HYDROCARBON GAS PROCESSI NG SPECI FI CATI ON BACKGROUND OF

THE | NVENTI ON [ 0001] This invention relates to a
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cont ai ni ng hydrocarbons. The applicants claimthe

benefits under Title 35, United States Code, Section

119(e) of prior U S. Provisional Applications Nunber

60/ 980, 833 which was filed on Cctober 18, 2007 and

Nunber 61/025,910 which was filed on February 4, 2008.
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naphtha, oil shale, tar sands, and lignite. Natural gas usually has a major proportion
of methane and ethane, i.e., methane and ethane together comprise at least 50 mole
percent of the gas. The gas also contains relatively lesser amounts of heavier
hydrocarbons such as propane, butanes, pentanes, and the like, as well as hydrogen,
nitrogen, carbon dioxide, and other gases.

[0003] The present invention is generally concerned with the recovery of
ethylene, ethane, propylene, propane and heavier hydrocarbons from such gas
streams. A typical analysis of a gas stream to be processed in accordance with this
invention would be, in approximate mole percent, 80.8% methane, 9.4% ethane and

other C, components, 4.7% propane and other C; components, 1.2% iso-butane, 2.1%



of ethane, ethylene, propane, propyl ene, and heavi er

conponents as liquid products. This has resulted in a
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recoveries of these products, for processes that can
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4, QB@S@?SW,@Q&ﬁi@%@d ol 3@ pday ; AdlitBngllg 2ayogeniGrIPcHSy;
4,687, 499; 4,689, 063; 4,690, 702; 4,854, 955; 4,869, 740;
4, 1886 b&abbie pop@Tihe0DB¢ oBths BEITHELY of cGHOMEBUquiPNBBBhT37;
5,771,712; 5,799,507; 5,881,569; 5,890, 378; 5,983, 664;
6, Ar8@ycéE8qwed WhI8 siBMBanebustil 2x88Ong £dXkEa@BE hed fibgN1thé 35,
7,219,513; reissue U. S. Patent No. 33,408; and
C Obgiedbergsed p Pepadingmpomibs preiditdF0heldad sodrdd, 88FjcBOSs (ethane,
and 11/971, 491 descri be rel evant processes(although
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is based on different processing conditions than those
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with other streanms of the process and/or

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, 5,983,604; 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; and 11/971,491 describe relevant processes



external sources of refrigeration such as a propane
conpression-refrigeration system As the gas is
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c osictems éthdért sppie canditjonist pré-soqiing Yhe Higheprosspisrigpidantion thghe
fromthe partial condensation can be split into two

st expanson nebodesiribdminofder lefustbqydowdr shegampaatutettesuligly from
wor k expansi on machi ne or engi ne, or an expansion

vathe expansioa Tlevexparpieé steame cabprisiigamiadek ofi lopal andivepdrdis
are condensed as a result of further cooling of the

st fredighatddhia aptiesiationg dahttbaniex padesihomzérs cadsseninitbd ¢ojumn, the
the sane asthe pressure at which the distillation
CObxpatkidrScoofed satads) id (ee) distite e depaaporesidia uethaphasesgen,
resulting fromthe expansion are supplied as feed to

t hgndchdd FBlatile QA8 hs deeheh @ Maponfrog tixodesira@nC odontphgenvapor

Is cooled to substantial condensation by heat exchange

W Edin B8RS, aRd RGSRS hidr6@AIBA coMphentstal Bot€ Hquid product, or to
fractionation

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.

[6007] 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



tower overhead. Some or all of the high-pressure
liquid my be conbined with this vapor portion prior
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stthe Bpetivgation| Qe as Tasiluplandibane ppduchigas ditereaiivelyy the sadded and
therefore, typically conprises vapors |eaving the top
f rexpendss sirqashma beywppliedti @ sepatainmio Provge vaRsF ang Haqyid streams,
vapors not subjected to any rectification step
CoHiwi vdperabfanbinssowish hf ©wer 0B rhead andahe llgwﬁ‘pﬁo‘ﬂéﬂteﬁ totheur
because the top liquid feed contains substantia
quetinitt dsegoptolumededconponent s and heavi er hydrocar bon
conmponents,resulting in corresponding equilibrium
quigemdi t i es &f th€idealqperagon sf su€lBa sapaEHOEPrOSsss, O residue gas
conmponents, and heavi er hydrocarbon conponents in the
v alporige the pnocery whilh eorttaop sifbs@atiallgrad of te nstlage inathe feaé gas with
demet hani zer. The | oss of these desirabl e conponents
C Odgheghtially 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 Cy, Cs, and C4+ components occur because the top liquid feed contains

substantial quantities of these components and heavier hydrocarbon components,
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be significantly reduced if the rising vapors could be
brought into contact with a significant quantity of
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upierm objsaing gns surlied seder Areptyes- fﬁxﬁéwyaﬁ%qukﬁe EOREFANY
resi dual met hane product gas. Alternativel g/ t he
coshadly cenldd exphstansial sandensatiovelyy liset exelnpRe wilh pGerprocess
separator to provide vapor and liquid streans, so that
t heearad, ey, thepold/fystipnation ¢ovebiovrelcadi The rehdtingspbstantially
overhead and the liquid is supplied to the colum as a
t ogndobedatresne écthegypaidizt tppughew spproprsteexpofisierndoyiceygyeh as
are disclosed in U S. Patent Nos. 4,889, 545;

5, mGB&pat3idh valve, tb 18tesS60 at walrich thn dwbwlue'mer E.opmsé , During
"Efficient, H gh Recovery of Liquids from Natural Gas
Ut dxbargsionga portibigbf tRe Bpsdiwvél Woslbr beotize, Rsdteeidicngléngaff the
the Ei ghty-First Annual Convention of the Gas
Progessans TAS siadi cxpardad stRahl iathen Tigsptisd ashby fehd flthd 3,
2002. Unfortunately, theseprocesses require the use of
a GREpes&0TybRalpy, theivdportpdaioAdI theexpmdedstfeamn angédycl i ng
the reflux streamto the denethani zer, adding to both
t henahized ovedsid aper dondiae k@tippgegseparator 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,
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
disclosed in U.S. Patent Nos. 4,889,545; 5,568,737; and 5,881,569, and in Mowrey, E.
Ross, "Efficient, High Recovery of Liquids from Natural Gas Utilizing a High
Pressure Absorber", Proceedings of the Eighty-First Annual Convention of the Gas

Processors Association, Dallas, Texas, March 11-13, 2002. Unfortunately, these
-5



cost of facilities using these processes. [0011] The
present invention also enploys an upper rectification

wa@ewbios174{ or a separate rectification columm iPCPUS2W8E/079984
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enBPeiB the tAWer3a SigRifipAs AYAngstt digkid cas bs sqndensedindhis sige draw
the assignee's U S. Patent No. 5,799,507, as well as
i rstrean V‘f“%@‘éi\ﬁ@ﬂ?“%f@t%‘?ﬁéure 8ten ppipg eplx fhedefrigerptign available in
assignee's U S Patent No. 7,191,617. Surprisingly
app¢ Pdd Hersr keaviag f}@ulﬁnertrm@caiméﬁthg This coiidensgd éawri which is
| ocation of the side draw feature of the assignee's
U. isedopspantly linwd niethpgg, can then he ved itoabspisrgoegonents, © +
recoveries and the systemefficiency with no increase
i rcoompidngd, Coeoroprmenis.iand heyst hydrogui®h compamotsrithante vapors
with the present invention, it has been found that C
r etsingghspuginthe xpes sectficBipYsatidn @Bl therdbyChpturedesceriuglici n
excess of 99 percent can be obtained w thout the need
f arompongtseis shedwttom ltghel prefucutkors theatlemethamizdrhe
denet hani zer. The present invention provides the
f uotihpr advaleteagercoduclhesidgdabl feattro hambaeh amployet i@XB €SS
of 99 percent recovery of the C3 and C4+ conponents as
t hecavegaysens, af ilGaeaaianerdssighes's A0 . Pate@dNS.rommoI5i0ghas twell as
| ow val ues. In addition, the present invention

in Cy+ recovery systems, as illustrated in the assignee's U.S. Patent No. 7,191,617.

Surprisingly, applicants have found that altering the withdrawal location of the side
draw feature of the assignee's U.S. Patent No. 7,191,617 invention improves the Cy+
recoveries and the system efficiency with no increase in capital or operating cost.
[0013] In accordance with the present invention, it has been found that C,
recovery in excess of 87% and Cs and C4+ recoveries in excess of 99 percent can be
obtained without the need for compression of the reflux stream for the demethanizer.
The present invention provides the further advantage of being able to maintain in

excess of 99 percent recovery of the C; and C4+ components as the recovery of C,
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makes possible essentially 100 percent separation of
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conpared to the prior art while increasing the
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t t [ l.ant i d i
L DAl e process 1 DA L0 ACUHLETRE Wi
O T Bl B S e
7,191, 617, OO;?L FIG 3 is a flow diagramof a
nalewpPaRuEAST OOt E4STAG  $l6Kt i n accordance with the

present invention; and FOQlS] FIGS. 4 through 8 are
f 18048 agr afer 8 batigsendstsianding P B Areesny i VERiRsTefrence is made
application of the present invention to a natural gas
st télmicllpwing fammestane dfagiingswRatsrrangsp sk IASHf t he
above figures, tables are provided summarizing fl ow
r al0eks] cal culFHS-ddis f dlowrdgmrass e idr @ npiugsd gaseprocessing plant in
conditions. In the tabl es appearing herein, the val ues
f caccoidmwe mathdsited Atatrs IPalsnide. 4338143)7:have been rounded
to the nearest whol e nunber for conveni ence. The total
st joessin r at eFIGHowm fiow didpeant abd eréoriariohyché gad frocessing plant in
non- hydr ocar bon conponents and hence are generally
| agcgedarich avithtUheted GrmenfPatehieNs 7718041 T;l ow rates for the
hydr ocar bon conponents. Tenperatures indicated are
apporxi mat e FiGl e s flooutidean bha tduealnmapestsside graeein | t
shoul d al so be noted that the

accordance with the present invention; and

[0018] FIGS. 4 through 8 are flow diagrams illustrating alternative means of
application of the present invention to a natural gas stream.

[0019] In the following explanation of the above figures, tables are provided
summarizing flow rates calculated for representative process conditions. In the tables
appearing herein, the values for flow rates (in moles per hour) have been rounded to
the nearest whole number for convenience. The total stream rates shown in the tables
include all non-hydrocarbon components and hence are generally larger than the sum
of the stream flow rates for the hydrocarbon components. Temperatures indicated are
approximate values rounded to the nearest degree. It should also be noted that the

process design calculations performed for the purpose of comparing the processes
-7-



process design cal cul ations perforned for the purpose

of conparing the processesdepicted in the figures are
whamemdsam t he assunption of no heat | eak from¥Or/USYP8/079984

the surroundings to (or from the process. The quality
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thiS a very reasonable assunption and one that is

YR Gldings IRAP B 1RBRResK NI Rllity b biRmHclatly LORROL For

conveni ernce, proceéess paranetefs are reported 1n both

the_tradit] | Brifti ' [ ' f.
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rate i.ven i.n the tables may be interpreted as either
pdﬂ%%tﬁﬁvggs%g?glgﬁ?mgr kil ogram nol es per hour. The

e cons tions reported as horsepower, . HP) .and/ or
B B TR R et re Bs b REBROFat oY
corres 1o the stated nolar flow rates.in und

o BR s et S E P Rt i aRE SR usylr QARG .
ki | owatts. (k correspond to the.stated nolar flqw

r a**@é“‘?‘?f fl&‘“f %ﬂgmem %tagEF MR AF RS PWF}GF\P‘&ES?}QES pet
PRI OR ART [ 002 FI 1.is a process flow diagram

ST LR TIBR bR G THE seaBh RRg IR TP Joiocper
o RS s DR ) B b BRI rspons o e
simul ati on_of the process, inlet %as enters the plant
atstgimplootaw gies inpepngsnodesnst bws Krexqngigy cqasugptigngfrrerted
If the inlet gas contains a concentration of sulfur

c ool (W) eprrespenddo grestassdmelpell gy wéng it kidaeraaameles peim
neeti ng specifications, the sul fur conmpounds are

r dired by appropriate pretreatment of the feed gas
(not illustrated). In addition, the feed streamis
usual Iy dehydrated to prevent h ice) formation
under cryogeni c dIBHIRIPEHN O 4PREAR 88dnt has
typically been used for this purpose. kOOZZ] The feed
stiP®d 3" 1 FEG.ddsh eweess TRwatiageane Famges the design H@grocessing

exchange wth cool residue gas at -6F [-21 0C] (stream
3ghynt taiwpeMeh@ni coarpoheiieirons inglarat gdsaising prior art according to U.S.

Pat. No. 4,278,457. In this simulation of the process, inlet gas enters the plant at 85°F
[29°C] and 970 psia [6,688 kPa(a)] as stream 31. If the inlet gas contains a
concentration of sulfur compounds which would prevent the product streams from
meeting specifications, the sulfur compounds are removed by appropriate
pretreatment of the feed gas (not illustrated). In addition, the feed stream is usually
dehydrated to prevent hydrate (ice) formation under cryogenic conditions. Solid
desiccant has typically been used for this purpose.

[0022] The feed stream 31 is cooled in heat exchanger 10 by heat exchange
with cool residue gas at -6°F [-21°C] (stream 38b), demethanizer lower side reboiler

liquids at 30°F [-1°C] (stream 40), and propane refrigerant. Note that in all cases
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liquids at 300F [-1 0C] (stream 40), and propane
refrigerant. Note that in all casesexchanger 10 is
WO eppesam ati ve of either a nmultitude of indi vPCrEE2008/079984
heat exchangers or a single multi-pass heat exchanger,
ex?lh% erqBJ% rrggx[ege%&tib? ﬁf §bra 1(1}-:][ tﬁﬁ)dg %angiv%aﬁ%att é?(changers ora
wh F0 TS an one heat exchanger for th
i ngli alin ryi 8
f et ‘rPé‘FS GCREEE. SR b ARTRGC R U ?a%
rat.e

Th%h &%F oge g})g%e tggﬁqer hsélcltzee bha%éer%rrﬁlé ?HRS@EM ﬁgﬁf@%gg il

a enters-separato

[-18 | 84 k Pa
(Epadar e rEy? I &@ isdEBt AR HERGE. hea
strean133 The separat or tream.3

st 5 vy Ci0 PRt S 31&%%6& Spoy3fer 11
pS|a 3, 068 Pa I onation to

gré IRCL B S phl 61 Fh by Faate S8 (reen ) Py
0%1 before it is supplled to fractiopation towe é

onghe cridengsglligrd (Flesaeh 39oi R sepogionliauThetam é?*) is expan ed
(stream 32) fromseparator 11 is further cooled in
heatheeypetatingpiesst® (pyprovametebyddh apa 3.0 % i agpb of fradiopition
gas at -34F [-370C] (stream 38a) and denet hani zer
uppeer 2 lexpatsionlvelve 1 2.qapling stream 3302 BHAP " Eref@a ihis
39). The cool ed stream 32a enters separator 14 at
- XnPplicd-t8 88conatita tOBG 203t aldwer BEDcK P &8yl pokr e t he
vapor (stream 34) is separated fromthe condensed
| i[qe23yl (st r &havads) (strddne 32)dpan separator il & isi furtifes coadednndipyt
i s expanded to the tower operating pressure by
exgansigar 3wyl hest ekhangowlth tep! stsideapas3¥ 34010 [-3 6L ] (ffream 38a)
[-520C] before it is supplied to fractionation tower
2GandideMethatigon dpped WiE rabbilerdigbidemt -B &8 -396C histredn@BP4Thd he
vapor (stream 34) from separator 14 is divided into

T WQ ok s8I 3223 ted N pBtor B £E2TPF3B3°Clunt 350 bsig[6830WPa(a)]
38% of the total vapor, passes through heat exchanger

15yhdie B Qfﬁpc@ ;&QQHQ@ 8L AWM HR cbi®nsall ﬁuquijtl”éahheﬂga?%e
at -124F | rean138) where it is cooled to

C o gérgﬂa} (‘ﬂlld ?s@@zgx‘? Q@QE E%ndcﬁh@ th%@@vuértog M@sts@t@tb? %kﬂ)a\ﬁsmn

ense eam 35a at -840 is then f
exXpaRAed. 4 PB? H%m%%]sdlaln[ S’M %efgjﬁz 1¥ d sﬁ;gb%e@ﬁ)eﬁﬁhbﬁbgion
pressuré o ractionation tower . During expansion a

tower 20 at a second lower mid-column feed point.

[0024] The vapor (stream 34) from separator 14 is divided into two streams,
35 and 36. Stream 35, containing about 38% of the total vapor, passes through heat
exchanger 15 in heat exchange relation with the cold residue gas at -124°F [-87°C]
(stream 38) where it is cooled to substantial condensation. The resulting substantially
condensed stream 35a at -119°F [-84°C] is then flash expanded through expansion
valve 16 to the operating pressure of fractionation tower 20. During expansion a

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

cooling of the total stream In theprocess illustrated
WO p00Bhf2174, t he expanded stream 35b | eavi ng expamnBhmns/079984

valve 16 reaches a tenperature of -13C0F [-900C] and

is : r

S SRPA G PRES, Rk Qg E) dnfin S chfiok ibgRBPYalve 16

separat e ' & | %

S e et bR G R RS0 S Rub B RofRF LB 206

from separat or..14. ream nt.er. '

B R oA 0L TRE G Rp el AR Al e

f t hi ti f . 1h i gh feed. Th
b {8 RGeS RaBor stbetantfal by

SR, e Bin e REhs RESE T artetr Er P el s o

a tepperature of approxinately .-83 OF [-640(C]... The. :
VPR araHs T Ui aeniics faees SRR gbhgisgortion
of recaovering on the order of 80-85% of the wor
t REShet BB ssyreaGas (g riachipe Dhexpaudsitns Gt Sﬂlgﬁ?*e‘rlahy
expansi on, The work recovered is _often used to dere a
c SPRIFPPIGRH) 1o APy e wBitpSRIER S With BinWosh StRRBTIOE G ipfthe
used to re-conpress the residue gas (stroeam‘;BSCﬁ%1 for
exaApIded strgg 1‘%@ p igmpgratyn geapsEreatau nthel 1ot Kdahhgbaical
is thereafter supplied as feed to fractionation tower
20costmesgiallippyailablg ekpersdetsrae sapaltle poiesrverippopibt ordgeof 80-85%
denmet hani zer in tower 20 is a conventional
di &ftthe werkithmaretiot! lyravaidabin iaienideg! isenpPRiE axnapsionf The work
vertically spaced trays, one or nore packed beds, or
soreovesdt ofteniverd tofirive agentrdngk! peroiiessgr (syeh 4s dtepfI8phat dap be
case in natural gas processing plants, the
f reed fooratinpresy thewesidnagasdgsreginst8elo for ewpmpe cthcongtiallyhe
upper section 20a is a separator wherein the partially
v apodinzetexpapled stechm 3vads thedtelterismppdied tsfeedkiogmctionaon tower
vapor and liquid portions, and wherein the vapor
r i 20 angn hpemmtidrecliroméred goist.i | | ati on or denet hani zi ng
section 20b is conbined with the vapor portion of the
t apodeped t o ThodemdtimizeonindowarPdtihacinz ertiooselidndaibnwapam
(stream 38) which exits the top of the tower at -124
OFcohtahff} plurkhis df Queicallyopacet hayy, shag ns@e padhed BB, or some
contains the trays and/or

combination of trays and packing. As is often the case in natural gas processing

plants, the fractionation tower may consist of two sections. The upper section 20a is a
separator wherein the partially vaporized top feed is divided into its respective vapor
and liquid portions, and wherein the vapor rising from the lower distillation or
demethanizing section 20b is combined with the vapor portion of the top feed to form
the cold demethanizer overhead vapor (stream 38) which exits the top of the tower at
-124°F [-87°C]. The lower, demethanizing section 20b contains the trays and/or
packing and provides the necessary contact between the liquids falling downward and

the vapors rising upward. The demethanizing section 20b also includes reboilers
-10-



packi ng and provi des the necessary contact between the

liquids falling downward and the vapors rising upward.
wab@gisaret hani zi ng section 20b al so i ncl udes PCT/US2008/079984

reboil ers(such as reboiler 21 and the side reboilers

e |?crhl | RERR ér%\ilaﬁ&' HeXdde djs \9?10?1&5 B@&gbﬁ}qe\){&g% Wwhfchdheat and

I on o t he oW n the ¢o6lum to

T
P %glg%tgqécolllgg%@mg [ b 8y Y QP41 0 e

% Ig |caI g cification of a nmethane to ethane
réPlég 'on a nmolar basis in the bottom

fst (R, 2) S‘agﬁ%tgé’ g Eﬁ% Syt thai}wzbéﬁ? ?hh%%?ﬁfﬁf’ PR
it By e@é&c?léﬁﬁ@%&yn S HERE BiomEigr tfeﬂg(’%%ﬁe e

it is heate 0 -6F stre m 38b and i n, heat
exBAARRSIS i1 e RAL Progujts s Thekobhe &5 Gooe BIQVerset WAt
38c) . The residue gas is then re-comressed in

StHGER S8pRsss antteretraea%y fosthe BRpP @8 il gi%‘“g’nﬁ?t\%ﬂ‘aﬁ%ef 15
expansi on machine 17. The second stage iS co r%ssor
2SS U éheBipd 2 ST Mﬂqfsgparaémmm@wwrﬁﬁ Where 1 i
conpresses the reS|due éstrean138d to sales line
priegisd e 6°N'@é°ﬂé%’t§’?‘i“r§§ ién dort cragegerilf wirsdhig hgpied to
cool er 26, the residue gas product (stream 38f) flows

t BBA°RE27S6E] sheayadse)i Bbt fepiduegas IS [SORPESsed B HGATEsS:] The

sufficient to neet line requirenents (usually on the

or st stagke it ¢pmnpreshast] 8 siriesipr eXpansjaorghing 14y khdkiegonsistage is
stream fl ow rates and energy consunption for the

pr @ogssssor 25 isiveralyealsupplemiGal powes sasiege Whaght demipresgdséhe residue

following table: Table | (FIG 1) Stream Fl ow Summary -

L bgas tteais/384) oleglenidlegséssing. SfteraalingtoHaNd (AP nredischarge
Propane Butanes Total 3 1 53,228 6,192 3,070 2,912
65c0B D 26, the residue gas product (stream 38f) flows to the sales gas pipeline at

1015 psia [6,998 kPa(a)], sufficient to meet line requirements (usually on the order of
the inlet pressure).
[0028] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 1 is set forth in the following table:
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32 49,244 4,670 1,650 815 56,795 33 3,984 1,522 1,420
2,097 9,081 34 47,675 4,148 1,246 445 53,908 37 1, 569
wG2094mM 7870 2,887 35 18,1 17 1,576 473 169 20pdBBESBG8/079984

29,558 2,572 773 276 33,423 38 53,098 978 44 4 54, 460

4 1 130 5,214 3,026 2,908 11, 416 Recoveries* Ethane

84. 20% Pr opane 98. 58% But anes#b®d. 889% Power Resi due

Gas Conpression 23,635 HP [ 38,855 kW Refrigerant
Conpression 7,535 HP | 12, 38& W) Total Conpression
31,170 HP [ 51,243 kW * (Based on un-rounded fl ow

rates)[0029] F¥tzanZFloRBuLSE giSL@M@ésVI@JI%@HoY£&H[7' or
art process according to U Pat 191,61 The

preeess of Flfahage has b pplie t he f eed
gas conposi ti onaand conéﬁg‘tﬁhi’g E@ésm ds—g’li?ag‘@% for Tofal

FI 1. Inth latio thls process as in the
SI %I ation for§3 8rejupr ocegslggf FI G 1%70oper at i A§12 65,876

ngl tions were selected to mnimze energy
Asunpti on foh2H gi ven Fécbvery | ev@0. [ 0030] 815 the 56,795
sinmulation of the FIG 2 process, inlet gas enters the
pl aht as stread?B1 and i$,5epol ed indmweat exchapger 10 3]
by heat exchange with cool residue gas at -5F [-200C] )
(sB#eam 45b) , 4deret hani zgr 44 owner sudz%r eboi | er 444 qui ds 53,908
at 33F [00C]

37 1,569 522 404 370 2,887
35 18,117 1,576 473 169 20,485
36 29,558 2,572 773 276 33,423
38 53,098 978 44 4 54,460
4] 130 5,214 3,026 2,908 11,416
Recoveries*
Ethane 84.20%
Propane 98.58%
Butanes+ 99.88%
Power
Residue Gas Compression 23,635 HP [ 38,855 kW]
Refrigerant Compression 7,535 HP [ 12,388 kW]
Total Compression 31,170 HP [ 51,243 kW]

* (Based on un-rounded flow rates)
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(stream 40), and propane refrigerant. The cool ed
stream 3la enters separator 11 at QOF [-180C] and 955
w@200a/0§87684 kPa(a)] where the vapor (stream 3@)T/US2008/079984
separated fromthe condensed liquid (stream 33). The
separator liquid (stream 33) is expanded to the
operating pressure (approximtely 450 psia [3, 103
kPa(a)]) of fractionation tower 20 by expansi on vak
120038biol | ng FLG RasRPBSR apalierpsi e prignThp e g PSS
supplied to fractionation tower 20 at a | ower
i o-Jol%u A7 £ Esaprpessnel Flfod has) be%@wgé)@rthi efedesd 289
fromseparator 11 is further cooled in heat exchanger .
1 3copypopitien ansondifiens aridessribesiaboyESr Hlte 1gdisthssimuliep of this
[-380C] (stream 45a) and denet hani zer upper side
r elyotdsees |nj theisitiglagen fo3gr procgotFIG sk, ppapHBpnditipRs were
cool ed stream 32a enters separator 14 at -29F [-340(]
antt1c0B0 tpwinam|ze eBBLY tapsyraltionvprer Bvantiecoyeydevel st r eam
34) is separated fromthe condensed |liquid (stream
37|p030The sepathatipruldtiogof the FEE rZeprase8% Jnlptapspern edlanbas
the tower operating pressure by expansion valve 19,
cootean@lshd eaovldT & leat cx6iRgfr-19DyDE)!t elsefapgewith cqo residue gas
supplied to fractionation tower 20 at a second | ower
m -8 [WINCT @echnp4d bt denfe0@Bi2¢r 1The sideparoilfsliquemt 334) [0°C]
fromseparator 14 is divided into two streans, 35 and

36(str&nt SHMADrofa@dichiidtiang BRUdbled ¢Yeadf 3 tak@tetOiepdrator 11 at
vapor, passes through heatexchanger 15 in heat

| . | € : is
eXGﬂ'ﬁggﬁ%@%rﬁd%s gaaps,m pigslcyyetelfiad ah@wil&g B0 38) is sebafaRi

[-84 stream 45) where it is cooled to substantia
PR e GG L0 TR RS I L8RI5 e
RS RRSERLAR, U SabBulSos PR ASeRyiy
ot PAR L SPE SRR 266 lse BN Ak A2y CEEL) Ry
Eg?w%%fﬁe"d{%‘%%%?on%ﬁ%’%%%:a i g S5 Gro Tl s o
B e 17 e THHoE At manr e rereRer s BT PUE e

fr gxraxztm%lers 1 lg)yr}gelato er;(change with cool residue gas at -36°F [-38°C] (stream 45a)

Y,
JSSe. Pat.

and demethanizer upper side reboiler liquids at -38°F [-39°C] (stream 39). The
cooled stream 32a enters separator 14 at -29°F [-34°C] and 950 psia [6,550 kPa(a)]
where the vapor (stream 34) is separated from the condensed liquid (stream 37). The
separator liquid (stream 37) is expanded to the tower operating pressure by expansion
valve 19, cooling stream 37a to -64°F [-33°C] before it is supplied to fractionation
tower 20 at a second lower mid-column feed point.

