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regenerated absorbent from step b) is recycled into the absorption step a), d) a condensation step in which a condensate
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bottom stream comprising water; characterized in that at least a portion of the bottom stream from step €) is recycled into the
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deacidified, a liquid draw for the laden absorbent, a draw point for the deacidified fluid stream and optionally a backwash zone with
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condenser, an evaporator, a feed for the condensate output from the top condenser, a vapour draw in the top region of the column
and a liquid draw at the bottom of the distillation column, characterized in that regenerator has a feed connected to the liquid draw
at the bottom of the distillation column.
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Abstract

A process for producing a deacidified fluid stream from a fluid stream comprising methanol and

at least one acid gas, comprising

a)

an absorption step in which the fluid stream is contacted with an absorbent in an absorber
to obtain an absorbent laden with methanol and acid gases and an least partly deacidified
fluid stream;

a regeneration step in which at least a portion of the laden absorbent obtained from step
a) is regenerated in a regenerator to obtain an at least partly regenerated absorbent and a
gaseous stream comprising methanol, water and at least one acid gas;

a recycling step in which at least a substream of the regenerated absorbent from step b) is
recycled into the absorption step a);

a condensation step in which a condensate comprising methanol and water is condensed
out of the gaseous stream from step b);

a distillation step in which at least a portion of the condensate from step d) is guided into a
distillation column to obtain a top stream comprising methanol and a bottom stream com-
prising water;

which comprises recycling at least a portion of the bottom stream from step e) into the regener-

ator.

An apparatus for deacidifying a fluid stream, comprising methanol and at least one acid gas, ac-

cording to claim 1, comprising

a)

an absorber comprising an absorption zone, at least one feed for absorbent, a feed for the
fluid stream to be deacidified, a liquid draw for the laden absorbent, a draw point for the
deacidified fluid stream and optionally a rescrubbing zone with a feed for scrubbing agent;
a regenerator comprising a regeneration zone, an evaporator, a feed for the laden absor-
bent, a liquid draw in the bottom of the regenerator and a gas draw in the top region of
the regenerator;

at least one top condenser connected to the gas draw of the regenerator, comprising a gas
draw and a condensate outlet; and

a distillation column comprising a condenser, an evaporator, a feed for the condensate
outlet of the top condenser, a vapor draw in the top region of the column and a liquid
draw at the bottom of the distillation column,

wherein the regenerator has a feed connected to the liquid draw at the bottom of the distillation

column.
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Apparatus and process for production of a deacidified fluid stream
Description

The present invention relates to a process for producing a deacidified fluid stream, especially for
producing deacidified natural gas, having a low methanol content. The present application fur-
ther relates to an apparatus for deacidifying a methanol-containing fluid stream, and to the use
thereof.

The removal of the acid gases from fluid streams is desirable for various reasons.

Natural gas obtained after production comprises, as well as methane, various other components
such as further hydrocarbons, water, and acid gases, such as CO,, H,S or mercaptans.

Crude natural gas has to be purified prior to sale as what is called sales gas, in order that it meets
the specifications and demands of customers and the distribution companies.

For example, water has to be very substantially removed from natural gas since, in the event of
inadequate drying of the natural gas, there can be formation of methane hydrates. The solid me-
thane hydrates can contribute to an extreme pressure drop in the conveying conduits and block
or even damage the valves and pipelines.

The drying also guarantees a uniform calorific value of the gas when it is fed into the public grid.

Moreover, acid gases such as CO,, H,S and mercaptans must be removed since they are corro-
sive and can lead to corrosion damage in the pipelines or apparatuses in the crude natural gas
processing plants. Moreover, they are, like CO, and H,S, environmental pollutants that are signifi-
cant causes of acid rain.

In the production of liquid natural gas (LNG), it is necessary to purify the crude natural gas prior
to liquefaction; it is necessary inter alia to remove CO, down to 50 ppmv for it not to precipitate
out in solid form in the liquefaction.

The crude natural gas therefore generally undergoes a multitude of purification steps before it is
fed into the natural gas grid as sales gas.

Typically, a majority of the water present and natural gas condensate is initially removed. This is
generally done by cooling the crude natural gas, so as to condense out water and the constitu-
ents that form the natural gas condensate, such as longer-chain alkanes and aromatics. The lig-
uids condensed out, i.e. the natural gas condensate and water, can be separated from the non-
liquefied natural gas. Water and natural gas condensate are generally separated off at or close to
the deposit.
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2
In colder regions of the earth, methanol is typically added to the natural gas before it is trans-
ported to a natural gas processing plant or else before the removal of the acid gases. Methanol
acts as an inhibitor of the formation of methane hydrates in the crude natural gas. The addition
of methanol to the crude natural gas thus enables the transport of the crude natural gas from
the deposit to the natural gas processing plant at cold outside temperatures.

However, the addition of methanol to the crude natural gas can lead to problems in the down-
stream workup steps in a natural gas processing plant.

A natural gas processing plant generally comprises one or more of the following steps:

()  deacidification;

(i)  dewatering;

(iiiy  removal of mercury;

(iv)  removal of nitrogen;

(v)  removal of natural gas condensates; and/or
(vi)  liquefaction for production of LNG

In the deacidification step (i), the crude natural gas is generally contacted with an absorbent that
absorbs at least a portion of the acid gases, so as to obtain a deacidified natural gas and an ab-
sorbent laden with the acid gases.

In the deacidification step (i), the methanol present in the crude natural gas is generally not com-
pletely co-absorbed in the absorbent, such that the deacidified natural gas still comprises certain
residual amounts of methanol before it is sent to the dewatering stage (ii). This may be the case
especially when the absorbent itself comprises residual amounts of methanol. Residual amounts
of methanol may be present in the absorbent when regenerated absorbent from which methanol
has not been completely removed is used for deacidification.

However, residual amounts of methanol may lead to problems in the subsequent dewatering
stage (ii).

The dewatering may be configured, for example, as a pressure swing adsorption (PSA), prefera-
bly as a temperature swing adsorption (TSA), or as a glycol drying operation.

If the dewatering (i) is configured, for example, as a PSA or TSA in which a molecular sieve is
used as solid desiccant, it is necessary in the case of presence of residual amounts of methanol to
use a 4 A molecular sieve rather than a 3 A molecular sieve, which means that further compo-
nents such as H,S and ethane are also absorbed as well as water and methanol. In addition, the
absorption of methanol competes with the preferred absorption of water. The co-absorption of
methane and other constituents by use of a larger molecular sieve requires the adsorber to be
designed on a larger scale. Methanol may additionally lead to rapid coking of the molecular sieve
in the regeneration of the molecular sieve by increasing the temperature.
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Both in the case of an adsorption unit based on the PSA or TSA method and in the case of a de-
watering unit based on what is called glycol dewatering, there may be entrainment of methanol
through multiple plant components since the water separated off in the regeneration of the des-
iccant additionally comprises methanol.

The presence of methanol generally entails a further aftertreatment of the water separated off, in
which methanol is separated from water, in order to recover methanol and/or water in a purity in
which the substances can respectively be reused again as make-up water and inhibitor.

RU 2602908 therefore discloses a process for deacidification of crude natural gas in which a dea-
cidified natural gas with a low MeOH content is obtained.

In this process, the MeOH-containing crude natural gas is first introduced into an absorber. In the
absorber, the MeOH-containing crude natural gas is contacted with an aqueous amine solution.
In this case, the predominant portion of the MeOH is also absorbed as well as the acid gases,
such as COs. In a regenerator, the laden amine solution is regenerated at relatively high tempera-
tures, with stripping of the acid gases and MeOH out of the laden amine solution. The stream
obtained overhead in the regenerator is sent to a condenser in which the predominant propor-
tion of methanol is condensed out together with the stripping steam and is separated from the
acid gases remaining in the gas phase. RU 2602908 discloses the further workup of the MeOH-
containing condensate from the regenerator in a downstream distillation column. The regenera-
tor condensate is separated therein into methanol (top product) and water (bottom product).
The MeOH can then be reused as inhibitor in the crude natural gas. The virtually MeOH-free wa-
ter is run into a buffer vessel, where it is mixed with the regenerated absorbent to compensate
for water losses, and returned to the absorber.

