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Description
Method for reclaiming of CO2 absorbent and a reclaimer

Technical Field

[0001] The present invention relates to the field of CO> capture. More specifically
the invention relates to the field of removing heat stable salts and other
degradation products from an amine absorbent.

[0002] Most specifically, the invention relates to a method for removal of heat
stable salts and other degradation products from an amine absorbent and
a device for performing the method.

Background Art

[0003] The present invention relates to a sub-method of a prior known method for
CO2 capture such as plants described as part of the prior art in the
applicants own patent application WO 2008/06379 A (AKER CLEAN
CARBON AS) 29.05.2008 .

[0004] Different absorbents are used and/or proposed in the process to absorb
COo. The selection of the absorbent will typically be based upon energy
cost, construction cost, and emission limit. The absorbents are typically
aqueous solutions of one or more CO2 absorbing chemicals. Typical CO2
absorbing chemicals used for the currently used CO2 absorbents include
amines and carbonates. Typical amines are MEA, DEA, AMP, MDEA,
MMEA, AEP and piperazine. Many of these absorbents degrade slowly
during the absorption process. Amine solutions degrade by reaction with
oxygen, carbon dioxide, sulphur compounds, nitrous oxides and other
impurities found in the exhaust gas. The reaction products include heat
stable salts and other degradation products. Degradation of the amine
results in a reduced active amine concentration and hence reduces the
efficiency of the process. Continuous make-up of amine may be required
to replace degraded amine.

[0005] In addition to the CO2 absorbing chemicals, the absorbent may include
different other chemical compounds. The additional chemical compounds
may include de-foamers, corrosion inhibitors etc.

[0006] The concentration of degrading products in the amine solution should be

restricted. Degrading products are often corrosive and reduce the
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efficiency of the system. Typically a maximum concentration of
degradation products is set between 2% and 10%.

[0007] The process of separating impurities, degraded solvent and heat stable
salts from the absorbent that may be cycled into the absorption /
desorption cycle is often referred to as reclaiming of the absorbent.

[0008] There are several methods for removing degradation products from the
amine system. Typically a side stream is withdrawn from the amine system
and sent to a purification system. The purification system removes some
of the degradation products and the purified amine is returned to the
amine system. These systems can operate continuously,
semi-continuously or batch. Typical methods and technology used for
purification include thermal reclaiming, adsorption, ion exchange,
membranes and electro dialysis.

[0009] In a thermal reclaiming system a fraction, typically 0.5 to 5 %, of the lean
and hot absorbent leaving the regenerator is bled off and heated further in
a reclaimer. Alkali is preferably injected into the reclaimer. The alkali is
added to liberate and recover molecular amine from the heat stable salts.
In the reclaimer the absorbent is heated further to evaporate the amine
together with steam. The evaporated amine and steam is withdrawn and
introduced into the stripper, or regeneration column, in the absorption
desorption cycle of the capture plant.

[0010] The reclaimer is often a kettle type unit and is typically heated by steam.
Normally, the reclaimer operates at the same pressure as the stripper so
that vapours generated in the reclaimer can be fed directly to the stripper.
Considerable heat is required by the reclaimer, however this heat is not
lost from the system as the vapour are returned to the stripper. High
boiling point components and salts build up in the reclaimer. As the
concentration of these components increase, the boiling point of the
mixture increases and hence the operating temperature of the reclaimer
increases. The fluid in the reclaimer is removed in a drain and sent to
disposal.

[0011] EP 1967250 A (MITSUBISHI HEAVY INDUSTRIES, LTD) 17.01.2008

relates to a CO2 recovery system and a method for removing solid
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[0012]

[0013]

[0014]

particles for use in the system. The method for removal of solid particles
comprises a filtering unit for removal of solid particle from the circulating
lean solvent. The retentat from the filter(s) is removed from the filter(s) by
backwashing with backwash water. The backwash water including the
particles removed from the filters is then introduced into an evaporator
where the dispersion of particles in the backwash water is heated to
evaporate any free amine and steam that are introduced into the
regeneration column as stripping gas, and the remaining more
concentrated suspension in the evaporator is withdrawn and introduced
into a reclaimer where the particles are further concentrated by heating
and generation of steam that is withdrawn and introduced into the
regeneration column as stripping gas. The further concentrated
suspension is removed from the reclaimer to be deposited. There is no
indication in EP1967250 on flashing of lean absorbent or lowering of the
pressure in the reclaimer to improve reclaiming. The question of the need
to reduce the pressure and thus the temperature in the reclaimer is not
discussed.

