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present invention. Figure-2 is a flow diagramillustrating the
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concentration of froma few ppmto few % by weight at a nolar ratio of the
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40 . 2U here, [err] is the
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t he sepd@ar steb onay bé canhinad withothe sagendt stage pigehydaiseparation ster lab yill e desatibed hereigafter. may
be conduct edFugheror cartain tamount efpelefin twhish wes nqt iseparatad de the depvigiestomfor sepgralion obthe
whol e of tupeacipdlefin MY seMAtimes hpgeeverod By istaldaivdg separatighe Thereroysed alafig is ysually
separ at ed ’?PM‘F'%’&E#EG stage;repctoy gystemput i may, be fed tod! °§Q"3Q’@9‘? wayr §Ystesy, st em  and
the rest is E‘f"@c?‘aSS regcior ts’ﬁ@"r s %t’°a§'l°3 s‘P'@dBt"fS‘Ph EOpEIon of 18, gatalyst golyfion

cont ai rffn Wt‘ s pﬁ“‘?"‘s IEfors §red afial apg °’t"h rie% ARfk
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al dehyde 0

distillat Iﬂ?)w mix lﬁ p§r réw%g %re gﬁe ly w ﬁ? gara{u‘su ar restnctron as to e upper limit (U
= oo) or the in however, |s usu ly nge of from 0.4 to 100, preferably from
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80 Construction of such a reactor can be made by a conventional method, for example, by providing a

plurality of perforated partitions to a cylindrical reactor, or by using a pipe reactor and increasing the liquid
linear speed.

The unreacted olefin and oxo gas discharged from the first stage reactor system and, if necessary, an
additional oxo gas raw material, are fed together with the circulating catalyst solution to the second stage
55 reactor system.
The ratio of the unreacted olefin to the circulating catalyst solution is not particularly critical, but it is
usually as follows:



contain the catalyst as in the case of the catalyst solution circulating
system such ot her conponents can be recycled as a catalyst solution to the
first stage reactor system |n sypp se3ca891 t he al dehyde separation 40
step may be conbined with the second stage al dehyde separation step, as

wi ||l be described hereinafter. Further, a certain anmount of olefin which
was not Barpatfed iolfih/dinouldting catalyat/solutish €0OPtfSHr separati on of the unreacted

ol efin, may sonetinmes be recovered by this al dehyde separation. The
recover ed dwaight fiowirgtiohsual | y recycled to the first stage reactor system but
it may be fReaderahly ththeaticie withieia rapgent free 881 torl. syst em The second st age reactor
syster is dn# easewhesp asglalyst melgtian gireulating gystem istepploydd as thefirsh rapeler sygipmittheyigtion 5
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paral l el and/or in series, m Xi ng characteristic of the liquid.
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outlet to an exiremely small level. A certain concentration distribution exists in the reactor Accordingly, it is
here not possible to minimize the yield of LB and HB. However, by adjusting U at a level of at least 0.4
depending upon the reaction rate of the second stage, it is possible to be substantially harmless for
minimizing the yield of LB and HB as a total of the first and second stages. Namely, when the reaction rate

55 in the second stage is small, the value for U of the second stage may be set at a relatively large value over
0.4, and when the reaction rate in the second stage is large, the value for U at the second stage is set at a
relatively small level of at least 0.4, whereby the yield of LB and HB can be minimized as a total of the first
and second stages.



m xi ng type, and the concentration distribution in the liquid is not
substantially present, whereby the 30 reaction can be conducted under the
opti mum one point reaction-conditipgpg429gepggordingly the yield of LB and
HB can be mnimzed. If this reaction is conducted by a reactor system
having a m xing characteristic of piston flow type, a concentration

di st ri but i onTheirhdlar matio @ktha conversitneof ftteratatiol ini the $deendrstage reactor sysiem dacthe cahivergjbn/of

t he react itonoléfn i thaditet stegb neanthe systeny is|uanally | lsastil, defarailycat least 0o mdiietpradenably at
wher eby t Heasto®3.iRrdny the jingustisl peintef viewadhe melartratiods within & eangd off fropu0.91, to| 1, prefeeably
react or hdtpmftPrdo @b rpsrechrelenbly from 0-8hte0@ct eri stic, there is a linit in 35
reduci n§ t heNeW hechresenttipvaptiop wilk becdegqribed in furthercdetall witls rafarence inBxgMPles Elowever itn
and t he vAheHfEbegindersigod thas thp greseat iaveptippdy @'&Weﬂ?%ﬁﬂ’ﬂqqdd?t&t"h speqific BapwPles: from
the i ndus;qr)!@hb%md econom cal viewpoint, it is unavoidable to permt a
substanti ht of unr eact ed oI efin. Thi s pr obl em becones seri ous

aCCO”pa“' Uetehisls ’(1[) é%r the
olefinis red

efficiently convert t eﬁﬁr%acwﬁaﬁ@ the second stage reactor system
i's essent|(glﬁawmee"§|§5,{arbgta|§;t§gamﬁeactor system i s designed so that the

al dehydg forned in the first stage reactor systemw || not substantially be
fed to therawewafngls:St age reactor system As is well known, the al dehyde is
usual ly hiighly reactive and unstable. Accordingly, if it is fed to the
second stage reactor system it is |likely to undergo pol ycondensati on by
the .heat in the reactors t‘WS.TF Pro yTe s imoh S | TPOSsi ble to
mnimze the yield of HB. |F 4 @8%’1 ﬁang Eé/p'eo,%s Errpl oyed for the
second stage reactor syste. t—i-5 ﬂ'f —FA t he amount of the
unreacted ol efin for the Saf gespuioh stjescrl b 5223,Nal% fespect to the first
stage reactor system Therlefore, as theCQecond. $-&deol*ehctor system it is
preferred to enploy a reaction systemhaving a m xing characteristic of

pi ston ®low type. Wth a piston flow type reactor- having a m xi ng :

char act er icafalyst soiltion\ thBdigm hydadocarbdryi(tipheraNBiosthink) domples wéd. dissolidd in p-xéne b bl e
t 0 r educe tiah#pheny phdspltde voold be N5 @BL iridhdaludf wodiddb 200pnout | et to an extrenely
small level. A certain concentration distribution exists in the reactor.
Accor di Jgl@) Reactiori ®ndigne not possible to mnimze the yield of LB and HB.
However, by adj ust| ng Uat a level of at |east 0.4 dependi ng upon the
reaction IFi : arvnd stage, it is possible to be substantially

harm ess for minimzing the yield of LB and HB as a total of the first and
second stages. Nanely, when the reaction rate 55 in the second stage is
smal |, ghe value for Uprgfctidniemserind stage nmay be 1g¢dic at a rlel atively |arge
val ue over 0.4, and whewmaltphRsyreacti on rate in the¢ 18eRgend stgoge i s |arge,
the value for U at theHgeoond stage is set at a falsatively qmall |evel of
at-&l{.east 0. 4, wher eby| Lidd yisigérde tihe EBpERAluhiBbaze)n | MdowBOIheIrzdd as a total of
the first and second SsTages. © EP U 423 769 BL The norar ratio of the
conversPon of the olefin in the second stage reactor systemto the

conver si 0BeQhd kb rMchf bydel? the first stage reactor systemis usually at

| east 1, prel t 0.5 nore preferably at least 0.3. Fromthe

i ndustrial point of view, the nolar ratlo IS vmthln a range of fromO0.01 to
1, preferablyfromO —to—oO—5—nore plclclcrmy IUTHU 63—t 0.2. 5

