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(57) Abrégé/Abstract:

In a process for the separation of a stream containing carbon dioxide, water and at least one light impurity including a separation
step at subambient temperature, the feed stream (1, 3) is compressed in a compressor (C1, C2, C3) comprising at least two stages
to form a compressed feed stream (7), the compressed feed stream is purified in an adsorption unit (A1, A2) to remove water and
form a dried compressed stream (9, 11), the dried compressed stream or a stream derived therefrom is cooled to a subambient
temperature and separated by partial condensation and/or distillation in a separation apparatus (19, 31), liquid enriched in carbon
dioxide (37, 43) is removed from the separation apparatus, the adsorption unit is regenerated using a regeneration gas (25, 53)
and the regeneration gas is formed by separating,by permeation in a permeation unit (21, 51), the dried compressed stream (9) or
a gas (19) derived therefrom, the permeate of the permeation unit constituting the regeneration gas.
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(57) Abstract: In a process for the separation of a stream containing carbon dioxide, water and at least one light impurity including a
separation step at subambient temperature, the feed stream (1, 3) is compressed in a compressor (C1, C2, C3) comprising at least two
stages to form a compressed feed stream (7), the compressed feed stream is puritied in an adsorption unit (A1, A2) to remove water
and form a dried compressed stream (9, 11), the dried compressed stream or a stream derived therefrom is cooled to a subambient
temperature and separated by partial condensation and/or distillation in a separation apparatus (19, 31), liquid enriched in carbon di -
oxide (37, 43) is removed from the separation apparatus, the adsorption unit is regenerated using a regeneration gas (25, 53) and the
regeneration gas is formed by separating,by permeation in a permeation unit (21, 51), the dried compressed stream (9) or a gas (19)
derived therefrom, the permeate of the permeation unit constituting the regeneration gas.
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Process and apparatus for the separation of a stream containing carbon
dioxide, water and at least one light impurity including a separation step at
subambient temperature.

The present invention relates to a process and an apparatus for the
separation of a stream containing carbon dioxide, water and at least one light
impurity including a separation step at subambient temperature.

Oxycombustion flue gases are generally purified using a separation step at
subambient temperature to produce pure CO2. Upstream of the separation step
the flue gas is purified by adsorption to remove water. The adsorption unit typically
comprises two beds which operate according to a cycle, the cycles being timed so
that the flue gas can be purified at all times. It is necessary to regenerate the
adsorption unit by sending a dry gas through the bed to eliminate the accumulated
humidity.

The dried flue gas is sent from the adsorption unit to the separation unit to
be separated by subambient temperature distillation using at least one phase
separator and/or a distillation column. Non condensable gases are removed from
the separation unit and still contain a significant portion of CO2. CO2 can be
recovered from these non-condensable gases via a permeation device, an
adsorption device (Pressure Swing Adsorption or Vacuum Pressure Swing
Adsorption). The dried flue gas typically contains at least 65% carbon dioxide or
even at least 70% carbon dioxide and at least 1% oxygen. A maximum percentage
for the carbon dioxide content could be 95%.

It is known from US-A-8012446 to regenerate the adsorption unit with the
permeate of a membrane device at low pressure and recycle the permeate to the
boiler or the environmental island. This allows for impurities regenerated from the
dryer to be efficiently handled in the environmental island or the boiler itself
(desulfurization steps and/or combustion in the boiler and/or NOx production
mitigation in the boiler).

It is also known from WO-A-2007/126972 to separate the feed in a phase

separator and send the liquid formed to a distillation column producing pure carbon
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dioxide. In this case, the gas from the phase separator is mixed with the column
top gas and used to regenerate the adsorption unit.

