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Abstract

The invention relates to a tray for a mass transfer column, having gas passage openings
distributed over the tray (1), and having at least one baffie (11) for flow diversion of liquid
flowing on the tray, it being possible for the tray (1) to be fed with a liquid via at least one
entry (3). The tray has at least one entry (3), at least one separating weir (5), which sepa-
rates the inflowing liquid into two streams, and at least two exits (12), or has at least two
entries (3) and at least one exit (12) for the liquid, each stream flowing along a flow path
(7; 9) to an exit (12). The invention further relates to a mass transfer column comprising

the tray, and to a use of tray and mass transfer column.
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1
Tray for a mass transfer column

Description

The invention relates to a tray for a mass transfer column, having gas passage openings
distributed over the tray, and having at least one baffle for flow diversion of liquid flowing

on the tray, it being possible for the tray to be fed with a liquid via at least one entry.

Mass transfer columns are, for example, distillation columns, absorption columns or strip-
ping columns, in which substances are separated by means of intense contact of liquid
phase with gaseous phase. The liquid phase here runs from top to bottom through the
column, while the gas phase rises from bottom to top through the column. Suitable inter-
nais bring the two phases into contact. Internals used include, for example, unordered
packings, generally in the form of a bed, ordered packings, or trays. These trays are fre-
quently configured as crossflow trays, where the liquid is supplied to the tray on one side,
runs over the tray, and runs off from the tray via a downcomer opposite the supply point.
Accommodated in the tray are mass transfer elements through wh'ich the gas rises through
the hiquid. The region in which the gas is supplied to the tray is also referred to as the “ac-
tive area’. In the entering downcomer, and in the exiting downcomer, there is a separation
of liquid from entrained gas. The downcomers therefore act as a conduit for degassed lig-

uid from one tray to the tray beneath it.

Mass transfer elements used on crossflow trays are, for example, sieve holes, fixed
valves, moving valves, bubble caps or tunnel caps. The skilled person selects the mass
transfer elements suitable for the particular application in dependence on that application —
for example, in dependence on physical data, gas and liquid volumes, boundary conditions
of the operation, and admissible temperatures or pressures. Sieve trays and valve trays

are generally not hydraulically sealed.

As a result of the absence of hydraulic sealing from sieve trays and valve trays, the liquid
is able to rain down on the lower tray through the mass transfer element before reaching

the exiting downcomer. This liquid bypass results in a reduction in the contact between
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2
gas and liquid, and is therefore undesirable. The undesirable bypass can be prevented by

selecting a gas load in the transfer element large enough to prevent premature raining by
the upward flow of the gases. The opening ratio of the gas passage area, however, cannot
be reduced ad infinitum, since reduced gas passage area is accompanied by a sharp rise

In the pressure drop, thereby adversely affecting the efficiency of the process.

In the case of trays with long liquid run lengths, as for example in the case of a large di-
ameter and hence a large distance between entering downcomer and exiting downcomer,
or if the liquid is diverted from the entering downcomer to the circulation downcomer by
corresponding disposition of baffles on the tray, a liquid gradient is established from the
entry side to the exit side. A liquid gradient in this context means the decrease in the static
pressure-drop component with the run length. Especially in the case of trays on which the
flow path of the liquid is prolonged because of baffles or other flow guides, the tray tends

toward uneven gassing and, consequently, toward raining in the entry region.

A large liquid run length may, however, be desirable — in order, for example, to obtain a
sufficiently high contact time of liquid with the gas. For this purpose it is known, from DE-A
10 2007 036 180, for example, to dispose entering downcomer and exiting downcomer on
the same side on a tray, and to provide, centrally between entering and exiting downcom-
ers, a baffle éround which the liquid on the tray is diverted. A further prolongation of the
flow path can be accomplished, for example, by providing a larger number of baffles, so

that the liquid runs in a meandering path over the tray.