Now, tH& present inveh{iPRFPVPTREHES described in [( er, detgil with
reference to Exanples H ¥e it shoul d be undpr8¥FfG hatt the present
invention is by no ne Jestric edtosch C C 4s. EXAMPLE 1 10
In accordance with the—Pf %s'gencettmew(tEmRtx éq%s °9L§6ﬁ cdr of or nyl ati on
reactigp of propyl ene was conduct ed usi ng the raw material s and the

catal yst solution as identified in the followng item (1) under the
reacti on EepdMPAMENIE: 95 jdentified in the following item(2). (1) Raw
materials and catal yst solution 15 Raw materials: 20

particul arl ymmen%a’t%c%em o oy &4 ram Sto n i (ﬂdre ati ciydrotjorrrtylapon reaekl% rop eyWas

Propyl ene purity: Pr opane 3.5 nmol % Propyl ene 96.5 nol %
85 Raw material propyiene | 4 mol/hr
Raw material oxo gas 7.8 mol/hr
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Oxo0 gas purity: H2 50. 23 ol % CO 49. 77 nol % 25 Cat al yst
sol ution: A rhodi um hydri docarbonyltris(triphenyl phosphine) conplex was

di ssol ved in p-xylene so that t'rigphespsl7zedEasphi ne woul d be 15 wt % and

rhodi um woul d be 200 ppm (2) Reaction conditions 30 First stage reactor
system 35  Reaction tenperature’ 100 C
Tot al pr esJhe trst stage reactor systemn employed one agitBorkignK reaatdr 3HM6 @dire amount of propylene

1.5 Li quweb fedtinte pipe 2 ta thebqttempasye of dieLantire lsmeuny of freshinxo gasand rdewnlingsgas e®decbnd
st age r efiem @ pipg y.Jiudher, agiculating catalyst solution was fed frpw 4 @ik 614t 2 @ﬁm@p@pﬂp@/cnrculatmg

90 * C Tentalyst golubiansT 08 (weight flow ratio). 16 kg/ cn2G H2/ CO

2.0 Li%uid TF‘%?P‘H'@'P]E’@"‘H soluti twihdsawn g pipg 4y over g inra gas-iauidgirad pheseiaeti ng
anmount s: ¢led to 80°C and subjected to gas-liquid separation t |IHLA(E éqpprép r"@ vp@ﬁgle q&s Wfﬁ | hr
Ratv mat egﬂg#’dé%&% 8 empty '?ﬁ’ﬂ? p Gy "b°°
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the rest wabe feediob producp sqitiorl Wast Dga3-liged Mixed Siasy)vas cmidt @ 605°YCSdnd then Ivia d s
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m xed phas®,ovéfresstion @gl,.t 0 60 [err] C and then VI a a pipe 16, subjected to

gas- | ggui d separatlon at a gas liquid separator 17, Wnereupon a
predet ermle# dlIUUIIL of 4U thegas—wWas—adj usted—so tiat—amr et pég CTOj um

i t 'E’ reactor became 20 mi hr and recyql %oy a pipe
15, ,and thg é °tr'<5‘f° % '°831"§’ was purged. The liquid after the |ga&2] i fuid

ersmn to

separ ation [wag e liquid of the first stage rw!fs.o‘?% Eyst em
after < he r.@&*@@ﬁ@ffb‘iﬁ@h r-Blitfriladhydd (Rsinakét SRR toldiholy 9 PR .sCOMPI ned

|iquid V\as “Uurraact cu At uiare

© Reaction results at the first stage reactor system

Propylene conversion 88.0%
Conversion to LB (propane) | 0.44%
Selectivity for LB (propane) | 0.5%

Conversion to HB 0.34%
50 Selectivity for HB 0.39%
Yield of aldehyde 87.22%
Selectivity for aldehyde 99.1%
nf 11.0

55 ® Reaction results at the second stage reactor system



distillation colum 19 into the product al dehyde (a pipe 20) and the

catal yst solution. The catal yst solution 25 was recycled via a catal yst
drum 21 to the first stage-react orgpsygdergoayd to t he second stage reactor
system The reaction was conducted continuously for four days. The reaction
-conditions were stabilized fromthe second day to.present constant results,
and no deterioration in thg gd elaverage val ues
during the three days of frgfhﬁ‘;'ﬁ‘w'%’%‘*ﬂfﬁ% t“&%e fourth day are shown
bel ow. The anal ysis of thel g4 ﬁor\ﬂgﬁ,rgp greluct ed gyropeans of gas

chr omat ogr aphy. The anal y5|go,pgrs. oWBS conduct ed §psegas chr omat ogr aphy up
to the &rinmer of al dehyde, salstidigtor HBEe tetranmer |og.48% glper pol yner, gel

per meati on chromat ography |weeldergrenysed. [err] Ovetgdske feaction results 35
Propyl ene conversi on ' Selectivity for aldehyde 98.6%

99. 0% Conversion to LB (prjopane) 1.9

0. 54% %nversi on to HB
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system 45m.x.ng parameter U. Prop y ene converS| on
Conversson to LB (propane) 0.44% Selectivity for LB (propane) - 0. 5%
Conver si 03) TracerBst 0.34% Sel ectivity for HB 0.39% Yield of
al dehyde 87.22% Sel ectivity for aldehyde 99.1%n/i

11.0 55 [ndHexdne Mea osadcas & teser| arsl invad fee fop dleendinatbsigten flowaratb i 18§ Hreight fow
ER 0 423 9 oBthe Revorsid o e cirgiiplieg eatatyst gotutiont toche ciculéting caldysD live@pmediately prvr to LB
( pT opane) the inlet obthe BedciSr: [and: thie\change fwilh tin of the cpneeniration of O-heENe Bameokservedoat theo HB
0. 059% 15 outlet of the reactor by gas chromatographygitstiy; ttl]e\,rpqayurqrmnt wEs conducted with respecto A0/

Yi el d of %ﬂ"?ﬂgﬁ% @ reactor system. 10. 85% Sel ectivity for al dehyde

98. 6% 11. 9 Y@hhecomplptiop of e WW@@&;%@?%%?@ heirg Pﬁlees%@?n?ﬂsewa wag drawen with the
syst em i sordingte, rppresenting he gahexa atigh (%) gicthe pytist °f§['°a'§°€ dpactoy systom
Howevef® #Md eea arﬁ%?“‘&ﬂﬂ"&? the tigp 1t &k pisi?dtaﬁ%f ‘B%B'i’%‘i'l“?“? 8 'Eﬂ"%ﬂ? wheeahy §“’° 3

‘ﬁ? ﬁﬁ
Fg;g?g; S\¥|§1t g md h of glz a:f’?raag‘t &j’% m in t‘eet: Ol?r;s and wnéé:et1 ¥ ;cl tel’
n- Hexane OI¢ g,ge, Th. %Ta asa}ouﬁio
\rate of, 1 Mgﬂn Lrb? r foSt. \Jrag

oy U
cat al yst wa®Rund e circulati ng cata yst |ne | pr| or to 20
the inlet of the reactor and the change with tinme of the concentratlon of

n- hexane pwawpepserved at the

35 The operation was conducted in the same manner as in Example 1 except that the reaction temperature
of the second stage reactor system and the first stage reactor system was 95°C, and the number of
partitions in the bubbling column of the second stage reactor system was changed to 15 sheets.

*-.,« The reaction results ‘are as follows.

