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-1- - - Description

Hydr ocar bon Gas Processi ng - Background of the Invention Thi s
invention relates to a process for the separation of a gas containing
hydr ocar bons. Propane and heavi er hydrocarbons can be vered.
f¥0n1a variety 3F)ﬂ%@ﬁ§, such as natural gas, refinery 5 gas?éﬁﬁ%M$@89-
synt hetic gas streans obtained from other - hydr ocarbon materials such as
coal, crude oil, naphtha, oil shale, tar-%ands, and lignite. Natural
gas usual ly has a maj or proportion of nethane and ethane, i.e.,

met hane and et hane together conprise at |east 50 nole 10 percent of the
gas. The gas also contains relatively | esser ampunts of heavier

hydr ocar bons such as propane, Description

Hydrocarbon Gas Processing

ackgr £ I nti

This invention relates to a process for the
separation of a gas containiﬁg hydrocarbons.

Propane and heavier hydrocarbons can be recovered
from a variety of gases, such as natural gas, refinery

5 gas, and synthetic gas streams obtained from other

hydrocarbon materials such as coal, crude o0il, naphtha,
oil shale, tar sands, and lignite. Natural gas usually
has a major proportion of methane and ethane, i.e.,
methane and ethane together comprise at least 50 mole

10 percent of the gas. The gas also contains relatively
legsser amounts ©of heavier hydrocarbons such as propane,
butanes, pentanes and the like, as well as hydrogen,
nitrogen, carbon dioxide and other gases.

The present invention is generally concerned with

15 the recovery of 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,
92.6% methane, 4.7% ethane and other C, components,

20 1.0% propane and other C; components, 0.2% iso-butane,
0.2% normal butane, 0.16% pentanes plus, with the
balance made up of nitrogen and carbon dioxide. Sulfur
containing gases are also sometimes present.

The historically cyclic fluctuations in the prices

25 of both natural gas and its natural gas liquid (NGL)

" constituents have reduced the incremental value of
propane and heavier components as liquid products.
This has resulted in a demand for processes that can
provide more efficient recoveries of these products.

30 Available processes for separating these materials
include those based upon cooling and refrigeration of



but anes, pentanes and the like, as well as hydrogen, ni trogen, carbon

drFoxi de and ot her gases. The present invention is generally
concerned with 15 the recovery of propyl ene, propane and heavi er
hydr ocarbons from such gas streanms. A typical analysis of a gas stream

to be processed in cordance with this invention wuld be
appr oxi mat e nol ewﬂaag%ﬁ{, 92. 6% net hane, 4. 7% et hane and orﬁt(ps’é?“” .
conponents, 20 1.0% propane and ot her C3 conponents, 0.2% i so-butane,

0.2% nornmal butane, 0.16% pentanes plus, withéthe bal ance nmade up of
nitrogen and carbon di oxide. Sul fur cont ai ni ng gases are al so
soneti nmes present. The historically cyclic fluctuations in the

prices 25 of both natural gas and its natural gas liquid (NG)
constituents have rgxBjcedlt BBsbpt £oRtald WRifidgefrated ofl Gyssterpriddnheavi er

brocesses that can AdYEIETY, crveddhie dihdeRls vk nloati Hipdds
products. 30 Avai |kasanse efetbesavailakiddtat iofg echaoniaal cequipment
i ncl ude those basedyiOphreRBkeBIpSRer 11 Yidhi12Bn8busly expandidgd@nd0604
PCT/ US96/ 06479 5 extracting heat from the gas being processed.
Depending upon the pressure of the gas source, the
 richness (ethane and heavier hydrocarbons content) of
the gas, and the desired end products, each of these
processes or a combination thereof may be employed.

10 The cryogenic expansion process is now generally
preferred for propane recovery because it provides
maximum simplicity with ease of start up, operating
flexibility, good efficiency, safety, and good
reliability. U.S. Pat. Nos. 4,157,904, 4,171,964,

15 4,251,249 4,278,457, 4,519,824, 4,617,039, 4,687,499,
4,854,955, 4,869,740, and 4,889,545, reissue U.S. Pat.
No. 33,408 and co-pending application no. 08/337,172
describe relevant processes.

In a typical cryogenic expansion recovery process,

20 a feed gas stream under pressure is cooled by heat
exchange with other streams of the process and/or
external sources oOf refrigeration such as a propane
compression-refrigeration system. As the gas is
cooled, liquids may be condensed and collected in one

25 or more separators as high-pressure liquids containing
some of the desired Cﬁ-componeﬂts; Depending on the
richness of the gas and the amount of liquids formed,
the high-pressure liquids may be expanded to a lower
pressure and fractionated. The vaporization occurring

30 during expansion of the liquids results in further
cooling of the stream. Under some conditions, pre-
cooling the high pressure liguids prior to the
expansion may be desirable in order to further lower
the temperature resulting from the expansion. The

35 expanded stream, comprising a mixture of liquid and
vapor, is fractionated in a distillation (deethanizer)



- 2- gas, oil absorption, and refrigerated oil absorption.

Addi tionally, cryogenic processes have becone popul ar because of the
availability of econom cal equi pnent t hat produces power while

si mul t aneously expandi ng and 5 extracting heat fromthe gas being

processed. endi upon the pressure of the gas source, t
ri chness (ethangggﬁﬁaﬁﬁgvier hydr ocar bons content) of the ga F@ﬂ%??%e

desired end products, each of these processes or a combi nation thereof
may be enpl oyed. 10 The cryogeni ¢ expandron process is now general |y
preferred for propane recovery because it provides maxi mum si nplicity
with ease of start up, operating flexibility, good efficiency, safety,
and good reliability. U S. Pat. Nos. 4,157,904, 4,171,964, 15

j, ggé, 32(9) 4, 372, ggéo%ﬂn%@.l&ﬁﬂzhéc@%ﬁn%%thé,&Eiaxfh&%n cooléd%ér&ﬁﬁlsa)_

appl i cat1 on no. 0g/ 387 (32e) AiSkiiasa e Prparare Tapibel, bethanel PN 10,

typi cal cryogeni c egpbamé omitaoges,y apdootber volatilie aragss ast overheader

pressure is cool ed Pypbatrom thetWedanan ¢ donpbhBhrs! s8aMBedbidie process

and/or external gsources of refri eratLog such as ropane

conpr essi on-r ef Pi ge &a?%ﬁ’?' &ﬂ’@@e‘gﬁé ggsPpktom 11%’3(90?5%%1?’1°&0| ds may be

condensed and col | ect ed If thwee f2ed gasndsenetpeoteldns condengledpr essure

o ehe® S P e ey 8, S Y o) O PRRENI o
partial condensation can be passed through a work '
expansion machine or engine, or an expansion valve, to

10 a lower pressure at which additional liquids are
condensed as a result of further cooling of the stream.
The pressure after expansion is slightly below the
pressure at which the distillation column is operated.
The expanded stream then enters the lower section of an

15 absorption column and is contacted with cold liquids to
absorb the C; components and heavier components from the
vapor poftion of the expanded stream. The liquids from
the absorption column are then pumped into the
.deethanizer column at an upper column feed position.

20 The overhead distillation stream from the
deethanizer passes in heat exchange relation with the
residue gas from the absorber column and is cooled,
condensing at least a portion of the distillation
stream from the deethanizer. The cooled distillation

25 stream then enters the upper section of the absorption
column where the cold liquids contained in the stream
can contact the wvapor portion of the expanded stream
as described earlier. Typically, the vapor portion
(if any) of the cooled distillation stream and the

30 absorber overhead vapor combine in an upper separator
section in the absorber column as residual methane and
ethane product gas. Alternatively, the cooled
distillation stream may be supplied to a separator to
provide vapor and ligquid streams. The vapor is

35 combined with the absorber column overhead and the



t he high-pressure |iquids may be expanded to a | ower pressure and
fractionated. The vapori zation occurring 30 during expansion of the

liquids results in further cooling of the stream Under sone
conditions, pre- cooling the high pressure liquids prior to the
expansi on may b le in order to further |ower t he

resulting from '?Wg%g} sion. The 35 expanded stream conpri SWS WUre
of liquid and vapor, is fractionated in a distillation (deethanizer)
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- 3- colum. In the colum, the expansion cool ed strean(s) IS
(are) distilled to separate residual nethane, et hane, nitrogen, and

ot her vol atil e gases as overhead vapor fromthe desired (err]

conponents and heaviiuidb ﬂsyéuppm@@ntaammmo&'m bollhmtmds wlubppr oduct .
If the feed gas is nguﬁﬂnfé hy condensed

The separation that takes place in this process

(producing a residue gas leaving the process which

5 contains substantially all of the methane and C,
components in the feed gas with essentially none of the’
C; components and heavier hydrocarbon components, and a
bottoms fraction leaving the deethanizer which contains
substantially all of the C; components and heavier

10 hydrocarbon components with essentially no methane,
C, compbnents or more volatile components) consumes’
energy for feed gas cocling, for reboiling the
deethanizer, for refluxing the deethanizer, and/or for
re-compressing the residue gas. The present invention

15 provides a means for achieving this separation while
substantially reducing the utility requirements
{cooling, reboiling, refluxing, and/or re-compressing)
needed for the recovery of the desired products.

In accordance with the present invention; it has

20 been found that C, recoveries in excess of 93 percent
- can be maintained while providing essentially complete
rejection of C, components to the residue gas stream.
In addition, the present invention makes possible
essentially 100 percent separation of C, components and
25 lighter components from the C; components and heavier
hydrocarbon components at reduced energy requirements.
The present invention, although applicable at lower
pressures and warmer temperatures, is particularly
advantageous when processing feed gases in the range of
30 400 to 800 psia or higher under conditions requiring
columm overhead temperatures of -50°F or colder.

For a better understanding of the presen£
invention, reference is made to the following examples
and drawings. Referring to the drawings:

- 35 FIG. 1 is a flow diagram of a prlor art cryogenic
natural gas processing plant;



(typically it is not), the vapor remaining fromthe parti al

condensati on can be passed through a work expansi on nmachi ne or engine,
or an expansion valve, to 10 a lower pressure at which additional |iquids
are condensed as a result of further cooling of the stream The

pressure after eupan5|on Is slightly bel ow the pressure aH‘ﬁﬁhﬁgm%%ﬁ
distillation col ‘gmﬁperated The expanded stream then ente e-
| ower section of an 15 absorption colum and is contacted with cold
liquids to absorb the C3 conponents and fe¢avi er conponents fromthe
vapor portion of the expanded stream The liquids from t he absorption
columm are then punped into the deet hani zer colum at an upper col um
feed position. 2D The overhead distillation streamfromthe

deet hani zer passes in he_@tc-.exz;hfél% 1WA 34 8§ riint Bftaecryogeﬂleﬁle&@anaasnfrom
t he absorber colum and iz coo

g_at_Jleast ort|
the distillation DBatUFg aﬂ??r?ﬁﬁqqﬁ?ﬁﬁgéPﬂﬁﬁFzgg ?ﬁﬂiﬁi ?FF??atlon
25 streamthen enartssyhtemppecondiciy do u21sbeea685rpEaQM1Nb. 33G4P8sm

where the cold |iquids C?ﬂéa'ﬂeﬁb'é‘fﬂB%»%Eagéﬂh.of acéiyéééﬁfaﬂéxFaasiaﬁOF
portion of the expanded stream ca r¥H§the
30

bed_ear |
vapor portion 2 PRFUZAY) 9P ??RF%ﬁﬁﬂngd §P§F|9Fa?Pdﬁf§?¥Q§g%
absor ber overhead vapmtr sgstemneccordingoelU.Seplaht oNo. 4, sxﬂmﬂﬁﬁon in the

absorber columm as residggak. n@t%ngefqy& diagr8h88€a

Al ternatively, the cool ed sti]lation strean1na su I|ed to a
separator to. pPEPcaesiagplank 19 fhcerdansgnwith Tﬁ@ed%ﬁéa%
conbi ned with the alisteheionpl umm -overhead and the _

10 FIG. 5 is a flow diagram illustrating an

alternative means. of application of the present
invention to a natural gas stream; and

FIG. 6 is a flow diagram illustrating another
alternative means of application of the present

15 invention to a natural gas stream.

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 pound

20 moles per hour) have been rounded to the nearest whole
number for convenience. The total stream rates shown
in the tables include all nonhydrocarbon components and
hence are generally larger than the sum of the stream
flow rates for the hydrocarbon components.

25 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 depicted in the
figures are based on the assumption of no heat leak

30 from {(or to) the surroundings to (or from) the process.
The quality of commercially available insulating
materials makes this a very reasonable assumption and
one that is typically made by those skilled in the art.
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-4- liquid is supplied to the absorber columm as a top col um
f eed. The separation that takes place in this process

(produci ng a residue gas | eaving the process which 5 contains
substantially all § gmge met hane and Clerr] conponents i nptig, 9 Jas
wth essentially WK t he C3 conmponents and heavi er hydrocarbon -
conponents, and a bottons fraction IeaV|§g t he deet hani zer which

cont ai ns substantially all of the CJerr]  conponents and heavier 10
hydr ocar bon conponents with essentially no nethane, Cerr] conponents
or nore volatile conponents) consunes energy for feed gas cooling, for
reboiling the deethanlzer for refl uxi ng the deet hani zer, and/or for

P

re-conpressing the Deg s tAaxtnvent i on 15 provi des a nmeans

for achieving this separR% Q,Q_ gg {uSw to Fﬁjbg_t agt,| gl g¥mﬁf§é‘fér99bf hgeutility

requirenments (cool i ng, 8 r e- conpr essi ng)
needed for the recd9¥%3F<§rttﬁ§°G8§Fr ﬁsiﬁkkﬁﬁnﬁbereln. inlet gas enters

the plant at B80°F and 580 psia as stream 31l. If the
- inlet gas contains a concentration of sulfur compounds
which would prevent the product streams from meeting
specifications, the sulfur compounds are removed by
appropriate pretreatment of the feed gas (not '
illustrated). 1In addition, the feed stream is usualiy
10 dehydrated to prevent hydrate (ice) formation
under cryogenic conditions. Solid desiccant has
typically been used for this purpose.

The feed stream is cooled to -97°F (stream 31a) in
exchanger 10 by heat exchange with cold residue gas at

15 -108°F (stream 34) and with separator/absorber liquids
at -108°F (stream 35a). (The decision as to whether to
use more than one heat exchanger for the indicated
cooling services will depend on a number of factors
including, but not limited to, inlet gas flow rate,

20 heat exchanger size, stream.temperétures, etc.).

In the previous application of this prior art
process, the cooled feed stream 3la was subsequently
distilled at pressure, as the feed stream was available
at a lower pressure than in this example. Those

25 skilled in the art will recognize that it is not
possible to distill this stream effectively at the feed
gas pressure used in this example. Accordingly, the '
cooled feed stream is first flash expanded through an
appropriate expansion device, such as expansion valve

30 13, to the operating pressure (approximately 470 psia)
of separator/absorber tower 15. During expansion the
Joule-Thomson effect further cools the feed stream. 1In
the process illustrated in FIG. 1, the expanded stream
31b leaving expansion valve 13 reaches a temperature of

35 -108°F and is supplied to absorbing section 15b in a
lower region of separator/absorber tower 15. The



I n accordance with the present invention, it has 20 been found that q
recoveries in excess of 93 percent . can be nmai ntained while providing
essentially conplete rejection of C2 conponents to the residue gas
stream In addition, the present invention nmakes possible

essentially 100 percent separation of CJerr] conponents and 25 | i ght er
conponent s fron1§ﬂ€“@@“ﬁonponents and heavi er hydr ocar bon %QHW%W@WF§

at reduced energy requirenents. The present invention, although
applicabl e at | ower pressures and war mer-7tenperatures, is particularly
advant ageous when processing feed gases in the range of 30 400 to 800
psia or higher under conditions requiring col umm over head tenperatures
of -50[err]F or col der. For a better understanding of the present

i nvention, refere”CQihﬁlaﬁﬂéféfbﬂth1Eﬂé %&?Qﬁdé ommided i’ FIERTS-

Referring to the drﬁnnnga FI G IS a om1d|a ran1of a_prior
art cryogenic igyide é%&gﬁﬂﬁxﬁgﬂﬂﬁiidpﬁﬁﬁp absorbing §ﬁ§§%8n4é§ 4and
PCT/ US96/ 06479 the combined liquid stream 35 exits the bottom of .

a

separator/absorber 15. The vapor portion of the
5 expanded streani rises upward through absorbing section
15b and is contacted with cold liquid falling downward.
The separator/absorber tower 15 is a conventional
distillation column containing a plurality of
vertically spaced tr&ya, one or more packed beds, or
10 some combination of trays and packing. As is often the
case in matural gas processing plants, the
separator/absorber tower may consist of two sectioms.
The upper section 1l5a is a separator wherein any vapor
contained in the top feed is separated from its
15 corresponding liquid portion, and wherein the vapor
rising from the lower distillation or absorbing section
15b is combined with the vapor portion (if any) of the
top feed to form the cold distillation stream 42 which
exits the top of the tower. The lower, absorbing
20 section 15b contains the trays and/or packing and
provides the necessary contact between the liquids
falling downward and the vapors rising upward to
condense and absorb the propane and heavier components.
The combined liquid stream 35 leaves the bottom of
25 the separator/absorber 15 at -108°F. It is supplied as
a mid-column feed (stream 35b) to deethanizer 17 by
pump 16 after it provides cooling of the feed gas in
exchanger 10 as described earlier. The deethanizer in
tower 17, operating at 480 psia, is also a conventional
30 distillation column containing a plurality of '
vertically spaced trays, one or more packed beds, or
some combination of trays and packing. The deethanizer
tower may also consist of two sections: an upper
section 17a wherein any vapor contained in the top feed
35 is separated from its corresponding liquid portion, and
wherein the vapor rising from the lower distillation or



FIG 2 is a flow diagram of a cryogeni c expansi on nat ural gas
processing plant of an alternative prior art system according to
reissue U.S. Pat. No. 33, 408; FIG 3 is a flow diagramof a
cryogeni ¢ expansion 5 natural gas processing plant of an alternative prior

art system accordj U S Pat. No. 4,617, 039; FIG 4.1 W
di agram of a nat&hﬁﬂ“@ processing plant in accordance mﬁtﬂc#ﬁ%QMng-

pr esent i nvention; 10 FIG 5is a flowdiagramillustrating an
alternative neans of application of the preseﬁﬂ‘ i nvention to a natural
gas stream and FIG 6 is a flowdiagramillustrating another
alternative neans of application of the present 15 invention to a natural
gas stream In the foll owi ng explanati on of the above fi gures,

tables are provided @eaﬁmué_z&ng éé@nlmszatm c@‘ @omblindd witi Whe vapor ]
representative proc I (o) t rid ALl the
FcR, (i S8y ' I 2R Fhae, caZbRAT AR AR, |

val ues for flow rat nol es” pe een roun
the nearest whole SthRawhadf wbick ewiLs &hee topheft bhel teweiamida®es shown

in theI Itab: es incl ﬁd&vié:‘, a@ahugﬁmhﬁ@%&qr&pmﬁ Eh&ﬂdcontafihﬁl%ﬁaeaft&ays
Pydr ocar bon conpbnerid/2; Dafkng, € peaR the metibadnd safiacy beraese,
r ounded to t he thealdguidegfatling ddwnaddaaed bhe mapers Ivising the
process design cal cYlgid NS PRkl @édBithdHirdd Sect ionPEFPOSEsSlikQbRs B89 t he
processes depi cted Iéggéyier 18 which heats and vaporizes a portion of the
liquid at the bottom of the column to provide the
10 stripping vapors which flow up the column to strip the
liquid product, stream 37, of methane and C, components.
A typical specification for the bottom liguid product
is to have an ethane to propane ratic of 0.02:1 on a
molar basis. The 1iquid'product stream 37 exits the
15 Dbottom of the tower at 215°F and is cooled to 110°F
(stream 37a) in heat exchanger 19 before flowing to
storage.

The overhead vapor stream 36 leaves deethanizer
tower 17 at -19°F and is partially condensed by heat

20 exchangers 24 and 25 through the use of -40°F propane

- refrigerant and -85°F ethane refrigerant, respectively.

The partially condensed stream 36b, now at -80°F and
470 psia, enters reflux drum 26 and is separated into
vapor stream 38 and condensed liquid stream 39. Pump

25 27 is used to supply a portion of the condensed liquid
(stream 41) to the top of deethanizer tower 17 as
reflux. The remaining portion of the condensed liquid
(stream 40) is supplied by pump 27 to the top of
separator/absorber 15 as the cold liguid that contacts

30 the vapors riging upward through absorbing section 15b
as described earlier.

Reflux drum 26 is operated at essentially the same
pressure as separator/absorber 15, i.e., about 10 psi
below the operating pressure of deethanizer 17. This

35 allows the vapor portion (stream 38) of the partially
condensed deethanizer overhead (stream 36b) to combine



figures are based on the assunption of no heat leak 30 from (or to) the
surroundings to (or fron) the process. The quality of commercially
avail abl e insulating materials nmakes this a very reasonabl e assunption
and one that is typically made by those skilled in the art.
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- 6- DeschBt’F’ﬁW?)f the Prior Art Referring now%g'qg?@“?

in a sinmulation of the prior art process described therein, inlet gas
enters the plant at 80[err]F and 580 psia®as stream31. If the 5

inl et gas contains a concentration of sulfur conpounds whi ch woul d
prevent the product streans from neeting specifications, the sulfur
conpounds are renoved by appropriate pretreatnment of the feed gas (not

illustrated). In adgithOfhe tchﬂd FASLI1N a8 Ibh Stisetdh |42 Erom @atéydbgt@ﬁl to
prevent hydrate (icgl foliBlj Al orner'10°EoCEYRINE SUYT te30Re 50! ¢
gtream 34. The residue gas stream passes
v countercurrently to the incoming feed gas in heat

5 exchanger 10 where it is heated to 48°F (stream 34a).
The residue gas is then used to subcool the high
pressure propane refrigerant in heat exchanger 28,
heating the residue gas to 70°F (stream 34b) before it
is re-compressed in one stage. . (For this case, this

10 heat exchanger reduces refrigeration coﬁpression at the
expense of residue gas compression, but results in a
net lower overall power consumption.) Compressor 22 is
driven by a supplemental power source to compress the
residue gas (stream 34c) to sales line pressure

15 (usually on the order of the inlet pressure). After
cooling in discharge cooler 23, the residue gas
product (stream 34d) flows to the sales gas pipeline at
110°F and 613 psia.

