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honogeneowkeyptksan] dadehtidhael1adetsi o dgdioddss Codalumst s used are

gener al lsyp, QH@W Q&oﬁ%’f"cﬂ)é%%ngf hs%?é $8h 21014 %S:'bbhogt&ﬁ@up VITT,
especi aIIy Co, Rh, Pd, conpounds or conpl exes, which may be

unnodi fi ed modi f.i ed with for exa .am ne; or phosph| ne- cont ai ni ng

| e
conpounds! Y%F‘Plfc%”ﬁ’lﬁﬁéﬂfll?’éﬁ}\?e%BnBE? $h 16t aphirRATHANE fRdustrial
hydr of or mprae¢sh £20 prepaf ing ad drhydes uftaay ol fies mcagboappanexids ande
hydr of or maydtogen OfThesarslddlgidesscan, paf tdesilrad, i se Usidalolggnated royed out

only tQqoampansicd r@@m ﬁlmthl:-heama fﬁ&rsrylseépocslr &m&,@aﬁénwy sigpar at ed
from the QQgQPAtJ % telao%t 's%@ t‘ﬂ@rsé‘f ’eipge d%l;” %ﬁ 40*1%“

recircul a ny| at reac resh carbon

t
nonoxi de %ﬁa }P‘X/szro §H‘ %ﬁ%\/é‘ts CF‘ﬁEJrT' c%ﬁp&ﬁeﬁgg P nc§a9 r&rfysts
hydr ocar bBR&ch \@fie hoBpgenemis yc dasspbyed tid the FSRptcisr MeHiRMon reaction
and have Betalysts nsddcade wenerthdy ota@ipoundis dborowmupllekeseobrnoetral sr efict i ons,
are rasucpedsitidmerbepctnr Wekpet D112 @d,Cthat o6, adgf PR. of orRPr event 30
‘;grg?gfeesﬁl am %fgcbeﬁﬁien,ﬁe%pgggggﬁ%%{ﬂa ﬂﬂﬁbayﬂ&f:r&aﬁbagf%gho v{g.?ﬁy ation
TR S R o PP R bR g bl

reacti on ceases feam’o recircu Ebntl nuously has
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fromthe 8yR¢em WENHBhRvite copversierdistthean ebimniist Sydndfopmrlaityoof
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not accessible to the hydroformylation reaction and have been
introduced with the olefin or formed by secondary reactions, are
returned to the reactor with the recirculated olefin. To prevent

30 the concentration of inert components continually increasing in
the hydroformylation reactor and reaching values at which the

.' hydroformylation reaction ceases, a substream of the recirculated

stream continuously has to be discharged from the process in
order to remove the inert components from the system.

35
However, this bleed stream consists only partly of inert
components. The major part is made up of unreacted olefin and
unreacted carbon monoxide and hydrogen, which are thus lost from
the reaction. To keep the bleed stream small and keep the losses

40 associated therewith low, an olefin feed of high purity is
generally used. Thus, in the hydroformylation of propylene, use
is generally made of a propylene feed having a purity of about
99.5% with the balance being essentially propane. This is
sometimes known as “polymer grade propylene”. However, such

45 high-purity olefin feeds are costly to obtain and therefore
command significantly higher market prices than do olefins of
lower purity. Thus, for example, “chemical grade propylene” which
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« conmand sbgg'bf/?qg%l y hi ghe'r' mar ket prices than do o'I' efins of |ower
purity. Thus, tor exanple, "chem cal grade propylene" which 0050/51513 2
contains fromabout 3 to 7% by wei ght of propane is considerably cheaper

~than t he abovenenti oned pol yner gr adezspr opyl ene. For the reasons nentioned,
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25 It is an object of the present invention to provide an improved
process for the hydroformylation of olefins which allows the use
of olefin-containing feeds in which a proportion of saturated
hydrocarbons is present.

=

30 We have found that this object is achieved by a process for the

hydroformylation of olefins having from 2 to 8 carbon atoms, in
- which
(1) an olefin-containing feed in which a proportion of a
35 saturated hydrocarbon having from 2 to 8 carbon atoms is

present and carbon monoxide and hydrogen are fed into a
reaction zone and reacted in the presence of a
hydroformylation catalyst,

40 (ii) a stream consisting essentially of unreacted olefin and
saturated hydrocarbon is separated off from the output from
the reaction zone,

(1ii) the stream is separated into an olefin-enriched fraction
45 and an olefin-depleted fraction by rectification, and



45 and anogggf/\sPsqul eted fraction by rectification, and 0050/51513 3 (iv)
at | east part the ol efin-enriched fraction is reC|rcuI ated to the
reaction zone. A efins which can be hydrofornylated by the process of the 5

