HYDROCARBON GAS PROCESSI NG SPECI FI CATI ON BACKGROUND OF THE | NVENTI ON
[0001] This invention relates to a process and apparatus for the
separatio f 4containing hydrocarbons. The appli he
benefits Uﬁ er@%ggﬁe 35, United States Code, Section I%g?@?nﬁ ﬂ%ﬁ%%r
U.S. Provisional Applications Nunber 60/980, 833 which was filed on
Oct ober 18, 2007 and Nunber 61/025,910 which was filed on February 4,
2008. [0002] Et hyl ene, ethane, propyl ene, propane, and/or heavier

hydr ocarbons can be recovered froma variety of gases, such as
natural gas, refinery gas, and synthetic gas streans obtai ned from

ot her hydrocarbon naterial §y¥yg Hﬁ%? NG naphtha, oi
shale, tar sands, and lignite. ?ﬁtural gas usua.?% has a nmj or
proportion of met hane and et hane, i.e., nethane and et hane together

conprise at |east 50 nole percent of the gas. The gas al so contains
relatively | esser amounts of heavgg%&g%&%ggﬁﬁbons such as propane,
but anes, pentanes, and the Ili ke, ydr ogen, nitrogen,
carbon di oxi de, and ot her gases. [0003] The present invention is

general |y concerned with thgsreepvend 6F TRENNNVERE10ET hane, propyl ene,
propane and heavi er hydrocarbons from sSuch gas streans. A typi cal

anal ysi s of arﬁ@ﬁ Stre#ﬁkh@mﬂ%nﬁ&ﬁ&ﬁé%%ﬂm&ﬁaﬁﬁﬁﬁ&ﬁﬁ@@?ﬂ%&&ﬁmh&i&m
I nventi on wou i n approxi mate nol e percent, 80.8% nethane, 9.4%

ethane and ot Qﬁrcoﬁ%zm /@HP&&%FHoﬁs The GPPIREAPARS (ROESD 811 CBi1IE 9STRARENT S,
1. 2% i so- but ane, normal butane, and 1.1% pentanes plus, with

the bal ance W@Q%susdeoéecﬂbﬁr@gaefﬁmLp@n)mﬁm@lh%pd@moMJmﬁercont ai ni ng
gases are al so sonet i mes present. [0004] The historically cyclic

fluctuations kmogohes3 Whichess Afed BRDBIoBA8] b7 aasNwhkdr & 1/6259a0 Whith vaas
liquid (NQ) constituents have at tines reduced the increnental val ue
of ethane, ethplenesbriirPNa0es. propyl ene, and heavi er conponents as

| iquid products. This has resulted in a demand for processes that can
provi de nore @bfa)Cci ent EoRAY eihbSpropyléndesepant, @AAI6T iRaviéidly dDEBRRS S&4S
that can provide efficient recoveries with |ower capital investnent,
and for processgsovkrafromarvai&y ebgkdsysualdaniaachl @is, Rthtis adardaymidgty t he
recovery of a specific conponent over a broad range. Avail able
processes f or ggaepahatobited fran ethesliydrdcabsn maeliaidech sasd, dradeadl, upon
cooling and refrigeration of gas, oil absorption, and refrigerated
oi | absor pt i omaphddiiltshae adrisynds,any gl Natprabgasisiedy hawendi@geopertipopul ar
because of the availability of econom cal equi pnent that produces
power whil e sofmdtbaanenlhape,éxpaadiinegnd etarexegethet ¢onprikmaateastisdOmolche gas
bei ng processed. Dependi ng upon the pressure of the gas source, the
ri chness (et hpaneent eftthgdaen€he ganadshaatzing reldiivdly disser boosiiodhearer) of t he
gas, and the desired end products, each of these processes or a

conbi nati on t heireafomesyctns peappheoindahes, pedaE}, Bha the liia gentltasdiygapsi. on
process is now generally preferred for natural gas |iquids recovery
because it pruowbgescarmridimyigesindpthergaseg. wit h ease of startup,
operating flexibility, good efficiency, safety, and good reliability.
U. S. Patent N#803] 3, 292TByesent 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%



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; wih880s749; 4,889, 545; 5,275,005; 5,555, 748; gp&Befrtoosy
5, 568, 737,

normal butane, and 1.1% pentanes plus, with the balance made vp of nitrogen and
carbon dioxide. Sulfur containing gases are also sometimes present.

[0004] The historically cyclic fluctuations in the prices of both natural gas and
its natural gas liquid (NGL) constituents have at times reduced the incremental value
of ethane, ¢thylene, propane, propylene, and heavier components as liquid products.
This has resulted in a demand for processes that can provide more efficient recoveries
of these products, for processes that can provide efficient recoveries with lower
capital investment, and for processes that can be easily adapted or adjusted to vary the
recovery of a specific component over a broad range. Available processes for
separating these materials include those based upon cooling and refrigeration of gas,
oil absorption, and refrigerated oil absorption. Additionally, cryogenic processes
have become popular because of the availability of economical equipment that
produces power while simultaneously expanding and extracting heat from the gas
being processed. Depending upon the pressure of the gas source, the richness (ethane,
ethylene, and heavier hydrocarbons content) of the gas, and the desired end products,
each of these processes or a combination thereof may be employed.

[0G05) The cryogenic expansion process is now generally preferred for natural
gas liquids recovery because it provides maximum simplicity with ease of startup,
operating flexibility, good efficiency, safety, and good reliability. U.S. Patent Nos.
3,292,380; 4,061,481; 4,140,504; 4,157,904; 4,171,964; 4,185,978, 4,251,249;
4,278,457, 4,519,824; 4,617,039; 4,687,499; 4,689,063; 4,690,702, 4,854,955;
4,869,740; 4,889,545; 5,275,005; 5,555,748; 5,566,554; 5,568,737; 5,771,712;
5,799,507; 5,881,569; 5,890,378; 5,983,664; 6,182,469; 6,578,379; 6,712,880;
6,915,662;7,191,617; 7,219,513; reissue U.S. Patent No. 33,408; and co-pending

application nos. 11/430,412; 11/839,693; and 11/971,491 describe relevant processes



5,771,712; 5,799,507; 5,881, 569; 5,890,378, 5,983, 664; 6,182, 469;
6,578, 379; 6,712,880, 6,915,662; 7,191,617, 7,219,513; reissue U S.

Patent No.w33 Q§ and co-pending application nos. 11/ ik
W20 217 15@1911 1079984
11/ 839, 693; anlg) 11/971, 491 describe rel evant processes (a t hough t he

description of the present invention in sone cases i$ base

di fferent proédderahdhedssaiptionpidhamentinGREndREE BE 'S lﬁseldr?é d&f&‘f“é‘ﬂ

U S. Patents). 100061lIn a typical cryogenic expansion ecovery
process, a fe&PCEASe odisions %i‘fﬂté?seﬁfg%ggfiﬁir’ethc§‘t%£%lse]fftw heat exchange
with other streanms of the process and/or,K external sources

refrigerationl®@h as a" @Fyawa'ﬁw@mw@%‘ef%ﬁe%m Prﬁefi’séttalfﬁeﬁl gg@gl{e@ﬂ] As
th | ed d b d d . and ted i

or ¢ separ at oPEEREHPEHS PEADY P PR %‘ng%%ﬁaﬂ%é‘ﬁfrﬁ%ﬁ@o (RO WS
desired C2+ conponents. I?e endi n the richness o rﬁffh an
R e T A R R
t I d f t. ted. The

duri g expansromiges prreord BT RLE TPrEn arfcﬁ?oilsci%‘le%%ﬁ Fr 1 he

t Und di t .pr. | |i d
oL e A Sk 2R a@g&src;ﬁa%ns o5l BB (5
conpri si ng a. Sﬁ%ntain% Irﬁef’r”hrerf RERC TP el GRS RS S R
distillati th

expansi on 820&5 Pé‘??“é%r‘r‘t“é sy OF S efo%vr*"easu ol el PRl
met hane, nitro atton occ%%rr%%@g#r%%éxls%n%?&gﬁ Lgésnrgé{lﬁg ﬁﬂlﬂhe\{%ﬁ)ﬁ {tf?én

the desired CJ 061 onen droca

e ot o sttt ATRde! B o R B Bl ccBiind il REPREALE 1163L gr;bglma?t nane

C2 conponents, roge S as ‘ovef head vapor

borrom i Sﬁfif?%ﬁcﬁ%ﬁ%fﬂﬁ?ﬁeﬂ?% S S el
(typically it s, E.)m &« gaeast&m @gﬁangfmm&r@alaafdtahabapor is

O
condensation can be split to two str One portion of thé vapor

I's passed thr %&tbngtemralﬁls%a% gnﬂ"opﬁeeg{anﬁé}gkd?ﬁnn Oth 1R o RARAMS T ON
valve, to a | ower pressure at |ch additional Iiquids are condensed

as a result of, Jaugls.b&roleﬁ@fpéahfag 1@(2“65 &xemea kERPAratd NSiGI GRMAAE nRbESS

expan5| on is essentl al y sane
and other volatile gases as overhead vapor from the desired C; components, Cs

components, and heavier hydrocarbon components as bottom liquid product, or to
separate residual methane, Cz components, nitrogen, and other volatile gases as
overhead vapor from the desired C; components and heavier hydrocarbon components
as bottom liquid product.

[0007] If the feed gas is not totally condensed (typically it is not), the vapor
remaining from the partial condensation can be split into two streams. One portion of
the vapor is passed through a work expansion machine or engine, or an expansion
valve, to a lower pressure at which additional liquids are condensed as a result of

further cooling of the stream. The pressure after expansion is essentially the same as



WO 2009/ 052174PCT/ US2008/ 079984 t he pressure at which the
distillation colum is operated. The conbi ned vapor-1|iquid phases

resul ting {bomdRs-gxpansion are supplied as feed to tﬁq:b ﬁgz%qggm
[ 00081The remal ni ng portl on of the vapor is cooled to substanti al

condensati on heat e th ot rocess.stre

col d fracti onStPERYS %ﬁ‘ %@%rdﬁgggﬁmn% Opﬁliafea F tHE H““’SHaPﬁg i %%Jr e
liquid my be _conbin this vapor 0 coollng The
resul ting cooP}éaaesg?sﬂjgl&ﬁ] m%‘ﬁexﬁane%?ﬁgrﬁ: eED%F%r 0ug ahr‘l3 “@bpropriate
expansi on devj such an. expansi on,val ve ure at

whi ch the den@ﬁﬁﬂml zer T?%reomﬁlél%nﬁtpo on thevaﬁmrfscg(ﬁec{tgguﬂg{f%%rt i on of

the liquid w l | Oo[nlbér%eat exc# t'ﬁ"ﬂ% l?'th% r%(%s& Qr% {j \% &g ?qu'{aﬁt%tngt?o%m

va
The fl ash expa ngené ami’s

demet hani zer. | TXPLERLY sk, YDAk ROY- gﬂe&nmqu n@%g ok A8 9@8%&%9

stream and the ani zer over 'n an up

separator secli, g he. (IAGH ongh e?ﬂtu%gﬁégﬁfed tahSShEy A N

product gas Fhativel y, coo expan ed Stream may

supplied to aar?ﬁ%?or\gﬁgtﬁ%xp%gm&{&\“cg%u dd 'ngfla qo ﬁ-Ier e atUB?c

vapor is conbin e tower ove t he I|qU| s suppli ed

to the col um h%%e.ﬂetﬁa%ﬁlzef?ﬁ'oﬂ&ﬂgiﬁgg L,QIQ,Q&JA : 8&#{5&1 bR ilquﬂpﬁm%b&ae,o“

such a separ a%l on process ue gas avi ng the process w |

contai n subst Pe@&l{ugéf Mﬁé}!n% oPthe 108 <IBEN AL AhdR ekflRdd EFTard %%héNsE;kblzed as

essentially none eavl er hydrocarbon conponents, and

bottoms fract j @i ﬂ%ﬁb egnétmlz@ﬁrﬁ%&;iaaw a8 vagth t;&m&%ﬁtﬁé ﬂ‘asﬁ%ﬁﬁ&@t' all'y

all of the heavier hydrocarbon comporiénts w essentially no net hane

or more vol at il &mGRIMEREAL BanidoRftREd @a%@ncol?)@)f‘(@‘ﬁ%mupbé}'s&aka‘ij&@éctlon in
situation is not obtained because the conventi onal denethani zer is

operat ed | ar ggk Yra@fonfiohliswd Rt REidER idfiBae phtRictBas, hamRendakadusd cotlfed bite
process, therefore, typically conprises vapors |eaving the top

fractionati onegha@e s@fant R QLHPIRY tol 0GRENE 1o Wolide VAROLE 11A01d stedisect ed
to any rectification step. Considerable | osses of C3, and 4+

conponent s OCTHY vaBBIGRLEHEhikddEvithAR: thivErbverhéRedd he M@l i’!;%uﬁilﬁ& tand i al
guantities of these conmponents and heavi er hydrocarbon conponents,
WO 2009/ 0521745160 449209 10 HRE& resul ting in correspondi ng
equilibriumquantities of C2 conmponents, C3 conponents, C4
conponents, apdogpeavi ein dy e epsrn of OIXh@RGatasion protdle theapidus gheavi ng
the top fractionation stage of the denethanizer. The |oss of these
desi r abl e conpaviggnths peotst dilb&nairgbdtancialit diyof tedutiede infthd faed gak sfithg
vapors coul d be brought into contact wwth a significant quantity of
l'i quid (refl uxgertialhakine obthe adasier bidngartbwecdGocawnspardahd isito@Es fraction
conponents, C4 conponents, and heavi er hydrocarbon conmponents from
t he vapors. 1Red6Y thedéeslentzeyeifircsntain RebspntHlgnil efithphasesisesochibon

hydr ocar bon separati on use an upper absorber section to provide

addi ti onal recdmgoneat witnesedntidllyerormegiiane omage vglatild hanmoents dn pfactidee
reflux streamfor the upper rectification section is typically a
recycl ed st r ebowaytr, thissidclstugtas isuppbtrined base thp cewsuiiosal d¥hethieey sl ed
residue gas streamis usually cooled to substantial condensation by
heat exchangeowraidd lagtip rs pstopresgscobinme dirs methany. produbieof ¢l process,
fractionation tower overhead. The resulting substantially condensed
stream i s t hethemfopamaadlly ¢nmaquigs vareralspringthe tp éragiopativsistage ofshd ce, such
as an expansion valve, to the pressure at which the denethanizer is
oper at ed. Dur talgnmsxqeathei with vagony oetshijectestto eieredtifgatiod sigpl Consirigrabley
vaporize, resulting in cooling of the total stream The flash
expanded st r elmes of Gzhen and By domgongsts peqyr besause ths emliuiteiaest deaiaing er .
Typically, the vapor portion of the expanded stream and the

denet hani zer @\Wbetrtiahehapiiips of benrisPmpeonenis aml hepieshydregraboatcompatsi on i n

