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Abstract

A premixture for producing an absorbent for removing acid gases from a fluid stream com-
prising a) at least a tertiary amine and/or a sterically hindered secondary amine; b) a dicar-
boxylic acid in an amount, calculated as neufralization equivalent based on the protonatable
nitrogen atoms in a), of at least 30%, wherein the dicarboxylic acid has a solubility in water at
a temperature of 20°C of not more than 15 g of dicarboxylic acid per 100 g of water; and c)
20 to 80 wt% of water. Also described is a process for producing an absorbent from the pre-
mixture. The premixture is a transportable and readily handleable solution of a dicarboxylic
acid having poor solubility in water for producing an absorbent for removing acid gases from

a fluid stream.
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PREMIX FOR PRODUCING AN ABSORPTION AGENT FOR REMOVING ACID GASES
FROM A FLUID FLOW

Description

The present invention relates to a premixture for producing an absorbent for removing acid
gases from a fluid stream and a process for producing an absorbent from the premixture.

The removal of acid gases, for example CO2, H.S, SO,, CS2, HCN, COS or mercaptans,
from fluid streams such as natural gas, refinery gas or synthesis gas is important for various
reasons. For instance, numerous sulfur compounds are malodorous and toxic even at low
concentrations. Carbon dioxide needs to be removed inter alia from natural gas since a high
concentration of CO; reduces the calorific value of the gas when used as pipeline or sales
gas. CO2 in conjunction with moisture which is frequently entrained in the fluid streams can
moreover lead to corrosion of pipes and valves.

Removal of acid gases is achieved using scrubs with aqueous solutions of inorganic or or-
ganic bases, for example amines. Dissolution of acid gases in the absorbent causes ions to
form with the bases. The absorbent can be regenerated by decompression to a lower pres-
sure and/or stripping, the ionic species undergoing the reverse reaction to form acid gases
and/or being stripped out by vapor. The absorbent may be reused after the regeneration pro-
cess.

The absorbents used for the acid gas scrub often comprise acids. For instance, US
2010/0288125 A1 describes an absorbent comprising at least one amine and at least one
phosphonic acid in a molar ratio of 0.0005 to 1.0. US 4,892,674 describes removal of hydro-
gen sulfide from fluid streams with an absorption solution éomprising an amine and a highly
sterically hindered amino salt and/or a sterically hindered amino acid.

Protonation equilibria between the acid, and bases present in the absorbent, for example
amines, are established. The position of the equilibria is temperature-dependent and at high-
er temperatures the equilibrium is shifted toward the free oxonium ion and/or the amine salt
having the lower enthalpy of protonation. Amines suitable for use in absorbents advanta
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geously exhibit a distinct temperature dependence of the pKa. This has the result that at rela-
tively lower temperatures, as prevail in the absorption step, the higher pH promotes efficient
acid gas absorption while at relatively higher temperatures, as prevail in the desorption step,
the lower pH supports the release of the absorbed acid gases.

The disadvantage of adding certain acids is that the acid can accelerate decomposition of
amines present in the absorbent.

It has now been found that dicarboxylic acids such as succinic acid or adipic acid can like-
wise facilitate the regeneration of aqueous aminic absorbents. Compared to absorbents
comprising for example mineral acids or lower organic acids such as formic acid, absorbents
comprising dicarboxylic acids exhibit reduced decomposition of amines such as methyldieth-
anolamine (MDEA).

The production of absorbents for gas scrubbing is generally effected by mixing low-water
concentrates/pure amines or amine mixtures with water directly in the gas scrubbing plant.
This keeps the transport volume and the transport weight of the aminic component as low as
possible. The metered addition of acids is generally effected shortly before use of the absor-
bent or during ongoing operation.