- present invention contain from2 to 8 preferably from2 to 4, carbon
atons. They can be straight-chain, branched or cyclic olefins. Preferred
exanpl es 6LVEuidtadieassl BaF ot tdeephefin- engigpedefractigreh® and/ or
2- but ene. The aotesfincudeheditn ridpef cedctiom @ompri se a single olefin or a
m xture of olefins. The olefinis 10 fed into the reaction zone in the
form of ag;ef&ld %qeﬂt 8hRi By hyfd%@oﬁmaaaéal %? thOTprocaBl s £6om 0.5 to 40%
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i ght.
Car bon MORBEHE PLEHAn 2 T4 reHY, RYSREFEPRY of 5 Dt ur e,
known as 8??1??1’@&151’ §aBtaimfe lesSpsERR | %obet W@lg‘}/?]t‘?feézlog‘?o@%tﬁjé%@eifn t he
process othaheoJmfasenndi saeirated bpdracanponi-t hin 35 a wi de range. The nol ar
rati o @b carbon nonoxide to hydrogen is generally from2:1 to 1:2, in

Eaéﬁg?gLaéu{{éé?éagggklﬁ5béﬁ%§ﬂ%1n ?fé%hs-gy% Begpfiﬁﬁé“dﬁ bH 1ﬁﬁhsﬁr1ﬁ% ‘o 200
Cy prefe?%i%%ié (1 %%%g}:?g%(?%iaq‘g?gof aYnh'}tuilg Cul rom H%%éb %t’o 190 C.
The react PERLS y containing from 2 y weight, in partlcular from
3 to 7% by weight, of propane. Such mixtures are commercially
25 available as “chemical grade propylene”. They are obtained, for
example, by conversion of naphtha or natural gas in steam
crackers and subsequent work-up by distillation. A further
example of a suitable olefin-containing feed is “refinery grade
propylene” which has propane contents of from 20 to 40% by
30 weight.

' Carbon monoxide and hydrogen are usually used in the form of a
mixture, known as synthesis gas. The composition of the synthesis
gas used in the process of the present invention can vary within

35 a wide range. The molar ratio of carbon monoxide to hydrogen is
generally from 2:1 to 1:2, in particular from about 45:55 to
50:50.

The temperature in the hydroformylation reaction is generally in
40 a range from about 50 to 200 °C, preferably from about 60 to

190 °C, in particular from about 90 to 190 ©°C. The reaction is

preferably carried out at a pressure in the range from about 10

to 700 bar, preferably from 15 to 200 bar, in particular from 15

to 60 bar. The reaction pressure can be varied as a function of
45 the activity of the hydroformylation catalyst used.



«preferabl goggyshgdsout at a pressure in the range fromabout 10 to 700
bar, preferably from15 to 200 bar, in particular from1l5 to 60 bar. The
reaction pressure can be varied as a function of 45 the activity of the

*hydrof ornyl ati on catal yst used 0050/51513 4 Suitable pressure-rated
reaction ap aratuses for roforrryla lon are known to those skilled in
the art. ‘?]r?clﬂféésPﬁ"e‘ APRG IR SRR AT UPRACI YT $YFP L gERY 1atdond
react i onsar% lgnovgh§°c?chein¢ #kiddedr eacﬂéﬁ artpuBbey wwstheteenennmlyh may
opt i onal | yuseontingi dedcboby fart gasal $quBlitealbltéohydreofpr mpbatinmlzatiahy st s

are the cushérdrsy, budbseéttSMMNEET atc P RGWRdfhadNEp€ivHA12)yEBe KDMHEJ0 t hose
skill edsgi gyt b @rlars . Whi ch can be used either with or w thout cocatalysts.

The 10 transition netal is preferabl y a rretal of transition group VII1 of
t he Periodi ¢ Tabl e, |ng?rt|cular or Ir, especially
Rh, Co, |PubFade hegrph ’%ch?’d'-n‘-ﬁ’l“eﬁé?%éfsets PSP ES&%rﬁﬂs@m“PH@ Eﬁ?'&ﬁ)‘r’r’ﬁm

corrpoundsmef—al Impieangd oyrdreaanipd aaes nknens tanthese skididgdesxrstih@sd, | i gands
are sel egheech feaambannagd ast thes, watly| qhosiphonescocd tallyphes phhaes,
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anpl es S .ar npl, ex 0 a
s Lo( b5 B4 (R BaER, e ” o8 BLLRAUE, COTEREY B e oP B
al kyl car b6§y|%§%¢‘:18ﬁ 'c:fr"do Y SFe acetyl acet onat e, aryI sul fonate or 25
al kyl sul fonate, in part | cuI ar phenyl sul fonate and tol uenesul fonate,
hydri de oSuitabld clompyéxes ariene fani example, tBe ¢&rlomyl condppemikerntfl y of one
anot hens €he MAidmentiokdyd nelaaki Bd MRS Soablyxsy cleset adiends (D), 30
‘bing?pheé%@éé‘d f%mzmﬁgldneneERS 22 ntlcalﬂ?&%,r & dfl'Ehb§ ﬂlré% ; ngi nis
cycl oal kyFl gﬁ%@ﬁiosgé caﬁ’s or1%¥rle$e'ra eneﬁhent? ’ P ﬁ' ?ol
p- et hyl ph HW‘” -cunyl, p-t- butyl phenyl, p-Cl-C4- aI koxyphenyl preferabl y
p-ani syl, 35 xylyl, ne5|tyl p- hydroxyphenyl, whi ch may al so be
et hoxy 2at Bglamsldsf @mheuytab]ies aptepysts GlreCohalikax yconplelkepeaf ythe or
cycl ohexykoruiss RhxZraiRyb gnewherd, 3- propyl ene. L1, L2 and L3 are each
preferably, independently of one anot her, CO COD, P(phenyl)3,

