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600 bar, medi um pressure hydrofornylation, which is effected in general at
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I n t.he hydrofornylation of, for exanple, an a-olefin, . straight-chain
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In the hydroformylation of, for example, an a-olefin,
straight-chain aldehydes, i.e. n-aldehydes, or branched
aldehydes, i.e. isoaldehydes, may be formed, depending on which
45 carbon atom of the olefinic double bond is involved in the
addition reaction with the carbon monoxide (cf. Equation 1l). For
example, n-butylaldehyde and isobutylaldehyde are formed in the
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‘I'n view of the above information, it is self-evident that, in ~40 order to
achi eve optimum m xi ng of the reaction liquid in a Large-vol une 1 0 FEB 2003
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40 and thus to maximize the space-time yield (STY). STY is
understood as meaning the amount of olefins converted per unit
time and unit volume, based on the total volume of the reactor.
On the basis of the above, it is easily comprehensible that the
STY is lower at a high total volumetric fraction eg in the

45 reaction liquid, since the hydroformylation reaction takes place
in the liquid phase and the excess gas volume in the reaction
liguid occupies valuable reaction space uselessly. Since, in the
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45 It is an object of the present invention to provide a process for
the low-pressure or medium-pressure hydroformylation of olefins
which makes it possible to carry out the hydroformylation in a
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40 discharge, a part of the reaction liquid being removed
continuously from the reactor body 2, preferably from a calming
space below the baffle 7, via at least one circulation line 3,
and a jet being produced by means of at least one nozzle 5
present in the upper part of the reactor body 2, which jet

45 generates, in at least one guide member 6 mounted in the reactor,
a downward-directed stream which, after meeting at least one
deflection apparatus coordinated with the relevant guide member
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by way of example, with reference to Fig. 1.

35 The reactor 1 which can be used in the novel process generally
comprises a pressure-stable reactor body 2 and at least one
circulation line 3. The cross-sectional shape of the reactor body
2 is in principle not critical for the feasibility of the novel
process and may be triangular, tetragonal, square, rectangular,

40 rhombic, trapezoidal, pentagonal, hexagonal, polygonal,
elliptical or circular, preferably circular. According to the
invention, a part of the reaction liquid is removed continuously
during operation, via the circulation line 3, from the reactor
body 2, which has preferably been filled before startup with the

45 reaction liquid, preferably up to the height of the liquid level
9, and said part of the reaction liquid is fed to at least one
nozzle 5 mounted in the upper part of the reactor, a pump 4
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30 .
The nozzle 5 is coordinated with a guide member 6 which is open
at the top and bottom and has the same cross-sectional shape as
the reactor body but may also differ from this. Preferably, the
guide member 6 has the same cross-sectional shape as the reactor
35 body 2, is advantageously circular and, in the case of the
simplest embodiment of the novel process, is preferably mounted
in the middle position in the interior of the reactor bedy by .
means of conventional fixing apparatuses. The shape of the guide
member 6 corresponds to that of an open pipe, and it is therefore
40 also referred to below as an inserted pipe.

Advantageously, the guide member 6 is arranged in the reactor
body, relative to the nozzle 5, so that the nozzle tip 11 is
present in a central, i.e. roughly concentric, position,

45 preferably in exactly concentric position, relative to the
internal cross-sectional area of the guide member 6. The upper
end of the inserted pipe 6 is advantageously present below the
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of its internal cross-sectional area to the total internal
cross-sectional area of the reactor body 2, which is calculated
40 from its internal diameter D, is in general from 0.03 to 0.6, .
preferably from 0.06 to 0.4, particularly preferably from 0.1 to
0.36. Where a plurality of inserted pipes 6 is used, their
internal cross-sectional area is designed so that the ratio of
the sum of the internal cross-sectional areas of these inserted
45 pipes 6 to the total internal cross-sectional area of the reactor
body 2 is in the abovementioned ranges. The ratio of the length L
of the inserted pipe 6 to its internal diameter d is in general
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Specifically, in a procedure for operating the reactor to be used
according to the invention, for example, in order for startup, it
is filled with liquid until the liquid level touches the.nozzle
(5). A circulation flow is generated in the.reactor by the
35 external circulation stream introduced at high velocity via the
nozzle (5). The flow is directed downward in the inserted pipe
(6) and upward in the gap between the inserted pipe and the outer
wall (8) of the reactor. The deflection takes place at the baffle
(17). The flow velocity in the annular gap is determined via the
40 pressure measuring points P/2 and P/3. As long as no gas is
dispersed in the reactor, the maximum pressure difference is
established at the pressure measuring points P/1 and P/2.

If liquid is discharged from the reactor via the valve (22), the
45 level H remains constant. The volume of the liquid discharged is
merely replaced by gas. The gas is sucked in from the top space
via the nozzle and entrained via the downward-directed flow. The
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] ca] ca] c2d cxders of magnitude greater than the volumetric flow rate of the
driving jet. Likewise, the flow rate of the internally
transported recycled gas can be several times the flow rates of
the gas fed in from outside. Concentration and temperature
gradients in the liquid phase are thus very greatly reduced.