Thermal reclaiming at the stripper operating pressure is no option for
amines having a high boiling temperature. The temperatures required to
reclaim these amines would result in very high degradation rates within the
reclaimer. Operating the reclaimer at high temperature will result in scaling
of the heat transfer area, increased amine degradation in the reclaimer
and possible production of gaseous decomposition products that are
returned to the stripper.

It is therefore advantageous to operate the reclaimer at lower
temperatures. The most common method of reducing the reclaimer
operating temperature is to reduce the reclaimer operating pressure. This
is often called vacuum reclaiming. An additional advantage with low
temperature reclaiming is that a lower temperature heating medium can be
used. Low temperature heating mediums usually have a lower cost than
higher temperature heating mediums.

US 5389208 A (CANADIAN CHEMICAL RECLAIMING, LTD) 14.02.1995

describes a process for reclaiming and/or concentration of aqueous
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[0015]

[0016]

solutions of chemicals, such as alkanolamines used for removal of acid
components in natural gas. A combination of temperature and vacuum is
used to evaporate water and/or alkanolamine for recycling to the
absorption process.

Low pressure or vacuum reclaiming requires the introduction of a
compressor system or vacuum pump system. Vacuum pump systems
involve condensing most of the vapour and therefore are not energy
efficient. Using a compressor will reduce the energy consumption
considerably, however the capital cost associated with a dedicated
compressor normally excludes this option.

Accordingly, there is a need for a method and a device for vacuum or low
pressure reclaiming having a reduced energy requirement compared to
use of a vacuum pump but where the capital cost of the solution is lower

than installing a dedicated compressor.

Disclosure of Invention

[0017]

According to a first aspect, the invention relates to a Amethod for
reclaiming one or more CO2 absorbing chemical(s) from a lean aqueous
CO2 absorbent leaving a regeneration column in which CO2 has been
released, or desorbed, from the CO2 absorbent, and the released CO2 is
withdrawn from the top of the regeneration column for further treatment,
and the lean, or CO2 depleted absorbent, is collected at the bottom of the
regeneration column and withdrawn therefrom, where at least a part of the
lean absorbent leaving the regeneration column is introduced into a
reboiler where the absorbent is heated to generate steam and vaporized
absorbent that is introduced into the regeneration column as stripping gas,
where lean absorbent is withdrawn and flashed to generate a vapour that
is compressed and returned into the regeneration column as stripper gas,
and a liquid phase that is returned to an absorption column, and where a
part of the lean absorbent is withdrawn and introduced into a reclaimer in
which the lean absorbent is boiled to generate a gas phase that is
withdrawn and returned into the regeneration column as reclaimed
absorbent, and a liquid phase containing impurities, heat stable salts, and

degradation products from the absorbing chemical(s) and other chemicals,
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wherein the gaseous phase that is withdrawn from the reclaimer is
compressed together with the vapour part from the flashing of the lean
absorbent, to generate a pressure in the reclaimer that is lower than the
pressure in the regeneration column.

