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1. A process for the desulfurization of a sulfurous
acid gas-~containing waste gas, wherein said'waéte gas is
blown into a pool of a stirred absorbing liquid, contained in
a reaction vessel and having a liquid level, through a
plurality of gas dispersing pipes each vertically extending
downward from a partition plate into said absorbing liquid
and each having a side peripheral wall provided with a
muitiplicity of gas injection holes at a lower portion
thereof, so that said waste gas is desulfurized by contact
with said absorbing liquid and the resulting desulfurized gas
is passed to an upper space defined between said partition
plate and said liquid level of said absorbing liquid,
characterized

in that said gas injection holes of each of said
gas dispersing pipes are substantially horizontally aligned;

in that each adjacent two gas injection holes of
ea=h of said gas dispersing pipes are spaced apart from each
other such that, when each of said two gas injection holes 1is
regarded as a circle having the same area as the area

thereof, the distance P between the centroids of said

../2




(11) AU-B-54534/96 -2-

(10) 694352
adjacent two gas injéction holes satisfies the following
condition: ‘

. 1.15 < p/D £ 6 R
wherein D is a diameter of one of said two circles which is
smaller than the other;

in that the maximum velocity Vp.x of said waste gas
passing through each of said gas injection holes is
controlled so that the following conditions are satisfied::

Y 2 4.5S8

Y £ 24s

0.05 <Y < 1.0

0.005 < s £ 0.06

wherein Y represents a pressure of said waste gas required

for carrying out the desulfurization and S represents a value
obtained by dividing the dynamié pressure of said waste gas
injected through said gas injection hole at said maximum
velocity Vg.x by the density of said absorbing liquid;

in that said gas dispersing pipes are arranged such
that the distance L; between nearest two dispersing pipes
satisfies the following condition:

1.5< Ly/S £ 10.0

wherein S is as defined above; and

in that said gas injection holes of each of said
gas dispersing pipes are located so that the average distance
Lz between the liquid level of said absorbing liquid in the
state where no gases are injected thereinto and the center of
each of said gas injection holes satisfies the following
condition: ‘
25 Ly /S € 20

wherein S is as defined above.
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The following statement is a full description of this invention including the

best method of performing it known to us:-
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Background of the Invention

This invention relates to a process for the
desulfurization of a sulfurous acid gas-containing waste gas
by contact with an absorbing liquid.

A desulfurization process is known wherein a waste
gas containing sulfurous acid gas (sulfur dioxide) is blown
into a pool of an absorbing liquid contained in a reaction
vessel through a plurality of gas dispersing pipes (sparger
pipes) each of which vertically extends downward from a
partition plate into the absorbing liquid and has a side
peripheral wall provided with a multiplicity of gas injection
holes at a lower portion thereof, so that the waste gas is

desulfurized by contact with the absorbing liquid and wherein

the resulting desulfurized gas is passed to an upper space
defined between the partition plate and the liquid level of
the absorbing liquid and is discharged from the reaction
vessel (JP-B-3-70532 and JP-A-3-72813).

The known process, however, has problems that a
relatively high costs are required for operating the process it
and for constructing the apparatus therefor and that the
process 1is not able to be performed in a stable manner for a

long period of time.

Summary of the Invention

. It is, therefore, the prime object of the present
invention to provide a process which can desulfurize a
sulfurous acid gas-containing waste gas at a low operation
cost in a stable manner.

In accomplishing the foregoing object, there is
provided in accordance with the present invention a process
for the desulfurization of a sulfurous acid gas-containing '
waste gas, wherein said waste gas is blown into a pool of a
stirred absorbing liquid, contained in a reaction vessel and
having a liquid level, through a plurality of gas dispersing

pipes each verticaily extending downward from a partition
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plate into said absorbing liquid and each having a side
peripheral wall provided with a multiplicity of gas .njection
holes at a lower portion thereof, so that said waste gas is
desulfurized by contact with said absorbing liquid and the
resulting desulfurized gas is passed to an upper space '
defined between said partition plate and said liquid level of
said absorbing liquid, characterized

in that said gas injection holes of each of said
gas dispersing pipes are substantially horizontally aligned;

in that each adjacent two gas injection holes of
each of said gas dispersing pipes are spaced apart from each
other such that, when each of said two gas injection holes is
regarded as a circle having the same area as the area
thereof, the distance P between the centroids of said
adjacent two gas injection holes satisfies the following
condition:

