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Abstract:

Processes and apparatuses for recovering a high purity carbon dioxide stream. A first separation zone
that may include a cryogenic fractionation column provides the high-purity CO2 stream. A vapor
stream from the cryogenic fractionation column is passed to a second separation zone to separate the
CO2 from the other components. The second separation zone may include a pressure swing
adsorption unit or a solvent separation unit. The second separation zone provides a hydrogen
enriched gas stream that may be used in a gas turbine. The second stream from the second separation
zone includes carbon dioxide and, after a pressure increase in a compressor, may be recycled to the
first separation zone.
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APPARATUSES AND PROCESSES
FOR THE RECOVERY OF CARBON DIOXIDE STREAMS

STATEMENT OF PRIORITY
[0001] This application claims priority to U.S. Provisional Patent Application No.
63/241,681, filed on September 8, 2021, the entirety of which is incorporated herein by
reference.

FIELD OF THE INVENTION
[0002] This invention relates generally (o apparatuses and processes for (he recovery

of carbon dioxide streams, and more particularly to the recovery of high pressure and/or high

purity carbon dioxide streams.

BACKGROUND OF THE INVENTION

[0003] Carbon dioxide (CO») products for transportation, often being sent to a
sequestration site, are required to be either a high-pressure gas, for transport via a pipeline, or
liquid, for transport via a ship transport, at relatively high purity (e.g., > 95 mol% or higher).
Moreover, stringent limits on specific impurities (e.g., carbon monoxide, sulfur components,
etc.) are generally imposed on the carbon dioxide products.

[0004] For example, gasification processes using fossil-fuel based feedstocks (such as
coal or petroleum coke) can be used to produce clean power and/or clean hydrogen. In such
gasification processes, carbon dioxide from the process may be recovered and sequestered
underground, while hydrogen and light hydrocarbons are supplied for various uses. Using
renewable/biomass feedstocks (alone or in combination with fossil-fuel feedstocks) may
further reduce the carbon footprint of gasification-based power or hydrogen production and
may even lead to carbon negative power and hydrogen.

[0005] As noted above, the carbon dioxide produced by gasification is typically
transported Lo a sequestration site. In light ol the previously mentioned constraints on the

carbon dioxide product for transport, current methods for carbon dioxide removal (such as
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physical solvents) from streams containing carbon dioxide, including effluent streams from a
gasification unit, are not optimal.
[0006] Therefore, there remains a need for effective and efficient processes for

producing high-purity carbon dioxide from certain carbon dioxide containing streams.

SUMMARY OF THE INVENTION
[0007] One or more processes and apparatuses have been invented which provide for
the effective and efficient production of high-purity carbon dioxide. The present invention
provides these solutions by using a carbon dioxide separation process.
[0008] For example, syngas trom a water-gas shitt reactor may be dried, chilled, and
fractionated in a cryogenic carbon dioxide fractionation process with a distillation column to
produce a high-purity carbon dioxide liquid bottoms product. The operating temperature of
this column is limited by the carbon dioxide phase diagram (triple point at -57 °C). Therefore,
a significant amount of carbon dioxide in the column overhead stream must be recovered. The
overhead stream includes other components that are separated from the overhead stream before
it may be recycled back to the column in order to achieve high carbon dioxide recovery from
the inlet gas. This second separation on the overhead stream may be accomplished by physical
or chemical solvents or by pressure swing adsorption (PSA). In particular, it is believed that
use of a PSA provides some unique benefits in terms of capital and operating costs and plot
space compared with a solvent separation.
[0009] Additionally, the remaining components of the column overhead stream may
result in a stream that is enriched in hydrogen and can be used to generate power in a gas
turbine and/or can be further purified in a second PSA unit to produce high-purity (> 99.9
mol%) hydrogen product.
[00010] Therefore, the present invention may be characterized, in at least one aspect, as
providing a process for producing a carbon dioxide stream by: separating, in a first separation
sone, a feed stream comprising carbon dioxide and one or more additional components
comprising hydrogen, nitrogen, carbon monoxide, methane, oxygen, argon, or mixtures thereof
into a carbon dioxide enriched stream and a carbon dioxide depleted stream enriched in said
one or more additional components; separating, in a second separation zone, the carbon dioxide
depleted stream into a [irst stream comprising said one or more additional components and a
second stream comprising at least 50% of the carbon dioxide in said carbon dioxide depleted

stream; and, separating the second stream in the [irst separation zone.
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[00011] The process may also include increasing the pressure of the second stream
before separating the second stream in the first separation zone.

