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COLUMN FOR COUNTER-CURRENTLY CONTACTING GAS AND LIQUID The present
invention relates to a normally vertical column for counter-currently
contacting gas and liquid to exchange heat and/or matter between the gas
and the liquid. The column is provided with inlets and outlets for fluids.
The position of the inlets and 5       outlets depends on the use of the
column: when the column is used to remove contaminants from a gas mixture
by counter-currently contacting the gas mixture with an absorbent liquid
the column has a gas inlet and a liquid outlet arranged in its lower end
and a liquid inlet and a gas outlet arranged in its upper end, and when the
10       column is used for distilling a feed the column has a feed inlet
arranged near its middle part, a gas inlet and a liquid outlet arranged in
its lower end and a liquid inlet and a gas outlet arranged in its upper
end. In counter-currently contacting gas flows upwards and liquid 15
flows downwards through the column. To allow contacting of upwardly flowing
gas and downwardly flowing liquid, the column is provided with a plurality
of horizontal contact trays arranged axially spaced apart in the column.
Such a contact tray can be a so-called crossflow contact tray or a
so-called counter-current contact tray. 20       A crossflow contact tray
is provided with passages and a downcomer which opens below the contact
tray, wherein during normal operation gas flows upwards through the
passages and liquid flows from the contact tray downwards through the
downcomer. A counter-current contact tray is provided with passages only
and with no downcomer, 25       wherein during normal operation gas flows
upwards through the passages and liquid flows from the contact tray can
trickle downwards through the passages. During normal operation of a column
provided with a crossflow contact tray gas flows upwards through the
passages of the contact 30       tray and liquid is supplied onto the
contact tray through the downcomer of the next higher contact tray. Liquid
collected on the    WO 95/25571
PCT/EP95/01078 -2- contact tray forms a layer and contacting of gas and
liquid takes place in the layer of liquid on the contact tray. The
thickness of 



the liquid layer is determined by the height of the weir of the downcomer.
Liquid flowing over the weir is removed through the 5       downcomer, and
gas disengaged from the liquid on the contact tray flows upwards to the
next higher contact tray on which it is again contacted with liquid. Sme
liquid will be entrained with the upwardly flowing gas, and the presence of
liquid in the gas adversely affects the performance of the column. 10
To reduce the amount of entrained liquid it has been proposed in USA patent
specification No. 1 983 762 to add to the column a plurality of horizontal
separation trays provided with swirl tubes and with means for removing
liquid from the-separation tray, wherein each separation tray is arranged
above a contact tray. The next 15       higher contact tray is then
arranged above the separation tray. A swirl tube is a circle cylindrical
pipe in which swirl imparting means are arranged. During normal operation
gas with entrained liquid flows through the swirl tube, and the swirl
imparting means cause the gas to rotate; -under influence of 20
centrifugal forces entrained liquid moves away from the centre of the swirl
tube and is collected on the inner surface of the circle cylindrical pipe
where a film of liquid is formed. At the upper end of the pipe the liquid
film breaks up and liquid droplets move away from the pipe; these liquid
droplets should fall on the separation 25       tray. The path of some of
the liquid droplets will be such that they hit the contact tray above the
separation tray, and they are entrained through the passages of that
contact tray. To reduce this entrainment the upper ends of the swirl tubes
discharge straight into the passages of the contact tray above the
separation tray, so 30       that the gas flows towards the passages of the
contact tray and the liquid hits the contact tray around the passages.
Thereto the known separation tray comprises as many swirl tubes as there
are passages in the next higher contact tray, wherein the diameter of the
swirl tubes is equal to the diameter of the passages in the next higher 35
contact tray, and wherein the layout of the swirl tubes is similar    -3-
as the lay out of the passages. Consequently the net free area of the known
separation tray equals the net free area of the contact tray. The net free
area of the 



