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ABSTRACT OF THE DISCLOSURE

Sulfur dioxide is removed from flue gas by scrubbing
with sea water and aeration of the sump to convert the removed
sulfur dioxide into bisulfate with neutralization in a reaction
basin subsequently forming sulfate. The neutralization is
carried out by the treatment of sea water and a PH of 4 to 5 and
preferably 4.15 to 4.5 is maintained in the liquid phase removed
from the sump by controlled recycling of the sump liquid to the

absorption zone or addition of further quantities of sea water to

the column.
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PROCES8 FOR REMOVING S8ULFUR DIOXIDE FROM FLUE GAS
SPECIFICATION

FIELD OF THE INVENTION
The present invention relates to a process or method of
removing or separating sulfur dioxide from a waste gas,
especially a flue gas, utilizing sea water to scrub the sulfur

dioxide from the gas.

BACKGROUND OF THE INVENTION

In German Patent Document 23 22 958, a gas cleaning
process is described in which sea water is used as an absorption
ligquid to remove sulfur dioxide from a waste gas stream such as a
flue gas.

In this process, the flue gas is scrubbed in an
absorption column with sea water and the sea watexr containing the
sulfur compounds is withdrawn from the sump of the absorption
column and is treated in an after-reaction basin with fresh sea
water.

This process has found use in practice and reference
may be made to Verfahrenstechnik 25 (1991) Nr. 9, Pages 12-14.
The process utilizes the bicarbonates which are present in sea
water to convert the absorbed sulfur dioxide into nontoxic

sulfates.
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The amount of scrubbing liquid required in the
absorption zone depends upon the material exchange between the
gas phase and the liquid phase. In conventional systems, it is
desirable to operate with the smallest possible amounts of
scrubbing liquid. To ninimize the scrubbing liquid requirements,
so-called packed columns are employed, i.e. columns containing
filler bodies which insure a good material exchange between the
gas and liquid phases.

When sea water is used as the scrubbing liquid and
there is a fixed scrubbing liquigd requirement, the amount of
available bicarbonate is also fixed. As a result, only a
fraction of the sulfur dioxide quantity present can be satisfied
by the available bicarbonate, with the greater portion of the
sulfur dioxide which is contacted by the liguid phase being
dissolved in the form of unbound sulfur dioxide which is
withdrawn from the sump of the scrubbing column with the
scrubbing liquid.

The liquid is also saturated with carbon dioxide
because of the high carbon dioxide partial pressure of the flue
gas.

Experience has shown that a pH value in the range of
PH = 2 to pH = 3 igs established in the liquid sump of the
absorption column. In the after-reaction basin, the scrubbing
liquid withdrawn from the absorption column is reacted with fresh

sea water in an amount so dimensioned that the bicarbonate
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content suffices to neutralize the extracted sulfur dioxide. The
contents of the after-reaction basin must be intensively aerated

for sulfate formation on the one hand and, on the other hand, to

drive out carbon dioxide. The large amounts of air required can

strain compressor capacities.

Furthermore, since the oxidation velocity is pH
dependent and in a range above pH = 5.5, which is found in the
after-reaction basin, is relatively small, large basins are
necessary and thus for complete sulfate formation substantial
residence times are necessary.

In practice, it is found that aerated reaction basins
must be operated with a residence time of 10 to 15 minutes for
the desired reactions to go to completion.

Because of the high air velocities used in the
region of the reaction basin the noise generation is considerable
and usually far in excess of tolerable limits. The unbound
sulfur dioxide which has been entrained in the sunp liquid may
not even be completely oxidized even with extremely strong
aeration and release of unbound S0, into the atmosphere and air

pollution in the region of the basin is a significant problen.

OBJECTS OF THE INVENTION
Accordingly, it is principal object of the present
invention to provide an improved process for removing sulfur

dioxide from waste gases and especially flue gases so that
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smaller reaction basins can be used, and environmentally
detrimental noise loading of high aeration velocities, the danger
of the release of noxious or toxic sulfur dioxide and the like
may all be avoided.