-4-



WO 2009/ 052174PCT/ US2008/ 079984 processes require the use of a
conpressor to provide the motive force for recycling the reflux
stream t o JpeseRBEhani zer, adding to both the capital Kashs.aRM7d8e
operating cost of facilities using these processes. [0011] The present
i nvention al so enploys an er rectlflcallo sectlon&%r a_separate
rectificati onreé‘ﬂi”lﬁw'ﬂ C?rfesbq”ﬁ eqiLiRSiugy QUATRIET O 2 L BPYH & B TR

the refl ux

separate rectification a stri col ums).. . However
st Peam for thtsCoPoRfS %"gltqﬁe?)"ﬁeré‘g@f’?a “'cgmb?‘se‘}?a‘ Worﬁ&aﬁﬂg g’eg?pde

draw of the v ors r|S|ng rtion.of the tower. aueof
the rel ativel P&"’ﬁm‘&ﬁt tﬂfeagf?‘ﬁtﬁané%er %@‘ ﬁsﬁtdgs'm%wl So‘foéIF

I inth tit f d d

s b R R AR
ly th f t ab

AR ARG L A Py T R

| d h be
component s, - GPEGHRSNBREETOHE “edahve?‘fe‘?ﬁﬁéfﬁ%a%gr %%ﬁ‘%%%"ﬁéﬁ‘? o

capture these'v abl e comnmp qU| om

the demethani zey e,la%sor@elﬁ&a rgfa %v?de aﬁa&ﬁ{;huguie% e dpqlome rs&g%p%r;wf%ebeen

enpl oyed in o<t plpecovery in the dssignhee’s

I T ust rat e i“%um%g@?;e?ﬁﬁa% B P o R A I b
Sur pri singly, %gg'okpggaé%v@g@hm&m& Fréhe ai“ﬁe%d%/@[gd felifadltat etk AvE!

| ocation of the si de ture of assi gnee's Pat ent No.

7,191,617 i nV?{\}EI‘I Dol SQM&&UEI%H&E%@EUBI?E}ONC%{ éx@ﬁanwltﬁ BferybE&m

efficiency w o Increase I n capital or operating cost. [0013] I'n
accordance W Litahe & RS8N e MG Bher dvErmbRS TRERN IR bAL C2

recovery in excess 87% and C3 and C4+ recoveries I n excess of

percent can b@oanQ{s@d DR8I W th M parkBEm R8I DpropRAPEG RSt ARicAte, 5 as

reflux streamtor the denethanizer. Thé present invention provides

the further agv&gsrﬁ% valve t?@thegreeéa}eeat bRicHBielibRbtRaniRr B¥6&HEd. Abur@
percent recovery of C3 and C4+ conponents as the recovery of

WO 2009/ 052176?%&4829&%95@%aﬂquwm951@n§ $apbﬁzea£ébd4§ﬁgqﬁc$d]@€bﬂh9h to

| ow values. In add| tion, the present invention nakes possi

essential | y 10 RRh&CThe BRR/IhIQNOIm FEiAARH a4 1o B& BlihecOMpPONeNt s
fromthe C2 conponents and heavi er conponents at the sanme energy

requirements gongaRRREL. t9pitdlF, BE haor fdrtiondTithexpamdéasimgnd he recovery
| evel s. The present invention, although applicable at |ower pressures

and war mer t eppgfiahizéSerhbs vapdrtcmﬁbiharnlayi upsky sdphia@e sdSonii @ik pr ocessi ng
feed gases in the range of 400 to 1500 psia [2,758 to 10,342 kPa(a)]

or hi gher undgictieatidh tdwenss regdlial fiethghe Nddudt@a vateyhat ey e cosled ad
tenperatures of -50F [-46C] or col der.
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



[ 0014] For a better understanding of the present invention, reference
is made to the foll ow ng exanples and drawi ngs. Referring to the

drawi ngs: @0laldi&y 1 is a flow diagramof a prior artg bRl 835

processi ng plant 1’n accordance with United States Patent i
4,278,457; [0016]P10.2_is a fl ow diagram of _a prior ?rt nat urlal gas
processi ng pl BIFESSSEE reiuie Mg s 2RP TR 1P BEPVISE fieguotivg fasgsifongeyeling the
7,191,617, 10017]FIG 3 is a flow diagramof a natural gas prqcessing
plant in accof<d&nh&Eai® H‘etdﬁ‘@etb%@éﬁ’f‘d"i’%wt\?éﬂtgiﬂéﬁﬁap‘%ﬁosf@’6 PrELE 4

through 8 are flow djagrans_illustrating alternative neans of

appl i cation oFOSEH%fa?SVtéEgéﬂPg‘thﬁ?é’Fﬂ“Fsé?f'to a natural gas stream
10019]In the follow n xpl anati o f th b fi , tabl

provi Led sum#®%i ng 19 |T§9\}E)rﬁgptelgve@g?lgﬂ§0a€p§>&0%’f gg&qp@%‘%é&%ﬁ‘f%@?‘i}@g gg:ss
conditions. In the tahl es appear,] her ei n he yalues for flowrate
(in ol s per SIBRE G EURTP HHIEHEAS OPh s LT ST nber f o
conveni ence. The_.total ,sStreamrate h i,n t bl L | ude. al |
on: by ocar bEREBIOHEAT 8 ARE HERGe AP e dRar A oL Pyl T he
Tempor at ures. FREML PR T R A A GRLS POuR BEROTE olin R e
degrgnr)ee. It sh9u| d gl SO ble noE <tad tﬁaﬁ t he 1pll;'J.oc desig c%cul :ti grsw
performed for e peﬁ?lbsggeth% ac%el ari ﬁ%ﬂc e l%l}%céggnégon %n ©Vapers

2009/ 052174PCT/ US2008/ 079984 .depj ct ip-the figures are based on the
assurpt i on of T AR e Eak ey SR St piditeh UGG BLE ERERY. 15

the process. :srtpe% q}%%loi]tte},evgtfmgcit? Ju? ényusf?l %hl %lrgfrii §tﬂ>|n%tli Hie in
regggné% e assénp % %ﬁ&% IS

materials makeS thi's a very i'on afd one

typically nmad ﬁ}eQXIdRJE;?& ?ea%ﬁ%!h% E@ae}' %oﬁt&%ﬂg}{ s{%%t;o%‘lroggg %En%'éns%&) Equ?cp :\@L& §s

process paraneters e reporte I't1rona units

and in the units. ohohiSaSLamE: LACRENALONG L BihGsat Rl e, The

nolar flow rates give et es nmay be I nterpret i ther

pound nol es pgr, Hauk. Y, c&#oﬂ%@%&ﬂ%hﬁ& @{gﬁ% O;comﬁg'r%m‘g %Bagb{e yapors

consunptions reported as horsepower (HP t housand Brit

Thermal Units H'Bﬁg ﬁhﬂfﬁgﬁ thle NEbE i fcali! LoBRMARG e Ry &?m&t BlseJaiimhar flow

rates in pound nbl es per hour. The energy consunpiions reported
components in the bottom liquid product from the demethanizer.
[0012] Heretofore, such a side draw feature has been employed in Cs+
recovery systems, as illustrated in the assignee's U.S. Patent No. 5,799,507, as well as
in Co+ 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 Cot
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 C; 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 Cy+ components as the recovery of C;
-6~



as kilowatts (kW correspond to the stated nolar flow rates in
ki | ogram nol es per hour. DESCRI PTION OF THE PRI OR ART 100211FIG 1 is

a process {howdelisags am showi ng the design of a processiggr.a6l078994
recover C2+ conponents from natural gas using prior art according to

U S. Pat. No. 4,278,457. In this sinulation of the process, inlet gas
enters the pl &iprogentgispdips O‘%Elah @%Wﬁglf"‘as' [ERABENPRPTESP BEPEE e am
31. If the inlet gas _contai, concentratioq of suIE I fonFPund§

whi ch woul d prebeRositieesta Do SrPRnT R Meler e JBRET PR Bns

t he sul fur conpounds are renoved hy appropriate pretreatnment of the

feed gas (not %Wlth&é%‘ﬁmﬂ‘}e.’“sIaﬁ‘f%eab‘grtciog‘ﬁ?“ F‘?é‘?ﬁ%g@%eset“?%?ﬁq}”?mueg%aI ly
dehydrated to prevent hydrate ,(jice) f.orpmation under .cryogeni .

con)(;i tions. SBIMRFFH f@é&%aﬁh‘ﬂékf%ﬁaggﬁﬁgreﬁ%‘gﬁ l{%‘éegsd 1131(‘#1'e T OVEiPBose.
00221The feed stream.3]1,iS,cooled in heat exchanger 10 heat

o orange wi bR Rl lsat e B Surp oo S5 ARRRSL Edatkulif?

denet hani zer | ower side, reboil er .li,quids at_ 30F_.[x ,
and propane r &fPMgEPLRFICn ?cgssfnﬁgffed%ﬁse%lpltﬁecrggggsd% %Q]Tg]le@%sgae[i%ﬁg)

2009/ 052174P 079984 exchanger 10 .i.S r ' i t her
2l U1t ude. ol P RATrOL AP B At e e ger e SEEERFE) BinfFoRned | 05
exchanger, or_an onbi-nat i op..l-herepf . (The decision as to whether to
use nore than Gk é%StOfg@c%gﬂﬁgérorch@af he i ndi cated cooling services

w L depend oy UMD ERoOf b AL Sad i of HefbsoftithveiRh, delolEnt &8 g

inlet gas flo te, héat exchanger size, ream tenperatures, etc.)

Th | ed st . .and 955 '
16,564 kpa(a) | UnG S PRE PP R FLRL, el SRudiie, T o he

condensed 'iqwgs’s&(stfe%.%%zaﬂ&baiagfaaorfa ﬁarawrgfamﬁ%é;r&%gmg Bht ihS

expanded to t perating pressure (approximtely psia 3,068

kPa(a)]) of fg@g?&g{gg%%g{m%@g@{es e NoSxPAYSFON val ve 12, cooling

stream 33a to ore It Is supplied to fractionation

tower 20 at alldo? rom grGol Mo @ﬁgrall?mf Bbriod QR Rkal B& pY@dQE&fnf%ﬁ%i/ |am

32) fromseparator 11 is further cooled in heat exchanger heat

exchange wi t h,conlnd-SaihduRcd88cdbaendtb. 1,163 6%, (stream 38a) and
dernet hani zer upper side reboiler liquids at -38F [-39C] (stream 39).

The cool ed st ?(@@'m 32a Nt eYisa A6RalaghRof 2 Aadfal gad poctssidgplantand 950 psi a
[ 6,550 kPa(a)] where the vapor (stream 34) is separated fromthe

condensed | i qyicdrdasdevAdMedidsent i@niS@pPataat or liquid (stream 37) is
expanded to the tower operating pressure by expansion valve 19,

cooling streaggdsfa to +6AE: 4lthiowdhls Befiew Biapramb SluSkhBiR hiRfhati® means of

fractionation tower 20 at a second |l ower m d-colum feed point.
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-



100241The vapor (stream 34) from separator 14 is divided into two
streans, 35 and 36. Stream 35, containing about 38% of the total
vapor, pa : h heat exchanger 15 in heat exchan I ,
with the 2@?’ Oégté“’sa?lgge gas at -124F [-87C] (stream 38) %ﬁ@gzlﬁ@(}?@m
cool ed to substantial condensation. The resulting substantially
condensed st r gt thetfisures g bpsegarthe psurppiiog Gfp%lg‘?‘it le3izame 68 19 Hitough
expansi on valve 16 to the operating pressure of fracﬁi ongtion tower
20. During exfaimsngRess (96firmathe Brocthd he AYaRMicemPEIsEHY 98H20% esul ti ng
in cooling of the total 6 stream In the V\g ) ) )

2009/ 052174PCitsriabeomivinbgumiespis & 4e rapangle pssprapfionang-prs tha is fypigally
expanded stream 35b | eavjn xpansi on val ve 16 reaches a tenperature
of -130F [-QOWd%W&h?%S]gUﬁ%P%@&”tO separator section 20a in the upper

region of fractionation tower 20. The |iquids se ar%t.eg tﬁrﬂgr ein
become the tof%%ed t o FORBYRERT PHREFSSRAETIORS Y65 POT60259 r emai ni ng