[00012] The feed stream may be dried prior to separating the feed stream in the first
separation zone.

[00013] The [eed stream may be an elfluent [rfom a gasification zone. The gasilication

zone may receive a fossil fuel as a feed, a biomass as a feed, or a combination thereof.

[00014] The second separation zone may be a pressure swing adsorption zone.
[00015] The second separation zone may be a solvent separation zone.
[00016] The process may include splitting the second stream into a first portion that is

separated in the first separation zone and a second portion that comprises a product stream
comprising gaseous carbon dioxide.

[00017] The feed stream may be at least 20 mol% carbon dioxide. Additionally, the feed
stream may have a pressure of at least 25 bar(g).

[00018] In one or more aspects, the present invention may also broadly be characterized
as providing a process for producing a stream comprising carbon dioxide by: passing a feed
stream comprising carbon dioxide and one or more additional components comprising
hydrogen, nitrogen, carbon monoxide, methane, oxygen, argon, or combinations thereo[ (o a
first separation zone configured to separate the feed stream into a carbon dioxide enriched
stream and a carbon dioxide depleted stream enriched in said one or more additional
components, wherein the first separation zone comprises a cryogenic fractionation column;
recovering the carbon dioxide enriched stream from the first separation zone; passing the
carbon dioxide depleted stream to a second separation zone configured to separate the carbon
dioxide depleted stream into a first stream comprising said one or more additional components
and a second stream comprising at least 50% of the carbon dioxide in said depleted stream;
recovering the first stream from the second separation zone; and, passing the second stream to

the first separation zone.

[00019] The feed stream may be at least 20 mol% carbon dioxide.
[00020] The feed stream may have a pressure of at least 25 bar(g).
[00021] The second separation zone may include a pressure swing adsorption zone, a

solvent separation zone, or both.
[00022] The present invention, in one or more aspects, may be characterized, generally
as providing an apparatus for producing a stream comprising carbon dioxide having: a first

separation zone configured to receive a feed stream comprising carbon dioxide and one or more
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additional components comprising hydrogen, nitrogen, carbon monoxide, methane, oxygen,
argon, or combinations thereof and separate the feed stream into a carbon dioxide enriched
stream and a carbon dioxide depleted stream enriched in said one or more additional
components, wherein the first separation zone includes a cryogenic fractionation column; a
second separation zone configured to receive the carbon dioxide depleted stream and separate
the carbon dioxide depleted stream into first stream comprising said one or more additional
components and a second stream comprising at least 50% of the carbon dioxide in said depleted
stream; and, one or more recycle lines configured to pass the second stream to the first
separation zone.

[00023] The second separation zone may include a pressure swing adsorption zone, a
solvent separation zone, or both.

[00024] The apparatus may also include a compressor, in a recycle line, configured to
increase the pressure of the second stream.

[00025] The apparatus may also include a drying zone configured to dehydrate a stream
and provide the feed stream to the first separation zone.

[00026] The apparatus may also include a gasification reactor configured to provide an
effluent comprising carbon dioxide and at least one of hydrogen, nitrogen, carbon monoxide,
methane, oxygen, and argon, wherein the feed stream may be at least a portion of the effluent
of the gasification reactor; or a water-gas shift reactor configured to provide an effluent
comprising carbon dioxide and at least one of hydrogen, nitrogen, carbon monoxide, methane,
oxygen, and argon, wherein the feed stream may be at least a portion of the effluent of the
water-gas shift reactor; or both.

[00027] Additional aspects, embodiments, and details of the invention, all ot which may
be combinable in any manner, are set forth in the following detailed description of the

invention.