A summary of stream flow rates and energy

20 consumption for the process illustrated in FIG. 1 is

set forth in the following table:



typiéally been used for this purpose. The feed streamis cooled to

-97F (stream 31a) in exchanger 10 by heat exchange with cold residue
gas at 15 -108[err]F (stream 34) and wi th separator/absorber |iquids
at -108[err]F (stream 35a). (The decision as to whether to use nore

t han one heat ex for the indicated cool i ng service ' nd
on a nunber of f&?&g& I ncl udi ng, but not Iim'teg to, inle é!"’iésgﬁ@%
rate, 20 heat exchanger size, strean1tenper§5ures etc.).

t he previous application of this prior art process, the cooled feed
stream 31la was subsequently distilled at pressure, as the feed stream
was avail abl e at a lower pressure than in this exanple. Those 25
skilled in the art will recognize that it is not possible to distil
this streameffectively at the feed gaBEaARLESSuUre used in this exanple.
Accordingly, the cool ed feed strean1|§F& rsgyflash expanded through an
appropri ate expansi on devi ce, such as expansi on v | ve 30 13 to the

operating pressure (approxi ne S LRI apaRaEBLERbsOor ber
tower 15. During exmg_@_n thm\]ouj: MsoPrepinet fmﬂcomﬂme
feed stream In e proce§$ %élustréiéﬁ%; n FI 1 the ¢ nde% ébeam
31b | eaving expéES|on al ve 13 % hes eratu of 35 08[erp? and
is supplied to absorbi3®fg secti o834%b i n 2026 Iom§33region(ﬁ39 9770
separ at or/ absorber towy 15. Tgg9s2 6957 43 0 18255
38 5135 704 1 0 5916
41 45603 4947 - 33 0 9764
10 40 1214 1306 9 0 2575
42 76205 3408 - 54 0 ° BO0645
34 81340 4112 55 0 86561
37 0 16 . 823 439 1279
Recoverieg* .
15 Propane 93.71%
Butanes+ 100.00%
Horsepower
Residue Compression 12,973
Refrigeration Compression ' 16,562
20 '
Total 29,535
Utilit r
Deethanizer Reboiler 29,976

+ (Based on un-rocunded flow rates)

25 In the prior art illustrated in FIG. 1, the
regsidue gas (stream 34) consists of both the
separator/absorber overhead (stream 42) and the vapor
(stream 38) remaihing after partial condensation of
the deethanizer overhead (stream 36). As such, the

30 deethanizer overhead must be cooled to a sufficiently
low temperature (-80°F) so that essentially all of the
propane it contains is condensed and does not escape in
stream 38, and so that the portion (stream 40) of the
resulting condensed liquid that is fed to the top of
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-7+ |l iquid portion of the expanded stream comm ngles with

liquids falling dowward from absorbing section 15b and t he conbi ned
liquid stream 35 exits the bottom of. separ ator/ absorber 15. The vapor

portion of the 5 expanded streamrises upward through absor bi i
15b and is contaﬂ?gﬁRV$ﬁh cold liquid falling downward. ﬂgnﬁﬁgﬁmﬂﬂ .

separator/ absorber tower 15 is a. conventi onal distillation colum
containing a plurality of vertical |y spaded trays, one or nore packed
beds, or 10 sonme conbi nation of trays and packing. As is often the

case in natural gas processing plants, the separ at or/ absor ber tower may
consi st of two sections. The upper section 15a is a separator wherein

any vapor cont ag&eshrd thrt fahslcRBetees 1S SENRSHAGH tocbhedSe nearly
corr espondi ng l!QUI%}fq%ééagi a%g mhereﬁgaige v%for r|5|§? f50n1£he
| ower distillation a R CPBEEI BH FE 51 Lhe) YBPREPRFFHOR HRE vapor
portion (if any) ofthéecooled exphadddt feédrsitxdamm ikl agi dti isaconvastedam
42 which exits jhedopyoing RRCEPUR" 158 Ne S ONEL 10 RRENHo 2Procésst | On
15b cont ai ns thg trays and/Q;jB%gilng andhwﬂ%ggrOV|des tQﬁ necessar¥
contact between?t he3FFeRMF £V Bl fhgSBd FERRPIATYTSS 5P SPF PTG
upward to condetbe coul ixigs meledetictor peatbakiyl duexiense theponents.
deethanizer overhead, external mechanical refrigeration
(evaporation of propane refrigerant in heat exchanger
24 and ethane refrigerant in heat exchanger 25) must be
10 used for this duty, adding a substantial amount of
utility consumption for refrigerant compression.

One way to achieve the desired propane recovery
while lowering the utility consumption is to revise the
manner in which the cold liquid feeding the top of the

15 separator/absorber is created, so that the cooling load
can be better matched to the  temperature levels of the
available process streams. FIG. 2 represents an
alternative prior art process in accordance with
reissue U.S. Pat. No. 33,408 that accomplishes this

20 goal. The process of FIG. 2 has been applied to the
same feed gas composition and conditions as described
above for FIG. 1. In the simulation of this process,
as in the simulation for the process of FIG. 1,
operating conditions were selected to minimize the

25 energy consumption for a given level of propane
recovery. '

The feed stream 31 is cooled in exchanger 10 by
heat exchange with cool residue gas at -104°F (stream
34a) and with deethanizer feed liquids at -58°F

30 (stream 47a). The cooled stream 3la enters
separator 1l at -81°F and 570 psia where the vapor
(stream 32) is separated from the condensed liquid
{stream 33). '

The vapor (stream 32) from separator ll enters a

35 work expansion machine 13 in which mechanical energy is
extracted from this portion of the high pressure feed.



The conbi ned liquid stream 35 | eaves the bottom of 25 t he

separator/absorber 15 at -108[err]F. It is supplied as a md-col um
feed (stream 35b) to deethani zer 17 by punp 16 after it provides
cooling of the feed gas in exchanger 10 as described earlier. The

deet hani zer in

tower 17, operating at 480 psia, is also a '%pal
30 distilIationvg%*ﬂﬂﬂ"containing a plurality of vertical l .

trays, one or

upper section 17a wherein any vapor contained in the top feed 35
separated fromits corresponding liquid portion, and wherei n the vapor

nore packed beds, or sonme conbi nation of trays and
packi ng. The deet hani zer tower may al so cbhsi st of two sections: an

rising fromthe lower distillation or WO 96/ 40604

PCT/ US96/ 06479
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The machine 13 expands the vap8r substantilgiyhani zi ng

pressure of about 425 psia (the operating pressure of
separator/absorber 15), with the work expansion cooling
the expanded stream 32a to a temperature of
approximately -104°F. 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 14), that can be used to re-compress the residue
gas (stream 34b), for example.

The expanded and partially condensed stream 32a
enters the upper section of intermediate separator 29.
The separator liquid (stream 33) is likewise expanded
to 425 psia by expansion valve 12, cooling stream 33 to
~95°F (stream 33a) before it enters the lower section
of intermediate separator 29. The portion of stream
33a that vaporizes during the flash expansion (stream
45) leaves the lower section of intermediate separator
29 and enters the upper section to join the vapor
portion of expanded stream 32a, forming combined vapor
stream 43 that then flows to separator/absorber 15.
The portion of stream 32a that condenses during

-expansion (stream 44) leaves the upper section of

intermediate separator 29 and enters the lower section
to join the liquid portion of flash expanded stream
33a, forming combined liquid stream 46 that then flows
to pump 30.

The combined vapor stream 43 enters the lower
section of separator/absorber 15 at -104°F and 425
psia.. As the vapor stream rises upward through the
tower, it is contacted by the cold liquid falling
downward to condense and absorb the propane and heavier
components. The liguids from the bottom of
separator/absorber 15 (stream 35) are pumped by pump 16

i's



| ower, deethanizing section 17b that contains the trays 5 and/or packing

to provide the necessary contact between the liquids failing downward
and the vapors rising upwar d. The deet hani zi ng section 17b al so

i ncl udes a reboil er 18 which heats and vaporizes a portion of the
liquid at the bottomof the colum to provide the 10 stripp

which flow up th QYA o strip the | i qui d product, strggﬁvgggkéyp-
nmet hane and C[err] conponents. A typical specification for the bottom
l'i quid product is to have an ethane to pRdpane ratio of 0.02:1 on a
nmol ar basis. The liquid product stream 37 exits the 15 bottom of the tower
at 215[err]F and is cooled to 110[err]F (stream 37a) in heat exchanger
19 before flowing to st or age. The overhead vapor stream 36

| eaves deet hani zer (stretaﬁV\ESa)lE@t;LoierEr@tédmiaaatiﬁdphydmeaaby heat
20 exchangers 24 and_25 througﬂot

use of, -40F propa frigerant
and -85[err] F ethan %aé’flflpg@r‘%t, ‘re’g%?&Iﬁ/&efF an ze$h€§?)%r§trra% y47g'
condensed stream 36i8tneew 47 isOfeatel £rom 42008F o HBRY s(stfeamk 4¥@Im 26
P 25 271 & useds AT BrepReEs MEGRIG i ook IGUENRRGSE, A0 e el 5
(stream 41) to the t'o";?ggf ggeégmnpige%vﬁrb)l‘?saét Prw?%?? Lﬁ(}"’lﬁﬁg in
remai ni ng portion ofheate exchaegeredldi Bitcean 47bsﬁ.seahenosu1@'>1ﬂ:'_s&;b!md ed by
punp 27 to the {0p Qeetnani3EPHUR! RYARAIALTat! 1985 phig) Cb th Il bl

contacts 30 t he vapors r|5|ng up t hr oug I ng section 15b
as described earlierfeed to be styipped of ik Hetbanp -t SOMROREREFAI |y
t he sane pressuwhe ddqatpaphddidalstrdm 375 exiits. thalbottdd gsithe

bel ow the operafd g UL3SHI Gl alCS1 8 £ 11 coblbd to 110°F (stream

37a) in heat exchanger 19 before flowing to storage.
The overhead vapor stream 36 leaves deethanizer

tower 17 at 15°F and is partially condensed by heat
exchanger 24 through the use of -40°F propane

15 ~refrigerant. The partially condensed stream 36a, now
at -35°F and 485 psia, enters reflux drum 26 and is
separated into vapor stream 38 and condensed liquid
stream 39. Pump 27 is used to supply a portion of the
condensed ligquid (stream 41) to the top of deethanizer

20 tower 17 as reflux. The remaining portion of the
condensed liquid (stream 40)'1eaving pump 27 joins with
stream 38 to form combined stream 42.

Combined stream 42 passes through heat

exchanger 20 in heat exchange relation with the

25 separator/absorber overhead vapor stréam 34 and the
deethanizer feed stream 47, resulting in cooling and
substantial condensation of the stream. The
substantially condensed stream 42a at -110°F is then
flash expanded through an appropriate expansion device,

30 such as expansion valve 28, to the operating pressure
(approximately 425 psia) of separator/absorber tower
15. Reflux drum 26 is operated significantly above the
operating pressure of separator/absorber 15 (about
60 psi). As a result, a portion of the stream 42a is

35 vaporized durin§ expansion, providing further cooling
of the total stream. In the process illustrated in



35 all ows the vapor portion (stream 38) of the partially condensed
deet hani zer overhead (stream 36b) to conbine WO 96/ 40604

PCT/ US96/ 06479 : - 9- with the cold
distillation stream 42 fromthe top of separator/absorber 15 to form
the col d residue stream 34. The residue gas stream pass

as '
countercurrently %QWM ncom ng feed gas in heat 5 exchanger ?%r%ﬁ%sfogﬂlgt

is heated to 48F (stream 34a). The residue gas is then used to subcool

t he high pressure propane refrigerant i n Tt exchanger 28, heat i ng
the residue gas to 70[err]F (stream 34b) before it I's re-conpressed in
one stage. (For this case, this 10 heat exchanger reduces refrigeration
conpression at the expense of residue gas conpression, but results in a

net |ower overall poREE.CHNBHP exPEnieSOSPEEHR 2D Adaving efpaneiodwalve
suppl emental pover sourge, Lo £ UMEERErhPire of MNP 88516 SEAGR BtV dd

sales line pressure
to the separator section in separator/absorber tower 15

as the cold liquid that contacts the vapors rising
5 upward through the absorbing section.

The distillation stream leaving the top of
separator/absorber 15 at -111°F is the cold residue
gas stream 34. The residue gas stream passes
countercurrently to the combined stream 42 in heat

10 exchanger 20 and is warmed to -104°F (sﬁream 34a) as it
provides cooling and substantial condensation of the
combined stream. The residue gas is further warmed to
54°F (stream 34b) as it passes countercurrently to the
incoming feed gas in heat exchanger 10. The residue

15 gas is then re-compressed in two stages. The first
stage is compressor 14 driven by expansion machine 13.
The second stage is compressor 22 driven by a
supplemental power source which compresses the residue

- gas (stream 34d) to sales line pressure. After cooling

20 in discharge cooler 23, the residue gas product (stream
34e) flows to the sales gas pipeline at 110°F and
613 psia.

A summary of stream flow rates and energy
consumption for the process illustrated in FIG. 2 is

25 set forth in the following table:



15 ~ (usually on the order of the
- nl e : .
di scharge cool er 23, the residue gas topressure). ater cooling in

product (stream 34d) flows to the

sal es gas pipelin -' C
ST can T 0w Fat 5. and energy 20 consurpti on 10 he process {17 ustrated in
PCT) USO6! 06470 Wosedod || olowng tabte: VO PEtresu4Ty
;ﬁﬁh&r; - (Lb. Mol es/ (FIG 1 Y St ream Fl ow
S A Se - es Hgi Sg;gigl Nb21zéé Et hane Pr opane
87840 35 6349 2026 833 8239 25°
36 10952 - 6957 - 43 0 18255 200
704 1 0 5916 TABLE II 38 5135
(FIG. 2)
Stream Flow Summa - 1b, Moles
* Stream Methane  Ethane Propane Butaneg+t Total
5 31 81340 4128 878 439 87840
32 79835 3575 512 103 85051
a3 1505 553 366 336 2789
43 79214 3147 280 2; 83671
46 2126 981 588 418 4169
10 35 1106 506 287 21 1945
36 4839 5003 405 0 10395
38 3087 1153 31 0 4335
41 1607 © 3532 343 0 5560
40 145 318 31 0 500
15 34 81340 4112 55 0 86561
37 0 16 823 439 1279
Rec jeg*
Propane _ 93.69%
Butanes+ ' 100.00%
20 gorgeggwe;
Residue Compression 13,429
Refrigeration Compression 6,690
Total 20,119
25 Utiltity Heat, MBTU/Hr
Deethanizer Reboiler - 23,626

* (Based on un-rounded flow rates).

Comparison of the utility consumptions in Table II
above for the FIG. 2 process with those in Table I for
30 the FIG. 1 process shows that the FIG. 2 process does
substantially reduce both the refrigeration compression
load and the deethanizer reboiler duty over that of the
FIG. 1 process for a given propane recovery level.
This is accomplished by using process streams to



41 4603 4947 33 0 9764 10 40 1214

1306 9 0 2575 42 76205 3408 54
0 80645 34 81340 4112 55 0 86561
37 0 16 823 439 1279

Recoveri es* 15 Pr opane 93.7

But anes+ WO 96/40604 P 100. 00% Hor sepowerlp@rmsm;’mn9
Resi due Conpressi on - 12,973 Refri geration

Conpr essi on 16,562 20 Tot até-

29, 535 Uility Heat. MBTU Hr Deet hani zer Reboi | er

29, 976 * (Based on un-rounded.flow rates) 25 In the prior
art illustrated in FIG 1, the resi due gas (stream 34) consists of
bot h the separqﬁmwﬁdbsnhbecomuanhaaﬂnﬁsbdeﬂur4€heenmndimiqmdﬂostream

(stream 38) remaini r r 54%? t hagpzer
overhead (stream 36;‘%‘%{5&5 tﬁé‘ %éé %‘%g&%g%t%hkz%gér%%%r ea %U%St be cool ed
to a sufficiently FIG.| guPrenses Atkld weguizes) te sese of extezmalal |y al |
of the pr opane rdchaaital NfefFigariare d etafofOeton WE qaspiane N

A 3 and. S, L ek Be RAr L2V [ SMadGlr O} "o parcdaf1Y UoRense
the deethanizer overhead (stream 36). As such, a plant
design based on the FIG. 2 process must incur the
capital cost associated with the installation of the
propane compression-refrigeration system.

10 FIG. 3 represents an alternative prior art process
in accordance with U.S. Pat. No. 4,617,039 that
achieves the desired propane recovery while using a
simpler, less costly plant arrangement. The process of
FIG. 3 is based on the same feed gas composition and

15 conditions as described above for FIGS. 1 and 2. In the
simulation of this process, the feed stream 31 is
cooled in exchanger 10 by heat exchange with cool
residue gas at -97°F (stream 34a) and with separator
liquids at -91°F (stream 33a). The cooled stream 3la

20 enters separator 1l at -73°F and 570 psia where the
vapor (stream 32) is separated from the condensed
liquid (stream 33).

The vapor (stream 32) from separator 11 enters a
work expansion machine 13 in which mechanical energy is

25 extracted from this portion of the high pressure feed.
The machine 13 expands the vapor substantially
isentropically from a pressure of about 570 psia to a
pressure of about 353 psia (the operating pressure of
separator/absorber 15), with the work expangion cooling

30 the expanded'stream 32a to a temperature of
approximately -110°F. The expanded and partially
condensed stream 32a enters the lower section of
separator/absorber 15. The liquid portion of

) the expanded stream commingles with liquids

35 falling downward from the absorbing section and
the combined liquid stream 35 exits the bottom of
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- 11- separator/absorber 15 is cold enough to condense nearly

all of the propane contained i-n the vapor portion of t he cool ed
expanded feed stream3lb as it is contacted i n absorbi ng section 15b.

Si nce there are‘@ﬁgaao ss 5 streans avail able at suitable t?@&ﬁk&hﬂ@ﬁ§

to provide I ng needed to partially condense the

deet hani zer overhead, external mechanical refrigeration (evaporation
of propane refrigerant in heat exchanger “1%4 and ethane refrigerant in
heat exchanger 25) nust be 10 used for this duty, adding a substanti al
anount of utility consunption for refrigerant conpression.

One way to achi eve the desired propane recovery while | owering the

]tgti lity Cﬁnsurrpt i ?nsépaf&dﬂmrbae 15 atTBONEsF| N MY &Apbiepeetdohi i d
(et 00 the 1P OF 108, debanG Wi 3b00 25388 Sy S05RhEH, 8, bBBbrbLRy
section and is contacted with cold liquid falling .

downward to condense and absorb the propane and heavier
5 components.

The combined liquid stream 35 from the bottom of
the separator/absorber 15 is supplied as a cold top
column feed (stream 35a) to deethanizer 17 by pump 16.
The separator liquid (stream 33) is flash expanded to

10 slightly above the 368 psia operating pressure of
deethanizer 17 by expansion valve 12, cooling stream 33
to -91°F (stream 33a) before it provides cooling to the
incoming feed gas as described earlier. Stream 33D,
now at 65°F, then enters deethanizer 17 at a mid-column

15 feed point to be stripped of its methane and C,
components. The liquid product stream 37 exits the
bottom of the deethanizer at 186°F and is cooled to
110°F (stream 37a) in heat exchanger 19 before flowing
to storage.

20 The operating pressure in deethanizer 17 is
maintained slightly above the operating pressure of
separator/absorber 15. This allows the deethanizer
overhead vapor (stream 36) to pressure flow through
heat exchanger 20 and thence into the upper section of

25 separator/absorber 15. In heat exchanger 20, the
deethanizer overhead at -21°F is directed in heat
exchange relation with the overhead (stream 34) from
separator/absorber 15, cooling the stream to -116°F
(stream 36a) and partially condensing it. The

30 partially condensed stream is then supplied to the
separator section in separator/absorber tower 15, so
that its condensed liquid is separated to become the
cold liquid that contacts the vapors rising upward
through the absorbing section.

35 The distillation stream leaving the top of
separator/absorber 15 at -117°F is the cold residue gas

’



avai l abl e process streans. FIG 2 represents an alternative prior art
process in accordance with reissue U.S. Pat. No. 33,408 that
acconplishes this 20 goal. The process of FIG 2-has been applied to the
sane feed gas conposition and conditions as descri bed above for FIG

1. In the sinulation of this process, as in the SiHUIatiORF%ﬂﬁF§%§7
process of FIG 1WO96/40604,,0, 3t i ng conditions were selected to D4R e
25 energy consunption for a given | evel of propane recovery.

