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Amine-containing absorption medium, process and apparatus for absorption of acid

gases from gas mixtures

The invention describes a process for absorption of acid gases from a gas mixture, and also

absorption media and a device for carrying out this process.

In numerous industrial and chemical processes, gas streams ocour which have an unwanted
content of CO» and/or other acld gases, and content thereof must be minimizad or eliminated for
further processing or iransport.

Thaese gas sireams are, for example, natural gas, synthesis gas from heavy oll, refinety gas or
iquefied hydrocarbon streams. Reaction gases which are formed in the partial oxidation of
organic matsrials, such as, for example, coal or petroleum, can also contain CO, and/or other
acid gases. Alsc in the case of biogases, the content of CO; and/or acid gases is frequently
umwanted, which biogases can be formed from fermentabie biomass-containing residual
matarials such as, for example, sewage sludgs, biowaste, food residues, manures {liquid
manure, dung), plant parts and also cultivated energy planis. The situation Is similar with
axhaust gaseé from combustién processes, such as, for exampls, flue gases from power plant
processes. The content of CO, and/or acid gases from these various gas streams must be
minimized for most varied reasons. in addition 1o redusing ﬁ'ae gmission of carbon dioxide which
is considered to be the principle cause of what is termed the greenhouse effect, acid gases are
frequently catalyst poisons in secondary processes, coniribute to corrasion or decrease the
calorific value (e.g. in the case of natural gas). A further asbect is that carbon dioxide is required

as a starting material for some processas.

On an industrial scale, aqueaus soiutions of alkanoiamines are usually employed as absorption
medium for absorbing GO, from a gas mixiure. The loaded absorption medium is regeneraied
by warming, expanding to a lower pressure or stripping, with the carbon dioxide being
desorbed. After the regeneration process, the absorption medium can be reused. These
processes are described, for example, in Rolker, J.; Arlt, W.; "Abtrennung von Kohlendioxid aus
Rauchgeasen mitiels Absorption” [Separation of carbon dioxide from flue gases by absorption] in
Chemie ingenieur Technik 2008, 78, pages 4716 to 424, and aiso in Kohl, A. L.; Niglsen, R. B.,
"Gas Purification”, 5th edition, Gulf Pubiishing, Houston 1897.
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These processes have the disadvantage that a relatively high amount of energy is regquired for
saparating CC, by absorption and subsequent desarption and that in the desorption only part of
the adsorbed CO: is desorbed again, and so the proportion of alkanolamine used for absorbing
CO; is low in a cycle of absorption and desorption,. Furthermore, the absorption media used are
highly corrosivé and are subject to an interfering oxicative degradation in the absorption of CO,
from oxygen-containing gas mixtures.

US 7,419,646 describes a process for deaddifying exhaust gases in which an absorption
medium is used which forms two separable phases upon absorption of the acid gas. 4-Amino-
2,2.6 8-ietramethylpiperidine is cited, inter alle, in column 8 as a reactive compound for
absorbing an acid gas. The process of US 7,419,648 has the disadvantiage that additional
apparatus is required for separating the two phasas which arise in the absorption.

DD 266 799 describes a process for purifying 4-aminc-2,2,6,8-tetrarmethyipiperidine, in which
CO; is infroduced Into a solution of 4-amine-2,2,6,6-tetramethylpipendine in water and acetone
and the precipiiated zalt is decomposead back to CO; and 4-amino-2,2 6 8-tetramathyinineridine
by heating # to 80 {o 200°C,

WO 2010/086257 describes an absorption medium for absorbing CO, from a gas mixiure, the
absorption medium comprising water and at least one 4-(dialkviamino)-
2,2,8,B-tetramethylpiperidine or 4-amino-2,2,6,6-tetramethyipiperiding. The use of 4-amino-
2,2,6,8~tetraméthytpiperidine frequently has the disadvantage that these processes are
distinguished by relatively small CO, uptakes, caused by a relatively large mass fiow of |
absorption medium that has to be pumped in the process and also regeneraied again in the

desorber,

WO 2009/156271 describes an absorption medium for absorbing acid gases from fiuid sireams,
in particular from flug gases. For this purposs the absorption medium comprises an oligoamine
and a primary or secondary aikanoiamine. 4-Amino-2,2,8,6-ietramethylpiperidineg can be added
to the absorption medium as activator. The ptimary amines generally have high enthalpies of

absorption, causing higher evaporator outputs in the desorplion.

WO 2008/015217 describes a process for separating CC, from gas mibdures and also a
corresponding device for this purpose. For this purpose, an absorbent medium having at least



one secondary and/or at least tertiary amine is used, and as seéondaz'y amine, inter alia,

2,2,8 6-tetramethyipiperidine is listed. Here also, owing to relatively smatl CO, uptakes,
relatively large mass flow rates of absorption medium need to bs pumped in the process, which
also must be regenaraied again in the desorber. in addition, there is the risk that precipitation
can occur after the absorption. '

The Institut Francais du Petroile, in the publications US 2008/0198709, FR 2800841 and US
2007/0286783, describes an absorption medium which comprises, inter alia, 4-amino-

2.2 .6 6-tetramethylpiperidine andfor 1,2,2,6,6-pentamethyl-4-piperidine as amine. The 4-amino-
2.2.6,6-tetramsthyipiperidine can alse be added as aclivator to the absorption medium. Hers,
the same disadvantages result as have already been indicated for WO 2010/088257.

The obiect of the present invention was therefore to provide an improved and thereby more
SCONOMIC Process.

Summary
In a first aspect, there is provided a process for absorption of an acid gas from a gas mixture by
contacting the gas mixture with an absorption medium,

characterized in that

an absorphion medium is used which comprises al least water as solvent and at lsast one

amine (A) of formuia (1)

R

$Z

G

whare R’ = aliphatic radical having 2 to 6 carbon atoms and having at least one amino
group,
R? = hydrogen, a C. alkyt group or a radicat R,
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In a second aspect, there is provided an amine-containing absorption medium,
characterized in that

it comprises at least water as solvent, at least one amina (A) of formula ()

R

=

(0

where R'= afiphatic radical having 2 to 6 carbon atoms and having at isast one amino

aroup,

R? = hydrogen, a Cq alkyl group or a radical R

"
4

and additionally a further amine (B) of formula (11}

RS
SN

IZ

{111
where R®= T, alkyl group, praferably butyl group.

