26 MAY 2004 1 Process for catalytic aldol condensations by means of a

mul ti phase reaction The present invention relates to a proce

carrying out nultiphase 5 reactions in a tube reactor, in pa??ﬂ@éﬁ@304%n
preparing a, j3-unsaturated aldehydes by aldol condensation of al dehydes.
-OnM ng to. their reactivity, unsaturated al dehydes are starting nmaterials
for the preparation of many organi ¢ conpounds. Their selective 10

hydr ogenati on gives the correspondi ng saturated al dehydes which .are

| i kewi se the basis of nmany syntheses. Theg oxidation of aldehydes |eads to
carboxylic acids which are utilized industrially. The 'hydrogenation of

al dehydes | eadsP f tid alulobicondbnsitionsehy ARAns6f RHARBHHAS
pl astici zers angbadd@ibgr gents. 15 The al dol reaction of n-butyra de with
is carried out

simul taneous elimnation of water to give 2-ethyl hexenal
wor | dw de on a |arge scale since the hydrogenation product 2-ethyl hexanol

is widely used Hhe ﬁfesghtaﬁt\/ieoiim'erelaﬂesdboda préce’ager dasyng Vs ﬁﬂ%iﬁﬁ&ssr I's
Sodi um hyal ox1 Gaaaorit ron T oy in (5Pl e g s dride  ange
The reaction is d"%&&%ﬂé’ﬁ?ﬁ‘? ‘E%ﬂdreg%%ﬁ%tﬂfa’q@hﬁdﬁtserrperature range of 80-150C,
a pressure below 5 bar and a phase ratio of organic phase to catalyst
phase of 1:20 QOwWikg§te =0C | r 1980, Section 2, pages
93-102), Thi s go r%ac?ifg %@%ﬁﬁ%b%ﬁ@%ﬁ%&%@?séﬁ%ﬁﬁ@g Maletials fof ¢ od
vessel (DE 19 06 850Pa34Ngo6f 68wy | erganigactesipatiotisim Theier atetattive
((:23 gg ;a; cur#@nt hY%"ége'Bimg%;js e ;deﬂbmmingcb@tma@ed RiHeh)864 Whict hre 974

., Or i nlilkewisie Bad . .t hese . processes give
2- et hyl hexenal clérp ')§d;§gl S8 Ig@' Vﬁ’?‘**ﬁ?gg%-ﬁ%%*%{lﬁe&ﬁe%é?fsféaﬁs%. 5% A
di sadvantage i S R Caro el Ui @y Wibzed dndysiialyr Fher bydnogenatioh phe :
n- but yr al dehy dI983Eles; lpags rtev eatuidied) diambiblsawhith BRS Wsbd Ofor tHp&HHYI Z2ar 0

‘reaction. The plasticidecs aed dotbRjefRd I n the Cannizzaro reaction neutralizes °

t he basic jgatal yst. Part of the catalyst solution containing a high
terial therefore has to be discharged continually and

| oadi ng of org&gneing@grl o - '
e bt oby| embte ey bodoi 2 AL b e oo e
gi ve 2-propyl _ al G¢ odwi | far
g)a(lg L ; ﬁdeﬁgt t Ioltirﬁ;bl fl/"feeﬂ dro§8GAtRAhS pidALED 2HthyIRSEn I‘o?sH \Wdélg ll.rgfjé a5 & heat
g9 ,pf&i‘fgzgr élcc?hol. A base dissolved in water is customarily employed as
20  catalyst. Typically, use is made of aqueous sodiurh hydroxide solution
having an NaOH content in the percentage range. The reaction is
frequently carried out in a temperature range of 80-150°C, a pressure
below 5 bar and a phase ratio of organic phase to catalyst phase of 1:20
(Hydrocarbon Processing, October 1980, Section 2, pages 93-102). This
25 reaction can be performed, for example, in a stirred vessel (DE 19 06 850,
DE 927 626)., in a packed column operated in countercurreht (G.
D_[]mbgen, D. Neubauer, Chemie-Ing.-Techn., 41, 974 (1969)), or in a flow
tube (GB 761 203). All these processes give 2-ethylhexenal in a -éelectivity
of up to 98% at conversions of 98.5%. A disadvantage is that at rélatively
39 Righ temperatures part of the n-butyraldehyde used is irreversibly lost as a
result of the Cannizzaro reaction. The butyric acid formed in the
Cannizzaro reaction neutralizes the basic catalyst. Part of the catalyst
solution containing a high loading of organic material therefore has to be
. discharged centinually and replaced by fresh catalyst.
35
Valeraldehyde can be reacted analogously to give 2-propylheptenal. The
aldof condensation of the Cs-aldehydes can be carried out in stirred
reactors which are equipped with internal heat exchangers to remove the



26 MAY 2004 2 heat. This reaction procedure is described, for exanple, in

WO 93/20034 and is, owng to the noving parts, susceptible t | cal
=problems and is conplicated in ternms of construction and nai %Pﬁém‘ﬁ‘a

because of the heat exchangers built into the reactor. 5 In the case of
al dehydes having nore than 6 carbon atons, the reaction rate is still
| ower because of the |ow solubility of the al dehydes in the aqueous

catal yst phase and is therefore often ﬁozlbnger economical. It is |ikew se
condensati on of branched al dehydes 10.

difficult to carr %t t%ﬁaldol i

such as 3-net h??ax%‘t 3, Me3cHRR PERsedErsigtdasarikad, Sorauayiss in WMO03820084 carri ed
out in the hhormgbhs.ez‘;fsg phtheanowngparts; isngceptibleds neschamical méblfméEHgS'e i ih
processes hav - s.are for an e
catal yst 15 haqs {CP:{B;E' azgdjgfami@gqﬁrégﬁ%%@%%ﬁ@yn%% g_ec_:iqﬁe qfﬁﬁg reason,
i ndustrial al %@P SBQE’BPPBHEt%PQTWFerabI y carried out as multiphase

reactions, Bn particul ar as two-phase reactions. For the purposes of the

Lo o BB e Ml A R

flui as m
mscible. In tf&edF 'ewﬁﬂgﬁg%usreo@f e lawgeakykility ofthe aldefyidds ipisses whi ch
aL e imm sci bl ealgqgmtaiysﬁmbbiah:utiy tiEgToRy 6ftd 86 fotger é&cllﬁdi'rﬁcal.bﬁ& nlni ng of
the reaction, [jhRsyita\g; , teri an at al yst :
sol uti on, i\{?i | e @éﬁ%?%%ﬁ?@ﬁ%ﬁ%&%%&gﬁ% bg%q@egtak%hyg% -pr oduct
and cat al yst p# Eatiie gnalwo- phase reaction, the. probl emof nass
transfer has to be overcone. The starting materials have to be transported
into the catalysd coiRf d dche) cts e .be transpgrted back.
Since transport 30 roc%g%g's cgr g,qf%gquen%ng%&d;%% '%aﬁﬁ?f?t Rt d'&t&'&
reaction, suc %?1‘{35’138% Ph252 Bt 45iNonBMINSy ah&alaltst bhespapeocessessf er, so.

the reaction ilpvedhedisedvantagessthat messhytpradadts bré formbednd aacédigpst | n or der
(ot 2 1 dshclinierfoald Yor @l @ BRERR! k! BbriRid ReBoflbudiidoc | 35
reaction, partdl&ylc%bg sllﬂ one 1n gn @h the phases are Virt'u _'1j Tnsol ubl e
in one anot her, The matarral eregieratly gams QulRe mulirhaseroagtiens.iat e cont act
w th one anot H’@f‘!cuﬁraﬁéw@r@bésgeﬁapﬁom.generate a mass transfer area as

between the phases which is as large as possible. On the other hand, the
223;35( ggVe t@’op&eaﬁllrﬁoge% cﬁ?hg%ﬂ%%tg,e%oe-al%sle%eg s a?é ;[reearctigrrl]sewrrrigﬁ(:t on s
96 occur with the participation of two fluid phases which are immiscible or_
only partially miscible. In the aldol condensation of aldehydes, two liquid
phases which are immiscible or have a miscibility gap are present. At the
_ beginning of the reaction, the two phases consist of Starting material and |
N catalyst solution, while after the reaction is compléte they consist of
25 product and catalyst phases.

In every two-phase reaction, the. problem of mass transfer has to be
overcome. The starting materials have to be transported into the catalyst
phase and the products may have to be transported back. Since transporlA

30 processes are frequently slower than the actual reaction, such reactions
are determined by the rate of mass transfer, so the reaclion is referred to
as a mass-transfer-limited reaction.

In order to obtain industrially acceptable spate-time yields in a multiphase
35 reaction, particularly in one in which the phases are virtually insoluble in
one another, the materials have to be brought into very intimate contact
with one another. It is necessary to generate a mass transfer area a,
between the phases which is as large as possible. On the other hand, the
phases have to be able to be separated easily again after the reaction is |




3 conplete. Excessive mxing can lead to difficulties here, since enul sions

can be fornmed. Apart froma high mass transfer area as, a ver i
transfer 5 coefficient k, should be achieved in all mnulti pha?gwggcmﬁs.

Overall, the KLA value, i.e. the product of k, and as in the nass transfer
equation j = k,as(C*--C) 10 where j [rmolls]: the nolar flow of reacting
conponent through the phase interface (e.g. entry of al dehyde -into the
catal yst phase), 15 k, [nfs]: mass transter coefficient, a, [ 2] : phase

interface area in t&? [fact Qr (e.g. aldehyde in the catalyst phase), C
[mol / nBj : maxi nTATESIE, NCP??V%F‘W%C%QWW&‘WEP@% Bpre, ginchemulgiensd phase
and 20 C [ nol / nBan badéromd. concentration of the starting -material which in
turn is coupled to the reaction rate, should be a maxi mum A further

problemin multi Bhase reaﬁ_&é ons is the renoval of heat in the case of
exot hermi ¢ reacfP3R, o q high gase; Bansfen araas a.nar ik didhynasspiransfely 25 t he

mas Is dt Ir anz fei, coeffisientdt shalldbeohchieveecinstiamyliiphasecraptionsd Ovelfiatharhi ch
_ t t ) . wa
Cenction For tRrAVEEE, [AMEDOBIAG R thdp Aihe BRSs ROV cotent 1y

reaction. For this reason, a two-phaSe a I"on
carried out in 30 a stirred reactor. Here, one has to accept the continual

backni xi ng whi ch reduces the effectijekpgoeatrati on of the reactants. This
| eads to a |lowering of the space-tinme yield, which in turn has to be -
conpensated for . by an increased reaction volune. 35 Alternatively, the -

t wo- phase rlé)act"?’ could also be carried out in a flow tube. Here,
however, there is the danger of the phases dem xing and the reaction rate

pr obl s of heat T ehoval [ouck, (55 motst B b Risktind WEmBvrSunghafiBga". , |
i's therefore an object JMASRJNTEERNE-G-nGRAE (% rAldehygr oiplqidhey getalysss. for
carrying out nultiphase ph@ae)ions which is particularly suitable for’
carrying egt al dol kcongpmsgahiddPansfer coefficient,
: a;  [m’]: phase interface area in the reactor (e.q. aldehyde in the
catalyst phase), '

c [mol/im’: maximum solubility of the starting material in the

second phase and
20 C [mol/m’}: actual concentration of the starting material which in

turn is coupled to the reaction rate,

should be a maximum.

A further problem in multiphase reactions is the removal of heat in the

case of exothermic reaction. If the reaction rate is increased by improving
25  the mass transfer, it is naturally also necessary to remove more heat which

could lead to an undesirable temperature increase and even cause a

runaway reaction. A

For this reason, a two-phase aldol condensation is frequently carried out in

30 a stirred reactor. Here, one has to accept the continual backmixihg which
reduces the effective concentration of the reactants. This leads to a
lowering of the space-time yield, which in turn has to be compensated for
by an increased reaction volume. '

35 Alternatively, the two-phase reaction could also be carried out in a flow
tube. Here, however, there is the danger of the phases demixing and the
reaction rate decreasing to an excessive extent. Furthermore, the above-
discussed problems of heat femoval have to be taken into account.




5 1n technical terms, the novel process should neet the foll ow ng demands

made of multi phase processes: generation of high and stable ?ﬁﬁ Xrﬁb?fer
~bet ween the participating phases 10. sinplicity of inplenen % S
possi bl e using customary industrial apparatuses sinple and reliable heat
r emoval hi gh operating safety sinple and reliable scale-up 15 In respect
of the intended preparation of a,(3-unsaturated al dehydes by al dol ,

condensation, the follow ng specific re”qd]i renents are added: high
"selectivity, avgidgnce of, in particular, high-boiling by-products 20
suppressi on of theEERiare 38 obieckatthedpresentdreantion tapraideoalpyocesalior

catal yst di schasageyinghpgtmsifigtesetreattionsettich BrpdricUl@RSURESle fortaiiing” oduct

purity 25 The -oRiffftebnddhésiison accordingly provides a process for the
catalytic aldol condensation of al dehydes by neans of a multiphase

reaction in a tube reactor, wherein the catalyst is present in the
conti nuous Phade teclwhicaltermsatie novel prateby dRoild MRS ollbWing dlinthrksed phase

and the - | oadifHe of h@Bbis: reactor is equal ‘to or greater than
0.8. 30 In the process o[% tsg?r%e\%%_i on, we have found a surprisingly

sinple process for carrying out two-phase reactions which can be carried
out in a tube sr gaoeration iof hijhsand:etablninab$ iragsier Bkiwden Qhe ipaftRipalihgf i tti ngs,
and is suitabl ephgded he al dol condensation of al dehydes to gi've

unsat ur at ei;li 35 al oéﬁh#de in high space-tinme yield and with high
sel ectivitt®s. *| AMAEY & Jrplemeitatione i Ressible rusincheustomely dwhwtriabat i on of

an al dehyde wit happarsidsés can be carri ed out, i.e. only one aldehyde is

used. It is al $osippRShkt Rlidhie MAXt 2RRA to use a mxture of two or nore

5
al dehydes whi cp rra%{ be agres'en% rndi ﬂerent phases of the nultiphase
reaction. If a°ni9QPEAPIPHEYor nore al dehydes is used, these al dehydes

can have 5- thesimpleeansetiable scale-upi f f er ent nunber of carbon atons. In each

case, at limast one al dehyde to be reacted has to be present in the
[ h : f the i [ for. aldol [
di spersed p asf regﬂgctpcgfotﬁg %r?teﬁdeé p?epl'arl]'gtleor};[:) QL,B-Srrlsatuaratgg algghr;fccjlgg Sb%!tl on

aldol condensation, the following specific requirements are added:

» high selectivity, avoidance of, in particular, high-beiling by-products
20 e suppression of the Cannizzaro reaction, therefore no or only small.
catalyst discharge
» high space-time yield, small reactors
_* high product purity

25  The-present invent_ion accordingly provides a process for the catalytic
aldol condensation of aldehydes by means of a muitiphase reaction in a
tube reactor, wherein the catalyst is present in the continuous phase and
at least one aldehyde is present in a dispersed phase and the ‘loading .
factor B of the reactor is equal to or greater than 0.8.