The acids are suitably added as aqueous solutions. The disadvantage of using dicarboxylic
acids is that these are solids and often exhibit poor solubility in water. Since a metered addi-
tion of solids is generally costly and complex and not provided for in most gas scrubbing
plants, it is necessary to employ highly dilute aqueous solutions of such dicarboxylic acids.
This results in a high transport volume and transport weight of the acid component. The use
of highly dilute aqueous solutions of the dicarboxylic acids can also make it necessary to
employ large amounts of the solution in order to bring about the desired acid concentration.
This can result in unwanted dilution of the absorbent. Dissolution of the dicarboxylic acid in
the substantially water-free aminic component is not possible due to the generally even
poorer solubility compared to water.

The invention has for its object the provision of a transportable and readily handleable solu-
tion of a dicarboxylic acid having poor solubility in water for producing an absorbent for re-
moving acid gases from a fluid stream.



10

15

20

25

30

CA 03020219 2018-10~05

3

EP 0 134 948 A2 describes a composition for mixing with water to obtain an aqueous alka-
line solution. The composition comprises an alkaline material and an acid having a pKa of
less than 6 in an amount sufficient to protonate more than 0% to 22% of the alkaline material.
The aqueous alkaline solution exhibits improved properties in the absorption of hydrogen
sulfide from a fluid stream compared to solutions without acid.

The object is achieved by a premixture for producing an absorbent for removing acid gases
from a fluid stream which comprises:

a) at least a tertiary amine and/or a sterically hindered secondary amine;

b) a dicarboxylic acid in an amount, calculated as neutralization equivalent based on the
protonatable nitrogen atoms in a), of at least 30%, wherein the dicarboxylic acid has a
solubility in water at a temperature of 20°C of not more than 15 g of dicarboxylic acid
per 100 g of water; and

¢) 20 to 80 wt% of water.

It was found that the dicarboxylic acids b) exhibiting poor solubility in water are completely
soluble in the composition of the premixture. The production of an absorbent may according-
ly be effected by simple mixing of the premixture with water and/or amine at the place of use.

It was further found that the dicarboxylic acids b) bring about a higher stability of decomposi-
tion-prone amines such as methyldiethanolamine (MDEA) in aqueous absorbents. This
makes a more efficient operation of the gas scrubbing plant possible since the absorbent
may be used for longer.

The amine a) comprises a tertiary amine and/or a sterically hindered secondary amine.

The term "tertiary amine" is to be understood as meaning compounds having at least one
tertiary amino group. The tertiary amine preferably comprises exclusively tertiary amino
groups, i.e. it does not comprise any primary or secondary amino groups in addition to at
least one tertiary amino group. The tertiary amine is preferably a monoamine. The tertiary
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amine preferably does not have any acidic groups such as, in particular, phosphonic acid
groups, sulfonic acid groups and/or carboxylic acid groups.

Suitable tertiary amines a) include in particular:
1. tertiary alkanolamines such as

bis(2-hydroxyethyl)methylamine (methyldiethanolamine, MDEA), tris{2-hydroxyethyl)amine
(triethanolamine, TEA), tributanolamine, 2-diethylaminoethanol (diethylethanolamine, DEEA),
2-dimethylaminoethanol (dimethylethanolamine, DMEA), 3-dimethylamino-1-propanol (N,N-
dimethylpropanolamine), 3-diethylamino-1-propanol, 2-diisopropylaminoethanol (DIEA), N,N-
bis(2-hydroxypropyl)methylamine (methyldiisopropanolamine, MDIPA);

2. tertiary amino ethers such as

3-methoxypropyldimethylamine;

3. tertiary polyamines, for example bis-tertiary diamines such as
N,N,N’,N’-tetramethylethylenediamine, N,N-diethyl-N',N'-dimethylethylenediamine, N,N,N’,N'-
tetraethylethylenediamine, N,N,N’,N’-tetramethyl-1,3-propanediamine (TMPDA), N,N,N’,N’-
tetraethyl-1,3-propanediamine (TEPDA), N,N,N’,N’-tetramethyl-1,6-hexanediamine, N,N-
dimethyl-N’,N'-diethylethylenediamine (DMDEEDA), 1-dimethylamino-2-
dimethylaminoethoxyethane (bis[2-(dimethylamino)ethyl] ether), 1,4-
diazabicyclo[2.2.2]octane (TEDA), tetramethyl-1,6-hexanediamine;

and mixtures thereof.