The feed stream 31 is cooled i n exchanger 10 ThF~ heat exchange with
cool residue gas at -104[err]F (stream ~ 34a) and wi th deethani zer feed

liquids at -58[err]F 30 (stream 47a). The cool ed stream 3la enters
separator 11 at -8l[err]F and 570 psia where the vapor (stream 32) is

separ at edzf r]g)m the copgenncslt | i qted residué Sgd€aferehim passes coundde- vapor
Whi chmechani cal encrGreRely €8"diebrAntger dfningad Hinedd 387 Tp e "
pressure feed. exchyyas/20 e is warmed to -97°F (stream 34a) as it
PCT/ US96/ 06479 provides cooling and partial condensation of the
5 deethanizer overhead stream. The residue gas is
further warmed to 75°F (stream 34b) as it passes
countercurrently to the incoming feed gas in heat
-exchanger 10. The residue gas is then re-compressed in
two stages. The first stage is compressor 14 driven by
10 expansion machine 13. The second stage is compressor
22 driven by a supplemental power source which
compresses the residue gas (stream 34d) to sales line
pressure. After cooling in discharge cooler 23, the
_ residue gas product (stream 34e) flows to the sales gas
15 pipeline at 110°F and 613 psia. _
A summary of stream flow rates and energy
consumption for the process illustrated in FIG. 3.is
set forth in the following table:



-12- The machi ne 13 expands the vapor substantially

I sentropically froma pressure of about 570 psia to a pressure of about
425 psia (the operating pressure of separator/absorber 15), with the
wor k expansion cooling 5 the expanded stream 32a to a tenperature of
approximately -104 rl]F. The typical comercially avai l ab rs
are capabl e of #@8%@& g on the order of 80-85% of the mo?ﬁmﬁ%aﬁﬁgﬁ :
theoretically available in an ideal isentropic expansion. The work
recovered is 10 often used to drive a cent?*%hgal conpressor (such as
item 14), that can be used to re-conpress the residue . gas (stream
34b), for exanple. The expanded and partially condensed stream 32a
enters the upper section of internediate separator 29. 15 The separator
liquid (stream 33) is |ikew se expanded TaBLEOTEZ oxﬁ 5 psia by expansion val ve
12, coeoling stream 33 to -95 F (streaﬂ#ﬁ% before it enters the | ower
section of internedi ate separat or 5Brt|on of stream 33a

t hat vaporizes during the f|2keam JohoW GUNNATYe eg/dles the | ower

et o o J

secti on of |nterned§gi§@§epa@%gghg_ e BRRahedeCt Total O
join the vapor tiron o ande ié eam 3 ?7 orm ng 2 g‘ol neﬁ7%{e\é)or
stream 43 that Phen f ms to 5@% ator/ & rber 1 The 8 tio
stream 32a that conde®2es duri&®4785 exP#BBion (stéG2Bam 44) | 849es t B60TPper
secti on of i nterggdi ate segggat or 293gnd ent gy t he | owgpgsect i piga
35 2199 1261 689 156 4359
36 3063 1581 121 7 4843
10' 34 81340 41312 55 0 86562
37 0 16 823 439 1278
Recoveries¥
Propane 93.70%
Butanes+ 99.,85%
15 Horsepower
Residue Compression 21,210
ili H MB
Deethanizer Reboiler 22,298

* (Based on un-rounded flow rates)

20 Comparison of the utility consumptions in
Table III above for the FIG. 3 process with those in
Table II for the FIG. 2 process shows that the FIG. 3
process achieves the desired propane recovery level for
approximately the same total compression load and

25 deethanizer reboiler duty as that .of the FIG. 2
process. The decision whether to use the simpler, less
costly FIG. 3 process rather than the FIG. 2 process
will often depend on such factors as the rela;ive costs
of utility heat and compression horsepower, plant size,

30 etc. It should be noted in passing that' the success of
the FIG. 3 process depends on the absorption cooling
effect that occurs inside separator/absorber 15,
wherein the saturation of the vapors rising upward
through the tower by vaporization of liguid methane and



to join the liquid portion of f1ash expanded stream 33a, formng

conbined liquid stream 46 that then flows to punp 30. 30 The
conbi ned vapor stream 43 enters the | ower section of
separgtorlabsorber 15 at -104F and 425 psia. As the vapor streamrises
upwar d t hrough e tower, it is contacted by the cold |i G¢reusosbdass
downward to congg%ﬁ%mgﬁd absorb the propane and %eavier 35 conponen#ghg
The liquids fromthe bottom of separatg&égbsorber 15 (stream 35) are
punped by punp 16 WO 96/ 40604

PCT/ US96/ 06479 - 13- (stream 35a)
to join the conbined liquid stream 46a | eaving punp 30, form ng

deet hani zer feed stream 47. Stream 47 is heated from-100[err]F to

-58[err] F (stream 4thane containeéd pm\sthean 36Ri pyoiider efaigeragaen20,
and froms - 58] endd kyeO cGubr( SNSRI hEY), 38 bl rBEAYE 195040 the " dabbr
leaving the overhead of the tower and the liquids
leaving the bottom of the tower are colder than the
5 respective feed streams at those ends of the tower.
This absorption cooling effect allows the tower
overhead (stream 34) to provide the cooling needed in
heat exchanger 20 to partially condense the deethanizer
overhead (stream 36) without operating deethanizer 17
10 at a pressure significantly higher than that of the
separator/absorber 15. This was not the case in the
FIG. 2 prbcess, where Joule-Thomson cooling of the
condensed deethanizer overhead stream was needed to
provide the temperature driving force that allowed the
15 heat exchange to occur.

Description of the Invention
Example 1
FIG. 4 illustrates a flow diagram of a process in
accordance with the present invention. The feed gas
20 composition and conditions considered in the process
presented in FIG. 4 are the same as those in FIGS. 1
through 3. Accordingly, the FIG. 4 process can be
compared with the FIGS. 1 through 3 processes to
illustrate the advantages of the present invention.
25 In the simulation of the FIG. 4 process, feed gas
enters at 80°F and a pressure of 580 psia as stream 31.
The feed stream 31 is cooled in exchanger 10 by heat
exchange with cool residue gas at -88°F (stream 34a),
with separator liquids at -92°F (stream 33a), and with
30 separator/absorber liquids at -107°F (stream 35a). The
cooled stream 3la enters separator 1l at -78°F and
570 psia where the vapor (stream 32) is separated from
the condensed liquid (stream. 33).
The vapor (stream 32) from separator 11 enters a
35 work expansion machine 13 in which mechanical energy is



heat exchanger 10. Stream 47b is then supplied to deet hani zer 17
(operating at 490 psia) as a m d-col um feed to be stripped of its
nmet hane and C2 conponents. : The liquid product stream 37 exits the
bottom of the 10 deet hani zer at 218[err]F and is cooled to 110F (stream

37a) in heat exc 9 before flowing to storage. ead
) 13t i k . FEAfusSRiseS

vapor stream 36 eet hani zer tower 17 at 15[ err]F a
partially condensed by heat exchanger 24 through the use of -40[err]F
propane 15 refrigerant. The partially condehsed stream 36a, now ° at
-35[err]F and 485 psia, enters reflux drum 26 and is separated into
vapor stream 38 and condensed liquid stream 39. Punp 27 is used to
supply a portion of the condensed liquid (stream41l). to the top- of
deet hani zer 20 togRtrddtes fiinl Whis PbetienvoRitige Flﬁréti Predburbefeed.

condensed liquid (s Vi el eam 38 to
form conbi ned strea &ﬁ%%@é’r@né ESR a%%gﬁ gz {’8% %pasggg ti&r rough heat
exchanger 20 in heaisexerepigalls Jtncghawprﬁsamezsf abaa 5:00 PSABsBe bR

over head vapor strepfesdusd bt bout 39¢epbiani&es éﬁﬁhtﬁr{ge@feéguréeﬁﬂ”l ng

I d b d f_th
Substant |8l |y cBndeAERE SUT/AROZHAR, 1511 PAFR| S CMH Fapansipn goling

expanded t hrough anthgpexpanded stheans3da tova cesmp@ratunelofas expansi on

valve 28, to the opgppibRimd¥edSsUuDTeoF. @aepéﬁgaﬁ@é&lah&l%"a&%n yof
separ at or/ absor ber erat 5|¥n|f|cantly

above the operﬁ?\?ﬁ%ﬁn%?%s%'iﬁe@nbssﬁﬁﬂfﬁ naf’lé%sjo 60
psi). As a result, separatey/alisarbersilSeanThealiguid Pom iofegheuri ng

expansi on, proﬂmd'nGxﬁﬁﬁ&Q@rsﬁféﬂdﬁ&bmmingl@ﬁ WientPiqlicd reedMingn the
process IHUStratEddownward from the absorbing section and the combined
liquid stream 35 exits the bottom of separator/absorber
15 at -108°F. The vapor portion of the expanded stream
rises upward through the absorbing section and is
15 contacted with cold liquid falling downward to condense
and absorb the.prbpane.and-heavier components.
The combined ligquid stream 35 from the bottom of
the separator/absorber 15 is routed to heat exchanger
10 by pump 16 where it (stream 35a) is heated as
20 it provides cooling of the incoming feed gas as
described earlier. The combined liquid stream is
heated to -46°F, partially vaporizing stream 35b before
it is supplled as a mid-column feed to deethanizer 17.
The separator liquid (stream 33) is flash expanded to
25 slightly above the 411 psia operating pressure of '
deethanizer 17 by expansion valve 12, cooling stream 33
to -92°F (stream 33a) before it provides cooling to the
incoming feed gas as described earlier. Stream 33b,
now at 70°F, then enters deethanizer 17 at a lower mid-
30 column feed point. In the deethanizer, streams 35b and
33b are stripped of their methane and C, components.
The resulting liquid product stream 37 exits the bottom
of the deethanizer at 198°F and is cooled to 110°F
(stream 37a) in heat exchanger 19 before flowing to
35 storage.




WD 96/ 40604 PCT/ US96/ 06479

--14- FIG 2, the expanded stream 42b | eavi ng expansi on val ve

28 reaches a tenperature of -113[err]F and is then supplied to the
separator section in separator/absorber tower 15 as the cold liquid

that contacts t rising 5 upward t hrough the absorbi,gg"mﬁgm)n.
The distiIIatioH§g¥a@§ﬁfleaving t he toB of sgparator/absor er 15 at -
-111[err]F is the cold residue gas stre 34. The residue gas stream
passes countercurrently to the conblnedgggrean142 in heat 10
exchanger 20 and is warned to -104F (stream 34a) as it provi des
cooling and substantial condensation of the conbi ned stream The

residue gas is further warned to 54[ efr] F (stream 34b) as it passes
countercurrently to the The opem‘auinggpfeeshman delechandzehakfets 10. The

residue 15 935 | SphlEOh R UTILRRIG ahiyt s\ RRe indBrbbbite or  Stage

I s conpressor 14 driven by expan on mac
separator/absorber 15. This allows the deethanizer

overhead vapor (stream 36) to pressure flow through
5  heat exchanger 20 and thence into the upper section of

separator/absorber 15. In heat exchanger 20, the
deethanizer overhead at -25°F is directed in heat
exchange relation with the overhead (stream 34) from
separator/absorber 15, cooling the stream to -112°F

10 (stream 36a) and partially condensing it. The
partially condensed stream is then supplied to the
separator section in separator/absorber tower 15 where
the condensed liquid is separated from the uncondensed
vapor. The uncondensed vapor combines with the vapor

15 rising from the lower absorbing section to form the
cold distillation stream 34 leaving the upper region of
separator/absorber 15. The condensed liquid is divided
into two portions. one portion, stream 40, is routed to
the lower absorbing section of separator/absorber 15 as

20 the cold liquid that contacts the vapors rising upward
through the absorbing section. The other portion,
stream 39, is supplied to deethanizer 17 as reflux by
.pump 21, with reflux stream 39a flowing to a top feed
point on deethanizer 17 at -112°F.

25 The distillation stream leaving the top of

' separator/absorber 15 at -113°F is the cold residue gas
stream 34. The residue gas stream passes counter-
currently to deethanizer overhead stream 36 in heat
exchanger 20 and is warmed to -88°F (stream 34a) as 1t

30 _provides cooling and partial condensation of the
deethanizer overhead stream. The residue gas is
further warmed to 75°F (stream 34b) as it passes
countercurrently to the incoming feed gas in heat
exchanger 10. The residue gas is then re-compressed

35 in two stages. The first stage is compressor 14 driven
by expansion machine 13. The second stage is



The second stage is conpressor 22 driven by a suppl enment al power

source which conpresses the residue . gas (stream 34d) to sales line
pressure. After cooling 20 i n di scharge cool er 23, the residue gas
product (stream 34e) flows to the sales gas pipeline at 110[err]F and
613 psi a. mmary of streamflow rates and energy

consunpti-on for ?ﬁ% process illustrated in FIG 2 is 25 set fﬁﬁﬁﬁ?”ﬂ%“?%e
foll owi ng table: WO 96/ 40604

PCT/ US96/ 06479 "2315. |

TABLE 11 (FIG 2) St ream Fl ow
Summary - (Lb. Mol es/Hr) Stream Met hane Et hane  Propane

But anes+ Total 5 31 81340 4128 878 439

87840 32 comdpdssor 2235d%iven by 2l3upplementdDpowerS Hihlrce

which compresses the residue gas (stream 344) to sales
line pressure. After cooling in discharge cooler 23,
the residue gas product (stream 34e) flows to the sales
5 gas pipeline at 110°F and 613 psia.
A summary of stream flow rates and energy
consumption for the process illustrated in FIG. 4 is
set forth in the table below:

TABLE IV
10 (FIG. 4)
Str Flow S - Lb. Mol r
Stream Methane Ethane Propapne Butanes+ Iotal
31 81340 4128 878 439 87840
32 80084 3656 549 117 85436
15 33 1256 472 329 322 2404
35 2277 1139 597 117 4182
36 4378 2084 135 0 6695
40 2676 1549 102 0 4395
39 845 489 32 0 1388
20 34 81340 4112 55 0 86561
37 0 16 823 - 439 1279
Recoverieg*
Propane 93.68%
Butanes+ 100.00%
25 or. ower
Residue Compression 17,536
Utility Heat, MBTU/Hr
Deethanizer Reboiler 16,270

* (Based on un-rounded flow rates)

30 Comparison of the utility consumptions of the
prior art processes displayed in Tables I, II and III
with the utility consumptions of the present invention
displayed in Table IV shows that the present invention
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requirement is more than twenty-seven percent lower
than any of the prior art processes.

Comparing the present. invention to the prior art
process displayed in FIG. 3, note the temperatures of

sub

the separator/absorber liquids (stream 35a in FIG. 3
and stream 35b in FIG. 4) at the feed point to

In the FIG. 3 process, these liquids
are fed to the deethanizer as a cold top feed.

deethanizer 17.

However, the temperature of the deethanizer overhead
vapor, -21°F, is much warmer than the -110°F feed
temperature of stream 35a, indicating that the top feed
is much colder than necessary to maintain the desired
propane and heavier component concentration in the
tower overhead. In the FIG. 4 process, the feed stream
(stream 35b) enters the deethanizer at -46°F at a lower
feed point. This is much closer to the -25°F
temperature of its deethanizer overhead vapor stream,
indicating a better match to the feed conditions needed
to achieve the desired propane and heavier component
content of the overhead. As a result, only a small
reflux stream, stream 39%a, is needed for the top feed
to deethanizer 17 in the FIG. 4 process. The much’
lower reboiler duty for the FIG. 4 process is a further
indication of the better match between tower feed '
temperatures and the desired tower product streams.

By supplying the separator/absorber liquids to the
FIG. 4 deethanizer at a more optimal temperature, not
only is the efficiency of the deethanizer improved (as

. reflected in its lower reboiler duty), the refrigera-

tion potential of these liguids can be captured at a
temperature level that allows providing a portion of



FIG 1 process for a given propane recovery |evel. This is

acconpl i shed by using process streans to WO 96/ 40604
PCT/ US96/ 06479 -16- provi de the

cooling required for the cold liquid stream feeding the top of
separator/absoraﬁﬁgéﬁﬁﬁr 15. The FIG 2 process still requyicqfssebtgrg!se

of external. ical refrigeration (evaporation of propane 5 :
refrigerant in heat exchanger 24) to partiaIE condense t he '
deet hani zer overhead (stream 36). As such, a %Fant desi gn based on the
FIG 2 process nust incur the capital cost associated wth the
installation of the propane conpression-refrigeration system 10

FIG 3 represents an alternative prior art process i n accordance with

\l/dhsl Pat. No. 4,61tne39rbbess coolimdlidutss t Witheshese Diquixde hedpdngry

L Baea on P e, HE3RLEE Lot Ml R00ERBRngd 0.5 S O
cooling .that the residue gas (stream 34a) must supply
in heat exchanger 10 is reduced. As a result, the

5 residue gas can enter heat exchanger 10 at a warmer
temperature, which in turn allows operating the FIG. 4
separator/absorber and deethanizer at higher pressures.
Accordingly, the residue gas enters compressor 14 at a
higher pressure in the FIG. 4 process and less

10 compression horsepower is therefore needed to deliver
the residue gas to pipeline pressure.

xample 2
FIG. 4 represents the preferred embodiment of the

present invention for the temperature and pressure

15 conditions shown because it typically provides the
simplest plant arrangement for a given C, component
‘recovery level. A slightly more complex design that
maintainsg the same C; component recovery for essentially
the same utility consumption can be achieved using

20 another embodiment of the present invention as
illustrated in the FIG. 5 process. The feed gas
composition and conditions congidered in the process
presented in FIG. 5 are the same as those in FIGS. 1
through 4. Accordingly, FIG. 5 can be compared with the

25 FIGS. 1 through 3 processes to illustrate the
advantages of the present invention, and can likewise
be compared to the embodiment displayed in FIG. 4.

In the simulation of the FIG. 5 process, the feed

gas cooling and expansion scheme is much the same as

30 that used in FIG. 4. The difference lies in the
disposition of the vapor distillation stream 36 leaving
the overhead of deethanizer 17. Referring to FIG. 5,
stream 36 at 8°F flows to heat exchanger 24 and is
directed in heat exchange relation with the partially

35 warmed combined liquid stream (stream 35b) pumped from



15 conditions as described above for FIGS. 1 and 2.
sinmulation of this process, the feed stream31 is

In the
cool ed i n exchanger

10 by heat exchange with cool residue gas at -97[err]F (stream 34a)
and with separator liquids at -91[err]F (stream 33a). The cool ed

stream 31la 20 eparator 11 at -73[err]F and 570 psia
HOpeied

vapor (stream 3 arated fromthe condensed
The vapor (stream 32) from separator 11 ente a

_Ps B0
liquid (stream 33).
wor k expansi on

machi ne 13 in which nechanical energy is 25 ““extracted fromthis portion
of the high pressure feed. The machi ne 13 expands the vapor
substantially I sentropically froma pressure of about 570 psia to a

pressure of about 353 psia (the operating pressure of

ssparatg;/a?sorbfrsk@hrambrhabémrhnr'komawapSLouoobﬁﬁg£gﬁr§:ﬁE36hzndxpandgdd
stream 32a to a te : oXi e ] ¢ expande
g%%%g&fﬂig d&gndensm%g RiOX! FRb #’%Eﬁféo we)rg donBensBa

and partially ens stream 32a enters

sect.| on _of

separ at or / absor ber S£Feam 362 enters,Fafiyx grum 26 aho-225F MGy 420, BaiR
commingles with |i gliett® 8he uhedndergedowapatd (tpeahh38)akisosepagasedt i on

and the cqmbi pedy LAY GoSd& G 33 gotkl SstPEaRO3SPM Fhe condensed
liquid is returned to deethanizer 17 as reflux
(stream 39a) by refiux.pump 27, entering the
deethanizer at -22°F at a top feed point. The further
warmed combined liquid stream (stream 35¢) leaving heat
10 exchanger 24 flows to deethanizer 17 at 2°F and enters
at a mid-colum feed point. In the deethanizer,
streams 35¢ and 33b (entering at a lower mid-column
feed point) are stripped of their methane and
C, components. The resulting liquid product stream 37
15 exits the bottom of the deethanizer at 198°F and is
cooled to 110°F (stream 37a) in heat exchanger 19

before flowing to storage.

The operating pressure of reflux drum 26 is
maintained slightly above the operating pressure of
20 separator/absorber 15. This allows the uncondensed
vapor (stream 38) to pressure flow through heat
exchanger 20 and thence into the upper section of
. separator/absorber 15. 1In heat exchanger 20, the vapor
stream at -22°F is directed in heat exchange relation

25 with the overhead (stream 34) from separator/absorber
15, cooling the stream to -112°F (stream 38a) and
partially condensing it. The partially condensed
stream is then supplied to the separator section in
separator/absorber tower 15, so that its condensed

30 liquid is separated to become the cold liquid that
contacts the vapors rising upward through the absorbing

section.

The distillation stream leaving the top of
separator/absorber 15 at -113°F is the cold residue gas
35 stream 34. The residue gas stream passes counter-
currently to vapor stream 38 in heat exchanger 20 and



WD 96/ 40604 PCT/ US96/ 6479

-17- separ at or/ absorber 15 at -111F. The vapor portion of t he
expanded streamrises upward through the absorbing section and is
contacted with cold liquid falling downward to condense and absorb the
propane and heay] conponents. The conbi ned |i gy m
35 fromthe bot &ﬁ%@“ t he separator/absorber 15 is suppl ig#@gﬁé&@gl d
top colum feed (stream 35a) to deethanizer 17 by punp 16. The
separator liquid (stream33) is flash expaﬁﬂ%ﬁ'to 10 slightly above the
368 psia operating pressure of deet hani zer 17 by expansion valve 12,
cooling stream 33 to -91F (stream 33a) before it provides cooling to

t he i ncomi ng feed gas as described earlier. Stream 33b, now at
65[err]F, then entgsswattmédaty z@8°F/ (atrdami IMLp|asmitl proviiaed pebling o be

Ctroams7 exits tnid baril i fiddensarighc PR NS e aghify o i FeBISHC o |

110[ err] F (stream 898)1i8 nfurthen wairmedeto1 D4 DR (strdam\d4ly) as itipasses age.

