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The present invention ralates to a process !or :he purification 
5 of a substantially liquid •ffluent ccntaininq aldehydes and un· 

converted olaf ins cominq from 11 hydroformylation reactor follo· 
winq low-pressure hydroformylation of C2-CJ0 olef i~s or olefin 
mixtures containinq different isomers of the respective o~ef ins, 
said hydrof ormylation beinq catalyZed by means of a phosphorous 

10 rhodium catalyst homoqeneously dissolved in the reaction medium 
and carried out at a temperature of from 50° to 150°C and a prea· 
sure of from l to 30 bar. 

The hYdroformylation of olefins to form the corraspcnd!nq 
15 aldehyd~s is of ve:ey qreat economical significance, since the al· 

dehydes prepared in tni~ way are in turn startinq materials for a 
larqe number of commercial products such as solvents or plastici· 
zer alcohols. Rydroformylation processes are accordinqly subjec· 
ted to intensive research world-wide, in order to achieve further 

20 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-dischar9e process is qenerally used for the 
25 hydroformylation of C2-C20 olefins tc produce the correspondinq 

aldehydes (US-A 4,148,830, EP-A 16,286) in which the substan• 
tially liquid - except for the synthesis qas used in excess to 
effect hydroformylation - effluent from the hydroformylation re­
actor ia depressurized in a let-down vessel, the effluent, on ac-

30 count of the.pressure drop, beinq separated into a liquid phase 
containin9 the catalyst, solvent, hiqh-boilinq byproducts and a 
minor amount of aldehyde and unconverted olefin and a 9as phase 
containinq, in addition to the excess synthesis qas, the major 
portion of aldehyde formed and the unconverted olefin. The liquid 

35 phase is then recycled to the reactor as retuni stream and the 
qas phase is withdrawn, the syn.thesis qas separata~ therefrom and 
the mixture s'l.1bsequently separated into aldehyde and oletins by 
distillation. The liquid return stream contains amounts of 
aldehyde and olefin which are small compared with the qas stream 

40 withdrawn from the let-down tank but which are not neiliqible 
with respect to the economic value cf the process. Apart from the 
fact that it is uneconomical to circulate a specific amount of 
aldehyde in such manner constantly, the recyclQd aldehyde tends 
to form hiqh-boil1nq condensation products under the hydrofo:rmy-

45 lation conditions. Althouqh the latter are good solvencs for said 
hydroformylation, it is desirable, for economical reasons, to 
keep the reformation of such hiqh-boilinq by-products within nar· 
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row limits. Racyclin; of re~idual amounts o~ olefin di~solved in 
the liquid ratu~ stream can also bQ disadvantaqeous when the. 
startinq material used for the hydrotormyla:ion is not a pure 
olefin but a hydrocarbon mixture containinq, in addi~ion to tho 

5 olefin to be converted, other isomeric olefins and satu=ated hy­

drocarbons. 

ror the aforementioned reasons it would be advantaqeous to distil 
the liquid phase separated in the lat-dawn vessel prior to racy· 

10 clinq to the hydrofo:rmylation reactor, ta effect sepa•ation of 
residual amounts of aldehyde or olefin. Such a procedure is howe· 
ver uneconomical, since to effect distillation of the liqui~ 
phase from the let·down vessel said liquid phase must be heated 
stronqly •. ~rior to recyclinq to the hydroformylation raacto~ the 

15 said heated liquid phase would have to be cooled down, since 
otherwise the temperature i~ the hydroformylation ~eactor would 
rise to unduly hiqh values due to t.he heat of reaction liberated 
in the hydroformylation reactor. Thus sueh a process would be 
vary unsatisfactory when reqarded f:rom the energy balance point 

20 of vie'W. 

