
ORGANISATION AFRICAINE DE LA PROPRIETE INTELLECTUELLE
8

Inter. CI. B01D 53/14

o 17205

FASCICULE DE BREVET D’INVENTION

Numéro de dépôt : 1201500061
(PCT/EP13/067217)

Titulaire(s) :

Date de dépôt : 19/08/2013
BASF SE,

67056 LUDWIGSHAFEN (DE)

Priorité(s) :

EP n° 12183132.5 du 05/09/2012
US n° 61/696827 du 05/09/2012

Inventeur(s) :

Délivré le : 31/08/2015

Publié le : 05.04.2016

KATZ Torsten (DE) 
BARTLING Karsten (US).

Mandataire : Cabinet ÉKÉMÉ LYSAGHT SARL, 
B.P. 6370, YAOUNDE (CM).

Titre : Process for separating off acid gases from a water-comprising fluid stream.

Abrégé :

A process for separating off acid gases from a water-comprising 
fluid stream is described, in which a) the water-comprising fluid 
stream is contacted in an absorption zone with an absorbent that 
comprises at least one amine, wherein a deacidified fluid stream 
and an acid gas-loaded absorbent is obtained, b) the deacidified 
fluid stream is contacted in a scrubbing zone with an aqueous 
scrubbing liquid, in order to transfer entrained amine at least in part 
to the scrubbing liquid, wherein a deaminated, deacidified fluid 
stream and an amine-loaded scrubbing liquid are obtained, c) the 
deaminated, deacidified fluid stream is cooled downstream of the 
scrubbing zone, wherein an absorber top condensate is condensed 
out of the deaminated, deacidified fluid stream, d) the loaded 
absorbent is passed into a desorption zone in which the acid gases 
are at least in part released, wherein a regenerated absorbent and 
desorbed acid gases are obtained, e) the regenerated absorbent is 
returned to the absorption zone in order to form an absorbent 
circuit, f) the amine-loaded scrubbing liquid and the absorber top 
condensate are introduced into the absorbent circuit, and g) the 
desorbed acid gases are conducted through an enrichment zone 
and the acid gases exiting at the top of the enrichment zone are 
cooled, in order to condense out of the acid gases a desorber top 
condensate which in part is returned to the enrichment zone and in 
part is passed out of the process. The process permits efficient 
rétention of amines from the treated fluid streams with maintenance 
of the water balance of the acid gas removal plant.
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BASF SE

Method for separating acid gases from an aqueous flow of fluid

Description

The présent invention relates to a process for separating off acid gases from a water­
comprising fluid stream.

Numerous fluid streams comprise acid gases such as CO2, H2S, SO2, CS2, HCN, COS, 
or mercaptans, for example. These fluid streams can be, for example, gas streams 
such as naturel gas, refinery gas, synthesis gas, flue gases or reaction gases formed in 
the composting of waste materials comprising organic substances. The removal of acid 
gases from these fluid streams is désirable for various reasons.

The removal of carbon dioxide from flue gases serves, in particular, for reducing the 
émission of carbon dioxide, which is considered to be the main cause of what is termed 
the greenhouse effect.

Synthesis gas comprises substantially carbon monoxide and hydrogen. Synthesis gas 
Is generally produced by partial oxidation or steam reforming of hydrocarbons. The 
crude synthesis gas comprises acid gases such as carbon dioxide, hydrogen sulfide or 
carbonyl sulfide, which must be removed.

The content of acid gases In naturel gas is reduced by suitable treatment measures 
directiy at the naturel gas well, since these form corrosive acids in the water frequently 
entrained by the naturel gas.

On an Industrial scale, for removing acid gases such as carbon dioxide, from fluid 
streams, frequently aqueous solutions of organic bases are used as absorbents, e.g. 
amines such as, in particular, alkanolamines. On dissolution of acid gases, In this 
process Ionic products form from the base and the acid gas components. The 
absorbent can be regenerated by heating, expansion to a lower pressure or strippîng, 
wherein the ionic products back-react to form acid gases and/or the acid gases are 
stripped off by steam. After the régénération process, the absorbent can be reused.

The amines used, however, hâve a non-negligible vapor pressure. Therefore, the fluid 
stream freed from acid gases comprises traces of amines. Contamination of the 
treated fluid stream Is undeslreble for various reasons. For instance, it is 
disadvantagous if, together with the treated flue gas, traces of amines escape into the 
environment. Synthesis gas is the starting material for further catalytlc réactions. Amine 
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traces In this case can act as a catalyst poison. The content of amines in natural gas or 
the Llquefied Petroleum Gas (LPG) produced therefrom by liquéfaction can likewise be 
subject to restrictions.

5 In the prior art, it has been proposed to scrub the treated fluid stream with an aqueous 
liquid, to transfer entrained amine at least in part to the aqueous liquid.

EP 0 798 029 A2 discloses a process in which a gas is treated with a basic amine 
compound for the absorption of carbon dioxide and the treated gas Is then contacted 

10 with an aqueous phase at 20 to 60°C in order to transfer entrained basic amine at least
in part to the aqueous phase. The aqueous phase Is said preferably to be a 
condensate which Is condensed out from the carbon dioxide liberated in the 
régénération tower.

15 EP 0 502 596 A1 teaches a process for removing CO2 from a combustion off-gas, 
wherein the combustion off-gas Is contacted, in a first section, with an absorbent which 
comprises an aqueous solution of an alkanolamine, water Is condensed out of the 
combustion off-gas by cooling, and the water that is condensed out is contacted in a 
second section with the combustion off-gas that is depleted In carbon dioxide.

20
EP 1 132 125 A1 discloses a process for controlling the concentration of an absorbent 
In a system for separating off CO2, wherein the température of the circulating water in a 
scrubbing zone is controlled in dependence on liquid level in the sump of the 
absorption tower.

25
EP 1 334 759 A1 teaches a process and a device for recovering amine, wherein amine 
which is présent in gas stream freed from CO2 is removed from the gas stream by a 
plurality of successive scrubbing steps.

30 US 2008/0159937 comprises a process for removing carbon dioxide from a gas 
stream, in which the gas stream which Is depleted in carbon dioxide is scrubbed with 
water in a packed section of the absorption column. The water can be condensate from 
the top of the régénération column or fresh water for compensation of amounts lost.

