PF54410 Method for the production of tetrahydrofuran copolynmers The present
" nvention rdF: to a novel process for preparing pol yoxyal kyl ene gl ycol s
5 (pol yal kyl ene ether glycols) by copolynerization of tetrahydrofuran,
hereinafter referred as "THF" for short, wth neopentyl glycol in the
presence of heteropol yacids, in which neopentyl glycol having a content of
impurities of the fornmula I of less than 1000 ppmis used. 10
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present result in an unsatisfactory molecular weight and discoloration due to chain
termination during the polymerization. Furthermore, it has at the same time been
observed that the discoloration is associated with an altered reactivity of the
25  copolymers in the preparation of polyesters and polyurethanes from the THF-NPG
copolymers.

These are serious deficiencies, since color and reproducible processing are among the
most important properties of a polymer which is to be used industrially.

30
It is an object of the present invention to provide a simple and inexpensive process for
preparing THF copolymers with neopentyl glycol, which is suitable for preparing THF
copolymers with neopentyl glycol having a low color number and makes do without an
additional measure for decreasing the color number subsequent to the

35 copolymerization.

We have found that this object is achieved by a process for the single-stage

preparation of polyoxyalkylene glycols by copolymerization of THF and neopentyl

glycol in the presence of a heteropolyacid, wherein the total amount of all impurities of
40 the formula (I)
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polymerization reaction, the compounds of the formula | act, lnter alia, as
polymerization termination reagents and stop chain growth and have an adverse effect
15  on the color number of the copolymers. The process of the present invention makes it
possible to prepare THF copolymers with neopentyl glycol having particular molecular
weights of from 600 to 6000 daiton and a particular purity in a simple and reliable
fashion.

20 Commercial technical-grade neopentyl glycol is treated by methods known per se to
reduce the total content of impurities of the formula | to below 1000 ppm.

One way of purifying technical-grade neopentyl glycol for use in the process of the
present invention is recrystallization of the neopentyl glycol from organic solvents.

25
Suitable organic solvents include C4-C4; alcohols such as methanol, ethanol, propanol
or isopropanol, C4-C,, ethers such as tetrahydrofuran, diethyl ether, butylmethyt ether,
and halogenated solvents such as chioroform or dichloromethane and mixtures thereof,
Preference is given to using C4-C+¢ alcohols, particularly preferably methanol.

30

On a production scale, another possibility is the known layer or suspension
crystallization method in which purification is achieved by crystallization form the melt
and impurities remain in the melt.

35 Apart from recrystallization, the commercial neopentyl glycol can also be largely freed
of the compounds of the formula (1) by catalytic hydrogenation.
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Mixtures of the abovementioned classes of substance which have a proportion of at
least 50% by weight of the hydrocarbon or ether can also be used.

25
On a production scale, liquid-liquid extraction can be carried out in a customary manner
in one or more stages, generally in up to 5 stages. Suitable apparatuses and
procedures are known to those skilled in the art and are described, for example, in
“Ulimanns Encyclopedia of Industrial Chemistry, 6th Edition, Electronic Release”.

30 Batchwise extractions can, for example, be carried out in a stirred vessel. Examples of
continuous extraction are the use of sieve tray columns, stirred columns and extraction
batteries, e.g. mixer-settlers. Membrane extractors, e.g. hollow fiber modules, can also
be employed.

35 Among the purification methods suitable for removing the compounds of the formula |
from the neopentyl glycol used according to the present invention down to less than
1000 ppm, preference is given to recrystallization.
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cycl operlandefeg§nceohexane, benzene, tol uene, xylene, or naphthal ene, anong
whi ch pent ane, cycl opentane and octane are preferred and

The hydrocarbons used should be suitable for forming an azeotrope with water.
Hydrocarbons used are, for example, aliphatic or cycloaliphatic hydrocarbons having
from 4 to 12 carbon atoms or aromatic hydrocarbons having from 6 to 10 carbon atoms

25  or mixtures thereof. Specific mention may be made of, for example, pentane, hexane,
heptane, octane, decane, cyclopentane, cyclohexane, benzene, toluene, xylene, or
naphthalene, among which pentane, cyclopentane and octane are preferred and
pentane is particularly preferred.