30 '

In the process of the invention, we have found a surprisingly simple
process for carrying out two-phase reactions which can be carried out in a
tube reactor, if desired containing packing or internal fittings, and is
suitable for the aldol condensation of aldehydes to give unsaturated
35  aldehydes in high space-time yield and with high selectivities.

In the process of the invention, the aldol condensation of an aldehyde with -
itself can be carried out, i.e. only one aldehyde is used. It is also possible



enabl es al dehydes having from1 to 15,. preferably from4 to 15, 10

particularly preferably from4 to 6, carbon atons to be conveEFﬁ@A r%dcbthe
«correspondi ng unsaturated al dehydes. The tube reactor used in 3 €s

of the invention can contain packing or internal fittings. For the

pur poses of the present invention, exanples of 15 packing are: Raschig
rings, saddles, Pall rings, tellerettes, wire nmesh rings or woven wire
mesh. Exanples of internal fittings are f3lter plates, baffles, colum
trays, perforat ed pl ates or other mixing devices. However, for the

pur poses of the tgh g8 eeh tmixtuives 19f itwn , ori moer midehfydaes whirh o l&éms@ﬂﬂm‘l se' a

plurality of natifferént ppagds ¢flthd HRIPhES: fekfid ul titube reactor. Particul ar
20 preference is given to structured m xer packings or dem ster packl ngs.

In the process of the invention, it is also of critical inportance to
adhere to or elf@mBbtuse of werenmore aidelpdas isnsed; hese gifehydes cahBajeoadi ng

factor B of 5.t hihetsah@ mpsrer a differsmiuriep BEE the reactor (flow
direction fromthe 25 . bottomto the tog2 ,P f%'??%’% ng poi nt should be-

exceeded. The reactor is thus operated above the point at which bubble
col ums -are usuBI83gh capRaiieast one alilehydd tovbemeackditas tofbeqwesint @ttheon f rom

: Ee top EO the djqjéf@éla phaéé’le'rﬁé (;ﬁ(gceﬁgcéf' lﬂ@ai'nvérmoﬂuﬁppéf&oi%dengat@ﬁé sg t hat
e reactor e 0CESS i S O ed above
the point .. 8@8@ S&%Wqé V&9 slfrP["I 1bé° Eisp'%f%'apﬂ ifﬁ@al@p@ Witrickl e
bed. To fix th@aﬁliqwemyrﬁrﬁf@c@tdxémm 4 b 6i mgbon‘l atdmes tcebe iconverfwaritoptheci sel vy,

the | oading faotrespdhdiry trittdrbiee Al is calculated as a di nensionl ess
pressure drop. 35 B=PD/ PS where PD [Pal% is a pressure drop per unit

| engt h over thﬁ' react or under {)er ating conditions and PS [Palm is a
mat hemat i cal pdh&ddiereantoriusgd Tethmrocse of the neentiomersi antainfpaskipg essur e

per unit | engt by irderhanfittngs Fohthd mrﬁas&fofffﬁé%resfehpy‘{ tfdtﬁgleﬁ%lrlﬁlfgs% k!

conponent s{kn t onponent s
unggr operéitsl ngﬁ%&'ﬁ%%%, gﬁg&ﬁ '§s \é% g'g? mgSQIe@% & Wirg meshripgs - (\N) +g.

To put it in cBhEPEEWIE Mash. ESGRRB'Gﬁ of Uéemﬁbﬁﬁ'tl% are fillee piates, Wafflesr net er of
a mul ti phase ntuwndrays, perforptedgiiates lmbethdr ndiking Qﬂé&i&% M&D@véroforftﬁé)w at the

he mes 11 owegon o ﬁ*eé’r?'leeﬁ‘é'?p 0GR SRR ARARL S b boiyisdd 1y 0.t | o
in the reactor” Fanté’ ?f . B‘i’f" tHEesan f%ﬂh@éﬁ”’&ﬁubﬁﬁémﬂpbdﬁﬁ%ﬂa%tate of

the react ?° preference is given to structured mixer packings or demister packings.

In the process of the invention, it is also of critical importance to adhere to
or exceed a minimum cross-sectional throughput or the loading factor B of
the tube reactor. In upflow operation of the reactor {flow direction from the
25 . bottom to the top), the flooding point should be exceeded. The reactor is
- thus operated above the point at which bubble columns are usually
operated. In downflow operation (flow direction from the top to the bottom),
the cross-sectional throughput must be set so that the reactor is
completely flooded. Thus, the process is operated above the point at
30 which it would still be possible to speak of a trickle bed.

To fix the minimum necessary loading of the reactor more precisely, the

loading factor B of the tube reactor is calculated as a dimensionless
pressure drop.
35

B = PD/PS

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




10. The pressure drop PD [Paln] is used as a mat hemat i cal pararreter to fix

the process conditions and can be cal cul ated by established Ph\? ‘i@r
ssi ngl e- phase or multiphase flows. Appropriate nethods of calcu I'ng e
pressure drop PD in tubes, internal fittings or packed beds, etc., nay be
15 'found, for exanple, in the VDI -\ar meat | as, 7th augnent ed edition, VDI -

Verl ag GrbH, Dussel dorf 1994, sections Lal to Lgb7, and also in the

standard work by Heinz Brauer, G undlagef der Ei nphasen- and
Aar au and Frankfurt. am M n,

Mehr phasenst ron?glng‘ﬁ Ver | ag Sauer| ander,
1971. 20 The prBEMENSiPRHOPmPrassucper Ak lengthi deflnedsisdbe réticoof assough an

enpty tube is fipwbhkiis) BDalEcomvponeats\W El&l@awlt@the%lljm& How &6 zlgr&c t q
aneter an

coef fii ci ent of éh&)rﬁﬁﬁ?ﬁ %%?P%%h@ré@ﬂﬁﬂsoﬁwgﬁ CE gtl%é%l MEnt®tions, w

30 p [kg/ nB]:
[ms]: flow veI (W\Q ol LR ibin qongiate: tasms, B ovaulthbe the atic pressire case of

fl ow t hr ougt® palﬂtlmgjer Meaimuhtiphaaé anixtale ihidif iyt tﬁﬂ@lf‘éﬂ'pﬁﬁé&é’w&‘e g> 1s to

b 1€l aceu by ‘cheenha R 08 Y g ol byl el ° ' 1
internal fitti gvegﬁogh :mags flovswed o the Fgagior-and "sf'nd%m mﬂd - 7
“where dH [n): flowdifection inGive[rehctol thd Vi 38ldchy PampRAsdd é’rﬁﬁé?lboﬂﬁgpt y tube
fraction resi SRE Bf $RGEAds) ent of the apparatus with filling t u
whi ch fl ow 80curs 7
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
single-phase or multiphase flows. Appropriate methods of calculattng the
pressure drop PD in tubes, internal fittings or packed beds, etc., may be
15 found, for example, in the VDI-Warmeatias, 7th augmented edition, VDI-
Verlag GmbH, Disseldorf 1994, sections Lat to Lgb7, and also in the
standard work by Heinz Brauer, Grundlagen der Einphasen- und
Mehrphasenstrémungen, Verlag Sauerlander, Aarau and Frankfurt am

Main, 1971.
.20
The pressure drop PD in the case of single-phase flow through an empty
~ tube is given by
, ' PD = Cw*p/2*w*D
25
where
Cw [} resistance coefficient of the tube through which flow
occurs
D [m]: tube diameter and
30 p  [ko/m’L; density of the flowing medium under operatmg
conditions,
w [mi/s]: flow velocity = volume of ffowlcross—sectlonal area.

In the case of ﬂow through packing, beds or internal fittings, the velocity w

35 istobe replaced by the effective velocity (w/y) and the tube diameter D is
to be replaced by the hydraulic channel diameter clH of the packing or
internal fittings, so that:

PD = Cw*p/2*(why)**1/dy




The packing-related data dH and ip are frequently part of the delivery
specifications for packing. For a series of packings, data arg gﬁy‘gghdéﬂl t he
~abovenenti oned VDI - Warneat| as, 10 The enpty tube fraction ' c ﬁ e
determ ned experinentally by, for exanple, nmeasuring the volune of the
reactor before be calculated, ' if it is not known, fromthe specific
surface area F [n2/ nB) .of the packing or, 15 internal fittings (generally
known or able to be determined experinmentally) using the sinple
relationship dH & 4yr1F. 20 The resistance coefficient of tubes, internal
fittings and pa KRy is general ly described as a function of the Reynol ds
nunber Re whi chgi vésl | hfdpaulistchennelliarhetehe f1 ow state under the chosen
conditions. Inyhe gpse gty i 4Wionl Nternal fittings, etc., the follow ng

relationship cau al ppst _ al ¥va¥s e_enpl oa/e%: 25 Cw = K1/ Re" + Kz/ Rem where
frequently enpl8yedltxpdfaiteocs qoefficiert ofpihe apranaibm withofilling thieughn, Chem
_Engng. Progk. 48, (1948)whigdflowpcours 1, m= 0.1 (nethod of 30 Brauer et
al.). Kl,7 K2 are packing-rel ated constants which are known from supply

|l es may be found in the VDI - Warneatias

data or fromthe |it ratu%&éexanﬁ , ]
and in Brauer AP AINIHGIRRAE Aatay Heyandal” aies Begenti trartnphthe deliyssy i ment al | y
by passing a | FBetifications (aytpacking.t Fxrea serded of paoRings] it @re pR@kiiAGH&t vari ous

vel oci ti es andaBgichdhtiohedvOMRSmaafiadiction of Re from 35 the known data
and the rreﬁ%ured pressure drop. EPhe I'mensi onl ess Reynol ds nunber Re is

defined as  Re = w(p/rt)*D for enpty tubes or Re = (W ,)*(p/rl)*d, 4 for
tubes cont ai ni hige iempér tube fraction ngsamalsetbdvBMeRMiNdd Sxparedtitaly: by, fToeach case,
i [Pa*s] is t&anyleaasaduy / [ ¥ Y . J.1 ow ng
medium I n theth%ag% 'ﬂf T\/\olf;gﬁges'gm% ':ﬁ%v\(gzz%é?ae&%}ﬁ%]eg(ﬁgszinlbqalitlegff'll,%@%{h o

al dehyde- cat al YstPacknd The hysirgulicghangel diampler ganp tupthesaledtated, if it

over propor t i ontélNgj knewpalrem the specjfic karface ke F {iin’) ofethbi patkingosk (i n
Brauer at 1al . )intehal MrgeJyérrallydotin dfiblo t'Bo RRASRinel Wobrrhiftaliy) SXPr essed
in relation t}é},ﬁbe‘hgrsﬁﬁfﬁggaa@rgﬁi of one of the two p asgs, or €xanple to
the pressure drop o e pur Bwi ng liquid catalyst phase P11, and
expressed in relation to the ratio of the pressure. 10 drop of the other
phase P, 2 regarded as flow ng al one.d, = 4y/F. :

20 The resistance coefficient of tubes, internal fittings and packing is
generally described as a function of the Reynolds number Re which gives
information about the flow state under the chosen conditions. In the case
of packing, internal fittings, etc, the foilowing relationship can almost
always be employed:

25

Cw= KJRB" + Klee'“

where frequently employed exponents are n = 1, m = 0 (method of S.

Ergun, Chem. Engng. Progr. 48, (1948), 89) orn = 1, m = 0.1 (method of
30 Brauer et al). Ky, K; are packing-related constants which are known from

supply data or from the literature (examples may be found if the VDI-

Waérmeatias ‘and in Brauer et al.). However, they can also be determined

experimentafly by passing a fiquid through the tube reactor containing

packing at various velocities and determining Cw as a function of Re from.
35 the known data and the measured pressure drop.

The dimensionless Reynolds number Re is defined as Re = w*{p/m)*D for
empty tubes or Re = (Wllp)*(p/n)*dﬂ for tubes containing internal fittings or




To cal cul ate pressure drops in two-phase flow, use is frequently nade of

t he di nensi onl ess pressures 42 ~ P1112/P,; and X2 = Pit/P, 2. EEMégriedﬁr
#felationship 4,2 = function(X2) has frequently been exam ned. I'es 15

may be found in the following literature references: Y. Sato, T. Hirose, F.
Takahashi, M Toda: "Pressure Loss and Liquid Hold Up in Packed Bed

Reactor wth Cocurrent Gas-Liquid Down Flow', J. Chem Eng. O Japan, Vol.
6 (No. 2),1973, 147- 152 20 D. Sweeney: "M Correlation for Pressure Drop in
Two- Phase Ooncurr ow in Packed Beds", Al ChE Journal, Vol. 13,

7/ 1967, 663-669P2 '"%“\?@‘é’kﬁ%ﬁ? njPats] isWerviscosity andip Brosw '] dh theadsneity st i cs of
Cocurrent Gas- thﬁlelf@“mgjmdmmPacked Beds", Al ChE Journal, Vol. 10 (No. 6),
11/1964, 951-957; 25 R P. Larkl ns, R P. V\hite D. W Jeffrey " Two- phase

Cocurrent Fl ow Packed Swd Al ChE Journal, Vol. 6/ 1961,
231-239 or N, dHl?x -ghase;flows (kg linuid-ligyid f‘DFI hP@H@talyst Pressur e

Loss and Llﬁ]w-‘éplvml’ﬂuﬂneualeasura dBays rhdraasad &anbbmohﬁ hrfaRedming th

F d f Vol No. 5
1976, ”gsoagsoN%‘“E RISl N Reinod By EL e, é@e?@ Joraiie iy

utilized for th @ﬁ &5’?’3'“ &S EFUPS%WP@'OB&O ﬂW&_Prfssweﬂropofqnemb( 54 Thi s
" so-cal | ed Lockahe twaphases, far exedpleitotisd\presksrectiop of B puic B6wRGIGak form in