DETAILED DESCRIPTION OF THE DRAWINGS
[00028] One or more exemplary embodiments of the present invention will be described

below in conjunction with the following drawing figures, in which:

[00029] Figure 1 shows a schematic diagram of an embodiment of the present invention;
and,

[00030] Figure 2 shows a schematic diagram of another embodiment of the present
invention.
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DETAILED DESCRIPTION OF THE INVENTION
[00031] As mentioned above, the present invention provides for the effective and
efficient production of high-purity carbon dioxide by using a carbon dioxide separation
process, for example with a distillation column. A vapor stream from the carbon dioxide
separation process contains significant carbon dioxide and is subjected to a second separation
process with either a PSA unit or a solvent separation unit. The solvent separation unit may
utilize chemical solvents or physical solvents. The second separation process also provides a
hydrogen containing stream that may be used as fuel gas or further refined to provide a high
purity hydrogen stream.
[00032] 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.
[00033] As shown in FIGS. 1 and 2, one or more embodiments of the present invention
are directed at an apparatus 10 that includes a separation zone 12 having, for example, a
cryogenic fractionation column 14 which provides a stream 16 comprising liquid carbon
dioxide. This stream 16 may be pumped to a high pressure (and will change from liquid phase
to super-critical state) before it is recovered as a product stream. In either event, this stream
16 is a high purity carbon dioxide stream that is suitable for transport.
[00034] The cryogenic fractionation column 14 is a conventional distillation column
containing a plurality of vertically spaced trays, one or more packed beds, or some combination
of trays and packing. Although not depicted as such, the separation zone 12 also includes a
heat exchanger for chilling the dried inlet gas, along with a source of refrigeration, which may
be an external refrigeration package comprising a mixed refrigerant.
[00035] Also associated with the cryogenic fractionation column 14, as is known, are
reboilers (such as a bottom reboiler and a side reboiler) which heat and vaporize a portion of
the liquids flowing down the column to provide the stripping vapors which [low up the column
to strip the liquids flowing down. In addition to reboilers, other heat exchangers may be utilized
to transfer heat to/from the liquid and gas in the column 14. The trays and/or packing provide
the necessary contact between the stripping vapors rising upward and cold liquid falling
downward, so that the column bottom liquid product stream exits the bottom of the tower,
based on reducing the hydrogen and lighter component concentration in the bottom product to

make a very pure carbon dioxide product.
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[00036] It is also contemplated that the first separation zone 12 may instead or also
include a single or multiple successive flash vapor-liquid separation vessels with each separator
providing an additional theoretical stage of mass transfer, with the stream 16 comprising liquid
carbon dioxide and lighter components (hydrogen, methane, nitrogen, etc.) being recovered in
an overhead vapor stream(s). Accordingly, while the remaining description focuses on the
depicted first separation zone 12 having a cryogenic fractionation column 14, this is merely
preferred.

[00037] A feed stream 18 to the first separation zone 12 is a gaseous stream including
carbon dioxide and one or more of hydrogen, nitrogen, carbon monoxide, methane, oxygen,
argon, or mixtures thereof. The feed stream 18 may also contain water. Prior to being passed
to the first separation zone 12, the feed stream 18 may be passed to a drying zone 20 having a
dryer 22. As is known, the dryer 22 dehydrates the feed stream 18 to prevent hydrate (ice)
formation under cryogenic conditions in the fractionation column 14. Solid and liquid
desiccants have both been used for this purpose.

[00038] The feed stream 18 to the first separation zone 12 comprises at least 20 mol%
carbon dioxide, preferably at least 30 mol% carbon dioxide, and most preferably at least 40
mol% carbon dioxide. Additionally, the feed stream has a pressure that is between 25 bar(g)
to 65 bar(g), preferably 30 bar(g) to 50 bar(g). One suitable source for such a feed stream is a
gasification zone 24; however, other possible sources include compressed PSA tail gas from a
new or existing steam reforming unit with an optional gas heated reformer, compressed PSA
tail gas from an autothermal reforming unit with an optional gas heated reformer, or a partial
oxidation (POX) unit.  Accordingly, while the following description is directed at the
gasification zone 24, any process that produces an effluent which comprises a mixture of gases
comprising carbon dioxide, hydrogen, water, and at least one of methane, carbon monoxide,
nitrogen, and argon may be used with the present processes.

[00039] As is known a gasification zone 24, includes a gasilication reactor 26, or
gasifier, which receives a carbon containing feed material and, at elevated temperatures in the
presence of oxygen and/or steam, breaks down the carbon material and provides an effluent 28
that is a gaseous mixture of hydrogen, carbon monoxide, methane, carbon dioxide, water, traces
ol argon and possibly nitrogen. The carbon containing [eed material [or the gasilication zone
24 may be a fossil fuel, a biomass, or a combination thereof.

