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ENGUSH TRP:NSL(W PN

Purification Of A Liqg;d Hfhroformylation Product Straam

The present invention relates to a procass for the purification
of a substantially liquid effluent containing aldehydes and un-
converted olefins coming from a hydroformylation reactor folloe-
wing low-pressure hydroformylation of C3-Cyg olefins oz olefin
mixtures containing different isomers of the respective olefing,
said hydroformylation being catalyzed by means of a phosphorous
rhodium catalyst homogenacusly dissolved in the resaction medium
and carried out at a temperature of from 50° to 1350°C and a pres-
sure of from 2 to 30 bar.

The hydroformylation of olefins to form the correspcnding _
aldehydes is of very great economical significance, since the al-
dehydes preparsd iz thias way are in turn starting matzrials for a
large number of commercial products such as solvents or plastici-
zar alcohols. Hydroformylation processes are accordingly subjec-
ted to intensive research world-wide, in order to achieve further
economical improvements, for example in the energy balance of the
process, to increase its selectivity, and to protect the
homogeneous rhodium catalyst. '

The so-called liquid-discharge process is generally used for the
hydroformylation of C3-Cyg olefins to produce the corresponding
aldehydes (US-A 4,148,830, EP-A 16,286) in which the substan-
tially liquid - except for the synthesis gas used in excess to
effect hydroformylation - effluent from the hydroformylation re-
actor is depressurized in a let-down vessel, the effluent, on ac-
count of the pressure Adrop, being separated into a liquid phase
containing the catalyst, solvent, high~boiling byproducts and a
minor amount of aldehyde and unconverted oclefin and a gas phase
containing, in addition to the excess synthesis gas, the major
portion of aldehyde formed and the unconverted olefin. The liquid
phase is then recycled to the reactor as return stream and the
¢as phase is withdrawn, the synthesis gas separated therefrom and
the mixture subsequently separated into aldehyde and olefins by
distillation. The liquid return stream contains amounts of
aldehyde and olefin which are small compared with the gas stream
withdrawn from the let-down tank but which are not negligible
with respect to the economic value of the process. Apart from the
fact that it ig uneconomical to circulate a specific amount of
aldehyde in such manner constantly, the recycled aldehyde tends
to form high-boiling condensation products under the hydroformy-
lation conditions. Although the latter are good solvents for said
hydroformylation, it is desirable, for economical reasons, to
keep the reformation of such high-boiling by-products within nar-
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row limits. Recycling of residual amounts of olefin dissolved in
the liquid ratuzn stream can also be disadvantageous when the .
starting material used for the hydroformylation is not a pure
olefin but a hydrocarbon mixture containing, in addition to the
olefin to be cenverted, other isomeric olefins and saturated hy-
drocarbons.

For the aforementioned reasons it would be advantageous to distil
the liquid phase separated in the let-down vessel prior to rzacy-
cling to the hydroformylation reactor, to effect separation of
residual amounts of aldehyde or olefin. Such a procedure is howe-
ver uneconomical, since to effect distillation of the liquic
phase from the lat-down vessei said liquid phase must be heated
strongly. Prior to recycling to the hydroformylation reactor the
said heatad liquid phase would have to be cooled down, since
otherwise the tamperature in the hydroformylation reactor would
rise to unduly high values due to the heat of reaction liberatsd
in the hydroformylation reactor. Thus such a process would be

very unsatisfactory when regarded f£rom the energy balance point
of viaw.

In the prior art (EP-A 404,193, EP-A 484,976) the liquid phase
separated in the let-down tank is used as absorbent for those un-
convertad olefins which become gaseocus in the let-down tank. For
this purpose the gas phase ls passed, in an absorption column,
through the {cooled)} liquid phase having a temperature not higher
than that in the let-down tank, and the olefins present in this
gas straam are entirely or partially absorbed by said liquid
phase. The liquid phase thus laden with olefins is then either
diractly returned to the hydroformylation reactor or freed from
the olefins in separate desorption equipment. These processes
are, for the above reasons, particularly disadvantageocus when the
starting material used is an olefin mixture of isomeric olefing.