Tertiary alkanolamines are particularly preferred. Greatest preference is given to methyldi-
ethanolamine (MDEA). '

The term "sterically hindered secondary amine" is to be understood as meaning compounds
having at least one sterically hindered secondary amino group. The term sterically hindered
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secondary amino group is to be understood as indicating the presence of at ieast one sec-
ondary or tertiary carbon atom directly adjacent to the nitrogen atom of the amino group.

A secondary carbon atom is to be understood as meaning a carbon atom which, other than
the bond to the sterically hindered position, has two carbon-carbon bonds. A tertiary carbon
atom is to be understood as meaning a carbon atom which, apart from the bond to the steri-
cally hindered position, has three carbon-carbon bonds.

Suitable sterically hindered secondary amines a) include in particular:

1. sterically hindered secondary alkanolamines such as

2-(2-tert-butylaminoethoxy)ethanol (TBAEE), 2-(2-tert-butylamino)propoxyethanol, 2-(2-tert-

amylaminoethoxy)ethanol, 2-(2-(1-methyl-1-ethylpropylamino)ethoxy)ethanol, 2-(tert-
butylamino)ethanol,  2-tert-butylamino-1-propanol,  3-tert-butylamino-1-propanol, 3-tert-
butylamino-1-butanol, 3-aza-2,2-dimethylhexane-1,6-diol; 2-(2-
isopropylaminoethoxy)ethanol, 2-(2-isopropylamino)propoxyethanol, 2-

(isopropylamino)ethanol, 2-isopropylamino-1-propanol, 3-isopropylamino-1-propanol, and 3-
isopropylamino-1-butanol;

2. sterically hindered amino ethers such as

1,2-bis(tert-butylaminoethoxy)ethane, bis(tert-butylaminoethyl) ether, 2-(2-(2-(tert-
butylamino)ethoxy)ethoxy)ethoxy methyl ether (MEEETB);

and mixtures thereof.

Sterically hindered secondary alkanolamines are preferred, in particular sterically hindered
secondary alkanolamines comprising a tert-butyl group. Greatest preference is given to 2-(2-
tert-butylaminoethoxy)ethanol (TBAEE).

In one embodiment the premixture comprises no sterically unhindered primary amine or ste-
rically unhindered secondary amine. The term sterically unhindered primary amine is to be
understood as meaning compounds having primary amino groups to which only hydrogen
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atoms or primary or secondary carbon atoms are bonded. The term sterically unhindered
secondary amine is to be understood as meaning compounds having secondary amino
groups to which only hydrogen atoms or primary carbon atoms are bonded.

The premixture comprises a dicarboxylic acid ¢) in an amount, calculated as neutralization
equivalent based on the protonatable nitrogen atoms in a), of at least 30%. The amount of
dicarboxylic acid b) in the premixture, calculated as neutralization equivalent based on the
protonatable nitrogen atoms in a), is preferably 30% to 400%, particularly preferably 50% to
400%, very particularly preferably 50% to 300% and most preferably 100% to 300%.

The term dicarboxylic acid is to be understood as meaning compounds having two carboxyl
groups in the molecule.

The term "neutralization equivalent” is the notional fraction of an acid molecule capabie of
donating a proton in the neutralization reaction in aqueous solution. For example a molecule
of formic acid corresponds to one neutralization equivalent, a molecule of succinic acid to
two neutralization equivalents and a molecule of HsPOs to three neutralization equivalents.

The term "protonatable nitrogen atoms" relates to the sum of the nitrogen atoms present in
the amines according to a) which can be protonated in aqueous solution. These are general-
ly amino group nitrogen atoms.

