30 DECEMBER 2004 1 STABI LI ZI NG RHODI UM CATALYSTS FOR THE HYDROFORMYLATI ON
OF OLEFINS The present invention relates to an inproved pr 3oeBECEMBER 2004
manuf act uri ng al dehydes t hrough hydroformnylation of ol efins by reducing
catal yst deactivation in the regeneration of rhodium catalysts. On a
commerci al scale, hydrofornylation of olefins is perfornmed with cobalt or
with rhodium .catalysts. Here, the use of rhodiumcatalysts is nostly
advant ageous, as greater selectivity and product yields can be achieved

t hereby. However, conpared tg & " r.hodi i r?re expensive; in the
hydr of or myl ation of ol efi EQ“%‘@?” g%% Eﬁ%}ﬁ"‘% @é&ss wi th rhodi um
catal ysts the catalyst is C i ni ficant To

i ncrease the econonmic efficiency, the specific catalyst consunption nust
be reduced. This is understood to be the quantity of catalyst that nust be
provided to the process during long-termoperation in order to guarantee a
constant activity level, The rhodiumcatal yzed conversion of olefins to the
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meant i me -V\/nerql n the catalyst is present dissolved in a second liquid
phase; home?fé?’,’sﬁ’he applicability of this process to |onger-chain olefins
is limted. Wth hydrofornylation in the honbgenous phase, that is,

catal yst, i o] I o - . the
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reaction i st Eeee, thenise o shrdiien epdalisstnis mesly iadyanirgeats. astaseaiercssievibity ed
educt and  dna@reuBOHEIaS canTiheachiRlat Bisleby. FXlelar, Sdrsepdd/8obatt, Mh@RMPRInkd&0

tituents in th t is th et dto th tor. Distillation
Can'be. por 1SPRBICR REYABeTIISNEr 5/ i 8F ntfaronied 5RShHe: ah becury "

separ at | on dcelalyssaths cefalwdt &t @ cbstifadior, that et esignificaietc dnpasedsieothe Gtonomic
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due to the thgidraree podristamt adftivityhevepr oduct s.

" The rhodium-catalyzed conversion of olefins to the corresponding aldehydes occurs mostly in
the homogenous liquid phase. With the hydroformylation of propene a process has been
established in the meantime wherein the catalyst is present dissolved in a second liquid
phase; however, the applicability of this process to longer-chain olefins is limited.

- With hydroformylation in the homogenous phase, that is, catalyst, olefins, products, solvents
etc. are present in one phase, the problem arises of separating the catalyst from the products
after the reaction is complete, This can be done by distilling off the unconverted educt and
the products. The catalyst, mostly dissolved in high-boiling constituents in the bottom, is then
returned to the reactor. Distillation can be performed either continuously or discontinuously.

In the case of separation by means of distillation, a degree of decomposition or deactivation
of the catalyst is often determined. In partictdar, in the hydroformylation of longer-chain
olefins, distillation of the products can only be carried out at increased temperatures and/for .

reduced pressures due to the boiling points of the products.

Several methods are known for reducing rhodium deactivation during regeneration of the

reactor discharge in hydroformylation processes.
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‘Sevéral methods are known for reducing rhodium deactivation during
regeneration of the reactor discharge in hydrofornyl ati on 3y DECEMBERI 20030
DECEMBER 2004 EP - 0272608 Bl describes a process wherein a rhodi um
catalyst with triphenyl phosphine oxide ligands is utilized for
hydrofornylation. In the regeneration of 2he reaction discharge

tri phenyl phosphine (nine-fold quantity relative to rhodium is added prior
toits distillation. The distillation residue contains rhodi um conpl exes
with triphefl BHEERH B leserines ghRgsessswhigsen aadhoditmy grialysk il depfienyiehasatiine
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oxi dation Plowesk 63A186¥@s costs for the oxidizer unless it is carri ed out
with air. Oher processes using other phosphorus ligands for stabilizing

