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FThis.inventioon relates to a process for the production of unsaturated .
al dehydes by al dolisation foll owed by dehydration. Al dolisation is a well
known process in which al dehydes undergo dinmerisation, typically in the
presence of an al kali netal hydroxide catalyst, according to the foll ow ng
equation:- OH [err] (1), where Ris a hydrogen atom an al kyl group or an
aryl group. This aldol can then undergo dehydration to form an unsaturated
al dehyde which has twi ce as many carbon atons as the starting al dehyde of
formula [err] according to Alddelfsdtliontdehydvatdonoprockss r] For exanpl e,
n- but yral dehyde forns ethyl propyl acrolein (2- ethyl hex-2-enal) by the
reactions: OH [err] This reaction is commercially practised on a |large

scal e as part of a pmq%smreﬁtpwdyeia@esof.otaepfm@@efmem@al 2-
oo codlt 5 ofepaiaFiiabr s LAeh A by RIS Mok oty o
a plas;icisa? dehghehtfion.t he production of d| (2- ethylhexy!) pht hal at e
which is a plasticisgn 91500780 Ygea 0L1P! RRbI! SEOSe RS Ayl o de
- aldehydes undergo dimeriSatlon, typlcally-in the presence of
an'alkali ﬁetal hydroxide catalyst, according to the
following equation:-
OH™
2R.CHy.CEO  — ~ R.CH.CHO
| 1
R.CH,.CH(OH) {1),
where R is a hydrogen atom, an alkyl group or an aryl group.
This aldol can then undergo dehydration to form an
unsaturated aldehyde which has twice as many carbon atoms as
the starting aldehyde of formula R. CH,.CBHO, accordlng to the
following equation:
R.CH.CHO _ R.C.CHO
| ———> I +H,0 (2).
R.CH,.CH(OH) ' R.CH,.CH -
For example, n-butyraldehyde forms ethyl propyl acrolein (2-
- ethylhex-~2~enal) by the reactioms:
_ R ):
A 2CH3.CH,.CH,.CHO g==—=  CH;3.CH,.CH.CHO
| (3);

CH3.CH,.CH,.CH(OH)
and
CH3.CH,.CH.CHO CH;.CH,.C.CHO
| —_— - (4).
CH3.CH,.CH,.CE(OH) CH3.CH,.CH,.CH

' This reaction is commercially practised on a large scale as
part of a process for production of the tonﬁage chemical, 2-

. : ethylhexanol. This can be obtained by hydrogenatlon of
ethyl propyl acrolein:
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Pl asticiser al cohols have to satisfy stringent purity criteria, including
| ow acidity, |low water content, |ack of colour, and | ow "sul phuric acid
colour”. In this last nmentioned test a sanple of the plasticiser alcohol is
reacted with concentrated sul phuric acid and the colour of the resulting
solution is neasured against a set of standard solutions, using visual or
I nstrunental nethods. In the presence of an2iso-al dehyde a m xed al dol
product can be formed. For exanple, iso-butyraldehyde can react with
‘'n-butyral dehyde as follows:- [err] : :
(6); For a descrpptigg.o mechani sm of the al i i r L on
ref erence may betgﬁdg?2féfhg§anple, to the textboo 3§§%ﬁﬁﬁgf§§iéﬁstry" by
|.L. Finar, Second Editi #n, pubki @Bed by—tonmghans (1954), knd to- patfek. 127
and 128 theregf . t8.,pagliggl ar. A conpeting reaggl ofgl ol qaii sation is the
-3- Canni zz ogre %tio%: Ferr] [err] g?ng: ctl: er 4ol ecul ar
wei ght al deffiids2 gﬂbﬂ}aslne~b@f?F&Y&éﬁ?Qé?lanHSaﬁ&%ﬁ%& ugAdita®d have
limted nutpbastbtiberi h¥cohbg Zbgokhsapk8HuELash i OF dS- ERletthyltaseylj<uid
reaction. Prg Fn?bLé ahdegyde undﬁrgoes,nass,transfer i nt o_ t he aqueous
phase. and PARPAFSTS) HBLFBALS: f PRASEIGABEE HRASTINOMHAHEPE he
al dol i sat i oplpstiicisingr poifeinbackhlok@debe organi c phase. Various authors
have studied the kingtigcs.Qf aldglisation, including: - (1), . Bel t rame
et al, La Chenica e Ei%%gﬁggFF§,a cdfo18 " haté Lo sé%&sf} Qtrlngeﬁ%

purity criteria, including low acidity, low water content,

lack of colour, and low "sulphuric acid colour". In this

last mentioned test a sample of the plasticiser alcohol is

reacted with concentrated sulphuric acid and the colour of

the resulting solution is measured against a set of standard

solutions, using visual or instrumental methods..

In the presence of an iso-aldehyde a mixed aldol
product can be formed. For example, iso-butyraldehyde can

react with p~butyraldehyde as follows:-

CH3.CH,.CH,.CEO OH™ CH3.CH,.CH.CHO
+ —_— | _' (6);
CH3.CH.CHO S CH5.CH.CH(OH)
l | l
CHy CHjy
and o S
CH3.CH,.CH.CHO CH3.CH,.C.CHO
| —_— | (7.
CH;.CH.CH(OH) CH3.CH.CH
| | - |

For a description of the mechanism of the
aldolisation reaction reference may be made, for exémple,'to
the textbook "Organic Chemistry” by I.L. Finar, Second
Edition, published by Longmans (1954), and to pages.127 and
128 thereof in particular.

- A competing reaction to aldolisation is the



1973, 55, page 785 et seq.; (2) P. Beltrane, Chem ca e Industria,

1958, 40, page 533; (3) T. Inoto & K: Aotani, N ppon Kagaku Zasshi,
1968, 89, page 240 (see also Chem Abs. 1968, 69, 85912); and (4) S. E.
Rudakova & WV Zarkov, zZh. Obshch. Khim, 1963, 33, page 3617 (see al so
Chem Abs. 1964, 60, 7833). A typical current design of aldolisation plant
for production of ethyl propyl acrolein from n-butyral dehyde invol ves three
reaction stages connected in series. The fl?g reaction stage conprises a
punped | oop in which fresh n-butyral dehyde is mxed with recycled materi al
and make up quantities of sodium hydroxide solution and then punped in turn
t hrough a sfannézmpger readtaocneol er. Mdst of the reaction mixture is
recycled bUpRACRQ! ERBN fqabﬁken-m—shﬁ e85 088oRA YR, EHS . ERACOEON (8
teaperature in the first stage is [err] e resid e | out 10
mnutes. In the secofdnseahdgbrs méiﬁéﬂéﬁﬁr@eighﬁgalﬁebﬁﬁﬁfraﬁ@chhés n-

residence tbge ralaaayHeZOaﬂanahﬁéoulhbélﬁeieﬁs ﬁaaeelsﬂﬂééatﬁu@ﬁaﬁ tank
an externa xt ur e, of

reactor throu is. cir

organic andsgg ngégﬁha§@§ a&HQ lsat&°“tﬁ??ﬁté?ﬁgésl§n£Vﬂ1P aseoligeidecond
stage. Mat erieattdoawn o&bshmasuyhalabhydeSﬁﬁaergSeéeﬂahe Brapsfeerintom
whi ch the UER?F ﬁh ani c_phase c8§2r|5|ag B grogy olein is recovered
for hydrogenati RHE BPache PBRer2RyHESLS éﬂﬁ ge l?e B BEEBY¥ he first
st age. A pupbessetreard thenakhe fildolibatienupooducesytransferaback mtier to
renove the fﬁEeErBQEQEdthsEhe process and to control the |evel of

Various authors have studied the kinetics of
aldolisation, including:<

(1) P. Beltrame et al, La Chemica e L'Industria,
1973, 55, page 785 et seq.;

(2) P. Beltrame, Chemica e Industria, 1958, 40,

' - page 533;

(3) T. Inoto & K. Aotani, Nippon Kagaku Zasshi,

‘1968, 89, page 240 (see also Chem. Abs. 1968,

639, 85912); and
(4) S.E. Rudakova & VV Zarkov, zh. Obshch. Khim., 1963,

33, page 3617 (see also Chem. Abs. 1964, 60, 7833).

A typical current design of aldolisation plant for
production of ethyl propyl acrolein from n-butyraldehyde
involves three reaction stages connected in series. The
first reaction stage comprises a pumped loop'in which fresh
n-butyraldehyde is mixed with recycled material and make up
quantities of sodium hydroxide solution and then pumped in
turn through a static mixer and a cooler. Most of the:
reaction mixture is recycled but a portion is taken to the
second stage. The reaction temperature in the first stage
is 120°C and the residence time is about 10 minutes. In the
second stage the temperature is again 120°C and the.
residence time is about 20 minutes. This second stage
consists of a tank reactor through which is circulated by an
external pump a mixture of organic and aqueous phases. The
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$odi um n-butyrate, formed as a result of the Cannizzaro reaction, in the
circul ati ng aqueous liquor. This purge stream presents an environnental
probl em si nce the sodi um hydroxide present. in it nust be neutralised and
the neutralised stream subjected to biological treatnent to reduce.its

bi ol ogi cal oxygen demand (BOD), before it can be discharged to a

wat er cour se. Ot her designs of aldolisation reactor use a plug flow reactor,
_in which the aqueous and organi c phases flow tdgether through a |ong narrow
pi pe which may be packed with static phase-m xi ng devi ces, such as Raschig
rings, and which is usually surrounded with a heat exchange nmedium In
these designthind shage psosimilatntd hehel siatddptdtiyd.caMatedialdideha ged

f th Lot f f | kal i | utj on. Thus th t
of Femval o 5 FEpn Pe  ChILR o 8la8 UL S Mo B A an 2520 whtchn e T °
wat er in t heURBPEB| PEganin phase i compmisiong téihy byprdpyl @arodedsude i on of

| kal i ' ' | . ' t -ethyl h | d
From n- but yr o doheged, Eggg‘fﬂﬂﬁﬁéﬁéﬂn%@? S T e A R
it has nore }BcEREYGledcko pkhpobiest stage 2- B quridec staeam dadEaleam

n-val er al dehfifiemathg ﬁ@éﬁ\@tfél@yéf@rﬂ&amﬂll% deﬁfQ%”@eB\%vgl Rl Ci ser,

di-(25propyl@$@é%léogaé ajateépls | ess volatile an ess soluble 1n ma;?r
and hence is Trkel etorRe RrffsH and do, cankyedetheolevgdd ofackagi ng
films, besideedbennmy-betyratedi fyriandict PetltCof thel Cahnize@HRO! yVi Nyl
brocess 1 or TR ot o S TR AN g u e o8 PHESR ch o
saturated Stream presents an environmental problem since the sodium
s hydroxide present in it must be neutralised and the
neutralised stream subjected to biological treatment to
reduce its.biological oxygen demand (BOD), before it can be
discharged to a watercourse. Other designs of aldolisation
reactor use a plug flow reactor, in which the aqueous and
organic phases flow together through a long narrow pipe
which may be packed with static phase-mixing devices, such
as Raschig rings, and which is usually surrounded with a
heat exchange medium. In these designs_the water produced
in the aldolisation reactor is discharged from the reactor
in the form of an aqueous alkaline solution. Thus the rate
of removal of alkali from the plant is determined by the
production of water in the aldolisation reaction rather than
by chemical consumption of alkali as a result of the
Cannizzaro reaction.

Although 2-ethylhexanol made from n-butyraldehyde
islperhaps the most widely used plasticiser alcohol, it has
more recently been proposed to use 2-propylheptanol made
from n-valeraldehyde as an alternative thereto. The
corresponding plasticiser, di-(2-propylheptyl) phthal&te, is
less volatile and less soluble in water and hence is. likely
to be more acceptable as a component of food packaging |
films, besides being less readily leached or otherwise lost
from polyvinyl chloride articles plasticised.therewith.




al i phati c al dehyde having at |east 3 carbon atons is introduced into .the
top of a distillation colum.while an 5 aqueous sol ution of an inorganic

al kaline catalyst is punped to a point near to the top of the colum, the
tenperature in at |least a part. of the colum being above [err]. Water of
dehydration and product unsaturated al dehyde are recovered fromthe bottom
of the distillation colum, the fornmer bekng 10 purged fromthe systemin
an aqueous al kali stream In GB-A-1010695 an aliphatic C2 to C26 al dehyde
and/ or ketone having at |east two al pha hydrogen atons is contacted at a

tenperature of froml[gerr] to [err] ., to [err] w Si..RLoduc by
reacting together at _Lr&ee"{?al"é‘d 1§eLfie%‘rﬁeE§PU]?‘get %2‘ ?‘F& g%%é %fg‘rgr%g§bggﬁum
and an oxi déhef pregvetiion of ahbaturatpduaddebiydeiseby addalisabhien pndduce
t hese oxi de 6] evated r e ;dr aw ot ot Bi ugent
shows a rea?f%&dgggﬁg%LMAE% P%gggngﬁgs??e%%-%%a%W?%gdtgg §¥§v ?gth '

n- but yr al deFpge envigameataldy: srigndlyoand sffjicieatnpddosisabiconi||ed
fromthe toprekelshe colum and are condensed, the n-butyral dehyde being

retur.ned to the columm and the aqueous, | ayer regpve . mhige g-ethélhgxenal
is A recovered as a & BRESEREJLBVENEROR. BFFOFE 1G9 PREES 2t Pr BEBYLCEor

;:onde[lsati Oa @bvéd, dapgived greeasgu];m& khehpiiodugtdbnaofeunsattivatedf f
rom[err] t rrd int resence of _.a concentrate equs, sol ution of a
st rong acidagFL§y?%Fbﬁg' 5 rgﬁagggﬁbggaﬁF%EFP§e 'ﬁ?gﬁgﬁ efiﬁhfahgﬁrong
aci d as the aldeddssitigpmgaliowed bg dehytization wife thenresuitingnaddolhe

G naine! 00 38° Further HIRAN ol bty 05 b2 BratUad 001 1 hBE; QBELSh 68 |1 D

drawi ng shows & Stirred réeactor oM Whose overhead ' ce are recovered the
vol atil e comgduamtest adginhydest Sodllowed byadehydnaiticnr §o(form aBter or a
wat er- cont aiisdturated aldehyde whereby the water released in the

dehydration reaction can be purged from the process without
need for a neutralisation step. h
" The invention provides a process for the production
of substituted acroleins which comprises aldolisation of an
aldehyde or a mixture of aldehydes in the presence of an
effective amount of an aldolisatioh catalyst followed by
dehydration to form at least one substituted acrolein and
water, recovering from the aldolisation/dehydration step a
reaction mixture comprising unreacted aldehyde or aldehydes,
water, aldolisation catalyst, and said at least one
substituted acrolein, and distilling the reaction mixture to
separate (i) an overhead fraction comprising unreacted
aldehyde or aldehydes and water from (ii) a bottom fractiocn
containing said aldolisation catalyst and said at least one
substituted acrolein, and recycling unreacted aldehyde or
aldehydes of said overhead fraction to the aldolisation/
dehydration step. :
According to another aspect of the present
‘ - invention there is provided a continuous pfocess for
aldolisation of an aldehyde followed by dehydration to form
. a substituted acrolein containing twice as many carbon atoms
as said aldehyde, which process comprises: |

U




s azeotrope), which is then passed to a fractionation colum. There is a need
to provide an inproved process for the production of unsaturated al dehydes
by al dolisation and dehydration. In particular there is a need to provide a
nore 5 environmental ly friendly and efficient aldolisation process. The
present invention accordingly seeks to provide a novel, inproved process
for the production of unsaturated al dehydesgby di merisation of saturated

al dehydes through al dolisation followed by dehydration of the resulting
aldol. 10 It further seeks to provide a process for aldolisation of
saturated al dehydes fol | owed by dehydration to form an unsatura eg.aldehyde
wher eby t he (& er reﬂﬂﬁﬂﬁgﬁaqﬁtQﬂa419?%%5&FF8H F@&EtPBH.éa 15 13&? 282 rom

t he process zwrdiput need for a neutralisation step. 15 The invention
provi des a py,ocess for_the production.of, substituted acr.al ei.ns which

conpri ses aJ{Eﬁi satidﬂ°?ﬁl%§?%ﬁ RARPIYA DY %Px#bﬁea§9°§ﬁ§8§§885zPﬁetﬁ8
presence of crgaiiecttizeamnoentaioiing salidalkildehydei aadi en eguebyst f ol | owed
by. dehydrat i f ' , bst .acrolein and 20 water,
'recovering1é¥§§§¢m§éﬁgé#?%§?ﬁ%h/ggﬁag?g%kéﬁ&ggép a reaction mxture
conprisi ng ufffkact ed BAtRFAkRIRG 2aisbiplded ispdion zoNgoMPSsEi on catal yst,
and said at Am&ljt.%(‘_3§x&1b§x§dtd@k%%xﬁé%ﬂ}fi@r@{d&nd&%@.oﬂ's?E!f'f'eb%&vbhgfﬁ:eagt i on

m xture to separate, (i) an oyverhead fraction conprising unreacte .

al dehyde or %é%ﬁﬁﬁﬁﬂéE‘dﬁa SRterakdeinds ibn $heoPEERETF LS i&ﬂlgoﬁg§Pian

sai d al dol i sedtalysnted e ﬂubﬁﬂé&iaindlp&%ahf &n&é.t&b%hﬁts% fdnacr_ol ein, ]
recycling ungeacted al dehyde o hydes of _sai.d overhea ragt.ion to the
al dol i sat i onéegyl%d%}?'bno 't%‘?b'l,ci aﬁo‘%éu‘rs@ i P(’J"l’?ldf"ﬁg %’s?é’ﬁ“asgbd stream
subst anti al Isubseitited saroleiwpl i sation catal yst and conprising water
from said OVﬁiPead frf&é&&%&ing from said aldolisation zone a reaction

product stream comprising mixed organic and aqueous phases;

(e) distilling said reaction product stream in said
distillation zone; '

(£) recovering overhead from said distillation zone a
vaporous stream comprising unreacted aldehyde and water;
(g9) ' condensing said vaporous stream;

(h) allowing the resulting condensate to separate into
an upper organic phase and a lower water phase;

(1) purging at least a part of said lower water phase;
(3) recycling material of said upper organic phase to

said aldolisation zone; '

(k) recovering from a bottom part of said distillation
zone a bottoms product comprising an organic phase rich in
substituted acrolein and an aqueous phaée containing said
alkali catalyst; '

(1) cooling said bottoms product;

{m) allowing said cooled bottoms product to separate
into an upper organic phase rich in substituted acrolein and
a lower catalyst containing phase;

(n) ' recycling material of said lower catalyst
containing phase to said aldolisationizone; and

(o) recovering said upper organic phase of step (m).



