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(57) Abstract

A method and an apparatus for cleaning sulphur-dioxide-containing gases, such as flue gases, are disclosed. The gases are treated in
a gas scrubber (2) for the absorption of sulphur dioxide in an aqueous alkaline washing liquid (3), preferably NaOH. A partial flow (10)
is drawn off from the washing liquid to be regenerated by the addition of calcium ions (17) for the precipitation and removal of calcium
sulphate. The invention is distinguished by the fact that the precipitated calcium sulphate is recycled and admixed (14) with the partial flow
of washing liquid before the addition of calcium ions. The apparatus comprises a gas scrubber (2) having means (5, 6, 7, 9) for circulating
the washing liquid (3), a conduit (11) for drawing off a partial flow (10) of washing liquid, a vessel (16) for the addition of calcium ions
(17), a vessel (18) for the sedimentation of precipitated calcium sulphate, a vessel (22) for the addition of carbonate ions, a vessel (24)
for the sedimentation of calcium carbonate, a conduit (26) for recycling regenerated washing liquid to the gas scrubber (2), and a conduit
(25) for recycling precipitated calcium carbonate upstream from the vessel (18) for the sedimentation of calcium sulphate. The apparatus
is distinguished by a conduit (19) provided for recycling precipitated calcium sulphate and opening into a vessel (14) which is arranged
upstream from the vessel (16) for the addition of calcium ions.
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METHOD AND APPARATUS FOR CLEANING GASES CONTAINING
SULPHUR DIOXIDE

This invention relates to a method and an apparatus
for cleaning gases containing sulphur dioxide, such as
flue gases.

Sulphur dioxide is a gas generated in the oxidation
of sulphur-containing materials, such as refuse, coal,
0il, natural gas and peat. Although the invention is
especially concerned with the removal of sulphur dioxide
from flue gases produced by the oxidation (incineration)
of suc¢h materials, it is not restricted to this particu-
lar application, but generally relates to the cleaning of
sulphur-dioxide-containing gases. Prior-art cleaning of
sulphur-dioxide-containing flue gases is generally based
on the absorption of sulphur dioxide by an agueous alka-
line washing liQuid. At present, three different sys-
tems are predominantly used, namely calcium-based sys-
tems, sodium-based systems, and indirect calcium-based
systems. In calcium-based systems, limestone (CaCO3) and
lime (CaO, Ca(OH)p) are used as alkali, whereas in
sodium-based systems, sodium hydroxide (NaOH) or soda
(NapCO3) is used as alkali. In indirect calcium-based
systems, a readily-soluble alkali, such as NaOH, is used
primarily for absorbing the sulphur dioxide in a gas
scrubber. When having absorbed sulphur dioxide, the wash-
ing liquid is regeneratéd outside the gas scrubber with
the aid of a more sparingly-soluble alkali, such as lime.
As a result of using a readily-soluble alkali, such as
NaOH, in the gas scrubber, a much larger quantity of
alkali is dissolved in the washing liquid in the gas
scrubber and the risk of deposits is much lower than in
a calcium-based system. Since a larger quantity of alkali
is dissolved in the washing liduid, the recycled flow of

washing liquid in the gas scrubber will be reduced and
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the capacity of the washing liquid to absorb sulphur
dioxide will be improved.
In the present invention, an indirect calcium-based

system is used for absorbing sulphur dioxide. '
As an instance of the prior art, mention may be made '

of US-A-3,873,532, which describes a method for wet ‘ .

cleaning of sulphur-dioxide-containing flue gases.

