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‘PF 61452 1 Met hod for preparing polynethylols Description 5The
invention relates to a process for distilling an aqueous pol ynet hyl ol
.MmMxture which is obtained in the preparaﬂ on of polynethylols from
al kanal s andidtosdrinr gedppeleg pdip@etiyRient invention further relates to a
conposition conprising polynmethylol and 1 to 10 000 ppm by wei ght of
pol ynet hyl ol formate, and to the use thereof. 10Pol ynmethylols, for
exanmpl e neop&ft ¥ gl ycol ("NPG') and trinethyl ol propane ("TMP"), are
used in the plastics sector for production of paint systens,
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formate as a coproduct. The separation of the

trinmet h?!bol eroﬁﬁl e is _conplicated and requires additional work.
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met hyl ol al KANAT a'ﬁ%’%ﬁ%da”;rfﬂ MALSYABE. 40 In the distillation bottoms

there remain - as well as the nethylolalkanals forned - water, the

adduct s of Toaavmidcthase isan@ntdes! @t b }; ed tam ne fornate)

and fomgic p?@é]aqin'gtpgweﬁyla qéeb%%r %I \ eﬁﬁg‘ﬁﬁ‘ﬁnﬁeﬁ% ;ﬂwg{? 9% Rjocpss for

obt ai ned by t hes proce Se%’ %gv E fgj 5 Bﬁ%@thO 24 carbon atoms are first
condensed in a first stage (aldol reaction) with formaldehyde using tertiary amines as a
catalyst to give the corresponding methylolalkanals, and then hydrogenated in a further
stage (hydrogenation) to give the corresponding polymethylols. This muliistage

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.

40
In the distillation bottoms there remain - as well as the methylolalkanals 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



PF 61452
‘PF 61452 2 wei ght aqueous sol ution. The aqueous
pol ynet hyl ol al kanal - contai ning solution is hydrogenated in a second 5
.such as TMP or NPG stage in order to con¥ert the

pol yrret hyl ol wéigletnajusoti®sdiftpncor respondi ng pol ymethylols, In the

course of hydrogenation, side reactions are generally observed, such
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distillMAg an aqueous 25pol ynet hyl ol m xture which conprises a
pol ynet hyl ol la (1), HCtI:HZ. - C- R(I) in which each Ris
i ndependent l&ﬂfg #&&%x&ugﬁﬂgn@{ﬁpgﬁ”(’@? tS’t',?pPt E?S B‘PIWQPW%OUQF’@E% epasSialy 1 to
3022 car bon RGREEET OfdAmaie grid@ndaf fiekydlyrgetbyipls entiedd pblyinetiybi eamaR)
atons, a tercthiabytednitreiormatennendintthe cAdgreticof tertiary am ne and
formc acid (amne formate), which conprises performng the

distillatio f. the _hydrogenatjon discharge in a distillation colum
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of form c apbgrastdisipalaeret hyl ol (pol ynethyl ol formate) which forns
during the distillation. The aqueous pol ynethylol mxture used in the

process pr ebﬁr aB_I y. has the follow ng conposition: 20 to 90% by wei ght
of pol ynet hyBIPIER) of tag Present inugriipn iketaiaved by metrbeass|for distiimga¥h diieous
wei ght 8%t eplyivethyicimiixtere which comprises a polymethylol of the formula (1)

(HOCH,),— C —R 0

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 6 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 evaporator, the bottom temperature
being above the evaporation temperature of the monoester of formic acid and
35  polymethylol (polymethylol formate) which forms during the distillation.

The aqueous polymethyiol mixture used in the process preferably has the following
composition:

20 to 90% by weight of polymethylol (N,
40 0 to 5% by weight of methanol,
0 to 5% by weight of tertiary amine,
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and then, in stage b), d istillatively separating the reaction mixture obtained from
stage a) into bottoms comprising predominantly compounds of the formula (II), 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 typically soid in agueous 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 formaidehyde 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 g
decrease in the vield of polymethylols. In a particular embodiment, formaldehyde which
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"40The degradation products of formic acid can reduce the service life
of the hydrogenation catalyst in the dowystream hydrogenation stage,
-which can result in a decrease in the yield of polynethylols. In a
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neopentyl giycol, 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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’ [ | dehyde to prepare trinethyl ol ethane, and n-pentanal to
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cont i nuousithe aldyt rélclloh is' RACHIP BekSrmed at a temperature of 5 to 100°C and preferably

of 15 to 80°C, and the residence time is generally set to 0.25 to 12 hours depending on
the temperature.

30

The reaction regimes described for the aldol reaction can be performed at a pressure
of generally 1 to 30 bar, preferably 1 to 15 bar, more preferably 1 to 5 bar, and
appropriately under the autogenous pressure of the reaction system in question.
35  The aldol reaction can be performed batchwise or continuously. The aldol reaction is
preferably performed in a continuous stirred tank reactor or a continuous stirred tank
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 discharge from the aldol reaction further comprises a methylolalkanal of the
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preferably performed in a continuous stirred tank reactor or a
continuous stirred tank cascade. To establish the residence tine, a
.portion of the reaction discharge fromdhe stirred tank can be

recycl ed iggﬂpmygiparticular stirred tank reactor. 40The di scharge
fromthe alds gction typically conprises unconverted starting
conpounds, such as fornal dehyde, al kanals and the tertiary am ne
catal yst used, with or (WQGidt—water CH@ di schargél)from the al dol
reaction further conprises a npfhy ol al kanal of the PF 61452 6
formula (11) (HOCH2) -c - CHQRII) RR in which each R is independently
a further nethylol group or an al kyl group having Ito 5 22 carbon
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conpri ses Usp@f hbubsaldenydeyaspr reagient from the al dol 10reaction, such

as fornmic agpialiy e?dils&%'ﬁgéélérﬁfb@h‘n %ylﬁnéart%scgndﬂysa}SMﬁoﬁQﬁ&éheﬂ

[om £ gerel el Lttt eaflnkty s P B S,

reaction i §r°§h@§@a'ﬁéh¥qey apg freate saliaef egroipe §§fabfﬁ§tUSeFia$Linrﬁ815( st age
b)). In thitdmethgemmdrdurdifeatads.ge fromthe al dol reaction is sent to a
di stillation apparatus, typi cally a colum, in which it is separated

I nto vol ati voI ti contltuents The distillation

condi ti ons %Qﬁé]a ﬁgﬁ r‘mlﬂéee‘? ‘g@ ’Qﬁ@ns%%ﬁgu%% bypicaly WSH‘ePdW distiiation
| ow boilber dstap@byhi ch t he essential conponents present are

unconvert edn ﬂ’u#@@s’é i dlscHRfgy ﬁ’@h@@?ﬂg& reé\'stfoh i9Eertid Bkl vRh &hpadid,

nmet hanol . 0 ed into.the
first stage ?akl? X %ﬁl"(l'ﬁq?fl’vﬁgptﬁ '%1 %?%3{@@ nto Vﬁgggla&glnc’%‘%@?8Hn3t'6‘1‘e“6%
sent to a flet amfpamﬂ igpagee generally seleciedrayolthab pne Fractianviotses frem low
fraction, \dodérsy emmmtheressém:adc@ﬁmdeats presam alalpnodmiéitateslkadfl Sn@

nonvol ahi | 8o Rl 1 GrtWi ﬁ .rdsrﬁéthﬁr?oﬁeﬂfé Qc%]t:%lie%l low b0|lerﬁ];act|on

thyl ol al k ]
e e AL EL e e AL, SO rascjon, or

am ne, the tm@tnttqafurhbﬁrwﬂsdptstagns are selected such that TMA is al so
present partly in the low boiler fraction and is present to a m nor

L gher bot ik ferridh BIBIAA Hler splidd S el 355, e R B uled
sel ect @8 suth ”Pﬁ‘éqiatﬂ?lémit% PFQS‘U&?" Which eendyte eesantiallyeef methylplelkpoalt(byrfor

pr oduct . example hydroxypivalaldehyde, water, formic acid and amine formate.

In the case of use of TMA as the tertiary amine, the distillation conditions are selected
such that TMA is also present partly in the low boiler fraction and is present to a minor

30  degree in the bottom product. in the case of use of amines having a higher boiling
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 (Il) 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 to
condense the low-boiling alkanals, such as isobutyraldehyde, and amine base, for
example trialkylamine, such as trimethylamine, at the top.

