WO 2010/115511PCT/EP2010/001719 Process for working up a liquid hydroformylation output The
invention relates to a process for working up a liquid hydroformylation output from a hydroformylation 5
reaction, which output contains at least one aldehyde as hydroformylation product, unreacted
olefinically unsasigrateaticptmpdulids, dissolved synthesis gas, the horrogemaarchodissalved
hydroformylation catalyst and by-products of the hydroformylation reaction. 10 It is known that
compounds contajning olefipic double pends.can bejreactedywith-cartbon,mangxide apd ydrogen to
form aldehydes (O0X0 process). The process is not restricted 10 the use of olefinic hydrocarbons but
also 15 extends to starting materials which have not only the double bond but also functional groups,
predominantly g¥éups which:fergains graltered (vderthe reaction cémditionsr20 Thie elassical oxo
process is carried; eutiusing,cobalt-asncatalyst:lts sffestiveness,is based;andhe lornationsf cobalt
carbonyl campounds_by action of.hydrogen and carbon monoxide on metallic cobalt or cobalt

com poundcs),gzt ngsaé%Eé{sf) gbov"é?foébl ng“lg[r%uz% t%?n%%‘?étrﬁ res ao% ag"(?uatsffzoena%d %B((%}ely %ring the
further developmiént of e 6%6 ProcEsS I E6baliias Héen incidasithy- feplacetisy thoditin As catalyst
metal. Rhodium:is: used: as secomplexgpreferably 30:contaming phosphinesias ligands intadsdition to
carbon monoxidg, Rogdium as fetal alaws fe prﬁg{gsés%t@@ﬁn rded out atlqwer.pressyres, and in

addition higher giée/lds are achieved and the unbranc roducts which are more valuable for further
processing are 35 pRFEERtaNRY formedswhen SRaghiehain terminaPaIEfin are used as starting
materials. WO 2010/115511- 2 -PCT/EP2010/001719

It is known that compounds ccontaining olefinic double

bonds can be reacted with carbon mcnoxide and hydrogen
to form aldehydes (oxo process). The process 1is not
restricted to the use of olefinic hydrocarbons but also
15 extends to starting materials which have not only the
double bond but also functicnal groups, predominantly
groups which remains unaltsred under the reaction

conditions.

20  The classical oxo process is carried out using cobalt
as catalyst. Its effectiveness 1s Dbased on the
formation of cobalt carbonyl compounds by action of
hydrogen and carbon monoxide on metallic cobkalt or
cobalt  compounds at pressures above 20 MPa and

25  temperatures of about 120°C and above.

During the further development of the oxoc process,
cobalt has been increasingly replaced by rhodium as
catalyst metal. Rhodium is used as a complex preferably
30 containing phosphines as ligands in addition to carbon
monoxide. Rhodium as metal allows the process to be
carried out at lower pressures, and in addition higher
vields are achieved and the unbranched products which
are more valuable for further processing are
35 preferentially formed when straight-chain terminal

clefins are used as starting materials.



Industrially, the hydroformylation of olefinically unsaturated compounds is carried out under the
catalytic action of rhodium carbonyl complexes having tertiary organic phosphines or phosphites as
ligands. 5 In one process variant, the reaction is carried out in a homogeneous organic phase, i.e.
olefinically unsaftra2&d 6dimpbaAd used, catalyst and:the reaction preGEAER2 #id HPdbTdrenylation
reaction are present together in solution. The reaction products are usually 10 separated off from the
mixture by distillations more rargly by-other methodsstieh bsextractiont The hydrofdraaylation process
carried out in thﬁ@g&gﬂ\g@gs pi&%s:%%%%gg configured as a.das recygcle process as desgribed in US
4,247,486 Al or in the form of a liquid 15recycle process as described in US 4,148,830 Al. High-boiling
aldehyde conderigafion prétuétstwhich Sbmphiss A bmpfekinndire 6Pk gerEcontiinihgEompounds
which are formed:framzthe initiadiy fornmed2G: aldehydesdy nreamsdficondensation reactions such as
the aldol reactiop-orlyy.the Tishchenko, reaction and-have different degrees of:condgpsation, are
formed as by-producii in the h¥droformylation reaction, 25 The formation of, Iorfexamcplildimers,
trimers or tetrarfiers Oﬁiaﬁ% I%L@Saldeﬁﬁ?g@%ﬁdené)ﬁi%ﬁ ep’roduc%tseizn" the ﬁyfrofor}hy?a ioh reaction
carried out homegenéousty is‘descrilietifer example, inAIS 411418,830 A THesehighbolinigaldehyde

30 condensation preducts; arg suitaple as gelvent-fer the hemogeneeusly-disselved thadium catalyst.

In addition, they, stabilize the. rhodium catalyst both in the hydroformylation reaction and in the
subsequent wor & ets:éa%g f&rnthgcfiaﬂftdlﬁffdro orr%yfé?i%ﬁto%/?pnutP ﬁ(%‘\llg\(/jer&f 3810 pPev%ntr%t“{’eir

concentration insthiedigaickphagé frorhtiftreadifg B graaty, paft ahvayd has toBe renfiedl from the
hydroformylatios preqessokn steady-state-operatien: ohthe hydrofarauydation. plant: thevkigh— WO

2010/115511- 3:GT/ERA010/001749 hollng algetiyde confensiyion preducts g dischaiged in the
same amount in which they are formed.
phase can be configured as a gas recycle process as

described in US 4,247,486 Al or in the form of a liguid
15 recycle process as described in US 4,148,830 Al.

High-boiling aldehyde condensation products, which
comprise a complex mixture of oxygen—-containing
compounds which are formed from the initially formed
20 aldehydes by means of condensation reactions such as
the aldol reaction or by the Tishchenko reaction and
have different degrees of condensation, are Lormed as

by-products in the hydroformylation reaction.

25 The formation of, for example, dimers, trimers or
tetramers as high-boiling aldehyde condensation
products in the hydroformylation reaction carried out
homogeneously is described, for axample, in
US 4,148,830 AL, These high-boiling aldehyde

30 condensation products are sulitakle as solvent for the
homogeneously dissclved rhodium catalyst. In addition,
they stabilize the rhodium catalyst both in the
hydroformylation reaction and in the subsequent work-up
steps for the liguid hydroformylation output. However,

35  to prevent their concentration in the liguid phase from
increasing too greatly, part always has tc be removed
from the hydroformylation process. In steady-state

operation of the hydroformylation plant, the high-



In the liquid recycle process as described in 5 US 4,148,830 Al, the liquid output from the
hydroformylation reaction is firstly depressurized into a depressurization vessel in which separation
into a gas phase and a liquid phase occurs. The liquid phase contains essentially the catalyst,
high-boiling 10 wiieh9dé (bid&idation products, solent, the desirePEMEEFES BBdEMIALAmounts of
unreacted olefinically unsaturated compound. The gas phase contains excess synthesis gas, inerts
and hydrogenatediproducts; smalkamounts akthealdehyde farmediandsatgo unreatted dsplefinically

unsaturated cormqowgs. After aag{ggggiqnnoUﬂggﬁ agggydgoggnggg&@&qducts have been separated

off and removed, the gas phase is compressed and recirculated to the hydroformylation reactor. The
liquid catalyst-containing stream is fed to a 20 separation apparatus, preferably a distillation apparatus,
from which the desiredaédehydesiand smal:ambents jof disselved synthesissgasiandiolefinically

unsaturated compound are takenoff as QM@rhepgqou{gguct@yg(?gyxthg isithenseparateddnto the pure
n- and 25 iso-al?ehé({ﬁz in.a further purification steg, Theiho iéjm-cc_)ntainin% sg[eam obtained, which
additionally con ain aﬁibﬁfboiﬁﬁﬁ %Fd‘e%@deléon &fisation pro%%%t%sassugﬁveen , ig tecircutated to the
hydroformylatiofi¢eactos BONAED: 09/58844 #2 relatestolthe workeap of adiquihdutpat frioms a
hydroformylatiopeactionswhichsis careied gut gaatiruoush: i the knewn preeessd a twosstage
depressurlzatloré is %%rggg out, with 3% ldegg&s;utrrll% tion to ga;%raer]s[%ure which is from 0.2 o § MPa

