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(57) Abrégée/Abstract:
The Invention relates to a novel and most efficient scrubber for the treatment of flue gases from power generation plants or from

chemical plants, in order to absorb objectionable impurities, such as SO,, SO,, HCI, nitrous oxides, into a water-based solution, In
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(57) Abrege(suite)/Abstract(continued):
which solids are not substantially precipitated. The novel scrubber comprises: a horizontal chamber, with a basis rectangular

vertical cross section, divided along the horizontal axis into a number of compartments by vertically-draining demisters covering the
whole vertical cross section; a shallow liquid-collecting sump In each compartment, which can be sloped In any convenient
direction; a pump which distributes the liquid from each such sump, at a controlled flow-rate to a series of spray nozzles In the
same compartment, generating 3-5 vertical "falling curtains” perpendicularly to the gas flow and covering the whole vertical cross

section, while the liquid drops fall back into the sump.



CA 02308224 2000-04-20

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION .
International Bureau ) '1‘“__5‘;.4_-—-__
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
| (51) International Patent Classification 6 : (11) International Publication Number: WO 99/20371
B01D 50/00 Al "
(43) International Publication Date: 29 April 1999 (29.04.99) |
|
(21) International Application Number: PCT/IL98/00510 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, |
! BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl. GB, GD.
(22) International Filing Date: 19 October 1998 (19.10.98) | GE, GH, GM, HR, HU, ID. IL, 1S, JP, KE, KG, KP, KR,
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN.
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK.
(30) Priority Data: SL., TJ, T™M, TR, TT, UA, UG, US, UZ, VN, YU. ZW,
122015 22 October 1997 (22.10.97) IL ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM).
i European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
(71) Applicant (for all designated States except US): CLUE AS. GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, |
[NO/NOJ; P.O. Box 1723, N-5024 Bergen (NO). BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN,
TD, TG).

(72) Inventor; and |

(75) Inventor/Applicant (for US only): MIZRAHI, Joseph [IL/IL];

!

Einstein Street 27a, 34604 Haitfa (IL). i Published
With international search repor:.
(74) Agent: LAVIE, Simon; P.O. Box 6202, 31061 Haifa (IL). Before the expiration of the time limit for amending the
claims and 10 be republished in the event of the receipt of
amendments.

i

(54) Title: A SCRUBBER FOR THE TREATMENT OF FLUE GASES

ﬂuesg:;s o::l on basic solution 1 water makeup flue gases
FIRST SECOND INTEEHEDIATES I out
R ¥ AN hA
L | f A N /I |
' : g } ¥
- . T - X reheater |
T H - Tt
— A It f1 b
‘ = : 1 i ! option
“ :: demlswﬂ : ! LAST !
| 1 b b1 l
4 3 | '
(
A

| | cooling tower
concentrated soiution out (option)
Schematic illustration of the novel scrubber

(37) Abstract

The invention relates to a novel and most efficient scrubber for the treatment of flue gases from power generation plants or from
chemical plants, in order to absorb objectionable impurities, such as SOz, SO3, HCI, nitrous oxides, into a water—based solution, in which
solids are not substantially precipitated. The novel scrubber comprises: a horizontal chamber, with 2 basis rectaneular vertical cross section, |
divided along the horizontal axis into a number of compartments by vertically—draining demisters covering the whole vertical cross section: ,
a shallow liquid—collecting sump in each compartment, which can be sloped in any convenient direction; a pump which distributes the |
liquid from each such sump, at a controlled low-rate to a series of spray nozzles in the same compartment, generating 3-5 vertical "falling |
curtains" perpendicularly to the gas flow and covering the whole vertical cross section, while the liquid drops fall back into the sump.
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A SCRUBBER FOR THE TREATMENT OF FLUE GASES
The present invention relates generally to a novel and most efficient scrubber
for the treatment of flue gases from power generation plants or from chemical
plants, in order to absorb objectionable impurities, such as SO, SO,;, HCI,
nitrous oxides, into a water-based solution, in which solids are not

substantially precipitated.

BACKGROUND OF THE INVENTION.

Flue gases from power generation plants and boiler houses contain
variable amounts of SO,, SOs, nitrous oxides or acids and similar impurities of
acidic nature, deriving from the fuel burned .Similarly, exit gases from many
chemical plants contain such compounds or similar impurities. These impurities
are known to be hazardous to the environment and it is generally required by
statutory regulations to treat these gases before their discharge 10 the
atmosphere, in order to reduce, as far as possible, the content of these
objectionable impurities. In some cases, CO; is also included inthis category.