30  The hydrocarbons are added to the fresh feed to the copolymerization in an amount of
from 1 x 10™% by weight (corresponding to 1 ppm) to 30% by weight, based on the
fresh feed comprising neopentyl glycol and THF, preferably from 1 ppm to 16% by
weight, particularly preferaply 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

35 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
heteropolyacid binds from 10 to 40 molecules of water by coordination. The
heteropolyacids used as catalysts should contain from about 1 to 10 moiecules of
water per molecule of heteropolyacid. in addition, water is liberated by the

40 copolymerization with the neopentyl glycol used as comonomer. The higher the water
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acid, siliconolybdic acid 20 and silicotungstic acid are particularly useful
as catal yst SThe heteropolyacids used as catalysts can be used either in dried form (from 1 to
10 mol of water/mol of heteropolyacid) or undried form (from 10 to 40 mol of water/mol
of heteropolyacid) in the copolymerization.
25
The water present in the copolymerization reactor, of which part is water of
crystallization from the heteropolyacid and part is water formed during the reaction, is
removed directly from the copotymerization reaction, i.e. from the copolymerization
reactor without intermediate work-up steps such as phase separation, as a mixture of
30 the hydrocarbon added with the fresh feed with water at from 40 to 120°C, particularty
preferably from 50 to 70°C, and a pressure of from 150 mbar to 2 bar, preferably
230 mbar, with the aid of customary distillation apparatus.

The vapor formed is preferably condensed in a surface condenser; however, quench

35 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
water contents in the condensate to be taken off, a multistage countercurrent
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precipitation of the heteropolyacid from the organic phase. As hydrocarbon, preference
is given to using the hydrocarbon which has been used in the copolymerization. The
heteropolyacid is preferably reused for the next copolymerization.

25 The process of the present invention can be carried out either continuousty or
batchwise or as a semibatch process. A semibatch or semicontinuous mode of |
operation is one in which the heteropolyacid is initially charged together with 20-50%
by weight of the other starting materials. The remainder of the starting materials is then
metered in during the reaction time. In continuous and batch processes, the

30 heteropolyacid is advantageously used in amounts of from 1 to 300 parts by weight,
preferably from 5 to 150 parts by weight, based on 100 parts by weight of the
monomers used (THF and alpha, omega-diols). It is aiso possible to add larger
amounts of heteropolyacid to the reaction mixture.

35 The heteropolyacid can be intrcduced 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 aipha, omega-diol and/or the THF to be used and to introduce the resulting catalyst
solution into the reactor as a liquid catalyst phase. Either the catalyst phase or the
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hydr ocar bon peksible th #rsrodeesbatb @dmponette sicryitlahgoushy inmtthereacldre  het er opol yaci d
is preferably reused for the next copolynerization. 25 The process of the
present invention.can be carried out either continyously or batchw se or as
5 ser bat ch 1P AGORUIIOUS niode S SPETRUG. vAles S BIRLFTRA LIS TIRIAECISE I BAPANIEE i < one
i n whi ch 5t hdrdme@drtop# naweight, preferiablydl. 1 y 3civa by eeighb qarticulariwipréfe20ly50% by

wei ght of theq o, fb?rwﬁlﬂfﬂdsa_g ofRkE{okA lafhouhl\&F GBIV HEETHPANd Bsnériaidr Ng
e

materials is th e reaction ti nuous and

. d d th t o
bat oh pr ocedSHaN Y8 Texs! feaplsis Biesa dIomomeT & AR AgeRiTY DtrolEas iR mpunt s of
from1l to 3GInqat corrésponding ta that iprdficir protiyctfand mnBacted Isongoagrtase digcharpetht |

based on 10GrdAiHeSeRMtionRipBBtat @l Thé fesidEPbe feandRstefoféneastiynid2Btion time
onega-dials). It is also ssi.ble to add | apount s heter%ﬁgl yaci d

] rge f
Lo the r'oactiea s B Sru o way, By8 BioMrAa G BEANS oniBeRo R e
reacti on i n ss8ingdhe mean mateoularweight end the melgenian weigklalisteleignisy thesralgner ought
I nto cont actiomiddd the further reactants to formthe |iquid catalyst phase.
An alternative procedure is to slurry the solid heteropolyacid with the
al pha, onega-diol and/or the THF to be used and to introduce the resulting
catal yst solhgtgopalymetigationeap dgdnefiitord and sanpiedRy MR9Rs ofAn@linesi t her t he
cat al yst1sphasadadtivihmeREirdehgbt. 7 nononeric starting material can be placed
in the reactor first. However, it is also possible to introduce both
conponents sinultaneously into the reactor. In a continuous node of

operation, VAeRiGhPrReassy B8 ORPIYMEreatior dprgferally siPRR® N CYduCYity r3jigen. 1 to
5% by wei ghtof opr eb&rgbgpehdihg-onthd Yesisedtaigghinoleeakt iwelgha Moymprostaiebl y 0. 1

