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hydr of ormyl ati on products of olefins having from2 to 8 carbon atons.

Hydr of ormyl ati on or the oxo process is an inportant industrial 10 process
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reactor conprises the hydrofornylation product and generally al so unreacted
olefin. The latter is separated fromthe hydrofornylation product and
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The output from the hydroformylation reactor comprises the
hydroformylation product and generally also unreacted olefin. The
latter is separated from the hydroformylation product and
returned together with fresh carbon monoxide and hydrogen to the
25 hydroformylation reactor. However, the inert components
introduced with the olefin or formed by secondary reactions, e.g.
saturated hydrocarbons which are not capable of hydroformylation,
are also recirculated to the reactor together with the
recirculated olefin. To prevent the concentration of the inert
30 components rising continuously in the hydroformylation reactor
and reaching values at which the hydroformylation reaction
ceases, a substream of the recirculated olefin has to be bled
continuously from the process in order to remove the inert
components from the system.
35
However, the bleed stream consists only partly of inert
components. A significant proportion is formed by unreacted
olefin which is thus lost to the reaction. To keep the bleed
stream and the losses associated therewith small, an olefin feed
40 of high purity is generally used.

Although it is technically possible to separate the saturated
hydrocarbon from the bleed stream and to recirculate only the
unreacted olefin or an olefin-enriched stream to the reaction

45 zone, the separation of olefins and saturated hydrocarbons having



hydr ocarbon fromthe bleed streamand to recirculate only the unreacted
olefin or an olefin-enriched streamto the reaction 45 zone, the seja¥ Bkl Ho
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It is an object of the present invention to provide an integrated

process for the preparation and hydroformylation of olefins, in

which costly plants for the separation of olefins and saturated

hydrocarbons are utilized optimally.

25

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

hydroformylation of olefins having from 2 to 8 carbon atoms,

which comprises

30 a) feeding a hydrocarbon feedstock into a
cracking/dehydrogenation zone and subjecting it to thermal
and/or catalytic cracking and/or dehydrogenation to give an
olefin-containing cracker gas,

35 b) subjecting the cracker gas or fractions thereof to a
fractionation to give at least one Cj-olefin-enriched
hydrocarbon stream and at least one C;-olefin-depleted
hydrocarbon stream,

40 ¢) feeding the C;-olefin-enriched hydrocarbon stream together
with carbon monoxide and hydrogen into a hydroformylation

zone and reacting it in the presence of a hydroformylation
catalyst,

45



wi't h carbon nonoxi de and hydrogen into a hydrofornylation zone and reactin
it in the presence of a hydrofornylation catalyst, 45 23 DEC 209 3231]JEEZUUL9
separating a stream consisting essentially of unreacted C -olefin and
saturated G -hydrocarbon fromthe OHt put from the hydrofornylation zone, 5
e) recirculating at |east part of the streamconsisting essentially of
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Thermal cracking'is preferably carried out in the presence of water vapor.
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out put fyepat Resgeydrof ornylation 25 is returned directly to the
fractionation step for the olefin-containing cracker gas and is
fractionated together with the cracker. gas or fractions theregf. The joint
oper at i oRPBFPEIESS; 8 gfﬂ‘? RFTES APVRIET IR PSR e §48PENAE t he sel ective
reci r 81 Rréparaffiampéaan eellef iar-centainheg rdchesr 9% aiia¥n a30 requires
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for the pydceSsrmflatied.phesibmportant feature of the invention is that a
stream which consists essentially of unreacted olefin and
saturated hydrocarbon having the same number of carbon atoms and
has been separated off from the output from the hydroformylation
25 is returned directly to the fractionation step for the
olefin-containing cracker gas and is fractionated together with
the cracker gas or fractions thereof. The joint operation of the
isolation of olefin from the cracker gas and the selective
recirculation of unreacted olefin to the hydroformylation
30 requires construction of only one separation plant. Since plants
for the separation of olefins and saturated hydrocarbons are very
complicated, this is assoclated with a significant capital cost
saving. In the present description, the term “cracker gas” is
used for any reaction product comprising olefins and saturated
35 hydrocarbons regardless of whether it is obtained by cracking or
by dehydrogenation.