[0032] The vapor (stream 34) from separator 14 is divided into two streams,

35 and 36. Stream 35, containing about 37% of the total vapor, passes through heat
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of the high pressure feed. The machi ne 17 expands the
vapor substantially isentropically to the tower

wWo@p®pasilmg pressure, wWith the work expansi on cROI/USZP08/079984
t he expanded stream 36a to a tenperature of

Zi’&an%é%"‘??# Kt P P PO Tl By R PRR R
déaﬁnokatv}h%{ldggvﬁ&ercﬁl% glgst %%l;yﬁflgeél%aQ?Qﬁr ?FOE V\%sxﬁg#uﬁgstantla y

‘E?g;f'?f?n%? ca&:?nan « BETH BT e HaP ey 6.‘9“{?23 FRgpgsion

ST DR BRSSO S S,

and 36a d
t Srebt i heers T i neihe g e S ¢
heayi| onponent vapors, I i sin

TRED pcHGER D Sl PR adE BRRoAT  ah e treh N g e
and/or packlng to provide the necessary contact
bedken t he I|qU|ds falling dowmward and the vapors
rising upward. The demethanizing section 20b al so
i nlémges r eBBF Jegeanings i olige V%’BbfrP‘@ﬁe@mforaln‘HStffﬁ‘g’ 1) gugers a
reboi |l ers described previously) which heat and
vapokiesrangiopaiachionl o Wi medianien cparens Ty rafbifiramhiis portion
colum to provide the stripping vapors which flow up
t hef tecohigihpressgresieed. pfhe meaching &7 expgrdsdbctapostupgantially | of
met hane and |ighter conponents. Stream 36a enters
deinetienintbelp trgower aparaling piespu with thearark pepghsiprepoling the
| ocated in the | ower region ofabsorbing section 20a of
d esxptiiviad stzeam 360, to Fremperague df aporaxiraaicly F84°h é-66Xdartie gartially
stream commngles with liquids falling downward from
t henddsal dipanyled etetanodpadtheraiertshpgplicd abicek® fracerniation tower
conti nues downward into the stripping section 20b of
deXfedt halnidzewer20id-chhenn/iagbpoimor t i on of t he expanded
streamrises upward through absorbing section 20a and
i sjoe3ant act edhavildrheticmlizdr initoquer@0fcahdistiaf teowerwansl at apper
condense and absorb the ethane, propane, and heavi er
Cc apparb@gt(ectifidAidD |sectiop @04 tharconfairshie tebys tnd/drgtacidng waporide
(stream 42) is wthdrawm fromthe upper region of
Stthé peesIgryS@alattatw@h the Map& pditiogalithe expdneed ceamedSH anddoa
-91 OF [-680(

rising upward and cold liquid falling downward to condense and absorb the ethane,
propane, and heavier components from the vapors rising upward; and a lower,
stripping section 20b that contains the trays and/or packing to provide the necessary
contact between the liquids falling downward and the vapors rising upward. The
demethanizing section 20b also includes reboilers (such as reboiler 21 and the side
reboilers described previously) which heat and vaporize a portion of the liquids
flowing down the column to provide the stripping vapors which flow up the column to
strip the liquid product, stream 41, of methane and lighter components. Stream 36a

enters demethanizer 20 at an intermediate feed position located in the lower region of
-14-



to -122F [-860C] and partially condensed (stream 42a)

i n heat exchanger 22 by heat exchange with the cold
waleowpseam zer over head stream 38 exiting the tBPEI/U82008/079984

denet hani zer 20 at -127 OF [-880C]. The cold

ST 0 O A i

at ea'St les VHRIQ !’1%185 faHm %B\K/ zmi mn thcg %?ég bmggﬁg%gggg tdlll(p@e

pr & X 'sep ara

d
prc‘é&g}ﬂe)g llgﬁldggl?}g{ugl S Wcér %pot t&%stgg%g etcp gn ﬁﬁqgf%g}nnt%amzer
whi ch d t t
£ PR T RoRER T ss%l?%%%ea hisSh i ERRh ﬁ*&éro.u%‘f Lepisfhe section

I t d d. |
Siqaééﬂ? aar 0 8 ap AL BU L Sy L dBHSEY2BeY® te
(st ream 43). Stream 43 then conbines with the warned
d eFRARAMPRABE- 2B¢ BFFYEAGOEPYERM 38a from heat exchanger

22 to formcol d resjdue qas stream 45 5123 Z!qu
[-18%6€] . [ odsartiond the il ’&“%‘“t Y@a’iﬁsﬁ?ﬁ“T A Vitgqrggyn from the
separator 23 i s punped b to a pressure .
s| PRyt qegloaBBV@pﬁ%se@b@ 3 rT@lSﬁFréag% frtBengioo e st hitats °Cl
20, and stream44a is then supplied as cold top colum

f elod 125 BI8630)] ané pertintBt soakinset (Speam 434) & heat exehangesi 23 by Teat
reflux absorbs and condenses the propane and heavj er

c ornsben wéth thesjoltdamethapizer gypdiead seem S8 exiting refteyplon of
absorbi ng section 20a of denethani zer 20.[0038] In

st ¢danmhiangerskot - P BB 6. Hemenihdametmnizoovethisad fticag is
streans are stripped of their nethane and |ighter
cowporestightly The 26?5[u$4°€ﬂ1 tpirbang 38 ap itedele @nd(fswg@am af fepst a
exits the bottomof tower 20 at 114F [450C]. The

di striidrl etsiroam ¥Apor stream form ng the tower overhead
(stream 38) is warned in heat exchanger 22 as it
provisles codhé ngeritmgadirsturt inaeflonsepimeard @a7 asia [3,079 kPa(a)])
descri bed previously, then conbines with vapor stream

4 3istapminef dlightlysieiiaw thie @per2itng pessar of tdnecticaizdr 20e sitdugovides
gas stream 45. The resi due gas passes countercurrently

t otht BAvihg €nes Wigich emeksgiasillationhepsr sexahangefiovl hroige heati t

is heated to -36F [-380C] (stream 45a), in heat

exslaager22land Wt intd thé feflux separator 23 wherein the condensed liquid
(stream 44) is separated from any uncondensed vapor (stream 43). Stream 43 then
combines with the warmed demethanizer overhead stream 38a from heat exchanger
22 to form cold residue gas stream 45 at -120°F [-84°C].
[0037] The liquid stream 44 from reflux separator 23 is pumped by pump 24
to a pressure slightly above the operating pressure of demethanizer 20, and stream 44a
is then supplied as cold top column feed (reflux) to demethanizer 20. This cold liquid

reflux absorbs and condenses the propane and heavier components rising in the upper

rectification region of absorbing section 20a of demethanizer 20.
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heated to -5F [-200C] (stream 45b), and in heat
exchanger 10 where it is heated to 800F [27C] (stream

WA Bwy/05374 t provi des cooling as previously despei/bsuns/079984
The residue gas is then re-conpressed in two stages,

H(E’:r ssor %rg %ﬁﬂlﬁ\’ﬁ:nc% 2%‘\69)@@ Qfﬂan%i:f% R fldd &kms are

SSor a sup enent al power source.

Afsttrﬁg)eéégt%@swﬁsné &3939§ggorﬁ é‘ﬁg?ﬁ,(%té%gg %‘ﬁg@)ﬁ@@{ ge
[ 0(6%%]% ﬁé)”exﬁc's s g’ot‘%prﬁl o) eer zﬂt }&1; g?jzt]’;\ {‘ % d?s%%a 4( cPav(aBgr _

OWI‘ S an

soef ”?%fﬁ%?”%ﬁ% R e%%%i” Sy by s
F
St GO RRE e OEF IR P gb%ﬁ%s Bl RS PRy cpmbines with

o 1P SGTYB 1540 TN SEPEs” T I a6y it ebiplan o The

T Aesde ST AR ST 198 ek Pihepkagger 15

o, W00 8 oens iy 6 X% ) G5 45143 4 6irbatecs 1 i s

5%16%)%8 F@g-c%gﬁ, é?@ @%s%reglg Z15t])-) gfr?dzm %ea%:%gch%nge??ﬂ %v’hgr]é 1tlls heated to
80°F [27°C] (stream 45c¢) as it provides cooling as previously described. The residue
gas is then re-compressed in two stages, compressor 18 driven by expansion machine
17 and compressor 25 driven by a supplemental power source. After stream 45e is
cooled to 120°F [49°C] in discharge cooler 26, the residue gas product (stream 45f)
flows to the sales gas pipeline at 1015 psia [6,998 kPa(a)].

[0039] 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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Et hane 85. 08% Propane 99. 20% But anes+ 99. 98% Power

Resi due Gas Conpression 23,636 HP [ 38,857 kW
woredopfogparant Conpression 7,561 HP [ 12,430 kWPADUS1008/079984

Conmpression 31,197 HP [ 51,287 kW * (Based on

un-rounded flow rates) [0040] A conparison of Tables I

and Il shows that, conpared tlebledle FIG 1 process, the

FIG 2 process inproves ethane recovery from84.20%to

85.08% propane recovery froffil98268% to 99.20% and

but anes+ recovery from 99.88%to 99.98% Conparison of

Tables | and |StrdanrRibeSustowns- tHaoléder [kERREFENt i N

yi el ds was achi eved using essentially the sanme power

r egutedrement spepERCRI PTI THE | ON le 1

[0041] FIG 3 ilTustrat éq”gl“%fl ow g%ﬁlgla-m ofiﬁ’g&%&%cess Total

i Nraccor dance the pr nt inventjon. The_ feed gas

cor3rgosi tion a?}#icé;ndi tio gggonsi dered%n the pPbcess 65876

pr Eented in FIG 3 are the sanme as those in FIGS. 1

and“2. Accordihgly, the H6® 3 prode®§ can be 8bnmpar ed 56,795

with that of the FIGS. 1 and 2 processes to illustrate

t hé3 advant ages3:¥¥ t he présght i nverit42on. [ 0042},04 the 903

simulation of the FIG 3 process, inlet gas enters the

pl &t as streama4d 1 and kggrool ed ijnpoheat exchgpger 1053 53¢

by heat exchange with cool residue gas at -4F [-200C] ’

(styeam 45b), (dgypet hani ze ower si reboil er, | qui ds
at 36F [20C] (sStream 40), I’Szzgaldnd pr opa%g’6r ef ri ger Mt. The 3259

cogl ed strea enters arator 11 at | OF [-170C]
an9 955 psi an?[%,]sgm kPa( 5?? wher e t &3 vapor (s£5r5eam 19,808
32%6 i s separ azt ed

9,887 2,571 759 265 33,728
38 48,675 811 23 1 49,805
42 5,555 373 22 2 6,000
43 4,421 113 2 0 4,562
44 1,134 260 20 2 1,438
45 53,096 924 25 1 54,367
4] 132 5,268 3,045 2,911 11,509
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fromthe condensed liquid (stream 33). The separ at or

liquid (stream 33) is expanded to the operating
wQe@sssaed (approxi mately 452 psia [3,1 16 kPa(BQT/pySmhs/079984

fractionation tower 20 by expansion valve 12, cooling

stream 33a to -25F [-320C] before it is supplied to

f r acRecoHeiSSHn tower 20 at a | ower mid-col um feed

poi nt. [0043] The vapor (stream 32) from separator 11

i s furthedtthawol ed i n heat excllang¥r 13 by heat

exchange with cool residue gas at -38F [-390C] (stream

45a) and mgepmthani zer upper sigdeog.eboil er 1iquids at

-37F [-380 (stream 39). The cool ed stream 32a enters

separ at or -31F [-350(] 50 psia [6,550

kPa(a) ] &ﬂéégg%he vapor (stregggg%) is separated from

the condensed liquid (stream 37). The separator liquid

(streawr37) is expanded to the tower operating

pressure by expansion valve 19, cooling stream 37a to

- 65F [ - 5419e§]du9%fa96813bx|fes§iél supp}i ed tigp fracti gnag@sy Kkwj

tower 20 at a secon ower m d-colum feed point.

[ 0044] The vapor. (stream 34) fr S rator 14 i

di vi ded hﬁ#%ggﬁBC&ngﬁﬁ%? 35 aﬁg&g6$%gtrean1§5,lﬁﬁso kW]
cont ai ni ng about 38% of the total vapor, passes

t hr ough hea! Gorpresfiger 15 i n htlat97exdhange rdl atigh? kW]
with the cold residue gas at -124F [-860C] (stream 45)
wheBasddtonius-roaaleé lotvaatsy)bst ant i al condensati on. The
resulting substantially condensed stream 35a at - 119F
[-840C] is then flash expanded through expansi on val ve
16 to the operating pressure fractionation to
209%4Biri ng A6SERRIORA °5TERlF2 510#*0% 2l £PrRRAT] g the FIG. 1
vaporized, resulting in cooling of the total stream

| Pregses: Bedd@sEPiorgsy BRrrayes gthepe tepaueryaron A28 ha Rty
stream 35b | eavi ng expansi on val ve 16reaches_a

t W@fﬁ@?\@rﬁofromfgéﬁ%[m 898¢%° ardutagesipivERdrany99-88% to
fractionation tower 20 at an upper md-colum feed

p A8 [ Gomsisorned Tebleal #nddl fusthos hpwe et the gaproteussy in yields
separator 14 (stream 36) enters a work expansion
meredviapleicvied using whscrtiellrglerame paverap@rigyents. ext r act ed
fromthis portion of the high pressure feed. The

machi ne 17 expands the vapor substantially

DESCRIPTION OF THE INVENTION

Example 1

[0041] FIG. 3 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. 3 are the same as those in FIGS. 1 and 2. Accordingly, the FIG. 3
process can be compared with that of the FIGS. 1 and 2 processes to illustrate the

advantages of the present invention.

-18-



isentropically to the tower operating pressure, with
t he work expansion cooling the expanded stream 36a to
wa@2aoenparat ure of approxi mately -85F [-650C . H¢EUS2008/079984
partially condensed expanded stream 36a is thereafter
SYpph| ed as i L PRt Wt g2 0erdrs fhe bt £
! Baéinid-cg.ﬁﬁﬁ ggéﬁg@%g?ﬁﬁﬁdggénghe?déﬁet%aﬁ?zer
! nstrie?n%i at;(p is 'cgc'])l%dr %ﬁ@?t%gl%l#aggeqll{) I‘%b{ let le!«ﬁntah 'W&o‘é%sidue %as

containing a p er y spated trays, on
db nbi nat i f t o

o PR b o P SRR Gl

SRR LD B AL LRl B SRkl

t he necessary contact between the vapor portion of the
exiSEndédland 8ahesiakp 84 kHa@Havhereshnprapwkean dhds eaprrgted
liquid falling dowmmward to condense and absorb the C

c dnpoterpsden®d ligoidisreemt33). Breseharator kquid Girpam dhtis ex¥papded
the vapors rising upward; and a | ower, stripping
seotheompe20hg prassiredappreiimstetyé2 priays 1 Hndlatw]) patrkdtiogation
provi de the necessary contact between the |iquids

f abwerty lyewpamaiod valve 12,lvecireporan B3siongds Whvwkrd] befdre it is
denet hani zi ng section 20b al so i ncludes reboilers

( ssuphliedso frabohiten t@wd 28nda tdwer siideolureh el poist. descr i bed
previ ously) which heat and vaporize a portion of the

| ijgquizpds f | oWhegapdoistiednn82)dalnusapataor pt oMfindieer tbded in heat
stripping vapors which flow up the colum to strip the
| | suhdhg@rIGhyGkat extHaegeMvdH cocdfesitiae barne -38FE [-39gh (@eam 45a)
conmponents. Stream 36a enters denet hani zer 20 at an

i ndn@rdemethatiger LpRd siae sdbbil@nighide ad -8 TPFi [ SPOE(slrewve39)r &gé on
of absorbing section 20a of denethani zer 20. The

|| @ied sPQh 3enREs depRa®X PARASOT$136€MBnE OBIH I8 6255 0WPh(R)]
liquids falling dowward fromthe absorbing section

2 O@he@@ﬁ’lﬁ U or gs‘?rgprh ngjis %%%i’b'tééi fha fhie Q%n&gwgmr(greiaﬂtﬁ ). The

the strippingsection of denet hani zer 20. The vapor
PO % I ‘&Q A 98% rZA HESHRE hdwe SpH R ;ﬂ L8t 8Y9%bansio
aﬁ% %%@%dLge E?onggga Ad i's contactgﬂ.aﬁ{ a%olgy kbMIln
A \%Weq9f Iollih reQPn‘@?W -%SI’IAO%%}’E“& BUSE i gu B@@{otfratcﬁgnag'on
conponeh S, conponent's, nd heavier C onents.
tower 20 at a second lower mid-column feed point.
[0044] The vapor (stream 34) from separator 14 is divided into two streams,
35 and 36. Stream 35, containing about 38% of the total vapor, passes through heat
exchanger 15 in heat exchange relation with the cold residue gas at -124°F [-86°C]
(stream 45) where it is cooled to substantial condensation. The resulting substantially
condensed stream 35a at -119°F [-84°C] is then flash expanded through expansion
valve 16 to the operating pressure of fractionation tower 20. During expansion a

portion of the stream is vaporized, resulting in cooling of the fotal stream. In the

process illustrated in FIG. 3, the expanded stream 35b leaving expansion valve 16

-19-



[0047] A portion of the distillation vapor (stream 42)

is withdrawn froman internedi ate regi on of absorbi ng
wGaemvis7£0a, above the feed position of expanePedus2008/079984

stream 36a in the [ ower region of absorbing section

2Q8,.p J%r%mgéﬁ%ké Azfag&ﬁ gg@“@g fand Fs s@ e % #rtibRRRn ?&@r 8 at

fro 0C] and partially

g%dgﬁﬁg\%ﬁggd%% in heat exchanger 22 by heat

exch ge Wi demat hani zer over head stream 38

Tﬁg&tsgg t heTB mm%r over é 5a %Qm @é ara]cgral4Q§regm8j%9ggters a

| d deme anlz rea 'S warne

S ooty madills hﬁg’@ﬁ%‘*. %@ﬁ”ﬁ&”%’f’eeé) i §9rdcleg 5181 igHfhion
R efﬁam?‘é b Fa%ﬁ‘%or P%fsﬁ“gé% fial?' @

oper ati.n denet hani z FOV

e b O oS S A0R, LRl P a0

stream42 to flow t hrough heat exch
i rfEBARdRR Sem iR t%@ffm&agv SRR (e ﬁ%ﬁ@ng@amﬁc aty
liquid (stream44) is separated fro condensed
v AOBRenpL T B 3ycemcll s R RS AR EOFIETEE T AL Etover
war med demnet hanj zer overhead stream 38a from heat
exiOrAgurd lovergidicoimndstdPdesi due gas stream 45 at
-124 OF [-860C]. [0049] The liquid stream 44 from
r P46k separ At SRMCHTNIZET iy (o &OW wigtionaldistifatpnceluging
slightly above the oper ating pressure of denethanizer
20-ontaindngs plemahitysd gertigaltysarced (aph PrsdPr420re Bicded brgls-«B sehh
feed (reflux) to denethanizer 20 at -123F [-860(].
Thiomberatien pf teays and pecking. Blissdsnishanider leGeIFOngES ok thie sestions:
conponents, C3 conponents, and heavi er conponents
r i ai upgeri ahsarbieg (rppdicatieg séctipie 204 et cpeiging thedfay sdysiénr ppekdng to
section 20a of denethani zer 20.[0050] In stripping
s gobvidnth2 Qbcessarydenathizniece thea@portpogiohed theskpandad stegpms 35b
stripped of their nethane and |ighter conponents. The
r esid|3b4 niging Lpard apd addibquid Sdlingalowadhrdgx corslendeant epsodrthe
of tower 20 at 113F [450C]. The distillation vapor
stCaampboenms, g cdriymntawend beasich eadpanstts &am tB8Yapbs rising
warmed in heat exchanger 22 as it

upward; and a lower, stripping section 20b that contains the trays and/or packing to

provide the necessary contact between the liquids falling downward and the vapors
rising upward. The demethanizing section 20b also includes reboilers (such as
reboiler 21 and the side reboilers described previously) which heat and vaporize a
portion of the liquids flowing down the column to provide the stripping vapors which
flow up the column to strip the liquid product, stream 41, of methane and lighter
components. Stream 36a enters demethanizer 20 at an intermediate feed position
located in the lower region of absorbing section 20a of demethanizer 20. The liquid
portion of the expanded stream commingles with liquids falling downward from the

absorbing section 20a and the combined liquid continues downward into the stripping
-20-



provi des cooling to distillation stream 42 as

descri bed previously, then conbines with vapor stream
waobposetr4 ef | ux separator 23 to formthe col d PERUSI68/079984

gas stream 45. The residue gas passes countercurrently

t %eﬁﬂﬁ Zhﬁgigﬁgngﬁgléa’rliﬁﬁ%(ga%]e'v? @&109’6?@1@@%d9§ﬁ1‘é@ﬁ hed t

eated to eam 45a)

eX Q/%H)gtﬁxr ugnaliiB® g shdti oh%()ygt‘?& do thted‘]iaEitl{ co%@ ngam
aay R OB 5% ﬁ

exc anger ereit iIs

80 5
prdg)\% dl% céndtense cé %nghqt%§ Céésci Lcl)ggﬂtg%sg chgpélﬂeeﬁ& a%ﬁ heavier

escr
re-con$ §§sed in two stages, conpressor 18 driven by
SN nachine 17 and conpressor 25 driven by a

te)gﬁnf Z 1onr§)f a]o ud‘é% iﬁtéé Jgg ! (g’ttreraea 45\A21thrd§ag\9n df%rg gln
gas roduct
o BefiEicE eféebﬁgﬁbalg[%ﬂ@@%“iﬁ%e e fef@@ fi8 i
of str f t
oreEs S6q bt ieaon A et e RSBt Bhi ma%ngapor
foll owi ng table; Tabl (F 3
-sgsam%pgségé"w%[e@romﬁﬂaym Lé%%ﬁ?&% W
Propane But anes+_ Tot al 1 228 192 070 2,912
63 08FE s samiPe) i hPetzeXihf’@w 2@?1 hS@ e§@?“%@3wé g’s 8% 490
1,398 2,081 8,914 34 47,289 4,040 1 ,179 404 53, 301
3demetiBnizgeyehonl sypgm 38 gtingthe jop ofsigmathaizer 20 at -1 25T

20,094 36 29,461 2,517 735 252 33,207 38 49,103 691 19
0 {9{9 ap3r hq:z:olqi dgzp@th@ggerg)vg‘h@dgiggam is warmed slightly to -124°F

[-86°C] (stream 38a) as it cools and condenses at least a portion of stream 42.

[0048] The operating pressure in reflux separator 23 (448 psia [3,090 kPa(a)])
is maintained slightly below the operating pressure of demethanizer 20. This provides
the driving force which causes distillation vapor stream 42 to flow through heat
exchanger 22 and thence into the reflux separator 23 wherein the condensed liquid
(stream 44) is separated from any uncondensed vapor (stream 43). Stream 43 then
combines with the warmed demethanizer overhead stream 38a from heat exchanger
22 to form cold residue gas stream 45 at -124°F [-86°C].

