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(57) Abregé/Abstract:

A gas processing plant has a de-ethanizer (106) and a refluxed absorber (103), wherein the absorber (103) operates at higher
pressure than the de-ethanizer (106), and wherein at least a portion of the absorber bottoms product (7) Is expanded to provide
cooling for the absorber reflux stream and/or the distillation column feed stream. Especially contemplated gas processing plants
Include propane and ethane recovery plants, and where the gas processing plant is an ethane recovery plant, it is contemplated
that the ethane product comprises no more than 500ppm carbon dioxide.
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(57) Abstract: A gas processing plant has a de-ethanizer (106) and a refluxed absorber (103), wherein the absorber (103) operates
at higher pressure than the de-ethanizer (106), and wherein at least a portion of the absorber bottoms product (7) is expanded to
o provide cooling for the absorber reflux stream and/or the distillation column feed stream. Especially contemplated gas processing
plants include propane and ethane recovery plants, and where the gas processing plant is an ethane recovery plant, it is contemplated
that the ethane product comprises no more than 500ppm carbon dioxide.
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HIGH PROPANE RECOVERY PROCESS AND CONFIGURATIONS

Field of The Invention

The field of the invention is recovery of a gas fraction from a feed gas, and particularly

relates to propane recovery.

Background of The Invention

Many natural and man-made gases comprise a variety of different hydrocarbons, and
numerous methods and configurations are known 1n the art to produce commercially relevant
fractions from such gases. Among other processes, cryogenic gas separation (see e.g., U.S. Pat.

Nos. 4,157,904 to Campbell et al., 4,690,702 to Paradowski et al., or 5,275,005 to Campbell et

al.) has become a preferred method of gas separation.

In a typical gas separation process, a feed gas stream under pressure 1s cooled by heat
exchanger and as the gas cools, liquids condense from the cooled gas. The liquids are then
expanded and fractionated in a distillation column (e.g., de-ethanizer or de-methanizer) to
separate residual components such as methane, nitrogen and other volatile gases as overhead
vapor from the desired C,, C3 and heavier compoilents. In some configurations, uncondensed
cooled feed gas 1s expanded to condense additional liquad, Whiéh may subsequently be employed

as C, and Cs absorbing agent in an absorber. Various improvements on the basic concept of

cryogenic gas separation have been developed.

For example, Rambo et al. describe in U.S. Pat. No. 5,890,378 a system in which (a) the
absorber 1s refluxed, (b) in which the de-ethanizer condenser provides the reflux for both the
absorber and the de-ethanizer while the cooling requirements are met using a turboexpander, and
(c) in which the absorber and the de-ethanizer operate at substantially the same pressure.
Although Rambo’s configuration advantageously reduces capital cost for equipment associated
with providing reflux for the absorption section and the de-ethanizer, propane recovery
significantly decreases as the operating pressure in the absorber rises, especially at a pressure
above 500psig, where separation of ethane from propane in the de-ethanizer becomes
increasingly difficult. Consequently, Rambo’s system is generally limited by the upper operating
limit of the de-ethanizer pressure. Increasing of the absorber pressure while maintairﬁng
desirable propane recbvery becomes difficult, if not impossible in Rambo s process

configuration. Moreover, operating the absorber and de-ethanizer at a pressure at or below
l :
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5 OOpsig typically necessitates higher residue gas recompression, thereby incurring relatively high

operating cost.

To circumvent: at least some of the problems associated with relatively high cost
assoclated with residue gas recompression, Sorensen describes 1n U.S. Pat. No. 5,953,935 a plant
configuration in which an badditional fractionation column is included. The absorber reflux in
Sorensen's plant configuration is produced by compressing, cooling, and Joule Thomson
expansion of a slipstream of feed gas. Although Sorensen’s configuration generally provides-an
improved propane recovery with substantially no increase in plant residue compression
horsepower, propane recovery significantly decreases as the operating pressure in the absorber
rises, especially at a pressuré above about 500psig. Furthermore, ethane recovery using such

known systems designed for propane recovery 1s normally limited to about 20% recovery:.

- In order to improve ethane recovery with a low CO, content in the ethane product,

Campbell describes in U.S. Pat. No. 6,182,469 a tower reboiling scheme 1in which one or more

tower liquid distillation streams from a point higher in the absorber are employed for stripping of
undesirable components (e.g., carbon dioxide in a demethanizer). Campbell’s scheme typically

requires over-stripping of the ethane pfoduct, and CO, removal 1s generally limited to about 6%.

