O.Z. 06017 -1- Process for the rhodi umcatal yzed hydrof ornyl ati on of
olefins with reduction of rhodium |l osses The present invention relates to a
process for 5 preparing al dehydes and al cohol s by rhodi um catal yzed

hydr of or myl at pop _.ohsghefins, in which the | osses of active rhodium

catal yst occurring as a result of the _ywrk-up of the output fromthe
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out in a honbGehkows, 2 qit & phace: In hydroformylations in a honogeneous
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usually advantageous, since they enable higher

15 selectivities and product vyields to be achieved.
However, rhodium i1s expensive compared to cobalt, so
that the catalyst is a not insignificant cost factor in
the hydroformylation of olefing te give the
corresponding aldehydes wusing rhodium catalysts. To

20  improve the economics, the specific catalyst
consumption therefore has to be reduced. This is the
amount of catalyst which has to be introduced 3into the
process during long-term operation to ensure a constant

activity level of the catalyst.

25
The rhodium-catalyst c¢onversion of olefins into the
corresponding aldehydes is usually carried out in a
homogeneous, liguid phase. In hydroformylations in a
homogeneous phase, 1.e. catalyst, olefins, products,
30 solvents, etc., are present in one phase, there is the

problem of sgseparating the catalyst from the reaction
mixture after the reaction. This can be achieved in a
simple fashion by distilling off the unreacted starting
material and the products; the catalyst dissolved in
35 the bottoms, wusually in high-boiling components, is
subsequently returned to the reactor. The distillation

can be carried out continuocusly or batchwise.



subsequently returned to the reactor. The distillation can be carried out
continuously or batchwi se. O Z 06017 - 2 Deconposition or deactivation of
the catalyst is frequently observed in the separation of the rhodi um
catal yst frompthe peaction m xture by distillation. Particularly in the
hydrof ormyl ation of relatively 5 long-chain olefins, the distillation can

only be carrpedoapbsatighevated dymaraitie angfortHgdercatraq@L&ed fLessure
because of thg hi gh E?ilin%%fq%%{s,of t he products, i.e. the conditions
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vari ants of E%isuﬁgﬁ 0 q%r%é é%%rF%édfeigﬁx%&aﬁﬁgéagﬁg Q§%%f 139, 30
JP 63 208 540iupDma3 338 3drrkmib JPL63h2l 8ot THeoe privzessasthavert he
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are known:
15
EP 0272608 describes a process in which a rhodium
catalyst comprising triphenylphosphine oxide ligands is
used. In the work-up of the reaction mixture,
triphenylphosphine is added (in an amount nine times
20 that of the rhodium present) prior to its distillation.
The distillation residue thus comprises rhodium
complexes having triphenylphosphine as ligands and also
triphenylphosphine and triphenylphosphine oxide. The
entire, i.e. free and complex, triphenylphosphine is
25 subsequently oxidized to triphenylphosphine oxide and
this catalyst solution is returned to the reactor.
Oxygen or & peroxide is used for the oxidation of the
triphenylphosphine. Further wvariants of this method are
described, for example, in JP 63 222 139,
30 JP 63 208 540, DE 3 338 340 and JP 63 218 6490.

These processes have the disadvantage that
triphenylphosphine is continually consumed. The
equivalent amount of triphenylphosphine oxide is formed
35 from it by oxidation. To limit the concentration of
this in the catalyst liquid or in the reactor, a purge
stream is necessary, and this in turn results in

discharge of rhodium. In addition, an oxidation



35 fromit by oxidation. To limt the concentration of this in the
catalyst liquid or in the reactor, a purge streamis necessary, and this
inturn results in discharge of rhodium In addition, an oxidation O Z
06017 - 3 appapatpgons necessary. Unless air is used for the oxidation,
t he oxidation incurs costs for the oxidant. To stabilize the

phosphor us- coapgaﬂaagslIgandﬁxuaégéﬁaor vp1khe rhedi um g¥¥ t oEOWﬂﬁgnds
or

can be introduced into the hé for ation reaction an

step for the¥edeFioh pFBautE aBSOB 7§EUE?ZC°@SSSf?67tQ?loaﬁéaEP 0 149
894 describes 10 processes for t he hydrofornylatlon of n-butenes. These
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substltuted phenol s are described in JP 04- 164042 Here, rhodi um

conpound, and ang abilizer are used in nolar ratio of 1/10/50.
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frequently forpp,soal IAar’@fggévé}fma(%g gh; boi l,er aaﬁ“ﬂ%/ @ro%\uct S..dhe high
boilers are 35 al dolization and ace allzatlon products an also as
catalysts for aldol condensations and thus promote the

15 formation of high boilers.

The hydroformylation in the presence of rhodium
complexes as catalysts of a Cg-clefin mixture which has
been prepared by dimerization of butenes and the
20 stabilization of the complexes by means of substituted
phenols are described in JP 04-164042. Here, rhodium
compound, ligand and stabilizer are used in a molar
ratio of 1/10/50. Disadvantages in this process are the
costs for the stabilizer and the expense of separating
25 it off. '

The rhodium catalyst is usually recovered as a solution
in a high-boiling solvent by distillation of the output
from the hydroformylation reaction under mild

30 conditions.

