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 omoab11203ga8 cont ai ni ng hydrocarbons. WO PCT/US2010/046966

2011/ 034710PCT/ US2010/ 046966 [ 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, 88.1% nethane, 6.0% et hane
and ot her C2 conponents, 2.5% propane and ot her C3 conponents, 0.2%

i so- butane, 0.2%

HYDROCARBON GAS PROCESSING

SPECIFICATION

BACKGROUND OF THE INVENTION

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

of a gas containing hydrocarbons.



nor mal butane, and 0.5% pentanes plus, with the bal ance nade up of nitrogen
and carbon di oxide. Sulfur containing gases are al so sonetines present.

[ 0004] Thewbiz2etian3nal |y cyclic fluctuations in the price®Cofusbabioseas ur al
gas and its natural gas liquid (NG) constituents have at tines reduced the
i ncrenental value of ethane, ethylene, propane, propylene, and heavier
conponents as liquid products. This has resulted in a demand for processes

t hat can prov'g nor e %%ficienh recoveries of these prod q%s, for processes
that can proviBPler i ciidhtoTectiBys, FoB e RoP B IRE AT K MYAVELEREH  and
for processes that can be easily adapted or adjusted to vary the recovery
of a specific b‘éf?ﬁ‘ch?FFg’rffo%?/ gricly %frgG%Fd’ Pk G éia’?’é‘kﬂ“érypﬁ"‘é’c?é‘é sughetigy
separating these materials include those based upon cooling and
refrigerati onS&Ugaas ohyipedfrun pihen hydrocarhan maieriply srchag goabicridsior pt i on.
Addi tionally, cryogenic processes have becone popul ar because of the
avai | abi ity 8iPhEeepibiizleatar ggds. prblgniteh pturg) etdtiedly hed iverdiapmrapertion
si mul t aneousl y eéganding and.extracting heat from the gas being processed.
Dependi ng upoff hpigansragd sihare. b mefbangagd sharedegethen eonpréshablsast feREne,
et hyl ene, and heavi er hydrocarbons content) of the gas, and the desired end
products, eacherefnt phibs easpride gasas wntags edatbiclydesserantobets ebhearigy be enpl oyed.
[ 0005] The cryogeni c expansion process is now generally preferred for
nat ural gas | hylihadshoneswhes probevaprsecs pepriopgi ahd shenfekei asuwnllsis ipdiogdnt y wi t h
ease of startup, operating flexibility, good efficiency, safety, and good
reliability. buSgenPadrbortdidNode, a] 28,2380, 4, 061, 481; 4, 140, 504; 4,157,904,
4,171, 964,

[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, 88.1% methane, 6.0% ethane and

other C, components, 2.5% propane and other C3 components, 0.2% iso-butane, 0.2%

normal butane, and 0.5% 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

have become popular because of the availability of economical equipment that



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, 748y02HAB4HH4, PCT/US2010/046966

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;
6,915,662; 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
vaporization occurring during expansion of the liquids results in further cooling of the

stream. Under some conditions, pre-cooling the high pressure liquids prior to the



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; 6,915,662; 7,191,617; 7,219,513; reissue
U. S. Pat ewO 2bi0/03839408; and co- pendi ng applicati on nosPCTAISAB0/046086
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 descri be rel evant processes (although the
description of the present invention in sone cases is based on different

processing Cog)gﬂagslignn%a§ & gles}reu)?es & og o o %utr)tﬁf(:jr l(l)v[/]ertttrl]eeter(lzllpérgt%rel%és%‘ltinzaf}oen?t s)-

the expansion. The expanded stream, comprising a mixture of liquid and vapor, is
fractionated in a distillation (demethanizer or deethanizer) column. In the column, the
expansion cooled stream(s) is (are) distilled to separate residual methane, nitrogen,
and other volatile gases as overhead vapor from the desired C, components, Cs
components, and heavier hydrocarbon components as bottom liquid product, or to
separate residual methane, C, components, nitrogen, and other volatile gases as
overhead vapor from the desired Cs; components and heavier hydrocarbon components
as bottom liquid product.

[0007] If the feed gas is not totally condensed (typically it is not), the vapor
remaining from the partial condensation can be split into two streams. One portion of
the vapor is passed through a work expansion machine or engine, or an expansion
valve, to a lower pressure at which additional liquids are condensed as a result of
further cooling of the stream. The pressure after expansion 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 overhead. 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,
resulting in cooling of the total stream. The flash expanded stream is then supplied as
top feed to the demethanizer. Typically, the vapor portion of the flash expanded

stream and the demethanizer overhead vapor combine in an upper separator section in



[0006] I n a typical cryogenic expansion recovery process, a feed gas stream
under pressure is cooled by heat exchange with other streans of the process
and/ or exwerndlo3gnoar ces of refrigeration such as a prop&O@/US2010/046966
conpression-refrigeration system As the gas is cooled, |iquids may be
condensed and collected in one or nore separators as hi gh-pressure |iquids
contai ni ng sone of the desired C2+ conponents. Depending on the richness of

t he gas and the .ampunt of |iquid ormed, the high-pressure |iquids may be
bxpanded 1o aloRBrorpetyPet el RePrbparaa: B BasR b, BeebEbERU T T ng
during expansion of the Iiggids he ults in furthe coolin? of the stream
Under sone cofapsgritreanyrmay e3P i)dstf)ﬁéeﬁ?ﬁwdﬂ BPEYEgrarqriagd gt JFEBr- to t he
expansion may be desjirable in order to further |ower the tenperature

resul ting frofPg ¥feoeksamsinghwityHis tayg anerlerdand B Hauiddmrrisdig B mi xture of
liquid and vapor, is fractionated in a distillation (denethanizer or

deet hani zer) EYFUAAS 2 oA cPlENdRidurm, the expansion cool ed stream(s) is (are)
distilled to separate residual nethane, nitrogen, and other volatile gases
as overhead vEM®H fromlnHe idrabppesdtion! gushp oprarrtion prgess dhp et &2 and
heavi er hydrocarbon conponents as bottomliquid product, or to separate
resi dual met hiaeng &2 peesagsoril serfainilstangelty, allaidheondtbaneypthafécld@ayyales as

over head vapor fromthe desired C3 conponents and heavi er hydrocarbon
conponent s as epoatttalynoieqiiti hepdehlytitocfideoFjnfone e afiddd bogmns fsaction total |y
condensed (typically it is not), the vapor remaining fromthe parti al
condensat i on &annpéesipmethanirdrovill wntg b swamstialigad of dretheonerdifydiobabarapor | s
passed t hrough a work expansi on machi ne or engi ne, or an expansion val ve,
to a | ower presspmentavithiasseltiailgadb hiednad ol mouivdatikrcempardensegaagea resul t
of further cooling of the stream The pressure after expansion is

essenti al |l y t hewsaiehiailedlBRugiibe $S1ok ebtaibediicalse theeotVeatiodal adnd@imneot iy i s
operat ed. The conbi ned vapor-Iliquid phases resulting fromthe expansion are
suppl i ed as f egdattdlatddB BalstiHpping[cOREB] The nfeeand oM@t pohé poBesef the vapor is
cooled to substantial condensation by heat exchange wi th other process

streans, e.(g. thefdifre ARbichifylcBEbHRR FhioNNedNEhe Qpafleaiorai® Pkheal | of the
hi gh-pressure liquid may be conmbined with this vapor portion prior to

cooling. The t@&mhibfighes ¥hedpct AR aMjéSedbany RXPRALSM P QHGe@le
appropri ate expansi on device, such as an expansion valve, to the pressure

at whi ch the gragbhenizemdicS+eRspHRS ocddbd Ak SHNBHEL A fecd cHRERE ON Of the
liquid will vaporize, resulting in cooling of the total stream The flash

expanded st r eafiafiid QEMiANR & cARpdnORs hkBiladitr %ﬁﬁm%&?&&ﬁﬁﬁn@rﬁ&-

Typically, the vapor portion of the flash expandéd stream and the

denet hani zer - - ne: | - i in the
Fracti onat i on't oy s eRShy BEMRHIFRLARKEREL: SERRRGCS SEUER " ne
cool ed and ex | i . . .ovi de vapor
and liquid st?%gﬂggm%&é%gg%%g%?gﬁggﬁggﬁéggﬁé%ﬁ%fﬁggﬁgagfk%%gg ead and the

liqui d. I's SuDPrlaéteoglatEo% sEagg of t%le HQPHet asnizaer.t"ﬂfer_llgsoslolfl [H?:s fc?e%gable{ (%%%%Lflznrt]s toﬁ?d | deal
operatl on of suc a sepdaratl on process, e resi|adue gas eavl ng € process

wi |l contain substanti.all l.l ,of. the netha in the feed gas wWth

essent al 1y nohacurie el LS iyt SR Bt el SR bot t oms
fraction | eaving.the denethanizer w|ll ntain substantially all of the
heavi et hydr oBERBGHT UTIBHLEL O oREi { aPrySHe oo KRB EP ot 6 vol ati | e
conponents. In practice, however, this ideal situation is not obtained
because the cEHUREENStalcoMEPNatilerv T Y OREF B L IPAPYRI ‘;‘“ﬁéheaVaE‘BfF-i ppi ng
col um The net hane product of the process, therefore, typically conprises
vapors | eavi nf0lHe t op P Fesertiveratthopresragpoatssesher IE/EHOGH%?H toyateEsewi t h
vapors not subjected to any rectification step. Considerable |osses of C2,
C3, and C4+ cahpsehsehecetiionse prykle aﬂﬁ&O%ﬁCﬁﬁlﬁﬂP@O#%@881e&mpar8n§he
substantial quantities of these conponents and heavi er hydrocarbon
conponent s, r &3ygetal thy reihucsgiepa Sprdhaivnpgr wefification seatings giricplly eicpfledc
conponents, C3 conponents, C4 conponents, and heavi er hydrocarbon

conponent s i nstrdam ofagsotus gherppling unier prespare.r Hest teeyskediresidus igagysreat it he

denet hani zer. The | oss of these desirable conponents could be significantly
reduced if the rising vapors could be brought into contact with a
significant quantity of liquid (reflux) capable of absorbing the C2
conponents, C3 conponents, C4 conponents, and heavi er hydrocarbon
conponents fromthe vapors.



[0010] I n recent years, the preferred processes for hydrocarbon separation
use an upper absorber section to provide additional rectification of the

ri sing vaporsei1/0Bmaosource of the reflux streamfor the mppars261eo4d9hé cati on
section is typically a recycled stream of residue gas supplied under
pressure. The recycled residue gas streamis wusually cooled to substanti al
condensati on by heat exchange with other process streans, e.g., the cold

fractionation tower overhead. The resultjng substantially condensed stream
5"t hen axpants Fedigh “ancat conkraten b b orBing aufaster SRERS g an
expansi on valve, to thtﬁ Fr§§sure at which the met hani zer i s operated.
During expansEAMS-HdPt FYR TBFUOPHLON herioyeiRFdd e dsPiipe P, resul ting
in cooling of the total stream The flash expanded stream.is then supplied
as top feed tﬁoﬁdﬁ‘ése@étﬁeé‘flﬁéme%??anﬁﬂp@@&gh 0 ADPFPRTIHS SERANHER 5 vase- Jrchehe
expanded stream and the denet hani zer overhead vapor conbine in an upper
separ at or sectl SN éves fo4le previrici 2 Which ierdemsthapigsr dyeneratsdh AAWEE pr oduct
gas. Alternatively, the cool ed and expanded stream nay be supplied to a
separator to P¥RVIieRe 2pafsien oatd linfig Vil ugtate x3norize sespiviag in ¢peliesdlitee t he vapor
is conbined with the tower overhead and the liquid is supplied to the

col um as a t tyalestammltfedlash expyprled atreapt s densupptihe apiop dfeditdihs t ype are
disclosed in U S. Patent Nos. 4,889, 545; 5,568, 737; and 5, 881, 569;

assi gnee' s codpuaibinmgr. ahyplidadatthoyapaopord@y a1k G@anded piccaimaniithr ey, E. Ross,
"Efficient, H gh Recovery of Liquids fromNatural Gas Utilizing a Hi gh

Pr essur e Absodbeetianider ocgedi nger ofmbiheinBnghpey sEparasdr séniiondal th€onvent i on of
the Gas Processors Association, Dallas, Texas, March 11-13, 2002. These
processes usefractoompmaessaras taidpalovdtime phreluenghs. valtdrontioelyf the cocdalamdi ng t he
reflux streamto the denethanizer, adding to both the capital cost and the
oper ati ng costxpmhdddaatdm tnagse sipphigl thhss@rpeac sl .vapd@@id lidlie siprnasent

i nvention al so enploys an upper rectification section (or a separate
rectificati onscohttAFredffer Pleadporsd cenbdded Mithahe fodet dletheh@m@Irth&iBquigissepar at e
rectification and stripping colums) However, the reflux streamfor this
rectificationsgphéd @Mhd @D ad6s cdl¥mbl eI T FiSdl PRoces dvketies biNBisVAHRAFS I'i Sing
in a lower portion of the tower conbined with a portion of the colum

over head vapoOhiscIBRAFMEE. PhichtsI €8 348eh Yodi ThakGAM6D adskigRe@f C2
conmponents in the vapors lower in the tower, a significant quantity of

l'iquid can be gpageRsehlidalionnd. Nbs 1EMMLACH MAPRY, ISRoSaPEMclh, piYy a nodest
el evation in pressure, often using only the refrigeration available in the

remai ni ng por RkQReQlor L& Hoth N%(tﬁfaﬁ‘@@s_?_ﬂé{ﬁz%g a TRAYrAGL RBsdRRET

rectification secti'on of the colum. I's condensed liquid, which is

pr edom nant | Béglo'ggérﬂrl%%s BP&Q%Y%%E ALRGR BTG oL R ARSALR. & COMPONENt s,  C3

conponent s, nents, eavl er hy(fr ocar bon conponents fromthe

vapors rising r r { £ i i apture
{hese: val uabl & e LhfI8. HORE B b S PRSP L e 6
demet hani zer . | 001 ol HGL&LALOL £y (GO Sleflth § LLNEE 43 d@r?lg%glrﬁznermdditnhe col d
over head vapoP Stream or conmpresstrng~a side draw vapor S ream 1o 5rOV| de

fl f th i ficati ti 1h ol h b | d
b O racovery BDEE shil sl i SPeRREy Ao Raghif iRy WRPEREN Ror °
4,889, 545 d i ' - adi licati . 11/839, 693,
respect i vefi;. [@iﬁlp?ing?@F)%?esgrg?ﬁv:egtg%aﬁgﬁh& Oy;s EEHEP%E Wﬁ?fl%?‘g%?er‘ffl%(oéaport i on

of the cold overhead vapor with the side draw vapor stream and then

conpr essi ng tp@a@%gﬁ@gu%cpm 1&%?%?9%‘@ fé‘ﬁfg‘gé?ﬁoéfl?”i‘%?eB?F&S‘? whi | e

reduci ng operating cost. [0013]In accordance with the present invention, it
has been founéctifigtionsnd idrping Splympses xlidereeh thegsyxayigarsorhig reeiticytigR over i es
in excess of 99% can be obtained. In addition, the present invention nakes
possi bl e essefficigh isyrovibdbs 8pag aside Aragrof fe raers raing in 3 YReerordghyidifent s from
the C2 conponents and heavi er conponents at | ower energy requirenments
conpared to tHavepeerahineg withhprdomed; the ealynmeyerhrad yanopvBecpusee dies. The
present invention, although applicable at | ower pressures and warnmer

t enper at ur es, rdlaivplahigheeheanirgticady 4 cageangsts whiban vinogdewst ingheftewe!, yases in
the range of 400 to 1500 psia 112,758 to 10, 342 kPatall or higher under
conditions requiring NG. recovery colum overhead tenperatures of -50F
[-46C1 or col der. 6-



WO 2011/ 034710PCT/ US2010/ 046966 [ 0014] For a better understandi ng of the
present invention, reference is made to the foll ow ng exanpl es and

drawi ngs.wBebarasiknig to the drawi ngs: [0015]FIG 1 is a PCowsdiiagse@ss of a
prior art natural gas processing plant in accordance with United States
Patent No. 4,889,545, [0016]FIG 2 is a flow diagram of a natural gas
processing plant in accordance with the present invention; and [0017] FI GS.
3 through 6 are flow diagrans illustratin | ternative means of application
of the presentieh ﬁ\‘}"é’ﬁﬂ?a&ﬂ% %qﬁmﬂ&%ﬁ% Ona%{gg%ﬂ?%&?ﬁc YRS ROTHE T S ovi ng
expl anation of the abov ures, tab#es are B’g ed sunmmar, éjng fl ow
rates cal cul at®yafdests V@g’ﬁ?BFﬁvﬁfﬁ Porig phithy felgegatiop gvagle ihihe o s
appearing herein, the values for flowrates (in_noles per. hour) have been
rounded to th@“%%%?%@ﬁmﬂﬂﬂﬂ@F?Nﬁ&%?m*%Vquﬁﬁﬂﬂg%ﬁé@W“T%@ﬁf%FﬁP“§P?8%n1rates
shown in the tables include all non-hydrocarbon conponents and hence are
general |y | ar §&rcolupdn i ﬂlﬁé%@ﬁfe@th?ﬁ‘ewgl@h%q@%wnﬂé iggd msthapg atgh ocar bon

conponents. Tenperatures indicated are
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, compressing either a portion of the cold overhead vapor
stream or compressing a side draw vapor stream to provide reflux for the upper
rectification section of the column has been employed in C,+ recovery systems, as
illustrated in assignee's U.S. Patent No. 4,889,545 and assignee's co-pending
application no. 11/839,693, respectively. Surprisingly, applicants have found that
combining a portion of the cold overhead vapor with the side draw vapor stream and
then compressing the combined stream improves the system efficiency while reducing
operating cost.

[0013] In accordance with the present invention, it has been found that C,
recovery in excess of 95% and C; and C4+ recoveries in excess of 99% can be
obtained. In addition, the present invention makes possible essentially 100%
separation of methane and lighter components from the C, components and heavier
components at lower energy requirements compared to the prior art while maintaining
the recovery levels. The present invention, although applicable at lower pressures and
warmer temperatures, is particularly advantageous when processing feed gases in the
range of 400 to 1500 psia [2,758 to 10,342 kPa(a)] or higher under conditions

requiring NGL recovery column overhead temperatures of -50°F [-46°C] or colder.



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 purpose of conparing
t he proceweeasiidspiloted in the figures are based on the ZETAISPE0OME966 NO
heat |eak from (or to) the surroundings to (or from the process. The
quality of commercially available insulating materials nmakes this a very
reasonabl e assunption and one that is typically nade by those skilled in
the art. [001 r conveni ence, process raneters are reported in both the
raditi onal BAOHIsh. aniioes G el Heararhaneg e e nidh onal

d Unites (SI). The nolar flow rates given_.in the tables nay be interpreted
as either pouf?o‘hﬁgquég’l%ﬁ‘arﬁﬂﬁsr a‘%rer 1%%*9%% t@éhep‘gflwﬁé?jr. The energy
consunptions reported as horsepower (HP) and/or thousand British Thernal
Units per houff%NBTU Hrlﬁchb’rS Hagriy of pariordriRapyal gat RiPcsstipawraities i n
pound nol es per hour. The .ener%]y consunptions reported as kilowatts (kW
correspond t o2¢RElBGeriBYUREI D¢ Faient He-<s8394Ri | ogr am nol es per hour.

DESCRI PTI ON OF THE PRIOR ART [0020]FIG 1 is a process flow di agram show ng
t he design of 0416y ocesdiltig? jsladio digerpe @by artuabeas psPpwHEmadt iy om nat ural gas
using prior art according to U. S. Pat. No. 4,889,545. In this simnulation of
the process, pesowlanggasithethe piesent ingerdioamandat 120F 1149C1 and 1040 psi a
117,171 kPa(a)1l as stream 31. If the inlet gas contains a concentration of
sul f ur conpoul¥$7lwhi ch Kiobl Hthpruglh énte fidvedipgranie dlustsating ahenitive meaesetfi ng
specifications, the sulfur conpounds are renoved by appropriate

pretreat ment efplichienfodéd pgasntimention bushwueatl gad)siredm. addi ti on, the feed
streamis usually dehydrated to prevent hydrate (ice) formation under
cryogeni c condiot§ions. Solliedolitesing exgitnati@sofitikpiboad figurdxe ahles seghrdvidedt hi s

pur pose. [0021] The feed stream 31 is cooled in heat exchanger 10 by heat
exchange w t hswanhriiestilcumatg aslcflstd &ampiSantatiei pitesh dondidorst Tathe Tables[ 22C)
(stream 42a), denethani zer reboiler liquids at 52F [11Cl (stream 41), and
denet hani zer appderineeieadih, lic Valugs F@Sloatrate? Qi moted PEiIhopHthe eaiiBed jundddabe t hat in
all cases exchanger 10 is representative of either a multitude of

i ndi vi dual heade n8%6H 3MGRMEn®Er Br SdnREHiehcBUThd mRASRaMg@ks SHGRAANGETablRr any
conbi nati on thereof. (The decision as to whether to use nore than one heat

exchanger for jdchi@e hiddbRfRLafRR bNPorR Bk YhE Bk loe h@ABNE . QNhah (RUGREr  Of
factors including, but not limted to, inlet gas flow rate, heat exchanger

size, stream LEMPOEANMEPraBS the %M?ocﬁ&@h eshsineRaM & lrAtemdicaePaat or 11
at -18F [-28Cl and 1025 psia 117,067 kPa(a)l where the vapor (stream 32) is

separ ated fromdH6,6R @Qﬁ&sx%ﬁ%dgh Aind néalst 83 sholllG1sS BRAGES Bt hé AUi d

(stream 33) is expanded to

process design calculations performed for the purpose of comparing the processes
depicted in the figures are based on the assumption of no heat leak from (or to) the
surroundings to (or from) the process. The quality of commercially available
insulating materials makes this a very reasonable assumption and one that is typically
made by those skilled in the art.

