0050/,5116& ]5 =l :é{ NI I'm*159159* work-up of a liquid hydrofornylation
pr oduct T 8 8/&1 t invention relates to a process for working up

| i qui d hydroformnyl ati on output froma continuous hydr of jmmmulﬂ mmmlmy _
rkaction, which out put conprises at |€ast one al dehyde | ation
product, unreacted ol efins, dissolved synthesis gas, the homgeneously

di ssol ved hydrofornyl ation catal yst and by-products of the

hydr of or nybgkieh deactigiid 1 dtegokmet of dngrakbuer of olefins to the
correspondi ng al dehydes is of trenendous econonic inportance, since the

al dehydes e i his way.are in turn starting materials for many

i ndus%/ri aggéggﬁ%s 155%#%%{1 s%ll\%ﬁFsp%ra g &SEPEi E‘é’rg ‘%ﬂré‘dﬁgl 8P Accordingly,
15 ther @ éguﬁg OgPERY 1N SPtPRE eRFAMh AnGPPEhNYRND hYdRpEpTBkahlcat i on
pr ocessesrefgtianambiieht outpyly eveprhses ey deasbabaeceldshytineapr ocess, to

i ncr ease hpdrefdmmptliaridy pusbivod, aubéwﬁ;; %Eggﬁgged?&w@bogymﬁltsﬁl yst
to |l ess sgaesSthe hohdgeh¥ SN PIT¥LEEI LoD Bfarc?olnfd1 o £ RaLh$ y
carried 0H§-pfﬁﬂd&l§:gg %@%Q{.r%%%?“%l?hﬂﬁ?%%a%%ibsgtnomn fro%%%%sk?114 611,
US-4148830" or EP-A-01 , In IC %e essentlaPIy liquid output from

t he hyggoforrryl ation reaction is depressurized into an expansion vessel.
As a resuffheRydgpfogmgbatirpods eéing Heo theogppuespendiopanhdeliydas dsa
liquid pha§etmm‘{doyiSngC@mmnicaﬁ-mbystance;,oIsiﬂamasthélig]t&eb@idbé nPrdpan@doduct s
and a smalih emminayotral ilehyde saadtimy eatleedatkefdn g &n@@stihase

o dohyge e T o D o Ao AL IS REROr IR i med
al de

to thgqgo ﬁé%q’oﬁsa%ge?e%y{%eeea sfjrgggmggn%ﬁef?écaagoﬁ‘l 58S §% aken of f. The gas
phase is g%ﬁ’é O it 8" AP EPACResT Y JHATBLGS EP hirREAVEat PR ENH B i ns and
t he al dehPaeansmiaththe BEgrassedof iperennesbredelettivitybandisil |l ati on.
The synt hesbiegaghenonbgensmeachedium| eftalysar eor bais etkased to the
reactor. 35 WO 97/07086 describes a nodified process in which the |liquid

phase R00@hé heyParaRal 08 VS 2! clscfed1bpigs tihe g’épgﬁﬁlﬂ?r a]rﬁ%fiea ofP! um and
the gas PRassty!éhd TLERENSGH I Brb0Sd YT PREL, QT e IoHE ppCRIIN 6,30 LAt the
!I qui d ph?%ghifbélbeate P%éLéingggrcurreﬂ?ﬁﬁighgﬁg sentiaQ1S fi uf% This
i mproves e sepgraf)f:o odtict Hhd’ ; S y tiq .
output from the hydroformylation reaction is depressurized into
an expansion vessel. As a result of the drop in pressure, the
25 output is separated into a liquid phase comprising the catalyst,
solvents, high-boiling by-products and a small amount of aldehyde
and unreacted olefin and a gas phase comprising the excess
synthesis gas together with the major part of the aldehyde formed
and of the unreacted olefin. The liquid phase is returned to the
30 reactor as recycle stream and the gas phase is taken off. The gas
phase is separated into the synthesis gas plus the unreacted
olefins and the aldehyde, which is separated from unreacted
olefin by distillation. The synthesis gas and the unreacted
olefins are recirculated to the reactor.
35
WO 97/07086 describes a modified process in which the liquid
phase from the expansion vessel is fed into the upper part of a
column and the gas phase is introduced into the lower part of the
column, so that the liquid phase is treated in countercurrent
40 with the gas phase. This improves the separation of product and
high~boiling components. This separation is advantageously
carried out at a pressure which is as low as possible so that the
separation of product and high boilers can be carried out at
temperatures which do not damage the catalyst.
45
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hi gh-boi | } ents. This separation is advantageously carried out at
a gressurgagﬁ%?l@g as low as possible so that the separation of product
and high boilers can be carried out at tenperatures which do not danage
the catalyst. 45 iunmure~ia *000002 0050/51168 2 The di sadvantage of this
process is that |arge conpressors w t#h high energy consunption have to be
used in oferdisedyenpagsof hhisepressssyis hbakslgege dompeaetess oy ns and
| ow- boi | i nggh Whepriggduch Sunipgt ilohe ha@aCEd A3k RISRAS LA Cordlt 1td bBRLEGIH e t hem

