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catalysed polyether polyol production are primarily the elaborate working up of the

product due to neutralisation of the alkaline polymer (c.f for example US 3715 402,
15 US 4430490, US 4 507 475 and US 4 137 398) and the base-catalysed
rearrangement of epoxides, for example propylene oxide, which proceeds as a
secondary reaction, to yield allyl or propenyl alcohols, which give rise to
monofunctional polyethers having a terminal double bond, which are known as
monools.
20
. One method known for the reduction of the monool content in the polyether polyols
is to use double metal cyanide (DMC) complex compounds as catalysts for the
polyaddition of epoxides onto starter compounds (c.f- for example US 3 404 109, US
3 829 505, US 3 941 849 and US 5 158 922). The polyether polyols obtained in this
25 manner may be processed to yield high grade polyurethanes (for example

elastomers, foams, coatings).

EP 700 949, EP 761 708, WO 97/40086 and DE-A 197 45 120.9, 197 57 574.9 and
198 102 269.0 disclose improved DMC catalysts which allow a further reduction in
30 the fraction of monofunctional polyethers having terminal double bonds in the

production of polyether polyols. The improved DMC catalysts are extraordinarily

O
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preduction of polyether polyols. The inproved DMC catal ysts are
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accordingly t ¢, nfioM HEaf cRAGEESSolliQher polyol synthesis, such as for example propylene

glycol, glycerol or trimethylolpropane, cannot be alkoxylated with DMC catalysts.

15 DMC catalysts thus require the use of oligomeric, alkoxylated starter compounds
(for example a propoxylated propylene glycol or glycerol) having molecular weights

of above 200, which have previously been obtained from the above-stated low
molecular weight starters by, for example, conventional alkali metal catalysis (for
example KOH catalysis) and subsequent elaborate working up by neutralisation,

20 filtration and dehydration. Problematically, even very small residual quantities of
. alkali metal catalyst in the alkoxylated starter compounds can deactivate the DMC
catalyst, such that a further additional, time-consuming working up stage (for
example treatment with an ion exchanger or adsorbent) is necessary in order to

ensure complete removal of the alkali metal catalyst from the alkoxylated starter

25 compound.

The object of the present invention is accordingly to provide a process for
production of long-chain polyether polyols without working up, in which
oligomeric, alkoxylated starter compounds are first obtained from the low molecular
30 weight starter compound (for example propylene glycol or trimethylolpropane) by

an alternative catalysis to the conventional alkali metal catalysis, which oligomeric,
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example propylene glycol or trimethylolpropane, by reaction with alkylene oxides at
15 reaction temperatures of 80 to 200°C and catalyst concentrations of 5 to 200 ppm,
relative to the quantity of the oligomeric, alkoxylated starter compound to be
produced, may be converted directly, i.e. without working up and removal of the
catalyst, by means of highly active DMC catalysts at very low catalyst usage rates
(30 ppm or below) by reaction with alkylene oxides into higher molecular weight,

20 long-chain polyether polyols. It this manner, long-chain polyether polyols may be

. produced entirely without working up.

It was also found that when the alkoxylated starter compounds obtained by catalysis
with the metal perfluoroalkylsulfonates are used, the induction and alkoxylation
25 times on DMC catalysis are distinctly reduced in comparison with the use of
corresponding oligomeric starter compounds, which were produced by alkali metal

catalysis and conventional working up.

By shortening the cycle times in polyether polyol production, reduced induction and

30 alkoxylation times also improve the economic viability of the process.
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Catalysts used according to the invention for the production of the oligomeric,
15 alkoxylated starter compounds are perfluoroalkylsulfonates of the metals of group
III A of the periodic system of elements (in accordance with the TUPAC convention
of 1970). This comprises the metals scandium, yttrium and the rare earth metals
lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium and
20 lutetium. A further metal which may be used is “mixed metal” (also known as

. “didymium”), a mixture of rare earth metals obtained from ore.

Perfluoroalkylsulfonates are taken to be metal salts of perfluoroalkylsufonic acids, in
which the metal is at least attached to a perfluoroalkylsulfonate group. Other suitable

25 anions may also be present. Preferred compounds are the metal salts of
trifluoromethanesulfonic acid, which are known as trifluoromethanesulfonates or
triflates. The following are preferably used: scandium, yttrium, lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium triflate.

30

The perfluoroalkylsulfonates may be used individually or as a mixture.
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trimethylolpropane, glycerol, pentaerythritol, sorbitol, cane sugar, degraded starch

and water. The low molecular weight starters may be used individually or as a

mixture.

