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[57] ABSTRACT

A method for treating a gas stream to remove heat, gaseous,
liquid or particulate matter, or add heat, vapor, or moisture,
which includes the steps of;

providing a tower having a bed with fluidizable hollow
ellipsoidal packing with a long semi-axis and a short
semi-axis;

introducing a liguid stream into the tower at a liquid flow
rate L, and countercurrently introducing the gas stream

into the tower at a gas flow rate G sufficient to maintain
the bed in a fluidized state and a gas velocity v; and

adjusting the volume ratio of the liquid flow to gas flow
to cause the ellipsoidal packing to circulate predomi-
nantly in the vertical direction relative to the long
semi-axis and to maintain a pressure gradient AP/H,
across the depth of the fluidized bed of at least about
1500 Pa/m. and. simultancously, to satisfy the equation:

L/G=K (AP/H_v)}+K,

wherein L/G is the volume ratio of liquid to gas; AP is the
pressure drop across the bed; H, is the bed height in a state
of rest; v is the gas velocity; and K, and K, are constants.

12 Claims, 7 Drawing Sheets
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FIG. 7
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METHOD FOR THE TREATMENT OF
GASES, ELLIPSOIDAL PACKING AND ITS
USE

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

[This is a continuation of application Ser. No. 07/767.

J

043, filed Aug. 2, 1991, now abandoned.]This is a reissue of 10

application Ser. No. 08/076,481, filed Jun. 14, 1993, issued
as U.S. Pat. No. 5,376,165, which is a continuation of
application Ser. No. 07/767,043, filed Aug. 2, 1991, now
abandoned, which is a continuation of PCI/EP90/02088,

filed Dec. 4, 1990.

FIEFLD OF INVENTION

The method relates to a method for scrubbing gases,
particularly to a method for removing unwanted substances
from gases by scrubbing them with a scrubbing liquid in a
scrubbing tower.

BACKGROUND INFORMATION AND PRIOR
ART

It is very important at the present time that the contami-
nation of the environment by any method, whether it be a
combustion process or a chemical method, be restricted to a
minimum.

For many years, it was customary to purify the gases,
which are formed during these processes, in a scrubbing
tower, in which the rising gases were scrubbed by being
sprayed from above by means of water or a suitable solution.
By these means, the pollutants in the gas were dissolved out
or separated and concentrated in the scrubbing solution.

To support the scrubbing process, the towers were previ-
ously provided with a static packing, which has a large
surface area relative to the gas and the water and contributes
to washing out the unwanted particles and chemicals from

the gas.

To be efficient, the scrubbing towers with stationary
packing frequently must be very tall and contain a large

amount of packing, so that the gases emerging from it has
been purified to such a degree, that the pollutant content is

safe for the environment.

To solve this problem, it was proposed that the packing be
replaced by spherical column packing material, which is
maintained in a fluidized state by the velocity of the gas that
is to be purified.

The advantages of using these spheres, which consist of
a chemical inert material such as polypropylene, lies therein
that the spheres are rotating and moving constantly. For this
reason, the particles, which are scrubbed out of the gas, do
not adhere to the spheres and thus do not block the scrubbing
process or increase the pressure drop.

However, the fluidized spheres have the disadvantage that
the fiuidizing gas tends to move the spheres from the center
of the tower to the sides. As a result, a hole is left in the
center of the tower and the gas can flow through this hole
without being subjected to a scrubbing process other than
the spraying with water or a different scrubbing liquid. If the
gas flows through the spherical packing, turbulence
develops, by means of which the scrubbing process is aided.

To solve this problem, it was proposed in the German
patent 36 13 151 that ellipsoids be used in a fluidized bed

scrubber mstead of spheres.
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The ellipsoids have a regular shape and a maximum and
minimum diameter, the wall being thickened in the region of
the larger diameter of the sphere. The ellipsoids are fluidized
by the gas stream already at the low velocity of 1 m/sec. The
individual ellipsoids carry out directed transverse motions
within the individual bed and. at the same time, rotate about
the short semiaxis. The use of hollow ellipsoids in gas
scrubbers is particularly advantageous, because the film of
liquid on the surface of the ellipsoid is frequently torm off
by the accelerated rotary motion and the exchange of
material is activated by the new formation of the film.

