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‘40 singl e-sppge3p93nul ti stage separation operation to give at |east one
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‘Particul ar BF SB3t®%ce is given to a process in which carbon nonoxide is fed
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Carbon monoxide and hydrogen are usually used in the form of a
mixture, namely synthesis gas. The composition of the synthesis
30 gas used in the process of the present invention can vary within

'. a wide range. The molar ratio of carbon monoxide to hydrogen is
generally from 2:1 to 1:2, in particular from about 45:55 to
50:50.

35 The temperature in the hydroformylation reaction is generally in
a range from about 50 to 200°C, preferably from about 60 to 190°C,
in particular from about 90 to 190°C. The reaction is preferably
carried out at a pressure in the range from about 10 to 700 bar,
more preferably from 15 to 200 bar, in particular from 15 to

40 60 bar. The reaction pressure can be varied as a function of the
activity of the hydroformylation catalyst used.

Suitable pressure-rated reaction apparatuses for hydroformylation
are known to those skilled in the art. They include the generally
45 customary reactors for gas/liquid reactions, e.g. gas circulation
reactors, bubble columns, etc., which may be subdivided by means
of internals. The process of the present invention advantageously
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cyclopentyl or cyclohexyl. A is 1,2-ethylene or
40 1,3-propylene. L!, L2 and L3 are preferably each,
independently of one another, CO, COD, P(phenyl)s,
P(i-propyl)s, P(anisyl)s, P(OCyHs)3, P(cyclohexyl)s,
dibenzophosphole or benzonitrile.
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The output from the reaction zone can be subjected to a

40 single-stage or multistage separation operation to give at least
one stream comprising the major part of the hydroformylation
product and a stream comprising the major part of the unreacted
olefin. The saturated hydrocarbons which may be present in the
olefin used and the saturated hydrocarbons which may be formed as

45 by-products of the hydroformylation are generally also present in
the stream comprising the major part of the olefin. Depending on
the method of discharge, further streams such as offgases
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product which contains unreacted olefin and possibly saturated
hydrocarbon in dissolved form from the output from the reaction
zone and then subjecting the liquid crude hydroformylation
20 product to a degassing step in which a stream consisting
essentially of unreacted olefin and possibly saturated
hydrocarbon is obtained. The reaction output which has been freed
of the crude hydroformylation product is generally returned
wholly or in part to the reaction zone. To achieve degassing, the
25 crude hydroformylation product can be depressurized, heated
and/or treated with a stripping gas such as synthesis gas or
nitrogen. Degassing is advantageously carried out in a column by,
for example, feeding the crude hydroformylation product into the
middle region of the column, taking off the degassed
30 hydroformylation product at the bottom of the column and passing
‘ it to further work-up and taking off a liquid or gaseous stream
consisting essentially of unreacted olefin and saturated
hydrocarbon at the top of the column. The heat consumption of the
degassing column is preferably at least partly covered by the
35 heat withdrawn from the reaction zone.

The separation of the crude hydroformylation product from the
output from the reaction zone can be carried out in various ways.
It is possible, for example, to use the liquid discharge process
40 in which the essentially liquid, except for the synthesis gas
used in excess for the hydroformylation, output from the reaction
zone is depressurized so as to separate it into a liquid phase
consisting essentially of high-boiling by-products, the
homogeneously dissolved hydroformylation catalyst, possibly part
45 of the hydroformylation product and small amounts of unreacted
olefin and of saturated hydrocarbon and a gas phase consisting
essentially of hydroformylation product, unreacted olefin and
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The gaseous and liquid phases obtained initial y 1n the

depressurization stage can advantageously be worked up by the
10 process described in WO 97/07086. For this purpose, the liquid
phase is heated and introduced into the upper region of a column,
while the gas phase is fed in at the bottom of the column. The
liquid phase can be heated at least partly by means of the heat
withdrawn from the reaction zone. Liquid phase and gas phase are
15 conveyed through the column in countercurrent. To increase the

’ mutual contact of the phases, the column is preferably packed

with packing elements. The intimate contact of the gas phase with
the liquid phase results in the residual hydroformylation
product, unreacted olefin and saturated hydrocarbon present in

20 the liquid phase being transferred to the gas phase, so that the
gas stream leaving the top of the column is enriched in
hydroformylation product, unreacted olefin and saturated
hydrocarbon compared to the gas stream introduced at the lower
end of the column. The further work-up of the gas stream leaving

25 the column and of the liquid phase leaving the column is carried
out in a customary manner, for example as described above.