_ _ ARk 160 y
L0 5 Lncekenss dhnchials b ObheEhcta e neegnl LBNSIAgTo Provioe 2

nore ec ' oces ydr of ormyl at.i on 0 _
abovene ?Bg%%%&cgédggn%gese ACK PR ]fetﬁ'i%g r kO U O Phate oty diod
hydr of o n{fj}ll%t]?e(?r?tf?ﬁf put fromthe hydrofornyl ation reactor are
circumvented. W have found that this object is achieved by a process
conpri si nft aig we- sbget fofagthedpseséhatimenttoh heo hybvaider ayhetd on 15
out put . TéeornprESAN! provess IfF 866 OkhFlAH MR AVi e SR o%@‘iﬁéa IPrnaRnKI Ng
up a |iquige Wﬁeﬁ{?&@d (&1%%38999§94yqrn0 RE nyl.ln?% e@?&‘f\g:—ggo?tc% QI ses

al deh Sy high-bailin - Qr Cis honpgeneous S ve

hydro?‘/gr6 hr&a]{l&f%,%rlll?@g?g?%é‘fb%/at&ﬁpe%%%‘ﬁt gﬁré‘lmi fge hY%W%?tfi“‘lyilﬁﬁl‘B?-ﬁﬁa&&GEts and
di ssol ved®&§ fHfe¥mEentRd: wherein a) the |iquid hydrofornylation out put is
depressurized in a first depressurization stage to a pressure which is
from2 t ow@sad@ Hanndetian tthdsr oBFeOE i @SRIERed B W brigess Separation

into a |iestgkiphageaansh-atgae Bhase. aand 10heibe df Qe 398?33?0,3&3}1%%@89 in

the figgty {essurization stage is depressurized in a secon
depressurization stage to a 30 pressure which is lower than the pressure of
the first  depressurization stage, resulting in separation into a liquid
phase confh§ HE§§eBEsEMTSALop RFERE BRI §TBY igeddudrocesst fer working

hydr of or M@ && ildauid heutmio fepmoastyntdinwobybydiytimiydamybaj iwicpat al yst and
shal | anmocetpr isks351deltrdafsqr M bAtbOIT ipigo By Chr Seb ty) aabRIg&fusiyand a gas
phase 200dIHdcivRd REGAEA:YIALIOR SBOsRY hnfladddl RYEERROr MYl ation
product, igwiﬁﬂiﬁgggo$§iﬂfﬁdEQQSlQMEt&&ééoﬂ9e8y§§HéHgg¥ésgas, wherein

a) the liquid hydroformylation output is depressurized in a
first depressurization stage to a pressure which is from 2 to
25 20 bar below the reactor pressure, resulting in separation
into a liquid phase and a gas phase, and

b) the liquid phase obtained in the first depressurization stage

is depressurized in a second depressurization stage to a

30 pressure which is lower than the pressure of the first
depressurization stage, resulting in separation into a liquid
phase comprising essentially high-boiling by-products of the
hydroformylation, the homogeneously dissolved
hydroformylation catalyst and small amounts of

35 hydroformylation product and unreacted olefin and a gas phase
comprising essentially the major part of the hydroformylation
product, unreacted olefin and low-boiling by-products.

The process of the present invention is suitable for the work-up
40 of liquid outputs from the rhodium-catalyzed hydroformylation of

olefins. Olefins employed are generally ones having from 2 to 20

carbon atoms, in particular from 2 to 10 carbon atoms and

particularly preferably from 2 to 5 carbon atoms, or mixtures

thereof. The olefins used can be unsubstituted or have one or two
45 substituents which are inert under the hydroformylation



The process _of the present invention is suitable for the work-up 40 of
liquid ouPB§P§5FF§ﬁ1the rhodi um cat al yzed hydrof ornyl ati on of ol efins.

A efins enployed are generally ones having from2 to 20 carbon atons, in
particular from2 to 10 carbon atonms and particularly preferably fron12 to
5 carbon atons, or m xtures thereof.3 The olefins used can be unsubstituted

or have 086n@itioMs, 4508 UeRAndeeRNS Wb £ D, ARl e ALy LIE, a
hydrofornyi]@g,t)pqgrg@@%?1;.@%,&0)&0?%5%0% or exanpl e an esfer group, a
r