1.15 £ p/D £ 6

wherein D is a diameter of one of said two circles which is
smaller than the other;

in that the maximum velocity Vg.x of said waste gas
passing through each of said gas injection holes is
controlled so that the following conditions are satisfied::

Y =2 4.5S8

Y £ 24s

“ 0.05 <Y< 1.0

0.005 < s £ 0.06
wherein Y represents a pressure of said waste gas required
for carrying out the desulfurization and S represents a value
obtained by dividing the dynamic pressure of said waste gas
injected through said gas injection hole at said maximum
velocity Vpax by the density of said absorbing liquid;

in that said gas dispersing pipes are arranged such
that the minimum distance L; between two adjacent dispersing
pipes satisfies the following condition:

1.5< Ly/s £ 10.0




wherein S is as defined above; and

in that said gés injection holes of each of said

oy o 1 ;‘l., ,,;\.:\:__, T , T AR

gas dispersing pipes are located so that the average distance
L;; between the liquid level of said absorbing liquid in the
5 state where no gases are injected thereinto and the center of
each of said gas injection holes satisfies the following
condition: A
" 2< Lir/s £ 20

wherein S is as defined above.

Brief Description of the Drawings

R Other objects, features and advantages of the
.o present invention will become apparent from the detailed
description of the preferred embodiments of the invention
which follows, when considered in light of the accompanying
drawings in which:

"Fig. 1 is an elevational, cross—sectional view
¢ diagrammatically showing one embodiment of a desulfurization

apparatus suitable for carrying out the process of the

ﬁp present invention;
A Fig. 2 is a developed, elevational view
schematically showing one embodiment of the gas injection

"hole arrangement of a sparger pipe;

LA Fig. 3 is a view similar to Fig. 2 showing another
~ embodiment of the gas injection hole arrangement of a sparger
pipe;
Fig. 4 is an elevational, cross-sectional view,

similar to Fig. 1, diagrammatically showing another
embodiment of a desulfurization apparatus suitable for
30 carrying out the process of the present invention; and
Fig. 5 is a graph showing a relationship betweéh
the pressure of the waste gas required for desulfurizaticn

and the S wvalue.
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Detailed Description of the Preferred

Embodiments of the Invention

Referring first to Fig. 1, designated generally as
1 is a desulfurization apparatus suitable for carrying out
the process of the present invention. The apparatus 1 has a
housing member 2 within which first and second partition
plate members 3 and 14 are disposed for dividing the inside
space thereof into a first, lowermost chamber 4, a second,
intermediate chamber 5 and a third, uppermost. chamber 15.
Each of the partition plate members 3 and 14 may be a
horizontal plate or a plate inclined gradually or stepwise.
An inclined piate is generally used as the partition plate
member 14.

The first chamber 4 contains a pool of an absorbing
liquid L such that an upper space B is defined above the
liquid level LS of the absorbing liquid L.

A gas inlet port 6 is provided in the second
chamber 5 for introducing the waste gas to be treated into
the second chamber 5. A plurality of gas dispersing pipes
(sparger pipes) 7 are secured to the partition plate 3 and
vertically extending downward into the first chamb.r 4 such
that the waste gas introduced into the second chamber 5 is
blown into the absorbing liquid L through the sparger pipes
7. Each of the sparger pipes 7 has a side peripheral wall
provided with a multiplicity of horizontally aligned gas
injection holes 8 at a lower portion thereof.

Designated as W is a liquid level of the absorbing
liquid L in the state where no gas is fed to the sparger
pipes 7. The gas injection holes 8 are located below the
liquid level W. Thus, the waste gas fed to the sparger pipes
7 is injected into the absorbing liquid L through the gas
injection holes 8 so that a mixed gas-liquid phase layer A is
formed on the surface of the absorbing liquid. The sulfurous
acid gas contained in the waste gas is absorbed in the

absorbing liquid L in this gas-liquid phase layer A. The
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/waéte gas desulfurized by contact with the absorbing liquid L

then flows into the upper space B above the liquid level LS.
The absorbing liquid L may be an aqueous gypsum slurry
containing an absorbent such as a calcium compound, e.g. lime
stone or slaked lime.