[0049] The liquid stream 44 from reflux separator 23 is pumped by pump 24
to a pressure slightly above the operating pressure of demethanizer 20, and stream 44a
is then supplied as cold top column feed (reflux) to demethanizer 20 at -123°F
[-86°C]. This cold liquid reflux absorbs and condenses the C, components, C;
components, and heavier components rising in the upper rectification region of

absorbing section 20a of demethanizer 20.
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43 3,990 93 1 0 4,1 19 44 956 192 7 0 1,181 45 53,093

784 20 0 54,222 4 1 135 5,408 3 ,050 2,912
wa190858Recoveri es * Ethane 87.33% Propane 99. 3BO%/US2008/079984

But anes+ 99. 99% Power Resi due Gas Conpression 23,518

HP 8, 663 fri.ger ' ,
PR b R R D T
(Based. on. un-rounded  f r at [ anmar |
o EG SR RARRT e B BB, SR HAT B BOT
prior a . rese i nyen .
P aihudlp PP SR ok SER 3% LGP J5R GBHIARS vener
2) to 87.33% propane r veryof.rom 98..58% (f or Fl .
Dt gamadhs Proroerent SHE Y5t St din A i Bl B2 o 1
recovery from99.88% (for EIG, 1). and 99.98% (for. FIG.
2 PrEvScs§oR g o doilitien StanoR? okt ;’)re‘fli)l:\s?yaﬁggx Fpipbines With
further sho that the i ovenent i i el ds was
acHPIVEEY éﬁ@m& TGHEpaFap togﬂe;wefﬁﬂe fﬂéﬁeﬁfs Y™ 4P The
In ternms of the recovery efficiency (defjned by the
quETYCtEs PASSSSCRUTYCHERBY B tBe iR Ingired &3¢ m&@@@éﬁyf}aﬂ Hd>
presenl.inventioq)re resents a 4% i nprovenent over  the
prvhsre iajsthegied tond8 | [39°G] (Sreseedi).dn bedh oxdpnash I HVBSE Htis
over the prior art of the FIG 2 process, %0053] The
i hseted Bmét [-247CH strevre APsandip heas s¥phanger b9 here dit feated to
provi ded by the present invention over that of the
pri0dF [247¢] (streahdbcirasGt providesroelng sPrepiustygiepgided. The residue
suppl emental rectification provided by reflux stream
44as iswkinghrcpmpligesed int thie stager pempressor 18 driven by expansion machine
17 and compressor 25 driven by a supplemental power source. After stream 45e is
cooled to 120°F [49°C] in discharge cooler 26, the residue gas product (stream 45f)
flows to the sales gas pipeline at 1015 psia [6,998 kPa(a)].

[0051] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 3 is set forth in the following table:
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of C conponents, C3 conponents, and C4+ conponents
contained in the inlet feed gas that is lost to the

wo e@padsmE7gas. Al t hough the expanded subst ant i aPCTUS2008/079984
condensed feed stream 35b supplied to absorbing
section 20a of denethani zer 20 provides bul krecovery
of the C2 conponents, C3 coﬁﬂﬂﬁgﬁts, and heavi er
hydr ocar bon conponents contai ned i n expanded feed 36a
and the vapors rising from ¢$fIGG. ppi ng section 20b, it
cannot capture all of the C conponents, C3 conponents,

and heavi er hyQ¢RCRLRBUNEHRPODE M SeAME[KE CaodGtH i bri um
effects because stream 35b itself contains C

C ents, nmpone and hegyl hy dgagakbon Total
cg%%%ﬂents.~ ’aﬁger, rg%&g§ stre§%¥%§% of The present —

i nvention is predonm nant l[iquid ane an nt ai ns
vé?y little éggagponentéixgs conpoggh?s, andgﬁﬁgvier 65,876
hydr ocar bon conponents, so that only a small quantity
of32r ef | ux t 0 4PR&0 upper reti fi cati bh’7% egi on i%31
absorbing section 20a is sufficient to capture nost of
thee C2 conponepsss and neadoy all of,3¢the C3 camonents 8,914
and heavi er hydrocarbon conponents. As a result, in

addition to qbgg§nprovengﬁm in ethapg recover ypsnearl ys3 301
100% of the propane and éssentially all of the heavier

hydr ocar bon ¢ nents arg.recovered,in liqui r oduct
4fgleaving thggggtton1of %%nethanizg%ﬂzo. Dueq?z t he 3,661
bul k I'iquid recovery provi ded by expanded

subst anti al | y7&3hdensed $¥dd streant®5b, the ddantity 20:094
of reflux (stream 44a) needed is small enough that the
cdéd denet hartbZét over head 7vapor (st3eam 38) ¢ah 33,207
provide the refrigeration to generate this refl ux

wigghout si gnigbilgantly inpggting the opoling of fHeed 50,103
stream 35 in heat exchanger 15. [0054] The key feature

of ;»t he present, gypventi on er that ofgthe priorgart of 530
tﬁg FIG 2 prgéggs 'S thég¥ocation of the w thdrawal ’
pojnt for distil]ation vapgr stream 42. \Wereas_,.the
mﬂbhdramal po%ﬁ?bfor t he EgG. 2 process is in t Re 4,119
ug&gr region of stripping section 20b of fractionation
tdler 20, the Phesent invEBRtion withdfaws distifPlation 18]
vapor stream 42 froman internedi ate regi on of

abgor bi ng sedsBjoemh 20a, 784 20 0 54,222

56,962

41 135 5,408 3,050 2,912 11,654
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above the feed position of expanded stream 36a. The
vapors in this internedi ate regi on of absorbing
wgaemvis17£0a have al ready been subjected to par€T/E52008/079984
rectification by the cold liquids found in reflux
stream 44a and expanded substantially condensed stream
35b. Reeoverigsésul t, distillation vapor stream 42 of the
present invention containssignificantly | ower
concent r dithors of C conponent $7.3€% conponents, and C4+
conmponents conpared to the correspondi ng stream 42 of
the FIG Ropgneor art process, 9agsman be seen by
conparing Tables Il and Il11. The resulting refl ux
stream 4 rectify the vapgrgey N absorbi ng section
20a noreﬁgggﬁgTently, reducinggfgé quantity of refl ux
stream 44a required and consequently inproving the
ef fi pobwegicy of the present invention over the prior
art. [0055] Reflux stream 44a woul d be even nore

ef f ect i verdsfduk GaS @BhplREsh ONl yo3®ishame and mre 38,663 kW]
vol atil e conponents, and contained no C + conponents.

Unf ortun . i.t-1S not possi t ondense a
suffici eﬁ’%gja%éar%‘%ti%toi}“pé A r S e B o ae il Pde, kW]
vapor stream 42 using only the refrigeration avail abl e
in the prid@<ompressiais wit hout 3edBvail ng t he [pr addft ekWl
of stream 42 unless it contains at |east sone C2+

¢ ohfBaseininsin-rotnded flowgatsgary to judi ci ously sel ect the

wi t hdrawal | ocation in absorbing section 20a so that

the resulting distillation vapor stream 42 contai ns

enough C2+ conponents to be readi condensed, w.t hout.
A G S R I L el I L
causing it to contain too much C + conpo . .Thus,

t Fat F}’Gg’éftSF‘Bﬁ“‘FB?O‘} IHWTQYCE HBRISWEICVEY f’iﬂ’?”sn%)“i‘fq%);{fgbwz\r ib%‘rd

streag142 of the 9re§ent i nvention nust Qe evaluat?s
f oS- e oI B Piady 3370 BRBIASITEFOFep 6198618 K1e €Pt dfndt ande
means for mﬁthdramﬁng distillation vapor from:t

h
c o1%Ade (fer HRothoioi-3aotHidritasrtoarayent fram 99-Reo ;Sﬁcégle%tl) and

invention as illustrated in FIG 4. The feedfgas
c GRS (P Gadto 8813874 iCompatsnsif dabledl. [Inanddl fiyithse glogvs that
present ed

the improvement in yields was achieved using slightly less power than the prior art.
In terms of the recovery efficiency (defined by the quantity of ethane recovered per
unit of power), the present invention represents a 4% improvement over the prior art
of the FIG. 1 process and a 3% improvement over the prior art of the FIG. 2 process.
[0053] The improvement in recoveries and recovery efficiency provided by
the present invention over that of the prior art of the FIG. 1 process is due to the
supplemental rectification provided by reflux stream 44a, which reduces the amount
of C, components, C; components, and C4+ components contained in the inlet feed
gas that is lost to the residue gas. Although the expanded substantially condensed

feed stream 35b supplied to absorbing section 20a of demethanizer 20 provides bulk
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in FIG 4 are the sane as those in FIGS. 1 through 3.

Accordingly, FIG 4 can be conpared with the FIGS. 1
wapeoBsprocesses to illustrate the advant ages BET/URI08/079984

present invention, and can |ikew se be conpared to the

e%@q%%r&? %heﬁg CBL@X%% 63 gc!n%onghtg QQ@Z avilep JP@Carbon com?%ngnts

SImu on I‘OCGS§ as enters

pyct%ﬁé 3 el an“%?’%?ﬁéﬁgg%%‘ﬁ f%%. ﬁﬁsg‘%‘&a@‘? oS RRRSE
ca %%Igap#\f&]al Fgﬁm&‘é rCﬁ>IHB<3Zn%BtS E \Ac% 3116%% I % Jflgrr hyd og]apjlzﬁr?

Spane’ fefriger
gcn)%lxxg)g%esntﬁsr artr(]f %q:' gﬁﬁt eré%gss]% %gets e%rﬁésglntse f c%{xta{ 11370(:]
B S S0P P EORER e@g)co%gor@%a&fw

the oper at ressure, i.mat el si a
KPeay 2 h0F pBLE Bieich ARt hagy e 'é ‘%&F B R?Efla\ié
12, cooling stream 33a to -25F | 3209% bef it is
SUYsPY 1idle Ce EompoRERts: &?zfﬂ“@ﬂ“ﬁ“@m@r‘i by ieiy o g componéns, so
m d- col uim feed point. [0058] The vapar (stre ﬁ
f rib#h cabpay e lgpuantity phrefly torfbs UrpSBIcERfiGaHOThEsgIon é‘k‘?r:gﬁ%r Z}’@
13 by heat exchange with cool residue gas at -
[ - Sﬂ?%@]mesit FuEieAs T BAPBIFFIM R RE R A FOTBPONG RS 8Rd %ﬁaﬂé all of the C
reboiler liquids at -370F [-390C] (stream 39). The
co@ﬂﬂw@n@l’i&@gmf% haioearBonseampoagitsy A rgpult Bpaddition by
and 950 psia [6,550 kPa(a)] where the vapor (stream
3dimprayemensan athert reeayayt hrarly d A 06 B Prangud and(estepigadnall of the
37) The separator liquid (stream37) is expanded to

t heeavienedrapdoatomippnente ssueceviryd xparsirodicy4l lpavinothe
cooling stream 37a to -670F [-55 0C] before it is
s upyptomed dewethardst 2OnBu¢ wrthe owlle Hqwd resbvesy proedadby owended
m d- col uim feed point. [0059] The vapor (stream 34)
f r abstsejadly adrolenstd fded saléawi 3 themquantitywof rsflwe@eam $6) aeaded is
36. Stream 35, containing about 37% of the total
v aqnerl], enpaghstea thduobldpmedieatzerewehaniepod(Stréam M &bn provide the
exchange relation with the cold residue gas at -123F
[ - B6QCtatibs to @acre®dSis vdfek evithbutisinifeeh®dnipactBighist cntingdf feed
condensation. The resulting substantially condensed
st @33 %Ahat exchdnk8F14.- 830C] is then flash expanded

t hrough expansi on
[0054] The key feature of the present invention over that of the prior art of the
FIG. 2 process is the location of the withdrawal point for distillation vapor stream 42.
Whereas the withdrawal point for the FIG. 2 process is in the upper region of
stripping section 20b of fractionation tower 20, the present invention withdraws
distillation vapor stream 42 from an intermediate region of absorbing section 20a,
above the feed position of expanded stream 36a. The vapors in this intermediate
region of absorbing section 20a have already been subjected to partial rectification by

the cold liquids found in reflux stream 44a and expanded substantially condensed

stream 35b. As a result, distillation vapor stream 42 of the present invention contains
-25-



valve 16 to the operating pressure of fractionation

tower 20. During expansion a portion of the streamis
woaponszaed, resulting in cooling of the total BCT/ES2008/079984

In the process illustrated in FIG 4, the expanded

o
ffc%&t &%{Ag g?ar&r{gwe &s%re onanlégg;w ﬂhg?ﬂcv fnfofeﬁiépmcess

pOI n e renmaln e vapor

g eosrfe]n li>y \?\1}:?%% am[‘z?'o %]s I?'Qntdel S T%e resu mg ?r aC?u 44a can

ani ca

f : 0 E‘ gé‘tﬁgﬁ&‘g :f%éerédgfb%@d Ygg ffs I;ﬁn?lgl ch?ucng]e quantity of
55 t ROTRHE R ot G 0P r g e T p Ll R Ran bP

a tenperature of approximately -86F [-660C]. The
pd?‘fei“ P19V EBRAEASEY expanded stream 36a is thereafter

lied as_feed to fractlonatlon tower 20 . at a thir

&Sg? m d- c%?@ﬁ‘ns“ie%d %B’P\‘l‘ efmqfemﬁ “P’%tf‘tﬁi?Piai“Gﬁ g‘?/
d| stillation vapor (stream54) is w.thdrawn from an
i iehang R et FoBPoRBS Kl Gogeisd P b SURPONEHBvV e
the feed position of expanded stream 36a in the | ower

r dgfiferngtelya 53%@%pﬁﬁx%@ﬁpmnmuff}xl%ematy;ﬁrswhdﬁﬂwfrom

distillation vapor (stream55) is w thdrawn fromthe
upleitlatieigiaper syrars t ugipg eijy dectlivigerapainvadio therogesed
position of expanded stream 36a. The first portion at
- B0B0R Yitlpeodpvatisg e mirissiael ofitiepm (A anlsesciberdtaiisrat ot serne
-92F [-690C] to form conbi ned vapor stream 42.
Cdirtvicnmgoneaisoft is pecessany4Qjudgiquskyselegdhevitidrama! locatong R
[-740C] to -1240F [-870C] and partially condensed
( sbsaebing 428)n 20n Jochdt thexrehwdtmgedistid2tidmyahersptrean b agrgains
with the cold demet hani zer overhead stream 38 exiting
t hmotghpC.efconieoentsam bz erdiBOoadensd 9fthfut ¥@Ping thi effentivehess
denet hani zer overhead streamis warned slightly to
- 1o 2dF1ufk s BE&EMCH4 A 15t daeding B &adonadn od nmob Cs+ amtbobansl eftsieshe
at | east a portion of stream 42. [0062] The operating
priession for ke wieddraweal spfigtiiatiar vapsr (44 4pSif ehe[pBesOB8 Invention
kPa(a)]) is maintained slightly bel ow the operating
Press b & abibted @srebilpdppredtiod0. This provi des

[0056] An alternative means for withdrawing distillation vapor from the
column is shown in another embodiment of the present invention as illustrated in
FIG. 4. The feed gas composition and conditions considered in the process presented
in FIG. 4 are the same as those in FIGS. 1 through 3. Accordingly, FIG. 4 can be
compared with the FIGS. 1 and 2 processes to illustrate the advantages of the present

invention, and can likewise be compared to the embodiment displayed in FIG. 3.
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the driving force which causes conbi ned vapor stream
42 to flow through heat exchanger 22 and thence into

wao b@onefirux separator 23 wherein the condensedpdT/tsi0ds/079984
(stream 44) is separated fromany uncondensed vapor

( Z[B(;S%ﬁm 43) 1n it Elﬁﬂﬁ‘tléﬁ’ of EPRO MU ALSs, MidtBad SeerVVBE PRt as
d r

ani zer overhead stream 38a from heat exchanger

Oén%%g 5%1 &%&ec[ ﬁ%'egt ctﬁﬂ% S 45crah ¢ - 183 BFrebic@Beas

23 qu| str romre ux separ at of
e SR BAIRy BrBelh s B RO L By i o0 B

44a is then supplied. as ¢ colu feed (r

¢ & et e PP it b SRO T A ST S%Pﬁr%tafﬂﬁi
refl ux absorbs and condenses the C conponents

c ohTp bridiiiland Qnpsieidvits kKPaaHpdRE s vaPPEisHern ??)tlﬁ%?pﬁfﬁﬁér
rectification region of absorbing section 20a of

d efren Hgsondsnseddiquiddgsah 33n Tha Seppntaglianed tsiream 3Pys gfpanded
denet hani zer 20, the feed streans are stripped of

t Heitlre apetatimeressn (hprgirtimptelychap opie bl 507 kﬂ@@)ﬁ e {ipatiopgjion
liquid product (stream 41l) exits the bottom of tower
200wtr 2D1RFExpatdOCvalvT b2 cdplgte sirkam Bémtov-aPdr-330¢ Erefiore it is
formng the tower overhead (stream 38) is warned in
heapplexdch bagenatR? tageri2f aps bwiedesd-gdohn fegd point.
distillation stream 42 as descri bed previously, then
canissnes w The vappofstrednr 8rirohBsepaatnr i Bfsl fusthes epdedindicat2 3
to formthe cold residue gas stream 45. The residue
gascipagsdas byduitteeclangd eili top! tedidudigasian eldffi pg0IC3 €dregrastSa)
i n heat exchanger 15 where it is heated to -4Q0F

[ -h@Qehethsiifee appes5id} rebbilerhigaids exgFETBOPCILStredned®. Thei s
heated to -4F [-200C] (stream 45b), and in heat

exc%ta@a g@famlaiRE EsehdratbS198at 2d [136° Gk 9b @ #6d [of Son®am)]

45c) as it provides cooling as previously described.

Thend Sk Jhifor gg%r%am S4f 8 @ébafa%edcfmp{h%%&%énéee ¥R (&Pe@&%@) The

conpressor driven expansi on machi ne 17 and
T e

S AR o Pt L GO e
tower 20 at a second lower mid-column feed point.
[0059] The vapor (stream 34) from separator 14 is divided into two streams,
35 and 36. Stream 35, containing about 37% of the total vapor, passes through heat
exchanger 15 in heat exchange relation with the cold residue gas at -123°F [-86°C]
(stream 45) where it is cooled to substantial condensation. The resulting substantially
condensed stream 35a at -118°F [-83°C] is then flash expanded through expansion
valve 16 to the operating pressure of fractionation tower 20. During expansion a
portion of the stream is vaporized, resulting in cooling of the total stream. In the

process illustrated in FIG. 4, the expanded stream 35b leaving expansion valve 16
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[0065] A sunmary of streamflow rates and energy
consunption for the process illustrated in FIG 4 is

wa@aedosrh in the follow ng table: Table |V (FlET/B$2008/079984
Stream Fl ow Summary - Lb. Mol es/H [kg nol es/ Hr]

Syt S 0 AERRNG D% F50R3 i BuhBMETTo fgtGhayd opreg 20
834 57 OGé_ﬁg@g%,%%ﬁﬁA?? 1,392 2,078 8,812 34 47, 253

4 % FEPS My 7 2.165 699 516 441 3,851 5
429 145 6 29 817 2

S0l 5 47 Te PR i ed o S 4 (g

LG bn i R BB R0 e BBl g

RN P e
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 36a to a temperature of approximately -86°F [-66°C]. The partially
condensed expanded stream 36a is thereafter supplied as feed to fractionation tower
20 at a third lower mid-column feed point.
[0061] A first portion of distillation vapor (stream 54) is withdrawn from an
intermediate region of absorbing section 20a, above the feed position of expanded
stream 36a in the lower region of absorbing section 20a. A second portion of
distillation vapor (stream 55) is withdrawn from the upper region of stripping section
20b, below the feed position of expanded stream 36a. The first portion at -105°F
[-76°C] is combined with the second portion at -92°F [-69°C] to form combined vapor
stream 42. Combined vapor stream 42 is then cooled from -102°F [-74°C] to -124°F
[-87°C] and partially condensed (stream 42a) in heat exchanger 22 by heat exchange
with the cold demethanizer overhead stream 38 exiting the top of demethanizer 20 at
-129°F [-90°C]. The cold demethanizer overhead stream is warmed slightly to -122°F
[-86°C] (stream 38a) as it cools and condenses at least a portion of stream 42.
[0062] The operating pressure in reflux separator 23 (447 psia [3,081 kPa(a)])
is maintained slightly below the operating pressure of demethanizer 20. This provides
the driving force which causes combined vapor stream 42 to flow through heat
exchanger 22 and thence into the reflux separator 23 wherein the condensed liquid

(stream 44) is separated from any uncondensed vapor (stream 43). Stream 43 then
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Resi due Gas Conpression 23,612 HP [ 38, 818 kW

Refri gerant Conpression 7,470 HP [ 12,281 kW Tot al
wW@0opEdssd on 31,082 HP [ 51,099 kW * (Based oPCT/US2008/079984

un-rounded flow rates) [0066] A conparison of Tables

Ie :‘gé)g%ﬂgs l¥h ﬁ%%rg%%@émet&%@%v%ﬁxe%@ stfedf Fgh @o&?hezt exchanger

Iment o resent 1 nvention, the Fl
o T s R O P e B 7 om 00 365 1 0
Aol PR AT b BB 3 RN £F BB 24
M s S S e R
e SUBHES 1o svbhbp SHRRI S ke T B R0 TR ©
iahosh Lot B i R g 4 P BIRERE R el o P B e,

[067] The ilgfr ovenent in recoveries for tfhe. FIG. 4

e rFBIPRWET 2t hepKigr OMPORTYS RER LHeoRPYVET R 6% 10t R
FIG 3 enbodinent s due tqg the increase in the
quARERtPing seatiop &93 ehdemcthanizgir#a for the FIG 4

enbodi nent. As can be _seen by conpari n&; Tables 11l and

| M90&the f1 ol YaRRINGTeCHEFA0MOT demelinizen A0ithe Sabalkpyhar
for the FIG 4 enbodinent. The higher reflux rate

i ripirpe of thpie methaps aweishier coneroppyts.c e ey Iting lianid Ripspist
regi on of absorbing section 20a, which reduces the
anieem 4¥) esigripobettonsof toger@@ip beR {44 Chnthecasfillation vapor
conmponents contained in the inlet feed gas that is )

| ogrearn dorpieg the sivgtievegzesd (1OaBEP) ITMiagnes iphegt cxebpngek 22 as it
rate i s possible because the conbi ned vapor stream 42
of proYidesRb@ingdo distibatiomsinean 42 sroleecribad picyiogdn deansembingswith
distillation vapor stream42 in the FIG 3 enbodi nent.

| tvapbiostrieain 48 fioot refluxt $eatratar phiotfommthe soldeenidu8 Bps sifeam 45. The
conbi ned vapor stream 42 is withdrawn from

di rssiibd gt paescolintanu?Gitipéd theinchming feed gas in heat exchanger 15

where it is heated to -40°F [-40°C] (stream 45a), in heat exchanger 13 where it is
heated to -4°F [-20°C] (stream 45b), and in heat exchanger 10 where it is heated to
80°F [27°C] (stream 45¢) as it provides cooling as previously described. The residue
gas is then re-compressed in two stages, compressor 18 driven by expansion machine
17 and compressor 25 driven by a supplemental power source. After stream 45e is
cooled to 120°F [49°C] in discharge cooler 26, the residue gas product (stream 45f)
flows to the sales gas pipeline at 1015 psia [6,998 kPa(a)].

[0065] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 4 is set forth in the following table:

9.



m d-col um feed position of expanded stream 36a. As
such, stream 55 has been subjected to | ess

w0 ewbiofilcat i on than the ot her portion (stream Bdl/Ustongor99ss
is withdrawn above the m d-col umm feed position of
expanded stream 36a, and so jt has higher
concentrations of C + corrpong?hl‘“sI.VAs a result,
conmbi ned vapor stream 42 of the FIG 4 enbodi nent has
slightly higher concentrati ofdGGC + conponents than
distillation vapor stream 42 of the FIG 3 enbodi nent,

al | owi ng nor e Stfeatdftos Sumatant oL MGANUGRS §1a81{ t 1S
cool ed by col um overhead stream 38. [0069] In

essabgas, W themand ng pordyi.gps of istildatio
vapor at different | ocatl 3 on t JE~a%stiIIIj":;"&%a?gg1s‘'r Total

cohymm al | ows iJ oring conposi tion of the

co%’gi ned vapo?ig%ér eam 42%ggzopti i z3e(1)710he pr od%&t? on of 65.876
ref]ux for agiven set of operating conditions. It is

ne fLP)

ssary to Juthiiousl y4dédect thd.aidt hdr anal 834 57,064
| ocations in absorbing section 20a and stri ppi ng
seétion 20b, ak8Mell as tHe7rel ativgoguantities;s 8,812
wi t hdrawn at each | ocation, so that the resulting
cobbi ned vapog7,m3ream 424 gpnt ai ns gngdgh C + 394 53213

conponents to be readily condensed, w thout inpairing
they ef fectivenegs of refl stream by causing it
to contain too niuch C + cgﬁ%onents.ﬁﬁe i ncrea in
recoveries fo I's enbodi nent over that of the FIG 3
e %di ment rrug/thge eval ugfl%?d for eadR%appl i cati4n 19,636
relative to the slight increase in capital cost

exthected for A%ETFI G 4 dbhbodi ment dddmpar ed t c24she 33,577
FIG 3 enbodi ment. O her Enbodi nents [0070] In

3,851

actordance w4782t his i nveedzi on, it isggenerallyy 48.759
advant ageous to design the absorbing (rectification) ’
seption of the gdenet hani zg to contaip multiple, 5900

theoretical separation stages. However, the benefits

ofsst he present gpvention cgn be achieved with as few

as two theoretical stages. 'For instante, all orla part 1,700
of . the punped cagndensed |iquid (stream 44a) | eaving

r é¥l ux separ afdP*23 and a?"l% or a part3 of the expanded 6,900
substantially condensed stream 35b from expansi on

vdbBve 16 can Ba7l 116 I 0 5,434
44 1,193 229 12 1 1,466
45 53,092 768 17 0 54,193
41 136 5,424 3,053 2,912 11,683
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conbi ned (such as in the piping joining the expansion
val ve to the denethanizer) and if thoroughly

w0 nioenosiingl ed, the vapors and liquids will m xPeDYs100&079984
and separate in accordance with the relative
volat|I|t|e§ of the various conponents of the total
co reans. Such commi ngling of the two streans,
conmbined with contacting at |east a portion of
expanded Ehangam 36a, shall be828h%i dered for the
pur poses of this invention as constituting an
absor bi ngprggmti on. [0071] FI G89.43%t hr ough 6 depi ct
fractionation towers constructed in a single vessel.
FIGS. 7 apg.fsdepict fractionabigpgn towers constructed
in two vessels, absorber (rectifier) colum 27 (a
contacting and separating device) and stripper
(di sPowdrat i on) colum 20. In such cases, a portion of
the distillation vapor (stream54) is w thdrawn from

the | onerr&ert GancempaRBser ber néenmH27 and rougedis okw]
refl ux condenser 22 ?optionally conbined with a

portion, i %%Htgg Jss18ﬁ’er head; ¥apqjp st ream
stripper co Yl neLaLg__giLux_f

colum 27. The renalnlng portion eam 51) of
overhead’U&H§P“§W§§8ﬁ150 fron1§¥9§p ¢ col umit 281 PPRnEW!
to the |l ower section of absorber colum 27 to be

c dniBasdtdant upyroprafefl firwstteam 52 and expanded

substanti ally condensed stream 35b. Punp 28 is used to
route the liquids (stream47) fromthe bottom of

CHRRAPEL ¢ Phuahehy FaSet OBty SR GO 2196

R S A
3 6

sk N AR CT ORI TR

pl ant size, the distance to fabrication facilitie
et%omqa@mf TaBiep [E Rl Y s SOV theaiprovsngntily Ytef?é was
remai ni ng vapor portion of distillation stream 42a
wi Chicedapingaescatid b BgeRPORItA 2V rl\faferfshofébff {FROVER0
(FIG 6) or absorber colum 27 (FIG 8),
s wé%qlwcwgdqfﬁéd by the duattineefipihape f?éa\ter%hwﬁgﬁrpomrh tye FIG. 4
provi de cooling of distillation stream 42 or conbi ned
v agphodisnangefithe present invention maintains the 4% improvement over the prior art

of the FIG. 1 process and the 3% improvement over the prior art of the FIG. 2
process.

