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reactor wall or pass through the interior of the reactor and

through which an auxiliary medium for heat transfer (cooling

medium) usually flows. These auxiliary media are, for example,

30 water or other liquids which have a high thermal conductivity and
heat capacity. However, heat exchangers connected to the
hydroformylation reactor have a number of disadvantages. Thus,
reactors having cooling coils welded onto the reactor wall are
restricted in size since as the reactor size increases, the

35 surface available for cooling becomes too small relative to the

- reactor volume. Reactors having internal heat exchangers, e.g.
cooling matrices, are complicated in terms of their construction
and expensive. In addition, in the case of reactors having
external and/or internal heat exchangers, it is frequently

40 necessary to mix the contents of the reactor by means of suitable
measures, e.g. the use of stirrers, to ensure effective removal
of the heat of reaction.

The German patent applications DE-A-100 31 517, 100 31 518,

45 100 31 519 and 100 31 520 describe processes for the
hydroformylation of olefins.
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25 heat transfer and be used for preheating the starting materials
or in the distillation of the products.

Coupling the removal of the heat of reaction with the isolation
of desired products as described in the abovementioned documents
30 is likewise associated with disadvantages. Any necessary thermal
insulation of apparatuses downstream of the hydroformylation
reactor, e.g. phase separation vessels, 1s complicated and
expensive. In addition, coupling of heat and mass transport can
be matched only to a limited extent to the reaction conditions
35 when, for example, the guantity of heat which has to be removed
is greater than that compatible with the isolation of products.

It is an object of the present invention to provide a
hydroformylation process in which the heat of reaction can be

40 removed effectively and simply and can wherever possible be used
again in a beneficial way.

We have found that this object is achieved by a hydroformylation
process in which at least one olefin having from 2 to 6 carbon

45 atoms is reacted continuously with carbon monoxide and hydrogen
in the presence of a hydroformylation catalyst in a reaction zone
in which a liquid phase is present and a stream S) is taken from
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bringing the stream S) into contact with a cooling medium. For
this purpose, the heat exchangers can be configured, for example,
as water coolers or alr coolers. However, in a preferred
embodiment, the heat withdrawn from the stream $) is used in a

30 heat-consuming step of the hydroformylation process or another
process. In this case, it is advantageous for the stream S) taken
from the hydroformylation reaction to be conveyed to the place
where heat is consumed without the heat present in it being
transferred to an auxiliary medium in between. This can be

35 carried out, for example, via customary pipes which may be
thermally insulated and pressure-rated if necessary. Suitable
heat-consuming steps in the hydroformylation process which are
suitable for use of the recovered process heat are described in
more detail below. They include, in particular:

40
- preheating of the reactants (synthesis gas and/or starting

olefin),

- thermal separation and purification steps in the work-up of
45 the output from the reaction.
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25 necessary to provide for {(at least part of) the saturated
‘hydrocarbon to be separated off at one point in the process.

Carbon monoxide and hydrogen are usually used in the form of a
mixture, namely synthesis gas. The composition of the symthesis
30 gas used in the process of the present invention can vary within
, a wide range. The molar ratio of carbon monoxide to hydrogen is
EA generally from 2:1 to 1:2, in partiéular from about 45:55 to
50:50.

35 The temperature in the hydroformylation reaction is generally in
a range from about 50 to 200°C, preferably from about 60 to 190°C,
in particular from about %0 to 190°C. The reaction is preferably
carried out at a pressure in the range from about 10 to 700 bar,
more preferably from 15 to 200 bar, in particular from 15 to

4¢ 60 bar. The reaction pressure can be varied as a function of the
act1v1ty of the hydroformylation catalyst used.

Suitable pressure-rated reaction apparatuses for hydroformylation
are known to those skilled in the art. They include the generally
45 custbmary reactors for gas/liquid reactions, e.g. gas circulation
reactors, bubble columns, etc., which may be subdivided by means
of internals. The process of the present invention advantageously
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hydri desog t hes dhpihvery| bréfeto181ARKABride or bromide, alkylcarboxylate
' or arylcarboxylate, acetylacetonate, arylsulfonate or
' alkylsulfonate, in particular phenylsulfonate and
toluenesulifonate, hydxide or the diphenyltriazine anion,

30 !, L2, L3 are each, independently of one another, €0, an olefin,
a cycloolefin, preferably cyclooctadiene (CQD),

