sai d m d-col um feed rﬂr}gi tf%@?‘fa&"cgﬂge mmeans being F‘mﬁfwmleﬁﬁe&g) expansi on

means connected to said first separating neans to receive any renaining
portion of sai@idatpereythdraying meaguiodecstve sudhlisiHintian ypagstictm apd /1 d | ower
pressure, said third expansion neans being further connected to said

di stillation cuofiommtly ®» ®oggbeat dastad pex phihdiedeblyiseppl Ydngsit destrn pogios af dhe
distillation colum at a m d-colum feed position; (10)
sai d distill atheatingc@lseapay7hgidigr)connect ed to said contacting and separating
nmeans to receive at |east a portion of said bottomliquid stream

(11) said contacting and segggatgggmﬂgeﬂ§h@%kggﬂ%g&%gg@)ﬁnggpted to said
distillation colum to receive at |least a portion of said first overhead

vapor stream at second. | oner c%JunaneengQﬁ{tﬁpn belom/saiddnid-colunn
feed positi On_ex_c ge'medns to recerve satd partially condensed distillation vapor stréain dn

separate it, thereby forming a residual vapor stream and a condensed stream, said
second separating means being further connected to said contacting and separating
means to supply at least a portion of said condensed stream to said contacting and
separating means at a top feed position; and

(16)  control means adapted to regulate the quantities and
temperatures of said feed streams to said contacting and separating means to maintain
the overhead temperature of said contacting and separating means at a temperature
whereby the major portions of the components in said relatively less volatile fraction

are recovered.
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SUBSTI TUTE SHEET (RULE 26) (12) said heat exchange neans
being further connected to said contacting and separating neans to receive
at | east woporttizeweof sai d second overhead vapor streampsepseabedsssher ei n
and heat it, thereafter discharging at |east a portion of said heated
second overhead vapor stream as said volatile residue gas fraction;

(13) vapor w thdrawi ng neans connected to said contacting and separating
nmeans to receive a distillation vapor streamfroma region of said
contacting and separati 2y déthe aeprbeinpnt ®adrdingicdlaml 23mhefeeed posi ti on and
above said first and second | ower columm feed positions;

(14) said heat exchange neans) behbgntiting Meins ¢orvaRRteat §al Eailldtionapor

wi t hdrawi ng means to receive said distillation vapor stream and cool it
sufficiently tQIGANHARSE s@hralifPHland cREveQbid blerhdal §ARPYucAHPRN Y9 at | east
a portion of the heating of steps (7) and (12); (15)
second separat&ggmg%98§s%onge %ﬁ% E&niﬁé wyg%Peg%%ggnge nmeans to receive
said partially conde S (R AR (i vapor stredm and separate it, thereby
form ng a residual vapor stream and a condensed stream said second
separating means being furtHer cihet ed ?@egﬁ?ﬁ“ﬁﬂﬂng@Fﬁﬁwﬁ separ at i ng
nmeans to supply at |least a portion of said condensed streamto said

cont act i ng andcosdpid siongjreamdrom wtd cmbupngfiecads Pdslitest dfrinto fppad exchange

(16) control means adapted to regulate the quantities and tenperatures of
sai d feed str eahson witlsaiddigdiati@ctapagtread teads hedting qridreantsngloapai nt ai n t he
overhead tenperature of said contacting and separating neans at a

t enper at ure WhekahYnd SSpHRkL af 1eROK pdr@dtSorQhid thging ONRRNEMIBHdINapa d rel atively
| ess volatile fraction are recovered. -76- SUBSTI TUTE SHEET (RULE 26) WO

20117034709 Pcr!trléﬁﬁpa%g4&%@@%%5%12&%@%:1%{ PORITRN s AP ic&gbihgi \f& g m 23

wher ei n ning means I's connecte sai d
distillation colum aqf i%%%ng§araﬁigg means to receive said overhead
vapor stream ahd 84} {'¢EH UG VOIS eam and form a conbi ned vapor
stream and (2) said heat exchange neans is adapted to
recei ve sai d conbi ned vﬁborr@@N@@ﬁ“ﬁ%@h%@%ﬁ@g8hﬁﬁmgﬂﬁﬁmﬁﬁhns and direct it
into heat exchange relation with said distillation vapor stream thereby
heating sai d conbi ned vapor ($X r eanominioing mpwpisyd cgnetediegqst digillpamt i on of said
cooling of said distillation vapor stream and thereafter discharging at

| east a porti ophmin Sdisdld keatiddpaaminnak i agRoive sdid @@Measvapai dremob@t i | e
resi due gas fraction. 30.The inprovenent according to claim 24 wherein

(1) a conbi ni ng;dreadsI Jva%orcs%@ﬂﬁ’ﬁﬁ(ﬁgnﬁ QQMi%dqjaﬁ&ris{réa%{;iaﬁH‘ colum and said
second separating nmeans to receive said overhead vapor stream and said

residual vapor streamand fqsm a GopRl NeMhnY @R ns XA 10 30ive said

combined vapor stream from said combining means and direct it into heat exchange
relation with said distillation vapor stream, thereby heating said combined vapor
stream and supplying at least a portion of said cooling of said distillation vapor
stream, and thereafter discharging at least a portion of said heated combined vapor
stream as said volatile residue gas fraction.