15
The polyaddition catalysed by the metal perfluoroalkylsulfonates proceeds in the

temperature range from 80 to 200°C, preferably in the range from 90 to 180°C,
particularly preferably from 100 to 160°C, at total pressures of 0.001 to 20 bar. The
process may be performed without solvent or in an inert organic solvent, such as for
20 example toluene, xylene or THF. The quantity of solvent is conventionally 10 to

. 30 wt.%. The reaction is preferably performed without solvent.

The catalyst concentration is in the range from 5 to 200 ppm, preferably from 5 to
100 ppm, particularly preferably from 10 to 50 ppm, in each case relative to the

25 quantity of the oligomeric, alkoxylated starter compound to be produced.

The reaction times for the polyaddition are in the range from a few minutes to

several days.




The catal yst concentration is in the range from5 to 200 ppm preferably
from5 to 10%&%3&arti cularly preferably from 10 to 50 pppar/Eromasdr case
relative to the guantity of the oligoneric, al koxylated starter
conpound to be produced. The reaction ti nmes for the polyaddition are in the
range froma few mnutes to several days.” WO 99/54383 PCT/ EP99/ 02397 6 The
nol ecul ar wei ghts of the oligoneric, al koxylated starter conpounds produced
by the netal perfluoroal kyl sul fonates are in the range between 200 and 1000
g/ mol ,  pref emablnyoleculimeeizhrgs the bligeme?q G lkaxylgabstgrterpromppunge produced

pol yaddi ti on process -may be perforped cont.i nuousl in a,hatch .

sem - bat ch pr oF éb,fsmetlalll@C@UPWH@W‘QE’%QFRSWPé}c‘ee{f%%/BFttwean 8@@38%@@0 grl%oc}ijced
according to the inventio i jo€. W t hout working up and
renoval of th@regg\rf‘gﬁy)}rsliﬂsle %gﬁ%ﬁﬁgggﬁgl%o&g@yﬁmans of DMC catalysts to
yi el d hi gher nol ecul ar wei ght, |ong-chain polyether polyols. Hi ghly
volatile fractions are preferably first rem)ved,frorp the ol gomeril():Eit h

al koxyl ated s(Taetpetyaddition nacass niayshe performeh comfipaousiy i hatph BE sypisbite
(0.01-100 rrba;% and at el evated tenperature (50-150C). 15 The two

pol yaddi ti on $f¥§E may be performed separately (tenporally and/or
spatially, i.e. in different reaction vessels) or simultaneously as a
so-called "single vessel reaction". The highly active DMC catal ysts.to be
used to produckhetdiigomerig: alkenyiatpd Fipseheampaaodpprogased agcorang todBe kKReglien

f th | ic, al (| at fart gl d i kRGPl
and r o corpr WBhEF T Beser Mgt MarkBga gl fernne’ ofRE FaleErtBRier oo
%97/ 40086 a%@!}eha?(gﬁ%%léaﬁz of DMEatchtfe ég)&iglzl"hmﬂgﬁ'éi SRR waR8:, 13hechuigh! y

ive catalys escribed in EP Ich, apart froma 25 double
nmetal cyani de olfdlorHehhmpbletizi fractives avsy areferetsl first remeyed Femdhgani c
I i f le tert. -but I i tior '
ngef Eerl gan oli(goglrcrig,x glrlzgxy?late?lrstarteruco%]ﬁ)o&d lgiyd%isttllllgtrllgx{ luxdé:ropetd%'c&l Bressure

(0.01-100 mbar) and at elevated temperature (50-150°C).

15 The two polyaddition stages may be performed separately (temporally and/or
spatially, i.e. in different reaction vessels) or simultaneously as a so-called “single

vessel reaction”.

The highly active DMC catalysts to be used to produce the long-chain polyether

20 polyols without working up from the oligomeric, alkoxylated starter compounds are

' known in principle and are comprehensively described, for example, in EP 700 949,
EP 761 708, WO 97/40086 and in DE-A 197 45 120, 197 57 574 and 198 102 269.

The highly active DMC catalysts described in EP 700 949 which, apart from a
25 double metal cyanide compound (for example zinc hexacyanocobaltate) and an
organic complex ligand (for example tert.-butanol), additionally contain a polyether

having a number average molecular weight of greater than 500, are typical examples.

The alkylene oxides preferably used for the polyaddition are ethylene oxide,
30 propylene oxide, butylene oxide and the mixtures thereof. Synthesis of the polyether

chains by alkoxylation may, for example, be performed with only one monomeric
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The polyaddition, catalysed by the highly active DMC catalysts, of alkylene oxides

15 onto oligomeric, alkoxylated starter compounds containing active hydrogen atoms

generally proceeds at temperatures of 20 to 200°C, preferably in the range from 40

to 180°c, particularly preferably at temperatures of 50 to 150°C. The reaction may

be performed at total pressures of 0.001 to 20 bar. Polyaddition may be performed

without solvent or in an inert organic solvent, such as for example toluene, xylene or

20 THF. The quantity of solvent is conventionally 10 to 30 wt.% relative to the quantity

. of the polyether polyol to be produced. The reaction is preferably performed without

solvent.

