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METHOD FOR PURIFYING AMINE GAS
SWEETENING SYSTEMS BY ADDITION OF CO;

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to removing
impurities from amine absorbing solutions for acidic gas
in gas sweetening systems. More specifically, the pres-
ent invention provides a method for removing sludge
from amine absorbing solutions by contacting a stream
of regenerated absorbing solution with CO,.

2. Description of the Prior Art

It is well known in the art to treat gases and liquids
with amine absorbing solutions to remove acidic gases
such as CO; and H;S. The amine usually contacts the
acidic gases and liquids as an aqueous solution contain-
ing amine in an absorber tower with the aqueous amine
solution contacting the acidic fluid countercurrently.

The acid gas scrubbing processes known in the art
can be generally broken into three (3) categories.

The first category is generally referred to as the aque-
ous amine process where relatively concentrated amine
solutions are employed during the absorption. This type
of process is often utilized in the manufacture of ammo-
nia where nearly complete removal of the acid gas, such
as COy, is required. It is also used in those instances
where an acid gas, such as CO3, occurs with other acid
gases or where the partial pressure of the CO; and other
gases are low.

A second category is generally referred to as the
aqueous base scrubbing process or “hot pot” process. In
this type of process, a small level of an amine is included
as an activator for the aqueous base used in the scrub-
bing solution. This type of process is generally used
where bulk removal of an acid gas, such as CQOy, is
required. This process also applies to situations where
the CO; and feed gas pressures are high. In such pro-
cesses, useful results are achieved using aqueous potas-
sium carbonate solutions and an amine activator.

A third category is generally referred to as the nona-
queous solvent process. In this process, water is a minor
constituent of the scrubbing solution and the amine is
dissolved in the liquid phase containing the solvent. In
this process, up to 50% of the amine is dissolved in the
liquid phase. This type of process is utilized for special-
ized applications where the partial pressure of CO; is
extremely high and/or where many acid gases are pres-
ent, e.g., COS, CH3SH and CS;.

In the known absorption operations, the enriched
absorbent or solvent, after being withdrawn from the
absorber column, is passed into a regenerator column
where the absorbed H,S and/or CQ; are stripped by
countercurrent contacting with steam. The steam is
generated at the bottom of the regenerator column by
boiling the solution in an indirectly heated tubular heat
exchanger or “reboiler”. The heat for this boiling may
come from steam, or from any hot fluid, or from direct
firing. The countercurrent contacting with steam in the
regenerator column, followed by boiling, will strip the
H»S and or CO; from the solution down to a very low
residual level. The hot stripped solution, known as
“lean solution”, or regenerated absorbing solution, is
withdrawn from the reboiler, cooled, and sent back to
the absorber column to complete the cycle of absorp-
tion and regeneration.

It has been found, however, that acid gas absorbing
solutions can react with elemental sulfur to form dis-
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solved solids (sludge) at temperatures normally found in
gas plants. Unless elemental sulfur can be excluded from
the system, the sludge will be a permanent feature of gas
treatment with amine absorbing solutions. Filtering the
sludge from absorbing solution that is heavily loaded
with H3S (rich absorbing solution) is hazardous. Conse-
quently, there exists a need for an alternative method to
remove sludge from acid gas absorbing solutions in gas
sweetening systems.

SUMMARY OF THE INVENTION

The aforementioned need relating to removal of
sludge from acidic gas absorbing solutions used in gas
sweetening systems can be provided for in accordance
with the present invention. This invention relates to a
method for removing sludge from a lean absorbing
solution in a gas sweetening system. More specifically,
in a gas sweetening system wherein acidic gas compo-
nents are removed from gas by an absorbing solution, a
process is provided for removing sludge from the ab-
sorbing solution by:

(a) contacting a stream of regenerated absorbing solu-
tion with CO; such that the sludge forms a precipi-
tate, and

(b) removing said precipitate from the stream of absorb-
ing solution.

In a preferred embodiment of the invention, the
stream of regenerated absorbing solution comprises
from about 0.001 to about 10 percent of the absorbing
solution in the gas sweetening system. In an even more
preferred embodiment the stream comprises from about
0.001 to about 1 percent of the absorbing solution in the
system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow diagram of the basic method of this
invention.

FIG. 2 is a schematic representation of the steps of a
preferred embodiment of the process of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The term “acidic gases” is meant to include COj,
H,S, SO,, SO3, CS;, HCN, COS and the oxygen and
sulfur derivatives of C; to C4 hydrocarbons in various
amounts as they frequently appear in gaseous mixtures.
These acidic gases, which are generally CO; and H3S,
may be present in trace amounts within a gaseous mix-
ture or in major proportions.

Referring to the block diagram in FIG 1, in accor-
dance with the present invention an acidic gas contain-
ing gas stream enters an absorption stage where acid gas
contaminants are absorbed into an amine absorbing
solution. The contacting of the amine absorbing solu-
tion and the acidic gases may take place in any suitable
contacting tower. In such processes, the normally gase-
ous mixture from which the acidic gases are to be re-
moved may be brought into intimate contact with the
absorbing solution using conventional means, such as a
tower packed with, for example, ceramic rings or sad-
dles or with bubble cap plates or sieve plates, or a bub-
ble reactor.

The absorption step may be conducted by feeding the
normally gaseous feed into the base of the tower while
fresh and/or regenerated absorbing solution is fed into
the top. The normally gaseous mixture freed largely
from CO;-containing acidic gases emerges from the top.
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The contacting takes place under conditions such that
the acidic gases, e.g., CO; possibly in combination with
H3S and/or COS are absorbed by the solution. During
the absorption the solution is maintained in a single
phase.

