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A loop reactor for carrying out gas-liquid, liquid-liquid or gas-liquid-solid reactions is
25 known from WO-A 00/30743. The reactor comprises a downward-directed jet nozzle
which is arranged in the upper region of the reactor and through which the starting
materials and the reaction mixture are fed in and also an offtake, preferably in the lower
region of the reactor, via which the reaction mixture is introduced into an external circuit
and fed to the jet nozzle again by means of a pump. A concentric guide tube which
30 extends essentially over the entire length of the reactor with the exception of the
reactor ends is arranged in the reactor. The guide tube has a cross-sectional area in
the range from 1/10 to half of the cross-sectional area of the reactor. The jet nozzle is
located above the upper end of the guide tube, preferably at a distance of from 1/8 of
the guide tube diameter to one guide tube diameter, or dips into the guide tube to a
35 depth of up to a plurality of guide tube diameters. A heat exchanger is integrated into
the annular space. The reactor is used, for example, for the preparation of propionic
acid from propionaldehyde. For this purpose, the propionaldehyde is oxidized by
means of oxygen from air. To achieve an increased conversion, it is stated that a
plurality of the reactors can be connected in series.
40
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and which can be operated safely when ignitable gas mixtures are formed.

The object is achieved by a process for the oxidation of organic compounds by means
of oxygen, which comprises the following steps:
30
(a) introduction of the organic compound and at least part of the oxygen required for
the oxidation into a first reaction zone which is operated isothermally,

(b) introduction of at least part of the reaction mixture from the first reaction zone into
35 a second reaction zone which is operated adiabatically.

The process of the invention is suitable, for example, for the oxidation of hydrocarbons,
of olefins, of phenols and of aldehydes by means of oxygen or an oxygen-comprising
mixture in which the proportion of oxygen is greater than 50% by volume. Oxidations of
40 hydrocarbons are, for example, the oxidation of cyclohexane to give a mixture
comprising cyclohexyl hydroperoxide, cyclohexanone, cyclohexanone and adipic acid,
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R-CHO.
25
Here, R is Ci-Cys-alkyl, preferably C,-Cap-alkyl. The alkyl group can be branched or
unbranched. '

The branched or unbranched C;-C.s-alkyl group is preferabily selected from among

30 ethyi, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, 2-pentyl, 3-pentyl, n-pentyl, n-hexyl,
2-heptyl, 3-heptyl, 4-octyl, 2-methyl-4,4-dimethylpentyl, 2,6-dimethylheptyl, 4-nonyl,
3-methyl-5-octyl.

in a preferred process variant, at least one further reaction zone which is operated
35 isothermally and with backmixing is configured between the first reaction zone which is

operated isothermally and with backmixing and the second, adiabatically operated

reaction zone. To carry out the reaction, the reaction mixture passes successively

through the individual reaction zones. Due to the backmixing, a largely homogeneous

concentration distribution is achieved within each isothermally operated reaction zone.
40
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at least 60% by volume and in particular at least 80% by volume, of the total oxygen or
oxygen-comprising gas used into the first reaction zone. The remaining oxygen used is
introduced in the second reaction stage.
30
When the process comprises more than two isothermal and backmixed reaction zones
and the oxygen or the oxygen-comprising gas is introduced in three reaction stages,
preference is likewise given to at least 60% by volume, more preferably at least 60% by
volume and in particular at least 80% by volume, of the total oxygen or oxygen-
35 comprising gas used being introduced in the first reaction stage. The second reaction
stage is preferably supplied with such an amount of oxygen or oxygen-comprising gas
that not more than 10% by volume of the oxygen or oxygen-comprising gas used is
introduced in the third reaction stage.

40 The oxygen is preferably used in excess. This excess is preferably from 1 to 20 mol%,
particularly preferably from 2 to 10 mol%, based on the theoretically required amount.
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Complete backmixing within the reaction zones which are operated isothermally and
with backmixing is achieved, for example, by the at least one reaction zone which is
operated isothermally and with backmixing operating according to the principle of a jet

30 loop reactor. For this purpose, part of the reaction mixture is taken off from the reaction
zone and reintroduced via a nozzle in the upper region of the reaction zone. This
produce circular flow in the reaction zone. The nozzle is preferably arranged axially in
the reaction zone. In a preferred embodiment, a plug-in tube around which the reaction
mixture flows is comprised in the reaction zone. The heat evolved in the reaction is

