2 3 DEC 2004 1 METHOD FOR THE HYDROFORMYLATI ON OF OLEFI NS COVPRI SI NG 2 TO 8
CARBON ATOVS The present invention relates to a process for the 5 23 DEC 2004
hydr of ormyl ati on of ol efins having from?2 to 8 carbon atons.

Hydr of ormyl ation or the oxo process istan inportant industrial process and
I's enpl oyed for preparing al dehydes fromolefins and synthesis gas, i.e. a
m xture of W#@Bn@r@% g@%@ﬁ? 4P5HEh OF 1 BLERAISo - BY R ddiFoR TS Ecarri ed out
in the presence of catalysts whi-6RE@ &TR8Rogeneously dissolved in the
reactionTrﬂedi um _Catal ﬁts used are generally conmpounds or conpl exes of .
metal s of ot PATETRY SRVEFHUR" VI BEeEsh8I # PES5EES R clotfhounds or conpl exes
whi ch mayyssotermdiation of odrfiimscdawing, ffar 2exand| cyriami aeenor 15
phosphi ne- cont ai ni ng conpounds. In the hydrofornylation of |ower ol efins,
virtuall JiyeeBebehflaionv 8k SRl dilo LhecBbel 141 S SfphAfude saalileveg only when
there is r%c%gfflgéeinst %pégrg(g 1:roeactlon slgac i 0 Che dro orrrylfa ion 20
react or. H1w°6rdet”t o aliraVé=an Yc Fé5Pabt qsag‘éj(?@yfl?ﬁef‘%}/?“élo&?f%% andeact i on

i s gener a1YNFRERLF | BRF ouit- & 02 ORI W LifalaEkev drosioshde ek diydnogere. ol ef i n
used. Toeiydrdfofmyhytiain ds paodied dus isepre giredeaté 6f aratlahgsost put stream
fromt h|e WieRe a&egmhégﬁeghgmﬁi @ié%]:;l%ﬂsgﬁtﬂf@tl%tagﬁ:i{vﬁ%éﬂﬁlt gt stream ale
recircu r reactor to er esh_carbon
MoNoxi deaéﬁ%&&%;{: rgégﬁ.%&%g#gﬁ}ﬂe&% 833@55 Theéi %28%%ncye¥nf“§j:ai$ % gases
whi ch do Hot"S&aep gﬁ“&%é’?ﬁﬁdr B’F‘b?wgﬂ SR, RB GFOMPORARE ONiGMBIERSS net hane,
argon, et ghichyiayhbpayemasidiedner oredidd el whth heforsgmahese s agaseanalf or

ol ef i n 1&r phasa neetontethivy chepoeadd or 30 together with the recycle stream
To prevent the concentration of the inert conmponents fromrising

cont i nual L, ¢ 1yl ati tor. _and reaching values at which
t he hydrg¥oj?ﬁbl. tlrg@)ﬁ?ﬁeg%%%@ﬁ ggagggélegocls?%%g?te‘éﬁ gfqtlﬁgc?rﬁpclfgfeed stream
or part of °PhE s Bﬁayéei?'}etfﬁé‘ H?ﬁgo?"t‘ﬂrﬁﬂ AP oAV KLy VheR A€ rEoide bl ed
fromthe PrBeESCiaptdyddard®d yeagsvent seadandnt the ompinedorsyiaticoduced with
t he syrkthesiastgas Lnafrdertbe aaiiefenasontaiptiabe f @etbd-ramet Peisy,staen 40 M
Bel I er et ralactid®UWiNaeneta My efathdedCotel ¥sich14 pdPdi £1128aYers Afiy 48 and the
acconpanyifidehi gn %‘?_%(Eﬁ.hb@s?é%i.t)iﬂ c ?]gﬁsolrm?ixgk?n egg[ro%%gis_s.;or t he
hydrofo_rrrysleatalrogg jafo r o{;e | N %ar u yrﬁe_\tjrl ! (aﬂprop tene and
synt hesi s GASTF182) 04 dTPRt FRYEER T SHEEHRIIRG: HREi TRARTELI Edg"a{%e into the
reactor (3CMEFRANGLUMRT tUsnBE 1futther GREPRE Stegemorrpaesdscuhprihoa
deni st e?5 (e hydropemeylgitiani nepeinn diogethelr opltét $reéh |dayiiod pomsitictes. The
gaseous and hydrogen. However, the gaseous inert components, i.e. gases
which do not react in the hydroformylation, for example nitrogen,
methane, argon, etc., which have been introduced with the
synthesis gas and/or olefin are also returned to the reactor
30 together with the recycle stream. To prevent the concentration of
the inert components from rising continually in the
hydroformylation reactor and reaching values at which the
hydroformylation reaction ceases, a substream of the recycled
stream or part of the gas phase in the hydroformylation reactor
35 has to be bled from the process in order to remove the inert
components introduced with the synthesis gas and/or the
olefin-containing feed from the system.

40 M. Beller et al., Journal of Molecular Catalysis A: 104 (1995),
46-48 and the accompanying Fig. 3, describe a typical gas recycle
process for the hydroformylation of lower olefins. Carefully
purified propylene and synthesis gas (1,2) are introduced
together with circulating gas into the reactor (3). The gaseous

45 output from the reactor passes through a demister (4) for
precipitating entrained droplets of liquid products. The gaseous
hydroformylation product is condensed in a condenser (5) and




hydrof ormyl ati on product is condensed in a condenser (5) and 13 DEC 2004 2
collected in a separation vessel (6) fromwhich the circulating gad}J BEE 2004
taken off via a demi ster (7) and a conpressor (8) and recirculated to 't
reactor (3). A substream or bl eed stream (vent) is discharged. The crude
hydr of or nyl a&hjon %)éoduct fromthe 5 separation vessel (6) is passed to
wor k- up. TREHPEETL st't EaffEBhpri¥edesseloht )y f1e8 whieh tensdnentating al so
consi der abl9@sSaidutrkerpfofdnreact etbrmdlsskin( Andchrot heconprgonent8) odnd val ue,
whi ch are teusréobitdd toheheeseddiar. (19. keegudhe cbhess phQest g@@érar@nd the
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significant nore expen5| % 'CIa88s of | ower pur| ty.