[0019] For convenience, process parameters are reported in both the
traditional British units and in the units of the Systéme International d'Unités (SI).
The molar flow rates given in the tables may be interpreted as either pound moles per
hour or kilogram moles per hour. The energy consumptions reported as horsepower

(HP) and/or thousand British Thermal Units per hour (MBTU/Hr) correspond to the



operating pressure (approximately 392 psia 112,701 kPa(a)]) of
fractionation tower 17 by expansion valve 16, cooling stream 33a to -53F
[-47C] beWwore11a4118 supplied to fractionation tower 17 @&CTAISR@OH6966

m d-col um feed point. [0022] The vapor (stream 32) from separator 11 is
divided into two streans, 36 and 37. Stream 36, containing about 38% of the
total vapor, passes through heat exchanger 12 in heat exchange rel ation

with the cold residue gas ésirea 43) where i.t is cooled to subst%PtiaI
condensat i on. S#KE ML (Pwi g 10 peurdne %Pq@‘)% B R <SP ERHOBB P 140F

[-96C] is then flash expanded through expapsion valve 13 to slightly above
t he operatinga%@'g@ﬁ?@i ‘”PF%@P@BHﬁgwﬁﬁdg@%ﬁﬂoﬂ7@mfﬂ$ﬂﬁﬂm8%ﬁ§ﬁ§gbn a
portion of the streamis vaporized, resulting in cooling of the total
stream In thB%%rocess illustrated in FIG 1, the expanded stream 36b

| eavi ng expansi on val ve 13 reaches a tenperature of -144F [-98C]. The
expanded stream 36b is war med 9 f}¥ther vapori zed i n heat
exchanger 22 as it provides €6¢€ G—ane—c ot ati-oh- of conpressed recycl e
stream 44a (described | ater in paragraph 1100261). The warned stream 36cC isS
then suppl i ed®0an upgdy- H%—%‘Eﬂ%ﬂ%"‘f dagramshewing thy detighels Rgcesdes i on 17a
of fractionation tower 17. [0023] The remai ning 62% of the vapor from
separator 11 PYBtleeOsy ot APIBPACRS WgPINABKH SASTHE DHRE At Aecondang g Ushi ch
mechani cal energy is extracted fromthis portion of the high pressure feed.
The machi ne 1Eate¥19a4n%ﬁ§,%ﬁelnﬁaﬁérm%@@toémeipmqev, inkes pasre il Pt t he t ower
operating pressure, with the work expansion cooling the expanded stream 37a
to a tenperat L2EFM9°approbittasiel Y1 71ddr(a) ez o@iam Yhdl thy piletas eowiesreaci al |y
avai | abl e expanders are capable of recovering on the order of 80-85% of the
wor k t heor et i eaickstragivap] sslfbeconpoamdsivded] wowéprevanpihe pexdpeirsgicans frathe wor k
recovered is often used to drive a centrifugal conpressor (such as item 15)
t hat can be usedingopeaiiomp ts sulfureompsindsigre gasoved by egmoptdly) , for exanpl e.
The partially condensed expanded stream 37a is thereafter supplied as feed
to fractionat peneitmwarof thé fedd gas ModHlogtawin hedditipo td feed QR2d]iTmally

denet hani zer in tower 17 is a conventional distillation colum containing a
plurality of véytitaedlwh pres@mbgdtat (iay)Sorneitien afidendiryegdpacdoaditibed Solior somne
conbi nati on of trays and packi ng. The denet hani zer tower consists of two
sections: an ugpeintdbs@pikitheth ellifdd BiabuPble. Section 17a that contains the
trays and/ or packing to provide the necessary contact between the vapor

portions of te2expandemhegtdieatdn 366 caNed BiiRal dxShangerupwa heataRehag@l d i qui d
falling downward to condense and absorb the C2 conmponents, C3 conponents,

and heavi er CQﬂﬁQaﬁ@&ﬁiw%&Qséwhpﬁﬁﬁﬂkﬁkﬁh&ﬁkﬂg7§ﬁ£&bQﬂ(&Ethhﬁi contains
the trays and/or packing to provide the necessary contact between the

|1 quids fal I 9, JoummRr e A0faline. K3Ron e S HRURn dem RS APTES hani 2ing
section 17b af$0 inciuded one or *wore''reboiTers (such as the reboiler and
side reboiler described previousl whi heat and vaporize a portion of
the liquids fFOMTJIBINA €hE [88?9#)%“‘%361 >o%0Eféh€ttﬁ%al§?%5?8§ﬁFl?f@g?f&§é~°r s whi ch
flow up the colum to strip the |liquid product, stream 42, of nethane and
| i ght er conpoff@rPeNtatse ppegieRy mubigds o indonditahbayl ehangersgf a ginglent er nedi at e
feed position located in the |ower region of absorbing section 17a of
denmet hani zer Mplti-masehdal epshangst Ot iyreopinaien drisainddbe dacisearts g7ehatnini ngl es
with liquids falling dowmward from absorbing section 17a and t he conbi ned
| i qui d cont i nisesse dwwnthar ohe heatexshanpgdprige Bdistticd podinp saficeembltdepanidoar 17.
The vapor portion of the expanded stream 37a rises upward through absorbing
section 17a anduimberodfucact isduding,tucait dinlited)to, chldtghd flovgrattohennaxdianger condense
and absorb the C2 conmponents, C3 conponents, and heavi er conponents.

[ 0025] I n st ri pipé, ngeaneempentuicdbetal The neildtbsiczie314 Iters kepafaped1at 118dirs ar e
stripped of their methane and |ighter conponents. The resulting liquid

pr oqluclt ( st r epans3%d hn@ X025 staiB0OOkRaQL)] Whert MdBEpck (stRbmB2Kis[sdRcded fpased on a
typi ca

A A

the condensed liquid (stream 33). The separator liquid (stream 33) is expanded to the



specification of a nethane to ethane ratio of 0.015:1 on a volune basis in
the bottom product) and is punped to heat exchanger 10 by punp 20 to be
heat ed t owOR6H/(3471C] as it provides cooling to the feedPgagisasiobe®es i bed
earlier. [0026] Col d denet hani zer overhead stream 39 exits the top of

denet hani zer 17 at -146F 11-99Cl1 and is divided into cold residue gas
stream 43 and recycle stream 44. Recycle stream 44 is conpressed to 492
psia 113,390 kPa(a)1l by c ressor bef ar teri heat .exchanger 22.
e conmr assethy biydratuf FRmy b Qa0 K Tl iR GhE0r 4o
11-96C1 and substantially condensed by, heat__exch wi t h expanded

subst anti al | yg}éﬁ’ﬁ’&%‘é‘bﬁl‘éﬂt e SN 1B Be4LT %}aggﬁ%‘%ﬁ@?ﬁf}?fg{?ﬁwu gdto
substantially condensed stream 44b i s then expanded through an appropriate
expansi on deviidgiondiaoud Idehafosieppidreglyan 58d eigt-t e denet hani zer operati ng
pressure, resulting in cooling of the total streamto -150F [-101Cl. The
expanded stref#44c i s tReAPE(pisrnSd trompenseaerddas fisided BiRosedss t he t op
colum feed. The vapor portion of stream 44c conbines with the vapors
rising from tReandly. fStgam 36 reniatinsstbaged8af ofithetotdvaneh Pawes Bravglkibetét hani zer
over head stream 39. 50027] The col d residue gas stream 43 passes

count er cur r enexopangst {hia epicaehange feldion yib tierroldgatiduseeh tirgan 4Ivhdheite it i s
heated to -26F [-32Cl (stream 43a) and in heat exchanger 10 where it is
heat ed t o 98Fis[c3FIC] to wibstadir dBPynsativhe The sisdlting grpstantslly hemlengdsoespr essed i n
two stages. The first stage is conpressor 15 driven by expansi on nmachi ne
14. The secon@6sitaly F §96% iy bersBash 24padédibrouply expasupptadveeldtiaklighdyer sour ce
whi ch conpresses the residue gas (stream 43d) to sales |line pressure. After
cool i ng to 12@tovp4@Cpeiatingpssharoféracahiem t@eer K7h®uries exhuesigas p@tiodofC t
(stream 43e) flows to the sales gas pipeline at 1040 psia 117,171 kPa(a) 1,
suf ficient totheBetanh isnepdregdiiresanidptiscdolisgiad thy totdd strdaen. dn derpradest he i nl et
pressure). WD 2011/034710PCT/ US2010/ 046966 [0028] A sumary of stream fl ow
rates and enengyufana®Q!t i, e dxpindtd@rdan@oBS&vingledgdnkiah @alvé 18 FehéBesd 1S set
forth in the followwng table: Table I (FIG 1) Stream Fl ow Summary - Lb.
Mol es/ H [ kg meipesdudrk bf -144°F [-98°C]. The expanded stream 36b is warmed to -139°F

[-95°C] and further vaporized in heat exchanger 22 as it provides cooling and
condensation of compressed recycle stream 44a (described later in paragraph [0026]).
The warmed stream 36¢ is then supplied at an upper mid-column feed point, in
absorbing section 17a of fractionation tower 17.

[0023] The remaining 62% of the vapor from separator 11 (stream 37) enters a
work expansion machine 14 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 14 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 37a to a temperature of approximately -94°F [-70°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 15) that can be

used to re-compress the residue gas (stream 43b), for example. The partially

-10-



St ream Met hane Et hane Propane Butanes+ Total 31 24,193 1,650 687 234 27,451
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condensed expanded stream 37a is thereafter supplied as feed to fractionation tower
17 at a mid-column feed point.

[0024] The demethanizer in tower 17 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 17a that contains the trays and/or packing to
provide the necessary contact between the vapor portions of the expanded streams 36¢
and 37a rising upward and cold liquid falling downward to condense and absorb the
C, components, C3 components, and heavier components; and a lower, stripping
section 17b that contains the trays and/or packing to provide the necessary contact
between the liquids falling downward and the vapors rising upward. The
demethanizing section 17b also includes one or more reboilers (such as the reboiler
and side reboiler 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 42, of methane and lighter components.
Stream 37a enters demethanizer 17 at an intermediate feed position located in the
lower region of absorbing section 17a of demethanizer 17. The liquid portion of the
expanded stream 37a commingles with liquids falling downward from absorbing
section 17a and the combined liquid continues downward into stripping section 17b
of demethanizer 17. The vapor portion of the expanded stream 37a rises upward
through absorbing section 17a and is contacted with cold liquid falling downward to
condense and absorb the C, components, C; components, and heavier components.
[0025] In stripping section 17b of demethanizer 17, the feed streams are
stripped of their methane and lighter components. The resulting liquid product

(stream 42) exits the bottom of tower 17 at 67°F [19°C] (based on a typical

11-
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specification of a methane to ethane ratio of 0.015:1 on a volume basis in the bottom
product) and is pumped to heat exchanger 10 by pump 20 to be heated to 116°F
[47°C] as it provides cooling to the feed gas as described earlier.

[0026] Cold demethanizer overhead stream 39 exits the top of demethanizer
17 at -146°F [-99°C] and is divided into cold residue gas stream 43 and recycle stream
44. Recycle stream 44 is compressed to 492 psia [3,390 kPa(a)] by compressor 21
before entering heat exchanger 22. The compressed recycle stream 44a is cooled
from -121°F [-85°C] to -140°F [-96°C] and substantially condensed by heat exchange
with expanded substantially condensed stream 36b as described previously. The
substantially condensed stream 44b is then expanded through an appropriate
expansion device, such as expansion valve 23, to the demethanizer operating pressure,
resulting in cooling of the total stream to -150°F [-101°C]. The expanded stream 44c¢
is then supplied to fractionation tower 17 as the top column feed. The vapor portion
of stream 44¢ combines with the vapors rising from the top fractionation stage of the
column to form demethanizer overhead stream 39.

[0027] The cold residue gas stream 43 passes countercurrently to the incoming
feed gas in heat exchanger 12 where it is heated to -26°F [-32°C] (stream 43a) and in
heat exchanger 10 where it is heated to 98°F [37°C] (stream 43b). The residue gas is
then re-compressed in two stages. The first stage is compressor 15 driven by
expansion machine 14. The second stage is compressor 24 driven by a supplemental
power source which compresses the residue gas (stream 43d) to sales line pressure.
After cooling to 120°F [49°C] in discharge cooler 25, the residue gas product (stream
43e) flows to the sales gas pipeline at 1040 psia [7,171 kPa(a)], sufficient to meet line

requirements (usually on the order of the inlet pressure).

-12-



36 9,184 614 245 64 10,368 37 14,858 994 396 104 16, 774
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[0028]

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

Stream

31

32

33

36

37

39

44

43

42

Table I

(FIG. 1)

PCT/US2010/046966

A summary of stream flow rates and energy consumption for the

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

Methane

24,193

24,042

151

9,184

14,858

28,419

4,263

24,156

37

Ethane

1,650

1,608

42

614

994

82

12

70

1,580

13-

Propane

687

641

46

245

396

687

Butanes+

234

168

66

64

104

234

Total
27,451
27,142
309
10,368
16,774
29,216
4382
24,334

2,617



39 28,419 82 0 0 29,216 44 4,263 12 0 0 4, 382

WO 2011/034710 PCT/US2010/046966

Recoveries™
Ethane 95.79%
Propane 100.00%
Butanes+ 100.00%

Power
Residue Gas Compression 13,294 HP [ 21,855 kW]
Recycle Compression 224 HP [ 368 kW]
Total Compression 13,518 HP [ 22,223 kW]

* (Based on un-rounded flow rates)

DESCRIPTION OF THE INVENTION

[0029] FIG. 2 illustrates a flow diagram of a process in accordance with the
present invention. The feed gas composition and conditions considered in the process
presented in FIG. 2 are the same as those in FIG. 1. Accordingly, the FIG. 2 process
can be compared with that of the FIG. 1 process to illustrate the advantages of the
present invention.

[0030] In the simulation of the FIG. 2 process, inlet gas enters the plant at
120°F [49°C] and 1040 psia [7,171 kPa(a)] as stream 31 and is cooled in heat
exchanger 10 by heat exchange with cool residue gas (stream 43a), liquid product at
74°F [24°C] (stream 42a), demethanizer reboiler liquids at 54°F [12°C] (stream 41),
and demethanizer side reboiler liquids at -19°F [-28°C] (stream 40). The cooled
stream 31a enters separator 11 at -24°F [-31°C] and 1025 psia [7,067 kPa(a)] where

the vapor (stream 32) is separated from the condensed liquid (stream 33). The
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separator liquid (stream 33/38) is expanded to the operating pressure (approximately
401 psia [2,766 kPa(a)]) of fractionation tower 17 by expansion valve 16, cooling
stream 38a to -59°F [-51°C] before it is supplied to fractionation tower 17 at a lower
mid-column feed point (located below the feed point of stream 37a described later in
paragraph [0032]).

[0031] The vapor (stream 32) from separator 11 is divided into two streams,
34 and 37. Stream 34, containing about 28% of the total vapor, passes through heat
exchanger 12 in heat exchange relation with the cold residue gas (stream 43) where it
is cooled to substantial condensation. The resulting substantially condensed stream
36a at -140°F [-96°C] is then flash expanded through expansion valve 13 to the
operating pressure of fractionation tower 17. During expansion a portion of the
stream is vaporized, resulting in cooling of the total stream. In the process illustrated
in FIG. 2, the expanded stream 36b leaving expansion valve 13 reaches a temperature
of -144°F [-98°C] before it is supplied at an upper mid-column feed point, in
absorbing section 17a of fractionation tower 17.

[0032] The remaining 72% of the vapor from separator 11 (stream 37) enters a
work expansion machine 14 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 14 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 37a to a temperature of approximately -97°F [-72°C]. The partially
condensed expanded stream 37a is thereafter supplied as feed to fractionation tower
17 at a mid-column feed point (located below the feed point of stream 36b).

[0033] The demethanizer in tower 17 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:
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Recoveri es* Et hane95. 79% Pr opanel00. 00% But anes+100. 00% Power Resi due Gas
Conpressi onl3, 294 HP[ 21,855 kW Recycl e Conpression224 HP[ 368 kW Tot al
Conpr essiwORB113B871MIP[ 22, 223 kW * (Based on un-r oundedPCIraw2o1atesyo
DESCRI PTI ON OF THE | NVENTI ON [0029]FIG 2 illustrates a fl ow di agram of a
process in accordance with the

an upper absorbing (rectification) section 17a that contains the trays and/or packing to
provide the necessary contact between the vapor portion of the expanded streams 36b
and 37a rising upward and cold liquid falling downward to condense and absorb the
C, components, Cs components, and heavier components from the vapors rising
upward; and a lower, stripping section 17b that contains the trays and/or packing to
provide the necessary contact between the liquids falling downward and the vapors
rising upward. The demethanizing section 17b also includes one or more reboilers
(such as the reboiler and side reboiler 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 42, of methane and lighter
components. Stream 37a enters demethanizer 17 at an intermediate feed position
located in the lower region of absorbing section 17a of demethanizer 17. The liquid
portion of the expanded stream 37a commingles with liquids falling downward from
absorbing section 17a and the combined liquid continues downward into stripping
section 17b of demethanizer 17. The vapor portion of the expanded stream 37a rises
upward through absorbing section 17a and is contacted with cold liquid falling
downward to condense and absorb the C,; components, C; components, and heavier
components.

[0034] A portion of the distillation vapor (stream 45) is withdrawn from the
upper region of absorbing section 17a in fractionation column 17, above the feed
position of expanded stream 36b in the middle region of absorbing section 17a. The
distillation vapor stream 45 at -142°F [-96°C] is combined with a first portion (stream
44) of overhead vapor stream 39 at -144°F [-98°C] to form combined vapor stream 46
at -144°F [-98°C]. The combined vapor stream 46 is compressed to 686 psia

[4,728 kPa(a)] by reflux compressor 21, then cooled from -84°F [-65°C] to -140°F

-16-



present invention. The feed gas conposition and conditions considered in
the process presented in FIG 2 are the sanme as those in FIG 1

Accor di ngw9,20tiB84HDG. 2 process can be conpared with thacTafS2etee4dbG 1
process to illustrate the advantages of the present invention. [0030]In the
sinmulation of the FIG 2 process, inlet gas enters the plant at 120F [49(C
and 1040 psia 117,171 kPa(a)] as stream 31 and is cooled in heat exchanger
10 by heat ex e wwth cool resid as tream 43a), lLiquid product at
7aF 120G (ot PR aadorafhlh syt S Eps bR s e 18 Ehtu D (ot - oam
41), and denet hani zer,_ side reboiler |igquids at -19F [-28C] (stream 40). The
cool ed streanF%%@ﬁﬁﬁ?gV?ﬂgﬁﬁgFéﬁéﬁ“TT‘ ﬂ@éﬁﬁﬂFpéfﬁfLHWH“IU§5 psia 117, 067
kPa(a)] where the vapor (stream 32) is separated fromthe condensed |iquid
(stream 33). 9eacthaniggneverhsad pirapy 3 riting dirpr oY degyethegizenfanded to the
operating pressure (approxi mately 401 psia 112, 766 kPa(a%L% of

fractionati onl%3er 17r%vS@%ﬁ@ﬂ@%ﬁﬁ“@%@%@“@@?4éh§ﬁﬁﬁﬁe§¥¥ W¥8a to -59F
[-51C] before it is supplied to fractionation tower 17 at a | ower

m d- col um f eepPrggigmresgyre ebdeathspizes 7thyexpasign yaive 23.0h pextive ghthg7a descri bed
| ater in paragraph 1100321). [0031] The vapor (stream 32) from separator 11
i s divided i nsleramie vaorigehiurthgucogheR g8ramdoe et BH - 10bKildefornigisabout 28% of
the total vapor, passes through heat exchanger 12 in heat exchange rel ation
wi th the col dsuppl¢ediaseolydsp ¢@ume et 48fluitedandthanizer Eoolhetcoddligibrtlant i al
condensation. The resulting substantially condensed stream 36a at -140F
[-96C] is thenbsbttashd enndamdeitie Chroughemx farnsnponena| and ht®/i¢reotmhencoper at i ng
pressure of fractionation tower 17. During expansion a portion of the
stream i s vapdsing edhe ngsutetiifiigtibmregoalof Algoing shaiondi7abf ddniegtamized 1.t he
process illustrated in FIG 2, the expanded stream 36b | eavi ng expansi on
val ve 13 reachmssla tenyes@ipping s@fion 1766t den@Baihizdrdl7othe fdetl sirinsuppl i ed at an
upper md-colum feed point, in absorbing section 17a of fractionation
tower 17. [ O00gZpgdiefreirahdihing ard?ondr cbipontaROMhE feoultiseR@i@poductl (Stream
37) enters a work expansion machine 14 in which nechanical energy is
extracted fropubdth 32RKit tHbo@m bhewat ThatBoesRur@ (heedlon dBpicarchi ne 14
expands the vapor substantially isentropically to the tower operating

pressure, W t fhebitRatMaldf a BIRRAS oUth60 bR 01HINS 1 6X RIVHEM balit BaRe f@dnt 0 a
tenperature of approximtely -97F [-72C]. The partially condensed expanded

stream 37a i spkheliealiiefusunb had-aful et honhiARl b eBALLONo e 17 at a

m d-col um feed point (1ocated bel ow the féed point of stream 36b).

