wO 2016/168005 A 1[I N0F V00 000 0 O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

20 October 2016 (20.10.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/168005 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
BO1D 49/02 (2006.01) CI10L 3/10 (2006.01)

International Application Number:
PCT/US2016/025979

International Filing Date:
5 April 2016 (05.04.2016)

Filing Language: English
Publication Language: English
Priority Data:

14/686,434 14 April 2015 (14.04.2015) US

Applicant: UOP LLC [US/US]; 25 East Algonquin Road,
P. O. Box 5017, Des Plaines, Illinois 60017-5017 (US).

Inventors: CNOP, Tom; Uop LLC, 25 East Algonquin
Road, P.O. Box 5017, Des Plaines, Illinois 60017-5017
(US). NG, Seow Ching; Uop LLC, 25 East Algonquin
Road, P.O. Box 5017, Des Plaines, Illinois 60017-5017
(US).

Agent: ROMANO, Ashley E.; UOP LLC, 25 East Algon-
quin Road, P. O. Box 5017, Des Plaines, Illinois 60017-
5017 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: PROCESSES FOR COOLING A WET NATURAL GAS STREAM

22—

— 30

24

32

Fig. 1

(57) Abstract: One or more processes to cool a wet natural gas feed stream before the feed stream is passed to a guard bed zone for a
membrane separation unit. The processes utilizing an existing processes stream that has a temperature below the hydrate formation
temperature of the feed stream. The existing stream may be a residue stream from the membrane separation unit which is heat ex-
changed with a cleaned stream from the guard bed zone. The cooled clean stream may then be used to cool the wet feed stream.



10

15

20

25

30

WO 2016/168005 PCT/US2016/025979

PROCESSES FOR COOLING A WET NATURAL GAS STREAM

STATEMENT OF PRIORITY
This application claims priority to U.S. Application No. 14/686434 which was
filed April 14, 2015, the contents of which are hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION
The present invention relates to a process for removing heavy hydrocarbons
and water from natural gas. More particularly, the invention relates to an efficient design to
remove heavy hydrocarbons and water even when the natural gas contains high levels of

carbon dioxide or hydrogen sulfide.

BACKGROUND OF THE INVENTION

A large fraction of the world’s total natural gas reserves requires treating
before it can be transported or used as feed stock or fuel gas. The presence of hydrogen
sulfide is problematic as it is both highly toxic and tends to embrittle steel pipelines. The
presence of water can present transportation problems and in combination with carbon
dioxide, lead to corrosion issues. The presence of heavy hydrocarbons can result in
condensation issues and a too high heating value. Other natural gas reserves are poor in
quality because the methane and other combustible gas components are diluted with non-
combustible carbon dioxide and nitrogen gas, making the unrefined gas a relatively low Btu
fuel source.

If the natural gas deposits contain high percentages of carbon dioxide and
hydrogen sulfide, the gas is considered both poor and sour. In order to provide usable natural
gas, it is known to remove the carbon dioxide and hydrogen sulfide by membrane or
absorption processes. The natural gas intended to be treated by means of the method
according to the invention may be saturated with water and hydrocarbons. This natural gas is
generally at the pressure and at the temperature of the production well or of any process used
upstream.

Natural gas usually contains a significant amount of carbon dioxide. The
proportion of carbon dioxide can range up to 70% by mole or higher, often from 5 to 40% by

mole. A typical sour natural gas can, for example, contain 50 to 70% by mole of methane, 2
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to 10% by mole of ethane, 0 to 5% by mole of propane, 0 to 20% by mole of hydrogen
sulfide and 0 to 30% by mole of carbon dioxide. By way of example, the natural gas to be
treated can contain 70% by mole of methane, 2% by mole of ethane, 0.7% by mole of
propane, 0.2% by mole of butane, 0.7% by mole of hydrocarbons with more than four carbon
atoms, 0.3% by mole of water, 25% by mole of carbon dioxide, 0.1% by mole of hydrogen
sulfide and various other compounds as traces.