The hydroformylation of olefins in the presence of
rhodium catalysts frequently forms small amounts of
high boilers as by-products. The high boilers are
35 aldolization and acetalization products and also, as a
result of disproporticnation of the aldehydes into
acids and alcohols, esters of these acids. In the
distillation of the output from the hydroformylation,

these high boilers remain in the distillation bottoms



result of disproportionation of the al dehydes into acids and al cohols,

esters of these acids. In the distillation of the output fromthe

hydr of ormyl ati on, these high boilers remain in the distillation bottons
O Z. 06017 - 4 ztogghher with the rhodiumg conpounds. To enable the high
boil er concentration in the hydrofornylation reactor to be kept at a

constant val ugg| ¢opti-pu t ' boi.l ers.
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However, in conventional processes, a larger amount of
rhodium has to be fed in because insocluble rhodium
compounds, e.g. multinuclear rhodium clusters, and/or
metallic rhodium are formed during the work-up by
20 distillation as a result of, inter alia, the thermal
stress. Although this rhodium continues to be present
in the apparatus, it is catalytically inactive and is
not available as catalyst in the hydroformylation
reactor. Furthermore, the dissolved rhodium compounds
25 present in the bottom product from the distillation,
which are returned to the hydroformylation reactor, are
iess active than a fresh rhodium catalyst, so that even
at the same rhodium concentration in the
hydroformylation reactor with recirculated rhodium

30 compounds, a lower space-time yield is obtained.

The economics of a hydroformylation process using
rhodium catalysts thus depend mainly on the specific
rhodium consumption. It is therefore an object of the
35 invention to develop a process for preparing aldehydes
by rhodium-~catalyzed hydroformylation of olefins which
has a low catalyst consumption and can be carried out

without addition of catalyst-stabilizing substances.



The econom cs of a hydroformnylation process using rhodiumcatal ysts thus
depend nmainly on the specific rhodiumconsunption. It is therefore an

obj ect of the 35 invention to devel op a process for preparing al dehydes by
rhodi um cat alyzed thwerpfornyl ati on of ol efLns which has a | ow catal yst
consunption and can be carried out wthout addition of

catal yst-stabit i zhAg SehsbaDsesg1P ZbeBB01Found | ttrhas %wfeoric%e%qgsmfeen
found that the catal yst ﬁgpsunptlon of a rhodiumcatal yzed process for the

hydr of or nyl atf G YRR R cdh FEPEMISAERHAXY iBTOGRET | dftar Hivodi um
concent r at i orisydirofdwemyli st idn abifor e hiotd osdnabe NtegxGeededyi-aat he

wor k- up of the out from-t.he hydrofornyl ation.b i sti]latiaqon. The

present inve ?éﬁ%éﬁiﬁﬁdfﬁﬁﬁf%%c%#%ﬁﬁp%g%ﬁﬁﬁﬁisJjgogh%ré%éﬁFﬁ&ﬁﬂ%ﬁ%ydes

and al cohbl s Wyt trdierli ane lootatatgamtbdytnotbemptcati-am obf okaki rEdpard Ng

6-20 carbon @t it tho istillation of the
yd?%ﬁgfny at1 o tﬁ&gﬁ%ﬁ‘#l f@}é&;ﬁ#

out put fromthe reacti nt o ydr of ornmyl ati on
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solution to the 15-Bydnel OlAVEAti O rRAGIBHyMhepehy khe rhod
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concentration of the recirculated rhodium—containing

solution is 20-150 ppm by mass.

The rhodium concentration in the recirculated rhodium-
20 containing solution is preferably 20-100 ppm by mass,

in particular 20-50 rrm by mass, of rhodium.

To carry out the process of the invention, a number of
variants are possible:

25 Filgure 1 illustrates one variant of the process of the
invention. Here, olefin and synthesis gas are fed via
iine 1 into the hydroformylation reactor 3, and
catalyst solution is fed in via line 2. The output from
the hydroformylation is conveyed wvia line 4 to the

30 distillation stage 5 where the desired aldehydesgs and
alcohols are separated off as top product 6. The bottom
product 7 comprises the rhodium catalyst and/or high
boilers and/or aldehydes and alcohols which have not
been separated off and/or inert solvents. Part of the

35 rhodium-containing solution c¢an, if appropriate, be
discharged wvia line 8. The solution is recirculated to
the reactor 3, and fresh catalyst can be added via line
9.



product 7 conprises the rhodium catal yst and/or high boilers and/or

al dehydes and al cohol s which have not been separated off and/or inert
solvents. Part of the 35 rhodi umcontaining solution can, if appropriate,
be discharged. ¥i apéone 8. The solution ks-recirculated to the reactor 3,
and fresh catal yst can be added via line 9. O Z 06017 - 6 Solvents

present in theoT1hedtsimeeskat niAgcsel H‘Ho@ﬁuﬁﬁfa:ont&%ltrﬁ@lgr eRAtIARPraduct s of
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hi gh boilers are not, fornmed in the re ctléon and no |nert sol.vents are
added, the alUINOPR-1&rfy RFEBRYGES Al SRPSLSo st valdsh¥BfFent®ie 20
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termnal and/or internal GCGCd
or added inert solvents, in each case alone or in

15 addition to the alecochols and aldehydes formed in the
reaction. If high boilers are not formed in the
reaction and no inert solvents are added, the alcohols

and aldehydes alone can also serve as solvents.

20 Inert solvents which can be used are all compounds
which have a boiling point sufficiently high to allow
the desired aldehydes and alcohols to be separated off
and are inert in the hydroformylation reaction and the
digtillation.

25
The starting materials for the process of the invention
are olefins or olefin mixtures having from 6 to 20
carbon atoms and terminal and/or internal C-C double
bonds. The mixtures can comprise olefinsg having an

30 identical, similar (% 2) or significantly different
{> =+ 2) number of carbon atoms. Examples of olefins,
which can be used as starting material either in pure
form, in a mixture of isomers or in admixture with
further olefins having a different number of carbon

