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' 166166 The invention relates to ess for preparing adg9aule200avi ng
3-26 carbon atonms by reacting ol enﬂ)"ﬂ@ ﬁ E 2- 25 carbon at ?% Wl tha
hydrogen 5 and carbon nonoxi de in e of a catal y% In a tube
reactor. Al dehydes are used in the symthesi s of many organi ¢ conpounds.
Their direct downstream products are-al cohols and carboxylic acids which
are likewise utilized industrially. Al dol condensation ofm“%mmmmmmm ydes

and 1 o SUbSGqLﬁ:’Uce%%PG%‘&%&%MyIW@nE»fJBﬂa‘?ﬂr%ate gives I ng
tw ce the nunber of carbon atons as the starting al dehydes. Theal cohols
prepared fromthe al dehydes by hydrogenation are used, inter alia, as
sol vents and asTﬁumireAenbotiu aelakesftmratﬂnecqssdduq:xémmgfaluéla)sddschamgs382&1

detergents. I ed by
reaction of ol e"lfl S W Lh P%étltm oﬁ%&\é%' ?ﬁggg{%@n‘ﬁ?ﬁg%n&ﬂwﬁl on,
oxo process)d THY ¢arhen mﬁ‘oi’“éjed'&fr@ pregengs of g et ?'M%triﬁtaatp 6&?%‘Nyl s,
preferably by those of netals of group VIII of the Periodic Table. Apart

hodi um has acdIAPRYES B IRV SR BF (naRY oXadfe Epb@olils cBMEY ns (o
cobal t, rhodi undiegict gewnstnreamquedics are amh@bran@dar@wylm atidywwhids 8t es. The

hydr ogenat i on QTkeM‘fe Qillﬁfehnmdhﬁrlﬁw TAISSI &8 ge Qatrbv%pﬁfyseoaaefwé@%rm ace to
a significantly esser xt.ent n Iumcatal ysts t when usi ng
Cobalt cat ditssubSSRRY WHEGRAHOR 5F TR SRTIGHSHP U AHRVIS AL B WGP 1 ho

i ndustry, t he rthe dnumberaoflcadion stdne @s dthéustartipgt blelehydes sthd ratenhmiscat al yst
precur sor, Sy”tﬁ}éﬁér%dgﬁ&nat'ﬂg agém&ysy%,r %é généticﬁ"ﬁgﬂeg ustieiudtsung 4pdi 1 ed

catal ysts, the I gands ca I'n, excess In,the'reaction
e, 30 Lt RS o L PRETHIEERAe ok the, MBckRion el RIRFFARRrANT ar o
tertiary phospfﬂeﬁmgems phosphites. Their use has nmade it possible to reduce
the reactign pressure to values of significantly |ess then 300 bar.

However, separ atl ng off the reaction products and recovering the catalysts
35 hormgeneousl I} isgikruy tha aldehwdlss andcricePlh caa ke Peanares &YiTeagliamot hi s
process. | n gendefials withe catbart | mongxideluand i lsydiogan | (hgdrofsrenpldtion, react i on

mxture. |n praghiegy fid FeafcﬂU{-n‘??béta éa'bg'rﬁdﬂaé.%egn csrb@ng&dgapéfeﬂegy ati on
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mol ecul e becaud¥y ‘@PS?W@"M%'IS@{IQFE% fP(/m%/P%'i‘OC{“Flé_aé’lﬁ DHRpsk freip qabalty, oduct s
formed. On 2an iwtdcts is widelys aséa indUatrialiy chs Gataly slahstab Thadienphep acquirday 5

hydr of of Y1 2t | Qferehg AR 63k e dpidinbEe P cAfall ShofilnThics 15 695

In the process Cri I's presen 1N
solution in an B¢ Q%ﬁt@nﬁﬁéﬁc"l‘!&%rqué?h@%P@éﬁ@FSaﬁBe thvgrpashatient ef theor ned 1
o fromthe prodiefins toGbed satuaaﬂdd $yddosations gakesPlaceprss siynifiantly l@ssemm xt ur e.

The product | s GRITREnHA HORPBREBMSthid B8 LSHELQBSI el 1o taken

of f as liquid. cat a ecreases, part of
it has to ¥ contl nual |y bI ed off t oget her W|th hi gh b0| | ers and repl aced
by an equi val erh thethyatofoimylatehproebes vatriedQuitnig the inbiasthy, dhe phodianof

rhodium 15 rec&yaq)r@( .Q?c;rhlé% éur}f?ﬁ' M@J;rf)ﬁ?é?stfmrﬁ a #}a‘?&lgstsﬁfreﬁa@ot sﬁmlié‘t ely

necessary. The
encumbr ance on Qfﬁeaﬁﬁ’ cR,Q§§§3'Y A%@lﬁfdi'gﬂj‘dﬁo VMEEYBZJSBTQ Topdifigdhcatalystqdthent age i s

ov?rcorrei folr :m gy ligandy dahebe?pmbmt |rb©§6@sdlur$aﬁévmbcgmvmb<&rre The
Ur1 sul phonaed Q‘qﬁdﬁy%whsﬁ%hes%ﬁ RS 1 B8 oAk et Fhé“i%“ﬁgﬁs
passed into t héehegphinas ot Mhasphitesplhsie useaspiade dt ppssiladededyca

reaction forns rgagt gsdurd o JalnbgdesigifitantlydesstheRB0ebatr € separ at ed from
one anot her 25 outside the reactor and the catal yst phase which has been

separated off is returned to the reactor.
However, separating off the reaction products and recovering the catalysts

35 homogeneously dissolved in the reaction product are problems in this
process. In general, the reaction product is distilled from the reaction
mixture. In practice, this route is possible only in the hydroformylation of



The latter process involving the advantageous separation of catalyst

di spl ays | ower space-tinme yields than processes in which agi Ay ¢ 2008ani c 3
o0 phase with a catal yst dissolved therein is present. The reason for this
is the different solubility of the olefins. Wile olefins are readily
soluble in an organic solution or may even thenselves formthe |iquid
organi c phase in which the catalyst is di gsol ved) olefins are virtually

i nsol ubl e in aqueous solution. The already |low solubility of the olefins in

an aqueous sol uldwer olsfirdasv@apap td Brddissn Bohts INNBE PaGEEde Hetalsed&stheof the

Chi s process. rﬁ%@’ﬂ%’lﬁ%ﬁ% i AT F I o P GBRIC sl vent wni ch i3

soluble in the aqueous catal yst phase enables the reaction rate of the
hydrof ornyl ati 0@4 OarPelddGeri%ﬁS%bleT"G4-U%ﬁd0fc5aé eRRles siteh pRépdrBd hagol

et hanol or i 0 cospl vent increase e Teact but has

t he di sadvan ag y&qﬁq mry%i'&f‘unfoéoeeg(a@p&eras %Cf'h%g pf’bdbg]?’%ﬁézm

Cornils, WA HbE2ah68Aqueous- Phase Organometal |ic Catalysis, WI ey-VCH,
p. 316-317) and is thus renoved fromthe cat al yst circuit. An increase in

t he reaction rate can be achiev for_exa addi tion of ethylene

gl ycol . However N (h9 sorﬁﬁ%fsﬁjfjésqr dc s D7 ggﬁ@@t |tg‘?t‘§at%‘i’5tand8Fﬁ§@é‘t fi8r nat i on

since acetal desbtibn wean argaric phésy oerlpfising prodleivea Higtl beildry |(foRRed! ycol

,(A;I/vaﬁces in N?gas F'?‘“%&%Q@ﬁgao %_Q ntgeﬁj(g@‘?ﬁ@ﬂsdgggaﬁapgg%bg@i PES ﬁ@’?‘ﬁ&t es in

Surface Sci enceTha®r @!Céllé/%fﬁled\ffﬂm thel macBrwitfsthe sytssiE gas of isSekence

B.V.). 15 EP 0 bﬁ7as3|ilcﬁudie§iﬁéé hﬁeSa«ttnm?eﬁhélaaidrs%t rsﬁﬁﬂi ueareraaé§ pgatt 6N
hydr of ornyl ati o

b |
ol T L a8l BT BN iR obShe? B Al S B st B .
enabl ed the proeadivalent amounbef ﬁﬁl@&t@wt H9wingf tactherhigh ptice dépbadiunmg on t he

sol ubi i zerygl n%c%%éiy“&f merhbaam oM frid Biday aﬂ&ﬂnﬁ '|é3€b9$|u Meéés%a}ys (e.g.
20 PEG 400) and lﬂ"g# ethers is knq{\ég]t

descri bes the hy X?Ipe{f’?%ﬁ? I3 CORPIS hfsﬁ?f‘ﬁ‘r'*ﬂ eérﬂf' ﬁ"%ﬁ’t‘@'ﬁ%e °%nd DE
197 00 804 C1 dﬂlﬁcwrbb@@the hydr of or nyl ati on of hi gher ol efins such as

1- hexene, 4- V|nylcyclohexene 1-octene, 1-decene or 1-dodecene. In both

t hese processes, es . i ncrease the eacti o

rate, but the s@ﬁﬁ? @F 323%%43 tﬁ @F?‘g Yantagecis ayercupeio f(‘?xﬁ'PBG’uct
phase i s na@e mnby ethdi catatyat beinphdissavadsinl vetses Thie watenl gelubilityi of the
undesirably, gogfdR" cB[éNBtt rﬂl@,eé\‘ql|'§0ke\t§h|8{7'e'§’c$eb ntn‘?eérﬁe il QﬁE\JIShW@@ and

| osses of desired products ueou | f
the amount of sﬁf%rﬁpﬁ??g\mqs asr'éQﬁ'j' §d8[£§'" ’}ﬁf q%g%seare "ﬁﬂgﬁ% 0
reaction rate i aqeéous catalystiphgse: dihecprbdaghprodubed b@ghéfreaetmrsfmSat hat
mi t] phase | ”‘Sc%‘?ﬁ‘*ﬂ Rl PHASY R Il e e a% %F""a?%daﬁémiﬁ"é’hﬁ B er
li quid phaségar Quﬁd&st tre%cgw ﬂﬁﬁ%ﬁﬁaﬁé hhas %3’ Waf%t ‘EQHr'f’ ed out
not in a stirretetumaditotheeacion. a fl ow reactor at a | oading factor B > 0. 8.
This process for the hydrofornyl ation of olefins by means of a nultiphase

t h di f act f the tub t |
i gh i wi g of - THe (aHas eeosoR8 ARG, Bhe aphatia0sod, 50RO et anor &
reagents, surfadisplaysilowercspasegimepyieldsthae pyesesse®in whicheliquid organic be
added to th?ocapﬁé Qvltﬁ*%f“ééla é@f‘@ls%ﬁé‘d tﬁe?eﬁ |§f;ﬁ6§&? PRe ?Qéséﬁ% tas & he

catalyst. 5 It erefore e i'nvention tQ a process
for the hydr of olf/diieieshsejpb Yé?? 'E‘%Ofﬁln'ﬂﬁhwtﬁ'i"gﬁ%f% are gpadily 50 ayi el ds
and sel ecti vi ti esganid sdiatiorsom mpay evalgltl)eriMVBS‘ forndhé ﬂlqmdtdrgaﬂﬂy(ﬂaha‘serimyl ation

of CLErINS |0 Swhich Ul L ADASE dIEBRLOBIHAR 8 i fdl Tedibie'if daBBuy ! ! IS

and vmthlowformalon rrses a

sol vent ni xt ur eSohpken. pT"&@H?aCFYn\%’nW'BW"%(c%foﬁhGl ‘?1@'1"}5 wrmuaaegw grloties for
t he hydr of osgy| detreassy fupther aithrincreasingfrolar hass g the @Rfihst As2b resiltbon

e et ot o "+ 28l oM ARG BRI el TG Resn et e

contains a solvent m xture,



c) at |least one olefin is present in the disperse phase and d) the | oading
factor ‘of the tube reactor is equal to or greater than 2 009J8LY\2003di ng
to the invention, the hydrofornylation is carried out in a tube reactor,
i.e. a flow tube. The catal yst phase and the di sperse phase containing at

| east one olefin are punped into the tube reactor. After the 25 reaction,
the reaction mxture is separated into a preduct phase and a catal yst
phase, and the catal yst phase is recirculated to the tube reactor. The

pr OSUCEI _ p?alsle itAddmﬁﬁV@‘dari bﬁﬁérﬁ@@oﬁbhcwhicrﬁltds@aﬂe ihOthe EXALERLS . %ém swor ked

up by distilla .nventian

provi des for t héﬁﬁse%%ag %Zﬁeglr%glﬁoﬁ rgFe ¥P§‘§ @gdf&r?”{‘ﬁ'ﬁﬁ %/Be‘l‘ﬂ?fggs%’ﬂ

al dehydes pr epaflbe usg of Blcopelsseish agﬂnqt énq)ln@tﬁﬁtltblcm isepriopanalias gosavent

preparing al COhmcﬁeé%\ésf’tHer@Qﬁl&ﬁtﬂa%‘ but$RE the @é&&)anféﬁédﬁaﬁﬁ&d iR
s{

esUsed
for preparin car boxyl | c aci,ds e cat al yst S{Hon used
in the proc gret 'ﬁ‘ hﬁ/@ﬁf’?‘ﬁtrp%ﬁt(g ﬁofa"%dﬁfv%dierfm%mr Li@é?al yst .

09 JULY 2003 - G)rgd)mmtelllcdhmmyelst Wiley-YE€Hs gd. \mm31ﬂ)tanc8tsptmm fehvoved use
protic polar S“ﬁﬁ@f\t@%?@ta%ﬁ wEBﬁf”YQ{ M’@és%rm tﬁ% Pé@c%ﬁ er'XVéé‘?w' be zc écl% PPyl ene

glycol, 1, 3prop{ sdlvent
conponent is wa qgrexgn . fRyr ﬁﬁéﬁ'ogopbeﬂihyléﬁﬁrﬂih@ﬂt é"CMﬂVGf.oihﬁi rf@e@ﬁéesol vent

mxture, it l S mRrkbltiee eledihdtynstl dﬂeh}fcﬂaaﬂbrmamﬁh@@%étal Rlefivathelsadrey ones
el ect od 1115 ¢ jonERTter Secdd BB Bne AVRF (7P R Noyry BN Bfiandgilrr "
partial and f uI R. MoDeslrmreie R.Y. &h%&'ﬁpﬂuﬁ@gemAd)@mpemn‘dBwloapd Anpliede

et hyl ene. gl yeol S B e T e O 1 ene
gl ycol et hoxyl ayggqt‘gt% éﬁ%%gggﬁ?‘ﬁﬁygﬁ'&m EC{ZX nonoet hers and di et hers
of ethylene glycol propoxylates, propylene egcoI propoxyl ates, their 15
monoet hers pnd gpetdjlqu;] FE%'SYO&e%chBéthrﬁ:’i‘Qaé?ﬁg p’i@”Fé’a@thN Ipé{tgr ggengki on of

car bohydrates (g. sacc ari | sacc | des

ol i gosacchari degyc?m&’ﬁé‘yh%g? P?é)i'}et"f*'&? d?lgmo? Wgﬁgersﬁ?% I%e?ﬂrb%y%?ure of
wat er and a wat acidsalis, akyd potygmylenesgiymsmr quateaiany agiudCcampdupdst Thigo
oxygen at oms cagnidied ﬁté)ﬁr%daaw?wba?rn&eaééwbsosﬁa&&aé@ 'dapén&naromﬁés of

t he i nventi on. ents m Xxture can be

snal
varied within a° 5\‘)"9’52‘? Hﬁ‘éfea§'n9 395 r&?"‘f?ﬂa ratg) 'P%\ﬁldﬂﬁ'OEo‘?{d'?‘ﬁY%'M%"'ﬁr(@ “Shdher ed
to: 25 The 2@®suPEGna08) xand eolygdycob dtbenrs is Hawwge idwss DEA9E 00805 C1

28:: ?.bl;! 'etn y ]91; r t B6ssed!the myaaafarﬁyfadaﬁrmq&ﬂﬁgghtsl ﬁBbﬁéﬁé%d( ’PFB@ﬁFeheh%ﬁdt o be
sol ution nust nbg ‘@%e@é&g&qvﬁs féﬁgsﬁ aqu?ri"B’Lﬁ 'Pf‘e%f f&)‘@ n@ﬂn% ﬁé‘cgeact i on
andl or in the 3a® ishdepgudninyityatohexenar hocteme, I?Fdn‘oenerme1-dsdg¢er@n Iho usi ng
sol vent mi xt Ureﬂot\“ﬂ 88 &s@e@'tﬁé%&rdfcséi&?\ﬁiﬁ@dggé grﬁga%f td AfBcaBnt 0 78.