20 - The oper gbhifePé0Settay toAeRENRALERING Fded gas ifPhBARAI ned
slightly above _the og&ratlnqggre ure of, separ gt or/ absorber 15. This
al l ows the deePhanf3epanger IR, TegAore (938 &6 "FPEREEPESE | Ty
t hr ough heat twehstrrRges 20 Thed filmstc etage ols heommressosed®di dnivén by

expansion machine 13. The second stage is compressor

22 driven by a supplemental power source which

compresses the residue gas (stream 34d) to sales line
10 pressure. After cooling in discharge cooler 23, the

residue gas product (stream 34e) flows to the sales gas

pipeline at 110°F and 613 psia.

A summary of stream flow rates and energy

consumptions for the process illustrated in FIG. 5 is

15 set forth in the table below:



25 separator/absorber 15. |In heat exchanger 20, the deet hani zer

overhead at -21F is directed in heat exchange relation with the
overhead (stream 34) from separ at or/ absorber 15, cooling the streamto
-116[err] F (stream 36a) and partially condensing it. The 30 partially
condensed streamis then supplied to the separator sectio
separator/absor&MD*Wﬂﬂﬁ 15, so that its condensed quuidgFtR§%%§thed
to becone the cold liquid that contacts _the vapors rising upward
t hrough t he absorbi ng section. .35 Thé28i still ation stream | eavi ng
the top of separator/absorber 15 at -117[err]F is the cold residue gas
WD 96/ 40604 PCT/ US96/ 06479
- 18- stream 34. The residue gas stream passes counter -
current|y to deethani zer overhead stream 3ABLE heat exchanger 20 and is
warmed to -97[err]F (stream 34a) as it (FIG. 5)
Stream Flow - .
Stream Methane Ethane Propane pButanes+ Total
5 31 81340 4128 878 439 87840
32 80098 36601 552 118 85459
a3 1242 467 326 : 321 2381
35 3136 1641 659 119' 5627
36 4836 3457 567 _ 5 8986
10 38 4378 2092 162 1 6729
39 458 1365 405 4 2257
34 81340 4112 55 0 86561
37 0 i6 823 439 1279
Recoverieg*
15 Propane ) 93.72%
Butanes+ ) 99.99%
Horsepower '
Residue Compression 17,580
20 Deethanizer Reboiler 15,999

* (Based on un-rounded flow rates)

Comparison of the utility consump;ions displayed

in Tables I, II and III for the FIGS. 1, 2 and 3
processes with those displayed in Table V for the

25 FIG. 5 process shows that this embodiment of the
present invention also reduces the utility consumptions
for a given C; component recovery level over that of the
prior art process. The compression horsepower is more
than twelve percent lower than any of the prior art

30 processes, while the utility heat requirement is more
than twenty-eight percent lower than any of the prior
art processes. Comparison of the utility consumptions
displayed in Tables IV and V for the FIG. 4 and FIG. 5
processes shows that the FIG. 5 embodiment of the



provi des cooling and partial condensation of the 5 deethani zer overhead

stream The residue gas is

further warned to 75[err]F (stream 34b) as

it passes countercurrently to the incom ng feed gas in heat

exchanger 10. The residue gas .is then re-conpressed in two stages. The
first stage is ¢ ressor 14 driven by 10 expansi on machi ne 13. nd
stage is conpres@gﬁd%éhzz driven by a supplenental power sour&?ﬁ@#@ﬁ&%-
conpresses the residue gas (stream 34d) to sales |ine pressure. After
cooling in discharge cooler 23, the = resi@8e gas product (stream 34e)
flows to the sales gas 15 pipeline at 110[err]F and 613 psi a. A
summary of stream flow rates and enerqgy consunption for the process
illustrated in FIG 3 is set forth in the follow ng table: WO
96/ 40604

-19 - .
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present invention requires sﬂ%@ﬁk@§9ﬁbQ§438mpression
horsepower (about 0.25 percent) than the FIG. 4
embodiment, but uses about 1.7 percent less utility
heat for the deethanizer reboiler. These two ° '
embodiments of the present invention have essentially
the same total utility requirements. The choice of
whether to include the additional equipment that the
FIG. 5 process requires will generally depend on
factors which include plant size and available
equipment, as well as the relative costs of compression
horsepower and utility heat.

Example 3 .

A third embodiment of the present invention is
shown in FIG. 6, wherein a simpler embodiment of the
present invention is applied. The feed gas composition
and conditions considered in the process illustrated in
FIG. 6 are the same as those in FIGS. 1 through 5.

In the simulation of the FIG. 6 process, the feed
gas cooling and expansion scheme is essentially the
same as that used in FIG. 4. The difference lies in the
disposition of the combined liquid stream from

- separator/absorber 15 after it has been partially

warmed (stream 35b) by providing cooling of the
incoming feed gas in heat exchanger 10. Referring to
FIG. 6, stream 35a from pump 16 is heated from -112°F
to -45°F in heat exchanger 10 as it provides cooling of
the incoming feed gas as described previously in
Example 1. The heated stream, stream 35b, is then
supplied to deethanizer 17 at a top column feed point,
entering the tower at -45°F to be stripped of its
methane and C, components. The resulting liguid product
stream 37 exits the bottom of the deethanizer at 191°F
and is cooled to 110°F (stream 37a) in heat exchanger
19 before flowing to storage.



TABLE |1 |

(FIG 3) Stream Fl ow
Summary - (Lb. Mol es/Hr) Stream Met hane Et hane Pr opane
But anes+ Total 5 31 81340 4128 878 439 87840
32 80476 3792 623 149 86078 864
336 255 90 1762 35 2199 12 9
156 4359 wowgw 3063 1581 121 eﬂfws“‘ﬁ"% 10
34 81340 4112 55 0 86562
16 823 439 1278 “3%%coveri es* Propane
93. 70% But anes+ 99. 85% 15
Hor sepower Resi due Conpression 21, 210
Ut|||ty Heat, MBTU Hr Deet hani zer Reboil er 22,298
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Table Il for the F
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separator/absorber 15. In heat exchanger 20, the
deethanizer overhead at -15°F is directed in heat
exchange relation with the overhead (stream 34) from
separator/absorber 15, cooling the stream to -114°F
(stream 36a) and partially condensing it. The
partially condensed stream is then supplied to the
gseparator section in separator/absorber tower 15, so
that its condensed liguid is separated to become the
cold liquid that contacts the vapors rising upward

through the absorbing section.

The distillation stream leaving the top of
separator/absorber 15 at -115°F is the cold residue gas
stream 34. The resgsidue gas stream passes counter-
currently to deethanizer overhead stream 36 in heat
exchanger 20 and is warmed to -71°F (stream 34a) as it
provides cooling and pértial condensation of the
deethanizer overhead stream. The residue gas is
further warmed to 75°F (stream 34b) as it passes
countercurrently to the incoming feed gas in heat
exchanger 10. The residue gas is then re-compressed in
two stages. The first stage is compressor 14 driven by
expansion machine 13. The second stage is compressor
22 driven by a supplemental power source which
compresses the residue gas (stream 34d) to sales line
pressure.
residue gas product (stream 34e) flows to the sales gas
pipeline at 110°F and 613 psia.

A summary of stream flow rates and energy
consumptions for the process illustrated in FIG. 6 is
set forth in the table below:

After cooling in discharge cooler 23, the



wi Il often depend on such factors as the relative costs of utility

heat and conpressi on horsepower, plant size, 30 etc. It should be noted
i n passing that the success of the FIG 3 process depends on the
absor ption cooling effect that occurs inside separator/absorber 15,
wherein the sat ' f the vapors rising upward t hr oug doR
by vaporizationqgﬁb?@%ﬁed nmet hane and WO 96/ 40604 Bt/
PCT/ US96/ 06479 : - 20- et hane
contained in stream 36a provides refrigeratF&ﬁ' to the tower. Note that,
as a result, both the vapor | eavi ng the overhead of "the tower and the
| i qui ds | eaving the bottom of the tower are colder than the 5
respective feed streans at those ends of the tower. Thi s absorption
cooling effect allows the tower over haasifswream 34) to provide the
cool ing needed in heat exchanger 20 th&@rtgglly condense the
deet hani zer )
: re low - Ib. M )
’ Stream - Methane Ethane Propane Butanes+ Total
5 31 81340 4128 878 439 87840
32 80347 3746 596 137 85861
33 993 382 282 302 i978
35 4995 2983 826 153 9080
36 5988 3349 285 17 9781
10 34 81340 4112 55 1 86562
37 0 16 823 438 1278
Recoveriesg* .
Propane : 93.68%
Butanes+ 99.83%
15 Horsepower -
Residue Compression 20,215
ild a TU/Hr
Deethanizer Reboiler : 20,254

* (Based on un-rounded flow ratés)

20 ' Camparison of the utility consumptions displayed
in Tables I, II and III for the FIGS. 1, 2 and 3
processes with those displayed in Table VI for the
FIG. 6 process shows that this embodiment.of the
present invention uses a lower total utility

25 consumption for a given C; component recovery level than
the prior art processes. The compression horsepower is
essentially the same (about 0.5 percent higher) than
the lowest value used by any of the prior art
processes, while the utility heat requirement is more

30 than nine percent lower than any of the prior art
processes. Due to its simpler arrangement than the
FIGS. 4 and 5 embodiments, the FIG. 6 embodiment of the
present invention may offer capital cost advantages
that outweigh its higher utility consumption compared



overhead (stream 36) w thout operating deethanizer 17 10 at a pressure
significantly higher than that of the separ at or/ absorber 15. This was
not the case in the FIG 2 process, where Joul e-Thonson cooling of the
condensed deet hani zer over head stream was needed to provi de the
tenperature dr|V|n% orce that allowed the 15 heat exchange 79
Descri ption of + Q964 tion Exanple 1 FIG 4 illTustrates ‘a
fl ow di agram of a process in accordanceﬂytklthe present invention
The feed gas 20 conposi tion and conditions~€onsidered in the process
presented in FIG 4 are the sane as those in FIGS. 1 t hrough 3.
Accordingly, the FIG 4 process can be conpared with the FIGS. 1

t hrough 3 processes to illustrate the advantages of the present

i nvention. 25 to lthe ltheirmembbdimemtis  h&hel Ghodcpr betwaen fthed FJ&S .

enters at 80F and angzﬂ.aig %Lbﬁgngﬁéé G ﬁ{]erﬁﬁ:@s%ﬁt :ane tith fw3gd stream

31 is cooled in exc coo residue gas at
-88[err] F (stream 3akhen depenﬁ‘ PR SapEe%s (ﬁuqlq RH @é-a&f'- sd2e e FVEIE Lo am
33a), and with 30 egeisttqr AAASenEcEchidmic badlanck0dFecapftdlstaomam 35a) .

The cool ed_stream 5“§§%Q%§}39588§£at0r 11 at -78[err]F and 570

psia where the éade f% re s Separated from t he condensed
liquid (stream 33). The vapor (stream 32) from separator 11

enters a 35 work ey imibo@eRnes 13 i n which nechanical energy is
In accordance with this invention, it ies generally

advantageous to design the separator/abeorber to
provide a contacting device composed of multiple

10 theoretical separation stages. However, the benefits
of the present invention can be achieved with as few as
one theoretical stage, and it is believed that even the
equivalent of a fractional theoretical stage may allow
achieving these benefits. For instance, all or a part

i5 of the partially condensed stream leaving heat
exchanger 20 and all or a part of the partially
condensed stream from work expansion machine 13 can be
combined (such as in the piping joining the expansion
machine to the separator/absorber) and if thoroughly

20 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. In such an embodiment, the vapor-
liquid mixture £rom heat exchanger 20 can be used

25 without separation, or the liquid portion thereof may
be separated. Such commingling.of the two streams
shall be considered for the purposes of this invention
as constituting a contacting device. In another
variation of the foregoing, the partially condensed

30 stream from heat exchanger 20 can be separated, and
then all or a part of the separated liquid supplied to
the separator/absorber or mixed with the vapors fed
thereto.

As described earlier in the preferred embodiment,
35 the overhead vapors are partially condensed and used to
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-21- extracted fromthis portion of the high pressure feed.
machi ne 13 expands the vapor substantially isentropically froma
pressure of about 570 psia to a pressure of about 396 psia (the
operating pressyre of separator/absorber 15), with the wor |
cool i ng thegé&%gﬂﬂéd stream 32a to a tenperature of aE%?@Q%@@P '
-107[err] F. The expanded and partially condensed stream 32a enters t
| ower section of separ at or/ absor ber 15. “Fe liquid portion of the 10

expanded stream comm ngles with liquids failing downward fromthe

absorbi ng section and the conbi ned

separator/a
stream
with cold |
and heavi er
bot t om of

bsor ber

15-at -10[err]F. The vapor portion of the expande

The

y.
he

liquid stream 35 exits the bottom of

d
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However, the present invention is not limited to this
embodiment. It may be advantageous, for instance, to
treat only a portion of the outlet vapor from the work
expansion machine in this manner, or to use only a
portion of the overhead condensate as an absorbent, in
cases where other design considerations indicate
portions of the expansion machine outlet or overhead
condensate should bypass the separator/absorber. PFeed
gas conditions, plant size, available equipment, or
other factors may indicate that elimination of work
expansion machine 13, or replacement with an alternate
expansion device (such as an expansion valve), is
feasible, or that total (rather than partial)
condensation of the .overhead stream in heat exchanger
20 is possible or is preferred. It should also be
noted that the separator/absorber can be constructed
either as a separate vessel or as a section of the
deethanizer column. '

In the practice of the present invention, there
will necessarily be a slight pressure difference
between the deetharnizer and the separator/absorber
which must be taken into account. If the overhead
vapors pass through heat exchanger 20 and into
separator/absorber 15 without any boost in pressure,
the separator/absorber shall necessarily assume an
operating pressure slightly below the operating
pressure of deethanizer 17. 1In this case, the combined
liquid stream withdrawn from the separator/absorber
can be pumped to its feed position in the deethanizer.
An alternative is to provide a booster blower in the
vapor line to raise the operating pressure in heat
exchanger 20 and separator/absorber 15 sufficiently soc
that the combined liquid stream can be supplied (after
heat exchange with other process streams as described



t he separator/absorber 15 is routed to heat exchanger 10 by punmp 16
where it (stream 35a) is heated as 20 It provides cooling of the incom ng
feed gas as described earlier. The conbined liquid streamis

heated to -46[err]F, partially vaporizing stream 35b before it is
supplied as a md- feed to deethani zer 17. The sepa lchdi d
(stream 33) is f&gg'?/‘@%anded to 25 slightly above the 411 pgﬁ%dédﬁg#i ng
pressure of deet hani zer 17 by expansion valve 12, cooling stream 33

to -92[err]F (stream 33a) before it provides 300I|ng to the I ncom ng
feed gas as described earlier. Stream 33b, now at 70[err]F, then
enters deethanizer 17 at a |l ower md- 30 colum feed point. In the

deet hani zer, streans 35b and 33b are stripped of their methane and
Clerr] conponents. in Exahiplesesyl 2iamgd |3 )quial qeethantizerrFarwiXhamtits t he

bot t om of the deeifiani 2at:af JBLALKIS ematavaoga%tn%&@[ err]F

(stream 37a) in he ore flTowmng to 3 storage.
WO 96/ 40604 separator absorber 15 at- a su ipdent)

-22- relative to the feed position on deethanizer 17 so that
5 the hydrostatic head of the liquid will overcome the
pressure difference.

The use and distribution of the separator liquids
and the separator/absorber liguids for process heat
exchange, the particular arrangement of heat exchangers

10 for feed gas cooling, and the choice of'process streams
for specific heat exchange services must be evaluated
for each particular application. Moreover, the use of
external refrigeration to supplement the cooling
available to the feed gas from other process streams

15 may be employed, particularly in the case of an inlet
gas richer than that used in Example 1.

It will also be recognized that the relative
amount of feed found in each branch of the condensed
liguid contained in stream 36a that is split between

20 the two towers in FIG. 4 will depend on several
factors, including gas pressure, feed gas composition
and the quantity of horsepower available. The optimum
split cannot generally be predicted without evaluating
the particular circumstances for a specific application

25 of the present invention. The mid-column feed
positions depicted in FIGS. 4 through 6 are the
preferred feed locations for the process operating
conditions described. However, the relative locations
of the mid-column feeds may vary depending on inlet

30 composition or other factors such as degired recovery
levels, etc. Moreover,.two or more of the feed
streams, or portions thereof, may be combined depending
on the relative temperature and quantities of
individual streams, and the combined stream then fed to

35 a mid-column feed position. FIGS. 4 through 6 are the
‘preferred embodiments for the compositions and pressure



The operating pressure in deethanizer 17 is mai nt ai ned slightly above

t he operating.pressure of separ at or/ absorber 15. This allows the
deet hani zer over head vapor (stream 36) to pressure flow through 5 heat
exchanger 20 and thence into the upper section of separ at or/ absor ber

15. In heat ex 20, the deet hani zer overhead at -2 '
directed in hea%%@change relation with the overhead (st r?ﬂ@f@#ﬁ%m
separator/absorber 15, cooling the streamto_-112[err]F 10. (stream 36a)

and partially condensing it. The partié??? condensed streami-s then
supplied to the separator section in separator/absorber tower 15 where
the condensed liquid is separated fromthe uncondensed vapor. The

uncondensed vapor conbines with the vapor 15 rising fromthe | ower
absorbing_sect}on hanamtﬂthEShown.(HﬁmihdhghiEhatﬁﬂauairSﬂmﬁa&Aggpgnbggntged
upper -region o ) r . e quid is divide
into two portions.ignéggg?€%§n#33%§é§%%&é? Fggggggég é§§¥héd'the | ower
absor bi ng secti on 8itsrpativerexpanginn megngsmay betemployed WheTRd t hat
contaets the vapor gppirspPfat@Varebr exanphe)Uabniieions Gidd MArgaati #drkThe
ot her portion, stream 39 L E%§Ha§ eddtg.deeéhagézer 7.as r§%5ux by
punp 21, with F%fl&%ngFé3ﬂ1%5a.¥?o 8§% ?gﬁl eBgrean ﬁﬁﬁqﬂm ’

deet hani zer 17 at - 112FTheSpresent iftwentiioni provides simproweade aecoyerie t op

of separator/ B?S@{ Qﬁhpbie%ﬁ;s‘ §é§[ Shdddt iSe tdlﬁlci%rd cbBsi &S
stream 34. The residue gaa stream passes counter - .curren I¥ to
deet hani zer over he XL r 84 FcOPTraLE, the process. 2An improvement in

utility consumption required for operating the

10 deethanizer process may appear in the form of reduced
power requirements for compression or re-compression,
reduced power requirements for external refrigeration,
reduced energy requirements for tower reboilers, or a
combination therecf. Alternatively, if'desired,

15 increased C; component recovery can be cbtained for a
fixed utility consumption.

While there have: been described what are believed
to be preferred embodiments of the invention, those
skilled in the art will recognize that other and.

20 further modifications may be made thereto, e.g. to
adapt the invention to various conditions, types of
feed or other regquirements without departing from the
spirit of the present invention as defined by the
following claims.



exchanger 20 and is warnmed to -88[err]F (stream 34a) as it 30 _provi

cooling and partial condensation of the deet haﬂgtzre{s éw%ﬁggg BT‘EENe

The residue gas is further warnmed to 75[err]F tREEDS

passes countercurrently to the incomng feed g

exchanger 10. Thgaheslel'e 9as is then re-conpressed 35 In t WBer %gﬁgq?
The first stageh?g conpressor 14 driven by expansi on machlne’b e
second stage is WO 96/ 40604 -36-_,q 22
PCT/ US96/ 06479 - 23- pﬁ{@é 18%d
driven by “ﬂﬁpﬂMMt"m"mr\e source whi ch corrpresse 1 i gas
(stream 34 I ne pressure. After cooling |n | er
23, t he' résidue®gas product (stream 34e) flows to the

pi peline at 110[err]F and 613 psi a. Claime summary of strean1f|ow _
rates and energy consunption for the process illustrated in FIG 4 is

set forth in the tabl e bel ow
1. In a process for the separation of a gas stream

2 containing methane, C, components, C; components
3 and heavier hydrocarbon components into a volatile
4 residue gas fraction containing a major portion of
5 said methane and C, components and a relatively
6 less volatile fraction containing a major portion
7 of said C; components and heavier hydrocarbon
8 components, in which process
9 (a) said gas stream is treated in one or
10 more heat exchange and/or expansion steps to
11 partially condense at least a portion thereof and
12 provide thereby at least a first vapor stream and
13 at least one C,-containing liguid stream which also
14 conﬁainS'lighter'hydrocarbons; and '
15 (b) at least one of said C,-containing liquid
16 streams is directed into a distillation column
17 wherein said ligquid is separated into a second
18 vapor stream containing predqﬁinantly methane and
15 C, components and said relatively less volatile
20 fraction containing the major portion of said
21 C; components and heavier hydrocarbon components;
22 ' the improvement wherein
23 (1) said second vapor stream is cooled
24 sufficiently to condense at least a part of it,
25 thereby forming a condensed stream;
26 (2) a portion of said condensed stream
27 is supplied to said distillation column at a top
28 feed position;
29 (3) at least a portion of said first
30 vapor stream is intimately contacted with at least
31 part of the remaining bortion of said condensed
32 - stream in at least one contacting device, thereby
33 forming a third vapor stream and a C,-containing
34 liquid stream;



TABLE IV 1 (FIG 4) St ream Fl ow

Summar y IMHMI I“HI“"I ”ﬂh St r eap—Met hane e Pr opane

But anes 81344 . 4339143y .. 439

87840 80084 3656} N3ag SS’FHQLBEIHSSH_L 7 85436 15

33 1256 329 _ 322 :'13'?%;%Qmﬁ%77
1139 597 w‘.’""”ﬂﬂ? 4182 36 4 : 35
0 6695 40 2676 1549 102 B R% ORd

39 845 489 32 "7- 1388 20 que \gek i 0 NS 1340
2112 55 0 86561 37 H"IIIU u H ||||

823 . 439 1279 Recoveri es*

93. 68% But anes+ 100. 00% 25

Hor sepower 35 Resi due OO”M)ES?EDIH C,-containing 1ikGid3Gtream is
Uility Heat, TU Hr Deet zer,.Re

* (Based on u3n%/rBounded PR ied: gg)saugdhset:.ﬁ Q&?ﬂa&?ﬁ?’ﬂﬂ Koi ?I‘%e‘fﬁnr‘fl ty
consunptions ¥ the feegd, tberetre; processes displayed in Tables I, Il and

I~ withaghe utility consunmpky ongt ofeddie & RIRAbnI B¥e8i@Mthird

di spl ayed in :;I'gatbl e IV shows that th spé;esented r}_n%rcl)t a0, exchange

vapor stream irect
40 relation with said second vapor stream, thereby to
41 supply the cooling of step (1) and thereafter
42 discharging at least a portion of said third vapor
43 stream as said volatile residue gas fraction; and
44 (6) the quantities and temperatures of
45 said feed streams to said contacting device and
46 said distillation column are effective to maintain
47 the overhead temperatures of said contacting
48 device and said distillation column at
49 temperatures whereby the major portion of said
50 C; components .and heavier hydrocarbon components is
51 recovered in said relatively less volatile
52 fraction.