It is thus an object of the present invention to provide an eco-
nomical process for the hydroformylation of olefins, in particu-
lar of the olefin mixtures such as are commercially obtained, for
example, as raffinate II from steam crackers following separation
of the 1 ,3-butadiene and ischutene present therein, in which the
aforementioned drawbacks regarding further purification of the
liquid effluent from the hydroformylation reactor are avoided.

Accordingly, we have found a process for the purification of a
substantially 1iquid effluent containing aldehydes and unconver-
ted olefins coming from a hydroformylation reactor following low-
pressure hydroformylation of C;=Czp olefins or olefin mixtures
containing different isomers of the respective olefins, said
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hydroformylat-on beinq cataiyzed by means of a phosphorcus rho-
dium catalyst homogeneously dissolved in the reaction medium and
carried out at a temperatursa of frcm 50° to 1509C and a prassure
of from 2 to 30 bar, wherain '
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the hydroformylaticn product stream c¢ontaining liquid and
gaseous components and comprising, apart from the catalyst,
essentially the hydroformylation product, by-products boiling
at temperatures above the boiling point of the
hydroformylation product, unconverted olefin, and saturatad
hydrocarbons and unconverted synthesis gas, is depressurized
in a let-down vessel,

during depressurization, the pressurs and tamperaturs are
lowered to such a degree that theres are formed a liquid phase
containing essentially the catalvst, bv-products boiling at
temperatures higher than the boiling point of the
hydroformylation product, and residual amounts of
hydroformylation product and unconverted oiefin, and a gas
phase containing essentially tha hydroformylation product,
unconverted olefin, saturated hydrocarbons, and unconverted
synthesis gas,

a liquid stream is withdrawn from said liquid phase, and a
gaseous stream is withdrawn from said gas phase,

the liquid stream is then heated to a higher temperature than
the temperature prevailing in the let-down vessel,

the heated liquid stream is passed in ligquid form to the head
region or the uppar part of a column,

the sald gaseous stream withdrawn from the let-down vessel is
passed to the bottom or lower part of said column and caused
to flow countercurrently to the liquid stream introduced at
the head or upper part of this column,

a gaseous Stream enriched in olefin and hydroformylation

product is withdrawn at the head of the column and passed on
for further purification,

a liquid stream is withdrawn at the bottom of said column,
which stream contains less hydroformylation product and
olefin than present in the liquid stream fed to the head
region or upper part of the columm, and
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1)  all or part of this liguid stream.is recycled <o the
hydroformylation reactor. '

The process of the invention is illustrated below with raference
to the attached drawing and the refesrence numbers contained the-
rein. The drawing is a purely diagrammatic f£low sheat designed
only for illustration of the process of the invention, in which,
for reasons of clarity, only that squipment is shown which is ne-
cessary to illustrate the process, whilst other units cbviously
necagsary for the execution of the process, such as pumps, addi-
tional valves, ralays, etc. are omitted from the drawing.

In the process of the invention, the substantially liquid ef-
fluent from the hydroformylation reactor, which generally has a
temperature of from 50° to 1509C and preferably from 80° to 110°C
and is under a pressura generally of from 2 to 30 bar and prefe-
rably from 10 to 25 bar, is passed through pipe line 1 to be de-
prassurized, via valve 2, in the let-down vessel 3.

At the temperature and pressure stated, the synthesis gas used in
excess to effgct hydroformylation ~ a carbon monoxide/hydrogen
mixture having a molar ratio of CO to H; of generally from 20:80
to 80:20, preferably from 40:50 to 60:40 - is present in the ga-
Seous state mostly in the form of fine bubbles of gas suspended
in the otherxwise liquid effluent coming from the hydroformylation
reaction. Under these conditions, a minor portion of the uncon-
verted synthesis gas is dissolved in the liquid effluent.