Rotation about its own axis produces a high circumfer-
ential velocity in the plane of the long semiaxis. This leads
to a directed flow of the scrubbing liquid on the contact
surface with intensive distribution from the edge to adjacent
contact elements. On the whole, a new, chargeable phase
boundary surface for material exchange is thus permanently
offered and the absorption performance and the particle
precipitation are thus improved.

OBJECTS OF THE INVENTION

It is an object of the present invention to improve further
the described properties of ellipsoid packing and to provide
an efficient method for scrubbing, by means of which almost
all unwanted, generally harmful substances are removed.

SUMMARY OF THE INVENTION

The inventive method consists therein that the gas is
introduced into a pipe with a bed of cllipsoids. the gas
velocity, the amount of gas and the amount of liquid being
so coordinated with one another, that the ellipsoids are
fluidized and induced to carry out a tumbling motion. In this
connection, it is of decisive importance that a pressure
gradient of more than 1,500 Pa/m is achieved in the packing
bed. A scrubbing liquid is passed in the form of droplets
through the ellipsoid bed counter to the direction of flow of
the gases, the scrubbing liquid constantly covering the
surface of the ellipsoids in the bed in order to offer the gas
a large surface arca. The harmful substances or the sub-
stances to be separated are transferred from the gas to the
scrubbing liquid and the latter, together with the separated
substances, are collected for removal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a comparison of a scrubbing tower utilizing the
method of the present invention to scrubbing towers which
utilize a fixed bed and a fluidized bed with hollow spheres,
respectively;

FIG. 2 illustrates the relationship between the mass trans-
fer coefficient and the pressure gradient in the method of the
present invention for the treatment of waste gas containing
NH, in Example 4;

FIG. 3 illustrates the relationship between the mass trans-
fer coefficient and the pressure gradient in the method of the
present invention for the treatment of waste gas containing
H,S in Example 5;

FI1G. 4 compares the relationship between the mass trans-
fer coefficient and the gas velocity for the present invention
to that of conventional fixed beds and a fluidized bed with
hollow spheres, respectively;

FIG. § illustrates the relationship between pressure gra-
dient and flow velocity in the method of the present inven-
tion at a constant water amount of 10 dm”/min;

FIG. 6 illustrates the proportionality between the pressure
gradient and the gas velocity in the method of the present
invention over a specified range of liquid to gas ratios; and
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FIG. 7 compares the relationship between the mass trans-
fer coefficient and the gas velocity in H,S removal for the
present invention to that of fixed bed and a fluidized bed

with hollow spheres, respectively.

DETAILED DESCRIPTION OF THE
INVENTION

The gas velocity is selected so that the ellipsoids are not
carried out of the fluidized bed formed by the gas stream.
Preferably, the gas velocity is 20% to 100% above the
minimum velocity required for fluidization. Under the con-
ditions selected. the ellipsoidal packing carries out a tum-
bling motion.

If the ratio of the radii (long axis to short axis) is selected
correctly, the ellipsoidal packing in the fluidized state
tumbles predominantly in the vertical position i.e. about the
long semiaxis of the ellipsoid.

In the case of the present method, the ratio of the
minimum radius to the maximum radius of the ellipsoid is
between 0.3 and 0.9. A further preferred ratio lies between
0.5 and 0.8. In order to reduce their mass, the ellipsoids are
preferably formed as hollow and not as solid bodies.
Preferably, they consist of a chemically inert material, such

as polypropylene.

It is advisable to keep the ellipsoids in individual cages
provided with openings. This reduces the risk that the
ellipsoids will be pulled along by the gas and carried out of
the bed.