35 atoms, are: 1-, Z2- or 3-hexene, l-heptene, linear
heptenes having an internal double bond (2-heptene, 3-
heptene, etc.), mixtures of linear heptenes, 2~ or 3-
methyl-i-hexene, l-octene, Ilinear octenes having an

internal double bond, mixtures of linear octenes, 2- or



bonds. The mi xtures can conprise ol efins having an 30 identical, similar (
2) orsignificantly different (> 2) nunber of carbon atons. Exanpl es of
ol efins, which can be used as starting nmaterial either in pure form in a
m xture of iseonerscegpiizn adm xture with -further olefins having a different
nunber of carbon 35 atons, are: 1-, 2- or 3-hexene, 1l-heptene, |inear

hept enes havi Bgméﬁhﬁmh@blﬂéhedou@Lﬁoﬁ@ﬁg (21Bﬁ@5§neno§en8§ptﬁa€mst Cap s
m xtures of |inear ﬁptéfcﬁgisl §a or 3- .net yl - exene, 1l-octene; |Inear
oct enes havi ng" &Rt Frt HoBBTE b8 umest Lﬁ”cesléfleﬁifné]a?n%sene% r2- or
O Z 06017 - 3- Cbmeunyéhhpleneenel nenene;, IBnear4noagngsd@@Iﬁg anm_
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| i near docﬁecehesehaaﬂngloalﬂﬂ@_ ibriret nahixoebée bondinmaxt uteleaindd nenr
dodecenes, I-cberhadecene. hineal !eLEA0SCERASSNANLYB,N LAt eLlal ., dpubl e

bond, m xtures of |inear tetra ecenes exadecene ecenes
having an int 8PHEES déeBe bolditunsa ures of ibeasar trbradmssmess, Futther 10

sui table star héﬂgdaaéﬁél al 9 iRy | H&kadddéhed Nehai XEUT 0f i SONEBLIC
hexenes for rreﬂ E rization of_ propene (di propene), the m xture of
i someric oct eA8YPLE i nTEFEdRFer P atliige ot Bﬁi‘@ﬁ@§e{leﬁbut%ﬁé§helf he

m xture afo i senmtableonema&tﬁ@rgnednatreﬁmg riaeej zatheerld aqflanr opene

tripropene xtwre of isomeric dodecenes f.or he, .
get r grrerpl Za%l O%nglg%r%%enlgocﬂerﬁ%%?}?e%?i 8?5“‘8% q%i?t & e?]tze"i‘trja‘?ﬂ opene
or tributenepf pherhagaddépmersnet ur ¢hfeormed ure tch% idoetaranerdzagnan of
but enes (tetrégyﬁéaehnaﬁﬂm@|§9mé9195%35§] :ﬁtﬂu€én8£eR% gt%%egdn é%

cool igomeri zation of aqlefins havin f erent nunber of car
(preferably fRERFPTE0CE) ISPPegpfr aepﬁa@é éﬂr@ed flrnacqheorrawmmaanmn on to

gi ve fraQBlonéfhaﬁkﬂge@@ {tripropene), the mixture of isomeric
dodecenes formed in the tetramerization of propene or
the trimerization of butenes (tetrapropene or
tributene), the hexadecene mixture formed in the
tetramerization of Dbutenes (tetrabutene} and also
20 olefin mixtures prepared by cooligomerization of
clefins having & different number of carbon atoms
(preferabiy from 2 to 4), if appropriate after
fractional distillation to give fractions having an
identical or similar (% 2) number of carbon atoms. It
25 is also possible to use olefins or olefin mixtures
which have ©been produced by the Fischer-Tropsch
synthesig. Ir addition, olefins which have been
prepared by olefin metathesis or by other industrial
processes can be used. Preferred starting materials are
30 mixtures of isomeric octeneg, nonenes, dodecenes or
hexadecenes, i.e. oligomers of lower olefins such as n-
butenes, isobutene or propene. Other starting materials
which are likewise well sulted are oligomers derived
from Cs-olefins.
35
Modified rhodium complexes can be used as catalysts in
the process of the invention. These rhodium catalysts
can be introduced into the process in the form of their

active complexes, but it 1is generally simpler in



identical or simlar ( 2) nunber of carbon atons. It 25 is also possible to
use olefins or olefin mxtures which have been produced by the ‘

Fi scher-Tropsch synthesis. In addition, ol efins which have been prepared
by olefin netathespsopy by other industrigal processes can be used.
Preferred starting materials are 30 m xtures of isoneric octenes, nonenes
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rhodi um(111) ERO@FWHEL L} hedi uﬁbpﬁp)zmrﬁaﬂﬁat ecarlp@ml@meem | )rhcsiutﬁta(tIé!;

pot assi um r hoghgm spihd @t g (1 HPdi WEdddeOr 1 hatintd i1y carhagd %s
rhodium(ll) and rhodlun(llc%}éaacetate rhom(n)jkﬁl) octanoate rho ium(11)
nonanoate, r n@ates ofhadiymobl B 1 19913 d,5alts s&@foni um

hexachl onor hoﬂa&@{d{ml Alca@ sutiﬁ@émalﬁﬂuxﬁmﬁxar@kﬂ.@mh@&%t i 18s
di carbonyl rh um acet tonat e acef#I acet onat obi s- et hyI ngr hodi un( 1) .

Particul arly “tseful &% %u Gs afe® r hbBPHM et SPEPLIRESS um® no& and
rhodi um 15 rrbrmndmzwlﬂ‘hp@smralqetaﬂmﬂetﬂorﬁﬁﬁs,an@o@t@fl@rcmﬁoyla&o&ﬁsml of

920 1S eSS RPL el @ P! UBe 100N 10PN 6201 Peeoriffififad 0 1P
reacti on at any 0|nt intine to kee
rhodium acetate, rhodlum octanoate and rhodium

15 nonanoate.

In general, about 1-500 and preferably 3-50 mol of
ligand is used per mole of rhodium. Fresh ligand can be
added to the reaction at any point in time to keep the

20 concentration of free ligand constant.

In the process of the invention, the concentration of
rhodium in the hydroformylation reactor is preferably
from 1 to 50 ppm by mass, in particular from 5 to

25 25 ppm by mass.