- % by wei ght t iBRNQYTEL] -
usual>ll y viga %aﬁgigﬁhrgg ; E{P‘gct é)rr%'?(llélp gg?éjfréooﬁéﬂr%gp’i S _aéﬂ\J/(g g@%ﬁ%@i&@%@;&ced I n
an anp@® BT 3ADeRMI ¢ fres fedical scaverdes sappeddeed @ﬁ&tﬁ%@m@ Hodbiegr are
di scharged Hutga-hbtbylkesol (BOIT) apppdarticulsrly stiteble @sifidenadicdlisoBvemgdr.t her ef or e

t he polynerization tinme 10 can also be controlled in this way, thus

providing a further neans of influenci n(t; and ) o
The control of the mean molecular weight via the electrical conductivity of the

copoiymer solution is disclosed in detail in the German patent application
25 DE 10259036.2 dated February 17, 2002, of the applicant, which is hereby expressly
incorporated by reference.

In general, the copolymerization in a batch process is, depending on the amount of
catalyst and the reaction temperature, carried out for a period of from 0.5 to 70 hours,
30 preferably from 5 to 50 hours and particularly preferably from 10 to 40 hours. Ina
continuous process, residence times of from 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
35 closed, i.e. not to discharge any product solution from the reaction apparatus.

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
40 prove to be useful and advantageous.



setting the ﬂe@gﬁgol ecul ar wei ght and the nol ecul ar wei ght distribution of

t he pol yner d. The copol ynerization can be nonitored and controll ed by
means of an on-line 15 conductivity neasurenent. In a batch process, the
copol yneri zation is preferably stopped inga conductivity range of 0.1 - 2.5
S depending on the desired target nol ecul ar weight. To inprove the

stability of the organic product phase to oxidation, 10 - 500 ppm

parti cul ar | yWpetheethalprgee26 isbéarried30@ bafmmwisef semicostnuoasly oatorginavweshgdine can be

added t her etr@actgéQshBQH‘tféfecﬁupﬁeg'wﬁeéﬂtectl\;é%w Ade%%ﬁ%brké)%?ﬁﬂle (BHE. are

particularly suitable as free radical scaven e control of the nean

nol ecul ar weight via the electrical conductivity of the copolyner sol ution

i s di scl dsedSuitabiggeattprsiincludeealBiguitareaptatsewibiclaprsl Kroatni toth@g skilled Ithe @H6. 2

dat ed Feb{ Uadnd Hade aamasnapér/éﬂaﬁeﬁaﬁbu fredurfabb bfe fbﬁth@%@é&éa@@fa@ﬁﬁawn of

i ncorporate e ner i on,

process is, qa‘éééaﬁecf'cﬂa BW’Q Woé Fh s%ﬁ?'ﬁ%&ggﬁya{ﬁcgc‘?se%?[i'sc?ﬁngng

t enper at ur e, the gatalystiphase i the @Wh@@l&jﬁomqmﬂ@%ﬂ&@m& Asachieved ipthef er abl y
fr otm 5 to S0ighRMEsredebsRals! ¢ifculafibh Yedeldrs, gtabdps, bm@éa ﬂa@brhﬂs)‘lﬁ getusarty| nf a
conti nuo S our rom
SO o PTG al R B Rl Phs 1 Bob, e Mt ssand ST on,
t he react i orfea%%@afrﬁ@j@@gfﬁt@féwtﬁt Hiediguidnirsuit inrResimpts fashior tTdgdy - st at e

equi | i bri umhaerbeRscar®st mixtirs kehpangeditontingodslyi & HatdRwvidd fréra thdd@action

advant ageous, ik R il \Gatb oSt P i c%hteﬁfs &'tﬁ’e?%%ctorisetpué‘g’étt Qaileo GhgROe any

product sol u
usual Iy car rqféédﬁﬁﬂta%ﬂouﬁrfgﬁh?fﬁapﬁo'looc preferably from 30 to 80C It is
advant ageously carried out under atnospheric pressure, but a react i on under

pressure, US-H{EI &rgcéggeof%&ggélﬂ%eﬂﬁ&?%‘érdearﬂg d"u%w&%@él&g 6\% e ﬁgb

| i kewi se vant a ous

rove to
process is c%{ﬁ‘roﬁ%tl'ﬁr%lﬁ”yﬂa?‘éH%%@”CE@H‘E@HPF [8WenFap beushd f‘?ﬁ&'&iﬁEPSPOS? ‘he
reactors s ho'[hed‘elaetaet:wr@ flexivise tréeddffanytwater andxienaxides\pres=snt tHeoein brfong| e
stirrers. g4l table reactors include all liquid reactors which are known to
t hose s Ied in the art and have an internal or/and external free surface
area fo he necessary evaporation of the water-containing vapor and in
whi ch suf fi cinentdnjinddugimadesefropemtiorsthé oeactiars pambié ngrried et ioapaverdibngdhase i n

t he honbgeneystofdiQaEit b ¥MBliePRRER ary KiitaBIB FENV@RtihdbusMocesses, for
example in tube reactors fitted with internals which ensure good mixing of the
emulsion-like copolymerization mixture or else in cascades of stirred vessels.