40  The distiliation should also not take place at too low a pressure because the solubility
of alkanail (1), such as hydroxypivalaldehyde (HPA), in the agueous solution abruptly
declines to about 1 to 3% by weight generally below about 60°C, depending on the
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of 0.5%%0 Frefrst C@%@tﬁdahﬂow partiaitoondg@iser bgerple@iss lé"t@mpéﬂélt@e in tgs r?ngéa at
di stillati drone6b torBo°CTheR shnabhédiabi @Ric R MLk ?altt1¥%t{%/%llgd){rgg%ee%?tﬁlﬁtio%
S i the e from0.5 to 1. ar. rn t ,
fwo- ot age. coniryang MEwhEA%E W8 Wihndtsprde e parislisPesereacsrodpbios
25are f igr std%(‘fvé’ﬁﬁ%’f‘ sandanser epgraletichi teroprtensein tbgmrajete‘ﬁbrng$4mmtﬁi+gﬁ°?,sthe
t enper at ur gohdersate ofartdgeh &0 Ba8O0pArdy &@Qﬁréé@ co(r:lmeﬂsa eand whi ch 1S
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O ]

E:Ig\(/am\s/? F eamouH eﬁ?saé?re"g%léroém@a? &@“3 Obelppeiahiuans! teret freferamygfely. Mo - 4ﬁe
to +30C, t lendasaisrs ataforablywhtycted istodhe tepastthdaditimy, ﬂﬁesclsctehgéﬁé%ge of ‘eé
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of the Bol AR PaTiRbcesisassrdnpReretedtaia 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 preferabiy -10 to +10°C. The top pressure is more

preferably 1 {0 1.2 bar.

The bottom of the distillation column is preferably connected to an evaporator with a
short residence time, which is 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 a low
thermal stress are achieved. The evaporator can be supplied with heat in a suitabie

40
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The bottom discharge from stage b) of the hydrogenation process comprises
methyldlalkana! of the general formula (I} and is hydrogenated in stage ¢) of the
hydrogenation process to the corresponding polymethylols (*hydrogenation”).

40
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, Cu,
Ru, Pd, Pt, more preferably Cu, preferably on a support material.
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trickle or bfrgudtersRRRE IR HeserRS fgf%%”l‘e@% %poaPE gel-?ggqrst:éréwmgp cap the

. dvant ; us 't
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er f or m t helabtyrdactgeinand BRurbaertioh U5@bloted, AR S Sprap oo

geri es, forhﬁ@mgﬁod E'isz:tiﬁgbdf rleiﬁ(:t olr)s : |ﬁ% p%éépe”a?%{é Soof the
20hydr ogenat’ o Teact i on'a A 1 A8 %af%?ﬁﬁuareﬁ%%me&rg=t§|9_§w@mﬁr@fne@me

| ast react dPPFE" SUrPEMpRILOMESNuES aooling pRraratab ocbyingcihgBolokaséDkuch as

exanpl €5 50hdg®8%r nirgennbnintratucihg d ARtrESAGK B5ld rSadiBe sBy s Pgenat i on
conpleted. It nay be appropriate to cool the hydrogenation discharge

f th j reactor before its entry into the next reactor,
for ex arerpf)reﬁf?;rwr‘#g‘%ﬁé‘a 11 CHteTaY edp gararplisbevesy 50 ape¢80°y poitdblyemd
such as 25hdregEie Ridredanatioepressureiempioadds Q@eaalmtbrﬁ@rﬂaﬁfpr%mﬂy 20

reaction sdabutddar. The hydrogenation tenperature i s generally between

50 and 3480C, preferably 90 and 140C. The hydrogenati on pressure
enpl oyed i S %%ner ally 10 to 250 bar, preferably 20 to 120 bar.
he hydrogenation feed is generally mixed with tertiary amine upstream of the

hydrogenation reactor inlet until the hydrogenation discharge has a pHof7t0 9. ltis
also possible to feed the hydrogenation feed and the tertiary amine separately into the

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

The reaction discharge from the hydrogenation (stage c)) is an aqueous polymethylol
mixture which comprises a polymethylol of the formula (I

(HOCH,),— C —R 0
40 R

in which each R is independently a further methylol group or an alkyl group having 1 to
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) i i i ith tertiary am ne
30 The hydrogenation feed is generally mxed wt _
upstreamyof tghe hydr ogenati on reactor |nl1gt until the hydrogenation
.discharge has a pHof 7 to 9. It is also possible to feed the

hydr ogenat i @R dR& aiols bhan Byt bi @iy BITONENSARAS & 22 YarbBh Ytdnhe 4 tertiary
reactor and ahindliwatdrdthd 8l ct Shril8) bi r?’ay%%ﬁg gﬁa?grgggﬁp@?%té)he

aforenmentioned 35tertiary amnes, especia _

di scharge fromthe hydrogenation (stage c)) is an agueous _
pol ymet hyl ofSisitign abevehtheamiepee solgmpiblylphmilxiyte refefablyMas ige MBilbRing
(1) (HOCHA cBhbdsiddh: PF 61452 10 22 carbon atons or an aryl or

aral kyl gr Oggt@gd%r%r‘{ﬁei%@ﬁéﬁ&ﬁrg gﬁ%moms, atertiary am ne, water

dduct _of t ‘orm ¢ acid (amne formate).
22dn;[321?i gneg(i%é%’v@’, WeiHRt fdrRiberelpol yet hyl ol mixture preferably has
t he fol | ow Adc §¥ompesighi afterti2q 4ntin®0% by wei ght of pol ymet hyl ol (1),

: . ) %, i ght of tertiary amne, O
0 to 5% by wveb 8 byohegBt3RMnic & ﬂdaﬁxg%g}éﬁrbo%’, 100. 01 to 5% by

wei ont o4 TR 48 HRBCori A Rk eraneambe e fatoiidagaremise formt),
:‘Aﬁlr?rat e), rERATRREWaIREer. The aqueous pol ymethylol nixture rmrfe
preferably has the foll ow ng conposition: 50 to 80% by wei ght o

i 0.01 to 5% b
ol et o S SR i S g B 82 00 i
\é\glrrgghngfs tgég)ll %bg%eﬂﬂﬁ’t\ﬂépﬁﬁﬁeﬂiﬂfo e adduct of tertiary amine and
form c Hei dO.(deidheby weight &methamai nder vvalt :r. b(zaot Egeh%?gggﬁat ed form
secondary coOpesBpY, W@@Qﬂtof@%?ryfa%n@xa”p ’

of the f‘: k @5%%@%&&9%?5%&1%% se ot’?dnar?!:gnggc?dndgf the formia (I11)
HG OH(ITT) 0.01 to 5% by weight of the adduct of tertiary amine and formic acid (amine formate),
remainder water.
20
The organic secondary com pound present may, for example, be the hydrogenated
form of the alkanal used, specifically an alcohol of the formula (1)

T
H?——OH (1)
R
25
in which each R is independently as defined above.

The agueous polymethylol mixture is purified in accordance with the invention by
removing low baoilers from the polymethylol compound.

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

The distillation is preferably performed in such a way that low boilers, such as water,
alcohol of the formula (M), methanol 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, the tertiary amine is removed at the bottom together with the polymethylo!

40 formed and enriched in the column bottom in a downstream distillation stage, while
polymethylol is drawn off as the top product.
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col umm bot t%?qH‘B‘? YA Tereatas farpr iythedottpordisshatdees keptuom and ke targetf
pol ymet hy| dtrodeniptbe pdiyntethyiarisot ﬂﬂ@xiﬁfuﬁﬁplﬂrﬂ*%%o% iroﬁﬁe angﬂgb?@gsoig ;
Porm b ant o one 1 SoRIRE 4 'ndé&ﬁ;‘“‘?%rf SRS RA rro BT rbpe Mermupperaten i n
the cont extBPoETS A MEHANRE OB Tsbeh IS Ing bsme byloTomatst aes,
rel eased by-oNRistely anyewtsebstantiaslyicompletsy torverian & %r@%@hbﬁe Bf%éf%?atloﬂ
the di stiliTtsimprovegrhhirindiiel ddven AL AWLDR 'b%ur%g Shaut By i nventive