~ Moreover, additional CO, removal using Campbell’s process will significantly reduce ethane

recovery, and increase power consumption. Furthermore, and especially where the ethane
product 1s used for chemical production, the product in Campbell’s configuration typically
requires further treatment to remove CO, to or below a level of 500ppmv, which often i*equires

substantial capital and operating expenditure.

Although there are various configurations and processes for improved propane and
ethane recovery known in the art, all or almost all of them, suffer from one or more
disadvantage. Therefore, there is still a need to provide improved methods and compositions for

high propane recovery processes and configurations.

- Summary of the Invention

The present invention is directed to methods and configurations of a gas plant comprising
a refluxed absorber producing a bottoms product stream and receiving a feedstock and an

absorber reflux stream. A distillation column is fluidly coupled to the absorber, receives a
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distillation column feed stream and operates at a pressure that 1s at least 100psi lower than the

operating pressure of the absorber.

In one aspect of the inventive subject matter, the distillation column comprises a de-
ethanizer column, the feedstock has a pressure of between 1000psig and 2000psig, and 1s
expanded 1n a turbine expander. The bottoms product of the absorber 1s expanded 1n a range of
100-250psi, thereby cooling the product to a temperature between -95°F to -125°F. Tt is also
contemplated that the cooled and expanded bottoms product stream 1is then fed as the distillation
column feed stream into the distillation column, and it 1s still further contemplated that the

expanded bottoms product stream may further provide cooling for a distillation column reflux

stream. In a particularly contemplated aspect the distillation cdlumn produces an overhead

 stream that is compressed, cooled, and fed into the absorber as the absorber reflux stream.

In another aépect of the inventive subject matter, the distillation column comprises a de-
ethanizer column, the feedstock has a pressure of between 550psig and 800psig, and is not
expanded 1n a turbine expander. The bottoms product of the absorber is expanded in a range of
100-250pst, thereby cooling the product to a temperature bétween -30°F to -70°F. It 1s also

contemplated that the cooled and expanded bottoms product stream is then fed as the distillation
column feed stream into the distillation column, and that at least a portion of the feedstock 1s fed

into a lower section of the distillation column. In a further contemplated aspect, an external

reﬁ‘igeratiron 1s coupled to the distillation column and feed exchanger.

In a still further aspect of the inventive subject matter, the distillation column comprises
a demethanizer, the feedstock is at a pressure of between 1000psig and 2000psig, and is
expanded 1n a turboexpander. It is also contemplated that in such configurations the absorber
bottoms product is expanded in a range of 100-250psi, thereby cooling the bottoms product
stream to a temperature of between -95°F to -125°F. It 1s further cbntemplated that the expanded

bottoms product 1s fed as the distillation column feed stream into the distillation column,

- wherein the distillation column produces a distillation column overhead stream that is

compressed, cooled, and fed into the absorber as the absorber reflux stream, and that the

distillation column produces a distillation column product stream that comprises no more than

, SOOppm carbon dioxide. In particularly contemplated aspects, the feedstock is split into a first

portion and a second portion, and wherein an external refrigeration cools at least part of the first

portion, and wherein at least one side reboiler located in the upper section of the distillation

3
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column (1.e. 1is fluidly coupled to the demethanizer between

a top tray and a position eight trays below the top tray),

—

provides reboiling of the distillation Column, provides heat

duty for stripping of CO, from the demethanizer product

5 Sstream, and further provides cooling of the first portion of

the feedstock.

In one embodiment, the invention provides a gas

processing plant comprising: a refluxed absorber operating

at a filrst pressure, producing a bottoms product stream and

10 receiving a feedstock and an absorber reflux stream: a
distillation column fluidly coupled to the absorber,
recelving a distillation column feed stream, producing a
distillation column overhead stream, and operating at a
second pressure that is at least 100 psi lower than the

15 first pressure; and an expansion device coupled to the

absorber and configured to expand at least a portion of the
bottoms product stream to thereby generate an expanded
bot toms product stream and to thereby provide coocling for at

least one of the absorber reflux stream and the distillation

20 column feed stream; and wherein the distillation column

overhead stream 1s séparated into a ligquid portion that

provides reflux for the distillation column and a gaseous

portion that is liquefied and provides the absorber reflux

stCream.