Suitable hydrocarbon feedstocks for the process of the present
invention are, for example, naphtha, natural gas or fractions

40 thereof, propane, isobutane or other hydrocarbon streams
obtained, for example, in industrial processes as by-product
streams or waste streams.

The cracker gas obtained by cracking/dehydrogenation generally

45 comprises a mixture of clefins and saturated hydrocarbons which
can, particularly in the case of cracker gas cbtained by
cracking, have different numbers of carbon atoms. The cracker gas




I nvention are, for exanple, naphtha, natural gas or fractions 40 thegeo
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in parti é r, the hydroformyjlation products of ethylene, propylene,

1- but ene”and’ or 2-butene, with particular preference being given to

propyl ene. 20 The process of the present invention can be inplenented, for
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for exanBfg’ E‘T?f’?eeé’&l&gppbb‘ffl‘e%lgé’m’ ?‘h‘?ng 30 stream whi ch has been

obt ai & by dehydrogenation of propane and may still contain, for exanple,
from 0. 5The gh86dns wei ghe pfegpmpameennion tden heddlnp Dema tad, omozone and to

recircul akempl®, in an existing process for the hydroformylation of
propylene obtained by cracking of naphtha in a steam cracker, by
passing a stream which consists essentially of unreacted
25 propylene and propane and has been separated off from the output
from the hydroformylation zone directly into the C3; column of the
steam cracker (see below).

It is also possible, for example, to feed a propylene-containing

30 stream which has been obtained by dehydrogenation of propane and
may still contain, for example, from 0.5 to 40% by weight of
propane into the hydroformylation zone and to recirculate the
stream consisting essentially of unreacted propylene and propane
which has been separated off from the output from the

35 hydroformylation zone to the work-up section of the propane
dehydrogenation plant; the propylene-depleted stream obtained in
this way is advantageously recirculated as feedstock to the
dehydrogenation zone.

40 The Cj-olefin-enriched hydrocarbon stream generally comprises at
least 60% by weight, preferably at least 70% by weight, in
particular at least 90% by weight, e.g. from 90 to 97% by weight,
of Cij-olefin, with the balance consisting essentially of saturated
Cj-hydrocarbon. The Cj-olefin-depleted hydrocarbon stream

45 generally contains less than 15% by weight, usually less than 5%
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cof the hydrocarbons, an additional gas, usually steam, is mixed
into the hydrocarbon feedstock to be pyrolyzed (“steam
cracking”).

25
Purely for the purposes of illustration, the procedure for the
cracking of naphtha can be divided into the following individual
steps:

30 (1) cracking of naphtha in multitube furnaces,
(2) quenching of the cracker gas,
(3) compression and purification of the cracker gas and
{4) drying, cooling and low-temperature distillation.

35 After prevaporization using superheated steam, naphtha is
introduced into the, for example, 50 - 200 m long and 80 - 120 mm
wide tubes of the cracking furnace. Modern high-severity cracking
furnaces generally have vertical chromium-nickel tubes. They are
heated directly by combustion of fuel gases or oils to about

40 1050°C at the hottest point. In the ACR process, temperatures of
up to 2000°C and pressures of 3.5 bar are reached in a
ceramic-lined reactor.

The cracking products leave the cracking section at high

45 temperature and have to be quenched qguickly to about 300°C to
avold subsequent reactions. This is achieved initially indirectly
with steam generation in quench coolers and subseguently by




30 (1) cracking of naphtha in multitube furnaces, (2) quenching of t?
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hi gher  bottom product, essentially ethane, is generally recirculated to

the cracking furnace. The bottom product comprising C3- and higher

25 hydrocarbons obtained after separating off the C; fraction is
introduced into a further column for further fractionation. The Cj;
fraction which goes over at the top of this column is, optionally
after selective hydrogenation of the propyne and allene present,
fractionated in the C3 column to give propylene and propane.

