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REGENERATION OF AN AQUEOUS SOLUTION FROM AN ACID GAS ABSORPTION PROCESS BY
MULTISTAGE FLASHING AND BTRIPPING

This application claims priority to, and incorporates by reference, U.S. Provisional Patent
Application Serial No. 60/453,279 filed March 10, 2003. The present invention relates gencrally
to the removal and capture of acid gases such as carbon dioxide, hydrogen sulfide and mixtures
pnhcﬂnly,ﬂpmudumdhodnﬁ:rmﬁmngthemergymphmofmnhlbmrphmmd-
stripping processes. . W

A common viewpoint held by a significant scgment of the environmental community is
that carbon dioxide released into the air plays a major role in global climate change. Thus,
global climate change initistives such as the Kyoto Protocol have identified the curtailment of
carbon dioxide releases from fossil fuel combustion and other point sources as a primary mesans
of reducing global climate change. Extensive programs already in place are beginning to
demonstrate the economic and technical feasibility of sequestering carbon dioxide by approaches
such as injection in underground reservoirs (sce, Bergman, P.D. et al, “Disposal of Power Plant
CO2 in Depleted Oil and Gas Reservoirs in Texas,” presented et the Third Intemational
Conference on Casbon Dioxide Removal, Cambridge, MA, Sept 9-11, 1996) and disposal in the.
deep ocean (Pujioks, Y. et al., “Cost Comparison of Various CO2 Occan Disposal Options,”
pressnted at the Third International Conference on Carban Dioxide Removal, Cambridge, MA,
Sept 9-11, 1996).

One method of curteiling carbon dioxide relesses in the industrial arena involves
removing carbon dioxide from combmstion gases and other gases. Carbon dioxide is emitted in
large quantities from fuel combustion by mobile and stationary sources. Carbon dioxide
capture/sequestration will be most effective if applied to large stationary sources. The largest
single sources of carbon dioxide aro conventional coal-fired power plents. These sources
represent 30 to 40% of the cmrbon dioxide emissions in the United States, Techmology
developed for such sources should also be spplicabie to CO; capture from gas and oil fired
boilers, combined cycle power plamts, coal gasification, and hydrogen plants.
Absorption/stripping is primarily a tail-end technology and is therefore suitable for both existing

and noew boilers, Spmﬁmﬂy,ltmbeuudmﬁmlmm—ﬁmdboﬂmmlﬂylfﬂmy
already have scrubbers for SO,-abatement.
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The use of absorption and stripping processes with aqueons solvents such as
alkanolamines and promoted potessium cerhonate is a known, effective technology for the
removal and capture of carbon dioxide from flue gas, natural gas, hydrogen, synthesis gas, and
other gases. U.S. Patents 4,477,419 and 4,152,217, each of which is incorparated herein by
reference, describe aspects of this technology. Alkanolamine absorption/stripping is one proven
and effective technology for carbon dioxide capture from gas. The first generation of this
technology uses aqusous solutions of monoethanolamine (MEA). Advences in this technology
have provided other alkanolamine solvents for carbon dioxide treating in various industries.
Monoethanolansine (MEA), disthanolamine (DEA), and the hindered amine AMP aro used alone .-
in an aqueous solution. Typical solvent blends include a methyldiethanolamine (MDEA)
solution promoted by piperazine or other secondary amines. Also, potassium caerbonate solvents
are commonly promoted by DEA or other reactive amines.

Ges sbsorption is a process in which soluble companents of 2 gas mixture are dissolved
inaliquid. Stripping is essemtially the inverse of absorption, as it involves the tranafer of volatile
components from a liquid mixture into a gas. In a typical carbon dioxide removal process, -
shsorption is used to remove carbon dioxide from e combustion ges, and stripping is
subsequently used to regencrate the solvent and capture the carbon dioxide contained in the
solvent. Once carbon dioxide is removed from combustion gases and other geses, it can be
capmadmdemnpreuedﬁnmemammbuofapphmmcmuqumumpmdm
of methanol, and tertiary oil recovery.

The conventional method of using absorption/stripping processes to remove carbon
dioxide from gascous streama is described in U.S. Patent 4,384,875, which is incorporated herein
by reference. In the absorption stage, the gas to be treated, containing the carbon dioxide to be
removed, is placed in coniact, in an absorption column, with the chosen absorbent under
conditions of pressure end temperature such that the absarbent solution removes virtually all the
carbon dioxide. The purified gas emergos at the top of the absorption column and, if necessary,
it is then directed towards a scrubber employing sodium hydroxide, in which the last tracea of
carbon dioxide are removed. At the bottom of the absorption column, the absorbent solution
containing carbon dicxide (also called “rich solvent™) is drawn off and subjected to a stripping
process to free it of the carbon dioxide and regenerate its absorbent properties.

To effect the regeneration of the absorbent solution, the rich solvent drawn off from the
bottom of the absorption column is introduced into the upper half of a stripping column, and the
rich solvent is maintained at its boiling point under pressure in this column. The heat necessary
for maintaining the boiling point is furnished by reboiling the absorbant solution contained in the
stripping colmnn. The reboiling process is affectuated by indirect hoat exchange between part of

-2-
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the solntion to be regenerated located in the lower half of the stripping columm and a hot fluid at

" sppropriate temperature, generally satnrsted water vapor. In the course of regeneration, the
" carbon dioxide contained in the rich solvent to be regenerated maintained at its boiling point is

relessed and stripped by the vapors of the absorbent solution. Vapar contaming the stripped

. carbon dioxide amerges at the top of the stripping column and is passed through a condenser
- systern which returns to the stripping colunm the liquid phase resulting from the condensation of
" the vapors of the absorbent solution which pass out of the stripping column with the gaseous

carbon dioxide. At the bottom of the stripping column, the hot regenerated absorbent solution

-+ {also called “lean solvent™) is drawn off and recycled to the absorption column after having used
- part of the heat content of the solution to heat, by indirect heat exchange, the rich solvent to be

regenerated, before its introduction info the stripping column.

Inlimplelbnrpﬁonlnhippinguiti;typicdlymﬁmdinm&ld, aqueous rich solvent
is regenerated at 100-120°C in a simple, covntercurrent, reboiled .siripper opersted at a zingle

- pressure, which is nsuslly 1-2 atm. The rich solvent feed is prehested by cross-exchange with
- hot lean solvent product to within 5-30°C of the stripper bottoms. The overhead vapor is cooled

to condense water, which is returned as reflux to the coumtercurrent stripper. 'When used for
carbon dioxide sequestration and other applications, the product carbon dioxide is compressed to

. 100-150 atm.

A major problem with the existing absorption/stripping process described above is that it
is very energy intensive, and this is largely because the heat required for the heat reboiler is
significant. In application on a coal-fired power plant, the required heat of such a process can
reduce net power production by as much as 15 to 30%. (Herzog, H., E. Drake, & E. Adama,
"CO2 Capture, Rouse, and Storage Technologies for Mitigating Global Climate Change,” final
rept, DOR Onder No. DE-AF22-96PC01257, 1997). Therafore, it is important to maximize
energy efficiency in the design and operation of these systems. The primary method for
echancing energy efficiency is the recovery of useful heat from the overhead condenser, as the
overhead vapor can contain one to ten moles of water vapor for every mole of carbon dioxide.
Common forms of heat recovery currently practiced include vapor recompression and multieffect
strippen. In vapor recompression, the overhesd vapor is compressed by a factor of two to ten
and then exchanged with the botioms liquid to provide heat for the reboiler. With multieffect
strippers, two or more strippers are operated in pamlicl, but cach stripper is operated at a
significantly different pressure. The vapor from a higher pressure siripper is used to heat the
rebailer of & lower pressure stripper in a cescade mrangement Unfortumately, both of these
configurations result in a losa of enargy in the required heat exchanger,
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As noted in U.S. Patent 4,152,217, several sitempts have been made to reduce the overall
cost associsted with the regeneration of absorbent liquid streams. By devising a system in which

. the spent absorbent/lean ebsorbent heat exchanger, the overhead cooler-condenser, the reflux

drom, end the reflux pump, ordinarily constructed and used with a conventional stripper or
regenearator, could be eliminsted, the patentee in 1.S. Patent 3,690,861 sought to reduce capital
investment costs. While capital investment was considerably reduced in the disclosed process,
no consideration was given to how the elimination of heat exchangers would affiect overall heat
requirements of the system. As described in U.S. Patent 4,152,217, it has been found that

. -elimination of heat exchangers increases the overall heat requirements of the system. Thus,
« while initial capital expenditures are considerably lessened, long term opersting expenses,

especially in view of rising energy costs, would be higher in an absorption/stripping process that

Other patents have disclosed various methods for improving the cost effectiveness of
carbon dioxide removal systems by reducing the energy requirements of such systems. One such
patent, U.S. Patent 4,553,984, which is incorporated herein by reference, discloses a method in
which the rich solvemt laden with carbon dioxide is regenerated without the use of & stripping
column -gimply by flashing in one or more flash stages. The disclosed method is said to
substantially reduce both capital costs and energy costs. However effective at reducing costs
such a technology may be, it may be ineffective for applications which require the captured
carbon dioxide to be produced at a higher pressure for use in sequestration, production of
methanol, tertiary oil recovery, or other applications. At the very least, such a technology may
require significant capital expenditure for the addition of a compressor to enable the captured
cathon dioxide to be compressed for use in applications that require higher pressure carbon
dioxide.

In light of the above, it would be advantageous to provids for technology in which carbon
dioxide can be removed from combustion gases and other gases by an absorption/stripping
process that is significantly more energy efficient than the processes currently practiced. The
ideal system would generate carbon dioxids at & higher pregsure without operating the stripper at
8 greater temperature. Such a system would, in tum, significantly reduce the energy cost
asgociated with systems in which the carbon dioxide mmst be compressed for sequestration,
production of methanol, tertiary oil recovery, or other applications.

Any problems or shortcomings enumeraied in the foregoing are not intended to be

exhsmstive but rather arc emong many that tend to impair the effectivenesa of previousaly known
techmiques.  Other noteworthy problems may also exist; however, those pregemted above should
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be sufficient to demonsirate that spparatus end methods appearing in the art have not been
altogether satisfactory end that a need exists for the techniques disclosed herein.

The present invention overcomes deficiencies in the prior art by providing, among other
things, @ method for using aqueous absorption and stripping processes to remove an acid gas
from gaseous streams in a mmmer that generates said acid gas at a higher pressure while
consuming less energy than the existing technology. The method involves replacing the
conventional single-pressuro stripper used to regenerate the aqueous solvent and capture the
carbon dioxide with a multipreesure stripper that cambines acid gas compression with stripping.
By generating the acid gas st a higher pressure without operating the stripper at a greater
temperature, the method reduces the energy consumption of systems in which the carbon dioxide
must be compresaed for sequestration, production of methanol, tertiary cil recovery, or other

Inmeunbodimmtlhepmmtinvmﬁénmmimprwedmﬂhodforrmoﬁngm
acid gas from a gaseous sitream contrining same using aqueous absorption and stripping

(a) passing the acid gas-rich solvent stream exiting the absorbing equipment through
a multipressure stripper in which the acid gas-rich solvent stream passes through
multiple flash stages such that the vapor obtained by flashing the acid gas-rich
solvent stream in each flash stage atrips thc acid gas from the acid gas-rich
solvent stream, resulting in an acid gas-rich gasecous stream exiting the
multipresgure stripper and an acid gas-lcan solvent stream exiting the
multipressure stripper; wherein the multipressure stripper is operated at multiple
pressuro levels such that the vapor obtained in each flash stage is compressed in a
compressor and fed to the previous flash stage at a higher pressure; and

(b) recycling the acid gas-lean solvent stream exiting the multipressure stripper in
step (a) back to the absorption equipment at least once.

In another embodiment of the present invention, each stage of the multipressure stripper
from the stripping process is a countercurrent contactor.

In another embodiment of the present invention, one or more of the stages of the
mulfipressure stripper from the stripping process is a cocurrent contactor.

In another embodiment of the present invention, one or more of the stages of the
multipressure stripper from the stripping process is a mixed contactor.

-5-
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In another embodiment of the present invention, additional heat is supplied at one or
mare of the stages of the stripping column. .

In snother embodiment of the present invention, the invention involves a stripping
equipment for stripping an acid gas from an acid gas-rich solvent stream. This equipment
includes a stripping column containing multiple flash stages. The equipment also inciudes a
compressar comnected between each of the flash stages such that vapor produced in cach flagh
stage is compressed and fed to the previouns flash stage at a higher pressure.

Iﬁm;huénbodimnﬂofﬁwpmtimmﬁm e;ﬁhshpofthcmippingwhmﬁm
the stripping equipment is a countervurrent contactor.

In snother embodiment of the present invention, one or more of the siages of the
stripping column from the stripping equipment is a cocurrent contactor.

In enother embodiment of the present invention, one or more of the stages of the
stripping column from the stripping equipment is a mixed contactor. '

In another embodiment of the present invention, additional heat is supplied at one or
more of the stages of the stripping column.

In the present invention, in en absorption process stege, the gaseous stream is contacted
with an aqueous solvent (such us an aquecus smine, an aqueous alkanolamine or mixtures
thareof, -or an amine promoted aqueous potassium carbonate) in an sheorption equipment-such
that the acid gas in the gaseous stream is transfierred from the gascous stream fo the solvent,
resulting in u purificd gaseous stream exiting the absorption equipment and an acid gas-rich
solvent gtream exiting the ebsorption equipment. In = siripping stage, the acid gas-rich solvent
stream exiting the abaorption equipment is passed through a multipressure stripper in which the
acid-gas-rich solvent stream pazses through multiple flash stages such that the vapor obtained by
flaghing the acid gas- rich solvent stream in each flash stage strips the acid gas from the acid gas-
rich solvent stream, resulting in an ecid gas-rich gaseous stream exiting the multipressuro
stripper and an acid ges-lean solvent stream exiting the muitipressure stripper. In the stripping
stage, the multipressure stripper is operated at multiple pressure levels such that the vapor
obtained in each flesh stage is compressed in a compressor and fed to the previous flash stage at
o higher pressure. In the final step of the method of the present invention, the acid gas-ean
solvent stremm exiting the multipressure stripper is recycled back to the absorption equipment,

Conveniently, the gaseous stream to be treated by the present method is comprised of flue
gas, naturel gas, hydrogen gas, or synthesis gas.
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As used in the specification, "a” or "mn" may mean ons or mare. As used in the claim(s),
when used in conjunction with the word "comprizing”, the words "a" or "an" mesn one or more
than one unless explicitly stated otherwise. As used herein “snother” may mean at least a second
or more,

Other objects, features, and advantages of the present invention will become epparent
from the following deteiled description. It should be understood, however, that tho detailed
description and the specific examples, while indicating illustrative embodiments of the invention,
are given by way of illustration only, since various changes and modifications within the spirit
and scope of the invention will becoms apparent to those skilled in the art from this dotailed
description.

The following drawings form part of the present specification and are included to fimther
demonstrate certain aspects of the present invention. The invention may be better understood by
reference to ons or more of these drawings in combination with the detailed description of

FIG. 1 is s schematic drawing of CO» capture by potassium carbonate
sbrorption/stripping utilizing one posgible vapor recompreasion for encrgy integration.

FIG. 2 is a schematic drawing of CO; cepture by potassium carbonate
absorption/stripping utilizing conventional turbine exhaust steam for energy integration.

FIG. 3 is e schematic drawing of CO; capture by potassium carbonate
absorption/siripping utilizing multipressure stripping for energy integration according to
embodiments of the present invention. '

FIG. 4 is a schematic diagram of the multipressure stripping process according to
ambodiments of the present invention.

According to the present invenmtion it is possible to minimize the heat energy
reqnirements associeted with the removal and capture of carbon dioxide from a gaseous stream
by aqueous absorbent and stripping processes. This is attained by combining aqueous absorption
with nmlitipressure stripping. Because the prosent invention results in the captured acid gas
baing In & comprcascd state, the invention may bc most beneficial in systcms requiring
campreased acid gas for applications such as sequestration, production of methanol, and tertiary
oil recovery.

The present invention utilizes aspects of the process of aqueous absorption, as described
in U.S. Patent 6,139,605, which is incorporated herein by reference. Through this process, en

-7-
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acid gas such as carbon dioxide, hydrogen sulfide, or & mixture thereof is removed from gaseous
streams by contacting the geaseous stream with a liquid absorbent thet absorbs the acid gas. As
industrial applications expected to benefit from the present invention require the concentration of
the acid gas to be reduced to a very low level, the absorbent is generally selected to bo one that
reacts with the acid gas. Examples of absorbent liquids suitable for use in the present invention
for the absorption of the acid gas include, but are not limited to, amine promoted aquecus
potrasium carbonate and aqueous solutions of amines and alksnolamines, Non-limiting examples
of alkanolamines suitable for use in the present invention are monoethanolaminé (MEA),
diethanolamine (DEA), and methyl diethanolamine (MDEA).

The absorption step may be carried out by contacting the guscous streem at a relatively
low tempersture but et an elevated pressurs in an absorption column with a stream of the
absorbent liquid, referred to at this stage as “lean solvent,” flowing counter-current to the
gescous stroam.  As described in U.S. Patent 4,384,875, the purified gaseous stream emerges
from the top of the absorber, while the absorbent liquid contxining the acid gas, referred to at this
stage as “acid gas-rich solvent,” emerges from the bottom of the absorber. To capture the acid
gas and regenerate the absorbent liquid so it can be recirculated back to the top of the absorber
column a5 lean solvent, the rich solvent is treated with a stripping proceas.

In conventional sbsorption/stripping, the aqueous solvent is repencrated in a simple,
countercurrent, reboiled stripper operated et a single pressure. To cary out the stripping process
in the present invention, a multipressure stripper is employed. The multipressure stripper
integrates the acid gas compression with stripping. The stripper itself is a multistage flash in
which the total vapor flow from each atage is compressed and fed to the previous flash stege at a
higher preasure. In this process, the heat in the water content of the vapor exiting each stage is
utilized at 2 higher pressure in the previous stage. This is significant because the overhead vapor
can confain one to ten moles of water vapor for every mole of the acid gas. The described
stripping process generates the acid gas at a higher pressure without operating the stripper at a
higher terperature, thereby reducing the energy consumption of the system.

The multipressure stripping process of the present invention may be undesirable in
certuin digtillation and stripping applications because compressors are currently expensive to the
point of being cost prohibitive. However, in applications where a compressor is already required
to achieve a desired end result, the multipressure stripping process can be implemented with little
additionsl cost.

Tho present invention finds application in a vast aray of fields. Because it intogrates
compression with stripping to produce a compressed acid gas product, the invention may be
paticularly sttractive in systams that require compression of the product acid gas for
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epplications such as sequestration, production of methanol, and tertiery oil recovery. Such
systems will already have a compressor incorporsted into their current configuration, and thus it
will not be necessary to expen the significant capital necessary to purchase a compressor for nse
in the present invention.

In addition, as environmentsl concems magnify, industry may be forced to finther
explore and adopt various technologies that effectively reduce acid gas (such es, for example,
carbon dioxide) emissions in an energy-efficient manner. In such a scenario, the present
invention will be highly desirable to an oven greater spectrum of industry due to its energy-
cfficient method of operation.

. The following non-limiting examples are included to demonstrete spesific embodiments
of the invention. Tt should be appreciated by those of skill in the art that the techniques disclosed
in the examples which follow represent techniquos discovered by the inventor to fanction well in
the practice of the invention, and thus can be considered to constitute specific modes for its
practice. However, those of gkill in the art should, in light of the present disclosure, appreciate
that many changes can be mads in the specific embodiments which aro disclosed and still obtain
s like or similar result without departing from the spirit and scope of the invention.

FIG. 1, FIG. 2, and FIG. 3 show the same carbon dioxide capture process utilizing three
different modes of energy integration. The solvent used in the example process is en amine
pramoted aqueous potassium carbonate, although other solvents known in the art may be used as
well. FIG. 1 and FIG. 2 show processes utilizing known modes of energy integration, whereas
FIG. 3 chows a process utilizing multipressure stripping for encrgy integration according to
embodiments of the present invention.

Comparative Example |

FIG. 1 shows a process utilizing one possible vapor recornpreasion for energy integration.
Referring to FIG. 1, a gas which contsins a high concentration of CO;, for example a natural gas
or a flue gas, is passed, via line 1, into the bottom of absorption column 2 and flows up through
column 2 counter-current to absorbent flowing down the column. At the same time, lean
sbeorption solvent, in this example a promoted potassium carbonate, is passed via line 3 to the
upper end of the absorption columm snd semi-lean absorption solvent is fed via line 4 to a
location intermediate the upper and lower ends of column 2. The abaorption solvent, which is
fed counter-cuirent to the gas, becomes laden with CO,, and the rich absorption solvent is taken
off at the bottom of the absorption columm via line 5. The washed ges is taken off at the top of
the absorption column via line 6.
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Thua, the gas to be treated is scrubbed against semi-lean sbsorbent near the middle and
lower end of abaorption column 2 and against lean absorbent near the top of absorption column 2
to absorb most of the specified gas while passing most of the othar gases in the gas to be treated
out of the absorption step. The bulk of the absorption takes place near the bottom of column 2
by using semi-lean absorbent, Only the last traces of the CO; are removed from the gas in the
top section of ahsorption column 2.

The COx-rich absorbent solvent is then fed, via line 7, to the upper end of a vacuum

stripping column 8, where the rich absorbent flows down column 8. Heat is provided to the .

stripper by comipressing the stripper overhead exiting colnmn 8 via line 9 in compressors 10 and
11 and condensing iis contained water vapor against a recirculating stream from the stripper
bottoms in condensers 12 aud 13. The recirculating stream from the stripper bottoms exits
colimnn 8 via line 15, and a portion of it is fed through condensers 12 and 13 via line 16, The
recirculating stream is fed back to column 8 via line 14. Compressed gas containing the CO;,
stripped from the rich absorbemt liquid exits the system via line 21. The heat provided to the
gtripper is used to generate the vapor necessary for stripping the CO; from the rich abasorbent.
The vapor generated from heating the rich ebsorbent rises up through the stripping column 8
countercurrent to the rich absorbent liquid flowing down colunm 8. As the vapor rises to the top
of the stripping column, it strips the CQO; from the rich absorbent. The vapor rising from the
stripper bottom is mainly water vapor since aqueous solvents gencrally have a low volatility, At
the top of column 8, the vapor carrying the CO; stripped from the rich absorbent is passed via
line 9 through compressor 10 as described previcusly.

Semi-lean absorbent liquid is withdrewn from a location intermediste the lower snd
upper ends of stripping column 8 via line 17 and is recycled to a location intermediate the upper
and lower ends of shearption column 2, Thus, the semi-lean ahsorbent withdrawn via line 17 is
fed to heat axchanger 18, where it is cooled with cooling water to a temperature and is then fed
to absorption column 2 via line 4. A portion of the lean absorbent liquid taken from the boitom
of stripping column 8 via line 15 is recycled to the upper end of absorption column 2. Thus,
some of the lean absorbent withdrawn via line 15 is fed to hoat exchenger 20 via line 19, where it
is cooled with cooling water to a tetnperature and is then fed to absorption colwmn 2 via line 3.

ive le 2

FIG. 2 shows a process utilizing conventional turbine exhaust steam for energy
integration. Refarring to FIG. 2, & gas which contains a high concentration of CO,, for example
a natural gas or a flue ges, is passed, via line 22, into the bottom of absorption column 23 end
flows up through column 23 counter-current to absorbent flowing down the column. At the
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same time, lean absorption solvent, in this example a promoted potassium carbonste, is passed
via line 24 to the upper end of the absarption columm and semi-lesn absorption solvent is fed via
line 25 to & location intermediate the upper and lower ends of column 23. The absarption
solvent, which is fed connter-current to the gas, becomes Inden with CO,, and the rich absorption
solvent is taken off at the bottom of the absorption column via line 26. The washed gas is taken
off at the top of the abgorption columnn via line 27.

Thus, the gas to be treated i8 scrubbed againat semi-lean absorbent near the middle and
lower end of absorption column 23 and against lean absorbent nesr the top of absorption column
23 to sbeorb most of the specified gas while passing most of the other gases in the gas to be
treated out of the absorption step. The bulk of the absorption takes piace near the bottom of
column 23 by using semi-lean absorbent. Only the lest traces of the CO; arc removed from the
gas in the top gection of absorption column 23.

The COy-rich absorbent solvent is then fed, via line 28, to the upper end of a vacuum
stripping column 29, where the rich abgorbent flows down column 29. Heat is provided to the
stripper by using exthaust steam from steam turbine 30. High pressure steam is fed to turbine 30
vie line 36, and the turbine produces some form of work, such as electricity. The exhaust steam
from turbine 30 is fed to condenser 31 via line 32, where it is condensed agninst a recirculating
stream from the stripper bottoms. The recirculating stream from the stripper bottoms exits
column 29 vis Line 33, and a portion of it is fed through condenser 31 via line 34. The
recirculating stream is fed back to columm 29 via line 35. The heat provided to the stripper is
uscd to generate the vepor necessary for stripping the CO; from the rich absorbent. The vapor
genorated from heating the rich absorbent rises up through the stripping column 29
countercurrent to the rich absorbent liquid flowing down columm 29. As the vapor rises to the
top of the stripping column, it strips the CO; from the rich ebsarbent. The vapor rising from the
stripper bottom is mainty water vapor gince aqueous solvents generally have a low volatility. At
the top of column 29, the vapor carrying the CO; stripped from tho rich absorbent is passed via
line 36 through condenser 37 , where heat excheange with cooling water causes most of the water
in the vepor to condense out. The remaining vapor, which is high in CO; concentration, is fed to
compressor 38 vie lino 39. The compressed CO;-rich gas exits the system via line 44.

Semi-lean absorbent liquid is withdrawn from a location intermediate the lower and
upper ends of stripping column 29 via line 40 and is recycled to a location intermediate the upper
and lower ends of ahsorption columm 23. Thus, the semi-lean absorbent withdrewn via line 40 is
fed to heat exchanger 41, where it is cooled with cooling water to & temperature and iy then fed
to absorption column 23 via line 25. A portion of the lean absorbent liquid taken from the
bottom of stripping colunm 29 via line 33 is recycled to the upper ond of absorption column 23.
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Thus, some of the lean absorbent withdrawn via line 33 is fed to heat exchanger 43 via line 42,
whare it is cooled with cooling water to a temperstre and is then fed to absorption column 23
via line 24.

Exsmple |

FIG. 3 shows & process utilizing mnltipressure stripping for energy integration according

_ to emhodiments of the present invention. Referring to FIG. 3, a gas which contzins a high

concentration of CQ,, for example a nahmsl gas or a flue gas, is passed, via line 45, into the
boitom of sbsorption column 46 and flows up through column 46 counter-current to sbsorbent
flowing down the columm. At the same time, lsan absorption solvent, in this example a
promoted potassium carbonate, is passed via line 47 to the upper end of the absorption column.
‘The absorption solvent, which is fed counter-current to the gas, becomes laden with CO;, and the
rich absorption solvent is taken off at the bottom of the absarption column viz line 48. The
washed gas in taken off at the top of the abaorption column via line 49.

The COrich absorbent solvent is then fed, via line 50, to the upper end of a
mrultipressure stripping column 51, where the rich absorbent flows down column 51. The
multipresgure siripping column is a multistege flagh, whereby the lowest flash stage 52 provides
stripping steam by flashing the absorption solvent The stripping steam then contacts the rich
absorbeat liquid in each flash stage end strips the CO;, from the rich sbsorbent liquid. The total
vapor flow produced in lowest singe 52 is fed through compressor 53 via line 54. The
compressed vapor exiting compreasor 53 ia fed to the bottom of intermediate flash stage 55 via
line 56. The total vapor flow produced in intarmediate flash stage 55 is fed through compreasor
57 via line 58. The compressed vapor exiting compressor 57 is fed to the bottom of top flash
gtage 59 via line 60. The total vapor flow produced in top flash stege 59 is fed through
compresgor 61 via line 62. The CO;-rich compressed vapor exiting compressor 62 exita the
gystem via line 63.

The lean absorbent liquid taken from the bottom of multipressure stripping column 51 via
line 64 is recycled to the upper end of absorption column 46. Thus, some of the lean absorbent
withdrawn via line 64 is fed to heat exchanger 65 via line 66, where it is cooled with cooling
water to a temperature and is then fed to absorption column 46 via line 47.

Using known vapor recompression a8 shown in FIG. 1, heat will bo provided to the
stripper by compressing the stripper overhead and condensing ite contained water vapor against a
recirculating stream from the stripper bottoms. The compression work will also be recovered as
heat in the stripper bottoms. This feature replaces steam with equivalent power. Vapor
recompreasion muy require an axial flow compressor with high volume capacity for water vapor.
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The capital cost of this compressor may be aignificant. 1t will be comparable im size to the air
compressor of a large gas turbine for a power plant of the equivalent aize, but the shaft power
requirement will be an order of magnitude mmnaller becanse of the low density of the vacoum
stream.

Using conventional turbine exhaust steam as shown in FIG. 2, a steam tinbine could

" produce electricity and could provide the additional work required to compress the CO; from

0.15 atm to 1 atm. The capital cost of compressora would be significantly reduced relative to
that for vipor recompression. However, the capital cost of a steam turbine may be significant.

Compared to the conventional modes of energy-integration shown in FIG. 1 and FIG. 2,
the multipressure stripping mode of energy imtegration of the present invention shown in FIG. 3
offers the minimum energy configurstion with the minimum smount of heat exchange. The
bottom stage provides stripping steam by flashing the solvent. The top stage recovers heat and
drives the overall siripper to a greater temperature and pressure.  All of the energy is provided as
work, either from off-peak clectricity or from steam turbines.

Example 2

A schematic diagram of & multipressure stripping process acconling to embodiments of
the presant disclosurc is shown in FIG. 4. Referring to FIG. 4, CO;-rich absorbent solvent is fed,
via linc 87, through cross exchanger 88. The solvent is then fed, via line 67, through cross
oxchanger 68. The rich absorbent is then fied, via line 69, to the top stage 70 of a multipressure
stripping column, where the rich absorbent flows down the column via lines 71 and 73. The
multipressure stripping column is a multistage flash, whereby the lowest flash stags 74 provides
stripping steam by flashing the absorption solvernit. Tho stripping steam then comtacts the rich
absorbent liquid in each flash stage and strips the CO; from the rich absorbent liquid. The total
vapor flow produced in lowest stage 74 is fed through compressor 76 via line 75. The
compressed vapor exiting compressor 76 is fed to the bottom of intermediate flash stage 72 via
line 77. The total vapor flow produced in intermediate flash stage 72 is fed through compressor
79 via line 78 The compressed vapor exiting compressor 79 is fed to the bottom of top flash
stage 70 via line 80. The COxrich compressed vapor exiting top flash stage 70 exits the system
via line 81.

A portion of the lean absorbent liquid exiting lowest flash stage 74 via line 82 is recycled
to lowest flash stage 74. Thus, some of the lean absorbent withdrewn via line 82 is fed to cross
exchanger 84 via line 83, where it is then fed to lowest flagh stage 74 via line 85. The remainder
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of the lean ebsorbent tiquid exiting lowest flash stage 74 via line 82 that ia not recycled to lowest
flash stage 74 is fied to cross exchanger 88 via line 86. The lean absorbent liquid exiting cross
exchanger 88 is then recycled back to the absorption stage of the process via line 89.

The stripper configuration depicted in FIG. 4 wea simulsted assuming equilibrium
contacting in a spreadsheet simulation with a hypothetical solvent. The nonlinear equilibrium of
the aystem was represemted by the simple equation:

Ln Pooz =a + B*ldg - AH/RT

The constant B was selected to give the specified capacity (m = gmol/kg water) for CO;
absorption at the nominal absorber tcmperature, T. The heat of absarption, AH, was also varied
io simulate different solvents; a value of 22 keal/gmol is typical of monoethanolamine (MEA); &
value of 15 kcal/gmol would represent an altemative solvent. The hest rate, Q, wus provided at a
maximum temperature of 120°C with a 10°C driving force. The equivalent work of the heat was
calculated from the Carnot equation:

Equivalent Work of Steam = Q (Tgm — 313V Tum

The spproach to equilibrium at the rich and lean end of the stripper was taken to be 33%

(typical of MEA gystems) and 75% (possible with reactive alternative solvent). Table 1 shows
the results of the aforementioned spreadsheet simulation.

-14-



10

15

20

WO 20040080573 PCT/US2004/006580

TABLE 1. Simulated Energy Requirements for Multipressure Strippar

vivalent w
ark s

I )
15 3 2 2 9
15 75 8.6 1.4 B3
D2 3 34 1.5 1.5
75 34 1.0 6.8
simple B3 rich, 5 loan |50 2.0 12

Parameters: 10% CO4, 40°Absorber, 90% removal, compression to 8 atm CO;
0.5 m capacity, 5°C cross-x approach, 4 contact stages (3 compressor stages)

As shown in Table 1, the multipressure stripper requires 6.8 to 8.9 kcal equivalent
work/mole CO; removed. This is 25 to 40% less than the conventional MEA stripper (12
keal/gmol). The actual compressor work to a get a CO; product at 8 atm is 1.0 to 2.2 kcal/gmol.
Even though the multipressure stripper requires some compression for weter vapor, the
compressor work required is not significantly different from the simple MEA stripper because
much of the CO; is produced at higher pressure,

The net heat requirement for the multipressure stripper (29-34 kcal/gmol COg) is
approximstely the heat of sbsorption of the CO; plus 5°C sensible heat to drive the cross
exchanger 88. It is significantly less than the net heat required (40-50 kcal/gmol) for the state-
of-the-art MEA technology. Therefore, the compressor capital cost and power requirement may
not be significantly different from the conventional MEA,. stripper, but the heat requirement may
be significantly reduced. A closer approach o equilibrimm in the absorber reduces the equivalent
total work by 10 to 20%. The solvent with the lower heat of absorption appears to be 10to 15 %
better,

While the present invention may be adaptable to various modifications end altemative
forns, specific embodiments have been shown by way of example and described herein,
However, it should be understood that the present invention is not intended to be limited to the
paxticular forms disclosed. Rather, it is to cover all modifications, equivalents, snd alternatives
falling within the spirit and scope of the invention ag dofined by the appended claims. Moreover,
tho different aspects of the disclosed equipment and methods may be utilized in various
combinaticns and/or independently. Thua the invention is not limited to only those combinations
shown herein, but rather may include other combinations, as weil.
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CLAIMS

An improved method for removing an acid gas from a gaseous stream containing same

using aqueous absorption and siripping equipment, the improvement comprising:

(8) passing the acid gas-rich solvent stream exiting the absorbing equipment through
a multipressure stripper in which the acid gas-rich solvent stream passes through
multiple flash stages such that the vapor obtained by flashing the acid gas-rich
solvent stream in each flash stage strips the acid gas from the acid gas-rich
golvent stream, resulting in an acid ges-rich gaseous stream exiting the
multipressure stripper and an acid gas-lean solvent stream exiting the
multipressure stripper; wherein the multipressure stripper is operated at multiple
pressure levels such that the vapor obtained in each flash stage is compressed in a
compressor and fed to the previous flash stage at a higher pressure; and

(b) recycling the acid gas-lean solvent stream exiting the multipressure stripper in
step (a) back to the sbsorption equipment 2t least once.

