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 omoab11ap4gee cont ai ni ng hydrocarbons. WO PCT/US2010/046967

2011/ 049672PCT/ US2010/ 046967 [ 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.

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.



[ 0003] The present invention is generally concerned with the recovery of

et hyl ene, ethane, propyl ene, propane and heavi er hydrocarbons from such gas
streans. Wotyprmad72anal ysis of a gas streamto be proce®sedSeo0Aaee6T dance
with this invention would be, in approxi mte nole percent, 90.5% net hane,

4. 1% et hane and ot her C2 conponents, 1.3% propane and ot her C3 conponents,
0.4% i so- but ane, 0.3% nornal butane, and 0.5% pentanes plus, with the

bal ance made up of nitrogen and carbon di oxi de. Sul fur containing gases are
al so sonetimes present. [0004] The historically cyclic fluctuations in the
prices of both natural gas and its natural gas liquid (NG) constituents
have at ti @2} educedthHend, athnemeneylengaprapanst ard/priayicehydrpeaibonsgpanpane,
propyl ene, and heavi er conponents as liquid products. This has resulted in
a demand f eécopereddsmes vatiay of ameprsavh gsenatnbgBf fefibegrdas radoyathetsgaf t hese
products, for processes that can provide efficient recoveries with | ower

capi tal inygsifieMiainddohOsthO ARz MON AL A2 888! ¢VdASRR{aBEhA)! oil
adjusted to vary the recovery of a specific conmponent over a broad range.

f
Avai | abl e ' erials i ed
upon cooliﬁgggﬁ%§§%9$%%%?gﬁ?%?ﬁgpg%ggf&%?¥yg%§%? °?8%§8%ﬁ%%F§?%?§g?§§ed oi
absorption. Addi.tionally, c¢ryogenic processes have becone po r because
of e ayaFfagH iyt o SHROG O CERRT PR e A i a0 SEr RO POTT o
si mul t aneousl y expandi ng and extracting heat fromthe gas bei ng processed.
Dependi ng Up6rgat pleo peaiap redatpielyt isesegamouiss ptheavighaydiosihersssuch ahaippane,
et hyl ene, and heavi er hydrocarbons content) of the gas, and the desired end
products, datheoipentheseapt thedksas varll a hydmgenatiirogent bebenfliorely, el @hgl oyed.
[ 0005] The cryogeni c expansi on process is now generally preferred for
nat ural gasakdsqui ds recovery because it provides maximumsinplicity with
ease of startup, operating flexibility, good efficiency, safety, and good

reliabili t3[000l3)] S. Pat'l‘?l@tpréﬁgﬁ‘t inverdiof ’is’gg&éraﬁyQ:@ﬁce‘}%'d 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, 90.5% methane, 4.1% ethane and other C, components,
1.3% propane and other Cs; components, 0.4% iso-butane, 0.3% 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



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,
WO 2011/049672 PCT/US2010/046967

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 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;
5,983,6064; 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



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,
WO 2011/049672 PCT/US2010/046967

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 expansion may be desirable in order to
further lower the temperature resulting from the expansion. The expanded stream,
comprising a mixture of liquid and vapor, is fractionated in a distillation (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, C3 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 C; 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.



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, 6980 201/@Ta72491; 12/ 206, 230; 12/689, 616; 12/ 717, Be#/UuS2@0/DEO6B62;

12/ 772,472; and 12/ 781, 259 descri be rel evant processes (although the
description of the present invention in sonme cases is based on different
processi ng 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 streans of the process
and/ or external sources of refrigeration such as a propane

conpr essi o008 r i ger dihc gemaipiiearortigisofithe vapes 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 the fractionation tower as residual
methane product gas. Alternatively, the cooled and expanded stream may be supplied to
a separator to provide vapor and liquid streams. The vapor is combined with the tower
overhead and the liquid is supplied to the column as a top column feed.

[0009] In the ideal operation of such a separation process, the residue gas leaving
the process will contain substantially all of the methane in the feed gas with essentially
none of the heavier hydrocarbon components, and the bottoms fraction leaving the
demethanizer will contain substantially all of the heavier hydrocarbon components with
essentially no methane or more volatile components. In practice, however, this ideal
situation is not obtained because the conventional demethanizer is operated largely as a
stripping column. The methane product of the process, therefore, typically comprises
vapors leaving the top fractionation stage of the column, together with vapors not
subjected to any rectification step. Considerable losses of C,, Cs, and C4+ components

occur because the top liquid feed contains substantial quantities of these components and



is cooled, liquids may be condensed and collected in one or nore separators
as high-pressure |liquids containing sone of the desired C2+ conponents.
Dependi ngworrotigvezechness of the gas and the anount of [PCguisd&ofoessed, the
hi gh-pressure |iquids may be expanded to a | ower pressure and fractionated.
The vaporization occurring during expansion of the liquids results in
further cooling of the stream Under sone conditions, pre-cooling the high
pressure liquids prior to the expansion nay be desirable in order to
further |ower the tenperature resulting fromthe expansion. The expanded
stream conprising a mxture of liquid and vapor, is fractionated in a

di still ati dwayidesrérarionmomponeidstraaiingsin)cogetpending lequilihg umc]uantitiesto €
expansi on cooled stream(s) is (are) distilled to separate residual nethane,
ni trogen, aonthpohdrey, C4@bmipbhentgdsesmpsnane hhdhehviahgdroctidon chapoesitsiad C2
conponents, C3 conponents, and heavi er hydrocarbon conponents as bottom

l'iquid prodiciapofled@nd Bieab@ti8etidmaliohtghod 1Bt thABEme theni SO AR EEY S tHakd I 0gen,
and other vol atile gases as overhead vapor fromthe desired C3 conponents

and heavi .erdeél}c‘)a;%ﬁef%o?ﬁaﬁ%@n&%@%% @?ﬁz‘?%?@é%@% f[f‘ﬂl&ﬁ ﬁ’sng% ?&%?%Couﬁcpg%&]oh&htt he

feed gas is n y condense isn e vapor
remai ni ng f.romthe rtial..condensatiaon can lit into t streans. One
bort1 onof iHRgouaRo & BackaN RN sh et o et pumble athsdht T angi ne.
or an expansion valve, to a |lower pressure at which additional liquids are
condensed &8MRORIEYI(h COMPPIGIHEN COBOPNGHES. 8d hepyieythydipsrbph gompereditfy f60TEf t er
expansion is essentially the sanme as the pressure at which the distillation
columm i s dipevaoed. The conbi ned vapor-Iliquid phases resulting fromthe
expansion are supplied as feed to the colum. WO

2011/ 04967266301 US20104 B4686Eal0 G dibRed piveERENDr BPdiot8BowEepali€iod aRosn | S
cool ed to substantial condensation by heat exchange with other process

streans, e-u? er a?b@@nb&oéegti(gr{ ﬁ)(‘ﬁr. QH;@B&&HO&QWE@X&E@QH«: ri§9?_€a rs.a'_i"llle Qurdehe
hi gh- pressu 8 I'i'quid nmay be ‘conbined with this vapor portion prior to
cool i ng. Tho? HeS2 1|1)E TR ltl?edupz)tﬁgr: %%H}icl:a%otnrgeec ToAlY ?}/ngc%ﬂ taqg&[%%la \3am of

appropri at e expansi on “devi Ce, as ‘an expansi vat ve, t°He pressure
at which the denethani zer i s operated. Durjng expansion, a portion_ of the
liquid wil IFeS/GHSOTs 2 BPPLCE ST AR sig- ﬁsﬁ?%iegfre%l% FISEHPAR IS USHRHY 99P8% Pash
expanded streamis then supplied as top feed to the denethani zer.

Typi cal |y, subﬁéamiabmndp@ﬁatip@gy beattepehanize stitheothra paeng s siticamm agdtheigeld

denet hani zer overhead vapor conbine in an upper separator section in the

f racti onat ifeitibomen taserre@sitdud| Thetekalriag pulodndhllgasdededarraathiiviaby, the
cool ed and expanded stream nmay be supplied to a separator to provide vapor

and | i qui d egpdiRRIBhroddtLanV@pedpriate SR Hedewiéd BudnR ah QWBinsRyefieat @rd the
liquid is supplied to the colum as a top columm feed. [0009]1n the ideal

operation i > | | i r0Cess
W1 - cont i SEar SAROR ShhAuBiATE At KDL Sl ADE L SAANGE ERaBts
essential ly .none of the heavjer .hydrocar.bon onen and the hottons
Fraction | SURRG Briabagrordlzdt OTIME g ar Cotie St (M paed gt e
heavi er hydrocarbon conponents with essentially no nethane or nore volatile
conponent s.is then serpdier @& torHeekipethe demethanigera Tygicalintthe Hanos paBon Shihsi ned
because the conventional denethanizer is operated largely as a stripping
col um. Thexpatdadneeqm aglidte demethhrizpr ocdws(d vapercembire, intay pippel separeonpr i ses
vapors leaving the top fractionation stage of the colum, together with
vapor s not sg¢things tiedfricdioansonr oGt 44 recitii) Mneshap prédispderdbimtivesses of C2,
C3, and C4+ conponents occur because the top liquid feed contains

subst anti al.ogidanhd LiRRde sttddfSBaF BIRYPEBE B AQGarator to provide vapor and liquid

streams, so that thereafter the vapor is combined with the tower overhead and the liquid is

supplied to the column as a top column feed. Typical process schemes of this type are



heavi er hydrocarbon conmponents, resulting in corresponding equilibrium
quantities of C2 conponents, C3 conponents, C4 conponents, and heavier
hydr ocar bwo 20ompestent s in the vapors | eaving the top fra&criusa@ioss®est age of
t 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]In recent years, the preferred processes
for hydrocarbon separation use an upper absorber section to provide

addi ti onal disstased incldtS. Batenf Nohd.880 SHhgd. 0 bk and A8 84 S0P cassighee se-paaflingx
stream for the upper rectification section is typically a recycled stream
of resi due agplscasioppbi EX7 UNRel, ajd BSduowvecy, EhRogse tfficeat, Tégh Reeovgasost ream i s
usual ly cooled to substantial condensation by heat exchange w th other

process st nNean8s frémNatufaDEasOkiflzihg aqibR PAIskRR ARWBE"OPRICB&RRLS offike T esul ting
substantially condensed streamis then expanded through an appropriate

d
expansi on %ﬁé’l}tg—%ﬁrsfskﬁ eagl%o Oen%f&H%? ﬁie%asvﬁjoye%sorts %s%&?atf&qleﬁgﬁz{es?Fg)EaSMi ch the

denet hani zer oper a ring expansion, a portion of rquid will

usual Iy vapori r.e ti in cooling of the total stream The flash
expanded oPsh <5t TR ik RafSe $a ooy b Rl BF asi Gpree B

Typi cal ly, the vapor portion of the expanded stream and t he denethani zer
over head vaporliegHsirgiduy siream topbredensehanizar ddingde ibeth tha capital epsherd Bi§at i on
tower as residual nethane product gas. Alternatively, the cooled and
expanded stopeatmgagstbéfasupehs uedg ttesapsepaeat or to provi de vapor and |iquid
streans, so that thereafter the vapor is conbined with the tower overhead

and the |iqeo1d]is suppkipeghehGntdirion alsd®mpasysantuppecet tifiaatibe eebtion Y@ £al
process schenes of this type are disclosed in U S. Patent Nos. 4,889, 545;
5,568, 737; sé@ﬂaéwé%%icmcﬁﬁhgfgﬁﬁ&t%iz_e%re&faﬁfaﬁa%r@mbf&ﬁﬁ%&ga g 12/717,394,
and in Mowey, E. Ross, "Efficient, H gh Recovery of Lidquids from Natura
Gas Uilizingien, b, o, 18531 CufRR0r 9Ty v  PLOCRRAL 188 OFo 8 (gl ¥aiF 1 st
Annual Convent i1on o?(%%ep%%% FOCEssOrs ASsociati on: 'Dal'l'as " rexas>™ mvar ch
11-13, 2002. These processes use_ a_ conpressor to provide the notive force
for recycl iSAgiAHE Protdeq T S EANAHES e iR 9 0 LHAWEhRCti8n bR t he
capital cost and the operating cost of facilities using these processes.
[0011] The peesaembippdenith opotios of dreslobymn averhgaderappe dddchiseafithmresiveiyon (or
a separate rectification colum if plant size or other factors favor using
separ at e r éigh dancadtraoion @fi @, sdmpEinngincled wuposs) owkoinalie towel Jeesiggficant st r eam
for this rectification section is provided by using a side draw of the
vapors ri sigigntitf of1ih@WRhn BOESARAsQA frdrh hit OWRBine@ kIR SGeath twithadnRPX flo@skt Of

t he col unm over head vapor. Because of the relatively high concentration of

C2 conmponenis it eAROLSIng MNGErioBraiBf ot AWBle in3nlefildih iof R el b Of
needrrvans e b P

| i quid can be con sed fro onbi ned vapor stream onl'y a nodest
el evation in pressure, usi the ref.rigeration available in the renmaining
por ti on of % HEeRbYaPoplray Hedde VRREGFHBSTIMg et D ClBerolpmets Provis B Chet i on
of the colum to provide nost of the cooling. This condensed |iquid, which
i s predom meao)ingi dhis¢onrganethiquid awhich &rpredonigarfly i swthanerag dhgpdisent s,
C3 conponents, C4 conponents, and heavi er hydrocarbon conponents fromthe
vapor s ri siusgd tombsauy i tdeepoppes, Gieotripbhads.i(@rosponéon aad deaviarhgdyocadptiur e
t hese val uabl e conponents in the bottomliquid product fromthe

demet hani zeompbéhitPfrblerteé odpei€risin® s emhsthe gpfir ré@ificati @odetiiomnaref thédsy col d
over head vapor stream or conpressing a side draw vapor streamto provide
reflux for cﬁﬁ'ﬁré'ﬂﬁ%rvaluable 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 colum has been enpl oyed in C2+ recovery
systens, as illustrated in assignee's U S. Patent No. 4,889, 545 and

assi gnee'wocotipamezng appl i cati on no. 11/839, 693, respe®CIEsky10/046967
Surprisingly, applicants have found that conbining a portion of the cold
over head vapor with the side draw vapor stream and then conpressing the
conbi ned stream i nproves the systemefficiency while reducing operating
cost. [0013]In accordance with the present invention, it has been found
that C2 recovery in excess of 84% and C3 and C4+ recoveries in excess of
99% can be obtained. In addition, the present invention makes possible
essenti al | yectiO¥igessarion plothe gplumat s becaerdploy grhindf-+ooeqenesystenfss &m t he C2
conponent s and heavi er conponents at |ower energy requirements conpared to
the prior aldstatedlie assagnetailng. MutdoidNor 688961y ahdyBlgdiece' The pardiseniplicaient i on,
al t hough applicable at | ower pressures and warner tenperatures, is

particul arlp agyanNeseQscivd .S&?ﬁﬁﬁ L Ngpliests 8RS esuldthhh@nivangeaof 400 to
1500 psia [2, 758 t&ﬁgo,gii kgg(a) oréﬁngﬁér under conditions regairing NGL

recovery c lOH@nog\{ﬁé %@gtv‘%{ﬁég%ﬁJ@BP\Eﬁﬁ R Si(gescggw[\h ?gtregﬁl Salfel Cd)élh?’gs]s?#gor a

better unders ing o e present 1nvention, reference 1's na
foll ow ng exanpl es and dr.awi ngs., Referring to t drawi ngs: [0O015]FIG 1 is
2%l ow dF advariined Hienat T v s wae LS ulls FSHRaRP R RTEERr dance
Wi th assignee's co-pending application no. 11/839,693; [0016]FIG 2 is a
f1 ow di agr d0818F a natlipedordpmse pitddb BiCHRt PIvaRtion. it hne beertayad that €a t he
present invention; and

recovery in excess of 84% and C; and Cu+ 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.

[0014] For a better understanding of the present invention, reference is made to
the following examples and drawings. Referring to the drawings:

[0015] FIG. 1 is a flow diagram of a prior art natural gas processing plant in
accordance with assignee's co-pending application no. 11/839,693;

[0016] FIG. 2 is a flow diagram of a natural gas processing plant in accordance
with the present invention; and

[0017] FIGS. 3 through 6 are flow diagrams illustrating alternative means of

application of the present invention to a natural gas stream.



[0017]FIGS. 3 through 6 are flow diagrans illustrating alternative neans of
application of the present invention to a natural gas stream WO

2011/ 0496¥0RaTI/04%2010/ 046967 [0018] I n the fol | ow ng explPamaiseam/oad96t he
above figures, tables are provided summari zing flow rates cal cul ated for
representative process conditions. In the tables appearing herein, the
values for flowrates (in noles per hour) have been rounded to the nearest
whol e nunber for conveni ence. The total streamrates shown in the tables

i nclude all non-hydrocarbon conponents and hence are generally |larger than
the sumof the streamflow rates for the hydrocarbon conPonents.

Tenper at ur é8018hdi cat dd therfellawimesxplmaeon/e] tfvmsbqvmﬁgdw, tables hee previdedt
degree. It should al so be noted that the process design cal cul ati ons

per f or med fsomntalieingUtqeo e safalcnbitqubiior Feprdshetaiveomesse sotdpomt dd thentablee
figures are based on the assunption of no heat leak from (or to) the

sur roundi NGpda@ing Berdik, A vAIRR 1BF A6QIStes (R erdlialel hiyur9ha ROBRIR &Ikl Yo the
avai l abl e insulating materials makes this a very reasonabl e assunpti on and

one that isg.fupi \791?(41& Xurgﬁ‘&%o{)é/onkgﬁﬁﬁces kfﬂe't?ﬂl ét&aﬁﬁgl%egrs{l%\xél; 810‘&19 LB

conveni ence, process paraneters are reported In raditiona

British unit nd, in the units of the Systene International d Unites (SI).
The ol ar iy it - byeGesi o scieondie a8 haE Bt FoReBis SRR R RRE pound
nol es per hour or Kkilogram noles per hour. The energy consunptions reported
as hor sepowks styepm flew éptey for Hisdwarrsamoncpamone sy nhmpgatuees pedicaiestgre ( MBTU/ Hr )
correspond to the stated nolar flow rates in pound noles per hour. The

ener gy conspppkinas valepomouadedas thd haweat tegréd VIf slooild elspbeadoted thahéhest at ed
nolar flow rates in kilogram noles per hour. DESCRI PTION OF THE PRI OR ART
[0020] FI G plodeSs @ sphnaaksatiohopertiragd aon tho pudpdge sthdntasihgmheqfroespsocessi ng

| ant

P 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 Systeme 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 stated molar flow rates in

pound moles per hour. The energy consumptions reported as kilowatts (kW) correspond

to the stated molar flow rates in kilogram moles per hour.

DESCRIPTION OF THE PRIOR ART

[0020] FIG. 1 is a process flow diagram showing the design of a processing plant

to recover Co+ components from natural gas using prior art according to assignee's

9.



to recover C2+ conponents from natural gas using prior art according to
assignee's co-pending application no. 11/839,693. In this sinulation of

t he procewe,20imi4ed72gas enters the plant at 120F [49C] amdTAB2&00$69a87 [ 7, 067
kPa(a)] as stream 31. If the inlet gas contains a concentration of sulfur
conpounds whi ch woul d prevent the product streans from neeting

speci fications, the sulfur conpounds are renpoved by appropriate
pretreatnment of the feed gas (not illustrated). In addition, the feed
streamis usually dehydrated to prevent hydrate (ice) formation under
cryogeni c conditions. Solid desiccant has typically been used for this

pur pose. [ GOZENding applecdtion neahy/3P.4%. dodhissimuwiativeat thexprheasganlel Gaspaptdreat
exchange with cool residue gas (stream 41b), denethani zer reboiler |iquids
at 51F [ 11@e flahtraedn) 4409 Cleamet akipzia 7, 06WePa(a)]de strednoBl eff thé mist@as at 10F
[-12C] (stream 43), and denet hani zer upper side reboiler liquids at -65F

[-54C] (st rc%ﬁ*tﬁhﬂ%)con&\&'ftﬁu&héﬁ sdlﬂﬁr éJ)ﬂn SERIE WV HRACHANEPFevEBt the pfRREECIRAMAL i Ve
of either a nultitude of individ 1r31eat exchangers or a single nulti-pass

heat exchangey . 0f cff%‘iﬁ n@%!s? fﬁlhb% Lnd J@?n{dﬁcﬁ% 'Fy%ﬁsxaognﬁéé whet her to

use nore than one exchanger ervices wll
depend on a nunber ctors includin ut not dt inlet gas flow
rate, heat Pé‘?%@%%ﬂ‘éf){rgﬁegf ¢ %Wa%h%%%? f i 5ong e Tee s ftis T Poam 310
enters separator 11 at -38F [-3 % and 1015 psia [6, 998 kPa(a)] where the
vapor (st r éghydsatpd taprsxen hadiag G forTHEOR YRR FERECRIC §ANditioRY r¥dih 33) . The
separator liquid (stream 33) is expanded to the operating pressure

(appr oxi matdesiycahbbagrspiaallBbeeasiskdhof #)i} puipbsd.r act i onati on tower 18 by
expansion valve 17, cooling stream 33a to -67F [-55C] before it is supplied

to fracti onegipn t owerhe ¥& dadtreaml 31Vie todledl irCiatigRthh©ed 100l Mtat ex¥¥nge with
2011/ 049672PCT/ US2010/ 046967 [ 0022] The vapor (stream 32? fromseparator 11

I's divided ch‘ltx%s&iM\é) asst(Et? @Gdﬁ-ﬁ'éjchﬁﬁzer%l{o‘ﬁ%m@gds Et%'l‘b? P1'° I@%Qfﬂt 453% of

the total vapor, Sses T eat exchanger In hea ange relation
with the col d r esi due gas, (stream 41a) wh i s cooled to subst anti al

condensat i GfMethIBIZELIOWES pidg redgHet gt 1° %ﬂa%&léétaeaeft FDaprddeamethanizey o

[-74C] is then flash expanded t hrough expansion valve 14 to slightly above
t he oper at iupgerpiidesigboiter dikjuids act656R fHH AT (kwewan 42)8. Nddel than th @k@aase@hamger
portion of the streamis vaporized, resulting in cooling of the total

stream In ﬂ)@re%é%@ﬁ%tﬁvé ol SHBEF @hﬁﬁuﬁ& $tlifftivibual 8 &R ?sdor%{ figam 36b
| eavi ng expansion valve 14 reaches a tenperature of -1 [-88 before it

s suppl I eclinlﬁh p%g's ﬁjé%g%{chn%}gg:ﬁgﬁ(%fﬂg@oﬁlgﬁgugg lhgbli%/b gl%h%bc%&rsﬁ)lngg & %%Et'hgpt018a of

fractionation OV\BI’ renal ni n rom separ at or

11 (stream 39 ers
( use ore t an one heat exchanger for the indicated cooling services will depend on a

number of factors including, but not limited to, inlet gas flow rate, heat exchanger size,
stream temperatures, etc.) The cooled stream 31a enters separator 11 at -38°F [-39°C]
and 1015 psia [6,998 kPa(a)] where the vapor (stream 32) is separated from the
condensed liquid (stream 33). The separator liquid (stream 33) is expanded to the
operating pressure (approximately 465 psia [3,208 kPa(a)]) of fractionation tower 18 by
expansion valve 17, cooling stream 33a to -67°F [-55°C] before it is supplied to

fractionation tower 18 at a lower mid-column feed point.
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wor k expansi on machine 15 in which nechanical energy is extracted fromthis
portion of the high pressure feed. The machi ne 15 expands the vapor

subst ant iaDI2g11/eesTer opi cal |y to the tower operating pre®SUUS20Mi086961 he wor k
expansi on cooling the expanded stream 39a to a tenperature of approximately
-101F [-74C]. The typical comrercially avail abl e expanders are capabl e of
recovering on the order of 80-85% of the work theoretically available in an
i deal isentropic expansion. The work recovered is often used to drive a
centrifugal conpressor (such as item 16) that can be used to re-conpress
the residue gas (stream4lc), for exanple. The partially condensed expanded
st r eam 39a [90221 her eaflhervapupir¢aeel 32)srére separgof lg'tstdi‘dd@d ingntwovkerms St a

m d- col um feed point. [0024] The denet hani zer in tower 18 is a conventi onal
distillati andB8) Sraart 36} @intimgg ab@lt@86d ofttiie aftalwapdi, padséythspabddatt r ays, one
or nore packed beds, or sonme conbination of trays and packing. The

demet hani zek K.Qveir 126@hehisdxehffoe t¥¥Rt &G Tth ARScol @ slRP8hs RREAH B APwhere it is
(rectification) section 18a that contains the trays and/or packing to

D oY1 LR AN A AL YA AN HORBCLARY 0L LG Piapyccd
condence. My AR9a10| 16 ZcAIROnI By 3, OTRSREIL S, RS MRV EL

and/ or packing to provide the necessarX contact between the liquids falling
downwar d arfiietaHBe PEesBIS of fragtipgatiginemgr 1§hBugsgexnaanion dpgrticacafitihstigh il so

i ncl udes one or nore reboilers (such as the reboiler and side reboilers
descri bed prpwizedsieyltingincdvohieapf tedotabyrainz dn sheppotdseilwfrathen Fi(gui, de

fl ow ng down the columm to provide the stripping vapors which flow up the

colum to skpirdell Beednh 36 thaPing @pinsichtvabam4hbaches a hehpanareadtd127°ght er
conponents. Stream 39a enters denethani zer 18 at an internedi ate feed

posi ti on | gogb@findfBreliPR shAYRd ot 89 LPRr MidABRMPIRY pS&ELih AsokBiRe Hetion 18a
denet hani zer 18. The liquid portioh of the expandgd stream 39% comi ngl es
with liqui %?frfagtliér{ ng. Oov\éw%rd from absorbing section 18a and the conbi ned
i quid contT nues OWNWArd °hto stri ppi ng section 18b of denethani zer 18.
The vapor portion of the expanded stream 39a rises up d through absor bi ng
section 1840%dl is cdhedenaiging i/ ebihg VPP%{Jr%nfﬂ%ﬂara}tﬂrgfﬁ%mr”g) fiergdndense
and absorb the C2 conmponents, C3 conponents, and heavi er conponents.