30 Propylene can be isolated in a desired purity of up to 99.9%

Alternatively, olefins can be prepared by dehydrogenation of
suitable hydrocarbon feedstocks essentially without cleavage of
C-C bonds. Possibilities are, in particular, the dehydrogenation

35 of propane to propylene and of butane to butenes. The
dehydrogenation is generally carried out using catalysts. A
suitable catalyst is, for example, chromium oxide on activated
alumina as support, optionally with additives such as K;0, CeO,,
$i02, TiO,, 2r0,;, P30s5, etc. Other possible catalysts are

40 catalysts based on calcium-nickel phosphate.

The dehydrogenation unit generally comprises one or more reactors
charged with catalyst, e.g. fluidized-bed reactors. The mixture
of fresh and, if desired, recirculated hydrocarbon feedstock is
45 preheated and flows into the reactor. The reaction gas is cooled
and compressed; products of value can be recovered from the
uncondensable fraction by scrubbing with suitable solvents. The
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stream agg. 5 C - ol efi n-depl eted stream by, for exanple, fractional
distillation. 5 The G -ol efi n-enri ched hydrocarbon streamis fed together
with _carbon nonoxi de apd hydrogen_i nto a ,hydrofornylation zone. Carbon
nonox et ESRRFTEGBRE at R g OfREMW 1At iORe TRRF AL 3§ IRPSEME ¥nown as
synt hesi 8 ¥prge Tremcahpesi1d cm éf)OT(he pnefenebly fimabousetl i te tU98°Gr ocess
of the piesgntticwlert foomceboutasy wvbt1B0PC.aThe deedeige ishprefdmiblyati o of

carbon npgexXidle Ju@ hyds dute %n@ﬁélﬂa»hgfer @FbR: 41:&& ]1021:0' n partl cul ar

oo ?bﬁ .f"% ﬁ‘%%?ﬁfé?e Sy 1 BRI A Bal I iRk O S OF,
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preferapre aefividy o6t the hy gredezuy tatien (fatadnge ¥eeshn about 10 to 10 700
bar, preferably from15 to 200 bar, in particular from15 20 to 60 bar. The

react i ONSHLESSLE qn@a@ube-y@tréoe&ea&taoﬁLﬂpﬁdﬂ&uaés for hydroformylation
are known to those skilled in the art. They include generally
25 customary reactors for gas-liquid reactions, e.g. gas circulation
reactors, bubble columns ete., which may be subdivided by
internals.

Suitable hydroformylation catalysts are the customary transition
30 metal compounds and complexes known to those skilled in the art,
which can be used both with and without cocatalysts. The
transition metal is preferably a metal of transition group VIII
of the Periodic Table, in particular Co, Ru, Rh, Pd, Pt, Os or
Ir, especially Rh, Co, Ir or Ru.
35
Examples of suitable complexes are the carbonyl compounds of the
abovementioned metals and also complexes whose ligands are
selected from among amines, arylphosphines, alkylphosphines,
arylalkylphosphines, olefins, dienes, etc., and mixtures thereof.
40
Specific examples of suitable complexes are rhodium complexes of
the formula RhX L!LZ2(L%),, where

45




the activity of the hydrofornylation catal yst used. Suitable pressure-rated
reaction appar at uses for hydrofornylation are known to those skill ed3ija e
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aryl radical g, rp}ﬁfn?&bl b' ‘tﬂ"’gh t I§AOoPegLy h%phenyl ,P-cunyl,
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p- hydr oxypheaye mtiferabdy eschn, bedepesndémtdy atfednéoamgtisax fcophenyl
isopropylI @fﬂk@ﬂsﬁxyy(cygi@&%ylpmnlb’g:llqyplp(gh?mg(i,A |3 1, I2 et Pyl ene or
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20 X is preferably hydride, chloride, bromide, acetate, tosylate,
acetylacetonate or the diphenyltriazine anion, in particular
hydride, chloride or acetate.

Preferred hydroformylation catalysts are phosphorus-containing
25 rhodium catalysts such as RhH(CO);(PPh3); or RhH{CO) (PPhj3)j;,

Suitable hydroformylation catalysts are described, for example,
in Beller et al., Journal of Molecular Catalysis A, 104 (1995),
pp. 17-85, which is hereby fully incorporated by reference.

