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
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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
cor r espondi Hif BEERETh yyeRtiogdelaies iR imRroyeq pregrss iy pryefasiyeng algehytiepitaewah W t h
t he hydr of ofyiydtéririyRiioP bf EMRGYGeduciQSRHE: AR in B8 radinksHies of Molik®
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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educt” and dnbgretuetisiisScanTicachitad tisleby. FRSlelar, Birgsmla/8tobalt, MERmPRIKIEI
constituents in.the tﬁoiht%n{? I)ﬂ Ihgo'? | _et%r@ed to the re ctt]o . Distillation
can be per fEPHEY N RBMYTBIOMTYRIGNSY §'eBrs i B8 SRTPIRGEdey §ldehuriop dth dhedium)f
separ at i on wlalysisathe cafalydt st a lcbdtfador, that et desigrificdec dnpasedseothe @Economic
deactivati Qfciefty, s ferindyd st!c%né?.?cnfp%?n qﬁgteﬁcfmeﬁﬁ%d. s R def#&o%rto pallhd he
hydrof ornmyl at1on of longer-chain olerins, distillation o e products can
only be cartfRidy ofifetalyst MatiPesidapravidhg & hedressaiingrong-te@y essatioprie ssigr es
due to the thgidraree podristamt adtivityhevepr oduct s. Several net hods are known for
reduci ng rhodi um deactivation during regeneration of the reactor discharge

i n hydrofornyl ati on processes. :
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 fonger-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.

i



. §0 DECEMBER 2004 EP - 0272608 Bl describes a process wherein a rhodium
cat.al yst with triphenyl phosphine oxide ligands is utilizedoDECEMBER 2004
hydrof ormyl ation. In the regeneration of the reaction discharge

tri phenyl phosphine (nine-fold quantity relative to rhodiun) is added prior
toits distillation. The distillation resgidue contains rhodi um conpl exes
wi th triphenyl phosphine as |igands as well as triphenyl phosphine and

tri phenyl ph hine oxide. In this mxture the free and conpl execl
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t he rhodi un$4randd@HSrA1B6d0.in the relevant literature, such as US 4 400
547 Patents US -5 731 472, US 5 767 321 and EP 0 149 894 descri be
processes for the hydrofor n%ll ation of n-butenes. Rhodium catal ysts
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conpound, ligand and stabilizer are used here in a np ratio of 1110150.
The di sadvantages of this process are the costs for the stabilizer and the
expense of Otsepeascasses@ising othehphasphorugliganbiefor kbiizibPtreenadion ak desahRas f or

t he hydr of deactivation of the rhodium
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catal yst i s extensive ressed € object of the present invention is
therefore a process for nanufacturlng al dehydes
Patents US 6731 472, US 5 767 321 and EP O 149 894 describe processes for the

" hydroformylation of n-butenes. Rhodium catalysts containing phesphite ligands and stabilized

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, '




3 .
‘having 3 to .21 carbon atons by the hydrofornylation of the corresponding
~olefins with rhodium catalysts, whereby the discharge of t30cDECEMBER 2004
hydr of ormyl ati on reactor a) is separated into a gaseous phase and a |iquid
phase, 30 DECEMBER 2004 3 b) the liquid phase is separa ted into a top
fraction containing unconverted ol efins agd al dehydes, and a bottom
fraction containing the rhodiumcatalyst, and c) the bottomfraction is
cool ed bel ow the tenperature of the discharge of the hydrofornylation
react or and h gasheclmicaphasads eepabated intmetopdteadtien Eadaining undwavatdd Mefng 4ngss
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weeks. It is therefore a further object of the.invention to store catalyst

solutions containing rhodium in particular those which are obtained in
car bonyl .at i dhe petvitelosesf, thavritdisst daiint the rigegeratvnior the aglrofsihyatioNehRhsly@gart 0
the present pi gy Qe L AL .S paint ai n 3 the cafal yst solutions
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64 bar. Thestpisio #r16QGe R S&erh AEelksO t he present invention have the follow ng
advant ages when conpared to known processes: the catalyst is barely
deacti vated during regeneration- No additional- materials, which burden the

process by !t isdhereives afurtibr ggest of thariventtb sk catdlgst setaonk e6htaining $hedin, | zed
with a subs ' t.or IS _possible tqQ store
the ‘cat alyor PRRPUBF S0 luch &rd BoleRRE! RIcaBON ericet SsLVRFe Raiaiiog ke
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Conpounds', vol:. 1 & 2, VCH, Weinheim New York, 1996). Al ol efins having
2 to 20 ca onsi . educt s, | articul ar butenes,
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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




