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(57) Abstract: A premixture for preparing an absorbent for removing acidic gases from fluid streams is described. The premix-
ture comprises at least one alkanolamine, piperazine and water, the premixture having a total amine content of more than 65% by
weight and the molar ratio of water to piperazine in the premixture being from 1.6 to 4.8. The premixture is characterized by a low
solidification point. It is diluted with water and/or alkanolamine to give the ready-to-use absorbent.
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—  mit internationalem Recherchenbericht

Zur Erklirung der Zweibuchstaben-Codes und der anderen Ab-
kiirzungen wird auf die Erkldrungen ("Guidance Notes on Co-
des and Abbreviations") am Anfang jeder reguldren Ausgabe der
PCT-Gazette verwiesen.

(57) Zusammenfassung: Beschrieben wird eine Vormischung zur Herstellung eines Absorptionsmittels zum Entfernen saurer Gase
aus Fluidstrémen. Die Vormischung enthilt wenigstens ein Alkanolamin, Piperazin und Wasser, wobei die Vormischung einen Ge-
samtamingehalt von mehr als 65 Gew.-% aufweist und das molare Verhidltnis von Wasser zu Piperazin in der Vormischung 1,6 bis
4,8 betrdgt. Die Vormischung zeichnet sich durch einen niedrigen Erstarrungspunkt aus. Sie wird mit Wasser und/oder Alkanolamin

zum gebrauchsfertigen Absorptionsmittel verdiinnt.
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Premixture for preparing an absorbent for removing acidic gases from fluid streams

Description

The present invention relates to a premix for producing an absorption medium for re-
moving acid gases from fluid streams, and to a process for producing an absorption

medium.

In numerous processes In the chemical industry fluid streams occur which comprise
acid gases such as CO, H3S, SO,, CS,, HCN, COS or mercaptans, for example. The-
se fluid streams can be, for example, gas streams such as natural gas, refinery gas,
synthesis gas, flue gases, or reaction gases formed in the composting of waste materi-

als comprising organic substances.

Removal of the acid gases is of particular importance for differing reasons. The sulphur
compound content of natural gas must be reduced by suitable preparation measures
directly at the natural gas source, since the sulphur compounds, in the water which Is
frequently entrained by the natural gas, also form acids which are corrosive. To trans-
port the natural gas in a pipeline, therefore preset limiting values of sulphurous impuri-
ties must be met. The reaction gases formed in the oxidation of organic materials such
as, for example, organic wastes, coal or mineral oil, or in the composting of waste ma-

terials comprising organic substances, must be removed in order to prevent the emis-
sion of gases which damage the natural environment or can affect the climate.

To remove acid gases, use is made of scrubbing with solutions of inorganic or organic
bases. When acid gases are dissolved in the absorption medium, ions form with the
bases. The absorption medium can be regenerated by expansion to a lower pressure
or by stripping, the ionic species reacting back to form acid gases and/or being stripped
off by steam. After the regeneration process the absorption medium can be reused.

For removing CO; from flue gases, EP-A 879 631 recommends an aqueous amine
solution which comprises a secondary amine and a tertiary amine, each in concentra-

tions of 10 to 45% by weight.

The absorption medium described in US patent US 4,336,233 is proved in practice.
This is an aqueous solution of methyldiethanolamine (MDEA) and piperazine as ab-
sorption accelerator or activator. The scrubbing liquid described there comprises 1.5 to
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4.5 mol/l of methyldiethanolamine (MDEA) and 0.05 to 0.8 mol/l, preferably up to

0.4 mol/l, of piperazine.

WO 03/009924 discloses a process for removing acid gases from a gas stream, In
which a gas stream comprising the acid gases in which the sum of the partial pressures
of the acid gases does not exceed 1500 mbar is contacted in an absorption step with
an aqueous absorption medium and use is made of an absorption medium which com-

orises at least one tertiary alkanolamine and piperazine in a concentration of at least
8% by weight of the absorption mediurn.

WO 00/66249 discloses an absorption medium for removing acid gases which com-
orises an aqueous solution having more than 1 mol/l of piperazine and 1.5 to 6 mol of
methyldiethanolamine.