nitrile group,” an al koxy oup-o ydroxy group. The rhodium catal ysts
used are generall nEIexes whi ch bear one 5 or nore organophosphorus
conpoundsTi& ¥ C{j’d-h‘dbc ALyt REfFgare crneraddyuppeplsreashahiehchéam omedi um
of the Shgdregxs @yriganpphosplxptisogompoamisd @ dfigandd drigameds are phosphi ne
| i gands skomogearddusdm sbbulgieoUdn €h8Steddti@noheliiamryd piMesphi nes, in
particul ap aféﬂﬂwwlaeiﬂeﬁpféanﬁnoﬁl FRamb ke Q»'faEM!:H hoSRIH4LeE -

aryl al kyl ¢ é)%k%ssog n}/g__ gpbgﬁ cannSl .use ach a ﬁ {i %ﬂ%

exanpl e, ] § h en% 3 FREaeT o acy-RhO ih’é’reé The
hydr of or P T S agehﬁé‘m BPFPRIPGuC:aFoTa IS0 AF B RERRRD ines SR a
pressuf@ FW%%leé’ﬁg ofphines + atelyses witichheas peeisesd arengesatiled, and
t he speci foedcipmpdeur &n Whed7/9y0Bheand igathenpaeéiyt puddlibabions cited

nonoxi de/ byelredigen m xture having a CO H2 nolar ratio of generally from
20/ 80 to 80/ 20, preferably 20 from 40/60 to 60/40, which is used in excess

for the I n_the Li Uld hydr of tion
out put [5 'PQ(Q @(%%E@%%%le % ?Iag ¥ CB&F a6 7YY FPmo$6 %alsé)yﬂt hesi s
gas cah’bd"S FFEFEYTE Nt H enf&PgFof'mar’cltBn Bu'P?J‘Ot in the formof snall
gas bubbl es. 25 The liquid part of the output fromthe hydrofornylation
reacti on Atorip ispesifiaed siguperataneé auh3thet spatsfiddoreBedrem@ad al yst, the
hydr of or nyyetne¥ispgad)iChamd1lye a thebah dRINEHRGS ) h %B&ﬁﬂuﬁc‘;@f’&tﬁ?vm | fin or
%?];Lnamvé@gﬁpﬁm%iﬁgir?{% %'fls ﬁﬁgpgﬁﬂﬁq%ﬁﬁ?zgyé)@% %0930 %}@ﬁsr%tbal ydes
8Ver 0'/%% Pg @6;4&' gv ?Lch i3 dﬁrfeﬁﬁes hég)’c(; Fse of the

product,

hydroforn@Y%?a%’mer]lath%’/elsoéiéﬁsag‘é‘éﬁ’led‘ het diquid dhsireformy g ipm 58, 830,

t oget her YWERRY &R BB X Rt SPFsRERORAINGde 4bs $olykdiltityul Bart tdfe thkkanes
cor r esponglymghesd st ges ot@f ibes suspeiithed |imquihe bydpattonmsil attioh hertmAaTphi se a
hi gh- boi | tie, fdrebf small gas bubbles.

25
The liquid part of the output from the hydroformylation reaction
comprises, as significant constituents, the rhodium catalyst, the
hydroformylation product, i.e. the aldehyde(s) produced from the
olefin or olefin mixture used, and also condensation products of

30 these aldehydes which have boiling points higher than that of the
hydroformylation product, as can be formed as by-products during
the course of the hydroformylation and have been described, for
example, in US 4,158,830, together with low-boiling components
such as, in particular, the alkanes corresponding to the olefins.

35 The liquid output may further comprise a high-boiling, inert
solvent such as toluene or xylene.

The details of the hydroformylation process and the rhodium
catalyst used provided above serve to place the process of the

40 present invention in its technical context. It may be pointed out
at this point that the hydroformylation preceding the process of
the present invention can be carried out by customary liquid
output hydroformylation processes known per se from the prior
art, for example as described in EP-A-0 16 286, EP-A-188 246 or

45 US 4,148,830.



solvent s t ene or xylene. The details of the hydrofornylation

pr ocess alf?(?stoa:slr%oséi um cat gl yst used provi ded above serve to place the
process of the 40 present invention in its technical context. It my be
pointed out at this point that the hydrofornylation preceding the process
of the present invention can be carrfed out by customary liquid output
hydr of or mP&t 138U} JuEseéermybatiorerusput r bipriedepably fiarsttlyf heassdnpl e as
descri bed tionaEPemper atmra8ehi@P-is ¥38m286t0rs5045 bife ferkdl y830om DRSYH1168 4
The |i qui d0Rgdracremthat +oactus %’étnpéﬁaﬂ%ﬂ.e“rl?ﬁEYh%éEﬁ%J %ighegéié a4 Loglvtg ‘he

t enper at uy ' ' h r

reggtor ol éﬁpgﬁg'ﬁﬁ%ﬂf?ﬁ??ﬁgﬁ'ngjginsegégrfi@é "}é’&%g g]rslll%%aet EXSPBREFYS manner
general l'y P] ans_of heat exchangers. 5 The heated or unheated