The liquid part of the effluent from the hydroformylation
reaction contains, as essential components, the rhodium catalyst,
the hydroformylation product, ie the aldehyde(s) produced from
the olefin or olefin mixture used, condensation products of these
aldehvdes which boil at higher temperatures than the hydroformy-
lation product, as formed as by-products during the hydroformy-
lation and whose composition and mammer of formation are descri-
bed. eg, for condensation products of butyraldehyde, in US-A
4,158,830, or as present from the outset in the hydroformylation
reactor as solvant for the hydroformylation reaction, unconverted
olefin(s) and any unconverted, ie unreactive, saturated hydrocar-
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The hydrocarbons may have been entrained into the hydroformy-
lation reactor with the starting material used for the hydro-
formylation, but a portion thereof may have formed in a side

reaction taking place at the same time as the hydroformylation,
ie the hydrogenation of the olefins.
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The rhodiim catalyst present in che hydroformylatisn produck
stream is a complaex with one or mora oryanophosgheric compcunds
as ligands, which complex is homcganecusly sclubls in :zhe
reactiocn medium of the hydroformylation reaction. As examplas of
such ligands thers may be menticned phosphine ligands of the ty-
pes: triaryl phosphine, C;-Cs alkyldiaryl phosphine or arylalxyl
diphosphina, such as cycichexyldiphenvl pacsphine, hexyldiphenyl
phosphine, tritolyl phosphine, tatraphenyldiphosphinomethane,

- 1,2~bis(diphenyl phosphino)ethane, 1,3-bis(di-phenyl phosp-

hino)propane, 1 ,4-bis{ diphanyl phosphincibutane, in particular
triphenyl phosphine, and also the bisphosphine ligands described .
in EP-A 279,018, EP-A 311,819, WO S50/06810, and =®-A 71 ,281, or
starically hinderad phosphite ligands, such as the chelati .
phosphite ligands described in US-A 4,568,651, US- A 4,748,261,
US-A 4,763,498, US~-A 4,774,361, US-A &,835,299, US-A 4,885,401,
Us-a 5,059,710, US-A 5,113,022, Us-aA 5,179,055, US-A 5,260,491,
US-A 5,264,616, US-A 5,288,918, US-A 5,360,938, EP-A 472,071 and
EP-A 518,241, and also triphenyl phosphites substituted by in
each case 1 or 2 isopropyl groups and/or tert-butyl groups on tha
phenyl ring, preferably in ortho position to the phosphite ester
grouping. Since the aforementioned ligands are used in a molar
excess over the rhodium generally to an extent of from 10 to 1000
times, preferably from 50 to 500 times, and such an excess of the:
ligands over the rhodium iz significant for the actiwvity, selec-
tivity, and stability of the rhodium catalyst, the mixture of the
rhodium complex with the ligand and the free ligand is designated
simply as "rhodium catalyst” or “catalyst” for the purposes of
this application. :

The above statements concerning the hydroformylation process and
the rhodium catalyst used therein serve to place the process of
the invention in its overall commezcial context by way of illu-
stration. It may be emphasized at this juncture that the hydro-
formylation praceding the process of the invention may be carried
out in the manner of known and commonly used hydroformylation
processes giving a liquid effluent known in the art, for example
by the process according to US-A 4,148,830, 2P-A 16,286, EP=-A
188,246 or BP-A 423,769, and the particular form of said hydro-
formylation used is not subject matter of the present invention.

The depressurization of the substantially liquid hydroformylation
product stream in let-down vessel 3 causes the separation of the
substantially liquid hydroformylation product stream into a li-
quid phase which contains essentially the catalyst, byproducts
produced during the hydroformylation reaction and boiling at hig-
her temperatures than the hydroformylation product, residual
amounts of olefin, and hydroformylation product and, if an addi-



) 5 _
tional high-boiling solvent’'was iused in the hydroformyla:ion,
said solvent, and into a gas phase essentially containing the ma-
jor portion of the hydroformylation product, tha major portion of
the unconvertad olefin, saturatsd hydrocarbons, and unconvertad
synthesis gas. $Since the hydroformylation products producsd de-
pending on the olefinic starting material used, ie aldeaydes, or

" mixtures of straight-chain products (n-aldehydes) ér branchad-
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chain products (isoaldehydes}, have a different vapor prassure,
it will be apparsnt to the person skilled in the art that the -
pressure and the temperaturs in the let-down vessal must be adju-
sted with respect to the vapor pressure of tha particular hydro-
formylation product present, such that the major portion of the
hydroformylation product changas £rom ligquid phase to gas phase
during depressurization of the liquid hydroformylation product
straam in the let-down vessel.