If, in the process performed in the mass transfer column, it is necessary to supply or re-

move heat, it is known practice to provide heat transfer elements on the tray, in the form,
for example, of pipes through which a temperature control medium flows. In order to max-
Imize the heat exchange surface, the pipelines that are used for heat exchange are run for
as long as possible on the tray, and the liquid is conducted along these pipes by means of
baffles on the tray. By this means the run length is deliberately prolonged significantly.
This effect Is boosted in the case of large column diameters. Where pipelines are used for
heat exchange on the trays, it has emerged that uniform gassing of the tray is additionally

hindered and, therefore, that rainthrough occurs to an increased extent. In order to remove
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heat from the liquid or to supply heat to the liquid on the tray, the pipes through which the

temperature control medium flows are typically disposed in a plurality of layers, with pipes

lying parallel. It is usual to use 1 to 4 layers, each comprising 4 to 20 parallel pipes. Corre-
sponding trays in mass transfer columns on which heat transfer elements are disposed in
the form of pipes are described in WO-A 2008/132096, for example.

The liquid 1s fed to the tray typically by causing it to overflow via an inlet weir. This inlet
welr generally has a height of between 15 to 250 mm. If heat transfer elements are provid-
ed on the tray, the liquid has to flow through laterally between the individual heat transfer
elements in order to reach the region of longitudinal flow. Here it has emerged that, in the
case both of heat transfer elements with longitudinal flow impingement and of heat transfer
elements with transverse flow impingement, the gassing of the tray of the mass transfer
column is made much more difficult, and the tray rains down persistently over a longer
liquid stretch. This raining-through tendency on the part of the mass transfer column in-

creases In line with decreasing load, especially in the partial load range.

It is an object of the present invention, therefore, to provide a tray for a mass transfer col-
umn with which the raining-through of liquid is durably minimized. Another object is to ex-
pand downwardly the operating range of the mass transfer column — that is, to operate the
mass transfer column as far as possible without liquid raining-through, or with only a low

level of liquid raining-through, even in the partial load range.

This object is achieved by means of a tray for a mass transfer column, having gas pas-
sage openings distributed over the tray, and having at least one baffle for flow diversion of
liquid flowing on the tray, it being possible for the tray to be fed with a liquid via at least
one entry, wherein the tray has at least one entry, at least one separating weir, which sep-
arates the inflowing liquid into two streams, and at least two exits or has at least two en-

tries and at least one exit for the liquid, each stream flowing along a flow path to an exit.

As a result of the division of the liquid into two streams, the liquid run lengths on the tray
are shortened. As a result of this, the gassing of the tray in the inlet region of the liquid is

made easler, resulting in a uniform onset when the mass transfer column is started up.
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Raining down of liquid through the tray and the associated deterioration in separation effi-

ciency as a result of liquid bypass to the next tray can be effectively reduced in this way.
The operating range of the trays is extended downwardly in this way, thereby enabling

operation even with a relatively small partial load.

In one preferred embodiment, the flow paths on the tray are designed such that the length
of each flow path is substantially the same. As a result of the flow path lengths being sub-
stantially the same, it is ensured that the liquid flowing over the tray has a comparable res-
iIdence time on the tray independently of the flow path taken, and so is treated equally, with
the consequence, for example, in an absorption column, that the emerging liquid has a

substantially identical composition in each case, irrespective of the path taken.

In order to make the length of the flow paths substantially the same, it is particularly pre-
ferred for the separating weir to form two flow paths on the tray which are symmetrical to

one another. For this purpose, the separating weir serves, for example, as an axis of

symmetry.

In a mass transfer column comprising the tray of the invention, one possibility is to provide
trays each of the same design one above another, in which case the at least two exits of
one tray are brought together to form the entry for the next tray. It is preferred, however, to
provide trays alternately in each case, with the exits of the upper tray being utilized as the
entry for the tray beneath in each case. Accordingly, above and below a tray having one

exit and two entries, there is in each case a tray having two exits and one entry.