One or more riser pipes 16 are provided for
connecting the first and third chambers 4 and 15. The third
chamber 15 has a gas discharge port 9 at an upper portion
thereof. Thus, the desulfurized gas in the upper space B
flows upward as well as in the horizontal direction. During
the flow of the desulfurized gas in the upper space B, a
greater part of the mist and solid particles contained
therein are separated therefrom by gravity and by collision
with the sparger pipes 7. The desulfurized gas from which
such liquid and solid particles have been separated is passed
through the riser pipes 16 to the third chamber 15. The
upward gas flow is thus converted into a horizontal gas flow
and is discharged from the third chamber 15 through the
outlet port 9. _

During the passage of the desulfurized gas through
the third chamber 15, the entraining liquid and solid
particles are separated and collected on the partition plate
14. A washing liquid, such as a gypsum-containing aqueous
slurry, the absorbing liquid from which gypsum is separated,
water or sea water, is supplied from a conduit 17 to the
third chamber 15 to remove the deposits oﬁ the partition
plate 14 and is discharged through a discharge conduit 18.

Preferably, the average ascending velocity of the
desulfurized gas in the upper space B is 0.5-5 m/s, more
preferébly 0.7-4 m/s, from the standpoint of economy and
efficiency of the separation of mist and solid particles.

The average ascending velocity herein is based on the
horizontal sectional area of the upper space B excluding the

sectional areas of the sparger pipes 7 and the like

structures which do not provide passages for the desulfurized

B it s o
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gas. The average horizontal velocity of the desulfurized gas
in the upper space B is preferably 8 m/s or less, more
preferably 6 m/s or less for reasons of the formation of
stable mixed gas-liquid phase layer A. The average
horizontal wvelocity is based on the vertical sectional area
of the upper space B at a position adjacent to the riser pipe
l6.

The velocity of the desulfurized gas flowing upward
through the riser pipes 16 is preferably 6-20 m/s, more
preferably 8-15 m/s for reasons of effective separation of
the mist and solid particles and economy.

The desulfurized gas introduced into the third
chamber 15 impinges against the top wall of thereof and is
directed horizontally. Thus, the entraining liquid and solid
particles are separated in the third chamber 15 by the
impingement and by gravity. The average horizontal velocity
of the desulfurized gas in the third chamber is preferably 10
m/s or less, more preferably 8 m/s or less for reasons of
effective separation of these particles. The average
horizontal wvelocity is based on the vertical sectional area
of the third chamber at a location horizontally spaced apart
a distance of 2 m from the outlet port 9.

Each of the sparger pipes 7 may have any desired
sectional shape such as a circular shape, a polygonal
(triangle, square or hexagonal) shape or a rectangular
(trough) shape. The gas injection holes 8 formed on the side

peripheral wall of each sparger pipe 7 may have any desired

.shape such as a circle; triangle, rectangular, hexagonal,

slit or star-like shape. If desired, the injection holes 8
may be arranged into two or more arrays, as shown in Fig. 3.
It is preferred that the equivalent inside diameter Dp of the
sparger pipes 7 satisfy the following condition:

2Dy £ Dp £ 12Dy, more preferably 3Dy < Dp < 10Dy,
where Dy represents the equivalent diameter of the gas

injection hole 8.
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Generally, the equivalent inside diameter Dp is 25-300 mm,
preferably 50-300 mm. The equivalent diameter Dy of the
injection hole 8 is generally 3-100 mm, preferably 5-50 mm.

The equivalent diameters Dp and Dy are as defined
below:

Dp = 4Sp/Lp
wherein S, represents the horizontal sectional arsa of the
inside of the sparger pipe 7 at a location at which the gas
injection holes 8 are provided and 1L, represents the inside
peripheral length of the gas sparger pipe 7 at the same
location as above, and

Dy = 4Sy/Ly
wherein Sy represents the area of the gas injection hole 8 and
Ly represents the inside peripheral length of the gas
injection hole 8.

The lower open end of each of the sparger pipes 7
may be in any desired shape and may be, for example,
horizontal, slanted, notched or waved.