This is the replacenent sheet Date: 7 The reaction m xture typically
conpri ses unreacted al dehyde or al dehydes, al dols, water, aldolisation

catal yst, at |east one substituted acrolein, and "heavies". This reaction

m xture is preferably supplied to an internediate 5 section of a
distillation zone which further includes a higher tenperature section bel ow
said internmediate section and also a |ower tepperature distillation
section, while distillation conditions are mal ntained in the higher
tenperature section effective for deconposition of aldols and 10 "heavies”
in the presence of the aldolisation catalyst, recovering al dehyde or

al dehydes from the | ovweRetinyration dfurthen prorides & preeeshefor the

al doli sati on/ pebyeEes bR Nos  Sths it fed UdUFe i A GHR h Bl 54 W _
substituted acro£e|€.and al dolisation catal yst i -rgﬁgvered fromthe higher
15 t enper at ur e BeR¢THRI %ea%*qﬁ)ﬁfﬂqcﬂfft%‘-}ﬁ%;ﬁéél hiASS HNBF of an

al ge?y?ei Ij Olibdeﬂibatﬂ@xltﬂyﬁicﬁtda{yﬁaﬁm ai&ﬁitsia%ﬂswitwmcatcteftﬁécm:vf ﬂ 2
substitute n_gont ai X Ce as ny carbon .atgons as the al dehyde,
by a pr ocessaﬁlgéﬁtcgﬁp?? s%@%ﬁ#c’t‘?’hf%@% %‘b‘*‘e?ﬁ}% %é‘%rbi’ol i sation
condi tions wi ahdehisakbon/dethiydnesttiorf aedterrtivn mesttureng-onpinils igag i on
product m Xt ug js SJ | eous S a. distylq.ati

one i n whi oo S acted MMV N, AULAEE SRIBRES ikl i tn

separ ated as S¥eREsH, prbdlrastvong substuittest kernl el alansheayiestar at e
into an or gansspplpsRg COERIL 1l AHLARNGE nifYtalrd Sed oY Qi inediifte

al doli sation zong, and g mq;gr phase, part of which 1s purged fronlthe pl ant
and part of vwReckien Or a distillation zone whlch further includes a

L higher temperature section below said intermediate section

and also a lower temperature distillation section,

maintaining distillation conditions in the higher

tempergture section effective for decomposition of aldols

and "heavies" in the presence of the aldolisation catalyst,
recovering aldehyde or aldéhydes from the lower temperature
section for recycle to the aldolisation/dehydration step,

and recovering from the higher temperature section a bottoms
fraction comprising substituted acrolein and aldolisation
catalyst.

The'invention thus proposes aldolisation of an
aldehyde, followed by dehydration of the aldolisation
product, to yield a substituted acrolein containing twice as
many carbon atoms as the aldehyde, by a process which
‘comprises contacting the aldehyde under aldolisation
conditions with an alkali catalyst, feeding the resulting
aldolisation product mixture comprising organic and aqueous:
phases to a distillation zone in which a heterogeneous
azeotrope comprising aldehyde and water is separated as’
overhead product which is condensed and allowed to separate
into an organic phase comprising aldehyde which is recycled
to the aldolisation zone and. a water phase, part of which is
purged from the plant and part of which is recycled as a
reflux stream to the distillation zone, while a bottom



recycled as a reflux streamto the distillation zone, while a bottom - 5-
There is a need to provide an inproved process for the production of

unsat urated al dehydes by al dolisation and dehydration. |In particular
there is a need to provide a nore environnentally friendly and efficie t

| dolisation process. The resent invention accordingly seeks to provide a

novel , inproved process for the production. of unsaturated al dehydes by
di merisation of saturate al dehydes through al dolisation followed by
dehydration f the resulting aldol. It further seeks to - provide a process

for aldolisation of saturated al es_f by de dratlonto form an
unsat ur at ed BRI WRY 23RS hﬁ%\é’t}! "?%‘fe%“s%@‘d‘?’rf}/ VFRFO%Fh reaction
can bte_ pur gealltabm ¢ dntea Yoy o ess 1wt 1 dwo ut omiteeeion £ rog G:ammﬂzrazia mmcmt elp. The

i nvention r S P G u aGh ins
whi ch corrprl %F‘éoa]f%a Eg o%gé"éﬁf%l #110%8 éo#é)nd S"'Lj‘%eq:t'\"c?%x tz%q’ ngeq'gln'n
the pr esenc@Qﬂl%m arid e&:&pa!:ea‘aedumt@falara@m&ﬁlmamaﬁuqratlzﬂm afnd laowed by

dehydration é&iﬂf}é‘&a% di n. PS 14 W&k e Dl 1 3 P e

recovering fromt atlon ration step a reaction mxture
conpri si ng unreact edI%I%yﬂé°%¢S%I%l%h%slnmfe’r°n dhese san be wged yst

nd said at |omptalDdéhpddséohthLRlingr ot cldast fwb CH-&iydﬂdga\ et @mse @&t iaon

m xture to %mﬁﬁa?te é#) a overhlgd%%éactjon ISI g unreacted aldehyde

or al dehyde Ri 3 ?dﬁ’r?’?a%‘il e st

al dol i sat i orsixdbé ys+hydoogless ahtiomt ot e ta-cipdsedqet idudnnd amramipa.lem ofnd

'recyclln L”Hfﬁgﬁfﬁkéﬂégﬁ gfnfﬁg at least two a-hydrogen atoms include
acetaldehyde, propionaldehyde, n-butyraldehyde, n-
valeraldehyde, 3-methylbutyraldehyde, n-hexanal, B-
phenylacetaldehyde, n-heptanal, n-octanal, n-decanal, and
the like. Examples of aldehydes containing a single a-
hydrogen atom are 2-methylpropionaldehyde, 2-methyl-
butyraldehyde, 2-ethylhexanal, 2-methyl-3-phenyl-
propionaldehyde, and the like. Examples of'aldehydes
containing no a-hydrogen atoms are p-tolualdehyde, [2,2,2]-
bicyclooctane-1-aldehyde, [2,2,1)-bicycloheptane-l-aldehyde,
l-methylcyclohexane~-l-aldehyde, benzaldehyde, and the like.

It is preferred that the aldehyde is selected from
aldehydes which contain from 3 to about 10 carbon atoms and
mixtures thereof. Preferably the éldehyde comprises an
aliphatic aldehyde, such as n-butyraldehyde, n-valer-
aldehyde, a mixture of n- and iso-butyraldehydes, or a
mixture of n-valeraldehyde and one or more of 2-
methylbutyraldehyde and 3-methylbutyraldehyde. A mixture of
C4 and Cg aldehydes can be used, if desired.

The alkali catalyst preferably comprises an alkali
metal or alkaline earth metal hydroxide, bicarbonate or
carbonate, or a mixture of two or more thereof. Since water

~is a product of the dehydratlon reaction, the alkali
catalyst is normally present in the ‘aldolisation zone in
agqueous solution. Preferably the alkali catalyst is



al dehydes of sai overhead fraction to the aldolisation dehydration step.
According to anot her aspect of the present invention there is provided a
continuous process for aldolisation f an al dehyde followed by dehydration
to forma substitut acrolein containing twice s many carbon atons as said

al hyde, which process conpri ses: -6- (a)- provi di ng an al doli sation
zone and a distillation zone; (b) - continuously supplying to the

al dol i sati on zone an organic strean1contaFnPn§ sai d al dehyde and an aqueous
stream contai ning an al kali catalyst; (c) mai nt ai ni ng said al dolisation

zone under al dolisation and dehydration conditions effective for conversion
of said a!de*akﬁ;ﬁedtﬂnpnpm@dénmepgﬁrsaﬁdeglhaHﬁumabaryenate,apoahdsihmation
product wi ti wngo@%@%&t £8258ha83) o3 dOLiRRhLO NPT BANCh LRoker M

said substityted acrdl €l nm; ] recovering fromsard al dol'i sation zone
a reaction prhRRRAL st Qthercsuptabilegadideddsetden catalyatsctoclndeses: (e).

distill i ng i&iﬂ:ﬂ\ﬁgﬁﬁm&@h&dﬁﬁh eheS3 i ﬁyﬁ%b?liﬁﬁt&h& abhPHoRREEs, (dad
recovering overhead fromsaid distillation zone,g vapor ous stream
conpri sing ﬁﬁﬁéﬁ@?&d%ﬁ and hardpm hyfdroxideggndensi ng sai d vapor ous

stream (h) al | @en@onbenteatlibnNgfCcantaliacataySEPi otike | AdRedis
part of sai S 1eR e S34alEhatEsR’ 2BAE Eypintyy abbbeh et ARG e
organi ¢ phad¥e ttow/v up to about 5.0% w/v or more, e.g. up to about 10%

' w/v or higher. Under normal circumstances, however, the
copcentration of alkali catalyst in the aéueous phase ranges
from about 0.1% w/v up to about 3% w/v.

Since the Cannizzaro reaction is a competing
reaction which an aldehyde can undergo in the presence of
the alkali catalyst; the aqueous phase will normally contain
also an alkali metal or alkaline earth salt or salts of the
organic acid or acids corresponding to the aldehyde or
aldehydes used as starting material. Since the substituted
acrolein may also undergo the Cannizzaro reaction, the
agueous phase may also contain an alkali metal or alkaline
earth metal salt or salts of the organic acid or acids
corresponding to the substituted acrolein or acroleins.

In step (n) of the process of the invention
catalyst containing phase that has been recovered from a
_bottom part of the distillation zone is recycled to the
aldolisation zone. As a result Cannizzaro reaction products
can build up in this circulating catalyst-containing aéueous
liguor to quite high levels, e.g. from about 5% w/v up to
about 35% w/v or more. Steps are normally taken to prevent
build up of excessive amounts of Cannizzaro reaction ' '
products in this aqueous liquor, as will be described
further below. Hence it is preferred that the aqueous
stream supplied to the aldolisation zone in step (b) |
comprises from about 0.1% w/v to about 5% w/v of sodium -
hydroxide and up to about 35% w/v of sodium salts of organic



sai d al dolisation zone; (k) recovering froma bottompart of said
distillation zone a bottons product conprising an organic phase rich in
substituted acrol ein and an aqueous phase containing said al kali catalyst;
(1) cool ing said bottons product; (m. al l owi ng said cool ed bottons
product to separate into an upper organic phase rich in substituted
acrolein and a | ower catal yst containing phase; (n) recycling materi al
of said |ower catalyst containing phase te d#& & al dolisation zone; and (0)
recovering said upper organi c phase of step (n). 7 The reacti-on m xture
typically conprises unreacted al dehyde or al dehydes, al dol s, mater,

al dol i sati ocGdAlprdducida l%? z%%Str'e S:ttq_q,ngcrol ein, and "heavies".
era y sup

This reaction n1xture 4s p o an intermediate 5  section
of a distillation zorfdeuakde %ﬁQQ%Qn|&qgeudést¥PHF§AéY paipeainedeatettion

bel ow sai \c:h It:ﬁn@fdﬁﬁuﬁté J.&ﬁqlué)rré@é Y£S Erdnl AdRut! em;erapu%e dbsit! | ation
et Lo e el B e, S e Batedy Do bl
"heavi es" i rtd lebqute S0 of e qiditalﬂﬁ@t preseairel pEt theeabdelisgtibrehyde
ol dol i 5ot 1 o s S BT R 1B o BBRB PEFAGRES is
substituted mrxedarhy i heo | ti esmptei rart et aingds composétdoar efi themorganicgher
B oy 2 T4 SR il MEO RS RIBES 2808, 0 L] 1

phase 1is present. If the aldolisation zone is fuli of

liquid, then any des;red pressure can be imposed. Operating

pressures in the aldolisation zone typically range from

about 0.1 bar up to about 20 bar or higher, e.g. from about

0.5 bar to about 10 bar.

Aldehyde is supplied to the aldolisation zone, in
addition to aqueocus alkali catalyst-containing solution.
Such aldehyde can comprise feed aldehyde (or make up
aldehyde) and recycled aldehyde. The ratio of recycled
aldehyde to feed aldehyde can range, for example, from about

 5:1 to about 1:50 by volume. Typically the ratio is from
about 1:1 to about 1:20.

The aldehyde residence time in the aldolisation
zone is typically from about 1 minute up to about 150
minutes or more, normally at least 2 m;nutes, e.g. from
about 5 minutes to about 75 minutes.

In the aldolisation zone the organic and aqueous |
phases are dispersed one in the other. Generally any static
or dynamic mixing method that provides the required degree
of dispersion of the phases one in the other can be used.

The aldolisation zone may comprise a static mixing
zone. Alternatively, however, it comprises a vessel,
optionally fitted with internal baffles, fitted with an
impeller. Since the rate of reaction appears to depend

' strongly upon the inter-phase area, due to the need for the
aldehyde to cross the aqueous phase-organic phase interface



a substituted acrolein containing twi ce as many carbon atons as the

al dehyde, by a process which conprises contacting the 20 al dehyde under .
al dolisation conditions with an al kali catalyst, feeding the resulting

al dol i sation product m xture conprising organic and aqueous phases to a
distillation zone in which a heterogeneous azeotrope conprising al dehyde
and water is separated as overhead product_ ¢ch is condensed and 25

all owed to separate into an organi ¢ phase conpri sing al dehyde which is
recycled to the aldolisation zone and a water phase, part of which is

purged fromjihe plant and part of which is recycled as a reflux streamto
t he dlstlIIa%?oﬂrﬁ%ﬁétovﬁﬁmﬁa%FERHQQﬂﬁaCt-WﬁthuihQHR%ﬁﬁkﬁ1QQHﬁhﬁﬁtvp#GV|des

a ﬁ{ octess fOistﬁsﬁﬂQL@d 4O t&&@?&h% gwcd SHLivig dalfuxlfdl tsvd)rﬂ%r rt?es

corftacti ng al de e ure_of al dehyde i.sati.on.an

dehydr ati on g%ﬂm ‘hﬂ%}h"‘éf‘i’eﬁ?w ?Rr%#j 5 M9

catal yst thelidyid odisperdioml tiol afgédg]@%ﬁwty?mailnma dmﬁmﬂﬁsbt ure

conpri sing g or. a e 1 a i.S on

catal yst, a?{l\[‘ea iﬁon‘gigﬁ%%? t’e%l % lf%lm']{ﬂairjfg eav}tg@'e s(}g.lp y?’n(g‘

resul ting rcaseably nbatackiewvedn wmemrmerhgataen simpeldrenyf by Ensunizg on zone

whic furtheg agc{ ‘]gef,m ﬁgpe{st %feﬁ?#ﬁb&eiﬁ‘%éﬁdtdd ter nedi at e
enp )

section and a SO a rature sectl1 on mal nt n| ng
distillati on%mllbn%hqz rPOWRT mwle@mr@mr@mlt%rraéfge%tﬁm for

deconposi ti oabeht ad 99! o ABbuHeRYs SR /hP dHEL LNESENCE. . tHrondldbutsat.igon
catal yst, regoverin aldﬁggg%?or al dehydes from the | ower t enperature

secti.on for %c?%?% toe @ d%fl%hﬁ?%ﬁidehydratlon st ep,

In the dispersion formed in the aldolisation zone
 the organic phase:aqueous phase ratio typically ranges from
about 3:1 to about 1:15 by volume, e. g. from about 2:1 to
about 1 4 by volume.

- The distillation zone may be operated at a lower
pressure than that prevailing in the aldolisation zone.
Typically the distillation zone is operated at a pressure of
from about 0.01 bar up to about 10 bar, e.g. from about 0.1
bar up to about 2 bar.

In the distillation zone a heterogeneous azeotrope
or mixture of azeotropes comprising water and unreacted
aldehyde or aldehydes is recovered overhead and is
condensed. Preferably the distillation conditions are
selected so as to permit a minor amount of substituted
acrolein to appear in the overhead vapour stream from the
distillation zone and in the resulting condensate. In this
way it is assured that any alcohol formed by Cannizzaro
reactions is removed from the upper part of the distillation
zone. The resulting condensate is allowed to separate into
two phases. The upper organic phase contains mainly |
aldehyde or aldehydes and most or all of this is recycled to
the aldolisation zone. Part of this upper organic phase can
be purged from the plant in order to limit the build up of
chemically inert low boiling materials. Such materials are



“and recovering fromthe higher tenperature section a bottons fraction
conprising substi ted acrolein and al dolisation catalyst. The invention

t hus proposes al dolisation of an al dehyde, followed by d hydraton of the
al dolisation product, to yield a substitute acrolein containing twi ce as
many carbon atons as e al dehyde, by a process which conprises contacting
the al dehyde wunder aldolisation conditiong woth an  kali cataly ,
feeding the resulting al dolisation produ m Xt ure conprising organi c and
aqueous phases to a distillation zone in which a heterogeneous azeotrope

conprising aldehyde .and water_is separated_as overhead product which is

: g p :
condensed n&YR s adgdehvde madexiadsgandcmayasRCEBABr 2Bi Adcahedhyde

which is recyesl adcohdlie pHdiRtldexP byt O tanARezar¥aieaciafie, ORherof which
I's purged frgmthe %%gnt and %gw of which is.,recycled a reflux,stream
0

to the disti FPRPRORS MY be |forped, by, yery &LBBECPYEBﬁ‘gaPEFnﬁegﬁﬁéﬂ‘?ut ed
acrol ei n andoanmagubave @ntdded athdl yilantolast mAogosbat andigafi@snofzehe -
ool ed and otaer Byl BB LA Tonee, Smlbars ThofarcdPe Vot sol ution
for recycle egsentialdy watemmsatomated wikd pldebyde obrt abdehydesion there
Xt Ur e of ek an cal dany Aot o=, d83SE AR opLEbRAELy ThOHR BF Ene |
atom or no a“RPEFoPFTRIGmPIRERYIiss Tecysilednfaethe ot athl hataen| gase tao
a- hydrogen afeth andefiexetrdlahy dhe ReaRiglakdehyS€rged from the
[err]-butyrabieh de,sn- val.eral dehyde, 3- _%hiLbut rﬁkdehYde1-
[ err] - hexanaF; A%t ] PI0FE Ha SAHITy AC, r;‘[i' Arf- it g&Fs 1Erif-BeFanal
n-decanal , aneécessary to neutralise this stream prior to discharge to a

water course. However, in order to minimise loss of aldehyde.

from the plant and to reduce biological oxygen demand of the

stream prior to discharge, it can be stripped with steam.

The vapours from this steam stripping step, which contain

recovered volatile organic materials, can be admixed with

the vaporous heterogeneous azeotrope recovered from the

distillation zone and condensed together therewith. The

stripped aqueous stream can then be further treated, prior

to discharge, in order to reduce its biological oxygen

demand and chemical oxygen demand to a still lower level.

If necessary, part of this lower équeous layer from
the heterogeneous azeotrope condensate can be recycled to
the aldolisation zone to maintain the water balance therein.
From a bottom part of the distillation zone there

is recovered a hot mixture of substituted acrolein and

aqueous phase containing alkali catalyst (and Cannizzaro

reaction products). Part of this hot mixture is cooled and -

allowed to separate into two layers, while the rest can be

recycled through a reboiler to the distillation zone. The

two layers obtained on cooling the hot mixture from .a bottom

part of the distillation zone are separated. The upper

organic layer comprises substituted acrolein product which

can be passed on for further purification or storage or



the |ike. Exanples of al dehydes containing a single a- hydrogen atom are
2- et hyl pr opi onal dehyde, 2-nethyl- butyral dehyde, 2-ethyl hexanal,

2- net hyl - 3- phenyl - propi onal dehyde, and the |ike. Exanples of aldehydes

cont ai ning no a-hydrogen atons are [err]-tol ual dehyde, [2,2,2]-

bi cycl ooct ane- 1- al dehyde, [2, 2, 1] - bi cycl ohept ane- 1- al dehyde,

1- met hyl cycl ohexane- 1- al dehyde, benzal dehyde,.and the like. It is preferred
that the al dehyde is sel ected fron1a|dehydésl%Wﬁch contain from3 to about
10 carbaon atorms and m xtures thereof. Preferably the al dehyde conprises an
al i phatic al dehyde, such as [err]-butyral dehyde, [err]-val er- al dehyde, a

m xture of [diwdet sl 4 Sopdrdgerstdedy dasit aform gunvansdonf to the

[err]-valer r f 1 2-s t | geh d

Lot hy bt A EEAER Rt I RndI, St 5 AN A ST
desired. Thelastidiser dlanhql sfuntaldy Zmghylhexanelaloral- netal or

al kal i ne e&ué{kgzgﬁgp%§ggfgide, bi carbonate or carbonate, or a m xture of

two or nore nce water is a product_of the _dehydration reaction,

the alkali catalyst iBheckoney Layes SrParated fyom theysubstitieed, aqueous

sol ution. Pregesedly 1difer|ddthpr il arbtadifeous -sbliftglouc ofd alkamisodi um
hydr oxi de, socg%:n car bo‘?at e, potassi um hydroxi de ot asgj u%] cg nat §g Or a
m xture of tSRFDIYFHorahq Heahz2ag Feagkiom RFodurhy safidsh & &t &5

‘include |itpreferabiiyli purged firasitine ko te carntradathenbnddd apd of.

cal cium str | L um hydr oxi e d 0 r.atsl i

catalyst in ‘?ﬁﬁ%%%sp%%’e“f @d%%aé‘{%i?e%o:\‘? shglﬁgo%ﬁgé(ynle&{lfgingghe%h Ir%r]ges

from about Oliigeaw whillst tibouteraidider isrrecyeled tp the eddaddsation
: zone. Fresh alkali catalyst is desirably admixed with this

recycled agqueous liquor to compensate for the alkali metal
or alkaline'eartﬁ metal ions lost in the purge stream.