Exanpl es of_ suc ve m xtyres are wate m Xt ur
Shown 1 {175 1 FAGwPYigie.gansralion el SeepusopRIaSPNasP Hpd GRaaF RIS o6 by
wei ght of eth Iplnmsegllglanarﬂh gharet difficult. This means losses of catalyst which,

const ant 802074. RR408F, g,%@%@@afrwwgau EInEA Qﬁ? BYclfié bt i on

catal ysts, it SS| to . use Co Ition group
VI11 of the Per?%‘g?‘ass‘ﬁébﬁ’e degiredn Bradusise W !Ph ReFRINS SPLU lecin the aqueoud

phase. If the amount of solubilizer is reduced to minimize these losses, the
30 reaction rate is simultaneously reduced again.

DE 199 25 384 states that the space-time yield of aldehydes in the
hydroformylation of olefins in a multiphase reaction in which a continuous
catalyst phase and a further liquid phase are present can be improved if
35 the reaction is carried out not in a stirred reactor but in a flow reactor at a
loading factor B > 0.8. This process for the hydroformylation of olefins by
means of a multiphase reaction has very high loading factors of the tube
reactor, i.e. extremely high mixing of the phases. As additives, phase



5 N, Ru, R, Pd, Gs, Ir and Pt, preferably in the formof conplexes. These
met al conmpounds shoul d advant ageously be soluble in the capalyaty ppese but
not the product phase under the reaction conditions. If aqueous catal yst
solutions are used, this requires water-soluble nmetal conpounds. Preferred
catal ysts are rhodi um or water-sol uble rhodi um conpounds. 1 o Suitable
rhodiumsalts are, for exanple, rhodium Ml ) sul phate, rhodiun(IIf)
nitrate, rhodiun(ll1) carboxylates such as rhodi um acetate, rhodium

propi onat e, rhodiansicbutrgerite surfadesaitiven G- etiphighdiicarssgeats dheuifygeantsf

i gands in the I t t al
used and the so%éiﬂe %@u@éﬁé‘f’ﬁﬁ% l?@ﬁ%é’eﬁ%%hﬁﬁggﬁgﬁr‘%g%z}og\%g‘ltrlﬁ

catal ytic activit§calghitin | ong-termoperation. A prerequisite for this is
that the ligands do not change, for exanple by reaction with the solvent.

As |igands fpr th [ | vii | y.active netal Pt

possi ble 2 ogt oﬁtugeﬁ.&?%@&;?bh‘%g&%i ((r}]fg@]% é&:eﬁg‘%ﬂ io p‘f?&gwﬂi ﬂe%r%E%ﬁ?t tﬂrnthgne or
two phosphorus hydreformytatioavel olefise whigh dispiagalhigh eapapedisghyields andm t he
aryl radicals magebgyitigentical or different and are each a phenyl,

napht hyl , bi phenyl, phenyl napht hyl or binaphthyl radical. The aryl radicals
may be bound to the phosphorus atomeither directly or via a -(CHZ)x group,
where 25 x is aft has egeprisingtyrbéen dodnd thnaf thealydrofbrraylafion pardléfins! ar by
preferably F - I Sy i Liga l,d,cont ain
froml to 3%? S@%ﬂ%@%u%@%gﬁa@a&%ngéﬁﬁg ?B@ﬁirggﬁe)gl?'dgi gﬁ%ﬁgﬁf lgvr\Id are
each H, an al kaf¢rmatipgiof Bfrﬁ’%q}'é"ﬁ ifengatalystphagn campseAsPANt BXYHEL er nar y
anmoniumion, a (arithmetically half) alkaline earth nmetal ion such as Ca,

30 or My or a zi t -( gr.ou e u y
substituents onl-rﬂ%e %}rgfl?m,r g@‘l’%ﬁkg g"%g:%&;@@yt rI’iSY?"%'%@ar ?I 8%%% n«t:bi tat hé

requi red wat er Sydigierriviaion &f gpasmerg definshvnvinetiom2 o 9% sadoprata@shavi ng
gn_e phosghgyflstag@rbmdrs dfbirﬁtﬂd;bhdﬁetr_éhétm(ivihmbbfwidtbrpWhéfdihthne- 5 Igstead ?)f
ei ng substituted by : . , sphi nes used can al so
be substituted by ot ﬁg%g%@s&#}%é@deE’Qé;‘g@@@"ﬁgigﬁ%f% units. 1 o The

sol vent mixture can Bk thacpainHass Rasecpntaing a solveptiristyre.t he catal yst, into

thte Ihyd{ OL o][rryl ﬁ“ gnp)oratiléasit@n@@ﬁéfinh_h@résérﬁmtgédiwer@e ﬁ?]a@‘e%m?ti on of the
catalys ef or ehan nd to.use the m xtur
cont a?/ni ng the pref O?ﬂethgi%afogr}-gij/g%Ior%fﬁs\k’/g@e%e]ac#%és %%Lﬁt'/é%f” ﬂeg%fretga%nt ai ns

waf er, the 2@tal yst sol@Bion can al so be prepared in a conparatively sinple
15 way by dissolving a water-soluble netal salt andlor the water-soluble

i gands in wat er, ] I bsequent | y addi ng.th rther
solgvent or sol v/e\%ssr(a{ng @%P%ﬁﬁﬁ%ﬁ@r v enﬁvggoic?rmygaﬂlﬁhlg %Erfeaqc,j ogﬁn aelugg
concentration utRaften ieh@ fpwckibs. dihet patalyst ahese mnchthe, slisperse Phesea wi de
range, wth thecostaiingst leastcord slefifledfre sliniidointd (e Bk abastet.tAfter the

ot al sart 2ncleaR: brealliot Rl 855 sBfarfie i o pREHISE FRERE A1
hi gher costs. Agatgjyst phase; andithe catalyst phase ég msiredlathshlonthierigbe reacter.
reactivity of tirReradidt pHas@®isrdmdvedflomhie dileait anaasdn, 96r sximpIbi pas; this

optimum can 25 readily be.d rm,. ned means, o rel 1 mnary experiments.
If rhodiumis ug’ga(egs‘}lpa%‘f?'§®a®3f'é? gsﬂa,qgt"ﬁeegﬁﬁ%‘;etf& content of the catal yst
phase is usually from20 ppmto 2000 ppm preferably from 100 to 1000 ppm

opt 1 I o - e e B Bl Sre e 1S
pti i ndi vi du ion, i,S [ 10 iS

to 30 11200, inwﬁém‘@uﬂfra'f’?@&%f/p?ﬁp?%gﬂyégg P'I‘PI?SB%I?HIE’ inyention ¢an Be

sol ution can beusgsd farpraparing alaohelsiyydihysirogenstian; usedoin addal lcootlersatiops as to
give the best s i P ingtado i i is from2 to 8,
preferably fromegl.g%édtﬂgrgéég.gﬁ[}%e pHngznédgdégg}te?ﬁ%ﬁ'c}ﬁé the 3 5 process is
runni ng by, for exanple, addition of sodium hydroxide solution or sul phuric
aci d. 09 ILLYTBEOCAtSystr solutiprmased iial thewprocess af the insardionncariiaingr acess of
the invention a Al Iéﬂ?s‘i havi ng 2-25 carbon atons, preferably
3-12 carbon at ogﬁgygﬁxﬁﬁe&fgr&e@ﬁdﬁ?@gcémbunds can contain one or nore

car bon-carbon doubl e bonds which may each be term nal or internal.
Preference is given 5 to ol efinic conpounds having a term nal carbon-carbon
doubl e bond. It is possible to use an olefin of uniformstructure, but

ol efin m xtures can al so be used. The m xture can consist of isoneric

ol efins having the same nunber of carbon atonms or of ol efins having

di fferent nunbers of carbon atons or of a m xture containing both isoneric
olefins and olefins having a 1 o different nunber of carbon atons.
Furthernore, the olefins or olefin m xtures can contain materials which are
inert under the reaction conditions, e.g. aliphatic hydrocarbons. The

I Y e a4 oy e S " N o



15 In the process of the invention, it is possible to use olefins froma
wi'de variety of sources. For exanple, olefins from cracki ngp pUCYE2G0S,
dehydrogenations or fromthe Fischer-Tropsch synthesis may be enpl oyed.

O efins or olefin mxtures forned by dinerization, oligomerization,

codi neri zation, cooligonerization or netathesis of olefins 20 are |likew se
suitable starting materials. The ol efi ns- wsed nmay be gaseous, liquid or
solid (under normal conditions). Solid olefins are used as sol utions.

Sol vents used aps oner torhpanentsofutiiec isobvent, i insiel p@dﬁalértool]lsy protighpdiar

ol vent s whi ch RaeHots %‘aé%mﬁe”’“f’a‘f’% b R
produced, si nce PFoRYena@¥eols Q'F%H'P'érPrtQ}'YCGf@tAIPF%f?FQQ SQWQ”?@IE’E‘PQE@thsl on
easier. Preferemegers given to using a-olefinic compounds in the process of
the 30 invention. Exanples of suitable a-olefinic conpounds are 1-alkenes,
al kyl al kenoat es, al kenyl al kanoates, al kenyl al kyl ethers and al kenol s,
e.g. propane, bésafigthepesnlverd, coropentindddor formiagi thee solveheiriare, 1ith't5pt ene,
1-octane, 1- ”0”§B§31bﬂe ee |arloﬂgaﬂecmtar§e909§fﬁem§n %n@@

2- et hyl - 1- hexan xadl ene oct a b

n 1- t
styrene, 4-vi nylat:ﬁal bh\%&@ﬁw%ﬁms ﬁtaéelf\%ﬁ%?mpf?r ﬁgp@ougqishﬁeleu gt at e
Vi Eyl pr ﬂm onalt ¢romatteygrooptdonkistindnef diols, tyibispolpyls @ideir partiall aret anuﬂ |
ether, a a o
3- butenyl g%%t at%g%?%élll\efﬁg%%#a? o?p@cfﬁ‘ﬁ)qdﬂﬁu?repégénay%e I%ﬁatd-ﬂ)?wggtenoate
7- oct enoi ¢ 9%@]]9‘32(%@49"@ glyeal, detW1%§W§ mpnogttm h® |BBB7Q|M§@ adi ene

and 3- et hoxy- 1diktisdradi ethglengar gliyeoll aéthuxwateéabémeﬂd ebt nstridehedr gipesie,

1-butene of | nodhisAldY diehe’ §°°3/5'Pb§*yg%ﬁ o fEnoEAE el O the”
hydr of or nyl at i oettylens! e@'V‘P@ RrepeHy deFKOIPbdemhg glyse! npiopoxydatesn eism and
possi bly t hescopigpopiiess N@ndl cllbpkfs, yol§ayhidteeah orbEed Mubydircwenatl on

during the proc f Y e, al dehydes pare rocess
of the | nvent i ofvageniii oL, Cea""é#@’hf%ts%(eog noRGERREE, e g
correspondi ng sdisacehasitles| eligespechaniden), aad ﬂhﬁ‘ir padigl and Bdleiegiss and for
producing detergents or pI asticizers. The hydrofornyl ation agent used in

t he process of the,i tur en and rbo .nonoxi de
(synthesis gas)%‘or I‘ée %Ofl at%%ghéar%%Sﬁm'%c\ﬁ 9%%8%"’% ga'ﬁﬁgt her
mat eri al s WAP chahleast WQQXXQ%e&lomH@aﬂetﬁétqf@ﬁ b,eonaeq! ﬂér@@nt"ﬂlﬂ%fse@hﬁfb@enl S
given to using mEpleesssSofdns irentign.ni ng 50% by vol ume of HZ and 50% by

vol une of CO. Wien using liquid olefins or solid olefins in solution, it is
useful to use the 2 o hydrofornyl ation agent in excess so.that as corrpl ete
as possi bl e a cdhe@assaatio of thersobeats inthe solvediumixture lsan dsvasiedwittiiea

wor k- up. When Ugididrapgs eUsndhetHe®llowing@aRditibAs aRNAdsed tde useful to use
a defici encg of the hydrofornylation reagent since the excess gaseous

ol efin sepa Ates fromthe | i qui d product phase and can be returned to the
process. 25 TheThelresulling mixtee hsisdpifarm @ hoyabgspenus phiass. Tieesalwbility dfar bon

monoxi de can Intrea@étas«aﬁm AR r%rﬁ@g@feohb%m@ﬁv(bhsée tﬁh%nto%e eama'bnt forl. Wen
using a gaseous cess a.,tws o

vention

phase reaction, ﬁegrqq ﬁﬁﬁa&gg%’ﬁﬁ%qtr%'ﬁ%eFP'g?WO&ﬁ'r ﬂ}? S?{I‘:'LJO'? é‘&‘és)[‘ " and a
t hr ee- phase sysbemmﬂua@ visseus hat\Withieulties naccar lin doe creacmﬁn andien iattheeast

t hr ee- phase;gysk@iBdqhieRt iRBlsebbrifiohhe begi nning. The tube reactor used in
t he process of the invention can contain packing 35 or internal fittings.
For the purposes of the present invention, exanples of packing are: Raschig
ri ngs, saddl es, Prafetence rigsgivere|tb eusing aolvem maixtueash whiclyhave avadiglacticr e
mesh.  Exanpl es Q%Pdt teeftw"cfdftffdn'i‘gé 1878, Exaih Fresraf A soR@ht {rbduresrs ™

trays, perforate S or m Xi n ces wever
y P water/e y ene glycol maxtures as amwn in the following table.
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al so conprise a plurality of narrow, parallel

reactor.
dem st er packi
critical
t hr oughput or

shoul d be exce

10 purposes of t

ngs.
| oadi ng factor

eded. The reactor

he present

i nventi on,

i nt er nal

it is also of

fittings can
tubes to forgy auly 2003.be

Particul ar preference is given to structured m xer packings or

5 In the process of the invention,
| nportance to adhere to or exceed a m ni num cross-secti onal
B of the tube reactor.
the reactor (flow direction fromthe bottomto the top),

I n upfl ow operation of
t he fl oodi ng poi nt

i's thus operated above the point at which

bubbl e col urmrsy}‘ %SVS@ES{‘{)XQ

direction fro
be set so that

T00
Wateso

the reactor is co

rat % T downfto
tton’?, yeweloht 9fs- s
pl edtieylgné lghystd d.

erattonm (1o

rhus) the process

 ClielRaiia epnstamtoul

must
S

oper at ed above

trickle bed. 15

t he poi gb at whic
RV hao

[ el PN RO
eI T T

kN

h it wou still b
l aacl

HoA---RaL-a0

b pOSSI 9I4965to spea

hey ~f t ot Ny

k of a

precisely, the

TU T'T A

| oadi ng7Pactor B

K-\ L
nmrreoetossal y TonTut

pof the t@bBe reacto

'
g Ul TITe T CaAvTUT

i s cal/gul®at ed as

re
a

di nensi onl ess

pressureggrop B =

PD/ PS 204Wnere PD

Pa! r’rj i6§.15} pressu

Fe drop

per unit | engt
is a mat henati

h—over—the reactor
cal parafBter havi

under—operattng—c

g the dPfensions

bdi-tTons and—+PS—

a_pr&8ddre per

al m

nit

| ength, defin

d as thegatio of

ss floywpdV [ kg/ s]

of all ggegyponents

in the

reactor to the
condi tions,

votume fifow V[T

multiplied by g = 9.81 msz, |

S of 2 5 alt—Cco
.e. PS =

(MN) g. To put it

ponents under operating

in

concr et e t er ms, Afydrofdrohylation lvatadyists, iitds possiblerte ysercomgioands bf metals bf phase

: . ocity.
Rifefh Grsh6 Vit oF o CHERAS TARITr i ENGHIGYR, idRIFRBPCEC! 7L
fed to the rfeactipRuafd. P8, O dpantBhipreferably ingthe forgpfsomptaxesnThese he
reactor, the flmetavedmpolinydsoshosld agVemtfeouslyt besbiubedihnge shalyet phasde

m xture in an
PSis a purely

reactor. The p
fix the proces

AP e o

[ fpisB] uder UtRY

an be cal cul

1By BAGER, 36 sgiBbde

ter to
ds for

35 si ngl e- phasecaalyshaalitipnssarerysgdsthisnaauips water-salubple dretak campaimdst i ng t he
pressure drop RRefdirddlleatlystitape vabdilint br NgatepsoliBRX eitbdiafiSgomicundsmay be

found, for a
GroH, D asgg?d
2003 - 11

o i tholin ke 4R} 15 nefptc, ThOATHRIT SHERAF, Kholipgidy

| Ver| ag
ULY
st arfdtiate, viberiusyiliDe camomylalesr such uas| mgeivny ercetatipHESIHM and

Mehr phasenst r orpiagieRate) eiddigm Satyestean desdiurhar-etyesafsask! urt am Main,
1971. 5 The pressure drop PD in the case of single-phase flow through an

enpty tube is

fl owi ng nedi um

iven by PD =

. Owp/ 2w21D 1 o where p [ kgl n8]:
pegidigantndn thenbmetal samplaxepsep: as ¢

of flow crqss- saemaailised @& tHe $oNent baare]iTH@ee &omplexes should not lose
their catalytic activity even in long-term operation. A prerequisite for this is
that the ligands do not change, for example by reaction with the solvent.