A disadvantage of the process described in RU 2602908 is that, in the case of recycling of the
bottom stream from the methanol distillation into the absorber, it is necessary to return a virtu-
ally methanol-free bottom stream since residual amounts of methanol in the absorbent returned
reduce the absorption of methanol in the absorber. The methanol content of the bottom stream
of the methanol distillation is dependent, for example, on the energy input into the evaporator,
the reflux ratio and the number of plates in the column. A virtually methanol-free bottom stream
can be obtained either by operating the column at a high evaporator output, by establishing a
high reflux ratio and/or by virtue of the column having a high number of plates. However, this
increases operating costs and/or capital costs.

Similar problems can arise in the production of synthesis gas. For instance, in the production of
synthesis gas by steam reforming of methane, methanol can be formed as by-product. The fluid
stream may thus also include methanol as well as hydrogen and acid gases, such as CO, and CO.
After at least a portion of the acid gases has been separated off by acid gas scrubbing, the dea-
cidified synthesis gas and/or the deacidified hydrogen may also comprise residual amounts of
methanol. Together with water, which can generally be introduced by an aqueous absorbent, the
problems described above can likewise occur in the subsequent drying of the synthesis gas
and/or hydrogen.
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It was therefore an object of the present invention to produce a deacidified fluid stream, espe-
cially a deacidified natural gas, having a low MeOH content, wherein the production process re-
quired for the purpose was to have lower capital costs and operating costs.

More particularly, the present invention was to enable a high recovery rate of the methanol used
as inhibitor.

In addition, it was to enable a reduction in the amounts of constituents of the absorbent, such as
water, that have to be supplied in order to compensate for any losses in the process. For that
reason, the process of the invention was to enable the recycling of streams from particular pro-
cess steps into other process steps.

The object of the present invention was achieved by a

process for producing a deacidified fluid stream from a fluid stream comprising methanol and at
least one acid gas, comprising

a) an absorption step in which the fluid stream is contacted with an absorbent in an absorber to
obtain an absorbent laden with methanol and acid gases and an at least partly deacidified
fluid stream;

b) a regeneration step in which at least a portion of the laden absorbent obtained from step a) is
regenerated in a regenerator to obtain an at least partly regenerated absorbent and a gase-
ous stream comprising methanol, water and at least one acid gas;

c) arecycling step in which at least a substream of the regenerated absorbent from step b) is re-
cycled into the absorption step a);

d) a condensation step in which a condensate comprising methanol and water is condensed out
of the gaseous stream from step b);

e) a distillation step in which at least a portion of the condensate from step d) is guided into a
distillation column to obtain a top stream comprising methanol and a bottom stream com-

prising water;

which comprises recycling at least a portion of the bottom stream from step e) into the regener-
ator.

A fluid stream comprising methanol and at least one acid gas is introduced into the process of
the invention.

The amount of methanol in the fluid stream is preferably in the range from 50 to 5000 ppmv,
more preferably 100 to 1000 ppmv and most preferably 200 to 800 ppmv.
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The methanol is preferably added to the fluid stream prior to step a). Methanol may alternatively
be formed as by-product in the production of the fluid stream prior to step a), for example in the
steam reforming of methane.

In addition, the fluid stream used comprises at least one acid gas. The crude natural gas prefera-

bly comprises CO, and/or H,S. As well as CO, and/or H.S, other acid gases may be present in the
crude natural gas, such as COS and mercaptans. In addition, SO;, SO,, CS; and HCN may also be
present.

The content of acid gases in the fluid stream is generally 0.01% to 40% by volume, preferably
0.05% to 15% by volume and more preferably 0.1% to 5% by volume.

The fluid stream introduced into the process of the invention may additionally comprise water.

The water content in the fluid stream is generally within a range from > 0% by volume up to a
content corresponding to the saturation concentration of water in the fluid stream under the ex-
isting pressure and temperature conditions.

In a preferred embodiment, the fluid stream used comprises hydrocarbons. The hydrocarbon
content in the fluid stream is generally 60% to 99.9% by volume, preferably 85% to 99.5% by vol-
ume and more preferably 95% to 99% by volume.

The hydrocarbons present in the fluid stream preferably comprise 80% to 100% by volume of
methane, more preferably 90% to 99.9% by volume and most preferably 95% to 99% by volume
of methane.

The fluid stream may, as well as methane and acid gases, comprise further components such as
other gases (N, or He), mercury or naturally occurring radioactive substances.

The proportion of further components in the fluid stream is generally 0% to 4% by volume, pref-
erably 0.0001% to 3% by volume and most preferably 0.0005% to 1.5% by volume.

The fluid stream may be any fluid stream comprising at least one acid gas and methanol. The
fluid stream is preferably crude natural gas. The fluid stream may alternatively be a synthesis gas
or a biogas to which methanol has been added, or in the production of which methanol forms as
a by-product. The crude natural gas used is generally a crude natural gas from which natural gas
condensate and water have been separated by condensation. Natural gas condensate and water
can be separated off by any of the methods known to the person skilled in the art, for example
by lowering the temperature of the crude natural gas being conveyed and separating the con-
densed constituents, such as water and the natural gas condensate, from the uncondensed con-
stituents of the crude natural gas.
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Preference is given to using a fluid stream having a total pressure in the range from 20 to 120
bar, more preferably 40 to 100 bar and most preferably 50 to 80 bar.
Absorption step:
According to the invention, the fluid stream is introduced into an absorption step in which the
fluid stream is contacted with an absorbent in an absorber to obtain an absorbent laden with
methanol and acid gases and an at least partly deacidified fluid stream.
Absorbent:
The absorbent comprises at least one amine.
The following amines are preferred:
i) amines of the formula I
NR'RY). ()
in which R'is selected from C,-Cs-hydroxyalkyl groups, Ci-Cs-alkoxy-C,-Ce-alkyl groups, hydroxy-
Ci-Ce-alkoxy-C,-Ce-alkyl groups and 1-piperazinyl-C,-Cs-alkyl groups, and R? is independently
selected from H, C;-Cg-alkyl groups and C,-Cs-hydroxyalkyl groups;
i) amines of the formula II:
R3R*N-X-NR°R® @m

in which R®, R*, R> and R° are independently selected from H, C;-Cs-alkyl groups, C;-Cs-hydroxy-
alkyl groups, Ci-Cs-alkoxy-C,-Cs-alkyl groups and C,-Cg-aminoalkyl groups, and X is a C,-Cs-al-
kylene group, -X'-NR’-X?- or -X'-O-X*, in which X" and X2 are independently C,-Cs-alkylene
groups and R is H, a C-Cs-alkyl group, Co-Cs-hydroxyalkyl group or C,-Cs-aminoalkyl group;
iii) 5- to 7-membered saturated heterocycles which have at least one nitrogen atom in the ring

and may comprise one or two further heteroatoms selected from nitrogen and oxygen in the

ring, and

iv) mixtures thereof.

Specific examples of amines usable with preference are:
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i) 2-aminoethanol (monoethanolamine), 2-(methylamino)ethanol, 2-(ethylamino)ethanol, 2-(n-
butylamino)ethanol, 2-amino-2-methylpropanol, N-(2-aminoethyl)piperazine, methyldiethan-
olamine, ethyldiethanolamine, dimethylaminopropanol, t-butylaminoethoxyethanol (TBAEE),
2-amino-2-methylpropanol, diisoproanolamine (DIPA);

i) 3-methylaminopropylamine, ethylenediamine, diethylenetriamine, triethylenetetramine, 2,2-
dimethyl-1,3-diaminopropane, hexamethylenediamine, 1,4-diaminobutane, 3,3-iminobisprop-
ylamine, tris(2-aminoethyl)amine, bis(3-dimethylaminopropyl)amine, tetramethylhexameth-
ylenediamine;

i) piperazine, 2-methylpiperazine, N-methylpiperazine, 1-hydroxyethylpiperazine, 1,4-bishydrox-
yethylpiperazine, 4-hydroxyethylpiperidine, homopiperazine, piperidine, 2-hydroxyethylpiperi-
dine and morpholine; and

iv) mixtures thereof.

In a preferred embodiment, the absorbent comprises at least one of the amines monoethanola-
mine (MEA), methylaminopropylamine (MAPA), piperazine (PIP), diethanolamine (DEA), trieth-
anolamine (TEA), diethylethanolamine (DEEA), diisopropanolamine (DIPA), aminoethoxy-
ethanol (AEE), tert-butylaminoethoxyethanol (TBAEE), dimethylaminopropanol (DIMAP) and
methyldiethanolamine (MDEA) or mixtures thereof.