35 removed from the reaction mixture by means of a heat exchanger. The heat exchanger
can be located within the reaction zone or outside the reaction zone. When the heat
exchanger is arranged within the reaction zone, preference is given to, for example,
heat exchanger tubes being located between the plug-in tube and the outer wall of the
reaction zone. Furthermore, it is also possible for the reaction zone to be cooled at its

40 outer wall. A further possibility is for a heat transfer medium to flow through the plug-in
tube and thus cool the reaction zone.
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which produce a cascaded bubble column; however, ordered packing or a bed of
random packing elements are also suitable. A further task of the internals is to produce
uniform distribution of the gas bubbles. The adiabatically operated reaction zone

30 serves as after-reactor to achieve high conversions of the organic compound. The
adiabatic zone is preferably insulated well from the surroundings so that no heat can be
given off to the surroundings or taken up by them.

In a particularly preferred embodiment, all reaction zones are accommodated in a
35 common reactor shell. In this case, the reaction zones are preferably arranged above

one another, with the first reaction zone which is operated isothermally and with

backmixing being located at the bottom and the adiabatic reaction zone being located

at the top. The individual reaction zones are preferably separated from one another by

perforated plates. This arrangement ensures that unconsumed oxygen goes from one
40 reaction zone directly into the next reaction zone.
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zone. A pump by means of which liquid is drawn in from the reaction zone is preferably
provided in the liquid circuit. This liquid is then returned via the nozzle to the reaction
30 zone. The liquid is squirted into the reaction zone under increased pressure and
preferably at high velocity so that circular flow results. The flow velocity in the circular
flow is preferably so great that gas bubbles are entrained with the flow.

To control the temperature of the reaction medium, the liquid circuit preferably further

35 comprises at least one heat exchanger. The reacticn medium flowing through the heat
exchanger can be heated/cooled in the heat exchanger. The temperature in the
reaction zone can be set in this way.

In a preferred embodiment, the nozzle by means of which the liquid from the liquid
40 circuit is fed into the reaction zone is a two-fluid nozzle via which the liguid and oxygen
can be introduced into the reaction zone. In the case of a reactor having two
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to those skilled in the art by means of which the temperature in the reaction zone can

be regulated.

When using an external heat exchanger located in the liquid circuit, it is also possible to

30 use any heat exchanger known to those skilled in the art. It is thus possible to use, for
example, shell-and-tube heat exchangers, plate heat exchangers, helical heat
exchangers.

The organic compound to be oxidized is preferably fed into the liquid circuit of the first
35 reaction zone. However, in the case of a plurality of isothermally operated reaction
zones, it is also possible for part of the organic compound to be fed into the liquid
circuit of the first reaction zone and further parts to be fed into the liquid circuits of the
further reaction zones. It is possible here for part of the organic compound to be fed
into each reaction zone or it is also possible for the organic compound to be fed into
40 only some of the isothermally operated reaction zones. However, particular preference
is given to introducing the organic compound which is to be oxidized in the reactor into
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As an alternative to the embodiment in which the adiabatic reaction zone is followed by
a further zone for gas-iquid phase separation, it is also possible for gas-liquid
separation to occur in an additional apparatus. A suitable additional apparatus is, for
example, a column comprising ordered packing or random packing elements.

30
In a preferred embodiment, the reaction mixture is cooled before gas-liquid separation
is carried out. The temperature to which the reaction mixture is cooled is preferably
below the flashpoint of the liquid. This prevents ignitable gas mixtures from being
formed.

35

In a preferred embodiment, the reactor is used for preparing an organic acid by
oxidation of the corresponding aldehyde by means of oxygen. The aldehyde is
preferably selected from among propionaldehyde, butyraldehyde, isobutyraldehyde,
valeraldehyde, 2-methylbutyraldehyde, 3-methylbutyraldehyde (isovaleraidehyde),
40 2-ethylbutyraldehyde, n-hexanal, 2-methylvaleraldehyde, n-heptanal, 2-ethylhexanal,
n-nonanal, 2-propylheptanai, 2-propyl-4-methythexanal, 3,5,5-trimethylhexanal and 3,7-
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25 iscthermal reaction zone 5 and the adiabatic reaction zone 7 are accommodated in a

common reactor shell 8.