There are many processes and methods actually used, generally
grouped under the name of wet Flue Gases Desuifurization (FGD), all of
which consisting of contacting the flue gases with an aqueous solution or
slurry, having a basic reaction, in order to absorb the objectionable impurities.
These processes and methods could be subdivided into:

a) alkaline slurry containing limestone or burned lime, generally resulting Iin a
slurry of calcium sulfite and/or sulfate crystals and a contaminated aqueous
solution bleed

b) alkaline solution of hydroxides of either alkali ( potassium, sodium }, alkaline
earth (calcium, magnesium ) or ammonium, resulting in solutions of sulfite
and/or sulfate salts in which solids are not substantially precipitated, and

c) dilute saline solutions, suc; as sea water, used on a on?em-“through basis.

An intimate contact between the flue gases and the slurry or solution is
required in order to absorb the acidic impurities into the aqueous solutions

and react them with the basic-reacting component. Such contact is carned-out

in specially-designed equipment, termed contactor, absorber or scrubber. The
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- term scrubber will be used in this application, although the other terms are

included in the scope of the present invention.

Generally, the industrial scrubbers used consist of vertical columns, in
which the slurry or solution 1s flowing downwards and the gases may flow either
downwards ( that is co-current contact ) or upwards ( that is counter-current
contact). In smaller operations in the past, packed columns and/or tray
columns were used. but counter-current spray-columns are now used more
extensively. Although the packed or tray columns give a more efficient contact
than sp'z:ay columns, they cannot operate with concentrated slurry, are much
more expensive to Install and create a larger pressure drop on the gas flow.

The design of Industrial scrubbers must accommodate contradictory
requirements; on one hand to adjust the liquid/gas volumetric flow-rates to a

workable range, by a significant internal liquid recycle, and on the other hand

00510
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to maintain a very small forwards net liquid flow, needed to provide a .

concentrated solution for further processing.

A counter-current spray column generally consists ( see illustration in
Figure 1) in an empty vertical cylindrical chamber with the following process
steps :

a) A solution or slurry 1s pumped under pressure and sprayed in the
upper part, by means of a large number of spray nozzles, organized in a
manifold system covering the whole horizontal cross section of the column, at
one or several different heights.

D) The resulting drops flow downwards and are collected into a sump at
the lower end of the column; a large part of the drops impinge with one another
In their flight and coalesces into larger drops.

C) The gases are introduced from an horizontal duct at one side of the
column, and their flow-lines must perform a 90° turn, before they can flow
vertically upwards, against the flow of drops; as a result, uneven velocities and

———— - o L

dead-zones are created.

d) The vertical contact results in both partial absorption and temperature
equilibration , as the gases can be cooled by water evaporation ; sometimes
small drops may be entrained upwards by the upraising gas fiow.

e) Above the upper row of spray nozzles , the gases are usually demisted

from entrained droplets before being discharged

2
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- f) The largest part of the solution or slurry from the sump is pumped back

to the sprayed nozzles and fresh solution or slurry is adaed to this stream; as &
result, a bleed stream of solution or slurry is removed continuously from the
sump and sent to a further processing step, which is an integral and
necessary part of any FGD process. |

This generally accepted configuration of spray-column scrubber has
been used in a large number of FGD plants producing calcium sulfite or sulfate
slurries. since it is simple to conceive and construct, and can be operated with
more o? Iesé concentrated slurries. It has however a number of inherent
deficiencies which impair on its effective applications in other processes ;
typical examples are :
a) The scrubber operates as one single equilibnum stage, at most, due to
the facts that the large liquid recirculation rate iIs from end-to-start and that the
concentration changes in the liquid cycle are relatively small. Any process
requiring more than one equilibrium stage ( In order to obtain a lower residual
concentration of objectionable impurities In the exit gases) cannot be
performed in a single spray column scrubber. The term counter-current Is
misleading here, since it refers only to the hydrodynamic flows but not to the
process results. In addition, in order to approach a one-stage equilibrium and
to provide for the necessary mass transfer driving force, the circulation load
must be increased considerably and excess reactants must be maintained,
leading to waste of unused reactant in the bleed stream .
b) Retatively low gas flow vertical velocities, generally less than 1 to 3
meter/second, are used to limit back-mixing and entrainment of liquid/slurry
drops, which would be counterproductive to the absorption process. The
lower gas velocities, in connection with the large volumetric flows of flue gases,
generally result in industrial columns with very large diameters.
C) These large diameters are combined with the significant heights
required for the different duties , ( i.e. collecting sump, gas turning section,
contacting section, separation and demisting ) result into very bulky columns,

with costly construction and foundations problems.