the rhodi um are described in the relevant literature, such as US 4 400
547 Pat ent Ehesg pracepses have thes fojloping disadvapiggesp ‘Birhawy o gphinss és icorsumed

processes favhstahy. Thydqunfaqynwd;a’tﬁlw tr@he@l@&ﬁﬂ%oxr@@dﬂrm%ﬂﬁt@n in

cont ai ni ng hi t st abi on of amnes are used
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butenes, under the catalysis of rhodi umconplexes and their stabilization
with substituted phenols is described in JP-04-164042. The rhodi um
conmpound,- [Otgartbcassks stiag other piiospharusiBRAdN R etablizifg el rAddilin? bieQiedéribed 31 0150.

The di Sadv%n@%@&ntﬂtfemtt&éssugﬁQgﬁéicﬁb%ﬁ he costs for the stabilizer and the

expense of

Patents US 5 731 472, US 5 767 321 and EP O 149 894 describe processes for the

" hydroformylation of n-butenes. Rhodium catalysts containing phesphite ligands and sfabilized
by addition of amines are used therein. The drawback to this is that amines can act as
catalysts for aldol condensation and thus the fofmation of high boilers is favored.

Hydroformylation of a Cg olefin mixture, manufactured by dimerizing butenes, under the

| catalysis of rhodium complexes and their stabilization wifh substituted phenols is described in
JP~04—164042. The rhodium compound, ligand and stabilizer are used here in a molar ratio of
1/10/50. The disadvantages of this process are the costs for the stabilizer and the expense of
separating it.

The aim was therefore to develop a process for the hydroformylation of olefins 'wherein

deactivation of the thodium catalyst is extensively suppressed.

The object of the present invention is therefore a process for manufacturing aldehydes
having 3 fo .21 carbon atoms by the hydroformylation of the corresponding olefing with
rhodium catalysts, whereby the discharge of the hydroformylation reactor

a) is separated into a gaseous phase and a liquid phase, '
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‘'separating it. The aimwas therefore to develop a process for the

~hydrofornyl ation of ol efins wherein deactivation of the rBXDEQEMBER/2004
i s extensively suppressed. The object of the present invention is therefore

a process for manufacturing al dehydes having 3 to .21 carbon atons by the

hydrof ornyl ati on of the corresponding ol ekins with rhodium catalysts,

wher eby the discharge of the hydrofornylation reactor a) is separated into

a gaseous phase and a |liquid phase, 30 DECEMBER 2004 3 b) the liquid phase
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their acti sthblyin AGGS i Bavethnbl@. pPresent invention, the activity is
mai nt ai ned by the catal yst solutions being stored at a tenperature bel ow

90C, preferably bel ow 60C, under a carbon nonoxide partial pressure of 0.1
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stoppages, such as for nejor repairs or inspections, or for batch

producti ongpe processes according to the present invention have the following advantages when
compared to known processes: the catalyst is barely deactivated during regeneration. No
additional ‘materials, which burden the process by their material costs, are required. The
catalyst is stabilized with a substance present in the reactor anyway. It is possible to store
the catalyst solution without loss of activity. This is of particuiar advantage in the case of
longer stoppages, such as for mayjor repairs or inspections, or for batch production.

Hydroformylation is carmied out in a homogenous phase in a reactor according to. known
processes (B. Cornils, W. A. Herrmann, 'Applied Homogeneous Catalysis with
Organometallic Compounds’, vol. 1 & 2, VCH, Weinheim, New York, 1996). Al olefins having
2 to 20 carbon atoms can be considered as educts, in particular butenes, pentenes, hexenes
and octenes, and in particular dibutene obtained from butene oligomerization. The product
flow, consisting of aldehydes, aicohois, unconverted olefins, high boiters, catalyst system, by-
products and decomposition products, is first separated in a separatingvstage, process step
a) into a gaseous and a liquid phase. The gaseous phase contains the majon"ty of the
unconverted synthesis gas and, depending on the temperature and pressure, varying
proportions of unconverted olefins, aldehydes, hydrocarbons and other constituents. The
liquid phase, by comparison, predominantly comprises the hydroformylation products and
unconverted clefins. The temperature in this separating stage is 30-180°C, preferably 50-
150°C. Separation takes place under a carbon monoxide partial pressure of 0.5 to 100 bar,
preferably at 1 to 35 bar. Thereby, stabilizing of the rhodium is guaranteed also in this part of