P(i-propyl) 3, . P(ani.syl) ﬁ ﬁz C Iohe i henz {ems hol e or
benzoni tr%(l e. i harild% fBre ?é/ érid Iolil%(ﬁgml brﬁ%d(gchrg?)éf &
tosyl ate, or arylcarboxyla e, acetylacetonate, arylsulfonate or

25 alkylsulfonate, in particular phenylsulfonate and

toluenesulfonate, hydride or the diphenyltriazine anion,

L1, L2, L3 are, independently of one another, CO, olefins,

cycloolefins, preferably cyclooctadiene (COD),

30 dibenzophosphole, benzonitrile, PR3 or R;P-A-PR;, and m is 1
or 3 and n is 0, 1 or 2. Radicals R (which may be identical

. or different) are alkyl, cycloalkyl and aryl radicals,

preferably phenyl, p-tolyl, m-tolyl, p-ethylphenyl, p-cumyl,
p-t-butylphenyl, p-C;-Cs-alkoxyphenyl, preferably p-anisyl,

35 xylyl, mesityl, p-hydroxyphenyl, which may also be
ethoxylated, sulfophenyl, isopropyl, C;-Cs-alkoxy, cyclopentyl
or cyclohexyl. A is 1,2-ethylene or 1,3-propylene.
Ll, 1.2 and L3 are each preferably, independently of one
another, CO, COD, P(phenyl)s;, P(i-propyl)s, P(anisyl)s,

40 P(OCyHs)3, P(cyclohexyl)s;, dibenzophosphole or benzonitrile.

X is preferably hydride, chloride, bromide, acetate, tosylate,
acetylacetonate or the diphenyltriazine anion, in particular
hydride, chloride or acetate.

45

Preferred hydroformylation catalysts are phosphorus-containing

rhodium catalysts as are formed, for example, in situ under



sacetyl ace t he di phenyltriazine anion, in particular hydride,
chl ori de %@ggggtlg'slt’lé 45 Preferred hydrofornyl ation catal ysts are
phosphorus-contai ning rhodiumcatalysts as are forned, for exanple, in
*situ under 0050/51513 5 hydroformylation conditions froma rhodi um source
and a triaryl phosphine such as tripHhenyl phosphine, for exanple
RhH( Co) 2( PPH8% Pomry IRIHHIOEOr ¢ P3N s5 £ Som t abthediydr sbarey/laakd en cat al ysts are
descri bedtriaryptaogphdne suciBeld @riphemylphokphing| oér Miaagubar Catal ysis

A, 104 (188B)co)A®Prhly; & rRMR(EH @ﬁpﬂgg?.eby fully incorporated by reference.
A partial conversion, based on tLe olefin fed in, takes place per 10 pass
t hr ough ' ne. The conversion is generally from 10 to 90%
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may be obt8i hed®UidPased o% theyolgpinated dft-er work-up, wholly or partly
recirculated to the reaction zone or discharged fromthe process. For
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lzngi ! } ng Bei i 5t {dtayet BEp YA O bRKEAL i tf %QUQta@Qﬂeafsit[ lat §¥rdn separ at eg

o r reac ... Subsequen xture o

reactlgdgg%ié:‘ftfsn%ﬁ“%a%%fﬁ g(}%ﬁ' %%@?E’Jﬁ& ggﬁrﬁ}é a%%r?dgﬁgégcgu%n.rg ﬁovvever,

e streafrtoHSi SHISAG “28e it 5)? %%r‘ﬁ’zf@taﬁ'd'eﬁl%]f‘?frin 2992 Rt SR ECat ed
hydr ocar bBRAYecaIReant Bgeer@ing oBt Ahacentiptf meshoy, shpahgri aredns,a crude
hydr of or ngl @t iwaster gdaes comprisinggsyniriresdst gds ohd i stremads sadmpritsdthg
hydr ocar badgh+balilssgl Bedpfsudtsl 6 thé ehylropbimyIMMIhankeast i on zone and
St op. o L L e i ed ofefin and
step, giv u [
sat 5r a'? ed‘l:1 d%orc%a%%o %sg%%rg(ﬁﬁgh d"éfrlo ofy e PFE%@X’ i ]}/oenc %C%? ﬁgﬁgftroo rﬁ?’eV\hi ch
the crude™f ’cﬁ’b?ﬁﬁ?a??o%%&ﬁ@f’ R ghenPreges st L €xageir dibey whol |y
or part| yhY@eqfarmvapsdon Prqsuicteand oty comeongnes avide hydher drahliiagi on
product creibe ddgassbd hpdmbdoregdation myoduct can firstly be separated

25 off from the output from the reaction zone. Subsequently, a
mixture of unreacted olefin and saturated hydrocarbon can be
condensed out.