If more than two flow paths are provided, it is possible, for example, for trays having one
entry and two or more exits and, beneath them, trays having two or more entries and one
exit to be disposed above one another in alternation, with the number of exits or the num-
ber of entries corresponding in each case to the number of flow paths. The design in this
case Is preferably such that the exits of one tray form the entries for the underlying tray in
each case. It is particularly preferred, moreover, if the flow paths on the individual trays

correspond, so that the liquid on the trays flows in opposite directions in alternation in each

CasSe.
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For the gassing of the individual trays, gas passage openings provided may be, for exam-

ple, sieve holes, bubblecaps, tunnels, fixed valves or moving valves. It is particularly pre-
ferred if the gas passage openings are sieve holes. The number and the diameter of the
individual sieve holes in this case is dependent on the volume of gas conducted through

the column and also, furthermore, on the diameter of the column and hence on the diame-

ter of the trays.

If the mass transfer process performed in the column is one in which heat is released or in
which it is necessary to supply heat, it is additionally preferred to dispose heat transfer
elements on the tray. The heat transfer elements in this case are preferably disposed
along the flow paths on the tray. By disposing the heat transfer elements along the flow

path on the tray, the liquid flows along the heat transfer elements and so can be either

heated or cooled by the heat transfer elements.

Suitable heat transfer elements are any desired heat transfer elements known to the
skilled person. Thus, for example, electrically heated heat transfer elements may be pro-
vided for heating. As heat transfer elements, however, it is preferred to provide pipelines
through which a temperature control medium flows. These pipelines extend more prefera-

bly parallel to the flow path on the tray.

If the mass transfer process carried out is one in which heat is released, the pipelines have
a coolant flowing through them. The temperature of this coolant is below the temperature

of the liquid in the column, and so heat can be absorbed by the coolant. Correspondingly,

in the case of a mass transfer process In which heat has to be supplied, a hot temperature
medium Is conducted through the pipes. An example of a suitable heating medium here Is

steam.

In order to enlarge the heat exchange area it is possible to lay the pipelines in meandering
form on the flow path. In this case, the liquid then flows on the tray in cross-countercurrent
or cross-cocurrent to the liquid in the pipelines. It is preferred, however, {o make the pipe-

lines parallel to the flow path, so that the liquid on the tray flows in cocurrent or in counter-
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current to the temperature control medium in the pipelines. In this case, for increasing the

heat exchange area, it is especially preferred if two or more pipelines run parallel along-
side one another on the flow path. The plurality of pipelines running parallel alongside one
another on the flow path each form a layer. Depending on the height of liquid on the tray
and on the diameter of the individual pipes, it is possible to provide a plurality of layers of
pipelines one above another. In this case, the pipelines may be disposed flush above one

another or in each case with an offset to one another.

Depending on the width of the flow path on the tray, it is preferred to dispose 4 to 20 pipe-
lines in parallel to one another, which then form a layer. It is particularly preferred to dis-
pose 6 to 16 pipes parallel alongside one another. The number of layers of pipelines is

preferably in the range 1 to 6, more preferably 1 to 4.

In order to supply the pipelines with a temperature control medium, it is possible, for ex-
ample, to dispose a distributor on the tray, to which the pipelines are connected and via
which the pipelines are filled with the temperature control medium. At the other end of the
pipelines there is a collector in which the temperature control medium is collected and tak-
en off from the tray. In order to be able to supply the temperature control medium, the col-
lector and the distributor are each passed with at [east one port through the walls of the
column in which the tray is accommodated. This collector and distributor can also be inte-
grated into the column wall. In this case, the pipes are taken through a plate in a fluid-tight
manner, and open out into a port on the column wall. This produces better accessibility

and, in association with this, the possibility for repair of the pipes from the outside as well.