I : dist ] o) ho t her ef'ore” be : i
S I T i G kb i
bot t om di scFYF N PRI PaiRis thandhe lother tovgledileps, add e pdifraethylol formatﬁ_s are
POl yrety! dhsrecss el gt ted e ARARIEY a1 ot 8 LANERLAD. (DT>
5 doneoby ki1 fub hd Bl Bllerds B DL GIRCT aLire, above
t he evapor tl%n t erature of e p%i?v _ 9 te! ; _
the pol ymethyl Xijroﬁ'ggr‘f‘ﬁ%é‘éat%rrt@ 496D It 241y aod theerojyrsetbgolantripalihy. The
conpl et el y feony asid étypioaltrempasd phias eopbyf thy 3pIRFAL WAl th%%yﬁ{%ﬁ&enent
e o sarmet B O
inventive measure is probably attributable to the t* tha ]
pol ynet,pyol fornmates t%pi.cally have hi gher boiling points than the
ot her %gw bOR PEFeTed albedimepbitymeistilption isfroefeebdscanried biteikabiRing:
generally precipitated in the rectifying section of the colums at an

Cho T ot o e B i R oMY s RPN BPe BB ahPribr Reetae g
;23 { ﬁgt :Oow?%ttﬁw@doeww jon @ﬁéeﬂw Rpiteraisi epndsngepipt dad torrespomiiegltop
at the topPBsStige col um, while the pol ynethyl ol conpound Capred
gener aB0y MQQi@&hﬁég?érafﬁFxgﬁ@rihg&g@e gﬂ;fﬁ Pgﬁ%eg]rg%"f %3-', {S,S?ra.giee @TIO g0,
Sﬁgdbﬁpggﬁeﬁggﬁg@% r?‘b.fé t he condenser is generally operated at a
t enper at ur ng gooling medium used here may preferably be very cold water (e.g. about 5°C)ora
coolant mixture (e.g. glycol-water at, for example, -20°C).
The top pressure is more preferably 0.001 to 0.9 bar, more preferably 0.01 to 0.5 bar. -
On the industrial scale, the vacuum is typically obtained by means of a steam ejector.
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 io 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.

35
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‘whi ch the predom nant portion of the |low boilers is condensed at the
correspondi ng top pressure. 30l n general 4othe operating tenperature
.of the condeﬂj@er isin the range fromO to 80C, preferably 20 to 50C.
The cool i ng HEdEl aldkitapeaf dhareiupn éf gareislly émwswsucﬁcﬁﬁai theRbretomfadi
about 50Q) oranwmboﬂtaetpomﬂe&wmfdrma% [Sgé%%lj for exanpl e,
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preferably Wﬁldap géﬁé? %&gmggé%ﬁg ?%8[1 W?&fa rgpgcleq Wio hiacirtifetios
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pr ef er en€e |6§‘V<ng‘€ﬁlghbTést:amHershlengpﬁéfér@ﬁﬂ?@é@}c&érd‘%nl‘ﬂ%&fb 'o?t@é) @HE he
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establ i shi ndh ﬁeb’@FPﬁféﬁOétSdV@lCWma:matu@l G%Jtamoﬁ@:‘?/a;ﬁ?dwm%ﬁﬁl’rdé@ dreirblidHy
t enper at ur e epéipdriter. poviesvet, iy @Isofp%é@{é% 9@@'?\’/’5@ ?;[Blrs%{qﬁ] 281 10000&899 time,

20% abo t i f 0 rgs;
exa(;rpl e‘ml n@[ﬁ@ﬁﬂgg&ﬁp#ﬁ{{}?& h% %jr? %’Fpﬂﬁérﬁrﬂ’ﬁ MAG%OE%StoéﬁtShaﬁybath

amine and a 5?%%%@3 §te"t':‘ﬂ‘éfa¥°6|§a%f39ﬁh@lf@dl\fuﬁmme@t inle7 SLitabermareh et ki m
bot t om t enpékample avibf praafseraabbyhekbartier 4if0C, more preferably of 160
to 165C, can be established. PF 61452 12 The reflux at the top of

t he col umm adj us such that the predom nant anount of
the pol tgﬁ?gféﬂgﬂ%k ié;é' %{%hﬁ%ﬁ? ieredie fax naneasing thakeparetimensat e
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However, |t evapor
resi dence ti ﬁith%iﬁggﬁ?Q'%d'quql?ﬁ%W%ﬁ? fnexpmale, valvetreysa joe dttemnals
w ped fil m@@&b@@é@s@ﬂémmﬂe@rmetsegmh evaporator. The evaporator can
be suppl i edThe tibcHzegd from the & eré}\a%oHWﬂﬁferal;l)Q eﬁﬁW}nf %ﬁfﬁ)h 16. bar

e

t h t Pl edige
e et e el PN e
|

di stil i v2Spai ?er%ﬁnsbeg'ﬁ‘fﬁ“ ?/éranéﬁé?rrpﬂtée throrglivebplates a8 the distilladnuddRenn,
packi ng, f ororexamplee tresfead stgdte staicathapabivente shsde apmlehdanak, pifksY
or Montz PajatioBt4R50 type. It is also possible for a structured

packing witf or increased specific surface area to be
present, or |ét"%'!n%e}58§bf/eﬂreg’c?lom%}§%'Sageffﬁfﬁ*”b/é" pedrigRyfrom Sdo$0r prefaraigd 10 to

packi ng w t#P-anot her geonetry, such as Mellapak 252Y VWhat are
20advarfilagebuscantetdite 68N H}%Q:oﬁﬁeﬁ%f%ea ﬁ'h)&tt]rje f 3! Isn\%ﬁﬁg
C

the | ow pr r | ow spec] qU|
for exanpl 2@@%]&3 atgﬁjzfgg%ellﬂ% »[Q:[? Anga et H¥é:§éﬁt<amhleofﬁé IQW bmbare
sections. MiXE %”@W§€W§F'§%amfwtﬁé ah§@iﬁ@@daaﬁfﬂterforrsul@(!ﬂ)‘ euabby fed

in wthin dsapéarioniromesgibotyriieéhyeieror hlirkiand i i
pl ates of tfhen er@gpdgh}aéé on colhtijﬁrrjﬁ rrmre prerf?]eqﬁ{atz))wFal&erPl eatnd?ﬁéth?no!

r egi on ghet we and . 2/3 of the theoretical plates of the
di still ?{t | onggjo ur}rq,]ensed resadua‘ vapors may, in an energetically advantageous manner, be

sent directly in gaseous form to incineration, or are supplied to a distillation column

operating close to ambient pressure. This downstream column serves for further
distillative separation of the condensate.

40 Preference 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 "crude
polymethylol”.
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‘For exanple, the feed nay be sonewhat above the middle of the
theoretical plates (ratio 3:4). The nunbe1r of theoretical plates is
.generally in the range from5 to 30, prefé‘:rfably 10 to 20. 30The
condensat e diedrnee rotyndieydooistained in acﬁ:o?ddﬁbéW&ﬁ@hé)ﬁwéﬂWnﬁ&Hpgiéés a

which is f i d
ich is fednaet ﬂ%p&‘ﬁbh‘%}ﬂgd\j}f %ﬁ?gi;fbf?nﬁég?ai}S@\éﬁfgg% Onr]foggpta $BIOPRHieB of

reflux. For the |

and al cohol Q%W}]ﬁgdi JOETRER 5 PraTeEPlY leshthamd50G i by aveightfpreferably less than
i sobut yr al deR{BEPBYDYWEIGitamore preterably basts i SEIWSE by MahHTBRE GGy om
f or mal deby derefd@blihesdthenBdeppethy Behual vapors may, in an
energetical ly advant ageous nmanner, bé sent directly in gaseous form

to i nciner aty j to a distillatjon colum operating
close to anbt-l?qgrr?truc{pé:%ﬁﬁ?tgﬁ8%#@&&8&}?&?%8%@8%&t?hOfstE?TFE@TUF ) further
distillative separation of the condensate. PF 61452 13 The "crude

pol ynet hyl ol " Zﬁ%%ﬁncaéﬁr%ance wi {h the invention conprises a
smal | er proportion of polynethyol formate conpared to the prior art.
The proportion of polynmetphyol formate is preferably |ess than 1500
ppm by \{\?i ght, preferably | ess than 1200 ppm by wei ght, nore
preferably | ess than 800 ppm by wei ght and especially 5preferably

| ess than 60OVppAFERSh Res GHeperTientica futthep ol eyl bWL@orfalﬁral}ltwgmgﬁrﬁg(,ihgqsto
pol ymet hyl ok2 chrobhetdras Bridraryl or 4rEREHRd & h&il%ﬂ(o %i'o%’%r?g gach Rolss

i ndependent Wdr@xsfé'éiég?{her}ﬁﬁﬂ}{é Qh‘gr oup or an Al Kyt & s itAvy ARY #sPo
or

22 carbon atons or an ary | kyl group having 6 to 22 carbon
atons, and al so hydroxy acjd of the fornmula (1V) (HOCH2) -C COCH R/
(1V) in which each Ris in@@@ﬁdbﬁ—%@@@ﬁfi ned abovgy)The crude
pol ynet hyl ol preferably has the fofl 0 i ng conposition: 90 to 99% by
wei ght & pol ynethylol (1), 0.01Rto 5%y wei ght of hydroxy acid of
the formula (1V), 0 to 5% by wei ght of organic secondary conpounds.