Generally, the pressure and temperature in the lat-down vessel
ara adjustad such that the liguid phase separated in the let-down
vessel generally contains not more than 10 to 30 wt% of hydro-
formylation product and generally not more than 0.1 to 10 wtk of
olefin or olefins. The completes transformation of the hydroformy-
lation product and unconverted olefins into the gas phase in the
let—-down vessel is not generally aconomically feasible. In order
to achieve such a distribution of the hydroformylation product
and unconverted oclefins between the gas phase and the liquié
phase in the let-down vessel, the vapor pressure of the respec-
tive hydroformylation product must be considered when determining
the pressure and temperature conditions in the let-down vessel:
for example, in the purification of the liquid effluent from the
hydroformylation of raffinate ITI - a mixture of 1 -~ butene, 2-bu-
tenes, and butanes such a2s is obtained following removal of the
1,3- butadiene and isobutens prasant therein - which contains, in
addition to the unconverted olefins and hydrocarbons, n-valeral-
dehyde and isovaleraldehyde as hydroformylation product, the
hydroformylation product stream is depressurized in the let-down
vessel to a pressure of generally 1-5 bar, preferably 1-3 baz,
whilst the temperature in the let-down vessel generally attaing a
value of £rom 50° to_1500C, preferably 70° to 909C, due to the
pressure drop and evaporation of the respective components.

The liquid phase separated in the let-down vessel 3 is withdrawn
from the let-down vessel as a liquid stream through pipe line 15
and this stream is heated, for example by means of a continuous
flow heatezr or heat exchanger 4, to a temperature which is gene-
rally from 10° to 80°C, preferably from 20° to 30°C, higher than
the temperature of the liquid phase in the let-down vessel 3. Ba-
sically, it is alsc possible to heat the liguid phase separated
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in the lst-down vessel by means of heating equipmen: :installed on
or in the let-down vessel to a tamperature whici is zigher, by
said amount, than the temperature at which the liguid phase was
separated in the lat-down vessel separated without heating the
lat-down vessel. Advantagecusly however, tia liquid stream with-
drawn from the let-down vessel 1s heated to the desired
temperaturea,

The thus heated liquid stresam coming from the let-down tank is
passed through pipe line 1§ to the head ragion or upper part of a
column S advantageously packed with, eg, a ring packing, a spiral

‘packing, or a saddle packing, or other packing or internal fit-

tings such as trickle plates, for the purpose of crsating a large -

. surface area in the column. In said column the said liquid strsam
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flows countarcurrently to the gas stream withdrawn fxom the upper
part the lst-down vessel 3 and fed to the lower part the c¢olumn 5
via pipe line 6 and consisting of the gas phase formed in the
let-down vessel. The intimate contact achisved between the gas
gtream and the heated liquid stream, improved by the large
surface area present in the column, causes the residual amounts
of hydroformylation product and unconvertad olefin present in the
liguid stream to be transferred to the gas stream such that the
gas stream removed from the head of the colummn 5 via pipe line 7
is, compared with the gas stream introduced at the lowar and of
the column, enriched in hydroformylation product and unconverted
olefin, whilst the liquid stream leaving the bottom of the column
5 via pipe line 8 contains less hydroformylation product and un-

converted olefin than tha liquid stream fed tc the head region or
upper part of the column 5.

This result is very surprising and unexpected, since the gas
stream introduced at the lower end of the column already contains
the major portion of the hydroformylation product and unconverted
olefin present in the liquid hydroformylation product stream, ie
that porticon transferred to the gas phase in the let-down vassel.
Due to the high content of hydroformylation product and unconver-
ted olefin in the gas stream introduced at the lower end of the
column 5 and the low content of hydroformylation product and un-
converted olefin in the liquid stream fed to the top or upper
part of the column 5, it would have been expacted that the hydro-
formylation product and unconverted olefin present in the gas
stream in high concentration would have been absorbed by the 1i-
quid stream until a state of equilibrium were reached.

