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(57) ABSTRACT 
A process, in which sulfur dioxide gas contained in 
waste gas is removed therefrom and collected as gyp 
sum. In said process, the waste gas is subjected to a flow 
of detergent solution of basic aluminium sulfate so that 
the sulfur dioxide is absorbed into the solution. This 
solution, now containing the sulfur dioxide, is thereafter 
subjected to oxidation, resulting in a decrease in the 
basicity thereof. The solution is then neutralized by 
calcium carbonate or calcium hydroxide, whereby gyp 
sum is precipitated in the solution and collected there 
from and whereby the crude content of the solution is 
recovered so that it may be used again as a detergent for 
the waste gas. 

3 Claims, 2 Drawing Figures 
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Re. 29,813 
1. 

PROCESS FOR THE REMOVAL OF SULFUR 
OXDE FROM WASTE GAS 

Matter enclosed in heavy brackets appears in the 
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 new desulfurization pro 
cess of stack or waste gas, by which sulfur dioxide gas 
within the stack gas is eliminated therefrom and con 
verted into gypsum. 
When various kind of desulfurization processes are 

classified to two categories, viz., the so-called "wet 
process' and "dry process', the present process belongs 
to the "wet process'. As a scrubbing or detergent solu 
tion, a solution of basic aluminum sulfate of a suitable 
concentration is contacted countercurrently the flow of 
stack gas, and absorbs sulfur dioxide gas. The sulfite ion 
in the solution is oxidized into sulfate ion by blowing air 
succeedingly into an oxidizing tower containing the 
solution, which decreases the basicity of the basic alu 
minum sulfate solution. By the succeeding neutraliza 
tion of said solution by means of calcium carbonate or 
calcium hydroxide, gypsum is precipitated from the 
solution, and simultaneously the crude content of basic 
aluminum sulfate solution is recovered and reused by 
recirculation as the scrubbing solution. In this case, the 
addition of a small amount of manganese salt into the 
scrubbing solution accelerates the oxidation of the sul 
fite ion to sulfate ion by oxygen within the stack gas in 
a absorbing tower simultaneously with the absorption 
of sulfur dioxide into the solution. By virtue of this 
oxidation within the absorbing tower, the necessity of 
the oxidation within the succeeding oxidation tower by 
air blowing is decreased which allows the use of a more 
compact oxidation tower. This feature is also a part of 
this invention. 

It is well known that the basic aluminum sulfate solu 
tion absorbs much more sulfur dioxide gas at a lower 
temperature. This good absorption has been utilized to 
absorb dilute sulfur dioxide from a stack gas at a lower 
temperature and to desorb the gas at a high concentra 
tion at a high temperature. 
For instance, the ICI process utilizes this characteris 

tic of basic aluminum sulfate which absorbs sulfur diox 
ide into the solution at a lower temperature, and then 
desorbs it as high concentration of SO, at higher tem 
perature, which is then fed to adjacent sulfuric acid 
plants as crude gas. Such plants as mentioned above 
were operated for some years in Japan and England at 
about 40 years ago. As mentioned above, the good SO 
absorbing ability of basic aluminum sulfate solution is 
well known. Our invention partly utilizes this fact and 
relates to a novel combination to make the SO, into 
gypsum crystals. 

In the accompanying drawing: 
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FIG. 1 is a flowsheet of the desulfurization process of 60 
this invention; and 
FIG. 2 is a schematic diagram of the present inven 

tion. 
The process flowsheet of this invention is shown in 

FIG. 1. Basic aluminum sulfate solution as SO2 absor 
bent is made up from aluminum sulfate solution by add 
ing powdery calcium carbonate, and fixing the sulfate 
ion as precipitated gypsum. One example of a suitable 

65 

2 
concentration is AlO5g/100cm, (AlO): (SO) = 10 
:16 by molar ratio. Of course, the aluminum concentra 
tion and basicity of the scrubbing solution depend on 
the gas condition. In most cases 0.05 - 1 mol/l alumi 
num sulfate concentration and 0-60% basicity are used 
in the scrubbing solution. 

This scrubbing solution is contacted countercurrently 
with dilute sulfur dioxide gas within an absorbing 
tower, and absorbs SO, as described in the following 
Eq. (1), resulting in the production of aluminum sulfite 
within the solution. And then, in the succeeding oxida 
tion step the scrubbing solution is oxidized by air blow 
ing as described in the following Eq. (2). 