The pipelines used for temperature control may in one case extend over all of the flow
paths on a tray; alternatively, however, it is also possible for each flow path to be assigned
separate pipelines for temperature control. In order to obtain an extremely simple con-
struction, however, it is preferred to design the pipelines in such a way that each pipeline
runs along all the flow paths. As a result of this, one port for the supply of the temperature
control medium and one port for the removal of the temperature control medium are suffi-
cient. If separate pipelines are provided on each flow path, then the ports for the tempera-

ture control medium must also be provided for each flow path. It is also possible, further-
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more, to take the pipelines out and back again over all of the flow paths on a tray, so that

entry and exit to the pipelines are positioned alongside one another. This pipeline regime

results in a lower requirement for temperature control medium.

In order to be able to guide the liquid uniformly on the tray, it is preferred if each entry
comprises an entry weir. Via the entry weir, the liquid then flows into the respective flow
paths. The entry weir preferably has a height in the range from 15 to 250 mm, more partic-
ularly in the range from-25 to 150 mm. The entry weir is preferably provided on its top side
with a structured edge. The structured edge may have, for example, a zigzag, corrugated
or crenellated design. It is also possible, furthermore, to provide windows in the weir for
the entry of the liquid. These windows may be provided alternatively or additionally to the
structured edge. The structuring of the edge, and the windows, achieve a uniform distribu-

tion of the liquid over the entire width of the entry weir.

The height of the zigzags, corrugations or crenellations, and the size of the windows, are
dependent on the volume of liquid to be distributed. Preferably, the individual zigzags of
the zigzag design, the individual corrugations of the corrugated design or the individual

crenellations have a height of 5 to 50 mm, more preferably of 10 to 25 mm.

Alternatively or additionally to the distribution of the liquid via an entry weir, it is also possi-
ble to provide a liquid distributor which is disposed above the tray and has outflow open-
Ings through which the liquid is distributed uniformly onto the flow pathways. For this pur-
pose it is necessary to dispose the liquid distributor above the at least two flow paths in

such a way that all of the flow paths are supplied with liquid flow via the liquid distributor.

The distance of the bottom side of the liquid distributor and hence of the outflow openings
to the tray is preferably at a distance of 1 to 50 cm, more preferably of 5 to 30 cm and very
preferably of 10 to 15 cm above the topmost point of the heat transfer elements disposed
on the tray. In order to be able to adapt the liquid distributor to changing requirements, as
a result of a different liquid loading in the column, for example, it is possible to mount the
liquid distributor in such a way as to be adjustable by means, for example, of threaded
rods. If a liquid distributor of this kind is provided, it is preferably positioned above the lig-

uid contained on the tray, referred to as the froth layer.
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The design of the liquid distributor is such, for example, that it comprises a housing pro-

vided with the outflow openings, the housing accommodating an overflow container to
which the liquid to be distributed is supplied. The liquid then runs out of the overflow con-
tainer into the housing, from where it is distributed via the outlet openings onto the underly-

Ing tray.

A liquid distributor of this kind is described in EP-A 2008/054855, for example. Using a
liquid distributor of this kind, which brings about an improved onset behavior and a greater
load range in the partial load direction, in combination with the tray of the invention, results

In an additional extension to the partial load capacity.

The invention further provides a mass transfer column which comprises at least one of the
trays designed in accordance with the invention. Preferably each tray in the mass transfer
column is configured as described above. With particular preference the mass transfer
column Is designed such that, in each case in alternation, trays having two exits and one
entry and trays having two entries and one exit are disposed one above another, with the

exits of the upper tray forming the entries of the tray beneath in each case.

Each exit of a tray comprises an exit region having at least one exiting downcomer,
through which the liquid is conducted into the entry of the underlying tray. This exiting
downcomer ends In the entry, delimited by the entry weir, or in the liquid distributor. The
exiting downcomers in the exit region may be in any desired disposition. Thus, for exam-
ple, two exiting downcomers may be provided, located on opposite sides of the exit region.
Alternatively, there may also be two or more exiting downcomers alongside one another
on one side of the exit region. It is also possible to provide only one exiting downcomer in
the exif region. It is also possible to provide an exiting downcomer for each flow path, with
all of the exiting downcomers then opening out in a joint entry for the underlying tray. In the
case of one exit from a tray, it is preferred to mix the liquid of the individual flow paths in
the exit region, before It is applied to the next tray. This mixing may also be accomplished

by providing only one, joint exiting downcomer. In order to assist the mixing, it is addition-
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ally possible to provide static mixing elements in the exit region or in the exiting downcom-

er.