The liquid stream leaving the column 5 via the bottom and pipe
line 8 has a very low content of hydroformylation product and un-
converted olefin and consists of essentially the catalyst and by-
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products of tha hydroformylation reaction boiling at zigher tam-
peratures than the hydroformylatiorn product and may optionally
contain a high-boiling solvent additicnally used in the hydra-
formylation, and a portion of this stream or the entire stream is
recycled to the aydroformylation rsactor {(not shown). Advanta-
geously a partial stresam is usually tapped off from this iiquid
return stream, continuously or batchwise, for the purpose of re-
moving spent catalyst (not shown). The impoverishment factor, ie
the ratio of the concentration of the hydroformylation product in
the liquid stream fed to column 5 to the concentration of the
hydroformylation product in the liquid stream witadrawn at the
bottom of colummn 5, is generally from 1.01 to 3.

The gas stream withdrawn at the head of column S via pipe line 7
and enriched in the hydroformylaticon product and unconverted ole-
£in, which contains, as additional notsworthy components, satura-
ted hydrocarbons and unconverted synthesis gas, is advantageously
passed to a condenser 1 1 for further purification, in which its
higher~boiling componants - the hydroformylation product, uncon-
verted olefin, saturated hydrocarbons ~ are separated by conden-
sation from the unconverted synthesis gas.

The resulting separated uncconverted synthesis gas is removed via
pipe line 12 and can, if desired, following compression to the
prassure of the hydroformylation reaction, be recyclad to the
hydroformylation reactor. If desired, fresh synthesis gas or the
unconverted synthesis gas removed via pipe line 12 may be addi-
tionally introduced through pipe lina 9% or 10 at the lowar aend of
the column, before the aforementioned stream of synthesis gas is
passed back to the hydrofermylation reactor in its entirety or as
a partial stream after separation of the condensable components.
Such an additional measure is not necessary, however, for the
succassful operation of the process of the invention.

The condensable components of the gas stream removed from column
5 via pipe line 7, separated in the condenser 11 and essentially
comprising the hydroformylation preduct, unconverted olefin, and
saturated hydrocarbons is fed via pipe line 13 to a distillation
plant 14 (shown diagrammatically), which can be composed of a
number of distillation plants, and is fractionated into its indi-
vidual components, which can subsequently be passed on for furt-
her processing to other desired products. This distillation can
be carried out by any conventional process known in the art and

its particular form is not subject matter of the process of the
invention.
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The purifying procass of tle invention is basically suitable for
the purification of liquid effusnts from rhodium-catalyzed hydro-
formylation of clefins, which, due to their material properties
and due to the material propertiss of the aydroformylation
roducts formed therefrom, are suitable for use in a hvdroformy-
lation process giving a liquid effluent of the hydroformylatcion
mixture. These are generally C;-C;g olefins. The purifying process
of tha invention is preferably used for the purification of 1i-
quid hydroformylation effluents from the hydroformylation of
C2~Cyp olafins and more praferably C;-Cz olefins, prefé;ably mono-
olefins. The oclefins used can be unsubstituted or thev can be
substituted by one or two, preferably ona, substituent(s) inert
under the hydroformylation conditions, for exampie an ester
group, nitrile group, alkoxy group, or hydroxy group.

If the rhodium catalyst used for the hydroformylation is a com-
plex of rhodium with a phosphine ligand, generally virtually only
1 ~butene is nydroformulated to n- and iso-valaraldehydes under
the aforementiocned conditions of the hydroformylation reaction.
If, on the other hand, the rhodium catalyst used in the hydro-
formylation process is a complex of rhodium with a sterically
hindered phosphbite ligand, 2- butene is isomerized in the hydro-
formylation reaactor in situ to form 1 ~butane, which is then hy-
droformylated to n- and iso-valeraldehydes.

The liquid effluent £rom the hydroformylation reactor is then, as
stated, depressurized in the let-down vessel 3, thus producing a
liquid phase containing, as essential components, the rhodium
catalyst, higher-boiling condensation products of n- and iso-va-
leraldehydes, optionally a further solvent, and also residual
amounts of unconverted butenes, and a gas phase containing, as
esgsential components, the major portion of the n- and iso-vale-
raldehydes formed in the hydroformylation, the major portion of
the unconverted butenes, ie the isobutene still present in the
raffinate II in traces, and, depending on the type of rhodium
catalyst used in the hydroformylation reaction, optionally
2-butene and at most, small amounts of 1 -butene or optiocnally,
depending on the rhodium catalyst, small amounts of 2-butene, as
well as various butane isomers and unconverted synthesis gas.