; essen ST . n ;
below the reaction pressure being Carried © e first stage. re’sultlngjﬁ ui HP ase |

depressurifed farRENTHAESe EERE TSI PRESSUPE SEYE D form Al §as Phasé Whick €8RS
essentially the WQR010£ 15511 - 4-=RCIT/ER2010/001 719 majorspatt etithe-desited: hydroformylation

product. The IquWs%'ﬁ?faq}gaine@@%@%ﬁﬁqmﬁ%hig%EI%Oi"%Q)é'e contains excess

productsandthehomogeneouslydissolved hydroformylation catalgst,isrecirculated either
synthesis das, 1nerts and Hydrogenated products, small

amounts of the aldehyde formed and also unreacted
15  olefinically unsaturated compounds. After a proportion
of inerts and hydrogenation  products have  Dbeen
separated off and removed, the gas phase 1s compressed
and recirculated to the hydroformylation reactor. The
Tiguid catalyst-containing stream is fed to a
20 separation apparatus, preferably a distillation
apparatus, from which the desired aldehydes and small
amounts of dissolved synthesis gas and olefinically
unsaturated compound are taken off as overhead product.
The mixture i1s then separated intc the pure n- and
25 iso~aldehydes in a further purification step. The
rhodium~containing stream obtained, which additicnally
contains the high-boiling aldehvyde condensation
products as scolvent, 1s recirculated to the hydro-
formylation reactor.
30
WCo 01/58844 AZ relates to the work-up of a liquid
output from a  hydroformylation reaction which 1is
carried cut continucusly. In the known process, a Lwo-
stage depressurization is carried out, with
35 depressurization to a pressure which is from 0.2 to
2 MPa below the reaction pressure being carried out in
the first stage. The resuliting 1liguid phase 1s
depressurized further in a second, lower-pressure stage

te form a gas phase which contains essentially the



5 directly or after work-up by distillation to the hydroformylation reactor. It is known that decomposition
and/or deactivation of the rhodium catalyst can occur in the work-up by 10 distillation of the reactor
output from the rhodium-catalyzed hydroformylation reaction carried out homogeneously. Such
decomposition &itd/aodeaathatian can result, firstly, ih precipitation Gdas@aiehdéitihyeémpounds
or rhodium metal which deposit as 15 deposits or coatings in the apparatuses and can no longer be
recirculated in the hydroferaylation{precessscarded ot homogeneeuslyrSychoameuntsmighodium

are, firstly, no |opg%1§}§ai@gggstg ﬂ%.%g

apparatuses by means of 20 specific cleaning measures during a shut

%98@& LProgess,and can ol b%dﬁe?zr‘?y%e’dﬂ{ m th
g 0)

n of the plant. I%L]rthermore,

rhodium-contairif§ S8fidsformedd5i decompééition and YeaE i EtonTaNn be présent i-gGSpended and
thus pumpable foyaiin thedistilatiomresidue ahdde, ableite be regirculatéd tethe hydro: 25

formylationgeactar, but s

hydroformylation activit

are present in disgive

36

f;}‘ suspended rhodiumzcoptaining salids frequently,have gnly @,low
i

s can likewise apply to decomposition and deactivation products which
PR 1 the"distilftion Tesidue. 30 To maintain a prescribed space-time yield of

aldehyde, it is therefore necessary to introduce more rhodium in the form of fresh rhodium catalyst

than the amount;ef rhadiumdakentoff withythe-high:=hailing-aldghyds condensation preducts-formed.
The difference beﬁween BSthe amour]ﬁt ﬁfresh rhodium added and thet mount of deactivated rhodium
The h 1 10N % -

discharged remains in the plﬁlﬁl:[ﬂancciallm

o W

K/Sgoun%%%s rhoditm consumption. 20%0/115511- 5

-PCT/EP2010/001 719 itlis tHereforefantdliect BRtHeCiAveRtGHR t-provide a pRscess ot WBtking up a
liquid output fromza hydrefermylatipnreaetian; in whieh the decomposition @ndfar«deactivation of the

homogeneousty digsolyed iodium 5 camplex catalyst.oan pe. sunpigssed effegtivaly. Thg jpventon

accordingly provides a process for wor

up a liquid output from a hydroformylation

can result, firstly, in precipitation of “insoluble

rhodium

15 deposi

s

compounds or rhedium metal which deposit as

or coatings in the apparatuses and can no

longer be recirculated in the hydroformylation process

carried out homogeneously. Such amounts of rhodium are,

firstl

Yr

no longer available to the ongceing process and

can only be recovered from the apparatuses by means of

20 specif
plant.

ic

cleaning measures during a shutdown of the

Furthermore, rhodium~containing solids formed by

decomposition and deactivation can be present in

suspended and thus pumpable form in the distillation

residue and be able to be recirculated toc the hydro-

25 formylation reactor, but  such suspended  rhodium-

containing scolids frequently have only a low hydro-

formylaticon activity. This can likewise apply to

decompeosition and deactivation products which are

presen

+
L

in dissolved form in the distillation residue.

30 To maintain a prescribed space-time yield of aldehyde,

it is therefore neceszary to introduce more rhodium in

the form of fresh rhodium catalyst than the amount of

rhodiu

m

taken off with the high-boiling aldehyde

condensation products formed. The difference between

35 the amount of fresh rhodium added and the amocunt of

deactivated rhodium discharged remains in the plant and

initially counts as rhodium consumption.



reaction, which output contains aldehyde, high-boiling 10 by-products of the hydroformylation reaction,
a homogeneously dissolved rhodium complex catalyst, unreacted olefinically unsaturated compound,
synthesis gas and volatile by-products, in which 15a) theliquidhydroformylationoutputis depressurized
in a depressuriZé@@oR ¥&8¢8l1AsUling in separation ifto-a liquid phaseCaER2R%HM8e7aAd b)
theliquidphaseobtainedinthe 20 depressurization vessel is introduced into a separation apparatus in
which separatiofiintba liquid phase cantaiiirig: esserttially bighebeiling byrpraducts-ofithe =

hydroformylation, reaction, the homogenegusly dissolved thodium 25, complex catalyst and small

amounts of the aldehyde and a gas phase containing the predomjnant amount of the aldehyde is

carried out; and'cy gﬁé{&lﬁ%fﬂaluﬁ?é&ﬁtﬁﬁﬁngdlﬁpﬁi%l%]dls%%r&%cﬁ)ﬂﬂlﬁ?ﬁé SephratiBi apparatus,
characterized indhattheliquid,rhodigrh- cohtainingoutputaischargedifromcthecsepardtiohiapparatus is

passed thraugh afilter and.solids 35 separated 9&@&%&%@%\6@%%@@6@@%@%55 while the filtrate
obtained is recirculated to the hydroformylation reaction. WO 2010/115511- 6 -PCT/EP2010/001719

The invention accordingly provides a process for
working up a ligquid output £from a hydroformylation
regetion, which output contains aldehyde, high-beiling
10 by-products of the hydroformylation reaction, a
homogeneously disscived  rhodium complex catalyst,
unreacted olefinically unsaturated compound, synthesis

gas and volatile by-products, 1n which

15 a) the Tiguid nydroformylation output is
depressurized 1in a depressurization vessel,
resulting in separation into a liguid phase and
a gas phase; and

by the liguid phase obtained in the

20 depressurization wvessel 1is Introduced into a
separation apparatus in which separation into a
liguid  phase containing essentially high-~
boiling by-products of the hydroformylation
reaction, the homogeneously dissolved rhodium

25 complex catalyst and small amounts of the
aldehyde and a gas phase containing the

predeominant amount of the aldehyde is carried

out; and
o) oa liguid, rhodium—containing output is
30 discharged from the separation apparatus,
characterized in that the liquid, rhodium-

containing output discharged from the separation
apparatus 1is passed through a filter and solids
35 separated off are removed from the prcocess while
the filtrate cbtained 1is8 recirculated to the

hydroformylation reaction.



