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[57) ABSTRACT

A method of removing sulfur dioxide from combustion
exhaust gas containing sulfur dioxide by contacting the
exhaust gas with an aqueous solution containing at least
one organic acid salt expressed by the formula

vevennens 423/243

RCOOM

(wherein R represents H, CH3, C2Hs or C3H7, and M
represents an alkali metal or NHjy) to efficiently dissolve
sulfur dioxide contained in the gas in the form of a
sulfite in the aqueous solution by reacting the sulfur
dioxide with the salt. The resultant solution which dis-
solves the sulfite may be contacted with a calcium com-
pound for producing calcium sulfite by reaction of the
sulfite with the calcium compound thereby effectively
removing the sulfur dioxide in the form of calcium
sulfite from the combustion exhaust gas. Alternatively,
the sulfite-dissolving aqueous solution may be con-
tacted with oxygen or air for oxidizing the sulfite con-
tained in the solution into a sulfate, followed by contact-
ing the sulfate, which is now dissolved in the aqueous
solution, with a calcinm compound. The sulfate is satis-
factorily reacted with the calcium compound to pro-
duce calcium sulfate and thus sulfur dioxide may be
effectively ultimately removed in the form of calcium
sulfate from the combustion exhaust gas.

8 Claims, 2 Drawing Figures
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METHOD OF REMOVING SULFUR DIOXIDE
FROM COMBUSTION EXHAUST GAS

Matter enclosed in heavy brackets [ ] appears in the 5
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to a method of removing sulfur 1
dioxide from combustion exhaust gas and more particu-
larly, to a method of effectively removing sulphur diox-
ide from combustion exhaust gas, without reduction in
efficiency of removal of sulfur dioxide from the exhaust
gas, by contacting a sulfur dioxidecontaining combus- {5
tion exhaust gas with an aqueous solution containing an
organic acid salt or salts expressed by the formula

RCOOM

(wherein R represents H, CHj3, C;Hs or CaHy7, and M 20

represents an alkali metal or NHy) to convert the sulfur
dioxide into a sulfite and to dissolve the sulfife in the
agueous solution.

BACKGROUND OF THE INVENTION 25

There have been heretofore proposed a variety of
methods of removing sulfur dioxide, which often unde-
sirably exists in combustion exhaust gas, from the ex-
haust gas.

For example, in a typical wet-type method, the com-
bustion exhaust gas is contacted with an alkali sulfite-
containing agqueous solution, whereby sulfur dioxide
contained in the exhaust gas is absorbed in the aqueous
solution to react with the alkali sulfite, producing alkal
bisulfite. Slaked lime (calcium hydroxide) or calcium
carbonate 1s added to the resultant agueous alkal bisul-
fite sclution to form calcium sulfite, thereby removing
the sulfur dioxide in the form of calcium suifite from the
combustion exhaust gas. Furthermore, the thus remove
calcium sulfite may be oxidized for producing calcium 40
sultate, 1.e., the sulfur dioxide i1s ultimately removed in
the form of calcium sulfate from the combustion ex-
haust gas. The reaction mechanisms of the wet-type
method are represented by the following formulae (1),
(2) and (3) where sodium sulfite is used as the aikali 4>
sulfite, with oxidation of calcium sulfite according to
formula (4).

30

35

NasSO3+ 5054+ HyO-—-+2NaHSO: (1)
50
2NaHS0O3 + CaCO3--»CaSO3+ NayS5O14-COr + -
H50 . (2)
2NaHSO1 + Ca{OH };—CaS03+ Na503+ 2H20 (1
CaS0O3+ 1/20—-CaS0y (4) 35

However, when the combustion exhaust gas is con-
tacted with the agueous alkali sulfite solution for reac-
tion of sulfur dioxide with the aikali sulfite 1n accor-
dance with the wet-type method, part of the alkali sul- 60
fite 1s inevitably oxidized into an alkali sulfate by means
of oxygen which is also contained in the exhaust gas.

When such alkali suflate accumulates to a significant
degree in the alkali sulfite-containing aqueous solution,
the quantity of alkali sulfite in the solution, available for 65
reaction with sulfur dioxide, decreases to reduce the
rate of sulfur dioxide absorption and efficiency. The
atkali sulfate, which accumulates as a by-product, is

2

only slightly reactive with slaked lime or calcium car-
bonate which 1s added to the alkalt bisulfite-containing
aqueous solution for the purpose of forming calcium
sulfite. The alkahi sulfate thus produced must be re-
moved in advance from the alkali bisulfite solution by a
suitable method.

Furthermore, there 1s known another method of re-
moving sulfur dioxide in the form of calcium sulfite
from combustion exhaust gas, wherein a calcium com-
pound such as calcium hydroxide, calcium carbonate or
the like is employed in the form of a slurry. In this
method, suifur dioxide can be eliminated in the form of
calcium sulfite from combustion exhaust gas in accor-
dance with the following formula (3).

Ca(OH); + SO1—CaS01H,0 (5)
The resultant calcium suifite 1s converted by oxidation
into calcium sulfate in accordance with the afore-men-
tioned reaction formula (4). However, this method 1s
disadvantageous in that, when calcium carbonate is
used as a calcium compound, the efficiency of collect-
ing sulfur dioxide from the combustion exhaust gas is
reduced since calcium carbonate exhibits extremely low
solubility in water and the velocity of reaction of cal-
cium carbonate with sulfur dioxide is lower than that of
a water-soluble alkali sulfite. This method 1s also disad-
vantageous in that, when calcium hydroxide, which has
a relatively high solubility in water, 18 employed as a
calcium compound, the cfficiency of collecting sultur
dioxide 1s similarly reduced since calcium hydroxide 1s
easily converted into calcium carbonate having lower
sojubility in water by reaction with carbon dioxide
which generally exists in combustion exhaust gas (n an
amount far greater than sulfur dioxide. In order to over-
come the above disadvantages, there has been pro-
posed, for example, in U.S. Pat. No. 3,632,306, a method
of adding a weak acid such as acetic acid to the slurry of
a calcium compound to produce a calcium salt of a
weak acid for increasing the concentration of calcium
ions 1n the slurry.