25 Hence, the reactor can be operated in the total volume under the
conditions most favorable for achieving a maximum selectivity.

Although the principle of the reactor to be used according to the
invention was known (in summarized form in Ullmann‘s Encyclopedia

30 of Industrial Chemistry Vol. B4 (1992) page 298, all technical
solutions for the hydroformylation have to date taken a different
direction, i.e. toward the use of stirred kettles and bubble
column reactors. Evidently, there was a prejudice against the use
of jet loop reactors of the type described here. In fact, it was

35 to be feared that insufficient gas could be introduced via the
jet in the case of larger reactors. However, the converse case,
that excessively high, uncontrollable gas contents would be
established, was also to be feared. The reservations with regard
to this type of reactors were pronounced especially because said

40 undesired effects are very highly dependent on the material
properties (on the coalescence behavior) of the gas/liquid
mixture.

In contradiction of this prejudice, the reactor to be used
45 according to the invention offers a number of advantages
particularly important for the hydroformylation, such as:
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Examples

A) Experimental setup

30 A continuous miniplant which is shown schematically in Fig. 2 and
explained below was used for the experiments of the following
example. Self-evident plant details which are not required for
illustrating the novel process were not included in Fig. 2 for
the sake of clarity.

35
The plant was operated either with a mechanically stirred
autoclave (R) as reactor or with a reactor (G) to be used
according to the invention. The autoclave behaves like a stirred
kettle reactor with ideal mixing.

40
Olefin and CO/H; mixture are fed into the catalyst + high-boiler
recycle stream via lines 1 and 2, respectively and, in line (3),
passed alternatively either via line (5) into the gas circulation
reactor (G) to be used according to the invention or into the

45 stirred kettle reactor (R).
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A continuous experiment was carried out in a gas circulation
reactor (G) to be used according to the invention, having a total
volume of 4.35 1. The gas circulation reactor accounted for 3.6 1
and the circulation was 0.75 1. Owing to the large amount
20 circulated, the circulation must be included with the active
reactor volume. After excess olefin had been separated off in the
flash evaporator (F) and the reaction product had been separated
off by means of a wiped-film evaporator (D), the
catalyst-containing bottom product was recycled to the reactor
25 via line 15. The rhodium concentration in the reactor was about
120 ppm. The ligand/rhodium ratio was 120:1 (mol/mol). The high
boilers formed under the reaction conditions were used as
solvents. CO/H; was used in a molar ratio of 1:1. The pressure
(20 bar) and the temperature (105°C) were kept constant.
30
145 kg/h was circulated with the aid of a pump through line (7)
via a nozzle of 1.8 mm diameter into the reactor (G). The gas
fraction in the reactor was brought to 10%, corresponding to a
gas volume of 0.345 1, and was kept constant. By varying the CO/H;
35 ratio in the fresh gas, the desired selectivity with respect to
the linear isomer was achieved.

The loading was 450 g/(h of propylene (99.3% strength, remainder
propane). After the plant had been started up, a propylene

40 conversion of 84% and an aldehyde selectivity of 95% were
achieved, with an n fraction of 87%. The STY was 140.5 g/h based
on the total volume. ST )

45
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into the reactor. The gas fraction of the reactor was brought to
15 2% and kept constant. The gas volume was thus only about 0.07 1.
The gas content, based on the total volume, was thus about 6%
smaller than in Example 1. By varying the CO/H; ratio in the fresh
gas, the desired selectivity with respect to the linear isomer
was achieved.
20 A asem e mm e
The loading was 450 g/H of propylene (99.3% strength, remainder
propane). After the plant had been started up, the same propylene
conversion as in Example 1 was measured, within the accuracy of
measurement, and, at 95%, also the same aldehyde selectivity. In
25 spite of the lower gas content, the CO partial pressure did not
change and the n fraction of 87% was once again achieved.

Example 3 (Comparison)

30 A continuous experiment was carried out in a 2.5 1 reciprocating
stirred autoclave with internal cooling (available liquid volume
1.7 1). After excess olefin had been separated off in the flash
stage and the reaction product had been separated off by means of
a Sambay evaporator, the catalyst-contalnlng bottom product was

35 recycled to the reactor. The rhodium concentration in the reactor
was about 100 ppm. The ligand/rhodium ratio was 120:1 (mol/mol).
The high boilers formed under the reaction conditions were used
as solvents. CO/H; was used in the ratio 1:1 and the pressure
(20 bar) and the temperature (105°C) were kept constant.