62% of the vapor .fraom separator 14 (strea 6) enters a, K
expansi on nac ﬁ?‘{i'éonigé?i’tﬁ%%'ﬁ?ﬁg Wé&%‘%ﬂ&tf‘ 8&?@ g}(fgﬁ)@ﬂﬁeglatégp?‘?da@@%a(ﬁl} om
this portion t he high pressure feed. The machine .17 expands the
vapor " subst and Pl (EHER BF L Ry TN BB AeFFT iy oPEeRt e,
wi th the work expa]?g)i on colol ing th hex%andedsmgtnrotralsapg 3&%3%)0& ower
tenperature of°BSpFOSARHPRF3PT B3 f-ebcﬂ' B CPREMERIET R C ST e A y
avai l abl e exp er e c J f recoverin aorder of -85%
of the work t &GPy Prgtél?"\s?/n%%grg}lsﬁggﬁr@alﬁ‘?lmtéHerihagra(%—[tsﬁgﬁprcgrﬁ?sgong}%agsi on.
The work recovered js.often.used.to, drive a trif 0 r
(such as i tem 18y f a‘é{lo“égﬁesﬁ%poﬁg%ﬁo{e%p?réggbn@?gnggytcﬁgﬁggg?ngg%%giﬁ
(stream 38c), _f h I eam
36a is thereaf S[‘g{m"gﬁsgﬁg%g%”%’%&? E%E %t%'jeé %3%? ﬁ%ﬁ%@%%ﬂ@%ﬂﬁ%@g an
upper m d-col ﬁm feed point. [0026] The denet hanizer in tower 20 is a
conventional distillation colum containing a plurality of vertically
spaced trays, one or nore packed beds, or sonme conbination of trays
and packing. As is often themrsgriONGE vHelPRIAS ARMOCESSI Ng pl ant s,
the fractionation tower may consist of two sections. The upper
section 20a i gy separ ai@n iVsbeisndhgiagah shattihy/thy aReihio? £ grob@fing eed
is divided into its respective vapor and liquid portions, and erein
the vapor ri spRgk i Feoel B8 dompBientlifhi datumdlio@iusol pelemet daditizg pgJ.sect i on
20b is conbined with the vapor portion of the top feed to formthe
col d denet hanpzeNo, a\e8 ASA dn VAPHhulaSdn of APt EssVWlcCahs extbrs thetphat 4t @peFOf
the tower at -124F [-87C]. The | ower, denethanizing section 20b
contains the [megndn®l gia [pBEKkIu(e) PAadir@ih03l. dEhe Ie gee/sigas y cont act
between the I1quids falling dowmmward and the vapors rising upward.
The denet hani zéndghtarai dfenifi? @bmpdusds witieh weldbpreehohé pioduct &tfkams en
2009/ 052174PCT/ US2008/ 079984 (such as reboiler 21 and the side
reboi | er s desgakttingdpgarexticns sheyilfiimvomboundaire sancbvechipoapperise port i on of
the liquids flowing dowmm the colum to provide the stripping vapors
whi ch fl ow uppiehetaak uithe feed sdsi(iqp iltukeatdd).qitiaddigeq thedted sgtaneansvdlly of
nmet hane and |ighter conponents. [0027] The |iquid product stream 41
exits the bot tichyafed tdy@eteotipragt (ick1f8fmdtidd Gjder bacgedic omnd&icny. piadidl
specification of a nethane to ethane ratio of 0.025:1 on a nol ar
basi s in the beicomprpdeady bechhsedrfosthdparpgas (denet hani zer over head
vapor stream 38) passes countercurrently to the incomng feed gas in
heat exchangett02 wher &hé feed sreedi éxcbobled i3t ckelBTLE] 14 it heabaxclB829 , i n
heat exchanger 13 where it is

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

-8-



heated to -6F [-21C] (stream 38b), and in heat exchanger 10 where it
I's heated to 80F [27C] (stream 38e). The residue gas is then

re-corrpresa,%%acsgl%) stages. The first stage is conpref@gu%gos%rlj,g\éﬁn
y

by exp?nsion Fa I'ne 17. The second stage is conpresso riven

a suppl enent a ower source which conpresses the. resjdue gas (stream
38d) to sal esexcgmerplrﬂéwaire@:ntaﬂw ‘éfﬁitbﬁnglm‘-ﬁlf'ﬁ“qed’fWU@“FW@@]“&W“&H&‘EHMge
cooler 26, the residue gas product (stream SSf% flows to .the sales
gas pipel i ne single muki-pass heaf Gelpggeripapriombingtien Peefn {Theglesition a9 ne
requi renents (usually on the order of the inlet pressure). .[0028]A
sunmary of st whethsrie eigmost Ban ensded frshaneetiBRYE MYIcAEH S0 P8 %eﬁ‘é Brdcess
illustrated in FIG 1 is set forth in the fgl|ow ng table:

2009/ 052174 PCIFresbeuBIrgugfactessinglufing ppigot iyites i) 86 gy ﬁﬁ%&%‘y -
Lb. Moles/H [kg nol es/Hr] Streamvet hanc%Et hapg Pr opgne But anes+ '{ot al
3153, 2286, 192@9:’ @rgers%egsi@arege’ng)y@tures, eic.) € cooled sirea a enfers separator 1

at 0°F [-18°C] and 955 psia [6,584 kPa(a)] where the vapor (stream 32) is separated
from the condensed liquid (stream 33). The separator liquid (stream 33) is expanded
to the operating pressure (approximately 445 psia [3,068 kPa(a)]) of fractionation
tower 20 by expansion valve 12, cooling stream 33a to -27°F [-33°C] before it is
supplied to fractionation tower 20 at a lower mid-column feed point.

[0023] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas at -34°F [-37°C] (stream 38a)
and demethanizer upper side reboiler liquids at -38°F [-39°C] (stream 39). The
cooled stream 32a enters separator 14 at -27°F [-33°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 cxpansion
valve 19, cooling stream 37a to -61°F [-52°C] before it is supplied to fractionation
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 resuiting 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

0



3249, 2444, 670 1,650 815 56, 795 333, 9841, 522 1,420 2,097 9,081
3447,6754,148 1, 246 445 53,908 371, 569522 404 370 2,887 3518, 1171, 576

473 169 wo 20000032174 PCT/US2008/079934

process illustrated in FIG. 1, the expanded stream 35b leaving expansion valve 16
reaches a temperature of -130°F [-90°C] and is supplied to separator section 20a in
the upper region of fractionation tower 20. The liquids separated therein become the
top feed to demethanizing section 20b.

[0025] The remaining 62% of the vapor from separator 14 (stream 36) enters a
work expansion machine 17 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 17 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 36a to a temperature of approximately -83°F [-64°C]. The typical
commercially available expanders are capable of recovering on the order of 80-85%
of the work theoretically available in an ideal isentropic expansion. The work
recovered is often used to drive a centrifugal compressor (such as item 18) that can be
used to re-compress the residue gas (stream 38c), for example. The partially
condensed expanded stream 36a is thereafter supplied as feed to fractionation tower
20 at an upper mid-column feed point.

[0026] The demethanizer in tower 20 is a conventional distillation column
containing a plurality of vertically spaced trays, one or more packed beds, or some
combination of trays and packing. 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-



20, 485 3629, 5582,572 773 276 33,423 3853,098978 44 4 54, 460
411305, 214 3,026 2,908 11,416 Recoveri es* Et hane 84. 20%

WO 2009/052174 PCT/US2008/079984

(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.

[0027] The liquid product stream 41 exits the bottom of the tower at 113°F
[45°C], based on a typical specification of a methane to ethane ratio 0f 0.025:1 on a
molar basis in the bottom product. The residue gas (demethanizer overhead vapor
stream 38) passes countercurrently to the incoming feed gas in heat exchanger 15
where it is heated to -34°F [-37°C] (stream 38a), in heat exchanger 13 where it is
heated to -6°F [-21°C] (stream 38b), and in heat exchanger 10 where it is heated to
80°F [27°C] (stream 38¢). The residue gas is then re-compressed in two stages. The
first stage is compressor 18 driven by expansion machine 17. The second stage is
compressor 25 driven by a supplemental power source which compresses the residue
gas (stream 38d) to sales line pressure. After cooling to 120°F [49°C] in discharge
cooler 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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Propane 98.58% Butanes+ 99.88% Power  Residue Gas Conpression
23, 635HP [ 38,855 kW Refrigerant Conpression

WO 2009/052174 PCT/US2008/079984
Table
(FIG. 1)
Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]
Stream Methane Ethane Propane Butanes+ Total
31 53,228 6,192 3,070 2,912 65,876
32 49,244 4,670 1,650 815 56,795
33 3,984 1,522 1,420 2,097 9,081
34 47,675 4,148 1,246 445 53,908.
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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7,535HP [ 12,388 kW Total Conpression 31,170HP [51, 243 kW * (Based
on un-rounded flow rates) WD 2009/052174PCT/ US2008/ 079984 [ 00291FI G

2 represe al ternative prior art process accordin él?v i.
No. 7, 191%??.%}%?7%00%5 of FIG 2 has been applied %o %ﬂ@gﬁ%@l

feed gas conposition and conditions as described above for FIG 1. In
the sinulation of this process, as in the sinulation for the process
of FIG 1, operating conditions were selected to mnim ze energy
consunption f @2a gi vellG.eaoneeyts hiealeiatifeadDB04 protdspacsdndin &t U SnPapf
the FIG 2 process, inlet gas enters the plant as stream 31 and is
cool ed i n heaNoekthaigeThelPodeys diEHE. 2dneebangeplind tothewok fredgidue gas at
-5F [-20C] (stream 45b), denethani zer |ower side reboiler |iquids at
33F [0C] (st r eanpoéifipy asimdngitiapandeserifed plgpae fonF1G. Thén the simaditign efdhim 31a
enters separator 11 at OF [-18C] and 955 psia [6,584 kPa(a)] where

t he vapor (st peaes,32)n thssiselpterabede prooass oG rpeaggonditpns #eest r eam
33). The separator liquid (stream 33) is expanded to the operating
pressure (appsdockadet minymits Enepayi can{uBipliorsior ¢ Bagrapiovenyflevek act i onat i on
tower 20 by expansion valve 12, cooling stream33a to -27F [-33C]
before it is $0phlied fothtsimetationefthofG: dmeeessdnlgfgagentanbe PRMES col um
feed point. [0031] The vapor (stream 32) from separator 11 is further
cool ed i n heastresrcangscodled inyesanchaeser Hipgealfxengonith joakictidis gas at
-36F [-38C] (stream 45a) and denet hani zer upper side reboiler |iquids
at - 38F [ - 39Cht 6%t [F294G] B®am 46hp demethanizer lower side reboiler liquids at 33°F [C°C]

(stream 40), and propane refrigerant. The cooled stream 31a enters separator 11 at
0°F [-18°C] and 955 psia [6,584 kPa(a)] where the vapor (stream 32) is separated
from the condensed liquid (stream 33). The separator liquid (stream 33) is expanded
to the operating pressure (approximately 450 psia [3,103 kPa(a)]) of fractionation
tower 20 by expansion valve 12, cooling stream 33a to -27°F [-33°C] before it is
supplied to fractionation tower 20 at a lower mid-column feed point.

[0031] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas at -36°F {-38°C] (stream 45a)
and demethanizer upper side reboiler liquids at -38°F [-39°C] (stream 39). The
cooled stream 32a enters separator 14 at -29°F [-34°C] and 950 psia [6,550 kPa(a)]
where the vapor (stream 34) is separated from the condensed liquid (stream 37). The
separator liquid (stream 37) is expanded to the tower operating pressure by expansion
valve 19, cooling stream 37a to -64°F [-53°C] before it is supplied to fractionation
tower 20 at a second lower mid-column feed point.

[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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cool ed stream 32a enters separator 14 at -29F [-34C] and 950 psia

[ 6,550 kPa(a)] where the vapor (stream 34) is separated fromthe
condensed Li.quid-(stream 37). The separator liquid (str LShe.
expanded f%bgﬂgﬂ?%ﬁér operating pressure by expansion J%ﬁ&%ﬁ%@ﬁhﬁw4
cooling stream 37a to -64F [-53C] before it is supplied to .

fracti onati onetcherger o feat grehaes Fdatiopweth thei cgldaenidigaas d eld 0ol Hi'Cl

[ 00321The vapor (stream 34) from separator 14 is divided into two
streans, 35 affiremp4S)sthersdhis sopleddp sybsiaptiahepndeiseiiona 75 Bulingsubsantp!ly
vapor, passes throggh heat WO 2009/ 052174PCT/ US2008/ 079984 exchanger
15 in heat exEMdred sErEeSHA WX hERE] idhe faghsrraensledthisough expansinn
[-84C] (stream 45) where it is cooled to substantial condensation.
The resul ti ng &tiotta e cRFpiedBiaun s EipcionatiirweL0a uring gpagsiofsc) | s
then flash expanded t hrough expansi on valve 16 to the erating
pressure of fPEPT Ofiht G ORI 9 STFE Roehgah ram 3&%—#?§ n of the
streamis vaporized, resulting in cooljng of stream 35b to -129
1800 bef or o LB C ek puaalido FraRRion oAl HORGPPS B SO Eper

m d-col um feed point. [0033] The remai ni ng 63% of the vapor from
separator 14 P%¥Pream 36) enters a work expansi on machine 17 in which

hani cal [ ted f t hi ti f t hi
foed. The mcHIRE 17 oIEROETTREVRGR ‘SuBapmeratry | Qear oM Ty

to the t ti it h the. K ' | i th

expanded St r eAMKIRT0n Bor B Beh TSRO ERR LRy TG 1 R

Th tiall ! d d str 36a.is th ftel i ed

feed 10 1 1 act PORRPEDRCOUAR o0 AP Ich e P G L RO ORI fbod
int. [0034] The denethani in t 20 ISt f ti

Do oper e PR AEM Sl e PO AR e HanlR BB

t d/ ki ] t

vaparport i on Brigeid s Gk AR SRR GR0 P s R IR

O pane g Euidbig AQAMALSOGEIEITE ARHiBRS RS MRS |

propane, and heavi er conponen rom ors rirsing upwar

| owner, stripph@&agﬁﬁ}%@&qgﬂgmhgﬁq%%%BEﬁins the trays and/ or packing
tact

to provi de the necessary contac etween the liquids falling downward

and the vaporﬁmgﬁsing gﬁ@@&ﬂmm QS%Q@NEPﬂ@&%é%ﬂgﬁﬁﬁg&ﬁ&%'%99@&1SO

includes reboilers (such as reboiler 21 ant e S|de_reb0|l rs
descri bed pr ?%sgfggiv%)efér{]\é‘évafg%ﬁ) RERbn FRAdnd RRRLhZRe FayB M/ PAckPg tb PRvide

| i quids flow ng um to provide the stripping vapors which

flow up the cglupRsdaf ShiabtPefndEn thi ditoFpdi @A Ble expinti&PRedds 358fandBdahane
and |ighter conponent’'s. Stream 36a enters denet hani zer 20 at an

intermedi ate fjgee RS 44dQB1d1RERRENS dbwhierd :O¥RHedsE B @b the dthane,
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-



absor bi ng section 20a of denethanizer 20. The liquid portion of the
expanded stream comm ngles with liquids falling dowward fromthe
absor bi ng i O0a and the conbined |iquid continue rdodoNt O
the stri ppﬁ%&gggzdé%ﬁgn 20b of denet hani zer 20. The vapo%%gw}s%lnoq%gw

t he expanded streamrises upward through absorbing section 20a and is
cont act ed wi t hbsering seitipni2ba @faﬂempthgume\s%vﬁwdxqwé pewife ehtbeexparied pesmp
the ethane, propane, and heavi er conponents. 10035] A portion of the
distillation vepoingleswite HayidsXpllingdaxinats amihe pbrgtdinerfectiop g8 2dlfi on of
stripping section 20b. This streamis then cooled from-91F [-68C] to
-122F [-86C] &embipedrliquis|coytinvesripanvard ixte thestipping s9ctiph2thed ferastbaniziger
22 by heat exchange with the cold denethanizer overhead stream 38
exiting the tap B apereenignPLBe expgnded strepprapses upsatd throygiuabsgpige section
denet hani zer overhead streamis warnmed slightly to -120F [-84C
(stream 38a) 3&8and igenglagted it &%%@H@@é‘ln&dﬁ%‘&aﬁt%ob‘éﬁ“ﬁ A 2ertds eam
42. 10036] The operating pressure in reflux separator 23 (447 psia