Throughout this specification and claims, unless
otherwise specified, all percentages are based on 100 moles
of feed aldehyde. - |

_ In order that the invention may be clearly
understood and readily carried into effect a first preferred
process in accordance therewith will now be described, by
way of example only, with reference to the accompanying

| Figure 1 which is a flow diagram of a plant for the
continuous production of propyl butyl acrolein
(2-propylhept-2~enal} from n-valeraldehyde.

It will be apprediated by those skilled in the art
that, as the drawing is diagrammatic, many items which would
be required in accordance with conventional practice on a
commercial plant, such as valves, pressure control valves, -
_temperature sensors, pressure sensors, temperature
controllers, pressure controllefs, pumps, coolers, heat
exchangers, and the like, have been omitted for the sake of
clarity. The provision of such conventional items of
equipment forms no part of the present invention. Such
items would be fitted in accordance with normal chemical
engineering practice.



W v or higher. Under normal circunstances, however, the concentration of

al kal i catal yst in the aqueous phase ranges from about 0.1% w v up to about

3% W v. Since the Cannizzaro reaction is a conpeting reaction which an

al dehyde can undergo in the presence of the al kali catal yst, the agueous

phase will normally contain also an alkali netal or alkaline earth salt or

salts of the organic acid or acids correspgnﬂ%ng to the al dehyde or

al dehydes used as starting naterial. Sincet substituted acrol ein may

al so undergo the Canni zzaro reaction, the aqueous phase may al so contain an

al kali metal or alkaline earth metal salt or salts of the organic acid or

aci ds correspondi ng t feflerrimgsttiot Figuract ol @i fieed swpplyiof.a imixtwpe (n)

of the procegF @fJgraéHygggi-r1 t al.y c } N§ ng s, t s Hggg%,

recovered froglﬁsbotton1partl%ff%%eﬁhiE%FI?g%?%higoﬁéﬁgéfreggﬁngﬁ%o e
orré

‘al dol i sation® -ajdehydesis paednsedr by rbydreformybatier efirbweenerlp in
a1 om abeut Suowey b g Aheu Sh ey o pares 4 Tadbel pEMEELR <
tégén to preggkégéai d9§gnﬁﬁa€k e§§iWQ%SHDﬁgt%‘%ﬂfaféié€§¥§%vr%ékﬁi
- products in balanegueompriising madalyi jkobeallessldaiegtid u(2-her bel ow. Hence
in step (b) EonhribnevRRIAUERED CLeBRR AR R S w v of sodium
hydr oxi de anBetbydbuiysaddebyde/,vaol aotirace senly, diypicmbly less tlan
i nt ol ned ap 8 Leronr, &7 of S AcuiReny Fr b AR R SIS A B
. to a distillation column 2. A vaporous mixture comprising °
iso-valeraldehyde is recovered overhead in line 3 and is
condensed by means of condenser 4. Condensate is collected
in a condensate vessel 5 which has a vent line 6.
Condensate is drawn off from vessel 5 in line 7; part of the
stream in line 7 is recycled as reflux stream to the top of
column 2 in line 8 while the remainder is passed to storage
in line 9. The rate of withdrawal of condensate in line 9
can be varied so as to reduce the proportion of iso-
- valeraldehyde in the bottom product from distillation column
2 to as low a level as possible or to adjust the proportion
of iso-valeraldehyde and any other Cs aldehyde constituent
in that bottom product to a desired level.
A stream of p-valeraldehyde is recovered from the
bottom of column 2 in line 10; part is recycled to the
- column in line 11 through column reboiler 12. The remainder
passes on in line 13 for admixture with a recycle stream |
from line 14. The resulting mixed stream in line 15 then
enters an aldolisation reactor 16. This comprises a tank
fitted with internal baffles 17, a cooling coil 18 and an
agitator 19 driven by a motor 20. It is maintained at 120°C
and at a pressure of 4.2 bar. Aldolisation reactor .16 is
also fed from line 21 with a stream of an aqueous liquor
containing 2% w/v sodium hydroxide as well as up to 308 w/v
of sodium salts of organic acid formed by Cannizzaro



[err] or higher, preferably in the range of fromabout [err] to about
[err]. The operating pressure of the aldolisation zone can vary within
fairly wide limts. This pressure is determ ned by the tenperature and
conposition of the organic and aqueous phases in the aldolisation zone, if
a vapour phase is present. If the aldolisation zone is full of liquid, then
any desired pressure can be inposed. Operatilfg=pressures in the '
al dol i sation zone typically range fromabout 0.1 bar up to about 20 bar or
hi gher, e.g. .fromabout 0.5 bar to about 10 bar. Al dehyde is supplied to
the al dolisatdaytizee, i n addition to aqueous al kali catal yst-containing
solution. Such al dehyde can conpri se feed al.de e (or, _m : yde)
and recycl ed al dehydé® ¥ Vg eeéeﬁﬁ%g'ﬁfé‘eltsosﬁg:eﬁg‘eé‘%‘gﬁsde can
range, fo][ DY) &r firﬁ)l"ﬂli&cpgieia'nbd mﬁabmdmh elrimplzpdmwmd'n Thei paiopylt Ee
ratio is frqoqm.about 1:.1 to abopt 1:20. ,T LeS) sty sidh t he
al doli sati oﬁ"ﬁ ' qchlfp’i!bzﬁﬁ ‘*crtbrﬁ%&ﬁ %fan%@%‘&%ég%uﬁ%?g gg%&tll SE%lnql&nut es
or -nore, noraelumn @ dayatie Dmithdds, In ¢hifs casgodle Fesdstosk cambsut 75

m nutes. In. ISty ”.lé@' r | 2and aqueous phases are
di sper sed onfe&?nﬂflﬁéeg%][%ﬁe%& nere'la:]t P{/iagnlg"% atic or dynamc geﬁ}( met hod

that provides the redin rakieldgation mHasiarsilén the mr¥aler n the

other can begdsesh odib itd &Y deiitd b 2N i dfdiehiRiratilon iaectrding zone.
Al ternatively, however, 11 Cconprises a vessel, optionally fitted with '
internal baf%® cehe r§9lkewipg PRt IRNS I er. Since the rate of reaction

appears to depend strongly upon the inter-phase area, due to the need for
" the. 61'.I::dehyde tfcﬁroéﬁ t&?z ?&kae.o&go phasg gani c @k%s.%ﬂzn.t(ﬁf f.%%e.cao

- | T | (8);
CH3.CHy.CH,.CH,.CH(OH)

and _ _
CE3.CH,.CH,.CH.CHO . CH3.CH,.CH,.C.CHO
| . > | + B0
CH3.CH,.CH;.CH,.CH(OH) CH3.CH,.CH,.CH,.CH (9).

If the feedstock contains also iso-valeraldehyde (2-
methylbutyraldehyde), then this can condense with n-
valeraldehyde as follows:

' CH3.CH,.CE,.CH,.CHO  CHz.CHy.CHy.CH.CHO
+ S l (10);
R CH;.CH,.CH.CHO CH3.CHj, .CH,.CH(OH)
‘ | l
CHy CHsy
and
CH3.CH,.CH,.CH.CHO CH4.CH,.CH,.C.CEO
: | > I + Ey0 (11).
CH3.CH,.CH.CH(OH) CH3.CH,.CH.CH
I |
CH, CH,

It is well known that the first stage of the aldolisation
reaction (e.g. equation (8)) is reversible in the presence
of the alkali catalyst. The reaction that eliminates water



« 11 - in order to cone into contact with the alkali .catalyst, it is
desirable to agitate the two phases vigorously so as to forma
liquid-liquid dispersion. Preferably this liquid- liquid dispersion is an
aqueous-conti nuous dispersion so that the dispersion is of the oil-in-water
type. This can usually be achieved, when using an inpeller, by ensuring
that the inpeller is in the aqueous phase at start up. Typically the power
supplied to the inpeller ranges from aboat 1.5 to about 5.0 kW nB of

liquor, e.g. fromabout 1.0 to about 3.0 [err] of liquor. In the dispersion
formed in the aldolisation zone the organi c phase: agueous phase ratio
typical ly r@nges dquasiadioyte )3) id Qas%%lttlalli(Sibrevekulibleeagd dependbout
2:1 to about 3.4 by .val u tlllatlg éone n?y He_gggEgted at a
lower pres&t & q%fﬁb w et ipn khg EBFPSQET SRS, B¥ITOXY (FEQFPy ¢ he
distillatidm ZAdree E-Q:Q:qaarmxeabmtt}a prdmanrye adfiofir addabtuand. 81hpdrogent o
about 10 Dk Gonf tci'{@ gﬂatSJ.Oc: ibrP¥s et grﬂ?ﬁ#& %lag.rl h8ukpe
distillation zone a heter neous azeotrop ire of azeot r opes

conpri si ng BRsteseran naidﬂh@@hy@@noptaaaan}aeg witheibseiEdander head

and is con@msﬁcbo:%{ eér?&ﬁ@@t&égﬂe% Shid ghgarbgpgfaeﬂgahamoﬁrﬁoﬁe&ﬁteﬁeso as

to permt a minor amount of substitute ear i e o&erhead
vapour st r SriBamaldolyinraduck made; bye reagtinn: pE ééguVF;ﬁﬁa deb¥dat e

In this wawand u&m&mﬁyw aB6rdi ?:?h@o eguaedoRy (Tapwri zzaro reactions
I's renoved fr gﬁghﬁﬁgf the distillation zone. The resulting
condensate is ald* é@ﬁa e into two phases. The upper organic phase
cont ai ns nalnly al dehyde or a#dehydq§=éhd MeHt . CHyaCHo0CHLRCE(OB) recycl ed
to . CH3.CH,.CH.CHO | | 2y.
I CH;.CH,.C.CHO
CH,y - | l
o CHj3 .
This is because these primary aldol adducts do not contain a

hydrogen atom in the 2-position (i.e. an a-hydrogen atom).
Therefore those primary aldol adducts not possessing a-
hydrogen atoms are in dynamic equilibrium with Cg aldehydes
in the presence of the alkali catalyst, and the resulting
regenerated Cg aldehydes can then realdolise with a
different partner aldehyde to form aldols which do contain
a~hydrogen atoms and can subsequently dehydrate to form
dehydrated aldol products. If the feedstock also contains
3-methylbutyraldehyde, then this can form a further series
oﬁ isomeric aldolisation and dehydration products by self
dimerisation and by forming aldolisation dimers with n-
valeraldehyde or iso-valeraldehyde. Again, any primary
aldol adducts formed (e.g. by reaction with 2-methyl-
butyraldehyde) that do not contain a-hydrogen atoms will be
in equilibrium with the original reactants when in the
presence of the alkali catalyst. Hence further minor
components of the unsaturated dimeric aldehyde product in
line 21 may include:



t he aldolisation zone. Part of this upper organic phase can be purged from
the plant in order to limt the build up of chemically inert |ow boiling
materials. Such materials are - 12 - typically non al dehyde material s
and may include an al cohol or al.cohols produced by the Cannizzaro reaction.
O her conpounds may be formed by very m nor by-product reactions or may
have entered the plant as m nor contam napgts40f the feed al dehyde stream
The | ower aqueous | ayer is essentially water saturated with al dehyde or

al dehydes. Part of this |ower aqueous |ayer, and optionally sone of the
upper organic phase, is recycled to the distillation zone to forma reflux
stream The remai nder GHg purged fromthe plant. Since it contains no al kal
catalyst, it is not ngcessary to neutralise this streamprior to discharge
to a water course, ver. . in order to mnimsg |loss of aldehyde_fromthe
plant and to redugg;g}e%'ggltggl oxygen demand oiﬁﬁﬁﬁiéwe&ﬁ? pebrofo .
di scharge, it can be strilpped with-.steam The 3amethglbubyrabdehplleam
stripping step, which co i~ recoyered vol ati r i terials, can be
adm xed with the vaporoug%%gﬁéfggéﬁgéus azeotr%ggﬁrgggégF d fromthe -
distillation zone and condensed tjoget her therewith. The stripped agueous
stream can then be further treatgg, prior to discharge, .in order to reduce
its biological oxygen demand and CReni cal oxygen demand to a still | ower

| evel. If necessary, part of this | ower aqueous |ayer fromthe '

het er ogeneous azegH-QEHE.GORlCRS@E® can be recthgdctgohhpraageti§gtion zone
to maintain the watér bdl anfe,therein. From a Sottgg¥ggé%¥£;}%$§ada
crolein

di stillation zone there is reJQvered a hot mi xPuPE
and. .7 ; CH.CH,.CH.CH3. with n-valeraldehyde)
. | I
CH3
CH5.CH,.CH,.CH,.CH (Reaction product of n-
I valeraldehyde with 3-
CH,.CH.C.CHO methylbutyraldehyde)
|
CH,
and '
CH3
|
l CH3.CH.C.CHO _ (Reaction product of 2-
' I _ methylbutyraldehyde with
CH.CH.CH,.CHy . 3-methylbutyraldehyde)
I o
CH, .

Typically at least 80%, preferably at least 90%;
and even more preferably at least 95% or more (e.g. up to
98% or more) of the feed aldehyde is converted to the
desired dimeric unsaturated aldehyde product (i.e.
substituted acrolein) in the process of the invention. The
remainder is converted to more complex products containing

B b L L R A R U S Rl



aqueous phase containing alkali catalyst (and Cannizzaro reaction
products). Part of this hot m xture is cooled and allowed to separate into
two |ayers, while the rest can be recycled through a reboiler to the
distillation zone. The two | ayers obtained on cooling the hot m xture from
a bottompart of the distillation zone are separated. The upper organic

| ayer conprises substituted acrol ein produgg8 which can be passed on for .
further purification or storage or - 13 - direct to a hydrogenation unit
for conversion to the corresponding al cohol, which is typically a [err]

pl asticiserg alc :&lé o] p Y. I | ower
| ayer separ dt ed m Il Su st %kg %?g{:el %tﬁgﬁe go#‘r%??éggga%s g}‘ﬁeeous
sol ution oﬁﬁﬂq&ﬂﬂgtﬂidﬁbwﬁﬁ-and Canni zzaro reaction products. Part of this

I's preferably purgeg,fy ctt*l%ep' any anEQ”{:EQ# h%ai’%&?d&ﬂk»ﬁe Ll zar o

.reaction products int circul atln aqueous remal nder is
recycled t& 8 G&m‘#atﬁa@r#ezoﬁéan#e@ﬁtbykhutyea%éepx#e| andiek§ r abl y

adm xed w tdlilghtly Q@se e@ar@i9@UehhhU9ohet Ry tBARGPAREENYQE. t he al kal |
metal or al kaline egpth . netal ,ions |ost tream Throughout

in t
this specification & &Q%?ﬁ§l°ﬂnFB§§i6? Rﬂgﬁgéﬁgc??lﬁdclall per cent ages
are based cumbbi(tmtless avfachreddial Athydee dmmhdebmphﬂées hei) rwteritem may be

Cocess 1ni8 B 0 e dlobeRBhiy R TR EL AR holet ' 5B
only, with2~en&lendd.it)o notte macreothany20gmélanr & andhpzefesadeImwtdlagram
of a plant e ¥Han 10 molar % 2-propyl-4-methylhex-2-enal, and (iii)

' not more than 4 molar % in total, and preferably not more
than 2 molar % in total, of 2-propyl-5-methylhex-2-enal, 2-
iso-propylhept-2-enal, 2-iso-propyl-5-methylhex-2-enal, and
2-iso-propyl-4-methylhex-2-enal. Preferably the Cio |
substituted acrolein mixture comprises (i) at least 97.6
molar % 2-propylhept-2-enal, (ii) not more than 2.4 molar %
2-propyl-4-methylhex-2-enal, and (iii) not more than 0.01
molar % in total of 2-propyl- 5-methylhex-2—enal, 2-iso-
propylhept-2-enal, 2-iso-propyl-5-methylhex~2-enal, and 2-
iso-propyl-4-methylhex-2-enal. It is preferred that the Cyo
substituted acrolein mixture contains less than 0.5 molar %
of, more preferably than 0.1 molar %, and even more
preferably less than 0.03 molar %, of any material other
than 2-propylhept-~2-enal, 2-propyl-4-methylhex-2-enal, 2-
propyl-5-methylhex-2-enal, 2-iso-propylhept-2-enal, 2-i§g-
propyl-5-methylhex-2-enal, and 2-iso-propyl-4-methylhex-2-
enal.

It is desirable, .though not essential, that
aldolisation reactor 16 is operated under aqueous-continuous
conditions so that the organic phase is dispersed in the
‘aqueous phase under the influence of the agitator 19.

Preferably a small flow of oxygen free permanent
gas, such as nitrogen, is supplied in line 16a to the vapour
space of reactor 16 in order to provide a stable reactor



tonti nuous production of propyl butyl acrolein (2-propyl hept-2-enal) from
n-val eral dehyde. It wll be appreciated by those skilled in the art that,
as the drawing is diagrammatic, nmany itens which would be required in
accordance with conventional practice on a comercial plant, such as

val ves, pressure control valves, tenperature sensors, pressure Sensors,
tenperature controllers, pressure controllgw¥9,punps, cool ers, heat
exchangers, and the |like, have been omitted Tor the sake of clarity. The
provi si on of such conventional itenms of equipnment forns no part of the
present invention. Such . itens would be fitted in accordance wi th nornal
cheni cal eng?PT@RFHTY PYeEtfckange of jhemperatdiiesrg to Figure 1, a feed

supply of a mixture oin(Ri8bVeby€esni sré@sct oSﬁﬁ&nplc%ﬁsiiétilﬂT%fl-a Thi s

m xture of al dehydes i s produgced. by hygdr of or ation of Qutene-1 or a :
m xture of %%'é’f? n%ga‘?ﬂu%&ﬂ?a?igaél j tF9% i%ﬂa’iﬁﬁ)il%ﬁqeyl% nol ar %
or r_mrfa, O}‘ mmavedaiﬁmhyagbdglﬁ.shtihﬁ bgi@tm) I 6onipr i 1Sy Zmi:-.?id/ passes

i so-val era - yralkde A er, .anount.s. of 3 . .

met hyl but yr ai geﬁgﬁé%’%ﬁé aﬂé rg%'e50%1\g§?y?§p‘ihc%%ﬁéalté’s°§’ i (%1%':& %

of 2, 2-di net+:§| ppeyrted| sebytant fallyiat fathesphenfics tiddsguimn cdHumm 2. A
vapor ous m xizé Y 4S5 Oa ' -0V din line
3 and is congegggd by &%gﬁgu% %on e%§£€§2¥g§%%§§%§§§b%?§ﬂ% I egggd in a

condensat e ehydeqarg waken yenrecoversl qusrheashiiam ldne 26 amd from

vessel 5 in ¢omderseddsy RéahdCof!ESRdRAder I7E 7 The (RMUERARS F1hsi6n

streamto t top of,colum 2 in |i i the remai nder |1 s passed to
st or age r@% arkondensate_vessei 93 f;vﬁhiéi it separates intJ)two

layers.
Reference numeral 32 indicates a vent line for
condensate vessel 28.