In a third aspect, there is provided a device for separating off acid gases from a gas mixture, said
device comprising an absorption unit, a desorption unit and a circulating absorption medium,

characterized in that said device comprises an absorption medium as defined above.



Surprisingly, a process has been found for absorption of acid gases from a gas mixture by
contacting the gas mixture with an absorption medium, which is characterizad in that the
absorption medium comprises an amine (A) of the formula {1). The absorption medium
according to the invention is distinguished from processes according to the prior art by ifs
improved capacity for binding acid gases, in particular CO,, so that overall a higher CO; uptake
cah ba achieved. This offers the opportunity that the plant components in the process according
to the invention may be dimensioned smaller, Thus for example, pumps, containers, pipes and
abisorption or desorption columns having a smaller diameter can be used in the process
according to the invention. Owing to the properties of the absorption medium according fo the
invention, smaller amounts of absorption medium can also be used in the process according fo
the invention. Therefore, the buffer tank components can also be dimensionad smalier. Owing
o the reduced amounts of absorplion medium used, the energy consumption can alsc be

radu'ced, since less energy is necessary for the process step of desorption.

i addition, the energy to be applied for elimination of the absorbad CO; is lower than according
tc the prior art. Furthermore, a synergist effect could be observed compietely unexpectediy
when an absorption medium is used which comprises both an amine (A) of formula () and an

amine (B) of formulz (fii). The CO, uptake measured in this case is greater than the arithmetic
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mean of the measured GO, uptakes for the absorption media which each have only one of

these amines,

The invention therefore relates to 2 process for absorption of an acid gas from a gas mixture by
contacting the gas mixture with an absorption medium, which is characterized in that an
absorption medium is used which comprises at least water as solvent and at least one amine
(A) of formula (1

R AR

TZ

{

where R' = aliphatic radical having 2 to 6 carbon atoms and having at least ong amino

groun,
R = hydrogen, a C,- alkyl group or a radical R',

in addition, the invention relates to an absorption medium which comprises at least water as
solvent and at least one amine (A) of formula (1), and to a device for separaiing acid gases from
& gas mixture, said device comprising an absorption unit, a desorption unit and a circulating
absorption medium, which is characterized in that said device comprises an absorption medium

according fo the invention.

The process according to the invention for absorption of an acid gas from a gas mixiure by
contacting the gas mixture with an absorption medium is distinguished in that an absorption

medium is used which comprises at least water as solvent and at least one amine (A) of formula

{1

R R

Lz
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where R’ = aiiphatic radical having 2 to 6 carbon atoms ang having at lzast one amino
groun,

R? = hydrogen, C+. alkyl group or radical R’

Preferably, the absorption medium used comprises an amine (A} of formula (1) in which R? is
hydrogen.

Preferably, the absorption medium used comprises an amine (A) of formula (1)

xr=

where R® = hydrogen or C4 alkyl group, preferably hydrogen or methyl group,
particularly preferably methyt group,:
R* = C,., alkyl group, preferably C«.; alkyl group, particularly preferably methy!
group,
n =210 4, preferably 2 to 3 and particularly preferably 3.

Most preferably, the absorption medium used coraprises an amine (A) of the formula (1) where
R® R* = methyl and n = 3.

The alkyl groups, in the context of this invention, can be substituted or unsubstituted, in addition
G4 alkyl groups can be linear or branchead,

in addition to amine (A), the absorption medium used in the process according t¢ the invention,
can comprise a further amine (B) of formula (Bl)
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R2.

T

()

where R® = Cq¢ atkyl group, preferably Ca.s alkyl group, and particutarly preferably butyi
groug.

The alkyl groups, in the context of this invention, can be substituted or unsubstifuted, in addition
the Ca.s alkyl groups can be linear or branched. The substituent of the type R® is preferably
unsubstituted, preferably an unsubstituted butyl group, and particularly preferably an
unsubstituted n-butyl group.

The absorption medium used in the process according fo the invention comprises at least water
as solvent. The absarption medium used, however, can also contain a further physical solvent
(C). This is advantageous o further increase the loading of the absorption medium with the acid
gases at a high partial pressure of the acid gas, in particular of CO.. In this manner, the mass
flow raie of absarption medium can be further reduced. At the same time, an energetically mars
favourable regeneration may be carried out, in thal i is possible to perform regeneration not

only thermally, but alternatively or in supplementation, also by a flash (pressure reduction).

The choice of the solvent (C) and the content of the solvent (C) in the absorpiion medium used
is based on various criteria such as, for example, the composition of the gas mixture which is to
be purified (2.g. fractions of acidic components, fraction of hydrocarbons), the prevailing partial
pressure of the acid gases o be removed, such as, for example, CO,, and also the

specifications to be met for the gas purified with the process according to the invention.

in a particular embodiment of the process according io the invention, the content of the solvent
{C), based on the absorption medium used, is from 20 to 40% by weight. This embodiment is
suitable in particular when the partia! pressure of the acid gas is particularly high, preferably at
least 20 bar, and the requirements for the purified gas are likewise high, preferably when the
partial pressure of the acid gas in the puriiied gas should be 2 maximum of 10 mbar. This way

the loading of the absorption medium with the acid gases can be further increased, which in furm



10

15

20

25

30

201000225 AL

leads 1o lower mass flow rates of ahsorption medium. The fraction of the amine (A) is preferably
10 to 25% by weight, and the fraction of the amine {B} is praferably 5 {o 15% by weight, based

-on the absorption medium used. In this manner, purification of a gas is possible with the aim of

achieving s partial pressure of the acid gas that is as low as possible. in addition, the absorption
medium mass flow rate used decreases. An energetically more favourable regeneration of the
solvent can be achieved by the reduced mass flow rate and the fraction of the physical solvent,
since some of the acld gas can be separated via a flash. In addition, regensration can further be
performed by a desorber in order to depiete the solvent further in acid gases, but at a reducad

steam reguirement in the evaporator of the desorber,

As further solvent (C), the absorpiion medium used in the process according to the invention
can comprise the physical solvents known from gas scrubbing such as, for example, sulfolans,
propylene carbonate, N-alkylaled byrroiidones (e.g. N-methyl-2-pyrrolidones) and N-alkyiated
piperidones, dialiyt ethers of polyethyiens glycol and mixiures thereof, aliphatic acid amidas
{e.g. N-formylmorpholine or N-acetylmarpholine), methy! cyanoacetiate,