The first reaction zone 3 comprises a first plug-in tube 9 through which the reaction
medium flows. A first impingement plate 11 is positioned below the first plug-in tube 9.

30 Liquid which flows through the first plug-in tube 9 impinges on the first impingement
plate 11 and is deflected. A liquid offtake point 13 via which reaction medium can be
taken off from the first isothermal reaction zone 3 is provided below the first
impingement plate 11.

35 The reaction medium taken off at the liquid offtake point 13 is introduced into a first
liquid circuit 15. A first pump 17 is accommodated in the first liquid circuit 15 and
circulates the liquid. In the embodiment shown here, the first pump 17 is followed by a
first heat exchanger 19. In the first heat exchanger 19, the temperature of the reaction
medium which is circulated through the first liquid circuit 15 is regulated. In this way, a

40 uniform temperature is achieved in the first isothermal reaction zone 3. The liquid from
the first liquid circuit 15 is returned via a liquid introduction device 21 to the first
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parti cul apxmﬁr‘el@mﬁsgn%qwhawm amrexygensepigetof more t%@(y%%ﬁb&dﬁﬁb'mesl ng gas is
very particularly preferably pure oxygen i.e. a gas mxture having an

0xy9en CoRtalerll s 120, RO Wbl WWEmo, THSEERERAS W Jpairhgp ! | east

70% by vol une, he "0x
requi 2&d fV@lU"Ieth H@a@WQ%’h f%!fﬁ% qu ﬁh‘? tﬁﬁ%@ub@ﬂﬁ Irttm!ug%waéa@ ops feed '21?. The

amount of 2gxYyigeamoeatif bRjges-coapribing as inreduder! iS ekt wd a sacerrRioane 2:l ve 29.

Part of the reaction medium comprised in the first isothermal reaction zone 3 flows past
a second impingement plate 31 into the second isothermal reaction zone 5. The
30 second isothermal reaction zone 5 is constructed like the first isothermal reaction zone
3 and comprises a second plug-in tube 33 through which the reaction medium flows.
The reaction medium impinges on the second impingement plate 31 and is deflected
there. This results in ioop flow around the plug-in tube 33. Part of the reaction medium
is taken off from the second isothermal reaction zone 5 via a second liquid offtake point
35 35 and fed to a second liquid circuit 37. The reaction medium is circulated in the
second liquid circuit 37 by means of a second pump 39. The second pump 39 is
followed by a second heat exchanger 41 in which the temperature of the reaction
medium which flows through the second liquid circuit 37 is regulated. In this way,
isothermal reaction conditions are achieved in the second isothermal reaction zone 5.
40 The liquid which flows through the second liquid circuit 27 is fed via a second liquid
introduction device 43 into the second isothermal reaction zone 5. The second liquid
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is al so pt(;bi" bgggtsﬁgvﬁ%}(\ﬁéeen t%%p@lp @k"hﬁ%ld&%&mm r%oh‘ﬂﬁ? |§on device 21 and the
second® i qui d introduction device 43 each to be |ocated bel ow the plug-in
tube 9, 3Ag@talteneativerd ﬂﬂ@mﬁdsrﬁémtsﬁoﬂﬂheralmtmaethbmt exthafdervi®, #he pl ug-in
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B. 20 As dieafbkehangéri i thd spahbe:emdmdhm@éorﬂrmmmhawss laRd e RActohehédieat
excha r o9, 41 is located in the liquid circuit 15, 37, it is also

possi bl'e t0 position a first heat exchanger in the space between the first
plug-in tube 9 and the reactor shell 8 and position a second
The second isothermal reaction zone 5 is followed by the adiabatic reaction zone 7.

The adiabatic reaction zone 7 preferably comprises internals. In the embodiment

shown here, these are sieve trays 49. The reaction medium which flows into the
30 adiabatic reaction zone 7 comprises oxygen which has not yet been reacted. This is

present in the form of bubbles. Since no circulation takes place in the adiabatic reaction

zone 7 but instead the reaction medium flows from the bottom upward, the gas bubbles

comprised in the reaction medium ascend. The adiabatic reaction zone 7 is thus

operated in the form of a bubble column. A cascaded bubble column is produced by
35 the sieve trays 49 comprised in the adiabatic reaction zone 7.

As an alternative to the sieve trays 49, it is also possible to use perforated plates or any
other trays known to those skilled in the art. It is also possible to provide ordered
packing or a bed as internals.