separation tray is defined as the area of the passages in 5      the swirl
tubes divided by the active area of the separation tray, and the net free
area of the contact tray is defined as the area of the passages divided by
the active area of the contact tray. A disadvantage of the known column is
that a large number of swirl tubes 10      are required, and this makes the
known column expensive. East German patent specification No. 109 806
discloses a column for counter-currently contacting gas and liuid having
inlets and outlets for fluids, is provided with a plurality of horizontal
contact trays 15      arranged axially spaced apart in the column, each
contact tray Deing provided with passages, and which column is further
provided with a plurality  of horizontal separation trays provided with
swirl tubes and with means for removing liquid from the separation t-ay,
each 20      separation tray being arranged above a contact tray. The known
separation tray further comprises a cover plate which is arranged above the
swirl tubes, the cover plate is provided with openinas through which tubes
extend downwardly, these tubes have a smaller diamet-e 25      than the
diameter of the swirl tubes and they extend into the upper ends of the
swirl tubes. A serious drawback of the known separation tray is that the
cover plate closes the space between the swirl tubes so that gas entrained
with the liquid cannot escape from this space. 30          It is an object
of the present invention to provide a separation tray which has an improved
gas/liquid. separation. To this end the column for counter-currently
contacting gas and liquid according to the present 33      invention is
characterized in that each swirl tube is AMENDED SHEET    - 3a - provided
with an annular U-turn deflector arranged over the upper end of the swirl
tube. The annular U-turn deflector guides liquid to the 



tray, and gas which is entrained with the liquid can pass between the
annular U-turn deflectors. During normal operation liquid droplets will
break away from the liquid film at the upper end of the swirl tube. The
liquid droplets are forced by the U-turn deflector to move downwards to the
separation tray. 10      Consequently the liquid droplets will not normally
move upwards to the next higher contact tray. Thus it is not needed that
the upper ends of the swirl tubes discharge straight into the passages of
the contact tray above the separation tray, and therefore in the column
according to the invention   the diameters of the swirl tubes are mucr
larger  than the diameter of the passages  in the contact tray. This
further  means that  less swirl  tubes can be used. Suitably the diameter
of a swirl tubes is at least three times the diameter of a passage, and the
diameter 20      of the swirl tube does [err] [err] AMENDED SHEET    WO
95/25571                                                  PCT/EP95/01078
-4- not exceed twenty times the diameter of the passage. A further
advantage of the column according to the present invention is that the net
free area of the separation tray is larger than the net free area of the
known separation tray. As the pressure 5       drop over the separation
tray increases with increasing gas velocity in the swirl tubes, and as this
gas velocity is inverse proportional to the net free area, the pressure
drop over the separation tray is smaller than the pressure drop over the
known separation tray. The invention will now be described by way of
example in more 10      detail with reference to the drawings, wherein
Figure 1 shows schematically a cross-sectional view of part of the column
for counter-currently contacting gas and liquid according to the present
invention, and Figure 2 shows schematically a cross-sectional view of part
of 15       an alternative column for counter-currently contacting gas and 



liquid according to the present invention. Reference is now made to Figure
1. The column 1 is provided with horizontal contact trays 5, 6, 7 and 8
arranged axially spaced apart in the column 1. The horizontal contact trays
5, 6, 7 and 8 20       are so-called sieve trays. A sieve tray is a flat
plate provided with passages in the form of holes in it; for the sake of
clarity the holes in the plates have not been referred to by reference
numerals. The horizontal contact trays 5, 6, 7 and 8 are provided with
downcomers 10, 11, 12 and 13, respectively. The downcomer 10 25       opens
below the contact tray 5 onto the next lower contact tray 6, and so on. The
tray in which downcomer 13 opens is not shown, and in practice the
downcomer pertaining to lowermost separation tray of the column will open
into the lower part of the column. The column 1 is provided with a gas
inlet and a liquid outlet 30       arranged in its lower end and a liquid
inlet and a gas outlet arranged in its upper end; the gas inlet, the liquid
outlet, the liquid inlet and the gas outlet are not shown in Figure 1.
Column 1 is furthermore provided with horizontal separation trays 15, 16
and 17, each separation tray 15, 16 or 17 being 35       arranged above a
contact tray 6, 7 or 8. The separation trays 15, 16    WO 95/25571
PCT/EP95/01078 and 17 are provided with swirl tubes 20, 21 arid 22. The
swirl tubes 20, 21 and 22 are internally provided with swirl imparting
means 25, for example swirl vanes. Each separation tray 15, 16 or 17 is
furthermore provided with means for removing liquid from the 5
separation tray in the form of a downcomer 29, 30 and 31. The downcomer 29
of separation tray 15 opens via downcomer 11 on the second contact tray 7
below the separation tray 15, and so on. Please note that the second
contact tray below separation tray 17 is not shown, and the separation tray
above contact tray 5 is not shown 10       either. Each swirl tube 20, 21
or 22 is provided with an annular U-turn deflector 34, 35 and 36,
respectively, arranged over the upper end of the swirl tube 20, 21 or 22.
During normal operation gas is supplied to the column 1 through 15
the gas inlet (not shown) at the lower end of the column 1 and liquid is
supplied to the column 1 through the liquid inlet (not 