25The cr udeinp@igeidmyk @l ; s the foll ow ng
conposition: 95 to 99% 69%@8%‘5%%%%“%%@?%-0| (1), 0.1 to 2% by

wei ght of hﬁ%rjoxy acid of the formula (I1V), 0 to 3% by wei ght of
or gani ¢ secbitigitge pohmsinitis predeablydms diné fatidwingev@positieh a crude
pol ynmetdiyl ol is preferably obtained by nultistage reaction of

| kanal's wigh forml dehyde,
al kanal s W'é&‘to &r%y%%i ?gfpolymethylol {1,

0.01 to 5% by weight of hydroxy acid of the formula (1V),
0 to 5% by weight of organic secondary compounds.

25  The crude polymethylol more preferably has the following composition:

95 to 99% by weight of polymethylol (1),
0.1 to 2% by weight of hydroxy acid of the formula (v},
0 to 3% by weight of organic secondary compounds.

30 As described above, such a crude polymethylol 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-bailing acidic components present in the bottoms
35 especially hydroxy acids of the formula (IV), with low loss of palymethylol compound |

the bottoms evaporator used in the distillation is, in a particutarly preferred |

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

film evaporator with residue discharge, a thin film evaporator or helical tube

evaporator.
40
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) i i he hydrogenati on
The crude polynmethylol is preferably obtained by the ger

process. In order to renove the relatlvegﬁ_h:?h-ﬁohlggg :g:g;cof e
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cvaporat ar o eaiede Y EEER SRR mplihbl e s pperipmad angero Galbarng
enbodi ment , CAEIYBE t om of the col urm may be configured as a tapering
bottom in order to further reduce the residence tinme in the colum
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i i from
ndenser is operated at a tenperature in the range
ggl ;J gn i8$?:,e ngéf"é‘?%ws P@@Paﬂf@ gigDemperatureTinthecrange frgmratioUmBOLS QilefRRdR,
may preferaldBytassdar as possi bl e be water, \le cg ggllft hg Saggrtl ?ﬁe
' : o O. .

vacaum o i yar ol AERIR U hErATPRIGHSY B i S earaisypenisaing vbichet
\s{t eam e?%ctﬁ%sa%%%ﬁ‘%g"?ﬁ?ﬁ%ﬁl tenperature is generally selected such
that polynmethylol is converted to the gas phase, while hydroxy acid

LR i m Preference is given
ot Lhe Lﬁ‘r Tahatd MBSS.! rﬁ(gre %?%F%J%@W?%h@?tg%?n the range from 100
tg igg?@ sz?ggﬁ ”59 '%3%@3’%%6%8 g insyustrightcplelnomeansl giwstean ejéntor.
boiling tenperature of the polynethylol. 25For exanple, in the case

of prepdlt at lombotiorNRENisAINgG: EMBnaRI BEetEd Sl HaBSiNFANY @ BLESEY S
at the top gk gtag%h‘éé’é,ld‘gﬂte;ﬂg?nr%ggaggfog{hl?ﬁ‘rgrengﬁé Elg Fe[nlﬁ {@\égenﬁglg@n bottom.
brefer ably. oIS TB0 B M0 SStabie g Beftarofasiratie iish s ihdtd age ebsm
{OS pr ef er abl§0 ©ctHRes theeferablyat0sl tedd0 %o nRrE yRRAERY 91 0 KOG, ?E@é boiling

resi dence tiemperate Ieid sapmétnjbe di stillation col um and

1 i i t t her constitute, by
et ni £1on, YT iy GERESE Blitgherton S ceindiTAGA e tiefertvsanosume,a

the resi denV&S34raat GF temef the apomat ofdiF0 sy eoreferamkdsibiabe Shitfishing a

di vi di ng t helwoh botoro tertperaturall 1081 BURC, Mok ReetFon PR 509 155
col um (Vhol dup) by the

The bottom of the distillation column is preferably connected to at least one evaporator
30 with short residence time,

The bottom of the distillation column and the evaporator with short residence time
together constitute, by definition, the evaporation stage.

According to the disclosure, the residence time of the evaporation stage is calculated

35 by dividing the volume of the liquid holdup in the hot part of the column {Vholaup) by the
sum of reflux and feed volume flow of the column {Vhouup/(feed stream + reflux
stream)), the liquid holdup in the hot part of the column (Viaayp) being calculated from
the volume of the holdup of the column bottom (Vholdup, bottom) PIUS the volume of the
holdup of the evaporator (Vholdup, evaporator) (Vhaidup = Vholdup, bottom + Vholdup, evaporalor)

40

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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'sum of reflux and feed volune flow of the colum (Vhddup/(feed stream
+ reflux streanm))., the liquid holdup in &rge hot part of the colum
.(Vhai dup) being calculated fromthe volu of the hol dup of the
col un _bort t $ognatel diprehotetiaakoltiise tiwuereb Y ind dpbiRkgN AL i
evapor at or ! : = Vho ttom
p (Ve dhofer RUABREANDE )s doHaghdHfn T ?gag,ggggap@gw Bodomge | s

Vhol dup, ev . The residence tine
advant ageouzﬁ?&?}ég@%han 45 mnutes, preferably |l ess than 30 m nutes,

nore preferably Iess than 15 minutes, especially preferably |ess than
10 minutes Abd butioh inpéerabhinidish hORhG HNYSES, 1507 PREZAT |1
|

general, it tdfpdhRiEbf tﬁatg ﬁg&mEﬁ!yﬁogﬁtpetéFees}%ggé ﬁlggr? gr]te:n%leapgration stage is

evapor ati on stfa E uch
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15 minutes and | eds and noSt profBlrabPyciaty ety Sanguipesad lesad
especially preferably 5 mnutes and | ess. 15At a bottom tenperature

whi ch i §5 wi fh@ Rottere terapeyetufe wiicl @Dwitiin §20%neE frbker doab 1bheg JrPELmLLT ©

of the pol yrmigeydiole, of%@pélﬁéﬂ?@ﬁ %hd e i gkger {1{?}? y‘e%g%?{%a%f%‘@@” %%@afg ]eselss

preferably 4 ut,es .and , _nore p '

and nost pr@ fe%tﬂ}'%ﬁf@_”ﬂ?ﬁa?‘iﬁesé’rfamleﬁ%f?rw(é@ﬂfé@%¢ﬂdylemaﬁcbnnaktl y 10
m nut es andPBESaRlY 2B nHinges and less, qraraspecibiarprefseady M8 HinutddShd loss.
evaporator with short residence tine is connected to at | east one

furtheroevape @ | t residence time. The bottom of the
distillation cofﬁ%’%ﬁ%@@%ﬁ%’?ﬁ%ﬂ&ﬁ%P"%’%rﬁtoéWBFﬁh%éqsuﬂ@ﬁ@@tfmenm, in
this preferfEGeERBIURNERR onpjurther erandratar with getrhessideanstimbut e t he
first evaporation stage. 25The further evaporator(s) with short

resi dence tTHEbotlyn sahé Bistildtln cBBﬁrﬁw(aSn)d tEQ%}(%:?oggt%awﬁ% s&qr}g !d{gg)ge; g@ﬁci@

(where n?. 2 gration stage., l1he evap

time is pr éﬁ%ﬁﬁ%@@eﬂsmﬁwﬁ?% dsHation tegrihercpapiiiviattoe fitst evarshmioh stage.
resi derfoe tieUthGiRvePageortshnfth ghoratdsiience time, by Befirttich, RAARI BN cond or
t he predonithaft+mibrivhere f 2f depepsibe¥ageeded for evaporation is

30usual ly i it fir.st evaporation stage. In the second
evapor at )c/)r -]ﬁe;&%ld&?ﬂ_bé vﬂtl%%gg r?%ﬁ&{b“%ﬁﬁ '8 PF%&WPWé‘@%ﬂmtecéiﬁa@mfaﬁh@h can .
t hen be acl‘lﬁvgzs G'Fth sHOd residance tigsi (wmetege icoefigusatioh).t hat  t he
resi dence tif ffeés embodimest conpredympanBbdrosh stREnk]y$RELEor eva he
) . . | poration is
1St SoagaslalyredRicBRlVine oR:ieIbthidhSsiod. 3 mens%cgff Evapor: tgrrse%gé)é, the
l?f?gh%??en%)erature reguired for evaporation can then be achieved with a shorter
residence time, such that the residence time in the second evaporation stage is
shorter.