The average axial distance L, between the center
(centroid of geometry) of the gas injection hole and the
lower end of the sparger pipe 7 is preferably so adjusted
that almost no waste gas is passed through the lower open end
of the sparger pipe or, in other words, that the liquid level
of the absorbing liquid L always exists in the sparger pipe
7.. This can be achieved by adjusting the distance L., to 3S
to 8S, more preferably 4S to 7S, wherein S represents a value
obtained by dividing the dynamic pressure of the waste gas
injected through the gas injection hole at the maximum
velocity Vpax by the density of the absorbing liquid L.

One preferred sparger pipe 7 is a plastic cylinder
having an inside diameter of 25-300 mm and provided with a
plurality of equally spaced apart round holes having a
diameter of 5-100 mm.

The riser pipe 16 may have any desired sectional

shape such as a circular, square or rectangular shape.

(




It is important that each adjacent two gas

injection holes 8 of each of the gas dispersing pipes 7
should be spaced apart from each other such a distance that,
when each of the two gas injection holes 8 is regarded as a

5 ~ circle having the same area as the area of the hole 8, the

distance P between the centroids (center of gravity of the
geometry) of the adjacent two gas injection holes satisfies
' the following condition: '
1.15 £ P/D £ 6, preferably 1.2 < P/D £ 5,

10 wherein D is a diameter of one of the two circles which is . ot

¢ smaller than the other. Figs. 2 and 3 depict examples of the
ke gas injection hole arrangement.

- When the P/D ratio is smaller than 1.15, the
desulfurization rate is considerably lowered since the waste

€15 gas flows injected through'separate injection holes are apt

to be combined. Namely, the jet flows from adjacent _
injection holes ihterfere'with each other so that the mixed
gas-liquid phase layer A (froth phase layer) becomes
unstable. A P/D ratio of below 1.15 is also disadvantageous :
*ZG:; in fabrication and maintenance of the sparger pipe 7. On the 2

other hand, too large a P/D ratio in excess of 6 céuses :
et o lowering of the volume efficiency so that it is

disadvantageously necessary to use a large-sized apparatus.

¢ ‘It is also important that the maximum velocity Vpax
of the waste gas passing through each of the gas injection
¢ :E holes 8 is controlled so that the following conditions (1)-
(4) are satisfied:
(1) Y =2 4.5S, preferably Y 2 6.5S
(2) Y £ 24S, preferably Y < 225
30 (3) 0.05<Y<1.0
; (4) 0.005 < S < 0.06

wherein Y represents a pressure of the waste gas required for !

carrying out the desulfurization and S represents a wvalue
obtained by dividing the dynamic pressure of the waste gas

35 injected through the gas injection hole at the maximum
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velocity Vpyax by the density of the absorbing liquid.

The pressure of the waste gas required for the
desulfurization (pressure in terms of absorbing liquid
column; unit: m) is defined by:

Y =T + Lig
wherein T represents a value obtained by dividing the
pressure loss (unit: kg/m?) or the waste gas passing through
the gas injection hole 8 by the density pyr (unit: kg/m?) of
the absorbing liquid L and L;; represents an average distance
betweern the centroid of the gas injection hole 8 an ' -e
ligquid level ¥ of the absorbing liquid in the state where no
gas 1is injected into the sparger pipe 7. In other words, the
pressure Y is a value obtained by dividing the pressure
(unit: kg/m?) required for the waste gas fed to the sparger
pipe 7 to pass through the gas injection hole 8 to the upper
space B by the‘density‘pII‘(unit: kg/m3) of the absorbing
liquid L. ‘ ‘

Practically, the value T is in the range of between
2.58 and 4S (where S is as defined above) and depends upon
the shape of the gas injection hole 8 and flow rate of the
waste gas. Since, in the present invention, L;;/S is between
2 and 20, preferably hetween 4-18, as described‘hereinafter,
the pressure Y is expressed as follows:

Y =T + Ly
(2.5 to 4)S + (2 to 20)s
(4.5 to 24)s
The maximum velocity Vmax and the S value have the

following relationship:
S

(dynamic pressure at the maximum velocity Vpyax)/
(density pr; of the Absorbing liquid)
(Pr X Vmax X Vpax/26G) /P11
= Vnax® X P1/26Gprr
wherein p; represents the density (kg/m3) of the waste gas, prg

represents the density (kg/m®) of the absorbing liquid and G
represents the gravitational acceleration (9.8 m/s?) .

