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catalyst to give the corresponding methylolalkanals, and then hydrogenated in a further

stage (hydrogenation) to give the corresponding polymethylols. This multistage

process is typically referred to as the hydrogenation process. This process is low in
35 coproducts.

After the first stage of the hydrogenation process, unconverted aldehydes and a

portion of the amine base are generally removed by distillation from the
methylolalkanals formed and recycled.
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In the distillation bottoms there remain - as well as the methyfolalkanals formed -

water, the adducts of formic acid and the tertiary amines used (amine formate)} and
formic acid itself.

In general, the polymethylolalkanal is obtained by these processes as a 20 to 70% by
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formate), which conprises performng Ilation of the
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preferably h%s1 the fol | ow ng conposition:
& onject of the present invention is achieved by a process for distilling an aquecus

25  polymethylol mixture which comprises a polymethyiol of the formula (1)
(HOCH,),— C —R )

R

in which each R is independently a further methylol group or an alkyl group having 1 to
30 * 22 carbon atoms or an aryl or aralkyl group having 8 to 22 carbon atoms, a tertiary
amine, water and the adduct of tertiary amine and formic acid (amine formate), which
comprises performing the distillation of the hydrogenation discharge in a distillation
column which is connected at the bottom to an evaparator, the bottom temperature
being above the evaporation temperature of the monoester of formic acid and
35  polymethylol (polymethyloi formate) which farms during the distillation.

The aqueous polymethylol mixture used in the process preferably has the following
compaosition:

20 to 90% by weight of polymethylol (1),
40 0 to 5% by weight of methanol,
0 to 5% by weight of tertiary amine,
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(HOCH,) —c — CHO 1)

R R
25
and then, in stage b), distillatively separating the reaction mixture obtained fram
stage a) into bottoms comprising predominantly com pounds of the formula (I1), and a

top stream comprising low boilers, and, in stage ¢), hydrogenating the bottoms
discharge from stage b).
30 '

In the first process stage a) (aldol reaction), alkanals are generally reacted in an aldol
reaction with formaldehyde in the presence of tertiary amines as a catalyst.

Formaldehyde is generally used in the process as an aqueous formaldehyde solution.

35  Industrially available formaldehyde is typicaliy sold in aqueous solution in
concentrations of 30, 37 and 49% by weight. However, it is also possible to use
formaldehyde solutions of up to 60% by weight in the process.

Industrial formaldehyde generally comprises formic acid as a result of the preparation.
40  The degradation products of formic acid can reduce the service life of the

hydrogenation catalyst in the downstream hydrogenation stage, which can result in a

decrease in the yield of polymethylols. In a particular embodiment, formaldehyde which
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In addition to the preferred use of isobutyraldehyde, which is used fo prepare
neopentyl glycol, it is also possible with preference to use, as starting materials, n-
butyraldehyde to prepare trimethylolpropane, acetaldehyde to prepare pentaerythritol

40  propionaldehyde to prepare trimethylolethane, and n-pentanal to prepare
trimethylolbutane.
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cascade. To establish the residence time, a portion of the reaction discharge from one
stirred tank can be recycled into the particular stirred tank reactor.
40  The discharge from the aldol reaction typically comprises unconverted starting

compounds, such as formaldehyde, alkanals and the tertiary amine catalyst used, with
or without water, ’

The dispharge from the aldol reaction further comprises a methylolalkanal of the
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noderate pressure in order not 35 to deconpose the met hyl ol al kanal s

(1) by eIev 0 dro val al dehyde

be. Convers acrh oA Gl A Mol et Bl fempiia s 2{%4 e wepkprgeings,
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t he point than TMA, the distillation conditions are selected such that the tertiary amines are
enriched in the bottom product.

The distillative removal should preferably be effected at moderate pressure in order not

35 to decompose the methylolalkanals (I} by elevated temperature. For example,
hydroxypivalaldehyde can be converted to hydroxypivalic acid neopentyl glycol ester
(HPN). On the other hand, the pressure should not be too low, in order still fo
condense the low-boiling alkanals, such as isobutyraldehyde, and amine base, for
example trialkylamine, such as trimethylamine, at the top.