Pursuant to the invention, provisions are made so that the
pressure gradient in the fluidized bed is more than 1.500
Pa/m. The pressure gradient is determined by the pressure
drop in the fluidized bed scrubber and is identical with the
pressure loss in the fluidized beds related to the packing
height in the state of rest of the scrubber. For example, in the
case of a multistep fluidized bed scrubber, the total pressure
drop must be divided by the overall height of the packings
(the sum of all the individual beds)., the height of the
packings being measured in the state of rest. If the pressure
gradient in the fluidized bed is more than 1,500 Pa/m, a high
mass transfer coefficient. a high heat transfer coefficient and
good dust deposition are achieved pursuant to the invention.
This is based on intensive interactions and good contact
between the packings.

Basically, it is possible to maintain the volume ratio of the
scrubbing liquid to gas, which is to be treated, between
0.001 to 0.01. At a gas velocity of more than 2.0 m/see, the
packings are in a fluidized state, the packings carrying out a
circulating motion in the space available in the fluidized bed
scrubber. Moreover. it is not possible to assign a defined
place to an individual packing.

In order to maximize the scrubbing effect of the liquid. it
is possible to dispose several beds one above the other in the
tower, so that the gas is passed consecutively through the
fluidized beds. The method can also consist therein that the
gas is exposed to different scrubbing liquids or solvents of
different concentrations in the individual beds. The liqud,
by means of which the gas is scrubbed, is collected prefer-
ably at the foot of the tower and processed, so that the
concentrated impurities are separated or recovered, before
the liquid is recycled to the scrubbing system.

For comparison purposes, the drawing (FIG. 1) shows two
towers of the state of the art and one tower. In which
ellipsoids are used and the inventive method is used.

The first tower 1 is provided with a fixed packing 2 to a
height of 6 m. The fixed packing consists of 50 mm tings.
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The diameter of the tower is 5.5 m. A gas, which is to be
purified, is fed in at the bottom of the tower through an
opening 3 and a scrubbing liquid is fed in at the upper edge
of the tower through an inlet opening 4.

The second tower 10 has three cleaning stages. which
comprise the three beds 11, 12, and 13. The beds are
equipped in each case with spheres with a diameter of 38
mun, which are held in individual boxes that are provided
with openings. The boxes are disposed horizontally in the
tower and the overall packing height of the three beds is 1.3
m. The diameter of the tower is 4.9 m. A gas, which is to be
purified. is passed in through the opening 14 and a purifying
liquid is introduced through pipe 1S at the upper edge of the
tower and distributed through nozzles uniformly over the
whole bed.

The third tower 20 has only a two-step cleaning element
with the beds 21 and 22. These beds are filled with ellipsoids
with a minimum diameter of 38 mm and a maximum
diameter of SO mm. The height of the individual beds in the
state of rest is 0.43 m. The tower has a diameter of 4.6 m.
The gas. which is to be purified, is passed in through the inlet
opening 23 and the purifying liquid is fed in at 24 and
distributed uniformly through nozzles over the packing bed.

Surprisingly, all towers, 1. 10 and 20, are able to purify
the same amount of gas at the appropriate gas velocity. In a
particular example, 100,000 m® of gas were purified per
hour. The gas was passed in through the appropriate inlet
openings 3, 14 and 23 and the appropriate scrubbing liquid
was fed into the respective inlet openings 4, 15 and 24. The
scrubbing liquid was sprayed there in the form of droplets by
means of nozzles onto the individual beds, the gas velocity
in towers 10 and 20 being selected, so that the elements of
the bed, that is, the spheres and the ellipsoids, were main-
tained in a fluidized state within the boxes.

As the water enters the beds of the scrubbing towers, a
thin film of liquid is formed on the packing. as a result of
which a large exchange surface between the gas and liquid
is formed. It was possible to wash the gas and remove the
H.S. The latter was dissolved in water with the addition of

a suitable oxidizing agent.

TABLE I

Tabie I shows the efficiency of various towers.