The process of the invention is suitable for working up a liquid, rhodium-containing output from a
hydroformylation reaction carried out in a homogeneous reaction system. For the purposes of the
present 5 invention, the term homogeneous reaction system refers to a homogeneous solution
composed essefi@aBPaPgdINEit] datalyst, olefinicatly unsaturated comPBduBEE 28dGé86HcH Broduct.
Rhodium complexes containing organic phosphorus(lll) compounds as ligands are used 10 as
catalyst. Such complexescandthefr preparatior are &nown (fenéxample US:3 524 808 Al UYS 4 148

830 Al, US 4 247 48@1@151 Pdc—‘, 4 2§§<§<§%ﬁﬂc@?&’aﬁ@ﬂ9% usqugélggiforg}gglmpgx q{ﬁr%mixture of

various complexes. The rhodium concentration in the reaction medium 15 extends over a range from

about 1 to about Y688 pAm 6y weight ahd 98 pretérabiy*ffom 167to 500 pp by Weight. i Barticular,
rhodium is useddnaxoncentratiorsteifrom 1010 200pprivby weight, indachicase hased vntthe

olefinically ynsaurated-gempounceused: f he rhediume20, complex having thessteichiometis
composition car]cge empl%yed as catalyst. Hovi%vte.rbit has been fougwd toSbSe ade.aarEzflLC%eousﬁIo carry out

the hydroformylation in the%rpé3 Shce of a castglyst %ysr%emcc%nﬁPp%Ss% of the rhodiumm mp(fex and free,

i.e. excess, phoSpHoTEs figand Wiél 25 no IBRGEF-forfs a somplekatith: theeium CPRe freec
phosphorus ligangd£anhetheisame as thatdrn the mosiumcomplexs bakligandsdifferent frgm this can
also be used. The free liga ni com%%ﬁl or consist of Ixture_of vari
organophospho%u%ggé égm%%ll%r%(ﬂqég%%%né esl:ln ())f rhodi % ?o(ﬁrr%ple%xées %v%l'cgh?lég e?r?ieloy%%%?s catalysts
are described infJS 8B27L86F Al. PréteréPTigaiid<in tie fhodilm-conplex eatalysts'inéitte, for

example, triarylphosphinestsuch as:trigheaylphosphifie; triatkylghiosphinesssuchiasitii(n-235

octyl)phosphiney ti(gyclahexyhphgasphine, alkylphenylphosphines; cycloalkylphenylphosphines and
organic phosphites,forexam Ietris%Z,4-di-t-buty|phengl) 1ghosphiteorthebjs hosphitesknownfrom WO
96/34687 Al.OWill (oS ready avaitabfity, AW02010/1155%1- -PETIER251 0766 F7 1575 -

triphenylphosphifieortri2;4<ti-thutytphenyt) phesphite arepartidutarly freguently: employeen
15 extends over a range from about 1 to about 1000 ppm by
weight and is preferably from 10 to 500 ppm by weight.

In particular, rhodium 1s used 1in concentrations of
from 10 to 200 ppm by weight, in each case based on the
olefinically unsaturated compound used. The rhodium

20 complex having the stoichiometric composition can Dbe
employved as catalyst. However, it has been found to be
advantageous to carry out the hydroformylation in the
presence of a catalyst system composed of the rhodium
complex and free, 1.e. excess, phosphorus ligand which

25 no longer forms a complex with rhodium. The free
phosphorus  ligand c¢an be the same as tThat in the
rhodium complex, but ligands different from tThis can
also be used. The free ligand can be a uniform compound

or consist of a mixture of warious organcphosphorus

30  compounds. Examples of rhodium complexes which are
employed as catalysts are described in US 3 527 B0Y Al.
Preferred ligands in the rhodium complex catalysts
include, for example, triarylphosphines such as
triphenylphosphine, trialkylphosphines such as triin-

35 octyliphosphine, tri{cyclohexyl)phesphine, alkylphenyl-

phosphines, cyclicoalkylphenyviphosphines and organic
phosphites, for example tris(Z,4-di-t-butylphenyl)
phosphite or the bisphosphites known from

WO 96/34687 Al. Owing to 1ts ready availlability,



The molar ratio of rhodium to phosphorus is usually 5 from 1:1 to 1:300, but the mol fraction of
phosphorus in the form of organic phosphorus compounds can also be higher. Rhodium and
organically bound phosphorus are preferably used in molar ratios of from 1:3 to 1:200. When
triarylphosphine&aré ®nipld§&d,1Rh/P molar ratios-10bf from 1:30 to RIBORRABUSLEPfoURY to be
particularly useful. The hydroformylation reaction is carried out in the presence of a solvent. Organic
compounds in whichpthen13 stasting: material, reaction product éhdicatalyst-systemrarespluble are

used as solventghg§w9@ of such compounds-are aramatic, hydrocarbons.such as benzene, toluene

or the xylenes. Other solvents which can be used are paraffin oil, ketones or ethers. The high- 20
boiling condensation compounds of the aldehydes, which are formed as high-boiling by-products in the
hydroformylatiof reaction, arave: béer fourfd totbeldparticutarly usefabsoiversts. The propoktion of solvent
in the reaction medim can bevatied @yer awide:2 cancentrationrange aad isHdsuadly iy the range
from 10 to 90% :E)X W |%htfg§:er£erglply from 10 to ig%/g Qy Welghté based on the reaction mixture. The

hydroformylation reaction’is gener‘allﬁ carred odt 30°5t & EFessur%méﬁlrjom 0.5 46" a, preferably

from 0.5 to 10 MP& 5t higReérpressurés 6f front 20 1640 MPalcairalsotbeémpioyed. Thetuse of
such high pressgresrig;the hydrpfermylatiomseagtion cairied aut harnogeneosisly wisingzbodium

complexes is k frqm 35EP. 8 Al The re rature | | 150 10 160C.
Temperaturles 2(18%{%% gg()gtogi%&(% gﬁgﬁpa%?cu%%%rﬁggg IR M 1° JROPLIY R0

to' 140C are preferred. WO
2010/1155P18PET/EPZ0ID/001 748 =©  1:150 have been ~found to  be

particularly useful.

The hydroformylation reaction 1s carried out in the
presence of a solvent. Organic compounds 1in which the
15 starting material, reaction product and catalyst system
are soluble are used as scolwvents. Examples of such
compounds are aromatic hydrocarbons such as benzene,
toluene or the xylenes. Other solvents which can be
used are paraffin oil, ketcnes or ethers. The high-
20  boilling condensation compounds of the aldehydes, which
are formed as high-boiling by-products in the hydro-
formylaticn reaction, have been found to be
particularly useful sclvents. The propertion of solvent
in the reaction medium can Dbe varied over a wide
25 concentration range and is usually in the range from 10
to 90% by welght, preferably from 10 to 50% by weilght,

based on the reaction mixture.

The hydroformylation reaction is generally carried out
30 at a pressure of from 0.5 toc 40 MPa, preferably from

0.5 to 10 MPa, but higher pressures of from 10 to

40 MPa can also be employed. The use of such high

pressures in the hydroformylation reactlion carried out

homogeneously using rhodium complexes 1is known from
35  EP 0 805 138 Al.

The reaction temperature is generally from 50 to 160°C.
Temperatures of from 60 to 150°C and in particular from

75 to 140°C are preferred.



