PFO000056806/ Kg -1- "as originally filed" Process for preparing

pol yoxynet hyl ene di nethyl ethers from nethanol and 5 fornmal dehyde
Description The invention relates to a process for preparing

pol yoxynet hyl ene di nethyl ethers. 10 Pol yoxynet hyl ene di nmethyl ethers
constitute f%@&%% series of the general forrmula CH3QUCH2O nCH3 15 in
which nis an integer ? 1. Like the parent nol ecul e of the honol ogous
series, methylal CH3QCH2O) CH3 (n = 1), the pol yoxynet hyl ene di net hyl
ethers are acetals. They are prepared by reaction of nethanol w th aqueous
f or mal dehydéégq oﬁﬁgmﬁgﬁkd” an acidic catalyst. Like other acetals,
they are st 20 or al kaline conditions, but are attacked
even by dilute acids. This converts themin a first step by hydrolysis to
hem acet al s papd : ep; i drolyzed
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di met hyl J et f¥@ldghgde,r epared by heating 25 pol yoxymet hyl ene gl ycol or

par af or mal dehyde with nethanol in the presence of traces of sulfuric acid
or hydrochlﬁiic.acid at tenperatures of from 150 to 180C and reaction tines
of from12 t&*I¥"™Burs. This results in deconposition reactions with
formation of carbon dioxide to formdinethyl ether. At a parafornal dehyde or
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presence of forBBil&yl furic acid. This affords pol yoxymet hyl ene di nethyl ethers
having from2 to 4 formal dehyde units per nol ecul e. PFO000056806/ Kg

CH;0(CH,0),CH,

15
in which n is an integer 2 1. Like the parent molecule of the homologous series,
methylal CH3;0(CH,O)CH; (n=1), the polyoxymethylene dimethyl ethers are
acetals. They are prepared by reaction of methanol with aqueous formaldehyde in
the presence of an acidic catalyst. Like other acetals, they are stable under neutral

20  or alkaline conditions, but are attacked even by dilute acids. This converts them in
a first step by hydrolysis to hemiacetals and methanol. In a second step, the
hemiacetals are hydrolyzed to formaldehyde and methanol.

On the laboratory scale, polyoxymethylene dimethyl ethers are prepared by heating

25  polyoxymethylene glycol or paraformaldehyde with methanol in the presence of
traces of sulfuric acid or hydrochloric acid at temperatures of from 150 to 180°C
and reaction times of from 12 to 15 hours. This results in decomposition reactions
with formation of carbon dioxide to form dimethyl ether. At a paraformaldehyde or
polyoxymethylene glycol : methanol ratio of 6:1, polymers where n> 100,

30  generally n = 300 — 500, are obtained. The products are washed with sodium sulfite
solution and subsequently fractionated by fractional crystallization.

US 2,449,469 describes a process in which methylal is heated with
paraformaldehyde or a concentrated formaldehyde solution in the presence of

35 sulfuric acid. This affords polyoxymethylene dimethyl ethers having from 2 to 4
formaldehyde units per molecule.



-2- In recent tinmes, polyoxynethyl ene dinmethyl ethers have gained
significance as diesel fuel additives. To reduce snoke and soot fornmation
in the conbustion of conventional diesel fuel, oxygen conpounds which have
only few, if an -C 5 bonds, for exanple nethanol, are added to it.
However, s 09@%5@ are frequently insoluble in diesel fuel and | ower
the cetane nunber and/or the flashpoidg-of the diesel fuel mxture. US
5,746, 785 descri bes the preparation of pol yoxynethyl ene di nethyl ethers 10
having a nolar nmass of from80 to 350, corresponding to n =1 - 10, by
reaction of 1 part of nethylal with 5 parts of paraformal dehyde in the
presence of ID ragmbyimenepelfioxyoficthyemi dinethyl ethera hazeygaingtusignifitarfcecam 150 to
240C, or by dfe@ﬁ%hp%d?tflve% Tgel'E&uch n%%ﬁoéoo\’“f(grjﬁlaﬁoﬂ%tt e QI)mB@srtﬁtlocffnal dehyde
at a tenperature of from 15 e resu ng yoxynet hyl ene
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trifl uor osulffaghpoint ¢ tt@.didsel fef MmixBre20 pol yoxynet hyl ene dlnethyl et hers where
n=2-5wthaselectivity of 94.8% the dinmer (n = 2) being obtained to
an extent of 49.6% The resulting polyoxynethylene dinethyl ethers are
added to a dSeS¢I46{788| désoribasothet prepérafiom rof 4polyax yhicthignenvdiméihyl 2thekdS
6,392,1 d l_ene ers by
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having from 2 to 6 formaldehyde units in the molecule by reacting methylal with
paraformaldehyde in the presence of trifluorosulfonic acid. This forms

20  polyoxymethylene dimethyl ethers where n =2 — 5 with a selectivity of 94.8%, the
dimer (n=2) being obtained to an extent of 49.6%. The resulting
polyoxymethylene dimethyl ethers are added to a diesel fuel in amounts of from 4
to 11% by weight.