D oCess. onginea ) nee LNESE i AT Beckdq HRYelcton RURS ol KFe BESHS"20 v
2004 9 Thépré %%3!‘9‘%&08%%3%8:2fwmgeﬂwaalaﬁmlz is then derived from

the experinentally determ ned pressure drop, or the pressure drop

estimated as desedibisne FEQYFa df?;gs lnewgg)@gsé gy Uge[ ’g?lﬂugp has P11 usirng-

ress ctor

5. r!112 - (2*IH%1Idl l.n gein eral Qf n%:
length L [ n rI‘-E’f'?LS_L Pess FEeSHY Spr¢e§§?1v2é‘l1d?6fﬂ> 1= B/l tTh?h&.Q'thei‘l ow can
thus be cal cul &lationspip ¢usfunsion(Xfehhs dseqlenth drdenabxapiigedieExamges The sane
appl i es t o16hemayteVoons Inthe ellolf idbrRps i oRlSras.Pressure drop B, i.e. the
| oadi ng factor of the nultiphase reactor.
Y. Sato, T. Hirose, F. Takahashi, M. Toda: “Pressure Loss and Liquid Hold
Up in Packed Bed Reactor with Cocurrent Gas-Liquid Down Fiow”, J.
‘Chem. Eng. Of Japan, Vol. 6 (No. 2), 1973, 147- 1562;
- 20" D. Sweeney: "A Correlation for Pressure Drop in Two-Phase Concurrent.
Flow in Packed Beds”, AIChE Journal, Vol. 13, 711967, 663-669;
V. W. Weekman, J. E. Myers: “Fluid-Fiow Characteristics of Cocurrent
Gas-Liquid Flow in Packed Beds”, AIChE Journal, Vol. 10 (No. B6),
1171964, 951-957; ‘
25 R. P. Larkins, R. P. White, D. W. Jeffrey: “Two-phase Cocurrent Flow in
Packed Beds”, AIChE Joumnal, Vol. 7 (No. 2}, 6/1961, 231-239 or
N. Midoux, M. Favier, J.-C, Charpentier: “Flow Pattern, Pressure Loss and
Liquid Holdup Data in Gas-Liquid Down-flow Packed Beds with Foarriing_
and Non-foaming Liquids™ J. Chem. Eng. Of Japan, Vol. 9 (No. 5), 19786,
30 350-356.

The relationship proposed by Midoux is frequently utilized for.the
calculation. For example:

35 o @ = 1+ 1YX + 1.14X05
This so-called Lockart-Martinelii relationship is depicted in graphicél form

in many works; detailed discussions of it may be found in many textbooks
On process engineering and publications, for example in Brauer et al.



15 The magni tude of the di nensionless |oading factor B is a necessary
fundanental condition in the process of the invention; B shou )t er
Ahan or equal to 0.8, preferably greater than or equal to O. ngr“m'awgﬂﬁia
particularly preferably greater than or equal to 1. 20 In the region where
Bis greater than or equal to 0.8, a reactor operated fromthe top
downwar ds begins to flood. It may be -expressly pointed out that when
these conditions are adhered to, the advé@nhfages of the process of the

i nvention are achi eved even when the reactor is operated fromthe 25 .
bottom upwards or in another direction. H gher cross-sectional |oadings of

t he r;aﬁct or (F Fhe Pressues dgop wlﬂh@théé_@‘Eflé\ﬁq’ﬁai%itﬁgré%efriﬁ&!ti)?%}d #e Pressure.
over e reacto, . ; i even desira as Jong as
the increasing %f@é’?g%ﬂi%&:%ﬁﬁé C} gﬂégﬁr%' c@%"?‘?ﬁh% PRSSHIG 9’%@@&%‘419 ener gy
consunption. Af %‘?ﬁ?ﬂ P ﬁP%VE'r@fm%?l@3@‘@'“&“%63@@%%%51@9 practi cal .
consi deratidns such-as energy consunption or difficulty of separating the
phases after the reaction is conmpletg. Lta2gan thus be seen that, apart from
the volune flow of the individual 35"phdsed"or the enpty tube velocity w =
V(i D2/ 4) derived therefrom the physical dinmensions of the reactor (length
L, dianeter D) ingeneral eppresbed bsa functib® ofieaesqbr lEhghRaelyi ng used
(hydraulic dianeter dill, enpty tube‘i:,ba_pf,iépgg yr) play an inportant role.
Wth the aig of these parameters, the pro®ss can be matched without :
difficulty1 0o a wide variety of requirenents; it is 26 MAY 2004 10 only

irm;)_rtalnt Ito ad’hgrﬂraswmhdrmrwiéirmmi,ﬂaa%eoﬂcﬁwfﬁrﬁfttwsalaby{;ﬁcmafédf?bﬁndll y
particularly p . e of slow reactian, one will, for
exanpl e, sel ecls: gf@%@gheﬁmc?rsaéﬁ Fi&&m%g@?'ﬁﬁ?eéwgof hfhﬁa'B%c%pﬁ@S e rIQ%I ect a
| ar ge speci fi cPSYFHS eﬁf‘\éﬁdﬁﬂeﬂﬁ@'%ﬁ?fr’ﬁg‘ﬁ? diepthde. thadoadingifacted ofondi t i ons

for B are achi theguuitiphaseaeastonl | flow velocities. In this way, sufficient
resi dence t5nmes over the length of a sensibly dinmensioned industrial '
reactor are o Ined. .In the case of very fast reactions, a converse
procedure is g@@% g'i%q%mgid;}Atrﬁua{"??@F'oéﬁsﬁe’P?‘éngifﬁc@&rﬂ y¥ i) Negessane process
of the i nvent i YRdeentabcanslitian infthe posesmefsthé limwentibn;:tih ehduld bedreater
cat al yst - cont athai ng ephaige 0\, greferdisly FRsfer ithaYor 8 élt&?o‘gérg% Qﬂ;\ses M.

| A ' . &u c ncﬁﬁlsla I ons, the

dlsly
In the pr ocessprgferémﬁ]}é%yquh%rggr %}ﬁ.ura‘l goagr ying out = al dol

mass flow of the catalyst reater than

In the region where B is greater than or equal to 0.8, a reactor operated

from the top downwards begins to flood. It may be expressly pointed out

_that when these conditions are adhered to, the advantages of the process

of the invention are achieved even when the reactor is operated from the
25 . bottom upwards or in another direction, '

Higher cross-sectional loadings of the reactor (B>>1), rec_ognizable by
the increasing differential pressure over the reactor, are possible at any
time and even desirable as long as the increasing space-time yields justify

30 the similarly increasing energy consumption. An upper limit is 'therefore
imposed only by practical considerations such as energy consumption or
difficulty of separating the phases after the reaction is compiete.

It can thus be seen that, apart from the volume flow of the individual
35 . phases or the empty tube velocity w =V(zD¥4) derived therefrom, the
physical dimensions of the reactor (length L, diameter D) and, in particular,
the data for the packing used (hydraulic diameter d, empty tube fraction
y) play an important role. With the aid of these parameters, the process
can be matched without difficuity to a wide variety of requirements; it is



15 the mass flow M2 of the disperse phase or phases. in the process of the

I nvention, the nass ratio M/ M of the continuous phase (M)
-di sperse phase(s) (M) can be greater than 2; it is preferredh?M‘tﬁ?l\?lloloﬁe >
10. Flowratios of M/M > 100 are quite possible and frequently even
advant ageous. Under the condition M/ M > 2, the catal yst phase is the 20
conti nuous phase, while the di sperse phase or phases is/are divided into.
fine droplets. The process of the inventi®n-is frequently carried out in
such a way that at |east one phase, which contains an al dehyde, is _
di spersed by me@nl iBportars tofadherectogheicohdition &8 0.8t fefehably BOSobEARE OF DY

t he conti nuous pﬂﬁs@aﬂgb%fé—bgﬁg)ial_t he droplets obtained in this way.-can be
estimated by neans .of customary engi neering nethods. Suitable nmethods .
enpl oy relationships . involving dinmensionless paraneters, for exanple 30

d./dH = k*Rei, | pribo\easeof sipwereadion, aeowilliefor ékamplegseiobttabmaphRiadiee Saut er

met hod (desari btigmeter d#ripy ' - r I i ter of, the

packi ng, Rel, 12. | rrl% S t%ﬁ"‘ﬁﬁ@?é‘%’} }?Iﬁgl_,gmj?%@%pggésdéﬁcf g%'?é%g Sfeaof the

wl, 1_2*(p1,/711i23* Fﬁi_ %a SPayired igpditions fapdt atst aghirvesiavenghsmallf | ow =

\(/vi<7122*(p"G(an ) Y%@ghep)mtmwmwsmmt-resiﬂiéncmimb@bv?ﬂﬁéflé ofgnst ant's
nown or det ersghsiBly ditheRXiBRsd : cit s| =

VIi(nW4), V. v%é{ggg;ft.l ﬁgl undedr f@gﬁ%’%ﬁ%@ﬁ%ﬁ%ﬁ% Pﬁiﬁesf?ye m%;énsi ty

under operating"conditl ofsCqNEIsREYOcedure isiagvisabley under operating

condi ti onslPPa*s] and Y: interfacial tension under operating conditions

[N'nl and theA fodhéragitdrion(ih ichfink ot ) : secand |iquid

phase). In thetrféa]ﬁs é){li v?t 'étcﬁﬁgégbﬁggﬁ{gg@%&%?@%m%w% 'Sgwah?%ﬁarrow

tubes as internali]te HE) 1 ljquid; calysit-soripming phase Mi tmiheunaasdibwdr opl et

di ameter ds 5O4iheslismeryecnphasen dc aiegirocksarsties irventisl fop eBS{iRY But However

W e ToSh 141 s e peap ot BB RO BRI ), Opl et

o okl 8 R P e JR50E AL A ek ke pswern i voc
cal cul ated dr dpVettiog; é’ﬂgt’@ﬁ% GaiocMidlzeofathe eastinemisaphdse (M;)storiheer t han
the 10 hydr auisperehphasd(s)diires®be greater than 2, it is preferred that MM, > :
10. Flow ratios of M,/M, > 100 are quite possible and freqUently even
advantageous. Under the condition Mi/M; > 2, the catalyst phase is the
- 20  continuous phase, while the disperse phase or phéses is/are divided into.
fine droplets: '

The process of the invention is frequently carried out in such a way that at
least one phase, which contains an aldehyde, is dispersed by means of
25  the energy introduced into the tube reactor by the continuous phase.

The size of the droplets obtained in this way can be estimated by means of
f:ustomary e_ngjneering methods. Suitable methods employ relationships
involving dimensionless parameters, for example

30
di/dy = K*Renz™Weyy,"
where
d: - droplet diameter obtained by the Sauter method (described in
Brauer et al.),
du: hydraulic diameter of the packing,

Rey: Reynolds number of the muitiphase flow = Wi {pu/nu ) {dwF),
Weyp! Weber number of the multiphase flow = wmzz*(pnlcmz)*(dHI‘P)z,




ds/da S 1, preferably < 0.9 _ The calcul ated droplet dianeter finally allows
a mass transfer area to be 15 calculated in accordance with ﬁflﬁh§( ds
Jm2inB]. For the phase fraction p,2 of the disperse phase (in"the case of
the al dol condensation, an organic phase containing at |east one al dehyde
I's 20 dispersed), the ratio of the enpty tube velocities of the phases can
- be wused: (P12 - WL2/wi 112. The residence tinme s of the phases flow ng

t hrough the reactor can be 25 calcul atedlapproximately as T - L,* VAviln.
The residence time T in the process of the invention is generally much | ess

than one hour arféMgin bempinicat bmmmﬂ(mdmﬁie%mmé@lrby@%@ﬁme.%?verthel ess,
this conpl et el y wnusual enwt,],ggvgfocﬁ)pﬁgt)j;%b%gh cafal yst thf'oughput in
ortiron of s

the reactor, conrparativel | pw prop ] tarting material in the
reaction corrposirq?i on, aﬁﬂmﬁ@ f@“@(’ﬁq%é§ﬂﬁ'fat'89\¢@fﬁ@m@ﬁdmﬂls}. esi dence tine.)
surprisingly aclieves highsilypmder operating teidionsfrgi@finat i vel y, at the sane
space-tine yielgs it isypasH _ oS ficantly | ower _
t enper at ures thg]sn IS custo ?Qha?é%éggﬁﬁgéng%bgﬂtaesfwd the reaction rate,
whi ch can, for EXarrpI_e,!"ﬁeé%ﬁtqnﬁ’%'-mdﬁf?ﬁ?fﬁﬁm eInditenyRYNg004 12 secondary
reactions and t ADd thenipdicee l1s(@irst tguidiphpse $dtoRd B6QABRLEA| | Y feasi bl e.
ph ( GApRESS)
The process of the invention can be matched very flexibly to a 'w de

variety 5 of r iLrements. For specific requirenments, the foll ow ng

enbodi nent s of ﬁf‘ﬁ% °8F%8Ee§‘§’°glf eq ch'f"ﬂ%mquaﬁ SilgerpPvV iop natrowftubemweas

appl i cafjI i OP req'ﬂléng fét;m yt besrg plavsiiolg thaﬂla ﬁlc%bdﬁmlﬁtog@ﬁwe?éreds
required, fa ¢h ; L, a,casca rrangenent

10. of tube re% h;ﬁ'ﬁ%?ﬂféﬁiﬁé@iﬁeﬁﬁ?ﬁg@é@@%E@WPY.%[- g'ﬁ?l%ﬁ‘ésﬁ | oyed. A
cascaded arr ange n?o 8?”?95‘2’53 Paclings and Packiag slereemsitsuole asrwisegeeatnt  of
packed and enptingsuBe vwveni wire ineshadknowh! as i denfisteAgacRiHGSr drY dhélet PT essur e
drop is desi regredipitdtors). gy Y a 2ment. of “tube, reactors or
the use of a %é{cﬁ;iﬁéw&:o g Io?’m?%w giﬂe ﬁh{é&[eﬁﬁ'ggt tsaﬁosdgfélgnéo t4€ functi on
of internal fittings, cén g’@"l?éeé' WE) giReat iRast equakin en smaller tharcthiee of

strongly exBt h&vdiauns ehannebdiametasr exanple. as in the al dol condensati on,
is also not critical in the process of the ' _ 7

ds/dy < 1, preferably < 0.9.

| The calculated droplet diameter finally allows a mass transfer area to be
15 calculated in accordance with '

A; = 6gpds [m*m’].