25 Various features, aspects and advantages of the

present invention will become more apparent from the

following detailed description of preferred embodiments of

the invention, along with the accompanying drawings.

Brief Descrigtion of The Drawing

30 Figure 1 1is a prior art schematic of an exemplary

gas processing plant for propane recovery.

4
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Figure 2 18 a schematic of an exemplary
configuration for gas processing plant for propane recovery

with a turboexpander, 2 feed gas pressure of about 1300 psig,

and a de-ethanizer 2s distillation column.

Figure 2A 1s a graph depicting a heat composilte

5
curve for heat exchanger 100 in a plant configuration
according to Figure 2
Figure 3 1s a prior art schematic of another
exemplary gas processingd plant for ethane recovery
10 Figure 4 1s a schematic of a further exemplary

configuration for a recovery

with a turboexpander, a feed

and a demethanizer as distillation column.

Figure 4A 1s a graph depicting a heat compOSite

15 curve for heat exchanger 100 in a plant configuration

according to Figure 4.

Figure 4B 1s a graph depicting a heat composite

t configuration

curve for a side heat exchanger 116 in a plan

according to Figure 4.

Figure 5 1s a schematic of yet another exemplary

20

configuration ror a gdgas processing plant without

a2 feed gas pressure of sbout 750 psig, and a

turboexpander,

de-ethanizer as distillation column.

4a
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Figure 6 1s a schematic of an exemplary configuration for a gas processing plant in which

the refluxed absorber and the distillation column are configured 1n a single tower.

Detailed Description

The inventors discovered that high propane recovery (i.e., at least 95%) from a feed gas
with relatively high (e.g., between about 1000psig to 2000psig) to relatively low (e.g., between
about 550psig to 800psig) pressure can be realized by operating an absorber in a gas processing
plant at a significantly higher pressure than a distillation columﬁ (e.g., a de-ethanizer), and 1n
which the absorber bottoms product 1s expanded to provide cooling for the absorber reflux
stream and/or the distillation column feed. The inventors have further discovered that such
configurations may also be employed to significantly increase ethane recovefy from feed gas

with relatively high pressure, and to significantly remove COs.

More particularly, the inventors contemplate a gas pi‘ocessing plant that comprises a
refluxed -absorber operating at a first pressure, that produces a bottoms product stream and that
receives a feedstock and an absorber reflux stream. Contemplated configurations further include
a distillation column that 1s fluidly coupled to the absorber that receives a distillation column
feed stream and that is operated at a second pressure, which 1s at least 100psi1 lower than the
operating pressure of the absorber, wherein at least a portion of the bottoms product stream 1S
expanded and provides cooling for the absorber reflux stream and/or the distillation column feed

stream.

Prior art Figure 1 depicts a known configuration for a propane recovery plant in which a
feed gas stream 1 at a pressure of about 1300psig 1s cooled 1n a heat exchanger 100, separated
into a gaseous and a liquid phase, and the gaseous phase 1s then expanded 1n a turboexpander
102 and fed into the absorber 103, which operates at a pressure of about 450psig. The liquid
phase (1f present) is Joule-Thomson (JT) expanded, and directly fed into a lower portion of the

absorber. The bottoms prdduct of the absorber is pumped via pump 104 through heat exchanger

The absorber 103 is refluxed using cooled de-ethanizer overhead stream 14, wherein the

cooling of the reflux is provided by the overhead vapor from the absorber, which is further
heated 1n heat exchanger 100 prior to recompression 1n recompressor 112 and subsequent

residue gas compressor 113. Absorber 103 further provides reflux stream 17 that is fed into the

S
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de-ethanmizer via pump 108. Liquid product stream 12 leaves the de-ethanizer with a propane

recovery typically above 95%.

In contrast, a particularly preferred configuration of a gas processing plant for propane
recovery as depicted in Figure 2 has a refluxed absorber 103 that 1s operated at a pressure of
about 590psig and a de-ethanizer 106 that 1s operated at a pressure of about 410psig, while the
feed gas stream 1 has a pressure of about 1300psig. The feed gas stream 1 is cooled in heat
exchanger 100 and separated 1n a separator 101 in a liquid portion 5 and a gaseous portion 4.
The liquid portion 5 (if present) is fed into the absorber 103, while the gaseous portion 4 is
expanded 1n a turboexpander 102 to the level of the operating pressure of the absorber.