The further scivent (C) can atso have the action of a soiubilizer in the process according o the
frvention. The femperature at which & phase separation of the absorption medium loaded with
acid gases takes place can be increased by the addifion of a further solvent (C). This simplifies,
in particular, the subsequent desorption, since here fraquently a temperature increase is also
employed, and therefore no special process measures are necessary for a mulliphase system.
With an absorption medium which comprises exciusively water and an.amine (A) of formula {1
the temperature at which the phase separation starts is higher than with an absorption medium
which comprises exclusively water and an amine (B} of formuia {IIl). The process according to
the invention, therefore, has {he advantage that the acid gases can be desorbed, or the
absorption medium can be regenerated, at higher femperatures without a phase separation
oceurring. Depending on requirements of use, a favoured regeneration process can be selacted
by the appropriately selected formulation of the absorption medium according to defined
proportions of the amines (A), (B) and the scivent (C). If, e.g., & high degree of depletion of the
acld gases must be achieved and existing plant equipment with a desorber column shail be
used, a composition can be seiected in which the absorption medium loaded with acid gases

does not segregate.
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in addition, the composition of the absorption medium can be selected in such a manner that
separation of the absorption medium icaded with acid gases into an agueous phase and an
organic phase occurs at a iemperature increase. This case can offer further advantages in
regenatation, since an energeiically more favourable flash is already sufficient and the
absorption medium ivaded with acid gases can be freed from acid gas, in particuiar CO;, ina

flash at moderate temperature elevation,

Preferably, an absorption medium is used in the process according to the invention which
comprises

60 1o 80% by weight of water and optionally soivent (C),

1 to 40% by weight of the amine (A) and

0 to 39% by weight of the amine (B).
More preferably, the absorption medium used comprises

85 1o 78% by weight of water and aptionally solvant {C),

10 to 20% by weight of the amine (A} and

25 10 5% by weight of tha amine (B).

Muost preferably, the absorption medium used comprises
85 to 75% by weight of water,
10 to 20% by weight of the amine (A) of formula (1) where R, R* = methyl and n = 3
and |
25 to 5% by weight of amine (B) of the formula (1il) where R® = n-propyl or n-butyl.
Using this composition, a phase separation temperature in the range from 85 to 110°C can be

set for the absorpiion medium ioaded with acid gasss.

The absorption medium used in the process according to the invention can also comprise
parforrmance additives, such as, for example, corrosion inhibitors, activators, wetting-promoting

addilives and/or defoamers.

in the process according to the invention, all substances, which are known fo those skilled in the

art as suitable corrosion inhibitors for processes for absorbing CO; using alkanclamines, can be

used as corrosion inhibitors, in particutar the corrosion inhibitors described in US 4,714,587.
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The armount of corrosion inhibitors which the absorption medium used in the process according
to the invention preferably comprises is markedty reduced compared with processes according
tc the prior art, since the absorption medium used in the process according to the invention is

markedly less corrosive towards metallic materials than the monosthanolamine frequently used

according to the prior art.

Preferably one or more surfactants from the group of the non-ionic surfactants, zwitterionic

surfactants and cationic surfaciants are used as wetling-promoting additivs.

Suitable non-ionic surfactants are alkylamineaikoxylates, amidoamines, alkanolamides,
alkylphosphine oxides, N-alkyl glucamides, alkyl glucosides, bile acids, alkyl alkoxylates,
sorbitan esters, sorbitan ester ethoxyiates, falty alcohols, fatty acid ethoxylates, ester
ethoxylates and poiyether siloxanes.

Suitable zwitterionic surfactants are betaines, alkyiglycines, suiltaines, amphopropionates,

amphoacetaies, tertiary aming oxides and silicobetaines,

Suitable cationic surfactants are quaternary ammonium salis bearing one or two substituenis
having & fo 20 carbon atoms, in particular corresponding tetraalkylammonium salts,
alkylpyridinium salis, ester quats, diamidoamine quats, imidazolinium quats, alkoxyalkyl quats,

banzyl quats and silicone quats.

in a preferred embodiment, the wetting-promoting additive comprises one or more nonionic
surfaclants of general formuta R{OCH,CHR'),,OH having m from 4 to 40, where R is an alkyl
radical having 8 o 20 carbon atoms, an alkylary! radical having 8 to 20 carbon atoms or a
polypropylene oxide radical having 3 to 40 propylene oxide units and R' is methyl, or preferably
hvdrogen.

lna further. preferred embodiment, the wetting-promoting additive comprises a polyether-
polysitoxane copalymer which contains more than 10% by weight of [SI{CH,;),0] units and more
than 10% by weight of [CH,CHR"-O1 units in which R" is hydrogen or methyi. Particular
preference is given o polysther-polysiioxane copolymers of the genaral formutae (IV) to (V):

{CHz)sSi-O-[SIR*CHs )-CleSICHz)s {1V}
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10
R°O-Ag[B-Aln-ArR® (V)
ROO-[A-Z],~[B-8i{ CHa)p-Z-0-A-Z}or B-SHCHa )2l Z-0-Al0 1 R® (V1)

whera
A is a divalent radical of the formuia -[CHCHRO-,

B is a divalent radical of the formuia -[Si{CH,)-Ol-,

Z is a divalent linear oi' branched alkylene radical having 2 1o 20 carbon atoms, and
preferably ~(CHz)s-,

{ = 1 {o 30,

m = 2 ic 100,

n, 4 =0or1,

r = 2 1o 100,

8 = 240 100,

R® from 1 to 5 of the radicals R® are radicals of the general formula -Z-0-A-R®- and
the remaining radicals R? are methyl,

R® is hydrogen, an alky! radical or an aliphatic or olsfinic acyl radical having 1 to 20
carbon atoms and

R i hydrogen or methyl.