35 An acid gas removal system continuously loses water in the form of steam, which Is 
removed via the treated fluid stream and the acid gases that are released, or owing to 
other physical losses. In order to compensate for the losses and to maintain the water 
balance ofthe system, it Is therefore generally necessary to add fresh water 
periodically to the absorbent circuit to compensate for amounts lost (makeup water).
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The fresh water for compensating for amounts lost should not comprise dissolved 
substances and is, e.g., demineralized water or steam condensate.

On the other hand, under certain conditions, more water can be introduced into the
5 acid gas removlng system than is removed via the treated fluid stream and the acid 

gases reieased. This is the case, in particular, if (i) the fluid stream that is to be treated 
has a high water content or is saturated with water vapor, (ii) the treated fluid stream is 
greatly cooled In the scrubblng zone or downstream of the scrubbing zone In order to 
ensure efficient amine rétention, and/or (iii) the fluid stream that is to be treated has a

10 relatively low acid gas content and the volumétrie flow rate of the acid gases reieased 
In the regenerator is therefore small.

In these cases it Is necessary to remove waterfrom the acid gas removlng system in 
order to prevent uncontrolled dilution of the absorbent by water condensed therein.

15
EP 2 228 119 A1 teaches a process for removlng acid gases from a gas in which a part 
of the water présent in the acid gases obtained Is removed. This can be achieved in 
that a part of the regenerator top condensate Is removed and not passed as reflux to 
the regenerator.

20
The condensate streams of an acid gas removing system comprise greater or lesser 
amounts of amines. When a subquantity of a condensate stream is discharged, small 
amounts of amines are therefore continuously withdrawn from the system. This causes 
économie and ecoiogicai problems. Firstly, the waste water, for safe disposai, must be 

25 treated in a complex manner. Secondly, the amine losses must be continuously or 
periodically replaced. Although there would be the possibility of recovering amines 
présent from the discharged condensate, e.g. by distillation, such methods, owing to 
their high energy demand, are generally not economically viable.

30 The object of the présent invention is to specify a process for removing acid gases from 
water-comprislng fluid streams, In particular for removing acid gases from naturel gas, 
which substantially permits without additional energy demand an efficient rétention of 
amines from the treated fluid streams, with safeguarding of the water balance of the 
acid gas removing system.

35
The object is achieved by a process for separating off acid gases from a water­
comprising fluid stream, In which
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a) the water-comprising fluid stream is contacted in an absorption zone with an 
absorbent that comprises at least one amine, wherein a deacidified fluid stream 
and an acid gas-loaded absorbent Is obtained,

b) the deacidified fluid stream Is contacted in a scrubbing zone with an aqueous 
scrubbing liquid, in order to transfer entrained amine at least in part to the 
scrubbing liquid, wherein a deaminated, deacidified fluid stream and an amine- 
loaded scrubbing liquid are obtained,

c) the deaminated, deacidified fluid stream Is cooled downstream of the scrubbing 
zone, wherein an absorber top condensate is condensed out of the deaminated, 
deacidified fluid stream,

d) the loaded absorbent is passed into a desorption zone in which the acid gases 
are at least in part released, wherein a regenerated absorbent and desorbed acid 
gases are obtained,

e) the regenerated absorbent is retumed to the absorption zone in order to form an 
absorbent circuit,

f) the amine-loaded scrubbing liquid and the absorber top condensate are 
introduced into the absorbent circuit, and

g) the desorbed acid gases are conducted through an enrichment zone and the acid 
gases exiting at the top of the enrichment zone are cooled, in order to condense 
out of the acid gases a desorber top condensate which in part is retumed to the 
enrichment zone and in part is passed out of the process.

The water-comprising fluid stream is contacted with an absorbent that comprises at 
least one amine in an absorption zone. In this process an at least partially deacidified 
fluid stream (in the présent case termed deacidified fluid stream) Is obtained, and an 
absorbent loaded with acid gases is obtained, The treatment of the fluid stream with 
the absorbent preferably proceeds in counterflow. The fluid stream in this case is 
generally fed into a lower région and the absorbent into an upper région of the 
absorption zone. For improving the contact and providing a large mass transfer surface 
area, the absorption zone generally comprises internais, e.g. packed beds, packings 
and/or trays. The fluid stream is treated with the absorbent in a suitable manner in an 
absorption tower or absorption column, e.g. a randomly packed column, structured 
packing column or tray column. The absorption zone Is considered to be the section of 
an absorption column in which the fluid stream cornes into mass transfer contact with 
the absorbent.

The température of the absorbent introduced into the absorption zone is generally 
about 20 to 60°C.
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The deacidified fluid stream is then contacted In a scrubbing zone with an aqueous 
scrubblng liquid, in order to transfer entrained amine at least In part into the scrubbing 
liquid. In this process, a deamlnated, deacidified fluid stream and an amine-loaded 
scrubbing liquid are obtained. The scrubbing according to the invention of the 
deacidified fluid stream using the aqueous scrubbing liquid allows the removal of the 
majority of the entrained amine and also optionally of entrained amine décomposition 
products.

As aqueous scrubbing liquid, aqueous liquids are suitabie that are largely free from 
amines and amine décomposition products. Typically, the scrubbing liquid comprises 
less than 2% by welght, preferably less than 1% by weight, particularly preferably less 
than 5000 ppm by weight of amines and amine décomposition products. The scrubbing 
liquid can be intrinsic liquids, Le. aqueous liquids that anse at another site of the 
process, or extemally supplied aqueous liquids.

Preferably, the scrubbing liquid comprises absorber top condensate, desorber top 
condensate and/or fresh water.

In preferred embodiments, the scrubbing liquid is formed in whole or in part by 
absorber top condensate which arises in the downstream cooling of the deaminated, 
deacidified fluid stream and Is passed into the scrubbing zone. In order to achieve 
sufficient wetting of the internais in the scrubbing zone, it can be désirable, in addition 
to pass further aqueous liquid into the scrubbing zone. In a preferred embodiment, 
therefore, some of the desorber top condensate is passed as scrubbing liquid into the 
scrubbing zone. The use of the desorber top condensate as additional aqueous liquid 
is preferred because it is without effect on the water balance of the overall system and 
this aqueous phase is largely free from amine impurities. In certain embodiments, the 
scrubbing liquid in addition comprises fresh water (makeup water), which is passed into 
the scrubbing zone.