40
The loading was 250 g/h of propene (99.3 % strength, remainder
propane). After the plant had been started up, a propylene
conversion of 80% and an aldehyde selectivity of 92% were
achieved, with an n fraction of 88%. The STY was only 125 g (1h)

45 owing to the high, uncontrollable gas content.
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ligand, at elevated temperatures and at 1 to 100 bar, wherein
15 the reaction is carried out in a vertically arranged, tubular
reactor comprising a reactor body and at least one
circulation line, a part of the reaction liquid is fed
continuously via the circulation line to at least one nozzle
which is mounted in the upper part of the reactor body and is
20 coordinated with a guide member, open at the top and bottom
and bounded by parallel walls, in the interior of the reactor
and with a baffle present below the lower opening of the
guide member, and a downward-directed liquid stream
containing dispersed gas bubbles is produced by means of this
25 nozzle in this guide member and, after leaving the guide
member, is deflected into a stream flowing upward in the
space between the wall of the guide member and the wall of
the reactor body and is sucked into the guide member at the
upper end of the guide member by the jet of the nozzle
30 coordinated with the guide member.

2. A process as claimed in claim 1, wherein the hydroformylation

is carried out in a reactor 1, comprising the reactor body 2
and at least one circulation line 3 as well as feed and

35 discharge apparatuses for the reactants and the reaction
discharge, and a part of the reaction liquid is removed
continuously from the reactor body 2 via at least one
circulation line 3 and fed to at least one nozzle 5 present
in the upper part of the reactor body 2, thus producing at

40 least one jet which generates, in at least one guide member 6
mounted in the reactor, a downward-directed stream which,
after meeting at least one deflection apparatus 7 coordinated
with the relevant guide member or with the guide members 6
and in the form of a baffle, is deflected into a stream

45 flowing upward in the space 8 between reactor body 2 and the
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"TU "IN above the reactor base 13 or above at least one deflection
apparatus 7 coordinated with the guide member 6, and the
guide member or members 6 is or are dimensioned such that the
15 ratio of the internal cross-sectional area of the guide
member 6 or of the sum of the internal cross-sectional areas
of the guide members 6. to the total internal cross-sectional
area of the reactor body 2 is from 0.03 to 0.6 and the ratio
of the length L of at least one guide member 6 coordinated
20 with a nozzle 5 to the internal diameter d of said guide
member is from 3 to 40 and the at least one nozzle 5 is
arranged in the top space 10 of the reactor body 2 in such a
way that, in the operating state of the reactor, the tip 11
of said nozzle is in the region of or below the liguid level
25 8 [sic] but a distance a from the upper end of the guide
member 6 coordinated with this nozzle 5.

3. A process as claimed in claims 1 and 2, wherein the reactor 1
used is one in whose reactor body 2 a single guide member 6
30 is mounted.

4, A process as claimed in any of claims 1 to 3, wherein the
reactor 1 used is one which contains at least one circulation
line 3 and an apparatus for heat transfer 12.
35
5. A process as claimed in any of claims 1 to 4, wherein the
reaction liquid is removed from the lower part of the reactor
body 2 and fed via at least one circulation line 3 to the
nozzle 5.
40

45
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21
6. A process as claimed in any of claims 1 to 5, wherein the
reactor 1 used is one in which, for deflecting the liquid jet
from at least one guide member 6, at least one deflection
apparatus 7 in the form of a baffle is installed a distance b
"5 from the lower end of a guide member 6 and a calming space
for removing the liquid stream for the circulation line is
present below the baffle.

7. A process as claimed in any of claims 1 to 6, wherein the
10 reactor 1 used is one whose nozzle or nozzles 5 is or are
designed as a binary nozzle or nozzles.

8. A process as claimed in any of claims 1 to 7, wherein an

olefin is subjected to hydroformylation under hydrogenating

15 conditions in the presence of a complex dissolved
homogeneously in the reaction liquid and comprising a cobalt
carbonyl compound and a phosphorus-containing ligand as
catalyst at from 160 to 200°C and from 50 to 100 bar to give
the corresponding aldehyde or alcohol or alcohol/aldehyde

20 mixture.

9. A process as claimed in any of claims 1 to 7, wherein an
olefin is hydroformylated in the presence of a rhodium
carbonyl or ruthenium carbonyl complex having a phosphorus-,

25 arsenic- or antimony-containing ligand as catalyst at from 60
to 130°C and from 1 to 50 bar to give the corresponding
aldehyde.

10. A process as claimed in any of claims 1 to 7, wherein an

30 olefin is hydroformylated under aminating conditions in the
presence of a rhodium carbonyl, palladium carbonyl or
ruthenium carbonyl complex dissolved homogeneously in the
reaction medium and having a phosphorus-~, arsenic- or
antimony-containing ligand as catalyst and in the presence of

35 a primary C;- to Cj;z-amine or of a secondary C;~ to Cys-amine
to give the corresponding primary, secondary or tertiary
amine at from 60 to 150°C and from 1 to 50 bar.
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