[ 3,079 kPa(a) FihatesPipanftaat Aeies FaRAPeNs- bel ow t he operating pressure

of denet hani zer 20. This provides_ the, drivi ng forge i ch cfaus S
distillation Vr strarfrtier of frerdishliption veney FUrand? é&‘ﬁﬂﬁlﬁ*’d@‘r M5 nd

thence into the ref] ux _separator 23 wherein th conld sed H: ;(i:
(stream 44) i $PREgFF&IoACETPRIREReEhy 20bhc DhYtTaB s tg%{b‘i?P e??’?ﬁné?ﬂ j’%] ]

St 43 th i ith t d t hani h t
386 1 om heat ol oRRNGRICIS0 Pt Bedetin (EaT diia e <eknig gy Biet o
-120F [-84(C]. 037] T liqujd str, 44 f fl t 23 i
punped [ by pL r’rﬁL‘%ﬁ"ﬁﬂ 18"“3%%‘!8@5‘{%%&{*%3 H%qrvagtﬁtge\?@ras ﬁé#‘)é%@? gcf%iro g ° [)r ess qu e
f d t hani 20, . t is t lied | d t

ool w1 oeq ( AEprtETD Ferii L et BB e R ol b

b b d d dh | er, IS i
Che upper r ecORPTAITREH | gy 3 DrC AP S LR B S ap ool
demet hani zer 20, V. 2009} 052174PCT/ US2008/079984 [0038] In stri ppi ng
section 20b of YN HEHY 26r 20, the feed streams are stripped of
t hei th l'igh ts.. T } L.Quj t
(streamaty o8 ha B3¢ pETBEPESHE M BRlph o B p LD iPRYD
distillati . , i , . i
o 1T o g L ABRALD POl ARG, LR Lo
t 42 ] AV st i | Aidd 43
Fromreflux s SearB bl QUi e £OMHIARS) W Ak RNl oo 2
m _ . . S
exchanger 15 apaief PHRHEH i EMe b pho AN, KEdadamidl | o0t

exchanger 13 1%19 \t,t\;j{l])tis gcﬁargt%é‘}'r&ﬂ ggfgrgglfdg['ls'ea le‘:]or f;;?rt:efn?m 4pb)n 43RGk I N

heat exchange ere’ It Is 80F [27C] (stream4bc) as it

provi des cool i, fgnAs kG iRk IGRUEHEDEHerh ISR SEURNDRS dxBhanBEn
re-conpressed I1n two stages, conpressor 18 driven by expansion

machine 17 and, ¢OERE E5i¢ Rkiddezad sirdhRusy - 120Gy iabeTENt al  power source.
After stream 45e is cooled to 120F [49C] in discharge cooler 26, the

resi due gas piReHct (Stheamlidarthmlidi@em o Barfidl BSs @RGP bPpimE at
1015 psia [6, QgﬂkPa( a)]. 60391{2\ summary of Sasrtream fl ow rgfﬁlesﬂ?nd

ener gy Consunpl i SBsshiRklighe abdve @R TperatidgUtdsbt BClicnBihlnlifer 2@ ah&stieah 4491t h
in the follow ng table: 2009/ 052174PCT/ US2008/ 079984 Tabl e 11
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 2¢.

-15-



(FIG 2) Stream Fl ow Summary - Lb. Ml es/H [kg noles/H] Stream
Met hane Et hane Propane Butanes+ Total 31 53,228 6,192 3,070 2,912

65,876 32 §B6ibhssinf 0 1 650 815 PCT/US2008/079984

[0038] In stripping section 20b of demethanizer 20, the feed streams are
stripped of their methane and lighter components. The resulting liquid product
(stream 41) exits the bottom of tower 20 at 1 14°F [45°C]. The distillation vapor
stream forming the tower overhead (stream 38) is warmed in heat exchanger 22 as it
provides cooling to distillation stream 42 as described previously, then combines with
vapor stream 43 from reflux separator 23 to form the cold residue gas stream 45. The
residue gas passes countercurrently to the incoming feed gas in heat exchanger 15
where it is heated to -36°F [-38°C] (stream 45a), in heat exchanger 13 where it is
heated to -5°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)].

[0039] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 2 is set forth in the following table:

-16-



56, 795 33 3,984 1,522 1,420 2,097 9,081 34 47,440 4,081 1,204 420

53,536 37 1,804 589 446 395 3, 259

WO 20094052174

Stream
31
32
33
34
37
35
36
38
2
43
44
45

4]

(FIG. 2)

PCT/US2008/079984

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

Methane

53,228
49,244
3,984
47,440
1,804
17,553
29,887
48,675
5,555
4,421
1,134
53,096

132

Ethane Propane Butanest
6,192 3,070 2,912
4,670 1,650 815
1,522 1,420 2,097
4,081 1,204 420

589 446 395
1,510 445 155
2,571 759 265

811 23 ]

373 22 2

113 2 0

260 20 2

924 25 1
5,268 3,045 2,911

Total
65,876
56,795
9,081
53,536
3,259
19,808
33,728
49,805
6,000
4,562
1,438
54,367

11,509
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Recoveries*

Ethane 85.08%
Propane 99.20%
Butanes+ 99.98%

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

* (Based on un-rounded flow rates)

[0040) A comparison of Tables I and 1I shows that, compared to the FIG. 1
process, the FIG. 2 process improves ethane recovery from 84.20% to 85.08%,
propane recovery from 98.58% to 99.20%, and butanes+ recovery from 99.88% to
99.98%. Comparison of Tables I and II further shows that the improvement in yields

was achieved using essentially the same power requirements.

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. | 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.
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10042] In the simulation of the FIG. 3 process, inlet gas enters the plant as
stream 31 and is cooled in heat exchanger 10 by heat exchange with cool residue gas
at -4°F [-20°C] (stream 45b), demethanizer lower side reboiler liquids at 36°F [2°C]
(stream 40), and propane refrigerant. The cooled stream 31a enters separator 11 at
1°F [-17°C] and 955 psia {6,584 kPa(a)] where the vapor (stream 32) is separated
from the condensed liquid (stream 33). The separator liquid (stream 33) is expanded
to the operating pressure (approximately 452 psia [3,116 kPa(a)]) of fractionation
tower 20 by expansion valve 12, cooling stream 33a to -25°F [-32°C] before it is
supplied to fractionation tower 20 at a lower mid-column feed point.

[0043] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas at -38°F [-39°C] (stream 45a)
and demethanizer upper side reboiler liquids at -37°F [-38°C] (stream 39). The
cooled stream 32a enters separator 14 at -31°F [-35°C] and 950 psia [6,550 kPa(a)]
where the vapor (stream 34) is separated from the condensed liquid (stream 37). The
separator liquid (stream 37) is expanded to the tower operating pressure by expansion
valve 19, cooling stream 37a to -65°F [-54°C] before it is supplied to fractionation
tower 20 at a second lower mid-column feed point.

[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 total stream. In the

process illustrated in FIG. 3, the expanded stream 35b leaving expansion valve 16
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HP[ 12, 430 Conpr essi on31, 197 HP[ 51, 287 kW

reaches a temperature of -129°F [-89°C} and is supplied to fractionation tower 20 at
an upper mid-column feed point.

[0045] The remaining 62% of the vapor from separator 14 (stream 36) enters a
work expansion machine 17 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 17 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 36a to a temperature of approximately -85°F [-65°C]. The partially
condensed expanded stream 36a is thereafter supplied as feed to fractionation tower
20 at a third lower mid-column feed point.

[0046] The demethanizer in tower 20 is a conventional distiliation column
containing a plurality of vertically spaced trays, one or more packed beds, or some
combination of trays and packing. The demethanizer tower consists of two sections:
an upper absorbing (rectification) section 20a that contains the trays and/or packing to
provide the necessary contact between the vapor portion of the expanded streams 35b
and 36a rising upward and cold liquid falling downward to condense and absorb the
C, components, Cs; components, and heavier components from the vapors rising
upward; and a lower, stripping section 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-



* (Based on un-rounded flow rates) [0040] A conparison of Tables 1 and
Il shows that, conpared to the FIG 1 process, the FIG 2 process
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Accordingly, the FIG 3 process can be conpared with that of the
FIGS. 1 and 2°9%R58¥¥Ses to illustrate the advantages of the present
invention. WD 2009/ 052174PCT/ §§%001?/D79984 00421 Ln .@Iﬁe simul ation 7
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cool et L1 heal A5OSRl LAl IeDl RISIATAS W canl s de Gae o

-38F [-39C ( ani zer upper si | i qui ds
at -37F [-38 ’3’;&)) : @é\%} arator 14
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34) i f Il L sia t
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expansi on val %%éﬁain&%ﬂkﬂt@%e%%ﬁ%%ﬂe%ﬁﬁg brBssuld BF admeathirke28! 968 phobid

kS
supplied to fractionati on"tower at a second | ower m d-colum feed

poi nt. [0044] }0Q:Viap YrcelwililieaMeSdiktifaliNpERALA 9 tolfbw hrotivieded into
two streans, 35 and 36. Stream 35, containing about 38% of the total

vapor, passeselhiHan 8 Hen @D ARGOTux & atdor8 Ahe:@ MG RO BenERl 1AbLIION

with the cold residue gas at -124F [-86C] (stream 45) where it is

cool ed to subgfrad ilis £PREENHE bA uncdi¥Bnsed Sapot {sHehnBABYS SR Al 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, Cs

components, and heavier components rising in the upper rectification region of

absorbing section 20a of demethanizer 20.
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condensed stream 35a at -119F [-84C] is then flash expanded through
expansion valve 16 to the operating pressure of fractionation tower
20. Durin si.an a portion of the streamis vapori Lhg
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2009/ 052174PCT/ US2008/ 079984 secti on 20b of denethani zer 20. The
vapor portion of the expanded streamrises upward through absorbing
section 20a and is contacted with cold liquid falling dowward to
condense and absorb the C2 conponents, C3 conponents, and heavi er
conponent s.
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[0047] A portion of the distillation vapor (stream42) is w thdrawn
froman internedi ate regi on of absorbing section 20a, above the feed

position nged stream 36a in the | ower region of i ,
section 23&9%@?’§ﬂg‘|{jsti |l ati on vapor stream 42 is then %%@?%QJSF'?%%
-101F [-74C] to -124F [-86C] and partially condensed (stream42a) in
heat exchanger 22 by heat exchange w thbkhg col d denet hani zer
overhead stream 38 exiting the top of denethanizer 20 at -128F

[-89C]. The cold demet hani zer overheadggtngamis warned slightly to
-124F [-86C] (stream 38a) as it cools and condenses at |east a

ti f st 42. [0 T i ' I
Egz)alr g?o? 22 Eéel?lrSn psi a[[ tﬂ%bﬁ%gﬁ’;ﬁ?%'@g%?%ﬁqugglgﬂgﬂ gh'ltjf(y bel ow

t he operating_ pressure_of denethanjzer 20. _This provides the driyi
force which c%tE@@s dismmn v%ﬁgﬁﬁstre tofé—'gwgfihrough
exchanger 22 and thence into the refl|lux separator 23 wherein the
condensed |ig¥id (streaf?428 s sepdPlated froffhny uncéhtfensed $2p%
(stream 43). Stream 43 then conbines with the warned denet hani zer
over head stre3m 38a fronPRéht exchadber 22 t &5Trm col d8%lesi due 3ae?
stream 45 at -124F [-86C]. 10049] The liquid stream 44 fromrefl ux
separator 23 33 punped bygspnp 24 1@9%@ pressuBed slightkgslabove thel14
operating pressure of demethani zer 20, and stream 44a is then
supplied as cpfd top colspnge feed (n@hd ux) tojdeoet hani zeo4 20 at 53,3@BF
[-86C]. This cold liquid reflux absorbs and condenses the C2

conponents, Gg conponentggspand heaviggy conponggis risingpin the ypper
rectification region of absorbing section 20a of demethani zer 20. WO

2009/ 052174PCJ/ US2008/ 0 [ 0050} Lk, stri ppi section2pb of ,5404
denet hani zer C’% t he feéz’%gr eans ]ét’rsg3 stri ppeg&of t hei r net hane and

| i ghter conpopents. The lting Li_gquid prod (stream.41) exi

t he bottom of?qeower 20 grt[’ﬁgtLJSF [45%]5?'}1The di stgﬁlati on g%i or st [3%2%
form ng the tower overhead (stream 38?1 is warned in heat exchan%er 22
as it provide® cooling &8 stillati®®h stream ¥2 as descrbed 0103
previously, then conbines with vapor stream 43 fromrefl ux separator
23 to formth& col d resi 895 gas str@&m 45. The ¥esi due gab passed.300
countercurrently to the incom ng feed gas in heat exchanger 15 where
it is heated 40 -38F [-39@G%0 (stream 8%a), in heat exchanger 13 whéi%®
it is heated to -4F [-20C] (stream 45b), and in heat exchanger 10
where it is hgated to 80F¢fR7C] (stneam 45c) as7it provides cool i,ng1
as previously described. The residue gas is then re-conpressed in two
stages, conprgssor 18 drhyen by expagsi on nachppe 17 and gonpressor
25 driven by a suppl enental power source. After stream 45e is cool ed
to 1 20F [49C] i n discharg ool er t he resgiydye gas uct ( m
450 flows to the sal es ga?%i pel i né’qg% 1015 glg?d; [ 6, 99%’6%2a( a)] ﬁﬁ’%%
[ 0051] A summary of stream flow rates and energy consunption for the
process illustrated in FIG 3 is set forth in the follow ng table:
Table 111
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(FIG 3) Stream Fl ow Summary - Lb. Ml es/H [kg noles/H] Stream
Met hane Et hane Propane Butanes+ Total 31 53,228 6,192 3,070 2,912
65, 876 32 ‘%%,23@905%,7102 1,672 831