Fized Packing 38 mm Spheres Ellipsoids
Tower 1 Tower 1CG Tower 20

Efficiency % 903.3% 00.3% 09 .99%
Pressure Drop Pa 1,800 2,050 1,800
Pressure Gradient 300 1,577 4,100
Pa/m
Gas Velocity mv/s 1.2 1.5 1.7
Packing Height m 6.0 1.3 0.43
Bed Volume m® 142 24.5 7.1
Tower diam. m 5.5 49 4.6

Table I shows that the efficiency of tower 20. in which
ellipsoids are used, is almost 100% for purifying gases and
is higher than that of towers 1 and 10. To achieve this higher
efficiency, a compact tower is required and, as the numbers
show, less packing. The task of the packing in tower 20
consists of making possible a significantly higher velocity of
the gas that is to be treated. This means that the operating
and capital costs are less than in the case of towers 1 and 10,
in which a static or spherical packing was used. The method
of the present invention therefore offers appreciable advan-
tages over the known state of the art.

If the data given in Table II is taken into consideration, the
increase in the efficiency becomes clear.
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This shows that the use of the present invention offers a
TABLE II method for operating a scrubbing tower. which is signifi-
. . cantly more efficient and less expensive than the previously
EEE: &Etm AIPP[. roximate available methods. The ellipsoids, which are now available
Fluidizing Weight Area Nuraber Hmdmtfﬂ 5 under the trademark of “Scrubber-fill”, may deviate from the
Element g m¥m®  Example Velocity dimensions and weights, which are given in the examples.
The preferred ratio of the minimum to the maximum diam-
gg - :gg; g:g igi gg’g i:;j eter is, however, between 0.5 and 0.8 or most preferably 0.7
50 mm spheres 8.0 78 245,000 1.15 to 0.3.
30 mm spheres 10.0 78 243,000 1.29 10
ellipsoid 8.0 80 86,000 1.0 EXAMPLE 1
38/50 mm 7.0 80 86,000 1.0
| The Removal of Particulate Impuritics from Gases
Table II shows that a much smaller minimum fluidization (Dust Deposition)
velocity is required for the typical application when ellip- 1> y. hejoht of the packing was 0.28 m and the quantitative
soids are used than when the other different sizes are used. .44 of Jiquid to gas fell within the range of 0.003 to 0.004.
Moreover, the e]hpsold's have a suﬁfncnﬂy larg-e_.. effective More than 70% of the particulate impurities with a particle
S“ﬁfﬁ arfa lat a 1; elaﬁv_ely low k”:ebigh:ha?d “’13: a SIttemﬂd size of more than 1 pm were precipitated from the gas with
nfhfn ﬁ'rdotha cInents. it 1s m 1ble ‘j’;:h on the wﬂ? the 20 the scrubbing liguid.
ellipsoid, there is a very in mixing of the gas with the ) . . ,
liquid film, which flows over the ellipsoid. Because of this At a packing height of 0.28 m and a quantitative ratio of
mixing of the gas and the liquid. a maximum contact surface liquid to gas of between 0.003 and 0.04, 40% or more of the
is formed and the separation i S 2 maxi particulate impurities contained in the gas and having a
' " icle si ipitated with th
The ellipsoids themselves constantly change their orien- Eﬁfﬁ;ﬁ;ﬁfims than 1 pm were precipitated wi :
tation relative to the flow of the gas stream and join together 23 '
in various regiﬂns. EXAMPLE ?
Because of their shape, they do not tend to be forced to the _ _ |
sides of the bed. as is the case with spheres. This means that In a scrubber with a diameter of 1 m and a bed height of
the la_rgegt mass transfer co-efficient is achieved. As an 10 0.3 m, the heat transfer coeflicient was determined at a gas
example of this, Table I shows the adsorption of H,S inan ~ flow rate of 3 m/sec and a ratio by volume of liquid to gas
iron chelate solvent at different gas velocities. of 0.005. The number of the packings was 3.000. For the
heat exchange between air with 6% SO, and water, the heat
TABLE III transfer coefficient was 645,354 kcal/m /hour/°C. It was
NS TR P . therefore higher by a factor of 150 than the heat transter
turgélseﬁ;basggig 1\1:&]:1..3 2 gg:tzfe;c&mgnin a cylindrical. 35 coefficient of a fixed packing of Pall rings with a diameter
of 2 inches. The pressure gradient was 4.230 Pa/m
TABLE HIA EXAMPLE 3
- . 3y
Liquid Velocity: 0.000583 m/sec (10.0 dm™/min) 40  An HF-containing, dust laden waste gas from the alumi-