According to the US specification, the sulphur-dioxide-

containing flue gases are conducted to a gas scrubber,

where they are washed with an agqueous alkaline washing

liquid based on sodium hydroxide or sodium carbonate. The

alkaline washing liquid is circulated by means of a pump

from a tank to the gas scrubber, and from the gas scrub-

ber back to the tank. A partial flow of washing liquid is

drawn off from the gas scrubber to be regenerated, and is

conducted to a vessel for the addition of calcium ions in

the form of slaked lime (Ca(OH)3). Then, the partial flow

of washing liquid is fed to a sedimentation installation

for the sedimentation of precipitated calcium sulphate,

which is then removed and filtered off. Some of the cal-

cium sulphate drawn off from the sedimentation installa-

tion is recycled to the vessel for the addition of slaked

lime. The washing liquid thus freed of precipitated cal-

cium sulphate is conducted from the sedimentation instal-

~lation to a device for the addition of soda (NaCO3) and

the sedimentation of precipitated calcium carbonate.
Then, the precipitated calcium carbonate is recycled to
the vessel for the addition of slaked lime, while the
regenerated washing liquid is recycled to the tank for
alkaline washing liquid.

The indirect calcium-based system described in US-A-
3,873,532 suffers from certain drawbacks.

Thus, the sludge that is sedimented after the addi-
tion of lime is very fine-grained and has a crystal size
of but about 10-50 um. The sludge chiefly consists of
calcium sulphate crystals, but it also contains some

impurities, such as carbonates and hydroxides, which are
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- mixed with the calcium sulphate crystals. This means that

the sedimented sludge -that is recovered and filtered con-
sists not of pure gypsum but of impure gypsum. Such
impure gypsum is of no use in industry, but has to be
deposited at a high cost. According to the US specifi-
cation, some of the sedimented sludge is recycled to the
vessel for the addition of lime in order to increase the
crystal size, but it is merely a fraction of the sludge
that is thus recycled, the main part being removed
directly for filtering. Furthermore, the recycling to the
vessel for the addition of lime, which operates at'an
alkaline pH, means that the contaminating carbonates and
hydroxides in the sludge are not dissolved at all or but
to a limited extent. ‘

It may be added that, according to the prior art,
polyelectrolyte is often added to the precipitated sludge
to make it easier to handle and filter. Naturally, this
increases the process costs.

It is an object of this invention to obviate the
above-mentioned drawbacks of the prior art and provide an
improved method for cleaning sulphur-dioxide-containing
gases, such as flue gases, resulting in the production of
pure gypsum. According to the invention, this object is
attained by the fact that the sludge precipitated upon
the addition of lime is, in its entirety, recycled to the
partial flow of washing liquid drawn off from the gas
scrubber, and is admixed therewith at a site upstream
from, i.e. before, the addition of lime.

The invention thus provides a method for cleaning
gases containing sulphur dioxide, such as flue gases,
wherein the gases are treated in a gas scrubber for the
absorption of sulphur dioxide by an aqueous washing
liquid which contains readily-soluble alkali and from
which a partial flow is drawn off to be regenerated by
the addition of calcium ions for the precipitation and
removal of calcium sulphéte, said method being charac-
terised by recycling the precipitated calcium sulphate in
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its entirety and admixing it with the partial flow before
the addition of calcium ions.

‘The invention further provides an apparatus for
cleaning gases_containing sulphur dioxide, such as flue
gases, comprising a gas scrubber having means for cir-
culating washing liquid, a conduit for drawing off a
partial flow of washing liquid, a vessel for the addition
of calcium ions, a vessel for the sedimentation of preci-
pitated calcium sulphate, a vessel for the addition of
carbonate ions, a vessel for the sedimentation of calcium
carbonate, a conduit for recycling regenerated washing
liquid to the gas scrubber, and a conduit for recycling
precipitated calcium carbonate upstream from the vessel
for the sedimentation of calcium sulphate, said apparatus
being characterised Ey a conduit provided for recycling
precipitated calcium sulphate and opening into a vessel
arranged upstream from the vessel for the addition of
calcium ions.

Further distinctive features and advantages of the
invention will appear from the following description and
the appended claims.