[ 0025] A portdrbmxprnsionenaghinei 15| iamhaeh megvnicakeneegnts 48radtesd ixpmikis aartionradm an

i nternedi ate regi on of absorbing section 18a in fractionation colum 18,
above the fteehighpsisturoficedf Thxpatimd 15texpards 38avgodsiirtantialihgedtegicafigso t i on
of expanded stream 36b. The distillation vapor stream 48 at -113F [-81C] is

conpr essed thdtoQRf oFhidn Aﬁss&@? wifRah@hbri Sipafabh d&AnghiNe &:§hhdbd GRARI3PRSOr
21, then cooled from Sg [-65C] to -124F [-87(C an§ substantial ly

condensed gggg i C r b Xsha it b d
resi due gagtégéllt’t r rrna‘l]t ﬁ%?()ftaﬁggg\%%t atgéstre7£1é«l;’x?}tl?§g}ctaﬁe toglg%flwtﬁlg%é%ﬁ%ni zer
18. The substantially cpondensed stream 48b i expanded .t hr au an
appr opr i at SXERBRHADIAEE S accoseite SE M prdher 8h o aheork wepigedly

denet hani zer operating pressure, resulting in cooling of the total stream
to -131F [-Ay3ible ma lg%éaﬁea@@mgﬂ@amons@hﬁ ol Egossiphisi dgntused fogktvednat i on
tower 18 as the top colum feed. The vapor portion of stream 48c conbi nes
wi th the vaporifugal simprefsoofuthes ttap 16y thet ¢apriztused tetcapenpué ssitheresidheigas t o

f orm denet hani zer overhead stream 41 at -128F [-89C]. [0026] The liquid
product (ststeam 4f), foxetanglhieThopdramyodondomet etfandtd ¢fdfam 39a is thereafter

supplied as feed to fractionation tower 18 at a mid-column feed point.
[0024] The demethanizer in tower 18 is a conventional distillation column

containing a plurality of vertically spaced trays, one or more packed beds, or some
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[21C], based on a typical specification of a nmethane to ethane ratio of
0.025:1 on a nolar basis in the bottom product. The cold resi due gas stream
41 passeswoaont@oearrently to the conpressed distill ati @oTUSp@O/0gd95Tam i n
heat exchanger 22 where it is heated to -106F [-77C] (stream 4la), and
countercurrently to the incom ng feed gas in heat exchanger 12 where it is
heated to -66F [-55C] (stream 41b) and in heat exchanger 10 where it is
heated to 110F [43C] (stream 4l1lc). The residue gas is then re-conpressed in
two stages. The first stage is conpressor 16 driven by expansi on nmachi ne
15. The second stage is conpressor 24 driven by a supplenental power source
whi ch conpresbertiphef irai adeagiing.( $he demethaajertowgralogsistsichtvpsastiguyr en Aft er
cooling to 120F [49C] in discharge cooler 25, the residue gas product
(stream 41fuppéd abesbing (tdeeifisaicns sgaion 18p @lat nentains HEAmypandlof gackmg tkPa(a) ] ,
sufficient to neet line requirenments (usually on the order of the inlet

pressure). prARYLHd He%%g 35’1@1&%&%@&%@&?@? pbRBAY bAAhe RPARUYd Heabisr3pmm f 1 ow
np

rates and energy consu ion for the process illustrated in FIG 1 is set

forth in they Bg%) h?ﬂﬁrﬁ?wgf}pz{n% co@ftﬂhﬁd kalfnll:é Bwivards EFBeRLOW AR e C, Lb.

Mol es/ Hr [ kg nD ream

components, C3 components, and heavier components; and a lower, stripping section 18b
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 18b
also includes one or more reboilers (such as the reboiler and side reboilers described
previously) which heat and vaporize a portion of the liquids flowing down the column to
provide the stripping vapors which flow up the column to strip the liquid product, stream
45, of methane and lighter components. Stream 39a enters demethanizer 18 at an
intermediate feed position located in the lower region of absorbing section 18a of
demethanizer 18. The liquid portion of the expanded stream 39a commingles with
liquids falling downward from absorbing section 18a and the combined liquid continues
downward into stripping section 18b of demethanizer 18. The vapor portion of the
expanded stream 39a rises upward through absorbing section 18a and is contacted with
cold liquid falling downward to condense and absorb the C, components, C3 components,
and heavier components.

[0025] A portion of the distillation vapor (stream 48) is withdrawn from an
intermediate region of absorbing section 18a in fractionation column 18, above the feed
position of expanded stream 39a and below the feed position of expanded stream 36b.

The distillation vapor stream 48 at -113°F [-81°C] is compressed to 604 psia

-12-
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[4,165 kPa(a)] (stream 48a) by reflux compressor 21, then cooled from -84°F [-65°C] to
-124°F [-87°C] and substantially condensed (stream 48b) in heat exchanger 22 by heat
exchange with cold residue gas stream 41, the overhead stream exiting the top of
demethanizer 18. The substantially condensed stream 48b 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 -131°F [-91°C]. The expanded stream
48c is then supplied to fractionation tower 18 as the top column feed. The vapor portion
of stream 48c combines with the vapors rising from the top fractionation stage of the
column to form demethanizer overhead stream 41 at -128°F [-89°C].

[0026] The liquid product (stream 45) exits the bottom of tower 18 at 70°F
[21°C], based on a typical specification of a methane to ethane ratio of 0.025:1 on a
molar basis in the bottom product. The cold residue gas stream 41 passes
countercurrently to the compressed distillation vapor stream in heat exchanger 22 where
it is heated to -106°F [-77°C] (stream 41a), and countercurrently to the incoming feed gas
in heat exchanger 12 where it is heated to -66°F [-55°C] (stream 41b) and in heat
exchanger 10 where it is heated to 110°F [43°C] (stream 41c¢). The residue gas is then
re-compressed in two stages. The first stage is compressor 16 driven by expansion
machine 15. The second stage is compressor 24 driven by a supplemental power source
which compresses the residue gas (stream 41e) to sales line pressure. After cooling to
120°F [49°C] in discharge cooler 25, the residue gas product (stream 41f) flows to the
sales gas pipeline at 1025 psia [7,067 kPa(a)], sufficient to meet line requirements

(usually on the order of the inlet pressure).
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[0027]

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

Stream
31
32
33
36
39
48
41

45

Table I

(FIG. 1)

PCT/US2010/046967

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

Methane

25,382

25,050

332

5,636

19,414

3,962

25,358

24

Ethane

1,161

1,096

65

247

849

100

197

964

-14-

Propane Butanes+
362 332

311 180

51 152

70 40

241 140

3 0

2 0

360 332

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

Total
28,055
27,431

624

6,172
21,259

4,200
26,056

1,999
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Recoveries*
Ethane 83.06%
Propane 99.50%
Butanes+ 99.98%

Power
Residue Gas Compression 10,783 HP [ 17,727 kW]
Recycle Compression 260 HP [ 427 kW]
Total Compression 11,043 HP [ 18,154 kW]

* (Based on un-rounded flow rates)

DESCRIPTION OF THE INVENTION

[0028] 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.

[0029] In the simulation of the FIG. 2 process, inlet gas enters the plant at 120°F
[49°C] and 1025 psia [7,067 kPa(a)] as stream 31 and is cooled in heat exchanger 10 by
heat exchange with cool residue gas (stream 46b), demethanizer reboiler liquids at SO°F

[10°C] (stream 44), demethanizer lower side reboiler liquids at 8°F [-13°C] (stream 43),

and demethanizer upper side reboiler liquids at -67°F [-55°C] (stream 42). The cooled
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stream 31a enters separator 11 at -38°F [-39°C] and 1015 psia [6,998 kPa(a)] where the
vapor (stream 32) is separated from the condensed liquid (stream 33). The separator
liquid (stream 33/40) is expanded to the operating pressure (approximately 469 psia
[3,234 kPa(a)]) of fractionation tower 18 by expansion valve 17, cooling stream 40a to
-67°F [-55°C] before it is supplied to fractionation tower 18 at a lower mid-column feed
point (located below the feed point of stream 39a described later in paragraph [0031]).
[0030] The vapor (stream 32) from separator 11 is divided into two streams, 34
and 39. Stream 34, containing about 26% of the total vapor, passes through heat
exchanger 12 in heat exchange relation with the cold residue gas (stream 46a) where it is
cooled to substantial condensation. The resulting substantially condensed stream 36a at
-106°F [-76°C] is then divided into two portions, streams 37 and 38. Stream 38,
containing about 50.5% of the total substantially condensed stream, is flash expanded
through expansion valve 14 to the operating pressure of fractionation tower 18. 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 38a leaving expansion valve 14
reaches a temperature of -127°F [-88°C] before it is supplied at an upper mid-column
feed point, in absorbing section 18a of fractionation tower 18. The remaining 49.5% of
the substantially condensed stream (stream 37) is flash expanded through expansion
valve 13 to slightly above the operating pressure of fractionation tower 18. The flash
expanded stream 37a is warmed slightly in heat exchanger 22 from -126°F [-88°C] to
-125°F [-87°C], and the resulting stream 37b is then supplied at another upper

mid-column feed point in absorbing section 18a of fractionation tower 18.
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[0031] The remaining 74% of the vapor from separator 11 (stream 39) enters a
work expansion machine 15 in which mechanical energy is extracted from this portion of
the high pressure feed. The machine 15 expands the vapor substantially isentropically to
the tower operating pressure, with the work expansion cooling the expanded stream 39a
to a temperature of approximately -100°F [-73°C]. The partially condensed expanded
stream 39a is thereafter supplied as feed to fractionation tower 18 at a mid-column feed
point (located below the feed points of streams 38a and 37b).

[0032] The demethanizer in tower 18 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 18a that contains the trays and/or packing to
provide the necessary contact between the vapor portion of the expanded streams 38a and
39a and heated expanded stream 37b 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 18b 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 18b also includes one or more
reboilers (such as the reboiler and side reboilers described previously) which heat and
vaporize a portion of the liquids flowing down the column to provide the stripping vapors
which flow up the column to strip the liquid product, stream 45, of methane and lighter
components. Stream 39a enters demethanizer 18 at an intermediate feed position located

in the lower region of absorbing section 18a of demethanizer 18. The liquid portion of
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the expanded stream commingles with liquids falling downward from absorbing section
18a and the combined liquid continues downward into stripping section 18b of
demethanizer 18. The vapor portion of the expanded stream commingles with vapors
arising from stripping section 18b and the combined vapor rises upward through
absorbing section 18a and is contacted with cold liquid falling downward to condense
and absorb the C, components, Cs components, and heavier components.

[0033] A portion of the distillation vapor (stream 48) is withdrawn from an
intermediate region of absorbing section 18a in fractionation column 18, above the feed
position of expanded stream 39a in the lower region of absorbing section 18a and below
the feed positions of expanded stream 38a and heated expanded stream 37b. The
distillation vapor stream 48 at -116°F [-82°C] is combined with a portion (stream 47) of
overhead vapor stream 41 at -128°F [-89°C] to form combined vapor stream 49 at -118°F
[-83°C]. The combined vapor stream 49 is compressed to 592 psia [4,080 kPa(a)]
(stream 49a) by reflux compressor 21, then cooled from -92°F [-69°C] to -124°F [-87°C]
and substantially condensed (stream 49b) in heat exchanger 22 by heat exchange with
residue gas stream 46 (the remaining portion of cold demethanizer overhead stream 41
exiting the top of demethanizer 18) and with the flash expanded stream 37a as described
previously. The cold residue gas stream is warmed to -110°F [-79°C] (stream 46a) as it
provides cooling to the compressed combined vapor stream 49a.

[0034] The substantially condensed stream 49b is flash expanded to the operating
pressure of demethanizer 18 by expansion valve 23. A portion of the stream is vaporized,

further cooling stream 49c¢ to -132°F [-91°C] before it is supplied as cold top column feed
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Total Conpressionll, 043 HP[ 18, 154 kW * (Based on un-rounded fl ow rates)
DESCRI PTION OF THE | NVENTION [0028]FIG 2 illustrates a fl ow di agram of a
process iwoaetiougeince with the present invention. The f@et/usas0oa6¥pDSition
and conditions considered in the process presented in FIG 2 are the sane
as those in FIG 1. Accordingly, the FIG 2 process can be conpared with
that of the FIG 1 process to illustrate the advantages of the present
invention. [0029]1In the simulation of the FIG 2 process, inlet gas enters
the plant at 120F [49C] and 1025 psia [7,067 kPa(a)] as stream 31 and is

cool ed in heat exchanger 10 by heat exchange with cool residue gas (stream
46b), demnet(fedlnikywrdemebvinizer 18.i glis ¢slddiquibre mb:]orlesandec@nﬂmys, thdémet hani zer
| ower side reboiler liquids at 8F [-13C] (stream 43), and denet hani zer
upper si de compondrey, Jsicquipdsenad, and Kéavierabpofaits geiny 42the uppe re@idlcadorst r eam
3la enters separator 11 at -38F [-39C] and 1015 psia [6,998 kPa(a)] where

t he vapor Q@gléﬁéf%t?sgl)bm sce @RI 8 sidf@mantee1gondensed [iquid (stream 33).
The separator |iquid (stream 33/40) is expanded to the operating pressure

(appr oxi ”336'(13%]3469 P$h gﬁripﬁﬂ&%&tlfop f)deget}%%%%{ i%g@ fe%@F t%ér)a‘\epﬁlratr&?téﬁ%uppl i ed

expansi on COO g-stream 40a to

tofractlontlont | ower nnfee oi nt (locagtLed.bel ow
the feed pd Hte“dffle e @#ﬁ@gr&g@@ﬂl% ﬂ}ftré?“ fie lb%ngBF AR ﬁsé §) exits
[ 0030] The vapor (stream 32) from separator 11 is divided into two streans,
34 and 39. tl bettom giatowen k¥ a'iéﬁ ﬁ@%osglﬁbasz@%éftm% spesifagatipn b p maghaas ée

t hrough heat exchanger 12 in heat exchange relation with the cold residue

gas (st rearthhfa)atishe0025t1 ¢5a owddreddsis o galbsttamtpreduceoridhe peetiallyrwarihe

resulting substantially condensed stream 36a at
residue gas stream 46a passes countercurrently to the incoming feed gas in heat
exchanger 12 where it is heated to -61°F [-52°C] (stream 46b) and in heat exchanger 10
where it is heated to 112°F [44°C] (stream 46¢) as it provides cooling as previously
described. The residue gas is then re-compressed in two stages, compressor 16 driven by
expansion machine 15 and compressor 24 driven by a supplemental power source. After
stream 46e is cooled to 120°F [49°C] in discharge cooler 25, the residue gas product
(stream 46f) flows to the sales gas pipeline at 1025 psia [7,067 kPa(a)], sufficient to meet
line requirements (usually on the order of the inlet pressure).

[0036] A summary of stream flow rates and energy consumption for the process

illustrated in FIG. 2 is set forth in the following table:
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106F [-76C] is then divided into two portions, streans 37 and 38. Stream
38, containing about 50.5%of the total substantially condensed stream is
fl ash expaioded/mbe70ugh expansi on val ve 14 to the oper at PRE/USR@9SuG9e7 Of
fractionation tower 18. During expansion a portion of the streamis
vaporized, resulting in cooling of the total stream In the process
illustrated in FIG 2, the expanded stream 38a | eavi ng expansi on val ve 14
reaches a tenperature of -127F [-88C] before it is supplied at an upper

m d- col um feed point, in absorbing section 18a of fractionation tower 18.
The remai ning 49. 5% of the substantially condensed stream (stream 37) is
fl ash expanded through expansion val veTdbde tIo sl ightly above the operating
pressure of fractionation tower 18. The flash expanded stream 37a i s war nmed
slightly in heat exchanger 22 from -126%5[2)88C] to 125F [-87C], and the
resulting stream 37b is then supplied at anot her upper m d-colum feed

poi nt in absorbing sectq tireQngtd WO
2011/049672PCT/USZOlO/éﬁ%%géﬁﬁgg%T?ﬁﬂg }%ﬁﬁ?ﬁ%ﬂgfgﬁﬁéﬁ%gPﬁh vapor from
separ at or stream,39) enters r k expagsion machi,ne 15 in whic
mechani cal e y is-gggﬁggéted fi%%gg%is poﬁ%?%%;of t?@gﬁggh pressui%ﬁ%eed.
The machi nge 15 expands vapor substantially_jsentropic y to the wer
operating g#essure, mﬁ%iyf%e wor k %E%%nsion coéﬁ%ng t he ez%%nded sﬂ%g%ﬁ139a
to a tenperature of approximately -100F [-73C]. The partially condensed
expanded st¥eam 39a i s2t%t eafter L5UYplied as #Ebd to fratil onati of/-fdwer
18 at a md-colum feed point (located below the feed points of streans 38a
and 37b). [36032] The dened¥ani zer in @ower 18 isS2a conventi®Bhal distiéldation
colum containing a plurality of vertically spaced trays, one or nore
packed beds4 or sone cabhati on of28% ays and p#icki ng. Theddenet hari, k&%
tower consists of two sections: an upper absorbing (rectification) section
18a that caggtains the trays and/or pagcking to prpvide the necessary cantact
bet ween the vapor portion of the expanded streans 38a and 39a and heat ed
expanded stygeam 37b ri sd ey upward apgh col d liqugd falling gownward -4 pg7
condense and absorb the C2 conponents, C3 conponents, and heavi er

conmponent s sfrom t he va rising u rd; and ower, stripping s {ON
18b t hat cgﬁtains t he Eg%éé and/ or g%%king to gﬁ%vide t he %gcessargg%%ﬁtact

between the liquids fal]i downwar nd the vapors risin pward. T
denethaniziﬁg section fg%ﬂglso inclﬂﬁgs one or re reboi%%#s (sucﬁlgg)the
reboil er and side rebojlers described previous| whi ch heat and vaporijze a
portion of the quuidsl&ﬂ%hjng down®he colunnzio providelyhe stri%£

vapors which flow up the colum to strip the liquid product, stream 45, of
met hane and0l i ghter conpd®ents. Stre@m 39a ent ets demet hahlZzer 18 at6%h
internedi ate feed position |located in the | ower region of absorbing section
18a of den®tlhani zer 185.8Ke |iquid pdrtion of tlhe expanded strean26,534
commngles with Iiquids falling downward from absorbi ng section 18a and the
conbi ned | i4qui d conti nuesidownward into strippimng section 1Bb of 531
denet hani zer 18. The vapor portion of the expanded stream conm ngles with
vapors arisjgng from strj gpi ng secti oy 18b and the conbi ned (vapor rigem
upward t hrough absorbing section 18a and is contacted with cold liquid

falling doygward to condepnse and abs@yb the C2 copnponents, (L3 compopeiits,
and heavi er "conponents. ’ ’

46 25,357 174 1 0 26,003

45 25 987 361 332 2,052
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[ 0033] A portion of the distillation vapor (stream48) is wthdrawn from an
i nternedi ate regi on of absorbing section 18a in fractionation colum 18,
above t hewbeed/qpeeti on of expanded stream 39a in the | @aEUSL@QI0GYSDT
absorbing section 18a and bel ow the feed positions of expanded stream 38a
and heat ed expanded stream 37b. The distillation vapor stream 48 at -116F
[-82C] is conbined with a portion (stream 47) of overhead vapor stream 4l
at -128F [-89C] to form conbi ned vapor stream 49 at -118F [-83C]. The
conbi ned vapor stream 49 is conpressed to 592 psia [4,080 kPa(a)] (stream
49a) by reflux conpressor 21, then cooled from-92F [-69C] to -124F [-87(
and subst antipbdoveg@rdensed (stream 49b) in heat exchanger 22 by heat
exchange with residue gas stream 46 (the remai ning portion of cold

denet hani zer overhgﬁ% stream 41 exiting %@f op of denethani zer 18) and
with the flash expid8Y stream 37a as de¥tfiBed previously. The cold
residue gas streamis warned to -110F [-79C] (stream 46a) as it provides
cooling to the conbrogssed conbi ned vapor9%ti%am 49a. [ 0034] The
substantially condensed stream 49b is flash expanded to the operating
pressure of denethgpi,g&l, 18 by expansi ongg/gdye 23. A portion of the stream
is vaporized, further cooling stream49c to -132F [-91C] before it is
supplied as cold top columm feed (reflux) to denethanizer 18. This cold
l'iquid refl uxpahgor bs and condenses the C2 conponents, C3 conponents, and
heavi er conmponents rising in the upper rectification region of absorbing
section 18a of dengthanizer18. [0035]In ri ppiHg section f

denet hani zer 18, the"'t%e a%??%% 1% e st#?é@ldegg their ﬁetﬁgﬂ%Paﬁg]Iighter
conponents. The resulting liquid product (stream 45) exits the bottom of
tower 18 at 68F [ 2Bduy Gamersgona typi cal ggéciHR cation bf a Bt heWe to

ethane ratio of 0.025:1 on a nol ar bast tt omproduct)—The—

partially warnmed reshddgngRssish ream 46a pagaes gount ercurrepd |y3 tpyghe
i ncoming feed gas in heat exchanger 12 where it is heated to -61F [-52C]

(stream 46b) and i n heat eXﬁhanger 10 where it is heated to 112F [44(C

(st ream 46¢)(Baged on yripndetstleWditPg as previ ously described. The resi due
gas is then re-conpressed in tw stages, conpressor 16 driven by expansion
machi ne 15 and conpressor 24 driven by a supplenental power source. After
stream 46e | ooled to 120F [4 i n_di arge, cooler 2 he resi due gas
o ot (st0@hy a6ty 4 Palth phatusy LG SHTELRY Rt el bl gupEit e
kPa(a)], sufficient to neet |ine requirenents (usuallg on the order of the
i nl et presugsent inpayios impLyanethgncorcater el 4300 % & &6 Adrienaiegycovery

consunption for the process illustrated in FIG 2 is set forth in the
fol | owi ng tfednh 89.50% to 99.67%, and butanes+ recovery from 99.98% to 99.99%. Comparison of

Tables I and II further shows that the improvement in yields was achieved using
essentially the same power as the prior art. In terms of the recovery efficiency (defined
by the quantity of ethane recovered per unit of power), the present invention represents a
2% improvement over the prior art of the FIG. 1 process.

[0038] The improvement in the recovery efficiency of the present invention over
that of the prior art processes can be understood by examining the improvement in the
rectification that the present invention provides for the upper region of absorbing section

18a. Compared to the prior art of the FIG. 1 process, the present invention produces a
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WO 2011/049672 PCT/US2010/046967

better top reflux stream containing more methane and less C,+ components. Comparing
reflux stream 48 in Table I for the FIG. 1 prior art process with reflux stream 49 in

Table II for the present invention, it can be seen that the present invention provides a
reflux stream that is greater in quantity (nearly 8%) with a significantly lower
concentration of C,+ components (1.9% for the present invention versus 2.5% for the
FIG. 1 prior art process). Further, because the present invention uses a portion of
substantially condensed feed stream 36a (expanded stream 37a) to supplement the
cooling provided by the residue gas (stream 46), the compressed reflux stream 49a can be
substantially condensed at lower pressure, reducing the power required by reflux
compressor 21 compared to the FIG. 1 prior art process even though the reflux flow rate
is higher for the present invention.

[0039] Unlike the prior art process of assignee's U.S. Patent No. 4,889,545, the
present invention uses only a portion of substantially condensed feed stream 36a
(expanded stream 37a) to provide cooling to compressed reflux stream 49a. This allows
the rest of substantially condensed feed stream 36a (expanded stream 38a) to provide
bulk recovery of the C, components, C3 components, and heavier hydrocarbon
components contained in expanded feed 39a and the vapors rising from stripping section
18b. In the present invention, the cold residue gas (stream 46) is used to provide most of
the cooling of compressed reflux stream 49a, reducing the heating of stream 37a
compared to the prior art so that the resulting stream 37b can supplement the bulk

recovery provided by expanded stream 38a. The supplemental rectification provided by
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reflux stream 49¢ can then reduce the amount of C, components, C; components, and Cy+
components contained in the inlet feed gas that is lost to the residue gas.