The method of claim 1, whmmhlhgeofthsmulhprmlmppurma

countercurrent coniactor.

The method of claim 1, wherein one or more of the stages of the multipressure stripper is

a cocurrent contactor.

The method of claim 1, wherein one or more of the stages of the multipressure stripper is

a mixed contactor.

The method of any one of claims 1 to 4, wherein the gaseous stream comprises flue gas,

natural gas, hydrogen gas, or synthesis gas,

The method of any one of claima 1 to 4, wherein the acid gas compriges carbon dioxide.

The method of any one of the claims 1 to 4, wherein the acid gas comprises hydrogen

sulfide.

The method of any one of claims 1 to 4, wherein the solvent is an aqueous emine, an

aqueous alkanolemine, or mixtures thereof.

The method of any one of claims 1 to 4, wherein the golvent is an amine promoted

aqueous potassium carbonate.

The method of any one of claims 1 to 4, wherein additional heat is supplied at one or

more of the stages of the mmitipressure stripper.

An equipment for stripping en acid gas from an acid gas-rich solvent stream, comprising:

()  aetripping column comprising multiple flash stages; and

(b) et least one compressor connected between each of the fiash stagez ench that
vapor produced in eech flash stage is compressed and fed to the previous flash
stago at a higher pressure.
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The oquipment of claim 11, wherein each stage of the siripping columm is a
counfercurrent contactor.

The equipment of claim 11, wherein one or more of the stages of the stripping column is
2 cocurrent contactor,

The equipment of claim 11, wherein one or more of the stages of the stripping column is
2 mixed contactor.

The equipment of claim 11, wherein additional hest is supplied at one or more of the
stagea of the multipressure stripper column.
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REGENERACION DE UNA SOLUCION ACUOSA DE UN PROCESO DE
ABSORCION DE GAS ACIDO MEDIANTE VAPORIZACION

INSTANTANEA Y SEPARACION CON VAPOR EN CUERPOS
MULTIPLES

DESCRIPCION

Esta solipitud reclama prioridad a la solicitud de patente
estadounidense provisional nimero de serie 60/453,279, presentada
el 10 de marzo de 2003, y ia incorpora aqul como referencia. La
presente invencidn se refiere en general a la extraccién y captura de
gases #icidos tales como diéxido de carbono, sulfuro de hidrégeno y
sus mezclas, de gases que los contienen, mediante procesos de
absorcién acuosa y separacién con vapoer. Mas particularmente,
proporciona métodos para reducir el consumo de energla de estos
procesos de absorcién y separacién con vapor.

Un punto de vista comun sostenido por un segmento
significativo de !a comunidad ambiental es que el didéxido de carbono
liberado en el aire juega un papel principal en el cambio climatico
global. Por eso, las iniclativas de camblo del clima global tales
como el Protocolo de Kyoto, han identificado la reduccién de
emisiones de diéxido de carbono de la combustién de combustible
fésil y de otras fuentes puntuales como un medio primordial para
reducir el cambio climéatico global. Programas extensivos ya en

funcionamliento estdn comenzando a demostrar la factibilidad
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econbmica y técnica de eliminar el diéxido de carbono mediante
enfoques tales como inyeccién en depédsitos subterrdneos (véase
Bergman, P.D. y coinvestigadores, "disposicién de CO; de plantas de
enaergla en depdsitos de petrdleo y de gas agotados en Texas",
presentado en Ila Tercera Conferencia Internacional para Ia
Eliminacién de Didxido de Carbono, Cambridge, MA, 9 al 11 de
septiembre de 1988) y su disposicién en el océano profundo (Fujioka,
Y., y coinvestigadores, "Comparacién de Costos de Diversas
Opciones para la Disposicién da CO; en el Océano", presentada en
la Tercera Confarencia Internacional para la Eliminacién de Didxldo
de Carbono, Cambridge, MA, 9 al 11 de septiembre de 10986).

Un método para reducir las emisiones de diéxido de
carbono en el campo industrial involucra extraer diéxido de carbono
de gases de combustién y de otros gases. EIl diéxido de carbono se
emite en grandes cantidades a partir de |a combustién de
combustible por fuentes mdéviles y estacionarias. La captura o
eliminacion de didxide de carbono serd més efectiva si se aplica a
grandes fuentes estacionarias. Las fuentes simples méas grandes de
diéxido de carbono son plantas de energla convencionales que
funcionan con carbdn. Estas fuentes representan de 30 a 40 por
ciento de las emisiones de di6éxido de carbono en Estados Unidos.
La tecnologla desarrollada para estas fuentes debe ser aplicable
también a la captura de CO; de calentadores de gas y de petrdleo,
plantas de energla de ciclos combinados, gasificacion de carbén, y

plantas de hidrégeno. La absorcién/separacién con vapor es
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principalmente una tecnologla que estd al final de la cola, y por
consiguiente es apropiada para los calentadores existentes y los
nuevos. Especificamente, puede usarse con los calentadores
existentas que funcionan con carbén, especialmente si ya tienen
lavadores de gases para la eliminacién de SO,.

El uso de procesos de absorcién y de separacién con
vapor con solventes acuosos tales como alcanolaminas y carbonato
de potasio promovido, es una tecnologla efectiva y conocida para la
extraccién y captura de didxido de carbono del gas de combustién,
gas natural, hidrégeno, gas de sintesis, y otros gases. Las patentes
estadounidenses nimeros 4,477,419 y 4,152,217, cada una de las
cuales esta incorporada a la presente solicitud mediante referencia,
describen aspectos de esta tecnologla. La absaorcién con
alcanolamina/separacién con vapor, es una tecnologla probada y
efectiva para la captura de diéxido de carbono de un gas. La
primera generaci6én de esta tecnclogla usa soluciones acuosas de
monoetanoclamina (MEA), Los avances en esta tecnologia han
proporcionado otros solventes de alcanolamina para el tratamiento
del diéxido de carbono en diversas industrias. La monoetanclamina
(MEA), la dietanolamina (DEA) y la amina impedida AMP se usan
solas en una solucién acuosa. Las mezclas de solvente tipicas
incluyen una solucién de metildietanolamina (MDEA) promovida por
piperazina u otras aminae secundarias. También, los solventes de
carbonato de potasio son promovidos cominmente por DEA u otras

aminas reactivas.
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La absorcion de gas es un proceso en el cual los
componentes solubles de una mezcla de gas se disuelven en un
Ilquido. La separacién con vapor esencialmente es el inverso de la
absorcién, ya que involucra la transferencia de componentes
volatiles de una mezcla liquida a un gas. En un proceso tipico de
extraccion de diéxido de carbono, e usa la absorcién para extraer el
diéxido de carbono o de un gas de combustién, y la separacién con
vapor se usa a continuacion para regenerar el solvente y capturar el
didxido de carbono contenido en el solvente. Una vez que el didxido
de carbono se elimina de los gases de combustién y de otros gases,
puede ser capturado y comprimido para su uso en una cantidad de
aplicaciones, incluyendo eliminacién, produccién de metanol, y
recuperacion terclaria de aceite.

El método convencional para usar los procesos de
absorcién/separacidon con vapor para extraer didxido de carbono de
corrientes gaseosas, se describe en |a patente estadounidense
nimero 4,384,875, |la cual estd incorporada a la presente solicitud
mediante referencia. En el cuerpo de absorcidén, el gas que va a ser
tratado, que contiene diéxido de carbono que va a ser extraido, se
pone en contacto, en una columna de absorcién, con el absorbente
elegido bajo condiciones de presién y temperatura tales que la
solucidn absorbente extrae virtuaimente todo el diéxido de carbono.
El gas purificado sube a |a parte superior de la columna de
absorcién, y si es necesario, se dirige luego hacia un lavador de

gases que emplea hidréxido de sodio, en el cual se eliminan {as

7—‘%



10

186

20

AN

aitimas trazas de diéxido de carbono. En el fondo de la columna de
absorcién, la solucién absorbente que contiene di_éxido de carbono
(también denominado "solvente rico") se extrae por destilacién. y se
somete a un proceso de saeparaciéon con vapor para liberario del
diéxido de carbono y regenerar sus propiedades absorbentes.

Para efectuar la regeneracién de la solucién absorbente,
el solvente rico extraido por destilacién del fondo de la columna de
absorcién, se introduce en la mitad superior de una columna de
separacién con vapor, y el solvente rico se mantiene en su punto de
ebullicién bajo presion en esta columna. EI calor necesario para
mantener el punto de ebulliciébn se proporciona vaporizando la
solucion absorbente contenida en la columna de separacién con
vapor. El proceso de evaporacién se efectia por intercambio de
calor indirecto entre parte de la solucién que va a ser regenerada,
localizada en la mitad inferior de la columna de separacién con
vapor, ¥ un fluido caliente a temperatura apropiada, generalmente
vapor de agua saturado. En el curso de la regeneracion, el didxido
de carbono contenido en el solvente rico que va a ser regenerado
mantenido en su punto de ebullicidn, se libera y se separa mediante
los vapores de la solucién absorbente. EI vapor que contiene el
diéxido de carbono separado sube a |la parte superior de Ia columna
de separacién con vapor, y se hace pasar a través de un sistema
condensador, que devuelve a |la columna de separacidn con vapor la
fase liquida resultante de |a condensacién de los vapores de la

solucién absorbente que se extrae de la columna de separacién por
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vapor con el diéxido de carbon.o gaseoso. En e! fondo de la columna
de separacién con vapor, la solucién absorbente regenerada por
calor (también llamada "solvente empobracido"), se exirae por
destilacion y se recicla hacia la columna de absorcién después de
haber usado parte del contenido de calor de la solucién para
calentar, por intercambio de calor indirecto, el solvente rico que va a
ser regenerado, antes de su introduccidn en la columna de
separacién con vapor.

En la absorcién /separacién con vapor simple, tal como se
practica cominmente en la materia, el solvente acuoso rico se
regenera a 100 - 120 “C en un separador con vapor simpls,
contracorriente, de evaporacién, que funciona a una sola presién, la
cual usualmente es de 1 a 2 atm. EI| solvente rico alimentado se
precalienta por intercambio cruzado con el producto solvente
empobrecido caliente a entre 5 y 30 °C de los residuos del
separador. El vapor saliente de Ia parte alta se enfrla para
condensar el agua, la cual es devuelta como reflujo hacia el
separador con vapor en contracorriente. Cuando se usa para la
eliminacién del diéxido de carbono y para otras aplicaciones, el
diéxido de carbono producido se comprime a 100 - 150 atm.

Un problema principal con el proceso existente de
absorcidn/separacién con vapor descrito anteriormente 8 que es de
uso intensivo de energla, y ésta es mayor porque el calor requerido
por el avaporador es significativo. En aplicacién en una pianta de

energla que funciona con carbén, el calor requerido por aste tipo de
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proceso puede reducir la produccién de energia neta en tanto como
15 a 30 % (Herzog, H., E. Drake, vy E. Adams, "CO;, Tecnologlas
para Captura, Reutilizacién y Almacenamiento para Mitigar el
Cambio Climatico Global", rep. final, Orden DOE No. DE-AF22-
96PC01257, 1997). En consecuencia, es importante aumentar al
maximo la eficiencia energética en el disefio y operacién de estos
sistemas. E| método primordial para mejorar la eficiencia energética
o8 la recuperacion de calor util del condensador superior, ya que el
vapor saliente de la parte alta puede contener de uno a diez moles
de vapor de agua por cada mol de diéxido de carbono. Las formas
comunes de recuperacion de calor que se practican actualmente
incluyen recompresién de vapor y separadores de efecto muitiple.
En la recompresién de vapor, el vapor saliente de la parte superior
se comprime an un factor de dos a diez y luego se intercambia con el
liquido del fondo para proporcionar calor al evaporador. En el caso
de los separadores con vapor de efecto multiple, dos o més
separadores funcionan en paralelo, pero cada separador se usa para
calentar el evaporador de un separador con vapor de menor presién
en un arreglo de cascada. Desafortunadamente, ambas
configuraciones dan como resultado una pérdida de energla en el
intercambiador de calor requerido.

Como se seflala en la patente estadounidense numero
4,152,217, se han hecho varios intentos para reducir el costo general
asociado con la regeneracién de corrientes de Iliquido absorbente.

Ideando un sistema en el cual puedan eliminarse el intercambiador



10

15

20

25

Hl

de calor absorbente gastado/ absorbente empobrecido, el enfriador
condensador superior, el tambor de reflujo, y la bomba de reflujo,
construidos y usados ordinariamente con un separador de vapor o
con un regenerador convencionales, el titular de fa patente, an ia
patente estadounidense niumero 3,600,861 buscé reducir los costos
de inversién de capital. Si bien la inversién de capital se redujo
considerablemente en el proceso descrito, no se dio consideracién a
cdmo afectaria la eliminacién de los intercambiadores de calor a los
requerimientos totales de calor del sistema. Tal como se describe en
la patente estadounidense niumero 4,152,217, se ha encontrado que
la eliminacién de los intercambiadores de calor aumenta los
requerimientos totales de calor del sistema. Por eso, si bien los
gastos de capital inicial disminuyen considerablemente, los gastos
de operacién a largo plazo, especialmente en vista de los costos en
aumento de la energia, serdn mas altos en un proceso de
absorcién/separacidén con vapor que elimine los intercambiadores de
calor.

Otras patentes han descrito diversos métodos para
mejorar la efectividad de costo de los sistemas de extraccidon de
diéxido de carbono reduciendo los requerimientos de energla de
estos sistemas. Una de estas patentes, la patente estadounidense
namero 4,553,084, la cual esta incorporada a |la presente solicitud
mediante referencia, describe un método en el cual el solvente rico
cargado con didxido de carbono es regenerado sin el uso de una

columna de separacién con vapor, simplemente vaporizando
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instantdneamente en uno o mas cuerpos de vaporizacion instantdnea.
Se dice que el método descrito reduce sustancialmente tanto los
costos de capital como los costos de energla. A pesar de lo efectiva
para reducir costos que puede ser esta tecnologia, puede ser
inefectiva para aplicaciones que requieran que el diéxido de carbono
capturado sea producido a una presién mae alta para su uso en
eliminacién, produccién de metanol, recuperacién de aceite terciario
y otras aplicaciones. Al final, este tipo de tecnologia puede requerir
gastos de capital significativos para la adicién de un compresor que
permita comprimir el diéxido de carbono capturado para su uso en
aplicaciones que requieran diéxido de carbono con mayor presion.

A la luz de lo anterior, serla ventajoso proporcionar una
tecnologla en la cual el didxido de carbono pueda ser extraldo de los
gases de combustion y de otros gases por medio de un proceso de
absorcién/separacién con vapor que sea significativamente mas
eficiente desde el punto de vista energético que los procesos
practicados actualmente. E| sistema Ideal generaria didxido de
carbono a una presidén mads alta sin que el separador por vapor tenga
que funcionar a una temperatura mas alta. Este sistema, a su vez,
reducirila significativamente el costo de energla asociado con los
sistemas en los cuales el didéxido de carbono debe ser comprimido
para eliminacién, produccidn de metanol, recuperacién de aceite
terciario, u otras aplicaciones.

Cualesquiera problemas o defectos enumerados en lo

anterior no pretenden ser exhaustivos, sino que estdn entre muchos
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de los que tienden a obstaculizar la efectividad de las técnicas
previamente conocidas. También pueden existir otros problemas
notables, aquelios que se presentan antes deben ser suficlentes para
demostrar que los aparatos y métodos divuilgados en |a técnica no
han sido enteramente satisfactorios, y que existe una necesidad de
las técnicas que aqul se describen.

La presente invencidén gsoluciona deficiencias en la técnica
anterior proporcionando, entre otras cosas, un método para usar
procesos de absorcién acuosa y de separacién con vapor para
extraer un gas acido de corrientes gaseosas en una forma que
genera dicho gas dcido a una presién mas alta, y al mismo tiempo
consume menos energia que la tecnologla existente. El método
involucra reemplazar el separador con vapor de una sola presidn,
que se usa para regenerar el solvente acuoso y capturar el didéxido
de carbono, con un separador con vapor a presién mditiple que
combina la compresién del gas acido y |la separacién con vapor. Al
generar ol gas acido a una presién mas alta sin hacer funcionar el
separador a una temperatura mayor, el método reduce el consumo de
energla de loe sistemas en los cuales el diéxido de carbono debe ser
comprimido para el eliminacién, produccién de metanol, recuperaciéon
de aceite terciario u otras aplicaciones.

En una modalidad, la presente invencién se refiere a un
método mejorado para eliminar un gas é&cido de una corriente
gaseosa que lo contiene usando equipo para absorcién acuosa y para

separacién con vapor, la mejora comprende:
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(a) hacer pasar ia corriente de solvente rico en gas acido
fuera del equipo de absorcién, mediante un separador con vapor de
presién maltiple, en el cual la corriente de solvente rico en gas dcido
pasa a través de miltiples cuerpos de vaporizacién instantanea, de
tal forma que el vapor obtenido por vaporizacién instantédnea de la
corriente de solvente rico en gas d&cido en cada cuerpo de
vaporizacidn instantdnea, separa el gas dcido de la corriente de
solvente rico en gas dcido, dando como resulitado una corriente
gaseosa rica en gas #acido que sale del separador con vapor de
presién miultiple y una corriente de solvente empobrecida en gas
dcido sale del separador de presién multipla; en donde al separador
de presién miultiple funciona a niveles de presién multiples, de tal
forma que el vapor obtenido en cada cuerpo de vaporizacién
instantdnea se comprime en un compresor y alimenta el cuerpo de
vaporizacidn instantanea previo a una presién més alta; y

(b) reciclar la corriente de solvente empobrecida en gas
dcido que sale del separador de presién multiple en el paso (a) de
regreso al equipo de absorcién al menos una vez.

En otra modalidad de lapresente invencién, cada cuerpo
del separador con vapor de presiéon miitiple del proceso de
separacién con vapor, es un contactor contracorriente.

En otra modalidad de |la presente invencién, cada cuerpo
del separador con vapor de presidn miltiple del proceso de
separacidén con vapor, es un contactor co-corriente.

En otra modalidad de la presente invencién, una o0 més de
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las cuerpos del separador con vapor de presién miulitiple del proceso
de separacién con vapor es un contactor mixto.

En otra modalidad de la presente invencién, se suministra
calor adicional a uno o mas de los cuerpos de la columna de
separacién con vapor.

En otra modalidad de |la presente invencién, la invencién
involucra un equipo para la separaciéon con vapor de un gas dacido, de
una corriente de solvente rica en gas acido. Este equipo incluye un
compresor conectado entre cada uno de los cuerpos de vaporizacién
instantdnea de tal manera que el vapor producido en cada cuerpo de
vaporizacién instantdnea se comprima y alimente a el cuerpo de
vaporizacién instantanea previo, a una presién mayor.

En otra modalidad de la presente invencién, cada cuerpo
de la columna de separacién con vapor del equipo de separacién con
vapor, es un contactor contracorriente.

En otra modalidad de la presente invencién, uno o mas de
los cuerpos de la columna de separacién con vapor del equipo de
separacién con vapor, es un contactor co-corriente.

En qtra modalidad de la presente invencién, uno o mds de
los cuerpos de la columna de separaciéon con vapor del equipo de
separacidén con vapor, es un contactor mixto.

En otra modalidad de la presente invencién, se suministra
calor adicional a uno o més de los cuerpos de la columna de
separacién por vapor.

En la presente invencién, en una etapa del proceso de
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absorcién, la corriente gaseosa se pone en contacto con un solvente
acuoso (tal como una amina acuosa, una alcanolamina acuosa o
mezclas de ellas, o un carbonato de potasio acuoso promovido) en
un equipo de absorciéon tal, que el gas écido en la corriente gaseosa
se transfiera desde la corriente gaseosa hacia el solvente, dando
como resultado una corriente gaseosa purificada que sale del equipo
de absorcidn y una corriente de solvente rico en gas &cido que sale
del equipo de absorcion. En un cuerpo de separacién con vapor, la
corriente de solvente rica en gas d4cido que sale del equipo de
absorcién, pasa a través de un separadar con presién mdltiple, en el
cual la corriente de solvente rico en gas dcido pasa a través de
multiples cuerpos de vaporizacién instantanea de tal forma que el
vapor obtenido por vaporizacién instantdnea de I|a corriente de
solvente rico en gas d&cido en cada cuerpo de vaporizacion
instantdnea, separe el gas acido de la corriente de solvente rico en
gas acido, dando como resultado una corriente gaseosa rica en gas
dcido que sale del separador con vapor de presién muiltiple, y una
corriente de solvente empobrecida en gas dcido que sale del
separador con vapor de presién miltiple. En el cuerpo de separacién
con vapor, el separador con présion mualtiple funciona con niveles de
presién multiples, de tal forma que el vapor obtenido en cada cuerpo
de vaporizacién instantdnea es comprimido en un compresor y
alimenta al cuerpo de vaporizacién instantanea previo, a una presion
mayor. En el paso final del método de la presente invencién, la

corriente de solvente empobrecida en gas dcido que sale del
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separador de presién miltiple, es reciclada hacia al equipo de
absorcién.

Convenientemente, la corriente gaseosa que va a ser
tratada por al presente método, estd constituida por gas de
combustién, gas natural, gas hidrégeno, o gas de sintesis,

Como se usa en la especificacién, "un" puede significar
uno o méas. Como se usa en las reivindicaciones, cuando se usa en
conjunto con |la palabra "comprende” |la palabra "un" significa uno o
més de uno, a menos que se especifique explicitamente otra cosa.
Como se usa aqul, "otro" puede significar al menos un segundo o
mas.

Otros objetos, caracteristicas y ventajas de la presente
invencién seran evidentes a partir de la siguiente descripcion
detallada.  Se debe entender, sin embargo, que la descripcion
detallada y los ejemplos especlficos, sl bien indican modalidades
ilustrativas de la invencién, se dan a manera de ilustracién
solamente, dado que seran evidentes diversos cambios vy
modificaciones dentro del espiritu y el alcance de Ia invencidén, para
los conocedores de |la materia, a partir de esta descripciéon detallada.

Los siguientes dibujos forman parte de ia presante
especificaciéon y estdn incluidos para demostrar adicionalmente
ciertos aspectos de la presente invencién. La invencién serad mejor
comprendida mediante raferencia a uno o méds de estos dibujos en
combinacién con la descripcién detallada de modalidades especificas

presentadas aqul.
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La figura 1 es un dibujo esquematico de captura de CO,
por medio de absorcion con carbonato de potasio/separacién con
vapor, que utiliza una posible recompresién de vapor para la
integracidn de energla.

La figura 2 es un dibujo esquemédtico de captura de CO;
por medio de absorcién con carbonato de potasio/separacién con
vapor que utiliza agotamiento de vapor de turbina convencional para
la integracidn de energla.

La figura 3 es un dibujo esquematico de captura de CO,
por medio de absorcién con carbonato de potasio/separacién con
vapor, que utiliza separacion por vapor a presién multiple para la
integracién de energia, de acuerdo con modalidades de la presente
invencién.

La figura 4 es un diagrama esquemético del proceso de
gseparaciébn con vapor a presién multiple, de acuerdo con
modalidades de la presente invencidén.

De acuerdo con la presente invencién, es posible reducir
al minimo los requerimientos de energla calorifica asociados con la
extraccidn y captura de dioxido de carbono de una corriente gaseosa
mediante procesos de absorcién acuosa y de separacién con vapor.
Esto se logra combinando la absorcién acuosa y la separacién con
vapor a presidon miultiple. Debido a que la presente invencién da
como resultado el gas acido capturado en un estado comprimido, la
invencion puede ser més beneficiosa en los sistemas que requieren

gas 4cido comprimido para aplicaciones tales como eliminacidn,
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produccién de metanol y recuperacién de aceite terciario.

La presente invencién utiliza aspectos del proceso de
absorcidén acuosa, tal como se describe en la patente estadounidense
nimero 6,139.605, |la cual esta incorporada a la presente solicitud
mediante referencia. A travéds de este proceso, se extrae un gas
dcido tal como diéxido de carbono, sulfuro de hidrégeno, o una
mezcla de ellos, de corrientes gaseosas, poniendo en contacto la
corriente gaseosa con un absorbente lIquido que absorbe el gas
dcido. Como las aplicaciones industriales que se espera se
beneficien a partir de la presente invencién requieren que la
concentracién del gas &cido esté reducida a un nivel muy bajo, el
absorbente generalmente se selecciona para que sea uno que
reaccione con el gas acido. Los ejemplos de |Iquidos absorbentes

apropiados para su uso en la presente invencién para la absorcién

‘del gas dcido incluyen carbonato de potasio acuoso promovido por

amina, y soluciones acuosas de aminas y alcanolaminas, pero no
estdn limitados a ellos. Los ejemplos no limitantes de alcanolaminas
apropiadas para su wuso en |la presente invenciébn son
monoetanolamina (MEA), dietanolamina (DEA) y metildietanoiamina
(MDEA).

El paso de absorcién puede llevarse a cabo poniendo en
contacto |la corriente gaseosa a una temperatura relativamente baja,
pero a una presién elevada en una columna de absorcién con una
corriente del liquido absorbente, denominada .en esta etapa como

"solvente empobrecido”, que fluye contra la corriente con respecto
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la corriente gaseosa. Como s8se desecribe en I|a patente
estadounidense nimero 4,384,875, la corriente gaseosa purificada
surge de |la parte superior del absorbedor, mientras que el liquido
absorbente que contiene el gas éacido, denominado en esta etapa
"solvente rico en gas acido”, surge de los residuos del absorbedor.
Para capturar el gas acido y regenerar el liquido absorbente de
mahera que pueda recircular de regreso hacia la parte superior de la
columna de absorbedor como solvente empobrecido, el solvente rico
se trata con un proceso de separacidén con vapor.

En la absorcién/separacién con vapor convencionales, el
solvente acuoso se regenera en un separador evaporader simple,
contracorriente, que funciona a una sola presién. Para llevar a cabo
el proceso de separacidén por vapor de |a presente invencidn, se
emplea un separador de presién multiple. El separador con vapor de
presién miltiple integra la compresién de gas Aacide con la
separacién. E| separador por vapor por sl solo es un vaporizador
instantaneo de cuerpos miuitiples en el cual el flujo total de vapor de
cada cuarpb se comprime y alimenta a el cuerpo de vaporizacidn
instantdnea previo a una presién mas alta. En este proceso, se
utiliza e! calor en el contenido de agua del vapor que sale de cada
cuerpo, a una presién méas aita en el cuerpo previo. Esto es
significativo debido a que el vapor que sale de la parte alta puede
contener de uno a diez moies de vapor de agua por cada mol del gas
acido. EIl proceso de separacién con vapor descrito genera el gas

dcido a una presién més alta sin que el separador con vapor funcione
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a una temperatura mds alta, reduciendo con ello el consumo de
energia del sistema.

El proceso de separacién con vapor de presidon maultiple
de la presente invencién puede ser indeseable en clertas
aplicaciones de destilacién y de separacién con vapor, debido a que
los compresores actualmente son costosos hasta el punto de ser
prohibitivos en costos. Sin embargo, en aplicaciones en donde ya se
requiere un compresor para lograr un resultado final deseado, el
proceso de separacion por vapor a presién multiple puede
implementarse con muy poco costo adicional.

La presente invencién encuentra aplicacién en un vasto
conjunto de campos. Debido a que integra la compresién con la
separacion con vapor para producir un producto de gas Acido
comprimido, la invencidén puede ser particularmente atractiva en
sistemas que requieren compresién del gas dcido producido para
aplicacionees tales como eliminacién, produccién de metanol y
recuperacidn de aceite terciario. Estos sistemas ya tendrdn un
compresor incorporado en su configuracién actual, y por eso no sera
necesario gastar el capital significativo que se requiere para comprar
un compresor con al fin de usarfo en la presente invencién.

Ademads, como las preocupaciones ambientales aumentan,
la industria puede ser obligada a explorar adicionalmente y a adoptar
diversas tecnologias que reduzcan efectivamente las emisiones de
gas acido (tal como, por ejemplo, diéxido de carbono) en una forma

eficiente energéticamente. En este escenario, la presante invencién
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seria altamente deseable para un espectro atin mayor de la industria,
debido a su método de operacién eficiente energéticamente.

Los siguientes ejemplos no limitantes se incluyen para
demostrar modalidades especificas de I|a invencifn. Los
conocedores de la materia se dardn cuenta de que las técnicas
descritas en los ejemplos que siguen representan técnicas
descubiertas por el inventor que funcionan bien en la préctica de la
invencién, y por ello puede considerarse que constituyen formas
especlficas para su practica. Sin embargo, los conocedores de la
materia se daran cuenta, a la luz de |la presente descripcién, que se
puede hacer muchos cambios en las modalidades especificas que
estdn descritas y todavia obtener un resultado igual o similar sin
apartarse del esplritu y del alcance de la Invencidn.

La figura 1, la figura 2 y la figura 3, muestran el mismo
proceso para la captura de diéxido de carbono utilizando tres modos
diferentes de integracién de energla. E| solvente utilizado en el
proceso de ejemplo es un carbonato de potasio acuoso promovido
por amina, a pesar de que también puede usarse otros solventes
conocidos en la materia. La figura 1 y la figura 2 muestran procesos
que utilizan modos conocid;:a de integracién de energlia, de acuerdo

con modalidades de la presente invencioén.

EJEMPLO COMPARATIVO 1

La figura 1 muestra un proceso que utiliza una posible



10

15

20

25

- 20 -

&
recompresién de vapor para la integraciéon de energla. Con
referencia a la figura 1, un gas que contiene una alta concentracién
de CO;, por ejemplo un gas natural o un gas de combustién, se hace
pasar, por la linea 1, al fondo de la columna de absorcién 2, y fluye
a través de la columna 2 contra la corriente con respecto al flujo
absorbente hacia abajo de la columna. Al mismo tiempo, el solvente
de absoarcidn empobrecido, en este ejeamplo un carbonato de potasio
promovido, se hace pasar por la |[inea 3 hacia el extremo superior de
la columna de absorcién y el solvente de absorcién semi-
empobrecido se alimenta por la Ilnea 4 hacia una ubicacién
intermedia entre los extremos superior e inferior de la columna 2. El
solvente de absorcién, que se alimenta contra corriente con respecto
al gas, se hace empobrecido en CO;, y el solvente de absorcién rico
se extrae al fondo de la columna de absorcién mediante la Iinea 5.
E! gas lavado se extrae en la parte superior de la columna de
absorcién por medio de la linea 6.

Asl, el gas que va a ser tratado se lava contra el
absorbente semi-agotado cerca del extremo medio e inferior de la
columna de absorcién 2 y contra el absorhente empobrecido cerca de
la parte superior de la columna de absorcién 2 para absorber la
mayor parte del gas especificado, mientras pasa |la mayor parte de
los otros gases al gas que va a ser tratado fuera del paso de
absorcién. EIl flujo de absorcion tiene lugar cerca del fondo de la
columna 2 usando absorbente semi-empobrecido. Solamente las

ultimas trazas del CO, se extraen -del gas en la seccidén superior de



10

15

20

25

- 21 -
29
la columna de absorcién 2.

El solvente absorbente rico en CO, se alimenta entonces,
por la linea 7, al extremo superior de una columna de separacién al
vaclo 8, en donde el absorbente rico fluye hacia abajo en la columna
8. Se proporciona calor al separador comprimiendo el vapor saliente
de la parte alta de !a columna 8, por medio de la linea en los
compresores 10 y 11 y condensando su vapor de agua contenida
contra una corriente de recirculaciéon de |los residuos del separador
en [os condensadores 12 y 13. La corriente recirculante de los
residucs del separador sale por la columna 8 mediante la IInea 15, y
una porcién de él se alimenta a través de los condensadores 12 y 13
por la |llnea 16. La corriente recirculante se retroalimenta a la
columna 8 por medio de la [I[nea 14. El gas comprimido que contiene
el CO; separado con vapor del liquido absorbente rico sale del
sistema por la llnea 21. EIl calor proporcionado al separador se usa
para generar el vapor necesario para separar por vapor el CO; del
absorbente rico. El vapor generado desl calentamiento del
absorbente rico se eleva a través de la columna de separacién con
vapor 8 contra la corriente con respecto al liquido absorbente que
fluye hacia abajo de |la columna 8. A medida que el vapor sube hacia
la parte superior de la columna de separacién con vapor, separa el
CO, del absorbente rico. EIl vapor que se eleva desde el fondo del
separador principalmente es vapor de agua, dado que los solventes
acuosos generalmente tienen una baja volatilidad. En la parte

superior de la columna 8, el vapor que porta el CO, separado del
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absorbente rico se hace pasar por la ilnea 9 por medio del compresor
10, tal como se describié anteriormente.

El liquido absorbente semi-empobrecido que sale por la
linea 15, se alimenta al intercambiador de calor 20 por la Iinea 19,
en donde ee enfria con agua de enfriamiento hasta una temperatura y

luego se alimenta a la columna de absorcién 2 por medio de |la lInea

3.

EJEMPLO COMPARATIVO 2

La figura 2 muestra un proceso que utiliza vapor agotado
convencional de turbina para la integracién de energla. Con
referancia a la figura 2, se hace pasar un gas que contiene una alta
concentracidn de CO,, por ejemplo un gas natural o un gas de
combustién, por la linea 22, al fondo de la columna de absorcién 23
y fluye hacia arriba a través de la calumna 23 contra la corriente con
respecto al absorbente que fluye hacia abajo de la columna. Al
mismo tiempo, el solvente de absorciébn empobrecido, en este
sjemplo un carbonato de potasio promovido, se hace pasar por la
linea 24 hacia el extremo superior de la columna de absorcién y el
solvente de absorcién semi-empobrecido se alimenta por la linea 25
a una ubicacidn intermedia entre los extremos superior e inferior de
la columna 23. E! solvente de absorcién, que se alimenta contra la
corriente con respecto al gas, se hace cargado con CO; vy el

solvente de absorcidén rico se saca al fondo de la columna de
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" absorcidon por la linea 28. El gas lavado se saca en la parte superior

de la columna de absorcién por la linea 27.

Asl, el gas que va a ser tratado se lava contra el
absorbente semi-empobrecido carca del medio y el extremo infarior
de la columna de absorcién 23, y contra el absorbente cerca de la
columna de absorcién superior 23, para absorber la mayor parte del
gas especificado, mieniras se hace pasar la mayoria de los otros
gases al gas que va a ser tratado fuera del paso de absorciéon. EI
volumen de absorcidn tiene lugar cerca del fondo de Ila columna 23
usando absorbente semi-empobrecido. Solamente las uGltimas trazas
del CO, se extraen del gas en |la seccidén superior de la columna de
absorcidon 23.