For the phase fraction ¢ of the disperse phase (in the case of the aldol
c?ndensation, an organic phase containing at least one aldehyde is
20  dispersed), the ratio of the empty tube velocities of the phases can be
used: - |

Pz ~ WiWipo.

The residence time 1 of the phases flowirig through the reactor can be
25  caicuiated approximately as ¢ ~ L*yMyr. The residence time = in the
procgss 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

. low proportion of starting material in the reaction composition, and as a

30 result a very short residence time) surprisingly achieves high space-time -
yields. Alternatively, at the same space-time yields it is possible to-u\}ork at
significantly lower temperatures than is customary,” since the increase in
the reaction rate, which can, for -example, result in minimization of



i nvention. The high throughput of the catalyst -circuit acts as heat
exchange nedium so that, even in the case of adiabatic operat bgmm%g
-reactor, only small tenperature differences arise and a honbgeneous
tenperature distribution in the reactor w thout tenperature peaks results.
The heat generated can then conveniently be renoved or exploited for

energy recovery by neans of any conventional heat exchanger |ocated. in
the external catalyst circuit. To inprovirenoval of heat, it can sonetimes
be useful to run the catalyst circuit at a higher circulation rate (i.e. at
a 30 hi gher B \§ficoBYarygactioss aad tnisdaiprgvernsatendivily, ynakes ithis etbwonsisall yst
circuit enabl geagibeal | er tenperature gradient over the reactor to be set.
Conpared with the prior art, the process of the invention offers : :
consi der abl e advant ages, for exanple: 35 High space-tine.yields can be
achi eved at conh¥ RIPFessIof theiventiommansdieumatshed Very feaibiyetpi owidefvakigtypr oduct s

s extremel y | @ireQ@rddite00s specifié reqfRmaMRIRS folloNifiFahbonifiBnthg cal al yst
and it suffers ﬂf]é Bmcégééfftb' ttle. deacti vﬁ)&_on; conti nuous di sanarge S
mininized. I n therpreparatt SNeaHULP & RASSPI t he i nvention of

a, (3-unsaturated al dehydes 5 by al dol condensation of al dehydes, a further
advant age is t ifathe apmicdlionGrebiitedh Qry RiMgt mRihg” 25rR: Ofeéla?lﬂingljﬂfﬁda‘?é. having a
very | ow sol Ub'll'é%l}i |%r§?%8ﬁ)lcqt a(%{%:st' hase Cﬁn be cOnv%E econom cal ly
into the correspondi-hg ey éﬁ%@?g BRSHHBYS G Sasca regament ol vent s
for the préPar QFN?R regcters dayingantesal Sbings bopackingrtende emloyed.| t hose

sol vents which neet the followi ng conditions: The solvent is at nost only

slightly sol ub ' ct.p €. . . The product is only slightly
sol ubl e in thehgcaalsg? @Jsafa'g{ﬂﬁeg"%ﬁg?% W&C‘%%Qf%ﬁ%{'ﬁa’ﬁoﬂ@@%w. ~ The
sol vent has a SuPprideAnd yermptyHube| sastions dp asivisable ffoa panicutatyalomst used.

The conti nuouspesage drop sldaspegpcess of the invention (i.e. the catalyst 20
phase) camgonsist largely of water. 1f desired, the catal yst phase can '

contai n phase 'I_.r nsfer reagents,. surface-active or anphiphilic reagents
or surfact ant s"IETAS PGl arangement efhiubeoreadtaisuer Hiragisecah aonsi st
entirely of wdaneltitubefeactherimwhich thectubes thn wesIM® RS RINGRSH 6P MterREl | ar gel y

of water and d#ittings, can be used.

- 20 The heat removal in the case of strongly exothermic reactions, for example.

as in the aldol condensation, is also not critical in the process of the

- invention: The high throughput of the catalyst -circuit acts as heat

~ exchange medium so that, even in the case of adiabatic operation of the

- reactor, only small temperature differences arise and a homogeneous

25  temperature distribution in the reactor without temperature peaks results.

The heat generated can then conveniently be removed or exploited for

energy recovery by means of any conventional heat exchanger--'ldcéted- in

the external catalyst circuit. To improve removal of heat, it can sometimes

be useful to run the catalyst circuit at a higher circulation rate (i.e. at a

30 higher B value) than is technically necessary, since the catalyst circuit
enables a smaller temperature gradient over the reactor to be set,

Compared with the prior art, the process of the invention offers
considerable advantages, for example: -
35
» High space-time yields can be achieved at comparatively low
temperatures. :
* The formation of by-products is extremely low.




wat er - sol ubl e sol vent. Organic sol vents which can be used are, for

exanpl e, propanediol, glycerol, diethylene glycol (DEG or 6 MAY 20

«di met hyl f ormam de. The proportion of water and organic sol ven? preyer(%']y
30 nakes up nore than 60% by wei ght, particularly preferably nore than 80%
by wei ght, of the phase. As catalyst in the process of the invention, it is
possible to use water- sol uble, basic conpounds such as hydroxi des,

hydr ogencarbonat es, 35 . carbonates, carb®xylates or m xtures thereof in
the formof their alkali netal or alkaline earth netal conpounds.

Er Sf er _egce |22 %PA\VHW paess rig genltieadn theecalalysy ahaxi @@ﬁer%}lﬁé}n%,fqﬂjeum

nydr oxi de. - ibA- : | ; catal yst i1n the .

cont i.nuous phaseﬁ%g%é#ﬂb&fﬁ%ng%%@%a?&%\gﬁqaﬁ[@g%ﬁ particular fromO0.1 to
5% by wei ght. The process. of the invention is suitable for the reaction of

al dehydes or  Sndheipiepaeationecoortingbithdinventiometer, unsAARSS aldeRcseact i ons.

If only ones al d&l€&ons j t.0 . a- hydr ogen.atons on the
same carbon attbg%n(%xt tgﬁ@n&@é@ggg&, laffu['\ ﬁ%’e%é‘%bﬁgé‘ %ﬂﬁ?‘e%ﬁ'@ 9| dehydes
are used, at IERBiONJsactan ale ayedeaigehveion having anvane lowsolubligdindben at ons
on .the same ecatalshpbasncandite soriertyd esomanitally ihtoQha cHNEERMEM ?lﬁﬁﬁ in
accordance W t kohdhsBRAY Broddefsl NI tion are, for exanple, acet arde yde,
propanal , n-butyral dehyde, n-val eral dehyde, 3-methyl butyrat dehyde,
n- hexanal , 3-nethyl pentanal, 4-nethyl pentanal., n-heptanal, n-octanal,
n-nonanal , 19- d&olakle solvkesdontie prkbartion of tiet @hIpst Piutdnh PHReedaNSat i on.
Exanpl es of al dethedes 1 : i n accordance wwth the
above definition are: Oiiqggtgmggﬁgg%@ég‘?'%ﬁ“@%ﬂfyr at dehyde,
2- et hyl pent anal , 2-et hyl hexanal, cycl ohexyl al dehyde. Exanples of 20
al dehydes havi hglhfosalvany iir atgeostantyrslighily sdietila il thelpréuct phase. '
2, 2- di met hyl proparaproaingt fsosme! e e the atter two
groups canonly Cléﬁ]%%&gﬂggg%valﬁgoﬁi@@%ﬂggﬁggt 'lngiqugvm %9%n&£ﬁ33e EN ng two
PP

a- hydr ogen at ons. &M ed starti ng materials for the process-.of the.

i nvention are:® TheptRlNan|hashg csflicienilyl ighalsdlvept eapability Xbruthe Sdtalyst

n- but yr al dehydeusadl i sobutyral dehyde, m xtures of n-val eral dehyde with

2- met hyl but yral dehyde or 3-met hyl butyral dehyde or the correspondi ng

t hr ee-corrponegiI mxture. It is |likew se possible to, use a m xture of C4-

and C5-al dehy g ghtiguous phase in the process of the invention (i.e. the catalyst o
20  phase) can consist largely of water. - _

if desired, the catalyst phase can contain phase transfer reagents,
surface-active or amphiphiiic reagents or surfactants. '

25 In particular cases, the continuous phase can consist entirely of water.
Furthermore, the continuous phase can consist largely of water and a
water-soluble solvent. Organic solvents which can be used are, for
example, propanediol, glycerol, diethylene glycol (DEG) - or
dimethylfonnamide. The proportion of water and organic solvent preferably

30 makes up more than 60% by weight, particularly preferably more than 80%
by weight, of the phase. '

| As catalyst in the process of the invention, it is possible to use water-
soluble, basic compounds such as hydroxides, hydrogencarbonates, |
35 . carbonates, carboxylates or mixtures thereof in the form of their alkali .
metal or alkaline earth metal compounds. Preference is given to using ° |
alkali metal hydroxides such as sodium hydroxide. '




“30 m xture of the isoneric nonanals (Cs-al dehydes). These al dehydes can be

prepared, for exanple by hydrofornylation of ol efins. Wen US'?@SMRW 0gthan
.one al dehyde or an al dehyde m xture, the individual conponents can‘be fed
separately into the streamof catalyst 35 solution. It is |ikew se possible
to mx all starting materials prior to feeding and to feed. themin
together. Furthernore, the al dehydes can be used as a solution. -Solvents
whi ch can be used are-inert liquids whi€hiare at nost only slightly
soluble in the catal yst solution, for exanple hydrocarbons = (péntane, _
cycl ohexane, t ol UgnegncepBaliohy ol B@4catalistSn tﬂ'@%oﬁﬁrﬁ.&ﬁ@tpﬂa%%tfnjoﬂx”&gL{Et her

provi des for the|5lg§gy%@-}p’_(?_ﬂ%ﬂehlarﬁglpquwoaé%%nrv%iﬁ ucts prepare y. the

process of the invention. These can be used f “preparation of
saturated al cohol s by hydrogenation. The saturated al cohols obtained in

ot o e s o papoyatertion I6 stiblSTanREaLEAbrO MALLE LTS,
mention may be S mpldEred LN é%[ gré&e%g Cglh%r@fggrérqfézﬂ%g_ OY,PR®ier nor e,

%Eid f.the unsat ur

the al dol conde 85}’%‘?1 'spPB%‘ﬂdE's? famtapbaveotwaeethydragen atomsedre tiisi seene

hydr ogenat i on ‘i f@r§on ators aiextr tatthe GO dadupd FIwdIti hdreshifi&ant Qﬁerﬁ/‘aﬂé’ﬁﬁé ed into
sed

carboxylic aci dasddly af HRSESNEBE th @lr; |, &...they can be or
preparing carboyylic acids. Ifnthggiil T gﬁ?“’i‘%g’ r&%"?a%r‘ﬁﬁ% OGN alRpEed are used
in many synt heseS S8 GERONR®Mf their reactivity. A further field of
applicationt®%or the saturated and unsaturated al dehydes is their use as

A danydes can par e tiding S, LONRRSRRl b"FordiBRee Wil feakown 200c
preferably in ‘%@"ﬁ'ﬁ@ PEn gl0T t GRS cacelaldshile, TRkPBhals asbutsraldehgde,t hr ough
the reaction tubeleigldebyder ehnethyttyraidehyate, t A-hekhfal, RHiIYPaMans Ce Versa.
Lo, 25 Theshoamnt e sl ¥ 8end o rb R LIS angers. |~
p. €5 ,%ﬁsooguitéglgcf&l%) Hﬂlge(éort n%%n th 9 )

The heat exchangers do no e vicinity of the reaction
space, but <can-also, if desired, be |located outside the reactor. The

i ndi vi dual heaExamplessof alderyape PRy PR (REASBER didif i reaction and
on the desiredihae3044 q{e?ihtfi!bﬁs é\.R% t&{h0 rea%t gredgr%érﬁﬁﬁt%géor%?%w g |
equi pment. The,heal of react]on Wi RO AYGERYIS: o ety atyreldehydee utili zed
very 2-me ylpentanai, 2-ethylhexanal, cyclohexyl aldehyde. Examples of
20 aldehydgs having no a-hydrogen atom are:  benzaldehyds,.
2,2-dimethylpropanal and formaldehyde. The aldehydes of the latter two

groups can only undergo an aldol condensation with an aldehyde having
two a-hydrogen atoms.

25 . Preferred starting materials for the process of the invention are:
n-butyraldehyde,. n-valeraldehyde, a mixture of n-butyraldehyde and
isobutyraldehyde, mixtures of n-valeraldehyde with 2-methylbutyraldehyde
or 3-methylbutyraldehyde or the corresponding three-component mixture.
It is likewise possible to use a mixture of C4 and Cs-aldehydes or a

30 | mixture of the isomeric nonanals (Co-aldehydes). These ‘aldehydeé -can be
Prepared, for example by hydroformylation of olefins. ‘ -

When using more than one aldehyde or an aldehyde mixture, the
individual components can be fed separatély into the stream of catalyst
35  solution., It is likewise possibie to mix all starting materials prior to feeding
and to feed them in together. Furthermore, the aldehydes can be used as
a solution. Solvents which can be used are inert liquids which are at most

only slightly soluble in the catalyst solution, for example hydrocarbons
(pentane, cyclohexane, toluene). |




si nply, e.g. in the process itself, for heat i ng a distillation apparatus or

for generating steam 35 The liquid m xture |eaving the reactgrpal
Jsrechanically separated in a liquid-liquid separation vessel ?ﬁtngh?a%oaq%/st
phase and product phase. This can be carried out in settling vessels of
vari ous construction types or in centrifuges. For cost reasons, preference
Is given to settling vessels. 26 MAY 2004 -- 16 Although the residence
times in the separation apparatus are nottikritical per se, they are
preferably kept short. This has the fol |l ow ng advantages: the separation
apparatus is snﬁf"? &iRFeNt sinvenfional furthert prevides rfes ppadiusg! ¥ heWgddien

resi dence ti mes camdenshidori produttsUgreb¥reoO thons. 5 gecur.in the
separation vessgh, bgq{seﬁf}gr ?rheeosrgr!telb .naol;"“§ ?ﬁééﬁ%ﬁé%’seépﬁ,% lt'x%@}on. aﬁpé% y, the
density difference between ePY 'ag'ﬁaégssaﬂggte#@i%ol%w hydrogewationl ar ge and
their viscosity Rasatunatsd alepholspohtainkd de thiavayedaeria tahebe anipiiyeip of the
t enper at ur e @ndthegmeparaitibly ob ®IAAGEIRER L A &4 experinents. 10 In
addi tion, the dﬁﬁia}z%r%[&%hé{ﬂ ?:% sj i{% b? %.% ﬁ é%ta EF?@{E"‘E-O%%)H%W%%{E e varied
by choi ce of. the sel'ven angi:'t(ﬁ)t UELMERHen mayhednadeef tha unsatuated Ss-
possibility isa'lcf) widd8bydes density and viscosity of the product phase by
addition of a solvent. Phase separation 'can be carried out in a w de

tenperat ure ranggy r separation tenperature can al so be higher
than the tenperaj Sﬁéﬁorg? tﬁ %eé'Pgﬁ'ccPﬁg?‘Psﬁll'BGuﬁ"Pd'd‘itst‘l’fﬂélé”&t ceavértesinbiyhe
reactor. veériecs hydrepenationeint the, saturated didehgantivg @eske &4n BEP! Oy a
hi gher t enper atcaneerteldaintot &tbosylil EeRlist 15 R: .he .reactor optlet. -The
| owest possi bl gg @WE’F@%F‘Q@%@&PG qr’]cff ar éggﬁ%@ O?f?gﬁ%%d.re. SyfanpPe ne of
the two |iquid phases. IC300%r der to achi eve short separation
tinmes, no exceissively | ow tenperatures are chosen, as nentioned above. The
wat er of react irodfitione theliunshiepatbd algarhyale¥ ShreS QhdY i refore has
% re>ficed Wr}g%ﬂgas Eﬁgae%ut by 25.