[0067] The improvement in recoveries for the FIG. 4 embodiment of the
present invention over that of the FIG. 3 embodiment is due to the increase in the
quantity of reflux stream 44a for the FIG. 4 embodiment. As can be seen by
comparing Tables III and IV, the flow rate of reflux stream 44a is 24% higher for the
FIG. 4 embodiment. The higher reflux rate improves the supplemental rectification in

the upper region of absorbing section 20a, which reduces the amount of C;
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42. As shown in FIGS. 6 and 8, the m xed stream 45
resulting fromconbining the reflux separator vapor

w@ saopesa1r#13) with overhead stream 38 i s rout edP€DUN®A’/079984
exchanger 22 [0073] As described earlier, the
di S I()Jlejlgé cHARAENS Lh§ ol %Meﬁt@&m@a@r@'lﬁﬁl‘é u\'lékﬁ&rd gas that

stre IS partially condensed and the resul ting

cogggp@q%gea§ﬁggﬁo absorb val uabl e C conponents, C3

onen eavi er conmponents fromthe vapors

'0[566%9 1N OYAR L ARSOIRLLSE RSB t%g@s@{hquﬁmxh BPlpELliream

t hr oug orber co wever esen
i | i
e L R R o

%ﬁé%ﬁﬁéiﬁgg?%mgé RN b B t%at“afp%g%géétre%ﬁ%w .
other desi gn consiferations i nd orti
veaLie vax?tﬁ PR R TR s ] %ﬁg‘ﬁwé%% ppelgy e
sectjio f denet.hani r 20 sorbe
SO LT RS ohEper o bt Kot %ﬁm B
rat e partial condensati on,

EJF éw@a%f%é*ﬁa?tmeam heghsr a"BHP“ i"f"é‘grﬁt“kﬂﬁl“ic ‘%‘%‘é‘tdra“’“
exchan Clher C|rcunstance f avor, th
di 2eve q%am% sROlRB deed POFiEeHoTLEPHWe Stfea%'“a%w&s(ﬁ? l@?ﬁ@gher
draw from fractionati on colum 20 rather than a
pafonpeafraens 6f Cat epnnepeily- 412 ShduremBinelype st d2 chike,
dependi ng on the conposition of the feed gas stream
i tFlgag om oca@wﬁ%ggbnﬁs higher serceatrationf af CytePripgesstthasn
to provide partial cooling of dl$t|||atlpn vapor
st¢igilaigpvaper gabi4def thedpar3 gnbesdiment.zllpwingeagre of the stream to
exchanger 22.[0074] Feed gas conditions, plant size,
avizei doadrineedeng i ip peadid bygolustrhesierhead stisam 3\$ay i ndi cate
that elimnation of work expansi on machi ne 17, or
r 0t enment Iivgsséncarvitidtasvimppastiens 9l Hsidintil lefoni vepor (as digarent
as an expansion valve), is feasible. Although
i Ndeariodu@l the tiseldatior xplams iabows Bileteygi the @dhriopitipapf the ednalrined
expansi on devi ces, alternative expansi on nmeans may be
e nppoysedamid2 teomippzothe batectiokof reda figlaegiveo oetdif bpayaieg
may warrant work expansion of the substantially
c advgeinsed Ipivhtdesdaryoh jididodstesdtiest the athdrawal locations in absorbing

section 20a and stripping section 20b, as well as the relative quantities withdrawn at
each location, so that the resulting combined vapor stream 42 contains enough Co+
components to be readily condensed, without impairing the effectiveness of reflux
stream 44a by causing it to contain too much C,+ components. The increase in
recoveries for this embodiment over that of the FIG. 3 embodiment must be evaluated
for each application relative to the slight increase in capital cost expected for the

FIG. 4 embodiment compared to the FIG. 3 embodiment.
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(stream 35a). [0075] When the inlet gas is |eaner,
separator 11 in FIGS. 3 and 4 may not be justified. In
wWGeomb/0sA3es, the feed gas cool i ng acconpl i shedPCTUR®a’/079984

exchangers 10 and 13 in FIGS. 3 and 4 may be

acconpl i shed wi t hout an,j nternvan separator as shown
in FIGS. 5 through 8. th& bogTH%JrPTl‘%of whet her or not

i P96 Lpiﬂslnéjﬁc@?fﬁ%&? s B *Sﬁ%g%g‘?j;%?%s?é?ﬁ%sm
adkien ?é%?@%@%@?@&ﬁ%?éé@gﬁ%éfln%e[’?fn%t o0 808 mutip
P R e R T

the cool ed stream 32a | eavjng heat .exchanger 13 i
F1ehieVog Aoy MG PRy eI o Bt B!

is above its dewpoint, or because_it is abgve jts

c rRvEERE epnsignsyd Tiggd {(Fegem Ap-raning e 4x SRYAIRT Thend aﬁ;‘é’.‘ agart of
t hrough 8 and/or, separator 14 shown in FIGS. 3 3 d 4
artbe epended substantially odepedtiicanisgh fioPeBsen ey gcan be
(stream 37 in FIGS., 3 and 4 and stream 33 jin_ FlI C? 5

t Hosbiied Suchatig thidtipiBg i dpRRg €¥PaRHEN FalKe oghgdemethanizer) and
m d-col umm feed point on the distillation colum. X

| nif therpaghly interaringleds Gierviaprts afd liquidsgyill px tagrthFTRaE Sthatate In
the portion of the separator vapor (stream 35 in FIGS.

3 apetdance math sherrelatiye3vpldtilitiey the Biriohy eumgtongts ¢fithgaioRy t o
heat exchanger 15. (This is shown by the dashed stream
Aecombpirfell G8kan®. Shetoesgimiggljngayher taaireanksg cqrehingdomithofontagiéng
liquid may be expanded through an appropriate

e xgp &asti aqrortehendf eepandedcireas 3am sbA prareongideredifoy thegurposes of this
expansi on machine, and fed to a m d-colum feed point
onintdn€onl astonbtitetirigom absirbingsqcsom.eam 37a i n Fl GS.

5through 8). Stream 33 in FIGS. 3 and 4 and stream 37

i oGS, 3 FHEDBghro8gm@yepidt Sectivmatisetdwens constrigtd gassingle
cool ing or other heat exchange service before or after

t heseX paoSl Dandg égpigyfiactiontidorf th@wis konstrocttdi@ two vessels, absorber
demet hani zer. [0077] In accordance with the present

i &Rtk Boluinh 27 Esenektigxirdrsapdratingfdevige raad bteippdr @distillation)
suppl enent the cooling available to the inlet gas from
ot QAIMPEM AR SEch cases, a portion of the distillation vapor (stream 54) is withdrawn

from the lower section of absorber column 27 and routed to reflux condenser 22
(optionally, combined with a portion, stream 55, of overhead vapor stream 50 from
stripper column 20) to generate reflux for absorber column 27. The remaining portion
(stream 51) of overhead vapor stream 50 from stripper column 20 flows to the lower
section of absorber column 27 to be contacted by reflux stream 52 and expanded
substantially condensed stream 35b. Pump 28 is used to route the liquids (stream 47)
from the bottom of absorber column 27 to the top of stripper column 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 20 in
-33-



streans may be enpl oyed, particularly in the case of a
rich inlet gas. The use and distribution of separator

wo pepaiosta7eand denet hani zer side draw | i qui ds f oPCPUSINESE79984
heat exchange, and the particul ar arrangenent of heat

eXGRANIBL S B% of AhiBhle VRS AR H&Qnma n%b@%?ka@@kesqcﬁ e%r

each parti ['ar ap FI cation, as wel as the choi ce of

fg@&gfag%ﬁgame&&fabﬁa%%acﬁltﬂagac exchange servi ces.

I rcunst ances nmmay favor using a portion of

tggmaf' d d1 bl b Eg%ﬁuﬁ%gf?vog%\&lﬂgm%@a%mggip%gsg@spof

absorber "co eat hange

p O‘f %ﬁl%HSt %rtree{%hn 4% thﬂ over a‘d s?re trrr1] Bg grgxl% f§act166?{a£ Ux? y(g‘%m? % y a

|qu ird trrom absor

gg@ﬁéfg@r %8{1‘{0 %‘P FE@ %jh gré%ﬁ%rg iggxggg?t?eltanm to heat
20.
sﬁ% %;%%'f Sorbpidgendiverf BT ’é%@gggi%% g phigid ek feam
20
oot hneore b R Eﬁéﬁqe%'aa? Jamsds ?}t r 'fﬁ%l %Oé%c‘{"i‘ ighe

20a of denet hani zer 20 or. absor ber co

aViAPaisPRaler vapog Sireuy %)e”ﬁ‘ﬁb‘i“’éf}\?? StfeéW&3 't W&Wdtt‘h %‘?& in

strl pi ng _section 20b (or stripper colum 20). [0079]
dashed stream53 in FIGS. 5 through 8, in

sone cases it may be advantageous to split the liquid

stIP®Em f r omA@éﬁqcakedpq&Hﬁr She digt! la@awwéﬁtrqaw ogthey C@aétned

two streams. A portlon (stream 53) can then be

s uypP Ergam 32 isiartiadly icppsientypd sad thie sesuliing Fondensatsiged rabsord

tower 20 (FIGS. 5 and 6) or the top of stripper colum

20vaRbIES:2 cpmppren®) C1 epninaaenssased haqeicr gagirogerty gw ith¢ apers

part of the distillation systemand inprove the

r ecsting theoagh ahsorbingeseeiop 202 dliddnrghanizer Hon deraughaabserher@plgmn

+ conponents instream 42. I n such cases, the remaining

palh iHaweist the pras&R inviesticip pdtilisdtet ¢o thiseﬁnth@pin@mt- It may be

absor bing section 20a (FIGS. 5 and 6) or absorber

c cddwantagedus; Fir GBtande, &nidea8Pnly p @OBO of theseompord anthes mynnér, or to

the present invention, the splitting of the vapor feed

mayse belyagoeivalof ghedndensseasanabsonsens .in taed Wierpotbaessies

of FIGS. 3 through 8, the splitting of vapor occurs

f odonsivérmgbne alidatecpodtivils sL£gpaK Glordt tid condanhshtt ghbutisbyphdsc h

may

absorbing section 20a of demethanizer 20 or absorber column 27. Some

circumstances may favor total condensation, rather than partial condensation, of
distillation vapor stream 42 or combined vapor stream 42 in heat exchanger 22. Other
circumstances may favor that distillation vapor stream 42 be a total vapor side draw
from fractionation column 20 rather than a partial vapor side draw. It should also be
noted that, depending on the composition of the feed gas stream, it may be
advantageous to use external refrigeration to provide partial cooling of distillation

vapor stream 42 or combined vapor stream 42 in heat exchanger 22.
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have been fornmed. The high pressure gas may be split,
however, prior to any cooling of the inlet gas or
wa@bdaoensxine cool ing of the gas and prior to anyPCT/US2008/079984
separation stages. In sonme enbodi nents, vapor
spljiting 0}
|]| ’}453" so gg’gerdg%(s) @é]r{dgcgég%ha{nrasx é@a?lg 1@%851Bm[5r8rbcﬁnuhet ?actors
eac

d GYB%I&&S?{(C g&/% i Qt];ogcc?gvg);k O)Ipaxg 5k d—ﬁ:ﬁ:'l—:inte 14 acg%eplcfzc%%gnt%lm an

s gonp 0sjt.io 0
e OBy D et it idr F?péﬁf‘?’h%a‘¥e§ : ?eawg'& F\ﬁg‘ugh
qua tity of horsepower, avail abl e.

P S e e B R %D@B%W STl Bualinl e
pomer recover ed Eron1the ander ereb rea
P PR B 81 A OISOV RGO PEnGHA %ampﬁﬁogiga‘)ﬁsgmay
feed lower in the colum re ces t he hor sepo
coW@HWbWP@ﬁ“BﬂF“Wé@“ﬁﬁyﬁuwgg d@“ﬁ?ﬁﬁh@?“Wﬁgkv%¢V4“$W3
relative | ocations of the m d-colum feeds may vary
de@@ﬁﬁ?%ﬁﬂon i nl et conposition or other factors such
as desired recovery Ievels and anount of id formed
duldPTy i nl etVhsadhealst gasds lemsFSerASHOT klyvip b@s %&né 4payinRkbe
feed streans, or portions thereof, may be conbi ned
delveiftidndn Bish eases, ithel faed ae coading é@camhwd dhbragerghnegisdd and
of individual streans, and the conbi ned streamthen
f et ind’1aSm add qu@@ﬂnmb‘mdtwlﬁwm Jroi0B P eniTE sengrabg @p shown
i nvention provides inproved recovery of C2 conponents,
Cinddafchibriugh 8afbe drszvidnet Wiydieow aebieroelsng serermtesthp &ed gas
amount of utility consunption required to operate the
pr moegsple Maps wiirdepadentthd nichoess of thy fesdiges prjani ize, available
required for operating the denethanizer process nay
apamimaenn etch ®cpardingai theghnoety op bewier hedjodartame mt the feod gas
conpressi on or re-conpression, reduced power
r espidi thefred pafpprssie tter cvaled fekdrsirepan Ata loaying leduoebangareklgy
requi renents for tower reboilers, or a conbination
t hEIGS0B thrp@h&FHAnd\hiHee oblbe stecatned2a 1daemp hdgsecabgal 19MakIGS. 3
are believed to be preferred enbodi nents of the
I NMRIN @not tHASIE asKlidli®@betdusd 18 abbiec i delvpbBG Ofbdcasse it is
t hat ot her and

above its cricondenbar), so that separator 11 shown in FIGS. 3 through 8 and/or

separator 14 shown in FIGS. 3 and 4 are not required.

[0076] The high pressure liquid (stream 37 in FIGS. 3 and 4 and stream 33 in
FIGS. 5 through 8) 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 35 in FIGS. 3 and 4 and stream 34 in FIGS. 5 through 8)
flowing to heat exchanger 15. (This is shown by the dashed stream 46 in FIGS. 5
through 8.) Any remaining portion of the liquid may be expanded through an
appropriate expansion device, such as an expansion valve or expansion machine, and

fed to a mid-column feed point on the distillation column (stream 37a in FIGS. 5
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further nodifications my be made thereto, e.g. to
adapt the invention to various conditions, types of

wo e@d/ 05274 ot her requirenents w t hout departi ngPE¢T/OR0081€79984
spirit of the present invention as defined by the

f oéh&legf.tx ?g nﬁ%@n%'i%@?e‘la% 43nd {tRaf BRERTS 3ft%u%h83may also

separ a gas stream contal ni ng nmet hane,

CoPANE AL ?nlet%% gog)ﬁgg Prgcﬁn% hed régcl%ﬁ%evéere\ﬁ ce OGP e

conponents | e resi gas fractron and a

r efl;)&%%arils\llo%l eplspgxl%gtov Ag\%ﬁ%&ﬁhg ezr'?etct%g{}m‘? ontaining a major

po on o onen conponent s, and

h ' hyd ' t
e, RS RO CATFRCERL A Bt R SpTmoRen
S

(a) .said gas streamis cpol ed..under, pr ure t

by BT B PR SR F U O BRR, forl fpprgprocess

expanded to a | owe .essure wherehy it .i,s further

codteats may e pYEt pfERGRGR HeCarEd et el Bitle e

into a distillatigon colu and fractionat.ed. at said

| oV DR e Rt S e GHaTeS 01 Tgpigior PRobSss hea

relatively |ess yokatile fractjon are recovered; the

| OV NERSRI FEIESIFIG! BOOP RGeS Eb i ate ne

streamis divided intg first and secoad ﬁtreans; and

( L AF avalyaied foseack BRI arapBlH R 35 Wehaviig ghoice of process

substantially all of it and is thereafter expanded to

s attigamy (s spgsHcdsa xchignes &HYicsSt is further cool ed; (2)

sai d expanded cooled first streamis thereafter

sulipT8led t o Seaic@irenaancesandoiave opineA paxtiop of thegpld distillation

m d-col umm feed position; (3) said second streamis

expandilsavingabsaibing sevieon 28 esahsprbergotimis27sigp pgat exghenge, such as

said distillation colum at a second mid-colum feed

podishédontreant 49 il Mo & threiabts;. [Aldobgnordy # perkied of thp timdd dam

froma region
absorbing section 20a or absorber column 27 can be used for process heat exchange
without reducing the ethane recovery in demethanizer 20 or stripper column 20, more
duty can sometimes be obtained from these liquids than with liquids from stripping
section 20b or stripper column 20. This is because the liquids in absorbing section
20a of demethanizer 20 (or absorber column 27) are available at a colder temperature
level than those in stripping section 20b (or stripper column 20).
[0079] As shown by dashed stream 53 in FIGS. 5 through 8, in some cases it
may be advantageous to split the liquid stream from reflux pump 24 (stream 44a) into
at least two streams. A portion (stream 53) can then be supplied to the stripping
section of fractionation tower 20 (FIGS. 5 and 6) or the top of stripper column 20
(FIGS. 7 and 8) to increase the liquid flow in that part of the distillation system and

improve the rectification, thereby reducing the concentration of C,+ components in
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of said distillation colum above sai d expanded second
streamand is cooled sufficiently to condense at | east

w@2ans210f it, thereby form ng a residual vapoPCHUS®AS079984
and a condensed stream (5) at |east a portion of said

Coﬁrrgsgasd &Eﬁ@d}%g ﬁqg%rr?&rhlhggom? g%&in dbSit bidpftd BMhe top of

an overhead vapor

Ztaggec‘?r niggecWoBQ SfSr 31@629({5{)9 %r égﬁ%n% (ﬁfG§a/'a‘Ed 8).

] | onhco gﬂ an S Into eat exchange
re on
e[grl?sgo t \|'I1Me§ ezbc%grlfi%nc\é S&pt%rthe llarggcfr m@?{n‘ﬂ&p thc‘et tpﬁgiﬁlg gfﬁire vapor feed
f d
| gy bereh acm Rt é#"eﬁw IE UG bt W@%@% el 8, e
olatile rezldue

QuRites peLohie itk i CEp s 2 Bl Mg mey

i st Iunn are effective to ma

oﬁ‘*@wﬁg oo B BB PFILE T SESTHMEReT Bmfrﬁ%awos?“g

erat ure whereby the tiions of th

slet gesioRa %r.t'a: o s §rs PRARG3F i et iues I
are recovered. 2. In_a process for the separation of a
gaeneterr@awfr@aﬁt\aamr WY IR Re ST WIRBSHSY; 3

onents, and heavi er hydrocarbon conp onents |nto a
voll0 i e redivdllelsghs reparitadshpt %delét‘Y%WPV(eﬁ §ed faund in each
vol atile fraction containing a major. portion of said C
c orrprshiehths, spiita aperprsneitidspeny 8 Sﬁ\@af\} ifastor yrpuingrags pressure,

conponents or said C3 conponents and heavier

hyfgebeaachonosiinmmpbaempynt of heaphich cit esepaBicglly) besexiracterhfom

streamis cool ed under pressure to provide a cooled

stthe &y, ahb Yhespiputity obhasstpsveraaniable. Mpafsd do the tap dfdger

pressure whereby it is further cooled; and (c) said

f ueclimer mep Dkedsestecremihiledigrensingdoivar igceyertid Siont thapxrender

colum and fractionated at said | ower pressure whereby

t hiberebyrinorresitsthofecempmssion 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.
[0082] The present invention provides improved recovery of C; components,
C; components, and heavier hydrocarbon components per amount of ufility
consumption required to operate the process. An improvement in utility consumption

required for operating the demethanizer process may appear in the form of reduced

power requirements for compression or re-compression, reduced power requirements
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relatively less volatile fraction are recovered; the
i nprovenent wherein said gas streamis cool ed
wa@jobosiient |y to partially condense it; and(1l)PGHUS2008/079984
partially condensed gas streamis separated thereby to
Prvd ight feBRTH Mo Pleqhif@ihiqB ol bOUbdieRt H6AM
(Q?Mégﬁn 3§§%$&¥%F§aﬁgys tﬁ€%85 tersdivfded info first
a ans; (3) said first streamis cooled to
cgﬁgﬁﬁégagﬁ%%§§ntially all of it and is thereafter
expanded to said |l ower pressure whereby it is further
cool ed; (4) said expanded cooled first streamis

thereafter supplied to said djsti|lation cqlu al a
fi1P888 i d- c Hfhilatherscliaye Berdy descgine W(VI?)t aéea‘?ege‘éegé%ﬁgp@{ﬁfrsﬁm
I's expanded to said |lower pressure and is supplied to
s mbodiments|of geiloyenten these selled 18 BEGHIV OBy FUMA Fheaand
position; (6) at |least a portion of said at |east one

| i Tyuhe modifisatiqns snag bp dnde Betctp: §&i @ alaidic IpYeasan o aE
is supplied to said distillation colum at a third |

i cgndit Pnpniyp¢sead dead oei athes Fequirgmends wishsot deppging [fiogy theppirit of
streamis withdrawn froma region of said distillation
c chupmseabbvention ptidadinpd g felpdraklamseam and i s cool ed
sufficiently to condense at |east a part of it,
thereby form ng a residual vapor stream and a
condensed stream (8) at |east a portion of said
condensed streamis supplied to said distillation
colum at a top feed position; (9) an overhead vapor
streamis wthdrawn from an upper region of said
distillation colum and is directed into heat exchange
relation with said vapor distillation stream and
heated, thereby to supply at |east a portion of the
cool i ng
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of step (7), and thereafter discharging at |east a
portion of said heated overhead vapor streamas said
wa etoanslies resi due gas fraction; and (10) the qRERUS100€679984
and tenperatures of said feed streans to said
distillation colum are effective to maintain the
oWEHdgdM enper at ure of saiddistillation colum at a
t enperature whereby the nmajor portions of the
conponents in sajd relatively le v [ .
are recover &d. Sf.nalpﬁo%essp%roﬁglgégpaf%ﬁnto ﬁ‘lég%esggarng%?lggﬁﬁlgg a
gas stream cont ai ni net hane conmponent C3 .
TR T R e e P
vol atjl e residye gas fraction .and a. atively.less .
vordiits Esiiioet HantEont rrng et Brlegpe bt S5 meer
a8 5 e e o LSS LD nponens
hydr ocar bon conponents, jn which process (a) .said gas
st éaiGe SoRBYIeat A a@wwblﬁ&%ﬂ@rb@ntcsmﬁwmsdé “2@\“@&6?0&%6
stream (b) said cooled streamis expanded to a Iovvgr
pressure wher eby(@®t 8idg3s piFEM 18 BN ndIgRIeE Wy [aReyide a
further cooled streamis directed into a distillation
cotogled sEeAiN:f ract i onated at said | ower pressure whereby
the conponents of said relatively less volatile
fraction are rec®er egid qoplsd pigsnoiy EmsAtedip @ I RY S PEaTwE
gas streamis cooled sufficiently to partially
c owlakeehydt isfurthgnepolet)) anshai d partial ly condensed gas
streamis separated thereby to provide a vapor stream
and at |east one(c)i quiaid futthes gpgleq Sticamas dirogted dirto 8 distibation
is thereafter divided into first and second streans;
( olgmi shdffractonastdragsaid losver petsureexhewdby ttheatomperssts of said
portion of
relatively less volatile fraction are recovered;

the improvement wherein following cooling, said cooled stream
is divided into first and second streams; and

M said first stream is cooled to condense substantially all
of it and is thereafter expanded to said lower pressure whereby it is further cooled;

2) said expanded cooled first stream is thereafter supplied
to said distillation column at a first mid-column feed position;

