as ori(ginally filed 5 Preparati on of polyal cohols The
present invention relates to a process for the preparation of polyal cohols,
i € pol ynethyl ol al kanes and polynet hyl o]l gycl oal kanes, by reacting al kanes
or kefones (which include cyclic ketones) with 10 fornal dehyde in the
presence of a tertiary amne. It is known that al kanals can be reacted with
excess anounts of formal dehyde with the addition of stoichionetric anounts
of an inorganic base (eg. sodium hydroxi de sol ution, calcium hydroxide

sol ution, calcium oxide or barium hydroxide) in agueous solution to give

di-, tri- an i&iéﬁaﬂiq‘ﬂgase of acetal dehyde tetranethyl ol al kanes. The
prace

reaction takes na plurality of steps. After one or two, in the case
of -acetal dehyde three al dol reactions of formal dehyde and the al kanal to
gi ve the corresponding nono-, di- and in the case of acetal dehyde

trimethyl ol al kanal , the polyal cohol and an alkali metal formate or alkaline
earth metdl formate 20 .are foPreparatiom of rpoalyaleoldini zzaro reaction with

f or mal dehyde under the action of the inorganic base. The amounts of

i norganic formate obtained in this procedure interfere with the isolation
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10 formaldehyde in the presence of a tertiary amine.

It is known that alkanals can be reacted with excess amounts of
formaldehyde with the addition of stoichiometric amounts of an inorganic
base (eg. sodium hydroxide solution, calcium hydroxide solution, calcium
oxide or barium hydroxide) in aqueous solution to give di-, tri- and in

1s the case of acetaldehyde tetramethylolalkanes. The reaction takes place in
a plurality of steps. After one or two, in the case of acetaldehyde three
aldol reactions of formaldehyde and the alkanal to give the corresponding
mono-, di- and in the case of acetaldehyde trimethylolalkanal, the
polyalcohol mulan:nhninmmuibﬁnm:(x alkaline earth metal formate

20 are formed in a crossed Cannizzaro reaction with formaldehyde under the
action of the inorganic base.

The amounts of inorganic formate obtained in this procedure
interfere with the isolation of the polyalcohol and must be quantitatively
separated off before the purification. A plurality of methods is available

2s for the separation, among which the extraction of the polyalcohol,
electrodialysis or precipitation of the inorganic salt by a change of solvent
are the commonest. A disadvantage is the high cost of these processes;
in addition, an aqueous residue of the inorganic salt, contaminated with
the extracting agent, remains behind and leads to considerable

30 environmental pollution.



aré the” commonest. A disadvantage is the high cost of these processes; in
addi tion, an aqueous residue of the inorganic salt, contam nated with the
extracting agent, remains behind and | eagls to considerable 30

envi ronnment al pol | uti on. -2- Various other processes for solving this
problemin the prep- aration of polyal cohols have been suggested. Gernan
Lai d- Open Application DOS 2,507,461 describes a process for the preparation
of 2,2-dimethylol al kanals. These are obtained s by reacting al dehydes of

the formula [err] 1G/a¢aas ezxﬂre?.r edsSs 3¢ @bwgiﬁuéﬁ pﬁ‘?ﬁérﬁan ¢ bFePhe

formal dehyde in the presence of tertiary br am nes
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where R! is an aliphatic radical, with formaldehyde in the presence of
tertiary branched alkylamines. The 2,2-dimethylolalkanals prepared by this
1s process are useful intermediates for the preparation of trimethylolalkanes
~ via hydrogenation.

A camizzaro reaction shall be a voided. For example, the
reaction of n-butyraldehyde with formaldehyde under the catalytic action
of a branched tertiary amine gives dimethylolbutanal. This is distilled

20 and can then be hydrogenated to trimethylolpropane (TMP), although the
yields obtained here are unsatisfactory. |

German Laid-Open Application DOS 2,813,201 describes also a

- -= process for the preparation of 2,2-dimethylolalkanals, aldehydes being
reacted with formaldehyde in a molar ratio of 1:5 - 1:30 in the presence
2s  of hydroxides and/or carbonates of the alkali metals and/or alkaline earth
metals and/or tertiary amines. A hydrogenation to form trimethylolalkanes
may follow. Before the reduction to the trimethylolalkane, any amine
used, the formaldehyde used in excess and unconverted aldehyde should
be separated off. A high excess of formaldehyde is required for obtaining
30 high yields.
This process is not very suitable for an industrial preparation of



20 and-can then be hydrogenated to trinethyl ol propane (TMP), although the
yi el ds obtai ned here are unsatisfactory. Gernman Lai d-Qpen Application DOS
2,813,201 describes also a process for the preparation of

2, 2-dimet hyl ol al kanal s, al dehydes being reacted with fornal dehyde in a
nolar ratio of 1:5 - 1:30 in the presence 25 of hydroxi des and/ or
carbonates of the alkali netals and/or alkaline earth metals and/or
tertiary am nes. A hydrogenation to formtrinmethyl ol al kanes may foll ow.
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acid formed IS TIXed as a anmoni um m ate and renbve y

di Slti |1 at i550n-veﬁ1€pudé giroduces rendesiredi fficult to carry out in industrial
scale it ver ure products are desired. EP-A-0 142 090 di scl
process for the %rgﬁré{?@ dA2,090 discloses a process for tge preparat?on of ' 0°6% @

trimethylolalkanes by reaction of 1 mol of an n-alkanal with 2.2 - 4.5

mol of formaldehyde and 0.6 - 3 mol of a trialkylamine in aqueous

solution and subsequent hydrogenation. Here, the reaction mixture is
10 worked up by distillation before or after the hydrogenation.

EP-A-0 289 921 describes a process in which the synthesis
mixture is hydrogenated in the same manner as in the process described
in EP-A-0 142 090. In the embodiment (a) of the process described in
EP-A-0 289 921, in the preparation of trimethylolalkanes by reaction of

15 n-alkanafs with 2.2 - 4.5 mol of formaldehjde in aqueous solution in the
presence of 0.6 - 3 mol of a trialkylamine, based in each case on 1 mol
of alkanal, and subsequent hydrogenation, the crude reaction mixture is
heated to 100 - 200°C, the water present in the reaction mixture being
substantially separated off by distillation, together with any excess, free

20 trialkylamine, and the trialkylammonium formate being reacted with the
trimethylolalkane under formation of trimethylolalkane formiate of the

"~ trialkylamine being distilled off and the trimethylolalkane formate being
esterified with methanol in the presence or absence of catalytic amounts
of alkali metal or alkaline earth metal alcoholates to give

25 trimethylolalkane and methyl formate. The methyl formate is removed.

A disadvantage of this process is that hydrogenation of the crude
synthesis mixture is required for obtaining high yields and the
formaldehyde used in excess is lost during the hydrogenation in the form
of methanol, and the industrial implementation of the process is thus

30 considerably limited.




tr:i met hyl ol al kanes by reaction of 1 nol of an n-alkanal with 2.2 - 4.5 nol
of formal dehyde and 0.6 - 3 nol of a trial kylam ne in aqueous solution and
subsequent hydrogenation. Here, the reaation mxture is 10 worked up by
distillation before or after the hydrogenation. EP-A-0 289 921 describes a
process in which the synthesis m xture is hydrogenated in the same nmanner
as in the process described in EP-A-0 142 090. In the enbodinent (a) of the
process described in EP-A-0 289 921, in the preparation of

tri met hyl ol al kanes hiy theeasiamon(bpfof the proeesk kdeseditedwint EEP2A289 925 thel of

f ormal dehyde in aquequs solution in the rese?ce of 0,6 -.3 nol, of a

trial kyl an ng/nthesise Mixre: it subsiantially, dewataredraftsr icatabytic RydrogendéieBuent
hydrogenati o t cryde. r | 1 Laqshegted to 100 - 200[err]C, the
wat er pr esen?nyl ﬁpfef?‘é eag{qugﬂwr%m%t gérl}e%?eeﬁ%%&gu stantially separated off by

distillation, togetfiy trdlkjlamine pre3émsin theeforad of ttiakylammoniam and t he
trial kyl ammoni um formate being reacted with the trinmethyl ol al kane under

f or mat i ons of farmateeishJiberatedy by caddingnmgthanek tq tke wemaining mixtee gad ng
distilled of nd th ri | ol.al-k fo t ' sterified with

met hanol in {‘??gingr@sgﬂéé g& S h’cgorg&%ggt I eﬁ’ﬁ?ﬂ%ﬂ?{?s f alkali metal or
al kal i ne ear gfaiRirineal GMROteabtsh produttéCardSisolated i AYmahisdrkiatrwif pér net hy|

formate. The net'hyl fornmate is renoved. A disadvantage of this process is
t hat hydrogeseati on of the crude synthesis mxture is required for obtaining

hi gh yields and the,fqrnmal dehyde. u I.N excess. i s t.during the
hydr ogenation in t HaS B RFPCess vamnts‘fﬁ, in proces varfant ® w6'h
10 hydrogenation of the discharged synthesis mixture is required for

achieving satisfactory yields, resulting in the loss of the excess

formaldehyde.
. The processes described so far relate only to the preparation of
dimethylolalkanes and/or trimethylolalkanes.

15 However, a process which also permits the preparation of
tetramethylolalkanes, tetramethyloicycloalkanes and higher
polymethylolalkanes and polymethylolcycloalkanes, in which equimolar
amounts of organic formate salt are not formed, is desirable, which can
be carried out economically in few steps.

20 It is an object of the present invention to provide a process for
the preparation of polyalcohols, which comprise polymethylolalkanes and

" -= polymethyloicycloalkanes.
The process should permit the preparation of very pure
polyalcohols in a simple manner and efficiently from the economic point
2s  of view. A further object of the invention is to achieve a high yield.
According to the invention, it is also intended to provide a process for
the preparation of polyalcohols which manages with very few stages and
without hydrogenation, produces little waste product, especially alkali
formiates, and uses starting materials preferably in a plurality of stages.
30 We have found that this object is achieved and that, according
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of *nmet hanol , and the industrial inplenentation of the process is thus 30
considerably Iimted. -4 - In the variant (b) of the process descri bed
in"EP-A-289 921, the synthesis mxture is substantially dewatered after
catal ytic hydrogenation, any excess frea’trial kyl am ne bei ng separated off.
The trial kyl am ne present in the formof trialkylammonium5 formate is

| i berated by adding nethanol to the remaining m xture and heating to 100 -
200[err]Cwith formation of nmethyl formate and trial kyl am ne. The reaction
products are jsolated in.a n known. per. se. As.in _process variant (a),
in process vafi ﬁr@s'( S?bpgﬁneg‘?l(g-e{hﬁy'&y%fvgg@?aﬁ BFOcEYS farethe; REERATALCR ‘%@ﬁt hesi s
mxture Is r%l'yz{l&fhoi CHrod’tR:@' & IpRslidedt | %%‘is"bf’ocﬁks‘?'ﬂxsal RAULE IkBebnk Nist NE

| oss* of the excess fornal dehyde. The processes described so far relate only
to the preparreadtech with dormalthyde ainkagquesusasoliition tini thet presentel dfames. 15

However, a process which also permts t pr epar ati on of )
et rame hy) ol SRR AEnE o his FEAGHOR peing. e Bsed, 8CCogE o fhe, invention,

s with use of a temperature gradient. The reaction is carried out using a

temperature gradient with increasing temperature, preferably using a two-
or three-stage temperature gradient. The reaction using a temperature
gradient is particularly preferably carried out in a temperature range of 20
- 90°C for 0.5 - 24, in particular 1 - 6, hours. Temperature gradient

10 means the sequential stepwise reaction on different temperature levels,
wherein the temperature increases from step to step. The reaction is thus
carried out in subsequent steps of in increasing temperature. The reaction
hads polyalcohol products in high yields. .