40  The distillation should also not take place at too tow a pressure because the sofubility
of alkanal (Il), such as hydroxypivalaldehyde (HPA), in the aqueous solution abruptly
declines to about 1 to 3% by weight generally below about 60°C, depending on the
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35  The partial condenser is operated at a temperature in the range from 50 to 80°C and
preferably 55 to 60°C. The downstream condenser is operated at a temperature in the
range from -40 to +30°C and preferably -10 to +10°C. The top pressure is more
preferably 1 to 1.2 bar,

The bottom of the distillation column is preferably connected to an evaporator with a

40

short residence time, which js operated at a temperature in the range from 90 to
130°C, more preferably from 100 to 105°C, The evaporator is more preferably a falling
film evaporator; it is also possible with preference to use a wiped film evaporator or a
short path evaporator. What is essential is that a short residence time and hence 2 low
thermal stress are achieved. The evaporator can be supplied with heat in a suitable
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35 instage c).

The bo’{tom discharge from stage b) of the hydrogenation process comprises
methylolalkanal of the general formula (1) and is hydrogenated in stage c) of the
, hydrogenation process to the corresponding polymethylols (*hydrogenation”).
In the hydrogenation, preference is given to using catalysts which comprise at least
one metal of transition groups 8 to 12 of the Periodic Table of the Elements, such as
Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, An, Zn, Cd, Hg, preferably Fe, Co, Ni, Cy
Ru, Pd, Pt, more preferably Cu, preferably on a support material. o
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The hydroyge ragen or BBYEE CEMBbAYRE 4 § 0 2 ar,
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m xed with tgLt 1 ne_upstream of the hydrogenation reactor inlet
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separ atel y itat180 bére reactor and to nmx themthere. The F?eﬁe} 3’%9
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TVA. i i
The hydrogenation feed is generally mixed with tertiary amine upstream of the

hydrogenation reactor inlet until the hydrogenation discharge has a pH of 710 9. Itis
also possible to feed the hydrogenation feed and the tertiary amine separately into the

reaf:tor and to mix them there. The tertiary amines used may be the aforementioned
35  tertiary amines, especially TMA.

Ti?e reactic?n discharge from the hydrogenation (stage ¢)) is an aqueous polymethylol
mixture which comprises a polymethylol of the formula )]

(HOCH?_)z—— C—R ()]
40 R

in which each R is independently a further methylol group or an alky! group having 1 to
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. he
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formula (Il he@a@ags pblymafvionmiskire ﬁo@é‘&ﬁfe%d&rfhdsﬂq@%ﬁg?ﬁ? %AQP??.“OW

pol ynmet hyl ol 0571584 ?/'weight of tertiary amine,

0 to 5% by weight of organic secondary compounds,

0.01 to 5% by weight of the adduct of tertiary amine and formic acid (amine formate),
remainder water.
20

The organic secondary compound present may, for example, be the hydrogenated
form of the alkanal used, specifically an alcohol of the formula (i

R
f

HC—OH ()
R
25

in which each R is independently as defined above.

The aqueous polymethylol mixture is purified in accordance with the invention by
removing low boifers from the polymethylol compotind.

30  According to the invention, the low boilers are removed from the aqueous polymethylol
mixture by distiltation.

The distillation is preferabiy performed in such a way that low boilers, such as water,
alcohol of the formuia (111}, methano! and tertiary amine, are removed under reduced

35  pressure via the top, especially when the amine used has a lower boiling point than the
polymethylol formed, as is the case for TMA, TEA and TPA.,

When a tertiary amine which has a higher boiling point than the polymethylol formed is
used, ihe tertiary amine is removed at the bottom together with the polymethylol

40 formed and enriched in the column bottom in a downstream distiliation stage, while
polymethylol is drawn off as the top product.
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The top pressure is more preferably 0.001 to 0.9 bar, more preferably 0.01 to 0.5 bar. -

35  On the industrial scale, the vacuum is typically obtained by means of a steam gjector.
In the column bottom, preference is given to establishing a temperature which is above
the evaporation temperature of the polymethylol formate, such that the polymethylol
formate is converted completely or very substantially completely to the gas phase.
Particular preference is given to establishing a temperature which is 5% to 50% above

40

the boiling temperature of the polymethylol formate and most preferably 10% to 20%
above the boiling temperature of the polymethylol formate.