) dibenzophosphole, benzonitrile, PRy or R;P-A-PR;, m is 1 or 3
and n is 0, 1 or 2. The radicals R can be identical or
different and are alkyl, cyvcloalkyl and aryl radicals,

35 preferably. phenyl, p-tolyl, m-tolyl, p~ethylphenyl, p-cumyl,
p-t-butylphenyl, p-C;-Cs-alkoxyphenyl, preferably p-anisyl,
xylyl, mesityl, p-hydroxyphenyl which may also be in
ethoxylated form, sulfophenyl, isopropyl, C;-Ci-alkoxy,
cyclopentyl or cyclohexyl. A is 1,2-ethylene or

40 1,3-propylene. L!, L2 and 13 are preferably each,
independently of one another, CO, COD, P(phenyl)a,,
P{i-propvl)s, P{anisyl)z, P{0CyHs)3, P{cyclochexyl),,
dibenzophosphole or benzonitrile.

45
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the reaction ZQanguaRdphdses il pebosnt Oin ansl PELEIAYSNRT aHY! L | SLRGS .
separation Ogﬁrgglggkéﬂ)f¥&ﬁatﬂas liguid phase, heat is withdrawn from
the stream and the stream is subsequently returned to the
. reaction zone without removal of a material component,
25 .
ii} an output is taken from the reaction zone and is subjected to -
a single-stage or multistage separation eperation to givé»at
least one stream comprising the major part of the-
hydroformylatlon product and a stream comprising the ma;or
30 part of the unreacted olefin, and

b iii) at least part of the stream comprising the major part of the
unreacted olefin is returned to the reaction zone.

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

The output from the reaction zone can be subjected to a

40 single-stage or multistage separation operation to give at least
one stream comprising the major part of the hydroformylation
product and a stream comprising the major part of the unreacted
olefin. The saturated hydrocarbons which may be present in the
olefin used and the saturated hydrocarbons which may be formed as

45 by-products of the hydroformylation are generally also present in
the stream comprising the major part of the olefin. Depending on
the method of discharge, further streams such as offgases



| east ~one stream conprising the major part of the hydrofornylat i~ohJuL 1006
product and a stream conprising the major 30 part of the unreacted
olefin, and iii) at |east part of the streamconprising the major part of
the wunreacted olefin is returned tg the reaction zone. 35 in general,
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y sa

COI’ISIStIngH issentla reacte rated

hydr ocar BORLEE GorS RBL: HhaMPoaterbieh B hi CROTRIE HE8AST b B6r 1 he
crude %&Fﬁﬁermraf%mﬁm@r@u@% rferaltiey dPEF%?Wé‘dlzed heated . -

and/or treated with a stripping gas such as synthesis gas or
nltrsgen. Degassing is advantageously carried out in a column by,
for example, feeding the crude-hydroformylation product into the -
middle region of the column, taking off the degassed

30 hydroformylation product at the bottom of the column and passing
it to further work-up and taking off a liguid or gaseous stream
consisting essentially of unreacted olefin and saturated
hydrocarbon: at the top of the column. The heat consumption of the
degassing column is preferably at least partly covered by the -

35 heat withdrawn from the reaction zone.

The separation of the crude hydroformylation product from the
output from the reaction zone can be carried out in various ways.
It is possible, for example, to use the liquid discharge process
40 in which the essentially liguid, except for the synthesis gas
used in excess for.the hydroformylation, output from the reaction
zone is depressurized so as to separate it into a liquid phase
consisting essentially of high-beoiling by-products, the
homogeneously dissolved hydroformylation catalyst, possibly part
45 of the hydroformylation preoduct and small amounts of unreacted
olefin and of saturated hydrocarbon and a gas phase consisting
essentially of hydroformylation product, unreacted olefin and



wholly or in part to the reaction zone. To achi eve degassing, the 25
crude hydrofornylation product can be depressurized, heated andLgr jy| 7006
treated with a stripping gas such as synthesis gas or nitrogen.
Degassing i s advantageously carried out in a colum by, for exanple,
feeding the crude ' hydrofornylation groduct into the mddle region of
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the col uﬁﬂ %@f% ap"ﬁ‘a@ gﬁ’? gf?frtﬁff h” P feF Bt STFRE™ ??‘Fﬁd’cge

cont a@f shet Hiquid phase leav1ng the column is carried
out in a customary manner, for example as described above.