The choice of ligands added is not restricted in the
process of the invention, but depends on the olefin
used and on the desired products. Preferred ligands are
30 - ligands containing nitrogen, phosphorus, arsenic or
antimony atoms, and particular preference is given to
phosphorus ligands. The ligands can be monodentate or
polydentate, and in the case of chiral ligands, it is
possible to use either the racemate or one enantiomer
35 or diasterecmer. It 1is likewise possible to use a
mixture of two or more different ligands. As phosphorus
ligands, particular preference is given to using those
which form complexes with rhodium which are less stable

than the triphenylphosphine complexes, for example



20 concentration of free ligand constant. In the process of the invention,
the concentration of rhodiumin the hydrofornylation reactor is preferably
from1l to 50 ppmby mass, in particular from5 to 25 25 ppm by mass. The
choice of liggngds ggded is not restricted i.n the process of the invention,
but depends on the olefin used and on the desired products. Preferred

ligands are 3fnhbigRids copkaigaisng n'éﬂ@%@lt@é‘osmghgéph‘%ﬁ?@%‘ .C or

antinony atons, and particul ar preference is given osphor us T4 gands
The | i gands RRCFRILERHBRENt at e or pol ydentate, and in the case of chiral
ligands, it is possible to use either the racemate or one enantionmer 35 or
di astereoner._1t if i ke IlL%ﬁss bleto use a nmixture of two qQr nore

ph5’ SR

different I|i P28 pi it§8nds 3 Bar t FeHPEr %t ef SRGTRIYEE gi ven
to using Bhoseristieh f@hmsphﬁmbexestmiem—pn’rWMm phbebhare, | eS:&lsllam e

than the tri I rrplexes r xa Q.Z 0601

phosphi ne oxr)%]? ph@%@g éceophosplhonl}fl’gt pﬁ%%lpﬁ'ﬁ ni 6t gs.” lBPé'}FaT]es of

phosphi t es armhowhllﬂe%hyl tphotphiite] 5>hD|Sip@tLh¢I pmmz—ethyrhhaxyﬂr opyl

phosphite, t I ph tri- hosphi byt yl
ﬁ}&oé% {9@)/ QJ?P)?héﬁyl heg@aﬁhg éxglos% 4

phosphite, tri-t-butyl g tris( exyl) P trlphenyl
phosphi te, thlﬂ%l(lzpllleféW EIF?PEaﬁényI‘%rlpﬂﬂl gy tr4-gethoxyphenyl)

(2-t-but yb- 4- mmaﬁytp@enylarlw(m@%ﬁﬁ4iﬂét%(y12pﬂerg}ﬂt)yl 4Hmpidnlghenyl)

phosphi te, cres Sphl te. Furt he Sui tabl e hOSphI tes are
sterically WO%E% “'F%%%% LRSI wﬁPEﬁ §Fe SYEsRP+PePLoHRisesmyl e,

in EP 155 5085,reUS A 668209, thSd«ér?éﬁB 2bdsphlbtéd 76904R8s Wh#ANW 74r361, US
260 491, US 21967 B1E:" US'E 285708 Us'B 3o0 538, "UEp b1 D7PC EPisis 241
and WO 97/ 2078%.4 Pr4§ €3 &hceUs s4 gb9eh®8o USI Ag77hi phényUpHoSEH 1269 whi ch
are 15 Us 4 885 401, US 5 059 710, Us 5 113 022, US 5 179 055,

US 5 260 491, US 5 264 616, UsS 5 288 918, US 5 360 938,

EP 472 071, EP 518 241 and WO 97/20795. Preference is

given to using triphenyl phosphites which are

substituted by 1 or 2 isopropyl and/or tert-butyl

20 groups on the phenyl rings, preferably in the ortho
position relative to fhe phosphite ester group.

Examples of phosphonites are methyldiethoxyphosphine,
phenyldimethoxyphosphine, phenyldiphenoxyphosphine, 6-

25 phenoxy-6H-dibenz[c,e] {1, 2] oxaphosphorin and their
derivatives in which all or some of the hydrogen atoms
are replaced by alkyl or aryl radicals or halogen
atoms, and also the ligands described in the patents
WO 9843935, JP 09-268152 and DE 198 10 794 and in the

30 German patent applications DE 199 54 721 and
DE 199 54 510.

Customary phosphinite ligands are described, for
example, 1in US 5 71C 344, WO %5 06627, US 5 360 938,

35 JP 07082281. Examples are diphenyl (phenoxy)phosphine
and its derivatives in which all or some of the
hydrogen atoms are replaced by alkyl or aryl radicals
or halogen atoms, and diphenyl (methoxy)phosphine,
diphenyl (ethoxy)phosphine, etc.



substituted by 1 or 2 isopropyl and/or tert-butyl 20 groups on the phenyl
rings, preferably in the ortho position relative to the phosphite ester
group. Exanpl es of phosphonites are nethyl di et hoxyphosphi ne,

phenyl di met hoxyphosphine, phenyl di phenoxyphosphi ne, 6 25
phenoxy- 6H di benz[c,e][1, 2]oxaphosphorin and their derivatives in which

all or sone ofnt Rhachysiragais abengheaar Env & 26€d lE)ﬁeaU'i-}’c!diQImﬁéaYﬂalrﬁ% cal s
or hal ogen 8%}9%% and ﬂl 89 t he |igands .described in the patents
9843935, JP 0%YSE815AnGtHR:9 98780 “PeF 14Td GH the BBSBSHKER P4t drfom

appl i cati ons TE 199 BW 712ir angrebEriBAyv54510reEustosniy phasphiipi te,

| i gands are riibed, : fo , bn_US 5 710 344, 6627, US 5 360
938, 35 JP o%@gzﬁf’ &Fén%?£§§§g§5§i 8%eﬁ§ﬁ€5ﬁ§ﬁ§x p&élégt%%ﬁje%a&nd s
derivativés iPrewsere al ¢$Mokogete dfreds hyr dgen attonsctarmes rep acda: by