For example, in the case of preparation of NPG using TMA as the tertiary amine and a
pressure at the top of the column of 175 mbar, a column bottom temperature of
preferably 150 to 170°C, more preferably of 160 to 165°C, can be established.
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40 Prpjference is given to discharging, from the bottom of the evaporator, a discharge
which comprises predominantly the polymethylol compound. Discharge from the

circulation system of the evaporator is also possible,

The bottoms discharge is referred to in the context of the present invention as *

polymethylol". crude



i sobut anol frpmghgebut yral dehyde or n-butanol from n-butyral dehyde,
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descri bed above, such a crude pozly/pre\lq ot''is prefer )y obt ai ned by
nmul ti stagg reaction of al kanals Wth feyml dehyde. The crude

pol ynethyl ol is preferably obtained by the hydrogenati on process. In

order to re : atively. high-boiling acidic conponents present
in the bott g&rs%'%ﬁ%scéiﬁséﬁ/eﬁeﬁwpgﬁﬁd%ﬁi‘?ﬁ§g@4’6- the for %I a (1v) p with
| ow | oss of pol ynmet hyl ol conpound,
he crude polymethylol preferably has the following composition:
20

90 to 99% by weight of polymethylol (1),

0.01 to 5% by weight of hydroxy acid of the formula (v},

0 to 5% by welght of organic secondary compounds.

25 The crude polymethylol more preferably has the following composition:

95 fo 89% by weight of polymethylol (1),
0.1 to 2% by weight of hydroxy acid of the formula (v),
0 to 3% by welght of organic secondary compounds.

30 As d?scribed above, such a crude polymethylof is preferably obtained by multistage
reaction of alkanals with formaldehyde.

The crude polymethylol is preferably obtained by the hydrogenation process,

in order to remove the relatively high-boiling acidic components present in the bottoms
35  especially hydroxy acids of the formula (IV), with low loss of polymethylol compound '

the bottoms evaporator used in the distillation is, in a particularly preferred '

embodiment, at least one evaporator with short residence time, for example a falling

fllm evaporator with residue discharge, a thin film evaporator or helical tube
evaporator.
40



the bottons ewpp@g=mator used in the distillation is, in a particularly
preferred enbodi nent, at | east one evaporator with short residence
time, for exanple a falling filmevaporator with residue discharge, a
thin filmevaporator or helical tube evaférator. PF 61452 14 In a

particul ar enhaediaeotar bRBoBAEAOMe I be canfigured as a
tapering bot tyyioml A po&gg(g fc{rtﬂ If %rt(g‘@g;%:y?g’éd%‘%g“@ﬂ‘é‘ﬁ%ys?%%% lgurfaﬁ Ao 2ilaperipg
col um bottom e 7 STPPY SV e ey BeIMRE the Folumn pttem. i s
preferably p orned. under the foll ow ng 5conditions: Advant ageously,
t he conde satellreﬁe _{%@%ﬁ@@gﬁﬁ Ct”hc% s preferablynsifetnéchurlet the following
di st IIation%’Bﬁ'Uﬁ’ﬁ?:(reflux stream) to an extent of nore than 30% by
wei ght, nore preferably to an extent of nore than 50% by wei ght.
The condensat/ivhstageRER! &b into the top of the colum.
The condenser iﬁ.ﬁﬁat%@ég@aﬂg ﬁg%{mga% %g}égtagﬁﬁr’@ﬁ?ﬁo?qe?é‘s?rgﬁbeé’y?lﬁ%wflsfbeto
180C, pr ef or ah g 0 gk stream) ig-gR exlgpl 9 Mgreviban SR¥ayewkigi  reoray
preferably agrq:fér,ablago PO SYPHI o meee thand0% whivedght atheldontifiRaAs Brefdrilly
evapor at d§. Terycled|ntptedspiokhe solomhe preferably 0.001 to 0.9 bar. The
vacuumis typically generated on the industrial scale by neans of a

steam ej ecto - m.t erature is generally sel ected such
t hat poll ynet Ergg %Igpdggg%d%\%%r%ga afg%[rﬁ%er HE *%nggr;ge\,mqnp éo hym&,yprabil:laﬂﬂy

of the fornul enains in the colum bottom Preference is given
to est abl i shi'RgCcec!BaMmesium espoidreae oeg prdéraibly bSfdr Bs bbﬁim@w@aﬁg %@&0{%
to 150% 1pr ettersanie/tini®bvdperaléd0% nore preferably 110 to 130% of the
boiling tenperature of the polynethylol. 25 For exanple, in the case
of preparati?H %)f NPG us.ig% TVMA as the tertiary amne and a pressure
at the top of 'tHe FCOTUIRS 81°ra B ey 0.08% tx @9 bace is given to

est abl i shi ng T8 ¥¥uyfris bicelihyerergiet an thedndubtridalk Gy 20ns ofB58am eiector
preferably of 160 to 190C. The bottom of the distillation céﬁ unmm
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evaporator w.th Short @ef ety acidRe thefgemuia AV bismeinstinithe, colugnn bottom.