Synt hesi s gases of lower purity, i.e. those having a high content of inert
conponent s Theahherd Rt ngsadcospy iedmaost oi by thediat ot ydngionentHr OGE SIS

wi t hout speohslderstsiy esouhes cbfl&uﬁléa&ea@rsiéﬂ%dahsaéﬁrb% cORpBAEYEN ¢t hE
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acconpanyl ng Foss s TR a%%hﬁ*%é@ﬁr%mﬂmmpﬁé'sw A§s nade
by using t¥EPER&% r“‘afd@e&fs?oﬁk‘th\ﬂsl%egi1Q1f6mgéiesnr11ne-s Hawprecesshifsor t he
hydr of or nylpaﬁfﬁoﬁymheﬁi} G8solefsimifihenvbp imwrgaexpbisiviedhal §P@thesis
distillati aases ofepafat puelityt gy lakahySiades %Q”@B@éﬁ%ﬁ@ order to liquefy
the 25 al dehydenpsBaen htleﬁr@a&eanOQ%Q % ggﬁé_&{s gydfof ornyl ation,

ba“E‘P bs &* bbi
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i nventi on tidepkovemronentsodasthd drydrolieriylhtofomr mphatdoreakhliager ol efins
whi ch al | owmathepusisledfleveysy hetsd H1ga8 bhradn %uuﬁeﬁgvegac% b RS eBaNfe
without sighati eREtaindiyhg RissSioar hhfgac"@etd%hék%n adﬁg o8Rled il e

bl eed st @Q%g‘ﬁtlg%gnfa%%ﬂ &n%tys o%ect fs a aprocesfor

t he oforrry n "G ol &t T aving TTOTh 25 %t‘écal?‘bon atons, in which

40 a) an ol efin-containing feed and a gas m xture conprising hydrogen and
carbon nono¥i §808¢ k462 derrsibe? engiroonssofer aié hyenctwehyilatioe gf esence of
a hydr of or izl-8i+efdasal ys¢  wastenggsnestiineddifaSohe/ el ska1l heideast | on

medi um 45 separate off the catalyst is compressed in order to liquefy the
25 aldehyde present therein.

JP 08208552-A describes a hydroformylation process in which the
waste gas streams obtained are subjected to scrubbing with the

high-boiling by-products of the hydroformylation to recover the
30 products of value present therein.

It is an object of the present invention to provide a process for

the hydroformylation of lower olefins which allows the use of

synthesis gas in which inert gas is present, without significant
35 amounts of starting materials being lost via the bleed stream.

We have found that this object is achieved by a process for the
hydroformylation of olefins having from 2 to 8 carbon atoms, in
which
40
a) an olefin-containing feed and a gas mixture comprising
hydrogen and carbon monoxide are fed into a reaction zone and
reacted in the presence of a hydroformylation catalyst,

homogeneously dissolved in the reaction medium,
45




2 3 DEC 2004 3 b) the crude hydrofornylation product is separated fromtaﬁ]
out put streamfromthe reaction zone, a gaseous bleed stream is d? §
and the renmai nder of the output streamis recirculated to the reaction

zone, wherein 5 c) the bleed streamig brought into intimate contact with a
scrubbing liquid to renove unreacted Ol efins present in the bleed stream
where the Bbrubbf i 9oeqly dr 9o dedasitn PIRANCSH of npeRAT e SpEBEicERe and t he

ol efi n-1 aden sewtmii sgream| fpn dheogeadionnizonet ha grastaishpdeed crimekat i on
product is passeiischanged-agd tHeergasbnder kifeeteShieRd ¢arele faken of f at

any point on the;Ciielbl €ONHd Sledd:s YAy Myhatipp reactor, separation of
crude 15_hydrofornyl ati on product and recirculation of the reactor out put

whi ch haé been freed of the hydrofornylation product. The bl eed stream can,
for exanpl®) bEhe A& FBFﬁ%fPle“g%%ﬁ 5 elngro tlﬁélmﬁ'e%lcqqrﬁﬁcﬁoﬂeth Part of the
recircul ated reexthringuiipguiditicirenese weemndtededlef iy grebennyimtthen

product is brapcéed ahkaandvérdithehaegashiasy hliggdasid erPasdhg size of the

bl eed”" st eam i g, gaiillh ¥« ¢81 GlGHEY Sgnd Nl olgmaﬂae&n%,%;ugmg al |

gaseous |nert ro i nt roduced
with thd%s oli rﬁ“ﬁ&r‘?ﬁ& ﬁ?ﬁ ’?@‘e&hﬁn‘ar‘?‘ﬁ‘e *yﬂ{eﬁagﬁﬂg M, PEOPRHOVEd from
the system Thesigdd® S?P‘Fléa%ﬁ’corrprl ses, before it is brought into contact
with the scrubbing Iiquid, variable anounts of unreacted ol efin, 30

hydr of or Wbﬁé'@é‘seﬁ&dﬁf’iéedsﬁﬂgﬁt ednhyéirm@mbeﬂg && RAbbiftl 84 thkhe al kane

(r:“o”g;gond ?ﬁﬁf’t tégﬁ’n 9'195111% gn%o?:ﬁacgg S %@B?Qgﬂto\f\% 215 geas
t aken offf §r9f & gé’e tsf‘ ‘f’src“géf"bf”é ‘?# the gracher gﬁé‘é‘rPPFom t he

process, bwbeghthfﬁwtﬁ@epnﬂﬁ%ﬁ é’chﬁPabYdWﬁch’“‘ﬁleé#%mﬁ@upﬂ:qu'm? tkdeedenove
unr eact ed skeéamscamnd fanyesdnele pbedtsken dfrowakbe, gstighaae ohywdreof or nyl ati on
products orreal:kecﬂeszd%esmitldr tthe bbeefbfildteaNteadesOIbitpat thidie nagesent

i nvent i on, rggﬁ gﬁébbefngyg gw 8850k Spdhi12088 SEE, MMAIOLRE YAt ! On

pr oduct t he ation product as been obtained in
t he wor K& 8%%?%’ &\t BEI etaﬁ% reactor and has been largely freed of

unreacted oleflns I .e. the al kanal and/or al kanol having one nore carbon
atom than fthe oizé iof rtdecbteed Foreameipreyentaldy palposasd Sdegassed” neans
that the hwudeohgedydvilr @Amp| Odllictya@@bus inert components such as

nitrogen, methane, argon, etc., introduced with the
25 olefin-containing feed and the synthesis gas are removed from the
system.