al kyl or arylgga6i S o1¥F bl ogefeat OBa; ghd i %@{__I( 0X hqﬁghi ne,
di phenyl (et hoiy)phgz%hione, * etc, OTEZ. 060117 - C%!Otpaj’hi n thgg%?oc%%(g 0 he

i nvention, tH&E$HoRA uRtidactysThuRydrif®er eamlens Breledinpedcaut be

pressures of dawrerdsdt o hate Ehargingials PrESEeEOl i oMty to
270 bar, in particular at .pressures of 150-270 bar. The 5 pressure enpl oyed
depends on t HPRITUCHT e Y3 1fHe 35t HATHFOTR 15,04 h&4r Redi urtR att @y st

used andibhe otdesi r échrel,f ectr. Ghels,cdwar exanplefiasoliefinsg camdeenal

converted int car pongdj n ehydes in_high. space-tinme_ yields at
pressures belcgc\)/\l}%ﬁe bg)ro?l%%r‘l t}gllé %d'ﬁjottq'h%%i ran%faflﬁgfage ‘%:%glrbsf’ ol}%ﬁ < havi ng
internal douNesBOTRS, aNe garantaderudr anched ol efi ns, hi gher pressures
are advant ageous. The tenperatures for the rhodi umcatal yzed 15

hydrof ornyl ati ons according to the invention are generally in the range
from 40C to 18YC, pr EF@PEEg§urFFom 9dC% 0 1601 in paCCicgrsrtPlomers0 to

160C. 15  hydroformylations according to the invention are
generally in the range from 40°C to 180°C, preferably
from 90°C to 160°C, in particular from 130 to 160°C.

After the hydroformylation, the major part of the
20 synthesis gas 1s removed by reducing the pressure. The
catalyst 1s separated off from the 1liquid reaction
output by distillation. The catalyst and any added
ligands, stabilizers, etc., remain in/as the
distillation residue. During start-up, or if only a
25 small amount of high boilers is formed in the process,
it may be advantageous to use a high-boiling inert
solvent (i.e. a solvent having a higher boiling point
than the products and starting materials) in which the
catalyst dissolves. The catalyst dissolved in the high-
30 boiling solvent can then be recirculated directly to
the reactors. It is particularly advantageous to use
the high-boiling by-products formed in the process as
high-boiling solvent. Other suitable soclvents are high-
boiling esters such as 2,2,4-trimethylpentane-1,3-diol
35 monoisobutyrate, which is commercially available as

Texanol.

Various procedures can be employed industrially to

separate off the catalyst by distillation. The catalyst



After the hydrofornylation, the magjor part of the 20 synthesis gas is
renoved by reducing the pressure. The catalyst is separated off fromthe
liquid reaction output by distillation. The catal yst and any added

|'i gands, stabplizepsplietc., remain in/asithe distillation residue. During
start-up, or if only a 25 small amount of high boilers is fornmed in the

process, it sejutbtordvast ageessrhplysesaphirai=Boi birFg ib?vertmeaéfg ve (i.e.
a sol vent hav]%%a hi ggeI boilin oint than the producfs and starting
materials) in which t hem RatA IR WSS vedoThe et al FaPWEHVed®d n t he

hi gh 30 boi | idyisol ferdtn caaveéhenabersecisxul abathidiareotlsy tef thedeactors.
It is partic t u e_hi.gh-boil.i ng.by-products forned
in the proce;gsﬁgésryaﬁ%%bm ?négd%% g%ﬁ?. EEI ﬁlelf:gsﬁ:lo aﬁpg%é"gﬁ?eﬁta? % hi gh-
boi Ii ng e§t erfoBuetamBle, 2 thatr isvetthpsgentaare- $ ¢ BLYI diss@bvedndnsatiut yr at e,
which i's commprgiatdy Hvai kable ag Eﬁéar@iod&/@féo cﬁ’rgela?edulfﬁ%%ﬁ%gbe

enpl oyed industrially to_ _Separate off the catal yst by stillation.” The
catal yst O Z.OHo0H - St1llspresiest S priefepsppyaseparclifedinf f# Byinsdans of

falling fil mevaporedorsxampoet iPakhfavapagakons akapbhhk okl mevaper ators
or conbi nations_of these aratuses. The advantage of such conbi nations
can be, 5 forcaegﬁglrﬁﬁ%, cﬁﬁa?&g‘?fht Esi CRRAEAEEF | P stRI FedSPrOotfe St¥Pxt ure
and part 16f theopreadugtle and 4 hehist af timgevabefatsrstil | present can be
separated off in a first step (for exanple in a falling film evaporator)
and the catalyst can then be separated off in a second step 10 (for
exanpl e i n a The ¥t Babot areesuide @iet ihl sheonappes$upes Sambairn t he

range fromsSgban vl Babrepbefior ablynl ! o dflabal, 1 A oG- rlfe
di sti IIationd%]e%r%eratu,re% are fro% 40°to 180C, in aglOS paogogi cular #%m 80 to
150C. The rhéthitmi i@t nitSFRSFAHITES ( BSEt off BRoddet ) tead80°C, in

15 particular from 80 to 150°C.

The rhodium-containing solution (bottom product) can,
if desired, be additionally stabilized with carbon
monoxide, as described in DE 100 48 301.1.

20
Part of the rhodium~-containing solution (bottom
product) can be discharged to maintain a constant high
boiler concentration in the hydroformylation reactor.
The other part of the bottom product is recirculated to

25 the hydroformylation reactor. Part of the catalyst
{(rhodium and ligand) is removed from the process with
the purge stream. These amounts and other deficits of
rhodium and ligand in the recirculated stream have to
be replaced to maintain a given catalyst concentration

30 in the hydroformylation reactor. In the ideal case,
only these amounts of rhodium catalyst need to be

replaced.