definition, W{D "EVEID B EN Bresatdighing a bottom faparadire gvhidh i Methd tHgh RIMYT €,
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di vi di ng_ t hetewpltiRe of tehBiyhicitig hol dup in the hot part” of ThE o

col umm ( olp&%}( ? Ietﬁﬁ sum of. reflux and feed volune flow of the
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t he hol dup of the evaporator (Vholdup. evaporator)

Vhol dup, bot up,...evaporator). The residence tine in the
evapor atj on .FMOHOM%H%V(B;%}P%%O@&%TP i Peederghly gonrecied e ableast pne bearabdtyr

stage |I's .
| ess than 30" %\.‘?fté?,' &R58 EMSr ef erabl y | ess than 15 ni nutes,
especially preferably less than 10 m nutes and nost preferably |ess

than 5 m nut®.bottom of the distillation column and the evaporator with short residence time
together constitute, by definition, the evaporation stage.

According fo the disclosure, the residence time of the evaparation stage is calculated
by dividing the volume of the liquid holdup in the hot part of the column (Vhaaup) by the
sum of refiux and feed volume flow of the column (Vhowup/{feed stream + reflux

stream)), the liquid holdup in the hot part of the cofumn (Vhaaws) being calculated from

the volume of the holdup of the column bottom (Vhotdup, bottom) PIUS the volume of the
holdup of the evaporator (
40

35

Vholdup, evapuralor) (Vholdup = thldup. bottom + Vholdup. evaporalor)-

The residence time in the evaporation stage is advantageously less than 45 minutes,
preferably less than 30 minutes, more preferably less than 15 minutes, especially
preferably less than 10 minutes and most preferably less than 5 minutes.
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shorter.

The first stage is preferably configured as a falling film evaporator or helical tube
35  evaporator,

Thé second stage of this particular embodiment js preferably a falling film evaporator
helical tube evaporator or thin layer evaporator., l

According to the disciosure, the residence time in the first evaporation stage is
calculated by dividing the volume of the liquid holdup in the hot part of the column
(Vholdup) by the sum of reflux and feed volume flow of the column {(Vhowup/(feed stream +
reflux stream)), the liquid holdup in the hot part of the column (Vnaiaup) being calculated
from the volume of the holdup of the column bottom (Vhotdup, batom) plus the volume of
the hOidUp of the evaporator (Vho:dup. evaporalor) (Vhoidup = Vholdup, baltem t Vho!dup evaporalor)
According to the disclosure, the residence time of the second evaporatior'w stage i.s
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According to PHe1gkscl osure, the residence tine of the second
evaporation stage is PF 61452 16 cal cul ated by dividing the liquid
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L. vapor a o) hepohlan o S804 BB i, LTS e et

evapor ati on Hhegen a e tenperat

| ast evapor a&k&graﬁi?g%gesgogrﬁé e@ﬁ%%ﬁ#g@ﬁﬂ% “PESTRIBARSY £ higher daiom

terrperat%,% es, of tnhe Second 30evaporation stage in the two-stage

conf i guréti oS MPAIGNRA appvep thestvaporant witPGharsieaeTonRScahte doff dt%{g

ani ne, in t heotkithart orexfapierabsitanE REEshdR r@?&é@&%‘tﬁrﬁg%?égqt@%g@ig@ to

170_Ca mor e pEaberafd, Yn Jdtﬁi%h Eé"sfétﬁgﬁst e Q‘Eﬂ%Bfai‘géby@e Faxizcantivies 199

resi dence U1 iRl L€eRablat G Tl ol

mnutes. In the second BYAPYe9od he resifience time mpe trettemperafurekad tHedast

220C, pr.ef er¥BPY2HHBS G GUBEpOridgo Hreabeideeytinestznl tbihestuAk ofihe second

resi denc¥® t iaver@atidrestage ihaime th-stagelioffigurdRf erably less than fos

m nutes and nore preferably less than 5 mnutes. The distillation

col umm pref I | | s for increasing the separating

40per f or mangﬂé,\ﬂ*é e%@&nﬁ%ﬁﬁwq ﬁ‘t"’éﬁ'ﬁmestefmwamim, ire e fipst evapoeation

present as & $FrUCPRARIPREERIRES 1850 ToaBThereasciarashast tRicAE, RACKI Ng

such as Mel IPeikbly e c¥tablisetint 2 rddtdencSim250ieby Pen 43 mitulod bRTerB0Y s’ ©

[or ¢ Qoa o omerest mRokssa uh dhoLALLKAY sl Aerlols f 96 3okt ng
Bl 80 55k, Bl

e

or a structurec g _ Blifbed 9t 2 (rsltencs thie bfaEakha5?5 Y.
Wiat are es, preterably less than 10 minutes and more preferably less than 5 minutes.