A further embodiment of the invention is the preparation of

1s polyalcohols by transesterification. In this process, the formate of a
polyalcohol is subjected to transesterification with a low-boiling alcohol of
the formula ROH in the presence of a tertiary amine, preferably a
trialkylamine, as a transesterification catalyst to give a polyalcohol and a

formate of the formula

/OI
\6 —R

H-C

2s where R is a hydrocarbon radical, preferably alkyl of 1 to 6, preferably
1 or 2, carbon atoms.
We have found that the above object is furthermore achieved by
an overall process for the preparation of polyalcohols, as defined in the
claims. This process comprises the following stages:



pol'ymet’hyl ol al kanes and pol ynet hyl ol cycl oal kanes, in which equi nol ar
amgunts of organic formate salt are not forned, is desirable, which can be
carried out economically in few steps. 20 It is an object of the
present invention to provide a process for the preparation of polyal cohols,
whi ch conpri se pol ynet hyl ol al kanes and pol ynet hyl ol cycl oal kanes. The
process should permt the preparation of very pure polyalcohols in a sinple
manner and efficiently fromthe economc point 25 of view A further

obj ect of the,, y [ hi ' ' C ' o the

I nventi on, i&nigﬁgpégygﬁt%%gggﬁﬁkbgﬁggﬁﬁgwgng?ggggghforﬂiﬁga%w%paration of
~ pol yal cohol s whisolutivanagese préséncecofy af evisy agmnineand forth o formistes ogenat i on,
-produces little waste product, especially alkali form ates, and uses
starting materi £o8tasniag folyalcohol prodyct mixmre, of st ages. 30 Ve

have found t hat I.S.10 .%ﬁﬂe.s chi ha] ' -5 - to a
first enbodi @nt&%fﬁ?lhgfi nvelJr'lt"Txg'r'#,g %@?Xiﬁ’g%‘&r g'?‘c‘ltsggﬁ%gg‘%gﬁ on of a
pol yal cohgl g¢)odieating iof ehminifig dnixhire tfiom (V) Owith Srenwall bR #aftheror ketone is
reacted with formal dehyde in aqueous solution in the presence of a tertiary
anine, this readormaldehydegand tertiawdaming. withi fagmation rof the\formates of
the polyalcohol, '
(d) transfer of tertiary amine removed from stage (b) and/or from stage
(c), to synthesis stage (a) and/or to the subsequent transesterification
10 stage (e),
(e) transesterification of the resulting formates of the polyalcohol from
stage (c) with an alcohol of the formula ROH in the presence of a

transesterification catalyst to give polyalcohols and formates of the

formula
15
Ol
V4
H-C{
O—R
20
where R is a hydrocarbon radical, preferably alkyl of 1 - 6,
particularly preferably 1 - 2, carbon atoms, and
" (® isolation of the polyalcohols.
25

The fertiary amine is returned to the reaction which increases the
effectiveness of the process. All products removed in steps (b) and (c)
can be returned, optionally after seperation fromlow and medium boilers.
The reaction of alkanal or ketone with formaldehyde in the
% presence of a tertiary amine is carried out batchwise or continuously.
The continuous procedure is preferred.



5 with use of a tenperature gradient. The reaction is carried out using a
tenperature gradient with increasing tenperature, preferably using a two-
or three- stage tenperature gradient. The_reaction using a tenperature
gradient is particularly preferably carri’éd out in a t enperature range of
20 - 90[err]Cfor 0.5 - 24, in particular 1 - 6, hours. Tenperature
gradient 10 neans the sequential stepw se reaction on different
tenperature |l evels, wherein the tenperature i ncreases fron1step to step.
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tertiary amine and excess formaldehyde. This separation is effected in
particular by means of distillation.
10 The process according to the invention is preferably carried out
in such a way that polyalcohols are prepared without hydrogenation.
Furthermore, in a particular variant of the novel process, tertiary
amine, water and unconverted formaldehyde are circulated and the process
is thus made very efficient from the economic_ point of view.
15 In one variant of the process, the transesterification of the
formates with a low-boiling alcohol is carried out in the presence of a
tertiary amine, it being possible in particular to use, as the tertiary
amine, the same amine as in the synthesis stage.
The preparation of the crude synthesis mixture (stage (a), for
20 example preparation of the methylol product) is carried out batchwise or
continuously, preferably contimuously, under reduced, superatmospheric or
atmospheric pressure, preferably atmospheric pressure. The reaction is
carried out in general at up to 200°C, preferably 10 - 120°C, in
particular 30 - 80°C. In the continuous procedure, for example, a
2s reactor cascade comprising from two to five, preferably three, stirred
kettles connected in series is used, and said kettles may be at different
temperatures as a result of cooling or heating. The temperatures of the
individual kettles are from 10 to 150°C.
Surprisingly, higher yields of crude polyalcohols are obtained and
30 the formation of byproducts (for example dimeric ethers of polyalcohol,



30" -6 - (a) Reaction of an al kanal or ketone with formal dehyde in
agueous solution in the presence of a tertiary amne, to forma formates
cont ai ni ng pol yal cohol product mxture, _¢b) renoval of water, excess
tertiary am ne, excess formal dehyde 5 (c) heating of remaining mxture
from(b) wth renoval of further fornmal dehyde and tertiary amne with
formation of the formates of the polyal cohol, (d) transfer of tertiary

am ne renoved from stage (b) and/or fromstage (c), to synthesis stage (a)

and/or to th ; lofal )
transesteri fﬁggﬁgﬁwgg féxﬁ@b%‘éﬁﬁ%ﬁ%ﬁ?ﬁf&#gﬁ gs&gﬁ‘alst P\g ‘%%fb%ag‘?ﬁg\ gﬁﬁ‘%om st age

(c) with an alehydratiomfproduets)oisnednsidexably meduced [bye tompeeatofe gradation T
Fgfﬁfzt i;—,i Bkﬁ%ﬁé ?I‘B gat l(}éesélett?-l)g,i &ﬁe@ohyﬁ"&g e(l?zllbsly aan i,orfor}aafa?n&]; itnhe
a three-stage reactor cascade having a temperature gradient of 20-40°C/40-

s 70°C/70-90°C, preferably about 40°C/60°C/80°C. Excess formaldehyde
presents no problem and is present in bonded form as a hemiformal in
reversible equilibrium on the alcohol functions of the polyalcohol.

Advantageously, dimeric polyalcohol ethers formed in the novel
process, and any other higher or modified polyalcohol products, can be

10 obtained as useful products. This advantage is achieved by virtue of the
fact that the tertiary amine is used for the reaction or transesterification
instead of, for example, sodium hydroxide. The use of such catalysts
result in the formation of salts, so that the abovementioned useful
products in any case cannot be obtained economically.

15 The reaction time may be from 0.5 to 24, preferably from 1 to
6, hours.

Formaldehyde is used in the usual industrial form as a 10 -
50% strength aqueous solution, and the water content of the reaction
mixture is from 40 to 85%, preferably from 60 to 75%, in particular

20 68%.

The alkanals used are preferably those of 2 - 12, in particular 2
- 8, carbon atoms. Examples of particularly suitable alkanals are _
acetaldehyde, n-propanal, n-butanal, n-pentanal, 3-methylbutanal, n-hexanal,
3-methylpentanal, 2-ethylhexanal and n-heptanal.

25 Preferably used ketones are aliphatic ketones, preferably those of
3 - 18, in particular 3 - 8, carbon atoms. Cyclic ketones of 4 - 8, in
particular 6, carbon atoms are preferred. Cyclohexanone is particularly
preferably used. The aldehyde or keto function may also be present

repeatedly in the molecule.
30 Examples of tertiary amines are the amines mentioned in German



20 ‘where R is a hydrocarbon radical, preferably alkyl of 1 - 6,

particularly preferably 1 - 2, carbon atons, and (f) isolation of the

pol'yal cohols. 25 The fertiary amine is rgturned to the reaction which

i ncreases the effectiveness of the process. Al products renoved in steps
(b) and (c) can be returned, optionally after seperation from ow and nedi um
boil ers. The reaction of al kanal or ketone with formal dehyde in the 30
presence of a tertiary amne is carried out batchw se or continuously. The

conti‘nuous proG@dped Appldagibf DOS. 2,507461: The product m xture of stage (a)
contai ns mai nly pol yal cohol, polyal cohol sem fornmales, polyal cohol

formates al ready f orPagticulaxtyd advantdgegusiymseditemiafyoamines. aletrease of t he

ext ensi ve reaction.to form pol.yal.cohols no drogenation is necessary. 5

In stage (a) ,aﬁ%{“ﬂﬁﬁﬁl sychya é“g’ﬁ ‘P?UFH‘?‘&%%F‘%eWHEPWy@HH? Maro
reaction to fiRlihgryBpife and nmethanol. This is preferably separated fromthe

remai ni ng reaction™m xture, together with water, excess
5 The preferred molar ratio of the reactants (alkanal or

ketone/formaldehyde/tertiary amine) is 1/0.5-10/0.6-5S, preferably 1/2.5-
6/0.8-2, in particular about 1/4.5/1.5.
The dewatering of the reaction mixture (steps (b), (c) and the

simultaneous removal of the low boilers, ie. excess tertiary amine (for

10 example trialkylamine), excess formaldehyde and the methanol formed
from the Cannizzaro reaction of formaldehyde, can be carried out in one
or more stages in a conventional apparatus suitable for distillation. For
example, a rotary evaporator is suitable for the batchwise procedure and a
falling-film evaporator for the continuous procedure. The separation may

15 be carried out under reduced or atmospheric pressure or in the presence
of an inert gas stream; the separation is preferably effected to a residual
water content of 2 -30% by weight, based on the reaction solution. The
reaction solution contains, as principal components, the polyalcohol,
polyalcohol hemiformals, already formed formates of the polyalcohol and

20 trialkylammonium formates.

The esterification to give formates of the polyalcobol (step (c))
takes place autocatalytically as a result of further distilling off of water
(of reaction), tertiary amine and the formaldehyde liberated from the
polyalcohol hemiformals previosly formed. Thereby the amine is liberated
2s from the formates of the tertiary amine. The reaction can be carried out

batchwise but is preferably effected continuously, under atmospheric
pressure or reduced pressure of from 0.1 to 760 mbar. The reaction
temperature is from 70 to 250°C, preferably from 150 to 210°C. A
bubble cap column having a forced-circulation evaporator is suitable for
30 the contimous procedure. The feed takes place in the upper part of the



tertiary am ne and excess fornal dehyde. This separation is effected in
particular by nmeans of distillation. 10 The process according to
the invention is preferably carried out_jpn such a way that polyal cohols are
prepared w t hout hydrogenation. Furthernore, in a particular variant of the
novel process, tertiary amne, water and unconverted fornmal dehyde are
circulated and the process is thus nade very efficient fromthe econom c
poi nt of view 15 In one variant of the process, the
transesterificoRimmnaf the fesidinb@liRfe \th lthe _%:ﬁ;ﬁimga%étidagmgleﬁxebwﬂ fpearried
out in the presence of a tertiary amne, it being possible in particular to
use, as the tferced-girgulatiomeyvapdratos ased.Ami Ae preferably [2e - 3;nhdwrsi sThe age. The
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at nospheric piressure, preferablly atnospheri¢ p ne reaction is
carried out ireactioneis adontinuaysly Gorated| by rthe€ eserificationb rgaction -and2kdepsr ] C, i n
particular 30 - _80 rrbg&. Jdn the continuous procedure, for exanple, a 25
react or casc&t&fef%#g‘?q i dnt Mo to five, preferably three, stirred

kettl es connected i q{.d'ng | , %' gte t hes i fferent
tenperatures as a rg}s’ﬁlt o‘fss%r?)%#ﬁﬁ‘g og?@'}qegtl nggeéfhgﬁt%ﬂgiei?%&?(étsegof t he

i ndi vi dual ké¢¢)) Ites fer exdmple) lkyl fothft€. aridu free i pulyadéohol lvagter carrietids of
crude pol yal cohgl s_are optai ned and

out batchwise, for example in a stirred kettle, or continuously in the
10 presence of 0.5 - 20, preferably 1 - 15, in particular 1 - 4, mol of an

alcohol per mol of the formate of the polyalcohol. A countercurrent

column in which the formate is metered into the middle section and an
alcohol into the lower section is suitable for the preferred continuous pro-
cedure. In the stripping section of the column, alkyl formate is separated
1s from the alcohol added, so that substantially pure alkyl formate is
condensed at the top of the column. The reaction time is 0.25 - §,
preferably 0.5 - 3, hours. Alcohols, in particular alkanols, of 1 -6
carbon atoms are preferred. Alcohols in which the difference between
the boiling point of the alcohol and that of the corresponding formate is
20 very large are particularly suitable. The pairs methanol/methyl formate
and ethanol/ethyl formate are preferably used.
The transesterification can be carried out in the presence of the
typical homogeneous or inhomogeneous transesterification catalysts.
Suitable inhomogeneous catalysts are acidic or basic alkali metal or
2s alkaline earth metal oxides, hydrotalcite and alumina. Acidic or basic ion
exchangers may also be used. Suitable homogeneous catalysts are alkali
metal or alkaline earth metal alcoholates. When inorganic alcoholates are
used as catalyst, transesterification is followed by removal of the catalyst
by neutralization or ion exchange, either producing a salt or resulting in
30 additional complexity with regard to process engineering. When