The dicarboxylic acid has a solubility in water at 20°C of not more than 15 g of dicarboxylic

acid per 100 g of water. The table which follows reports the solubilities of various dicarboxylic
acids in water.
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. solubility | temperature
acid source
[g/100g] (K]
) ) Braban et al.: J. Phys. Chem. A, 2003, (107),
oxalic acid 8.0 293.3 p. 65946602
malonic acid 50.0 ° 294.3 Braban et al.: J. Phys. Chem. A, 2003, (107),
p. 6594-6602
. . Oliveira, M.L.N; Franco, M.R: Fluid Phase
succinic acid 5.97 293.2 Equilibria, 2012, (326), p. 50-53
. ) Apelblat, A.; Manzurola, E.;: J. Chem. Ther-
glutaric acid 541 2932 | odyn., 1989, (21), p. 10051008
L . Apelblat, A. Manzurola, E.: J. Chem. Thermo-
adipic acid 1.91 293.2 dyn., 1987, (19), p. 317-320

Suitable dicarboxylic acids c) include in particular oxalic acid, succinic acid, adipic acid,
pimelic acid, suberic acid, azelaic acid and sebacic acid. Particular preference is given to
adipic acid and succinic acid. Greatest preference is given to succinic acid.

The premixture according to the invention comprises 20 to 80 wt% of water, preferably 30 to
70 wt% of water, particularly preferably 40 to 70 wt% of water and most preferably 50 to 70%
of water.

The invention further relates to a process for producing an absorbent for removing acid gas-
es from a fluid stream comprising mixing a premixture which comprises a tertiary amine
and/or a sterically hindered secondary amine, a dicarboxylic acid and water, wherein the di-
carboxylic acid has a solubility in water at a temperature of 20°C of not more than 15 g of
dicarboxylic acid per 100 g of water and wherein the amount of dicarboxylic acid, calculated
as neutralization equivalent based on the protonatable nitrogen atoms of the amines, is
greater than in the absorbent, with an amine and optionally water.

The premixture is preferably a premixture as described hereinabove. All mentioned preferred
embodiments of the hereinabove-described premixture are also preferred for the premixture
employed in the process according to the invention.
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The amount of the dicarboxylic acid, calculated as neutralization equivalent based on the
protonatable nitrogen atoms of the amines, is greater in the premixture than in the absorbent.
In a preferred embodiment the absorbent comprises the dicarboxylic acid in an amount, cal-
culated as neutralization equivalent based on the protonatable nitrogen atoms of the amines,
of 0.5% to 15%, particularly preferably 1% to 10% and most preferably 2% to 8%.

It is preferable when the amine with which the premixture is mixed is a tertiary amine and/or
a sterically hindered secondary amine. All mentioned preferred embodiments of the here-
inabove-described tertiary amines/sterically hindered secondary amines also apply to the
amine with which the premixture is mixed. It is particularly preferable when the amine with
which the premixture is mixed is the amine present in the premixture.

The amine concentration in the absorbent is typically in the range from 20 to 60 wt%, prefer-
ably in the range from 30 to 60 wt%, particularly preferably in the range from 30 to 50 wt%.

If an absorbent selective for hydrogen sulfide over carbon dioxide is desired the absorbent
preferably comprises no sterically unhindered primary amine or sterically unhindered sec-
ondary amine. Compounds of this type act as strong activators of CO; absorption. This can
result in loss of the H,S selectivity of the absorbent.

The absorbent may comprise an organic solvent. The organic solvent is particularly prefera-
bly selected from sulfones, glycols and polyalkylene glycols. The organic solvent is very par-
ticularly preferably selected from sulfones. A preferred organic solvent is sulfolane.

The absorbent may also comprise additives, such as corrosion inhibitors, enzymes etc. The
amount of such additives is generally in the range of about 0.01 to 3 wt% of the absorbent.

The absorbent can be employed in a process for removing acid gases from a fluid stream
where the fluid stream is brought into contact with the absorbent.