[0018] According to a second aspect, the present invention relates to a
regenerator for a liquid absorbent for CO2 comprising a regeneration
column, a rich absorbent line for introduction of rich absorbent into the
regeneration column, withdrawal means for withdrawing lean adsorbent
from the bottom of the regeneration column, a reboiler for heating at least
a part of the withdrawn absorbent to produce steam that is reintroduced
into the regeneration column, a first lean absorbent line for leading a
second portion of the lean absorbent from the mentioned withdrawal
means to a flashing means, a steam withdrawal line for withdrawing the
gaseous phase from the flashing means, compression means (34) for
compressing the gaseous phase in line, and a line for injecting the
compressed gaseous phase into the regeneration column, and a second
lean absorbent line for withdrawing the liquid phase from the flashing
means for returning the lean absorbent to an absorption device; and a gas
withdrawal line for withdrawal of CO2 and vapour from the top of the
regeneration column, and separation means for separating the gas
withdrawn from the top of the regeneration column in a CO» stream that is
exported from the regenerator, and water that is recycled to the
regeneration column, characterized in that it further comprises a reclaimer
line for withdrawal of a portion of the lean absorbent and introduction of
the lean absorbent into a reclaimer, heating means for heating the lean
absorbent in the reclaimer, a reclaimer withdrawal line for withdrawing a
gaseous phase generated in the reclaimer and introducing said gaseous
phase into the compressing means, and an amine waste line for
withdrawing waste amine from the reclaimer for deposition.

Brief Description of Drawings

[0019]

Figure 1 is a principle sketch of a CO2 capture plant according to the prior

art,
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Figure 2 is a principle sketch of a vacuum reclaiming unit according to the
prior art,

Figure 3 is a principle sketch of a first embodiment of the present
invention,

Figure 4 is a principle sketch of a second embodiment of the present
invention,

Figure 5 is a principle sketch of a third embodiment of the present
invention, and

Figure 6 is a principle sketch of a fourth embodiment of the present
invention.

Detailed description of the Invention

[0020] Figure 1 is a principle sketch of a CO2 capturing plant according to the
prior art. Exhaust gas from combustion of carbonaceous fuel enters the
CO2 capturing plant through an exhaust line 1. The temperature of the
exhaust entering the CO2 capturing plant through line 1 is normally from
about 120 °C to about 40 °C, through cooling of the exhaust gas to
produce steam for several purposes. The exhaust gas from line 1 is
optionally introduced into a cooling section 2 in which it is saturated with
water and cooled to a temperature e.g. from about 35 °C to about 60 °C.

[0021] The cooled and humidified exhaust gas is then introduced into the lower
part of an absorption tower 3 in which the exhaust gas flows from the
bottom to the top of the absorption tower 3 countercurrent to a lean
absorbent, i.e. absorbent that is stripped for CO»2, that is introduced into
the upper part of the absorption tower through a lean absorbent line 4.
Lean gas, i.e. exhaust gas where a substantial part of the CO» is removed,
is removed through a gas exit line 6 at the top of the absorption tower,
whereas rich absorbent, i.e. absorbent having absorbed CO», is removed
from the absorption tower through a rich absorbent line 5.

[0022] The rich absorbent is heated against lean absorbent that is returned to the
absorption tower in a heat exchanger 7 to a temperature typically in the
range between 90 and 110 °C, before the rich absorbent is introduced into
a regeneration column 8.

[0023] In the regeneration column 8 the rich absorbent flows downwards,



WO 2010/142716 PCT/EP2010/058069

[0024]

[0025]

[0026]

countercurrent to steam generated by heating some of the absorbent in a
regeneration reboiler 11. Lean absorbent leaves the regenerator column
through a lean absorbent outlet 10. A part of the lean absorbent in the
outlet 10 is introduced into the regeneration reboiler 11 where it is heated
to a temperature typically in the range between 115 and 130 °C, to
produce hot absorbent, CO2 and steam which is re-introduced into the
regenerator column through a line 12. The lean absorbent in the reboiler
11 is typically heated by means of electricity, or a heating medium, such
as e.g. steam. When using a heating medium for heating the absorbent in
the regeneration reboiler is introduced through a line 13 and removed
through a line 13’. Steam as a heat medium for the reboiler is normally
introduced as a high pressure steam at a temperature of 130 °C to about
140 °C, and leaves through line 13’ as condensed steam at the same
temperature. In other words, the energy transferred from the heat medium
to the absorbent in the reboiler is the heat of condensation of the steam.
The heating of the column from the bottom gives a temperature gradient at
steady state from the bottom to the top of the column, where the
temperature at the top is from 10 to 50 °C lower than at the bottom,
depending on the actual design of the column. In a typical regeneration
column the temperature at the bottom of the column is about 120 °C and
the temperature at the top of the column is about from 10 to 50 °C lower
than at the bottom of the column.