By recycling the calcium-sulphate-containing sludge
in its entirety and admixing it with the partial flow of
washing liquid before the addition of calcium ions, in
accordance with the invention, the impurities (e.g. car-
bonates) accompanying the gypsum crystals in the sludge
are washed away more effectively, since the washing
liquid has a lower pH value upstream from the addition of
calcium ions (a pH of about 4-8, preferably about 7, as
compared with a pH of about 11.5-13.5, preferably about
13). Apart from the washing effect thus obtained, the
recycling of the sludge to a site upstream from the
addition of calcium ions has the effect of promoting
crystal growth, such that the small gypsum crystalé
obtained in the initial precipitation may grow into large
and pure gypsum crystals which are easily sedimented and
filtered. The inventive method has yielded crystals hav-
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ing an average size of about 100-300 um, to be compared
with a size of about 10-50 pum obtained in prior-art
methods. The large and pure gypsum crystals obtained by
recycling the sludge are not fed further on in the sys-
tem, but are removed directly from the partial flow to be
dewatered, e.g. by filtering. Conveniently, the sludge is
recycled to a special vessel arranged upstream from, i.e.
before, the vessel for the addition of calcium ions.
While washed and in the process of growth, the gypsum
crystals sediment in the vessel and are removed from the
bottom thereof for dewatering and the recovery of pure
gypsum. The large and pure gypsum crystals obtained in
the invention are very easy to filter, which means that
no expensive polyelectrolyte has to be added and that use
can be made of simpler and less expensive equibment for
filtering the gypsum crystals. The invention further has
the considerable advantage of yielding high-quality gyp-
sum suited for industrial use, thus doing away with the
high costs previously incurred for depositing the impure
gypsum sludge.

In order to further elucidate the invention, a non-
restricting embodiment will now be described with refe-
rence to the accompanying drawing, showing a flow chart
illustrating the method and the apparatus according to
the invention.

As appears from the Figure, sulphur-dioxide-contain-
ing gas 1, such as flue gas generated in refuse incinera-
tion, is fed to a gas scrubber 2, where it is contacted
with an agueous washing liquid 3 containing a readily-
soluble alkali. The sulphur dioxide in the gas is absorb-

‘ed by the washing liquid, and the cleaned gas 4 then

leaves the gas scrubber.

Initially, i.e. before the absorption of sulphur
dioxide, the washing liquid 3 consists of an aqueous
solution of a readily-soluble alkali, such as a readily-
soluble alkali metal compound; a readily-soluble alka-

line-earth metal compound, e.g. a magnesium compound;
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NH3; or an ammonium compound. The readily-soluble alkali
used preferably is a readily-soluble alkali metal com-
pound, such as a readily-soluble sodium or potassium com-
pound, sodium hydroxide (NaOH) being most preferred. By
means of a pump 6, the washing liquid 3 is pumped from a
supply 5 through a conduit 7 to the gas scrubber 2, where
it is finely distributed by nozzles 8. After the absorp-
tion of sulphur dioxide, the washing liquid is collected
and recycled to the supply 5 via a conduit 9. The circuit
described above constitutes the primary circuit for cir-
culating the washing liquid in the gas scrubber. As the
washing liquid circulates in the gas scrubber, it absorbs
more éulphur dioxide. In order to maintain the absorption
capacity of the washing liquid and avoid any inconvenient
precipitations, the washing liquid is regenerated in a
secondary circuit, which will be deécribed in the follow-
ing. |

In the secondary circuit, the washing liquid is
regenerated by precipitating the absorbed sulphur dioxide
with the aid of calcium ions, such as calcium sulphite or
calcium sulphate, preferably calcium sulphate. To this
end, a partial flow 10 is drawn off from the supply 5 and
conducted to a regeneration plant via a conduit 11. If
present in the form of sulphite, the absorbed sulphur
dioxide should first be oxidised to sulphate. For this
purpose, the regeneration plant may include an oxidation
tower 12, into which is blown an oxygen-containing gas
13, e.g. air, in order to oxidise the sulphite to sul-
phate. It is to be understood that the oxidation tower is
an optional, albeit preferred, component according to the
invention. '

From the oxidation tower, the partial flow of wash-
ing liquid is conducted on to a vessel 14 for the recycl-
ing and sedimentation of gypsum sludge, as will be
described in more detail below.