It is also an object of the invention to reduce the
amount of air required for oxidation purposes in a system for
removing sulfur dioxide from a flue gas utilizing sea water.

Still another object of the invention is to provide a
process for the purposes described which, however, will be
economical but free from at least some of the drawbacks outlined

above.

SUMMARY OF THE INVENTION

These objects and others which will become apparent
hereinafter are attained, in accordance with the invention in a
process for removing sulfur dioxide from a flue gas which
comprises the steps of:

(a) contacting a flue gas containing sulfur dioxide
with sea water in an absorption column to collect a liquid phase
in a sump of the column containing bisulfite resulting from
sulfur dioxide scrubbed from the flue gas by the sea water and to
produce a scrubbed gas having a reduced sulfur dioxide content:

(b) aerating the liquid phase in the sump to transform
the bisulfite to bisulfate;
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(c) withdrawing the liquid phase containing bisulfate
from the sump and mixing the withdrawn liquid phase with fresh
sea water in a reaction basin to convert the bisulfate to sulfate
and at least partially neutralize the liquid phase in the
reaction basin;

(d) measuring a pH of the liquid phase withdrawn from
the sump and determining a deviation of the measured pH from a
setpoint pH in the range of pH = 4.0 to pH = 5; and

(e) depending upon the deviation selectively feeding an
additional stream of sea water directly to the sump, and
recycling a liquid stream withdrawn from the sump to an
absorption zone of the column at a controlled rate to minimize
the deviation.

Preferably the pH value in the liquid sump is set in
the range between 4.15 and pH 4.5. In the reaction basin,
moreover, by the addition of fresh sea water, a pH value of at
least 6.0 is preferably established.

With the process of the invention, the oxidation of the
desulfurization products takes place in the liquid sump of the
absorption column to which sufficient sea water is metered that
the bicarbonate content will suffice for a stoichiometric
conversion of all of the absorbed bisulfate to the bisulfite.

The amount of scrubbing liquid which is fed to the
absorption zone can thus be dimensioned without concern for the

described chemical reactions so.that in the absorption column,
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the scrubbing efficiency can be determined exclusively by the
ratio of the sulfur dioxide starting concentration to the sulfur
dioxide final concentration in the flue gas. In other words,
while the scrubbing can be effected with a quantity of sea water
which is the minimum required for maximum scrubbing efficiency
independently of the chemical reactions to be carried out, the
quantity of the scrubbing sea water used does not limit the
subsequent reactions in the sump.

Preferably an absorption column is used which is free
trom baffles in the absorption zone and thus free from packing as

usually provided. This permits the liquid throughput to be

optimized.

is directly fed to the scrubbing column sump in accordance with
the invention. Furthermore, if the absorption liquid volume is
S0 large that the sea water in the sump has a superstoichiometric
amount of bicarbonate, a recycle of the liquid from the sump to
the absorption zone is provided to restore the pH value in the

sump to its set point value. The scrubbing liquid recycle allows
the bicarbonate levels and the hydraulic loading of the

absorption zone to be set independently from one another. During
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this operation, of course, direct feed of additional sea water to
the sump is discontinued.

By control of the pH in the sump at the indicated set-
point levels, the liquid phase withdrawn from the sump can
contain no unbound sulfur dioxide in solution which can be
released from the reaction basin and from toxic or noxious fumes
in the region thereof. The sulfur dioxide is converted in the
sump and the bisulfite and then by aeration into bisulfate. The
setting of a pH value between 4.0 and 5, prefefably between 4.15
and 4.5, insures a maximum bisulfite concentration in a
relatively small liquid flow and thus provides the basis for
rapid conversion to bisulfate.

Because of the highly acidic medium, a high oxidation
velocity is insured so that the liquid in the sump can be fully
reacted even with a short residence time. Depending upon the
flue gas composition and the sea water composition, residence
times between 1 and 2.5 min will usually suffice for the purposes
of the invention. Because of the small liquid flow volumes and
the high oxidation velocity, the oxidation in the liquid sump can
be carried out witp a minimum of capital expenditure, e.qg. smaller
compressors, and hence at lower overall cost. The smaller liquid
volumes which are necessary require reduced oxidation air flows.

