23 DEC 2004 -1 METHOD FOR THE HYDROFORMYLATI ON OF OLEFINS COVPRI SING 2 TO 8
CARBON ATOMB The present invention relates to a process for the 523 DEC 2004
hydr of ormyl ati on of ol efins having from?2 to 8 carbon atons.
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react i oficteexanples subse+ ermpbPsphéne erdnt@inangdcomRYWRESH-cont i nuously has to
be di scharged fromthe process in order to renove the inert conponents from
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This 8 reactor together with fresh carbon monoxide and hydrogen.
However, inert components, e.g. saturated hydrocarbons, which are
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




soneti mes known as "pol yner grade propyl ene". However, such 45 high-purit
olefin feeds are costly to obtain and therefore conmand si gnificagta YEC Zﬁ/ﬂh
hi gher market prices than do olefins of |ower purity. Thus, for exanple,
"chem cal grade propyl ene” which 2 3 DEC 2004 2 contains fromabout 3 to 7%
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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 clefin-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,

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




(iii) the streamis separated into an olefin-enriched fraction 45 and an

ol efi n-depl eted fraction by rectification, and 2 3 DEC 2004 3 (iv} RtDHAC2684
part of the olefin-enriched fraction is recirculated to the reaction zone.

A efins which can be hydr of or nyl ate:p by the process of the 5 present
invention contain from2 to 8, preferably from2 to 4, carbon atons. They
can be diFAi ght - Xa7Hth PabFaREHAWW GLedyBtFRYIhesk FRACt BRfidy red exanpl es of
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i nvention can-vary e range. The nolar ratio of carbon
nmonoxt®e to hydro en is generall from2 1to 1:2, in particular_ from about
45: 55 t Suis@b3e. oTpEinaardrining fepdsharmyarai bibhA oni ah tedietitaali s
gener al | scdle. A0paeferugsl faxanpadoid HMikeule0oL prwpaher abd ypfapemeabout 60 to
190 C ipraxairlabeyl abnfdHIndbeubm 9P td 1590be. wdighy edet pafticular 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.




preferably carried out at a pressure in the range fromabout 10 to 700 bar,
preferably from15 to 200 bar, in particular from15 to 60 bar. TAd DEC 2004
reaction pressure can be varied as a function of 45 the activity of the
hydr of ormyl ati on catal yst used. 2 DEC 2004 4 Suitable pressure-rated
reaction apparatuses for hydrofornylation are known to those skilled in the
art. TheNitahleyudEepRBT ¢eiiesl FRactiQr ARAAF 28RS of e fydrgierny takipn
reacti omse ¥nayn gasthosewkitliled inete ong,. Bbbpl enchidentbe egeveraldlyi ch may
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al kyl carboxy$pécialdy anyl cay mxxyrakae, acetyl acetonate, aryl sul fonate or 25
al kyl sul fonate, in particular phenyl sulfonate and toluenesulfonate, hydride

or the dLpbenyl Usagkae. 20O Ll,exgﬁgl.g%%ebakgggggmgog%&gadggoene anot her,

CO oleflns.. cyc . prefera oct adl
di bertPoREspRBYIEEREEHi Priaks aPR3 5P FOPIASERS WARRP 4% HS 873 and n is
0, 1 or seleRbed ckdom RMONAI ahinesy Beyilnbospluidles,opllyiphasmiipesse al kyl ,

cycl oal laylylabrly bshdsphadies al s1ef ipreaf,edabhys plegyl,, apatmiztures t ol yl ,
p- et hyl pRgr¥bs. p-cunyl, p-t-butyl phenyl, p-Cl-C4-al koxyphenyl, preferably
p-ani syl, 35 xylyl, nesityl, p-hydroxyphenyl, which may al so be

et hoxyl at ed, . sul f ophen i sopropyl, Cl-C4-al kox clo tyl or
cycl AMPAEF O psé’lé%h Fefd %]ry%,%ﬁﬁ?o%ﬁ’%ﬁg‘. C%T?E%’éesa%gfnl%eare each
pr ef er afflogmuiadeiyeddEhtlY nof Wheie anot her, CO, COD, P(phenyl)3,
P(i-propyl)3, P(anisyl)3, 40 P(OC2H5)3, P(cycl ohexyl) 3, dibenzophosphol e or
benzoni ty i | e.s Kall$a@) efsfalap1hyeliiseideC BrObt6ifiddir anrkdEcaftoRiyatage t oSyl ate,
or arylcarboxylate, acetylacetonate, arylsulfonate or
25 alkylsulfonate, in particular phenylsulfonate and
toluenesulfonate, hydride or the diphenyltriazine anion,