The distillation column preferably has internals for increasing the separating
performance. The distillative internals may, for example, be present as a structured
packing, for example as a sheet metal packing such as Mellapak 250 Y or Moniz Pak
B1-250 type. It is also possible for a structured packing with refatively low or increase::l
specific surface area to be present, or it is possible to use a fabric packing or a
structured packing with another geometry such as Mellapak 252 Y. What are

40
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preferably 5 to 5000 ppm by weight and more preferably 10 to 1500 ppm by weight of
polymethylol formate.

The uncondensed residual vapors comprise generaily, as well as leakage air and

traces of water, predominantly NPG, and are advantageously recycied directly in
gaseous form into the distiliation.

35

Preference is given to discharging, from the bottom of the evaporator, a discharge
which comprises predominantly higher-boiling compounds, such as hydroxy acids of
40 the formula (IV), for example hydroxypivalic acid (HPS).

The bottoms can either be utilized thermally in an incineration or be fed o a
downstream distiltation column, by fractionating it into several fractions.
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to be sent tBOUNYFOEAEMOEkSr educed, such that the 30di sposal costs in
the process according to the invention can be reduced. The invention

is illustrat BdUFbMFQMHfa@la'o@%?{efwo&éégpéo X le 1. 35 Preparation
of an soveouesralya bl S e AR e B iR
>99. 5 GC2ar 3B kIt it piwpetEolirearatiopprocesg 00 g/ h of

s R b pertviee ko el i i L
water) an icakabllit | %. | i
Lwo. st age Stég{?&%ﬁhé&‘ﬁ? ﬁggg%%ﬁj%%éiﬁ ve%&urﬂf?eg, Since mod! of fhe Cofmponents

. y recycling into the process, The
p.roportlon of compounds which have to be sent to disposal is reduced, such that the
30  disposal costs in the process according to the invention can be reduced.

The invention is illustrated by the following examples:

Example 1:
35

Preparation of an aqueous polymethylol mixture by the hydrogenation process

Stage a) Aldol reaction:

40 Approx. 750 g/h of isobutyraldehyde (approx. >99.5 GC area% of IBA) were reacted
with approx. 700 g/h of formaldehyde (approx. 49% formaldehyde, 1.5% of methanol

remainder water) and 80 g/h of trimethylamine solution (50% TMA in water) in a two-
stage stirred tank cascade.

1)



Stage b) DistPFbaagave separation of the reaction mxture from stage
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(STP)/ h) at ambi ent “pressute . The hydrogenati on was
perfornmed as_follows: 40 The starting solution used was the m xture
descri bell abtede @diveingeoafionaf therbottemdiiscARBE Ssm S8y wei ght based on
t he hydrogenation feed of a 15% aqueous sol ution of ‘trinmethyl am ne

dded t 1 f eed thus obtai ned was conducted in
1 e oo AR g b Sl S

ress
120C. The space e?g’fﬁdt %was 0.4 kg of HPA/ (lcat*h). A portion of
t he hydraoge ae Catalyel wrsraolivaietas fol fFs: 6 1452
5

150 ml of a Cu/ALLO5 catalyst as described in EP 44444 ang PF57216 were activated in
a tubular reactor at 190°C by passing over a mixture of 5%
95% by volume of nitrogen (total volume 50 1 (STP)/h) ata
24 hours.

The hydrogenation was performed as foliows:

The starting solution used was the mixiure described above as hydrogenation feed
AF)prox. 10% by weight based on the hydrogenation feed of a 15% agueous solutio.n of
trimethylamine was added to the mixture. The feed thus obtained was conducted in
trickle mode at H, pressure 40 bar through the reactor heated to 120°C. The space
velocity was 0.4 kg of HPA / (lea.*h). A portion of the hydrogenation discharge was