The method of the above U.S. Pat. appears theoreti-
cally reasonable at first sight since a part of the calcium
carbonate or calcium hydroxide, which s insoluble or
sparingly soluble in water, is formed into a water-solu-
ble calcium salt by means of a small amcunt of a weak
acid and then sulfur dioxide in the exhaust gas 1s col-
lected by means of the resultant calcrum salt containing
aqueous solution. However our experiments revealed
that the efficiency of absorbing sulfur dioxide from the
exhaust gas in accordance with the method of the above
U.S. patent i1s yet insufficient in comparison with a
method using a solution of a water-soluble salt such as
alkali sulfite {(when determined by the use of the same
apparatus). This 1s considered due to the following
reasorns.

For example, when acetic acid 1s used as a weak acid,
sulfur dioxide is absorbed 1n the solution by the tfoliow-
ing reaction formulae (6) and (7)

CaCO3 -+ 2CH3COOH —+(CH1CO0):Ca +CO3 + -
H-0O (6}

{CH;COO)Ca + 807 + HyO-»CaS03+ 2CH-
3CO0OH {7}

In order to absorb sulfur dioxide contained mn the
combustion exhaust gas into an absorbing solutton in
accordance with the formula (7), a sufficient amount of
calcium acetate is essentially required to exist in the
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solution. However, the reaction velocity for producing
calcium acetate according to formula (6) 1s considered
relatively slow because the acetic acid produced in
accordance with formula (7) is moved through the solu-
tion by diffusion from a point at which the sulfur diox-
ide is contacted with calcium acetate to a point at which
calcium carbonate exists in the solution to react with
calcium carbonate in situ and then the resultant calcium
acetate is moved by diffusion to the point for contact
with sulfur dioxide. In general, a weak acid such as
acetic acid reacts at a relatively low velocity with a
solid compound such as calcium carbonate. Moreover,
part of sulfurous acid produced by dissolution of sulfur
dioxide into the solution is moved onto surfaces of cal-
cium carbonate particles, due to the slow production
velocity of calcium acetate as previously mentioned, to
react therewith for production of calcium sulfite. The
calcium sulfite thus produced is insoluble in water and
covers the surfaces of the particles. Accordingly, the
production velocity of calcium acetate will be further
lowered due to reduction in surface areas of calcium
carbonate particles capable of contacting with acetic
acid. The calcium sulfite thus produced has an ex-
tremely small particle size. When the calcium sulfite 1s
oxidized into calcium sulfate, the resultant calcium sul-
fate has also an extremely small particle size. In this
connection, it is generally difficult to separate calcium
sulfite or calcium sulfate from the solution by filtration
under sufficient washing. Therefore, the method of the
above U.S. Patent has disadvantages resulting from the
use of a calcium compound in the form of a slurry in the
reaction system i.e., efficiencies in operation, mainte-
nance and control of the reaction apparatus are lowered
and the slurry of a calcium compound tends to adhere
to inner walls of the reaction apparatus, producing so-
called “scales”.

It is, accordingly, desirable to effectively remove
sulfur dioxide from combustion exhaust gas in a simple
procedure without reducing the efficiency in removing
sulfur dioxide from combustion exhaust gas and without
forming scales on inner walls of a reactor.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a novel method of removing sulfur dioxide
from combustion exhaust gas in an efficient manner.

It is another object of the present invention to pro-
vide a novel method of efficiently removing sulfur diox-
ide in the form of a mixture of calcium sulfite and cal-
cium sulfate from combustion exhaust gas.

It is a further object of the present invention to pro-
vide a novel method of efficiently removing sulfur diox-
ide in the form of calcium sulfate alone from combus-
tion exhaust gas.

Other and further objects and advantages of the pres-
ent invention will become apparent from the following
description.

The present inventors have studied on a method
which uses a sulfur dioxide-absorbent aqueous solution
for continuous removal of sulfur dioxide from combus-
tion exhaust gas without reduction in efficiency, by
which sulfur dioxide can be effectively removed from
combustion exhaust gas without forming scales on inner
wall surfaces of an absorbing apparatus and in which a
solution, which has absorbed sulfur dioxide, can be
cyclically re-used for removal of sulfur dioxide from a
combustion exhaust gas. As a result, it has been found
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as an absorbent for the removal of sulfur dioxide from
combustion exhaust gas. Actually, when an aqueous
solution of an organic acid salt is contacted with the
sulfur dioxide-containing combustion exhaust gas, it has
been found that sulfur dioxide is efficiently reacted with
the organic acid salt without producing unwanted by
products, which obstruct the absorption of sulfur diox-
ide, and dissolved in the form of a sulfite in the aqueous
solution. Furthermore, the contact of a calcium com-
pound with the resultant aqueous solution results in
good reaction of the sulfite in the solution with the
calcium compound to produce calcium sulfite. When
the aqueous solution, which dissolves the sulfite therein,
is contacted with oxygen or air for oxidation of the
sulfite in the solution into a sulfate, followed by contact-
ing a calcium compound with the sulfate-containing
aqueous solution, the reaction of the sulfate in the aque-
ous solution with the calcium compound proceeds in a
satisfactory manner to produce calcium sulfate. The
present invention is based upon the above findings.