40
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corrpr esEO 02% Qy vol une of organic material and is accordingly not

|gn|t ﬂ&ﬂl from 02 and i sononanoi c acid, the gas phase further

conpri ses anat-mfmploz-aidehydemmmlpmchne etc. 15 Exanple 5 Oxidation
of propi onal dehyde to propionic acid The procedure of exanple 2 is repeated,

i.e. 1125 /I h of, al deh ntro e he,total a t of 326 kg/h
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at the toputtied by distitadionr Forsthgeatart-up,athprreador is filpd wathbeiepiabis. acid rather
than valeric acid. The pressure regulator at the top of the reactor is set to a pressure of
2 bar abs.
25
The propionaldehyde conversion in the first isothermal stage is 93.7%. The
propionaldehyde conversion in the second isothermal stage is 98.5%. The
propionaldehyde conversion at the reactor outlet is 99.8%.

30 By-products comprised in the liquid product are, inter alia, ethyl formate, ethanol, acetic
acid. Apart from O, and propionic acid, the gas phase further comprises CO,, CO, Hy,
ethane.



~ 25 The propi onal dehyde conversion in the first isothermal stage is 93. 7%
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pr opi onal dehyde conversion at the reactor outlet is 99.8% 30 By-products
..conprised in the liquid product are, igter alia, ethyl formate, ethanol,
acetic acid. Apart from 02 and propionic acid, the gas phase further
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53 gas offtake 55 side offtake 57 phase boundary line 59 valve PF
000006007 PELPONBOOTY/Gms 1. A process for the oxidation of organic
conpounds by neans of oxygen, which conprises the following steps: 5 (a)

. introduction of the organic conpound aqg at | east part of the oxygen
required for the oxidation into a first reaction zone which is operated
I sot her mal Chkinend Wi t h backm xi ng, 10 (b) introduction of at |east part of
the reaction mxture fromthe first reaction zone into a second reaction
zone which is operated adiabatically. 2. The process according to claim1,
wherein at! ed%groﬁﬁﬁs fPﬁFFHB‘FdaF*%E??%ﬁ"‘ES%pO‘G%S means ot pXyaeq. M8 her nal |y
and wi t h backneompriges thedolidwinggsteps:bet ween the 15 first reaction zone and
the segpnd reaction zone. 3. The process according to claim2, wherein the

part of the ox?/?en requi.red for the reactio V\Qiﬂcﬁh he}s not bﬁen i nt roduced
in step (a) is@niPRAYeiRn Phike organicesemPaNd ANG 14}, gast Ptk f dhe| RGN one
further reaction zeyéredhiochhé soxitatiomtietd a sfosth esactidn yzon@ Owhicll isv dplerated

backm xi ng. 4. Th‘i‘so‘i’r’ié?&%ﬁﬁ\% B Badkehitidg,@any of clainms 1 to 3, wherein the at
| east one reaction zone ich is operated isothermally and with backm xi ng

operates according to the principle of a |loop reactor, with part of the
reactithh m xt u@ leradgcticnkefnatoitlstaimrf ofotimet reactiopamixiure froom ¢heafingt resctiom oduced

via anozzie in thndBRSE obEHdBadionzbfe whRA K bittai@BRiabhtéfy P 0duci ng

circular flowin the reaction zone. e process according to claim4,
wherein the part of the reaction m xture which 1is taken off fromthe
reacti on zane Tt ptocess apmwdiog do ickdirn hierwhdrein atnidasti arte fuibeb sesictionizage and

reintroduced Wgch ReopGarbasbtiedttly WABSKtH BSLPRIXIAG id BEnfigtRsd bOWedRMRe | S

conveyged thro a heat_exch er in ,order to achieve isothermal conditions
in the eactig‘ﬂgiﬁﬂcg'.onépnq'ﬁﬁg 08 LALINENG t 0 any of clains 1 to 5,

wherein the adiabatically operated 35 reaction zone is configured in the
I o o e A o e
[ [ y | z IS , S I eve tray
per forat ed p! ABBctsp whlsthEat potiben ftaruSsd s o) i Evpatkecki e BEHHER e ough
t he adi abati cahixjure e thet atdeass aanei fortheroraction zone which is operated isothermally
20 and with backmixing.