The lean absorbent in line 10 that is not introduced into the regeneration
reboiler, is recycled back to the absorption column 3 through the line 4 and
cooled in the heat exchanger 7 against rich absorbent in the line 5. In the
heat exchanger 7 the relatively cold rich absorbent is heated against the
relatively hot lean absorbent leaving the stripper at a temperature of about
120 °C. Depending on the actual dimensioning and construction of the
plant, the temperature of the rich amine leaving the heat exchanger 7 for
the amine stripper may be from about 90 to about 110 °C.

CO7 released from the adsorbent and water vapour is withdrawn from the
regenerator column 8 through a gas withdrawal line 9. The gas in the gas

withdrawal line 9 is cooled in a reflux condenser 14 to condense water that
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[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

is separated from the remaining gas, mainly comprising CO», in a CO»
separator 15. CO> gas and some remaining water vapour is removed from
the CO2 separator 15 through a CO2 line 16 for further treatment, such as
drying, compression and deposition. The condensed water in the CO»
separator is withdrawn through a line 17 and pumped back to the top of
the regeneration column 8 by means of a pump 18.

A reclaimer line 20 is connected to the line 10 for withdrawal of a portion of
the lean amine in line 10. The lean amine in the reclaimer line 20 is
introduced into a reclaimer 21 where the amine is heated by means of a
suitable heat source, such as e.g. electricity or steam. When steam is
used as heat source hot steam is introduced into a heating coil in the
reboiler from a steam line 22. Condensed steam is withdrawn through a
steam withdrawal line 22’. Alkaline is preferably provided for injection into
the reclaimer via an alkaline line 27.

Amine and water is evaporated in the reclaimer to give a mixture of
gaseous amine, CO2 and steam that is withdrawn through a reclaimer
withdrawal line 23. The mixture of gaseous amine, CO2 and steam is
introduced into the regeneration column 8 as stripping gas.

A slurry of amine, water, in-soluble and soluble salts, and other chemicals
is collected at the bottom of the reclaimer and is removed through an
amine waste line 24 for disposal or waste handling.

Normally, the regeneration column, or stripper is operated under a
pressure from slightly above atmospheric pressure, such as from about
1.1 bara, to about 5 bara. Typically, the pressure in the regeneration
column is 1.5 to 2.5 bar absolute (bara).

The pressure in the reboiler is normally at the same pressure as the
stripper or slightly, such as 0.1 to 1.0 bar, higher. The reclaimer is normally
operated at about the same pressure as the reboiler.

The reclaimer may be operated continuously to reclaim amine and
withdraw degraded amine and salts at a steady state, or in a discontinuous
manner to remove the same unwanted ingredients according to the need
therefore.

Figure 2 illustrates an alternative embodiment also according to the prior
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[0034]

[0035]

[0036]

[0037]

[0038]

art, wherein a compressor 25 is arranged between the reclaimer 21 and
the regeneration column 8 to compress the gaseous mixture in line 23.
The compressor 25 is actively withdrawing gas from the reclaimer to
generate a reduced pressure therein. The pressurized gas from the
compressor 25 leaves the compressor in a line 26 and is introduced into
the regeneration column as gas. The main advantage of this design is that
the heat used to vaporize the liquid in the reclaimer is not lost. The vapour
is fed to the stripper and the heat is recovered.

The main reason for using low pressure reclaiming is to reduce the
temperature and hence reduce heat degradation of amine in the reclaimer.
Some high boiling amines may not be reclaimed at the same operating
pressure as the stripper as degradation rates will be too high at the boiling
temperature. Additionally, operating the reclaimer at reduced pressure
also reduces the temperature required for the heating medium, for
example steam. This often reduces the cost of the heat

The cost for reducing the pressure in the reclaimer and compressing the
gas mixture is, however, relatively high. The investment cost for the
compressor is significant when compared to the cost of a vacuum pump
system. Often reclaiming is not a continuous process and therefore the
heat loss on an annual basis of using a vacuum pump system is so small
that the pay back time for investing in a compressor system will be far too
long.