Further amines that may be introduced into the process are tert-butylaminopropanediol, tert-bu-
tylaminoethoxyethylmorpholine, tert-butylaminoethylmorpholine, methoxyethoxyethoxyethyl-
tert-butylamine, tert-butylaminoethylpyrrolidone.

The amine is preferably a sterically hindered amine or a tertiary amine. A sterically hindered
amine is a secondary amine in which the amine nitrogen is bonded to at least one secondary car-
bon atom and/or at least one tertiary carbon atom; or a primary amine in which the amine nitro-
gen is bonded to a tertiary carbon atom. A preferred sterically hindered amine is t-butylami-
noethoxyethanol. A preferred tertiary amine is methyldiethanolamine.

If the aim is to remove the CO, present in the fluid stream completely or virtually completely, the
absorbent preferably additionally comprises an activator when the amine present in the absor-
bent is a sterically hindered amine or a tertiary amine. The activator is generally a sterically unhin-
dered primary or secondary amine. In these sterically unhindered amines the amine nitrogen of
at least one amino group is bonded only to primary carbon atoms and hydrogen atoms. If the
aim is merely to remove a portion of the gases present in the fluid stream, for example the selec-
tive removal of H,S from a fluid stream comprising H,S and CO,, the absorbent preferably does
not comprise any activator.

The sterically unhindered primary or secondary amine which can be used as activator is selected,
for example, from alkanolamines, such as monoethanolamine (MEA), diethanolamine (DEA),
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ethylaminoethanol, 1-amino-2-methyl-propan-2-ol, 2-amino-1-butanol, 2-(2-aminoethoxy)etha-
nol and 2-(2-aminoethoxy)ethanamine, polyamines, such as hexamethylenediamine, 1,4-diamino-
butane, 1,3-diaminopropane, 3-(methylamino)propylamine (MAPA), N-(2-hydroxyethyl)ethylene-
diamine, 3-(dimethylamino)propylamine (DMAPA), 3-(diethylamino)propylamine, N,N'-bis(2-hy-
droxyethyl)ethylenediamine, 5-, 6- or 7-membered saturated heterocycles having at least one
NH group in the ring, which may comprise one or two further heteroatoms selected from nitro-
gen and oxygen in the ring, such as piperazine, 2-methylpiperazine, N-methylpiperazine, N-
ethylpiperazine, N-(2-hydroxyethyl)piperazine, N-(2-aminoethyl)piperazine, homopiperazine, pi-
peridine and morpholine.

Particular preference is given to 5-, 6- or 7-membered saturated heterocycles which have at least
one NH group in the ring and may comprise one or two further heteroatoms selected from ni-
trogen and oxygen in the ring. Very particular preference is given to piperazine.

In one embodiment, the absorbent comprises the tertiary amine methyldiethanolamine and the
activator piperazine.

The molar ratio of activator to sterically hindered amine or tertiary amine is preferably in the
range from 0.05 to 1.0, more preferably in the range from 0.05 to 0.7.
The absorbent generally comprises 10% to 60% by weight of amine.

The absorbent may additionally comprise physical solvents. Suitable physical solvents are, for ex-
ample, N-methylpyrrolidone, tetramethylenesulfone, oligoethylene glycol dialkyl ethers such as
oligoethylene glycol methyl isopropyl ether (SEPASOLV MPE), oligoethylene glycol dimethyl ether
(SELEXOL). The physical solvent is generally present in the absorbent in amounts of 1% to 60% by
weight, preferably 10% to 50% by weight, especially 20% to 40% by weight.

In a preferred embodiment, the absorbent comprises less than 10% by weight, for example less
than 5% by weight, in particular less than 2% by weight of inorganic basic salts, such as potas-
sium carbonate for example.

The absorbent may also comprise additives, such as corrosion inhibitors, antioxidants, enzymes,
antifoams etc. In general, the amount of such additives is in the range of about 0.01-3% by
weight of the absorbent.

The absorber may be supplied with fresh absorbent, or the absorber may be supplied with ab-
sorbent regenerated in the recycling step e). The supply of fresh absorbent means that the com-
ponents of the absorbent are yet to pass through steps b) to e). The supply of regenerated ab-
sorbent requires at least a portion of the components of the absorbent to have passed through
steps b) to e).
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The absorbent preferably comprises 0.05% by volume or less of methanol, more preferably
0.03% by volume or less of methanol, even more preferably 0.01% by volume or less of methanol
and especially 0.005% by volume or less of methanol.

The absorbent is preferably aqueous. This means that the wide variety of different constituents of
the absorbent, such as amine, methanol, physical solvents, additives, may be mixed with water in
the amounts mentioned above.

Very particular preference is given to using an aqueous solution of methyldiethanolamine as ab-
sorbent.

Absorber:

The fluid stream is contacted with the absorbent in step a) in an absorber.
The absorber is preferably an absorption tower or an absorption column, for example a column
with random packing or structured packing or a tray column.

The absorber generally comprises an absorption zone and optionally a rescrubbing zone.

Absorption zone:

The absorption zone is deemed to be the section of the absorption column in which the fluid
stream comes into mass transfer contact with the absorbent.

The fluid stream is preferably contacted in countercurrent with the absorbent in the absorption
zone.

To improve contact with the absorbent and provide a large mass transfer interface, the absorp-
tion zone generally comprises internals, for example random packings, structured packings
and/or trays, such as valve trays, bubble-cap trays, Thormann trays or sieve trays.

If the absorption zone comprises random packings or structured packings, the height of the ran-
dom packings/structured packings of the absorption zone is preferably in the range from 5 to
20 m, more preferably in the range from 6 to 15 m and most preferably in the range from 8 to
14 m.

If the absorption zone comprises trays, the number of trays in the absorption zone is preferably
in the range from 8 to 30, more preferably 12 to 25 and most preferably 15 to 23 trays.

In the case of columns with random packings or structured packings, the absorption zone may
be divided into one or more sections, preferably 2 to 4 sections. Bearing and holding trays
and/or distributor trays may be disposed between the individual sections of the absorption zone,
and these improve the distribution of the absorbent over the entire cross section of the column.
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The temperature of the absorbent introduced into the absorption zone is
generally about 0 to 60°C, preferably 10 to 50°C and more preferably 25 to 50°C.

The pressure in the absorber is typically in the range from 30 to 120 bar, more preferably 40 to
100 bar and most preferably 50 to 80 bar has.

The feed point for the fluid stream introduced is preferably below or in the lower region of the
absorption zone. The feed is preferably via a gas distributor.

The absorber may comprise one or more feed points for the absorbent introduced. For instance,
the absorber may comprise a feed point for fresh absorbent and a feed point for regenerated
absorbent. Fresh and regenerated absorbent may alternatively be fed into the absorber together
via one feed point. The one or more feed points are preferably above or in the upper region of
the absorption zone. It is also possible to feed in individual constituents of the absorbent, such as
make-up water, via the feed point for fresh absorbent.

If the absorber has an optional rescrubbing zone, the feed is preferably between the absorber
zone and the rescrubbing zone.

The contacting of the fluid stream with the absorbent in the absorption zone affords an at least
partly deacidified fluid stream and an absorbent laden with MeOH and acid gases.

In the upper region of the absorber, there is generally a draw point for the deacidified fluid
stream. A demister may be mounted in the region of the draw point, in order to separate out any
liquid residues of the absorbent or of the scrubbing agent from the exiting fluid stream.

There is generally a draw point for the laden absorbent in the lower region of the absorber, pref-
erably at the bottom.

The at least partly deacidified fluid stream may optionally be contacted with a scrubbing liquid in
the absorption zone.

The feed point for the scrubbing agent is preferably in the upper region or above the absorption
zone.

The scrubbing liquid is more preferably an aqueous liquid. The scrubbing liquid may be a liquid
intrinsic to the process, i.e. an aqueous liquid obtained elsewhere in the process, or aqueous lig-
uids supplied from the outside. Preferably, the scrubbing liquid comprises a condensate (called
absorber top condensate) formed in a downstream cooling operation on the deacidified fluid
stream and/or fresh water.