In certain cases, it can be preferred that the scrubbing liquid does not comprise an 
absorber top condensate and is formed, e.g., exclusively of desorber top condensate 
and/or fresh water. This is the case, e.g., when the absorber top condensate comprises 
volatile hydrophobie components, such as hydrocarbons, which, together with the 
aqueous condensate, are condensed out of the deaminated, deacidified fluid stream. 
The two-phase absorber top condensate can, in these cases, lead to unwanted foam 
formation in the scrubbing zone. In these cases, it can be advantageous to combine 
the absorber top condensate with the loaded absorbent, e.g. by passing the absorber 
top condensate Into an expansion vessel described herelnafter.



172056

In the scrubbing zone, the scrubbing liquid is conducted In counterflow against the 
deacidified fluid stream. Preferably, the scrubbing zone comprises random packings, 
structured packings and/or trays In order to intensify the contact between the fluid 
stream and the scrubbing liquid. The scrubbing liquid can be distributed over the cross 

5 section of the scrubbing zone by suitable liquid distributors above the scrubbing zone.

In preferred embodiments, the scrubbing zone is constructed as a section of an 
absorption column arranged above the absorption zone. The scrubbing zone for this 
purpose is a section constructed as backwash section or enrichment part of the

10 absorption column above the feeding of the absorbent

In one embodiment, the scrubbing liquid is recyded via the scrubbing zone. The 
scrubbing liquid is collected for this purpose below the scrubbing zone, e.g. by a 
suitable collecting tray, and pumped via a pump to the top end of the scrubbing zone.

15 The recyded scrubbing liquid can be cooled, preferably to a température of 20 to 70°C, 
in particular 30 to 60*C. For this purpose the scrubbing liquid is expediently pumped in 
circulation via a cooier. In order to avold an accumulation of scrubbed absorbent 
components in the scrubbing liquid, a substream of the scrubbing liquid is passed out 
of the scrubbing zone as amine-loaded scrubbing liquid. By the recycling and optional

20 cooling of the scrubbing liquid, the scrubbing action can be increased. By the recycling, 
however, back mixing of the scrubbing liquid occurs. At high recycling ratios, in the 
scrubbing zone, oniy a maximum effect of a theoretical séparation stage can be 
achieved, independently of the length of the contact section in the scrubbing zone. The 
recycling ratio is defined as the ratio of the amount of the scrubbing liquid pumped in

25 circulation to the amount of the substream passed out. When the scrubbing liquid is 
recyded, therefore, only a limited decrease in concentration of entrained amines in the 
deacidified fluid stream can be achieved. Recycling the scrubbing liquid is therefore not 
preferred.

30 In a preferred embodiment, the aqueous scrubbing liquid is conducted In a single pass 
through the scrubbing zone without pumping it In circulation. The scrubbing liquid 
flowing out of the scrubbing zone is preferably passed Into the absorption zone.

After it leaves the scrubbing zone, the deaminated, deacidified fluid stream is water-
35 vapor-saturated. With the water vapor, the deaminated, deacidified fluid stream still 

entrains traces of amines and/or amine décomposition products. For a further going 
removal of the entrained amines and/or amine décomposition products, the 
deaminated, deacidified fluid stream is cooled downstream (based on the direction of 
flow of the deaminated, deacidified fluid stream) of the scrubbing zone, wherein an
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aqueous condensate is condensed out. The aqueous condensate is in the présent 
case termed absorber top condensate.

The deaminated, deacidified fluid stream Is preferably cooled to a température of 5°C 
to 40*C, particularty preferably to a température of 17*C to 27eC. Expedientiy, the 
deaminated, deacidified fluid stream is cooled to a température which is Iower than the 
température of the water-comprising fluid stream. The température différence between 
the cooled deaminated, deacidified fluid stream and the water-comprising fluid stream 
Is, eg, at least 2 K, preferably at least 5 K, particularty preferably at least 10 K, most 
preferably 10 to 30 K. With an Increaslng température différence, a growing fraction of 
the water présent In the deacidified water-comprising fluid stream Is condensed out as 
absorber top condensate along with resldual amounts of amine dissolved therein.

The cooling of the deaminated, deacidified fluid stream downstream of the scrubbing 
zone preferably proceeds by Indirect heat exchange (indirect cooling). As indirect 
cooler, ali heat exchangers are suitable that are suitable for cooling gases or fluids. 
Suitable heat exchangers are, eg, shell and tube heat exchangers. The deaminated, 
deacidified fluid stream flows downwards through the tubes of the heat exchanger. 
Cooling medium flows upwards through the shell of the heat exchanger. During the 
cooling of the deaminated, deacidified fluid stream, liquid condenses In the tubes and 
flows downwards. For separating off the absorber top condensate, a phase séparation 
unit or a separator (knock-out drum) is used.

Since the absorber top condensate comprises only very small amounts of dissolved 
amines and/or amine décomposition products, lt can be passed as scrubbing liquid into 
the scrubbing zone.

In order to avold a loss of the amines présent In the amine-loaded scrubbing liquid and 
In the absorber top condensate, the amine-loaded scrubbing liquid and and the 
absorber top condensate are Introduced Into the absorbent circuit. This can proceed by 
direct or indirect combination with the loaded and/or regenerated absorbent.

Direct combination with the absorbent Is taken to mean the direct introduction of the 
amine-loaded scrubbing liquid and/or of the absorber top condensate into the loaded 
and/or regenerated absorbent, for Instance into a conduit which conducts loaded or 
regenerated absorbent, or Into the bottom of the absorption column or desorption 
column. Indirect combination with the absorbent Is taken to mean that the amine- 
loaded scrubbing liquid and/or the absorber top condensate is first used, eg, for
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scrubbing or cooling fluid streams, but finally combined with the loaded and/or 
regenerated absorbent.

Generally, it is preferred to pass the amine-loaded scrubbing liquid into the absorption 
zone in which the amine-loaded scrubbing liquid is combined with the absorbent. The 
absorber top condensate is preferably passed as scrubbing liquid into the scrubbing 
zone.

The absorbent loaded with acid gases Is passed into a desorption zone in which the 
acid gases are at least in part released. In this process, a regenerated absorbent that is 
retumed to the absorption zone, and desorbed acid gases are obtained.

Generaily, the loaded absorption liquid is regenerated by heating, eg. to 70 to 150°C, 
expansion, stripping with an inert fluld, or a combination of two or ail of these 
measures. Preferably, the loaded absorption liquid is regenerated in a stripper. The 
stripping gas required for the stripping is generated by partial évaporation of the 
absorption liquid in the sump of the stripper.