The molar ratio of hydrogen to carbon monoxide in the synthesis gas is from 1:10 to 10:1, preferably
from 1:3 to 3:1 and in particular 1:1. At the temperatures 5 indicated and the pressure indicated, the
synthesis gas used in excess for the hydroformylation is dissolved in an amount corresponding to its
solubility in the f§uid 8}8rotdFdliation output. 10 FheliquidhydroformsfefibEEapLiLHaly L9
depressurized in a depressurization stage, resulting in separation into a liquid phase and a gas phase.
The gas phase obtained contains essentially excess synthesis gas, unreacted olefinically unsaturated

compound, 15 hydrogenated pradycts ard inext,gases from the pracess dorpreducing, synthesis gas.
The gas phase is, after part of the inerts have beer)) separated off, comeres?%d\yga%am anﬁlurgcwculated
yde,

to the hydroformiyfation reattigh Theffquidiiaseobtairédcbhtatris 26 8sSértiatly the Sitie

high-boiling by-preduétslof taechydroformylationréaction,:elg. higgh-bdiling aldehyde condensation
pdellJCtS, f@ﬁyﬂgﬁ%‘@@@%iﬁ%@ @ﬁ@'yﬁ%§)§1ﬁ9@3i§z§$§d5@J@f,thQ!*rQ! g@@ﬁ@@é@ﬂﬁ S%@E aIS toluene
or xylene is added, this.is also 25 present. However, preference is.given to using the high-boiling
aldehyde condensatclionlgro%ﬁ(c:tessa% %%nttksl%vi?f%éi[ §(§egiﬁénﬁz %ia a %&r?he?soréalrﬁ%%%f@%cr?t. e
depressurizatiorf:Ber¥88 {6 Ferfibve §asesus-esmpenents disseed in the liguid Batptt dHd s therefore
carried 30 out ahg pressure which isrowet than.the pressure in the hydroformylation reactor. The
pressure in the depressurization vessel can be set over a wide range. It can be only slightly lower than
the reactor pressure and in general correspond to the pressure drop between 35 the reactor and the

downstred depre€surizatioh Vessel Hoteter Hepiédsiftizatio Cat lso betarriéd ddtto¥a lower
pressure, for examplestosa pressure. in the dange: fronrQ.4=t0 1ch: MPa; preferabdyufrorn@ 310 1.0 MPa.

WO 2010/11551d,9.-RC TIEP2010/001 719 Jhediquig, phase separaied oyt insthe depressiyization
vessel is subsequently discharged and introdyced into a separatjon aggaratus in which the desired
aldehyde is sepBrATEd fTork tiE HomogERBoNLY tisSOIGR RydibL Y Crcoos SYRthedis

gas, unreacted c¢lefinically unsaturated compound,
15 hydrogenated products and inert gases from the process
for producing synthesis gas. The gas phase is, after
part of the inerts have been separated off, compressed
again and recirculated to the hydroformylation
reaction. The liguid phase obtained contains
20 essentially the aldehyde, high-boiling by-products of
the hydreformylation reaction, e.qg. high~boiling
aldehyde condensation products, rhodium complexes and
dissolved synthesis gas. If a further organic sclvent
such as toluene or xvyliene 1is added, this is also
25 present. However, preference 1s given to using the
high-boiling aldehyde condensaticon products as solvents
without addition of a further organic sclvent. The
depressurization serves To remove gaseous ocomnponents
dissolved in the liquid output and is therefore carried
30 out at a pressure which 1s lower than the pressure in
the hydreformylation reactor. The pressure 1in the
depregsurization vessel can be set over a wide range.
It can be only slightly lower than the reactor pressure
and in general correspond to the pressure drop between
35 the reactor and the downstream depressurization vessel.
However, depressurization can also be carried out to a
lower pressure, for example To a pressure in ths range

from 0.1 to 1.5 MPa, preferably from 0.3 to 1.0 MPa.



5 formylation catalyst. Here, the liquid phase is depressurized to a pressure which is lower than the
pressure in the depressurization vessel. A gaseous phase which contains the major part of the desired
aldehydes together with residual amounts of synthesis 10 gas and low-boiling compounds, for

example alkang§Goafiad by Hgtdgenation, is formed? The n- and isERIERFEES ArePSIiSeduently
isolated from the discharged gas phase in further purification steps. The liquid phase discharged from

the separation apparatis;d5contains thechomegeneously dissolvee hydnofarmylationecatalyst,
high-boiling aldehyde.gondensation praducts and; arganicsolvedf added,dnced into a
general,depressurization is carried out to 20 atmo?,%her}ilc pressure. The S(fparngH a(%)aratus is
operated at a teﬁ?ﬁeﬁ‘ﬁﬁﬁé of ur?%) fgﬁﬁfﬁ’refle?ab y f6m 100%0 TAOCFS keaep gan\%age to°the
hydroformylatios eatalystas lovi aspossibie duringdtssseparation frofi tecdesifed didshtes, the

temperature 25 paust not exeeed 180G, TThe sepatation apparatus candhave anygaatiguration which
allows the hydro orm Igti%n (%%t&l%/st%tg b% sef%aéatsed ggermgli% rom ghe f\éqgeehyd%ﬂt 5 p%%séble to use,
for example, a f ash distillation apparatus wi out intérnalé of a 30 conventional distillation column
which may be proVaded With rafdom Fackiliy élefifents sachi&s RaseRigTings, Spirdld St Sadldles,
ordered packing-erinternalsi siich as:itrickle fraysie impigverthesseparation peréornsancer dhe

distillation condiions such as temperature and 35 pressyre depend on,the physical,praperties of the

desired aldehydes. cafried out to a decreasing pressure from stage to stage between the

depressurizatio ¥6ssétdfranydd dfinstidam ePIREHSformyRtion $8A86r Snd & &8 F4ration
apparatus servirig tonseparate aldehydedrom 6ithe rhoditsm cdmplexdatalyst.<Thisicascade-like

arrangement is advantageousparticularly whenthe hydreformylation reaction is-cagried pytat

relatively high pressures. The gaseoug%lases obtained, which coptain residualts¥thesi as,
unreacted olefinicaly 10 isatHated Compount, inerts &id farther votatieContdshents, a
discharged and témuoved frorathe process oradvahtageodsiy partly ramoved: ardbafteracompression of

the remainder recirculated to the hydreferaylation reactor. Jhe iguid phase obtained i thesrespective
15 depressurization stage, in vlylhictglthe desired aldleg%}qe <gmd tggp_r}}/drofgrcr%lgtion caé%lxgsare
: 5 . ] !

Ty 1 by I Q
present as a SO|(l:Jﬁ(§réll i the hlgh-l?omr}:fgO a d]é%gdeacon hsation prodau%?s, is introduced into the next

depressurizatiort Bfager Thé liguitPphiasettaken offdfoifi the last 20 depressurization vessel is then
introduced into the separation apparatus for separating the aldehyde from the hydroformylation

catalyst. To stahiljze t odium cat it us to set ongxjde partial
pressure of frorrk?L IICL)F.OS %e%%\‘%pa’ p%gé%aébﬁé ggyf%)gnt?%g 18 to 0.93§M PZC%%J?EE ‘3:15 r?)r)lga%e ir?%lle

depressurizatiort {ESsEY BF Tésseld Depehting on'the soRiBHity Brevailing aPH @hperatares and
pressures set, carkoremedoxide is presentas: a:sotutior in the liguid; 6fyanic phasé andds able to

stabilize the from 100 to 140°C. To keep damage to the hydro-

formylation catalyst as low as possible during its

separation from the desired aldehydes, the temperature

25 must not exceed 160°C. The separation apparatus can

have any configuration which allows the  hydro-

formylation catalyst to be separated thermally from the

aldehyde. It is possible to use, for example, a flash

distillation apparatus without internals or a

30 conventional distillation cclumn which may be provided

with random packing elements such as Raschig rings,

spirals or saddles, ordered packing or internals such

as trickle trays to improve the separation performance.