"proa'ucts and deconposition products, is first separated in a separating-
stage, process step a) into a gaseous and a liquid phase- 3thBEGEMBER 2004
phase contains the majority of the unconverted synthesis gas and,
depending on the tenperature and pressure, varying proportions of
unconverted ol efins, al dehydes, hydrocarbgns and other constituents- The

| i qui d phase, by conparison, predom nantly conprises the hydrofornylation
products and unconverted olefins. The tenperature in this separating stage
i's 30-180C, the efeet dpriniclly. this eeparding spa takerplacalbeth ab ittectep vhtile thydrotoamiylation
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m nut es are benefl cial. After being separat ed into gas and liquid the

|'i qui d phasgférbefigRapated u%tga@ﬁndjﬁ df!hhlnaéad bﬁﬁsg .@sep%Pa‘Peoa&PbJ)ﬂtu tBaaC“ on
(fractionat éff ﬁc?cesste z‘g The cat al I'sS acc g

in the bottt?l%%r'ﬁ Hanyiacgy '?81"%?@ hiPRFeBLTeR) Th%\mte'hsta?r@ceﬁdmﬁ rfmauded
to the prociasie bottorn dradivd, dibsahedrin hiphebdilerspwhibioblel diget dich e eid QchéHsldFBrl ly

contains thg thgfeﬁ?ﬂ%g o bolif fop- 113 HIAER0Y ?Fr&glﬂ%?larbal ﬁ] e%%eqrﬁwsl%%%ﬁut es,

time of the ase 1n the ona
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m nutes. For separ atl ng, the fractionating step b)- can have a flasher, a
falling fi I.m eva tqr conpar abl e appar at us,
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parabl apparatus whlch enable a mild separation. Comblnahons 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.




"10 nbar and | bar. The tenperature is 40C to 180C, preferably 80C to 150C
The bottom fraction originating fromthe fractionating st & DECEMBER 3004
cool ed down to tenperatures of 10C to 120C, preferably to tenperatures of
40C to 90C and under a carbon nonoxide partial pressure of 0.1 bar to 300
bar, in particular 5 to 64 bar. Pure carbgn nonoxi de, synthesis gas or
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accordi ng t'EOWRMAIPdSet hods. The fol | owi ng exanpl es wil | descrl be the
invention without limting its protective scope, as defined in the clains.

Exanpl e | dr of. or. Iatl | ant F| gure
1) as foll%:%ﬁﬁvg '%35 syn??‘n ﬂé bné{(gm'fﬁ!ﬂ"h tgntftg'tgdtsﬁ?tegtgg 621)
are |ntrodutﬁéldeftloﬂw¢mm5|e colum (1) with .a volune of 60 liters. The
pressure of the - hydrofor nyl ation discharge (13) is reduced to 5 bar in a
fl ash chanber %22 The escaping gas (14) is cooled in a cooler, not
i | | ustrat ed*ampl

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 hydrofonnylation 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).