(@ Overall reaction results
40
Propylene conversion 99.3%
Conversion to LB (propane) | 0.58%
Conversion to HB 0.31%
pu Yield of aldehyde 98.41%
ni 10.8%

@ Reaction results at the first stage reactor system

50

55



outl et. of the reactor by gas chromatography. Firstly, the neasurenent was
conducted with respect to the second stage reactor system Wth the

conpl etion of the introduction ofpigw2stzeg®ir being 0 time, a response curve
was drawn with the ordinate representing the n-hexane concentration (W%
at the outlet of the second stage reactor system 25 and the absci ssa
representing the time t (hr) i lat r pducti on of n-hexane,
wher eby Figure 3 was obt ai ngdgg, Eg,ftﬁ’/tégg‘;s"t anggg%i zpd by neans of the above
formulas (111) to (VI) from|Ogdciftyifor Litt €r Y Q.sbd hpur later with a width of
[err] = 0.2 hour, and pl ott ddcedriiodtbeBor di nag@w epresenting E(err) and

wi th t®he abscissa represent i|ngaidciity for 19 Obt qigpots glire 4. This Figure 4 was
conmpared with Figure 5, wher|etyid bt aieflyde was |fegismd. | 30 I n a simlar nmanner,
a tracer test was conduct ed [wSdidetivitg peiddhydeo | tdo@%f | [ St st age reactor system
whereby U = 0.15 was found. |BEMAMPLE 2 35 109e operation was conducted in
the sa manner as in Exanple I except that the reaction tenperature of the

7, .
secon sta@‘g@%&%ﬂeg&usgytﬁgmﬁ%géEgct%,:fgﬁm stage reactor systemwas 95 C,

and the nu artitions int I ng colum of the second stage

react or system was changed tp— - p jon results are as
follows. [err] Overall react|i BAPYa8e gnvession Pr23£°/ ehe conversion 99. 3%
Convegsion to LB (propane) raergen g B er si ¢rP- %% B 0.31% 45
Yiel d of al dehyde Rpfivity for LB 1.0% 10. 9% [err]

Reaction results at the firgt %FftPEgctor %1 en| 50 55 9 EP 0 423 769
B1 Propyl ene conversion 70 dj’{{y% sion|tf 5 0.29% Sel ectivity
for :LB 0. 42% Conver si on_t|og iR for aifsnid’d él“ ctjvity for HB 0. 20%

Yi & d2of al dehyde ~ 69. 879 ectivity 1ol glpdehyde = 99.4%n/i

10.9 10 [err] Reaction resul reactor system Propyl ene
conver si on. 29. 0% Conversion to LB 0.29% 15

Sel ect i vi t furihgs the ppsults of the gaypertiqer destsiagin Exampip1 were as follawsy, Se| ectjvity for HB
0. 6% Yi el d Tt stageyapiiyaystom U 50-B104 Sel ectivity for al dehyde — 98.4%n/i
11. 0 BUrt h&pcond paoe,Bacty ¥8ep¥U £l sane tracer tests as in Exanple 1 were as
fol |l ows:

EXAMPLE 3

A 30 In accordance with the flow diagram shown in Figure 2, a hydroformylation reaction of propylene was
conducted using the raw materials and the catalyst solution as identified in the following item (1) under the
reaction conditions as identified in the following item (2).

(1) Raw materials and catalyst solution
35
The raw material propylene and oxo gas were the same as in Example 1. For the second stage reactor
system, the catalyst solution was exactly the same as used in Example 1.
v For the first reactor system, a HB solution was prepared as follows:
Namely, to n-butyraldehyde, 5§ wi% triphenyl phosphine was added, and the mixture was heat-treated at
40 120°C for 20 days under nitrogen. Twenty days later, this solution was analyzed by gas chromatography,
whereby remaining n-butyraldehyde was 3.2 wt%, 27.4 wt% was found to be the dimer of n-butyraldehyde,
and 60 wt% was found to be the trimer (others: 9.4 wt%).
To this HB solution, triphenyl phosphine and rhodium hydridocarbonyltris(triphenyl phosphine) complex
was added to obtain a catalyst solution containing 14.0 wt% of triphenyl phosphine and 420 ppm by weight
45 of rhodium.

{(2) Reaction conditions

First stage reactor system:

50

Reaction temperature | 100°C
Total pressure 17 kglcm?G
H2/CO 1.5

55

10



First.stage reactor systemU = 0.14 25 Second stage reactor systemU =
1.7 EXAMPLE 3 30 In accordance with the flow di agram shown in Figure 2,
a hydrofornyl ation reaction of prqpyg §3%7e4@dH conducted using the raw
materials and the catal yst solution as identified in the followng item (1)
“under the reaction conditions as identified in the followng item(2). (1)
Raw mat er Sedosd staye reaabedygtem: sol ution 35 The raw material propyl ene and oxo
gas were the sanme as in Exanple 1. For the second stage reactor system the
catal yst solution was exactly the same as used in Exanple 1. For the first
reactor system a HB sqlgdalidheWBsratiiePar ed as ; ly, to

n-but yr@al dehyde, 5 wt %jtykdhefie Phosphi ne was | a@dgemzeand [t he m xture was
heat-treated at 40 12Q f30] C for 20 days undexs nitrogen. Twenty days

| ater, this solution vvasneaiaa{cymd(ahmtygaaﬁmﬁ ereby remaini ng
n- butyraldehyde was 3.2 Te—di mer of

n- butyral dehyde, and 60 wt%was found to be the'trinmer (others: 9.4 wt%.

To thid Hg e%%l E‘I“J’“?' tri phenyl phosphi ne and rhodi um

hydri doca tri phenyl phosphine) conplex was added to obtain a
catal yst solution containing 14.0 wt % of triphenyl phosphine and 420 ppm by
wei ght 45 of rhodium (2) Reeet+er—eonrdt+ops—H+stystage reactor system
50 Reagjion tenperature 10 [’:gpf’]ate@'l’@Pﬁ?"e pt 459l e 17 kg/[err] 55
[err] 1.5 10 mgteria) oxo7a89 pfi 78MMKd| st age reactor system
Reaction tenperature 90[err] C Total pressure

15 kg/[err] ThRAieOstage reactor system comprised two reactors each withRe apeeiy @€ 1R2iofrthe(fisststage
Q_Q| um  bassagtor in Blample 12disposed iy sardllél td-eaeldl bthay (agitaiomtask reéetors 2epdnd 28)al  pr opyl ene
4 Tol /o 15 The raw material propylene (a pipe 24), and 88% dR3he totaltagwours lof frasiy oxpagas and r8cyaielgashr
The first (asrireRS) wera daddn egupbanmunts tonthe respedtive werctossa Ehecareduetzaidahye.r B and dlBoeerd t y
of 1/ 2 of subjected torgas stippivge andcthe liayid surfpceincaph wactor wes efl atig nrrdetamined lqve).
each ot hefhe eatglystoiution weg refained indhegpastors22:an¢)29ig p confiped systenfhe raw nat eri al
propyl ene ( amplpethzafseoemerow/éwme 9t theautiet of sy firet ¥agerreacdys system g iained

recycl & gipgethes aﬂql Tt dhane e °ﬁ°'?;dqi’,fa‘i‘“°'a‘f’ﬂ§Lﬁ‘l'P’§°t‘tdot° {9R%sliquid SepAralipy, in a gas-
reactors. "qf’ﬁ’es‘a reyeqs %fede agdpmaunt b he ggsuu[g ‘é"&? f—?ﬂs*f'6° a'ge E'P qcbﬂﬁg
and the 1§ @E' ang,th ?éh Vfac?rp"?%?é % n d
level . Th E{%;ga }gé%v’oe r;t\lagrﬁsiﬂuI su:;;ft g as§ ngd pl'a gas p %
ihrst &a g ;%5%%"9 iy o Y}ﬁrw’ﬁ?ﬁ” "g kﬁ %?81";%6
C Th plye! ssolve gﬁa t