[00040] In order to remove some of the carbon monoxide and to increase the hydrogen,

the eflluent 28 [rom the gasilication reactor 26 may be passed Lo a waler-gas shift reaction zone
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30 having a reactor 32 operated under conditions in which carbon monoxide and water react to
form carbon dioxide and hydrogen. An effluent 34 from the water-gas shift reaction zone 30
includes hydrogen, carbon dioxide, water, methane, traces of argon, possibly nitrogen, and un-
reacted carbon monoxide.

[00041] The utilization of the gasification zone 24 and/or the water-gas shift reaction
zone 30 to provide the feed stream 18 is merely exemplary and other sources of suitable carbon
dioxide streams may be used to provide the feed stream 18 to the first separation zone 12. For
example, tlue gases, steel plant (blast furnace) ott gas, or lime/cement kiln off gas are believed
to be suitable sources.

[00042] As noted above, the operating conditions of the cryogenic fractionation column
14 are limited by the triple point of carbon dioxide. Accordingly, while the stream 16 has a
high purity, a significant amount of carbon dioxide slips into a depleted carbon dioxide vapor
stream 36 from the cryogenic fractionation column 14. Compared with the feed stream 18, the
depleted carbon dioxide vapor stream 36 has a lower amount of carbon dioxide relative to the
other components of the stream and the stream 36 is enriched in the additional components.
[00043] With reference to FIG. 1, according to various embodiments, the depleted
carbon dioxide vapor stream 36 is passed to a second separation zone 38 having a pressure
swing adsorption {PSA) unit 40. As is known, the PSA unit 40 generally includes four or more
adsorption vessels, and each vessel includes a plurality of adsorbent layers.

[00044] In the pressure swing adsorption unit 40, a multicomponent gas, in this case, the
depleted carbon dioxide vapor stream 36, is typically fed to at least one of a plurality of
adsorption beds at an elevated pressure effective to adsorb at least one component, while at
least one other component passes through. At a defined time, feed to the adsorber is terminated
and the bed is depressurized by one or more co-current depressurization steps wherein pressure
is reduced to a defined level which permits the separated, less-strongly adsorbed component or
components remaining in the bed to be drawn off without significant concentration of the more-
strongly adsorbed components. Then, the bed is depressurized by a countercurrent
depressurization step wherein the pressure on the bed is further reduced by withdrawing
desorbed gas counter-currently to the direction of feed. Finally, the bed is purged and
repressurized. The [inal stage ol re-pressurization is with product gas or [eed gas.

[00045] In the present processes, the PSA unit 40 produces a first stream 42 including
the additional components of hydrogen, nitrogen, carbon monoxide, methane, oxygen, argon,

and mixtures thereol. Relative (o the depleted carbon dioxide vapor stream 36, the [irst stream
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42 from the PSA unit 40 is rich in hydrogen. This first stream 42 could be used as fuel gas in,
for example, a gas turbine. Alternatively, a second PSA unit could be utilized to further refine
the first stream 42 and provide a high purity hydrogen stream.

[00046] Returning to the PSA unit 40, a second stream 44 from the PS A unit 40 includes
at least 50%, or at least 70%, or at least 90%, or at least 95% of the carbon dioxide in the
depleted carbon dioxide vapor stream 36. The second stream 44 may be passed to a
compression zone 46 including a compressor 48 to increase the pressure of the second stream
44 and provide a high pressure second stream 43 that is recycled to the first separation zone 12
to be separated therein. For example, the second stream 44 (or high pressure second stream
45) may be combined with the feed stream 18, downstream of the drying zone 20.

[00047] Turning to FIG. 2, in some embodiments of the present invention, instead of a
PSA unit, the second separation zone 38 includes a solvent separation unit 50. As is known
the solvent separation unit 50 includes one or more vessels and captures species from a
multicomponent stream with either chemical solvents, such as alkanolamines or alkali metal
salts, or physical solvents, such as a dimethylether of polyethylene glycol.