The column formed in accordance with the invention, with the trays of the invention, 1S
used preferably for preparing nitric acid. In this case, the column serves as an absorption
column, with the heat of absorption, produced in the absorption column in the course of
operation, being taken off through the heat transfer elements disposed on the tray, these

elements being designed in this case as a cooling element.

For the preparation of nitric acid, ammonia is first combusted catalytically with air over plat-
Inum meshes to form carbon monoxide and water. This reaction is carried out to complete
conversion, with an excess of oxygen. The nitrogen monoxide is oxidized further to nitro-

gen dioxide homogeneously by the excess oxygen.

The nitrogen dioxide is supplied to the absorption column as a gas stream. As the liquid,
water is added to the absorption column at the top. In the column, the nitrogen dioxide is

absorbed by the water, producing nitric acid and nitrogen monoxide.

A multitude of reactions proceed in the absorption column, both in the gas phase and in
the liquid phase. The heats of reaction and heats of absorption that occur are taken off via
the heat transfer elements on the tray. As a result of the removal of the heat, the equilibri-
ums In the Individual reactions are shifted appropriately. Moreover, the losses of NO, at
the top of the absorption column must be minimized. Attainment of the specifications for

the products removed from the column is heavily dependent on the column design. By
using an absorption column with the trays of the invention, liquid raining down during the
preparation of nitric acid is greatly reduced and an expansion is achieved in the operating

range, downwardly, thereby improving the partial load capacity.

The liquid may be added to the column via, for example, an external feed or by addition via
an internal liquid stream, as for example an exiting downcomer or an annular channel or

the like. This liquid passes via an entry pipe into the overflow container for example from
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outside the column and/or via the exiting downcomer of a tray situated above it, or, for

example, through a pipe from an annular channel.

In order to prevent bypass flow of the gas through the downcomer, it Is necessary to pro-
vide the exiting downcomer or the pipe of the annular channel with a gas-tight closure. For
this purpose, the overflow container is installed in the housing. The exiting doWncomer
opens into the overflow container below the liquid level. The exiting downcomer here
opens out into the liquid at preferably between 10 to 200 mm, more preferably between 20
to 100 mm and very preferably from 30 to 50 mm. The liquid level in the overflow container
IS specified by the height of the overflow container. This ensures that the exiting down-
comer or the pipe opening out from the annular channel is sealed in the housing inde-
pendently of the liquid level. The vertical distance of the overflow container to the housing
ought to be 10 to 250 mm, preferably from 20 to 150 mm and more preferably 10 to
100 mm. At the top edges, the overflow container preferably has a series of overflow jags
with a height of 2 to 20 mm, more preferably 10 to 15 mm, in order to produce uniform

distribution of the liquid into the housing.

With the liquid distributor, the liquid ought preferably to be distributed at the furthest point
of the liquid offtake as uniformly as possible via the heat transfer elements to the feed line
or removal line of the heat transfer medium thereof. In the case of heat transfer elements
which extend in a meandering form along the flow paths, the supply of liquid is preferably

central via the heat transfer elements.

Using a submerged liquid system effectively prevents gas rising in the form of a bypass
through the exiting downcomer. It is ensured that the entire gas flows through the gas pas-
sage openings in the tray. The submerged liquid system is realized by ending the at least

one exiting downcomer beneath the level of liquid in the entry of the underlying tray.

Working examples of the invention are shown in the figures and illustrated in more detail in

the description below.