i \gr?’em%on a pr et er m ne unt of tine Sgght%f

gas- |i un et%%para
required T OFmneLdchidiy gréaas‘r G WES the YA a5 G504l BEmPY 1a pi pe 27, and the rest
was fegds Vi a NamBlyA6 a Bty dolifhn32REded a@g@mrtﬁaaﬁ&@fag&eés&&@ystdm(atm 28) did iofo
af ter theggaeméspshiding t& PR 2t @'the tRtal it @ frdshloxE8 Ud bip® B3) L FeByfiigehs (a pipe
propl yenesaodad & Siec0lkting Catalytesorition” @, pipe 35) Navieg AEweIghn fIGW rds of Propyienaih @ dipe i t
VRS, subj eediadulitiag gadysséolutignd: 02 ways féd.gas stri ppi ng col umm
The reaction product solution was a gas-liquid mixed phase, and it was cooled to 60°C and then
40 subjected to gas-liquid separation by a gas-liquid separator 37 via a tube 36, whereupon a predetermined
amount of the gas was recycled by a pipe 34 so that the empty column base GLYV in the reactor became 20
m/r, and the rest of the gas was purged.
The liquid after the gas-liquid separation was separated by a distillation column 38 into the product
aldehyde (a pipe 39) and the catalyst solution, and the catalyst solution was recycled to the second stage
45 reactor system via a catalyst drum 40.
The reaction was conducted continuously for three days.
The reaction results were completely stabilized from the second day, and no deterioration in the activity
was observed. The average results during the two days from the second day to the third day are shown

below.
50 (@ Overall reaction results
Propylene conversion | 98.9%
Conversion to LB 0.57%
55 Conversion to HB 0.40%
Yield of aldehyde 97.9%
nfi 11.72
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30 29 with about 88%of the total anmpbunt of fresh oxo gas from a pipe 30,
to recover all the anpbunt of proplyene dissolved in the |iquid, and the
recovered proplyene was recycl edgp@ 4R&ebigist stage reactor systemvia a
pi pe 31 and a pi pe 25. The gas stripping colum 29 was a packed col um
having a height of 5 neters. The second stage reactor systemwas the sane
as used i M@MHBeactiph @sults afXbe first stapawadtor system a bubbl i ng col unm 32, the feed gas
fromthe first stage reactor system (a pipe 28) and oxo gas correspondi ng
to about 12% of the total IR len@Eonldrdon 0XQ €335 (R pi pe 33), a recycling
gas (a pipe 34) and a circyl @nldibonGeis! Yst s@lgHgbon| (a pi pe 35) having a
wei ghts flow rate of propyl §ngudcivitfoPLEP@rogdtef if rodabeat | ng catal yst solution =
0.2 were fed. The reaction |pedachididn t§ABUL I ON Warsae, ghs-1i quid m xed phase,
and it was cooled to 60 C gnshidetiyfodB Subj e¢teede t of gas-1iquid separation
by a gas-liquid separator 37vield of adlefiydde 36, \L:hm ppn a predeterm ned
anount of the gas was recydql sstbclbjty fr fidebpde34 4 cssnbﬁat the enpty col um base
GLV i ¥ the reactor becane 20wt hr, and the re&sm.eof' he gas was purged. The
liquid after the gas-liquid separatron was separated by a distillation
colum 38 oTsfiTe e 39) and the catalyst solution,
and the ca rhfegsg,#gg uti onée\f\.g‘g@?gy (E:‘T&gys{?dgpt he second stage 45 reactor
systepg via a catal yst drum 4p= ?‘ﬁc Feact+ot- nduct ed continuously for
three days. The reaction resjPlogyighecenversiah| etkﬂig:sstabl lized fromthe second
day, and no deterioration in FH’@’”&'&"EP\}Pty wgdsO@Bisdrved. The average results
during the two days fromthe Hf?l to t ?gyird day are shown bel ow.
preely

R0_ . [err] Overall reaction 8| o opy! € ver si on 98. 9%
Comveesi on to LB 0.57% (p o¥ &)erﬂy 0 HB | 12.D.[40% 55

Yield of al dehyde 97.9% n gseoll 72 EP 0 423 769 Bl
[err] Reaction results at th

apzté)r syst em Propyl ene

s Electlw{y for aldelg/de

conver si on 80. 5% Converm SR—t-o—+B- 8-39% Sel ectivity for LB
(propane) 0.48% Conversion to HB 0.32% Sel ectivity for HB
0.4% % el d_of al dehyde 79.79% 10

Sel ect | VY [2PLESta] dehyde  99.1% 11.8 [err] Reaction results at the second
stage reacior s stem?{é

conver si on @ﬁgﬁ e O oo pane mnor e gl S EEDY U B T BIowS o og;
Oanver si on 3 Sel ectivity
for S c:g}z['s&“‘gthgalsa % o{?- a)e 18.1% Sel ectivity for al dehyde
98. 6% i 3 25 (3) Tracer test
EXAMPLE 4
35 The operation was conducted in the same manner as in Example 1 except that the number of partitions
in the bubbling column in the second stage reactor system was changed to 5 sheets.
The reaction results were as follows.
\s (@ Overali reaction results
40 -
Propylene conversion | 98.5%
Conversion to LB 0.53%
Conversion {o HB 0.38%
Yield of aldehyde 97.59%
nf 111
45
@ Reaction results at the first stage reactor system
50 Propylene conversion 88.0%
Conversion to LB 0.44%
Selectivity for LB 0.5%
Conversion to HB 0.34%
Selectivity for HB 0.39%
55 Yield of aldehyde 87.22%
Selectivity for aldehyde | 99.1%
nA 11.0
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A tracer test was conducted in the sanme manner as in Exanple 1, whereby the
results are as follows: First stage reactor systemU = 0.13 30
(substantially the same in both rep3ssge¥cond stage reactor systemU =
1.2 EXAMPLE 4 35 The operati-on was conducted in the sane manner as in
“Exanpl e 1 except that the nunber of partitions in the bubbling colum in

t he second @) Regetion eaaisat the yecdrestagamaddrapg@d to 5 sheets. The reaction
results were as follows. [err] Overall reaction results 40

Propyl ene conversion  98.5% Cp,gg S t@erkiGh LB 10.5% 0] 53% Conversion to HB
0.38% Yield of al dehyde 97 ngf,{ to LB 0.09% 11.1 45 [err]