[0040] The present invention also reduces the rectification required from reflux
stream 49c¢ in absorbing section 18a compared to the prior art U.S. Patent No. 4,889,545
process by condensing reflux stream 49¢ with less warming of the column feeds (streams
37b, 38a, and 39a) to absorbing section 18a. If all of the substantially condensed stream
36a is expanded and warmed to provide condensing as is taught in U.S. Patent No.
4,889,545, not only is there less cold liquid in the resulting stream available for
rectification of the vapors rising in absorbing section 18a, there is much more vapor in
the upper region of absorbing section 18a that must be rectified by the reflux stream. The
net result is that the reflux stream of the prior art U.S. Patent No. 4,889,545 process
allows more of the C, components to escape to the residue gas stream than the present
invention does, reducing its recovery efficiency compared to the present invention. The
key improvements of the present invention over the prior art U.S. Patent No. 4,889,545
process are that the cold residue gas stream 46 is used to provide most of the cooling of
compressed reflux stream 49a in heat exchanger 22, and that the distillation vapor stream
48 contains a significant fraction of C, components not found in the column overhead
stream 41, allowing sufficient methane to be condensed for use as reflux without adding
significant rectification load in absorbing section 18a due to the excessive vaporization of
stream 36a that is inherent when it is expanded and heated as taught in the U.S. Patent

No. 4,889,545 prior art process.
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Other Embodiments

[0041] 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 49c) leaving expansion valve 23, all or a part of the expanded substantially
condensed stream 38a from expansion valve 14, and all or a part of the heated expanded
stream 37b leaving heat exchanger 22 can be combined (such as in the piping joining the
expansion valves and heat exchanger to the demethanizer) and if thoroughly
intermingled, the vapors and liquids will mix together and separate in accordance with
the relative volatilities of the various components of the total combined streams. Such
commingling of the three streams, combined with contacting at least a portion of
expanded stream 39a, shall be considered for the purposes of this invention as
constituting an absorbing section.

[0042] 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 18 (a
contacting and separating device) and stripper (distillation) column 20. In such cases, the
overhead vapor stream 54 from stripper column 20 flows to the lower section of absorber
column 18 (via stream 55) to be contacted by reflux stream 49c, expanded substantially
condensed stream 38a, and heated expanded stream 37b. Pump 19 is used to route the

liquids (stream 53) from the bottom of absorber column 18 to the top of stripper column
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20 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 18
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.

[0043] Some circumstances may favor withdrawing the distillation vapor stream
48 in FIGS. 3 and 4 from the upper region of absorbing section 18a (stream 50) above the
feed point of expanded substantially condensed stream 38a, rather than from the
intermediate region of absorbing section 18a (stream 51) below the feed point of
expanded substantially condensed stream 38a. Likewise in FIGS. 5 and 6, the vapor
distillation stream 48 may be withdrawn from absorber column 18 above the feed point of
expanded substantially condensed stream 38a (stream 50) or below the feed point of
expanded substantially condensed stream 38a (stream 51). In other cases, it may be
advantageous to withdraw the distillation vapor stream 48 from the upper region of
stripping section 18b in demethanizer 18 (stream 52) in FIGS. 3 and 4. Similarly in
FIGS. 5 and 6, a portion (stream 52) of overhead vapor stream 54 from stripper column
20 may be combined with stream 47 to form stream 49, with any remaining portion
(stream 55) flowing to the lower section of absorber column 18.

[0044] As described earlier, the compressed combined vapor stream 49a 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 18a of demethanizer 18 or through absorber column 18. However, the

present invention is not limited to this embodiment. It may be advantageous, for
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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 18a of
demethanizer 18 or absorber column 18. Some circumstances may favor partial
condensation, rather than substantial condensation, of compressed combined vapor
stream 49a in heat exchanger 22. Other circumstances may favor that distillation vapor
stream 48 be a total vapor side draw from fractionation column 18 or absorber column 18
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 49a in heat exchanger
22

[0045] Feed gas conditions, plant size, available equipment, or other factors may
indicate that elimination of work expansion machine 15, or replacement with an alternate
expansion device (such as an expansion valve), is feasible. Although individual stream
expansion is depicted in particular expansion devices, alternative expansion means may
be employed where appropriate. For example, conditions may warrant work expansion
of the substantially condensed portions of the feed stream (streams 37 and 38) or the
substantially condensed reflux stream leaving heat exchanger 22 (stream 49b).

[0046] 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
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above its cricondenbar). In such cases, separator 11 shown in FIGS. 2 through 6 is not
required.

[0047] 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.

[0048] 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 in
FIGS. 2, 3, and 5) or the portion of the cooled feed gas (stream 34a in FIGS. 4 and 6)
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 40a in FIGS. 2 through 6).
Stream 40 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.

[0049] 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
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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.

[0050] 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. For instance,
circumstances may favor combining expanded substantially condensed stream 38a with
heated expanded stream 37b and supplying the combined stream to a single upper
mid-column feed point on fractionation tower 18 (FIGS. 2 through 4) or absorber column
18 (FIGS. 5 and 6).

[0051] The present invention provides improved recovery of C, components, Cs
components, and heavier hydrocarbon components or of C3 components and heavier

hydrocarbon components per amount of utility consumption required to operate the
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process. An improvement in utility consumption required for operating the demethanizer
or deethanizer process may appear in the form of reduced power requirements for
compression or re-compression, reduced power requirements for external refrigeration,

reduced energy requirements for tower reboilers, or a combination thereof.

[0052] 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, C3 components, and heavier hydrocarbon components into a volatile
residue gas fraction and a relatively less volatile fraction containing a major portion of
said C, components, C3 components, and heavier hydrocarbon components or said Cs
components and heavier hydrocarbon components, in which process
(a) said gas stream is cooled under pressure to provide a cooled
stream,;
(b) said cooled stream is expanded to a lower pressure whereby
it is further cooled; and
(c) said further cooled stream is directed into a distillation
column and fractionated at said lower pressure whereby the components of said relatively
less volatile fraction are recovered;
the improvement wherein following cooling, said cooled stream is
divided into first and second streams; and
(1) said first stream is cooled to condense substantially all of it;
(2) said substantially condensed first stream is divided into at
least a first condensed portion and a second condensed portion;
(3) said first condensed portion is expanded to said lower
pressure whereby it is further cooled, and is thereafter supplied to said distillation column

at an upper mid-column feed position;
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4) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said
distillation column at said upper mid-column feed position;

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

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

7 said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;

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

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

(10)  said compressed combined vapor stream is cooled
sufficiently to condense at least a part of it, thereby forming a condensed stream while

supplying at least a portion of the heating of steps (4) and (7);
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(11)  atleast 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

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

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

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

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

the improvement wherein prior to cooling, said gas stream 1is

divided into first and second streams; and

(1) said first stream is cooled to condense substantially all of it;
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But anes+99. 99% Power Resi due Gas Conpressionl0, 801 HP[ 17,757 kW Refl ux
Conpressi on241 HP[ 396 kW Total Conpressionll, 042 HP[ 18, 153 kW * (Based on
un-r oundewsiof2bove4pertes) [ 0037] A conpari son of Tabl es | amrdTiuS2&l0owe61 hat ,
conpared to the prior art, the present invention inproves ethane recovery
from83.06%to 84.98% propane recovery from99.50%to 99.67% and butanes+
recovery from99.98%to 99.99% Conparison of Tables | and Il further shows
that the inprovenment in yields was achi eved using essentially the sane
power as the prior art. In terns of the recovery efficiency (defined by the
guantity of ethane recovered per unit of power), the present invention
represents a 2% i nprovener®) ovenidishbstprtialy candenedd filsestria®, is divpdasicietosat

[ 0038] The i nprovenment in the recovery efficiency of the present invention
over that aéast héirgpotomtensadtpopti@cagisescoahcdndensed@oaionod by exam ning the

i nprovenent in the rectification that the present invention provides for

the upper region of absorhing sgetfStoh8ehsedPoRdh e ipanddigoREidbwart of the
FIG 1 process, the present invention produces a

pressure whereby it is further cooled, and is thereafter supplied to said distillation column

at an upper mid-column feed position;

4) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said
distillation column at said upper mid-column feed position;

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

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

7 said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;

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

9) said combined vapor stream is compressed to higher

pressure’
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better top reflux stream containing nore nethane and | ess C2+ conponents.
Conparing reflux stream48 in Table | for the FIG 1 prior art process with
refl ux stweamuB@9éa Table Il for the present invention, PCT/usanoloesdseen t hat
the present invention provides a reflux streamthat is greater in quantity
(nearly 8 with a significantly | ower concentration of C2+ conponents
(1.9% for the present invention versus 2.5%for the FIG 1 prior art
process). Further, because the present invention uses a portion of
substantially condensed feed stream 36a (expanded stream 37a) to suppl enent
the cooling provided by the residue gas (stream 46), the conpressed refl ux
stream 49a can be subst ant(i@l | ypaideedwnesed! epmbinsdeyappr stsxaay s copleduci ng t he
power required by reflux conpressor 21 conpared to the FIG 1 prior art
process evsuofficiutigho thelenef dtleast 4 pmt obit.ghérsbhiaghérie & condeiedptregemthile
invention. [0039]Unlike the prior art process of assignee's U S. Patent No.

4,889, 545, hhRyREASRAL d J¥ESH bARe HSRM AR ¥pR(PHARE (PN Of substantially
condensed ﬁe@%ys?rean1§é§ (expan%ed sgregngsgg) tggprovide cooling to

conpressed reflux stream A{?@X Thi §1g65|5409,}{\§n 8@%%@0%%1%%%‘%’%% %%%dggéger y of

condensed feed stream 36a pande ream to provi

the C2 conmponents, C3 conpaonents, and heavier ocar bon conponents

cont ai ned. FROGRpSRIEFaRl 508 e Trelo bRy Yl e BB IRY  sect i on
18b. In the present invention, the cold residue gas (stream46) is used to
provi de noPesigPntawd cool i ng of conpressed reflux stream 49a, reducing the
heating of stream 37a conpared to the prior art so that the resulting
stream 37b can suppl enent (1he bhd fuanttesverdytepperaiudescdibyiddxghsicanhs $¢ saadm
38a. The supplenental rectification provided by reflux stream 49c can then

reduce the dxildfién €flufd aEOFRRAeH tSmainthif HFRIBMBAS tendRchtisd bf CATRBRBAT SN
contained in the inlet feed gas that is lost to the residue gas. [0040] The

present | NYGROL oAb HPelafALIG Rerch fh bt boifighd Sné estHbaReltslif QM kakdivety
stream 49c i n absorbihg section 18a conpared to the prior art U S. Patent
No. 4,889,?%gvgb%{§$§ngxagondg&§i g reflux stream 49c with | ess warm ng of
t he col unm feeds fs feams 37b. " 384, and 39a) to absorbing section 18a. |If
all of the substantially condensed stream 36a i s expanded and warned to
provi de condensing ad i s tRAgreerhiopHhs sepiin 0%@%?8%‘9?8%@%@%&% is
there less cold liquid in the resulting streamavailable for rectification
of the vapdérsonponenss.ith cabpondithgnd beaviamydswarbohepmpprentviote apeletigapor in
t he upper region of absorbing section 18a that nust be rectified by the
reflux streesiducTdae finetion @asid teldtiselylads viohueile fridtion cohtagamy oiajdrgopidnast art
U. S. Patent No. 4,889, 545 process allows nore of the C2 conponents to

escape t0 LhR (. _hiPéRedAT ohpRAithland hBs id I8ARRhrbon 8 RfpbAchtdoeRid cgduci ng
its recovery efficiency conpared to the present invention. The key

| npr ovenent.g, af &, R 1RIGHI h%d}}{@a!?f)%{’é‘og;afogl%n&ﬁﬁ vﬁ{ij:ﬁ)%rg?nésﬁ 6U- S. Patent No.

4,889, 545 process are that the co ue gas str is used to

i d t of th i f c d. ref t 49a in heat
Cxchanger 22, and that 1 a0l SOFAAL FO S0P LR Bt B aR AV Luooled

significant fraction of C2 conponents not found in the col um overhead
stream 41, SHF#®Bw ng sufficient nmethane to be condensed for use as refl ux

w t hout adding significant rectification |oad in absorbing section 18a due
to the excessive vapori zat(bon chidsbplkdrirgga itdxpandes tb aheweariresshenwhdrelys
expanded and heated as taught in the U S. Patent No. 4,889,545 prior art
process. it is further cooled; and

(c) said further cooled stream is directed into a distillation
column and fractionated at said lower pressure whereby the components of said relatively

less volatile fraction are recovered;
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O her Enbodi ments [0041] 1 n accordance with this invention, it is generally
advant ageous to design the absorbing (rectification) section of the

dernet haniwenotig4e@nt ai n nmul tipl e theoretical separati onPSTAFRE/0HIOEVET
the benefits of the present invention can be achieved with as few as two

t heoretical stages. For instance, all or a part of the expanded refl ux
stream (stream 49c) | eavi ng expansion valve 23, all or a part of the
expanded substantially condensed stream 38a from expansi on val ve 14, and
all or a part of the heated expanded stream 37b | eavi ng heat exchanger 22
can be conbi ned (such as in the piping joining the expansion val ves and
heat exchanger to the denghdhanpreeemendrcherdin shidraasghtamiineealed sgfiedntly e
vapors and liquids will mx together and separate in accordance with the
relative volatilitieganfallykkendmké Dsdconponents of the total conbined
streans. Such conm ngling of the three streans, conbined wth contacting at

| east a portion of expandeg) st rgRMPagdaly O%H@éﬂsecp s%%&hQ§§e%Qraft&lrth&@§y to
purposes of this invention as constitufing an absorbing section.

[ 0042] FI GS. nts of the present invention.
FIGS. 2 tht 8%6%9%9%9% ?Q#EQ% 8%%?ﬁ%hﬁpgggégﬁconstructed in a single
vessel. FIGS. 5 and 6 depi Gt fra.tlonatlon t siruct d in two
vessel s, absorber (rectifi®t) dﬁﬂmfﬁmeglﬁgﬁWﬁgFfﬁﬁc%ﬂﬂﬁg Pstgd peignd
device) and stri pper (distlllatlon) colum 20. In such cases, the overhead
vapor stredHf8BS:from stripper colum 20 flows to the | ower section of
absorber columm 18 (via stream55) to be contacted by reflux stream 49c,
expanded substantial | y corndlensediddirstetmeniB8acodetitoneatade sxtptamtieldly sl pEam
37b. Punp 19 is used to route the liquids (stream53) fromthe bottom of
absorber colum 18 to the (4pp chidsubitpRRilyeohdsmbed 20t Seathialdividkal ihwoatt oner s
effectively function as one distillation system The decision whether to
construct tl&%t&ﬁ?s%br%ﬂéé gﬂ)rﬁéﬁ’\ﬁid @s%c&xﬁéd?ﬁ&?se&?%ﬁﬁ)ln (such as denet hani zer
18 in FIGS. 2 through 4) |p e vessels w depend on a nunber of
factors such as plant siz t he_. tanc§3to fa rication C|I|t|es etc.

ra

[ 0043] Sone ci rcunst ances fasia/lor 5 R v ltoﬂ 3 %i(pa?deldl 8ts?18r%0\7apor
stream48 in FIGS. 3 and 4 fromthe upper |on 0 bsor bi.ng. secti on 18a
(st ream 50)PTEBYG SV eRDYbiS mﬁeﬁrﬁpolsg a@ﬁﬁ%&b&@a %%@Pé?ff ﬁOémdﬁ ehden SedmSt r eam

38a, rather than fromthe internediate regi on of absorbing section 18a
(strean151ﬁtm®umwﬂmhécﬁb@uY®©dn@$@ﬂnexpanded substantially condensed stream
38a. Likewise in FIGS. 5 and 6, the vapor distillation stream 48 may be

wi t hdrawn from absorber cagbumm sii8 sabmodeohtienséepaltipniindxpafideexpamndeaécwer
substantially condensed stream 38a (stream 50) or bel ow the feed point of

expanded syhstaptiirldny icRTGeRNTRolcH 6 AN %n&l stthedm&klpplldd tokhigr cases, it
may be advantageous to wi thdraw the distillation vapor %rean148 fromthe

18 (st 52
Fles 5 ang it Ay ﬁ#@%@%&“’eﬁ@a Ko (str cam 52) of |

over head vapor strean154 on1str|g§ @7 um 20 ney onblned W t
stream 47 to form stream 48wt ® ST FEPApS t|0c§f’|1 g‘fvf’re%{ﬁ?sgge)a | owi ng

to the lower section of absorber colunn 18.
is supplied to said distillation column at a mid-column feed position below said upper

mid-column feed position;
(8) 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;
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[ 0044] As described earlier, the conpressed conbi ned vapor stream49a is
substantially condensed and the resulting condensate used to absorb

val uabl e WP 200mposTent s, C3 conponents, and heavi er conp®QEiS010/0a696T he
vapors rising through absorbing section 18a of denethani zer 18 or through
absorber colum 18. However, the present invention is not limted to this
enbodi nent. 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 shoul d bypass absorbing section
18a of demet hani zer 18 or (3bsorbevedotdivapol SireaBoisevitidraumioararesppany f avor
partial condensation, rather than substantial condensation, of conpressed
conbi ned vapgon sf sapdhdisdBaidnrtohaad arekdibialed @tto 2lleaalfest vapocporidbamges may
favor that distillation vapor stream 48 be a total vapor side draw from
fractionatggamgmﬂﬁﬁkaﬁkﬁr absorber columm 18 rather than a partial vapor
side draw. It should also be noted that, depending on the conposition of

the feed gas stream it ggmgbeS%g%ggﬁ%ggg@g%%ﬁﬁgﬁqwgégﬁﬁgéhw&qﬁ%b%%F tion

to provide partial cooli f conpresse vapor stream heat
exchanger 22 [ 0045] Fee s conditions, plant size, available equi pment,
or Cother 1 2LIeaHa RARYOT ol Chea et on Ve TOhe 1 e R B 5 THeE e
15, or replacenent with an alternate expansi on device (such as an expansi on
valve), is feasible. Al thdélbh iarfttiagombane seeam sxypardren fog yegered in
particul ar expansi on devices, alternative expansion neans nmay be enpl oyed
wher e appr opididattélatibiocolemarbelosy sadnpper nodsohmyn fead panitiomordkabexpamndi on of
the substantially condensed portions of the feed stream (streans 37 and 38)

or the subsfiaiolhd fee@ @odlans el isebmbineatwigadiid AV 41@r pedionex edianger 22
(stream 49b). [0046] Dependi ng on the quantity of heavier hydrocarbons in

the feed g@gmﬁﬁgdggﬁnn%%gngas pressure, the cooled feed stream 3la | eavi ng
heat exchanger 10 in FIGS. 2 through 6 may not contain any liquid (because

[ hSaoove T1s dewpol bt 00, PeCEGudle oy RRLR i LuFRL TSR
pressure;

(13)  said compressed combined vapor stream is cooled
sufficiently to condense at least a part of it, thereby forming a condensed stream while
supplying at least a portion of the heating of steps (6) and (10);

(14)  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

(15)  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.
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[0047] I n accordance with the present invention, the splitting of the vapor
feed nmay be acconplished in several ways. In the processes of FIGS. 2, 3,
and 5, thwogplivmbéi7ag of vapor occurs follow ng cooling a&ou/Gsepanatdson of
any liquids which may have been fornmed. The high pressure gas may be split,
however, prior to any cooling of the inlet gas as shown in FIGS. 4 and 6.

I n sone enbodi nents, vapor splitting may be effected in a separator.

[ 0048] The high pressure liquid (stream33 in FIGS. 2 through 6) need not be
expanded and fed to a m d-colum feed point on the distillation colum.
Instead, all or a portion of it nmay be conmbined with the portion of the
separ at or vapor (strdam 34n iarlPr@IeGS).(/)r the sgparaieh &)a gas strham gonteingrg wethpie
cooled feed gas (stream34a in FIGS. 4 and 6) flowng to heat exchanger 12.
(This is shbhwonpynéhe Washpdnaits, aadhS&b/id¢rhyHtdcambor componkgits ititg a Aslytileenai ni ng
portion of the liquid may be expanded t hrough an appropriate expansion

device, suGiki@dr &R FRXRGNSONYAIVYE 1684 &Wﬁh&fbn%ﬁﬁirﬁﬁg a fagbripeftidndra
m d-col um feed point on the distillation columm (strean140a in FIGS. 2

t hrough 6) e er heat
exchange s§?§| (%ggég?gyﬁ%q% 8?8Fﬁ§ﬁg%%%ﬁgﬂghﬁg?g%aﬁgﬁl h@% ?g%ﬁinb to the
denet hani zer 0049% acco nce with the pres i nvention, the use of
external 1 EPPGETL PheRS e hBPERRt CheoTER! PN BIES o o the inlet gas
from ot her process streans may be enpl oyed, partlcularly in the case of a
rich inlet gas. The use af®) di SRiigeusTEIN Bcogledamndergresshig p @eovided cooled
denet hani zer side draw |liquids for process heat exchange, and the

parti cul ar saearangenent of heat exchangers for inlet gas cooling nust be
eval uated for each particular application, as well as the choice of process
streans for specific heat (gxchan@eosRH\ireas is dxpamddith aMbwér prbSarebehereby
recogni zed that the relative anmount of feed found in each branch of the

split vapor, fegghoMchdiegepgnd on several factors, including gas pressure,
feed gas conposition, the anmount of heat which can econoni cal 'y be

?Xt racted fromthe feed, E& d t ledq'ul%ﬂetrlcto&egfstrggng ?secﬁgemed 1r611t\6aI cilsatq afion Mor e

eed to the top of the coI M nay |'ncrease recove I"'e"decreasi'ng power
recovered fron1the expander thereby increasing the reconpression horsepower
requi r ementcs un}m@defa%qﬂﬁga%%ﬁa} Fr P> F™ BGF biercofIREBE Fbs avfgrfeéaélas
consunption but may al so reduce product recovery. The relative Iocatlons of
t he ni d- collesmyofagitedisaatgy ateaiegoegskendi ng on i nl et conposition or ot her
factors such as desired recovery |levels and anount of |iquid formed during
inlet gas cooling. Mreovele ihpdvemenDmdein tphier fteecboding eaaig, gasr stpant iions

t hereof, may be conbi ned depending on the relative tenperatures and

quantities of indivi dsalieBitEaRBanPRbotd@reafiinded streamthen fed to a
n d- col uim feed position. For instance, circumstances may favor conbining

expanded substantially Cogﬁens%%d%h&%ﬁ%? %lé&o@%ﬁ&&ﬁe%‘tﬁ ?ﬁ;éﬁﬁ bERM 37D

and supplying the conmbined streamto a S|ng e upper ed poi nt
on fractionation tower 18 FI R id su{)st%antl y COPlanSC(fiPI‘SSPgthCea{:n 59 gvlilcri]yd 1%1‘[80 a FIGS.

5 and 6). sal

least a first condensed portion and a second condensed portion;
(3) said first condensed portion is expanded to said lower
pressure whereby it is further cooled, and is thereafter supplied to said distillation column

at an upper mid-column feed position;
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[ 0051] The present invention provides inproved recovery of C2 conmponents, C3
conponents, and heavi er hydrocarbon conponents or of C3 conponents and
heavi er hyorotizben conponents per amount of utility comemrgsktelon4eoenui r ed
to operate the process. An inprovenent in utility consunption required for
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
requi renents for external refrigeration, reduced energy requirenments for
tower reboilers, or a conbination thereof. [0052] Wiile there have been
descri bed what are believed to be preferred enbodi nents of the invention,
those skilled in the art Wl | rseidogeindeondensedppréipn anekppuodedtesaid lower

nodi fications may be nmade thereto, e.g. to adapt the invention to various
condi ti ons prdsyjesvheicbyded fudiierebbled, ik @epied, ane i thensaftdroupplibepakiidng from t he
spirit of the present invention as defined by the following clains. WE

CLAIM 1. | i @il IR OF €S 8mh A sdidd 8p e RAN LI Rbd Bo@Bsn;St ream cont ai ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents

into a volatile residue gas, fract, I ' i
fraction containing a najg?)po?%@gggggngggalgéﬁ%%%%%%ghggim%gk@%ﬁ% n%ﬁts,
and heavi er__hydr ocar bon. conponents or said C3 conponents and heavi er

hydr ocar boR*EBNYSARIEE 15 n whi ch process

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

(7) said vapor 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;

(8) 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;

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

(10)  said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;

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

combined vapor stream;
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(a) said gas streamis cool ed under pressure to provide a cool ed stream

(b) said cooled streamis expanded to a | ower pressure whereby it is
further cwol2etyo4967d (c) said further eocolusdoision@am i s
directed into a distillation colum and fractionated at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; the i nprovenent wherein follow ng cooling, said cooled
streamis divided into first and second streans; and (1)
said first streamis cooled to condense substantially all of it;

(2) said substantially condensed first streamis divided into at |east a
first condensed portion artla seideethbieddeneicdrepris conpressed to higher

(3) said first condensed portion is expanded to said | ower pressure whereby
it is furthpesssmepl ed, and is thereafter supplied to said distillation
colum at an upper md-colum feed position; WD

2011/ 049672PCT/ US2010/ 046963)  said compressed combinddWapsabtebaffiieBdicgondensed
portion is expanded to said | ower pressure whereby it is further cooled, is

neat ed, and, BT 88 B0 SHIBL! £flr O 22 Je6) REbIAS LARARLYMTLAty1FRI ¢

upper m d-colum positi
supplying at least a portion of the heating of steps (4) and (10);

(14)  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

(15)  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.