The bleed stream comprises, before it is brought into contact
with the scrubbing liquid, variable amounts of unreacted olefin,

30 hydroformylation product, saturated hydrocarbons (in particular
the alkane corresponding to the olefin used) and gaseous inert
components such as nitrogen, methane and argon, etc., depending
on the point at which it is taken off.

35 The gaseous bleed stream is, before it is discharged from the
process, brought into intimate contact with a scrubbing liquid to
remove unreacted olefins and any other products of value, such as
hydroformylation products or alkanes present in the bleed stream.
According to the present invention, the scrubbing liquid used is

40 degassed hydroformylation preduct, preferably the
hydroformylation product which has been cbtained in the work-up
of the output from the reactor and has been largely freed of
unreacted olefins, i.e. the alkanal and/or alkanol having one
more . carbon atom than the olefin reacted. For the present

45 purposes, “degassed” means that the hydroformylation product can
take up, i.e. dissolved, olefins under the pressure and
temperature conditions under which it is brought inteo contact




take up, i.e. dissolved, olefins under the pressure and tenperat u\rN? 2004
condi tions under which it is brought into contact 2 3 DEC 2004 4 tanmzﬁe

bl eed stream In other words, "degassed” is intended to nean that the

al kanal and/or al kanol used as scrubbigng liquid is not saturated with

ol efin. The, scrubbi Liquid laden with the olefins (and apy other products
of value) 15 htg’r? ngg%dsqctrc?af'he 5 Rﬁﬂ"%r JPT88ct | eI e e 1pr Hrisdsieds tohe
present | n¥&Ht itdit the abrasti agdl pyurkkaned beedraudierubhing coimfuadt iwi th t he
gaseous bheedaureasdiwienlafpar alhs sirubabhe ijuiscnubbhngith @as by.

rreatns ?f _ aoiéﬁgjsd-(aﬁbea ?otﬂféf[i'hbkgéhgtﬁrcﬁf 3dyas} a&e?eh%gyp%é’ém:o Jc%{ﬁ' ”Lott
cont ac u - ream | S_intr.oduc into the bottom
or the Igmng(?r}gaﬂ gg#?%e c%lt{&r?n%é:ﬁég?%eoségr abBt A" il(ﬁ’ﬁ'leagf%n‘i nt roduced at
the top or in the upper part of the colum and is passed through the col um
i n count er Ex regiubbang hblqwideednsbecbrmudhe dneat eortdcdr géts urfeagasasea, t he
colum i s hbeqt efterahl yn pigyidedrattd duitebnal sos uWdrdbihgi £kd& brays or
packi ng sug8ag$ JRRAACHEGuId NGthe FRLT 8hE Piquidd Lgsadéghtghggﬁsi#'Hf%ﬁgﬁLs' The
gas and b 9H£<§jcaor ag;:ourghat\ ddito contact ag%or ran to the, countércdrrent
principle, Wi H the latan SUBE A8 Vil &hep '?\%dtsé:la?ﬁmof‘? HTORECRBwer
part of th&PtRd| Uit PRRBORHF s LrEax 2pRs oddtherexlimreiang thkasrobbing t he
upper part ladfluichdscdhtneducark a5 ¢bd sop eamiandhecupddyi pgrti gfiitthear e

pr ef er abl ycblatghind Akopasast agirougHeths GdiuhoDs didRervhi céniessephial |y
conplete piansfareah.the e&rla_ra%ctae@a%@fgd}fra&ﬁsspéa) htehgoFl}m?r?Q. stream and

25 f l. b
pose bt &3 PREFSBAN Bt ey foad TS RREGTUP Ghoh A° Rt SR0BSrBFYE Fur ¢ her

conponent sPBFXHE B8RS sk3%AMI A1PAR. ST AMENGT | $3fil@s | Phedtiars heat of
sol uti on whnedrnagds The aas iaret ddgeidnatehdronghpeimtaimenthct heecrdihbi ng
liquid. Ontagthe ddutdecueasinprifesplepitithy the pasas scBubbiiy ds qasdt he
éen—per atur Beh’.gtﬁ? rea&S ofEhen t’@meg qwﬁkoﬁaﬁl@:pﬁc;t%)é 0b14E 23" EP@'&Q&%BQH' d

ecr eas rea ratuyr or . this reason, .the scrubbing
l'i qui d ?s% B%%e? egr abé‘gl g%gﬁg%d [o%g#gwfgotlﬁ uipﬁeﬁa??’%cﬁr}a'fhﬁe? o' C, before

it is brought into contact with the bleed stream Furthernore, 35 when using
a col umm f drebPigRsl BErsemudtd riFubging bimhils esd pxtferainlynboowgint dote
pr ef erencecpst@grvemder actditelonsc@obengwhivh eeebkhitiiaHiyd/compléee scrubbi ng

| i ﬂgi d con}te;{ﬁ@lfém dFOURbehstEdRitd blefiNGrdsead $h r?ﬁinbl_‘éﬁhs?]%hnf’%nd
acni eve Eﬁ(laﬂﬂlg C S n 3 . calumm Sso
t hat thcebssg?gbbli){leq If l]jlldahﬁ%s kﬁrbe‘grvtalﬁé gw 83‘{% t%vgégtg%%bbgﬁét%‘e(;]rulgoé'gi bl e
met hod of C88FIRG 18t BPEBRHT e E‘Er‘tfbrkﬁ%‘féefli‘dh? L EGnBeH M e point s
in the further components of the bleed stream in the scrubbing liquid
liberates heat of solution which leads to an increase in the
temperature of the scrubbing liquid. Owing to the decreasing
30 solubility of gases in liquids as the temperature increases, the
absorption capacity of the scrubbing liquid decreases with
increasing temperature. For this reason, the scrubbing liquid is
preferably cooled to below 50°C, in particular below 40°C, before
it is brought into contact with the bleed stream. Furthermore,
35 when using a column for bringing scrubbing liquid and bleed
stream into contact, preference is given to actively cooling the
column and/or the scrubbing liquid conveyed in countercurrent to
the bleed stream. This can be achieved, for example, using heat
exchangers installed in the column so that the scrubbing liquid
40 has to flow down over them. Another possible method of cooling is
to collect the scrubbing liquid at one or more points in the
column and conveying it by means of a pump through an external
heat exchanger and subsequently back into the column. In general,
the scrubbing liquid and bleed stream are brought into contact at
45 from 20 to 50°C, preferably from 25 to 45°C.