20

25

30

As ligands for the abovementioned catalytically active metals, it is possible
to use triarylphosphines. Suitable phosphines contain one or two
phosphorus atoms and have three aryl radicals per phosphorus atom; the
aryl radicals may be identical or different and are each a phenyl, naphthyl,
biphenyl, phenylnaphthyl or binaphthyl radical. The aryl radicals may be
bound to the phosphorus atom either directly or via a -(CH,), group, where
x is an integer from 1 to 4, preferably 1 or 2, particularly preferably 1. For
water-soluble catalyst systems, one ligand should contain from 1 to 3 -
(SOs3)M groups, where M may be identical or different and are each H, an
alkali metal ion such as Na or K, an ammonium ion, a quaternary
ammonium ion, a (arithmetically half) alkaline earth metal ion such as Ca,

or Mg or a zinc ion.

: density of the
ysletlepangds ob vol une



15 Cw [-]: resistance coefficient of the tube through which flow occurs In
t He case of flow through packing, beds or internal fittings9 JULY 2860city w
is to be replaced by the effective velocity (W yr) and the tube dianmeter D
is 20 to be replaced by the hydraulic channel dianeter dH of the packing or
internal fittings, so that: PD = Cwpl 2(W y~)21/dH 2 5 where dH [m:
hydraul i c channel dianmeter yr [-]: enpty tube fraction C', [-]: resistance
coefficient of the apparatus with filling through which flow occurs. 30 °

The packi ng-rel ghed S‘éﬁq&p gi'bb@é“grevﬁsifaﬂy fsﬁBélH@éHtls bn%étar@fraaﬂglsdaﬂd’ Jigey

specifications for are given in the
abovenent i oned VBt ‘5Wf

a_seri
30nineS oo ialey DRI TApsToRoHAUEROIAED b
det erm ned expefriangpiiasphinebyhaving eremphespheasuatorg tihetrisadinei t yri(of t he

reactor before Qﬂ@@;ﬁi&m E?Méd e Wi th the packing. The hydraulic channel
e 3 ul

di anmeter can in t ated if it is not known, fromthe specific
surface area F [n2/ nB] of the packl ng or 09 JULY 2003 - 12 internal

I Ih tti ngsl ( genler mkslesadkan@suwitmeamy@}.wﬁermu?w( SRR, tpiemr@bbryh?sxtsl Bg

e sinple re ance co i.Cl ubes,
internal fitti ?\%ése?f;é%l' %g%:jl)en Sulhgsstltgt(aeﬁg)ry Fﬁer E’é@ ' BERs 5&%%&?@?9"@ t%f t he
Reynol ds nunberUms. whi ch gi ves i nfornmation about the flow state under the

chosen conditions. In the case of packlng, |nternal fittings, etc. the
follomnng rel atj,onshj

K2/ Re"' wher® f ﬁBl‘(EPﬁan i mﬁ% b&x’BHﬂ‘é‘ﬂﬁ%s directly Leﬁt%uigﬁem@'n% of S.

15 Ergun, Chem lnEntyuleg'nydmfognylaﬁm] of( il B4@)ssitBd}o carmynoat d preformdlioh of ithd hod of
Brauer et al. Jeatfiyst KefqtbRaRfah! i rselv%hf%&m;'étgné StoMUSBN R nikiapyn Trom

supply data or terature (exanples %@
VDI War neat | as a‘FRi“"i“H""'Sr‘Qﬁé’l’e gfmeq catal Yﬁb%ﬂﬁ”ef tiibg 5@&4@“&%”‘19&%@‘@? ni ned
experiment al | y \gtepdhsicatlyst solgtionl camatsodie propartedda a amqparatumntnmpm ng 2 o

packi ng at V@“wsnsg b‘éﬁh&%bfvl aBREASLRRIT D Sl B! HRC W< ol Omfrom

t he known dat a nmeasur ed ressure ess
Reynol ds nunber!ig88ds dn wafer, fgm H‘f‘ﬁ@ comple,and sylissauentht 9dding e it

(W y~) (p/r1) dH sabverit wbsslventsttaifornmiipeZoivient mixtae. fi tti ngs or packi ng I n
each case, rl [Pas) is the viscosity and p [kg/nB] is the density of the
flow ng nmedium_n th Ese of two-phase flows (here gas-liquid for

synt hesi s gasl C-Q?ea!“)‘/" sail iconreiatioprised i the precesHpf ﬁhﬁdﬁ‘éﬁﬁ‘ég can vary
over pr opor tzconatb\}eya Mfdeahhge, with thg réactidrerateo alsbatdpelliingi drelhei matat saitl (i n

Brauer et al) . cdilenRii? Uncadtiah, Mol ehiPIASE b Wikorsd. 3 ﬁfgﬁ&ﬁssed in

relatlontothe pressure to the
pressure drop onetahgal bG‘PR‘PGI'”‘Ff@W% but Bigher meteal éahbcon%em atigps insyeliohar
relation to thecostd. iAm aptiniume can dssefore De epledfedidepehdinginathie sedttiviy of P~

regarded as fl QWb@ar%}'ugr}ﬁatgﬁgl %-I‘QC{ o gfﬁle?trgac?lo Scsolfllrdﬁl ggoﬁﬁs OB“'%WR' g}glp and

flow, use is fre nensmn ess
X2 = P,/ PA. 25-|-hé'epq¢)t ke determined by means of preliminary expenments If rhodium is

used as active catalyst, the rhodium content of the catalyst phase is

usually from 20 ppm to 2000 ppm, preferably from 100 to 1000 ppm. The

molar ratio of metal to ligands can be varied in order to achieve the

optimum for each individual reaction. This metal/ligand ratio is from 1/5 to
30 1/200, in particular from 1/10 to 1/60.

The pH of the catalyst solution can be optimized for the hydroformylation
of each olefin so as to give the best selectivity of aldehyde formation. It is
from 2 to 8, preferably from 3.0 to 5.5. The pH can be set while the

35 process is running by, for example, addition of sodium hydroxide solution
or sulphuric acid.



09 JULY 2003 - 13 relationship ~2 = function(Xz) has frequently been

exam ned. Exanples may be found in the follow ng Iiteraturepggig (r}em
Sato, T. Hrose, F. Takahashi, M Toda: "Pressure Loss and Liqui d 5 Up
i n Packed Bed Reactor with Cocurrent Gas-Liquid Dowmn Flow', J. Chem Eng.

O Japan, Vol. 6 (No. 2), 1973, 147-152; D. Sweeney: NA Correl ation for
Pressure Drop in Two-Phase Concurrent Flow in Packed Beds", Al ChE Journal,
Vol . 13, 7/1967, 663-669; V. W Wekman; 8- E. Myers: "Fluid-Fl ow
Characteristics of Cocurrent 1 o Gas-Liquid Flow in Packed Beds", Al ChE
Journal ) Vol . I1Stafthg n)erialsl Whhdcandod uddd in Re frocésr &fi the, inkentiBn afdi te, D

? (o 2) 6 1¥;QEP““%‘S@°"%@W‘R%”E1 Ao Ba@?ﬁﬁaqgm@gﬁejwﬁ‘%”em.er o

"Fl ow Pattern) #P ¢lglinic gampeEnds gan goniginjape @atraorﬁnc@%n-ear&end
Down- f | ow Pac kedoMeibomds vhiehamayngacinbke Memirior imgerhakl Prefetente iCgiven Eng. O

Japan, Vol. A (Hoole@)ng c%%}a@un@éﬂa\gégatlmnéleé(?%éno{:]%brq d%hB@oécﬁ'@ lﬂy M doux,

whi ch has been chec )é uent
utilized for thROSSHN@ P HEE &A. °|¢ft51r0fel4{!¥ﬁﬁﬂétmdzfe; wt ¢Ie1n>m'xtU1981m§l&0Tm s

so-cal |l ed LOCkabé used! Thel mixture | cahi edrshst bf iSorfleid elefifls | Raviiga e saheform 2 5

I n many worKks; 0 t oay b n books on
process engi neer| ng andca%(%ﬂd@:grh Q)rf]cs’fo&?% S té?(‘i ﬁﬁefeﬁ' g}ugﬁnéa??%cérﬁéﬁ.rhe
pressure drop oatomé)rtmrpw%@comtaw'mmh §0mem alefins\ang 9leting hayving a
experinmentaldy differenti mﬁﬂbmresaumndGMs FurtHeemeree Sthigr Blefin®oreslefimat ed 3o

as descri bed abpygo0f chils R afSHald i SoPAREE ek ST, Eon, =2 P

In the present case_ of ara drof ornylati on of
35 ol efins, theCQHﬁ“msaﬁgoﬁ'Wt'ﬁmdmﬁ@uﬁ eThﬁﬁpfm%tO@@tmr theanydagit ex

Apart from the mytdriaisspresg prefoebly Nt tife dispeise paadedl yst phase, it i's also
necessary to take into account the presence of an organic |iquid phase.

09 J U LY 2003 ~q This problem can be solved by deternm ning a further
di nensi onl eb%  plietheRracess2ef, thepgyantipngit is possible terusepplefing fremya ayide s
determ ned as fwdrietywsof BoulcesZF6or gkhmple, olefins from cracking processes,

dehydrogenations or from the Fischer-Tropsch synthesis may be

employed. Olefins or olefin mixtures formed by dimerization,

oligomerization, codimerization, cooligomerization or metathesis of olefins
20 are likewise suitable starting materials.

The olefins used may be gaseous, liquid or solid (under normal
conditions). Solid olefins are used as solutions. Solvents used are inert
liquids which are insoluble or only slightly soluble in the catalyst phase.

25 Particular preference is given to solvents which have a boiling point higher
than that of the products to be produced, since this makes separation by
distillation and recirculation easier.

Preference is given to using a-olefinic compounds in the process of the
30 invention. Examples of suitable a-olefinic compounds are 1-alkenes, alkyl
alkenoates, alkenyl alkanoates, alkenyl alkyl ethers and alkenols, e.g.
propene, butene, pentene, butadiene, pentadiene, 1-hexene, 1-heptene,
1-octene, 1-nonene, t-decene, 1-undecene, 1-dodecene, 1-hexadecene,
2-ethyl-1-hexene, 1,4-hexadiene, 1,7-octadiene, 3-cyclohexyl-1-butene,
35 styrene, 4-vinylcyclohexene, allyl acetate, vinyl formate, vinyl acetate, vinyl
propionate, allyl methyl ether, vinyl methyl ether, vinyl ethyl ether, allyl
alcohol, 3-phenyl-1-propene, hex-1-en-4-ol, oct-1-en-4-ol, 3-butenyl
acetate, allyl propionate, allyl butyrate, n-propyl 7-octenoate, 7-octenoic



5 In general, expressed as a function of the reactor length L [n]j PD =
Pg~/L or PD = PgllIL. The pressure drop of a multiphase fl gwJtay 2003 be
cal cul ated by customary net hods of chem cal engineering. The sane applies
to the 1 o previously defined di nensionl ess pressure drop B, i.e. the

| oadi ng factor of the nultiphase reactor. The nagnitude of the

di nensi onl ess | oading factor Bis a necés%a‘ry fundanental condition in the
process of the invention; B should be greater 15 than or equal to 0.8,
preferably greatad, thdiexenamiglieal t-oethexye?, 7 metadiend ardng pBenethaxt-¢.7gr eat er

than or equal téutddiehd tBSLEQEHPN SURSHIE BidfnsOr &8t YPropd) ALpRENE! ofo 0.8,
a reactor operat (éd f.rﬁ)mthei tlop Feﬁ.vmwards begins to f'g%ﬂ" | t maY be
expressly poi nt'BAISY RYATRRER Oflits sNKFRR t‘%’%ﬁ@m&geea iy 1-Huteng,

advant ages of thbulenecrsis-tnftenchandfordrperdenar e achi eved even when 2 o the
reactor is gperated fromthe bottom upwards or in another direction. H gher
cross-sectional_|loadings of the reactor (B 1 % recogni zabl e by the

i ncreasi ng di f f EfeRqdyCtspfdbe fivdraigmpyiatinn ef-aleting are;ldelydas; vinsenany ti e
and even desirahpbe garboArgomsand@oksiblyethel ogrespandingi dleoholemiich watéfy 2 5

the simlarly i eas| r } Feld Mt | h fore
i nposed onl yybyﬂ%é;naﬁo? %ngglb%/gﬁ)ﬁ(g%é%%r?%ﬁﬂgﬁéﬁ@(Llrhéa‘grso"égggIp&%é&r&vse hﬂ%’ﬁl ﬁﬁgor
difficulty of sigehiesmieparedydbe pregeaserof the invealian oan, inoweyapladaabe |t can
thus be seen t hgjdrogdtititéd td RimitAe eoﬁleef'&mdih@\ya@fratbaealémwwﬁIcd@uheées or
the enpty tube vel oCi tllestw = E/é;cDgl 4) ﬂgrl verﬁjthﬁr etfr.o the physi cal

di mensi ons of t4edBRYVENt; PRA [ArProduding, gelergents oL plastiqizeriar t i cul ar, t he
data for the packing used (hydraulic dianeter dH enpty tube fraction y~)
play an | mpor t ante kphidoiidtionBgeitlusdd i1 ehe MacaRPbElRe ifBRIBE A858S Can

be- matched wi thout "difficulty to a w de varj et f requjrenents; it is 35
only inportant WB‘Hﬁﬁr?éhd‘P@ePr?é‘dc%H?'f m?r?oé'dlf ‘@y@?‘eﬁﬁé’gé} ghfynigtuge @}9 and
parti cul ar Iy prigfdeoges, gaidon nmonoxididaddliith20 GaterialSwhich He irferAthdes then t he
case of a sl oW fgaedd BShaifstR, Prdrbrerkdis BiRMMbUsiRE4 Rtleds 388 bbnBKHGU! i ©

di anmeter of the I ng or ec |.ar S EI]!IC sur?acé area o ?he
packi ng, so tha’i_‘d%giﬁvpglﬁ'ﬂﬁ ?fZ@Z %’Aﬁ‘s‘%iq}’n ‘?‘F‘Bgogcé)r-e achi eved even at smal |
flow velocities. In this way, sufficient residence tinmes over the | ength of

a sensi bly di meagANRhd RS bickiRs of 886d GTeg\F/l_é ?n e{ﬂge&g\qgs JsBfi ke us8dse Of very

fast reactions, a converse procedure 1s a |sa{b urther criterion in
carryi ng of? t HYdspigradation aggat iin &P sa hathas camnietsr ag OSSR 4 | ow of
the |iquid, catanystsi@oig achiemed phhiseraduces théecostsssf theowonk-uphdVidérsper se

hase or phase : h r i ma
Plow of tho- oot pasbd IR Rarf & Sofitadtyibe BYALPLAIG & Helipling) BF RO°
Rgihyclistormylation e s