However, the stream consisting essentially of unreacted olefin

30 and saturated hydrocarbon is advantageously obtained by firstly

' separating off a crude hydroformylation product comprising

unreacted olefin and saturated hydrocarbon in dissolved form from
the output from the reaction zone and then subjecting the crude
liquid hydroformylation product to a degassing step, giving a

35 stream which consists essentially of unreacted olefin and
saturated hydrocarbon. The remainder of the reaction mixture from
which the crude hydroformylation product has been separated is
generally wholly or partly recirculated to the reaction zone. The
crude hydroformylation product can be degassed by depressurizing

40 it, heating it and/or treating it with a stripping gas such as
synthesis gas or nitrogen. The degassing is advantageously
carried out in a column where the crude hydroformylation product
is fed in in the region of the middle of the column, the degassed
hydroformylation product is taken off at the bottom of the column

45 and passed to further work-up, and a liquid or gaseous stream
consisting essentially of unreacted olefin and saturated



<40 it, hepbsbgsiiand/ or treating it with a stripping gas such as _
synthesis gas or nitrogen. The degassing is advantageously carried out in
a colum where the crude hydrofornylation product is fed in in the region

-of the mddle of the columm, the degassed hydrofornyla$|onhproducL S |
taken off at the bottomof the columm 45 and passed to further work-up, an
aliquid 8¥éﬂ§§ﬁﬁﬁ§‘§Fr§%ﬁ?ndﬂﬁ%F§Fiﬁﬁpé§§éﬁﬁiSPF?m%f unreact ed ol efin and
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cont ackOotonee phases, the colum is preferably provided wth packing. As a
result of the intimate 30 contact of the gas phase with the |iquid phase,

the residpgl cAMWAL $i&i1 r.Qfo ' ,».unreacted ol efin and
saturateddg dﬁoca#go§+§g¥§¥g¥§g%naggéfﬁ%ji}ngﬁggggJé}tk?ransferred_ to the
gas phase, é&?ﬁﬁ%§fz? £yds 8 F8anT TERRAIGOPRLY tp O *PHeUP WY it i s

enri ched PTPIRAH GESFRIPEH i38h "Br 8A(R1086unFeactrts duaeseasthmd ismddr at ed
hydr oc&P beresorisahedted ande igasoduceshimnitot thelugpmkr region of a column,

while the gas phase is introduced into the bottom of the column.
Liquid phase and gas phase are thus conveyed in countercurrent.
To increase mutual contact of the phases, the column is
preferably provided with packing. As a result of the intimate

30 contact of the gas phase with the liquid phase, the residual
amounts of hydroformylation product, unreacted olefin and

. saturated hydrocarbon present in the liquid phase are transferred

to the gas phase, so that the gas stream leaving the top of the
column is enriched in hydroformylation product, unreacted olefin

35 and saturated hydrocarbon compared to the gas stream introduced
at the lower end of the column. The further work-up of the gas
stream leaving the column and of the liquid phase leaving the
column is carried out in a customary manner, for example as
described above.

40
Alternatively, it is possible to employ, particularly with the
use of C;-C4-olefins, the gas recycle process, in which a gas
stream is taken off from the gas space of the hydroformylation
reactor. This gas stream consists essentially of synthesis gas,

45 unreacted olefin and saturated hydrocarbon together with an
amount, determined by the vapor pressure in the hydroformylation
reactor, of the hydroformylation product formed in the




«at the | ooos098dsaf3 the col um. The further work-up of the gas stream

| eaving the colum and of the |iquid phase |leaving the colum is carried
out in a customary manner, for exanple as described above. 40
“Alternatively, it is possible to enplpy, partlcul arly with the use of
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preferabl ¥t hpged HydrdOZebon Wei ght, of saturated hydrocarbon. The stream
consisting essentially of unreacted olefin and saturated hydrocarbon is

separated _nto an ol efin-enriched 15 i act on_and an ol ef.i n- d&pl et ed
fraction 6‘%} e 2EE9aT CRPPORTIRGYISSSEPFAR %‘31 PRECPEERT 19 & PoA s usual Iy

carri ed ogetaratefyhydspperkeuurie seapbrtedigarsa: apsphrfin-eprasiede, with the