i
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Fig. 5 shows a relationship between the S-wvalue and
the pressure Y at various desulfurization rates Z. The term
"desulfurization rate 2" used herein is defined as follows:

Z = (1 - Qout/Qin) x 100 (%)
wherein Q..+ represents the flow rate of sulfurous acid gas
contained in the purified gas discharged through the outlet
port 9 and Qj, represents the flow rate of sulfurous acid gas
contained in the waste gas introduced through the inlet port
6. As seen in Fig. 5, there exists a minimum wvalue in the
pressure Y in a given desulfuri‘zat‘ion‘rate Z. It is
preferred that the S value be selected so that Y is minimum
at the intended desulfurization rate. For example, when a

desulfurization rate 72 of 90 % is intended, the S wvalue of

"about 0.017 m is preferably used. When a desulfurization

rate 2 of 70 % is intended, the S value is preferably about
0.009 m. When the desulfurization is carried out while
alternately shifting the intended desulfurization rate
between 99 % and 70 %, the S value is preferably set at 0.035
m which provides the minimum pressure Y at the 99 %
desulfurization rate and which satisfies the above conditions
(1)-(4) at the 70 % desulfurization rate. Once the S value
is determined, the maximum velocity V,,x is determined
according to the above-described formula:

S = Vmax’ X P1/26Gp;:-

The number of the sparger pipes 7 and the total area of the
opé'nings of the gas injection holes 8 in each of the sparger
pipes 7 are then determined on the basis of the maximum
velocity Vm;x.

The arrangement of the sparger pipes 7 connected to
the partition plate 3 is not specifically limited as long as
the distance L; between two adjacent sparger pipes 7 satisfies
the following condition:

‘ 1.5< L;/s £ 10.0, preferably 2< L;/S < 8,
wherein S is as defined above. The distance L; is the

minimum distance from the outer periphery of one sparger pipe
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7 to the outer periphery of that sparger pipe 7 which is
located nearest of all. When the L;/S ratio is smaller than
1.5, the desulfurization rate is considerably lowered since
the jet flows from the two spargef pipes 7 interfere with
each other so that the mixed gas-liquid phase layer A becomes
unstable. On the other hand, too large a L;/S rétio in excess
of 10 causes lowering of the volume efficiency so that it is
necessary to use‘a large-sized apparatus.

The distance‘LI is generally 0.05-0.6 m, preferably

- 0.075-0.45 m, and is so selected as to meet with the

requirement for the above L;/S ratio. For reasons of an
increased amount of the waste gas treated per unit area of
the partition plate 3, it is preferred that the distance L; be
as small as possible. The S value is determined according to
the equation described above. In this connection, the
maximum velocity V. is in the range of 8-35 m/s, the density
pr of the waste gas if 0.91-1.2 kg/m®, and the density p;; of
the absorbing liquid is 1,000-1,300 kg/m®. For reasons of the
reduction of operation costs (desulfurization costs) of the

desulfurization apparatus, the S value is desired to be as

‘small as possible, although, from the standpoint of

construction costs, too small an S value is undesirable. By
reducing the velocity of the waste gas passing through the
gas injection holes, namely by increasing the equivalent
diameter Dy of the gas injection holes or by increasing the
number of the gas injection holes, the S value can be made
small. As described previously, the equivalent diameter Dy of
the injection hole‘8 is generally 3-100 mm.

It is also important that the gas injection holes 8
of each of the sparger pipes 7 are located so that the
average distance Ljy; between the liquid level W of the
absorbing liquid L in the state where no gases are injected
into the sparger pipe 7 and the center of each of the gas
injection holes 8 satisfies the following condition:

2< Lpr/s £ 20,

=
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preferably 4 £ L;;/S £ 18, more preferably 6 < Li;/S £ 16,

‘wherein S is as defined above.

When the L;;/S ratio is less than 2, the waste gas
fails to be sufficiently contacted with the absorbing liquid
L so that the desulfurization efficiency is lowered. When
the L;;/S ratio exceeds 20, the bubbles of the waste gas are
combined and grow in size during the passage through the
absorbing liquid L so that the efficiency in the liquid-gas
contact is lowered. The depth L;; is generally 0.05—0.9 m,
preferably 0.075-0.75 m.