Expanded gaseous ﬁortion 6 1s then fed 1nto a lower section of the absorber 103. The absorber

- 103 receives a reflux stream 19, which 1s provided by the overhead stream 13 of the de-ethanizer

106. The overhead stream 13 1s cooled in a heat exchanger 105, and separated in a separator 107
in a gaseous phase 15 and a liquid phase 16. Liquid phase 16 1s pumped back to the de-ethanizer
as de-ethanizer reflux via pump 108, while gaseous phase 15 is compressed in compressor 111

and cooled 1n the heat exchanger 100 before entering the absorber as reflux stream 19.

 The absorber bottoms stream 7 1s expanded in J T valve 104, thereby lowering the
pressure in an amount of about 180psi and significantly cooling the absorber bottoms stream.
The cooled absorber bottoms stream 8 1s then employed as a coolant 1n the heat exchangers 100
and 105 before entering de-ethanizer 106 as de-ethanizer feed stream 11. Absorber overhead
stream 9 1s heated 1n the heat exchanger 100 and recompressed 1n recompressor 112 (which 1s
operationally coupled to the turboexpander). Recompressed overhead stream 21 is further
compressed in residue gas compressor 113 and fed into a residue gas pipeline. The de-ethanizer

bottoms stream 12 provides liquid product at a propane recovery of at least 99%.

With respect to the feed gas streams it is contemplated that numerous natural and man-
made feed gas streams are suitable for use in conjunction with the teachings presented herein,
and especially preferred feed gas streams include natural gases, refinery gases, and synthetic gas
hstrea:ms from hydrocarbon materials éuch as naplﬁha, coal, o1l, lignite, ét"c. Consequentiy, i:he
pressure of contemplated feed gas streams may vary considerably. However, it 1s generally
preferred'that appropriate feed gas pressures for plant configurations according to Figure 2 will

generally be 1n the range between 1000psig and 2000psig, and that at least a portion of the
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feedstock is expanded in a turboexpander to provide cooling and/or power for the residue gas

recompression. |

Depending on the pressure of the feed gas and the amount of feed gas expansion in the
turboexpander, the operating pressure for the absorber may vary in the range from between
500psig to 800psig, more preferably between 500psig and 750psig and most preferably between
550psig and 700psig. Thus, it should be especially appreciated that the bottoms product stream
has leave the absorber at a considerable pressure, and that cooling can be provided from
expanding the bottoms product stream to a lower pressure. In a particularly contemplated aspect,
expansion of the bottoms product stream reduces the bottoms product stream pressure in a range
of about 100psi to about 250psi, and more preferably in a range of about 150ps1 to 200psi. Thus,
it is contemplated that the absorber is operated at a pressure that 1s at least 100psi1 higher than the
pressure of the distillation column, however, alternative pressure differences are also
contemplated and include abéorber pressure differences of less than 100psi (e.g., between S0psi
and 99psi, and even less), and particularly include absorber pressure diiferences of more thiem
100psi (e.g., between 101psi and 150psi, more preferably between 151ps1 and 250psi1, and even
higher).

Consequently, it should be appreciated that the temperature of the expanded bottoms
product stream will be in a range of about -95°F to -125°F. Therefore, 1t is contemplated that the

expanded bottoms product stream may further provide cooling for various streams within the gas
processing plant, and it 1s especially contemplated that the expanded bottoms product stream
further cools a distillation column overhead stream, and absorber reflux. It 1s still further
contemplated that the expanded bottoms product stream may be fed into the distillation column
at various positions, however, it is particularly preferred that the expanded bottoms product
stream 1s fed into the distillation column at a position below the feed point of the reflux (e.g. , at

least three trays below the upmost tray in the distillation column)

| With respect to the distillation column it should be especially appreciated that the
distillation column prodlices a distillation éolumn overhead stream that is éompressed, cooled,
and fed 1nto the absorber as the absorbér reflux stream, thereby providing a particularly lean
stream (stream 13 containing 64 mol% methane and 33 mol% ethane) that may be employed to
recover the propane and heavier components from the expanded feed gas streams. Thus

contemplated configurations according to Figure 2 receive a feedstock that comprises propane,

7
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and provide a distillation column product stream that comprises at least 95% of the propane 1n

the feedstock.