From the liquid phase which separates in the let-down vessel 3
there is econtinuously withdrawn, via pipe line 15, a liguig
stream, the temperature of which is raised in a heat exchanger 4,
preferably by from 20° to 80°C, and which, on passing through the
heat exchanger 4, is fed via pipe line 16 to the head region or
upper part of column 5. From the gas phase separated in the le=-
down tank 3 there is continuously withdrawn, via pipe line §, a
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gas stream, which i3 pumped, preferably without fur-lar heating,
to the bottom or the lower part of column 5 and is allowed %o
flow countercurrently to the liquid strsam fed to the head ragion
Or upper part of column 5. At tha bottom of the column thars isg
vithdrawn, via pipe line 9, a liquid stream which has a very low
contant of, or is frae from, valeraldehydes and which containsg
the rhodium catalyst and the higher boiling condensation products
of the iscmeric valeraldehydes and optionally a further high-
boiling solvent, and is recyclad to the hydroformylation reactor
aither in its entirety or following removal of a partial stream
for working up spent rhodium catalyst. At the top of column § a
gas stream enriched in valeraldehydes and unconvertad olefins is
ramocved and passed through pipe line 7 to the condenser 11, in
which its condensable components, assentially n- and iso-valeral-
dehydes, iscbutsne, butanes, and, depending on the catalyst used
in the hydroformylation, grsater or smaller amounts of 2-butena
and also residual amounts of 1 -butene, are condensed and passed
on to distillative purification via pipe line 13. Tha unconverted
synthesis gas cannot be condensed in the condenser 1l and is
recycled, either completely or in part, to the hydroformylation
reactor via pipe line 12 following compression. In the purifica-
tion by distillation of the liquid condensate obtained in the
condenser 11 the readily volatile butenes and butanes are advan-
tageously first separated from the valeraldehyde mixture and sub-
Sequently separated into the individual components iscbutene, op-
tionally 2-butenes, 1-butena, and butanes. The 2-butene and the
residual amounts of l-butene can be used for butene dimerisation
and the butanes can be used as starting material in a steam crak-
ker. The n-/iso-valeraldehyde mixture obtained can if desired be
separated into the individual isomers or used as such for the
preparation of the plasticizer alcohol 2-propylheptanol. If desi-
red the gaseous butenes separated by distillation, ie the exhaust
gas of the process, may be recycled via pipe line 10 to the co-
lumn 5, completely or as a partial stream.

The process of the invention provides better and more complete
separation of the aldehydes present in the liquid hydroformy-
lation product stream from the other components in a .more econo-
mical manner than in the prior art. In particular, the process of
the invention providaes the isolation of the hydroformylation
products from the liquid hydroformylation product stream with
substantially less energy consumption than in known processes. On
account of the mild conditions used in the process of the inven-
tion for the purification of the liquid hydroformyTlation product
Stream, the rhodium catalyst is protected and there are formed,
during purification, fewer by-products derived from the hydro-
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formylation product, by which means the overall selectivity of
the process and thus its economic value are improved. :
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We claim:

1. A process for the purification of a substantially ligquigd
5 affluent containing aldehydes and unconverted olefins coming
from a hydroformylation reactor following low-prassursg
hydroformylation of Cz-Cyp 0lefins or olefin mixtures
containing different isomers of the respective olefins, said
hydroformylation being catalyzed by means of a phosphorous

10 rhodium catalyst homogensocusly dissolved in the reaction
medium and carried out at a temperature of from 50° to 1SO°C
and a pressure of from 2 to 30 bar, wherein