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 ur.· 
converted olefins which become gaseous in tho let-down tank. For 

25 this purposa the qas phase .is passed, in an absorption column, 
through the {cooled) liquid phase havinq a temperature not hiqher 
than that in the let-down tank, and the olefins present in this 
qas stream are entirely or partially absorbed by said liquid 
phase. The liquid phase thus laden with olefins is then either 

30 directly returned to the hydroformylation reactor or freed from 
the olefins in separate desorption equipment. These processes 
are, for the above reasons, particularly disadvantaqeous when the 
startinq material used is an olefin mixture of isomeric olefins. 

35 It is thus an object cf the present invention to provide an eco­
nomical process for the hydroforinylation of olefins, in particu· 
lar of the olefin mixturQs such as ara commercially.obtained, for 
example, as raffinate II from steam crackers followitl.9 separatiotl 
of the l , 3-butadiene and isobutene present therein,·· in which the 

40 aforementioned drawbacks reqardinq further purification of the 
liquid effluent from the hydroformylation reactor are avoided. 

Accordinqly, we have found a process for the purification of a 
substancially liquid e~fluent containi:nq ~ldehydes a~d ~nconver-

45 tad olef ins cominq from a hydroformylation reactor followinq low­
pressure hydrofo:rmylation of c2-C20 olef ins or olefin mixtures 
cont.aininq dif:i!erent isomers of the respective olefins, said 

...... 
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3 
hydroformylation beinq catalyzed by means of a phosphorous rho­
dium catalyst homoqeneously dissolved 1~ the raactio~ ~edium and 
carried out at a temperature of from 50° to isa0c and a pressure 
of from 2 to 30 bar, wherein 

a} tha hydroformylation product stream eor..tai:iinq liquid and 
gaseous components and comprisinq, apart from the catalyst, 
essentially the hydrof ormylation product, by-products boilinq 
a.t temperatures above the boilinq point o:f the 

10 hydroformylaticn product, unconverted olefin, and saturated 
hydrocarbons and unconverted synthesis qas, is depressurized 
in a let-down vessel, 

15 

20 

b) durinq deprassurization, the pressure and temperature are 
lowered to such a deqrae that there are formed ~ liquid phase 
containinq 933e.~tially the catalyst, by-producta boilinq at 
temperatures hiqher than the boilin; point of the 
hydroformylation product, and residual amo~nts of 
hydroformylation product and unconverted olefin, and a qas 
phase containinq essentially the hydroformylatian product, 
unconverted olefin, saturated hydrocarbons, and unconverted 
synthesis qas, 

25 c) a liquid stream is withdrawn from said liquid phase, and a 
qaseous stream is withdrawn from said ~as phase, 

30 

d) the liquid stream is then heated to a higher temperature than 
the temperature preva.ilinq in the let-down vessel, 

•> the heated liquid stream is passed in liquid form to the head 
reqion or the uppar part of a column, 

f) the said iaseous stream withdrawn from the let-down vessel is 
35 passed to the bottom or lower part of said column and caused 

to flow COUl'ltercurrently to the liquid stream introduced at 
the head or upper part of this column, 

q) 
to 

h) 

45 

a qaseous stream enriched in olefin and hydroformylation 
product is withdrawr.. 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 colu.mc., and 
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i) all or part of this liquid stream.is recycled ~a ~he 

; 

hydroformylation reactor. 

~he process of the invention is illustrated below with reference 
5 to the attachad drawi.~q and the reference numbers contained the· 

rein. The drawinq is a purely diaqrammatic flow sheat desiqned 
only tor illustration of the process of the invention, in which, 
for reasons cf c_la.rity, only that aqu.ipment is shown which is ne· 
cessary to illustrate the process, whilst other units obviously 

10 nacassa.ry for tha execution of the process, such as pumps, addi­
tional valves, relays, ate. are omitted from the drawinq. 

In the process of the invention, the substantially liquid ef · 
fluent from the hydrofo.rmylation reactor, which generally has a 

15 temperature of from 50° to 1sooc and preferzmly from 80° to 11ooc 
and is under a pressure qanerally of from 2 to 30 har ar..d prefe· 
rably from 10 to 25 bar~ is passed throuqh pipe line l to be de­
pressurized, via valve 2, in the let-down vessel 3. 