hydr of or m}",ét F%?ﬁt%%t%uf"} %a‘f%r’il,ydirﬁfarmﬂ%*sltorqeﬁitéss uFs zdenonistage,

depr essur f2E8t | {RRFeFspEd sation Stggrsi depvessaligetioint@rayvesselwhi ch is from
2 to 20 bdexpapsidrervaisisylf riomsb prresgbréarhidieliewstbf 7 @aCkor ppEessure. The
10 pressupeefarihiey HRaANSsi €4 Me%ggl, bgl,_t,‘pqn,teﬁgg?%?é% Yo éar}'rstélgg':?lg%tei OLrom 2
to 40 h@y prBEShAL aly Xnbr Qgﬂr)]gnostl%n Qegg‘élsig' then gencral iPqPe HHES and a

stage, th ds of or atio t IS separa _
gasgphaseﬁr%eﬁ gas 4% Y ﬁr%ﬁgegr% 3 &P Yaexcess synthesis gas,
unreacted olefin and possibly the al kane corresponding to the olefin. The
gas phaselpsthgehicisdl dgpresumalizptabhestagmprtaeshpdrdfornyd akeost Qitgutessur e,
recircul atedsépardted ¢acd od . Lithedl pHusE RS gEONPRASES ThRS§EN hiaddey the
hydr of asmebabi Db et 1a CONUREEL! oyh AT bas 20ule JBANIHLPLLTY atT O
product whbehihay el gheLr bl erQPB%mgfzto LRg %gé l’i'sg%’%n%go@fésﬁ yr:i_st h

sol vent s ggefgﬁ%iﬂ %%leg§ teeng' g ! oh. E eS G a ©
first depgessurl dtion a%)é s CPHBRS ¥ W¥h &Py ER® TRARTCRe PERPEIRS o vessel
as a |iqufBcdEchhatedntanthe £eackor - sEee davdpr phase icompirémest age,

depr essur PE&entiadtly gheukydrafornpiasiom presisek, t comignsazivhepibdudts S | ower
than 2Qeoprdss urylrofotingl 4t icst pdo@ies siiichahbP® KRS bbB®ing points,

depr essur tEat¢aunlydt Bﬁdm@ﬂegr@éﬂgﬂtzéhbﬂnaét%% #12 of’ f(;er,%m y to a

e o
pressure in the range fromO to 10 bar, 30 preferably from1 bar. The

ressure pn the second depressurization stage is generally from2 to 20
Ear, in JI‘El‘?t|lc‘i1u|1ar pg?%?n R353189hart ibkde EALSE (FrPrseeusLEatian the first

tage is then discharged from the expansion vessel as a liquid

25 stream and is, in a second depressurization stage, depressurized
into a further expansion vessel to a pressure which is lower than
the pressure of the first depressurization stage. The
depressurization in the second depressurization stage is
preferably to a pressure in the range from 0 to 10 bar,

30 preferably from 1 to 5 bar. The pressure in the second
depressurization stage is generally from 2 to 20 bar, in
particular from 3 to 15 bar, lower than the pressure in the first
depressurization stage.

35 The liquid phase obtained from the first depressurization stage
is separated into a liquid phase and a gas phase in the second
depressurization stage. The liquid phase comprises the
high-boiling condensation products of the hydroformylation
product, the catalyst and possibly solvent and small amounts of

40 hydroformylation products. The gas phase comprises the major part
of the hydroformylation product together with residual amounts of
synthesis gas and low-boiling components (unreacted olefin and
the alkane corresponding to the olefin).

45 It has surprisingly been found that both the energy consumption
and the compressor capacity required for compressing excess
synthesis gas and unreacted olefin can be reduced when, as



depressuri, ' e. 35 The liquid phase obtained fromthe first _
déBressuri%q@:@%ge is separated into a liquid phase and a gas phase in
the second depressurization stage. The |iquid phase conprises the

hi gh-boi I i ng condensation products of the hydrofornylation product, the
catal yst and possibly solvent and snma®l anounts of 40 hydrof or nyl ation
product s. PHwwided fimsey cdeppressnt haveagbon pad ttwaf-sthge hydr of ornyl ati on
product t apirbesuid zdt id@sioduahe ARIFTFDrAy1a S8 RRRIpIL08S @d-il@Wolpi | i Ng
conmponents (unreacted olefin and the al kane corresponding to the ol efin).