When the S value is large or when the depth L;; is
large, the pressure Y of the waste gas is high and the
desulfurization rate increases. However, the operation costs
which depend upon the pressure Y increase as the pressure Y
increases. When the L;;/S ratio is maintained in the above-
described range, it is possible to maintain the pressure Y of
the waste gas supplied to the sparger pipes in a low level.
Thus, it is possible to save the energy required for the
desulfurization and to reduce the desulfurization costs.

By adjusting the depth Li; so aé to meet with the
above-described conditions 4.55 £ Y £ 245 (Fig. 5) and
2< LII/S < 20, the pressure Y required for the desulfurization
can be made small at any intended desulfurization rate 2.

The curves shown in Fig. 5 are examples in which only the
intended desulfurization rate Z is varied while maintaining
other parameters, such as the inside diameter of the sparger
pipes, the flow rate of the waste gas per one sparger pipe,
the pH of the absorbing liquid and the concentration of the
sulfurous acid gas in the waste gas, constant. The shape and
the position of each curve vary with these parameters.

As described previously, the S value should be
0.005 £ 5 < 0.06. The suitable S value, however, varies
depending upon the intended desulfurization rate Z, as seen
in Fig. 5. When the desulfurization apparatus is operated

under various operation conditions, it is advisable to set

.
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the S value at a high value so that the desulfurization can
be performed with a low energy consumption.

The L;;/S ratio is an important parameter for
controlling the performance of the desulfurization apparatus
and provides an effective means for performing the
desulfurization at an intended desulfurization rate 2 with
minimum operation costs. The depth L;; can be changed by
changing the liquid level W. By controlling the amount of
the absorbing liquid L in the reactor or by controlling the
amount of the oxidizing gas, such as air, fed through a line
12 to the pool of the absorbing liquid L, the liquid level W
may be changed to provide a suitable depth Li;:.

In order to efficiently perform the
desulfurization, it is necessary to stir the absorbing liquid
L by one or more stirrers 10. The stirrer 10 may be composed
of a rotating shaft 10' extending vertically or obliquely
into the chamber 4 and one or more blades or propellers
secured to the tip of the rotating shaft 10' for rotation
therewith. In this case, it is preferred that the stirring
of the absorbing liquid is carried out with one or more
stirrers operated at a total driving power of 0.05-0.2 kW,
more preferably 0.08-0.15 kW, per 1 m® of the absorbing
liquid, for reasons of obtaining particularly stable
desulfurization rate. |

Preferably, the stirring is performed so that there
is ‘formed a main récirculating flow (shown by the arrow R in
Fig. 1) in the stirred absorbing liquid L. The main flow is
accompanied with randomly occurring flows. In Fig. 1, the
reference numeral 11 designates an absorbing agent feeding
conduit havihg an injection nozzle from which the absorbing
agent is injected into the main recirculating flow R. The
absorbing‘agenﬁ is rapidly diffused into the absorbing liquid
L and is swiftly supplied to the gas-liquid mixed phase layer
A. 1If desired, the absorbing agent may be fed through a
plurality of conduits 11l. The absorbing agent can be

B
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supplied in the main recirculating flow R at a position
upstream or downstream of the blade of the stirrer 10.

The absorbing agent injection nozzle generally has
a diameter of 20-100 mm, preferably 25-75 mm. Preferably, a
plurality of the nozzles are used for rapidly uniformly
dispersing the absorbing agent into the absorbing liquid L
and for preventing local increase of pH and deposition of
scales on the walls of the sparger pipes. One nozzle is
preferably used per 20-500 m3, more preferably 30-300 m3, of
the absorbing liquid L. The absorbing agent is injected in
an amount of 0.5-20 kg mol/hour, preferably 1-10 kg mol/hour,
per one nozzle.