30
In the reaction zone, only partial conversion of the olefin fed
in takes place per pass. The conversion is generally from 10 to
90%, based on the olefin fed in.

35 The output from the reaction zone is subjected to a single-stage
or multistage separation operation to give at least a stream
comprising the major part of the hydroformylation product and a
stream consisting essentially of unreacted olefin and saturated
hydrocarbon. Depending on the discharge method, further streams

40 such as waste gases comprising synthesis gas and streams
comprising high-boiling by-products of the hydroformylation
and/or hydroformylation catalyst may be obtained and these are,
optionally after work-up, recirculated wholly or in part to the
reaction zone or discharged from the process. For example, the

45 hydroformylation product and any components having a boiling
point higher than that of the formylation product can firstly be
separated from the output from the reaction zone. A mixture of




P(cycl ohexyl )3, di benzophosphol or benzonitrile. 20 X is preferably hydride,
chloride, bromide, acetate, tosylate, acetylacetonate or the %/DEC 2004
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part to tckdumeacti on zone. To degas the crude hydrofornylation

The separation of the crude hydroformylation product from the

25 output from the reaction zone can be carried out in various ways.
For example, it is possible to use the liquid discharge process
in which the output from the reaction zone, which is essentially
liquid except for the synthesis gas used in excess for the
hydroformylation, is depressurized and, as a result of the

30 decrease in pressure, separated into a liquid phase consisting
essentially of high-boiling by-products, the homogeneously
dissolved hydroformylation catalyst and small amounts of
hydroformylation product, unreacted olefin and saturated
hydrocarbon and a gas phase consisting essentially of

35 hydroformylation product, unreacted olefin and saturated
hydrocarbon together with unreacted synthesis gas. The liquid
phase can be returned as recycled stream to the reactor. The
crude hydroformylation product is obtained by at least partial
condensation of the gas phase. The gas phase which remains in the

40 condensation is wholly or partly recirculated to the reaction
zone.

The gas phase and liguid phase initially obtained in the
depressurization step can advantageously be worked up by the

45 method described in WO 97/07086. For this purpose, the liquid
phase is heated and introduced into the upper region of a column,
while the gas phase is introduced at the bottom of the column.




product, it can be depressurized, heated and/or treated with a 15 stri pping
- gas such as synthesis gas or nitrogen. Degassing is advantageously LADEC &l
out in a colum where the crude hydrofornylation product is introduced in
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the gas stream which has been freed of the liquid fraction is
recirculated to the hydroformylation reactor.
25
The stream consisting essentially of unreacted olefin and
saturated hydrocarbon comprises, for example, from 50 to 95% by
weight, preferably from 60 to 80% by weight, of olefin and from 5
to 50% by weight, preferably from 20 to 40% by weight, of
30 saturated hydrocarbon.

Fig. 1 schematically shows a plant for preparing hydroformylation
products of propylene in which the process of the present
invention can be carried out. Self-evident plant details which

35 are not necessary for an understanding of the present invention
have been left out. Prevaporized naphtha and superheated steam
are introduced via lines (la) and (1b) into a multitube furnace
(1). The cracking products are, after quenching and drying, fed
into a separation column {2} in which the entire C, fraction is

40 taken off at the top. The bottom product from the column (2),
which consists essentially of C;_ and higher hydrocarbons, is
introduced into a column (3) for further fractionation. A C;
fraction is taken off at the top and is fractionated in the Cj
column-(4) to give a propylene stream (5) at the top and a