As an altermative, it is possible'to employ, particularly when
using C3-Cs-olefins, the gas recycle process in which a gas stream
30 is taken off from the gas space of the hydroformylation reactor.
‘ This gas stream consists essentially of synthesis gas, unreacted
; olefin and possibly saturated hydrocarbon together with amounts,
depending on the vapor pressure in the hydroformylation reactor,
of the hydroformylation product formed in the hydroformylation
35 reaction. The entrained hydroformylation product is condensed
from the gas stream, for example by cooling, and the gas stream
which has been freed of the liquid component is recirculated to
the hydroformylation reactor.

40 The stream consisting essentially of unreacted olefin and
possibly saturated hydrocarbon comprises, for example, from 50 to
100% by weight, preferably from 50 to 95% by weight, of olefin
and may contain from 5 to 50% by weight of saturated
hydrocarbons. '

45



the liquid phase results in the residual hydrofornylation productg jyi 2008
unreacted ol efin and saturated hydrocarbon present in 20 the liquid phase
being transferred to the gas phase, so that the gas stream/|leaving the
top of the colum is enriched in hygdrofornylation product, unreacted
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separation tasks are known per se and are used, for exanple, for the
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hydrocarbon as olefin-enriched fraction so that it can be
discharged from the process without any great loss of clefin. On
the other hand, it is generally not necessary or even desirable
- for the olefin-enriched fraction to be pure olefin, but instead a
30 certain amount of saturated hydrocarbons is left therein so as to
reduce the outlay for the separation.

In a preferred embodiment of the process of the present
invention, a propylene-containing feed stream is used. If this |
35 further comprises propane or propane is formed as'by—prodﬂct'in
the hydroformylation, a mixture of propylene and propane is -
obtained as stream to be fractionated. The separation of this
stream into a propylene-enriched fraction and a
propylene-~depleted fraction is carried out under pressure in a
20 suitable distillation column, namely a Ci splitter. The column is
preferably operated so that a propylene-enriched fraction which
can be returned directly to the reaction zone is obtained at the
top and substantially pure propane which can be removed from the
system without loss of propylene can be taken off at the bottom. -
45 Typical operating conditions for the €3 splitter are: pressure at
the top from 20 to 25 bar, temperature at the bottom from 60 to
70¢¢, from 100 to 150 theoretical plates. The heat consumption ef
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in:the output gas froma steamcracker. The streamto be 15 fract-ipnigt &f6
can be introduced in either gaseous or liquid form into the col um,
preferably in the mddle region of the colum. The ol efin-enriched
fracti on can advantageously be takenpgff at the top or in the upper
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phase ?®makengead wie [Wearepator RPaneoeésthoftulise volonenevaphaddei op to
conpri sesch Ipofieedst odléehf bhe stream is brought into contact with the
heat exchanger or even beyond, the reaction ceomponent in which
the stream is most likely to be depleted is fed into the stream.
An advantageous embodiment thus comprises a process as described
30 above in which the reaction proceeds in the stream S) at least
‘ until removal of the heat and carbon monoxide and/or hydrogen is .
} . fed into this stream before it is depleted in this/these
component(s) to such an extent that the remaining components
undergo undesirable secondary reactions and/or the
35 hydroformylation effectively stops. The introduction of
components into the stream dlscharged from the reaction zone for
removal of heat is carried out by customary methods known te
those skilled in the art, e.g. by simple combination of the
streams at one or more feed points or via gas distributors,
40 frits, perforated,platés, etc.

. Particular preference is given to a process in which carbon
monoxide is fed into the stream before it is depleted in it to
such an extent that the olefin present reacts with the hydrogen

45 still present to form hydrogenation products. This is
particularly advantageous when using propene as olefin, since the
propene/propane . separation. is, as described above, extremely
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suppressegrep¢¢&y The steam consumption of the degassing column is
1.8 £/h, and that of the C; splitter is 3.4 t/h.

Example 2:
30 '
In a reactor system as described in example 1, the heat of

’ reaction generated in the hydroformylation is utilized as energy
source for the degassing column and the C; splitter by passing the.
heat transfer medium circulating around the external cooling

35 circuit through the corresponding vaporizers of the columns. This
results in no steam being required for the splitter and the steam
consumption of the degassing column dropping to 0.4 t/h. The

total saving of steam is thus 4.8 t/h.