El solvente absorbente rico en CO; se alimenta entonces,
por la |linea 28, al extremo superior de una columna separadora al
vacio 29, en donde el absorbente rico fluye hacia abajo de la
columna 29. Se proporciona calor al separador usando vapor
agotado de la turbina de vapor 30. Se alimenta vapor a alta presidn
a la turbina 30 por la lInea 36, y ia turbina produce alguna forma de
trabajo, tal como elect-ricidad. El vapor agotado de la turbina 30 se
alimenta al condensador 31 por la linea 32, en donde se condensa
contra una corriente recirculante de los residuos del separador, La
corriente recirculante de los residuos del separador sale de la
calumna 28 por [a Ilnea 33, y una porcién de ella se alimenta a
través del condensador 31 por la linea 34. La corriente recirculante

ge retroalimenta a la columna 29 por la linea 35. El calor
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proporcionado al separador se usa para generar el vapor necesario
para separar el CO, del absorbente rico. E! vapor generado del
calentamiento del absorbente rico aumenta a través de la columna
de separacién 29 contracorriente con respecto al flujo de liquido
absorbente rico hacia abajo de !a columna 29. A medida que el
vapor sube hacia la parte superior de la columna de separacién con
vapor, separa el CO, del absorbente rico. EI| vapor que se eleva
desde el fondo del separador principalmente es vapor de agua, dado
que los solventes acuosos generalmente tienen una baja volatilidad.
En la parte superior de la columna 29, el vapor que arrastra el CO;
separado del absorbente rico se hace pasar por la Ilnea 368 a través
del condensador 37, en donde el intercambio de calor con agua de
enfriamiento ocasiona que la mayor parte del agua en el vapor se
condense. EI| vapor restante, que es alto en concentracién de CO,,
se alimenta al compresor 38 por la |[nea 39. E| gas comprimido rico
en CO; sale del sistema por la llnea 44.

El liquido absorbente semi-empobrecido se extrae de una
ubicacién intermedia entre los extremos inferior y superior de la
columna de separacién 29 por la llnea 40 y se recicla a una
ubicacién intermedia entre los extremos superior e inferior de la
columna de absorcién 23. Asl, el absorbante semi-empobrecido
extraido por la linea 40 se alimenta al intercambiador de calor 41, en
donde se enfrla con agua de eanfriamiento a una temperatura y luego
se alimenta a la columna de absorcién 23 por la llnea 25. Una parte

del liquido absorbente empobrecido tomado del fondo de la columna
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de separacion 28 por la linea 33, se reacicla hacia el extremo superior
de ia columna de absorcién 23. Asl, algo del absorbente empobrecido
extraldo por la [Inea 33 se alimenta al intercambiador de calor 43 por
la linea 42, en donde se enfrla con agua de enfriamiento a una
temperatura y iluego se alimenta en la columna de absorcién 23 por

la linea 24.

EJEMPLO 1

La figura 3 muestra un proceso que utiliza separacién con
vapor a multiples presiones para la integracién de energia de
acuerdo con modalidades de la presente Invencién. Con referencia a
la figura 3, se hace pasar un gas que contiene una alta
concentracién de CO,, por ejemplo un gas natural o un gas de
combustién, por la linea 45, al fondo de Ila columna de absorcién 46
y fluye hacia arriba a través de |la columna 46 contra la corriente con
respecto al absorbente que fluye hacia abajo de la columna. Al
mismo tiempo, el solvente de absorcibn empobrecido, en este
ejemplo un carbonato de potasio promovido, se hace pasar por la
linea 47 al extremo superior de ia columna de absorcién. EIl solvente
de absorcién, que se alimenta contra corriente con respecto al gas,
se hace empobrecido en CO,, y el solvente de absorcién rico se
extrae en el fondo de la columna de absorcidn por la linea 48. EI
gas lavado se extrae en la parte superior de la columna de absorcién

por la linea 49.
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Luego se alimenta el solvente rico en CO;, por la linea
50, hacia el extremo superior de una columna de separacién de
presién multiple 51, en donde el absorbente rico fluye hacia abajo de
la columna 51. La columna de separacién de presién multiple es un
vaporizador instantdneo de cuerpos multiples, en el que el cuerpo
mése bajo de vaporizacién instantdnea 52 proporciona vapor de
separacién por vaporizacién instantdnea del solvente de absorcién.
El vapor separador luego hace contacto con el liquido absorbente
rico en cada cuerpo de vaporizacion instantdnea, y separa el CO; del
Ilquido absorbente rico. EIl flujo total de vapor producido en el
cuerpo inferior 52, se alimenta al compresor 53 mediante |la lInea 54.
E! vapor comprimido que sale del compresor 53 se alimenta al fondo
del cuerpo intermedio de vaporizacién Iinstantanea 55 por la IlInea 58.
El flujo de vapor total producido en el cuerpo intermedio de
vaporizaciéon instantanea 55, se alimenta al compresor 57 por la
Ilnea 58. El vapor comprimido que sale del compresor 57 se alimenta
al fondo del cuerpo superior de vaporizacién instantanea 59 por la
Ilnea 60. El flujo total de vapor producido en el cuerpo de
vaporizacién instantanea 59 se alimenta al compresor 61 por la linea
82. EIl vapor comprimido rico en CO, que sale del compresor 62 sale
del sistema por la linea 63.

El liquido absorbente empobrecido tomado del fondo de la
columna de separacion de presion muitiple 51 por la linea 64, se
recicla hacia el extremo superior de la columna de absorcién 46.

Asi, algo del absorbente exiraido por la linea 684 se alimenta al
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intercambiador de calor 85 por la linea 668, en donde se enfrla con
agua de enfriamiento hasta una temperatura y luego se alimenta a la
columna de absorcion 48 por la linea 47.

Usando |a recompresién de vapor conocida como lo
muestra la figura 1, se proporcionara calor al separador
comprimiendo el vapor saliente de la parte alta del separador y
condensando su contenido de vapor de agua contra una corriente
recirculante de los residuos del separador. EIl trabajo de compresioén
también sera recuperado como calor en los residuos del separador.
Esta caracteristica reemplaza el vapor con energla equivaiente. La
recompresién del vapor puede requerir un compresor de flujo axial
con alta capacidad de volumen para el vapor de agua. EIl costo de
capital de este compresor puede ser significativo. Serda comparable
en tamafio con el compresor de aire de una turbina de gas grande
para una planta de energla de tamafio equivalente, pero la potencia
en ol eje requerida puede tener un orden de magnitud mas pequefio,
debido a |la baja densidad de la corriente al vaclo.

Usando vapor agotado de turbina convencional como lo
muestra la figura 2, una turbina a vapor podria producir electricidad
y podrla proporcionar el trabajo adicional raquerido para comprimir el
CO; de 0.15 atm a 1 atm. EI costo de capital de los compresores
serla reducido significativamente con relacién al de la recompresion
de vapor. Sin embargo, el costo de capital de una turbina de vapor
puede ser significativo.

Comparado con las formas de integracién de energla
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convencionales que se muestran en la figura 1 y en la figura 2, el
modo de integracidon de energla por separacién con vapor a presidn
multiple de la presente invencién, mostrado en la figura 3, ofrece la
configuracion de energla minima con la cantidad minima de
intercambio de calor. EI| cuerpo del fondo proporciona vapor para
separacién vaporizando instantaneamente el solvente. EI| cuerpo
superior recupera calor y conduce el vapor saliente de la parte alta
del separador a una temperatura y presién mayores. Toda |la energfa
se proporciona como trabajo, ya sea de electricidad fuera de pico o

de turbinas de vapor.

EJEMPLO 2

En la figura 4 se muestra un diagrama esquematico de un
procesc de separacién con vapor de presiéon multiple de acuerdo con
modalidades de la presente descripcién. Con referencia a la figura
4, se alimenta solvente absorbente rico en CO, por la linea 87, a
través del intercambiador de calor 88. Luego se alimenta el
solvente, por la linea 67, a través del intercambiador cruzado 68.
Luego se alimenta el absorbente rico, por la Ilnea 68, al cuerpo
superior 70 de una columna de separacidén con vapor de presidn
multiple, en donde el absorbente rico fluye hacia abajo de la columna
por las lineas 71 y 73. La columna de separacién de presién miltiple
es un vaporizador instantaneo de cuerpos miltiples, en el que el

cuerpo inferior del vaporizador instantdneo 74 proporciona vapor de
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separacién, vaporizando instantaneamente el solvente de absorcién.
El vapor de separacién luego hace contacto con el Iliquido
absorbente en cada cuerpo del vaporizador instantaneo, y separa el
CO, del liquido absorbente rico. El flujo total de vapor producido en
el cuerpo inferior 74 se alimenta al compresor 76 por |la linea 75. El
vapor comprimldo que sale del compresor 76 se alimenta al fondo del
cuerpo del vaporizador instantdaneo intermedio 72 por |la linea 77. EI
flujo de vapor total producido en el cuerpo del vaporizedor
instantdneo intermedio 72 se alimenta al compresor 78 por la linea
78. El vapor comprimido que sale del compresor 79 se alimenta al
fondo del cuerpo superior del vaporizador instantédneo 70 por la lInea
80. EI vapor comprimido rico en CO; que sale del cuerpo del
vaporizador instantdneo 70 sale del sistema por |la linea 81.

Una porcién del llquido absorbente empobrecido que sale
del cuerpo del vaporizador instantaneo 74 por la linea B2 &e recicla
hHacia el cuerpo inferior del vaporizador instantdneo. Asl, algo del
absorbente empobrecido extraldo por la llnea 82 se alimenta al
intercambiador cruzado 84 por la lInea 83, en donde se alimenta
entonces al cuerpo inferior del vaporizador instantaneo 74 por la
linea 85. El remanente del Ilquido absorbente empobrecido que sale
del cuerpo inferior del vaporizador instantdneo 74 por la llnea B2 que
no se recicla hacia el cuerpo inferior del vaporizador instantaneoc 74
so alimenta al intercambiador cruzado 88 por la linea 88. E! liquido
absorbente empobrecido que gale del intercambiador cruzado 88 se

recicla de regreso hacia la etapa de absorcidén del proceso, por la
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Iinea 89.

La configuracién del separador con vapor ilustrada en la
figura 4 fue simulada asumiendo el equilibrio de contacto en una
simulacién en hoja de cidlculo con un solvente hipotético. El
equilibrio no lineal del sistema se representé mediante la ecuacién

simple:
Ln Pgcoz = a + B*ldg - AH/RT

La constante B se selecciond para dar la capacidad
especificada (m = 'gmollkg de agua) para la absorcién de CO, a la
temperatura nominal de! absorbedar, T. El calor de absorcidn, AH,
también se hizo variar para simular diferentes solventes; un valor de
22 kcal/gmol es tipico de la monoetanolamina (MEA); un valor de 15
kcal/gmol representaria un solvente alternativo. La tasa de calor, Q,
se proporciond a una temperatura maxima de 120 °C con una fuerza
de accionamiento de 10 °C. EI| trabajo equivalente del calor se

calculd a partir de la ecuacién Carnot:
Trabajo equivalente de Vapor = Q(Tem - 313)/Tutm

La aproximacién al equilibrio en el extremo rico y en el
empobrecido del separador se tomé como 33% (tipico de las
sistemas con MEA) y 75% (posible con solvente alternativo reactivo).

La tabla 1 muestra los resultados de la simulacién en hoja de cdélculo
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antes mencionada.

TABLA 1. REQUERIMIENTOS DE ENERGIA SIMULADOS PARA
SEPARADOR CON VAPOR DE PRESION MULTIPLE

AH Aproximacién Q Trabajo de Trabajo
{(kcal/gmol) (%) (kcal/igmol) | compresor | equivalente

(kcal/gmol) de vapor

(kcal/gmol)
15 33 32 2.2 8.9
15 75 28.6 1.4 7.3
22 33 34 1.5 7.5
22 75 34 1.0 6.8
MEA simple 33 rico, & 50 2.0 12

empobrecido

Parametros: 10% Co;, 40% absorbedor, 80% extraccion,
compresién a 8 atm de CO;, 0.5 m de capacidad, 5§°C aproximacién

cruzada-x, 4 etapas de contacto (3 etapas de compresor)

Tal como lo muestra la Tabla 1, el separador con vapor
de presién miltiple requiere de 6.8 a 8.9 kcal de trabajo
equivalente/mol de CO, extraldo. Esto es de 25 a 40 % menos que
el separador convencional con MEA (12 kcal/igmol). E! compresor

actual trabaja para obtener un producto de CO; a 8 atm que tenga de
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1.0 a 2.2 kcal/gmol. AUn a pesar de que el separador con vapor de
presién multiple requiere algo de compresién para el vapor de agua,
el trabajo del compresor requerido no es significativamente diferente
del separador con MEA simple debido a que mucho del CO., se
produce a presién méas alta.

El requerimiento de calor neto del separador con vapor de
presién multiple (29-34 kcal/mol de CO;) es aproximadamente el
calor de absorcién del CO; mas 5 °C de calor sensible para accionar
el i.ntercambiador cruzado 88. Es significativamente menor que el
calor neto requerido (40-50 kcal/gmol) para el estado del arte de la
tecnologla MEA. Por lo tanto, el costo de capital del compresor y el
requerimiento de energla pueden no ser significativamente diferentes
del separador convencional con MEA, pero el requerimiento de calor
puede ser reducido significativamente. Una aproximacién mas
cercana al equilibrio en el absorbedor reduce el trabajo equivalente
total en 10 a 20 %. EI solvente con el menor calor de absorcién
parece ser de 10 a 15% mejor.

Si bien la presente invencién puede ser adaptable a
diversas modificaciones y formas alternativas, se ha mostrado y
descrito modalidades especificas a manera de ejemplo en la presente
solicitud. Sin embargo, debe entenderse que la presente invencién
no pretende estar limitada a las formas particulares descritas. En
lugar de eso, pretende cubrir todas las modificaciones, equivalentes
y alternativas que caigan dentro del espliritu y alcance de Ila

invencién tal como se definen por medio de las reivindicaciones
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anexas. Mds adn, los diferentes aspectos del equipo y métodos
descritos pueden  utilizarse en diversas combinaciones y/o
independiesntemente. Asl, la invencién no estd limitada solamente a
aquellas combinaciones que se muestran aqul, sino que también

puede incluir otras combinaciones.
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REIVINDICACI NES

1. Un método mejorado para extraer un gas adcido de una
corriente gaseosa que lo contiene usando equipo para absorcién
acuosa y separacién con vapor, la mejora comprendae:

(a) hacer pasar la corriente de solvente rico en gas acido
fuera del equipo de absorcién, mediante un separador con vapor de
presion muiltiple, en el cual |a corriente de solvente rico en gas 4cido
pasa a través de mulitiples cuerpos de vaporizacidn instantdnea, de
tal forma que el vapor obtenido por vaporizacién instantdnea de la
corriente de solvente rico en gas é4cido en cada cuerpo de
vaporizacién instantdnea, separa el gas acido de la corriente de
solvente rico en gas dcido, dando como resultade una corriente
gaseosa rica en gas &acido que sale de! separador con vapor de
presién multiple y una corriente de solvente empobrecida en gas
é4cido sale del separador de presién militipte; en donde el separador
de presidon maltiple funciona con niveles de presidén miltiples, de tal
forma que el vapor obtenido en cada cuerpo de vaporizacién
instantdnea se comprime en un compresor y alimenta el cuerpo de
vaporizacién instantdnea previo a una presién maés alta; y

(b) reciclar la corriente de solvente empobrecida en gas
édcido que sale del separador de presién multiple en el paso (a) de
regreso al equipo de absorcién, al menos una vez.

2. El método de la reivindicacién 1, caracterizado ademads

porque cada cuerpo del separador de presién multiple es un
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contactor contracorriente.

3. El método de la reivindicacién 1, caracterizado ademads
porque uno o mas de |los cuerpos del separador de presién multiple
es un contactor co-corriente.

4. El método de la reivindicacién 1, caracterizado ademas
porque uno o més de los cuerpos del separador de presién miltiple
es un contactor mixto.

5. El método de cualquiera de las reivindicaciones 1 a 4,
caracterizado ademds porque la corriente gaseosa comprende gas de
combustién, gas natural, gas hidrégeno, o gas de sintesis.

6. El método de cualquiera de las reivindicaciones 1 a 4,
caracterizado ademds porque el pas acido comprende diéxido de
carbono.

7. El método de cualquiera de las reivindicaciones 1 a 4,
caracterizado ademdés porque el gas adcido comprende sulfuro de
hidrégeno.

8. El método de cualquiera de las reivindicaciones 1 a 4,
caracterizado ademads porque el solvente es una amina acuosa, una
alcanolamina acuosa, o mezclas de ellas.

9. El método de cualquiera de tas reivindicaciones 1 a 4,
caracterizado ademas porque el solvente s un carbonato de potasio
acuoso promovido por amina.

10. El método de cualquiera de las reivindicaciones 1 a 4,
caracterizado ademas porque se suministra calor adicional a uno o

més de los cuerpos del separador con vapor de presién multiple.
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11. Un equipo para separar con vapor un gas #acido de
una corriente solvente rica en gas acido, que incluye:

(a) una columna de separacién con vapor con mulitiples
cuerpos de vaporizacién instantdnea; y

(b) al menos un compresor conectado entre cada uno de
los cuerpos del vaporizador instantaneo, de tal forma que el vapor
producido en cada cuerpo del vaporizador instantdneo se comprima y
se alimente al cuerpo del vaporizador instantdneo previo, a una
presién mayor.

12. El equipo de la reivindicacidon 11, caracterizado
ademds porque cada cuerpo de la columna de separacidn con vapor
es un contactor contracorriente.

13. El equipo de |a reivindicacidén 11, caracterizado
ademés porque uno o mdas de los cuerpos de la columna de
separacién con vapor es un contactor co-corriente.

14. El equipo de la reivindicacién 11, caracterizado
ademas porque uno o mas de los cuerpos de la columna de
separacién con vapor es un contactor mixto

15. El equipo de la reivindicacién 11, caracterizado
ademds porque se suministra calor adicional a uno o méas de los

cuerpos de la columna del separador con vapor de presién miltiple.
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RESUMEN

Un gas dacido tal como didxido de carbono, sulfuro de
hidrégeno, o una mezcla de ellos se saca de corrientes gaseosas
usando procesos de absorcién acuosa y de separacioén con vapor. Al
reemplazar el separador con vapor convencional que se usa para
regenerar el solvente acuoso y capturar el gas éacido con un
separador de presién multiple (51) que combina la compresién del
gas dacido con I|a separaci6én, se consume menos energia. EI
separador con vapor de presién mdiltiple es un vaporizador
instantaneo de cuerpos multiples (52, 55, 59) en el cual el flujo total
de vapor de cada cuerpo se comprime y se alimenta al fondo de el
cuerpo de vaporizacién instantdnea previa a una presion mas alta.
En este proceso, se utiliza el calor del contenido de agua del vapor
que sale de cada cuerpo a una presién méds alta en el cuerpo previo.
El proceso de separacién con vapor descrito, genera el gas écido a
una presién mas alta sin que e! separador de extracciéon funcione a
una temperatura mas alta, reduciendo por ello el consumo de energla

del sistema.



gt ! wm -~ - — - Aln, .

- e e wmo- - el Aue




10% H,0,1% CO, 2 9 1stm
® swr'c
a7 e =
? i
&5
NS e
3 h
-
4 ss'c N 01Sam
P*og=0.078 atm
s¥C ] &r'c
18% H0
10% CO, 30 wi% K;C0,
FIG. 3
Rich Solvent
Lean Solvent

FIG. b

- . ca ww .



PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:

FULBRIGHT & JAWORSKI L.L.P.
Attn. Barrett, Michael C.

600 Congress Avenue, Suite 2400
~ "-‘4""",""'?"\'."----—-

Rl

Austin, TX 787,01
UNITED STATES UB:f

S .
AT
C

4”3,;.-1: - RQ
PCT ¥ <oy

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

v

(PCT Rule 44.1)

26/07/2004

Applicant’s or agents : M-me__ —

UTFB : 718WO0 Ai&snﬁ{&):ﬂﬂ@ﬂw [FOR|FURTHER ACTION  See paragrapha 1 and 4 below
inemational eppicator] TP O 3 e Intentational fiing date

PCT/US2004 /006580 Paymmontvyear) . 04/03/2004

Applicant

BOARD OF REGENTS,

THE UNIVERSITY OF TEXAS SYSTEM

Filing of amendmants and sistamant under Article 19:

Where? Direcily 0 the

2. [] The appicantis

4. Reminders

Intemational Bureau. The inlemational Bureau will send a

Guide, Volume 11, National Chapisrs and the WIPO Internet slte,

Shortly after the expirafion of 18 months fram the priority dawe, the intemational
intamational Bureau. H the epplicant wishes 1 avold or postpons publication, a notice of withdrewel of the intemnational
application, or of the priority claim, must reach the International Bureau as provided in Rules S0bis.1 and 80bis.3, respectivaly,
before the compietion of the technical preparations for Intemational pubfication.

The applicant may submit comments on an informal basia on the written opinion of the Inlemational Searching Authortly 1o the
copy of such comments to all de!
intemational preiminary examination report has bean of & io be establiehed. These commeants would also be made avallable to
tha public but not before the expiration of 30 months from the priority dala.

Within 19 months from the priorty date, but only In respect of some de
axamination must be fied H the applicant wishea to postpons the entry inio the national
daia (In eome Offices even later); otherwlas, the applicant must, within 20 months from the priorlly date, perform the prescribed
acts for entry into the national phase bafore thoste designated Officas.

In respect of other designaled Offices, the time limit of 30 months (or latar) will apply even i no demand Is fied within 18

1. m The applicant s hereby notified that the intemational search report and the writtan opinion of the intamational Searching
Authorily have beén astablished and are tranamitted harewith.

The applicant is entitied, If he so wishes, t0 amend the claima of the Interational Application (eeé¢ Rule 48):
When? The time Amit lor fling such amendments Is nomally 2 monthe from the date of transmitial of the
international Search Raport; howaver, for more detalle, ese the notes on the accompanying sheet.
Inemational Bureau of WIPQO, 34 chemin des Colombetites
1211 Geneva 20, Switzeriand, Fascimile No.: (41-22) 740.14.35
For more detalied Inetructions, soe the notes on the accompanying sheet.

hereby nolified that no Iintemational saarch report will ba established and that the deciaration under
Articls 17(2)(a) to that effect and the writlan opinion of the Inlemational Searching Authority are tranemitted herewtth.

3. D With regard to the protest against payment of (an) addiional fee{s) under Rule 40.2, the applicant ls notifled that:

D the protest togaether with the daclsion thereon has been transmitied to the Inlamational Bureau together with the
applicant’s request to lorward the texts of both the protest and the decision thereon to the designated Offices.

D no decislon has been mada yst on the protest; the applicant will be notified as soon as a declsion la made.

appication wil be published by the

Offices unless an

Offices, a damand for Inlemational pratiminary
phase untll 30 months from the priority

See the Annex to Form PCT/IB/301 and, for daialis about the applicable ime limits, Ofice by Office, see the PCT Applicant’s

Name and maliing addrass of the Inlemational Saarching Authority

E Patent Office, P.B. 5818 Patentiaan 2
NL-2280 HV Rfjewljk

Tel. (+31-70) 340-2040, Tx. 31 851 epo nl,
Fax: (+31-70) 340-3016

Authorizad officer

Véronique Baillou

Form PCTASA/220 (January 2004)

{See notes on accompanying sheet)




NOTEST FORM PCT/ISA/220 ‘oﬁ

Thess Notes are inbendaed to give the basio instruclions oonceming the filing of amendments under asticle 19. The
Noles am basad on the requirements of the Patanl Cooperalion Trealy, the Regulations and the Adminisiralive Inatructions
under that Treaty. in case of discrepancy between these Nolss and thoss requirements, the latter are spplicable. For more
dutailed informalion, ses also the PCT Applicani's Guide, a publication of WIPO.

In thess Notes, “Asticla”, "Ruls”, and “Section” refar o the provisions of the PCT, the PCT Raguiations and the PCT
mmmmw

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The spplicant has, afler having received the Infemalional search report, one opportunily to amend the clalms of the
inlemational applicstion. it should however be emphasized thal, sinoe all parta of the intlemational appiication {olaims,
dencription and drewings) may be emended during 1he inlemationsl preliminary sxsmination procedure, them is usually
no need to s amencdments of the claims under Article 19 excepl where, 8.g. the applicant wanis the lalter is be publishad
for tha purposes of provisional prolsciion or has another esson for amending the claims befors intemnational piufioation.
Furthermore, & should be emphasized that provisional protection is avaiabls in some Stales only.

Wit paris of the inlemationsl spplication may be smendad?
Undaer Article 19, only the claims may be amendad.
. During the intlemationsl phasse, the daims may alst be amended {or further smendad) undar Articls 34 before

the inlemalional Prafiminary Examining Authority, The desgription and drewings may only be amended under
Arficle 34 belors the Intemational Examining Authorily.

mnmmthnmm afl parts of tha inlemational spplication mey be amended under Article 28
or, whare spplisable, Arficle

Whan? Within 2 manihs irom the deis of tramamiiial of the intlemational sesrch report or 16 monihs from the
date, whichsver ima mit sxpires lsler. R should be noled, howevear, that the amendments wil be conaldered
-hmMMmhIMnmwhhﬁnﬂdMﬁhuW&mdh
time lmi but before the complsiion of the tachnical preparstions for international publioation

spplioable
(Pule 46.1).

Whare not 1o fils the amendmenis?

The amendmenis may only be flad with the Internstional Buresu and not with the receiving Offics or the
infemalional Gearching Autharlty (Faile 46.2).

Whaers a demand for intemational preliminary susminastion has been/s filed, ses balow.

How? Either by canosliing one or more entire clsims, by adding ona or more new claima or by amending the hext of
ane or more of the cdaims as fled.

Ammmumumn—uhmm on ascourt of an amendment or
amandmenis, dilfers from the sheet originally Sed.

Al the olsims sppemring on a replacement sheet must be numbered in Arshio numarals. Whare a olaim is
canoslied, no rerumbering of the olher claims s required. In sl cases where daims are renumbered, they must
be mnumbered comeculively (Adminisiralive instrunlions, Seclion 205(b)).

The amsndinenis must be made in the lsnguage in which the iIntemational appiication Is to be published.

Wiat docwrsents must/may aceomparty the asnendmenta?
Lettar (Section 208(b)):
The amendmenis must be submilted with = letier.

The letier will not be publishad with the intsmational applioalion snd the smencded dsims. &t should not bs
confusad with the "Sislsment under Articls 16{1)" (see below, under *Staismant under Artiols 19(1)").

hhﬁ“hhh{mwm.dhm:m“mm Iﬂ;- “
intarmstionsl appliostion lotior m English; language of imtarnat] spplicailon
llﬁndl.llnlih'-ullhzl'l'l'm

Notes to Form PCT/IA/220 (first sheel) (January 1884)

BNSDOCID: <X8___IBAZ20NCENP_|_>



NOTES TO FORM PCT/ISA/220 (continued)

o

Tha lalier mual indioate the differences between the olaims as fled and tha olaims as amenciad. R must, in
partiouler, indicate, Inawu-dnn-ﬂhnduhbnmnhm-lqﬁmﬂmm
Muhlhlllﬁndmmmmﬂdﬁmmyhm

the claim is unchenged;

the claim is cancslled,

the clalm is new;

the claim replaces one or mom daims s filed;

the claim in the remull of the divislon of a olaim s fled.

TTEBS

The following exampies [Bustraie tha manner in which amandments mustbe supisined In the
ancompanying letter;

1. {Where ariginally thars were 48 olsims and afier amendment of somae claima there are 51}:
"Claims { 1o 29, 31, 22, 34, 35, 37 1o 40 repiaced by amended claima bearing the same numbams;
claime 30, ﬂ-ﬂﬁmmm naw claims 48 lo 51 added *

2 [Whare criginally there were 15 claims and afier emendment of all dlaims there are 11]:
*Claims 1 to 15 mepisced by amended alaims 110 11.°

: [\Munuqnﬂyhm“dm-dhmnﬁ.humﬁhomﬁumﬂmlﬂhm
new olaims)
“Claims 1 io 8 and 14 unchanged; elaims 7 o 13 canceliad; new dlaima 15, 16 and 17 added " or
“Claima 7 to 13 canceliad; new claima 15, 10.#17“‘“““

4. [Where various kincla of amendmends are made]:
“Claims 1-10 unchangect; elaims 11 ta 13, 18 and 19 cancalled; olaima 14, 15 and 16 replaced by amendad
claim 14; elain 17 subdivided inlo amandad claima 15, 18 and 17; naw claima 20 and 29 adkied.”

"Staisynent under wticle 18(1)" (Ruls 486.4)

The amendmenis may be scoompanied by a stsisment sxplaining the amendmants and indicaling any impact
Mu-il‘(‘-”n.uﬁmwhmmhhpﬁm and tha drawings (which cannct be amanded under

The sietement will be published with the intemational appiostion and the amended alaims.
& muat ba in the apgusge in which the internslional appplicetion is te be published.
R must be tvist, not exceading 500 words i in English or i trarsdaied inio Engfiah.

R should not be confused with and dose not replace tha letier indisating the difierences betwesn the ceims
s lad and a8 smended. i must be fed on a sepersie shest and must be identifled as such by a haading,
prefersbly by using the worde “Btatement uncer Artiole 19(1)."

It may not contain any diaparaging commenis on the inlemnationa! ssarsh repert or the relevance of ollations
contsined in that report. Reference (o citstions, relevant i a given daim, contained in the imMsmaetional ssarch
repoat may be madle only in cormaction with an amendment of thal olaim.

Consaguencs I 5 demand for internalional preliminary axamination has aiveady baan fled

1, al the time of filing any amendmenis under Articla 15, a demand for intemational prefiminary sxamination
mmmmn—mmm at the same time of filing the amendmenis with tha
intamational Buresu, aiso s a copy of such smendments with the Intemationsl Preliminary Examining
AM(I.MIP.Z(.).“M).

Conssguance with regard to tranalation of the intemaiional application for entry into the national phase

The applicants sttention i drawn to the (ot thal, where upon erdyy inlo the national phase, s transiation of the
clsims as amended under Article 1lmyl|-nbblnd|dh designated/elscted Offioss, instead of, or
o addition in, the irenslstion of the dlaims s fled.

For fusther datslis on the requirements of sach designaiadisiscisd Office, sse Volums i of the PCT Applieant's

Notes to Form PCTABA/220 (second sheet) (January 1954)
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PATENT COOPERATION TREATY

PCT A\

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent'e the reference FOR FURTHER soe Form PCTASAZ220

UTFB: 718W0 ACTION as well as, where appiicable, Item 5 below.
Inlemational appication No. Intemational filing cate (day/month/year) (Easilest} Priorty Date (day#morthvyear)
PCT/US2004 /006580 04/03/2004 10/03/2003
Appicant

BOARD OF REGENTS, THE UNIVERSITY OF TEXAS SYSTEM

This Intemational Search Raport has been prepaned by this intemational Searching Authority and is tranemitied to the appiicant
according io Arlicle 18. A capy Is being franamiiied to the Intemational Bureau.

This international Saarch Raport conelsts of & total of 5 aheete.
[X] 1tis aiso accompanied by a copy of each prior art document cited In this report.

1. Basls of the report

a. With regard to the language, the ntemational search was carred out on the basis of the intlerational epplication In the
language In which It was filed, uniess otherwise Indicated under this hem.

[] The inemational eserch was carried out on the basis of a tranelation of the intemational application fumished to
this Authority (Rule 23.1(b)).

b. D \Mﬂ'lmgnrdmmnudaddlndbr-ﬂmnldmddnudInhohunlﬂnmlapm.uaaﬂmhb.l.
2. [] Coertain ciaims were found unsearchable (See Bex Il).
3. [ nityof invention ia lacking (sse Box Ill).

4. With regard 10 the title,
[[] thewextis approved as eubmitted by the applicant.
[X] the text has been esteblished by this Authosity to read as loliows:

REGENERATION OF AN AQUEOUS BOLUTION FROM AN ACID GAS ABSORPTION PROCESS BY
MULTISTAGE FLASHING ANS STRIPPING

5. With regard fo the abstract,
[(] thetextis approved ae cubmited by the appiicant.

E the taxt has been established, acconding to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of malling of this intemnational search report, submit comments to this Authorlty.

8. With regards to the drawings,
a. the figure of the drawings to be published with the ebetractls igureNo. _ 3
[] assuggesed by the applicant
E as selaciad by this Authority, becauss the applicant iafled to suggest a figure.
[] =5 setected by this Authority, becauss this figure betier characterizes the invention.
b. [[] none of the figures is 1o be published with the abatract.

Form PCT/ISA/210 (firel sheet) (January 2004)



intemational application No.

(4]
INTERNATIONAL SEARCH REPORT PCT/US2004/006580

Box No. IV Text of the absiract (Continuation of tem § of the first shest)

An acid gas such as carbon dioxide, hydrogen sulfide, or a mixture thereof
is removed from gaseous streams using agueous absorption and stripping
processes. By replacing the conventional stripper used to regenerate the
agueous solvent and capture the acid gas with a multipressure stripper (51} that
combines acid gas compression with stripping, less energy is consumed. The
multiprassure stripper is a multistage flash (52,55,59) in which the total
vapor flow from each stage is compressed and fed to the bottom of the
previous flash stage at a higher pressure. In this process, the heat in the
water content of the vapor exiting each stage is utilized at a higher pressure
in the previous stage. The described stripping process generates the acid gas
at a higher pressure without operating the stripper at a higher temperaturas,
thereby reducing the energy. consumption of the system.

Form PCTASA/210 (continuation of first sheet (3)) (Uanuary 2004)



INTERNATIONAL SEARCH REPORT —— ~
PCT/US2004/006580 @\
A. CLASSIFICATION OF
IPC 7 BO1D53 14
Amm_!_bIMleG—hIiDn(IPc)wlnbdh national classification and IPC
B. FIELDS SEARCHED
Minimum documenistion searched (classlfication sysiem followed by classificaiion symbols)
1IPC 7 BO1D
Documentation asarched other than minkmun documaniation to the axdent thal such documents are included In tha flakis searched
Emﬂlhnmlldmnl. Inlamalional search (name of data base and, whem practical, saarch iarmme usad)
EPO-Internal
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Calagory * | Chation of document, with indication, whare appropriate, of the relevanl pazsages Ralevant to caim No.
X US 4 780 115 A (RANKE GERHARD) 1-7
25 October 1988 (1988-10-25)
Y figure 4 8-15
Y US 5 435 977 A (CHAO I-MEEN) 10-15
25 July .1995 (1995-07-25)
column 1, 1ine 12 - 1ine 27; figures 1,3,4
Y US 4 160 810 A (BENSON HOMER E ET AL) 8,9
10 July 1979 (1979-07-10)
column 1, 1ine 7 — 11ne b5; figures 1,2
Y GB 1 484 050 A (HECKE F VAN) 8,9
24 August 1977 (1977-08-24)
A page 1, 1ine 9 - 11ne 52; figures 1-4 1,2,5,6,
10-15
-f—

m Further documents are listed In 1he continusion of box C.