1 2. The improvement according to claim 1 wherein at

2 least a portion of said C;-containing ligquid stream
3 is heated prior to supplying said C;-containing

4 - liquid stream to said distillation column.

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

2 containing methane, C, components, C; components

3 and heavier hydrocarbon components into a volatile
4 residue gas fraction containing a major portion of
5 said methane and C, components and a relatively

6 less volatile fraction containing a major portion
7 of said C, components and heavier hydrocarbon

8 components, in which process

9 (a) said gas stream is treated in one or

10 more heat exchange and/or expansion steps to

11 partially condense at least a portion thereof and
i2 provide thereby at least a first vapor stream and



WO 96/40604 PCT/ US96/ 06479

- 24- mai ntains the desired Clerr] _conponentrecavesny while
substantially reducing both the conpressjon fuugﬁwnaﬁﬂ‘ and the utility
heat requirenent. The conpression hojl s¢peyH iLS3HBISHE Ran t wel ve
percent | ower thﬂ@ of the prior a th@cﬂp

heat require 3?R¥gﬁnnre than twenty-seven percent | ower ﬁgﬁ&éﬁy

of the prior art processes. Cbnparl the present invention to the

prior art yed in FIG 3, e the tenperatures of 10 the
separ ator/almunm(lmwl“ﬁm stream 35a in FI G 3 and stream 35b in FIG
4) at the féed®otnt®tos * deethanizer 17. In the FIG 3 process, these

| i qui ds are fed to the deethanizer as a cold top feed. However, the

tenper ature oflx he deet Atnleast come Gacodtainiapoliquid] stréém wisichu@lso
war mer than thg -110[ er pLE. £ o4 lightéEEEBﬁEQEH£ﬁoR§ siggam 35a, I ndi cating

that the top fe d
(b) at least one of said C;-containing liquid

16 streams is directed into a distillation columm

17 wherein said liquid is separated into a second

is vapor stream containing predominantly methane and
19 C, components and said relétively less wvolatile

20 fraction containing the major portion of said

21 C; components and heavier hydrocarbon components;
22 the impfovement wherein

23 (1) said second vapor stream is coocled
24 sufficiently to partially condense it, thereby

25 - forming a partially condensed stream;

26 (2) said partially condensed stream is
27 separated, thereby to form a third vapor stream

28 and a first Cj-containing liquid stream;

29 (3) at least a portion of said first C;-
30 containing.liquid stream is supplied to said

31 distillation column at a top feed position;

32 (4) said third vapoi stream is cocled
33 sufficiently to condense at least a part of it,

34 thereby forming a condensed stream;

35 (5) at least a portion of said first

36 vapor stream is intimately contacted with at least
37 a portion of said condensed stream in at least one
38 ~ contacting device, thereby'forming a fourth vapor
39 stream and a second C;-containing liquid stream;
40 (6) at least a portion of said second
41 C;-containing liquid stream is directed into heat
42 exchange relation with said second vapor stream

43 leaving the upper region of-said distillation

44 column, thereby to supply the cooling of step (1)
45 and partially condense said second vapor stream;

This Sheet Has Been Replaced




i's much col der than necessary to naintain the desired propane and

heavi er conponent concentration in the —tn the FIG 4
process, the feed stream 20 (stream 35b) ETHIS ISHEEMMASREENIN zer at - 46F
at a | owner feed point. This is nuch clloser BEPLAGED 25F

tenperature of | t hani zer overhead va Streant TTTC,

better match tow(i%‘%@éd condi ti ons needed to achi eve the ‘gms,l re‘g%
propane and heavi er conponent 25 cont ent o; the overhead. As a result,
only a s ream stream 39a; 15 needed for the top feed
to deet hﬂl“ﬂl”ﬂﬂl“ﬁ““”lﬂi(ﬁ 4 process The much | ower reboiler duty
for the FI& 4 processsis+a further I ndi cation of the better match
bet ween tower feed 30 tenperatures and the desired tower product streans.
By supplying tage separator/absor bem Iisauadsebondhe, contai:hihgéﬂ..’ctmﬁtmani zer
at a nore optial temperafure,, f

deet hani zer i r?gaoved (a% eam 4 e%the&eggtgg %Pés}%év]érg d0 8’?’37%9?'0
refrigera- 3548 on pot efelum &s teh@scondgfeed éhﬂr?}'é’ncaptured at a
tenperature | @eel that allows prong)di ag aeaQttaOngﬂflon of said\EolitU0604

PCT/ US96/ 0647%0 vapor stream is directed into heat exchange

51 relation with said third vapor stream, thereby to
52 supply the cooling of step {4) and thereafter
53 discharging at least a portion of said fourth
54 vapor stream as said volatile residue gas
55 fraction; and
56 (9) the quantities and temperatures of
57 said feed streams to said contacting device and
58 © said distillation column are effective to maintain
59 the overhead temperatures of said contacting
60 device and said distillation column at
61 temperatures whereby the major portion of said
62 C; components and heavier hydrocarbon components is
63 - recovered in said relatively less volatile
64 fraction. '
1 4. The improvement according to claim 3 wherein at
2 least a portion of said second C,;-containing liquid
3 stream is heated prior to being directed into heat
4 exchange relation with said second vapor stream.
i 5. In a process for the separation of a gas stream
2 containing methane, C, components, C; components
3 and heavier hydrocarbon components into a volatile
4 residue gas fraction containing a major portion of
5 said methane and C, components and a relatively

) 6 less volatile fraction containing a major portion
7 of said C; components and heavier hydrocarbon

) 8 components, in which pi'ocess
9 (a) sald gas stream is treated in one or
10 more heat exchange and/or expansion steps to
11 partially condense at least 2 portion thereof and

This Sheet Has Been Repla
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- 25- the process cooling duty. Wth these |iquids helping cool

the incom ng feed gas in heatThief lacehe
resi due gas (stream 34a) nust I I[I ”‘Lheat expt g SHEED HAS BERNIdRd.

As a result, the 5 resi due g eat excllangerrg@®LAGED war

t enperature, whi Eﬁéﬂrn al l ows operating the FI
separ at ‘ﬁaw ani zer at hi gher pressures. AC%%?%@FV?-

the residue gas enters conpressor 14 at a hi gher pressure in the FIG 4
process a lll || m "l]ﬂmﬂr essi on horsepower??s therefore needed to deliver
the resid pressure. Eanple 2 FIG 4
represents "the preferred enbodi nent of the present invention for the

tenperature and pressure 15 condi tions shown because it typically .
provides the 12  sinpl psovidertherebgngenteast ca £ixsty aapbrestieannpadent

recovery levelis A slighi!yedmy em(‘eoggée‘ar%%éaﬂl% Hgah%ﬁestréﬁﬁ S{ha.l]d?f ah e

sane (C[err] caonponent recovery for samnme
consunption cdft be achi goReRiRg Adghger HH@Fﬁ@?«rmﬁlﬂﬂﬁnt of the present

invention as 15 | Idl ustrat e ngnmeeabs ohe P6PCHERL ClhEord RN IGRP liquia
t t r t n
S'are the Samdcas thoseorpe e biceotn edid idiatest B PEIRE 'S can

be conpar ed wit?h t he wherein said liquid is separated into a second

18 vapor stream containing predominantly methane and
198 C, components and said relatively less volatile

20 fraction containing the major portion of said

21 C; components and heavier hydrocarbon components;
22 the improvement wherein

23 (1) said second vapor stream is cooled
24 sufficiently to condense at least a part of it,

25 thereby forming a condensed stream;

26 (2) at least a portion of said first

27 vapor stream is intimately contacted with at least
28 a portion of said condensed stream in at least one
29 contacting device, thereby forming a third vapor
30 stream and a C;-containing liquid stream; '

31 {3) at least a porﬁion of said GC;-

32 containing liguid stream is heated and is

33 thereafter supplied to said distillation column

34 at a top feed position;

35 (4) at least a portion of said third

36 vapor stream is directed into heat exchange

37 relation with said second vapér stream, thereby to
38 supply the cooling of step (1) and thereafter

.39 discharging at least a portion of said third vapor
40 stream as said volatile residue gas fraction; and
41 (5) the guantities and temperatures of
42 said feed streams to said contacting device and

43 said distillation column are effective to maintain
44 the overhead temperatures of said contacting

45 device and said distillation columm at

46 temperatures whereby the major portion of said

47 C; components and heavier hydrocarbon components ig



25 FI GS. 1 through 3 processes to |Iluét'rate t he advant ages of the

present invention, and can HBKEMmGﬁstn edconpar ed gar_ITEN
di splayed in FIG 4. ation of Hé“stS@EE-B P(ﬁ%@'s, t he
f eed gas cooling and ex is much tlhe safFPAACED 1 hit

|

used in FIG 4. ference es |nthe di sposition o
di stillatian stWégﬁ’] | eavi ng P&%ﬁ@ﬁ

t he over head of deethani zér

Referring to FIG 5, stream 36 at 8[er5%§ flows to heat exchanger 24
and is rrmmmmﬂn“ H t exchange rel at’i with the partially 35

war med co mu mam (stream 35b) punped from WD 96/ 40604
PCT/ US96/ 06479 * . -26-

separ at or/ absorber tower 15, cooling stream 36 and partially

condensi ng itagThe particddvwereandansgfld relatsivelamlzes eolatsieef |l ux drum
26 at. -22[errL§ and 41(%1%561:%0!1 where the uncondensed vapor (stream 38)
I s separated : o '

6. In an apparatus for the separation of a gas

1
2 containing methane, C, components, C, components
3 and heavier hydrocarbon components into a volatile
4 residue gas fraction containing a major portion of
5 said methane and C, comporients and a relatively
6 less volatile fraction containing a major portion
7 of said C; components and heavier components, in
8 said apparatus there being
9 (a) one or more heat exchange means and/or
10 expansion means cooperatively connected to provide
i1 at least one partially condensed gas stream,
12 providing thereby at least a first vapor stream
13 and at. least ome.cg-contaihing liguid which also
14 contains lighter hydrocarbons; and '
15 (b) a distillation column connected to
16 receive at least one of said C;-containing
17 ligquid streams which is adapted to separate said
18 stream into a second vapor stream containing-
19 predominantly methane and C, components and said
20 relatively less volatile fraction containing the
21 major portion of said C; components and heavier
22 hydrocarbon components;
23 the improvement wherein said apparatus
24 includes
25 ' (1) heat exchange means connected to
26 said distillation column to receive said second
27 vapor stream and cool it sufficiently to condense
28 at least a part of it, thereby forming a condensed
29 stream;
30 (2) dividin§ means connected to receive
31 sald condensed stream and to divide said condensed
32 stream into first and second liquid streams, said
33 dividing means being further connected to said



5 fromthe condensed liquid (stream 39). The condensed liquidi
returned to deethanizer 17 as'rmmbmuasBeen Beedeam 5 X :
entering the deet hani zer ! p feed

war med conbi ned | i qU| d stream av_| ng

flows to deetha a 2[ err an enters _
point. In. % énl streans 35c and 33b (enter| ng s’F’B@@?

m d- col um feed p0|nt) are stripped of their nmethane and Cerr]
conmponent s. mmmlﬂﬂmu qui d product sti%&m 37 15 exits the bottom of
t he deet hani "nr H and is cooled to 110 F (stream 37a) in
heat exchanger " Pefére flowing to storage. The operating
pressure of reflux drum 26 is mai nt ai ned slightly above the operating
pressure of 2(B4 separadtsﬁii&uﬂﬂhu‘cHEumnTbbSsﬁﬁély%bdﬂﬁafﬂwﬁﬁndggﬁﬂd

vapor (stream to pr SR c e an

t hgnce(l nto t r??szper psg;é:% é‘# %itdh ggg?'g%g:f’?nab%%%& a%sg Fﬂphgﬁ?éj
exchanger 20, %ﬁm&vaporpoa iQﬁwean1at -22[err]F is directed in heat
exchange rel a@mon 25 with the owagr h@aﬁtégt;i@graﬁﬁl)lslé aqna)t,_lrzl mtean 38a)
separ at or/ abs er streamto - [ re a
_ang part?%?ly conden5|?ééga ﬁ?cgéy?l en%e IA? L Es??§£n1|s
then supplied 3% the sepeFMw Lisadd esream and apleagtol porbibnrofower 15,
so that its camdenseg 38aid |ﬁiﬁétdva§o§eéékg&tﬁﬁwﬁ&éﬁ§t ‘hﬁﬁd{;) hegfi®hdahd qui d

t hat cont,acts the yapors risin I ro e absorbin

secti on. 41 The ﬁé‘ﬁ 1355 1% (?ﬂg‘éf’giaﬂ] Bt g‘%ﬁ% Sp °8Ptacgin9

separ at or / absd@ber 15 adeviice| siaid-coptabtinglahd esphuatiag BBansstream 34.
The residue gas stream DRERAR O $eplkating means to separate the vapor

44 and liquid after contact in said contact::.ng device
45 to form a third vapor stream and a C,-containing
46 . liquid stream;

47 (4) said contacting and separating

48 means being further connected to said distillation
49 column to supply said C;-containing liquid stream
50 separated therein to said distillation column as a
51 second feed thereto;

B2 (5) said contacting and separating

53 means being further connected to said heat

54 exchange means to direct at least a portion of

55 said third vapor stream separated therein into

56 heat exchange relation with said second vapor

57 stream; and .

58 (6) control means adapted to regulate
59 the quantities and temperatures of said feed

60 streams to said contacting and separating means

61 and said distillation column to maintain the

62 overhead temperatures of said contacting and

63 separating means and said distillation column at
64 ' temperatures whereby the major poftion of said

65 C; components and heavier components is recovered
66 in said relatively less volatile fraction.

1 7. The improvement according to claim 6 wherein said
2 contacting and separating means is connected to a



currently to vapor stream 38 in heat exchanger 20 and
96/ 40604 This Sheet Has Been Re CTy
-27- is warnmed to -88[er
and partial condensation of th
warnmed to 74F (stream 34b) as it I

I ncom ng feed g‘é’?’ﬁ’ at 5 exchanger 10. The reS| due gas |g Wﬁmng
re-conpressed in two stages. The first stage is conpressor 14 driven by

expansi on Im " cond stage is c‘cﬂ'ﬁ)'ressor 22 driven by a
suppl errentm g lu BI“EI ch conpresses the residue gas (stream 34d)

to sal es O pressuye.* After cooling in discharge cooler 23, the
resi due gas product (stream 34e) flows to the sal es gas pi peline at
110F and 613 pgi a. second“h%ﬁ%”&&%h&ﬁgétﬁéﬁﬂﬁfﬂﬂé&éthe& aedsenar gy
consumptions fgr the procese Ilugtial 81 dihebiGing 1iqdfa Srddi th 10 the
5 separated therein is heated, said second
) 6 heat exchange means being further connected
7 to said distillation column to supply said heated
8 C;-containing liquid stream to said distillation
9 column as a second feed thereto.
1 8. In an apparatus for the separation of a éas
2 containing methane, C, components, C,; components
3 and heavier hydrocarbon components into a volatile
4 residue gas fraction containing a major portion of
5 said methane and C, components and a relatively
6 less volatile fraction containing a major portion
7 of said C; components and heavier components, in
8 said apparatus there being.
9 (a) one or more. heat exchange means and/or
10 expansion means cooperatively connected to provide
11 at least one partially condensed gas stream,
12 providing thereby at least a first vapor stream
- 13 and at least one C;-containing liguid which also
14 contains lighter hydrocarbons; and
15 (b) a distillation column connected to
16 receive at least one of said C;-containing liquid
17 streams which is adapted to separate said stream
18 into a second vapor stream containing
19 predominantly methane and C, components and said
20 relatively less volatile fraction containing the
21 major portion of said C; components and heavier
22 hydrocarbon components;
) 23 the improvement wherein sald apparatus
24 includes
25 (1) first heat exchange means connected
26 to said distillation column to receive said second
27 vapor stream and cool it sufficiently to partially
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28 condense it, thereby forming a partially condensed

29 stream;

30 _ (2) separating means connected to said

31 first heat exchange means to receive said

32 - partially condensed stream and separate it,

33 thereby to form a third vapor stream and a first

34 C;-containing liquid stream, said separating means

35 being further connected to said distillation

36 column to supply at least a portion of said first

37 C;-containing liquid stream to said distillation

38 column at a top feed position;

39 (3) second heat exchange means

40 connected to said separating means to receive said

41 third vapor stream and cool it sufficiently to

42 condense at least a part of it, thereby forming a

43 condensed stream;.

44 (4) contacting and separating means

45 connected to receive at least a portion of said

46 condensed stream and at least a portion of said

47 first vapor stream wherein said liquid and vapor

48 are commingled in at least one contacting device,

49 said contacting and separating means including

50 separating means to separate the vapor and liquid

51 after contact in said contacting device to form a

52 fourth vapor stream and a second C;-containing

53 ' liquid stream; | _

54 (5) said first heat exchange means

55 being further connected to said contacting and

56 separating means to receive at least a portion of

57 said second C;-containing liquid stream separated

58 therein and direct it into heat exchange relation

59 with said second vapor stream leaving the upper

60 region of said distillation column, thereby to

61 - cool and partially condense said second vapor
62 stream; -
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processes with those displayed in Table V for the 25 Fl i §wgr

that thi SJM“W'“‘MM“"H‘E present iri#&ition al so re " Hg §é§R
consunpt i en CJerr] conponent recovery Ie

t he . priof att Brotess. The conpressi on horsepower

twel ve percent | ower rhan_any of the prior art 30 processes, mhlle the
utility heat ggqui remsnt I's nore (g) samrrfimmearﬂ @Edchangeemeaﬁmwer t han

Consurpt i anb 6% g splfal ERERBR.comgRBies VY sfled Meriigtlon o o

processes sho®B that tieolums t® suppiyneaid cﬁeqq:@ C;-containing liquid

66 stream to said distillation column as a second
67 feed thereto;
68 (7) said contacting and separating
69 means being further connected to said second heat
70 exchange means to direct at least a portion of
71 said fourth vapor stream separated therein into
72 heat exchange relation with said third vapor
73 stream; and
74 (8) control means adapted to regulate
75 the quantities and temperatures of said feed
76 streams to said contacting and separating means
77 and said distillation column to maintain the
78 overhead temperatures of said contacting and
79 separating means and-said distillation column at
80 temperatures whereby the major portion of said
81 C; components and heavier components is recovered
82 in said relatively less volatile fraction.
1 9. The improvement according to claim 8 wherein said
2 contacting and separating means is connected to a
3 third heat exchange means whereby at least a
4 portion of said second C,-containing liquid stream
5 separated therein is heated, said third heat
6 exchange means being further connected to said
7 first heat exchange means to direct said heated
8 second C;-containing liquid stream into heat
9 exchange relation with said second vapor stream
10 leaving the upper region of said distillation
11 column.

1 10. In an apparatus for the separation of a gas
2 containing methane, C, components, C; components
3 and heavier hydrocarbon components into a volatile
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-29- present |nvent|on requi
hor sepower (about 0.25 perce A
about 1.7 percent less utilit
two 5 enbodi rrent
total utili
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nore conpressi on

" enbodi nent, but uses
deet hani zer reboiler. These

n have essentlall*ym%i}ﬁe_“
whet her to 1 nc :

addi tional : eqU| nen that the FIG 5 proggss requi res'myg@hj,etggs@%ﬂ{ Yced
depend on . ull lummll ncI ude plant si"Z& and avail ab Nt
as well as t of conpression hor sepowe l" wl

heat . Exanple 3 A third enbodinent of the p

S shown in FIG 6, wherein a sinpler enbodinent of the 15 present

invention is applied. Tesifeedggssfxacipasi tdontainingral majwir tpoxtion of

considered in the proce I i’%ﬁé h t hose
in FIGS. 1 thro% h 5. Badbl hlig ?ﬂdm w?rg#(%{xt%%?ﬁ a ?aiagg‘p’)ro €ess,

the feed ga% cool i ngegRdvelatite Jfractior: coBtaining | & maj amh®oxsiosane
as that used imFIG 4. ofhgaddf &eicompenkhes afd ihavier ¢omponehto) i the

conbi ned |i qui d stream fr el apparatus there being

9 (a) one or more heat exchange ﬁeans and/or
10 expansion means cooperatively connected to provide
11 at least one partially condensed gas stream,

12 providing thereby at least a first vapor stream

13 and at least one C;-containing liquid which also
14 contains lighter hydrocarbons; and

15 (b) a distillation column connected to

16 receive at least one of said C;-containing liquid
17 streams which is adapted to separate said stream
18 into a second vapor stream containing

19 predominantly methane and C, components and said
20 relatively less volatile fraction containing the
21 major portion of said C; components and heavier

22 hydrocarbon components;

23 the improvement whereln said apparatus
24 includes

25 (1) first heat exchange means connected
26 to said distillation column to receive said second
27 vapor stream and cool it sufficiently to condense
28 . at least a part of it, thereby forming a condensed
29 stream;

30 (2) contacting and separating mears

31 connected to receive at least a portion of said

32 condensed stream and at least a portion of said

33 first vapor stream wherein said liquid and vapor
34 are commingled in at least one contacting device,
35 said contacting and separating means including

36 separating means to separate the vapor and liquid
37 after contact in said contacting device to form a
38 third vapor stream and a C;-containing liquid

39 stream;



separator/ absorber 15 after it has been partially

ar med (stream 35b)

by providing cooling of the I ncomng fe e égaﬂhat exchanger 10.