A part of the absorbing liquid L is discharged
through a line 13 from the chamber 4 to maintain the content
of gypsum in the absorbing liquid L below a predetermined
level. If desired, part of the discharged liquid may be
treated for the removal of the gypsum, mixed with the
absorbing agent and recycled to the first chamber 4 through
the line 11. The amount of the absorbing agent incorporated
into the recycling absorbing liquid is preferably such that
the molar ratio MG/MA of the gypsum (CaSQ4'2H,0) contained
therein to the absorbing agent is in the range of 0.1-20,
more preferably 1-10, for reasons of preventing a local
increase of pH in the region adjacent to the gas injection

holes 8. Namely, the precipitation of fine gypsum crystals

or fine CaCO; crystals is suppressed. Further, even when such

fine crystals are formed, they grow into large crystal
particles so that the clogging of the gas injection holes 8
or scaling of the wall of the sparger pipes 7 can be
prevented.

If desired, a part of the absorbing liquid I may be
recycled to and sprayed in the chamber 5 to cool and wash the
waste gas introduced thereinto.

The above-described oxidized gas supplied through

the line 12 is preferably injected into the main
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recirculating flow R at a position downstream of the blade of
the stirrer 10. 1In the gas-liquid mixed phase layer A, the
following reaction occurs to fix the sulfurous acid gas
contained in the waste gas as gypsum:

SO, + CaCO; + 1/20, + H,0 —— CaS04-2H,0¢ + co,T
To improve the desulfurization rate Z, it is necessary that
the above reaction efficiently proceeds in the gas-liquid
mixed phase layer A. It is preferred that the oxidizing gas
be introduced into the absorbing liquid L in such an amount
that the molar ratio of the oxygen in the oxidizing gas to
the sulfurous acid gas in the waste gas is 0.5-6, more
preferably 1-5.

Fig. 4 depicts another embodiment of the
desulfurization apparatus in which similar component parts
have been designated by the same reference numerals. In this
embodiment, the inside space of a housing member 2 is divided
by one partition plate member 3 into a first, lower chamber 4
and a second, upper chamber 5. The first chamber 4 contains
a pool of an absorbing liquid L such that an upper space B is
defined above the liquid level LS of the absorbing liquid L.
A waste gas to be treated is introduced through a gas inlet
port 6 provided in the second chamber 5 and injected into a
pool of the absorbing liquid L through a plurality of sparger
pipes 7 secured to the partition plate 3 and a multiplicity
of horizontally aligned gas injection holes 8 formed at a
lower portion of each of the sparger pipes 7. , s

The waste gas desulfurized by contact with the
absorbing liquid L then flows into the upper space B above
the liquid level LS. Preferably, the average ascending
velocity of the desulfurized gas in the upper space B is 0.5-
5 m/s, more preferably 0.7-4 m/s, while the average
horizontal velocity of the desulfurized gas in the upper
space B is preferably 8 m/s or less, more preferably 6 m/s or
less. During the flow of the desulfurized gas in the upper

space B, a greater part of the mist and solid particles




AL A e

30

35

contained therein are separated therefrom by gravity and by
collision with the sparger pipes 7. The desulfurized gas
from which such liquid and solid particles have been
separated is discharged from the outlet port 9. .

The following example will further illustrate the

present invention.

Example
A waste gas containing 1,000 rprt ¢f sulfurous acid
gas was treated in accordance with the jpoonegs of the present
invention under the following conditions:
Reactor: 13 m x 13 m X 10 m (height)
Maximum flow rate of waste gas: 1,000,000 m®/hour
Range of flow rate of waste gas: 5Su-100 % (evenly ﬁé
operated)
Desulfurization rate Z: 90%
Density of waste gas pr: 1.1 kg/m?
Density of absorbing liquid p;r: 1,100 kg/m’
- Sparger pipe (cross-section: circular)
Diameter Dsﬁ 0.15 m
Distance between adjacent sparger pipes L;: 0.15 m
Number: 1,390
Gas injection hole (circular)
Diameter Dyg: 0.03 m
Number: 12
Distance between adjacent holes P: 0.0393 m
Average distance Li;: 0.2 m
Maximum velocity Vpax: 24.2 m/s
S value: 0.03
Pressure Y: about 0.28 m
The desulfurization treatment was found to be A
carried out with minimum costs including installation and A
construction costs and operation costs.
The invention may be embodied in other specific