[0033] The de ”F47la@]ﬂ'e.ls_ '@[Sroé/iﬁestc%m{g & Iﬁllei féedagag Qé;éfe‘%&iﬂeﬁ @Qljlield iﬁl% iCl)lld%Sii(Rl@ gﬁso | um

containing a plurality of vertically spaced trays, one or nore packed beds,

or some combi {ak 05y Dilsel EhRr@REnBAG KA HeonliRE 8 TRIABU Aok QUGRLIGANST ST S

of two sections:

vapor stream in heat exchanger 12 where it is heated to -37°F [-39°C] (stream 43a),
and countercurrently to the incoming feed gas in heat exchanger 10 where it is heated
to 97°F [36°C] (stream 43b) as it provides cooling as previously described. The
residue gas is then re-compressed in two stages, compressor 15 driven by expansion
machine 14 and compressor 24 driven by a supplemental power source. After stream
43d is cooled to 120°F [49°C] in discharge cooler 25, the residue gas product (stream
43e) flows to the sales gas pipeline at 1040 psia [7,171 kPa(a)] , sufficient to meet line

requirements (usually on the order of the inlet pressure).
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an upper absorbing (rectification) section 17a that contains the trays

and/ or packing to provide the necessary contact between the vapor portion
of the exwyeardad3stineans 36b and 37a rising upward and celCa/useeuiodesb@l | i ng
downward to condense and absorb the C2 conponents, C3 conponents, and
heavi er conmponents fromthe vapors rising upward; and a | ower, stripping
section 17b that contains the trays and/or packing to provide the necessary

cont act betwe he liquids fallin wnward and the vapars.rising upward.
The. deret nan: IO "sect (b af ufmIBRCHR Saf e et BPRRR i iEr o suon as

the reboil er and side reboil er described vi ousl whi ch heat and
vapori ze a poPF?ﬁﬁﬂgF“?ﬁgmﬂﬂéu%H§mﬁP%WFHB£%’ ”@ﬁ@X'olunn to provide the

stripping vapors which flow up the colum to strip the liquid product,
stream 42, of nethane and |ighter conpoh#iB. Stream 37a enters

denet hani zer 17 at an internedi ate feed position located in the |ower
region of absorbing section 17a of denetd@nizer 17. The |iquid portion of

t he expanded stream 37a comringles with liquids falling downward from
absorbing section 17a an h onbi n | i quj in wnwar d i nto
stripping section 17b ofq;gﬁgt(gﬂg?gﬁgff}% gkgggi%gﬁgéyﬁgn of the expanded
stream 37a rises upward through absorbing section 17a and is contacted with
cold liquid faltdthg dowdsdae to co e andgRAlSr b t BRlasstconponedLl 3
conponents, and heavi er conponents. [0034] A portion of the distillation
vapor (streamBd5) is w tPIBwn fromlbhe upper r6égi on of ab¥lor bi ng2846ti on
17a in fractionation colum 17, above the feed position of expanded stream
36b in the m ddl e regi omxggzabsor bi ngosecti on kpg. The disd7 | | ati anoyapor
stream 45 at -142F 11-96Cl is conbined with a first portion (stream 44) of
over head vapok,stream 39 -144F 11-98C1 to forgn conbi ned,vapor stpgam 46
at - 144F 11-9%%1. The cong?ged vapor g?rean146 Pg]conpresgga to 6864g§ia
114, 728 kPa(a by refl ux npr essor , then cogled from-84F [-6 to

- 140F [-96C1%%nd substaﬁ%&ﬁlly condéﬁéed (stré§§146b) i n ‘Meat excﬁéﬁber 12
by heat exchange with cold residue gas stream 43, the remaining second
portion of deA®thanizer ovelhead stredm 39 exitifg the top lof denethahizer
17. [0035] The substantially condensed stream 46b is flash expanded to the
operating pressure of demgtdrani zer 1439y expansiizon val ve 28 A por gusnm of
the streamis vaporized, further cooling stream46c to -149F [-101Cl before
it is suppliegyas cold tppygol um feegs (reflux)ysyo demet hppi zer 149 sdhis
cold liquid reflux absorbs and condenses the C2 conponents, C3 conponents,
and heavi er c? onents risjng in the gﬁper rectiﬁication regi on of 0
absor bi ng sectton 17a of t hani zer~17. [0036f n stripping sectiof’17b of
denet hani zer 17, the feed streans are stripped of their nethane and |ighter
conponents. TA2 resulting-98lquid prodiétt (streanf42) exits & he bot2¥ S of
tower 17 at 69F [21C] (based on a typical specification of a nethane to
ethane ratio ¢4 0.015:1 d92 vol une basis in theObottom praéduct) aBg07s
punped to heat exchanger 10 by punp 20 to be heated to 116F [47C] as it
provi des cool yhg to the fepd gas as depcribed eaplier. The cold reshgye gas
stream 43 passes countercurrently to the incom ng feed gas and conpressed
conbi ned vapoa6strean1in:§ﬁgt exchanger 12 where,it is heand to -37k
[-39C1 (stream 43a), and countercurrently to the’incom ng feed gas™in heat
exchanger 10 where it is heated to 97F [36C] (stream 43b) as it provides
cooling as pré&¥iously de¥th%ed. The f%ésidue gas®is then ré-conpreéd$éd in
two stages, conpressor 15 driven by expansion machine 14 and conpressor 24
driven by a sdppl enental pd¥er sour ¢80 After sté88am 43d i334cool ed £613120F
[49C] in discharge cooler 25, the residue gas product (stream 43e) flows to
the sales gas pipeline at 1040 psia 117,171 kPa(a)l , sufficient to neet
line requirenents (usually on the order of the inlet pressure). WO

2011/ 034710PCT/ US2010/ 046966
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[ 0037] A summary of stream flow rates and energy consunption for the process
illustrated in FIG 2 is set forth in the followng table: Table Il (FIG
2) StreamwbBlow/Bwmmary - Lb. Ml es/H [kg nol es/ H 1 Streamuskelban®eet hane
Propane But anes+ Total 31

Recoveries™
Ethane 95.77%
Propane 99.99%
Butanes+ 100.00%

Power
Residue Gas Compression 12,573 HP [ 20,670 kW]
Reflux Compression 401 HP [ 659 kW]
Total Compression 12,974 HP [ 21,329 kW]

* (Based on un-rounded flow rates)

[0038] A comparison of Tables I and II shows that the present invention
maintains essentially the same recoveries as the prior art. However, further
comparison of Tables I and II shows that the product yields were achieved using
significantly less power than the prior art. In terms of the recovery efficiency
(defined by the quantity of ethane recovered per unit of power), the present invention
represents more than a 4% improvement over the prior art of the FIG. 1 process.
[0039] Like the prior art of the FIG. 1 process, the present invention uses the
expanded substantially condensed feed stream 36b supplied to absorbing section 17a
of demethanizer 17 to provide bulk recovery of the C, components, C; components,
and heavier hydrocarbon components contained in expanded feed 37a and the vapors
rising from stripping section 17b, and the supplemental rectification provided by
reflux stream 46¢ to reduce the amount of C, components, C; components, and Cy+
components contained in the inlet feed gas that is lost to the residue gas. However,

the present invention reduces the rectification required in absorbing section 17a over
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that of the prior art FIG. 1 process by condensing reflux stream 46¢ without warming
any of the feeds (stream 36b and 37a) to absorbing section 17a. If the substantially
condensed stream 36b is warmed to provide condensing as is taught in the prior art
FIG. 1 process, not only is there less cold liquid from stream 36b available for
rectification of the vapors rising in absorbing section 17a, there is much more vapor
in the upper region of absorbing section 17a that must be rectified by the reflux
stream. As can be seen by comparing reflux stream 44 in Table I with reflux stream
46 in Table II, the net result is that more reflux is required by the prior art FIG. 1
process to prevent the C, components from escaping to the residue gas stream than the
present invention requires, reducing its recovery efficiency compared to the present
invention. The key improvement of the present invention over the prior art process is
that only the cold residue gas stream 43 is needed to provide the cooling in heat
exchanger 12, thereby condensing sufficient methane from compressed combined
vapor stream 46a for use as reflux while avoiding adding significant rectification load
in absorbing section 17a due to the excessive vaporization of stream 36b that is

inherent in the prior art FIG. 1 process.

Other Embodiments

[0040] In accordance with this invention, it is generally advantageous to
design the absorbing (rectification) section of the demethanizer to contain multiple
theoretical separation stages. However, the benefits of the present invention can be
achieved with as few as two theoretical stages. For instance, all or a part of the
expanded reflux stream (stream 46¢) leaving expansion valve 23 and all or a part of
the expanded substantially condensed stream 36b from expansion valve 13 can be

combined (such as in the piping joining the expansion valves to the demethanizer) and
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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 37a, shall be considered for the purposes of this
invention as constituting an absorbing section.

[0041] FIGS. 3 through 6 display other embodiments of the present invention.
FIGS. 2 through 4 depict fractionation towers constructed in a single vessel. FIGS. 5
and 6 depict fractionation towers constructed in two vessels, absorber (rectifier)
column 17 (a contacting and separating device) and stripper (distillation) column 19.
In such cases, the overhead vapor stream 48 from stripper column 19 flows to the
lower section of absorber column 17 (via stream 49) to be contacted by reflux stream
46¢ and expanded substantially condensed stream 36b. Pump 18 is used to route the
liquids (stream 47) from the bottom of absorber column 17 to the top of stripper
column 19 so that the two towers effectively function as one distillation system. The
decision whether to construct the fractionation tower as a single vessel (such as
demethanizer 17 in FIGS. 2 through 4) or multiple vessels will depend on a number of
factors such as plant size, the distance to fabrication facilities, etc.

[0042] Some circumstances may favor withdrawing the distillation vapor
stream 45 in FIGS. 3 and 4 from the lower region of absorbing section 17a above the
feed point of expanded stream 37a (stream 51), rather than from the upper region of
absorbing section 17a above the feed point of expanded substantially condensed
stream 36b (stream 50). Likewise in FIGS. 5 and 6, the vapor distillation stream 45
may be withdrawn from absorber column 17 above the feed point of expanded
substantially condensed stream 36b (stream 50) or above the feed point of expanded

stream 37a (stream S1). In other cases, it may be advantageous to withdraw the

21-



00O0OO 36 6,607 439 172 43 7,450 37

WO 2011/034710 PCT/US2010/046966

distillation vapor stream 45 from the upper region of stripping section 17b in
demethanizer 17 (stream 52) in FIGS. 3 and 4. Similarly in FIGS. 5 and 6, a portion
(stream 52) of overhead vapor stream 48 from stripper column 19 may be combined
with stream 44, with any remaining portion (stream 49) flowing to the lower section
of absorber column 17.

[0043] As described earlier, the compressed combined vapor stream 46a is
substantially condensed and the resulting condensate used to absorb valuable C,
components, C3 components, and heavier components from the vapors rising through
absorbing section 17a of demethanizer 17 or through absorber column 17. 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 17a of
demethanizer 17 or absorber column 17. Some circumstances may favor partial
condensation, rather than substantial condensation, of compressed combined vapor
stream 46a in heat exchanger 12. Other circumstances may favor that distillation
vapor stream 45 be a total vapor side draw from fractionation column 17 or absorber
column 17 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 compressed combined vapor stream
46a in heat exchanger 12.

[0044] Feed gas conditions, plant size, available equipment, or other factors
may indicate that elimination of work expansion machine 14, 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
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expansion means may be employed where appropriate. For example, conditions may
warrant work expansion of the substantially condensed portion of the feed stream
(stream 36a) or the substantially condensed reflux stream (stream 46b) leaving heat
exchanger 12.

[0045] 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. 2 through 6 may not contain any liquid (because it is above its dewpoint, or
because it is above its cricondenbar). In such cases, separator 11 shown in FIGS. 2
through 6 is not required.

[0046] The high pressure liquid (stream 33 in FIGS. 2 through 6) need not be
expanded and fed to a 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 34)
flowing to heat exchanger 12. (This is shown by the dashed stream 35 in FIGS. 2
through 6.) Any remaining portion of the liquid may be expanded through an
appropriate expansion device, such as an expansion valve or expansion machine, and
fed to a mid-column feed point on the distillation column (stream 38a in FIGS. 2
through 6). Stream 38 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.

[0047] 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.
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[0048] In accordance with the present invention, the splitting of the vapor feed
may be accomplished in several ways. In the processes of FIGS. 2, 3, and 5, 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 as shown in FIGS. 4 and 6. In some embodiments, vapor splitting may
be effected in a separator.

[0049] 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.

[0050] The present invention provides improved recovery of C, components,
Cs components, and heavier hydrocarbon components or of C; 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
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external refrigeration, reduced energy requirements for tower reboilers, or a

combination thereof.

[0051] 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, 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, Cs 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

(©) 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 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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Recoveri es* Et hane95. 77% Pr opane99. 99% But anes+100. 00% Power Resi due Gas
Conpressionl2,573 HP[ 20,670 kW Refl ux Conpression401 HP[ 659 kW Tot al
Conpr essiwoRB119B4710P[ 21, 329 kW * (Based on un-roundedPCrawoiawnesye [ 0038] A

conparison of Tables | and Il shows that the present invention maintains
essentially the same recoveries as the prior art. However, further
conpari son of Tables | and Il shows that the product yields were achieved

using significantly | ess power than the prior art. In ter of the recovery
efficiency (defined by the Ghant it§ eBFaLbivanerPRibyEbEE BEPGIS! pover)
t he present invention regresents nnrid%han a 4% ovenent aqver the prior

art of the FI&80°pghsyddistllatiopgalgmpia Wed Bre Yrieash 4 fugkpartien gaf @ secpnd - ocesss,

the present invention uses the
pOI‘thl’l;

5) a distillation vapor stream is withdrawn from a region
of said distillation column above said upper mid-column feed position and is
combined with said first portion to form a combined vapor stream;

6) said combined vapor stream is compressed to higher
pressure;

@) said compressed combined vapor stream is directed into
heat exchange relation with said second portion, whereby said second portion is
heated and said compressed combined vapor stream is cooled sufficiently to condense
at least a part of it and thereby form a condensed stream, and thereafter discharging at
least a portion of said heated second portion as said volatile residue gas fraction;

®) at least a portion of said condensed stream is expanded
to said lower pressure and is thereafter supplied to said distillation column at a top
feed position; and

C) 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, Cs components, and heavier hydrocarbon components

or said C; components and heavier hydrocarbon components, in which process
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expanded substantially condensed feed stream 36b supplied to absorbing
section 17a of denethanizer 17 to provide bul k recovery of the C2
conponentwQ 2€8/@¢nponent s, and heavi er hydrocarbon conp@cenisgoioomasé ned in
expanded feed 37a and the vapors rising fromstripping section 17b, and the
suppl emental rectification provided by reflux stream 46¢c to reduce the
anmount of C2 conponents, C3 conponents, and C4+ conponents contained in the
inlet feed gas that is lost to the, resijdue, as. However, the Qresent

i nvention reduces the rectif¥Pcat fab%gatséﬁfﬁn}‘égo? R WIEBHPTBIHY € BEYISA 17a over
that of the prior art FIG 1 process by condensing reflux stream 46c

wi t hout war m AP SNYP: t he feeds (stream 36b and 37a) to absorbing section
17a. |If the substantially condensed stream 36b is warned to provide
condensing as is taught in fhe ptibsookidstregns cxpandeteadowWe X essiify i s there
|l ess cold liquid fromstream 36b available for rectification of the vapors
rising in abs¥Peiehyit dutthesgodled and here is much nore vapor in the upper

regi on of absorbing section 17a that nust be rectified by the refl ux
stream As can be seen by c&ipar saifuFteencaled streapyis dedtad imalg| distillatjgnt h r ef | ux
stream 46 in Table Il, the net result is that nore reflux is required by
the prior art c@pgn and fircdioesied at gaig faswes prestuewig2ebydhpenmnenents ¢fsaidescapi ng to
the residue gas streamthan the present invention requires, reducing its
recovery effi wilaively lesonplatiledractoontanercpevesdnt i nventi on. The key i nprovenent
of the present invention over the prior art process is that only the cold
resi due gas stream 43 i s neéaehproepenvwidecin peioc gotaohge.i saidhgatstrexe hianger
12, thereby condensing sufficient nmethane from conpressed conbi ned vapor
stream 46a for use as rdfiladinwiirttendwebel ngaagddndg si gni ficant
rectification |load in absorbing section 17a due to the excessive

vapori zation of stream 36b t{hat sasd finhefeamtis ¢covledhecqlee setstanfdllgalll
process. Ot her Enbodi ments [0040] 1 n accordance with this invention, it is
gener al | y advanit ageie ugrdafierdepinded ioheidabsarpadsnge (vheeby it isatthedddolsect i on of

t he denet hani zer to contain nultiple theoretical separation stages.

However, the benefits of the)pres@néxphmic@abolanfiGairela iGbleaweduppith as few
as two theoretical stages. For instance, all or a part of the expanded

reflux Streamo(sﬂdr(ﬁﬁfﬁ!aé&f:&oldrﬁﬁé’[iaﬂgp@fBﬁ@%@)lﬁﬁn‘f@ﬂ}{)@sig&l;and all or a part of
t he expanded substantially condensed stream 36b from expansi on valve 13 can

be conbi ned (such as in theipi g deLbdll BFarh NEoBXRBABIORANR LY BRId A0t hE
denet hani zer) and if thoroughly interm ngled, the vapors and |liquids wll

m x together anghRRPRHALR dnll sAHHO Q)as%%ié{\ﬁlhgbnt&ﬁm{ﬁt%Hﬁi&-%ol‘d&h%éd' ities of

t he various conponents of the total conbined streans. Such comm ngling of

the two streapgsq;HUYRE N W elolp ] I Rlicheast a portion of expanded
stream 37a, sﬁgﬁ&be congil%\%r]fe}al for t g&g%rplgs’es of this invention as

constituting an absorbi ng s?ﬁti 0%11 %‘Iﬁﬁl%%@!o%reﬁ‘% ! @{tﬁ&g‘%ﬁoﬁia@%ﬁ ot her

enbodi nents of the present ventl roug epic

fracti onat i on, §oMelS.;6 ANSLELEMh Nn | 0918, NSSSEL s ki B0ty depi ct
fractionation ttowers constructed in two vessels, absor ern(rectl I er)

colum 17 (a contacting and separating device) and stripper (distillation)
colum 19. | nP¥UtH cases, the overhead vapor stream 48 from stripper col um
19 flows to the | ower sectigg of glbs rber colum 17, %ria §tream.49) to be
contacted by reflux stream #8c ahd Ex8RhyueT S AR PR NOBHERSRD st ream
36b. Punp 18 is used to royte the |iquids tream47) fromthe bottom of
absor ber col uﬁﬁsafgd?ftglaf“ﬁbc U Frove b@)&?ﬂ*@%ﬁ%ﬂ egd BF P fhe two towers
effectively function as one distillation system The decision whether to
construct the IR BithtaibirstRafn tgdorg agontinedyarE eieqyyuch as denet hani zer
17 in FIGS. 2 through 4) or multiple vessels will depend on a nunber of
factors such as plant size, @he #id¢oariredapdrabeane BicPpRresBeiq highess, et c.

[ 0042] Sone circunstances may favor withdrawing the distillation vapor
pressure;
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stream45 in FIGS. 3 and 4 fromthe | ower region of absorbing section 17a
above the feed point of expanded stream 37a (stream 51), rather than from
t he upperwpegiini4ah absorbi ng section 17a above the fee@Cpaiseai0oicsexpanded
substantially condensed stream 36b (stream50). Likewise in FIGS. 5 and 6,
the vapor distillation stream 45 may be w thdrawn from absorber colum 17
above the feed point of expanded substantially condensed stream 36b (stream

50) or above the feed point of ex nded s&{eagls a (str ean1g % I.n ot her
cases, it may be advantageo& TR ?%?1TT§?W¥F%W?bﬁ V‘ﬁ%?n@trean145
fromthe uppeé regi on of str|F ing section 17pb in denethgnlzer (stream
52) in FIGS. 3° hange &elatqn i @Sai epqnagortionawheredy sgidisgeanf grrtio isy eam 52) of

over head vapor stream 48 from stripper colum 19 be conbined with
stream 44, mnPﬁ“%ﬁ?dP%ﬂﬁﬁ%Pﬁﬁw$8FW@HW*@E@W8§%¥E9¥0?¥8ﬁﬁﬁﬁmbﬁofwebPﬁmer
section of absorber colum 17. [0043] As described earlier, the conpressed
conbi ned vapodt 185t et Aasandsheselydpramt pendeysed HFrgan aukihermefter Fischagung 4t ng
condensate used to absorb valuable C2 conponents, C3 conponents, and

heavi er conpokeésirortionef saidheaindseeond paitiag ag w%t@ﬁﬂw@é\a%wéragmu on 17a of
denet hani zer 17 or through absorber colum 17. However, the present
invention is not limited to(@hisméﬁbb@Wﬁ@WUﬁsmﬂcﬁﬁvn@éSaﬁmaﬁ@ag@d@h, f or
instance, to treat only a portion of these vapors in this manner, or to use
only a porti o ufd lbher ponde asdis cheasftarsuaplsdritd ead distilfatiomsdgmphier tep ot her
design considerations indicate portions of the vapors or the condensate
shoul d bypassfathpoditiomgndsecti on 17a of denet hani zer 17 or absorber col umm
17. Some circunmstances may favor partial condensation, rather than
substanti al condensati on, 0f9)combegsagideconémettvapaisasitfeeiamedtaol N heat
exchanger 12. OQther circunstances may favor that distillation vapor stream
45 be a t ot al saidpietillasiva eoldinaarefeffon viena aihintatht overbel wempetature bf @ldor ber
colum 17 rather than a partial vapor side draw. It should al so be noted
that, dependi agtiliioh beum@APO&hipeAfrOfhdréts themd)jof fstiSisiof 81 cohpoiita ibe
advant ageous to use external refrigeration to provide partial cooling of
conpressed cophil ReGivVIZREGE vSlhiile dtdthard @cdieat. exchanger 12. [0044] Feed gas
conditions, plant size, available equipnment, or other factors nay indicate

that elimnation of work expapgiotfys ek farditbn Db ghLReHERORMLing t h an
al ternat e expansi on device (such as an expansion valve), is feasible.

Al though i ndi yjeUad, (StsBFRRXRANSPBOdn8, Qﬁﬂk&&&qwﬂﬂmﬁﬁéﬁ&ﬁﬁkﬁ&ﬁﬁ%ﬂﬁﬂs'On
devices, alternative expansion nmeans may be enpl oyed where appropriate.