The pressure in a low pressure reclaimer is dependent on the CO»
absorbent to be reclaimed. The pressure is typically regulated so that the
boiling point of the absorbent is below the degradation temperature of
ingredients in the absorbent. Typically the pressure will be from about 1.5
bara to about 0.3 bara.

Figure 3 illustrates an embodiment of a regeneration plant according to the
present invention, for regeneration of an absorbent. The embodiment of
figure 3 is based on one of the embodiments of the above mentioned
WQ02008063079.

The operating pressure of the regeneration column 8 as described with

reference to figure 1 or 2, i.e. typically from about 1.5 to about 2.5 bara.
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[0039]

[0040]

[0041]

[0042]

[0043]

10

The lean absorbent leaving the regeneration column 8 in line 10 is split
into three streams, a first stream that is introduced into the reboiler 11, as
described above, a second steam in a line 30 that is flashed over a flash
valve 31 and flash vessel 32, and a third steam that is introduced into a
reclaimer 21 through line 20. Alkaline is preferably injected into the
reclaimer via the alkaline line 27.

The reboiler 11 in this embodiment corresponds to the above described
reboiler.

In the flash vessel 32 the lean absorbent is flashed to give a gas phase
and a liquid phase. The gas phase mainly comprises steam and CO> that
have been removed from the lean absorbent by flashing, and some amine.
The liquid phase comprises the lean absorbent that is even “leaner” after
flashing due to removal of some CO2 by flashing. Flashing also reduces
the temperatures of the gas and liquid in the flash vessel. The gas phase
in the flash vessel 32 is withdrawn through a line 33 and is then
compressed in a compressor 34 to give a compressed, hot, unsaturated
CO2 containing steam in line 35. The steam in line 35 is then cooled and
saturated by water in a de-superheater 36 in which water is introduced
through a line 38 and mixed with the steam from line 35. The resulting
water saturated steam from the de-superheater 36 is then returned and
injected into to the stripper 8 through a line 37. The water introduced into
the de-superheater may conveniently be a part of the water that is
condensed in the separator 15.

In the illustrated embodiment, the water in line 38 is withdrawn from line
17, conveniently after the pump 18. The de-superheater 36 is, however, an
optional feature and the system may be operated without a de-superheater
system where the hot stream is fed directly to the stripper.

The reduced temperature of the lean absorbent due to the flashing over
the flash valve 31 results in lowering of the temperature of the absorbent in
line 4. The rich medium leaving heat exchanger 7 may therefore have a
temperature that is lower than the desired temperature for introduction into
the regenerator column 8. An optional heat exchanger 40 heated by a low

temperature heat medium in line 41, may therefore be provided to heat the
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[0044]

[0045]

[0046]

[0047]

[0048]
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rich absorbent to the desired temperature. The low temperature heat
medium entering the heat exchanger 40 through line 41, may e.g. be the
heat medium leaving the reboiler 11 in line 13’. The heat medium
introduced into the reboiler in line 13 is preferably steam, whereas the heat
medium leaving the reboiler in line 13’ is condensed water.

Compressing the steam in line 33 increases both the temperature and the
pressure of the steam, to produce hot, unsaturated vapour. The absorbent
can be degraded by a temperature higher than about 130 °C. The water
added in the de-superheater 36 ensures that the steam that is introduced
into the regeneration column in line 37 is saturated steam having a
temperature of 110 — 140 °C.

The term “steam” as used in the present description and claims, is, where
appropriate, also intended to include steam that includes other gases,
such as e.g. CO7 and vaporized amine.

By compressing the steam in line 33 and thereby adding heat, the low
temperature and low pressure steam in line 33 is converted to medium
temperature steam and can be fed to the stripper directly. The steam in
line 37 substitutes steam from the reboiler in line 12 and hence reduces
the duty of the reboiler. Additionally, low temperature heat from the
reboiler may find use in the heat exchanger 40. In a plant according to the
state of the art, the low temperature heat medium, such as steam
condensate leaving the reboiler, is cooled against water in a heat
exchanger, and returned to a boiler for generation of medium temperature
steam that is returned to the reboiler.