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

4 a vapor distillation stream is withdrawn from a region
of said distillation column above said expanded second stream and is cooled
sufficiently to condense at least a part of it, thereby forming a residual vapor stream

and a condensed stream;
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said at |least one liquid streamto forma conbi ned

stream and said conbined streamis cooled to condense
waoiwsosnvd al ly all of it and is thereafter expedmEs200$079984

said | ower pressure whereby it is further cool ed; (4)

sai d expanded cogl ed i . St 9%m beLeafti®Luonlied t

supplied at a fi it rﬁ?%-cglqﬁﬁlr@foge p(glgfxﬁsi ont to 1sau|p8 e

di stil.lation colum; (5 [ d. second streamis expanded

tosa%,dacll%ﬁ%c\)/\’}e%o u&ne%gﬁépe}egigésggﬁéuppl ied to said

di stillation col at a cQn 1 d-col u

0 et RGP g LR o an pover

position; (6) any’renaining po sal
one |liquid streamis ex ded .sai.d | ower pressur .
argeirg e LG Durh g S st B bt BRSY hft i
m d- col.ungn .feed position; (7 vapor distill.ati .
SRt shrRane i by ol P su g arraBh pPls eogtine
col um above sai d expanded second stream and js coo| ed
P B o TR e Tt Brited el Fifor
thereby form ng a residual vapor streamand a
co%ﬁ@é‘ﬁ@é%?‘%i’?l%tgﬁfes’(d!ﬁ gastiracls "G portion of said
condensed stream.is supplied to said distillatiqn
colum at a top féed {Poeyantitss and Wpﬁﬁt%?ﬁé%fﬁ@%eeaéﬁ?ﬁms to
streamis wthdrawn from an upper region of said .
di id distRletiemeodumnarp cHprdive b mpip@iythgoyortead aweragke Absile
relation with said vapor distillation stream and .
hedistdldtion ¢ndyrabgt atempergpieyvhgrebly diegpajar posians ghthg compnents in
cooling of step (7), and thereafter discharging at
| ematrelatipady tesovplasile Gadtign Asacwderod.er head vapor stream
as said volatile residue gas fraction; and (10) the
quantities and tbrmeesuioethestpasaiod of @edb syeane egriaining
said distillation colum are effective to maintain the
oveetheadCi empenattyuCe cohpagitd, aid Sedvidr aydroearew] agmporgntsgnto a
t enperature whereby the nmajor portions of the
c onpwitensidud gasdabtibnraat atréletelely lessslatilsl fectiprecdntaggng omajor
are recover ed.

portion of said C, components, C; components, and heavier hydrocarbon components

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

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

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

© 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
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4. In a process for the separation of a gas stream
cont ai ni ng net hane, C conponents, C3 conponents, and
wheawiosa17hydr ocar bon conponents into a vol ati | BCT/ES1008/€79984

gas fraction and a relatively less volatile fraction
contai ning a ngj parti on. [
conponents, and ﬁzavisglrd p%@@?%%%ﬁﬁ%ﬁ g%%%gﬁ%ﬁ%?t%gieﬁby
C3 co nents and_ heavi er r components, in
V\htf’@ﬁorvrgcféoacvég%r(sgrfan% RS Osf\é?ig‘%%%l{rga%gool ed under
pressure to provj,de a_coaqled stre sald. co
streamis expand@g t 0% VIaB\’/ﬂesPreaffl]r lesggglf?agg \)A%Izlr%g%i}&? ?‘lsfés%d
further cooled; and (c) said further cooled streamis
di FERYSHA 0 a distillation colum and fractionated
at said |l ower pressure whereby the c onents of sai.d
relatively |ess @gl atsia’ldg‘}?trsg‘c’:%‘? bq'r?o‘éngt C@B‘E?Pé‘? %‘g’,Sta‘EtWL]y all
i mproovenent wherein follaowing coolin ai.d coql ed
o AL S SEPAHRAO 1A VoA RSB B tlfléiﬁlf@‘,er &0k
(1) said first streamjs cooled to condense _
substantial Iy al(®of s expapdpdeqolpdriusiesiream spetsadissupplied
said | ower pressure whereby it is further cool ed; (2)
saliegaid giseon cebyneda first gud-eelpan fiel §OHHUE eaf t er
supplied at a md-colum feed position to a contacting
and separating devi cesaidragong seenitis sxpanfled tesaig\qyres gEcgsure
vapor stream and a bottom|iquid stream whereupon
saand ibipplded th szd digtidations geluing asupsPidamideeeluan ged position;
distillation colum; (3) said second streamis
expanded to sai d(6) oweat lggstagortica camld pidleastips liqul strgam is
said contacting and separating device at a first | ower
c odxpanefl eechidlowit presspre @dd isauppdicd trosagldstHiation dpwor at a third
streamis wthdrawn from an upper region of said
di mtd-ddhain foad pohtioom and is supplied to said contacting
and

@) a vapor distillation stream is withdrawn from a region

of said distillation column above said expanded second stream and is cooled
sufficiently to condense at least a part of it, thereby forming a residual vapor stream
and a condensed stream;

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

) an overhead vapor stream is withdrawn from an upper
region of said distillation column and is directed into heat exchange relation with said
vapor distillation stream and heated, thereby to supply at least a portion of the cooling
of step (7), and thereafter discharging at least a portion of said heated overhead vapor
stream as said volatile residue gas fraction; and

(10)  the quantities and temperatures of said feed streams to

said distillation column are effective to maintain the overhead temperature of said
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separating device at a second | ower colum feed

position; (5) a vapor distillation streamis w thdrawn
wo e@ase1r£gi on of said contacting and separ at i PQI/US2008/@79984

above sai d expanded second stream and is cool ed

f0,Cl. I tof e .
RGPSyl 5 SOPRERRE kSR B i componcsi
condensed, SLLeAMON b, hagshyogortion of said

eam s supp to said contacting and

separating devicg at a t feed position;. (7 [
first overhead v owo%efsr{ég}%eisgparllrorelg{r%gasisﬁé%g ﬁéngél%ng

exchange rel ation with said vapor distillation stream
A fac e Gacongari - MRS RPy I fe i By dracatin OBt theo o
the cooling of ste ), .and t hereaf. di schargi ng_at
| elitleresidi 87 PSRN fﬂ@a‘iﬂ&deﬁVP@%JB?{F&P%%%%\VE%? major
streamas said volatile residue gas fraction; and (8

£ PRI e SOBARNCRErgeroRPaREs: 310 heat e PEER D S nents
to said contacting and separating device ar ,%ffect ive
t OrFAid A APHPIE!S 30 R iH hYBARIERCR COMBONISS A veich process
contacting and seg)ar ating device at a tenperature |
wher eby the maj of®) porseldgRs sERM ik eodghdranes e o Rgvide a
relatively less volatile fraction are recovered. 5. In
a poldesentor the separati on of a gas stream

cont ai ni ng nmet hane, C conponents, C3 conponents, and
heavi er hydrocar 69n ceifpepEasiscamis gxpandest tagilower Pesititie
gas fraction and a relatively less volatile fraction
conhatlyiing ferthenpantedpand i on of said C conponents, C3
conmponents, and heavi er hydrocarbon conponents or said
C3 conponents an@)heariddurthyy dpdedstisem isdimytnddiip ¢ distifation
whi ch process (a) said gas streamis cool ed under

pr edsur and feacporendddie sad oot pdssaterveznby () cosmotentod]seid
streamis expanded to a |l ower pressure whereby it is

f uretanecly oot @atjle &adion are recovered;

the improvement wherein said gas stream is cooled sufficiently

to partially condense it; and

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

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

“) said expanded cooled combined stream is thereafter

supplied at a first mid-column feed position to said distillation column;
47



(c) said further cooled streamis directed into a
distillation colum and fractionated at said | ower

wEe@snsred wher eby the conmponents of said rel at POEUS2008/079984
| ess volatile fraction are recovered; the inprovenent

wherein said gas 5Zt r %Q]@séﬁgq%%aﬁpis %ﬁa ahd&l t? P:Lh YoweP pressure

partially conden sail d rtia condensed

Sta?lngt rﬁrugﬁbed 10 sz]l l@{t_)lﬁxg (%IUI%{] gggy se &d%lﬁ Fg.l?mafeé/(%%%ftxon
streamis ther eIa@S felr ( gi/ yeln?a?nqn ) ngrpon s 1d§§[égst%gg§(21n%sétream

streans; (3) sa 'S c00 0 con
subst ant i al
ot eyt e B Bevmis DR soprled %) SR D EEERAURA ol i
sai §§H5€<gpcooled first streamis thereafter
sUpigree H8%col um feed position to a contactlng
and separating d V|ce t hat  produces a
vapor stream ano( A b&t‘iaB%q ?‘tﬁlﬁ’i“lf %‘F?‘BM“%% E%ﬁreglon
said bottomliquid stream i lied to s
di pif distillgien ey OY%)a‘dseéP%P %@% Py %&E?f@é?ﬁ iS§OO led
expanded to said | ower pressure and IS sup dto
s auficdaHy éﬂ:?qf‘ﬁ‘a’séﬁ‘dea:%?)%‘ff I &CEFQM fuminga rSS"F“P LEPor g
colum feed position; (6) at least a portion of said
atanf @ggrdeased siPagtii d stream i s expanded to said | ower
pressure and is supplied to said distillation colum
at a nid-col urm @eed 3plssitripertion Of jaidicapdensadistipeyinampglicd to
vapor streamis w thdrawn froman upper region of said
di sidi ditdleiiorcobsinai temiged Bosioppl i ed to sai d contacting
and separating device at a second | ower colum feed
position; (8) a @Waporandiverhédd vaporsireann rsegithdrasyvnfirarh a BRus
froma region

region of said distillation column and is directed into heat exchange relation with said

vapor distillation stream and heated, thereby to supply at least a portion of the cooling
of step (7), and thereafter discharging at least a portion of said heated overhead vapor
stream as said volatile residue gas fraction; and

(10) 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.

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

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

or said C; components and heavier hydrocarbon components, in which process
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of said contacting and separating devi ce above said

expanded second streamand is cooled sufficiently to
w@owdesaed at | east a part of it, thereby form PQI/ES2008/079984

resi dual vapor stream and a condensed stream (9) at

least a portion qf sahg LORIRRSEORNLAMT I RURRrb GGk o

to said contacting and §eparat| ng device at a top feed

pocsgﬂ%i g)tp'a;n,lo) said first overhead vapor streamis

diFREY &Mt 0 heat exchange relation with said vapor

distillation stream and h t.

| east a portion @? tﬁ%’ggg(g?% Sﬁ%a%lflpé{[)g%%?g? %gﬁgb%ssg;e

thereafter .djijscharging at |east a portion of said
heeERY #i % girehS’i/Cé’P[?ga%’gvapor stream as said volatile

resi due gas fractjon; .and 11) the quaptities and.. .
tenperatures of Ghid S?‘gglﬂ'ﬂé’f ?Oga:\%g?%n §a lrﬁag%m?%%fhls%lbatmn
and separating device are effective to maintai he

o ERHBR CBRCRE t oSt EeAAELY 5 "R CERAT 307 ng
devi ce at a‘wg enperature whereby the major portions of

t HelalGhplsiretptail fracligh greferxe el y | ess vol atil e

fraction are recovered. 6. In a ?r OCess fﬁr thg
separation of a HaERPYESH Wgﬁ?‘ai HfomdnensopHag sa1d gooled stream
conponents, C3 conponents, and heavi er hydrocarbon
conponent s isiiided wigIfigtian@seeend Wigamya8d fr acti on and a
relatively less volatile fraction containing a nmajor
portion of said @ corpdietissecands cedehigrrapdesse wgantially all
heavi er hydrocarbon conponents or said C3 conponents
arid ithad s therediipd pxnendaddm said lppsneigsssre wherehiich fipthecesked;
(a) said gas streamis cool ed under pressure to

provi de a cool ed23t r saimexpdnyledsepoted ot Iseehsis theagnitprssupplied
expanded to a | ower pressure whereby it is further

c ook ed¢-celnuin fe) pssitich fourcohiestingod expastinedanideghagiproducasd
into a distillation colum and fractionated at said

| dwstrovprheskwaper sivasn etd/a bétencliquidbsieanswhdrewpah daid bottom liquid

stream is supplied to said distillation column;

3) 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;

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

(5) a vapor distillation stream is withdrawn from a region
of said contacting and separating device above said expanded second stream and is
cooled sufficiently to condense at least a part of it, thereby forming a residual vapor

stream and a condensed stream;
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relatively less volatile fraction are recovered; the

i nprovenent wherein said gas streamis cool ed
waedobjosalient |y to partially condense it; and (1pCHEBZH08/079984

partially condensed gas streamis separated thereby to

provide a vapor &' eam.and o8lioh SA%id QiBerst Mlcm ! £ to

(2) said vapor eam1s ereafter ed into

\%-nsgilqscggtg ntgxgza%crl see%grsé.ti ég’gwcsé%'t gtofipi:fgegltpo?ih&?am i s conbi ned

a‘portron o a east one liquid
streamto form omyi . strea nd ' '
streamis cool eZU 0 c?%lﬁggﬁg‘éers% g gorgts?raﬂgdgr? doiigﬁ)lq}eat
and is thereafter .expanded to said | [._pressure
atreraDgt RRUPE Wi SRR 6T ut R g B URSEN € suppi
caonbi ned streamis thereafter su ied at .a m.d-colu
£ deit peiicn hing tolng BREsH At SRR The e R Mgt Destioh
that produces a first overhead v c]r.str. am ar}d a
G BUTP PG TE: SerEsh aPaF e G0 S AT e 1B e LB ET ey and
streamis supplied to said distillation cqlum; éS
sai d second stre@m i $hegj3aliisant Gmeseyres d fred segms to
and is supplied to said contacting and separating
deseidsentagting apg peparafipgdeviCEILFHECH el NHgYHR tsrpverhedd any
remai ni ng portion of said at |east one |liquid stream
i JeraRgyatniged said ceniacling andeserBriEngsigrise ardemgeratysorhcedpy e
said distillation colum at a m d-colum feed
posdjern pontions pY thg cempengaits dveidhistativela ey vadatiefpgtios are
wi t hdrawn from an upper region of said distillation
cokepvarednd i s supplied to said contacting and
separating device at a second | ower colum feed
position; (8) a Mmapwocesi ot the keparatinn of & gasriram gintaeingwn

froma region
methane, C, components, C; components, and heavier hydrocarbon components into a

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

to partially condense it; and
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of said contacting and separating devi ce above said
expanded second streamand is cooled sufficiently to

w@owdesaed at | east a part of it, thereby form PQI/ES2008/079984
resi dual vapor stream and a condensed stream (9) at

| east a portion g sas' 4 Spféﬁfaaﬁg@&%gnsgé bR isssgga%tiafgggby

to said contacti fin ice at a

N dif é’&(}"g% avﬁl{)%r %gantl an at das e g? @qtré/a?fPOY streamis

exchange r ation with said vapor

d| stillation str & %g Vggﬁ% Sﬁr%d“?) fs'% eal%%r @%déé’l%? HrsBnd

| east a portion
therc@gfter di scharging at |east a portl on of said
heft ¥ SFFAEY over head vapor stream as said vol atile

{emper at br s of Ghid %@Bﬂsé%%%g#@%w%é‘E%Q%aﬁeesw%ﬁtway ll

and _separati ng devi are effective to i,

oV BRG BER STRPOSd ST < BIPG: ViRaF B SRt o1
device at a tenperature wher eby e ma or ort| ns of
the conponents i sajsaid reéP%{‘ldF‘?/%qOéFdle%@ 7ol tﬂi’elr%a er supplied
fraction are recovered. 7. The inprovenent accordin

t At e nHfgp rmnz’eeddxos@owwwmcrzs)ané SFRaTab0e Ahdesdh MMPCCS a
streamis conbined wth said residual vapor streamt o_ .
f ofirsh eredesbyanetstigap and & beteuniiauis gfrean) WhePepop B ibpkem liquid
vapor streamis directed into heat exchange relation

wi stiqars ad syppliégdde said distilldtign c@amst r eam and heat ed,

thereby to supply at least a portion of said cool i ng

of said vapor di&bil |saidiseepndsiresanis capreidediesaidfqver pressure
di scharging at |east a portion of said heated conbi ned
v aqudris sippléelity aad saitatting hiat sepaatinggiedige atgpalerstflpwertdobumn ged
The i nprovenent according to claim4, 5 or 6 wherein
(lpossiahd first overhead vapor streamis conbined with
sai d residual vapor streamto forma conbi ned vapor
stream and (6) at least a portion of said at least one liquid stream is

expanded to said lower pressure and is supplied to said distillation column at a
mid-column feed position;

) 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;

&) a vapor distillation stream is withdrawn from a region
of said contacting and separating device above said expanded second stream and is
cooled sufficiently to condense at least a part of it, thereby forming a residual vapor
stream and a condensed stream;

% at least a portion of said condensed stream is supplied to

said contacting and separating device at a top feed position;
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(2) said conbined vapor streamis directed into heat

exchange relation wth said vapor distillation stream
wa@paohsAared, thereby to supply at | east a portPORUS$008/079984

said cooling of said vapor distillation stream and

thereafter dischapging I rbb Qi QfireSad fio heat

heat ed conbi ned @ggogglgf}{rrgé)%égésadgrgpﬁ S&(E) a{Si Ilrg resiodueg

gas fraction. 9, The ] rdi [

2. exsleanée (ﬁ}ﬂaglpré ] tt\ ﬁuﬁ vaﬁo%{sgggﬁ Q{rea%? &y }%Hég, tfxé?eth t8 IS%E;E# at

1
I'n a second vapor distl atron’str

2, 618" a"Second vapor distiTlat

ééﬁ%“tm% o Bt R BERGRD b Rl PRl Bl LR bt TEn
istillati t [ nbi ned .w th.said .va

ai erpie DGR of BFanaS o ek Rt TR 4 RRAS

stream (3) said_conmbjned distillation stream.i
cool ed suffi ci en‘(lﬁ%/ £1B° AT 2ad pleré'lg‘g?s f S%?fieas%’eai"%sfo
thereby form sai d residual .vapor stream and,saj d
c RS BE M PR ATRArLRE AP ASe s Bl HRAED Al LR am
is directed into heat exchange relation with sajd
c IRmPFayret stif cPHRGtisA 2eq $eBY Vig&at "’e‘ﬁf“p?rﬁ%‘Fee‘er‘?bg the
supply at least a portion of the cooling. of step (3),
aﬂaalﬁh@f@a’lstoéFhe&P@é%ﬂji“h@a‘%’telqt‘é‘égt‘esé‘”g%f'l? i8R S ai d
heat ed overhead vapor stream as said volatile residue
galscqverdt i on. 10. The inprovenent according to claim
1, 2, or 3 wherein (1) a second vapor distillation
stream i s wbt hdr Bvrpregesioathe sepagaiion T & g3SEeRns £9NHANE on
col um bel ow sai d expanded second stream (2) said
vapeahargi €1 ¢dniranérgh Cs cerepanents, and hpdvis &y dioeaibasiompeassitrato a
vapor distillation streamto forma conbi ned )
di etlatil¢ mbidongas firaetéom and 3yelatiiely lesvolatiedradiion ¢anfagtingpnhmajor
streamis cooled sufficiently to condense at |east a
papdriiaf ofistid (G kempdnents o ndonposaitsl andlwiavignltyduapidpn sempoaants
and sai d condensed stream

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

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

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

(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
(hH said partially condensed gas stream is separated thereby

to provide a vapor stream and at least one liquid stream;
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(4) said overhead vapor streamis conbined with said
resi dual vapor streamto forma conbi ned vapor stream
w@eaoO176ai d conbi ned vapor streamis direct eRCT/NS2908/079984
heat exchange relation with said conbined distillation
stream and heateg, t t R, hi€ash in® first and
portion of the cggl i Egﬁg?}!%rtsega%?% ,&%ﬁ%rt]her eiaftelrlrs o
dissegor}j%rsgjee&gs' at | east a portion of said heated conbi ned
vapor stream as said volatile residue gas fraction.
11. The i nprovengnt [ ' : :
wherei n(1l) sai dngzcoﬁsgﬁg%ge{rs gaé%%sctglrnggﬁa iégth fl\?%aegoﬁnﬁ? gf
a se d vapor distillation stre and i rd v
di sgtcf q? Fegﬁtiogg ?1%1%18 étéer%m to,form a combme%.rggez%rﬁi a?{%ts@g B(g?%glpdog’tream

ereupon sai
distillation stre 1.S,,S ied.to sakd contacting,and
s b araed i Sthebr i dny HP 8L R PoblheSPArpY A
posi tion; .sajd vapor distillation streamis
c&fﬁﬁsw&dw\ﬂ(%gﬁlté%\#“&h?ec&{% vapor distillation streamto
forma conbined distil]atio tream (3) .said cqnbiped
distillation st rgéim i%‘dc"ﬁB‘fr@B‘? %qj)?%l Cé’l’é?ﬁ%zij yEeg? ’ég}?ﬁf}é‘ﬁ%re
at least a part of it, thereby form ng said residua
v aOP et B F- Sl fed PETHRICREGaMET SN SRARIp&TeVcK
first overhead vapor streamis directed i nto heat .
exTRSHTEE? Fiist anerhsad WaPORstEamAng 8 BiioTR Hawr stream. Afhpishpon said
stream and heated, thereby to supply at |east a
poratiosriaqyid teem éowpplirg 1o said disiilation cOlyny; t her eaf t er
di scharging at |east a portion of said heated first
over head vapor st eaneislsseenaidgtread ekpaadedioisgid dovia gressure
fraction. 12. The inprovenent according to claim4, 5,
orang isvepkddrio ¢4iY cemcting encbistaraningr desind aist firsElavprscolumn feed
di vided into a second vapor distillation stream and a
t hpasdiowapor distillation stream whereupon said third
vapor distillation streamis supplied to said
contacting and sépar anymgnaeug pertian obaidht dastond lifwdsiream

col um feed position;
is expanded to said lower pressure and is supplied to said distillation column at a

mid-column feed position;

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

(8) a vapor distillation stream is withdrawn from a region
of said contacting and separating device above said expanded second stream and is
cooled sufficiently to condense at least a part of it, thereby forming a residual vapor
stream and a condensed stream:;

9 at least a portion of said condensed stream is supplied to

said contacting and separating device at a top feed position;
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(2) said vapor distillation streamis conbined with

sai d second vapor distillation streamto forma
w@eoshiosads di still ation stream (3) said conbi NRBAI/US2008/079984

distillation streamis cooled sufficiently to condense

A oncast 2 part b)) iSOl B4 bifEs) fihea

vapor stream and sai d condensed stream said first

OVSJc;f?a‘%gg ref A8 Wihlshid %gfédrzl gﬁgmn ?rgaMJJheﬁéh,C{hérgt;{qtg %géply at

vapor reamto form I'ned vapor stream

sai d. conbin v r [ [ ' -
o0 EPEY ST he B GRS el e bR df Bt poron
stream and, heat e her e to supply..at | .
o ERBeRr PREDEHsn NoEeabs SPaFO R G R Prtons and
di scharging at | t ort.j.on sai d heated .c ine
vapor stream as égfd @%ﬁ‘gf’f’{% ap‘ggel%ﬁléaglﬁfés’soa}%?lgg?ﬁggﬁ?amsqo
13. . The i nprovenent. according.ta claim]1l, or, 3
whIBECRIENE D8 STPAC A RSB FaN o HT R Fied! a

|l east a first portion apd a second portion; (2), said

f PEPeT §1GH] PRSI PR TP a0 oY PR S Ry
at said top feed position; and (3) said second portion
i smajappArtie of BresampoNsn SR fa@fe?a&ﬁela it tipladle fraction'are

m d- col uim feed position below that of said expanded
selépNaedt ream 14. The inprovenent according to claim
7 wherein (1) said condensed streamis divided into at
least a firdt poFkqBraisoent asesding tpdpify br: of2Yyhegn d
first portion is supplied to said distillation colum
at said top feed(lposiseidsnyerhgativapgystisgin ds warnsd Withrseidon
is supplied to said distillation colum at a

mi wgsided! yaner flecan tpderint 4 eyntieddoparistieansfandai d expanded

second stream
(2) said combined vapor stream is directed into heat

exchange relation with said vapor distillation stream and heated, thereby to supply at
least a portion of said cooling of said vapor distillation stream, and thereafter
discharging at least a portion of said heated combined vapor stream as said volatile
residue gas fraction.
8. The improvement according to claim 4, 5, or 6 wherein

e said first overhead vapor stream is combined with said
residual vapor stream to form a combined vapor stream; and

2) said combined vapor stream is directed into heat
exchange relation with said vapor distillation stream and heated, thereby to supply at
least a portion of said cooling of said vapor distillation stream, and thereafter
discharging at least a portion of said heated combined vapor stream as said volatile
residue gas fraction.

9. The improvement according to claim 1, 2, or 3 wherein
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15. The inprovenent according to claim9 wherein (1)

sai d condensed streamis divided into at |least a first
w@erviosai7and a second portion; (2) said first POFUSIN8/079984

is supplied to said distillation colum at said top

feed position; (3) riion..i 4

to said distillat fon arseqon o%d gapao?ﬁgaﬁiatﬁg s%r%a?rpls V\?thﬁ%% f}o?rga
posi.tio 0si ti on

P RSkt S Pl T e (f“éi‘ﬁ"g%’P b PR o ona
vapor distillati str.eam i .. 16, . .

i mpr ovenent accd?gindm§8m§V§F lﬁﬁmﬁﬁgWéPﬁoTETaggﬁgsmd
condensed streamis divided inta a first

poFEdn Ha%m&lsa?ag@ea%ﬁ"b@rf%ﬁCO%dei%?tﬁlaP?’} Sﬂea*abrt i on

I's supplied to said di t|| ol unm at, sa :

feed position; dAd (3 §%W m‘£@8ﬂ “B%?FWWHSFg)gﬁﬁBE#QHY

to said distillation colum, at a md-columm feed
pdaFendstee aslens 2 R O tibI AP YHTRERNH YT 1o igHe! papggirya and said

substantially the same region wherein said second

v EPBtengRdSEIion streamis withdrawn. 17. The

i nprovenent according to claim4, 5, or 6 wherein (1)

sai d condensed st} eafifverheaddapprisheasn &tdlqe%tﬁ%tm%h@ﬂ r st
portion and a second portion; (2) said first portion

i exehapgt ielagion with said cerpbinestdistilgtiomercamsas heatedy thgesby gwsupply
at said top feed position; and (3) said second portion
i st Sapplpogwnodtheapelingi of ptep (Rt dnd rthesesifigndischrgingra fastaed
osi tion.