ap t
of the dispersdngHyd 29§ PL Sice $HESROU, eﬁ'ﬂ(fepﬁ'@tgﬁlnt hesi s
gas phase Mh. from thesliguid pesbicbphadecancheambbé ceturneddo thesprocess.o M | Mz of the
cont i nuous ase (M) to the disperse phases (M) can be greater than 2; it

is preferred thgt M| M > 10. FlI ratios of M-/ > 100 are qujte possible
ond 1 requent |y Dhemolalvain Ggietito kisiessT ARt chhlsht o RaROnNRISRS ok

cat al yst phase in®acheas®hé greatersthphasreallertiihvdreot équatitesper se phases are
divided into fine bubbles or fine droplets. In the process of the

invention, it is possible for at |east one starting nmaterial. &)I efin) to be
di spersed by neAhenssingRoaseouselafiny theurrosess efithe inyentiomis indigldy 8iwey t he
conti nuous ma%dseabad:t%mt but & hquid Ipeadisct phask fgrmsiuping die dadtionsindane
starting nateri 2 t n _t yst
phase. This, tc}g',}eeigr}\%%eévggp %%%ﬁlygng\émaﬁ Q%'ngi]ﬁ%@rg%é@%%gﬁa%g

net hods. Sui t adheeenRhaserysiempishresentdionyiherheginning ol vi ng di nensi onl ess
paraneters, for exanple dsldH = kRe~i ~~~""' Wbyl ~0j 30 where de: dianeter of

the droplets OrTI?e“RJ'B'e?Ea&Qrt aéc-ﬂfﬂ tn¥ p?@c?es?adfttﬁé invention can contain packing
35 orinternal fittings. For the purposes of the present invention, examples of

packing are: Raschig rings, saddles, Pall rings, tellerettes, wire mesh rings

or woven wire mesh. Examples of internal fittings are filter plates, baffles,

column trays, perforated plates or other mixing devices. However, for the




thod (described in Bracer et al.), dH hydraulic diameter of the packing,
Reg, ~' ' Reynol ds nunber of the nultiphase flow = wo, ~"~ (gb JuL¥(24d3 ~))
Weg~~9"~: Weber nunber of the nultiphase flow = wo~~"~z (p,/6a~)(dH ~1") z,
09 JULY 2003 - 16 Kk, mn: enpirical constants (known or determ ned by
experinment), w enpty tube velocity [ms] = V/(~D214), V: volune flow under
operating conditions [m/s], p: density dfder operating conditions [kg/n8],
rt: viscosity under operating conditions [Pas] and Y: interfacial tension
under oper at | ngourposiist bbtie pidseht anentibe, intsthaleittihg$ ldafiualdo poagelse @ (gas

phase), gl (ga h d I I
t hr ee- phase fl VJ;'H""“W thhé{\%\}a gé'%fuys%gﬁé fog'Jn a&%ﬂﬁggéq%g‘ k\ ﬁ%ﬁ'ﬁ%@ SW or
narrow t ubes asPreferengeds oiventtp sfsictyred suxanneckings pr demistar packiagsul at ed
bubbl e or droplet 5 dianeter ds greater than the channel di aneter is not

ol enent s such 46 PBRsEAPheNBlo BRIt Rt SFRgaimpRigeF T SherF & or "
packi ngs or dr oplexcesd adnipinim eress-seationakthpughpetomibadihg factoeBtdfdme it is
possible to usquS@lrsaéta.t 9H GHRM %efyuafr%f%é abeR B fioe cﬁrtecg&% Gyl to or

smal l er than t rau | amet er: pre erably <

C
0.9. The cal cul “QH‘ H}%\?It@f’ dh%ﬁ'@Pamgﬂi’(ﬁ’éﬁ? ulg pﬁ\@(cﬁe%é‘-mﬂﬁﬁ%’ér‘s ar ea to
be 15 cal cul at €Hus ropecated davwe tid pohd at &ﬁﬂ@dﬁaubmﬂ eBlumrisoard hsuaina

fraction chg ofoddgied] .?,ra%mowbgﬁ?at bRt Homfne (¥ &e?%%épﬁt "on)

synt hesi s gas al t he
enpty tube vel dbet P@Sﬁﬁcﬂm p R‘;‘énmbét e et -‘P€h 'that \lbewegactars isthe

re|5| dlentcedt i me comp‘letbtyeﬂ@dsmpsrﬁdspwnemrbbéww obbu%técﬁ%?@é tﬁgpmt ﬁt
cal cul at ed appr, nce tine in the
process_of the Vﬂﬁ&tgﬁ ouynd |a§| bgeerr)\%&%tl"l{a%ﬁg (I?fe%@ck% one hour and can be in

the m nute range or even |l ower. Nevertheless, this conpletely unusual
net hod of qper afd A% the) rdhimefi aéaéésamldadmyoui tHenrdabﬁarrrﬁ&@t&@cussgnn% atively

30 | f d
2 rosul{ & ver yoRily (88t e 4R 481 Fhe ooty oy cel €l & AR S RCe. | me

pressure drop

B =PD/PS
20
where PD [Pa/m] is a pressure drop per unit length over the reactor under
operating conditions and PS [Pa/m] is a mathematical parameter having
the dimensions of a pressure per unit length, defined as the ratio of mass
flow M [kg/s] of all components in the reactor to the volume flow V [m*/s] of
25  all components under operating conditions, multiplied by g = 9.81 m/s?, i.e.
PS = (M/V) g. To put it in concrete terms, PS would be the static pressure
per meter of a multiphase mixture in an upright tube if aill phases were to
flow at the same velocity. PS is a purely mathematical parameter which is
derived from the mass flows fed to the reactor and is independent of the
30 flow direction in the reactor, the flow velocity of all phases or the flooding
state of the reactor.

The pressure drop PD [Pa/m] is used as a mathematical parameter to fix
the process conditions and can be calculated by established methods for
35 single-phase or multiphase flows. Appropriate methods of calculating the
pressure drop PD in tubes, internal fittings or packed beds, etc., may be
found, for example, in the VDI-Warmeatlas, 7th augmented edition, VDI-
Verlag GmbH, Dusseldorf 1994, sections La1 to Lgb7, and also in the



09 JULY 2003 - 17 vyields. Alternatively, at the same space-tine yields it
i possible to work at significantly |ower tenperatures thgJUkY0Q0Nary,
since the increase in the reaction rate, which can, for exanple, result in
m nim zati on of secondary reactions and thus inprove selectivity, nakes
this economcally 5 feasible. The process of the invention can be matched
very flexibly to a wide variety of requiri@ments. For specific requirenents,
the foll owi ng enbodi nents of the process of the invention are possible: to

equiTed Tor ey ohanr MR, g, tRine Dol ?‘%f%ﬁd%@ﬁcﬁéziﬁbg;i%‘égﬁﬁeﬁ{ of
tube reactors hg‘\?ﬂﬁﬁ‘aisﬁ't‘%F%Ll'nWt t\(%&f& gauﬁﬂ%'ﬁ%g%é‘ﬂ*t?é‘ il ams A
cascaded arrangWaamti9df. t ube reactors or the alternative arrangenent of
packed and enpty tube sections is advisable if a particularly |ow pressure
drop is desired, Furthermgre, parallel arrangenent of tube reactors or the
use of a 2 o mufpe PIRRSUFEIRPORL ﬁh%ﬁﬁ?}of ﬁ@%ﬁw&secfm Hyaugreap fAtYinct i on
of internal fittubedsgiveamybe used. In addition, reactors having nmultiple
i ntroduction of gas along the length of the reactor can be provided if the
gas consunption is so high that unfavourable phase ratios of gas to liquid
result from conbining the two phaseRpEweam/Bf the reactor. 25 The
particul ar conditions of the process of the invention allow further
enbodi nment s, of tFe process. Thus, the high circulation of the catalyst
phase or t e colb?Ruous phase which is necessary can be additionally
expl oited for time oper dka/oni]: of dersity nbzhé eflowinghmiesliunooarided ageratihg qui d
jet s o gas conpressor upstreami{qiidie actual tube reactor. This can be
used for thorough prem xi ri_g of fhe two' phases anc} faor conpressjon of the
gas phase, whic¥ makes [Slpossi %V?'Bc@)gél"al"@‘ea?f Ipwgeress-sarionel 8% 3r essur es
in the reactor.DThis i§mh possifobkidigmetieen usi ng gaseous ol efins. Finally,
i f, rather thanngonpregsi ng the gas, t : i It i | ation
of gas 3 5 1vaht Ecgll mul tzﬂ'eous prem xin ngét@gb%ﬁg@?ﬂgg#c@%gﬂ%@p l'e. The
energy introduced into the tubeW'P'EE(ﬂPg’rmSWst he cat al yst - cont ai ni ng
conti nuous phase can thus be used for dispersing the starting materi al
phase or_ at | ean(ing8ss bfidw Mol BabBha, bedihritdeinat Alfhgs, I veldiity 6!
removal in the case of strongly exothermic reactions su as the °
hydr of or nyl at i of tPederiered by dhepectiysivelqqity i(why) and thadube geselerl i he
i nvention. Ziihe toi ld répiaced) byuthe dfydradicc eihannegs tdiamétet idf; efcthe peackirepior
transfer 5 madiiH[%nﬁQlfﬁ , s§YElL i n the case of adiabatic operation of the
reactor, only sma efature differences arise and a honbgeneous
tenperature distribution in the reactor w thout tenperature peaks results.
The heat generated can then convemeatGwp/Daviy¥ntayed or expl oited for energy
recovery by nmeans of any conventional heat exchanger located in the 1 o
external catalyst circuit. To inprove renoval of heat, it can sonetinmes be
useful to rdth tWee€atalyst circuit at a higher circulation rate (i.e. at a
hi gher B val ue)dd harjmj:s hypdranliceidnnehdiaasdarr y, since the catal yst circuit
enables a smaller t er [ over the reactor to be set. 15

. 8hpty1g BN

Conmpared with the i_or ar process of the invention offers

consi der abl e adwent ddes, rasbitanse, gpeflicientjofthe rpparatusawith dilling Hueugh

achi eved at conparati vel whichv/fldweogeenrsit ures. 2 0 The formation of
by-products,{s extrenely | ow, values of 1-2% by wei ght and bel ow are

possi bl e. e process is gentle on the catalyst and it suffers fromvery
little deacti vatheopackioatrelatesudalai detandgy are &enuently: part of He| delivesy pr esent

case of the pregcilichidhsOfor padaify desr & xehiys bppadiigs2datNaff givbRfin fise USi Ng
t he process of atb%%e}n%}(:ﬁgﬁéao\%l-w&%aﬁése. further advant ages:

35 The empty tube fraction y can also be determined experimentally by, for
example, measuring the capacity of the reactor before and after filling with
the packing. The hydraulic channel diameter can in turn be calculated, if it
is not known, from the specific surface area F [m*m°] of the packing or



OnM ng to the higher reaction rate, this process can also be utilized

economcally for the hydroformyl ation of higher ol efi ns hagy guLweeo3 han 30
6 carbon atons. |In the case of gaseous olefins, the proportion of starting
material remaining after partial conversion can be recycled by sinple

recirculation by neans of a jet nozzle. 35 In the process of the invention,
the catal yst phase is the continuous phadé€; -a nmass rati o of catal yst phase
to the di sperse phase or phases, i.e, the olefinic phase(s)) at the reactor

inlet inther aﬁWnélrfﬂm@Q@@h&réﬂ? kihblvn drrapie iR bk Yetdtimel exiRgithentaliy) 20001 1

to 5011, is ad T 09 JULY 2003 - 19 ratio of catal yst
phase to the hy ﬂfenﬁﬁg |%ﬁat§§§$\' (generally synthesis gas) is from4l1l

to 10, 000l 1, preferabl y from 20011 to 400011. The reactants can be
preheated, i.e. in the region of the r &Ehﬁm 5 tenperature, before being
i ntroduced or can be fed in cold. O/vlng to the high phase ratio of the

cat al yst phacke) preheating can al so be carried out by neans of the process
heat. The proceBe aleststancenceefficient fair tubles, Hytdarmﬂloflttlylbat amdh pa‘cktnigeﬁé ns is

10 preferably @érrérél @égonbed%staefme&@{ q @@18%6% %}13
articul arl era nt nge romSO to total
Bressure i syf lrod OmaBa@/ #8”@8’6 f[?z!fgl \é‘F‘E’éBP)PhPF%CQOd‘B%S o thaseastar . The

phases can fl oveft packind) hlm'nalubmngs,aetoqrthenfcﬂlowg eslatibmapip tche dlpst 0 15

t he bottom V, safety reasons, preference is given to
f eedi ng thelq{)haéslglgy%lﬁé%%& ﬁe top. The heat of reaction can be renoved via

vari ous heat exchangers. The heat exchangers do not have to be in the
vicinity of the reaction space, bu,2Q/Res™ RRe™ if desired, be |ocated
outside the reactor. The individual heat flows are dependent on the
specific heat of reaction and on the desired tenperatures in the reactor
and in the wor kwhegrecleqyantiytempthyed exporsints esetn snl,wimi €0 Kmethodeof Benoved

0, e 1 ke oy o o o b b
ol efins are used@F" FE @Eg{"‘ ,nggre '?aqkf%rﬁgﬁ%‘?ém%tﬁa?r‘gli"aﬁla"%/\g‘éo‘%‘? Pt e
| eaving the reeastipply dala bk fraaytes beraturea(gamplésymay be faund inothed Vidlvessel .

The gas-liquid maﬁéaﬂasoan&ﬁnsk&.e%t ). Pmmve’rﬂth@ %aﬁaérfo BE Qfstdiritnegtf
prevails at the reacto us.when at

t
| east part of tHESHIEN [aélp/e%é)&sggg rae&'ﬂ?"guﬁﬁ?@‘ulﬂbe tt%%eaf‘\éﬂg?rage'%@i“mw se,
degassi ng &in Leaokingratedrious valocitiesand slebymiming GYowaa at fandtidreef)Re 8BnThe gas

st ream whi ch hé\ﬁe‘kﬁ@ﬂn%ﬁéﬁ‘éﬁé%rﬁéés&@d‘g%sﬁ@%ﬁte' y or part Iy
recirculated to the reactor 003 - 20 This recirculation can be

achieved in a known nmanner, e.g. by neans of a jet nozzle or mxing nozzle
whi ch is | ocat ddnally t the cdimangianlassr céynolgsst nambeof Reheisr edefined, as by

means of a Ci rcwéatw(w fifforcaiply A666¢ or R = = QWAL wﬁr%ﬁ@é béfigining _

preference s |ve e or

ocated | n Ane toisralyings penaetits,Jf ech cser RPeedcRdRe ViRBSDeRRR A ng, or
i f desired the [kotmd]is thendensityodf tgafowing niedigms sed to a waste gas
utilization system either after cooling or wthout cooling. Wen using a

| h h
cooler, the gasﬁn%ﬁg %%23 F. o-p g'sen ﬁows ri'héreegacs(-)lcl)qu?clir for syn%esns gas/catalyst

solution), the pressure drop increases overproportionally. Usually, using
30 the Lockhart-Martinelli method (in Brauer et al.), the pressure drop of the
two-phase flow Py is expressed in relation to the pressure drop of one of
the two phases, for example to the pressure drop of the pure flowing liquid
phase P,, and expressed in relation to the ratio of the pressure drop of the
two phases P, and P, regarded as flowing alone.
35
To calculate pressure drops in two-phase flow, use is frequently made of
the dimensionless pressures ¢2 =Py/P, and X*= P/P,. The further