"Hydra'of ornylation is carried out in a honogenous phase in a reactor
according to known processes (B. Cornils, W A Herrnann, 3OADEIGEEMIBER2004
Honbgeneous Catal ysis with Or ganonet af | i Conmpounds' vol. 1 & 2, VCH ,
Wi nheim New York, 1996). All olefins having 2 to 20 carbon atons can be
consi dered as educts, in particular butengs, pentenes, hexenes and
octenes, and in particul ar di butene obtained frombutene oligonerization.
The product flow, consisting of al dehydes, al cohols, unconverted ol efins,
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sought in this separation st gend the
preferably ‘I"Eg%"eftﬁ‘éﬁ'eﬁfﬁ m nutes are beneficial. After be| ng separated into
gas and liquid the Iiquid phase is separated off by distilling into a top

and bottom actl on (f ctl tep rocess step b)). The catalyst is
accordingly Found=-in dgv P{P‘FE glpﬁ% e'gr‘\'% TERCEXBIRL Bfep | H* 'ﬁ?sgﬁa'béf’ riifes, whi ch
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fract i. ON " Prihdddiibiating Sep b earl e %)?@srghoéjféﬁiﬂéﬁfﬁir@aﬁé}gmr, a thin film evaporator or

comparablévapparatus which enable a mild separation. Combinations of these units may -
also be employed, such as for example a falling film evaporator whose bottom product is
transferred to a thin film evaporator.

_ The pressure in the fractionating step is between 0.01 mbar and 1 bar, preferably between
10 mbar and 1 bar. The temperature is 40°C to 180°C, preferably 80°C to 150°C. The botiom
fraction originating from the fractionating step is promptly cooled down to'temperatures of
10°C {0 120°C, preferably to temperatures of 40°C to 90°C and under a carbon monoxide
partial pressure of 0.1 bar to 300 bar, in particular 5 to 64 bar. Pure carbon monoxide,
synthesis gas or other mixtures of carbon monoxide with inert gases such as nitrogen,
carbon dioxide, hydrogen and/or methane can be used as a carbon monoxide-containing
gas.

One possible configuration of this process stage is to cool the high boiler from the
fractionation step in a cooler or alternatively by mixing it with a cooler liquid, preferably with -
feed olefin, and then to pump it by means of a pump into a vessel containing carbon
monoxide, stuch as for example an agitated tank, a pressure vessel or high-pressure ;;iping.




‘unconverted ol efins. The average dwel | time of the l'iquid phase in the
fractionating step is less than 15 nminutes, preferably | e DECEMBERRIMGS
and especially preferably less than 2 m nutes. For separating, the
fractionating step b)- can have a flasher, a falling filmevaporator, a
thin fil mevaporator or conparabl e apparatus, which enable a mld A
separation. Conbinations of these units y aI so be enployed, such as for
exanple a failing fil mevaporator whose bottom product is transferred to a
thin filmevaporator. The pressure in the fractionating step is between
0.01 nbar and 1 bar referably between 10 nbar and | bar. The tenperature
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| ower than the out t enper at ures e catalyst ' solution fromp bcess
step b). Pr'@’l%‘ﬂr"&#’%dﬁorage tenperatures of the bottomfractl on are
therefore 10 to 1200C, in particul ar 40 to 90C. Optionall y, a solvent can

be added to,t he.catal Ysk sol ut be st.ored atel y. a subst ance
present in ‘%How"?ﬂ:e S deg S Vgtgu@ﬁi%t'tﬁgé{‘s ?te ofief as
(al dehyde) dﬁfandﬁllfg@ﬁmﬁed pr oduct (aI cohol). This catal yst soI ution, that

is, the bottomfraction of process step b), can be returned wholly

Example 1
Hydroformylation was performed in a technical pilot plant (Figure 1) as follows:

Olefin (10), synthesis gas (11) and catalyst solution (21) are introduced to a bubble column
(1) with a volume of 6GC liters. The pressure of the hydrofonnylat}on discharge (1 3) is reduced
to 5 bar in a flash chamber (2). The escaping gas (14) is cooled in a cooler, not illustrated,A
and the accumulating condensate is combined with liquid (15). The liquid phase (15)
accumulating in the flash container (2) is separated into a top fraction (17) and a bottom

fraction (16) in the thin film evaporator (3). Crude product (17) is condensed in the cooler (8)

and collected in container 9. Bottom product (16) containing the catalyst dissolved in high

boilers is cooled in cooler (4) (see Table 3) and conveyed to interim tank (6) by means of

pump (5). A pressure of 10 bar is adjusted in tank (6) with synthesis gas (18). The

temperature of the catalyst solution (16) in tank (6) was determined as per Table 3. The

catalyst solution (16) was brought to the desired activity in reactor (1} by removing a partial

quantity (19) and adding a catalyst precursor (rhodium compound and ligand) (20), and was

then returned to the hydroformylation reactor (1) as a solution (21) via pump (7).




‘or fjartly to the hydrofornyl ation reactor. The vapors accunulating in
fractionation step b), that is, unconverted olefin and th&0 DECEMBER 2004
hydr of ormyl ati on products, are processed according to known nethods. The
foll owi ng exanples will describe the invention without Iimting its
protective scope, as defined in the clainms. Exanple | Hydrofornylation was
performed in a technical pilot plant (Figure 1) as follows: defin (10),
synthesis gas (11) and catalyst solution (21) are introduced to a bubble
colum (1) with .a volunme of 60 liters. The pressure of the

hydr of or myl at i on di schar ge (13) is reduced to 5 bar in a flash chanber
(2). The esdaperdiustates @a'yahn@aswwmwtmf theedodteand aatdiyst tdnosritiagéred, and t he
accumul ati ng condensate is conbined with |iquid (15) The i qU| d phase (15)

accunul ati n@tefim t he fl ash danl@wdier (2) 1S Separated it oatep—fraetign
(17) and aBpthesigpasf r act ijo¥0/Hd@)1)in the Thin 111 m =E%Q7m*1—3')*&udﬂ
product (1pRMdumcmgend ed rhedivmypstanentd er (8) and cok 080 Rh I rdaeidt B et 9.
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cooled in cooI er (4) (see Table 3) and conveyed to interimtank (6) by
means of %@?straﬁhgheeegture oft 1 ar is adjusted in tank (6) with
synt hesi s gas &i Akl aB‘I"""'PW@"B%EE‘%%‘PQ $gloMeralbival 16) in tank
(6) was. d rmned. as _per Table 3. The catalyst solution (16) was br.ought
to the des\—;f—réﬁirém’pm"m in reactor (1]5pkarremoving a partial quantity (19)

and addin ﬁznggie?tenﬁa Fdeursor (rhnrl 139 onpound and ligand) (j20), and was
t hen retururegf gmm UR fﬂ!empnéﬁﬂ L300 ot ionl SOyEbY or (1) as a solution (21) via
pump (7). @ut Eﬁ' pﬁoﬁog%le I HOLFstrat es typi cal mass tjhroughput of
t he educts and ca al yst concentratlon Sefia—di—rbutene-5-+hl Synthesis

gas CO H2 Jﬂi 1. ﬁ {1 qo’ ym conpound rhodi um octanoate 30-90 man Rh in
reactor 1 'L} SH%”"’ Pg gatalyst ragmoniiored By, the comyersion achigesst i tegeackt. AmtoohH
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during thegsemasH 66) tAd r@biaced by fresh catalyst precursor (rhodium sait and ligand), so that the
conversion rate retumed to over 95%. A small catalyst loss contained in the high boiler
discharge was also replaced.