to be contifuabbdauss @IS : cess,.. .Thi s can .

distillation ognihe ?ut.[%gi Fel[a?g%rhvt]g\eﬁﬁg'g'éﬁgp,Of@p\?ﬁ?‘?é'oﬁ folther saterated ni ng
azeotrope. Thi ' CHAFEYiateqAldehvdes sdheair vee apfragrancemjueous phase and an
organi c phase. Part of the aqueous phase can be discharged to maintain the

Catal yst phasai aeas o ISR 75 118 TR nsble o1 uEhidhs i be
removed 30 byt aKi ng Yr'p afsmperiurefange phirgs B0 kuLOWE, preferably in
20 “the range from 680°C to 150°C. _ _

The phases can flow through the reaction tube in cocurrent from the top to

the bottom or vice versa. For safety reasons, preference is given to

feeding the phases in from the top. .'
25

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

qan also, if desired, be located outside the reactor. The individual heat

flows are dependent on the specific heat of reaction and on the desiredl
30 temperatures in the reactor and in the work-up equipment. .

The heat of reaction which has been removed can thus be utilized very

simply, e.g. in the process itself, for heating a distillation apparatus or for
generating steam. ' |
35

The liquid mixture leaving the reactor is mechanically separated in a -.
liquid-liquid separation vessel into catalyst phase and product phasé. This
can be carried out in settling vessels of various construction types or in
centrifuges. For cost reasons, preference is given to seltling vessels.




The product, stream can, after separation, be purified by known nethods;
e.g. by distillation. 35 The catal yst solution which has beenzngﬂq?o%g of f
As, if desired after discharge of a snmall proportion and corresponding
repl acenent by fresh catalyst solution, returned to the reactor. 26 NMAY
2004 - 17 The follow ng exanples illustrate the invention w thout
restricting its scope, which is defined in the clains. The al dol
condensati on of al dehydes by the process ™ the invention was 5 carried
out in an experinental apparatus which is shown schematically in Fig. 1. In
this set-up, theAltwnohieesidencaltipes iphtheesepaiation iappatiatisestetiot diiags of a

u 1. The. al aethel ] [ |nto ., the catalyst
\F;i gpl ine 3 or, gﬁﬁig Hﬁ?ﬁé’?ﬁgra é%ﬁ%ﬁ) %g??ﬁ]&@ﬂ?@%fag@ﬂ?gesv y

. al dehydes, via ft:'l%e ﬁ?’%@é 3PBYAME 1S spalhanq 5 parkdl st isr saseaspordiogly t he 10.
starting materi 4% Yéea iesideace imescbres shart,yvinually hoeedondBie réadtiohphase

m xt ur e obt abnedcour iKMhe s ' : ed. vialine 5 .
t hrough a tube E‘l R fyort % gﬁgﬁﬁ?%ésgl.mmiﬁgqﬁgﬁ% éfﬁgeg)ﬂg}?%m%gc%f 17.3
nm and was pr O\r/r:ﬁgf?lgiﬁwﬁyf:@ ?E;Vt% _'ﬁf"iﬁ”ﬁ@ Bg@’ﬁéﬂt thenfwe mpagemyipsaddi be

di ameter of 2 nitylargst elviscBsityisas todm lowdall Phedphiematdacher s 15

whose di mensi ona fanetigi YEthd ferhPRE8Ir& XSHIPLES - g - | xture,
conprising the é)g?eqc,ﬁe% product‘,s\é?unr eacte stegrgitﬂfrtl)g cr?%%etjlir']% rlI’}:’ln@ﬂ'?ﬁe
catal yst, was passed via line 7 to the optional gas separator 8 where it

was. freed!®f volatile constituents which were discharged via line 9. In
the exanpl es dessdditndiHaad A b ' le 2. thjs line
was 20 cl Osed'byT&E)Iiclhé &%ésj é?!tmrtéghn(? ggkgﬁwgﬁﬁ&gg B’ g?é%'@éﬁﬁgggesw{be ctt ep 8
was conveyed to” a ai) ase 5@5‘? &gANe alalyst qoncenigation. Afathegeessibilivhase was
separated of f 1§ilQ altehibexdansity aed viscesityt of thbeproduct phase Badetieak @ phase
whi ch cont ai ns sohent. Fhase separaiforPERTBE Cafidd dutiea Wga%r tefhplfitireGaRgRS taken
off via li 1 ction was rernove HERRS. OF ?H%e'heat'
exchanger SQ%B,'E%,'Z'@%&? %aﬁé%g?@f’rgﬁ'f%f:ﬁéa[sﬂgper@éw an g temperstyrent - f or
the catal yst, nergcHifhraghict @t tiag obtetdram theureacior. Wawever, fandneliggt hyl ene
glyeol (DEG) . Tﬁgqﬂ? itds Jangsaﬁ;imagmtta Smpog AnigherBehpratdre #AA fle 9 and
, an #acidabs : nt-. the. increase in
Adomporbied M 11 ok oo S Bl bossinis, hidtatiss s 1o 14

conver si on WhEH.I sL09.2 ﬁol venf m Xt ur e,

show the catal ys c%%ﬁ%%r-?‘i’cﬁ? he Bevr eelt of ignengkdhe twie liquisuphasds. al dehyde

fed in and??t s}f'é’WﬁtS‘%Ts in pisier ity apkieve shbrtsgparation times, no excessively fow '
temperatures are chosen, as mentioned above.

~ The water of reaction formed dilutes the catalyst solution and therefore
has to be continually removed from the process. This can be carried out by
25 distillation of the output from the reactor, giving a water-containing
azeotrope. This can in turn be separated into an aqueous phase and an
organic phase. Part of the aqueous phase can be discharged to maintain
the water balance. Excess water can also be removed from the separated
catalyst phase by distillation. In addition, water of reaction can be removed

30 by taking off part of the catalyst solution. ' |

The product stream can, after separation, be purified by known methods,
e.g. by distillation,

35 The catalyst solution which has been separated off is, if desired after

discharge of a small proportion and corresponding replacement by fresh
catalyst _so!ution, returned to the reactor. -




area derived from gas-chromatographi c anal ysis. 26 MAY 2004 The | ower part
of the second table of each exanple |ists the product corrpos'hgim) 2004
~likewi se in per cent by area derived from gas- chromatographi ¢ analysis. In
t he docunentation of Exanples 3-14, no distinction has been nade between
the isonmers of the individual C5-acids 5 or C5-alcohols in the interest of
sinplicity. These values are summari zed as "al cohol"™ or "acid". Likew se,

t he saturated 3-hydroxyal kanals of the- bh-al dehydes are sunmari zed as

"al dol addition conpounds”. The "trinmers" represent the proportion of high
boi | ers forned B isllewingrexamplesrillustratidihe iimentiord withouteastttingils sebpé,hr ee

C5- al dehydes. ifhidiRs devipeH ,,pg:{etclé;ﬁ]st he second table in each of the exanples
reports the space-tinme yield (STY), the conversion (C) of the al dehydes,

the selectivity (S) to the desired al dol condensation products and the
| oadi ng fact or lfe)aldel candensativo of eddehydes by thehprocassibfyibie in@mioswason gi ven,

it should bg neh t o 14. The
proportion of Eﬁ&%d@m ana'i_ﬁ éfﬂ)%ﬁﬁ;gﬁ{ﬁ a@éﬁ%g@ﬁ‘%ﬁﬂ&nﬁ%@ﬁaﬁéﬁ;ﬂ? I{'he wat er
of reaction fr h naPﬁoPet“‘@bﬁﬁﬂr{? IS WaIXﬁtng?%?n 2 ispdredigtad By ar o

reacti on whi chMsebsefdspump pdhaldidshytle o liee alddbyde abderesiatriged irgads to
neutral i zati on i catByselibalneor, GRS ¥sde oﬁ%ﬁ%rﬁ&flﬁﬁ&ﬁmﬂﬁﬁ of Efﬂ‘\ﬁfe\ﬁ?r

slight in the of .ti.nme. for ction vvasoservedfor
thlg to be |ncgﬁf$bg€ee vig, thy B?eﬁ%@nge‘gclp,tﬁ?,e@(ﬁmp deseribedh belowetbes and t he
experi nent &9 ré@dlﬂ&maBIMIv@re_ ngigednim rextiusieelpxdaging)3. THer apitiphbsen of

pr opyl hept enal nfxtm@dbtﬂﬁeamm.s%ﬂé%low Behees ag gﬁﬁ@é@?@r{%%e phase

condensation o t.a ow gact
ratio of or ganlhg%g E% raﬁ{]%ra%é”h'%f‘%‘wﬁs[enﬁ Q{eSdﬁcﬁnﬂh% diamgterente tine -
were sel ected dh3tme apdsvas providad wnhlnohlaﬁcrmuingselalmmsrmﬁ@a hpdraplicepar i ng
2- et hyl hex- 2- emaineteme Zrﬁﬁcﬁ‘lr@Ex%pleq éﬂ?jﬁh@ééer@ b&dotﬁém%aét tal plant
(Fig. 1) vwas Cﬁﬁjneli%o%srér ‘ Ior vol une was 19
. (In a pr eI | m Nary exper i nent &Ossgr? E’I {e {'i‘gb‘@@wr%nsur ed
that an i ndust$amris I“?f-‘ ﬂP%E@sPTQﬂUCt pmrup@oteqhgstameghmatmmt andntle can be
? |2 m#yat ed wel |caalystgwadpassedaid mfe)i't&ﬁeTﬁombfabséﬁa@tdr@%ﬁré ﬂmvdé!]iils 500]}120

o strengt u owW. 0

ot hrea 699§la{\rl%%nstltu%n@e%% e?’&aﬁrscﬁ rlgeQ V\@Lﬂ hngbq_) 8 26 MAY

I/h. In continuous, 0
2004 xamplespcﬁascnbecf below wnth the exceptlon of Example 2, this Ime was
20 closed.

The liquid stream 10 obtained after the degassing step 8 was conveyed to
~ aphase separation vessel 11. Here, the aqueous phase was separated off
via line 2 and returned to the circuit. The organic phase which contains the
25  reaction product and runs over a weir can be taken off via line 12.

The heat of reaction was removed by means of the heat exchangers 13, 14
and 15 located outside the reactor.

30  As solvent for the catalyst, use was made of water or a mixture 6f water

- and diethylene glycol (DEG). The pairs of experiments 3 and 4, 5and 6, 7

and 8, 9 and 10, 11 and 12 and also 13 and 14 clearly document the
increase in conversion when using a solvent mixture.

35  The tables in Exampfe.s 3 to 14 show the catalyst composition iﬁ per cent
by mass, the amount of aldehyde fed in and its composition in per cent by
area derived from gas-chromatographic analysis.




- 19 Examle Ij a Examle 1 b Tenperature 95C 130C Pressure 1.0 bar

2.7-bar n-Pentanal 24.0 nol % 3.0 nol % 1 2-Propl heptenal 69.
~mol % Rermai nder mainly hi h boilers 6.5 nol % 2.6 nol % Space-t?ﬁermb}%e%q. 3
te/(nB h)1.8 te/(nBh) The | oading factor B was 0.02. Exanple 2 5
Preparation of 2-propyl heptenal The reactor used was a 995 nm | ong DN15
tube (internal dianeter: 17.9 mm). The reactor was packed with wire nesh
rings (Vereinigte Fullkorperfabriken, "VEE,~4x4 mmw th web, surface area:

about 2100 er/gB% as are used for distillation. A proportion of packing
el ements 10 of BN%JRWEr PAR ofclhershconditable afasadieexampladitts fee piodact al | y.
The enpty tubecdmpssitioon Waswisbusn 9 eﬁ%eNWiW SR R,@geqmtnpmga;_r'ee
reactor vol unme cmg‘,mg%%réligﬁb a}qg@' is€] ﬁ'ﬁet i ve h%%r @ul i EEI anet er was
calcul ated as ¢". = .1.?} 215>l T PR IATeT 9h Fa PHENTO t he NaOH
singtion has beeq masie hebwesmmihet ispmers oftthe irebitust Camiciglst by

content of the

addi tion of 5 rmlQralcclblsin tHeyitepzdt @ sFABIL. OThesh { GV, L eyl ation
was 400 |/ h andgne gng| ué@?qe [ﬁg hn %a y/ol uml;%é%&f%lew%wﬁéﬁzgullh. To
nake the systemigeri, a sl a ie: B1e Artraied s-psrayalignals)of ihe
additionally m:‘ ydgs 9% sWmmasized pselaldel additibe compmupisbdThe | eaves
the gas separ atloime8s’viepresentitheSroe@Bém 6 hightdbi Lhping
wat er, n-pent apddifatd ot Qj:)%ﬂggftt re%%@%dsélgﬁa%‘ﬁﬁés“ Eg%ﬁ’e"?ﬁ%‘ég@%'ﬁer and
separ at or e not shown In H gur 15. E 8i §- an organi c phase and an
aqueous phase. The organic phase. is passed to the product separator 11.