For exanpl e, CORAL kRS §£§Bt¥ac¥i@r{ SR re MRty RIPRMGHOR B EoRaiSHP R hARK @l |y

condensed portion of thé feed stream ( strean136a) or the substantially

condensed ref ( 46b
[0045]EEpend|h§%8§5{f§ﬂ%ﬂ§%???€%B? %ﬂ%@}é#@%gg%%%g?%ﬁ%%ﬁ?%hféﬂpywng gas and

the feed a8 Bt s%ﬁﬁ(‘i &m rrg%ﬁ'%ts AQ"nE ér%?&%éatﬂ;;&lad&nga%%b LA @;‘8&% exchanger 10

in FIGS. 2 throu contaln’any 11 qul ecause It 1s above its
dewpoi nt, or because it is %govewh <G &%9@%8 e@h&hrlesum h cases
separator 11 shown in FIGS. t hi'ough reqU|? &0, Baﬁgf?he hi gh
pressure I|qU|d1&ﬁﬁrean133 in FIGS. 2 through 6) need not be

€O0 ream;
(b) said cooled stream is expanded to a lower pressure
whereby it is further cooled; and
(©) 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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expanded and fed to a md-colum feed point on the distillation colum
Instead, all or a portion of it nay be conbined with the portion of the
separ at orwoaparo3§avr eam 34) flow ng to heat exchanger 1PCT(UBRé19/0i®66hown by
t he dashed stream 35 in FIGS. 2 through 6.) Any remaining portion of the

| iquid may be expanded through an appropriate expansi on device, such as an
expansi on val ve or expansion nmachine, and fed to a md-colum feed point on
the distillation colum gstr am 38a in FIGS. 2 through 6). Stream 38 may

al so be used for inlet g ?“@EGF?’@“%F’%@her heat exchange service before or
after the expansion step prior to. flowing to the denethanizer. [0047]1n
accordance with the present (Pnvefft %ﬁ?ﬂgﬁﬁmg?gﬂé?sg%?@ﬂﬁgwm?@ﬁﬂ&6§Wation to
suppl ement the coqling available to the inlet gas from ot her process
streans nmay b¥ RAPIOY BPOr fEcaty g pilpas) oneiquklstigd8e of a rich inlet gas. The
use and distribution of separator |iquids and denethani zer side draw
liquids for process heat ex&Hang®id wpar tisampsiheiealipr dividediipfishant of heat
exchangers for inlet gas cooling nmust be evaluated for each particul ar
appl i cation, &on@ifcads; t he choi ce of process streans for specific heat
exchange services. WD 2011/034710PCT/ US2010/ 046966 [ 0048] I n accordance
with the present invention, (Dhe sy fitsttiggmas cooled toequdenst s tandallysd
acconplished in several ways. In the processes of FIGS. 2, 3, and 5, the
splitting of vaiperdistewalerfespinded wgaicdovérmpgessurd whegoby s forthestoded; | i qui ds
whi ch may have been formed. The high pressure gas may be split, however,
prior to any cooling of the@nl etaidapaakdshdwhliisnsuehiGs: thdrealted sépplibdh sone
enbodi ments, vapor splitting may be effected in a separator. [0049]1t will
al so be recogni sedlititiationt dvduniredtah upger andusitmoffecki@edtidound i n each branch of
the split vapor feed will depend on several factors, including gas
pressure, feed gas conpositi®n, tdiescamikntamnis dxpatdedvvl safd I6wer peseuroni cal |y
be extracted fromthe feed, and the quantity of horsepower available. Mre
feed to the teapliebuphed ©GhidiktiliEyon OLMERSE @ nfi@COMBN Yeddlpobiolagse asd Ng power
recovered fromthe expander thereby increasing the reconpression horsepower
requi renent s. ypie he@shingn fRedodi@er in the colum reduces the horsepower
consunption but nmay al so reduce product recovery. The relative |ocations of

the md-colum feeds nay vagy depaddi Ngbreéh dMhigta CATBRASHdUiPreah Ot her
factors such as desired recovery levels and anmobunt of |iquid forned during

inlet gas COOEhﬁH&ﬂN@Eﬁ@Kﬁkrp&%ﬁmﬁ&d@ﬂﬁﬁmﬁﬁméBﬁdﬁ@@ﬂu@ﬁEﬁéﬁﬁatﬁﬁwéprtiOnS
t hereof, may be conbi ned depending on the relative tenperatures and

quanti ties Ofn&ﬂ@h&hgﬂ%hp§£ﬁ&ﬂ&§n%§ﬂﬂmkﬁ&ﬂﬁﬂﬁﬁk@Egmﬁ%fea”‘Fhe” fed to a
m d-col um feed position.: [0050] The present 1nvention provides inproved
recovery of C2 conponents, (N an overhead vapor stream is withdrawn from an upper
region of said distillation column and divided into at least a first portion and a second
portion;
(8) a distillation vapor stream is withdrawn from a region
of said distillation column above said upper mid-column feed position and is
combined with said first portion to form a combined vapor stream;
) said combined vapor stream is compressed to higher
pressure;

(10)  said compressed combined vapor stream is directed into

heat exchange relation with said second portion, whereby said second portion is
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C3 conponents, and heavi er hydrocarbon conponents or of C3 conmponents and
heavi er hydrocar bon conponents per anount of utility consunption required

t o oper atwotzha/@3soess. An i nprovenent in utility consumpriuseowwedissé ed f or
operating the denet hani zer or deethani zer process may appear in the form of
reduced power requirenents for conpression or re-conpression, reduced power
requirements for external refrigeration, reduced energy requirenents for
tower reboile

#S’ or a.ﬁonbinatéon t her eof . LOOS%%V&%I%.Lh%{% ha%ﬁ been
descri bed what“endatf SUBYCYE! BENPIErEPY s RN SAP R STECBR M RETH TNt i on,
those skilled in the art will recognize that other and further
modi fi cati ons ¥ bR helde iy dornya gondprsed saam. f“ﬁ’:th?rﬁ?f@ﬁfl’isﬁﬁ‘r%”@% Yari ous
condi ti ons, types of feed, or other requirenents wthout departing fromthe
spirit of theleAtaderion;ofithsaind sseond apiineas tid Yohuild spideswas draeion ns. W
CLAIM 1.1n a process for the separation of a gas stream contai nin
net hane, C2 conponents, C3 &bApofdeisisa Posien ¢fe Péwmﬁﬁﬂﬁg%@?B@ﬁmﬁéﬁgonents
into a volatile residue gas fraction and a relatively less volatile
fracti on cont & s#idigwer mespee apbis thearalier sugplicd tomid dipitienegumeat £epponent s,
and heavi er hydrocarbon conponents or said C3 conponents and heavi er
hydr ocar bon céepopeinsand n whi ch process (a) said gas
streamis cool ed under pressure to provide a cool ed stream
(b) said cooled streamis exiFandéd qrantisied apdeemprasgrsupiesaigiesdetryaing toi s
further cool ed; and
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.
4. In a process 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, Cs 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
(©) 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 prior to cooling, said gas stream is

divided into first and second streams; and
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(c) said further cooled streamis directed into a distillation colum and
fractionated at said | ower pressure whereby the conponents of said

rel ati velwol2esig3yabati| e fracti on are recovered; Phe/usepove@nent
wherein follow ng cooling, said cooled streamis divided into first and
second streans; and (1) said first streamis cooled to

condense substantially all of it and is thereafter expanded to said | ower
pressure whereby it is further cooled; . sai xpanded
cooled first streamis ther Zﬁf t e?a“LﬁrﬁbsiUie%IB 15[‘6”?3?%%@%‘15?%‘?2%{3%%%&& um at
an upper md-colum feed position; . 3) said second stream
i s expanded tholé?}t‘? s fhstgarersraudgy fo saiddove pegspe WQ‘&“‘?’%“ é%f”ifiheﬂic%‘fl?q?l ation
colum at a mid-colum feed position below said upper m d-colum feed
position; WO 2011/ 034710PCiPUS281bypAre gooled first stream is thereafte(fﬁ‘}PPQ?Fl over head
vapor streamis withdrawn from an upper region of said distillation colum
and di vi ded i Htgidadistilladen colpmn tap upRsy igRolERg feedPedbe porti on;

(5) a distillation vapor streamis withdrawn froma region of said
distillation colum above s&bd ugbiecoidgiredn ifrpeolee sadep aspiurontizmntlys
conbined with said first portion to forma conbi ned vapor stream

(6) said conbiorsgialiggoerdesseritam i s conpressed to higher pressure;

(7) said conpressed conbi ned vapor streamis directed into heat exchange
relation with said second péohti oseid pinerllypndeaiad ss@ad nideapois séparatdds heat ed
and said conpressed conbi ned vapor streamis cooled sufficiently to
condense at | desby & parvitle obapot starach ander kelpy oficliquidstecandensed stream and
thereafter discharging at |east a portion of said heated second portion as
said volatile residue gas fK3acti ] vapor stream is expanded to {aB) loatr pre@ste a porti on
of said condensed streamis expanded to said |ower pressure and is

t hereafter supplisegplied ®ahid dikitifhtidnl catunoint @ aligovluabh feedtpogdideadowesd t i on; and

upper mid-column feed position;

(6) at least 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;

(N an overhead vapor stream is withdrawn from an upper
region of said distillation column and divided into at least a first portion and a second
portion;

(8) a distillation vapor stream is withdrawn from a region
of said distillation column above said upper mid-column feed position and is
combined with said first portion to form a combined vapor stream;

) said combined vapor stream is compressed to higher
pressure;

(10)  said compressed combined vapor stream is directed into
heat exchange relation with said second portion, whereby said second portion is

heated and said compressed combined vapor stream is cooled sufficiently to condense
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(9) the quantities and tenperatures of said feed streans to said
distillation colum are effective to naintain the overhead tenperature of
sai d di stwbl2ativ3s7160l utm at a tenperature whereby the necomspanbiens of the
conponents in said relatively less volatile fraction are recovered. 2.1n a
process for the separation of a gas stream contai ning net hane, C2
conponents, C3 conponents, and heavi er hydrocar bon corrponents into a

sfr ction tile fraction

vol atil e residue ga are tiv | ess
containing a AdFGH: BoFe, bfﬂldél?ef B aech B e St e e
heavi er hydrocar bon comp Q\ST‘?? or sal d C3 co onent S . nd heavi er
hydr ocar bon ¢ (S‘rPQﬁ’coé‘ dreqsng pawign aspBiGRlaigpssidy $69010/ 046966
(a) said gas streamis cooI ed under pressure to provide a cool ed stream
(b) said cooled streamis ekpandddeas? %’rﬁl‘ﬁhﬁrsalﬂrcé%‘?ﬂ?eé SW?éﬁ‘ Bisypangded g
further cool ed; and (c) said further cooled streamis
directed i nt o%saii lewen nressyre ancis higRsa famuPplied e pahdis@irtign clwnp al WRRr pr essur e
wher eby t he corrponents of said relatively less volatile fraction are
recovered; feed ppadtigngprdovement wherein prior to cooling, said gas stream
is divided into first and second streans; and . (1) said
first streamis cooled to céidende qswslﬁsaﬁdilﬂit%ml?eyat@lm ofspidifeedztrdaristo
thereafter expanded to said |ower pressure whereby it is further cool ed;
(2) said expasidédisicidibedolfiinn gte effieeteane ingintdiethe af ¢rhead suppeirdterd of sridai d
distillation colum at an upper m d-colum feed position;
(3) said secoddtildtioe aphuing acoehedraandwhdreryabd tejor porpamdé thetcompaneaitsliower
pressure and supplied to said distillation colum at a md-colum feed
posi ti on bel owid siladivelpas vothtle Cattiommard eedepdsi ti on;
5. In a process 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, Cs 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
(©) 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
to partially condense it; and

) said partially condensed gas stream is separated thereby

to provide a vapor stream and at least one liquid stream;
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(4) an overhead vapor streamis w thdrawn from an upper region of said
distillation colum and divided into at least a first portion and a second
portion; WO 2011/034710 (5) a distillation vapor stre&eTits2eobads@wn from
a region of said distillation columm above said upper m d-colum feed
position and is conbined with said first portion to forma conbi ned vapor
stream (6) said conbined vapor streamis conpressed to

hi gher pressure; WO 2011/034710PCT/ US2010/ 046966 o (7) said
conpressed conbi ned vapor szﬁean?ail‘]sva@f”isé@f‘@ds ‘?‘ﬁrfa%ftei’iélgfdeg%gﬂgﬁéén‘} el ation

wi th said second portion, whereby said second portion is heated and said
conpr essed coﬁ%P?FEﬁre%%ﬁor streamis cool ed sufficiently to condense at

| east a part of it and thereby form a condensed stream and thereafter

di scharging at |east a portidn ofti&hsttanisnbitedithpsteattgmodionghi d

vol atil e residue gias fraction; . (8) at least a portion of
sai d condensedi$ptrleahenediqgid e fogn & spabinegdhwsican, whaenpen s coabipgter eaf t er
supplied to said distillation colum at a top feed position; and

(9) the quant pirdasis serded te sprdentesrlesangpllsal] of if andds derealargxpapdekip gaid
distillation colum are effective to maintain the overhead tenperature of
sai d di stil | atdawsnpesfugmmhesgbyat is &rfher eoolpde wher eby the mmj or portions of the
conponents in said relatively less volatile fraction are recovered. 3.1n a
process for the separation 6 a gabexppndedrvdohtamibmicdgtrenn hyalmacafiep
conponents, C3 conponents, and heavi er hydrocarbon conponents into a

vol ati |l e resi suppligh® shidadctillgivnanbing at eh eppeymid/cdlessfegdbeditidng fracti on
containing a major portion of said C2 conponents, C3 conponents, and

heavi er hydrocarbon conponeif)s osaidaicchdGean iyrapanitd toasa lveanpirésure

hydr ocar bon conponents, in which process (a) said gas
stream i s coohm@bls wipghticd prseisislistidation ol 1@ ndd-colohma deesltposiann 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;

(N an overhead vapor stream is withdrawn from an upper
region of said distillation column and divided into at least a first portion and a second
portion;

®) a distillation vapor stream is withdrawn from a region
of said distillation column above said upper mid-column feed position and is
combined with said first portion to form a combined vapor stream;

C) said combined vapor stream is compressed to higher
pressure;

(10)  said compressed combined vapor stream is directed into
heat exchange relation with said second portion, whereby said second portion is

heated and said compressed combined vapor stream is cooled sufficiently to condense
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(b) said cooled streamis expanded to a | ower pressure whereby it is
further cool ed; and (c) said further cooled streamis

di rect ed woto11203¢i18ti | | ati on col utm and fracti onat ed at PEaiu$2010Me6969r essur e
wher eby the conponents of said relatively less volatile fraction are
recovered; the inprovenent wherein said gas streamis cooled sufficiently
to partially condense it; and (1) said partially condensed

gas streamis separate reb rovi de vapor at. | east one
o oy b IERA BB N R 13 L g ot AR Pl her G A heBbnai ™t \ P
into first ang:ésecon,d said first streamis

cool ed to con ﬁé‘é’ogl%é“% %W%qu};e%np pgfiop s ?i‘]ifthlagt%‘% e ‘é%gatsélia“é%?panded to

said | ower pressure whereby it is further cool ed; (4) said
expanded cool ed first streaf¥s i‘tH%S'éaaEqr‘é‘Pn %fGﬂHICP%CWmteS seeAnyis¢rraded at i on
colum at an upper m d-colum feed positi (5) said

second st r eamid $iddQperIes e 6“%1&&%?“?389\%%“1’@1%6@33% biiedigiiips cluppri &Pt o sai d
distillation colum at a md-colum feed position bel ow said upper
m d- col unm f e&yd pesiian; al (6) at least a portion of said
at least one liquid streamis expanded to said | omer@t};r essure and is
supplied to said distillati 6k cothaqnangticssand deiperaigs hldrfwdfsgé@inqot@m tion
bel ow said m d-colum feed position; . (7) an overhead vapor
streamis wit brid disnllation polamn appéicctrvedd omingfin daoderbdad tgnhpeattironf god urm and
divided into at least a first portion and a second portion;
distillation column 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, 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, Cs 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
(©) 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;
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(8) a distillation vapor streamis withdrawn froma region of said
distillation colum above said upper m d-colum feed position and is

conbi ned wot2h1igsieof i rst portion to forma conbi ned vap®@CTASR@EAW6966

(9) said conbi ned vapor streamis conpressed to hi gher pressure;

(10) said conpressed conbined vapor streamis directed into heat exchange
relation with said second portion, whereby said second portion is heated
and said conpressed conbi ned, vapor . stre i oled sufficiently t

condense at |east a part ofg@t aﬁﬂi?WQngboéﬁfﬁ?ﬁmﬁﬁﬁﬁb @83“%?W%ﬁﬁf and
thereafter discharging at |east a Eortiqn of said heated second portion as
sai d vol ati | e¥%&8i% gﬂ%ﬁéeq PosHiop dne contacting and separating detli%hataﬁro‘i”é&‘}s)% a
portion of said condensed stream.is expanded to said | ower pressure and is
t hereafter sufptPEdhee vaper srasandjabatie fagid stiram athepupgisarddolondigridi on;  and
(12) the quantities and tenperatures of said feed streans to said
distillation &&atmpsuppliedipraididisidatiod cRlWE ai n t he over head tenperature of
said distillation colum at a tenperature whereby the mgjor portions of the
conponents in said relativeld | ewsd spepngtsieam fsrexpandonhtogae! Ipuerovessed. 4.1n a
process for the separation of a gas stream contai ning net hane, C2

conponent s, Cantisspnphethtosaidgania¢imgwheésephptdnoderrdeha shovnesteng fsed a
volatile residue gas fraction and a relatively less volatile fraction
cont ai ni ng a pegitom hetowt saghmigfcobmindfe@pasdiwponent s, C3 conponents, and
heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon conponents, in Wi cha proskssrhead vapor stream is withdrfwan) fremiad gas
streamis cool ed under pressure to provide a cool ed stream

(b) said cool epbestapanit skad dixpldnide dolimnand Bwepplipd essidr@niabtbreatny it i s
further cool ed; and (c) said further cooled streamis

di rect ed i nt osepadiisg ddvicatat dpecomd lowar @hdnif fead pésaivatbebwasdaidsaiddolvameeedr essur e
wher eby the conponents of said relatively less volatile fraction are
recover ed; position;

(5) said first overhead vapor stream is divided into at least a
first portion and a second portion;

6) a distillation vapor stream is withdrawn from a region
of said contacting and separating device above said mid-column feed position and is
combined with said first portion to form a combined vapor stream;

@) said combined vapor stream is compressed to higher
pressure;

®) said compressed combined vapor stream is directed into
heat exchange relation with said second portion, whereby said second portion is
heated and said compressed combined vapor stream is cooled sufficiently to condense
at least a part of it and thereby form a condensed stream, and thereafter discharging at

least a portion of said heated second portion as said volatile residue gas fraction;
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t he i nprovenment wherein prior to cooling, said gas streamis divided into
first and second streans; and WD 2011/034710PCT/ US2010/ 046966

(1) said worstr/ssTieam i s cool ed to condense subst anti al IPgTAISR010/044966 and i S
thereafter expanded to said | ower pressure whereby it is further cool ed,;
(2) said expanded cooled first streamis thereafter supplied to said
distillation colum at an upper md-colum feed position;

(3) said second streamis c%gl ed tLfnder r.essfuriﬁ su%fi éi ent | é to aaCLti ally
condense it; ( 45 'S HPPRT T APy ORGATE AL S SEMESt ream i s
separated thereby to provide a vapor. streamand at | east one |jquid stream
(5) said vapof° Sé‘i/drl@é{ Hr’%ss‘érﬁﬁ%fﬂ‘détéf“?agers%ﬂpﬂlqdémd prEsERg @lda?ﬁ%ar?tg‘%suppl ied to
said distillation colum at a md-colum feed position bel ow said upper
ni d- col um f edeVigdé ptqpghed position; and (6) at |least a portion of said
at least one liquid streami s eX{)anded. to said | ower%f(pfr essure and is
supplied to said distillati&6W cothgpendtiesandsciareriyngs doridipedEedmp8si ti on
bel ow said m d-columm feed position; . ~ (7) an overhead vapor
streamis wit B¢ eRitacipppndsapaippardeyiegyire aifedtive & maigiait the pyerhicad col um and
divided into at least a first portion and a second portion,
(8) a distill gnipsrtwapioridsopeeing agd wiparadnadeyiderap ricanpesgiro whetbsthp d
distillation colum above said upper md-colum feed position and is
conbi ned wi t hmgair dortipassaf tporonipomentsoin S mlativelyrtsis veldtilg dpotionsre eam
(9) said conbi ned vapor streamis conpressed to hi gher pressure;
recovered.
7. In a process 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, Cs 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
(©) 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 prior to cooling, said gas 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;
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(10) said conpressed conbined vapor streamis directed into heat exchange
relation with said second portion, whereby said second portion is heated
and sai d woreprigssad conbi ned vapor streamis cool ed suf PCTitSRa10444966
condense at least a part of it and thereby forma condensed stream and
thereafter discharging at |east a portion of said heated second portion as
said volatile residue gas fraction; (11) at least a
portion of said condensed streamis ex de said lLower pressure and is
thereafter supplied to sai d(:{?i stf%f%{?f‘%@&%(ﬁ%ﬁﬁ%%mgnf% erf’%tge(ﬁs (?ﬁ?‘fi on; and
(12) the quantities and tenperatures of said feed streans to said
distillation &dUHr Og‘}’@ %‘Fcfn&@ttio%}éo%&)%%% afdepying Jeyife Rl RIetseY 4t ure of
said distillation colum at a tenperature whereby the major portjons of the
conponent s i niiEhPYFrieat pnoy sirgpn 40d @ Bpdem diapid sfryaiy tyhsiruppiesajddogosrligid 5. 1 n a
process for the separation of a gas stream contai ning nethane, C
conponent's, CSrEBnpgHRHedto Sélﬁdhsﬁaﬁiﬂnépluﬁyldrocar bon conponents into a

vol atile residue gas fraction and a relatively less volatile fraction
containing a major portion 60 satadl Teondatpynésogled and Berspitneragdeddnd

heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon cépighlomenpisssuierpndisipphic fopaidgontacting and separating deviqeay a §ef d gas
streamis cool ed under pressure to provide a cool ed stream

(b) said cool &wvesteoleamided pesippariziéoy tapd mid-ealenn fgedpssitoa; whereby it is
further cool ed; and (c) said further cooled streamis
directed into a distillatio®col asmomhalefheat taponsteen iavitsdawen fromen pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; upper tea@niofipaid dietiztion whlemeiand saighligds atd@amrtimg andol ed
sufficiently to partially condense it; and (1)said partially condensed gas
stream i s sepadpaiaéty ddvéfe@by second lower column feed position below said mid-column feed

position;

(5) said first overhead vapor stream is divided into at least a
first portion and a second portion;

6) a distillation vapor stream is withdrawn from a region
of said contacting and separating device above said mid-column feed position and is
combined with said first portion to form a combined vapor stream;

@) said combined vapor stream is compressed to higher
pressure;

®) said compressed combined vapor stream is directed into
heat exchange relation with said second portion, whereby said second portion is
heated and said compressed combined vapor stream is cooled sufficiently to condense
at least a part of it and thereby form a condensed stream, and thereafter discharging at

least a portion of said heated second portion as said volatile residue gas fraction;
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to provide a vapor streamand at |east one liquid stream WO
2011/ 034710PCT/ US2010/ 046966 (2) said vapor streamis
t her eaf t ewodbuvidedoi nto first and second streans; PCT/US2010/04696¢ 3) sai d
first streamis conbined with at |least a portion of said at |east one
liquid streamto forma conbined stream whereupon said conbined 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 cool ed conbi ned st r(ééam f‘téeat%ae?oé‘é‘ﬂ(grsa‘gﬁﬁlbqefl?& STESScEPEId i 11 ati on
colum at an upper, m d-colum feed position; . : 5) said
second streantd %ldelRB%ﬁPﬂ%saurf’ gndisitherg p]g,lfeeggg SAGcopfgtingand SRS t o sai d
distillation colum at a md-columm feed position bel ow said upper
ni d- col um f edeVigsd ptqpdhed position; and (6) any remai ning portion of
said at least one liquid streamis expanded to said | ower pressure and is
supplied to said distillati&6W cothgpendtiesandsciareriigs doridipedEedmp8si ti on
bel ow said m d-columm feed position; . ~ (7) an overhead vapor
streamis wit B¢ eRitacipppndsapaippardeyiegyire aifedtive & maigiait the pyerhicad col um and
divided into at least a first portion and a second portion;
(8) a distill gnipsrtwapioridsopeeing agd wiparadnadeyiderap ricanpesgiro whetbsthp d
distillation colum above said upper md-columm feed position and is
conbi ned wi t hmggir dorfippssdf tporoniponentsoin sad mlativelyrtesis veldtilg dpotionsare eam
(9) said conbi ned vapor streamis conpressed to hi gher pressure;
(10) said conpress&d conbi ned vapor streamis directed into heat exchange
relation with said second portion, whereby said second portion is heated
and sai d conpressed corfbi nedn ¥pipoess &irtlearpirgticnebdh @ek swhhiconteininky t o
condense

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, Cs 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

(©) 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

to partially condense it; and
) said partially condensed gas stream is separated thereby

to provide a vapor stream and at least one liquid stream;
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at least a part of it and thereby forma condensed stream and thereafter
di scharging at least a portion of said heated second portion as said

vol ati | e wesndus4mgas fracti on; (11) at PCeamsko1@/opencé i on of
sai d condensed streamis expanded to said | ower pressure and is thereafter
supplied to said distillation colum at a top feed position; and