Wth different temperatures in the cooler (4) (outlet temperature of catalyst solution), the
foliowing quantmes of rhodium (calculated as a metal) had to be added subsequently in order
to maintain the conversion level. (Table 3):-

-Cooler 4 temperature Tank 6 temperature - Rhodium (g), per metric ton of
i converied olefin

No cooling 70 - 90°C 2.1

60°C 40 - 55°C 0.9

Example 2

Decrease of catalytic activity depending on synthesis gas pressure

In a 3-liter autoclave (Biichi) 350 g toluene, 3.03 g tris(2, 4—d|-tert-butylphenyl)phosphlte and
0.096 g mhodium octanoate were pretreated under 50 bar synthesis gas pressure (1/1/CO/H2) '
for one hour at 120°C. A sample was then taken and the activity of the catalyst was
determined in a second autoclave through a hydroformylation reaction with cyclooctene (at
120°C, 50 bar synthesis gas pressure). Next, the catalyst was subjected to thermal stress in
the first autoclave over a period of several hours, during which time samples were taken and
tes_ted for catalytic activity in.a similar manner to which the initial activity was tested. The
experiment was repeated‘at different temperatures and synthesis gas pressures,




"Pressure in reactor 150 bar Tenperature in reactor 1130C Pressure in thin
fil.m evaporator 360 nbar Tenperature in thin film evaporat @0 BECEMBER 2604
tenperature at the bottom) The activity of the catal yst was nonitored by

t he conversion achieved in the reactor. As soon as the conversion of

ol efin dropped bel ow 95% a part of the catal yst solution was renoved from.
tank (6) and replaced by fresh catal yst precursor (rhodiumsalt and
ligand), so that the conversion rate returned to over 95% A snall

catal yst |l oss contained in the high boiler discharge was al so repl aced.
Wth diffeDigrart arifpstratesithe inflliencelvéthesghtbesiq gds pfenstilean theagieityadf dicecatdlyst

catal yst s i | .oy b L £ I d as a
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| Exanpl e ﬁ Decrease of catalytic activity depending on synthesis gas
pressure | H®¥*3-l.iter autoclave (Buchi) 350 g toluene, 3.03 g
tris(2,4-di-tert- butyl phe phosphite, an 0. Q096 .g rhodi um oct anoate were
pretreated under 50 bar syﬁ%‘/ﬂh@%{‘g"g@?Cﬁ'FaZ!?gB)‘éy'%'ﬁsingmHz) for one hour
at 120C. A sanpl e was théiueabteof thadyithesiagad prebsurett 1d®ccat al yst was
determ ned in a second autoclave through a hydrofornylation reaction with
cycl ooctene (at 120C, 50 bar synthesis gas pressure). Next, the catalyst

was subj ect e@ataiytic Betivitplst&idaegised)n the first autoclave over a period of
several hours, during which tinme sanples were taken and
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Diagram 2 illustrates the influence of the temperature on the catalyst stability at a
constant synthesis gas pressure of 50 bar. A temperature increase of 120°C to

140°C leads to a sharp acceleration in the decomposition of the catalyst.