By the contacting of the at least partly deacidified fluid stream with a scrubbing liquid, it is possi-
ble to scrub out entrained absorbent constituents, such as amines. The contacting with an aque-
ous scrubbing liquid can additionally improve the water balance of the process when more water
is discharged via the exiting streams than is introduced via the entering streams.
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Rescrubbing zone:

The absorber may optionally have what is called a rescrubbing zone. In the rescrubbing zone, a
scrubbing liquid is generally conducted in countercurrent to the deacidified fluid stream.

The rescrubbing zone is generally a section of the absorber above the feed point of the absor-
bent.

The rescrubbing zone preferably has random packings, structured packings and/or trays to inten-
sify the contact between the fluid stream and the scrubbing liquid. The rescrubbing zone espe-
cially has trays, especially valve trays, bubble-cap trays, Thormann trays or sieve trays.

The rescrubbing zone comprises preferably 1to 7, more preferably 2 to 6 and most preferably 3
to 5 trays, or a packing height (random packings/structured packings) of preferably 1to 6 m,
more preferably 2 to 5 and most preferably 2 to 3 m.

The scrubbing liquid is generally introduced above the rescrubbing zone or into the upper re-
gion of the rescrubbing zone. The scrubbing liquids used may be the abovementioned scrubbing
liquids.

The scrubbing liquid may be recycled via the rescrubbing zone. This is achieved by collecting the
scrubbing liquid below the rescrubbing zone, for example by means of a suitable collection tray,
and pumping it to the upper end of the rescrubbing zone by means of a pump. The recycled
scrubbing liquid may be cooled, preferably to a temperature of from 20°C to 70°C, in particular
30°C to 60°C. This is advantageously achieved by recirculating the scrubbing liquid through a
cooler. In order to avoid any accumulation of scrubbed-out absorbent constituents in the scrub-
bing liquid, a substream of the scrubbing liquid is preferably discharged from the rescrubbing
zone.

Specification of the deacidified fluid stream:

The deacidified fluid stream, as described above, is preferably drawn off via a draw point in the
upper part of the absorber.

Optionally, the deacidified fluid stream may be guided through a condenser.

Condensers used may, for example, be condensers having cooling coils or helical tubes, plate
heat exchangers, jacketed tube condensers and shell and tube heat exchangers.

The condenser is generally operated at a temperature in the range from 10 to 60°C, preferably 20
to 50°C, more preferably 20 to 30°C.
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The deacidified fluid stream which is obtained in step a) comprises preferably 0.01to 10 ppmv of
methanol, more preferably 0.05 to 5 ppmv of methanol and most preferably 0.1to 3 ppmv of
methanol.

The water content of the deacidified fluid stream is generally 80-100% of the saturation concen-
tration of water in the fluid stream under the existing temperature and pressure conditions.

If the deacidified fluid stream is to be used as sales gas, the content of H,S in the deacidified fluid
stream is preferably 5 ppmv or less, and the CO, content is 2% by volume or less.

If the deacidified fluid stream is to be liquefied to LNG, the CO, content in the deacidified fluid
stream is preferably 100 ppmv or less and more preferably 50 ppmv or less. The H,S content in
the deacidified fluid stream in the case of LNG is preferably 5 ppmv or less and more preferably
2 ppmv or less.

Further processing:

One or more of the following workup steps are optionally conducted subsequently on the dea-
cidified fluid stream which is obtained in step a):

aa) dewatering;

bb) removal of mercury;

cc) removal of nitrogen;

dd) removal of natural gas condensates; and/or
ee) liquefaction (LNG)

The dewatering aa) is preferably conducted in the form of a pressure swing adsorption (PSA) and
more preferably in the form of a temperature swing adsorption (TSA), or in the form of a glycol
drying operation.

PSA or TSA can be conducted by methods known to the person skilled in the art. Standard vari-
ant procedures are described, for example, in Nag, Ashis, “Distillation and Hydrocarbon Pro-
cessing Practices”, PennWell 2016, ISBN 978-1-59370-343-1 or in A. Terrigeol, GPA Europe, An-
nual Conference, Berlin, Germany, 23rd-25th May, 2012 (https://www.cecachemicals.com/ex-
port/sites/ceca/.content/medias/downloads/products/dtm/molecular-sieves-contaminants-ef-
fects-consequences-and-mitigation.pdf).

In PSA or TSA, preference is given to using a zeolite, activated carbon or molecular sieve.
Preference is given to using a molecular sieve as solid adsorbent in PSA or TSA.

In the glycol drying operation, preference is given to using a liquid absorbent such as monoeth-

ylene glycol (MEG), diethylene glycol (DEG), triethylene glycol (TEG) or tetraethylene glycol
(TREG). TEG is especially preferably used as liquid absorbent.
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The glycol drying operation can be conducted by process variants known to the person skilled in
the art. Examples of glycol drying are likewise found, for example, in Nag, Ashis, "Distillation and
Hydrocarbon Processing Practices”, PennWell 2016, ISBN 978-1-59370-343-1.

The drying aa) may optionally be followed by further workup steps, such as bb) mercury removal,
cc) removal of nitrogen, dd) removal of natural gas condensates and ee) liquefaction of natural
gas to give LNG. Details of the aforementioned process steps can likewise be found in Nag, Ashis
“Hydrocarbon Processing Practices”.

The one or more purification steps aa) to dd) generally afford a fluid stream that meets the speci-
fications of final customers and/or distribution companies and, in the case of natural gas, can be
sold as sales gas or can be liquefied in a further liquefaction step ee) to give LNG.

Laden absorbent:

Step a) additionally affords an absorbent laden with acid gases.

The laden absorbent may be fed directly to the regeneration step b).
Expansion step (optional):

In a particular embodiment of the process of the invention, an expansion step is first conducted
on the laden absorbent before it is introduced into the regeneration step b).

In the expansion step, the laden adsorbent is generally guided into an expansion vessel.
For this purpose, in general, the laden adsorbent withdrawn at the base of the absorber is ex-
panded through a throttle valve.

Preferably, the laden adsorbent is expanded to a pressure of 3 to 15 bar, preferably 4 to 12 and
more preferably 5 to 10 bar.

The expansion generally leads to the desorption of co-absorbed hydrocarbons that go into the
gas phase (called flash gas). The flash gas may be guided back into the absorption by means of a
compressor, or incinerated for energy generation or flared off in situ.

The expansion vessel is generally a vessel free of any particular internals. The expansion vessel is
preferably what is called a flash drum. Alternative expansion vessels include columns having in-
ternals, for example random packings, structured packings or trays.

The expansion affords a gaseous phase (flash gas).

In the upper region of the expansion vessel, there is generally a gas draw for the gases converted
to the gas phase. A demister may preferably be disposed in turn in the region of the gas draw. If
required, the acid gases present may be separated from the flash gas in a further absorption col-
umn. Typically, for this purpose, a substream of the regenerated solvent is supplied to the addi-
tional absorption column.
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At the base of the expansion vessel, in general, the absorbent at least partly laden with the acid
gases that have not been converted to the gas phase is drawn off and is generally guided into
step b).

Regeneration step:

According to the invention, the adsorbent at least partly laden with acid gases is guided into the
regeneration step b).

In the regeneration step, at least a portion of the laden absorbent obtained from step a) is re-
generated in a regenerator to obtain an at least partly regenerated absorbent and a gaseous

stream comprising methanol, water and at least one acid gas.

Before being introduced into the regeneration step b), the adsorbent at least partly laden with
acid gases is preferably guided through a heat exchanger.

In the heat exchanger, the absorbent at least partly laden with acid gases is preferably heated to
a temperature in the range from 50 to 150°C, more preferably 70 to 130°C and most preferably
80 to 10°C.

In a particular embodiment, the regenerated absorbent drawn from the bottom of the regenera-
tor is used as heating medium in the heat exchanger. This embodiment has the advantage that
the thermal energy of the regenerated absorbent from stage b) can be used to heat the laden
absorbent. In this way, it is possible to further reduce the energy costs of the overall process.
Regenerator:

According to the invention, the regeneration step is conducted in a regenerator.

The regenerator is generally configured as a stripping column.

The regenerator preferably comprises a regeneration zone, an evaporator and optionally a re-
scrubbing zone.