1 o conveyed via a line to the gas-liquid separation vessel. The degassed
li'quid mixture is mechanically separated in a |iquid-IiquigoJgey200%n
vessel into catal yst phase and product phase. This can be carried out in
settling vessels of various construction types or in 15 centrifuges. For
cost reasons) preference is given to settling vessels. Al though the
residence tinmes in the separation apparatus -are not critical per se, they
are advant ageously kept short. This has the foll ow ng advant ages: the

separati on apparddtithship IFBInARAN?Y hes2Reb@éntiOBkeh Sexarfins@" ELSROBEI Ngl y
| ow. When residence t rreg.r%e fslhor.t Vi rtual I% no secondary reactions occur
in the separ ati@ﬁy$§s#§lé?.' ¢ folipwiag fiterature,teffenees phases to occur
qui ckly, the density difference between the two phases has to be
oul flcrently |agsgagns Kk, ekanhdii oy, 142 blhsityd 0t 1d bl
det ermi ned By i HPtinaPagkgsk BegeReactor withagpeursent Eas-Lipstid i RYvmkdpw skosity
of the catal yst ChemUEnGNOE adpdre VohiGi (Bd. Y, 1978] ¢47-962¢t he sol vent and the
catalyst concenty ey EERABORSIPPILIIY tidn 16 Tt Shal Cofiai o
separation can blewdarfackgd Beds|, AlGhiaernakMobr & I/ 967a6623-668kere, the
Fehat | on prodUey. oty pekerR B0 By BlsD or IdER OMRrddERRicston Sodlindre,
reasons, iti(s é?géﬂ%{ﬁt g’&@’oﬂ% '{’%?QsﬂpPS‘}S"a @'Cg'ﬁérjoi‘@%e&’ﬁ{'u?@ NCarPk he
| i qui d tenper at Ut/8964, 951e9%4s separator. The | owest possible tenperature
may be regar dedrap { BAGROW. PANHiteOD. MWC)dHreh:Gwo BhddelBbALRFSW in 09
JULY 2003 - 21 _However, i rder t chLeve shart separation tines,
excessively | omP?gﬁ?ﬁeﬁ%Qﬂr&@?‘ﬁ‘quﬁQﬁqv @WoZéHP- 2)s SR é3kd38Bbve. The
g_r odyﬁt tsjt reamTNaMidexf mfwce;na:dﬁ Charpertien: tFiow Gastbre Ryessuye boss and f

t ati ; : S
caired af oy o duf HBldUp a8 GRAADICHONATION ERIGPRLE Ghn ity .|

desired af ) smal pl aci

catal yst sol uti @ N‘J@?‘%ﬁ"ﬁ@a Ligidhe Jr €Remo ENg1 Of PRRAROVPlo &5’ é)«a’él?lGes
illustrate the 3508861 on wi thout restricting its scope, which is defined in
the clains. Hydrofornylation of propene: 15 Exanple 1 (Conparative exanple,
batch reaction)_290.3 g of TPPTS |igand (triphenyl phosphinetri sul phonat e)
in the form of Therelgtionshinaroposed by Midguxpwhishriwasbeprpehcksd fergpagy of a
sol vent corgo st gaegliquia spétedisYistirequentyhtitilizedddhib eatuidtivhoF oredntpdss by

wei ght of water were placed at 120C in a stirring autoclave and 50 bar of
synthesis gas were injected. The hydrofornyl atign,reaction was started by
addi tion of 0.531 g of rhodium ac® ate*di%2d- 184 i n the remai nder of the
sol vent. After conplete conversion) which could be detected by neans of the

t hesis 25 : i .2k Lo t. a
actbon: moat o Shie gpZedtetdbckt Wfortibh rEIUChARTR GerfBRa 1A i Torni

ene0. 64i - B> r aindeanyyworkso detailed digcyasions obit ney- s fauing in raany. texipooks
| - 1, 3- di oxol aneéh prbtels engindeldnglandk plislitatioRs] fbrasxahsplé &1 BrauBfet al.

The pressure drop of the two-phase flow Py, is then derived from the
experimentally determined pressure drop, or the pressure drop estimated
30 asdescribed above, of the pure flowing liquid phase P, using

Py = $*P..

In the present case of the preparation of aldehydes by hydroformylation of
35 olefins, the calculation of the pressure drop is even more complex. Apart
from the synthesis gas phase and a liquid catalyst phase, it is also
necessary to take into account the presence of an organic liquid phase.



09 JULY 2003 - 22 Al continuous hydrofornylation experinments (even those
using a starting material other than propane) were carri edpoyyLY 2603
experinmental apparatus as shown schematically in Fig. 1. Unless a different
reactor is specified in the description of the exanple, use was nade of a
reactor 5 having a length of 3 mand a dianeter of 17.3 nm (volunme: 705 m)
and containing static mxing el ements froht#Sul zer having a hydraulic

di aneter of 2 nm The aqueous catalyst is circulated by neans of a punp 1.
A efin (propane)Thss gmdblegnichasbe speedt byr determiting rd dukther (daﬁaismless

i ng nozzl'e 18 IERIdGh e I5G I ea oy o R PP BIEN 1"

static m xing el enments. At this point, gﬁ‘leq)lom'?l mate m xing of the phases,
which is a function of the Reynol ds nurrber for given mxing elenents, is of

particul ar i gpor, h i,ng ,pr oduct,

unr eact ed sthr)t Ilﬁgeﬁ%raé-léngé’ g %ﬁ%@éﬂ@l?ﬂ% ’?%C?%fgg%%@édﬂﬂn the vessel 8.
Most of the 15 gas 9, conprising 'ﬂpéﬂ?gnﬂ-(@rd?]ﬁhﬁé’);u/Lsynt hesi s gas and
accunul ated inerts is fed back to the reactor 6 via a gas return line 10

ith th id of 1 XI 11. A I t of th 9
bled of f via a iTRePESSS) diaRY Br mHSERaH e itk bbs cafuiared by ©
recircul ati on ofcustomasy peetbods iof athepriced cergindeningb | Thed sameeapplidd t_ostheeduced
to accumul aygd | |&§slﬁﬂgﬂr§é@élhﬁ?\sﬁn%§'gpﬁs§ufg ?r‘é@rl?(’}%t ﬂ% I%wlhﬁ??étlérs gas. As

aresult of this arra e conversion I'eéfin ropa
virtual |y unaf f &4 eyt Wg‘aﬁ%@%@charge of inerts. 2 5 The liquid stream 15
obtai ned after degassing in the vessel 8 is conveyed to a phase separation

vessel 16. Her e Mg‘d%l a f et ur ned
to the circuit. ‘Fh Eﬁgﬂ %Fgg%?élﬁhg'g’ﬂ § Ia?é@ﬁnﬁ%ﬂr gw% gdﬂ%y@rgrae ns of
an external heafundamgntgjeondit iongn @%R@ﬁ%%@f tbethV%‘lt(O@oB'pﬁi\O Recgrsateml es,
conti nu?us REOC &i%eh o édueiltto B8, \peeforably greatar tﬁbﬁ*%f eQ&éﬂﬁ'@Q bdrgﬁﬁﬁ:&ﬁﬂd t
conparative exp rat.us ed_i.n er to
denonstrate the%é%{g%%f Hegté(gpﬁ?rwpé ?&i ﬁtqﬁgr Sy ﬁel n'stgé?%rg\a
space-time yi el @ eaugde OB & reacter poeratsd faem dori topsdowrewards begins ke Heod.

exagpl es, Ithe {lltﬂﬁa)lﬁeiaﬁ;ﬁreéﬁ lpbfﬂé@bunﬁamhémmeﬁé%ommoﬁé@ﬁ@ddhéﬁéa% W?ﬁ
used as sol ven u e
705 m reactor gﬁ d@}ﬁaé uﬁe %ripéggso&plhr%h'éw?'é@ '?'8&%%62‘ ego bar.
The concent At Hiﬁﬁﬁachﬁdﬁwl@ﬁfﬁmgf%@\ep?ﬂﬂom QBWQM§\OFZ(D@BOthGQereQ§@Qed on the
sol vent phase. As ligand, TSTPP was used in the form of |ts sodi um salt

NaTSTPP); the was c rie und
I(‘eaCtI on) condi tlﬂoﬁib O(?B]L‘:Sgsmi% gglo +feq]§ reaﬂ?é eac? % IXI‘ e was
130C. Experi menthejingeeasing filff@ems@i Ptﬁ‘féléfre oveRs thedearion a'ecmﬁﬂttle @ﬁ@ndf
Exanpl 3 2, teXCSHMetémie\Iéﬁﬁdésﬁ@bte &8loRd @8 3he mm|3€swe-t.@@@&@,u5t|%go
carried ou a (S)
a1 of catabysie,eiiieiaakisepins %‘%ﬁéx s Bonaly A b, Filft 3 agrsRp
starting mat eri #Mposeddoniy byrragical ﬁ@%ﬂ'@fﬁh@l&smas remgngy QOIISNG‘P&IQIIQQ' in

mol I'h. 10 Exam 4efakyof ¥ep @rbhﬁ%z fibbes iter B8 réasiicH fsicémplete.
mat eri al CO22. 7916. 9928. 2412. 73Hz21. 2815. 8726. 3811. 89N20. 120. 090. 150. 07Pro

enebl1. 4935. 5731. 1333. 45Pro .
ane0. 170. 120. 108. carthusube Gaznithat, oggarD femt thezooBag: dw. 0B the rrlividual

ene3. 356. 7330 044n8dls IR AR HBoSKIGHEL ALY B M)A&vEE ihoRARnT 2Ahe06! - But
anol <0. 01<0. 01< %% 01n- Bu r}ﬂbo 07? ;@@ﬂlgog F 3& icul
| hexanal 0. 090. 0BBYSI&H d§BNEPNS ¥ ( IgggtesdYyand, in particular,
asC09. 503. 0613. fiesdataHestspackiy o] nyNm:hza[bamemerQemBr tube fraction
ene37. 3713. 5617 HSortant role. Wit
ane0. 170. 100, 17 g’%ﬁ/ tig'ﬁ% o mf)a' ih the aidof fhese parameters, s Py r0202%9’6 09
JULY 2003 e mat e wnthou difficulty to'a W|de varlety of requirements; |
35 only important to adhere to the condition B > 0.8, preferably B > 0.9 and

particularly preferably B > 1.



- 24 Exanples 6 to 11 (according to the invention) These exanpl es describe
the use according to the invention of solvent mxtures in g4gUIR20030US
apparatus described, using a solvent mxture of 5 waterl ethylene glycol as
an exanpl e. The neasured data make clear the increased space-tine yields.
Here, there was no appreciable formation of dioxolanes, in contrast to
stirred systens. Exanple 6 was carried out® under the reaction conditions of
Exanpl e 5) except that a mi xture of water and ethylene glycol (20% by

wei ght) was use& e sop9aft a slaweseastens one twllt her exansriA: salech@ sMallt hyl ene

gl ycol was i ncrgpgadiid Qiaffdlervf thebatiting Ex@arewa%ﬁaﬁg@%}a@aﬁé s@dactaredrgier the

reaction conditjons_gqf Exanpl cept that 40 h of, catal yst were
passed through h?ep?cgmg,osro%g tl{%ég{ﬁgr &Fmﬁf%g’fﬁ?lﬁ% %‘5\’%@ ?ngsanpl e 9
was carried outsmalifpowtveloaditiescin s wandiufficient residereamfiines 8vercthedgngthhat t he

reaction tenper r r i r.
Exanpl e 10 \Angs g#agrsggg@?uf&ﬁ‘uﬁgj?eta ﬂgdlﬁﬁﬁal @%Efdr%eﬂfb?ﬁﬁéﬁ.elfn %Eggég?gﬁ 9,

reaction condii|ons o
except that theve¥dastirgaciofspdrapyarae pepcedae 'Sﬂﬁ{‘]’§aél?peri ment denonstr at es

that it is possible to carry out the hydrofornylation of propene in a

1 oh ) e L ) . _
Bearple 11 vae. SluMer BicPATEr ol e PRodEeyr e nthdBIBYAOTT .
10, except t hat theHaasetewiohthe lieydueatalyalscadaiping phasetMeta thednass flow
goncentratip@t\rfl\@f tﬁ@oqiapéfbebpﬁlesb it bhésé@'M‘tfzn:n ﬂﬁﬁi gre%éﬁterda:getnbf thef
enonstrates | | S 0SS arr ou e I Of pr. .adltld on, 0
propene in a nuﬁ)(qu{?é@élag?é'tm%@?g%iﬂé\q %%Q@e?‘fi't S‘ypﬁ?slfsbg\)g?/’?'@#é%nﬂgi ng | ow
rhodi um concent geeatesrtban e mass dlow olothe disperse phases,rig. e erganicsoleid i n and
678910151 21g) M hd, Ine AFplRRise god iaceMa, I télpfostiidor ke Bxam
mat eri al CCO23. 31’2‘&99@' 3@84@?‘?%2’?&@6@3. RHYE FopinuonsoPhase (Meh1o 1581 3320
. 120. 110. 2505 200isp@Be@hises dvid 4an deFeales thab2,dt BIBefcoddznatdvyid, > 10.

ane0. 120. 080. 1261o39Qaifi0of HIRGUS! B8 788 1858100 Lkl egBsHy: 3n510. 411

ene4. 375. 386. 3339VANRAGRRYS1 Bindal the, gendlitien MtV 272 therat@ystodirsaus 4Rl 9. 3417
, 2536. 9921. 600. &diflintidus phass) oviiledho dixperasphazs. H6divded Biw fineb0bigies. 150. 48
0. 230. 010. 00i - = (I QX 0 . 3<0; S 5

G oxol ancd. 050, a B SO ‘@%@%&%ﬁh&%ﬂ%ﬁ it Peliblly B A east

| - hexanal 0. 290. 91% SiEN@dBAteEE| (BB 0 Pe fisRersed .y 619808 Yolesaerdno. 170f 1
asCO. 093. 155. 7Mr6dd@BiIni® 118 Bilid2rea0mt 0the8idtinGadst pBadet (@Balyst). ZPRiis 090. 330
. 250. 130. 12Pro I3 ;

4o, 180, 060, 17528380 fi5fersich &fat éﬁ%o SR i3Brisl e fubblos or droplets 20,
361. 351. 871. 612W8N the)gontifueus Gatalyst PRas&se| ect i ve hydr of or myl ati on of
1-butene A further application of the process of the invention is the

sel ecti ve hydro akd A i ; ] JThis
rure c%%pég%fﬁg?%ﬁ? Bo il & ﬁ"efarngﬁf?a%‘"fg‘n%?%E;ﬁ{f’sfﬁ‘;%‘@gz
ADITh

-para ] by
wei ght of 1-but dng QFys?mEerF@até‘ms@H%Sed' ving 1 JIMEPEIoBIesat er
and et hyl ene gl parametesd) fobekdmpleei ght ). Exanpl e 12 (conparative exanpl e,
bat ch process) to This exanple represents a conparative experinent in a
stirring autoclave in order fo denppstrate the adyantages of the present
invention in terns of product qua‘Hqﬂy’ '&%‘ngm Mewgy h conventional stirred
reactors. 2881 g of NaTSTPP, 86.2 g of 1-butene, 13.5 g of isobutane and
67.7 g of a sol 15 consi sting of 30% by wei ght of ethylene glycol and
70% by wei ght of Wwater were placed at 105C in a stirring autoclave and 30
bar of synthesi®: gas msd'?meEQ’tQ5§?e qroplets ar bakblag chtai yetherasternas
started by addition of 2Zmefhod (désaibeddid Brauetatiahy,e sol ution containing 3. 7%
of Rh (in 30% by wei ght of ethylene glycol and 70% by wei ght of water).
After conplete 2 o conversion, which could be detected by neans of the
synt hesi s gas a#éor pt i onhysliawlic diampetes@f thespagking, was t aken from the reacti on
m xture. For thgefigl:! ow R_dedlcﬁé hiiber gqhemhﬁ%b%wsﬁw@ﬂ (AFdrey,nal

standard was disregarded in the cal cul ation.