In the drawings
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figure 1 shows a three-dimensional view of an inventively designed tray having two flow

paths:;

5 figure 2 shows a plan view of an inventively designed tray having two flow paths;

figure 3 shows a schematic view of a liquid distributor in side elevation;

figure 4 shows a schematic view of the liquid distributor from figure 3 in plan view.
10
Figure 1 shows a three-dimensional view of an inventively designed tray having two flow

paths.

An Inventively designed tray 1 has an entry with an entry region 3 via which the tray 1 is
15  fed with a liquid. For this purpose, the liquid flows from the entry region 3 onto the tray 1.
The entry region 3 here is preferably limited by an entry weir. In accordance with the in-
vention, the liquid is separated by a separating weir 5 into a first flow path 7 and a second
flow path 9. In the embodiment shown here, the first flow path 7 and the second flow path
9 are designed axially symmetrical to the separating weir 5.
20
In the embodiment shown here, each of the flow paths 7, 9 has two baffles 11, around
which the liquid is diverted, so that it travels a meandering path. Located at the end of the
flow path 7, 9 is an exiting downcomer 12. The liquid flows from the tray through the exit-

ing downcomer 12, to an underlying tray or into the bottom, from which the liquid can then

25  be taken off. If there is a further tray located beneath the tray, the exiting downcomers 12

are at the same time the entries for the underlying tray.

In accordance with the invention, there are also heat transfer elements 13 located on the
tray, and in the embodiment shown here they are designed as pipelines. The heat transfer
30 elements 13 are utilized in order to take off heat produced in a mass transfer process car-
ried out on the tray, or to supply heat needed for a mass transfer process. Where the mass

transfer column with the inventive tray 1 is used in the preparation of nitric acid, heat of
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absorption s released, and can then be taken off via the heat transfer elements 13. In or-

der to obtain a sufficiently large heat transfer area, a plurality of pipelines run as heat
transfer elements 13 in parallel via the flow paths 7, 9 formed on the tray 1, from a distribu-
for 15, via which a temperature control medium is applied to the pipeline, to a collector 17.
In the collector 17, the temperature control medium from all of the pipelines runs together

and can then be drawn off from the tray.

In addition to the embodiment shown here, in which one layer of pipelines positioned
alongside one another is disposed, it is also possible for more than one layer of pipelines
to be positioned one above another. In this case, the pipelines may be disposed each flush
above one another or else with an offset to one another. The number of layers of pipelines
used Is dependent on the diameter of the pipes and on the height of the liquid level on the

tray in ongoing operation. The number of layers of pipelines should be selected such that '

all of the pipelines in operation are always covered by liguid.
A plan view of the inventively designed tray having two flow paths is shown in figure 2.

The tray 1 is supplied with the liquid via the entry region 3, which is fed with liquid from an
overlying tray via two exiting downcomers 3a, 3b. The liquid flows onto the tray 1 via an
entry weir 19. A uniform distribution of the liquid over the entire width of the entry weir 19 is
achieved by the entry weir 19 having a structured top edge. The edge may have, for ex-
ample, a zigzag, corrugated or crenellated design. Alternatively it is also possible to pro-

vide windows in the entry weir 19, through which the liquid will be distributed.

In addition to the variant shown here, having two exiting downcomers 3a, 3b of the overly-
Ing tray, which end in the entry region 3 and are disposed on two opposite sides of the
entry region 3, it is also possible to dispose one or more exiting downcomers parallel to the
entry weir 19 in the entry region 3, or to position the exiting downcomers along the column
wall. In order to avoid upward rise of gas through the exiting downcomers 3a, 3b, they
preferably end below the liquid level in the entry region 3. Correspondingly, the exiting

downcomers 12 also end below the liquid level of the entry of the underlying tray, in order

to prevent gas passage.
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After the entry weir 19 has been overfiowed, the liquid is distributed onto the two flow
paths 7, 9. The flow of the liquid is shown here with arrows, and runs from the entry 3 via

the entry weir 19 along the first flow path 7 or the second flow path 9 to the associated

exiting downcomer 12.