4. The process according to any of claims 1 to 3, wherein the at ieast one reaction
zone which is operated isothermally and with backmixing operates according to
the principle of a loop reactor, with part of the reaction mixture being taken off

25 from the reaction zone and reintroduced via a nozzle in the upper region of the
reaction zone, thus producing circular flow in the reaction zone.

5.  The process according to claim 4, wherein the part of the reaction mixture which
is taken off from the reaction zone which is operated isothermally and with
30 backmixing and reintroduced via the nozzle in the upper region of the reaction
zone is conveyed through a heat exchanger in order to achieve isothermal
conditions in the reaction zone.

6. The process according to any of claims 1 to 5, wherein the adiabatically operated
35 reaction zone is configured in the form of a bubble column.

7. The process according to claim 6, wherein the adiabatically operated reaction
zone comprises at ieast one sieve tray or perforated plate by means of which the
flow of the reaction mixture through the adiabatically operated reaction zone is

40 set.



40 set.. PE, 0000060079/GTy 19 8. The process according to any of clains 1 to
"%, wher ei (PRPPOGOSEOTYEMY ones are accommodated in a common reactor shell. 5
9. The process according to any of clains 1 to 8, wherein the organic

- conmpound is an al dehyde which is oxidikged to its correspondi ng acid. 10.
The process according to claim9, wherern the al dehyde is selected from
anong propi onal dehyde, butyral dehyde, isobutyral dehyde, val eral dehyde, 10

2- et hyl bug, yr at Héepvpeess ézcﬁ:@kdﬂigeroaérqehydamsa &b 7y Waetei all dedutide zoRedaranal
n- hept anal , E: H&ié%?%ic eac wé(?or Shapal . 3,5 5-trinethyl hexanal and

3, 7- dlnethyloc cdrrying out the process according
to any of clains 1 to 10, which 15 conprises at |east one isothermal
reacti @ z@ne THa, progessrutcamingdo abpbt claimeat td 8 wheteinghé éjganii edmpaiiadas r anged

in areactor S{mél&?rfyﬁ)ewh ﬁ’éﬁiu iz @Fohtéc%?ﬁe@ﬁérl@ﬁdacﬁcﬁg‘:“of‘ zone (3, 5) Is

configured in reactor adi abatic reaction
zone (7) is configured as a bubble colunn 20 12. The reactor according to
claim1l, wuher®ieprbdessrazaotding ts ek 9 Shecimpe Adshytigds sélectbd doneamomgact | on

zones (3, 5) Wi Ghdkichy an'gHtftﬁl%ldeﬂ sde fQ%@ﬂr?@?hf&egl 00R a1 QA& e, aNd ar e

arranged abov e anot ere cto The T eactor

accor dithg to -Eeivibutysaldenyde, isouaigraldehyds, ngetyibttyridenydes 1 n-hexpnals o5
acconmodat ed imhépiandl,0®ethyilexana, (ﬁ-prepylheméneﬂ ha,5,5ttinvathlylisdxanalotahe r Bt
reaction zongﬁmé{ﬁ loetangonfigured in the formof a jet loop reactor. 14. The
react or accor o any of clains 11 to 13, wherein the at |east one

| sot hermal reaction zone (3, 5) configured as a jet |oop reactor has an
external B0 |A cpactbrdor canying(ds thefocesedawoldingutodanyf 6ft cddimsplotant0,(wi8ch 35) i s

locateds in t hecohfb‘ﬁ@és éﬁ@hﬁ%n@ﬂs&tﬁé‘mia?%a‘&ﬁéd%ner @26} A aR ARbate re@:tl&ﬂd a

I d introducti o on t he
B A P g e 8 MR L N
wher ei n the | irgadtidni zaneo(B ) i isrcotfigured if 2he fard) of 35t Joep meactdreandhitleh i s

L ocat ed. cent 1 ldaalif dddfort IR (7] BLbAuRd AELLBE BALARI  Teaction zone (3,
5). 16. The reactor according to claim 15, wherein the nozzle is a two-fluid

nozzle via which |iquid and oxygen can be introduced into the isothermal
react idih ztthe T®, readior Bicording 09 00 007 WhSeiry theP@actd? shalhé8) raeaprrises e or di ng

to any of cl aijg@hdrhd Peckfion YHSEL(I) 57 which! ar@X&nhig@ed if 4% form of a jet loop

reactor and are arranged above one another in the reactor shell (8).