20 At the temperature and pressure stated, the synthesis qas used in 
excess to effeot hydroformylation - a carbon monoxide/hydroqen 
mixture havinq a molar ratio of co to H2 of qenerally from 20:80 
to ~0:20, preferably from 40:60 to 60:40 - is present in the qa­
seous state lllOStly in the form of fine bubbles of qas suspended 

25 in the otherwise liquid effluent cominq from the hydrof ormylation 
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 
30 reaction contains, as esseneial components, the rhodium catalyst, 

the hydroformylation product, ie the aldehyde{s) produced from 
the olefin or olefin mixture used, condensation products of these 
aldehydes which boil at hiqher temperatures than the hydroformy­
la tion product, as formed as by-products durinq the hydroformy· 

35 lation and whose composition and manner of formation are descri· 
bed, eq, for condensation products of butyraldehyde, in OS-A 
4,158,830, or as present from the outset in the hydroformylation 
reactor as solvent for the hydroformylation reaction, unconverted 
olefin(&) and any unconverted, ie unreactive, saturated hydrocar-

40 bons. 

The hydrocarbons may have been entrained into the hydroformy­
lation reactor with the startinq material used for the hydro· 
formylAtion, but a portion the~eof may have formed in a sidQ 

ts reaction takinq place at the same time as the hydroformylat!on, 
ie the hydroqanation of the olefins. 



~ 

The :hodium catalyst pres~t in :he hydroforrnylaticn product 
straam is a COniplBX w±th one or rr.ora orqanophos~hcri.c ccmpcunds 
as liqar..ds. which complex is homcgeneoualy sol'.lb.le in t~i.a 

reaction medium of the hydrofo.rrnylation :aaction. As examples of 
5 such lige.nds there may be mentionQd phosphine liqands of t~e ty­

pes! tria.ryl phosphine, c1-~ alk<J~dia.=yl phosphi~e or a::ylalkyl 
diphcsphine, such as cyclohexyldi~henyl phosphine, nexyldiphenyl 
phosphine, tritolyl phospnine, tat=aphenyldiphosphino~ethane, 

. l,l-1:>is(diphcmyl phosphino)ethane, 1,3-bis(di-phenyl phoep-
10 hino)propane, 1 ,4-bis{ diphanyl phosphinc)butana, in particular 

tziphenyl phosphine, and also the biaphosphine li9ands described 
in EP-A 279,0lS, EP-A 311,619, WO 90/06810, and E?-A 71 ,281, or 
sterically hindered phosphite liqands, such as the chelatinq 
phosphite liqands described in US-A 4,568,631, O'S- A 4,748,261, 

15 US-A 4,763,498, us-A 4,774,361, OS-A 4,835,299, US-A 4,885,401. 
US-A S,059,7l0, US-A S,113,022, US-A 5,179,055, O'S-A 5,200,491, 
OS-A 5,264.616, US-A 5,488,918, US-A 5 1 360,938, EP-A 472,071 and 
EP-A 518,241, and also triphenyl phosphites substituted by in 
each case 1 or 2 isopropyl qroups and/or tert-butyl qroups on the 

20 phenyl rinq, preferably in ortho position to the phosphite ester 
qroupinq. since the aforementioned liqands are used in a molar 
excess over the rhodium qenerally to an extent of from 10 to 1000 
times, preferably from 50 to 500 times, and such an QXcess of the 
liqands over the rhodium is significant for the activ.ity, selec-

25 tivity, and stability of the rhodium catalyst, the mixture of the 
rhodium complex with the ~iqand and the free liqand is designated 
simply as •rhodium catalyst• or •catalystw for the purposes of 
this application. 

30 The above statements cancerninq the hydroformylation process and 
the rhodium cataly~t used therein serve to place the process of 
the invention in its overall commercial context by way of illu· 
stratian. It may be emphasized at this juncture that the hydro­
formylation prQcedinq the process of the invention may be carried 

35 out in the manner of known and commonly used hydrofo.rmylation 
processes qivinq a liquid ettluent known in the art, for example 
by the process accordinq to US-A 4.148,830, EP-A 16,286, E~-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. 