As an alternative, it is possible to employ, particularly when
using Cy-Cy-olefins, the gas recycle process in which a gas stream
30 is taken off from the gas space of the hydroformylation reactor.

’ This gas stream consists essentially of synthesis gas, unreacted

olefin and possibly saturated hydrocarbon together with amounts,
depending on the vapor pressure in the hydroformylation reactor,
of the hydroformylation product formed in the hydroformylation

35 reaction. The entrained hydroformylation product is condensed
from the gas stream, for example by cooling, and the gas stream
which has been freed of the liquid component is recirculated to
the hydroformylation reactor.

40 The stream consisting essentially of unreacted olefin and
possibly saturated hydrocarbon comprises, for example, from 50 to
100% by weight, preferably from 50 to 95% by weight, of olefin
and may contain from 5 to 50% by weight of saturated
hydrocarbons.

45
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at low temperature and/or superatmospheric pressure, with the
precise temperature and/or pressure conditions depending on
factors such as the number of carbon atoms in the
olefin/saturated hydrocarbon to be separated, etc. Rectification
is generally carried out in a column which is provided with a
sufficiently large number of rectification trays. Columns for
such separation tasks are known per se and are used, for example,
for the separation of olefins and saturated hydrocarbons present
in the output gas from a steam cracker. The stream to be
fractionated can be introduced in either gaseous or liquid form
into the column, preferably in the middle region of the column.
The olefin-enriched fraction can advantageously be taken off at
the top or in the upper region of the column, while the
olefin-depleted fraction can be taken off at the bottom or in the
lower region of the column. The heat requirement of the
separation into an olefin-enriched fraction and an
olefin-depleted fraction can be covered at least partly by the
heat withdrawn from the reaction zone.

In general, efforts are made to obtain a very pure saturated
hydrocarbon as olefin-enriched fraction so that it can be
discharged from the process without any great loss of olefin. On
the other hand, it is generally not necessary or even desirable
for the olefin-enriched fraction to be pure olefin, but instead a
certain amount of saturated hydrocarbons is left therein so as to
reduce the outlay for the separation.

In a preferred embodiment of the process of the present
invention, a propylene-containing feed stream is used. If this
further comprises propane or propane is formed as by-product in
the hydroformylation, a mixture of propylene and propane is
obtained as stream to be fractionated. The separation of this
stream into a propylene-enriched fraction and a
propylene-depleted fraction is carried out under pressure in a
suitable distillation column, namely a C; splitter. The column is
preferably operated so that a propylene-enriched fraction which
can be returned directly to the reaction zone is obtained at the
top and substantially pure propane which can be removed from the
system without loss of propylene can be taken off at the bottom.
Typical operating conditions for the C3 splitter are: pressure at
the top from 20 to 25 bar, temperature at the bottom from 60 to
70°C, from 100 to 150 theoretical plates. The heat consumption of

) -
) -
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The stream S) taken from the liquid phase for removal of heat in
the process of the present invention comprises all feedstocks for
10 the hydroformylation reaction and the catalyst and is, at least
until it is brought into contact with the heat exchanger, at the
reaction temperature. Thus, the hydroformylation reaction
continues in the stream at least until the reaction rate is
significantly reduced by withdrawal of heat or until the stream
15 is depleted in one component due to progress of the reaction to
. such an extent that the hydroformylation stops. This depletion is
generally depletion of the gaseous components dissolved in the
stream and especially of the carbon monoxide which is generally
present in the lowest concentration, based on the starting
20 materials. When the stream is depleted in carbon monoxide,
hydrogenation of the olefin by hydrogen still present can then
occur as an undesirable secondary reaction. This formation of
saturated hydrocarbons results in an undesirable loss of
expensive starting materials. To avoid this disadvantage and to
25 make good use as reactor space of the tube volume available up to
the point at which the stream is brought into contact with the
heat exchanger or even beyond, the reaction component in which
the stream is most likely to be depleted is fed into the stream.
An advantageous embodiment thus comprises a process as described
30 above in which the reaction proceeds in the stream S) at least
until removal of the heat and carbon monoxide and/or hydrogen is
. fed into this stream before it is depleted in this/these
component(s) to such an extent that the remaining components
undergo undesirable secondary reactions and/or the
35 hydroformylation effectively stops. The introduction of
components into the stream discharged from the reaction zone for
removal of heat is carried out by customary methods known to
those skilled in the art, e.g. by simple combination of the
streams at one or more feed points or via gas distributors,
40 frits, perforated plates, etc.