45 propane stream at the bottom. The propane stream is recirculated
via line (12) to the cracking furnace. The propylene stream (5)
is fed to a hydroformylation reactor (7) to which synthesis gas




phase are transferred to the gas phase, so that the gas stream | eaving the
top of the colum is enriched in hydrofornylation product, unreacté&d]pfetin
and saturated hydrocarbon conpared to 10 the gas streamintroduced at the

| oner end of the colum. The further work-up of the gas stream/|l eaving the
col um and the I|qU|d hase | eaving the colum is carried out in a
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essentially of C3_ and higher hydrocarbons, Is 1ntroduced into a colum (3)
for further fractionation. A C3 fraction is taken off at the top and is
fracti<h&F@8P1% the C3 colum-(4) to give a propyl ene stream (5) at the top
and a 45 propane streamat the bottom The propane streamis recircul ated
via |inea( p2ant cad lshosmadki Rig f Ur maceempheyaqi.opylfead stresamofS5)0 téhfed to a

hydr of or ¢l athémidaerate( gropPLeMii~Ch o8¥ Nbefd igheas £ 29r G etidNand 5%

by weight of propane) obtained at the top of the C3 column (4) of

25 a steam cracker and also the synthesis gas necessary for the
reaction were fed into the hydroformylation reactor (7). The
product formed, namely a mixture of n-butyraldehyde and
isobutyraldehyde, together with the unreacted propylene and the
propane introduced and formed in the reaction were discharged

30 from the reactor with the aid of a circulating gas stream. The
condensable components were condensed in the cooler (8) and
collected in the separator (9). The liquid phase comprised 78.3%
by weight of butyraldehyde, 14.3% by weight of propylene and 7.4%
by weight of propane. It was fed (20.3 t/h) to the degassing

35 column (10) where it was separated into a Ci-free aldehyde stream
at the bottom (15.9 t/h) and a mixture of 66% by weight of
propylene and 34% by weight of propane at the top (4.4 t/h).

This mixture was combined with the feed stream to the Cj;

40 separation column (4) of the steam cracker, the latter being
taken off from the top of the upstream C3/C4 separation column
(3). In the C3 separation column (4), the mixture was separated
into a virtually propylene-free propane stream at the bottom and
a mixture of 95% by weight of propylene and 5% by weight of

45 propane at the top. The propylene/propane stream coming from the



11 is also fed via line (6). The propylene is reacted in the

hydrof ornyl ati on reactor to form butyral dehyde. A gas streamis takkh(ff ot
" the gas space of the hydrofornylation reactor (7), cooled in the cooler (8)
and introduced into a phase separatiQn 5 vessel (9). The gaseous fraction
fromthe phase separation vessel (é , Which consists essentially of
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t he degas$srmyceaifurbhe €t8¢kes. conbined with the streamfromthe top of the
colum (3) 15 and the conbined streamis then fed into the C3 colum (4) of
the steamcracker. The invention is illustrated by the foll ow ng exanple.
20 Exanple A plant as shown in Fig. 1 was enployed. A feedstream of10 t/h of
"chem cal grade propyl ene” (95% by wei ght of propyl eneand 5% by wei ght of
propa®) obtained at the top of theC3 colum(4) of 25 a steam cracker and

al so the synthesis gas necessary for the reaction were fed into the

hydr of ornmyl ati on reactor (7). The product fornmed, nanely a m xture of

n- but yr al dehyde and i sobutyral dehyde, together with the unreacted propyl ene
and the propane introduced and formed in the reaction were di scharged 30
fromthe reactor with the aid of a circulating gas stream The condensabl e
compord®nts were condensed in the cooler (8) and collected in the separator
(9). The liquid phase conprised 78.3% by weight of butyral dehyde, 14.3% by
wei ght of propylene and 7.4% by wei ght of propane. It was fed (20.3 t/h) to
t he degassing 35 colum (10) where it was separated into a C3-free al dehyde
stream at the bottom (15.9 t/h) and a m xture of 66% by wei ght of

propyl ene and 34% by wei ght of propane at the top (4.4 t/h). This m xture
was cdifbined with the feed streamto the C3 40 separation colum (4) of the
steam cracker, the latter being taken off fromthe top of the upstream
C3/C4 separation colum (3). In the C3 separation colum (4), the m xture
was separated into a virtually propyl ene-free propane streamat the bottom
and
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a mxture of 95% by wei ght of propylene and 5% by wei ght of 45 propane at
~the top. The propyl ene/ propane stream coning fromthe 23DEC2004 12 dkhas6illy
colum (10) had a proportion of 3.1 t/h of top product and of 1.3 t/h of
bottons fromthe C3 separation colung. The virtually propyl ene-free propane
streamfromthe bottomof 5 the C3 s Baration colum (4) was recircul ated as
feedstock to the furnace of the cracker. 10 15 20 25 30 35 40 45 2 3 DEC
2004 13 we claima 1. A process for preparing hydrofornylation products of
olefins 5 having from2 to 8 carbon atons, which conprises a) feeding a

