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polyacid. The rapid deactivation of the heteropolyacid catalyst has been found to be
particularly disadvantageous, especially in continuous copolymerizations and
25 processes in which catalyst is reused, since it leads to decreasing polymerization con-
versions.

it is an object of the present invention to provide a simple and inexpensive process for
preparing THF copolymers with alpha, omega-diols which is suitable for preparing THF

30 copolymers with alpha, omega-diols at constant copolymerization conversions even
when the heteropolyacid catalyst is reused.

We have found that this object is achieved by a process for the single-stage prepara-
tion of polyoxyalkylene glycols by copolymerization of THF and alpha, omega-diols in

35 the presence of a heteropolyacid, wherein the content of organically bound nitrogen in
the alpha, omega-diol used is less than 15 ppm, preferably 10 ppm, particularly pref-
erably less than 5 ppm.

For the purposes of the present patent application, organically bound nitrogen is, in
40 particular, the nitrogen of amines or organic ammonium compounds. It is determined
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25  Suitable organic solvents include C,-C;p-alcohols such as methane [sic], ethanol, pro-
panol or isopropanol, C,-Cip-ethers such as tetrahydrofuran, diethyl ether, butyl methyl
ether, and halogenated solvents such as chloroform or dichloromethane and mixtures
thereof. Preference is given to using C,-C,g-alcohols, particularly preferably methanol.

30 On a production scale, another possibility is the known layer or suspension crystalliza-
tion method in which purification is achieved by crystallization from the melt and impuri-
ties remain in the melt.

A further method of purifying the alpha, omega-diols used according to the present
35 invention is solvent extraction of a saturated, aqueous, alcoholic or tetrahydrofuran-
containing solution of the alpha, omega-diol by means of saturated or unsaturated ali-
phatic, cycloaliphatic or olefinic C4-C.s-hydrocarbons or C,-Cys-ethers. However, it is
also possible to use hydrocarbons containing halogen atoms such as chlorine. Mixtures
of the abovementioned classes of solvent which have a proportion of at least 50% by
40  weight of the hydrocarbon or ether are also suitable for the extraction.
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be conveyed via a prereactor charged with ion exchanger into the polymenzatlon reac-
25 tor. It is advantageous for a mixture of the alpha, omega-diol with THF and, if desired, a
hydrocarbon and water, i.e. the reaction medium of the polymerization, to be passed
over the ion exchanger.

Among the purification methods suitable for removing the organically bound nitrogen
30 from the alpha, omega-diols used according to the present invention down to less than
§ ppm, preference is given to treatment with ion exchangers.

According to the present invention, from 1 to 60% by weight of the alpha, omega-diol,
based on the tetrahydrofuran used, preferably from 2 to 40% by weight, particularly
35 preferably from 3 to 20% by weight, is used in the copolymerization.

Tetrahydrofuran is used in an amount of from 40 to 99% by weight, based on the total
amount of THF and alpha, omega-diol, preferably in an amount of from 60 to 98% by
weight, particularly preferably from 80 to 97% by weight, in the copolymerization.

40
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t he copol ynerization. In general, 1 nol of heteropoly- acid binds from10 to
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from 1 x 10*% by weight (corresponding to 1 ppm) to 30% by weight, based on the
fresh feed comprising alpha, omega-diol and THF, preferably from 1 ppm to 16% by

25  weight, particularly preferably from 1 to 10% by weight. However, it is also possible to
feed the hydrocarbon into the top of the distillation column for separating off the mixture
of hydrocarbon and water. The molecular weight can be adjusted via the total amount
of water which is removed from the copolymerization. In general, 1 mol of heteropoly-
acid binds from 10 to 40 molecules of water by coordination. The heteropolyacids used

30 as catalysts should contain from about 1 to 10 molecules of water per molecule of het-
eropolyacid. In addition, water is liberated by the copolymerization with the aipha,
omega-diols used as comonomer. The higher the water content of the copolymerization
solution, the lower the molecular weight of the copolymer obtained.

35 For the purposes of the present patent application, the term “mean molecular weight”
or “mean molar mass” refers to the number average Mn of the molecular weight of the
polymer molecules present in the polymer formed.