15 a. tha hydroforﬁYlation product stream containing liquid and

gaseous components and comprising, apart £zom the
cataiyst, essentially the hydroformylation product,
by-products boiling at temperatures above the boiling
point of the hydroformylation product, unconvertsd
20 olefin, and saturated hydrocarbons and unconverted
' synthesis gas, 1s depressurized in a let-down vessel,

b. during dapressurization, the pressure and temparatuzre are

lowered to such a degree that there are formed a liquid

25 phase containing essentially the catalyst, by-products
boiling at temperatures higher than the boiling point of
the hydroformylation product, and residual amounts of
hydroformylation product and unconverted olefin, and a
gas phase containing essentially the hydroformylation

3a product, unconverted olefin, saturated hydrocarbons, and
unconverted synthesis gas,

¢. a liquid stream is withdrawn from said 1iqu;d phase, and
a gaseous stream is withdrawn from said gas phase,

3as
d. the liquid stream is then heated to a higher temperature
than the temperature prevailing in the let-down vessel,
40 @. the heated liquid stream is passed in liquid form to the

head region or the upper part of a columm,

£. the said gaseous stream withdrawn from the let-down
vessel is paased to the bottom or lower part of saiad
a5 column and caused to flow countsrcurrently to the liquid
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stream introduced at the nead or upper part of this
column,

g. a gaseous stream enriched in olefin and hydroformylation
product is withdrawn at the head of the column and passed
on for further puritication.

h. a liqnid stream is withdrawn at tha bottom of said
column, which stream contains less hydroformylation
product and olefin than present in the ligquid stream fed
to the head region or upper part tha column, and

1. all or part of this liquid stream is recycled to the
-hydroformylation reactor.

‘A process as defined in c¢laim 1, wherein the liguid stream

withdrawn from the let-down vessel is heated to a temperature
which is from 10° to 809C higher than the temperature
prevailing in the let-down vessel.

A process as defined in claims 1 and 2, wherein ethylene is
used as clefin and propionaldehyde is produced.

A process as defined in claims 1 and 2, wherein propylene is
used as olefin and n- and iso-butanols are produced.

A process as defined in claims 1 and 2, wherein 1 - butene or
a 1l-butene-containing hydrocarbon mixture is used as olefin
and n- and iso-valeraldehydes are produced.
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Purification Of A Liquid Hydroformylatien Product Sctream

Abstract of the disclosure:

A procass for the purification of a substantially liquid effluent
containing aldehydes and unconverted olefins coming from a

hydroformylation reactor following low-pressure hydroformylation
of C3-Czp olefins or olefin mixtures containing different isomers
of the respective olefins, said hydroformylation being catalyzed

by means of a phosphorous rhodium catalyst homogenasously

dissolved in the reaction medium and carried out at a temperature
of from 50° to 1509C and a pressure of from 2 to 30 bar, wherein

a.

415

the hydroformylation product stream containing liquid and
gaseous componentz and comprising, apart £rom the catalyst,
aessentially the hydroformylation product, by-products boiling
at temperatures above the boiling point of the
hydroformylation product, unconverted olefin, and saturated
hydrocarbons and unconverted synthesis gas, is deprassurizad
in a let-down vesgel,

during depressurization, the pressure and temperature are
lowered to such a2 dagree that there are formed a liquid phase
containing essentially the catalyst, by-products boiling at
temperatures higher than the boiling point of the
hydroformylation product, and residual amounts of
hydroformylation product and unconverted Olefin, and a gas
phase containing essentially the hydroformyiation product,
unconverted clefin, saturated hydrocarbons, and unconverted
synthesis gas,

a liquid stream is withdrawn from said 1liquid phase, and a
gaseous stream is withdrawn from said gas phase,

the liquid stream islthen heated to a higher temperature than
the temperature prevailing in the let-down vessel,

the heated liquid stream is passed in liquiéd form to the head
region or the upper part of a column,
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the said gaseous stream withdrawn from the let-down vassel ig
passaed to the bottom or lower part of said column and caused
to flow countercurrently to the liquid stream introduced at
the head or upper part of this column,

a gaseous stream enriched in olefin and hydroformylation
product is withdrawn at the head of the column and passed on
for further purification,

a liquid stream is withdrawn at the bottom of said columm,
which stream contains less hydroformylation product and
olefin than present in the liquid stream fed to the head
region or upper part the column, and

all or part of this liquid sStream is recycled to the
hydroformylation reactor.
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