preci sa5 ffeapeiat and anddbef pr-eepleeed ohdidtiionsbyl epsrtdifrigadmof act ors such

i the nupbestDI1Ad0R90 PhoMedvlfibet ObefiNnisabulpt et Hiwdr egardonc0 to be
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ol efin- eng)éfha@' Jr{da%&teoas&an f%qvaszsﬂgf@usﬂaf Qﬁetééﬁ}af ondbet fifedigl OF 1N
the upper ggééghrated Eygcbég¥%bn%npresent inh tg e;%éier gas from a
25 steam cracker. The stream to be fractionated can be introduced
into the column either in gaseous form or in liquid form,
preferably in the region of the middle of the column. The
olefin-enriched fraction can advantageously be taken off at the
top or in the upper region of the column, and the olefin-depleted
30 fraction can advantageously be taken off at the bottom or in the
lower region of the column.

In general, efforts are made to obtain an olefin-depleted
fraction consisting of substantially pure saturated hydrocarbon,

35 so that it can be discharged from the process without resulting
in a relatively large loss of olefin. In contrast, pure olefin is
generally not sought in the case of the olefin-enriched fraction,
but instead a certain content of saturated hydrocarbons is
permitted so as to reduce the cost of the separation. For the

40 purposes of the present invention, it is sufficient for the
olefin-enriched fraction to be enriched in olefin compared to the
output from the reaction zone, i.e. the ratio of olefin to
saturated hydrocarbon in it is greater than in the output from
the reaction zone.

45



«30 fracti gpspagi18dgant ageously be taken off at the bottomor in the |ower
region of the colum. In general, efforts are made to obtain an
ol efin-depl eted fraction consisting of substantially pure saturated

* hydrocarbon, 35 so that it can be di gcharged fromthe process wthout
resulting _in a relatively large.,loss of olefin. In contrast ure olefin
s gener BN \PIRAins0RBREEd STHECIGR COTAEARDIH COTRE LIRS BRER FRSRISSN,  but
i nst ead ab¥eraight caRt ATt BTulaat BPEe cehaty §O3chy bemikghits pérapturatesb as to
reduce t heydostarpont. h€he eplrfani-enri¢oed tfhrect4On pusyrdsys compt hee pmesent
i nventionthad d0% yf bbcyet) .o Ebem & &ld P5eNby GheihHt!, a6kl 6lefih be.
enricheg §h®!8fd rgaqgﬁpgr%n?o shb8ra it MyfarbEQPpsfe reaction zone, i.e. the

ratio of olefin to saturated hydrocarbon in it Is greater than in the
output from the reaction zone. 45 0050/51513 8 The ol efin-depl eted
fraction pRet RHICULBRPY iRFEESABRE ePRAAITSHS B8 Wee RFecesA Phrthecul ar nore
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of ol efipnan® Pdgankhesbahanae raebhba SRld! 3t 88r¥A QS HebQBpatdteéli. The
par ti oul agl ¥, prsfer ped erbadiirent s ol tJ‘%ngg‘iSﬁé_&Ir {Bgq PLESENL, inyent i on,
a propyl ene-contai ni eed 1.0 whiCh A Tproportion of propanée’is present is
used. A nf XU EPSH g’b itk TTECEAOP proFanE 1PS PHeridY &r éug'b"l‘%]rened as stream
to be sep@tsitidatinge cg fresated under supenatmerrhexigr BP§SVHE enri ched
fracti on aamely aCopypEitesedepilbe ech furec tisopre femzdrllyi edevated rsoathattabl e

di sti| hat pespEXdnérenopelicd etadhden whitdl @aRDBRNEEd rdAassd @iredtaeky a C3

litter. j r : d t r ene-enri ched
@ o TS St R S T el e
r

o, the.r
obt ai ned &t Rhe top,g 155 GEPYVRA mpFoéaﬁ%sWW 8_‘}%"%‘8 be”terved from
the syst el WMAIEAGt CPBsRe grak r8%§l%’hé"}l%|}?°[5*é°?ak'3é\f?l€@fl QPeX el ot t om
Typi cal operdittiiens fondihe Gasspbitieare aCs:spréssusie atetheriems g @0atot he top
= 20 t 20205 Xmiharempenperat wtethé bdretdmott 6M o 6M0Ce FH&M Faorol@6ot o 150
t heor et i caheddertieal phetsd .ef i n-depleted fraction is discharged fromthe
system It can, for exanple, be burnt. It can also be used as feedstock