Wegign: Weber number of the multiphase flow = wgign’ (plog)(du/F).,



Exam | el2Subst ancePro ortion in % b wei htl-Butene6.12-Meth

| but anal 1. 19Pent anal 77. 4i - Pro | - 13- di oxol ane0. 13n-Pro | -1 g9 JULY 2003

3-di oxol anell. 9Renmi nder 3. 28 09 JULY 2003 - 27 The continuous
hydr of ormyl ation of 1-butane in Exanples 13 to 26 was carried out in the
same way as the hydrofornylation of propane except that the gas return |line
10 was cl osed. 5 Exanple 13: This exanpl é®déscribes the use according to
the invention of a solvent mxture of 50% by wei ght of water and 50% by

wei ght of et hyllemg: gl ycampinicalleonstamts (knows o pletaraines! bjesxperivett), The
measured data nmake clear the | o significantly reduced formation of

di oxol anes conpared with stirred systens.. 40 gl h of catal yst were passed
bEhEE s T Vbied

through the 3 M¥1ong redRTRlY tupe ¥e T 5C. In addition, 600

standard I!h ofV:isynt hesiwlgmae flawdirRick gpératifg cahditiond gn’fsjwere fed in. The

reacti on pressure was 50 1 determ ned: 15 Exam
| e131- But ane, %' b wei htd_"ii}ﬁh_é%;ggr?&g%é% %%@JW/&TY

t el nBl hO. 74Pr odiict : i - But\4$roBitg SRde eRaiating qenditions [Pass] and

cl obut ane0. 04t ryaps- But arnater@dial Biisioreind2( bpetkiting kedditidrs [Nymiput ane4. 14Neo

Pbut anai 5. 28n- A BircRge8 ORERPHA0 0 3bgs BBdacH bf (gasmiauid two-phase

| di oxol ane0. 09flawgrandrghl (0ag/liguid/iguid threetpliassi fiov)l ane0. 25Et hyl ene gl ycol 0. 03
eaction- condi tfan S Snifired paBidRi s P ol SZA SNFEY POV RS 850 ere
passed t hrough im?m'e@&?%mé&ﬁw iR!ﬁ‘:!ﬂg'Bu@@h@, C%CH%(K%A(%Wb%n Of 99'%. 30C

1- but ene59. 46%&lidmeter k3| dgréated finard thet charibied alieeetéOis Bott sersthlé. lidowever,

cl obut ane0. 06t réﬁgsdanlg @%B%ﬁkﬁéﬁt%a%kﬁmﬁ%%ﬁw SR§PadONeo

gt
ent ane0. 061 3- But adl en . . .
| but anal 2. 25n- PEFR SeshoBngs o5 \Weven Wireamesixdkeawm@s flerpister packings or
| di oxol ane<0. 0ldreplet prvipitatdap -In -tz prdcets 8f theoiwbatioe) i2i8 idsybinte use

gl ycol <0. 01 - i y ! ied out
dnder the reac&%é#%%%ﬁ?‘%?%*nd@@#@ AR Eerg it 1Sl BaTARRY B B U

catal yst wéie puEsaficihaBNgIRMetS eact or and the 5 reaction tenperature was
85C. Exam | el51-Butene % b wei ht in feed28.90C 1-butenel7. 09%STY

t e/ nBl h0. 21Product:i-B utanel. 9 ut an

cl obut ane0. 07t r aps- But ene9. 891- éwsa@e_ng?%%%{lg@ b<u(t)'g'ne37. 42ci s- But ene6. 19Neo
ent ane0. 091 3- But adi ene0. 112- Met h | but anal 0. 293- Met h

| but anal 0. 48n- Py edleliStedldroptt ldidrhetearinall. AfMat & rhagsotransfer area to be

| di oxol aneql.SOB%aE&métgH% Qc@o:?aé%e%ﬁh | -1, 3-di oxol ane0. 19Eth I ens | col <0.01
Exanpl e 16:7710

A, = 6@gd; [m¥m°].

For the phase fraction ¢4 of the disperse phase (in the case of
20 hydroformylation, synthesis gas and/or organic phase arefis dispersed),
the ratio of the empty tube velocities of the phases can be used:

Pg ~ WelWg1.

25 The residence time t of the phases flowing through the reactor can be
calculated approximately as © ~ Ly/wy, The residence time 1 in the
process.of the invention is generally much less than one hour and can be
in the minute range or even lower. Nevertheless, this completely unusual
method of operation (high catalyst throughput in the reactor, comparatively

30 low proportion of starting material in the reaction composition, and as a
result a very short residence time) achieves surprisingly high space-time



This exanple was carried out under the reaction conditions of Exanple 13,
except that 250 kg/h of catalyst were passed through the pgasyy 20038 t he
reaction tenperature was 85C. 09 JULY 2003 - 30 Exanplel6l-Butene, %b
wei ht in feed28.90C 1-butene20.98%STY te/

nB8h0. 26Pr oduct : i - But anel. 88n- But ane8. 53C

cl obut ane0. 06t r ans- But ene8. 881- But enel?% Q7l sobut ene28. 61ci s- But ene5. 48Neo
ent ane0. 091, 3- But adi ene0. 002- Met h | but anal 0. 773- Met h

| but anal 0. 68n- Pﬁ@lﬁ@”ﬂit@rﬁa@y '\&tﬂlﬂe EQHE%BQEQ tt%“{fq‘élas it |§%0$S|ble to wark at
| di oxol ane0. 011- Pent

Pé[ﬂ B F ‘6"‘8 ane( lens | col <0.01
Exanmpl e 17: 5 THPRME Efplog %mg%{p Yres '~°uﬁ PMEHe SFE’EC CIAC'EBATBIM i ons of
Exanpl e 13, excibpt redcdiont tate,r edith eant dapexatipies vessilt 9 C.mininGiatibdL ¥f 2003 -

31 Exam | el7l-Qubans G%Qctgﬁis thﬂﬁfirg@r%%é sBiictidity WhaKdE s kot dmicglly

nmBhO. 33Pr oduct : uta tane
cl obut aneO. (thr&ﬁ§' b8t ane8. 941- But ane17. 11l sobut ene32. 67ci s- But ane5. 53Neo
ent ane0. 071, 3- But adi ene0. 002- Met h | but anal Q 763-Meth

o ouoh aneo. 001 R ARReEe e INEN {‘%lf‘”‘% ThaieBsd e et o midevariety <o, 01

Exanpl e 18: 5 Tofirequixempnts. hak seegifi¢ eriuements dhe foltowirg embedimantsiof i ons of

Exanpl e 13 _exc@Blpré s of (iR iheastidroaretigBieat ure was 70C. Exam | e181- But ane
% b wei n feed27.00C 1-butane9. 39%STY tel

n8hO. 11Pr odRPct i - But ane2. 51n- But ane10. 96C cl obut ane0. 06 09 JULY 2003 - 32
Exam | e18t r ans- IBthe applic@lion Baquires23 vesl KmigunbdreRond or saling ze6eS88Neo

ent ane0. 061, 3- Bahagsg Wﬁpegag%lmméﬁéﬁﬁhﬁsgﬁgwﬁk% r&ascaded arrangement

| but anal 0. 63n- Pent anal 4. 7 | bu
| di oxol ane0. 0819f4PR ERAGIYSS gwﬁggﬁ}prr@ tt@QapapeF'ameaMe empigyedne

gl ycol <0. 01 Exarrpl e 19: This exanple was carried out under the reaction

condi tions | ner 80C.
Exam | 0101 But dyeooradoraandSraior (185 robfors b Mol IRE dlpenien
mBh0..23Pr oduct : 9f- PRekede 80 19(0pY ke 1 sedions is advisable if a particularly low

cl obut ane0. 08t rpressuBetdeopribldesirdd But enel8. 231 sobut ene

~28. 57ci s- But ene8. 01Neo ent ane0. 121 3-But adi ene0. 152- Met h

| but anal 0. 673- Met hyl but anal 0, 41
Furthermore, parallel arrangement of tube reactors or the use of a

20  multitube reactor, in which the tubes can assume the function of internal
fittings, can be used. In addition, reactors having multiple introduction of
gas along the length of the reactor can be provided if the gas consumption
is so high that unfavourable phase ratios of gas to liquid result from
combining the two phases upstream of the reactor.

25
The particular conditions of the process of the invention allow further
embodiments of the process. Thus, the high circulation of the catalyst
phase or the continuous phase which is necessary can be additionally
exploited for the operation of a jet nozzle which is located as a liquid jet

30 gas compressor upstream of the actual tube reactor. This can be used for
thorough premixing of the two phases and for compression of the gas
phase, which makes it possible to operate at higher admission pressures
in the reactor. This is a possibility when using gaseous olefins. Finally, if,
rather than compressing the gas, the suction is exploited, circulation of gas

35  with simultaneous premixing of the phases becomes possible. The energy
introduced into the tube reactor by the catalyst-containing continuous
phase can thus be used for dispersing the starting material phase or at
least one starting material.



09 JULY 2003 - 33 Exam |l el9n-Pentanal 17.792-Meth | butanol 0. 04Meth | ro

| di oxol ane0. 041- Pent anol 0. 252-n-But | -1, 3- di oxol ane0. 02Et ho$ guRLY 2603 <0. 01
Exanpl e 20: This exanple was carried out under the reaction conditions of

Exanpl e 13, 5 except that the reaction tenperature was 85C. Exam

| e201-Butene, % b wei ht in feed27.00C 1-butene24. 23%STY te/

nB8h0. 28Pr oduct : i - But anel. 68n- But ane9. 18C18 -

cl obut ane0. 06t r aps- But ene9. 011- But enel6. 271 sobut ene31. 89ci s- But ene6. 34Neo

ent ane0. 071 3- But adi ene0. 092- Met h | but anal 0. 783- Met h

| di oxor ane01. PerrelaRgeHeYArmib kpbQ bl Shhdy BRARRHk bfetions surh 258 o1
09 JULY 2003 5 lmsdigfermaylation Tofi elefiRanisl alsaaBolc griticabdinothe wrekasst Al theact i on

condi tions of Eh@émldﬁ TBe ﬂﬁbu?ﬁtﬁh of e Eéﬁ%t Bifclitads a3 HE =8 tr‘éﬁ§fe95c
Exam | e211-Butene,. % b eed27. 00C 1-but ene32. 91/ TY t

nBhO. 38Pr oduet - MediyfLSO, agcﬁxﬁegﬂ the-caseqk adiabatic operation o ereactor only
cl obut ane0. 07t remall BemperteOdiffeBarioenedrse Hrslohuhemegdndiisi tentheratued. 04Neo

ent ane0. 081, 3- |
| but anal 0. 75n- Eg%@glr{@?}ggn gg% r%&tﬁr Vﬂ %@p%@&yﬁ%ks results. The heat
| di oxol ane0. 01199REFRIGH oFA (5@94" r‘FoBﬁ?“'Pnty beqremenesheo expitsd| onLnergy| <o. 01

Exanpl e 22: Th|rsecevmyruiyenmsowfram}edonvéntlmndleneétl”lexcﬂmgéw docaterhth thens of

Exanpl e 13, '

Exa%l e221- uten)gé%gl})%at\%\gg{ ?1'% ﬁ@& 0%%[)%@%%4%2%"@% tr)‘r‘iz'ShO 51
09 JULY 2003 - l@&u@mtf@mﬁ@mﬁwﬂ%@tmg@ QoHlation saledi.a.7at a higher

cl obut ane0. 06t rgp&uB) tHARES t8chhidilly a1eeddsdrp| SiAcY trRNG4dly Si36itckit BinabReta 24Neo

Pbut anai 1. o8- PNt taergte &%ﬂeﬁtboﬁ%iﬁ% BeBFitb Bet
| di oxol ane0. 001- Pent anol 0. 122-n-But 1-1, 3-di oxol ane0. 04Eth |l ene | col <0.01

Exanpl e 23: 15Th|(§orﬁﬁ$é\"€8| wueﬁa&h@apﬂ"due%rpumélrrs!—%&estsh%fr ﬁ?ectnh%htmndjf@r@ns of
Exanpl e 13) 5 exce iQn t gnper ature was 115C. Exam

t
| e231- But ene, &%S&t&rabﬁ? af’\ﬁa'ﬁa%%%‘”l%"? %ut ene66. 66USTY te/
nB8h0. 80Pr oduct : i - But anel. 71n- But ane7. 77C

cl obut ane0. 05t rapsigPUEpacLtiRé 1 yRIASL N8Sh 184 S QBHbREE 26t AshSarBiNeyefbwd? 09
JULY 2003
temperatures.
20 ¢ The formation of by-products is extremely low; values of 1-2% by weight
and below are possible.
e The process is gentle on the catalyst and it suffers from very little
deactivation; continuous discharge is eliminated.

25 Inthe present case of the preparation of aldehydes by hydroformylation of
olefins using the process of the invention, there are further advantages:

e Owing to the higher reaction rate, this process can also be utilized
economically for the hydroformylation of higher olefins having more than
30 6 carbon atoms.
* In the case of gaseous olefins, the proportion of starting material
remaining after partial conversion can be recycled by simple
recirculation by means of a jet nozzle.

35 Inthe process of the invention, the catalyst phase is the continuous phase;
a mass ratio of catalyst phase to the disperse phase or phases, i.e. the
olefinic phase(s), at the reactor inlet in the range from 5000/1 to 4/1,
preferably in the range from 2000/1 to 50/1, is advantageous. The mass



- 37 Exanple 24 Ethyl ene 4l vcol <0.01 Exanple 25: This exanple was carried
out under the reaction conditions of Exanple 13, 5 except ppauLtyheoosacti on
pressure was 43 bar. Exam | e251-Butane, % b wei ht in feed28.30C

1- but ane58. 59%STY tel nBhO. 71Product: i - But anel. 67n- But ane8. 02C

cl obut ane0. 05t r aps- But ane8. 371- But ane ~7. 90l sobut ene24. 87ci s- But ane6. 20Neo
ent ane0. 041, 3- But adi ene0. 012- Met h | but anal 4.293- Met h

| but anal 5. 18n- Pent anal 30. 292- Met h | butanol 0. 04Meth | ro

! fll ?&OI aggooﬂlgwwmb st7&2a§é-t8qhelhyhr§foﬁe#h%§6@a§en ﬁertau ﬁg@?“k"?ﬁg
~ u
?egct i on condi tgﬁﬁmg ar{BI@ 0@/? %%&%'Y:HQW %@Z”Oe length was 1 m
09 J ULY 2003 - 38 Exanpl e261-Butene, %b wei ht in feed27 60C
1- but ene62. 22%SF¥t Piad t ane
u et RlacHid- c733| b PFéhe'at&P poeq 1o thﬁ]dgg HB.'u reacfiop |\

cl obut ane0. 06t r aps- But ene8. 5 41 sobut ené tene
ent ane0. 051, 3- BIRABRATENED. *@ﬁf?rel%‘?'ﬂg I"H[RWF’PFESJQQ hasted in cold, Owing to the

| but anal 4. 57n- Phighgstedsd3atd 2f et dathlgst pﬂimdeo photdatifg kafi @lso be carried out

| di oxol ane0. 091 t 4 -1, 3- d| oxol ane0. 34Eth |l ene ( col <0. D1
Exampl e 27: 5 T g{bg)%agt%fﬁq éég&c%r‘%a}ted out under the reaction conditions of

Exanpl e 13, except that the reactor length was 2 m(wth the sane internal

fittings and di FABt pfaces&XGFMHe Ifveriighe s %é) ﬁwroanylét.ohe%dZ&eﬁH& is

0 -
%Oggt _enggz /(STYéé%élynBchOméBoL dUCt t'em%uetra ure range lrjc;[n{f1 nf@’cmio 28(? C] Uy

cl obut ane0. 04t r padicalarly meeferably Bu the ¢ang frooh S0 4@ A1.508Ci HeBet thret®iad5Neo

ent ane0. 051, 3- Byieadiy@ig frofhl 70 bt o dd@Eérnéﬂe*er%ﬂ%gM?ﬁ 50 bar to 150 bar.
| but anal 3. 36n- Pent anal 36. 932- Met h | but anol 0. 04Meth | ro

| di oxol ane<0. 031- Pent anol 0. 61xol ane 2-n-But |-1 3-didi 00.43_ Ethyl ene
gl ycol <0. 01 HydThé phagéscarnfiowfthrouge dee ubieveartonin escu@namon2te 6pAokg/ h of

catal ytSt sof éﬁt | (i Btﬁ{t&npaﬁ%f%‘é QQEQU%r%éfQG FRREAEO" prdferbibe G¥RGVéARA! al
apparat us. © re lgngI tﬂe phgg?selrna}ro% ﬁ“ue top.

The heat of reaction can be removed via various heat exchangers. The
heat exchangers do not have to be in the vicinity of the reaction space, but

20 can also, if desired, be located outside the reactor. The individual heat
flows are dependent on the specific heat of reaction and on the desired
temperatures in the reactor and in the work-up equipment.

The heat of reaction which has been removed can thus be utilized very
25 simply, e.g. in the process itself, for heating a distillation apparatus or for
generating steam.