30 ‘the formation of byproducts (for exanple dimeric ethers of polyal cohol,
f or mal dehyde bi s(pol yal cohol )acetal s, cyclic acetals of the polyal cohol and
dehydration products) is considerably redqyced by tenperature gradation T
(kettle n) > T (kettle n-1), where n is preferably 2 - 4, for exanple in a
t hree-stage reactor cascade having a tenperature gradi ent of

20-40[err] C/ 40- 5 70[err] G/ 70-90[err] C, preferably about

40[err]C/60[err] C/80[err] C. Excess formal dehyde presents no problemand is
present in bopgesbg Eﬂédﬁ‘saéatﬁ?'hﬂﬁnf:q{sé@ tHeNlifeS YL thdse| @A IshBilgupa on the

al cohol functions of the polyal cohol. Advantageously, dineric polyal cohol
et hers fornedtakantint acspghnt pndc:sgmeram may bt Inecessargher or m)dl f | ed

pol yal cohol products, can be .10 roduct s. '

f ul
advantage is achi eveli BySUPHIife tB?‘ E@Eﬁw‘iﬂu‘%ﬁmﬁh@p the; P?eé?‘Fea ﬁe i s used
for the reaCtte‘?ﬁh:?raﬁxfxﬁ“ﬁﬁsﬂa‘?ﬁéﬁlbﬁﬁtﬂrﬁgglzpﬁxh?ﬁ@atuﬁfbe Efifie® R PWiEn 5001 UM

hydr oxi de. The usé of such catalysts r e formation of salts, so
that the abovg@@mmlted Gonséquently o thec catalyst eany easilye be aemoved dyobt ai ned

econoni cal | y. The reacti nt| ma be_from0,5 to 24
preferably f rﬂﬁf’liatloé‘ after, the, geaction n‘*&& JR’FSnP?’ﬁ&b‘UB’uﬁlsﬁsn%st rial

formas a 10 meSCig Séf EitallyStspHLER bh mhﬂtxheans arsﬁnms #faiGlafied G of the

reaction

the amines used in the reaction stage, it being possible to use, for
example, the same amine in the synthesis reaction as in the

10 transesterification reaction. The amount of amine used comprises a few
mol %, but may also be superstoichiometric. It is preferably 1 - 50 mol
%, based on 1 mol of formate as 100 mol %. If necessary, the amine
is recovered quantitatively by distiilation. The transesterification catalyzed
by a tertiary amine takes place extremely rapidly, so that the necessary

15 quantitative conversion to alkyl formate and the desired polyalcohol is
achieved without problems. An advantage over the use of conventional
transesterification catalysts, for example the alcoholates of the alkali
metals and alkaline earth metals, which are hydrolyzed by water, is that
the reaction can be carried out in the presence of a tertiary amine, for

20 example a trialkylamine, in anhydrous or dilute aqueous solutions.

The distillate from the removal of the low boilers or the mixture

distilled off in the formation of the formates of the polyaicohol (steps (b),

(c), (d) and comprising water, trialkylamine and formaldehyde can

particularly advantageously be used for the transesterification (e), if

25 necessary after prior concentration and removal of the formaldehyde. On
the one hand, the amount of methanol contained in these mixtures is thus
utilized for the formation of methyl formate and, on the other hand,
methanol is removed from the mixtures in this manner by chemical
reaction. Since alcohols may adversely affect the synthesis stage,

30 methanol must be separated off before the




m xture’is from40 to 85% preferably from60 to 75% in particular 20
68% The al kanals used are preferably those of 2 - 12, in particular 2 - 8,
carhon atons. Exanples of particularly s#tabl e al kanal s are acet al dehyde,
n- propanal , n-butanal, n-pentanal, 3-nethylbutanal, n-hexanal,

3- net hyl pent anal , 2-et hyl hexanal and n- hept anal . 25 Preferably
used ketones are aliphatic ketones, preferably those of 3 - 18, in
particular 3 - 8, carbon atonms. Cyclic ketones of 4 - 8, in particul ar 6,
carbon atons a y r used.
The al dehyde g?"%%@“?%@?ﬁ/g)?ﬁ%&nﬁé ﬂf?ﬁﬁré ?seg%r HeragJ oeg{e gﬁ{/{ﬁe{sgs ?ﬁég

mol ecul e. 30 This is possiEYealmthemeOﬁldt of ltlneirtmnsvmenﬁ&at&ﬂﬁ rédfioR Ndes&xsbede Nt | oned
in German -9- Lald-Op plication DOS 2,507,461. Particularly

advant ageous| Yutueangot bet 4%1%}’3%1%&5‘5“!8? istillatign viithap dassnef trialigylamine.
trimethyl amne, tri Aﬂydlédﬁopé %LJdPga%f ﬁ%o&s?@fikg?{g{llc@ol is &%ﬁﬁaf‘ r}:ﬂ;\e

The preferred nolar ratio o

ket one/ f or yral gehirsiseiterifitation fapeEstep $NY./ OBP-vadying Gthé, anidunk esfaflcyhdlic . 5-
solvent used, crystalline polyalcohols can be obtained directly by

crystallization. The alcohol used as a solvent and the tertiary amine used
as a catalyst can be recycled to the transesterification (e.g. steps (d) and
(e)). In the case of readily distillable polyalcohols, it is also possible
10 first to distil off the low-boiling alcohol and tertiary amine and then to
recycle them. Thereafter, the polyalcohol can be obtained directly.
Neutralization or complicated removal of the transesterification catalyst is
therefore unnecessary.
Preferably the desired polyalcohol and a mixture of alcohol and
15 tertiary amine are obtained in stage (f) by separation, preferably by
distillation, and some of said mixture is recycled to stage (e), and a part
of this mixture of alcohol and tertiary amine is transferred to a stage (g)
in which materials isolated from stages (b) and (c) and this bleed stream
from (f) are separated into the following three mixtures, the separation
20 preferably being carried out by distillation:
1. an alcohol/tertiary amine mixture, at least some of which is fed to
stage (c),
2. a water/tertiary amine/formaldehyde mixture, at least some of which
is fed to stage (a), and
2s 3. an aqueous solution enriched with medium boilers.

By way of example, two advantageous embodiments of the novel
process for the preparation of polyaicohols from alkanals or ketones and
formaldehyde under trialkylamine catalysis are illustrated schematically
below with reference to the process diagmmsl in Figure 1 and Figure 2,

30 such embodiments preferably being used, for example, in the preparation



6/0.8-2, in particular about 1/4.5/1.5. The dewatering of the reaction

m xt.ure (steps (b), (c) and the sinultaneous renoval of the |ow boilers,
ie. excess tertiary amne (for 10 exanplg trialkylam ne), excess

f or mal dehyde and the nethanol fornmed fromthe Canni zzaro reaction of

f ormal dehyde, can be carried out in one or nore stages in a conventional
apparatus suitable for distillation. For exanple, a rotary evaporator is
suitable for the batchw se procedure and a falling-filmevaporator for the

continuous proe i rimkRISBRHaA 4Aa Wal&éhgd@eoﬁafo?if}&g@g&sgf‘der reduced

or atnospheric pressure presence Of an i ner ream the
separation i spemasptheibly fedrh eacetattiehpden ané Sorinaltelyae e rin ahetpredencd of, - 30% by
wei ght ,- based_on t he react%gn sl ution. The reaction solution contains, as

princi pal conffSnEdple.; frimethylaming qp | triethylaming o nker Hhensaks: phiclarityy r eady

formed format B&iﬂ%‘ﬁ!@' . fd I Ll T er . The
esterificati oﬁlé%egfeg{bve or ng%éégg%#‘b?ﬁg’% ng'ﬂggh@ MH&B )O?tdg%é’?ﬁpl ace
aut ocat al y4 i cwithyfonmakdehyieuhs anfeXampldier distilling off of water (of

reaction), tertiary anmine and the forpal dehyde ||berated fromthe
pol yal cohol heni f®yrthe dsawing, figutes k gndred) shaw teagtion; seheines af the progessat ed 25

bat chui e bur ety ¢4, g e AT, U LSy, nder at mospher i c
pressure or reduced Iarhesprocess§ adcording) 1d Fig. 16 Forthatdehylicardedss i on
LOMPETAtUIe | 2 levant ‘alkanals are passed via the lides 1 and 3, respectively. iato the.
10 reactor 3, which is advantageously a stirred kettle cascade, and
supplemented there with aqueous formaldehyde which is recycled via line
4 and may still contain small amounts of trialkylamine, and a recycled
aqueous solution of the trialkylamine catalyst is added via line 5. The
aldehyde which, depending on the starting material used, is bis- or
ts trishydroxymethyl-substituted in the alpha position relative to the aldehyde
group is formed in the reaction in reactor 3 and reacts, also in reactor
3, with further formaldehyde in a crossed Cannizzaro reaction to give the
corresponding tris- or tetrahydroxymethyl compound - also referred to as
trismethylol compound in this application (for the sake of clarity, only the
20 term trimethylol compound is used below) - the formaldehyde being con-
verted into formic acid and, in the presence of the trialkylamine catalyst,
forming trialkylammonium formate salts. The discharge from reactor 3 is
fed via line 6 to the middle section of a distillation column 7, which
may advantageously be equipped with a forced-circulation evaporator in
25 which low-boiling components of the discharge from reactor 3, such as
water, formaldehyde, the trialkylamine, and methanol formed by the
Cannizzaro reaction in reactor 3, are distilled off via the top, from the
higher-boiling components of the discharge from reactor 3, such as the
1,1,1-trimethylolalkane and esters of trimethylolalkane with formic acid -
30 the latter are formed in the distillation column by reaction of the




bubbl e cap col um having a forced-circul ati on evaporator is suitable for 30
t he. conti nuous procedure. The feed takes place in the upper part of the

- 10- colum, and the residence tine in Hre stripping section together with
the forced-circul ati on evaporator is 0.5-"5, preferably 2 - 3, hours. The
f ormal dehyde | i berated does not interfere wth the course of the reaction
by form ng insoluble oligoneric formal dehyde deposits, since water of 5
reaction is continuously formed by the esterification reaction and keeps

he formal deh i ' W fi cati he .f f
the polval Sonifafio)indOhiid Wemdht Salel B8 TBE L1 |1 fitheBloBghE” she’T T2 ©° ©
pol yal cohol cefllbganminer éatslysubeiRatiibariter ,aéiiﬂ.r Zmﬂageddﬂlyi? tﬁ% idiﬁélrgrg@?t tle,
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or continuously in the 10 presence of O. ), eferably
particul ar 1 from regsioro} cap bg conesntraied bafpreobeingepassadninte thé colemn

pol yal cohol . reepnt., co [ i the formate s netered into
the mddl e se?’t ?%ﬁggﬁkﬁgnﬁagc%%bWOQPﬁg'%V SI%O&'PF cﬂ??isgog'l?i bl e for

t he prefer§edrpapd ifnuous pro- cedure. In the stripping section of the
columm, alkyl formate is separated 15 fromthe al cohol added, so that
substantial |y pure &alleylow-boilingecompanentseofs the discharge tfogmoteactbe ol urm. The

reaction tiMey} &n e separdted off in column 7 are fed via line 8 to a further

column 9, where they are separated by distillation into three fractions, ie.
a) a relatively low-boiling fraction which essentially consists of tri-

10 alkylamine, methanol and water and is fed to the lower section of a
further column 11 via line 10, if necessary after the addition of a
recycled stream from line 13, containing further trialkylamine, water and
methanol, b) a medium-boiling fraction which consists essentially of water
and unconverted formaldehyde and may still contain small amounts of the

1s - trialkylamine and is recycled to the reactor 3 via line 4, and c) a high-
boiling aqueous fraction which is enriched with byproducts, such as ethyl-
acrolein and is removed from the process via line 12.