5. In a process for the separation of a gas stream containing methane,
C, components, C3 components, and heavier hydrocarbon components into a volatile
residue gas fraction and a relatively less volatile fraction containing a major portion of
said C, components, C3 components, and heavier hydrocarbon components or said Cs
components and heavier hydrocarbon components, in which process

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

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

it is further cooled; and
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(5) said second streamis expanded to said |lower pressure and is supplied
to said distillation colum at a m d-columm feed position bel ow said upper
m d- col urwmof2esd4parzi ti on; (6) an over ireadSe@POU6ISTr eam i S
wi t hdrawn from an upper region of said distillation colum and divided into
at least a first vapor portion and a second vapor portion;

(7) said second vapor portion is heated, thereafter discharging at |east a
portion of said heated second vapor portion as said volatile residue gas
fraction; (8) a distillation vapor streamis w thdrawn
froma region of said distillation colum bel ow said upper m d-col um feed
posi tion and above sai d mni(d- colsahfufteerdopledistréamm isaditkcied istorasdistdlatiant h sai d
first vapor portion to forma conbi ned vapor stream (9)
sai d conbi rethnweporfrativesad hisatbiopeepeedird ¥héveghdie prpssettedf said relatively

(10) said conmpressed conbi ned vapor streamis cooled sufficiently to
condense atjeds &€BRkilArRAh 2R rebdverddier eby form ng a condensed stream while
supplying at |least a portion of the heating of steps (4) and (7);

breksure and 16 Lner oaft or M S UBAPT AT o ear A AEa e BECRATY g Rhdy | 0"

feed position; and . .. (12) the quantities and tenperatures
of said feed streans PREANYICAANsG 1119% i on colum are effective to maintain
the overhead tenperature of said distillation colum at a tenperature

wher eby the major portionslof tshid ragibarepdanseheasdirgamds sappipgddythergly to

vol atile fraction are recovered. 2.1n a process for the separation of a gas
st r eam contpadndag vaer haeran agRatdeaspomehqsd si@anconponent s, and heavi er

hydr ocar bon conponents into a volatile residue gas fraction and a

relatively less volatile fpact isgia vapsit dicanng tRrdeOdiviRea ihtd Fir@fans 8écdn€2
conponents, C3 conponents, and heavi er hydrocarbon conponents or said C3

conponent s gpgdyheavi er hydrocarbon conponents, in which process

(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;

4) said substantially condensed combined stream is divided
into at least a first condensed portion and a second condensed portion;

(5) said first condensed portion is expanded to said lower
pressure whereby it is further cooled, and is thereafter supplied to said distillation column
at an upper mid-column feed position;

(6) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said

distillation column at said upper mid-column feed position;
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(a) said gas streamis cool ed under pressure to provide a cool ed stream

(b) said cooled streamis expanded to a | ower pressure whereby it is
further cwol2etyo4967d (c) said further eocolusdoision@am i s
directed into a distillation colum and fractionated at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; the i nprovenent wherein prior to cooling, said gas stream
is divided into first and second streans; and (1l)said first streamis

cool ed to condense substantially all of it; WO

2011/ 049672PCT/ US2010/ 046967 ' ' (2) said substantially
condensed first streamis (di vi ded seeand séeaménetpanddd tospiddowdeprestrepmdt i on
and a second condensed portion; (3) said first condensed

portion is iexppheet datd distilthtioawelunpr &siatiidecomMien édey potitibs bélomt dagt uppeol ed,
and is thereafter supplied to said distillation colum at an upper

m d- col um phiged1RRsfded PBsition; (4) said second condensed
portion is expanded to said | ower pressure whereby it is further cooled, is

heated, and is thereafter (?):Jgﬁ!a&lﬁgerﬂﬁnﬁlgipgrtfgns islaildaatt .ﬁe%g't o‘h%'lféﬁﬂh &}eaﬁlqg d

upper md-colum feed posi

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;

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

(10)  said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;

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

(12)  said combined vapor stream is compressed to higher
pressure;

(13)  said compressed combined vapor stream is cooled
sufficiently to condense at least a part of it, thereby forming a condensed stream while

supplying at least a portion of the heating of steps (6) and (10);
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(5) said second streamis cooled and thereafter expanded to said | ower
pressure and supplied to said distillation colum at a m d-colum feed
posi ti on Wwelowmeai7d upper m d-col um feed position; PCT/US2010/046967  ( 6)
an overhead vapor streamis wthdrawn from an upper region of said
distillation colum and divided into at least a first vapor portion and a

second vapor portion; (7) said second vapor portion is
heat ed, thereafter discharging at |least a portion of said heated second
vapor portion as said volatile residue gas fraction; (8)

a distillation vapor streamis wthdrawn froma region of said distillation
col um bel ow sai d upper ni(éd)colatileastiageadtiproeli saidorpndearbed biggen ssaixgandedteol um
feed position and is conbined with said first vapor portion to forma

conbi ned vapidriower g@assure and is thereafter supplied (0Xpidsdibtilladionbolnedh atapop fegtir eam i s

conpressed to higher pressure; (10) said conpressed
combi ned vapeikiogidn@am is cooled sufficiently to condense at |east a part of
it, thereby formng a condensed stream while supplying at |east a portion

of the heating of steps (AH?)anqhe( Cxl}ahgg(i%saar{léi e:camperatures d)flsaiﬁjf%éd &}ea}ng@égai@

portion of said condensed streamrs 0 sal ower pressure and is

thereafter suppl.ied.to said.di.stillation_.colu t a top feed, position; and
(12) the qSEMERHPECOIRA SFEsHrcHS: b mdneh oy fiadioatheibie of shg BRghatcn

distillation colum are effective to maintain the overhead tenperature of
sai d di sti ISPRMIGH adempertuse Wherebyfisragior Rortipes @idhe eorapergnisrin pye e¢latieelvf t he
conponents in said relatively less volatile fraction are recovered. 3.1n a
process f oidesstvelasigpaacaionhare wEowrghs st ream cont ai ni ng net hane,
6. In a process for the separation of a gas stream containing methane,
C, components, C3 components, and heavier hydrocarbon components into a volatile
residue gas fraction and a relatively less volatile fraction containing a major portion of
said C, components, C3 components, and heavier hydrocarbon components or said Cs
components and heavier hydrocarbon components, in which process
(a) said gas stream is cooled under pressure to provide a cooled
stream,;
(b) said cooled stream is expanded to a lower pressure whereby
it is further cooled; and
(c) said further cooled stream is directed into a distillation
column and fractionated at said lower pressure whereby the components of said relatively
less volatile fraction are recovered;
the improvement wherein following cooling, said cooled stream is

divided into first and second streams; and

(1) said first stream is cooled to condense substantially all of it;
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C2 conponents, C3 conponents, and heavi er hydrocarbon conponents into a
vol atile residue gas fraction and a relatively less volatile fraction
cont ai ni yoaonmj4es72porti on of said C2 conponents, C3 coRrposRe1s/4@nT
heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon conponents, in which process (a) said gas
streamis cool ed under pressure to provide a cool ed stream

(b) said cooled streamis expanded to a | ower pressure whereby it is
further cooled; and (c) said further cooled streamis
directed into a distillation colum and fractionated at said | ower pressure
wher eby the conponents of (3ai d saidlsabstudlajly lcendenyesl fast steeafiy ig cliviidad iafoeat
recovered; t he i nmprovenent wherein said gas streamis cool ed
suf fi ci ent llgast ofipacéidehied pooticengier detondduhdensed portion; (1) said
partially condensed gas streamis separated thereby to provi de a vapor

stream and at |east one |i é.q}“ d s8idrdBondensed portion is expanded(tg)saﬁ%\%ﬁ/ apor
streamis thereafter divided into first and second streans;

3 id f
(#) said sbotuSoiERR EsTAREERPor BRI R IR fa il o

first condensed ortion and a second condensed porti
position to a contacting angl separating d%wc that produces a P rst overhead vapor stream

% east a

and a bottom liquid stream, whereupon said bottom liquid stream is supplied to said
distillation column;

4) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said
contacting and separating device at said mid-column feed position;

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

(6) 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;

7 said first overhead vapor stream is divided into at least a
first vapor portion and a second vapor portion;

(8) said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;

9) a distillation vapor stream is withdrawn from a region of

said contacting and separating device below said mid-column feed position and above
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(5) said first condensed portion is expanded to said | ower pressure whereby
it is further cooled, and is thereafter supplied to said distillation
col um atwerzouppEes72m d- col umm feed position; PCT/US2010(08396Bai d
second condensed portion is expanded to said | ower pressure whereby it is
further cooled, is heated, and is thereafter supplied to said distillation
colum at said upper md-colum feed position; (7) said
second streamis expanded to said | ower pressure and is supplied to said
distillation colum at a md-colum feed position bel ow said upper
m d- col um feed position; (é? at |east a portion of said
at | east oneidlfirsfAnd sseanddewerscobupafrgd dosigonning ik owabingd sddusnid fanovapsr
supplied to said distillation colum at a | ower md-colum feed position
bel ow sai d patttbnaolfornia te@adinpd safgdretieam; (9) an overhead
vapor streamis withdrawn from an upper region of said distillation colum
and divided into at |eaSt(ﬁ»fl@gﬁc%ﬁﬁgde@P&h%QaﬁﬂgC@nﬁgggadoM@ﬂ&r portion
(10) said second vapor portion is heated, thereafter discharging at |east a
portion ofpﬁgggﬁheated second vapor portion as said volatile residue gas
fraction; ’ (11) a distillation vapor streamis w thdrawn
froma region of said disti]lation colum, below sai d upper. m d-col unm feed
(hioitid BREbisgPie

position and above said mi(dcolSEihroPRERSThe iR Rgr §iEeapy with said
first vaporégprtion to forma conbi ned vapor stream ) (12)
sai d combi risdicieyyrto seidsasp atdeasbnprreskibdhersbhiagmére heangsnsed stream while
(13) said conpressed conbi ned vapor streamis cooled sufficiently to
condense atsup@gsi aalepstratpoofion ¢f the heatmlgyf Sepsidignd (ondensed stream whil e
supplying at |least a portion of the heating of steps (6) and (10);
(12)  at least 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.
7. In a process for the separation of a gas stream containing methane,
C, components, C3 components, and heavier hydrocarbon components into a volatile
residue gas fraction and a relatively less volatile fraction containing a major portion of
said C, components, C3 components, and heavier hydrocarbon components or said Cs
components and heavier hydrocarbon components, in which process

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

stream,;
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(14) at least a portion of said condensed streamis expanded to said | ower
pressure and is thereafter supplied to said distillation colunm at a top
feed posiwDani1/&mer2 (15) the quantitiegCarub20100pe@sat ur es
of said feed streans to said distillation colum are effective to maintain
the overhead tenperature of said distillation colum at a tenperature

wher eby the nmajor portions of the conponents in said relatively |ess
volatile fraction are recovered. WD 2011/049672PCT/ US2010/ 046967 4.1n a
process for the separation of a gas stream contai ning nethane, C
conponents, C3 conponents, and heavi er hydrocarbon conponents into a

vol atil e residue gas fractbon anid caoledistaednyéd xpprded to ollawen pesspegcvhaseby
containing a major portion of said C2 conponents, C3 components, and
heavi er hydriecatirooocedpadent s or sai d C3 conponents and heavi er

hydr ocar bon conponents, in which process (a) said gas

streamis cool ed under pre§sur &y fdFuRh\codRd dtrEAR kLM tdqAMa distillation
(b) said cooled streamis expanded to a | ower pressure whereby it is

furth | t
L e e TP o‘ﬂa Bactionated atsaid lgwer prebfile SALEARY HEIARRORAR, SR LFAMS

wher eby th nPUP t% of said r%tztlvely | ess volatile fraction are
recover ed; Tess ola AR AV ERBY ““Wherein prior to cooling, said gas stream

is divided into first and second streans; and
the improvement wherein prior to cooling, said gas stream is

divided into first and second streams; and

(1) said first stream is cooled to condense substantially all of it;

(2) said substantially condensed first stream is divided into at
least a first condensed portion and a second condensed portion;

3 said first condensed portion is expanded to said lower
pressure whereby it is further cooled, and is thereafter supplied at a mid-column feed
position to a contacting and separating device that produces a first overhead vapor stream
and a bottom liquid stream, whereupon said bottom liquid stream is supplied to said
distillation column;

4) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said
contacting and separating device at said mid-column feed position;

(5) said second stream is cooled and thereafter expanded to
said lower pressure and supplied to said contacting and separating device at a first lower

column feed position below said mid-column feed position;
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(1) said first streamis cooled to condense substantially all of it;

(2) said substantially condensed first streamis divided into at |east a
first comsenead4porti on and a second condensed porti on; PCT/US2010/046967

(3) said first condensed portion is expanded to said | ower pressure whereby
it is further cooled, and is thereafter supplied to said distillation
colum at an upper md-colum feed position; WO

2011/ 049672PCT/ US2010/ 046967 (4) said second condensed
portion is expanded to said | ower pressure whereby it is further cooled, is
heated, and is thereafter supplied to said distillation colum at said
upper mid-col umm feed posi(b) on;asecond overhead vapor stregig)s whhdfawadondast ream i s
cool ed under pressure sufficiently to partially condense it;

(6) said pappératgipn o6 rde dsetlati@caians hidanuppliclapatidicetat tiey @ldykepaagovi de
a vapor streamand at | east one |liquid stream (7) said
vapor Str?Qﬁbkéa@%&%ﬂ&fﬂn&@c§ﬁhﬂd¥&¥§6ﬁi&ﬁ&§&&§mé%ﬂdk%h§ﬂpﬁkaﬁgﬁﬁ&nsa'd
distillation colum at a m d-colum feed position bel ow said upper

m d-col um feed position; () saidfirs oa/e{headvg S&Earh?sacﬁkid@di}%%hg@sitgf sai d

at least one liquid streamis expande 0 sald | ower pressure an

supplied t%.said distillation qflunn at. a | ower md-colum feed position
bel ow sai d "Hid2RY RAFHIOH %IE{J“ B8R Yer portion; (9) an overhead

vapor streamis withdrawn froman upper region of said distillation colum
and di vided into at |east (& fi raid soeqidrvaperRarden kigagd sBeisaienassbrrgser t i on;

at least a portion of said heated second vapor portion as said volatile residue gas fraction;

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

(10)  said combined vapor stream is compressed to higher
pressure;

(11)  said compressed combined vapor stream is cooled
sufficiently to condense at least a part of it, thereby forming a condensed stream while
supplying at least a portion of the heating of steps (4) and (8);

(12)  at least 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
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(10) said second vapor portion is heated, thereafter discharging at |east a
portion of said heated second vapor portion as said volatile residue gas
fracti on;wo0 2011/049672 (11) a distillation vapor sPCearseés/owsshdr awn
froma region of said distillation colum bel ow said upper m d-columm feed
position and above said m d-colum feed position and is conbined with said
first vapor portion to forma conbi ned vapor stream

(12) said conbined vapor streamis conpressed to higher pressure;

(13) said conmpressed conbi ned vapor streamis cooled sufficiently to
condense at |east a part of it, thereby form ng a condensed stream while
suppl yi ng atidlcengeting pur cpontieg devies Hedempeyaofe whepy the)maiaopqrtions; of the

(14) at least a portion of said condensed streamis expanded to said | ower
pressur e ardmpsnénieineafd erlatiseip pdss @dlatite Saitidn diestetdteatd.on col uim at a top
feed position; and (15) the quantities and tenperatures

of said feed streams g0 Sghd pddRbd ok Bfel PPara@dHOM SfsQt8drh @6htaMEnd BethBAd) @l N
the overhead tenperature of said distillation columm at a tenperature

wher eby t h% TR on @Y tdlﬁ%ﬁl\?g{l%rgﬁ %ggf ﬁ%&g&q‘&hﬁocl‘“%ﬁg?%hﬂn% inY®d ¥oll<1t?1%5

vol atile fraction are reco process e separation of a gas
streanlcontaigin gﬁ%hane nent onent.s, and heavi er

hydr ocar borlct GO it 1B @ T MG oG48 RHLEA § B4 i o
relatively less volatile fraction containing a major portion of said C2
conponent s S ORPOREHE- 3 CRRPORIH2BE hﬁ%@fﬁﬁérmwoaéﬁﬁmﬁwtgoroﬁalds@i d C3
conponents and heavi er hydrocarbon conponents, in which process
(a) said gasmpvnawsardsheaviel bylrocmieon gmemsents, inovipclopiodessa cool ed st ream
(a) said gas stream is cooled under pressure to provide a cooled
stream,;
(b) said cooled stream is expanded to a lower pressure whereby
it is further cooled; and
(c) said further cooled stream is directed into a distillation
column and fractionated at said lower pressure whereby the components of said relatively
less volatile fraction are recovered;
the improvement wherein said gas stream is cooled sufficiently to
partially condense it; and
(1) said partially condensed gas stream is separated thereby to
provide a vapor stream and at least one liquid stream;
2) said vapor stream is thereafter divided into first and second

streams;

3) said first stream is cooled to condense substantially all of it;
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(b) said cooled streamis expanded to a | ower pressure whereby it is
further cool ed; and WO 2011/ 049672PCT/ US2010/ 046967 (c)said further cool ed
stream i swoi2oaaeef2i nto a distillation colum and fract ipomatsedoatcdsai d

| ower pressure whereby the conponents of said relatively less volatile
fraction are recovered,; the i nprovenent wherein said gas streamis
cooled sufficiently to partially condense it; and (D)
said partially condensed gas streamis separated thereby to provide a vapor
stream and at |east one liquid stream (2) said vapor
streamis thereafter divided into first and second streans;

(3) said first streamis dénbi neid substintadly lceadansed st stieam iofdivdddddinttat| east
one liquid streamto forma conbi ned stream whereupon said conbi ned stream
i s cool ed tleascofickenseleasddgiontidn @ld a/seabnd @fndeiised portion; (4) said
substantially condensed conbined streamis divided into at |east a first

condensed portion and a sgspnd sGRTHSNSAAMROA bb®Bh is expanded to said lower (5)
said first condensed portion is expanded to said | ower pressure whereby it

'ats faﬁ r LBS; Ip?ér)sngl(l,ljr_g S%qegé}& ii; 12 ef p%g?%]%g,knalfp Hlle.fe%ﬂelt leﬁﬂ‘écpat%i Iﬁfdl—(lolh?l}lfl Pl ol um
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;

(6) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said
contacting and separating device at said mid-column feed position;

(7) 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;

(8) 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;

9) 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;

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

first vapor portion and a second vapor portion;
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(6) said second condensed portion is expanded to said | ower pressure
whereby it is further cooled, is heated, and is thereafter supplied to said
di still atworrotigl4gem at sai d upper m d-colum feed posit POM/US20MD046967
2011/ 049672PCT/ US2010/ 046967 (7) said second streamis
expanded to said |lower pressure and is supplied to said distillation colum
at a md-colum feed position bel ow said upper m d-colum feed position;
(8) any remaining portion of said at | east one liquid streamis expanded to
said | ower pressure and is supplied to said distillation colum at a | ower
m d- col um feed position bel ow said m d-colum feed position;
(9) an overhead vapor strdhh i saidiscéandaanof payiemiy hapigds thersgfiteyrdisshargaied
distillation colum and divided into at |l east a first vapor portion and a
second vapar lepgrat podtion of said heated second vapor fdHiors ad chid eslatild réagrergap difatfi@n i S
heat ed, thereafter discharging at |least a portion of said heated second
vapor portion as said vol g{2) e s 8&i1RHEN 9&sor ktréh isORithdrawn from a region of ~ (11)
a distillation vapor streamis withdrawn froma region of said distillation
col um bel Ld L 1,6l 1| it .S a| j.d=col um
feed positggﬁﬁgh C#@fﬁgﬁgkﬁggﬁ%#gﬁxggﬁgw?@?S153@%@@9%%??¥§%&f%9%%#ﬁ$a
conbi ned vapar. stream (12 ai d conmbi ned vapor streamis
conpr essed SF@ erf.t rsewlgégw?recaolumn feed posmgns gndsls c?ri}g})ngg il s&@?j%rrs APQY
conbi ned vapor streamis cooled sufficiently to condense at |east a part of
it, therebypoftsrPAginaa conBBAd SAPSSHeHM whil e suppl ying at | east a portion
of the heating of steps (6) and (10);

(13)  said combined vapor stream is compressed to higher

pressure;

(14)  said compressed combined vapor stream is cooled
sufficiently to condense at least a part of it, thereby forming a condensed stream while
supplying at least a portion of the heating of steps (6) and (11);

(15) 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

(16)  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.

9. In a process for the separation of a gas stream containing methane,

C, components, C3 components, and heavier hydrocarbon components into a volatile

residue gas fraction and a relatively less volatile fraction containing a major portion of
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(14) at least a portion of said condensed streamis expanded to said | ower
pressure and is thereafter supplied to said distillation colunm at a top
feed posiwDani1/&mer2 (15) the quantitiegCarub20100pe@sat ur es
of said feed streans to said distillation colum are effective to maintain
the overhead tenperature of said distillation colum at a tenperature

wher eby the nmajor portions of the conponents in said relatively |ess
volatile fraction are recovered. 6.In a process for the separation of a gas
stream cont ai ni ng nmet hane, C2 conponents, C3 conponents, and heavi er

hydr ocar bon conponents into a volatile residue gas fraction and a

rel ativel y shidds oppipaneite Greotpooents and Aeavierdydravajbon cpmppnents of saghCd C2
conponents, C3 conponents, and heavi er hydrocarbon conponents or said C3
conponent s catpohaayvaelr hdayidr bpdrodwborcampanents Sin whicwpiloedsspr ocess

(a) said gas streamis cool ed under pressure to provide a cool ed stream

(b) said cooled streamis gxpang@dat Strént RWblcRMLASSYrEssWRab §RWidd a Esdled
further cool ed; and (c) said further cooled streamis

directed intQ 4 distillation colum and fractionated at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recovered; t he inpr?venent mhe%ﬁin foLIomAQ%ﬁpoolin , _said cool.ed

streamis divided into fir8t antids8REAGIEIT ExmandeddO @ 19¥d RPN L Peam

is cooled to condense substantially all of it;
it is further cooled; and

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

the improvement wherein prior to cooling, said gas stream 1is

divided into first and second streams; and

(1) said first stream is cooled to condense substantially all of it;

(2) said substantially condensed first stream is divided into at
least a first condensed portion and a second condensed portion;

(3) said first condensed portion is expanded to said lower
pressure whereby it is further cooled, and is thereafter supplied at a mid-column feed
position to a contacting and separating device that produces a first overhead vapor stream
and a bottom liquid stream, whereupon said bottom liquid stream is supplied to said
distillation column;

4) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said

contacting and separating device at said mid-column feed position;
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WO 2011/ 049672PCT/ US2010/ 046967 (2) said substantially
condensed first streamis divided into at least a first condensed portion
and a secwodotomge@nased portion; (3) saca/useewi4e®eondensed
portion is expanded to said | ower pressure whereby it is further cool ed,
and is thereafter supplied at a md-colum feed position to a contacting
and separating device that produces a first overhead vapor stream and a
bottom | iquid stream whereupon said bottomliquid streamis supplied to
said distillation colum; (4) said second condensed
portion is expanded to said | ower pressure whereby it is further cooled, is
heated, and is thereafter (Supplshtiddetandssticamdoencaet indgr pressusepafieienthgtodevi ce
at said md-colum feed position; (5) said second stream
i s expandegaitiallg@baddnesvdr pressure and is supplied to said contacting and
separating device at a first | ower colum feed position bel ow said

m d-col utm feed position; () said partially condenk& se@ofE€GRIAth RUEFhaad eadgr
streamis w thdrawn from an upper region of said distillation colum and is

suppl i ed tQoﬁﬁﬁgFﬁPVi?f%kﬁgagggviﬁgﬁﬁgﬂ%ﬂﬂigﬁ%hpe at a second | ower colum

feed positio ow um position; (7)
said first overhead vapor ream.js divided into %} | east a first vapor
ed to sat%gl))

t
portion and a second vapoﬁ§bor§9@ﬁ?pxsuemnlse“mnd WEHP'ES S EE B S vapor
portion is heated, thereafter discharging at |east a portion of said heated
second vap@HPRsALP sHd gentaeting apg(saparpEng dyicgpé a gy 19wercolusm feed position
(9) a distillation vapor streamis withdrawn froma region of said
cont act i ng balav séparditolngndesd pesitivel, ow sai d mi d-col uim feed position and
above
(8) 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;
9) 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;
(10)  said first overhead vapor stream is divided into at least a
first vapor portion and a second vapor portion;
(11)  said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;
(12)  adistillation vapor stream is withdrawn from a region of
said contacting and separating device below said mid-column feed position and above

said first and second lower column feed positions and is combined with said first vapor

portion to form a combined vapor stream;
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said first and second | ower colum feed positions and is conbined with said
first vapor portion to forma conbi ned vapor stream (10)
sai d conbwoedivapor streamis conpressed to hi gher pres®arass2010/046967