. The lower phase in condensate vessel 28 is water,
saturated with n-valeraldehyde together possibly with minor
amounts of iso-valeraldehyde and 3-methylbutyraldehyde.

. Part is recycled to column 25 as a reflux stream via lines
33 and 34 whilst a purge stream is taken in line 35.

| The bottom product from distillation column 25

comprises propyl butyl acrolein (2-propylhept-2-enal), in
admixture with usually minor amounts of isomers thereof if
the feed aldehyde to the aldolisation reactor 16 in line 13
also contains iso-valeraldehyde and/or 3-methylbutyralde-
hyde. The bottom product also contains an alkaline phasé.
This bottom product is recovered in line 36 from column 25.
Part is recycled to column 25 in line 37 through column
reboiler 38. The remainder passes in line 39 to a cooler 40
and thence in line 41 to a decanter vessel 42. This has a’
vent line 43 and an internal weir 44. The upper organic’
phase comprises 2-propylhept-2-enal (propyl butyl acrolein)
and is passed forward for hydrogenation in line 45 after
overflowing weir 44. The lower agueous phase contains
sodium hydroxide and is recycled to aldolisation reactor 16
via lines 46, 47 and 21 by means of pump 48. 'A purge stream



inline 9. The rate of withdrawal of condensate in line 9 can be varied so
as to reduce the proportion of iso- val eral dehyde in the bottom product
fromdistillation colum 2 to as low a | evel as possible or to adjust the
proportion of iso-valeral dehyde and any other C5 al dehyde constituent in
that bottom product to a desired level. A streamof n-valeral dehyde is
recovered fromthe bottomof colum 2 in |4 +0; part is recycled to the
colum in line 11 through colum reboiler 12. The remai nder passes on in
line 13 for adm xture with a recycle streamfromline 14. The resulting

i xed streanyd ngae 45 LHR A SR ALUNS ALY SCERAIL cBlits of

conprises a tank Itted wmth i nternal baffles 17, a .coolJ §ﬁ" 18 and an
agitator 19 @ |SR¥PIXYbicmadtdoo maknly nayaterifefcld

-pressure of Adegubgrof Pé&%ié@ar@rrémi&rsm $Bncd ssonfee & oidiam I:uoms m:emi th
a stream of an aqueous uor contaann 2% sodi_um i d |1 as
ipto 30 w $O%E Sockae BAFGS THERRL AT LS Y of e Ty Rens, appunt] |

- r.eactions.of f fi&sh nsodd @ athykddycicdd ehx@.lmck:.s ssupplfiiesi diot yineu2d, bar i f

t he presence, 2riceproducts in the propyl butyl acrolein product can

be tol erated, 8¥h%§ g?l? ation colum 2 can be onitted. In this case the
f eedst ock can be fed TlheeuppqrthQam 1ayen inmeomdensate;vessedatdton

reactor 16 t8gmpeyaler ghiglye lestielorky 8085 2ldpliomningl) Ako

dehydrati on acc |ng omnng equati ons: [err I't the feedstock
cont ai ns als@lﬂgﬁ %EP@BE#d@ﬁyﬂ%&(%ﬁler&ldehyde and 3-

methylbutyraldehyde, possibly together with traces of
*lights" such as alkanes, overflows weir 29 an§-passes into
line 51. Part may be recycled to column 25 in line 52 while
the remainder flows in line 53. A major part of the flow in
line 53 is recycled by way of line 54 and pump 55 to form
the recycle stream in line 14. A minor part thereof can be
purged from the plant in line 56 in order to limit any
accumulation of "lights" in the plant.

The aqueous phase in line 35 is passed to a steam
stripping column 57 which is supplied in line 58 with steam..
Steam from line 58 flows upwardly through column 57 against
the downward flow of agqueous phase and strips dissolved |
organic materials, such as n-valeraldehyde therefrom.
Column 57 can contain trays 59 or packing as may be most
expedient. A mixture of steam and minor amounts of organic
materials is recovered overhead from column 57 in line 60
and is mixed with the vapours in line 26 to be condensed in
condenser 27. Stripped aqueoﬁs phase is recovered from the
bottom of column 57 in line 61 and is passed forward to an
optional further treatment stage (not shown) to reduce its
chemical oxygen demand (COD) and 1ts biological oxygen
demand (BOD) prior to dlsposal.

If desired the alkali purge stream in line 49 can
also be subjected to steam stripping prior to neutralisation
and disposal. This will normally be carried out in a



met hyl but yr al dehyde), then this can condense with n- val eral dehyde as
follows: [err] It is well known that the first stage of the aldolisation
reaction (e.g. equation (8)) is reversible in the presence of the alkal
catal yst. The reaction that elimnates water - 16 - (e.g. equation (9))
I's essentially irreversible and depends on the elimnation of water in the
‘formof the hydroxy group in the 3- positiCUIZf.ihe primary al dol adduct and
a hydrogen atomfromthe 2-position of the primary al dol adduct. However,

i so-val eral dehyde cannot aldolise with itself and then form an unsaturated

al dehyde by dehydration nor can the primary al dol produ h g reaction
of iso-val ersﬁm SHRAT ST RRANGE (RIS i{“ﬂ“‘eé at ff' [err]

This is becalse giase sﬁftéﬁﬁ Vil Tire apalusdrs, i mﬁsm.abﬂ mllmdf wdeh at om

in the 2- p03|t|o hydr o er se g al do
adducts not P q'sé"? i r}Hﬂﬁ o&r&h‘?oﬁ%‘ggﬁsq nq" dfr?g' C g’gw I %‘r :E%m)évm th C5
al dehydes i rcasee tpheessamnamfln heiree kél | i atel tystl issedd plrh-@rr &oulthieng -

regener at ed ﬁm@@’%ﬁﬁé%w%g%é@ﬁcwl% 2of @y @ep.par tner

al dehyde to do contain drogen atons and can

subsequent |y dehydr at®t twikbre mm%wfélhmltmﬁé‘tléleﬁf i &hec@ddt ock
al so cont ai ngha3 MBI Y PIK 8¢ Ad SEDYSEant Nedh 1 uded WithMequlall isiicessy | es of

form ng al doFPS e Pl Meralas Lisstiom| of oty i BYss Ik Bchyde.

Agai n, any mmmquaiﬂodewwﬁstﬁoﬁ%ﬂeﬂhé%momsdw iparoduictts .2 - Mkuisy | -
the n-valeraldehyde-containing feed in line 1 can be
replaced by propionaldehyde, by n-butyraldehyde or an
n-/iso-butyraldehyde mixture, by n-hexanal, by n-heptanal,
or by n-decanal, or by a mixture of two or more of these
aldehydes. - ' |

. The invention is further illustrated by the
following Examples.
Example 1
A 250 ml capacity Magnedrive (Trade Mark) vessel

manufactured by Autoclave Engineers was fitted with four 10%
internal baffles and a variable speed stirrer. A liquid
exit pipe of 2 mm internal diameter projected down into the
vessel to a level such that the liquid capacity of the
vessel was 180 ml. The continued removal of liquid from the
vessel was effected by passing a low flow of nitrogen into
the head space of the vessel thereby aiding the removal of
liquid up the exit pipe by a “gas lift" effect. Aldehyde
and aqueous sodium hydroxide were pumped in at the desired
‘rates from nitrogen purged reservoirs using reciprocating
piston pumps. The two phase liquid stream emerging from the
reactor was cooled, collected and discharged at intervals
for analysis. Nitrogen was supplied on demand to the
producﬁ vessel to prevent reactor pressure surges when
discharging the collected material. The reactor exit line
was fitted with an.upstream pressure controller to set the



butyral dehyde) that do not contain a-hydrogen atons will be in equilibrium
with the original reactants when in the presence of the al kali catalyst.
Hence further mnor conponents of the unsaturated dinmeric al dehyde product

in line 21 may include: - 17 - [err] (Reaction product of

3-met hyl butyral dehyde with itself) [err] [err] (Reaction
product of 3-nethyl butyral dehyde with n-valgyaldehyde) [err]
(Reaction product of n- [err] val er al dehyde with 3-

met hyl but yral dehyde) [err] and [err] (Reaction product of 2-

nethylbutyr wi t h rr, -net but yr al dehyde aIIy
at | east SOA?Q% égepgﬁﬁﬁugf FbaEPGQGBFaEﬁguEVen yéﬁ%ﬁ%r %ﬁ%ea.P

95% or norepfedyctupinxtueddwas fmieered tllmoti@kch}adriqbiy@hm spapmr/etm ed to

the desi redrgingee SBRALULRRED ALOENNAS PEOOUEuddes nEt5Ldd U

acrol ein) nven converted to
nor e Conp|eprgvgggcpgldgnggpnang contamination by sodium compounds of

the injector port of the gas-liquid chromatograph used to
‘analyse the product. For long term storage the organic
product was additionally washed with a small quantity of
deionised water. |

The reactor was heated by immersion in a
thermostatically controlled oil bath. The stirrer speed was
1400 r.p.m. At start up the stirrer was positiéned in the
vessel so that it was in the aqueous phase. Hence the
apparatus was operated under "aqueous phase continuous”
conditions with an oil-in-water type dispersion being formed
in the vessel under the influence of the stirrer. Using n-
butyraldehyde as the feed aldehyde the results set out below
in Table 1 were obtained.



+ 18 =¥ 3y 4Nori i€ -t Fnesas hany cdrbon atons.péer nplecule-as the starting

al dehyde. In practice it appears that n-val eral dehyde reacts about 6 tines
faster than 2-nethyl butyral dehyde and is slightly |ess reactive than -

3- et hyl but yr al dehyde. The invention enabl es production of a [err]
substituted a acrolein m xture which conprises (i) at least 76 nolar % and
preferably at |east 88 nolar % 2-propyl hept- 2-enal, (ii) not nore than 20
nol ar % and preferably not nore than 10 nolar %

2- propyl - 4-net hyl hex-2-enal, and (iii) not ggre than 4 nolar %in total,
and preferably not nore than 2 nolar %in total, of

2- propyl - 5- et hyl hex-2-enal, 2- iso-propyl hept-2-enal,

2-1 so- propyl - 5-met hyl-hex- 2-enal, and 2-i so-propyl -4-net hyl hex- 2-enal .
Preferably the [err] substituted acrol ei gagfgxjure conprises (i) at |east
97.6 nolar 2-praopylhept-2-epnal , (ii) not nore than 2:-4 nolar % :

2- propyl - 4- nm.‘,hfddireg"re%pénalobs Adfcdibhi |) REQidO| ev Ao | JIGAA]WII FHrolbdth (vef

of 2-propyl} Saisiiny k(rex- 2- enalrat@-i so- paepyl hepw/?y epal , NBAL EPA
2-i so- propyl-5-ret hyl hex-12+temal/y/tand 2- i so-propyl -4-hethyl hex-2-enial . 1t

is preferred #Rat t W err] Hulbstit utled2s@t ol i 2-A9 xt br b-&oftZi0hs | B&84t Han
0.5 nolar " % of4? m)r@g efler abi 42t han [0. 5.l af %-%8nd| e¥éeh S5pr gfesbablly
| ess than 0 03%ml afl®® df aﬁ¥3ﬁaterialzﬁﬂher tHhﬁ°2-prbq?I1g?@52-eﬂéﬁ?
2- propyl - 4-fret*flyl hext?- erdal , ©32pr opyfl - Bi-Adt hyl Hefe2-en e -06  194.04
2-iso-propyfl h ﬁt-z-e . [2-1 ¥ propyll - 82 th/lﬁ§%92-en g 88 23.74
2-i so-propyl - 44met h ex-i2- ﬁgé. It i st i r bl hou ?bnot'é§sen§jég,
. 4 ] . 1.00 .8 1. .
that al dolijsatjon regagtory 16,4°§;0per gtett"yhdef aqygous- ¢gnt | njigys 154 5,
condi tions |so sphat 1% orjgani £ sphase i s,dibgpefsedshn [theg 4.05 [92.89
x 40 120 15.98 25,71 | 0.25 1.8 5.98 89.27
4 63 16.14 25.71 2.00 1.8 5.08  |89.05
4 83 16.49 25.71 2.00 1.8 3.01  {94.64
4 104 16.62 25.71 | 2.00 1.8 2.25 94.64
4 83 16.45 - 25.71 2.00 1.8 3.2 lsa.s
4 103 | 16.62 25,71 2.00 1.8 2.25 94.26
40 ‘120 16.66 - 25.71 | 2.00 1.8 1.99 , |94.38
4 120 16.69 25.71 2.00 1.8 1.84 94.62
4 120 | 8.39 51.43 2.00 1.8 1.27 94.66
4 {120 16.69 25.71 2.00 1.8 1.81  194.70
4 120 33.07 _ 12.86 2.00 1.8 2.71 93,85
4 120 21.36 25.71 2.00 ; 5.0 3.08  [93.27
] 120 19.36 25.71 | 2.00 3.0 2.40 93,74
4 120 16.69 25.71 2.00 1.8 1.81 (94,70
4 120 13.03 25.71 2.00 1.0 1.44 94.42
Notes: ,
1. The N, flow is the nitrogen flow rate to the reactor

head space
2. {(O/A) indicates organic phase?aqueous phase ratio by
volume (i.e. the feed n-butyraldehyde:feed aqueous
NaOH solution volume ratio). ' '
3. The balance of the product to 100% is "heavies”, i.e.
higher boiling materials than EPA.
4. " EPA is ethyl propyl acrolein, i.e. 2-ethylhex-2-enal.
5. NBAL is p-butyraldehyde.



AT

aqueous phase under the influence of the agitator 19. Preferably a smal

fl ow of oxygen free permanent gas, such as nitrogen, is supplied in |ine
16a to the vapour space of reactor 16 in order to provide a stable reactor
- 19 - pressure over a range of tenperatures. An aldolisation product
stream consi sting of a m xture of aqueous al kaline |iquor and organic phase
is renoved fromaldolisation reactor 16 in line 23 and passes through val ve
24 to a further distillation colum 25 whith2f#s—operated substantially at
at nospheric pressure. An azeotropic mxture conprising unreacted C5

al dehyde or al dehydes and water is recovered overhead in {ine 26 and
‘condensed byEmamp3eop condenser 27. The condensate flows on to a condensate
vessel 28 in which it _separates . into two,|l ayers. Reference n ral 32

i ndi cates a vent IineTﬁSraEBﬁHEﬁgﬁtEsﬁggéﬁl 33mpie o IYﬁﬁﬂuﬁﬁéi in
condegfate_véavgbtigata amﬂel%saﬂiuna?ﬁd n%bﬁaguuﬂtgdéﬂyﬁﬂamdﬁgiQgﬁu?ﬂih g
possi bly wit ERUNt S so-val eral.dehyde. a - net ut yral dehyde.
bart 1 r ooyt aatEsaBERl hPoRugt Sy R R o TrLARMIRG FoR SBEe AR ISR e
a purge stregAntainedel.Pd B+metBPlbitprabdebyde; o3umhit f2-om distillation
colum 25 co [ I rehegie (L= iugﬁf : enagly) 14

admi xture wi %Eﬂgggrlpgg%égﬁygﬁoﬁn sggfh:ﬂgo%e?éfg#ér €0 % t%g' fle‘jed €

al dehyde to VhEhapBoNpsiirgnrakecesr4sQoml iminnte 3and suitdokhg sfirrer

i so-val eral dabydgoeng,gimd; "ERAEYLOSYES! §8taide. id MBI t0Reiepduct al so
contains an a ggkhgs phase. This bottom product is recovered in line 36

from col urm 98¢



Part is recycled to colum 25 in line 37 through colum reboiler 38. The
remai nder passes in line 39 to a cooler 40 and thence in line 41 to a

decanter vessel 42. This has a vent line 43 and an internal weir 44. The
upper organi c phase conprises 2-propyl hept-2-enal (propyl butyl acrolein)
and is passed forward for hydrogena¢|2314 n I|ne 45 after overflow ng weir
44. The | ower aqueous d-i s recycled to

. al doli sation reactor bne$~46, 44 aad f punp 48. A
purge stream - 20 {1 &n i I'Pne"'49‘1o'@on1"rol'='the anmount of sodi um
salts of [err] carboxy d>s, oaim| ym[em]-malerlgaond, formed as a
result of Canni zzaro i §’nce some “Sodfuntions arg lost in the
purge streamin |ine 4 . idi um hydr oxi de
liquor is supplied tofl, by way of line 50. The upper{ organic |ayer in
condensat e vessel 28 (oggi & umy east eg n‘-valcer aedelrydengnd, optionally,

. . 1 ™M ™ Uz} ™~ [} \n
al so m nor anounts of [igare ewaldehyde.and.3--nebhyl ut'yrlal dehyde,
possi bl y toget her mﬁti % ates~of ™ 1ights" SlcH*as™al Kands,] overflows weir
29 and passes into |ih€?®. |Part may be recycled to colunv 25 in line 52
whi l e the renai nder flogs inTine 53. Anmajor part of the|flowin line 53
is recycled by way of {l.hge 54 and punp 55 to formthe recycle streamin
line 14. A minor part |thd eof Sca beﬁ;pugge'@fr@mgheﬂ)l dhtl inline 56 in
order to limt any ac¢ ai g{ nkights"°|n°th§ pﬁﬁnt' The aqueous phase
inline 35 is passed §oxa stleam stripping &ol iim 57 is supplied in
line 58 with steam S{&diir dugh col uim 57
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t'he downward flow of aqueous phase and strips dissolved organic materials,
such as n-val eral dehyde therefrom Colum 57 can contain trays 59 or
packi ng as nmay be nost expedient. A m xture of steam and m nor anounts of
organic materials is recovered overhead fromcolum 57 in line 60 and is

m xed with the vapours in line 26 to be condensed in condenser 27. Stripped
aqueous phase is recovered fromthe bottom @6 eolum 57 in line 61 and is
passed forward to an optional further treatnment stage (not shown) to reduce
its chem cal oxygen demand (COD) and its biol ogical oxygen demand (BOD)
prior to dl}%@é. f |rqd the al kali purge streamin line 49 can also .
"be subjected to sf%éu%%§§§ pping prior to neutralisation and disposal. This
will normally be carlri SMBAIt = 3-methylbRtyraddphydee st eam stripping colum’

from col um 57. Howgvery =p?Lg@t§&?%§q§Fslhbﬂ9dég can, if desired, be

mxed with the streamin o to"colum 57. In this case
the streamin Iine ¥1 |N§’Pﬁeuﬁ arvederpddehyde t he af orenentioned treat nent

to reduce its COD and BoRar) & w]_ldlolbgr@ggegcbgt estRY, hhQSRvAki|keg.in the
art that the illustrated plant can.bhé used wt success for effecting

al dol i sation of other aIdeﬁy@@?Pﬁﬂd4FH€t§§5§8ﬁu3ngna hydration of the
al dol i sati on produd@)s. 3kVAL =haldola bahdehbﬁeannnLaaﬁdngvknedeL@ line 1

can be repl aced by propion Ide%& ﬁ‘ﬁ %§§Ekéra dehﬁge or

n-/iso-butyral dehyde m xtu anal , or by n-decanal ,
or by a mxture of &wo RBA noﬁepmbpyﬂbaeyahdebydea The |nvent|on IS further

|IIustrated by the (2-propylhept-2-enal).
7) NaOH loss % is defined as that percentage
amount of sodium hydroxide lost by the
formation of Cannizzaro reaction prbducts,'
e.g. sodium valerate, per pass.
8) [0/A] = organic phase:aqueous phase ratio by
volume.
The results of further investigations with
. 2MBAL/NVAL mixtures are given in Table 3 where the effect of
reactor residence time, organic to aqueous ratio, sodium
hydroxide concentration, reaction temperature and phase
continuity were investigated. Feed 1 contained 13.26% 2MBAL
and 0.04% "heavies" with the balance being NVAL. Feed 2
contained 12.21% 2MBAL, 0.06% "heavies, and 0.01% "lights"
with the balance being NVAL.
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1400 r.p.m At start up the Stirrer was positioned in the vessel so that it
was in the aqueous phase. Hence the apparatus was operated under "aqueous
phase continuous” conditions with an oil-in-water type di spersion being
formed in the vessel under the influence of the stirrer. Using n-

but yral dehyde as the feed al dehyde the results set out belowin Table 1

wer e obt ai ned. - 23 - TABLE [err] f|0W-'B§ﬂl (bs. reaction Res. Ti ne
% NaOH [Q A] Product (wt% (m/mn. [err rate