The preferred configuration of the desorption dépends on the presssure in the 
absorption zone. If the water-comprising fluid stream has a pressure greatly increased 
In comparison to the surrounding atmosphère of 20 to120 bar, preferably 35 to 95 bar, 
particularly preferably 50 to 70 bar, for the desorption, expansion to a pressure of 0.5 
to 5 bar, preferably 0.7 to 3.5 bar, particularly preferably 0.9 to 2.0 bar Is suggested. If 
the water-comprising fluid stream has a pressure of 0.5 to 5 bar, preferably 0.7 to 3.5 
bar, particularly preferably 0.9 to 2.0 bar, for the desorption heating the absorbent 
loaded with acid gases to a température of 20 to 150'C, preferably 100 to 140'C, 
particularly preferably 110 to 130*C is suggested. In a preferred embodiment, for the 
régénération of the absorbent loaded with acid gases, it Is expanded and heated in the 
desorption zone.

In a preferred embodiment, the loaded absorbent is expanded into an expansion 
vessei, wherein a gas phase and an expanded absorbent are obtained. The expanded 
absorbent is then passed into the desorption zone. In the expansion, co-absorbed 
components of the fluid stream such as inert gases, oxygen and/or hydrocarbons are 
released. In theexpansion, a small partofthe acid gasescan also be released. In the 
expansion vessei, the pressure is preferably set In such a manner that the majority of 
the acid gases is not released. In certain embodiments, the pressure in the expansion 
vessel can be 1.0 to 9 bar, preferably 1.5 to 6 bar. The pressure can be only slightly 
higher or even less than the pressure in the desorption zone, for which reason the
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expanded absorbent is pumped in certain embodiments from the expansion vessei to 
the desorption zone.

In certain embodiments, the absorber top condensate is passed in whole or in part into 
the expansion vessei and thus introduced into the absorbent circuit. This is preferred 
when the absorber top condensate comprises volatile hydrophobie components such 
as hydrocarbons. In the expansion vessei, the volatile components of the absorber top 
condensate can escape together with the gas phase.

Before the regenerated absorbent Is introduced again Into the absorption zone, it is 
cooied to a suitable absorption température. In order to utilize the energy présent In the 
hot regenerated absorbent, It is preferred to preheat the loaded absorbent from the 
absorption zone by indirect heat exchange with the hot regenerated absorbent. Via the 
heat exchange, the loaded absorbent is brought to a higher température In such a 
manner that, in the régénération step, a lower energy input is required. Via the heat 
exchange, also, partial régénération of the loaded absorbent can already proceed with 
release of acid gases.

The desorbed acid gases are conducted according to the Invention through an 
enrichment zone. The acid gases exiting at the top of the enrichment zone are cooied 
in order to condense out an aqueous phase which Is termed In the présent case 
desorber top condensate. The desorber top condensate Is in part retumed as reflux to 
the enrichment zone and in part passed out of the process. By passing out a part of the 
desorber top condensate, the water balance of the overall system Is maintained, and 
accumulation of water in the system avoided. The passing out can be performed, e.g., 
using a controiiable reflux dlvlder. A part of the desorber top condensate Is passed out, 
preferably, in accordance with maintenance of the water balance of the process. 
Parameters such as the liquid level In certain vessels of the absorbent circuit or the 
concentration of the amine In the absorbent can be measured continuously or 
periodically, and used for controlling the amount of the desorber top condensate that is 
passed out. A suitable range of the absorbent circuit for the liquid level measurement Is 
distingulshed In that the fill level rises on accumulation of water In the absorbent circuit 
and falls on loss of water. Preferably, the liquid level measurement proceeds In the 
sump of the desorption coiumn or in a buffer vessei which communicates with the 
absorbent circuit.

The enrichment zone through which the desorbed add gases are passed Is preferably 
arranged above the desorption zone and, in a particulariy preferred embodiment, 
arranged above the desorption zone and integrated into the desorption coiumn.
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The enrichment zone suitably has a structurée! packing, a random packing and/or a 
plurality of trays. Preferably, the structured packing or the random packing has a height 
of at least 1.5 meters, in particular at least 1.8 meters. The height of the structured 
packing or random packing Is, e.g., up to 3.0 meters. The géométrie surface area of the 
structured packing of the enrichment zone can be between 100 and 600 m2/m3, 
preferably between 140 and 500 m2/m3, particulariy preferably between 180 and 
400 m2/m3.

lf the enrichment zone comprises trays, the number of trays is preferably at least 4, in 
particular at least 5, more preferably at least 6, and most preferably at least 8. The 
number of the trays can be up to 14, preferably up to 12 or up to 10. A tray count of 6 
to 10 is generally preferred.

In the enrichment zone, traces of the amines entrained by the released acid gases are 
expelled by the retum of a part of the desorber top condensate, in such a manner that 
the acid gases exiting at the top of the enrichment zone are largely free from amine 
impurities. The desorber top condensate that is condensed out of the acid gases 
exiting at the top of the enrichment zone is therefore likewise largely free from amine 
impurities and can in part be passed out of the process without significant amine loss. 
The higher is the séparation efficiency of the enrichment zone, the lower are the losses 
of amines via the acid gas stream.

The desorber top condensate comprises less than 500 ppm by weight, preferably less 
than 300 ppm by weight, further preferably less than 200 ppm by weight, particulariy 
preferably less than 100 ppm by weight, very particulariy preferably less than 50 ppm 
by weight, most preferably less than 30 ppm by weight of amines and amine 
décomposition products.

The process according to the invention is suitable for treating water-comprising fluid 
streams, in particular water-comprising gas streams of ail types. The acid gases are, In 
particular, CO21 H2S, COS and mercaptans. In addition, SO3, SO2, CS2 and HCN can 
also be removed. Generally, the acid gases comprise at least CO2 or predomlnantly 
comprise CO2.

In a preferred embodiment, the water-comprising fluid stream has a water content of at 
least 20%, preferably at ieast 30%, particulariy preferably at least 40%, of the 
saturation concentration of water. The saturation concentration is taken to mean the 
concentration of water or water vapor in the fluid stream under the conditions of 
température and pressure at which the fluid stream is introduced into the absorption 
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zone, on the excedence of which, water forms a separate phase in the fluid stream 
owing to falling below the dew point.