P portion of said heated overhead vapor stream as said volatile residue gas fraction.

10.  The improvement according to claim 1, 2, or 3 wherein

) a second vapor distillation stream is withdrawn from a
region of said distillation column below said expanded second stream;

@) said vapor distillation stream is combined with said
second vapor distillation stream to form a combined distillation stream;

3) said combined distillation stream is cooled sufficiently
to condense at least a part of it, thereby forming said residual vapor stream and said
condensed stream;

4 said overhead vapor stream is combined with said
residual vapor stream to form a combined vapor stream; and

(5) said combined vapor stream is directed into heat
exchange relation with said combined distillation stream and heated, thereby to supply
at least a portion of the cooling of step (3), and thereafter discharging at least a
portion of said heated combined vapor stream as said volatile residue gas fraction.

11. The improvement according to claim 4, 5, or 6 wherein
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18. The inprovenent according to claim8 wherein (1)

sai d condensed streamis divided into at |least a first
w@erviosai7and a second portion; (2) said first POFUSIN8/079984

is supplied to said contacting and separati ng device

at said top f eedg?gsggiidggﬁopgggerﬁe%)i S @anis%?\ﬁ@éaqntegrsgéog@

is supplied to s IstrlilTation colum at a top fee

it 00.,.19. .The | . [ i .
\?\A?V%IP%FI q%s?xil)at:}%nasltrgarg a}u%) oY Srggc{}trdlesgﬁ]&?&éxdsg?eg? ,&gmgf:%uﬁlt)xgéaicg'thlrd

i condense
I t first y . ion:.. said._.
1ot G gl Rgh s B RATl y? ERRTE Rl ek @b

s lee e PR oo B ppl Ted To bai d di stillation
o o8O e Ry e LA s
gtg}ir?:ac jﬁtgtgdijs:éhgt?cgf\:}jrgééfogiomll %%g&g@g{ (]!iirétﬁhltigr? g%%g,pl ggdt g
0 contact 10 200 S AL P R AL PR L85,

said distillation colum at_a top feed position. 21 .
! o @Andepisat letis PRGB! (tHECTSBpRMNE GH G4 gaBoraTFism fRd said
cont ai ni ng nmet hane, C conponents, C3 conponents, and
hewpiesedyigrscadbon conponents into a vol atile residue
gas fraction and a relatively less volatile fraction
contai ning a maj @ poeidifes oserheadi vape step drfbiseigd ingggheat
conponents, and heavi er hydrocarbon conmponents
exchange relation with said combined distillation stream and heated, thereby to supply
at least a portion of the cooling of step (3), and thereafter discharging at least a
portion of said heated first overhead vapor stream as said volatile residue gas fraction.
12.  The improvement according to claim 4, 5, or 6 wherein
(D said second overhead stream is divided into a second
vapor distillation stream and a third vapor distillation stream, whereupon said third
vapor distillation stream is supplied to said contacting and separating device at said
second lower column feed position;
2) said vapor distillation stream is combined with said
second vapor distillation stream to form a combined distillation stream;
3) said combined distillation stream is cooled sufficiently
to condense at least a part of it, thereby forming said residual vapor stream and said
condensed stream;

4 said first overhead vapor stream is combined with said

residual vapor stream to form a combined vapor stream; and
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or said C3 conponents and heavi er hydrocarbon

conponents, in said apparatus there being (a) a first
weombiosry74reans to cool said gas under pressur ePCT/US2008/079984

connected to provide a cool ed stream under pressure;

b first j . ted t . ' t
[enst a portion 61 Sari COBTOA WPy eRmr DA o bue b
' I . wh b id
St PGSO o S B R B 5 i TR RSy vy
. iLve. salkd furth l ed str, id
i ST ZBork LERE TR B e b st el e EhPareel abiri

fu ooled streaminto an overhead vapor, stream,
an o 5h PR 615 e FBPEL GG TRemresry e ofiod g aston.
I mpr ovenent erei,n.sai d apparatus includes (1) )

di vi di ng mc;a‘ﬁﬁs1 cgjﬁ‘ﬁ &ErB‘ée“f%P%Pf&mrgit? sleink &) PR Whersins
to receive said fgoled, treamand to divide it into
first and second '8t resffscondonseddicamds d3igRd P srdensisa first
congﬁcted to said dividing neans to receive said first
st PULAT &P 6000 sufficiently to substantially
condense it; (3) second expansi on neans connected to
sai d second cool (g nihlrstrertieade pupeliedhiodaid distillation column
substantially condensed first streamand to expand it
t o?t$aidden sekpospiossadr e, sai d second expansion neans
being further connected to said distillation colum to
supply said expafded wisoiceahdiportion istupplémnhto saié distllation
distillation colum at a first md-colum feed
posilymipef;a nigycoluindfed pasttioneplanshay nf sazbaxpatiet serond stream.
connected to said dividing neans to receive said
second st redfn andhg mpexysengut actortiog sadlaiml Dwldreipr essur e
said first expansion nmeans being further connected to
sai d distillatiofl)colsaitreohdensadppkam saiiddexpangedst a first
second streamto said distillation colum at a second
mi Rprieasl apeha sé@ed pproisint | on;

) said first portion is supplied to said distillation column
at said top feed position; and

3) said second portion is supplied to said distillation
column at a mid-column feed position below that of said expanded second stream.

15. The improvement according to claim 9 wherein

(H said condensed stream is divided into at least a first
portion and a second portion;

2) said first portion is supplied to said distillation column
at said top feed position; and

3) said second portion is supplied to said distillation

column at a mid-column feed position, said mid-column feed position being in



(5) vapor w thdraw ng neans connected to said
distillation colum to receive a vapor distillation

wa@ereamif4 om a regi on of said distillation col POFUSINOR/E79984
sai d expanded second stream (6) heat exchange neans

cqQ i i | NG dTRRARatA shefgisve
R R
suvaithidcr:i“g]ntly to condense at |east a part of it; (7)
separaatl Nng neans connected to said heat exchange neans
to receive idpartiall n J: Sty lon
stream and Z@par ate I qve%ﬁ@%‘gﬁlgg %Cﬂddﬁg Ord,ehglklggal

vapor stream and condensed strea b [
nmeans bei ng furt(ﬂgr SoNee eg%e%tsgeas{rg]lsﬁ\g#egtlltﬁr&g{e?%ﬁ%gst

colum t squgéé rgt least a portion of said condensed
stROEHM A0 2$5°8° BY™EP™I 1 ati on columm at a top feed

position; (8) sajd distillation.col bei.ng. further
connected to sai @9 he ef?‘déjy?fﬁg’ﬁﬁé Isrfé’gﬁg?]att% Sad??‘étél atigy column
| east a portion of said overhead vapor stream

s &Y tWdedmePEPY 4"t 0 heat exchange rel ation with

said vapor distillation stream and heat ;sai d, aover head
vapor stream theP eby2GeRP pPYoREs SP%@?? masabdo&?tfq[ﬁiﬂo'bf
the cooling of st efp (6),. and thereafter di s,c,haéqi ng at
| eplimmgat gondicelymaricadnogiting so1d el RaderdrepEen kEPedm
as said volatile residue gas fraction; and (9) control
nethsandighp the gameregivguthsiedn saitbscerpdripperidistiliafiy stream is
tenperatures of said feed streans to said distillation

coVighievie nmi ntai n t he overhead tenperature of said
distillation colum at a tenperature whereby the ngjor

portions of 17he Eemipwresmnsntiageosding tordaigtd, 9eiryp Wheean
volatile fraction are recovered. 22. In an apparatus
for the separatiOn ofsais cgadensadrseream sotitigidnniegt feest lhdne,
C components, C3 conponents, and heavi er hydrocarbon
c omypibomemt! @ seqohd pertiew] ati |l e resi due gas fraction and a
relatively less volatile fraction containing a major
portion of said @)conpfestetiof3s sippiporie sid condasting and
heavi er hydrocarbon conponents
separating device at said top feed position; and
(3) said second portion is supplied to said distillation
column at a top feed position.
18.  The improvement according to claim 8 wherein
e said condensed stream is divided into at least a first
portion and a second portion;
2) said first portion is supplied to said contacting and
separating device at said top feed position; and
3) said second portion is supplied to said distillation

column at a top feed position.

19.  The improvement according to claim 11 wherein
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or said C3 conponents and heavi er hydrocarbon
conponents, in said apparatus there being (a) a first
weombiosry74reans to cool said gas under pressur ePCT/US2008/079984
connected to provide a cool ed stream under pressure;
(D) afirst expansi ON,LRANRCANER! Rilifed IROS! Kes Alirs
| east a portion sal d cool ed stream under pressure
and to egpand i, t Lo a | ower pressure, whereby said
s tHOSUAM 78 2PECPR BP0l ed; and(c) a distillation col um
connected to recgive said further I : '
distillation coldin ba nfgrstgagﬁpe%w?ﬁﬁ’%‘ﬁg55%%02’%?%3*9
furthe&@&go]ed S nt 0. an_over head vapor stream

tream i .ar
andP¥d ¥ea i top ggggoquna?’]dl e fraction; the
' t wh ' id t i ncl . .Said
(st ool ng medhe peiTs SR pREN Ty uPaIHIS id fyEEHS

gas _under pressure sufficiently to partially condense
itﬁdTQBMPﬂﬂégai@ﬁgFﬁting means connected to said first
cooling neans to_receive saidaggrtialL ondensed f eed
and to separf8te TE¢IHNQYCRCYAS @gFﬁﬁﬁ¥b dVH ' east
one liquid strea (3).dividing means, .cqonnected to
said first separ gll)i ng2ifeRRdenEL S#ré%r%i%“g%%{]*at%geaﬁ a first
streamand to divide it into first and second streans;
( Moréecdd sewdll PAGIOReans connected to said dividing
means to receive said first streamand to cool it
sufficiently to Substwistiirainojicadnaenked tpsaid copfactiag gl
expansi on means connected to said second cool i ng neans
t osepaeidigdsvisapicsagiibe fegfh ppsidny anondensed first stream
and to expand it to said | ower pressure, said second
expansi on neans BRi ngafdsetdndposioniewipplipdite saidigtillation
distillation colum to supply said expanded cool ed
f i ccddmisdtragamfeedpssatich. di stillation colum at a first
m d- col um feed position;

21.  Inan apparatus for the separation of a gas stream containing

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

(a) a first cooling means to cool said gas 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 fo expand it to a lower pressure,

whereby said stream is further cooled; and
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(6) said first expansion neans being connected to said
dividing neans to receive said second streamand to

wexpanskir4 to said | ower pressure, said first BPXPHIR0L079984
means being further connected to said distillation

colum to supply Cﬁﬁ' d gapanded: dﬁ.%%g;mﬁec%éd&@?é&msﬁ@mher

distillation col at a secon col umm

]E)oc%loied A eam( Z%ld EQ ﬁaqloﬁ )églﬁﬁlx% Irbgﬁllé qg%@e% t§ ?Jé')glea?et s%gi fLrQhe? @b&ed

ast a port
sai d

s astraaqu b%?n eahead va or stre 81 z{nﬁ Sglg &2 qessQ/ol%éBqﬁ 6 t ;o

ressur ex ansi on nmeans

further connecte to sa i ddi s Qn_.c su I
sai d expanded ||3 %prgi’er’%eg W[’o sg?lgaﬁpar%uﬁ T'e F(ﬁe% pp d
colum at a third m d; c: | um fee
wi t hdr awi ng meang) corﬂﬁ‘@ gy C§3’i‘e§te§ t%ﬁlcrﬁrg{(f‘)(ghng hins to
colum to re(:lve r dIStILﬁatl nst amfrom a
r dG7<0YF SBid cgale S‘&ﬁag“ta[“ﬁlt ’IVB’ﬁ OB re6‘“%xpanded
second stream (9) heat exc nmeans connec
said vapor wit hd@;vvl TECIPE SR mlggne,ag%céqng%cteéiép aalﬂﬁlﬁwzﬂ%“g means
distil]ation streamand cool |t suffici entIY
conaehYe st firsbgEpmang e ¢ooht Svfiﬁm{*tibt)o substaHe Bécé’ﬁé“r“é‘f itng
means connected to said heat exchange neans to receiyve
sai d partially cOhderfseudareampiph BEpbfoRIFIEd M Wifpecond
separate it, thereby formng a residual vapor stream
arrgoEngIHerRIe siseri e &aéiawbst@ﬁiagy sderrad Sespereat ang thesapd it to
bei ng further connected to said distillation colum to
s upidl lgwertpréssirstsaid spennd icspeneipn siging betva defseeonaeqtedimseigd
said distillation colum at a top feed position; 1
1)dig@liatiordéodrn toatpn said bxpandadeioplgd fitst stheam te oridh distikagion o
sai d heat exchange neans to direct at |east a portion
of cobmindat e Vest meddoaypdecdgosiam separated therein into
heat exchange relation with said vapor distillation
stream and heat @ai d seMdrsieapknyiaporcassteagrpniched ebypid o
supply at |east a portion of the cooling of
dividing means to receive said second stream and to 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 second
mid-column feed position;

) vapor withdrawing means connected to said distillation
column to receive a vapor distillation stream from a region of said distillation column
above said expanded second stream;

6) heat exchange means connected to said vapor
withdrawing means to receive said vapor distillation stream and cool it sufficiently to
condense at least a part of it;

N separating means connected to said heat exchange

means to receive said partially condensed distillation stream and separate it, thereby
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step (9), and thereafter discharging at |east a
portion of said heated overhead vapor streamas said

wo odoanslied resi due gas fraction; and (12) cont redT/DBEN$079984
adapted to regulate the quantities and tenperatures of
el PR YRR E 0B 18 B8 lrfbhocl Bhoah SR AP pcars beine
co at a : ' 1] . of
¢ nEG ik RRY AL AR Y PRy dEkD  BRpR ORI
fraction, are recovered . 23..1n rag.ys.for the
separERHeap G Sy B 0o b e Bl PRA B e "
conmponents, C3 c onen .and heavi er. h ocar bag .
conponents into volsé‘fqtcf’gﬂ@ﬁ%]? %)Su yad" Pr(lgé?ricgﬁneg%%masald
relatively less vaolatile fract.ion,.contalni a
b B R ear i et hBUHEn L oy B BB eam g
heavi er dr.ocar bon conponents aqr sai d C3.conponents
AraPPHad HEFeIh it BELPE o6 TGRSR O AP i At g and
there bein ((2) a first cooling neans to cool i d gas
unbrst sat AEEsRL VSRR BrerehY [ Hopl &t lsast s ppiEian sisf?fégﬁﬂ ing of
under pressure; (b) a first expansion neans connpected
t ostﬁe@gia%tf@feaﬁ%ra%%ch%rgﬁé 2t fegh 2 grtign Phsaidspise 0&??@8 Yfpor
under pressure and to expand it to a | ower pressure,
whitreamyes §aid Holatile sesifur g% fictipran¢ ool ed; and (c) a
distillation colum connected to receive said further
cool ed stream sH#Dd diosirpl mean adppted (turpgulBiEithfrvanidiss e
to separate said further cooled streaminto an
oviemperatirssaperid fed sagrmarnelsaddistillagipaeqlyin {o meaigigin the overhead
vol atile fraction; the inprovenent wherein said
appapakyse ¢feidyidtiaton)cobmindgt fitgnsperatere Mhatgbyrha i G@origns of
adapted to cool said feed gas under pressure
sufhficempmiehty it @idolativey legs vaaide fisaionfare re@yereilr st
separating means connected to said first cooling neans
to receive 9aid peantdpahtatps bonitbesepaaidnedd gandretp containing
Separate it into a vapor stream

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

volatile residue gas fraction and a relatively less volatile fraction containing a major
portion of said C; components, C3 components, and heavier hydrocarbon components
or said Cs components and heavier hydrocarbon components, in said apparatus there
being

(a) a first cooling means to cool said gas 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 to expand it to a lower pressure,

whereby said stream is further cooled; and
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and at least one liquid stream (3) dividing nmeans
connected to said first separating neans to receive

W@ a00d/0sApor streamand to divide it into firstP@mnts2008/079984
second streans; (4) conbining neans connected to said

di vi di ng nmeans ag&? s3] fslifafiS C(ﬁﬁgf%(ﬂﬁx%&&i {TeadfesAd further

receive said fir stream and east a portion of

S?ci%oggﬁ,lstrl eaSsgid %%%Hgtlog% anﬁ)tgeﬁlgryd%?gi tfo%cﬂpréage %gd@gtﬂﬁqzoo ed

secon ns conne
cosﬂ*%arger'l‘@ A Preaneby G TR ARG LR
Cooling means. ¢ o' FaRBRvEaArde e RaRbr i PR densec

nbi ned st dt d
pr essur . Ss;iegmsggon @éﬁgﬁﬁpwﬁrﬁ%ﬁﬁﬁma@%@ﬁ bl fed

connected to sal . | at olum to supply said
ex%f’ér‘faéed PESHI e IR fyﬁ%aarg?lﬁye%qﬁ?nge Yaid distillation

colum at a first_md-colum feed positio é‘l q
first expansion f?éans”ﬁfeﬁe%at%ﬁﬁ%?%m?céedgtﬁl d@ir%ic?ﬂ 1§
nmeans to receive said second streamand to expand it

t OMEHHS ¢ el sapst Restilly sondensed feqdragd tcessa%m@.lfdﬁtor?evgﬂ%r stream
being further connected to said distillation colum to
su@play leggione bad R second stream to said

distillation colum at a second md-colum feed |
position; (8) thi®d elpdinginnanneansciesdp syjd feth Froetene pmeens
said first separating neans to receive any remaining
pofotrEesiveshidyapat sagant ewide divide it ingpuiiret and secapd grrdmso

expand it to said lower pressure, said third expansion
means bei ng furt Her cespensspeling measaFehngéted folspididivading means
colum to supply said expanded liquid streamto said

di stredevatshid firg otreammarsitto god! it sufficiently tofubstentfalle gondense it;
position; (9) vapor wthdrawi ng nmeans connected to

said distillatioff) secondexpansion means connected to said second

cooling means to receive said substantially condensed first stream and to expand it to
said lower pressure, said second expansion means being further connected to said
distillation column to supply said expanded cooled first stream to said distillation
column at a first mid-column feed position;

(6) said first expansion means being connected to said
dividing means to receive said second stream and to 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 second
mid-column feed position;

(7) third expansion means connected to said first separating
means to receive at least a portion of said at least one liquid stream and to expand it to

said lower pressure, said third expansion means being further connected to said
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colum to receive a vapor distillation streamfroma
region of said distillation colum above sai d expanded

w@emonsi1zs ream (10) heat exchange neans conneRCEUS1008/079984
sai d vapor wi thdraw ng neans to receive said vapor

di . e ' ’
[ &%f lla i &O%}Pr? td s%ﬁﬁly @Qg e%ﬁh?d't 1?qu?f’s§x%lﬁ gcg%:i)dn%‘lsthﬁtlon column at

ense at east " a” part

Se@ﬁr@%h@%dﬂﬁﬂ%%d%%?ﬁ&fted to said heat exchange neans

to receive sai 'y condensed distillation

32L§?msf‘?‘2af’negﬁaf’8§ecb‘n BRI RYink M 2n L8R Rlisitasion
&?\Efﬁ% &é?trl %ﬁ%gag\,i%agredlﬁtglauon S rrégn% fr%%nanr%gliogg)f gald é’ Qtllgmo? column
sald con ensg? stre mto sald dlstlllatlon colum at a

t ofP¥® 8%@?698ﬁmf Heaai d distillation colum being
furth t t
direct af least Bporieabichfit %%éf%&@g'%ﬁfégﬁoa%dp‘b or

strea garated t herein |nt8 fal exchange re E%

wi VP %‘i“‘a ST Hiegtvp P #roh distAUGRS SR B &0 L ufriciently to
over head vapor stream thereby to supply at |east a
pofdifenie afleashaPab®fiiing of step (10), and thereafter

di scharging at least a portion of said heated qverhead
vapor stream as §4&d S\;@qngtsmpaéatmggrpe@{ysecogggctqdﬁgé@[lﬁi i

and (13) control neans adapted to regul ate the

quexshanee exangrie receiyp sHid putely wndepsedristdistons streamppd pparate it,
said distillation colum to maintain the overhead

t ethprebyfoumingafresdiabvapsicrnAnd o ordsnigrstrepm, said second
tenperature whereby the major portions of the

c oseparning reedng being thrthed eanpseeddyo pasd dislidatian icplemp fagupplyrgt least
are recovered. 24. In an apparatus for the separation

of a porjersofskhideandependtstream trgsardedistdiation @iunsoEonRfeed posiidon;
conmponents, and heavi er hydrocarbon conponents into a
vol atil e residue(ldas dardadistillionoragrduran bahgfurther] opnilegted to said
vol atile fraction containing a major portion of said C
c ohqoerehirge n€3nso Kpen enitsst a amtiom efsaidervetiygat vpar fisam
conmponents or said C3 components and heavi er

hystparad hereic pnplanedicsangt relamndvitppanaparsiidtifietie stream and

heat said overhead vapor stream, thereby to supply at least a portion of the cooling of
step (9), and thereafter discharging at least a portion of said heated overhead vapor
stream as said volatile residue gas fraction; and
(12)  control means adapted to regulate the quantities and

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

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

volatile residue gas fraction and a relatively less volatile fraction containing a major
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being (a) a first cooling neans to cool said gas under

pressure connected to provide a cool ed stream under
wpe@smesres (b) a first expansi on neans connectBdI/US2008/079984

receive at |east a portion of said cooled stream under

Pr&sas & s&a Q:z %Q?E&rﬂgﬁ{é,?cj Jonfpglae_&ﬁtsj, Qgﬁ{eaﬁgm}gcgnbm}“@&ﬁ&ﬁhts

sadcgltrreamls cool'ed; and (c) a“distillation
col um n ' '
ot o QGRS b PEFRE R Goifle Hphise, 3R parates there
separ at e said further cooled streaminto a first
oveér tread vapor stream and said relatively | ess
volatile fractiop; the.inprpve I '
appar atus i ncl udgag( 1)a %s%aﬁ%ﬁn%%ﬁ%gg%ﬁ&e af%glhgetrgres%llr%
first coali ng,.q%\aans1 éot receidve sai d cool ed stream and
t oCWPAIEEC PIOVIdTASOPIEY SRR BRY st r eans: (2) second
cool i ng neans co&pecte to said dividin [JEans L9 i least
receive said fir® st étrﬁxg?ﬂflcind“e@%?oni“?c %PF‘?CSW&%% 3@
to substantially condense it; (3) second expansion
BT COUE H oD SEOIa S ST A RGOS Pressure
recei ve said substantially condensed first stream and
to‘%‘?(ﬁté’r?&‘disfre?"%’ssfaﬁ}&?rlc%ﬂﬁ% aﬁ‘?essur e, said second
expansi on neans being further connected o a . .
contacting and s&par at isiylafensrdumpp caypped todegelye said further
expanded cooled first streamto said contacti nrg and
s epratedsirergn. iieid istidation calugundisingridantedtg sprogats saihfurtaggjcgoled
contacting and separating nmeans being adapted to .
pr $ttamenty 28 eeahrid GoRAT KE Yeid *’%lﬁtr“@g)h’ie%ﬁiﬂ’laé‘l@of&%‘%
liquid stream (4) said first expansi on neans being
connect ed to sai thedinpiod¢ment ibarei spid apparaiy wckidesd
second streamand to expand it to said | ower pressure,
sai d first expansl)on swishirst delingmeéans being adapied 6v eavdsaidieed
said contacting and separating nmeans to supply said
expandéd pssponshiftiesbrie patislh epndowe dcti ng and
separ ati ng nmeans

2) first separating means connected to said first cooling

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

and at least one liquid stream;

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

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

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

condense it;
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at a first |lower columm feed position; (5) said
distillation colum being connected to said contacting

wW@eeossa+ ati ng neans to receive at | east a popPCT/U82008/079984
said bottomliquid stream (6) said contacting and

separating means &oﬁ‘ﬁ i n&cédﬁre&Pzﬁ{sioﬁ %ﬁ@ﬁscéo%gec'ie% 5 &if seco?d

distillation col to recefve at least a portion o

id.fi ' .
S8 olmé %n‘;ééngqg ?é’cg?ggala/ ﬂ%}%nt?/atgg ngaﬁ‘{eﬁ g?’g\%ﬁ%gﬁég‘%a to expand

t9 ;
col'um poOSTtion:

¢ OB GAFE BBl SR SoREI Qo IB R ARl BBk ro o

a Sstreamftroma reg
i,d.contact i d se ti devi b id.
ox Bl Sdbmc SPPy i Aol cHERGET R Sid
R R R S PO

sufficiently to ndense_at |east a t of it; (9).
separ ati ng msans%gonn gt et"Ba‘Eéﬁ“d“%‘Eg]{’e‘ %Qﬂﬁ??éeéi(tﬂéaéﬂs
to receive said partjally condensed di sél [ 1ation

st fvihiReRerns ByaFatesaidsecand sreanyandde AYRIGD 4 1@ BT [T pressure,
vapor stream and a cgondensed stream said. separatin
megd TSEPHEFUrReRes beibhiiEhereqnicsicd 49 sricdniLEen AYVERA
separating nmeans to supply at | east a portion of said
cofpelysald cxpadadiecondssiem dotrihdist pgompriua e §E4dg

means at a top feed position; (10) said contacting and
sepat-ealimg fasg apsitidvei ng furt her connected to sai d heat
exchange neans to direct at |east a portion of said
second over head (@por thid exnansige painstbee chmeeicd tq satddfirst
heat exchange relation with said vapor distillation
st sepanatiagigedne & reseii danyecoriting pertioe atisaichgs deastsine digmid stream
thereby to supply at least a portion of the cooling of
st apl tp 8Xpandiitdo sdie towwef pressutt, saihthirdiengpnsivn sarstbemg further
portion of said heated second overhead vapor stream as
satehnvaédibishid distHatdneolyas th sgply @it examdied liquid stream to said
distillation column at a third mid-column feed position;