(Mn.) (W' v) NBAL EPA (gMol/ 1/ hr) 40 120

16. 65 25.71 120
16. 52 25. 7&he resu@t@oobtalnfthWlthzl!a@utyrgfo‘l%&'ée (NBAL) 170

16. 31 (Tabld. 17)1 show th@ EQEfect o1f &eact‘io@ﬁ temg%%a@ﬁréQ reactoi:ZO
8.32 %%gl &l aég d

16.51 resicence time, SP"GG“‘ hydrpxjde °2“§§ntr OPs 28 °r9an‘l§0
32.55 - phasd Zd@gqueous phAde ratib §0/A)} .i22 the ¥2a68oz4 on thé20
8.35 .4 QQ. .8 . ol 4 12
1552 emodoh weAL stalging materipl tn bhe rdigiByibyaduct. 10
16. 31 is evient that undedr all chmiitionsyBtudied gbatoa 120 -
15. 98 0427 63
16 14 cong%szﬁaflily ngn%.fé%ant amﬁgﬁ: ofs%B%i feeﬁ 13 Hﬁ'esent 133
16. 49 the xpactor produgto@nd that @ progess capgble4°£ recycling
16.62 the Zéaféacted fee%l QQdehydel'@J the2 r&ctlo%z@ﬁe4ls 83

16. 45 103 -
16. 62 de_“%’lﬁi 2 oo 1 8 2 25 94 26 40 120
16. 66 - 25 7he resudt?0 obtaineld &7ith thR9mixel4C38aldehyde120
é6389 (1. ‘8 %graleraldf%(ygle (NVAiL])88 2-nf]téxyzibut¥§5ﬂlg %yée (ZMBILZ..?

and 3-methylbutyraldehyde (3MBAL)) (Tables 2 and 3) show the
effect of variation of O/A ratio, sodium hydroxide catalyst
concentration, reaction temperature, and residence time on
the amount of Cg-aldehydes in the reaction product; it is
again evident that commercially significant amounts of Cg-
aldehydes are unreacted and that a process capable of
recycling the unreacted feed aldehydes to the reaction zone
is desirable. |

- An additional important observation is that 2MBAL,
present as a minor component. in the feed, is still present
to a significant extent in the product and forms a much
higher proportion of the free Cs?aldehydes. Inspection of
Tables 2 and 3 shows that the proportion of 2MBAL rises as
the overall conversion of Cg-aldehydes increases. This
effect is caused by the low reactivity of 2MBAL compared
with the other aldehydes. Because 2MBAL must react with
NVAL in order that a precursor to a C)g5 plasticiser alcohol
be formed it is especially advantageous that it is recovered
from the reaction product (along with the other aldehydes)
and returned to the reaction zone where reaction with NVAL
or 3MBAL will lead to Clb plasticiser alcohol precursors.

The experimental apparatus was accordingly modified



4 120 16. 69 25. 71 2.00 1.8 1.81

94.70 4 120 33. 07 12. 86 2.00 1.8 2.71 .
193.85 4 120 21. 36 25.71 2.00 5.0 3.08
93.27 4 120 19. 36 o 25.71 2. 00 3.0 2.40
93.74 4 120 16. 69 - 25.71 2. 00 1.8 1.81
94.70 4 120 13. 03 25.%% _ 2.00 1 1.0 1.44
94.42 Notes: 1. The N2 flowis the trogen flowrate to the

react or head space 2. [ O A] indicates organi c phase: agueous phase
ratio by volunme (i.e. the feed n-butyral dehyde: feed agueoys NaOH so] ution
vol une ratiofo @ffect yecovemy batanmeeyolet pé fredueldebydesofrem  addotes”,

i .e. higher bl ”ﬁ&%ﬁ' t agi€bubSatklyh propyl
“acrel ein, i.eékkgggt ylhggkgfeEgF.EEéYCie of tRIeBALqis ;butzralde yde.

- 24 - ExanpFatalygt apdatheusegowsrynofxihs ¥atehteaSEioR PFRIRSE it 8
al dol i sati on gapdratls atd@am. dehydration of the aldolisation product using a -
C5- al dehyde feed strean1mhicg cont ai_ned “9@63-nE%h%IbutﬁraLdeh¥di, %.5696

2- ‘met hyl but yr al dehyd&L¥Fe94 afo@nE}QW-AIRGTATIBT AP BEPPTLITGPER ah D
flow rate of £6% rhercunitinudng produtitdont ofr -ethyliéf-2~pnal, from nesults

obt ai ned T”'B@@§%Sid@ﬂ§%éo%&a%E%%yl buiy%SaErolein from n-valeraldehyde
with recovery and recycle of feed aldehyde from the aldol
reaction product zone to the aldolisation reactor zone.
Referring to Figure 2, aldehyde feed from reservoir
101 passes by line 102 to precision feed pump 103 (the feed
rate of pump 103 can be checked by closing valve 104 and
measuring the flow with burette 105). Reservoir 101 is
purged with a slow flow of oxygen~free nitrogen (not shown).
The purge flow passes by lines 106 and 107 to a common vent
(also not shown). The flow of feed aldehyde in line 108 is
joined by recycle aldehyde from line 109 and an agueous |
alkali stream from line 110. The mixture of aldehyde feed,
recycle aldehyde and aqueous alkali continues in line 108 to
aldolisation reactor 111. The operation of this reactor 111
is as described in Example 1; oxygen free nitrogen is
supplied to the reactor ullage space by line 112 and the
Q'- " three phase fluid leaves the reactor by gas lift line 113.
- The reactor nominal volume is 100 ml, while the
liquid content can be varied from 30 ml to 70 ml by varying
the position of the bottom of gas lift line 113. The
reactor temperature is set by an external electrical heater
114 controlled by a thermocouple (ﬁot shown). = Additional
temperature control is provided by a cooling coil 115 (the
aldol condensation reactions are exothermic). This coil is
supplied by air through line 116 and enables fine control of
the temperature of the reactor contents.
The three phase fluid passes through line ‘113 and
~enters a separating vessel 117 cooled by water jacket 118.



[err] - 26 - Notes to Table 2: 1) 3MBAL = 3-nethyl butyral dehyde 2) 2MBAL
= 2-net hyl but yral dehyde 3) NVAL = n-val eral dehyde 4) 2xVAL = al dol product
of 2MBAL and NVAL, e.g. 2-propyl-4-nethyl hex-2-enal 5) 3xVAL = al dol
product of 3MBAL and NVAL, e.g. 2-propyl-5-nmethyl hex-2-enal 6) PBA =
propyl butyl acrol ein (2-propyl hept-2-enal). 7) NaOH | oss %is defined as

t hat percentage anount of sodi um hydroxi de 3@st by the formation of .

Canni zzaro reaction products, e.g. sodiumvalerate, per pass. 8) [QA] =
organi ¢ phase: aqueous phase ratio by volume. The results of further

effoct of r208c PP RBRRERLE PRRECSbPOaRTEn: b oueabt DR fe Sl AeddY
hydr oxi de cumaehinatlmﬂ,andacbnﬂmoﬂenpévach@ bmdapmgmmomdmsnhﬂlty wer e
oot 9ot ohonfeRY JpS0Hl eD°0eld 241 GUBRL AR BLeOGERLERS 118 oo
0.01% "l i ght erabyhd-ehemneﬁc@hbeprnrgraw,‘txl_reactorzrressure- The
liquids pass via line 121 and control valve 122 (setting the
level in separating vessel 117) to distillation column 123.

_ Distillation column 123 contains two sections 124
of structured distillation packing; one above and one below
the feed point of line 121 to the column 123. Each section
124 comprises. twelve 25 mm diameter Sulzer® distillation
packing modules, each module having a height of 55 mm.

Column 123 is surrounded by four sections of
"active insulation" (not shown) each section of which
contains an internal heating element that automatically
adjusts the insulation temperature to a temperature sensed
at the column wall. Thus column 123 operates under
conditions that are stable and_close to adiabatic.

The column base is fitted with an oil heated
reboiler 125. Hot oil is circulated through coil 126 from a
thermostatically controlled oil bath (not shown). Line 127
is a capillary tube extending into the lower part of the
reboiler cavity. A low flow of nitrogen passes through line
127 to establish smooth boiling and to protect the column
123 from oxygen ingress. | '

Column 123 operates substantially at atmospheric
pressure, the pressure at the base being typically 10 to 50
cm water gauge (9.8 to 49.03 mllllbar) above atmospheric
pressure.

_ Vapour leaves column 123 by line 128 and condenses
in water cooled condenser 129 and passes into separator 130
via line 131. Nitrogen is vented by line 132 and the two
phase liquid passes by line 133 to separator 134 (vented by
line 135 to the common vent). The organic phase proceeds by
overflow line 136 to surge vessel 137 (vented to the common



{err] - 28 - The results obtained with n-butyral dehyde (NBAL) (Table 1)
show the effect of reaction tenperature, reactor residence tine, sodium
hydr oxi de concentration, and organi c phase to aqueous phase ratio [OQA] in
the reactor on the anmount of NBAL starting material in the reactor product.
It is evident that under all conditions studied that a commercially
significant anount of NBAL feed is present-i3y t-he reactor product and that
a process capable of recycling the unreacted feed al dehyde to the reaction-
zone is desirable. The results obtained mﬁth the m xed [err]-al dehyde (i.e

n- valeralde (\NV. th ut ralde ((2NBA

3- et hyl buty %ﬂ‘ﬁe‘?&ﬁt’)‘?e&éﬁb )alr(‘g' %sa?"ea haﬁ?o%tﬂ%e%%gﬁ &Y 1ine 139
vari ation ofpd¥t\ sihphen Inrshkew )40 okt ol ecomicrd y&ntdommhtqmﬂmw rlelatﬁ | on

t enper at ur e, residence t| the

reaction proﬂfgdko ?uﬁ%eaga qg Ye?égg)connerkﬁéﬁky S|gn|?ﬁ§ant anDunts

of [err] al debh¥des are unreacted and that a process capable of recycling-

the unreacted feed al &ﬁt £ agﬁgﬁié@é‘g quln%sdqsyer HE 149 to

addi tional inportant o present as a m nor
conponent i rPWAR i%@dﬁn‘i 51%Q¢Il4§)r%%<énl4? *Q %Q’tﬁﬁlﬁ“&&ntt%(tcﬁ‘%ﬂamr? t he

product and f@fmxatmwhﬁ3 Preper diedsHif1die gasted oy |Lialaleyglemd
the over al | EBAReted ofP S?é’mﬂ‘*?%?né%?%é i reahir itsds Sk
by the |ow rreetandtyo®f 2MBAL conpared with the other aldehydes. Because
ZNBAF must react m‘thThe aqueous phase passes by lines 150 and 151 to
. pump 152 and thence by lines 153 and 147 to constitute the
aqueous reflux to column 123; the excess flow passes via
line 154 and pump 155 to line 156.. This alkali free stream
(containing a small amount of dissolved organic materials)
constitutes the net water made by the reaction system.
Two phase liguid leaves reboiler 125 by line 157
and is cooled in water cooler 158 and passes.via pump 159
and line 160 to separator 161 (vented by line 162 to the
common vent) where the two liquid phases separate. The
speed of pump 159 is determined by a level sensor (not
shown) in reboiler 125. The organic phase proceeds 2y
overflow line 163 to surge vessel 164 (vented to the common
vent by line 165) and the aqueocus phase proceeds by line 166
past siphon breaker 167 (to common vent) and overflow ling
168 to surge vessel 169 vented to the common vent by line
170. |
The organic phase passes by line 171 to pump 172
and line 173 to nitrogen blanketed storage, this stream is
'~ the net organic product from the system.
The aqueous alkali phase passes by lines 174 and
175 to three way valve 176 and thence via line 177 to pump
178 and line 110 to constitute the aqueous phase recycle. A
portion of the stream in line 174 can be withdrawn by pump
179 through line 180 and discharged from the system in line



NVAL in order that a precursor to a [err] plasticiser alcohol be forned it
I s especially advantageous that it is recovered fromthe reaction product
(along with the other al dehydes) and returned to the reaction zone where
reaction with NVAL or 3MBAL will lead to [err] plasticiser alcoho
precursors. The experinental apparatus was accordingly nodified - 29 -
to effect recovery and recycle of feed al deBgdes from al dol reaction
products, the recycle of the aqueous al kali catal yst and the recovery of
the water reaction product as a separate stream Figure 2 is a flow diagram
of an exper 188Nt alrhkiisd ak@y fyisn u enal
fromn- but ralde2¥de O%ﬁﬁ¥%%§|§%3%§lﬁg%§gﬁ£gg %%%%?ﬁeég%eraﬁ% %?éeoﬂfth
recovery an Fgﬁy QmthFeéasﬁﬁﬂbhyde fromthe al dol reaction product zone

to the aldolisation peagtQ79Zpas. aRaBﬁbnhnaeae Eb%‘l‘ift%vhé’tlxdfbyﬁé feed from
_reserv0|r g}sgggiss by |33§%%02 t,0 SEECISIS hgunp 103 (the feed rate
of punp 103 can ERECRE B ¥iRndiheFvid QOQ hebs kg il $Pe f1ow with
burette 1?5§upﬁéyengoan éQﬁa&svb?FﬁedoﬁnfbthSAINhIiCﬁﬁfﬁtiahﬁﬁibﬁree
nitrogen (n e e o] asses 1 07 to a
conmon ventP g'g)ﬂ’%t 1-52 ‘m&sf &’83/ f?ag% g@%eﬁ A% 3%

‘j oi ned by r%é}?#elaﬁdgnydbef setn bDnEhAEQahhall:hnsdmmrs ﬁrkqias;st ream from
line 110. Thfrébﬁlgrfreﬁ ggggF¥gg fegd. cfe y&é ﬁﬁqﬁﬂ q%eous aIkaI

I I sa t

continues in %L g i on reac
reactor 111%+§Ra8regBcephugipn. Exanptbla,cwaqgeheteexsrnQrika1mn;kmnqﬂ| ed
to the reacids, ulBaganapaee While"Budd?1 f%iditnd h&e dnseid i d | eaves

t he reactor bf gas lift Line
ution via lines 180 and 181. Reservoir 182 is vented via

lines 185 and 186 to the common vent. System valve 187 and
burette 188 can be used to check the pumping rate of pump

178.

_ The control system operation is as follows:

a) aqueous alkali solution (recycle plus any make-up)
is passed at a selected flow rate to the aldol reactor 111;
b) organic feed (made up from the available organic

recycle and fresh organic feed) is also pumped to the aldol
reactor 111 in a selected fixed ratio with respect to the
total aqueous phase feed rate;

c) the net flow from the aldol reactor 111 passes via
the gas separator 117 to the aldehyde recycle column 123;
d) since the vapour phase emerging from the top of the

aldehyde recycle column 123 comprises a complex azeotropic
mixture of water/feed aldehyde(s), water/alcohol Cannizzaro
reaction product(s) and water/substituted acrolein _
azeotropes, the column 123 is operated so that a little
acrolein product (e.g. EPA or PBA) appears in the column -
overheads stream 128; this ensures that any low boiling by-
product (e.g. pentanol or butanol, produced in the
aldolisation reactor by the Cannizzaro reaction betwéen
aldehyde and sodium hydroxlde) also appears in the column
overheads stream 128 and does not accumulate in the column



The reactor nom nal volune is 100 m, while the liquid content can be
varied from30 ml to 70 m by varying the position of the bottom of gas
l'ift line 113. The reactor tenperature is set by an external electrical
heater 114 controlled by a thernocouple (not shown). Additional tenperature
control is provided by a cooling coil 115 (the al dol condensation reactions
are exothermc). This coil is supplied by-aB8 through |ine 116 and enabl es
fine control of the tenperature of the reactor contents. The three phase
fluid passes through line 113 and enters a separating vessel 117 cool ed by

"~ water jackey231@here 1t3Qou1£h%vga%uaﬁa ecaasaeeaegégdlﬁregﬂhﬁ Haw-d

phase and .passes via [ine contr ol valve to a commn X
Control val 88 120 sec¥gamdcygefisamigr sesuraefnati Aesetoraks iReliBps

detfr”}neslUHelghﬂrthtr%%ﬁtﬂhté&ei%u&@tu¥héd|Fgubdiuﬁﬁsief%$x|aﬂea121 and
control valve set t,i e ating vesse

GPoi 1l at | oNaLS Genersanel by the! AaNedoPanine 2aU5HES, REaFRy L0 BFERs 124
of structurvéséeituBDatumntmaskwag thec aghevasaptaseevbiume ihetheed point
of line 121 t he .colu 123. ,Each section 124 conprises twelve 25 nm

di anet er [er&%tﬁmﬁﬁglhgg%bﬁ ﬂﬁ&ﬁP%g nodul es, each nodul e having a hei ght of
55 nm Col ud) 123 |sc&ummaunaeduhm bwumhsadtinnexoéséaofitbatnsaﬂaired"
(not shown) g%@ 2! @%e&f ngzl ga%amt%' 2fed gme&e&aa&ttasa&wgv%emest hat

aut omat i cal tion tenperature to a tenperature sensed at
t he col um ndhdd8gol unm 123 operat es under condltlons that are stable

and close tg)adi abat iaguebh® c¢1uih BIeeheddl prb8dct Lh akcekk Beatadt
. required by the system inventory balance is discharged from
the system as the water product in line 156.