In a preferred embodiment, the water-comprising fluid stream is conducted into the 
absorption zone at a pressure of 20 to 120 bar, preferably 35 to 95 bar, particularly 
preferably 50 to 70 bar.

Ail of the pressures cited In the présent document are absoiute pressures.

In an alternative preferred embodiment, the water-comprising fluid stream is conducted 
Into the absorption zone at a pressure of 0.1 to 10 bar, preferably 0.3 to 3 bar, 
particularly preferably 0.6 to 1.5 bar.

In a preferred embodiment, the water-comprising fluid stream has an acid gas partial 
pressure which is 2.5 bar or less, preferably 1 bar or less, particularly preferably 
500 mbar or less.

Water-comprising fluid streams which comprise the acid gases are firstly gases such 
as natural gas, synthesis gas, coke oven gas, cracked gas, coal gasification gas, 
circulation gas, landfill gases and combustion gases, and secondly liquids which are 
substantiaily immiscible with the absorbent, such as Llquefied Petroleum Gas (LPG) or 
Natural Gas Liquids (NGL).

In preferred embodiments, the water-comprising fluid stream is a

(i) hydrogen-comprising fluid stream; these Include synthesis gases, which can be 
produced, eg, by coai gasification or steam reforming and are optionally 
subjected to a water gas shift reaction; the synthesis gases are used, eg, for 
producing ammonia, methanol, formaldéhyde, acetic acid, urea, for the Fischer- 
Tropsch synthesis or for energy recovery in an Integrated Gasification Combined 
Cycle (IGCC) process;

(ii) hydrocarbon-comprlsing fluid stream; these include natural gas, off-gases of 
various refinery processes, such as of the Tailgas Unit (TGU), of a Visbreaker 
(VDU), of a catalytic cracker (LRCUU/FCC), of a Hydrocracker (HCU), of a 
Hydrotreater (HDS/HTU), of a coker (DCU), of an atmospheric distillation (CDU) 
or of a liquid treater (eg. LPG).
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The process according to the invention is suitable for treating oxygen-comprising fluid 
streams, such as flue gases.
In preferred embodiments, the oxygen-comprising fluid stream originates from

a) the oxidation of organic substances,
b) the composting or storage of waste materials comprising organic substances, or
c) the bacterial décomposition of organic substances.

In some embodiments, the partial pressure of carbon dioxide in the fluid stream ls less 
than 500 mbar, e.g. 30 to 150 mbar.

The oxidation can be carried out with appearance of flame, Le. as conventional 
combustion, or as oxidation without appearance of flame, e.g. In the form of a catalytic 
oxidation or partial oxidation. Organic substances that are subjected to the combustion 
are usually fossil fuels such as coal, naturel gas, petroleum, petrol, diesel, raffinâtes or 
kerosene, biodiesel or waste materials having a content of organic substances. Starting 
materials of the catalytic (partial) oxidation are, e.g., methanol or methane, which can 
be converted to formic acid or formaldéhyde.

Waste materials which are subjected to oxidation, composting or storage, are typlcally 
domestic refuse, plastic wastes or packaging refuse.

The combustion of the organic substances mostly proceeds in usual combustion plants 
with air. The composting and storage of waste materials comprising organic 
substances generally proceeds at landfills. The off-gas or the exhaust air of such 
Systems can advantageously be treated by the process according to the invention.

Organic substances that are used for bacterial décomposition are usually stable 
manure, straw, liquid manure, sewage sludge, fermentation resldues, silage and the 
lîke. The bacterial décomposition proceeds, e.g., In usual biogas plants. The exhaust 
air of such plants can advantageously be treated by the process according to the 
invention.

The process is also suitable for treating the off-gases of fuel cells or chemical synthesis 
plants that make use of a (partial) oxidation of organic substances.

The absorbent comprises at least one amine. Preferably, the amine comprises at least 
one primary or secondary amine.
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Preferred amines are the following:

(i) amines of the formula I:

NRi(R’)a (I)

where R1 is selected from Cî-Ce-hydroxyalkyl groups, Ci-Ce-alkoxy-CrCe-alkyl groups, 
hydroxy-Ci-Ce-alkoxy-C2-Ce-alkyl groups and l-piperazinyl-CrCe-alkyl groups and R2 is 
independently selected from H, Ci-Ce-alkyl groups and CrCe-hydroxyalkyl groups;

(ii) amines of the formula II:

R3R4N-X-NR5R® (II)

where R3, R4, Rs and R®, independently of one another are selected from H, Ci-Ce-alkyl 
groups, C^Ce-hydroxyalkyl groups, Ci-Ce-alkoxy-Cz-Ce-alkyl groups and C^Ce- 
aminoalkyl groups and X is a CrCe-alkylene group, -X1-NR7-X2- or -X1-O-X2-, where X1 
and X2, independently of one another, are CrCe-alkylene groups and R7 is H, a Ci-Ce- 
alkyl group, Cî-Ce-hydroxyalkyl group or CrCe-aminoalkyl group;

(iii) 5- to 7-membered saturated heterocycles having at least one nitrogen atom in the 
ring, which can comprise one or two further heteroatoms selected from nitrogen and 
oxygen in the ring, and

(iv) mixtures thereof.

Spécifie examples are: .

(i) 2-aminoethanol (monoethanolamine), 2-(methylamino)ethanol, 2-(ethylamino)- 
ethanol, 2-(n-butylamino)ethanol, 2-amino-2-methylpropanol, N-(2-aminoethyl)- 
plperazine, methyldiethanolamine, ethyldiethanolamine, dimethylaminopropanol, t- 
butylaminoethoxyethanol, 2-aminomethylpropanol;

(ii) 3-methylaminopropylamin, ethylenediamlne, diethylenetriamine, 
triethylenetetramine, 2,2-dimethyl-1,3-diaminopropane, hexamethylenediamine, 1,4- 
diminobutane, 3,3-lminobispropylamine, tris(2-aminoethyl)amine, bis(3-dimethylamino- 
propyljamine, tetramethylhexamethylenediamine;
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(iiî) pîperazine, 2-methylpiperazine, N-methylpiperazine, 1-hydroxyethylpiperazine,
1,4-bishydroxyethylplperazine, 4-hydroxyethylpiperidine, homopiperazine, piperidine, 2- 
hydroxyethylpiperidine and morpholine; and
(iv) mixtures thereof.