(12) the quantities and tenperatures of said feed streans to said

distillation colum are effective.to maintain the overhead tenperature of
said distillation colum atﬁg te i%%?h?@ﬂ%ﬁ%?@%@“?ﬂ@mﬂﬁf%P%ﬁ%F? ons of the
conponents in sakg relatively less volatile fraction are recovered. 6.1n a

process for tAEOLEPEPEEi on of a gas stream containing nethane, C2
conponents, C3 conponents, and heavjier hydrocarbon conponents into a

vol atile residue gas fracti 60 anttidliEeiigtnsiapleddcondetss siseniglyafl on
containing a major portion of said C2 conmponents, C3 conponents, and

heavi er hydr o5 Bshis isasbiererpanded Losaiddowrss Passiie MBRIERY i id UResA Gpded;

hydr ocar bon conponents, in which process . . (a) said gas
streamis cool ed under presétre taf pipaRded sogledibiot wigam s bepgglter supplied

(b) said cooled streamis expanded to a | ower pressure whereby it is
further cool edtamgolumn feed position to a contasying aiddsepasptingalevicobhiedodiceseam i s
directed into a distillation colum and fractionated at said | ower pressure

wher eby t he cémporrelad vafor stadach andladpoftae liguil egeany othatepen sarddwttpodiqaide
recover ed; t he i nprovenment wherein follow ng cooling, said cooled
stream i s di vsd®ad is mippliéd tostidaisdllgeneninst r eans; and (1)said first stream
is cooled to condense substantially all of it and is thereafter expanded to
said | ower pressure whereby (it i sidsecodietreandd agdinded 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) at least 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;
(7) 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;
(8) said first overhead vapor stream is divided into at least a
first portion and a second portion;
C) a distillation vapor stream is withdrawn from a region
of said contacting and separating device above said mid-column feed position and is
combined with said first portion to form a combined vapor stream;

(10)  said combined vapor stream is compressed to higher

pressure;
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WO 2011/ 034710PCT/ US2010/ 046966 (2) said expanded cool ed
first streamis thereafter supplied at a m d-colum feed position to a
cont act i nyoand/s¢par ati ng devi ce that produces a first @CeEnsead/ v@poOr
stream and a bottom|liquid stream whereupon said bottomliquid streamis

supplied to said distillation col um; (3) said second
streamis expanded to said | ower pressure and is supplied to said
contacting and separating device at a first | colum feed position
bel ow sai d nid-col um feed g%%utf%Jcmnmf%e “ml”wdVMXHST%§J%%§%R%ﬁBmoverhead

vapor streamis w hdra n u regi on of s; dIStI||atI0n col um
and is suppli ?Ptf”éf 'S“%ede \@B{qa}f]gﬂegﬁﬁpgg gr‘éi]?firﬂa SAEVFLBI RETIQN Second | ower
colum feed position bel ow said m d-colum feed positign;

(5) said f|rsP“HV%Wﬂé%@CvaﬁﬁﬁaégmgﬁﬁQ@WﬂFVF%%&‘Pﬁ?%“gﬁmFggg?cg“?P$st
portion and a second portio a distil]lation vapor
streamis wit RdeasimPat frit @dﬁ@g?'BﬁO%#aé%{}delse%ﬁfe&& F‘Wgth%lfﬁ%ft% diselrsingy devi ce
above said md-colum feed position and is conbined with said first portion
to forma conﬁﬁﬁé@0V§ﬁ6fS%@€ @agysecond portion as said volatilg pyiduggay figghithi ned vapor
streamis conpressed to higher pressure; (8) said
conpressed conbi ned vapor st¥eanttilepsdd pasdencef shidcondsaset sesanhisgeanded at i on

wi th said second portion, whereby said second portion is heated and said
conpr essed cotraddweapesurs tnkiathers teouppledsofdid eingastihyandsepordgnse at

| east a part of it and thereby forma condensed stream and thereafter

di schar gi ng atleVieast i@ fpakposvinngihdsai d heat ed second portion as said

vol atile residue gas fraction; WO 2011/ 034710PCT/ US2010/ 046966

(9) at least a portion of s&ill condensiecs stin@aparitsreextpadded doamsaiod | ower
pressure and is thereafter supplied to said contacting and separating
device at a teqid t@ediposidseparatin@ridvice are effective to maintain{thOPveitiead quanti ti es and
tenperatures of said feed streans to said contacting and separating device
are effectivetdpermiraibdalil doh@ctsant egaratiegpeni@tauh englratiaé vheont @et i ng and

separating device at a tenperature whereby the major portions of the
conponent s i Nk PoriBhAsfitedoynpofsi®s i @4iatdldtefynas vbRRledretidagoOver ed.
recovered.
0. 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 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
(©) 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;
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7.1n 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 wesndus4hgas fraction and a relatively | ess vol 2Cirlus2610a¢4956©n
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 cooled stream .
(b) said cooled stream s eXpanuaREMa  FEHEPTEE BESRREREF &5y Fem it
further cool ed; and L , c) said further cooled streamis
directed into a distil Idé‘flﬁl‘?ﬁlr}n@(ﬂrﬂﬁﬂdéﬁ%ﬁz‘w@@?;d‘ﬁ‘ét ed at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; the inmprovefEnt WHbHES frepmiinooted e eddetig subsendally2d st ream
is divided into first and second streans; and (1£sai d first streamis
cool ed to confkihaw! is thsspbeiexaimdgd @ spiddpweripresppge paereheit Sdpitlst cedlgthinded t o
said | ower pressure whereby it is further cooled;, WO .
2011/ 034710PCT/ US2010/ 0469662)  said expanded cooled i3 strgan i Bsigafid seppéieb| ed
first streamis thereafter supplied at a md-colum feed position to a
cont acti ng anét seisagolitnimigedieasitoe t@ heantstinglindsspaatingdsyicoihar iedudesaipor
stream and a bottom|liquid stream whereupon said bottomliquid streamis
suppl i ed to savathadil sapdrsaganomdeadiotam;liquid stream, whereupon said®yjtomdiqdidsecond
streamis cooled and thereafter expanded to said | ower pressure and
supplied to ssradmciemipptitd tegaidndtilgparcatunmg devi ce at a first | ower col um
feed position below said md-colum feed position;

3 said second stream is cooled under pressure sufficiently

to partially condense it;

“4) said partially condensed second stream is separated
thereby to provide a vapor stream and at least one liquid stream;

&) said vapor 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) at least 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;

(7) 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;

(8) said first overhead vapor stream is divided into at least a

first portion and a second portion;
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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 atwea 288006#8m0] ower col um feed position bel ow sai g#CFrius2@o0lowsyne f eed
posi tion; (5) said first overhead vapor streamis divided
into at least a first portion and a second portion; (6) a
distillation vapor streamis withdrawn froma region of said contacting and
separati ng devi ce above sai 29 m d_fCI'OL m_f eed t;_)osi.ti opldandfi s conbined with
said first portion to form &)conbfEfignyEHer sfapyFpvithdrawn from aregion = 7)
sai d conbi ned vapor streamis conpressed to hjgher pressure;. ,

(8) said conpf @EE 498 GCRMEANGR dSYITRRYS @l %décﬂ'gﬂi‘i%?éjwsﬁ’@&tan%%hange
relation with said second portion, whereby said second portion is heated
and sai d conpfFuBdBy wighiihidgt RASHRSY Lo dPrpietgrntbincd yRPE QU f i cient |y to
condense at |east a part of it and thereby forma condensed stream and
thereafter discharging at | &8t sidheshingd Vaporsgpa heamarssed &ohighgsorti on as
said volatile residue gas fraction; WO 2011/ 034710PCT/ US2010/ 046966

(9) at |east BCpEfTi on of said condensed streamis expanded to said | ower
pressure and is thereafter supplied to said contacting and separating
device at a top feed positi6h) agl compressed combined vapof sigdant idirepieshiniot i es and
tenperatures of said feed streans to said contacting and separating device
are effecti vehtaexchpmgeaslntiqnheitiosnel deeand podgivpevirehyesadfseqail gotiontsact i ng and
separating device at a tenperature whereby the major portions of the
conponent s i nheaddchnd sdidtovetkssed egsbingl vapor seedm acbplod sdfiecmtbooverdedse 8. 1 n a
process for the separation of a gas stream contai ni ng net hane, C2
conponent s, Cat lesmpparesilisandaindetyeani € cordyitked starabo andctberpaiee disshargitigata

vol atil e residue gas fraction and a relatively less volatile fraction

cont ai ni ng a rAjtarpophtol eid bfatslatenCPogionposranidatilR sidongpo fianis, and

heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocarbon conmponents, in \Wp)chatpéRCesStion of said condensed streanf B)exgeilél gas
streamis cool ed under pressure to provide a cool ed stream

to said lower pressure and is thereafter supplied to said contacting and separating
device at a top feed position; and

(13)  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 fraction are
recovered.

10. 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 C; 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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(b) said cooled streamis expanded to a | ower pressure whereby it is
further cool ed; and (c) said further cooled streamis

di rect ed woto11203¢i18ti | | ati on col utm and fracti onat ed at PEaiu$2010Me6969r essur e
wher eby the conponents of said relatively less volatile fraction are
recovered, the i nmprovenent wherein said gas streamis cool ed
sufficiently to partially condense it; and (1)said partially condensed gas

streamis separated thereby to provide a vapor stream and at |east one
liquid stream WO 2011/ 0347i‘épcﬁafﬁé%%d/sﬁﬁ%‘g%xpande‘ﬂoa%wefpfe““fe(2) sai d
vapor stream ii t‘t;e,rea%fter divided into first and second streans;

(3) said firstPeebeisfhipdhesetledi apb condense substantially all of it and is

t hereafter expanded to said | ower ,(gressure whereby it is further cooled,
(4) said expanded cool ed fi (<9t stabYRPerCoplad pleegpy s direqipddntod lisilatipn
m d-colum feed position to a contacting and separating device that
produces a fi PRt Hreaignasdot paid {oves pieanes Bhaetttbhrannpasys Stseidam
wher eupon said bottomliquid streamis supplied to said distillation
col um; relatively less volaiilg fragigingirese@iseedst r eam i s expanded to sai d | ower
pressure and is supplied to said contacting and separating device at a
first lower columm feed posiheiioprdyemeny vdwieth saidizasslream isfaveldd peisicientdn;
(6) at least a portion of said at least one liquid streamis expanded to
said | ower pressure ando pgtigliypgwiniede ttoandai d distillation colum at a
m d- col um feed position; (7) a second overhead vapor
streamis w thdrawn from an(Lppesaid pgiiadly cohdegsidagistgtiml il sephted cledredbyn and i s
supplied to said contacting and separating device at a second | ower colum
f eed positi ontdy@baie seipdr stredmantl annast eedigpakitteaon;
(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 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;
&) 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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(8) said first overhead vapor streamis divided into at |least a first
portion and a second portion; (9) a distillation vapor
stream i swoi2ohidsam from a region of said contacting an#CITasarianieyge devi ce
above said md-colum feed position and is conbined with said first portion
to forma conbi ned vapor stream (10) said conbi ned vapor
streamis conpressed to higher pressure; (11) said
conpressed conbi ned vapor streamis djrected into heat exchange relation

S Th card second port o, whbr oby SaRttEheah b raa 1 Fua Bimahasa o
conpressed conbi ned. vapor, streamis cooled sufficiently to condense at

| east a part PPSF fegigne! HE AisHiAtep FofEn 2y ’déﬂ@é‘&d?ﬁa@aﬁ%wéﬁ@aﬁ‘ ereafter

di scharging at |least a portion of said heated second portion as said

vol atile resi é‘ﬂl’éra@%%dﬁfm&é‘f?%ﬁ‘f?nd lower column feed POSIth{‘PQI)OWaS@di I%‘Qscf)l“&lnrfé‘?q i on of
sai d condensed streamis expanded to said | ower pressure and is thereafter
supplied to sB¥®ontacting and separating device at a top feed position;
and (13) the quantities and tenperatures of said feed
streams to said contacting &hd sehhint ovsgheabyipeestgpa ivdivided injeatdesstiai nt ai n
the overhead tenperature of said contacting and separating device at a

t enper at ur e whest poyjion sl argfand peuiioni ons of the conponents in said relatively
| ess volatile fraction are recovered. 9.In a process for the separation of
a gas stream contai ni ng net kane, a G3tilkoinp vrren stecamds wetbdpon élotnsa regind  heavi er
hydr ocar bon conponents into a volatile residue gas fraction and a
relatively | estsaubdoatacting dndaertarading deviteadbniargidamidajobmipleed ponioofandai d C2
conponents, C3 conponents, and heavi er hydrocarbon conponents or said C3
conponent s andorhigaad with daydiiscaurixorto c@nporertisd vapprwiidanh process

(a) said gas streamis cool ed under pressure to provide a cool ed stream
(b) said cooled streamis expandedd ¢omtanddaapor speas Bubmpivkhed @blyighdr | S
further cool ed; and (c) said further cooled streamis
directed intopesdistillation colum and fractionated at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recovered; (11)  said compressed combined vapor stream is directed into

heat exchange relation with said second portion, whereby said second portion is
heated and said compressed combined vapor stream is cooled sufficiently to condense
at least a part of it and thereby form a condensed stream, and thereafter discharging at
least a portion of said heated second portion as said volatile residue gas fraction;

(12)  atleast a portion of said condensed stream is expanded
to said lower pressure and is thereafter supplied to said contacting and separating
device at a top feed position; and

(13)  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 fraction are

recovered.
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t he i nprovenment wherein prior to cooling, said gas streamis divided into

first and second streans; and (1) said first streamis
cool ed t owoandenssaosubstantially all of it and is thereaCrars2expasyded to
said | ower pressure whereby it is further cool ed; (2) said

expanded cooled first streamis thereafter supplied at a m d-colum feed
position to a contacting and separating device that produces an overhead

vapor stream and a bottgmliguid stream er eupon i ottomliquid
streamis supplied to said ﬁﬂ%tﬁlﬁf%eﬂe&hac&%’ﬂt?ﬁﬁ?amm P39 £O1EQ Crein 3y saj d
second streamis cool ed under pressure syufficiently to tially condense
it; said aist aﬂeaya@a?t@aﬁﬂaﬁ Wﬂtﬁﬂrﬁvn%&ﬂ]&eﬁ%@% Og%‘b‘gﬂg‘ﬁ PR
separated thereby to provide a vapor streamand at | east one |liquid stream
(5) said vapoPdiﬁﬁgﬁPW%“E%ﬁ@ﬁ@@&mﬁ@0§%@HMW&@%?”%¥@§@ﬁPEm%h%ﬁﬁ%“%@bplied to
said contacting and separating device at a first |ower colum feed position
bel ow said m d-col um flded pgsinprypment according to claim 1,2, 363, oy whergigt
portion of said at |east one liquid streamis expanded to said | ower
pressure and pad digiplitipe Hapos steaindgs ditBeiawp goporregion ahsriddistglappmicdenym f eed
posi tion; (7) a second overhead vapor streamis w thdrawn
from an upper belegisod nod-calaing fegidoositiomt i on col um and is supplied to said
contacting and separating device at a second | ower colum feed position
bel ow sai d m d-col um fléed pbsimproyement according to claim 6, 7, §.8), os Hj whdr¢inst
over head vapor streamis divided into at |east a first portion and a second
portion; WO 20d4k0B4idd OROTASH0I 0/0ABES6 Grom a region of said contactifgHnda
distillation vapor streamis withdrawn froma region of said contacting and
separ ati ng dewipartiaphdwiredaiod swiddnidalolumm feebgbsiios htd Govasuld fist adnbi ned with
said first portion to forma conbi ned vapor stream

second lower column feed positions.

14. The improvement according to claim 6, 7, 8, 9, or 10 wherein
said second overhead vapor stream is divided into said distillation vapor stream and a
second distillation vapor stream, whereupon said second distillation vapor stream is
supplied to said contacting and separating device at said second lower column feed
position.

15. In an apparatus 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 C; 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;

-46-



(10) said conbined vapor streamis conpressed to higher pressure;
(11) said conpressed conbi ned vapor streamis directed into heat exchange
rel ati on wotzhiigsedosecond portion, whereby said second poritiseenoiosedbeat ed
and said conpressed conbi ned vapor streamis cooled sufficiently to
condense at |east a part of it and thereby forma condensed stream and
thereafter discharging at |east a portion of said heated second portion as
said volatile residue gas fr ctioP; . ‘fl\% at Ilgast a
portion of said condensed stPeantf {!5! SPARHALTCHS C¥RrHet QAEF5AEE ife and is
t hereafter suBgI,i ed to sa{'g contacting and e)Far(g,ti n% device at a top feed
posi tion; andPportionof said cooled streany yngler prigsurg 3¢ eIRAPEE LORPWEERBSPSt ur es of sai d
feed streans to said contacting and separating device are effective to
mai ntain the SYerhesd teapds Brfrrecglrdi@ald contacting and separating device
at a tenperature whereby the major portions of the conponents in said
relatively less volatile fr&cti ondigiilktipneeJydpsenneqipd forfeceivsrsaiddaghef or t he
separation of a gas stream containi ng nethane, C2 conponents, C3
conponent s, afPléfestrgparsajdydistidletsonrohnaoheierrdarted forrernraie said Brthprecoplsdi due gas
fraction and a relatively less volatile fraction containing a nmajor portion
of said C2 coppenantosn ogheadipperehean anthdidrelatvady leps lasidafrdstianiconponent s or
said C3 conponents and heavi er hydrocarbon conponents, in which process
(a)said gas streamis cool ethcumgmvepensdurea sagl gppovivdachdevol ed stream WO
2011/ 034710PCT/ US2010/ 046966 (b) said cooled streamis
expanded to a | ower pressur ¢)whefisbyividingingeahsicdnhertedooedie fiyst esnding
(c) said further cooled streamis directed into a distillation colum and
fracti onat ed atkasao cecbionetid grogsisurtaen witbdieldy ittifie ficso apbrentdstredmss ai d
relatively less volatile fraction are recovered,

2) second cooling means connected to said first dividing

means 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, said second expansion means being further connected to said
distillation column to supply said expanded cooled first stream to said distillation
column at an upper mid-column feed position;

4) said first expansion means being connected to said first
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;

(5) second dividing means connected to said distillation
column to receive said overhead vapor stream separated therein and divide it into at

least a first portion and a second portion;
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t he i nprovenment wherein said gas streamis cooled sufficiently to partially
condense it; and (1) said partially condensed gas stream

i s separ aveodotimsuaby to provide a vapor stream and at | eaStuseoe/okidgei d
stream (2) said vapor streamis thereafter divided into
first and second streans; (3) said first streamis
conbined with at |least a portion of said at |least one liquid streamto form
a conbi ned stream mhereupo? salﬁ i ned stream.i coq%ed t .cgndense
substantially all of it and 9 %ﬁ%ﬁ ?@?ngfﬁﬁﬁﬂﬁﬁt dO T FPUVWRY‘Peessur e
whereby it is further cooled g id e ded cool ed
conbi ned streHWWFéOFﬁ@W%Qﬂ?EﬁaE%Bﬁ}Wéﬁméﬁxﬁdﬁ?@’E6@ﬁmﬁt$é€§fgﬁgltlon to a
contacting and, separating device that produces a first overhead vapor
stream and a BiStheEng fit(ﬁ‘i?ﬁtd‘ @?%Sﬁlﬁﬁ%ﬁﬁﬁﬁwdﬁft@nﬁéﬁ%l%Pﬁ’lf‘ti‘lﬁ CsHus 4eam i s
supplied to said distillation columm; (5) said second
streamis eprﬁﬁEﬁ to said | ower pressure and is supplied to said
contacting and separating device at a first |ower colum feed position
bel ow sai d mid-col um feed pOsi t vapar withdrawing means connectegy saaghdistlEHaR ni ng
portion of said at least one liquid streamis expanded to said | ower
pressure and rYumppplera 4 dstgdhation wpst stiehatfionna teglonmih sad digtilftign eghwpm f eed
posi tion; (7) a second overhead vapor streamis

wi t hdr awn f r oabcyn sag perer negicdnmmofeed @pdtiehi;sti | | ati on col um and is supplied
to said contacting and separating device at a second | ower columm feed

posi tion bel ow sai d m d-col (3n feswbipogimeamsrpnnected to said second dividifg) sai d
first overhead vapor streamis divided into at least a first portion and a
second porti onjeans and said vapor withdraw{n@ meandiogtdelvie atiil Ginst panpon ast saglam i s

wi thdrawn froma region of said contacting and separating device above said
m d- col um f eedtlpoish vin s@ach dndl ferandedadnadiviaporsaean;f i rst portion to forma
conbi ned vapor stream (10) said conbi ned vapor streamis
conpressed to hi gher pressui®; compressing means connected to said combining means

to receive said combined vapor stream and compress it to higher pressure;

(10)  said heat exchange means being further connected to
said compressing means to receive said compressed combined vapor stream and cool
it sufficiently to condense at least a part of it, thereby forming a condensed stream
while supplying at least a portion of the heating of step (6);

(11)  third expansion means connected to said heat exchange
means to receive said condensed stream and expand it to said lower pressure, said
third expansion means being further connected to said distillation column to supply at
least a portion of said expanded condensed stream to said distillation column at a top
feed position; and

(12)  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.
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(11) said conpressed conbined vapor streamis directed into heat exchange
relation with said second portion, whereby said second portion is heated
and sai d woreprigssad conbi ned vapor streamis cool ed suf PCTitSRa10444966
condense at |east a part of it and thereby forma condensed stream and
thereafter discharging at |east a portion of said heated second portion as
said volatile residue gas fraction; (12) at |least a
portion of said condensed stIream is e nded t ower pressure and is
t hereafter suppl i ed to '‘Qai d TYMPREEIMNG A egegbtéﬂna |a|$65 ﬁ@@lin@gntﬁ’ln”ﬁ top feed
position; and t he ntities ang ratures of said
feed streanms e EZEQ}HEO&’EFtFng’CQWBO‘?é‘Baﬁ’Qt eRge o %‘E% PR t o

mai ntai n the overhead tenperature of said contactin and separating device
at a tenperat 4 lati Wf“éldéﬁﬁastf%u%i"@ra rﬁ%?‘(‘i%}‘?és Yopatieigac SW%WP%aPHJ%al d
relatively less volatile fraction are recovered.

2011/ 034710PCIPIIgp 01014 pg9gHonents, C; components, andrhf@VieﬁbxdéQﬁéﬁ@ﬁm%%flﬁu ng to
claim1, 2, 3, 4, or 5 wherein said distillation vapor streamis w thdrawn
froma regi 0N OBl kG @RS dngdihpayier byfrapaib PedogRoBAIdinUBidlerPP#iYs Befcunm f eed
position and above said m d-colum feed position. 12. The

i nprovenent ab#dogding to claiml, 2, 3, 4, or 5 wherein said distillation
vapor streamis withdrawn froma region of said distillation columm bel ow
said md-colum feed positién. atirstcooling medr8.to Tvd sdidrpaspitesmentdeaccor di ng to
claim6, 7, 8 9, or 10 wherein said distillation vapor streamis w thdrawn
from a regi onpefsusaiodneanitaptovilg agnded gpamatmnilargpraeve,ce bel ow sai d

m d- col um feed position and above said first and second | ower columm feed
posi tions. 14. The i afirsoveardidn mcmerdinnged © rededient Bast4, 8, 9,
or 10 wherein said second overhead vapor streamis divided into said
distillation pafoi osdatdamiecd Bidkeatn wrleopressaicahd bApahd 0o ¥BpPer psisaeam wher eupon
said second distillation vapor streamis supplied to said contacting and
separ ati ng dewheebpdaicatedmsemane doorerangol um feed position.

