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35 WD 97/ 07086 describes a nodified process in which the liquid phase from
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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 o
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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a}) the liquid hydroformylation ocutput 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 liguid
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
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conditions, for exanple an ester group, a nitrile group, an al koxy‘ldrkﬂﬁﬂﬂﬂk
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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 liguid output may further comprise a high-boiling, inert
solvent such as tocluene 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-2&-0 16 286, EP-A-188 246 or
45 US 4,148,830.
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The liguid phase separated out in the first depressurization
stage 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 liguid 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 Tt 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



depressurization stage. The liquid high-boiling condensation products
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directly peacddrer renoval of hydrofornylation product still present, e.g.
by digkillation. 20 The gas and |iquid phases obtained in the second
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The gas and liquid phases cbtained in the second depressurization
stage are preferably worked up by the method described in WO
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. Liguid 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 Wi th random packing el ements, e.g. Raschig rings, spirals or
sgddlogs, or ordered pgcki ng or internals, e.g. trickle 30 trays, i n1dr Al 2004
to create a large surface area. As a result of the intinmate contact
between the gas phase and the liquid phase, the residual anmounts of
hydr of or myl ati on product and fnreacted_ olefin present in the liquid phase
are transFefr & THito #‘ﬁét@%a pILTES /s NP REEMGIHE t3 98 - seEeam Havey bagnt he

col um at +Efk e¥p is tds dravimed The pydceéerod/|tite prepentuniventdonnieact ed
ol efin conpareskitictielde tgashstemtamimehrodeppsiad inhenbodeswand of the
colum. The further work-up of the gas streamleaving the colum and of

I qui ' L | LS then caryi.ed out in a customary
manner 3 SRS ARG LOF, SRE (33 130N, 6y PP el Tt GICBENTPE L e
present i %én’f‘? ganp HePPEEELIT Dt 5t dF PREt FOXh & haing 58PC taROVEC SbAPEEAL by
drawi ng uSFRRPIMHAITeef dhenheat nmwialtbei ndacatredutipeteis. pAdterdeanbog | S
purely a sbhepmidess thawalsadramazeivingut Oviddoutt £al8 L PGess. Of the
present 4%nhé Wﬁ&éd)mydEQEofrﬁ;aﬁé)dl%noEuﬁgé‘E'F y igﬂg’%g&gg?ﬁppﬁf}’ggggher

l. th ave, been
Corfoooyvaldl (BBl Bl IERIONEIS (BEES SHan5aon, Kersn e dhe 1 5 ALG

20R 6 e. BT} PISYAM BT FREy ¥ESSEhstT Lienganesal letfzom Rage Deen
| eft out PAT iRl dRengreTsierprafcdbs bydrdfommydeentni owemiti gl )i. SIn netie
restrictedessel e lontbdi hpdtoftepudaedon nodtditdigWsagarSted@nto a gas

hydr of or nph&éd cionpitiBihg(dle iajoRabads i o e heabsEXehanas;s (AL o a

et naop e el eRShe TR AR T I8y IO LB T I Bt e

heating o . reactor output i's.pr { .

carri eg o%?évk\fjt%u&%tcl??‘ﬁfs% L‘g)aﬁ G?Eﬁgp.m Hife WREaELd (fy dtDIOMTEYEsi B out put

(2) is depressiftAEdngi B2 Va0 Walkpso( Bye i YRS alhdEV essetondOpxphis son

expansi onveeekl JandTHepres eysiaed . prbeadéprapsuritheivesialo B vesgeneral |y

from2 to(2P rdmrltelianséperqrienstineood ihpikydhateramd af i@ guhsat (1). In

the veeseh ildphBY e diiriidea! beBe UL DUl itheSERALAFR] R4 Q phase
conpri si ngizén_:g))q‘-n'ﬁg B@L,t,rcqggcttllecacgp§sh,sym%é§f$_gasﬁ;sfl%_ 50re§g‘f%%$ol efins