The high-boiling bottom product of column 7, which contains
1,1,1-trimethylolalkane and the ester of formic acid with the 1,1,1-

20 trimethylolalkane, is pumped via line 14 into the middle section of
column 11. Since the 1,1,1-trimethylolalkane and its ester with formic
acid boil at a higher temperature than the mixture fed to the lower
section of column 11 via line 10 or line 13 and comprising trialkylamine,
methanol and water - the mixture from line 13 can be fed to column 11

25 via a separate inlet not shown in Figure 1 or after being combined
beforehand with the stream in line 10 - and the methanol additionally
introduced via line 15 into the lower section of column 11, the relatively
high-boiling compound 1,1,1-trimethylolalkane and its ester with formic
acid come into intimate contact, in column 11, with the lower-boiling

3 components of the trialkylamine/methanol/water mixture passed into the



preferably 0.5 - 3, hours. Alcohols, in particular alkanols, of 1 -6
carbon atons are preferred. Al cohols in which the difference between the
boi |.i ng. point of the al cohol and that of §he corresponding formate is 20
very large are particularly suitable. The pairs nethanol/nethyl formate and
et hanol /ethyl formate are preferably used. The transesterification can be
carried out in the presence of the typical honbgeneous or inhonbgeneous
transesterification catalysts. Suitable i nhonbgeneous catal ysts are acidic

~or basic al kalgweFeiedtio®lof2he @iliah] BR eakd bf MBkmic R4 49sh dydr ptial cite and
alum na. Acidic or basic ion exchangers may al so be used. Suitable

~honogeneous ctriméthyloialkane widesgdingrepoiplete transesterifieatian twithmeheaimeshanohol at es.
“ When i norgani c al cohol alt es ige used as tragnsesterification is

t al t,
ol l'oved by rBRSRAI Mopolpme Lhig) Scess, Flaiie: tolie, STl <8eti &h &Y hange,
el ther producy o1 frimlhiokiliSuid RO very Rv-balide! eyl soammd exirhy W N

i regard to process engi heeri ng. het er ogeReous”cat al ysts are used,
i the life of timethyl fatradte sissrentoved drdm the kproceéssitad the toprdf colummegbneiaat i on

may be necessary. It is, syurprisin hat the transesterifjcatjqn i.n the
. presence of ah{'%rlﬁ'ré’i“Q ‘&nﬂ‘ﬁ@',‘f i“ﬁe‘gahi"dﬁﬂﬂ?e fox Fh%PR%PP%’PHe?tl 1Be carried
Pout with a 5 4,899 drhatlide. Consequently, the catalyst can easily be

. renmoved by
The transesterification mixture of column 11, which has been

freed from low-boiling methyl formate and essentially consists of the

10 trialkylamine, excess methanol, water and the 1,1,1-trimethylolalkane, is
taken off at the bottom of column 11 and passed via line 17 into the
middle section of column 18, in which this mixture is separated into four
fractions, ie. a) a relatively low-boiling mixture which essentially consists
of trialkylamine, water and methanol and is taken off at the top of

;s column 18 and recycled via line 13 to column 11, b) a mixture which
consists essentially of trialkylamine and water and is removed from the
upper part of the column and recycled via line 5 to reactor 3, c) a
fraction which consists essentially of the 1,1,1-trimethylolalkane and is
separated off in the lower section of column 18 and fed via line 19, for

20 example to the tank farm, and d) a mixture which consists of high-
boiling byproducts and is taken off at the bottom of column 18 and fed
to a further distillation column not shown in Fig. 1, for the removal of
the high boilers.

The cycle of the embodiment of the novel process according to

2s Fig. 1 is thus complete. Losses of trialkylamine in the course of the
process are replenished by feeding in fresh trialkylamine, preferably by
adding it to reactor 3 via a feed not shown in Fig. 1.

In another advantagecus embodiment of the novel process for the

preparation of 1,1,1-trimethylolalkanes from alkylalkanals and

30 formaldehyde, as shown schematically in Fig. 2, reactor 21 is fed with



distillation after the reaction and can be reused. This possibility exists
in the case of catalysts based on alkali netals. Suitable trialkylam nes
are -the. am nes used in the reaction stag{e it being possible to use, for
exanpl e, the sanme am ne in the synthesi sﬁr'eaction as in the 10
transesterification reaction. The anmount of am ne used conprises a few nol
% but may al so be superstoichionetric. It is preferably 1 - 50 nol %
based on 1 nol of formate as 100 mol % |f necessary, the amine is

recovered qu t IS b | e lrapse | o, cat al yzed
by a tertiar ?ag%&%eh#ﬁk%eh%?ggéﬁlgé{‘?\é@&f ?gpl"}&‘?l &%silkﬁﬂ 53 Zéessary 15
quant,i tative andnwithsa Qam@tﬂmgylﬁmimaanydaﬁvﬂeﬁ infiRGrd Yid/ AneOPP! 1S

achi eved without problens. An advantage over the use of conventional -

t ransest er i f il€ Fequireds triglikydangine f eonsumedrin ghe icourse coh theapracesst cathdeal kal i
nmetal s and al h zed ter, is that
the reaction @%&%ﬁbﬁ%{ﬁ ?@@(‘iﬂ"ﬁ‘%kﬁ f)afég‘bﬁ%g 88?%3 e?é 'y amne, for 20
exanpl e astrial kyl amhnfie redctidahifd kéadfor021,0iwhi¢heisogsdemtialy S Usdnngs The
distillate fromthe removal of the |ow boilers or the mxture distilled off

in the formatreastoroB imnEig. olnatemdmt mmumhwngmmnneuwps s@m)z (c), (d)
 Sdvant ageousimee rﬁga(## B TERIOR § o8P oA o FogRe, i nf 235 f necesoar y
Tohe! Pl demssny st &“%m%d“w g
for the for nmfilinoavaporatet, hwhichoisnaateshowad, tonthehmiddiésectiomndf column 26,
10 which practically corresponds to column 7 in Fig. 1, where the discharge
from reactor 21 is esterified as described for the process relating to Fig.
1, and is separated into a lower-boiling fraction which consists essentially
of trialkylamine, methanol, formaldehyde and water and is taken off at
the top of column 26 and fed via line 27 to a further column 28 and
i1s into a higher-boiling bottom fraction consisting essentially of the 1,1,1-
trimethylolalkane and its formic ester.
Before being passed into column 28, the mixture fed in line 27
to column 28 is advantageously combined with a mixture which is
recycled via line 29 and composed essentially of trialkylamine and
20 methanol, but which may alternatively also be fed into column 28 via a
separate feed not shown in Fig. 2.
In contrast to the distillation procedure in column 9 in the
embodiment according to Fig. 1, the mixture added to column 28 is
separated into three fractions in such a way that a) a relatively low-
25 boiling fraction which is composed essentially of trialkylamine and
methanol and contains virtually no more water is taken off at the top of
the column and is fed via line 30 to the lower section of a further
column 31, b) a fraction which consists essentially of a mixture of the
components trialkylamine, formaldehyde and water is cut in the upper part
30 of column 28 and recycled via line 24 to the reactor 21, and ¢) a



met-hanol is renoved fromthe m xtures in this manner by chem cal reaction
Since al cohols may adversely affect the synthesis stage, 30 nethanol nust
be ‘'separated off before the - 12 - trjal kyl am ne/ wat er/ f or mal dehyde

m xture is recycled to the synthesis stage This is possible with the aid
of the transesterification reaction described, but cannot be achieved by
sinple distillation without |oss of trialkylamne. An al coholic solution of
the desired pol yal cohol |s obtained from5 the transesterification stage

(step (f)). (A gg‘f:ﬂ:tt f weCrystalline
pol yal cohol SER,{% et} %ll a| neg - e[&c;f}gé;?)i}s b?pll.o\zﬁgg&bth&ﬁ&gﬁ% al cohol used
as a sol vent g'myjadrb&m eist redioved N"from u;eeplroasssaw@aﬁﬁd B3t can be recycled to

the transesterification (e.g. steps (d) andé . In the case of readily
di stillable polyal cdhl lsughmonlm bvtsqmméuw omocolnmns%,t@ormssmgl of f the

| ow-boi ling al te t [ec | e them
Thereafter, ge%lﬁgiw g’ﬁo g%@%@fﬂ%&t@l %C@W lﬁl‘i’%n or
conpl i cat ad rﬁmml 33finfoh thet friiddie Settidn bf Toludin GAt alSifide the therefore
unnecessary. Preferably the desired pol yal cohol and a m xture of al cohol

and 15 terti drignethylolalkane: andtits fiormic rester pdl af p higher temperature, thanef er abl y
by the mixture fed to the lower section of column 31 via line 30 or line 34

and comprising trialkylamine and methanol - the mixture from line 34 can
~ be fed to column 31 via a separate feed, not shown in Figure 2, or
10 advantageously after prior combination with the stream in line 30 - and
the methanol additionally introduced into the lower section of column 31
via line 35, the relatively high-boiling compounds 1,1,1-trimethylolalkane
and its formic ester come into intimate contact, in column 31, with the
~ components of the lower-boiling trialkylamine/methanol mixture passed into
1s the lower section of column 31, the ester of formic acid with the 1,1,1-
trimethylolalkane undergoing virtually quantitative transesterification with
the methanol present in column 31 in excess relative to the formic ester,
to give 1,1,1-trimethylolalkane and the very low-boiling methyl formate.
The methyl formate is removed from the process at the top of column 31
20 via line 36.
The transesterification mixture of column 31, which has been
freed from the low-boiling methyl formate and is composed essentially of
the trialkylamine, excess methanol and the 1,1,1-trimethylolalkane, is taken
off at the bottom of column 31 and passed via line 37 into the middle
25 section of column 38, in which this mixture is separated into three
fractions, ie. a) a relatively low-boiling mixture which consists essentially
of methanol and trialkylamine and is taken off at the top of column 38
and, after removal of a bleed-stream through line 34, recycled via lines
29 and 27 to column 28, b) a fraction which consists essentially of

3 1,1,1-trimethylolalkane and is separated off in the lower section of column



di stillation, and sone of said mxture is recycled to stage (e), and a part
of this mxture of alcohol and tertiary amne is transferred to a stage (Q)
in which materials isolated from stages_{sb) and (c) and this bleed stream
from(f) are separated into the followng three m xtures, the separation 20
preferably being carried out by distillation: 1. an alcohol/tertiary am ne
m xture, at |east sone of which is fed to stage (e), 2. a water/tertiary
am ne/ f ormal dehyde m xture, at |east some of which is fed to stage (a), and

25 3.  an ageqys @@'Haim{}ng%'&h@ﬁxﬁﬁl ot Yk 1Rih S45d &Ya ?ﬁ%ﬂ%

exanpl e, two advant ageous enbodi nents "of the novel process’fo

prepar ati on ofhiph!gonkisshof highrboiling bgpridactsrandeisoremtoved dfrdmr drl dehyde under
trial kylam ne catalysis are ill ustrate&% schematjcally below with reference
to the proceddoeashgitaihg bastom of colump 3B miaglipg 49. 30" such enbodi nents

preferably being usealq,le méd‘??%ﬂ%ﬁ?’é&ﬁ%%ﬂ'ﬁ?%%ﬁﬂgﬂ%@%ﬁd Blfken

1,1, 1-trinmethyl ol propane an e or, fTor exa
pent aer yt hy i toff .frdm dinea29tiny dwdansiof dirk B4riseddvaigeusiyncorbingd egignce of ,

for exanple, trinmethylamne or triethylamne. For the sake of clarity,
the methanol/trialkylamine stream “in line 30 and fed with this to column
31, in the manner described. The amount of the bleed-stream recycled
via line 34 and 30 to the transesterification column is of course
controlled so that a steady-state equilibrium is established in the plant,
10 corresponding to the reaction and distillation conditions used and specified

in the preceding part of the description.

Example 1
32.1 mi of triethylamine (1.5 mol), 13.84 mi of n-butyraldehyde

15 (1 mol) and 134.2 ml of formaldehyde (15% strength, 4.5 mol) are
passed, per hour, into a continuously operated reactor cascade comprising
three flasks connected in series and provided with stirrers (reaction
volume in each case 300 ml). The stirred flasks are heated as follows:
flask 1 = 42°C; flask 2 = 60°C; flask 3 = 78°C. The crude yield

20 determined by GC analysis is 89% of TMP (trimethylolpropane), and the

formic acid content is 5.2%.

Examples 2-9 in Table 1 were carried out similarly to Example

1, at the same temperatures but with different concentrations of the

starting materials.