The watting-promoting additives are aiready known to those skilled in the art from the prior art
as additives for aqueous solutions and can be produced according o processes known from the

orior art,

The absarption medium used in the process according o the invention can comprise what are
termed activators. By using activators, the desired sepaya’iébn effect can be further improved.
Preferably, primary or secondary amines are used as activaiors in the process according {o the
invention, which activators do not have a structure according to formulae (D) o (1), Amines
which are suitable for this purpose are preferably amines which have rapid kinetics with respect
to binding acid gases, in particuiar CO,. Preferably, activators seiected from
monosthanolamine, piperazine and 3-{methyiamino}-propylamine are usad. The absorption
medium comprises in the process according to the invention preferably from 0 1o 20% by weight
of the activators.
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Acid gases are meant o be compounds which under the prevailing condifions are in the
gaseous state in the gas mixiure to be purified and have a pH below 7 in aqueous solufion.
Typical acid gases are, for example, carbon dioxide (CO.), hydfogen suiphide (H,S), sulphur
dicxide {80Os), carbonyt sulphide (COS), carbon disulphide (CS;), hydrogen cyanide (HCN) and
mercaptans (RSH}. The process according to the invention is preferably used for removing CO»
from a gas mixture,

With the process according to the invention it is possible o purify gas mixtures selected from
natural gas, synthesis gas, combustion exhaust gases,; exhaust gases from biclegical
processes such as composting processes, fermentations or sewage traatment plants; exhaust
gases from calcingtion processes such as fime burning and cement production; residual gases
from blast-furnace processes of iron production; and alsc residual gases from chemical
processes, and also exhaust gases from carbon black production or hydrogen production by

steam reforming, wherein the acid gases, in parficular CG,, are removed.

The process according to the invention is suifable preferably for removing CO, from natural gas,
synthesis gas, flue gases ot a combustion exhaust gas, more preferably for removing CO; from

natural gas, synthesis gas or a combustion exhaust gas.

Particularly preferably, the gas mixture used in the process according to the invention is natural
gas or synthesis gas. '

The residual CO; coniant of the gas purified with the process according to the invention is
preferably a maximum of 2% by weight for pipeline natural gas, preferably a maximum of 50

ppm for liguid natural gas and preferably & maximum of 500 ppm for synthesis gas.

For the procass according to the invention, all apparatuses suitable for contacling a gas phase
with a liquid phase can be Qsed in order to contact the gas mixiure with the absorption medium.
Preferably, prior art gas scrubbers or absorplion columns are used, for example membrane
coniactors; radial fiow scrubbers, jet scrubbers, veniuri scrubbers, rotary spray scrubbers,
random packing columns, ordered packing columns and tray columng, Particularly praferably,

absorption columns are used in countercurrent flow mods.
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In the process according io the invention, the acid gases, in particular CO,, are absorbed
praferably at 2 temperature of the absorption medium in the range from 0 ic 70°C, and more
preferably 20 fo 80°C. Whean an absorption columrn is used in countercurrent flow mbde, the
temperature of the absorption medium is particutarly preferably 30 to 60°C on entry into the

column and 35 $o 70°C on sxit from the column,

The total pressure of the gas mixture in the process according to the invention during the
absorption process step is of lesser imporiance. Mowevar, it has tumed out {o be advantageous
that the absorption of acid gases, in particudar GOy, 1s carried out ai a total pressure of the gas
mixture in the range from 0.8 to 50 har, preferably in the range from 0.8 to 30 bar. In a
particularly prefarred embaodiment, the absorplion is carried out at a total pressure of the gas
mixture in the range from 0.8 o 1.5 bar, in particular 0.9 to 1.1 bar. This particularly preferred
embodiment is advisable in .the absarption of CO; from the combustion exhaust gas of & power

plant without compression of the combustion exhaust gas.

The partial pressure of the acid gas, in particular the CO., varies with the gas mixture to be
purified by the process ascording to the invention. For instance, the partial pressure of the acid
gases in the gas mixture o be purified is from 0.1 bar {o 80 bar for natural gas, from 0.1 bar {0

35 bar for synthesis gas and from 0.03 bar ic 0.15 bar for flue gases from power plants.

In a particulariy preferred embodiment of the process according to the invention, the partial
pressure-of the acid gas, in particuiar the CCG., is from C.1 bar to 20 bar.

in a further preferred embodiment of the process according to the invention, particutarly high
partial pressures of the acid gas, in parlicular the CO,, are present in the gas mixture, in
particular pariial pressures of at least 15 bar. In this case, the proportion of the physical solvent

{C) in the absorption medium is at least 30% by weight.

The absorption medium that is leaving the absorber and is loaded with the acid gas, in particular
C0Os, can be single-phase or two-phase after the absorplion process step. In the process
according to the invention, however, temperature and pressure in the absorption process step
and also the composition of the absarplion medium are preferably selectad in such a mannar
that the absorption medium, after absorption of the acid gas, in particular CC,, is present as a

single phase, i.e. the absorption of the acid gas in the absorption medium does not lead o
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precipitation of a solid or to formation of two liguid phases. This preferred embodiment of the
process according to the invention therefore requires no additional apparatuses for phase
saeparation and can be carried ouf in the devices known from the prior art for absorbing CO; with

alkanolamines.

in a preferred embodiment of the process according to the invention, acid gas, in particular COs,
absorbead in the absorption medium is desorbed again by increasing the temperature and/or by
reducing the pressure and the absorption medium, afier this desorption of the acid gas, in
particular CG,, is reused for absorbing acid gases. By such a cyclic process of absorption and
desorption, the acid gases, in particutar CO,, can be entirsly or partially separated from the gas
mixture and oblained separately from other components of the gas mixture.

Alternatively or compiementary to a temperature increase and/or pressure reduction, a
desorption can also be carried out by stripping the absorption medium that is loaded with acid
gases, in particular CO,, with a gas, for example nitrogen or air. Desorption by stripping with a

gas has the advantage that it requires less energy than a desorption in a desorption column.

If, in the desorpiion of the acid gases, water is alsc removed from the absorpiion medium, water

may be added as necessary {o the absorption medium before reuse for absorption.

All apparatuses which are known from the prior art for desorbing & gas from a liquid can be
used for the desorplion. Preferably, the desorption is carried out in a desorption column.
Alternatively or complementary, the acid gassas, in particular CO;, can also be desorbed in one
or more flash evaporation stages.

in a desorption by temperaiure increase, the acid gases, in particular CO,, are preferably
desorbad at a temperature of the absorplion medium in the range from 50 1o 200°C, more
preferably 55 to 180°C, and particularly preferably from 60 to 100°C. The temperature during
the desorption in this case is preferably at least 20°C, particularly preferably at lsast 50°C,

above the temperature during the absorntion.

During the desorption process step in the process according fo the inveniion, the desorption of
acid gases, in particular CO,, by reducing the pressure is preferably caried out at a fotal

pressure in the gas phase in the rangs from 0.01 to 10 bar, in particular 0.1 to 5 bar. Preferably,
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the desorption is carried out at a pressure of at least 1.5 bar, and particularly preferably of at
least 2 bar.

in a desorption by increasing the temperature, the pressure during the desorption of the acid
gases, in particular CO;, can also be higher than during the absorption of the acid gases. In this
ermnbodiment, the pressure during the desorption‘ of the acid gases is preferably up to 5 bar,
particularly preferably up to 3 bar, above the pressure during the absorption of the acid gases.
Using this embodiment, the acid gases separated from the gas mixture can be compressed to a

higher pressure than that of the gas mixture without using mechanical energy.