40 
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 

45 produced durinq the hydroformylation reaction and boilinq at hiq· 
her temperatures than the hydroformylation product, residual 
amounts of olefin, and hydroformylation product and, if an addi· 

.... 



6 
tional hiqh-boilinq so~vent'was used in the bydrofor:ny:a~lon, 
said solvent, and ~nto • qas phase essentially containing t~e ma­
jor portion of ~he hydrofor.nylation product, the major po~tion of 
tha unconverted olefin. saturated hydrocarbons, and unconver~ed 

5 synthesis 9as. Since the hydroformylation products produced de· 
pendinq on the olef in~c sta~tinq material used, ie aldehydes, or 
mixturQs of straiqht-chain products {n-aldehydes) or bra:.ched­
ch~in products {isoaldehydas}, have a different vapor prassure. 
it will be appa=ant to the person skilled in the art that the 

10 pressure and the temperature in the let-down vassal mus~ be adju· 
sted with respect to the vapor pressure of the particula= hydro­
formylation product ~resent, such that the major portion of tha 
hydroformylation product chanqes from liquid phase to gas phase 
during depressurization of the liquid hydroformylation p:oduce 

15 stream in the lat-down vessel. 

Generally, the pressure and temperature ·1n the let-down vessel 
are adjusted auch that the liquid phase separated in the let-down 
vessel qenerally contains not more than 10 to 30 wt% of hydro· 

20 formylation product and generally not more thllll 0.1 to 10 wt% of 
olefin or olefins. The complete transformation of the hyd:otormy­
lation product and unconverted olefins i~to the qas phase in tho 
let-down vessel is not generally economically feasible. In order 
to achieve such a distribution of the hydroformylation product 

25 and unconverted olef ins between the qas phase and the liquid 
phase in the let-down vessel, the vapor pressure of the respec­
tive hydroformylation product must be considered when determininq 
the pressure and temperature conditions in the let-down vessel: 
for example, in the purification of the liquid effluent from the 

30 hydroformylation of raffinate II - a mixture of 1 - butene, 2-bu­
tenes, and butanes such as is obtained followinq removal of the 
1,3- butadiene and isol:lutena prQsont therein-· which contains, in 
addition to the unconverted olefins and hydrocarbons, n-valer~l· 
dehyde and isovaleraldehyde as hydroformylation product, the 

35 hydrof ormylation product stream is dapressurized in the let-down 
vessel to a pressure of qenerally 1-5 bar, preferably 1-3 bar, 
whilst the temperature in the let-down vessel qenerally attains a 
value of from 50° to_1sooc, preferably 100 to 9ooc, due to the 
pressure drop and evaporation of the respective components. 

40 

The liquid phase separated in the let-down vessel 3 is withdrawn 
from the let-down vessel as a liquid stream throuqh pipe line 15 
and this stream is heated, for example by means of a continuous 
flow heater or heat exchanqar 4, to a temperacure which is qene-

45 rally ~rom 1oa to eo0c, preferably from 20° to 3occ, hiqher than 
the temperature 0£ the liquid phase in the let-down vessel 3. Ba· 
sically, it is also possible to heat the liquid phase separated 



.., 
in the lat-down vessQl by means of hea.tinq ·equi~men:. installed on 
or in the let-down ve~s~~ to a :amperature whic~ is ~iqher, by 

said aincunt, than the temperature at which the liquid phase was 

separated in t.~e lat-down v.essel separated without heatinq the 
5 let-down vessel. ~vantaqecusly however, t~a liquid stream with· 

drawn from the let-down ves!el is heated to the desired 
temperature.. 