for 25 ch,f;hrTicalI £;8a tipns .g..1n a stea craccge . In a $articu|ar|y
advant ageolis embodi n%%f? ‘ét%grgfmé%cl"h-]feﬁlleiégbar?? G5B PE FERFE 4° st eam
cracker fF¥im fitds E*¥eTBtkePgRYTPhe Bt &imnadsntls Hseg pEefeedstock for
25 chemical reactions, e.g. in a steam cracker. In a particularly
advantageous embodiment, the olefin-depleted fraction is fed to a
steam cracker from whose cracker gas the olefin-containing feed
for the process of the present invention is obtained. After
attainment of steady-state operation of the process of the
30 present invention, an amount of saturated hydrocarbon which
corresponds essentially to the sum of the amount of saturated
. hydrocarbon introduced with the olefin-containing feed and the
amount formed in the hydroformylation is discharged together with
the olefin-depleted fraction.
35
The process of the present invention starts from
olefin-containing feeds in which a proportion of a saturated
hydrocarbon is present. Such mixtures are obtained on an
industrial scale and isolation of them is considerably less
40 costly than that of the corresponding highly purified olefin
feeds. Although a point downstream of the hydroformylation is
required for separation of olefin and saturated hydrocarbon in
the process of the invention, the fractionation of an
olefin/saturated hydrocarbon stream separated from the
45 hydroformylation product is significantly simpler and less costly
than the fractionation of the entire olefin-containing feed,
since the stream obtained after the hydroformylation is reduced



«for the ppoes®ys 1813 he present invention is obtained. After attainnment of
st eady-state operation of the process of the 30 present invention, an
anount of saturated hydrocarbon which corresponds essentially to the sum

*of the anobunt of saturated hydrocar t%)n i ntroduced with the
ol efin-containing feed and the anount fornmed in the hydrofornylation is
di schar ge8Yt bRR{IFAPAHHEA" Phelsite Whﬂ%lblléatse@eFPaﬁ?Wﬁgt@SWﬁg process of
t he presenidehydmtdnsiiost aleahgk gm theehydraformilathep freaddicA- wiieh a
proporti oamofines seft uniaxtede ty dreofambononstegpt @yentonSitdrablyt loesr aime
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since tifpe ot heagR&tedl RBHn AHRA iHhenbYSiGh LAt LR dehdtadHCeendO0Y 51513
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reaction 28m@3%than in the entire 5 feed. Thus, the separation plant can be
made smaller, which is associated with |ower capital costs. A further
advant age anSadvidtitadeld@sObmbodineo! 6Bt tRd pgriiRebebt Neiigreledel raction has
¢ be 1 NGheasethdNey shBufl BT $Nbn@X Lol QinldiGaaiANt ratio of

efin to saturated hydrocarbon’n the o efih-enriched fraction 10 to be
greater than that in the output fromthe reaction zone. An
ol ef i n- coRt4r nt iPMEed FRANERAH S ELBH P18/ A0PEr FlYE RTQWITSSr BEetles
gener al | yphasert gmviengaan| garnigideoud| oY i thecgasenecycle gethbdut 99.5% 15
An advaot sgkdreviatdmadplent ddtdile phociessreOhothreessait tonyehistrates shown

in fig. 1lta80piscesPbei BrE Haldit Fhlenticihawseapssh mittedl koWt agr am of

the procesgiQfeddle o pwg@# I nvention carried out by the gas recycle

met hod. 2% ge ¥ evident p @ht details which are not necessary to illustrate

t he process of the present invention have been omtted in the _interests of
In fig. 1, an olefin-containing feed (9) comprising the olefin to

clarity.
25 be hydroformylated and a saturated hydrocarbon, and an

olefin-containing stream recirculated via line (8) together with
synthesis gas (10), i.e. a mixture of carbon monoxide and
hydrogen, are fed into the reactor (1) and hydroformylated there
to partial conversion. A gaseous stream comprising unreacted

30 olefin, saturated hydrocarbon, unreacted synthesis gas and a
hydroformylation product is taken from the gas space of the

. reactor. The stream is cooled in the heat exchanger (2) and

passed to a phase separation vessel (3). The gaseous part is
recirculated via the compressor (4) to the reactor (1). The

35 liquid obtained in the separation vessel (3), which consists
essentially of crude hydroformylation product together with
olefin and saturated hydrocarbon dissolved therein, is fed to the
degassing column (5) at the top of which a mixture of olefin and
saturated hydrocarbon is obtained. At the bottom of the degassing

40 column (5), the crude hydroformylation product (7) is taken off
and is subsequently processed further. The mixture of olefin and
saturated hydrocarbon is fed to the rectification column (6).
There, an olefin stream having a reduced proportion of saturated
hydrocarbon is obtained at the top and is recirculated via line

45 (8) to the hydroformylation reactor (l1). At the bottom of the



otn fig. 1po8p,/8hshisn-containing feed (9) conprising the olefin to 25 be
hydr of ornmyl at ed and a saturated hydrocarbon, and an ol efi n-containi ng
streamrecirculated via line (8) together with synthesis gas (10), i.e. a