[00048] In the present processes, the solvent separation unit 50, produces a first stream
52 including hydrogen, nitrogen, carbon monoxide, methane, oxygen, argon, water, and
mixtures thereof. Relative to the depleted carbon dioxide vapor stream 36, the first stream
from the solvent separation unit 50 is also rich in hydrogen. This first stream 52 could be used
as fuel gas in, for example, a gas turbine. As with the previous embodiments, a PSA unit could
be utilized to further refine the first stream 52 and provide a high purity hydrogen stream.
[00049] Returning to the solvent separation unit 50, a second stream 54 from the solvent
separation unit 50 includes at least 50%, or at least 70%, or at least 90%, or at least 95% of the
carbon dioxide in the depleted carbon dioxide vapor stream 36. The second stream 54 may be
passed to a compression zone 56 including a compressor 38 to increase the pressure of the
second stream 54 and provide a high pressure second stream 55 that is recycled (o the [irst
separation zone 12 to be separated therein. TFor example, the second stream 54 (or the high
pressure second stream 55) may be combined with the feed stream 18, upstream of the drying
zone 20 so that water from the second stream 54 (or the high pressure second stream 55) may
be removed.

[00050] Additionally, it is contemplated that the high pressure second stream 55 (or
second stream 54) is split -- with only a portion 55a of the high pressure second stream 55

returning Lo the [irst separation zone 12. A second portion 55b ol the high pressure second
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stream 55 may be passed to a second drying zone 60 having a dryer 62. An effluent stream 64
from the dryer 62 is a high purity carbon dioxide gaseous stream that is suitable for transport
as a vapor stream. The ratio of first portion 55a to second portion 55b may range from
100%:0% to 0%:100%, inclusive of any ratio therebetween.

[00051] EXAMPLES

[00052] Table 1, below, depicts characteristics of a feed stream that may be used in one

or more embodiments of the present application.

[00053] TABLE 1
Flow kgmol / hr 12,560
Pressure, bar(g) 43.6
Temperature, 0C 40
Composition, mol%
Hydrogen 55.5
Carbon Dioxide 41.2
Carbon Monoxide 1.0
Methane 0.3
Nitrogen 1.3
Water 0.2
Argon 0.5

[00054] The feed stream is a syngas stream from a petroleum coke gasification process

that has also been subjected o a water-gas shifl reaction.

[00055] A computer simulation of the process shown in Figure 1 and Figure 2 was
performed with the inlet gas condition shown in TABLE 1. A comparison of these results for
a solvent separation zone (using an amine absorber) and a PSA separation zone is given in
TABLE 2 below. For the same carbon dioxide product purity and carbon dioxide product
recovery from the inlet gas, at equivalent carbon dioxide delivery pressure, the PSA separation
zone provides an unexpected benefit compared to the amine absorber in terms of equipment
and operating costs. This result is surprising since the high-pressure product gas (hydrogen,
carbon monoxide, methane, nitrogen, and argon) recovery is lower in the PSA unit compared
to the amine unit, leading to a higher tail gas recycle flow through the gas compressor to the
[irst separation zone.

[00056] TABLE 2
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Amine Unit PSA
COz Recovery, % 99.8 99.8
CO» Purity, mol% >99.0 >99.0
CO:> Delivery Pressure, bar(g) 138 138
Equipment Cost 1.0 0.84
Electricity 1.0 1.04
Fuel Gas (Steam) 1.0 0.0
Total OPEX 1.0 0.87
[00057] Further computer simulations were conducted in order to optimize the process

using the PSA separation zone. These results are summarized in TABLE 3. For comparison,
Case 1 shows the absence of the PSA separation zone, where it can be seen that the overall
carbon dioxide recovery from the inlet gas is only 74%. Adding the PSA separation zone
increases the overall carbon dioxide recovery to 99.8%. Furthermore, the specific compression
power of the process (kW*hr per metric ton ol carbon dioxide product) is about the same or
somewhat lower than the case without a PSA separation zone. Finally, another surprising result
is that operating the PSA separation zone with a higher tail gas pressure (Case 3 in TABLE 3)

results in a lower specific power.