colum and conveying it by neans of a punp through an external hea 004
exchanger and subsequently back into the colum. In general, the s rlnlgﬁﬁné
liquid and bl eed stream are brought into contact at 45 from20 to 50C,
preferably from25 to 45C. 2 3 DEC 204 5 The relative anount of scrubbing

i quid whi [ ht_into contact.wth the bleed streamis preferably
sugh t hat Sﬁ?t]isj%ﬁﬁl&%ctg%ﬁé? eOftCrsgﬁggé??%fﬂtgﬁé%pyhﬂﬁbtlss SFoYgrtiet MR o t he
scrubbi ng SPIHRF "‘ét?@u?agea?]“?% SERPBr 2% Ihe farabhy chhiathahgasvanthdlilgui d are
5 brought FAmRle&whttaensiaftef thse pradentsarfubbilng inguithehasrimeimg separ at ed
of f, the blegdidtoarsmay thé |derprRbabfe CAMROABAL Endfgasvahye; depeNdiAg on

h f d ' ur.at ed ,hydr qcarbons or
the hydr of §§8§f§t‘{ Pt cbhieagt mﬁagg% Flddbn, EPERS R 1T MES Hstnol
0

i pn product... |t i i
e.g. by nmean eaCfr)l Ofg_’agﬁ%r@%eoecﬂ EFTCARJIDT StdléofRiedd CRBPRNGE Sifr eam
whi ch has Baépe deRSACADEJOR rohf (MePOSCPIRMIUTGS Phuthle umtielacthé alefinn and/ or
hydr of or ny khei sat\pradedc hypr esertonisn ok hehd | gt osbr RAIAGORIBRSQuct .TH.
ooyl gt be mh et Ao e Body 88 LKl af A Mg o B th the
returnedgt s rea | ,
scr ubbi S'\lé’ Iglfrc%{laaﬁoq%?sr Fuslegogrl\-g[eo %r?ﬁ?‘d?%%r‘?leglﬁ &§ b%ttreé’lmsé’ﬁ%Fﬁﬂ??q i
anounts, t§ ?’6%‘??@ P8R $T U RIPEy Ll ighuntal he sIefapnardte and
hydrogen. hydeefermdetéranptedudie puseent pirgaher Aleediegtirean bendéhsenpl oyed as
starting n@&herc¢aiddrmedpble s amditirC hydESE e agesn Fduekassn e parti cul ar

demands oncblSePtld aha FBUSrnd P LXRBPhEocedsNe Streamis suitable for the
prepar atjison of nmethanol. An overview of customary processes for preparing

met hanol from_ CO H2-cont ai hj ases may be found in K Weissernel and 25
H-J. Ar pe&gelmﬁ%cr FeFRR ‘6‘?19§ﬁi1%éhseaae?ﬁ%t,edvmh4tm¢ Egrebbing ligmdd p. 31
ff. O efinSOMAFEIPTAPTHENKY dFRAGr BiRiSas eblithya lishe s pgwikismnsf amdentsr esent

i nventi on ¢gpiaahly rfomm230otd tkr benwaigs, oEheyrean mmox@dst &sd ght - chai n,

brﬁnched Ohya@yéder. altelhns. t&¥F @‘ﬁh@@d,%@e@sﬁe‘;r%?&é&'ﬁtg?:hﬁg@@ﬁ' Z g: gsent
et hene, - -hut.ene :
in the ojlwefQ ?E?‘gy%%a%%ﬁ%ﬁgg m?a#gtl ggrg%t(g;%ogg “Fhe ‘"ghrlecspeﬁfe’ei RY/"‘Z%CH% i s
particul ar fai sﬂﬁ%aolné_) nglf]%‘é anega 851 ¥het tfo PRF Seic Fshuf ek s xammde .
i sobut anal FPRiofERRAM iheuidbapke o shAyPreranasipn oellide yhaoplonst dehyde or of
1-but ene t @vepyiriuce cussbsary deforessandios preber ahglaltthanbs atso possi bl e.
The ol ef i ncogn}-aidtitad nf fg dgatsad magy bé UF ST iGORPMISR R rREPPREG T ON  of a
sat urat e Ry dFOCRFRON .« ThRuIEPRiAle Br3dhidALnIYILPCARON 41n Eaition,

1994, p. 31 ff.

Olefins which can be hydroformylated by the process of the
present invention contain from 2 to 8 carbon atoms. They can be
30 straight-chain, branched or cyclic olefins. Preferred examples of
suitable olefins are ethene, propene, l-butene and 2-butene. One
or more olefins may be present in the olefin-containing feed. The
process of the present invention is particularly suitable for use
of propylene to produce n-butanal and isobutanal. However, the
35 use of ethylene to produce propionaldehyde or of l-butene to
produce n-valeraldehyde and isovaleraldehyde is also possible,.
The olefin-containing feed used may further comprise a proportion
of a saturated hydrocarbon, in general a saturated hydrocarbon
having the same number of carbon atoms as the olefin used. In the
40 treatment of the bleed stream with the scrubbing liquid according
to the present invention, most of the saturated hydrocarbon is
transferred together with the unreacted olefin to the scrubbing
liquid and can in this way be recirculated to the process. To
prevent a continuous rise in the concentration of the saturated
45 hydrocarbon in the reaction zone, it is generally necessary to
provide for the saturated hydrocarbon to be separated off at some
point in the process. The mixture of unreacted olefin and




havi ng the sane nunber of carbon atons as the olefin used. In the 4Q
treatnent of the bleed streamw th the scrubbing Iiquid according 2 30 DEGe2004
present invention, nost of the saturated hydrocarbon is transferred
together with the unreacted olefin togthe scrubbing liquid and can in this