~m xture of carbon nonoxide and hydropgen, are fed into the reactor (1) and
hydrof ornyl ated there to partial cohVersion. A gaseous stream conprising
unr eact ed* 8ot bf EFations geLpER ef )y 8RoteFY aldir BAES R AtAEsi s gas and a
hydr of or nhydréearhonodacobtsinesk eandf t9nrenvyegasrepathe cfystks. reactor. The
streamis cooled in the heat exchanger (2) and passed to a phase
separ at i ofph¥ essRintlidh- idNE1 NAILAYEAPEY teHeS £oi 86U LAY Blaphi1¥la the conpressor
(4) to the reactor (1). The 35 liquid obtained in the séeparation vessel
(3), which consists essentially of crude hydrofornylation product together
with ol efFA"RIftl saturated hydrocarbon dissolved therein, is fed to the
degassing colum (5) at the top of which a mxture of olefin and saturated
hydr ocar banplantolsaishedn i fiilge bois ameaf. t he degassing 40 columm (5), the
crude hydrofornylation product (7) is taken off and is subsequently

procesggdaf Péé@gtremeo@ i‘d L{._r(% gk %&H& gafié %@l%%ehYESQCM bon is fed

to the rectifl atlo ﬁ\v areduced

propor ti oh” JFY sat drat eﬁro% )dcgr 58?'?’(1:]5‘4 (?%trﬁfaﬂe& hi© % '[%
reci r cul aPEQPYASDS/Prarase (%ﬁpatré‘ttlﬂ% FRANTE &y pBd i BRthegde ovag I‘)ereAt t he
bot t om of fetheto GIBOLr8aSUSr 510 Ar dtguid gdmaisencempriringshighrbaisleasti al |y
pure satuandeth Riydrophshiphosphbhai cechlysd hSmdS@eﬁecﬁxdlgzr Gﬂi;édeBJe'ﬂyStem The

i nvent llgnthé?ré:ﬂd biRlsr BE@QeIQV ﬂnh%hfaofé&‘!‘éd?:g exanyy &rof Lant as

@Om in i]g%]n;]d o%tugf 1o§o% Be%i ge%mao r&ao *}o%esh Jrade

opyl ene ene opan e ;#dearrf( 2 t/h
fromthe E Paffont S uﬁﬁﬁ g Y8t ‘f}?r§§§ wer e
fed to thér?%aréteorreeiyom Yqggiher phiide Warpeted mpranydienBoanérihe and an
Rh/ t ri phepydgrTes ghitnedecedlayst fhomedermgomsbys dos soladedulbtibgergasn was
presenkoi stidwn.r ahet o6nddirabipdeonpsiattat webe VeSndéided €6 €nd at 1050 and
20 bar. Th&.i¥1adaat cboiged.2 nan‘al aoﬁea@eét YheeRd s xaﬂlcd&iﬂy

|sobutyra ﬁdqu% C\A/ggegéastch%rg neé g,r@ange Eegg%};)rrd[)ldteﬁggtse%%vg unreact ed

propyl ene’ a duce P Ifrcul ating

gas 20 st?’é%ﬁﬁlefﬁe Bﬁnge& IBrSB"f‘r‘b%ﬂeIﬁt §aﬁef%dc62rpdén§éﬂ i Pt  downstream
cool er (29e%arfieg retury (M whereubseqicae kyjrafersylation product
25 (15.9 t/h) was obtained at the bottom and a mixture of 66% of

propylene and 34% of propane (4.4 t/h) was obtained at the top.
The latter mixture was fractionated in the subsequent column (6)
to give a virtually propylene-free propane stream at the bottom
(1.2 t/h) and a mixture of 90% of propylene and 10% of propane at

30 the top (3.2 t/h). The latter stream was recirculated to the
propylene feed to the synthesis reactor (1). The column (6) was

. operated at a pressure at the top of from 20 to 21 bar and a

temperature at the bottom of from 60 to 70°C and had 130
theoretical plates.
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«(3). The cos0gssul8 contai ned 78. 3% of butyral dehyde, 14.3% of propyl ene

-

and 7.4% of propane. It was fed (20.3 t/h) to the degassing colum (5)
where a C3-free hydrofornylation product 25 (15.9 t/h) was obtained at the
bottomand a m xture of 66% of propy]ene and 34% of propane (4.4 t/h) was
obtained at the top. The latter mxture was fractionated in the subsequent
columm (6 to . give a virtually propyl ene-free propane streamat the bottom
(1.2 t/h)"arft3d™i xt ure of 90% of propyl ene and 10% of propane at 30 the
top (3.2 t/h). The latter streamwas recirculated to the propylene feed to
t he synt hesi sA rpactesss €4y . thehdrydebornmy Hgt iwas of opbs Hilred havriAg pfessr e at

the topsof fremg@2QarBodlabistis,ane @niégnperature at the bottom of frpm 60 to
70C and had 130 theoretical plates. 35 40 45 11 0050/51513 W claim 40