Packing: 37.5 mm hollow spheres

num fusion electrolysis was treated by the inventive method

Gas Velocity Mass Transfer Coefficient with water under the following operating parameters:
m/sec Kg moles/m’/sec/Pa
0. : ~7
Og i;iig—‘? 45 cross section of the scrubber 7 m X 4 mm = 28 m*
1] 26 x 10~ bed height in the state of rest 0.28 m
12 27 x 1077 number of steps (beds) 4
1.4 2.8 x 1077 pressure drop 820 Pa
1.7 29 % 107 Pﬂﬂﬁﬂg number per bed 21,% Scrubbertfills
5o B2 velocity 2.2 m/sec
volume ratio of liquid to gas L:G 0.004-0.006 = 4-5 dm’/m’
pressure gradient approx. 2940 Pa/m
TABLE HIB
Liquid Velocity: 0.000590 m/sec (10.0 dm®/min) Operating results
Packing: 48 mm X 35 ellipsoids 55 HF: crude gas: 40 mg/m’ purified gas: 0.4 mg/m° collec-
Gas Velocity Mass Transfer Coeffcient tion efficiency: 9% . \
m/sec kg mols/m>/sec/Pa dust: crude gas: 200 mg/m” purified gas: 28 mg/m
- collection eficiency: 86%
0.702 34,0 x 10~ " : \
116 29079 % 10~ Under these conditions, there is a pressure gradient of about
23 493.0 x 10~ 60 3,000 Pa/m. The efficiency of the HF absorption in this case
is about 99%, the precipitated dust portion being about 86%.
The experiments show that, for comparable gas velocities, EXAMPLE 4
the mass transfer coefficient is almost 100 times higher than
that for hollow spheres. At still higher gas velocities, which 65  In this example, an NH,-containing waste gas is treated

are not achievable with hollow spheres, the mass transfer
cocflicient is almost 200 times as high.

by the inventive method with water at the following experi-
mental parameters.
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bed diameter 0.6 m
bed height at state of rest 0.16 m
packing dimensions 50 X 38 mm
number of packings 500 packings
liquid throughput 10 dm?/min
volume ratio of gas to liquid 0.001-0.004

The mass transfer coefficient for the adsorption of NH, in
water was determined at different pressure gradients. FIG. 2
shows the relationship between the mass transfer coefficient
and the pressure gradient. Above a pressure gradient of
1.500 Pa/m, the mass transfer coefficients are very high and
lead to an increase in the absorption yield.

EXAMPLE 5

An H,S-containing synthesis gas was treated with a
Sulphanol solution according to the inventive method with
the following experimental parameters:

cross section of the scrubber lm

bed height in the state of rest 0.5 m
number of stages 2

packing dimensions 50 x 38 mm
number of packings per step 1500

gas velocity 0.6-2.1 m/sec
voluine ratio of hiquid to gas 0.0025-0.008

FIG. 3 shows the relationship determined in this example
between the mass transfer coefficient and the pressure gra-
dient for a constant flow rate of 10 dm’/min. Above a
pressure gradient of about 1,500 Pa/m. the mass transfer
cocflicient increases steeply. At the same time, the volume
ratio of liquid to gas (L/G) falls from 0.008 to 0.0025
because the liquid throughput is constant, while the gas
velocity is increasing. In comparison to this example, similar
experiments were carried out with a static packing and a
fluidized bed with hollow spheres (diameter of 20 inches).
FIG. 4 compares the relationships between the mass transfer
coefficient and the gas velocity for the different methods.
The mass transfer coefficients in a scrubber with the ellip-
soid packing employed in the inventive method at higher gas
velocities are therefore clearly higher than those for fixed
packings and fluidized beds with hollow spheres. Above a
pressure gradient of about 1,500 Pa/m. cormresponding to a
gas velocity in this application case of about 1.3 m/sec, the
mass transfer coefficient for ellipsoid packings increases
super-proportionally in comparison with the other two pack-
1ngs.