‘tested for catalytic activity in a simlar manner to which the initial
activity was tested. The experinment was repeated at differ3DECERMBER 2005
and synthesis gas pressures. 30 DECEMBER 2004 Diagram| illustrates the

i nfluence of the synthesis gas pressure on the activity of the catal yst
(standardi zed activity, fresh catalyst has 100%or | activity). At a
synthesis gas pressure of 50 bar noré than 80% of the initial activity is
still present after nore than 100 hours, while at 20 bar synthesis gas
pressure the activity dropgy ial activity after just 65
hours. Stabilizing of the ?aétby Q@t&% ‘géy*%'ﬁ’r%@é’.%" 58598% nf | uence of the
synthesi s gas pressuld Uﬁ"t‘celoiéllf?éﬁlmqtmecaté@tbavsyr}théﬁd@dmégbuz@d) i 20% 200%
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*k_1 bar 120 Diagram 2 illustrates the influence of the tenperature on the
catal yst stabili tgy at a constant synthesis gas pressure oBOHDEBﬁMBER 2004
tenperature increase of 120C to 140C |l eads to a sharp acceleration in the
deconposition of the catalyst. 30 DECENMBBR 2004 8 Stabilizing of the

catal yst by synthesis gas - Influence 3f the tenperature at 50 bar

/mn] "~k 50
synthesis gas pressure Catalytic activity (standardized) [1
ber 12pC gK JO bar 140C tinme [h] Diagram 2 30 DECEMBER 2004 9 0 CLAI M 1.

A process QiaiMsmanuf act uri ng al dehydes, whi ch conprises: hydrof or nyl ati ng
olefins having 3 to 21 carbon atons under an atnosphere of COH2 in the
presence of a rhodiumcatalyst in a hydrofornylation reactor, and upon
di schargi dg t WePreceaciel Banysichuing aldéhyden, which copmeisasr , a) separ at | ng the
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cool i ng the bothedeastion predictironbtsk caactohe t enperature of the materi al:ont ainin
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aldehydes and a bottoms fraction containing the rhodium catalyst, and

¢} cooling the bottoms fraction befow the temperature of the material discharged from
the hydroformylation reactor and feeding a gas containing carbon monoxide into the
bottoms fraction,

2, The process as claimed in claim 1, wherein, in the step of the separation of discharged
material info a gaseous phase and a liquid phase, the carbon monoxide is adjustedto a
partial pressure of 0.5 to 100 bar.

3. The process as claimed in claim 1, wherein the process of separation in step b) is
conducted with a falling film evaporator, a thin fiim evaporator, a flasher or a
combination of these units.

4. The process as claimed in claim 1, wherein the average dwell time of the liquid phase
in process step b) is less than 15 minutes.

5. The process as claimed in claim 1, wherein the average dwell time of the bottom
fraction of process step b) is less than 2 minutes.

6. The brocess as claimed in claim 1, wherein the temperature in process step b) is 40°
C.t0180°C

7. The process as claimed in claim 6, wherein the temperature in process step b) is 80°
C. to 150° C.

8. The process as claimed in claim 1, wherein the pressure in process step b) is 0.01

mbar to 1 bar.




material into a gaseous phase and a |liquid phase, the carbon nonoxide is
adjusted to a partial pressure of 0.5 to 100 bar. 3. The PFoDECGEMBER 2004
claimed in claim1l1, wherein the process of separation in step b) is
conducted with a falling filmevaporator?® a thin filmevaporator, a flasher
or a conbination of these units. 4. Th process as clained in claiml,
wherein the average dwell tinme of the liquid phase in process step b) is

| ess than 15 minutes. 5. The process as clained in claiml, wherein the
average dwel | tThaproaésstaseiabidtio Bhinf 8, ahbien D hess than
2 minutes. 6. Theygrocess as clainmed in cl 5?%?%%Rﬁﬁgﬁﬁé%%¥ﬁggfsﬁﬁE ture in
process step b) is 40 C. to 180 C. 7. The process as claimed in claim®,
wherein the tenperature in process step b) is 80 C to 150 C. 8. The