Example 10
For separating off the low boilers and water, the crude discharge

from Example 1 is pumped at room pressure into a falling-film
evaporator which is heated at 150°C. The feed is 120 ml/h, the bottom
30 discharge is 43 g/h and the amount of distillate is 80 g/h. The distiliate



t hese enbodi ments are descri bed bel ow using only the reaction of alkanals s
with formal dehyde as an exanple. In the drawing figures 1 and 2 show
.reaction scheines of the process according to the present invention. In the
process according to Fig. 1, fornaldehydé and the rel evant al kanals are
passed via the lines 1 and 2, respectively, into the 10 reactor 3, which

I s advantageously a stirred kettle cascade, and supplenented there with
aqueous fornal dehyde which is recycled via line 4 and may still contain

smal |- amount s, Qf i | @i S ecy d u | ugi on of the
trial kyl am nehagap%f @Qgﬁg&ﬁ% gﬁg\‘gpﬁuﬁé{%ggh%@%g%h%gﬁmﬂfch, dependi ng
on the startigthydminepl3.3%eof forsndMehyderandS1% of methanol.

trishydroxynmet hyl -substituted in the al pha position relative to the

al dehyde group is forned in the reaction in reactor 3 and reacts, also in
reactor 3, mﬁég Q#E%ggr|fqénaldehyde in a crossed Canni zzaro reaction to
give the corr s- or tetrahydroxynethyl conpound - also referred
to as trisgrethyl ol crhgppoeedure #shiss imiBXaiphd 10N The' ekl ark@Esed @l arity,
only the 20 termtrinethylol conpound is used below) - the formal dehyde

bei ng con- veFablel 2.nto fornic acid and, in the presence of the

trial kylam ne catalyst, formng trial kyl anmonium formate salts. The

di scharge fromreactor 3 is fed vialine 6 to the mddle section of a
distillation 16 Wwhich may advantageously be equipped with a
forced-circulatron evaporator in 25 which | ow boiling conponents of the
di scharge from r eactArmixfure vefh water (21%), formic acid (12%), triethylamine

10 (27%), TMP (37%) and formaldehyde (1%) is pumped to the 8th tray of
a 10-tray bubble cap column (V = 300 ml) (feed 214 ml/h), which is
operated at a top pressure of 63 mbar and a bottom temperature of
194°C. The bottom discharge is heated by means of a forced-circulation

~ evaporator (reaction volume = 150 ml), from which 100 g/h of TMP

1s formates are pumped continuously. The condensate has two phases.

Examples 16 to 18
The procedure is in principle as in Example 15. The
modifications and results are listed in Table 3.

Example 19
The bottom discharge from Example 10 (12.5% of water, 13.5%

of formic acid, 35% of triethylamine, 30% of trimethylolpropane and
trimethylolpropane hemiformals, 3% of dimeric TMP and 4% of bis-TMP-

2s formaldehyde acetal, the remainder (high boilers and medium boilers)
being 2%) is pumped to the 8th tray of a 10-tray bubble cap column (V
= 300 ml) (feed 150 ml/h), which is operated at a top pressure of 32
mbar and a bottom temperature of 194°C. The bottom discharge is
heated by means of a forced-circulation evaporator (reaction volume =

3 150 ml), from which 62 g/h of TMP formates are pumped continuously.



wat er, Tormal dehyde, the trial kyl am ne, and net hanol fornmed by the

Canni zzaro reaction in reactor 3, are distilled off via the top, fromthe
hi gher -.boi I i ng conponents of the di schar_g@'from reactor 3, such as the
1,1,1-trinethyl ol al kane and esters of trinethylolakane with formc acid -
30 the latter are forned in the distillation colum by reaction of the

- 14 - trialkylammonium formate salt with the 1,1, 1-trinethyl ol al kane, the
trial kyl am ne catal yst being |iberated again. Advantageously, the discharge
fromreact or n e b Nt 0 col um 7,
for exanple i ghg%t&ﬁ?ﬁ’sﬁel ﬁ?’g?s ?’gFﬁi‘"ﬁgi’ﬁsF‘m @\k/@%‘c%? 2‘%3%@%%"6‘%'5 r%a?\% in 5
Figure 1. The(555%),bformakighyienhd )} sriethykinined (36:5%) 0nd’ frediung awiilers 3 Whi ch
are separated off in colum 7 are fed via line 8 to a further colum 9,
wher e t hey ar@-@@arated by distillation into three fractions, ie. a) a

relatively |lo LLsks r | | ¢h b3l onsi f by 10

al kyl am ng, rrg?ﬁ@h%)lp&grgé ﬁm%rﬁdé‘?rbéﬁ@“?sm%?%%ﬁhé‘*f‘gv@?‘@@@{%n&@%a further
colum 11 yi aTMPMdifbfmatef ?ZS%)@S'BMPY;rﬁbhﬁitetﬁs%)adﬁ'gﬁiUbﬂeﬁf (A %raug/dd stream
fromline 13, containing further trial k&gm ne, water and nethanol, b) a

medi um boi | i n§MR apddi i ormatess ifermaldehyde this(TMP)oacefalt and
formaldehyde-bis(TMP) acetal formates.

Example 20
10 A mixture of TMP, TMP monoformate, TMP diformate and

TMP triformate (37/42/19/2), together with 1% by weight of sodium
methylate, is pumped (133 ml/h) to the 6th tray of a 10-tray bubble cap
column (V = 360 ml). 111 ml/h of methanol are metered in
continuously via the bottom flask (reaction v_olume = 360 ml). 180 ml/h

15 of reaction mixture are removed from the bottom by means of a pump,
and 53 ml/h of distillate are obtained at the top of the column. The
composition of the discharges are listed in Table 4. Examples 21 and 22
were carried out similarly. .

20 [Example 23 and 25
- The procedure is in principle as in Example 20, except that
triethylamine is added instead of sodium methylate. Table 4 shows the
working conditions and results.

2s  Example 26
176 g of the bottom discharge from Example 19 are stirred with
300 g of methanol and 9 g of triethylamine in a 1 1 stirred flask for 30
minutes at 40°C. Thereafter, first methyl formate and then methanol and
triethylamine are distilled off via a short column. The following fractions
% are then obtained in the same apparatus at a reduced pressure of 2 mbar:



and unconverted fornal dehyde and may still contain snmall anounts of the 15
trialkylamne and is recycled to the reactor 3 via line 4, and c) a high-
boi ling aqueous fraction which is enrichgd w th byproducts, such as ethyl-
acrolein and is renoved fromthe process via line 12. The high-boiling
bott om product of columm 7, which contains 1,1, 1-trinethyl ol al kane and the
ester of formc acid with the 1,1,1- 20 trinethylolal kane, is punped via
line 14 into the mddl e section of colum 11. Since the

1,1, k-trinmethyl ol gh kapg-13peCits ester 4v\7gth f oRoE opCTMPPEGE) at @ hi gher
tenperature than the mxture fed to the | ower section of co?urm 11 via line

10 or line 13andbpodf@-160%g trial kyl 424 rg2, n@9I3dhof EMP (@)r - the

m xture fromline 13 fed to colym 11 Vi S ate . jnlet not

shown in Fi gJ:ﬂe 10y 2;@?&?5(5@ ng corrb%qe%l bef i?g’nghgnﬁh %%t%]é)fsfll’eam in

line 10 - and the nethanol additionally introquu\uimp A Fmpnto the
gh-bol

| ower section of columm 11, the relatively hi I ng conpound
1,1,1-trimet HM ol Residuee and its ester2vgth fornmc acid cone into intimate
contact, in colum 1], wt onensd_sL f _the

trial kyl ani ne/ met hant3cHeR tl?ggxall‘ﬁ ﬂ‘g’ogiélﬂnq%nf%ztcﬁ e yield of TMRue,
section of tRgufGhdhale td HEbRaidenPbe i€87 6% 6Vl M rfackiBfi slagks

(Example 1, Example 10, Example 19).

10 Example 27 .
2167 g of crude discharge from Example 1 are dewatered by

‘means of a falling-film evaporator as in Example 10 and separated off
together with excess formaldehyde and excess triethylamine. Distillate:
1390 g, bottom product: 774 g.
15 In a 1 1 flask, the above 774 g of bottom product are heated
and low boilers are distilled off via a Vigreux column. The temperature
is increased from 140°C to 180°C. Finally, reduced pressure of 300
mbar is applied. Distillate: 411 g, bottom product: 351 g.
238 g of methanol and 1.8 g of sodium methylate are added to
20 the resulting formate mixture (351 g) in the same apparatus, and 295 g
of a mixture of methyl formate and methanol are distilled off at
atmospheric pressure. A subsequently performed distillation gives the

following fractions:

I bp., 110-125°C 24 g 80% of TMP (GC)
s O bp, 148-160°C 2273 g 99.3% of TMP (GC)

OI Residue 654 g

The TMP yield over all working-up stages (with respect to n-
butyraldehyde) is 87.9% (91% with TMP in the residue).

3 Example 28



t ri rret hyl ol al kane under goi ng- conpl ete transesterification with the nethano
present in colum 11 in excess relative to the formc ester, to give
1,1,1-trinethyl ol al kane and the very onzgoiling met hyl formate. The 5

met hyl formate is renoved fromthe proceSs at the top of colum 11, via
line 16, and is further used, for exanple for the preparation of formc
acid or formam de. The transesterification mxture of colum 11, which has
been freed fromlowboiling nmethyl fornate and essentially consists of the

10 trial kyl ami ne, egg.qsmrr&t lam tﬁrﬁ?“g‘gtpﬁl]‘“iL’O*[f?-h}eéﬁﬁ}}h?’Lf' al kane,

is taken off at the bottom of col'um 11 an ssed vi a o the

m ddl e secti anobfamblldTmmILef formuiteiphiet (5% mtrshgthe 4.5 AEIPArétREsddnt o f our
fractions, ie. a) arelatively |lowboiling m xture which essentially
consi sts of tReraQUF} dRtona CoRtipvquslyn @perated aregrtiom ¢ascade gemprising taree he t op

of 15 <colu 0 Y] [ A3, to.col ym 1 ). a mxture which
consi sts es%#?%@ﬂ“%“?&ﬁ‘{‘ gg&%# g"n%i r@&gé at u?‘ § ol i"?@%&@“ﬂeom t he
upper parts ofeathease®!300nm#nd THeC Mirr&ll flasles hie Bedted Qs' RAGWS! flask @) = _
fraction which consists essentially of the 1,1, 1-trinethylolalkane and is

separat ed of 42°f tfask| Jwer 60X+ iflesk 3 <= dI8ikn 18 and fed via line 19, for 20
cxarmle £0 the tank sgiy B ot e Pl 8" Bbbied il 201! 170
g:)lslt Llrlsat i on 1920 UgMin"P tro@lbP \evapdtatord- Therehfidr, [the reSitwad gedddally hi gh
heated to 180°C at atmospheric pressure and finally reduced pressure of
10 300 mbar is applied at this temperature. Water, formaldehyde and
triethylamine are distilled off via a Vigreux column. 400 ml of methanol
are added to the residue, and 40 g of triethylamine are introduced.
Methyl formate, methanol and triethylamine are then distilled off. The
remaining methanolic solution is concentrated until it contains 50% by
1s weight of trimethylolethane. Trimethylolethane separates out as a result
of the addition of methyl isobutyl ketone, and trimethylolbutane is
separated out twice more from the mother liquor by further concentration;
a total of 342 g of trimethylolethane are obtained. The yield (with

respect to n-propanal) is 75%.

Example 29
31.6 ml of triethylamine (1.5 mol) 15.5 ml of n-propanal (1
mol) and 143 ml of formaldehyde (15% strength, 4.5 mol) are passed,
per hour, into a continuously operated reaction cascade comprising three
2s flasks connected in series and provided with a stirrer (reaction volume in
each case 300 ml). The stirred flasks are heated as follows: flask 1 =
42°C, flask 2 = 70°C, flask 3 = 78°C.
3845 g of the discharge thus obtained are evaporated down in a
rotary evaporator. The residue is then heated as in Example 28, water,
30 formaldehyde and triethylamine being distilled off via a Vigreux column.



The ‘cycl'e of the enbodi nent of the novel process according to 25 Fig. 1 is
t hus conplete. Losses of trialkylamne in the course of the process are
repl.eni shed by feeding in fresh trial kyl_ggi_ne, preferably by adding it to
reactor 3 via a feed not shown in Fig. 1.I'n anot her advant ageous

enbodi nent of the novel process for the preparation of

1,1, 1-trinmethyl ol al kanes from al kyl al kanal s and 30 fornmal dehyde, as shown
schematically in Fig. 2, reactor 21 is fed with - 16 - aqueous

f or mal dehyde ' L LiNEpa? i F hat h a ' ' nd with a
recycled tri a?@?rg‘!n%ge ?@?Jr]ra:’all gh%‘cﬁg V\E/gt g‘%’ %sgiltugr gm\ili%(tj gi lr)lta%g%.ﬁﬁfl&“ eequi red,
trial kyl anmi ne agonnusdided.n Methyd ofohnstep iméthanoprand egietlpddmine dreptheged by
+fresh trialkylamne via a feed not shown in Fig. 2. 5 In the
reaction in rditilled off. The sRmpning selution |is yeparated Jinto shyee dfractions dyi n Fi g.
-1, a product ﬁwl?{‘ havi ng essentially the sanme conposition as in reactor
3 is forned a | %ﬁssed via line 25, if necessary after prior

' concentratison] forFoemipl e in a fallim g | m 80% haMtrichéthjlofaedie’ €5C) -
which is not shown, to the mddle section of colum 26, 10 which

' practically cdkredpond8516026I urm 7 i 283i g. 1,98%heofetritethylobhutane ¢GEY om
reactor 21 i S[ﬁSt eorplzf ilsgl_1§§.,€escri bed lfZgrgt he fa%c%?%%h%ﬁoilﬂ%& Fi g.
74% of formaldehyde
bis(TMB)-acetal
10 The yield of trimethylolbutane (TMB) with respect to n-pentanal
is 58%, and the yield of formaldehyde bis(TMB)-acetal is 19%.