25
For the present purposes, an emulsion-like copolymerization mixture is a mixture
containing from 2 to 10 mol of water per mole of heteropolyacid.

The process of the present invention enables copolymers of THF and neopentyl glycol

30 to be obtained economically and in good yield, selectively and with a narrow molecular
weight distribution and also in pure form with a low color number. The copolymers have
degrees of incorporation of the neopenty! glycol comonomer of from 5 to 50% by
weight, based on the copolymer, and mean molecular weights Mn of from 600 to 6000.
The polyoxyalkylene glycols which can be prepared according to the present invention

35 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 and a high elasticity even at very low temperatures.

40



liquid (sti rF;%q g&‘ssel s, circulation reactors, jet |oops, pulsed internals).
A particul arl f advant ageous type of construction is as a jet |oop, since
t he necessary heating of the reactor can be integrated into the |liquid
circuit in a sinple fashion. The water/hydrocarbon m xture is vaporized
continuously or batchwi se fromthe reaction mxture and the water content
of the cont enPIPHS the reactor is thus set to val ues which are advantageous
for the reaction. 15 The process of the present invention is advantageously
carried out pHE@in@dNI A cdHuntleposphere. Any inert gases such as nitrogen
or argon can be used for this purpose. The reactants are |ikew se freed of
any water and peroxides present therein before wuse. 20 In a continuous node
of oper atd onlhetppdymesawhicorhaye bepr freed of tbe solvent ate omeseiediuptrapted iradtwd s or
reactor asseRrinkfasentint apgaratus LA 200 forCns tbmdanp DRNLAARGS FascisibAtellsexanpl e
i n tube react ot bl ddieds YA iR, HH Gl RAPHE GsggOd M Xing of the
emul si on-1i ke copol ynerrzationmxXture or el'se1n cascades of stirred
vessels. 25 For the present purposes, an emul sion-1like copol ynerization

m xture i s adtemtindtn of i @HmuAtpet rom 2 to 10 nol of water per nole of

het er opalyaci d. The process of the present invention enables copol yners of
THE and neopentyl glycol 30 to be obtained econom cally and in good yield,
sel ectivel y HedYEdu mumhar ivRragedas therameing Bt Palassiym hydnoside dhergayhish isn pure
formw th a dqawaket tortheamoant of Beeticagid byures ia tiaaatylgigr afelsg of substaacgor at i on
of the neopentyl glycol cononomer of from5 to 50% by weight, based on the
copol yner, and nean nol ecul ar wei_g?%s Mh of from 600 to 6000. The

pol yoxyal kyl ERYGI¥pIenbesicietetminerby, peipafication e’ihe Hydigxyl 9roups Riesesbnt

i nventi drb 35vitran exxcess of anetie aamyulride. Aftar thir maatiom thespeessabeqticlapbydridedsnes

whi ch are sujbalplBdithdibr ardl Biekiitrdtéd a8 Q8RR SHCIEwiRS &fidrR hydroAdRO! yur et hane
pol ynmer derived Tromthe copolyners which can be prepared according to the
present invention has a high elongation to break, a | ow stress change
during elongation, a small hysteresis | oss on stretching and recovery and a
high elasticity even at very |ow tenperatures. 40 PF54410



Exanpl es Deaﬁrgi%ti on of the color nunber 5 The pol ynmers which have been
freed of th&Td8M%nt are neasured untreated in a | iquid color measurenent
apparatus LI CO 200 fromthe conpany Dr. Lange. Precision cells nodel no.

100-QS (path length: 50 mm from Hel ma) 3ge used. Determ nation of the OH
nunber 10 The | .punber, i s reported as the anmount of potassium

hydr oxi de |H)%%‘EJ¥QW ﬁqf © ORANN®nt to the amount of acetic acid bound in
the acetylation of 1 g of substance. The hydroxyl nunber is determ ned by

esthe(rjl f :jcat 'F.‘?éSl:trQﬁjtet IEA by @{i&éﬁlat%%ﬂ%le@fr@é@ﬁbas&ém%tt &BlIAR BEGES$ c{é’af‘ ?C et :jC
anhydri de r ion e e [ rolyze
with water Q{w‘ib%wﬁf{orﬁ JO¥luapoR Rl acﬁ@??wn&@@%ﬂ&ﬁﬁ %@F@Lﬁ% PE54410 10
Det er mi n&t i dechwische¥VerisHaitardi vity El ectrode: LTA 01 d ass/Platinum