Referring to 25

I ncom ng feed
stream st Qg@

FIG 6, stream 35a
to -45[err]F in heat exchanger 10 as

scribed previg
it

Is héated from-112[err]F
g of t he

Iy YL Exampl e 1. Sels o
;—em\”t\hte‘rr}e—t supp "0 deet hani zer 17 a?eg top col umm
feed point, - entering ower at -45[err]F to be stripped of its

, 30
nmet hane and(“m'm
exits the:b

" . The resulti ﬁ67ri qui d product stream 37
, Hlmm,mggihani zer at 191ferr]F and is cooled to
110[ err] F:(st're&m 87a¥ isn
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eat exchanger 19 before flowi ng to storage.
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The operating p3essdcond hdat! exehasge mearss

mai nt ai ned Sliﬁht ly ab%ﬁg&ﬁﬁeapéé aéd:.r@ égn%%%léri?xgognd seﬁfn%ad'iq{gor/ absor ber

15. This all ows the dee

42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62

ni-Zer
means to receive at least a portion of said C;-

containing liquid stream separated therein and
heat it, said second heat exchange means being
further comnected to said distillation column to
supply said heated C,-containing liquid stream to
said distillation column at a top feed position;

(4) said contacting and separating -
means being further connected to said first heat -
exchange means to direct at least a portion of
said third vapor stream separated therein into
heat exchange relation with said second vapor
stream; and

(5) control means adapted to regulate
the quantities and temperatures of said feed
streams to said contacting and separating means
and said distillation column to maintain the.
overhead temperatures of said contacting and
separating means and said distillation column at
temperatures whereby the major portion of said
C; components and heavier components is recovered
in said relatively less volatile fraction

This Sheet Has Been Reﬂlaced

AT



over‘head vapor (stream 36) to pressure flow through 5 heat exchanger 20

and thence into the upper section of separ at or/ absorber 15. In heat
exchanger 20, the deet hani zer overhead at -15[err]F is directed in
heat exchange relation with the overhead (stream 34) from
separ at o_r/absor%g’rgé@ cooling the streamto -114[err]F 10 (pdr )
and partially c P ﬁ%g it. The partially condensed streamis then
supplied to the separator section in separator/absorber tower 15, so
that its condensed liquid is separated to beggonme the colcg l'iquid that
contacts the vapors rising upward 15  throudgh thg absorbing gecti on.
The distillation stream | eaving the top of s&par ator/ abspyber 15 at
-115F is the cold residue gas stream 34. Theeégesi due g §gtream passes -
count er - currently to deethani zer overhead tsg&eam 36 in::-_h;at 20
exchanger 20 and is warned to -71[err]F (stre " = { des
cooling and partial condensation of the TRd [TaNT ZET OVET Nead stream
The residue gas is furthers g@@ F (stream 34b) as i )
passes countercurrent|y to2 i ncom ng - ; r &l w
exchanger 10. The residueggas 'k then re-conpres¥ed ins WOL agessm| *
The first stage is conpres3o ven by expansi on machine |13. T
second stage i s conpressor driven by a suppl enental. pp @urc
whi ch ~ conpresses the resi as (stream 34d)] to sales ||n o
pressure. After cooling in dis&hage cooler 23, fhe res|d as
product (stream 34e) flows&to tAE%al es gas ipeline at L10[er™F
613 psi a. A sumidd { stg eam fl ow rateg and energy
consunptions for the process i Fated in FIGE6 is L wl oy
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Pr opane 93. 68% But anes+

99. 83% 15 Hor sepower Resi due Conpression

20, 215 Uility Heat, MBTU Hr Deet hani zer Reboil er

20, 254 * (Based on ungrounded fl ow rates) 20 Conmpari son of
the utility con IS di spl ayed in Tables I, Il and I

FIGS. 1, 2 and

3&6751%

processes with those dlsplayed I n Tabl e

FIG 6 process shows that this enbodi nent. ofq,

present

R irfoshfis

i nvention
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FIG. 3 (PriOR ART)
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hor sepower is essentially the sane (abol Bf. 5 percent higher) tiha
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to the other
5 and 6 enbodi nents of the present
factors such as pl ant size
bal ance of cap ﬁﬁé
I n accordance mﬁ@ﬁﬁﬁ

design the separator/absorber to

enbodi nent s.

PCT/ US96/ 06479

i nvention wll

The choi ce between the FI GS.
of ten depend on

avai l abl e equi prent, and the economic
ver sus operating cost. Clher
I nvention, it is generally advantageous

41

.{gg.;;ts

provi d&/@& contacting device conposed

of nultiple 10 theoretical separation stages ver the benefits
of the present in hi g few as one theoygidcal
stage, and it is |believed that even the Jieval ent_of a fracti onpl u
t heoretical stagq may all ow achi eving these b&nef{ts. nce, gkl
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and separate in accordance with the relative volatilities of the

various conponents of the total conbi ned streans. In such an
enbodi nment, the vapor- liquid m xture from heat exchanger 20 can be
used 25 w thout separation, or the liquid portion thereof may be -
separ at ed. SUChvﬁﬁMuEﬂ' ing of the two streans shal | be ca@gushenctd f or
t he purposes of this 1 nvention as constituting a contacting device. "In
anot her variation of the foregoing, thgfgpartially condensed 30 stream
from heat exchanger 20 can be separated, and . then all or a part of the
separated liquid supplied to t he separ atf/eabsorber or m xed w p\h the
vapors fed t her et o. OeSCT | g&gearlier in the prefey
enmbodi nrent, 35 the overhead veg rs ares parti s
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absorb val uable Cerr] conponents and heavi er conponents

fromthe
vapors | eaving the work expansi on nachi ne. However, the present
invention is not limted to this enbodi ment. It may be advant ageous,

for instance, to 5 treat only a portion of the outlet vapor fromthe work

expansi on machiyi§odddsgsN! S manner, or to use only a portio
over head condensate as an absorbent in cases where ot her

%@@ma,, |

consi derations indicate portlons of ®W& expansion nachlne out | et or

over head 10 condensat e should bypass t he
gas conditions, g

i ndicate that ¢
with an alternate expansi on devi ce (such a~“an,expans
feasible, or that total (rather than partial) &
over head streafn in heat exchanger 20 is
shoul d al so bE
either as a s
In the practicg
slight pressurg¢
separ at or / absog ber whi ch nust be taken into accoun
25 vapors pasy

b% f bl e or

of the present invention, there will |

—+

| u\
“tondensa
i 9
© noted that the separator/abgorber can &
erdfate vessel or as a section. of dee

r

di fference bet ween t he deet hani zer ang

t hrough heat exchanger 20 and into seq]

15 without a y.-ee@b—hﬂnpressure w the separator/a;sorEer shal
necessarily assube|any s SSUEﬁ sligh bel qw t he oper _|ng
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An alternative is to provi de a booster btower in the vapor line to

ratse the operating pressur changet—z20—and :

separ at or/ absor ber 15 suf;flﬂlmu ﬂmﬂ”ﬂg ”Eghat hﬁERLdﬁb’iﬂﬁ%B QI"'FE[[J stream
can be supplied (after ¢ heat excC process str as
descri bed MAY 2000 ¢ | DN
Exanples 1, 2 and 3) to deethanizer 17 w thout punpi ng. Stitljanother
alternative is to nount separ at or/ absor ber 15 La-t-—a—SﬁH-i'ti"E'ht '

el evation Intheglamsyve to the feed position on deet hani zer 17 so that 5
the hydrostatic head of the liquid will overcone ‘ttre pressure

di fferenge. . The ugendded)dnatprodess fop theakpirbdorseftagatserearhi qui ds
and the separator/absorber |iquids for process heat exchange, the

parti cut a1 g‘;orngagxggggxgams;  BRInpBHERE Y Shpdhents SR nebARFnARSEOR | N9 and

3 components into a volatile residue gas fraction containing a major portion of said
4  methane and C, componenté and a relatively less volatile fraction containing a major
5  portion of said C; components and heavier hydrocarbon components, in which process
6 (@ said gas stream is treated in one or more heat exchange |
A .7 and/or expansion steps to partially condense at least a portion thereof and providé thereby
8 at least a first vapor stream and at least one first C;-containing liquid stream which also
9 contains lighter hydrocarbons; and |
10 (b) at least one of said first C;-containing liquid streams is
11 directed into a distillation column wherein said liquid is separated into a second vapor
12 streaﬁ containing predominantly methane and C, components and said relatively less
13 volatile fraction containing the major portioﬁ of said C, components and heavier
14  hydrocarbon components;
| the improverhent wherein
16 3] said second vapor stream is cooled sufficiently to condense
17 at least a part of it, thereby foming a condensed stream,;
18 ' ) a portion of said condensed stream is supplied to said

19 distillation column at a top feed position;

36



fror speC|f|c heat exchange services nust be eval ua eBEPLACEMEN)T Seath

particul ar application. I\/br,m, wﬂml e FTg€e ilon to
suppl ement the cooling "mﬂn fee a fO; _ pr ocess
streanms 15 may be enpl oyed,*® pefrtchuFarty 1in the c s¢ of an inlet ©gas
richer than that used in Exanple 1. It wjll ny zed

that the relative anount of feed found in eaclh branch of the copdensed
liquid contained in stream 36a that is split betweém20——TNE TWo towers in
FIG 43201] depend on seveBal atleastaponio, ofissid ifustivaporgirsamrisssimately f eed

gas conposition and the quantity of horsepower available. The optinum

split cannotcop@aed ithiat REstHaRGf ﬂie@émﬁhﬁﬂg%&m@/@f s4f donfensed stréhe PRI Idagtul ar
ci rcunst ances for a speci f | c appI i cation 25 of the present i nventi on.

The m qu L1 e o] are the
preferr d fé) ocacnn rﬂ&% fig egg? E) mgd
descri bed. However, the reI at I ve, | ocati.ons of the m d col um feeds may
vary deBendithigd wpor frem ag a segendfox ot aping liquidiiEramact ors such as desired
recovery | evel s, etc. Moreover,.two or nore of the feed streans,
or portifons thereof, may b@)conbdimmeﬂ@cdnmng liquidstrdahreissepliddue said
tenperature and quantities of i ndi vi dual streans, and the conbi ned

st reami-hen‘.:qsei@laft“gl &ﬁ%mags Qkééoﬁ e\}&gd position. FIGS. 4 through 6 are
th preferre 0 |rrents t e conpositions and pressure

, 26 (5) at least a portion of said third vapor stream is directed into

27  heat exchange relation with said second vapor stream, thereby to supply the cooling of

28  step (1) and thereafter discharging at least a portion of said third vapor stream as said

29  volatile residue gas fraction; [and]

30 : 6) said first C, -containigg liquid stream is neatect and

31  supplied to said distillation column as a thi d eed thereto; and

32 _ [(6)](Z) the quantities and temperatures of said feed streams to

33 said contacting device and said distillation column are effective to maintain the overhead
34  temperatures of said contacting device and said distillation column at temperatures

35  whereby the major portion of said C, components and heavier hydrocarbon components

36  isrecovered in said relatively less volatile fraction.

1 2. (Amended) The improvement according to claim 1 wherein at least a
2 portion of said second C,-containing liquid stream is heated prior to supplying said

second C;-contaihing liquid stream to said distillation column.

LI
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- 35- condi tions s I h indi vidual stream expansion S
depicted in particul ar ex H um al t ' SEfFRRAEDN jMeans
may be enpl oyed where *appcrgg B r exanp fFEtP'LK i ﬁ,‘ﬂlﬂ war r ant
wor k 5 expansi on of the condensed |IC]UI d stream (s ream 33) The
present invention provides inproved recovery o) C[@rq'ﬁ&(ozgﬂ@)neints per
anount of utility consunption required to operptge the process.i An

i mprovenent in utility consunption required fof operating the 1(
deet hani zer process may appear in the formof reduted pover
requiremgnts for conpressiAfended) 18 aGRoRECRS tHeSeparation ﬁfﬂg?@dn@aﬁﬁveéntammg
requirenents for external refrigeration, reduced ener gy reqU|renents
for tower rebojl er ITbI nat |

desi red. 215 ms#?&v%%g@amefmﬁ SRt e bOFis PvaCbh SBbb s pls =
fixed utility consunption. Wi | e, there have been descri bed V\/nat
are bel i dvedvolatilegesi ﬁﬂ?@’ﬁ%‘mﬂé@n@%ﬁﬂﬁmmﬁpntoﬁéalﬁm#’ie@ﬁdCtzhose
skilled in the art will recognize that other and 20 further nodifications
may be made ddugporients agd @ relatively less volatile fraction containing a major portion of said C,

5  components and heavier hydrocarbon components, in which process

6 (a) sai& gas stream is treated in one or more heat exchange
~ 7  and/or expansion steps to partially condense at least a portion thereof and provide thereby
8  at least a first vapor stream and at least one first C;-containing liquid stream which also
9  contains lighter hydrocarbons; and
10 (b)  at least one of said first C,-containing liquid streams is
11  directed into a distillation column wherein said liquid is separated into a second vapdr
12 stream containing predominantly methane and C, components and said relatively less
13 volatile fraction containing the major poﬁion of said C; components and hea{rier
. 14 hy-drocarbqn components;
~ 15 ) the improvement wherein
16 (D said second vapor stream is cooled sufficiently to partially

17  condense it, thereby forming a partially condensed stream;
18 (2) said pzirtial]y condensed stream is separated, thereby to

19  form a third vapor stream and a [first] second C,-containing liquid stream;
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adapt ‘the invention to vaj types o REPLACEMIN'brS%ET\e
requi rements w t hout depa lmm"m) I’Mﬁrml spirit jo—tfre—present—} nyenti on

-

as defined by the f ol g C he

Cl ai ns: 1. (Amrended) fn aQ)?MYsZuquor t he
separation of a gI ass steam cont a| ni ng thane .C2 ¢ ohent s,
C3 conponents and heavi er hydrocar bon orrponents into a

vol atil g.resi due gas fractl ¢ 4
met hanesgmd C2 conponents d QL%{H%I& aP({.[vfﬂ% ’éc ﬁWagr?hMlno liquid
contai ning a major ortlon of sai d a3 corrponents and heavi er
hydr ocabon %@ﬁ@dﬁ swapdied F%S%ﬂlé%uﬁéwa@él!@n at a top fegd position;

(a) said gas streamis treated in one or nore heat exchange 7 and/ or

expansi gm steps to partial |(#) condrinthizd @hpdratredm i quoledisafficidntlyao tomdetse at
provi de thereby
23 least a part of it, thereby forming a condensed stream;
24 | ' ' (5)  atleast a portion of said first vapor stream is intimately
25  contacted with at least a portion of said condensed stream in [at least one] a contacting
26  device, having no more than one fractionation zone thereby forming a fourth vapor
\_/ 27  stream and a [second] third C;-containing liquid stream;
28 © at least a portion of said [second] third C;-containing liquid .
29  stream is dizected into heat exchange relation with said second vapor stream leaving the

30  upper region of said distillation column, thereby to supply the cooling of step (1) and

31 partially condense said second vapor stream,;

32 (7 said [second] third C,-containing liqu'id stream is thereafter

33 supplied to said distillati;)n column as a second feed thereto;

34 (8) at least a portion of said fourth vapor stream is directed into
"% 35 heat exchange relation with said third vapor stream, thereby to supply the cooling of step

36 (45 and thereafter discharging at least a portion of said fourth vapor stream as said volatile

37  residue gas fraction; [and]

38 (9 said first C; -containing liquid stream is heated and

39 supplied to said distillation column as a third feed thereto: and

39



8 ht | east a first vap | east one flﬁ%’“@’fféﬁr\r SL‘ ltal ni ng
| i-qui d stream whi ch al so ﬂ"mlumﬁi!m BQH| ns |ightel hydrocarbons; iand
* L

10 one of safd} f OrBHAE3ZWBNtIai i ng
liquid streans is 11 directed into a distil]alion colum wheriein
said liquid is separated into a second vapor | 2 STTeam cont gi ni ng

predom nantly nethane and C2 conponents and said relptively less . 13

vol ati l;ﬁ) fraction contai ni g@ygﬁcorrpgneﬂ neg Ex?c[l]ggﬂfpersa%gs S?sa?@f@ggﬁ%ﬁs t%nd

heavi er 14 hydr oc 1

| nprovenent wherein (1) said second
vapor Alr eaﬁﬁlﬂ§°%@@PT€ode§lPF1aF@ said distillatipncohmam g effective to maintgin the agerhaadpar t
of it, thereby form ng a condensed stream 18

(2)  a42por témyperatires af shid carisoning devite aabsaiddistiliypion edluhm atai d 19
distillation colum at a top feed position;

36 43  temperatureswhereby the major portion of said C; components and heavier hydrocarbon

44  components is recovered in said relatively less volatile fraction.

1 4. (Amended) The impro?ement according to claim 3 wherein at least a
s 2 portion of said [second] third C;-c_ontainiﬁg liquid stream is heated prior to being directed
3 into heat exchange relation with said second vapor stream.
1 5.  (Amended) In a process for the separation of a gas stream containing
2  methane, C, components, C; components and heavier hydrocarbon components into a
3 volatile residue gas fraction containing a major portion of said methane and C,
4  components and a relatively less volatile fraction containing a major portion of said C;
5 components and heavier hydrocarbon components, in which process
N 6 (a) said gas stream is treated in oﬁe or more heat exchange
7  and/or expansion steps to partially condense at least a portion thereof and provide thereby
8  at least a first vapor stream and at least one first C;-containing liquid stream which also
9 contains lighter hydrocarbons; and
10 (b)  atleast one of said first C;-containing liquid streams is

11  directed into a distillation column wherein said liquid is separated into a second vapor
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. REPLAC&MENT SHEET |
20 at | east a portiofp pb—satec—frTST Vapor

streamis intimately Zéulm h at Ieast pa enfini ng
portion of said condens I Hmmr‘mﬂ“n east a&b@h 0gct n

devi ce having no nore than one‘frictfonation zone th(rebv forming-h {23
third vapor stream and a second C3-containing |iquid stream 24

(4) sai d second C3-containing liquid streamis suppkied-t-o-said~ 25
distillation colurmasascondfee :
(5 a2 | oaurm R pre oSy RIS 6p COFP IS LA GRIE AT 27
heat exchange relation with said second vapor stream thereby to supply the
cool i ngl3of vahtile faation contaming themaapoaiondif saifd &1 gomponentd anddreadieport i on of

said third vapor streamas said 29 vol atil e residue gas fraction; [and]
30 14  hydrocarbon com onents§ 6) said first err] -containing liquid
streamis heated and 3 supplied to said distillation colum as a third

feed th]%r eto: and the improvement wherein

16 (1)  said second vapor stream is cooled sufficiently to condense
—" 17  atleast a part of it, thereby forming a condensed stream;
18 (2)  at least a portion of said first vapor stream is intimately
\_‘ 19 contacted with at least a portion of said condensed stream in [at least one] a contacting

20 device having no more than one fractionation zone, thereby forming a third vapor stream

21 and a secord C;-containing liquid stream;

22 . (3)  atleast a portion of said second C;-containing liquid stream

23 isheated and is thereafter supplied to said distillation column at a top feed position;

24 (4)  atleast a portion of said third vapor stream is directed into

25  heat exchange relation with said second vapor stream, thereby to supply the cooling of

26  step (1) and thereafter discharging at least a portion of said third vapor stream as said
27 volatile residue gas fraction; [and]

28 (5) said first C,-containing liguid stream is heated and

29 supplied to said distillation column as a second feed thereto; and

30 [(5)](6) the guantities and temperatures of said feed streams to
31 said contacting device and said distillation column are effective to maintain the overhead

32  temperatures of said contacting device and said distillation column at temperatures
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32 - 1(7)  the quanti{i RePLAGEMENTARHEE] ul es of
said feed streans to ﬂ 'him |ng devi c f—sai d distillation
colum are effective t erhead 3 gAMAR2000s | oy sai d
contacting device and saj d di'sti"1dtién col um at tenger atures 5

wher eby the mejor portion of said C3 conponents dLh.eam—eHry’dT‘Cccrbon

conponents 36 IS recovered in sal d relativel y ess volatile fradtion.
1 ,,,,
wher ei n3%1t I e%er?by thg?aj&égﬁ{bg‘gﬁ)s% P@Bélgécﬁo g (E’S cont-ai ni ng&1 3031\3& ream
I's heated prior to sup I n second C3-containing | IC]UI d stream
to sai d34i stip mcqu:r@ql]lwptﬁqﬂﬁ 1vely 1ess volatxle fraction.
37

1 6. (Amended) In an apparatus for the separation of a gas containing

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

3 volatile residue gas fraction containing a major portion of said methane and C,

4  components and a relatively less volatile fraction containing a major portion of said C;

N, 5  components and heavier components, in said apparatus there being

6 (a) one or more first heat exchange means and/or expansion

7  means cooperatively connected to provide at least one partially condensed gas stream,

8 [providing thereby]

9 () separation means connected to receive said partially
10 condénged gas stream, thereby providing thereby at least a first vapor stream and at Jeast
11 one first C,-containing liquid which also contains lighter hydrocarbons; and
12 | [(b)](c) adistillation column connected to receive at least one of