'Whilst it is not intended that the validity of the
present application shall be affected in any way by the
accuracy or otherwise of the following explanation, it is
believed that the compounds that are formed in the
aldolisation reactor probably include a primary aldol which
is formed from the feed aldehyde or aldehydes:

rl.cEr?.cHO + R3.c(R*R3).CHO (13)
1[ alkali catalyst

¢ R3.C(R4R5).?B.C(RIRZ).CHO
OH (primary aldol) _
in which Rl, RZ, R3, R4, and R each represent independently
of each other a hydrogen atom or an optionally substituted
hydrocarbon radical. If R! or R? or both is or are a

hydrogen atom, then water can be eliminated and the
corresponding acrolein can be formed:



reboiler 125. Hot oil is circulated through coil 126 froma
thernostatically controlled oil bath (not shown). Line 127 is a capillary’
tube extending into the lower part of the reboiler cavity. A low flow of

ni trogen passes through Iine 127 to establish snooth boiling and to protect
the columm 123 from oxygen ingress. Colum 123 operates substantially at

at nospheric pressure, the pressure at the_bage-being typically 10 to 50 cm-
wat er gauge (9.8 to 49.03 millibar) above atnospheric pressure. Vapour

| eaves columm_ 123 by line 128 and condenses in water cool ed condenser 129
and passes iRt AR jaton. @0 rdp.digie 131. Nitrogen is vented by |ine 132
and the two phase liquild passes by I|ine- 3%6 t e—-sepatrat or 134 (vented by
line 135 to the commonoO®nt). The organi c “phase proceeds by overflow |line
136 to surge vessel 137 (vented jo ggﬁzconnnn - 31 - vent by line 138)
and t he aqueous phase proceeds Ri}.Q( 533EHp&sCH9iphon breaker 140 (to
common vent) and overflow line 141 to surge dsssel 142 vented to the common
vent by |ine 143. The organi ¢ phase passes bR‘li iprimdgyandrodeing hddp 145
and |ine l46rhGrida ti t ani s LU o}k . the
excess fl ow #’a%cbes b;;‘,tyl0 iénagﬂ:?%é agaﬂn?lr)gt}’rerpf%r Qgt %Y?gélu:r é‘%@ﬁe h‘é&gpdéﬁ?sati on
reactor 111 S Ydee PrERenid 108. The aqueous phase pgsses by lines 150
and 151 to punp 152 and thence by |ines 153 and 147 t% constitute the
aqueous reflux to colum 123; the excess flom1pa§ae§ ig kgne 154 and punp

155 to line 156. This alkali free stream T gl
| /
RY.c(R4R%).cH.c(RIR?).CcHO CH — ¢ — R2
/
+rRb.cBO ———> 0o CH - OH
oH . |

cI:n —o0
RS (15)

Thus, for example, when using a Cg aldehyde feed, a'Clo
primary aldol is first formed which can then react with a
further molecule of aldehyde to form a cyclic Ci5 compound.
The compounds reported as aldols in the Examples that use a
Cy aldehyde feedstock are believed to be cyclic adducts
formed by the addition of a Ci0 pPrimary aldol with a further
molecule of a Cg aldehyde, for example:

CqBy  C3Hy Caly  ,C3Hy
/cn—ce ==  CH—CH
/7
HO CHO o ™ ch—onH

- | \ /.
+ . cz—o0
CHO l ' (16)
| CH—CH; |
CE—CHj, I
I CH,
CH, |
L CH,

CH,



(containing a small amount of dissolved organic materials) constitutes the
net water made by the reaction system Two phase liquid | eaves reboiler 125
by line 157 and is cooled in water cool er 158 and passes via punp 159 and
line 160 to separator 161 (vented by line 162 to the conmon vent) where the
two |iquid phases separate. The speed of punp 159 is determ ned by a |evel
sensor (not shown) in reboiler 125. The orgasi ¢ phase proceeds by overfl ow
l'ine 163 to surge vessel 164 (vented to the conmon vent by |ine 165) and

t he agueous phase proceeds by |ine 166 past siphon breaker 167 (to common
vent) and overflow line 168 surge ,vessel 169 v o the common vent.
by line 170. The or gdW® &ﬁh§& icypddugt pre seguﬁy the zeactipe 173
to nitrogenaf meemﬂee-mrea@ef z—methwmamadbhgdaemammec peiedegt from.

t he system ag phase sses and 175 to three
wy varve 17a Rl BIRAEAR KY R BRSRATR B e oo BT gt 68 002,
constitute Fﬁéeaqdd@mydphasésmmc;ubecomppunﬁsoareffbhmedtbgaweanthone 174
can be with y 79 0 d arg

Sytem in I om3 el ERIE el S4GR brihaty)adpd) LIERCRIGH1EERMITdE (e
aqueous pur §& FPGP\@H@e§?§ﬂbﬁﬁywa#§eh798h9§ bydsesrsinpagIsshehisomaeici t
s dlschargp&qmg Eﬂﬂ%lV'%h&b%3151§Qrﬁaﬂ Eﬁtwékn'%—ﬁki iBBE¥¥hT gyigqual

vol ume of fre 3@5@3 ﬁtlon romreservoir Vi a nes 4 to

line 175. T gdehyde, itk 3y 98 tthst Ca| a&dr—hyérest psesenk, pass

directly_frdneneaewunb&alaahyﬂe|lQemé%ﬁylﬁuﬁyihgaeh9aesE&t9“1'
methylbutyraldehyde

The number of possible ways that three different Cg
aldehyde molecules can react together to form a C;g cyclic
aldol adduct coupled with the number of possible geometrical
isomers that can be formed by the substituted 1,3-dioxane
ring structure provides a possible explanation of the multi-
component nature of the "aldol" peaks that are revealed by
the gas-liquid chromatography (g.l.c.) recorder trace as a
multiplet band.

The Cj primary aldol product formed when using a
Cs aldehyde feedstock can also be postulated to react with

the corresponding Cip acrolein product to form a Cog cyclic
adduct: '



‘Wi th fresh solution. In this case there is no flowin |ines 175, 183 and
184 whil e punp 179 discharges the "ol d" solution via lines 180 and 181.
Reservoir 182 is vented via lines 185 and 186 to the conmon vent. System
val ve 187 and burette 188 can be used to check the punping rate of punp

178. The control systemoperation is as follows: a) aqueous al kal
solution (recycle plus any neke-up) is pass at a selected flowrate to
the aldol reactor 111; b) organic fee made up fromthe avail abl e

-organic recycle and fresh organic feed) is also punped to the aldol reactor

111 in a sel gcged fixed ' ithr ect t total aqueous phase feed
&g PR o (ncCiftiol S AT padses i b

rate; c) fhe net t he 0l reac 141 passes via the gas
separator 117 fB‘&QQ_abgehyde recycl e UM~gd 23; d) si nce the vapour
phase emerging fyomthe\top of the alqp yde cycle colum 123 conprises a
conpl ex azeotrggl ¢ m xtugpgoof water/fged al dehygg—(sn, water/al cohol

Canni zzaro reaction product(s) and mab@r/subsy1tuted acrol ein azeotropes,
the columm 123 is operated so that a | ig¢gd+e-@crol ein product (e.g. EPA or
PBA) appears in the colum overheads stfeam 128; this ensures that any | ow
boi li ng by- product §e.g. pentanol or bLtanoI, produced in the al dolisation
reactor by the Canni zzaro reaction betw&eﬂﬁa¥m§hyde and sodi um hydr oxi de)

al so appears in the colum overheads st“ean1 28 and does not accurulate in

t he col um - 33 -CBO3 where it coul djeventually cause surges in reflux
rate; e) organifc reflux is returneldl at a set rate in lines 146 and
147, and water is refiurned as colum reflux at a

C—=C3H, '

" C4Bg

(!!H

C4Hy (17)

Similar C,, cyclic adducts can be formed by
analogous reactions if any other Cg aldehyde is present.
Such C,qg cyclic adducts can exist in many structural and
geoﬁetrical isomers and this can account, at least in part,
for the complex nature of the material named “heavies" that
is found in the g.l.c. recorder traces.

In the apparatus of Figures 1 and 2 the portion of
the distillation columns 25 and 123 below the entry point of
the line 23 or line 123 respectively has an important
function, namely decomposition of the cyclic adducts formed
as by-products. 1In the presence of the aqueous phase alkali
and under distillation conditions the C15 aldols are in

 equilibrium with the C;9 primary aldol and Cg aldehyde from
which they are formed. Under such equilibrium conditions
the C;y primary aldol can eliminate water to form the
desired Cy substituted acrolein or it can revert back to
two molecules of Cy; aldehyde. The overall function. of this
part of the distillation column is therefore to convert the
Cy5 aldols to Cg aldehyde feed or C;g substituted acrolein
product. Similar reactions are postulated to be involved in



rate determ ned by the | evel of the aqueous phase in surge vessel 169; in
this way the aqueous phase volune in the systemis held constant; f)
organi ¢ columm overhead in excess of that required by the reflux is
recycled to the aldol reactor 111 via lines 109 and 108; g) aqueous
col um overhead product in excess of that required by the systeminventory
bal ance is discharged fromthe system as the er product in |line 156.
VWhilst it is not intended that the validity of the -present application
shal | be affected in any way by the accuracy or otherw se of the follow ng

expl anati on, Is believed that the conpounds_ that are form%;lrtthe
al dol i sati on li‘%a‘é‘?‘bYefﬁb PALPY theltee WoriGedAugtudio Vi Hidhed from

tOtjle feed al che:bnyalbem oil:ge ysIMeh @éé] Hence thd Ubweat I%dntmaﬁ aityaigxe[ err]
al do nd [err] eac
repr esent i nd’g %%H’?/no? éh%’f R@%M%gaéh Jd't%‘?ﬁ%tﬁné 35 i33hal 1y

substituted meohheachmicalfrémti]orm fowardd arsdiitlh productam.e a
hydr ogen at om then r e I ein
can be forned: 3%? f& &n J’f nErT}g %%g%&l{{f %Agheesr@%l&qn?%& al dol
can al so for¢Piumyc23 coadeZI ti9i t¢| Wmmmm eslsighydes for recycle
[err] Thus, £ortkagPa&] : YEEoNSEo% arfd fééﬁwd&,é 48Ghet BSiling

materials so that they pass into the lower part of the
distillation column.

The invention is further lllustrated by the
following Examples.

Example 3

The reactor vessel 111 was supplied in line 102 _
with a virtually pure (99.8%) n-butyraldehyde (NBAL) feed at
a feed rate of 116 ml/hr combined with recycled NBAL from
line 109 at a feed rate of 30 ml/hr. The reactor was
further supplied with aqueous feed having a sodium hydroxide
concentration of 19.36 g/l and consisting of a combined flow
of recycled material from line 174 and new feed material in
line 184 at a combined rate in line 175 of 151 ml/hr. The
total reactor liquid volume was 30 ml; this liquid was
agitated by a Rushton® turbine impeller in the aqueous phase

. region so as to provide a liquid dispersion of the oil-in-
water type. Vortexing of the liquid mixture was controlled
by one radial baffle having a radial dimension 10% of the
diameter of the reactor vessel 111. The reactor temperature
was maintained at 120°C and reactor pressure was maintained
‘at 140 p.s.i. (9.6 bar). The column head temperature at the
top of distillation column 123 was 71°C and the reboiler’
-temperature in reboiler 125 was 97°C.

Aqueous sodium hydroxide solution (18.70 g/l) was
purged from the system in line 181 at a rate of 80.50 ml/hr
and substantially pure water was produced in line 150, for
recycle to the column via line 153 or purge from the system



‘primary aldol is first formed which can then react wwth a further nolecule
of al dehyde to forma cyclic Cl15 conpound. The conpounds reported as al dols
in the Exanples that use a C5 al dehyde feedstock are believed to be cyclic
adducts formed by the addition of a [err] primary aldol with a further

nol ecul e of a C5 al dehyde, for exanple; [err] - 35 - This is the cyclic
adduct produced by the reaction of one nolecig e-of 2-nethyl butyral dehyde
with the primary al dol produced by the reaction of two nol ecul es of n-

val eral dehyde. I someric conpounds are fornmed by reaction of, for exanple,

th | d th I I ith 35nethyl Ryt | dehyd

or by reacti BheotPRelsBeret e Frfrart e Sufbtn (BF SRt veen |

3- net hyl but yohtakhed edaning- vhi er mhnl cdwelcshown himrBahife t4he [Dhese al dehydes
resent, i t ﬂﬁ?%

getﬁylbut;rafﬁeﬁygéeﬁﬁégnung n%%g%éﬁ# ggéd éﬁaéﬁﬁéhf(f%ﬁﬁgPeﬁlt

al dehyde nnlecQLgsmmannteaaalt@gemhbertcapxklnzwCQQiQERHZQ:mﬂhgﬂq adduct

coupl ed wit haph gagﬂmg %ogoﬁ)géél &s8¢ gicay, 3§Wrﬁlnhq{.hlgﬁlﬁegg formed

by the substitute i oxane_ring st ucture royid passi bl e
expl anat i on GEuivieledtito aosbbieene material VEJSQQQkH The, dnstrpmento
reveal ed by {he ?_ 26gtafidbd @Bréﬁai:ﬂgéaﬁéwtlﬁélrﬂlan? A BUURIEdy 3Pe as a

I ehpte: t coBLpBtes AREGF hhEehlef ! Botbves e f ithe it MR Bs2

[err] acrol eah pPOmihute tor b65°C28ndythen aﬂd&ﬁﬂlmlnute to 205°C, at
which value the temperature was held constant until the end
of the measurement. This analytical procedure, plus a
rigorous avoidance of contamination of the instrument. with
acid or alkaline materials, enabled the analysis of aldol
containing materials. '



- 36 - [err] Simlar C20 cyclic adducts can be forned by anal ogous

reactions
exi st
| east
is found i

i n many structural
in part,

I f any ot her

n the g.l.c.

C5 al dehyde is present.
and geonetrica
for the conplex nature of the material
recorder traces.

i somers and this can account,

nanmed "heavi es"

Such C20 cyclic adducts can

at

t hat
In the apparatus of Figures 1 and 2

the portion of the distillation colums 25 &% -123 bel ow the entry point of

the line 23 or

| ine 123 respectively has an inportant function,
deconposition of the cyclic adducts fornmed as by-products.

of the aqueous phase al kali and under distiphhpgi #n conditions the CI5
aldols are in equilibriumw th the Cl10 priTmary ardol and C5 al dehyde from

nanel y
In the presence

whi ch t hey~ateforned linder such equilibriumconditions the CI10 pri ry
al dél can flimnate water to ﬂorn1the desired [Bhédntsidohi ¢ uted acrol gin or
it can revert back to two nol gCUIES OF [eNr]_al denyde. The overart tuhction
of this paft of the distillatilon colum ig t ore |t FFBonver t ORRABLIT] 5
al dol's to [C5 al dehyde feed or [ errfeesaubstijt ugdeaer ol leipro@icRdUCRacySLA | ar
reactions jpre postul ated to bsg jnxolved in -37£,the_co yersipn of the
[err] cycljc adduct to [err] JuSstiiUt8l dor BIEPRE o° [e’l“r?’éﬁ detfl d&8® | Hence
the lower portion of the distilllation col ynmlike o21 123 ¥1as an iIgeort ant
role in di rqgg{‘%aagghyggem call rggciions fowardgyuseful products. . 45
n-butanol 0.10 0.05 ND 0.67
| unknown ND 0.25 0.32 0.08
| Ethyl propyl acrolein 0.10 '83.73 97.53 12,79
Aldols ND 4.87 0.14 ND
Beavies ND 3.29 1.80 ND
Lights trace trace ND trace
ND = Not Detected
The column 123 was operated with a head temperature
of 72.5°C, a feed temperature of 76.0°C, and a reboiler
temperature of 97.2°C.
- A comparison of the composition of the aldol reactor
-product in line 121 with that of the EPA product in line 173
clearly shows that the n-butyraldehyde has been removed (into
k the organic recycle stream in line 138) and that a major

proportion of the aldols in the reactor product and a
proportion of the heavy by-products have been converted into
EPA product or recycled butyraldehyde. |
Example 4

The reactor vessel 111 was supplied in line 102 with
n-valeraldehyde (NVAL) feed, containing a significant
propoftion of 2-methyl butyraldehyde (2MBAL) (ca. 5%), at a
feed rate of 107 ml/hr combined with recyeled NVAL and 2MBAL
in line 109 at a feed rate of 46 ml/hr. The reactor 11l was
further supplied in line 175 with aqueous feed consisting of
a combined flow of recycled agueous material (with a sodium



The function of the upper part of the distillation colum 23 or 123 is to
separate the [err] al dehydes for recycle to the aldolisation zone and
retain the higher boiling materials so that they pass into the | ower part
of the distillation colum. The invention is further illustrated by the
foll owi ng Exanpl es. Exanple 3 The reactor vessel 111 was supplied in line
102 with a virtually pure (99.8% [err]- butyieldehyde (NBAL) feed at a feed
rate of 116 m/hr conbined with recycled NBAL"fromline 109 at a feed rate
of 30 m/hr. The reactor was further supplied with aqueous feed having a
sodi um hydroxi de concentration of 19.36 g/l and consisting of a comnbi ned
flow of recyb¥égondder canclensmation ©7419n28nghl} ctomal ine al 74 nandnaewss

at a combi nedepat ﬁa't&r' ane JJ’@ ok %5;11;{{1:1/ gygr&fﬂ& %@ﬁcéﬁ@ﬂ@ioh'&f' g0.24

vol une was 30H31 was a tonferr] turbine

impeller in @ a&ﬁe6u§a§ﬁa§€ ASgi §6 §§°Polb36v1@@ a.T?ﬁu?ﬂtﬂisEEP§FBﬁ

of the oil-ihigwatdekrolveR wi@r ngmng ehet Béaét&t"ﬂeﬁ?éﬁ&'ﬁ@ré\/&ﬁa§0n”0| | ed
by one radi al ba er HSVIn ra | di mensi on 10% t he d|a ter .of the

reactor vessBfiR 6F5FEPE RESSARF At YR A LR b??? ahd
react or presiﬂDepwa51aaumL£ ma&)at 140 p.s.i. (9.6 bar). The colum head

eboi | or {emperature CROANG Far s AqLERt AT yas i NBRtACA i [EfR, aFdside

sol ution (18r¢9YgAB)cwdammud@édvﬁao&nnheléysabnalnatenef1&3.ml/hrsate of
80.50 m/hr g e%ﬁQSE%ETd% %&ngQEﬁrt&ﬂE BrPQHgSﬂe'ébiﬁﬂﬁ 159 viar
recycle to th columm via line urge rom
line 153 at a rate of 15 mg/hr. Recycled sodxum hydroxide
solutlon, with a sodium hydroxide content of 19.2 grams per
litre, was purged from the system via line 181 at a rate of
- 82.3 ml/hr. Water was produced by the system at a rate of
8.5 ml/hr and make-up sodium hydroxide solution was supplied
to the aldol reactor at-a rate of 81.6 ml/hr.

The aldehyde recycle column 123 was operated under
conditions such that the feed temperature was 97.7°C, the
reboiler temperature in reboiler 125 was 104.4°C and the
column head temperature was 87.9°C. The results obtained
during this run are shown in Table 5.



~ 38 - via line 156, at a rate of 10.20 m/hr. The results obtained during
this run are shown in Table 4. These results were -obtained using a
gas-liquid chromatograph with a 0.3 nminternal dianmeter capillary col umm
25 mlong containing a bonded phase (0.25 - 0.30 [err] filmthickness,
equivalent to a silicone material Ovl1/SE30). The instrunment was programred
to operate isothermally at [err] for 30 4m4nutes after injection, foll owed
by a tenperature increase at [err]/mnute to [err] and then at - [err] to
ferr], at whi.ch value the tenperature was held constant until the end of

t he neasurenent. This anal ytical procedure, plus a rigorous avoi dance of
contam nation of the instrunent with acid or alkaline nmaterials, enabled

t he anal ysis of aldol containing materi al s. TARLBG . TABLE 4 Concentration
% Al dol EPA organic Feed _ React or Product Recycle in line

102 et TRt LT 12 Tl T, o
[ err]-butdnol feed (. 1p Product in Qimg5121| ProdudiD RO L Bik/Rirriya bawvy
[err] 0. 25 in line _9)23 (org PhQseQB Et hyl BA Q.E).Xé 1381 @ l Q.innline. 94.710
83.73 97.53 12. 79 Al dpls. ' ND 4.87
0.14 N Y S (A) ND 2AB)g 1. 809  ND
Li ghts 2MBAL 4t{a9ace 9.13 trace bi»? t aceaNdi1- Not
Detected | wvar 94.89 |[10.76 0.35 48.58
' 2MBOL - ND 0.70 ' ND : 2.98
Pentanol ND ~1.30 ND 5.59
Unknowns ND 0.20 0.02 ND
iso-PBA ND 7.24 9.69 2.17
PBA i oW 66.20 : ~ |es.84 ' 0.54
Aldols i ND 3.00 0.14 0.09
Lights 0.05 0.04 ND 0.12
Heavies 0.16 : 1.43 0.89 { ND
Notes:
' 1. 2MBAL = 2-methyl butyraldehyde
2. NVAL = n-valeraldehyde
_ 3. 2MBOL = 2-methyl butanol
( - . 4. PBA = - propyl butyl acrolein
} 5. iso-PBA = mixed C;q acroleins
(other than PBA)
6. ND = ' not detected.