31.  The improvement according to claim 25 wherein

(1) a second combining means is connected to said

distillation column and said second separating means to receive said overhead vapor

stream and said residual vapor stream and form a combined vapor stream; and

77-
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(2) said heat exchange neans is adapted to receive said conbi ned vapor
stream from sai d conbi ning neans and direct it into heat exchange rel ation
wi t h sai awdi2etid3kapi on vapor stream thereby heating saiPdTasedio0edsyapor
stream and supplying at |least a portion of said cooling of said
distillation vapor stream and thereafter discharging at |east a portion of
sai d heated conbi ned vapor streamas said volatile residue gas fraction.

31. The inprovenent according to claim25 wherein (Da
second conbi ning neans i s cdAnecteadhdabexsbinge ot iid ddaptedo rgeivesand and sai d
second separating nmeans to receive said overhead vapor stream and said

resi dual vapor cogfbireamnctrehArfnesakioaiing efindaipg mesisra@@ direcait ¢hto iedt  SUBSTI TUTE
SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953 (2)sai d heat exchange neans

is adapted to éx%ﬁeﬁ»i YRI5k @u&@i@dmﬁtﬁﬂubf@%& s%éxﬁ%ﬁ@réﬁy%&tﬁ@'s&ld S&RARG conbi ni ng
means and direct |nto eat exchange relation wth saird distillation

vapor stream \tElIBerS?I'leJ m ?IH l?asggli)n(%tllogle tsau?Fathln {sal%rgls%ﬂqfon Vaﬁ_: yl ng at

| east a portio o SEl on Va nd
thereafter dlschargl Ieast a portion of s ated co ned vapor
stream as saldﬁ@ﬁpéwg “?@?] %gmf?%&ﬁHQHwnog mﬁﬁﬂp Ggﬁﬁﬁﬁ'accordlng
to claim 26 wherein (1) a conblnlng nmeans i s connected to

sai d cont act i nfeames sebelaid mydusansaciing sai d separating means to receive
sai d second overhead vapor stream and said residual vapor streamand forma
conmbi ned vapor stream 3hd The improvement according ((laimedibovheat exchange mneans
is adapted to receive said conbi ned vapor stream from said conbi ni ng neans

and direct it into heat exchange;t&hsthih®heMstidcoifctbdd sid doh@tdm@nnyapor
stream thereby heating said conbined vapor stream and supplying at |east a

por tion .Of sai sgpﬁﬁmtg'nﬂﬂnsoefnd§ﬁh geg?}aﬁﬂa% ljﬂédﬁgeat g C?nggﬁ)l Is&%%@@\’&he@(ﬁ% Blher eaf ter

di scharging at fieas portion vapor $fream as said
vol atil e residye 33. The i nmprove nt accor cl aim 27
wherei n SRl SR A g ap DR ST e B8R AN o s g
contacting and separating neans and said second separating neans to receive
sai d second overhead vapor <2k eabdihfat gghange meiny ifdapiehrccstve sfn and form a
conbi ned vapor stream and (2) said heat exchange neans

i s adapt ed to cebeied amastctamdrvini aekcowhporg wseaneznchdiredmistaihcht cxmmgei ng neans
and direct it into heat exchange relation with said distillation vapor
stream t her ebylatieaditngiddidilacabpnsdeand pieiebs hefapsad corsiipalvyporg at | east a

portion of said cooling of said distillation vapor -78-
stream and supplying at least a portion of said cooling of said distillation vapor
stream, and thereafter discharging at least a portion of said heated combined vapor
stream as said volatile residue gas fraction.
33.  The improvement according to claim 27 wherein

(1)  acombining means is connected to said contacting and
separating means and said second separating means to receive said second overhead
vapor stream and said residual vapor stream and form a combined vapor stream; and

(2)  said heat exchange means is adapted to receive said
combined vapor stream from said combining means and direct it into heat exchange

relation with said distillation vapor stream, thereby heating said combined vapor

stream and supplying at least a portion of said cooling of said distillation vapor

78-
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SUBSTI TUTE SHEET (RULE 26) stream and thereafter discharging at |east a
portion of said heated conbi ned vapor stream as said volatile residue gas
fracti on.wB4ofils4ioapr ovenmrent according to cl ai m 28 wher @Cm/US2010/046953

(1) a second conmbining neans is connected to said contacting and separating
means and said second separating neans to receive said second over head
vapor stream and said residual vapor stream and form a conbi ned vapor
stream and (2) said heat exchange neans is adapted to
recei ve sai d comiimed theapber dsthaeging dtiom a@itchné eandhbkated vininetvaperans  and
direct it into heat exchange relation with said distillation vapor stream

t her eby heat i ngresahdsagDrsinitiadsivrRas fradtiv@am and supplying at |east a portion
of said cooling of said distillation vapor stream and thereafter

di scharging at |east a pprtigQigosdid NealRg (FQIRiRehepapOr streamas said
vol atil e residue gas fraction. 35.The 1 nprovenent according to claim 23 or

29 wherein said vapor wthdr mﬁng neans is.adagted to be gonﬁected to said
( S ans’1s connec e(% 0 sai