\— 13 said first C;-containing liquid streams which is adapted to separate said stream into a

14 second vapor stream containing predominantly methane and C, components and said
15  relatively less vo]éti]e fraction cohtaining the major portion of said C, components and
16 heavier hydrocarbon components;

17 the improvement wherein said apparatus includes
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1 ‘ . 3. (Anended) In a process for t{E; Fatd ©QFr & gas
streamcontaining 2 ”lmuﬂﬂﬁl ﬁﬂ onents, C3 c n@ﬂﬂt@%ﬁgh%@avgi er
hydr ocar bon conponents H mﬁm“ | e residuejgps fraction coﬁnt‘gi ni ng
a major portion of said'r ®tHand ahd €2 4  conponénis (EAY %ﬂﬂatf vely

| ess volatile fraction containing a nmajor portion o aid C3 5 i
conponents and heavi er hydrocarbon conponents, in | CI™Pprocess” 6

(a) sgid gas streamis trgated in one, or re
expansi 3h steps to partiall cor?&@?%dgheé’{e’ﬁcggpsg(e ell(ég
provi de thereby 8 at least a first vapor_ streamand at |east one first
C3- cont dPni nepliungae tecsive szifsedend Napar seany and eqoh itsnificiontiye epndepss aideasbans;
and 10 (b) at | east one of said first

C3- cont gpni npart bt tHersby foamihgiascondénsed sthdaftigt ed into a distillation col um
wherein said liquid is separated into a second vapor 12 stream

cont ai ni,ng predom nantly nephane;: g ARQR s | ess
13 voPZti |l e fraction cont Z'FIni n%gltia'ﬁg%n%]&gr poreitélhz%?ég vé%@ cégé%%%%h%ﬁr{ S

and heavier 14 dr Q¢car bon conponents; _— g i
22 andto di\t%e sa?g' condensed sggam 1ento ?'n'st and second liquid streams, said dividing

23  means being further connected to said distillation column to supply said first liquid
24  stream to said distillation column at a top feed position;

o/ 25 3) contacting and separating means connected to receive at
26  least a portion of said second liquid sﬁeam and at least a portion of said first vapor stream
27  wherein saidliquid and vapor are commingled in [at least one] a contacting device having
28 no more than one fractionation zone, said contacting and separatiﬁg means inc]uding
29  separating means to separate the vapor and liquid after contact in said contacting device
30  to form a third vapor stream and a second C,-containing liquid stream;
31 (4)  said contacting and separating means being further

32 connected to said distillation column to supply said second C,-containing liquid stream

N~ 33 separated therein to said distillation column as a second feed thereto;
34 (5)  said contacting and separating means being further

35  connected to said second heat exchange means to direct at least a portion of said third

36  vapor stream separated therein into heat exchange relation with said second vapor stream,;

37 [and]
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nt wherein
second vapor !!lmmnmrsuf ficientl art | al l!ﬁ 17
, thereby form ng at condensed stfea rrB

partially condensed streamis separated, theyeby to fdqrm a

H

—+

20 (3)

rst] second lerr]gcont gl 0g Al dcons coflecieq SY5RAMAR;GIPP! 1 o0

third vapor stream [ S coal ed SUffIC etntly tot%onden}sle at 23

means being further connected to said distillation column to provide said heated first C; -
containing liquid as a third feed thereto: and

(1)  control means adapted to regulate the quantities and
temperatures of said feed streams to said contacting and separating means and said
distillation column to maintain the overhead temperatures of said cdntacting and
separating means and said distillation column at temperatures whereby the major portion
of said C3 components and heavier components is recovered in said relatively less volatile

fraction. — -

7. (Amended) The improvement according to claim 6 wherein said
contacting and separating means is connected to said first [a second] heat exchange
means whereby at least a portion of said second C;-containing liquid stream separated
therein is heated, said [second] first heat exchange means being further connected
to sajd distiilation column to supply said heated second C;-containing liquid stream to

said distillation column as a second feed thereto.

8. (Amended) In an apparatus for the separation of a gas containing
methane, C, components, C; components and heavier hydrocarbon components into a

volatile residue gas fraction containing a major portion of said methane and C,
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24 ~least a porticnRSFLwN;iSH ET vapor
streamis intimately "'li " mumted with at I dadt a portion off said
condensed streamin | ntacting 6 09 MAY 2880 Hali ng
no nore than one fractionation zone thereby formng g fourth vapor |2

stream and a [second] third C3-containing |iquid strganr 28
(6) at Ieast a portion of said [second] third C3-cpntaining liquid

it cam ooy Shipbofiah il ol Ay IEE Vo RHEIANAS E6id 190 b ocAbe oPEgaRd vapor

stream Ieavi® region o

thereby to supply the cooling of step (1) and 31 partially condense
sai d secdbnd compenRens fdldepvier compppents, in said apparatus there being (7) sai d

[ second] third C3-containing liquid streamis thereafter 33

suppliedg to said distillati@n cohciommer fastdeanexdhinpgedndahe awd/or; expansioB4
(8) at least a portion of said fourth vapor streamis directed into 35

heat exwanggeaéékéaﬂe&ﬁvwcemf&geq b gfdvﬁdeva@mgtoﬁe iy cBRdRRe gég shidpRl vy the

cool i ng of reafter chargl ng at | east a
portion of ial d. f b ]apor streamas said volatile 37 resi due
gas fracki ofProy hers Y (9) said first

CJerr] -contal ni ng I|qU|d streamis heated and
9

(b) first separation means connected to recejve said partially

10 condensed gas stream, there oviding thereby at least a first vapor stream and at least
w11 one first C;-containing liquid which also contains lighter hydrocarbons; and

12 (c) a distillation column connected to receive at least one of

13 said first Gs=containing liquid streams which is adapted to separate said stream into a

14  second vapor stream containing predominantly methane and C, components and said

15  relatively less volatile fraction containing the major portion of said C, components and

16  heavier hydrocarbon components;

17 - the improvement wherein said apparatus includes

18 (1) [first] second heat exchange means connected to said

\_’/ 19 distillation column to receive said second vapor stream and cool it sufficiently to partially

20  condense it, thereby forming a partially condensed stream;

21 - (2) second separating means connected to said [first] second

22 heat exchange means to receive said partially condensed stream and separate it, thereby to

23 form a third vapor stream and a [first] second C,-containing liquid stream, said second

24 separating means being further connected to said distillation column to supply at least a
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oot seer AN L%W@q

_(

guantities and terrperatures ‘of “sal'd Yeed streans to
contacting device and said distillation colum are effective 10 mainkajn
t he over head 42 tenperatures of said contactipg device and said

distillation colu a _43 er. at ere of
Sai d C3 onpBCRDS! S el sesond CyspBRap R fEd V@e%@saltd'?ﬁé?ﬁ%ﬂ' B
recovered in said relatively |l ess volatile fraction.

4. (Anéﬁded)OP'Ifh@,dPWFQWerrent according to claim3 wherein at Ieast a 2
portion of said [second] third CJerr]-containing liquid streamis heated
prior tg7being directed - (3) third heat exchange means connected to said second

28  separating means to receive said third vapor stream and cool it sufficiently to condense at
29 least a part of it, thereby forming a condensed stream;

30 (4)  contacting and separating means connected to receive at

31  least a portion of said condensed stream and at least a portion of said first vapor stream

\_’ 32  wherein said liquid and vapor are commingled in [at least one] a contacting device having

33  no more than one fractionation zone, said contacting and separating means including

34  separating seans to separate the vapor and liquid after contact in said contacting device
35 to form a fourth vapor stream and a [second] third C;-containing liquid stream;

36 (5) said [first] second heat éxchange means being further

37  connected to said contacting and separating means to receive at least a portion of said
38  [second] third C;-containing liquid stream separated therein and direct it into heat

39 exchange relation with said second vapor stream leaving the upper region of said

./ 40 distillation column, thereby to cool and partially condense said second vapor stream;

41 (6)  said [first] second heat exchange means being further

42 connected to said distillation column to supply said [second] third C;-containing liquid

43 stream to said distillation column as a second feed thereto;
44 (7)  said contacting and separating means being further

45 connected to said [second] third heat exchange means to direct at least a portion of said
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3 i'nto heat exchange ‘relation with said second va oﬂEMCBdENT SHEET 1
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> ﬁ@?ﬁQﬁZd)é”cinﬁéﬁéfﬂﬂlﬂﬂﬂllclmﬂﬂﬂ@ﬂllﬁt;ﬁﬁ neavi Br | st o g |

conponents into a ¢ vélatil® residue gas f
maj or portion of said net hane and C2 4 co
| ess volatile fraction containing a najor portion o
conpone ts nd..heayi ' : z
(a) S S@hs\fapéa%eagysgéag&t%ﬁg%? ﬁﬁgﬁgﬂé@%&%}a@éﬂgé i oexc1 ange rd 7

and/ or expan5| on steps to partially condense at |east a portion thereof and
provi deét?t hefpteeam; [and] 8 at least a first vapor stream and at | east one

first C3-containing liquid stream which al so 9 , contains lighter
hydr ocagbons; and 1) first heat exchange means connecfelf)to saidiseparatsdn one of
said first C3-containing liquid streams is 11 . directed into a

di SUTT1 A1 Ol 1ot fisbe]-Eorifiite fighit a%ﬁmeﬁﬁi,%ﬁli Hhihelt SRBSNE MBRRT
50  being further connected to said distillation column to provide said heated first C;-

— 51 containing liquid as a third feed thereto: and

52 (9)  control means adapted to regulate the quantities and
W 3 temperatures of said feed streams to said contacting and separating means and said
54  distillation column to maintain the overhead temperatures of said contacting and
55 separating means and said distillation column at temperatures whereby the major portion
56  of said C, components and heavier components is recovered in said relatively less volatile

57 fraction.

1 9. (Amended) The improvement according to claim 8 wherein said

2 contacting and separating means is connected to [a] said first [third] heat exchange means

s 3 whereby at least a portion of said [second] third C;-containing liquid stream separated

| 4 therein is heated, said first [third] heat exchange means being further connected to said

5 [first] second heat exchange means to direct said heated [second] third C;-containing
6  liquid stream into heat exchange relation with said second vapor stream leaving the upper

7  region of said distillation column.
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relatively |ess action conja
of said C3 corrponents ”n ma""E"“] &

15 | Apr t)verrent
(1) sai d second vapor streamls cool ed suff|C|e tly to c
at least a part of it, thereby formng a condenged

(2) . at least a porijon g
contacted with at Ielfaldst R;ﬁg;ﬁ(?édg Jg{;ﬁ)@a%% %eﬁ'
one] a contactin devi ce having no_ myre than one fractlonatlon
zone, %her@pipang glncwgp@epm Eacqmpraentsapd h%ﬁvwr hydrpgarbon gomgpeneatsiping
C3-containing liquid stream 22 (3) at

| east 3 povdlatile residus gasifraction ton@Binponinajon porgioh iofj sdid neethamaemd C, 23 i's
heated and is thereafter supplied to said distillation colum at a top feed

POSi ti@N; components and a relatively less volatile fraction containing a major portion of said C,

5  components and heavier components, in said apparatus there being
6 (a) one or more first heat exchange means and/or-expansion
7  means cooperatively connected to provide at least one partially condensed gas stream,

s 8 [providing thereby]

9 (b)  separation means connected to receive said partially
10 condensed tream thereby providing thereby at least a first vapor stream and at least

11 one first C,-containing liquid which also contains lighter hydrocarbons; and

12 (c) a distillation column connected to receive at least one of

13 said first C;-containing liquid streams which is adapted to separate said stream into a |

14  second vapor stream containing predominantly methane and C, components and said

15  relatively less volatile fraction containing the majér portion of said C; components and
/ 16 heavier hydfocarbon components;

17 the improvement wherein said apparatus includes

18 (N [first] second heat exchange means connected to said
19 - distillation column to receive said second vapor stream and cool it sufficiently to

20  condense at least a part of it, thereby forming a condensed stream,
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t hereafter discharging at* | gast atpot¥ti*on of said {hfrd vapor repny as

said 27 vol atil e residue gas fraction; [and] 28

(5) said first (Jerr]-containing quuid stream|s heated and 29
suppl i to said distillation colu as 13,560 ond feed therero—ateh— 30
[(5)] (%) the quantities & t ERIVEH A Sepi ol e GopeE oA R e e &L 3,

said contacting device and said distillation colum are effective to

mai nt a#h t Aeasby pertien @f said condgpsed strear endiatUeast a pertionio sajd firstoaponstréemi ce and
said distillation colum at tenperatures

41 23 wherein sdl8 liquidhand @byortafecoimningleddti {4t débsOdned @icOntaetiOdevadeadivingd
heavi er hydrocarbon conponents

24 no more than one fractionation zone, said contacting and separating means including

25  separating means to separate the vapor and liquid after contact in said contacting device

26 . to form a third vapor stream and a second C;-containing liquid stream;

27 (3)  first [second] heat exchange means connected to said

Y_~ 28  contacting and separating means to receive at least a portion of said second C,-containing
29  liquid stream separated therein énd. heat it, said first [second] heat exchange means being
30  further connected to said distillation column to supply said heated second C;-containing
31  liquid stream to said distillation column at a top feed position;
32 (4) said contacting and separating means being further

33 connected to said [first] second heat exchange means to direct at least a portion of said

34 third vapor stream separated therein into heat exchange relation with said second vapor
35  stream; [and]

/ 36 | (5)  said first exchange means further connected to said
37  separation meaﬁs to receive said first C;-containing liquid and heat it; said first heat
38  exchange means being further connected to said distillation column to provide said heated
39  first C,-containing liquid as a third feed thereto: and

40 ~ (6)  control means adapted to regulate the quantities and

41 temperatures of said feed streams to said contacting and separating means and said
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34 is recovered in sai relatlvely | ess vol atile fraction. 1

6. (Anended) In an appa? aratlon of a gas contai ni ng
2 nmet hane, C2 conponen and heavi er hydrocar bon
conponents into a vdlatllé rési due gas fraction containing a
maj or portion of said nethane and C2 4 conponents and a rel atively
| ess volatile fraction containing a major portion of said C3 5

Conpon@@t S a&ﬁlﬁ%ﬁ\sbﬁfmqe ERARIEREe ovetheaditénpiRRared by sid BiSctgi e , 6

(a) on nore first heat exchange neans and/ or expansion

gas st f‘ig"pesre%ér'aﬁ&é thgans ang aﬁ%bqttﬁa cg,g@gtgg, ]%% temparaturgs &by 18'm ofgo”r%%ﬁ‘s ed
(b) separation means connected to receive said partlally. )
condendéd gafsastCeomponhentsind hpavier dompenensistepovered inseid 18 aili"?ls’tlesﬁafplﬁ*ﬂe
stream and at | east 11 one first C3-containing liquid which also
cont ai ps | igddtien hydrocar bons; and _ 12
[(b)](c) a distillation colum connected to receive—at gﬂgia of 113
said first C3-containing |liquid streans which is ad p ﬂﬂﬁﬁ % rate said

streaminto a .14 second vapor stream contai g predom nantly
09 MAY 2000

nmet hane and C2 conponents and said
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15 relatively less volatile fraction cont ai ni ng the major portion of said

C3 conponents and 16 heavi er hydrocarbon conponents; 17

t he i nprovenent wherein said apparatus includes

42 18 (1) REgEﬁQﬂMfNﬁeQHEEIx hange
neans connected to said distillation - 19 olffirm to receive $aid

second vapor streamand cool it sufficiently to dorldeygayay zhwst;'
20 part of it, thereby form ng a condensed stregm i
(2)  dividi Blglhﬁt&dﬂgﬁconnect ed to receive said c nd-ensed—sﬁ-ea-mJ 22
and to divide said condensed streaminto first anfd second |iquid s{reans,
sai d diviidi ng _ 1. (Amended) In a process for the separation of a gas stream

2  containing methane, C, components, C; components and heavier hydrocarbon
3 - components into a volatile residue gas fraction containing a major portion of said
4  methane and C, components and a relatively less volatile fraction containing a major
5  portion of said C, components and heavier hydrocarbon components, in which process
6 (a) said gas stream is treated in one or more heat exchange
\_’ 7  andlor expansion steps to partially condense at least a portion thereof and provide thereby
§  atleast a first vapor stream and at least one first C;-containing liquid stream which also
9 contains lighter hydrocarbons; and
10 (b) z;t least one of said first C3-c;)ntaining liquid streams is
11 ~ directed into a distillation column wherein said liquid is separated into a second vapor
12 stream containing predominantly methane and C, components and said relatively less
13 volatile fraction containing the major portion of said C; components and heavier
14 hydrocarbon components;
— 15 the improvement wherein
16 ) said second vapor stream is cooled sufficiently to condense
17  at least a part of it, thereby forming a condensed étream;
18 (2) a portion of said condensed stream is supplied to said

19  distillation column at a top feed position;
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23 means being further connected to said di sti i }suppl y
- pel ! l@m El\ﬁﬂ WE!T’

said first liquid 24 streamto said disti la top
feed position; 25 (3) chntactin d iseparating
means connected to receive at 26 | east a 50 Vd’f{gg@Bd second
liquid streamand at |east a portion of said firs apor stream 27

wherein said liquid and vapor are commngled in [at Teast one] a cont acti ng
devi ce havi ng 28 - no nore than one fracti
cont actahg and separati ng APans ailgest agoriipn ofsaldﬁzsvap@r@pmmausn@lmﬁédm to
separate the vapor and liquid after contact in said contacting device

30 topjf Or Ehitabied inath\se Rast pahrocfma refdiningRettlofElidamntiaised BGednh Gifjatl 1kt eam
31 (4) said contacting and separating nmeans

g g: ggsf O;geoé.g] _C%orlix[tacﬁﬁ dev1?eolma@§: rﬁ:dmgx% tﬁ&gglﬁ_élbﬂti%h' o qgérrgg?fomlrﬁ}]é) ply
distillation ecolum as a second feed thereto

(5) & d &hird wapor FiEcaEhndseaond Crepitaining hﬁléidr?&e%rt her | 35
connected to said second heat exchange neans to direct at |east a portion
of said4hird 36 Y@por said serand Sxpentainig liduid stream Btsoppieditogxidhange
relation with said second vapor stream 37 [ and]

25 distillation column as a second feed thereto;

26 (5)  atleast a portion of said third vapor stream is directed into
" 27  heat exchange relation with said second vapor stream, thereby to supply the cooling of
28  step (1) and thereafter discharging at least a portion of said third vapor stream as said
29  volatile residue gas fraction; [énd]
30 (6 said first C, ~containing liquid stream is heated and
31 supplied to said distillation column as a thirci eed thereto; and
32 [(6))(7) the quantities and temperatures of said feed streams to
33  said contacting device and said distillation column are effectixé to maintain the overhead -
34  temperatures of said contacﬁng device end said distillation column at temperatures
35 whereby the major portion of said C; components and heavier hydrocarbon components

36  isrecovered in said relatively less volatile fraction.