The regenerator is preferably operated at a top pressure in the range from 1to 5 bar, preferably
1.2 to 4 and more preferably 1.3 to 2.5 bar.

In the bottom of the regenerator, there is generally disposed a liquid draw for the regenerated
solvent.

At the top of the regenerator, there is generally a gas draw for the gaseous stream. A demister is
preferably mounted in the region of the gas draw.
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According to the invention, the gaseous stream is guided into a condensation step d), as de-
scribed hereinafter.

Regeneration zone:

The regenerator generally has a regeneration zone disposed above the bottom. In the present
context, the regeneration zone is regarded as the region of the regenerator with which the laden
absorbent comes into contact with the steam which is raised by the reboiler.

To improve contact and provide a large mass transfer interface, the regeneration zone generally
comprises internals, for example random packings, structured packings and/or trays, such as
valve trays, bubble-cap trays, Thormann trays or sieve trays.

If the regeneration zone comprises structured packings or random packings, the height of the
structured packings/random packings in the regeneration zone is preferably in the range from 5
to 15 m, more preferably in the range from 6 to 12 m and most preferably in the range from 8 to
12 m.

If the regeneration zone comprises trays, the number of trays in the regeneration zone is prefer-
ably in the range from 10 to 30, more preferably 15 to 25 and most preferably 17 to 23 trays.

In the case of columns with random packings or structured packings, the regeneration zone may
in turn be divided into multiple sections, preferably 2 to 4. Bearing and holding trays and/or dis-
tributor trays may be disposed between the sections of the regeneration zone, and these im-
prove the distribution of liquid over the entire cross section of the regenerator.

In general, the laden absorbent is preferably introduced into the regenerator in the upper region
or above it. If the regenerator has an additional rescrubbing zone, as described below, the laden
absorbent is preferably introduced into the regenerator between the regeneration zone and re-

scrubbing zone.

In the regeneration zone, the vapor generated in the evaporator is generally run in countercur-
rent to the absorbent flowing downward through the regeneration zone.

The gaseous stream may be contacted with a scrubbing liquid in the regeneration zone.
If the regenerator does not have a scrubbing zone, the feed point for the scrubbing agent is
preferably in the upper region or above the regeneration zone.

More preferably, the scrubbing liquid is an aqueous liquid, such as fresh water or an aqueous lig-
uid obtained elsewhere in the process.

The temperature of the scrubbing liquid is generally in the range from 20 to 60°C, preferably in
the range from 30 to 55°C and more preferably 30 to 40°C.

In a preferred embodiment, a portion of the condensate from stage d) is used as scrubbing lig-
uid.
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In a particularly preferred embodiment is at least a portion of the scrubbing liquid of the bottom
stream from step e).
More preferably, the scrubbing liquid consists exclusively of the bottom stream from step e).

Bottom:

The zone of the regenerator beneath the regeneration zone is generally referred to as the bot-
tom.

In this region, the regenerated absorbent is typically collected and fed to the evaporator via
pipelines via a liquid draw in the lower region of the regenerator and/or partly recycled into the
absorber as regenerated absorbent.

The bottom may be divided by a collecting tray disposed between the bottom draw and the feed
point for the steam raised in the evaporator.

Evaporator:

In general, at least a portion of the regenerated absorbent is guided from the bottom draw of
the regenerator into an evaporator.

Preferably, the bottom draw from the regenerator is guided completely into the evaporator.
The evaporator is typically a reboiler (kettle evaporator), natural circulation evaporator (thermosi-
phon) or forced circulation evaporator.

The evaporator of the regenerator is preferably disposed outside the regenerator and connected
to the bottom draw via pipelines.

The evaporator is generally operated at temperatures in the range from 100 to 150°C, preferably
105 to 140°C and most preferably 110 to 130°C.

In the evaporator, in general, at least a portion of the bottom draw is evaporated and returned to
the regenerator. The steam raised and unevaporated liquid are preferably fed in beneath the re-

generation zone, preferably into the bottom of the regenerator.

If an additional collecting tray is disposed in the bottom, the steam raised is preferably fed in be-
neath the collecting tray.

Rescrubbing zone:

In a particular embodiment, the regenerator has a rescrubbing zone above the regeneration
zone, especially preferably above the feed point for the laden absorbent.
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The rescrubbing zone generally takes the form of a section of the regenerator disposed above
the regeneration zone.
The rescrubbing zone preferably has internals, especially random packings, structured packings
and/or trays to intensify the contact between the fluid stream and the scrubbing liquid.

In a preferred embodiment, the internals are random packings and/or structured packings. The
packing height (random packings/structured packings) is preferably within a range from 1to 10,
more preferably 2 to 8 and most preferably 3 to 6 m.

In a very particularly preferred embodiment, the rescrubbing zone has trays, especially valve trays
or bubble-cap trays.

The scrubbing section preferably has 1 to 10, more preferably 2 to 7 and most preferably 2 to 6
trays.

A scrubbing liquid is generally introduced into the upper region of the rescrubbing zone or
above the rescrubbing zone.

The scrubbing liquid used is generally an aqueous or slightly acidic aqueous solution, especially
water.

In a particularly preferred embodiment is at least a portion of the scrubbing liquid of the bottom
stream from step e). More preferably, the scrubbing liquid consists exclusively of the bottom
stream from step e).

In a further embodiment, a portion of the condensate from step d) may be guided into the re-
scrubbing zone as scrubbing liquid.

The temperature of the scrubbing liquid is generally in the range from 10 to 60°C, preferably in
the range from 20 to 55°C and more preferably 40 to 50°C.

In the rescrubbing zone, entrained residual amounts of amines may be scrubbed out of the ab-
sorbent, such that the acidic offgas leaving the regenerator is essentially free of amines. In the
rescrubbing zone, the water content of the gas stream which is obtained at the top of the regen-
erator may additionally be reduced since the contact with the colder scrubbing agent can result
in condensation of a portion of the vaporous water. This has the advantage that this water need
not be removed in the subsequent distillation step.

Recycling step c):

According to the invention, the regenerated absorbent obtained at the bottom of the regenera-
tor from step b) is returned to the absorption step a).
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The regenerated absorbent is recycled here, as described above, in one of the feed points of the
absorber for the regenerated absorbent.

Condensation step d):

According to the invention, the gaseous stream from the regenerator is introduced into a con-
densation step d).

In the condensation step, a condensate comprising methanol and water is condensed out of the
gaseous stream from step b).

The condensation step is preferably conducted in such a way that the gaseous stream from stage
b) is guided through one or more condensers (regenerator top condensers).

In a preferred embodiment, the gaseous stream from stage b) is guided through one regenera-
tor top condenser.

The top condenser generally comprises a heat exchanger and a vessel in which the liquid phase
can be separated from the gas phase. However, heat exchanger and vessel may also be inte-
grated in one component.

The regenerator top condenser is generally operated in such a way that water and methanol
condense, while the acid gases remain predominantly in the gas phase.

Regenerator top condensers used may, for example, be condensers having cooling coils or heli-
cal tubes, jacketed tube condensers and shell and tube heat exchangers.

The regenerator top condenser is generally operated at a temperature in the range from 10 to
60°C, preferably 20 to 55°C, more preferably 30 to 40°C.

In a further preferred embodiment, the gaseous stream from stage b) is guided through two re-
generator top condensers.

Preferably, the first two regenerator top condenser is cooled with air or cooling water and the
second two regenerator top condenser is cooled with a coolant.

The first regenerator top condenser is generally operated at a temperature in the range from 20
to 60°C and preferably 25 to 45°C.

The second regenerator top condenser is generally operated with a coolant at a temperature in
the range from 3 to 20°C, preferably 5 to 15°C, more preferably 5 to 10°C.

The embodiment with at least two top condensers also has the advantage that the methanol
content in the acidic offgas can be reduced since more methanol can be condensed out at lower
temperatures. This can increase the methanol recovery rate, for example to more than 80%,
based on the methanol introduced into the process. In addition, it is possible to increase the pu-
rity of the methanol obtained.

The uncondensed gas phase is preferably discharged from the process as offgas.
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According to the invention, at least a portion of the regenerator top condensate is guided into
the distillation step e). It is preferable here that, when multiple condensers are used, the conden-
sates are combined before being introduced into stage e).