[00058] TABLE 3
Case 1. | Case 2. | Case 3.
No PSA PSA PSA
PSA Tail Gas Pressure, bar(g) - 0.35 1.25
Net CO; Recovery from Inlet Gas, % 74 99.8 99.8
Total Power, KW hr / MT CO2 154 155 150
[00059] TABLES 4 — 8, below, provide computer simulation results for a PSA system

separating a feed stream into a first stream comprising hydrogen, carbon monoxide, methane,
and nitrogen, and a second stream comprising at least 50% ot the carbon dioxide in said stream.
The feed stream is believed to be characteristic of a carbon dioxide depleted stream provided
by a cryogenic fractionation column.

[00060] TABLE 4 shows a 6-bed cycle with 3 pressure equalization steps for the PSA

unit. It is an abbreviated form of the overall PSA cycle (called a sub-cycle) and are routinely

10
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used by practitioners to capture the minimum amount of required information to represent the
complete multi-bed PSA cycle. These sub-cycles are replicated according to known procedures
(with each row corresponding to one bed) in order produce complete cycle charts. It is

understood that other variations of cycle details are possible. TABLE 5 provides a detailed

description of the 6-bed sub-cycle in TABLE 4.

[00061] These cycles were used in the computer simulation to provide the results for the

PSA unit shown in TABLES 6 - §.

[00062] TABLE 4
ADS
EQID EQ2D
EQ3D PP
BD PURGE
EQ3U EQ2U
EQIU FREP

11
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[00063] TABLE 5
Step Flow Starting Ending
Abbreviation Direction | Time Pressure, Pressure,
* kPa kPa

Adsorption ADS Up X 4400 4400
Equalization 1 EQ1D Up 0.3x 4400 2930
Equalization 2 EQ2D Up 0.7x 2930 1740
Equalization 3 EQ3D Up 0.3x 1740 990
Provide Purge PP Up 0.7x 990 320
Blowdown BD Down 0.3x 320 170
Purge PURGE Down 0.7x 170 170
Equalization 3 EQ3U Down 0.3x 170 750
Equalization 2 EQ2U Down 0.7x 750 1740
Equalization 1 EQI1U Down 0.3x 1740 2930
Feed FREP Up 0.7x 2930 4400
Repressurization

[00064] * x = sub-cycle time (ranges from 50 to 150 sec)

[00065] A computer simulation was run for the PSA unit using the cycle shown in

TABLES 4 and 5. The feed stream composition is shown in TABLE 6 and the bed loading is
givenin TABLE 7. As canbe seenin TABLE 8§, the first gas stream from the PSA unit contains
over 93% ol the hydrogen in the feed stream, along with 75% ol the CO, over 65% ol the CHa,
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85% of the nitrogen, and only 0.4% of the CO». The second stream contains 99.6 % of the CO2
from the feed stream and only 6.7% of the hydrogen in the feed stream. Thus, the second
stream may be passed back to the cryogenic fractionation column to capture the CO» from the

carbon dioxide depleted stream that is provided by the cryogenic fractionation column.

[00066] TABLE 6

Feed Gas,
Mol %

Hydrogen 42
Carbon Monoxide 15
Methane 24
Carbon Dioxide 18
Nitrogen 1
Pressure: 4400 kPa

Temperature: 40 °C

[00067] TABLE 7
Bed Loading, Vol %
NaY Zeolite 20
Silica Gel (bottom) 80

13
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[00068] TABLE 8

% Recovery from Feed

Product Tail Gas Total
Hydrogen 933 6.7 100.0
Carbon Monoxide 75.7 24.3 100.0
Methane 67.7 32.3 100.0
Carbon Dioxide 0.4 99.6 100.0
Nitrogen 84.8 15.2 100.0

[00069] 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 [or practicing or
understanding the embodiments of the present invention.

[00070] Any of the above lines, conduits, units, devices, vessels, surrounding
environments, zones or similar may be equipped wilth one or more moniltoring components
including sensors, measurement devices, data capture devices or data transmission devices.
Signals, process or status measurements, and data from monitoring components may be used
to monitor conditions in, around, and on process equipment. Signals, measurements, and/or
data generated or recorded by monitoring components may be collected, processed, and/or
transmitted through one or more networks or connections that may be private or public, general
or specific, direct or indirect, wired or wireless, encrypted or not encrypted, and/or
combination(s) thereof; the specification is not intended to be limiting in this respect.