The absorbing solution which is saturated or partially
saturated with acid gases, such as CO; and H,S may be
regenerated so that it may be recycled back to the ab-
sorber. The regeneration should also take place in a
single liquid phase. The regeneration or desorption is
accomplished by conventional means, such as pressure
reduction, which causes the acid gases to flash off or by
passing the solution into a tower of similar construction
to that used in the absorption step, at or near the top of
the tower, and passing an inert gas such as air or nitro-
gen or preferably steam up the tower.

Amine absorbing solutions may react with elemental
sulfur from the H)S-containing gas to form dissolved
solids or sludge. This sludge is not effectively removed
by known regeneration processes and will build up in
time until the absorbing solution is no longer useable.

According to the present invention, a side stream of
lean absorbing solution that is from about 0.001 to about
10%, and preferably from about 0.001 to about 1%, of
the total solution in the system is treated with CO; gas
such that the sludge precipitates. The precipitate is then
removed by filtration or centrifugation. The CO»-rich
gas stream may then be returned to the regenerator for
removal of CO,. Alternatively, it may be returned to
the contactor with the main circulating solution since
the very small volume of CO;-loaded solution will not
significantly reduce gas absorption capacity.

The process of the invention eliminates the need for a
reclaiming step wherein the amine absorbing solution is
purified by use of a stream-driven distillation process.

The process of this invention will not eliminate
sludge from a system entirely once the sludge is present,
but it will maintain the amount of sludge at a fairly
constant level by removing it at the same rate as it
forms, removing it as it forms.

Particular amine absorbing solutions useful in the
process of this invention are those containing sterically
hindered amines with a solvent as disclosed in U.S. Pat.
No. 4,240,923 to Sartori et al. Accordingly, the process
of this invention is particularly useful for amine absorb-
ing solutions containing 2-piperidine ethanol and sulfo-
lane and which also may contain water.

Referring to the preferred embodiment shown in
FIG. 2, a sidestream of lean, sludge-containing absorb-
ing solution is treated with CO; gas in a conventional
gas/liquid contactor. The side stream of absorbing solu-
tion comprises from about 0.001 to about 1 percent of
the total absorbing solution in the system. The absorb-
ing solution enters contactor 14 from the top through
line 10 and COa» is injected into the bottom through line
12. The treated solution is discharged through line 16
and may then be diluted with water from line 18 to
agglomerate sludge precipitate for more efficient re-
moval. The solution may then be passed to centrifuge 20
or through filter unit 26 or both. Precipitate is dis-
charged through line 22. Sludge-free absorbing solution
is passed through line 28 either back to the regenerator
or directly back to the main circulation stream as shown
in FIG. 1.

The preferred embodiments of the present invention
have been described above. It should be understood
that the foregoing description is intended only to illus-
trate certain preferred embodiments of the invention
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and is not intended to define the invention in any way.
Other embodiments of the invention can be employed -
without departing from the full scope of the invention
as set forth in the appended claims.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. In a gas sweetening system which acid gas is re-
moved from gas by an acid gas absorbing solution com-
prising amine, a process for removing sludge, formed as
a reaction product of said absorbing solution and ele-
mental sulfur, from said absorbing solution comprising:

(a) contacting a stream generated absorbing solution
with CO; such that said sludge forms a precipitate;
and

(b) removing precipitate from said stream of absorb-
ing solution.

2. A process in accordance with claim 1 wherein said
absorbing solution comprises a sterically hindered
amine and a solvent.

3. A process in accordance with claim 2 wherein said
absorbing solution comprises 2-piperidine ethanol and
sulfolane.

4. A process in accordance with claim 3 wherein said
absorbing solution further comprises water.

§. A process in accordance with claim 1 wherein said
regenerated stream of absorbing solution comprises
from about 0.001 to about 10 percent of said absorbing
solution in said gas sweetening system.

6. A process in accordance with claim 1 wherein said
stream of regenerated absorbing solution comprises
from about 0.001 to about 1 percent of said absorbing
solution in said gas sweetening system.

7. A process in accordance with claim 1 wherein said
stream of regenerated absorbing solution is contacted
with CO; in a gas/liquid contactor.

8. A process in accordance with claim 1 wherein said
stream of regenerated absorbing solution is diluted with
water after contacting with CO; to enhance removal of
said precipitate.

9. A process in accordance with claim 1 wherein said
precipitate is removed by filtration.

10. A process in accordance with claim 9 wherein
said filtration is carried out with in-line cartridge filters.

11. A process in accordance with claim 1 wherein
said precipitate is removed by centrifugation.

12. A process in accordance with claim 1 wherein
said stream of absorbing solution is further returned to
a regenerator for removal of CO;. -

13. A process in accordance with claim 1 wherein
said stream of absorbing solution is further returned to
said gas sweetening system with the regenerated ab-
sorbing solution.

14. In a gas sweetening system wherein COz and H,S
are removed from gas by an absorbing solution compris-
ing a sterically hindered amine and a solvent, a process
for removing sludge from said absorbing solution com-
prising:

(a) contacting a stream of regenerated absorbing solu-
tion, wherein said stream comprises from about
0.001 to about 10 percent of said absorbing solution
in said gas sweetening system, with CO; such that
said sludge forms a precipitate; and

(b) removing said precipitate from said stream of
absorbing solution.

15. In a gas sweetening system wherein CO; and H,S

are removed from gas by an amine absorbing solution
comprising 2-piperidine ethanol, sulfolane and water, a
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in said gas sweetening system, with CO3 such that
. . said sludge forms a precipitate;
tion comprising: (b) diluting said stream of absorbing solution with
(a) contacting a stream of regenerated absorbing solu- water; and
(c) removing said precipitate from said stream of

absorbing solution by filtration.
* %* * % *

process for removing sludge from said absorbing solu-

tion, wherein said stream comprises from about
0.001 to about 1 percent of said absorbing solution
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