Al(SO)Also, + 3So, - Al(SO) + Al(SO), Eq. (1) 
Al(SO) + 3/2 O - Al(SO), Eq. (2) 

In this case, a small amount of manganese salt addition 
results in the simultaneous oxidation of the sulfite ion 
within the absorbing tower with aid of the manganese 
catalytic action, and lessens the necessity of the oxida 
tion by air blowing in the succeeding oxidation step. 
Usually, the added amount of manganese salt is chosen 
to be about 20 g/1. 

After the oxidation, the solution is neutralized by the 
addition of calcium carbonate or calcium hydroxide, 
and is converted to precipitated gypsum, reviving the 
crude composition of the scrubbing solution with a 
suitable basicity of aluminum sulfate for recirculation, 
as shown in the following Eq. (3). 

2Al(SO) + 3CaCO - Al(SO). AlO + 
3CaSO.2O -- 3CO Eq. (3) 

As mentioned above, this novel invention is summa 
rized as follows: With the combination of superior sul 
fur dioxide absorbing ability of the basic aluminum 
sulfate aqueous solution, the sulfur dioxide within stack 
gas is absorbed into the scrubbing solution, and oxidized 
into basic aluminum sulfate, and then converted into 
precipitated gypsum by neutralization with calcium 
carbonate or calcium hydroxide, thereby renewing with 
crude composition of the scrubbing solution for recircu 
lation with a suitable basicity of aluminum sulfate solu 
tion. 

Moreover, the addition of a small amount of manga 
nese salt to the basic aluminum sulfate solution produces 
an oxidation reaction in the absorbing tower by the 
catalytic action of the manganese ion, and lessens the 
necessity of oxidation by air blowing within the oxida 
tion tower. This can result in making the oxidation 
unnecessary or at least allow it to be reduced in size 
supplemental characteristics of this invention. 

FIG. 2 shows an engineering flowsheet of the present 
process. Stack gas containing sulfur dioxide flows into a 
scrubbing tower (1), and is contacted countercurrently 
with the scrubbing solution having basic aluminum 
sulfate and a manganese salt dissolved therein. Sulfur 
dioxide gas is absorbed into the solution as aluminum 
sulfate and aluminum sulfite. The scrubbing solution is 
then oxidized by air blowing within an oxidation tower 
(3) for converting the sulfite ion into sulfate ion, and is 
neutralized within a neutralizing tank (4) by calcium 
carbonate and calcium hydroxide, for producing pre 
cipitated gypsum crystal and renewing the crude com 
position of the scrubbing solution for recirculation. The 
concentration of basic aluminum sulfate within the 
scrubbing solutions is suitably chosen from a wide range 
of basicity values and aluminum concentrations accord 
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ing to the condition of stack gas. In most cases, 0.05-1 
mol/l aluminum sulfate concentration and 0-60% basic 
ity are the conditions of the scrubbing solution. As 
noted above, a small amount of manganese salt is added 
into the scrubbing solution. As higher manganese salt 
addition results in greater catalytic oxidation action, a 
suitable manganese concentration is chosen depending 
on each condition. Usually 20 g/l of manganese concen 
tration is regarded as suitable. The oxidation reaction 
occurs both within the scrubbing tower and the oxida 
tion tower, but almost all of the oxidation reaction oc 
curs within the oxidation tower when no manganese salt 
is added. 

EXAMPLE 

Stack gas with 1.5% SO concentration is passed at 
the speed of 15 l/min into a packed scrubbing tower 
with a packed height of 30 cm and diameter of 5 cm. 
Scrubbing solution with concentration of Al(SO). Al 
O 270 g/1 and basicity of 20% is sprayed in counter 
flow with a feed rate of 100 cm/min. and absorbs SO 
from the stack gas, and then is oxidized within the oxi 
dation tank by air blowing, and neutralized by calcium 
carbonate to precipitate gypsum crystal which are fil 
tered by centrifugal separator. As the filtrate has been 
neutralized to the basicity similar to the crude scrubbing 
solution. The filtrate is reused as the recycling scrub 
bing solution. The result of continuous operation for 8 
hours shows an average SO, absorbing ratio of 87% and 
produces superior quality gypsum crystal. Analysis of 
gypsum obtained: CaO-31.84%, SO-46.60%, Al 
0.07%, Mn-Tr. 