PCT/US2008/079984
Recoveries®
Ethane 87.33%
Propane 09.36%
Butanes+ 99.99%
Power
Residue Gas Compression 23,518 HP [ 38,663 kW]
Refrigerant Compression 7,554 HP [ 12,419 kW]
Total Compression 31,072 HP [ 51,082 kW]
* (Based on un-rounded flow rates)
[0052] A comparison of Tables I, I1, and III shows that, compared to the prior

art, the present invention improves ethane recovery from 84.20% (for FIG. 1) and
85.08% (for FIG. 2) to 87.33%, propane recovery from 98.58% (for FIG. 1) and
99.20% (for FIG. 2) to 99.36%, and butanes+ recovery from 99.88% (for FIG. 1) and
99.98% (for FIG. 2) to 99.99%. Comparison of Tables I, II, and III further shows that
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, C3 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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recovery of the C; components, C3 components, and heavier hydrocarbon components
contained in expanded feed 36a and the vapors rising from stripping section 20b, it
cannot capture all of the C; components, C3 components, and heavier hydrocarbon
components due to equilibrium effects because stream 35b itself contains C;
components, C; components, and heavier hydrocarbon components. However, reflux
stream 44a of the present invention is predominantly liquid methﬁne and contains
very little C; components, C3 components, and heavier hydrocarbon components, so
that only a small quantity of reflux to the upper rectification region in absorbing
section 20a is sufficient to capture most of the C; components and nearly all of the Cs
components and heavier hydrocarbon components. As a result, in addition to the
improvement in ethane recovery, nearly 100% of the propane and essentially all of the
heavier hydrocarbon components are recovered in liquid product 41 leaving the
bottom of demethanizer 20. Due to the bulk liquid recovery provided by expanded
substantially condensed feed stream 35b, the quantity of reflux (stream 44a) needed is
small enough that the cold demethanizer overhead vapor (stream 38) can provide the
refrigeration to generate this reflux without significantly impacting the cooling of feed
stream 35 in heat exchanger 15.

[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
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significantly lower concentrations of C; components, C; components, and Cs+
components compared to the corresponding stream 42 of the FIG. 2 prior art process,
as can be seen by comparing Tables II and ITI. The resulting reflux stream 44a can
rectify the vapors in absorbing section 20a more efficiently, reducing the quantity of
reflux stream 44a required and consequently improving the efficiency of the present
invention over the prior art.

[0055] Reflux stream 44a would be even more effective if it contained only
methane and more volatile components, and contained no Co+ components.
Unfortunately, it is not possible to condense a sufficient quantity of such reflux from
distillation vapor stream 42 using only the refrigeration available in the process
streams without elevating the pressure of stream 42 unless it contains at least some
Cot components. It is necessary to judiciously select the withdrawal location in
absorbing section 20a so that the resulting distillation vapor stream 42 contains
enough Cyt components to be readily condensed, without impairing the effectiveness
of reflux stream 44a by causing it to contain too much Cy+ components. Thus, the
location for the withdrawal of distillation vapor stream 42 of the present invention

must be evaluated for each application.

Example 2
[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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[0057] In the simulation of the FIG. 4 process, inlet gas enters the plant as
stream 31 and is cooled in heat exchanger 10 by heat exchange with cool residue gas
at -4°F [-20°C] (stream 45b), demethanizer lower side reboiler liquids at 35°F [2°C]
(stream 40), and propane refrigerant. The cooled stream 31a enters separator 11 at
1°F [-17°C] and 955 psia [6,584 kPa(a)] where the vapor (stream 32) is separated
from the condensed liquid (stream 33). The separator liquid (stream 33) is expanded
to the operating pressure (approximately 451 psia [3,107 kPa(a)]) of fractionation
tower 20 by expansion valve 12, cooling stream 33a to -25°F [-32°C] before it is
supplied to fractionation tower 20 at a lower mid-column feed point.

[0058] The vapor (stream 32) from separator 11 is further cooled in heat
exchanger 13 by heat exchange with cool residue gas at -40°F [-40°C] (stream 45a)
and demethanizer upper side reboiler liquids at -37°F [-39°C] (stream 39). The
cooled stream 32a enters separator 14 at -32°F [-35°C] and 950 psia [6,550 kPa(a)]
where the vapor (stream 34) is separated from the condensed liquid (stream 37). The
separator liquid (stream 37) is expanded to the tower operating pressure by expansion
valve 19, cooling stream 37a to -67°F {-55°C] before it is supplied to fractionation
tower 24 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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reaches a temperature of -129°F [-90°C] and is supplied to fractionation tower 2( at
an upper mid-column feed point.

[0060] The remaining 63% of the vapor from separator 14 (stream 36) enters a
work expansion machine 17 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 17 expands the vapor substantially
isentropically to the tower operating pressure, with the work expansion cooling the
expanded stream 36a to a temperature of approximately -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 28a, 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 ccld demethanizer overhead stream is warmed slightly to -122°F
[-86°C] (stream 38a) as it cools and condenses at [east 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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* (Based on un-rounded flow rates) [0052] A conparison of Tables!, 11,
and 11l shows that, conpared to the prior art, the present invention
i nproves efBapRsssPvery from84.20% (for FIG 1) and 1(),%%[(8 Qdog.
FIG 2) to 97.33% propane recovery from 98.58% (for Fﬁ% a];r? o
99.20% (for FIG . 2) to 99.36% and hutanes+ recov%r%r from 931. 88% (for
FIG 1) and 9Umis pith e semedsenyihariger guead s 08 Smdrarragione |

I, dIll furt hows that the | / i ield hi d
L olnd 11 9 Lher SouS Ll LS ATPAaETRRl Y1 el de vas achi eve
ecovery ef 1 Shaney (Jglined b, Usauan Ly ol st el recouered per
uni t of power)’, e pr B 4%
over the ool atk. ol Al % ot oRESSE SRk AR AL S B84
ecover | es and LSCouGLY, oL1)ch SNg PR Y Lhs BE SR et on

I t al | fi.cati or i ded fl 44 i ch
AR AL R KRR A S R

conponents contained in . the inlet feed gas, that 1s..lqQst (o the

resi due gas AFWSH%"%’ F’hdehegféf)ré:ﬁﬁ'gﬂwgtﬁBlglf‘g’r?ﬁ bR fE%‘r?&%ﬁSée ’?neogd stream

35b supplied tb(?; / lt%%%cl%i nQOaScS‘%terithH n%z%r f denet hani zer 20 provides

bul k recover§/ O "ERE conponen%s, conponents, and heavi er

hydr ocar bon c nent s, cont ai ned. i noexnan . vapors
@H}I?tg In s?npp(l)nr% Sgg]g:‘l 9?‘% ofpo%mgt(ﬂ?m%egg@ ﬂ?éqged%ﬂg%n#snﬁ]

rising fromstripping secti canno ure a e C2

cqui 11 bri um oTPERTS! BER e R R Bho Rt PR MRGRALS, ont <,
C3 component s sy fad) S L AT AP A IOTRINBE o HRUANER valil | U

stream 44a of esent rnvention is pred y 1 quid nmet hane

and contains yety dildifd fe @eﬁ%@ GAm ﬁ‘s%ﬁﬁ&ﬂﬁﬂéa‘femﬂ%{e \iier
hydr ocar bon conponents, so that on as 'I quantity of reflux to
the upper recpifi ' i ' OLbEG R Flel Btk BRn komBidsidil ent
to capture m&?tlg%actg}h@%éégggl%pﬁg}ﬁgﬁetg@%aﬁgaéﬁgﬁI;ﬁ/ aIII %f ?he C3S l

conponent s angd, Beqylf 3 RYAOGA LARIGRIROREA HR-coSesRiub §atkbibam ¥%) The
addition to the I nprovenent in ethane recovery, nearly 100% of the

propane and egs@M da3hAdesabint@buriely ReRMh@mMiYHELRIMIRE KORARENtS are
recovered in liquid product 41 |eaving the bottom of denethanizer 20.

Due to the buledt ittedied RLAYSTMORIIQMEERASRDY ndRARGE LS Ubshadttial | y
condensed feed stream 35b, the quantity of reflux (stream 44a) needed

is small enoughieihidtsot hepcplstehe ass) aniviRe: QVIRhRL A0 Wwiap @fis cated @am 38)
can provide the refrigeration to generate this reflux w thout

si gni fi cant | ygierpaet] Rgedddscsaat progdicodlpgds previenm Bberived. MBRtresidue
exchanger 15. [0054] The key feature of the present invention over
that of the pgdsGythéd fe-cofplebid il o sBgdd] REMESsor 38 &rien bpegiahdoh wichinbe

wi t hdrawal point for distillation vapor stream 42. Wereas the

wi t hdrawal poinindfcompiekser 3 dbive? bpi appBmentsl powertsharcel T streagi 45a i0f
stripping section 20b of fractionation tower 20, the present

i nvention wi t badicaus 1 2°B [49PCaih dBthavazROslerd6r harasidie fas pradan (seie Adipdi at e
regi on of absorbing section 20a, above the feed position of expanded
stream 36a. Thewsaperssles fastpivielnd ant @I5eidi[@ 9% kPe@)lon of absor bi ng
section 20a have already been subjected to partial rectification by
the col d |i quiodss] f ound Al sampefyl afstrainr femniattd andamerze xpamdgdn for the
substantially condensed stream 35b. As a result, distillation vapor
stream 42 of phesspiliesardd in A e Atis enfocb it the faflowidd tableWD

2009/ 052174PCT/ US2008/ 079984 significantly | ower concentrations of C2
conponents, C3 conponents, and C4+ conponents conpared to the
corresponding stream 42 of the FIG 2 prior art process, as can be
seen by conparing Tables Il and Il11. The resulting reflux stream 44a
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Exanple 2 [0056] An alternative neans for withdrawing distillation
vapor fromthe colum is shown in another enbodi nent of the present

i nvention \%ﬁzbwjogfﬁ% ated in FIG 4. The feed gas corrpos[;f.lj,gﬁo ﬂ)eggm

conditions considered in the process presented in FIG are same
as those in FIGS. 1 through 3. Accordingly, FIG 4 can be conpared
with the FIGS. 1 and 2 processes to il lTasenate the advantages of the
present invention, and can |ikew se be conpared to the enbodi nent
displayed in FIG 3. WO 2009/ 052174PCTk1d54908/ 079984 1005711 n the
sinmulation of the FIG 4 process, inlet gas enters the plant as

stream 31 and is cool ed isrhRHEHERAN0E /I;Ihjange wth
cool residue gas at -4F [-r20C] c&strea%?ﬂﬁ%%?“%nﬂ?%@&%ef | ower side

reboiler |iqui t 35 (stre 40), and propane, refrigerant,
The cool ed strseig%ﬁMa g%dﬂk“&ﬁ‘s% separg'{'igar“rg 11 a?ﬂf%‘—e[-ﬂé‘—”—aﬁ-ﬁﬁ 955 psigal
[ 6,584 kPa(a)];where theS% or (stré 32) is separated fromthe
condensed |iquid (stream . The s @?rat or 140 d (stredh 33) i65.876
expanded to tl&g operati n% ressure (approxi mtely 451 psia [3, 107
kPa(a)]) of friActionatiofr"tdwer 20 BilSexpansib#dval ve 12834cool i ngy,064
stream 33a to -25F [-32C] before it is supplied to fractionation
tower 20 at aPower nid-ceildm feed.$Gi nt. [0GB8] The vapums (Streayio
32) fromseparator 11 is further cooled in heat exchanger 13 by heat
exchange with38ool resi dii25das at -4@F [-40C|1, 63t ream 458% and s3 213
denet hani zer upper side reboiler liquids at -37F [-39C] (stream 39).
The cool ed stB2am 32a entxrss separatgp 14 at -53gF [-35C4and 950 jnsha
[ 6,550 kPa(a)] where the vapor (stream 34) is separated fromthe™

condensed |iqosd (stream73dy. The separator |igyid (stre@gn 37) i1%636
expanded to the tower operating pressure by expansion valve 19, ™

cooling streang37a to - - 55C] f,ore it i uppliedt
fractionation tower 20 %B’I%éﬁsecondgfe%aer i d-?(%?urm fee&“%oi nt. 33,577
[ 0059] The vapgg (stream4374§3)Z from segsaat or 14 is divided into two
streans, 35 and 36. Streain 55, cont i ng about®37% of th® total48759
vapor, passescf hr ough hegt gxchanger 15 in heat exchange relation
with the cold fesidue ga S8 - 123F [2-41360] (stredm 45) whebe it i$,.200
cool ed to substantial condensation. The resulting substantially
condensed stream 35a at JH18F [-83CJI04s then fl@sh expanded througho
expansi on valve 16 to the operating pressure of fractionation tower
20. During exPansion a pbrhb4 on of tHBES stream i §3 vaporized; resul klobo
in cooling of the total stream In the process illustrated in FIG 4,
the expanded €t ream 35b beaving expansi on valve; 16 reachgs a 5434
tenperature of -129F [-90C] and is supplied to fractionation tower 20
at an upper nd4d-col umm fgess poi nt. pD601The rpmai ni ng 63% of thF466
vapor from separator 14 (stream 36) enters a ’