(11) said conmpressed conbined vapor streamis cooled sufficiently to
condense at |east a part of it, thereby form ng a condensed stream while
supplying at least a portion of the heating of steps (4) and (8);

(12) at least a portion of said condensed streamis expanded to said | ower
pressure and is thereafter supplied to said contacting and separating
device at a top feed position; and (13) the quantities
and tenperatures of said f(Edd stideambited vepdibticamtiacemnpigsseddo bghar at i ng
device are effective to maintain the overhead tenperature of said

cont acti ng ppgsdwsepar ati ng device at a tenperature whereby the major
portions of the conponents in said relatively less volatile fraction are

recovered. 7.1n a process ({or the Sapaddd AmBhedvPassikahfRTLERAL al ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents

into a vol %ﬁft‘flc?en'ﬁﬁ% g&ﬁieg?esatfle(a?f% }CD)n 8¢1Q’qh&86}§£0?%%ﬁr%§4 é/onldgﬁs%dégjeﬁltl ith?le

fraction contai ni g a nmmj or po sal onents, conponent s,
and heavi er hydrocaybaon conponents or said conponents and heavi er
hydr ocar bori"® ﬁﬁﬁﬁé%?gﬂifﬁgah?ﬁﬂeB?%E@é’SFBg@QFHgggg;strean1is cool ed under
pressure to provide a cool ed stream ) ) )
(1 at least 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
(16)  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, C3 components, and heavier hydrocarbon components into a volatile
residue gas fraction and a relatively less volatile fraction containing a major portion of
said C, components, C3 components, and heavier hydrocarbon components or said Cs
components and heavier hydrocarbon components, in which process
(a) said gas stream is cooled under pressure to provide a cooled
stream,;

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

it is further cooled; and
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WO 2011/ 049672PCT/ US2010/ 046967 (b) said cooled streamis
expanded to a | ower pressure whereby it is further cool ed; and

(c) said wonpheneoeol ed streamis directed into a disti PCattsenovadoserm and
fractionated at said | ower pressure whereby the conponents of said

relatively less volatile fraction are recovered, t he i nprovenent

wherein prior to cooling, said gas streamis divided into first and second
streans; and (1) said first streamis cooled to condense
substantially all of it; (2) said substantially condensed

first streamis divided into at least a first condensed portion and a
second condensed portion; (¢)  said further cooled s{rgym ssedirpcfedrigto achstdbticond
portion is expanded to said | ower pressure whereby it is further cool ed,
and is t hercehieindsiyzpbhaed atsail loivdr pekumnwheeby fresiohiponerdtoobsatdrlastiyng
and separating device that produces a first overhead vapor stream and a

bottom | i quid velakiRamMctivhareEpoRr&Ri d bottom liquid streamis supplied to

said distillation colum; (4) said second condensed
portion is expanded to saifl r
heated, and is thereafter sup C%H%§§§§%§ ?%ﬁt 9¥Fﬁgné§d&§%%§$% £ dEV|ce

at sald m d- col um feed. 05|t¢F ) (5) said second stream
i s cool ed and t her eafPPERIECRAIISYI ¥sai d | ower pressure and supplied to
sai d contacting and separatlng device at a first | ower colum feed position
bel ow sai d m d- col um feedlhbosistidgartially condensed gas stream is separated thereby to

provide a vapor stream and at least one liquid stream;

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

(3) said first stream is 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;

4) said substantially condensed combined stream is divided
into at least a first condensed portion and a second condensed portion;

(5) said first condensed portion is expanded to said lower
pressure whereby it is further cooled, and is thereafter supplied at a mid-column feed
position to a contacting and separating device that produces a first overhead vapor stream
and a bottom liquid stream, whereupon said bottom liquid stream is supplied to said
distillation column;

(6) said second condensed portion is expanded to said lower
pressure whereby it is further cooled, is heated, and is thereafter supplied to said

contacting and separating device at said mid-column feed position;
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WO 2011/ 049672PCT/ US2010/ 046967 (6) a second over head
vapor streamis wthdrawn from an upper region of said distillation colum
and i s supplad4p@2sai d contacti ng and separating devi ceCatusarvdeent | ower
colum feed position below said m d-colum feed position;

(7) said first overhead vapor streamis divided into at |least a first vapor
portion and a second vapor portion; (8) said second vapor
portion is heated, thereafter discharging at |east a portion of said heated
second vapor portion as said volatile residue gas fraction;

(9) a distillation vapor streamis withdrawn froma region of said
contacting and separ ati ng (devi celdise¢ang strgi inexpasdddimsaiddedeppsssuicomdand
above said first and second | ower colum feed positions and is conbi ned

w th said fi$ swplivdiposaidpamtdctng hed feparmtiag devibé nedfirsalporer sdlugarfeed position

(10) said conbined vapor streamis conpressed to higher pressure;

(11) said GRME¥ &3S BRU-cORBINTEEH VAR, Streamis cool ed sufficiently to
condense at |east a part of it, thereby form ng a condensed stream while

supplying at |east a port i(g))n Ogn&gﬁﬁilﬁﬁgg)ggc%o%fof%gﬁpﬁ le(aét)on%gglufogs)tfeam's

(12) at least a portion of ‘sai ens reamis expan o said | ower

pressure and is thereafter supplied.to said contacting and separating
fevi ce at  AXPHpeR datr i paeuTn AR is soppiied to S8 diitafih &lmRGPR L ant 11 es
and tenperatures of said feed streans to said contacting and separating

devi ce ar e neiffcolmiy Eeed ositPHt ai n t he overhead tenperature of

9) 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;

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

(11)  said second vapor portion is heated, thereafter discharging
at least a portion of said heated second vapor portion as said volatile residue gas fraction;

(12)  adistillation vapor stream is withdrawn from a region of
said contacting and separating device below said mid-column feed position and above
said first and second lower column feed positions and is combined with said first vapor
portion to form a combined vapor stream;

(13)  said combined vapor stream is compressed to higher
pressure;

(14)  said compressed combined vapor stream is cooled
sufficiently to condense at least a part of it, thereby forming a condensed stream while

supplying at least a portion of the heating of steps (6) and (11);
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said contacting and separating device at a tenperature whereby the ngjor
portions of the conponents in said relatively |less volatile fraction are
recover edwoniwm4g67pr ocess for the separati on of a gas sPCEASROMIEE6NI NQ
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a volatile residue gas fraction and a relatively less volatile
fraction containing a major portion of said C2 conponents, C3 conponents,
and heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon conponents, in which process (a) said gas
streamis cool ed under pressure to provide a cool ed stream

(b) said cool ed stream i s (&pantigdsttagpatidrogfesaidyrandsnsed stipran eaxpindeddo
further cool ed; and (c) said further cooled streamis
di rect ed i Rhid laweli gtisuteadndanthecdabiansupped foxatd @naicadg aid sphatihgdevicpitassur e
wher eby the conponents of said relatively less volatile fraction are
recovered; top feed pbdl8on;FREOVENENt wherein said gas streamis cool ed

sufficiently to partially condense it; and - (1) said
partially condensed gas st§gamg s, SaRALARdehPELERY% &f%aiﬁrf?% Q&afhs YRORE
stream and at |east one liquid st?eanl sai g vapor

streamis thereafter, divided.,into fi%st.and secand st

(3) said fSPRACERS A PUB LI Ae BIGFRIR S MO UNEE St STIogS dgmpesgtureof

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

11. The improvement according to claim 1, 2, 3, 4, or 5 wherein said
distillation vapor stream is withdrawn from a region of said distillation column below
said top feed position and above said upper mid-column feed position.

12. The improvement according to claim 1, 2, 3, 4, or 5 wherein said
distillation vapor stream is withdrawn from a region of said distillation column below
said mid-column feed position.

13. The improvement according to claim 6, 7, 8, 9, or 10 wherein said
distillation vapor stream is withdrawn from a region of said contacting and separating
device below said top feed position and above said mid-column feed position.

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.
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WO 2011/ 049672PCT/ US2010/ 046967 (4) said substantially
condensed first streamis divided into at least a first condensed portion
and a secwodotomge@nased portion; (5) saca/useew4®eondensed
portion is expanded to said | ower pressure whereby it is further cool ed,
and is thereafter supplied at a md-colum feed position to a contacting
and separating device that produces a first overhead vapor stream and a
bottom | iquid stream whereupon said bottomliquid streamis supplied to
said distillation colum; (6) said second condensed
portion is expanded to said | ower pressure whereby it is further cooled, is
heated, and is theredbter Thapmpiedment sgpidingontciadmi Ing, &rid os & pdicestin prad devi ce
at said md-colum feed position; (7) said second stream
i s expandedeitod sgpahdédveedbndc@rishised panibn is sepietiteshid distHattbnochire i 1g and
separating device at a first | ower colum feed position bel ow said

m d- col um st@rd RS thidblumn feed position. (8) at least a portion of said
at least one liquid streamis expanded to said | ower pressure and is

supplied to said distill atfh%@linﬁpévléﬁ%n@icc@ﬁimggtb%f) i RGN ROR Heh @R

(9) a second overhead vapor stfeamis w wn from an upper region of
said distillation colum and js supplied.to said.contacting and separating
Govice ot SXEHKBRABEP s ARELE BRitie S L ET o e SLRRG RS oo
posi tion; ) (10) said first overhead vapor streamis

di vi ded i ntu@peitmidegpdyma fgedipositighpor portion and a second vapor portion;

17. The improvement according to claim 12 wherein said heated
expanded second condensed portion is supplied to said distillation column at a second
upper mid-column feed position.

18. The improvement according to claim 6, 7, 8, 9, or 10 wherein said
heated expanded second condensed portion is supplied to said contacting and separating
device at a second mid-column feed position.

19. The improvement according to claim 13 wherein said heated
expanded second condensed portion is supplied to said contacting and separating device
at a second mid-column feed position.

20. The improvement according to claim 14 wherein said heated
expanded second condensed portion is supplied to said contacting and separating device
at a second mid-column feed position.

21. In an apparatus for the separation of a gas stream containing
methane, C, components, C3 components, and heavier hydrocarbon components into a

volatile residue gas fraction and a relatively less volatile fraction containing a major
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WO 2011/ 049672PCT/ US2010/ 046967 (11) said second vapor
portion is heated, thereafter discharging at | east a portion of said heated
second vaworopaupé’en as said volatil e residue gas fract POm[US2010/046967

(12) a distillation vapor streamis withdrawmn froma region of said
contacting and separating device bel ow said m d-colum feed position and
above said first and second | ower columm feed positions and is conbi ned
with said first vapor portion to forma conbi ned vapor stream

(13) said conbined vapor streamis conpressed to higher pressure;

(14) said conpressed conbined vapor streamis cooled sufficiently to
condense atpoltemsaf saiddzraompfongnts, ¢svemplopette ranil hgavderdndmagwd compeagntwhi | e
supplying at |least a portion of the heating of steps (6) and (11);

(15) at | easid @& gqoarpoheaits aid saivitr bohdendedcahparis B @idapdedusttbers dethgl ower
pressure and is thereafter supplied to said contacting and separating

device at a top feed posithon; 480 cooling means to cool said §ak@lredfi@n8MWdshices
and tenperatures of said feed streans to said contacting and separating

device are C%Ill(%ﬁ%?etditg?g%\gdé@jajbtl@d ﬂreta{S‘Fun ;élg%%gs%ge.t enperature of said

contacting and sepa ing device at a erat'ure whereby the nmjor
portions of the conponent% in Sﬁid relatively less volatile frgction are

recovered. 9.1n a process Pbr CHESEBAAM @ﬁXIgfcoﬁnegféesd QETEEH L GRTH ni ng

nmet hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a vol &ertica ¢fsgiddgeledayesn apdsrarcsarg 2ad eepandiitielalomespregyratyheeeby
fraction containing a major portion of said C2 conponents, C3 conponents,
and heavi eraidytieanas bothecompmhend s or said C3 conponents and heavi er

hydr ocar bon conponents, in which process

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

the improvement wherein said apparatus includes

(1) 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 dividing means connected to said second cooling
means to receive said substantially condensed first stream and divide it into at least a first
condensed portion and a second condensed portion;

4) second expansion means connected to said second dividing

means to receive said first condensed portion and expand it to said lower pressure, said

second expansion means being further connected to said distillation column to supply
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(a) said gas streamis cool ed under pressure to provide a cool ed stream

(b) said cooled streamis expanded to a | ower pressure whereby it is
further cwol2etyo4967d (c) said further eocolusdoision@am i s
directed into a distillation colum and fractionated at said | ower pressure
wher eby the conponents of said relatively less volatile fraction are
recover ed; the i nprovenent wherein prior to cooling, said gas stream
is divided into first and second streans; and (1) said
first streamis cooled to condense substantially all of it;

(2) said substantially condensed first streamis divided into at |east a
first condendedppuledifivst candbnsedspatan towidtidngdatiopeetingnat an upper mid-column

(3) said first condensed portion is expanded to said | ower pressure whereby
it is furtHerd ponload, and is thereafter supplied at a m d-colum feed
position to a contacting and separating device that produces a first

over head vapor stream and g bOttlﬁl?dT&:lpaﬁélenﬁahﬁ@@dﬁheé’t@@foeédﬂpé&c&ﬁi diviatd om
liquid streamis supplied to said distillation colum;

(0 20, SSGARFAPHETSRT BORALINL S SUPRNGR S0 R0N D LBIBBERSSHLE, | (.

contactin and se aratin evi ¢e ald m d- col um . f eed ition
(o) e " Senond shream 1S (Bl SfaChaBn il f ey e PRS <b%Bien i a1y

condense it;
means to receive said expanded second condensed portion and heat it, said heat exchange

means being further connected to said distillation column to supply said heated expanded
second condensed portion to said distillation column at said upper mid-column feed
position;

(7) 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;

(8) third dividing means connected to said distillation column
to receive said overhead vapor stream separated therein and divide it into at least a first
vapor portion and a second vapor portion;

9) said heat exchange means being further connected to said
third dividing means to receive at least a portion of said second vapor portion and heat it,
thereafter discharging at least a portion of said heated second vapor portion as said

volatile residue gas fraction;
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(6) said partially condensed second streamis separated thereby to provide
a vapor streamand at |east one |liquid stream (7) said
vapor strwearmilg4gerpanded to said | ower pressure and i s ®apalsc@d/oseesai d
contacting and separating device at a first | ower colum feed position

bel ow said m d-colum feed position; (8) at least a
portion of said at |east one liquid streamis expanded to said | ower
pressure and is supplied to said distillation colum at a m d-col unm feed
posi tion; (9) a second overhead vapor streamis w thdrawn
froman upper region of said distillation colum and is supplied to said
contacting and separ ati ng (§&vi cepatwithdsegmgdndappeennsoted it sdiédutijasint i on

bel ow said m d-colum feed position; (10) said first

over head vaphumrsforreasivd sdidiiNdtidad apot wreain fra@aaatregdon of @lid diaplddtiop@otunan and a
second vapor portion; (11) said second vapor portion is
heat ed, t hepRRS {&d uplics ellaucoiunth REd b6&aSEn AdeMolé 8d afid-38iuthread pskigasond
vapor portion as said volatile residue gas fraction; (12)
a distillation vapor stre IS W r [ J ting
and separating device bel gv[a)saicg%}ﬁnﬂﬁgﬁqgﬁ%n %%ééﬁ%ssgﬁtg{ﬁdgﬁéﬂggg{&é%gai d
first and second | ower. colum feed posi.tions.and is conbined wth. said
first v apOIan 8?1giV8P|0rtV{§1ﬂfdg?‘?ﬁn§ r%e@%fcﬁrgaelv%bad flgstt Iy%%%portlon an% sal\gI c{lstlllsatlon
(13) said conbined vapor streamis conpressed to higher pressure;

(14) sai d d8RPrEsIBANE HorHt heAMDiApS VAR SEeAN s cool ed sufficiently to
condense at least a part of it, thereby form ng a condensed streamwhile
supplying at |east a porti(td ofcomipesshiegimeags afnnstted & (add cambining gans 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 steps (6) and (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.
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(15) at least a portion of said condensed streamis expanded to said | ower
pressure and is thereafter supplied to said contacting and separating
devi ce atweawuap4d@ed position; and (1@rTIUSRO 1008667 t | es
and tenperatures of said feed streans to said contacting and separating
device are effective to maintain the overhead tenperature of said
contacting and separating device at a tenperature whereby the nmgjor
portions of the conponents in said relatively less volatile fraction are
recovered. 10.In a process for the separation of a gas stream containing
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a volatile resi dde gdsafppparitonfainil sepaation pl/epas dtiggm opotagtiing e
fraction containing a major portion of said C2 conmponents, C3 conponents,
and heavi emdiydhiepCacdmponeaspOnesihsonentsS@idche@Biet bydrocuebidsc cumngbnb e vite fa

hydr ocar bon conponents, in which process (a) said gas

streamis GRRhRJHAHEbaPHrRIDHLAd h IR RYY RS fol&@e RSt ESRdThing a major
(b) said cooled streamis expanded to a | ower pressure vvhere%y it is

d |
further co !oﬁfgn &ggﬁd\rﬁgoc%%églﬁ?,#@%oy%gaa%%g%\agr]?hly(adgc%cﬁ%oq cf()g'lrpgpﬁ{ts &P ol ed

streamis directe n co I onate sard

| ower pressure, whereby the conponents of said relative | ess vol atile
Fracti on arbatEasPBRBt and KRR B PHSHBULHERC AL B VoL iaP R CF PE | <
cooled sufficiently to partially condense it; and

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

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

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

the improvement wherein said apparatus includes

(1) 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 dividing means connected to said second cooling

means to receive said substantially condensed first stream and divide it into at least a first

condensed portion and a second condensed portion;
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(1) said partially condensed gas streamis separated thereby to provide a
vapor stream and at |east one liquid stream (2) said
vapor strwearmilg4pdrereafter divided into first and secon®CItUSe@O®I6967

(3) said first streamis conbined with at | east a portion of said at |east
one liquid streamto forma conbi ned stream whereupon said conbi ned stream

is cooled to condense substantially all of it; (4) said
substantially condensed conbined streamis divided into at |least a first
condensed portion and a second condensed portion; (5)

said first condensed portion is expanded to said | ower pressure whereby it
is further cool ed, and is (#her sedandrexpasisini raehnacornegied-te sdid neronddevighogi t i on
to a contacting and separating device that produces a first overhead vapor
st r eam and neeahotd eoril¢ spid €irs comasedpreti @upaiexpandlit botdid owdr udseursf Jaghm i S
supplied to said distillation columm; (6) said second

condensed REEINHRR pdrSid R Beink FuSRirdoh VBRI tB kS8 Akt iBlaMBILESRBMN itd supplyf ur t her
cooled, is heated, and is thereafter supplied to said contacting and

separating sgﬁvegﬁgl}cﬁh fi%éf‘{!cgnc'ig.ngécfr:‘l}gd)é:}rgBritqI tJ ﬁ?@%@ﬁﬁdtfoﬁ%@lumn at an ugpl%r mid-colum:

(7) said secon reamis expa 0 sal ower pressure I'S supp?ied
to said cog&gﬁﬁinﬁ)and separating device at a first |ower colum feed
posi ti on befSWXSHE ni d- col umm feed position; (8) any
remai ning portion of said at |east one liquid streamis expanded to said
| ower pressure and i s suppP) ed thigd ediagsign giepny eannesied il Bihseaendadiidig ol um
feed position; (9) a second overhead vapor streamis
wi t hdr awn fonams anreogipe said egpiood cafdes siddatiiet and exphiochit cobaidripvan grassursuppl i ed
to said contacting and separating device at a second |ower colum feed
position bel ow said m d- cgbum hegascRa®E e@ns connected to said third expansion
means to receive said expanded second condensed portion and heat it, said heat exchange
means being further connected to said distillation column to supply said heated expanded
second condensed portion to said distillation column at said upper mid-column feed
position;
(7 said first cooling means being connected to said first
dividing means to receive said second stream and cool it;
)] 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 distillation column to supply
said expanded cooled second stream to said distillation column at a mid-column feed
position below said upper mid-column feed position;
9) third dividing means connected to said distillation column

to receive said overhead vapor stream separated therein and divide it into at least a first

vapor portion and a second vapor portion;
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(10) said first overhead vapor streamis divided into at least a first
vapor portion and a second vapor portion; (11) said
second vaworopambé’en i s heated, thereafter dischargi ng RCTIUSa&H/0869pDr t i on
of said heated second vapor portion as said volatile residue gas fraction;
(12) a distillation vapor streamis wthdrawmm froma region of said
contacting and separating device bel ow said m d-colum feed position and
above said first and second | ower colum feed positions and is conbi ned
with said first vapor portion to forma conbi ned vapor stream

(13) said conbined vapor streamis conpressed to higher pressure;

(14) said conpressed conbi(h®dd waiddeatsixchangeingeansbeiag fwtifet ceingatet yo sad
condense at |east a part of it, thereby form ng a condensed stream while
suppl yi ng alird éagling@mpaxisttb aeredle dt astegdrtiog obdaidteepsd ¢Gor podion b heat it,
(15) at least a portion of said condensed streamis expanded to said | ower
pressure angbrbaicd ARERALIG Tt RURRI poRGord & i KhafAnkasd d&?g%’&?&?@@ia@d I'ng

device at a top feed position; and he quantities

and tenperg%#%ﬁ§eghu§g£@h&§5 .Streanms to said contacting and separating
device are effective to nmaintain the overhead tenperature of said

ort fons. of he componencd! [ SaPd YRIETHaIy b eamorars Hid ARk ar e
recovered. ) 11. The inprovenent according to claiml, 2, 3, 4,
or 5 wher eicAlugy] @ refeivd 3 distilasionvapersusamd s psegipr pTthAsEHBIN£olewl on' of
said distillation colum below said top feed position and above said upper
m d- col umm bebedsapdsppicr ond-column feed position and above said mid-column feed position;
(12)  combining means connected to said third dividing means
and said vapor withdrawing means to receive said first vapor portion and said distillation
vapor stream and form a combined vapor stream;
(13)  compressing means connected to said combining means to
receive said combined vapor stream and compress it to higher pressure;
(14)  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 steps (6) and (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
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12. The inprovenent according to claiml1, 2, 3, 4, or 5 wherein said
distillation vapor streamis withdrawn froma region of said distillation
col um beWwowosizi4ge7ai d- col urm feed position. PCTIAIS20i0®46967

i nprovenent according to claim6, 7, 8, 9, or 10 wherein said distillation
vapor streamis wthdrawmm froma region of said contacting and separating
devi ce below said top feed position and above said m d-colum feed

posi tion. 14. The inprovenent according to claimé6, 7, 8, 9,
or 10 wherein said second overhead vapor streamis divided into said
distillation vapor stream and a second distillation vapor stream whereupon
sai d second distillation Vipor contreangans adapesl fogdgulate sl qravbnesandi ng and
separating device at said second | ower colunmm feed position. WO

2011/ 04967 28adrhioRl LD 84 684l streams to said distilldion Tokinmior asietenthe acedesd ng t o
claim1l1, 2, 3, 4, or 5 wherein said heated expanded second condensed

portion is (sHpRhiuRttQidSALif1aba tbluhAldt @GR iR RherBby 816 AGoURRESNs of
m d- col um feed position. 16. The inprovenent according to

claimil "‘”gﬁ ﬁ.ngeo%ghtg iﬁ‘?‘zﬁ& ?Qatf\?égﬁlggsgxgo%%%?ﬂ&&i&?ﬂﬂ%ﬁ’&%@&e&orti on is supplied

to said di Ion colum a upper colum feed position.