EXAMPLE 2 

With the same equipment and the same concentration 
of scrubbing solution as Example 1, stack gas with 1.5% 
SO, is passed through the tower at a feed rate of 15 
l/min, and contacted with the scrubbing solution flow 
ing downward at the feed rate of 200 cm/min. The 
result of 9 hours' continueous operation shows an aver 
age SO, absorbing ratio of 95.5%, and produces a supe 
rior quality gypsum crystal. Analysis of gypsum ob 
tained: CaO-32.80%, SO-46.65%, Al-0.05%. 

EXAMPLE 3 

With the same equipment as described above, at a 
feed rate of 15 l/min, stack gas with 0.5% SO, content 
is washed with the same content of scrubbing solution 
flowing with a feed rate of 100 cm/min. The result of 
9 hours' continueous operation shows an average SO, 
absorbing ratio of 95.5%, and produces superior quality 
gypsum crystal. Analysis of gypsum obtained: CaO 
32.34%, SO-46.43%, Al-0.05%. 

EXAMPLE 4 
With the same equipment as described above, at a 

feed rate of 15 l/min. stack as with 0.5% SO, content is 
scrubbed by a scrubbing solution flowing with a feed 
rate of 100 cm/min. which contains 270 g/l of Al 
(SO). AlO and a basicity of 20% and Example 4 also 
containing 20 g/1 of MnSO. The result of 8 hours con 
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4. 
tinuous operation shows an average SO, absorbing ratio 
of 96.0%, and an oxidation ratio of 50.0% within the 
absorbing packed tower. 
With oxidation by air blowing within the succeeding 

oxidation tower, the sulfite ion is completely oxidized 
into sulfate ion. The time required for this oxidation is 
about half of the time required for the oxidation without 
MnSO. The solution is then neutralized within the 
neutralizing tank by calcium carbonate to convert the 
sulfate ion into precipitated gypsum, and filtrated by a 
centrifugal separator. After the filtrate is neutralized to 
the same basicity of the crude scrubbing solution, the 
filtrate is circulated again as a scrubbing solution. 

EXAMPLE 5 

3,500 Nm/Hr stack gas with 0.65% SO, is contacted 
countercurrently with 0.3 mol/l of basic aluminum 
sulfate solution flowing downward at a feed rate of 20 
mM, controlling the basicity by neutralization of cal 
cium carbonate for recirculation. The average SO, ab 
sorbing ratio has over 90%, and superior quality of 
gypsum was obtained. 
What is claimed is: 
1. A process for removing sulfur oxide from waste 

gas which comprises 
a. Subjecting the waste gas to a countercurrent flow 
of an absorbent solution of 0.05 to 1 mol/liter of 
basic aluminum sulfate, said solution having a ba 
sicity of 0 to 60%, and containing about 20 g/l of a 
manganese salt to absorb the sulfur oxide into the 
solution and oxidize the absorbed sulfur oxide by 
means of the manganese salt; and 

b. blowing air through the absorbent solution from 
step a) to oxidize sulfite ion in the solution to sulfate 
1On; 

c. neutralizing the solution from step a) by adding 
calcium carbonate or calcium hydroxide whereby 
gypsum is precipitated; and 

d. separating the gypsum and reusing the solution as 
the absorbent solution in step a). 

2. The process as claimed in claim 1, in which the 
precipitated crystalline gypsum is collected by filtra 
tion. 

3. A process for renoying sulfur oxide from waste gas 
which comprises 
a subjecting the waste gas to a countercurrent flow of an 

absorbent solution of 0.05 to 1 mol/liter of basic alu 
minum sulfate, said solution having a basicity of 0 to 
60%, and containing an amount of a manganese salt 
sufficient to absorb the sulfur oxide into the solution 
and oxidize the absorbed sulfur oxide by means of the 
manganese salt and 

b, blowing air through the absorbent solution from step 
a) to oxidize sulfite ion in the solution to sulfate ion, 

c. neutralizing the solution from step a) by adding cal 
cium carbonate or calcium hydroxide whereby gp 
sun is precipitated and 

d. separating the gypsum and reusing the solution as the 
absorbent solution in step a). 