1. EP-A-0596470 describes a process for the separation of a stream
containing carbon dioxide, water and at least one light impurity including a
separation step at subambient temperature wherein:

i) the stream is compressed in a compressor comprising at least two stages

to form the feed stream and the feed stream contains at least 65 mol.%

carbon dioxide,

i) the feed stream is purified in an adsorption unit to remove water and form

a dried compressed stream,

iif) the dried compressed stream or a stream derived therefrom is cooled to

a subambient temperature and separated by partial condensation and

distillation in a separation apparatus,

iv)liquid enriched in carbon dioxide is removed from the separation

apparatus,

v) the adsorption unit is regenerated using a regeneration gas,

Vi) the gas from the phase separator is separated in a
permeation unit.

One advantage of the present invention is that it valorizes the permeate
pressure by recycling the permeate into the feed gas compressor at an inter-stage
thereof, thus improving the energy efficiency of the system.

Low temperature operation of such a membrane system can greatly improve
efficiency, as shown in US-A-20120111051. Because of this advantage, it is
possible to maintain high CO2 recovery despite increasing the permeate pressure

The drying stage may be placed downstream of the third or the fourth stage
of compression. The permeate of the membrane unit is recycled upfront of the
dryer.

Several embodiments are possible:

1. CPU (cold purification unit) + membrane, permeate recycled after dryers
regeneration at an inter-stage of the compressor

CA 2875795 2019-12-20
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2. CPU + two stages of membranes in series, one permeate regenerates
the dryers and is recycled in the compressor, the other permeate is sent to the
boiler. The permeate which has the highest oxygen concentration would be
recycled to the boiler so as to valorize the oxygen and reduce ASU production

According to an object of the invention, there is provided a process for the
separation of a stream containing carbon dioxide, water and at least one light
impurity including a separation step at subambient temperature wherein:

i) the stream is compressed in a compressor comprising at least two stages
to form the feed stream and the feed stream contains at least 65 mol.% carbon
dioxide,

ii) the feed stream is purified in an adsorption unit to remove water and form
a dried compressed stream,

i) the dried compressed stream or a stream derived therefrom is cooled to
a subambient temperature and separated by partial condensation and distillation in
a separation apparatus,

iv)liquid enriched in carbon dioxide is removed from the separation
apparatus,

v) the adsorption unit is regenerated using a regeneration gas,

vi) the gas from the phase separator is separated in a permeation unit; and

wherein the regeneration gas is the permeate of the permeation unit.

According to other optional aspects of the invention:

- the non-permeate of the permeation unit is warmed and removed.

- the permeation unit has an entry temperature of between -60°C and -
10°C.

- the non-permeate of the permeation unit is separated in a further
permeation unit, the permeate of the further permeation unit being sent upstream
of a stage of the compressor.

- the further permeation unit has an entry temperature of between -
60°C and -10°C.

- the permeation unit has an entry temperature between ambient

temperature and -10°C.
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- the liquid enriched in carbon dioxide vaporizes to produce refrigeration
to cool the dried compressed stream or the non-permeate derived therefrom.

- the regeneration gas is sent from the adsorption unit to the compressor
downstream of at least one stage of the compressor.

- the permeate of the permeation unit has a lower carbon dioxide purity
than the gas which feeds the permeation unit.

- the permeate of the permeation unit has a higher purity in the at least
one light component than the gas which feeds the permeation unit.

- the dried compressed stream is further compressed prior to the
permeation step.

- the dried compressed stream is further compressed prior to the cooling
step.

- the at least one light component is chosen from the group comprising
hydrogen, oxygen, nitrogen, argon, carbon monoxide, nitrogen oxide.