25  US 6,392,102 describes the preparation of polyoxymethylene dimethyl ethers by
reacting a use stream comprising methanol and formaldehyde, which has been
obtained by oxidation of dimethyl ether, in the presence of an acidic catalyst and
simultaneous removal of the reaction products in a catalytic distillation column.
This affords methylal, methanol, water and polyoxymethylene dimethyl ethers.

30
A disadvantage of the known processes for preparing the lower polyoxymethylene
glycol dimethyl ethers (where n = 1-10) is that the dimer is obtained to a quite
predominant extent. The dimer formed as the main product has a low boiling point
and thus lowers the flashpoint, as a result of which it is less suitable as a diesel

35  fuel additive. Oligomers where n > 8 tend to crystallize at low temperatures and are
unsuitable as diesel fuel additives. In contrast, good suitability is possessed by the



unsui tabl e as diesel fuel additives. In contrast, good suitability is
possessed by the PFO000056806/ Kg -3- | ower pol yoxynet hyl ene di net hyl ethers
where n = 3 and 4 (trioxynethylene glycol dinmethyl ether and

t et raoxynet hyl ene gl ycol dinmethyl ether). These have boiling points and

f I ashpoi nt to a typical diesel fuel mxture. The cold filter
pl uggi ng p?@ﬁ%@ﬁ@g Bnot increased. 5 A di sadvant age of the processes

whi ch start from formal dehyde and netha&nol is that water is forned as a
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the pol yoxypmt &wé.e@rfeel%rmreydnd%h@EmﬁMm@eq%hﬁt ot 1BWSa RIaS5RSS: of Hhe
f or mal dehyde, |so{]}ot prepared by oxi dative ydrogenatlon of nethanol, in
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overal | propems. This conprises reactive 30 distillations, a plurality of
heterog?geously catal yzed reactors, distillation colums,
The above-described problems can be circumvented by working substantially
anhydrously. This is achieved by the use of trioxane as the formaldehydic
component which is reacted with methylal or dimethyl ether. However, the
trioxane feedstock is more expensive than formaldehyde since the trioxane
20  preparation in turn starts from formaldehyde as the feedstock. An additional
process step is thus required.

In the process described in US 6,392,102, the formaldehyde preparation is
integrated into the polyoxymethylene dimethyl ether synthesis. In this process,

25 formaldehyde is not prepared by oxidative dehydrogenation of methanol, in which
case aqueous formaldehyde solutions with a formaldehyde content of from 20 to
60% by weight are generally obtained, but rather by oxidative dehydrogenation of
dimethyl ether. This achieves formaldehyde concentrations of > 60% by weight. A
disadvantage is the complexity of the overall process. This comprises reactive

30 distillations, a plurality of heterogeneously catalyzed reactors, distillation columns,
absorption columns and a spray tower. This entails high development and capital
costs, and also maintenance costs in the course of operation.

There is thus still a need for a process for preparing polyoxymethylene glycol
35 dimethyl ethers which starts from commercial aqueous formaldehyde solution

readily available in large amounts. Against the background of their significance as



apsorption colums and a spray tower. This entails high devel opnrent and
capital costs, and al so nai ntenance costs in the course of operation. There
is thus still a need for a process for preparing pol yoxynet hyl ene glycol 35
di ret hyl ethers which starts from conmerci al aqueous fornal dehyde sol ution
readi |y avdHO9B0®6BA6/Kar ge anobunts. Agai nst the background of their
significance as PF0000056806/ Kg -4- di-gsel fuel additives, there is in
particular a need for the selective and economically viable preparation of

tri- and te.ra col dinmeth ect ..of the
vent 1on & Ben G BARE Ao 58 pef ot hpeglof Bleseler s o™ wOBb@EAMF g (1
and tet raoxyica’ebh)yd:MmQqud:m andi tetedoxy ineditylome giyviot dinstlayl tethet.r om aqueous

f or mal dehyde sol uti on. The object is achieved by a process for preparing

tri- and tetraoxynethyl ene glycol dinethyl ether (POVDMEN-3,4) by reacting
f or mal dehydb ijanhobjeethefnde iamentiontosprexidg asnimgrovst Rrasgssufortselectivelyt i on

m xture py Bieﬁéﬁﬂét ) QRd t@@éﬂ%ﬁhﬁlﬂ}%nﬁeh@ yedlCBitnety1- ethdr WHRA S@rt@nGRUS

f or mal dehyde sol uti on and anol” into"a reactor and reacting to give a
m xture a cffsPISiongaldghydeisaltipde, water, 15 nethyl ene glycol (M),

pol yoxynet hyl ene gI ycols (Man, 1), nethanol, hem for mals (HF), net hyI aI
(POVDMEN_1) .yoxymet hyl ene l.ycol dinethyl ethers

f eedi ng theT %Sgg?tdgaﬁi{f}(‘fe& aaprf’ﬁqsgf RrERAmng, - 'ﬁg?‘%yé‘?e&}é)ﬁ\% atl ng 20
i nt(r)] i’;l | ow bmmdtlegrl éthaC(Ti’(OMHMEﬁLQEI)pb'ySﬂe&guﬂ‘gOfdl‘ﬁiadEhydte ,wwlﬁ'frﬁthanolﬁejirnbangl