1 2. (Amended) The improvement according to claim 1 wherein at least a

[ R

portion of said second C;-containing liquid stream is heated prior to supplying said

w

second C,-containing liquid stream to said distillation column.
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RERLACEMENT SHEET 38 (6) first heat

exchange nmeans connected to said separation ive
said first C3-containing liquid and heat it: said]f _ X njge

40 means being further connected to said distil]ajion colum tof provide
said heated first C[err] 41  containing |ijuf dO£MaAY:t 2008d ¥ ded
thereto: and 42 (7 control neans jadapt ed
to regulate the quantities and 43 t enper af ures of sard ed streans

to said contacting and separating neans and said

colum t

3

4

10
11
12
13
14
15
16
17
18

19

mai ntain the o ' | |- 45
separat i ﬁg means and ?éi ng{égteﬁ)?lzgp %c@és%%egéapﬁﬁioﬂ &9%?9&&&9\,\%&95_81;1
maj or portion

46  of
recover el | ANEHAME: Co PUPPIASPLS: CuCIRATFYE Y

44 di stilljation

umm &t tenperatures er eby °t he
sajd C3 co oncggéa%ie?ﬂd heavi er conponents i s

X%rocar or,eomparlents into a

volatile residue gas fraction containing a major portion of said r :thane and C,

on co

components and a relatively less volatile fraction containing a major pbrtion of said C;
components and heavier hydrocarbon components, in which process

(a) said gas stream is treated in one or more heat exchange
and/or expansion steps to partially condense at least a portion thereof and prbvide thereby
at least a first vapor stream and at leést one first C;-containing liquid stream which also
contains lighter hydrocarbons; and

) at least one of said first C,-containing liquid streams is
directed into a distillation column wherein said liquid is separated into a second vapor
stream containing predominantly methane and C, components and said relatively less
volatile fraction containing the major portion of said C; components and heavier
hydrocarbqn components;

the improvement wherein

(1)  said second Vapor stream is cooled sufficiently to partially
condense it, thereby forming a partially condensed stream;

@ said partially condensed stream is separated, thereby to

form a third vapor stream and a [first] second C,-containing liquid stream;
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1 ; 7. (Amended) The i nprovenernt R@PEMEWEW SUEFTI 'i m 6

wherein said - 2 contacting and separatijn Rs—-s—ecormegt ed to
said first [a second] heat exchange 3 ans _whey, at! east a
portion-of said secon -containing |iquid strieagm geépdfat :

' f id d C3 i ni liquid éé S‘\é %ﬂ ' 4

therein is heated, said [second] first heat exchange _rrgg,n_g,,_,b.ei.[iglfurther
connected 5 to said distillation colum to supply said heat edisecond

C3-containing liquid streamto . I.d- Of--E0L:U1Tm: a
second?$ eed ? her gt 0. fit least a poftion °s‘t.%alg[ .—j%%’é%%lﬁgmgﬁﬁ
apparatus for the separation of a gas containing . 2 met hane, C2
conpornt s strégn ¢osypphiehtosaidrtistillation eolumpdt & taprfBehpessifonent s into a

3 vol atile residue gas fraction containing a najor portion of said
net hang and C2 (4)  said third vapor stream is cooled sufficiently to condensedat

23 least a part of it, thereby forming a condensed stream;

24 5) at least a portion of said first vapor stream is intimately

25 contacted with at least a portion of said condensed stream in [at least one] a contacting

26  device, having no more than one fractionation zone thereby forming a fourth vapor
\_~ 27 stream and a [second] third C,-containing liquid stream;

28 (6)  atleast a portion of said [second] third C;-containing liquid

29  stream is directed into héat exchange relation with said second vapor stream leaving the
30  upper region of said distillation column, thereby to supply the cooling of step (1) and

31 partially condense said second vapor stream;

32 | @) said [second] third C;-containing liquid stream is thereafter
33  supplied to said distillation column as a second feed thereto;
34 - (8)  atleast a portion of said fourth vapor stream is directed into
/ 35 heat exchange relation with said third vapor stream, thereby to supply the cooling of step
36 (4) and thereafter discharging at least a portion of said fourth vapor stream as said volatile
37 residue gas fraction; [and]
38 _ ' (9) said first C,-containing liquid stream is heated and

39 supplied to said distillation column as a third feed thereto: and
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REPLACEMENT SHEET
4 conponents and a relatively less volatile fdaqtron contar niEg a maj or
n
)

partion of said Clerr] 5 conponents anqd hegyd n s, In
sai d apparatus there being 6 %93&,@\"39@((3& one or

nore first heat exchange neans and/or expansion Fmeeee STBRANS
cooperatively connected to provide at |east one|parti-ally condensgd gas
stream 8 [ provi di ng t hereby] 9
(b) first separation nea n . ' ' ' 10
condené8d gas stream ther@MO\e}%ﬁﬁa@]ﬂh@ﬁ%r eﬁb%gfé%%s%ﬁ?d}?%i trei/a%lnﬁot?
streamand at least., 11 2 one first C3-contai nifn}g | 1 qui d.whi C£| al sp

cont ai #3 | i spd eentastingsienice andssaidydigtillation colpmn are eficctive to maintain t eovqr%ad a
distillation colum connected to receive at | east one of 13 sai d
first gperriengRRitaenbf@id éontticting teveeandwhidatistiliationiagiien ato separ at e sai d
streaminto a. 14  second vapor stream containing predom nantly

met hang.and, e?ﬂﬁgaﬁgﬁég bélﬂtﬂ@ﬂla%ghagrtion of fsai&@_; goﬁégbﬁénitélﬁdﬁxelaﬁ‘é?hydd}béérb&?lfs

fracti on containi ng t ] or t1on of sal conponents an

heavi er. _hydrocar bon .conponents; . s . . t he
i npr ovéftent COTARIREATS 1S HCQY th'&rsaiddglaPﬁ“éY Iﬁi&golatﬂe fraction.
1 4. (Amended) The improvement according to claim 3 wherein at least a

\_~ 2  portion of said [second] third C;-containing liquid stream is heated prior to being directed

3 into heat exchange relation with said second vapor stream.

1 5. (Amended) In a process for the séparation of a gas stream containing
2 methane, C, components, C; components and heavier hydrocarbon components into a
3 volatile residlue gas fraction containing a major portion of said methane and C,
4  components and a relatively less volatile fraction containing a major pbrtipn of said C,
5  components and heavier hydrocarbon components, in which process
Y 6 (a) said gas stream is treated in one or more heat exéhange
7  and/or expansion steps to partially condense at least a portion thereof and provide thereby
8§  at least a first vapor stream and at least one first C;-containing liquid stream which also
9 contains lighter hydrocarbons; and
10 (b)  at least one of said first C;-containing liquid streams is

11 directed into a distillation column wherein said liquid is separated into a second vapor
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18 - | _ (1) [first] second WLAQ%
connected to said 19 distillation colum to réce '
stream and cool it sufficiently to partially
thereby formng a partially condensed stream
(2) second separating nmeans connected to said |

heat exchange neans to receive said partially conglensed st separate
it, thereby to . 23 forma third vapgr cond
C3- contldi ni FEFAM mtﬂn@gp@%qplg%ﬂangél&agﬁange C&ﬁé sepgﬁd[rélhﬁ%r]r‘léée%? ng

further connected to said distillation colum to supply at | east a

45 13 volatile frfon congainingdhe whjos pewtion pf said £; sxrmpANENtSaBA ME3EEt ai ni ng
liquid streamto said distillation colum at a 26 top feed

POSi tiQq@  hydrocarbon components;
15 the improvement wherein
16 (1)  said second vapor stream is cooled sufficiently to condense
17 at least a part of it, thereby forming a condensed stream;
18 2) at least a portion of said first vapor stream is intimately
\_ 19 contacted with at least a portion of said condensed stream in [at least one] a contacting
20  device having no more than one fractionation zone, thereby forming a third vapor stream

21 and a second C,-containing liquid stream;

22 (3)  at least a portion of said second C;-containing liquid stream

23 is heated and is thereafter supplied to said distillation column at a top feed position;

24 (4)  atleast a portion of said third vapor stream is directed into

25 heat exchange relation with said second vapor stream, thereby to supply the cooling of

26  step (1) and thereafter discharging at least a portion of said third vapor stream as said
s 27 volatile residue gas fraction; [and]

28 (5) said first C, -contajning liquid stream is heated and

29 - supplied to said distillation column as a second feed thereto; and

30 ' [(5)}(6) the quantities and temperatures of said feed streams to
. 31 said contacting device and said distillation column are effective to maintain the overhead

32 temperatures of said contacting device and said distillation column at temperatures
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27 - (3) " third heat exchaMedARBMENT Stiigpct ed to
sgi d second 28 separating neans to receije}lsal d TnrTrgd—vgpor stream
and cool it sufficiently to condense at 29 ea M

thereby form ng a condensed stream 30 QWQﬁmﬁ (4)
contacting and separating neans connected to recej ve—at 31 |l east a
portion of said condensed stream and at | east a 'ltion of sai d figst vapor

t 32 t
one] - Bont 3Ty trnaerop b & Confieins ERERTRNAFERAEOTRONERS, | o,

zone, said contacting and separating means including 34 separating
nmeans t¥# sepereatveredin seidselativalyiless ylptile fmEWIN. cont act in said contacting
devi ce 35 to.forma fourth vapor streamand a [second] third
C3-containing liquid stream 36 (5) sai d
[first] second heat exchange rreans bei ng further connected to

sal d co tacting and s par £ said
sdcond] hi rd ﬁHC FAGR gﬁ@:&ﬁ@}ﬁﬁsﬁaﬁﬁaﬁaf@%mﬁtaﬁﬁng

err stream separated therein and
d| rect it into heat exchange r.el ation w th said seco vapor
stream IZeav mﬁghquﬁecxfﬁﬁwn%@u%ﬁ%’lp%%ﬂ‘ and fgavier @f%?‘r#ﬁ%“ﬂ&??%‘&?‘a ﬁ’ic"}° % her eby

to cool and partially condense said second vapor stream
(6) sa d vblatitdfesidergasdractiar cantaihiag ganajerpestione¢firgid methaeg and Cz 42
connected to said distillation colum to supply said [second] third
C3- cont g Ni RgmbbfkttCand a relatively less volatile fraction containing 2 major portion of said C;
"\ 5  components and heavier components, in said apparatus there being
6 | (a) _one or more first heat exchange means and/or expansion
7  means cooperatively connected to provide at least one partially condensed gas stream,
8  [providing thereby]
9 ' ) separation means connected to receive said partially
10  condensed gas stream, thereby providing thereby at least a first vapor stream and at least
11 one first C;-containing liquid which also contains lighter hydrocarbons; and
12 [(b)}(c) a distillation column connected to receive at least one of
N 13 said first C;-containing liquid stréams which is adapted to separa;te said stream into a
14  second vapor stream containing predominantly methane and C, components and said
15 relatively less volatile fraction containing the major portion of said C; components and

16  heavier hydrocarbon components;

17 the improvement wherein said apparatus includes
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43 "streamto said distillation colum as a Je®ERULAGEMENT: SKEETt d

(7) said contacting and separating neans being frartner 45
connected to said [second] third heat exchange rreanggtnmhmm;t at
portion of said .

46 fourth vapor stream separated therein int H

said third vapor 47 stream [and] 48

; 44

| east a
46
ation with

(8)

first t h ted, t d
Fecoi vabeai d i?Q?equ?r”]s B3 bt R SRR T e T A Dot o

exchange neans beln% further connected to sald distillation colum to

provi dd9%sai dolnmattedwﬂvmm

Gfeond vaporsiream apdeadd itriuflirientiyp gondense atHesst af eed

thereto: and 52 (9) control neans adapted to

regul atyg t hgafiupi] théreByp fodthg a condensed stream;

21 2 dividing means connected to receive said condensed stream
22 and to divide said condensed stream into first and second liquid streams, said dividing

23 means being further connected to said distillation column to supply said first liCjuid

24  stream to said distillation column at a top feed position;

25 (3) contacting and separating means connected to receive at

26 least a portion of said second liquid stream and at least a portion of said first vapor stream
27 wherejn said liquid and vapor are commingled in [at least one] a contacting device having
28  no more than one fractionation zone, said contacting and separating means including

29  separating means to separate the vapor and liquid after contact in said contacting device
30  to form a third vapor stream and a second C,-containing liquid stream;

31 4 said contacting and separating means being further

32 cennected to said distillétion column to supply said second C;-containing liquid stream
33 separated tﬁerein to said distillation column as a second feed thereto;

34 (5) said contacting and separating means being further

35  connected to said second heat exchange means to direct at least a portion of said third

36  vapor stream separated therein into heat exchange relation with said second vapor stream;

37 [and]
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53 tenperatures of -said feed streans to said cg nREm_tNCEgEﬂncstgpatati ng
means and said 54 distillation colum to nai gt ad

tenperatures of said contacting and 55 separ afji 1
distillation colum at tenperatures whereby the
C3 conponents and heavi er conponents is recover ec
vol atile 57 fraction. 1 : (Anended) The

i mprovenent according to cl er ei n said 2 t-cont-aett n@-—aﬁd—J -
. QNNEC rT
separ atithg neans is connect d t €a 18 [N5ATS conneeied fettCE8HGe neans

3 whereby at least a portlon of sa| d second th| rd CS containing liquid

3
of said
y less

st r eam ¥%epamagansito veceive $pid firsh Cj <conlaiing : : higatignchangg change
means bei ng further connect ed to said 5 [f| rst] second heat exchange

means t4p di neGhs beihg filith sre€ engld dibtillliof 3ol tai hedtédIfitsdCS1 r eam
I nto heat excnange re atlon w th sai d second vapor stream | eavi ng the upper

7o Teon Qhndiflfh fhiih bt A i He bt and

42 [#A) control means adapted to regulate the quantities and

43 temperatures of said feed streams to said contacting and separating means and said

44  distillation column to maintain the overhead temperatures of said contacting and

\_‘ 45  separating means and said distillation column at temperatures Whereby the major portion
46  of said C; components and heavier components is recovered in said relatively less volatile

47 fraction. —

1 7. (Amended) The improvement according to claim 6 wherein said
2  contacting and separating means is connected to said first [a second] heat exchange

3 means whereby at least a portion of said second C,-containing liquid stream separated

4  therein is heated, said [second] first heat exchange means being further connected
— 5 to said distillation column to supply said heated second C;-containing liquid stream to

6 said distillation column as a second feed thereto.

1 8. (Amended) In an apparatus for the separation of a gas containing
2  methane, C, components, C; components and heavier hydrocarbon components into a

3 volatile residue gas fraction containing a major portion of said methane and C,
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1 ' 10. (Anended) In an apparat JsREfP(BP‘CW-%NT SHEETat

lon of a
gas contai ni ng 2 met hane, C2 conponents| £3 cog&)nenhs heavi er
hydr ocar bon conponents into a 3 volatil ¢ tef9 Yga@ fripgcti on
containing a major portion of said nmethane and C? 4 conpohent s and

arelatively less volatile fraction containing a
5 conponents and heavi er conponents, in said &

ng
6 . one..or re fir.st heat. exchan S
and or dkparseppanents and axelativil Joss SRBHERPS sodibine AR bR P EUBR BEAAIR o,
| east one partially condensed gas stream 8 provi di ng t hereby] 9
(b)  separ atcomponeihanddeaviereamponents 4o shid @pparpiys gigra beang y 10
condensed gas streamthereby providing thereby at least a first vapor
stream and at | east 11a) 068 b1t mbie fizstHeadxeh4tige Gndans| ndiomdXpahsieh SO
contains |lighter hydrocarbons; and :

7  means cooperatively connected to provide at least one partially condensed gas stream,

or portion of kaid C3

8  [providing thereby]

9 (b)  first separation means connected to receive said partially

10  condensed gas stream. thereby providing thereby at least a first vapor stream and at least

\_/ | 11 one first C;-containing liquid which also contains lighter hydrocarbons; and
12 . (¢)  adistillation column connected to receive at least one of
13 said first Gy=containing liquid streams which is adapted to separate said stream into a
14 second vapor stream containing predominantly methane and C, components and said
15  relatively less volatile fraction containing the major portion of said C, components and
16 heaviér hydrocarbon components;
17 the improvement wherein said apparatus includes

18 M [first] second heat exchange means connected to said

\_/ 19 distillation column to receive said second vapor stream and cool it sufficiently to partially
20  condense it, thereby forming a partially condensed stream;

21 (2)  second separating means connected to said [first] second

N
(18]

heat exchange means to receive said partially condensed stream and separate it, thereby to

2%
W

form a third vapor stream and a [first] second C;-containing liquid stream, said second

24  separating means being further connected to said distillation column to supply at least a
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12 ' _ (c) a distillation c ‘ C
receive at | east one of 13 said first C3-co ;%}HK 1 qﬁﬂ%hgtreams

which is adapted to separate said streaminto a 14 second v lador
stream cont ai ni ng predoni nantly methane and C2 conppnen09 MAY 2080d 15
relatively less volatile fraction containing the majol portion of saijd C3
conponents and 16 heavi er hydrocar bon conponent§; 17

(1 | "TeRy CporeR o R st sscoRh hEo RS TR orrogg At a

distillation colum to receive said second vapor stream and cool it
suf fi ci 26t | ytopdeed posizon; condense at |east a part of it, thereby forning a
condensed stream

48 27 (3)  third heat exchange means connected to said second

O

28  separating means to receive said third vapor stream and cool it sufficiently to condense at
29 least. a part of it, thereby forming a condensed stream;
30 4) contacting and separating means connected to receive at
31 least a portion of said condensed stream and at least a portion of said first vapor stream
\_ 32  wherein said liquid and vapor are commingled in [at least one] a contacting device having
33  no more than one fractionation zone, said contacting and separating means including
34  separating-means to separate the vapc;r and liquid after contact in said contacting device
35  to form a fourth vapor stream and a [second] third C;-containing liquid stream;
36 %) said [first] second heat éxchange means being further
37  connected to said contacting and separating means to receive at least a portion of said
38  [second] third C;-containing liquid stream separated therein and direct it into heat
39 exchange relation with said second vapor stream leaving the upper region of said
\_/ 40 distillation 'column, thereby to cool and partially condense said second vapor stream;

41 (6)  said [first] second heat exchange means being further

42  connected to said distillation column to supply said [second] third C;-containing liquid
43 stream to said distillation column as a second feed thereto;
44 (7)  said contacting and separating means being further

45 connected to said [second] third heat exchange means to direct at least a portion of said
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!WMENT SHEET |
al

21 ' (2) contacting and se cbnhnect ed
to receive at 22 | east a portion of said condensdd |st t {l gast a
portion of said first vapor stream 23 wherein sai{d| |g§ﬁg}\gn vaponl are
commingled in [at | east one] a contacting device havy 24 no—-#ete |t han

one fractionation zone, said contacting and separatihg neans incl udi ng[ 25
separating nmeans to separate the vapor and |iquid af Le__ccr‘.t act—h sald

0N ACt g0, Lok SreplsBpd RGN AR BRI} RRRLAWARSE 8 apor

C3- contdi ni

[ second] heat exchange neans connected to said 28 contacting and
separ at4/ng steams [allr ecei ve at least a portion of said second C3-contai ning
29 | iquid stream separated therein and heat it, said first [second] heat
exchang@ neans being 30 (8jurtfirsr Euvhangegnéa mectd $¢ 5difl a¢papationol urm t o
supply said heated second C3-containing 31 liquid streamto said

di stillggti opecl dFeie s‘%i%tfﬂ@t ¢ C&Rdpank 1igHid and Beat it; said first heat exchange means

(4) said contactrng and separating nmeans belng further connected
to said [fi reans to direct at. | L portion of
said R tpd 1o.salg.qustiligtion column to provide saig.g _1%relation

w th said second vapor 35 stream [ and]
51 containing liquid as a third feed thereto: and

52 (9)  control means adapted to regulate the quantities and

53  temperatures of said feed streams to said contacting and separating means and said

54  distillation column to maintain .the overhead temperatures of said contacting and

55  separating means and said distillation column at temperatures whereby the major portion
56  of said C; components and heavier components is recovered in said relatively less volatile

57 fraction.

1 9. (Amended) The improvement according to claim 8 wherein said

2 céntacting and separating means is connected to [a] said first [third] heat exchange means
\/ 3 whereby at least a portion of said [second] third C,-containing liquid stream separated

4  therein is heated, said first [third] heat exchange means being further connected to said

5  [first] second heat exchange means to direct said heated [second] third C;-containing

6  liquid stream into heat exchange relation with said second vapor stream leaving the upper

7  region of said distillation column.
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36 . , (5) said first exchar
connected to said 37 separati on neans to receive ﬁald first {
C3-containing liquid and heat it: said first heat {38 Oﬁﬂﬁﬁﬁﬁ@ﬁinéahs
bei ng further connected to said distillation colunm tio provide said heated
39 first (Jerr]-containing liquid as a third feed tnereto: and 40[

(6) control means adapted to regulate the quantitlies and _41.
tenperatpres of sald fged PALSAE) huBpafid Wit Shralioh of %%3{,9&&:2%1 freans
42 distillation colum to maintain the overhead tenperatures of said
cont act ihg anethaneg C, ceraprnentsi Ggeamponentaand heavier Hydrotarben campanshisintozt

t enper atures whereby the mgjor portion 44 of said C3 conmponents and
heavi er FonpeaMé fesidae ERCRatoe dontliniha majot prtive b sdi€fethent atd €

4  components and a re]atively less volatile fraction containing a major portion of said C,
5  components and heavier components, in said apparatus there being
6 (a)  one or more first heat exchange means and/or expansion
7  means cooperatively connected to provide at least one partially condensed gas stream,
\\/ 8 [providing thereby]
9 (b)  secparation means connected to receive said partially
10 condensed stream there oviding thereby at least a first vapor stream and at least
11 one first C;-containing liquid which also contains lighter hydrocarbons; and
12 (c) a distillation column connected to receive at least one of
13 said first C;~containing liquid streams which is adapted to separate said stream into a |
14  second vépor stream containing predominantly methane and C, components and said
15 relatively less volatile fraction containing the major portion of said C; components and
\/ 16 heavier hydrocarbon components;
17 the improvement wherein said apparatus includes

18 (1) [first] second heat exchange means connected to said

19 distillation column to receive said second vapor stream and cool it sufficiently to

20 condense at least a part of it, thereby forming a condensed stream;
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fraction REPLACEMENT SHEET
09 MAY 7000
S
21 (2)  contacting and separating meatsconmected | To Teceive at
22 leasta portion of said condensed stream and at least a portion of said first vapor stream
23  wherein said liquid and vapor are commingled in [at least one] a contacting device having
24  no more than one fractionation zone, said contacting and separating means including
25  separating means to separate the vapor and liquid after contact in said contacting device
26  to form a third vapor stréam and a second C,-containing liquid stream;
27 3) first [second] heat exchange means connected to said
28  contacting and separating means to recéive at least a portion of said second C;-containing
29  liquid stream separated therein and heat it, said first [second] heat exchange means being
30  further connected to said distillation column to supply said heated second C;-containing
31 liquid stream to said distillation column at a top feed position;
32 (4)  said contacting and separating means being further
33  connected to said [first] second heat éxchange means to direct at least a portion of said
34  third vapor stream separated therein into heat exchange relation with said second vapor
35 stream; [and]
36 (5) said first exchange means further connected to said
37  separation means to receive said first C,-containing liquid and heat it; said first heat
38  exchange means being further connected to said distillation column to provide said heated
39 first C;-containing liquid as a third feed thereto: and
40 (6) control means adapted to regulate the quantities and
41 temperatures of said feed streams to said contacting and separating means and said
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42

43

44

distillation column to maintdin the overhead temperatures of said contacting and
separating means and said distillation column at temperatures whereby the major portion
of said C; components and heavier components is recovered in said relatively less volatile

fraction

onmannt-t =
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A process for the recovery of propane, propylene and heavier hydrocarbon components from a hydrocarbon gas stream is disclosed.
‘The stream is cooled and/or expanded to partially condense it, then separated to provide a first vapor stream. The first vapor stream is
directed into a contacting device whereby a third vapor stream and a C3-containing liquid stream are formed. The Ca-containing liquid
stream is directed to a distillation column wherein a second vapor stream is separated to recover a product containing the magjor portion of
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condensed stream is directed to the contacting device to intimately contact the first vapor stream; the remaining portion of the condensed
stream is supplied to the distillation column as its top feed. The quantities and temperatures of the feeds to the contacting device and the
distillation column are effective to maintain the overhead temperatures of the contacting device and the distillation column at temperatures
whereby the major portion of the desired components is recovered.