Then, the partial flow of washing liquid is conduct-
ed to a vessel 15 for recycled carbonate sludge obtained

PCT/SE94/00033
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7
upon the addition of soda to the washing liquid. Although
preferred, the separate vessel 15 is optional, and carbo-
nate-containing sludge may, according to the invention,
alternatively be recycled to the vessel 16 for the addi-
tion of calcium ions 17 to the partial flow of washing
liquid. The calcium ions may be added in any suitable
form, such as limestone (CaCO3) or lime, which here is
meant to encompass burnt lime (Ca0) as well as slaked
lime (Ca(OH)3). Preferably, the calcium ions are added in
the form of slaked lime. By the addition of calcium ions,
sparingly-soluble calcium compounds, chiefly calcium
sulphate (gypsum), are precipitated in the form of fine
crystals in the washing liquid.

Thereafter, the washing liquid is conducted on to a
sedimentation vessel 18 for the sedimentation of the pre-
cipitated material. This material sediments and accumu-
lates aé sludge at the bottom of the vessel 18, whence it
is removed through a conduit 19 and recycled to the ves-
sel 14 in the secondary circuit, where it is mixed with
the partial flow 10 of washing liquid. By recycling and
admixing the calcium-sulphate-containing sludge with the
washing liquid early on in the secondary circuit, namely
upstream from, i.e. before, the addition of calcium ions,
at a stage when the liquid still has a low pH value, the
impurities (e.g. carbonates) accompanying the sludge and
contaminating the calcium sulphate crystals are dissolv-
ed, such that the calcium sulphate crystals are rid of
impurities and thus are purified. Unlike the impure
crystals, which are white and of irregular shape, the
purified crystals are clear, which is a distinct indi-
cation of high purity. By recycling the sludge, the cal-
cium sulphate crystals are given the opportunity to grow,
and crystals having a size of about 100-300 pm have been
obtained in the invention. The large calcium sulphate
crystals sediment easily and rapidly (roughly like sand)
in the vessel 14, and accumulate at the bottom of the

vessel to be discharged through a conduit 20 and

PCT/SE94/00033
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8
transferred to a dewatering device 21. As indicated in
the Figure, the dewatering device suitably is a filter,
such as a rotating vacuum filter. However, also other
types of dewatering devices, such as band filters or cen-
trifuges, may be used. Dewatering is considerably simpli-
fied by the fact that the calcium sulphate crystals
obtained in the invention are large and pure, enabling
the use of simpler and less expensive dewatering equip-
ment.

Should one wish to further prolong the residence
time of the calcium sulphate crystals in the vessel 14,
the crystals may be recycled from the conduit 20 via a
return conduit (not shown) to the vessel 14.

The washing liquid thus rid of sedimented calcium
sulphate sludge is conducted from the sedimentation ves-
sel 18 further on in the secondary circuit to a vessel 22
for the addition of carbonate ions 23. Carbonate ions are
added in order to precipitate calcium ions in the washing
liquid in the form of sparingly-soluble calcium carbo-
nate. The carbonate ions are added in the form of soda
(NaC03), so that readily-soluble alkali is simultaneous-
ly supplied to the washing liquid.

From the vessel 22, the partial flow of washing
liquid is conducted on to a sedimentation vessel 24,
where the precipitated carbonate sediments and accumu-
lates as sludge at the bottom. Thence, the sludge is
recycled via a conduit 25 to the vessel 15 in the secon-
dary circuit, where it is mixed with the incoming partial
flow of washing liquid. As mentioned in the foregoing,
the vessel 15 is an optional component. If the vessel 15
is dispensed with, the carbonate sludge is instead
recycled to the vessel 16 for the addition of calcium
ions.