The present invention is characterized by contacting
a sulfur dioxide-containing combustion exhaust gas with
an agueous solution containing at least one organic acid
salt expressed by the formula

RCOOM

(wherein R represents H, CH3, C;Hs or C3H7 and M
represents an alkali metal or NHg). As described herein-
before, both reaction and production systems of the
present invention are in liquid phase, so that processing
operations are advantageously simplified. Moreover,
when the resultant sulfite is oxidized, calcium sulfate
can be produced in a relatively high purity. This is
extremely advantageous in practical applications of
calcium sulfate obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a flow chart illustrating one embodiment of
the present invention wherein sulfur dioxide in combus-
tion exhaust gas is formed into a sulfite which 1s in turn
converted into calcium sulfite; and

FIG. 2 is a flow chart illustrating another embodi-
ment of the present invention wherein sulfur dioxide in
combustion exhaust gas is first formed into a sulfite,
which is then oxidized into a sulfate and the resultant
sulfate is converted into calcium sulfate.

DETAILED DESCRIPTION OF THE
INVENTION

As described hereinbefore, in the present invention, a
sulfur dioxide-containing combustion exhaust gas is
contacted with an aqueous solution containing at least
one organic acid salt represented by the formula

RCOOM

(wherein R represents H, CH3, C2Hs or CiH7 and M
represents an alkali metal or NHa).

As a result, sulfur dioxide existing in combustion
exhaust gas is reacted with the organic acid salt to form
a sulfite (M2S03). When an excess of sulfur dioxide is
passed through the aqueous solution, the sulfite
(M2S03) is converted into a bisulfite (MHSO3) which is
easily dissolved in the aqueous solution, as shown 1in
reaction formulae (8) and (9)

IRCOOM + SO + H30—2RCOOH +M350;3 (8)
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M>S0;3 +SO; + H,0—2MHSO; (9)
whereas the organic acid salt is converted into a free
acid in the aqueous solution. The term *‘an aqueous
solution dissolving a sulfite” or “a sulfite-dissolving
aqueous solution” described herein intends to mean an
aqueous solution which dissolves a sulfite and/or a
bisulfite in the form M>80O3 and/or MHSOs.

The organic acid salts useful in the present invention
include, for example, salts of an alkali metal such as
sodium, potassium, lithium or the like with a monobasic
acid such as formic acid, acetic acid, propionic acid,
butyric acid or the like, and ammonium salts of the
just-mentioned monobasic acids. Alkali metal or ammo-
nium 1ons, which are generated when the organic acid
salt 1s dissolved in water, exhibit extremely high activity
with sulfur dioxide. Accordingly, when the sulfur diox-
idecontaining combustion exhaust gas is contacted with
the aqueous solution containing the organic acid salt,
sulfur dioxide is converted into a sulfite in an extremely
efficient manner. Since the organic acid salt does not
react directly with oxygen or carbon dioxide existing in
the exhaust gas, undesirable by-products are not pro-
duced. Thus, the efficiency of removing sulfur dioxide
from the exhaust gas is not lowered. The resultant solu-
tion dissolving the sulfite further includes a small
amount of a sulfate which is produced as a result of
oxtdation of a portion of the sulfite by means of oxygen,
which is contained in the exhaust gas. Since the sulfite
and sulfate are highly soluble in water and scales are
hardly formed on inner walls of a reactor.

It will be noted that the organic acid salt has high
solubility in water and ts advantageous in practical ap-
plications and that when the exhaust gas is contacted
with the aqueous solution containing the salt, the reac-
tion of sulfur dioxide with the salt in the solution is not
prevented by the free acid formed in the solution since
the free acid is weaker in acidity than sulfurous acid
(H2503). Thus, it is possible to maintain a high degree
of efficiency in the absorption of sulfur dioxide in the
aqueous solution. The organic acid salts may be used
singly or in combination. The concentration of the or-
ganic acid salt in the solution is not critical and the
organic acid salt may be dissolved in a suitable concen-
tration below a saturating level. It should be noted that
the organic acid salts may, of course, coexists with a
sulfite, a sulfate and organic acids in the aqueous solu-
tion 1n practical application. The temperature at which
sulfur dioxide-containing combustion exhaust gas is
contacted with the organic acid salt-containing aqueous
solution is not critical and may be within a range which
1s employed in a priorart method using an alkali sulfite
containing aqueous solution as in the wet-type method
described hereinbefore. Particularly, the temperature is
preferred to be within a range of from room tempera-
ture to 90° C.

As will be apparent from the foregoing, sulfur dioxide
in combustion exhaust gas can be effectively removed
from the gas by contacting the gas with the aqueous
solution containing the organic acid salt.

A sulfite and a sulfate, which are obtained by contact-
ing the sulfur dioxide-containing gas with the above-
mentioned organic acid salt, can be removed in the form
of calcium sulfite and calcium sulfate by interacting the
same and a calcium compound. In this connection,
where there is used as a calcium compound an inorganic
calcium compound such as calcium carbonate, calcium
hydroxide, calcium oxide or the like, a free acid, which
1s dernived from the organic acid salt dissolved in the
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6

aqueous solution, first reacts with, for example, calcium
carbonate to form a calcium salt, which is dissolved in
the aqueous solution. Then, the thus dissolved calcium
salt reacts with the sulfite to produce calcium sulfite
together with the free acid which in turn reacts with
unreacted calcium carbonate and the organic acid salt is
regenerated. In this manner, calcium sulfite is cyclically
produced. As described hereinbefore, the sulfite-con-
taining aqueous solution may include a small amount of
a sulfate in addition to the sulfite. The sulfate is also
reacted with the abovementioned calcium salt to pro-
duce calcium sulfate together with an organic acid salt
regenerated in the same manner as in the sulfite. Ac-
cordingly, the calcium sulfite produced includes a small
amount of calcium sulfate.