Heteropolyacids which are used according to the present invention are inorganic poly-
40  acids which, in contrast to isopolyacids, have at least two different central atoms. Het-
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25 The vapor formed is preferably condensed in a surface condenser; however, quench
condensers and spray condensers are also possible. The condensate obtained is
passed to solvent work-up for removal of the water from the system. it is particularly
advantageous to recirculate part of the condensate to the reactor, i.e. to remove the
heat of reaction by means of evaporative cooling. To achieve the highest possible

30 water contents in the condensate to be taken off, a multistage countercurrent rectifica-
tion column supplied with the return condensate as runback can be installed between
reactor and condenser.

In a further embodiment, THF is distilled off simultaneously with the mixture of the
35 hydrocarbon used in the copolymerization with water; the THF can, depending on the
hydrocarbon, form a tertiary azeotrope.

The hydrocarbon distilled off in a mixture with water or the mixtures of water and
hydrocarbon with tetrahydrofuran can be dried by means of a suitable solid adsorbent,
40 for example over molecular sieves, and be fed back into the copolymerization. Phase
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25
The heteropolyacid can be introduced into the reaction in solid form, whereupon it is
gradually solvated by being brought into contact with the further reactants to form the
liquid catalyst phase. An alternative procedure is to slurry the solid heteropolyacid with
the alpha, omega-diol and/or the THF to be used and to introduce the resulting catalyst
30 solution into the reactor as a liquid catalyst phase. Either the catalyst phase or the
monomeric starting material can be placed in the reactor first. However, it is also pos-
sible to introduce both components simultaneously into the reactor.

In a continuous mode of operation, water is metered into the reactor in an amount of
35 from 0.1 to 5% by weight, preferably 0.1 — 3.5% by weight, particularly preferably 0.1 —

[lacuna] % by weight, based on the total amount of monomeric THF and comonomer

usually via a level regulator. Fresh monomer is advantageously introduced in an

amount corresponding to that in which product and unreacted monomer are discharged

from the reaction apparatus. The residence time and therefore the polymerization time
40 can also be controlled in this way, thus providing a further means of influencing and
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process i stingegenotiess, residédue thmesldftfropt 1 to 50 hours, preferably from 10 to 40 hours,

are usually set. At the beginning of a continuous reaction, the reaction system

described takes some time until a steady-state equilibrium has been established and

during this time it can be advantageous to keep the reactor outlet closed, i.e. not to

25 discharge any product solution from the reaction apparatus.
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The copolymerization is usually carried out at from 20 to 100°C, preferably from 30 to

80°C. It is advantageously carried out under atmospheric pressure, but a reaction

under pressure, usually the autogenous pressure of the reaction system, can likewise
30 prove to be useful and advantageous.

Whether the process is carried out batchwise, semicontinuously or continuously, the
reactors should be equipped with effective mixing devices, for example stirrers.

35 Suitable reactors include all liquid reactors which are known to those skilled in the art
and have an internal or/and external free surface area for the necessary evaporation of
the water-containing vapor and in which sufficiently high shear forces for suspending
the catalyst phase in the homogeneous monomer/polymer phase are achieved in the
liquid (stirred vessels, circulation reactors, jet loops, pulsed internais). A particularly

40 advantageous type of construction is as a jet loop, since the necessary heating of the
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bution and also in pure form with a low color number. The copolymers have degrees of

incorporation of the alpha, omega-diol comonomer of from 5 to 50% by weight, based
on the copolymer, and mean molecular weights M, of from 600 to 6000. The polyoxyal-

25  kylene glycols which can be prepared according to the present invention are used, for
example, for producing special polyurethanes which are suitable as high-elasticity
composite materials. A polyurethane polymer derived from the copolymers which can
be prepared according to the present invention has a high elongation to break, a low
stress change during elongation, a small hysteresis loss on stretching and recovery

30 and a high elasticity even at very low temperatures.