2-el ectrode neasurenent cell, K about 0.1 cm1; Knick Oonductorret er

(eval uation _ynit Kni c nsch lich te he
V\érkstatten)-'l‘rl1 %as%egm @Hg‘%r? “33\5%%%"{\[?2‘ aﬁsr ¥ Icomil%ﬁtt zﬁf g'ge %'08 rﬁﬂht@faance
of the sol utmeasufedorurieRton thedagised Char's iaw ansh Uﬁlﬁ@ thraegliscopstachies | aw and,
using the C@ohdmw villie. Tehfperftgiebsfiperibationiatarged barman @Iy bA tkonpensat i on
i's carrl %I r’r@}b&“ {y on the 10 evaluation unit. Determ nation of the
purity o P y gas chromatography Principle: 15 The sanple for

anal ysi s |s d| ssol ved in nmethanol (solvent, e.g. Merck, Catal ogue No.
106002) and mainym@ntmytrma:pjrity@frmemwgﬁmmgmgmphﬂhe chr omat ogr aphi ¢
separation occurs on a dinethyl pol ysil oxane-coated fused silica capillary. A
flame ionization detector (FID) is used for detection. Quantification is
carried out PP percent by area nethod. The nethod serves to deternmine
t he mai n5and heeaomiafoy and@sic Bnissotet sn metiEdRA (salventy QQQMefdkoﬁnﬁlo@mem > 99%

by area. A ﬁp ggg M‘anE oducti on
unit, spli tc‘?ﬁbg@ﬁ?}ﬂ a%%%z by % g%';.%l on éaF oir‘ﬁé: ré t"c'rHP 5890 with
Aut osanpl er S8 rﬁg%o%u(%an Pgﬂmthwpo ysiloxane-coated fused 5| |ca C Ilary \ flame

ionization detector (FID) is used for detection. Quantification is carried out by the
percent by area method. The method serves to determine the main and secondary
20  components in NPG in a range from 0.01 to > 99% by area. A capillary gas
chromatograph with automatic sample introduction unit, split injector and flame
ionization detector (FID}, e.g. HP 5890 with Autosampler HP 7673 A (Agilent),
fused silica capillary coated with 100% dimethylpolysiloxane, e.g. RTX 1 from Restek
(length: 30 m, internal diameter: 0.32 mm, film thickness: 1 ym), is used.
25
As integrator or computer with a suitable evaluation program, it is possible to use, for
example, a VG-Multichrom (Labsystems),

Procedure

30  Sample preparation
About 150 mg of polymer were dissolved in 1.5 m! of methanol. This solution was used
directly for injection into the GC.

Chromatographic conditions

35
Temperatures:
Injector: 300°C
Column oven: 80°C, 10 min isothermal

80°C — 300°C, 5 K/min
300°C, 10 min isothermal



fused sili C3 ?ghgl ary coated with 100% di net hyl pol ysi | oxane, e.g. RTX 1
from Rest ek F(%' th: 30 m internal dianmeter: 0.32 mm filmthickness: 1
pm, is used. 25 As integrator or conputer with a suitable eval uation
program it is possi ble to use, for exagple, a VG Miltichrom (Labsystens);
Procedure 3 reparati on Abgut 150 ng of polyner were dissolved in
1.5 m of rre[?‘ﬂ a‘n})ﬁl?ﬁl s solution Gsed di rectly for injection into the
GC. Chromat o‘gé,ﬁg,hgé‘s conditions 35 TggRssptures: Injector: 300C Colum
oven: 80C, 5 Kimin 300C, 10 min isothernal

PF54410 11 I:&FB'E?BP Ptqﬁﬁﬁf)er{g‘%&m eroggg?l Adni ssion pressure to col um:
Split: Septudeltl ush: Conbustion gasdsmifmin FID: | njection volune: Calculation

5 320C N troggilum@udnh:bar 40 m /m g mPmii | M n

Combustion gases for FID: Hydrogen and synthetic air, adjusted according to
instructions of the manufacturer

Injection volume: 1.0 ul

Calculation

% by area (i) = A(l)*JOO

D4

5
A(i) =  Peak area for the component i [HV -sec]
zA = Sum of all peak areas of the components considered
(subtract signals of the solvent) [MV -sec]
10