way be reC|rcuI t t the roc prevent a continuous rise in the
concent r ati op ¢ ?ﬂ gy‘g% Oé‘d EE Jrﬂﬁm‘fol aFESn PHPITHEG BAcEROIFHGRe, it is
general | y Retrafezmylablop mapdyets 6an aty apaedeae ey Medseparaed t @ .be by

separ at ed @fftidtlagzope, puimtan plehinrodeded Thectdod and af unreacted .ol efin

and 2 3 DEQ&OGAdepleaédrfird iBydrorar kenyobhai drtimehbecfedassicngonf the
crude hgdlgé){ﬁ Pk at-hog %%CEeﬁéﬁ ﬁg\%qlteageousl y be separated, e.g. by
C

distillation, 1nto an oI i n-enri fraction and an ol efin- depleted
fraction, W|th only the olefin-enriched fraction 5 being returned to the
reacti on zBMe.9&PhELIFRYT ¢ SAMATE SéBHPRYHI 99§ nhpad ogprbaan dopax bdm wibebxisle whi ch
IS used issedua upustlerretriredaso sgmtéyemhesgaSgasTh&heom@pdgltqano&f the

synt h_ezi Stﬂlﬁ’é Hé8RY ¥éd hidh %9§ d:itﬂltnswfciaelmtasr &%'HOPEI Q56 o 5g
MoNoXi . a rom

to 50: 580 %\t %ggns{&%?g‘t%%y% ée smgne\?eeﬁfale% gfompgrq é g‘ﬂy Bdvant ageous
when the sk Ty §°mf‘tﬁ1-’1?er-°c6ﬂp$%é"éie| REPFetfass teacare%erm trogen,

met hane or laygrion eSgpachaﬂaamumvaﬁtafqeonﬁlwm@ 15% bynvbésiee .gas5 The

t enper at ur eutthdheohpdl oé orimgrat gases earin @8 hStHeRET,akkYhafe & Lagegg, from

50 to 200' g, gpraf emalhyuhs R ahemt 160 1154199 GoldMk, Particular from about 90
to 190' gg The reaction is preferably carried out at a pressure in the range

from about 0 to 700 bar, qp ﬁf E%%?from 15 to 200 bar, in particular
from15 toT8® %eétpera’fﬁeere‘bctt 0 Yﬁ vd A AR pEC 308 1859enedEi 6R of t he

activity 8framge HyeroPBrvy14i0°en eratanpbilyuseem abeiugy pArte al90C6nven si on,
based on therolefliar fedmi aboutalestpl p2EC.2Fhpereqasiont hs oppEdrdaglyeact i on

zone. The e@AVRdSicUt bt gep@istry ihrom anke 204 ahﬁ:%%dlenté heyobgti n fed
Ln. The 29eBRL LI 0l bR 614419 dBY BLAT Of -3t ot B th:%%t L out put

fromther ctlon Zone nvarlous, nethodls

to use the! c%%%"tdtﬁ’f‘ DBE BT i S27 R FFAR AE 2obHBRKLOR G FP 2Ctivity
hydr of or nyPat ¥ I}Yéﬂéé’thFmYmJ(ﬂ? Fétéél%‘htqséldl .y liquid except for the
synt hesis gas used in excess for the hydrofornylation and gaseous inert

conponent spnig slepriadSubhzetsidy) dasepr&sile 2abEon MRESel, takevhialckhe
out put s @M hSss dhrdudh 188 Wdacllioh okl £agr 809@&5%%%9“5&%@1&9 Into a
liquid pha%@om 10 to 90%, based on the olefin fed in.

The separation of the crude hydroformylation product from the
output from the reaction zone can be carried out in various ways.
30 One method is to use the liquid output process in which the
output from the hydroformylation reactor, which is essentially
liquid except for the synthesis gas used in excess for the
hydroformylation and gaseous inert components, is depressurized
in a depressurization vessel in which the ocutput stream is, as a
35 result of the pressure decrease, separated into a liquid phase
comprising the catalyst, high-boiling by-products and small
amounts of hydroformylation product and unreacted olefin and a
gas phase comprising the excess synthesis gas together with the
major part of the hydroformylation product formed and the
40 unreacted olefin and also the inert components. The liquid phase
can be recirculated as recycle stream to the reaction zone in
order to recycle the catalyst. The gas phase is taken off and,
for example, passed to a condenser in which the crude
hydroformylation product is separated out in liguid form. The gas
45 phase obtained in the condenser, which comprises essentially an




conprising the catal yst, high-boiling by-products and small amounts_of
hydr of ormyl ati on product and unreacted olefin and a gas phase conﬂr3 CH 2004
t he excess synthesis gas together with the mjor part of the

hydrof ornyl ati on product formed and the 40 unreacted olefin and also the

i nert conp ts..The liquid phase., can be recirculated as recycle streamto
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unreact eg syNtHRINTagaSuSNH HNLBARLE, P! ttﬂemgéﬁctbefde\éi—r%{e‘béd’%rnt g® Prponent s
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up by the MEtIRSHCEEsEPFDE S MPREF o7 DYUBEL Forotmy plhiipesehe td6s bhgsed
phase is héatetraddcefini nior ided bphton tdfe thepeplumeyl anqoldapieaiainmnd yhil e the
gas phase ph&sd nireodHeeeby NonvieRedboh tedinmertierepl Ump. ihifdil RRase and gas
phase ang LHRLLRY o2oRHeYahddl GauA! BhEUHRALy, TOhd NEIGARS: L NS A Cpppact of
t he phases_wi th gﬂe.%got %é th?‘ colum i's préfeérably prow%fe Wi
packi ng. AR* QYR MLt B PRFE dnt PRaf e TOHROE & ©HEIMGEE PARSE tWPEhthte
| i qui d pha828S Rhaser wirButhe dicddsPbasew dihef serideal emopnbeiet and unreact ed
ol ef i n prebepdrofgrmyletibn cpriaiiushhased aurrdacaedf ele£ih tprekbet gas tpease, SO
that the gasquikb plaseasrs eadmgetrfed Cod WHe ahst PRadOP soStRAE i1GRedakn
_hyflrozI Orl'ﬁglséﬁéiﬁ‘ lféraQQHﬁttﬁé‘dci:dirﬁhﬁlaﬁ{:eﬁq@lt%fp'_r%sciﬁ@ﬁh%ﬁ tQ the gas tsL ' eggﬁs
i ntroduce F end o e_col um. e furiher “work-u