45 53,092 768 17 0 34,193

4} 136 3,424 3,053 2,912 11,683
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wor k expansi on machine 17 in which nechanical energy is extracted
fromthis portion of the high pressure feed. The nmachi ne 17 expands
the vapor gWbsiaRtdizgl 1y isentropically to the tower opesatidigosnzoosy
pressure, with the work expansion cooling the expanded stream éga to
a tenperature of approximately -86F [-66C]. The partially condensed
expanded strea enigs*t hereafter supplied as feed to fractionation
tower 20 at a third | ower m d-colum feed point. 100611A first
portion of distillatEfmevapor (stream 5497.99% wi t hdrawn from an

i nternedi ate regi on of absorbing section 20a, above the feed position
of expanded stream 3fgpdy8 the | ower regigmzgf absorbing section 20a.
A second portion of distillation vapor (stream55) is withdrawn from
t he upper region of i.ppi ng section 2 | ow t he feed position of
expanded stream 36a.§‘%15111é69€i rst portion gét?)'g-g%gSF [-76C] is conbined
with the second portion at -92F [-69C] to form conbi ned vapor stream
42. Conbi ned vapowerstream 42 is then cooled from-102F [-74C] to
-124F [-87C] and partially condensed (stream 42a) in heat exchanger
22 by heat exchange Résidie GheCanpressidanet hansrerHpver head s88.88mi38]
exiting the top of denethanizer 20 at -129F [-90C]. The cold

denet hani zer over heageSdr8RTbmpre¥@dnTed sl vafg Iypto - 122F [2,86Ckw)
(stream 38a) as it cools and condenses—at—}east—a portien—of-stream

42. [00621The oper at in refl ator 23 ( pSi
[3,081 kPa(a)]) is %@%@F’ﬁgﬁaéﬁ ghtly bg?(’ggvzefﬁ% oper a?i ngﬂ%grge?s re
of denet hani ng 20, This ‘f)dr(%l de§ he driving force which causes
conbi ned vapor %af?%%ﬁnfﬁu §° FPOWE rough heat exchanger 22 and thence
into the reflux separator 23 wherein the condensed |iquid (stream 44)
is separated from any uncondensed vapor (stream 43). Stream 43 then
WD 2009/ 05217 @b¢e]/ US2008/0mpaR84 oL uistek Tie sndifvtshowdiatyeimpedd daheFkiadi zer
over head stream 38a from heat exchanger 22 to formcold residue gas
stream 45 at eni&dimdnt 8GRY prestAGERITGIE tHeiFHGI Aknshiodiesm fddhek ingprovee thane
separator 23 is punped by punp 24 to a pressure slightly above the
oper ati ng pressoMeey fiodm 838 elYiSHer and @ropamede@itre fombea 61ago Dhéive.
supplied as cold top colunmm feed (reflux) to denethanizer 20 at -124F
[-86C]. This CahphrisorgefiTdbleel] and I¥fgrdrebshoan thacthnidenseserittlreyi€lds was
conponents, C3 conponents, and heavier conponents rising in the upper
rectificati onachegedrsingfesiasdly Biersgms sodunoof [R@ear. df tedenefttheaméorey 20.
[0064] I n stripping section 20b of denethani zer 20, the feed streans
are stripped eficielni(defimed byathe quntityloif gtharsrecovmrphirre mitef pPiver).itkesiiGt 4 ng

| iquid product (stream4l) exits the bottom of tower 20 at 112F

[ 44C] . The di enbddinni efithe/prpwsnt intentemmdivieins Hig 4Vimproyoesnt ovee Higersior art
(stream 38) is warned in heat exchanger 22 as it provides cooling to
distillation sfithelifa. 4progess aedksthe pYduipiorendnberst fhe prioreyt of dwbi®rds with
vapor stream 43 fromreflux separator 23 to formthe cold residue gas
stream 45. Thprogassi due gas passes countercurrently to the incom ng
feed gas in heat exchanger 15 where it is heated to -40F [-40C]
(stream 45a), [006)) heat &heinwrrysmentdn Rpevedes;for thaFlge 4 embodiment afthe - 20
(stream 45b), and in heat exchanger 10 where it is heated to 80F
[27C] (st reanP@Salingatipy ovst ot efdhe Fgol emipdirenhis dyg R icrefssiatided.

The residue gas is then re-conpressed in two stages, conpressor 18
driven by exp@ufsieyef rpflunstiram fa fus ghedBfpt wabodiments Afrgey Bhsepy by

suppl ement al power, source. After stream 45e is cooled to | 20F [49(C
in di schar ge ewaepg Bplesilhand lys thgdlowgats opreluttican 4¢4 sanTohehsr T $6s t o
t he sal es gaswpi peline at 1015 psia [6, 998 kPgéqa)]. [ 0065] A summary
of stream f| oftG 4eebodifiente hbs fjghee HASH AR PHFPVFORS tURBlcHFYelgecsification
illustrated in FIG 4 is set forth in the follow ng tabl ?: WO

2009/ 052 174pcf|'lp LREE EPS 108 ?é%arbtpgﬁfcéloql %ﬂa, which reduces theamount of C,

-31-



(FIG 4) Stream Fl ow Summary - Lb. Ml es/H [kg noles/H] Stream
Met hane Et hane Propane Butanes+ Tot al 31 53,228 6,192 3,070

2,912 WO 2009/052174 PCT/US2008/079984

components, C3 components, and C4+ components contained in the inlet feed gas that
is lost to the residue gas.

{0068] This higher reflux rate is possible because the combined vapor stream
42 of the FIG. 4 embodiment is more easily condensed than distillation vapor stream
42 in the FIG. 3 embodiment. It should be noted that a portion (stream 55) of
combined vapor stream 42 is withdrawn from distillation column 20 below the
mid-column feed position of expanded stream 36a. As such, stream 55 has been
subjected to less rectification than the other portion (stream 54) which is withdrawn
above the mid-column feed position of expanded stream 36a, and so it has higher
concentrations of Co+ components. As a result, combined vapor stream 42 of the
FIG. 4 embodiment has slightly higher concentrations of Cs+ components than
distillation vapor stream 42 of the FIG. 3 embodiment, allowing more of the stream to
be condensed as it is cooled by column overhead stream 38.

[0069] In essence, withdrawing portions of the distillation vapor at different
locations on the distillation column allows tailoring the composition of the combined
vapor stream 42 to optimize the production of reflux for a given set of operating
conditions. It is necessary to judiciously select the withdrawal locations in absorbing
section 20a and stripping section 28b, 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 Cy+ 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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Other Embodiments
[0070} In accordance with this invention, it is generally advantageous to
design the absorbing (rectification) section of the demethanizer to contain multiple
theoretical separation stages. However, the benefits of the present invention can be
achieved with as few as two theoretical stages. For instance, all or a part of the
pumped condensed liquid (stream 44a) leaving reflux separator 23 and all or a part of
the expanded substantially condensed stream 35b from expansion valve 16 can be
combined (such as in the piping joining the expansion valve to the demethanizer) and
if thoroughly intermingled, the vapors and liquids will mix together and separate in
accordance with the relative volatilities of the various components of the total
combined streams. Such commingling of the two streams, combined with contacting
at least a portion of expanded stream 364, shall be considered for the purposes of this
invention as constituting an absorbing section.
[0071] FIGS. 3 through 6 depict fractionation towers constructed in a single
vessel. FIGS. 7 and 8 depict fractionation towers constructed in two vessels, absorber
(rectifier) column 27 (a contacting and separating device) and stripper (distillation)
column 20. In such cases, a portion of the distillation vapor (stream 54) is withdrawn
from the 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 35h. 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
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FIGS. 3 through 6) or multiple vessels will depend on a number of factors such as
plant size, the distance to fabrication facilities, etc.

[0072] Some circumstances may favor mixing the remaining vapor portion of
distillation stream 42a with overhead stream 38 from fractionation column 20

(FIG. 6) or absorber column 27 (FIG. 8), then supplying the mixed stream to heat
exchanger 22 to provide cooling of distillation stream 42 or combined vapor stream
42. Asshown in FIGS. 6 and 8, the mixed stream 45 resulting from combining the
reflux separator vapor (stream 43) with overhead stream 38 is routed to heat
exchanger 22.

[0673] As described earlier, the distillation vapor stream 42 or the combined
vapor stream 42 is partially condensed and the resulting condensate used to absorb
valuable C; components, Cs components, and heavier components from the vapors
rising through absorbing section 20a of demethanizer 20 or through absorber column
27. However, the present invention is not limited to this embodiment. It may be
advantageous, for instance, to treat only a portion of these vapors in this manner, or to
use only a portion of the condensate as an absorbent, in cases where other design
considerations indicate portions of the vapors or the condensate should bypass
absorbing section 20a of demethanizer 20 or absorber column 27. Some
circumstances may favor total condensation, rather than partial condensaticn, 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. [t 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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[0074] Feed gas conditions, plant size, available equipment, or other factors
may indicate that elimination of work expansion machine 17, or replacement with an
alternate expansion device (such as an expansion valve), is feasible. Although
individual stream expansion is depicted in particular expansion devices, alternative
expansion means may be employed where appropriate. For example, conditions may
warrant work expansion of the substantially condensed portion of the feed stream
(stream 35a).

[0075] When the inlet gas is leaner, separator 11 in FIGS. 3 and 4 may not be
justified. In such cases, the feed gas cooling accomplished in heat exchangers 10 and
13 in FIGS. 3 and 4 may be accomplished without an intervening separator as shown
in FIGS. 5 through 8. The decision of whether or not to cool and separate the feed gas
in multiple steps will depend on the richness of the feed gas, plant size, available
equipment, etc. Depending on the quantity of heavier hydrocarbons in the feed gas
and the feed gas pressure, the cooled feed stream 31a leaving heat exchanger 10 in
FIGS. 3 through 8 and/or the cooled stream 32a leaving heat exchanger 13 in FIGS. 3
and 4 may not contain any liquid (because it is above its dewpoint, or because it is
above its cricondenbar), so that separator 11 shown in FIGS. 3 through & and/or
separator 14 shown in FIGS. 3 and 4 are not required.

[0076] The high pressuré 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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through 8). Stream 33 in FIGS. 3 and 4 and stream 37 in FIGS. 3 through 8 may also
be used for inlet gas cooling or other heat exchange service before or after the
expansion step prior to flowing to the demethanizer.

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

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

[0079) As shown by dashed stream 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 Co+ components in
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Conpr essi on [ 51,099 kW * (Based on un-rounde ow rates

stream 42. In such cases, the remaining portion (stream 52) is supplied to the top of
absorbing section 20a (FIGS. 5 and 6) or absorber column 27 (FIGS. 7 and 8).

[0080] In accordance with the present invention, the splitting of the vapor feed
may be accomplished in several ways. In the processes of FIGS. 3 through 8, the
splitting of vapor occurs following cooling and separation of any liquids which may
have been formed. The high pressure gas may be split, however, prior to any cooling
of the inlet gas or after the cooling of the gas and prior to any separation stages. In
some embodiments, vapor splitting may be effected in a separator.

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

[0082] The present invention provides improved recovery of C; components,
C; components, and heavier hydrocarbon components per amount of utility
consumption required to operate the process. An improvement in utility consumption
required for operating the demethanizer process may appear in the form of reduced

power requirements for compression or re-compression, reduced power requirements
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[ 0066) A conparison of Tables Il and IV shows that, conpared to the
FIG 3 enbodi nent of the present invention, the FIG 4 enbodi nent

further i nRLOYESHseipane recovery from 87.33% to 87.59% @%ﬁ "
recovery fron1§®P36@6to 99. 43% Conparison of Tables I aﬁ%ﬁ 3

further shows _that the inprovenent in yields was achi eved using
essential |y t fsc¥snal ’%fHS%EWO“o*g‘%Bé\EFTg%Fﬂ”F%‘P%S FOPREePAEB Ry
efficiency (defined by the quantity of ethane recovered per unit of
power), the F?@?mﬁméﬁ%BﬁPﬁent of the present invention maintains the
4% i nprovenent over the prior art of the FIG 1 process and the 3%

i nprovenent over the prior art of the FIG 2 process. 10067] The

i nprovenent in recoveries for the FIG 4 enbodi nent of the present

i nvention ovel%3hat of Vhile theradhavabespesgiibeg that age believed o brgelened ease
in the quantity of reflux stream44a for the FIG 4 enbodi nent. As
can be seen b§mbasimas Hderasnian, fhese skiigd imphe srwillpgcggpizepa offer #16f | ux
stream 44a is _24% higher for the FIG 4 enbodjnent. The higher reflux
rate i nprovesrther medHinadens may e madt et § dhedert RBVIHPEP VAEFon of
absor bi ng sectiagn 20a, which reduces the ampunt of C2 WD ..

2009/ 052174 PCIPEEsnD &P §e4, & SHSHITavFdeneR I AeprEe Sromdhespi of
conponents contained in the i Iq£ fﬁeg gas that is lost to the

resi due gas. TOOESTTHvEOR ghdmee thsloflayine Flaimsossi bl e because t he
conbi ned vapor stream 42 of the FIG 4 enbodinment is nore easily
condensed than distillation vapor stream42 in the FIG 3 enbodi nent.
It should be noted that a portion (stream 55) of conbi ned vapor
stream 42 is withdrawn fromdistillation colum 20 bel ow t he

m d- col um feed position of expanded stream 36a. As such, stream 55
has been subjected to less rectification than the other portion
(stream 54) which is w thdrawn above the m d-columm feed position of
expanded stream 36a, and so it has higher concentrations of C2+
conponents. As a result, conbined vapor stream 42 of the FIG 4
enbodi ment has slightly higher concentrations of C3+ conponents than
distillation vapor stream 42 of the FIG 3 enbodinent, allow ng nore
of the streamto be condensed as it is cooled by colum overhead
stream 38. 100691In essence, withdrawi ng portions of the distillation
vapor at different |ocations on the distillation colum allows
tailoring the conposition of the conbi ned vapor stream 42 to optim ze
the production of reflux for a given set of operating conditions. It
is necessary to judiciously select the withdrawal |ocations in
absorbing section 20a and stripping section 20b, as well as the
relative quantities withdrawn at each location, so that the resulting
conbi ned vapor stream 42 contai ns enough C2+ conponents to be readily
condensed, without inpairing the effectiveness of reflux stream 44a
by causing it to contain too nuch C2+ conponents. The increase in
recoveries for this enbodi nent over that of the FIG 3 enbodi nent
nmust be eval uated for each application relative to the slight
increase in capital cost expected for the FIG 4 enbodi nent conpared
to the FIG 3 enbodinment. WO 2009/ 052174PCT/ US2008/ 079984 C her
Enbodi nents [0070]In accordance with this invention, it is generally
advant ageous to design the absorbing (rectification) section of the
denet hani zer to contain nultiple theoretical separation stages.
However, the benefits of the present invention can be achieved with
as few as two theoretical stages. For instance, all or a part of the
punped condensed liquid (stream 44a) |eaving reflux separator 23 and
all or a part of
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t he expanded substantially condensed stream 35b from expansi on val ve
16 can be conbined (such as in the piping joining the expansion val ve
to the denethanizer) and if thoroughly interm ngled, the vapors and
liquids will mx together and separate in accordance with the
relative volatilities of the various conponents of the total conbined
streans. Such conmm ngling of the two streanms, conbined with
contacting at |east a portion of expanded stream 36a, shall be
considered for the purposes of this invention as constituting an
absor bi ngwsectAm: [0071] FIGS. 3 through 6 depict fractionation
towers constructed in a single vessel. FIGS. 7 and 8 depi ct
fractionation towers constructed in two vessels, absorber (rectifier)
colum 27 (a contacking Ap@cseparias sapgratien btegasandars tohpRaIg methane,
(distillation) colum 20. In such cases, a portion of the

