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PROCESS FOR THE RECOVERY OF 
CARBON DIOXIDE FROM A GAS STREAM 

FIELD OF THE INVENTION 

[0001] This invention relates to a process for separating 
carbon dioxide from gas mixtures and, in particular, from 
Waste gas streams Which may contain more than one percent 
by volume of carbon dioxide. 

BACKGROUND OF THE INVENTION 

[0002] Fossil fuels are typically combusted in industry to 
produce heat and/or electricity. The combustion results in the 
production of a stream of ?ue gas Which contains carbon 
dioxide and other components. In addition, other sources of 
Waste gas streams containing carbon dioxide, Which may be 
produced by industry, include land?ll gas, blast furnace gas 
and off gas from an electric arc bauxite reduction furnace. 
[0003] Carbon dioxide has been identi?ed as a green house 
gas. Accordingly, the amount of carbon dioxide emitted With 
?ue gases from an industrial plant are subject to regulation in 
many jurisdictions. Therefore, Waste gas streams, prior to 
being vented to the atmosphere, typically need to be treated to 
control the amount of carbon dioxide that is emitted to the 
atmosphere. 
[0004] Techniques for separating carbon dioxide from a gas 
mixture are knoWn. These include the use of regenerable 
absorbents, cryogenic techniques and membrane techniques. 
However, each of these technologies is energy intensive When 
applied to capturing carbon dioxide from a gas mixture. 
Accordingly, additional energy, Which may Well be obtained 
from burning fossil fuels, is required to operate the carbon 
dioxide capture process. Accordingly, the operating of the 
carbon dioxide capture process may result in the generation 
of additional ?ue gas that must be treated. 
[0005] Various amine absorbents, Which are sometimes 
referred to as solvents, are Well knoWn for use in removing 
carbon dioxide from ?ue gas. Factors Which in?uence the 
economics of a carbon dioxide capture process utiliZing 
amine-base solvents include the liquid to gas ratio (L/G), the 
regeneration steam requirement and the amine loss rate. The 
liquid to gas ratio is a ratio of the liquid ?oW rate (i.e. the ?oW 
rate of the absorbent through, e. g., an absorption column) to 
the gas ?oW rate (e. g. the ?oW rate of gas through an absorp 
tion column countercurrent to the absorbent). Accordingly, 
the L/G ratio is a measure of the moles of amine circulated per 
mole of carbon dioxide in the inlet gas stream. Therefore, the 
L/ G ratio determines the siZe of the liquid side equipment and 
pumping poWer that is required to obtain a particular level of 
carbon dioxide removal. The regeneration steam requirement 
relates to the amount of steam that is required to regenerate 
the amine absorbent. The larger the L/G ratio and the steam 
required per volume of CO2 rich absorbent, the more energy 
must be provided to operate the process, to obtain a particular 
level of carbon dioxide removal. The amine loss rate relates to 
the extent to Which the amine is degraded or lost by volatil 
iZation into the treated gas stream, and needs to be replaced. 
Accordingly, various different absorbents and combinations 
of absorbents have been proposed. 
[0006] Primary and secondary amines, such as monoetha 
nolamine (MEA) and diethanolamine (DEA) are very reac 
tive With CO2 and are therefore able to effect a high volume of 
carbon dioxide removal at a fast rate. Primary and secondary 
amines hoWever have a limitation in that their maximum 

Jul. 3, 2008 

carbon dioxide loading capacity, based upon stoichiometry, is 
at best about 0.5 mole C02/mole of amine functionality. Fur 
ther, amines, Which form stable carbamates, e.g. strong pri 
mary amines, are dif?cult and energetically expensive to 
regenerate to loW CO2 content in the lean amine, so that the 
delta loading is often undesirably small per amine function 
ality. MEA for example has a delta loading of about 0.25 
moles CO2/ mole amine. Tertiary amines, hoWever, Which are 
thermally and chemically more stable, such as methyldietha 
nolamine (MDEA), have an equilibrium carbon dioxide load 
ing capacity that approaches 1.0 mole C02/mole amine. Fur 
thermore stripping carbon dioxide from tertiary amines of 
moderate pKa, e.g. pKa:8.0-9.5, typically requires substan 
tially less energy input than is required to strip carbon dioxide 
from primary and secondary amines, such as MEA or DEA. 
[0007] Accordingly, both primary and secondary amines, 
as Well as tertiary amines, have properties Which make them 
desirable for use in acid gas capture. HoWever, they each have 
disadvantages. Accordingly, it has been disclosed to use pri 
mary and secondary amines as activators for tertiary amines 
(see for example US. Pat. No. 5,700,437; US. Pat. No. 5,277, 
885 and WO2005/087349) in order to overcome their major 
disadvantage of sloW reactivity With CO2. 

SUMMARY OF THE INVENTION 

[0008] When a gas stream containing carbon dioxide is 
contacted With an aqueous amine solution, the acid gas reacts 
With the amine to form a soluble acid-base complex in the 
absorption solution or solvent. Carbon dioxide absorption 
can occur by tWo different reaction mechanisms. According 
to a ?rst mechanism, the carbon dioxide hydrolyses to form 
carbonic acid (equation 1). 

[0009] The carbonic acid in turn dissociates to hydrogen 
ions and bicarbonate (equation 2). 

Equation 1 

[0010] Bicarbonate can further ioniZe to another hydrogen 
ion and carbonate (equation 3). 