In another particularly preferred asﬁeot of the inventive subject matter, a gas processing
plant as depicted in Figure 5 has a refluxed absorber 103 that is operated at a pressure of about
720psig and a de-ethanizer 106 that 1s operated at a pressure of about 500psig, while the feed gas
stream 1 has a pressure of about 760psig. The feed gas stream 1 is separated in separator 101 in a
liquid portion 5 and a gaseous portion 2. The liquid portion 1s JT expanded in JT valve 115 and
directly fed into the de-ethanizer column 106. The gaseous portion 2 1s cooled in a heat
exchanger 100 and the cooled gaseous portion 6 is then fed into absorber 103 without expansion
in a turboexpai’;der. The absorber 103 receives a reflux stream 19, which 1s provided by the
overhead stream 13 from the reflux drum 102 of the de-ethanizer 106. The de-éthanizer
overhead stream 13,coupled with an external refrigeration stream 109, and absorber overhead
vapor stream 9 are used to cool the feed stream 2 in exchanger 100. The de-ethanizer overhead
stream 13 1s heated to ambient temperature in exchanger 100 by the feed stream in exchanger
100, and is then compressed in a compressor to stream 18. The compressor discharge stream 18
is cooled m an air cooled ex.changer 114 and then further chilled 1n heat exchanger 105 with

absorber bottoms stream 8 before entering the absorber as reflux stream 19.

The absorber bottoms stream 7 1s expanded 1n JT valve 104, thereby lowering the
pressure in an amount of about 210psi and significantly cooling the absorber bottoms stream
from —47°F to ~61°F. The expanded and cooled absorber bottoms stream 8 1s then employed as a
coolant in the heat exchanger 105 before entering de-ethanizer 106 as de-ethanizer feed stream
11. Absorber overhead stream 9 is heated in the heat exchanger 100 and fed into the residue gas
pipeline without recompression. The de-ethanizer bottoms stream 12 provides liquid product at a

propane recovery of at least 95%.

With respect to the type and chemical composition of the feed gas the same consideration
as described above apply. However, in plant cohﬁgurations according to Figure 5, the feed gas
has a préssure of betwéen about 5 SOpsigl and é,bout 800psig, and inost preferébly b‘et\;veeﬁ about
600psig and about 750psig. It should be particularly appreciated that operation of the absorber at
a higher pressure allows that the feed gas is fed into the absorber without passing through a

turboexpander. Consequently, the pressure in the absorber bottoms product (which 1s preferably
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rich in methane) may advantagéously be employed for refrigeration of various streams in the

plant.

Thus, it is contemplated that the absorber bottoms product stream 1s expanded to reduce
the bottoms product stream pressure in a range of about 50ps1 to about 350ps1, and more

preferably in a range of about 100psi to about 250psi. Consequently, it 1s contemplated that the
bottoms product stream will have a temperature between -30°F to -80°F, and more typically
between about between -50°F to -70°F. While not limiting to the mventive subject matter, it 18

generally contemplated that the expanded bottoms product stream 1s fed as the distillation
column feed stream into the distillation column below the top of the distillation column, and it is
préferred that the expanded bottoms product stream is fed mnto the distillation column at a
positiori that is at least three trays below an upmost tray in the distillation column. With respect
to the liquid portion of the feed gas, it is generally preferred that at least a portion of the feed gas

is fed into a lower section of the distillation column.

It should further be appreciated that during propane recovery, the absorber bottoms after
it is used to chill the absorber overhead reflux, is further utilized (if residual refrigeration 1s
available) to cool the de-ethanizer overhead vapor providing reflux to the de-ethanizer. The
heated absorber bottoms product stream at about -30°F to about -50°F 1s fed to a feed tray
located at least 3 trays from the utmost top of the de-ethanizer. This arrangement. improves the
overall fractionation performance of the de-ethanizer by providing reflux and additional
rectification utilizing the refrigeration content by the JT of the absorber bottoms. The de-

ethanizer operates at an overhead temperature between —20 to —55°F.

With respect to the de-ethanizer it should be especially appreciated that the de-ethanizer
produces an overhead stream that is cooled, and fed into the absorber as the absorber reflux
stream, thereby providing a particularly lean stream (stream 13 containing 75 mol% methane and

25 mol% ethane) that may be employed to recover the propane and heavier components from the

feed gas stream. Thus, contemplated configurations according to Figure 5 receive a feedstock

that comprises propane, and provide a distillation column product stream that comprises at least

95% oi the propane in the feedstock.