The thus heated liquid stream coming from the let-down tank is 
10 passed throuqh pipe line 15 to the hQad raqion or upper part of .a 

column 5 advantaqeously packed with, eq, a ri.nq pa.ckinq, a spiral 
... ····''packinq, or a. saddle packinqz or other packinq or i~te.rr.al fit:· 

tinqs such as trickle plates, for the purpose of craatinq a la:qe 
· surf ace area in tha column. In said column the said liquid stream 

15 flows countarcurrently to the qas stream withdrawn from the upper 
part ~he let-down vessel 3 and fed to the lower ~art the column 5 
via pipe line 6 and consisting of the qas phase formed ir. the 
let-down vessel. The intimate contact achieved between the qas 
stream and the heated liquid stream, improved by the larqe 

20 surf ace area prasQnt in the column, causes the residual amounts 
of hydroformylation product and unconve=ted olefin prasmlt in the 
liquid stream to be transferred to the qas scream such that the 
qas stream removed from thci head of the column 5 via pipe line 1 

is, compared with the qas stream introduced at the lower end of 
25 the column, enriched in hydroformylation product and unconverted 

olefin, whilst the liquid stream leavinq the bottom of the column 
5 via pipe line 8 contains less hydroformylation product and un­
converted olefin than the liquid stream ted to the head reqion or 
upper part of tne colunm 5. 

30 
This result is very su:rp:isinq and unexpected, since thQ qas 
stream introduced at the lower end of the column already c~ntains 
the major portion ct the hydroformylation product and unconverted 
olefin present in the liquid hydroformylation product stream, ie 

35 that portion transferred to the qas phase in the let-down vessel. 
DuQ to the hiqh content of hyd.roformylation product and unconver· 
ted olefin in the qas stream introduced at the lower end of the 
column S and the low content of hydroformylation product and un· 
converted olefin in the liquid stream fed to the top or upper 

40 part of_ the column 5, it would have been expectQd that the hydro· 
formylation product and unconverted olefin present in the qas 
stream in hiqh concentration would have been al::lsorbed by the li­
quid stream until a state of equ.ilibrium were reached. 

45 'the liquid at~eam leavinq the column 5 via the bottom and pipe 
line 8 has a very low content of hydroformylation product and un· 
converted olefin and consists cf essentially the catalyst and ~y-

.... 



a 
products 'of the hydroformylat·ion react.i6n bCili!'lq at ~iqher tam· 
peratures than the hydrofor:nylaticr. product and may optionally 
contain a hiqh-boilinq solvent additionally used in the hydro· 
!ormylation1 and a portion of this stream or the entire stream is 

5 recycled to the hydroformyla.tion reactor (r..ot shown). Advanta· 
qeously a partial stream is usually tapped off trom this liquid 
return straam. continuously or batchwise, for the purpose of re­
movi:nq spent catalyst (not shown). The imtioverisbment factor, ie 
the ratio of the concentration. of the hydroformylation product in 

10 the liquid stream fed to column 5 to the concentration of the 
hydroformylation product in the liQUid stream withdrawn at the 
bottom of column 5, is qenerally from 1.01 to 3. 

The c;as stream withdrawn at the head of column S via pipe line 7 
15 and enriched in the hydroformylation product and unconvertad ole­

fin, which contains, as additional noteworthy components, satura­
ted hydrocarbons and unconverted synthesis qas, is advantaqeously 
passed to a condenser l l for further puri~ication~ in which its 
hiqher-boilinq components - the hydroformylation product, uncon· 

20 verted olefin, saturated hydrocarbons - are separated by conden­
sation from the unconverted synthesis 9as. 

The resulting separated unconverted syn.thesis gas is removed via 
pipe line 12 and can, if desired, f ollowinq compression to the 

25 pressure of the hydro!ormylation reaction, be recycled to the 
hydroformylation reactor. If desired, fresh synthesis qas or the 
unconverted synthesis qas removed via pipe line 12 may be addi­
tionally introduced throuqh pipe line 9 or 10 at the lower end of 
the column, before the aforementioned stream of syn.thesis qas is 

30 passed back to the hydroformylation 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 
successful operation of the process o! the invention. 