17. The i nprovenent cording to clajim.12 wher.ei n.sai d heat ed expanded
second coneneed por oo e A8 amriudid RS sPHRiFL b § B RS hiRa

second upper md-colum feed position. . .
methane, C, components, C3 components, and heavier hydrocarbon components into a

volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C3 components, and heavier hydrocarbon components or
said C3 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

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

the improvement wherein said apparatus includes

(D) said first cooling means being adapted to cool said gas

stream under pressure sufficiently to partially condense it;
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18. The inprovenent according to claim6, 7, 8 9, or 10 wherein said
heat ed expanded second condensed portion is supplied to said contacting and
separ at i yodeum@es7at a second m d-col uim feed position. PCT/US2010/046967 19. The
i nprovenent according to claim 13 wherein said heated expanded second
condensed portion is supplied to said contacting and separating device at a
second m d-colum feed position. 20. The inprovenent according
to claim14 wherein said heated expanded second condensed portion is
supplied to said contacting and separating device at a second m d-col um
feed position. 21. In an apparatus for the separation of a gas
st ream cont ai ni ng net hane,(2IC2 sopgatingineans Cenesstaddnent dirstandlitgemeinsrto

hydr ocar bon conponents into a volatile residue gas fraction and a

rel ativel y rbebte sl @iriidlsy dohdedsedaacarhmi andngpaataty iato a yupot kteganoindsai d C2
conponents, C3 conponents, and heavi er hydrocarbon conponents or said C3
conponent s |@RfoReai@sudandr ocar bon conponents, in said apparatus there

bei ng (a) a first cooling neans to cool said gas stream

under pressure connected :@ Pr oL dRyi 'ng‘%{?éa%gcéﬁr{e‘éég‘tc;s’ghqggeﬂ%a?ﬁlg‘fﬁe%s €q

(b) a first expansion means connecte 0 recelve at [east 'a pofrtion of said

cool ed stream undey pressure and expand it tqo a | ower pressure, whereby
said st e WBPT e e Tt e dnd sBeondSBepdi: S dl ot i Tt o

col umm connected to receive said further cooled stream said distillation
col um bei ng adapted to séfhr atsecofidicqoling mpgls copegcsd tospiddist Hrigingn

over head vapor streamand said relatively less volatile fraction; the

i mpr ovenentmaane teeicpeisabald pp atrednusnd ol itdeficiently to substantially condense it;

(5) second dividing means connected to said second cooling
means to receive said substantially condensed first stream and divide it into at least a first
condensed portion and a second condensed portion;

(6) second expansion means connected to said second dividing
means to receive said first condensed portion and expand it to said lower pressure, said
second expansion means being further connected to said distillation column to supply
said expanded first condensed portion to said distillation column at an upper mid-column
feed position;

(7 third expansion means connected to said second dividing
means to receive said second condensed portion and expand it to said lower pressure;

(8) heat exchange means connected to said third expansion
means to receive said expanded second condensed portion and heat it, said heat exchange
means being further connected to said distillation column to supply said heated expanded
second condensed portion to said distillation column at said upper mid-column feed

position;
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(1) first dividing nmeans connected to said first cooling neans to receive
said cooled streamand divide it into first and second streans;

(2) secomsiocouli4pgrzrmreans connected to said first dividi RGTSANS/0BEO6T ecei ve
said first streamand cool it sufficiently to substantially condense it;
(3) second dividing neans connected to said second cooling nmeans to receive
said substantially condensed first streamand divide it into at |east a
first condensed portion and a second condensed portion;

(4) second expansion neans connected to said second dividing neans to
receive said first condensed portion and expand it to said | ower pressure,
sai d second expansi on nmeart® beisag firstraxipansigomneastbethgteonsesitad! tdisgidifirbtat i on
colum to supply said expanded first condensed portion to said

di still ati dividiakummanato @oeiuppad setiodd stdamimnd €gdnddsod kdidhywer pressure, said

(5) third expansi on neans connected to said second dividing neans to

recei ve saiffsiepANGIALARMSRY fRARdricBAnRRM t8XPaRkktlhtibPcSdind tb QWly Rr@ssure;
(6) heat exchange neans connected to said rd expansi on neans to receive

t hi
sai d expan ed: porti t, 11, i t
roins. bt ng i EROr R ARG Ly SR ARyl e oyl BT ERREIAE,
heat ed expanded second condensed. portion to said distillation colum at
sai d upper ® dWPQVBHQ“FQEH BEATIUGR; (7) said first
expansi on neans being connected to said first dividing means to receive
said second stream and expdid ifeuthexpangon pigeis ganaeced ©, saighjegamiipg means
expansi on neans being further connected to said distillation colum to
suppl y sai do excpondeitasagondorstfrsatilassaiedicphid stidahradridonxpewd tnsaad logver
m d- col um feed position bel ow said upper m d-colum feed position;

(8) third grass@leN@idRANE ek PINRBBIAEhNE Beinifchtithr SbhddcRUiteBai AistilMbtidrocdl@agi ve
sai d overhead vapor stream separated therein and divide it into at |east a

first vapor, E’Lﬁfpth; Md @%n@ec@fr‘&tﬁ@ der AP RS saRPAik i Bf¥on column at a lower mid-column
feed position below said mid-column feed position;

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

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

(13)  vapor withdrawing means connected to said distillation
column to receive a distillation vapor stream from a region of said distillation column

below said upper mid-column feed position and above said mid-column feed position;
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(9) said heat exchange neans being further connected to said third dividing
nmeans to receive at |l east a portion of said second vapor portion and heat
it, thereaasbtervdbeehargi ng at | east a portion of said hearas260006%7 vapor
portion as said volatile residue gas fraction; (10)
vapor w thdraw ng nmeans connected to said distillation colum to receive a
distillation vapor streamfroma region of said distillation colum bel ow
sai d upper md-colum feed position and above said m d-colum feed

posi tion; (11) conbining means connected to said third

di vidi ng means and sai d vapor w thdrawi ng nmeans to receive said first vapor
portion and said distillat(ldn wapbmisg meam condediest tosaidobingidiveding apens

stream (12) conpressing nmeans connected to said
conbi ni ng redrsdtvapsracigidrevinainttaao icodde v Girst hpee ortionchndonjdrdailatibn t o
hi gher pressure; (13) said heat exchange nmeans being

further conRpg&t@dahidnddbch £65MbASSVArIBANS, tO receive said conpressed
conbi ned vapor stream and cool it sufficiently to condense at |east a part

of it, thereby formng a de . i b .
portion of the heating ofqgﬁepggﬁgyggﬁg%%%§?é&ﬁma9@94¥ﬁ$gnﬁ&nﬁ@?%%T§F6urth
expansi on neans connecgted to said he%t exchange .neans to receive said
condensed STFLEREHPRRIBEhEPPE SR FORRES 1 Pé@@ﬁr B°S¥ATd fourth
expansi on neans being further connected to said distillation colum to
supply at least a portion (8 sapid heatrasbangedensaeheieg fythes spanceted &¢ gpid
distillation colum at a top feed position; and (15)
control neanspadsipg etahotorrecaivatagd ¢dreprgssadtpmbmsd anpgbrtseppeaad vodst of sai d
feed streans to said distillation colum to naintain the overhead

t enper at ur gufdfciéndilydo brsdehid AlldaBNa pat BN, tBdreBy fRMPRY alcUfidenwhiedtebn Wi maj or
portions of the conponents in said relatively |less volatile fraction are

recovered.8g¥@§ﬁ%%4gﬁgg7 gg{Hﬁg@ﬂgﬁg@@g@%gggghg%@gggpparatus for the

separation as stream cont al ni ng net hane, nponents, C3

conponents, and heavi er hy ocarhbon component s i.nt vol%}ile esi due gas
. . ( e) 1f PANSIOn Means.connecte 0.said heat exchaiige .

fraction and a rel atively ss volatile traction containing a naj portion

of said C2 conponents, conponent s, and heavi er hydrocarbon conponents or
said C3 co%ﬁém@caﬁﬁsaﬁa @SW&P@@&PQW%@@%W@W@Wwegsared Saifpiiat us

there being ' ' S
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
(18)  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.

24. In an apparatus for the separation of a gas stream containing
methane, C, components, C3 components, and heavier hydrocarbon components into a

volatile residue gas fraction and a relatively less volatile fraction containing a major
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(a) a first cooling neans to cool said gas stream under pressure connected
to provide a cool ed stream under pressure; (b) a first
expansi orwoeang4e@nanect ed to receive at | east a porti onPofi/tsadid/oeeet ed
stream under pressure and expand it to a | ower pressure, whereby said
streamis further cool ed; and (c) adistillation colum
connected to receive said further cooled stream said distillation colum
bei ng adapted to separate said further cooled streaminto an overhead vapor
stream and said relatively less volatile fraction; the inprovenent wherein
sai d apparatus includes (1) first dividing neans prior to
sai d first peguoin digaidareonpondity. (cecosmpiodegasingd headen iydrasaftionsiompauerseeond

st reans; (2) second cooling nmeans connected to said first
di vi di ng nBaid<C t@nippaeity endkdattick hydiocaboreasmpardnsonl said appafatischa@nbbingt o
substantially condense it; (3) second dividing neans

connect ed to sai d second g&p!iﬁ@ﬂ&ﬁﬁ@ﬁn%ﬁwﬁ&@@k%@lﬁﬁi ﬁ%ﬂﬁ§hﬁﬁhﬁﬂﬁé%um
condensed first streamand divide it infto at |east a first condensed

portion and a sSeeqp Ng9&9§&§§giQﬁﬁﬁ{ﬁ¢%¥é¥%%¥gjj049672PCT/U82010/046967

(4) second expansi on nmeans connecte second dividing neans to

receive said first condensed portion and expand it to, said.|l ower pressure,
Sai 0 Second expansi on meant) berrySIOPLIG BRHRECPRF L0 e e ST at ; on

colum to supply said expanded first condensed portion to said distillation
col um at @RrtigspRisaigiceoledIstiadm uBRY PEessTeiagd expand it to a lower pressure, wdierablyj r d
expansi on neans connected to said second dividing neans to receive said
second condedsadapaos furthar caetederpdind it to said | ower pressure;

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

the improvement wherein said apparatus includes

(1) 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 dividing means connected to said second cooling
means to receive said substantially condensed first stream and divide it into at least a first
condensed portion and a second condensed portion;

4) second expansion means connected to said second dividing
means to receive said first condensed portion and expand it to said lower pressure, said

second expansion means being further connected to said distillation column to supply
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(6) heat exchange neans connected to said third expansion neans to receive
sai d expanded second condensed portion and heat it, said heat exchange
nmeans beiwgQ 2burtsbee connected to said distillation col uraTius26100pd9¢7 sai d
heat ed expanded second condensed portion to said distillation colum at

sai d upper m d-colum feed position; (7) said first
cool i ng neans being connected to said first dividing neans to receive said
second stream and cool it; (8) said first expansion neans

bei ng connected to said first cooling nmeans to receive said cool ed second
stream and expand it to said | ower pressure, said first expansi on neans
bei ng furt hveid exprvied fiest condanaedipeition d faad diswllationgatnmatsnmpper vi-eplerpanded
cool ed second streamto said distillation colum at a md-colum feed

posi tion bdtalvpsaiod; upper m d-col um feed position; (9)
third dividing neans connected to said distillation colum to receive said

over head vapor stream sepgg)at edhitdeRhfoRRafl ddnHeetbd td AldPse@bnd @ﬁﬁi‘ir%%i first
vapor portion and a second vapor portion; said

heat exch ar}'z?eg\ggﬁ)ai%&ipg %ﬂ@ sgcldpa Qgﬂdgﬁgégi Oﬁ%&f’ar}doexiglilcgitt %‘éaﬁ&’ 10&&‘% égé.tsgllg?,rman s to

recei ve at a portion of sal vapor “portion an

thereafter discharging at |east a portion of said heated, second vapor
portion as said volatile |‘©S| d&’gatgépégﬂq‘ntggéqqa%?‘)nnecwgto sad third eXpans(c%l) vapor
wi t hdrawi ng means connected to said distillation colum to receive a

di still ati éeeapapoiecaye endernagaechsacerd enndensed oeiah andibeptit.isaid heat axghangs| ow
sai d upper m d-colum feed position and above said m d-colum feed

posi tion; means being further conne¢t@)o sodidishllatgonnedursn cosupelht ed! haateslaixdandeilr d

di vidi ng means and sai d vapor w thdrawi ng nmeans to receive said first vapor
portion andesaiddofiddised batib® o 34aPeistiBitiopadlummdatl«@id0ppe CAONDLFIEEN O

stream (13) conpressing neans connected to said
conbi ni ng nRaps,t o receive said conbined vapor stream and conpress it to
hi gher pressure;’ (14) said heat exchange nmeans bei ng

further connected to said gconpre 'ng ans to receive said conpressed
conbi ned vapor strean1and( ools?%ﬁ%ﬁ Fﬁ?%ﬁ??@ﬁg%P %ﬁlgﬁg%ghal gggt a part

of it, therehy form ng a condensed stream while supplying at |east a
portion of diyding érée(apﬁg? ISFCING %g se(t‘@)lg étlrﬁim}’ f@t)i;flrst co0 1ng %ear?s being adapted to

cool said second stream under pressure sufficiently to partially condense it;

(8) 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;

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

(10)  fourth 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
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(15) fourth expansion neans connected to said heat exchange neans to
recei ve said condensed stream and expand it to said | ower pressure, said
fourth exwensilmsmeans being further connected to said @#C3tuskéiawien? col um
to supply at |least a portion of said expanded condensed streamto said
distillation colum at a top feed position; and (16)
control neans adapted to regulate the quantities and tenperatures of said
feed streans to said distillation colum to nmaintain the overhead
tenperature of said distillation colum at a tenperature whereby the major
portions of the conponents in said relatively less volatile fraction are
recover ed. p3sum, sud fppheapansiongneank éeigg pantker icomegfeddo gaid dstitlataen edwmai ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a vol ab kiply esd dyandasliduidetréanmn tcagad distilddt@hiceRinyh dt@dsweoinad-cdlemn
fraction containing a major portion of said C2 conmponents, C3 conponents,
and heavi erfeddyshsREAMRRY SQIRAENeufindtepbttida3 conponents and heavi er

hydr ocar bon conponents, in said apparatus there being (a)

a first cooling means to gg@'r SR ST SRR Brsﬁﬁisd{%tﬁsaﬁgf??:&gé}%d to

provi de a cool ed streamu pressure,;
expansi on neans. connected to receive at |least a portign.af said copl ed
St Feam undds BrRESHR G ama b Tnahaan s Rt RS 1 idd gy O
streamis further cool ed; and ) (c) a distillation colum
connect ed V8PYIROBIILANSH WCPRE YARSF PRIGSNed stream said distillation colum
bei ng adapted to separate said further cooled streaminto an overhead vapor
stream and sai d rel ati vel y12)essandieat éxickarfge andane being e thempomeeted e samher ei n
sai d apparatus includes (1)said first cooling nmeans being adapted to cool
sai d gas sthieddividigee Pisad Seet eSd IdaktCd gittibly of Qidacbhdldpor poR@ARSE hedt;it,
thereafter discharging at least a portion of said heated second vapor portion as said
volatile residue gas fraction;
(13)  vapor withdrawing means connected to said distillation
column to receive a distillation vapor stream from a region of said distillation column
below said upper mid-column feed position and above said mid-column feed position;
(14)  combining means connected to said third dividing means
and said vapor withdrawing means to receive said first vapor portion and said distillation
vapor stream and form a combined vapor stream;
(15) compressing means connected to said 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 steps (6) and (12);
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WO 2011/ 049672PCT/ US2010/ 046967 (2) separating nmeans
connected to said first cooling neans to receive said partially condensed
gas streawpand/seqgarate it into a vapor stream and at | eastuseoe/okéoqui d
stream (3) first dividing neans connected to said
separating nmeans to receive said vapor streamand divide it into first and
second streans; (4) second cooling neans connected to
said first dividing nmeans to receive said first streamand cool it
sufficiently to substantially condense it; (5) second

di vi di ng nmeans connected to said second cooling neans to receive said
substantial ly condensed fi(k3t difthecxpaasieh aestisgenidctddipgaidthehtecxshangef i r st
condensed portion and a second condensed portion; (6)
second expamnsin®to REEANS sddonehed strearsand esgmdnidtoduid Idivagpieeans siid fiftkicei ve
said first condensed portion and expand it to said | ower pressure, said
second expaRpiRbnTR&MS bBRk Ter i tbARLadd 988 WedihGoS&@ fnf ks Edﬂpl;ﬁéﬂ 183t g0l um
to supply sald expanded first condensed portion to said distillation colum

at an upper,, CH& % ocf%la{drg;( &Eg chgféggélcfﬁream to said dlsttlllatlon colum§1 a)c att tregd e>c(ipanS| on

means conn 1o sai 8 secon I'ng neans to receive sald'secon
condensed port.ion and expand it to said | ower pressure,

(8) heat ef@ﬁﬂﬂ@énﬁeans connected to said third expansion neans to receive
sai d expanded second condensed portion and heat it, said heat exchange
means being further connedi®d tcontelimeans sdantedioiresrlate thimaranbtiengmdl y sai d
heat ed expanded second condensed portion to said distillation columm at

sai d upper termpbkretolasmf sfid éebdposnmb onsaid distillation column to maintain the overhead

temperature of said distillation column at a temperature whereby the major portions of
the components in said relatively less volatile fraction are recovered.

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

(c) a distillation column connected to receive said further
cooled stream, said distillation column being adapted to separate said further cooled

stream into an overhead vapor stream and said relatively less volatile fraction;
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WO 2011/ 049672PCT/ US2010/ 046967 (9) said first expansion
means bei ng connected to said first dividing neans to receive said second
st ream amiOexpanage7zt to said | ower pressure, said first PEXABRGEI0OMGINEANS
bei ng further connected to said distillation colum to supply said expanded
second streamto said distillation colum at a m d-colum feed position
bel ow sai d upper m d-columm feed position; (10) fourth
expansi on neans connected to said separating neans to receive at |east a
portion of said at least one liquid streamand expand it to said | ower
pressure, said fourth expansi on neans being further connected to said
distillation colum to supid ynmayana phacedsdid appagatet melidet o sai d
distillation colum at a | ower m d-colum feed position bel ow said

m d- col um feed position; (1) said first cooling megdslieindadagtedity cablngidans
connected to said distillation colum to receive said overhead vapor stream
separ at ed %H&ﬁﬁhﬁdﬁﬂﬁaﬂﬁ%%gﬁkﬁ&nbﬁé9m%hﬂ%$%§kn§aﬁ*rSt vapor portion and a

second vapor portion; sai d heat exchange means being

further connected to said ir |.vi di i .
portion of said second vaé%? pgﬁﬂ#%%g%ﬁgnﬁ§§@§FF8¢§ﬁ%géggfgéhﬁfﬁgIgﬁaing at
| east a portion of said, heated gecond Vé%@%f orti.on as said vol at

jle
st due gadoSePECHIRtAlly Conacined gas tream fadsstipals i inig Y KPR ks

connected to said distillation colum to receive a distillation vapor

st ream f r oAst pregiadnd Feagki d distillation col uim bel ow said upper

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

(14) conbi ni ng nmeans connds} ed firg daidohgtrheéansl coinec@d ng sare sapsraimg nseinsl tovapor
wi t hdrawi ng means to receive said first vapor portion and said distillation

vapor st r eagdeatafdvapoastearbindatividapahtoSirk€aidisecond streams; (15)
conpressi ng neans connected to said conbining nmeans to receive said

conbi ned vapor stream and (@P”prfﬁ&%oh{biﬁif?%H{egﬁkeéonﬁéﬁééébrs%id first dividing _
(16) said heat exchange nmeans being further connected to said conpressing

nmeans to receive aégﬁgonpressed gonbined r. strea nd, cool. it
en

suf {1 ci ent 115 EbRULHA e FEAL: CL Bk T reb LY ioH EPgeh o sidensed

stream whi |l e suppl-in%>at | east. a portjon of the heating of steps (8) and
(12): at least oneliquid 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;

(6) second dividing means connected to said second cooling
means to receive said substantially condensed combined stream and divide it into at least
a first condensed portion and a second condensed portion;

(7) second expansion means connected to said second dividing
means to receive said first condensed portion and expand it to said lower pressure, said
second expansion means being further connected to said distillation column to supply
said expanded first condensed portion to said distillation column at an upper mid-column

feed position;
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(17) fifth expansi on neans connected to said heat exchange nmeans to receive
sai d condensed stream and expand it to said | ower pressure, said fifth
expansi orwoeang4pe@zng further connected to said distill &Cirars2eolowyn7 t o
supply at |least a portion of said expanded condensed streamto said
distillation colum at a top feed position; and (18)
control neans adapted to regulate the quantities and tenperatures of said
feed streans to said distillation colum to nmaintain the overhead
tenperature of said distillation colum at a tenperature whereby the major
portions of the conponents in said relatively less volatile fraction are
recovered. 24.1n an appardBus ftoird expansieparcans emnedtedtogrgl sscombdivislorg ai ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a vol atidahetd es¢idel@idasohd acidearedgruatien arel axiphndityo baid Bovw padsiure;
fraction containing a major portion of said C2 conmponents, C3 conponents,

and heavi er hydrocarbon cqQoponeghisxehandaintbaftSc SRARPLA NS A REAKIES
hydr ocar bon conponents, in said apparatus there being

. H (a
afirst co éaﬁgﬁé‘&%e §0q S%Edééée@o&?éqrﬁ%ﬁs%@rBonb‘i’learnd%gﬁ?,Lé%%h%g{‘%%gésrf‘gg to

provi de a coo treamun pr essur e;
expansi on neans, con ted to rﬁcei t. least a portion of, sa cool

e ve at. | i
ot Paam unddreiss bOSRMG Tk qobepds 1S HBHL Favear Tt BLuaPl ghiplst e
streamis further cooled; and = = (g? a distillation colum
connect ed tecandeendensehpeitipifa 1t dishidation cotyemh saisuppeginit-celpapifead col umm
bei ng adapted to separate said further cooled streaminto an overhead vapor
stream and pssitidny el atively | ess volatile fraction; the inprovenent wherein
sai d apparatus includes (1) first dividing neans prior to
said first cooling means to0)di whidgirSeix@aihich BbdRdRngtoanddiddsto saiddirsecond

streans;
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;

(11)  fourth 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 fourth 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;

(12)  third dividing means connected to said distillation column
to receive said overhead vapor stream separated therein and divide it into at least a first
vapor portion and a second vapor portion;

(13)  said heat exchange means being further connected to said

third dividing means to receive at least a portion of said second vapor portion and heat it,
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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) secomsiodouidperg neans connected to said second cool PAE/USR@NS44967 I ecei ve
said substantially condensed first streamand divide it into at | east a
first condensed portion and a second condensed portion;

(4) second expansi on nmeans connected to said second dividing neans to
receive said first condensed portion and expand it to said | ower pressure,
sai d second expansi on nmeans being further connected to said distillation
colum to supply said expanded first condensed portion to said

di still ati dhereflendischargiag atjspeira prrdercof wardhhdateddepansl wapoinportion as said

(5) third expansi on neans connected to said second dividing neans to
recei ve saivdlasiécresidue gawtensied; portion and expand it to said | ower pressure;
(6) heat exchange neans connected to said third expansion neans to receive

sai d expanded second condgnged \Rpst HrARGghe@hs bbnnesRl to BB HIsENSIRNTE
nmeans being further connected to said distillation colum to supply said

heat ed ex p%@f&g& QN &&g&ﬁﬂﬁﬁ%@&{ e i S HofbBliid %@@'1%@8#% at
sai d upper md-colum feed position; sal I rst
cool i ng neans bei. connected t aid.first dividing neans to receive said
second st r G S BPIF PUR-CEBaI (g0 Resfiel HB G Ve b EBdr b B sr BET e becond
stream under pressure sufficiently to partially condense it;

(8) separating neans connééded seePndgoanbiing meaRaglonAes tereierraid third doadivg sai d
partially condensed second stream and separate it into a vapor stream and

at | east omecans gud shid vappamithdrawing means to receive a8 fiisavapof posion erghaadi on

means bei ng connected to said separating nmeans to receive said vapor stream

and expand didtillhfors ddpbr k@s¥eRE 2 RSSHUW @ms@dddvabbf &icafixpansi on neans bei ng
further connected to said distillation colum to supply said expanded vapor

streamto said distillatiQpgcol YR &ting nflafs CHnHERd (L& RRSAd EQRbiRRLOW said
upper md-colum feed position;

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

(17)  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 steps (9) and (13);

(18)  fifth expansion means connected to said heat exchange
means to receive said condensed stream and expand it to said lower pressure, said fifth
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

(19)  control means adapted to regulate the quantities and

temperatures of said feed streams to said distillation column to maintain the overhead
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(10) fourth expansion neans connected to said separating neans to receive
at least a portion of said at |east one liquid stream and expand it to said
| ower prwenrd@49&ai d fourt h expansi on nmeans bei ng furt IreT/usSermooedsed t o
said distillation colum to supply said expanded liquid streamto said
distillation colum at a | ower m d-colum feed position bel ow said

m d- col um feed position; (11) third dividing neans
connected to said distillation colum to receive said overhead vapor stream
separated therein and divide it into at |least a first vapor portion and a
second vapor portion; (12) said heat exchange nmeans being
further corgereptretdre of seil distilhitiod caiurindit adempciatera wherebyeihganagor pasaeis of
portion of said second vapor portion and heat it, thereafter discharging at
| east a porlié amminesdiinsdi¢ adl i ebeleaneblmilp bractpar 4re oeroasredai d vol atil e

resi due gas fraction; (13) vapor w thdraw ng neans

connected to said di 9|l ahaRApERAtHITO IR §B&@LYE ofa BhsSdulehmalbhRiNapor
stream froma region of said distillation colum below said upper

m d- col um pesj.t i a i.d. mid- ¢ i t1on;
(1) conpy MEheEC s AR CRRRITRRS Wl 3R} Mo LBt ARt into g ooy
W t hdraw n ans to receive said first vapor portion and.said distillation
vapor str egﬁfﬁgﬂfmfeﬁlérlﬁ%%ﬁ EHHEP ﬁE‘?ja\‘}%ﬁ’}b‘fetl%lceﬁg‘éﬂ?ﬁe fraction confaining a majpi g
conpressi ng neans connected to said conbining neans to receive said

conbi ned v@saronsqfﬁ@érﬁwwa%ﬁ,éésscmpon@tmagaélﬁa\peréysim@;bon components or

(16) said heat exchange neans being further connected to said conpressing
means to r eediGreosgiodertsapt Eswed hgdobirhedcorapaorenst meaim appdracsdherke being
sufficiently to condense at |least a part of it, thereby form ng a condensed

stream whil e supplying at (heasta fasfbolih®meahs toReohaat ga%gt@im%hﬂa’g)rés@ﬁreand
(12); (17) fifth expansi on nmeans connected to said

heat exchangg,dfRans Egd&§§§&ﬂ§1§§£gnﬁggpﬁ@§ﬁgystrean1and expand it to said
| ower pressure, saig fitth expansion means bei'ng further connected to said

distillation colum to sugﬁgy at.. | east a portion of .sai d exﬂﬁﬁ?ed condensed

. o . a first expansi ns conuecte Tecel east a
streamto said distillati col'ufit AP*a ?op F8e position

portion of said cooled stream under pressure and expand it to a lower pressure, whereby
said stream is further cooled; and