Examples

Determination of the OH number

35
The hydroxyl number is reported as the amount of potassium hydroxide in mg which is
equivalent to the amount of acidic acid bound in the acetylation of 1 g of substance.



cades of stirred vessels. 15 For the present purposes, an emnul sion-|ike
copol ynerization mxture is a mxture con- taining from2 to 10 nol of water
per nol e opglghef opol yacid. The process of the present invention enables
polyoxyalkyfene glycols, in particular 20 copol yners of THE and neopentyl

gl ycol, to be obtained economcally, without |oss of catalyst activity and
in good yield, selectively and with a n&rrow nol ecul ar wei ght distri- bution
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nunber is ggérﬁélghned by esterification of the hydroxyl groups present wth
an excess acétic anhydride. After the reaction, the excess acetic
anhydride is hydrolyzed with water and backtitrated as acetic acid with
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(organic nitrogen content; 15 ppm), 2 parts of pentane and THF as balance were sub-

20 sequently fed continuously via a prereactor charged with a cation exchanger (Lewatit®

5100 from Bayer AG, Leverkusen) into the reaction vessel. After passage through the

prereactor, the NPG still had, after removal of volatile components, a content of

< 1 ppm of organically bound nitrogen. The reaction temperature was maintained at 66-

67°C. The THF/pentane/water mixture which vaporized was condensed. Water ob-

25 tained was discharged after phase separation.

The output obtained continuously from the polymerization reactor was admixed with

250 g of pentane and subjected to phase separation. The heavy catalyst phase was

recirculated to the polymerization reactor. The upper phase was passed at 20°C over a
30 combination of cation and anion exchangers which were each arranged as a fixed bed.

THF was evaporated in a single stage at 1.0 bar and 75°C from the reactor output

which had been freed of traces of acid in this way and was recirculated to the reaction.

At 15 mbar and 170°C, the unreacted NPF [sic] was then likewise evaporated in a sin-
35 gle stage and recirculated to the reaction.

The copolymer conversion determined by sampling was about 37% at the beginning of

the experiment. The catalyst suffered only insignificant deactivation over a time of

2000 hours. After 2000 hours of operation, the mean polymerization conversion was
40 36%. This corresponds to a mean deactivation of 0.012%/day.



15 266 g of technical -grade neopentyl glycol was stirred to give a
hom)geneog: 59&ﬂti on. Wile stirring, 4125 g of a dodecaphosphot ungsten
acid (H3P X H20 where x = 4-7) were added thereto. The emul sion

obt ai ned was stirred at 95C for 5 hours. 200 g/h of a m xture of neopentyl
gl ycol / THF/ n- pent ane consisting of 5 paots of comrercial NPG (organic
nitrogen c . al ance were sub 20
sequent |y @gyﬁﬂ?&%ﬂﬁgg?eﬁ éﬁgﬁ%?%réogg?mg&gg%t?ﬁeg cation exchanger
(Lewatit(r) S100 from Bayer AG Leverkusen) into the reaction vessel. After
passage thCaupdrativecexapipiy actor, the NPG still had, after renoval of

vol atil e conponents, a content of < 1 ppm of organically bound nitrogen. The
reaction tenperature was maintained at 66- 67C. The THF/ pent ane/ wat er
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pol yneri zaé)jcﬂgnq]eqq%,% Wy adm xed with 250 g of pentane and subjected to
phase separati on. e 'neavy catal yst phase was recirculated to the

pol ynmeri zation reactor. The upper phase was passed at 20C over a 30
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was t hen |sponds tea eneapaeattivdtiomofabouh0.08%/dadye st age and recircul ated to the
reaction. The copol yner conversion determ ned by sanpling was about 37% at

t he begi nning of the experinent. The catal yst suffered only insignificant
deactivation over a tinme of 2000 hours. After 2000 hours of operation, the
mean pol ynerization conversion was 40 36% This corresponds to a nean
deactivation of 0.012% day. PF 54411 10 A copol ynmer having a nean OH nunber
of 58 nmg KOH g was obtai ned. Conparative exanple 2 5 The procedure of
exanple 1 was repeated using commercial, technical-grade NPG (content of
organi cally bound nitrogen: 15 ppm, but the prereactor charged with ion
exchanger was renoved. The copol yner conversion determ ned by sanpling was
37% at the beginning of the 10 experinent. The catal yst suffered severe
deactivation over a tinme of 2000 hours. After 2000 hours of operation, the
mean pol yneri zation conversion was 30.6% This corre- sponds to a nean
deactivati on of about 0.08% day.