Reacti odn results at the first| ghiaadyi®est or {yedessm poO
Propyl ene conversi on 88. 0% Easrebsto®ld t 0 UBhos%w |0.44% Sel ectivity for
LB 0. 5% Conversion to HB | selechiviig4dtHBel ectiiomaesy {or HB 0.39% Yield of

al dehyde 87.22% Sel ecti V| igldbbdideByddehydq 10.398. 1% n/ i

11.0 12 EP 0 423 769 Bl [ €] sdlediiatyddr nldshydeed L88i78%al t he second st age
react or'® syst em Propyl ene conviensi on  10. 5% CqriMér si dn to LB 0. 09%
Selectivity for LB 0. 86% Conversron to HB 0.04% Sel ectivity for HB
0. 38% Yi el d iac@rlt W ducted in-fle 34M& rhih Example 1, whereby the following results were
Sel ectivig %S ﬁg%'gu 58' 7%/0 n/ i for as in P v y11 5 A ?racer t est

was cor;gluct |s{§g;ngct§gy§emm1@{5 as in Exanple 1, whereby the follow ng
resul ts wer &gl dlafirdactdr System U Ei g5t st age reactor system U = 0.15 Second

stage reactor system U = 0.5 COVPARATI VE EXAMPLE 1 20 The operation was
conduct ed compARATIME BXAMPEE $ane nanner as in Exanple 1 except that for the
ec ond stage reactor system an agitation tank reactor having the sane

unme 2as t IThe bpendtibn wap coduateth inr exaatly the sawe chafiner as ih &xaneptsoh eikeepit dhgbfor the gecond
syst em i nstigeanapritar ststermzey agitatioh taflersadtar havifg thesame valume ascthq bubblingsaolumn agpstor
react or syss éarthe secopd stageeactor sysigmdmpample dgeasugedlct or system U = 0. 15 The

reacti on redigbults otk racerdest:o| | ows:
First stage reactor system U = 0.15

25 Second stage reactor system U = 0.15
The reaction results were as follows:
@ Overall reaction results

NN Propylene conversion | 96.9%
30 Conversion to LB 0.49%
Conversion to HB 0.38%
Yield of aldehyde 96.1%

n/i 114

35
@ Reaction results at the first stage reactor system

S Propylene conversion 88.0%

Conversion to LB 0.44%

0 Selectivity for LB 0.5%
Conversion to HB 0.34%
Selectivity for HB 0.39%
Yield of aldehyde 87.22%

pu Selectivity for aldehyde | 99.1%
n/i 1.0

® Reaction results at the second stage reactor system

50

55
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[err] .Overall reaction results 30 ' Propyl ene

tonver si on 96. 9% Conversion to LB 0. 49% Conversion to HB 0. 38%
Yi el d of al dehyde 96.1 % n/i EPGQ 423769 B1 11.1 35 [err] Reaction
results at the first stage reactor system Propyl ene conversion 88.0%
‘Conversion to LB 0.44% 40 . . Sel ectivity
for LB 0. 5% Conver si on 0ptdEiene conversiond 7d g@uect vity for HB 0. 39%-
Yi el d of al dehyde 87. 22% &yaversion to LB 0.044% | Selectivity
for al dehyde 99. 1% n/i Selectivity for LB | bs9, [efr] Reaction results at

the second stage reactor sygteaverdibnadHa 3 lolgss» 423 769 Bl Propyl ene
conversi on 8. 9% Conver si Qrsedetivityfor B 0. P49H4% Sej ectivity for LB 0.5%

Conversion to HB 0. 035%0Yield of aldehyde 8.8% Sel ectivity
for HB 0.4% Yiel d of al qedujeduvity for aldbhiio p@bewtijvity for al dehyde 99. 0%
n/ i 11.4 3OniAs conpared W tih4Exapl e 1, the anmount of the

unreagted propyl ene shows a signifrcant difference, indicating poor

ef ficlencyag Elniiieh Witn 'Ekaitlid £ R arfiobA 8 ieSunfeactst aia%leﬁe ks GOTERARER biHGories 2! ©
1, the righ@lidgHdolimicihgn the U value of the second stage reactor system and
the yiel d pbmahe@Lis 6 Bhmpider, 8dhd £hndWbompbitive EEMpib £ 13 98latioR Betivédh b Fatiat em
was pl otdreud deBonalitagh PoaktBsyslomitind ¥e Jraid o Addhydel di tieXcuidt! of the lsecond 3fage fbadtérd
Conparsat dystem was plited 13 obthif theldraphlotiFigudé 6.1 1 Exdmples t1, 3 bii)£ arldeGoRiparative \Exirspie Vas
const antthéll valud ef\tiedl firad fstage REBD sfstert @as(codstant tradeneldf roin .18 to 0.15. FRmeRigueked) it t hat
when t hes blideai the wbén théd valacai e sbtond etageseartoo systeinds atrieastD.4a b higie gisitl oDaldbhyda hi gh
yi el d -ofis etaimshie cMbild ®nwisioa talsEdnd HRicah ke mipimiaed.si on to LB and HB can be

. ni m zed. 20 COVPARATI VE EXAMPLE 2 The operation was conducted in exactly
t he seeCONRARATIVEEXAMPIE@inpl e 1 except that for the first stage reactor
system a cylindrical bubbling colum reactor having the sane volune as the
first stag&her epaetien wasrropdugtag incexectiy i sameynanael agiin Fxaploat propptdhat for thesfirst

enpl oy ecFtag9 geactor system, a; cylingricaj Rubblinggolumnireactor having the sgme yolume gs thy first stqaey, U =
1.1 Secdﬁ?ft%t“afqg'ﬁé%bﬁ’t"(ﬂ“f@%‘f"@rﬁ Rgriitions. was-pBIoYedact i on results were as

fol | offs: [Em"faget Y PFeqption results

reaIl or system U = 1.1-
Second stage reactor system U = 0.7
- The reaction results were as follows:
@ Overall reaction results

~ 30

Propylene conversion | 99.9%
Conversion to LB 1.52%
Conversion to HB 1.70%

25 Yield of aldehyde 96.68%
nf 10.9

W, @ Reaction results at the first stage reactor system

0 Propylene conversion 97.1%
Conversion to LB 1.5%
Selectivity for LB 1.54%
Conversion to HB 1.68%

45 Selectivity for HB 1.73%
Yield of aldehyde 93.9%
Selectivity for aldehyde | 96.7%
nfi 109

50 ® Reaction results at the second stage reactor system
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30 Propyl ene conversion 99. 9% Conversion to LB 1.52% Conversion to HB

1. 70% 35 Yi el d of al dehyde 96. 68% n/ i
10.9 [err] Reaction results at thepfg42atzed@age reactor system 40

Propyl ene conversi on 97. 1% Conversion to LB 1.5% Sel ectivity for LB
«1. 54% Conversion to HB 1.68% 45

Selectivity for HB 1. 73%
al dehyde 96. 7% n/ i
t he second stage reactor systle

] D3. 9% Sel ectivity for

X 017%[ Brr] Reaction results at
,';ﬁ{:@"fﬁf'[,; EP (%"’739 B1 Propyl ene
conver si on 2. 8% Conversi o drdonto HB 0. O1 7Pl pctivity for LB 0. 6%
Conversion to HB 0.011% Sggl&g‘;,ty\p&ng foritw P.4%Yield of al dehyde
2. 77% Sel ectivity for al dehy EYield 8hiddhpda/ i 2.77% 11.5 10 The
conversi on of propyl ene i ncr gasesttivity ¥ altiéhgdec Jros@esi pn at the first stage
reactor systemwas so |arge tlhaf the concentnfattiison fli stribution at the
inlet and the outlet was too Wrde and the conversion to LB substantially

i ncread®d. Epr t her & 59 i f g,
the convef <iThe éeigg Ieay%cu'leggé eb m%g@% @f}:to‘ia_ ﬁéﬁngggﬂy@ L on
nas conduﬁg ti Iy ifCrEAS (L e%ﬂ)%rof 2 cofbelrefidhit Glddny8es @RRonveRRRA td I
the first, @ 2act or system the first stage reactor system of
Conpar gf i ve anpl e 2 was enpl oyed, and for the 20 second stage reactor
system tbéMpﬁm‘\ﬁt BismpeE geact or system of Conparative Exanple 1 was
enpl oyed. Results of the tracer test: First stage reactor systemU = 1.1
Second st agerné @peition was/ Sdntitted i ekhcthbthd 3eme maiei amninrExaroplé 3 exespethatsiorf e ffishs :
25&_5 [ er sthgeQuaton lsysteine &@thirsd Btagecrsacior Systémogs\Comparative Bxagwplsi 2owes en@ByRH/End for the
CoTiver $b OBecbrl dtdge reactorlsySidotiEosavand stagaresator bistem of ComFaratiyegBxample 1 was employed.
Yi el d of al drekupelef the tre@&.t68% n/ i 10.9