15. In an apparatus for the separation of a gas stream containi ng nethane,
C2 conponents, C3 conponent g;) angdiREdvibe tolbyid cORREBOD BMRAARTShdr Nt 0 a

vol atile residue gas fraction and a relatively less volatile fraction

contai ni ng a B&RIQSsuRAh ! daRniRiiladeH Gifagh S@@Qﬁ&l & sefasaté MIPRN@BL Roleand
heavi er hydrocarbon conponents or said conponents and heavi er

hydrocarbon comRANGRts.oviMeRBlafordRBAR fdAid PRl GIPRINGD LA Radibh;ST cool i ng
means to cool said gas stream under pressure connected to provide a cool ed
stream under pressure; the improvement wherein said apparatus includes
(1) first dividing means prior to said first cooling means to
divide said gas stream into first and second streams;
2) second cooling means connected to said first dividing
means 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, said second expansion means being further connected to said

distillation column to supply said expanded cooled first stream to said distillation

column at an upper mid-column feed position;

49



WO 2011/ 034710PCT/ US2010/ 046966 (b) a first expansion
means connected to receive at |east a portion of said cool ed stream under
pressure Wodoexpand it to a | ower pressure, whereby sai @CItUSe@oie6é urt her
cool ed; and (c) a distillation colum connected to receive
said further cooled stream said distillation colum being adapted to
separate said further cooled streaminto an overhead vapor stream and said
relatively less volatile fraction; fhe inpprovenment wherein said. apparatus

| ncl udes (B5' ¢ P b B G e Bre Eomae b3 ddar d £ r e
cooling neans to receive said cooled streamand divide it into first and
second st r eangividing means to receive said seennd seaghgpd 98l iing means connected to said
first dividing neans to receive said first streamand cool it sufficiently
to substantially condense i3  saidfirstexpansion meapgheingcogpertehip sHe fih neans
connected to said second cooling nmeans to receive said substantially
condensed fi r SPOlISE AR ta FRFeivg ﬁaa% erqlqd seepnd sirepnt Hikes<PHIIds3riE o d second
expansi on nmeans being further connected to said distillation colum to
supply sai d eRisawietri¢bet ewangienspeans peppfurdercaneeciidde paid disiilgHogol unm at an
upper md-columm feed position; (4) said first expansion
means bei ng cevinaetewpply ssidicgpanil¢dstooldid yeadne sfrazmicn saig disiation yelumgiatia second
stream and expand it to said | ower pressure, said first expansi on neans

bei ng f urt her meberienn &gd posigen wblai sid iipat inskhcodwhufend peitswppl y sai d expanded
second streamto said distillation colum at a m d-colum feed position
bel ow sai d upper m d-col umm (6)eedseposi dividimg means connected to said disifliosecond

di vi di ng means connected to said distillation colum to receive said

over head vaporolsin garrgepaidaivetheidreapet sreamdegiraréddberein andtlioidatit iheast a fir st
portion and a second portion; WD 2011/034710PCT/ US2010/ 046966

least a first portion and a second portion;

@) heat exchange means connected to said second dividing
means to receive at least a portion of said second portion and heat it, thereafter
discharging at least a portion of said heated second portion as said volatile residue gas
fraction;

®) vapor withdrawing means connected to said distillation
column to receive a distillation vapor stream from a region of said distillation column
above said upper mid-column feed position;

C) combining means connected to said second dividing
means and said vapor withdrawing means to receive said first portion and said
distillation vapor stream and form a combined vapor stream;

(10)  compressing means connected to said combining means
to receive said combined vapor stream and compress it to higher pressure;

(11)  said heat exchange means being further connected to

said compressing means to receive said compressed combined vapor stream and cool
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(6) heat exchange neans connected to said second dividing neans to receive
at least a portion of said second portion and heat it, thereafter

di schar giwgQ 2at1/d3¢ast a portion of said heated second poPCIrars2@s/ 0se@nel

vol atil e residue gas fraction; (7) vapor wthdraw ng nmeans
connected to said distillation colum to receive a distillation vapor
streamfroma region of said distillation colum above said upper

m d- col um feed position; . 8) conhi ni ng neaps connected to
T o second arobBREIHEIRuc R RpEsi G RRSG: HRATSO il ve  sai d
first portion %qd sa{d distillatjon_va or,strean1§nd forma conbi ned vapor
st ream while supplying at f“@ﬁt a@8ﬁ‘§f18§§1€g‘§at}?§£ﬁ§t%9 nected to said conbining
means to receive said conbined vapaor stream and conpress it to higher
pressure; é%@) @%ﬂ&XM@anE%@ﬁ&ﬁ@§dﬁ€&h?“ﬂ%?ﬁam?%%?her
connected to said conpressing neans to receive said conpressed conbi ned
vapor stream BNensdpsiceive sadieqnidensedistiepmiagd sunige Hdesad lovebRiEssHrepsid of it
thereby form ng a condensed stream while supplying at |east a portion of

t he heating Oflnrglteépan@@y ieans being further connectec{ t]_)ﬁ)ildtd[tﬁtlﬂ@{l@)@ﬁh]ﬁg‘j te SUnPbaHs
connected to said heat exchange neans to receive said condensed stream and
expand it to &astd poswarof priéemanded cgrdegsedisireai xpitiitidatiopecohsnibasian@p f urt her
connected to said distillation colum to supply at |east a portion of said
expanded condéumdedsigiy ean to said distillation colum at a top feed
position; and (12) control means adapted to regulate the
gquantities and tenperatures (i saintdof memghs sdapedns rdgolagahaquadngtidaslahdt i on
colum to maintain the overhead tenperature of said distillation colum at
a tenper at ur etentperaaivys dfhad fi[d orregnond sadhdis@iativh eolonnponeintag thaosahedd
relatively less volatile fraction are recovered. WO

2011/ 0347 10PCienlgs20i0 604G HGi 1 Gor dohaim appatgdratsee whkerebh eheSegp@arpatioanodf a gas
stream cont ai ni ng nmet hane, C2 conponents, C3 conponents, and heavi er

hydr ocar bon ceonRRonpsMcstsiimifd RlaiOEIRTdsE €olids fadtRn@gasreédvaetll on and a
relatively less volatile fraction containing a major portion of said C2
conponents, C3 conponentss, &sh pamive foryNepaaiaUT 1GRINRAARDA@AMeSal d C3
conponent s and heavi er hydrocarbon conponents, in said apparatus there

bei ng methane, C, coffyfnefs f([Shp6Rals £ HIBANSYHRHO condfodemicst r eam
under pressure connected to provide a cool ed stream under pressure;

(b) a first expamsQuuEBANPaEMNRCGL STy ECRINE: RicibRaaifinPRhlajgen of said
cool ed stream under pressure and expand 1t to a |lower pressure, whereby

sai d streami ﬁorftiHﬁ bhela @z%lrﬁ'ogﬁen?sflég components, and heavier hydrocarbon components

or said C; 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

(©) 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;
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(c) adistillation colum connected to receive said further cool ed stream
said distillation colum being adapted to separate said further cool ed
stream i wo 2an/3¥aAphead vapor stream and said rel ativel PCrasgsonolesé | e
fraction; the inprovenent wherein said apparatus includes

(1) first dividing nmeans prior to said first cooling neans to divide said
gas streaminto first and second streans; (2) second
cool i ng neans connected to sai.d first dividing nmeans to, receive said first
stream and cool it sufficie eﬂ§mF8m§ﬂB?PgﬁPrﬁgvyp@ﬁwaBﬁggeﬁt;

(3) second expansi on neans Z nnecaigrto Eaid second %Polin% means to
receive said substantially &bndeffdedrstooupe Qeans R ACPPEISARY 5414 8% sai d

| ower pressure, said second expansi on nmeans being further connected to said
distillation &&emHderPresyseyisisnly @ padigheerevrdy first streamto said
distillation colum at an upper md-colum feed position; WO

2011/ 034710PCT/ US2010/ 046966+  separating means connegiyd @-pid fFr3tcgplingdianihg means
bei ng connected to said first dividing neans to receive said second stream
and cool it; toreceivesaid partially condgysed gpshteqin 4od gppyaied| iBte aapprs By Agfl
connected to said first cooling neans to receive said cool ed second stream
and expand it atleassenediquishgeapr essure, said first expansi on neans being
further connected to said distillation colunm to supply said expanded

cool ed second streamto sai ¥)di sfiist dizdingnnaos enmnecatd ta saml sepertiogmednsed
position bel ow said upper m d-colum feed position; (6)
second di vi di mgreeapansidcaporasotae atddiside d iap Sirdt hhdater@u scedmm t o recei ve said
over head vapor stream separated therein and divide it into at least a first
portion and a second porti o) second cooling means cfnhpcthdatsa@Xattalivgdingreans
connected to said second dividing neans to receive at |east a portion of
sai d second pakhnsan reatifle kedfirst {treainhed eafl itguffidicatnarsgbdightially t@dsdse &; porti on
of said heated second portion as said volatile residue gas fraction;

(8) vapor withdraw ng neans (®Honngcberkxpansiaingbadi Sinhédidittb 41d e@bhm t o
receive a distillation vapor streamfroma region of said distillation

col um above s@ilidg URRRIto Mceive it Bibstag@lly ROSIchicdWirst stream and expand it to

said lower pressure, said second expansion means being further connected to said
distillation column to supply said expanded cooled first stream to said distillation
column at an upper mid-column feed position;

6) said first expansion means being connected to said first
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;

@) third expansion means connected to said 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;
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(9) conbining neans connected to said second dividing neans and said vapor
W t hdrawi ng neans to receive said first portion and said distillation vapor

st r eam amdiof2orm3arieonbi ned vapor stream PCT(UB2)100@69p6 €SSi NQ
means connected to said conbining neans to receive said conbi ned vapor
stream and conpress it to higher pressure; (11) said heat

exchange neans being further connected to said conpressing neans to receive
sai d conpressed conbi ned vapgr stream.and cool it sufficiently to condense
ot Least apart of Tt therSBy f s dne SidarsateEe i ARIEOL dopi vi ng
at least a portion of the heating of ste 7); , ... ... (12) third
expansi on neaﬁgm@Bﬂh@E?gﬂmFH“ﬁﬁ?%iﬁ@ﬁ%“@%@%ggﬁﬁxHﬁgﬁ@aP%dWEEéVQQaéaid
condensed stream and expand it to said |ower pressure, said third expansion
means bei ng f FAHRLISIESTHIB @pLYSac8n&RATHONi sti | | ation col unm to supply at

| east a portion of said expanded condensed streamto said distillation
colum at a top feed positi 6f; affdtexchange means connected(tq gyd gespid Eyidiggans
adapted to regulate the quantities and tenperatures of said feed streanms to
sai d distil | aticais tesiceirpatieashapaitian of spidecene phidign andhpgbit.dbqigadlebf sai d
distillation colum at a tenperature whereby the major portions of the
conponent s i ndisgliagRingedtdgaphacpoptiqned saig bpaigd Jeeondrpgtiiongm sad golptde paplnedas 17. I n
an apparatus for the separation of a gas stream contai ning nethane, C2
conponents, CBagmmponents, and heavi er hydrocarbon conponents into a

vol atil e residue gas fraction and a relatively less volatile fraction
containing a nmajor portion 6f0)savghoCRitldympiop ertus, co@Fcednpondedsd]atiamd
heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon cosiponentessivd adistdladompgpar dteas ftdnes eglvaiofignid distillation column (a)
a first cooling nmeans to cool said gas stream under pressure connected to
provi de a coohiede siid epper vidlesluph &&8 pbetion; (b) a first
expansi on neans connected to receive at |east a portion of said cool ed
stream under pressure and expandcdnibitifg MehBWefineplee SSaidEsecoddelwliyig sai d
streamis further cool ed; and (c) adistillation colum
connected t0 hRERIME sEaNEpof Withdrewing dRafrloFédeRBRAId Fidt fordbs hdd daitf | ON col umm
bei ng adapted to separate said further cooled streaminto an overhead vapor

stream and sapgdiRbAkhpiekeahPHa V@ Abdrhignddapdrs@Bim;

(12)  compressing means connected to said combining means
to receive said combined vapor stream and compress it to higher pressure;

(13)  said heat exchange means being further connected to
said compressing means to receive said compressed combined vapor stream and cool
it sufficiently to condense at least a part of it, thereby forming a condensed stream
while supplying at least a portion of the heating of step (9);

(14)  fourth expansion means connected to said heat
exchange means to receive said condensed stream and expand it to said lower
pressure, said fourth expansion means being further connected to said distillation
column to supply at least a portion of said expanded condensed stream to said

distillation column at a top feed position; and
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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 enwbyotio3ganti al |l y condense it; PCA)S2610/08698¢ | NQ
means connected to said first cooling neans to receive said partially
condensed gas stream and separate it into a vapor streamand at |east one
liquid stream (3) first dividing neans connected to said

separating nmeans to receive id vapor streamand divide it into first and
second st reans: (B oot bR aE e SRR et o
said first dividing nmeans to receive sgid,first stream and ﬁool it
sufficiently {GPEEFBEAHIHAIGe) sEEimgdn sad distillation column to maintain the pypyhead ;o g
expansi on neans connected to _said second cooling neans to receive said
substantialIyK@Hﬁﬁ%ﬁ%%HMFV?§@M%®¥%%ﬂ@hﬁé¢@¥$%ﬂﬂmPWWF%Ygﬁﬂ@”@dﬂ@FmbP%ssure,
sai d second expansi on neans being further connected to said distillation
colum to supﬁlefo@a‘i’f&fn@xlb%@&uﬁ%ﬁIleéﬂV(flf‘tfl‘éfra%ttOPéW‘t‘QYe@éi d distillation
colum at an upper md-colum feed position; (6) said
first expansi on means béi ngltohipeeed fargheswpiatiqnraip gas JHcamegnipaEEs t o
recei ve said second streamand expand it to said | ower pressure, said first
expansi on neansthaed, fg chmpankes, (Geameercats, and heaviel hyilwrabomednmeness AR t o
supply said expanded second streamto said distillation colum at a

m d- col umm f esdatgo sistduopasfedction sl adelapydy lesd \latidd furptiof e@thipog i tiagn;

(7) third expansion neans connected to said separating neans to receive at
| east a porti portiof ofsaiddCatonipeasits, Oneonhpogents] asd haaier bytloc@rpardmpenehic sai d

| ower pressure, said third expansi on neans being further connected to said
distillation oodaithdh dompsogmd and Sedvikrdyacdiedh dongundahtss tor sealmppaatsaihdre
distillation colum at a | ower m d-colum feed position bel ow said

m d- col um f ebéngosi tion; (8) second dividing nmeans
connected to said distillation colum to receive said overhead vapor stream
separated therein and divi de)it iffsocaling 8@&is tacddl kad gPpattawan@nd a second
portion; (9) heat exchange neans connected to said second
di vi di ng nmeangretQird @aRIUR (@provRIBS co@le@QfchinaMd@fpr&ai@ second portion and
heat it, thereafter discharging at |east a portion of said heated second

portion as said volatile regidue,; gasefpamGdn @kins connected to receive at leadt 40) vapor
wi t hdrawi ng neans connected to said distillation colum to receive a

disti||atiOn_ﬁ@ﬂ@ﬁoﬁkkﬁ%gkﬁ%9&%@mﬁ@ﬂﬁ&ﬂm@%n§@ﬁﬂn@ﬁ%i&kﬁ@%%@ﬁuﬁp!Unn above
sai d upper m d-colum feed position; (11) conbi ni ng neans

connected to §aldhsePRRdiivhuflhddoDR@NGgand said vapor withdrawi ng means to
receive said first portion and said distillation vapor streamand form a

combi ned vapor stream (©) 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) first dividing means prior to said first cooling means to
divide said gas stream into first and second streams;

2) second cooling means connected to said first dividing
means 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
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(12) conpressing nmeans connected to said conbining neans to receive said
conbi ned vapor stream and conpress it to higher pressure;

(13) sai dwbeatvmsxabhange neans being further connected t®@CIAiSdoi0ONP€SSi ng
means to receive said conpressed conbi ned vapor stream and cool it
sufficiently to condense at |east a part of it, thereby form ng a condensed
stream whil e supplying at least a portion of the heating of step (9)

(14) fourth ex si on nmeans .connected to said he chan e mean

ocki ve oo o' SHIROREER SRR SR ERis TR oS ERN GABECEH Boedt e, sai d
fourth expansion neans being further caq to said distillation colum
to supply at figdilgtion colgppitqspgly sai eﬂpaé‘gffg ia?&qléﬁﬁﬁ%’i‘é@cfa‘éltdﬂsélgﬁ%no sai d
distillation colum at a top feedfp05|t|on and (15)
control neansc%iﬂlﬁb%@"t%erﬂ%‘&fp% £o{kPiaRt i ti es and tenperatures of said
feed streans to said distillation colum to naintain the overhead
temperature of said distill&i ons¥biighsoline Reins hpiag senieeedursriddystt he naj or
portions of the conponents in said relatively less volatile fraction are
recovered. 18dIvilingmennp ky rgeqie sighrscedid sg’%arsaﬂif@%ﬁcmhnanga%s beingedpptecbnt ai ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a vol ati t@mb@idﬁ@@o@égem neder pressarecuilioieatlatd Regtiafly|cerdenseolat i | e
fraction containing a major portion of said C2 conmponents, C3 conponents,
and heavi er hydrocarbon conmponensepamtingaeans Ghncgpporseidtigstanelinganasaner

hydr ocar bon conponents, in said apparatus there being (a)
a first cooli ngemansidippriady corslansdd gaond stregmmnd seperatqit mgsuvapororawct ed t o
provi de a cool ed stream under pressure; (b) a first

expansi on neansl @ dnaneont dduitictr¢adcei ve at | east a portion of said cool ed
stream under pressure and expand it to a | ower pressure, whereby said
streamis further cool ed; am®  said first expansion meang Bdingcoflh&tdd tb adidl on col umm
connected to receive said further cooled stream said distillation columm

bei ng adapt edsdparasigpmeadseo fatide faul Ldper stemalaedegah@Rm dant lowarpres¢@ehead vapor
stream and said relatively less volatile fraction; the inprovenent wherein

sai d appar at Usaid Nt &@@Bsion means being further conndclet t kdi&ﬂlstﬂla‘ﬁbﬁ]b(ﬂﬁlmﬁrﬁﬁns prior to
said first cooling neans to divide said gas streaminto first and second
streans; supply said expanded vapor stream to said distillation column at a mid-column feed
position below said upper mid-column feed position;
@) third expansion means connected to said 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;
(8) second dividing means connected to said distillation
column to receive said overhead vapor stream separated therein and divide it into at
least a first portion and a second portion;

C) heat exchange means connected to said second dividing

means to receive at least a portion of said second portion and heat it, thereafter
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(2) second cooling nmeans connected to said first dividing neans to receive
said first streamand cool it sufficiently to substantially condense it;

(3) secomsoerpaigilon neans connected to said second cooOPCHYSAEA03696©
receive said substantially condensed first streamand expand it to said

| ower pressure, said second expansi on neans being further connected to said
distillation colum to supply said expanded cooled first streamto said
distillation golum at an upper mid-colum feed position; . .

(4) said firsOoUBETSEY FEHE g D E ek raudgnoaiy T Fpigreids g neans
to receive said second stream said first cooling neans being adapted to
cool said secHAd8t r eam under pressure sufficiently to partially condense
it; (5) separating means, connected tq said first cooling
means to receive said parti &%y “oRUEHLEYVE QAR Oppcsichiariid digikigh e it
into a vapor streamand at |east one liquid stream o (6
said first expdhapshreapynsdipdlaion vpandrewdranna £giog of spddisiiatgn Alume to
recei ve said vapor stream and expand it to said |ower pressure, said first
expansi on nmeafAVpedfgrrenMiteelups MeEPPEdT 0 sai d distillation colum to
supply said expanded vapor streamto said distillation colum at a

m d- col um feed position belbw seingbinippercansicgnregied pmsafdseebndgyidingn;

(7) third expansi on neans connected to said separating nmeans to receive at
| east a port i owasfand sdid vapor Wethdrawmgendangpirebee sad fivsaportiex pahrdid t to sai d

| ower pressure, said third expansi on neans being further connected to said
distillation dolillationtvapcs sipgahyanddomh exqatnaed aporguitan;streamto sai d
distillation colum at a | ower m d-colum feed position bel ow said

m d-col um feed position; (12) compressing meany @hnsedonshidicontdiing meeans
connected to said distillation colum to receive said overhead vapor stream
separ at ed t hertoaeeeiandiddioxibthed ipokr Rt@madndlcedpitessait fol HigHer possiteon and a second
portion; (9) heat exchange neans connected to said second
di viding neans to receive af13)easiid gap&ichin@d nRhnst2ing fe:@6066hnpaed ioon and
heat it, thereafter discharging at |east a portion of said heated second

portion as sakfd ¥ah@tdsIng nicasd U cBaSaill tatple®Bd combined vapor stream and cool
it sufficiently to condense at least a part of it, thereby forming a condensed stream
while supplying at least a portion of the heating of step (9);

(14)  fourth expansion means connected to said heat
exchange means to receive said condensed stream and expand it to said lower
pressure, said fourth expansion means being further connected to said distillation
column to supply at least a portion of said expanded condensed stream to said
distillation column at a top feed position; and

(15)  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.