Equation 2 

[0011] The hydrogen ion then undergoes an acid-base reac 
tion With the amine (equation 4) to yield the overall reaction 
shoWn in equation 5. 

Equation 3 

[0012] The hydration of carbon dioxide (equation 1) has a 
sloW reaction rate. HoWever, the remaining reactions are rela 
tively quick and equation 4, Which uses a tertiary amine, is 
essentially instantaneous. Accordingly, equation 1, the hydra 
tion of carbon dioxide, is the rate limiting reaction. 
[0013] The second reaction mechanism is set out in equa 
tions 6-8 and requires the presence of a hydrogen atom 
bonded to the nitrogen atom of the amine. This second reac 
tion mechanism results in the formation of an amine salt of a 
substituted carbamic acid (equation 8). This reaction 
sequence may only occur With primary and secondary 
amines. In effect, the carbon dioxide reacts With one primary 
or secondary amine molecule to form a carbamic acid inter 
mediate (equation 6). 

Equation 5 
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[0014] The carbamic acid intermediate then reacts With a 
second amine molecule to form an amine salt. 

R1R2N*HCOO*+R1R2NH¢>R1R2NCOO*+ 
R1R2NH2+ Equation 7 

[0015] The rate of carbon dioxide absorption by the car 
bonate reaction is rapid, much faster than the carbon dioxide 
hydrolysis reaction. 
[0016] The stoichiometry of the carbamate reaction indi 
cates that the capacity of the amine solution for CO2 is limited 
to 0.5 mole of CO2 per mole of amine if the only reaction 
product is the amine carbamate. But, the carbamate can 
undergo partial hydrolysis to form bicarbonate, regenerating 
free amine (equation 9). 

Equation 8 

HCO; 

[0017] The hydrogen ion produced in Equation 9 then 
reacts With a single amine molecule, i.e., at a reaction ratio of 
1 mole of CO2 per mole of amine. 
[0018] Thus, rich amine CO2 loadings exceeding 0.5 mol/ 
mol, as experienced in some DEA applications, is possible 
through the hydrolysis of the carbamate intermediate to bicar 
bonate. 
[0019] During the regeneration reaction, the absorption 
process, Which is exothermic, must be reversed. If steam 
stripping is utiliZed, Which is preferred, then a su?icient 
amount of steam must be produced to provide the required 
input of energy to essentially cause the overall reaction (equa 
tion 5 and/or 8) to operate in reverse. The pKa, the negative 
logarithm of the ioniZation constant, is numerically equal to 
the solution pH at Which the concentration of the base and 
conjugate acid are equal. In general, the stronger the base, the 
higher the heat of reaction With carbon dioxide. On the other 
hand, in order to absorb carbon dioxide, the base must be 
strong enough to buffer in the pH range Which reduces the 
carbon dioxide vapour pressure over the absorbent solution to 
a value suf?ciently loW to meet the desired treated gas carbon 
dioxide concentration. In practice, this means Working in the 
pH range of Equation 3, so that the equilibrium value of 
Equations 1 and 2 are shifted far enough to the right to 
minimize the carbon dioxide concentration. 
[0020] As disclosed in Us. Pat. No. 7,056,482, one ofthe 
most successful commercial processes for carbon dioxide 
removal from ?ue gas is the use of aqueous monoethanola 
mine (MEA). MEA has a pKa of 9.5 at 25° C. Accordingly, 
MEA is a relatively strong base. An MEA carbon dioxide 
capture process may consume in the regeneration step up to 
30% of the steam generated in a boiler heated by the combus 
tion of a fossil fuel, depending upon the scrubbing process 
con?guration and energy integration. 
[0021] Accordingly, as primary and secondary amines are 
less stable than tertiary amines, and as they require more 
steam for regeneration, the use of primary and secondary 
amines has focused on their use as activators to accelerate the 

capture of CO2 With a tertiary amine. Thus, primary and 
secondary amines are used to overcome the rate-limiting step 
of the hydration of carbon dioxide. The reaction sequence, 
Which operates When primary and secondary amines are used 
as activators for tertiary amines, can be represented by the 
sequential operation of Equations 6, 7, 9 and 4. 
[0022] In accordance With the instant invention, it has sur 
prisingly been determined that using selected amines, a C02 

Equation 9 
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capture process may be conducted using substantially 
reduced energy input. In particular, the regeneration reaction 
may be conducted utiliZing 1-2 pounds of steam per pound of 
CO2 regenerated, preferably 1-1 .5 pounds of steam per pound 
of CO2 regenerated utiliZing the amines according to the 
instant invention Whereas, for example, a 30% MEA solution 
requires approximately tWo pounds of steam per pound of 
CO2, When treating 12% vol. CO2 feed gas at an absorber 
temperature of about 50° C. for 90% CO2 capture. If feed 
gases of loWer CO2 concentration are treated or the gases are 
treated at a higher absorber temperature, then the steam con 
sumption may rise to 2 pounds of steam per pound of CO2, or 
even higher. 
[0023] Accordingly, in accordance With one aspect of the 
instant invention, there is a process for recovering CO2 from 
a feed gas stream comprising: 

[0024] (a) treating the feed gas stream With a regenerated 
absorbent having a viscosity less than 15 centistokes that 
is selected from one the of the folloWing groups: 
[0025] (i) at least one polyamine in the absence of an 

effective amount of tertiary amine functionalities hav 
ing a pKa su?icient to neutraliZe carbamic acid, the 
polyamine having a pKa for each sorbing nitrogen of 
<10.0 at 25° C. and the feed gas stream has an SO2 
concentration less than 5 ppm vol; and, 

[0026] (ii) a polyamine in the absence of an effective 
amount of tertiary amine functionalities having a pKa 
suf?cient to neutraliZe carbamic acid, the polyamine 
having at least one secondary amine functionality 
having a pKa for each sorbing nitrogen of <10.0 at 25° 

to obtain a spent absorbent and a C02 lean gas stream; 
[0027] (b) conveying the CO2 rich amine absorbent to a 

regeneration Zone: and, 
[0028] (c) regenerating the absorbent. 