If appropriate, further products can be separated off

35 from the purge stream, for example by distillation.

The rhodium can be recovered from the purge stream by

known methods.



if desired, be additionally stabilized wth carbon nonoxide, as described
i'n DE'100 48 301.1. 20 Part of the rhodium containing solution (bottom
product) can be discharged to maintain a constant high boiler
concentrationpin, theohydrofornyl ation repgtor. The other part of the
bottom product is recirculated to 25 the hydrofornylation reactor. Part of

the catal yst Ti&hedigyn apgchigand)id s th%macgﬁcéﬁ%ﬁfénpr&%%ssc%ﬁt e the
purge stream These acgmi%} séland Qot.her, deficits of rhodiumand [1gand in
the recircul atBPEETF8amBayET 1 08T Eh adBdot othEi ntaF%ea @RRdH SR al yst

concentrati onaBdehydéde dydr of broyd B j oy dessdBond N dhe islealr cage, only

t hese anounts r hodi um-cat al yst..need t e replaced. |If appropriate,
further produ%fsd%é;%gbeﬂée%% 5%85%??’ gge?}gﬁ] thRE %’l?r 6@%‘;’["5@%‘3 ért?rm

exanpl e by dish¢l | aydoncaThenr hddiaghicen bend ecoweieduiadedt heopurtge: stream
by known nethods.s©O Z. 06017 - 12 The vapor obtained in the concentration

step can be Tseparated by distillation into the target products, al dehydes
and al cohol s, hydrocarbons and ot her by- products. If appropriate, olefins

can be recoveried fi1@shbabbe opdrocar bap feasti o and reehicyl ated (hQ the
process. The al dehydes obt ai ned by nmeans of the process of the invention

can be used as&TRM-CF or CBRanpl%e %590 fREgr &MEEs, cHIF beesrmBl 2ed a0

car boxyl ¢ acimisyncas, benhpdr egadatzed i gyEHELEDIO! Sc1dBe ozl ¢ehol s
formed in th rhoc t i hvention or he al cohol s obtai ned by

hydr ogenat i oﬁD%thCﬁlzg%%Igaé%%%e%O 1567 e&bcf%}é%iibrs for esters, in particular
pl asticizers, for exanple phthal ates, hydrophthal ates, adi pates,

citrates, trigwlliiatrsisardrhel Jet @i ScedUrdheraor ¢y Lhey gan,be used

as sol vents. .
the alcohols obtained by hydrogenation of the aldehydes

15 are precursors for esters, in particular plasticizers,
for example phthalates, hydrophthalates, adipates,
citrates, trimellitates, and for detergents.

Furthermore, they can be used as solvents.

20 The following examplies illustrate the invention without
restricting its scope, which is defined by the

description and the claims.

Example 1
25 Rhodium-catalyzed hydroformylation of Cl2-olefin
(tributene) using fresh catalyst
In a 10 1 autoclave, 5000 g of tributene from the Octol
process were reacted at 135°C under a synthesis gas
pressure of 250 bar in the presence of a phosphite-
30 modified rhodium catalyst for 4 hours. The active
rhodium catalyst was generated in situ from rhodium
octanocate and tris(2,4-di-tert-butylphenyl) phosphite.
The rhodium concentration (based on the total reaction
mixture) was set to 10 ppm, and the molar
35 phosphorus/rhodium ratio (P/Rh) was 10:1.
As ilnert, high-boiling solvent, 250 g of Texanol
(2,2,4-trimethylpentane-1,3-diol monolsobutyrate) were

added to the reaction mixture.



20 The follow ng exanples illustrate the invention without restricting its
scope; which is defined by the description and the clains. Exanple 1 25
Rhodi um cat al yzed hydrofornyl ati on of Cl2-olefin (tributene) using fresh
catal yst In apgl@. lpayteclave, 5000 g of {fibutene fromthe Cctol process
were reacted at 135C under a synthesis gas pressure of 250 bar in the
presence of arphospiit& Soiod i eder hodl i cafal VabfiQl A NOULS, The
active rhodium catalyst was %enerated in situ from rnho ium octanoate and
tris(2,4-di -t%??nﬁuﬁﬁ/p%%nﬁp? BROSp AN, ViFhdheh odfioivi e ovderiymthesi g based
OE thﬁ t ot ?I hgﬁacthbén_ﬁj}XL.?lEﬁérV\@Shégfstozﬂ;@_ pgabtgﬁﬁ {HQE g}gbgﬁeééil
phosphorus/r iumratio was - 1. inert, high-boiling_solvent,
250 g of Texartfq%‘la “C2 ,ﬁ%ar?%%rhypﬁ8é¥18%e-“|l,}%§%eal C?Bﬂ%?%%%utlﬁgtﬁe)bﬁwere
added to the maastieh MK wkefhZ DHOLT -byi3 mdde conversi -l fhide

ol efin was nonpj megns ¢ of an .S and vi g,.the amunt of
synt hesi s gagi%gfiggdg%giﬁlér 4§"h§lj'rs,q§he ﬁ][é%éé iono%as i%é;"ﬁe]tfn% e
crude reacti oht P edL@ecHn} Ur endodpritsdy 1659 by BiphsPodfler@l2-Wiaf i n,
78. 1% by masspebauéil3- akEphyele: i & Sotdd Hecanal 4.3% by, mass..