The distillation conditions such as temperature and

35 pressure depend on the physical properties of the
desired aldehydes.

It is likewise possible to arrange further

depressurization wvessels in which depressurization 1is



30 rhodium complex catalyst. The liquid stream taken off at the bottom of the separation apparatus,
which consists essentially of high-boiling aldehyde condensation products and organic 35 solvent, if
added, and in which the rhodium complex catalyst is present as a homogeneous solution and which
contains further#RodQA0ddrhp&dads of lower catalyti®activity partly RCSU/SpeAbaE /693,738 Passed
through a filter in order to separate off suspended solids. These WO 2010/115511- 11
-PCT/EP2010/004719 parthynriodiam-centairingssodidis dhave beesfound fo dve harmfgbandcan, after

recirculation to te hydrofpumylation zene and into the. downstreary depressuiization vessels and

separation apparatuses, 5 damage the rhodium complex catalyst and promote preC|p|tat|?}ﬁof further
rhodium-contairity’ Boildsead th%% contfibutetd TREGILRY Ib&ses Suitabfe-fiter média ars Materials
customary in thes €0 dndustiy; e gpglass fiberssemmetat fithers oepolymes fiberdefor éxamplatfibers

composed gf polypsopylengqasiong asthay:have sufficiept ehemiqal resistancedgdhe prganic liquid.

In addition, the fllter dewces mstalled have tgy[l\taé/ggg&f350|en£)r§1§%hgﬁlfakit§biIit‘}éhen the
hydroformylation reaction is carried out at relatively
high ©pressures. The gaseous phases obtained, which
contain residual synthesis gas, unreacted clefinically

10 unsaturated compound, inerts and further volatile
components, are discharged and removed from the process

or advantagecusly partly removed and after compression

of the remainder recirculated to the hydroformylation
reactor. The liguid phase obtained in the respective

15 depressurization stage, in wnich the desired aldehyde
and the hydroformylation catalyst are present as a
solution in  the high-boiling aldehyde condensation
products, i1s introduced into the next depressurization
stage. The liquid phase taken off from the last

20  depressurization wvessel 1is then introduced into the
separation apparatus for separating the aldehyde from

the hydroformylation catalyst. To stabilize the rhodium
catalyst, it is advantageous to set a carbon monoxide
partial pressure of from 0.05 to 0.35 MPa, preferably

25 from 0.1 to 0.3 MPa, in the gas phase in the
depressurization vessel or vessels. Depending on the
solubility prevailling at the temperatures and pressures

set, carbon monoxide is present as a soluticn 1n the
liquid, organic phase and 1is able to stabilize the

30 rhodium complex catalyst.

The ligquid stream taken off at the bottom o©f the
separation apparatus, which consists essentially of
high=-boiling aldehyde condensation products and crganic
35 solvent, if added, and in which the rhodium complex
catalyst is present as & homogensous sclution and which
containg further rhodium compounds c¢f lower catalytic
activity partly in suspended form, is passed thrcugh a

filter in order to separate off suspended sclids. These



15 to stress. Commercially available candle filters or fiberglass filter cartridges having a metal core
have been found to be particularly useful. To avoid building up an excessively high filtration resistance,
the pore size of the filter material should be greater than 20 0.1 pm. On the other hand, materials
which have too ¥R128 heshL§5drding are likewiseunistitable becausB@F SRER3@8<081 1% separation
effect. Filters having a pore size in the range from 0.1 to 20 pm, preferably from 0.5 to 10 pm, are

particularly advartagecusr 26chsisoorras the:filter has acdumulated toeanuchcdepbsitait issemoved

from the apparafys.The;solids deposited thereon, whieh partially contain shodiym, aremarked up
separately in or(%er to ricov.er the noble metal and thus 3Q minimize gggerhodiugg consumption. Without

wishing to go in oogrr%g a&taii with rezg%?c? to methanistic &orh%?deratloné, it canBe"Assunied that the
solids present irftHerreskeulatedtlicquid steans Whick 88 comfirise abrasion e tie-plants or

rhodium-containing.deactivation angdecaompositionpreducts-efithe fydro- formylatieneatadyst, known
as rhodium clusters, act %:SaccrySta”iZ%ig%}%ui lei and accelerate theEconversion of the catalyfically

active rhodium @oﬁﬁﬁ&@n <into WO %gfl-rﬁo- T/EP2016/001719 °

thus contribute to rhodium losses.

Suitable filter media are materials customary in the
10 industry, e.g. glass fibers or metal fibers cor polymer
fibers, for example fibers compecsed of polypropylene,
as long as they have sufficient chemical resistance o
the o¢rganic liguid. In additicn, the filter devices
installed have to have sufficient mechanical stability
15 to stress. Commercially avallable candle filters or
fiberglass filter cartridges having a metal core have
been found to be particularly useful. To aveid building
up an excessively high filtration resistance, the pore
gsize o¢of the filter material =should be greater than
20 0.1 pm. On the other hand, materials which have o0
wide a mesh opening are likewise unsuitable because of
an excessively low separation effect. Filters having a
pore size 1in the range from 0.1 to 20 pm, preferably
from 0.5 to 10 um, are particularly advantageous.
25
As scoon as the filter has accumulated too much deposit,
it isg removed from the apparatus. The solids deposited
thereon, which partially contain rhodium, are worked up
separately in order to recover the ncble metal and thus

30 minimize the rhodium consumption.

Without wishing to go into great detaill with regard to
mechanistic considerations, 1t can be assumed that the
solids present in the recirculated liquid stream, which
35 comprise abrasion from the plants or rhodium-containing
deactivation and decomposition products of the hydro-
formylation catalyst, known as rhodium clusters, act as
crystailization nuclei and accelerate the conversion of

the catalytically active rhodium compounds into



inactive solids. Such solids not only damage the catalytically active rhodium compounds present in the
liquid phase but also promote cluster formation from freshly introduced rhodium compounds. Fresh
rhodium has to be added firstly to replace the amounts of rhodium discharged via the high-boiling
aldehyde condef@aiéil Brodugtsiand secondly to cofripensate the deRESHSRRGRIVRP dF7H@ rhodium
complexes remaining in the hydroformylation process. The measure according to the 10 invention of
removing harmfuhsatidsfeom thel ligidd streanthrecireulatesl to the: hydroformytationgeactidreby means

of a filter makes,it, possible g add less.fresh rhadium per kilagram of olefinically unsaturated

compound used to achieve a desired space-time yield of 15 a deh%de compared to a mode of

operation in which #e fiquid Stréant dischar§&d from e Sep&ratiohHpparatdsis rairchitdd to the
hydroformylation rezgtion without dse of afilter inthe process of thefingerition generallpfrom 0.5 to 3

ppm by weight of 20:fresh #bedium; based,on:glefinigally-unsatutated compound used, argnecessary.