‘tI)'he aq geggsc p_f;_ibe uppes peitsof ahdedsonaQaEiéSineéM bfnlﬁ@'gfa 5 i&glgerpbﬂg gyt at |
ar ant - r iBE i
equi | i brium a%?@ijﬁé%@ﬁ%ttﬁgc?@%?ﬁw zé %{3@? %@8“\‘,%@8’3 selentivifas -
obt ai ned: _ 2d aldol condensation products and the loading factor (B) of
the tube reactor. In the catalyst composition given, it should be noted that
15 these are intial values in Examples 3 to 14. The proportion of NaOH and, if
present, DEG was slightly diluted by the water of reaction from the aldol
condensation. In addition, the Cannizzaro reaction which proceeds in
parallel to the aldol condensation leads to neutralization of the alkaline
catalyst. Both effects are, however, so slight in the period of time for which
20  thereaction was observed for this o be inconsequential for the description
of the experiments and the experimental results.

Example 1 (Comparative Example):
Preparation of propylheptenal from n-pentanal
25
Propylheptenal was prepared by condensation of n-pentanal in a flow
tube. The reactor design,:the phase ratio of organic phase to aquéous
qatalyst phase and the residence time were selected on the basis of an
industriai-scale process for preparing 2-ethy!hex-2—énal. The reactor of the
30 above-described experimental plant (Fig. 1) was replaced by a 60 m long
DN20 tube. The reactor volume was 19 |. (In a preliminary expéeriment not
described here it had been ensured that an industrial-scale process for
preparing 2-ethylhex-2-enal can be simulated well using this reactor).

35 The. catalyst circulation was 500 ¥h (2.7% strength aqueous NaOH).
n-Pentanal was fed in at a volume flow of 50 I/h, ‘ |

In continuous operation, the following results were obtained:




“n- Pentanal Pro the tenal Remainder main hi h boilers Starti ng materi al
97.7 nmol % 2.3 nol % Product 7.7 mol % 89.8 mol % 2.5 nol %5 Th I me
Thi s experinment showed that even at

&ield was calculated as 2.6 to/(nB' h).

95C in a tube only I mlong a high conversion with |Iow formati on of high

boilers is achieved. The process of the invention gave higher space-tine
10 (Conparative Exanpl e 1). Exanple

yi el ds than a conventional process _
3: This exanple describes the process of t%he invention for the al dol
(1+1 product). 400 kg/h of

condensat i On'of*rr-—pvrr-rana-l—t—e—z—p#-ep%-heplﬁnal :
15 catal yst werfe—passed through the react or] Examplel Rper iy 1 10C at
The.£ eactor use ) | ong

t he aut ogenous apetafpe Of the reactants.

ke |
L | TACTOT

ND15 tube (int g R drameter— 173 m——Th _
packi ng el enent | ' Ohkardi anet gr2.0bar2 nm  (PW 2) .
26 MAY 2004 21 CAteatapalt ¢ NaOH \Water St bhpRggat erifalo FLow TTTH| 2. 34%
by wei ght 97. 66%HnyiNebihy 4- 11 Starting ng I al__comnpygsttt+ot—a—Penf anal
Aldols Trinmer PR Re_r¥ai !!r)ltge_[ - . 655 mol% 1.94.4 mol%
| Semaln-der (rra:niy high bo!Iers) 6.5 mol% 2.6 mol%
pace-time yield 1.3 te/(m”h) 1.8 te/(m”h)

The loading factor B was 0.02.

Example 2
5  Preparation of 2-propyiheptenal :
The reactor used was a 995 mm long DN15 tube (internal diameter:
17.9mm). The reactor was packed with wire mesh rings (Vereinfgte
- Fullkérperfabriken, VFF, 4x4 mm with Web, surface area: about
2100 m¥m®) as are used for distillation. A proportion of packing elements
10 of B.5% qf the reactor volume was determined experimentally. The empty
tube fraction was thus 91 -5%, which corresponded to a free reactor volume
of ‘229 em’. The- effective hydraulic diameter was caiculated as

dy = 1.913 mm.

15 Duririlg the continuous experiment, the NaOH content of the catalyst
solution was maintained at 2.85% by weight by addition of 1 molar sodium
hydroxide solution, ' |

The catalyst circulation was 400 Ith and n-pentanal was fed in at a volume
20  flowof 1.0 l(h. To make the system inert, a smalf amount of nitrogen (0.5
mol/h) was additionally metered in. '

'!'he nitrogen present in the crude product leaves the gas separatbr 8 via
line 9 together with an azeotrope containing water, h-pentanal and the

25 products. This stream is cooled (cooler and separator are not shown in
Figure 1). This gives an organic phase and an aqueous phase. The
organic phase is passed to the product separator 11. The aqueous phase
was discarded. i -

39 The experiment was carried out at 1 bar and 95°C. The loading factor B
was 9.92. |




The follow ng result was achieved: STY [te/nB/hl 5 Conversion Selectivity B
n- Pentanal unreacted n-pentanal) 2-Propyl heptenal Al doll addiz%ilﬂﬁ@}ﬂgtmt S
*Trimers Remai nder 96.1 % by wei ght 0.9% by wei ght 1.4% by wei ght 1.6% by
~weight 3.9 97.6% 96. 2% 115. 34 2. 3% by wei ght 94. 0% by wei ght 0. 7% by wei ght
1. 0% by wei ght 2.0% by wei ght Exanple 4: This exanpl e describes the process
of . the invention for the aldol condensation of n-pentanal to -

2-propyl heptenal (1-1 product) using the 2&asol vent di et hyl ene gl ycol

(DEG . 400 kg/ h gf cq al yst were passed 10 through the reactor (as

described in ExdrhpT&! @f“ﬁ S Pioghpichating ehefollowing averageh compositiem aias

pressure of the abdaioedints. 26 MAY 2004 - 22 - Catal yst ¢ NaOH3. 76% by

wei ght Di et hyl ene gl ycol 50. 00% by wei ht Water46.24% by wei ght Starting

mat eri al . fl ow I[ThTIZ. 02
Starting material Product

n-Pentanal ' - 97.7 mol% 7.7 mol%

Propylheptenal 89.8 mol%

Reme_lfnder(mainly high boiiers) 2.3 mol% 2.5 mol%

5 The space-time yield was calculated as 2.6 te/(m*h).

This experiment showed that even at 95°C in a tube oniy 1 m long a high

conversion with low formation of high boilers is achieved. The process of

the invention gave higher space-time yields than a conventional process
10 {Comparative Example 1).

Example 3:

This example describes the process of the invention for the aldol

condensation of n-pentanal to 2-propyiheptenal {1+1 product). 400 kg of

15 catalyst were passed through the reactor at a temperature of 110°C at the

. autogenous pressure of the reactants. The reactor used was a 3m long

ND15 tube (internal diameter: 17.3 mm). The reactor was packed with

packing “elements from Sulzer having a hydraulic diameter of 2 mm
(SMV 2). |




n- Pentanal Al dols Trimers Remai nder The follow ng result was achi eved: osi
fon f by weigh 91.S. 93% %b weight 0.8%by weight 9.7%Db \f@hquémf
*STY to/ nB/ h3.9 Conversi on99. 5% Sel ective95. 9% B13. 91 n- Pent ana15

wei ght unreacted n- entanal 2-Pro the tenal 95. 4% by wei ght Al dol addltlon
products0.9 % by weight Triners3.0% by wei ght Remai nder 0. 9% by -wei ght 5
Exanpl e 5: This exanpl e descri bes the process of the invention for the

al dol condensation of 3-methyl butanal (3IMBA) to

2-i sopropyl -5-nmet hyl hexenal (3+3). 400 kg/h of catal yst wer e passed

t hrough the reactor (as.described 10 in Exanple 3) at _a tenperature of 110C
at the autogenous. preggusysef the reactants. Sarting materiall conposition

é? MVAY 20Q4 e 2 3 Cat 3\ r OS NaOH™ 2 44% W 9%54% t;v.%#ewht 97-%6% b wei ght
arting material flow 2 y weig

Water . 1 97.66% by weight

Starting material flow {I/h] 4.11

_ Starﬁng maierial composition

n-Pentanal ' 86.1% by weight

Aldols ) 0.9% by weight

Trimers o 1.4% by weight

Remainder 1.6% by weight

The following result was achieved:

STY [te/m’/h] | 3.9
"Conversion ' 97.6%
Selectivity ' 96.2%

B 15.34
n-Pentanal : 2.3% by weight
(unrea'cted n-pentanal)

2-Propylheptenal 94.0% by weight
Aldol addition products | 0.7% by weight
Trimers 1.0% by weight
Remainder - | 2.0% by weight

5 _
' Example 4:

This example describes the process of the invention for the aldol
condensation of n-pentanal to 2-propylheptenal (1+1 product) using the .
cosolvent diethyiene glycol (DEG). 400 kg/h of catalyst were pas'sed'

10  through the reactor (as described in Example 3) at a tempefature of 110°C
at the autogenous pressure of the reactants.




-

Starting material conposition 3 Methylbutanal Aldols Trirners Renainder
58. 7% by weight Q2%b wei ht 0.1 %by wight 0.1 % by We'/QBtMK{?ehOM
=followi ng result was achieved: STY to/nB/h3.2 Conversion78. 29

Sel ectivi 83. 3% B15. 48 3- Met hyl but anal 21. 6% b wei ght Al cohol !1 20/ b 0y
wei ght 2-1so ro |-5-nmeth | hexenal 72. 0% by wei ght . Al dol addition
productsl. 1l % by weight Tanersll 5/ b 0 y weight Remainderl1l2 6/ .b ' ht O
wei 5 Exanple 6: This exanpl e describes 2zhe process of the |nvent|on for
the al dol condensation of 3-nethyl butanal (3-MBA) to.

2-i sopropyl -5-net hyi hexenal (3+3) using the cosol vent diethyl ene glycol

(DEG . 400 kg/ h of cat@gﬁ@ét 10 were passed threugh the reactor (as .
described in Exanple tenperat-ure—oi—10C-at—theaulogenous
pressure of e eac gl a0 M a00s 74 {cal s oomagtr o, 46% b v o
D Ao e gy 0 OO0 o T ) |
.24% by weight
Starting material flow fi/hj 4.02
A Starting material composition
n-Pentanal - 96.1% by weight
.| Aldols 1.3% by weight
Trimers_ \ | 0.8% by weight
Remainder -1 1.7% by weight
The following resuilt was achieved:
STY [te/m*h] 3.9
Conversion 99.5%
Selectivity : 95.9%
B '. ' 13.91
_| n-Pentanal 0.5% by weight
(unreacted n-pentanal)
2-Propylheptenal 95.4% by weight
Aldol addition products . 0.1% by weight
Trimers 3.0% by weight
_Remainder _ 0.9% by weight
5
Example 5;

This example describes the process of the invention for the aldol
condensation of 3- -methylbutanal (3-MBA) to 2—|sopropyi—5-methylhexenal
(3+3). 400 kg/h of catalyst were passed through the reactor {as described

10 in Exampie 3) at a temperature of 110°C at the autogenous pressure of the
reactants. -




3- Met hyl but anal 98. 9% by wei ght Al do[ addition products0. 2% bywei ght
Trimers0.1 % bywei ght Remai nder 0. 8% bywei ght The foll ow ng r??‘@\m‘l
~achi eved: STY [te/nB/h]3.7 Conversion95. 7% Sel ecti vity95. 2% BI3. 91

3- Met hyi but anal 4. 2% by wei ght Al cohol 0. 5% by wei ght

2- 1 sopropyl - 5- net hyl hexenal 90.1 % by wei ght Triners2.6% b wei ght :
Remai nder 2. 6% by wei ght Exanple 7: This exanple describes the process of
the invention for the co-al dol- condensa&Bon of n-pentanal and

2-met hyl but anal (2-MBA) to give . an isodecenal consisting of the isoners
2- propyl - 4- net hyl hexenal . (1+2) and 10 2-propyl heptenal (1+1). 400 kg/ h of
catal yst were passed tt@,ragyﬂgp the reactor (as described in Exagple 3) at a
tenperature of 110C aff The —autuogenous—pressureg-of—the—+eactan]s. 26 MAY
2004 - 25 Catalyst ¢SREBH 2 2700 b weight _\WAtjeP.49% b7 9ReghSt ar {i ng nat eri al

flow 11h 4.17 StartingWasdrerial conposition 2- Nejlygh 23l T|51.3% by
0. 9% by

wei ght n-Pentanal 46] QY | _ a1 0-3% Dl s |
weight Triners 0.1 % ) "gn%’n@? nder—1. 3%%$97 uei ght The fol | owi ng
result was achi eved: BTIY_telrn3/ Bldttmymeateiiacommsiteat i vi

3-Methylbutanal 98.7% by weight
Aldols 0.2% by weight
Trimers ' _ 0.1% by weight .
Remainder 0.1% by weight

The following result was achieved:

STY [te/m¥h] |82
Conversion 78.2%
Selectivity 93.3%
B 15.48
3—Methylbuta_naf : ' 21.6% by weight
Alcohol ‘ 1.2% by weight
2-|sopropyl-5-methylhexenal 72.0% by weight
.Aldol addition products 1.1% by weight
Trimers 1.5% by weight
Remainder L _ 2.6% by wéight
5 )
- Example 6:

This example describes the process of the invention for the aldol
condensation of 3-methylbutanal (3-MBA) to 2-isopropyl-5-methylhexenal
(3+3) using the cosolvent diethylene giycol (DEG). 400 kg/h of catalyst
10 were passed through the reactor (as described in Example 3) at a
temperature of 110°C at the autogenous pressure of the reactants.