C13- - al cohol spéi sotrjdecanol ) and 1. 1%/% by rr_assasbf htlgt/h baoi I Ztﬁfslg Ty
product conmpoSPRY SRSt r &poftisito ad r Bbuter @dnveesivad oforgi@¥sand a
yi el d of 1desi (@il ps Diklet&e / 1801 £ 43t pl slehydefz al cohol ) of 79.7% Exanple 2
conpar ati ve exanpl e Rhodi umrecovery fromthe crude reaction product

m xture 15 For the recovery of the catalyst, 2500 g of the crude reaction
product m xt (Exarpben Fxeombardt ivee eexdm@be i onated in a laboratory thin film

evaporator alphodium recovery from the crude reaction product

mixture

15 For the recovery of the catalyst, 2500 g of the crude
reaction preduct mixture from Example 1 were
fractionated in a laboratory thin film evaporator at
130°C and 20 mbar. In this procedure, the rhodium-
containing high boiler was separated off from the low

20  boilers (desired products, unreacted Cl3-olefin). Under
the separation conditions chosen, a rhodium-containing
high boiler (bottom product) having a rhodium content
of 248 ppm was obtained at the bottom of the thin film
evaporator.

25
Example 3 according to the invention

Rhodium recovery from the crude reaction product
mixture
As 1in Example 2, 2500 g of the crude reaction product
30 mixture from Example 1 were treated in a laboratory
thin film evaporator at 130°C and 40 mbar to recover
the catalyst. In this procedure, the rhodium-containing
high boiler was separated off from the low boilers
(desired products, unreacted Cl3-olefin). Under the
35 milder (compared to Example 2) separation conditions, a
rhodium content of 43 ppm was achieved in the bottom

product.



130C and 20 nbar. In this procedure, the rhodium containing high boiler
was separated off fromthe | ow 20 boilers (desired products, unreacted
Cl3-olefin). Under the separation conditions chosen, a rhodi um containing
hi gh boi l er (bottomgpreduct) having a rhedi umcontent of 248 ppm was
obtained at the bottomof the thin film evaporator. 25 Exanple 3 according
to the |nventEgamghgduuabhgggg%&wéf@gghbh% crude reaction product mxture

As in Exanple of .The crude reaction_product 30 mxture from
Example 1 wer EYFF8§ E'H‘g'llﬁt&°F‘aboP§t or Gl2ralgELR m ébhpbrEeBe) at usb@rand 40

nbar to recoveecythedcatghygst In this procedure, the rhodi um cogt ai ni ng

hi gh boil er S se rated of boi | desired products,

unr eact ed Cl\:ﬁol &f %ﬁ) %h%%cff'i“ﬁ% glséﬁglﬂei:’f((?& éﬂrt@c‘j‘ FBanpte 9ytol
separ at i orb copdibteers,ware r hedictirdc oat er1135c5>fc 4anaam vas sgeikheved idgad he
bottom produ 0 e 4 co ive exa
Hydroforﬁyl at Eesg{"zagQ %%fol r}ij%%trl %t &) UG Offec%/c‘wfee%y%‘g‘?cg'l V&¥¢¢n a 2
1 aut ocl ave, Ibodigmofcatdlmaten&otr odn hb@rSJGt ozks Saprivess meseursact ed at
135C under a gyBt hgsks gasie PLESSYIL ofhl?gﬁﬁ)parcdrghém%an%ee ence of &

recycl ed, used rhodiumcatalyst for 4 hours precursor, use
was made of tﬁ@nﬁﬁgﬁwgc&ﬁc@ht PRAd@Tr hoem bad nEBGt 448 rmanm gh boiddium

cont ai ni ng 248b§@ﬁrheﬂ ritodiesaibeobt ained kRoEXAAP! &rkerhe (HRadium,cont ent

based on t ot aI r.eaction, m xture s set to 10 as in Exanple 1.
gI'he nol ar phoglﬁﬁort ot onT T4 B"IC‘IE;IFQ@ §6t1 tOThrﬁ’cBPR}eréﬁsorﬂfbf t he

ol efi n was noHRk&opéd ]bot Hiipy molar phosphorus/rhodlum ratio (P/Rh)
was 10:1.

The conversion of the olefin was monitored both by

15 means of GC analysis and via the amount of synthesis
gas taken up. After a time of 4 hours, a tributene
conversion of 67.3% and a yield of desired product
{Cl3-aldehyde/~-alcohol) of 66.2% were determined.
Compared to the use of fresh rhodium catalyst

20 (Example 1), a significant decrease in the conversion
and the vield of desired product is found when the used

catalyst is emploved.

Example 5 according to the invention

25 Hydroformylation of Cl2-olefin (tributene) using
recycled catalyst
In a 2 1 autoclave, 1000 g of tributene from the Octol
process were reacted at 135°C under a synthesis gas
pressure of 250 bar in the presence of a recycled, used

30 rhodium catalyst for 4 hours. As catalyst precursor,
use was made of the rhodium-containing high boiler from
Example 3, which at 43 ppm of rhodium had a lower
rhodium concentration than that from Example 2. The
rhodium content (based on the total mixture) was set to

35 10 ppm, as in Examples 1 and 4. The molar
phosphorus/rhodium ratio (P/Rh) was 10:1.
The conversion of the olefin was, as in Examples 1 and
3, monitored both by means of GC analysis and via the

amount of synthesis gas taken up. After a time of 4



15 nmeans of GC anal ysis and via the anpbunt of synthesis gas taken up.
After-a time of 4 hours, a tributene conversion of 67.3%and a yield of
desired product (C13-al dehyde/-al cohol) of 66.2% were determ ned.