According to an object of the invention, there is provided an apparatus for
the separation of a stream containing carbon dioxide, water and at least one light
impurity including a compressor comprising at least two stages for compressing
the stream to form the feed stream, an adsorption unit for purifying a feed stream
to remove water and form a dried stream, a heat exchanger for cooling the dried
stream or a stream derived therefrom to a subambient temperature, a separation
apparatus comprising a phase separator for separating by partial condensation and
a distillation column for separating by distillation, a conduit for removing liquid
enriched in carbon dioxide from the separation apparatus, a conduit for sending
regeneration gas to the adsorption unit, a permeation unit for separating the gas
from the phase separator and a conduit for removing a permeate of the permeation

unit as the regeneration gas

According to other optional aspects of the invention:
- a phase separator for separating the cooled dried compressed stream or
a gas derived therefrom and a conduit for sending the gas from the phase

separator to the permeation unit.
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- a conduit for sending the non-permeate of the permeation unit to the
heat exchanger to be warmed.

- the permeation unit is located within an insulated enclosure.

- the apparatus comprises a further permeation unit, a conduit for sending
the non-permeate of the permeation unit to be separated in the further permeation
unit and a conduit for sending the permeate of the further permeation unit
upstream of a stage of the compressor.

- the further permeation unit is located within an insulated enclosure.

- the permeation unit is located outside the insulated enclosure.

- the apparatus comprises means for sending the liquid enriched in
carbon dioxide to the heat exchanger to be vaporized to produce refrigeration to
cool the dried compressed stream or the non-permeate derived therefrom.

- a conduit for sending the regeneration gas from the adsorption unit to
the compressor downstream of at least one stage of the compressor.

- the apparatus comprises a compressor for compressing the dried
compressed stream prior to the permeation step and/or prior to the cooling step.

The invention will be described in greater detail with reference to the figures
which illustrate processes according to the invention.

In Figure 1, a mixture of carbon dioxide, nitrogen and oxygen containing
between 65 and 95% mol. carbon dioxide is separated in a filter F to remove
particles and then compressed as stream 3 in compressor stage C1 and then
cooled in cooler R1 to form stream 5. Stream 5 is further compressed in
compressor stage C2, cooled in cooler R2, compressed in compressor stage C3
and cooler in cooler R3 to form stream 7. Stream 7 is purified in adsorber A2 to
remove any remaining humidity and then further compressed in compressor stage
C4 and cooled in cooler R4. The dried stream 11 cooled in R4 is cooled in heat
exchanger 13 which is a brazed plate fin heat exchanger. This causes stream 11 to
condense partially and the partially condensed stream is sent from the cold end of
the heat exchanger 13 to phase separator 15. The liquid 17 produced in the phase
separator 15 is sent to the top of the column 31 after expansion in valve 29. The

liquid 17 is then separated to form a carbon dioxide rich liquid at the bottom of the
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column and a gas 33 enriched in light impurities at the top of the column. The gas
33 is warmed in heat exchanger 13 and recycled downstream of the absorbent
beds A1, A2 and upstream of compressor stage C4 as part of the feed stream 9.

The liquid 35 is divided in two. One part 37 is vaporized in the heat
exchanger 13. The vaporized liquid is then divided in two, one part 39 being sent to
the bottom of the column 31 and the rest 41 being sent to the inlet of a compressor
stage C6.

Liquid 43 from the bottom of the column 31 is expanded in valve 36 and
vaporized in the heat exchanger 13 at a lower pressure than stream 37 and sent to
the inlet of a compressor stage C5, cooled by cooler R5, mixed with stream 41,
compressed in compressor stage C6, compressed in compressor stage C7, cooled
in cooler R7, compressed in compressor stage C8, cooler in cooler R8 and
condensed in cooler R9 before being pressurized in pump P to form a pressurized
liquid product stream.

The adsorbent beds A1, A2 are regenerated using gas 25 produced in
membrane separator 21. The gas19 from phase separator 15 is separated in the
membrane separator 21, to produce a permeate stream 25 which is not warmed in
exchanger 13 but is used to cool a stream in exchanger E1, warmed in exchanger
E2 and then sent to adsorbent bed A1, A2, depending which bed is in service. The
gas used to regenerate the bed not in service is then sent to exchanger E3 and
recycled into the feed stream 5 downstream of compressor stage C1. The non-
permeate 23 from membrane separator 21 is warmed and disposed of in the
atmosphere.