FIG. § shows the relationship between pressure gradient
and flow velocity at a constant amount of water of 10
dm’/min. The conditions, under which the ellipsoidal pack-
ing changes over to the fluidized state. are shown at the
lower end of the curve. As the gas velocity increases, the

liquid to gas ratio drops from 0.006 to 0.0015.

FIG. 6 reveals a proportionality between the pressure
gradient and the gas velocity for different liquid to gas ratios.
The pressure gradient increases or decreases as the liquid to
gas ratio increases or decreases. Preferably, the liquid to gas
ratio is (0.001 to 0.01; in FIG. 6, the region between 0.004
and 0.0035 is shown.

FIG. 7 compares the relationship between the mass trans-
fer coefficient and the gas velocity in H,S removal for the
present invention to that of fixed bed and a fluidized bed
with hollow spheres. respectively.

We claim:

1. A method for treating a gas stream to remove one or
more of heat or gaseous, liquid or particulate constituents of
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said stream or to add heat, vapor or moisture to said stream,
the method comprising the steps of:

providing a tower having a bed comprising fluidizable
hollow ellipsoidal packing having a long semi-axis and
a short semi-axis:

introducing a liquid stream into said tower, said liquid in
said stream having a liquid flow L;

countercurrently introducing said gas stream into said
tower, said gas stream having a gas flow G sufficient to
maintain said bed in a fluidized state and a gas velocity
V;

adjusting the volume ratio of said liquid flow to said gas
flow (L/G) to cause said ellipsoidal packing to be in a
fluidized state and to circulate predominantly in the
vertical direction relative to the long semi-axis and to

maintain a pressure gradient AP/H , across the depth of
said fluidized bed of at least about 1500 Pa/m. and,
simultaneously, to satisfy the equation:

L/G=K,(AP/H_v)}+K,

wherein
AP is the pressure drop across the bed;
H_ is the bed height in a state of rest;
v is the gas velocity; and

K, and K, are numerical constants.

2. The method of claim 1 wherein the volume ratio of said
liquid flow to said gas flow, L/G. ranges from 0.001 to 0.01.

3. The method of claim 1 wherein the equation reads as
follows:

APH_v=4.77+1.8(L/G)

wherein AP is in cm; H, is in m; v is in m/sec; and L/G 1s
the ratio of liquid to gas in dm’/m”.

4. The method of claim 1 wherein the ratio of the pressure
gradient to the gas velocity is about 730 Pa/m/m/sec for a
ratio of liquid to gas of between 0.001 and (.002.

5. The method of claim 1 wherein the gas velocity 1s set
at least at 1.75 m/sec in order to achieve a fluidized state and
the fluidized state sets in at about 1.300 Pa/m, for an L/G of
0.001.

6. The method of claim 1 wherein said fluidized bed has
a gas velocity of 1.15 m/sec, an 1L/G of 0.004 to 0.0035, and
a pressure gradient of 1,500 Pa/m.

7. The method of claim 1 wherein the ratio of the pressure
gradient to the gas velocity is 1.300 Pa/m/m/sec at a gas
velocity of 1.15 m/sec and a liquid to gas ratio of (.004 to
0.005.

8. The method of claim 1 wherein at least one of the
following gaseous materials: H,S, Cl,. SO,. HCl. HF. NH,,
CQ,. or water is removed from said gas stream.

9. The method of claim 1 wherein particulate impurities
arc removed from said gas stream. said method comprising
an L/G of 0.001 to 0.003 for particle sizes greater than 1 ym
and an L/G of 0.003 to 0.01 for particle sizes smaller than
1 pm.

10. The method of claim 1 wherein an exchange of heat
takes place between said gas stream and said liquid stream,
wherein for a diameter of the tower of at least 0.3 m and a
gas flow rate of 1 to 4.5 m/sec, an L/G of 0.001 to 0.01 is
employed.

11. The method of claim 1. wherein L/G ranges from
0.001 to 0.01.

12. The method of claim 1 wherein:

AP/H_v=1300 Pa/m*.s when L/G=0.004 to 0.005.

* % % kK
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