45 1t has r pt | Si been .found .t hat th the energy consunption and the

conpr ess rﬁ%aaz%ﬂ&]%r%asﬁ r%élg P37 RIS 8E§?h x’tf‘eé"g‘e gff‘ﬁ?’?ﬂas! s gas and

unr eact efg d5SBFERS MTedhass Gielre yerkedsny Fursder bypranstemadryor by t he

present i MeEheHBN, For 1angmplagethelegasepbase zedn dre phstae tydr cbadayseat i on

out put is igawhied the hybrefbroylask iphapeoanct gamrehated obleditedtinit he

seccﬁng 5 gﬂ‘éaéﬁﬁsaﬁd Zl&ivd-%&ii%ﬁgec&:ﬂﬁngﬁt&@(f(ﬁ%sﬁlF&nﬁ“%%ﬂ&ﬁoﬂ%ﬁ t@éf&ﬁ?%ﬁ?’mi ch
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The ydr of SErel AR sing €30 4850 R0 520 BERIANAR ol By LIHSH Fhm'an

the h fornyl,ati o roduct, . Ul S
| ow bgﬁq)r‘?%sg%d %%e,nlilgch(e i PSF lgjn%f‘tflc?f‘enﬁs?' the dd'lsll:éﬁéag’c‘ﬁ‘r'r d860fdFng to the
ol ef i n) arpg‘aé"@p PP LSO ERe (RAdensem aviticho coapsiees edsenthally

puri fi cat ithg, uereactnad ¢ivethesss igns, Theegased pHagenobbdli Iec-bodl img he
condenser sechhdaryg amuricheates seat ikl kgciidel dtueanbedy SHiaeen§ 88Sphe

unr eact ed y@agtbf. and | owboiling secondary conponents, can be recircul ated
whol |y partly to the reactor. 15 The |iquid phase obtained in the
second 1?;

essurization stage, can be recirculated to the reactor either
directly %rrhea?f’%?lé‘,rpé‘r‘?ﬁ\?ang?l?f’gfgﬁﬂf GPRyPREIBh JsPoaBETE SaatirnppEaEmt, e. g.
by di sti 988t PenreciFoétgdstarihy irgartopritderodiaeaely iar efitesecond _
depr essur re@eVah of thygrodpenplatfsmmapirpduot ked Wp pbyséite, reighodydescribed in
WO 97/07@36tiFbatidn.s purpose, the liquid phase is introduced into the
upper raggion of a colum while the gas phase is introduced at 25 the bottom

of the CO"I“H@"?ay% Cii%ﬂ@ﬁep sg%%tgtjﬁgcg i [ €NYS 54 el e%gégﬁhﬁatglﬁ"
CoUNt T O L B LR Ty o B by e b I, §Hase Bkt
phase, pr&fePendes ik g‘ﬂ vaRLY YR R E%!U}fh Sesc :
97/07086. For this purpose, the liquid phase is introduced into
the upper region of a column while the gas phase is introduced at
25 the bottom of the column. Liquid phase and gas phase are thus
treated in countercurrent. To increase the contact between liquid
phase and gas phase, preference is given to using a column
equipped with random packing elements, e.g. Raschig rings,
spirals or saddles, or ordered packing or internals, e.g. trickle
30 trays, in order to create a large surface area. As a result of
the intimate contact between the gas phase and the liquid phase,
the residual amounts of hydroformylation product and unreacted
olefin present in the liquid phase are transferred into the gas
phase, so that the gas stream leaving the column at the top is
35 enriched in hydroformylation product and unreacted olefin
compared to the gas stream introduced at the lower end of the
column. The further work-up of the gas stream leaving the column
and of the liquid phase leaving the column is then carried out in
a customary manner, for example as described above.
40
The preferred process of the present invention is described below
with the aid of the accompanying drawing using the reference
numerals indicated therein. The drawing is purely a schematic
flow diagram serving to illustrate the process of the present
45 invention. For reasons of clarity, only the apparatuses necessary
for explaining the process have been drawn in, while other
self-evident apparatuses necessary for carrying out the process,



equi pped w ndqm packi ng el enents, e.g. Raschig rings, spirals or
sgddlo'gs, gfrot%/;lszlrl pgcki nggor I nternal s, ge. g. trickle 30 trays, in order
to create a large surface area. As a result of the intinate contact
between the gas phase and the |iquid phase, the residual amounts of
hydrof ornyl ati on product and unreacte@ olefin present in the liquid phase
are transfesgrepunps 0 ddid tgasal pheses,sanstiinditatgas, Sé£E€3MNa0avhéén t he
columm at lelie 6@p is tie apbkched THe RYdEeéo W ikl Egeé’éx&)@b&%egﬂg?ff“{]seaﬁ ed
ol efin cql@magggtf&eéaetgaﬁhétér&ﬁmi&nmogg;gg% af jhheykoyer, end of the