The above-mentioned reactions are carried out in

accordance with the following reaction formulae (10)
through (13)

ZRCOOH 4+ CaCO3—+(RCOO)»Ca+CO3 + HH0 {1}

M350; + (RCO0)Ca—-~CaS03+2RCOOM (11)

MHSO3 4+ (RCO0)Ca—CaS0O3 4+ RCOOM +-

RCOOH (12)

M>S04 4+ (RCO0);Ca—CaS0O4+ 2RCOOM (13)
(wherein R and M have the same meaning as defined
hereinbefore, respectively).

As will be apparent from the reaction formulae (10)
through (13), instead of the inorganic calcium com-
pound, there can be used a calcium salt of an organic
acid, (RCOQ)Ca, such as calcium formate, calcium
acetate, calcium propionate, calcium butyrate or the
like. The inorganic calcium compounds and calcium
salts of organic acids may be used singly or in combina-
tion. In this connection, when the inorganic calcium
compound is used for contact with the sulfite-contain-
ing aqueous solution, the same is preferred to be em-
ployed in the form of powder or a slurry of the calcium
compound with water. A filtrate obtained after separa-
tton of calcium sulfite from the reaction solution is an
aqueous solution containing the organic acid salt
(RCOOM), which can be re-used as an aqueous solution
containing the organic acid salt for removing sulfur
dioxide from the exhaust gas by contact. On the other
hand, the thus separated calcium sulfite may be oxi-
dized, if desired, to form calcium sulfate having a high
purity.

Therefore, for removing sulfur dioxide from combus-
tion exhaust gas in the form of calcium sulfite, the
method of the present invention comprises the steps of?:
contacting a sulfur dioxide-containing combustion ex-
haust gas with an aqueous solution containing at least
one organic acid salt expressed by the formula

RCOOM

{(wherein R represents H, CH3, C;Hs or C3H7 and M
represents an alkali metal or NHy), to dissolve sulfur
dioxide in the form of a sulfite in the aqueous solution;
contacting the resultant sulfite-containing aqueous solu-
tion with at least one calcium compound selected from
calcium carbonate, calcium hydroxide, calcium oxide,
calcium formate, calcium acetate, calcium propionate
and calcium butyrate for reacting the sulfite with the
calcium compound to produce calcium sulfite in the
reaction solution; separating the calcium sulfite from
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the reaction solution reaction and circulating the filtrate
obtained after separation of the calcium sulfite to the
first-mentioned contacting step. In this manner, calcium
sulfite which includes a small amount of calcium sulfate
can be obtained.

As will be apparent from the above, calcium sulfite
can be effectively produced by a so-called hquid-hiquid
reaction due to existence of the free acid. Even when an
inorganic calcium compound such as calcium carbon-
ate, which is extremely poor in solubility in water, 1s
used as a calcium compound, the calcium compound
can be suitably consumed by reaction. Moreover, the
sulfate which exists in the sulfite-containing aqueous
solution can be converted into calcium sulfate. Thus,
the method of the present invention is far more advanta-
geous in comparison with the prior-art wet-type
method using an alkali sulfite containing aqueous soiu-
tion since the sulfate-removing step is not required n
the present invention.

The sulfite-containing aqueous solution in the first
step may be oxidized by means of oxygen or air to con-
vert the sulfite into a sulfate, followed by adding a cal-
cium compound to the sulfate-containing aqueous solu-
tion to produce calcium sulfate. In this connection, the
same calcium compound as used in the production of
calcium sulfite may be also employed and the reaction
proceeds in accordance with the afore-mentioned for-
mula (13). Furthermore, a filtrate obtained after separa-
tion of calcium sulfate from the reaction solution is an
agueous solution containing an organic acid salt
(RCOOM) and can be re-used for removing sulfur diox-
ide from combustion exhaust gas. The separated cal-
cium sulfate has high purity.

Thus, calcium sulfate can easily be prepared by oxi-
dizing the reaction solution of the first step. Addition-
ally, the recovery of the calcium sulfate from the resul-
tant solution containing calcium sulfate i1s far more ad-
vantageous in comparison with the prior-art wet-type
method since the oxidation is more feasible in the aque-
ous solution.

When sulfur dioxide is removed by contacting the
sulfur dioxide-containing combustion exhaust gas with
the aqueous solution containing the organic acid salt to
convert sulfur dioxide into a sulfite, the free acid formed
is often evaporated together with evaporated water or
the free acid may be scattered away together with
splashed water and entrained in and released into the air
with an exhaust gas from which sulfur dioxide has been
removed. In order to prevent the release of the free acid
into the air, the exhaust gas, which is obtained by re-
moving sulfur dioxide from combustion exhaust gas, 1s
contacted with water or an aqueous alkali solution prior
to release of the gas into the air. Alternatively, the ex-
haust gas may be contacted with an inorganic calcium
compound such as calcium carbonate, calcium hydrox-
ide or the like to collect the free acid in the form of a
calcium salt. The calcium salt thus collected can be
utilized as a calcium source in the case where sulfur
dioxide in combustion exhaust gas is removed in the
form of calcium sulfite or calcium sulfate. When the
calcium salt is used as a calcium source, the organic acid
salt is formed in accordance with the afore-mentioned
formulae (11) through (13) and finally contained in the
filtrate as described hereinbefore. The filtrate can be
recirculated to the first step of contacting the combus-
tion exhaust gas. Thus, the loss of the free acid and the
environmental pollution resulting from the release of
the free acid into the air can be well prevented.
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The present invention will be particularly illustrated
with respect to the attached drawings. In this illustra-
tion sodium acetate is used as the organic acid salt.