) vapor withdrawing means connected to said distillation
column to receive a vapor distillation stream from a region of said distillation column
above said expanded second stream;

(10)  heat exchange means connected to said vapor
withdrawing means to receive said vapor distillation stream and cool it sufficiently to
condense at least a part of it;

(11)  second separating means connected to said heat
exchange means to receive said partially condensed distillation stream and separate it,
thereby forming a residual vapor stream and a condensed stream, said second

separating means being further connected to said distillation column to supply at least

a portion of said condensed stream to said distillation column at a top feed position;
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( 11) control neans adapted to regulate the quantities

and tenperatures of said feed streans to said
w@owasxirTaig and separating nmeans to mai ntai n tPET/US2008/079984

over head tenperature of said contacting and separating

means at at en'perlf]fi‘}ggir % Fggf‘a:ﬂéne f&ﬁrlggésif?%ﬁﬂ%xtdoﬁﬁb%tegfto said

the conponents i olatil

fr ﬁeatt I c;harﬁq'rf(gr %?Jagsc t%\gfxre&%t e§s§a gl)ﬁloﬁ‘rclf &P&Weﬂ{eﬁé V%)Q)F séIeIQE

separa S Strea ontal nin
E% tE’e’rem ntcc): RIPS c%’tm%% relgt?o% vg&as\éld%rap& aqgt%ﬁ‘&rps(?@ and
a vo e residue gas rac 1 on an

[ s volatil a t|on ini.n J
poiﬂ# i 8?@%@5? &a‘i‘i"é%"f%’oﬁ’éhet% @ L8P BB 2 Ofﬁ’%C%‘mg of
heavi roca n or .sai
antfh &’9?/1 \é? thﬁV& égﬁf’g?{g}?‘ ﬁlﬁ aRpLion p Sa@feﬁtegg %{E%?f] y&pPer
there bein . olln ans to cool said gas
un&@?“ﬁ?é@gsPéﬂéd ?ﬁoﬁgﬂgede a cool ed stream
under pressure; a flr t expansi on means. connect ed
to receive at | egg% C%‘HP MERRS gfarledity f%é&@feéhe d{anElgpand
under pressure and to expand jt to a | ower press
whEsmasiatues of sad feeq FArFRETSL) 41, st &efumy ﬁ%lme@jal fhe Gierhead
distillation colum connected to receive said further
cobmpgragire ebseid dgiligtion colymn @i tgRPEFIG HICERY His Mddrogipns of
to separate said further cooled streaminto a first
ov ersermgoneagan sad redasivelairss selptde frastionialiaicgovesds
vol atile fraction; the inprovenent wherein said
appar at us i réh udésan appargiis dorfihg separaiinsl AfagasEeas GBS
adapted to cool said feed gas under pressure
s ufrfefhgng §h cgmpaneptar € caipynansnefeisavipthydiopyrbpn eageponents into a
separating neans connected to said first cooling neans
t ovolettleiraselus gasirastion aral 4 rglag vald ess wdatfleiertian dortaning a major
separate it into a vapor streamand at |east one
| i gortidn sf sagly components, C; components, and heavier hydrocarbon components

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

(a) a first cooling means to cool said gas 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 to 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
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(3) dividing nmeans connected to said first separating
nmeans to receive said vapor streamand to divide it

WO ni0g/0521r6t and second streans; (4) second cooPCTYS2008/079984
nmeans connected to said dividing neans to receive said
first stream and 0 cQ@l;: i Gl 80t Yaidl Brst cooli ¢
substantially cpﬂgens@9?¥¥§T%§g%%céﬁg efgan?igﬁ”ﬁ%gﬁgm °
CONNAGL Gk 1013 heP SEANGLER| HAGIEAR Sy fiRGLve sai d
substan |a(ﬁy condense irst streamand to expand it

to said |over pr thrs:eaor} %Ioglmscggrﬁ?aggfcgfﬁga&sfa%gidW&?g means

bei ng further co 0 a cting and separatTng

neans to s. ly. said expanded.cool.ed first. streamto.
capaeebheatn Ty AR BRI RO ERBLED LS ahatt AR

f eed ition, I.d tacting. and [
bei ng- adapt ed t oCPr odiEd e eBEs A AR AR oond

stream and a bottom.liquid. stre aid first .
ox(shSk Brmsda Recerig s Dol BREb e Shn i crpenti o
to receive said second streamand to expand it to said
| oWt PRSI, seld oo BT RY AR A, CB‘EF%(? toa
further connected to said contacting, and separatin .
megAREctie A SEPAAIEGINFABSIO SHRRAY S bR R epshlipstieando said
contacting and separating nmeans at_ a first |lower .
cofQHAstiRgEY SpRrsatingdppany at p migicpymafpednopiian. taig gentacting and
connected to said first separating neans to receive at
| eseperangyseans bping pdapisd do BrodyEASECr 8Verherdivapy i eashiidhd
to expand it to said |ower pressure, said third
exbaiiesi bnvih#®was; bei ng further connected to said
distillation colum to supply said expanded liquid
streamto said di®ti | faat firsrexpwoisipnmnegns being epnegstadrip said
feed position; (8) said distillation columm being
c odimlptgaveanptogateil ecaidtsawnil sigeaamandde pepand it hgsairklawsr pressure,
receive at least a portion of said bottom!liquid
st saixhfinst ¢x@ansgai reapo timgfurthg canmkcd pasaad ¢ongpchngzand shirating
furt her

means to supply said expanded second stream to said contacting and separating means

at a first lower column feed position;

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

6) 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;

N vapor withdrawing means connected to said contacting
and separating means to receive a vapor distillation stream from a region of said

contacting and separating device above said expanded second stream;
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connected to said distillation colum to receive at
| east a portion of said first overhead vapor stream at
wa@2@eosndd | ower columm feed position; (10) vapRCT/US2008/079984
wi t hdrawi ng neans connected to said contacting and
separating neans 40 r ' A o Stdld akd
stream froma r.eglg)on g%%%ﬁgﬁggr%tgac%oﬁng and seg%%ti ng
d Skt rav%go Yieand qec%m %Qg %?po‘?‘ Qfh ngioﬁ ts{rgamm(cg&l]lz sﬂﬁégntly to
exch nge ans connecte 0 sal d vapor w thdraw ng

rrear}%etsg {Jecs iavg:I~t Sf\.it,d vapor distillation stream and
codi"Fe 8 IF?l &Pen y to condense at | east a part of

it; (12) second par ati ng neans connected. t.q _saj
heat exchange neggﬁs t?)ep?r@g%ﬁ NERER e%%‘ﬁoisglldlh??at Rlifinge

R
R s L S BB ST s e

tosupply at | east a portion of said condensed stream .
t ofWRPILoRBTHedde Faig C%{mfﬂg%ﬁgirsamfﬁg‘%%%ﬂ%mawp@y ?‘f}ﬁan gRytion
position; (1%%3 said contacting and separati ng means
bePhiidaondaissd LisHRA R taddicqniiotng %ﬂ*dﬁé%i’tra“é‘)%é}‘?é’i‘ﬁg"ga fg‘%d to
direct at least a portion of said second overhead
vapepitiadt r eam separated therein into heat exchange
relation with said vapor distillation stream and heat
sai d second over hEAd tRipemtastingandscramaing peapobedgprtier

at |east a portion of the cooling of step ( 11), and

t heermadtedsto sgliid Setigrefiangs means &pdteckat frapita norficafof safl gecond
heat ed second overhead vapor streamas said volatile

r esvadhead gapr firerot separated fhgrein o keenaxchangprecdation addseid gapor
to regul ate the quantities and tenperatures of said

f editilttion ameant mddwatdaidontoad bierhead vapa epeamathiondy e supply at
to mai ntain the overhead tenperature of said

c ofvhstatportgnaif theseplangatiistep (3ypadsheatafar dierpeyingtat tegst a portion
wher eby the major portions of the conponents in said

r ebfdaidiehted kessd vadriadai epok staatn a33aidvelatikegepidieeds fraction; and

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

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

being
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26. In an apparatus for the separation of a gas stream
cont ai ni ng net hane, C conponents, C3 conponents, and
wheawiosa17hydr ocar bon conponents into a vol ati | BCT/ES1008/€79984
gas fraction and a relatively less volatile fraction
contai ning a ngj poy & ' :
conponents, and %gavi %ﬁﬂsﬁg&aﬁgé%gﬁo%g%%%? g&%;p res(s%lr%
C3 co ents. and heavi er hydrocarhon conponents, in
o BRI e o e G GRS, 006 T g meane
to cool said gas, under essure connecte Q_provyi
cool ed stream un@’gr par %’géﬁp@}m%’ﬁ?eags 97 %C?edtet%%ﬁgf 8?11%5%
nmeans co n.gct%d to recgi ve at least a portion of said
c oY Yerd SR Eh IR PEL TS AT PE*R3NFANA APV Fregsure:
| ower pressure, whereby said streamis further cool ed;
anﬂ’@eéﬁb%asa@isgﬁ?’? I‘S%Ttlgﬁﬁ Cg@?‘gﬁﬁd connected to receive said
further cooled stream sajd distillation colum bei.n
adapted to separ&e saa‘ihétﬁlaﬂi”i H‘m‘&‘é‘lﬂnéﬁe‘gpﬁ%ﬁ‘ilﬁeisﬁgcﬁ‘“&er
first overhead \_/aPor streamand said relatively |ess
votogtediseeqny, seid idish atiomeojumprsingraated in sprarate %’r“her cooled
apparatus includes (1) said first cooling nmeans being
addiseadnte @ fisd @Verb%ddap@éa%@agndm@éﬁlabYeéssgéﬁ\@laﬂle fraction;
sufficiently to partially condense it; (2) first
separati ng meansthednpioreaent phersi sgidiappagptug peluiesy neans
to receive said parti al Ify condensed feed and to .
separate it into(la vapitiistooeknn merds heing adagted gmeol said feed
liquid stream (3) dividing neans connected to said
f i gastundas peasarré sidficrendlydo potilbcwindamssdi d vapor stream
and to divide it into first and second streans; (4)
conbi ni ng nmeans €onneltsedpardinganaingliannetiterifo sad fisst aerding
said first separating neans to receive said first
st meamt@rceiwd saldymstially cpodehsedieadfang &i @pattelitaaota vepa stream
liquid stream and form a conbi ned stream
and at least one liquid stream;

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

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

(5) second expansion means connected to said second
cooling means to receive said substantially condensed first stream 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 cooled first stream to said
contacting and separating means at a mid-column feed position, said contacting and
separating means being adapted to produce a second overhead vapor stream and a

bottom liquid stream;
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(5) second cooling nmeans connected to said conbining

means to receive said conbined streamand to cool it
wa@fobosiient |y to substantially condense it; (6)CHESING079984

expansi on nmeans connected to said second cool i ng nmeans

to receive said gﬁbStéﬁgﬁ@4&ﬁﬁﬁgﬁqﬁ%ﬁ§gﬂﬁ9ﬂmhgﬁgt°S”d

streamand to expand It to s ower pressure, said

S€4 ngr}gﬁﬁ%gg ﬁ)&g&lmﬁ%e&%l ggeafrrygr{dgg é}&%\%@??ﬁ %?%lo%r fressure,

conta separati ng neans
. ed i- i . i
oA SR L CATOLRE P SIS 00 A AL A
tacti d. ' bei. .
COR 5L MhoBNSHIRBRNE LI TRT LS EARAR B9 g e

vapor stream an

i qui trea 7 aid first expansion neans being
co%ﬁ@%ﬁégw?égkg§ﬂ%ﬁﬁVFg?ﬂg nmeans to receive said

second strean1an?7to ﬁggand it to said Iowfr 4 first i
pressure,said fit9t ePPLTETBHONPSHE BRICHgI fQihrpt separating
connected to sgid contacting and separating neans to .

S UBBIG (ST R TP Ude et FER A 1 URaRE AeTPR it
and separating nmeans .at a first |ower columm feed .
poiid oWt PrEssPIc, 1iG BIrd SRRaRsiPh Mepns DAL (Y HITEEBEr 10O sa d
first separating neans to recejve any renainjng.
pofisiilatiop Folump do sipplysaidrexpanded igpid Hream e said digiylaign column at
expand it to said |ower pressure, said third expansion
neafsd-pPnp ffed PPHE: connect ed to said distillation
colum to supply said expanded |iquid streamto said
distillation col (fn ataichdipillptienFipmn peibgicqraegted tosaid ( 9)
said distillation colum being connected to said

c opndastinhendaappraiganeans wgetriiars lepd apettion pésaid batiegsliquid
portion of said bottomliquid stream (10) said
cositeant i ng and separating nmeans being further

connected to said distillation colum to receive at

| east a portion ¢ sasall dantastingandrshaaling 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;

(10)  vapor withdrawing means connected to said contacting
and separating means to receive a vapor distillation stream from a region of said
contacting and separating device above said expanded second stream;

(11)  heat exchange means connected to said vapor
withdrawing means to receive said vapor distillation stream and cool it sufficiently to
condense at least a part of it;

(12)  second separating means connected to said heat
exchange means to receive said partially condensed distillation stream and separate it,
thereby forming a residual vapor stream and a condensed stream, said second

separating means being further connected to said contacting and separating means to
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vapor stream at a second | ower colum feed position; (
11) vapor w thdraw ng neans connected to said
w@owasxiTaig and separating nmeans to receive a REpPUS2008/079984
distillation streamfroma region of said contacting
and sep [ Vi ' e ti
ot SR PR O S TR B B R R R A Al g
vapor Wt hdr.awi ng..means to recei ve said vapor
BB L B BRSOl oTE ver e ently to
condense at | eas part of jt: (1 ratd ng
klg? aa:t cﬁm];af:ﬂneg;(aéiﬁ g%éﬁlﬁég%gnsf%ﬂl AP

means connect ed sa ea ecel ve
said partially condensed distjllation stream.an
sebte pfa hrE BRRGRRG s drer G PR S0 e

and condensed stream .sai d _second separating.neans

P YRR PAIRE PR B RN P TS BT eR e SBT3 gt ith Sad Vapor
separating nmeans to sypply.at |east a portion of sai
coRaulenatremmt seprobo Aot PRt T p RpD o
means at a tqp feed pasition; (14) said.contacti and .
selsat aPprign ﬁéﬁiﬁ@wgﬁé steR kklpepd %Wgadéﬁgframg a ’g%ﬁéa?mon
exchange neans to direct at |least a portion of said
seelolf hseied rreaed Quepsad ¥inopsifRaRi apid velatie nesidie 829 ﬁwon; and
heat exchange relation with said vapor distillation
stream and heat §d)d wwEshmeay adapisddo (egpigte the qusatigies and
thereby to supply at |east a portion of the cooling of .
st EppeRRires cipeid faee seeantsde sald euwaskpg #iyl saparptinggipeags to maintain
portion of said heated second overhead vapor stream as
saihd overheaditéraparatuic il saidy eentacting aridowparaiiiyg NicRBY at@dempaypture
neans adapted to regulate the quantities and

t ewpert the ewjo posianofiteeednmponednis stid rdativglydowntvalatilerfipction
and separating neans to nmaintain the overhead

t empeccavere® of said contacting and separating neans at

a tenperature whereby the major portions of the
conponent s i26. saidarr aparhive ryhd epmatial dinigeestferacbntoming
are recovered. 27. The inprovenent according to claim

2 ihethlasd, €, bomponents, C; components, and heavier hydrocarbon components into a

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

(a) a first cooling means to cool said gas 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 to expand it to a lower pressure,

whereby said stream is further cooled; and
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(1) a conbining neans is connected to said
distillation colum and said separating neans to

w0 e@eiosa76ai d over head vapor stream and sai d rBST/USZ08/079984
vapor stream and form a conbi ned vapor stream and (2)

said heat exchan %? MeARSl|afio ROARKE dordnBctE £OFE MR e S &l Further
conbi ned vapor stfeamfrom sald conbi ning neans and

di LR slr{aan'k @Eiﬁtd%‘aﬂ&io%%ﬁ?&%&hﬁ%?&t&&% s@tiagel?% ﬁ%nﬁ%&%led

di stillation stream the eat’l ng sal I ne

‘éggf’e%m%t%%?ﬂlt %Oghéald%L%: sS ?alrﬁ?%nd s%ﬁisrtelaﬁveqy [egé x%rl]eaﬁé fr§c@iiog;

ng of "sai d vapor ation stream an
thereafter dischargin t ] . orti f i d
heat ed conbi ned ggggpggg?%%ﬁ@%&”@%gﬁmégggf?F%agésidue
gas fraction. 28, .The inprovepent accar di t,0 cl ai
22 wherein (1) a(leonbﬁahﬁrét Cﬁggﬁ%mf;aéls ggﬁ%%%‘gteeg?? %Ooz?ﬁldf%d
distillation cokﬁnn ﬁgd ggigyse ond. separati ng means
t oSPHREST PECSTF BV R REA 8 VANO ST PR dm and sai d
resi dual vapor stream.and form a conbi ned, vapaqr .
stream and(2) Séa)d %ﬁft Segyﬁtﬁﬁﬁﬁ‘?“ﬁﬁ%ga?dstoa?%arg]trséao%lglg
recei ve sai.d copbi ned vapor stream from sai.d conbinin
e RAAS AMEFCE Y i@eﬂ[?%f%ﬁﬁym)&ﬁsétfe%@eﬁ] é%@eaarﬁwawoanvawweg“
said vapor distillation stream thereby heating said
c offts ah kgstwap vid 8%¥8m and suppl ying at | east a portion
of said cooling of said vapor distillation stream. and
thereafter di sch&)gi ngjvidingngeas coangssiditp §3d st seppigting means
heat ed conbi ned vapor stream as said volatile residue
gatd reGeaetspidryap gtreaphand tagivided hii firalcand seRopd stted™el ai m
23 wherein (1) a second conbi ni ng neans i s _connect ed
to said distillaf9on wohimne asnssarngcseionll degne acppgpnd
means to receive said overhead vapor stream and said
r esdidi{inatl separpdne meane tarveening shigriirstatrearividys deagtagmertion of said at
stream and (2) said heat exchange neans is adapted to
r elcedt vee Bqiidistrenmizing &ameaqoorbiret seeam;f r om sai d second

conmbi ning neans and direct it into heat
(5) second cooling means connected to said combining

means to receive said combined stream and to cool it sufficiently to substantially
condense it;

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

@) said first expansion means being connected to said

dividing means to receive said second stream and to expand it to said lower pressure,
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exchange relation with said vapor distillation stream

t hereby heating said conbi ned vapor stream and
waeapplyiing at | east a portion of said cooling PET/BE81008/079984

vapor distillation stream and thereafter discharging

at o b inSAl PO &6 4 ti

st Sralcle&;@gesx%%rg% @%P%?%‘T%ﬁbggggﬁ%g%%g ract %8 nl?gOSO.sepTarr]aemg

i mpr.o ' | ai 4 W .

RSB E 8  ABEELRD g menns

separating neans and said separating neans to receive

sa&él fgr%té%‘%% C8\‘frenf]hf§eéjqpo\§;§8’g’r stream and sai d residual

vapor stream and

orma,conbi.ned vapor strea d (2).
sai d heat exchan&% nem]gﬁgePl‘pgnSé%"a’BFaé’a%%neFts%gq S\re}}éi @gﬁsa‘gargtmg
conbi ned vapor stream from sai d c?n‘oi ni rﬁﬂ .gegns %gﬁ
di PETP 1 FeoqTi FYHERTNEE PAEND AT 124 A{TadP iR SAr R T8
distil|ation stream therehy, heati.ng sai d .copbined
vap®rnGE Fesait 1gweEr ngFﬁ‘HFyﬁiaﬁ‘dE%‘i‘ CYpaLeqn eaﬁég‘f‘f‘%ﬁ?"&?r oppegted
cooling. of said vapor disti|]lation stream and . . .

t hf@rSélg?deSé‘}latmnsf@wgwgtP AEpPPaY seidexepndsd figyid sErpmyie saididiptillation
heat ed conbj ned vapor streamas said volatile residue
gaClypnatd pig-cglumntiied RosiicBy enent according to claim 25
wherein (1) a conbining neans is connected to said

contacting and sEPar atidfystiteBescolipnn beangicopaecddo said
separating nmeans to receive said second overhead vapor
st panEasiishehdsapaiating snegusl reapYe At lsest a aptign gf faét battam liquid
conbi ned vapor stream and (2) said heat exchange
nedre8emi s adapted to receive said conbined vapor stream
fromsaid conmbi ning neans and direct it into heat
exchange rel ati oflOn t faidseendctingrod setiagting mgaisdgingtimgtem

t hereby heating said conbi ned vapor stream and

s upphgaterigo atid distiBatioa cplomnitoreceife stdéadt cpwliomef sefd fystiogerhead
vapor distillation stream and thereafter discharging

at vdpeasiteaa apapdcpmhlopkr @dhinth fredpasdiocnpnbi ned vapor

stream as said volatile residue gas fraction. 32. The

i mprovenent accofld) ngvapor witlairawi2g makrercennected to said contacting

and separating means to receive a vapor distillation stream from a region of said
contacting and separating device above said expanded second stream;

(12)  heat exchange means connected to said vapor
withdrawing means to receive said vapor distillation stream and cool it sufficiently to
condense at least a part of it;

(13)  second separating means connected to said heat
exchange means to receive said partially condensed distillation stream and separate it,
thereby forming a residual vapor stream and a condensed stream, said second
separating means being further connected to said contacting and separating means to
supply at least a portion of said condensed stream to said contacting and separating

means at a top feed position;
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(1) a second conbining neans is connected to said
contacting and separati ng neans and said second

W@ epansiirsig neans to recei ve said second over hPeUSHP$079984
stream and said residual vapor streamand forma

combi ned vapor Sgsgant,; Additdds a%@'s@pa%ﬂé nRAENRIG urther

nmeans i s adapted toO receive sald conbi ned vapor stream

f f&{&é&é 0386904 eg&qp%%&g MRARS: amqstqlpg&% oavgala BcBnd

exchange relatio sai d vapor ‘distillation
T
salga%

st Q% e?‘nnéad Lgb%r ?cPe\émt%%Bgrbt@(gth&%ndin&m &gga %@1%%101? ftﬁ
at 1Istélgig’lf>r§ 'gtlrelélo?e{nl re]atsst d%é% d \%gl%eagl %%p%n%ttreeakl %e?‘egg% QJpBQ/ at

supp yi hg at oftion of sal Ing o
FOR 6FC Sa hed va

styeam as. sai.d vol.ati | du r

i n‘[ﬁ’%\? é’ﬂélﬁ)f‘ 2%8 8?%] é)f §t8p @3(51 Pﬁ? gl%lfag\ﬂ‘ £ sc}largl(lﬁ)a?léast a pgrtlon
sec va n

ci SR ERREFrett] oierel PholBROR 4 uE SRAREEfgh BoRhcflon; ana
distillation str from f said djistillatio
col um beIOM/saigﬁﬁlpﬁﬁagﬁ“ g@%ﬁ“@ﬁ?gﬁﬁ??éé‘ﬁwm“mSMl
combi ni ng ggang ia connect e g to said & gor wi t hdra ng
melsHeraiesod pYd £ SEampd HHd GaniasiratidrgParEing & es {0 thaitain
recei ve said vapor distillation streamand said second
vapsevaheditemearaiysg 0§ far‘%%ﬁﬂtaﬁﬂ’eg grsrRasat g iRy @ temperature
distillation stream sai d heat exchanpe neans
ad#pereRy themaior @%‘ﬁﬁ%%?fé]ée g PeBgTEp 18 §HA reirthgDese! afll&’ fraction
receive said conbined distillation stream and cool it
sufeirePwsied-y to condense at least a part of it; and

(4) said separating neans is adapted to receive said
partial |y cdddendbelinuatsmsatrcaprdmg(to geimohl wherelam fr om
sai d heat exchange neans and separate it, thereby

formng said res(HuaIavaw@mngﬂW@§n$Gﬁm@§gﬁéS@éﬁééh@éﬁ

stream 34. The inprovenent according to claim?22
wherlaihm and said separating means to receive said overhead vapor stream and said

residual vapor stream and form a combined vapor stream; and

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

28.  The improvement according to claim 22 wherein

¢y a combining means is connected to said distillation

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

said residual vapor stream and form a combined vapor stream; and
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(1) a second vapor withdraw ng neans is connected to

said distillation colum to receive a second vapor
waele@biosdiat i on stream from a regi on of said di seCT/U82008/679984

col um bel ow sai d expanded second stream (2) a

conbi ni ng means Qﬁ Corellr(]:len%gteeg(cl%a@ ésr%leg)s\{sa%tem&g%\aevgaﬁg

means and sai d seécond vapor W Rdr aw ng ans to

receive said tion st ream.a

di stil| d [
S YR P SRR, B Ml
distillat] t (3 id.h h y [

G HRETCCHE RO S e

recei ve sai d combi ned distillation stream and.cqool. it
su%twﬁleiaaifwnyiw % Gidermoeionot i §<e°rf‘§g6§?af P gistgign
(4) said second separating neans.is adapted to,receive
S e ) o S RGTRRE SO IMBEP T S0 PR OMULES Sani
from sai d heat _exchange ans and separate it, thereby
f OHIPRHGS 82 Holpdls Fedisr g@ﬁafjégfm%t ream and sai d condensed
stream 35. The inprovenent according to _claim?23
wher ei n(1) &9secdRMPAPEMER; ACHIFBAIhY2ifenghsrdn
connected to said distillation colum to receive a
second vapor di st | at se6pnd<OPRERS PEARs & OBYCKA i ai d
distillation colum bel ow said expanded second stream
( 29istillagien eolume enbiai sgeondesannsating megpiie cecstye s¢d §¥griead vapor
vapor w thdrawi ng nmeans and sai d second vapor
wi stredmannil sgd resialngl vieporstreasii onsl form d comapiaed wipst stiepmat 41dn
stream and said second vapor distillation stream and
form a conbi ned @)st i daiddteniorxcange mepns(igydagigd &b Igeive said
exchange neans is adapted to be connected to said
s ecanitdnegionaporrsiragn freansidisecond cabieing aedncandigiimedt into heat
distillation streamand cool it sufficiently to
coanteae rditidnedst saal yaportdioiflatidn staard, thekpbyskEiatingsagbrbined
separating nmeans is adapted to receive said