The catalyst concentration is 30 ppm or below, preferably 25 ppm or below,
25 particularly preferably 20 ppm or below, in each case relative to the quantity of the
long-chain polyether polyol to be produced. The lowermost catalyst concentration is

0.1 ppm.

At these low catalyst concentrations, it is not necessary to work up the product. For
30 use in polyurethane applications, it is possible to dispense with catalyst removal

from the polyol without there being any negative impact on product quality.



25 particularly preferably 20 ppmor below, in each case relative to the
.quantity of the | ong-chain polyether polyol to be produced. pHigposresonost
cat al yst conc%’ﬂt%’%f‘%an is 0.1 ppm At these |ow catal yst concentrations,
it is not necessary to work up the product. For 30 use in polyurethane
applications, it is possible to dispense With catalyst renoval fromthe
pol yol without there being any negative inpact on product quality. WO

99/ 54383 PCT/ EP99/ 02397 8 0 The reaction tines for the polyaddition are in
the range froma few mnutes to several days, preferably a few hours. 5
The nol ecul ar wei ghts of the |ong-chain pol yether polypls produced usin
the process Eoeovagiion timest fos the pehRAGHOR 3¢ ih ﬂﬁ“?‘nég'fgﬁngg $(§er86’(ﬁ'te;éot° °
100000 g/ nol , referabl y i.n t 1 e from 1000 to 50000 g/ nol,

particul arly i??’g"ragﬁ’%r Ve?l%atfq%&%"rvélﬁ{ghg'from 2000 to 20000 g/ ol . 10

Pol yaddi ti on may be perfornmed continuously, in a batch or sem -batch

process. The highly active DMC catal ysts generally require an q:linduct ihon
time of a fewTherinmltesart weightse pfiithe dengschals pokieHiT thodyYs ip@gﬁ@p Qsing the

al koxyl ated starter conmpounds obt ai ned accoy di t h | v {oan

catal ysi s wit ATOFFRS FPEPLGHnE, &Y %CUWS%I%FS ulﬁftégar%&e, 88{% ﬁ%osd %bgg(%ddg glg?b é’ti nct
reduction (by %peqélﬁy.in%ﬁg@raﬂgé b8 100duet 50000t b/, partiberly gireflesablysin the

" conpari son wi PR T he’ use of correspondi ng oligoneric, al koxylated starter
conpounds whi eihgeiom P000du860by/nadlkal i metal catal ysis and conventi onal
working 20 up (neutralisation, filtration, dehydration). 25

Si mul t aneously, using the oligoneric starter conpounds produced by

VSR, Mt Bon SRR ReeHbHALPALSI, 0R abekh oRkefi-Ballteprtissal | v

S tens 't he oxyla times o catal ysis (by approx. 50-60% .

The highly active DMC catalysts generally require an induction time of a few

minutes to several hours.

15 Using the oligomeric, alkoxylated starter compounds obtained according to the
invention by catalysis with the metal perfluoroalkylsulfonates, brings about a
distinct reduction (by approx. 25%) in the induction times on DMC catalysis, in
comparison with the use of corresponding oligomeric, alkoxylated starter
compounds which were produced by alkali metal catalysis and conventional working

20 up (neutralisation, filtration, dehydration).

Simultaneously, using the oligomeric starter compounds produced by catalysis with
the metal perfluoroalkylsulfonates, also substantially shortens the alkoxylation times
on DMC catalysis (by approx. 50-60%).

25

This results in a shortening of the overall reaction times (sum of induction and
alkoxylation times) of typically some 50%. In this manner, the shortening of cycle

times in polyether polyol production improves the economic viability of the process.



This results in a shortening of the overall reaction tinmes (sum of

- induction and al koxylation tinmes) of typically some 50% | pcirhipse/omomer,
the shorteni YO8 5EPele times in pol yether polyol production inproves the
econom c viability of the process. WO 99/54383 9 E xanpl es PCT/ EP99/ 02397
Production of highly active DMC catal yst{3ynthesis according to EP 700
949). 5 A solution of 12.5 g (91.5 mmol) of zinc chloride in 20 m of

distilled water is added wth vigorous stirring (24000 rpn) to a solution

of 4 g (12 mMpiamples pot assi um hexacyanocobaltate in 70 ml of distilled
water. Immediately thereafter, a mxture of 50 g of tert.-butanol and 50 g
of distilled water are added to the resultant suspension and then