colum. The further work-up of the gas s eaving t e cofumm  and of
the |iquid phase | eaving the colum is then carried out in a custonmary
manner, ¥ dPCeRUARPEPTAYIgEicr| HEiPUbde. 1a0hemtedpiaf the chpasy esebenaér t he
present irnfentPon tempeaatnroechizdl dw not thotenehand50¢C tabevac enemastog
drawi ng usiengeraeuref @henneat myresfakae pacdreduibateid prifRrdeavhig is
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val ve (B) At 5eTRERRIAYSERLYE) (Q) iinsp bRparris®l (B3sé$gconthexppnessur e
prevail i ngesael heandesieplre§ ) rizmedyembeatiéyrdasumizat Hor Ointdearhbeleysdhe
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At o pue LOBuR b SomSPRcA! Fs ol Pattydihe BREEf a0 RetaE el D™
art o . : .
By- pr oduc?‘gggéggfﬁln?gy%&as%gus%s ,Of'hgh?i %‘?rd)f%ﬂ'géa 31 HREEEB  in the
vessel (cfeﬁé,‘é%ﬂfé’g?g'&t&i f ot ine gnfaff iy drateEmy bytian Predecyeand| (E)
(second eRPER3PHN 2 dgbebpibing ¢egvestsunsetdn The begrafsnyilatiomn Thet o t he
vessel (EpsrpBase samprieparedsemtinily thd ingijiod phaseomBnthea gas phase. 20
The |i s dyphasermaapibneprassantanal tie t FenGalaakyst  uiRlRkeMebYefin,

low-boiling components and unreacted synthesis gas.

The liquid phase (6) separated out in the vessel (E) is taken off
and heated by means of a flow heater or heat exchanger (F) to a

30 temperature which is from 10°C to 80°C above the temperature of
the liquid phase in the vessel (E).

The heated liquid phase (7) from the vessel (E) is conveyed via a
line to the top or the top section of the column (G). The gas

35 phase (5) obtained in the vessel (E) is introduced into the
bottom of the column (G). The column (G) is a customary column
provided with, for example, random packing, ordered packing or
internals for intensive gas/liquid exchange. The liquid stream
(9) leaving the column (G) at the bottom, which comprises

40 essentially the catalyst and by-products of the hydroformylation
reaction having boiling points higher than that of the
hydroformylation product, possibly a high-boiling solvent
additionally used for the hydroformylation and residual amounts
of aldehydes, is recirculated to the hydroformylation reactor

45 (not drawn in on the drawing). The gas stream (8) taken off at
the top of the column (G), which comprises the hydroformylation
product plus residual amounts of low-boiling components and



hi gh-boi | i rgglucts of the hydrofornylation reaction, residual
am%un'ts ofo%dg%&i]ﬁﬁd of hydrofornylation product and possibly a .

hi gh-boi I ing solvent used in the hydrofornylation. The gas phase conprises
essentially the major part of the 25 hydrofornylation product and the

remai nder of unreacted olefin, |ow b0iling conponents and unreacted
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al dehydes 2°Fe™ ]gab TP0UPAL BT HE I FEFORGATH ICoMPEReReCt or 45 (not drawn in
on the drawing). The gas stream (8) taken off at the top of the colum
(G, whi cAheohpklicstagt hranyleofidrimgkabtOnchepriaduat idh Usi dRakdudhi @ynt s of
| ow boillsi higs cerenent s and . 0050/ 51168 7 unreacted ol efin and synthesis
gas, is conveyed to a condenser (H) where it is cooled and separated into
aliquid g? el(sll) and a gas phase (10). The liquid phase (11) conprises
the hydro or% ation product and small anounts of unreacted olefin 5 and

| ow-boi ling conmponents and is usually passed to a distillation step for
further pbPTPIEHIVENEXFRRLYas phase (10) conprises the remaining synthesis
gas an@Ounreacted ol efins and |ow boiling secondary conponents. The gas

phase i s, Aaf¢®frtorc@ppr pBSd L 10hRg PR %gugygglg%gy(}rr%% ﬂ> é"on
reacti on, cafbdieenBRYat O ke duedr 9har A hg@rigfgggéy%[pgogggﬁag %fj" 3! eans
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n se O? ar¥ co onent .
i nvention mf% 6hP&|'h$? q] eéﬁf°Ft§°§Eﬁﬁﬁ§ was taken off f?om t?e reactor
25 and processed further in an output system as described in

WO 97/07086. Compared to the process of the present invention,
this process is not preceded by a heat exchanger and a further
expansion vessel, i.e. the liquid output (1) is directly
depressurized into the vessel (E). Corresponding to the process

30 of WO 97/07086, the liquid output was depressurized into the
vessel to a pressure of 1.5 bar.

The depressurization of the liquid hydroformylation output into
the expansion vessel (E) resulted in separation of the

35 essentially liquid hydroformylation output into a liquid phase
and a gas phase. The liquid phase comprises essentially the
catalyst and relatively high-boiling by-products of the
hydroformylation reaction, residual amounts of olefin and
hydroformylation product. The gas phase comprises essentially the

40 major part of the hydroformylation product, the major part of the

unreacted olefin, low-boiling secondary components and unreacted
synthesis gas.