Examples 1 to 4 according to the present invention

1000 g of neopentyl glycol (commercial product of Mitsubishi Gas Chemical, containing
15  more than 1000 ppm of compounds of the formuia |, specifically 400 ppm of 2,2-
dimethylpropane-1,3-diol monoformiate, 700 ppm of 2,2,4-trimethyl-1,3-pentanediol,
1900 ppm of neopentyt glycol isobutyrate, 300 ppm of 3,B,5,5-tetramethyi-m-dioxane-2-
ethanol) were admixed with 150 g of MeOH and the mixture was heated to 60°C. After
complete dissolution, the source of heat was switched off and the solid crystallized over
20  a period of 24 hours. The solid was filtered off, washed with cold MeQOH and dried in a
desiccator at 60°C and a pressure of 5 mbar until the MeOH content was < 10 ppm.
The neopentyl glycol obtained contained the following amounts of compounds of the
formula I: 40 ppm of 2,2-dimethylpropane-1,3-diol monoformiate, 80 ppm of 2,2,4-
trimethyl-1,3-pentanediol, 270 ppm of neopentyl glycol isobutyrate, 0 ppm of B,B,5,5-
25 tetramethyl-m-dioxane-2-ethanol.

in a 11 double-walled reactor provided with a magnetic stirrer and connected distillation
column (30 theoretical plates) with combined water separator, a mixture of 400 g of
THF, 24 g of purified neopentyl glycol and 30 g of pentane was stirred until a

30 homogenous solution had been formed. While stirring, 100 g of a hydrated



Hydr ogen and ﬁ nt hetic air, adj usted according to instructions of the
manuf act ur er 181 by area (i) = AA(" i) * 100 A(i) = Peak area for the
conmponent i [pV .sec] F, 4 = Sum of all peak areas of the conponents
considered (subtract signals of the solwgnt) [pV -sec] 10 Exanples | to 4
according to theﬁgresent I nvention 1000 g of neopentyl 8 ycol (cormerm al
product of MQdegRPRAsPhesngelieAsid fommgrriahpiedke frotsMgfske Dafastadiowateppm of
conpounds of cdnifent hot muteathan 1§%¢mefe addedithdre. pharedctidn fmperature was

di et hyl prop, 700 ppm of

2,2,4-tri rretﬁgﬁdnér qgﬁjtag d| ol S%%% ppm of neopentyl glycol isobutyrate,
300 ppm of P,[3,5,5-tetranet hyl - m di oxane-2- ethanol) were adm xed with 150
g of MO anthe TidFipentave/vatarsnikiess which eafifized Alitiey theceagtioe wasdiastaiatied on,
the source of eabuMRSTRBRARAAE! mamemge SBpbifbay Sl Ll GgEn2l o

period of 24 hours, b% g | ter
dried in a Bdke E’E'z&’fﬁ?paé?toé efottoms foaytbg calugin @“FﬁfﬁPdmﬂmY ﬁ@“
content was retdrfepimthe pdlymerizatjperstade. ghe pehtandyivaten enxtoedeparatet inteetwiool | owi ng

amounts of ¢ @Qr}ﬁ%’hﬁgh th@ﬁ péﬁrﬁéﬂu@pﬁase%sqgm&flated to the top of the column.

2, 2-di net hyl ane P nono orma 0 ppm of 2,2,
trinmet hy‘w g @WF&%%OHP pﬁﬁsﬂ)wﬁ%ﬂ'ls?ﬁr # opentyl gl ycol i sobutyrat e, 0 ppm of
8,(3,5,5- 25 tetrarret hyl - m di oxane-2-ethanol. In a 1 | double-walled reactor

ItOL g\cl)lr Sf.dcé“l thﬂeg TPRHRS, 'tﬁé hbidrikasdtbp Mwesdo%ngjfabld dfa;atérrand%b &f30
THE. 24 o of LB b RaNIB TR a0 aRth e e st are el el unt |

a 30 homgenmogaphasmaﬁﬂr@mbé@ﬁ formed. While stirring, 100 g of a

hydr at edigPF5441 0 12 dodecaphosphortungstic aci d (commercial product from
Mer ck, Darnstadt h cont ent ﬂg@ ret 170/% wer e O3dde thereto. The
reaction te %erﬁ‘?qﬂ'@ %ﬁwaﬁr&‘f‘%ﬂa& ?]eéa ge?lp dt N5 The

THE/ pent ane/ §xehangeriagnd @neanign ex¢hangss (Volurde: dUrm agch pase) ebibeigsatedewatit®

fracti onat edvpigbotAfomEdyen LevdRuftent ane/ wat er mi xture was separated of f at
the top and condensed

20 THF and heptane were then separated off on a rotary evaporator at 140°C and a
pressure of 20 mbar to give a copolymer having an OH number of 60 mg of KOH/g of
- copolymer. Further data are shown in table 1.

The aqueous heteropolyacid phase separated off in example 1 was used in example 2.