shown) at the upper end of the column 1. In the column 1 gas and liquid are
contacted on the horizontal contact trays 5, 6, 7 and 8 to exchange
matter.and or heat, and after contacting liquid and gas 20       are
removed from the column 1 through the gas outlet (not shown) at the upper
part of column 1 and through the liquid outlet (not shown) at the lower
part of column 1. Excess liquid is removed from the contact trays 5, 6, 7
and 8 through the downcomers 10, 11, 12 and 13, and some liquid will be
entrained with the upward flowing gas. 25            The performance of a
column is determined by the maximum gas flow rate as a function of the
liquid flow rate; wherein the maximum gas flow rate is the gas flow rate at
which entrainment of liquid by the upwards flowing gas starts. To improve
the performance of the column, entrainment has to be 30       reduced. To
reduce entrainment of liquid the column 1 is provided with the separation
trays 15, 16 and 17. In the swirl tubes 20, 21 and 22 of the separation
trays 15, 16 and 17 the upwardly flowing gas with entrained liquid is
subjected to a centrifugal motion and as a result a liquid is separated
from gas. The separated liquid is 35       collected on the inner surfaces
of the swirl tubes 20, 21 and 22. At    WO 95/25571
PCT/EP95/01078 -6- the upper ends of the swirl tubes 20, 21 and 22 the
liquid will break away from the inner surfaces of the swirl tubes 20, 21
and 22. The U-turn deflectors 34, 35 and 36 direct the liquid which breaks
away towards the floors of the separation trays 15, 16 and 17. From 5
there liquid is removed through the downcomers 29, 30 and 31 which open in
the downcomers 11, 12 and 13 of the contact trays 6, 7 and 8. To illustrate
the improved performance of the column according to the present invention,
tests were carried out in a column having 10       an internal diameter of
45 cm. In this column four contact trays were installed with a tray spacing
of 600 mm. The contact trays were sieve trays with a net free area of 20%,
and each contact tray was provided with a downcomer opening below the tray.
The column was provided with four separation trays, each arranged directly
above a 15       contact tray. The separation trays were each provided with
5 swirl tubes having a diameter of 110 mm, and each swirl tube was provided



with a U-turn deflector. The net free area of the separation tray was 30%.
The column was operated for liquid flow rates which 20       corresponded
to flow parameters in the range of from 0.05 to 0.15, wherein the flow
parameter is defined as (L/G)*(pl/pg)[err][err]. For these flow parameters,
maximum gas flow rates corresponding to maximum load factors in the range
of 0.20 to 0.18 m/s were obtained, wherein the load factor is defined as Ug
(Pg/(Pl[err]-Pg)[err]. In the above 25       definitions: L is the liquid
flow rate in m3/s, G is the gas flow rate in m3/s, P1 is the liquid density
in kg/m3, pg is the gas density in kg/m3, and Ug is the superficial gas
velocity in m/s. The pressure drop over the combination of contact tray and
separation tray was between 500 and 4 000 Pa. 30            Now two
examples of columns not according to the invention are discussed. Without
the separation trays, the maximum load factor was about 0.12 to 0.10 for
the same flow parameters, and the pressure drop was between 250 and 2 000
Pa. Consequently the column according to the invention provides a high
maximum load factor at the expense 35       of a larger pressure drop.
WO 95/25571                                                  PCT/EP95/O1078
-7- Replacing the separation trays in the column according to the invention
by separation trays having a net free area of 20%, which is the same as the
net free area of the sieve tray, and the swirl tubes by swirl tubes with no
U-turn deflectors, results in a lower 5       maximum load factor and a
larger pressure drop. To separate liquid from gas the swirl tubes are
provided with an annular U-turn deflector. During normal operation liquid
flows upwards along the inner surface of the wall of the swirl tube, and
this liquid flows into an annular channel defined by the annular U- 10
turn deflector and the wall of the swirl tube. Liquid flows upwards along
the inner surface of the wall of the swirl tube and downwards along the
outer surface of the wall of the swirl tube. Some gas will flow with the
liquid through the annular channel. To suppress gas flowing with the liquid
through the annular 15       channel, the annular U-turn deflector is so
shaped that the part of the annular channel in which the liquid flows
downwards is 