Preferably 50% to 100% by volume, more preferably 70% to 100% by volume, especially prefera-
bly 90% of 100% by volume, of the regenerator top condensate, and most preferably 100% by
volume, is guided into the distillation step e).

The top condensate not introduced into step e) may be returned to the regenerator as scrubbing
liquid.

The recycling of the top condensate into the regenerator can preferably be effected here to-
gether with the bottom stream from stage e) into the regenerator.

Distillation step e):

According to the invention, the condensation step d) is followed by a distillation step e) in which
at least a portion of the condensate from step d) is guided into a distillation column to obtain a
top stream comprising methanol and a bottom stream comprising water.

The distillation step e) is generally conducted in a rectification column.

The rectification can be effected in apparatuses known to those skilled in the art, such as bubble-
cap tray columns, sieve tray columns or columns having random packings or structured packings.

The rectification column preferably comprises 3 to 25 plates, more preferably 5 to 20 plates and
most preferably 7 to 15 plates.

The input into the rectification column is preferably fed in in a spatial region between 25% and
95% of the plates of the rectification column (counted from the bottom), more preferably in a
spatial region between 40% and 60% of the plates of the rectification column. For example, the
can be effected in the region of the middle of the plates.

The energy required for the rectification is typically introduced by an evaporator in the bottom of
the column. This evaporator is typically a reboiler, natural circulation evaporator or forced circu-
lation evaporator.

In the preferred embodiment, therefore, the absolute pressure at the top of the rectification col-
umn is preferably in the range from 1to 5 bar, more preferably 1to 4 bar and especially prefera-

bly 1.1to 3 bar.

At the appropriate pressures, the temperatures at the top of the rectification column are gener-
ally in the range from 50 to 80°C, preferably 55 to 75°C and more preferably 60 to 70°C.
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The gaseous stream drawn off at the top of the rectification column is generally guided through
a condenser.

The condenser is preferably operated at a temperature in the range from 10 to 50°C, preferably
20 to 45°C and especially preferably 30 to 40°C.

Condensers used may, for example, be condensers having cooling coils or helical tubes, jacketed
tube condensers, plate heat exchangers and shell and tube heat exchangers.

A condensate comprising predominantly methanol is generally obtained in the condenser.

The condensate obtained in the condenser is preferably returned as reflux to the top of the recti-
fication column to an extent of more than 50% by volume, preferably to an extent of more than
65% by volume and most preferably to an extent of more than 80% by volume.

The unrecycled condensate can be discharged from the process and reused as inhibitor for pre-
vention of methane hydrate formation in the crude natural gas.

At the bottom of the rectification column, a bottom stream comprising predominantly water is
generally drawn off.

The bottom stream from step e) preferably comprises methanol in the range from 10 ppmw to
5 wt%, more preferably 100 ppmw to 3 wt% and most preferably 200 ppmw to 1 wt% of metha-
nol.

Recycling of the bottom stream from distillation step e):

According to the invention, at least a portion of the bottom stream from distillation step e) is re-
turned to the regenerator which is used in step b).

Preferably 50% to 100% by volume, more preferably 70% to 100% by volume and most prefera-
bly 90% to 100% by volume of the bottom stream from distillation step e) is recycled into the re-
generator. In a preferred embodiment, the bottom stream from distillation step e) is returned
completely (100% by volume) to the regenerator. This can reduce the feeding-in of fresh water to
maintain the water balance in the overall process.

If the regenerator does not have an additional rescrubbing zone, the bottom stream from distil-
lation step e) is preferably returned to the upper region or above the regeneration zone via a

feed point.

If the regenerator does have an additional rescrubbing zone, the bottom stream from distillation
step e) is preferably returned to the upper region or above the rescrubbing zone via a feed point.
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The introduction of the bottom stream from step e) into the regenerator is preferably effected as
described above.

The bottom stream from step e) is preferably introduced as scrubbing water into the upper re-
gion or above the regeneration zone or, when a rescrubbing zone is present, into the rescrub-
bing zone, as described above.

It is optionally possible to additionally introduce fresh water into the regenerator together with
the bottom stream from stage e). The introduction can be effected via the same feed point. Wa-
ter can alternatively be introduced via a separate feed point.

However, preference is given to conducting exclusively condensate from stage e), without fresh
water, into the regenerator, as described above.

In a preferred embodiment, the bottom stream from stage e) is used as heating medium in a
heat exchanger before the bottom stream from step e) is recycled into the regenerator. Prefera-
bly, the bottom stream from step e) is utilized as heating medium in the heat exchanger that
heats the regenerator top condensate from stage d) before it is guided into the distillation step
e). This embodiment leads to a reduction in the energy demand.

Apparatus:

The present invention additionally relates to an

apparatus for deacidifying a fluid stream, comprising methanol and at least one acid gas, accord-
ing to claim 1, comprising

a) an absorber comprising an absorption zone, at least one feed for absorbent, a feed for the
fluid stream to be deacidified, a liquid draw for the laden absorbent, a gas draw for the dea-
cidified fluid stream and optionally a rescrubbing zone with a feed for scrubbing agent;

b) a regenerator comprising a regeneration zone, an evaporator, a feed for the laden absorbent,
a liquid draw in the bottom of the regenerator and a gas draw in the top region of the regen-

erator;

c) at least one top condenser connected to the gas draw of the regenerator, comprising a gas
draw and a condensate outlet; and

d) a distillation column comprising a condenser, an evaporator, a feed for the condensate outlet
of the top condenser, a vapor draw in the top region of the column and a liquid draw at the

bottom of the distillation column,

wherein the regenerator has a feed connected to the liquid draw at the bottom of the distillation
column.

A preferred embodiment of such an apparatus is depicted in figure 1.
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Figure 2 shows a preferred embodiment in which the regenerator additionally comprises a re-
scrubbing zone.

The absorber is preferably configured as an absorption column or absorption tower.

The absorption column preferably has an absorption zone. In the context of the present inven-
tion, the absorption zone is deemed to be the section of an absorption column in which the fluid
stream comes into mass transfer contact with the absorbent. To improve contact and provide a
large mass transfer interface, the absorption zone preferably comprises internals, preferably ran-
dom packings, structured packings and/or trays.

In a column having random packing or structured packing, the absorption zone is preferably di-
vided into two to four packing sections arranged one on top of another that are separated from
one another by bearing and holding trays and/or a distributor tray.

If the absorption zone comprises random packings or structured packings, the height of the
structured packings/random packings in the absorption zone is preferably in the range from 5 to
20 m, more preferably in the range from 6 to 15 m and most preferably in the range from 8 to
14 m.

If the absorption zone comprises trays, the number of trays in the absorption zone is preferably
in the range from 8 to 30, more preferably 12 to 25 and most preferably 15 to 23 trays.

Below or in the lower region of the absorption zone, there is a feed for the fluid stream to be de-
acidified.

Above the absorption zone, preferably at the top of the absorption column, there is preferably a
draw point for the deacidified fluid stream.
A demister is preferably mounted in the region of the draw point for the deacidified fluid stream.

In a particularly preferred embodiment, there is a feed point for scrubbing agent in the upper re-
gion or above the absorption zone.

In a very particular embodiment, the absorber comprises an additional rescrubbing zone above
the absorption zone.

The rescrubbing zone is generally configured as a section of the absorber in the form of a rectify-
ing section disposed above the feed point for the absorbent. The rescrubbing zone preferably
has random packings, structured packings and/or trays to intensify the contact between the fluid
stream and the scrubbing liquid. The rescrubbing zone especially has trays, especially valve trays,
bubble-cap trays, Thormann trays or sieve trays.

There is preferably a feed point for scrubbing agent above the rescrubbing zone.
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The rescrubbing zone comprises preferably 1to 7, more preferably 2 to 6 and most preferably 3
to 5 trays, or a packing height (random packings or structured packings) of preferably 1to 6 m,
more preferably 2 to 5 and most preferably 2 to 3 m.
A collecting tray may be disposed beneath the rescrubbing zone, on which scrubbing liquid can
be collected and recycled. The recycling is generally effected here by means of a pump that
pumps the scrubbing liquid from the collecting tray to the feed point. In the case of recycling, the
scrubbing liquid may be cooled by means of a heat exchanger.

There is preferably a liquid draw for the laden absorbent in the lower region of the absorber.