“and 't he accunul at | ng condensate is conbined with liquid (15)_ The liquid
phase (15) accunulating in the flash container (2) is sep@0DECEMBERR20WD
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 catal yst dissolved in high
boilers is cooled in cooler (4) (see Tabl@® 3) and conveyed to interimtank
(6) by neans of punp (5). A pressure of 10 bar is adjusted in tank (6)
with synthesis gas (18). The tenperature of the catalyst solution (16) in
tank (6) was. determ ned as per Table 3. The catalyst solution (16) was
brought to tiREeddUisiaas apiealasy threughpelef the efiadts fyd cataisyéamgerarapaist | al
quantity (19) and addi ng a catal yst precur sor (rhod| um corrpound and | i gand)
(20), and wasfint hen ret urlnedbltend he hydrofornytatigagactor u; a5—a
sol ution (28ynthesiaggunp ((7)CO/BRIDECEMBER 2004 6 Tabije ki1 T ustrates—typijcal
mass t hr ougRpediumyPmpead o d thadiimpoetineatd al vsi concent 1 @ig0ppm Rh Rirkdeior 1y
di - n- but e'neﬁggﬁh—sym—heéﬁé%ﬂmmmzsmﬂd h_Rh@dimehigeremimorm)d T hodi um
octanoate 30-90 man Rh in reactor 1 Li and tris 2,4-di-tert-but T hen 1
hos hite 2 / ustrates the test paranmeters that
were mai nt a?anedé d]é{'claﬁe% %tESthéaf"?aﬁQ?rsf']af‘é{?re 'W'B%’%%Pr@”ﬂ%tm@a@?&ﬁaflw bar
Tenperaturge_in reactor 1130C Pressure in thin fil mevaporator 360 nbar
Tenper at urfe reSgue iy igactor f m evaporat or 3| JOE Qutlet tenperature gt the
bottom T e?u??fﬁ yedn reagford o o o o) yst "Gronitored by the convdgrsion
achi eved ijns ure nt i fm,evapw:atopamn Y8nversion of olefin dropped bel ow
e Elmevé’p or 40
95% a part ©htet ,ﬁpé}@ur@ Qanru |on LY rcem)ved fromtank (6) jand repl aced
by fresh catalyst precursor rrnoar unT sat-t—and—++garne)—se—that-lt he
conver si on a1 etwrtet % ? over 95% A small catal yst |oss contained in
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i n the coolaethe nvéreian beelefiredmpmreat istory 96% aaaloy He aRAy4t §ibn wraE"?emoved
from tank (6) and replaced by fresh catalyst precursor (rhedium saif 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—dr-tert-butylphenyl)phosphrte 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 autocla\re 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 éctivity was tested. The
experiment was repeated‘at different temperatures and synthesis gas pressures,




‘following quantities of rhodium (cal culated as a netal) had to be added
suhsequently in order to maintain the conversion |evel. (THbDECEMBER2G04
4 tenperature Tank 6 tenperature Rhodium (g), per netric ton of converted
olefin No cooling 70 - 90C 2.1 60C 40 - 55C 0.9 | Exanple 2 Decrease of
catal ytic activity depending on synthesi® gas pressure In a 3-liter
autoclave (Buchi) 350 g toluene, 3.03 gtris(2,4-di-tert-

but yl phenyl ) phosphite and 0.096 g rhodi um octanoate were pretreated under
50 bar synthesis gas pressure (111 /COLH2) for one hour at 120C. A sanple
was then t @legmarandiushatesbt inflénceof thelsgntbediagasstressas ondied activitynefdhe ¢atslyssecond
aut ocl ave i i Wik h 120C,
50 bar syngéﬁ%ﬁégj%gs%%&%bg}% {aﬁjﬁl{e%}' {0?)262590‘2%106'{:' .ﬁt&%@n@%@}s?@? gff%%%eto er mal
stress in 5PRar mpredhandi’oef the witglaqtivily ip &till myeisant afis woreathan 309 Sourglwhila@t whi ch
time sanpl g6 pwesRiiesil @hs prResurd BetReyvily UropsdeRIWADE ofa6d inttial Nctivify #Hed juli bar
manner to ich the initial activity was tested. The experinent was

repeat ed at®Hffferent tenperatures and synthesis gas pressures. 30 DECEMBER
2004 Diagram | illustrates 1 nfluyence of the nt hesi s gas pressure on
the activity of the catal yg{a%f@?ghﬁ'ﬁrcﬁ' A PREYINSSS99% r esh catal yst has
100% or | activity). At-dnfRgntdefsths sgithedd sSpressipé at Po-gar nore than 80%
of the initial activity is still present after nore than 100 hours, while
at 20 bar synthesis gas pressure the activity drops bel ow 40% of the
i'nitial actiQataytiabéw®ity (disidebdized)ours. Stabilizing of the catal yst by
synthesis gas - Influence of the synthesis gas pressure at 120C Catal ytic
activity (standardized) i20% 200% 80%
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Diagram 1

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.
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tenperature on the catalyst stability at a constant synthesis gas pressure
of 50 bar. A tenperature increase of 120Cto 140C leads to a sharp
acceleration in the deconposition of the catal yst. 30 DECEMBER 2004 8
Stabilizing of the catalyst by synthedis gas - Influence of the tenperature
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CLAIMS 1. A process for manufacturing al dehydes, which conprises:
hydr of ornyl ati ng- ol efins having 3 to 21 carbon atons under JnDECERMBRRr 200
COH2 in the presence of a rhodiumcatalyst in a hydrofornylation reactor,
and upon di scharging the reaction produet fromthe reactor, a) separating
the di scharged material into a gaseousgphase and a liquid phase, b)
separating the liquid phase into a top fraction containing unconverted