Particular preference is given to a process in which carbon
monoxide is fed into the stream before it is depleted in it to
such an extent that the olefin present reacts with the hydrogen
45 still present to form hydrogenation products. This is
particularly advantageous when using propene as olefin, since the
propene/propane separation is, as described above, extremely
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5%) and about 6.5 t/h of oxo gas (CO content in the gas phase of
20 the hydroformylation reactor = 4%) are continuously fed into the
reactor as starting materials.

The amount of the propane stream discharged is 1 t/h, of which

0.5 t/h is propane introduced together with the propylene feed
25 and a further 0.5 t/h is propane formed by hydrogenation of

propene. The steam consumption of the degassing column is

1.8 t/h, and that of the C3 splitter is 3.4 t/h.

Example 2:

30

. In a reactor system as described in example 1, the heat of

reaction generated in the hydroformylation is utilized as energy
source for the degassing column and the C3 splitter by passing the
heat transfer medium circulating around the external cooling

35 circuit through the corresponding vaporizers of the columns. This
results in no steam being required for the splitter and the steam
consumption of the degassing column dropping to 0.4 t/h. The
total saving of steam is thus 4.8 t/h.

40 Example 3:

The procedure of example 2 is repeated with 220 kg of CO/h being
fed into the heat circuit. This reduces the proportion of propane
formed by undesired hydrogenation of propene in the external

45 cooling circuit, and the propane stream discharged is reduced to
900 kg/h.
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having from 2 to 6 carbon atoms is reacted continuously with
carbon monoxide and hydrogen in the presence of a
hydroformylation catalyst in a reaction zone in which a
liquid phase is present and a stream S) is taken from the
liquid phase, heat is removed from this stream and the stream
is subsequently returned to the reaction zone without removal
of a material component.

2. A process as claimed in claim 1, wherein the heat is
withdrawn from the stream S) by bringing it into contact with
a heat exchanger.

3. A process as claimed in either of the preceding claims,
wherein the heat withdrawn from the stream S) is used in a
heat-consuming step of the hydroformylation process or of
another process.

4, A process as claimed in any of the preceding claims, wherein
the heat is withdrawn from the stream S) without use of an
auxiliary medium for heat transfer.

5. A process as claimed in any of the preceding claims, wherein

1) an olefin-containing feed stream comprising at least one
olefin having from 2 to 6 carbon atoms and also carbon
monoxide and hydrogen are fed into a reaction zone and
reacted in the presence of a hydroformylation catalyst,
where a liquid phase is present in the reaction zone and
a stream S) is taken from this liquid phase, heat is
withdrawn from the stream and the stream is subsequently
returned to the reaction zone without removal of a
material component,

ii) an output is taken from the reaction zone and is
subjected to a single-stage or multistage separation
operation to give at least one stream comprising the
major part of the hydroformylation product and a stream
comprising the major part of the unreacted olefin, and
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A process as claimed in any of the preceding claims, wherein

the reaction proceeds in the stream S) at least until the
removal of the heat and carbon monoxide and/or hydrogen
are/is fed into the stream before it is depleted in
these/this component(s) to such an extent that the remaining

25 components undergo undesirable secondary reactions and/or the
hydroformylation essentially stops.

9. A process as claimed in claim 8, wherein carbon monoxide is
fed into the stream S) before it is depleted in this to such
30 an extent that the olefin reacts with the hydrogen to form
' hydrogenation products.
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