The aeration for oxidation of the liquid in the sump is
found to effectively strip carbon dioxide from the liquid phase

in the absorption column and there is, as a result, a reasonably
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complete carbon dioxide stripping from an approximately carbon
dioxide saturated solution. The result is a largely neutralized
waste water containing bisulfate as an intermediate product and
which is withdrawn from the sump and treated with fresh sea water
in the reaction basin for completion of the neutralization and
sulfate form reactions. As a rule, aeration of the reaction
basin is not required since the oxidation of the bisulfate has
already been completed in the sump and large amounts of €O, have
already been driven out of the scrubbing liquid. By comparison
to the prior art system, a significantly smaller reaction basin
can be used and the air requirements and enerqgy requirements for
compression of the oxidation air are likewise reduced.
Preferably, the air stream used for aerating the sump of the
columin is cooled before introduction into the sump by spraying or

injecting water into the air.

BRIEF DESCRIPTION OF THE DRAWING
The above and other objects, features, and advantages
will become more readily apparent from the following description,
reference being made to the accompanying drawing in which:
FIG. 1 is a diagram of an apparatus for carrying out
the process of the invention:

FIGS. 2 and 3 are graphs illustrative of the reactions;

and
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FIG. 4 is a graph showing the equilibrium distribution
of dissolved sulfur dioxide by sulfide ions and sulfur ions in

sea water in dependence upon the pH value.

SPECIFIC DESCRIPTION

The apparatus shown in FIG. 1 comprises an unpacked or
baffle free absorption column 1 with a flue gas duct system 2, a
sea water pump station 3 and an after reaction basin 4. Sea
water feed lines 5 carry sea water from the pump 3a of the
pumping station 3 whose reservoir 3b is refilled as shown at 3c,
to the absorption column 1 and the reaction basin 4, as well as
to the sump 6 of the absorption column 1.

The latter is provided with air jets or lances 9 for
injecting aerating air from a compressor 8 into the sunp, the air
injected by the aerating unit represented as a whole at 7, being
cooled by spraying sea water into the air in a cooler 18, the sea
water being fed via line 5a from the pump 3a to the spray hozzles
of the cooler 18.

The absorption column 1 is shown as a counterflow
sCrubber into which the sea water is fed in one or more nozzle
planes of the absorption zone 10.

The liquid phase collected in the sump 6 can be
recycled to the absorption zone via spray nozzles 1la and a punp
11b, the latter being controlled by a pH controller 15 whose

function will be described in greater detail hereinafter.
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From the line 11, the liquid phase is fed to the
reaction basin 4 which can return the treated water to the sea as
represented at 12, sulfates being recovered, if desired, by
precipitation either within the basin 4 or in an additional
system as may be desirable.

The invention utilizes the alkalinity of sea water,
which is usually given in terms of HCO,- to bind and neutralize
the SO, absorbed from the flue gas. Standard sea water with a
chlorine titer of 19 g/kg can have an HCO; content of 0.14 g/kg.
Depending upon the source of the sea water, the bicarbonate
content can be as much as 0.32 g/kg, for example for Arabian Gulf
water. An amount of 0.14 g/kg thus can be considered an average
with local variations in either direction ang depending upon
where the water is taken, for example, at a deep location or in
the neighborhoocd of a mouth of a river (see (ULLMANN, Vol. 24,
Pages 213/214).

The flue gas, fed at 2a via a compressor 2c¢ in which it
is passed in indirect heat exchange with desulfurized flue gas,
is fed to the absorption column 1 and is there treated with sea
water so that the gaseous sulfur dioxide is physically absorbed
in the sea water

H,O
S0, (gas) S0, (L)dissolved

The sea water quantity used for the absorption is so

dimensioned that the sea water‘bicarbonate is only sufficient for

- 10 =-
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stoichiometric conversion of the absorbed sulfur dioxide to
bisulfite.