vigorously stirred, for. 10 m nut 4 r ] 8o &P 100%49). 10
pol ypr opyl ene’tgAyHon qﬁﬁ%aghvem%agﬁg%l(%}fegéa\%%gﬁlg of 2000, ?L g of
tert.- butanol and 100 g of distilled water is then added and stirred for 3

m nutes (1000 rpm. The solid is isolated by filtration, then sti r‘{% for
10 mi nut es W ARokutiohxf 12.6 g 1.5m0mgl)aif zinsrehlonsistin ABmI of @lighilisd WHte!s P

wat er and 1 of the above, po er 0000, .r d i

moxture is f?wﬁhﬂgig%rpv% Ft\éﬂlngnéé&#gr"@nf 3 aﬁ?“}ﬂ"mfeg%1{2ﬁ‘f“§°ti§[’ﬁ?§tta§r}§nof

100 g of te”%e'e)é?ig)@e}%?ébaﬁafé iﬁjé A1 6f dibiiBePROE [RSARIEP thdrd£FRO0a midture off t er
at a r

filtration, t yst 1I's ied to constant weight at 50C and standard
pressure. Yi ebglgof teit. bathnopad/r gloédistied wlates are Blded tgythegemliapesispnsion

Fert ~but anol and ghedsfiprmsst HEeL b 1B 28R e S duifion of
T RSB R B EREE dht o et
~catal yst (20 Pphol and 100 g of distilled water is then added and stirred for 3 minutes (1000
rpm). The solid is isolated by filtration, then stirred for 10 minutes with a mixture of
70 g of tert.-butanol, 30 g of distilled water and 1 g of the above polyether (10000
rpm) and refiltered. The mixture is finally stirred once more for 10 minutes with a

15 mixture of 100 g of tert.-butanol and 0.5 g of the above polyether (10000 rpm). After

filtration, the catalyst is dried to constant weight at 50°C and standard pressure.

Yield of dried, pulverulent catalyst: 6.23 g

20 Elemental analysis and thermogravimetric analysis:
. Cobalt = 11.6%, zinc = 24.6%, tert.-butanol = 3.0%, polyether = 25.8%.
Example 1
25 Stage A

Production of oligomeric, propoxylated starter compound by means of yttrium

triflate catalysis

1839 g of trimethylolpropane (TMP) and 0.12 g of yttrium triflate catalyst (20 ppm,
30 relative to the quantity of propoxylated starter compound to be produced) are

introduced under protective gas (nitrogen) into a 10 litre glass pressure flask and



30 relative to the quantity of propoxylated starter conpound to be
produced) are_introduced under protective gas (nitrogen) int hé+ €

gl ass pressur &9 P¥¥R34Und WO 99/ 54383 PCT/ EP99/ 02397 - 10 heatgﬁﬁfg%fggg
while being stirred. 4161 g of propyl ene oxide are then apportioned by
means of a nenbrane punp at 130C and a t ot @r pressure of 1.5 bar. Once the
propyl ene oxi de has been conpl etely apportioned and after 5 hours
post-reaction tinme at 130C, volatile fractions are renoved by distillation

at 105C (1 nmbagite@fs13®C WRild BETRE bred. @165 gtof@ropybahiemaitiet ave timnrapportioned
tenperature. The resultantmgropoxyl ated starter conpound is col ourl gss

oi | havi ng an b@Hneans o a membsHe yHY aKGY g . andtaigéal @r@sgurprqfd]uglb% nge the
I - chai | yeth Lyol th ' | | :
compound by ek G Gan arotanieBly g PR RGP R tion

conpound fromystage) MeandoRtifk2rsttiehs BYzemeab@by Sisti(idBoP BT 05°6] @trnbar) and t he
quantity of |ong-chain po?yol to be produced) are 15 introduced under

prot ective gashd rehiperayene)is theh oeducédtd iobmetegparatirpr essure fl ask and heat ed
to 105C whil e being stirred.

P | i de . . 50 ds t
apportioned i mMhg r§$%‘§¥‘bpr}98?’f¥16trﬁ88 e{ngqrﬁé; tlg?%g[og‘égﬁr%l ﬁ%@hg fuégﬁp S o

bar. No furthey xide is apportioned until an accel erated
pressure drop%@’%%@%ﬁgggghi s accelerated pressure drop indicates that

the catalyst is activated. The remaining 20 propyl ene oxide (5490 g) is
then continuously apportioned at a constant total pressure of 1.5 bar.
Once the propyBtegedB oxi de has been conpletely apportioned and after 5