[0029] Accordingly, the applicant has developed a process 
that utiliZes primary and secondary amines to reversibly cap 
ture CO2.As these absorbents react rapidly With CO2, the siZe 
of the absorber toWer may be reduced. In the past, it has been 
acknowledged that primary amines degrade rapidly and 
require high regeneration energy and that secondary amines 
are generally used as activators to help tertiary amines absorb 
CO2 faster. Diethanolamine (a secondary amine) has been 
Widely used for CO2 absorption but it has a relatively high 
regeneration energy requirement and can degrade rapidly, 
especially in contact With CO2. Surprisingly, in contrast to 
prior art, We have found a process of eliminating or avoiding 
these knoWn de?ciencies of primary and secondary amines, 
[0030] The primary amines used in accordance With this 
invention are polyamines that reversibly react With CO2, so 
that only the loW energy part of the total theoretical absorp 
tion cycle need be utiliZed, While still having a high cyclic 
CO2 capacity. These polyamines preferably have a loW 
equivalent Weight less then 100, preferably have a vapor 
pressure of the pure compound less than 20 mm Hg at 100° C., 
a degradation rate that is preferably less than 25%/yr and the 
primary amine functionalities have a pKa less than 10. More 
preferably, the primary amine functionalities have a pKa in 
the range, 10-8, and most preferably 9.5-8.5. These primary 
amines are preferably used in the absence of greater than 5 
ppm S02, in the absence of electrophilic functional groups 
able to react With the amine and in the absence of tertiary 
amine functionalities With pKa greater than 7, and more pref 
erably, greater than 6. 
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[0031] The secondary amines used in accordance With this 
invention reversibly react With CO2 and preferably are 
polyamines, preferably have a loW equivalent Weight less than 
150, preferably have a vapor pressure of the pure compound 
that is less than 20 mm Hg at 100° C. and preferably have a 
degradation rate<25%/yr. These secondary amines are pref 
erably used in the absence of tertiary amine functionalities 
With pKa greater than 7 and, more preferably, greater than 6. 
More preferably, the secondary amine functionalities have a 
pKa in the range, 10-8, and most preferably 9.5-8.5. 
[0032] Accordingly, in one embodiment the amine absor 
bent comprises at least one primary or secondary amine func 
tionality, Which is preferably an ethylene amine compound 
and, optionally, may comprise a plurality thereof. Such 
amines are used in the absence of an effective amount of 
tertiary amine functionalities having a pKa for each sorbing 
nitrogen preferably greater than 7 and, more preferably 
greater than 6 at 25° C. Accordingly, by limiting the amount 
of tertiary amine functionalities, and preferably by using an 
absorbent that does not contain any tertiary amine function 
alities, the primary and secondary amine functionalities pro 
vide rapid CO2 absorption in the absorber and also act as 
agents for conveying the carbon dioxide from an absorption 
Zone to a regeneration Zone. It Will be appreciated that an 
amine absorbent may include tertiary amine functionalities if 
the tertiary amine functionalities have a pKa that is insu?i 
cient to neutraliZe carbamic acid, preferably less than 7 and, 
more preferably, less than 6. 
[0033] By an “effective amount” is meant that the amount 
of tertiary amine functionalities that are present is not signi? 
cant in providing a mass transfer vehicle from the absorption 
Zone to the regeneration Zone. For example, the absorbent 
preferably contains less than 5 mole %, more preferably less 
than 1 mole % and, most preferably, no tertiary amine func 
tionalities having a pKa for each absorbing nitrogen of greater 
than 6.0 at 25° C. 
[0034] By “sorbing nitrogen” is meant a nitrogen Which 
Will react With carbon dioxide or a hydrogen ion to form an 
amine salt. Accordingly, at least one of the nitrogens of a 
primary or secondary amine Will react With carbon dioxide to 
form an amine salt. Optionally, each nitrogen atom may so 
react. 

[0035] Preferably the polyethyleneamine comprises at 
least one of diethylenetriamine (DETA), triethylenetetramine 
(TETA) and tetraethylenepentamine (TEPA), or mixtures 
thereof and, more preferably, at least one of DETA and TETA 
or mixtures thereof. 