d) These significant heights also increase the pumping energy consumed

for slurry recirculation, using more expensive high pressure pumps.
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The object of the present invention is generally to provide a novel and more
efficient scrubber, which avoids, or at least reduces significantly, the above-
mentioned inherent deficiencies of the spray column scrubber and is
particularly suited for FGD processes aiming at high elimination efficiency and
using a water-based solution in which solids are not substantially precipitated.
Within this class of FGD processes, those using ammonia as the basic
reactant are of special interest, since these produce a concentrated solution
of ammonium sulfate which can be processed profitably into a variety of
fertilizers.

SUMMARY OF THE INVENTION

The novel scrubber comprises (see illustration 'in Figure 2) an horizontal
chamber with a rectangular cross section, divided along the horizontal axis
into a number of compartments by demisters. The gases enter through a duct
at one end and exit through a duct at the other end. The "picket-fence"
demisters between the compartments assure that gas flow lines are spread
evenly over the whole cross section area and that entrainment of drops
between compartments is kept to a minimum. If needed for layout constraints
or convenience, the horizontal axis can be bent or turned in any direction, or
even arranged as a horse-shoe complete turn-around.

In each compartment, there is a liquid-collecting sump and a centrifugal pump
(except possibly for the last one) which distribute the liquid to a series of 3-5
"failing curtains" of spray nozzles, perpendicularly to the gas flow. The liquid
drops return to the sump. The liquid sumps are arranged so that excess liquid.
from one sump overflows into the previous one, without possibility of liquid
back-flow. Water or a process solution is introduced in the last compartment
with respect to gas flow. Solutions of increasing concentrations are obtained
in the overflows from the different compartments, and a concentrated solution
iIs obtained from the first compartment's sump with respect to the gas flow,
which overflows into a collecting tank. The base reactant can be introduced in

any one, or several compartments, as more convenient for the process
considered.

It could also be sprayed into the hot flue gases entering the scrubber.
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The gas flow is contacted thoroughly in the series of compartments with
liquids with different controlied concentrations, establish;ng a true multi-stages
counter-current process configuration. The last compartment may serve also
for final demisting before the gases exit.

The novel scrubber avoids, or at least reduces significantly the

D

inherent deficiencies of the spray column scrubber listed above, in view of the
following :
a) It allows a true multi-stages counter-current process configuration,
iInstead 6f a single stage, by separating between /the Internal recycie needed to
10  adjust the liquid /gas volumetric flow-rates to a workable range, and the very
small forwards net liquid flow needed to provide a concentrated solution for
further processing. This results into :
- a smaller contact volume is required, due to the higher mass transfer
driving forces, and /or
15 - a more concentrated bleed solution is obtained for further processing,
and
- a lower residual concentration of objectionable impurities remains in the
outgoing gases
D) It allows working with  much higher gas velocities than in a spray
20  column, since the gas Is flowing perpendicularly to the drops gravity force, so
that the drops trajectory can only be moved sideways, until they impinge with
the vertical "picket-fence” demisters . This resuits into much smaller cross
section areas and "radial” dimensions.
C) ~The horizontal configuration allows for light-weight construction, at any

convenient height, and easily adaptable to industrial layouts, as it can be bent

2
U

and installed on the roof or at roof level . The sumps needed are very shallow
and could be slopped in any direction, as convenient.

d) The pumping head needad is lower, by at least a factor of five, thus the
energy cost is much reduced and the pumps need nof be high pressure

30  models.

e) The separation of the solutions in the different compartments makes
possible the use of feed-back control on the imput of reactants for efficient
adjustment to fluctuations iIn operating conditions, and consequently,

minimizing the usage and waste of such reactants.

5
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BRIEF DESCRIPTION OF THE FIGURES:

Figure 1 represents a schematic illustration of a typical spray column
scrubber,

Figure 2 = represents a schematic illustration of the novel scrubber design,
Figure 3 represents a cross section through a picket-fence demister.

DETAILED DESCRIPTION OF THE INVENTION AND DRAWINGS

- The novel scrubber design generally consists of an horizontal empty
chamber with a rectangular cross section, divided along the horizontal axis into
a number of compartments, by "picket-fence” demisters. The fiue gases enter
at one end, pass horizontally thorough all the compartments and exit in a duct
at the other end . The last compartment serves for final demisting before
gases exit. The compartments are indexed in the direction of the gas flow.