by volume of hydrogen and
mbient pressure for

40
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by means of a sinple commercial waterjet va 550 a/ h wer e
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in the bottohte feed%abvaGQMerﬁfosﬂ\é%_@uéﬁSdehAWﬁr‘téﬁeurrélg’foag%’ogé% Mg
of NPG for naataofu@wa@éﬁa&ﬁéﬁecf?w{g@'b%g%rﬁ,b%@ﬂ-‘%%ba??rgtog%% a8 astatishies. Ties
conditio t @y Sig4 " 4 30 i i .
e 5 B e 1 40t e it e
tablished in the bottons. . :
cornosi tion Theseretavavarestivplied thehddatidraBy 8% 5 Rira e MRG0 L0
conposi ti o . A &atigR evapraior o
approx. 5700heu iy aneirabsibiefo KRG, éi?éﬂgﬁn%egftagggtog%%n@ % & fRliingim
of an aq“eft@aﬁﬂé*ﬁ-ef s oJf%ﬁsﬂggfain%@%ﬁméowafeof@e i@ Pendenses; thisdreapiiates
glbtsf‘: |n|eg%5|f V;{H‘% E?P;ﬂ%lg'? aiﬁ_eg ﬁirtﬁglbrw@ﬂ}p{,e@mmﬁﬁ(’m\]r HeOvanugm wat bbiae8 @y means
sequences ofof 2apmge gepmeicial waterjet vacuum pump. Approx. 350 g/h of the distillate
obtained were discharged: approx. 250 g/h were metered into the column at the

uppermost packing section as reflux. The water used to obtain the vacuum was sent to
biological wastewater treatment.

Crude NPG with the following composition was obtained in the botioms;
97% by weight of NPG with approx. 400 ppm by weight of NPG formate.

30

Comparative example:

35  Under otherwise identical conditions to those in example 2, the boiling rate in the
bottoms was reduced to 75 g/h by reduction of the reflux. A temperature of 145°C was
established in the bottoms. Crude NPG with the following composition was obtained in
the botioms:

97% by weight of NPG with approx. 5700 ppm by weight of NPG formate.
40

Example 3: Distillation of an aqueous polymethyiol mixture from stage c)

The discharge obtained from the hydroxypivalaldehyde hydrogenation was fed to a
distiliative separation. A packed column (DN 50 mm) with three sequences of



structured pa€ki®idS52Zach of length 1 mand specific surface area 500
n2/ n8 was used. The feed is above the | owernost sequence. A top
pressure of approx. 70 nbar absol ute was ﬁstabl ished. In the bottom
a- tenper at ure_of 14$C was established. The val ue of 148C corresponds
to 120% of t h&TYSHIRY FREKBWIaaEh of lengRE 1 fro rntsreecifit: siffadelaiéa 500 hBfs RES LY
was supplied Tee fend iscatiovartheliywernessediiefbeN Aldl &gsﬁé %ﬁ?HXO .
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evaporator th futd Wvad i 0. Use _a r Sy AD PR or,
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top were fed ?aéu%fggﬁg:é%d’srgrgpoqq%ﬁygég&f Hietbolliag peiffor Nsofosmatbtaal d etar.
virtually conpletely at 10C. The vacuum was obtai ned by neans 10 of a
si npl e conmmer ETEFNSEt WaY BPpResico tha Ui by\BARXef a3 ird @k

6 0111 a1 S et bersal el iy B
used to obtaip Qet Vv Ct?uq%p%g’% %‘M# 338%}”8@%@1@ eadensarchis precipitates
treat ment, Cruges (PRI ViREally spmplateigatc ORE oRiehisomurnags obtaited 89 rielns
the bottotfs: 48 SYTOE BYMmelcist atshjeNRGUWR hm PRSIHSX. 346 9/HRTLY tv]ﬁqeght
of NPG for nat@.taﬂ’n'ﬁdamlbeliséhar&(ﬁ?abbﬂoﬁ.tZSBrb/mver%r}n%g%ﬁgrﬂgEiﬁocloYums% !
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i xt f . I obt ai ne mn atthe
hmy)o(lr 3§§pi Lgp?ﬁ%?gggﬁ%?%g?gﬁ%?ggﬁﬁg&? Wafer o4 tepaiein thevacusm was sent o

separati on. E ) ¢ eglp nm with three sequences of
structurggl‘5 p@a TP exéth the follewigy horponitmndvaspRBeifadtn #ddhagasar ea 500
n21n8 wadSus&d% Theeifeed NPS WboaDréh 200 GWET e. Atop
pressure of approx. 500 nbar absol ute m%gmtgp?m%maéhe bottom
a tenperature of 189C was established. The 25 val ue of 189C
corresponds =RaHhBE% Blst Ll Lng point of MPG formate at 500 nbar.
The ener gy wasasgppl i égﬁét%@nt%ﬁéj% "%ﬁ p‘ﬂi}‘"ﬁ%ﬁﬂ’é“'éwehff%ﬁtﬁgab)