ol efins and al dehydes and a bottons fraction containing the rhodi um

catal yst, CAAtME) cooling the bottons fraction below the tenperature of the
materi al discharged from the hydrofornylation reactor and feeding a gas
cont ai ni ng carbon nonoxide into the bottons fraction. 2. The process as

cl ai med i cl airAracessyirenanufactunng eiiehydesephidf canipesesepar at i on of di schar ged

et erial 1t ayRaENPIARE na ol Gt BOAS Sk BPeGRLAGR ATRRAYL | o

adjusted to a i al rocess
claimed in cl al&%{ésem 8 Odf” cagalhﬁg'8§’§‘y6’1°f°§@ﬂ%‘P&fqaétﬁr ppd @éﬂ'sb')afﬂllm
conduct ed wi t hthg reasfior product fram e sgmotogt or, a thin fil mevaporator, a flasher

aherei it he. ave) aag e asiobd patbia 7o QSRR i fnaed clami.
| ess than 15 f#@? '”%thefﬂ‘éd pheRedate ayiep ‘élom@ﬂntf!'n'n@: upgonverted \ehefinseamt t he -

average dwel | sidefydesandtabolias feavtiorf soaRininghedhodhirpeRast=hep b) is less than
o cess step by CoMgARFRRORS ebh Beby ke rBEl MRSl pidharee e m 6,
wherein the te é'.y%\ff’ F%V?UH" ;B?aats’ég@d feedipo s)gaﬁ somginincCearben MEWX@e ido tiEhe

process as cl abotedhsifmactiohai m 1, wherein the pressure in process step b) is
0.01 nbar to 1 bar. 30 DECEMBER 2004 9. The process as clainmed in claim8,

wher ei n t?e pressur e in process step b) is 10 nbar to 1 bar.
he 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 process 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.




10. The process as clained in claim1, wherein the bottomfraction of
process step c) is under a carbon nonoxide partial pressurd DECEMBER 2004
bar. 11. The process as clainmed in claim10, wherein said bottomfraction

i s under a carbon nonoxide partial pres§ure of 5to 64 bar. 12. The
process as clainmed in claim1, wherein Q@ he gas containing carbon nonoxi de
is synthesis gas, pure carbon nonoxi de, or m xtures of carbon nonoxi de
with nitrogen, methane, hydrogen and/or carbon dioxide. 13. The process as
cl ai med i r9. cl aiTime procwdseiseiainddhe cibint 4, YMeicindh PaC), IS
~cooled to terrp%%%p es of 10 C. to 120 C. lé br@&'ugmp%g%%?e S SIQV%%?B in
claim 13, wherein the bottomfraction is cooled to tenperatures of 40 C
to 90 C. 15. The process as clained in claim1l, wherein the bottomfraction

of procesg0st e[Thé procss ge&d%éheiq yg(}ﬁwll dr of ormyl.ati on
reactor. 16. T Coss as X 1Mhé}%m%tigﬁ¥"m%rcﬁeonn° K°§e%alsg?ﬁ Btarting

material is di Eﬁ{egﬁgar 0'1)@?%@5parﬁ%‘rﬁ’feéﬁ‘égo“%bi@@ﬁ@%for oct enes. 30 DECEMBER
2004 11 ABSTRACT STABI LI ZI NG RHODI UM CATALYSTS FOR THE' HYDROFORMYLATI ON

OF OLEFI WS Thend aweégsla@rb:arrﬁéda,h%%rgqowergﬁggﬁ 88&&. F{gﬁgﬁ ggﬁngé,'sggﬁgq',qﬂghydes

having 3 to 21 carb n_at ons of or
ol efins with r S8R p@ﬁ‘?'&l’?ﬁéi‘r@"f@ &4&@ter| zed in that the discharge of the
hydr of ormyl ati on reactor a) is separat ed into a gaseous phase and a |iquid

phase, b) 44 he I_nt op. fraction containing
unconvert ed ol Zﬁlﬁﬂg%g@%@ %ﬁlr{&&hﬁ% gg%re't?c}ﬁ? 8 ?‘?‘E&YWQOWF%HF%OWF’MP t he
r hodi um cat al ySft eﬁﬂﬁé"“%)"”@l‘f@@?ﬁt"@@ﬁ*@% tridures ef catooh ebnizadeowitht figogen,

t enper at ur e of mehanel hgltdvan ged/afcatbbRdiokiyeglr of ornyl ati on reactor and a gas
cont ai ni ng carbon nonoxide is fed in: FIGURE 1

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.