PF 54411 11 W claim 1. A process for the single-stage preparation of

pol yoxyal kg @ngqp! ycol s by copoly- nerization of THE and al pha, omega-diols
i'n the presence of a heteropolyacid, 5 wherein the content of organically
bound nitrogen in the al pha, onega-dial is less than 15 ppm 2. A process
for the single-stage preparation of polMoxyal kyl ene glycols as clained in
claim1, %zﬁéiﬂrt he content of organically bound nitrogen in the al pha,
onega- 10 diol"1$ less than 10 ppm 3. A process for the single-stage
preparation of polyoxyal kyl ene glycols as claimed in claiml or 2, wherein
t he cont ent. of AQprazss talthe/sibglesthgei dremmyation of polyexadlipiene ghaoidsy ebipoly- i S

achi eved by trgat: jaal - Q. @l - G :
recrystallizat ﬁghﬁ@%lo\ﬁ;gﬁ%@gg r@%ﬂ Pﬁ%@%?ﬁxﬂ?ﬁe eg,@%ﬂ% %E?Lé%rﬁé‘?%%%xchanger.
4. A process f¥Wherehehe cageat %'%ﬁw% PO IN o 9B AneAAY iyle§R ol s as
clainmed in anthaofibgpai.ns 1 to 3, wherein a C2-Cl0-al kanediol or a THE
copolynmer with C2-C o-al kanedi ol s having a nean nol ecul ar wei ght of from
200 to 600 _dalton is .20 used as al pha, omega-diol. 5. A pr ces% for the
singl e- st age pfopAess fANLFINYST ?W?@FB%M%Y%'%\%“%Q%W claied,y of
clains 1 to 4, inwdteémet, whereimthé dooteh08&b dyganiedligibound niogemin theaiphadoroéga- based
on tetgghydr of 4ep 1Iesis~°the?+ﬁﬁfjppr3.5 6. A process for the single-stage
preparation of polyoxyal kyl ene glycols as claimed in any of clainms | to 5,
wherein the copol ynerization is carried out in the pres- ence of a

hydr ocar bof. 38 process fordlesisglestageinee saratifnecf polygryaikyigrer glydotsnasodiaimed

pol yoxyal kyl eng GaisCrbis2, ddhefdiftHEESntdr oféhgamEally! GAURE nﬁroﬁgng}tﬂmﬁhgig 'éhe

process is carried qut.coptinuously. 8 rocéss for t | e- g

D epar atf on of BRSO 5 e leurbBY fediment ofdeBirikaratade Hiptiz mipaias B "1t o 7,
wher ei 5t he cofssrystadizatien, isolventeextractidneat bydteatineritvitim ar0or exch@pgarnoC. 9. A
process for the single-stage preparation of pol yoxyal kyl ene gl ycol s as

claimed T any of Sl Te dnbi8 Bige PESFHbr SRFBNIAAGlcSad SEhed 2l PP

onega-di ol .
in any of claims 1 to 3, wherein a C,-C,¢-alkanediol or a THF copolymer with
C.-Cy-alkanediols having a mean molecular weight of from 200 to 600 dalton is
20 used as alpha, omega-diol.

5. A process for the single-stage preparation of polyoxyalkylene glycols as claimed
in any of claims 1 to 4, wherein from 3 to 20% by weight of alpha, omega-diol,
based on tetrahydrofuran, is used.

25

6. A process for the single-stage preparation of polyoxyalkylene glycols as claimed
in any of claims 1 to 5, wherein the copolymerization is carried out in the pres-
ence of a hydrocarbon.

30 7. Aprocess for the single-stage preparation of polyoxyalkylene glycols as claimed
in any of claims 1 to 6, wherein the process is carried out continuously.

8. A process for the single-stage preparation of polyoxyalkylene glycols as ciaimed
in any of claims 1 to 7, wherein the copolymerization is carried out at from 20 to
35 100°C.

9. A process for the single-stage preparation of polyoxyalkylene glycols as claimed
in any of claims 1 to 8, wherein neopentyl glycol is used as alpha, omega-diol.