di sti |l atE&panyRRGk:s, (SldoRPBh&Y, ah@hwviehﬁpm&rﬁsmﬂﬂaﬁeﬂ@wﬁ@lﬁﬁkon of
absorber colum 27 and routed to reflux condenser 22 (optionally,

conbi ned P%IPIEE n%a g%'&&&?&hd il B0 IR Prglf?n%"f?arcﬁ@?% Yeﬁﬁﬁ Jﬁ%%};?o@ﬁ‘{]fr om

stri pper enerat e’ rer

remai nin ti head vapor str an15

stri ppergsa cfé 09%(1%1% wssctoglp%)ﬁ ntsi ower‘n’agleeégl?’oncaor T én roﬂg}sg aﬁ}n% 27
to be contacted b ef | ux (% n152 and expang%g substantial ly
condensed SRS} eai‘f’ﬁﬁby BH ORI FUPEICHREPSFSqui ds (st ream
47) from the bottom of absorber colunn 27 to the top of stripper
colutm 20 so that the t\W® towif gaestrcamyis genled yndsepresyrete pspade a cooled
distillation system The decision whether to construct the

fracti onatticam; t ower as a single vessel (such as denethanizer 20 in
-33- WD 2009/ 052174PCT/ US2008/ 079984 FIGS. 3 through 6) or multiple
vessels will depend on dbnunbad cofled stedanr is espanbiedi® adbant pressne, whidneby
di stance to fabrication facilities, etc. 10072] Sone circumnmstances may
favor m xi xduklg cogle@iandng vapor portion of distillation stream 42a
W th overhead stream 38 from fractionation colum 20 (FIG 6) or

absorber colum 27 (Fl G9), sﬁlh%ﬁh&y%ﬂlé’d a6 i X&AnRt 4 &iNatiBn heat
exchanger 22 to prOV|de cooling of distillation stream 42 or conbi ned

vapor str |
(oS0l 1 ng T SiBRAUD: BiaTol pressBititrety 1 Sohitlohl BEGM, Sty
overheadls%n%fnﬁ3§ %% %Rﬂ%ggmﬁ% heat exchanger 22. [0073] As descri bed
earlier, the i"on vapor strean142 or the conbi ned vapor
strean142 IS partlally c ndense gﬁ$g§ resultlﬁg con enS@te used.to
absorb val uabl e C2 conp§ @ﬁ?@“z Howive conlifgesai 00ted niitFARN{Ss
fromthe vapors risjng through absorblng section 20a of denethani zer
20 or through absoﬁ%@gubﬁﬁhmﬁt se¢qestreams; apdk present i nvention is
not limted to this enbodi nent. It may be advant ageous, for instance,
to treat only a portion(bf th@dé’ll‘sﬁap@ﬁnsISmOkemttscmdnmsersubSGﬁntlta]dwy@ii;eflt
only a portion of the condensate as an absorbent, in cases where

ot her desingns theresficlexptnded o sandilosat prepanrd whersbyoit istfnﬂhara:polleé; or the
condensat e shoul d bypass absorbi ng section 20a of denethani zer 20 or
absorber colum 27. Somg2)ci r eMaekpandescdtied fhirstbicath @4 dkreeRBAdEpSIRIION,
rather than partial condensation, of distillation vapor stream 42 or

conbi ned éh@il?losfaldsﬂlﬁtﬁ?a@fbﬂ3olhﬂlnr'&?§-tﬁr§>ﬁﬁ3-%ﬂﬂ% 1241 pdttdfor fd ALopIRhANCeS
may favor that distillation vapor stream 42 be a total vapor side

d f
G aw 11 CoplaBfidd RAb ARG ofOnfie @g@ﬁﬁ}%ﬁﬁﬁ%‘?‘%‘%ﬁé@g?’ igkAC,
t he feed se ex

ot cor R SR otk VfcegrodX%%ﬁ R PRz Shraiss dodes cam

42 or conbi ned vapor stream 42 in heat exchanger 22.
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WO 2009/ 052174PCT/ US2008/ 079984 [ 0074] Feed gas conditions, plant

size, avail abl e equi pment, or other factors may indicate that
elimnation of work expansi on machine 17, or replacenent with an

al ternat e expansi on device (such as an expansion valve), is feasible.
Al t hough i ndividual stream expansion is depicted in particul ar
expansi on devices, alternative expansion neans nmay be enpl oyed where
appropriate. For exanple, conditions nmay warrant work expansion of
the substantially condensed portion of the feed stream (stream 35a).
10075] Whesvetlivad vapazistrepas anidsarl apdioasl bogepdiqaidotrears, wherbupes sai@ aptidnal may
not be justified. In such cases, the feed gas cooling acconplished in
heat exchlanger Squidstesach iisuliphieﬂcfﬁid distdlbediod colmynnbe acconpl i shed

wi t hout an intervening separator as shown in FIGS. 5 through 8. The
deci sion of whether or nef t @aia@aiona@deai@&%&?érﬂea hﬁsatcﬂ@elzeﬂ@%sgufb and

mul tiple steps will depend on the richness of the feed gas, plant

size, avaiskabliRd %ﬂééhcpﬁ'f's’t'iﬂatloﬁ%lunﬁ%?% Reiong rrHH‘-cBlﬁlﬁm%é’dBdsﬁ%n%@ sdigavi er
hydrocarbons in the feed gas and the feed gas pressure, the cool ed

e =1 S ﬁ%ﬁ?&?@% a%e,‘é’?*’%%n% PR ey

not contain any liquid ecaus iLs above its , use
it is above its cricondg%barfnﬁgglwﬁgﬁmg qﬂﬁ? wﬁgﬁgﬁﬂnfswé%ééy

t hrough 8 and/ or se ara n Fl nd 4 are not

r equi r ed. FABARERAHE %?‘bﬁto Sﬁf‘é@gﬁp’@‘m FRfumg ap f%%aiiaeslfo s#depiégnal 3 and 4
and stream 33 in FIGS. 5 through 8) need not be expanded and fed to a
i d- col urPnfastng #ul s¢paraling ¢ryvicgias ¢ pecopd javer colummiced nostiend, all or a
portion of it may be conbined with the portion of the separator vapor
(stream 35 in FIGS. 3 afd) 4 andpwtdisidistiGustieamAs @8hdBwnHropughegdin of
flowing to heat exchanger 15. (This is shown by the dashed stream 46
in FIGS. dhiddistilagibn 8olhmAny sdié paiicrahgorpating aid sshatating dévigs abov@yaide
expanded through an appropriate expansion device, such as an

expansi onex??a;hdea s6don@XReds hidis ¥B61BA Afficiefdly foednlsatTeddt £pArvoTILf eed
point on the distillation colum (stream37a in FIGS. 5 -35- WO

2009/ 052%%&8@%&11&%0&%193&9@60&95%%6 §):onc§5£e%ffba?r§ in FIGS. 3 and 4

and stream 37 in FI'GS. 3 through 8 may al so be used for inlet gas
cooling or other heat e an A f t e ion
step prior to flow ng tggt hegﬁlegﬁ ?ﬁ’gﬁ?’?g’?sg%iﬁﬂ %ﬁl S%%%r%?s da él@% th
t he present t he use of r nal fr| i on

supph enerii S B0E PRymh S st Bp Boref it Pk ph R G B ron e
streans qgé be enpl oyed, particularly in the case of a rich inlet
gas. The RfSBIO8nd distribution of separator |iquids and denmet hani zer
side draw liquids for process heat exchange, and the particul ar
arrangement of heat exchahgessidpptionahpentaciiag apdeppisgngieticanyerhead
eval uated for each particular application, as well as the choice of
process stapewstsamor ssid distiflateorhedime gedrberderaparsiteaa és directed into heat

exchange relation with said vapor distillation stream and heated, thereby to supply at least
a portion of the cooling of step (5), and thereafter discharging at least a portion of said
heated optional contacting and separating device overhead vapor stream or said

distillation column overhead vapor stream as said volatile residue gas fraction; and
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[ 0078] Some circunstances may favor using a portion of the cold
distillation liquid | eaving absorbing section 20a or absorber colum
27 for heat exchange, such as dashed stream 49 in FIGS. 5 through 8.
Al t hough only a portion of the liquid from absorbing section 20a or
absorber colum 27 can be used for process heat exchange w t hout
reduci ng the ethane recovery in denethanizer 20 or stripper colum
20, nore duty can sonetines be obtained fromthese liquids than with
liquids fromstripping section 20b or stripper colum 20. This is
because the liquids in dBsor bheayenidissians tepmgrapfiregiefhseichiged steeama o gadd
absorber columm 27) are available at a colder tenperature |evel than
t hose i n distillappn ngluswetd effecl@bto(mainainrthe pesrhead|temper@e. of [s@i0 Atk ifistion
shown by dashed stream 53 in FIGS. 5 through 8, in sonme cases it nmay
be advanta@emmsr $aid Glonkl dohtclinguiddesdrit@rehco gt 4 Ridpdranie WRe2By the
(stream 44a) into at |least two streans. A portion (stream 53) can
then be syppt %&Hoﬁs‘bﬂtﬁ@coﬁﬁﬂdm@ﬂb RsaRBelati08y Mss LbREL RRAL 88 rdBYEEd.20
(FIGS. 5 and 6) or the top of stripper corunn 20 (FIGS. 7 and 8) to
increase the liquid flowin that part of the distillation system and
i nprove the rectification, thereby reducing the concentration of C2+
conponents in WO %p09/q%élﬁﬁP%TQQ§ﬁfog/9$99 4 stream 42. |In such
cases, the remaining portlgn f%f?%é " ? g dﬁﬁF?%d to the top of
absor bi ng section 20a (F|.GS. 5 ,and §) or absorber. col ) 27 éFIGS. 7
and 8). [0080] I n accorddhce dfifiiFopled & lEnn 1 fpalsti WHiclknly ©ppartialing
of the vapor feed may be acconplished in several ways. In the
processes of FIGS. ®84gsoiigh 8, the splitting of vapor occurs
foll owi ng cooling and separation of any |iquids which may have been
formed. The high pressul® gasaiduyrtibBy spidensedigaswiveam, is pepaated therghyyto
cooling of the inlet gas or after the cooling of the gas and prior to
any separmbvidea stageseant anddrieseoeddjuitesttesin; vapor splitting nay be
effected in a separator. [0081]1t will also be recognized that the
rel ative anount of feed ($oundaill Ragehedii aEicatter tRRdeERhiolsaMdaRaranfieed
w || depend on several factors, including gas pressure, feed gas
conposi ti@pondidAadeyat of heat which can economically be extracted
fromthe feed, and the quantity of horsepower available. Mire feed to

the top of the col um My i ncreags bREALTLNA Wil HERIRASIA ROWer
recovered fromthe expander there & I ncreasi ng the reconpression
hor sepower. _require ts. Increasi.ng feed |ower. i.n the colu r.educes
e hor scBatid o6 S e pis e AR SuteES? e st So S Paclh b The
relative | ocation f the md-colu feeds may vary depending qQn

Bl ot corBUSAIn st Pt IR oF $BF0HL SeRReLoTates G EeavE el s
and anount of |iquid formed during inlet gas cooling. Mreover, two
or nore oJfclpddl, foosil diptilkaging Folamﬁg?mléﬁglumefﬁ@d?quay be conbi ned
depending on the relative tenperatures and quantities of individual
streans, and the conbined streamthen fed to a m d-colum feed
position. [0082] The present invention provides inproved recovery of
C2 conponents, C3 donporidnapsmcesralchrémyiteclainydmdesiloon conponents per
anount of utility consunption required to operate the process. An
inprovenent in utility gDnNSugz ifiedd stre@anisrcombint vamei dabtnpdriiéh of said
denet hani zer process nay appear in the formof reduced power

requi r eneplGsf e 1RGSR O Pora JoRTHHRARELESE] AR saldRIHBELd ROUES is cooled
requi rements

to condense substantially all of it and is thereafter expanded to said lower pressure

whereby it is further cooled;
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-37- WD 2009/ 052174PCT/ US2008/ 079984 for external refrigeration
reduced energy requirenents for tower reboilers, or a conbination

t hereof. 10083] Wil e there have been described what are believed to
be preferred enbodi nents of the invention, those skilled in the art
will recognize that other and further nodifications may be nmade
thereto, e.g. to adapt the invention to various conditions, types of
feed, or other requirenents wthout departing fromthe spirit of the
present invention as defined by the following claims. WE CLAIM 1.A
process for the separati(®h ofaig egppnded eeodad combingdistraem irctherasfeer C2
conponents, C3 conponents, and heavi er hydrocarbon conponents into a
vol ati | e uppliafimthgate shidaktillotiora¢rduran niedaat firglethnid-¢odgsn fast avsitien drsaidt i on
containing a major portion of said C2 conponents, C3 conponents, and
heavi er hydicasiabhactingondsaenithgalevisaktbai@mitiorghane fded pasidomhaadi er

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

gas streamis cool ed ungsy PphLEPRMMihOpHLeY bHQiPatIoRt &b IRfulEMFhm is
(b) said cooled streamis expanded to a | ower pressure whereby it is

further cgaledd 1@84d Jower plessure and is S%Pr%l'ieé f0 sapPdidiAtbh RELMAQPLEE ¢ fdr eam

is directed into a distillation col and fractionated at sal ower

pressur e WIS, (8 s6ATROP ks, Sfy SALdhat EhALINE L LEas Yol A1 ke

fraction ‘are recove erize n
cooling, s ig olgf.st amis divyide in%%ﬁii st.and second strearns;
ond (1) sdnadsd Breaif nRlaRT biRale miT ot feed Bis@an: ol 1y ai | of
it and is thereafter expanded to said | ower pressure whereby it is
further cool ed,; (2) sai d expanded cool ed first
streamis thereafter supplied to either said distillation colum at a
first md-colum féed pddieprasassoecardingrio elgin dialor 8 ovhessin i ng and
separating device at a m d-colum feed position, wherein said
optional contacting and{¥epasat iopgordbsencatipg edlisspsrating dpti¢earvathead
contacting and separating device

vapor stream or said distillation column 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.