35 The condensable components of the qas stream removed from column 
5 via pipe line 7, separated in the condenser 11 and essentially 
comprisinq the hydrofo:mylation product, unconverted olefin, and 
saturated hydrocarbons is fed via pipe line 13 to a distillation 
plant 14 <shown diaqrarmna.tically), whicn can De composed of a 

40 number of distillation plants, and is fractionated into its indi· 
vidual comPonents, which can subsequently be passed on for furt· 
her processin9 to other desired products. This distillation can 
be carried out by any conventional process known in the art and 
its particular f~rm is not subject matter of the process of the 

45 invention. 
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The purifyinq procass,of the invention· is basi.cally suitable for 
the purification of liquid et!uents from =hodium-catalyzed hydro­
tormylation of olef ins, whicb, due to thei= mate=ial properties 
and du• to the material properties of the ~:.rdrofor.nylation 

S products formed therefrom, a.re suitable :for 'J.Se in a hydroformy­
lation process qivinq a liquid etfluent of the hydroformylati~n 
mixture. These are qenerally c,-c,0 olefins. The ~urifyinq groeess 
of the invention is preferably used for :he purification of li­
quid hydxotorrriylation effluents from the hydrofor.nylacicn of 

10 c 2-c10 olafins and more preferably C.rCs ole:ins, prefe~ably mono· 
olefins. 'l'he olefins used can be unsubstituted or they can be 
substituted by one or two, preferably ona, sUbstituent(s) inert 
under the hydroformylation conditions, for example an ester 
group, nitrila qroup, alkoxy qroup, or hydroxy q=oup. 

15 
If the rhodium catalyst u~ed for the hydrofor~ylation is a com­
plex of rhodium with a phosphine liqand, qenerallY virtually only 
1 -butene is hydroformulated to n- and iso-valeraldehydes under 
the atorementioned conditions of the hydroformylation reaction. 

20 If, on the other hand, the rhodium catalyst used in the hydro­
foDnylation process is a complex of rhodium with a stQrically 
hindered phosphite liqand, 2- butene is isomerized in the hydro· 
formylation raactor in situ to form 1 -butane, which is then hy­
drofo:rmylated ton- and iso-valeraldehydes. 

25 
'l"ha liquid effluent from the hydroformylation reactor is then, as 
stated, depressurized in the let-down vessel 3, thus producinq & 
liquid phase containinq, as essential components, the rhodium 
catalyst, hiqher-boilinq condensation products of n- and iso-va-

30 leraldehydes, optionaily a further solvent, and also residual 
amounts of unconverted butenes, and a gas phase containing. as 
essential components, the major portion of the n- and iso-vale­
raldehydos formed ·in the hydroformylation, the major portion of 
the unconverted butanes, ie the isobutene still present in the 

35 raffinate I~ in traces, and, dependinq on the type of rhodium 
catalyst used in the hydroformylation reaction, optionally 
2-butene and at most, small amounts of 1 -but:.ene or optionally, 
dependinq on the rhodium catalyst, small amounts of 2-butene, as 
well as various butane isomers and unconverted synthesis gas. 

40 
From the liquid phase which separates in the let-down vessel 3 
there is continuously withdrawn, via pipe line 15, a liquid 
stream, the temperature of which.is raised in a heat exchenqer 4, 
preferably l:>y from 20° to 80°c, and which, on passinq throuqh the 

45 heat exchanger 4, is fed via pipe line 16 to the head region or 
upper part of column S. From ehe ~as phase separated in the le~­
down tank 3 there is continuously withdrawn, via pipe line 6, a 



10 
qas ~tream. which is pumped. preferably without :u=~~er heatinq, 
to the bottom or the lot.rer part of column 5 and is allowed ~o 
flow countercurrently to the liquid stream fed to the head reqion or upper part of columns. At the bottom of the.column t!lers is 