In a still further contemplated aspect of the inventive subject matter, contemplated

configurations may further be employed in a gas processing plant for ethane recovery from a



10

15

20

25

30

CA 02410540 2002-11-22
WO 02/14763 PCT/US01/20633

feed gas. Figure 3 depicts a prior art configuration in which a feed gas stream 1 at a pressure of
about 1300psig is cooled and separated info a gaseous portion:4 and liquid portion 5. The
gaseous portion is split in two streams, and the first stream cooled and JT expanded, while the
second stream is passed through a turboexpander. Both streams are then fed into different
locations in the demethanizer. The demethanizer operates at about 430psig. The demethanizer
overhead provides cooling for the first stream and is recompressed by the turboexpander and
further compressed by the residue gas compressor before leaving the plant as residue gas.

Typical ethane recovery is about 80%, and the CO, content in the ethane product is about 2 to

6%.

In contrast, an ethane recovery plant configurations according to the inventive subject
matter as shown in Figure 4 has a refluxed absorber 103 that is operated at a pressure of about
590psig and a de-ethanizer 106 fhat is operated at a pressure of about 450psig, while the feed gas
stream 1 has a pressure of about 1300psig. The feed gas stream 1 1s split into a first portion 2a
and a second portion 2b. The first portion 2a is cooled in heat exchanger 100 and the second
portfon 2b is cooled in heat exchanger 116. The respective cooled fed gas streams 3a and 3b are
combined and separated in a separator 101 in a liquid portion 5 and a gaseous portion 4. The
liquid portion 5 (if present) 1s fed into the absorber 103 after JT expansion in JT valve 115,
while the gaseous portion 4 1s expanded in a turboexﬁander 102 to the level of the operating
pressure of the absorber 103. Expanded gaseous portion 6 is then fed into a lower portion of the
absorber 103. The absorber 103 receives a reflux stream 19, which 1s provided by the
demethanizer overhead stream 13 of the demethanizer 106. The overhead stream 13 1s separated
in a separator 107 1n a gaseous phase 15 and a liquid phase 16. Liquid phase 16 1s pumped back
to the demethanizer as demethanizer reflux via pump 108, while gaseous phase 15 1s compressed
in compressor 111 and cooled in the heat exchanger 100 before entering the absorber as reflux

stream 19.

The absorber bottoms stream 7 1s expanded in JT valve 104, thereby lowering the
pressure 1n an amount of about 110ps1 and significantly cooling the absorber bottoms stream.
The cooled absorber bottoms stream 8 1s then employed as a coolant in the heat exchanger 100
before entering demethanizer 106 as demethanizer feed stream 11. Absorber overhead stream 9
is heated 1n the heat exchanger 100 and recompressed in recompressor 112 (which 1s
operationally coupled to the turboexpander). Recompressed overhead stream 21 is further

compressed 1n a residue gas compressor 113 and fed into a residue gas pipeline. The
10
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demethanizer bottoms stream 12 pfovides liquid product at an ethane recovery of at least 69.0%
and a CO2 content of no more than 500ppm. Two side reboilers, located in the top section of the
demethanizer, withdraw distillation liquids stream 109A and 109B. These streams are coupled to
the distillation column and provide heat duties for the bulk removal of CO, from the hiquid
product, and further provide cooling of the first portion of the feedstock by stream 109A and
109B. The residual CO; 1s removed in the bottom reboiler 110.

Suitable feed gases are contemplated to have a pressure of between 1000psig and
2000psig. Consequently, it is preferred that at least a portion of the feed gas 1s expanded in a
turboexpander. Further cooling is provided by expanding the bottoms product stream in a range

of 100-250psi. Consequently, it is contemplated that the expanded bottoms product stream has a
témperature between -95°F to -125°F.