Example 30
27.6 ml of triethylamine (1.5 mol) 45.2 ml of aqueous

1s  acetaldehyde (13.8% strength, 1 mol) and 115.2 ml of formaldehyde
(20% strength, 5.5 mol) are passed, per hour, into a continuously
operated reaction cascade comprising three flasks connected in series and
provided with a stirrer (reaction volume in each case 300 ml). The
stirred flasks are heated as follows: flask 1 = 27°C, flask 2 = 30°C,
20 flask 3 = 40°C.

4376 g of the discharge thus obtained are evaporated down in a
rotary evaporator. Thereafter, the residue is gradually heated to 180°C
at atmospheric pressure and finally reduced pressure at 300 mbar is
applied at this temperature. Water, formaldehyde, triethylamine and

25 medium boilers are distilled off via a Vigreux column. The residue is
cooled to 60°C and 400 ml of methanol are added. After the addition
of 40 g of triethylamine, methyl formate, methanol and triethylamine are
distilled off. Pentaerythritol is precipitated from the remaining methanolic
solution and is filtered off with suction through a Biichner funnel. The

so mother liquor is freed from methanol, and acetone is added to it.



1,-and is separated into a |lower-boiling fraction which consists
essentially of trialkylam ne, nethanol, formaldehyde and water and is taken
off at the top of colum 26 and fed via,line 27 to a further colum 28 and
15" into a higher-boiling bottomfractidn consisting essentially of the
1,1,1- trimethylolal kane and its formc ester. Before being passed into
colum 28, the mxture fed in line 27 to colum 28 is advantageously
conmbined with a m xture which is recycled via line 29 and conposed

essential |y Bhuhkd BLEMAGAS. ¥'Sodhea WA or D PUE iRk P02 velY

also be fed into via a separate own 1 n Fi

contrast to Wietd qivithi fespdct a0 svetaldetiyde isn6r%Blumm 9 in the embodi ment
according to Fig. 1, the mxture added to colum 28 is separated into three"
fractions in such a way that a) a relatively low 25 boiling fraction

which is co egpentially of trialkylam ne and nethanol and contains
virtually ngﬁﬁg!gw;ier Is taken off at the top of the colum and is fed

\\zliha line 30 to the I3wal sfeeydleliexaiond tOJBtrh@lR @ad 165 ndll of 30 % strefigthi on
ich consists essentially of a m xture of the conponents trial kyl am ne,
f or mal dehydeformaldehyde (ise/oml) jare inidallyptakenpiayr & three-neckeds flasky 262 anly
recycled vi ao*‘ itplgmjzréxntix?e t(H.%sr:%% e gcfdeda&%p@se? the mixture heating up to
60°C. Stirring is carried out for a further 6 hours at this temperature.
The conversion with respect to cyclohexanone is 90%. The reaction
10 mixture is evaporated down in a rotary evaporator and then heated at
180°C in order to distil off unconverted cyclohexanone, water,
triethylamine and formaldehyde. Finally, reduced pressure of 300 mbar is
applied at 180°C. The residue of 70 g is taken up in 100 mi of
methanol, and 7 g of triethylamine are added. Methyl formate, methanol
1s and triethylamine are distilled off together as a mixture. 150 ml of
methanolic solution remain, from which 2,2,6,6-
tetrakis(hydroxymethyl)cyclohexanol is precipitated on cooling. The
remaining solution is freed from residual methanol in a rotary evaporator,
and further 2,2,6,6-tetrakis(hydroxymethyl)cyclohexanol is precipitated from
20 the residue with acetone. A total of 30 g are obtained.
Yield: 61%, based on converted cyclohexanone.
The Tables below list details and results from the above

Examples.



- 17 - -higher-boiling aqueous fraction enriched with byproducts, such as
ethylacrolein, is renoved fromthe process via |line 32. The high-boiling
bot't om product from col um 26, conS|st|ng essentially of the

1,1, 1-trinethylolalkane and its formc e ? is punped 5 via line 33 into
the m ddl e section of colum 31. Since the 1 1,1- trimethylol al kane and its
formc ester boil at a higher tenperature than the mxture fed to the | ower
section of colum 31 via line 30 or line 34 and conprising trialkylan ne
and methanol - the mxture fromline Bf 5 nlbe fed to colum 31 via a
Separate feed, not shown in Figure 2, advant ageously after prior
conbi nati on mnth the streamin |ine 30 - and the nmethanol additionally

i ntroduced into the | ower section of colum 31 via line 35, the relatively

hi gh- boi | i ng conpoundReagtion joft pripityraldehydeiaBA)aragueous formak ester come
into intimte contact C 1 opents o the

|l ower-boiling trial kyf’m %ﬁ&ﬁ&"%&@ﬂi’ﬂgd@dﬂ At B2AEOT ¢ he | ower
secti on ofs col um 31, cakadesémprifing tbee fusks! (1 K2 ind K)1-

trimethyl ol al kane undergoing virtually quantitative transesterl fication

with the met __,__,,,,A_f,A,,,,,,,,_,,W“,ﬁ___hv‘_“_,,A___m__,__#,‘,__,,_____gl C
ester, to gi L aTem ely Gg\/vami,g,* % Byt hyll
formate. The [ Y fé*))mb?%e pf ocess ghpe*top off
colum 31 20 || vi ' : erificatioph m xture~o ol um [|31,

whi ch has bee

10

15

20 V) Particular temperature (°C) in flasks 1 - 3
*)  GC determination after silylation of the discharges with N-methyl-N-



freed fromthe |owboiling nmethyl formate and is conposed essentially of
the trial kylam ne, excess nmethanol and the 1,1, 1-trinethylolal kane, is
taken of f at the bottom of columm 31 and,passed via line 37 into the mddle
25 section of colum 38, in which this mxture is separated into three
fractions, ie. a) arelatively lowboiling mxture which consists
essentially of nethanol and trialkylamne and is taken off at the top of
~colum 38 and, after renoval of a bleed-streamthrough line 34, recycled

via l+ines 29 and 2ﬂnfeg,ycsg uﬂﬂug,%acéﬁmﬂefwgﬁtmgmmtmap@ns| sts essentially

~of 30 1,1,1-trinst ;qi Mp.n@: In the | ower section of
col um 38 and f, ﬂm O5f Gg% e tank farm and c) a
m xture which con§?€ s ;ﬁﬁﬁ |ng byproducts and is renmoved fromthe
DGi a |ine 40. The bl eed- stream cont ai ni ng

process at _thewp
met hanol ahd tri ah@ S?ﬁengmﬁnﬂ’ lhﬁil‘@n 5 off fromline 29 by neans of line

34 i s advant ageously conbined with the nethanol/trial kyl am ne streamin
line 30 and fed with this to columm 31, in the manner described. The anount
. of the bleed-streamrecycled via |ine Bgbleangl 30 to the transesterification
colum is of course controlled so that a steady-state equilibriumis
established in the plant, 10 corresponding to the reaction and

distillation conditionsgusadaP¢ 138° bbildrS(triethylamine, water,
10 formaldehyde) in a falling-film evaporator

at atmospheric pressure

15

20 9 Titrimetric determination
*)  Titrimetric determination (according to Karl Fischer)
-~ **) Feed is bottom product from Example 11



in the preceding part of the description. Exanple 1 32.1 m of
triethylamne (1.5 nol), 13.84 m of n-butyraldehyde 15 (1 nol) and 134.2
m " of formal dehyde (15% strength, 4.5 ) are passed, per hour, into a
continuously operated reactor cascade cdhprising three flasks connected in
series and provided with stirrers (reaction volune in each case 300 m).
The stirred flasks are heated as follows: flask 1 = 42C, flask 2 =
60[err]C flask 3 = 78[err]C. The crude yield 20 determ ned by GC anal ysi s
is 89% of TMP (trinethyl ol propane), agtf#ihg formc acid content is 5. 2%
Exanples 2-9 in Table 1 were carried esirn'larly to Exanple 1, at the
sane tenperatures but with different concentrations of the starting
materials. 25 For separating off the |ow boilers and water, the crude

di scharge from Exanpl e Estesifjoatipn cofacrudeo TMIP edischargésnim aa fal ling-film
evaporator which is heated at é&%rﬂl The felled is 120 m/h, the bottom
30 discharge is 43 g/h and th u AL « i s 30 g/ h. The

distillatg - 19 - Feed to 8th tray, heating by forced-circulation
evaporator

Titrimetric determination
*)  Feed from bottom product (Example 10)



has two phases; distillate conposition: 87% of_water, 8.5% of
triethylam ne, 3.5% of fornal dehyde and 1% of nethanol. Exanptes—1 to 14 5

Thé procedure is as in Exanple 10. The rfssults i ' le 2.
Exanple 15 A mixture of water (21%, formc aci wmmugﬂmynm&gaam ne 10
(27%, TMP (37% and formal dehyde (1% is punped*tocthe s of a
10-tray bubble cap colum (V = 300 m) (feed 214 m/h), which is operated
at a top pressure of 63 nmbar and a bottomtenperature of 194[err]C The
bottem di scharge is heated by neans of a forced-circulation evaporator-
(reaction volunme = 150 m ), fromwhich 100 g/h of TMP 15 formates are
punped cont i rasogeiginallyhfiledondensate has two phases. Exanples 16 to 18 The

procedure is in principle as in Exanple 15. The nodifications and results
are listed in Table 3. 20 Exanple 19 The bottom di scharge from Exanpl e 10
(12.5% of water, 13.5% of form c aci 3% f triethylam ne, 30% of
tri met hyl ol propane and trinethyl ol propané hemi formals, 3% of dimeric TMP
and 4% of sbis-TMP- 25 formal dehyde acetal, the remainder (high boilers and
medi um boi | ers) .
1. A process for the preparation of a polyalcohol product by
reaction of, an alkanal or ketone with formaldehyde in aqueous solution
in the presence of a tertiary amine, wherein the reaction is carried out
using a temperature gradient with increasing temperature, preferably with
10 a two- or three-stage temperature gradient, particularly preferably in the

range of 20 - 90°C, and for 0.5 - 24, in particular 1 - 6, hours.

2. A process for the preparation of a polyalcohol, wherein a

~polyalcohol formate is transesterified with an low-boiling alcohol of the
1s formula ROH in the presence of a tertiary amine, pfeferably a

trialkylamine, as a transesterification catalyst to give a polyalcohol and a

formate of the formula

» _ /Ol
H—-C N
O—R

where R is a hydrocarbon radical, preferably alkyl of 1 to 6, particularly
preferably 1 or 2, carbon atoms.

3. A process for the preparation of a polyalcohol, which comprises
30 the stages:
(a) Reaction of an alkanal or ketone with formaldehyde in aqueous
solution in the presence of a tertiary amine, to form a formates
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being 2% is punped to the 8th tray of a 10-tray bubble cap colum (V = 300
m) (feed 150 m/h), which is operated at a top pressur and a
bottom tenperature of 194[err]C. The botjom di scha ' nmeans of
a forced-circul ati on evaporator (reacti ot vol ume :“mmmjﬁﬂﬂ? m whi ch
62 g/h of TMP formates are punped continuously. * ] nsate

(87 g) has two phases; distillate conposition: water (55%, formaldehyde
(5.29, triethylamne (36.5% and nediumboilers (3.3% . Conposition of

bottom product: T . 290 0%, 5 TMP diformate (25%,
TWP triformate (5 nélﬁﬁﬁp%gﬁ%@ﬁgﬁﬁﬁ(gﬁg] - TMP and di - TMP formates,

f or mal dehyde (b} s (FelMdvaR et whteriNekcksy Mgty NatsimebiextdyFlormameRyde Or mat es.
Exanple 20 to A m xture of TMP, TMP nonoformate, TMP diformate and

TVP L f or mat(e (3tr¢a3i:_ag mfg mmmi;;gemh?uremfrfm @) withveemgyel t@f fg"ﬁ“"‘;;ﬂ
ne ate, 1S punpe X . Ji I OL. a LI ca
col u%/n (V = 368 W‘%ﬁ”ﬁ M‘PJ?&'%QE H‘ﬁ“‘gﬁ I&g{he?%mabpgoo]f?wec%a ously \F/)i a

the bottom flask fheegsyileshoro! ure = 360 ni). 180 mi/h

(d) transfer of tertiary amine removed from stage (b) and/or from stage
(c), to synthesis stage (a) and/or to the subsequent transesterification

stage (e),
(e) transesterification of the resulting formates of the polyalcohol from
10 stage (c) with an alcohol of the formula ROH in the presence of a
transesterification catalyst to give polyalcohols and formates of the
formula
Ol
15 - /
H-C N
O—R
2 where R is a hydrocarbon radical, preferably alkyl of 1 - 6,

particularly preferably 1 - 2, carbon atoms, and
(f) isolation of the polyalcohols.