nmet hyl e ene C m.f or mal s an

pol yoxyﬂZt % ueﬂﬁ%%%é ﬁ?/feag?‘ﬂ%%éﬁ F@\%ﬁféﬁa ) In) COTHRIEIE ﬁiégsﬁepsoi | er
fraction b20f:orrpr| si ng poI yoxynet hyl ene gI ycol s, high-boiling hem formals
(HF,,,,) and 25 high-boiling pol yoxynet hyl ene gl ycoI di met hyl ethers
(POVDMVEN, 4), and recycling the high boiler fraction b2 into the reactor
(step a)); c) feali fgdingeaqueonshirmaldehydec solatiorhand meeshanol iintsta egastar| | at i on

col um and separ at hitP 2t %'@% bdohhﬁ"uré ba&dnhR3idy f&B{BPdéh i) Gwater,
formal dehyde, 30 water % |'&ne ¥col met hanol, hem fofmal s, rethylal,
di-, tri2 and mcthyﬁene glycol (MG), po yoxymethylene glycols (MG;,1), methanol,

hemiformals (HF), methylal (POMDME,.;) and polyoxymethylene
glycol dimethyl ethers (POMDME,.,);

b) feeding the reaction mixture a into a reactive evaporator and separating

20 into a low boiler fraction bl comprising formaldehyde, water,

methanol, methylene glycol, polyoxymethylene glycols, hemiformals,

methylal and  polyoxymethylene  glycol  dimethyl ethers

(POMDME,.,), and a high boiler fraction b2 comprising

polyoxymethylene glycols, high-boiling hemiformals (HF..;) and

25 high-boiling polyoxymethylene glycol dimethyl ethers (POMDME,4),
and recycling the high boiler fraction b2 into the reactor (step a));

c¢) feeding the low boiler fraction bl into a first distillation column and
separating into a low boiler fraction cl comprising formaldehyde,
30 water, methylene glycol, methanol, hemiformals, methylal, di-, tri- and
tetraoxymethylene glycol dimethyl ether (POMDME; ;3 4), and a high
boiler fraction ¢2 comprising polyoxymethylene glycols, high-boiling
hemiformals (HF,»;) and high-boiling polyoxymethylene glycol
dimethyl ethers (POMDME,.,), and recycling the high boiler fraction
35 c2 into the reactive evaporator (step b));



tetraoxynet hyl ene gl ycol dinmethyl ether (POVDVE'_2,3,4), and a high boiler
fraction c2 conprising pol yoxynet hyl ene glycols, high-boiling hemformals
(HFn, ,) and high-boiling pol yoxymethyl ene glycol dinmethyl ethers

( POVDMVEN, 4) n g/%[gingthe hi gh boiler fraction 35 c2 into the reactive
evapor at or P(@ﬁ@&%% FO0000056806/ Kg -5- d) feeding the |ow boiler fraction
cl into a second distillation colum amd separating into a |ow boiler
fraction dl conprising formal dehyde, water, nethanol, polyoxymnethyl ene

gl ycol s, hem for gal ] . . I L y.eol.  di hyl. .et her
Orovne 2y andth Toed MBI o frath SR URLIY ERq dholfRlio M bdlRbeha o "ot
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boiler fraction d2 intg a phase separation apparatus 10 and separating into
an aqueous phase el 2&$ioxyrethylens gg@ﬁ}sfhﬁqt% cdrer (PEOMRMEein)dd aighr

net hyl eng gl ycol angoike! faotioRedn WuBaanttHllyCedriistindNst finRIRAMES whgse e2
conprising tri- and t tﬁaoxygét hfél ene gl écol @I met h){l gqtbher (P =3, 4);
15 f) feeding the oP§HRIMepha&EHo | RPFORYREIYIENG st8Y9k i orfficol and
separating into a | evabojrhethyltnaglytsinlimbthgldiaéraPOMDME cORSi sti ng of

for mal dehyde, water, nethylene glycol and pol yoxynet hyl ene glycols, and a
hi gh boiler fraction f2 substantially consisting of tri- and

t et raoxynet hyl ene) gfegdinlg the meghhboilert fiaetiof FRMDNEY pBast) sepatitigh apparasal |y

f eedi ngid he aqueous 1 t L Shi | d
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15 f) feeding the organic phase e2 into a third distillation column and
separating into a low boiler fraction fl substantially consisting of
formaldehyde, water, methylene glycol and polyoxymethylene glycols,
and a high boiler fraction f2 substantially consisting of tri- and
tetraoxymethylene glycol dimethyl ether (POMDME; .3 4);

20
g) optionally feeding the aqueous phase el into a fourth distillation
column and separating into a low boiler fraction gl substantially
consisting of formaldehyde, water, methylene glycol and
polyoxymethylene glycols, and a high boiler fraction substantially
25 consisting of water.