A7 S TRt Pt e s
temperature. Zampdand 8§ wdadslbf DMTcathigsis pol yet her polyol has an OH val ue
of 28.5 ng of KOH g
460 g of the propoxylated starter compound from stage A and 0.12 g of DMC
catalyst (20 ppm, relative to the quantity of long-chain polyol to be produced) are
15 introduced under protective gas (nitrogen) into a 10 litre glass pressure flask and
heated to 105°C while being stirred. Propylene oxide (approx. 50 g) is then
apportioned in a single portion until the total pressure has risen to 1.5 bar. No further
propylene oxide is apportioned until an accelerated pressure drop is observed. This
accelerated pressure drop indicates that the catalyst is activated. The remaining
20 propylene oxide (5490 g) is then continuously apportioned at a constant total
. pressure of 1.5 bar. Once the propylene oxide has been completely apportioned and
after 5 hours’ post-reaction time at 105°C, volatile fractions are removed by
distillation at 105°C (1 mbar) and the temperature is then reduced to room
temperature.
25
The resultant long-chain polyether polyol has an OH value of 28.5 mg of KOH/g

and a double bond content of 7 mmol/kg.

The induction time was determined from the time/conversion curve (propylene oxide

30 consumption [g] against reaction time [min]) from the intersection of the tangent at



and a doubl e bond content of 7 mmol/kg. The induction tine was determ ned
.fromthe tinme/conversion curve (propylene oxide 30 consunptj ggai nst
reaction ti meVPAPAPB3fromthe intersection of the tangent a?b%ng92§4383 -
11 PCT/ EP99/ 02397 the steepest point of the tinme/conversion curve with the
extended base |ine of the curve. The proﬂéxyl ation tinme corresponds to the
peri od between catal yst activation (end of 5 induction period) and the end
of propyl ene oxi de apportionnment. The total reaction tinme is the sum of

[ nduct | on ands, PLaRQXY |l O the WRfk/cohteliohicarvd witk:thd @itended bas line of the =~
Propoxylation tinme: 240 min Total reaction time: 420 m n Conparative -
Exanple 2 i JIdwrf oduction of |ong-chain pol yether polyol by neans of DMC
catalysis from oligoneric, propoxylated starter conmpound, which was

obtai ned by KOH catalysis and conventional working up (renoval of catalyst
by means of ngutrali I | ' i0dDeAvecheatiPfse adivativR@ndRf but
wth: initi amerlérrgémtliogﬁugggoﬁ‘;?sbgﬁcgﬁbglwp:e)eln;(aoxyp(opyfﬁg%]e) triol g?vi ng an
OH val ues of ;386ctith pefiofiQmdghé prdofrepylenoonxitle apportigiménsr opane and

propyl ene oxide by KOH catal ysis and conventional working up) 25
apportionnment of a total of 5563 g of propyl ene oxide. The resultant

| ong- chal n PORXEL NSt RLY Bl Eh Al Yt HAlokon dha BbpdxJHieH itk 0 and

doubl e bond c

Induction time: 180 min
. 10 Propoxylation time: 240 min
Total reaction time: 420 min

Comparative Example 2

15 Production of long-chain polyether polyol by means of DMC catalysis from
oligomeric, propoxylated starter compound, which was obtained by KOH catalysis
and conventional working up (removal of catalyst by means of neutralisation and

filtration).

20 As Example 1, stage B, but with:

- initial introduction of 437 g of a poly(oxypropylene)triol having an OH value
of 380 mg of KOH/g (produced from trimethylolpropane and propylene
oxide by KOH catalysis and conventional working up)

25
- apportionment of a total of 5563 g of propylene oxide.

The resultant long-chain polyether polyol has an OH value of 29.3 mg of KOH/g
and a double bond content of 6 mmol/kg.

30



?0 WO 22/554_383 ?CT/ :EP99/ 02397 -12 Induction tinme: 240 mn Propoxylation
ctime: mn otal reaction tinme: 795 mn 5 Exanple 3 Sta tion
of ol igoneri C}Vop%%?ﬂ%ﬁéw ated starter conpound by marrgns of yt ?ﬁ@n@b??ﬁﬁl ate
catal ysis 40 10 2627 g of trinethylol propgne (TMP) and 0.12 g of yttrium
triflate catalyst (20 ppm relative to the quantity of propoxyl ated
starter conpound to be produced) are introduced under protective gas
(nitrogen) into a 10 litre glass pressure flask and heated to 130C while
bei ng stirredpddaich @mef propyl ene oxi de are the24@pyportioned 15 by neans
of a menbrane punp at- 130C and total pressure of 1.5 bar. Once the ’
proPyI enet OXi Hai[ppasslab@ehmorrpl etely apportioned 2Rd Wt er 5 hours'

post - reaction ne at 130C, volatile fractions .enoved by distillation
at 105C (1 rrbaP‘)aiéeﬁEinorm@et enperature is then reaggenlciilﬁto roomyterrper ature.
The resul tant propoxylated starter conpound is a colourless oil having an
OH value 20 of 538 ng of KOHJg. Stage B Production of |ong-chain polyether
pol yol frsom t Egapipl@®neric, propoxylated starter conpound by neans of DMC
catal ysis 25 324 g of the propoxylated starter conpound from stage A and
0.18 g of DMC catalyst (30 ppm relative to the quantity of |ong-chain

pol yol to be g[a%g%ed) are

Production of oligomeric, propoxylated starter compound by means of yttrium
triflate catalysis
® 10