[0036] In another embodiment, the regenerated absorbent 
has an absence of any tertiary amine functionality having a 
pKa for the sorbing nitrogen of greater than 7 and, preferably 
greater than 6 at 25° C. 
[0037] In another embodiment, the absorbent has at least 
one amine that is a primary or a secondary amine and has at 
least one tertiary amine functionality Wherein each tertiary 
amine functionality has a pKa less than 7 at 25° C. and, 
preferably less than 6 at 25° C. 
[0038] In another embodiment, the absorbent comprises 
N-(2-hydroxyethyl)piperaZine and preferably consists essen 
tially of N-(2-hydroxyethyl)piperaZine. 
[0039] If the amine is selected from group (i) (preferably a 
polyethyleneamine), then the feed gas stream has a sulphur 
dioxide concentration of less than 5 ppm vol (namely parts 
per million by volume means the volume of pure SO2 con 
tained in the feed measured in parts per million, Which for 
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gases is the same as mole ppm) Accordingly, the feed gas 
stream may be subjected to a pre-treatment stage Wherein the 
feed gas stream is contacted With an SO2 absorbent to reduce 
the sulphur dioxide concentration therein to a level, e.g., less 
than 5 ppm vol. 
[0040] Altemately, or in addition, if the absorbent is 
selected from group (i), then the regenerated absorbent pref 
erably comprises an aqueous solution having a concentration 
of less than 1 mole percent, preferably less than 0.1 mole 
percent and, most preferably less than 0.01 mole percent of 
compounds having electrophilic functional groups. Electro 
philic functional groups comprise alkylhydroxy groups. 
Examples of electrophilic compounds include alkanola 
mines, sulfur dioxide, sul?tes, bisul?te, carbonyl compounds 
such as ketones, aldehydes and carboxylic acids or salts 
thereof. 
[0041] Altemately, if the amine is selected from group (ii), 
it may comprise or consist essentially of N-(2-hydroxyethyl) 
piperaZine (HEP). HEP has both a secondary amine function 
ality With a pKa of <10.0 at 25° C., (i.e., a pKa of 9.0) and a 
tertiary amine functionality having a pKa that is insuf?cient 
to neutraliZe carbamic acid, (i.e. a pKa of 4.3). Accordingly, a 
compound used as an absorbent may have (1) primary and/or 
secondary amine functionalities and (2) tertiary amine func 
tionalities, provided that the tertiary amine functionalities 
have a pKa less than 7 and preferably less than 6 at 25° C. 
[0042] The feed gas stream preferably comprises greater 
than 1% by volume of carbon dioxide and, more preferably 
greater than 4% carbon dioxide by volume. Preferably, the 
process is conducted such that the carbon dioxide lean gas 
stream (i.e. the treated gas stream) contains less than 50% of 
the carbon dioxide in the feed gas stream and, more prefer 
ably, less than 10% of the carbon dioxide in the feed gas 
stream and, most preferably, less than 1% of the carbon diox 
ide in the feed gas stream. Accordingly, the process may result 
in the capture of more than 50%, preferably more than 90% 
and, most preferably more than 99% of the carbon dioxide in 
the feed gas stream. Accordingly, even if the feed gas stream 
comprises 4% or more of carbon dioxide, the treated feed gas 
stream may contain less than 1 volume percent carbon diox 
ide. 
[0043] The absorption process may be operated such that 
the Delta loading (i.e., the difference in CO2 loading per mole 
of absorbent betWeen the regenerated absorbent, i.e. post 
regeneration, and the spent absorbent, i.e., post absorption) is 
of 0.4-1 mole CO2/mole of amine, preferably as high as 
possible, When treating a feed gas comprising greater than 4% 
vol. of C02. 
[0044] As the viscosity of the absorbent increases, the 
thickness of the liquid side boundary layer increases due to a 
loWer rate of diffusion of reactants in the more viscous liquid. 
This results in a reduction in the overall mass transfer coef 
?cient of components from the gas into the absorbent. 
Accordingly, the lean regenerated absorbent has a viscosity 
less than 15 cst at 50° C., preferably less than 10 cst and, more 
preferably less than 7 cst. 
[0045] Typically, the polyamines utiliZed in accordance 
With the instant invention are provided in an aqueous solution. 
Accordingly, the concentration of the amine in Water may be 
adjusted such that the regenerated absorbent has the required 
viscosity. 
[0046] Accordingly, one advantage of the instant invention 
is that the steam requirement, and therefore the overall energy 
input, Which is required to operate the process is substantially 
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reduced compared to processes utilizing MEA and may result 
in a reduction in steam utilization of about 35% or more 
compared to commercial MEA carbon dioxide capture opera 
tions. 
[0047] In the operation of a CO2 capture process, it is desir 
able that the absorbent amine have a loW volatility, in order to 
minimize loss of the chemical into the treated gas as a pollut 
ant or into the CO2 byproduct reducing its purity. Accord 
ingly, amine solvents With a vapor pressure less than 20 mm 
Hg, measured for the pure compound at 100° C. are preferred. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] These and other advantages of the instant invention 
Will be more fully and completely understood in accordance 
With following description of a preferred embodiment of the 
invention in Which: 
[0049] FIG. 1 is a schematic diagram ofa process to capture 
CO2 from a feed gas stream according to the ?rst embodiment 
of the instant invention; 
[0050] FIG. 2 is a schematic diagram ofa process to capture 
CO2 and SO2 (plus optionally NOx) With one absorption agent 
in each successive step, according to a second embodiment of 
the instant invention; and, 
[0051] FIG. 3 is a graph of percent of CO2 removal for 
various viscosities of the absorbent. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0052] The exemplary process How diagram for one 
embodiment of a process to capture CO2 according to the 
present invention is shoWn in FIG. 1. Referring to FIG. 1, a 
carbon dioxide containing feed gas stream 1 is treated to 
obtain a CO2 rich stream 8. The feed gas stream 1 may be any 
stream Which contains CO2 at levels Which require treatment 
for CO2 removal before the gas is released to the atmosphere 
and is preferably a Waste gas stream, such as ?ue gas streams, 
kiln gas, reverberatory fumace gas, ?uidized catalytic cracker 
(FCC) regenerator off gas and the like. 
[0053] CO2 rich stream 8 is prepared by contacting feed gas 
stream 1 With any of the CO2 absorbents taught herein. As 
shoWn in FIG. 1, feed gas stream 1 ?oWs into a gas-liquid 
contact apparatus 2, Where intimate contact betWeen feed gas 
stream 1 and lean absorbent stream 7 occurs. The apparatus 2 
may be any gas-liquid contactor or absorption toWer knoWn in 
the art such as a spray or packed toWer. FIG. 1 illustrates a 
packed toWer, Wherein gas liquid contact is promoted by 
suitable random or structured packing 3 in the column. CO2 is 
absorbed into the lean absorbent 7, producing rich CO2 
containing absorbent, Which exits from the apparatus 2 as 
CO2 rich stream 8. 
[0054] The feed gas stream 1, Which is depleted in CO2, is 
optionally Washed With Water (stream 6), such as in another 
packed section 4, to remove absorbent that may have splashed 
or volatiliZed into the treated gas stream traveling upWardly 
through apparatus 2. The Water of stream 6 may be a part of 
the condensate stream 33 or it may be makeup Water intro 
duced to the process. The Water balance in the overall process 
may be maintained by adding Water, for example via stream 6, 
or WithdraWing Water from the process, such as by directing a 
part of stream 33 to Waste. The gas then leaves the apparatus 
2 as treated feed gas stream 5 for either release into the 
atmosphere or for further treatment or use. 
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[0055] In order to conserve energy, heated streams may be 
used to preheat cooler streams that are subsequently fed to the 
process equipment. For example, as shoWn in FIG. 1, CO2 
rich stream 8 ?oWs through a cross heat exchanger 9, Where it 
is indirectly heated by stream 34 (a heated lean amine stream 
Which is recycled to absorb CO2), and is then introduced into 
regeneration toWer 20 as stream 10. 