There are a number of different methods that have been used to treat natural
gas streams. In most methods, a combination of technologies is employed to remove
condensable components as well as gaseous components such as carbon dioxide. In one
process, adsorbents are used to remove heavy hydrocarbons. In another process refrigeration
is used to remove heavy hydrocarbons. In yet another process an amine solvent is used to
remove carbon dioxide and hydrogen sulfide. Another particularly useful method involves
permeable membrane processes and systems that are known in the art and have been
employed or considered for a wide variety of gas and liquid separations. In such operations, a
feed stream is brought into contact with the surface of a membrane, and the more readily
permeable component of the feed stream is recovered as a permeate stream, with the less-
readily permeable component being withdrawn from the membrane system as a non-permeate
stream.

Membranes are widely used to separate permeable components from gaseous
feed streams. Examples of such process applications include removal of acid gases from
natural gas streams, removal of water vapor from air and light hydrocarbon streams, and
removal of hydrogen from heavier hydrocarbon streams. Membranes are also employed in
gas processing applications to remove permeable components from a process gas stream.

Membranes for gas processing typically operate in a continuous manner,
wherein a feed gas stream is introduced to the membrane gas separation module on a non-
permeate side of a membrane. In most natural gas membrane applications, the feed gas is
introduced at separation conditions which include a separation pressure and temperature
which retains the components of the feed gas stream in the vapor phase, well above the dew
point of the gas stream, or the temperature and pressure condition at which condensation of
one of the components might occur. The feed gas stream fed to the gas separation membrane
may contain a substantial amount of moisture and condensable hydrocarbons. These

condensable components can cause problems in downstream equipment, such as
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condensation in the membrane elements, thereby causing membrane swelling, or coating of
the membrane surface, leading to decreased permeability. In order to compensate for the
performance reduction caused by condensation of the feed gas stream during the lifetime of a
membrane system, such membrane systems are often oversized to compensate for the loss of
membrane surface over the useful life of the membrane. However, for high volume gas
treating application, this over design of membrane capacity can be very costly, increasing the
cost of a membrane system.

In order to provide optimal conditions for membrane operation and extend the
membrane life, various processes pre treat the natural gas prior to sending it to the gas
separation membrane. One such pretreatment process uses a thermal swing adsorption
(TSA). These TSA units use aluminosilicate type adsorbents to remove heavier hydrocarbons
and water from the natural gas. Additionally, mercury and other contaminants can be
removed with such a pretreatment unit too. This pretreatment prevents condensation in the
membrane process and the subsequent coating of the membrane surface with heavy
hydrocarbons, thereby extending membrane life. The removal of components in the
pretreatment may also contribute in meeting the downstream product specification of the
natural gas stream.

In order to control the size of the pretreatment unit, the temperature of the wet
feed gas entering the pretreatment unit is typically first cooled from, for example, between 40
to 45°C (104 to 113 °F) down to 15 to 20°C (59 to 68 °F) (which is 5°C (9 °F) above the
hydrate formation temperature associated with the hydrocarbons) to allow liquid water and
hydrocarbons to be separated from the gas stream that is routed to the TSA unit. If the wet
feed stream is cooled to the hydrate formation temperature, hydrates may form in the heat
exchanger and foul same or damage downstream equipment. The cooling may be
accomplished by externally chilling the wet feed gas, or by exchanging heat between the wet
feed gas and other gas streams, or by a combination of the two. As will be appreciated the use
of external chilling requires equipment and increases the operating cost for a processor.
Additionally, the limit of the hydrate formation temperature has been a limit to the existing
streams that have typically been cross exchanged with the wet gas feed.

Therefore, it would be desirable for one or more effective and efficient
processes that utilize existing low temperature gas streams to cool a feed gas to a membrane

guard unit.
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SUMMARY OF THE INVENTION

One or more processes have been invented for cooling a feed stream to a
membrane guard bed unit, in which a lower temperature gas stream is utilized to cool the feed
stream. By utilizing an existing stream, there is no need to provide an external cooling
stream, and thus, less equipment and lower utility consumption may be appreciated.

Accordingly, in a first aspect of the present invention, the present invention
may be broadly characterized as providing a process for removing compounds from a natural
gas stream to provide a feed stream for a membrane separation unit by: removing heat from a
wet feed stream to provide a cooled wet feed stream; separating water and heavy
hydrocarbons from the cooled wet feed stream to provide a cleaned feed stream; and,
removing heat from the cleaned feed stream to provide a cooled cleaned feed stream. The
heat is removed from the cleaned feed stream by a cooling stream having a temperature
below a hydrate formation temperature for the wet feed stream. The cooled cleaned feed
stream, which has a temperature above the hydrate formation temperature for the wet feed
stream, 1s used to remove heat from the wet feed stream. In addition, heat exchanger wall
temperature of the cold stream also has to be above the hydrate formation temperature of the
wet feed stream.