; b . . econ(l combmine m .
distillation colum to recei've said di still &1 en vapor stream from a region
of said distillation colum below sajd m d-columm feed position. 36. The
i mpr ovenent ac‘&?&?aﬂti“}%gjmg SFPRIALRE IS 4 f‘ldéeﬁong?epéfft“\‘/&w‘a?aé? UG S@'}onr
W t hdrawi ng neans i s adapted to be connected to said distillation colum to
recei ve said dicsendloverhéadryapas ploramsing szigrepidashvapor siglaornng forsiz cgmiingd i | | at i on
colum bel ow said m d-colum feed position. 37.The inprovenent according to
cl ai m 23 wher evapor stream; and (1)said vapor w thdrawi ng nmeans i s adapted
to be connected to said distillation colum to receive a first distillation

vapor stream from -79- SUBSTH)IUTRS¥aEkchdReb-FedB)s adapted to receive said

combined vapor stream from said second combining means and direct it into heat
exchange relation with said distillation vapor stream, thereby heating said combined
vapor stream and supplying at least a portion of said cooling of said distillation vapor
stream, and thereafter discharging at least a portion of said heated combined vapor
stream as said volatile residue gas fraction.

35.  The improvement according to claim 23 or 29 wherein said
vapor withdrawing means is adapted to be connected to said distillation column to
receive said distillation vapor stream from a region of said distillation column below
said mid-column feed position.

36.  The improvement according to claim 24, 25, 30, or 31 wherein
said vapor withdrawing means is adapted to be connected to said distillation column
to receive said distillation vapor stream from a region of said distillation column
below said mid-column feed position.

37.  The improvement according to claim 23 wherein

(1) said vapor withdrawing means is adapted to be

connected to said distillation column to receive a first distillation vapor stream from

79-
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said region of said distillation colum bel ow said upper m d-colum feed
position and above said m d-colum feed position; (2) a
second vaporow/akmpaw ng neans i s connected to said di sCriusbeion4e®ss um to
receive a second distillation vapor streamfroma region of said

di stillation colum bel ow said m d-columm feed position;

(3) a conbining neans is connected to said vapor w thdrawi ng neans and said
second vapor w thdrawi ng neans to receive said first distillation vapor
stream and sai didgegond sdidslisiillitmniconmu agow satl ppmrmahch i feedpisdiodiasd i | | at i on
vapor stream and (4) said heat exchange neans is adapted
to be connect egholsaiiahid-coRirifeddpgsii®aANs to receive said distillation vapor
stream 38. The inprovenent according to claim 24 wherein

(1) said vapor wi thdrawi ng mBANS,isoRAPARLSHHIPWRS SORIREHER EP0SRId _
distillation colum to receive a first distillation vapor streamfrom said
region of sai d%igt{llg i(l)nl cloiitnlmotn reccgllvfl:J Qpecbnecf AR dv.au(%%l.erganmr(gﬂl%%glijonrpof fsaelg d
position and above dai’d"'m 9 ol Ui T eed pOSH&IBn, (2) a
second vapor w.thdrawi ng neans | s connected to said distillation colum to
recei ve a seco‘Hﬁﬂ]éP@’t‘iOi‘]I%H‘t'?e S\?H‘ﬁ%‘#'cgﬂfné‘é?ﬁ%fppﬁiﬁ‘?% region of said
distillation colum bel ow said m d-colum feed position;

(3) a conbining neans is corfect agomnigaingans apnnesied hlvaglvapg neans and sai d
second vapor w thdrawi ng neans to receive said first distillation vapor
stream and sai witlglevamgimelins tnd dagltse@nd vapowitsdraeiagnand b eeevesaiddirsti stil | ation
vapor stream and -80- SUBSTI TUTE SHEET (RULE 26) WO

2011/ 034709PCTd 44D Wap4Gae3n Lif)sariseton@ak e apeLsdRaRsd fofim 8d@pt ed to be
connected to said conmbining neans to receive said distillation vapor

stream 39. They:| - OV, ding to claim25 or 30 wherein
(1) said vapormgﬁ$%§¥§§?ﬁﬁﬁﬁggﬁi is adapted to be connected to said

distillation colum to receiye a first djistillation vapor stre from sai d
Ceai on of omid dietilation @ ot B8l o mefratenibos fu ke

position and above said m d-colum feed position;
said combining means to receive said distillation vapor stream.

38.  The improvement according to claim 24 wherein

(1)  said vapor withdrawing means is adapted to be
connected to said distillation column to receive a first distillation vapor stream from
said region of said distillation column below said upper mid-column feed position and
above said mid-column feed position;

(2)  asecond vapor withdrawing means is connected to said
distillation column to receive a second distillation vapor stream from a region of said
distillation column below said mid-column feed position;

(3)  acombining means is connected to said vapor
withdrawing means and said second vapor withdrawing means to receive said first
distillation vapor stream and said second distillation vapor stream and form said

distillation vapor stream; and

-80-
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(2) a second vapor withdrawi ng nmeans is connected to said distillation
colum to receive a second distillation vapor streamfroma region of said
di stil | atworrotiaisuwten bel ow said m d-col um feed positi onPCT/US2010/046953