[0056] CO2 rich stream 8 is then treated at a temperature 
higher than the absorption temperature in apparatus 2 to 
regenerate the absorbent. At this stage, the CO2 in the doWn 
Wardly moving absorbent is removed by upWardly moving 
stripping gas or steam to produce a CO2 rich product stream 
28 and a regenerated absorbent (lean absorbent stream 22). 
Inert gas stripping may also be practiced for stripping the CO2 
from the CO2 rich stream in toWer 20. The absorbent may be 
heated by any means knoWn in the art. Preferably, the absor 
bent is reheated by means of steam, such as in a steam 
stripping toWer 20, but other sources of heat such as hot gas, 
heat transfer liquids and direct ?ring may be used. 
[0057] ToWer 20 can be of either a packed or trayed design. 
A packed toWer With a packing section 21 is shoWn in FIG. 1 
beloW the rich solvent feed level (stream 10). The rich solvent 
is stripped of CO2 as it ?oWs doWnWard in the toWer and into 
a reboiler 23. The reboiler is heated by any means knoWn in 
the art. Preferably reboiler 23 is indirectly heated by stream 
24 (Which may be steam and may be obtained from any 
source) through, e. g., a heat transfer tube bundle, producing a 
steam condensate stream 25 Which may be recycled to pro 
duce additional steam or used elseWhere in the plant. The 
boiling of the aqueous solvent (absorbent) in reboiler 23 
produces a How of steam 26 into the regeneration toWer 20. 
The steam ascends through the column, heating the doWn 
Ward ?oWing solvent and carrying upWards the CO2 evolved 
from the solvent. The steam and CO2 mixture exits the toWer 
as stream 28. 

[0058] Preferably, stream 28 is treated to remove excess 
Water vapor contained therein. Preferably, the Water vapor is 
removed by condensation (e. g. by means of cooling With a 
cooling liquid).As shoWn in FIG. 1, a How of cooling Water 30 
into overhead condenser 29 causes condensation of most of 
the steam in stream 28, producing a 2-phase mixture, Which 
?oWs into the condensate accumulator 31. The gaseous phase, 
Which is Water saturated CO2, leaves as product stream 32 for 
use. The condensed Water is returned to the toWer 20 as stream 
33, Where it ?oWs doWnWard through optional packed section 
27. The cool condensate of stream 33 serves to Wash volatil 
iZed absorbent from the vapors before they leave the toWer 20 
as stream 28. This helps to reduce loss of absorbent chemical 
With the gaseous CO2 stream 32. It Will be appreciated that 
additional treatment steps may be used to further limit the loss 
of absorbent from the process. 