When gaseous olefins are used or in the case of incomplete conversion,
the mixture leaving the reactor can be degassed in a gas-liquid separation

30 vessel. The gas-liquid separation can be carried out at the same pressure
as prevails at the reactor outlet. This is particularly advantageous when at
least part of the gas released is recirculated to the reactor. Otherwise,
degassing can be carried out at lower pressure (down to 1 bar).

35 The gas stream which has been separated off can be completely or partly
recirculated to the reactor.



125C and the reaction pressure was 70 bar. The concentration of the rhodi um
was 800 ppm based on the catal yst phase. As ligand, use \wasJupy¥e003 TSTPP
in the formof its sodiumsalt. 1 o Exanple 28 (conparative exanpl e,
continuous process w thout solvent mxture) Water was used as solvent for
the catalyst. The pHwas 4.5. The PIRh ratio in the catalyst was 5. The
nolar flows of starting nmaterials fed in Zhd 15 of the products are shown
in the table in nol/h. 09 JULY 2003 - 40 Exam | e28STY te/

nB8h0. 05B13. 96St Zhisi ngcirculation can be achieved in a known manner, e.g. by means of a

mat eri al COL1. 38|t h8z#8 ¥f thiklad nbes8 WhichlidMbABS In tHeeSRAS & el dPSaBah0. 342- M
eth ldecanal 0. 110ff - as&OlO 6Hz 9. 89N20. 05 lEﬁarrpl e 29 Hiaccor‘_jl ng to the

i nvention) 5 Th8' HEAFRACOTHEE BY RS Wed GUEUIZHRY OF fMAressel FOVERTn of a
sol vent m xt ur ecofsig@editnys, peeigrancefis wiresr toarsing @%etyoantd ghmixing ebkzibene

gl yool for the Qythal MBdARIIAE cOlelybt BRARPst/eBrrdRS dugeronstrat e the

superiority of the present 1Inventi the space-tine yield over
the solvent water. 10 The sol vent used for the catal yst was a m xture of

vva{ elr atnd et h)él)afhe rerlnuirfdg, (ol:iﬂdésiremhenbtta_vmn&ur?-ofﬂa:s d%(fnﬂge passedl icﬂ?t Pﬁ
catal yst was . (S . n r.a L[ e
pr odu%:/t s are shg\?;ﬁ[ |$1£H@{Z?Q%'?§§?t§&r§h%ﬁu ?hegﬁgafﬂgﬁf 5@&" _cog[fnga}g&g | e29STY

te/ nBhO. 08B12. ggiRgaat cepler, the gas condensate obtained in the cooler can be

mat eri al COl3, 86kbrhy8&ME a Q@étm@%mﬁEH Shokr Jéagene6. 65Undecanal 0. 612- M
eth Idecanal 0. 040/ f- asC O12. 92Hz12. 27NzZ0. 071 09 JULY 2003 42 CLAIMS 1. A

hydrof ornyl ati on process conprising: reacting, in a tube reactor, a
mul ti phase mi xt The degassex tiquig mixtuse iisunechenically saparatesl oy arliguid-tiquidi ns

having from 2 t geaic RESstiRies batdlat ?asgb A, SrUbeN pRBSEOXTHE .canbé he
presence of a hé@rr.ofor l.ati 0@. cat al %‘5 , fy\/ner.el n Salsgr nb” t L]lgl%)hase m xture
further conpri s€&M8dc8HE IR, SBLING YGFPIDNGs YaHAUS atonsULEton, {¥Pes ser®d
phase, sai dl%at eéntafuges. foreoshieasons prefecameeiingives tpbeattliing wsselscont i nuous
phase conprises a solvent mxture, at |east one olefin is present in said

di spersed phase, said tube yeact ?_r has a | oading factor B which i s equal to
or greater t hanPtheughathe gakienrs tigies| indhe ssper atishapRarAtug are et sulicaint
m Xture conpri sper aepdhay aregadvantageuusiyndeptashod. dhid dmst tHerdolowiggn

atoms. advantages: the separation apparatus is small and its capital cost is
20 correspondingly low. When residence times are short, virtually no
secondary reactions occur in the separation vessel. For the separation of
the phases to occur quickly, the density difference between the two
phases has to be sufficiently large and their viscosities have to be low. All
three parameters are a function of the temperature and can easily be
25 determined by initial experiments.

in addition, the density and viscosity of the catalyst solution can be varied

by choice of the solvent and the catalyst concentration. A further possibility

is to alter the density and viscosity of the product phase by addition of a
30 solvent.

Phase separation can be carried out in a wide temperature range. Here,
the separation temperature can also be higher than the temperature of the
reaction product at the outlet from the reactor. However, for energy
35 reasons, it is disadvantageous to employ a higher temperature than the
liquid temperature in the gas separator. The lowest possible temperature
may be regarded as the pour point of one of the two liquid phases.



2. Process according to Claim1l, characterized in that the solvent mxture
has a dielectric constant at 20 C from50 to 78. 3. Proceg® 3uLyr2tiosy to
Claim1 or 2, characterized in that the solvent m xture conprises water and
a water-m scible organic solvent containing at |east two oxygen atons. 4.
Process according to any of Clainms 1 to 3, characterized in that the
catalyst contains a netal of transitiom glouap VIII of the Periodic Table of
the El ements. 5. Process according to' any of Clains 1 to 4, characterized
in that the catldbwetercdntaides tbi adhieva sbort Rsepaestioratimesdiengedsivehnfoof
Clains 1 to 5) i J { = rhodi um conpounds are
used as cat al yst'zéw;?&gf%éc%%g‘dégg%ﬁ' ﬁgﬁegﬁ'gﬁg‘hgp 1)%'ai n 1 to 6,
characterized in that the loading factor B is greater than or equal to 0.9.
8. Process accoTitd godactasye®h €Araibes fractichated AakasAr metibds etdlabyt he

| oadi ng fact50r ﬁ filFaé@Fneat er than or equal to 1.0. 9. Process according to
any of Clains 1 7o , characterized in that the mass ratio of the
continuous phase io the disperse phase or phases is greater than 2. 09

JULY 2003 - 43 THE caf¥lpsessiutisic @hibhnBad BedhYseplarstbdi otb isl it Uelired after
characteri zed

in _that e continuous phase drives. a jet nqQzzle st ream of
The tube react diesding oo sael mBRTHER Rodu gelampact b trsnscaare saition
characterized ineturhed tathebrelbel@st one starting material is dispersed by
means of the energy introduced into the tube reactor by the continuous
phase. 12. Use _ﬁz f’ﬂ dehl{gggsagﬁegar ed accor di n& to any of Clainms 1 to 11 for
preparing al conbi&follewingexamples,flusiraie theikwepliarpwitet {eslgEing s $ePP8ny of
Cainms 1 to 11 whichligidéfimeahiddnselainm)s. 14. Use of al dehydes prepared
according to any of Clainms 1 to 11 for 15 preparing carboxylic acids.
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V' bc 20 of 20% by weight of ethylene glycol and 80% by weight of water were

placed at 120°C in a stirring autoclave and 50 bar of synthesis gas were

injected. The hydroformylation reaction was started by addition of 0.531 g

of rhodium acetate dissolved in the remainder of the solvent. After

complete conversion, which could be detected by means of the synthesis

25 gas absorption curve, a liquid sample was taken from the reaction mixture.

Example 1

Substance Proportion in % by
weight

Propene 0.64

i-Butyraldehyde 5.90

n-Butyraldehyde 75.76

n-Butanol 1.69

i-Propyl-1,3-dioxolane 0.74

n-Propyl-1,3-dioxolane 7.33

High boilers 7.94
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As a result of this arrangement, the conversion of olefin (propene) is

virtually unaffected by the discharge of inerts.

25 The liquid stream 15 obtained after degassing in the vessel 8 is conveyed
to a phase separation vessel 16. Here, the aqueous catalyst phase 2 is
separated off and returned to the circuit. The heat of reaction can be
elegantly removed by means of an external heat exchanger 17.

30 Examples 2 to 5 (comparative examples, continuous process without
solvent mixture)

These examples represent comparative experiments in the continuous
apparatus described in order to demonstrate the advantages of the
35 present invention in terms of space-time yield compared with a purely
aqueous solvent. For these examples, the line 10 for recirculation of the
gas was closed. Water was used as solvent for the catalyst. 400 kg/h of
catalyst flowed through the 705 ml reactor at a temperature of 120°C. The
reaction pressure was 50 bar. The concentration of rhodium was 800 ppm
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Example 5 was carried out under the reaction conditions of Example 2,
except that 300 kg/h of catalyst were passed through the reactor. The
molar flows of starting materials fed in and of the products are shown in

the table in mol/h.

10
Example 2 3 4 5
STY [te/(m°h)] 0.98 1.39 1.23 0.71
Starting material
CO 22,79 16.99 28.24 12.73
H. 21.28 15.87 26.38 11.89
N, 0.12 0.09 0.15 0.07
Propene 51.49 35.57 31.13 33.45
Propane 0.17 0.12 0.10 0.11
Product
CO 2.15 2.09 2.08 2.11
H; 0.89 0.93 0.98 0.97
Propene 3.35 6.73 3.04 4.00
i-Butanal 0.24 0.51 0.53 0.20
n-Butanal 5.46 11.03 9.82 4.66
i-Butanol <0.01 <0.01 <0.01 <0.01
n-Butanol 0.07 0.07 0.07 0.07
2-Ethylhexanal 0.09 0.03 0.08 0.02
2-Ethylhexenal 0.26 0.19 0.18 0.09
Off-gas
CcO 9.50 3.06 13.23 6.81
H, 8.45 1.46 9.97 3.69
N 0.29 0.10 0.09 0.16
Propene 37.37 13.56 17.72 36.93
Propane 0.17 0.10 0.17 0.09
i-Butanal 0.08 0.08 0.03 0.01
n-Butanal 4.59 3.13 2.72 2.56




*======>8@AvU410 010%E 6& ()- WI10%E ;& ()- 10%E 1& ()- "f10%
&'()-10~ 10~ 10~ 01 10% & ()- MAABBCVDDE| [ : vU410 O- 310%@1&\(2003 310%E
& ()- O0$Z10%FE @ ()-G $Z10%FE @ ()-G OmMlO%&' ()-Z ml0% E

. & ()-ZE- G G G0G=GCGHHV U410 ml0% R~ && ()- 10% R~ && ()- 10%~ && () -

Y' @0%~ &8 ()-101E 1101E 1101E 1 0- 310%E 1& ()-4HRI11iJ. KK| [: vU410 X
10%8~ &&' ()-@ 0& 10%~ ~& ()-: & 10%- &a()-: s 10% .~ && ()- 0l 10%&~

& ()- 41" 10% & ()-KLLgM\-NO[:vU410 N4 10%~ && ()-M 0 - 10% & ()-

f - 10%~ && ()Exathp Ra%t&ﬁ dccdrdingl e |&&er‘t] &g 10%&~
&8 () - OOODPPPPCR\/U410 8l 0% & 109%&~ ' 1098~ && () -

F' @O0%~ && ()- 10— ~10~~ ~10~— ~ 04 10%—~ ~& ()- I\/bRRvSTTT" T|[: vU410 !
1098~ && ()- S THesRexaples deserliydhe &8 (docordir- & (Hve@idnXE-sod&n() - @ Ol

- 0, ! 0,

i ()- 0 over APV cobiipous et clsinea, Sl g st
water/e hy ene glycol as an example The measured data make clear the
increased space-time yields. Here, there was no appreciable formation of
dioxolanes, in contrast to stirred systems. Example 6 was carried out
under the reaction conditions of Example 5, except that a mixture of water
and ethylene glycol (20% by weight) was used as solvent; in Example 7,

10 the concentration of ethylene glycol was increased to 40% by weight.
Example 8 was carried out under the reaction conditions of Example 7,
except that 400 kg/h of catalyst were passed through the reactor and the
reaction temperature was 130°C. Example 9 was carried out under the
reaction conditions of Example 8, except that the reaction temperature was

15 120°C and the reaction pressure was 70 bar. Example 10 was carried out
under the reaction conditions of Example 9, except that the reaction
temperature was 90°C. This experiment demonstrates that it is possible to
carry out the hydroformylation of propene in a multiphase system at high
space-time yields even at low temperatures. Example 11 was carried out

20 under the reaction conditions of Experiment 10, except that the reaction
pressure was 50 bar and the rhodium concentration was 200 ppm, based
on the solvent. This experiment demonstrates that it is possible to carry
out the hydroformylation of propene in a multiphase system at high space-
time yields even when using low rhodium concentrations. The molar flows

25 of starting materials fed in and of the products are shown in the table in
mol/h.
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t& ()- Example 6 7 8 9 10 11
STY[te/m’/h] 1.3 1.7 3.8 2.3 0.3 0.5
Starting material

CO 23.31 12328 (5328 (4572 [22.96 |23.23
H, 2140 [21.57 ]49.16 ]142.38 [21.70 ]21.33
N, 0.12 0.11 0.25 0.20 0.12 0.09
Propene 49.88 | 3520 ]59.35 4289 |38.04 |35.59
Propane 0.12 0.08 0.12 0.09 0.08 0.07
Product

CO 2.25 8.55 2.05 2.50 0.61 0.29
H; 0.83 1.51 0.41 1.02 0.16 0.10
Propene 4.37 5.38 6.33 4.14 0.51 0.18
i-Butanal 0.55 1.20 3.47 2.13 0.06 0.03
n-Butanal 9.34 17.25 13699 (21.60 |0.96 0.52
i-Butanol 0.00 0.00 0.03 0.02 0.00 0.00
n-Butanol 0.06 0.15 0.48 0.23 0.01 0.00
i-Propyil- <0.01 0.02 0.04 0.03 <0.01 <0.01
dioxolane

n-Propyl- 0.05 0.21 046 |0.37 0.13 0.12
dioxolane

2-Ethyl-hexanal | 0.20 0.21 046 |039 |0.08 |0.05
2-Ethyl-hexenal | 0.41 050 |oeo |oss 010 |0.47

Off-gas

CO 9.09 3.15 5.79 16.42 | 18.42 |18.37
H, 5.05 1.20 1.85 11.61  114.90 |14.29
N, 0.22 0.09 0.33 0.25 0.13 0.12
Propene 30.09 |6.31 9.21 13.04 [35.28 |34.04
Propane 0.18 0.06 0.17 0.20 0.10 0.10
i-Butanal 0.09 0.04 0.01 0.26 0.13 0.20

n-Butanal 3.43 0.36 1.35 1.87 1.61 2.95
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A further application of the process of the invention is the selective
hydroformylation of 1-butene from a raffinate | mixture. This mixture
comprises C4-olefins and C4-paraffins and contains 26-29% by weight of
1-butene. The catalyst solvent selected was a mixture of water and
ethylene glycol (50/50% by weight).

Example 12 (comparative example, batch process)

This example represents a comparative experiment in a stirring autoclave
in order to demonstrate the advantages of the present invention in terms of
product quality compared with conventional stirred reactors. 29.81 g of
NaTSTPP, 86.2 g of 1-butene, 13.5 g of isobutane and 67.7 g of a solvent
consisting of 30% by weight of ethylene glycol and 70% by weight of water
were placed at 105°C in a stirring autoclave and 30 bar of synthesis gas
was injected. The hydroformylation reaction was started by addition of
2.09 g of a rhodium acetate solution containing 3.7% of Rh (in 30% by
weight of ethylene glycol and 70% by weight of water). After complete
conversion, which could be detected by means of the synthesis gas
absorption curve, a liquid sample was taken from the reaction mixture. For
the following listing, isobutane which served as internal standard was
disregarded in the calculation.

Example 12

Substance Proportion in % by weight
1-Butene 6.1
2-Methylbutanal 1.19

Pentanal 77.4
i-Propyl-1,3-dioxolane 0.13
n-Propyl-1,3-dioxolane 11.9

Remainder 3.28

10%
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carried out in the same way as the hydroformylation of propene except that

10

15

the gas return line 10 was closed.