(c) a distillation column connected to receive said further
cooled stream, said distillation column being adapted to separate said further cooled
stream into 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;

-74-



(18) control means adapted to regulate the quantities and tenperatures of
said feed streans to said distillation colum to maintain the overhead

t enper at Wwe 20f1/@a67d di stillation colum at a tenperat ur @CrRUSe@bp4d9ie maj or
portions of the conponents in said relatively less volatile fraction are
recovered. 25.In an apparatus for the separation of a gas stream contai ni ng
nmet hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a volatile residue gas fraction and a relatively less volatile
fraction containing a major portion of said C2 conmponents, C3 conponents,
and heavi er hydrocarbon conponents or said C3 conponents and heavi er

hydr ocar bon conponents, ir3sai deegpdaliviting ndags eorneriag to said second cooling (a)
a first cooling neans to cool said gas stream under pressure connected to
provi de a cahed steiearidndsranfiidssandensed first stream and divide it (2 asledidt asirst
expansi on nmeans connected to receive at |least a portion of said cool ed

stream undepndiR&SprBoR Rt £XRBNE coldehQ@dpI-@MEr Pressure, whereby said
streamis further cool ed; and (c) a distillation colum

connect ed to recei ve Sai d Gyt t et A00L Ak S FEATLoRALad) Sl ablian ggl um

bei ng adapted to separate said further cooled streaminto an over vapor
streamand said relatively |ess volatile fraction: the i roverrentﬁ]\herein
sai d appar &0 [HEFed tirst condensed portion a ﬁ)Xpé%‘P t'9 F?@lo‘%ﬂqsﬁlﬁeﬁé s

bei ng adapted to cool said gas stream under pressure sufficiently to
partial |y ¢esrddgpansion means being further connecteglto 8 spagtingnydrisaHatinomaBtied t o
said first cooling neans to receive said partially condensed gas stream and
separ at e i tsupply caid expgpuoled §irst camdeard @irtidretstidogvatdcitigg hod stpaeéing means at a

mid-column feed position, said contacting and separating means being adapted to
produce a second overhead vapor stream and a bottom liquid stream;

(5) third expansion means connected to said second dividing
means to receive said second condensed portion and expand it to said lower pressure;

(6) heat exchange means connected to said third expansion
means to receive said expanded second condensed portion and heat it, said heat exchange
means being further connected to said contacting and separating means to supply said
heated expanded second condensed portion to said contacting and separating means at
said mid-column feed position;

(7) 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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(3) first dividing neans connected to said separating neans to receive said
vapor streamand divide it into first and second streans;

(4) firstwoanimperg neans connected to said first dividiPpag/use@od4@et sai d
separating nmeans to receive said first streamand at |east a portion of
said at |least one liquid streamand form a conbi ned stream

(5) second cooling neans connected to said first conbining neans to receive
sai d conbi ned stream and cool it sufficiently to substantially condense it;
(6) second dividing neans connected to said second cooling nmeans to receive
sai d substantially condensed conbined streamand divide it into at |east a
first condensed portion ard) a seidchdillotaueslived hemetdoonected to said contacting

(7) second expansi on nmeans connected to said second dividing nmeans to

recei ve saiadd képasitinganechan seecgioe hi lomst apdrtepanraiditottbm I&midisttcawer pressure,
sai d second expansi on nmeans being further connected to said distillation

colum to supply said eXDQQﬂeds&b&%hmﬁﬁﬂgﬁﬁﬁﬁgmﬁﬁﬁém@anﬂ%uﬁﬂhﬂhélSt'||at'0n
colum at an upper m d-colum feed position; (8)

third eXpag%hﬂ’& dg:’ﬁpt %d ﬁ&f&lﬁﬁn%@‘ke‘éaﬁggp{wstq‘ okt%nn& JRARS SR HGGe ve

sai d second con Ion and expan ower pressure;
(9) heat exchangg means coanected to % ai.d thir xpagﬁlon nmeans to receive

sai d expand@BP'SEEHRAL & SHEBALSU ST bIFCARGS HIRPCIPY SAPH- 9004 Eeéhange

means being further connected to said distillation colum to supply said
heat ed exp®@?8&88tsecond condensed portion to said distillation colum at
sai d upper md-colum feed position; (10) said first
expansi on nmeans bei ng conné@t edhitddivalink mearstcodhedtali togaemntictiog arecei ve
said second stream and expand it to said |ower pressure, said first

expansi on Regirstidehegsoirdcbiet sgiarReagiiestethead ddpdr dir&inh kdpatdt@nthe@inimad t o
supply said expanded second streamto said distillation colum at a

m d- col um 4 ¢ed;RASIiat Q8 at}ﬁjstoofé{ipégbé}ulﬂ?@ﬁc[ a Bdn& QhprpofiRid position;
(11) fourth expansion neans connected to said separating neans to

receive any remaining por%ign 05 dX%Bale%&%ngggnll egc&%keegkasmdexpand
it to said Iomer pressure ai d ¥%ur&% Nsi“On Heans elrng rturt
connected to distillation colum to suppl y. sai d. expanded Ilggld,stream

to said di dBif ﬁlatqllﬁaamea}SJﬁﬁecstveaat IE3et PHTiEN ebtalthircPRL¥RR96 8P NB 8- sai d

m d-col um feed position;
thereafter dlschargmg at least a portion of said heated second vapor 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 below said mid-column feed position and above said first and
second lower column feed positions;

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

(14)  compressing means connected to said combining means to

receive said combined vapor stream and compress it to higher pressure;
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(12) third dividing nmeans connected to said distillation colum to receive
sai d overhead vapor stream separated therein and divide it into at |east a
first vapwopora4p@n and a second vapor portion; PCT/US2010/0469613) sai d
heat exchange neans being further connected to said third dividing neans to
receive at least a portion of said second vapor portion and heat it,
thereafter discharging at | east a portion of said heated second vapor
portion as said volatile residue gas fraction; (14) vapor
wi t hdrawi ng neans connected to said distillation colum to receive a
distillation vapor streamfroma region of said distillation colum bel ow
sai d upper mid-colum feedlposistiddgatarghaigevecasabeingivthes commectedéelsaid

posi tion; (15) second conbi ning means connected to said
third di vi domgreyeiag sneandtosacdve/apdeomprtivdd avimbiedeaps stroamaaetod isai d first
vapor portion and said distillation vapor stream and form a conbi ned vapor

stream sufficiently to condensd ak@dasEPPRE 8513 (R BRI EOAREAIASd BrefiAi Whikecond
conmbi ning neans t0O receive said conbined vapor stream and conpress it to

hi gher pr e%ﬁ%@?lgg a% loeasstaz.a_I pd)rtion of the hes(t&l@of%i%gggéggﬁ& éﬁ?schange means being

further con conpr essi ng-nean recei've said conpressed
conbi ned vapor strean1andé§§ol it sufficientlg t o condense, at St a part

| e
of it, thereby fornming a der QU StPPBLRT MITPTECORDRTTS ong dteat ee’ﬁgfmgg
portion of the heating of steps (9) and (13); . ) ‘818) fifth
expansi on HReIAS (CISARIEE badd| consleggdgtigamand geprad detorraidiewebpregsees. vaid Segreh
condensed stream and expand it to said |lower pressure, said fifth expansion
means bei ngxpanstdneneans baiag tfedher cosmictddo sid Icbatnetorg andlsaparating mepplty at
| east a portion of said expanded condensed streamto said distillation
colum at aupglp af Red aRstidn @MaidexPanded condensed stream to shiion&ofihd Md means

adapted to regulate the quantities and tenperatures of said feed streans to
sai d disti Isgﬁgrgtg{é A NP, tH Bl B&%Jh;t&g@ over head
(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.
27. In an apparatus for the separation of a gas stream containing
methane, C, components, C3 components, and heavier hydrocarbon components into a
volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C, components, C3 components, and heavier hydrocarbon components or
said C3 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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tenperature of said distillation colum at a tenperature whereby the major
portions of the conponents in said relatively |less volatile fraction are
recover edwo02611Vm9&n apparatus for the separati on of a gasTaiSe@ame®oent ai ni ng
met hane, C2 conponents, C3 conponents, and heavi er hydrocarbon conponents
into a volatile residue gas fraction and a relatively less volatile
fraction 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 said apparatus there being (a)
a first cooling neans to cool said gas stream under pressure connected to
provide a cool ed stream uribler prigstsaxpansion means connected to recefyg)at deaff a st
expansi on neans connected to receive at |east a portion of said cool ed

st r eam undewrtiphessuideocakd sexpanddértprésQuid andeepandrie®ibeer pieesued) whesaibg
streamis further cool ed; and (c) adistillation colum

connect ed t@idregshversdbtcJod gy cool ed stream said distillation colum
bei ng adapted to separate said further cooled streaminto a first overhead

vapor stream and said rel E&%){J\églgydigtﬁﬁﬁoff 0bih! Bnhdc 1%09%}%{%%51; f@%@r"e”e”t

wherein said apparatus inc I'ng neans

connect ed 1 QR distieam ' said F Al ol Alhelsre AdpEa 1S scptate SOk Ethef Sl AN
divide it iAPGFITFER YE@HRE °8 g adap P ) nd

cool ing neans connected to said first dividing nmeans to receive said first
st r eam and se&dn intp adisstiaverhead v3par streum srcrnid ealativebiolagrerpdile 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 dividing means connected to said second cooling
means to receive said substantially condensed first stream and divide it into at least a first
condensed portion and a second condensed portion;

4) second expansion means connected to said second dividing
means to receive said first condensed portion and expand it to said lower pressure, said
second expansion means being further connected to a contacting and separating means to
supply said expanded first condensed portion to said contacting and separating means at a
mid-column feed position, said contacting and separating means being adapted to
produce a second overhead vapor stream and a bottom liquid stream;

(5) third expansion means connected to said second dividing

means to receive said second condensed portion and expand it to said lower pressure;
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(3) second dividing neans connected to said second cooling nmeans to receive
sai d substantially condensed first streamand divide it into at |east a
first comsenead4porti on and a second condensed porti on; PCT/US2010/046967

(4) second expansion neans connected to said second dividing neans to
receive said first condensed portion and expand it to said | ower pressure,
sai d second expansi on neans being further connected to a contacting and
separating means to supply said expanded first condensed portion to said
contacting and separating neans at a md-colum feed position, said
contacting and separating neans bei ng adapted to produce a second overhead
vapor stream and a bott om(P) quihdatsixclange means connected to said thigdSxpausiqnd
expansi on neans connected to said second dividing neans to receive said
second conadenasecd eogité said axghndxpasadnd toridensedipdrticovmid henteis Swiddieat exchange

(6) heat exchange neans connected to said third expansion neans to receive

sai d expan@dgdn$ 8&apduaRpdsnRedd RO Osntdtthehaakeparatind@héhnl e tupprehange
nmeans being further connected to said contacting and separating ‘neans to

supply sai J: J cLing and
separatingqﬁgggéﬁgpﬁéggggﬁ?8§§%ﬁ%ﬂﬁ%ﬁ§gﬁﬂ%ggfﬁﬁg%?££m£ﬂwﬁQ&HH§QB&%E& (7)
said first eﬁgggsigy nfaas bei ng connected to said first dividing nmeans to
recei ve sai’ SR FESRCHHE expand it to said | ower pressure, said first
expansi on neans being further connected to said contacting and separating
nmeans to supply said exparfed SeiddHet copliesmeaes %%&F%mtafgtq%gi%ﬁg
separating neans at a first | ower colum feed position below said

m d- col unm diedidg posing fooreeive said second stream and coolit( 8) said distillation

col um bei ng connected to said contacting and separating neans to receive
at |l east a portion of sai dgpot tsgiafirktChipsinssdr B8NS being connected to said first( 9) sai d
contacting and separating neans being further connected to said

di stillati QBo&f MPThst dLRERINR &Bleh%@&f‘nd%tr@é}ﬁtah@E)é&ﬁld%%%ifdiléw%r gughhead
vapor stream at” a second | ower colum feed position bel ow said d- col um

f eed positiaﬁ;. ) ) é&é@ thirgcﬂjvi%jn neans connected to

. said’first expansion me%ns belnr%e 1,connected to said coftacting an seBara 11
sai d contacting and separating ans G ECEi VETSaa setond SV idad vapor
stream separated therein and divide it into at Ieagt a fjrst vapor portion

and a secoM@FapaporPRridHepanded cooled second stream (q 13id coptertHgANd it¥dHige neans
being further connected to said third dividing nmeans to receive at |east a
portion of memnglaseitshdweapolivmpdeed pasittancbohevasaid midichbnunfeed podiieishar gi ng at
| east a portion of said heated second vapor portion as said volatile
resi due gas fraction; 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;
(11)  third 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 vapor portion and a second vapor portion;
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(12) 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/mseqar at i ng devi ce bel ow said m d-col um fPegdspasiotisen and
above said first and second | ower columm feed positions;

(13) conbi ning nmeans connected to said third dividing neans and sai d vapor
W t hdrawi ng neans to receive said first vapor portion and said distillation
vapor stream and form a conbi ned vapor stream (14)
conpressi ng neans connected to said conbining neans to receive said

conbi ned vapor stream and conpress it to higher pressure;

(15) said heat exchange médds b@ﬁﬁgaﬂurhMEﬁIn@mﬁg@ngﬁMﬂwrQ@h@C@dm®S@@sing
means to receive said conpressed conbi ned vapor stream and cool it

suf fi ci ent ltyird divalingdenss tatredeb@sit laastaapdrtion of $aid tdeen@bypol poniongnd hesridensed
stream whi |l e supplying at |east a portion of the heating of steps (6) and

(11); thereafter discharging hlea§t@UsditloLHRANBhARINREIRI VapbNsstistad Qigal d heat
exchange nmeans to recelve said condensed stream and expand it to said | ower

pressure, saj.dd RQULLD SXpRARS|,on means being further connected to said
contacting an separaglng neans to supply at |east a portion of said

expanded condensed stream said contacting and separating, neans. at top
feed position; and (E qurWR%%WWmégW?PBFmﬂgﬁﬁ t%ﬁﬂ%?@&“?@gﬂﬁaulate
the quantities and tenperatures of said feed streans to said contacting and
separ at i ng SARAAHEL VIR (thfegrive fKiistidoEeh BaRer sEeqse framua weivn of apid cepiseteg i ng
and separating neans at a tenperature whereby the major portions of the
conponent s and sg@irdingelesice beloy Jagbmidrodlamnlfecdf paattonand abever mobivest &dl  27. I n
an apparatus for the separation of a gas stream contai ning net hane, C
conponent s,seéohdtOWRIMRIHS fecdPdsifie@yi er hydrocar bon conponents into a
vol atile residue gas fraction and a relatively less volatile fraction
containing a mejor portionof $8hdifide MRARUMEMSed EIaRAARBRMiRe nRRAM
heavi er hydrocarbon conponents or said C3 conponents and heaV|e%
Yooy ESRET oy 5 MERE-BL Sl B PR Mg g s aiitaion

(a)a

vapor stream and form a combined vapor stream;

(15) compressing means connected to said 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 steps (6) and (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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connected to provide a cool ed stream under pressure; WO

2011/ 049672PCT/ US2010/ 046967 (b) a first expansi on neans
connect edwDaorigaei?ee at | east a portion of said cool ed PCTABR10OGDET
pressure and expand it to a |l ower pressure, whereby said streamis further
cool ed; and (c) a distillation colum connected to
receive said further cooled stream said distillation colum bei ng adapted
to separate said further cooled streaminto a first overhead vapor stream
and said relatively less volatile fraction; the inprovenent wherein said
apparatus incl udes (1) first dividing neans prior to said
first cooling means to di Vi%e saniolgagansndapsed forregnlite that quandtieseandnd

st reans; (2) second cooling nmeans connected to said first
di vi di ng nmeangerhtordset eiid decglaitidams tstaidt sreaitinandd sspatating nsaah$ tocmeintdily tHeo
substantially condense it; (3) second dividing neans

connect ed %Qel%@ﬁcﬂte%%%ﬂe %% Qe_lih _@Qntﬁé_iﬁfg_san'&i@eﬁa@&tﬁi g\/rﬁea‘h@iaﬂa %ﬁﬁ%&zﬁﬁ'ﬁei v&’ﬂe‘réfby
condensed first streamand divide it into at |east a first condensed

portion ancéheam%%? gglqloﬁ%) Q%Q%ggg&génttg Bréaléi ralatiyf(::}?f less volatile f{acﬂié)l a?eecond

expansi on neans connected to sard second dividing means to receive said
first condensed Bortion and expand it to said | ower pressure, said second
expansi on NE&NS§™“Bei ng further connected to a contacting and separating
means to supply said expanded first condensed portion to said contacting
and separating neans 28t a I apRArdinicr deiseparation eha sasitigadsenBEtingg and
separati ng neans bei ng adapted to produce a second overhead vapor stream
and a bott emthinguCdcathpa@ants, 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, C3 components, and heavier hydrocarbon components or
said C3 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
(c) 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

(D) said first cooling means being adapted to cool said gas

stream under pressure sufficiently to partially condense it;
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(5) third expansi on neans connected to said second dividing neans to
recei ve said second condensed portion and expand it to said | ower pressure;
WO 2011/ OWOaIPREI¢7wS2010/ 046967 (6) heat/us2alange’ neans
connected to said third expansion neans to receive said expanded second
condensed portion and heat it, said heat exchange neans being further
connected to said contacting and separating neans to supply said heated
expanded second condensed portion to said contacting and separating neans

at said md-columm feed position; (7) said first cooling
means being connected to said first dividing neans to receive said second
stream and cool it; (2)  separating ragdns sainrpcfedrtg saidXpetreoplore mearsso bei ng

connected to said first cooling neans to receive said cool ed second stream
and expand redeivesaibpaitidi Dvendarses gay @reatizdnd skparste i€hipansipon stteansndagi ng
further connected to said contacting and separating neans to supply said
expanded co@lsesheSIRf@NGr@h{;eam to said contacting and separating means at a
first lower colum feed position below said md-colum feed position;

(9) said distillation col ik b?{r&%ﬁ%@?ﬁéa Qc&%e?f%h‘i’o gfl?@ts?p%}itfﬁg.n?é}ﬂ%to

separating neans to receive at east a-portion or sal ottom FI qui

stream ) ) 10 ai.d.contacti and separating nmeans bein
further coffretieaidwrenstmall Al ARE ioRCU R e S RERTE a et s port ron

of said first overhead vapor stream at a second | ower colum feed position
bel ow sai d mi d- col um f eed4bosisg§asd;cooling means connected to spiflfirst dfyidingdi vi di ng
means connected to said contacting and separating neans to receive said
second ovemmmasltoviapave stid Sestnssepanat exbl ithreffaientlyrid sdvswdndelly toridens it | east
a first vapor portion and a second vapor portion;

(12) said heat exchange negsns Beiond divddinkefieaaobnarted té thid sdcdnd Bbdlthg
dividing neans to receive at |east a portion of said second vapor portion

and heat i tmeahbﬁf&@éi(x@ (aid is@&%'figlilﬂ rﬁ%nge@_&fggt s@re@rﬁra;ilh gﬂftid)éc it HRb & ReL st

second vapor portion as said volatile residue gas fraction;

condensed portion and a second condensed portion;

(6) second expansion means connected to said second dividing
means to receive said first condensed portion and to expand it to said lower pressure, said
second expansion means being further connected to a contacting and separating means to
supply said expanded first condensed portion to said contacting and separating means at a
mid-column feed position, said contacting and separating means being adapted to
produce a second overhead vapor stream and a bottom liquid stream;

(7 third expansion means connected to said second dividing
means to receive said second condensed portion and expand it to said lower pressure;

(8) heat exchange means connected to said third expansion
means to receive said expanded second condensed portion and heat it, said heat exchange

means being further connected to said contacting and separating means to supply said
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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/mseqar at i ng devi ce bel ow said m d-col um fPegdspasiotisen and
above said first and second | ower columm feed positions;

(14) conbi ning nmeans connected to said third dividing neans and sai d vapor
W t hdrawi ng neans to receive said first vapor portion and said distillation
vapor stream and form a conbi ned vapor stream (15)
conpressi ng neans connected to said conbining neans to receive said

conbi ned vapor stream and conpress it to higher pressure;

(16) said teard expindedyeccardipgndgasedgoftinn thepidsoniredneehd ssparatiot oapraissi ng
means to receive said conpressed conbi ned vapor stream and cool it

suf fi ci ent Isyidtmidaohdeimnsedpositiemst a part of it, thereby form ng a condensed
stream whi |l e supplying at |east a portion of the heating of steps (6) and
(12); - (19) f Quigtiysexpansd e AR MR HCRARRSKEE hid 53 d heat
exchange nmeans to receive said condensed stream and expand it to said | ower
pressure, e e r r sak

Bont act | ng e Hh LI REAE LT AR S alh AR AR o SATRRR b el Rl
expanded cqndensed.streamto said contactin .%nd separatjing neans at a top
feed positi gﬁc;exaemj;lon means being further connected(t9331 CONRFEE quéﬁgara%lglgﬂlsttg)

regul ate thgﬁguantities and tenperatures of said feed streans to said

cont act i ng SEHPRIY Sep&xBaNdRE seRoAA streas fenfait eANMACinG aBd eaPaEaiag feaspefta sk of

said contacting and separating neans at a tenperature whereby the major
portions oflowérecobwonmpteed positipmbslawdardahat-¢olehy f¢edg®snyiohat i | e fraction are
recovered. 28.In an apparatus for the separation of a gas stream contai ni ng

met hane, C2 conponents, C31@0nEoneNéSHandos meadviddhedydic0ary Rivat RNt S
into a volatile residue gas fraction and a relatively less volatile

fraction coptakRkRgledst Ao hiPR 10t S 1P s RAPARBRbEnd £% SRTRARENE S,
and heavi er hydrocarbon ‘conponents or said conponent s and heavi er

hydr ocar bon &QiRonen %o% hieQ 3 %{o% nq%)a%gi)g‘itnu%urtﬂ?e?rcgnrp %iZCGQO said distillation colum (a)
a first codl i'Ng nheans {18 caREPIL] gas st V'eam Unaer pr éssur e Eonhect®a to
provi de a cool ed stream uynder pressure; . .. . . (b) a first
expansi on AR&HRPI:HHH %&a@aef Foil sgrape foiid digdiation sghumnyaf agpidscalyme figded
stream under pressure and expand it to a |ower pressure, whereby said
stream i s fpasitiAer cool ed; and

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

(12)  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;

(13)  third 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 vapor portion and a second vapor portion;
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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 2a11fa4p62 over head vapor stream and sai d rel aPcyalsgopseevol atil e
fraction; the inprovenent wherein said apparatus includes (1)said first

cool i ng neans being adapted to cool said gas stream under pressure
sufficiently to partially condense it; W 2011/ 049672PCT/ US2010/ 046967

(2) separating nmeans 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 separati(hdy nesaddiepiexchorievecagabeing dpdrer senmeatedanehidi vi de
it into first and second streans; (4) second cooling

means connekit®dividingmeshsfto r&deivai af iedktngpordamst daid seecrd vapos podiohiang hestit,eam
and cool it sufficiently to substantially condense it;

(5) second gy ¥ife QECHBANS o6 RARSGIRGord & QR KbaRRGRASHIGRABL! REiEANGId O T ecei ve
said substantially condensed first streamand divide it into at | east a

first Cond%ﬁa‘ﬁﬁiel%%ﬁhé%%f?&%ﬁ; second condensed portion;

(6) second expansion ans cohnected to said second dividing nmeans to
receive said first condenzﬁ§ portion.%ﬁd to expand it to said |o

wer
pressure, said second expahdi oN2R¥aNNBRYRG PG AEMeESA AL id gortaeting and

contacting and separating neans to supply said expanded first condensed
portion to SeRAT#iNeOREHE (e FRgeiyAd didibiation vangr rieans fram pregion-of spidreanfgidee
position, said contacting and separati ng neans bei ng adapted to produce a
second ovenrheéachavaingrdesice balovand mibotltiomitédpasdioptandabpve said first and

second lower column feed positions;

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

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

(18)  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 steps (8) and (14);