Referring now to FIG. 1, a sulfur dioxide-containing
combustion exhaust gas is passed through a pipe 1 1nto
a dust collector 2 wherein the gas 1s contacted with
water, circulated through a pipe 3, for removing dust
from the gas and humidifying the gas to a predeter-
mined level as well as for cooling the gas, preferably, to
below 100° C. Then, the resultant gas is mntroduced into
an absorption tower 7 through a pipe 4. It should be
noted that since dust is gradually accumulated in the
water in the dust collector 2, a portion of the water may
be withdrawn and discharged, or may be subjected to
filtration for re-use. In this connection, fresh water may
be supplemented to the collector 2 through a pipe 6, if
desired.

Moreover, it is preferable to adjust the humidity of
the exhaust gas to be introduced into the absorption
tower 7 by regulating the amount of water used in the
step of removing dusts, thereby concentrating an ab-
sorbing solution in the absorption tower 7 to a desired
level.

The combustion exhaust gas introduced into the ab-
sorption tower 7 is contacted with an absorbing solu-
tion, which contains 5-20% by weight of sodium ace-
tate, 0.2-9% by weight of sodium sulfite 0.4-9% by
weight of acetic acid, and 0.7-15% by weight of sodium
sulfate and which has a pH range of 4-7 and a tempera-
ture of 25°-85° C., preferably 50°-70° C., to remove
sulfur dioxide from the gas. The resultant gas having a
temperature of 50°-90° C. is passed through a pipe 9
into an organic acid collector 14 wherein the gas is
contacted and washed with a solution which contans
either calcium acetate and calcium carbonate or cal-
cium acetate and calcium hydroxide and which is circu-
lated in the collector 14 though a pipe 15, and then
released into the air through a pipe 16. The exhaust gas
to be released into the air may be, if necessary, heated
by means of a heater 21 and released into the air for
preventing generation of white smoke. The solution
circulated in the collector 14 through the pipe 13 has a
composition of 0.1-10% by weight of calcium acetate,
and 0.1-7% by weight of calcium carbonate or calcium
hydroxide and is maintained at a temperature of 25°-84
C., preferably 40°-70° C. Calcium carbonate or calcium
hydroxide 32 is formed into a slurry in a vessel 23 and
introduced into the collector 14 through a pipe 24. On
the other hand, a portion or all of the absorbing solution
circulated in the absorption tower 7 throcugh the pipe 8
is withdrawn from a pipe 10 and transferred to a reactor
20 wherein calcium carbonate or calcium hydroxide 32
introduced through the pipe 31 is mixed with the ab-
sorbing solution and a solution fed from the collector 14
through a pipe 17 at a temperature of 25°-95° C. prefa-
rably 40°-85° C., thereby converting sodium sulfite and
sodium sulfate contained in the absorbing solution into
calcium sulfite and calcium sulfate, respectively. When
calcium carbonate is employed in the reactor 20, carbon
dioxide is generated. A small amount of sulfur dioxide
and free acetic acid are entrained in the generated car-
bon dioxide gas. In order to prevent the loss of the
sulfur dioxide and the acetic acid, the carbon dioxide
generated in the vessel 20 is preferred to be introduced
into the absorption tower 7 through the pipe 13. The
reaction solution obtained after completion of reaction
in the reactor 2@ is a slurry composed of calcium sulfite
and a small amount of calcium sulfate. The slurry is fed
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to a solid-liquid separator 37 through a pipe 35 and
filtered to obtain calcium sulfite 36 which also contains
a small amount of calcium sulfate. While, the resultant
filtrate contains 10-25% by weight of sodium acetate,
below 1% by weight of acetic acid, and 0.5-5% by
weight of sodium sulfate and has a pH value of 5.5-7.5.
The filtrate i1s fed through a pipe 29 to a mixing vessel
30, to which the absorbing solution in the absorption
tower 7 is fed, through a pipe 33, if necessary, for mix-
ing the filtrate with the solution to react calcium sulfate
contained in the filrate with sodium sulfite in the absorb-
ing solution for forming calcium sulfite, the thus formed
calcium sulfite-containing filtrate 1s fed to the absorp-
tion tower 7 through a pipe 34 for re-use as an absorbing
solution. By continuously repeating the above-men-
tioned steps, sulfur dioxide existing in combustion ex-
haust gas can be continuously removed in the form of
calcium sulfite. The resultant calcium sulfite may be
oxidized to produce calcium sulfate having a high pu-
rity. |