Comparative Example A

In this Example the distillation column was
operated in the absence of alkali. The distillation column
123 was washed with deionised water until the washings had
no effect on phenolphthalein indicator. Line 121 was
temporarily disconnected from distillation column 123 and
was connected downstream from valve 122 directly to
separator vessel 161. Reactor vessel 111 was supplied at



The colum 123 was operated with a head tenperature of [err], a feed
~tenperature of [err], and a reboiler tenperature of [err]. A conparison of
the conposition of the aldol reactor product in line 121 with that of the
EPA product .in line 173 clearly shows that the n-butyral dehyde has been
renoved (into the organi.c recycle streamin |ine 138) and that a major
proportion of the aldols in the reactor proggct and a proportion of the
heavy by-products have been converted into EPA product or recycled

but yral dehyde. Exanple 4 The reactor vessel. 111 was Supp|led in Iine 102

ith -yal | NVAL t
PRI N R P e e
ﬁfyﬁinedhmﬂphedemyﬁhﬁﬂlywﬁkradeRMBéh d? kNﬂRLlP@ontabningd4r&ﬁ% of m? .

r. The t \ ee
consi sting o§%§§gkﬁéyﬁ§ PX&F 45¥§§§£Eeg gﬁuggugﬂg% Zésmné%da?uep Sodi um
- 40 - hydr ofi dewcbnidihgamabarhals9. 280gté¢ytlenaldqby4€4waﬂdsmﬂwli%®d
T55°M 1 he 1 Eoniiraotod] "HHACKRTByGPBRERLI Bp1aEiGh (P02Estgll) Hhad TRLE O
reactor tenpipplied maslmaﬁnﬂépneu atrﬁter?fahﬂlr@%éh@ﬂrbr%@sE@%NQQE

mai nt ai ned krd4R B bag) gfEC rehbolBher 68l 1 gupplied to
t he al dehyde fécyc g§c§u8ﬁ§lgd gél%lﬁé Qﬁs gt a ?ate of 85ﬂ%$7h%% gueous

reflux was §&ﬁﬁFP§d1ﬂé VA& FQC?EIénéoFbﬁntEEBe§FEPF?nEhEB%l%Iw%F of 15
m / hr. Recyahedzsedluahaygfeggdgesgéyhgom4omphhga(sodlharhydrmhed&w@ontent

of 19.2 granga & liquid from let down valve 122 was collected in
separator 161 and allowed to separate. The organic phase
was passed by line 163 to vessel 164, and then via line 171,
pump 172 and line 173 to nitrogen blanketed storage at room
temperature. The composition of the material in line 171
was 2.5% 2MBAL, 11.5% NVAL, 4.0 aldols, 2.9% iso-PBA, 78.2%
PBA and 0.9% "heavies". There were also traces of pentanols
and "lights". After 12 hours in the storage vessel the
composition had the following analysis: 2.41% 2MBAL, 5.59%
NVAL, 6.93% aldols, 2.9% iso-PBA, 80.55% PBA, and 1.6%
"heavies", along with traces of pentanols and "lights". The
increase in aldol content indicates that aldolisation is
continuing on storage, possibly due to residual traces of

" alkali in the organic phase.

The normal connections at the base of the
distillation column 123 were reestablished. The stirred
product was fed to the washed distillation column 123 from
upstream of valve 122 at a rate of 150 ml/hour, together
with 150 ml/hour of deionised water. The temperature at the
feed ﬁoint for this mixture was 98°C, the temperature in the
reboiler 125 was 100.1°C, and the overhead temperature in
line 128 was 87.1°C. The flow rate in line 146 was 70 -
ml/hour and that in line 153 was 10 ml/hour. The balance of
the organic overhead product was recovered in line 109
(which was disconnected from line 108) at a rate of 6-10



lftre, was purged fromthe systemvia |line 181 at a rate of 82.3 m/hr. .
Wat er was produced by the systemat a rate of 8.5 m/hr and nmake-up sodi um
reactor at a rate of 81.6

hydr oxi de sol uti on was supplied to the al dol
The al dehyde recycle colum 123 was operated under conditions such
the reboiler tenperature in reboiler

é;\mas [err].

m/hr.

that the feed tenperature was [err],
and the colum head tenperatur
obtai ned during this run are shown in Table
- [err]-al dehyde

125 was [err]

React or

or gani c

The results

- 41 - TABLE 5
Organic feed

~ Product in I|ne 121 Product Reflux/RecycIe in line 102 (Org Phase)
in line 173 B1/heuri ndThey wat®r recovexB)rate in line 156CwasVBAL 4. 89
8 ég ml/hotzl%3 - ater was disc NAem t%e totifR from!0: 73[-)
2.98 pent andfeParatgy 169 whichyhad been disconneqgyed from line 13459
- Unknowns ND Thé wterials in 11neé)i¥§ and 146 had th@DahSng§é

ND oé'T bl 9. 69 .17 PBA
66. 20 ableybiy 0.54 Aldol s ND 3. 00
0.14 0.09 Lights 0.05 TABLE 60 04 ND
.0.12 Heavfes— 1016 =43 ND Not es:
1. 2MBAL - Ge ﬂtqﬂﬁkﬁﬂnughudn 2 _NVA : .
n-val er al dEtBEEENO-_ZI\/BO_ | 93 2- rretlhl;& but anoll 4. PBA
propyl butll2mgxol ein 1.91 31.10

NVAL _ - 2.15 68.35

Pentanol ND Trace

Unknowns ND _ Trace

iso~PBA 2.78 | 0.51

PBA 84.46 © 0.04

Aldols 7.01 Trace

"Lights" _ ND Trace

"Heavies" 1.69 ND

This Comparative Example shows clearly that it is
essential to have an aldolisation catalyst, e.g. sodium
hydroxide catalyst, in the lower, higher temperature part of
the distillation zone. The high residual aldol content in
the .organic product in line 173 in this ComparatiVe Example,

(. coupled with the unusually high aldehyde content in this
organic product, shows that the lower part of the
distillation column 123 is now not an effective converter of
the aldolisation reactor intermediate products to Cy |
aldehydes and/or C;p acroleins. '

Examples 5 to 8 . .

The apparatus of Figure 2 was supplied with a Cg-
aldehyde feed under a number of different conditions of feed
rate, recycle rate, purge rate and distillation column

temperatures. The specific conditions are set out in Table
7 below. '



5. iso- PBA

m xed [err] acr ol ei ns (other than PBA) 6. ND

not detected. Conparative Exanple A In this Exanple the distillation colum
was operated in the absence of alkali.

washed wi th dei oni sed wat er

phenol pht hal e

distillation colum 123 and was connected dg
directly to separator vesse
150 m/hour fromline 102 with a [err] al dehyde feed which was

42 -

unt
in indicator.

161. Reactor vessel

tream from

val ve 122

111 was supplied at

predom nantly n-val eral dehyde (NVAL) conggirBi 79 4.89% of 2-

nmet hyl but yr al
materials. No
sol ution (20.
recycle strea
111 was 70 m
being 140 psi g
collected in

passed by lin
173 to nitrog
the materi al

i so- PBA, 78. 2%

and "lights".
foll ow ng ana

The distillation colum 123 was
t he washi ngs had no effect on
Line 121 was tenporarily disconnected from

(2MBAL) 0 6% of "heavies™ and a trace of 1ow boiling
recycle aldehyde was supplfied in lijhe 109. Sodi um hydf oxi de
| Bxagnple Neas supplijed isn line 110 at |a rate .of] 151 m / hpur; no
n vwas supplied injline 175.} The volume of liquid in repctor
arre—te—terperat-gr-e—thereHr—was—heHd—at—f-erH}l—it-he—pressur e

(9.6 bar). The tjwo phase liquid frlomlet d val ve [L22 was
s%b%nayu* t8Whand [al | owed tlo separatle. The orlgani ¢ phase was
¢ 163 to vessel 1644, and then via lijne 171, pgunp 172 apd |ine
BT O amketed—stot ot at—room tcupcr tHe—H \..Ui"l"ﬁuoit on of
in line 171 was 2.[5% 2MBAL,| 11.5% NJAL, 4.0 4dldols, 2.P%

A 7 0. 9% "hdavi®s00 Thel@®-R8rd al®0fr gcedl®bPOpeht anol s
fter 12 hours irl the storlage vessdg the conposition had the
°8: 1. a1% 20BAY, #0389 | - 26-00 74.00 50.00

Line 109 41.00 53.00 48,00 40.00

Line 110 152.00 151.00 1154.00 150.00 -

Line 153 20.00 8.00 22,00 15.00

Line 181 "84.70 84.00 82.30 |very low 3

Line 184 81.26 82.18 1| 81.32 2|  3.00

Line 156 6.00 6.50 7.80 12.40

Caustic liguers

(NaoOH g/l)

Line 181 35.68 18.80 18.48 ' 19.00

Line 184 - 38.56 19.68 19.36 20.00

Caustic consumed:

(g/hr) 0.11 0.04 0.05 - 0.06

Column conditions

Head temp. °C 88.0 87.7 88.5 87

Feed temp. °C 98.0 98.1 96.8 95

Reboiler temp. °cC 100.3 100.4 100.% 102




NVAL, 6.93% al dols, 2.9% i so-PBA, 80.55% PBA, and 1.6% "heavi es", al ong

with traces of pentanols and "lights". The increase in al dol content
i ndi cates that aldolisation is continuing on storage, possibly due to
residual traces of alkali in the organic phase. The normal connections at

the base of the distillation colum 123 were reestablished. The stirred
product was fed to the washed distillation cofdimm 123 from upstream of
valve 122 at a rate of 150 m/hour, together wth 150 m /hour of deionised
water. The tenperature at the feed point for this mxture was [err], the
tenperature in the reboiler 125 was [err], and t he overhead tenperature in
line 128 was The flo rate nline s 70 /hoyr and that in
‘line 153 was '& “rr%‘/ ho[}]r h)g c"e N70§ g"m SRR R YEa b
recovered in line 109 1(wh| clp v@e gdﬁlsqmma mfrmd/lmesom&h Butyratle of
6- 10 - 43 - m/hour CcO rate i.n li.ne 156 was 10 ni/hour.
Water was di schar ged om %#% qiﬁ%r%rﬁ%‘%ﬁ%%@‘%ﬁ%%%?
di sconnected fromline 174.acchemnikdted alc 15 dilnesrek’7a d5d hturhadin;hahe
izgl BZIE/:B,SALO]C Tabl e 6: TABLE %.gfpcear}.té 1Per}1 ﬁ@ fgnel\%&uo ‘of the run when 173

2.15 ' 68. 35 Pentth®|sodium-valerate hed reached theseTlamvels.
gnggowns Thé\Qomposition of V¥ {driGusPAtreams was as set /8

out in Table 8.



- PBA 84. 46 0.04 Al dols 7.01
Trace "Lights" ND . Trace "Heavi es"
1.69 ' ND Thi s Conparative Exanple shows clearly that it is
essential to have an aldolisation catalyst, e.g. sodium hydroxi de catal yst,
in the | ower, higher tenperature part of the distillation zone. The high
residual aldol content in the organic product in line 173 in this
Conpar ati ve Exanple, coupled with the unusually high al dehyde content - in
this organic product, shows that the | ower part of the distillation colum
123 is naw not an effective convest4g of the aldolisation reactor
I ntermedi ate products to [err] al dehydes and/or [err] acroleins. Exanples 5

to 8 The afgparatys ofJFrgurp Z was supplired wth a [err]- al dehyde feed
under a nunber of} different|condidions of feed rate, rdcyclejrate, purge
rate and dilstill dtion|col @nh tenpgragurgs. The specifi @ condiftions are set
out in Tablle 7 bdgl ow. = A4 - TABLE 7 Exanple No. 5
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" Line 184 ' 81. 26 82.18 1 81.32 2 3.00 Line 156

6. 00 6. 50 7. 80 12.40 Caustic liquors (NaCH g/ 1) Line 181
35. 68 18. 80 18. 48 19.00 Line 184 38. 56

19. 68 19. 36 '20. 00 Caustic consuned: (g/hr) 0.11
0. 04 0. 05 0. 06 Columm conditions Head tenp. [err]

88.0 . 87.7 88.5 . 87 Feegtenp. [err] 98.0

98.1 - 96.8 95 Reboil er tenp. ?%rr] 100. 3 100. 4
100. 7 102 CLAIMS 1. A process for the production of substituted

acrol eins which conprises aldolisation of an al dehyde or a m xture of- .
al dehydes in the preBhacstoéamnandiyeis vEremoline 021 ahs aplktained doyi sation
catal yst. foblenerabyndChydhaiing 10 dOGmEl deAslo0nse stlethdpdgd acrol ein
and water, recovering fromthe al dolisation/dehydratjon step a reaction

m xture conpF¥edRg ﬁg}e‘ae@@dtm rhiaeobrta) srpgERES 1Rk ran A@®PRAL i on
catal yst, gpifasei dnatabeaﬁ?a@ﬂ? Phdsé | And G AESAhEAE, tRO e Bysis i the
reaction myture to separaie (i) an overhead fraction conprising unreacted
al dehyde or ?d%ﬁ?ﬂ%%caﬁ%aﬂﬁter from(ii) a bottons fraction containing
said aldolisation catalyst and said at | east one substituted acrolein,
recycling unreacted al dehyde or al dehydes of said overhead fraction to the
al dol i sati on/ dehydration step, and purging fromthe systema stream
substantially free fromsaid al dolisation catal yst and conprising water
from said overhead fraction. '




2. A process according to claim11, which conprises: (a) providing an

al dol i sation zone and a distillation zone; (b) continuously supplying to
the al dolisation zone an organic stream containing said al dehyde and an
aqueous stream containing an al kali catalyst; (c) mai- g sali

al doli sation zone under al dolisation and dehydration c nrwu“
for conversion of said al dehyde in the presef®e of sai ﬂ‘ﬂ“ﬂ“‘\n‘m to
an al dolisation product wth subsequent dehydration of sald atddlisati‘on
product to formsaid substituted acrolein; (d) recovering fromsaid

al dol i sati onczpr@sa reaction mxture in the formof a reaction product
strean1conprgS|ng m xed organi c_and aqueous phases (e) distilling said

reaction prottct streAnPFPFess FEQF skhe | RESMHFHRR f( Pubstddptedg over head
from sai d distitélein®wiidéEe com rfl&eya@m@yﬁsﬁicﬁaraﬁ@mra!mengwr&aat ed

Fesul 11 ng odbHEhEE; 5?)%@8%&@2%' e, PR i SRS ¥R e
wat er phase; °£I§n pﬂl@phgsahrbxeas&taelmtfmnmdi Hp\dahym&uthmio@m
recycling nmeger @és@fo %tbm Ky e 'féf)"fal 'e(}: alrggl %ne

(k) recoverlng ron1a sal st on‘zone a
product conpkR %mbdahl%agmn ghw:baammh step ubdackion Mluéfien and an

aqueous. PhaseofPAL 81 fd "ehSédct éd Kl delffdd! o5 ta1dehlyded! Waged! d bottons
’ aldolisation catalyst, and said at least one substituted

acrolein, and distilling the.reaction mixture to separate
(1) an overhead fraction comprising unreacted aldehyde or
‘aldehydes and water from (ii) a bottoms fraction containing
said aldolisation catalyst and said at least one substituted
acrolein, and recycling unreacted aldehyde or aldehydes of
said overhead fraction to the aldolisation/dehydration step.

2. A process according to claim 1, in which the
aldehyde or each of the aldehydes contains from 3 to 10
carbon atoms.

3. A process according to claim 1 or claim 2, in which
the aldolisation catalyst is an alkali metal hydroxide or
carbonate or an alkaline earth metal hydroxide.

4. A process according to any one of claims 1 to 3, in
which the aldolisation catalyst is selected from sodium

. hydroxide, sodium carbonate, potassium hydroxide, and
potassium carbonate. '

5. - A process according to any one of claims 1 to 4, in
which the aldolisation step is carried out at a temperature
in the range of from about 80°C to about 150°C and at a
pressure of from about 0.1 bar to about 10 bar.

10
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(m allowng said cooled bottons product to separate into an upper organic
phase rich in substituted acrolein and a | ower catalyst containing phase;
(n) recycling material of said | ower catal yst containi u EHE

al dol i sation zone; and (0) recovering said upper orHMﬂ“mﬂMm'“ !H Mep
(m. 3. A process according-to claim2, in which the aguéou$ stream
supplied to the aldolisation zone in step (b)sconprises from about 0.1% w v
to about 5% w v of sodi um hydroxide and up to” about 35% w v of sodiumsalts
of organic acids produced by Cannizzaro reactions. 4. A process according
to claim2 or claim3, in which the aldolisation zone conprises a stirred,
tank react or Soper at ed® UREEFeR§uUaBASTdENGi BOORRY pPRe o ankiimpnk . t® 5 A in
process accowHiel tReadys€®18ti6hakfBp2ikocdndhdddifh 4 oredintd sgéion
zone cpnpr|s$s a sglrgﬁg Laﬁk react or ang i n_whi ch the power supplied to
the stirrer raffef”PPbntabob®r1t® 2Bo¥BoatPaTO [err] of liquor. 6. A
process according to any one of clains 2 to 5, in which a part of the upper
organi ¢ phase of step,( s _purged_ .. fromthe plant_in order. to contyol
the build up?éf vol at?l@%‘%ﬁsgl ﬁ%ﬁ?ﬁ‘é‘%tg?i%’i‘% ‘?’hﬂ% ‘%t%ﬁﬂs. %.t%%o’ebss
accordi ng t owhaghobke obverbead fractioni bswhondensed ant: idowed sippl i ed to
t he al dol i say L N, r . a_m | S ri .al dehydes., 8 A
process. accorsararereo Mot o8 b JoRbihE biftes A AThL S e

m xture conpRi<delyde rencaldehydesyardor bowehywhter phises water, a

| dol i sation catal yst, at |east one substituted acrolein, and "heavies", in

whi ch the regction njgture is supplied to an internmediate section of the
- . ‘Process according to claim 7, in which a part of

the lower water phase is returned to the distillation step
as a reflux stream.

Id

9. . A process according to claim 7 or claim 8, in which
a part of the upper organic phase is recycled to the
distillation step as a reflux stream.

10. A process'according.to any one of claims 7 to 9, in
which a part of the upper organic phase is purged from the
plant in order to control the build up of volatile non-
aldehyde materials in the process.

11. A process according to any one of claims 1 to 10,
in which the bottoms fraction from the distillation step is
cooled ‘and allowed to separate into an upper organic phase

—
.h-

- rich in substituted acrolein and a lower catalyst containing
phase.

12. A process according to claim 11, in which lower
catalyst containing phase is recycled to the
aldolisation/dehydration step.

13. - A process according to claim 12, in which a paft of
the lower catalyst containing phase is purged from the
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distillation zone which further includes a higher tenperature section bel ow
said internedi ate section and also a |ower tenperature distiflation
section, in which distillation conditions are maintained

tenperature section effective for deconposition of aldol HIM["“L“HEIM' |II|
t he presence of the aldolisation catalyst, in which an al 8ehyde- o™ s .
al dehydes is or are recovered fromthe | owergpeoperature section for
recycle to the aldolisation/dehydration step, and in which a bottons
fraction conprising substituted acrolein and al dolisation catalyst is
recovered fromthe hlgher te erature CE ._?.'A prgc ss_according to
any one of. cPACFESE ¢ SrdFﬁ |SHnFHQ af gHé drUB0hH GFRRHEE3F Yehydes
cont ai ns fromedctdohOpradhonsahadsinl@¥hidhpancamsuntcof dinaketwp any one of

clains 1 to o I sat.on S i | §

hydr oxi de or%%gr 3%g£§g8 Q§33§§§§|Fﬁgrggpﬁﬁ3§é§a é%gf ﬂ&gﬁﬁ%rocess
accor di ng to1@nyh6n9uﬁgecBaraaml150smppluadMMDchheheldbhb$atawmomtqgﬁaJyst
is selected from sodi um-hydroxi de, sodi um carbonate, potassium hydroxide,
and potassi um carbonat e. 51 12. A process according to any one of_ clains
1 to 11, in Wich t heRaPEOress: regosdapgi socanyi eaeoag elaims chbetatlde in

the range of ify @RigBovhel ebtbrt eaeaqzyét[ eaﬁ};aias!natpﬁaeéeééﬁw;ﬁ £F&Hn
about 0.1 bar,to

a ess _ac LN 0 an e of clains
1 to 12, in ROk Bhgs‘d?’gf’l FPaF%BHtngpw ¥ Egnaigf’gﬂsgﬁ%ﬂp‘?%&&]ﬂ% cﬁn‘*rom
about 0.1 bampt doabbout23b8w/viéf A BaRECHE aamﬁédoﬂgah%ﬁ@anmeaﬁd i s
1 to 13, in aczds produced by Cannizzaro reactions.