Fluids include gases such as natural gas, synthesis gas, coke oven gas, cracking gas, coal
gasification gas, cycle gas, landfill gases and combustion gases and liquids that are essen-
tially immiscible with the absorbent, such as LPG (liquefied petroleum gas) or NGL (natural
gas liquids). The process is particularly suitable for treating hydrocarbonaceous fluid
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streams. The hydrocarbons present are for example aliphatic hydrocarbons, such as C-Cs
hydrocarbons, such as methane, unsaturated hydrocarbons, such as ethylene or propylene,
or aromatic hydrocarbons such as benzene, toluene or xylene.

The process is suitable for removing CO; and H,S. As well as carbon dioxide and hydrogen
sulfide, it is possible for other acidic gases to be present in the fluid stream, such as COS
and mercaptans. In addition, it is also possible to remove SO3, SO;, CS2 and HCN.

In the process the fluid stream is brought into contact with the absorbent in an absorption
step in an absorber to at least partly scrub out carbon dioxide and hydrogen sulfide. This
affords a CO;- and H.S-depleted fluid stream and a CO».- and H.S-laden absorbent.

The absorber used is a scrubbing apparatus used in customary gas scrubbing processes.
The process may comprise one or more, in particular two, successive absorption steps.

The process preferably comprises a regeneration step where the CO2- and H;S-laden absor-
bent is regenerated. In the regeneration step CO, and H.S and optionally further acidic gas
constituents are released from the CO»- and H:S-laden absorbent to obtain a regenerated
absorbent. Preferably, the regenerated absorbent is then recycled into the absorption step.
The regeneration step generally comprises at least one of the actions of heating, decom-
pressing, and stripping with an inert fluid.

The release of the acidic gas constituents in the regeneration step may be effected for ex-
ample in a decompression column, for example a vertically or horizontally installed flash ves-

sel, or a countercurrent column comprising internals.

The invention is more particularly elucidated with reference to the examples which follow.

Examples

The following abbreviations are used:

AA adipic acid
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SA succinic acid
MDEA methyldiethanolamine
TBAEE 2-(2-tert-butylaminoethoxy)ethanol

Reference example 1

This example analyzed the solubility of succinic acid/adipic acid in various amines at 23.5°C.

100 g of MDEA were admixed with 2 g of succinic acid and stirred with a magnetic stirrer. An
insoluble sediment was formed. The solubility of succinic acid in MDEA is less than 2 g/100g.

100 g of TBAEE were admixed with 1.7 g of succinic acid and stirred with a magnetic stirrer.
An insoluble sediment was formed. The solubility of succinic acid in TBAEE is less than 1.7
g/100g.

100 g of MDEA were admixed with 2 g of adipic acid and stirred with a magnetic stirrer. An
insoluble sediment was formed. The solubility of adipic acid in MDEA is less than 2 g/100g.

Example 1

This example analyzed the solubility of succinic acid/adipic acid in aqueous amine solutions
at 23.5°C.

This was achieved by adding with stirring carboxylic acid to aqueous amine solutions (start-
ing solutions) as per the table which follows until an insoluble precipitate was formed. The
compositions of the aqueous amine solutions at the solubility limit are reported in the table
which follows.
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starting solution solubility limit composition
MDEA TBAEE MDEA TBAEE acid
[wit%] [wi%)] [wt%] [wt%] wit% neutr. eq.*
20.0 - 15.5 - SA 23.0 299%
60.0 - 358 - SA 40.6 229%

- 20.0 - 15.9 SA 205 352%

- 60.0 - 375 SA 37.6 274%
20.0 - 16.7 - AA 17.6 172%
60.0 - 40.2 - AA 334 135%

* neutr. eq. = neutralization equivalent based on the nitrogen atoms in MDEA/TBAEE

Reference example 2

This example analyzed the stability of MDEA in the presence of various carboxylic acids.