When the partial flow of washing liquid has been
thus regenerated in the secondary circuit, it is recycled
via a conduit 26 to the supply 5 of washing liquid. A
pump 27, suitably disposed in the conduit 26, is arranged

PCT/SE94/00033
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for circulating the partial flow of washing liquid drawn
off to the secondary circuit.

The present invention differs from prior-art indi-
rect calcium-based systems in having a special vessel 14
for recycling calcium sulphate sludge in the secondary
circuit. The additional cost thus incurred is amply off-
set by the advantages involved, namely that pure gypsum
suited for industrial use is recovered, and that simpler
and less expensive dewatering equipment can be used owing

to the resulting gypsum crystals being easily filtered.
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CLAIMS

1. A method for cleaning gases containing sulphur
dioxide, such as flue gases, wherein the gases are treat-
ed in a gas scrubber (2) for the absorption of sulphur
dioxide by an aqueous washing liquid (3) which contains
readily-soluble alkali and from which a partial flow (10)
is drawn off to be regenerated by the addition of calcium
ions (17) for the precipitation and removal of calcium
sulphate, characterised by recycling (19) the
precipitated calcium sulphate in its entirety and admix-
ing it (14) with the partial flow before the addition of
calcium ions.

2. A method as set forth in claim 1, charac-
terised by removing sludge from the partial flow of
washing liquid for dewatering (21) after the admixture
(14) of recycled calcium sulphate but before the addition
of calcium ions (17).

3. A method as set forth in claim 1 or 2, char -
acterised by recycling calcium sulphate to a ves-
sel (14), from the bottom of which sludge is removed for
dewatering (21).

4. A method as set forth in any one of the preceding
claims, characterised by the washing liquid
(3) containing readily-soluble alkali in the form of
readily-soluble alkali metal compounds, readily-soluble
alkaline-earth metal compounds, such as magnesium com-
pounds, NH3 or ammonium compounds, preferably sodium com-
pounds, such as NaOH, and by the calcium ions (17) being
added in the form of CaO and/or Ca(OH)j.

5. A method as set forth in any one of the preceding
claims, characterised by oxidising (12) the
partial flow (10) of washing liquid from the gas scrubber
before admixing recycled calcium sulphate.

6. A method as set forth in any one of the preceding

claims, characterised by adding, after the
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removal of calcium sulphate, carbonate ions (23) to the
partial flow (10) of washing liquid for the precipitation
and removal of calcium ions, and then recycling the
partial flow of washing liquid to the gas scrubber (2).

7. A method as set forth in claim 6, charac-
terised by recycling (25), after the addition of
carbonate ions (23), the precipitate formed, and admixing
it with the pértial flow of washing liquid when adding
calcium ions (17). |

8. A method as set forth in claim 6 or 7,
characterised by adding the carbonate ions in
the form of soda (NazC03).

9. An apparatus for cleaning gases containing sul-
phur dioxide, such as flue gases, comprising a gas scrub-
ber (2) having means (5, 6, 7, 9) for circulating washing
liquid (3), a conduit (11) for drawing off a partial flow
(10) of washing liquid, a vessel (16) for the addition of
calcium ions (17), a vessel (18) for the sedimentation of
precipitated calcium sulphate, a vessel (22) for the
addition of carbonate ions, a vessel (24) for the sedi-
mentation of calcium carbonate, a conduit (26) for
recycling regenerated washing liquid to the gas scrubber
(2), and a conduit (25) for recycling precipitated
calcium carbonate upstream from the vessel (18) for the
sedimentation of calcium sulphate, character -
ised by a conduit (19) provided for recycling pre-
cipitated calcium sulphate and opening into a vessel (14)
arranged upstream from the vessel (16) for the addition
of calcium ions.

10. An apparatus as set forth in claim 9, char -
acterised in that the conduit (25) for recycling
precipitated calcium carbonate opens into a vessel (15)
arranged between the vessel (14) for recycled calcium
sulphate and the vessel (16) for the addition of calcium

ions.
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