[00071] Signals, measurements, and/or data generated or recorded by monitoring
components may be transmitted to one or more computing devices or systems. Computing
devices or systems may include at least one processor and memory storing computer-readable
instructions that, when executed by the at least one processor, cause the one or more computing

devices to perform a process that may include one or more steps. For example, the one or more

14
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computing devices may be configured to receive, from one or more monitoring component,
data related to at least one piece of equipment associated with the process. The one or more
computing devices or systems may be configured to analyze the data. Based on analyzing the
data, the one or more computing devices or systems may be configured to determine one or
more recommended adjustments to one or more parameters of one or more processes described
herein. The one or more computing devices or systems may be configured to transmit encrypted
or unencrypted data that includes the one or more recommended adjustments to the one or more

parameters of the one or more processes described herein.

SPECIFIC EMBODIMENTS

[00072] 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.

[00073] A first embodiment of the invention is a process for producing a carbon dioxide
stream, the process comprising separating, in a first separation zone, a feed stream comprising
carbon dioxide and one or more additional components comprising hydrogen, nitrogen, carbon
monoxide, methane, oxygen, argon, or mixtures thereof into a carbon dioxide enriched stream
and a carbon dioxide depleted stream enriched in the one or more additional components;
separating, in a second separation zone, the carbon dioxide depleted stream into a first stream
comprising the one or more additional components and a second stream comprising at least
50% of the carbon dioxide in the carbon dioxide depleted stream; and, separating the second
stream in the first separation zone. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the f(irst embodiment in this paragraph, [urther
comprising increasing the pressure of the second stream before separating the second stream
in the first 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
feed stream is dried prior to separating the feed stream in the first 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 feed stream comprises an effluent
from a gasification 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
gasification zone receives a fossil fuel as a feed. An embodiment of the invention is one, any

or all of prior embodiments in this paragraph up through the first embodiment in this paragraph,
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wherein the gasification zone receives a biomass as a feed. 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 second separation zone comprises a pressure swing adsorption
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 second separation zone
comprises a solvent 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, further
comprising splitting the second stream into a first portion that is separated in the first separation
zone, and a second portion that comprises a product stream comprising gaseous carbon dioxide.
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 feed stream comprises at least 20
mol% carbon dioxide. 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 feed stream
comprises a pressure ol at least 25 bar(g).

[00074] A second embodiment of the invention is a process [or producing a stream
comprising carbon dioxide, the process comprising passing a feed stream comprising carbon
dioxide and one or more additional components comprising hydrogen, nitrogen, carbon
monoxide, methane, oxygen, argon, or combinations thereof to a first separation zone
conligured (o separale the [eed stream into a carbon dioxide enriched stream and a carbon
dioxide depleted stream enriched in the one or more additional components, wherein the first
separation zone comprises a cryogenic fractionation column; recovering the carbon dioxide
enriched stream from the first separation zone; passing the carbon dioxide depleted stream to
a second separation zone configured to separate the carbon dioxide depleted stream into a first
stream comprising the one or more additional components and a second stream comprising at
least 50% of the carbon dioxide in the carbon dioxide depleted stream; recovering the first
stream from the second separation zone; and, passing the second stream to the first 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 feed stream comprises at
least 20 mol% carbon dioxide. 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 feed stream comprises a pressure of at least 25 bar(g). 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 second separation zone comprises a pressure swing adsorption

zone, a solvent separation zone, or both.
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[00075] A third embodiment of the invention is an apparatus for producing a stream
comprising carbon dioxide, the apparatus comprising a first separation zone configured to
receive a feed stream comprising carbon dioxide and one or more additional components
comprising hydrogen, nitrogen, carbon monoxide, methane, oxygen, argon, or combinations
thereof and separate the feed stream into a carbon dioxide enriched stream and a carbon dioxide
depleted stream enriched in the one or more additional components, wherein the first separation
7zone comprises a cryogenic fractionation column; a second separation zone configured to
receive the carbon dioxide depleted stream and separate the carbon dioxide depleted stream
into first stream comprising the one or more additional components and a second stream
comprising at least 50% of the carbon dioxide in the carbon dioxide depleted stream; and, one
or more recycle lines configured to pass the second stream to the first separation zone. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the third embodiment in this paragraph, wherein the second separation zone comprises
a pressure swing adsorption zone, a solvent separation zone, or both. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the third
embodiment in this paragraph further comprising a compressor, in a recycle line, configured
to increase the pressure of the second stream. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the third embodiment in this paragraph
[urther comprising a drying zone conligured (o dehydrale a stream and provide the [eed stream
to the first separation zone. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the third embodiment in this paragraph, further
comprising a gasification reactor configured to provide an effluent comprising carbon dioxide
and at least one of hydrogen, nitrogen, carbon monoxide, methane, oxygen, and argon, wherein
the feed stream comprises at least a portion of the effluent of the gasification reactor; or a water-
gas shift reactor configured to provide an effluent comprising carbon dioxide and at least one
of hydrogen, nitrogen, carbon monoxide, methane, oxygen, and argon, wherein the feed stream
comprises at least a portion of the effluent of the water-gas shift reactor; or both.