(3) a second conbining neans is connected to said vapor w thdraw ng nmeans
and said second vapor withdrawing neans to receive said first distillation
vapor stream and said second distillation vapor streamand formsaid
distillation vapor stream and (4) said heat exchange
means i s adapted to be conndéx edsdidh@béxdhamege mnghs comthpted ade nevged 0 recei ve
said distillation vapor stream 40.The inprovenent according to claim 29
wher ei n said combining meafslh r&@ivel sh@piollaibd Nighoesdend. means i s adapted to be
connected to said distillation columm to receive a first distillation vapor
stream from said regi onsof Saj ghnslosdnienl REdGRg EAIMASREEOWhSART Upper

m d- col um feed position and above said m d-colum feed position;

(2) a second vapor mﬁthdramj?p nea %i%éwﬁgggggtegm%%éégkghg%gtiIIation
colum to receive a second éistifﬁafpon vapor stream¥rom a region of said
distillation colum bel?FLS%id m d-col um feed posjtion; -81- SUBSTI TUTE
SHEET ( RULE 26(30nnected to said distillation column t() §)C61¥_e %g@bﬁﬁllkﬂ?ﬁﬂaﬁ?ﬁge% AQ g
connected to said vapor w thdrawi ng neans and said second vapor w thdraw ng
means to receissl regipmiofispid slistiitonicpluan belawpaig oppes mideerivamiged pistios eéebnd
distillation vapor streamand formsaid distillation vapor stream and

(4) said heat @#wodwangeidremns fesl padapt,ed t o be connected to said second
conbi ning neans to receive said distillation vapor stream 41.The

i mprovement according to cl gﬂ)m 3 sdebRI Ribr withdrawing means is connected-do si@i d vapor
wi t hdrawi ng neans is adapted to be connected to said distillation colum to
receive a firsg @i.Sti [ - : ' ' l:
distillation G%Fﬁhﬁﬁggh@%#ggfﬁﬁgg%§§&%1%ﬂ%%#ﬁﬁhﬁgggﬁﬁ%%g??%%%uggggabove
said md-colu feed sition: .. . .. (2) a second vapor

wi t hdr awi ng nggﬂgﬁ?@“@ﬁﬂﬁ@%ﬁ@ﬁmﬁUng§Pﬁm&%ﬁﬁHWQQWTHIcolunn to receive a
second distillation vapor streamfroma region of said distillation colum
bel ow sai d mi d-col um feed pdsit &rgond combining means is connectedto saidvpgor g

conbi ning neans i s connected to said vapor w thdrawi ng neans and said
second vapor wvithidvang mepnsehsidisocand egiov gitkdrading imeatts telies¢ivd daalktfirgn vapor
stream and said second distillation vapor streamand formsaid distillation
vapor stream d#lation vapor stream and said sedofid dis@labomegbr @xehanyereans i s adapt ed
to be connected to said third conbining nmeans to receive said distillation

vapor stream (jgillation vapor stream; and

(4)  said heat exchange means is adapted to be connected to

said second combining means to receive said distillation vapor stream.
40.  The improvement according to claim 29 wherein

(1)  said vapor withdrawing means is adapted to be
connected to said distillation column to receive a first distillation vapor stream from
said region of said distillation column below said upper mid-column feed position and
above said mid-column feed position;

(2)  asecond vapor withdrawing means is connected to said
distillation column to receive a second distillation vapor stream from a region of said

distillation column below said mid-column feed position;

81-
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42. The i nprovenent according to claim26 or 32 wherein

(1)a second dividing neans is connected to said distillation colum to
recei ve swoadofiasstoover head vapor stream and divide it POT@WSI@E0M46953
distillation vapor stream and a second distillation vapor stream -82-
SUBSTI TUTE SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953

(2) said contacting and separating neans is adapted to be connected to said
second dividing neans to receive said second distillation vapor stream at
said second | ower columm fedd posbdchmhcondming means is connected to said v@®@y sai d heat
exchange neans is adapted to be connected to said second dividing nmeans to
receive said dwisidrdwiad incdhs ¥@pald sséohe aapor 4dhdreing MpaBYERRATe Aticakdi ng to
claim 27, 28, 33, or 34 wherein (1) a second dividing
means is connegleeidyap@istheh fldl shiadbdoB aiS MMy ApBr SLEE Y EroRALHa f i 1 St

over head vapor streamand divide it into sard distillation vapor stream and
a second disti&&&ﬁ&%ﬂmygSQ&is%é§anj (2) said contacting
and separati ng neans %8 aéaﬁ%e to be connected to said second dividing
means to receive said second distil#atiog vapor stream at said second | ower
col um feed position; and said heat exchange jnggns dadgptefpigibe sQURetH8 neans i s
adapted to be connected to said second dividing neans to receive said
distillation vagoecost cembming medsdo feapyosnakbsillatimncepdistegint.o cl ai m 26 wher ei n
(1) said vapor withdraw ng neans is adapted to be connected to said
contacting and separati#ig nelasmprovaneaeicvadiag td dai divdieteid at i on vapor
stream from said region of said contacting and separating neans bel ow said

m d-col utm feed position ang)pbovgd sabdwiitdiShinamehns 8GANed ©Ber col um feed
posi tions; (2) a second dividing nmeans is connected to

sal d distillat éoﬂﬂec&gltdj% d;?i&illﬁﬁcﬁqeéolﬁ?nn%@&é@ei%£ﬁ1tst 8¥tﬁfaﬁﬁ?ygap¥rﬂs{&%n gg)&eam and

divide it into a secon stillation vapor stream an Istillation

vapor stream said region of said distillation column below said upper mid-column feed position and

above said mid-column feed position;

(2)  asecond vapor withdrawing means is connected to said
distillation column to receive a second distillation vapor stream from a region of said
distillation column below said mid-column feed position;

(3)  athird combining means is connected to said vapor
withdrawing means and said second vapor withdrawing means to receive said first
distillation vapor stream and said second distillation vapor stream and form said
distillation vapor stream; and

(4)  said heat exchange means is adapted to be connected to
said third combining means to receive said distillation vapor stream.