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

methane, C, components, C; components, and heavier hydrocarbon components into a
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(10) vapor w thdrawi ng neans connected to said distillation colum to
receive a distillation vapor streamfroma region of said distillation

col um abwoeosai3d7iapper m d-col um feed position; PCT/US2010/046966 ( 11)
conbi ni ng neans connected to said second dividing neans and sai d vapor

W t hdrawi ng means to receive said first portion and said distillation vapor
stream and form a conbi ned vapor stream (12) conpressing
means connected to sajd conbi.ning means to receive said conbi ned. vapor
stream and co PtélgéesfdPe 30} fj‘gﬁpca?i‘b?n YB]gE\iFr%f,%ss voRatie ffaction Contaming (‘irt%)orsgi d heat
exchange nmeans being further connected to said conpressi means to receive
sai d conpressBﬂ“B%ﬂ%Vﬁb ‘VHEBW”?t&éﬁHWﬁﬁﬁ“%GB hVW££&$§?¥W ACPYPRBE Eondense
at least a part of it, thereby form ng a condensed stream whil e supplying
at least a ponVﬁHQﬁPHPH@mﬁéQFﬁﬁ@“ﬁ@ygpﬁﬁmﬁg?@men“JnSMdaPW“m“S&WF14)
fourth expansi on neans connected to said heat exchange neans to receive
sai d condensebei8t r eam and expand it to said | ower pressure, said fourth
expansi on nmeans being further connected to said distillation colum to
supply at |east a portion ofdsai tifiskprehaemeansrielered sud gasrsegam vedesaj d
distillation colum at a top feed position; and (15)

cont r ol nmeansPesEpt dngctedrie gigvige @ copled gjitsamtuntl¢resesang t enper at ures of said
feed streans to said distillation colum to nmaintain the overhead
tenperature of said distill &)i ona&olexpansagn meane ppaeetditogecsivertlsystihe maj or
portions of the conponents in said relatively less volatile fraction are
recovered. 19pémoranf appapkt vscahoundthmesepandtipond vfo alogaspsisu@am cont ai ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a vol at wherebesidireagasfufthacbolod aadd a rel atively |l ess volatile
fraction containing a major portion of said C2 conmponents, C3 conponents,
and heavi er hydrocarbon conpgneni gisltatisatccubd comrponent&iandidfeddr er

hydr ocar bon conponents, in said apparatus there being (a)
a first cool i agletrd@asm | Qidcgillasa dhgasbesis Mapredddeparfe €68 fii@ecobraect ed to
provi de a cool ed stream under pressure; (b) a first

expansi on neangeafORReaeehtQ vap&etYan ald JarBSkati RelPRES voliilOfractiah;d cool ed
stream under pressure and expand it to a | ower pressure, whereby said
streamis further cool ed; apf improvement wherein said apparatus includes
) said first cooling means being adapted to cool said gas
stream under pressure sufficiently to partially condense it;
2) 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) first dividing means connected to said separating means
to receive said vapor stream and divide it into first and second streams;
4) first combining means connected to said first dividing

means and said separating means to receive said first stream and at least a portion of

said at least one liquid stream and form a combined stream;
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(c) adistillation colum connected to receive said further cool ed stream
said distillation colum being adapted to separate said further cool ed
stream i wo 2an/3¥aAphead vapor stream and said rel ativel PCrasgsonolesé | e
fraction; the inprovenent wherein said apparatus includes

(1) said first cooling neans being adapted to cool said gas stream under

pressure sufficiently to partially condense it; (2)
separating neans connected to said fjrst cooling nmeans to receive. said
parti al 1y condensed gas. ot r &m adonbesa R Boint STHEG AR o PEQtand at
| east one liquid stream . , ) first dividin ans
connected to EﬁWEt%@ﬁ%?%f*%ﬁ“ﬂ%ﬁﬁ§u?%nP@kﬁ%ﬁéSggpﬁmbﬁﬁéwﬁng@gﬁ1and di vi de
it into first and second streans; (4) first conbining

means connect 8RR d first dividing means and said separating neans to
receive said first streamand at |east a portion of said at | east one
liquid stream and form a cof®i netceideassionSPHINErEAZe 9PETICOD010/ 046966
(5) second cooling neans connected to said first conbining neans to receive
sai d conbi nedc&ling Aeantrid el said sugkptiadly sapdepsed sombined greamant gxpaghdense it ;
(6) second expansi on neans connected to said second cooling neans to

recei ve sai d Sudssklawendpgsbyre colddesrnd dxpeosbi meehsdeing dprihenebraggethid siil t o sai d

| ower pressure, said second expansion nmeans being further connected to said
distillation dtillation cadumoppsuppaiid capgpdadiedlcdgombided grdpintedaidt ream t o sai d
distillation colum at an upper m d-colum feed position;

(7) said fir stliselgi@nsolomnaeangpbendgobommieet mditioo; sai d first dividi ng neans
to receive said second streamand expand it to said | ower pressure, said
first expansi on nmeans bei ng(furt fuédt ficorpesicadndans sangconhatdd tb adid €irst col um
to supply said expanded second streamto said distillation colum at a

m d- col um f eadidd@sinédand o doedi e aklaiechbnd ppeiin Mmddxpaldunid shid éalvdd Psisturgn;

(8) third expansi on neans being connected to said separating nmeans to

recei ve any r efi@fint &@papddii heihs béing Airlertdonh@agtio Qi@dikiilgtbelcdbmeam and expand
it to said | ower pressure, said third expansi on neans being further

connected to sapt WiddkpAddad bRBnECRlcbiMo §a&1 &sRRLiYN &dindn evddaadednkd fged d stream
to said distillation colum at a |lower m d-colum feed position bel ow said
m d- col um f egekiRAYelowdAid upper mid-column feed position;
(8) third expansion means being connected to said
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;
9) second dividing means connected to said distillation
column to receive said overhead vapor stream separated therein and divide it into at
least a first portion and a second portion;

(10)  heat exchange means connected to said second dividing

means to receive at least a portion of said second portion and heat it, thereafter
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(9) second dividing neans connected to said distillation colum to receive
sai d overhead vapor stream separated therein and divide it into at |east a
first porwODaniizid71a second portion; (1erThsat10@xe®b@nge
means connected to said second dividing neans to receive at |east a portion
of said second portion and heat it, thereafter di scharging at |east a
portion of said heated second portion as said volatile residue gas
fraction; . . (11) va wi [ hdrawi ng nmean onnected to said
G til ot on dbfreine s sl aRd bttt Toaers S aR FSkiS etsegs on o
said distill aIL)ti on colum above said upper md-colum feed position,

(12) second cHABIfi ng neans connected to said second dividing means and
said vapor withdrawi ng neans to receive said first portion_and said
distillation vapor stream ahtlf o¥dPPa™HKHBYIRE Hregayropnesteda gid distillation

(13) conpressing neans connected to said second conbining neans to receive
sai d combi ned/EPB o sedexhdisHitien HppergamiTanya reipRef sy digéliptign column

(14) said heat exchange neans being further connected to said conpressing
means to receﬁ"\’ﬁéfe§fafldpl?,€éﬁ"p¢-é@§1@af@g@ml‘h@ﬂ vapor stream and cool it
sufficiently to condense at |east a part of it, thereby form ng a condensed
stream whil e supplying at | €3t secpukaombmiesd medns comgetphiy seild sseoad (10) ;

(15) fourth expansion nmeans connected to said heat exchange neans to

recei ve sai d dondenseds std wahvapedvidkiparioe intansdo gagide $aplherst premsande, sai d
fourth expansion neans being further connected to said distillation colum
to supply at haddistilatippripoosran adifdnexgarnded vepndeesed streamto said
distillation colum at a top feed position; and (16)
control neans adapted to regld) at enfressgyarhntdoasecaddo taddipeoal aondsingd sai d
feed streans to said distillation colum to nmaintain the overhead

t enper at ur e ofnesaitd radeist bdid aintoinedoaparyieah adl doaippss atahighaspersady, t he maj or
portions of the conponents in said relatively less volatile fraction are
recovered. 20.In an appar at yshf ofaid et Sepaizgahicam Ringdu@as caine@adocont ai ni ng

said compressing means to receive said compressed combined vapor stream and cool
it sufficiently to condense at least a part of it, thereby forming a condensed stream
while supplying at least a portion of the heating of step (10);

(15)  fourth expansion means connected to said heat
exchange means to receive said condensed stream and expand it to said lower
pressure, said fourth expansion means being further connected to said distillation
column to supply at least a portion of said expanded condensed stream to said
distillation column at a top feed position; and

(16)  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.

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

methane, C, components, Cs components, and heavier hydrocarbon components into a
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met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a volatile residue gas fraction and a relatively less volatile
fracti on wonvdiassmg a maj or portion of said C2 conmponenPsT/US20100w@oesent s,
and heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon conponents, in said apparatus there being (a)
a first cooling neans to cool said gas stream under pressure connected to
provi de a cool ed. stream under. pressure; . . b) a first
Bpans: on meaNGULE HERE i HG PR VE LGl less il SItPbFOSETReF ol ed
stream under pressure and expand it to a | ower pressure, whereby said
streamis fur B‘PF&P“ 8%%}%@; cogypgnents, (s components, and h‘%&“ gy‘{ﬁ‘i’%‘fﬁofllcalﬁll’ "Eol um
connected to recejve said further cooled stream said distillation colum
bei ng adapt ed®t sé‘lds%ﬂdé’i‘r@%e“éseﬂnﬂ heqyiqr ARdroc N @IPP RN SdgPRarpipt YErcoyer head
vapor streamand said relatively less volatile fraction; the inprovenent
wher ei n sai d 8¢iparat us i ncl udes (1) first dividing neans
connected to said first cooling neans to receive said cool ed stream and
divide it into first and seédnd &{ifseeqphing means to cool said gas stregip yndggcond

cool ing neans connected to said first dividing neans to receive said first
stream and cobfesgute epnfdeiadte provide pgoglebyteantuind¢rpjessapidense it ;

(3) second expansi on nmeans connected to said second cooling neans to
recei ve said substantially ¢onden§stiefpansen iseaneaennacicd @xpng at leatte sai d

| ower pressure, said second expansi on neans being further connected to a
cont acti ng andorsepafatd cogledsiagisn tmlesprppiing agdexparkpandbdecpodsedt, f i rst stream
to said contacting and separating neans at a m d-colum feed position, said
cont acti ng anédhsepasait strgmiensertvedlad; aadapt ed t o produce a second over head
vapor streamand a bottomliquid stream WO 2011/ 034710PCT/ US2010/ 046966

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

the improvement wherein said apparatus includes

(1) first dividing means connected to said first cooling
means to receive said cooled stream and divide it into first and second streams;

2) second cooling means connected to said first dividing
means 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, said second expansion means being further connected to a
contacting and separating means to supply said expanded cooled 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;
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(4) said first expansion neans being connected to said first dividing neans
to receive said second stream and expand it to said | ower pressure, said
first expsooom3wsans being further connected to said ceorastémng+@ne
separating means to supply said expanded second streamto said contacting
and separating neans at a first |ower colum feed position bel ow said

m d- col um feed position; (5) said distillation colum
bei ng connected to said contactin nd separating neans to receiye at |east
a portion of said bottomli &‘ﬁl d %a?‘} ﬁﬁ?ﬁ"pa‘%lon eans belig connecieghto sl )EIJ‘rSt
contacting and. separating neans. being further connected to said
distillation g‘di%‘?&@f%“ Foeféié‘il‘{ﬁesa%ﬁltse?oé‘g%eaén HOr<pyH 1P s gil%}"ﬁl‘ PFSt*"over head
vapor stream at a second | ower columm feed paosition below said nid-colum

f eed position§Mdﬁ“t”@m“mnnwm“bm?%?“@@é@ﬁﬁ” W?HW%ﬁﬂﬁﬁgﬁ%mﬁéﬁW@ﬁpéd to said
contacting and separating neans to receive said second overhead vapor

st r eam separ atSersth e ALY sfeond stiepm do sid ¢aipstingandiseRAAHS MR and a
second portion; (8) heat exchange means connected to said
second di vi di Alg ifsdagercelunsciepd/rosiion belgytsaigd nydcoiupm fegfd pogitignisecond porti on
and heat it, thereafter discharging at |east a portion of said heated
second portion as said vol atdl e sesdighilatigneclfimebtippepnnected to said (9)
vapor wi t hdrawi ng means connected to said contacting and separati ng neans
to receive a dimdciing and sopargtagoneags wogedvierablensd apegioof gfid kaiodh legpwidt act i ng and
separating device above said m d-colum feed position;

(10) conbi ni ngiraaeans connected to said second dividing means and sai d vapor
wi t hdrawi ng means to receive said first portion and said distillation vapor
stream and form a conbi ned v@por sast cometing and separating means being further ( 11)
conpressi ng neans connected to said conbining neans to receive said

conbi ned vapotomitcedinsaiddisttaphesinint to t@eilve ghiedst pp@ssnozaid first overhead

(12) said heat exchange nmeans being further connected to said conpressing
means to recevyer Sadath £ aRR0esBedr cihh Red pyaferbesdw Qammanadeaoteed t
sufficiently to condense at |least a part of it, thereby form ng a condensed
stream whil e sepRinyi Nng at | east a portion of the heating of step (8);

(13) third expansi on nmeans connected to said heat exchange nmeans to receive

sai d condensed stream and expandsdcbnd @vidRk eaPNRINRERIS Wi®condRtifk 4dai rd
expansi on neans being further connected to said contacting and separating

means to su ppgébaﬁﬁréé i8Sk @rePQd ga%se@(ﬁnd%kfﬂe&ﬁ%ﬁ?@&%‘éarﬁ QpieRSaRerShig@m t o
said contacting and separating means at a top feed position; and

divide it into at least a first portion and a second portion;

®) heat exchange means connected to said second dividing
means to receive at least a portion of said second portion and heat it, thereafter
discharging at least a portion of said heated second portion as said volatile residue gas
fraction;

) 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 above said mid-column feed position;

(10)  combining means connected to said second dividing
means and said vapor withdrawing means to receive said first portion and said

distillation vapor stream and form a combined vapor stream;
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(14) control means adapted to regulate the quantities and tenperatures of
said feed streans to said contacting and separating neans to nmaintain the
over head werppavatune of said contacting and separati ng FERNS2E0/086966

t enperature whereby the major portions of the conponents in said relatively
| ess volatile fraction are recovered. 21.1n an apparatus for the separation
of a gas stream containi ng net hane, C2 corrponents C3 conponents, and

heavi er hydrocar bon conponeg]tcls into a volatile residue, (?as fraction and a
relatively less volatile fracdi of"UBHTLEMIAY QONESGMO FETF 19rEHiBs "Sdd 2
conponents, C3 corrponent and heavi er hydrocarbo onents or said C3
conponent s an# HEAA S RPRINGE ¥pnos e EHPESS lfﬁ‘?q’%%heﬂ SPHYr at us there
being (a)a first cooling neans to cool said gas stream under pressure
connected to provide a cool &) st?aé‘él?ﬁah?i‘&g%ngﬁﬂi@é@me@g fusifgsr connected to

2011/ 034710PCT/ US2010/ 046966 (b) a first expansion means
connect ed to PHEEINRECSING|NERRY LOALSHE PO ROBPresssd W%@ﬁdeV&P%ftSFré%ﬁlﬁf’r@@}
pressure and expand it to a | ower pressure, whereby said streamis further
cool ed; and itsufficiently to condensq 4 Jeagl aftagitaf i1 theiebnfosmingincandemedtiEant o recei ve
said furt her cooled stream said distillation colum being adapted to

separ at e sai dwhie supelyinggoleatt agprteaf thetheatmgfof tsp (fdver head vapor stream and
said relatively less volatile fraction; the inprovenent wherein said

appar at us i ncl udes (13)  third eggapsipi meansgpuiediod ¢ yaeblvet gxchapge t o sai d
first cooling neans to divide said gas streaminto first and second
streans; means to receive said @ndesedsictamont]! exgndeansi¢cbmeeptedret idai d fi r st

di viding means to receive said first streamand cool it sufficiently to
subst anti al | ythidredgausien inteans being further connected to said contacting and separating

means to supply at least a portion of said expanded condensed stream to said
contacting and separating means at a top feed position; and

(14)  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.

21. 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, Cs components, and heavier hydrocarbon components
or said C; 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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(3) second expansi on neans connected to said second cooling neans to
recei ve said substantially condensed first streamand expand it to said

| ower prewsoeuny/03¢and second expansi on nmeans bei ng furthecTasaneot@dst o a
contacting and separating nmeans to supply said expanded cool ed first stream
to said contacting and separating nmeans at a m d-colum feed position, said
contacting and separating neans being adapted to produce a second over head
vapor stream and a botton1I| UId g &, % aid first
cool i ng means bei ng connect & gfﬁ“@?$@1mﬁ¥@Fﬂ?ﬁﬂaﬁgéﬁ§ £4 PR i ve said
second stream and Q@gl it' %ﬂQ % i rst expansi on nmeans
bei ng connect 8YPHO th?eﬂg?a@%g¥$h@3%ﬁ§ﬁgd ap E&?% WEEPE St G0l ed second
stream and expand it to said | ower pressure, said first expansi on nmeans

bei ng further“@8%%%%?%%“?@‘%%?@“6@ﬂ?%é?ﬂng and separating neans to supply
sai d expanded cool ed second streamto said contacting and separating neans
at a first |ower colum feef)post tivdliptipe rma sprneredodsteipsiddegheposi ti on;
(6) said distillation colum being connected to said contacting and
separating me&ffdedsyrepaceiddistiflationespdimnboinigradppipd ©fscrgitel sayd furden Joplsdi d
stream (7) said contacting and separating neans being
further connesgtat ing adapivebsad vapertsiiorm end sardhretag vele fess vadatde frhasigst a portion
of said first overhead vapor streamat a second | ower column feed position
bel ow sai d m d-col um feed pwginpicyament wherein said apparatus incBylesecond di vi di ng
means connected to said contacting and separating nmeans to receive said
second over head vapor streaf)separsadiedingheres priandsaid frsdeoling medne tat | east
a first portion and a second portion; (9) heat exchange
means connect dtidecaig @ahdsteenand figit whdliengndneranss;t 0 recei ve at | east a portion
of said second portion and heat it, thereafter discharging at |east a
portion of said heated seco posecomicoabngaedhs valnaticd @ sa@dircudévidias
fraction; (10) vapor wi thdrawi ng nmeans connected to said
contacti ng anehesmparativehidBANSrch@ 2he &Il Weuicttingy tol Jubdtarially amaenss it eam from
a region of said contacting and separating device above said m d-col um
feed position; (3)  {etdnd SpERiAIN@An@ARS&ABBAEE@End 0 sai d
second d|V|d|ng means and said vapor wthdrawi ng neans to receive said

first pOftl0“c@ﬂﬁg%@hﬁﬁéh§h&ékﬁ&hﬂﬁmﬂ@ﬂ@%o&khﬁﬁqhﬁ@Qa%@ﬁmkﬁ gRioned vapor
stream (12) conpressing neans connected to said conbining

means to receiN@iosRt freGARDIACL NRRADarloh@RThaNGh LORRE @S fnckled ta hi gher
pressure;

contacting and separating means to supply said expanded cooled 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;

4) said first cooling means being connected to said first
dividing means to receive said second stream and cool it;

5) said first expansion means being connected to said first
cooling means to receive said cooled second stream and expand it to said lower
pressure, said first expansion means being further connected to said contacting and

separating means to supply said expanded cooled second stream to said contacting
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(13) said heat exchange nmeans being further connected to said conpressing
nmeans to receive said conpressed conbi ned vapor stream and cool it

suf fi ci enwbyoti3eundense at | east a part of it, therebypPtConstngoassondensed
stream whi |l e supplying at |least a portion of the heating of step (9);

(14) third expansi on neans connected to said heat exchange nmeans to receive
sai d condensed stream and expand it to said | ower pressure, said third

expansi on nmeans, bei ng further connected to. said contacti.ng.and separating
obns 1 o suppSH Bt Eeb s far R Greotaige el eSO barm ¢ o

said contacti % and separating nmeans at a top feed position; and

(15) control dRSiPapted to regul ate the quantities and tenperatures of

said feed streans to said contacti ng and separating nmeans to naintain the
1

overhead tenperature of sai €contdt{isHipligneraanhying sHgeqednsaidt a
tenperature whereby the major portions of the conponents in said relatively
| ess vol ati | eCqtactipg gl sspE2fedpRABY @decepp af lkayd Papiva rhtakdHM i separ at i on
of a gas stream contai ni ng net hane, C2 conponents, C3 conponents, and
heavi er hydr o8#&8eB6on conponents into a volatile residue gas fraction and a
relatively less volatile fraction containing a major portion of said C2
conponents, C3 conponents, &hd hsadsaatachyaimdcepadsme aesaponetiyrter sai d C3
conponents and heavi er hydrocarbon conponents, in said apparatus there
bei ng connected to saiflaljstidatfinrestundo kicpiye aeleassa partiomel sasldire oyerbeast r eam
under pressure connected to provide a cool ed stream under pressure;
(b) a first exypeansiam areansnd bmeeciledn feed pedt@intelcat saidastcounpofeed on of sai d
cool ed stream under pressure and expand it to a |ower pressure, whereby
sai d stream i poditimt her cool ed; and WD 2011/ 034710PCT/ US2010/ 046966 (c)a
distillation colum connected to receive said further cooled stream said
distillation colum bei ng ad®pt eccomal depmp ateanss@inectadred ked cantmeliggand
separating means to receive said second overhead vapor stream separated therein and
divide it into at least a first portion and a second portion;
C) heat exchange means connected to said second dividing
means to receive at least a portion of said second portion and heat it, thereafter
discharging at least a portion of said heated second portion as said volatile residue gas
fraction;
(10)  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 above said mid-column feed position;
(11)  combining means connected to said second dividing
means and said vapor withdrawing means to receive said first portion and said
distillation vapor stream and form a combined vapor stream;

(12)  compressing means connected to said combining means

to receive said combined vapor stream and compress it to higher pressure;
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streaminto a first overhead vapor streamand said relatively less volatile
fraction; the inprovenent wherein said apparatus includes

(1) said wonstrvmenbi ng neans bei ng adapted to cool sai dpgaassawmasvsander
pressure sufficiently to partially condense it; (2)
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) first dividing neans
connected to said separatin§ Heaffdd kgt ?’%E@%Gé’e?gib&l%gbr&er§?r&8%{?fft§nd di vi de
it into first and second streans; . , , (4\) second cool | ng neans
connected to S EPRRTTSISRVPHL AT e 5HE comPreedrrabine dper i 8¢ &9 and
cool it sufficiently to substantially caondense it; . (5)
second expansiSRIiKiERHRSOCHRTEM A drapla Rag o L By OEBHe| heprAEkrtsHeay ecei ve
said substantially condensed first streamand expand it to said |ower
pressure, sai ¥hdetpRYIeKagizdarticeahdeheiting of tier E()é'r connected to a
contacting and separating nmeans to supply sai d expanded cooled first stream
to said contacting and sepafk®i n@irAexppssign mgangicgonesied tmsafddiedt gx6k4nee on, sai d
contacting and separating neans bei ng adapted to produce a second overhead
vapor stream axansdo seive paid ¢andensed streamrnd expand it to said lower pregsgle, sagd d fi r st
expansi on neans being connected to said first dividing nmeans to receive

sai d second sthidarpamidn expasitingtiutier serindctbdinespidgpagdgingand spptifg r st

expansi on neans being further connected to said contacting and separating
means t o supphyamsad suppkpahdec mecond sad exgamliddeosdinstdsondract dainly and
separating nmeans at a first |lower colum feed position below said

m d- col um f eechtgatisg bndoaparating means at a top feed position; ar(d7) t hi rd expansi on nmeans
connected to said separating nmeans to receive at least a portion of said at
| east one |iquid stream and(E}patthtbl médns Sddpekdliovegnlaeriesqunetessad d t hird
expansi on neans being further connected to said distillation colum to
supply said expaothades dfqaitl teegkir@a® b eni® adrthcthShird depdratig rE@hdidmAlitaia

m d- col um feed position; (8) said distillation colum
bei ng connect @@ o @h&a EnFRNLRGE kHQ caNdise PR RpdrthgRAASataQehfeRIve at | east
a portion of said bottomliquid stream (9) said

contacting angnhs@p@hahiapg ppRidASoME QhJolEdidiRrkai0 G NRETyaEks tyBlafiRl fFhction
distillation colum to receive at |east a portion of said first overhead
vapor stream gl @&o586@Nnd | ower colum feed position bel ow said m d-colum
feed position;