In one or more embodiments of the present invention, the process includes
separating carbon dioxide from the cooled cleaned feed stream in a membrane separation unit
to provide a carbon dioxide lean stream. It is contemplated that the carbon dioxide lean
stream comprises the cooling stream.

In at least one embodiment of the present invention, the cooling stream has a
temperature between -15 to 15 °C (5 to 59 °F).

In some embodiments of the present invention, the process includes removing
heat from the cooled cleaned feed stream after the cooled cleaned feed stream has removed
heat from the wet feed stream. It is contemplated that the cooling stream removes heat from
the cooled cleaned feed after the cooled cleaned feed stream has removed heat from the wet
feed stream.

In one or more embodiments of the present invention, the process further
includes combining a portion of the cleaned feed stream with the cooled cleaned feed stream,

after the cooled cleaned feed stream has removed heat from the wet feed stream.
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In various embodiments of the present invention, the process includes the
separation of water and heavy hydrocarbons from the cooled wet feed stream in a phase
separation vessel as a liquid stream. It is contemplated that water and heavy hydrocarbons are
further separated from the cooled wet feed stream in a separation zone. It is further
contemplated that the separation zone comprises a portion of a thermal swing adsorption unit
including at least one an adsorption vessel having an adsorbent.

In a second aspect of the present invention, the present invention may be
characterized as providing a process for removing compounds from a natural gas stream to
provide a feed stream for a membrane separation unit by: passing a wet feed stream to a first
heat exchange zone to remove heat from the wet feed stream and to provide a cooled wet feed
stream; separating water and heavy hydrocarbons from the cooled wet feed stream in a guard
bed zone to provide a cleaned feed stream; passing the cleaned feed stream to a second heat
exchange zone to remove heat from the cleaned feed stream with a cooling stream and to
provide a cooled cleaned feed stream; and, passing the cooled cleaned feed stream to the first
heat exchange zone to remove heat from the wet feed stream. The cooling stream heat
exchanger wall temperature may have a temperature below a hydrate formation temperature
for the wet feed stream. So, both heat exchanger wall temperature and cooling stream
temperature have to be above the hydrate formation temperature of the wet feed stream.

In some embodiments of the present invention, the process includes passing
the cooled cleaned feed stream from the first heat exchange zone to a third heat exchange
zone to remove heat from the cooled cleaned feed stream. It is contemplated that the process
includes passing the cooling stream from the second heat exchange zone to the third heat
exchange zone. It is also contemplated that the process includes passing the cooled cleaned
feed stream from the third heat exchange zone to a membrane separation zone. It is further
contemplated that the cooling stream is passed from the membrane separation zone to the
second exchange zone.

In one or more embodiments of the present invention, the first heat exchange
zone comprises a heat exchanger and the third heat exchange zone comprises a heat
exchanger. It is contemplated that the heat exchanger in the first heat exchange zone and the
heat exchanger in the third heat exchange zone may be formed into a single unit. It is also
contemplated that the heat exchanger in the first heat exchange zone and the heat exchanger

in the third heat exchange zone are separated.
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In various embodiments of the present invention, the cooling stream comprises
a gaseous stream from a membrane separation zone.

In at least one embodiment of the present invention, the guard bed zone
comprises a thermal swing adsorption unit. It is contemplated that the thermal swing
adsorption unit includes a phase separation vessel.

Additional aspects, embodiments, and details of the invention, which may be

combined in any manner, are set forth in the following detailed description of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS
One or more exemplary embodiments of the present invention will be
described below in conjunction with the following drawing figures, in which:
Figure 1 shows a process flow diagram of one or more processes according to
the present invention; and,
Figure 2 shows another process flow diagram of one or more processes