[0059] Preferably, hot lean amine stream 34 is used to pre 
heat CO2 rich stream 8. HoWever, it Will be appreciated that 
stream 8 may be heated by other means (eg by passing it 
through reboiler 23 or heating stream 8 upon entry to toWer 20 
or any combination thereof). As shoWn in FIG. 1, lean amine 
leaves regeneration toWer 20 as stream 22 and enters the 
reboiler 23. The solvent then leaves the reboiler 23 by over 
?oWing a Weir as heated lean absorbent stream 34, Which 
passes through the cross heat exchanger 9 to preheat stream 8. 
The lean solvent leaves heat exchanger 9 as a cooler lean 
absorbent stream 11, Which may optionally be cooled further 
by a lean solvent trim cooler (not shoWn). 
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[0060] A slipstream 12 of ?oW from stream 11 may be 
treated to remove heat stable salts (HSS) and returned to, e.g., 
stream 11. HSS removal may be effected by any method 
known in the art, such as electrodialysis or ion exchange. 
Stream 7 enters the absorption toWer 2 for capturing CO2 
from the feed stream 1. 
[0061] The process may be operated With any convenient 
pressure in the absorber 2. If the feed gas stream 1 is ?ue gas 
from a boiler, Which usually is operated near atmospheric 
pressure, then toWer 2 may be operated at about atmospheric 
pressure or a bit beloW the pressure of feed stream 1 so as to 
favor the ?oW of feed gas 1 into toWer 2. The regeneration 
toWer 20 is often operated at a pressure slightly over atmo 
spheric, generally not exceeding 3 bars absolute. The byprod 
uct CO2 Will be at a higher pressure, helping it to ?oW to a 
doWnstream unit Without the aid of a fan or compressor. 
[0062] In accordance With another embodiment of the 
instant invention, such as if the absorbent is a primary ethyl 
ene amine, the process is used to remove SO2 from the feed 
gas prior to the CO2 removal step. Any process knoWn in the 
art may be used. 
[0063] As exempli?ed in FIG. 2, Which is a simpli?ed 
draWing of the equipment, such a process may operate as 
folloWs. A feed gas stream 50, containing both S02 and CO2, 
enters an optional prescrubber 51 Where it is saturated With a 
spray of Water supplied by pump 52 and is thereby cooled to, 
e.g., its adiabatic saturation temperature. The spray of Water 
also removes at least some of the particulate matter and strong 
acids such as hydrochloric acid and sulfuric acid from the 
feed gas. The pretreated gas ?oWs from prescrubber 51 to the 
S02 removal section of toWer 54 through, e. g., a chimney tray 
53, Which serves to prevent the S02 rich stream 60 from 
entering the prescrubber 51. Optionally, if the gas is not too 
hot and/or dirty, the cooling and Water saturation can also be 
performed simultaneously With the S02 removal in the 
packed toWer section 55 if desired. 
[0064] The gas, Which has optionally been pretreated, ?oWs 
through, e.g., chimney tray 53 into a SO2 removal circuit of a 
toWer having a packed toWer section 55 Where the gas ?oWs 
countercurrently to lean diamine absorbent stream 76 
Wherein the diamine absorbent is in so-called “half salt” form, 
as is described in Us. Pat. No. 5,019,361. Preferably the 
majority of the S02 in the feed gas is removed and leaves the 
toWer in the S02 rich solvent stream 60. The SO2 rich stream 
60 is treated to obtain a ?rst regenerated absorbent stream 61, 
Which is used in the S02 scrubbing loop (i.e. packed toWer 
section 55). S02 rich stream 60 may be regenerated by any 
means knoWn in the art such as steam stripping. As shoWn in 
FIG. 2, regeneration toWer 68 functions like the regeneration 
toWer 20 in FIG. 1 and produces a stream of lean half salt 
amine solution 61 and a byproduct SO2 stream 64. The 
peripheral equipment, reboiler, overhead condenser and 
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re?ux drum are not shoWn in FIG. 2 but are preferably 
arranged as shoWn in FIG. 1 . Any SO2 absorbent knoWn in the 
art may be used, even non-regenerable absorbents such as 
caustic, in Which cases the regeneration equipment 68 is not 
required. 
[0065] Preferably, the ?rst regenerated absorbent stream 61 
is treated to remove heat stable salts. Preferably only a portion 
of ?rst regenerated absorbent stream 61 is so treated With the 
remainder being returned to packed toWer section 55 to 
absorb more S02. 
[0066] As shoWn in FIG. 2, the tWo absorption loops are 
conducted sequentially on feed gas stream 50. The treatment 
of the gas for S02 removal in packed toWer section 55 results 
in the production of a SO2 lean stream. This SO2 lean stream 
is then treated in a C02 scrubbing loop With a second absor 
bent stream 77 to obtain a C02 rich stream 70. The CO2 rich 
stream 70 is subsequently treated to obtain a second regener 
ated absorbent stream 72, Which is used in the CO2 scrubbing 
loop. The CO2 scrubbing loop may be operated in a different 
toWer than the S02 scrubbing loop. In accordance With the 
preferred embodiment of the invention exempli?ed in FIG. 2, 
the CO2 scrubbing loop is operated in the same toWer as the 
S02 scrubbing loop. According to this embodiment, the gas 
treated for S02 removal in the packed toWer section 55 then 
?oWs through, e. g., chimney tray 57 and is Washed counter 
currently With CO2 absorbent stream 77 in packed section 56. 
The CO2 rich absorbent stream 70 ?oWs to a regenerator, e. g., 
a regeneration toWer 71, Which is preferably of a design 
equivalent to the regeneration toWer 20 shoWn in FIG. 1. The 
CO2 product stream that exits toWer 71 may be treated to 
remove excess absorbent or Water, such as by means of a 

re?ux accumulator (not shoWn), to produce a C02 product 
stream 73 and a C02 lean absorbent stream 72 Which ?oWs 
into the absorption toWer as stream 77. 
[0067] Preferably, the second regenerated absorbent stream 
72 is treated to remove heat stable salts. Preferably only a 
portion of second regenerated absorbent stream 72 is so 
treated With the remainder being returned to packed toWer 
section 56 to absorb more C02. 
[0068] The treated feed gas stream 50, noW reduced in S02 
and CO2 content, ?oWs out of the absorber toWer 54 as stream 
58 for further treatment, use or exhaustion into the atmo 
sphere. 