These "picket-fence” demisters consist in 3, 4 or 5 rows of straight
pickets reaching from top to bottom of the chamber, each picket made from a
sheet bent at an angle opened against the fiow direction, as shown in Figure 3 (
cross section ). The function of the "picket-fence” demisters is to spread the
gas flow lines evenly over the whole cross section area and to reduce drops
entrainment between compartments to a minimum.

Although picket-fence demisters are efficient and have a'low-pressure
drop, other types of demisters can also be used, such as perforated plates,

meshed wires or bars, louvers, and so like.

If needed for layout constrains or convenience, the horizontal axis can
be bent or turned in any direction or even arranged as a circular or

horse-shoe complete turn-over.

At the bottom of each compartment, a liquid sump feeds a centrifugal
pump (except possibly for the-last one), which distributes the liquid to a series
of spray nozzles creating 3-5 "“falling curtains", perpendicular to the gas flow.
In this way, the circulation rate in each compartment can be fixed
iIndependently from the others. The lquid drops are collected back into the
sump, In the same compartment. The base reactant can be introduced in any

one compartment, or divided between several compartments, or sprayed into

6
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the hot flue gases entering the system. Process water, or a process solution s

introduced in the last compartment. |
The number of compartments can be chosen as required for the
particular process considered.

The gas flow is quenched and thermally equilibrated by water
evaporation in the different compartments with liquids at different controlled
concentrations, estabiishing a true multi-stages counter current process
configuration. The liquid sumps of the different compantments are arranged so
that excess liquid from one compartment overflows into the previous one,
without possibility of liquid back-flow.  Solutions.of increasing concentrations
are obtained in the overflows from the different compartments, and a
concentrated solution obtained from the first compartment's sump overflows
into a collecting tank ( scrubber's liquid output).

If it is required to cool the exit gases to limit the plume-effect, it is
possible to use water from an integrated cooling tower in the last compartment
and recycle them to the cooling tower from any intermediate comparntment.

Summing-up, the invention is based on a novel combination of the
following features, which reduces significantly the deficiencies generally
inherent in a spray column scrubber
a) The separate compartments allow for a true multi-stages counter
current process configuration with higher mass transter driving forces, instead
of a single stage in a spray column scrubber, due to the functional separation
between the internal liquid recycle needed to adjust the liquid/gas volumetric
flow-rates to a workable range, and the very small forwards net liquid flow
needed to provide a concentrated solution for further processing..

This results into a smaller equipment volume required, and /or into a
more concentrated bleed solutions for further solution, and / or into a lower
residual concentration of objectionable impurities in the exit gases
b) The hortzontal configuration allows much higher gasvelocities than in a
spray column, since the gas is flowing perpendicularly to the drops gravity
force, and the drops can only be moved sideways in a parabolic trajectory, until
they impinge with the vertical "picket-fence” demisters . This results into much

smaller cross section areas and "radial" dimensions and overall volume of the

scrubber.
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- C) The novel configuration allows a fiexible de;:ign and light-weight
canstruction, at any convenient height, easily adaptable to industrial layouts
without compromising on the functional performance., as it can be bent and
installed on the roof or at roof level . The sumps needed are very shallow and

could be slopped in any direction, as convenient.

Lh

d) The much lower pumping head needed, at least a factor of five, affects
the energy cost . The pumps need not be expensive high pressure models.
While the invention will now be described in connection with certain
preferréd embodiments in the following Examples, it will be understood that it is
10 not intended to Iimit the invention to these particular embodiments. On the
contrary, it is intended to cover all alternatives, modifications and equivalents as
may be included within the scope of the invention as defined in the appended
claims. Thus the following Examples which include preferred embodiments will
serve to lllustrate the practice of this invention, it being understood that the
15 particulars described are by the way of example and for the purposes of
llustrative discussion of the preferred embodiments of the present invention
only and are presented to provide what is believed to be the most useful and
readily understood description of the procedure as well as of the principles and
conceptual aspects of the invention.
20 In the examples presented below, the percentages given are by weight

uniess otherwise stated.