and | ow bgj i Br oluti s and.a | rqui i pRASE Y 4nest '@k BHase (4)

obt ai ned ?%s%‘.#:"galv)eéénge'f gf CSt_Si‘_’?‘eg(}ﬁvag}gdogi’g'd’fﬂfé’rf“éb‘%ﬁ’eﬂq |P§°98F§'ear(%) i nto
the vessePOBYPITsEconaPexpididofolventetgechia bprevdnaforaglathen. The
depr essur #2aithhRFe seBPrhtey assentigEy resuintag ornpaepasfatdihen into a Iiquid
phase ahdhpdgsforpiyaseioRCpridimdti guidtiph asmaa0dBEi 6§£SuBssRRbhabl ¥s ihe

cat al yst , 16wlisgielgy colb&herRY lahRJuRYe QG5 REs{ hedyy dr of or myl ati on
reacti on,

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 liguid 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



resi dual anmounts of olefin and of hydrofornylation product and pOSﬁZ?*% @%
hi gh-boi l i ng sol vent used in the hydrofornylation. The gas phase c |$
essentially the nmgjor part of the 25 hydrofornylation product and the

remai nder of unreacted olefin, lowbpiling conponents and unreacted
synt hesi s ugasacdd® diedindaRBasHn{ s gepaLat ingthe Vestzsﬂe[i!f E% i's
n Fn SJT%I g’\?vgh g%e‘?&é’reyﬁgagoeﬁc% é\ge F) to a

t aken of f n t.ed .hy of . a ieat
30 tenpere(l'?zrgh |clﬁt illsg ?g%géofu% O BIELERDE I hE tdrpedabhase ditl)t ped
liquid ph&s&2F PiHE Vdfdel TPE) liat¢ mbased(1} yricpphiase tH from the vessel
(E) is cofVeyetprmydadioni prodect md opadl sheurttep oFeahiofcedd tdiefgql um
(G . Thé gnd BSwfadengSrompbrémad dna Lbeuessg) aEkeliStdnfroduced into the
bot t om of gt bei crltudh (s@ép fbe ﬂ&l%} g@__lfdfc& '%H)St% rg col.um qr ovi ded
with, for gxamle tr%nggﬂgggfrll(iq% ?,]r ere %{)aclkl g of STntElTS < Pr
i ntensi ve, gas/1] Uit Cex € ange. ? THE RGP 0931 raddhingsactedalef ipgeardl umm
(G at th&°Bo? AN IMIEEAN AR rTURONLDtESs ST iaaisl phiake tat aftetr and
by- pr oduc £8mR¥egSi@nhar bher pae ssuren ofr ehethyalr dfavingPabon iGRAbLAL S hi gher
than t A8t refutiel thy dhef bydydfiriny aRE6dUedactRRSSbRLY 8¢ Nigh-holLhg, sol vent
addi t1 onabhy 1RRd i60Rabbee hueiahor Brkahb ol and Leabdual ammants  of
al dehydes e $n l%q:i%rogluggt%q Led e hydro %%%/I at Con- T eattdr (not drawn in
on the drawnndg. Ne gas StTeam () SEaRY CORPONERES t op of the col um
(G, which conprises the hydrofornylation product plus residual amunts of
| ow boi | i TR cBHgoMéREsenmrPle iALGS208Ye Aheuringast boh ok aftiontangmsyiidesi s
gas, id5cbhwesmopet.0 a condenser (H) where it is cooled and separated into
a liquid phase (11) and a gas phase (10). The |iquid phase (11) conprises
the hydrpiasgmdsati on product and small anmounts of unreacted olefin 5 and
| ow boi l i ng conponents and is usually passed to a distillation step for
further purification. The gas phase (10) conprises the remaining synthesis
gas and unTER{FEdVEI E¥PPR&ind | ow boi | i ng secondary conponents. The gas
phase #8, after conpression to the pressure of the hydrofornylation
reaction, Aheaasour fied produre nigy d0oke/ MNP RLUeDrs S8 We f2RM pPipdlle Streans
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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 dissoclved 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.