Aqueous amine solutions comprising 30 wt% of MDEA, 15 wi% of TBAEE and various
carboxylic acids were produced according to the table which follows by mixing. The thus
obtained solutions were laden with 20 m® (STP)/t of CO, and 20 m® (STP)/t of H.S. This was
achieved by initially charging the aqueous absorbents into a glass cylinder at 40°C and 1 bar
and passing H2S/CQO; through the solution for about 3 h. The CO2/H>S loading was determined
by titration and a loading of 20 m® (STP)/t of CO, and 20 m® (STP)/t of H,S established by
subsequent dilution with unladen absorbent. The thus acid-gas-laden solutions were
transferred into a nitrogen-filled autoclave. The sealed autoclaves were heated in an oil bath
to 160°C and held at this temperature for 5 days.

After cooling of the autoclaves the samples were removed and the acid gases (COz and H.S)
stripped with nitrogen. This was achieved by transferring the samples into a glass flask fitted
with a cooler and passing N2 through the fully refluxing samples at 100°C over 4 h. The
solutions substantially freed of acid gases were then analyzed for their amine content by gas
chromatography. While the TBAEE content was virtually unchanged for all samples, marked
differences were observed for MDEA depending on the acids employed. The results are shown
in the table which follows.

Date regue/Date received 2023-03-27
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acid content

acid MDEA loss
wt% neutr. eq.*
formic acid 1.10 6.9% 6.14 wt%
acetic acid 1.26 6.1% 6.35 wt%
succinic acid 1.42 7.0% 4.95 wt%
adipic acid 1.66 6.6% 2.44 wt%

* neutr. eq. = neutralization equivalent based on the nitrogen atoms in MDEA/TBAEE
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CLAIMS:

A premixture for producing an absorbent for removing acid gases from a fluid stream

comprising:

a) at least a tertiary amine which is at least one alkanolamine selected from
bis(2-hydroxyethyl)methylamine, tributanolamine, 2-diethylaminoethanol,
2-dimethylaminoethanol, 3-dimethylamino-1-propanol, 3-diethylamino-1-
propanol, 2-diisopropylaminoethanol, and N,N-bis(2-
hydroxypropyl)methylamine, and/or a sterically hindered secondary amine;

b) a dicarboxylic acid in an amount, calculated as neutralization equivalent based
on the protonatable nitrogen atoms in a), of at least 30%, wherein the
dicarboxylic acid has a solubility in water at a temperature of 20°C of not more
than 15 g of dicarboxylic acid per 100 g of water, wherein the dicarboxylic acid
is selected from the group consisting of succinic acid, adipic acid, pimelic acid,
suberic acid, azelaic acid and sebacic acid; and

c) 20 to 80 wt% of water.

The premixture according to claim 1, wherein the amount of b), calculated as
neutralization equivalent based on the protonatable nitrogen atoms in a), is 30% to
400%.

The premixture according to claim 1 or 2, wherein the premixture comprises the
tertiary amine.

The premixture according to any one of claims 1 to 3, wherein the premixture
comprises the sterically hindered secondary amine.

The premixture according to claim 4, wherein the sterically hindered secondary amine
is an alkanolamino ether.

The premixture according to any one of claims 1 to 5, wherein the dicarboxylic acid b)
is selected from succinic acid and adipic acid.

Date Recue/Date Received 2023-09-22
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A process for producing an absorbent for removing acid gases from a fluid stream
comprising mixing the premixture according to any one of claims 1 to 6, wherein the
amount of dicarboxylic acid in the premixture, calculated as neutralization equivalent
based on the protonatable nitrogen atoms of the amines, is greater than in the
absorbent, with an amine.

The process according to claim 7, wherein the premixture is mixed with the amine
and water.

The process according to claim 7 or 8, wherein the absorbent comprises the
dicarboxylic acid in an amount, calculated as neutralization equivalent based on the
protonatable nitrogen atoms of the amines, of 0.5% to 15%.

The process according to any one of claims 7 to 9, wherein the absorbent is free from
sterically unhindered primary amines and sterically unhindered secondary amines.

Date Recue/Date Received 2023-09-22
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