ot Por i o 6% Bropr el SRR eSS hy A o Bt o gi ve
an ol ePi n- coRREIRH B dcker 8 2aEPd) a4aBF el EREPEESR%er gas or fractions
thereof to a fractionation to give at |east one C -olef in-enriched
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in the presence gge’?‘ﬁy Pof S?F@f%ttli%ﬁréﬁkhq‘ and/gy dehydrogenationt ream

consi 30 ng essentPafive ¢ @ledintreentadinigieerackard 9@avur at ed G - hydr ocar bon
fromthe output fromthe hydrofornylation zone, 25 e) recirculating at

| east part ob)theuBié@NSL NS sthdler QRSB 8lddk RfnsURKEREL £ Lia- ol ef in and
saturat ed fractionation to give at least one Cj-olefin-enriched
hydrocarbon stream and at least one Cj-olefin-depleted
15 hydrocarbon stream,

¢) feeding the Cj-olefin-enriched hydrocarbon stream
together with carbon monoxide and hydrogen into a

hydroformylation zone and reacting it in the presence of
20 a hydroformylation catalyst,

d) separating a stream consisting essentially of unreacted
Ci-olefin and saturated Cj-hydrocarbon from the output
from the hydroformylation zone,

25
e) recirculating at least part of the stream consisting
essentially of unreacted Cj-olefin and saturated
Ci-hydrocarbon to step b), where i is an integer from 2
to 8.
30

2. A process as claimed in claim 1, wherein at least part of the
Ci-olefin-depleted hydrocarbon stream is recirculated to the
cracking/dehydrogenation zone.

35 3. A process as claimed in claim 1 or 2, wherein the

fractionation in step b) comprises at least one rectification
step.

4. A process as claimed in any of the preceding claims, wherein
40 the Cj-olefin is propylene.

5. A process as claimed in any of the preceding claims, wherein
the stream consisting essentially of unreacted Cj-olefin and
saturated C;-hydrocarbon is obtained by firstly isolating a

45 crude hydroformylation product in which unreacted Cj-olefin
and saturated C;-hydrocarbon are present in dissolved form




G - hydrocarbon to step b), where i is an integer from2 to B. 30 2. A
~process as claimed in claim1, wherein at |east part of the 23 BEC 2004
C -ol efin-depl eted hydrocarbon streamis recirculated to the

cracki ng/ dehydr ogenati on zone. 35 3,,A process as claimed in claiml or 2,
wherein the _fractionation in step % conprises at |east one rectlflcatlon
step. 4. A pfoeBsEheLutPatnEgen rF%;PYGFOtfﬁemwéeém ggne| andrsubigeténg 40
the Ci -ol ef i hhis prujsy hedecfsrmyl giricee psodsctl o redeigasaivyg aftephe precedi ng
claims, wherein the streamconsisting essentially of unreacted G -olefin
and satyrat d r.Qcan S; dy t [ dpd 49, crude
hydr of rgyl ag Q%iyo%ua% %ﬂ@fﬂ di P n eg’g gé’é}éf dlf")ﬁﬁ éﬂiﬁs’at GFEFER

G - hydfocarb e H‘P lfﬁe‘gﬁ"s \}éanBPH‘? or GatuEal o3RF PF fromthe

out put fron1€ﬁécﬁyQﬁ%ﬁﬁhﬁﬁ?P§tlon zone and subjecting this crude

hydr of ormyl ati on product to a degassing step. 6. A process as clainmed in any

of the precedi pgostad B cwe%eanm Eaﬂyhefhxﬂé%ﬂéém_ eedsi d;ﬁ?k »}h%rail ht ha or
e o Qher$£fcé£éaﬁin% EEQ& rifd °§|ngeliigiFgggkgﬁ?f|W?qFﬁg presence
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