converging in downward direction. This design of the annular U-turn
deflector is applied in the swirl tubes 20 as shown in Figure 1. The
surface area of the ring formed by the rim 40 of the U-turn 20
deflector 34 and the outer surface of the swirl tube 20 is smaller than the
surface area of the ring formed by the inner surface of the U-turn
deflector 34 and the outer surface of the swirl tube 20 at the top 41 of
the swirl tube. Alternatively entrainment of gas with liquid can be
prevented 25       by sealing the opening of the U-turn deflector by liquid
present on the separation tray during normal operation. This design is
applied in the swirl tubes 21, wherein the outer wall 45 of the U-turn
deflector 35 extends to below the top of the weir 47 of the downcomer 30.
30            To further reduce liquid entrainment, the swirl tube 22 is
provided with a droplet catcher in the form of a widening ring 49 arranged
at the gas outlet end of the U-turn deflector 36. In place of a sieve tray
the contact tray can be any suitable contact tray, for example a valve
tray. 35            In the above description of the invention, liquid
removed by    WO 95/25571
PCT/EP95/01078 -8 - the separation tray 15 was returned to the contact tray
7 below the contact tray 6 to which the separation tray 15 pertains; and
this also applied to the other separation trays 16 and 17. In the event
that the column is operated with low liquid loads, at least part of 5
the liquid separated by a separation tray can be returned to the contact
tray to which the separation tray pertains. This can be done by using
downcomer pipes arranged in openings in the separation tray, or by using
one downcomer that opens on the contact tray below the separation tray. 10
The invention provides an improvement of an existing column in that
entrainment of liquid with gas flowing to the next higher tray is reduced.
In this way the invention allows operating a column at a higher load
factor. Before the alternative embodiment of Figure 2 is discussed, 15
attention is paid to the effect of increasing the load factor on the
performance of a contact tray. To this end reference is made to 



contact tray 7 (Figure 1) having downcomer 12. During normal operation gas
flows upwards through the passages of the contact tray 7 and is brought in
contact with a layer of liquid present on the 20       tray 7. After
contacting liquid and gas separate, gas with entrained liquid flows upwards
and liquid in which some gas is dispersed is removed from the contact tray
7 through the downcomer 12. The downcomer 12 is filled with a gas-in-liquid
dispersion. The height of the liquid in the downcomer 12 is proportional to
the pressure 25       drop over the contact tray 7. Because this pressure
drop is proportional to the superficial gas velocity and thus to the load
factor, the liquid height in the downcomer is proportional to the load
factor. Since the liquid height cannot exceed the height of the downcomer
12, the height of the downcomer limits the load factor. 30           To do
away with the limitation formed by the downcomer of the contact tray, it is
proposed to replace the crossflow contact tray by a counter-current contact
tray which is a contact tray with no downcomer. Reference is now made to
Figure 2 showing an alternative 35       embodiment of the present
invention wherein parts that are similar    WO 95/25571
PCT/EP95/01078 -9- to parts shown in Figure 1 have got the same reference
numerals. The embodiment shown in Figure 2 differs in two ways from the
embodiment shown in Figure 1. First the contact trays have been replaced by
counter-current contact trays. For the sake of 5       simplicity only two
contact trays have been shown, these counter- current contact trays are
referred to with reference numerals 6' 7'. Second the downcomer of a
separation tray opens on the second contact tray below that separation
tray; this implies that the downcomer of the separation tray 15 extends to
the second contact 10       tray 7' below the separation tray 15 and that
the downcomer of the separation tray 16 extends to the second contact tray
(not shown) below the separation tray 16. The extended downcomers are
referred to with reference numerals 29' and 30'. For the sake of
completeness, reference numeral 50 refers to an extended downcomer 15
from a separation tray (not shown) arranged higher up in the column 1. 