Owing to the large number of components and the large number of chemical
equilibrium reactions proceeding simultaneously, the distillative separation of the
mixture which leaves the reactor and comprises formaldehyde, water, methylene
30 glycol, polyoxymethylene glycols, methanol, hemiformals, methylal and
polyoxymethylene glycol dimethyl ethers is not apparent to the person skilled in
the art and is a highly demanding problem. Merely from the boiling points of the
components present, it is possible to make only a few statements with regard to
their possible separation for formaldehydic mixtures. The reasons for this are
35 chemical equilibrium reactions which proceed in the presence of water and
methanol and lead to products including polyoxymethylene glycols and



m xture which | eaves the reactor and conprises fornal dehyde, water,
net hyl ene 30 gl ycol, pol yoxynet hyl ene gl ycols, nethanol, hem formals,
met hyl al and pol yoxymet hyl ene gl ycol dinethyl ethers is not apparent to the

per son ski i;‘!’l%g’f)ﬂﬁ b?%art and is a highly demanding problem Merely from
the boilin WBHP/ conponents present, it is possible to make only a

few statenents with regard to their passible separation for formal dehydic
m xtures. The reasons for this are 35 chemi cal equilibriumreactions which

proceed in n f t hanol . a ad .to duct
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equi libri uw@ﬂgdg@ﬁ&pgwtg&mlrfﬁ)lg,@&hageggmlf,% Moreover, reactive azeotropes
are formed which ead to co e equilibria. 51n a step a), aqueous

f or mal dehyde sol ution and nethanol are fed into a reactor and converted to

a mxturg amgesRpia laQGeJu@ff@i%eﬂ'(ﬁWﬂ@solM\@&ﬁind rﬁ@thmdlmeghmeqlreacmr and
pol yoxynet hyl ene 8 %/7 nmet hanol

X
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f or mal dehydpo@okmhethplenay gyaoted dhéttmidly ohema’ﬁrmebg comeghiylal at eghd

bef or ehand, QO%ﬁ@g‘WL@ﬁ?gﬁcg#eﬁ {hy?%th' n EP-A 1 063 221. In general, the

fornaldehyd g6us f or mal dehyde sol ution used in the
process according to the invention is from20 to 60% by weight. Mthanol is

pref er abhy g!.ﬁﬁg aS‘ oBHf r(t,nlglg ugg&efo%@ﬁagﬁ% BIUIU%H%AY T gftﬁ\}e‘?c}’ as

al cohol s su trou use mnet hanol

whi ch conpbg s‘é’élcﬁmf amsl belahandwe fashexastpletas a@ﬂﬁpﬂb%tﬂb EP-Aoin@ife?d lc 1of r ee)

for mal dehydgendt faué eorenatdenG@ cohdehuaish oF iBOMBhdsus BRhMQAYABRYliRAe gl ycol s
of different chain length ( 1) are. present in a%eous 20 sol utions
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Iby a Eart i cMahalmmpmMmpnsaafmtﬂwe ﬁ@inywwqmetsaweaﬂangnmlmmf othdrf f er ent
engt

m " aqueou dehyde soI ion" .also re
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subst ant i al lcgmpribas uphte 3D&ethy weigbuwsickthwmbbr i n t he form of nethyl ene gl ycol or
in 25 the terminal OH groups of the pol yoxymethyl ene glycols. This is the
case
Water, monomeric (free) formaldehyde, methylene glycol (MG) and oligomeric

polyoxymethylene glycols of different chain length (MGg...1) are present in aqueous
20  solutions alongside one another in a thermodynamic equilibrivom which is
characterized by a particular distribution of the polyoxymethylene glycols of
different length. The term "aqueous formaldehyde solution” also relates to
formaldehyde solutions which comprise virtually no free water, but rather
substantially only chemically bound water in the form of methylene glycol or in
25 the terminal OH groups of the polyoxymethylene glycols. This is the case
especially in concentrated formaldehyde solutions. Polyoxymethylene glycols may
have, for example, from two to nine oxymethylene units. In aqueous formaldehyde
solutions, dioxymethylene glycol, trioxymethylene glycol, tetraoxymethylene
glycol, pentaoxymethylene glycol, hexaoxymethylene glycol, heptaoxymethylene
30 glycol, octaoxymethylene glycol and nonaoxymethylene glycol may thus be
present alongside one another. The distribution is concentration-dependent. For
instance, the maximum of the distribution in dilute formaldehyde solutions is at
homologs of low chain length, while it is at homologs of higher chain length in
concentrated formaldehyde solutions. The equilibrium can be shified toward
35 longer-chain (higher molecular weight) polyoxymethylene glycols by water

removal, for example by simple distillation in a film evaporator. The equilibrium is



especially in concentrated formal dehyde sol utions. Pol yoxynet hyl ene gl ycol s
may have, for exanple, fromtwo to nine oxynethylene units. |In agueous

f ormal dehyde sol utions, dioxynethylene glycol, trioxynethylene glycol,
tetraoxyne ne pent aoxynet hyl ene gl ycol, hexaoxymnet hyl ene