(19) fifth expansion means connected to said heat exchange
means to receive said condensed stream and expand it to said lower pressure, said fifth
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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(7) third expansion neans connected to said second dividing neans to
recei ve said second condensed portion and expand it to said | ower pressure;
(8) heat wwchanmges7aeans connected to said third expansi ®QTSaNS/04EO6T ecei ve
sai d expanded second condensed portion and heat it, said heat exchange
means being further connected to said contacting and separating neans to
supply said heated expanded second condensed portion to said contacting
and separating neans at said md-colum feed position;

(9) said first expansion neans being connected to said first dividing nmeans
to receive said second streamand expand it to said | ower pressure, said
first expansion means bei fg0)f urcohigel roemaedapset! togegditd theomtaatti¢sapdand
separating means to supply said expanded second streamto said contacting
and separ ati¢mpera®enf adid dedd stishmb eweiid eaitacting hee sepaasink intdanb el @wingdn the

m d- col um feed position; (10) fourth expansion means

connect ed tRQehahdteifpRah@tionthideamacti arna%@pa\f@a@gtméa@@%% a enfREdch@RyIRetsal d at
| east one liquid stream and expand it to said 'ower pressure, said fourth

d
expansi on gﬁ&%ﬁ opgblgl%inl BF & %5 ?8%?sclttl%gld}rgla§?él e% %Bfa eaflirzic(ﬁran %l um to

supply sai qui eamto sai a on colunn at a

m d- col um feed position; (11) said distillation colum
bei ng conné??@@fﬁo said contacting and separating means to receive at | east
a portion of said bottomliquid stream (12? sai d
contacting and separ &0 ngIﬁﬁ&ﬁﬁp%@%&)rﬁ]@ﬁ‘r%eﬁéﬁatle%ﬁﬁ%é%%%fe@@C§a agping

distillation colum to receive at least a portion of said first overhead
vapor st r eamthineaCseqopahehoweEs caupamentsf @elchepuisi hydyocdredrovens@indntyiio @ol umm
feed position; (13) third dividing neans connected to
sai d cont acblafig: @pidus epefi@tioNdnde a¢lstidely lee€ fil¥Ele $ALdorbesRainguendjead vapor
stream separated therein and divide it into at least a first vapor portion

and a Se_cog)grti/(ﬁﬂﬁrsalﬁ% éo onents, C; components, and heaV1eI( ﬁ}oc%?do(ﬂ claﬁﬁ%n@rﬁzgﬁange
nmeans being further conne ted to sal thlrd dividin nmeans to receive at

| east a porthp of sai rtion_ and heat t t her af%
said. 3 COIMPOoNENtS an ea 1er I‘OC N components, i a1 aratus there emg
di scharging at-1east a portio Sard hed secon r portion as said
vol atile residue gas fraction; ) )
(a) a first cooling means to cool said gas stream under pressure

connected to provide a cooled stream under pressure;

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

(c) a distillation column connected to receive said further
cooled stream, said distillation column being adapted to separate said further cooled
stream into a first 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;
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(15) vapor wi thdrawi ng neans connected to said contacting and separating
means to receive a distillation vapor streamfroma region of said

cont act i nyoand/mseqar at i ng devi ce bel ow said m d-col um fPegdspasiotisen and
above said first and second | ower columm feed positions;

(16) conbi ni ng nmeans connected to said third dividing neans and sai d vapor
W t hdrawi ng neans to receive said first vapor portion and said distillation
vapor stream and form a conbi ned vapor stream (17)
conpressi ng neans connected to said conbining neans to receive said

conbi ned vapor stream and conpress it to higher pressure;

(18) said heat exchange méans be¢ang chahnhaeansmonestasctotsaiddabidlicidmgr essi ng
means to receive said conpressed conbi ned vapor stream and cool it

suf fi ci ent Inyeahotciete eqnsad st keasit ard @il it saffididntlytth euladmntibldy comignse igondensed
stream whi |l e supplying at |east a portion of the heating of steps (8) and

(14); - (1Y) figkddndemnans ianiBaieceanesd 8dohd csaind heat
exchange nmeans to receive said condensed stream and expand it to said | ower

pressure, %ags ]Ed Jegé]w? g(ﬂ@‘E'L%s&'ﬁti%ﬁ@&d@ﬁ%eﬁ%&t%&gﬁran& am&citt ﬁgo 5Q6§ﬂhzirst
contacting and separating nmeans to supply at least a portion of sai
expanded conq§nse st.reamto saéd Qpnt cting and separating neans at a top
feed posi t iCGRCCNgfyPortion and a secon leenﬁile%%} control means adapted to
regul ate the quantities and tenperatures of said feed streans to said
contacting and separati ng (fleanse¢ndipgpasianmeans coniecisdde stid sprongddijidingf

said contacting and separating neans at a tenperature whereby the major
porti ons ofmdahetceopenend Sirst noskinstd miracn yel tp ekpasl ivwl satd losvef pasturgraidr e
recovered. 29.In an apparatus for the separation of a gas stream contai ni ng
net hane, CRecaRapaidich méahs GOTHR ANERr Ton@etbdhe a\tostactindcaphein CARRNENt
into a volatile residue gas fraction and a relatively less volatile

fraction C%ﬁ%@& @&i@%x@arﬁ@h Bifst RO den O m&?l&&&%&%ﬁ%@ﬁﬁ &gaﬁ%ng‘ﬂ{@%‘@cr&t S,
on conponents or sald C3 conponents

and heavi er dr ocar nd heavi er

hydr ocar bon_.conponent i.n said apparatus, there bein . (a)
2 first cooting uansy PelebiiRRle I Sl ihell- e ardiRect ed to
provi de a coo| ed stregn1unde pressure; o ~(b) a first
expansi on rPé%flﬁ’ge&éFﬁ?@ tCugrhed! YaRoe pimytng 2htom lighidisiremof sai d cool ed

stream under pressure and expand it to a |lower pressure, whereby said
streamis further cool ed; (3hd third expansion means connected to said second dividing

means to receive said second condensed portion and expand it to said lower pressure;

(6) heat exchange means connected to said third expansion
means to receive said expanded second condensed portion and heat it, said heat exchange
means being further connected to said contacting and separating means to supply said
heated expanded second condensed portion to said contacting and separating means at
said mid-column feed position;

(7) 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;
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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 2a11fa4p62 over head vapor stream and sai d rel aPcyalsgopseevol atil e
fraction; the inprovenent wherein said apparatus includes (1)first dividing
means prior to said first cooling neans to divide said gas streaminto
first and second streans; WD 2011/ 049672PCT/ US2010/ 046967

(2) second cooling nmeans connected to said first dividing neans to receive
said first streamand cool it sufficiently to substantially condense it;

(3) second dividing neans connected to said second cooling nmeans to receive
sai d substantially condend8d fiseparatgtermeansangnagioditdeaidtfirstippoling mparnge a
first condensed portion and a second condensed portion;

(4) second reccpanaidpurtiEbnndeiaé edopdd kwemantl spaarndit thty b dapg soeansnd ot
receive said first condensed portion and to expand it to said | ower
pressure, saisHoReipdsi@qpansi on neans being further connected to a
contacting and separating nmeans to supply said expanded first condensed

portion to said ContaCti”Q9ﬁ”ds%%9ﬁ&§:h&%kﬂﬁﬁ@ﬁEQEh%c%h&&%&&%@%dfeed

position, said contacting and separating neans bein apted to produce a
second over head. vapor stream and a botton1lhguid Siream

(5) third SXPAHYIIACHS I ECEIRNYE VAR G409 SERBN! i I PG RssES: 634
recei ve said second condensed portion and expand it to said | ower pressure;
(6) heat extHrpensingneins baadrskpercenacsted to i gorRplitsIngFepEanE Mesdeei ve
sai d expanded second condensed portion and heat it, said heat exchange
means bei ngupply sdrexponné cbmut strears & shid omttagtingngd achramganains aga frséns t o
supply said heated expanded second condensed portion to said contacting and
separ ati ng 1s®an®hahn feat ositien selbwmaid AR Psh Féedrposition;
(10)  fourth 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 fourth 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;
(11)  said distillation column being connected to said contacting
and separating means to receive at least a portion of said bottom liquid stream;
(12)  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;
(13)  third 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 vapor portion and a second vapor portion;
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(7) said first cooling neans being connected to said first dividing nmeans
to receive said second stream said first cooling neans being adapted to
cool sai dweeoardoer eam under pressure sufficiently to partisadiops@endense
it; (8) separating nmeans connected to said first
cooling neans to receive said partially condensed second stream and
separate it into a vapor streamand at |east one |liquid stream

(9) 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 on neans being further connected to said contacting and separating
means to supply said expand®d wvaiddeasixchangetecasabeing durthee conmgctgddo said
separating nmeans at a first |lower colum feed position below said

m d- col umm thieedivialisg inkeais; to receive at least a portion of shd) sdcond vdpoe ypaivaiand hemans
connected to said separating nmeans to receive at |least a portion of said at

| east one |th&éﬂf%r8}s5§ﬁ?ﬂ1§&@le§é‘t%lﬂti&ﬂ oft QicBRdatbdl SOVARHd \RHESSIHISn aS@id fourth
expansi on neans being further connected to said distillation colum to

supply sai . : I Qul Ireamto said distillation colum at a

m d- col urm%g%gﬁa%g@?? %%S%?AC%E’ (11) said distillation col um
bei ng connected to said c acting and, separating neans to.receive at |east
a portion of said bottom Rpifui d28 r‘@zﬁ?ﬂrawglg means Gonfiected o sqiq sqntacting and
contacting and separati ng neans _being further connected to said )

di still ati éaPEyingnmeans to Eseivea dittilladayaper seean AT regipnp spidsenggiéithead
vapor stream at a second | ower columm feed position below said m d-col um
f eed posi t iand separating device below said hid3yoltiminfekddpositinrgd mbavessagbiiseatded t o
said contacting and separating nmeans to receive said second overhead vapor
st ream sepaeainddowkedohiin fded pdiivibslg it into at least a first vapor portion
and a second vapor portion; (14) said heat exchange

means bei ng further connegjgd tc%m%ﬂiiE’%ﬁll%ﬂsckoﬁhé’dééﬁhﬂ&&?ﬁﬁﬁﬂé dmdiﬁg?‘fcig‘ﬁse at

| east a portion of said second vapor portion an eat it, there

di sc hf’” gl n%ng gaild %%zotr alt}pcf%%vtnln% rr]ne%];ls ?oarlegeigg saatig %rs% %g Oo%d o}/t?‘orr)loz{nd%girdt isgﬁlaagn sai d
vol atile résidue 'gas Tractt on; RSP AESF St har & hg

means connected to saig contacting and separating neans to receive a
di stil | ati JAPYAYERMSNA A § FORPRCT ¥RBAUMsai d contacting and separating
devi ce bel ow said m d-colum feed position and above said first and second

| ower columm feed positiong/) compressing means conneqted tcspichéambigingangags to
connected to said third dividing means and sai d vapor w thdrawi ng nmeans to
recei ve sairekceiversatd avaionedoipbi reaanshdsaingprekis st to lhli gier presyagor st ream and
forma conbi ned vapor stream
(18)  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 steps (6) and (14);
(19) fifth expansion means connected to said heat exchange
means to receive said condensed stream and expand it to said lower pressure, said fifth
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

-88-



(17) conpressing nmeans connected to said conbining neans to receive said
conbi ned vapor stream and conpress it to higher pressure;

(18) sai dwbeatvmse@hange nmeans being further connected t®@CIAiSdo0ONISESSI NQ
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 |east a portion of the heating of steps (6) and
(14); (19) fifth expansi on nmeans connected to said heat
exchange nmeans to receive said condensed stream and expand it to said | ower
pressure, said fifth expansi on neans being further connected to said
contacting and separ at i ng (Aansonigolgngyns pdapted wasgulate plasr quashtiesfandai d
expanded condensed streamto said contacting and separating neans at a top
f eed posi t itanperatocks of said feed streams to said cont{c2idy a6 pdpacdting®@iags adapinedn the
regul ate the quantities and tenperatures of said feed streans to said

cont act i ng RBGeSERMPREIRNE oMBAASoh et TR MHALFhrAhR AVEKRERAMRINELAI & yOf
said contacting and separating nmeans at a tenperature whereby the major

portions Oftléé B‘F'o?gBRBHEQE ﬁe'cgmigﬁg?{]iﬁlsgitd'rgﬁm{el &3 vYRLiR d foh hAct i on are.
recovered. 30.Th an apparatus tor e separation of a gas stream contai ni ng
nmet hane, C2 co nents, C3 conponents, and heavi er hydrocarbon conponents
into a volé??wggaesidue gas fraction and a relatively |less volatile
fraction containing a major portion of said C2 conmponents, C3 conponents,
and heavi er hydrocar B8n cdnpoaRRaiupfordhg spaatienabdAISARTENIREUNS er

hydr ocar bon conponents, in said apparatus there being (a)
a first coohithpen€acsmpancotol’; sanpbngats, Btdreameuhytbocgpbassummnennmegcted t o
provi de a cool ed stream under pressure; (b) a first

expansi on RBRffife £OIA0E 64 Ladtion hAE @irdletidlly leeagdlatdle BAEibOfor@finimgiadngenl ed
stream under pressure and expand it to a | ower pressure, whereby said

streamis f Bfti(;ﬂe&f_sﬁﬂ%z%mﬁﬂgnts, Cs comé)lonents, and heax(i&)hyglrégaﬁ;o&llc:ogﬁ)bﬁéh&&l um

connected to receive said further cooled stream sai'd distil ion colum

bei ng adapted to separate id.further.cooled streaminto a. fifyst overhead
vapor ot eatedrir iRt P Ryl Mgy P Bt Tl Pefelh o5l Rens

wherein said apparatus includes . ) )
(a a first cooling means to cool said gas stream under pressure

connected to provide a cooled stream under pressure;

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

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

the improvement wherein said apparatus includes

(D) said first cooling means being adapted to cool said gas

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

2011/ 0496¥0RQTI/04%2010/ 046967 (2) separaTiusgo1®aGFIs7
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 means to receive said vapor streamand divide it into first and
second streans; (4) first conbining neans connected to

said first dividing neans and said separating neans to receive said first
stream and at | east a port(on ctpaating meanseasnectaddo sdiddirst cophegamearsdof orm a

conbi ned stream (5) second cooling nmeans connected to
said first reeife saidygartiEBNOntensed @ed steadiadnd separi Meidtosd vapamstasach abdt | t
sufficiently to substantially condense it; (6) second

di vi di ng meansokoniesi®dni;0 said second cooling means to receive said
substantially condensed conbined streamand divide it into at least a first

condensed portion and a S§§)Ond fﬁﬁ%ﬁﬁlﬁ%@@é%ﬁ@%ﬁ&d.to said serpgrating means £07)

second expansi on neans connected to sa I'viding ans<to recei ve

said first condensed portion and to.ex dit to said | ower pressure, said
Sacond o pdretGrrrEae BT RSt s St e act | ho. and

separating nmeans to supply said expanded first condensed portion to said
contacting and separati ng (fleandirgtcogbiniag Bspfreenpesed toodid filshdivising
contacting and separating neans being adapted to produce a second overhead
vapor st r eamaanandsaidsdparating qeads Streeavg 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;

(6) second dividing means connected to said second cooling
means to receive said substantially condensed combined stream and divide it into at least
a first condensed portion and a second condensed portion;

(7) second expansion means connected to said second dividing
means to receive said first condensed portion and to expand it to said lower pressure, said
second expansion means being further connected to a contacting and separating means to
supply said expanded first condensed portion 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;

(8) third expansion means connected to said second dividing

means to receive said second condensed portion and expand it to said lower pressure;
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(8) third expansi on neans connected to said second dividing neans to
recei ve said second condensed portion and expand it to said | ower pressure;
(9) heat wwchangesaeans connected to said third expansi ®QTSaNS/0¥E6T ecei ve
sai d expanded second condensed portion and heat it, said heat exchange
means being further connected to said contacting and separating neans to
supply said heated expanded second condensed portion to said contacting and
separating nmeans at said md-colum feed position; (10)
said first expansion neans being connected to said first dividing nmeans to
recei ve said second stream and expand it to said | ower pressure, said first
expansi on nmeans being furtPer donrrschangemragacehneond sxsaichthitdred paspar at i ng
means to supply said expanded second streamto said contacting and

separ at i ng n@ans @teige fdid stpandvdsecomd condeh @dpopasi dnddratielsaid eai ckchange

m d- col um feed position; (11) fourth expansion means

connect ed tRas@béing eRalcAtb R cRBANSIY CorltRaRI\MAd AEDAr A RITBh &R %o APl @y of said
at least one liquid streamand expand it to said | ower pressure, said

fourth exp i i [ € ] .sal .St i: I col um
to suppl y SarE SERRL P b or AR oah Py FhRSlg ARk 3
m d- col um fﬁpd.po?iti n, . (12) said distillation colum
bei ng connéBfdBdieoTunR fFed BREILERI ng and separating means to receive at | east
a portion of said bottonllhﬂuid stream ) (13) said
contacting and separ ati ng (Kpan$aigdirpigxpapsignemneds MeBietcoaneciedstg;said first
distillation colum to receive at least a portion of said first overhead
vapor st r ealviding menes onectiveverid seglondrstréage ehdoopiand drio ket dvweg giressmiedsagd| umm
feed position; (14) third dividing neans connected to
sai d cont aglriRgp@nebnsagak abind JuiRarSnkd tddas hid@ of@t thSaraagaoes heat wapor
stream separated therein and divide it into at least a first vapor portion

and a Seco@ﬁ}g}ﬂ?@ﬁﬁ eQ?éfntdie@ Becond stream to said co_ntactiné IRl se;p‘aira(#m? ?@éan?%%@ge means
being further Connected to said third dividing nmeans to recelive at |east a

porti'on of ;si.0. SecORd.va0AL, RARLT O AN HeAL by, Lhgpeal ter di scharging at
| east a por?lon 0 salgpﬁea?e S condnvapor pofiﬁbn as’said volatile
resi due gas fraction; (16) vapor w thdraw ng neans
connected to said contactithy aﬁau@bﬁg%aail%awmn%e# ©cald PRSIt i on
vapor streamfroma region of said contacting and separating device bel ow
sai d mi d- céd taenive eay rgpdning partondi abidwae legsti aneflignit stigan and egpand ibteesaidcol umm
feed positions;
lower pressure, said fourth 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;
(12)  said distillation column being connected to said contacting
and separating means to receive at least a portion of said bottom liquid stream;
(13)  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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(17) second conbi ni ng neans connected to said third dividing neans and said
vapor w thdrawi ng neans to receive said first vapor portion and said

di stil | atworrouapes72st ream and form a conbi ned vapor str @amwusS2010/046967

(18) conpressing neans connected to said second conbining neans to receive
sai d conmbi ned vapor stream and conpress it to higher pressure;

(19) said heat exchange neans being further connected to said conpressing
means to receive said conpressed conbi ned vapor stream and cool it
sufficiently to condense at |least a part of it, thereby form ng a condensed
stream whi |l e supplying at |east a portion of the heating of steps (9) and
(15); (269) f ithirddiexdpanmicars appaenteccioraigotontictiog g d heat
exchange nmeans to receive said condensed stream and expand it to said | ower
pressure, Sapaating héansexpaest ondreams dvethegd fapok be¢ant sspaetddetletetn ani d
contacting and separating neans to supply at |east a portion of said

expanded coRndgnsestot 8am St wRbLp &bk 86d h BEoaddasRPaldint Ny Means at a top
feed position; and (21) control neans adapted to regulate

the quantities and tenper re f i .Jng and
separating nmeans to naintggﬁ)t%%Bg§g$%%g%ﬁ§gﬁ%%ggggggﬁoe§§gﬂﬁgggh?%%§ing
and separat$q9 ngﬁgs at a tenperature mherebg t%e maj or Qortions f the
conponent s T iXIGUNs BEARS 1§ &P EAL LA RATTPROF JA4LTGCBA %FReT PRILIG @pd feat i,

31. The inprovenent according to claim?21, 22, 23, 24, or 25 wherein said
vapor wi t hdheigateg direhatgine &t legsirerarden efosaishheatedi sseqnd appiorprion anitid o recei ve
said distillation vapor streamfroma region of said distillation colum
bel ow sai d vobuild eeidupess fractionand above sai d upper m d-colum feed position.
32. The inprovenent according to claim21, 22, 23, 24, or 25 wherein said
vapor wi thdraw ng neans i §16onnepéesitidawinigtnding thidediet @8 s4@boricting angcei ve
said distillation vapor streamfroma region of said distillation colum

bel ow _Sai d sgigsﬁlétﬁ&l HEThs k& RLeROSIdidPAtion vapor stream frofty regn)% df @Hﬁ%\ﬂﬁ%g
according to clarm 26, 27, 28, 29, or 36)mhere|n sal d“vapor w t hdraw ng

means 1s cong %%a?a intg%eslacle% B2 nsta?cf: rtnllcﬂgolgr?lgl fgeed;paoéﬁltolnn dgﬁg‘ nessagcf) fdrrs? $§d Ve sal d
distillation vapor streamTtroma region of said contacting and separati ng

nmeans beIOM/saiq top feed paosition and above said m d-colum feed position.
second lower column feed positions;

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

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

(19)  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 steps (9) and (15);

(20)  fifth expansion means connected to said heat exchange

means to receive said condensed stream and expand it to said lower pressure, said fifth
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34. The inprovenent according to claim 26, 27, 28, or 29 wherein

(1) a fourth dividing neans is connected to said distillation colum to
recei ve swoaoftimsd72over head vapor stream and divide it POT@WSS@E0M46967
distillation vapor stream and a second distillation vapor stream

(2) said contacting and separating device is adapted to be connected to
said fourth dividing neans to receive said second distillation vapor stream
at said second | ower columm feed position; and (3) said
conbining neans is adapted to be connected to said fourth dividing neans to
receive said distillation vapor stream 35.The inprovenent according to

cl ai m 30 wisapaisipn means being further connecteyl te sdid gpnthctiiavindi saparaiEensedns teonnect ed
to said distillation colum to receive said first overhead vapor stream and
di vide it isopmly aaiedstdipitidn eftshidrexpapded cohdemaed ardmatoseidandtadiisg ard at i on
vapor stream (2) said contacting and separating device

i s adapt ed gbohrhign CAIRGE £ebp e pbsikidPURd h di viding means to receive said
second distillation vapor stream at said second |l ower colum feed position;

and (3) 2 Hd SREANe5H0 'E[Hiﬁ?éd‘t%.rggﬁgtg iﬂi‘fs‘ﬂﬁgﬁ?‘%ﬁe gto be

connected to said fourth iding neans to recei ation vapor

stream 36.The | nprove t according.to claim?2]l, 22,.23, 24, or. 25 wherein
eai d_heat e BRBAHESE! SUB ot e i FUFat88E And Sapping Qe afiy tagpigtain the

distillation colum at a second upper m d-colum feed position.
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.

31. The improvement according to claim 21, 22, 23, 24, or 25 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 top feed
position and above said upper mid-column feed position.

32. The improvement according to claim 21, 22, 23, 24, or 25 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.

33. The improvement according to claim 26, 27, 28, 29, or 30 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 top feed position and above said mid-column feed position.

34, The improvement according to claim 26, 27, 28, or 29 wherein
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WO 2011/ 049672PCT/ US2010/ 046967 37. The inprovenent according
to claim 31 wherein said heated expanded second condensed portion is
suppl i ed wo 28a/doefesti | | ati on colunm at a second upper rCaHASedOMIFEEd
posi tion. 38. The inprovenent according to claim 32 wherein
sai d heated expanded second condensed portion is supplied to said
distillation colum at a second upper md-colum feed position.

39. The inprovenent according to claim 26, 27, 28, 29, 30, or 35 wherein
sai d heat ed expanded second condensed portion is supplied to said
contacting and separating device at a second m d-colum feed position.
40. The inprovement according tadowitaidmdas wieersel normcdhestiédistdpianded
second condensed portion is supplied to said contacting and separating
devi ce at a@oheantodeddivt @il fihofeeehdpaport sti@am and divide it into sdidl.disfiftiation

i nprovenent according to claim34 wherein said heated expanded second

condensed R@péH BRatnand URBEIRAG It RaBEh dafecPREré&mhi Ng and separating device at
second m d-colum feed position.

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

(3) said combining means is adapted to be connected to said
fourth dividing means to receive said distillation vapor stream.

35. The improvement according to claim 30 wherein

(1) a fourth 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 fourth 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 fourth dividing means to receive said distillation vapor stream.

36. The improvement according to claim 21, 22, 23, 24, or 25 wherein

said heated expanded second condensed portion is supplied to said distillation column at

a second upper mid-column feed position.
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37. The improvement according to claim 31 wherein said heated
expanded second condensed portion is supplied to said distillation column at a second
upper mid-column feed position.

38. The improvement according to claim 32 wherein said heated
expanded second condensed portion is supplied to said distillation column at a second
upper mid-column feed position.

39, The improvement according to claim 26, 27, 28, 29, 30, or 35
wherein said heated expanded second condensed portion is supplied to said contacting
and separating device at a second mid-column feed position.

40. The improvement according to claim 33 wherein said heated
expanded second condensed portion is supplied to said contacting and separating device
at a second mid-column feed position.

41. The improvement according to claim 34 wherein said heated
expanded second condensed portion is supplied to said contacting and separating device

at a second mid-column feed position.
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