Conpared to the, usg@fy fresh rhodi um catiag yst 20 (Exanple 1), a significant
decrease in the conversion and the yield of desired product is found when
t he used cat i : ccprdhngo.t o _the i pventi on 25
Fwdrofornylagggﬁ§%f %lg?gkg¥%%e tri uf%ﬁéIﬁdﬁ?ngb'gécgg¥£dacgfgpgsp%ln a2
1 aut ocl ave, UG ]f oPTPEMBGL etfel FraokiemEiattdlcopbeess kY 0% ewetred at

135C under a catdhesis gaTomyassur aof 280 Rate | Bt he presence 0f -2
recycl ed, used 30 rho&h$n1catalgst togﬁ4 hours. As catal yst precursor, use

was nmade of tHEFRIS dnvcdht aPRPRGCARERShSIaE LMD EXBRpFenSer®iPeh at 43
ppm of rhedi emchatha yowes othagkdsiwednpestnati ag tdmdedhad {rem Exanpl e 2.
The rhodium.conie ased_on the.tatal mxture) was_set to 35.10 ppm as
in Exanpl es iléﬁ% g%t%ﬁ%'%n 5Fpﬁﬁ8§p% Fﬁ%ﬁkﬁ%ﬁiﬁ ?3??53%%$Rﬁgo$é§mlo:1
The conver si aprdgfaitthiaip| dfiigh wasilessi ncé&xaaphiesgl 4hdpB, anirhor @éd bot h
by means of gg?ﬁggk¥§is and via the anount of synthesis gas taken up.
After atime of 4°0.Z 06017 - 15 hours, a tributene conversion of 80.5%
and a yield of desired product (C13-al dehyde/-alcohol) of 79.0% were
determ ned. Conpared to the use of fresh catalyst (Exanple 1), no
appreci abl e decrease in the conversion 5 and the yield of desired product

i s observed when the wused catalyst prepared fromless concentrated
rhodi um containing high boilers containing 43 ppmof Rh is enployed. O Z
06017 C ai ns:



-16 1. A process for preparing al dehydes and al cohols by rhodiumcatal yzed
hydr of ornmyl ation of ol efins 5 having 6-20 carbon atons wi th subsequent
separation by distillation of the output fromthe hydrofornylation
reaction intopthe hygep- fornylation products and a rhodi um contai ni ng
solution and recirculation of this s %gtion to the 10 hydrofornylation
reaction, chagpgimeéi zed in that the rhodi um concentration of the

recircul ated rhodiumcontaining solution is 20-150 ppm by nmass. 15 2. The
process as claimed in claim1, characterized in that the

rhodi um cont ai ni nga sprutees EeAPMHIgs ey &4Ba6hFQ8s PEACUEHS B 1ENe,,

hydr of ormyl ati on rﬁgc ion ai ol%gnt aqgftge rhodi um concentration’i s set
by 20 means of the" %%%?51?% a§§z st iYW B AR outPut 1Rt

hydr of or nil ati on rlemeingn. 8-2The papbess asatehai mediich cl @uBshquent
characterized in t oghi: Wmk: i.ni ng- sgl ution conprises.an inert
sol vent as solventgg%% tﬁ%gfh%gigﬁgggﬁggk Pgtf%% Eb% %%EPB§HE§8W§ 5€ the
separation by di sthydzefomydtidre ourpattiorom t hisithydr ofbenyl atidcomw-

reaction. 30 4. TheoRrpeessoms ekablleds n AW Of CLaldluh®rdaining
characterized in that 'the rhodi umcontaining solution conprises the hi gh
boi l ers, al dehydesSUHEHEoHE st 6 FEdL 7 Rl eReCt hibi6f SPAEEAPIOROr ddist i on as

solvent aond the 3%ydashsriencent radd ok d:s, set by neans of the proportion
of al dehydes and al.cohol s Vja‘%hﬁb tggsration by distillation of the output
4

fromthe hydrof orf st G &% rZ. 06017 -17-
the rhodium concentration of the recirculated

rhodium-containing solution is 20-150 ppm by mass.

15 2. The process as claimed in claim 1,
characterized in that
the rhodium-containing solution comprises the
reaction products of the hydroformylation reaction
as solvent and the rhodium concentration is set by
20 means of the separation by distillation of the

output from the hydroformylation reaction.

3. The process as claimed in claim 1,
characterized in that
25 the rhodium-containing solution comprises an inert
solvent as solvent and the rhodium concentration
is set by means of the separation by distillation

of the output from the hydroformylation reaction.

30 4. The process as claimed in any of claims 1 to 3,
characterized in that
the rhodium-containing sclution comprises the high
boilers, aldehydes and alcohols formed in the
hydroformylation reaction as solvent and the

35 rhodium concentration is set by means of the
proportion of aldehydes and alcohols wvia the
separation by distillation of the output from the

hydroformylation reaction.



5. The process as clained in any of clains 1 to 3, characterized in that
the rhodi um contai ni ng solution conprises the aldehydes and al cohol s
formed in the 5 hydroformnylation reaction and an inert solvent as solvents
and the rhodi gnycopgghayration is set by nmeans of the proportion of

al dehydes and al cohols via the separﬁfion by distillation of the output

fromthe hydref or mghat LeR-E88CLEOR h prage aine |n any of
clains 1 to 5 ch arac?erfze i.n th§% %gxéﬁo d?gc? Fﬁ%ﬁthalat

di i sonony! phthalaFEarF§t8§éae§slpnéhﬁtsolvent 15 7. The process as
clainmed in any of 6hélm&hbdﬂhﬂicoﬂ&%ﬁ&ﬁﬁkfr'éggutﬂoﬁhako%g%ls%%d'gﬂl
catal ysts conpri se ﬁg ﬁg@lte [ g . The process _as clained in claim
7, characterized Fn“EHatEhe r Bdi um 28FAN9EFs cohpFiee trixt2, 4-det -
but yl phenyl ) phosphyflec@srihygandlon reaction and an inert solvent as
solvents and the rhodium concentration is set by
means of the proportion of aldehydes and alcohols
via the separation by distillation of the output
from the hydroformylation reaction.

10
6. The process as claimed in any of claims 1 to 5,
characterized in that
Texanol, dioctyl phthalate or diisononyl phthalate
is used as inert solvent.
15
7. The process as claimed in any of claims 1 to 6,
characterized in that
the rhodium catalysts comprise phosphite ligands.
20 8. The process as claimed in claim 7,

characterized in that
the rhodium catalysts comprise tris(2,4-di-t-

butylphenyl) phosphite as ligand.