,5 withdrawn,· via pipe line S, a liquid st:raam which has a v•cy low 
content of, or is f=ae from, valeraldehydes a.~d which contains 
tho rhodium catalyst and tho hiqher boilinq condensation products 
of the isomeric valeraldehydes and optionally a further hiqh­
boilinq solvent, and is recycled to the hydroformylation reactor 

10 aither in its enti=ety or followinq removal of a partial straam 
for workinq up spent rhodium catalyst. At the top of column S a 
qas stream en::iched in valeraldehydes ·and unconverted olafins is 
removed and passed throuqh pipe line 7 to the condenser 11, in 
which its condensable components. essentially n- and iso-valeral· 

15 dehydes, isobutane, butanes, and, dependinq on the catalyst used 
in the hydrofor.nylation, ~reater or smaller amounts of 2-butane 
and also residual amounts of 1 -butene, are condensed and passed 
on to distillative purification via pipe line 13. The unconverted 
synthesis gas c:a.nnot be condensed in the condenser ll and is 

20 recycled, aithQr completely or in part, to the hydrofor.nylation 
reactor via pipe line lJ followinq compression. In the purif ica­
cion by distillation of the liquid condensate obtained in the 
condenser 11 the readily volatile butenes an4 butanes ara advan· 
taqeously first separated frOlll the val~aldehyde mixture and sub-

25 sequently separated into the individual components isobutene, op­
tionally 2-butenes, l·butena. and butanes. The 2-butene and the 
residual amounts of l-butene can be used for butene dimerisation 
and tjle butanes can be used as startinq material in a steam crak­
ker. The n-/iso-valeraldehyde mixture obtained can if desired be 

30 separated into the individual isomers or used as such for the 
preparation of the plasticizer alcohol 2-propylheptanol. If desi­
red the qaseous butanes separated by distillation, ie the exhaust 
qas of the process, may be recycled via pipe line 10 to the co­
lumn 5, completely or as a partial stream. 

35 

The process of the invention provides better and more complete 
separation of the aldehydes present in the liquid hyd:roformy­
lation product stream from the other components in a.more econo· 
mical manner than in t~e prior axt. In particular, the process a= 

40 the invention provides 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 c:onditions used in the prOCQSS of the inven­
tion for the purif icaticn of the liquid hydroformytation product 

45 stream, the rhodium catalyst is protected and there are formad, 
durinq purification, fewer by-products derived from the hydro· 
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formylation product, :t>Y which means the overall selectivity of 
the J;Jrocess and thus its economic value are improved. 

..... 
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we claim: 

1. A process for t~e purification of a substantially liquid 
5 affluent containinq aldehydes and unconverted olefins cominq 

from a hyd:rof ormylation reactor f ollowinq low-pressure 
hydrof ormylation of CrC2o olef ins or olefin mixtures 
containinq -different iserners of the respective olefins, said 

10 

15 

20 

25 

30 

35 

40 

45 

hydrotormylation beinq catalyzed by means of a phosphorous 
rhodium catalyst homoqanaously dissolved in the reaction 
medium and carried out at a temperature of from 50° to isooc 
and.a pressure of from 2 to 30 bar, wherein 

a. the hyd%oformylation product stream containinq liquid and 
qaseous components and comprisinq, apart from the 
cataiyat, essentially the hydroformylation product, 
by-products boilinq at temperatures above the coiling 
point of the hydroformylation product, unconverted 
olefin, and saturated hydrocarbons and unconverted 
synthesis qas, is dapressurized in a let-down vessel, 

b. durin~ dapressurization, the pressure and temperatura are 
lowered to such a deqree that there arQ formed a liquid 
phase containinq essentially the catalyst, by-products 
boilinq at temperatures hiqher than the boilinq point of 
the hydrcformylation product. and residual amounts of 
hydroformylation product and unconverted olefin, and a 
qas phase containing essentially the hydrof ormylation 
product, unconverted olefin, saturated hydrocarbons, and 
unconverted synthesis 9as, 

c. a liquid stream is withdrawn from said liquid phase, and 
a qaseous stream is withdrawn from sai~ ~as phase, 

d. the liquid stream is then heated to a hiqher temperature 
than the temperature prevailinq in the let-down vessel, 

e. the heated liquid stream is passed in liqu.id form to the 
head reqion or the upper part of a column, 

f. the said qaseous stream withdrawn from the let-down 
vessel is paased to the bottom or lower part of said 
colwrm. and caused to flow countercurrently co the liquid 

.... 