gl ycol, ?ﬁ@@@#@ ﬁ@%@ne 30 glycol, octaoxynethyl ene glycol and
nonaoxynethylene glycol may thus be prresent al ongsi de one another. The
distribution is concentration dependent For instance, the naxinun1of t he
di stributio te ons i.s a s w chain
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equilibriumis PFO000056806/ Kg -7- established at a finite rate by the
Interrmlsecumﬁn ?@@Sréictsoﬂntﬁfmmhhﬁm| RNEive| polyx yni1dme Vs IRl egik eyl Wei ght
pol yoxynet h cols, wth ellnlnaélon of water to give higher nolecul ar
wei ght poly ﬁ@¥ iepetineauationlfa| dehyde reacts with nethanol to give
polyoxynethylene glycol dinmethyl ethers by the overall reaction equation
(1): nCH, O+2CH3COH -CH3- O (CH2-O), -CH3+H, O (1) 10 The acidic catal yst used
may be a honogéﬁé@uékﬂf&Héteﬂb@eﬂéeﬂyfaeﬂﬁle(taﬁdﬂygt Sui t ab{l® acidic
catal ysts are mneral acids such as substantially anhydrous sulfuric acid,
sul fonic acids such as trifluoronethanesul fonic acid and

para-tol uenegsul foni c _acid, heteropolyaC|ds aci di c ion exchange resins,
zeol i t el al Beriigi; qafaly sscd my bg grhorapgsReans or dicisrparaRouHAclic cRfatyshi um

dlh oxi de agdSﬂlltdbf[@ﬁm&imcd! tsdeﬁ‘e nimrdl escmamhxaﬁtsﬁbsl&uﬁﬂyanmyur@isokeufuhe i ncrease
t heir aci st.ren

h sul ou eneral ly
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in a sti rredc1ﬂ,d'felter0pxﬂ§zaouﬂs Q@&IEF@m exalyangmtmlna,rzebbas,tmmrmMDatas stle:bnrogeneous
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cat al yst be I'suse FE Can sub seq tent Picted with
20 an ah} onn@yem@dﬁg@ ingrsiase {heircacdk strengtho Beadaped vslubsxlém paphgsphated- f r ee

product g?dd#ﬁ hallfsh &ﬁé&téﬁ?ﬁﬂh@@?ﬂ?l@%%@ywé} R6E toh€idh i bbkat i on may
al so be use egreac ton is effected general E a tenperatur of fromO
to 200C, pr&aEpdYy in a stired tank reactor (CSTR) or a tubular reactor. When a

heterogeneous catalyst is used, preference is given to a fixed bed reactor. When a
fixed catalyst bed is used, the product mixture can subsequently be contacted with
20  an anionic exchange resin in order to obtain a substantially acid-free product

mixture. In the less advantageous case, a reactive distillation may also be used.

The reaction is effected generally at a temperature of from 0 to 200°C, preferably
from 50 to 150°C, and a pressure of from 1 to 20 bar, preferably from 2 to 10 bar.

25
According to the overall reaction equation (2), polyoxymethylene glycols are
formed. According to equation (3), polyoxymethylene glycol monomethyl ethers
(hemiformals, HF,) are formed.
nCH,O + H,0 — HO ~(CH, -0), - H (2)
nCH ,0 + CH,OH —CH, -0 -(CH, -0), -H (3)
30

The condensation and chain-building reactions involved in the formation of the

polyoxymethylene glycols, hemiformals and polyoxymethylene glycol dimethyl



from50 to 150C, and a pressure of from1l to 20 bar, preferably from2 to 10
bar. 25 According to the overall reaction equation (2), polyoxynethylene
glycols are fornmed. According to equation (3), polyoxynethylene glycol
nononet hyl L% Eﬁéi 8h i formals, HF') are fornmed. nCH2O0+H2O- VHO - (CH, - 0), -
(2) nCH O 806/ - O0- (CH, - 0, - H(3) 30 The condensation and
chai n-building reactions involved in tige formation of the pol yoxynethyl ene
glycols, hem formals and pol yoxynet hyl ene gl ycol di nethyl PFO000056806/ Kg
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polyoxymethylene glycols (POMDME,.4). This fraction mixes in the reactive
evaporator with the reaction mixture a which comprises a higher proportion of
water, methanol, polyoxymethylene glycols, hemiformals and polyoxymethylene
glycol dimethyl ethers of shorter chain length. Thus, in the reactive evaporator, this
20  leads to cleavage of long-chain components to components of shorter chain length.
The reactive evaporator is generally operated at the pressure of the first column.
However, it can also be operated at higher pressure. The operating pressure of the
reactive evaporator is generally from 0.1 to 20 bar, preferably from 0.2 to 10 bar;
the operating temperature is generally from 50 to 320°C, preferably from 80 to
25  250°C.

The distillation columns used in the steps c), d), f) and g) described below are
columns of customary design. Useful columns are columns with random packing,
tray columns and columns with structured packing; preference is given to tray
30 columns and columns with structured packing. The term-"low boiler fraction" is
used for the mixture withdrawn in the upper section, the term "high boiler fraction”
for that withdrawn in the lower section of the column. In general, the low boiler
fraction is withdrawn at the top of the column, the high boiler fraction at the
bottom of the column. However, this is not obligatory. It is also possible to
35  withdraw the side draws in the stripping or rectifying section of the column.