2627 g of trimethylolpropane (TMP) and 0.12 g of yttrium triflate catalyst (20 ppm,
relative to the quantity of propoxylated starter compound to be produced) are
introduced under protective gas (nitrogen) into a 10 litre glass pressure flask and
heated to 130°C while being stirred. 3373 g of propylene oxide are then apportioned

15 by means of a membrane pump at 130°C and total pressure of 1.5 bar. Once the
propylene oxide has been completely apportioned and after 5 hours’ post-reaction
time at 130°C, volatile fractions are removed by distillation at 105°C (1 mbar) and
the temperature is then reduced to room temperature.
The resultant propoxylated starter compound is a colourless oil having an OH value

20 of 538 mg of KOH/g.

Stage B
Production of long-chain polyether polyol from the oligomeric, propoxylated starter

compound by means of DMC catalysis

25
324 g of the propoxylated starter compound from stage A and 0.18 g of DMC
catalyst (30 ppm, relative to the quantity of long-chain polyol to be produced) are
introduced under protective gas (nitrogen) into a 10 litre glass pressure flask and
heated to 105°C while being stirred. Propylene oxide (approx. 30 g) is then
30 apportioned in a single portion untii the total pressure has risen to 1.5 bar. No further

propylene oxide is apportioned until an accelerated pressure drop is observed. This



i ntroduced under protective gas (nitrogen) into a 10 litre gl ass pressure
.flask and heated to 105C while being stirred. Propyl ene oxi . 30
g) is then 304pP6¥##4%ned in a single portion until the tot allgterélélzdsa?l%% has
risen to 1.5 bar. No further propylene oxide is apportioned until an
accel erated pressure drop is observed. Thl¥- WD 99/54383 PCT/ EP99/ 02397 - 13
0 accelerated pressure drop indicates that the catalyst is activated. The
remai ni ng propyl ene oxide (5646 g) is then continuously apportioned at a
constant total..Rrass @ssvgxfe &ro? iRdicateBR theecapdlpsyik eneivasd dEhbasmbimery  ~
conpl etely apportioned an after 5 hours' post-reaction tinme at 105C

vol ati | e fracpiopyknarexider®64mg)ys Sheti sontinuguslpnanpertiomsd ¢t1a ngoastent iefak he
tenperature is then r ced to room tenperature. 10 The res

| ong- chai n poPEEREPT g% 1oﬂ%f'sth5rPr@¥tl?P§I Qi‘é&offfas%.e% c%lpgefelké% égr%;é%ddanéi
doubl e bond c et 6 BTk Adugt i I YR atild 9 IoRs 4Pe oReyE@tEyoN
time: 405 m ngﬂélro? aP&Irrtsaa ti oné‘%fgﬁegl&%% %Q%GISWC%t#gaggﬂo\i}e Exanpl e 4 ¥
Producti gn of disengichat nlgseCy et hearpahyg othe btempeeatigeofs vl oeatua¢dy $0 srobmom
ol i goneric, propoxylated starter compound, which was obtai ned by KOH

catal ysis anttmenpematsigt i onal working up. 6 20 As Exanple 3, stage B, but
with: - initial introduction of 316 g of a pol y(oxypropylene)triol having
an OH value of 550 ng of KOH/ g (produced fromtrinethyl ol propane and
propyl ene 25Tgyirgithyt Kablcaahadolpdtherasdysldiag ant OHENalusof R9.8gngf KOH/g

and a double bond content of 6 mmol/kg.

. 10

Induction time: 390 min
Propoxylation time: 405 min
Total reaction time: 795 min

15 Comparative Example 4

Production of long-chain polyether polyol by means of DMC catalysis from
oligomeric, propoxylated starter compound, which was obtained by KOH catalysis
and conventional working up.
20
6 As Example 3, stage B, but with:

- initial introduction of 316 g of a poly(oxypropylene)triol having an OH value
of 550 mg of KOH/g (produced from trimethylolpropane and propylene
25 oxide by KOH catalysis and conventional working up)
After initial apportionment of approx. 30 g of propylene oxide up to a total
pressure of 1.5 bar, no pressure drop occurred over a period of 22 hours, i.e.

the catalyst is not activated.