The aqueous solutions comprise a high fraction of water. On transport of the absorption
medium to the gas treatment unit, attempts are made to keep the water fraction as low

as possible in order to minimize transport costs. Although it is possible In principle to
transport pure methyldiethanolamine and pure piperazine, piperazine IS a solid at am-
bient temperatures; its dusts have a sensitizing action. To dissolve solid piperazine,

mixing devices are required, such as agitators or solids-compatible pumps and if ap-
oropriate heat sources. In addition, safety measures for staff must be provided, for ex-
ample extractors and full protective equipment. Such facilities are not generally present

at the locations of gas treatment units.

Attempts have already been made to produce concentrated premixes which have a
higher total amine content than the ready-to-use absorption medium. The premix can
be diluted with water at the gas treatment unit. The transport of such concentrated
oremixes, however, is made more difficult by the fact that piperazine starts to crystallize
out from the concentrated solutions even at a comparatively high temperature. If the
piperazine has started to crystallize, the premix can no longer be pumped and the con-
taminated containers must be cleaned in a complex manner. The piperazine can only
be redissolved by one or more of the above-described measures. It is obvious that a
oremix is more useful, the lower its solidification point.

The object of the invention is therefore to specify a concentrated premix for an absorp-
tion medium which comprises piperazine and at least one alkanolamine, the solidifica-
tion point of which is as low as possible.
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It has now been found that the solidification point of the premix is greatly dependent on
the molar ratio of water to piperazine in the premix and that the solidification point has
a minimum under defined conditions.

The object is achieved according to the invention by a premix for producing an absorp-
tion medium for removing acid gases from fluid streams, which premix comprises at
least one alkanolaming, piperazine and water, in which the premix has a total amine
content of more than 65% by weight, and the molar ratio of water to piperazine in the
premix is 1.6 to 4.8, preferably 1.6 to 3.9, more preferably 1.6 to 3.45, and most pref-

erably 1.6 to 3.35.

For use in the premix according to the invention, all alkanolamines are suitable which
are customarily used to remove acid gases from fluid streams. These encompass, for
example, monoethanolamine (MEA), diethanolamine (DEA), triethanolamine (TEA),
diethylethanolamine (DEEA), methyldiethanolamine (MDEA), methyldiisopropanola-
mine (MDIPA) or mixtures thereof.

Suitable alkanolamines are, in particular, those of the general formula
R1nR2(3-n)N

where R is hydroxy-C,-Cs-alkyl, R? is C4-Cs-alkyl and n is an integer from 1 to 3, pref-
erably 1 or 2, most preferably 2.

Of these, preference is given to methyldiethanolamine and methyldiisopropanolamine,
methyldiethanolamine being most preferred.

Suitable alkanolamines are, furthermore, primary alkanolamines (that is to say those

which have a primary amino group), in which a tertiary carbon atom is bound to the
amino group. Of these 2-amino-2-methylpropanol (2-AMP) is preferred.

The weight ratio of alkanolamine to piperazine in the premix of the invention is not criti-
cal, but is generally 1:7 to 28:1, preferably 1:3 to 28:1, particularly preferably 1:1.5 to
28:1.

The total amine content of the premix according to the invention is more than 65% by
weight, preferably more than 70% by weight, and particularly preferably more than 75%
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by weight. Total amine content is taken to mean the sum of the weight of alkanolamine
and piperazine based on the total weight of the premix.

On the industrial scale, piperazine is usually obtained in the production of various ethy-
leneamines as one of the products of value. In this case the synthesis is based on the
reaction of ethylene dichloride (EDC process) or monoethanolamine (MEOA process)
with ammonia. Further coupled products of this reaction are ethylenediamine, diethyl-
enetriamine, triethylenetetramine and higher linear and cyclic ethyleneamines, and also
additionally aminoethylethanolamine in the MEOA process. The ethyleneamine product
mixture i1s usually purified and separated in the industrial production via a cascade of
columns in continuous operation. First, in this case, the ammonia is taken off in a pres-
surized column, thereafter the process water formed is distilled off. In most of these
processes an agueous piperazine solution is obtained having a concentration of 50 to
75% by weight, usually about 67% by weight. The molar ratio of water to piperazine in
the 67% strength by weight solution is about 2.25. Such aqueous solutions are particu-
larly preferred starting materials for producing the premix of the invention. The aqueous
piperazine solution is admixed only with the desired amount of alkanolamine and if ap-
propriate small amounts of water. The complex production of solid piperazine is not
required.