The sump 9 of the absorption column is aerated to
convert the bisulfite to bisulfate. The bisulfate formation

reaction can be considered to follow the reaction scheme:

80,(L) + O (L) + HCO;~ — — HSO,- + CO,(L).

The bisulfate containing liquid is withdrawn from the
sunp and, for the purpose of sulfate formation and pH adijustment,
is fed to the reaction basin 4 to which fresh sea water is
supplied. The net sulfate forming reaction in the basin 4

follows the relation:

HSO,~ + HCO;" - 80,~ + H,0 + CO,(L).

The desulfurized gas, to which a portion of the flue
gas can be admixed at 2d, if desired, is then passed through the
heat ‘exchanger 2c and is discharged into the atmosphere.

The chemical reactions which are carried out have been
modeled in FIG. 2. In this graph, the sea water quantity
supplied to the apparatus is plotted along the abscissa in terns
of the flue gas volume flow IL/g, in 1/ms. Along the ordinate,
the molar amounts of the starting and reaction products are given
with respect to the molar quantity of SO, in the flue gas in mole
percent. The washer efficiency n is likewise given. The graph

comprises:
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a segment OABC **D** representing the recovered sulfur
dioxide quantity (S0,, ,,,/S0; ., ):

a segment OBCD representing the supplied bicarbonate
quantity (HCO,~ ,, /SO, ,.) and a segment OBCD, representing total
reacted bicarbonate (HCO; [nctea/S02 1n.)7 and a segment OB
representing the converted portion in the absorption column
alone;

a segment OMA**B** representing the proportion of free
50, in the solution (SO0; 44401vea/ S0z 1n.) COrresponding to the
difference between removed SO, and reacted bicarbonate;

a segment C;D, representing excess nonreacted
bicarbonate (HCO, . ,54u/S0; 5n.) in the reaction basin.

A line segment OBC, representing the supplied and
withdrawn bisulfate (HSO,/SO,;,) in the sump of the absorption
column or in the reaction basin:;

a line segment B**C** representing a corresponding
increase in the sulfate (S0,7/S0,,. ) in the reaction basin; and

line segments OA*, A*B*, B*C* representing the
dissolved CO, content in the liquid (CO, 4i.01ve/S0; ir ) -

In the absorption zone 10 of the absorption column 1, a
CO, saturation of the sea water is effected (line OA*). 1In the
sump, CO, is driven out by the oxidation air (line A*B*). In the

reaction in the basin 4 there is again an enrichment in the water

—12_
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with dissolved carbon dioxide (line B*C*). The pH of the water
withdrawn at 12 from the basin 4 is primarily dependent upon the
concentration of free CO, (point D¥*) and surplus bicarbonate
(point D,). These can be affected by increasing the total sea
water quantity used. There is also a limited effect through the
CO, stripping in the reaction vessel 4.

FIG. 2 relates to a mode of operation of the apparatus
in which the sea water is fed in partial streams through the
absorption column. A first such stream is used as the scrubbing
ligquid and is supplied through one or more nozzle planes in the
absorption zone 10 of the column. The bicarbonate quantity of
the scrubbing liquid is not sufficient for complete chemical
binding of the absorbed SO,. Another sea water stream to
compensate the balance of the bicarbonate is fed directly via
line 13 into the sump 6.

When the liquid quantity required for the gas scrubbing
is such that the bicarbonate collected in the sump is
superstoichiometric with respect to the absorbed S0,, a recycle via
line 14 from the sump 6 to the sea water distribution pump 3a or
via pump 11b to the nozzle plane lla is advantageous. This case
arises when the S0, concentration in the flue gas is low and a
sea water with a high carbonate content is used. The scrubbing

liquid recycle allows the bicarbonate content in the sunp and the

_13_
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hydraulic loading of the absorption zone to be set independently

of one another.

FIG. 3 shows the chenmistry of this latter case. The
fresh water feed via line 13 can be terminated. The sulfate
forming reaction, as FIG. 3 shows, occurs partially in the sump
6. With the recycled liquid via line 14, for example, the
bicarbonate content can be controlled.