This contrasts V.Vétg aqqlc_ggreageqr agdltjﬁ%neof ,fresg _[g%dllym of |na§£d£|trllondfrom O.Sdton]é ppm by weight,

based on oIefinlcaIfyCunsaqﬁratedlcompouncfl&scfad, it o filte¥ is emﬁo%& 2§@or?espona%%ly hig her
rhodium consuniptisiisdfRén résdlt. s Thelifguid preduttstreant ebtinéd aftel passage thidugh the
filter is partly disgbarged:ifn order ta 80 aveaid accumulatiop of thesaldehyde condensation peoducts. In
steady-stage opg@'kogfg Ttrtae fé(groggrgyrl%t'pnsglantrél@e cngnggr&atio Cog Cgl%hryge tggncé%%sation
products remains constant s%/nce the a ount?orm'ed uring ?he hygro ormyl%non eaction corresponds

35 approxifiateJotReameintd&chafget the ultisehiatged FRdditim-cbRtaining fquithSted which
has In a furthersmledimeataf-the proeess:of theinventian, @ subsirea is firsty taken dff,from the

rhodium-containing, liguid putput-frem.the hottom af.the, separation apparafys apd disgharged in order
to 5 avoid accumulation of the high-boijling aldehyde condensation products. The other substream to

be recirculated i5pasEd thrdligh the fitéttb¥epardfe offsbfidd g-at1ty — unsaturated
Freshrhodiumandfraeorgahicphodptiorus ¢l compound; preferabhpthesphosphoruscdompoind used in

the catalytic progess, @re:added o thethedjum-centainingrligujd-stream which has:beendreed of solids

and is recirculat?g t% ?ﬂ:‘? h 19£%fa0§1m3<4§ﬂ%@1 geacéign ];_Lg l:%gfo%% eentéyé intg: thel Q)Adrgformgg tign reaction.
The organic pho_spﬁorus(l ) compoun*asls‘adro%d in SGEH"an amolmtthiat the molaF Fatio of thodium to

phosphorus is frefn 1:3 #1200 pieferablydromti:80 tog@formylation  reaction
without wuse of a filter. In the process of the

invention, generally from 0.5 to 3 ppm by weight of
20 fresh  rhodium, based on olefinically unsaturated
compound used, are necessary. This contrasts with an
increased additicn of fresh rhodium of in additicon from
0.3 to 1 ppm by weight, based on olefinically
unsaturated compound used, i1f no filter 1is employed.
25 Correspondingly higher rhodium consumptions then

result.

The liguid product stream obtained after passage
through the filter 1s partly discharged in order to
30  avoid accumulation of the aldehyde cendensation
products. In steady-stage operation of the
hydroformylation plant, the concentration of aldehyde
condensation products remains constant since the amount
formed during fthe hydroformylation reaction corresponds
35  approximately to the amount discharged. The
undischarged rhodium-containing ligquid stream which has
been freed of solids 18 recirculated to the

hydroformylation reaction.



20 Fresh rhodium is added in the form of rhodium compounds such as rhodium salts, for example salts
of aliphatic monocarboxylic and polycarboxylic acids, e.g. rhodium 2-ethylhexanoate, acetate, oxalate,
propionate or malonate, salts of inorganic hydrogen acids and oxo 25 acids, e.g. nitrate, sulfate or
chloride, rhodiuPc@fiplexdsd 86ER as cyclopentadiedylrhodium compemdEPAbHIH &Eéhfacetonate,
[RhC1(1,5-cyclooctadiene)]2, rhodium carbonyl compounds such as Rh3(C0)12, Rh (CO) - -16 or in
the form of variaus rhadiurfoxides: 30 &hexhoditm compoundiused farcthe fresh stiodiurhaddition is

dissolved in an organic salvent or, depending,on the dissalution behavigr, syspended inthe organic
solvent. Advantageous solvents have been found, 35 to be the hl%h-bomn%aldefg%/lde condensation
products or prefe e deSirsd-aBAydes * WE2018/115511 1 T4 TP CTIBP251076517 19 rhodium

2-ethylhexanoate)¢o therecircuiated, sradiumicontaining sdlutiohathessblution whick: hastseen

adjusted inghis wayis retusped; tq,the-hydroforgwlatien, ceaction, b Tiheireagtion canhe carsed out

either batchwise_or 8ontinuousII¥, with a continuou process eing pref%rr%d. 10 Th%gref%rred process
. con @Fsatlﬁ ?%P ucts .. e . ofher subs re?P .
according to the invention isillustrated below with the aid of the in-principlé schemeas per figure 1.

However, the proeess fithelifidention RAFGtaestiicted 48 the Eiibotliméntdepictedtindne dtawing. 15
The olefinically yasatyrated sompound is introduced into the hydroformylation reactor (3) via line (1)
and synthesis gas is introduced via line (2). The hydroformylation output is taken off via line (4) and
10  Fresh rhodium and free organic phosphorus {(I11)
compound, preferably the phosphorus compound used in
the catalytic process, are added to the rhodium-
containing liguid stream which has been freed of solids
and is recirculated to the hydroformylation reaction
15  Dbefore entry into the hydroformylation reaction. The
organic phosphorus(III) compound is added in such an
amount that the molar ratio of rhodium to phosphorus is
from 1:3 to 1:200, preferably from 1:30 to 1:150.

20 Fresh rhodium is added in the form of rhodium compounds
such as rhodium salts, for example salts of aliphatic
monocarboxylic and polycarboxylic acids, e.g. rhodium
Z-ethylhexanoate, acetate, oxalate, proplionate or
malonate, salts of inorganic hydrogen acids and oxo

25 acids, e.9. nitrate, sulfate or chloride, rhodium
complexes such as cyclopentadienylrhodium compounds,
rhodium acetylacetonate, [RhC1(1,5-cyclooctadiene} iy,
rhodium carbonyl compounds such as Rhi{(CO)i:, Rhg(CO)is
or in the form of various rhodium coxides.

30
The rhodium compound wused for the fresh rhedium
additicn is dissolved in an organic solvent or,
depending on the dissclution behavior, suspended in the
organic solvent. Advantageous solvents have been found

35 to ke the high-boiling aldehyde condensation products
or preferably the desired aldehydes.

After addition of free c¢rganic phosphorus(IITI} ccmpound

and fresh rhodium, advantageously in the form of



20 introduced into the depressurization vessel (5). Here, the reaction mixture is brought to a pressure
which is lower than the pressure prevailing in the hydroformylation reactor (3). This results in
separation into a gas phase which contains predominantly synthesis 25 gas, unreacted olefinically
unsaturated coffodfd @nd Vefekile compounds andld liquid phase. BYE §ESPAASE PdidéRarged via
line (6) from the depressurization vessel (5). Part is discharged from 30 the process via line (7) in
order to avoid actomilatiof-of inertsh Thergas:-stream disckarged tanbeautilized therdally-The

undischarged gas streapm:isfed ialine(8),to a compresser,(9) and there hrought o thedegctor
pressure and reciéculaged_via line (1Q) to the 35 hydroform%/Iati_on reactor (3). 'l;)he qu}gji%1 hase
obtained is fed Vi ilﬁ%‘ﬁ%) tolélsep ation ﬁﬁp}faratlu% (15). ?Hérﬁaaid pth%se cOftains” 9+ °
essentiallythealdelydesihigh:boilingaldehyde WO 2010/115511- 15 -PCT/EP2010/001719
condensatign products as high-boiling by-products of the hydroformylation reaction, the
rhodium-containing hydroformylation catalyst, further catalytically less active qr inactive rhqadium
complexes and?i%%sea?g %Jcé)k/%rﬁt. ﬁlat%e%paga Fo%lgﬁ%aéﬁ%s (%i)%heerd(;%ﬁ(e%g gwdle%?/de%rare
separated off frérarthé rHediaA and highWoilerst The&epharation dpparattis tEDgs preférdbly a
conventional digtilatien eeltimn which is equipped, for example, with random packing elements,
ordered packing 10 or internals for intensive gas/liquid exchange. The aldehydes taken off at the top of
the separation apparatus (12) via line (13) are subsequently separated into n- and iso-aidehyde in a
further distiflatioh"$tagB {RoEsHSHh if igafe>s) . The Thodita-containiig 15 BEftamhs tfom 'the
separation apparatusy(12) areidischarged atia temperatuseiat thetbottdm of ot mrore than ¢50C via
line (14) and passed through the filter-(15), for example, a-commergially availahle candledilter

composed of glass fibers and having a pore size . .
P g%mvention {g ngt %@stricted to the embediment depicted

in the drawing.