In FIG. 2, there is shown a flow chart illustrating the
oxidation of the sulfite into a sulfate, which is then
converted into calcium sulfate. In the illustration, so-
dtum acetate is used as the organic acid salt. The opera-
tions by the dust collector 2, the absorption tower 7 and
the collector 14 are the same as described with refer-
ence to FIG. 1. A portion or all of the absorbing solu-
tion circulated in the absorption tower 7 through the
pipe 8 is suitably withdrawn through a pipe 41 and
discharged into an oxidizing tower 42 for contact with
oxygen or air (fed through a pipe 43) maintained at a
temperature of 25°-95° C., preferably 40°-85° C. to
oxidize sodium sulfite in the absorbing solution into
sodium sulfate. The gas released from the oxidizing
tower 42 entrains a small amount of sulfur dioxide to-
gether with free acetic acid, so that the gas is fed to the
absorption tower 7 through a pipe 44. In the oxidation
tower 42, the oxidation is carried out until the concen-
tration of sodium sulfite in the absorbing solution
reaches below 0.4%. A portion of the resultant solution
may be returned to the absorption tower 7 through a
pipe 43, if desired. A major portion or all of the solution
which is obtained after completion of the oxidation in
the oxidizing tower 42 and which contains 5-20% by
weight of sodium acetate, less than 0.4% by weight of
sodium sulfite, 0.4-9% by weight of acetic acid and
1-15% by weight of sodium sulfate is fed from the
tower 42 to the reactor 46 wherein sodium sulfate is
converted mto calcium sulfate in the same manner as in
- FIG. 1. In the reactor 46, when calcium carbonate is
employed, carbon dioxide is generated and entrains a
small amount of free acetic acid. In order to prevent the
loss by entrainment of the acetic acid, the gas generated
in the reactor 46 may be fed to the collector 14 through
a pipe 47, if desired. The reaction solution obtained after
completion of reaction in the reactor 46 i1s a slurry of
calcium sulfate. The slurry is fed to a solid-liguid sepa-
rator 49 through a pipe 48 for filtration to obtain cal-
cium sulfate S0 having high purity. The resultant filtrate
has the same composition and pH value as previously
shown with respect to FIG. 1. The filtrate is fed to a
mixing vessel 52 through a pipe 51. At the same time,
the absorbing solution in the absorption tower 7 is also
fed to the mixing vessel 52 through a pipe 53. The resul-
tant mixture is introduced into the absorption tower 7
through a pipe 54 and re-used as an absorbing solution.
By continuously repeating the above-mentioned pro-
cesses, sulfur dioxide contained in combustion exhaust
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gas can be removed in the form of calcium sulfate in a
continuous manner.

As will be clear from the foregoing, in accordance
with the present invention, sulfur dioxide can be effec-
tively removed in the form of calcium sulfite or calcium
sulfate, greatly contributing to the improvement of the
sulfur dioxide-containing combustion exhaust gas treat-
ments.

The present invention will now be particularly illus-
trated by the following examples, which are shown only
by way of illustration but not limiting the present inven-
tion.

EXAMPLE 1

This example illustrates a process using the dust col-
lector 2, the absorption tower 7 and the organic acid
collector 14 of FIGS. 1 and 2, each formed from a glass
cylinder having an inner diameter of 10 cm and a length
of 100 cm and filled with a porcelain Raschig ring with
an outer diameter of 2.54 cm and a length of 2.54 cm.

A gas composed of 1500 ppm of sulfur dioxide, 5% by
volume of oxygen, 10% by volume of carbon dioxide
and a balance of nitrogen was fed to the dust collector
2 at a feeding rate of 15,000 1/hr for contacting the same
with water which was saturated with sulfur dioxide and
which was circulated at a rate of 100 1/hr and for hu-
midifying and adjusting the gas to 55° C. The thus con-
tacted gas was then introduced into the absorption
tower 7T through a gas-introducing tube. Then, the gas
was in turn contacted with 300 ] of an absorbing solu-
tion, which was circulated at a rate of 100 1/hr at a
temperature of 55° C. and which contained 109 by
weilght of sodium acetate, 3.8% of sodium sulfite, 3.8%
by weight of acetic acid, and 4% by weight of sodium
sulfate at an initial stage of the contacting operation, for
removing sulfur dioxide from the gas. The resultant gas
was then fed to the organic acid collector 14 through a
gas-feeding tube and contacted with 300 1 of a solution,
which was circulated at a rate of 100 1/hr through the
collector 14 at a temperature of 55° C. and which con-
tained 2% by weight of calcium carbonate, and 3% by
weight of calcium acetate, for collecting acetic acid
entrained in the gas only in a small amount. The absorb-
ing solution was withdrawn from the absorption tower
7 at a rate of 3 I/hr and a fresh aqueous solution which
contained 159 by weight of sodium acetate, 0.1 % by
weight of acetic acid and 4% by weight of sodium
sulfate was in turn supplied to the absorption tower 7 at
a rate of 3 1/hr.

When the gas was treated by means of the dust collec-
tor 2, the absorption tower 7 and the collector 14, gas-
sampling ports Si1, S2, S3 and S4 were provided at an
inlet of the dust collector 2, at an inlet of the absorption
tower 7, at an inlet of the organic acid collector 14 and
at an outlet of the collector 14 respectively, and the gas
was withdrawn from the respective ports after a lapse
of time for measuring concentrations of sulfur dioxide
contained in the withdrawn gas. The measurement was
carried out by absorbing sulfur dioxide in a 109% caustic
soda solution and the concentration of the absorbed
sulfur dioxide was determined in accordance with an
iodine method.

The test results are shown in Table 1 below.

TABLE |}
Time Lapses After Gas Feeding (Hr)
0 60 120 240

Concentration of Sulfur



TABLE l-continued
Time Lapses After Gas Feeding (Hr)

Dioxide in Gas (ppm)

Concentration of Acetic
Acid 1in Gas (ppm)
S4

Absorbing
Composition of Solution
withdrawn from Absorber
7 (%)
CH3i;COONa
Na>zS0;
CH3;COOH
Na>50O4
Composition of Solution
of Collector 14
CaCO3
Ca(CHCOO)»
CaS01.4HO
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0

10
38
3.8

60

1480
1475
36

less than

3

less than
10

10.2
3.7
18
4.1

120

1310
1480
30

less than
5

less than
10

10.3
3.4
3.7
4.6

1.90
3.12
0.07

240

1500
1505
42

less than
5

less than
10

10.3
3.5
3.6
4.6

1.85
3.18
0.17

10

15

20

It will be apparent from the above Table 1 that sulfur ;s

dioxide can be efficiently removed in the absorption

tower 7.

EXAMPLE 2

Example 1 was repeated except that various kinds of 3¢

absorbing solutions as shown in Table 2 were employed
with various concentrations and temperatures in the
absorption tower 7 instead of the absorbing solution of

Example 1.