The third stream of lean absorbent is withdrawn through the line 20 and is
introduced into the reclaimer as described above with reference to figures
1 and 2. The reclaimer withdrawal line 23 is connected to line 33.
Accordingly, the gas in line 23 is introduced into the compressor 23
together with the gaseous phase from the flash tank 32. Withdrawing of
the gaseous phase from the reclaimer by means of the compressor 34
results in a reduced pressure with the reclaimer, and accordingly reduced
boiling temperature of the liquid in the reclaimer.

The pressure in the reclaimer should be at least 0.2 bar, or at least 0.3
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[0049]

[0050]

[0051]

[0052]
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bar, and more preferably more than 0.5 bar, or even more than 0.7 bar
lower than the pressure in the regeneration column. At the same time, the
pressure in the reclaimer should be lower than 1.5 bara. Depending on the
operational pressure in the regeneration column, the configuration of figure
3 allows obtaining a pressure in the reclaimer of about 0.7 to 1.5 bara.
The duty of the compressor 34 when used for creation of low pressure in
both the flash tank 32 and in the reclaimer 21 is slightly higher than the
duty needed for creation of low pressure in the flash tank 32 only. Using
only one compressor for obtaining low pressure in both lines 33 and 23
thus substantial reduces the cost over a solution having one compressor
for line 23 and another compressor for line 33. The flows in lines 30 and
20 may be adjusted by means of not shown valves in lines 20, 23 and 30
in addition to the flash valve 31. The cost of increasing the size of the
steam compressor 34 is minimal.

The main advantage of this design is that it removes the need for a
vacuum pump with associated condenser. The vacuum pump and
condenser system condenses almost all the vapour from the reclaimer and
hence a lot of energy is lost to the cooling medium. In this design, no
vapour is condensed and very little energy is lost. Vacuum pump systems
are low cost and are therefore the standard method of maintaining low
pressure. The reclaimer is often not run at a continuous basis and this
manes it even harder to justify the high capital cost of a dedicated
compressor for reducing the pressure of the reclaimer.

According to this embodiment of the present invention, there is no
compressor dedicated to reduce the pressure in the reclaimer. According
to the invention, the compressor will be in continuous operation, and will
be used reducing the pressure in the flash tank 32 and compressing the
flashed gas in addition to reducing the pressure in the reclaimer. Even if
the reclaimer is operated discontinuously, the additional cost of designing
the compressor to operate with both gas sources is minimal.

An alkaline line 27 is preferably provided for injection of an alkaline
solution into the reclaimer. Preferred alkaline solutions are aqueous

solutions of one or more alkali metal hydroxide(s) and/or alkaline earth
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[0054]

[0055]

13

metal hydroxides. A presently specially preferred alkaline solution as an
aqueous solution of sodium hydroxide.

The alkaline solution is added to liberate and recover molecular amine
from heat stable salts. The amount of alkaline solution to be added is
based upon the concentration of heat stable salts in the amine solution
and the stoichiometry of the reaction.

Figure 4 illustrates an alternative embodiment of the present invention.
This embodiment differs from the embodiment in figure 3 by the
introduction of a compressor or fan 43 in line 23 to reduce the pressure in
the reclaimer even more. This configuration makes it possible to operate
the reclaimer at a pressure lower than the lean amine flash in tank 32. The
additional compressor 43, may be used during the whole reclaiming
process, or only towards the end of a reclaiming cycle to boost the
evaporation and concentrate the suspension of solid particles in water that
is to be removed through line 24 for deposition. The compressor 43
increases the pressure of the gas in the reclaimer to the same pressure as
the inlet to compressor 34. This design has the advantages of the
embodiment of the invention as described with reference to figure 3, in that
no heat is lost from the system, and reducing energy consumption. The
cost of compressor 43 is low, when considered against the cost of a
compressor to increase the gas pressure up to that of the regeneration
column.