With respect to the de-methanizer 1t should be especially appreciated that the
demethanizer column produces an overhead stream that 1s compressed, cooled, and fed 1nto the
absorber as the absorber reflux stream, thereby providing a particularly lean stream (stream 13
containing over 90 mol% methane) that may be employed to recover the ethane and heavier
components from the expanded feed gas streams. Thus contemplated configurations according to
Figure 4 receive a feedstock that comprises ethane and propane, and provide a distillation
column product stream that comprises at least 60% of the ethane and 95% of the propane in the

feedstock

It should be particularly recognized that contemplated configurations according to Figure
4 can be used for a recovery of up to 75% ethane without appreciable increase in capital and
operating costs for ethane recovery when the system can be used for high propane recovery of
Figure 2. In an especially contemplated configuration, the feed tray location to the demethanizer
is routed to the top of the demethanizer, aﬁd the overhead reflux condenser 105 mn Figure 2 may

be converted for use as a side reboiler 116 of the demethanizer in Figure 4. Additional side-

reboilers, and external refrigeration may be used to improve the overall energy efficiency. The

demethanizer overhead reflux system is bypassed in this operation and the demethanizer now
operates as a reboiled stripper (as compared to a fractionator during propane recovery). The basic
equipment design and arrangement in the upstream system is maintained as in Figure 2, but with

a lower operating temperature. The absorber overhead operates then at a lower temperature of

11
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about -100°F to about -130°F, and the feed temperature to the demethanizer is at a lower
temperature of about -100°F to about _120°F.

It should further be appreciated that the previously known recovery plants designed for
propane recovery can recover ethane in a range of 20% to 40%. In contrast, configurations
according to the inventive subject matter, with minor changes in operation and process
parameters, can be economically used for ethane recovery up to 75%. Moreover, the ethane

produced in previously known recovery plants designed for ethane recovery usually contains 2-

- 6% CO; . In contrast, configurations according to the inventive subject matter will allow ethane

recovery in which the CO; 1s present in the ethane in an amount of less than 500ppm, and more

typically less than 350ppm.

With respect to all components of contemplated configurations (e. g.; heat exchangers,
pumps, valves, compressors, expanders, reﬂuxéd absorbers, de-ethanizérs, etc.) it should be
appreciated that all known and commercially available components are suitablle for use in
conjunction with the teachings presented herein. It is further generally contemplated that
configurations according to the inventive subject matter may find wide applicability in gas plant
applications where high propane recovery is desirable, and feed gas is available at pressure
greater than 550 psig. Moreover, such configurations may advantageously reduce equipment and
operating costs, especially where turboexpander technology would necessitate feed gas and/or
residue gas compression. For gas plant applications where energy cost 1s relatively high and
propane value compared to fuel value 1s marginal, Iit 1s contemplated that preferred design
configurations greatly reduce the overall energy compression costs by operating the absorber
between 600 to 750 psig while maintaining the propane recovery between 85% to 95%.
Furthermore, 1t should be éppreciated that by combining the reflux absorber and de-ethanizer in
a single column as shown in Figure 6, the overall plot space requirement may be reduced, which

may result 1n substantial cost savings in modular and platform design.

Examples

Operations of gas processing plants according to Figures 1, 2, 3, 4, and 5 were computer
simulated using process simulator HYSYS, and Tables 1, 2, 3, 4, and 5 below summarize
exemplary component flow, pressures and temperatures in the configurations as shown in Figure

1-5, respectively.

12
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Furthermore, calculations were performed to)proj ect the heat composite curve for the
heat exchanger 100 in plant configuration according to Figpre 2, the heat exchanger 100 1n plant
configuration according to Figure 4, and the side heat exchanger 116 in plant configuration
according to Figure 4, and the results are depicted in Fiéures 2A, 4A, and 4B, respectively. The

energy efficiencies of these mventions are very high that are demonstrated by the relatively close

tempei'ature approaches of these composite curves.

Thus, specific embodiments and applications for high propane recovery processes and
configurations have been disclosed. It should be apparent, however, to those skilled in the art

that many more modifications besides those already described are possible without departing

from the inventive concepts herein. The inventive subject matter, therefore, is not to be restricted

except in the spirit of the appended claims. Moreover, in interpreting both the specification and
the clairhs, all terms shoﬁld be interpreted in the broadest possible manner consistent with the
context. In particular, the terms “comprises” and “éomprising” should be interpreted as referring
to elements, components, or steps in a non-exclusive manner, indicating that the referenced
elements, components, or steps may be present, or utilized, or combined with other elements,

components, or steps that are not expressly referenced.