42.  The improvement according to claim 26 or 32 wherein

(1 a second dividing means is connected to said distillation

column to receive said first overhead vapor stream and divide it into said distillation

vapor stream and a second distillation vapor stream;

-82-
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-83- SUBSTI TUTE SHEET (RULE 26) WD 2011/034709PCT/ US2010/ 046953

(3) said contacting and separating neans is adapted to be connected to said
second diwpdbnigp3wmans to receive said second distillati enTuspan/osdoseam at
sai d second | ower colum feed position; (4) a conbining
means i s connected to said vapor w thdrawi ng neans and said second dividing
nmeans to receive said first distillation vapor streamand said third
distillation vapor streamand formsaid distillation vapor stream and

(5) said heat exchange neand2) s sadpingdtitgnndecpoatingatad istadagal td beonbi ni ng
means to receive said distillation vapor stream 45.The inprovenent

according to cdoanded fo ¥WiEJe&ind dividing means to receive said sdcbnd diktdlau@p@ipoi t hdr awi ng
nmeans is adapted to be connected to said contacting and separating neans to

receive a fir Ssttrth%@éaldls@édn@[bv&é?&ﬁﬁm§fe@@ﬁ(§§ltfoﬁ%sa' d region of said
contacting and separating nmeans bel ow said m d-colum feed position and

above said first and second ome&ngﬁwr)(hﬁﬁgd oig%aq&f be connecte

(2) a second dividing nmeans |s c SAREEt G HNE” 8T AR P AF FREE Grm t o
receive said first overhead vapor strea divide it into a second

di stillation vaoredt AAERsRENSOFCHY Selfl dpiiiaig yashr YEPSr stream

(3) said contacting and separating neans is adapted to be connected to said
second divi di ng neans t®.r eclévisprogingnsiseesiide di daiinlA7ads, 3h ov dpwhersinr eam at
sai d second | ower colum feed position; (4) a conbining
means i s connected to said \&por avicbintdiading gheamanconasutbdsabaikl disdhatich di vi di ng
nmeans to receive said first distillation -84- SUBSTI TUTE SHEET ( RULE 26)

vapor stream aghnsith geckite 5ad HisSdviethb @t VaPbr MBRR hndSdiVigdiM mid @ik g d
distillation vapor stream and
vapor stream and a second distillation vapor stream;

(2)  said contacting and separating means is adapted to be
connected to said second dividing means to receive said second distillation vapor
stream at said second lower column feed position; and

(3)  said heat exchange means is adapted to be connected to
said second dividing means to receive said distillation vapor stream.

44.  The improvement according to claim 26 wherein

(I)  said vapor withdrawing means is adapted to be
connected to said contacting and separating means to receive a first distillation vapor
stream from said region of said contacting and separating means below said
mid-column feed position and above said first and second lower column feed
positions;

2) a second dividing means is connected to said distillation

column to receive said first overhead vapor stream and divide it into a second

distillation vapor stream and a third distillation vapor stream;

-83-
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(5)said heat exchange neans is adapted to be connected to said conbining
nmeans to receive said distillation vapor stream 46. The i nprovenent
accor di ngvoaotllsikTev28 or 33 wherein ( PrTamRa 003

wi t hdrawi ng nmeans is adapted to be connected to said contacting and
separating nmeans to receive a first distillation vapor streamfrom said
region of said contacting and separati ng neans bel ow said m d-col um feed
position and above said first and second | ower colunm feed positions;

(2) a second dividing neans (s cemhentacdng and sepachtiog sitdns issdamer todk urm t o
receive said first overhead vapor streamand divide it into a second
distillation vepfdctdts @aeaind davidifd mehndtesibéditeahid 9etou@Mioillaibn R0

(3) said contacting and separating nmeans is adapted to be connected to said

second di vi di nglRANGidlsBcon EReY Co10Ah e F&ARG; distillation vapor stream at
sai d second | ower colum feed position; (4) a second

conbi ning neans is connecteg4to gg%&hg@.gé]%kt&pﬁ%eﬁ@ wﬁg%n&Tand sai d
second dividing neans to re e%ve SAId TFrst o di st ration v por stream and
said third distjl]ation vapor stream and formsaid distillation vapor
stream and  Withdrawing meansan Sa’(‘*é)”%‘?ﬁ@%f‘“@&@ﬁ%‘ﬁ&é SRS l?télﬁ‘a%pt ed to be

connected to said second cpnbinan means to receive said distillation vapor
stream 47. Thevapaptieare awsheidgicdhdigiliagon wperstipan 37l fomesaed distiligon \SpBST| TUTE
SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953 (1) said
vapor w t hdr awitegmymdns i s adapted to be connected to said contacting and
separating neans to receive a first distillation vapor streamfromsaid

region of said contacting ane) sepad Rt HGhBANSaR S AUpSPlbbe b @@l WM f eed
position and above said first and second | ower colunn feed positions;