The liquid phase separated out in the expansion vessel (E) was

45 taken off as a liquid stream (6) from the expansion vessel via a
line and heated by means of a flow heater or heat exchanger (F)
to a temperature which was 25°C above the temperature of the
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In this output variant, 1.0 standard cubic meters of gas were
obtained after the condensation in the heat exchanger (H). This
gas comprised unreacted synthesis gas, propane and propene which
had been dissolved in the reactor output. This gas was compressed
30 to the reaction pressure by means of a compressor and
recirculated to the reactor.

Example 1

35 The reactor output (1) was worked up by the process described in
the figure, but without use of the heat exchanger (A). A large
part (about 40% by volume) of the dissolved gases (sythesis gas,
propene and propane) was transferred into the gas phase. These
gases were recirculated directly to the reactor. The remaining

40 liquid phase was taken from the vessel (C) and conveyed via a
line and the regulating valve (D) into the expansion vessel (E)
and treated further as described in the comparative example.

The amount of gas now having to be recompressed downstream of the
45 heat exchanger (H) was reduced from 1.0 to 0.6 standard cubic
meters per hour.



of the hyd(?@g gryi@éron product, was wholly or partly returned to the
hydr of or atron reactor (not drawn in on the drawing). The gas stream (8)
t aken off at the top of the colum (G via a line, 15 which was enriched in
hydr of ormyl ati on product and unreacted olefin and conprised, as additional
significant constituents, saturated Bydrocarbons and unreacted synthesis
gas, was coHfR®ed2 for further work-up to a condenser (H) in which the
relatively high-boiling constituents, namely the hydrofornylati on product

20 and sneddamprRUNt Sadirdpaizgant £ Q:fh'enhaglg 0% aﬁ%‘ek' ?ﬂ) C}l'R{?H‘E wer e
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(H). This tigaseaotgr sed unreacted synthesis gas, propane and propene which
had been dissolved in the reactor output. This gas was conpressed 30 to the

reacti oy pr. s Jofel ssor and recirculated to the
react Orfb%%ﬂﬁ&&ﬁ%ﬁ%@% gowt ot glp?tgﬁt 8?1 SRR TREPRS AP I eBMeChr ocess
descri bed § RE % ery (i) vWashdgduged %ronr Heohéatoe‘kcqrem)@erd(qsgbm

| ar ge par"leteéfﬁola?rmrby vol une) of the dissolved gases (sythesis gas,
propene and propane) was transferred into the gas phase. These gases were
recirculated directly to the reactor. The remaining 40 |iquid phase was
taken f{®m the vessel (C) and conveyed via a I|ine and the regulating valve
(D) into the expansion vessel (E) and treated further as described in the
conparati ve exanple. The anmount of gas now having to be reconpressed
downstream of the 45 heat exchanger (H) was reduced from1.0 to 0.6
standard cubic neters per hour. 0050/51168 Exanple 2 9 Exanple 1 was
repeat ed using the heat exchanger (A) in which the liquid reactor output
was heagzed from 900C to 110C. This resulted 5 in an increase in the anount
of gas (3) obtained after the depressurization to about 6 bar (about 60%
by volune of the dissolved gases) and recirculated directly fromthe
vessel (C) to the reactor.

25
30
35
40

45



10 The amp now having to be reconpressed downstream of the heat
exchanger P%O%gzqsgduced from1l.0 to 0.4 standard cubic neters per hour.

15 20 25 30 35 40 45 '0050/51168 10 We claim 1. A process for working up a
liquid output froma continuous 5 hydt@dfornylation, which conpri ses
eventual |y al dehydes, high-boiling by-products, a honpbgeneously dissol ved
hydrof ormyl ation catalyst, unreacted olefins, |lowboiling by-products and
di ssol ved wynéhesi:s gas, wherein 10 a) the liquid hydrofornylation output
is depressurized in a first depressurization staglet_to a pressur et\_/vhl c_hnltg
from 2 to,20 par_bel ow the reactor pressure, resulting in separa ion i

a liquid pﬁase‘gaﬁ’ﬁiDcfs&ago A 8h 4P18 b}?"(lﬁ’éoPFHHFdfrpﬂi‘a%CGBgalilW in the
first depressufYSRRIBAYIatioRy Whighpremriidesegventaabac eidetipgesssuri zat i on
stage to a preisuheilinghby-<pradnetst harhdritgepeeasly edidfscibed first
depressuri zat i oydisifagay 16 €500 Idat@lyBt f epFealdt@l ol i thal hio@lbdi Phiase |
compr i si ng_esseptg:idue i gha RRIEUIGed 0 riadugle fydiie hydr of ory! ation,

t he honogeneously dissol ved hydrof or ation catal ysrf anghsmall anount s of
hydr of o lation product and unreacted olefin and a gas phase conprising
e}s/sent i ;Wy t ) nafit %F%do?quq{i}‘éﬁlé%?m%ﬂ%n1Er%mfﬁs,s_ua‘m=eéc¥rech _
olefin and 25 | ovt¥it RBreFsPricdtdes. sagd tor ecpsssasre haiinkdis nfaxdrai m 1,
wher ei n the hydr ofdrtwy2at ben belwthei seheriepregsars crpanAtking which is

from5 to 50C abospdraeibRachion 1HREE FPrHL Qhdt Qegmdg@sgf,f%hétion pri or
30 to the first depressurization stage. 3. A process as clained in claiml