First stage reactor system U = 1.1

Second stage reactor system U = 0.15

The reaction results were as follows:

25 @ Overall reaction results

Propylene conversion |. 99.3%
- Conversion to LB 1.51%
S Conversion to HB 1.71%
80 Yield of aldehyde 96.08%
nfi 10.9

@ Reaction results at the first stage reactor system
35

Propylene conversion 97.1%
Conversion to LB 1.5% -
St Selectivity for LB 1.54%
Conversion to HB 1.7%
“ Selectivity for HB 1.75%
Yield of aldehyde 93.9%
Selectivity for aldehyde | 96.7%
nfi 10.9
45
® Reaction results at the second stage reactor system
Propylene conversion 21%
Conversion to LB 0.011%
50 Selectivity for LB 0.5%
: Conversion to HB 0.013%
Selectivity for HB 0.6%
Yield of aldehyde 2.08%
Selectivity for aldehyde | 99.0%
5 i 11.3
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[err]., Reaction results. at the first stage reactor system 35 Propyl ene

conver si on 97. 1% Conversion to LB 1.5% Sel ectivity for LB 1.54%
Conversion to HB 1. 7% Sel ecgp gigby7éP81HB 1. 75% Yi el d of al dehyde
93.9% Sel ectivity for al dehyde 96. 7% n/ i 10.9 45 [err]

*Reaction results at the second stage reactor system Propyl ene conversion
2.1% Convemoremg toothd_ Present inveBtiod,1thé/hysitoformylation reaction is conducted by means of a specific
Sel ect i \toinbindtion of i reactor Gysisyhs@avingedittsranhmixiog piBracteristics) wierelwotiwdiyaictormplation ¢for  HB
0. 6% Yi enalefif canlbel effigiehtly conducted(®ile Sipressing the formation of by-products.

Sel ectivity for al dehyde 99. 0% n/i 11.3 15 EP 0 423 769

Bl Aceor‘é!!lng to the present invention, the hydroforrryl ation reaction S

conduct ed means of a specific conbj natlon of t WO tor stem; av ng
lefin

di ffererft mPIHCﬁEf?!HHF'a@W lary §f @g olefify, Wi, g
can be effF’Eil'é’ 'P’ E'}‘? scompoun

o '“’Elj’ iya
by- prOduct asalig a}@ W 0”? toryha % a{% effﬁ;é msle aflrst

whi ch®conp %ee' |ohn t he

o
c mprisi
4 %ﬁ ? %{Eé
presence O &'
conpound aéha?ageh :\é“ t %hgﬁ %r%sﬁ' 'aaa&a@a‘ct bOfe! Iﬁunﬁ%gééciged by
two stage [GREIN @yghﬂﬁgfo hJ&ﬁTen al numb§r G Qerdirfafidr LrBtbrredly o L4818 "flow

conpr jgsi ngm@,ngeg\gﬁ,agr--)q,reﬂ,{e@ag;y,grfot;mu@w ng a mxing characteristic of the
I IQUICT phase Dbeing substantially of conplete mxing type, and a second

stage reacy@yLRESt @m being a reaction system of catal yst
solution-circulating type and conprising a reactor or reactors having a
X} Ng chawresieiissin averede fpivs/blocity f(¢nvscy, Y pethevivagtis (am) whibe réablion faysi argl E is an

char ast er i average afiffusibre codffigiontd (cphisesk is st leaglr @4 enigesbodsypradudi of gasiiguid rodee, a
non- di mens Hiseharigech ot dhe fikt (stege esiactarf systomy iefseparatad intg agsiream ‘containinglthe unreacted ng
par anet er " plefieini niber shigam. laed 4 pariran wholg ofjthe diream Fonlgining dheryinigagtesd qlgiin iseprligrbtof | ow
vel ocity (thmsensed stage reagtog gygtemengt h (cn) of the reaction |ayer, and E |s an
20 average diffusion coefficient (cnf err]/secg i s at |east

gaseoWs Jor SepRrecess acgyding 'Pg?.ﬁ"ﬂ 1ryherif e Qlefle d3.20yARlR having frpe 7 Flcf'g?" %‘E"é?g%a
react or sy§‘t"§'fﬂ°fi°§ﬁ“§é'6‘a'}ga E‘&tf’ﬁt"ﬂb%{‘ aé‘i"Pseam cont ai ni ng the unreact ed ol efin
and ot her stream and IB% é) e strea cont 9

unreact do ThefEh S %é:% A8 v8aRaen e oy P@g;"gg il 2. me
i a

Procegs acﬁnog%hneg Sl fymeab i i gk g o8 (PR G om 2

to 5 ¥arbo

3. The py O¢fieproddses S Wtotcgal g} oih'the i BulbBR sbibddtPtori the ?r&ﬁadahs(fstm of

phosphor Us a5 xbio;a SHEGHE PolghitiBaltd ¥na Gkiddp consisting of ‘trialky
phosphines, triaryl phosphines, tricycloalkyl phosphines, alkylaryl 30

Phospli NS thed prodess bleridMp Yo claf?m PiieRiSthe Ay drdtbrnyiation abdelidn 19 RERIDAsd RS sovent
phosphi t es selgktod HOM thé GOGS Sondistng oflihe BlefirDitsol, dbriod. aldekyas; iBITormde a$ B BgHpLOGUCEOUT Ce
i s sel ect ediphatio ydB&r®hs) Wppnfatid) ydsdcarBéhsOblicyclic hydrocarbons, alcohols, ethers, esters and

S’ water.

4 6. The process according to Claim 1, wherein the flow mixing parameter U of the reactor or reactors of
the first stage reactor system is less than 0.4.

7. The process according to Claim 6, wherein U of the reactor or reactors of the first stage reactor system
is at most 0.3.

8. The process according to Claim 1, wherein the reactor or reactors of the first stage reactor system are
an agitation tank or tanks equipped with a stirrer.

9. The process according to Claim 1, wherein the flow mixing parameter U of the second reactor system
50 is 0.4 s U < 100.

10. The process according o Claim 1, wherein U of the second stage reactor system is 502 U 2 0.5.

11. The process according to Claim 1, wherein the molar ratio of the olefin conversion in the second stage
85 reactor system to the olefin conversion in the first stage reactor system is at most 1.