By introduction of the compressor 43, the pressure in the reclaimer 21 may
be reduced even more than in the embodiment described with reference to
figure 3, when low pressure is needed to avoid degradation of the
absorbent at the same time as an effective evaporation is obtained. The
embodiment of figure 4 makes it possible to obtain a pressure in the
reclaimer of 0.3 bara or less, such as about 0.1 bara, depending on the
operating pressure of the regeneration column and the requirements of the
process and the absorbent used. The pressure difference between the
regeneration column 8 and the reclaimer 21, may in this embodiment is
preferably more than 0.7 bar, such as 1 bar or more, such as 1.5 or even
2.0 bar.
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Figure 5 is an alternative embodiment of the embodiment illustrated in
figure 4, where the compressor or fan 43 is substituted by an ejector or
venture unit 44. A propellant line 45 connected to a source of pressurized
gas, is provided to introduce the driving gas into the venture 44. Typically
the driving gas will be steam. The steam will mix with the vapours from the
reclaimer and enter the stripper. Venture, or ejector, units have low
compression efficiency. Therefore, it is not usually economical or energy
effective to run the ejector continuously. However, often it is necessary to
operate the reclaimer at low temperatures at the end of the reclaiming
cycle. The ejector provides a low cost alternative to a compressor.

Figure 6 illustrates a further embodiment of the vacuum reclaiming of
figure 3. The gaseous mixture in the reclaimer withdrawal line 23 is cooled
by means of a cooler 46 to give a condensate stream of water and amine
that is separated in a separation vessel 47 to give a liquid phase that is
withdrawn through liquid withdrawal line 52 via a pump 51 and then
returned to the process, e.g. in the lean amine system. The gaseous
phase in the separation vessel 47 is withdrawn through a line 48. A
vacuum pump 49 is provided on line 48 to boost the pressure of the gas
therein before the gas is introduced into line 33 to be compressed as
described above. A direct line 50 is provided from line 23 to line 33. It is
often necessary to operate the reclaimer at reduced pressures at the end
of a reclaiming cycle. Figures 4 and 5 have given examples of how his
might be achieved. Figure 6 gives another example. Under normal
operation the cooler, separation vessel and vacuum pump will be
bypassed. The claimer will operate at the same pressure as the inlet to the
compressor. At the end of the cycle, the vacuum pump system will be
used to reduce the pressure more and complete the reclaiming process.
The key disadvantage of using a condenser and vacuum pump, is that
there is a large loss of heat (energy) to the cooling medium. By operating
without the cooler for most of the cycle, the heat is conserved, even
though heat will be lost at the end of the cycle.

The preferred pressure in the reclaimer is dependent on the compounds,

e.g. amines and alkanolamines, that are included in the absorbent to be
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reclaimed. Depending on the actual compounds, the pressure in the
reclaimer may be as high as 1.5 bara, if the regeneration column is
operating at even higher pressures, and as low as about 0.1 bara. The
choice of actual configuration on the plant depends on the pressure
difference required from the regeneration column to the reclaimer. If the
pressure difference between the regeneration column and the reclaimer is
not too high, such as about 1 bar, or lower, such as 0.5 bar, 0.3 bar or 0.2
bar, the embodiment described with reference to figure 3, is preferred, as it
provides the simplest and less expensive solution. If a higher pressure
difference is required, the embodiment according figure 4 or 5 are the
configurations of choice. The embodiment of figure 6 allows the highest
pressure difference.

The invention is described with reference to the use of an aqueous
solution of an amine or a mixture of amines as a CO»> absorbent. The
skilled man in the art will, however, understand that the invention also is
applicable to other known, suggested or later developed absorbents.
Accordingly, the invention is not limited to the use of amines as
absorbents. The presently preferred amines to be used in connection with
the present invention are, however, amines such as the amines mentioned
in the introductory part of the present description.

The skilled man in the art will understand that an optional arrangement for
line 20 is to connect line 20 to line 4 to withdraw lean absorbent after
flashing to the reclaimer.

Additionally, all the figures show a thermosyphon reboiler. The invention is
also relevant with other types of reboiler including kettle reboilers. The
figures and description show lean amine entering the reclaimer directly
from the stripper, the invention is also relevant when lean amine is fed
from the flash drum to the reclaimer.