25 Example 2 was carried out in a manner analogous to example 1. Further data are
shown in table 1. After a reaction time of 21 hours, the reaction was stopped by.
addition of water and BHT.

The aqueous heteropolyacid phase separated off in example 2 was used in example 3.

30 Example 3 was carried out in a manner analogous to example 1. Further data are
shown in table 1. After a reaction time of 22 hours, the reaction was stopped as in
example 1.

The aqueous heteropolyacid phase separated off in example 3 was used in example 4.

35 Example 4 was carried out in 2 manner ahalogous to example 1. Further data are
shown in table 1. After a reaction time of 22 hours, the reaction was stopped as in
exampie 1.



in the wat eré%%gg ator. The bottonms fromthe colum conprised nmainly THE and
were retur ¢ the polynerization stage. The pentane/water m xture
separated into two phases, of which the upper organi c phase was
recirculated to the top of the colum. 1QsThe | ower aqueous phase was

di scarded. After 22 hours, the reaction was stopped by addition of 10 g of
wat er and 25deFOIArGEm ?f%ﬁtHF-f'fsépr%m%ﬂt-abd thedwgsubsgHRNLEXPERBENtS Bf hexane.
After phase stpApkd.i on, the | ower aqueous phase was drained off. 15 The
upper phase was passed at 20C over a fixed bed conposed of a cation
exchanger a n ion excha r (volunme: 1 1 in each case) of the grade
Lewatit(r) r];dlwﬁgbgaq?{af?%cggggﬁ?1Leverkusen. 20 THE and heptane were then
separated off on a rotary evaporator at 140C and a pressure of 20 nbar to
gi ve a copolyywsgr 1 having an OH nunber of 60 ng of KOH g of copol yner.
Further data are shown in table 1. The aqueous heteropol yaci d phase

separ at ed off indiexa le 1 was used in exanple 2. 25 Exanple 2 was carried
out in a manner og t | e 1. Furt [fReactiat ,Shov@Hi n [t &olog 1
Aiter a rea:&lexon ?F'ke B'PEZJW&%SFM TemRet | o pas sgggpedngmber 3¢Qkdieen] of
wat er and BHT. Thelghqueloalis [het elgbpol ydci‘€lphase, sepaf ai/dd off I n gxanple P
was used injexample 3| 30iExanple 3 was carfi e out|in a danner anal ogou
to exanple 1. 1Fuf®b@r |d2t a |ar e WGown iin @bl p 121 Af t er34s r ¢acB0 on |tin@ of | 22
hours, the regcti SoATQpped ) (S VI EQUSs4Tetgr ot yagi d
phase separa.t_gd nfg' 0 1% :pl_eﬁas_gﬁm 2 ﬂpﬁw’%‘% F%:Wpln was.

4 inl exanple
carried out |iA a|A8Aner2tndl ogd®3 to dxffl el 1.2FurtheSdaja e ghoWh in
table 1. Aff{en ajueactian tii ne 180 22 Howges, [ he2zeactizsre was &t oppedies |

n
FaY n L L ") £ £ . 2l -
exarrpl e 1. PFS44I0—13—Thecotor—munber—of—the—frrst—expertnent—and—t+he—tWo

subsequent ekperliPRrtHetepolyadi@ Apha. Further data are listed in table 1.
2 EVR = Evaporation residue

1°2)

D

10
Comparative examples 5 to 10

Example 5 was carried out in a manner analogous to example 1, but using unpurified
NPG (Mitsubishi Gas Chemical; purity: 99.6% by area, more than 1000 ppm of
15  impurities of the formula i, composition as reported in example 1).

The aqueous catalyst phase obtained was in each case reused in the subsequent
example. A total of 5 repetitions were carried out. Further data are listed in table 2.

20 Table 2
React H
Ex. |THF [NPG |HPA"phase | Temp. et:e'on EVR? nu?nbe nC::;;r
r u
s} (s] [a] [°C] [h] {%]

5 1200 | 24 100 65 21 34.8 60 10
6 14200 | 24 150 65 21 343 61 11
7 1400 | 24 142 66 22 34.0 60 15
8 |a00 | 24 120 66 22 337 61 23
0 400 | 24 153 66 22 324 53 49
11 400 | 24 148 56 22 320 65 83

Y HPA = Heteropolyacid
2 EVR = Evaporation residue



Table 1 Ex. THENP%—!PAl) phaseTenp. Reacti onEVR 20HCol or ne nunber nunber ti
[9]1[9]l[0][C %"4 [h 140024100652134. 56010 240024148652134. 8629
3400241536622356010 440024150662235. 26110 HPA = Heteropolyacid EVR =
Evaporati on resi due 10 Conparative exanphgs 5 to 10 Exanple 5 was carried
out in a manner anal ogous to exanple 1, but using unpurified NPG
(Mtsubishi Gas Chemical; purity: 99.6% by area, nore than 1000 ppm of 15
i mpurities &¥hdnhenpludfieduhenpentyCglpgm & wsedna agnifiepatrisedh the celoampmeedis. The
aqueous  cat %bya%ed)mﬁemra'tn@g aSibA i meq %f‘eéﬁ%%e'r Buino HeeRAEN!