I nthe rof ormyl ati on output, is depressurized in the first
greprz’es\g@ufirggti%)n sﬁﬁ%ceilgolgn?}aesses %éailﬂ%jh]é’ g lF?Brﬁ%"rte&S“%ZW%r.

stage is depressurized in a second depressurization stage
to a pressure which is lower than the pressure of the
first depressurization stage, resulting in separation
into a liquid phase comprising essentially high-boiling

20 by-products of the hydroformylation, the homogeneously
dissolved hydroformylation catalyst and small amounts of
hydroformylation product and unreacted olefin and a gas
phase comprising essentially the major part of the
hydroformylation product, unreacted olefin and

25 low~boiling by-products.

2. A process as claimed in claim 1, wherein the hydroformylation
output is heated to a temperature which is from 5 to 50°C
above the reaction temperature of the hydroformylation prior

30 to the first depressurization stage.

3. A process as claimed in claim 1 or 2, wherein the
hydroformylation output is depressurized in the first
depressurization stage to a pressure in the range from 3 to

35 40 bar.

4. A process as claimed in any of the preceding claims, wherein
the liquid phase obtained in the first depressurization stage
is depressurized in the second depressurization stage to a
40 pressure in the range from 0 to 10 bar.

5. A process as claimed in any of the preceding claims, wherein
the liquid phase obtained in the second depressurization
stage is introduced into the upper part of a column and the

45 gas phase obtained in the second depressurization stage is



4. A proceges@ps£iggmed in any of the preceding clainms, wherein the Iiquid
phase obtained in the first depressurization stage is depressurized in the
second depressurization stage to a 40 pressure in the range fromO0 to 10
bar. 5. A process as clainmed in any of the preceding clains, wherein the
l'i quid phase obtained in the second dépr essurization stage is introduced
into the upperi#iodugedaat dihemhoshent ¢ e gaduphase thlatagasdohasd hadsecond
depressuri zat i bigusdagbases HM5RFBALES i cduntteeducashtat the bottom of the
colum so that gas phase and |iquid phase are treated in countercurrent.

6. A pr oce§s s d |5 ien as hase obt ai ned at
the top of the ({%ll&ﬁggégé %ei%‘%?e% ﬁ%/ ngg |%ln into9g® g?Si}éasbehase whi ch
conpri ses essen g unrea togd G aé a?ﬁ)paﬂfﬁrtéﬁd’%d ol efin
t oget her wit h CYENSRRLOR %Présgéﬁoﬂﬂfec (‘)’htlﬁb Pt isesndssentiplily phase
whi ch conpri se\reasEnd| syntheshie agsraidbrmypeatted qlreddnc togethdd varal |
amount s of unrideciaddant efdnreapdndingired ethehydeoLardians. 1{quid I%ﬂﬁ“s%ss as
'flhal PEdﬁ; ndanyw}ﬁfcht b@mlpfge%dlfggegkﬂ \Mge595£bf(; 192%0 h&sgd ttghggd :A\n
e fir epr r T cul at eac
dmady hﬁ@ﬁ+é§1 of ﬁggeééte !%legg %éé lmrageéh%% WBERPREY at

process as clainmed In alm5 ereint 15

the bottomof the colum is recirculated wholly or partly to the reactor.
20 9. A process as clained in claim7, wherein the gas phase obtai ned
after condensd iPsacess raxialadhed etn il lof 6he parddedingoct Himd catle@ein25 10.
A process as dhai ged piasnybebihde P atRdifAgs €l digfessWPesLt ibn W8 ge is

conti numIs hydiefieelviadd Qra, kgaCL&icis- carried out using a C2-C20-olefin
or a mxture thereof 11. process as claimed in claima10, wherein the

ol efin us [ ropene.
%P 2 proc p as clalmeg in clalm 5 or 6, wherein the liquid

phase obtained at the bottom of the column is recirculated
wholly or partly to the reactor.
20
9. A process as claimed in claim 7, wherein the gas phase

obtained after condensation is recirculated wholly or partly
to the reactor.

25 10. A process as claimed in any of the preceding claims, wherein
the continuous hydroformylation reactor is carried out using
a Cy~Cyp-olefin or a mixture thereof.

11. A process as claimed in claim 10, wherein the olefin used is
30 propene.
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