A predetermined amount of the gas which had been
passed through the absorption tower 7 was withdrawn
and washed with a 10% caustic soda aqueous solution
for collecting sulfur dioxide, which remained 1n the gas,
in the form of sodium sulfite, followed by an analysis in
accordance with an iodine method. The concentrations
a and b of sulfur dioxide contained in the gas before and
after passing the absorption tower 7, respectively, were
obtained. Then the rate of absorption of sulfur dioxide
in the absorption tower 7 was calculated by the follow-

ing equation

Absorption rate (%) =

a—>b
a

X 100

The test results are shown in Table 2 below.

TABLE 2
Temperature Absorption Rate

Absorbing Solution ("C.) (%)

i 10% CH1iCOONa 20 2299

2 5% CHCOONa 20 99

3 1% CH3yCOONa 20 99

4 0.1% CH3COONa 20 > 98

5 5% CH3COONH4 20 ~>99

6 1% CH3COONH4 20 99

7 59 CH1COOK 20 99

8 1% CH3COOK 20 99

9 $% CH3;COOLi 20 99

10 5% CH3COORD 20 09
11 5% CH3;CO0OCs 20 9%
12 5% CrHsCOONa 20 99
13 i % C2HsCOONa 20 9%
14 5% C;HsCOONH4 20 90
15 5% C2HsCOOK 20 99
16 5% C>2HsCOOL1 20 9%
17 5% C>rHsCOORD 20 99
18 5% C>H<COOCs 20 99

35

45

12
TABLE 2-continued
Temperature Absorption Rate

Absorbing Solution ("C.) (%)
19 5% CyH7COONa 20 99
20 5% CiH7COONH4 20 99
21 5% CiH7COOK 20 9%
22 5% CH3;COONa 50 > 08
23 1% CH3COONa S0 98
24 5% CH3COONH,4 50 98
25 5% CiHsCOONa 50 a8
26 15% CH3COONa 60 > 99
27 20% CH3yCOONa 70 99
28 25% CH3COONa 85 99
29 10% CH3yCOOK 60 99
30 15% CH3COOK 60 99
31 25% CH3yCOOK 60 9%
32 15% CH3;COONH,4 60 99
33 25% CH3COONH4 60 99

EXAMPLE 3

Example 1 was repeated except that various kinds of
absorbing solutions were used at various concentrations
and at temperatures of 20° C., 50° C. or 60° C. The test
results are shown 1n Table 3 below.

TABLE 3

Temperature
("C.)

34 5% CHiCOONa 20
3% CHyCOOH

35 3% CoHsCOONa
3% CaHsCOOK 20 99

36 1% CH3COONa 20 99
1% CH3COONH4
2% CHyCOOH

37 5% CH;COONa
3% CH,COOH 20 99
2% Na5S0y

38 5% CH3;COONa
3% CH;;COQOH 50
29 NaxS0g4

39 5% CaHsCOONa
3% CHsCOOH S0 98
29 MNa>S0y4

40 10% CHCOONa

4% NayS(Oh 60
4%, CH3;COOH
4% Naz8S0y4

41 10% CH1COOK
4% K,S0; 60 98
4% CH>»COOH
4% K150y

Absorption Rate
(%)

>90

> 08

The following Example 4 through 13 illustrate after-

50 treatments of various kinds of absorbing solutions ob-
tained in Examples 2 and 3.

55

63

EXAMPLE 4
To 1000 cc of an aqueous solution which contained

9.2% by weight of sodium sulfate and 7.3% by weight
of acetic acid was added 30.5 g of calcium carbonate
over a 5-minute period with vigorous agitation. The
resultant solution was continuously agitated for 3 hours
at 50° C. to form a product. The product was filtered
and washed with water to obtain 47.3 g of a white cake.
The cake contained 34.0 g of calcium sulfate and the
balance of water. ’

EXAMPLE 5

30.5 g of calcium carbonate was added to 1000 cc of
an aqueous solution, which contained 8.5% by weight
of ammonium sulfate and 7.3% by weight of acetic acid,
over a S-minute period under vigorous agitation, fol-
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lowed by agitation for 3 hours at 50° C. The resultant
product was filtered and washed with water to obtain.
45.2 g of white cake. The cake contained 31.9 g of cal-
cium sulfate and the balance of water.

EXAMPLE 6

30.5 g of calcium carbonate was added to 1000 cc of
an aqueous solution, which contained 9.29% by weight
of sodium sulfate and 8.5% by weight of propionic acid,
at 50° C. over a 5-minute period while agitating, fol-
lowed by further agitation for 3 hours at 50° C. The
resultant product was filtered and washed with water to
obtain 46.3 g of a white cake, which contained 32.0 g of
calcium sulfate and the balance of water.

EXAMPLE 7

30.3 g of calctum carbonate was added to 1000 cc of
an aqueous solution, which contained 7.5% by weight
of sodium sulfite and 8.5% by weight of acetic acid, at
50° C. over a 5-minute period with agitation, followed
by further agitation at 50° C. for 3 hours. The resultant
product was filtered and washed with water to obtain
47.5 g of a white cake, which contained 34.6 g of cal-
ctum sulfite and the balance of water.

EXAMPLE 8

20 1/min of air was fed into an aqueous solution,
which contained 7.5% by weight of sodium sulfite,
8.5% by weight of acetic acid and 20% by weight of
sodium sulfate, at 50° C. with vigorous agitation. 3
hours after the feeding, only a trace of sodium sulfite
was recognized.

EXAMPLE 9

The filtrate of Example 4 which contained about 5%
by weight of sodium acetate, about 3.6% of acetic acid
and about 4% of sodium sulfate was used as an absorb-
ing solution at 20° C. in the same manner as in Example
1. The absorption rate was greater than 98%.