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

The second stage of this particular embodiment is preferably a falling film evaporator,
helfical tube evaporator or thin layer evaporator.
According to the disclosure, 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

40 (Vholawp) 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 (Vaoau) being calculated
from the volume of the holdup of the column bottom (Vholdup, betom) Plus the volume of
the holdup of the evaporator (Vieup, evaporator) (Vholdup = Vhoigup, bottom * Vhaidup, evaporator)
According to the disclosure, the residence time of the second evaporation stage is
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‘The second stage of this particular enbodinment is preferably a

[ [ [ thin |ayer
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[ atcHgiecsageding tealiqud boldap bythdisebsHdwabb@tor el Uil hsm of
T: aﬁf dexgﬁgulmebétohb%v‘g}g&raﬁart of the colum 40 (VEO| dup) by the sum

e [l f the columm (Vool oop/(feed stream +
LT ot ST KR O e PR st
(WOw00) bei R§EEENgYIcatcekted binslividingvios liqud béldther thel(trthadvabbits Oy URE
bot t om ( ¥nudess] stieauoo)thek L) hhewayelatie of the hol dup of the

= Vhol dup, bottom + ]
Uhol dup, °2v“§§3f %ﬁ,@;ﬁeﬁgﬁ’@co@%ﬁt? 16 VoAb Properitite it By busharetinrestegens
of the secof SvieBRVet g%apgraﬂwtm@tumfdm polmetagioby
di vi di ng t hdheibgtiew teroperapirein mhéirﬁeﬂmamé’@@ls%ef@bébmﬁtﬁeel%ﬁ e from
stream of tHeo &L CaUY, RYRNSERF iy 11%3{60(2%"’/3‘%%9% Lﬂé?osoﬂfna%lelﬁﬁ%rra% HE‘E?'

id t e (I +n)th €evaporation sta
E:glslzufgggd Eg@@%qywng the liquid holdup of the (lI+n)th evaporator by
t

he 5f eed B TR the Ayeandeavaportierostage Isngenktally Beleb@trsach that the
tengodi ?rgnt ,Spolwetrm snachesmel kg compldi@ly td itfh%tgag Q%Zt ' gln rsr; f‘ggl :)ls
advant ageoushy tsHhoatstutdf tﬁ%’ ﬁ@%ﬁﬁégﬁﬁg@ﬁ%ﬁ etég?? %;Pergfl% 1%5‘0 tﬁr%’pg"r 2y
;I-Eet Egt ﬁ g?gé%%@?t% o Iig‘b%t ?eﬁpfﬁ'@‘% Pieéably 186 & &%, af1ite balirkPBAperature
above the Dbef &?rﬁ’@%@ﬁp@lat ure of the 10pol ynet hyl ol . TheCLe[rp:{ at E;e
in the secofie msafpdtatimenn Heust év{ép@r%ﬂ@r‘i ?’Jg%;é lissgciv%ﬁ{aﬁgos Lless, 8.4t5Th e
o e Sy A L PRSE oty i e
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) L heniat v bR siante, aNgRERiaL LT (LK
m nutes, prefer & érqfeg@yg% 1Bg)) § miiges griaﬁmo;mrﬁfamhllegsaMan&tnute.
15 mi nut es, “&SpEcY B r ) FiSnK :
pref er abl y Neesetahdiis Brefemed esseld ther residdescimé bMPelslapdi8tiHPEasuch

evapor at i onthat @6orteh régytLARRPM B Mb|iIERY #ﬂ?g%‘ff‘@'ﬂ%@?%w %ﬁ bgHtaf nut es,

referably 15 m nutes, nore pre
gspeci y ileﬁ@%(%atrtlg% y less than 2 m nutes and nost preferably |ess

han 1 RMeNfiongsrabose, the evaporatoevisn sleatt tesideate dine AR bbREhAMELo
:i ﬁg of tﬂe’nemetpam ahé anthet @%oﬁé&émﬁﬁ‘%or@m@fa@{né@ﬁm%g@t %gagrgp%gg é@és
R o R I (A 6 e
ment i oned abov 1i evapor at or Wi _ eSI _
connect ed tsg-??ilpg ﬁﬁ@%'mtﬁ@%?hémeém%ﬂmhs Feongeratesdsd e feLlast

time, for ewarplaton stae oorr@spxnano tad ekidlendd ik Sy t%ﬁﬁ;%ralttﬁ%ts lo?#e REond
the evamor aperation bage H1BLN.6RNRE dHhgaahge so-cal led as

i tures in the
evaporati on stage. The residence tine e tenpera _
Ias? evapgration stage correspond to the residence tinmes and
t enper at ur d8 1§ preparaer 6hNPG using TMA as the tertiary amine, in the first evaporation

stage, a bottom temperature of 135 to 170°C, more preferably 150 to 160°C, can
preferably be established at a residence time of less than 45 minutes, preferably less
than 30 minutes. In the second evaporation stage, a temperature of 160 to 220°C,
preferably 180 to 200°C, is preferably established at a residence time of less than 15
minutes, preferably less than 10 minutes and more preferably less than 5 minutes,

35

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 Montz Pak,
B1-250 type. It is also possible for a structured packing with relatively low or increased
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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‘30evaporation stage in the two-stage configuration. In the
preparation of NPG using TMA as the tertiary amne, in the first
.evaporation stage, a bottom tenperature 3 135 to 170C, nore
prefer ?b: y @@?nmiégoﬁ@d}a ti"@faasproéﬂm afahysd)ﬁlslﬂl%ﬁ@ih%eﬁﬁlﬂggl%tthé '%?:quﬁ%%ro”
time o €S ant higen| ileah n nutes.. 1n
t he second %p%&%ggﬁtk%@gﬁéf hgllatg %%@Pﬁéﬁr{gﬁ?%??’388531@/& & internals
pref erabl y % o) P B P 519 % st abl i shed at a residence tine
of |ess thar"¢3YdipgRlAles dissharosriablejerablysed mavithiDa Bpatisl RR)AHBLRBEEY, and

preferabfy Peskthe tizorétical plateeof thENBstitagdd ddidh/h %@?r&%b@fﬁﬁrﬁr ahl v,

has i nt er nak&y; i i aLing, 40per formance. o SP ial
distillati v%i%'é]flg?tﬁgiéé%s gg{ag%, %?%%Zﬁ%rsﬁc%ﬁia&ﬁ@?m digidlation; gelumpur esd
packi ng, for %’Qgﬁp{]g f%%d’l'% KR8 &PMBivhal ahnye khentpiciitecof tas thderdtiapiagiatas Gallo
or Montz PaRi4)B1-250 type. It is also possible for a structured

packi ng wi t The eLabived thed kRG Recd fie surface area to be
present 4 or ﬁbt is possi %Irgwfagbﬁgée%qgsgg%rgkl}ifﬁg@%ﬁnﬁa?r8P1 if%%(f}@e%fal;a@& 10to

packi ng wi th anot her geonetry such as Mell apak 252 Y. What are PF.
61452 17 advantageous in the case of use of these distillative

internal s ablederttbedeovoriitions Un eeféap ke bifsrk CGhHILE (i Gl
R e G A

present I N gnle 0 Te S?C .

preferably %H“F&'y@)? HN% FAmeisad) imremegiddronb teeererhioling mgld oy akid tdhthe

t heor et 1% al fopneleds/)ofVhehetrdir sbiyhiesttylanaalsétiTh tHaQs6eds &f ﬁxl%g%l%e%%és%hﬁ
G oPel |l poiemt beiongRs e rednBedu Rt BARIGRIFAL SBL e BSiSetviohion
middl e of tlﬁ%%@%‘r&gwﬁgg‘e@gﬁ@w@r atio 3:4). The nunber of

t heoreti caII plates is generally in the range from5 to 30, preferably
10 to 1020. Intineleondeesie poaiedi golnsthyibNs SRASHBY obl:Hed A&GnBLEN B LEL
pl v e oo il LRI SLOEHIE e
pol yret hyl of %%Stgﬂ% TB¥W3|95t-( ) is renoved fromthe higher-boiling
hydr oxy aci theoforepnsitiosfobtaingdeay ﬂhb’)con&&%@te?ﬁrb%?aﬂ?y@bdfrﬁ@r‘iﬂ lp%‘y%cﬂﬁr%ol wegd
inth Cf lai i r.pressure a
t enper at L?e:iﬁqmﬁ% o o RO FB TP B AT R b2 T PPBITARe B o)
from t;&% hydr agioag. i ?ﬁ’émi‘,‘%rfh{gngr@%?ratﬂﬁﬁi@ PEC pRmMyaerdightendingore
preferdty %85%55/%310 514U9erem R wesigit of tha @Stee oppolyrhath@ibl ¢fke formula (1) and
pol yret hyl dlydioxymcef eftiedbioymaks (Ivgast 99. 0% by wei ght, nore preferably
o . ' O .