13 . 
stream introduced at the head or upper part of this 
column, 

q. a qaaeous stream enriched in olefin and hydroformylation 
5 product is withdrawn at the head of the columc. and passed 

on for further purification, 

10 

lS 

20 

2. 

h. 

i. 

a liquid strea~ 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 reqion or upper part the column, and 

all or part of this ~i~id stream is racycled to the 
·hydroformylation reactor. 

A process as defined in claim 1, wherein the liquid stream 
withdrawn from the let-down vessel is heated to a temperature 
which is from 10° to aooc hiqher than the temperature 
prevailing in the let-down vessel. 

3. A process as defined in claims l and 2, wherein ethylene is 
used as olefin and propionaldehyde is produced. 

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

S. A process as defined in claims 1 and 2, wherein 1 - butene or 
a l·butene-containinq hydrocarbon mixture is used as olefin 

30 end n- and iso-valeraldehydes are produced. 
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40 

45 



14 

Purification Of A Liquid Hydroformylation Product Scream 

Abstract of the disclosure: 
5 

A process for the purification of a substantially liquid eftluent 
containinq aldehydes and unconve•ted olefins cominq from ~ 
hydroformylation reactOJ:" following low-pressure hydrofcrmylation 
of c2-c20 clef ins or olefin mixtures containing different isomers 

lO of the respective olafins, said hydroformylation beinq catalyzed 
'by means of a phosphorous rhodium catalyst homoqeneously 
dissolved in the reaction medium and carried out at a temperature 
of from soo to 1sooc and a pressure of from 2 to 30 bar, wherein 

15 
a. the hydroformylation product stream containinq liquid and 

gaseous components and comprisinq, apart from the catalyst, 
esscantially the hydroformylation product, ~y-products boilinq 
at temperatures above the boilinq point of the 

20 hydroformylation produc~. unconverted olefin, and saturated 
hydrocarbons and unconverted synthesis qas, is depressurized 
in a let-down ves~el, 

b. durinq depressurization, the pressure and temperature are 
25 lowered to such a deqr•• that there are formed a liquid phase 

containinq essentially the catalyst, by-products boilinq at 
temper~tures hiqher than the boilinq point of the 
hydroformylation product, and residual amounts of 
hydrof ormylation product and unconverted olefin. and a qas 

30 phase containin9 essentially the hydroformyiation product, 
unconverted olefin, saturated hydrocarbons, and unconverted 
synthesis 11as, 

35 

40 

45 

c:. a liquid stream is withdrawn from said liquid phase, and a 
qaseous stream is withdrawn from said qas phase, 

d. the liquid stream is than heated to a hiqher temperature than 
the temperature prevailinq in the let-down vessel, 

•• the heated liquid stream is passed in liquid form to the head 
reqion or the upper part of a column, 



5 

ll 
£. the said qaaeous atraam withdrawn from the let-down vessel is 

passed to the bottom or lower part of said colunm. and caused 
to !low countercurrantly to the liquid stream introduced at 
the head or upp~ part of this column, 

q. a qaseous stream enriched in olefin and hydrofo:rmylation 
product is withdrawn at the head of the column and passed on 
for further purification, 

lO h. a liquid stream is withdrawn at the bottom of said column., 
which straam contains less hydroformylation product and 
clef in than present in the liquid stream fed to the head 
raqion or upper part the column, and 

15 
i. all or part of this liquid stream is recycled to the 

hydroformylation reactor. 

20 

25 

30 

35 

40 

45 



. J 

.• 

3 
.12 

6 

11 

16 13 

5 

9 

10 

a 

0050/46108 