EXAMPLE 1 A flow of 400,000 Nma/hour of flue gases at 100°C. containing
2,360 ppm ( by volume ) of SO, and 10% water (by volume) is introduced in a 5

25  compartments scrubber of the novel design described in this application. A
stream of 9,500 kg/hour of a 15% ammonia solution is sprayed and evaporated
in the inlet duct, cooling the gases to 64°C. Cooling water at 28°C is added to
the last compartment and the exit gases are cooled to 40°C. and contained less
than 1% of the SO, in the fegd and less than 10 ppm ( b’;-:/—blume ) ammonia.

30 The water is removed from the second compartment and recycled to an
Integrated cooling tower, with the exception of a very small flow overflowing to

the first compartment. 4,980 kg/hour of a 30% ammonium sulfite is obtained
from the first compartment at 54°C.
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EXAMPLE 2 750,000 Nmy/hour of flue gases at 150°C containing 745 ppm

(by volume) of SO, and 10% water (by volume) are introduced in a
4-compartments scrubber of the novel design described in this application.
2.650 kg/hour of a 15% ammonia solution are sprayed and evaporated in the
inlet duct, cooling the gases

to 138°C. In amount of 2,840 kg/hour of a 30% ammonium sulfite overflowed

from the first compartment at 77°C. Cooling water at 28°C is added to the last

compartment and the exit gases are cooled to 40°C and contained less than 3%
of the SO; in the feed and less than 10 ppm ( by volume ) ammonia. The water
Is removed from the second compartment and recycled to an integrated cooling
tower, with the exception of a very small fiow overflowing to the first

compartment.

EXAMPLE 3 An amount of 1,750,000 Nm*hour of flue gases at 150°C
containing 1,000 ppm (by volume) of SO, and 10% water (by volume) is
Introduced In 2 6 compartments scrubber of the novel design described in this
application. A 15% ammonia solution ( 17,700 kg/hour ) is mixed with the inlet
gases, cooling them to 135°C. The resulting solution overflowing from the
first compartment at 72°C consists of 4,980 ka/hour of 30% ammonium

sulfite. Cooling water at 28°C is added to the last compartment and the exit

gases are cooled to 40°C and contained less than 1.5 % of the SO, in the feed
and less than 10 ppm ( by volume ) ammonia. The water is removed from the
second compartment and recycled to an integrated cooling tower, with the

exception of a very small flow overflowing to the first compartment.
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. A novel scrubber equipment for treatment of flue gases from a power
generation, metallurgical or chemical plant conducted process, in order to
absorb acidic impurities from the flue gases into a liquid being a water-basea
solution, without substantial precipitation of a solid, said scrubber equipment
comprising:

(a) a horizontal chamber having a basically rectangular cross section through
which flue gases flow, said horizontal chamber divided along a horizontal axis
into at least two compartments by a vertically-draining demister;

(b) a liquid-collecting sump disposed with each compartment;

(c) a pump disposed with each compartment to remove liquid from said sump
disposed with said compartment to at least two spray nozzles disposed in said
compartment to provide, "falling curtains” of the liquid that are perpendicular
to the flue gas flow so the liquid drains back into the sump;

(d) the liquid sumps of the different compartments are arranged so that
excess liquid from one compartment overflows into the previous one, without
possibility of liquid back-flow, the liquid from the liquid sump of the first
compartment overflows into a collecting tank, and water or a process solution
IS Introduced in the last compartment so that solutions of increasing
concentrations are obtained in the overflows from the different compartments
and a concentrated final solution is obtained in the sump of the first
compartment;

wherein the flue gases entering said horizontal chamber at one end and
exiting at the other end are thoroughly washed by the liquid in said
compartments with the liquid having different controlied concentrations of the
water-based solution in different compartments.

2. The scrubber equipment as in claim 1, wherein the horizontal axis is not a
straight line but is bent or tuned to fit the horizontal chamber within an
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available space.

3. The scrubber equipment as in claim 1, wherein each demister is formed by
at least one "picket-fence" between the compartments to have the flue gas
flow spread evenly across a cross section area that is vertical to the horizontal

axis and to keep the amount of liquid moved by the flue gas flow between the
compartments to a minimum.

4. The scrubber equipment as in claim 1, in which the number of
compartments is between 3 and 7.

5. The scrubber equipment as in claim 1, wherein the flue gas flow rate
through the horizontal chamber is between 3 and 12 meters/second.

6. The scrubber equipment as in claim 1, wherein cooling water from an
integrated cooling tower circuit is introduced in a last compartment and

recycled to be cooling water for any intermediate compartment.

7. The scrubber equipment as in claim 1, wherein a chemical reagent Is
introduced to the liquid in at least one of the compartments.
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Schematic illustration of the novel scrubber
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