process ad0c! aimie @roctssdsa e §i r rocess . step b) is
0.01 nbar to Profstis Iem]éd NBER 2084@5&r@i$_ﬂ@§0§t§®é’%§ﬁ s foﬁ?sf?e?ﬁeﬁ‘ﬁ'%l aim 8,

wherein the pregés)eﬁf"gar%ﬂ" 'BP%@E?a@?'é’ESB')mP%O MF)’QQBQN to 1 bar. 10. The

process as claimed in claim1, wherein the bottomfraction of process step

c) is under aTﬁ@bQ@&s@%%&ﬁnQﬁﬁl g wfper§§§g%§{)¥ghg?%f8t f%l @,ﬁg g%%mqérl aThe

process as clainmed.jn claim1 erein sail
carbon nonoxi BEMYdePRdiEl Ripsswe g plof bart o 64 bar. 12. The process as
claimed in claiml, wherein the gas containing carbon nmonoxide is

synt hesi sqgas, TR{p® ures of carbon nonoxide wth
nitrogen, neth anfé c%@;@ %ﬁénﬁl%gﬁ aﬂ-ﬁ 1¢g¥'%r8ﬁ>%? 835 tRotaining catlon menexids & as
claimed in cl aP¥Rfhesis %rpé‘ierf’af‘?ﬁ’é "ER?P’E'@ﬁnOT Madureoef cafbop mmoedds witheftrégen, S

cool ed to tenperthans, briragkn 204/6.caibon diddddC. 14. The process as clained in
claim 13, wherein the bottomfraction is cooled to

13. The process as claimed in claim 1, wherein the bottom fraction of process step ) is
cooled to temperatures of 10° C. to 120° C

14. The process as claimed in claim 13, wherein the bottom fraction is cooled to
temperatures of 40° C. to 90° C.

15. The process as claimed in claim 1, wherein the bottom fraction of process step ¢) is
retumed wholly or partly to the hydroformyiation reactor.

16. The process as claimed in claim 1, wherein the olefin starting material is dibutene,
butenes, pentenes, hexenes or octenes.




'terr*peratures of 40 C. to 90 C. 15. The process as clained in claim1,
wherein the bottomfraction of process step c) is returned0DECBMBER 2004
partly to the hydrofornylation reactor. 16. The process as clainmed in claim
1, wherein the olefin starting material is dibutene, butenes, pentenes,
hexenes or octenes. 30 DECEMBER 2004 {1 ABSTRACT STABI LI ZI NG RHODI UM
CATALYSTS FOR THE HYDROFORMYLATI ON OF OLEFINS The invention relates to a
process for manufacturing al dehydes A@g-rﬁgc’%. to 21 carbon atons by

hydr of ormyl ati on of the corresponding oletins with rhodi um catal ysts,

characteri zgTABILIZIRG ' g _ rhylation reactor a) is
separated into a gaseoﬁb%gjsngeg\?ﬁ h' E&é?gﬁrgEQBMWkﬂlTl@hbﬁﬁse i's
separated into a top fraction contaim converted ol efins and al dehydes
and a bot_to_'m fraction containing the rhodiumcatalyst, and c) the bottom
fraction i s COBNEHoDERIRRP tchrepocens dorananufachifing BeelusS haviges Q,Lmt&%op atp

hydr of or ny| B h@iofoRdfdtion oﬁﬂgcér&%no‘ﬁ%rgl&fng'\mﬂﬁmco%r bon monoxi de s 1ed"Th:

Ui - ium catalysts, characterized in that
ﬂje discharge of the hydroformylafion reactor
a) is separated into a gaseous phase and a liquid phase,
b)

the liquid phase is separated into a top fraction containing unconverted olefi

| ' ns and
aldehydes and a bottom fraction containing the rhodium cafalyst, and

c) ~  the bottom fraction is cooled below the tefnperature of the discharge of the
hydroformylation reactor and a gas containing carbon monoxide is fed in.

FIGURE 1