In a preferred embodiment of the process according 1o the invention, the absorption medium
ioaded with acid gases is first freed from the acid gases by pressure reduction in one or more
sequential flash evaporation stages and the still remaining' proportion of acid gases is then
removed in a daéorption cbiumn by siripping, preferably with an inert gas, such as, for example,
air or nitrogen. in the iast flash evaporation stages the pressure can be lowered to 1 to b bar,
praferably io 110 2 bar. This embaodimant has the advantage that the tamperature in the
desorber can ba selected 50 as to be lower, preferably from 60 to 100°C. In addition, the
absorption medium can be effectively freed from the acid gases by the combination of pressure |
reductions and temperature elevation and is available for the next absorption of acid gases with
virfually the same low CO, loading. in this manner, the amount of absorption medium in the

overall precess can be lowered.

in a further embodiment of the process according 1o the invention, a two-phase liguid sysiem
forms afier the absorption depending on the temperature and the composition of the absorption
medium. The desorption of the acid gases and/or regeneralion of the absorption mediufn can in
this case aisc be performed by a flash evaporation stage or by a plurality of seguential flash
evaparation stages. In doing so, the temperature of the absorption medium is increased before
the pressure reduction in the fiash. in this manner the acic gases, such as, for example, CO,,
can be removed again from the absorplion medium. This kind of regeneration is markedly more
energetically favourable than the operation of a dasorption column. In this case, it is advisable
to take sultable measures upstream of the absorber in the further course of the prosess, in order
to bring the absorption medium back info a homogeneous soiution, For this purpose, inter alia,

siatic mixers or fanks with a stirrer or recirculating pump are suitable.
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After the absorption medium has been contacted with the gas mixture, it is preferably heated to
a temperature at which a phase separation into an agueous liquid phase and an arganic liquid
phase occurs, and acid gas is desorbed from the resultant iwo-phase mixiure by stripping with
an inatt gas. A suitable inert gas in this case are all gases which do not participate in a reaction
with the amines (A} and (B) under the desorption conditions, in particular nitrogen and air.
Recause of the jow number of apparatuses and the low energy requirement, this embodiment

has the advantage of low capital and operating cosis,

in & further preferred embodiment of the process according o the invention, after the absorption
medium has been contacted with the gas mixture, it is heated to a temperature at which a
phase separation into an agqueous fiquid phase and an organic liquid phase proceeds, and acid
gas is desorbed from the agueous liquid phase by reducing the pressure and/for supplying heat.
The resultant quid phase is combined with the organic liquid phase oblained in the phase
separaiion and the combined liquid phases are again contacted as absorption medium with the
gas mixture. In the separation of CO; from natural gas or synthesis gas, the heating of the
joaded absorpiion madium and the phase separation are praferably carried out at a pressure af
which CO; is not desorbed and CO; is descrbed only from the aqaeous phase obiained inthe
phase separation. Thereby, the methane content in the desorbed CO; may be kept low in the
separation of CO, from natural gas and the contents of hydrogen and CO in the desorbed CO,

may be kept low in the separation of CO; from synthesis gas.

The amine-containing absorption medium according to the invention is distinguished in that it
comprises at least water as solvent and at least one amine (A) of formula (i)

R

Iz

M

where R' = aliphatic radical having 2 to 6 carbon atoms and having at least one amino

graug,
R? = hydrogen, Cq alkyl group or radical R'.
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Preferably, the absorption medium according to the invention comprises an aming {A) of formula
(1) where R? is hydrogen.

More preferably, the absorption medium according fo the invention comprises an amine (A) of
formula {1

=

{1

where R = hydrogen or Cq.s alky! group, preferably hydrogen or methyt group,
pariicuiarly preferably mathyl group,
R* = Cy.4 alky! group, preferably G., alkyl group, particutarly preferably methyl
group,
n =2 to 4, preferably 2 to 3 and particularly preferably 3.

Most preferably, the absorption medium according to the invention comprises an amine (A) of
the formula (Il) where R®, R* = methyl and n = 3.

‘“The alkyl groups, in the context of this invention, can be subsiituied or unsubstituted, in

addition, Ca4 alkyt groups can be linear or branched.

In addition to amine (A} the absarption medium according to the invention can comprise a

further amine (B) of formula {{i)
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where R® = Cy; alkyl group, preferabiy Ca.s alkyl group, and particularly preferably butyl
group.

The alkyl groups, in the context of this invention, can be substituted or unsubstituted, in addition
the Ca¢ alky! groups can be linear or branched. The substituent of the type R® is preferably
unsubstiftied, preferably an unsubstituted butyl groun, and particularly preferably an
unsubstituied n-butyl group.

The absorption medium according to the invenﬁon comprises at teast water as solveni. The
absorption medium used, however, can aiso contain a further physical solvent (C). This is
advaniageous o furiher increase the loading of the absorption medium with the acid gases &t a
high partial pressure of the acid gas, in particular of CO,. In this manner, the mass flow rate of
absorption medium can be further reduced. At the same time, an energetically more favaurabis
regeneration may be cartied out, in that it is possible to perform regeneration not only thermally,

but aliernatively or in supplementation, also by a fiash (pressure reduction).

The chc;ice of the soivent (C) and also the content of the solvent (C) in the absorption medium
according fo the invention is based on various criteria such as, for exampie, composition of the
gas mixiure which is to be purified (e.g. fractions of acid components, fraction of hydrocarbons),
the pravailing pariia! pressure of the acid gases to be removed, such as, for example, CO,, and

aiso the specifications to be met for the gas purified with the process according to the invention.

in a particular embodiment of the absorption medium according to the invention, the content of
the solvent (C), based on the absorpion medium used, is from 20 to 40% by weight. This
embodiment is suitable in particular when the pariial pressure of the acid gas is particularly high,
praferably at least 20 bar, and the requirements for the purified gas are likewise high, preferably
when the partial pressure of the acid gas in the purified gas should be a maximum of < 10 mbar.
This way the loading of the absorption medium with the acid gases can be further increased,
which in turn leads fo lower mass flow rates of absorption medium. The fraction of the amine (A)
is preferably 10 fo 25% by weight, and the fraction of the amine (B) is preferably 5 to 15% by
weight, based on the absorption.medium usad. In this manner, purification of a gas is possible

with the aim of achieving a partial pressure of the acid gas that is as low as possible.
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As further sclvent (C), the absorption medium according o the invention can comprise the
physical solvents known from gas scrubbing such as, for example, sulfolane, propylens
carbonate, N-alkylated pyrrofidones (e.q. N~methy§-2-pyrroiidones) and N-alkylated piperidones,

dialky! ethars of polvethylene glycal and mixtures thereof, aliphaiic acid amides (e.g.
N-formylmorphoiine or N-acetyimorpholing), methyl cyancacaiate.