12. The process according to Claim 11, wherein the molar ratio of the olefin conversion is within a range of
from 0.01 to 1.
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r hodi um conpl exes, organic salts, inorgani c'salts and oxides. 35 5. The
process according to Caim1l, wherein the hydrofornylation reaction is
conducted in a solvent selected frgpgaddredBIUP consisting of the olefin
itself, forned al dehyde, HB forned as a by-product, aliphatic hydrocarbons,
“faromati ¢ hydrocarbons, alicyclic hydrocarbons, alcohols, ethers, esters and
wat er . 40Paténtafigpdighpocess according to Caim1l, wherein the flow m xing
paraneter U of the reactor or reactors of the first stage reactor systemis
| ess t han10. Verfahyen zph Bydwigsmuioning vandPlefinpry despdiecReakiiangeinegQlofing; it Khippmengxid und
reactor or researgefiin Jegenyart pinessRhodiumratalvaaines mit elborstivalontes organischery Phgsphorvers g
The prdtess Ripdengraf tigandemy pfallt, \wherein the reactor or ac ors t he
first stage re‘é{?ft" %&M"@f!"@s‘?ﬂ‘“gﬁ’f‘%ﬁg joqn Rkt?ﬁys*f’ r‘g' Sffth a

SO d | iner
it e R ki SR L
t
I gé%%é-tzeh Sebh B IR O BT o
ratio of the oLghl g, ”aaﬁuf é roh it dfer iﬁ’s%ﬂmgscﬁérﬁ&ﬁstﬁﬁrom Koleﬂl@@th?rwoﬁny %ﬁﬂn to
the olefin Cdimwsemn hdrdkteliéiR dek Mdsign PhSe’ RAGL &M DRMSISRMbAeR digedtBIf twird, o

The process o‘i’rﬁ&l@if;ﬁiloggziﬁpu i8tnibh lals eiVPAdGRIisehUnGEPdiaMetar" baxbittmefdefirit dﬂr@fdlé’\
conver sion irpmwifphi n a range of from0.01 to 1. 16 EP 0 423 769 Bl

Pat ent ansprUche 1. Verfahren zur Hydrofornylierung von O efinen, das die
Reaktion ei nesul@®figs mt Kohl ennonoxi d und Wasserstoff in Gegenwart eines
Rhodi um Kat al ysators mt einer trivalenten organi schen Phosphorver- 5
hindung al s _ei wehei U éigeemittiers, Fludgesctivindighait(nmis) dit.d. did/idingsf (onhder Reaktiongsshiend fet, uarh
mt zwed st ufB ejemitiees IDifiusiengioetizient (ah¥e)Gstppindasiens Gt isti wolepi pin gesfdrmigpsBragukt oder
Reakt or syst e3esdfiissiggernisehy dst aus dlem Repidorsysten dsr astien Risiaabgplassene VirdRineiesr M t
einer M sch&ﬂ@&@h‘hﬂ%l@ﬂ@?ﬂ'eﬁ?l%ﬂ@jmd einemandergn Straom geteenntyid, Undh wesent | i chen vom
vol | st andi gen ®ip JethdescaenzepStpas. enthpigng gas unreagierte Qipfin, derp SepktessyRier A8y SYaPA der
zwei t en St uf<ue ggefilt Wrdreakt or syst em des Kat al ysat orl 6sungsun auf -~ typs

i st, uf¥ folgendes u aIt nen R ak k
M sch &haedeyen, ¢ %T TFE Tsu i ein i o é\gﬁﬁﬁnﬁ? enstofl‘a%men oder ein
Sehings r B E R it

M schungscha oIV yqnJigien i s durch ein D| f f usi onsnodel |

-dar gest el j;t \)Qnm; %lmgf ASHOHEDS | dg a%@@ ,gg%,.éch Inﬁuj lsgows st au
NFl uB a5 U Bnd g%ﬁ&l en, 5 men

(1): U™ uL s ﬁ:foﬁk p(& crﬂs , L
die Lange ( g'er ea t| onssc , und E e| n m ttI erer

Di ffusi ongkagfinren BRkis ArspiiEr1, vJoﬁrt die ﬁhé’lﬂﬁﬁhéﬂﬂ%us@eﬁhhlt%i aus\¥8P@upR| Bostehend aus
gasf 6rm ges HRbdighKEmEMIEN, o@aﬁscﬁénlé‘a&brggwi’@aﬁ@&hen Sakfen anBOGRA Reakt or syst em der
erstengst uf e abgel assen wird, in einen Strom enthaltend das unreagierte
A efin ung, aieﬂmnagdmeMsﬁnﬂom worelt tie NHidrofdrdierubgstbal@ibm dliichdefitie Swigain zehom
Strons, ent habingsnlitet] agsgenihit ags dor Gripgd, béstahondchesTudre Qletinoselbyts geblidetber Aldelved, HBN
Stuf e zugef |dabildetvalsrath NébenfRodukipalipimtische) Kahianmsdssetstsfior argrhatisghe ohlenwasharstot, alicyn
ei n A efin rdisch@Kdhlepwasseisidtlochliohalé, fEthes Feter undWasser.n Gemi sch von A efinen mt
2 bis % Kohl enstoffatonen ist. 3. Verfahren gemaB Anspruch 1, worin die
trival ent 8 Ofegeranggemés pesguiethbrwedn derfindmigchioasgasematertU desiRegitars ofpr der Regiggren

G uppe, bestdéﬁB?ﬁHm&lﬂ%e“‘Frqeé?’k‘?ﬂ %ﬁ%%‘l‘lﬂ%é‘ﬁo“ﬁ‘l aryl phosphi nen,

Tri cycl oal kyl phosphi nen, Al ky }(
7. “Verfahren gem#8 Anspruch 6 wofin U des Reaktors oder der Reaktoren des Reaktorsystems der

45 ersten Stufe htichstens 0,3 ist.

8. Verfahren gem#B Anspruch 1, worin der Reaktor oder die Reakioren des Reakiorsystems der ersten
Stufe ein Schiitteltank oder Tanks, ausgerlistet mit einem RUhrer, sind.

50 9. Verfahren gem#B Anspruch 1, worin der FIuBmischungsparameter U des Reaktorsystems der zweiten
Stufe 0,4 < U £ 100 ist.

10. Verfahren gem&B Anspruch 1, worin U des Reaktorsystems der zweiten Stufe 50 2 U 2 0,5 ist.

s5 11. Verfahren gem#B Anspruch 1, worin das molare Verhiltnis des Olefinumsatzes im Reaktorsystem der
zweiten Stufe zum Olefinumsatz im Reaktorsystem der ersten Stufe hchstens 1 ist.
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phosphi nen, Cycl oal kyl aryl phosphi nen; "Aiilé'yl‘écycl oal kyl phosphi nen und
Phosphiten. 4. Verfahren gemA8 Anspruch 1, worin die Rhodi unguelle
ausgewahl t ist aus der G uppe, bgpgheyggeass Rhodi um Konpl exen, organi schen
Sal zen, anorgani schen Sal zen und Oxiden. 35 5. Verfahren gemaB Anspruch 1,
Wworin die Hydrofornylierungsreaktion durchgefUhrt wird in einem
L6sungs nit2.t rahrenugegdibAhdptucia i wadrr deSrmnigoeVerliltsis eéscOidfinarasatzele im eDlemfBersichabrbst |,
gebi | det em 1chistyisl, HB, gebil det- al s ei n Nebenprodukt, aliphatische
Kohl enwasserstof fe, aromati sche Kohl enwasserstoffe, alicy- clische
Kohl enwafeendicatiang, Al kohol e, Ether, Ester und Wasser. 40 6. Verfahren
gemaB #Anspruch 1, worin der FluBm schungsparameter U des Reaktors oder der
Reakt or et &égoéﬂéakxdm@wmwe upR: pléTiap.cqui pomsYenfl da (Raqiipy, dpne qisfing) a\@%dgtmmwde
Ver f ahr en iengabors, oh e LRYApoetnoe présener 4'uikedl 'ﬁﬂ” aly Bd“"ﬂ Va’F‘Q

ﬁ@ NP f%ns

Reakt or syst%ﬁ&“&é’ﬂ‘ ‘B‘ SP"°’° °%‘ yaye ‘"‘gl;g@qé'ﬁg&‘l’fg'; %ﬁ
gemB @nspr 8 ;gn)forma 1? mp sieurs %a eurs ya une ar

SIeIr’lder 5t0en g a ph §e IQL éﬂ@%eséé%ﬂfl ":ﬁhlg# plG t uli §éﬁ- rer U
des Reaktorogycg éﬁgﬁ f: u%‘idsL § % % t%b égemaB
Anspruch 1 ecM\@Jrﬁeﬂt bhe t?f Bﬁé bqRibIS Wbk &”ﬁ Fotsrsfifue! é’eﬂ ?qu obst St

55 115 Verdmédemibe ol 86 HflRio, unMeinbrd sBRSdiMdNsiBn 8 « edp.les Lapeusse fmbtre

A ef i nus atdeqsslangs adehnem&wsham Sl 1GhVEb en St ufe zu efinunsatz im
Reakt or system der ersten Stufe h6chstens 1 ist. 17 EP 0 423 769 B1 12.