forms without departing from the spirit or essential

. it
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characteristics thereof. The present embodiments are
therefore to be considered in all respects as illustrative-
and not restrictive, the scope of the invention being

indicated by the appended claims rather than by the foregoing

5 description, and all the changes which come within the
E meaning and range of equivalency of the claims are therefore

intended to be embraced therein.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A process for the desulfurization of a sulfurous

acid gas-containing waste gas,

wherein said waste gas is

blown into a pool of a stirred absorbing liquid,

contained in

a reaction vessel and having a liquid level,

through a

plurality of gas dispersing pipes each vertically extending
downward from a partition plate into said absorbing liquid
and each having a side peripheral wall provided with a
multiplicity of gas injection holes at a lower portion
thereof, so that said waste gas is desulfurized by contact
with said absorbing liquid and the resulting desulfurized gas
is passed to an upper space defined between said partition
plate and said liquid level of said absorbing liquid,
characterized

in that said gas injection holes of each of said
gas dispersing pipes are substantially horizontally aligned;

in that each adjacent two gas injection holes of
each of said gas dispersing pipes are spaced apart from each
other such that, when each of said two gas injection holes is
regarded as a circle having the same area as the area
thereof, the distance P between the centroids of said
adjacent two gas injection holes satisfies the following
condition:

1.15 < P/D £ 6 _
whgréin D is a diameter of one of said two circles which is
smaller than the other;

in that the maximum velocity V.., of said waste gas
passing thrcugh each of said gas injection holes is
controlled so that the following conditions are satisfied::

Y 2 4.58

Y < 24s

0.05<Y<1.0

0.005 £ 5 £ 0.06

wherein Y represents a pressure of said waste gas reguired

T
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for carrying out the desulfurization and S represents a value
obtained by dividing the dynamic pressure of said waste gas
injected through said gas injection hole at said maximum
velocity Vpax by the density of said absorbing liquid;
in that said gas dispersing pipes are arranged such
that the distance L; between nearest two dispersing pipes
satisfies the following condition:
1.5< 1;/s £ 10.0
wherein S is as defined above; and
in that said gas injection holes of each of said
gas dispersing pipes are located so that the average distance
L;; between the liquid level of said absorbing liquid in the
state where no gases are injected thereinto and the center of
each of said gas injection holes satisfies the following
condition:
2< Li;/S £ 20

wherein S is as defined above.

2. A process as claimed in claim 1, wherein said range
S satisfies the following conditions:
Y =2 6.58
Y £ 228
0.05 £Y<1.0
0.005 £ s £ 0.06

wherein Y and S are as defined above.

3. A process as claimed in claim 1, wherein said
minimum distance L; is in the range of 0.05-0.6 m and said

average distance Lj; is in the range of 0.05-0.9 m.
4. A process as claimed in claim 1, wherein the amount
of said absorbing liquid in said reaction vessel is

controlled so that the ratio L;;/S is in the range of 2 to 20.

5. A process as claimed in claim 1, wherein air is

i

li




30

35

blown into said absorbing liquid in an amount so that the

ratio L;;/S is in the range of 2 to 20.

6. A process as claimed in claim 1, wherein said
stirring of said absorbing liquid is carried out with one or
more stirrers operated at a total driving power of 0.05-0.2

kW per 1 m® of said absorbing liquid.

7. A process as claimed in claim 1, wherein the
average ascending velocity of said desulfurized waste gas in
said upper space is 0.5-5 m/s and the average horizontal
velocity of said desulfurized waste gas in said upper space

is 8 m/s or less.

8. A process as claimed in claim 1, wherein each of
said gas dispersing pipes has an edquivalent diameter of 25-
300 mm and each of said gas injection holes has an equivalent

diameter of 3-100 mm.

9. A process as claimed in claim 1, wherein said
desulfurized waste gas in said upper space is introduced
through at least one riser pipe into a chamber defined in an
upper portion of said reaction vessel and is discharged from
sald reaction vessel through a discharge port provided in
said chamber. '

10. A process as claimed in claim 9, whefein the
average horizontal velocity of said desulfurized waste in

said chamber is 10 m/s or less.

DATED THIS 28 DAY OF MAY 1996
CHIYODA CORPORATIOﬁ
Patent Attorneys for the
Applicant:-

F.B.RICE & CO.
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