EXAMPLE 10

200 1/hour of air was fed into 11 of an aqueous 50lu-
tion, which contained 10.29% by weight of sodium ace-
tate, 3.5% by weight of sodium sulfite, 3.6% by weight
of acetic acid and 4.6% of sodium sulfate, at 50° C. with
violent agitation. 3 hours after the feeding, the aqueous
solution contained 10.29% by weight of sodium acetate,
a trace of sodium sulfite, 3.7% by weight of acetic acid
and 9.5% by weight of sodium sulfate.

EXAMPLE 11

30 g of calctum carbonate was added to 1 1 of an
aqueous solution, which contained 10% by weight of
sodium acetate, 4% by weight of acetic acid and 9% of
sodium sulfate, at 50° C. over a 5-minute period with
agitation. 1 hour after the addition, the resultant prod-
uct was filtered and washed with water to obtain 44.8 g
of a white cake, which contained 41.2 g of CaS03.2H;0

and the balance of water. On the other hand, the filtrate
contained 15.2% by weight of sodium acetate, 0.5% by
weight of acetic acid, and 5.1% by weight of sodivm
sulfate.

EXAMPLE 12

44 g of calcium carbonate was added to 11 of an 65

aqueous solution, which contained 10% by weight of
sodium acetate, 3.4% by weight of sodium sulfite, 4.9%
by weight of acetic acid and 3.2% by weight of sodium
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sulfate, at 50° C. over a 10-minute period with agitation.
1 hour after the addition, the resultant product was
filtered and washed with water to obtain 63.8 g of a
white cake, which contained 37.4 g of CaSO;. $H;O,
19.4 g of CaSo04.2H;0 and the balance of water. On the
other hand, the filtrate contained 15.8% by weight of
sodium acetate, less than 0.1% by weight of sodium
sulfite, less than 0.1% by weight of acetic acid and 1.3%
by weight of sodium sulfate and less than 0.3% by
weight of CaSQ;. |

EXAMPLE 13

200 1/hr of air was blown into 1 1 of an aqueous solu-
tion, which contained 15% by weight of sodium ace-
tate, 0.2% by weight of acetic acid, 4% by weight of
sodium sulfate, 4% by weight of calcium sulfite (CaSO3
. $20), at 50° C. while agitating. 3 hours after the blow-
ing, the resultant crystal was filtered and washed with
water to obtain 56.5 g of a white cake, which contained
49.2 g of CaS0y4.2H70, 1.3 g of CaSO3. $H,0 and the
balance of water. On the other hand, the resultant fil-
trate contained 15.3% by weight of sodium acetate,
0.2% by weight of acetic acid and 4.1 % by weight of
sodium sulfate.

What is claimed is:

1. A method of removing sulfur dioxide from com-
bustion exhaust gas containing said sulfur dioxide, com-
prising contacting said combustion exhaust gas with an
aqueous solution containing at least one organic acid
salt selected from the group consisting of alkali metal
salts or ammonium salts of acetic acid, propionic acid
and butyric acid to dissolve the sulfur dioxide contained
in the combustion exhaust gas in the form of alkali sul-
fite and alkali sulfate in said aqueous solution and to
generate organic acid in said aqueous solution, adding
into the resultant solution which contains alkali sulfite,
alkali sulfate and organic acid dissolved therein a cal-
cium compound selected from the group consisting of
calcium carbonate, calcium oxide, caicium hydroxide
and calcium salt of an organic acid for reaction of said
alkali sulfite and said alkali sulfate contained in said
solution with said calcium compound to produce cal-
ctum sulfite and calcium sulfate which precipitate in
said solution resulting in formation of said organic acid
salt in said solution, and recycling the organic acid
saltcontaining solution obtained after separation of said
calcium sulfite and said calcium sulfate for contact with
said combustion exhaust gas.

2. The method of claim 1 in which said calcium salt of
an organic acid is calcium salt of acetic acid, propionic
acid, or butyric acid.

3. A method of removing sulfur dioxide from com-
bustion exhaust gas containing said sulfur dioxide, com-
prising contacting said combustion exhaust gas with an
agqueous solution containing at least one organic acid
salt selected from the group consisting of alkali metal
salts or ammonium salts of acetic acid, propionic acid
and butyric acid to dissolve the sulfur dioxide contained
in the combustion exhaust gas in the form of alkali sul-
fite and alkali sulfate in said aqueous solution and to
generate organic acid in said aqueous solution, contact-
ing the resultant solution which contains alkali sulfite,
alkali sulfate and organic acid dissolved therein with
OXygen Or oxygen-containing gas to oxidize said alkali
sulfite contained in said solution into alkali sulfate, add-
ing a calcium compound selected from the group con-
sisting of calcium carbonate, calcium oxide, calcium
hydroxide and calcium salt of an organic acid into said
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solution for reaction of said alkali sulfate contained In
said solution with said calcium compound to produce
calcium sulfate which precipitates in said solution re-
sulting in formation of said organic acid salt 1n said
solution, and recycling the organic acid salt-containing
solution obtained after separation of said calcium sulfate

for contact with said combustion exhaust gas.
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4. The method of claim 3 in which said calcium salt of
an organic acid 1s calcium salt of acetic acid, propionic
acid, or butyric acid.

3. A method of claim I wherein said calcium compound
is calctum hydroxide.

6. A method of claim I wherein said calcium compound
is calcium carbonate.

7. A method of claim 3 wherein said calcium compound
is calcium hydroxide.

8. A method of claim 3 wherein said calcium compound

is calcium carbonate.
i . i x ¥
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