22. In an apparatus 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 C; 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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(10) second dividing neans connected to said contacting and separating
nmeans to receive said second overhead vapor stream separated therein and

di vi de i twpnbo/@at7ibeast a first portion and a second poPCITArs2010/046966

(11) heat exchange means connected to said second dividing means to receive
at least a portion of said second portion and heat it, thereafter

di scharging at least a portion of said heated second portion as said

vol atile residue gas fracti wi t hdr amnng

n; T 12) vapo
means connected to said congactiﬁﬂ“%%ﬁog88&@5?@Hédﬁiﬁﬁgg?@SF@&E?
distillation v o stream ma r on.of said contactin nd separating
devi ce above § %@ﬁnﬁﬁwd&ﬁ&”égﬁqﬁiﬂ QQ%Whpwgu”mpmawSMdgngm(?gygconbining

means connected to said second dividing neans and said vapor w t hdraw ng
means to recef¥ENdaoq ffr?trosYFrhﬁﬁfjr‘taP%rr?“éﬁH ardhsaifl fqlaliyqly fesg Y(Bfﬁﬂ?/g%‘tonst ream and

forma conbi ned vapor stream (14) conpressing neans
connected to said combi ni ngthvdBRDVEReH gdgfeinesaiapparaynBichéer vapor stream and
conpress it to higher pressure; (15) said heat exchange

means being further connect &b t osahiingt ewhpe @ewis hgingadapediocobsnd 68 sai d
conpressed conbi ned vapor stream and cool it sufficiently to condense at

| east a part efeapxundetjessiyy sildicinthptopatiohdernslerte st r eam whi | e suppl yi ng at

| east a portion of the heating of step (11); (16) fourth
expansi on neans connect ed t ¢2)sai gphreang wxanh asrpectpdmrgidtigsticeclaigvecasai d
condensed stream and expand it to said |ower pressure, said fourth

expansi on neansregevergidfparttalg corclomsed g sestire 10 agdsega@@nt ia®ta vagorsstrdargs ephir at i ng
means to supply at | east a portion of said expanded condensed streamto
sai d cont act i ageanchedepalrsatamg nmeans at a top feed position; and

(17) control means adapted to regulate the quantities and tenperatures of
said feed streans to said coht actitsn@jviding rs@pacaanedigl @t Sephatin@imgimi n t he
overhead tenperature of said contacting and separating nmeans at a

t enper at ure whaekahy salie/ap®]satanp aiid diGids itddto tike agDRpaiashtand; N said rel atively
| ess volatile fraction are recovered. 23.1n an apparatus for the separation
of a gas stream containi ng Bt hagRondedoRRIMROME BbifectbBroGRRIFRR M GEng and
heavi er hydrocarbon conponents into a volatile residue gas fraction and a

relatively | egsanqb alcbiv€sdid Akt {RAMGANES] NisOficRnlRicdubRMihil P aEnssal d C2
conponents, C3 conponents, and heavi er hydrocarbon conponents or said C3

conponents and heavi er hydr egar bR, ORPARRAeand nidd BRAALRbHS there
being (a)a first cooling neans to cool said gas stream under pressure

connected to Q(lid?i\’l;lg q{%aﬁ"s t6 ?&E@;Q sad E&@%M%En&ﬁ%ﬁ%ﬂ&@tream and expand it to

said lower pressure, said second expansion means being further connected to a
contacting and separating means to supply said expanded cooled 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;

6) said first expansion means being connected to said first
dividing means to receive said second stream and expand it to said lower pressure,
said first expansion means being further connected to said contacting and separating
means to supply said expanded second stream to said contacting and separating means

at a first lower column feed position below said mid-column feed position;
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WO 2011/ 034710PCT/ US2010/ 046966 (b) a first expansion
means connected to receive at |east a portion of said cool ed stream under
pressure Wodoexpand it to a | ower pressure, whereby sai @CItUSe@oie6é urt her
cool ed; and (c) a distillation colum connected to receive
said further cooled stream said distillation colum being adapted to
separate said further cooled streaminto a first overhead vapor stream and

said relatively less volatile fraction; the inprovenent erein said
apparatus i ncl udes B RRS R siby R TP LR (o sai d
first cooling nmeans to divide said as,st{ean1i,to first and sgcond
streans: means o rece1ve at 1%32356‘%%% saidat °AY Ohe e HsameRt EPNOUdRdi d first

di viding means to receive said first streamand cqol it sufficiently to
subst ant i al | yS&ibRaehRIEssuge; said third expansion means beigg futheperpnesisbinstidn means
connected to said second cooling neans to receive said substanti al
condensed fi r distildation spiraa de BRpadidierpandedsliguid stesamrio priddisiiffasion eelpgn decond
expansi on nmeans being further connected to a contacting and separating
means to suppRypidsplamafgsdmaEdonsool ed first streamto said contacting and
separating neans at a md-col um feed.ggsition, said contacting and
separ ating neans bei ng adapt®d t sipdigdlatien eolwpe bsiog enpepdieskd siidpor st ream
and a bottomliquid streany . (4) said first cooling neans
bei ng connect eehttcting anidbepiratintg raans @i reqgiveralesst kportios of weed kafoth lspebnd st ream
said first cooling neans being adapted to cool said second stream under
pressure suffptodaent|y to partially condense it; (5)
separating means connected to said first cooling neans to receive said
partially condensed second $%)r easnidtotasegpandtsepardting mieansbewfonhest r eam and
at least one liquid streamp WD 2011/ 034710PCT/ US2010/ 046966
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;
(10)  second dividing means connected to said contacting and
separating means to receive said second overhead vapor stream separated therein and
divide it into at least a first portion and a second portion;
(11)  heat exchange means connected to said second dividing
means to receive at least a portion of said second portion and heat it, thereafter
discharging at least a portion of said heated second portion 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 above said mid-column feed position;
(13) combining means connected to said second dividing

means and said vapor withdrawing means to receive said first portion and said

distillation vapor stream and form a combined vapor stream;
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(6) said first expansion neans being connected to said separating nmeans to
recei ve said vapor stream and expand it to said | ower pressure, said first
expansi orwoeang3lgaong further connected to sai d cont act Pog/iseaoseqas at i ng
means to supply said expanded vapor streamto said contacting and
separating nmeans at a first |lower colum feed position below said

m d- col um feed position; (7) third expansi on neans
connected to said separating neans to receive at ast rtion of said at
| east one |iquid stream andtERpafftiiAressing MeansFopy t%?@@@ﬁ? MG BEY St hi r d
expansi on neans beln% fur% er connected to said distillation colum to
supply sai d eX¥pErdEd?dqumPHed ¥#nonHp! %‘Qlcﬁmﬁﬁe?ﬂf fougheppressdicam at a

m d- col um feed position; said distillation colum
bei ng connected to said conf5%t|ﬁﬁj%ﬁﬂa§gﬁ§P&FWﬁéwﬁﬁéwngﬁnméﬁgiVe at | east
a portion of said bottomliquid stream g ) said

cont acti ng anéﬁl@@ﬁ%&%ﬂtﬂnﬁgﬂ%@%ﬁ@%wﬁ@dfseﬁﬂmﬁwd eurhed@ports e%ﬁ’éﬂ cool
distillation colum to receive at |east a portion of said first overhead
vapor stream Htudickadoiedondnnes at desbiprartfob ddthpigRy farmingbetapdensed Hreaid- col um
feed position; (10) second dividing neans connected to
said contactiM@ﬂgﬁWPbéﬁaﬁ&@ﬂﬁ@oﬁﬁa@§ﬂﬁéeﬂé€éﬁvépé@%d second over head vapor
stream separated therein and divide it into at least a first portion and a
second portion; (16)  foptth pxresion exahanyechétriddeanect ed to sai d
second dividing neans to receive at |east a portion of said second portion
and heat it, thbregfmens dirschasgiegndehsedeastin andpapdndonosdiddeara heat ed
second portion as said volatile residue gas fraction;

(12) vapor w pleshuawsaid)fovethRspaosinmaeimdeing fadiedcanaitathisad camattiagpat at i ng
means to receive a distillation vapor streamfroma region of said

cont acti ng anepampas atimgo dppiyaelcadaertaiolsdid ekpamdedrindeaed spash to on;

(13) conbining means connected to said second dividing neans and sai d vapor
Wi t hdr awi ng nmeadsorif2tif el séparSdigindand &ita (pOfebd poditinparsiai d di stil | ati on vapor

stream and form a conbi ned vapor stream (14) conpressing
nmeans connected to said conbrmlngﬂmﬁam&mggmﬁagebM%uﬁﬁuﬁg@gmmhgqﬁjvapor
stream and conpress it to higher pressure; (15) said heat

exchange nmeangpfeianGes dfidileded SREMMRGH €Hd EdhiRahLdaOOPIATSI MAndBaRSnthi@ I ecei ve
sai d conpressed conbi ned vapor stream and cool it sufficiently to condense

at least a pa&kcQ&h&htmhﬂﬁ&ﬁ@XﬁEQ&Hhﬁﬂmﬁg5&ﬂ£§ﬁ§ﬁ%rﬁ%h@ﬁ@h&ﬁhﬁﬁm@upp|ylng
at least a portion of the heating of step ( (16)

fourth eXpansgﬂ&eﬁ$ﬁ9§w39BQ&&B@Q%&Qx@%bﬂmﬂﬁﬁ%mﬁ%ﬁﬁﬁﬁgﬁe&Q@Bﬁmﬁﬂmﬁﬁpe'Ve

sai d condensed stream ahd expand 1t sai d | ower ssure, said fourth
expansi on nea%% ﬁg further connected to said contacting and separating
means to supply at [east a portion of said expanded condensed streamto

said contacting and separating, [BaARs & @ LPRadGEE aRISITLARon @ e

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, Cs components, and heavier hydrocarbon components
or said C; 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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(17) control means adapted to regulate the quantities and tenperatures of
said feed streans to said contacting and separating neans to nmaintain the
over head werppavatune of said contacting and separati ng FERNS2E0/086966
t enperature whereby the major portions of the conponents in said relatively
| ess volatile fraction are recovered. 24.1n an apparatus for the separation
of a gas stream contai ning net hane, C2 conponents, C3 conponents and
heavi er hydrocarbon conponents |n}o a volatile re5|dqf tion and a
folatively | osa volatile fradtiof EoRAP L R e 8 o o
conponents, C3 co nents, and heavi er car bon copponents or said C3
conponents an8°H8% %Wi%ﬁﬁﬁé%%Wbﬂﬁw%%ﬁﬁﬂ%éﬂ gxpap “g%?ggﬁbﬂﬁngus t here
bei ng a) a first cooling nmeans to cool said gas stream
under pressur@MEBH%%%%%@mpéy%WBWFH%E%E@%oled stream under pressure;
(b) a first expansion nmeans connected to receive at |east a portion of said
cool ed stream under pressuré3andaé&%%ﬁ@nF@UWBC@“F@ﬁ%F”B?@@§@ﬂémﬂ%ﬁereby
said streamis further cool ed; and (c) adistillation
col urm connecteded sgrepmogiddistidlaiien qolmmsingdaptediosepasseraid firderdiostel| | at i on
col um bei ng adapted to separate said further cooled streaminto a first
over head vaposptresnyiglarp fEpidvedipall vapprstiese pyd sagbelaipdlatess elftdatradtion; t he

i nprovenent wherein said apparatus includes (1) said first
cool i ng neans bei ng adapt ed theampobmeivdiegassagt appamtue mdkidespr essur e
sufficiently to partially condense it; (2) separating

means connected to said first) cobisidigidmgamsng priarecsiid/@rss@otingaedns &b | y
condensed gas stream and separate it into a vapor stream and at | east one
| i qui d streantlivide said gas stream into fir{t 3)d ek omsltstrdand; di ng neans connected to said
separating nmeans to receive said vapor streamand divide it into first and
second streans; 2) second cooling means connected to said first dividing
means 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, said second expansion means being further connected to a
contacting and separating means to supply said expanded cooled 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;
4) said first cooling means being connected to said first
dividing means to receive said second stream, said first cooling means being adapted
to cool said second stream under pressure sufficiently to partially condense it;
5) separating means connected to said first cooling means

to receive said partially condensed second stream and separate it into a vapor stream

and at least one liquid stream;
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(4) first combining nmeans connected to said first dividing neans and said
separating neans to receive said first streamand at |east a portion of
said at |Iwe2011013¢71bi qui d stream and form a conbi ned str @aw{US2010/046966

(5) second cooling neans connected to said first conbining means to receive
sai d conbi ned stream and cool it sufficiently to substantially condense it;
WO 2011/ 034710PCT/ US2010/ 046966 (6) second expansi on neans
connected to said second co&éing qﬁﬁps to receive said substantéally
condensed conbi ned stream and ex S} PRSI AP RS CpPELLP & saj d second
expansi on nmeans being further conpected to a contacting and separating
neans to suppPSPrEAPHTERY INFETYE ﬁﬁoEﬁﬁﬁWﬁ@ﬁmgPpgﬁﬁ3¥‘ @gpﬁﬂggﬁ?acting and
separating nmeans at a m d-colum feed position, said contacting and
separating neé%%ﬁﬁéPﬁ@n%ﬂ§BF@ﬂb@BgBWBHU@@“§“§é%8%%“6V@Pﬁ%€ﬁsﬂ%ﬁﬁmgstream
and a bottomliquid stream ,é?) said first expansion neans
bei ng connect BYaRSEO sHIPY Ridrespandpd VAROhrerRdn s2id gontacting ddl SSBIHINgdRBAY st r eam
and expand it to said | ower pressure, said first expansi on neans being
further conneéta@stlowerponuiaedraeitieg balay ssidpadgoiupg fersaesitions suppl y sai d
expanded second streamto said contacting and separating neans at a first

| oner col umm feed position b8l owhydictpanbidn peinsreanifeeied thoyl epayping

(8) third expansi on neans connected to said separating nmeans to receive any
remai ni ng por ticans tofeceiae o legst 4 pagen oiveid|at faitdnsliqudstrcamdind xxanditit t o sai d
| ower pressure, said third expansi on neans being further connected to said
distillation codlower prosssrepplid/thgrd icgpapsipamdad being tiurthes tanpeaied to ssidi d
distillation colum at a md-colum feed position; (9)
sai d disti || atlisgliatioo kelomn besupglyceiirepindel] tiquidatedmaeo sdiddistiilgiomnduse par at i ng
means to receive at |least a portion of said bottomliquid stream

(10) sai d contatd-csigmanedpegasmat i ng neans being further connected to said
distillation colum to receive at |east a portion of said first overhead
vapor stream at a second | ow®r celidmnilfagetlcq@sh béinncdraban saaid m d- col um
feed position; (11) second dividing neans connected
to said contagdi@n@md SpRAIMRLIHAEs FEARSvcl01chRAPLN BN DBLA BRGaANuayer head
vapor stream separated therein and divide it into at least a first portion
and a second p@fahi:on; (12) heat exchange neans connected
to said second dividing neans to receive at |least a portion of said second

portion and heat it, ther eaf(gger chi BEIRBIGh N ehd’lpar 8RS Inc@ndRie (ARnL! sai d
heat ed second portion as said volatile residue gas fraction;

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;

(10)  second dividing means connected to said contacting and
separating means to receive said second overhead vapor stream separated therein and
divide it into at least a first portion and a second portion;

(11)  heat exchange means connected to said second dividing
means to receive at least a portion of said second portion and heat it, thereafter
discharging at least a portion of said heated second portion as said volatile residue gas

fraction;
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(13) vapor w thdrawi ng neans connected to said contacting and separating
means to receive a distillation vapor streamfroma region of said

cont act i nyoand/se¢par ati ng devi ce above sai d m d-col um PeeEAISP@SINYG66;
(14) second conbi ni ng neans connected to said second dividing nmeans and
sai d vapor wi thdrawing neans to receive said first portion and said
distillation vapor stream and form a conbi ned vapor stream

(15) conpressing means conn ed to said second conbi ni.ng nmeans to receive
sai d conbi ned vapor strean1zﬁ% c8ﬁ8¥gg@gwwngBwﬁ?ﬁWBW”EP€g§E$%?“MMHg

(16) said heat exchange neans being further connected to said conpressing
means to recefRECEYRPEIBIRET ey eé‘cf’r‘r%’itﬁﬁ%‘&ll \PREOYC&P (0514 HRign %'Fdoi t
sufficiently to condense at |least a part of it, thereby form ng a condensed
stream whil e %ﬂﬁ%??gﬁﬁhﬁPmW€§§FVﬁeH%WFF%%HH*“FW@Hﬁ@%@?ﬁ@“ﬁf step (12);

(17) fourth expansion nmeans connected to said heat exchange neans to
recei ve sai d condensed stre&hYanePrelipiantmenns copnesigl ép ailgseondidbdding e, sai d
fourth expansion neans being further connected to said contacting and
separating me#anstagd s1ighpanpr Fithdraging meapoeieasiye 68id §isst gogpartad! condensed
streamto said contacting and separating neans at a top feed position; and
(18) control disaliasiondanst sceaponddepin) acenhites vgpirsttpanies and t enper at ures of
said feed streans to said contacting and separating neans to maintain the
overhead tenperature of sai @l4ontaatressige arwdnsswopeaceeditmepidrecantsniag mgans
tenperature whereby the major portions of the conponents in said relatively
| ess vol ati | etdeadte sonl cambineé ggpoe pteim and compress it to I2gher filagsuienpr ovemnment
according to claim15, 16, 17, 18, or 19 wherein said vapor w thdraw ng
neans i s connected to said disti tdidlidaoekchalge meatsdheingdeithee camedediost i || ati on
vapor streamfroma region of said distillation colum bel ow said upper

m d- col um f eedd paspredsing naank @bhax e sal dompdssedtambinddeagorasin h@hcool

26. The inprovenent according to claim15, 16, 17, 18, or 19 wherein said
vapor w t hdr awistificikB@® dosdedeui @abechatt@f Kaiherebly Simninkad ¢odbersed damt o recei ve
said distillation vapor streamfroma region of said distillation colum
bel ow sai d m dhaokupplyide@® ka@@PoftioBRS the heating of step (14%;. The i nprovenent
according to claim?20, 21, 22, 23, or 24 wherein said vapor w thdraw ng

means is connected to said ¢yt agfulNexpARdosRRAfkbANRGIBAAR Het I €CEI Ve sai d
distillation vapor streamfroma region of said contacting and separating

nmeans bel ow sgj@afPedndafd t8Tcfve8Md RORIchic@Ru@nfarARQYMdTAb dailiidwid and second
| ower colum feed positions. 28. The 1 nprovenent according to

claim20, 21, Pl%gsrure? Eai@ﬁ)u}‘mlgizﬁainﬂon means being further con_néc@d t@_s%iﬁ ICBIQa&illn el ng means

is connected to said distillation colunmm™t o receive said first over head

vapor stream ?E%glraqil%f;[ngﬁlsit(g supPlyQe R d pdhhiok Lad LAndARBRdeTLLSAERARA @ second

distillation vapor ream

said contacting and separating means at a top feed position; and
(17)  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.

24. 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
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(2) said contacting and separating device is adapted to be connected to
said third dividing neans to receive said second distillation vapor stream
at sai d swoand/d3exer columm feed position; and WD PCT/US2010/046966

2011/ 034710PCT/ US2010/ 046966 (3)said conbining neans is adapted to be
connected to said third dividing nmeans to receive said distillation vapor
stream 29.The inprovenent according to claim24 wherein

(1) a third dividing neans is connected to said disti|lation columm to
oberve sai " PGk SR R oRBY CSraRH S et Cadae
distillation vapor stream and ;»secgn@fdistillation vapor stream

(2) said cont 8ttt %?ﬁlﬂ’ogeé‘bsaﬂnﬂ PR G& P%aéb‘?nscog’é”&’bﬁnésdmt idPEgHHBEFed t o
said third dividing means to receive said second distillation vapor stream
at said seconBPdwer col urm feed position; and (3) said

second conbi ning neans is adapted to be connected to said third dividing
neans to receive said distil®ati ®&HSUeR95RE Bepnsdpool 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

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

the improvement wherein said apparatus includes

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

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

4) first combining means connected to said first dividing
means and said 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 first combining
means to receive said combined stream and cool it sufficiently to substantially

condense it;
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(6) second expansion means connected to said second
cooling means to receive said substantially condensed combined stream and expand it
to said lower pressure, said second expansion means being further connected to a
contacting and separating means to supply said expanded cooled combined 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;

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

(8) third expansion means connected to said 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;

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

(10)  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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(11)  second dividing means connected to said contacting and
separating means to receive said second overhead vapor stream separated therein and
divide it into at least a first portion and a second portion;

(12)  heat exchange means connected to said second dividing
means to receive at least a portion of said second portion and heat it, thereafter
discharging at least a portion of said heated second portion as said volatile residue gas
fraction;

(13)  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 above said mid-column feed position;

(14)  second combining means connected to said second
dividing means and said vapor withdrawing means to receive said first portion and
said distillation vapor stream and form a combined vapor stream;

(15) compressing means connected to said second combining
means to receive said combined vapor stream and compress it to higher pressure;

(16)  said heat exchange means being further connected to
said compressing means to receive said compressed combined vapor stream and cool
it sufficiently to condense at least a part of it, thereby forming a condensed stream
while supplying at least a portion of the heating of step (12);

(17)  fourth expansion means connected to said heat
exchange means to receive said condensed stream and expand it to said lower
pressure, said fourth expansion means being further connected to said contacting and
separating means to supply at least a portion of said expanded condensed stream to

said contacting and separating means at a top feed position; and
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(18)  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.

25. The improvement according to claim 15, 16, 17, 18, or 19
wherein said vapor withdrawing means is connected to said distillation column to
receive said distillation vapor stream from a region of said distillation column below
said upper mid-column feed position and above said mid-column feed position.

26. The improvement according to claim 15, 16, 17, 18, or 19
wherein said vapor withdrawing means is connected to said distillation column to
receive said distillation vapor stream from a region of said distillation column below
said mid-column feed position.

217. The improvement according to claim 20, 21, 22, 23, or 24
wherein said vapor withdrawing means is connected to said contacting and separating
means to receive said distillation vapor stream from a region of said contacting and
separating means below said mid-column feed position and above said first and
second lower column feed positions.

28. The improvement according to claim 20, 21, 22, or 23 wherein

(1) a third 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;

2) said contacting and separating device is adapted to be
connected to said third dividing means to receive said second distillation vapor stream

at said second lower column feed position; and
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3 said combining means is adapted to be connected to
said third dividing means to receive said distillation vapor stream.

20. The improvement according to claim 24 wherein

(1) a third 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;

2) said contacting and separating device is adapted to be
connected to said third dividing means to receive said second distillation vapor stream
at said second lower column feed position; and

3) said second combining means is adapted to be

connected to said third dividing means to receive said distillation vapor stream.
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