(2) a second dizj iR gs ﬂ'o%ec%%@ﬁ&&i?tﬂlah&§a§51dsng£1ﬁ._ti I'lation colum to
hea

receive said first ove vapor streamand divide it into a second

distillation vapor stre and a third distillation vapor.stream
(3) said contacting andﬁggpg&ﬁ??ﬂS“W@ﬁh%m?gmﬁgﬁﬂ?gﬁ%t “B¥ connected to said

second di viding neans to receive said second distillation vapor stream at
sai d second | ower col um fedd) posdid yapar withdrawing means is adapted to be

connected to said contacting and separating means to receive a first distillation vapor
stream from said region of said contacting and separating means below said
mid-column feed position and above said first and second lower column feed
positions;

2) a second dividing means is connected to said distillation
column to receive said first overhead vapor stream and divide it into a second
distillation vapor stream and a third distillation vapor stream;

(3)  said contacting and separating means is adapted to be
connected to said second dividing means to receive said second distillation vapor
stream at said second lower column feed position;

(4)  acombining means is connected to said vapor

withdrawing means and said second dividing means to receive said first distillation

-84-
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(4) a second conbining neans is connected to said vapor w thdraw ng neans
and said second dividing neans to receive said first distillation vapor

st ream amsto=aiih3stepord distillati on vapor stream and for mCsaisdoidiosdoss | at i on
vapor streany and (5) said heat exchange neans is adapted
to be connected to said second conbining neans to receive said distillation
vapor stream 48.The inprovenent according to claim34 wherein (1)said
vapor w thdrawi ng neans is adapted to be connected to said contacting and
separ at i ng neavportsgeane el sagl third distg8latieh wipor skredni aml fvapord dstile@m apam sai d
region of said contacting and separating neans bel ow said m d-col um feed
position and adweme; mai d first and second | ower columm feed positions; -86-
SUBSTI TUTE SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953

(2) a second dividing means 5 CORRGE &dhdnQe SRAM i Haghibd LAL LOReGQ] @M toO
receive said first overhead vapor streamand divide it into a second
distillation Vsaa c';)m%}n'{neamnga%sntg) rawltvg ise{’i((iwI digtiil?a}i!)rll \lfaaE)ri rre]:avapor stream

(3) said contacting ang separating nmeans 1S a@aﬁiednto be connected to said
second di vi di ng neans ;%Sreéﬁive sai d second diﬁtiLJati?n vapor stream at
sai d second | ower col unff-f eedepBRIPYGRE according to claim 28 or 33 whera 5 ¢ pj r g

conbi ning neans is connected to said vapor w thdrawi ng neans and said
second divi ding nmeans to redéi vesadyapof witkdravdpgmpdns gtadepiediapor stream and
said third distillation vapor streamand formsaid distillation vapor
stream and  connected to said contactingGhd sephdtifpataneoaba@nge fire disgllition agtmpt ed t o be
connected to said third conbining neans to receive said distillation vapor

stream 49. TheyhRHOMaARNeiGCT4iE botfactify SldabpirdRg nlhs b3ibw s@id 40 wherein
(1) a second dividing nmeans is connected to said separating neans to

recei ve said condensGdestjoSam a@fﬁ%ngievsgiQ?i(éé%nd%%?@dg(gwér%?lﬁltnn?eeﬁi rst portion

and a second portion; istillation colum is
adapted to be connected to said second dividing nmeans to receive said first
portion at sai¥V8} feed position: and (3) said
distillation colum is further adapted to be connected to said second
di vi di ng means to receive sdtd sassawl HEANE sigansts gpnactednesyd HsHBlm f eed
position bel ow said m d-colum feed position.
column to receive said first overhead vapor stream and divide it into a second
distillation vapor stream and a third distillation vapor stream;
(3)  said contacting and separating means is adapted to be
connected to said second dividing means to receive said second distillation vapor
stream at said second lower column feed position;
(4)  asecond combining means is connected to said vapor
withdrawing means and said second dividing means to receive said first distillation
vapor stream and said third distillation vapor stream and form said distillation vapor
stream; and
(5)  said heat exchange means is adapted to be connected to

said second combining means to receive said distillation vapor stream.

47.  The improvement according to claim 32 wherein
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50. The i nprovenent according to claim24, 25, 30, 31, 38, or 41 wherein
-87- SUBSTI TUTE SHEET (RULE 26) WD 2011/034709PCT/ US2010/ 046953

(1) a secwododiosmpng neans i s connected to sai d secondPsepse@biongssreans to
recei ve said condensed streamand divide it into at least a first portion

and a second portion; (2) said distillation colum is
adapted to be connected to said second dividing neans to receive said first
portion at said top feed position; and (3) said

distillation colum is furtHér aseprapdr vithdoevicomems isedajital tshde d second
di viding nmeans to receive said second portion at a second m d-colum feed

posi tion bel owocamdckdd chidC@htabinhgfaaeskppasid m@s txdcehaa firdralsaNeie Ripoaccor di ng
to claim35 wherein (1) a second dividing nmeans is

connected t0 Sy %Rﬁsﬁﬁtrég;‘&lrd}‘%ﬁ& %oﬁt&uﬁg&fﬁ' Msrddb thetRMRRSGH Stream and

divide it into at least a st portion and a second portion;
ected to.said second

(2) said disti of U a be co
di vi di ng nean§ndém;ece ag)séﬁarpagoesal %ﬁan&%%mda%mgﬂcoumPﬁw position; and