In a preferred embodiment, there is a heat exchanger between the liquid draw for the laden ab-
sorbent in the absorber and the feed for the laden absorbent in the regenerator. The heating
medium used for this heat exchanger is preferably the recycle stream of the regenerated absor-
bent from the bottom of the regenerator to the absorber. In this preferred embodiment, the en-
ergy demand of the overall process can be reduced.

The liquid draw from the absorber is preferably connected via a heat exchanger to the regenera-
tor b) via pipelines.

The heat exchanger may be configured as a plate heat exchanger or shell and tube heat ex-
changer. The heating medium used in the heat exchanger is preferably the bottom stream from
the regenerator b).

The regenerator comprises a regeneration zone, an evaporator, a feed for the laden absorbent, a
liquid draw in the bottom of the regenerator and a draw point in the top region of the regenera-
tor.

In the present context, the regeneration zone is regarded as the region of the regenerator with
which the laden absorbent comes into contact with the steam which is raised by the reboiler.

To improve contact and provide a large mass transfer interface, the regeneration zone preferably
comprises internals, preferably random packings, structured packings and/or trays.

In a column having random packing or structured packing, the regeneration zone is preferably
divided into two to four packing sections arranged one on top of another that are separated
from one another by bearing and holding trays and/or a distributor tray.

If the regeneration zone comprises random packings or structured packings, the height of the
random packings/structured packings in the regeneration zone is preferably in the range from 5
to 15 m, more preferably in the range from 6 to 12 m and most preferably in the range from 8 to
12 m.

If the regeneration zone comprises trays, the number of trays in the regeneration zone is prefer-
ably in the range from 10 to 30, more preferably 15 to 25 and most preferably 17 to 23 trays.
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The feed for the laden absorbent is generally above or in the upper region of the regeneration
zone.

The regenerator additionally comprises an evaporator.

The evaporator is preferably a reboiler, natural circulation evaporator or forced circulation evap-
orator.

The evaporator is preferably connected to a liquid draw at the bottom of the regenerator via a
pipeline. The bottom generally refers to the region beneath the regeneration zone.

The vapor-liquid mixture generated in the evaporator is preferably introduced into the lower re-
gion of the regenerator via a feed point above the liquid draw at the bottom but below the re-
generation zone.

In a further preferred embodiment, the bottom of the regenerator is divided by a collecting tray.
The absorbent collected therein is supplied to the heat exchanger. The steam is fed in and the
liquid is recycled beneath the collecting tray.

The regenerator additionally comprises a draw point for the gaseous stream formed in the re-
generation. The draw point for the gaseous stream formed in the regeneration is preferably dis-
posed in the top region of the regenerator. There is preferably a demister in the region of the
draw point.

In a particularly preferred embodiment, the regenerator further comprises a rescrubbing zone.
The rescrubbing zone is generally configured as a section of the regenerator in the form of a rec-
tifying section disposed above the regeneration zone or the feed point for the laden absorbent.
To improve contact and provide a large mass transfer interface, the rescrubbing zone preferably
comprises internals, preferably random packings, structured packings and/or trays.

Especially preferably, the scrubbing section comprises trays, such as valve trays, bubble-cap trays,
Thormann trays or sieve trays.

The rescrubbing zone preferably has 1to 10, more preferably 2 to 7 and most preferably 2 to 6
trays.

When the rescrubbing zone has structured packings or random packings, the height of the inter-
nals is preferably in the range from 1to 10 m, even more preferably 2 to 8 m and especially pref-
erably 3 to 6 m.

There is preferably a feed for scrubbing liquid above or in the upper region of the rescrubbing
zone.

The draw point for the gaseous stream formed in the regeneration is connected to a top con-
denser. The top condenser comprises a gas draw and a condensate outlet.

Condensers used may, for example, be condensers having cooling coils or helical tubes, jacketed
tube condensers and shell and tube heat exchangers.
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In a preferred embodiment, the apparatus of the invention comprises at least two condensers
with one gas draw and one condensate outlet each, wherein the first condenser is preferably
cooled with air or cooling water and the second condenser is preferably cooled with a coolant.
This embodiment has the advantage that the methanol content in the acidic offgas can be re-
duced since more methanol can be condensed out. This can increase the methanol recovery rate,
for example to more than 80%, based on the methanol introduced into the process.

The apparatus of the invention additionally comprises a distillation column comprising a conden-
ser, an evaporator, a feed for the condensate outlet of the top condenser, a vapor draw in the
top region of the column and a liquid draw at the bottom of the distillation column.

The distillation column is preferably configured as a bubble-cap tray column or sieve tray col-
umn, or preferably as a column with random packings or structured packings. The internals may
be disposed in one or more beds. The rectification column preferably comprises 3 to 25 plates,
more preferably 5 to 20 plates and most preferably 7 to 15 plates.

The feed for the condensate outlet of the top condenser is preferably fed in in a spatial region
between 25% and 95% of the plates of the rectification column (counted from the bottom), more
preferably in a spatial region between 40% and 60% of the plates of the rectification column. For
example, the feed may be in the region of the middle of the plates.

There is preferably a liquid draw at the bottom of the distillation column.
The liquid draw is preferably connected to an evaporator via a pipeline.

The evaporator is preferably a reboiler, natural circulation evaporator or forced circulation evap-
orator.

The vapor-liquid mixture generated in the evaporator is preferably introduced into the bottom of
the distillation column via a vapor feed.

The vapor draw is preferably in the top region of the rectification column.

The vapors formed in the distillation are guided via a pipeline to a top condenser. The top con-
denser generally comprises a heat exchanger and a vessel in which the liquid phase can be sepa-
rated from the gas phase.

Condensers used may, for example, be condensers having cooling coils or helical tubes, jacketed
tube condensers and shell and tube heat exchangers.

A condensate comprising predominantly methanol is generally obtained in the condenser.

The condensate obtained in the condenser is preferably returned via a pipeline to the top of the
rectification column to an extent of more than 50% by volume, preferably to an extent of more
than 65% by volume and more preferably to an extent of more than 80% by volume.

The unrecycled condensate can be discharged from the process via a pipeline and reused as in-
hibitor for prevention of hydrate formation at low temperatures.
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According to the invention, the regenerator has a feed connected to the liquid draw at the bot-
tom of the distillation column.

If the regenerator does not have a scrubbing zone, the feed point is preferably above or in the
upper region of the regeneration zone.

If the regenerator does have a scrubbing zone, the feed point is preferably above or in the upper
region of the scrubbing zone.

In a further preferred embodiment, a heat exchanger is disposed between the liquid draw at the
bottom of distillation column ¢) and the feed to the regenerator. In this heat exchanger, the bot-
toms discharge from distillation column c) is utilized as heating medium for the condensate out-
put from the top condenser of the regenerator before the condensate output is introduced into
the distillation column c).

In a particularly preferred embodiment, the apparatus of the invention comprises an expansion
vessel.

The expansion vessel is connected to the absorber a) and the regenerator b).
The liquid draw from the bottom of the absorber is preferably connected via a valve to the ex-
pansion vessel.

In the expansion vessel, at least a portion of the acid gases in the laden absorbent is converted to
the gas phase and separated from the unevaporated liquid phase.

The gas phase is generally drawn off as acidic offgas in the upper region of the expansion vessel
and discharged from the process.

In the lower region of the expansion vessel, there is preferably a liquid draw for the unevapo-
rated liquid phase which is connected to the regenerator via a pipeline. The feed point for the
liquid phase from the expansion vessel is preferably above the regeneration zone.

More preferably, a heat exchanger is disposed between the expansion vessel and the regenera-
tor, which is operated with the bottoms discharge from the regenerator as heating medium.

Use of the apparatus:

The present invention further relates to the use of the apparatus of the invention and of one of
its preferred configuration forms, or combinations of the preferred configuration forms, for pro-
duction of deacidified natural gas with a low methanol content. Such an apparatus may especially
be used in countries and regions in which the climatic circumstances require inhibition of hydrate
formation with methanol.

Date Regue/Date Received 2020-12-08



10

15

20

25

30

35

40

CA 03103030 2020-12-08

27
The apparatus can be used according to the above-described process conditions.
Advantages:

The apparatus of the invention, the inventive use thereof and the process of the invention in
which the bottom stream from stage e) is recycled into the regenerator have the advantage over
the introduction into the absorber known from the prior art that the bottom stream from stage e)
can have a higher residual methanol content.