13
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CLAIMS:

1. A gas processing plant comprising:

a refluxed absorber operating at a first pressure, producing

a bottoms product stream and receiving a feedstock and an

absorber reflux stream;

a distillation column fluidly coupled to the absorber,

receiving a distilillation column feed stream, producing a

distillation column overhead stream, and operating at a

second pressure that 1s at least 100 psi lower than the

first pressure; and

an expansion device coupled to the absorber and configured
to expand at least a portion of the bottoms product stream
to thereby generate an expanded bottoms product stream and
to thereby provide cooling for at least one of the absorber

reflux stream and the distillation column feed stream; and

whereln the distillation column overhead stream is separated

into a ligquid portion that provides reflux for the

distillation column and a gaseous portion that is liquefied

and provides the absorber reflux stream.

2 . The gas processing plant of claim 1 wherein the

distillation column comprises a de-ethanizer column.

P

3. The gas processing plant of claim 2 wherein the

feedstock 1s at a pressure of between 1000 psig and

2000 psig.

4 . The gas processing plant of claim 3 wherein at

™~

least a portion of the feedstock 1s expanded in a

turboexpander.

14
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rhe bottoms product stream reduces the bottoms product

stream pressure 1n a range of 100-250 ps1i.

5 6. The gas processing plant of claim 3 wherein the

expanded bottoms product stream has a temperature between

~-95°F to -—-125°F.

at a position that 1is at least three trays below an upmost

tray of the distillation column.

expanded bottoms

15 a distillation ~olumn overhead stream.

The gas processing plant of claim 3 wherein the

9.

distillation column overhead stream 18 compressed, cooled,

and fed into the absorber as the absorber reflux stream.

10. The gas processing plant of claim 3 wherein the

~0 feedstock comprises propane, and wherein the distillation

column is configured toO produce a distillation column

product stream, and wherein the distillation column product

stream comprilises at least 95% of the propane in the

feedstock.

25 11. The gas processing plant of claim 2 wherein the

feedstock 1is at a pressure of between 550 psig and 800 psig.

turboexpander.
15
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13. The gas processing plant of claim 11 wherein the

bottoms product stream has a pressurec and wherein expanding

stream pressure 1n a range of 100-250 ps1.

5 14. The gas processing plant of claim 11 wherein the

bottoms product stream has a temperature between —-50°F

ro -70°F.

15. The gas processing plant of claim 11 wherein the
expanded bottoms product stream ig fed as the distillation
10 column feed stream into the distillation column at a

position that 1is at least three trays below an upmost tray

in the distillation column.

16. The gas processing plant of claim 11 wherein at

least a portion of the feedstock is fed into a lower section

15 of the distillation cojumn.

17. The gas processing plant of claim 11 further
comprising an external refrigeration coupled to the

distillation column.

18. The gas processing plant of claim 1 wherein the

0 distillation column comprises a demethanizer.

19. The gas processing plant of claim 18 wherein the

feedstock is at a pressure of between 1000 psig and

2000 psig.

20. The gas processing plant of claim 18 wherein at

25 least a portion of the feedstock 1is expanded 1n a

turboexpander.

21. The gas processing piant of claim 18 wherein the

bottoms product stream has a Pressure and wherein expanding

16
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rhe bottoms product stream reduces the DOLTOMS product

stream pressure 1n a range of 100-250 psi.

22 . The gas processing plant of claim 18 wherein the

expanded bottoms product stream has a temperature between

5 -95°F to -125°F.

23. The gas processing plant ot claim 18 wherein the

column feed stream into the distillation column.

24 . The gas processing plant of claim 18 wherein the
10 distillation column produces a nethane rich distillation
column overhead stream rhat is compressed, cooled, and fed

into the absorber as rhe absorber reflux stream.

"

claim 18 wherein the

25. The gas processing plant O

distillation column 18 configured to produce a distillation

15 column product stream, and wherein the distillation column

product stream comprises no more rhat 500 ppm carbon

dioxide.

26 . The gas processing plant of claim 18 wherein the

20 portion, and wherein an external refrigeration cools at

least part of the first portion.

27 . The gas processing plant of claim 26 further
comprising at least one side reboiler coupled tO the
distillation column, wherein the at least one side reboiler
-5 1is fluidly coupled tO the demethanizer between a top tray
and a position eight trays below the top tray, provides heat
duty for stripping CO, from a demethanizer product stream,

provides reboiling of the distillation column, and further

provides cooling ~f the first portion of the feedstock.

17
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28. The gas processing plant of claim 1,

absorber and the distillation column are

single tower configuration.

18
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