(3) said distillation colum is further adapted to be connected to said
second di vi di nif*¥e%hs to receive said second portion at a second m d-col um
feed position bel ow said m d-colum feed position. 52. The inprovenent
according to claim36 wherei(®  aseconddividing means if gonnegtedde sndidigiliatiei ng neans
is connected to said second separating neans to receive said condensed
stream and di viotlenn t récaive sad fitse@stheal faporsstreqpoadd dividain thiea ®eaand porti on;
(2) said distillation colum is adapted to be connected to said second
di vi di ng meansgi{iQlafiCRbMSusah shdfd thisd diRQktibPMpetsusahd top feed position; and
(3)  said contacting and separating means is adapted to be
connected to said second dividing means to receive said second distillation vapor
stream at said second lower column feed position;
@ a second combining means is connected to said vapor
withdrawing means and said second dividing means to receive said first distillation
vapor stream and said third distillation vapor stream and form said distillation vapor
stream; and
(5)  said heat exchange means is adapted to be connected to
said second combining means to receive said distillation vapor stream.
48.  The improvement according to claim 34 wherein
(1)  said vapor withdrawing means is adapted to be
connected to said contacting and separating means to receive a first distillation vapor
stream from said region of said contacting and separating means below said

mid-column feed position and above said first and second lower column feed

positions;
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-88- SUBSTI TUTE SHEET (RULE 26) WD 2011/034709PCT/ US2010/ 046953 (3)sai d
distillation colum is further adapted to be connected to said second

di vi di ng weansl/a3e70pecei ve said second portion at a secomrdTrisdeiookassn feed
posi tion bel ow said m d-columm feed position. 53. The inprovenent according
to claim39 wherein (1) a second dividing neans is
connected to said second separating neans to receive said condensed stream
and divide it into at least a first portion and a second portion;

(2) said distillation colunmi2js adaptkdvitliogbeamsonermotesd ¢ siddibtdlasercond

di viding nmeans to receive said first portion at said top feed position; and

(3) said distidohmin ©mhece®t suidfitssovktheidaporadaph edl diaddieinkongeaided to said
second dividing neans to receive said second portion at a second m d-col unm

feed position (Qﬁillgﬁ\bnsﬁb& sirbehn SRl AR (fli@cﬁﬁti&?@ip@)li @Pam:04. The inprovenment
according to claim26 or 32 wherein (1) a second dividing

nmeans i s connected to said ts( ar at.ég(%]t means .t o receive sai dté:(f)tn%gnsed

streamand divide it into at"] east aiCtrlnsgtangé?ptafaoHﬁg %lﬁ%lsésagacona portion;

(2) said contacting and, separati. nmeans is adapted to .connected to said
second di vi di n‘@nﬂ%gﬂéo iaéfls %eg%@%v’éé}g%?lﬁf‘nﬁ IS SR ngﬁﬂé&lS@ﬁP@p Yo f eed

posi tion; and . (é3) said distillation colum is adapted to
be connected tdreanpidaslsewnd laoytdingieadpesdiono recei ve said second portion

at a top feed position. 55.The inprovenent according to claim27, 28, 33,

or 34 wherein -89- (4)  athird combining means is connected to said vapor

withdrawing means and said second dividing means to receive said first distillation
vapor stream and said third distillation vapor stream and form said distillation vapor
stream; and
(5)  said heat exchange means is adapted to be connected to
said third combining means to receive said distillation vapor stream.
49.  The improvement according to claim 23, 29, 37, or 40 wherein
(1) asecond dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;
(2) said distillation column is adapted to be connected to
said second dividing means to receive said first portion at said top feed position; and
(3) said distillation column is further adapted to be
connected to said second dividing means to receive said second portion at a second
mid-column feed position below said mid-column feed position.
50. The improvement according to claim 24, 25, 30, 31, 38, or 41

wherein
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SUBSTI TUTE SHEET (RULE 26) WO 2011/ 034709PCT/ US2010/ 046953
(1) a second dividing neans is connected to said second separating neans to
recei ve swodotiaedmased stream and divide it into at | eagCTASRINSIcHPDrti ON

and a second portion; (2) said contacting and separating
means i s adapted to be connected to said second dividing neans to receive
said first portion at said top feed position; and (3)

said distillation colum is adapted to be connected to said second dividing
means to receive said secondlpor ts@nnddividing opafseechnpasiditd eand secB@dThe

i nprovenent according to claim42 wherein (1) athird

di vi di ng neanssepgathgmnand ©deckiPe Sad ebn8ERET ki gnd@ANSit irdo @Sl Massai d
condensed streamand divide it into at least a first portion and a second
portion; portion and a second fcfdorSa@i d contacting and separating nmeans is
adapted to be connected to said third dividing nmeans to receive said first

portion at said top feed poshtion, . . 3 id
distillation colum is adapﬁgﬁ t%m%éag%H%E%Pgﬁl?8¢?§?&3?H%P%”%?&?ding nmeans
to receive said second. portion at a top feed position. 57.The i ovenent
according to g SRq oA gwﬂgr}gerpwns to recetve SEld first porBon ztt i§18 LopdeRd pgsiHeR; 2 ng means
is connected to said second separath% means to receive said condensed
stream and divide it into at() eastd distfllapien cohonn i dnthaivdapiediedond porti on;