. 15. ‘A process according to any one of claims 1 to 14,
in which aldolisation is effected in a stirred tank reactor
provided with internal baffles. '

16. A process according to any one of claims 1 to 15,
in which aldolisation is carried out in an aldolisation zone

with a residence time of from about 2 minutes to about 75
©  minutes. |

17. A process according to any one of claims 1 to 16,
in which aldolisation is carried out with an organic

phase:aqueous phase ratio of from about 3:1 to about 1:15 by
volume.

18. A process according to any one of claims 1 to 17,
in which aldolisation is carried out in a tank reactor
provided with a stirrer and in which the power supplied to

the stirrer ranges from about 1.0 to about 3.0 KW/m3 of -
llquor.

19, A prdcess according to any one of claims l.to 18,
in which the aldolisation/dehydration step is effected using
a mixture of Cg aldehydes which comprises at least 88 molar
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‘whi ch the overhead fraction is condensed and al | owed to'separate to forman
upper organi ¢ phase containing unreacted al dehyde or al dehydes and a | ower
wat er phase. 15. A process according to claim14, in which a part of the

| ower wat er phase is returned to the dIStI||atI0n St ]' t ream
16. A process according to claim14 or claim 15, lm}mmml“ﬂl lrm“

upper organic phase is recycled to the dlstsiLatlon Step as aFr

stream 17. A process according to any one of clainms 14 to 16, |n mhlch a
part of the upper organic phase i's purged fron1the plant in order to
control thegb tile nop-_alde tenial 1e process.

18. A proce sgt\c%o‘(%} f%e@x & orROHIMRF G {Ba % \ﬁ%l the bottons
fracti.on frmthymbwtyraldlehyde samﬂ) hetmmtecl:hmd :alnlcﬂam:d%t ofsgparate into
an upper orlg%m ]p‘?gp | @[‘éd yst
cont ai ni ng égl féé%ég% s§§ %? %fg? a|m f}iﬂﬁgﬁ?fiﬁﬁﬂ

cat al yst coﬁh%u@im@lbhateonsstepycbsﬂaimsth%salﬁtﬂﬂ Satitow/veinfdaddads st ep.
52 20. A process according to claim19, in which a part of the |ower

cat al yst contalnlng hase is purged fromthe process jin order to control
the build uflof Canngzﬁﬁ?%e’Féa%F‘F@ﬁd-pﬁﬁdE%t%lM 3G i ebigh &hsunt of make
up al dol i sahigtueatsfyes &Dﬂé&?&@@%&ﬂtéﬂn@@t Medat I9Anmdlaxt 9 pd fip- purge

streamis supplie e aldolisatjon s s jaccording to

any one of c?g f %hY% 20’,‘°€nm%?c#lh?ﬂeél c%at‘%%; ?’3'9{ 23 ni ng phase

cont ai ns friowkxbaldehyde, and not more than 1 molar % of 3- |
methylbutyraldehyde and in which the bottoms fraction from
the distillation step contains less than 0.3% w/v of aldols.

21. A process according to claim 20 or claim 21,

in which the mixture of aldehydes contains at least 98.8
molar % of p-valeraldehyde, not more than 1.2 molar % 2~
methylbutyraldehyde, and not more than 0.01 molar % 3-
methylbutyraldehyde and in which the bottoms fraction from
the distillation step contains less than 0.3% w/v of aldols.

22, A continuous process for aldolisation of an
'aldehyde followed by dehydration to form a substituted
acrolein contaihing twice as many carbon atoms as said
aldehyde, which process comprises:

U (a) providing an aldolisation zone and a distillation
zone;
(b) continuously supplying to the aldolisation zone an

organic stream containing said aldehyde and an agueous
stream containing an alkali catalyst;

(c) " maintaining said aldolisation zone under
aldolisation and dehydration conditions effective for
conversion of said aldehyde in the presence of said alkali
catalyst to an .aldolisation product with subsequent.
dehydration of said aldolisation product to form said
substituted acrolein;

- This Sheet Has Been Rep

HIIIIH i Ill!



0.1% w v to about 5% w v of aldolisation catal yét and up to about 35kw v of
a salt or salts of an organic acid or acids produced by Cannizzaro

reactions. 22. A process according to any one of clai ms—tto2%i,—mmwhich
aldolisation is effected in a stirred tank reactor provi ' ' el
baffles. 23. A process according to any one of clains 1 ﬂm“mmlg“lwlm‘ml
aldolisation is carried out in an aldolisafi zZone with & residemcestine

of fromabout 2 mnutes to about 75 mnutes. 24. A process according to
any one of clainms 1 to 23, in which aldolisation is carried out with an

organic phasF' aqueous phase ratio of from about, 3:1 to about 1:15 hy
volume. 25. (N procesEeCRYSF ARSI SAidrldrlisatinn zone a4 reagtiiongn

al dol i sat i orpraduxst rstafbontcdnpi ¢ g mbved rqumid ded \Wquleoass bhasels ;and
in which the, power su Ii_i.e]g_.to the, stirrer, nég‘ieés f rom about .1. about
LD

ra 1 t,
3.0 [err] of T} quor. d FRIYTHAMN BRPARF SrEegm &Inaisﬁ‘é'gl to 25,
in which thheligtiolJatatomdatsdydrati on step is effected using a mxture of
[err] al dehy whi ¢ | e y + %:( Q1.6 y.at | east ‘94
nol ar % and Q@Zn rmrre]r %#’s ih@?%%ﬁ%e%%’?% edet&(s[hé%%rﬁggkerzggﬁyaat
| east 98. 8 INARQIONs (Ftream |compuriciint unmeacted alslehyds gpdetatelrl;y not

more than 5 ar % adh MR AW £ &F not . than 1.2 nolar % of
2-met hyl - bu %):al dehyde, a_n‘dr{% to 2 rﬁﬁ%&gz(prreﬂ'ably not nore than 1

mol ar % (prefftk ably rtlardg tithe Tesiwlbing,candansatentoe sgparatebintaot
more than 0.41 uppger Sfgarfic3pMid¥land a lower water phase;

(1) purging at least a part of said lower water phase;
(3) recycling material of said upper organic phase to
said aldolisation zone;

(k) recovering from a bottom part of said distillation
zone a bottoms product comprising an organic phase rich in
substituted acrolein and an aqueous phase containing said
alkali catalyst;

(1) cooling said bottoms product;

(m) allowing said cooled bottoms product to separate
into an upper organic phase rich in substituted acrolein and
a lower catalyst containing ph&se; |

(n) recycling material of said lower catalyst
containing phase to said aldolisation zone; and

(o) recovering said upper organic phase of step (m).
23. A process according to claim 22, in which said

aldehyde is selected from aldehydes containing from 3 to 10
- carbon atoms and mixtures thereof.

24. ' A process according to claim 22 or claim 23, in
which said alkali catalyst is selected from sodium
hydroxide, sodium carbonate, potassium hydroxide, and
potassium carbonate. o | .

- 25, A process according to any one of claims 22 to 24,
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*but yral dehyde and in which the bottons fraction fromthe distillation.step
contains less than 0.3% wv of aldols. This is the_replacenrent—stheet— the
formof a mxture of isomeric aldehydes. 8. A proce ny one
of claimse 1 to 7, in which the reaction m xture co mﬂigmu‘ﬂﬂ ga

- al dehyde or 10 al dehydes, aldols, wat er , aldollsatl sat* | east

one substituted acrol ein, and "heavi es" which the reaction mxture is

supplied to an |nterned|ate section of the dlstlllatlon zone which further

i ncl udes a higher tenperature section below said internediate section and

al so a | ower, rature _distillation section, in whi h distillation

condi ti ons &PewW&Fﬁ?§Sﬁe& ﬁﬁlﬂﬁétﬁpﬁhéPnﬁeHﬁeﬂé%ﬂtél§§étP nfeffective for

deconp05|t|&@m@Eratdes1@ndheheeh@es flmrbheabb&seaOeCOfothboatdbsosat|on
"catalyst, in h_an_al dehyd

e .or. al deh S e recpvered fromthe
| oner tenpeF P 3o Pregsrre, ot frome %Pg ﬁ ﬁagﬁiggtﬁﬁﬁfdehydration
step, and in which a bottons fraction conpr|5|ng substituted acrol ein and

5 Con rteREeat e Yok ProkeRli Gkl iRl LBCaRyIBRe bETRERTNY #0661 26,

9. A process according to any déh de
or each of ﬂWeW@nthyéssda@#néh&txbmonpaetaslgpeaabed atoﬁspreesuﬁﬁpﬁﬁcess

accordi ng t Gy apBat0.q! qs L®odt 2Nbag. Which the aldolisation
catalyst is an al kali meta ah roxi de of carbonate or an al kaline earth

nmetal hydroxide. 11. A process according to any one of clainms 1 to 11, in

whi ch the al2dgaql i satl:Anp&@casxéstadc%ra%gcttadaﬁyoahéodfuaHimshxnlreaslnle,
sodlun1carbonat% %ota55| n1@yQTOX|de and pot assi um ona&g
ich a part o he lower water phase o s ep ) is

recycled to the distillation zone as a reflux stream.

28. A process according to any one of claims 22 to 27,
in which a part of the upper organic phase of step (h) is
recycled to the distillation zone as a reflux stream.

29. A process according to any one of claims 22 to 28,
in which a part of the lower catalyst phase of step (m) is

purged from the'plant to control the build up of Cannizzaro
reaction products and in which an amount of alkali catalyst
corresponding to any metal ions loSt'by purging is supplied
to the aldolisation zone.

~— .

30. A process according to any one of claims 22 to 29,
in which the aldolisation zone comprises a stirred tank
reactor provided with internal baffles.

31. A process according to any one of claims 22 to 30,
in which the residence time in the aldolisation zone ranges
from about 2 minutes to about 75 minutes.

- 32, A process according to any one of claims 22 to 31,
in which the organic phase:aqueous phase ratio in the
aldolisation zone ranges from about 3: 1 to about 1:15 by
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51 12. A process according to any one of claims 1 to 11, in which the
aldolisation step is carried out at a tenperature in e range of from

about [err] to about [err] and at a pressure of from ?ﬂ“mul‘mnﬁ‘lmmbout
10 bar. 5 13. A process according to any one of clai

the distillation step is conducted at a pressure of from abolt "abdut " bar
to about 2 bar. 10 14. A process according to any one of claims 1 to
13, in which the overhead fraction is conden88d~and all owed to separate to
forman upper organic phase containing unreacted al dehyde or al dehydes and
a |l ower water phase. 15 15. A process according to claim114, in which a
part of the koMamevater phase is returned to the distillation step as a
reflux stream 16. A process according to claim14 or claim15, in which 20
a part of the upper organic phase is recycled to the distillation step as a
refl ux streaﬁﬁ.17 A Br presesacaccdirddngo tangnynenefof| elaimg 22 d632in

whi ch a part 4 Vhﬁlﬁh“g [88{1%{1' Cs‘&?%?ﬁﬁ sﬁﬁgﬂgﬁ 5£h€i§%t§fdc?ﬁs Hlat In

order to con up o mat er’i s I'n the
process. .18. =Anpr eaesteacctbr)dcngtpuressﬁyfe‘nm gboutaf ndt Wio By aboentyfith the

bot t ons fracwenokreaamﬁ ﬂxakb&'lau QﬂdShf,ptbsaﬁeut 99l 8fk cl sddamed to

separate into i hase rich”i.n substifuted acrolejn and a.
| oner catal y§@ Eén?§|ﬁFﬁgnﬁﬁa§€ldf9PerHFGée§¥ GRRRI PP (XPRFAMSS, in

which ower 35, catalyst containing phase is recycled to the
34. A process according to any one of claims 22 to 33,
in which the aldolisation zone comprises a stirred tank
reactor operated under aqueous continuous phase conditions.

35. A process according to any one of claims 22 to 34,
in which the aldolisation zone comprises a stirred tank
reactor and in which the power supplied to the stirrer
ranges from about 1.0 to about 3.0 kW/m3 of liguor.

36. A process,accérdingﬂto any one of claims 22 to 35,
in which a part of the upper organic phase of step (h) is
purged from the plant in order to control the build up of
volatile non aldehyde materials in the plant.

37. A process according to any one of claims 22 to 36,
in which the aldehyde is supplied to the aldolisation step
in the form of a mixture of isomeric aldehydes. '

38.. A process according to any one of claims 22 to 37,
in which the aldolisation zone is supplied with a mixture of
Cg aldehydes which comprises at least 88 molar % of n-
valeraldehyde, not more than 10 molar % of 2-
methylbﬁtyraldehyde, and not more than 2 molar % of 3-
‘methylbutyraldehyde and in which the bottoms product of step
(k) contains less than 0.3% w/v of aldol or aldols.

_\
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"al dol i sation/dehydration step. - 52 20. A process according to claim19,
‘in which a part of the | ower catal yst containing phase is purged fromthe

process in order to control the build up of Cannizzaro reaction products
and in which an anmount of make up 5 al dol i sati on cat at”m"mﬂuilﬂa E g
to any nmetal ions lost in the purge streamis supplied "ﬂt un0n

step. 21. A process according to any one of-glains 18 to*20¢

i b whi h the

| ower catal yst containing phase contains from about 10 0.1% w v to about
5% w v .of aldolisation catalyst and up to about 35%WV v of a salt or salts

of an organjc acid or acids produced by Cannizzaro reactions.

22. A process

according t¥’any onehoPreFasfsagcesding ta ataimmithn i advidhutthm s
effected | mixsirér&eg & n&l&@ﬁ?&@& e&a%ﬂﬁd a\ttﬂeaﬁ gHHoIY T4 65¢ 23. A

cl ai ns 22 whi ch al do

lisati®n is

process accor 0, any one o ,
carried out¥ ?ik%éhé.Hﬁ??saPPBanGHetben 5mW?%P% é%ﬁd%nce time of from
about 2 m rmwwlmaiaﬁuldﬁy&en%ﬁa néé- m&arﬂeasa el @-any one of

oL ooty LatLERsBhIaL S50 08 LAASE S haont W Eh R S

process acctkldioontainayleas thanl Qi 3% ﬁ/v00£4alddi\Mr(ﬂidﬂkkﬂ isation is

carried out in a tank reactor provided 30 with a stirrer and

i n which the

power suppljed to the stirrer ranges fromabout 1.0 to about 3.0 kWn8B of
liquor. 26.4% proces® preeedsngccordipgote ofatm 3%wr al@izs 33, which the

al dol i sati oiy AeHcEHh 2t h@ 'mkERrbSoff LEALRYHLS  Mohfhins at least 98.8
- molar % of p-valeraldehyde, not more than 1.2 molar % 2-
' meihylbutyraldehyde, and not more than 0.01 molar % 3- }
methylbutyraldehyde and ln which the bottoms product of step

(k) contains less than 0.3% w/v of aldol or aldols.

41. A process for the production of substituted
acroleins which comprises contacting an aldehyde or mixture
of aldehydes under aldolisation and dehydration conditions
with an effective amount of an aldolisation catalyst thereby
to form by aldolisation/dehydration a reaction mixture

comprising unreacted aldehyde or aldehydes, aldols,

water,

aldolisation catalyst, at least one substituted acrolein,
and "heavies", supplying resulting reaction mixture to an

-

includes a higher temperature section below said
intermediate section and alsoc a lower temperature

intermediate section of a distillation zone which further

distillation section, maintaining distillation conditiocns in
the higher temperature section effective for decomposition
of aldols and "heavies" in the presence of the aldolisation
catalyst, recovering aldehyde or aldehydes from the lower
temperature section for recycle to the aldolisation/
dehydration step, and recovering from the higher'temperature
section a bottoms fraction comprising substituted acrolein’

and aldolisation catalyst.
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35 mixture of.C5 al dehydes which conprises at |east 88 nolar % (preferably
at least 94 nolar % and even nore 53 preferably at |east 98.8 nolar %
of n-val eral dehyde, up to 10 nolar % (preferably not nore than 5 nolar %

and even nore preferably not nore than 1.2 nolar % of I ”“I
but yral dehyde, and up to 2 nolar % (preferably not rmremllnﬂmnllull ‘
(preferably-not nore than 1 molar % and even 5er-e preferably ot "mofe 1t han

0.01 nolar % of 3-methyl- butyral dehyde and i.n which the bottons fraction
fromthe distillation step contains less than 0.3% w v of al dols process

according to ggy one of §|%61|t I#{l QA)M&}E% ﬁ%%%‘?"ﬁg ?‘%Sé

nol ar %(preferabl at nore prere
mol ar % and(dl e n%?%sfpr%ﬁ é!’l‘abil;/ it2 tprepydem 1ioienaly (ii) not more

2- propyhept - Zeiegl 10 (hddard % 3Up hyé]ﬁ-l“iﬁéﬁhy(%ﬂ-@f-@rﬁllg ggamr(gg.& r é‘fdél’r ;gl ,

nmol ar % nore_ preferabl no rmret
no nmore than '%E) rﬁf%ﬁ‘ 3l/()mc' ar o’r}'ythF%t‘?ﬁ/I%@F?ygnérmeﬁﬁéfl(‘?’?‘l‘)z‘@&atlo 4
mol ar %in tmmﬁ@mepwmﬁ hi Ms?o-rgﬁcfyyl%sl-memyahexmkenal,
preferably noﬂg(grf Ihan ¥1im4> {1 r}l _totlal and e nore preferably
no nore than PHER ghhyd ex’&rd’d&ﬁ ~*5- met hyl hex- 2-enal , 2-
propyl hept - 2-enal , 2- |so propyl - 5- net hyl hex- 2-enal , and
43. A C;p substituted acrolein mixture which comprises
(i) at least 76 molar % 2-propylhept-2-enal, (ii) not more
than 20 molar % 2-propyl-4-methylhex-2-enal, and (iii) not
more than 4 molar % in total of 2-propyl-5-methylhex-2-enal,
2~iso-propylhept-2-enal, 2-iso-propyl-5-methylhex-2-enal,
and 2-iso-propyl-4-methylhex-2-enal.

44. A C;p substituted acrolein mixture which comprises
(i) at least 97.6 molar % 2-propylhept-2-enal, (ii) not more
than 2.4 molar % 2-propyl-4-methylhex-2-enal and (iii) not
more than 0.01 molar % in total of 2-propyl- S-methylhex-z-
enal, 2-1so-propylhept-2-enal, 2-iso-propylhept-2-enal, 2-
iso-propyl- 5-methylhex-2-enal, and 2-i§g-prépyl-4—methylhex—-
2-enal.

45. A Cj;p substituted acrolein mixture which comprises
(i) at least 95.8-mola: $ 2-propylhept-2-enal, (ii) not more
than 4.0 molar $ 2-propyl-4-methylhex-2-enal, and (iii) not
more than 0.2 molar % 2-propyl-5-methylhex-2-enal, 2-iso-
propylhept-2-enal, 2-iso~propyl-5-methylhex-2-enal, and 2-
iso-propyl-4~methylhex-2~enal.
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