40 Example 3:

The procedure of example 2 is repeated with 220 kg of CO/h being
fed into the heat circuit. This reduces the proportion of propane
formed by undesired hydrogenation of propene in the external

45 cooling circuit, and the propane stream discharged is reduced to
900 kg/h. ‘



conpletely or to a substantial extent when the procedure describe%‘hﬁ 2008
- enployed. 5 The invention is illustrated by the followi ng nonlimting
exanpl es. Exanples 10 Conparative exanple 1 (hydrofornylation of
propene): The hydrofornylation is carried out using a reactor which is
connected to a degassing colum andi® C3 splitter to separate off 15 and
di schar g&Ejsmwpdané: The contents of the reactor are cooled via a

di scharge streamin an external cooling circuit by nmeans of which the
heat of rgRACLIBR-GEALIFH &9l : |.ation.}s enpved. 10 t/h of
cheni cal -E%r._%gggg&ogglaer{%e( ?‘gléa% l%g%tgg%?{% ﬁ&ﬁdgagoﬁ?}%.?ﬁlt‘:’/"ﬁ 8% oxo
gas (CQ cont B e 112 gas Eﬁ e il 2 f SER§FRt ehasgedor =
49 ar & JdoAEPREBULISPS &8 PAP O34k asr eakesfitas starting materials. The
anount of the propane stream discharged is 1 t/h, of which 0.5 t/his
propane introduced together with the propylene feed 25 and a further 0.5
t/h is propane fornmed by hydrogenation of propene. The steam consunption
of the degassing colum is 1.8 t/h,and that of the C3 splitter is 3.4
t/h. Exanple 2: 30 In a reactor systemas described in exanple 1, the
heat df® reaction generated in the hydrofornylation is utilized as energy
source for. the degassing colum and the C3 splitter by passing the heat
transfer nmediumcirculating around the external cooling 35 circuit

t hrough the correspondi ng vaporizers of the colums. This results in no
steam being required for the splitter and the steam consunption of the
degassi ng columm dropping to 0.4 t/h. The total saving of steamis thus

4.8 t/4?. 40 Exanple 3: The procedure of exanple 2 is repeated with 220 kg

off COh being fed into the heat circuit. This reduces the proportion of
propane forned-by undesired hydrogenati on of propene in the external 45
cooling circuit,. and the propane stream di scharged is reduced to 900
~kg/h. - 6 JUL 2006 Exanple 4: 12
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The procedure of exanple 2 is repeated with 250 kg/h of oxo gas being
fed into the heat circuit. The propane stream di scharged 5 |ikew se
drops to 900 kg/h as a result. 10 15 20 25 30 35 40 45 - 6 JUL 2006 3 Mg
claim 1. A hydrofornylation process in which at | east one olefin 5
having from2 to 6 carbon atons is reacted continuously with carbon
nonoxi de and hydrogen in the presepge of a hydrofornylation catalyst in
a reaction zone in which a liquid phase is present and a streamy) is
taken f % i quid phase, heat is renoved fromthis streamand the
stream 5 J§“u'bsequent|y returned to the reaction zone w thout renoval
of a material conponent, wherein the reaction proceeds in the streamyS)
at | east.undi hydirforaybenionfpdreskean wridhcathbeasromexpilef amd/ or
hydrogen ar pavsnd eftomnkotdhe cdrbeambehodries irkactsd daftehadusly hagwe/ this
conponent (Skatior? ihodIaXsallthydiBben Ly (e peaBLALNGCTPONENt s undergo
undesi r abl eLS8EY oq:%r a{__le_act a?t%s.l.y%t or_the \%' f r my.l atb nhessentlally
stops. 2. APPFRRSEFLYAETEPY; ¢ el n T3S Sflel?f’% HE HE4E2i%  withdrawn
fromthe st P‘é‘é‘h*rdS)PhB?eb%F MRESRETY 2PAt B THRMCE ) Wit HE2keg AreakPexchanger .
3. A procesdiasidipiased heakiisheemofred herqum ¢bdédi sigredmiandg, thevhsmsiam t he
heat 10i t hdr agnsibsegueRelgt FEaMnR)] s theddartdonhedie GORELAL NEertdven of
the hydr of oaw&aﬁat@@laﬁoe&ﬁﬁor@ntof whgéeﬁpocth%e&e%@%ﬁ#%roéee&s P{PGERS as
olaimed in apy.of dne.precetlng ol gnos, pheneln bSc AT ann
fromthe strearﬁ% Ut u auxi 193 f 8P he Y ansfer .