In a preferred embodiment, the absorbent comprises at least one of the amines 
monoethanolamine (MEA), methylaminopropylamine (MAPA), piperazlne, 
diethanolamine (DEA), triethanolamine (TEA), diethylethanolamine (DEEA), 
diisopropylamine (DIPA), aminoethoxyethanol (AEE), dimethylaminopropanol (DIMAP) 
and methyldiethanolamine (MDEA) or mixtures thereof.

Generally, the absorbent comprises 10 to 60% by weight amine.

The absorbent can also comprise additives, such as corrosion inhibitors, enzymes etc. 
Generally, the amount of such additives is in the range of about 0.01-3% by weight of 
the absorbent.

The invention will be described in more detail by the accompanying drawings and the 
subséquent examples.

Figure 1 shows schematically a plant for carrylng out a process not according to the 
invention wherein, for maintenance of the water balance, some of the aqueous 
condensate is passed out of the deaminated, deacidified fluid stream.

Figure 2 shows schematically a plant for carrylng out a process not according to the 
Invention, wherein, for maintenance of the water balance, some of the aqueous 
condensate is passed out of the desorbed acid gases, wherein the acid gases are not 
conducted through an enrichment zone.

Figure 3 shows a plant suitable for carrying out the process according to the invention. 
The desorbed acid gases are conducted through an enrichment zone before a 
desorber top condensate is condensed out of the desorbed acid gases and in part 
passed out.

According to Figure 1, a water-comprising fluid stream 1 is passed into the lower part of 
an absorption column 2. The absorption column 2 has an absorption zone 3 and a 
scrubbing zone 4. In the absorption zone 3, the water-comprising fluid stream is 
contacted in counterflow with an absorbent that is introduced into the absorption 
column 2 above the absorption zone via the line 5. The deacidified fluid stream is
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scrubbed in the scrubbing zone 4 with an aqueous condensate and fresh water, 
wherein the aqueous condensate is obtained by cooling the deamlnated, deacidified 
fluid stream in cooler 6, collected in the phase séparation vessel 7 and passed via line 
8 into the scrubbing zone. Fresh water is brought in via line 9. The treated gas stream 
leaves the phase séparation vessel 7 via the line 23. Some of the aqueous condensate 
Is passed out via line 25, whereby the accumulation of water In the absorbent is 
prevented.

The absorbent loaded with acid gases is withdrawn at the bottom of the absorption 
column 2 and expanded Into the expansion vessel 10 via a throttle valve (which Is not 
shown). The expansion leads to the desorption of co-absorbed components of the fluid 
stream and some of the acid gases which are taken off via stream 24. The expanded 
absorbent Is conducted via a heat exchanger 11 and line 12 into a desorption column
13. The desorption column 13 has a desorption zone 14. In the lower part of the 
desorption column 13, the expanded absorbent is heated via the evaporator 15 and 
partially vaporized. Via the température élévation, the absorbed acid gases are 
released. The acid gases are removed at the top of the desorption column 13 via the 
line 16 and fed to the cooler 17. At the cooler 17, a desorber top condensate is 
obtained that Is collected in the phase séparation vessel 18 and retumed to the 
desorption column. The acid gases are withdrawn as stream 19. The regenerated 
absorbent 20 Is retumed back to the absorption column 2 via the heat exchanger 11, 
pump 21, the cooler 22 and line 5.

In figure 2, the same référencé signs hâve the same meaning as in figure 1. In contrast 
to fig. 1, no aqueous condensate is passed out ofthe phase séparation vessel 7. For 
maintenance ofthe waterbalance, some of the desorbertopcondensate which arises 
in the phase séparation vessel 18 Is passed out via line 26.

Figure 3 shows an embodiment according to the invention. In figure 3, the same 
référencé signs hâve the same meaning as in figure 1. Compared with the process 
shown in figure 2, in the upper région of the desorption column the enrichment zone 28 
has been Integrated. For maintenance of the water balance, some of the desorber top 
condensate which arises in the phase séparation vessel 18 Is passed out via line 27.

Comparative example 1

Calculations were carried out using a simulation model. The basis of the simulation 
model is a thermodynamic model on the basis of the electrolyte-NRTL approach of
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Chen et al. (Chen, C.C; Evans, L.B.: A local Composition Model for the Excess Gibbs 
Energy of Aqueous Electrolyte Solutions, AlChE J. (1986) 32(3), 444), using which the 
phase equilibria for this System can be described. The simulation of the absorption 
processes Is described using a mass transfer-based approach; details for this are 
described by 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).

A process in a plant according to figure 1 was simulated. The absorption column 2 had 
a diameter of 2220 mm and had two random packlngs 3 (INTALOX® Meta! Tower 
Packing IMTP 25, Koch-Glitsch, Wichita USA), each having a packed height of 4 
meters. The scrubbing zone 4 comprised 3 trays. The desorption column 13 had a 
diameter of 1220 mm and had two random packings 14 (PRM 35, from Pal! 
Corporation, Port Washingtion, NY, USA), each having a packed height of 5 meters.

An aqueous solution having 32% by weight of methyldiethanolamine and 8% by weight 
of piperazine was used as absorbent. The absorbent was passed into the absorption 
zone at 60262 kg/h at a température of 40eC via line 5. As water-comprising fluid 
stream, 151609 kg/h of naturel gas (88.52% by volume CH4, 9.72% by volume C2H6, 
0.94% by volume CO2,0.58% by volume N2, 0.23% by volume H2O) were fed at a 
température of 35’C and a pressure of 53.7 bar. The feed of scrubbing water into the 
scrubbing zone 4 was 197 kg/h, wherein the scrubbing water comprised 194 kg/h of 
recycled aqueous condensate cooled to 22°C and 3 kg/h of fresh water (makeup 
water). From the total of 358 kg/h of aqueous condensate arising via cooler 6 and 
phase séparation vessel 7,164 kg/h were passed out via line 25. Via line 23,147205 
kg/h of treated naturel gas left the process at a température of 22eC, a pressure of 53.6 
bar, a water content of 0.094% by volume and a CO2 content of 2 ppm by volume. 
64505 kg/h of absorption solution loaded with acid gases were taken off at a 
température of 39.8’C at the lower end of the absorption zone and expanded to a 
pressure of 6 bar Into the expansion vessel 10. At the top of the expansion vessel 10, 
639 kg/h of desorbed gases were taken off which substantially comprised méthane and 
ethane.