Ll, 12, L3 are, independently of one another, CO, olefins,
cycloolefins, preferably cyclooctadiene {(COD),

30 dibenzophosphole, benzonitrile, PRy 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.

L1, L2 and L3 are each preferably, independently of one
another, CO, COD, P(phenyl)s;, P(i-propyl);, P(anisyl)s,

40 P(OCsHs)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



acetyl acetonate or the diphenyltriazine anion, in particular hydride,
chloride or acetate. 45 Preferred hydrofornylation catalysts are 23 DEC 2004
phosphorus-contai ning rhodiumcatalysts as are forned, for exanple, in situ
under 2 3 DEC 2004 5 hydrofornylation conditions froma rhodi um source and
a triaryl phosphine such as triphen§l phosphine, for exanple RhH(Co)2(PPh3)2
or RhH( G@PEPPhBNBlathidBuicball eidysrivicar &y khod dum ecauakysafdad e descri bed, for
exanpl emri'a@g@?hbﬂﬁhﬁ{e &uch dOUENEheRly1IMRLESM A, Gakak¥ghs1d 104 (1995),

pp. 17- %ﬁ( bgggpdé%&gteﬁlg%%goh&gggﬁr porated by reference. A partial

conver si on, n, takes place per 10 pass through the
reaction zone. The conversion is generally from 10 to 90% based on the
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whi ch?@ dhdroformy sahtemiqarady stinriay ted obrained azgr utfit ed hydrocar bon.
The r enshrd@prrafite hef terasordnupi xwhold yf conpamhix hreiciecolated yededkor nyl at i on
product tastieanzsspasatdEdcharggenercd tyewpsbdesor mar bkympre, rdel ated to
the reagljbreeRgradlién gridades hysld ofyy Puhabhof PHRAUGE faghde Hggasged by
dEprESSLdeﬁt%gthan the hydroformylation product 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, heating it and/or treating it with a stripping gas such as Zi%rﬁétiihﬁ'l
gas or nitrogen. The degassing is advantageously carried out in a I

where the crude hydrofornylation product is fed in in the region of the

m ddl e of the colum, the degassed _hydrofornylation product is taken off at
the bottom of the columm 45 and pasSed to further work-up, and a liquid or
gaseous Wereaarbemns $ekry efEame alopy off thereslomad ol efin and saturated | 6
hydrocarbon is taken off the top of the colum. 2 3 DEC 2004 The separati on
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gas streapre@avingatvh t«¥RpOtah heav£Ha4@Buk Sy S5 ivdh&dal Bp ygirgfeor myl ati on
product, , NACKEL-LIKId Tn wo 97/07086. For this purpose, the liquid
25 phase is heated and introduced into the upper region of a column,
while the gas phase is introduced into the bottom of the column.
Liguid 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 liguid 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
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and saturated hydrocarbons present in the cracker 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 clefin-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 hydrocarbeon in it is greater than in the output from
the reaction zone.