PSR AEF ok Bluck il ity o alebla Copphed 1 sBeuie o

stream | eavin qul

carried ouf*fh WIEPHHEFY Harhler 1OU8F roid Ofafpr eceiindesEhe bt tdisave.
Al t er nat i vEPFX-YR dfsthesgadh|neamehprving Hdregas lvmr yeride ofr tioesisiquitd whi ch a
gas streanphss¢ aleavihgonhé heolgas dpacernied RRLr ACA | UFtoRAAE. makies, Jas

stream oNgbst sxAfgIeNbkaktycofbesy BbBeS] S gas, 25 unreacted ol efins and inert
conponents together with an anount depending on the vapor pressure of the

hydr of or Lon product. in the reactjon zqne of the hydrofornyl ation
p?/oduct %%@%ﬁn?an&vteﬂfg’ hyHr bt &Wllgi? ohP IR o1 197 I%HVB}%rHr%/ﬂC&F?on
product prR8sERtch @ GRE FhEea riEaeken chiffedded Jasit sSHacenPE hehegyaeastieam 30
e.g. by coebhfg, Thhrd gelesosamn taoasistbi essdmad abeenof rgedhedis heas,l i qui d
fracti ores snkestteillode€dns caidiel ne@actbmporants. tdheriduda thyshk ofnyumel ati on
product i s quBEK@LhdIROYnEUSLIRIDEesTBED OGS -+ nENGyRFSES N At 95 R SRRk ON
pr oduct gquféﬁéy;égynghsggne of the hydroformylation product formed in

the hydroformylation reaction. The hydroformylation product

present in the gas stream is condensed out from the gas stream,

30 e.g. by cooling, and the gas stream which has been freed of the
liquid fraction is recirculated to the reaction zone.

The crude hydroformylation product is worked up by customary
methods. The crude hydroformylation product generally comprises
35 significant amounts of dissolved unreacted olefin and possibly
saturated hydrocarbons. For this reason, the crude
hydroformylation product is preferably degassed in a first
work-up step. The degassed hydroformylation product obtained in
this way is suitable as scrubbing liquid in the process of the
40 present invention. To degas the crude hydroformylation product,
it can be depressurized, heated and/or treated with a stripping
gas such as synthesis gas or nitrogen. Degassing is
advantageously carried out in a heated column into which the
crude hydroformylation product is fed in the middle region of the
45 column and the degassed hydroformylation product is taken off
from the bottom of the column. A gas stream consisting
essentially of unreacted olefin or of a mixture of unreacted




35 significant anounts of dissolved unreacted ol efin and possibly Eatur at %j
hydr ocarbons. For this reason, the crude hydrofornylation product ¢sy DEC 2004
preferably degassed in a first work-up step. The degassed hydrof ornyl ati on
product obtained in this way is suitgble as scrubbing liquid in the process
of the 40 pr nt LN 1.Qn. as the _crude hydrofornylati gn product,

it can be eegfﬁzlséﬂérii, %%Q%ﬂa%%gt ggdgﬁ%r}@ront rlga?%)&awe%/dg a% gE‘?iiﬁﬁﬁ& t§8s such as
synt hesi s a8 ANE? Hsh StHEGRSSIMPS SCPaddeed dgesudls eenvtiddents. in a

heat ed colraneliynededhn cingd Isetucateld Hyddhoghoboy! atticowlpl dolusitainetiedti n t he

m ddl e regiton tob bhet¥d @AummMoangs tdie rdagassesk inrdioelf ernavhaiiuee product is

taken of & oﬁﬂeﬁrﬂeﬁhﬁsb&’&\HHEa%fepEnyCﬂiﬁmedAttcgat?hesye%QQBan% {ing

essentially of unreacted olefin or of a mxture of unreacted 2 3 DEC 2004 8
ol efin and_saturated hydrocarbon is obtained at the top of the colum. This
gas streanftdit}e BEpEPLAEY ki on| eatANEei atenthe cusaaBATY diteiishthon
sat ur at ed mgtrlocamponndS tendolcefrphexdst dinogd ad thdee ts@ploéd tire thel upv, or
after fracihBna@nbefuddie wivst bt ew b itraicpesh 4 syAdvanhagepidit ibgt urned to
the reagpi gy 7008 §Hké@$ﬂ&§( *&@EQL?WW't%hEQtE@ﬁ ad&%%hsv?ff éx{“’th‘:“?to”ary
transitio n]::aPtsdg_ i{ca) ounds and.co exes nOV\Q t0, those sKilled in the art,
whi ch may beF¥eq € or WP GGEY t e 4%l P8 SRUTHE t PAns?? iU 10 netal is
pr ef er abl ye#PefrdlYof R r £ifyi fitoATghbup VI11 of the Periodic Table, in
particular Co, Ru, Rh, Pd, Pt, Gs or Ir, especially, Rh, Co, Ir or Ru.
Sui tabl e cadpdatsiles catglydey a@éarmbﬁ,eid%gﬁiwntﬁ@cﬁmin%%ﬁp%xw%f 1heformula
efe

RAXITL1L26L 8) iy MO QLG P411231.8Y ha%?ge preferably chloride or bronide,
al kyl carboxyl ate or arylcarBoxylate, acetylacetonate, arylsul fonate or

al kyl sul fonate, in particular phenylsul fonate and 20 tol uenesul f onate,
hydri de orXt hel®lipHendyPer i BEFRFaliivorhlenide pr pgomide, ieddsperdummyilptef one
anot her, CO, obefarglcarbpsybotef iacetypacdtanaitey eyyloddioadiensr ( COD),
di benzophosphohexylanzonaté) | n faniet1 &2 prenhPREul fadstel a8 3 25 and n is O,
1 or 2. ;B (theysagifahs rBogBy, hﬂ,arciaetbfaéheordipﬁéﬂfféﬁ%tz)inafsnﬁ}rky' :