B 2-Meth fbutanal n-Pentanal Alcohol Acid 2-Propyl -4-nethyl hexenal

2-Pro the tenaf. Al dol addition products Trlnmers Renai nder 2§ ‘;‘Z %)6)4
"94.8% 15.40 33.0%b weight 3.1 %by weight 0.3% by weight N

wei ght 24.4% by weight 34.3%by weight 1.4 1.1 1.4 5 Exanple 8: This
exanpl e descri bes the process of the invention for the co-aldol
condensati on of n-pentanal and 2-nethyl butanal (2-MBA) to give an

i sodecenal consisting of the isomers 2'—"p?6p’§/| - 4- et hyl hexenal (1+2) and 10
2-propyl heptenal (1+1) using the cosol vent diethylene glycol (DEG. 400

26 MAY 2004 -

kg/h of catalyst were Fpa_s_g.ed through the reactqgr (as described in Exanple
3) at a tenperature of Cith@et at t he aut ogenous gressure of -the| reactants.
26 Catpbygbyc NaOH L DrethyTene Jof yool Varel |

Diethylene glycol 50.00% by weight

Water . | 46.54%

Starting material flow [I/h] 4.00

_ Starting material composition

3-Methylbutanal : .58.9% by weight

Aldol addition products ‘| 0.2% by weight

Trimers : : 0.1% by weight

Remainder | 0.8% b_y weight

10

The following result was achieved:

STY Jte/m®hj 3.7

Conversion 95.7%
Selectivity | 95.2%

B . . 13.91
3-Methylbutanal 7 4.2% by weight
Alcohol 0.5% by weight
2-1sopropyl-5-methylhexenal 90.1% by weight
Trimers " | 2.6% by weight
Remainder 2.6% hy weight

Example 7:

This example describes the process of the invention for the co-aldol
condensation of n-pentanal and 2-methylbutanal (2- MBA) to give. an
isodecenal consisting of the isomers 2-propyl-4-methylhexenal. (14+2) and
2-propylheptenal (1+1). 400 kg/h of catalyst were passed through the
reactor (as described in Example 3) at a temperature of 110°C at the
autogenous pressure of the reactants. ‘




ﬂStarting material flow |/h 2-Meth | butanal n-Pentanal Acid Aldols Triners

Remai'nder The followi ng result was achi eved:
0.4% by weight 1.0% by weight 0.1 % by weight 1.8%

Conver si on77. 0% Sel ectivity94. 9% B13. 75

-51. 2% by wei ght

wei ght STY [te/nB/h]2.7 -

osi

ton

f 45. 4%)BWIARi

%5}14

2- Met hyl but anal 18. 4% by wei ght n-Pent anal 0. 3% by wei ght Al cohol 0. 8% by
wei ght. Aci d0. 9% by wei ght 2-Prol -4-nmeth | hexenal 45. 2% by wei ght

2- Propyl hept enal 28. 5% by wei ght Al dol

addzd i-on products0: 9% by vve.i ght

Trinmersd4.1 % by wei ght Remmi nder 1. 2% by wei ght 5 Exanpl-e 9: This exanple

describes the process of the invention for the co-aldol

condensati on of

nsi sti.ng of

n- pent enal and 3-nethy @M%lﬂ?al (3-MBA) To grve P
the isomers 2-propyl - 5Fmethythexenal—and—10-2-i-$opropyl hept epalf (1+3) and
al so 2- propyl hept enal EPN&QH 400. ka/ h of __cat al yst2rmeeswevdigised t hrough the
reactor (as described [iwatsxanple 3) at a tenpe & Y42 of t the
aut ogenous pressure of éthrF reactants: —

arting material flow [i/h] 417

Starting material composition
51.3% by weight

2-Methylbutanal

n-Pentanal 46.0% by weight
Acid 0.3% by weight
Aldols 0.9% by weight
Trimers 0.1% by weight
Remainder - 1.3% by weight

The following result was achieved:

STY [te/m*h] 2.3
Conversion 57.7%
Selectivity 94.8%
B ‘ 15.40
-2-Methylbutanai 33.0% by weight
n-Pentanal 3.1% by weight
Alcohol 0.3% by weight
Acid _ 1.2% by weight
2—Propyl—4-methyihexenal 24.4% by weight
2-Propylheptenal 34.3% by weight
Aldol addition products 1.4
Trimers 1.1
Remainder 1.4
5 ,
' Example 8:
This exampie describes the process of the invention for the co-aldol
condensation ‘of n-pentanal and 2-methylbutanal (2-MBA) to give an
isodecenal consisting of the isomers -2-probyl—.4~methyihexenaI (1+2) and
10 2-propylheptenal (1+1) using the cosolvent diethylene glycdl (DEG). 400

kg/h of catalyst were passed through the reactor (as described in

Example 3) at a temperature of 110°C at the autogenous pressure of the
‘ reactants.




"3.25% by wei ght 45.00% by wei ght '51.75% by weight 3.66 Starting materi al

com"

.Startin nmateri al

26 MAY 2004 2 7 Catalyst c.NaOH2.13% by wei ght - WAt er 97
flowl/h 4.14 Starting nmateri al

comosition

28 k2ot O

| but anal ' 45. 8% by wei ght n-Pent anal 52. 4% by wei ght Aci d0. 3% bywei ght

Al dol s0. 9% bywei ght Trimers0.1 % bywei ght Remai nder 0. 5% bwei

following result was achi eved: STY to/nB/h3.7 Conversion88.6%
Sel ectivit98. 3% B15. 38 3- Mat h | but anal 7.2@6-bywei ght n- Pent anal 1. 4% bywei ght

Aci d0. 3% bywei ght 2-Prol -5-neth | hexenal 12. 6% by wei ght,

ht The

2-1so ro the

tenal 51. 8% by wei ght 2-Pro the tenal-22.4% bywei ght Al dol addition

product sl. 4% bywei ht
10: This exanpl e des
condensati on of n-pern
i sodecenal consi stind méniBse diggiers 2-propyl - p, hyl hexenal
J1Bife JIxgier S 25E0R by VELRLS, |

2-1 sopropyl hept enal Jﬁéitér and at So Z=propythep

10

J&&Q&r s1.78% bywei ght

t o Ny "o A
T

e

t-he dnvention for t

' TTOESTTICT

LA CAVAvEe pu )

aaPHand 3- et hyl but anal

(3259BBY wéightgi Ve

J.'J.} UoT T

51.75% by weight

3.66

_Staﬂirmateria! flow [I/h}

Starting material cdmposition

2-Methylbutanai 45.4% by weight
n-Pentanal 51.2% by weight
Acid | 0.4% by weight
Aldols 1.0% by weight
Trimers 0.1% by weight
Remainder 1.8% by wei'éLht

The following result was achieved:

STY [te/m’/h) 2.7

Conversion 77.0%
Selectivity 24.9%

B 13.75
2-Methyibutanal 18.4% by weight
n-Pentanal 0.3% by weight
Alcohol 0.8% by weight
Acid . 0.9% by weight
2-Propyl-4-methylhexenal 45.2% by weight
2-Propylheptenal 28.5% by weight
Aldol addition products 0.9% by weight

Trimers

4.1% by weight

Remainder

1.2% by weight

Example 9:

ght Exanpl e

e. co-al dol
an

and 10

g the

This example describes the process of the invention for the co-aldol
condensation -of n-pentenal and 3-methylbutanal '(S—MBA) to give an

- isodecenal consisting of the isomers 2-propyl-5-methylhexenal and

2-isopropylheptenal (1+3) and also 2-propylheptenal (1+1). 400 kg/h of
catalyst were passed through the reactor (as described in Example 3)ata

‘temperature of 110°C at the autogenous pressure of the reactants.



cosol vent diethylene glycol (DEG. 400 kg/h of catalyst were passed
through the reactor (as described in Exanple 3) at a tenperat pgmAY 2bb3C
"“at the autogenous pressure of the reactants. 26 MAY 2004 - 28 Catalyst C
NaOH ' Diethylene glycol Water Starting material flow !/h 3.52% by wei ght
50. 00% by wei ght 46.48% by weight A 4.21 Startin material conposition

3-Met hy | butanal n-Pentanal Acid Aldols Trinmers Renmainder The foll ow ng
result was achi eved: 51.7% by wei ght 45.Z2% Dby wei ght 0.7% by weight 1 1.0%
by weight 0.1 % by weight 0.9% by wei ght STY to/nB/h4.1 Conversion97.5%:
Sel ectivity97.6% B14.09 3-Methl butanal 1.8%b weight n-Pentanal 0.1 %b

wei ght Al cohol 0.1% b st Acid0:1 % b weighy 2-Prot-5-meth { hexenal 20. 5%
by wei ght ‘ ‘
B ~ | ¢NaOH 2.13% by weight
Water 97.87% by weight
Starting material flow [i/h) 4.14
‘ Starting material compasition
2-Methylbutanal | 45.8% by weight
n-Pentanal 52.4% by weight
Acid e 0.3% by weight
Aldols 0.9% by weight
Trimers : : 0.1% by weight
Remainder _ 0.5% by weight

The following result was achieved:

STY [te/m/h] 3.7
Conversion ' 88.6%
Selectivity 98.3%
B 15.38
3-Methylbutanal ' 7.7% by weight
n-Pentanal 1.4% by weight
Acid 0.3% by weight
2-Propyk-5-methylhexenal 12.6% by weight -
2-lsopropylheptenal 51.8% by weight
2-Propytheptenal 22.4% by weight
Aldol addition products , 1:4% by weight
Trimers 1.8% by weight
Remainder 0.7% by weight
5 . .
Example 10:

This example describes the process of the invention for the co-aldol
condensation of n-pentanal and 3-methylbutanal (3-MBA) to give an
isodecenal consisting of the isomers 2—propyl~5-methyihexenal and

10 2-isopropylheptenal (1+3) and also 2-propylheptenal (1+1) using the
cosolvent diethylene glycol (DEG). 400 kgh of catalyst were passed
through the reactor (as described in Example 3)ata temperature of 110°C
at the autogenous pressure of the reactants.




2- 1 sopropyl hept enal -55. 1% b wei ght 2- Propyl hept enal 18. 1% by wei ght Al do[
addition productsl.2%b weight Triners2_ 1 % by wei ght RenainggqﬁAﬁWQ&aa
«wei ght 26 MAY 2004 2 9 Exanple 11: This exanpl e describes the process of
the invention for the co-aldol condensation of 2-MBA and 3-MBA to give an
| sodecenal consisting of the isoners 2-isopropyl-4-nmethyl hexenal (2+3) and
2-isopropyl 5 5-nethyl hexenal (3+3). 400 kg/h of catal yst-were passed

t hrough the reactor (as described in. Exagple 3) at a tenperature of 110C
at the autogenous pressure of the reactants. Catal yst ¢ NaCH-2.51% by

wei ght Water 97.49% by weight Starting material flow l/h 4.39 Starting
' yut anal _

mat eri al conposition 3- hYI putamat-x—48- 0% by wetght—2—Met-hyh
47.5% by wei'ght Aci ds.&%ﬂl\!ﬁ—w@pgm_xdauwmbumgm_r der 0. 8% by
wei ght 10The fol | owi ngeiNaol t was_achi eved: STY 639l kit Conyer si on35. 7%

Sel ectivity86. 7% B15. $Bjaps u anal . 18. 4% Wy LGNt
2- Met hyl but anal 39. 4% eyl Mé\l cotot-0—4%-by—v éoéﬁ °q?l‘(f,”?’?@t90/n by wei ght
2-1s0 rol-4-meth | hexph&¥& 20/ by weight 2-1s9 46aB%DHymadight| hexenal 28. 0% by
wei ght Al dol additi on| paAmY ¢latedialdd el ght 4.21 '

Starting material composition -

3-Methylbutanal : 51.7% by weight
n-Pentanai - | 45.7% by weight
Acid . : ' 0.7% by weight
Aldois | _1.0% by weight
Trimers 0.1% by weight
Remainder : i 0.9% by weight

The following result was achieved:

STY [te/m/h] 4.1

Conversion 97.5%
Selectivity | 97.6%

B 14.09
3-Methylbutanal 1.8% by weight
n-Pentanal 1 0.1% by weight
Alcohol | 0.1% by weight
Acid - 0.1% by weight
2-Propyl-5-methylhexenal 20.5% by weight
2-Isopropylheptenal' 55.1% by weight
2-Propylheptenal , : -18.1% by weight
Aldol addition products 1.2% by weight
Trimers 1 2.1% by weight
Remainder | 0.9% by weight




Trimersl. 5% by wei ght Renai nder 1. 2% b y weight 26 MAY 2004 30 Exanple 12:

Thi s exanpl e describes the process of the invention for the CEB%R?| 4
= condensati on of 2-MBA and 3-MBA to give an isodecenal consisting o %OIQe
i somers 2-isopropyl -4-net hyl hexenat (2+3) and 2-isopropyl 5 5-nethyl hexenal

(3+3) using . the cosolvent diethylene glycol (DEG. 400.kg/h of catalyst
wer e passed through the reactor (as described in Exanple 3) at a
tenperature of 110C at the autogenous prexsure of the reactants. Catal yst
c NaCH Di et hyl ene gl ycol Water Starting material flow |/h 3-Methyl but anal
2-Met h | but anal BExampleOl#Renai nder The fol l owing result was achi eved: STY

A cohol Acid -1 Las Aol Uekrbe ﬁgéef%%r%@%f&@%i}yyﬁ@ Tt 1 HreBlapla
Al dol additi-on &DBEE'&%D%"O'TPf?rM%XR@%rMBéﬁO_givas%i egenaj irongistiges e wei ght
isomers  2-isopropyl-4-methylhexenal  (2+3)  and 2-isopropyl-
5 S-methylhexenal (3+3). 400 kg/h of catalyst were passed through the
reactor (as described in Example 3) at a temperafure of 110°C at the
autogenous pressure of the reactants.