Ver f ahren gesaBeR\ns@ruch 11, worin das nolare Verh~Itnis des O efinunsatzes
KNn._ei nem Bereich von 0,01 bis 1 ist. Revendlcatlons 5 1. Procedd

“d' hydrof or mplusst lenitetsemeyewisafécodamequicmisio npst denidngueur Kap dé lacmoualis riactioonetid, ioh e

avec du norRossy tkecodificient mopanedecdiffugion (cmPg)dyautydnmoins0.4 iup peaduitgatouxrpucntnadiapge ur

au r hodi umgas-ayide ctyeawé dui gyameu:h agtquds dfonent bremieh étage @ptgeénaré e un caunent |

dans | oquelcontenantdigiétinedmacts 4t pol pibaule Fgurant. isblautedy pantie dwcaurgninentonant Isléfineditagte de

syst hnes deeswaqyééwﬂ(s@)neﬂe (s)cfefﬂ‘,@"té?'a@@?étaé"est a-dire un systbme de 10
r ~act é’ﬁré.) fo rem er et age renant un o Iu5| eurs reacteurs

t c"é‘?"é é?"?" lgqqg 'qiégine, gst ayant fle; 2 3§ atomes de
ggggnt :ng | SABARe %G%‘Vﬁg g‘g‘;'gh H%?éts at‘%e ﬁgc ame gLjl react eur (s)

formant g.e%o 5?se§'m reye! ?t un 3 Itel?:gnl?p g e rgan u&/tpval housn
Shr ot Tolelt ke K. E"‘ b EE&&@.& tr.aa-;(‘i ?e.gis sE e
alternatif, %IaHP 1or queyP ca ?;{ctel ‘Ikﬁ an e a'teshase

| i qui de @asﬁroo&d:é selonrﬁns\%ﬁd?&h&le1 Pakhs Wﬂuﬁ@@éu?ced& ﬁilbé Jrﬁ’%&p&msﬂ "Hafid mgﬁnb?éans

di mensi on \dofnprbnaRilbdéo m?ia% s oﬁban EQGEHn%raQ@et%Wd@{‘&ﬁhMm ecoul ement ™)

dM i nigg par la fornule (1) 20 00 U est la vitesse
moyenne 6 GesddécssRn la r(afemnea)-on Ldﬂﬁstlaqhélle DB g d hydforsmylklion et fidd © Bouvre dans
react i onnelvh@oivadt chicisedahs I'edseibil dompieRdnt I'olsaNEC SNl HBma] fafdsinide Rorréal1dé Somposll au
ma_ns O, 4, haut poinDdlébuitlitianatiBe fionnés Len Lsbusripddaitsg) ps Gpdtecaibayas aiiphdiigass Lids bydraeytBiresTe de
r 6act eur ( s )ardvatiquas) fes hydeovabores dliagpliques, lessilepals, Bs éthers,resomtarsanteag.ont enant

| "ol ekt ne intacte et en un autre courant, et tout ou partie du courant

cont enan§- |Prasfdéf delon l4 ravendications s dansrigaygide aaxareé}rstdh mélapge papéeoviement &)dutréactennt
deuxi bne etoHges régutpurs dupysiamadie réastew(s) formantwremien dage eginférieurddids | equel

| " ol efi ne est une ol efine ayant de 2 a 5 atones de carbone ou est un

nel ange & ;?gé?‘f?“d&@'% 65 daps Jeqy % PErametrey Y JH QU des rdaptgrs de sysimends 5
revendi cati ‘f(s)ﬁ tprermjeréitace &st ey AL 3193 phosphor e or gani que tri val ent

est choi g.l Procédé selon la revendication 1, dans lequel le ou les réacteurs du systéme de réacteur(s) formant
premier étage sont constitués d'une ou plusieurs cuves 3 agitation munies d'un agitateur.

s0 9. Procédé selon la revendication 1, dans lequel le paramétre de mélange par écoulement U du deuxiéme
systéme de réacteur(s) est tel que 0 4 S U £ 100.

10. Procédé selon la revendication 1, dans lequel le paramétire U du systdme de réacteur(s) formant /
deuxiéme étage est tel que 502 U2 0 5.
56
11. Procédé selon la revendication 1, dans leque! le rapport en moles de [a conversion de 'oléfine dans le
systéme de réacteur(s) formant deuxiéme étage et de la conversion de I'oléfine dans le systéme de
réacteur(s) formant premier étage est au plus égal & 1.
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.30. , dans |'ensenble conprenanf*PES"Trr%Ikylphosphines, | es

-triaryl phosphines, les tricycl oal kyl phosphi nes, |es al kyl aryl phosphi nes,
| es cycl oal kyl aryl phosphi nes, | esgpag feg@al kyl phosphines et |es
phosphites. 4. Proc6d6 selon la revendication 1, dans |equel |a source de
rhodi um est choi sie dans |'onsenbl e conprenant Ies conpl exes, sels
or gani qudsa., Procghié seiinl€ febdndication 0% YaleJectel le lappbit @ modS dbla chiiversionl de Baldfiomedt de
revendi cat i@t &ly. dans |aquelle la reaction d' hydrofornylation est mse en
oeuvre dans un sol vant choisi dans |'ensenble conprenant |'oldfine
el le-nBme, |'al dehyde fornee, |es conpos~s a haut point d ebullition HB
formess en sous-produits, |es hydrocarbures aliphatiques, |es hydrocarbures
aronmati ques, |es hydrocarbures alicycliques, |les alcools, les ethers, les
esters et |'eau. 40 6. Procede solon | a revendication 1, dans |equel le
paranmetre de mdl ange par ecoul enent U du reacteur ou des reacteurs du
systene de reacteur(s) formant prem er etage est inferieur a 0,4. 7.
Proced® solon |la revendication 6, dans |equel le pararnnmtre U du ou des
reacteurs du systene de 45 réactour(s) formant prem er etage est au
plus egal & 0,3. 8 Proced4 solon la revendication 1, dans |loquel le ou |les
reacteurs du systbne de reacteur(s) formant prem er 6tage sont constitues
d'une Qu plusieurs cuves & agitation nunies d un agitateur. 50 9. Proc6d6
solon la revendication 1, dans | equel |e paranbtre de n6l ange par
6coul ement U du deuxi ene systene de reacteur(s) est tel quo 0 4 S U S 100.
10. Procede solon |a revendication 1, dans loquel |le paranetre U du systene

e reacteur(s) formant / deuxi ene etage est tel quo 50 2 U2 0 5. 55 11.
Procddﬂ solon la revendication 1, dans |lequel e rapport en noles de |la
conversion de |'olefine dans le systbne de reacteur(s) formant deuxiene
etage et de la conversion de |'ol6fine dans | e systene de reacteur(s)
formant prem er 6tage est au plus egal a 1. .18 - EP 0 423 769 Bl 12.
Proc6dd selon |la revendication 11, dans loquel le rapport en noles de |la
conver®djon de |'ol 6fine est de 0,01 a 1. 15 20 25 30 35 40 45 50 65
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