E Palani family memberm are Bsied n annax.

"E" eariar documani bt publishad on or alter the inlernational
fling dule

*l" documsnt which may throw doulvia dﬂmh'
mummmmmu
cilation or other special roason (as apaciiad)

"0O" documant referring to an oral disclosure, use, axhibiion or
olhar maans

" document publishad to Ihe intamational Aling dade but
uarannMF:m e

) ol el dhctiments: T wmm'mmmmmmm applical e
A mmmlwgnmm:mﬂh ant which is not d.ubumnulheuhwhuumry mu-mqmn

x' mdm-mum Immntion
<annol bo considered novel or cannot be considared 10
Involve an inventive siop when the document is taleon alone

*Y" documsni of particular relevance; the ciaimed brvention
cannat ba considered 1o ivolve sn ivenlive slep when the
document ls combinod with one or moro othar such docu—
mﬂmmmummm; pesson sldliod

*s" documsnl mamber of the same paient family

Dais of Ihe actual completion of the international sasrch

Date of mafing of tha inlemational search report

14 July 2004 26/07/2004
Nama and maling address of the [SA Authorirad ofticer
Européin. Patent Office, P.B. 5818 Paleniiaan 2
NI - 2280 HV Rijzwlk
Fax 310 Si0a0rg | ! POt de Blasio, A

Fom PCTABA/210 (Recond sheel) (anuary 2004)

page 1 of 2




INTERNATIONAL SEARCH REPORT

figure 3

internationai Appiication No ,Ua
PCT/US2004/006580
C.{Contimmtion) DOCUMENTS CONSIDERED TO BE RELEVANT
Calegory * | Callon of document, with indicalion, where appropriaie, of the relsvani passages Ralgvani to clalm No.
A US 4 258 019 A (DOERGES ALEXANDER ET AL) 1,2,5-7,
24 March 1981 (1981-03-24) 10,11

Form PCTABAS210 (contimustion al secand shest) {Jsnusey 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT : —
Informatian on patent family members PCT/US2004/006580 7‘(
Patent documsnt Publication Patant tamily Publication
citad In search report date member(s) date 7\\
US 4780115 A 25-10-1988 DE 3613110 Al 22-10-1987
DD 256079 A5 27-04-1988
EP 0249702 A2 23-12-1987
US 5435977 A 25-07-1995  NONE
US 4160810 A 10-07-1979 BE 49 T1 28-03-1980
CA 1106153 Al 04-08-1981
DE 2952855 Al 31-07-1980
EP 0004043 Al 19-09-1979
FR 2446125 Al 08-08-1980
GB 2041348 A ,B 10-09-1980
N 150688 Al 20~11-1982
IT 1148284 B 26-11-1986
P 1367456 C 26-02-1987
JP 54155172 A 06-12-1979
JP 61035890 B 15-08-1986
MX 150006 A 28-02-1984
NL 190981 B 01-07-1994
NL 7915016 T 29-04-1980
GB 1484050 A 24-08-1977 AT 369421 B 27-12-1982
AT 979075 A 15-05-1982
AU 503541 B2 06-09-1979
BE 836929 Al 22-06-1976
BR 7508536 A 24-08-1976
CA 1068638 Al 24-12-1979
DE 2557531 Al 08-07-1976
DK 588975 A 25-06-1976
ES 443792 Al 16-04-1977
FR 2295781 Al 23-07-1976
IE 41981 Bl 07-05-1980
IN 144785 Al 08-07-1978
IT 1051858 B 20-05-1981
Jp 1237307 C 31-10-1984
JP 51089876 A 06-08-1976
JP 59007487 B 18-02-1984
NZ 179638 A 18-12-1978
PH 12514 A 20-04-1979
ZA 7507939 A 24-11-1976
US 4258019 A 24-03-1981 DE 2743753 Al 12-04-1979
6B 2004850 A ,B 11-04-1979
P 1473312 C 27-12-1988
JP 54051997 A 24-04-1979
P 63017877 B 15-04-1988
NL 7807194 A ,B,  02-04-1979

Fam PCTABAIZ10 (pelent femily snnex) Lianusry 2004)




PATENT COOPERATION TREATY

b
From the
INTERNATIONAL SEARCHING AUTHORITY
PCT
WRITTEN OPINION OF THE
see form PCTASAZ20 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
Date of malling
{dayinonihfrear) see form PCTASAZ10 (second shest)
Applicants or agents file reerence FOR FURTHER ACTION
see form PCTASAZ220 See paragraph 2 balow
Intamational application No. Intemnational filing dats (dapinonthyear) Priority date {dayinonthirear)
PCTAJS2004008580 04.03.2004 10.03.2003
intemnational Patent Classiication (IPC) or both national clasaification and IPC
B01D531 4
Applicant

BOARD OF REGENTS, THE UNIVERSITY OF TEXAS SYSTEM

® BoxNo.l  Basis of the oplnion

& BoxNo.li  Priority

O Box Neo. Il

O BoxNo.IV  Lack of unity of invention
B Box No.V

B Box No.V!I Certain documents clted

2. FURTHER ACTION

will not be so considered.

whichever expires later.
For further options, see Form PCTASAZ220.

3. For lurther details, see notas to Form PCTASAZ220.

1. This opinion contains indications relating to the following items:

Non-establishment of oplnion with regard to novelty, Inventive step and industrial applicabliity

Reasoned statement under Rule 43bis.1 (a)(l) with regard to novelty, mverll:va step or industrial
applicabllity; citations and explanations supporting such statement

O Box No.Vit Certain defects In the intemationat application
O Box No. VIl Certaln observations on the international application

¥ a demand for intemational preliminary examination ls made, this opinion will usually be consideredto be a
written opinion of the Intemational Preliminary Examining Authority ("IPEA"). However, this does not apply whers
the applicant chooses an Authorlty other than this one to be the IPEA and the chosen IPEA has notifed the
intemational Bureau under Rule 66.1bis(b) that written opinions of this international Soan:hlng Authority

If this opinion Is, as provided ebove, considered to be a written opinion of the IPEA, the applicant ks invited 1o
submit to the IPEA a written reply iogether, where appropriate, with amendments, before the expiration of three
months from the date of malling of Form PCTASAZ220 or before the expiration of 22 months from the priority date,

Name and maiing address of the ISA:

EutqnanPahnlOﬂlca

D-80288 Munich
Tel. +49 89 2390 - 0 Tx: 523656 epmu d
Fax: +40 89 2309 - 4485

Authorizad Officer
Y

de Biasio, A ] }

Telephone No. +49 80 2390-8627 il

Form PCTASALZ3? (Cover Sheet) {Janunry 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2004/006580

Box No.| Basis of the opinion

. With regard to the language, this opinion has been established on the basis of the intemational application in
the language in which it was field, unless otherwise indicated under this item.

B This opinion has been established on the basis of a translation from the original language into the following
language |, which is the language of a translation fumished for the purposes of international search
(under Rules 12.3 and 23.1(b)).

. With regard to any nucleotide and/or amino acld sequence disclosed in the intemational application and
necessary to the claimed invention, this opinion has baen established on the basis of:

a. type of matenial:
O asequence listing
I table{s) related to the sequence listing
b. format of material:
B) in written format
O in computer readable form
¢. time of filingfumnishing:
O contained in the international application as filed.
3 friled together with the intemational application in computer readable form.
O fumished subsequently to this Authority for the purposes of search.

3. O in addition, in the case that more than one version or copy of a sequence listing andior table relating thereto

has been filed or fumished, the required statements that the information in the subseqguent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were fumished.

. Additional comments:

Form PCTAPEA/ 237 (Jamuary 2004)



" A
WRITTEN OPINION OF THE Internationat application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2004006580

Box No. Il Priority

1. B The following document has not been furnished:
& copy of the earlier application whose priority has been claimed (Rule 43bis.1 and 68.7(a)).

O translation of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(b)).

Consequently it has not been possible to consider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. [0 This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invalid {(Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is consideraed to be the relevant date.

" 3. Additional observations, if necessary:

Box No.V Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, iInventive step or
Industrial applicabiiity; citations and explanations supporting such statement

1. Statement
Novelty (N) Yes: Claims 8-15
No: Claims 1-7
Inventive step (IS) Yes: Claims -
No: Claims 1-15
Industrial applicabllity (IA) Yos: Claims 1-15

No: Claims -

2. Citations and explanations
Soo scparate sheet

Form PCTAPEA/237 (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/006580

Preliminary Remark:

1. Claim 1 has been interpreted in such a way that the last technical features of item
(a) does not apply to the first flash stage, as it should make no sense to feed its
vapour to a previous stage that does not exist. Consequently, the vapour obtained
from the first stage is not necessarily compressed, which should correspond to the
embodiment of figure 4 of the present application. A narrower interpretation of
claim 1, i.e. vapour of stage 1 is necessarily compressed, woukl lead to a
contradiction with the embodiment of figure 4 (Art. 6 PCT).

2. Similarly, from the embodiment of figure 3 it does not seem to be necéssary that
the last flash stage also comprises stripping. In figure 3, there is no stripping
current in the lowest flashing stage 52. In other words, would it be necessary for
each flashing stage of the process of claim 1 to include a stripping current, then
the embodiment of figure 3 would not fall within the definition given in claim 1 (Art.
6 PCT).

Beltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicabllity; citations and explanations supporting such statement

Reference is made to the following document/s/:
D1: US-A-4.780.115
D2: US-A-5.435.977

1.1 The subject-matter of claim 1 does not seem to fuffill the requirements of Art.
33(2) PCT.:

US-A-4.780.115 (D1) discloses ( cf figure 4) a method for removing an acid gas
from a gaseous stream containing said acid gas by using an aqueous absorption
solution {col. 2) and stripping equipment, said method comprising:

(a) passing the acid-gas-rich solvent stream (5) exiting the absorbing equipment
through a multipressure stripper in which the acid-gas-rich solvent stream
passes through multiple flash stages (drums 7, 10, 14) such that the vapour
obtained by flashing the acid-gas-rich solvent stream in each flash stage
strips the acid gas from the acid-gas-rich solvent stream, resulting in an acid-
gas-rich gaseous stream exiting the multipressure stripper and an acid-gas-

Form PCT/Separate Shest/237 (Sheet 1) (EPO-January 2004)
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lean solvent stream exiting the multipressure stripper; wherein the
multipressure stripper is operated at multiple pressure levels such that the
vapour obtained in each flash stage (with exception of the first one) is
compressed in a compressor (6a, 9) and fed to the previous flash stage at a
higher pressure, and.

(b) recycling the acid-gas-iean solvent stream exiting the multipressure stripper
in step (a) back to the absorption equipment (2) at least once.

All technical features of claim 1 appear to be known form D1 which is thus novelty
destroying (Art. 33(2) PCT).

2. The equipment disclosed in figure 4 of D1 differs from that defined in present
claim 11 only in that the single flash stages are comprised in a stripping column.

US-A-5.435.977 (D2) discloses a similar method using a stripping column
including in its lower portion two flash stages. The teaching of D2 is to place flash
stages and stripper within one single column in order to cut the investment and
operating expenses (col. 2, lines 30-49). It would thus be obvious for the skilied
person starting from D1 to apply the teaching of D2 and thus obtain an equipment
as defined in present claim 11 (Art. 33(3) PCT).

3. Dependent claims 2-10 and 12-15 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of the PCT in respect of novelty and/or inventive step, see all
documents cited in the search report and the corresponding passages. As far as
the additional technical features of dependent claims 3, 4, 13, 14 are concerned,
they merely appear to be straightforward possibilities from which the skilled person
would select, in accordance with circumstances, without the exercise of inventive
skill.

Form PCT/Separate Sheet/237 (Sheet 2) (EPQ-January 2004)
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57 ABSTRACT
In a process for the regeneration of & scrubbing medinm
which has been utilized in a scrubbing operation and
therein loaded with acrebbed-out components, the
scrubbing medium is expanded and regenersted and

"hence can be reused in the scrubbing operation. In order

to be mble to subject expansion gases obtained during
the expansion to an after-treatment under elevated pres-
sure, or 1o be able to discharge these expansion gases
under & higher pressure, the loaded scrubbing mediom is
expanded in at least two stages. Expansion in one stage
iz performed by means of & liquid-jet compressor and
the expansion gases of a subsequent expansion stage are
brought to an elevated pressure by means of the Liquid-
Jjet compressor.

19 Qlaims, 4 Drawing Sheets
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1 4,780,115 2
expansion gases. However, the method can only be

PROCESS FOR REM VING UNDESIRABLE employed if a relatively large amount of expansion gas,
COMPONENTS FROM GASES at a higher pressure, s already available and, st the ssme

time, if all gases cen be discharged without being under

BACKGROUND OF THE INVENTION 5 pressure. A further drawback involved is the addirional

This invention relates to a process for the regenera-  installation of expansion tanks which serve for abtaiing
mdlmm;mdmmwlmhhlbmuﬂudml propulsion gases for the jet compressors.

scrubbing operation snd thersin loaded
with scrubbed-out companents, this scrubbing medium SUMMARY OF THE INVENTION
being expanded, regenerated, and then reused in the 2 An object of one aspect of the present invention is to
mbhugopemmn. provide a process wherein expansion gases obtained in
In scrubbing operations, throttle valves are vsually  an expansion step can be further treated under elevated

-ﬂﬂﬂhwhwm&m pressure or can be discharged at a higher pressure.
from the scrubbing column to a lower pressure. Expan- ;s Upon farther study of the specification and appended
sion turbines are utilized only in cases where large Iiq- ™ clgims, further objects and advantages of this invention
uid quatities are involved for purposes of energy re-  yil} become spparent to those skilled in the art.
covery. The use of expansion turbines, in spile of energy These objectives have been sitained according 1o this
recovery, has several drawbacks. invention by expanding the loaded scrubbing medivm in
mmdmﬂmuwhghmmnmeymmnmmomm'mmhm
economical only if the amount of recoverable energy is wwmdlw-jﬂwwmﬂ'ﬂ-jﬂm

potentially large. ; ;
Mﬁlﬁcﬂﬁsmmﬂdhmwﬁmd&mu moftheul:l:l-mm P
unfavorable Tiquid/gas volume ratio. On account of the Tt bas bees £ l’“.;:“""""dm -
fact that expansion turbixes are prome to trouble, it is 23 In Cuc context is invention that,
necessery either to insert a second unit is parallel ssa  DexiiCS g8, it is also possible to vse the loaded scrub-
standby or to install a throttle valve. I_ansmdmmnahqmdpmpulmu_medmmahqmd-
If an expansion turbine is coupled with the scrubbing ~ Jet compremsor whereby a substantially larger amount
medium pump, & motor must aiso be connected to the  ©f Bas can be compressed than, for exanple, in the pro-
pump to provide make-up pump energy as required, and 30 eﬂlmdmghFﬂ.Gupu Pli: No. 119,610 which
in order to provide the entire pump enevgy in case of  CmPloys a gascons propulsion medivm.
failure of the turbine or during startup of the plant. Slme_ﬂ:h-gdmbhn;nedmpudsthe
Based on the aforementioned disadvantages, it is cxs-  propulsion medium rather than expansion gases, the
mu.toreumplcin-cidpauubbin;openmm -mpmgmrmmqumdmu
utilive expansion turbines only in large installations (Le., 35 pressure lowering, no gas or culy very little gas is re-
in case of liquid quantities of severul 100 m3/h) and with le-ad.lndthulunoyuminc-nwherelhemmlmd
relstively large pressure drope. On the other hand, there  known from the East German patent csnnot be utilized.
is interest in providing for gas compression in many In some instances, especially im cases where concomi-
' scrubbing operations—especially in physical sorubbing  tantly dissolved inert gases are to be obtained under
processes for acid ges removal—wherein the liquid 40 mazimally high pressure, it is advantageous to expand
quantities or pressure drops do not jestify the employ- the loaded scrubbing medium in & two-stage procedure
ment of an expensive turbine. For example, gas com- 5 that the gases can be recycled to the pressure scrub-
preszion becomes of interest when expantion gases are¢  bing step with a minimum expenditure of energy. The
%0 be recycled into the crade gns or utilited as 8 product copcomitantly dissolved inert gases are relexsed during
faMsmmtmwbmmm-uhm“mmhmmmh
20 be subjected to & vacuum in order 10 lower the $8%  forher expanded in & second expansion whereis It is
Joad in the expanded scrubbing medinm. empioyed as » propulsion medium for a liquid-jet com-
Customarily, compressors are tifized for such com- pressor. Thus, initially the loaded scrubbing medium is
pression needs. Besides the energy consumed for com- pm;dmuinm;edilmmformplemu
pressicn, an additional disadvantage smociated with the %0 and the Ij s
employment of compremors is that the gaa s hested in “P"""‘w""_""" - “""m""’ jracous phese
the compremor. For this ressou, in most coses a re-  "o-Y©icd 10 a poiat upstream pressure scyubbing
stage. The partially expanded scrubbing medium is then
cooler i also required for recooling the compressed fod iquid- foc further ion. It
goa. If the compressed gas is 1o be further treated in the to a liquid-jet compressor expansion. It iy
clear that also in this case of a two-stage pressure lower-
scrubbing operation, which is very often the case, cape- 35 " .
cally with HaS-containing geses, refrigeration loases ing operation, the compression encrgy produced by
mmmdhythnmndth:lmamu such a pressure lowesing operation can be utilized for
be cavered by external refrigeration. raising the pressure of expansion gases obtained in sab-
Therefore, East German Pat. No. 119,610 teaches one fSequent proces itepd.
under vacuum, by means of a jet comressor, also called  the process sccording to this invention, the loaded
® jet gjector. In this process, gases obtained during an  Scrubbing medium can be expanded stepwise by mesns
intermediate expansion, which have a higher pressure  of several series-connected liquid-jet compressors. At
than the gases to be compressed, are utilized as the  the same time, the gases released in a subsequent expan-
propulsion media for the jet compressor. 65 sion stage can herein be compressed in a preceding
The essentinl advantage of this process resides inthat  expansion stage. The advantage of this mode of opers-
no external energy is needed for compremion, and, sl tion resides in that the pressure of the cxpansion gases
the same time, there is no hesting for the exhausted  can be raised to a greater extent. It thus becomes possi-
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3
ble to adapt the method of this invention to the respec-
tive process conditions.

The process of this invention can be utilized in a wide
variety of systems which need gas compression based
on a very diversified requirements.

One utilization of gas compression can be to Jower
the partial pressore of acid gases in the cold-regenerated
sctubbing medinmn of & sour gas scrubbing operation
without the use of stripping gas or vacuum compressor
means.

In water scrubbing opertions for the removal of
CO; from gases, it s possible, for example, 10 reduce the
load in loaded scrubbing water by lowering its pressure
and thereby lower the load of the regenerated water.
Since the regenemated scrubbing medium recycled to
the scrubbing operation has a lower load, the result is a
Jower residual CO; content in the scrubbed product due
to greater absorption. This is accomplished without the

use of stripping gas or vacuum, i.e., without a compres-

sor, while at the same time improving the yield of re-
moved CO;z.
A further utilization of gas compression can be to

. -increase the CO; yield in physical scrubbing operations

before a subsequent stripping operation. Gas compres- 34

sion can also be suitable for Gbtaining additional peak
cold in physical scrubbing processes.

Finally, it is possible by gas compression to reduce
the CO; Joad in chemical scrubbing operations prior to

thermal regeneration, or to redoce the CO; load of the 3p

scrubbing medium that is regenerated solely by expan-
sion. Thereby, the quantity of scrubbing medinm circu-
Iated can be reduced on eccount of greater CO; sbsorp-
tion. Also, the energy requirement of a subsequent fine
scrubbing step can be reduced since, with the more
highly regenemted wrubbing medium, the CO; can be
scrubbed ont more sdvantageously from the cxude gus
in the rough or initia] scrubbing stage.

k-

BRIEF DESCRIPTION OF THE DRAWINGS 4

Various other objects, features and attendant advan-
tages of the present invention will be more fully appire-
ciated =z the same becomes better understood when
considered in conjanction with the schemarically illus-

trated flowsheets in the accompanying drawings, in 43

which like reference chamcters designate the same or
similar parts, and wherein:

FIG. 1 shows removal of CO; from a gas stresn by a
water scrubbing operation,

FIG. 2shaws how the process of the invention can be 30

used 1o incresse CO; yield in a physical scrobbing oper-
ation,

FIG. 3 shows the generstion of pesk cold in a cold
scrubbing operation, and

FIQ. 4 illustrates step-wise expansion of a loaded
scrubbing medium using several lquid-jet compressors
in series.

DETAILED DESCRIPTION OF THE
DRAWINGS

According 10 FIG. 1, a scrubbing column 2 is
charged via conduit 1 with 10,000 Nm3/h of crude gas
under a pressare of 40 bar and at a temperature of 30° C.
The crude gas has the following composition:

Ha 65 vol-%
N2 + CO 3 vol-%

BNSDOCID: <US, ATEOV1BAL_»
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-continued
[oe] 30 vol-%

Via conduit 3, the scrubbing column 2 is charged
with 500 t/h of scrubbing water which absorbs COa
from countercurrently rising crude gas. Via conduit 4,
pure product gas a1 a temperarure of about 30.5°-31° C.
can thus be withdrawn containing at this point merely
maximally shout 1 vol-% of COa.

Via conduit §, the COx-loaded water is discharged at
a temperature which is almost identical with the tem-
perature of the pure product gas, because of the large
amount of water the increase of temperature is very
small. In order to obtain a residual COy content of
below sbout | vol-9% in the product gas, the loaded
water is first expanded to 10 bar in an expansion rurbine
6. After scparating the thus-relessed gaseons phase via
conduit 8, aamely 926 NmY/h, comisting of:

Dy 76 voli
Hy+ 0O 24 vol-%

in & separator 7, the water is expanded to a pressure of
1.2 bar by way of a liquid-jet compressor 8. The thereby
relessed gaseous phase (2,063 Nm?/h, containing 95.4
vol-% of COy, remainder being Hy+CO) is withdrawn
from a further phase separator 10 via conduit 11 under
a pressure of 1.2 bar. By way of conduit 12, the water is
withdrawn from phase separator 10 and further ex-
panded to 0.3 bar in a conventional throttle valve 13. In
a downstream phase scparator 14, the thus-obtained
expansion gas (321 Nm3/h of COz4H)) is discharged
via conduit 15 and mised to a pressare of 1.2 bar in the
liquid-jet compressor 9. The regenerated water is with-
drawn from phase separator 14 via condpit 3 with pump
16 end reintroduced into the scrubbing columna 2

In the conventional the amount of gas
withdrawn from separator 14 & compressed in conduit
15 by means of a vacunm compressor. The energy ex-
penditure required therefor amounts to sbout 22 kW.
The primary sdvantages of the process of this invention
as compared with the process customary heretofore
resides not only in a saving of energy but more impor-
tantly it permits the elimination of the vacuom compres-
sor, i.e., a piston compressor with movable parts, repre-
senting a wear-prome part of the installation requiring
frequent sexvicing. The liquid-jet compressor, in con-
trast therein, represents & substantially cheaper and a
less maintenance intensive solution. FIG. 4 illostrates an
exbodiment ¢imilar to that of F1G. 1 except that the
expansion turbine 6 is replaced by a liquid-jet compres-
sor 8z Loaded scrubbing medium is thus expanded by
two liquid-jet compressors, ie. 62 and 9, connected in
sexies,

FIG. 2 illustrates a section of the regenerating portion
of an instoflation for the separstion and obtainment of
gascous components, especially CO;, O0OS and H;3S,
f:.mn_pn:onlmixmbymofnphyﬁallcmb-

bing operation.

By way of conduit 17, 53 /h of scrubbing methanol,
almost saturated with CO3, from a scrubliing column
(not shown) is conducted at a temperature of —40" and
under a pressure of 25 bar. By way of conduit 18, 45 t/h
of scrubbing methanol is introduced which has been
loaded in the scrubbing columm (not shown) with CO,,
H;S and COS and which is obtained ander a pressure of



4,780,115

5
likewise 25 bar and at a temperature of —7" C. The
metbanol stream in conduit 18, loaded with CO; and
also sulfur compounds, represents the first scrubbing
medium stream:; the methanol stream in conduit 17,
loaded only with COy, represents the second scrubbing
medium sirexm.

The first scrubbing mediom stream is expanded in a
liquid-jet compressor 20 to a pressure of 3 bar. The
secoad scrubbing medium stream is expanded m a throt-
tie valve 19 to a pressure of 3 ber. Both scrubbing me-
dimn streams are then introduced into an enrichment
column 21. The first scrubbing medium stresm is intro-
duced into the middle portion snd the second siream s
introduced into the head portion which is equipped
with separator. During expansion, gaseous fractions are
liberuted in each case. In the cuse of the second scxub-
bing medinm stream, a fraction of predominantly COz is
liberated and di from the colump head via
conduit 27, and in the case of the first scrubbing medium

stream, a fraction contuining CO; as well as HaS end 20

COS is liberateq which then rises upwardly in the inte-
rior of the column. The propartions of H;S and COS
are scrubbed from this gaseous, rising fraction by a
portion of the second ing medium siream that is

6

From the bottom of the enrichment column 21, $0t/h
of methanol, now enriched in H;S and COS, is with-
drawn s & temperature of —33" C. This methano! en-
treins, in disolved form, 7,232 Nm3/h of COzas well as
1,025 Nm¥/h of H;S and COS. This enriched methanal
is introduced via a conduit 28 into a throttle valve 31,
expanded 10 & pressure of 0.7 bar, and then intvodneed
into a separator 32. The gaseous fraction liberated dur-
ing this expansion (4,896 Nm?/h of COz and 295 Nm'/h
of H3iS and COS) s removed from separation 32 via
_coduitamdilddimulvhmﬂuilﬁwﬂlﬁqﬁd-

Jjet compresor 20 and, after recompression to the pres-

sure of the enrichment column 21, fed into the latter.
In accondance with couventional operation prior to
this invention, this released gaseons fraction in conduit
33 was taken in by mesns of & compressor and then
recompressed. During the recompression step, the gase-
ous fraction was heated up. Since the HzS- and COS-
containing fraction, however, must be desulfarized in
the corichment column 21 at low temperatures with
cold methanol, the hesting-ap occurring during com-
pression represents a cold value loss which must be
compensared for again with external refrigeration in an
exchanger. However, this raises the energy requirement

returned from the separator at the column head via a 25 ‘for increasing the CO; yield” With the use of the process

conduit 12 into the upper section of the enrichment
column 21. This returned portion of the second scrub-
bing medium stream amounis to 33 Vh

The ing medium streams collected above a flue

e scrubbing .
plate in the lower part of the eurichment column 21 are 30

discharged via a conduit 24, brought to an intermediate
pressure of 0.7 bar in a throttle valve 36, and then mtro-
duced iato-e separator 37. The gaseous fraction released. .
after intermediate in valve 36,

containing
CO; and small proportions of HiS and COS, is pamsed 33

on via conduit 38 to a conduit 33 which will be de-
scribed below. The bottoms Yiguid from separator 37 bs
conveyed with the aid of a liquid pump 25 throngh hest
exchangers 16 and 29 and subsequently returned, by

way of a conduit 13, into the lJowermost secticn of the 40

enrichment column 21 which functions as a separator,
During this step, the scrubbing medium is beated from
=55° C. to —43" C. in hest exchanger 26 by hest ex-
change with methanol, fed via » conduit 30 (the meths-
nol in conduit 30 being completely

sabeequent part of the installation, not shown); and then
heated tv —33° C. in hest exchanger 29 by heat ex-
change with a methanol stream, previomsly loaded with
©03, which yields heat of sbsorption. In a separator 39,

regenerated in a 43

a guscowms fraction is sepamated which contains CO2, HzS 50

and COS and s introduced via & conduit 40 into the
enrichment columa 2L TIIII gaseous frection intro-
doced by conduit 40 containing mostly CO;z with minor
pmptﬂomdﬂ:smcos.ﬂmwmemrﬂ

menlmlm:lmtheupwuddlmmddmgﬂm L

step is likewise freed of the compo-
neats by means of the second medium stream.
Gases scparated in the lowermost section of the enrich-
ment column flow through the floe plate and opwardly

lhonshlhcnmhmnneohmnwhuebyﬂuymaho 60

scrubbed by the second medinm stream.
Via a conduit 27, 23,316 Nm3/h of a first prodact gas

is withdrawn from the head of the enrichment column

11. This product gas consists of 23,000 Nm?/h of CO3,

247 Nm/h of Hz, 49 Nm/h of CO, Arx, CHs, and 20 &

NmSh of N2. The purity of the gaseous CO; product is
98.7 vol-%. The COx product is obtained at & tempern-
ture of —49* C.

BNSDOCHX <US___4TBO115AL L>

sccording to this invention, the compressor and re-
cooler can be replaced by a liquid-jet compressor which
also simultaneously takes over the task of a heretofore
employed throttle valve for ing the methanol
introduced via conduit 18. In this throttle valve of prior
the eutire energy which was liberated during
of the first scrubbing medivm stream loaded
with H3S. .COS and CD; was dissipated. This energy is
nnwulel’nllye:plmdforthcmmpruimofpmdwd
expansion gases. Beaides saving compression energ
Muuuleoﬂ.thnahmluupan‘bletotqhu
an expensive part of the installation which frequently
required servicing, Le., the compressor.
methebtmumfoﬂheleplnmrn.ﬂovhofmb-
bing methanol is withdrawn via conduit 34 and fed imto

a sixipping column (not shown) for complete regenena-

tion. The portion of the second scrubbing medium .

stream (20 t/h) that has not been recycled is withdrawn
via conduit 41 and utilized for rescrubbing sulfur-con-
taining components in the stripping column (not

FIG. Smm«dynmdnulm
insallation for hydrogen and CO3.

By way of a conduit 42, 53 /b of methanol is con-
veyed rmma-:mbblngedm(nnllluwn).m
methanol, representing a first scrubbing medium
stream, iz obtained under o presure of 17 bar and at a
tempersture of —30° C. It is almoat satnrated with CO;.
By way of conduit 43, 45 t/h of methanol loaded with
COy and H;S from the same scrubbing column is fed
under a pressure of 27 bar and at & temperstore of —6*
C. This methanol siream represents & second scrubbing
medium stresm.

The first scrubbing medivm stream is expanded in a
throttle valve 44 to 3.5 bar and introdoced into the
upper section, serving as a sepamtor, of a CO; column
45. The second scrubbing medium stresm is expanded
to 1.5 bar in a liquid-jet compressor 46 and fed into the
mididle section of the CO; column. Concentration and
recovery of COz take place in the CO; column. For this
purpose, the gas rising in the column is scrubbed with
3% v/h of HaS-free scrubbing medium mtroduced via
condult 47. The gases rising in the CO, column 43 are
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composed of the gases formed by expansion in the lig-
uid-jet compressor 46 and of the gases passing through
conduit 48 into the lowermost section of the column 45.
For producing these last-mentioned gases, liguid is

withdrawn via conduit 49 from a floe plate arranged in 3

the lower section of column 45, expanded in a throttle
valve 50 to 1.0 bar and conveyed, after separation of the
thus-liberated expansion gases in separator 51, through
8 heat exchanger 53 by means of a pump 52. o heat

exchanger 53 the liquid stream is heated from —63° C. 10

to —33" C. From heat exchanger 53 the heated stream
is reintroduced into the column via conduit 48. In heat
exchanger 53, the liquid is heated, for example, against
& methanol stream (the methanol stream being com-

pletely regenerated in a subsequent atripping column, 13

not shown), so that a portion of the componens dis-
solved in the liquid is relessed, and a gas-liqnid mixture
passes, via conduit 48, into the column 45.

By expansion in valve 50, a portion of the concomi-

tantly dissolved gases is liberated in gaseous phase with 20

simuitanecus cooling of the scrubbing medinm. These
expansion gases, scparated in separator 51, are taken in
by the liquid-jet compressor 46 and compressed to the
preasure of column 45. By use of the liquid-jet compres-

sor.coldunbeobhindnﬂlelowutlmpenmnzs

level for the scrubbing operation without additional
eaergy, and thus the entire scrubbing process can be
made more economical. The cold, obtained at a Jow
tempemture level, has the effect that the regenersted

scrubbing medium can be subcooled to a greater extent, i

and sccordingly the amount of scrubbing medium or
the number of plates in the scrubbing column can be
reduced.

The methanol introduced into the column 45 via

conduit 42 can be fed at the very top into the head of the %

column, since the gas released during expansion in 44 is
pure CO; which need 0o longer be scrubbed. In the

head of the CO; column 45, the is—45°C
The gas being withdrawn through conduit 56 (25,405 ©
Nm’/h) has the following composition:

Hz 1M mol-%

Nz + Ar + CHy Q14 maln

e Q12 mal%

(o] L4 mol-%

S 2 ppm

The cold inherent in the gas is normally forthermore

transferzed to the crode gas by heat exchange (oot illes- sp

trated) s0 that the CO; product is then available at &

temperature of 27° C. and under a pressure of 2 bar.
From the battoms of the column, via conduir 54, 80

t/h of methanol containing 1,841 Nmd/h of H3S and

7,232 Nm*/h of OOy is discharged and fed to a stripping 55

column (not shown) for complete regeneration. Viz
conduit 55, 20 t/h of methsnol is introduced to the
The gjectors that can be used in the preceding em-

bodiments are generally described in “Ullmanns Eacy- 60

clopadie de technischen Chemie”, 4th edition, Vol. 3, p.
107-110 and p. IT2.

From the foregomg description, one skilled in the art
can ensily ascertain the essential chamcteristics of this

sare scrubbing

8

What is claimed is:

1. In & process for regenerating a scrubbing medium
which has been utilized in 2 scrubbing operation, said
scrubbing operstion comprising contacting a gaseous
mixtare with a scrubbing medium to obmin a scrubbed
gas fraction and soid scrubbing medium loaded with
scrubbed-out components from said gaseous mixture.
and said process for regenemating comprising expanding
the joaded scrubbing medium to release scrubbed-out
components therefrom, the improvement comprising:

expanding sgid loaded scrubbing medium in & first

stage ind at least one downstream expansion stage
to obtain resultant regenerated scrubbing medium,
wherein said loaded scrubbing medicm is expanded
in said first stage through a liquid-jet compressor to
form resultant expanded loaded scrobbing medium
and first stage expansion gases, and

further expanding the resultant expanded Joaded

scrubbing medium in one of snid at least one down-
stream expansion stage to form further expanded
scrubbing medium and downstream expansion
gases, separuting ssid downsiream expansion gases
from said further expanded scrubbing medium, and
passing said downstream expansion gases into said
liquid-jet compressor.