, {)-to ylI', mtolyl,

cycl oal kyl and aryl radicals, preferably pheny
- et hyl phenyl ,_ p-c¢ |, -t-butyl phenyl, p-Cl-C4-al koxyphenyl, nore '
Br ef e)r/agl yLy'p-Iasz')li E%rgr%eyﬁgfi?l’ "tts-ly, O%-ﬂ%r%w&ﬁénﬂcv}ﬂpl@ﬁi%ﬁy al so be 30
i n et hoxyl at edcYebrplafdogr opyefemablegicyaldantpdiepel of@int,yl or cycl ohexyl. A
is 1, 2-et hyl enéimendgphoppbpye erieenzohitt2l@ndRy3oareprebry Al s 1 or 3
i ndepengegnt | y gfigoneiAmQt hegr £OR (the radicals R may be identical or
different) are alkyl, cycloalkyl and aryl radicals,
preferably phenyl, p-tolyl, m-tolyl, p-ethylphenyl, p-cumyl,
p-t-butylphenyl, p-C;-Cs-alkoxyphenyl, more preferably
p-anisyl, xylyl, mesityl, p-hydroxyphenyl which may also be
30 in ethoxylated from, isopropyl, C;-Cy-alkoxy, cyclopentyl or
cyclohexyl. A is 1,2-ethylene or 1,3-propylene.

L1, 1L? and L3 are preferably, independently of one another, CO,
COD, P(phenyl)s, P{i-propyl)s;, P{anisyl};, P{OC»Hs)3,
35 P(cyclohexyl)3, dibenzophosphole or benzonitrile.

X is preferably hydride, chloride, bromide, acetate, tosylate,
acetylacetonate or the diphenyltriazine anion, in particular
hydride, chloride or acetate.

40

Particularly preferred hydroformylation catalysts are

phosphorus-containing rhodium catalysts such as RhH(CO);(PPh3); or

RhH(CO) (PPh3)3.

45



COD, P(phenyl)3, P(i-propyl)3, P(anisyl)3, P(0OC2H5)3, 35 P(cycl ohexyl
di benzophosphol e or benzonitrile. X is preferably hydride, chloridg,3

)3,
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brom de, acetate, tosylate, acetylacetonate or the diphenyltriazine anion,
in particular hydride, chloride or agetate. 40 Particularly preferred
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Advant ageoﬁggfe%n%%gf%ntggeo%%ehgg ;Lg%%‘t;cg-m&dltfﬁgépf e%eln Fﬁg%lzfﬁncosﬁ §gre

depi cted | AAF| 5 OF SR Pesp Zolind thafe S BEabHLIGWOE the Thodium

catalyst is higher at lower concentration than at high catalyst

25 concentrations. The deactivation of the active complex by ligand
degradation proceeds significantly more slowly at low
concentrations. Suitable rhodium catalyst concentrations are, for
example, from 50 to 250 ppm of rhodium, based on the liquid phase
in the reaction zone. |

30
Advantageous embodiments of the process of the present invention
are depicted in Fig. 1 and Fig. 2 and are described below.
Self-evident plant details which are not necessary to illustrate
the process of the present invention have been left out for

35 reasons of clarity.

Fig. 1 schematically shows the process of the present invention
carried out using the gas recycle method

40 Fig. 2 schematically shows the process of the present invention
with liguid output.

In the embodiment shown in Fig. 1, an olefin-containing feed
comprising the olefin to be hydroformylated and a saturated

45 hydrocarbon and an olefin-containing stream recirculated via line
{8) and alsc synthesis gas are fed into the reactor (1) and
hydroformylated to partial conversion there. A gaseous stream




Sel f-evident plant details which are not necessary to illustrate tge3
process of the present invention have been left out for 35 reasons é6f DEC 2004
clarity. Fig. 1 schematically shows the process of the present invention
carried out using the gas recycle nethod 40 Fig. 2 schematically shows the
process of the present invention_wth liquid output. In the enbodi nent
shown in FrgeTsiag BP’é‘F?‘FF%ﬁﬁ&ifﬁPngs?‘éﬁifteéiohﬁﬁ%qaﬁ@opheuw%ﬁqudto be
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reactor (lyxémeh f o] i al | r A equs
stream 233%%%%3(5(31%2?&?2%%{&%2%5%3%a%%ﬁe%?gfg%& g}é%tih:?% ?3) ‘hy%%%cggbon,
unreacted -synthesis gas and a hy Grof of it i-Gn %‘?oﬁf& Fs{thkER P6m t he
gas space BFIHES é’éEE‘goH)’l'tﬁ}‘se SEABLH FictgomeaPEdinatk inekhe wSaATatgen (2)
and fed i nvesgebhade wbpah atinsistesseset3allpant aofude higdrgfisantstiibact i on
i S recircupst@utt acgeeheeacit olbEidi &nd NRituREESS WiR i¥eERb6A) i sHRE vlqui d
fraction obhatqw 13 kbe e£PHeAedRssYES SR ) 15 P CNODS) SIp SagnLi al Iy
of cr udqoh)ﬁgrggroerrgél atl\le?nn :{c{)ds%%t tg%g hec{I W té olefin and saturafed
hydr ocarbon aF ssolVed St hdrdth Sat8TPEe (1 496 20RYAsS RtedPredm 18P at the
top of whi BREIT® GAlxPAr ESRATH196F iR antrtdifdcatéen rgadudsarl bbnint ebt ai ned.
This mi xt elef tareiydchegastresn whighr estrddicanilated ddaunhe( 6¢adtiro (an
og)efi n;jenr bmfgﬁmﬁ;gagambgﬂntd&ﬂi@dﬁgl&@é&@&@aﬁhplg)ea,gggﬁ {4) tvi a line
and an 5 e WY1 | - e.process.
gl'he cryqps Eid{ﬁfg %giaggoghf)rg)o%{%;n (5(; %h‘??%%keeﬁlt’gﬁf&?’&? ﬁgl%ﬁo?é? gmugfz IOt he
degassi ng coéurm and I's” ‘subsequ nYt% PREY"UP" T hér) HDi*Eed stream
via whi ch CHBSSTHEYYgHSEKed P FUSEhEF gotl Hieedarbrean ¥ i Whiglm)tier om t he
circul ati ngnghs rssenreTAEsPara@dsti e ebahers vilat L dokicEed ifmbo the | ower part
of the col gimcflinghgne bystdmeThienbléed iIHrebinOLs ofntdRdubed ColddMneAt t he
top of thelepbsartiegassedehmaiolQoNyVhdion s pEogLCE, fham fhe hot tgm of the
degassi ngg ¢aLUND ). it w&r%%@mw@ 1dde (Lo 206 Rasses -ty Qudn e
col um i'n coupfercurrent to  the asc ndonggnBI,eea & Feam - The [hredted
olefin pr e?éﬁ?u?h S tbﬁe%?ittscf"} & mtgﬁa‘%ed IRGITR HAFI™LF 50 hédS nRTSINERT at i on
product ar &125likeriddy sefubbitrbinrangh die codveyeth tasgothecungant the
bottons f rtbm edeershingnblédd)sthzeam.t Ohe henmtegaedi atefiol prBséh) . inl@hienpr ove
the upt akebtapaciinedsi ahleashiidibipagt! beuink niReobsahy 10k ioabsAERIdORcaN be
renmoved 2y +HBa8Sy M edbaelehafie s el Bgﬁvm@%gegﬂgf"ﬂ%q Phe Ct%t%%s( 10) and
the tenper%&gket éﬂkgﬂy%% ??qu%&m:t%rthe degassing column {5). To improve
the uptake capacity of the scrubbing liquid, the heat of
absorption can be removed by means of heat exchangers (not shown)
provided on column (10) and the temperature can thus be kept, for
30 example, below 50°C. The waste gas leaving the column (10} via
line (12) can be cooled to, for example, 0°C to condense residual
amounts of olefin and hydroformylation product. The condensate
can be separated off and combined with the bottoms from the
column (10).
35
In the embodiment shown in Fig. 2, the olefin to be
hydrotformylated and synthesis gas are fed into the reactor (1)
and reacted there. The output from the hydroformylation is
depressurized via line (2) into the depressurization vessel (3),
40 where a liquid phase and a gas phase are formed as a result of
the pressure decrease and vaporization of low boiling components.
The liquid phase separated out in the depressurization vessel (3)
is taken off as a liquid stream via line (4) and recirculated to
the hydroformylation reactor. The gas stream taken off from the
45 gas space of the depressurization vessel (3), which is enriched
in the hydroformylation product and unreacted olefin and further
comprises inert components and saturated hydrocarbons as well as