However, it can al so be operated at higher pressure. The operating pressure
of the reactive evaporator is generally fromO0.1 to 20 bar, preferably from
0.2 to 10 bar; the operating tenperature is generally from50 to 320C,
preferably from80 to 25 250C. The distillation colums used in the st eps
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consisting of formaldehyde water, methylene glycol, polyoxyrncthylene glycols,
tri- and tetraoxymethylene glycol dimethyl ether (POMDME,,_3 4).

20
"Substantially consisting of" here and hereinbelow means that the fraction in
question consists to an extent of at least 90% by weight, preferably to an extent of
at least 95% by weight, of the components mentioned. The high boiler fraction d2
comprises in particular virtually no dioxymethylene glycol dimethyl ether. Its

25  content in the high boiler fraction d2 is generally < 3% by weight.

The second distillation column generally has from 1 to 50 plates, preferably from 1
to 20 plates. It is operated at a pressure of from 0.1 to 10 bar, preferably from 0.2
to 6 bar. The top temperature is generally from 0 to 160°C, preferably from 20 to

30 130°C; the bottom temperature is generally from 50 to 260°C, preferably from 80
to 220°C.

In general, the low boiler fraction d1 is returned to the reactor (step a)).

35 Ina step e), the high boiler fraction d2 is fed into a phase separation apparatus and

separated into an aqueous phase el substantially consisting of formaldehyde,



20 "Substantially consisting of' here and herei nbel ow neans that the
fraction in question consists to an extent of at |east 90% by wei ght,
preferably to an extent of at |east 95% by wei ght, of the conponents

ment i oned h b0| l er fraction d2 conprises in particular virtually no
di oxynet hylPé:H@O%JSg Kgi net hyl ether. Its 25 content in the high boiler
fraction d2 is generally < 3% by wei gh{g- The second distillation colum
generally has from1l to 50 pI ates, preferably from1l to 20 plates. It is
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150 to 240°C.

The high boiler fraction f2 constitutes the product of value of the process according
to the invention. It may comprise more than 99% by weight of POMDME, ;3 4.
20
In general, in a further (optional) step g), the aqueous phase el is worked up
further. To this end, it is fed into a fourth distillation column and separated into a
low boiler fraction gl substantially consisting of formaldehyde, water, methylene
glycol and polyoxymethylene glycols, and a high boiler fraction substantially
25  consisting of water.

The fourth distillation column generally has from 1 to 30 plates, preferably from 1
to 20 plates. It is operated at a pressure of from 0.1 to 10 bar, preferably from 0.2
to 6 bar. The top temperature is generally from -20 to +120°C, preferably from 20

30 to 100°C; the bottom temperature is generally from +40 to +180°C, preferably
from 60 to 150°C.

The low boiler fractions f1 and/or gl may be returned as recycle streams to the
second distillation column (step d)). They are preferably returned to the second
35 distillation column. The low boiler fractions f1 and/or gl may also be returned as

recycle streams to the reactor (step a)).



to the invention. It may conprise nore than 99% by wei ght of POVDVENn_3,4. 20
In general, in a further (optional) step g), the aqueous phase el is worked
up further. To this end, it is fed into a fourth distillation colum and
separated i | oi ler fraction gl substantially consisting of
fornaldehydﬂ%ﬁ9§W¥$8g/ hyl ene gl ycol and pol yoxynet hyl ene glycols, and a
hi gh boiler fraction substantially 25jgonsisting of water. The fourth
distillation colum generally has from1l to 30 plates, preferably from1l to
20 plates. It is operated at a pressure of fromO0.1 to 10 bar, preferably
fromO0.2 to 6 bar. The top tenperature is generally from-20 to +120C,
preferably fhe inventiquis insteed bytthedisping m tenperature is generally from +40
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low boiler fraction 10 comprising formaldehyde, water, methylene glycol,
methanol, hemiformals, methylal, di-, tri- and tetraoxymethylene glycol dimethyl
cther, and a high boiler fraction 9 comprising polyoxymethylene glycols, high-
boiling hemiformals (HF,.) and high-boiling polyoxymethylene glycols. The high
20 boiler fraction 9 is returned to the reactive evaporator 5. The low boiler fraction 10
is separated in the second distillation column into a low boiler fraction 12
comprising formaldehyde, water, methanol, polyoxymethylene glycols,
hemiformals, methylal and dioxymethylene glycol dimethyl ether, and a high
boiler fraction 13 composed of formaldehyde, water, methylene glycol,
25 polyoxymethylene glycols, tri- and tetraoxymethylene glycol dimethyl ether. The
low boiler fraction 12 is returned to the reactor 3. The high boiler fraction 13 is
separated in the phase separation apparatus 22 into an aqueous phase 18 composed
of formaldehyde, water, methylene glycol and polyoxymethylene glycols, and an
organic phase 14 comprising tri- and tetraoxymethylene glycol dimethyl ether and
30 additionally formaldehyde, water, methylene glycol and polyoxymethylene
glycols. The organic phase 14 is separated in the fourth distillation column 15 into
a low boiler fraction 16 composed of formaldehyde, water, methylene glycol and
polyoxymethylene glycols, and a high boiler fraction 17 consisting of tri- and
tetraoxymethylene glycol dimethyl ether. The high boiler fraction 17 is obtained as
35 the product of value. The low boiler fraction 16 is returned to the second
distillation column 11. The aqueous phase 18 is separated in the fifth distillation