1 A process sccording to claim 1, wherein said
loaded scrubbing medium is expanded stepwise in 2
series of expansion stages by means of series-connected
Hquid-jet comprestors.

3. A proces sccording to claim 1, wherein said scrub-
bing operation comprises a process for scrubbing acid
gas from said gaseous mixture.

4. A process sccording to claim 1, wherein said scrub-
bing operation comprises a water scrubbing process for
the remaval of CO; from said gaseous mixture.

S. A proceas according to claim 1, wherein said scrub-
bing operation operates at a substantially higher pres-
sure than the pressure of the expanded loaded scrubbing
mediom.

6. A process scconding to claim 1, wherein said

loaded scrubbing medium is expanded in a preliminary -

expansion stage upstream of said first stage o form a
libernted gmsecus phase, said liberated gaseous phase
being returned to said scrubbing operation, and scrub-
bing medinm discharged from said preliminary stage is
mtroduced into said liquid-jet compressor of said first
stage for further i

7. A process according to claim 6 wherein said pre-
liminary expansion stage comprisss a gas turbine,

8. A process sccording to claim 6, wherein said resul-
tant expandexi scrubbing medium and first stage expan-
sion gases are discharged from seid (irst stage and mtro-
duced into a separator, and resultant expanded scrub-
bing medium is removed from seid separator and deliv-
ered to said at least one downstream expansion stage.

9. A process according 1o claim 8, wherein said re-

scrubbing medium s returned to said pres-

opemation.

10. A process according to claim 1, wherein, after
said loaded acrubbing medium is expanded in aaid first
stage, resultant expanded scrubbing medium is deliv-
ered 1o & separator wherein a gaseous phwse and a par-
tinlly expanded scrubbing medium phase are separated,

invention, and without departing from the spirit and 65 said partiafly expanded scrubbing medium phase is far-

scope thereof, can meke various changes and madifica-
tions of the invention to adapt it to various usages and
conditions.

BNBDOCID: <UJ8___ _FTa0118A1_1>»

ther expanded in a subsequent expansion stage and de-
livered to 2 second separator wherein expansion gases
are separated from regenerated scribbing medium, said
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expansion gases being delivered 1o said first stage and
pressurized by said liquid-jet compressaor.
11. A process according to clasim 10, wherein said
scrubbing medium is returned to said scrub-
12 A process according 1o claim 1, wherein aaid
mubhuqmmmlqmnphwulm:bbmgme—

B.Apmc—-:ewdmgtochhn.whﬁ'msﬂ
gascous mixture conisins CO; end H3S and sid scrub-
maid gaseous mixiure by scrubbing with said physical
scrubbing medium.

M. A process acconding to claim 13, wherein ssid
15. A proces ing to clsim 13, wherein, after
jon of the loaded physical ing medium
stream within ssid liqoid-jet compressor of said first
stage, resulisnt expanded -physical medium siream and

13

10
from said top portion, and a physical medium siream
enriched in H3S and COS being discharged from said
botiom portion.

16 A process according to claim 1S, wherein said
tiberated gmees rise upwardly within said enrichmemt
column in countercurrent contact with a second scrub-
bing stream delivered to the top portion of said eorich-
ment column.

17. A process sccording to claim 15, wherein the
enriched physical medium stream is removed from said
bottom portion of said enrichment column and deliv-
ered to a stripping column for further regeneration.

18. A process according 10 claim 15, wherein said
resultant expanded physical medium stream is removed
from said column and forther expanded in said down-
stream expansion stage to form mid downstream expan-
sion gases and further expanded physical medivm
stresm, and sxid dovmstream expansion gases are deliv-
ered to said liquid-jet compressor of seid first stage and

libersted gases are delivered to an enrichment column 20 pressurized.

having & top portion, a middle portion snd a bottom

19. A process acconding to claim 18 wherein said

portion, szid reultant expanded physical mediom hmhel'upandedphylicllmedhmmkde]ivemd

stream and liberaied geses being introduced mto said

middleponinn.lcoapmdmmbein;dildmpdu

BNEDOCID: «UB______ 47BD116AY 1>
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to said bottom portion of seid column.
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1 3,435,977 2
from the K.O. Drum 61 to » Cond (condersate) pump
ACID GAS REMOVAL SYSTEM EMPLOYING 62, which in turn feeds the condensate back to the re-

REGENERATOR WITH INTERNAL FLASH generator 10,
SECTION Poth the absosber 20 snd the regenerator 10 can be
5 either packed towers or trayed towers. This dexign can
FIELD OF THE INVENTION be uséd when a very high purity is not required in the

The invention relstes to an improved process end  trested gas. (CO; partial pressure of sbout 2 PSI or
tores. for the of acd from gas smix- ﬂmw«mihduﬁnﬁmﬂnw
10 gtor 10, which is at its boiling point, i fleshed to s lower
BACKGROUND pressure in the flash tank 30. The flashed vapors are
Processes employing a modified potessium salt solu-  mostly steam with some acid gas. The vapors are com-
tion contaizing various types of catalysts and corrosion pressed to the regenerator and used to reduce the re-
inhibitors are known. Sea U.S. Pat. Nos. 5,145,658,  boller heat duty. They can be compremed uaing either a
4,430,312, 4,271,132, 3,932,582, 3,856,212 and 3,851,041 15 gteam jet 30 (thermo-compressor) of a mechanical com-
mmwymmmdmnd pressor.
mdﬂmwmm mudwmmmmm
Eﬂlﬁsﬂhﬂ R et thembdlun.::'momut::ﬂm cnolﬂ'Add:th:
- - - F b
The most cominon wee is in ammonis, bydrogen, 20 4ily, jt can lower the circulation rate and therefore the
LNG and ethylene oxide plants. Users can purify so0r  oomp cost and the diameter of the absorber.
823 streams by removing COz, HaS or COS. Purified The additions) equipment in F10. 1, which is neces-
Sas under sdequate pressare can contain ke than 4 ppm g1y 1o operate the prior art heat recovery system in-
of HS and between 0.005% and 2% of COz. In the  cindes the (vertical or horizontal) flaih tank 30, the
absence of solfur compownds, the recovered high purity 25 4o Dump 31, a pressure let down valve 32 in the line
CO; is suitable for making ures, iquid CO20r dry ic® o the charge pump to the flash tank 30, an additioual
for beverage vee and enhnced oil recovery. Jevel control system (not shown) in the fiash tank and
DESCRIPTION OF THE DRAWINGS the {m: HHH:} m of he
FIG. 1 is & process flow disgram of & prior art acid 30 oy s vesment in equipment and opersting expense,
gas removal process neing @ conventional fimh tank  _yg gy mechenical meinteoance, the need for a
;fﬁpnmbrhmmﬁmﬁehmhnm mmnmlhﬁwmuw
FIG. 1is a crom-sectional view of a single-stage inter- Hmitations oo tarndown. Iu this latter regard, turndown
rmmd.whmmuu Lwlwhu:emw.mlllwun::
HG-;'IIFHMMJWBHIF wﬁ::ﬂnlmnbﬂﬂyndwmmﬂn
moval proces employing a regenerstor a single- . . ..
mm:mmnmmmn- W.#ﬁwbw
vention; 40 cxists for improving] upon existing fk configura
FIG. 4 is 2 process flow disgram of an scid gas re- mhh:wnﬁemluwes_dﬂa.
moval process employing a regenerator with & muhtiple- ludhu?!nndeﬁlhmbdnw.l_\um_ql;;:
stage internal flash section in accordance with the in- ment opon existing flash tank configurations is

vention trated'in FIG. 2 by an internal flash'section according to
) 45 the present imvention, ic the bottom of a modified

DETAILED DESCRIPTION OF THE regenerator. The present invention as illostrated by
PREFERRED EMBODIMENTS F1GS. 3 and 4 improve ou the foregoing process by the

A typical single stage acid gas removs! installation is we of a modified regeneratar incorporating an mnteroal
shown in FIG. 1. Asshown in FIG. 1 lean sointion from  flash system. .
the regenerator 1 is fed via a charge pump 31 toa flash 50 As shown in FIG. 2, the regenerstor in sccondance
tank 30. Vapors leaving the flash tank are recompressed ~ With the invention includes an internal fiash section 11
in & stexm jet 50 snd returned to the regenerstor to yhh@mdthw.mhhqqmu
reduce the beat duty of the reboiler 48. Lean solution mmmmm-mmn
from the flash tank is fed via a lean pump 33 to the  appeaded toa side wall portion, which bottom partition
sbsorber 20. The treated gas 22 & retnrmed from the 55 12 is defined by & horizontal member and a vesticle
absorber 28, member depending from the horizontal member. FIG. 2

In single-stage designs, the inlet gas 21 is fed intothe  further illustrates an optional baffle 13. The internal
shsorber 20 and is scrubbed comntercurrently by the  flmsh section 11 also comprises a first pressure side, 2
lean sohition in the shaorber 20. The rich solution from  second pressure side having a lower pressure tlum the
the absorber 20 is fied by line 24 to the rich pump 23 and 60 first pressure side duoring ges flow, and a pressure reduc-
then fed by line 25 to the regenerator 10, wheve therich  ing means for generating a pressure drop between a first
solution is Tegenerated comntercoment to steam from  pressure side and a second pressure side during gat
the reboiler 4D in the regenerstor 1, Overhead vapors  flow, wherein the pressure drop is due to the second
are fed from the regenerator 10 to the OVHD (over- . pressure side Hquid head snd liquid flow pressure losses
bead) Coaler 60 which compresses the vapors to form a 63 occurring as liquid flows fram the first pressure side to
solution ed ges which is then fed to & stormge tenk,  the sccond pressare side throogh x spacing between the
K.O. Drum 61. The scid gas is removed by a fne 63 vertical member of the bottom partition and the boticsn
from the K.O. Drum 61 and the solntion is fed by aline  of the internal flash section. Vapor i withdrawn via

QUB_____ SAmSTVALI»
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vapor outlet 15 from the space definied by a side wall of In FIG. 3 (as described above for FIG. 1), the inlet-

the flash section 11 comprising vapor outlet 15, portions  gas 21° is fed into the absorber 20° and is scrubbed coun-
of the horizontal and vertical members of s bottom  tercurrently by thé lean golution -in :the sbsorber 20"

partition 12 and a second pressure side 17 liquid Jevel,  The rich solution firom the shsorber 20” is fed by kine 24! .

There i3 a diffevential Lquid head dh between & first 5 to the rich pump 23° and then fed by line 257 10 thé
pressure side 16 and a second pressere side 17. regenerator 10°, where the rich solution & regenerated

In F1G. 2, the spacing A (defined by s bottom portion ~ coumtercurrent 10 steams from the reboiler 40° n theé
of the vertical - member of the bottam partition 12 and  regenenator 10°. Overhead vapors-are fed from the re-
the bottom of the flash section 11) provides a pressure  generator 10° to the OVHD: (overhead) Cooler 68
drop at design flow rates-which contrilwites to thé pres- 10 ‘which compresses the vapors to form a solution snd ges
wure differential dh. As the flow rateincreases, the pres-  which is then fed toa'storage tank, K.O. Drum 61°. The
sure head H-on the first pressure side' 16 will tend to  acid -gas is removed by a Ine 63' from the K.O. Drom

increase.-Convercly, as flow mate drops H will dropas 61" and the solution is fed by a line froin the K.O. Drom -

wﬂmmmmmofﬂnﬁ:umehnd 61’ to 2 Cond (condensxte): pump 6F," which i tarn
H it the spacing A. between the vertical member of 15 feeds the condensate back 1o the regenerator 10"
bottom partition 12 and.the bottom of the flash section The regenerator in :accordance. with the. invention

11. Thom, at -extremely low flow:rates as H drops to  maes gravitational flow to fieed the internal flash section -

height A, the liquid seal between. the first pressure side - at the bottom of the rfegenemator, eliminating the need
16 snd the second pressure side 17 will be broken fwnmﬂﬂshmk.ndchugepmpwuwuh-
thereby preventing overvacuom. 20 out -vacuom. The sea) between theé first pressure snd

Spacing A csn be designed 10 achieve sny desired . second. pressure sides, which i provided by the Liquid
pressure differential dh within design flow rates. The  head H, also climinates the need for a pressure-let down
pressure drop due to spacing A oxiv be readily deter-  valve. Vacnom control is provided by the fint pressore
mined wsing knows engineering calculations that will l&:hgudkvﬂ.hdﬂ:ﬂdlbwe.thklbm
belmlumdbymﬂkdmthln. ’ 28 overvacuum at reduced capacities.:

Altermative pressure drop generating structares such Additionally, since the flash scction at lest in part

ss orifices and the like can be substituted. for; or sag-  cccupies what would otherwise be negeneratos solution -

m&em&hmﬂqtﬁewm sorge space, this results in grester equipment economy.

of bottom partition 12 can -incorporate orifices, ey  Elimination of the external flash system also reduces the :

orifice plates;.disposed therein (not shown). I desired, 30 total volume of regeaeraor solution required to operate
the crifices can be removably mounted in. the vertical  the systam:

member of bottom partition 12 for substitution of-vary- Other process flow schémes can be nsed wherein the .

ing sized orifices depending on the desired :Bow mtes mpnﬁmrm'nmodlﬁedwmdudeanmamlhh
and pressure drops. An access panel can be provided in ~ section 11"'to enharice its operation. Examples. of such
the regenerator 10 for chinging orifice plates afier in- 35 mmmmmm
stellation. Thie vertical member of bottom partition 12 lean designs and two stage

mahmnﬂhhw(nuﬁuwn)whnh In 'split-cooled lean designs, & spmall portion of the:

<xn be used to vary the spacing A lean solution i .cooled and sent-to the top of. the sb- -

mhﬂhn-nntrqudmmgleﬂpm sorber parmitting a greater purity. of the treated gas..
sections ss shawn in F1G. 2. However, the taffic 13 is. 40 The balk of the lean solution is sent hot to the middle of

usefol in muitiple stage flash sections, described below.  the absorber, thereby improving the heat-efficiency of .

In this lstier regard, the baffle 13 cooperates with the thmdhp-rh!pmd-bmul'ﬂm
vertical member of-bottom partition 12 to creatc ariger  achicvable in the trested gas:
therebetwesn. . In operation the riser will be Glled with Tmhpmwﬂﬂhmhmeﬁi-

lean solution snd its ovexflow st the top will procesd to 43 mmfmwh-hﬁmduﬂpn .

accumnlete and fiow back into the space between the . required, sach a3 4 FPM HaS and/or 50-1500 PPM
vertical memberof bottom partition 12and thesidewall  CO;. Tvvo stages of ahsorption and regeneration may be
of flsih section 11 of the-first pressure side of the previ--  msed. The bulk of the solution is circulated 2s.a semi-
- ous flash stage to form the firit presgure side 16 Bquid hﬂmAmm(ﬁmlm)dm
level, or. during steady state operation will simply flow ‘50 total. solution is thes thoroughly regenerated md
omt to the liquid. cutlet 14 as shown in FIG. 2. . cooled to be circulated a5 s lean solution.-

In ' muoltiatage imternal flssh section. desigm, the: A'wﬁmhlj-pmdmﬂuwnlﬂun
length L of the baffle 13 in at least the upper flash siages  shown in F1G. 4.'The regenerator 100- includes two

should be chosen 1o provide a riser having a minimum - flash sections 111 and 121, each flash section comprismg

Jength (measpred from the bottom of the vertical mem- 55 lﬁnmsﬂeudlmdplmnﬂehma
ber of bottom partition 212 to the top of the baffle 13)at Jower pressure ‘than: the corresponding first: premsare

lexst equal.to, ‘and- preferably .grester than, the flow] -  side during gas flow. The flash sections 111 snd 121 ;
second pressure side:liquid level 17 (H-4-db) stthe low-  comprise, “ respectively, bottom' partitions 112, 112

et expected flow rate. - (wherein each bottom partition is defined by a horizon-

A single stage systenyincinding the modified regener--60 tal member and a vertical member depending from the .

stor in accordence with the invention is shown inFIG.  horizontal member) snd baffles 113, 123.. Vapor from
3. Vapor is withetrawn from the second presmure side 177 the respective second pressure sides 117, 127 & recom-

of the flash section 11’ via vapor outlet 1¥ (wherein  pressed and returned 1o the regenerstor 108 Vapor is -
structures 11', 15'and 17" of FIG. 3 correspond toFIG.  withdrawn from ‘second pressare side 117 of flash wec- -

2 stroctures-1),-15. and 17, respectively, as described 65 tion 111 via vapor outlet 115, which s located on the
sbove for FIG. 2).by a stcam jet-50". This vapor-is re-  second pressure side wall of flash section 111, by a
compressed and retwroed 10 the regenerator 1 thereby  steam jet 151 and returned to the regenerator- 100 via

. redocing the heat duty on the reboiler 40, regenerator inlet 116, Likewite, vapor s withdrewn -

BNEDOCKY: <US___ BS3ER77A11>
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from second pressure side 127 of fiash section 121 via vapor outlet, at least one liquid outles, at least one

vapor outlet 124, which is located on the second pres- bmmqpndedmlﬂemni
sure side wall of flagh section 121, by a steam jet 150 and said boitoqn partition s defined by a horizoutal
returned to the regenerator 100 via regenerator inlet member and a vesticsl member depending from the
114, 5 horizonta] member, and having a vEpor spece
Lean solution is fed from the regenerator 100 via line formed therein defined by a portion of at least one
mmlunpupmndslhnfedv-hemﬁ:bm side wall of ssid side wall portions and portions off
intermediate point in ateorber 208, The lean solution is the borizontal and vertical members of mid at Jeast
also fied from lean pump 333 via line 334 through a heat one bottom partition,
exchanger 261 and ou thmongh line 230 to the top of 10  said internal flash section including a first presmre
absorber 200 where the treated gas 270 then exits ab- side, a second pressore side having a pressore lower
sorber 220. The lean solution which is fed by line 334 thao the firt pressure side doring gas flow and a
into the heat exchanger 261 is cooled in the lean cooler presnme reducing means comgrising a spacing be-
210 of best exchanger 261 by incoming gas from in fine tween the vertical member of the bottom partition
260. The thus beated gas passes through kne 240 into 15 and bottom of said internal flash section for gener-
the bottom of absorber 200 and passes countercurrent 10 sting a pressare drop between the first pressare and
exits the bottom of the absorber 200 and & fed via kine said internal flash section including 2 mesns for pre-
250 to the top of the regenerator 100. venting overvacoum =t low flow rates of sid gas

In FIG. 4 overhead vapomns from the regenerator 100 20 mixtures.
are treated in 4 manper smalogous to that described in 2 The sbyorbent solation regenemtor of claim 1,
FIQ. 1 far corresponding overhead vapors and struc-  wherein the intenal flash section incindes a botiom
tures. Overhead vapors are fed from the regenerator pantition defined by a horizontel member and a vertical
- ’ 100 w the OVHD (overhead) Cooler 600 which com-  member dependiog from the horizontal member sepe-
presscs the vapors to form a solution and gas which is 25 mting the first pressure side from the second pressare
thea fed to a storage tank, K.O. Drum 661. The COagas side of the flash section, the vertical member being
i removed by a line 663 from the KO. Drum 661 and  displared from .the bottom of the flash section by a
the solution is fed from the K.O. Drom 66l to e Cond  specing, sid spacing and a vapor removal mesns con-
(condensate) pump 662, which in turn feeds the conden-  nected to the vapor outlet of the flash section providing
sate back to the regeneratar 100. Alo, as shown in FIG. 30 the pressure redocing mesns, which Limity the pressure
4, stesm is removed from the regenerator 100and fedto  differential between the first pressure side and the sec-
the reboiler 140 in & maxner analogons to that illostrated - ond pressaye side'during-gas flow. -
in FIQ. 1 for the regenerator 10 snd the reboiler 40. In 3. The sbsorbent solution regenerator of claim 2,
turn, the reboiler 140 returns stesm 10 the regerator inlet  further including a baffle mounted on the bottom of the
154 on the side wall of the regenenator 100, uhhmdnq-dﬁmhbmm-
Any number of muitiple fissh sections can be accom-  to define a riser therebetween.
modated in the regeneratar. In sddition, if desired, one 4. The shsorbent solution regeserator of claim 3,
or more external flach sysiems can be incorporated ssan~ wherein the length of the baffie s suificient to define a
adjunct to the internal flash section or sections in the  riser between the baffle and the bottom partition having
regenerator in accordance with the invention. The ex- 40 a length meagured from the bottam of the bottom parti-
ternal flagh systems can be used o8 first, intermediste or  tion to the top of the baffle at lesst equal to the low
final fissh mages in symems wherein multiple flash  pressure side ligquid level at the lowest expected flow
stages arc desired. For example, in sn existing plant  rate.
which is already equipped with one or more external 5. The absorbent solution regenerator of clsim 4,
figsh systems, the regenerator can be modified by incor- 45 comprising a plurality of flash sections arrunged in se-
porating ane or move flash sections in accordance with ries, each flash section comprising & bottom partition
the invention, In the latter case, the cxternsl flgsh sys-  dividing the high pressare side from the low pressare
tem could be bypassed completely when reduced ca-  side of the flash sectior and 2 baffle mounted on the
pacity s warranted, e.g. during plant turndown when  bottom of the flagh section and spaced from the bottom
the entire regenevation System is operating at lower 50 partition, and the low pressure side of the fivst snd any
capacity. succeeding flash section defining the high pressure side
As will be spparent t0 persons skilled in the art, vari-  of the second and sny succeeding flssh section.
ous modifications to these specific embodiments of the € An sbsorbent sclution regencrator accocding o
invention can be envisioned which nevertheless employ  claim 3, wherein the bafile is removable.
the inventive concepts disclosed hereln. Accordingly, 35 7. An shsorbent solntion regenerator according to
the scope of the invention is not intended to be limited  claim 3, wherein the baffie has a rocens for adjmsting the
to these specific disclosed embodiments, but rather is  length of the baffle:
intended to be defined by the cluims set forth belaw. 1mmmwdm 1,
What is claimed is: wherein the st lesst one bottom partition of the at lesst
1. An sbeorbent solntion regenerstor for removing 60 one internal flash section comprises & mesns for varying
acid gases from gas mixtures, ssid regenerntor compris-  the spacing between the bottom of the internal flush
ing at least one rich solation inlet, at lesst one overhead  section and the vertical member of sxid ot Jeast one
vapor ountlet, at least ope lean sointion inlet, at lesst one~~ bottom partits
steam inlet, a1 lesst one steam outlet, and at least one 9. The absorbent solution regenerator of claim 8,
internal flash section at the bottom portion of the regen- 65 wherein said mesns for varying the spacing between the
erator; internal flash section and the vertical member of said st
uﬂuhummmﬂhhmmde least one bottom partition comprises a removable sllid-
wall portions, at least one vapor injet, at Jeast one  able gate.

BNSDOCID: «US_______ SSIETTAY >
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10. The shsorbent solution regenerstor of claim 8,
internal flach section and the vertical member of said at
lesst ome bottom partition comprisesat lesat one orifice.
1L The absorbent solution regenerstor of claim 8, 3
wherein seid means for varying the spacing between the
interoa) flash section and the vertical member of said at
least one bottom partition comprises at least one orifice
plate having a means-for varying the number or size of
at.lepst one orifice:

nnmmmmhm
udpuﬁmpm-ﬂm
mgnlmmmhdmhld.nhumomhud
vapor outlet, at least one lean solution inlet, at lesst one
steam inlet, at least one stexm outlet; and a single stage 13
internal flash section comprising:

(1) a bottom partition defined by & harizontal member
Mnmmlmnbudepuﬂm;ﬁmthhm:-
zontal member, said bottom partition dividing the
Mmmnﬁ:mnsdeudlmm
mu_ulewﬂhlmlowthntheﬁm
premure side during ges flow;

(2) vapar outlet means in the low pressure side of the
flh section disposed sbhove the Lquid leve

therein: - _
(B)Ilqmdmlamnthelowmndeoﬂhe
flash section disposed below the Liquid level
therem; snd .
(Qmmdumgmdnmgpﬂowddhd
by a spacing between the vertical member of the 30
mmaﬂhhmdﬁehhu-
tion, a vapor- removal meany comnected to the
vapor.cutlet means of the fiagh section, and a liquid
removal means. ‘connected to .the hguid outlet
m-udftheﬂ-hm.-ldmrdm 1
means i a'means for penersting a pres-
sure drop-between the first pressure side and sec-
ond pressure side defined by & spacing between the
vertical :member of the bottom: partition sud the
bottom of the flash section, mid spacing being s 40
mesns for Emiting the pressure differential between
therulmdnndthenuﬂmﬂe
during gas flow.
13.-The absorbent solution regenerator of claim 12,
forther incloding a baffla' mounted on the bottom of the 43
flash section and so spaced from the verticsl member of
mmwﬁhnmdﬁnlmm

according 0 50
dmla,whumﬁehlﬂeh-amhﬁjm
the length of the bafflé.

16. Ag absorbent:solution regenerator for removing
acid gases from gas mixtures, ssid regenevator compris-
ing at-least ane rich solution inlet, at least one overhead 35
vapor outlet, st least one lean solution inlet, at-least one
mmlﬂ.ulnamenmonﬂﬂ,ndlm
internal. flesh section i

(a)nlintnt:nnlﬂ-hm

m.mmmwawmm.

ber and-a vertical member depending from- the
horizoatsl member, said botiom partition divid-
mgtheﬂnhmmlﬁmm-hnd
a second presure side with s pressure lower than
the first pressure-side during gas flow;

()muﬂummﬂn“m-ﬂe
of the flxih section disposed sbove the Houid
level therein;

BNSDOCID: <US_____ BA3EETTA1 | >
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(iif) liquid ontlet means in the second pressure tide
of the fleah section disposed. below the liquid
pressure side of the second stage internal -flagh

(iv) pressure redocing means:defisied by a spacing
between

the vertical member of the bottom par-
tition and the bottom of the flash section, a vapor

remova]l means connected to the vapor outlet

means of the flash section, ‘and the Equid ontlet
prising 8 means for ing a pressare drop
sure side defined by a spacing between the verti-
cal member of the bottom partition and the bot-
tom of the flash section, the spacing beivg
means for kimiting the pressure differeatial be-
tween the high pressare side and the low pres-
sare side during gas flow; and

(V) a beffie pounted an the bottom of the (lesh

section and 50 spaced from-the vertical member .

of the bottom partition as to defme a riser thexe-
between, the length of the baffle being such that-
the length of the rier measured from the bottom
of the bottom partition to the top of the baflle is
at least equal to the -second presyare gide hguid
level at the Jowest expected flow rate;
(b) a second internal flash section comprising
(i) a second bottom partition defined by a horizon--
tal member and a vertical. member depending
from the horizontal member, said second.boftom-
mmmummam
side ‘with the sec-
ondmdeofﬂnﬁﬂmﬂ:nlﬂnhm—-
tiom and into a second second . pressure side with
a pressure Jower than the second first presmme
side during ges flow:;
(ii) second vapor cutlet:means in the second pres-
sure gide of the second flash section disposed
(7il) second liquid outlet means in the second pres-
sure side of second flash section disposed below
(iv) a second pressare reducing means comprisng a
spacing between the vertical member of the sec-
ond bottom partition and the bottom of the sec-
ond flash section, a second vapor removal mesns
connected 10 the second vapor outlet mesns.of
the stecond flesh section, end ‘a second Bomid
ramoval means connected to the second Liguk
outlet mesns of the second flash section, sid
pressure reducing means comprising a means for

proerating a pressure drop between the firit,

pressure side and second pressure side of the
sccond flash section defined by a spacing -be-
tween the vertical member of the second bottom
pertition snd the botiom of the second flash sec-
tion, the spacing being a means for Emiting the
pressure differential between the fint presgure
side and the secondl pressure side of the. second
(v) & second baffle’ monnted on the botiom of the
secand fissh section and 50 spaced from the ver-
tical member of the secoad bottom partition ss to

define a second riser therebetween, the lengthof *
the second baffle being such that the length of °

the second riser measured from the bottom of the
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. . 1. The sbeorbent solution regenerator of cluim 16,
vertical member of the second bottom partition  wherein the second baffle mounted ca the bottom of the
o sccond flach section is removable.
to the top of the second baflle is at lcast equal to 15. The absorbent solution regeserator of claim 16,
the second second pressure side Jiquid Jevel at 5 Wherein the baffle mounted on the bottom of the st
flash section kas » means for adjosting the length of the
the lowest expected flow mte. baflle.
. . 20. The absorbent solution regenerstor of claim 16,
1. The sbeccbent solution regenerator of claim 36, o horein the second baffle mounted on the bottom of the
whexein the baffle momnted on the bottom of the firm 10 mmmh-mhmum
flash section is removable. cr s

15
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2] ABSTRACT

A process for removing acid gases such as COz and HzS
from ges sireams using an aqueons alkaline scrubbing
solution which is circulated between an sbeorption and
regeneration stage wherein the stripping stesm for re-
groeration is derived at least partly from the hot feed
g7 to be purified. The thermal efficiency of the process
is substantislly improved by first best-exchanging the
hat feed gns with the scrobbing solution to raise strip-
ping sicam snd then heat-exchanging the hot feed gas
with water (which is preferably condensate water pro- .
duced in the scrubbing process) in a second best ex-

solotion and compressing
this steam together with the siesm produced in the
second beat exchanger for use s siripping steam.

" 12 Clatms, 2 Drawing Figares
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REMOVAL OF ACID GASES FROM HOT GAS
MIXTURES

BACKGROUND OF THE INVENTION AND
PRIOR ART
This invention relates o an improved procem for the
removal of acid geees, such a3 CO; and H;S, from hot,
mixtares.

steam-containing gas
mmwdpmlum 10

Mnudmvdﬁufndmnch-mmﬂ
anc

.,

need for cificient procesaes for the removal of COz and
H3S from the raw gas miztures that are genersted. For
czample, in the production of synthetic methene from
naphths, foel cil or coal, the sarting material i sub-

coal {ncreases, there is an ever-incressing 19

2
be utilized for other purposes. An efficient recovery of
the low-level heat contained in the raw process gas will
result in a lower-tompersture feed gas to the sbsorption
npw_llﬂuhmﬁﬂinmﬂnﬁmd‘th

sbsorption stage.

There have been prior proposaly for incressing the
efficiency of heat recovery from hot, steam-containing
gas mixiures which are to be treated for the removal off
acid geses. See, for example, U.S. Pat. No. 3,823,222 to
Homer B. Benson, issued July 9, 1974, In the process
shown in that patent, the hot, steam-conteining feed gas
is passed Iu serics through iwo heai exchangers, the first
of which bolls water to produce modium-pressere steam
to operate & ateam gjector, and the second of which
ruises relatively low-pressare steam in & hest eschanger
wuummﬂmummmwh
employed to raise sdditiona! low-pressure steam by
subjecting regenevated acrubbing salution to a reduced
mmﬂlhnbmpundnbw-pmﬂn

Jected to reforming or partial ozidstion, prodocing & 20 snd inject it into the regencrator as additional

raw gas coninining e.g. from 2096 to sy much s 50% of
©0; together with smaller amonnts of H;S where o
sulfur-containing starting material s employed. Like-
whmﬁedumh;dmrdphpmdmhm

stripping
sicam. The overall result is an enhancement in the nat
thermal efficiency of the process sod s redoction in the
amount of best sbstracted from the hot, steam-contain-
ing feed gas to produce the necessary stripping stesm.
GENERAL DESCRIFTION OF INVENTION
AND PREFERRED EMBODIMENTS

In accondance with this invention, s method has been

The acid gas-contsining mw gas mixtures produced  discovered which is capable of still further enhancing
bymhm-m—uﬁ:m'ndpnﬂlmﬁ-n the amount of low-level heat than cen be abstracted

i the energy re- ddmmnmnp.wmmndlu
qﬂdhmthhpqumdlddpﬂlhy caatained in the hot, feed gas are ab-

by strip-
Mmmmmhnmmm-nummmu
thehllmdda):ndﬂlasfm-ﬂlﬂm feed gas through a series of heat recovery steps which

turey involves scyubbing of the gas with aqueos alks-  maximire the amount of low-lavel heat in the feed gae

Hoe scrubbing solution which is continuously rechren- (1.2, heat availshie at a relatively low temperature) that

Inted between an absorption stage where the scid gases ™~ can be necovered and convested to wefal stripping

are absorbed and a regeneration stage in which the acid 43 steam. The first heat recovery step imvolves an indirect

gnses are desorbed from the solution by mesow of steam-  best exchange between the hot feed gus and the scrub-

. of mch cyclic process vtilizes & substaniially isotherms]l its boiling point and producing steam that is utilized in
absorpticn and regeneration cycle, Le. the sbsorption the regeneration stage as siripping steam. The partislly
Mmmmwuwchnbhm cooled hot gas is then conducted to a second hest &x-

same temperature, viz. a temperature in the vicinity of dnp-mmephpﬁhhm:dr

the atmospheric boiling temperatare of the i tionship with water (which is preferably water conden-

solution. By eliminating the beating and cooling thet is
required by non-jsothermal procésses, hest losses are
greatly reduced.