(2) said contacting and separating nmeans is adapted to be connected to said
third dividi ngcomxard td @id ecadvievidiag Wedns tostecepershid eevoad peaomht ho@ohded
position; and -90- SUBSTI TUTE SHEET (RULE 26) WO

2011/ 034709 Pcrrﬁid%%ﬁl/f@&ﬁ)%@aon below said mid-column feed position.

51.  The improvement according to claim 35 wherein
(1) asecond dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;
2 said distillation column is adapted to be connected to
said second dividing means to receive said first portion at said top feed position; and
(3) said distillation column is further adapted to be
connected to said second dividing means to receive said second portion at a second
mid-column feed position below said mid-column feed position.
52. The improvement according to claim 36 wherein
(1) a second dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;
(2) said distillation column is adapted to be connected to

said second dividing means to receive said first portion at said top feed position; and
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(3)said distillation colum is adapted to be connected to said third
dividing neans to receive said second portion at a top feed position.

58. The i mpoavawmmtovaccordi ng to claim 44 or 47 wherei n PCT/US2010/046953

(1) a third dividing neans is connected to said separating nmeans to receive
sai d condensed streamand divide it into at least a first portion and a
second portion; (2) said contacting and separati ng neans
is adapted to be connected to said third dividing means to receive said
first portion at said top fddd pesddistidhtiomevdumn is further adaptedtobe  (3) sai d
distillation colum is adapted to be connected to said third dividing means

to receive sai@nfeedndsapbictinddivadin@mtap tdf el eReidisédosMporfish al hgedonpr ovenent
according to claim45 or 48 wherein (1) a third dividing

means is connegliedidf & RsiBesaly SAPAIALIMh RERARSILR §ecei ve said
condensed streamand divide it into at least a first portion and a second

por ti on; 53 AL EANLAcKlng, and SepaLAli ng means s
adapted to be connected to sard"ERATT Vi i%g neans 10 receive said first
portion at said top feed position;

aqﬂ.. , , g%% sai d
distillation colum is adapt®d t8S45enCUHABE MEanSiHCXEFEdinPEGseaPdi di ng neans
to receive said second portion at a top feed position. 60. The inprovenent
accordi ng to ciepirpinganophelp edcaive Ideankgnsel] ey didhdvide ko dtdeagigrireict ed t o
sai d second separating neans to receive said condensed stream and divide it
into at | east portidnraat ap@otd @mticnd a second portion; -91- SUBSTI TUTE SHEET
(RULE 26)
(2) said distillation column is adapted to be connected to
said second dividing means to receive said first portion at said top feed position; and
(3) said distillation column is further adapted to be
connected to said second dividing means to receive said second portion at a second
mid-column feed position below said mid-column feed position.
54.  The improvement according to claim 26 or 32 wherein
(1) asecond dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;
2) said contacting and separating means is adapted to be
connected to said second dividing means to receive said first portion at said top feed
position; and
(3) said distillation column is adapted to be connected to

said second dividing means to receive said second portion at a top feed position.

55. The improvement according to claim 27, 28, 33, or 34 wherein
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WO 2011/ 034709PCT/ US2010/ 046953 (2) said contacting and
separating neans is adapted to be connected to said third dividing neans to
recei ve swoadofiasstooporti on at said top feed position: amdT/US2010/046953

(3) said distillation colum is adapted to be connected to said third

di viding means to receive said second portion at a top feed position. -92-
SUBSTI TUTE SHEET (RULE 26)

(D a second dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;

(2)  said contacting and separating means is adapted to be
connected to said second dividing means to receive said first portion at said top feed
position; and

3) said distillation column is adapted to be connected to
said second dividing means to receive said second portion at a top feed position.

56.  The improvement according to claim 42 wherein

(1)  athird dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;

(2)  said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed
position; and

3) said distillation column is adapted to be connected to
said third dividing means to receive said second portion at a top feed position.

57.  'The improvement according to claim 43 wherein

(1) a third dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;

(2)  said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed

position; and
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3) said distillation column is adapted to be connected to

said third dividing means to receive said second portion at a top feed position.
58.  The improvement according to claim 44 or 47 wherein

(1) athird dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;

2) said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed
position; and

(3) said distillation column is adapted to be connected to
said third dividing means to receive said second portion at a top feed position.

59.  The improvement according to claim 45 or 48 wherein

(D a third dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;

2) said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed
position; and

3) said distillation column is adapted to be connected to
said third dividing means to receive said second portion at a top feed position.

60.  The improvement according to claim 46 wherein

(1 a third dividing means is connected to said second

separating means to receive said condensed stream and divide it into at least a first

portion and a second portion;
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(2)  said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed
position; and

3) said distillation column is adapted to be connected to

said third dividing means to receive said second portion at a top feed position.
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