The process of Figure 2 differs from that of Figure 1 in that two membrane
separators 21, 22 are used in series. Permeate stream 25 at 1.1 bar from
membrane 21is still used to regenerate the adsorbent beds but the non permeate
23 is further separated in further membrane separator 22 to form permeate 26
which is recycled at 2.5 bars downstream of cooler R1. In this case, the
regeneration gas is sent to exchanger E3 and then is sent to the boiler from which
feed 1 originates.

CA 2875795 2019-12-20
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In these cases, the inlet temperature for the membrane separator 21, 22
varies between -60°C and -10°C.

In the cases of Figures 1 and 2, the heat exchanger, phase separator,
membrane unit 21 and the column 31 are located within an insulated enclosure

5 (not shown), to maintain the temperature of operation at a subambient level.
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Claims

1. Process for the separation of a stream containing carbon dioxide, water
and at least one light impurity including a separation step at subambient
temperature wherein:

i) the stream is compressed in a compressor comprising at least two stages

to form the feed stream and the feed stream contains at least 65 mol.%

carbon dioxide,

i) the feed stream is purified in an adsorption unit to remove water and form

a dried compressed stream,

iif) the dried compressed stream or a stream derived therefrom is cooled to

a subambient temperature and separated by partial condensation and

distillation in a separation apparatus,

iv) liquid enriched in carbon dioxide is removed from the separation

apparatus,

v) the adsorption unit is regenerated using a regeneration gas,

vi) the gas from the phase separator is separated in a permeation unit; and

wherein the regeneration gas is the permeate of the permeation unit.

2. Process according to Claim 1, wherein a non-permeate of the

permeation unit is warmed and removed.

3. Process according to Claim 2, wherein the permeation unit has an entry
temperature of between -60°C and -10°C.

4. Process according to Claim 2 or 3, wherein the non-permeate of the
permeation unit is separated in a further permeation unit, the permeate of the
further permeation unit being sent upstream of a stage of the compressor.

5. Process according to Claim 4, wherein the further permeation unit has
an entry temperature of between -60°C and -10°C.

CA 2875795 2019-12-20



10

15

20

25

30

6. Process according to any one of claims 1 to 5, wherein the liquid
enriched in carbon dioxide vaporizes to produce refrigeration to cool the dried
compressed stream or a non-permeate derived therefrom.

7. Process according to any one of claims 1 to 6, wherein the regeneration
gas is sent from the adsorption unit to the compressor downstream of at least one
stage of the compressor.

8. Process according to any one of claims 1 to 7, wherein the permeate of
the permeation unit has a lower carbon dioxide purity than the gas which feeds the
permeation unit.

9. Apparatus for the separation of a stream containing carbon dioxide,
water and at least one light impurity including a compressor comprising at least two
stages for compressing the stream to form the feed stream, an adsorption unit for
purifying a feed stream to remove water and form a dried stream, a heat exchanger
for cooling the dried stream or a stream derived therefrom to a subambient
temperature, a separation apparatus comprising a phase separator for separating
by partial condensation and a distillation column for separating by distillation, a
conduit for removing liquid enriched in carbon dioxide from the separation
apparatus, a conduit for sending regeneration gas to the adsorption unit, a
permeation unit for separating the gas from the phase separator and a conduit for

removing a permeate of the permeation unit as the regeneration gas.

10. Apparatus according to Claim 9, comprising a conduit for sending the

non-permeate of the permeation unit to the heat exchanger to be warmed.

11. Apparatus according to Claim 9 or 10, wherein the permeation unit is

located inside or outside an insulated enclosure.
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12. Apparatus according to Claim 9, 10 or 11, comprising a further
permeation unit, a conduit for sending the non-permeate of the permeation unit to
be separated in the further permeation unit and a conduit for sending the permeate

of the further permeation unit upstream of a stage of the compressor.
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