Both the additional feed 13 and the recycled feed 14
are controllable in response to the pH value of the liquid
withdrawn from the sump 6. This is represented by the controller
15 with its pH sensor 16 for determining the actual pH value and
control units such as the valves 17 and pump 11b for regqulating
the additional sea water flow to the column and the recycled
ligquid from the column sump to the spray nozzles.

The pH values are measured via the sensor 16, compared
with a setpoint in the pH range of 4.15 to 4.5 and controlled to
maintain the setpoint value within a narrow tolerance range.

FIG. 4 shows the equilibrium distribution of.dissolved
and unbound S0,, bisulfite and sulfate ions in sea water. From
FIG. 4 it will be apparent that in sea water the maximum
bisulfite concentration can be expected at pH 4.15. With reduced
PH values there may still be residues of dissolved, unbound SO,

in solution while with higher pH values smaller amounts of

- 14 ~-
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sulfite ion can be encountered. With the method of the
invention, an exact metering and control of the sea water can be
provided to insure that all of the absorbed S0, is completely
bound and no free or unbound SO, remains in solution which can be
released into the atmosphere from the basin,

The pH setting in the range of 4.15 to pH 4.5 insures
that the pH value of the liquid phase withdrawn from thé sump
will be very close to the optimal point for bisulfite formation.
The subsequent reactions can take place in the basin without
liberation of SO, and because of the high bisulfate concentration
prevalent in the sump 6, the oxidation takes place there also
very rapidly. The high oxidation velocity means that the liquidg
resistance time in the sump can be short, usually between 1 and
2.5 minutes.

In the reaction basin 4, the pH is brought to 6.0 to 7
by the addition of the fresh sea water and about 1/3 of the sea
water is supplied in the scrubbing column 1 and 2/3 to the
reaction basin. Furthermore, since the oxidation takes place in
the sump 6 rather than in the case of prior art systems, in a
reaction basin, smaller air quantities can be used especially
when the air ls cooled by water injection utilizing a mixing

chamber 18 and sea water for the cooling.

- 15 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for separating sulfur dioxide from a flue
gas comprising the steps of:

(a) contacting a flue gas containing sulfur dioxide
with sea water in an absorption column to colliect a liquid phase
in a sump of said column containing bisulfite resulting from
sulfur dioxide scrubbed from said flue gas by the sea water and
to produce a scrubbed gas having a reduced sulfur dioxide
content;

(b) aerating said liquid phase in said sump to
transform sald bisulfite to bisulfate:;

{c) withdrawing said liquid phase containing bisulfate
from said sump and mixing the withdrawn liquid phase with fresh
sea water in a reaction basin to convert the bisulfate to sulfate
and at least partially neutralize the liquid phase in said
reaction basin;

(d) measuring a pH of the liquid phase withdrawn from
said sump and determining a deviation of the measured pH from a
setpoint pH in the range of pH = 4.0 to pH = 5; and

{e) depending upon said deviation selectively feeding
an additional stream of sea water directly to said sump, and

recycling a liguid stream withdrawn from said sump to an

- 16 -
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absorption zone of said column at a controlled rate to minimize

said deviation.

2. The process defined in claim i, further comprising
the step of establishing said setpoint at a pH between pH = 4.15

and pH = 4.5.

3. The process defined in claim 2 wherein a pH of at
least 6 is established in said reaction basin in step (c) by

addition of fresh sea water thereto.

4. The process defined in claim 3 wherein said

absorption column is operated with a baffle-free absorption zone.

5. The process defined in claim 4 wherein air used to
aerate said sump in step (b) is cooled by spraying water into

said air.

6. The process defined in claim 1 wherein a pH of at
least 6 is established in said reaction basin in step (¢) by

addition of fresh sea water thereto.
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1 7. The process defined in claim 1 wherein said

2 absorption column is operated with a baffle-free absorption zone.
1 8. The process defined in claim 1 wherein air used to
2 aerate said sump in step (b) is cooled by spraying water into

3 said air.

- 18 =
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