30 5. A proBes¥¥ &ngpﬁﬁthqF% BFe{h% fpﬁ%é@%?n’@h%l%rﬁém DREeT® A5 ) an
ol ef i n- cont &f nfenleftedd int theean/ddvsr Forpepeant (Sdate winh ap| extenthahiatg from
2 t016 car behe atearsindng abmmoreArtBonndergo undesirable secondary

reactions and/or the hydroformylation essentially stops.

2. A process as claimed in claim 1, wherein the heat is
withdrawn from the stream S) by bringing it into contact with
20 a heat exchanger.

3. A process as claimed in either of the preceding claims,
wherein the heat withdrawn from the stream S} is used in a
heat-consuming step of the hydroformylation process or of

25 another process.

4. A process as claimed in any of the preceding claims, wherein
the heat is withdrawn from the stream S) without use of an
auxiliary medium for heat transfer.

30
5. A process as claimed in any of the preceding claims, wherein

i) an olefin-containing feed stream comprising at least one

olefin having from 2 tc 6 carbon atoms and also carbon

35 monoxide and hydrogen are fed into a reaction zone and
reacted in the presence of a hydroformylation catalyst,
where a liquid phase is present in the reaction zone and
a stream S) is taken from this liguid phase, heat is
withdrawn from the stream and the stream is subsequently

40 returned to the reaction zone without removal of a
material component,

ii) an output is taken from the reaction zone and is
subjected to a single-stage or multistage separation
45 operation to give at least one stream comprising the



35 nonoxi de and hydrogen are fed into a reaction zone and reacted in the
presence of a hydrofornylation catalyst, where a |liquid phase is_ﬁrgﬁemﬁ
in the reaction zone and a streamS) is taken fromthis Iiquid phas

heat is wthdrawn fromthe streamand the streamis subsequently 40
returned to the reaction zone vvith9# renoval of a material conponent,
45 i1i) an output is taken fromthe Feaction zone and is subjected to a
si ngl e- st age or MAIPE | RArdg LS EPArRdTatorapbr et PTOguGE VRN [SEESEMone. -
stream conpri si pgmphisingd tAEL m2OO6 ghit oéj bie perteagted heldlddr,obodnyl at i on
product and a stream conprising the major part of the unreacted ol efin,

and 111) at Lenst Paide arkhee SLICAURAARPLIRbARNE B RLIAALRR! o5 the

unreacted o nis ret e.reatlon SS _as
clain®d in clai ('8, "HiRAS ﬁ ?%%fjs’f rEant 85%42"5 %&et ﬁ%angiod’r ?88Pt of the
unreacted olefin is obta| ned by firstly separating off a crude

hydr of ony| at poocegrdisctladrndd om e inut putheredm the stemem on zone and

subj ecti ng l:bmg@l@mgmas&amr PR, ol the tlh&efa@abdvuémﬁvy@. bregidde

t S | t of
: h(raegtm s § By ?afiyf‘?%%éfs?sgg‘?h?@ ydosbbfy S ?ggéﬁggﬁgre?n
t he Stream 15ra'?esﬂ‘il Pt “parfe 51‘011‘ ﬁ@%n?&ﬂc?‘gﬁ] SHEPINTF UF e e

conpri ses sél?ﬁ?%ﬁ’étﬁ P@C‘&%‘blbﬁ?%ﬁﬁa?;sw%@}fgraa’?eér%‘? thi ﬁtlrleﬁﬁtﬁbn i nt 0
an ol ef i n- ebeichessdd &ot Fovearmt dieastl patin-adephet bdat rizsuigrpent tdf t he
heat withdrane &squBdilg 8@eptream S) being used to cover at |east part of
the heat requirenent of the distillation. 8. A process as clainmed in any

of t recedj cl ai_s [ r.ho Xi into the stream
S bavore | b pESkE el s iR S h JIROF SR UiGrede e SheRahorefi 0
reacts wtﬁof“ﬂlélw @nm%"? cﬁarﬁth?tﬁr'éﬁ%rf&’t’ie@t‘?tﬁfﬂoﬁhﬁ@ £¥5tR8T 40 45
comprises saturated hydrocarbons and is separated by
distillation into an olefin-enriched fraction and an
olefin-depleted fraction, with the heat withdrawn from the
20 stream S) being used to cover at least part of the heat
requirement of the distillation.

8. A process as claimed in any of the preceding claims, wherein
carbon monoxide is fed into the stream S) before it is
25 depleted in this to such an extent that the olefin reacts
with the hydrogen to form hydrogenation products.
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