In sny such process, whether isothermal or non-iso-
thermal, the major energy requirement in the process is
the siripping steam for regenerating the solution, and it

mmdnuunmmmmm
siep may be carried omt by direct or

335 indiract contact of the gas with the water. In the course

of this second hest-exchange step, the water is subjected
hnmwmﬁubwmguhdlh;m
ture; and the water of reduced boiling

s accondingly highly desirable to reduce the regenera- Mmummmmm
tion heat requirements and/ar derive such regenemtion 6 feed gas. The incressed differential be-
heat from heat sources that may have little or no utility mmewmnﬂlheplrmlﬂn;ﬁmlhn
for other purposes. reduction and the consequent ol'tbhdﬁng
It b particularly desirable that maximumn wtifizafion  point causes firther cooling of the feed gas and the
be made of the beat content of the raw feed gaato pro-  transfer of greater amounts of heat from the feed gas to
vide the beat energy reguired to produce the necessary 65 the water. The steam prodoced by heating of the water
stripping steam and that snch heat extracted from the  under reduced pressure is generated at a lower pressure
raw process gas be ot the lowest possible energy leveiso  than the pressure in (he regenerstion stage, and this
that the higher energy-level heat in the procem gascan~ low-pressure sieam s compressed 10 & level ot least

B
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3 4,160,810 "
equal 1o that in the regenerstion siage and injected into  enteys the system by line 3, passes throngh a first
the regenerator as siripping steam. Supitable means for  exchange stage generally desigaated by the reference
Mhﬂuﬂmmtﬁewﬂqhh numernl 4; then through a second hest-exchange stage
second hest-exchange stage and for compressing the  designated geverally by and
low-pressure steam produced incinde mechanical com- 3 then is conducted to the botiom of the sbeorption cal-
pressorn and thermal compressors, nuch sssteamgjec- omnlbyline €
tors. The feed gas leaving the secomd heat exchanger ‘The absorption columa 1 is svitsbly equipped in the
Mhmuwmmeuudrdwbdh‘ cross-hatched portions designated by the Jetters A and
tomperatare departs at & substantially lower tempers- i i )
ture than in prior practice, and is passed to the absorp- 10 countact. For such purposes, packing maierials are used
tion stage for removal of its scid gas content. The net  such as Raschig rings, Berl saddies, Intalox saddies, Pall
elfect of this heat-exchange sequence is the recovery of rings or other types of packing bodics exposing a large
substantia] additional quantitios of low-level hest in the ~ surface of Liquid to the gas flowing through the packing.
feed gas and effective conversion of this Jow-level heat In place of packing, other means such as plstes .. sieve
.. into ueefil stripping steam . In typical commercial appli- 15 trays, may be employed for insuring intimate gas-liquid
cations, savings in higher-level heat from the hot gas ~ cowtact. In the regenerator 2, the cross-hatched section
otherwise required to produce the necessary stripping  labelled B similar]ly containe packing materials or plates
steam may range from 15% (o 209%. The cffective utii- o insure intimate costact between the sorubbing snlu-
nﬂmdhmumhﬂphmm tion and stripping steam paming through this columm.
_ duoction of stripping steam improves the overall effi- 20 In the preferred embodiment of the invention, the
ﬁmydhutmﬁmﬁeupmdm sbeorber column is maintsined of mbstantial snperat-
highes-level heat (Le. beat available at higher iempera-  mospheric pressures of at lesst 100 pounds per sqoare
. tuves) for other uses such = the raising of medinm-pres- Mn@ﬂwﬁ:ﬂydhﬂm&
sure siesm. sotption pressures in typical applications of the iaven-
" ‘The invention has particularly valusble spplication to 29 umwﬂlmllymﬁmmnlmpamtpu
the type of scrubbing process in which the sheorption  square inch,
and regeneration stages are carried out at or close to the lntl:dnﬁhedmamoﬂln
mme tenperatures and in which the absorption occurs  aded solution, after passing WMTAuﬂmﬂIﬂ
ander mbstantial superatmospheric pressures of st least H.hlwpldbthupdﬁeedmbyheﬂ:-d
lMqummhw(ﬁﬂMlM!ﬂmMWﬁephﬂm&
200 to 1000 paig, and In which the regeneration occurs  tion A’ comntercurrently to the feed gas eatering the
at close to atmospheric pressure. Preferred scrobbing  bottom of the column by line €. Another portion of the
mﬁnmmmdﬂhhmehlm regenersied scrubbing solution flowing in line 7A s
ates, particnlarly relatively concentrated solutions of  sepplied by line 7B to aa intermediate level of the ab-
potamium carbouste. Scrubbing processes of these pre- 35 sorption colmnn and mixes with solution entering the
feared types are described, for example, in U.S. Pat. No.  top of the column and thes flows downwandly throngh
2,886,405 of HL. E. Benson ct al. issved May 12, 1959. gea-liguid contact section A comnfercurrently to the
In a particalarly preferred embodiment, thesystemof  feed gas. Acid gnaes such as CO3 and/or HiS contained
the invention i used in combination with means for  in the feed gas are abworbed by the solution and the
abstracting additional Jow-pressure steam from hot re- 40 purified feed gas leaves the top of the tower by Ine A
generxted solntion by redocing the pressure on the hot The scrubbing solution conteining sheorbed acid gas
sointion cansing the production of further quantities of  collects af the bottom of the sbeorber in sump 9 and is
low-pressare steam which is compressed and injected  comducted by line 18 to a pressure letdown valve 11
into the regenerstor as stripping stcam. In such pre-  where the pressure in the solotion s redoced to that
ferred embodiment, the sume equipment employed for 45 prevailing at the top of the regenersior tower 2, and the
* reduring the pressure an the water employed in the  let-down solution thea flows into the top of regenerator
second hoat-exchange step and for compreming the  sower 2 by line 12,
resulting low-pressure steam can also be vsed in prodoc- As indicated previously, tlnhvuuhlhqphbh
- ing the reduced pressure over the hot regenerated solo-  generslly o systems ming any
lim ud canple-ln; the low-pressore steam Mmmmmqumdn-
tions of aiksli metal carbonates, potamiom

fmmthewnu'whch-hut-achugedwullthelm preferably from 20 10 35% by weight (these concentra-
feed gns and from the hot regencrated solution, both tions being calculated on the assumption that all the
mmofmbuumw—dnﬂfdhhm Mmhm.pﬂmwﬂm}
crator as stripping stesm. carbonate solntions are preferably activated
FIG. z--wwmnowumumm-mm
embodiment of the invention in which the hest ex-  ethanolamines, alkali metal borates such as potaminm
change between the hot, steam-containing feed gasand  bomste or sodinm borate, As;Os, amino acids such =
the water takes place by direct contact between the  glycine or other additives which tend to incresse the
two. mtes of absorplion and desorption of acid gas in the
Refesting now to FIG. 1, the scrubbing system illos- 63 potassium carbomate solution.
trated comprines an absorption column 1 and & regener- Particularly preferred additives for potasiom car-
stion colomn 1 between which the scrubbing solutionis  bonate solutions are the alksnolemines added in
continooosly circulated. Hot, steam-containing feed gss  amounts ranging from 1 10 109% and particularly from 1

BNSDOGID: <UR A1EBI0AT_| >
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to 6% by weight. Dicthanolsmine i particularly pre- by line 3 Heat from the feed gas is transferred through
farred from the standpoint of cost, relstively low vole- thehhebmﬂlebthembhmgldmhmhm
liluylnddfeuwun. point. The steam pames through
the regeneration coluinn 2, the pressarized solution hnnlndlmadmdmthcbwmuﬂhe

mmnﬂpﬂumbylheﬂn S column as stripping steam. The scrubbing solution over-
immediately freed of a portion of its content of acid  flows weir 38, then is withdrawn from shell 36 by line
gases through the redoction in pressure occurringatthe 13 and introduced into the bottom of the rogenerator
top of the regencration column. Further desorption of  colemn 2 where it collects in sump 16 In the beat-
the acid geses is carried out in section B of the regeners-  exchanger system 4, the hot feed gas is partially coaled,
tion column 2 by countercurrent contact of the scrub- 10 yielding np a portion of its hest by indirect heat ex-
bing solution with stripping steam introduced into the  change with the scrubbing solution in hest exchanger 4,
bottom of the column and rising up through the gas-liq-  leaves heat exchanger 4 by line 39 and is Introduced into
uld contact section B counntercurrent o the descending ~ heat-exchanger system 5. In the embodiment shown,
solution. this consists of a shell 48 mpplied with aqueous conden-

The absarption and desorption reactions that occur in 15 sate by Iine 35. The feed gas from line 39 passes through
columns 1 and 2, ,arewellknownintheart, a tube bundle, showm di i and indicated
being described, for example, in U.S. Pat. No. 2,886 405. by reference numeral 41, which is immersed in the ague-

The regenersted solution, stripped of most ‘of the o condensate. In hest-exchanger system 5, the heat s
Mhdudpq.mﬂechdnmwmded- transferred to the wailer in shell 40 through tobe bundle
vmn 3 on a trapoit tray 13 and is fed to the hest e3- 20 41 cansing boiling to take place, and the sieam thms
changer system dumeedmllybyu&:mnn— generated leaves shell 40 by line 42. The hot feed gas, in
nuallbylmeu&:mblm; solution leaves heat ex-  pessing throngh tube bundle 41, is farther cooled and
chanper 4 by line 15 and is fed to the bottom of the  leaves heat-exchanger system 5 by line 43. After pasxing
regenerstor where it collects in sump 16 The regener-  through a knockout pot 43A or similar device for re-
ated solution Jeaves the bottom of the regenerator col- 25 moving condensed water, the cooled feed gas & intro-
m:bylmel‘lnﬂ.lﬂup_ngtlm;hlddom ‘duced into the bottom of the sbsorber through Mne 6.
valve 17A, is conducted by linc 17B to a flashing tank In order to enhance heat recovery from the hot,
1 ing under a reduced precuure as will be de-  steam-contwining feed gas angd produce additiona] vsefal
scribed in detail below. The scrubbing solution collects stripping steam, the boiling of the water in
at the bottom of tank 18 in somp 19, and is conducted by 30 ahell 40 is reduced by connecting shell 40 through Ene
line 20, recycle punp 21, and Line 7A 10 the shsorber 42 and line 44 to the suction side of a mechanical com-
column 1 The major portion of the solution is intro-  pressor 45 which reduces the pressure over the water in
deced without oooling by line 7B into sn intermedinte  shell 40 to a pressure lower than that prevailing in the
level in the sbsorber, while a minor portion is first  bottom portion of regeneration column 2, thus corre-
cooled in cooler 49 andt then introduced by line 7C into 33 spondingly lowering the bolling temperature of the
the top of the absorber. water in shell 49. The effect of this pressare reduction

Stripping steam for regeneration of the solution s  and cousequent lowering of the boiling point incresses
nuudnedmdwmumdmwhm the differential between the hot feed gas
22 and I3, such steam being generated ina mannertobe  flowing in tube bundle 41 and the water, thereby mak-
described in detail below. mmmmmmynpﬂhhmﬂummm&hup

these sources rises in column 2 countercorrently to
descending scrubbing solution and the mixture of stesm
and desorbed gases at the top of column 2 passes
through a contact tray 24 equipped with bubble caps 25
as indicated by the arrows 26. The mixture of stcam and 45
desorbed gus leaves the top of column 2 by line 27 and
is conducted to a condenser 28, cooled by a cooling
mediom supplied by line 29 and leaving by Ene 30. In
the condenser 28, most of the steam content of the mix-
tore is condensed and the water condensate is with- 50
drawn from the condenser by line 31. A portion ar sl of
the condensste is retumned to the top of column 2 by line
22. Depending on the water balance in the system, a
portion of the condensxic may be removed by lime 33.
The condensate introduced into column 2 collects on 33
coatact tray 24 as shown by reference numeral 34. The
mixture of steam and desorbed gas bubbling up through
condensate 34 on tray 24 heats it to a temperature of .8
190° F. to 210" F. The agqueous condensate is
fed to hest-exchanger system 3 by line 35.

Referring specifically now to heat-eachanger system
4 which provides for indirect heat exchange between
lecting on plate 13 i withdrewn by line 14 and Intro- &5
duced into the bottom of shell 36 The scrubbing solu-
tion flows over a bundle of tubes, indicated by reference
numeral 37, through which hot feed gas is introduced

BNSDOCKX: <US___4180810A1_>

{which is generally at this point saturated with steam).
The increased heat recovery from the hot fesd gas gen-
erates addiional smounts of low-pressnre steam. This
lowmmhmvend into ueeful stripping
steam by the steam in compresor 45 to a
mnlﬂqudtotlutplwlﬂmgmﬂnmof

the regenerator. The sicam leaves compres-
sor 45 by linc 46 and is introduced into the bottom of
regenerstor column 2 by line 22. Compressor 45 in the
embodiment shown is driven by an eleciric motor 47
connected 10 the compressor by shaft 4. Alteroate
drives for the compressor 48 may, of coure, be med,
such as s steam turbine drive

In the embodiment shown in FIG. 1, the compressor
45 1 utilized not only to generate low-pressure steam by
reduction of ihe pressure over the bolling water in hest-

over bot
tank 18 through line 17. The solution leaving the bottom
of regenerator column 2 may typically be at a tempers-
ture of 248° F. or more, and upon reduction of the
pressure over the solution, substantial quantities of low-
pressure steam may be obtained. Flash tank 18 is con-
nected to the suction of compressor 45 by line 44, and
the mixture of flashed steam from heat exchanger 3 and
the steam flashed from flash tank 18 flows by Line 44
into the compressor 45 and, after compression, flows by
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lines 44 and 12 into the bottom of the regenerator 2 to
provide stripping steam. The flashing of steam in tank
18 results in cooling of the solutiom and the solution
leaving tank 18 by line 20 for recycie to the sbsorber i»
typically at a tempersture of 10° F. to 30° F. Jower than 3
the temperature of the solution leaving the bottom of
the regeneration column.

The conservation of hest by operation in accordance

with the invention i particularly sdvantageous in that ;o

not only is a substantial amount of heat recovered from
the hot feed gas stream, tait the heat recovered is st a
low energy level (e at & low temperature) which
makes more higher energy-level heat in the gas stream

available for other uses. In'many cmses, the low-level 15

heat recovered from the feed gas stream as useful strip-
ping steam in accordance with the invention is at too
low an encrgy level to be recoverdd economically and
is wasted. The conservation of the higher-level ‘heat in

. thc&adg.munﬂeﬂndhythemmlrdw-m

tion in the temperature of the process gas required for
mmmmwhu

Dlhumpmmdmmd‘thmmdmu

& nignificant reduction in the size and thus the cost of
mqﬁpmﬁnnumﬂyunpbydlﬁnlm
tion in the size of the overhead condanser 28 and the
solution cooler 49 in the embodiment shown in FIG. 1

These advantages result from the additional cooling of 30

the process gas stream by heat-exchanger systam S and
mmamwmwmm
Mul:ll.Aﬁnthﬂ-mdeooﬂnglbewo-

ceas gas stream and the regenersted sofution is a.some- 3

what reduced solution temperature at thé bottom of the
absorber which' in furn allows the- solution to absorb

higher quentities of acld gases:(CO; anid/or 'HaS) per
unit volume of circulating solotion. This in tarn reduces

solution circulation .rates, and thus redoces pumping 40

mﬂahnmmﬂthamnldl&ncyd
the process.
mmm«mmmmmm
in the following detailed. cigmples. Example 1 illus-
trates the invention nsing the system shows in F1G. 1. 45
Example 2 illosirsies the invention using the system
shown m FIG. 1muuwm
leaving the bottom of the regenerator by Hoe 17 is fed

duﬂlybmydepmpnnlhﬂthnmlhm.h 0

flsh tank 18 In Example 2, accondingly, only the
flashed stesm generated in hest-exchange system 5 §s
fed to compressor 45 for compression and. introduction
into regenerator 2 as stripping steam. In anrder to illos-
trate the advantages of the invention-compared
ventional operation, Example A is included in which all
regeneration stesm is provided by heat-exchanging the
hot feed gas against the scrubbing solution in the heat-
exchange sysiem 4 of FIG. lwidlnom'lmn;m
hungpovnd:dbyhﬂl-ﬂdnnplym.’tmfhh
tank 18

' Sotl-tEumpleAnndE:mplnldewmbe
directly comparsble, the same inlet and ontlet feed gan

compositions were employed and- the same solution ¢

composition used. The feed gas in all cases was sn am-
mi;lynth_'pdﬂnfnllwingmpdﬁn(dry
bamis):

8
"

Flow Rawe In

Fomnd Mols
Composewt Per Howr Volzme %
[+ 2,700 10
Hz $.000 €0
Na 11733 2).17
[+ 515 03
CH, 7.3 ozs
Argon 3.5 o
TOTALS 15,000 10000

In each case the feed gas was saturated with steam at the
temperature entering hest-sxchanger system 4 and en-
ters the system at a pressure of 410 pela (pounds per
square inch absolute). .

In each case the CO; content of the feed gas was
reduced to 0.19% by volome leaving the sheorber. The
nlm“ composition in each cate was sn aqueows solu-
tion of potsssium carbonate contsining 30% by weight
of KaCOn all carbonate present s present as
K2COn) and 3% by weight of dicthanclamine The
absorption and regeneration columns were of the mme
uelndmtdmdﬂ:emvolmndlwed'm
packing. In each case the absorber pressure was 400 pala
and the pressure at the bottom of the regenerator was
24.7 peia. The portion of the scrubbing solution entering
the top of the absorber in each case was 25% of the total
circulsting solution and was cooled in each case to 158°
F. m cooler 49 before Introduction into the top of the
absoiber. The main of the circulating solution
Ulﬁ)mwmmumhumdmlevddﬂn
absorber. The solution leaving the bottom
dl?!.mﬂel mmﬂm

both
S and flssh tank 18, the pressare above the bolling
in shell 40 and the pressure sbove the

peia prevalling at the bottom of
the regenerator column 2. At the 15 psia pressure pre-
vailing.in shell 40, the boiling temperature of the water

BNBDOGID: <US____ 4180810A1_|_>
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Table I below summarizes the results of Examples | solution cooler (coaler 49 in F1Q. 1) and in the size of
aad 2 and comparative Example A. In all cases the  the overhead condenser (condenser 28 in FIG. 1) as
regeneration hest required is eapremed in millions of  well a the solution circulstion mate (thus reducing
m?:humumm.)mg:wuﬂof pump size snd pumping enesgy), all as shown in Table
sieam is equivalent to 530 BTVU. S L Thus, not only does the invention substantially en-
e [T
ing the recovery from B8 siream;
2 ' Z- but, ot the same time, it provides substantial savings in

o — capital cost for the gas scrubbing plant as & whole.
snclumge rystem 4, 10  Reference is now made to FI1G. 2 which fllngtrates sn
MM STW s, 1433 e s embodiment of the invention similar to that shown in
"‘""‘:: FIQG. 1 exoept that the hest-cxchange system § (where
m""‘m; the heat from the process gas is treusferred indirectly to
MM BTU/br. - i1 1 the water) is replaced by a heat-exchange system in
Repucrasion beat 15 which the hest exchange between the ot steam-con-
Tonl regeneration contact between the two. In FIG. 2, the scrubbing soln-
bt BYUAT 13 7 106 tion is contistomly circulated between sa

T e of fud medmﬂldnmdmil.ml.m-
§on ot bnfet to hens- containing feed gas enters the scrubbing system by line
sachuage system 4, °F. Jal sz e 52 and passes first through & heat-exchange system gen-
r.:ﬂ:*" enlly desigasted by the mumeral 53. It then peses
MM STU/Ar. - e 1.1 through & direct-contactor column 54 wlue it is
Heut avved 23 8 perosstege 28 into direct contact with water circulating
dlnnlu-:-:':l- - bl 13 .. = throngh column 34 sfter which h k. conducted to the
Cootieg duy B e as bottom of the colmna by line 55,

Coaling duty of overbesd The absprption colama 50 is sultably equipped I the
coadanser 18, MM BTU/M. 1301 ny 1100 cross-hatched portiods designated by the letters C and
e e . 10 60 ags 30 C withmesns for producing intimate gas-liquid contact
= a8 in column 1 described in FIG. L In the regeaemtor

are wsed in combination, the beat saved in 2 .
the ot feed gas compared to Bxample A i TR MM ooy il the sbeorber 5 o two streams. A minor
BTU/br., equivalent to 82,737 pounds per bous of  POrios (wsually I3 to 35% of total circulating solutica)
m'ﬁehtuvdinlhehul‘ed.nildhddby :n:wmmnd%wwm:

lower which 4“0 passing throogh cooler 57. major portion
the lower temperatare at which the bot fecd g exters theregenraied solution s ntrodcod ato thesbemrber
gencration wirements. In Example A, wing ut an intermexiate throngh line 58. The feed gas,
m&nrldh:&dupq:nﬂm&nmﬁ containing the acid geses such a3 CO; and/or HaS to be
of the hot, steam-saturated feed gas entering the system removed, is introduced into the bottom of the abeorber
i 3621, whil in Eammple | the nlet tecnpecstur of 43 SOHU, b ine 35 and cloes conmtarcurready 1o the
ﬁmﬁ—bhmm ml ﬂ'wﬂ.‘mm n 50 by tine 38,
1, the seasible and latent heat. content of the feed gas, The scrubbing solotion, containing absorbed acid
MMMWdMTF.Id3ﬂﬂ! gases, collects in & sump 60 az the bottom of the ab-

» o b’
tion hest recuirements of the convestional system after which the letslown solution is introduced lnto the
A. In Example 2, using heat-exchmge systems 0P Of the regenerator cohmn by line 63.
& and S but without flashing of the regenersted solution, 33 _ At the top of regenerator columm 51 a portion of the
the amount of heat saved in the bot feed gas is smaller  3bsorbed aci! gases together with steam flashes off and
but ‘still highly siguificant, amounting to 25.1 MM  the partially regencrated solution then descends
BTU/hr., 2 heat savings equivalent to 17.5% of the total  through section D countercurrently to rising stripping
system of Example A. 60 be described below. . .

A farther advantage of the invention i that the total The regenerated solotion, now containing a relatively
regeneration hext required (and the corresponding ~ Small amount of shsorbed acid gases, collects at the
smount of stripping steam pecessary) is significantly  bottom of colunn 51 on a trapout tray 64 and s then fed
redoced. While the tota) regeveration beat requirements  t0 the heat-exchanger system generally designated by
im Exampie A is 143.5 million BTU per hour, in Exam- 65 the nomeral 53 by line 65. Scrubbing solution lesves
ples 1 and 2 (he total requirement is reduced to 1384  heat eachanger 53 by fine 66 and i fed 1o the bottom of
and 140.6 million BTU/bour, respectively. Still further  the regenerator where it collects in & sump 67. The
advantages are substantial reductions in the sive of the  regenerated solntion leaves the boitom of the regensra-

-
BNSDOCIT: <UB______4180B10A1_|»
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is Brst cooled in cooler 57 and introduced into the top of
the absorber by line 3§, and a major stream which is

introduced into the ahsorber at an intermediate Jevel by 10

linell.
stexm for the desorption of acid gases from
the solution Is Introduced into the bottom of the strip-

condensed and the water condensate withdrawn by line 30

#7. A portioa or all of the condensate is retumed to the
mﬂnhmdﬁewoﬂmbyhel
Depending on the water balance in the system, a por-

tion of the condeniate may be removed by line 89, Tlle

condensate, which leaves the contienser 84 at tenpera- 35 -

tures, e.g. 130° to 130" F,, is heated on tray 79 by
contact with the mixture of steam and desorbed gas
bubbling up throngh the condensate to temperatores of
e.g. 190" 10 210" F. The condensate

aqueous
is withdrawn from tray 79 by line 90 and is then circg- 40

Inted by means of pump 91 and line 91 to the top of
direct-contactor cohmmn 54 where the prehested con-
denmate is brought into direct contact with hot, steam-
containing feed gas as will be described in more detail
below.

Reference s now made t0 heat-axchanger system 53
which provides for indirect heat exchange between the
hot feed gns stream and the scrubbing solution to gener-
wiz stripping steam. This includes shell 93. Shell 93 is

with scrubbing solutice collecting on tray 64 %

supplied
- by line 65. Tha solution flows over a bundle of tubes
designated by reference nmneral 94 throngh which hot
feed gas s mtroduced by line 52 Heat from the feed gas
is transferred through the tube bundle to the scrubbing

solution, heating it to its boiling point. The steam gener- 33

ated passes throngh line 78 and is introduced into the
bottom of column B1 as stripping steams. The i

solution overflows weir 95 and is then withdrawn from
the shell by line 66 and introduced into the bottom of

regenemator colamn 51 wheve it collects in sump §7. In ®©

heat-exchanger systeni 33, the hot feed ges is partiaily

cooled, yielding up s portion of its hest by indirect heat

exchange with the scrubbing solution sad leaves the
system 53 at a redoced

heat-exchanger temperature by
line 96. After paming throngh a knockout pot 97 for &

removal of condensed water vapor, it is conducted by
line 98 10 the bottom of direct contactor 54. The feed
gas stream passes upwardly through direct contactor 54

12

npﬂndmthmmwmhmhpodw-
ing hhmm gas-Hguid contact in the cross-hatched

rently to a descending stream of water introdnced into
the top of the direct coatacior 54 by line 92 As a result
of the direct contact betweea the hot, steam-containing
Hmﬂh““@hhnhm
is heated, eg. of 245° « 260" F., with
M‘mmdmmpmm
tion of some of its stcam content. The thus coaled pro-
cess gas leaving the top of direct contactor B4 is intro-
duced by line 55 into the bottom of abearber S8

The water heated by direct contact with the hot

E
3-
!

reduction of the presmere over the water in tank 104,
further flashing of steam occurs and tha evolved steam
is condacted by lines 187 and 108 i the compressor 109
where it is compremed to a pressure st lesst alightly
shove that ing at the bottam of regenerstar caol-
umn 51 and then introduced into the bottam of the
column by lina 77 as stripping steam. Compressor 109 is

is brought into contact with hot process gas entering the
bottom of tha contactor column by line 98 whareby the
mpyidﬁwapaﬁmdhhmwhu’mht-
ing water. The hot water thos prodoced is then Ssshed
lutwomphlhhmklﬂndlﬂ.mﬂu.h
evolution of steam which is employed as stripping
steam in colunm 51, and the cooled water being then
recirculated by circulation pump 91 for remewed

In the embodiment shown in FIG. 2, the water circu-
Iating in the direct contactor system described above is
generated from two sources. Some of the water is gen-

R\
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erated by condensation of-the water vapor in the hot
feod gaa stresm 33 it contacts the circulating water in
direct coniactor 54. Anothar portion of the water fa
supplied by the condensate collecting at the top of the
regeneration colnmn 51 which, after preheating on tmy 3
1 a8 described shove, is conducted by line 90 to recir-
culating pomp 91. The relative proportions of the water
supplied to the direct contactor system described above
by condensate from the hot feexd gaa and condenssie
from the top of the regeneration column 51 will depend
on the steam content in the hot feed gas and other fac-
tors affecting the overail water balance in the system.
The water balance can be mitably adjusted by the
amount of condensate withdrawn from the system by
Iine 89,

‘The mction side of compressor 109 s ako connected
by line 108 to fiash tenk 71 fed by hot regenerated solu-
tion from'the bottom of the regeneraior column 1. The
pressore over the regemerated solotion ip ank 71 is
reduced to # pressure lower than thet prevsiling at the
bottom of the regenerator, cansing flashing of low-prres-
sure steam from the solution. The flashed, low-pressure
steam flows by fine 108 to the suction side of compres-
sor 109 where it is compressed to a pressure at lemst
slightly above-that ‘prevailing at the bottom of the re-
genenator and is introduced by line 77 into the bottom
of the regenerutor as stripping steam.

The sysiem shown in FIG. 2, wherein the indirect
heat-exchanger system 3 of FIG. 1 ia replaced by the
direct contactor system described above, makes possi-
ble the recovery of still further amounts of heat from
the hot feed gas stream since it makes possible a claser
temperature approach between the feed gas stream and
the water which is to be converted into stxipping stesm.
As 3 renult, mare heat is transfierred to the water which
can be converied into weful siripping stesm and forther
cooling of the process feed gas occurs which stilf fur-
ther incresses the ovenall efliciency of the scrubbing

procesa.

The advantages of the sysiem shown in FIQ. 2 sre
illustrated by the following Exampie 3. The seme scrub-
bing solution is employed as in the previous Exampies
3 well 29 the mme feed gas composition. As in the

the OO0 content of the feed gns is 45 .

previous examples,
reduced to 0.19% by volume leaving the sbeorber. The
sbsorption and jon columms weye of the same
size and coutxined the same size and type of tower
packing. Other conditions such as absorber sod regener-
ator pressures, the temperature of the solvtion entering 50
the top of the absarber were maintained the same such
that the results of Example 3 can be directly compared
to those of the previous examples.

In Example 3, the feed gas enters the system of FIG,
2 through Lkine 52 at a temperature of 322.6° F. and a 35
pressure of 410 psia satursied with steam. In hest-
exchanger system 53, indirect heat exchange between
the feed gas and the scrubbing solution produces 63,260
pounds per honr of steam which ia fed into the
tiom colomn as stripping steam with resulting cooling of €
the process gas (o a temperature of 265.6° F, The par-
tially cooled process gas then entens dirct coatactor
column 54 and is brought into direct contact with water
entering the top of the column by Lne 92 at & tempers-
ture of 214° F, As a résult of the direct contact between 65
the feed gas and the water, the feed gas is cooled to n
temperature of 223° F. leaving the top of column 54 and
the water is hested to 256.6° F. leaving the bottam of

14
column 54. The feed gas enters sheorber column 50 at a
temperature of 223° F. and s pressure of 404 peia.

Thke hested water from divect contactor 54 is intro-
duced into flash tank 100 meintdined at s pressure of
23.0 psia, slightly above the pressure of 24.7 pein pre-
vailing at the bottom of regenerator column 51. Under
these conditions, 10,804 pounds per hour of steam are
generuted in flash tank 100 which flows by way of lines
103 sand 76 imto the bottom of the regenerstion column.
As a remilt of the endothermic sieamn [lashing in tank
100, the water leaving the bottom of txok 100 by line
103 is cooled t0 240.1° R, and is conducted to flash tank
104 maintsived at a pressure of 15.3 pein. As a result of
the reduction in pressure, further steayn flashing occurs
at the rate of 17,090 pounds per hour of steam which is
conducted by hines 107 and 108 to the soction side of
compressar 109 where it is. compremsd to the pressare
prevailing st the bottom of colomn 51, and
imtroduced into the bottom of the column by line 77.
Thus, the totsl steam generated in the two flesh tanks
100 end 104 smounts to 27,893 pounds per hour.

The squecus condensate from the top of column 51,
preheated to a temperature of 210° R, is supplizd by line
90 to the direct contactor sysiem at the rate of 11,925
pounds per hour, wheress.condensate produced by the
condenmtion of water in the hot feed gas produces
15,970 pounds per honr of the total water requirements
of 27,893 pounds per hour.

The resusining stripping siexm requirements are
pldbyhnummhﬂ-hunt'ﬂ.‘rhhm.
regenernted solution collecting at the botiom of regen-

eration column 51 at a tempersture of 248° F. is con-
ducted to fissh tank 71 maintained at s pressore of 15.0
solution at the mie of 53,790 pornds per hour and the
solntion cools to & temperature of 220.2° F. The: fiashed
steam i conducted by line 108 to the suction side of

FIG. 1 or system 53 in FIG. 2. In all cases the regeners-
tion heat required 8 expressed in millions of BTU per
bour (MM PTU/hour) sssuming a pound of steam is
equivalesnt to 950 BTU.
TABLE Il
Esamply A

Emmple 3

L -
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ABLE II-continmed apply in the case of flashing the regenerated solution as

T o . 3 in the case of flxshing the water s discussed above.
Enmple Ewunple The amonnt of heat recovered by flashing of the
b e et - 11 regenerated solution will also, of course, depend on the
reqoired, MM BTU/tr. 1415 .7 5 empersture of the roegemerated solotion as it leaves the
Texparsture of fesd g =t regeneration column. The higher this temperatore in
hﬂb#— . —_ genersl, the more hest that may be recovered by flash-
Hiest maved in hot food g ing of the reginerated solution. In most applications,
fir othar waes, MM BTU/hr. - s the regeneration columm will operate at slightly above
Hﬂ'ﬂhiﬂ:‘l' 10 stmospheric pressures such that the temperatore of the
m ' segenerated solution will typically be of the order of
Cooliog duty of cooler 57 the: limitstions in the extent to which the pressure can be
m%d tand “a s reduced over the solution, the amount of flash steam
comdenmer 84, MM ETU/. 1501 &7 13 that will be produced will generally correspond to a
Solution circulation iz, drop in the solution scrubbing temperature (as a result
gulloms per mivnte 4310 »0 of tha endothermic steam flashing) op finm about 7° F.

to 35° F,, and in most cases from 10° F.10 30" F.
Mmhmfmmmthel:nm&unm In the ambodiment shown in FIGS. 1 and 2, the re-

the hot feed ges in 3.4 MM BTU/bouor equivalent tosn © duction of the pressare over the water and over the

increased recovery of §7,790 pounds per hour of steam. mu-mdldmipnduedbynnndnudm

fompereureof 461" . e Roople A The tom and compresing (he evohved eam may o be
between the tempenature levels of 362.1° F. -nd 3226 shownimUS p:_.No, 3823222 ofmim'n m-
F. is equivalent to the heat savings of §3.4 MM BTU/- When using & steam ejector sysien, a su of high-
hour which is conserved for other uses by operation in % medium-pressure steam is supplisd m"m': qecmr:
eccordance with the inveation. As in Examplea 1and 2,  potive steam which produces the reduced pressure and
these valuable beat savings sre also accompanied by  compresses the mixtare of motive and flsen steam to the
important savings in the duty of the solution cooler  preempre prevadling in the regenerstor column. When
(coolar 57 in FIG. n&wm(m”mwmwmmdﬁ ' :
d:nuﬂlnFlG l)lndrdnmmmtheaohtmam- ping requirements will be supplied by the motive steam.
The amount of steam that can be recovered by flash- mhmos. 1 and 3 and altcrnate meass such oa 8
ing of the water in indirect heat-exchange system 5 in  yyopp, piecony will depend on s variety of considerations
FIG. 1 or the divect contactar system of F1O. 2 depands such aa the relative capital cost, the availsbility of suit-
on the cxtent to which the presurc is rafuced over the €0 oy e ween water- balance emidendou.:ll
mﬁw-dgwdhntmovzmhm others.
mpm’ Mmm“;mmmmm' As painted out previomly, it is advantageous to sup-
the steam thus generated to the pressure prevailing gt P the water to be employed for direct or indirect heat
the bottom of the regenerator column. The greater the 45 ©Xchangs against the hot feed gas from water which is
reduction in pressure, the greater is the quantity of  Produced in the course of the scrubbing procem. When
steam that will be evolved by flashing; but the power  SPIOYIRg ah indirect heat exchange bhetwoen the water
requirements to produce the reduced pressure and to oy yas such 2 heat-exchanger system § in
disproportionately high HG.l.nnN;hlqupl:yyMan;
-mmhmmmmm cus coudensate which & produced by condeasstion
s water boiling paint of 180° F. Generally, the practical the overhead vapors from the regeneratar, The prehest-
limits for prodocing flash steam from the water will ing of the condenaste st the top of the rogenerator in-
mmdmmwdm creases heat efficiency. Another advaniags is that the
194° F. to 250° F., and more usually from 200° F.to 220" hecessity for providing an outside source of trested
F. Thus, the indirect hest exchanger 5 in FIG. lwm 53 boiler feed water is eliminated. The aqueons condensate

generally be operated at pressures of not less than 10 from the overhead condenser may be contaminated
psia (correspondiug 10 a water boiling temperatore of ~ With components of the scrubbing solotion, but is never-
194" F,) and preferably not less than 11.5 psia (corre-  theless suitable for reose in the scrubbing system, itself,

sponding to a water boiling temperature of 200° F.) mﬂlemummukepwmmthmb-
Similarly, the flash tank 104 of the direct cootactor 60 bing system.
system of FIG. 2 will be subject to the mme practical When osing a direct contactor system such as shown
Timitations of preisure reduction. in F1IG. Ihmhnwhmbuweuthelmm
In carrying out the flsshing operation on the regener-  §2s and the water, a portion of the aqueows condensate
ated solution in flash tenk 18 of FIG. 1 and flash tauk 71  is avtomatically produced from the stesm condensing
of FIG. 2, the amount of flazh steam evolved will also 63 from the hot feed gas in divect contactor $4. This source
be dependent on the final pressure over the regenerated  of condensate may be supplemented by condenmate
solution in the flash tank. In penersl, the same practical  from the overbead condesser of the regenerator m
limits for the lower limit of presswre reduction will illustrated in FIO. 2 Here again, the generation of the
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reguired water from squeous condenssie produced (d) reducing the pressure over the water heated in
within the scrubbing system, itself, eliminates the need step (c), thus reducing the boiling temperstere of
for providing pretreated boller feed water. MMMMM“IMM
In the pystem of FIQ. 4, still fusther quantities of than the presure in sid regenerstion stage and
low-level heat may be recovered from the hot conden- $ bringing the cooled water resalting from said pres-
mte condenging from the process gas which collects in sure redoction into heat-ezchange relationship
the kmockout pot 43A. The condensate Jesving knock- with mid feed gas, thus further cooling asid feed
ont pot 43A may be introduced into a scparate flash gax .
tank (not shown) with a suitsble pressare letdown valve (=) compresing the low-pressure steam produced in
between the knockout pot and the flash tank. The flagh 10 5tep (d) t0 at least the pressare in said regeneration
tank receiving the hot condensale is connected to the stage and utilizing such compressed steam as strip-
soction side of the compressor 45 which results in re- ping steam for regencrating sald solution; ]
duction of the pressire over the condensate to a pres- (1) passing the cooled feed gas from step (d) to said
. sure Jower than that at the bottom of the regenerator 53, absorption stage for removal of acid gases there-
whereby low-pressure steam flashes off from the hot 13 from.