Preferably, the absorption medium according to the invention comprises
60 to 80% by weight of water and optionally solvent (Cj,
110 40% by weight of the amine {A} and
0 to 39% by weight of the amine (B).
More preferabiy, the absorption medium according to the invention comprises
65 o 75% by weight of water and oplionally solvent (G},
10 to 20% by weight of the amine {A) and
25 1o 5% by weight of the amine (B).

Most preferably, the absaorption medium according 1o the invention comprisas
85 to 75% by weight of water,
10 to 20% by weight of the amine (A) of formula (I whera R®, R = methyl and n = 3
and
2510 5% Dby weight of amine {B) of the formuia {ill) where R® = n-propyl or n-butyl.
Using this composition, a phase separation temperature in the range from 85 to 110°C can be

set for the absorption medium loaded with acid gases.

The absorption meadium according to the invention can alsc comprise performance additives,
such as, for exampie, corresion inhibitors, activators, wetling-promoiing additives and/or
defoamers,

As corrosion inhibitors, the absorption medium according to the invention can comprise all
substances whiéh are known to those skilled in the art as suitable corrosion inhibitors for
processes for absorbing CO; using atkanolamines, in parficular the corrosion inhibitors
described in US 4,714,597,

The amount of corrosion inhibitors in the absorplion medium according o the invention is

vreferably markedly reduced compared with processes according to the prior art, since the
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absorption meadium according fo the invention is markediy iess corrosive towards meiallic

materials than the monoethanolamine frequently used according {o the prior art.

As wetting-promoting additive, the absorption medium according to the invention preferably
comprises one or more surfactants from the group of the non-ionic surfactanis, zwitterionic

surfactants and cationic surfacianis,

Suitabie non-ionic surfactants are alkylamine alkoxylates, amidoamines, alkanolamides,
alkylphosphine oxides, N-alkyl glucamides, alkyl glucosides, bile acids, atkyl alkoxylates,
sorbitan esters, sorbilan ester ethoxyiates, fatty alcohols, fatty acid ethoxylates, ester
sthoxylates and polysther siloxanes.

Suitable zwitterionic surfactanis are betaines, alkylglycines, suiltaines, amphopropionates,

amphcacetaies, tertiary amine oxides and sllicobetaines.

Suitable cationic surfactants are gquaternary ammonium salts bearing one or two substituents

having 8 to 20 sarbon atoms, in particular corresponding teiraalkviammaonium ealts,
alkyipyridinium salts, ester quats, diamidoamine guats, imidazolinium quats, alkoxyalky! quats,
benzyi quats and silicone quats.

in a preferred embodiment of the absorption medium according to the invention, the watting-
promoting addifive comprises one of more non-ionic surfaciants of generat formula
R(OCHCHR"),OH having m from 4 to 40, where R is an alky! radical having 8 1o 20 carbon
atomns, an alkylaryl radicat having § to 20 carbon atoms, or a polypropylene oxide radical having
3 to 40 propylene oxide units, and R’ is methyl or preferably hydrogen.

in a further preferred embodiment of the absorption medium according o the inveniion, the
wetting-promoting additive comprises a polysther-polysiloxane copolymer which contains more
than 10% by weight of [Si{CH;),0O] units and more than 10% by weight of [CH,CHR"-0] units, in
which R” is hydrogen or methyl, Particular preference is given to polysther-polysiloxane

copolymers of the general formulae (IV) fo (VI
{CHa)sSi-O-{SIR*CH3)-Ole-SHCH3)s  (IV)

REO-AB-Aln-AcRY (V)
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ROQ-[A-Z],B-Si( CHy)p-Z-O-A-Z]-B-Si{CHz 1[Z-0-Al0 1.oR° (V1)

is a divatent radical of the formula -[CH,CHR"QO}-,

is a divaient radical of the formula -[SI{CH3},-Ols-,

is a divalent linear or branched alkylene radical having 2 to 20 carbon atoms and
is preferably -(CHa)s-,

=1 to 30,

= 2 to 100,

=0 ort,

=2 to 100,

=2 to 100,

from 1 to 5 of the radicals R® are radicals of the general formuta -Z-0-A-R" and
the remaining radicais R* are methyl,

is hydrogen, an alky! radical or an aliphatic or olefinic acyl radical having 1 to 20
carbon atoms and

is hydrogen or mathyl.

Thie wetting-promoting additives are already known to those skilled in the art from the pricr art

as additives for aqueous solutions and can be produced according 1o processes known from the

prior art.

The absorption medium accerding to the invention can comprise what are termed activators. By

adding activators, the desired separation efiect can be further improved. The absorption

medium according to the invention preferably comprises primary or secondary amines as

activators, which do not have a structure according o formulae (1) to (li1). Amines which are

suitable for this purpose are preferably amines which have rapid kinetics with respect to binding

acid gases, in pariicular CO,. Preferably, the absorption medium according o the invention

comprises activators selectad from monoethanolamine, piperazine and 3-(methylamino)-

propyiamine. The absorpfion medium ascording to the invention preferably comprises from 0 fo

20% by weight of the activators.
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A device according to the invention for separating acid gases, in particular CO,, from a gas
mixture comprises an absorption unit, a desorption unit and a circulating absorption medium
according to the invention. The apparatuses described above for the absorption in a process
according fo the invention are suitable as absorption unit of the device according to the
invention. The apparatuses described above for the desorption in a process according fo the
invention are suitable as desorption unit of the device according to the invention. Preferably, the
device according 1o the nvention comprises an absorption unit and & desorption unit as known
to those skilled in the art from devices for separating acid gases, in particular CO,, from a gas
mixture using an alkanolamine.