15
The olefinically unsaturated compound is introduced
into the hydroformylation reactor (3) via line (1) and
synthesis gas 1g introduced wvia line (2}. The hydro-
formylaticn output 1s taken c¢ff wvia line (4) and
20 introduced into the depressurization vessel (b). Here,

the reaction mixture 1is brought to a pressure which is
lower than the pressure prevailing in the Thydro-
formylation reactor (3). This results in separation
into a gas phase which contains predominantly synthesis
25 gas, unreacted olefinically wunsaturated compound and

volatile compounds and a ligquid phase.

The gas wphase 1is discharged via line (&) from the
depressurization vessel (5)}. Part 1is discharged from
30 the process via line (7) in order to avoid accumulation
cf inerts. The gas stream discharged can be utilized
thermally. The undischarged gas stream 1is fed via line
(8) to a compressor (9} and there brcught to the
reactor pressure and recirculated wvia line (10) to the

35  hydroformylation reactor (3).

The liguid phase obtained 1s fed wia line (11} to a
separation apparatus (12). The liguid phase contains
eggentially the aldehvydes, high-hoiling aldehvyde



20 of from 0.1 to 20 pm. Here, solids, for example abrasion from the plant components or compounds
which are formed during the hydroformylation reaction, the depressurization steps and the
aldehyde/catalyst separation and are insoluble in the organic liquid are 25 retained. It has been found
that such solids#ste28a11h 1AS BEdanic solution haveldn adverse effeBCAHEBRIMAGEMEREIation and
decomposition of the rhodium complex catalyst. 30 The filtrate which has been freed of solids flows out
via line (16) and-isrpirtly semovedfnomi the: process viadine ¥T7)linrordebto-avoidactamuldtion of the

high-boiling aldehyde condensatioppreducts. Amounts,of rhagium presenttherein:are,werked up

externally. The 35 undischarged stream is conveyed away via line (18) and admixed wjth fresh
rhodium solutioﬁ‘%% A %ﬁ?ﬁ and Eﬁégﬁdrusgc\;{*o%ﬁ:&o@u%d Ff)%lf@ %%iéﬁ%#é*@éO).L?ﬁg solution
which has beenzadjdsted iathisiwaygisithen refurdédia fime249 %6 the Aydroformiylatiéf feactor (3). It
is likewise possihie te.mix the-freshahediyaysalution with thesphasphorus, compound beferehand and
to add these to er to the rhadium-containing filtrate. As soon as the filter (15) >umulated too
large an 5 amo?]in %)?%%é(e)éits? it's rse%Pfczeaoltﬁyga forefgls%ﬁ | %é?.nbetp%esite%qs%%dé%lwéi}gé S‘l§§tl ’g‘c‘:ontain

rhodium arewop@al@ggepﬁa%wgepazation apparatus (12) is preferably a
conventional distillation column which is equipped, for

example, with random packing elements, ordered packing
10  or internals for intensive gas/liguid exchange. The
aldehydes taken off at the top of the separation
apparatus {(12) wvia line (13) are subsequently separated
into n- and iso-aldehyde 1in & further distillation
stage (not shown in figure 1) . The rhodium-containing
15 bottoms from the separation  apparatus (12) are
discharged at a temperature at the bottom of not more
than 150°C via line (14) and passed through the filter
(15), for example a commercially available candle
filter composed of glass fibers and having a pore size
20 of from 0.1 +to 20 um. Here, solids, for example
abrasion from the plant components or compounds which
are formed during the hydroformylaticon reaction, the
depressurizaticon steps and the aldehyde/catalyst
separation and are inscluble in the organic liquid are
25 retained. It has been found that such sclids present in
the organic solution have an adverse effect and promote
deactivation and decomposition o¢f the rhodium complex

catalyst.

30 The filtrate which has been freed of solids flows cut
via line (16) and is partly removed from the process
via line (17y 1in order to avoid accumulation o©f the
high~boiling aldehyde condensation products. Amounts of
rhodium present therein are worked up externally. The

35  undischarged stream is conveyed away via line (18} and
admixed with fresh rhedium solution brought wvia line
(19) and phosphorus compound brought via line (20). The
solution which has been adjusted in this way 1s then

returned via line (21} to the hvydroformylation reactor



The process of the invention can be applied to 10 olefinically unsaturated compounds of any structure.
Accordingly, both olefins having an internal double bond and olefins having a terminal double bond
and likewise straight-chain or branched olefins are suitable as starting material. In addition, the olefins
15 can also be $uibstifuted by/Fhadtional groups, ir-pagicular functionBCFHEDRS VA ald hét altered
during the course of the reaction. Multiply olefinically unsaturated compounds are also possible
starting materials3The ptocess hascbeer foundde 120 particeulartyusefid infthedrydrofermylation

olefinically unsaturated hydrgcarbons haying fram 2,25 carhon atoms in-the molegule, preferably

ethylene, propylene, 1-butene, mixtures containing 1-butene and 2-butene, 1-hexene, 1-octene,

dimeric butenes* eSS propyfenedr ifdustrially avaifabE olefift MixtireS such'ds Birfiersole or
Octol10. The invenatiewisillastrated infthetfollowing)exansple butisinot restricted td theyemibodiments

described. 30 Example-Propylene wasireacted with aphiure consisting of egual velumes-of 00/32 at
a pressure of 5 MPa and a 35 reaf,ti n tem\%er,at%re of 132lC. The cataI%/st consisted of hiq:h-boiling
aldehyde condens&fi nlEFoduc?sO in'Whith trip lecnylpll?c‘?srpthln%«’a (T‘ffﬁg)taanon therr}ﬁg ilu%“coﬁ]p ex
HRhCO(TP,P)3 Have béenissahath Théymolar ratio of WO 2010/115511- 17 -PCT/EP2010/001719
rhodium to phosphorus was 1:80 and the rhodium

The process of the invention can bhe applied to
10  olefinically unsaturated compounds of any structure.
hceordingly, both olefins having an iInternal double
bond and olefins having a terminal double bond and
likewise straight-chain or branched olefins are
suitable as starting material. In addition, the olefins
15 can  also be substituted by functional groups, in
rarticular functional groups which are not altered
during the course of the reaction. Multiply
olefinically unsaturated compounds are also possible as
starting materials. The process has been found to be
20  particularly useful in the hydroformylation of
olefinically unsaturated hydrocarbons having from 2 to
25 carbon atcms in the molecule, preferably ethylene,
propylene, l-butene, mixtures containing l-butene and
Z2-butene, l-hexene, l-octene, dimeric butenes, trimeric
25 propylene or industrially available clefin mixtures

such as Dimersol® or Octol®.

The invention is idllustrated in the following example
but is not restricted to the embodiments described.
30

Example

Propylene was reacted with a mixture consisting of
equal volumes of CO/H, at a pressure of 5 MPa and a
35 reaction temperature of 132°C. The catalyst consisted
of high-boiling aldehyde condensation products in which
triphenylphosphine (TPE) and the rhodium complex
HRHCO (TPP) 3 have been dissclved. The molar ratic of



concentration was 100 ppm, based on propylene used. The product stream leaving the reactor was
firstly 5 depressurized to a pressure of 1.0 MPa into a depressurization vessel. The gas phase
obtained in the depressurization vessel was discharged. Part of the discharged gas stream was
removed from tiOpRRE8L 1drib ik other part was-cdriipressed and tRER /E&&UIAEE 83 1Dthe reactor.
The liquid phase obtained in the depressurization was fed to a commercial distillation column. At a
temperature at thedoottom ofdfrom ph@ te 130G and dbatmasgheric pressurehthe nfislutyraldehyde

mixture was taken, gft a5 uerbead producs an sepagated in a furher distlption galymn into

n-butyraldehyde and isobutyraldehyde. The rhodium-containing n bottoms discharged were
subsequently passed through a 20 commercial fiberglass filter cartridge from Fuhr having a metal core
and a pore size B16.5 pme>dhetfiltraterwhich Had:been freet ©f solidswas subsequéntly divided into

two substreams n g/mass,; 25 yatio of90:10, Thesubsiream haying the lowes masg was taken from the
process, while tt&e other substream was, as cir]<'::ula d catalyst, %dmixed k\gvti_th.a solution (&fresh
rhodium 2-ethy|h(—%%P;f"h%)Sél%elzl i A<bu ﬁgldgﬁ)?&ée. res ﬁipﬁgnsylﬁ]o%%ﬁing was ad edlsneparae[ely
therefrom 30 to §RREEMBIdrati6 vf FhodiafFolphagphords of 1:80J THe rhBditi-cohtaihitg solution

which had been@agjusted in:this;way wasssubseguenthrregiseulatedqto the hydrefarmy|ationgeactor. 35
The filtration of t e ere%ircci%%te%, arpgdi‘}q@écontaininaggb%t&omsnﬁorg the distillation ciogll{m S éprisingly