o e, TR teat G GRS R0 D9 e soncersel
ppm by wei ?%’OQ ﬂeocgﬁépylﬁlffowt?net hyl ol of the formula (1) and
hygr oxy agi d‘egr%iraﬂglirf\le;&nﬂ @CCEILQMQ?W ﬂé@E@ﬁt@bkd’a 50&?0@%&9%091%3 fWEi ght
and nore 23plyeterablor tdokRul z/ n&’é%1 ¥ otB'g LoOleibie esﬁyer

ol ymet hyl f la (I') & roxy A eent i @opaiata fermage.
‘ﬁ)'heyconpgsﬂr?fg%b% 9 ‘ﬂ{g@u Rpgn éy 8@3 ﬁ’é%ﬁé’%éﬁfﬁ%ﬂf!’ 0 &l t5Q0 mmabnggmf
conpri ses ROVFENYIYAeP®te.i on of pol ynet hylol formate.

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

35  traces of water, predominantly NPG, and are advantageously recycled directly in
gaseous form into the distillation.

Preference is given to discharging, from the bottom of the evaporator, a discharge

which comprises predominantty 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 to a
downstream distillation column, by fractionating it into several fractions.
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. . : . i tion
The present invention accordingly also relates to a conposi

corrprpi si ng 30pol ynet hyl ol of the fornul a1él) and 1 to 10 000 ppm by
.wei ght of polynmethylol formate, preferably 5 to 5000 ppm by wei ght

and nore pr dP6PEETpe1DebottaBe Groppiine P Gvpieghtatiof c@@bb!'ﬁ@bﬁbﬂlait?éd ih@r dihe-
The uncondenmiitg frastidi &l péfﬁd%@ér%gﬁ%m‘idergﬁﬁig%gﬁpﬁ}ﬂ-ﬁﬁ&?&gﬁm&r igsparticuiar
v ant ageoust i ABAESERE L baq EERERABS Rkt (n bertiear osiers of HPA

% 2 [ [ [ [ he bottom
distillatiofMHPNyreference is given to discharging, fromthe bo
of the ebaporator, a discharge which conprises predoninantly

0 e S s M B TSI
be U111 zed T REVTHEY AR PSHTE R lsaHdt » Sialbpraberioad polyemetiokn Symer The
di still ati oROWBIEtivDlS Btained by itunarbbess aict:ozidﬂig(lo?e!%/ﬁ?ﬁ/érhtiofn_ra?féttHL%nrb%Bﬁchéﬁy
61452 18 Fosuitatdsrol @se inRnhedrk @FRefdop® Lhs, %!ﬁ‘%r@%iﬁ%g%’?a&a‘#%%&ﬁ’ I Wﬁiﬁ@
HoA o mad o e el e i oDl BrroeRionyOr P (sngs
HPN) , aand aL'LHi}a @H'Iyﬁﬁihwfgotftaia@@ byithy prcgRsracconingr to disd mﬁéntQ{nthﬁé\?gTé%wss
HPN) . 5 Thestdiignib dypss appliddiengr esent invention are E hat sn'gl IO
proport1an of . pol yeryl ol formmt es. The pol ymet hyl ol 5 abt ai ned by

[ f; 0 : _ _
TreP o oconst RSB bt T b s hpgous
for usel¥n %W?F@fée%rthmﬂ%@&spmwohelm, prafanhigiRSs & mi@tdp!ﬂ%y wkidht
whi ch 10bondsd mare preferhigniad mo%d%@&ﬁ\',v i%ht:to d{g?éolv%)éggg%lfsf% ability in
P ovess. ncchs i HEIIRE ors BRURCIRA Al i3 Aocmssbierin mipferencetiesee a
gppl i cati onE‘?mH"?S%ioé‘ GREYrIsipE SPymeihyol phthei foineula ¢) ase 1 pok§ TBY ByhdySweight
with a contefgohofietpyblfomtdy| wbictsfips wRESH0Y prh ﬁ?@ae&jﬁﬁrgr%cr}g,oggr)grtegeﬁ%wo
et han. S00m s 7 e B e R O Mpucie Tyt vgbiy
Lgfin;rgnorp(%%m%rq{é‘%t% %_ particularly, it is also loolssi ]E)I '?h\gi th
preference to use a conposition conprising polynmethylol o

fornul a (1)Adnthet bovaHiaROS tROFdRYs VB F&r'Tqu?tfo tR&\r}(zQﬁt‘i%ﬁ%%@ﬂ%ﬁﬁrﬁ@Mols

m by e o 2 PR BRI v R e Tl e ovsalipeproimpssvemsnbini the
{)gmpgly Irge%’ingﬁ‘g‘(ﬂﬁ%i& of %Gfmimhy!@lqbvma@a mécdsbe process accordi ng
to the invemd iovertive sbpdratidreofitaé BkEHLR! shd produc‘f@&tgﬁ,{eg %ﬁ&@%@% w th
ety N Sresnais ol SRS MELa o RV T D
?ﬁ\?gg? ?\Tecsaé& %:a‘iti“%%ﬁ ‘gfmétﬁfgafgw% (RKEMPleatntrepydida dtts trebtracessd Tad | ows
t he economi RIORATEN b copnmslunthehich dmes o bosdt to TRPEE rEu&ééa?guchSthQﬁﬁ%

Most  of30t hediquIPIRRRRLIS tHABrobSss U dobidfRftoiil MBS Akl Iy [or  exanp
by recycling into the process. The

The invention is illustrated by the following examples:

Example 1:
35

Preparation of an agueous 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.
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) i ounds which have to be sent to disposal is reduced,
S thal e SGdsposm o e prggess eccordmg 1o I
gl TR AT e M
m xture by the hydrogenation process Stage a) Algdgl Grceg;:te;&)n.of BA)
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0 P &R UML), 104 s eflablisnedathe raflewirate (ire cyclingdvatdihatd BAhe
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{rper atur ot bt e b Bectg b LB bl B BBt shed. The
tenperat ur egi p,Lhe pottomof hqé tﬁrml_o_ 4 | 3 anl 4
reflux rate (I &~ QooPiAE e 1PN ligyd were drawpeaft reh theolattens ef the
to the col LﬁP&F%sTWSe‘QW feddd theyfaliea fin evaptonetot @OPSERIgWaNioN-HeBRd st

inless
20m ddl e of stedldutfealmigeh :g),amk,iimggnaadigﬁ,@g%ra?w{f‘e%p;n&%Ai@%ﬁe??%%gﬁo%ieg.

h. 1 d wer'e dr 0
F Ke rrﬁgtn : oﬂ%?n?ﬁgi%ﬁiﬁpﬁﬁ .%/Jf'holqg gpo\kjﬁlgi'g{ Yilhya PB”‘%%;E%@?ET@;?& gﬁge\é attgf;) [r :t or
(consi ti ng=YHEAERY CriSe PVt af firesse boten allihg filgt dvapo e

i nternal div@retsemndagxpesiiquiiivens fesved the bdtieKNg S5 é’cﬂt]?rhﬁ.x'l-“hezbdﬁah'f %r(%duct
2oPron L Snkashaienpadurioibl s, SoIGE Ealp Rtk analey S oy
g\?iasglr)gtg;%'%ys\gﬁ%’?%%%éggngé‘%m d were fed to the bottom of
thepcol urm. The bottom product di scharged conpri soed apprpxht 73;%) IbéA
wei ght 30f R4ge ﬁ)ﬂWdMgenJati&%nﬂ)ﬁe%{t%tdia%f\arld‘gwrong)séé%{%om' 9 ’

i di schar ge
nder water. 30Stage c) Hydrogenation“of the m
1[(ra(r)rﬁ1l st age . The resulting bottom product was subsequently _
subj ect ed t'dCdeHHIdRpREY mr@aucﬁwmhsecmenay Subjeded & hydrogenation by
means of a fixed bed.