according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, one or more processes have been invented for cooling a
feed stream to a membrane guard bed unit, in which a low temperature gas stream is utilized
to cool the feed stream. By first cooling the feed stream, the guard bed unit can be smaller.
Additionally, by using an existing stream, the processes may lead to utility savings as the
process may not require an external cooling. In systems which process feeds having a very
high carbon dioxide amounts (e.g., 20% carbon dioxide or greater), the residue gas is very
cold (5 °C (41°F)). However, such a low temperature is below the hydrate formation
temperature (typically between 10°C and 15°C (50 and 59 °F)) of the wet feed stream. Thus,
the use of such a stream may lead to the formation of hydrates in the heat exchanger as the
tube temperature is lower than the hydrate formation temperature of the wet feed gas.
However, by utilizing an intermediary stream, the low temperature residue stream may be
used as the cooling stream. In addition to the intermediary stream, a portion of the feed steam
may also be cooled by the cooling stream, but after the cooling stream has cooled the

intermediary stream.
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With these general principles in mind, one or more embodiments of the
present invention will be described with the understanding that the following description is
not intended to be limiting.

As shown in Figure 1, in various embodiments of the present invention, a wet
feed stream10 is cooled in a first heat exchange zone 12 to provide a cooled wet feed stream
14. The wet feed stream 10 comprises a natural gas stream including hydrocarbons such as
methane and other gaseous compounds including water, carbon dioxide, hydrogen sulfide and
the like. Accordingly, if the temperature of the cooled wet feed stream 14 is too low
(typically less than 15 °C (59 °F)), hydrates can form in the line and cause fouling in the heat
exchange zone 12 and damage downstream equipment.

Typically, the wet feed stream 10 is cooled via an external chilling, cross
exchanging with other streams, or a combination of both. The use of an external chilling
increases utility costs and may require additional equipment. Similarly, cross exchanging
with existing streams may not provide as low a temperature that is desired. As will be
explained in more detail, the present invention utilizes an existing stream to cool the wet feed
stream 10 in a surprising and unconventional manner, as the existing stream may often have a
temperature that is below the hydrate formation temperature of the wet feed stream 10.

Returning to Figure 1, the cooled wet feed stream 14 is passed to a separation
zone or a guard bed zone 16 being configured to separate water and heavy hydrocarbons from
the cooled wet feed stream 14 to provide a cleaned feed stream 18. The guard bed zone 16
may include an adsorbent in a vessel or a plurality of vessels configured as a temperature
swing adsorption unit (TSA) which is known in the art as disclosed for example in U.S. Pat.
No.7,803,215, the entirety of which is incorporated herein by reference. In addition to
removing water and heavy hydrocarbons, some guard bed zones 16 may also remove mercury
and hydrogen sulfide, depending on the adsorbents contained therein. In addition, in the
alternative, or both, the guard bed zone 16 may comprise a phase separation vessel. Instead
of a TSA, the guard bed zone may utilize glycol absorption or a supersonic separator such as
the Twister ™.

From the guard bed zone 16, the cleaned feed stream 18 is cooled in a second
heat exchange zone 20 with a cooling stream 22 to provide a cooled cleaned feed stream 24.
The cooling stream 22 has a temperature that is preferably between -15 to 15 °C (5 and 59

°F), or between 0 to 5 °C (32 and 41 °F), and most preferably comprises an existing process
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stream. A preferred source for the cooling stream 22 is discussed herein below. Since water
has been removed in the guard bed zone 16, there is no possibility for the formation of
hydrates within the stream. Therefore, the cleaned stream 18 can be heat exchanged with the
cooling stream 22 having a temperature below the hydrate formation temperature of the wet
feed stream 10.

The cooled cleaned feed stream 24 is passed to the first heat exchange zone 12
to cool the wet feed stream 10. After the cooled cleaned feed stream 24 has removed heat
from the wet feed stream 10 in the first heat exchange zone 12, the cooled cleaned feed
stream 24 may be exchanged once again with the cooling stream 22 in a third heat exchange
zone 26 (and after the cooling stream 22 has cooled the cleaned feed stream 18 in the second
heat exchange zone 20). From the third heat exchange zone 26, the cooled cleaned feed
stream 24 may be passed to a membrane separation unit 28, which is discussed in more detail
below.

Each of the heat exchange zones 12, 20, 26 preferably comprises one or more
heat exchangers, such as tube in shell, plate and frame, hairpin, radial heat exchangers, or
compact diffusion bonded printed circuit heat exchangers. It is contemplated that one or more
of the heat exchangers are formed into a single unit. In other words, the heat exchanger may
be a single unit with a single housing facilitating the cross exchange of heat between a
plurality of sets of streams. For example, in some embodiments, the heat exchanger in the
first heat exchange zone 12 and the heat exchanger in the third heat exchange zone 26 may be
combined. In other embodiments, the heat exchanger in the second heat exchange zone 20
and the heat exchanger in the third heat exchange zone 26 may be combined. In still a further
embodiment, the heat exchanger in the first heat exchange zone 12 and the heat exchanger in
the third heat exchange zone 26 may be combined. In at least one embodiment, all three heat
exchanges in the heat exchange zones 12, 20, 26 may be combined. Such heat exchangers
are known in the art.