30 Examples 1 and 3 show that oligomeric, propoxylated starter compounds are

obtained by catalysis with the metal perfluoroalkylsulfonates described in DE-A



After initial apportionment of approx. 30 g of propylene oxide up to a
-total pressure of 1.5 bar, no pressure drop occurred over PR Rh 22
hours, i.e. MRPEHY) yst is not activated. 30 Exanples 1 a?lP(f’plg‘Eshow t hat
ol i goneric, propoxylated starter conpounds are obtained by catalysis with
the metal perfluoroal kyl sul fonates descri Ked in DE-A WO 99/ 54383

PCT/ EP99/ 02397 -14 197 02 787 at very |l ow catal yst usage rates (20 ppn)

from conventional, low nolecular weight starters (for exanple propylene
glycol, tri rreﬁbl)/b@lmoaaoa? W ch@Bst uedgewatds (R00pynE feomXdoteentitmial; How
ol i goneric, propoxylated s

arter conpounds may be di reqtléwconverted; i.e.
wi t hout wor ki nplasplaarvweiglsnsuaérs dforcexampie tropyers glyeels tametiylphpropans) ilYe DMVC

catal ysts at very |ow, catalyst usage,rates (:530 ti .t h
propyl ene oxi HEYM & “Iho‘?fﬁplﬁ%%ﬁ ﬁ?‘%& W}‘{Cﬁe‘ﬁl [ it Bfo%&ﬂ%édt{t]%?egrcgc gﬁﬁés
according to Hag B MBEtyOBonviekted, Si. 8. NWRhAR SHoMRIR 1P aBE HdHeal 6NGatalyal, by

pol yether polydls entirely w thout working up. 10 A conparison of Exanple
1 and Conpar atdeuss dxaghlly acvesDME catabystsweheerytipw catalystosage irates (F30mpxyibat ed

starter conpounds obtai ned by catalysis with the t al .

per f | uor oal kyFeaglion withguopylens,Qgde 1%ﬂé°’?5ﬁ8ﬂf‘é‘f PSWC&EHPW%O%W&W%Rr(f“’le??es on
DMC catal ysi i.Stdhnc or; [ 103 1580ucM foRelcASinUssly&her
“correspondi nggcs%%é(ﬁPgrtﬁ @gn%gﬁlﬁ@?%?%ﬁqﬁeﬁ%&%%c@d%y Kcﬁi catna ygi s and
conventional peRkisratitedy Mthomenskadgwat i on, filtration, dehydration). In
the process according to the invention, this shortens the total reaction
tinmes of DMC catal ysis by sonme 50% 0 WD 99/54383 PCT/ EP99/ 02397 -15 Pat ent

7 R, AP Y IR RO Db sy i

i ng 10up, risedi ric, ylated starter
conpounds havifigomeric, propoxylated starter compounds obtained by catalysis with the metal

perfluoroalkylsulfonates are used, the induction and propoxylation times on DMC
catalysis are distinctly shortened in comparison with the use of corresponding starter
compounds which were produced by KOH catalysis and conventional working up
15 (neutralisation, filtration, dehydration). In the process according to the invention,

this shortens the total reaction times of DMC catalysis by some 50%.



5 nol ecul.ar wei ghts of 200 to 1000 are first obtained by catalysis with

. perfluoroal kyl sul fonates of the netals of group Il A of th [Watal!
system of el WOW438in accordance with the | UPAC conventi O%C%?éﬂf%ag” rom

| ow nol ecul ar weight starters by reaction with al kyl ene oxides at reaction
tenperatures of 80 to 200C and cat al yst cloncentrations of 5 to 200 ppm 10
whi ch oligonmeric, alkoxylated starter conmpounds are then converted wi thout
wor ki ng up and renoval of the catalyst by neans of highly active DMC

catal ysts at paat @lamals concentration of 30 ppmor below, relative to the
quantity of pU%VETﬁET‘EOIon to be produced, by reaction with al kyl ene

oxi des into higher nolecular weight, |ong-chain polyether polyols. 15 2.

upaccor di ng. Fo &1 B, (o ki preaurioogy 'PpEei PoRERE PP Doy Sbd ek Banar os
of the nmetals of ,Oﬂfi-%é&gris@d A i D1REMERE] eﬁl)c@%ﬁét@dn fiktef bOMBOrs (Haling

accordance_ with t convent i on-of 1970) \hi chsare used are the
correspordi ng 20 tioldclilaprweightsao® 200 ftonddGes ate firdt| alpteined By cAratysiss withor

accor ding 0. ol al npafverataenyEol Rt ot pit R dob CRHTTSUERSHERe o
the metal's of gnouRe bbhefistn WIS B8EL s Bbam Blnhaibar of0pafagidance