In distillation step e), compared to the prior art, the rectification column can be built with fewer
plates or operated with lower evaporator output. In this way, it is possible to reduce operating
costs and/or capital costs.

The process of the invention additionally has the advantage that the methanol fed in as inhibitor
can be recovered at a high rate, preferably more than 80%, based on the methanol fed in. This
can further reduce the operating costs of the overall process.

In the context of the invention, it has been found that, surprisingly, in the case of introduction of
the bottom stream from stage e) into the regenerator in accordance with the invention, there is
only a small degree of absorption, if any, in the regenerated absorbent.

The regenerated absorbent thus has such a low content of methanol that the methanol which is
introduced into step a) with the fluid stream to be deacidified can be removed virtually com-
pletely. It is thus possible to optimally utilize recycle streams and to reduce the supply of constit-
uents of the absorbent to compensate for losses.

The removal of the methanol from the deacidified fluid stream has the advantage that the prob-
lems that occur in the presence of methanol can be reduced in downstream workup steps.

If the subsequent dewatering is configured, for example, as a PSA or TSA in which a molecular
sieve is used as a solid desiccant, a 3 A molecular sieve rather than a 4 A molecular sieve are
used, since the adsorption of water does not compete with the adsorption of methanol. As a re-
sult, there is also no absorption of further components, such as H,S and ethane. This enables a
smaller design of the dewatering stage. In the case of regeneration of the molecular sieve by in-
creasing the temperature, a low methanol content leads to low carbonization of the molecular
sieve.

If the glycol drying is configured, for example, as what is called a TEG unit (TEG = triethylene gly-
col), the presence of methanol makes it difficult to regenerate TEG. These disadvantages can like-
wise be reduced by the process of the invention or the apparatus of the invention and the use
thereof.
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In both cases (PSA/TSA and glycol drying), the entrainment of methanol through multiple plant
components is reduced. More particularly, the water removed in the regeneration of the desic-
cant comprises less methanol, as a result of which it is optionally possible to reduce or avoid the
complexity involved in a further workup of the water removed.

Examples:
The invention is illustrated by the following examples:

The examples are based on calculations performed using a simulation model. The phase equilib-
ria were described using a model by Pitzer (K. S. Pitzer, Activity Coefficients in Electrolyte Solu-
tions 2nd ed., CRC Press, 1991, Chapter 3, lon Interaction Approach: Theory). The simulation of
the absorption processes is described by means of a mass transfer-based approach; details of
this are given in Asprion (Asprion, N.. Nonequilibrium Rate-Based Simulation of Reactive Systems:
Simulation Model, Heat Transfer, and Influence of Film Discretization, Ind. Eng. Chem. Res. (2006)
45(6), 2054-2069). The distillation column was designed by means of a thermodynamic model
based on the NRTL approach for the description of the vapor-liquid equilibrium of water-metha-
nol.

All pressures reported in the present document are absolute pressures.

In the present document "m?3 (STP)/h" is the volume flow rate reported in standard cubic meters
per hour. A standard cubic meter is based on a temperature of 273.15 K and a pressure of
1.01325 bar. All values reported in the unit “% by volume” are likewise based on these conditions.

The following process conditions were assumed for all examples:

eFeed gas: 1.0% by volume of CO,, 520 ppmv of methanol, balance: hydrocarbons (CH,, C,Hg), at
a temperature of 26°C and a pressure of 63.5 bar.

eAbsorbent:
An amine solution consisting of piperazine and methyldiethanolamine with a total amine con-
tent of 40% by weight. 0.24 m3/h of regenerated absorbent is used for every 1000 m? (STP)/hr
of feed gas. The regenerated absorbent has a temperature of 35°C.

eThe internals in the absorption column are random packings having a total bed height of 14 m.

eIn the regenerator, random packings are likewise used for the regeneration zone, with a bed
height of 10 m. The regenerator is operated at a pressure of 1.5 bar.
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Claims

1. A process for producing a deacidified fluid stream from a fluid stream comprising methanol
and at least one acid gas, comprising

a) an absorption step in which the fluid stream is contacted with an absorbent in an absorber
to obtain an absorbent laden with methanol and acid gases and an at least partly deacidi-
fied fluid stream;

b) a regeneration step in which at least a portion of the laden absorbent obtained from step
a) is regenerated in a regenerator to obtain an at least partly regenerated absorbent and a
gaseous stream comprising methanol, water and at least one acid gas;

) arecycling step in which at least a substream of the regenerated absorbent from step b) is
recycled into the absorption step a);

d) a condensation step in which a condensate comprising methanol and water is condensed
out of the gaseous stream from step b);

e) a distillation step in which at least a portion of the condensate from step d) is guided into a
distillation column to obtain a top stream comprising methanol and a bottom stream com-
prising water;

which comprises recycling at least a portion of the bottom stream from step e) into the regener-
ator.

2. The process according to claim 1, wherein the fluid stream introduced into the process com-
prises methanol in the range from 50 to 5000 ppmv.

3. The process according to at least one of claims 1 and 2, wherein the fluid stream introduced
into the process comprises hydrocarbons and the hydrocarbons introduced into the process
comprise in the range from 90% to 99.5% by volume of methane, and/or wherein the fluid
stream introduced into the process comprises acid gases in the range from 0.01% to 40% by
volume.

4. The process according to at least one of claims 1 to 3, wherein an additional expansion step is
conducted between absorption step a) and regeneration step b).

5. The process according to at least one of claims 1to 4, wherein 50% to 100% by volume of the
bottom stream from step e) is recycled into the regenerator.

6. The process according to at least one of claims 1to 5, wherein the at least a portion of the
bottom stream from step e) is recycled into the upper region or above the regeneration zone
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of the regenerator in step b), or wherein the regenerator in step b) comprises a regeneration
zone and a rescrubbing zone and the laden absorbent is introduced between regeneration
zone and rescrubbing zone and at least a portion of the bottom stream from step e) is recy-
cled into the upper region or above the rescrubbing zone.

7. The process according to at least one of claims 1 to 6, wherein the pressure at the top of the
distillation column in step e) is in the range from 1to 3 bar.

8. The process according to at least one of claims 1to 7, wherein the distillation column in step
e) has 3 to 25 plates.

9. The process according to at least one of claims 1to 8, wherein the distillate obtained in the
condenser of the distillation column in step e) is recycled to an extent of more than 50% by
volume as reflux to the distillation column.

10. The process according to at least one of claims 1to 9, wherein the condensation step d) com-
prises at least two condensers, the first condenser being cooled with air or cooling water and
the second condenser being cooled with a coolant.

11. The process according to at least one of claims 6 to 10, wherein the rescrubbing zone of the
regenerator has trays or random packings or structured packings, and the number of trays is
in the range from 1to 10 trays or the height of the random packings/structured packings is in
the range from 1to 10 m.

12. The process according to at least one of claims 1 to 11, wherein the absorbent is an aqueous
absorbent.

13.The process according to at least one of claims 1 to 12, wherein one or more of the following
workup steps are performed on the deacidified fluid stream from step a):

aa) dewatering;

bb) removal of mercury;

cc) removal of nitrogen;

dd) removal of natural gas condensates; and/or
ee) liquefaction.

14. An apparatus for deacidifying a fluid stream, comprising methanol and at least one acid gas,
according to claim 1, comprising

a) an absorber comprising an absorption zone, at least one feed for absorbent, a feed for the

fluid stream to be deacidified, a liquid draw for the laden absorbent, a draw point for the
deacidified fluid stream and optionally a rescrubbing zone with a feed for scrubbing agent;
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b) a regenerator comprising a regeneration zone, an evaporator, a feed for the laden absor-
bent, a liquid draw in the bottom of the regenerator and a gas draw in the top region of
the regenerator;

5 c) at least one top condenser connected to the gas draw of the regenerator, comprising a gas
draw and a condensate outlet; and

d) a distillation column comprising a condenser, an evaporator, a feed for the condensate
outlet of the top condenser, a vapor draw in the top region of the column and a liquid

10 draw at the bottom of the distillation column,

wherein the regenerator has a feed connected to the liquid draw at the bottom of the distillation
column.

15 15. The use of an apparatus according to claim 14 for production of deacidified natural gas hav-
ing a low methanol content.
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