As shown in Figure 1, the membrane separation unit 28 utilizes a membrane to
remove the carbon dioxide from the cooled cleaned feed stream 24 and provide a residue
stream 30 comprising the desired hydrocarbons, as well as other gaseous not yet removed--
for example nitrogen in some cases. Additionally, a permeate stream 32 from the membrane
separation unit will be rich in carbon dioxide (compared to the cooled cleaned feed stream

24). The further processing of the permeate stream 32 is not necessary for the understanding
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of the present invention. The configuration of the membrane separation unit 28 is not
necessarily important to the present invention. Exemplary membrane separation units 28 are
described in U.S. Pat. Pub. No0.2013/0206672 and WO 2012/050816, the entirety of both of
which are incorporated herein by reference. Additionally, an exemplary membrane is
disclosed in U.S. Pat. No.8,083,834, the entirety of which is incorporated herein by reference.
The amount of carbon dioxide in the wet feed stream 10, and more particularly the cooled
cleaned feed stream 24 will have an impact on the temperature of the residue stream 30 from
the membrane separation unit 28. More particularly, the more carbon dioxide in the wet feed
stream 10, the lower the residue stream 30 temperature will be. For example, if the amount of
carbon dioxide in the wet feed stream 10 is 25%, the resulting residue stream 30 may have a
temperature of 5 °C (41 °F). Thus, this temperature is below the hydrate formation
temperature associated with the wet feed stream 10. However, it has been discovered that by
utilizing the cooled cleaned feedstream 24 as an intermediary stream, the residue stream 30,
with a temperature below that of hydrate formation temperature of the wet feed stream 10,
can be used to cool the wet feed stream 10 without cooling it below the hydrate formation
temperature. Thus, as shown in the Figure, the residue stream 30 can be used as the cooling
stream 22, discussed above, which cools the cleaned feed stream 18 to form the cooled
cleaned feed stream 24. After exchanging heat in the third heat exchange zone 26, the residue
stream 30 (as the cooling stream 22) may be processed further to remove other components,
or exported.

Turning to Figure 2, in various embodiments of the present invention, similar
elements are denoted with the same reference numerals as discussed in regards to the
embodiment discussed in Figure 1.

In Figure 2, the wet feed stream 10 is split into at least two portions, and a first
portion 10a is passed to the first heat exchange zone 12 to form a first cooled wet feed stream
11a. The second portion 10b is passed to the third heat exchange zone 26 to form a second
cooled wet feed stream 11b. The second cooled wet feed stream 11b may be combined with
the first cooled wet feed stream 11a to form the cooled wet feed stream 14 which is passed to
the guard bed zone 16.

At least a portion of the cleaned feed stream 18 form the guard bed zone 16 is
cooled in the second heat exchange zone 20, by the cooling stream 22, to form the cooled

cleaned feed stream 24. After, the cooled cleaned feed stream 24 is passed to the first heat
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exchange zone 12 to cool the first portion 10a of the wet feed stream 10, the cooled cleaned
feed stream 24 may be passed to the membrane separation unit 28. As depicted in Figure 2, a
second portion 18a of the cleaned feed stream 18 may be combined with the cooled cleaned
feed stream 24 without passing to the second heat exchange zone 20.

In comparison with the process depicted in the Figure 1, the process depicted
in Figure 2 should have less pressure drop as the amount of process fluids passed to the
various heat exchanges zones is less. This will also allow for smaller heat exchangers in the
various heat exchanges zones. Again, two or more of the heat exchanges from the various
heat exchange zones may be combined.

Other modifications may be made to the depicted embodiments to practice the
principles of the present invention.

In a theoretical modeling to demonstrate the principles of the present
invention, cooling streams with a temperature between 5 and 6 °C (41 and 43 °F) (ie, a
residue stream associated with a high carbon dioxide feed) was used to cool a feed stream
with a temperature of 40 °C (104 °F). The various temperatures are shown in the below table,
Table 1.