The absorbent was withdrawn at the sump of the expansion vessel 10 and conducted 
via the heat exchanger 11 into the desorption column 13 and heated therein by the 
evaporator 15 to 130,9eC. The desorbed acid gases were cooled from 113.5’C to 40eC 
in the cooler 17. The 2272 kg/h of aqueous phase formed in this process were 
separated off from the acid gases in the phase séparation unit 18 and passed back into 
the desorption column.
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The annual amine loss of the plant ls 6.3661; this ls équivalent to 53% of the 121 of 
amine orlginally used.
Comparative example 2

A process in a plant according to figure 2 was simulated. The structure of the 
absorption column 2 and desorption column 13 corresponds to that of comparative 
example 1.

The composition of the absorbent and the fluid stream corresponds to comparative 
example 1. The absorbent was passed into the absorption zone via line 5 at 
60263 kg/h at a température of 40’C. 151609 kg/h of naturel gas were fed a 
température of 35’C and a pressure of 53.7 bar. The feed of scrubbing water into the 
scrubbing zone 4 was 361 kg/h wherein the scrubbing water comprised 358 kg/h of 
recycled aqueous condensate cooled to 22QC and 3 kg/h of fresh water. Via line 23, 
147206 kg/h of treated naturel gas left the process at a température of 22*C, a 
pressure of 53.6 bar, a water content of 0.094% by volume and a CO2 content of 3 ppm 
by volume. 64834 kg/h of absorption solution loaded with acid gases were passed out 
at the lower end of the absorption zone at a température of 39.8’C and expanded to a 
pressure of 6 bar into the expansion vessel 10. At the top of the expansion vessel 10, 
638 kg/h desorbed gases desorbed gases were taken off which comprised 
substantially methane and ethane.

The absorbent was taken off at the sump of the expansion vessel 10 and conducted via 
the heat exchanger 11 into the desorption column 13 and heated therein by the 
evaporator 15 to 130.8eC. The desorbed acid gases were cooled in the cooler 17 from 
113.5’C to 40’C. The 2102 kg/h of aqueous phase formed In this process were 
separated off from the acid gases in the phase séparation unit 18.165 kg/h were 
removed from the desorber top condensate and the remainder passed back Into the 
desorption column.

The annual amine loss is 5.6711; this is équivalent to 47% of the 121 of amine 
originally used.

Example 3 according to the invention

A process according to the invention was simulated in a plant according to figure 3. 
The structure of the absorption column 2 and desorption column 13 corresponds to the 
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comparative example 1, wherein, however, in the desorption column, above the feed of 
the ioaded absorption medium via iine 12, an enrichment zone 28 had been installed 
which had 4 trays.
The composition of the absorbent and the fluid stream corresponds to comparative 
example 1. The absorbent was passed Into the absorption zone via line 5 at 
60279 kg/h at a température of 40°C. 151609 kg/h of naturel gas were fed at a 
température of 35’C and a pressure of 53.7 bar. The feed of scrubbing water into the 
scrubbing zone 4 was 363 kg/h, wherein the scrubbing water comprised 359 kg/h of 
recycled aqueous condensate cooled to 22*C and 4 kg/h of fresh water. Via line 23, 
147208 kg/h of treated naturel gas left the process at a température of 22°C, a 
pressure of 53.6 bar, a water content of 0.094% by volume and a CO2 content of 3 ppm 
by volume. 64849 kg/h of absorption solution Ioaded with acid gases were passed out 
at the lower end of the absorption zone at a température of 39.8°C and expanded to a 
pressure of 6 bar into the expansion vessel 10. At the top of the expansion vessel 10, 
636 kg/h of desorbed gases were taken off which substantially comprised methane and 
ethane,

The absorbent was taken off at the sump of the expansion vessel 10 and conducted via 
the heat exchanger 11 into the desorption column 13 and heated therein by the 
evaporator 15 to 130.8‘C. The desorbed acid gases were cooled in the cooler 17 from 
113.4*C to 40*C. The 1875 kg/h of aqueous phase formed in this process were 
separated off from the acid gases In the phase séparation unit 18. From the desorber 
top condensate, 165 kg/h were removed and the remainder was passed back into the 
desorption column.

The annual amine loss Is 0.3961; this is équivalent to 3.3% of the 121 of amine 
origtnally used.

Example 4 according to the invention

Example 3 is repeated, but the enrichment zone 28 had 5 trays.

The absorbent was passed into the absorption zone at 60279 kg/h at a température of 
40°C via line 5.151609 kg/h of naturel gas were fed at a température of 35°C and a 
pressure of 53.7 bar. The feed of scrubbing water into the scrubbing zone 4 was 
364 kg/h, wherein the scrubbing water comprised 359 kg/h of recycled aqueous 
condensate cooled to 22’C and 5 kg/h of fresh water. Via line 23,147208 kg/h of 
treated naturel gas left the process at a température of 22*C, a pressure of 53.6 bar, a 
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water content of 0.094% by volume and a CO2 content of 3 ppm by volume. 64849 kg/h 
of absorption solution loaded with acid gases were passed out at the lower end of the 
absorption zone at a température of 39.8’C and expanded to a pressure of 6 bar into 
the expansion vessel 10. At the top of the expansion vessel 10,636 kg/h of desorbed 
gases were taken off which comprised substantially methane and ethane.

The absorbent was taken off at the sump of the expansion vessel 10 and conducted via 
the heat exchanger 11 into the desorption column 13 and heated therein by the 
evaporator 15 to 130.8eC. The desorbed acid gases were cooled from 113.4*0 to 40’0 
in the cooler 17. The 1875 kg/h of aqueous phase formed in this process were 
separated off from the acid gases in the phase séparation unit 18. From the desorber 
top condensate, 165 kg/h were removed and the remainder was passed back into the 
desorption column.

The annual amine loss is 0.2311; this is équivalent to 1.93% of the 121 of amine 
originally used.

Example 5 according to the invention

Example 3 is repeated, but the enrichment zone 28 had 6 trays.

The absorbent was passed into the absorption zone via line 5 at 60279 kg/h at a 
température of 40Ό. 151609 kg/h of naturel gas were fed at a température of 35*0 
and a pressure of 53.7 bar. The feed of scrubbing water into the scrubbing zone 4 was 
364 kg/h, wherein the scrubbing water comprised 359 kg/h of recycled aqueous 
condensate cooled to 22’0 and 5 kg/h of fresh water. Via line 23,147208 kg/h of 
treated naturel gas left the process at a température of 22’0, a pressure of 53.6 bar, a 
water content of 0.094% by volume and a CO2 content of 3 ppm by volume. 64849 kg/h 
of absorption solution loaded with acid gases were passed out at the lower end of the 
absorption zone at a température of 39.8’0 and expanded to a pressure of 6 bar into 
the expansion vessel 10. At the top of the expansion vessel 10, 636 kg/h of desorbed 
gases were taken off that comprised substantially methane and ethane.