The premix of the invention generally has a solidification point of below 40°C, prefera-

bly below 35°C, usually 15 to 30°C. It can be transported and stored without problems
in heated and/or thermally insulated vessels over long distances.

The premix of the invention can comprise further functional components such as stabi-
izers, in particular antioxidants, see, for example, DE 102004011427, or corrosion in-
hibitors.

For production of the ready-to-use absorption medium, the premix of the invention is
diluted with the desired amounts of water and if appropriate alkanolamine. Expediently,
use is made of the same alkanolamine as is present in the prémix. Obviously, to dilute
the premix, an aqueous alkanolamine solution can also be used. The ready-to-use ab-
sorption medium typically has a total amine content of less than 70% by weight, for

example less than 65% by weight, usually less than 60% by weight, for example 35 to
55% by weight.

To prepare an absorption medium for starting up a gas-treatment unit for the first time,
the premix according to the invention is admixed with those amounts of water and al-
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kanolamine which establish the desired concentrations of piperazine and alkanolamine
in the finished mixture.

The premix of the invention may also be used for replacing losses of alkanolamine
and/or piperazine. Losses of alkanolamine and/or piperazine occur during operation of
a gas-treatment unit for various reasons, in particular owing to leaks, decomposition or
because traces of alkanolamine and/or piperazine are removed together with the trea-
ted gas. In the case of an absorption medium which is intended to replace losses, it is
necessary to take into account the differing volatilities and/or decomposition rates of
piperazine and alkanolamine. Since piperazine is generally more volatile than the alka-
nolamine, a relatively higher amount ¢f piperazine must be supplemented in operation.
In this case, the premix of the invention is diluted only with water or a smaller amount
of alkanolamine than corresponds to the theoretical composition of the absorption me-

dium.

The invention will be illustrated iIn more detail by the accompanying figures and the
examples hereinafter.

Figure 1 shows the solidification points of ternary mixtures of methyldiethanol-
amine/piperazine/water as a function of the piperazine-water ratio for various contents
of methyldiethanolamine.

Example 1

Ternary mixtures of methyldiethanolamine/piperazine/water were prepared having me-
thyldiethanolamine contents of 10, 20 and 40% by weight. The weight fraction of pipe-
razine, based on the sum of piperazine and water, was varied from 5 to 70% by weight.
The temperatures of the prepared mixtures at which solids formation was first observ-
able (liquidus line) were determined. The resuits are shown in Figure 1. It may be seen
that at a content of about 62% by weight of piperazine, based on the sum of piperazine
and water, the mixtures have a solidification point minimum.

Example 2

Ternary mixtures were prepared of methyldiethanolamine (MDEA)/piperazine
(PIP)/water having a weight ratio of methyldiethanolamine/piperazine of 1:1, 2:1, 3:1

and 1.5:1 and differing water contents, and the solidification points of the mixtures thus
produced were determined. The compositions (in % by weight), the molar ratio wa-
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ter/piperazine X(H.O/PIP) and the solidification points (in °C) are summarized in the
table below. The solidification points are reported as the resuit of three individual mea-

surements and as mean.

MDEA: PIP = 1:1 ) )
MDEA | PIP Water X(H,0/PIP) | Solidification point | MEAN
33.3 33.3 33.3 478 | 28.0 | 28.0[ 285 282
35.5 35.5 29.0 3.92 245 | 25.0 | 25.0 | 24.8
37.5 37.5 25 3.19 18.0 | 18.5 | 18.5| 18.3
39.4 39.4 21.2 258 21.0 | 205(21.0] 20.8
41.2 412 | 176 2.05 285 | 285 | 28.5| 285
MDEA: PIP = 1.5:1 S
MDEA PIP Water X(H:0/PIP) | Solidification point | MEAN
42.8 28.6 28.6 478 21.0 | 205 | 21.0 | 20.8
45.2 30.1 24.7 3.92 16.5 | 16.0 | 16.0 | 16.2
47 4 31.6 21.0 3.19 75 70| 75 | 7.3
494 | 3209 17.7 2.58 10.0 | 10.0 | 10.0 | 10.0
51 2 34 1 147 2.05 170 16.0 | 16.0 | 16.3
MDEA: PIP = 2:1
MDEA PIP Water X(H.0/PIP) | Solidification point | MEAN
50 | 25 25 478 | 16.0 | 165 | 16.0 | 16.2
52.4 26.2 214 392 | 110 110 | 115| 112
54.5 27.3 18.2 3.19 no crystallization
56 5 78 3 15 9 2 58 from -20°C very viscous
58 3 29 2 12 5 2 05 -40°C vitrious solid
MDEA: PIP = 3:1
MDEA | PIP |  Water X(H:0/PIP) | Solidification point
60.0 20.0 20.0 4,78 no crystallization
62.3 20.7 17.0 3.92 from -20°C very viscous
545 | 273 18.2 319 =G Witriots Soi
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MDEA: PIP = 3:1
MDEA PIP Water X(H2O/PIP) Solidification point
56.5 28.3 15.2 2.58
58.3 29.2 12.5 2.05
Example 3