45
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propyl ene-depl eted fraction |.s carrie ut_1n.a I sti]lation
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col un? PEOopYEREABHNALSSr ATRALERN tidchacan by ginpisrulaked cHe@ctdictPon which
can be rtéde reartien atineeds| gbtaingdetr ¢het topn zowe lasgeby giured at t he top,
and | ar galopaper @hidh aRaneewhefdvenr e tReDMRL I @cthBet Sysdse@ewi t hout | oss
o PlOBARICERICe NeRRaRbc ikl R gherA con L e
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ol ef i 1 depPéted *PPRTHITITS SEaFRERETER Fr bt the st ERP™ 1100 E-QN15E or

exanpl e, theergEifel Platesn al so be used as feedstock for 25 chenical
reactions, e.g. in a steamcracker. In a particularly advantageous

enbodi neMe dikeinledpretdepleehedids ad id@Bchsrdaf fromathet Spdlcar.agker from
whose Créﬂﬁﬁe@oga§x£$5ﬁév %EiBﬁQHQIegﬂ“c%ﬂ Efgg be used as feedstock for

25 chemical reactions, e.g. in a steam cracker. In a particularly
advantageous embodiment, the clefin-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 isclation 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 fracticnation 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
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In fig. 1, an olefin-containing feed (9) comprising the olefin to

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 tc 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 (1). At the bottom of the
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gassing column (5) where a Cz-free hydroformylation 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 condensate contai ned 78. 3% of butyral dehyde, 14.3% of p:rg?p I 2004
and 7.4% of propane. It was fed (20.3 t/h) to the degassing colu %5@'?
where a C3-free hydrofornylation product 25 (15.9 t/h) was obtained at the
bottom and a m xture of 66% of propyl ene and 34% of propane (4.4 t/h) was
obtained at the top. The latter nmildure was fractionated in the subsequent
colum (6) to give a virtually propylene-free propane stream at the bottom
(1.2 t/ kg andim: M xture 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 the
synt hesi_,s reactor é{l). The colum (6) was operated at a pressure at the top
of fromi20 PoPFPCREF Lot the hydpefertiiatien: 9t HRfiem BAVIRGMAB® 20 70C and
had 130 thder 8t Ferborpladioms, 35 Wiats 2 3 DEC 2004 11 W claim 1. A process
for the hydroformnylation of olefins having from2 5 to 8 carbon atons, in
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to.8
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fromthe output Kyderbbgyleeddd QﬁtéQFQtr (iii1) the streamis separated into
an ol efin-enriched fraction and an o

ef 1 n-depl eted fraction by
rectificatiogn, . .and 20 (iv) at.least part of the olefin-enriched fraction is
reci rcul at ed 14 teheszctI é‘@t

& WE L9 £5SAnH e OTaBNEFAT R A8 tdPaf®d 1, in
whi ch the streamSa&toFéteti hydeasaahonglifysepanatedaet édfvpreftihe gutipeat ur at ed
25 hydr ocar bon i stusist &haededgt famr stong, separating of f a crude
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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 gaseocus 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



3. A process as clainmed in claim2, in which the output fromthe ?efijEOQUU'i
zone is essentially gaseous and the crude hydrofornylation produc

separated off by condensation fromthe gaseous output. 35 4. A process as
claimed in claim2, in which the output fromthe reaction zone is
essentially liquid, the liquid outii is depressurized so that it is
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| east pagtiag] sati t o s claimed in any
of the Sgrecctgégggggg & colrhl% Qﬁ ggﬁ Cpﬂa%% P§éce? gﬁzgran?al y%twrﬁ' g‘d is a
phosphor us LREAD a%d rﬂ’@d@éﬁ?’é%‘%ﬂ IOGarﬂo’br ‘€’S§ hgssapeivaPern any of
the precedi mf ¢2abas, atemsvhi ch the ol efin and the saturated hydrocarbon
have i1dhe sane nunber of carbon atons. 10 7. A process as clained in claim

6, in whjch 4 hgocakefio- &mtn@dnaﬂgci%ﬁi d SR CMI:H V\ﬂ;é)f propane and

|
Propyl ene. G iRLRGEse AR ALed, [0 chal il ol D uhieh Lheamagure 15

of the preceding clains, in V\/mch the ol efin-depleted fraction is fed to a
st eam cré&cke¥ pragegs 89 gria@d4sn claim 7, in which the mixture

15 contains from 2 to 10% by weight of propane.

9. A process as claimed in any of the preceding claims, in which
the clefin-depleted fraction is fed to a steam cracker.
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