During normal operation gas is supplied to the column 1 through the gas
inlet (not shown) at the lower end of the column 1 and liquid is supplied
to the column 1 through the liquid inlet (not 20       shown) at the upper
end of the column 1. In the column 1 gas and liquid are contacted on the
horizontal contact trays of which two are shown and referred to with
reference numerals 6' and 7' to exchange matter and or heat, and after
contacting liquid and gas are removed from the column 1 through the gas
outlet (not shown) at the 25       upper part of column 1 and through the
liquid outlet (not shown) at the lower part of column 1. Gas flowing
upwards through the column 1 is contacted with liquid from downcomer 29' on
contact tray 7' and with liquid from downcomer 50 on contact tray 6'. The
contact trays 6' and 7' are so- 30       called counter-current contact
trays which trays do not have a downcomer. The name counter-current contact
tray originates from the fact that, at low gas velocities, gas passes
upwards through the holes in the tray and liquid trickles downwards through
these holes. However, the column 1 of the present invention is operated at
35       relatively high load factors, which implies that the gas velocity
is    WO 95/25571
PCT/EP95/01078 - 10 - large enough to entrain liquid. Thus liquid is
removed from the tray 7' with the upwardly flowing gas, and liquid and gas
are separated in the swirl tubes 25 of the separation tray 16. Liquid
separated from the gas flows through downcomer 30' to a contact tray (not 5
shown) arranged below contact tray 7'. The upwardly flowing gas is
contacted with liquid on.contact tray 6', which liquid is supplied through
downcomer 50. Furthermore liquid is removed from the tray 6' with the
upwardly flowing gas, and liquid and.gas are separated in the swirl tubes
25 of separation tray 15. Liquid separated from the 10       gas flows
through downcomer 29' to the contact tray 7' arranged below contact tray
6'. There are two advantages associated with this embodiment. A first
advantage is that the downcomers 29' and 30' are higher than in the
embodiment as shown in Figure 1. Consequently the liquid 15       height
in-these downcomers can be higher and thus the column shown in Figure 2 can
operate at higher load factors. A second advantage 



is associated with the fact that the liquid separated by the swirl tubes 25
is substantially free from gas. Because liquid separated by means of swirl
tubes is substantially free from gas a substantially 20       clear liquid
flows through the downcomers 29' and 30'. This implies that, for the same
amount of liquid, the downcomer of a separation tray has a smaller
cross-sectional area than the downcomer of a contact tray which has to
accommodate a dispersion of gas in liquid. The difference is size can be up
to 75%. Consequently the useful 25       area of the contact trays 6' and
7' is much larger than that of the contact trays 6 and 7 as shown in Figure
1.    TS 0056 PCT N E W S E T 0 F C L A I M S 1. Column for
counter-currently contacting gas and liquid having inlets and outlets for
fluids, which column is provided with a plurality of horizontal contact
trays arranged axially spaced apart in the column, each contact 5      tray
being provided with passages, and which column is further provided with a
plurality of horizontal separation trays provided with swirl tubes and with
means for removing liquid from the separation tray, each separation tray
being arranged above a contact tray, 10      characterized in that each
swirl tube is provided with an annular U-turn deflector arranged over the
upper end of the swirl tube. 2. Column according to claim 1, characterized
in that each contact tray is provided with a downcomer opening 15
below the contact tray. 3. Column according to claim I or 2, characterized
in that the means for removing liquid from the separation tray includes a
downcomer opening below the separation tray. 20     4.  Column according to
claim 1, characterized in that each contact tray is provided with a
downcomer opening below the contact tray, and wherein the means for
removing liquid from the separation tray includes a downcomer opening into
the downcomer of the contact tray 25      below the separation tray. 



5. Column according to claim 3, characterized in that the downcomer of a
separation tray opens on the second contact tray below the separation tray.
6. Column according to claim 1, characterized in that 30      the means for
removing liquid from the separation tray includes a downcomer opening on
the second contact tray AMENDED SHEET    below the separation tray, and
wherein the contact tray is a counter-current contact tray. 7.  Column
according to anyone of the claims 3-6, characterized in that the outer wall
of the U-turn 5      deflector extends to below the top of the weir of the
downcomer. 8. Column according to anyone of the claims 1-6, characterized
in that the surface area of the ring formed by the rim of the U-turn
deflector and the outer surface 10      of the swirl tube is smaller than
the surface area of the ring formed by the inner surface of the U-turn
deflector and the outer surface of the swirl tube at the top of the swirl
tube. 9. Column according to anyone of the claims 1-8, l5
characterized in that the swirl tubes are provided with a droplet catcher
arranged at the gas outlet end of the U- turn deflector. 23 JAN 1996
MCS11/TS56PCT AMENDED SHEET    