If there is a further tray located in the column beneath the tray 1, then it is particularly pre-
ferred for said tray to have an entry at each of the positions at which the tray shown here
has the exiting downcomers 12. The liquid then flows via the respective entry into the first
flow path 7 or second flow path 9, and flows, opposite to the direction shown in figure 2,
along the flow paths 7, 9. The liquid is then collected in an exit which lies at the position at
which the entry is In the embodiment shown in figure 2. The construction of a tray posi-

tioned above the tray shown here is also corresponding.

In the embodiment shown In figures 1 and 2, there is additionally a rise-through opening

20 located in the entry region 3, which is closed in operation.

In addition to the embodiment shown in figures 1 and 2, with two symmetrical flow paths, it
Is also possible, alternatively, to provide more than two flow paths or to make the flow
paths nonsymmetrical. It is advantageous, however, to give the individual flow paths each

substantially the same length, irrespective of the number and design of the flow paths.

Alternatively to the entry of the liquid via an entry weir 19, as shown in figure 2, the distri-

bution of liquid via a liquid distributor is possible as well. A liquid distributor of this kind is

shown schematically in figure 3 in side elevation and in figure 4 in plan view.

A liquid distributor 21 comprises a housing 23, the bottom side of the housing 23 having
outflow openings 25, here shown schematically by means of arrows. The outflow openings
may be disposed, for example, in rows on the base of the housing 23. In that case it is
possible to design the outflow openings 25, for example, in the form of individual holes

having a round cross section, or else as slots. In order to obtain uniform distribution of the
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liquid, the outflow openings 25 are disposed in uniform distribution over the base of the

housing 23.

The liquid to be distributed via the liquid distributor 21 is supplied via an exiting downcom-
er 12 to an overflow container 29. If the liquid distributor 21 is located above the upper-

most tray in the column, the liquid is preferably supplied via an immersed pipe from a liquid

distributor.

The exiting downcomer 12 opens into the overflow container 29, and so the outlet from the
exiting downcomer 12 is disposed below the level 31 of liquid in the overflow container 29.

As a result of this, a seal is produced relative to gas in the column, and so no gas can flow

Into the exiting downcomer 12.

The liquid subsequently flows from the overflow container 29 into the housing 23, in which

it flows over the side walis of the overflow container 29. From the housing 23, the liquid

then flows through the outflow openings 25 onto the tray 1.

In order to obtain a uniform distribution of liquid onto the individual flow paths, the liquid

distributor 21 is located preferably centrally above the separating weir 5.

In the embodiment shown in figure 3, two layers of heat transfer elements are provided for

the purpose of temperature control of the liquid on the tray 1, the heat transfer elements

each being designed in the form of pipelines and being disposed flush above one another

In Individual layers. The heat transfer elements 13 are completely covered by the liquid

present on the tray 1. The quuid‘level of the liquid on the tray 1 is designated by reference

symbol 33.

In accordance with the invention, the liquid distributor 21 is disposed above the liquid level
33 on the tray 1. The liquid therefore flows first from the liquid distributor 21 through the

outflow openings 25 through gas, before it impinges onto the liquid on the tray. The flow of
the liquid in the liquid distributor is shown schematically with arrows in each case in figures
3 and 4.
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For the distribution of the liquid on the tray, the outflow openings 25 are disposed prefera-

bly in 1 to 30 rows, more preferably in 2 to 20 rows and very preferably in 3 to 7 rows. In
this case, each of the rows has 10 to 50, preferably 20 to 40, holes. The individual rows
are disposed preferably parallel to the outer edges of the housing 23. The orientation of
the liquid distributor 21 in this case Is preferably such that the rows of outflow openings 25
are disposed preferably at an angle of 30° to 90° over the longitudinal direction of the
pipes of the heat transfer elements 13. This disposition allows extremely uniform distribu-

tion of the liquid in flow direction over all of the paraliel pipes 13.