5. The process according to claim 1, 2, or 3 wherein
(1) 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;
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over head vapor stream and an optional bottom|iquid stream whereupon
said optional bottomliquid streamis supplied to said distillation
col um; (3) said second streamis expanded to said
| ower pressure and is supplied to said distillation colum at a
second m d-colum feed position or said optional contacting and
separating device at a first [ ower colum feed position;

(4) an distillation colum overhead vapor streamis withdrawn from an
upper region of said distillation colum and is supplied to said
optional contacting and (8eparsaidicagbied dissllaionstreans drnpoledwefhiciantlyifm
feed position (5) a vapor distillation streamis
wi t hdr awncdodense at leasyia part of itsthebylfailg satd residead vegor styeans andisadpt i onal
contacting and separating device above sai d expanded second stream
and i s co@hdéehssdiftfdani;and |y to condense at least a part of it, thereby
fonning a residual vapor stream and a condensed stream

(6) at least a portion qh) saisgdeRRHSNGEDLaEL SAThdad vapiRlitas id Ares@l d
distillation colum or said optional contacting and separating device
at a top head pé?x%héﬂrg@rllélation with said combined d'stilia?i)m%@éa% Mﬁegﬂ:ﬁ,l thereby to
contacting and separating device over ead vapor stream or sala
distillation c lelejlgna overh L vapa int.o h

velpor "Strea
o ehange PP ILTL ARG, SBRRE aP b Ol 1Lt ElctiiRe A8y

th by t cat | t..a. i fot | i f.step.(5), d
e oot arori Lo ekidentsd A u BB o e farsd oS b et Sk ks

contacting and separating device overhead vapor streamor said

di still at§%A2e¥um over head vapor stream as said vol atile residue
gas fraction; and (8)the quantities and tenperatures of said feed
streans to said distillation colum are effective to maintain the
overhead tenperature of said distillation columm or said optional
contacti ng and sepdr at i fipecgercessmcadrdmeite nipen af 2)oe 3 wheraby t he nmaj or
portions of the conponents in said relatively less volatile fraction
are recovered. 2. The pr@Cess aaecntdupg disillatiei fMedmvibbtBimwn froma (1)
said cooled gas streamis cooled sufficiently to partially condense

it region of said distillatfof)coRrfbddl tdidkkpansQndensrdgas streamis
separ at ed %hereby to provide a vapor streamand at |east one liquid
stream . . @ (3id %Q}Bd;g dYs@iﬂerionsgtfeQ%ql EinbiR&! $fh 588 second
divided into said first ‘and second streans; an

(4) at leas Ay of i.d at | east. .liguid streamis expanded
to said Ioner fylBlibh et 10Bht o B BT fiGion s 1| S on el Um at
a third md-colum feed positi.Qqn, or en . sai d optional .coptacting
and separating device i$ nclsﬂaé‘a‘,nginS ]zifﬂc!iat’(?lr‘ﬂr?"?qlést“io(?kdéﬂ SRR 5
m d- col um feed position. 3.The process accarding to claim2 wherein
(1) sai d fgondense pirleashn part ebithergby firmmeaid regdyal xapas strpasmanst saichi d at

| east one liquid streamto forma conbi ned stream and said conbi ned
st ream i scopgwisedisttegmsondense substantially all of it and is
thereafter expanded to said | ower pressure whereby it is further

cool ed; 4) said distillation column 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
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(2) said expanded cool ed conbined streamis thereafter supplied
either to said distillation colum at said first md-colum feed
position or said optional contacting and separating device at said

m d- col um feed position; and (3) any remaining
portion of said at least one liquid streamis expanded to said | ower
pressure and is supplied to said distillation colum at said third

m d- col um feed position, or when said optional contacting and
separating device is included, to said distillation colunm at a

m d- col urteriiecef the sealingwf stap theasktheresfter dischardina gt keastelpaitianiof s@d or 3
wherein (1) said optional contacting and

separ at i ngeattd\combined erpeaticam posaid voletdnraidusgagfraitoni | | ati on col um
over head vapor streamis conbined with said residual vapor streamto
forma conbi ned vapor stream and (2) said

conbi ned vapor streamis directed into heat exchange relation with

said vapor distillation SereaRaRdofRliediaih 18 ehY JiRrgyppl y at | east
a portion of said cooling of said vapor distillation stream and

thereafter discharging a)|eagh d?sti@g{iéﬂ c%’Pulﬁxfl o§e?h&d@ﬁ§é@ﬂse£%@& )

vapor streamas said volatile residue gas traction. rocess
according to

| al m. . ar_3 whergi T 1) a_se
vapor i SePdyParbeidan e R il ery divllepayiimorhekidpr el
distillation colum bel ow sai.d expanded. second stream . ) X
(2) said tﬁ}&ﬁ&??%féﬁlﬂlﬁﬁl%{lﬁt@ﬁméf FERHE © CSTREtE R elisfiat Sithor
distillation streamto forma conbined distillation stream
(3) said L6t lawar ealypn fRedPPeHOBt ream i s cool ed sufficiently to
condense at |east a part of it, thereby form ng said residual vapor
stream and sai d condensdd) st seidiypperrddstillation stream is combined with paid agagnd
distillation colum overhead vapor streamis directed into heat
exchange vapbadistilintioh themaicdoonaisbmbtheddsstillhtiatst@mmst r eam and heat ed,
thereby to supply at least a portion of the cooling of step (3), and
thereafter discharging gg) | easit campiwed dRtllgionsticsin heaford sdiffidntlyad i on
col um over head vapor streamas said volatile residue gas fraction

6. The progRasnsaarRAdhPpartbitCthdlcBy formeng @fd BsiME N8} stream and said
(1) a second vapor distillation streamis withdrawn froma region of

said disti L . bel ow sai d expanded second stream

(2) said %%E%%53%§%?+P§?ion streamis conbined with said second vapor
distillation streamto f(‘ﬁ ma iﬁ%nbti &&ed a%idséi Igtlat idgq gt‘rree,ﬁrg}dv

(3) said conmbined distillTati i StTeamsi®e" dgdradeSaFt &y Y
condense 2 e %ﬁ@ﬁﬁ@gﬁ‘éﬁg{cg@g@ ST AN R R ﬁ%édddigtﬁfsﬁgg%ea%? nd
distillation colum overhead vapor streamis, conbined with said
resi dual Reaisdrtheiehe insupBlyfab keasta Rostid ¢fdbe copbae of steroey ang ikereatter

(5) said conbined vapor streamis directed into heat exchange

rel ati on dipchhredng af lesshdopartion of seid hdatedicontagtingeravhseprdatingalewige ovérhsadby
to supply at least a portion of the cooling of step (3), and

t her eaf t evapdr scharayisaid vatatileeestiuaggdraciian of sai d heat ed conbi ned
vapor stream as said volatile residue gas fraction

cond

8. The process according to claim 1, 2, or 3 wherein
(1) said distillation column overhead stream is divided into a

second vapor distillation stream and a third vapor distillation stream, whereupon said
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7. The process according to claiml1, 2, or 3 wherein

(1) said distillation colum overhead streamis divided into a second
vapor distillation streamand a third vapor distillation stream

wher eupon said third vapor distillation streamis supplied to said
contacting and separating device at said second | ower colum feed

posi tion; (2) said vapor distillation streamis
conbined with said second vapor distillation streamto form a
conbined distillation stream (3) said conbi ned

di sti | | atthd veparelgtlladoncsighmds swpplipdiogatd apntagtingmdesnpaating desigs vt seid
part of it, thereby form ng said residual vapor stream and said
condensedsesd)rrcblawpr arignn feed position; (4) said contacting and
separating device overhead vapor streamis directed into heat
exchange relation with s2) d cadbhpedidillatiod dtrbndncahbigawansaileabad,
thereby to supply at least a portion of the cooling of step (3), and

thereaft egy Qf§@@mﬁﬁh@ﬁb£ﬁui@ﬁﬁ%c&mﬁﬁkadﬁﬂnﬁﬁm%ﬁbﬁnheated contacting
and separaylng devi ce over head vapor stream as sai d volatile residue

gas fraction. 8 The progeps agaqndhigs bRkt Tam % egred%umgefng

(1)said distillation col streami1s di Vi Into gcond
vapor dlstlllatl tre ird va ion s

shor eupor i B e A PEREL VirRet R AR S b0 e o
contactld% 3 e aratlng device at said second | ower columm feed
posi t i on;condensed stream; (2) said vapor distillation streamis
conbi ned with said second vapor distillation streamto form a

conbi ned distillation stfleanpaid contacting and separating degye qvgrlpad 3aRATNed
distillation streamis cooled sufficiently to condense at |east a
part of istteamigeeanlingbwith pryd sesidyalrepporighmye fom seonginedayagossiiedm;
condensed stream (4) said contacting and
separ at i ngpddevi ce over head vapor streamis conbined with said

resi dual vapor streamto forma conbi ned vapor stream and

(5) said conbined vapor (sfreasidicémbine€eidl siréhPislinatte@ ¥EMAAY Exchange
relation with said conbined distillation stream and heated, thereby

to suppl yreRtioh @abisaid cBRAbIHAQisAllatiddSst:eRQlahd geéd, ﬁ{e%y(téz mﬁ least a
thereafter discharging at | east a portion of said héate conblne

vapor st g}%?’lgdrﬁ?f tﬁ@b(ﬂ)lﬁﬁg loflgtla}l) gj)vﬁﬁ' tﬂéf@afﬂa@ﬁmﬁﬂa@&hh Wheas?a EQ&()? P g’eﬁ& S

accordin alm

condensed_ s nean vid d into ortion and a
second pg} ES med vapor sfréanh 0 sa1davctl§tj er351 (ljleigl rfsg%ctlggrtl on is supplied

to said distillation colum at said top feed posi tion; and
(3) said second portion is supplied to said distillation colum at a

m d- col um feed position below that of said e&fanded second stream
9. he process according to claim 1, 2, or 3 wherein

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

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

3 said second portion is supplied to said distillation column at

a mid-column feed position below that of said expanded second stream.
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10. The process according to claim4 wherein (1)
sai d condensed streamis divided into at |east a first portion and a
second portion; (2) said first portion is supplied
to said distillation colum at said top feed position; and

(3) said second portion is supplied to said distillation colum at a
m d-col um feed position below that of said expanded second stream

11. The process according to claimb5 wherein (1)
sai d condensed streamis divided into at least a first portion and a
second portion; (2) said first portion is supplied

to said distillation colum at said top feed position; and

(3) said second porlli on Tihs psagesH dceatding te alathn divdteidit at i on col um at a
m d- col um feed position, said md-colum feed position being in
substantially the sane regi opaidhefidnsedsicain 3edioiddd uap ariedt 5 firdt haittioan
streamis withdrawn. 12. The process according to claim®6 wherein

(1) said cgRdepssd ppitigam is divided into at least a first portion and
a second portion; (2) said first portionis

supplied to said distillafion.:gel. saldp; i : d
(3) said second portion(?i s332??%SB¥§$§iﬁﬁgﬂ%gﬁﬁ%ﬁgg?gﬁﬁ@%Fﬁﬁﬁﬂg? a
nid-colunnkige? Qsit.ion dsaid m d- col um feed position being in

yp e i

. 5d 0s1tion, an . . . : .
substantia PS8 regi on wherein said second vapor distillation

streamis w thdrawn. 13.The pr.qcess ,accordin o claiml, 2, or 3
wher o1 n 3'° B Schoae Bfiiga s el S ame sl Gonin gy
at least a fjrst partion and a second portion; (2)
sai d firstmphralimn fied posifipn belawikat 9§said ewrpnded sergndat@a®epar at i ng
device at said top feed position; and (3) said
second portion is supplied to said distillation colum at a top feed
position. 14. The process according to claim4 wherein

11.  The process according to claim 5 wherein

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

(2) said first portion is supplied to said 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 substantially the

same region wherein said second vapor distillation stream is withdrawn.
12.  The process according to claim 6 wherein

(1) said condensed stream is divided into at least a first portion

and a second portion;
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(1) said condensed streamis divided into at least a first portion

and a second portion; (2) said first portionis
supplied to said contacting and separating device at said top feed
position; and (3) said second portion is supplied
to said distillation colum at a top feed position. 15.The process
according to claim7 wherein (1) said condensed

streamis divided into at least a first portion and a second portion;
(2) said first portion is supplied to said contacting and separating
device at said top feed (Bbsi sidairstapdion is supplied to said distillatigrByolean dt
second portion is supplied to said distillation colum at a top feed
posi ti on. saibtopieedpposities;sandccordi ng to cl ai m 8 wherein

(1) said condensed streamis divided into at least a first portion

and a second portion; (3)  said second portion (9upphédkofshidStistitlatiéd eurhS at
supplied to said contacting and separating device at said top feed

posi tion;a Acolumn feed position, said mid{cBlun$Pledd PEGORTbY ihisABstirdiafy BRI | ed
to said distillation colum at a top feed position.

same region wherein said second vapor distillation stream is withdrawn.

13.  The process according to claim 1, 2, or 3 wherein
(N 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.

14.  The process according to claim 4 wherein
(1)  said condensed stream is divided into at least a first portion
and a second portion;
(2) said first portion is supplied to said 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.
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15.  The process according to claim 7 wherein
(D said condensed stream is divided into at least a first portion
and a second portion;
2) said first portion is supplied to said contacting and
separating device at said top feed position; and
3) said second portion is supplied to said distillation column at

a top feed position.

16.  The process according to claim 8 wherein
(D) said condensed stream is divided into at least a first portion
and a second portion;
2) said first portion is supplied to said contacting and
separating device at said top feed position; and
(3) said second portion is supplied to said distillation column at

a top feed position.
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