EXAMPLE 1 

[0069] In order to determine the maximum loading capac 
ity of various amine absorbents, aqueous solutions of the 
amines Were sparged at 50° C. With CO2 containing gas using 
a sintered glass bubbler, until the Weight of the sample Was 
constant. The results for the loading capacity in terms of 
moles CO2 per mole of amine that are set out in Table 1 Were 
obtained. 

TABLE 1 

Static 
Loading 500 C. 

Concentration CO2 Moles CO2/ 
amine pKa % Wt. % vol. mole amine 

Piperazine 9.5 5.6 20 100 0.91 
MW 86 50 20 0.75 

20 12 0.66 

Monoethanolarnine 9.5 25 12 0.46 
MW 61 
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TABLE l-continued 

Static 
Loading 500 C. 

Concentration CO2 Moles CO2/ 
amine pKa % Wt. % vol. mole amine 

Triethylethylenediamine 9.9 6.8 20 12 0.7 
MW 144 

N,N'—Bis(2— 9.2 6.3 20 12 0.6 
hydroxyethyl)ethylenediamine 
MW 146 
N-(2—hyd_roxyethyl)piperazine 8.9 4.3 40 12 0.55 
HEP MW 130 
Di-isopropanolamine 8.7 20 12 0.38 
Triethylenetetramine 9.9 9.2 6.7 30 12 1.84 
TETA MW 146 3.3 
Trimethylenedipiperidine 10.9 10.9 10 foaming foaming 
TMP 
MW 210 
1,3- 10210.2 30 12 0.85 
bis(aminomethyl)cyclohexane 
MW 142 
N,N'—bis(te1t—butyl) 10.4 7.5 Not soluble 
ethylenediamine 
MW 172 
Diethylenetriamine 9.9 9.1 30 12 1.01 
(DETA) 4.3 
MW 103 
Tetraethylenepentamine 9.9, 9.1, 30 12 2.45 
TEPA 7.9, 4.3, 2.7 
MW 189 

[0070] Based upon the results in Table 1, at equilibrium variable speed pump. The regeneration column comprising 
conditions, high loading Was obtained for several of the 
absorbents. It Was noted that some of the absorbents attained 
full loading faster than others, indicating that the kinetics of 
absorption varied. 

EXAMPLE 2 

[0071] A bench scale pilot unit Was operated to measure the 
dynamic performance of various amine solutions in Water. A 
feed gas supply at a rate of 2 liters/minute from gas cylinders 
of air, nitrogen and carbon dioxide Was regulated to produce 
a gas mix comprising 12% carbon dioxide. The feed gas 
?oWed into a 3-neck ?ask With a one-inch diameter glass 
absorber column mounted in the central neck. The ?ask con 
tained a magnetic stirring bar and Was immersed in an oil bath 
on a stirring hotplate. The oil bath Was maintained at 50° C. 
The 1 inch outside diameter glass absorber column Was ?lled 
With 0.16 inch 316 SS PorapakTM saddle packing to a height 
of 12 inches. The top of the column had a scrubbed gas outlet 
and a lean solvent inlet. Rich solvent from the three-neck ?ask 

?ve sieve trays had a rich absorbent inlet near the top and a 
re?ux condenser With an off gas outlet thereabove. 
[0072] The regeneration column ?tted into the central neck 
of a three-neck ?ask that Was immersed in an oil bath sitting 
on a stirring hotplate so as to maintain the oil bath at 140-1500 
C. The ?ask contained a magnetic stirring bar. The regener 
ated absorbent (lean solvent) Was pumped from the ?ask to 
the absorber column through a cooler by a variable rate pump. 
[0073] The total volume of absorbent in the apparatus Was 
600 ml. The absorbent ?oW rate used Was 5 ml/minute. The 
experiment Was repeated With a series of different absorbents. 
The delta loading (mole CO2/mole absorbent) of the absor 
bent Was calculated from the rate of moles of CO2 captured 
divided by the mole ?oW rate of amine. The CO2 concentra 
tions in the feed and treated gases Were measured by a Horiba 
PG-250 analyzer. The liquid-to -gas ratio in these experiments 
Was 17 gallons/1000 cubic feet of feed gas. The results are set 
out in Table 2. The data illustrates that primary and secondary 
amines absorb CO2 rapidly, While a tertiary amine, even With 
mass transfer additive (or “activator”) added reacts more 

Was pumped to the top of the regeneration column With a sloWly. 

TABLE 2 

CO2 Delta Viscosity 
Amine Molarity, Loading, CO2 @ 500 C., 

Amine Functionality Weight, % Mol - L’l mol/mol removal, % Cst. 

DETA 2 primary 30 2.9 0.6 90 1.98 
1 secondary 40 3.88 0.5 87 3.27 

TETA 2 primary 23.2 1.59 1.10 80 1.9 
2 secondary 40.7 2.7 0.65 79 6.88 

47 3.22 0.35 50 10.7 

51.8 3.54 0.23 25 17 

62.7 4.29 0.15 23 23.32 
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TABLE 2-continued 

CO2 Delta Viscosity 
Amine Molarity, Loading, CO2 @ 500 C., 

Amine Functionality Weight, % Mol - L’l mol/mol removal, % Cst. 