1. A process for the .of ornyl ation of olefins having from2 5 to 8
car boﬁ atoms,IJr)n \Aﬂ?c%ye(dﬁjjn'ﬁﬂrr%?’e‘ﬁr}ﬁ ¢8ftat hi Ay Fe8dPFAPHRT R 2fpRoporti on
of a saturated hy8REtetsen HdvPeRFHAORAYiRG Brarbsn &teanbonsatgpesient and
al so carbon nonoxi geesarnt lapdr agjem cambohesodfxidd @nd hgdrdgeon amn;éednd
reactegoi n the presetsa Qeadtibydict{coamyl aéioteLanak)st prddendd Gifvy at

least part of the plefdfapibehed dd@Glken is recirculated to the reaction
di | al

zone. 2. A process as claiimed in claim1, in which the stream consisting
essentially of, unreacted ol efin and saturated 25 hydrocarbon is obtained by
firstly separ@ting? ot o™ FOREISHRE GF8PRT T2t HowfprBatREtebAdeifdrngnd
unreact ed ol ef i n apeituzsdedr hydrodarhosc asboeparatdids 96 vExon dihe puoput he

out putl$rom the réootithie reaetiwr zvmlej,ecti ng the crude hydrofornylation
‘loduct to a degassing step. 30 (ii) a streamconsisting essentially of

reacted ol efi1,anfk <t3kdhLeckdpdRea’ Blb 'ah 33BRLALGH kol PN,
out put romthe rgﬁg:éﬂjglégggldepleted fraction by rectification, and
20 (iv) at least part of the olefin-enriched fraction is
recirculated to the reaction zone.

2. A process as claimed in claim 1, in which the stream
consisting essentially of unreacted olefin and saturated
25 hydrocarbon is obtained by firstly separating off a crude
hydroformylation product comprising unreacted olefin and
saturated hydrocarbon in dissolved form from the output from
the reaction zone and subjecting the crude hydroformylation
product to a degassing step.
30
3. A process as claimed in claim 2, in which the output from the
. reaction zone is essentially gaseous and the crude
hydroformylation product is separated off by condensation
from the gaseous output.
35
4. A process as claimed in claim 2, in which the output from the
reaction zone is essentially liquid, the liquid output is
depressurized so that it is separated into a liquid phase
which consists essentially of high-boiling by-products, the
40 homogeneously dissolved hydroformylation catalyst and small
amounts of hydroformylation product, small amounts of
unreacted olefin and small amounts of saturated hydrocarbon,
and a gas phase which consists essentially of
hydroformylation product, unreacted olefin and saturated
45 hydrocarbon and also unreacted carbon monoxide and hydrogen,
and the crude hydroformylation product is obtained by at



<(i1i1) theossopeggisia separated into an ol efin-enriched fraction and an
ol efin-depleted fraction by rectification, and 3. A process as clained in
claim2, in which the output fromthe reaction zone is essentially
- gaseous and the crude hydrof ornyl atif.g product is separated off by
condensation _fromthe gaseous output. 35 4. A process as claimed in claim
2, in which th%a%‘ht%ftugioﬁ??%élsartéaetPBnt%r?é‘Si phaseentially liquid, the
liquid output is depressurized so that it is separated into a |liquid phase
whi ch con8i st3 essmEHs akl ylaimdd ghv- boy | ofigcHey preoddin s, clidims40in which
honogeneous! ytré ssairsgdrhylsof Bakalyop ealigsh BREsEHBHuls -c8APAN ihOf
hydr of ognyl at { Qi APdaehiyseml | amounts of unreacted ol efin and small
anounts of saturated hydrocarbon, and a gas phase which consists
essentially of hydrofornylation product, unreacted ol efin and saturated 45
hydr ocar b®n af PEIES SuAFeSLtRHEL dMhBRY noh BlSI @T8REEYHITGERs, BMERIR crude
hydr of or ny| at the prefdacendstghtsgitnedtey dEsgbsasisvel hel eamée pantteral
condensati on of d¢dwbopaatphase. 5. A process as clainmed in any of the
precedipgg clains, in which the hydrofornylation catalyst used is a
phosphor us- copt.aj ni | .ca t i rpcess as clained in any
of the prZE:e I %e%lgng,é.{;ggl&#a:ﬁ,%%yﬁj%f i%rr]1 Qﬁgcghtghesatur at ed hydrocar bon
have the sane® SFONGRIR N D ATESt dfis? MBFEATEACH, BERRAPS, &nd| BYRHSN® cl ai m
6, in which the olefin-containing feed is a m xture of propane and
propyl ene8. 0 B Brocksgr eseskaiedcliai okalim 17 cliai whiIchitheMmiglutde m xture 15
contains fronténtlnkEO¥rby eightosobypk of9préprocess as clained in any
‘f the preceding clainms, in which the olefin-depleted fractionis fed to a

ean]cra&kerA é%%é§253953§15¥%ég5in any of the preceding claims, in which

the olefin-depleted fraction is fed to a steam cracker.
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