The diameter of the outflow opening%_ IS situated preferably in the range from 1 to 30 mm,

more preferably 5 to 20 mm, very preferably 7 to 12 mm.

In order to ensure a particularly uniform liquid distribution, it is advantageous if the housing
23 has a sag of not more than 2 mm at the bottom side, and an evenness of the level gra-
dient of less than 1 mm per 1 m length. This sag may readily be obtained with a suitable

selection of material or by means of structural measures, such as reinforcing ribs, for ex-

ample.
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List of reference symbols

Tray

Entry

3a, 3b Exiting downcomer

5

7

9

11
12
13
15
17
19
20
21
23
25
29
31
33

Separating weir
First flow path
Second flow path
Baffle

Exiting downcomer

Heat transfer element

Distributor

Collector

Entry weir
Rise-through opening
Liquid distributor
Housing

Outflow openings
Overtlow container

Liquid level

Liquid level on the tray 1
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CLAIMS:

A tray for an absorption column for preparing nitric acid, having gas passage open-
ings distributed over the tray (1), and having at least one baffle (11) for flow diversion
of liquid flowing on the tray, it being possible for the tray (1) to be fed with a liquid via
at least one entry (3), and wherein heat transfer elements (13) are disposed on the
tray (1) along the flow paths (7; 9) in each case, the heat transfer elements being
designed as cooling elements, wherein the tray has at least one entry (3), at least
one separating weir (5), which separates the inflowing liquid into two streams, and at
least two exits (12), or has at least two entries (3) and at least one exit (12) for the

liquid, each stream flowing along a flow path (7; 9) to an exit (12).

The tray according to claim 1, wherein the flow paths (7; 9) are designed so that the

length of each flow path (7; 9) is substantially the same.

The tray according to claim 1 or 2, wherein baffles (11) are disposed on the tray (1)

~ for flow diversion, so that meandering flow paths (7; 9) are formed by the baffles

(11).

The tray according to any of claims 1 to 3, wherein the separating weir (5) forms two

flow paths (7; 9) on the tray (1) which are symmetrical to one another.

The tray according to any of claims 1 to 4, wherein the gas passage openings are

sieve holes, bubblecaps, tunnel caps, fixed valves or moving valves.

The tray according to any of claims 1 to 5, wherein the heat transfer elements (13)

are pipelines through which a temperature control medium flows.

The tray according to claim 6, wherein the pipelines extend parallel to the flow path
(7:9).
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The tray according to claim 6 or 7, wherein 4 to 20 pipelines disposed parallel to one

another form one layer in each flow path (7; 9), and 1 to 4 layers are disposed one

above another.

The tray according to any of claims 1 to 8, wherein the entry (3) comprises an entry

weir (19) via which the liguid flows into the respective flow paths (7; 9).

The tray according to any of claims 1 to 9, wherein the entry (3) comprises a liquid
distributor (21) which is disposed above the tray (1) and has outlet openings (25)
through which the liquid Is distributed uniformly onto the flow paths (7; 9).

The tray according to claim 10, wherein the liquid distributor (21) comprises a hous-
Ing (23) provided with the outflow openings (25), the housing (23) accommodating an
overflow container (29) to which the liquid to be distributed is supplied.

A mass transfer column for intense contact of a gaseous phase with a liquid phase
for preparing nitric acid, the liquid phase being added via a liquid distributor at the
top of the mass transfer column and the gas phase being added via a gas distributor
at the bottom of the mass transfer column, a gas phase being taken off at the top of
the mass transfer column and a liquid phase being taken off at the bottom of the
mass transfer column, wherein the mass transfer column comprises at least one tray

according to any of claims 1 to 11.

The mass transfer column according to claim 12, comprising at least two trays ac-
cording to any of claims 1 to 12, where each tray, always in alternation, has one en-
try and two exits, and a tray lying directly under it or over it has two entries and one

exit, and in each case the at least one exit of one tray forms the entry of an underly-

Ing tray.
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