Example 2 was repeated, but use was made of ternary mixtures of methyldiisopropa-
nolamine (MDIPA)/piperazine (PIP)/water having a weight ratio of
methyldiisopropanolamine/piperazine of 1:1. The compositions (in % by weight), the
molar ratio water/piperazine X(H,O/PIP) and the solidification points (in °C) are

- summarized in the table below.

MDIPA: PIP = 1:1 - -
MDIPA PIP Water X(H,O/PIP) Solidification point | MEAN
33.3 33.3 33.3 4.78 36.0 | 35.0 | 36.0 | 35.7
— . - G- - l —
35.5 35.5 29.0 3.92 33.0 | 33.0 | 33.0 | 33.0
- — — — —
37.5 37.5 25 3.19 29.0 | 29.0 [ 29.0 | 29.0
30.4 39.4 21.2 2.58 26.0 | 26.0 | 27.0 | 26.3
41.2 41.2 17.6 2.05 34.0 | 35.0 | 34.0 | 34.3
Example 4

Example 2 was repeated, but use was made of ternary mixtures of 2-amino-2-methyl-
propanol (2-AMP)/piperazine (PIP)/water having a weight ratio of 2-amino-2-methy!-
propanol/piperazine of 1:1. The compositions (in % by weight), the molar ratio wa-
ter/piperazine X(H20/PIP) and the solidification points (in °C) are summarized in the

table below.

2_AMP: PIP = 1:1
2-AMP PIP Water X(H.O/PIP) | Solidification point | MEAN
33.3 33.3 33.3 478 | 200 (280280 283
35.5 355 29.0 392 | 21.0 | 21.0] 21.0| 21.0
37 5 37.5 25 3.19 18.0 | 19.0 | 19.0| 18.7 |
39.4 39.4 21.2 D 58 126.026.0/26.0| 26.0
41.0 41.2 17.6 2.05 320330330 327
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Claims

10.

Premix for producing an absorption medium for removing acid gases from fiuid
streams comprising at least one alkanolamine, piperazine and water, in which the
premix has a total amine content of more than 65% by weight, and the molar ratio
of water to piperazine in the premix is 1.6 to 4.8.

Premix according to Claim 1, in which the molar ratio of water to piperazine in the
premix is 1.6 to 3.9.

Premix according to Claim 1 or 2, in which the alkanolamine has the general for-

mula
R1HR2(3*H)N}
where R is hydroxy-C.-Cs-alkyl, R? is C4-Cs-alkyl and n is an integer from 1 to 3.

Premix according to Claim 3, in which the alkanolamine is selected from methyl-
diethanolamine and methyldiisopropanolamine.

Premix according to Claim 1 or 2, in which the alkanolamine is a primary alkano-
lamine, where a tertiary carbon atom is bound to the amino group.

Premix according to Claim 5, in which the alkanolamine is 2-amino-2-methyil-
propanol. '

Premix according to one of the preceding claims, in which the weight ratio of al-
kanolamine to piperazine in the premix is 1:7 to 28:1.

Premix according to Claim 7, in which the weight ratio of alkanolamine to pipera-
zine in the premix is 1:3 to 28:1.

Premix according to one of the preceding claims, in which the total amine content
s more than 70% by weight.

Process for producing an absorption medium for removing acid gases from fluid
streams, in which a premix according to one of the preceding claims is mixed with

water and if appropriate an alkanolamine.
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