30 exanpl e, bel ow 500C. The waste gas |eaving the colum (10) via 12|3)r@[1( rlzﬁm ‘
can be cooled to, for exanple, 0'C to condense residual anpbunts o I
and hydrofornylation product. The condensate can be separated off and

conbined with the bottons fromthe cehum (10). 35 In the enbodi nent shown
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i s di schar FEFVEYSTh T4t 1496t &) TR 208r 0BBRFRH-NG GOLU™E adn with 20 unreact ed
ol efin obtained at the bottom of the colum (12) is conveyed via line (13) ‘
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art w t houtscraebihdidig tdle bheed! Hadast (8am (vent).

25

The invention is illustrated by the following example.

Example
30

A plant as shown in Fig. 1 is used. A feed stream of 10 t/h of
95%-pure propylene (remainder: propane), a recycle stream of
3.2 t/h from the rectification column (6) and the synthesis gas
necessary for the reaction were fed to the reactor. The

35 hydroformylation products (n-butyraldehyde and isobutyraldehyde)
together with the unreacted propylene and the propane introduced
and formed in the reaction were carried from the reactor by means
of a circulating gas stream. The condensable components were
condensed cut in the downstream condenser (2) and collected in

40 the subsequent separator (3). The liquid phase comprised 78.3% by
weight of butyraldehyde, 14.3% by weight of propylene and 7.4% by
weight of propane. This liguid phase was fed (20.3 t/h) to the
degassing column (5) where it was separated into a crude oxo
product which is free of Cj-hydrocarbons and is obtained at the

45 bottom (15.9 t/h) and a mixture of 66% of propylene and 34% of
propane which is obtained at the top of the column (4.4 t/h). The
propylene/propane mixture is fractionated in the column (6) to
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present in the bleed stream were scrubbed out and returned

together with the bottoms to the degassing column (5) (24.5 t/h).

The recirculated mixture had the following composition: 78% by

25 weight of butyraldehyde, 14% by weight of propylene, 8% by weight
of propane.

The waste gas (0.9 t/h) discharged from the system had the
following composition:

30
- 28% by weight of H;
- 36% by weight of CO
- 26% by weight of N;
- 6% by weight of CHy
35 - 0.5% by weight of propylene

0.03% by weight of propane
3% by weight of butyraldehyde

It can be seen that the unreacted propylene present in the bleed
40 stream can mostly be returned to the process by means of the
scrubbing according to the present invention of the bleed stream.

45
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into inti mte &nt &8¢ GFede Lydsefaphy Hy dongprdduct risnsepavarerhdired ohef i ns
present in the bl esdpstreamantiere tie reacubbhngphrid,qui gassodegassgd 20
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20 hydroformylation product, and the olefin-laden scrubbing

liquid. together with the crude hydroformylation product
is passed to work-up.

2. A process as claimed in claim 1, wherein the bleed stream and
25 the scrubbing liguid are brought into contact in a column in
which the bleed stream is introduced into the bottom or the
lower part of the column and the scrubbing liquid is
introduced at the top or in the upper part of the column and

is passed through the column in countercurrent to the bleed
30 stream.

3. A process as claimed in claim 1 or 2, wherein the gas mixture
comprising carbon monoxide and hydrogen contains from 1 to
15% by volume of inert gases.
35
4. A process as claimed in any of the preceding claims, wherein
the scrubbing liquid is cooled to below 50°C before being
brought into contact with the bleed stream.

40 5. A process as claimed in any of claims 2 to 4, wherein the

column and/or the scrubbing liquid conveyed in countercurrent
to the bleed stream are/is cooled.

6. A process as claimed in any of the preceding claims, wherein
45 the olefin used is propylene and n-butanal and isocbutanal are
produced.
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I h | ef
bar 1 a1 51 Sesufert i dteFeact 1% JneRy P i spReodlih fndint navisiar”
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material fqp.tRepRs&Ra akl @DafhedBhNaAY! of 202 Prdledbnd ®143ms, wherein

15 the bleed stream which has been treated with the scrubbing
liquid is utilized to generate heat or is used as starting
material for the preparation of methanol.
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