The examples hereinafter are intended fo illustrate the process according to the invention or the
absorption medium according to the invention in more detall, without the invention being

intended {o be resiricted to this embodiment,

Exampie 1 for producing 4-(3-dimethylaminopropylamino}-2,2,8,6-tetramethylpiperidine
1808.8 g (11.65 mol) of 2,2,a,a-tetrameihy§—4~piperidincne and 1191.1 g (11.86 mol) of

N' N'-dimethyl-1,3-propanediamine are combined in a 4 | reactor and stirred for 2 hours at
60°C. Then, the reaction water is distitied off in vacuum. Thereafter the reaction solution is
transferred ic an auioclave and admixed with 76 g of Raney nickal. The autoclave is flushed 3
times with 5 bar nitrogen each time. Then, the hydrogenation is carried out by repeated
pressurization with 50 bar hydrogen, wherein the reaction mixture is stirred vigorously during the
entire reaction time. Then, the reaction mixiure is separated by fractional distillation. The
product has a boiling point of 130°C at 4.5 mbar. 2062 g of product could be isolated having a
purity of 88.6% and & vield of 72% of theory.

Examples 2 - 12 on the CO, loading and on the CO, uptake

In a thermostated apparatus for measuring gas-liquid equilibria, equipped with a pressure
control, an absorption medium composed according to the details in Table 1 was charged at a
constant temperature and contacted with gaseous carbon dioxide at a constant pressure,
wherein pressure and temperature were vatled. The content of absorbed CO; in the loaded
absorption medium was determined in each case after the aquilibrium state was achieved and
the degree of loading was calculated therefrom as a molar ratio of CO, to amine in the loaded
absorption medium. The temperaiures and pressures studied and the degrees of loading
determined therefor ars summarized in Table 2.
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Tabie 1:

Ahsorption medium ANt | AM 2 é AM3 | AM 4 | AMS | AMIG | AMT

{in % by weight)

Water : 75 50 70 70 70 70 70
Monoethanofamine 30 0 O G 0 & 0
Methyidiethanolamine 0 50 0 0 0 o 0
n-Butyl-TAD' (amine (BY) 0 0 30 0 15 27 0
TAT {amine (A)) 0 30 15 3 0
EAE-TAD® (amine (A}) G 0 0 G 30
According to the invention no no no yes yes yes yes

' n-Butyl-TAD: 4-(n-Buiylamino)-2,2,6,6-tetramethyipiperidine
2 TAT: 4-(3-Dimethytamino-propylamine)-2,2,6,6-tetramethvipiperidine or friacetonetriamine
S EAE-TAD: 4-(2-Ethylaminoethylaming)-2,2,8,6-tetramethyipiperidine
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Table 2:
Exampie | Absorption | Temperature GO, partial Loading ' CO, uptake
rnedium {in *C) pressure {(in mo! GO,/ {in mot COy/
{in bar) mol amine} mo! amine)
AS" | D8 A5 . | DS | AS® Dg®
2 AM 1 40 120 1 1 0.63 0.4 0.23
3 AM 1 40 120 3 1 D.7 0.4 0.3
4 AM 2 40 120 1 1 0.65 0.08 0.58
5 AM 2 40 120 3 1 0.85 10,08 0.76
& AM 3 40 110 1 1 1.2 0.3 0.8
7 AM 3 40 110 3 1 1.7 0.3 1.4
8 AM 4 40 110 1 1 1.8 0.6 1.2
g AM 4 40 110 3 1 2.2 0.6 1.6
10 AM S5 £0 110 1 & 2.2 0.5 1.7
11 AM S 40 110 3 1 2.75 0.5 2.25
iz AMT 40 110 3 1 2.2 (.65 J 1.55

*AS: Absorber
DS Desorber

CO; loadings at differing temperatures are shown in Table 2. The temperature of 40°C
corresponds fo the loading tfsmperature in the absorber. In this case, depending on gas
composition and type of use, different partial pressures of CO, can be present (e.g. p(CO;) =
1 bar or p{COy) = 3 bar). The temperature of 110°C or 120°C corresponds o the desorption
iemperature at which the solvent is regeneraied again in a second apparatus (desorber).
Desorption is customarily performed in a pressure range from 1.5 tc 2.5 bar, wherein the CO;
partial pressure Is approximately 1 bar. At both temperatures (40°C and 110°C or 120°C) the
solvent has differing CO, loadings and the difference between the two values coresponds o
the CO, uptake. The greater this uptake is, the smaller is the solvent stream in the plant. This
nct only means lower capital costs, si‘me smalier apparatuses are sufficient, but also has a

great effect on the desorption temperature to be employed in the desorber.

in comparison with the absorption media of the prior art (AM 1, AM 2 and AM 3), the absorpfion
media according to the invention (AM 4, AM & and AM 7) show markedly greater CO; uptakes.
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This is equivalent to a saving in regeneration energy, which in fum means a reduction in

operating costs, for example with respect to the amount of steam for regenerating the solvent.

Completely surprisingly, the absorption medium AM 5 according to the invention - a mixture of
n-butyl-TAD and TAT - in addition shows a markedly higher CO, uptake than the absorption

medium AM 4 according to the invention, which comprises only TAT as amine. Based on the

resulls for absorption media AM 3 and AM 4, a CO; uptake in the range of values from 0.8 10

1.2 would have been expected for Exampie 10. The fact that the CO, uptake in Exampie 10
improved so markedly could in no way have baen predicted and was therafore completely
surprising.

In addition, there is the fact that the CO; uptakes determined in Exampies 8 to 12 were carried
out at a regeneration temperature of 110°C. Particularly in the case of the absorption media

AM 1 and AM 2, regeneration iemperatures of 120°C have been necessary. This means that, by
using the absorption media AM 4, AM 5 and AM 7, the regeneration energy is decreased. For
operating the plants, two options resuit therefrom:

a) A regeneration temperature of 120°C is retained, and a greater resultant CO; uptake can
be expected owing to the lower CO; loading at 120°C. This leads to a decrease in the
circulation raie of the absorption medium. Circulation rate in the context of this invention
is meant to be the frequency by which a defined amocunt of absorption medium must be
circuiated in the device according {o the invention - an absorption-desorption plant - in
order io free a defined amount of a gas mixture having a defined content of CO; from
this COx.

b) A regeneration temperature of 110°C is selected, and this leads to savings in
regeneration energy.