TEPA 2 primary 20.0 1.06 1.6 75 2.21 
3 secondary 52.5 2.9 0.07 9 41.22 

MEA 1 primary 21.4 3.5 0.32 38 1.11 
Piperazine 2 secondary crystals 
HEP 1 secondary 38 2.9 0.55 80 3.07 

1 tertiary 50 3.85 0.40 68 6.66 
DEA 1 secondary 30.5 2.9 0.43 55 1.98 
34% MDEA + 6% 40 3.6 0.22 47 3.68 
piperazine 

EXAMPLE 3 3. The process of claim 1 wherein the absorbent is selected 
. . . . from ou i and the re enerated absorbent com rises an [0074] The effect of sulfur d1ox1de derived spec1es on the gr p ( ) g p 

stability of primary amine solutions was tested by the addition 
of 1% wt. of NaZSO3 and 0.2% of Na2S2O3: to a DETA 
primary amine CO2 removal solution that without the addi 
tives showed stable CO2 removal performance. With the addi 
tives, CO2 removal under test conditions similar to that used 
in Example 2 showed a decrease in removal from 74% at the 
start to 53% after 47 hours of operation. 

EXAMPLE 4 

[0075] The effect of a change of viscosity on carbon diox 
ide removal was detennined utilizing a feed gas comprising 
12% carbon dioxide. The absorbent comprised TETA in 
water having a molarity varying from 1 .08 to 3.0. The test was 
conducted at 50° C. using laboratory pilot plant described in 
Example 2. Viscosity of the solutions was determined using 
UbbelohdeTM viscometer tubes. The results are set out graphi 
cally in FIG. 3. Without being limited by theory, it is assumed 
that the drop in CO2 absorption ef?ciency as the solvent 
viscosity increases beyond a certain value is due to the diffu 
sion rate in the increasingly thick liquid side boundary layer 
becoming limiting. 

1. A process for recovering CO2 from a feed gas stream 
comprising: 

a. treating the feed gas stream with a regenerated absorbent 
having a viscosity less than 15 centistokes that is 
selected from one the of the following groups: 
i. at least one polyamine in the absence of an effective 
amount of tertiary amine functionalities having a pKa 
suf?cient to neutralize carbamic acid, the polyamine 
having at least one primary amine functionality hav 
ing a pKa of <10.0 at 25° C. wherein and the feed gas 
stream has an SO2 concentration less than 5 ppm vol.; 
and, 

ii. a polyamine in the absence of an effective amount of 
tertiary amine functionalities having a pKa suf?cient 
to neutralize carbamic acid, the polyamine having at 
least one secondary amine functionality having a pKa 
for each sorbing nitrogen of<10.0 at 25° C. 

to obtain a spent absorbent and a C02 lean gas stream; 
b. conveying the CO2 rich amine absorbent to a regenera 

tion zone: and, 
c. regenerating the absorbent. 
2. The process of claim 1 wherein the absorbent is selected 

from group (i) and the feed gas stream is treated with a SO2 
absorbent prior to being treated with the regenerated absor 
bent 

aqueous solution having a concentration of less than 0.001 
molar of compounds having electrophilic functional groups. 

4. The process of claim 3 wherein the electrophilic func 
tionalities comprise alkylhydroxy groups. 

5. The process of claim 3 wherein the compounds having 
electrophilic functional groups comprise alkanolamines, sul 
fur dioxide sul?te, bisul?te and carbonyl compounds. 

6. The process of claim 1 wherein the absorbent is regen 
erated by steam stripping. 

7. The process of claim 1 wherein the steam stripping is 
conducted using from 1.0 to 2.0 pounds of steam per pound of 
absorbent. 

8. The process of claim 1 wherein the regenerated and spent 
absorbents have a difference in CO2 loading per mole of 
absorbent of 0.4 to 1.0 mole CO2/mole of amine, when treat 
ing a feed gas comprising greater than 4% vol. of C02. 

9. The process of claim 1 wherein the CO2 lean gas stream 
contains less than 1% vol. CO2. 

10. The process of claim 1 wherein the CO2 lean gas stream 
contains less than 10% of the CO2 in the feed gas stream. 

11. The process of claim 1 wherein the CO2 lean gas stream 
contains less than 50% of the CO2 in the feed gas stream. 

12. The process of claim 1 wherein the amine reacts with 
the CO2 to form an amine salt. 

13. The process of claim 1 wherein the absorbent is 
selected from group (i) and the process further comprises 
selecting at least one of diethylenetriamine (DETA), triethyl 
enetetramine (TETA) and tetraethylenepentamine (TEPA) or 
mixtures thereof as the absorbent. 

14. The process of claim 1 wherein the regenerated absor 
bent has an absence of any tertiary amine functionality having 
a pKa for the sorbing nitrogen of >6.0 at 25° C. 

15. The process of claim 1 wherein the absorbent has an 
absence of any tertiary amine functionality that has a pKa 
greater than 7 at 25° C. 

16. The process of claim 1 wherein the absorbent has at 
least one amine that is a primary or a secondary amine and has 
at least one tertiary amine functionality wherein each tertiary 
amine functionality has a pKa less than 7 at 25° C. 

17. The process of claim 16 wherein each tertiary amine 
functionality has a pKa less than 6 at 25° C. 

18. The process of claim 1 wherein the absorbent com 
prises N-(2-hydroxyethyl)piperazine. 

19. The process of claim 1 wherein the absorbent consists 
essentially of N-(2-hydroxyethyl)piperazine. 

* * * * * 
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