The catalyst was activated as follows:

35 150 ml of a CU/ALLO; catalyst as described in EP 44444 and PF57216 were activated in
a tubular reactor at 190°C by passing over a mixture of 5% by volume of hydrogen and

95% by volume of nitrogen (total volume 50 | (STP)/h) at ambient pressure for
24 hours.

The hydrogenation was performed as follows:

40 The starting solution used was the mixture described above as hydrogenation feed.
Approx. 10% by weight based on the hydrogenation feed of a 15% aqueous solution of
trimethylamine was added to the mixture. The feed thus obtained was conducted in
trickte mode at H, pressure 40 bar through the reactor heated to 120°C. The space
velocity was 0.4 kg of HPA / (lear.*h). A portion of the hydrogenation discharge was
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‘The catal yst was activated as follows: 35150 m of a Cu/ Al 203

catal yst as described in EP 44444 and PF53216 were activated in a
.tubular reactor at 190C by passing over a m xture of 5% by vol ume of
hydrogen an@ddebggay tytledeed (rcniaiorogeds)( Thé pdtio? CHEBataf th fdeIVRId 1D:1.

t anbi ent fIh [ f d
ol Fows: 40 The ot ar 1 NG ool it ooy RaTHS of REATIyPRr iR b ot rapaueo.

as hydrogenghi on feed. Afplgrox. 10% by wei ght based on the

hydr ogenat i oR®e@@OgHOROhBgRaYer U Vswtoylolonixafe fromnsidayd) amsne was
added toSthe mixture. The feed thus obtained was conducted in trickle
node at :—|2 NPES SYELL I RAT ]Ehr oug/h Elhe rsﬁ;:t o/rA\ heat ed to]c lng. The
space vel oci was 4 of HPA cat . portion of the
hedrogenati Mld'bqn?iﬁaqcy@@ygﬁéghtPF 61452 20 added again to the feed
(circul ati oAMfo&@& by Waight ati o of circulation to feed was 10:1. The pH

of sanpl es ofgahlacceaddretodbs r a € at ure was neasured
at 8.9.4p Tﬁ@pﬁg@%i ﬁ,;zgon :g? %ﬂ% (ggﬁggﬁé&gﬁ%’@n@ﬁ@‘f Wﬁlgﬁ% xture from
stage c) wag;  NPG - QKb_)y Wef'dnt Met hanol : 3.5% by wei ght TMA: 2% by
wei ght a{ﬂfegra%?’é bys¥®igitfar y conpounds (HPA, isobutanol): <2% by

wei ght 10 TMA formate: 1% by wei ght Water: 23% by wei ght Exanple 2:
Distill ati opx&hpan: 3 | ol mxture fromstage c) 15 The
di scharge obt ai F?1edrz %ﬁﬁbﬁe&%éﬁgé%@g%?tﬁgﬂ @I%?E]P@g%?%?)on was
fed to a distillative separation. A packed colum (DN 50 mm) with
three sEjuehiediseiarge pbigineddmnptiekiydmxepiohlaRbhyRNGdRGenBtGH WaSRAG, Li ©

surface ar edisHROVaTB4TERARS AURRed J&F&ni}gﬁﬂ éo%m%gwﬁ H{rgga'%@’u‘%%&é?éft

seqguence. f rox, 1 nbar_ abso
establ | sheﬁ?@f?ﬁéﬁéﬁﬁ% h SIS LrheH e poeswaisadO0 At N Weslsed.
The 20 valu heo%eﬁ&@%rth% gsitsequare Aftop hesbareldf BgprdRI TH5 MbaNPG

formate at dRBlutbems cTiablistRar GythudstisHPPldnRfbr4trd 518 6995 WD 0¥ IBANST
of a nagr afangd 6&1&43@09%@;5/0%9&% e"/::tog%%gq%ilinhé)[o?qt g@ggggﬁggﬁfﬁs?ﬁ%%

a different evaporator, for exa
vapors obtained at the top were fed to a condenser; this precipitates

(2)§t ; rﬁe\éaE;ThfLe @m;@y ;@@ swp&dm the conmp Iy eleyin@bf egﬂﬁuraTEiﬁ%mféHlé%w%tor
OBHNIS isCllsAp&Isiik & &@%ﬁé’r‘eﬁ{ e\)c’jé%BFa{tér, fﬁr \ség%BPESEg ?arrlg-igrj‘p@x_

sopron, stealetl e ot Lgts AR Ao,

250 g/ h,wer

as rgfl . tiﬂéaﬁ}%[?QP*ﬁﬂ”seé’de'ﬁl@“m@mpbtalhet 3Culihe vas useREs bistalied ) Fhds

wast enat er Ctra@rinnfermmnﬁé}ci@rwdierjéiRECM\&mfbqu‘?AEQ,lo!x;gm h%@mooj%tk’g%n was

obt ai ned i : 0 ight of NP th I oxX, m by
nt of Moo ReldEnatclh ot 2 el Salyriitseriest he

wei ght of leﬁ for gat e.. ar at’i ve "ex :

i dentical CORAITTORECKES BHAIGR 2 Refbrahi Walkr usemidoaitain tie vasLem wad St to
bot t ons wadilegicr] @dstawars tgatményt. r educti on of the reflux. A

t enper &0ur &€rofle MPEGHMREe following composition was obtained in the bottoms:

97% by weight of NPG with approx. 400 ppm by weight of NPG formate.

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 bottoms:

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

Example 3: Distiliation of an aqueous polymethylol mixture from stage c)

The discharge obtained from the hydroxypivalaldehyde hydrogenation was fed to 3
distillative separation. A packed column (DN 50 mm) with three sequences of
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‘established in the bottoms. Crude NPG with the fol | owi ng conposition
was obtained in the bottons: 97% by wei ghy of NPG with approx. 5700
-ppm by wei g NPG f or mat e. anple 3. Distillation of an aqueous
pol ynet hyl oIl‘ttrH]B{%ﬁfr%acﬁ‘P@rﬁ%P g@éﬁgyw TRy spepifie gerfasietaaem 500 f2om wareused.
hydr oxypi valdiedess seabloye thegeweatnast saasriteda top fresHusd bl AN &0 mbar
separ at i on. abspiatkess eahniRRed. NtROdHE W ces of, PF
61452 21 st r\;éﬁltetgfqgsqp@géqé%%e e(?c h%%?og e]ﬁ\ggltt%&fg%ﬂ'iﬁﬁg?%%;@P‘V?%egﬁ?"lsg‘é% The
area 500.m2/ M8 was used. THE teld 40 GHEE 8oimepeiphwf forgetielitembay.
top preséurg_ﬂﬂgf approx. 70 nmbar absol ute was established. In the
bottom a t dingenatgyrveasodupph&Qonas ceishalvi shad. ,

o oo i e 1 g L L e
The energy \ggg suppl-led to the col'um \} SRR EI0hfoLexamRle. A falling-film

ci rcul ati on “S0RPE kL P BRETHIPaIRed at the dop weredkdlcea condeseer this preeiprates

evapor at or, HYaperaepRieed sirflally corgpléielyrate0em orH Rt RuLRMASERARSA by means

obt ai ned0at of beinis cvRfRrdiadvdiid vSaAnfe ) Adl ecipitates the
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reat mopg . oo ﬁ%ﬁ"i}‘uﬁe B SR R b g e bme obt & ned
in the bottdhe:PYTES8HR NP GuuityAPPIGK. A85mrm by wejght ofdPGGEmpem by

wei ght of NPG formate. Exanple 4. Distillation of an aqueous
pol ymet hyl ol m xture fromstage c¢) 20 The di scharge obtained fromthe

hydr oxypi vaFsdeleyid Oistyiainas Aatd0B8oMEso RSl Aixils bkl &k by
separation. A packed col umm (DtquSO ) %Mthyth@gg}rggghesﬁ%%es of

struct u%ad PRC !1 each of |length 1 mand specific surface area 500
m2/ n8 was used. STHESF 8REINed rapbihe veoxypivelpifekidesugumeoatiortwaofed to a
pressure of digfigtiex seroationh Apaakeabtaitren BN 585HRbWits Hede Séfg.lénlags Bot t om