TABLE 1

Stream (ref. no. from the Figures) Fig. 1 Temperature Fig. 2 Temperature

wet feed stream (10) 40.0 °C (104 °F) 40.0 °C (104 °F)

cooled wet feed stream (14) 22.9°C(73.2 °F) 22.4°C (72.3 °F)

cleaned feed stream (18)

25.3 °C (77.5°F)

25.8 °C (78.4°F)

cooled cleaned feed stream (24)

16.5 °C (61.7°F)

14.0 °C (57.2°F)

cooled cleaned feed stream (24) after
the first heat exchange zone (12) (and
before third heat exchange zone (26) in
Fig. 1)

37.6 °C (99.7°F)

24.7 °C (76.5°F)

cooled cleaned feed stream (24) after

third heat exchange zone (26)

25.0 °C (77 °F)

cooling stream (22)

5.6 °C (42.1°F)

5.2°C (41.4°F)

cooling stream (22) between second

heat exchange zone (20) and third heat

17.8 °C (64.0°F)

17.6 °C (63.7°F)

10
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exchange zone (26)

cooling stream (22) after third heat 35.8 °C (96.4°F) 36.1 °C (97.0°F)

exchange zone (26)

Thus, an existing stream having a temperature below the hydrate formation
temperature may be utilized a cooling stream for a pretreatment of a feed to a membrane
separation unit in accordance with the various embodiments as aspects of the present
invention. By utilizing the existing stream, there is less reliance on external cooling to ensure
that the guard bed is operating efficiently. Thus, the use of the existing stream is made
possible even if the existing stream is a low temperature stream that has a temperature below
the hydrate formation temperature of the wet feed stream.

It should be appreciated and understood by those of ordinary skill in the art
that various other components such as valves, pumps, filters, coolers, etc. were not shown in
the drawings as it is believed that the specifics of same are well within the knowledge of
those of ordinary skill in the art and a description of same is not necessary for practicing or

understating the embodiments of the present invention.

SPECIFIC EMBODIMENTS

While the following is described in conjunction with specific embodiments, it will be
understood that this description is intended to illustrate and not limit the scope of the
preceding description and the appended claims.

A first embodiment of the invention is a process for removing compounds from a
natural gas stream to provide a feed stream for a membrane separation unit, the process
comprising removing heat from a wet feed stream to provide a cooled wet feed stream;
separating water and heavy hydrocarbons from the cooled wet feed stream to provide a
cleaned feed stream; and, removing heat from the cleaned feed stream to provide a cooled
cleaned feed stream, wherein heat is removed from the cleaned feed stream by a cooling
stream having a temperature below a hydrate formation temperature for the wet feed stream,
and wherein the cooled cleaned feed stream is used to remove heat from the wet feed stream.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising separating carbon dioxide

from the cooled cleaned feed stream in a membrane separation unit to provide a carbon
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dioxide lean stream. An embodiment of the invention is one, any or all of prior embodiments
in this paragraph up through the first embodiment in this paragraph wherein the carbon
dioxide lean stream comprises the cooling stream. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the cooling stream has a temperature between -15 to 15 °C (5 to 59 °F).
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising removing heat from the
cooled cleaned feed stream after the cooled cleaned feed stream has removed heat from the
wet feed stream. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising
combining a portion of the cleaned feed stream with the cooled cleaned feed stream, after the
cooled cleaned feed stream has removed heat from the wet feed stream. An embodiment of
the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein water and heavy hydrocarbons are separated from the
cooled wet feed stream in a phase separation vessel as a liquid stream. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein water and heavy hydrocarbons are further separated
from the cooled wet feed stream in a separation zone. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the separation zone includes a thermal swing adsorption unit having at
least one an adsorption vessel including an adsorbent.