Catalyst

¢ NaOH : | 2.51% by weight

Water , 97.49% by weight
-| Starting material flow [I/h] 4.39

| Starting material cbmposition

3-Methylbutanal 48.0% by weight

2-Methylbutanal 47.5% by weight

Acid 3.6% by weight

Aldols 0.1% by weight

0.8% by weight

7 Remainder

10 The following result was achieved:

STY [te/m’/h] 1.4
Conversion 35.7%
Selectivity 86.7%

B _ 15.59
3-Methylbutanal -18.4% by weight
Z-Methylbutana! 39.4% by weight
Alcohol 0.4% by wéight
Acid 2.8% by weight

2-Isopropyl-4-methylhexenal

6.2% by weight

2-Isopropyl-5-methylhexenat

28.0% by weight

Aldol addition produicts

2.1% by weight

Trimers

-1.5% by weight

1.2% by weight

Remainder




146.55% by weight 4.14 Starting material conposition 47.6% by wei ght 51.6%
by weight 0.6% by weight 0.3% by weight 2.4 L63.1% 91.0% 14. Qé “ﬁA.}%@l
~wei ght 28. 7% by wei ght 1.5% by wei ght 1.2% by wei ght 27. 0% by "wel 4. 0%
by weight 0.6% by weight 2.5% by weight 1.4% by weight 26 MAY 2004 31
Exanpl e 13: This exanpl e describes the process of the invention for the
co-al dol condensation of n-pentanal, 2-MBA and 3-MBA to give an. i sodecena
consisting of the isoners 2-propyi heptenab €£1+1), 2-propyl 5
4- et hyl hexenal (1+2), 2-isopropyl heptenal (1+3), 2-isopropyl-
4- nethylhexenaIEKQﬂmﬂeaad 2-i sopropyl - 5- met hyl hexenal (31-3). 400 kg/h of

et ature of | gioe D cdibcriss WP Di%test 27, B85 eich ke FkrPefel o1y s

t enperat ure of ressure 0
10 ¢ NaOH Wat er‘%l‘g ‘H?j‘%%a %"43 Altorg'\ze anisosgcensl gonsifing3Bieby wei ght
3.97 isomers  2-isopropyl-4-methylhexenal (2+3) and  2-isopropylk

5 5-methylhexenal (3+3) using -the cosolvent diethylene glycol (DEG).
400 kg/h of catalyst were passed through the reactor (as described in
Example 3) at_ a temperature of 110°C at the autogenous pressure of the

reactants.
Catalyst
c NaOH : _|_3.45% by weight
Diethylene glycol 50.00% by weight
Water R 46.55% by weight
Starting material flow [I/h] 4.14
Starting materiai compoéition

3-Methybutanal | 47.6% by weight
2-Methylbutanal ' 51.6% by weight
Acid 0.6% by weight

[LRemainder 0.3% by weight

10
The following result was achieved:

STY [te/m’h] 2.4
Conversion 63;1 %
Selectivity . 91.0%

B - _ 14.04
3-Methylbutanat 3.1% by weight
2-Methylbutanal 1 28.7% by weight
Alcohol _ ' -1.5% by weight
Acid 1.2% by weight
2-Isopropyl-4-methylhexenal 27.0% by weight
2-Isopropyl-5-methylhexenal 34.0% by weight
Aldol addition products ’ 0.6% by weight
Trimers - 2.5% by weight
Remainder . 1.4% by weight




Starting materi al comost E 'fon 3-Meth | butanal 27.7 %b wei ght

2=Met hyl but anal n-Pentanal Acid Al dols Renmi nder The foll ow ngar I S
~achi eved: STY to/nB/h Conversion Selectivit B 3-Methyl but agglnﬁiv 2t00\ﬁa
2- Propyl - 4- net hyl hexenal 2-1s

2- Met hyl but anal 2-1 sopropyl - 5- net hyl hexenal

op 3534.8% 3% b by weight weight 0.4%b weight O0.7%b weight 1.1% by
wei ght 2.5 62.8% 97.3% 15.19 7.4%by weight 22.5% by weight 7.3% by
wei ght 10. 4% by weight 31.1 % by wei ght- 26 MAY 2004 - 32 - '
2- Propyl hept enal 13: 9% by wei ght Al dol addition productsl. 7% by wei ght

Example 13:
This example describes the process of the invention for the co-aldol

condensation of n-pentanal, 2-MBA and 3-MBA to give an isodecenal
consisting of the ispmers 2-propylheptenal (1+1),  2-propyl-
5  4-methylhexenal  (1+2), - 2¥isopropylheptenal (143),  2-isopropyl-
4-methylhexenal (2+3) and 2-isopropyl-5-methylhexenal (3+3). 400 kg/h of
catalyst were passed through the reactor (as described in Example 3) at a
temperature of 110°C at the autogenous pressure of the reactants, '

Catalyst
¢ NaOH _ | 2.62% by weight
Water 97.38% by weight
Starting material flow Ji/h) 3.97
Starting material composition
-|_3-Methylbutanal 1 27.7% by weight
2-Methylbutanal ‘ 35.3% by weight
n-Pentanal 34.8% by weight
Acid . . 0.4% by weight
Aldols 0.7% by weight
A L Remainder 1.1% by weight
10
The following result was achieved:
STY [te/m¥h] ' ' 2.5
Conversion . 62.8%
Selectivity 97.3%
B 15.19
3-Methylbutanal - 7.4% by weight
2-Methylbutanal 22.5% by weight
n-Pentanal 1.6% by weight
unreacted n-pentanal '
Alcohol 0.2% by weight
Acid : .| 0.4% by weight
2-Isopropyl-4-methythexenal 2.2% by weight
2-Isopropyl-5-methylhexenal 7.3% by weight
2-Propyl-4-methythexenal 10.4% by weight
2-Isopropylheptenat 31.1% by weight




Trimers0. 6% by wei ght Remai nder 0. 7% by wei ght Exanple 14: This exanpl e
descri bes theyprocess of the invention for the co-al dol condggsmAyc%b
"n-pentanal, 2-MBA and 3-MBA to give an isodecenal 5 consisting of t

i somers 2-propyl heptenal (1+1), 2-propyl 4-nmethyl hexenal (1+2),

2-isopropyl heptenal (1+3), 2-isopropyl-4- nethylhexenal (2+3) and

2-i sopropyl - 5-net hyl hexenal (3+3) using the cosolvent diethylene glycol
(DEG . 400 kg//h of catalyst were passed32through the reactor (as descri bed
in Exanple 3) at a tenperature-of 110C 1 o _at the autogenous pressure of

the reactants. Catal y8tPromylhdatehtl Di et hyl ene (Im(quby\m;, t Sarting materi al

flow I/h 3-Methyl buja m] ad%ntuqo 76Dy ” A 43 i?od/oolbg
wei ght 4.11 133-01/ 6{ Dy —vVethy A FHe cid
Triners Renainder 3 Tm)ﬁ'fﬁv wei ght 31. 8% bv &) Gf/ﬁbyﬂl

e%b Wwei ght 1. 0% by
wei ght 0. 4% by wei ght RQin%ié?y wei ght The fol { g 999y€v@r§l-h|t Was achi eved: STY
to/ nB/ h Conversion Selectivity _ - |

Example 14;
This example describes the process of the invention for the co-aldol
condensation of n—pentanal, 2-MBA and 3-MBA to give an isodecenal
5 consisting of the isomers 2-propytheptenal  (1+1),  2-propyl-
4-methylhexenal  (1+2), 2-isopropylheptenal (1+3), 2-isopropyl-4-
| methylhexenal (2+3) and 2-isopropyl-5-methyihexenal (3+3) using the
cosolvent diethylene glycol (DEG). 400 kg/h of catalyst were passed
through the reactor (as described in Example 3) at a temperature of 110°C
10  at the autogenous pressure of the reactants.

Catalyst .
¢ NaOH 3.50% by weight
Diethylene giycol 50.00% by weight
Water , 46.50% by weight
Starting material flow [Vh] 411
3-Methylbutanal 33.0% by weight
2-Methylbutanal } 32.0% by weight
n-Pentanal 31.8% by weight
Acid _| 0.9% by weight
Aldols | 1.0% by weight
Trimers: _ 0.4% by weight
Remainder _ 0.9% by weight

The following resuit was achieved:

STY [te/m*/h] | 33
Conversion 80.0%
Selectivity | 98.1%

B : 14.01
3-Methylbutanal , 1.9% by weight
2-Methylbutanal 13.9% by weight
n-Pentanal _ 0.1% by weight




B 3Met hyl but anal 2- Met hyl but anal n- Pent anal

_ _ _ 3.3 80.0% 98. 1% 14. 01 1. 9% by
wei ght 13. 9% by wei ght 0. 1% bywei ght 26 MAY 2004 unreacted n- lzgq@}\ " 04

:Alcohol 2-1so ro I-4-meth I hexenal 2-1so ro |I-5-nmeth |hexena
| -4-meth I hexenal 2-1so ro the tenal 2-Pro the tenal Aldo[ addition

products Trinmers Remainder 33 1.1 %b wei ht 8.9% by weight 12.9% by
wei ght 18.6% by wei ght 29.4% by weight. 9.8%by weight fl. 8%b weight
0.8% by weight 2.a% by weight 26 MAY 208 €LAIMS: - 34 1. A process for

the catalytic aldol condensation of an aldehyde, conprising forning a

mul ti phase reaction nutiredcRdindpehtdndiye react or : said m xtur e conprising at
| east one continuous m}gﬁq and at Tease one ghase drspersed] in said
continuous phase; ang 1.1% by weight __| -

L 2- !sopropyl—4—methylhexenal , 8.9% by weight
2—!sopropy!-5-methylhexenal 12.9% by weight
2-Propyl-4-methylhexenat 18.6% by weight
2-lsoprqpylheptenat 29.4% by weight
2-Propylheptenal 9.8% by weight
Aldol addition products 0.8% by weight
Trimers _ 0.8% by weight
Remainder 2.0% by weight




5 carrying out said aldol condensation of the al dehyde in the presence of a
catalyst; wherein the catalyst is present in the continuous t

| east. one al dehyde is present in the dispersed phase; and mhe?gﬁﬁEQ¢¥ya4a

| oadi ng factor B of the tube reactor is equal to or greater than 0.8. 2.
The process according to Caim1, wherein the al dehyde contains from1l to
15 10. carbon atons. 3. The process according to Caiml1, wherein only one
al dehyde is used. 4. The process according to gaim3, wherein said :
al dehyde is_sebgﬁhgg,fnon1the group consi sting of acetal dehyde, propanal,
n- but yr adehyde;—n=val er al dehyde, 3- nethyl butyral dehyde, n-hexanal,

3- net hyl pet anal , 4-nethyl pentanal, n-heptanal, n-octanal, 15 n-nonanal and

n-decanal . 5. The process according.t aim1l, rej m xtyr.e of two or
more al dehydes. havi ,{gprpﬁeés g’éﬁ’ﬁ cﬁ%%%%ﬁadg@%gwg?f‘%aﬁﬁ@%%& QEBESE. The
process according tfemfehgd Multiphy¥h edabiidh rixiiredhn@tbe@tactoy@ai mikfareRombAaHY St€S
having a different nunber of carbon atons are_used, 20 7.. The process

according to drat eReFonigNEYrbaseapd atdense PRRRbAY Jimesed iaswd paptiguous phaseand al | y
of water.s8 The PLAKGSsodehPilIUndeAuaibal hdalsthe Sl lenck Ol LakoUs phase
consists substantially of water and:a water-sol Uble organic solvent. 9.
The process accor dinsgretnghaatalyst i8 preggné indthe canfipuang pkase and|atilshss ony jdahiyde ol vent
is 25 select cansi sting of propanediol, glycerol, -

di et hyl ene gl 6%%&§£%LG§P%%¥E§?%%$%anide. 10. The process according to

Clai m 1, wherein t hbereiatt lpglingfeder B of the bt ectedb edvakto obgrsater thamrfpdund. 11.
The process according, t | d el - hl e .cat t is a
30 hydroxi de, - hydr%’ggl?lecéa%?i%sﬁﬂacgg en,alg%éor g%[g%’&ﬂe%%tggélg{hgﬁée)&%’%% fr(rEr’lmxﬁ?%ll
thereof ith theabaramvm$. their alkali netal or alkaline earth netal
conpounds. 26 MAY 2004 - 35 20T, 0L ES C | Gaim1, wherein
the catalyst is pr%‘gg%tpr?cﬁsstaﬁ%brd% %S?I%dkofjghp easoglgif%eggﬁﬁ gﬁ % ?cpons of from
0.1 to 15% by wei ght ThelfBocesstrecopdiogedJaiact; orhelieimgaid aldehyale e stlectad Bomithe t he

| oadi ng factor_B is greater than.or equal, to 9. 5.14..Th rocess
according to &% ﬁ?nfganv%oetf?@?tﬂd%ﬁ%e’ Plé?g%g%gfl?écl%:glr}ydﬁ’ Ill"s'a}egr?lggh'g?’@f han or

equal to 1.0. mifhylbhiyeldehpdzes-dexanad 03-thiethylpttonal 4amethyllpertdnal; m-heptinakb nvwetaghl]
rati o of, the conti nuous hase to the dispersed phase or dispersed phases
is greai%i thﬂﬁpﬁfggﬁgnfﬁgm%#ocess according to Claim1, wherein at |east
one phase cont ai nifagihamrocess according to Claim 1, wherein a mixture of two or more aldehydes

having the same number of carbon atoms are used.
6. The process according to Claim 1, wherein 2 mixture of two or more aldehydes
having a different number of carbon atoms are used. -
20 : . 7. The process according to Claim 1, wherein the mnﬁnuoué phase consists
substantially of water. ' -
8. The process according to Claim 1, wherein the coﬁtinﬁous phase consists
substantially of water and a water-soluble organic solv.ent.
9. The process according to Claim 8, wherein the water-soluble organic solvent is
25 selected from the group consisting of propanediol, glycerol, diethylene glycol and |
dimethylformamide. , ‘
10. The process according to Claim 1, whefein the catalyst used is a water-soluble
-basic compound. o
11. The process according to Claim 10, wherein the water-éol_ﬁble catalystis a
30 hydroxide, hydrogencarbonate, carbonate, carboxylate or a mixture thereof in the form of
their alkali metal or alkaline earth metal compounds. . |




10 al dehyde is di spersed, by .the energy introduced into the tube reactor,

in the continuous phase. 17. The process according to C ai mé L,@ﬂgrﬁj
said process is carried out at 30C to 200.C. 18. The process g rdi éﬂto

Claim 1, wherein said process is carried out at 60 Cto 150 C. 15 19. A
met hod of preparing a saturated al cohol, conprising hydrogenating an al dol
condensati on product prepared according to Claim1l: 20. A nethod of

preparing a saturated carboxylic acid, cenp¥ising preparing an al dol
condensati on product according to Caim1, selectively hydr ogenatl ng said

product and  subseq Y5 r%ﬂe%r&éés%goﬁ'ﬁgg I%Qi’lgmplr QikiEin the catalyst is present in the
continuous phase in concentrations of from 0.1 to 15% by weight.
13. 'Ihe process according to Claim 1, wherein the loadmg factor B is greater than or

equa.l to 0.9. : L
14. The process according to Claam 1, wherein the loading factor B is greater than or

equa.ltolo

_ 15. The process according to Claim 1, wherein the weight rati_o'of'.the continuous
. phase to the dispersed phase or dispersed phases is greater than 2.
' 16. The process according to Claim 1, wherein at least one phase containing an
10 aldehyde is dispersed, by the energy mu'oduced into the tube reactor, in the continuous phase.
| 17. The process accordjng to Claim 1, wherein said process is carried out a;c-30 °Cto
200 °C. | |
18. The process accordmg to Claim 1, wherein said process is carried out at 60 °C to
- 150°C.
15 19. A method of preparing a saturated alcohol, comprising hydrogenating an aldol
condensation product prepared according to Claim 1.
20. A méthod of preparing a saturated carboxylic acid, comprising preparing an aldol
~ condensation product according to Claim 1, selectively hydrogenating said product and

subsequently oxidizing said product.