odr ' - I G
cor 68 Séﬁéiiﬂfef%?;gﬁé%&ﬁ?ﬁd??ﬁ?%‘? RS G Rlsre i ap AFec
plie |

The energy was, su .%[Ot“ﬁ'ém8 P @i Bregpurg of apRriosl 500 mbar
ci rcul at i on?SP4PoaE G5tabliBigghinithe betterh sotqrumsitbleenft1B9tS a8 edishfi@ic@Nthe

evapor at%r , véliew ofedédPlcorrespdnak ltd ng6% idk ReHARE RIP b Ngg%}{_?ﬁg raz 500 moar
itate '

obtained at the top were fed to a condenser; this precip

vapors obt a'hpeed vi rtual chngl etely at 50C. The vacuum was obt ai ned
by means of ‘& sinp §9¢8iRIPEiGINegRIED) BY Megeuiote painml cidppaton.evapeagt h
of the di stiPyeh iélsotiscapossibledereed difr@ntetiporiet X exRBPe04 RueL

met ered i ntevabbeitsroTheagths bHEINARE HIS N9 o586kLon a8 T eflux,
The watsgy qﬁg%‘ﬁﬁsgﬁf@@ie% Jhe vasuu vvasbgdé%n ]l%td 398i°8f‘8%]?38&ﬁﬁkﬁ,£§?%?,\}§feér
treatnent. 35CFUde i hECTBIHDNRIRY o ¥rauushwansbielred by enkans
t he bottone’ ag%?@'ﬁ;ﬁ%m@jﬁ@l wateNPiGagitmh rapy: dpprog 085(PMdpIhaeéigilte Of
NPG f or mat exbtaiféel Gédbdscharged; 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.
35  Crude NPG with the following composition was obtained in the bottoms:

97% by weight of NPG with approx. 400 ppm by weight of NPG formate,
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22 Clains 1. A process for distilling an aqueous pol ynet hyl ol m xture
whi ch conprises a pol ynet hyl ol of the Lﬁrrula (1) 5 (HCH2)2 C- R
(1) I n which each R is independe y a further methylol group

or an al kykigheup having Ito 22 carbon atons or an aryl or aralkyl
group having 6 to 22 carbon atons, a 10tertiary am ne, water and the
adduct of tertiary amne and formc acid (amne formate), which
conpri ses per Admredesy farkdstiting an lagaedusrpdymethyolstixturatvhich comiprisas avhi ch

i s connected Eéiyméﬂhyia%ﬁtﬁ@”f&mu@m)evaporator t he bottom tenperature
bei ng agove t evapor ati on tenper ature of t he nonester of formc

acid and pol ynet hyl ol (poly, lol _formate), which forns during the
distillation. 15 2. The pr g&%gfy' cor ngt clalmfB wherei n the

conposition of the aqueous polynethyl gl m xture conprises 20 to 90%
by wei ght of polynethylol (1), 0 to 5% by weight of nethanol, 200 to
5% by weight of tertiary amne, 0 to 5% by weight of organic
secondary conpounds, 0.01 to 5% by weight of the adduct of tertiary
am ne and f or i Wigh £3e7 R i RdeRssERBYE Turthehmptiviel oiRap&F an 2lsl grgwehaving
process accor ditmg2 tarbah ateassér avnaryladr acdiiat oeoub tavthgd tovdPetagihdn 4tb@s, a

aquelou_sm pol Iyg?érﬂ% Ql'mr@ Wgh&rgﬁg m@mﬁﬂcpﬁq?ﬂhﬂwaarm’!yabgﬁﬁﬂt% é(ﬁ(‘?f&ﬁﬁﬁé‘
o1 al donyde TRMERY Wi CHRGRsp PRI redistalond o elpm A b
met hyl ol al kanil @naﬁcteqhet the batibra t¢ BN pvadeater, diae hotRnh Enpedaipenisking dyovas
defined in cl @ie@vhporation temperature of the monester of formic acid and polymethylol
(polymethylo! formate) which forms during the distiliation.
15
2. The process according to claim 1, wherein the composition of the aqueous
polymethylol mixture comprises
20 to 90% by weight of polymethylol (1),
0 to 5% by weight of methanol,
20 0 to 5% by 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.

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 methylolalkanals of the formula (11)
where each R is independently as defined in claim 1

30
(HOCH,) —c — CHO (1)
"/

R R

and then, in stage b), distillatively separating the reaction mixture obtained from
stage a) into bottoms comprising predominantly compounds of the formula (I1) and

35 a fop 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



30 ( HOCH2) P-chq-%%HO RR and then, in stage b), distillatively
separating the reaction m xture obtained fromstage a) into bottons
-conprising predom nantly conpounds of tBe fornula (I'1) and 35a top

st ream whi ch %qﬁlr] l§|8§ hgw boil ers, and, in stage c), hydrogenating
the bottons disc ¥ rom st age b) PF 61452 23 trimethyl ol but ane.
5. The process accordl ng to claim4, wherein the polynethylol is
neopentyl &.ydbk prdsbss ad:cearqﬁn@msna@@madéingwd polghethgialis nedsardfl ghical. s
1 to 5 wherein the tertiary amne is triethylanm ne,

tri-n-propyl ag tri-n- am ne or trimethylamne. 7. The process
accor di hg téo %PFHC&SS W@P%Ktﬂé‘ﬁ%?f‘? a2t %@5 %WF@'WHW@N Feine is
108. The pr oc#&sghyarcioediirrgpropylamiree tisn-boty@ntife of mimethydnaing, wherein
the pressure at the top of the colum is 0.001 to 0.9 bar and the
operating ure of the den er i e ran efromOto 80C.
o “The. prodesd TRBLIPER AEFAE e S TRTSE rreo v eafant SRS in g RAET e
tenperature 15which is 10%to 50% above the boiling tenperature of

t he polignetdhyTak pfavesBbecdraing & @bbas BRE of flafirer o1, wnéretwtﬁe%ssul@at the

The process a%ipéfqgggolhﬂﬁﬁ 0. lﬂﬁ??cg 0 grb%lr 9hq ﬁte%cq%g%}ﬂtpﬁ?rgp?ﬁ & 6Ftha

condensat e obt
distillation CoNdEmIetis ‘%Weéﬁt’%?o%fo tQ@Fh)(Fe than 30% by weight. 11.
The process according to at |east one of clains 1 to 10, wherein the

distillatian WE%FB’beQ@&&rEhH atll@&‘?'bﬁé 'oﬂj‘[\!a n%nﬁoe@ wr%%r?a tgxﬂﬁ?rﬁﬁ{? ess
RS TR M (SBjpafaAiErRS hschalePeraMEoRTRIS

t he aqueous p@stpbhshegilirothernoiumméoﬁcsnfed in wthin a spatial region
between 1/4 and % of the theoretical plates of the distillation

I 30 ng.to at |east, one of .clai
(1:8 u\/\rrﬂerel #%t e-rll; ﬁ)é(%,)ceg%%?%o(ggﬁé?o% %%tpgept%l { “meé%%ﬁ?@gsnﬁ?t&m
stage b). 14. Weﬁrlﬁé’@s@fﬁéﬁﬁﬁf@ TRgyeied ito 1@@&’“”@!@ aslune 9i areexentof
13, wheei n t heorbtidnB0s, By selywe.ge fromthe distillation of the

aqueous polynethyl ol mxture is separated 35into a top stream

conprisin ol_ymet hyl ol and a bottom stream conpri si ng hi gher -
P 9 ﬂ ¥|e procyess according to at least one of claims 1 {Bp 10, whe?em th% distillation

column has 5 to 30 theoretical plates.

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

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

14. The process according to at least one of claims 3 to 13, wherein the bottoms
discharge from the distillation of the agueous polymethylol mixture is separated
35 into a top stream comprising polymethyiol, and a bottom stream comprising higher-
boiling organic components.

15. A composition comprising polymethylol of the formula (1) and 1 to 10 000 ppm by
weight of polymethylol formate.
40
16. The use of a polymethyiol according to claim 15 or obtainable according to claim 14
for use in polymers or networks.
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‘boi | i ng organi c conponents. 15. A conposition conprising pol ynethyl ol
of the formula (1) and 1 to 10 000 ppm,ﬁy wei ght of pol ynet hyl ol
-formate. 40 PF 61452 24 17. The use of*“pol ynet hyl ol s havi ng a

content of polymethylol formate of |ess than 1500 ppm by weight for
' proving W %glugg Io?pglgfr%g{hlyfo}syhefvnugpaoclﬁlnrtrgr{tSof B&yﬁ'ﬁ%h‘ﬁﬁﬁ flt(J?r'nate of less than
1500 ppm by weight for improving hydrolysis stability in polymers or networks.