Example 13:
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This example describes the use according to the invention of a solvent
mixture of 50% by weight of water and 50% by weight of ethylene glycol in
the continuous apparatus described. The measured data make clear the
significantly reduced formation of dioxolanes compared with stirred
systems. 400 kg/h of catalyst were passed through the 3 m long reactor at
a temperature of 116°C. In addition, 600 standard I/h of synthesis gas and
3 kg/h of raffinate | were fed in. The reaction pressure was 50 bar. The

following data were determined:

Example 13
1-Butene, % by weight in feed 27.00
C (1-butene) 64.68%
STY [te/m’h] 0.74
Product:

i-Butane 1.39
n-Butane 577
Cyclobutane 0.04
trans-Butene 5.93
1-Butene 5.07
Isobutene 21.77
cis-Butene 4.14
Neopentane 0.04
1,3-Butadiene 0.00
2-Methylbutanal 1.88
3-Methylbutanal 5.28
n-Pentanal 42.58
2-Methylbutanol 0.12
Methylpropyldioxolane 0.09
1-Pentanol 0.41
2-n-Butyl-1,3-dioxolane 0.25
Ethylene glycol 0.03
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This example was carried out under the reaction conditions of Example 13,

5 except that 200 kg/h of catalyst were passed through the reactor.

Example 14
1-Butene, % by weight in feed 27.30
C (1-butene) 59.46%
STY [te/m*/h] 0.69
Product:

i-Butane 3.10
n-Butane 9.71
Cyclobutane 0.06
trans-Butene 8.55
1-Butene 9.50
Isobutene 35.98
cis-Butene 5.60
Neopentane 0.06
1,3-Butadiene 0.00
2-Methylbutanal 1.03
3-Methylbutanal 2.25
n-Pentanal 22.07
2-Methylbutanol <0.01
Methylpropyldioxolane <0.01
1-Pentanol 0.22
2-n-Butyl-1,3-dioxolane 0.23
Ethylene glycol <0.01
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5 reaction temperature was 85°C.

Example 15
1-Butene, % by weight in feed 28.90
C (1-butene) 17.09%
STY [te/m*/h] 0.21
Product:
i-Butane 1.98
n-Butane 10.50
Cyclobutane 0.07
trans-Butene 9.89
1-Butene 2217
Isobutene 37.42
cis-Butene 6.19
Neopentane 0.09
1,3-Butadiene 0.1
2-Methylbutanal 0.29
3-Methylbutanal 0.48
n-Pentanal 9.61
2-Methylbutanol 0.03
Methylproyldioxolane 0.03
1-Pentanol 0.23
2-n-Butyl-1,3-dioxolane 0.19
Ethylene glycol <0.01
Example 16:
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This example was carried out under the reaction conditions of Example 13,
except that 250 kg/h of catalyst were passed through the reactor and the
reaction temperature was 85°C.
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Example 18:

This example was carried out under the reaction conditions of Example 13,
except that the reaction temperature was 70°C.

Example 18
1-Butene, % by weight in feed 27.00
C (1-butene) 9.39%
STY [te/(m°h)] 0.11
Product:

i-Butane 2.51
n-Butane 10.96
Cyclobutane 0.06
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Example 18
trans-Butene 9.80
1-Butene 23.13
Isobutene 39.01
cis-Butene 6.38
Neopentane 0.06
1,3-Butadiene 0.17
2-Methylbutanal 0.24
3-Methylbutanal 0.63
n-Pentanal 4.79
2-Methylbutanol 0.02
Methylpropyldioxolane 0.08
1-Pentanol 0.3
2-n-Butyl-1,3-dioxolane 0.31
Ethylene glycol <0.01

Example 19:

This example was carried out under the reaction conditions of Example 13,
5 except that the reaction temperature was 80°C.

Example 19
1-Butene, % by weight in feed 27.00
C (1-butene) 19.71%
STY [te/(m°h)] 0.23
Product:

i-Butane 2.01
n-Butane 10.91
Cyclobutane 0.08
trans-Butene 11.71
1-Butene 18.23
Isobutene 28.57
cis-Butene 8.01
Neopentane 0.12
1,3-Butadiene 0.16
2-Methylbutanal 0.67
3-Methylbutanal 0.41
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109Q & ()-# 109Q & ()-# 109Q & ()-# 109%Q & ()-nstsX7#  + 09UULY 2063

109Q & ()-# 109Q & ()-# 109Q & ()-# 109Q & ()-") 14vVe# 109%%! & () - 109%%! & () -
109R1 & ()- ", 109@1 & ()-10+! - 10+! 10+ 3-10%! & () - f 45QMKCi j x X@#

@0%! & ()-109%! & ()- @O%R! & ()- 109! & ()- @ v{|t\<6#

109%! & ()- @O0%! & ()-109%! & ()- @O0%! & ()- 109! & () - SWI6#

10991 & ()-109%! & () - @ 109%%! & () - 109%%! &3%)-@0%7! & () - XX@#

@0%R! & ()-109%R! & ()- @O0%! & ()-109%RT & () - @X<6#

109! & () - GFHOY+-& (109 & )—E8Ye &1 &) 65 WG

109! & () - 1()%7('3&"1"? @O%R!' & ()-10%!' & () - @O%! & () 47GLNRY ) @#

@O%! & () - 1QoP4dakal GLO%! & ()-10%! & ()- @Ot UpX<6# | 17.79

109%! & () - ﬁef%yft}utaln%Tyl &) - a0t & (-10%& () -gWo# 0.04
Methylpropyldioxolane 0.04
1-Pentanol 0.25
2-n-Butyl-1,3-dioxolane 0.02
Ethylene glycol <0.01
Example 20:

This example was carried out under the reaction conditions of Example 13,
5 except that the reaction temperature was 85°C.

Example 20
1-Butene, % by weight in feed 27.00
C (1-butene) 24.23%
STY [te/(m’h)] 0.28
Product:

i-Butane 1.68
n-Butane 9.18
Cyclobutane 0.06
trans-Butene 9.01
1-Butene 16.27
Isobutene 31.89
cis-Butene 6.34
Neopentane 0.07
1,3-Butadiene 0.09
2-Methylbutanal 0.78
3-Methylbutanal 0.47
n-Pentanal 19.07
2-Methylbutanol 0.06
Methylpropyldioxolane 0
1-Pentanol 0.15
2-n-Butyl-1,3-dioxolane 0.03
Ethylene glycol <0.01
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< i-Butane 2.09
B10% & () -V 8 & ()-v1A B10% & v[ BIOW® & () - V1A BlO% - vVRSchi y~xX
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& 109 & () - DIls%utene 34.63
cis-Butene 6.24
Neopentane 0.06
1,3-Butadiene 0.05
2-Methylbutanal 0.85
3-Methylbutanal 1.08
n-Pentanal 21.35
2-Methylbutanol 0.05
Methylpropyldioxolane 0.00
1-Pentanol 0.12
2-n-Butyl-1,3-dioxolane 0.04
Ethylene glycol <0.01
Example 23:
This example was carried out under the reaction conditions of Example 13,
5 except that the reaction temperature was 115°C.

Example 23
1-Butene, % by weight in feed 28.10
C (1-butene) 66.66%
STY [te/(m°h)] 0.80
Product:

i-Butane 1.71
n-Butane 7.77
Cyclobutane 0.05
trans-Butene 7.37
1-Butene 6.19
Isobutene 26.46
cis-Butene 4.87
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Example 23
Neopentane 0.03
1,3-Butadiene 0.00
2-Methylbutanal 1.8
3-Methylbutanal 4.65
n-Pentanal 36.17
2-Methylbutanol 0.09
Methylpropyldioxolane 0.1
1-Pentanol 0.41
2-n-Butyl-1,3-dioxolane 0.47
Ethylene glycol <0.01
Example 24:

This example was carried out under the reaction conditions of Example 13,

5 except that the reaction pressure was 33 bar.

Example 24
1-Butene, % by weight in feed 28.30
C (1-butene) 52.86%
STY [te/(m’h)] 0.64
Product:

i-Butane 2.63
n-Butane 10.63
Cyclobutane 0.06
trans-Butene 10.22
1-Butene 12.20
Isobutene 35.78
cis-Butene 7.45
Neopentane 0.03
1,3-Butadiene 0.01
2-Methylbutanal 0.48
3-Methylbutanal 1.3
n-Pentanal 17.64
2-Methylbutanol 0.04
Methylpropyldioxolane <0.01
1-Pentanol 0.14
2-n-Butyl-1,3-dioxolane 0.16
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24

Ethylene glycol

<0.01

Example 25:

This example was carried out under the reaction conditions of Example 13,
except that the reaction pressure was 43 bar.

Example 25
1-Butene, % by weight in feed 28.30
C (1-butene) 58.59%
STY [te/(m’h)] 0.71
Product:

i-Butane 1.67
n-Butane 8.02
Cyclobutane 0.05
trans-Butene 8.37
1-Butene 7.90
Isobutene 24.87
cis-Butene 6.20
Neopentane 0.04
1,3-Butadiene 0.01
2-Methylbutanal 1.29
3-Methylbutanal 5.18
n-Pentanal 30.29
2-Methylbutanol 0.04
Methylpropyldioxolane 0.47
1-Pentanol 0.79
2-n-Butyl-1,3-dioxolane - 1.48
Ethylene glycol <0.01
Example 26:

This example was carried out under the reaction conditions of Example 13,

except that the reactor length was 1 m.
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Example 26
1-Butene, % by weight in feed 27.60
C (1-butene) 62.22%
STY [te/(m°h)] 0.73
Product:

i-Butane 2.11
n-Butane 8.16
Cyclobutane 0.06
trans-Butene 8.50
1-Butene 7.14
Isobutene 25.78
cis-Butene 5.50
Neopentane 0.05
1,3-Butadiene 0.01
2-Methylbutanal 1.64
3-Methylbutanal 4.57
n-Pentanal 33.65
2-Methylbutanol 0.07
Methylpropyldioxolane 0.09
1-Pentanol 0.41
2-n-Butyl-1,3-dioxolane 0.34
Ethylene glycol <0.01
Example 27:

5  This example was carried out under the reaction conditions of Example 13,
except that the reactor length was 2 m (with the same internal fittings and

diameter).

Example 27
1-Butene, % by weight in feed 27.60
C (1-butene) 62.53%
STY [te/(m°h)] 0.73
Product;

i-Butane 1.38
n-Butane 6.41
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Example 27

Cyclobutane 0.04
trans-Butene 7.16
1-Butene 6.02
Isobutene 22.28
cis-Butene 5.35
Neopentane 0.05
1,3-Butadiene 0.01
2-Methylbutanal 1.34
3-Methylbutanal 3.36
n-Pentanal 36.93
2-Methylbutanol 0.04
Methylpropyldioxolane <0.03
1-Pentanol 0.61
2-n-Butyl-1,3-dioxolane 0.43
Ethylene glycol <0.01

Hydroformylation of 1-decene

L110% & () -

In Examples 28 and 29, 400 kg/h of catalyst solution were passed through
the reactor of the experimental apparatus. The reaction temperature was
125°C and the reaction pressure was 70 bar. The concentration of the
rhodium was 800 ppm, based on the catalyst phase. As ligand, use was

made of TSTPP in the form of its sodium salt.

Example 28 (comparative example, continuous process without

solvent mixture)

Water was used as solvent for the catalyst. The pH was 4.5. The P/IRh
ratio in the catalyst was 5. The molar flows of starting materials fed in and
of the products are shown in the table in mol/h.



&10%& ()- ME&P &10%& ()-nP  &LOY& ()- m67?@JOMT5IP &10%& () - nP
&10%&' ()-m&nP &10%&' ()-nP &L0%&' ()-m&P &L0%&' () - MOPZ_ " pooy yYEY1Z403
&109%&' ()-nP &L0%&' ()-m&P &L0%&' ()-nP &LO%&' ()- m8v~pX<51P &L0%& () - m&P

— 4 0 —
Example 28
STY [te/(m’h)] 0.05
B 13.96
Starting material
CO 11.38
H. 10.52
N, 0.05
1-Decene 7.12
Product
1-Decene 6.67
Undecanal 0.34
2-Methyldecanal 0.1
Off-gas
CcO 10.36
H> 9.89
N2 0.05

Example 29 (according to the invention)

5 The example describes the use according to the invention of a solvent
mixture of 50% by weight of water and 50% by weight of ethylene glycol for
the hydroformylation of 1-decene, in order to demonstrate the superiority
of the present invention in terms of the space-time yield over the solvent
water.

10
The solvent used for the catalyst was a mixture of water and ethylene
glycol (1:1). The pH was 7.3. The P/Rh ratio in the catalyst was 60. The
molar flows of starting materials fed in and of the products are shown in
the table in mol/h. '
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Example 29
STY [te/(m°h)] 0.08
B 12.94
Starting material
CcO 13.86
Ha 12.86
N2 0.06
1-Decene 7.33
Product
1-Decene 6.65
Undecanal 0.61
2-Methyldecanal 0.04
Oft-gas
CO 12.92
H, 12.27
N2 0.07




| 0.10%2 (& ()-9 }*109% & ()-S x@10%t2 #& ()-S t& 10%#2 #& ()-s x10%t2
#& ()- j10%2 - & () 4uvU4P el0% & ()-S P '10%8 & ()- P " @0IWKY 20080+#2
#10#2 #10#2 # t610%#2 #& ()- t210%t2 #&' O-fu:S|[:vWAP P f9s 109 & ()- @
ny10% & ()-P P 93 10% & ()- i110% & ()*?@010% & ()- P 10% & ()- Normal "
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63}lalMSHeadi ng 73] c" "Headi ng 83]c" "Heading 93] c"A "Default

Par agraph FontBV'D*"2:/DMJ[c{jrz: uUs{S

"$&(*,.02468: <>@DFHILNPR&K U] D, S *; Pd! * $&&+X- - - -/ | 5/ 8* =4 AE4AHKCcR" TXY[ B] b
f gj | / nquu| }=5- LA Bydrofornisdation Wrocps contniSing: ) Hf <>o;

;SG\/ &Ek+" | _6elTs *gﬁgggﬂzgfbé‘@mg B MBGRaSR miAare or S S HCHRE Wamprising

4$9& ()*+, -./'0
<=>? G\BCDEFGHI JeNNORCRRSTIEANSKhEYNgG fromad del @B parhaal atamsg hydroganxgnd FABETi nes

New RomanAri al
ey ()*+I 21 sHoRE, N freliiRh oFl hydrBHHYidRBH ERAN S,

<=>7 @BCDEFGH MiemisaidaTikintrahase | mixtuge, Ritbergeamntisas Gpepntipupissigyid | phase
L HSUR () *+, - . | Shi2R 426t/ diE dlspered phase said catalyst is present in said continuous Erhase,

>7@\BCDEFG_" Js'é%‘ con n%%us phase p]nses a soq\(/je%ft %lxttjjrlé | aqnga%%nsé c'ilgfv\b( g ér:& in
said dispersed phase, said tube reactor has a loading factor B which is equal to or
greater than 0.8, and wherein at least one component of the solvent mixture
comprises a polar organic compound having at least two oxygen atoms.

2. Process according to Claim 1, characterized in that the solvent
mixture has a dielectric constant at 20 °C from 50 to 78.

3. Process according to Claim 1 or 2, characterized in that the solvent
mixture comprises water and a water-miscible organic solvent
containing at least two oxygen atoms.

4, Process according to any of Claims 1 to 3, characterized in that the
catalyst contains a metal of transition group Vill of the Periodic
Table of the Elements.

5. Process according to any of Claims 1 to 4, characterized in that the
catalyst contains rhodium.

6. Process according to any of Claims 1 to 5, characterized in that
water-soluble rhodium compounds are used as catalyst.

7. Process according to any of Claims 1 to 6, characterized in that the
loading factor B is greater than or equal to 0.9.

8. Process according to any of Claims 1 to 6, characterized in that the
loading factor B is greater than or equal to 1.0.

9. Process according to any of Claims 1 to 8, characterized in that the
mass ratio of the continuous phase to the disperse phase or phases
is greater than 2.
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Process according to any of Claims 1 to 9, characterized in that the
continuous phase drives a jet nozzle upstream of the tube reactor.

Process according to any of Claims 1 to 10, characterized in that at
least one starting material is dispersed by means of the energy
introduced into the tube reactor by the continuous phase.

Use of aldehydes prepared according to any of Claims 1 to 11 for
preparing alcohols.

Use of aldehydes prepared according to any of Claims 1 to 11 in
aldol condensations.

Use of aldehydes prepared according to any of Claims 1 to 11 for
preparing carboxylic acids.