Examﬁies 13 — 15 on corrosion behaviour

The corresponding electrochemical analyiical méthod {Tafel plot method) was catried out
according to Kladkaew, N et al. in Eng. Chem. Res, 2008, 48, 8213-8913 or according to ASTM
G58-97e1. The corresponding results are compiled in Table 4. |



10

15

20

201000225 AL

25
Table 4:
Example | Absorptfion medium treated with CO, Corrosion rate
gas (in mm/year)
13 A 1 1,991
14 Al 3 0.223
15 AM 5 0.18 |

The absorption medium AM 5 according o the invention has markedly lower corrosion rates
compared with the absorption media of the prior art {AM 1 and AM 3} and thereby increases the
service life of the plant and permits the use of more favourable materials, and so the capital
costs are decreased.

Examples 16 - 22 on phase separation behaviour

In a pressure-resistant glass vessel, an absorption medium composed according {o the details
in Table 5 was charged and saturated with CG, at 20°C and atmospheric pressure by adding
dry ice or by passing through it 2 gas mixture of 80% by volume of nitrogen, 8% by voiume of
oxygen and 14% by volume of CO,. The glass vessel was then closed and the absorption
medium loaded with CO, was slowly heated in an oil bath until separation into two ilquid phases
occurred, which could ba recognized as turbidity of the previously clear mixiure. The phase |

separation temperatures thus determined are summarized in Table 6.

Table 5:

Absorption medium AM B | AMS i AM 10 | AME 111 AM 12 | AM 13 3 AM 14

(in % by weight)

Water 70 70 70 | 70 70 85 65
n-Butyl-TAD' (amine (B)} 10 0 0 25 15 30 15
n-Propyi-TAD® {amine (B)) | © 10 0 0 0 |
Methyi-TAD® (amine (B)) 0 0 10 0 0 0
TAT* (amine (A)) 20 20 20 5 | 15 5 20
According to the invention | ves | vyes yes yes yes yes yes

" n-Butyl-TAD: 4-(n-butylamino)-2,2,6,6-tetramethyipiperidine

? n-Propy-TAD: 4-(n-propylamino)-2,2,8 6-tetramethylipiperidine

* pMethyl-TAD: 4-methylamine-2,2,8,6-tetramethylpiperidine

* TAT: 4-(3-dimethylamino-propylamino)-2,2,8,6-tetramethylpiperidine or triacetonstriamine
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Table 6:
Example Absorption Phase separation temperature in °C
medium saturated at 0.14 bar saturated at 1 bar CO,
CO; partial pressure pariial pressure
16 | AM 8 n.d. 107
17 AM G n.d. 115
18 AM 10 n.d. : 118
19 Al 11 88 7 93
20 ; AM 12 n.d. 103
21 AM 13 g5 100
22 AM 14 n.d. 108

n. d. not determined

For the absorption medium AM 4 that contains only TAT as amine, no phase separation was
obsarved in the saturaied state at 1 bar CO, partial pressure, even on heating to 125°C. The
exampies show that by choosing the guantitative proportions of TAT and n-alkyl-TAD, the phase
separation temperature may be set for the absorption medium loaded with acid gases.
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Claims:

1. Process for absorption of an acid gas from a gas mixture by coniacting the gas mixiure with
an absorption medium, '
charactierized in that
an absorption medium is used which comprises at [east water as solvent and at least one

aming {A) of formufa (1)

Ry

Ny

H W

where R = aliphatic radical having 2 to 6 carbon atoms and having at ieast one amino

group,
R? = hydrogen, a C,.; alky! group or a radical R".

2. Process according to Claim 1,
characterized in that
the absorption medium comprises at least one amine (A) of formuta (i)

=

where R® = hydrogen or Cy.. alky! group, preferably hydrogen or methyl group,
R* = Gy alky! group, |
n=21io4.

3. Process according to Claim 1 or 2,
characterized in that
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the absorption medium comprises at least one aming (A} of the formula (Il) where R® R* =

methyl and n = 3.

Process according to any one of Claims 1 to 3,
characterized in that

the absorption medium comprises a further amine (B) of formuta ()

R5
N

>y

H {1
where R® = C,4 alkyl group, preferably n-butyl.

Process according to any one of Claims 1 to 4,
charactarized in that

the absorplion medium used further comprises a further physical solvent (C).

Process according to Claim 5,
characterized in that

the absorption medium used comprises sulpholane as physical solvent (C).

Process accarding to any one of Claims 1 o 6,
characterized in that
the absorplion medium used comprises
80 to 80% by weight of water and optionally solvent {C),
1 to 40% by weight of the amine (A) and '
G to 39% by weighi of the amine (B).

Process according to any one of Claims 110 7,

characlerized in that

the absorption medium used comptrises corrosion inhibitors, activators, wetting-promoting

additives and/or defocamers.
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12.

13.

14.

15.

28

Process according to any ohe of Claims 110 &,
characterized in that

natural gas or synthesis gas is used as gas mixiure.

Process according fo any one of Claims 1to 8,
characterized in that

the partial pressure of the acid gas is from 0.1 bar to 20 bar.

Process according to any one of Claims 1 to 18,
characterized in that

the acid gases are absorbed at a temperaiure of 20 fo 60°C.

Process according to any one of Claims 110 11,
characterized in that

[ P I T L o smbon o
the acid Ja58s are aestimed

Process according to any one of Claims 1 1o 12,
characterized in that,

the acid gas comptises carbon dioxide.

Process according to any one of Claims 1 to 13,

characterized in that,

the absorption medium, after it has been contacied with the gas mixture, is heated o a
temperaiure at which a phase separation into an agusous liquid phase and an organic

fiquid phase ocours.

Process according to Claim 14,

charactarized in that,

acid gas is desorbed from the agqueous liguid phase by reducing the pressure and/or
supplying heat, the resulting liquid phase is combinad with the organic liquid phase
obtained on phase separation and the combined liguid phases are again, as absorption

medium, contacted with the gas mixture.
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Procaess according to Claim 14,

cheracterized in that,

after the phase separation, acid gas is desorbed from the resulting two-phase mixiure by
stripping with 2 gas.

Amine-containing absorption medium,
characterized in that

it comprises al least water as solvent, at least one amine (A) of formula (i)

R A

1Z

{0

where R'= aliphatic radical having 2 to 6 carbon atoms and having at least one amino
group,
R? = hydrogen, a Cs., alkyi group or a radical =3

and additionally a further amine (B} of formula (1)

R5
N
N
H (i
where R®= G, alkyl group, preferably butyl group.
Davice for separaiing off acid gases from a gas mixture, said device comprising an
absorption unit, a desorption unit and a circulating absorption medium,

charactsrized in that

said device comprises an absorption medium according fo Claim 17,