In the description of the prior art and different embodiments of the present
invention, description of elements that are common for two or more figures
or embodiments may only be identified and specifically mentioned on their
first occurrence in the description. Accordingly, all elements in a figure are

not specifically described with relation to this figure if the elements are
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mentioned with in the description of a different embodiment and the
element and function thereof is corresponds to the earlier mentioning of

the element.



WO 2010/142716 PCT/EP2010/058069

17

Claims

1.

A method for reclaiming one or more CO> absorbing chemical(s) from a lean
aqueous CO> absorbent leaving a regeneration column in which CO2 has
been released, or desorbed, from the CO> absorbent, and the released CO» is
withdrawn from the top of the regeneration column for further treatment, and
the lean, or CO2 depleted absorbent, is collected at the bottom of the
regeneration column and withdrawn therefrom, where at least a part of the lean
absorbent leaving the regeneration column is introduced into a reboiler where
the absorbent is heated to generate steam and vaporized absorbent that is
introduced into the regeneration column as stripping gas, where lean
absorbent is withdrawn and flashed to generate a vapour that is compressed
and returned into the regeneration column as stripper gas, and a liquid phase
that is returned to an absorption column, and where a part of the lean
absorbent is withdrawn and introduced into a reclaimer in which the lean
absorbent is boiled to generate a gas phase that is withdrawn and returned
into the regeneration column as reclaimed absorbent, and a liquid phase
containing impurities, heat stable salts, and degradation products from the
absorbing chemical(s) and other chemicals, wherein the gaseous phase that is
withdrawn from the reclaimer is compressed together with the vapour part from
the flashing of the lean absorbent, to generate a pressure in the reclaimer that
is lower than the pressure in the regeneration column.

The method of claim 1, wherein the pressure in the reclaimer is further reduced
by means of a suction means for withdrawal of the gaseous phase from the
reclaimer.

The method of claim 2, wherein the suction means is a vacuum system, an
ejector or a compressor.

The method of any of the preceding claims, wherein the pressure in the
reclaimer is at least 0.2 bar lower than the pressure in the regeneration
column.

The method of claim 4, wherein the pressure in the reclaimer is at least 0.3 bar
lower than the pressure in the regeneration column.

A regenerator for a liquid absorbent for CO2 comprising a regeneration column

(8), a rich absorbent line (5) for introduction of rich absorbent into the
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regeneration column (8), withdrawal means (10) for withdrawing lean
adsorbent from the bottom of the regeneration column (8), a reboiler (11) for
heating at least a part of the withdrawn absorbent to produce steam that is
reintroduced into the regeneration column (8), a first lean absorbent line (30)
for leading a second portion of the lean absorbent from the mentioned
withdrawal means (10) to a flashing means (31, 32), a steam withdrawal line
(33) for withdrawing the gaseous phase from the flashing means, compression
means (34) for compressing the gaseous phase in line (33), and a line (37) for
injecting the compressed gaseous phase into the regeneration column, and a
second lean absorbent line (4) for withdrawing the liquid phase from the
flashing means for returning the lean absorbent to an absorption device; and a
gas withdrawal line (9) for withdrawal of CO2 and vapour from the top of the
regeneration column, and separation means (14, 15) for separating the gas
withdrawn from the top of the regeneration column in a CO» stream that is
exported from the regenerator, and water that is recycled to the regeneration
column (8), characterized in that it further comprises a reclaimer line (20) for
withdrawal of a portion of the lean absorbent and introduction of the lean
absorbent into a reclaimer (21), heating means (22, 22°) for heating the lean
absorbent in the reclaimer (21), a reclaimer withdrawal line (23) for
withdrawing a gaseous phase generated in the reclaimer and introducing said
gaseous phase into the compressing means (34), and an amine waste line
(24) for withdrawing waste amine from the reclaimer (21) for deposition.

7. The regenerator of claim 6, wherein a compressor (43) is provided in the
reclaimer withdrawal line (23) for further reduction of the pressure in the
reclaimer (21).

8. The regenerator according to claim 5, wherein an ejector pump (44) is
arranged in the reclaimer withdrawal line (23) for further reduction of the

pressure in the reclaimer (21).
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