15 which was enriched in hydrofornylation product and unreacted olefin and
conpri sed, as additional significant constituents, saturated hydrodal AbhaE
and unreacted synthesis gas, was conveyed for further work-up to a
condenser (H) in which the relativelyq high-boiling constituents, nanely
the hydrofQrpyhation product 20 and small anpunts of unreacted ol efin and

| ow- boi | i ng conponents, were separated by condensation fromthe unreacted
synthesis gas. The synthesis gas which had been separated off in this way
was conpExgBedetdb vafe nepessadeuning hdehpidanf@tandmieironay ene tikhaRfe
returned tldguhe iwastrafolomtpati fgs Neatkar fréf dovd Rbs1 PEARUrLYAr Fatt el O
standar & Gubhg IRl 0lindR%e WahSun©RERL0Ed, &f tgL, Lhe condensation i the
heat exchzagg%s&}?i a-l;:gx' S tgasbgonpt{ll sed u}?rseact el synflhe5| S fd: §, propane
and propeng ch - ad bedsR ariolt &ari habpet &k 03 vBlepRitor Thes gas was
conpr esse l§5°¥‘6“? RS54 c BPEnT fF Bddpg efydisatsl Yoff ramcbheresssel 464 to
recircul atdg reactmrseactor. Exanple 1 35 The reactor output (1) was worked
up by the process described in the figure, but w thout use of the heat

exchange b arfbl¥ O oB3" hot ARGA0% BY YOldiTEL ol4 ths,disegived gases
(syt hesi S +H85nea P QRGNS gnd g[jo"pane was tlg_ans rred [ nio the ﬁﬁs hase.
These gases were reciradraf et ‘dt SELFGER oMM Ir8atPof - 4 THIENAERE] RRPRE 40
li qui d phBEECTRAPLIARENTFrom t he vessel (C) and conveyed via a line and the
regul ating valve (D) into the expansion vessel (E) and treated further as
described in the conparative exanple. The anount of gas now having to be
reconpnsssed downstream of the 45 heat exchanger (H) was reduced from1.0
to 0.6 standard cubic neters per hour. 1 2 AUG 2004 Exanple 2 9 Exanple 1
was repeated using the heat exchanger (A) in which the liquid reactor

out put was heated from 900C to 110C. This resulted 5 in an increase in the
anmount of gas (3) obtained after the depressurization to about 6 bar
(about 60% by vol une of the dissolved gases) and recirculated directly
fromti2@ vessel (C) to the reactor. 10 The anobunt of gas now having to be
reconpressed downstream of the heat exchanger (H) was reduced from1.0 to
0.4 standard cubic neters per hour. 15
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20 25 30 35 40 45 12 AUG 2004 10 W claim 1. A process for working %f a
liquid output froma continuous 5 hydrofornylation, which conprised { AUG 2004
eventual | y al dehydes, high-boiling by-gtoducts, a honpbgeneously di ssol ved
hydr of ormyl ati on catal yst, unreacted olefins, |lowboiling by-products and
di ssol ved synthesis gas, wherein 10 a) the |iquid hydrofornylation output

is depressurized in a first depressurization stage to a pressure which is
from 2 td&e2@1lpam:bel ow the reactor pressure, resulting in separation into
a liquid phase and a gas phase, and 15 b) the liquid phase obtained in the

first depnessy ipzatbbos st q\gﬁkiiggdglprgsg Higedulfuf &%‘?r?%d gggrgusosusri zation
ure of the Stiret

stage t0 a pr I.s | ower than the press
depressjfizatﬁ §§§?§§@?i$€§ﬂﬂ’tVﬁbcﬁﬁuggﬁgfgﬁigﬁe“ 1l Ya ARy ¢ Hhase
conprisi ng esdeAPTRPEYING JY-BEPARRES 2R BPressaaeeslnidisseliedr of or nyl ati on,
t he honpgeneodydyofdimglitiod ptabfor munxieiaonedabbd fists ,andwsbad1irgount s of