4. A process as claimed in claim 3, wherein the transesterification
2s  catalyst is a tertiary amine.

5. A process as claimed in claim 1, 3 or 4, wherein the ratio of

the reactants is 0.5 - 10, preferably 2.5 - 6, mol of formaldehyde and

0.6 - 5, preferably 0.8 - 2, mol of tertiary amine, based on 1 mol of
30 alkanal or ketone.

6. A process as claimed in claim 3 or a claim referring to claim

_—
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15 of -reaction mxture are renoved fromthe bot+oem-by neans of a punp, and

53 m/h of distillate are obtained at the top of the colum: The

conposition of the discharges are |listed_in Tabl e“"]lﬁ_mwmm uﬂm”nd 22

were carried out simlarly. 20 Exanpl e 2% and 25

principle as

in Exanpl e 20, except that triethylam ne is"added instead of

sodi um net hyl ate. Table 4 shows the working conditions and results. 2s
Exanple 26 176 g of the bottom di scharge from Exanple 19 are stirred with

300 g of et

m nutes at 48?2?|ﬁ nd”l’ﬁ%‘?éggfite{ai) %c}l’ %P%ﬁ?‘ngo%ﬁgpéérﬁﬁfgg?&ﬁ%%k?’t ;10I30and

triethylam

30 -=are then
nbar : -21
|1 bp. 140-
218- 225[err]

10

ﬁE&thétfehﬂpGﬁu&Ef préferaBlys A O%wo- oY H{fee-s% ? el 54 A9 fractions

obtained in the sane apparatus at a re pressure of 2
gradient, pasticulady iefeeably Gn the range of £0y- 90°C, #Pdmf 0BVP ( GO

ol er 124 g 99.3% of TMP (GO I11  bp.
02146 oy m]“c“‘*'éolg 6, houg, o0 5t TMP, 86% of di- TMP and TMP FA TMWP

7. A process as claimed in claim 6, wherein the temperature
gradation is effected in a three-stage reactor cascade using temperatures of
20-40°C/40-70°C/70-90°C, preferably about 40°C/60°C/80°C.

8. A process as claimed in any of claims 2 to 10, wherein the
transesterification is carried out in the presence of a trialkylamine as a
transesterification catalyst, the amount of the trialkylamine used being 0.01
- 75, preferably 1 - 50, mol %, based on 1 mol of formate of the

~ polyalcohol formate as 100 mol %.

15

9. A process as claimed in claim 3 or a claim referring to claim

3, ‘wherein the material isolated from stages () and (b) is separated into

the following mixtures in a sﬁge (g), the separation preferably being

carried out by distillation:

1. an alcohol/tertiary amine/water mixture, at least some of which is
fed to stage (e),

2. a mixture of water and formaldehyde, at least some of which is fed
to stage (a), and

3. an aqueous solution enriched with medium boilers.

Preferably the desired polyalcohol and a mixture of alcohol and tertiary

amine are obtained in stage (f) by separation, preferably by distillation,

and some of said mixture is recycled to stage (e¢), and a part of this

mixture of alcohol and tertiary amine is transferred to a stage (g) in

which materials isolated from stages (b) and (c) and this bleed stream

from (f) are separated into the following three mixtures, the separation
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s - 1V+ Residue 2 g Fraction Il, has an OH nunmber of 1232.
The yield of TMP with respect to n-butyral dehydeEx, reaction
stages (Exanple 1, Exanple 10, Exanple 1 _. ilmlumilmﬁmmyuﬁ crude
di scharge from Exanple 1 are dewatered by means of a- faII|n -fPIm
evaporator as in Exanple 10 and separated off together W|th excess

formal dehyde and excess triethylamne. Distillate: 1390 g, bottom product:
774 g. 15 In a1l 1 flask, the above 774 g of bottom product are
heated and | o j a Vigreux colum. The
tenperature ié\te?ér%?:'%@ase ??gllm 13{5{[ 6? zfl%ﬁlla‘(i'o 80[err]C. Finally, reduced
pressure of 300 n‘anralumoumhax?dammesnnxmmtait lédst @meof twtiithriodedtro 351 9.
238%g of nethanol and 1.8 g of sodium nethylate are added to 20 the
resulting for mat e S@A8&t@he (351 g) in the sane apparatus, and 295 g of a

oressure. A stibscAUSRETFE fﬁ%ﬂﬁﬁﬁéﬁﬁfﬁsm{%ﬁ% 313 244 B RS ©

fractions:sl b €ed lo stape-Gyohad r] C 2.4 80% of TMP (GO
25 11  bp[err] 148-160[err]C 227.3 g 99. 3% of TVP (GO 111
Resi due 3. an aqueousssojutgonrieariched with| mediusy bailerswor ki ng- up st ages

(wWth respect to n-

10. A process as claimed in claim 3 or any of the claims relating
back to claim 3, wherein the process is carried out without hydrogenation
10 of the product mixture of stage (a).
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butyra dehyde) is 87.9% (91% with TMP in the residue). 30 Exanple 28 -
22 - 32.4 mM of triethylamine (1.5 nmol) 11.1 m of n-propanal (1 nol) and
147 m of fornal dehyde (15% strength, 4.5 nol) are passed, per hour, into a
continuously operated reaction cascade cé%prising three flasks connected in
series and provided with a stirrer (reaction volume in 5 each case 300 m).
The stirred flasks are heated as follows: flask 1 = 42[err]C, flask 2 =
60[err]C, flask 3 = 78[err]C. 3800 g of the discharge thus obtained are
evaporated down to 1010 g in a rotary evaporator. Thereafter, the residue
I's gradual ly heated to 180[err] C at atnospheric pressure and finally

reduced pressggrﬁnﬂ% file00 nbar is applied at this tenperature. Water,
formal dehyde and triethylam ne are distilled off via a Vigreux colum. 400
m of methanol are added to the residue, and 40 g of triethylam ne are

I ntroduced. Methyl formate, nethanol %Ej triethylamne are then distilled
of f. The remaining nethanolic solutio stracbncentrated until it contains
50% by 15 5 wei ght of trinethylol ethane. Trinethyl ol ethane separates out as
a result of the addition of nethyl isobutyl ketone, and trinethyl ol butane
i s A process for the preparation of polyalcohols comprises the

stages:
(@) Reaction of an alkanal or ketone with formaldehyde in aqueous
solution in the presence of a tertiary amine, to form a formates
10 containing polyalcohol product mixture,
(b) removal of water, excess tertiary amine, excess formaldehyde
(c) heating of remaining mixture from (b) with removal of further
formaldehyde and tertiary amine with formation of the formates of
the polyaicohol, _ _
t1s (d) transfer of tertiary amine removed from stage (b) and/or from stage
(c), to synthesis stage (a) and/or to the subsequent transesterification
stage (e),
(e trangesterification of the resulting formates of the polyalcohol from
stage (c) with an alcohol of the formula ROH in the presence of a

20 transesterification catalyst to give polyalcohols and formates of the
formula
Ol
/
H-C N
25 | O-R

where R is a hydrocarbon radical, preferably alkyl of 1 - 6,
particularly preferably 1 - 2, carbon atoms, and
(f) isolation of the polyalcohols.
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g3

1.14

133

105
3.28
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NaOMe
0.125%

74
58

1.8

bottom

Table 4
21
133
153

0.94

NaOMe
0.25%

111
88

2.7

bottom

Bubble cap column (10 trays)

20

145

10
NaOMe

TMP monoformate (42%), TMP diformate (19%) and TMP trifi
162

-33-

1%

161

128
4
bottom

% by weight

Mixture of TMP (37%),

H,0 = 0.09%
HCOOH = 0.1%

Volume: Column (360 mi) + flask (340 ml) = 700 ml

Feed 1:

5
10
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1R The yield of

Qg n-pentanal is 58% and the yield of
danple 30 27.6 mM of triethylam ne
ehyde (13.8% strength, 1 nol) and
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on anq is fliltered offf with suctfi on througlf a Buchner
funnel . The 30 frother |liquqr is freed]fromfmethanol, and agetone is added
to it - 24 - Furt.hrmpeﬂta Veb b i L Pl B S taiinedy Atogdl of 283 g are
obtai ned. The yipld (MNi|th r ¢sPeCt™tD Aget al deRyde) iFE BSHoRMxample 31 5
31 m of cyclohekanone|(0.3{nol) and 1$5 m |of 3Q% strengt hjif or mal dehyde
(1.5 nol) are inftially takgn in a thr¢e-neg¢ked fill ask. 62 nif| of

triethyl am ne (0 45 nolj) argq added dropwi sel the|m xture hedting up to
60[err]C. Stirri guis (rarriéed out for @ furfher 6 hours at fjhis

t enper at ure. The canvelsionfvw.th respe¢t_tojcycl he@noqg‘)\ 90% The
reaction 10 m't re‘&is-evq\ rFtREG @YW n| &r of an e APGP t or and t hen
heated at 180 er} o distil]off ¢inconyert®d && fhexanone,
water, triethyl am mal dehyde. | Finajly, feduced pregsure of 300
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residence time

Average

a) Composition (GC % by area)MeOH 5.1; NEt3 20; TMP 72.5; TMP formate 1.5
b) Composition (GC % by area)MeOH 7.1; NEt3 26; TMP 65.4; TMP formate -

“ Conversion

Distillate
| Composition

Temperature
| o)
Bottom
| discharge




t et raki s( hydr oxymet hyl ) cycl ohexanol is precipitated on cooling. The

remai ning solution is freed fromresidual nmethanol in a rotary evaporator,
and further 2,2,6,6-tetraki s(hydroxynethyl)cycl ohexanol is precipitated
from20 the residue with acetone. Atotal of 30 g are obtained. Yield: 61%
based on converted cycl ohexanone. The Tables below |ist details and results

fromthe above Exanpl es. - 25 - Table | Reaction of n-butyral dehyde
(nBA), aqueous fornmal- dehyde (FA) and triethylamne (TEA) in a reactor 5
cascade conprising three flasks (K1, K2 and K3) Ex Mol ar ratios R-
Temjer at ur GC anal ysis (% by melght)**) (h) FA. nB TE Herr]

K K K ™ Di- TP/ - A A 1 2 3 P TW

FA/ TMP 10 1 4.5 1 1.5 42. 5 42 60 78 89. 6.5 3
5 2

-36 -

Methyl formate
Triethylamine



2 4.5 1 1.5 42. 4 42 60 78 85. not 35

5 deter- mned 3 4.5 1 1.5 42. -8 -42 60 78 82 not 3.
5 ‘ deter- mned 4 3.5 1 2 33 5 42 60 78
81. not 35 deter- mned 5 4 1 1.5 26. 5 42 60
78 83 - 7.5 2 6 15 6 5 -1 1.5 26. 5 42 60 78 83
5 5.6 6W09718313 1 2.5 26. 5 42 6‘0 78 83 2PGI/EP96/04922 G D
8 6 1 1.5 52 5 42 60 78 59 4 1 2
37. 5 42 60 78 85 8.4 3 81/2?0 - Particul ar
tenperature (C) in flasks 1 - 3 **) GC determ natlon after silylation of
the di scharges with N-nethyl-N - 26 -
| 9, 12
5 4 8

] y.v

2 — 10

—P 13

3 7 _
14 "y _
BN N £ N N g
20,
) | | 18
15| |16
—>p

FIG.1



trinmethylsilyltrifluoroacetanm de with internal standard TWMP/ FA/ TIVP
For mal dehyde bi s(TMP)-acetal D -TMP: Dineric ethers of TMP TMP:

Triméthyl ol propane 5 - ***) Residence tinme in hours Table 2 Renoval of
lI'ow boilers (triethylamne, water, 10 f or mal dehyde) in a
falling- f|In1evagorator at atnDspherlc pressure EXx. Tenp. Feed
Distillate H[err]U*) ([err] O ' PCT/EP96/04922

pr oduc H*) (n1/h) (g/h) (%9 (9/h) (%9 10
150 - 120 - .80 - 43 . 13.52/2 .12 15 ... 11 130

250 .7 - 83 167 . . 8.4 52 12 - 150 250***) 114
140 -~ - 13.8 - --20 13 - . 180 _ 120 -~ 88 33 - - 12.8
13 14 170 90 65 25 12. 2 14 20 . *) '

Titrimetric determination **) Titrimetric deternmination (according to Kar
Fi scher) ***)Feed is bottom product -from Exanple 11

28
32 ->
24 o7 29
— |25
23 —> 30
: < 34
21 26 :
| 29
3B gy
37 39,
. " — > - |40,
. - . i :
) ' 38
3sT 36 | =

FIG.2
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reaction of, an alkanal or ketone with formaldehyde in aqueous solution

in the presence of a tertiary amine, wherein the reaction is carried out

using a temperature gradient with increasing temperature, preferably with

10

range of 20 -

a two- or three-stage temperature gradient, particularly preferably in the

90°C, and for 0.5 - 24, in particular 1 - 6, hours, and

0.6 - 5, preferably 0.8 - 2, mol of tertiary amine, based on 1 mol of
alkanal or ketone.

s 2.