P 4 A procem in accordance with claim 1 wherein the
mm-ﬂ:mmw; foved in steps (c) and (d) Is ded ot Jeast
fed tuto the bottom of the regenerator through fn part by condensate produced in the cowme of
D-!Ilrwlﬂlmdnn;.mulhhm- -'lllml'
exchange system 5 and fssh tack 1 - 20 3. A proces in accordance with claim 1 wherein the
hthuymafﬂﬂ.l.ﬂumﬂmnuo{m heat in step (c) i an i heat
h-uﬁmlhehuqlqa-_pmhefdhdnu- wﬁ I'Iﬂllllﬁdplﬂlil oot htowi girect
mufamﬂbydmm.wN'tﬂ.du u”mmm-um. brought
mﬂ‘:;ﬂn'" I'wm 4. A process in accordance with claim 1 in which the
ont pat . 25 hest exchanger in step (c) is s direct-contact hest ex-
sdditional heat from this condensate. In that event, the - chiixge Wystem in which the hot feed gas is brought into
condensats from the hot process will prodoce 8 greater e contact with cooled water resulting from mid
proportion of the total water nceded 1o supply the re- L e guction over said water,
qoirements of flash tanks 100 and 104, carvespoudingly ™' 5 method in accondance with claim 1 in which the
redacing the amount of coudensate supplied by live 90 3, \oyhiing solntion comprises s squecos solution of
mmetoponl:rwu. the potassium carbonate.

The invention, of course, is not limited to thespecific  * g, 4 method in accondance with claim 1 in which the
embodiments shown. It may be applied to other types of mn;iwulﬁn;:dm
;mlmmﬂ:ﬂmﬁﬂﬁﬂnm mospheric pressure and in which the temperatives in

mrh-mhm:d:m m"": - mm_:szm'humdmhﬂnuhhw
ing rather than in two scparate streams ss shown in 7. In a eyclic process for the removal of acid gases

praduce a more thoroughly regenerated scrubbing solo- tripping, and in which stripping
tion such ag the system shown in FIG. 7of U.S. Pat No. 43 ;ﬂ]ydglv: from -:‘lu, m-&-;;l:h::

2.886,408. BAA an improved method for mazimizing hest recovery
. a cyclic process removal | Eaacs said ..
from a feed gas stream consisting of a hot, steam-con- w TogICTItion Wags comprng
taining gas mixture by means of an agueous alkaline sp  (a) passing axid feed gas in indirect heat
scrabbing solution which i continnoumly recycled be- with said scrubbing solution, thereby heating said
tween an absorption stage in which said acid gases are solution and producing steam;
sbeorbed by said scrubbing solution and & regencration (b) utilizing the steam produced in step (a) as wrip-
stage in which said scid gases are desorbed by steam- ping steam for regenerating said solution.
stripping, and in which said stripping steam is at lesst 55  (c) utilizing the partially cooled feed gas from step (2)
partially devived from said hot, steam-containing feed to heat water in a hest exchange sysiem separsic
g, an improved method for mazimiring heat recovery from that employed in step (a);
from suid feed gas and thereby increasing the thermal {d) redocing the pressare over the water hested in
efficiency of maid regeneration stage comprising the step (c), thus reducing the boiling temparstare of
steps of @ maid water and producing steam at & pressure lower
(2) pessing said feed pas in indirect hest cxchange than the pressure in said regeneration stage and
(b) ntilizing the steam _produced in step (z) as strip- with mid feed gns, thus farther cooling sxid feed
ping steam for regescmting mmid solution; 6s ]
{c) utilizing the partially cooled feed gas from step (2) (ﬁ)mll_u‘n;themwuthh.w
to heat water in & heat exchange system separate solution in s flashing zome, thereby producing
from that employed in siep (a) steam ot & presure Jower than the pressure in said
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- 4,160,810 2
regencration stage with concomitant cooling of  exchangs system in which the hot feed gas is brooght
sujd sbeception zone; ) 10. A proces in accordance with cleim 7 in which the
compressing the low-pressure steam produced in 1.yt exchange system in stop (c) is a divect contact heat
steps (d) and (e) 1o at lemst the pressure in said 5 oyrhenge system in which the hot fieed gas is brought
regencration stage and utilizing such compremsed 4y, oot contact with cooled water resulting from
:HMMh‘w-ﬂﬂi said pressure reduction over asid water. h

. . 11. A method in accordance with claim 7 in which
@mhw&dupﬁmﬁﬁ)blﬂnhmmmnmm‘

sbeorption stage for remaval of acid gases there-
8. A process in accordance with claim 7 wherein tho ltA-qhthﬂdﬁ??nwﬁ
water employed in steps (c) and (d) i provided at least  the sbeoeption stage s condncted st & substantial supor-
in part by aqueons condensate produced in the couneof  atmosphetic pressare sud in which the temperatures in

sax] scrubbing process. 1S the sheorption stage nre close to thoee in the regeners-
9. A process in accordance with ciuim 7 wherein the  tion stage.
beat exchange system in step (c) ia an indirect hest ---o.-
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peatly y 13, Chitoed

regencration section stantially as herein

13. A process ss claimed in claim 1 sub-

" wantially as herein described in any ane of For the i .
5 Bompeslwmd. ) FRANK B. D & CO.,
- 14. A process s claimed in claim 1 sub- Imperial House,
santially ss herein described with reference 15—19 Ki y
o Figures 1 to 4 of the attached dawings. London
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51 ABSTRACT

A process for the selective removal of hydrogen sulfide
from a ges coatsining hydrogen sulfide and carbon
dioxide wherein said gas is comtacted at superstmos-
pheric pressure with an alkali metal carbonate solution,
the resultant solution which coatsins hydrosulfide and
bicarbonate is subjected to pressare reduction, the total
alkali metal bicarbonate content of the resuliant sclution
is adjimted a0 that it is at least 55% of the total alkali
content of the solution and the said solution is then
stripped and recycled to the hydrogen sulfide absorp-
tion step.

12 Ciaims, 3 Drawing Figures
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1

PROCESS OF REGENERATING ALKALI
CARBONATE SOLUTI NS FORMED BY THE
DESULFURIZATION OF HOT GASES

This invention relates to & process of regenerating
alkali carbonate solutions which contain hydrosulfides
and bicarbonates and have been formed by the degnlfur-
ization of COz-containing bot gases by absorption under

superstmospheric pressure and comprises presure- 10

relieving and stripping the solutions.

It is known that gases formed, e.g., by the reaction of
liquid or sclid carbonaceous fuels with gases which
contain free oxygen and with water vapor can be desul-

furized by being scrubbed under superatmospheric pres- 15

sure with a concentrated aqueows solution of one or
more alkali salts of wesk inorganic acids at a tempers-
ture which is near the atmospheric boiling point of the
solution end the Iaden solution can be regenemated by

being pressure-relicved, heated, and stripped with 20

water vapor (Printed German Application No.
2,127,768).

In the known process stcamn is connimed at a high
rate to regenerate the solution if’ only a amall mlfar
content is permisxible in the
order to enable a substantial desulfurization of the gas.
The gos cannot be desulforized satisfactorily if steam is
available only at a restricted rate for the regeneration.
Besides, the H;S content of the exhaust gas formed by

the regenemation will necessarily depend on the rate at 30

which CO; ia scrubbed off 100 as the gas is desulfurized.
Particularly when the gas to be desulfurized has a low
H3iS coutent, the processing of the resulting exhaust gas
o form elementary sulfur with a high conversion, e.g.,

i Claus process plsuts, will mvolve a high expenditure 33

if » substantial emission of poiluting sulfar compounds is
to be avoided.

It is sn object of the invention to avoid these and
other disadvantages of the prior art, 10 reduce the rate

at which steam is consumed in regeperating the laden 4@

absorbent to improve the desulfurization of the gas, and
to enable the recovery of an exhaust gus having a higher
Hi1S conceniration.

This cbject is accomplished according 1o the inven-

tion in that the alkali tacarbonate content of the pres- 45

sure-relieved solution which is to be styipped is adjusted
10 at least 559 of the toial alkali content of the solution,
the solution is then stripped at its boiling temperature to
remove a predominant part of its H2S content and part

of its ©O; content, #nd the stripped solution is re-used to 30

desulfurize gas without being cooled before.
According to a preferred farther feature of the inven-

tion, a decresse of the allali bicarbonate content of the

hdmniuuonheromthutnppmg-wudadmthluhe

solution before being pressure-relieved is cooled below 35

its boiling temperature st the pressure relief and pres-
sure, preferably 10 80°-95° C.

According to a further preferred festure of the inven-
tion the cooled solution is treated under normal or su-

ic pressure at 30° 1o 100" C. with a gas 60

peratmospheric

which consists predominantly of CO; and the CO3-
saturated solution is then stripped at its boiling tempera-
are with a gas which consists predominantly of water
vapor

solution is cooled omce more and is steipped at 50° o
100" C. with a gas which consists predominanily of

solution in 23

In another embodiment of the invention, the stripped 65

2
consists predominantly of water vapor. Within the
scape of the invention that multi-stage treatment can be
repeated several times.

‘The stripping gas consisting psedominantly of water
vapor is desirsbly obiained by mn indirect heating of the
stripped solution so that the solution is stripped with its
own vapor, saitably in 8 countercumrent.

Within the scope of the invention, a suitable high-
COz gas for wtoraling the coaled solution can be ob-
tained in that the exhaust gas, which is formed by the
sripping step and consists mainly of waler vapor and
COz and containe also H3S is cooled, the aqueons con-
densate is scparated and the cooled gas is scrubbed with
a partial stream of the alkali cerbonate solution at a
temperature below 60° C., preferably 25° 1o 35° C

In this way most of the hydrogen sulfide contained in
the cooled gas is selectively scrubbed off so that all or
part of the scrobbed low-H;S gas which consists pre-
dominantly of OOz can be nsed to maturste the cooled
solution that is to be

Within the scope of the invention, the saturating step,
in which part of the CO; is transferred from the gas into
the solution, may be succeeded by the use of the non-
shworbed gas for stripping the partial stream of the alkali
carbonate solution which hes been med to scrob the
cooled exhaust gas formed by the stvipping step and the
non-absorbed gas may then be discharged wheress the
stripped partial stream is returmed to the main cycle of
the alkali carbonate solution.

As 8 result, virtuslly all hydrogen sulfide which has
been stripped from the solution to be regenerated is
contained in the cxhaust gas which i discharged. The
concentration of hydrogen solfide in that exhaum gas
will be increased if only part of (he scrubbed gas, which
consists predomimantly of OOy, is wsed first to satorate
the cooled solution 1o be and subsequestly
to strip the high-H;S partial stream of the solution, and
the remaining portion & discharged ss a low-H3S &x-
haust

B

In accordance with the invention the high-HiS par-
tial stream of the alkali carbonate solution which has
becn used to scrub the cooled exhaust gas formed by the
stripping step can be regenerated by stripping said par-
tial stream st its boiling temperature with a gas consist-
ing predominantly of waler vapor so as to remove smb-
stantiaily all hydrogen sulfide, whereafter the resulting
gaa, which contains hydrogen sulfide, is discharged and
the stripped partial siream is refumed to the main cycle
of the alkali carbonate solntion.

According to s preferred feature of the invention the
gas consiling predominantly of CO; and used to situ-
rate the cooled solution i formed by the regeneration of
a second cycle of alkali carbonate solution used to scrob
the desulforized, COx-contsining hot gas nnder superst-
mospheric pressure. In this embodiment, the first desul-
furixing cycle is succeeded in the gas flow path by &

second cycle of alkali carbonate solution, which °

supplies the OO, required 10 regenerate the Iadea solu-
tion in the first cycle. Besides, the sccond scrubbing of
the ges nnder superaimospheric pressure with absorbent
flowing in a second cycle causes additional hydrogen
sulfide to be removed from the gas so that its desulfur-
ization can also be improved. The alkali carbonate golu-
tions in the two cycles may differ in composition. For
instance, a concentmited solution may be used in the fost
cycle and a more dilute solution in the second or vice

CO; and is subsequently stripped with a gas which  versa.

BNSDOCID: <UB_____4268010A1_) >



4,258,019

3

Within the scope of the invention it is preferable to
use an alkali carbonate solution to which sodiom tetra-
borate has been added, preferably in an amoant of 1 to
20 mole percent of the total slkali content of the solu-
tion, i.e, 1 10 20% of the total alkali which can be ti-
trated with acid should be adkied as sodium tetraborate,
NagB407.

The advantages afforded by the invention reside in
that an alkali carbonate solotion which contaios hydro-
sulfide and hicarbonste and has been obtained by the
desulfurization of CO;-contsining hot gases under s~
peratmospheric pressure can be selectively regenerated
by the process described in that almost all of the com-
bmed hydrogen sulfide contained in the solution as
hydrasulfide but only part of the combined carbon diox-
ide present as bicarbonate are released and stripped off.
This will be particolarly significant il a seloctive re-
moval of hydrogen sulfide from such gas is desired, Le.,
when it is desired to scrub se much hydrogen sulfide as
possible and ms little CO3 a3 possible from the gas, as s
required in varions applications, e g., in the desulfariza-
tion of fpe] gas for & gas turbine process In which the
mass of the humid gas should be preserved as far as

possible before it is burnt. Besides, the process renders 55

’ thednvm-oﬂhydmgmmlﬁﬂeavuhhlemnhgbu
concentration. Moreover, the further procesing is fa-
cilitated and the investment and supplies required for
the further procesting are reduced. Finally, the quantity

4

FIG. 1 ia a flow disgram illustrating one embodiment
of the imvention.

FIG. 2 is a flow diagram illustrating a prefested em-
bodiment of the invention.

FIG. 3 i a flow diagram illustrating a further pre-
fexred embodiment of the invention.

Wheress much bicarbonate Is required for a substan-
tial regenemtion of alkali carbonate solutions which
contsin hydrosulfide, purt of the CD» required for this
purpose may be recirculated and re-used in the regener-
ating stage in the process accarding to the invention if
this is required. For this resson the regenerated solution
may have a relatively high bicarbonate content and yet
be freed almost completely from hydrosulfide, i.e., sub-
Jjected to a selective desulforization.

A preferred featnre of the invention is based on the
recognition thai the purified gas which bas been ob-
teined by the desulfurization can be msed to special
advantage in a combined power plant process. For that
purpose. the bot desulfirized hot gas which is under
superatmospheric pressare is used for an ecologically
satisfactory production of eleciric power in a combined
power plant process, ih which enexgy is recovered from
the gas by a pressure redief and/or combuastion and is
utilized to drive gas turbines and/or to prodoce steam.

That practice affords the advantage that -the CO3 left
in the desulfuyized gre greatly increases the efficiency
orthemhudpwplmmhnamﬂmen-
gy comaived in the COz under superstmospheric

of polluting gaees cmitted into the environmen! may be 30 pressure can be utilized.
decreased.

The reactions taking place in the alkali carbonate
solutién are known and may be summarized as follows:
Absorption:

K3C034COz+ HiOm IKHCO,
K003+ H;8=KHCO3+KHS

n
L)

mmnbphumtheoppdndmm

daring the regeneration:
2KHCO) =~ KC0y+ H;0
KHS+ KHCO3=K3C0;3 4+ H$

)
)
From equation (4).it is apparant that bicarbonale is

required for the decomposition of the hydromlfide
which has been absorbed. Such alfkali carbonale solo-

mhwu&;a:mmdoomm”

fAzes contuin in more cases more hicarbonate than hy-
drosulfide. But when the solutions are regeneraied in
the conventional manner by being pressore-relieved,
heated and stripped with steam, equal percentages of

bicarbonate and hydrosulfide are slways decomposed o5

and driven off as OOz and HiS. In that case, when 909%
of the hydrosulfide are to be removed by the regenera-
tion, about 90% of the bicarbonate must also be decom-
pased and driven off. The solution will

then contain only 109% of the hydrosulfide content but g

will also contsin only 109% of the bicarbonate conlent of
the unregenerated solution. Such regenerated solution
contains almost only alksli carbonaie and for this resson
can form much bicarbooate when it is nsed to desulfr-

ize the COpcontaining gas under soperatmospheric 65

pressure. As a result, CO; is scrubbed off at a high rate
so that the desulfurization of the gas is less selective,
with all disadvantnges listed herein before.

BNSDOCID: <UI8.________ &3B018A1_L >

Another sdvantuge of the imvention resides in that the
H3S-conteining exhavst gas formed by the regeneration
dthelhmhulhlalnghquSmdnnthe
exhaust gas formed in a process knowa in
the arl. As & resull, the plants for processing-such ex-
haust gas may be smaller and less expensive and can
operate more economically.

Themvmhonwillhedubdmfnllylnm-r
ter. The invention is shown y and by
way of example in FIG. 110 3. The show only
tha most important clemenis of the procew, wheress
pumps and valves, e.g., have been omitted for the smke
of cleamem.

EXAMFPLE 1

The process according to the invention is shown inits
simplest form in FIG. 1. That embodiment may be used
if the alkali carbonaie solution which has besn formed
by the desulfurization of the gas and i to be regenerated
containg at least 55% of its alkali as bicarbonate. This
solntion is fed through condnit 1 st & tempersture of
115° C. vader s presmure of 20 bars and cousists of an
aqueous solotion of 251 grams KHCOh/liter, 5.0 grams
KHS/liter 6.5 grams K2COy/liter and 60 grams Na;B-
407.10 HzO/liter. The KHCO; content thos amounts 1o
66% of the total content of which rises in the regeners-
tor 4. Gases and vapors from the top of regenerator 4
flow through conduit 9, are cooled and y con-
densed in the indirect coaler 10. Gases and condensate
are scparaied in the scparstor 11. Remaining gases are
removed throngh the conduit 12. The condensate flows
back 1o the top of the regenerator 4 through conduit 13.
The solution is cooled to 90° C. in the coaler 2 und is
pressure-relieved in the pressure-relief valve 3 and then
coters the regenerating columm 4, which is under a
pressure of 1.5 bar. Almost no gas and water vapor are
released by the pressure refief, which does oot change
the bicarbonate and hydrosulfide contents.
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In the regenerator 4, the solution is heated and de-
composed by the gases which rise from the lower por-
tion and comsist predominantly of water vapor. As a
result, the solution releases CO; and HiS. In the lower
portion, the soletion is circulated in conduits 5 and §
and the indirectly heated beater 7, whereby mainly
water vapor is produced, which rises in the regenerator
4. The regenerator solution runs off through conduit 8
and now contains only 72.3 grams KHCOw/liter and 1.1

KHS/liter. The borax content has not been
changed and the K3CO; content hag increased to 189.9
grams per liter. The bicarbonate content has thus been
decreased to 28.8% of its initial value and the hydrosul-
fide content to 22.0% of its initial value. It is apparent
that the hydrosulfide content has been decreased more
than the bicarbonate content, which means that the
regeneration i selective with respect to hydrosulfide or
Hi1S. The solulion may now be re-used for a selective
desulfurization of gas.

CONTROL EXAMPLE

When the cooler 2 is not operated, in sccordance
with the siate of the art, the incoming solution at 115" C.
is pressure-relieved-in the valve 3 10 a KHCO; content

of 45% of the total alimli contenl, and the healer 7 is 28

supplied with stean af the same raie as in the preceding
Example, the resulting regenerated solulion coniains
77.8 grams KHCOy/liter, 1.5 gramz KHS/liter, 60
grams borax/liter and 185.7 grams KzC0»/liter. In this

opesation, which is in accordance with the prior ast, the 30

KHCO» content has been decremed by 699% and the
KHS content by 709%, which meaps that the portions
driven off are about the same. The iom is not
sclective. When the regenerated solution is wsed to

desulfurize gas, this unselective regeneration results in a 35

higher residual Hh S content of the scrubbed gas, in the

removal of more COz by scrubbing, and in s lower

concentration of H;S in the HaS-containing exhanst gas.
EXAMPLE 2

MEnmpleilﬂlmuinHG.z,whiellm
scais a preferred embodiment of the invention. The
solution to be regenerated is supplied through conduit 1
under a pressure of 20 bars and a temperature of 140° C.
and per liter containg 205.4 grama potessinm
carbonale, 5.7 greme potassinm bydrogen suifide, 60.0
prams borax and 9.6 grams potassinm carbonate. The
solnticn is cooled to 92° C. in the indirect cooler 2 and
is pressure-relicved in the valve 3. Virtually no CO; and

44

no HaS are released by the pressure relief. Afler the 50

pressure: relief the solution enters the CO; saturator 4,
which is under a pressure of 1.2 bars and in which the
solotion at B5° C. absarbs CO7 from the gas which rises
through the gas tramfer pipe 6, and coasists predomi-

nantly of QO3 As a result, the KHCO; coatent in- 55

creases to 233.8 grama/liter and the K3CO3 content &
decreased. 629 of the total alkali are now present as
KHCO3. The remaining gases are conducted through, a
conduit 13 and & compressor 14 into the upper portion

of 2 regencrator 12 which is under a pressure of 1.5 bars. 60

The solution 10 be regenerated, which is saturated with
COy, flows through conduit 11 into the lower portion of
the regenerator 12 and is stripped there at its boiling
temperature by the gas which riscs from the bottom and

comsists mainly of water vapor. That gas is produced in 63

that the regenersted solution which russ off
condnit 16 is circulated in the conduit 17 and hested by
an indirectly hested reheater 15,

BNEDOCID: <US_______4ZS3018A1_1 >
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Under the ‘inlet 11 for the solution, part of the gas
which rises in the lJower portion of the regenerstor and
consists predominantly of water vapor is withdrawn
through conduit 18, which incorporaies a control valve
19, and the withdrawn gas is cooled in the indirec:
cooler 20. The resulting aqueous coadenpate is scpa-
ated in a separator 21 and is recycled 1o the regeoerator
12 through a conduit 22. The gas leaving the separator
21 consists mainly of C03 and also contains Hz S and is
conducted through conduit 7 to the H3S scrobber 5. A
partial siream of the regenerated solution is fed through
conduit 8 and the indirect cooler 9 to the scrubber §, in
which a major part of the HaS content of the gas is
scrubbed off at 30* C. and under a pressure of 1.3 bars so
that the gns entering the CO; saturator 4 through the
gas tranafer pipe 6 contains only 200 ppm H;S. In the
solution running off through the conduit 10 the H;S
which has been removed is contained as KHS. That
solution is fed to the top of the regenerator 12, in which
the HiS is driven off and exits together with COz
through conduit 23.

In addition to borus, the regencrated solution running
off through conduit 16 contains only 0.58 grams
KHS/liter and 68.5 grams KHCOy/liter but 193.0
grams K;COy/liter. Tt is spparant that relative o the
composition of the solution in conduit 1, 90% of the
KHS content have been and driven off »
H,S but only 67% of the KHCO; coatent. The solution
which has been selectively regenerated according to the
invention can be used at 140° C. in an absorber under a
pressure of 20 bars to desulfarize a gas containing-0.3%
H3S by volume to a residual content of 200 ppm, which
means that more than 93% of the HaS content have
been scrubbed off, wheneas only 20 to 30% of the COz
also contained in the ges are also scrubbed ofl.

BEXAMPLE 3

Another preferred embodiment of the mventlm =
diagrammatically shown in FIQ. 3. A solation which
contains 235.8 prams KHCO,/liter (=62% of the total
slkali content), 21.6 grems KHS/liter, 75 grams borax/-
liter and 51.9 grams K3COy/liter is supplied at  temper-
ature of 120" C. and under a pressure of 21 bars through
condgit 1. The solution is cooled to 91° C. in the indi-
rect cooler 2, and pressure-relieved in valve 3 to the
pressure of 1.6 bars which prevails in the stripper 4, to
which the pressure-relieved solution s supplied. A gas
consisting predominantty of water vapor is conduocted
from the stripper § and enters the stripper 4 through the
gas transfer pipe 5. The solution is siripped st its boiling
temperature and after being stripped contains 33.7
prams KHCOy/Titer, 4.8 gramz KHS/Mliter, 75.0 grams
boraz/liter, and 173.1 grams KaCOy/liter. The solution
then flows through conduit 7 into the indirect cooler 8
and is cooled therein to 85° C, and subsequently entens
the CO; mturator 9, which is under » pressure of 1.4
bars. A gas consisting predominantly of COz entery the

oo;utumormmgh-g-mmtup.pemum-ud )

to treat the solution at 80° to 90" C. The treated solution
coatains 2472 grams KHCOy/liter, 4.4 gramm
KHS/liter, 75.0 grams boraa/liter and 60.6

K700/ liter and is fed in conduit 11 to the second strip-
per 6. In the latier ths solution is regenevated at ity
boiling temperature under a pressure of 1.6 to 1.7 bary
by being stripped with a gas which consists mainly of
waler vapor end is formed im that the solution circulated
in conduils 13 and 14 is indirectly heated in the rehester
12. The regenemated solution running off through con-

)
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duit 13 contains only 0.7 grams KHS/liter as well as
87.5 grams KHCOwliter, 74.8 grams borax/liter and
174.4 grams K2COy/liter. It is spparent that & total of
96.3% of the hydrosulfide KHS and 62.9% of the bicar-
bonate KHCO; fed through condait 1 have been de-
composed and driven off and that the regeneration has
been highly selective for KHS. The regenerated solu-
tion can be used to desulforize gases and ueed not be
cooled before.

A partial stream of the gases rising in the stripper 4 is
withdrawn through conduit 16, which incorporates a
control valve 15, and is cooled to 25° C. in the cooler
17. The resulting aqueous condensate 1s withdmwn
from the separstor 18 and is recycled through conduit
19 to the atripper 4 The cooled gas is fed throogh the
conduit 20 to the H3S scrobber 21 and is scrabbed there
under s pressure of 1.4 to 1.5 bars with a partiat stream
of the alkali carbonate solution. That partial stream s
provided in that part of the solution in conduit 7 is

branched off through condpit 22 and cooled in the indi- 20

rect cooler 10 23° 10 26° C. In the scrubber 21, the HyS
is removed from the gas at 26° to 30" C. 1o a residoal
comtent of 280 ppm. The scrubbed gas, which conaisis
predominantly of CO3, serves 1o treat the solution in the

CO; saturator 9. The non-absorbed gas i withdrawn 25

through conduit 24 and is fed by 's compressor 25 into
the stripper 4.

‘The high-H3S solotion running off from the scrubber
21 is fed through conduit 26 to the top of the stripper 4

for driving off the HiS. The exhaust gas contains water 30

vapor and is withdmwn through conduit 27, It containg
all hydrogen mulfide that has been driven off in the
regenevating stage and also the COz which hes been
driven off. :

In the manner which has been described, the solution 35

can be regenerated 00 that a regeserated aolation can be
obtained which cen be used to desulfarive to a residnal
content of 200 o 300 ppm HaS a gas which coataing
1.09% H3S by volume and 10.29% CO; by valume at 120°

C. under s pressure of 21 bars, which mesns that 97% of 40

the H3S are scrubbed off. Only 25% of the COz are
scrubbed off at the same time.

We claim:

L. In a process for selective removal of HzS from hot

gases containing H2S and OOy, wherein the gases arc 43

contacted at superatmospheric premure with an alkali
metal carbonate solution and the resuliant alkali metal
carbonate solution which contsins hydro-sulfides and
bicarbonates is regenerated by pressure relieving the
same, the s0 pressure

BNBDOCID: <US_______£28B0MBAT_L >
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peratmospheric pressure at 50° to 100" C. with a gaa
which conzisis predominantly of C0O; and the CO;-
satumated solution is then stripped at its boiling tempera-
ture with a gas which consisis predominantly of water

VApOT.

4. A process according to claim 3, characterized in
that the stripped solution is cooled ooce more and i
atripped st 50" 10 100° C. with a gas which consists
predominantly of CO; and the solution is soheequentty
stripped with a ges which counsists predominantly of
water vapors.

5. A process according to cleim 4, characterized in
that the multi-siage (restment of the sclution is repeated
several times.

& A process accarding to claim 1, charscterired in
that the solution to be regenerated i stripped at it
boiling temperature with & gas which consists predomi-
pantly of water vapor and has been obtzined by an
indirect hesting of the siripped solution.

7. A proces according to claim 1, chamsctesized in
that the exhanst gaa formed by the stripping is cooled,
the condensate is separatod, the cooled ges is scrubbed
with a partial stresm of the alkali carbonate solotion at
& tempersture below 60° C., prefembly 25° 10 35" C,
and all or part of the scrubbed gas consisting predomi-
nantly of COn is used to saturate the cooled solution
which is to be regenerated.

8. A process sccording to claim 2, characterived in
that all or-part of the scrubbed gas which congists pre-
dominsntly of CO; is first used 10 saturats the cooled
solution to be regenerated and Is subsequently used to
strip the heated partinl stream of the alkali carbonate
solution formed by the scrubbing of the cooled exhanst
gns formed by the stripping step and is then discharged
and the stripped partial stream & returned to the main
cycle of the alkali carbonate solution.

9. A procem sccording to claim 4, characterized in
that a partial stream of the alkall carbonate solntion s
withdrawn from the scrubber for scrubbing the cooled
Mpmwmmwﬁmw

gen sulfide, is removed and the partial siream is
mmndmmemheydedthedhﬁm-in-
tion.

10. A proces according to claim 1, characterived in
that the gas consisting predominantly of COz is formed
bythmd-awﬂqudmm
atc solution mased to scrub the desulforized, COx-con-
taining hot gas under muperatmospheric pressare.

ILA mdnghchmz.mu
Mhmmdmmmunl—
Mmhmmdlbmmmdmw
alksli content.

11 A process according to claim 1 characterived in
that the desulfurizred hot gas under superstmospheric
pressure is used for an ecologically satisfactory produc-
tion of electric power in a combined power plant pro-
cess in which enerpy is recovered from the gas by a
pressure relicf snd/or combustion of the gaa and i
utilized to drive gas torhines and/or to produce steam.

* & " 8 @
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multipressoTe stripper is a maltistage flash (52, 55, 59) in which the total vapor flow from esch stage is compressed and fed to the

o bottom of the previows flash stage at a higher pressore. In this process, the heat in the water content of the vapor exiting esch siage is
utilizad at a higher pressure in the previous stege. The described stripping process generates the scii gas at a higher pressure without
operating the stripper a1 a higher ilemperature, therelry reduocing the energy. consumption of the system.
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REGENERATION OF AN AQUEOUS SOLUTION FROM AN ACID GAS ABSORPTION PROCESS BY
MULTISTAGE FLASHING AND STRIPPING

This application claims priority to, and incorporates by reference, U.S. Provigional Patent
Application Serial No. 60/453,279 filed March 10, 2003. The present invention relates generally
to the removal and capture of acid gases such as carbon dioxide, hydrogen sulfide and mixtures

thereof from gases containing same timough aqueous absorption and stripping processes. More

pmculnly,ltmdesmeﬂmdsforrednmngﬂmmgymmhmofnmhabmmmd;

stripping proceases. -

A common viewpoint held by a significant segment of the environmental community is
that carbon dioxide released into the air plays a major role in global climate change. Thus,
global climate change initiatives such as the Kyoto Protocol have identified the curtailment of
carbon dioxide releases from fossil fuel combustion and other point sources as a primary means
of reducing global climate change. Extensive programs already in place are beginning to
such as injection in underground reservoirs (see, Bergman, P.D. et al, “Disposal of Power Plant
CO2 in Depleted Oil and Gas Reservoirs in Texas,” presented at the Third International
Conference on Carbon Dioxide Removal, Cambridge, MA, Sept 9-11, 1996) and disposal in the

deep ocean (Fujickn, Y. et al., “Cost Comparison of Various CO2 Océan Disposal Options,”

presented at the Third International Conference on Carbon Dioxide Removal, Cambridge, MA,
Sept 9-11, 1996).

One method of curtailing carbon dioxide releases in the industrial arena involves
removing carbon dioxide from combustion gases and other gases. Carbon dioxide is emitted in
large quantities from fiuel combustion by mobile and stationary sources. Carbon dioxide
capture/sequestration will be most effective if applied to large stationary sources. The largest
single sources of carbon dioxide are conventional coal-fired power plants. These sources
represent 30 to 40% of the carbon dioxide emissions in the United States. Technology
developed for such sources should also be applicable to CO) capture from ges and oil fired
boilers, combined cycle power plents, coal gasification, and hydrogen plants.
Absorption/stripping is primarily a tail-end technology and is therefore suitable for both existing
and new boilers. Spem.ﬁeaﬂy,:tcanbeusedmﬁmshnseoal—ﬁmdhoﬂmupemﬂylfﬂwy
already have scrubbers for SO,-abatement.
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The use of absorption and siripping processes with agqueous solvents such as
allkenolamines and promoted potassiom carbonate is a known, effective techmology for the
removal and captore of carbon dioxide from fine gas, natural gas, hydrogen, synthesis gas, and
other gases. U.S. Patents 4,477,419 and 4,152,217, each of which is incorporated herein by
reference, describe aspects of this techmology. Alkanolamine absorption/stripping is one proven .
and effective technology for carbon dioxide capture from gas. The first generation of this
technology uses aqueous solutions of monoethanolamine (MBA). Advances in this technology -
Monoethanolamine (MEA), diethanolamine (DEA), and the hindered amine AMP are used alone -
in an agueous .solution. Typical solvent blends include a methyldiethanolamine (MDEA)
solntion promoted by piperazine or other secondary amines. Also, potassium carbonate solvents
are commonly promoted by DEA or other reactive amines.