met hanol, hem formals, nethylal, di-, tri- and tetraoxynethyl ene glycol
dinmethyl ether, and a high boiler fraction 9 conprising pol yoxynet hyl ene
glycols, high- boiling hem formals (HF,,,1) and high-boiling

pol yoxynet hyl ene gl ycols. The high 20 boiler fraction 9 is returned to the
reactive e The | ow boiler fraction 10 is separated in the
second dis#&ﬁﬁgﬁk§%m§§ﬁunn into a low boiler fraction 12 conprising

f or mal dehyde, water, methanol, pol yoxyh2thyl ene glycols, hem formals,

met hyl al and di oxynet hyl ene gl ycol dinethyl ether, and a high boiler

fr ?ctl on tlﬁccflﬁﬁmogfdn@}‘ af1@3@5{1’&*@@@@0eéom[?ﬁ.&(lhydfef&lngidx{;ﬁﬂgb vzatﬁer,l .
pol yoxynet hyl en ycols, tri- an raoxynet hyl ene glyco i e et her.
The | ow bolellen cghvsabind paiomteifiens Bateiheathaduss b?!lefrFFéCtFﬂIbE¥boi | er
fracti on 13cdposedpaivateedtclovitilphfis®iche0as adthmed &pparsataisl ddiliabibe an
aqueous phasq 18lronposed of formal dehyde, water, nethylene glycol and
polyoxynethﬁqgﬁ@ glycols, and an organic phase 14 conprising tri- and

t et raoxynet hyl ene gl ycol dinmethyl ether and 30 additionally fornal dehyde,
wat er, nethyl ene glycol and pol yoxynet hyl ene glycols. The organi c phase 14
is separated in the fourth distillation colum 15 into a |ow boiler
fraction 16 conposed of formal dehyde, water, nethylene glycol and

pol yoxynet hyl ene gl ycols, and a high boiler fraction 17 consisting of tri-
and tetraoxynethylene glycol dinethyl ether. The high boiler fraction 17 is
obtained as 35 the product of value. The low boiler fraction 16 is returned
to the second distillation colum 11. The aqueous phase 18 is separated in
the fifth distillation PFO000056806/Kg -12- colum 19 into a | ow boiler
fraction 20 conposed of formal dehyde, water, nethylene glycol and

pol yoxynet hyl ene gl ycols, and a high boiler fraction 21 conposed of water.
The low boiler fraction 20 is returned to the second distillation colum
11. PFO000056806/Kg -13- What is clained is: 1. A process for preparing tri-
and tetraoxynet hyl ene glycol dinmethyl ether (POVDMENn_3,4) by reacting

f or mal dehyde wi th net hanol and subsequently 5 working up the reaction

m xture by distillation, conprising the steps of:



a) feeding aqueous fornmal dehyde sol ution and nethanol into a reactor and
reacting to give a mxture a conprising forml dehyde, water, nethylene
gl ycol (M3, polyoxynethylene glycols (Man, 1), nethanol, 10 hem fornals
(HF), nethyl al PgNDNEn-l) and pol yoxynet hyl ene glycol dinmethyl ethers
(PCNDNEn,I¥F8g¥&5 I § the reaction nmixture a into a reactive evaporat or
and separating into a |low boiler fraction bl conprising formal dehyde,

wat er, 15 nethanol, methylene glycol, polyoxynethylene glycols,

hem f or nal nd polyoxynethylene glycol dinethyl ethers
(PCNDNE,,I?WhgghnXAﬁlgh boil er fraction b2 conprising polyoxymnethylene
glycols, hemformals (HFn,i) and polyoxymethylene glycol dinmethyl ethers

(POVDMEN, 3)§, andy C}J%chrs@ﬁaﬁ%ecm&gﬁ nfiNeRRL Beitly| ! 41980 REmbALP P, ™ eact or

(step a)); c) fee ract| istillation
colum and sepa: Q’IEnﬁm by rwune&rrr@}dehy%mtbmeéman@bmsubiswent

f or mal dehyde, V\@b&in WRhB YR80 ﬁh)i/tﬁfélb dIﬁllthﬁBﬁ'eon‘Ttﬁfﬁrngh soﬂmt hyl al,

di-, tri- and 25 tet raoxynet hyl ene gl yco di meth et her , 3, 4)

and a high boiler fraction c2 conprising polyoxynethylene glycols

hi gh-boi l'i ng  hesyi ffeeding saq(édus, ﬂo)mﬁﬂé]}hlie@i%ithﬁid mﬁgnﬁqiaﬁeumetahnehaae gl ycol
di methyl ethers (POVOME ' '

rec i ng the high boil action c2 into
the reactive evapor#tof® af()té‘%gebo e 2 5‘ref‘réé:8FW§'S'§!lﬁeR’|“i5'9ﬁ ‘{ Ma¥action ¢ 1
into a second di stiinkhylcoa gtwa(mﬁGarmﬂyosemammnaglycntsc{W,l,Qv\niamaheic fraction
dl co | sing for o) ol s
hem fgﬁn%l s, net h%ﬁqﬁﬂéﬂﬁl dr ox nggm{l Nﬂ‘f‘él énpé?ﬁg %Jéfrﬁ&hglfé%VDNE
and a hi gh 35 boi | egly¢olgemetbyl ot rS(R!QMDME&h] ,y consisting of fornal dehyde
wat er, nethyl ene glycol, polyoxynethylene glycols, tri- and PFO000056806/ Kg