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

stream, and thereafter discharging at least a portion of said heated combined vapor
stream as said volatile residue gas fraction.
30.  The improvement according to claim 24 wherein

M a combining means is connected to said contacting and
separating means and said separating means to receive said second overhead vapor
stream and said residual vapor stream and form a combined vapor stream; and

) said heat exchange means is adapted to receive said
combined vapor stream from said combining means and direct it info heat exchange
relation with said vapor distillation stream, thereby heating said combined vapor
stream and supplying at least a portion of said cooling of said vapor distillation
stream, and thereafter discharging at least a portion of said heated combined vapor

stream as said volatile residue gas fraction.
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partially condensed conbined distillation stream from
sai d heat exchange neans and separate it, thereby

wo eoopiosry76ai d resi dual vapor stream and sai d cCPCESREL079984
stream 36. The inprovemsnt according to claim27

wh
erein (1) # Sé€ % S%/ gfﬁ%eny\ﬁc%&m %\% B BN Rk

connected to Sai t1on CO um to recelve a

second vapor di stilatign it eamfia egagget%'s%gcg@aaﬁi

d| stillation col ow'sa Xpan secon
d
V a e&ara\f}ﬁg ﬁlg?rg\%gg] éalﬂ%egﬁgdﬁrgﬁ%g%né ragagzsg g) Orﬁcci;we sal% sgcong overhead

wi t hdr awi ng S t ecel sai d_.vapor | |l ation.

o VB e bRl E Ff fio WgtCP@ﬁmg{ raevgh?“eﬁ@ and
forma conbi ned 2istlll(i1&e tream (3) ,sai,d hea
exchange neans i $Yadafft Wﬁ‘ésdfé‘&?pfegt%&qcﬂvesa’d
second combi ni ng ans . to re(;el ve salcg .conj g

di SePIPe YaBr SiERB ATOMail! COBYIning MEags £ ‘i“éeﬁi i y“fe pat exchange
condense at | east a ﬁart of it; and(4) sajd separating
me kil ion svithraidrvarpridistiflation; sfrgams, éb@e%heﬁm i combmsth ¥arer
conmbi ned distillation stream from said heat exchange

e &l surppgetdedst 2 et dlisyidicap ifiend sTaV P é§¥"é‘i§‘§!‘
vapor stream and said condensed stream 37. The

i mpiresvre phiherseftes disFirggingatdeast mpBongispidihpatpd ombircde@p

vapor w thdrawi ng nmeans i s connected to said
di strdam astseidryolptleupsiducas Begtioge a second vapor
distillation streamfroma region of said distillation
col um bel oW?sai dhexpemdwernsesoniege elean?6 yhyreia second
conbi ning nmeans is connected to said vapor wthdraw ng
means and sai d sébondayapod combtitiolg meinids ermaertedtto said
recei ve said vapor distillation stream and said second
vapartacting tid depdrathng rs¢ane aml @nidsefand Femratiopiepssdo receive said
distillation stream (3) said heat exchange neans is
adagbrdotechebé vaon stetmethd tsaid residual vapor stream and form a combined
vapor stream; and
2) said heat exchange means is adapted to receive said
combined vapor stream from said second combining means and direct it into heat
exchange relation with said vapor distillation stream, thereby heating said combined
vapor stream and supplying at least a portion of said cooling of said vapor distillation
stream, and thereafter discharging at least a portion of said heated combined vapor
stream as said volatile residue gas fraction.
33.  The improvement according to claim 21 wherein
¢8) a second vapor withdrawing means is connected to said

distillation column to receive a second vapor distillation stream from a region of said

distillation column below said expanded second stream;
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sai d second conbi ning neans to receive said conbi ned
distillation streamand cool it sufficiently to
w@owdesaed at | east a part of it; and (4) sai d BEDUSIH08/079984

separating means is adapted to receive said partially

condensed combi ned di gt dlihi ftailil ERIEILABFRNGhdreal

exchange neans a separate Trt, thereby formng said

resi.dual . v t.r i r .

T PR R SUCEATRANG B &y BRI RnS e Rp vapor

second vapor w t.hdraw ng ne 4i S: c '

i Gk Rt G S P OB Mo ARG e St

di atwtati on streamfroma region of said distillation
P8BS %W s ai d expanded second stream (2) a third

conmbi ning neans is connected to said vapor w.thdraw n
nmeans and said sé@ondsa\}(g%@? GWQ‘?%SF&\?&PSH&Q‘%@&%O Feoconnwgi 10
recei ve said vapor distillatian streamand said second
| a1 S SEE MAEROn P 5 S G A B dnd oo
distillation strea 3) said. heat exchange neans is
ad aptiegnthygo sendepssméecrdd PR °54i A% hird conbi ni ng means
to receive said conbined distillation stream and C.cc)iol
it sufficiently (D coffdbffarating neagses %ialﬁ%“fio rgEevetsaldand
(4) said second separating. neans i s adapted to receive
sapartiplhr eondensed utired sl Bénmstraap framspid hegereiangg peapspnd
from said heat exchange neans and separate it, thereby
f opepRratp it dheseby deiminasaid pidnal ypnos ssearndsail gondspeed e
stream 39. The inprovenent according to claim 24
wherein (1) ¥ sedbaéinpiovinginheccpisingdo cloingdghbereidd t o
said distillation colum to receive said first .
over head vapor st(Deant assdndivapotiwithdraywing seanssie egmected to said
vapor distillation streamand a third vapor
di sistilldtmhicolmmstte saeive § Reoshvapocdsilaten sirgamrftpm a region of said
separating device is adapted to be connected to said
sedstithatdhvbldinndelveasnasl dxpamded sicvm! g@ad; t hi r d
di stillation vapor stream

2) a combining means is connected to said vapor

withdrawing means and said second vapor withdrawing means to receive said vapor
distillation stream and said second vapor distillation stream and form a combined
distillation stream;

(3) said heat exchange means is adapted to be connected to
said combining means to receive said combined distillation stream and cool it
sufficiently to condense at least a part of it; and

(4) said second separating means is adapted to receive said
partially condensed combined distillation stream from said heat exchange means and
separate it, thereby forming said residual vapor stream and said condensed stream.

35.  The improvement according to claim 23 wherein
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at said second | ower colum feed position; (3) a
conbi ning neans i s connected to said vapor w thdraw ng
wore@n®sAmnd sai d di viding neans to recei ve sai dPUHPS2008/079984
distillation stream and said second vapor distillation
stream and form a,,conpi |t ' g t4dd to said
sai d heat exchan 1 neng%éslggds%a@g{s{dggg‘!tvggggglcg:so%%engtCed togal
sai,d_.conbi nin a [ i .SAi i : :
o SPTRRRBAY TEENSeh G EEnY P Tl AR 1A, o region of sid
condense at, least a part of .it; and (5) said
seggsgéioﬁﬁowgngfofvssagi é‘B%“gad ?egbr}(g%réaf"éé said partially
condensed comnbi nz di st i n.stream.from S

[l ati aditd hgag
exchange neans a seﬁéercgi"gcﬁni’ PR EFEBY FOF T g Sar dP"
S R, ST a0 S ORI SR, 4

second dividing nmeagns i § connected to said .
i SRRy e ey e ST OTLHon SPRFo R pegbined
vapor. streamand divide it into a second vapor
di §isHllatienisEFmSt r eam and a third vapor distillation
stream (2) said contacting and separating device is
adapted to be cofhlect &4 B SN SGAY!S HAPISHI T GE FrEBRed to
to receive said third distillation vapor stream at .
sais#id seenhePmbinias meIsuaTreeidethihentinggfistillgjonstream and cool it
conmbi ning neans is connected to said vapor w thdraw ng
neavf;ﬁmamgv togpefleaiodt diapig N¥ERRY; 3¢ recei ve sai d vapor
distillation streamand said second vapor distillation
stream and for m &)conbiihesgort ssparpling means stadeded toreppive said
said heat exchange neans is adapted to be connected to
saipartigldyntzindénsed ermatrisedtdistiletoe sirears dioth @isihishtrghange means and
distillation streamand cool it sufficiently to
congerseit,aher¢bydetming pad tesidfialivapor amehn( F)d sgidicdndeaedrsticam.
separating nmeans is adapted to receive said partially
condensed caithi ndihe dnprovdrhent a@nrditgrte almnh 2dwheaind heat
exchange neans and

H a second vapor withdrawing means is connected to said

distillation column to receive a second vapor distillation stream from a region of said
distillation column below said expanded second stream;

2) a second combining means is connected to said vapor
withdrawing means and said second vapor withdrawing means to receive said vapor
distillation stream and said second vapor distillation stream and form a combined
distillation stream;

3) said heat exchange means is adapted to be connected to
said second combining means to receive said combined distillation stream and cool it

sufficiently to condense at least a part of it; and
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separate it, thereby form ng said residual vapor

stream and said condensed stream 4 1. The i nprovenent
waewonshing to claim26 wherein (1) a second di RETUSZP08/079984

nmeans is connected to said distillation columm to

o odh TR A
R TRETR A BN RN

o SR O ST LG S o LB SR S
feed positiaop, a second. conbi ni ng, nmeans, i s.
connect ed tdggafg%QHB@PVVﬁ?$ﬁ?8 ‘E§O§B5%2§ghﬂe@aid

di vidi ng nmeans to receive said v r distillation )
stream and sai d $Bcond S%?a’b%}‘apa{ g?&ﬁf‘%‘f‘g BIFALY P EFEftLo said

forma conbined distillation stream. (4% saj d heat .
exdithgion selms i eceiapiesand ¥poBedisid gk ttsam s aegion of said
second conbi ning neans to receive said conbi ned
di istillatignicelymabelonrsaidirrpaet sscendiictiici ently to
condense at |east a part of it; and(5) .said second
separating means s adsgseebcqPipiag B iseangeqhet o Sa vgpor
condensed conbined distillation streamfrom sai d heat
ex chithdgwingsegss andaisepennd (vapdr wvithdresinggyeans foneeriyessaidgapor
resi dual vapor stream and said condensed stream 42.
Thdistitigion seepenandzsidoeding gjanas distiBatipn 3geaphandeionn g ggmbined
second di viding neans is connected to said
di gtstilldteniseancol unm to receive said first overhead
vapor streamand divide it into a second vapor
distillation stré®m asaid beat richehge apans idiadapitdd| tabé emmnected to
stream (2) said contacting and separating device is
adagt egtohdcdrebition meatsed rdceives suidlcaat wadiidil i ahi sirgameacheool it
to receive said third distillation vapor stream at
saisaffisiestbnd cbaodsese « tdastrmpafteéd; gdsi tion; (3) a second
conbi ni ng nmeans i s connected to said vapor

“) said second separating means is adapted to receive said

partially condensed combined distillation stream from said heat exchange means and
separate it, thereby forming said residual vapor stream and said condensed stream.
38.  The improvement according to claim 28 wherein

¢y a second vapor withdrawing means is connected to said
distillation column to receive a second vapor distillation stream from a region of said
distillation column below said expanded second stream;

2) a third combining means is connected to said vapor
withdrawing means and said second vapor withdrawing means to receive said vapor
distillation stream and said second vapor distillation stream and form a combined

distillation stream;
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wi t hdrawi ng neans and said dividing neans to receive
sai d vapor distillation streamand said second vapor
waele@biosdiat i on stream and form a conbi ned di st i PCHUSIN8/079984
stream (4) said heat exchange neans is adapted to be
connected to sai ec nl FtESE LN Biected t
S0 combi ned ai SUF T SHnGR BN AR A 6 BELHficcted o
suf fi,ci.ently.to . af . : it .
P s PO SARM S RaORL Rl i By
partial |y condensed,conbined.distillation streamfrom
saisﬁ%fﬁga’%{y O CRRAKAEE NES: agr?glts%ngjar ate it, thereby
form ng said residual vapor stream and sai en .
stream 43. The it ro%ﬁ%ﬁ n Sceg?)rfldr?%laeatnglscﬁ%gﬁgt%@fe&% said
wher ej 1), a second dj.viding nmeans is.gconnected ta
oo Pl phed SruordHiR Rl dER RS R GEhhe htans and
over head, vapor stream.and. divide it into second
VBB G HHTF ey BTG (Ul 2B Ry R g cOndensed stream.

distillation stream, (2) said coptactin n .
separating d&vi cérheémé’@%i‘ﬁf’%a?%r t@&lﬁ‘ﬁ%@?@’g“erteﬁ‘ sai d
second dividing nmeans to receive said third o
distillation vapdd) st péeenddivilinemeass brgnnesitdito sadd digtylation
feed position;(3) a second conbining nmeans |s

corspbBmde raceive saie fivshpvsehopd vangr sisemgnAEiide ihingp asgrepd vapor
di vidi ng neans to receive said vapor distillation

st disiffptznncstream andedaA danca gisllaios ittt i on st ream and
forma conbined distillation stream (4) said heat
exchange neans i S2hdaptigdontestipe anbisheratingdiovise ieddapted to be
second combi ning neans to receive sai d conbi ned

di sbiectat tonidsteradmivddids owans t tecsiyé sdi¢ thenddisyillatépn vapor stream
condense at |east a part of it; and (5) said second
sepasaid seagndntewerscoiwnmaidedpasidiono recei ve said partially
condensed combi ned distillation streamfrom said heat
exchange neans and) sepapabmingtpeaphisceimected tndanigvapar d

resi dual vapor stream and said condensed stream 44.
Thevithdprmovemenk aatedad dividipgtneeand @irencB2 swill engirwistillation stream

and said second vapor distillation stream and form a combined distillation stream;

@) said heat exchange means is adapted to be connected to
said combining means to receive said combined distillation stream and cool it
sufficiently to condense at least a part of it; and

5 said separating means is adapted to receive said
partially condensed combined distillation stream from said heat exchange means and
separate it, thereby forming said residual vapor stream and said condensed stream.

40.  The improvement according to claim 25 wherein

) a second dividing means is connected to said distillation

column to receive said first overhead vapor stream and divide it into a second vapor

distillation stream and a third vapor distillation stream;
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(1) a second dividing nmeans is connected to said
distillation colum to receive said first overhead

WO aponsar4 eam and divide it into a second vapoPCT/US2008/079984
distillation streamand a third vapor distillation

stream (2) said gont g@&k&gacﬁﬁga&%‘%g{r{gﬁdﬁrgwaﬁ tkto be

adapted to be connect to sa secC I ng ans
to recei sajd third.distillati .
L HTRERUR APL e ah bPEa0 VARt SRR Shpor srar
conbi nin ans is connected to said vapor w thdraw ng
med %aldasr?gorgjgf“&eroclo{s}’l% fg% F}%‘z‘ﬁ% to recei ve said vapor
distillation streéf and sai d second vapor glol stillation

0 Geied |

stream and form & tonBicRBaHER Y 5EF Al VAP
id t h S. | dapted.to . t ed
Sl S kg I L, SIS0 L0, SO

distillation stream.and cool it _sufficiently .to.
contbiGsesnd wRer dig oy St%?f*miaf“? fosme C@%)b“&gf%“@f&oaﬁﬁeamé
separating neans is adapted to receive said partiall
condensed conbi néd) di $#f PFUEXTANESTRBRRISPAAITHAI0] Cﬁ’ﬂé’ﬁ%/ted fo
exchange neans and separate it, thereby formng said
r eSid GambipHigancass lodegr VAt d sarhinebiaid iRy StERPeR oYt
The i nprovenment according to claim2 1 or 27
wherBicigptly toroadsmend lemsha RATTRS thihs i s connected to
sai d separating nmeans to receive said condensed stream
and divide it int® at stidserongseppiadrg Hegns isdlapiaditogeceive said
second portion; (2% said distillation colum is
adapttiely tendpesed opmbeingdedistilbtienitgan divaneidhogt dchangasgars and
to receive said first portion at said top feed
poseparanit, therdby Bymivgisdd disihuill viaperistrpane exnd sais qogddnged fspm.
adapted to be connected to said second dividing nmeans
to receive séi.d sBeomdropontrteecostingtorsiagn €6 Mimreinf eed
position bel ow that of said expanded second stream
46. The inprovenghl aecerodidiyiding wkais i @Bneckd,to &8q digtillation
29 wherein

column to receive said first overhead vapor stream and divide it into a second vapor

distillation stream and a third vapor distillation stream;

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

3) a second combining means is connected to said vapor
withdrawing means and said dividing means to receive said vapor distillation stream
and said second vapor distillation stream and form a combined distillation stream;

@) said heat exchange means is adapted to be connected to
said second combining means to receive said combined distillation stream and cool it

sufficiently to condense at least a part of it; and
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( 1) a second dividing neans is connected to said

second separating neans to receive said condensed
wareeamiand divide it into at |east a first poPC€T/US20881079984

a second portion; (2) said distillation colum is

fo Tecei ve sai d 1orst paroiigeaBiHe i aRoTRARR sid
i on: d (3 i ddisti| . .
gg%hg%@;y]fo&%gneseé cc}mbsigelidg ddg{lél{l(l)n 4’{%&1{1 %mcs%kag{%]tl é&?fﬁ%@%ﬂ?ﬁﬂé and

onnec 0 sald secon
to receiye, said. second porti.on at.a md-colu fee
posHEr g aagtan prane o ERit dpd e AR P pedieem.
47. The inprove t .according to,.claim33 or 36
wherein (1) -sg‘é‘gﬁdmaﬁov?fa%gwﬁl‘edé‘}%mf@%g%ﬁ“&%&eg‘d to
sai d separating ans to recelive said.condensed stream.
and divide it Pntd at ASeRa S‘éfldr"?gr@?a“f)bngPP‘bﬁ‘fteaﬁ‘asaé‘} disifation
second portion; (2) said distillation colum is
ad&pluEg ¢ gepiye %%ﬁ@&?@éheﬁ VyRf arr%@aaﬁ&lvaf;wr Yl eRug@por
to receive said first portion at said top feed
posistiflgipn spain prgh a hugd yapgr dstIAHLpSEFHMBol urm is furt her
adapted to be connected to said second dividing means
to receive said débondpePrirchiag and sshiraingsieyisn isfadaried to be
position, said md-colum feed position being in
sulssnngeied il Jaid seprndgliviging Bgprsrio viseive paid Sir dissBatiprgapor stream
vapor distillation streamis w thdrawn. 48. The
i mpt srdesreend lawersollinngfeedpasitighm 34, 35, 37, or 38
wherein (1) a second dividing nmeans is connected to
sai d second separ(@t i ng seaeassomining cehnsds saingetebiadaid yerpr
streamand divide it into at least a first portion and
a sethdrviggomeaneand {aR) dividing nehiass tolrécaivie sid wapan distijlagion stream
adapted to be connected to said second dividing nmeans
t 0 anécxid seeoshvagiorf distg latiposttchimrand forman amboyed dsaation stream;
position; and (3) said distillation colum is further
adapted to be (4)  said heat exchange means is adapted to be connected to

said second combining means to receive said combined distillation stream and cool it
sufficiently to condense at least a part of it; and

%) said separating means is adapted to receive said
partially condensed combined distillation stream from said heat exchange means and
separate it, thereby forming said residual vapor stream and said condensed stream.

43.  The improvement according to claim 31 wherein

(H a second dividing means is connected to said distillation
column to receive said first overhead vapor stream and divide it into a second vapor
distillation stream and a third vapor distillation stream;

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

at said second lower column feed position;
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connected to said second dividing neans to receive
said second portion at a md-colum feed position,

W@ 200d/0m1a4 col um feed position being in substaPtT/ak1098/079984
the same regi on wherein said second vapor distillation

oo o S00n A A% GRS o FRERAL O o
c Ou@ﬁ&a&g&ggrgeaﬁ@anﬁ 39 rawm% AdafiRa %g&g fgiﬁ?gagpggﬁgﬁglhgg stream

condense eam and di vi

P oggd s%{ndl s%cgonrc%é‘/g c%%?s@ﬂa%%&%r‘g%ﬁ FI(I)C{ %)}m %%bgbﬁggélgt?%ilugrg Ist%ggl,

separa a e connec
second di vi di ng ans to receive said firs ortion_ at
said top feed pogéﬁt i o?ﬁ“?l?a‘??gex(c §ne& Li°6" P 81 feldg !l;%%onne‘:?ed to
colu i s, adapt.ed to be cannecied,.to ,sai.d second .
o TG e R & e Covud BleRERTn g
fee osjtion. 50. The inprovenent according to claim
Zs?gﬁ entlyio cfjdenss af jeast aipa @gnggsecond di vi di ng neans
is connected to said second separating neans to ) ,
receive said con nsei?“gief%'éjrﬁegfﬁ%f‘”@i mﬁgaa%lsia aptaghig regpive said
| east a first portion and a second porIion;(é? sai d
coPRTHYD Cr‘?ﬁd% %’éﬁ&]ﬁgtdisn‘faatﬁgééﬁgani‘ g O‘Qéé‘ﬂthé?} efgjlapge means and
connected to said second dividing neans to receive
s appamierit thepby fpraringgaidgsidual sppor deampndistif spndenssd srayn.
said distillation colum is adapted to be connected to
sai d second 4di vi dhagnnreveent cprdigity elaigndHwaeeisnd
portion at a top feed position. 51. The inprovenent
accordi ng to cl alth 392 gacombdiijdmeanaany is porpegtpd focpaid distillation
dividing neans is connected to said separating neans
t ocqleme fosigcaded sdiddfopichyahedl wipprestiermand divide dantota spepnd vapor
| east a first portion and a second portion;

distillation stream and a third vapor distillation stream;

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

3) a third combining means is connected to said vapor
withdrawing means and said dividing means to receive said vapor distillation stream
and said second vapor distillation stream and form a combined distillation stream;

4) said heat exchange means is adapted to be connected to
said third combining means to receive said combined distillation stream and cool it
sufficiently to condense at least a part of it; and

3) said second separating means is adapted to receive said
partially condensed combined distillation stream from said heat exchange means and
separate it, thereby forming said residual vapor stream and said condensed stream.

45.  The improvement according to claim 21 or 27 wherein
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(2) said contacting and separating neans is adapted to
be connected to said third dividing neans to receive

wa@ 200d/0521r46t portion at said top feed positi on;PEnusS108§/079984
said distillation colum is adapted to be connected to

said third divi di pg R asnd &Vfdﬁl%géééﬁsrﬁ%b%e§§&mxd separating

portion at a top t'eed posit rovenent

ac %1%%1%39 960%196 gAl@EJHdétQSBd Aﬁ"?am“’a:l)’ld dWadeA‘ié'mYWaq deea'strh érgtéaoﬂlon and a

thir 'S con
sepa %§ neans to receive sald condensed stream and
di vid P ?Mto at least a first portion and a second

porti on, (2) sai 22r?cont S @g”l%g%‘@‘é?lﬁn‘%ﬁar ?%;%}chtorg% CHEnectsed to

adapted to be co ect%z1 d|ng

I
oSt SRR b bRt ot of S0P B papipomyand
to be connected tq said

recei ve said secéhd pﬁ?Qé%WZQP“SDF%B‘quﬁa6@@??“836

connected to said second dividing means to receive said second portion at a
mid-column feed position below that of said expanded second stream.
46. The improvement according to claim 22, 23, 28, or 29 wherein
(1) a second dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;
) said distillation column is adapted to be connected to
said second dividing means to receive said first portion at said top feed position; and
3) said distillation column is further adapted to be
connected to said second dividing means to receive said second portion at a
mid-column feed position below that of said expanded second stream.
47.  The improvement according to claim 33 or 36 wherein
(1)  asecond dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;
2) said distillation column is adapted to be connected to
said second dividing means to receive said first portion at said top feed position; and
3) said distillation column is further adapted to be

connected to said second dividing means to receive said second portion at a
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mid-column feed position, said mid-column feed position being in substantially the
same region wherein said second vapor distillation stream is withdrawn.
48. The improvement according to claim 34, 35, 37, or 38 wherein

e a second dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;

2) said distillation column is adapted to be connected to
said second dividing means to receive said first portion at said top feed position; and

3) said distillation column is further adapted to be
connected to said second dividing means to receive said second portion at a
mid-column feed position, said mid-column feed position being in substantially the
same region wherein said second vapor distillation stream is withdrawn.

49.  The improvement according to claim 24 or 30 wherein

¢)) a second dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;

2) said contacting and separating means is adapted to be
connected to said second dividing means to receive said first portion at said top feed
position; and

3) said distillation column is adapted to be connected to
said second dividing means to receive said second portion at a top feed position.

50.  The improvement according to claim 25, 26, 31, or 32 wherein
¢} a second dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first

portion and a second portion;
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) said contacting and separating means is adapted to be
connected to said second dividing means to receive said first portion at said top feed
position; and

3 said distillation column is adapted to be connected to
said second dividing means to receive said second portion at a top feed position.

51.  The improvement according to claim 39 or 42 wherein

H a third dividing means is connected to said separating
means to receive said condensed stream and divide it into at least a first portion and a
second portion;

2) said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed
position; and

3 said distillation column is adapted to be connected to
said third dividing means to receive said second portion at a top feed position.

52. The improvement according to claim 40, 41, 43, or 44 wherein

0 a third dividing means is connected to said second
separating means to receive said condensed stream and divide it into at least a first
portion and a second portion;

2) said contacting and separating means is adapted to be
connected to said third dividing means to receive said first portion at said top feed
position; and

(3 said distillation column is adapted to be connected to

said third dividing means to receive said second portion at a top feed position.
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