Gas absorption is a process in which soluble components of a ges mixture are dissolved
in 2 liquid. Stripping is cssentially the inverse of absorption, as it involves the transfer of volatile

components from a liquid mixture into a gas. In a typical carbon dioxide removal process, -.

sbsorption is used to remove carbon dioxide from a .combustion gas, and stripping is
subsequently used to regenerate the solvent and capture the carbon dioxide contsined in the
solvent. Once carbon dioxide is removed from combustion gases and other gases, it can be
wmwmmmamdmhmmmwm
of methanol, and tertiary oil recovery.

The conventional method of using sbsorption/stripping processes to remove carbon
dioxide from gaseous streams is described in U.S. Patent 4,384,875, which is incorporated herein
by reference. In the absozption stage, the gas to be treated, containing the carbon dioxide to be
removed, is placed in contact, in an absorption column, with the chosen absorbent under
canditions of pressure and temperature such that the absorbent solution removes virtually all tho
carbon dioxide. The purified gas emerges at the top of the absorption column snd, if necesaary,
it is then directed towards a scrubber employing sodium hydroxids, in which the last traces of
carbon dioxide arc removed. At the bottom of the absorption column, the absoybent solution
containing carbon dioxide (also called “rich solvent™) is drawn off and subjected to a stripping
process to free it of the carbon dioxide and regenerate its absorbent properties.

To effect the regencration of the absorbant solution, the rich solvent drawn off from the
botiom of the absarption column is introduced into the upper half of a stripping colomn, and the
rich solvent is maintained at its boiling point under pregsure in this colummn. The heat necesasry
for maintaining the boiling point is fornished by reboiling the absorbent solntion contained in the
stripping columm. The reboiling process is effectnated by indirect heat exchange between pert of

-2-
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the solution to be regenerated located in the lower half of the stripping colurnn and a hot fluid at

" sppropriate temperature, generally satnruted water vapor. In the course of regeneration, the
" carbon dioxide contained in the rich solvent to be regencrated maintained at its boiling point is

reloased and siripped by the vapors of the absorbent solution. Vapor containing the stripped

. catbon dioxide emerges at the top-of the siripping column and is passed through a condenser

- gystem which returns to the stripping column the Liquid phase resniting from the condensation of
" the vapars of the absorbent solution which pass out of the stripping cohnmn with the gasecus

.* carbon dioxide. At the bottom of the stripping column, the hot regenerated absorbent solution

-+ (also called “lean solvent™) is drawn off and recycled to the absorption column after having used
~ part of the heat content of the solution to heat, by indirect heat exchange, the rich solvent to be
- regenerated, before its introduction into the stripping colurnn.

hﬁmphlbmpﬁodshippinguiti;typicmymcﬁoedinﬂwﬁeld,qmmﬁchmm

. - i3 regenerated at 100-120°C in a simple, countercurrent, reboiled .stripper operated at a single
> pressure, which is usually 1-2 atm. The rich solvent feed is preheated by cross-exchange with
- hot lean solvent product to-within 5-30°C of the stripper bottoms. The overhead vapor is cooled

to condense water, which is retumed as refiux to the countercurrent stripper. 'When used for
carbon dioxide sequestration and other applications, the product carbon dioxide is compressed to

- 100-150 atm.

A major problem with the existing absorption/stripping process described above is that it
is very energy intensive, and this is largely because the heat required for the heat reboiler is

- mignificant. In application on a coal-fired power plant, the required heat of such & process can

reduce net power production by as much as 15 to 30%. (Herzog, H., E. Drake, & E. Adams,
"COZ Capture, Reuse, and Storage Technologies for Mitigating Global Climate Change," final
rept, DOE Order No. DE-AF22-96PC01257, 1997). Therefore, it is important to maximize
encrgy efficiency in the design and operation of these systems. The primary method for
ephancing enerpy efficiency is the recovery of useful heat from the overhead condenser, as the
overhead vapor can contain one to ten moles of water vapor for every mole of carbon dioxide.
Common forms of heat recovery currently practiced include vapor recompression and multieffect
strippers. In vapor recompression, the overhead vapor is compressed by a factor of two to ten
aod then exchanged with the bottoms liquid to provide heat for the reboiler. With mmltieffect
strippers, two or more strippers are operated in parallel, but each stripper is operated at a
significantly different presqure. The vapor from a higher pressure stripper is used to heat the
reboiler of a Iower pressure stripper in a cascade amrangement. Unfortunately, both of these
configurstions regult in a loss of energy in the required heat exchanger.

W
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As noted in U.S. Patent 4,152,217, several attempts have been made to reduce the overall

cost associated with the regeneration of absorbent liquid streams. By devising a systern in which
. - the spent sbsorbent/lean absorbent heat exchanger, the overhead cooler-condenser, the refhux
drom, and the reflux pump, ondinarily constructed and vsed with a conventional stripper or
regenerator, could be eliminated, the patentee in U.S. Patent 3,690,861 sought to reduce capital
investment costs. While capital investment was considerably reduced in the disclosed process,
no consideration was given to how the elimination of heat exchangers would affect overall heat
. requirements of the system. As described in U.S. Patent 4,152,217, it has been found that
- -elimination of heat exchangers increases the overall heat requirements of the system. .Thus,
~.while initial capital expenditures are congiderably lessened, long term operating expenses,
especially in view of rising energy coats, would be higher in an absorption/stripping process that

. Other patents have disclosed various methods for improving the cost effectiveness of
carbon dioxide removal systems by reducing the energy requirements of such systems. One such

.+ patent, U.S. Patent 4,553,984, which is incorporated herein by reference, discloses a method in
which the rich solvent laden with carbon dioxide is regenerated without the use of a stripping
column simply by flashing in one or more flash stages. The disclosed method is said to
substantially reduce both capital costs and enargy costs. However effective at reducing costs
such a technology may be, it may be ineffective for applications which require the captured
carbon dioxide to be produced at a higher pressurc for use in sequestration, production of
methano), tertiary oil recovery, or other applications. At the very least, such a techmology may
require gignificant capital expenditure for the addition of a compressor to enable the captured
carbon dioxide to be compressed for use in applications that require higher pressure carbon
dioxide.

In light of the above, it would be advantageous to provide for technology in which carbon
dioxide can be removed from combustion gases and other gases by an abeorption/stripping
process that is significantly more energy efficient than the processes currently practiced. The
ideal systemn would generats carbon dioxide at a higher pressure without operating the stripper at
a greater temperature. Such a system would, in tum, significantly reduce the emergy cost
associated with systems in which the carbon dioxide mnst be compressed for sequestration,
production of methanol, tertiary oil recovery, or other applications.

Any problems or shoricomings enumerated in the foregoing are not intended to be
exhaustive but rather are among many that tend to impair the effectiveness of previonsly known
techniques. Other noteworthy problams may also exist; however, those presented above should

-4
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- be sufficient to demonstrate that apparatus and methods appearing in the art have not been

altogether satisfactory and that a need exists for the techniques disclosed herein.

The present invention overcomes deficiencies in the prior art by providing, among other

'thhg!,gmamodﬁ)ru:hgnqumabmpﬁmmdmippingpmcmmmmmidgu
_ from gaseous streams in a mexmer that generates said acid ges at a higher pressure while

consuming less enexrgy than the existing technology. The method involves replacing the
conventional single-pressure stripper nsed to regenerate the aqueons solvent and captore the
carbon dioxide with a multipressure stripper that combines acid gas compression with stripping.
By generating the acid gas at a higher pressure without operating the stripper at a greater
temperatiure, the method reduces the enargy consumption of systems in which the carbon dioxide
muubeoompraaedfurseqnesmﬁompmdmﬁmofmethmoltuﬁuyoﬂmuy,moﬂm

honeanhodhnmuheprumtinvenﬁc;nmmmhnpmvedmerhodfurrmvingm
acid gas from a gaseous stream containing same nging aqueous absorption and stripping

(8) passing the acid gas-rich solvent stream exiting the absorbing equipment through
a multipressure stripper in which the acid gas-rich solvent stream passes through
multiple flash stages such that the vapor obtained by flashing the acid gas-rich
solvent stream in each flash stage strips the acid gas from the acid gas-rich
golvent stream, resplting in an acid' gas-rich gemseous sitream exiting the
mmltipressure stripper and an acid ges-lean solvent sitream exiting the
multipressure strippes; wherein the multipressure stripper is operated at multiple
pressure lovels such that the vapor obtained in each flash stage is compreased in a
compressor and fed to the previous flash stage at a higher pressure; and

(b) recycling the acid gas-lean solvent stream exiting the multipressure stripper in
step (2) back to the absorption equipment at least once.

In another embodiment of the present invention, each stage of the multipressure stripper
from the stripping process is a countercurrent contactor.

In snother embodiment of the present invemtion, one or more of the stages of the
multipreasure stripper from the stripping process is a cocurrent cantactor.

In another embodiment of the present invention, one or more of the stages of the
multipressure stripper from the stripping process is a mixed contactor.

-5-
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In another embodiment of the pregsent invention, sdditional heat is supplied at one or -
more of the siages of the stripping column.

In snother embodiment of the present invention, the invention mvolves a stripping
equipment for stripping an acid gas from an acid gas-rich solvent stream. This equipment .
includes a stripping column containing multiple flash siages. The equipment also includes & -
commpreasor connected between each of the flash stages such that vapor produced in each flash
stage is compressed and fed to the previous flash stege at a higher presgure. :

In another embodiment of the present invention, each stage of the stripping cohmm from
the stripping equipment is a conntercurrent contactor. -

In encther embodiment of the present invention, one or more of the stages of the

stripping columm from the stripping equipment is a cocurrent contactor.

Inmoﬂm'embodnnmtofthcpresmnmvmhon.oneormmoﬁhemguofﬂw
stripping colunn from the stripping equipment is a mixed contactor. .

Inmothﬂembodhnunofthcprelmthvmﬁmaddiﬁamlhmtilmppﬁedatonem
more of the stages of the stripping column.

In the present invention, in en absorption process stage, the gaseous stream is contacted
with an aqueouns solvent (such as an aqueous amine, an aqueous alkanolamine or mixtures
thereof, :or sn amine promoted aqueous potassium carbonate) in an absorption equipment-such
that the scid gas in the gaseous stream is tranafexred from the guseous stream to the solvent,
resulting in & purified gaseous stream exiting the absorption equipment and an acid gas-rich
solvent stream exiting the absorption equipment. In a stripping stage, the acid gas-rich solvent
stream exiting the absorption equipment is passed throngh & multipressure stripper in which the
acid-gas-rich solvent stream passes throngh multiple flash stages such that the vapor obtained by
finshing ths acid gas- rich solvent stream in each flash stage strips the acid gas from the acid gas-
rich solvent stream, resulting in an acid gas-rich guseous stream exiting the multipressore
stripper and an acid gas-lean solvent stream exiting the multipressure stripper. In the stripping
stage, the mmitipressure stripper is operated at multiple pressure levels such that the vapor
obtained in cach flash stage is compressed in a compressor and fed to the previous flash stage at
a higher pressure. In the final step of the method of the present invention, the acid gas-can
solvent stream exiting the nmitipressure stripper is recycled back to the ahsorption equipment.

Conveniently, the gaseous stream to be treated by the present method is comprised of flue
gas, natoral gag, hydrogen gas, or synthesis gas.
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As used in the specification, "a" or "an" may mean one or more. As used in the claim(s),
when used in conjunction with the word "compriging”, the words "a” or "an" mean one or more
then one unless explicitly stated otherwise. As used berein “ancther™ may mean at least a second
or more. ' '

Other objects, features, and advantages of the present invention will become apparent
from the following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating illustrative embodiments of the invention,
are given by way of illustration only, gince various changes and modifications within the spirit
and scope of the invention will becoms apparent to those skilled in the art from this detailed
description.

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better understood by
reference to one or more of these drawings in combination with the detailed description of

FIG. 1 is a schematic drawing of CO; captre by potassium carbonate
absorption/stripping utilizing one possible vapor recompression for energy integration.

FIG. 2 is a schematic drawing of CO; capture by potassium cerbonate

FIG. 3 is a schemsatic drawing of CO; capture by potassium carbonate
1 < on/strioni ilizine multi toping for inteerati fing o
enibodiments of the present invention. : ' '

FIG. 4 is a schematic diagram of the muitipreasure stripping process according to
embodimentz of the present invention.

According to the present invention it is possible to minimize the heat energy
requirements associated with the removal and capture of carbon dioxide from a gaseous stream
by aqueous absorbent and stripping processes. This is attained by combining aqueous absorption
with multipressure siripping Becanse the present invention results in the captured acid gas
being in a compressed state, the invention may be most beneficial in systems requiring
compressed acid gas for applications such as sequestration, production of methanol, and tertiary
oil recovery.

The present invention utilizes aspects of the process of aqueous absorption, as described
in U.S. Patent 6,139,605, which is incorporated herein by reference. Through thiz process, an
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acid gas such.as carbon dioxide, hydrogen sulfide, or a mixture thereof is removed from gaseous
streams by comtacting the gaseous stream with a liquid absorbent that absorbs the acid gas. As
industrial applications expected to benedit from the present invention require the concentration of
the acid gas to be reduced to a very low level, the absorbent is generally selected to be one that
reacts with the acid gas. Examples of absorbent liquids suitable for use in the present invention
for the absorption of the acid gas include, but are not limited to, amine promoted aqueouns
potassium carbonate and aqueous sohutions of amines and alkanolamines, Non-limiting examples
of alkanolamines suitable for use in the present invention are monoethanolaminé (MEA),
diethanolamine (DEA), and methyl dicthanolamine (MDEA).

The absorption step may be carried out by contacting the gascous stresmn at a relatively
low temperature but at an elevated pressure in an absorption column with a stream of the
absorbent liquid, referred to at this stage as “lean solvent,” flowing counter-cuxrent to the
gaseous stream. As described in U.S. Patent 4,384,875, the purified gaseous siream emerges
from the top of the absorber, while the absorbent liquid containing the acid gas, refesred to at this
stage as “acid gas-rich solvent,” emerges from the bottom of the absorber. To capture the acid
gas and regenerate the absorbent liquid so it can be recirculated back to the top of the absorber
column as lean solvent, the rich solvent is treated with a stripping procesa.

In conveutional absorption/stripping, the aqueous solvent is regenerated in a simple,
countercurrent, reboiled stripper operated at a single pressure. To carry out the stripping process
in the present invention, & multipressure stripper is employed. The mmitipressure stripper
integrates the acid gas compression with stripping. The stripper itself is a multistage flash in
which the total vapor flow from each stage is compressed and fed to the previous flash stage at 2
higher pressure. In this process, the heat in the water content of the vapor exiting each stage is
utilized st a higher pressure in the previous stage, This is significant because the overhead vapor
can contain one to ten moles of water vapor for every mole of the acid gas. The described
stripping process genersates the acid gas at a higher pressure without operating the stripper at a
higher temperature, thereby reducing the energy consumption of the systemn.

The multipressure stripping process of the presemt invention may be undesirable in
certain distillation and stripping applications becanse compregsors are currently expensive to the
point of being cost prohibitive. However, in applications where a compressor is already required
to achieve a desired end result, the multipressure stripping process can be implemented with Little
additional cost.

The present invention finds application in a vast ey of fields. Because it integrates
compression with stripping to prodoce a compressed acid gas product, the invention may be
particularly attractive in systems that require compression of the product acid gas for

-8-
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spplications such as sequestration, production of methanol, and tertiary oil recovery. Such
systems will already have a compressor incorporated into their cumrent configuration, and thus it
will not be necessary to expend the significant capital necessary to purchase a compressor for use
in the presant invention.

In addition, as envirommental concems magnify, indusiry may be forced to further.

explore and adopt various technologies that effectively reduce acid gas (such as, for example,
carbon dioxide) emissions in an energy-efficient manner. In such a scenario, the present
imvention will be highly desirable to an even greater spectrum of industry due to its energy-
efficient method of operation.

_ The following non-limiting examples are included to demonstrate specific embodiments
of the invention. It should be appreciated by those of ekill in the art that the techniques disclosed
in the examples which follow ropresent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute specific modes for its
pructice. However, those of skill in the art ghould, in light of the present disclosure, appreciate
that many changes can be made in the specific ambodiments which are disclosed and still obtain
a like or similer resnlt without departing from the spirit and scope of the invention.

FIG. 1, FIG. 2, and FIG. 3 show the same carbon dioxide capture process utilizing three
different modes of energy integration. The solvent used in the example process is an amine
promoted aqueous potassium carbonate, although other solvents known in the art may be used as
well. FIG. 1 and FIG. 2 show processes utilizing known modes of energy integration, whereas
FIG. 3 shows a process utilizing multipressure stripping for energy integration sccording to
embodiments of the present invention.

Comperetive Example 1

FIG. 1 shows a process utilizing one posaible vapor recompression for energy integration.
Referring to FIG. 1, a gas which contains a high concentration of CO3, for example a natural gas
or a flue gas, is passed, via line 1, into the bottom of absorption column 2 and flows up through
column 2 counter-current to absorbent flowing down the column. At the same time, lean
absorption solvent, in this example a promoted potassium carbonate, is passed via line 3 to the
upper end of the absorption column and semi-lesn absorption solvent is fed via line 4 to a
location intermediste the upper and lower ends of columm 2. The absorption solvent, which is
fed counter-current to the gas, becomes laden with CO,, and the rich absorption solvent is teken
off at the bottam of the absorption column via line 5. The washed gas is taken off at the top of
the absorption columm via line 6.
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Thus, the gas to be treated is scrubbed against semni-lean absorbent near the middle and
lower end of absorption columm 2 and against lesn absorbent near the top of absorption colurnn 2
to absorb most of the specified gas while passing most of the other gases in the gas to be treated
out of the absorption step. The bulk of the absarption takes place near the bottom of column 2
by using semi-lean sbsorbent. Only the last traces of the CO; are removed from the gas in the
top section of absorption columm 2.

The CO,-rich absarbemt solvent is then fed, via line 7, to the upper end of a vacoum
stripping column 8, where the rich absorbent flows down column 8. Heat is provided to the .
stripper by compressing the stripper overhead exiting column 8 via line 9 in compressors 10 and
11 and condensing its contained water vapor against a recirculating stream from the stripper
bottoms in condensers 12 and 13. The recirculating stream from the stripper bottoms exits

" columm 8 via line 15, and a portion of it is fed through condensers 12 sud 13 via line 16, The

recirculating stream is fed back to colmmn 8 via line 14. Compressed gas containing the CO;
stripped from the rich absorbent liquid exits the system via line 21. The heat provided to the
stripper is used to generate the vapor necessary for stripping the CO; from the rich absorbent.
The vapor generated from heating the rich absorbent rises up through the stripping column 8
countercurrent to the rich absorbent liquid flowing down colummn 8. As the vapor rises to the top
of the stripping columm, it strips the CO; from the rich absorbent. The vapor rising from the
stripper bottom is mainly water vapor since aqueous solvents generally have a low volatility. At
the top of column 8, the vapor carrying the CO; stripped from the rich absorbent is passed viz
line 9 through compressor 10 as described previously. '

Semi-lean absorbent liquid is withdrawn from a location intermediate the lower and
upper ends of stripping colummn 8 via line 17 and is recycled to a location intermediate the upper
and lower ends of absorption column 2. Thus, the semi-lean absorbent withdrawn via line 17 is
fod to heat exchanger 18, where it is cooled with cooling water to a tempersture and is then fed
to absorption cohumn 2 via line 4. A portion of the lean absorbent liquid taken from the bottom
of stripping column 8 via line 15 is recycled to the upper end of absorption column 2. Thms,
some of the lean absorbent withdrawn via line 15 is fed to heat exchanger 20 via line 19, where it
i8 cooled with cooling water to a temperature and is then fed to absorption columm 2 via kine 3.

Compargtive Example 2

FIG. 2 shows a process ufilizing conventional turbine exhaust steam for emergy
integration. Referring to FIG. 2, a gas which contains a high concentration of CO,, for examplo
a natural gas or a flue gas, is passed, via line 22, into the botiom of absorption columm 23 and

flows up through column 23 counter-current to absorbent flowing down the column. At the
-10-
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same time, lean gbaorption solvent, in this example a promoted potassium carbonate, is passed
via line 24 to the upper end of the sbsorption column and semi-lean absorption solvent is fed via
line 25 to a location intermediate the upper and lower ends of column 23. The absorption
solvent, which is fed counter-current to the gas, becomes 1aden with CO,, and the rich absorption
solvent is taken off at the bottom of the absorption colhunm via line 26.- The washed gas is taken
off at the top of the absorption column via line 27.

Thus, the gas to be treated is scrubbed agrinst semi-lean absorbent near the middle and
lower end of absorption cohnmn 23 and against lean absorbent near the top of absorption column
23 to absorb most of the specified gas while passing most of the other gases in the gas to be
treated out of the absorption step. The bulk of the absorption takes place near the bottom of
column 23 by using semi-lean absorbent. Only the last traces of the CO; are removed from the

" gas in the top section of absorption column 23.

The CO,rich absorbent solvent is then fed, via line 28, to the upper end of a vacuom
stripping column 29, where the rich absorbent flows down column 29. Heat is provided to the
stripper by using exhanst steam from steam turbine 30. High pressure steam is fid to torbine 30
via line 36, and the turbine produces some form of work, such as electricity. The exhaust steam
from turbine 30 is fed to condenser 31 via line 32, where it is condensed against a recirculating
column 29 via line 33, and a portion of it is fed through condenser 31 via line 34. The
recirculating stream is fed back to column 29 via line 35. The heat provided to the stripper is
used to generate the vapor necessary for stripping the CO; from the rich absorbent. The vapor
generated from heating the rich absorbent rises up through the stripping columm 29
countercurrent to the rich absorbent liquid flowing down cohmmn 29. As the vapor rises to the
top of the stripping cohmmm, it strips the CO; from the rich absorbent. The vapor rising from the
stripper bottom is mainty water vapor since aqueous solvents generally have a low volatility. At
the top of colummn 29, the vapor carrying the CO; stripped from the rich absorbent is passed via
line 36 through condenser 37 , where heat exchange with cooling water causes most of the water
in the vapor to condense out. The remaining vapor, which is high in CO, concentration, is fed to
compressor 38 via line 39, The compressed CO;-rich gas exits the system via line 44.

Semi-lean absorbent liquid is withdrawn from a location intermediate the lower and
upper ends of stripping cohmon 29 via line 40 and is recycled to a location intermediats the upper
end lower ends of absorption columm 23. Thus, the semi-lean absorbent withdrawn via line 40 is
fed to heat exchanger 41, where it is cooled with cooling water to a temperature and is then fed
to absorption cohumm 23 vis line 25. A portion of the lean sbsorbent liquid taken from the
bottom of stripping colurmn 29 via line 33 is recycled to the upper end of sbsorption cohmmm 23.

-11-
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Thus, some of the lean absorbent withdrawn via lins 33 is fed to heat exchanger 43 via line 42,
where it is cooled with cooling water to a tergperature and is then fed to absorption colummn 23
via line 24,

Exmuple 1
FIG. 3 shows a process utilizing multipressure stripping for energy integration according

. to embodiments of the present invention. Referring to FIG. 3, a gas which contains a high

concentration of CO,, for example a natural gas or a fluc gas, is passed, via linc 45, into the
bottom of absorption colunm 46 and flows up through column 46 counter-current to absorbemt
flowing down the column. At the same time, lean absorption solvent, in this example a
promoted potassium carbonate, is passed via line 47 to the upper end of the absorption column.
The absorption solvent, which is fed connter-current to the gas, becomes laden with CO», and the

-tich absorption solvent is taken off at the bottom of the sbsorption column via line 48. The
- washed gas is taken off at the top of the absorption column via line 49,

The COzrich sbsorbent solvent is then fed, via line 50, to the upper end of &
multipressure stripping cohmnn 51, where the rich absorbent flows down column 51. The
multipressure stripping column is a multistage flash, whereby the lowest flash stage 52 provides
stripping steam by flashing the absorption solvent. The stripping steam then contacts the rich
absorbent liquid in each flash stage and strips the CO; from the rich absorbent liquid. The total
vapor flow produced in lowest stage 52 is fed through compressor 53 via line 54. The
compressed vapor exiting compressor 53 is fed to the bottom of intermediate flash stage 55 via
line 56. The total vapor flow produced in intermediate flash stage 55 is fod through compressor
57 via line 58. The compressed vapor exiting compressor 57 is fed to the bottom of top flash
stage 59 via line 60. The total vapor flow produced in top flash stage 59 is fed thvough
compressor 61 via line 62. The CO;-rich compressed vapor exiting compressor 62 exits the
gystem via line 63.

The lean absorbent liquid taken from the bottom of mmitipressure stripping column 51 via
line 64 is recycled to the upper end of absorption column 46. Thus, some of the lean absorbent
withdrawn via line 64 is fed to heat exchanger 65 via line 66, where it is cooled with cooling
water to a temperature and is then fed to absorption column 46 via line 47.

Using known vapor recompression as shown in FIG. 1, heat will be provided to the
stripper by compressing the stripper overhead and condensing its contained water vapor against a
recirculating stream from the stripper bottoms. The compression work will algo be recovered as
heat in the stripper bottoms. This feature replaces steam with equivalent power. Vapor
recompression may require an axial flow compressor with high volume capacity for water vapor.
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The capital cost of this compressor may be significant. It will be comparable in size to the air
compressor of a'large gas turbine for a power plant of the equivalent size, but the shaft power
requirement will be an order of magnitude smaller becanse of the low demsity of the vacimm
stream. .

Using conventional tnrbine exhsust steam as shown in FIG. 2, a steam turbine could

" produce electricity and could provide the additional work required to compress the CO; from

0.15 atm to 1 atm. The capital cost of compreasors would be significantly reduced relative to
that for vepor recompression. However, the capital cost of a steam turbine may be significant.

Compared to the conventional modes of energy ‘integration shown in FIG. 1 and FIG. 2,
the multipressure stripping mode of energy integration of the present invention shown in FIG. 3

. offers the minimum energy configuration with the minitmm amount of heat exchange. The

bottom stage provides stripping steam by flaghing the solvent. The top stage recovers heat and
drives the overall stripper to a greater temperature and pressure. All of the energy is provided as
work, either from off-peak electricity or from steam turbines.

Example 2

A schematic diagram of a multipressure stripping process according to embodiments of
the present disclosure is shown in FIG. 4. Referring to FIG. 4, CO,-rich absorbent solvent is fed,
via line 87, through cross exchanger 88. The solvent is then fed, via line 67, throngh croas
exchanger 68. The rich absorbent is then fed, via line 69, to the top stage 70 of a multipressure
stripping column, where the rich absorbent flows down the column via lines 71 amd 73. The
multipressure stripping column is a multistage flash, whereby the lowest flash stage 74 provides
stripping steam by flashing the absorption solvent. The stripping steam then contacts the rich
vapor flow produced in lowest stage 74 is fed through compressor 76 vie line 75. The
compressed vapor exiting compressor 76 is fed to the bottom of intermediate flash stage 72 via
Iine 77. The total vapor flow produced in intermediate flash stage 72 .is fed throngh compressor
79 via line 78 The compressed vapor exiting compressor 79 is fed to the bottom of top flash

WA\

stage 70 via line 80. The COx-rich compressed vapor exiting top flash stage 70 exits the system '

via line 81.

A portion of the lean absorbent liquid exiting lowest flash stage 74 via line 82 is recycled
to lowest flash stage 74. Thns, some of the lean absorbent withdrawn via line 82 is fed to cross
excheanger 84 via line 83, where it is then fed to lowest flash stage 74 via line 85. The remainder

-13-
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of the lean absorbent liquid exiting lowest flash stage 74 via line 82 that is not recycled to lowest
flash stage 74 is fed to cross exchenger 88 via line 86. The lean sbsorbent liquid exiting cross
exchanger 88 is then recycled back to the absorption stage of the process via line 89.

The stripper configuration depicted in FIG. 4 was simmlated assuming equilibrium
contacting in a spreadsheet simmiation with a hypothetical solvent. The nonlinear equilibriom of
the system was repregented by the simple equation:

Ln Pooa = a+ B*ldg - AH/RT

The constant B was selected to give the specified capacity (m = gmol/kg water) for CO;
absorption at the nominal absorber temperature, T. The heat of absorption, AH, was also varied
to sinmlate different solvents; a value of 22 kcal/gmol is typical of monoethanolamine (MEA); a
value of 15 kcal/gmol would represent an alternative solvent. The heat rate, Q, was provided at a
maxinrum temperature of 120°C with a 10°C driving force. The equivalent work of the heat was
calculated from the Camot equation:

Equivalent Wark of Steem = Q (Tem— 313 Tt

The approach to equilibrium at the rich and lean end of the stripper was taken to be 33%
(typical of MEA gystems) and 75% (possible with reactive altemative solvent). Table 1 shows
the results of the aforementioned spreadsheet gimmlation.
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TABLE 1. Simulated Energy Requirements for Multipressure Stripper _
of S

Work
&E@ (%) I

15 33 32 2.2 9
15 75 28.6 1.4 7.3
22 33 34 1.5 7.5
22 75 34 1.0 6.8

IMEA simple B3 rich, 5 lesn {50 0 12
Parameters: 10% CO,, 40°Absorber, 90% removal, compression to 8 atm CO;
0.5 m capacity, 5°C cross-x approach, 4 contact stages (3 compressor stages)

As shown in Table 1, the multipressure stripper requires 6.8 to 8.9 kcal equivalent
work/mole CO; removed. This is 25 to 40% less than the comventional MEA stripper (12
keal/gmol). The actual compressor work to a get a CO; product at 8 atm is 1.0 to 2.2 keal/gmol.
Even thongh the multipressure stripper requires some compression for waier vapor, the
compressor work required is not significantly different from the simple MEA stripper becanse
much of the CO; is produced at higher pressure.

The net heat requirement for the multipressure stripper (29-34 koal/gmol CO,) is
spproximately the heat of absorption of the CO; plus 5°C sensible heat to drive the cross
exchanger 88. It is gignificantly less than the net heat required (40-50 kcal/gmol) for the state-
of-the-art MEA technology. Therefore, the compressor capital cost and power requirement may
not be significantly different from the conventional MEA stripper, but the heat requirement may
be significantly reduced. A closer approach to equilibrium in the absorber reduces the equivalent
total work by 10 to 20%. The solvent with the lower hest of absorption appears to be 10 to 15 %
better.

While the present invention may be adaptsble to various modifications and alternative
forms, specific embodiments have been shown by way of example and described herein.
However, it should be understood that the present invention is not intended to be limited to the
particular forms disclosed. Rather, it is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the sppended claims. Moreover,
the different aspects of the disclosed equipment and methods may be wutilized in various
combinations and/or independently, Thms the invention is not limited to ouly those combinations
shown herein, but rather may include other combinations, as well.
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CLAIMS

An improved method for removing an acid gas from a gaseous stream contsining same

using aqueous absorption and stripping equipment, the improvement comprising:

(2) passing the acid gas-rich solvent stream exiting the absorbing equipment through
a multipressure stripper in which the acid gas-rich solvent stream passes through
multiple flash stages such that the vapor obtained by flashing the acid gas-rich
solvent stream in each flash stage strips the acid gas from the acid gas-rich
solvent stream, resulting Im an acid gaswich gaseous stream exiting the
muitipressure stripper and an acid gas-lean solvent siream exiting the
multipressure stripper; wherein the multipressure stripper is operated st nmltiple
pressure levels such that the vapor obtained in each flash stage is compressed in a
compressor and fed to the previous flash stage at a higher pressure; and

(b) recycling the acid gas-lesn solvent stream exiting the mmltipressure stripper in
step (a) back to the absorption equipment at least once.

The method of claim 1, wherein each stage of the multipressure stripper is a

countercurrent contactor.

The method of claim 1, wherein one or more of the stages of the multipressure stripper is

a cocurrent contactor.

The method of claim 1, wherein one or more of the stages of the multipressure stripper is

a mixed contactor.

The method of amy one of claims 1 to 4, wherein the gaseous stream comprises flue gas,

natural gas, hydrogen gas, or synthesis ges.

The method of any one of claims 1 to 4, wherein the acid gas comprises carbon dioxide.

The method of any one of the claims 1 to 4, wherein the acid gas comprises hyxdrogen

sulfide.

The method of any one of claims 1 to 4, wherein the solvent is an aqueous amine, an

aqueous alkanolamine, or mixtores thereof,

The method of any one of claims 1 to 4, wherein the solvent is an amine promoted

equecus potassinm carbonate.

The method of any one of claims 1 to 4, wherein additional heat is supplied at one or

more of tho stages of the multipreasure stripper.

An equipment for stripping an acid gas from an acid gas-rich solvent stremn, comprising:

(2) astripping columm comprising multiple fiash stages; and

(b) at least ono compressor cormected between each of the fiash stages snch that
vapor produced in each flash stage is compressed and fed to the previous flash
stage at a higher pressure,

~16-
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12. The equipment of claim 11, wherein each stage of the stripping columm is a

countercurment contactor.

13. The equipment of claim 11, wherein one or more of the stages of the stripping column is
a cocurrent contactor.

14. The equipment of claim 11, wherein one or more of the stages of the stripping colomn is
a mixed contactor.

15. The equipment of claim 11, wherein additional heat is supplied at one or more of the
stages of the multipressure stripper column,
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Como resultado del examen de forma, realizado con fundamento em el articulo 38 de
la Decisién 486 de la Comisifén de la Commnidad Andina, articulo 27 del Tratadoc de
Cooperaclén en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
fnica de la Buperintendencia de Industria y Comercio, se le comunica que:

1. 81 fuere el caso, el solicitante deba adjuntar la traduccién de los anexos del
reporte de examen preliminar internacional (Art. 36.2.b) del tratado PCT.

2. La solicitud no comtiene la copla del documento en que consta la cesién del
derecho a 1la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisién 486.

3. La solicitud no contiene el poder debidamente otorgado, com el llano de los
raquisitos axigidos por los articulos €3 y subsiguientes del COdigo de
Procedimiento Civil. Adicicnalmente, deberf presentar el documento que acredita la
exigtencia y representaciénm legal de la socledad solicitante, cuando ésta fuere
persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Declglién 486, se le
requiere para que dentro del término de dos meses sigulentes a la fecha de
notificacidn del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimlento al presente regquerimiento, la solicitud se
considerari abandonada y perderi su prelacifn.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
a), del capitulo qp dedy titulo primero de la Circular Unica No.10 de 2001.
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