exanpl e. At t.al 1 ons ut. Furth ata are listed
intable 2. ‘f%(m'r?%? N%”Fﬁl f; Reaction EVR 2 OH Col or
[0l[gllgl[C] t| me[ % nunbernunber



5400241006521%4.%@010 640024150652134. 36111 740024142662234. 06015
84002412066237344%123 1040024153662232. 46349 1140024148662232. 06563 1) HPA =
Het er opol yacid 2) EVR = Evaporation residue PF54410 14 \Wen unpurified
neopentyl glycol is used, a significant gse in the color nunber is
observed. Furthernore, there is a slight increase in the OH nunber owng to
the forced V¥#8RI:t er ni nation caused by inpurities of the formula |. PF54410
15 W claim 1 A process for the single-stage preparation of polyoxyal kyl ene
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a 5 heteropol yacl erern } ﬁ , rrti es of

formula (1) R 1°PReM ipn of DHF sndynpopentypglycal ipthiiesee o{@y R 2 are each
hydr ogen5when RBetesopmiyagidy wbersir thetotakapow iobalbinepuritiés oftte amulaR!) i s
hydrogen and R 2 is hydroxy when R 3 is an isopropyl radical and R, is

hydr ogen when R2 and R 3 together forman -OCH2-C(CH3)-CH2- radical, in the
neopentyl glycol is less than 1000 ppm 15 2. KThe process for the

si ngl e-stage preparation of pol yoxyal kyl ene gllycols according to claim1,
wherein the content of inpuriti @,ﬁ_t_@@;ﬁ L iézl) in the neopentyl

glycol is less than 700 ppm 3. e proce 2fc1r the singl e-stage preparation

of pol yoxyal kyl ene gl ycol s accordi ng R

where R' and R? are each hydrogen when R® is an oxyformyl or isopropionate
10 radical, R' is hydrogen and R? is hydroxy when R® is an isopropyl radical and R’
is hydrogen when R? and R® together form an —OCH,-C(CH;)-CH,- radical,

in the neopentyi glycol is less than 1000 ppm.

15 2. The process for the single-stage preparation of polyoxyalkylene giycols
according to claim 1, wherein the content of impurities of the formula (I} in the
neopentyl glycol is less than 700 ppm.

3.  The process for the single-stage preparation of polyoxyalkylene glycols according
20 to claim 1 or 2, wherein the content of compounds of the formula | in the
neopentyl glycol is achieved by recrystallization, solvent extraction or
hydrogenation of technical-grade neopenty! glycol.

4.  The process for the single-stage preparation of polyoxyalkylene glycols according
25 to any of claims 1 to 3, wherein from 3 to 20% by weight of neopentyl glycol,
based on tetrahydrofuran, is used.

5.  The process for the single-stage preparation of polyoxyatkylene glycols according
to any of claims 1 to 4, characterized in that the copolymerization is carried out in
30 the presence of a hydrocarbon.

6.  The process for the single-stage preparation of polyoxyalkylene glycols according
to any of claims 1 to 5, wherein the process is carried out continuously or
batchwise.
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20 to claim]l_or .2, wherein the content of conmpounds of the fornmula | in the
neopent yl g|¢%ﬁﬁ ps achi eved by recrystallization, solvent extraction or
hydr ogenati on of technical-grade neopentyl glycol. 4. The process for the
singl e-stage preparation of polyoxyal kyl gge gl ycols accordlng 25 to any of
claims 1 to 3, wherein from3 to 20% by melght of neopentyl ycol, Dbased
on t et rahydrbf urdi¢ Prpeesgderdhe singlersiagn preeaation pf poloxyalkypee Slﬂﬁ@é apFEdAg at i on
of pol yoxyal kyl aa@angbfdains B, mherdn tieccopblymetizationl issartietl oudat fainagaet eri zed
in that the cop bgrization is carried out in 30 the presence of a
hydrocarbon. 6. The process for the single-stage preparation of

pol yoxyal kyl ene glycols according to any of clains 1 to 5, wherein the
process is carried out continuously or batchwi se. 35 PF54410 16 7. The
process for the single-stage preparation of polyoxyal kyl ene glycols
according to any of clains 1 to 6, wherein the copolynerization is carried
out at from20 to 100C.