hydr of or nyl at ibyrppoatites sl diBEeBeé® dyalebbiNs agsk 2 WIRTejphase conprising
essentially the mgjor part of the hydrofornylation product, unreacted

ol efin d 25.loyboilin -praducts.. 2. A process as clained in claim1,
ner el i ne ngdr of Beayt AT AV BBEER Pac it CofPRE 5 1 mpeabhn et | <
from5 to 500C atidvatt ARPTSSRUCLGAt LePpEraReLte Bf PYeRSURRIMOEORNYS$ affam
prior 30 to the fi?r$p deprasshelpyathenredcige. p8esgupr ocesslasngl mnmed in

claim1l or 2, whewseparation hydioobol fyhad iphaseUkpdtai gadlepagssush@ed in the
first depressurization stage to a pressure in the range from3 to 35 40

bar. 4. pr oggss ' in_a t preceding clains, wherein the
i qui d lgkol\ase %gt aitﬁgdg'{“gﬁt }hfagfspgﬁ‘%{r}?edggﬁr itggt gbﬂ&st b& CSPRT IR ur i zed
in the second depfe8¥8irtSASP5F55PE %"?‘?o”ha46eEPB‘§s‘EﬁFé"q5r’F“FPléth?fgestfaf96m 0

to 10 bar. 5. A pft8cBsBrefsulicahedh| i afrest thae thequdissyrel af mshe wherein

first depressurization stage, resulting in separation
into a liquid phase comprising essentially high-boiling

20 by-products of the hydroformylation, the homogeneously
disselved hydroformylation catalyst and smail 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 priocr

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

a5 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



the Iiquid phase obtained in the second depressurization stage is

i ntroduced into the upper part of a columm and the 45 gas phase obt Ailndléh 3004
the second depressurization stage is 1 2 AUG 2004 11 introduced at the
bottom of the columm so that gas phage and |iquid phase are treated in

counter our enine foabd QSRR B £ 139 :H0 SLAIR 3o Wietoln, (he gas phase

5 obt ai ned atl%éﬁﬁé() Qf the col um. is segara e ef 7= APY a gas
phase which conprisds E5s8hti B T3FeUitPe SRR SHRISESF s gas and unreact ed
olefin together with the al kane corresponding to the olefin and a |iquid
phase whfeh BopyRdesss agssdatned |in deihyHy oflemaihathengss giisgle and 10

smal | aSount sobfaimecatt edeots) id¥ ahd salunatad Jaydeocaghans. 7. A process

as cl ai med | nogitertiaciBs PRESCHINA ShaLEEynIAPIE;LDE a5 phage, obt ai ned

in the first essurization. stage’l 15 recirc ctor. 8.
A process as C lE{TIa“rr‘:\e%&?%llr ﬁyf:l%‘&??ﬁss gcﬁ% G‘PaV\HB?%?%%QlFFhEi‘bogeﬂ’r’l’éé'ewébbai ned at
t he botton1oft??m?%ﬁﬁﬁﬁnﬁ°¥§e$2Rﬂ4%ﬂﬂ aPetihe viWsifiiyp apdparliguiro phheer eact or .
20 9. A procedRicls coimpirieds | essEndiimlly wherlgidrcfbemgast inge odabt aimed
after tondenssmtalin drbuhesi 6 Wmieddteoblys ot Har bhyurded MR dreRat8Ens 25 10.
A process as clained in any of the preceding clains, wherein the

conti nuous hydroformnylation reactor is carried out using a C2-C20-olefin

or a nixtyre hereof. 11. f; rocess as clained in claim 10, wherein the

ol efin uscd i p?ﬁfﬁﬁfoﬂ@n% qhdn43ny of the preceding claims, wherein
the gas phase obtained in the first depressurization stage is

15 recirculated to the reactor.

8. A process as claimed in claim 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-clefin or a mixture thereof.

1l1. A process as claimed in claim 10, wherein the olefin used is
30 propene.
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