. . COMpIT en reclrrc e
allows the specific rhodium consumption in the%y roformylation o propy?ene to be reduce
significanthé3

To bbtaik @%desied space-time yield, only from 0.5 to

The Iigquid phase obtained in the depressurization was
fed to a commercial distillation column. At a
temperature at the bottom of from 110 to 130°C and
15 atmospheric pressure, the n/i-butyraldehyde mixture was
taken o0ff as overhead product and separated in a
further distillaticn column intc n-butyraldehyde and
isobutyraldehyde. The rhodium-containing distillation
bottoms discharged were subseqguently passed through a
20 commercial fiberglass filter cartridge from Fuhr having

a metal core and a pore size of 0.5 um.

The filtrate which had been freed of soclids was
subsequently divided into two substreams 1in & mass
25  ratio of 90:10. The substream having the lower mass was
taken from the process, while the other substream was,
as circulated catalyst, admixed with a solution of
fresh rhodium 2-ethylhexancate 1n n-butyraldehvde.
Fresh triphenylphosphine was added separately therefrom
30 to give a meolar ratio of rhodium to phosphorus of 1:80.
The rhodium-containing solution which had been adiusted
in this way was subseqguently recirculated to the hydro-

formylation reactor.

35 The filtration of the recirculated, rhodium-containing
bottoms from the distillaticn column surprisingly
allows the specific rhodium consumption in the hydro-
formylation of propyliene to be reduced significantly.

To obtain a desired space-time yield, only from 0.5 to



3 ppm by weight of fresh rhodium, based on propylene, has to be added in the process of the
invention. In comparison, if the filtration step is not employed, 5 an increased addition of fresh rhodium
of in addition from 0.5 to 1 ppm by weight, based on propylene, is necessary. WO 2010/115511- 19
-PCT/EP2010/08¢7 29 Tldiliss 1A process for working up a liquid ousstt fibh2al0/001719
hydroformylationreaction,whichoutputcontains 5 aldehyde, high-boiling by-products of the
hydroformylation regetion,a hemggenestisly dissolved shadium compiex catalystoynreasted
olefinically unsajrgted compund, syrihesgas andolalile by groduts, inwhieh 10 2) |
theliquidhydroformylationoutputis depressurized In a depressurization vessel, resulting in separation
into a liquid phase and a gas phase; and 15b) theliquidphaseobtainedinthe
In compariscn, 1f the filtraticon step 1s not emploved,
5 an increased addition of fresh rhodium of in addition
from 0.5 to 1 ppm by weight, bkased on prepylene, is

necessary.



depressurization vessel is introduced into a separation apparatus in which separation into a liquid
phase contain ng essentially high- boiling by-products of the hydroformylation 20 reaction, the
homogeneously dissolved rhodium complex catalyst and small amounts of the aldehyde and a gas
phase containingahe pregamidant amount of the aldebyde is carried POT ARPR2ZE) /001719
aliquid,rhodium-containingoutputis discharged from the separation apparatus, characterized in
thattheliquid,rhodium- containing output dischargeth tsem<she separation 30 apparatus is passed
through a filter and solids separated off are removed from the process while the filtrate obtained is
recirculated to the hydroformylation reaction. 35 2.The process as claimed in claim 1, characterized in
that part of the Ilfguid, rRodiirRScontaining oifphit-ditehatgeddrom thelseparation apparafusds removed
from the procesa while themtherpastis passedihraugh thefiltet. output contains

5 aldehvyde, high~boiling by-products of the
hydreformylation reaction, a homogeneously dissolved
rhodium complex catalyst, unreacted olefinically
unsaturated compound, synthesis gas and volatiie by-

products, in which

16
a) the ligquid hydroformylation output is
depressurized in a depressurization vessel,
resulting in separation intc a ligquid phase and
a gas phase; and
15 b} the licquid phase obtained in the
depressurization vessel 1s intreduced into a
separation apparatus in which separation into a
ligquid phase containing aessentially  high-
boiling by-products of the hydroformylation
20 reaction, the homogeneously dissolved rhodium
complex catalyst and small amounts of the
aldehyde and a gas phase containing the
predominant amount of the aldehyde is carried
out; and
25 c) a liquid, rhodium—containing output is
discharged from the separation apparatus,
characterized in that the liguid, rhodium-
containing output discharged from the separation
30 apparatus 1s passed through a filter and solids
separated off are removed from the process while
the filtrate o¢btained is recirculated to the
hydroformylation reaction.
35 2. The process as claimed in c¢laim 1, characterized

in that part of the liguid, rhodium-containing output
discharged from the separation apparatus 1s removed
from the process while the cother part is passed through
the filter.



3. The process as claimed in claim 1 or 2, characterized in that the separation apparatus is operated at
a temperature of up to 160C, preferably 5from 100 to 140C. 4. The process as claimed in one or more
of claims 1 to 3, characterized in that a carbon monoxide partial pressure of from 0.05 to 0.35 MPa,
preferably from®¢L 2018 HI3LEHELs set in the gas pA&sein the depreRSUAERRNNESSEE 73 9The
process as claimed in one or more of claims 1 to4,characterizedinthatapluralityof 15
depressurizationvesselshavingpressureswhich decrease from stage to stage are employed. 6. The

process as claimed in eng or more-of claims 1 to 5; charagterized in that.glass fibers,-metal fibers 20

or polymer fibers are used for the filter. 7. The process as claimed jn claim 6, characterlzed
characterized 1in thalt' the separation apparatus

operated at a temperature of up to 160°C,
5 from 100 to 140°C.

preferably

4. The process as claimed in one or more of claims 1

to 3,
pressure of from 0.05 to 0.35 MPa,
10 to C.2 MPa, is the

depressurization vessel,.

characterired in that a carbon monoxide partiail

preferably from 0.1

set in gas phase in  the

5. The process as claimed in one or more of claims 1
to 4, characterized in that a plurality of
15 depressurizatiocon vessels having pressures which

20

25

30

decrease from stage Lo stage

6. The process as claimed

to b, characterized in that

are employed.

in one or more of ¢laims 1

glass fibers, metal fibers

cr polymer fibers are used for the filter.

7. The process as claimed

in that the
20 um,

filter has

8. The process as claimead
to 7,

organic

characterized in
phosphorus (I171)
before

filtrate entry

reaction.

a pore

that
compound

into

in claim 6, characterized

gize of from (0.1 to

preferably from 0.5 to 10 pm.

in one or more of claims 1
fresh rhodium and free
added to the

hydroformylation

are
the



in that the filter has a pore size of from 0.1 to 20 pm, preferably from 0.5 to 10 pm. 25 8. The process
as claimed in one or more of claims 1 to 7, characterized in that fresh rhodium and free organic

phosphorus(lll) compound are added to the filtrate before entry into the hydroformyla lon 30reaction.
WO 2010/115511
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