13. The reactor according to claim 11 or 12, wherein an impingement plate (11, 31} is
25 accommodated in the lower region of each of the individual isothermal reaction
zones (3, 5) configured in the form of a jet loop reactor.

14. The reactor according to any of claims 11 to 13, wherein the at least one
isothermal reaction zone (3, 5) configured as a jet loop reactor has an external
30 liquid circuit (15, 37) and a liquid offtake point (13, 35) is located in the lower
region of the isothermal reaction zone (3, 5) and a liquid introduction device (21,

43) is located in the upper region of the isothermal reaction zone (3, 5).

15. The reactor according to claim 14, wherein the liquid introduction device (21, 43)
35 is a nozzle which is located centrally in the upper region of the isothermal
reaction zone (3, 5).

16. The reactor according to claim 15, wherein the nozzle is a two-fluid nozzle via
which liquid and oxygen can be introduced into the isothermal reaction zone (3,
40 5).



41) is conprised in the external liquid circuit (15, 37). 18. The reactor
“ficcor di ng RO0QM0P68979%Gmyns 14 to 16, wherein a heat exchanger is 5
accomobdated in the outer region of the isothernmal reaction zone (3, 5)
.configured in the formof a jet |oop rg€ctor between a plug-in tube (9, 33)
and the reactor shell (8). 19. The reacCtor according to any of clainms 14 to
18, wher ei 7. a Theqeactor adcetdif2®) arfyosf claims 04sto a6y whgreima deatéxahpsgey (181 o t he

liquid circui t4_1§a’%%bnqirisémtﬁééﬁbrdaﬂﬁ{iﬁw&aralt({a%@ﬂ.ion zone (3). 20. The
reactor according to any of clainms 11 to 19, wherein perforated plates or
sieve trays (49) are conprised in the adiabatic reaction zone (7). 15 21.
The react oi8. aclhermgacigr fecading &6 aoy af sl@ims 14 do 26, wiveesireanheaat exchinglris c

reacti gn  zongctdmmoaatkd! OMRdoltér dediBh t Siethe dtharPa) réfioRNasme gepsy ation,
with the further, zone (5

cqQnpri.sing a bed or orqered acki ?‘:? 22. The
react or accor dPAEPYE g'rfbe rmcqqé’i‘ﬁ’slo‘ﬁ%a8t°§%?w’(ﬂ?8|ﬁe? Hg‘{’h*éfg?iic"{?*?aﬂ hes (3,
5, 7) are arreatiercshebéBle one another, with the first isothermal reaction
zone (3) being located at the bottom and the adiabatic reaction zone (7)

being located-at the top in 1he reactor el | .. 25.23. . The of the
Penctor et dikgerdSu ARk oS BHAS 335 s, Mibeirtd i MO G, her o
by oxilfati on ctarting materiabepensdniegthalligeidyaireuib{1rehtiae tirst isothgemal ®@actionhe use
according to GbhaéMm23, wherein the al dehyde is sel ected from anong
propi onal dehyde, butyral dehyde, isobutyral dehyde, val eral dehyde, 30
2-met hyl but yral dehyde, isoval eral dehyde, 2-et hégl but yr al dehyde, n-hexanal,
n- hept anal20. 2-T&ehgaeiek apcarding ip app f ielimaridito 1, sviwrein ipegoraiec platasar and
3, 7- di net hyl qgdvairalys (49) are comprised in the adiabatic reaction zone (7).
15
21. The reactor according to any of claims 11 to 20, wherein the adiabatic reaction
zone (7) is followed by a further zone (51) for phase separation, with the further

zone (51) comprising a bed or ordered packing.

20 22. The reactor according to any of claims 11 to 21, wherein the reaction zones (3, 5,
7) are arranged above one another, with the first isothermal reaction zone (3)
being located at the bottom and the adiabatic reaction zone (7) being located at
the top in the reactor shell (8).

25 23. The use of the reactor according to any of claims 11 to 22 for preparing an
organic acid by oxidation of the corresponding aldehyde by means of oxygen.

24, The use according to claim 23, wherein the aldehyde is selected from among

propionaldehyde, butyraldehyde, isobutyraldehyde, valeraldehyde,

30 2-methylbutyraldehyde, isovaleraldehyde, 2-ethylbutyraldehyde, n-hexanal,

n-heptanal, 2-ethythexanal, 2-propylheptanal, 3,5,5-trimethylhexanal and 3,7-
dimethyloctanal.