circul at gﬁn ?_vap_orator though it is also possible to use a different
evapor at 61, f Bf diekhaigs ebtained bmitmghydroxypiesiapenye oy drod BB ARRE $ad to o
obt ai ned at ﬂlstﬂlatimqosamreafoﬁ.edpmeao@lgﬁﬂfeﬂﬁ%;m#ﬂkiﬁq Rr&cLpr tates 30 he
vapors obt ai gmtwéabé@&rlgyea%ﬂ'gplleﬁé\tgwm% 50C... Hﬁ VactTurowd¥e36t ai ned
by means of @,sidphe bco(\),rrg%rlci al ter] a¢ SReeilg s ea pPhmai® wasOseyl. h
of the distilla e o TE R %?rg'oafi‘%ﬂﬁ'ﬁ?@eﬁ;tomprpswe oRAtray. BOOBbEr

met ered i nt 02¢SPMIE WRE AHeRlishetén thepettomss tapaekitng o €84°CO A tdREH X The

The wat e#5 us¥alug of wa@bmrrésbendeatsuua%vwgqemﬁ,%ginp%ﬂﬁg%g@g V\ngﬁ ter

treatnment. 35Crude MPG with the follow ng composition wa & n
g
the bott oms: Q7% ' %t .oJa PG wi th approx. 400 ppm by weight of
e, DOLL O Y dhe %’4‘?% P dhe lumn By Biearssoffegratutaidictlbiiongevaporator
aqueous pol yIBYI 512150 Peesible tawisecn differept évapsrator ot la@hiiRffithhe
' / Hing-fil
formula (1) ®appRCHI)EGapoRR(dblained at the top were fed to a condenser: this precipitates
30  the vgpors obtained virtually completely at 50°C. The vacuum was obtained by means
of a lsmple commercial waterjet vacuum pump. Approx. 350 g/h of the distillate
obtained were discharged; approx. 250 g/h were metered into the column at the
ulppermost packing section as reflux. The water used to obtain the vacuum was sent to
biological wastewater treatment.
Crude NPG with the following composition was obtained in the bottoms:
0, H 1 X
97% by weight of NPG with approx. 400 ppm by weight of NPG formate,

35



i n which ea?} ﬁf“bg i ndependently a further methylol group or an al kyl
group having'1 22 carbon atons or an aryl or aral kyl group having
6 to 22 carbon atons, a 1lOtertiary am ne, water and the adduct of
tertiary amne and formic acid (amine f22nmate), which conprises

per form ng tcpe distillation in a distillation colum which is
connected at ?Wg bottomto an evaporator, the bottom tenperature

bei ng above the evaporation tenperature of the nonester of formc

aci d and polty mAtdngdess fof Histillimgearnaduebud elyrdteyloMikiah: WRIENSondiisbeg t he
distillation. gaﬁ,%eth}}gpofm{eo@m%g{:cor ding to claim1, wherein the

conposi tizon of e aqueous po y hyl ol m xture conprises 20 to 90%
by wei ght” of pol ynet hyl ol 0 5% by ght of t hanol, 200 to
5% by wei ght of tertiary am(}ﬁ@, "bszto A)byV}%\m ght of! organi c
secondary conpounds, 0.01 to 5% by weight of the adduct of tertiary
amne and formc acid (amne formate),Rremai-nder water. 25 3. The
process accordi ng to at |least one of clains 1 and 2, wherein the

agueous polyrre . ixfure is aiped in | tistage reaction

invol ving, in s e %%ﬁ'ﬁ&dﬁggﬁ% g‘fﬁﬁﬁ@?%m?ﬁylgrprﬁvﬂﬁrl %‘a@s'ioaﬁhw%

f or mal dehyde i ﬂt@ CHPRSRIATE OpRN Bt o arrlpy| arFiupdeving 640 2Atabys atotms, @i ve

ge; hyl gmw kalnatanaf aaTﬁe Waterandthé éhﬂ%ducﬂﬁ&él@mhnﬁam(ﬁfotrﬁldéﬁiﬂmﬁﬁlﬁﬂ y as
efined in cla dﬁ%ﬁ%}

distillativel yfdgan te?@é gl!\%_E“gtz’act Fﬁ)‘ﬂgtrl;lgex Hation ﬁg%gﬁlc#il %:n Co}um? Wh[Ch

into bottons c'c?r?%ﬁﬁésq ncJ é}g’Pe 3 AR &R 'bﬁ??d%o%f"q?ﬁ‘aer%ﬁnﬁﬁ?‘ %%

and 35a top st F"@aﬁ‘(ﬁg\ﬂ??ﬂﬁ‘ t@'@ﬁﬁﬁat%%gf th%WOB@-’r’@@f gormigvetid and Mm@hml