A second embodiment of the invention is a process for removing compounds from a
natural gas stream to provide a feed stream for a membrane separation unit, the process
comprising passing a wet feed stream to a first heat exchange zone to remove heat from the
wet feed stream and to provide a cooled wet feed stream; separating water and heavy
hydrocarbons from the cooled wet feed stream in a guard bed zone to provide a cleaned feed
stream; passing the cleaned feed stream to a second heat exchange zone to remove heat from
the cleaned feed stream with a cooling stream and to provide a cooled cleaned feed stream;
and, passing the cooled cleaned feed stream to the first heat exchange zone to remove heat
from the wet feed stream, wherein the cooling stream has a temperature below a hydrate
formation temperature for the wet feed stream. An embodiment of the invention is one, any

or all of prior embodiments in this paragraph up through the second embodiment in this
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paragraph further comprising passing the cooled cleaned feed stream from the first heat
exchange zone to a third heat exchange zone to remove heat from the cooled cleaned feed
stream. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the second embodiment in this paragraph further comprising passing
the cooling stream from the second heat exchange zone to the third heat exchange zone. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph further comprising passing the cooled
cleaned feed stream from the third heat exchange zone to a membrane separation zone. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph, wherein the cooling stream is passed from
the membrane separation zone to the second exchange zone. An embodiment of the invention
is one, any or all of prior embodiments in this paragraph up through the second embodiment
in this paragraph wherein the first heat exchange zone comprises a heat exchanger and the
third heat exchange zone comprises a heat exchanger. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the second embodiment in
this paragraph wherein the heat exchanger in the first heat exchange zone and the heat
exchanger in the third heat exchange zone are formed into a single unit. An embodiment of
the invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph wherein the heat exchanger in the first heat exchange zone and
the heat exchanger in the third heat exchange zone are separated. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph wherein the cooling stream is comprises a gaseous stream from
a membrane separation zone. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph wherein
the guard bed zone comprises a thermal swing adsorption unit. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph wherein the thermal swing adsorption unit includes a phase
separation vessel.

Without further elaboration, it is believed that using the preceding description that one
skilled in the art can utilize the present invention to its fullest extent and easily ascertain the
essential characteristics of this invention, without departing from the spirit and scope thereof,

to make various changes and modifications of the invention and to adapt it to various usages
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and conditions. The preceding preferred specific embodiments are, therefore, to be construed
as merely illustrative, and not limiting the remainder of the disclosure in any way whatsoever,
and that it is intended to cover various modifications and equivalent arrangements included
within the scope of the appended claims.

In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and

percentages are by weight, unless otherwise indicated.
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CLAIMS

What is claimed is:

1. A process for removing compounds from a natural gas stream to
provide a feed stream for a membrane separation unit, the process comprising:

passing a wet feed stream (10) to a first heat exchange zone (12) to remove
heat from the wet feed stream (10) and to provide a cooled wet feed stream (14);

separating water and heavy hydrocarbons from the cooled wet feed stream
(14) in a guard bed zone (16) to provide a cleaned feed stream (18);,

passing at least a portion of the cleaned feed stream (18) to a second heat
exchange zone (20) to remove heat from the cleaned feed stream (18) with a cooling
stream (22) and to provide a cooled cleaned feed stream (24); and,

passing the cooled cleaned feed stream (24) to the first heat exchange zone
(12) to remove heat from the wet feed stream (10),

wherein the cooling stream (22) has a temperature below a hydrate formation

temperature for the wet feed stream (10).

2. The process of claim 1further comprising:
passing the cooled cleaned feed stream (24) from the first heat exchange zone
(12) to a third heat exchange zone (26) to remove heat from the cooled cleaned feed

stream.

3. The process of claim 2 further comprising:
passing the cooling stream (22) from the second heat exchange zone (20) to

the third heat exchange zone (26).

4. The process of claims 2 or 3 further comprising:
passing the cooled cleaned feed stream (24) from the third heat exchange zone

(26) to a membrane separation zone (28).

5. The process of claim 4, wherein the cooling stream (22) is passed from

the membrane separation zone (28) to the second exchange zone (20).
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6. The process of claim 1 wherein each heat exchange zone (12, 20, 26)
comprises a heat exchanger and wherein the heat exchanger in at least two heat

exchange zones (12, 20, 26) are formed into a single unit.

7. The process of claim 1 wherein the cooling stream (22) comprises a

gaseous stream from a membrane separation zone (28).

8. The process of claim 1 wherein the guard bed zone (16) comprises a

10 thermal swing adsorption unit.

9. The process of claim 8 wherein the thermal swing adsorption unit includes a

phase separation vessel.

15 10. The process of claim 1 further comprising:
combining a portion of the cleaned feed stream (18) with the cooled cleaned
feed stream (24) after the cooled cleaned feed stream (24) has passed through the first heat

exchange zone (12).
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