" A process for the preparation of a polyalcohol, which comprises

the stages:

(a)

@

©

(®)
(©

Reaction of an alkanal or ketone with formaldehyde in aqueous
solution in the presence of a tertiary amine, to form a formates
containing polyalcohol product mixture according to claim 1

removal of water, excess tertiary amine, excess formaldehyde
heating of remaining mixture from (b) with removal of further
formaldehyde and tertiary amine with formation of the formates of
the polyalcohol,

transfer of tertiary amine removed from stage (b) and/or from stage
(c), to synthesis stage (a) and/or to the subsequent transesterification
stage (e),

transesterification of the resulting formates of the polyalcohol from
stage (c) with an alcohol of the formula ROH in the presence of a
transesterification catalyst to give polyalcohols and formates of the
formula

- 27_- Table SREPLACEMENR SHEED] - crude TWP discharges in a 10-tray bubble
cap ¢olum 5. “§o 8th tray, heating by forced-circul ation
evaporat or Ex. e uge ([err] Q. R%SM HCOO
sure- WJJL conver duct on*‘ ot t 0 Tra
Top (mba (fiAb—(nd/hom \ 5 !u 10
15 193 178 78 39 64 214 100 98. m'" " l””!l
44  L—tia- yan g T00 97 17 193. 178
63 120 52 98.7 18 196 191 110 150
99.5 19* 194 180 112 32 32 150 62 99.5
) Titrimetri **) Feed from bottom product (Exanple 10)
A We claim: -
‘ s :
1. A process for the preparation of a polyalcohol product by
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28°5. We claim 1. A process for the preparation of a formate

cont ai ni ng pol yal cohol product by reaction of, an a ket one with

f of mal dehyde in aqueous solution in the Jresence of a tertiary am ne,
wheréin the reaction 10 is carried out using a terrp um'"amﬁuﬂ

I ncreasing tenperature, and for 0.5 - 24, in partlcul "’Ma
0.6 - 5, preferably 0.8 - 2, nol of tertiary am ne,. based of 1"nof of

al kanal or ketone are enl poyed, and the process is carried out wthout
hydr ogenati on of the product m xture. 15 2. A process for the
preparation of a polyal cohol, which corrprlqes the stages: (a) Reaction of
an al kanal or ketone with formldehyde i ueous solution in the presence
of atertiary amne, to forma for cont ai ni ng pol yal cohol
produ¢t .m xture according to claiml ?S\(ﬁrmval of water, excess tertiary

ami ne;} excess formal dehyde (c¢) heating of QerRi ni ng mxture from(b) with
removal of further formal dehyde and tertiary amne with formati on of the

formates of the polyal cohol,
mﬁmmmm\
[osnwm |

10

where R is a hydrocarbon radical, preferably alkyl of 1 - 6,
particularly preferably 1 - 2, carbon atoms, and
1s (f) isolation of the polyalcohols.

3. A process as claimed in claim 2, wherein the transesterification
catalyst is a tertiary amine.

20 4. A process as claimed in any of claims 2 or 3, 5, wherein the
transesterification is carried out in the presence of a trialkylamine as a
-~ transesterification catalyst, the amount of the trialkylamine used being 0.01
- 75, preferably 1 - 50, mol %, based on 1 mol of formate of the
polyalcohol formate as 100 mol %.

5. A process as claimed in any one of claims 2 to 4, wherein the
material isolated from stages (c) and (b) is separated into the following
~ mixtures in a stage (g), the sepanition preferably being carried out by
distillation:
3 1. an alcoholltettiary amine/water mixture, at least some of which is fed
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.(d) transfew Kp TR
(c) .t synt hes alHigr to the subseguent Llalleb[el’lTlcatlon

stage (e), (e) .“ansest erificatfign of t-Be resuliti |
pol yal cohol fro sté@JUL)Mt gn al cohol of th mu cj
~presence of a J0O L _transest:rlflcatlon cataly cohols and

formates of the effr] where Ris a hydrocarbon radl cal, and
(f) isolation Otk 10 3. A process as clainmed in
ZI aim 2, where: mtsbagetfcinsesterlfl cation catalyst is a tertl ary amne. 4.

process as_clained in n
transesteri f #cafi BHXHE 8 4‘%38‘51%%‘“5%‘1& QEZ%&B?’C &t Mhéﬁ%ﬁ fd ne as a
15 transesterlflt& ggn(agaraﬂ&yst t he amount of the trial kyl am ne used being
0.01% 75 nol % ed " on 1 nol of formate of the polyal cohol formate as
100 rol* % 53. an aqhepms)sdnaomsnubhmmdth mediwn dodexsf clains 2 to 4,
wherein the

5

Preferably the desired polyalcohol and a mixture of alcohol and tertiary
amine are obtained in stage (f) by separation, preferably by distiilation,
and some of said mixture is recycled to stage (e), and a part of this
mixture of alcohol and tertiary amine is transferred to a stage (g) in
10 which materials isolated from stages (b) and (c) and this bleed stream
from (f) are separated into the following three mixtures, the separation
preferably being carried out by distillation:
1. an alcohol/tertiary amine mixture, at least some of which is fed to
stage (e),
s 2. a water/tertiary amine/formaldehyde mixture, at least some of which
is fed to stage (a), and
3. an aqueous solution enriched with medium boilers.

6. A process as claimed in any one of claims 2 to 5, wherein the
20 process is carried out without hydrogenation of the product mixture of
stage (a).

7. A process as claimed in any of claims 1 to 6, wherein the ratio
of the reactants is 0.5 - 10, preferably 2.5 - 6, mol of formaldehyde.

8. A process as claimed in any of claims 1 to 7, wherein the
temperature gradation is effected in a three-stage reactor cascade using
temperatures of 20-40°C/40-70°C/70-90°C, preferably about
40°C/60°C/80°C.

30 - I
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20 material isolated fromstages (c) and (b) is separated into the

following mxtures . in a stage (g): 1. an:al ‘ne/ wat er

m xture, at |east some of which is fed to stlmlm mn‘m"m mpt lﬂE@LMEM\EN]EBHEET
and for mal dehyde, at |east sone of which is f*d m $0stage (a),

3. an“aqueous sol ut ion enriched wth medi um boil ers Preferably the de5| red
pol yaI cohol e .,al cohol anggtertiary am'ne are obtained in

stage (f) erably by dlstlllatlon 30 and sone of said

mxture is . {e), and a par ﬁRﬁFlL&CEMEN’T)SHEE?SOfS@ cﬁmo
and tertiarly e s PPRNS eEred to a stagk f Pestiibtidh: GhelPt €fd floid ..

I solated fr c) and this b 2 amf L
ah hree m xtures g{%ﬁféatéa ?qa 57
“xt-dir e,

separated i t b—t-tre |
being carripd out by distillafion: 5 1. an

at least some of whichis fed to stage (e), %bs\'/ﬂ‘fter/tlgg a1-§9 PaB -----
am ne/ f or mal dehyde m xture, at |east sone O V\/m chis fed to %%a‘geqéa) and
3. an aqueous solution enriched with medi unp boPAFELOF RECEIPT.. 2 0. .....

s We claim:

1. A process for the preparation of a formate containing polyalcohol
product by reaction of, an alkanal or ketone with formaldehyde in
U~ aqueous solution in the presence of a tertiary amine, wherein the reaction
10 is carried out using a temperature gradient with increasing temperature,

and for 0.5 - 24, in particular 1 - 6, hours, and 0.6 - 5, preferably 0.8

- 2, mol of tertiary amine, based on 1 mol of alkanal or ketone are

emlpoyed,' and the process is carried out without hydrogenation of the

product xmxture
15 '

2. A process for the preparation of a polyalcohol, which comprises

the stages:

(a) Reaction of an alkanal or ketone with formaldehyde in aqueous. »zl*’&
solutlon in the presence of a tertiary amine, to form a formates

20 contalmng polyalcohol product mixture according to claim 1

(b) removal of water, excess tertiary amine, excess fomﬁyde'

(c) heating of remaining mixture from (b) with removal of further
formaldehyde and tertiary amine with formation of the formates of
the polyalcohol,

2s  (d) 'transfer of tertiary amine removed from stage (b) and/or from stage
(c), to synthesis stage (a) and/or to the subsequent transesterification
stage (e),

(e) transesterification of the resultmg formates of the polyalcohol from

stage (c) with an. alcohol of the formula ROH in the presence of a
30 u'ansestenﬂcgnon catalyst- to give polyalcohols and formates of the



10 6. - AD
process is ¢
stage (a). ‘1
wherein the t
A process as| cf aithkdPR

{ hydrogenation of the product m xture
ss as clained in any of clains 1HE8LH}EMENT SHEET
nts is 0.5 - 10 nol of fornmal dehyde.

of claims 1 to 7, V\A‘IEFEIW
carried out Wfh a two-_or rlee-stage t@®merature gradiént. 20 9

process as clainmed in any one bf claims 1 to 8 wherein thﬂ' IE’I

i n the range! rr]C. 10. A process as

claims 1 to 9, wherein the 25 tenperature gradation is effect%dunna
t hr ee- st age reac'&pr cascade using tenperatures of

20- 40[ err] ¢/ 40- 70PBM¥RC 70-90[ err] C

\Q R

_ where R is a hydrocarbon radical, and
. (f) isolation of the polyalcohols.
o~
0 3. A process as claimed in claim 2, wherein the transesterification

catalyst is a tertiary amine.

4, A process as claimed in any of claims 2 or 3, 5, wherein the
transesterification is carried out in the presence of a trialkylamine as a

15 transesterification catalyst, the amount of the trialkylamine used being 0.01
- 75 mol %, based on 1 mol of formate of the polyalcohol formate as
100 mol %.

. 5. A process as claimed in any one of claims 2 to 4, wherein the
\'/ 20 material isolated from stages (c) and (b) is separated into the following
mxxtums in a stage (g):
1. an alcohol/tertiary amine/water mixture, at least some of which is fed
to stage (e),
2. a mixture of water and formaldehyde, at least some of which is fed
25 to stage (a), and '
3. an aqueous solution enriched with medium boilers.

Preferably the desired polyalcohol and a mixture of alcohol and tertiary
amine are obtained in stage (f) by separation, preferably by distillation,
3c and some of said mixture is recycled to stage (e), and a part of this
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mixture of alcohol and tertiary amine is transferred to a stage (g) in

which materials isolated from stages (b) and (c) and this bleed stream

from (f) are separated into the following three mixtures, the separation

preferably being carried out by distillation: _

1. an alcohol/tertiary amine mixture, at least some of which is fed to
stage (e),

2. a water/tertiary amine/formaldehyde mixture, at least some of which
is fed to stage (a), and

3. an aqueous solution enriched with medium boilers.

6. A process as claimed in any one of claims 2 to 5, wherein the
process is carried out without hydrogenation of the product mixture of

stage (a).

7. A process as claimed in any of claims 1 to 6, wherein the ratio
of the reactants is 0.5 - 10 mol of formaldehyde.

8. A process as claimed in any one of claims 1 to 7, wherein the
reaction is carried out with a two- or three-stage temperature gradient.

9. . A process as claimed in any one of claims 1 to 8, wherein the

temperature is in the range of from 20 to 90°C.

10. A process as claimed in any of claims 1 to 9, wherein the
temperature gradation is effected in a three-stage reactor cascade using
temperatures of 20-40°C/40-70°C/70-90°C.