[00076] 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 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
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way whatsoever, and that it is intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims.

[00077] In the foregoing, all temperatures are set forth in degrees Celsius and, all parts
and percentages are by mole, unless otherwise indicated.

[00078] While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary embodiment or exemplary embodiments
are only examples, and are not intended to limit the scope, applicability, or configuration of the
invention in any way. Rather, the foregoing detailed description will provide those skilled in
the art with a convenient road map for implementing an exemplary embodiment of the
invention, it being understood that various changes may be made in the function and
arrangement of elements described in an exemplary embodiment without departing from the

scope of the invention as set forth in the appended claims and their legal equivalents.
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CLAIMS
Claimed Is:

1. A process for producing a carbon dioxide stream, the process comprising:

separating, in a first separation zone (12), a feed stream (18) comprising carbon dioxide
and one or more additional components comprising hydrogen, nitrogen, carbon monoxide,
methane, oxygen, argon, or mixtures thereof into a carbon dioxide enriched stream (16) and a
carbon dioxide depleted stream (36) enriched in said one or more additional components;

separating, in a second separation zone (38), the carbon dioxide depleted stream (36)
into a first stream (42, 52) comprising said one or more additional components and a second
stream (44,54) comprising at least 50% of the carbon dioxide in said carbon dioxide depleted
stream (36); and,

separating the second stream (44, 54) in the first separation zone (12).

2. The process of claim 1, wherein the first separation zone (12) comprises a

cryogenic fractionation column (14).
3. The process of claim 1, [urther comprising:
increasing a pressure of the second stream (44, 54) before separating the second stream

(44, 54) in the first separation zone (12).

4. The process of claim 1, wherein the feed stream (18) is dried prior to separating

the feed stream (18) in the first separation zone (12).

5. The process of claim 1, wherein the feed stream (18) comprises an effluent (28)

from a gasification zone (24).

6. The process of any one of claims 1 to 5, wherein the second separation zone

(38) comprises a pressure swing adsorption zone (40).

7. The process of any one of claims 1 to 5, wherein the second separation zone

(38) comprises a solvent separation unit (50).
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8. The process of any one of claims 1 to 5, wherein the feed stream (18) comprises

at least 20 mol% carbon dioxide.

9. The process of any one of claims 1 to 5, wherein the feed stream (18) comprises

a pressure of at least 25 bar(g).

10. An apparatus (10) for producing a stream comprising carbon dioxide, the
apparatus comprising:

a first separation zone (12) configured to receive a feed stream (18) comprising carbon
dioxide and one or more additional components comprising hydrogen, nitrogen, carbon
monoxide, methane, oxygen, argon, or combinations thereof and separate the feed stream (18)
into a carbon dioxide enriched stream (16) and a carbon dioxide depleted stream (36) enriched
in said one or more additional components, wherein the first separation zone (12) comprises a
cryogenic [ractionation column (14);

a second separation zone (38) configured to receive the carbon dioxide depleted stream
(36) and separate the carbon dioxide depleted stream (36) into first stream comprising (42, 52)
said one or more additional components and a second stream (44, 54) comprising at least 50%
ol the carbon dioxide in said depleted stream (36); and,

one or more recycle lines configured to pass the second stream (44, 54) to the first
separation zone (12), and

wherein the second separation zone (38) comprises a pressure swing adsorption unit

(40), a solvent separation unit {50), or both.
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