25 with the | UPAC conven I'sS selected fromthe conpounds

scandi um yttrium plofdubaneeight 8tdriefs bpr Aaehaly Wittmallyday okides at s@agtionum
europi um gadolinium terbium dysprosium holmum erbium __thulium
ytterbi um and | ut etémperatuies |o£t89 for 208°¢t andecatalyd reopeentragons obp Je &I BRI t he

peoducti on of | ong-chain. pol yet her. poal i { ing to
N e
PCT/ EP99/ 02397 - 16ygkidhk fpSanthidthoval of usedatalyst b hivdaan efdligllol actide @MY ene
gl ycol, triethylene

catalysts at a catalyst concentration of 30 ppm or below, relative to the

quantity of polyether polyol to be produced, by reaction with alkylene oxides

into higher molecular weight, long-chain polyether polyols.

15
2. Process for the production of long-chain polyether polyols without working
up according to claim 1, characterised in that the perfluoroalkylsulfonates of
the metals of group III A of the periodic system of elements (in accordance

with the TUPAC convention of 1970) which are used are the corresponding

20 trifluoromethanesulfonates (triflates).

3. Process for the production of long-chain polyether polyols without working
up according to claim 1, characterised in that the perfluoroalkylsulfonate of
the metals of group III A of the periodic system of elements (in accordance

25 with the TUPAC convention of 1970) is selected from the compounds
scandium, yttrium, lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,

thulium, ytterbium and lutetium triflate or mixtures thereof.

30 4, Process for the production of long-chain polyether polyols without working

up according to claim 1, characterised in that the low molecular weight



o] ycol--l- propyl ene glycol, dipropylene glycol, 1,4-butanediol,

- hexXamet hyl ene_al ycol., bisphenol A, trinethylol propane, glyc
pent aeryt hri t?ﬁ’,%&ﬁg&i tol, cane sugar, degraded starch, wat Zﬂ;é)lla/%mv%/gﬁwas

the 5 mxtures thereof. 5. Process for the production of |ong-chain

pol yet her polyols w thout working up accthrdi ng to claim1l, characterised
in that the production of the oligoneric, al koxylated starter conpounds by
reaction of |ow nolecular 10 weight starters with al kyl ene oxi des by neans

of catalysis wth sipRék|weichakksed bfoosthtRae @lydohediemlyng gifcodr oigthyliéde A of
the periodic system of elenments (in accordance with the | UPAC convention

of 1970) is perfoglyeel, at 1,2 quenylent t @hsehat dipsepydneoo ghysoh goG4danediod) yst

concentrations of to 10 m.relative to the quantjty,of the |l goweri c,
15 al koxyl at ed st ag?’@mebﬁaﬂ%ﬁnél)%i’bebl e}lﬂa&ﬁkegb." G&mﬁth@é%o?ag?’ t%@ et
production of | ongpghairpPiadly 85rBR61, RehY Shehr Widdhaied REK Woter WP wICEY eHeng tO
claim1, characterised in that the production of the oligoneric,

al koxyl ased st art emixtorgsdharelsf. by reacti on of | ow ol ecul ar 20 wei ght
starters with al kyl ene oxi des by nmeans of catalysis with

perfl uoroal kyl sul fonates of the netals of group IIl A of the periodic

system of el gment mci:%g fF !aﬁ&iagﬁf 61*;185@%11&1145@@@%3ﬁg%ﬁ){y@gg&utl&a&mg s

performed at feaction tenperatures to 1

concentrations of {f dceoflingpol claizhal,i vkarhaerided iquakidti the pfodubtomldfgdreeri c,

25 al koxyl ated starter conpound to be produced. )
oligomeric, alkoxylated starter compounds by reaction of low molecular

. 10 weight starters with alkylene oxides by means of catalysis with
perfluoroalkylsulfonates of the metals of group III A of the periodic system
of elements (in accordance with the ITUPAC convention of 1970) is
performed at reaction temperatures of 90 to 180°C and catalyst
concentrations of 5 to 100 ppm, relative to the quantity of the oligomeric,

15 alkoxylated starter compound to be produced.

6. Process for the production of long-chain polyether polyols without working
up according to claim 1, characterised in that the production of the
oligomeric, alkoxylated starter compounds by reaction of low molecular

20 weight starters with alkylene oxides by means of -catalysis with

. perfluoroalkylsulfonates of the metals of group III A of the periodic system

| of elements (in accordance with the IUPAC convention of 1970) is
performed at reactioﬁ temperatures of 100 to 160°C and catalyst

concentrations of 10 to 50 ppm, relative to the quantity of the oligomeric,

25 alkoxylated starter compound to be produced.