hydr ogenati ng fdulynisttyiad femdies ehizh demb donnghagstittion. 23
tri met hykol but ane. 5. The pr ocess according to claim4, wherein the

pol ynet hyl ol, i tyl 5,6.. The process_accQording to at

| east one o cﬁggﬁ@%&% g,%.-éﬁ' S PRI 1HeTeT 2y gﬂ?m@‘%%aq&o
triethyl am ne, p'P'V"”eWYB‘rrB%W%@RW'Se%H -n-butyl am ne or trimethylam ne.
7. The pr ocess%@c@ﬁ%ibmgletqbt afipalymefhyloMfierein the tertiary amne is
trimet hyl am neg td 8%%y weight Bf Ae@asolaccording to at |east one of clains
1to 7, ZWnerel até Q‘% b?(r\r?e?gsnl%ﬁeﬂlan};mme

0 to 5% by weight of organic secondary compounds,

0.01 to 5% by weight of the adduct of tertiary amine and formic acid (amine
formate), remainder water.

25 3. The process according to at least one of claims 1 and 2, wherein the aqueous
polymethylol mixture is obtained in a multistage reaction involving, in
stage a) condensing alkanals in an aldol reaction with formaldehyde in the
presence of tertiary amines as a catalyst to give methylielalkanals of the formula (tmn
where each R is independently as defined in claim 1

30
(HOCH,) —c — CHO (In)
%

R R

and then, in stage b), distillatively separating the reaction mixture obtained from
stage a) into bottoms comprising predominantly compounds of the formula (It) and

35 a top stream which comprises low boilers, and, in stage ¢), hydrogenating the
bottoms discharge from stage b).

4. The process according to at least one of claims 1 to 3, wherein the polymethylol is
neopentyl glycol, trimethylolpropane, pentaerythritol, trimethylolethane or



top of the colum is 0.001 to 0.9 bar and the operating tenperature
of the condenser is in the range fr@gam 0 to 80C, 9. The process
accordi ng ti tt &Pa t cone of clains 1 to 8 wherein a tenperature
15which is rﬁ%ﬁl?y Fabove the boiling tenperature of the

pol ynet hyl ol formate is established in the colum bottom 10. The

process &t cdhepnogess acadrdihg®sdairo dewiedreln ke goRmbiHypi i@ ne:v}d%ﬂfyﬁgwbol
condensate obtained In the condenser is recycled into

The prioacss T OrS by Bt &t oy of R & herin %waﬁ@ws.% the
distillatiof® @B’%ﬁ?ﬂ‘? &'a%p@mf?f“’@@ tH-rdyiaminer meleamine512. The process

according to at least one of clains 1 to 11, wherein the distillation

col um has The¢ proness scfading tecilzira S| Wigeréih ehetefiany alinags Pfkimmrce and
t he aqueous polynmethylol mxture is fed In within a spatial region

bet wegn 14 ray joaasgfacémng Regial) o%s'ogga.gﬁ o Dot G Pdssu b B8

col um. 301 ccaor
12, wher ei n F'iea‘('g m&rﬁ &lg \té’oa?dlilf’é ng @em@aw&tﬁ@ﬁ@a@res@m ge from

stage b). 1ZOndppser [sripheganasdoor Yiorf§°€o at | east one of claims 3 to
13, wherein the bottoms discharge fromthe distillation of the

aqueous | Yhagrobess @bcdmiing 14/ kSt che RRKIAMEY t§§'\ﬂ¥e%rrﬁaa Etuf gam
COMPI4s NG ReH o/l Goo, 40k Re BB PIrRLLER f‘%he”é)orh,'m%'t ) ale is

orting or gaqatﬁtshecmg %e co}umn pottom.
10. The process according to at least one of claims 1 to 8, wherein condensate

obtained In the condenser is recycled into the distillation column to an extent of
20 more than 30% by weight,

11. The process according to at least one of claims 1 to 10, wherein the distillation
column has 5 to 30 theoretical plates.

25 12. The process according io at least one of claims 1 to 11, wherein the distillation
column has internals for increasing the separating performance and the aqueous
polymethylol mixture is fed In within a spatial region between % and % of the
theoretical plates of the distillation column.

30  13. The process according 1o at least one af claims 3 to 12, wherein tertiary amine is
added o the bottoms discharge from stage b).

14. The process according [o at least one of claims 3 to 13, wherein the bottoms
discharge from the distillation of the agueous polymethyiol mixiure is separated

35 into a top stream comprising polymethyiol, and a bottom stream comprising higher-
boiling organic components.