The absorbent was taken off at the sump of the expansion vessel 10 and conducted via 
heat exchanger 11 into the desorption column 13 and heated there to 130.8’0 by the 
evaporator 15. Pie desorbed acid gases were cooled from 113.4’C to 40Ό in the 
cooler 17. The 1875 kg/h of aqueous phase formed in this process were separated off 
from the acid gases in the phase séparation unit 18. From the desorber top 
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desorption column.
The annual amineloss is 0.1521; this is équivalentto 1.27% ofthe 12 tofamine 
originally used.

Example 6 according to the invention

Example 3 is repeated, but the enrichment zone 28 had 8 trays.

The absorbent was passed into the absorption zone via line 5 at 60279 kg/h at a 
température of 40’C. 151609 kg/h of naturel gas were fed at a température of 35*C 
and a pressure of 53.7 bar. The feed of scrubbing water into the scrubbing zone 4 was 
364 kg/h, wherein the scrubbing water comprised 359 kg/h of recycled aqueous 
condensate cooled to 22*C and 5 kg/h of fresh water. Via line 23,147208 kg/h of 
treated naturel gas left the process at a température of 22qC, a pressure of 53.6 bar, a 
water content of 0,094% by volume and a CO2 content of 3 ppm by volume. 64849 kg/h 
of absorption solution loaded with acid gases were passed out at the lower end of the 
absorption zone at a température of 39.8’C and expanded to a pressure of 6 bar into 
the expansion vessel 10. At the top of the expansion vessel 10,636 kg/h of desorbed 
gases were taken off that comprised substantially methane and ethane.

The absorbent was taken off at the bottom of the expansion vessel 10 and conducted 
via the heat exchanger 111nto the desorption column 13 and heated therein to 130.8*0 
by the evaporator 15. The desorbed acid gases were cooled from 113.4’C to 40*C in 
the cooler 17. The 1875 kg/h of aqueous phase formed in thls process were separated 
off from the acid gases in the phase séparation unit 18. From the desorber top 
condensate, 165 kg/h were removed and the remainder passed back into the 
desorption column.

The annual amine loss is 0.0951; this is équivalent to 0.80% of the 121 of amine 
originally used.
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Claims

1. A process for separating off acid gases from a water-comprising fluid stream, In 
which

a) the water-comprising fluid stream is contacted in an absorption zone with an 
absorbent that comprises at least one amine, wherein a deacidified fluid stream 
and an acid gas-loaded absorbent is obtained,

b) the deacidified fluid stream is contacted with an aqueous scrubbing liquid in a 
scrubbing zone through which the scrubbing liquid is conducted in a single pass 
without pumping it in circulation, in order to transfer entrained amine at least in 
part to the scrubbing liquid, wherein a deaminated, deacidified fluid stream and 
an amine-loaded scrubbing liquid are obtained,

c) the deaminated, deacidified fluid stream is cooled downstream of the scrubbing 
zone, wherein an absorber top condensate is condensed out of the deaminated, 
deacidified fluid stream,

d) the loaded absorbent is passed into a desorption zone In which the acid gases 
are at least in part released, wherein a regenerated absorbent and desorbed acid 
gases are obtained,

e) the regenerated absorbent is retumed to the absorption zone in order to form an 
absorbent circuit,

f) the amine-loaded scrubbing liquid and the absorber top condensate are 
introduced Into the absorbent circuit, and

g) the desorbed acid gases are conducted through an enrichment zone which has a 
structured packing, a random packing and/or a plurality of trays and the acid 
gases exiting at the top of the enrichment zone are cooled, in order to condense 
out of the acid gases a desorber top condensate which in part is retumed to the 
enrichment zone and In part is passed out of the process.

2. The process according to claim 1, wherein the desorber top condensate 
comprises less than 500 ppm by weight of amines and amine décomposition 
products.

3. The process according to claim 1 or 2, wherein the scrubbing liquid comprises 
absorber top condensate, desorber top condensate and/or fresh water.

4. The process according to any one of the preceding claims, wherein the amine- 
loaded scrubbing liquid is passed into the absorption zone.
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5. The process according to any one of the preceding daims, wherein the 
deaminated, deacidified fluid stream Is cooled In an indirect cooler.

6. The process according to any one of the preceding daims, wherein the 
deaminated, deacidified fluid stream is cooled to a température which is lower 
than the température of the water-comprising fluid stream.

7. The process according to any one of the preceding daims, wherein the 
enrichment zone has a structured packing, a random packing or a plurality of 
trays.

8. The process according to claim 7, wherein the structured packing or the random 
packing has a height of at least 1.5 meters.

9. The process according to daim 7, wherein the number of the trays is at least 4.

10. The process according to any one of the preceding daims, wherein the loaded 
absorbent is regenerated in the desorption zone by at least one measure 
selected from expansion, stripping with an inert gas and heating.

11. The process according to claim 10, wherein the absorbent loaded with acid gases 
is preheated by Indirect heat exchange with the regenerated absorbent prior to 
entry into the desorption zone.

12. The process according to any one of the preceding daims, wherein the loaded 
absorbent Is expanded into an expansion vessel, wherein a gas phase and an 
expanded absorbent are obtained and the expanded absorbent is passed into the 
desorption zone.

13. The process according to daim 12, wherein at least a part of the absorber top 
condensate is introduced into the expansion vessel.

14. The process according to any one of the preceding daims, wherein the water­
comprising fluid stream has a water content which is at least 20% of the 
saturation concentration of water.

15. The process according to any one of the preceding daims, wherein the water­
comprising fluid stream is introduced Into the absorption zone at a pressure of 50 
to 70 bar.
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16. The process according to any one of the preceding claims, wherein the water­
comprising fluid stream has an acid gas partial pressure of less than 2.5 bar.

5

10

17. The process according to any one of the preceding claims, wherein the water­
comprising fluid stream is selected from
a) naturel gas,
b) synthesis gas,
c) off-gases of various refinery processes,
d) combustion gases,
or
e) gas that is obtained from a Claus process.
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