-14- tetraoxyrret hyl ene gI ycol dinmethyl ether (POVDIVE" 3,4); e) feeding the
hi gh boil er frackh of¢eding tie [sagiOgHRIKAIre @ ntp AFAHIVE SYaICROEand separating

into a low boiler fraction bl comprising formaldehyde, water,

15 methanol, methylene glycol, polyoxymethylene glycols, hemiformals,
methylal and  polyoxymethylene glycol  dimethyl ethers
(POMDME,.;), and a high boiler fraction b2 comprising
polyoxymethylene glycols, hemiformals (HEq51) and
polyoxymethylene glycol dimethyl ethers (POMDME,.s), and

20 recycling the high boiler fraction b2 into the reactor (step a));

¢) feeding the low boiler fraction bl into a first distillation column and
separating into a low boiler fraction cl comprising formaldehyde,
water, methylene glycol, methanol, hemiformals, methylal, di-, tri- and
25 tetraoxymethylene glycol dimethyl ether (POMDME,,-;14), and a high
boiler fraction ¢2 comprising polyoxymethylene glycols, high-boiling
hemiformals (HF,.;}) and high-boiling polyoxymethylene glycol
dimethyl ethers (POMDME,.4), and recycling the high boiler fraction
¢2 into the reactive evaporator (step b));

30
d) feeding the low boiler fraction c1 into a second distillation column and
separating into a low boiler fraction d1 comprising formaldehyde,
water, methanol, polyoxymethylene glycols, hemiformals, methylal
and dioxymethylene glycol dimethyl ether (POMDME,-;), and a high
35 boiler fraction d2 substantially consisting of formaldehyde, water,

methylene  glycol,  polyoxymethylene  glycols, tri-  and



and separating into an aqueous phase el substantially consisting of 5

for mal dehyde, water, nethylene glycol and pol yoxynet hyl ene glycols, and an
or gani ¢ phase e2 conprising tri- and tetraoxynethyl ene glycol dimethyl

et her (POVDME" 3 4 f) feeding the organic phase e2 into a third

di stillati SHOPRRUTARO 10 separating into a |ow boiler fraction fl
substantially conS|st|ng of formal dehyge, water, nethylene glycol and

pol yoxynet hyl ene glycols and a high boiler fraction f2 substantially

consisting of tri- | e lyc I et her
(POVDVE" 3, 4); 15 g*ﬂﬁﬁﬁ %ﬂjk%%% Qﬁﬂ@ﬂ%HEQBSgﬁgﬁg &el into a fourth
distillation colum and separati ng | nto a Iow b0| | er fraction gl
substantial ly ns t and
polyoxynethylenegbléé%PEQh dﬂP&ﬂEkQﬁ%M&f rac P%ﬁ’%ﬁ%ﬁpé%%béﬁﬁhs
consi sting of wat erand2eeparatifgenisr m@geecmemha@h ad substedtially consiatieg efn the | ow
boi ler fyaction dl fmafagh en@qtcf“sm&h%]%ﬁé’gflﬁol% ROl 483 @l (St ep

ere

a)). 3. The process according to cl al
fractions fl 25 anddin @qga'élﬁé’hﬁ@t‘i?r?fﬁﬁpfa%n&Eby@ﬂée%%wmﬂf‘@et%%econd

distillation col urmdm{eﬂ{}eetrgnpoﬂnﬂgﬁgr ocess according to any of clains 1
to 3, wherein the low boiler fractions fl and/or gl are returned as recycle
streans to the reactor (step 30 a)).

f) feeding the organic phase €2 into a third distillation column and

10 separating into a low boiler fraction f1 substantially consisting of

formaldchyde, water, methylene glycol and polyoxymethylene glycols,

and a high boiler fraction f2 substantially consisting of tri- and
tetraoxymethylene glycol dimethyl ether (POMDME,3 4);

15 g) optionally feeding the aqueous phase el into a fourth distillation
column and separating into a low boiler fraction gl substantially
consisting of formaldehyde, water, methylene glycol and
polyoxymethylene glycols, and a high boiler fraction substantially

consisting of water.
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2. The process according to claim 1, wherein the low boiler fraction d1 is
returned as a recycle stream to the reactor (step a)).
3. The process according to claim 1 or 2, wherein the low boiler fractions f1
25 and/or gl are returned as recycle streams to the second distillation column
(step d)).
4. The process according to any of claims 1 to 3, wherein the low boiler

fractions f1 andfor gl are returned as recycle streams (o the reactor (step
30 a)).



