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BACKGROUND OF T % ng Eme?‘?hé%zg%ent i nvention rel %%ﬁf’l%f)‘
i s catal'yzed

process for-“the production of polyether polyols whi ch

with a Lewi s-acid netal perfluoro-al kylsulfonate.. Pol yet her
pol yol s are obtai nabl e by pol yadditi on of al kyl ene oxi des (such as

et hyl ene oxi de, propyl ene oxide, or butylene oxide) to conpounds having

active PROCESS mnrmzammmsol«‘mvgrrwvaus such as
al cohol s, am nes. 10 acid am des or phenols. Polyether polyols are
used to produce pol yuret hane pl astics, surfactants and | ubricants.
The pol yaddition of epoxides t BACKGROUND OF THE NMENFION i s general |y
conducted in known manner by al kali catalysis. The al kal i
catal ysts typically used are al kali hydroxides, Anong the di sadvant ages of
al kali hydr gxi deThapeasgnicigvensiopaictases (902 pracess Buhe ipeadugibem of polyether pelyobing
15 reacti on- t{wHRH i Tafaly26d ixath RNSwishRiEMREP peifRioRS-AUYEhIfeRRE essSi ng
necessitated by neutralization of the al kaline polyner. (See, for
exanple, U S. Patents 4,129, 718; 4,482,750 and 4, 029,879; JP 73 26
391; and Encycl oPelgethenfpoRally nes obedisabbe b polyaddition FofgalkyMak . oxidesNgsticl(0gsk
1986, pages 273 - ) e ob| e X countered i.n these
nown br ocesses PV e il Bechiand olie or-HByiene, oride) o8 WOBBLEI heyifl 5
(e.qg., propyl enehydrpges) atomisc(alsonkaewn|aac'stagter xompdundséhsudhons aledhelise huoiénes,
allyl or prgpenyl.:al nof | | pet hawvi '
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doubl e d. .cata s (particula

aci ds such as boPlastiesy ispﬁﬁgﬁtﬂeﬁn%j%bf&]ag@ The polyadditign gk FPpwides e starter
po: yagﬁi ti onI of | ednfpdunias di@Xg'étﬁe?HSIQccﬁidaétEi@rinCﬁ{W_ drmi@tne%y alkallPr caehiNedid. O TRy
pol yet her pol yo acid catal ysis has . di sadvant ages o .

promoting side- régg%/ icgﬁbstset.yal'c?l& Hae Sl;ena&[g?elbﬂy%rpx@%f.a?&ﬂpg’ng leﬁ%ﬂ"é@ag%ﬁ of
wei ght - alkali i lydedtide soatdiyzedn polyethen potlyob xpredectionu osthddst arenthef long
hydr oxyl greups wii.h ' : 1,08, r Woly)
distribution of @ﬁéwn%ﬁ*y%f £ 5 hiours) 4 die ol ek ﬁ%@%ﬁﬁ Jgg%ﬁg‘;ié HeclfBhldh by
catal ysis. The fuaatralipatton of the alkdlinecpdlymen (Segdfonexanmploi U-Sadlatents 3029,718;

catal ysts from tﬁlﬁsi,?ﬁﬁ h@ (Hod79! §p 3Rta¢ b@l;?&rﬂcﬂé& EP E&i&yof(ﬁ%lﬂﬁ&dScien%e &
catalysts to ydrofysis (necessﬂatlng use of special _nmatertals
(e.g., enanels))Ezge Wls. New York 936 vaegeagebls. 3€3dt r Sneopf tthe pwhlemson
is also difficuléncdustetedd thahédedRnded i ptoédkses is the basfcatdlfzedateatnifigement of

20 epoxides (e.g., propylene oxide) which takes place as a side-reaction and yields

allyl or propenyl alcohols and monofunctional polyethers having a terminal double
bond. '

Acid catalysis (particularly with Lewis acids such as boron trifluoride) has also
been used for the polyaddition of alkylene oxides to starter compounds.

25 Production of polyether polyols by acid catalysis has the disadvantages of
promoting side-reactions (e.g., the formation of volatile, low-molecular weight
cyclic ethers) to an increased extent, substitution of hydroxyl groups with acid
anions, and broader molecular weight distribution of the polyols than polyols
producéd by base catalysis. The fact that it is difficult to separate Lewis-acid

30 catalysts from the reaction mixture and the susceptibility of acid catalysts to
hydrolysis (necessitating use of special materials (e.g., enamels)) are also
disadvantageous. Control of the reaction is also difficult due to the highl activity
of the catalyst.
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-2- U. SLePA‘tﬁ”fos“Fé‘_’é%g an@cl oses a process for the production

of _addi ti on proddcts oman arkyl ene oxide or epichlorohydrin and
hydroxyl gr oup- cont ai ni ng conpounds in the presence of
trifluoromethanesulfonic acid salts (triflates) of the al kal i
netals, the netals in the 2nd group of the Periodic Table of El enents and
5 al so of the elenents alum num cobalt, nickel, zirconiumand tin. The

use of al WS nPieht 45431480 dixdicsess ptrds(tefsi adretheSprbwbh dfaddRion products
preferred. Howev I S necessar,

to ti
preferred, roue Stom | SEVRNE Gride, o, soitbRRaii wnd' Warcxdy Sareeosiafide
gol lm'nbza i ntLaJs Sﬁmmptoﬁt&lsah the presencecof trlﬂlﬁwﬁndilﬁﬁ)esulfomc acid salthtriftades® o the
escribed in u%ﬁﬁj r 9
pol yet her polyols {9 ﬁ%‘f“{, cti%l &eﬁﬁﬁ@ I glt eBodE'c ¢ Pebggicpﬂ%q]%%%s %’ééﬁts %Rd
active 5 7 hyalsagei thet glementst ﬁpmu%oﬁ?hﬂt d%‘)kebe@@t%’ém Hﬂé . scThﬁsé&b of

process produces aRiminum mﬂ‘é&r%dhilﬂ&triﬂéﬂ@ﬁsrﬁahgﬁ t@fbe;_ﬁ?&@ﬁ'bd alpjoveRyr, @6 aeiEdeSa

(e.g., Iownolec%{g%e clic ethers E é ape and

1, 4- di oxane) and s“g PYRY i 1S BEFeSSRng t‘beeaP ge Sreesy roxyl groyprpAtaining

col or due to t he chingburity {$éeochlamn Q) hinen b1 - (SSaffIﬂ:SnPaueﬁtt4,5433,B()3rrpl e 7.) 15

EP- A 212,820 discloses a process for the production of glycol ethers in

whi ch an al kyl ene oxide is reacted with an alcohol in the presence-

of an al um num The progsss flesgoibed in Lohi Ratensi4543eA3Pnis runsuitabley or . the\ phadylation of

selectivit ft t f
oo g@lyqsthhr}%gg}éfst by ?Jo}gaddluonegf ﬂgflig&s%dg{d‘%ﬁp&lﬁﬁg\?aﬁﬁg%ﬁvé’

t he al cohol . VI ew
to increasing théyér@s%tth§ }stagpr S%P%@Shlb%q“é%é@'sadlﬁ?leﬁ?ésgmpﬁs produces a

production of ad%xtyl Bigh Hrepbttibs dfmnubmableatsy-picﬁaael(e S 16@%&1@&1&&4 &ﬁharbthers

wetal from t he mavep e 13 dlongliichindor 4 afnehnd BE poleitet plyfR Sbmipy S dark

El ement s cont ai nbravisid tclontee to the high bg-pchdnst cdntent piSeé IContparaivieBxanipld 0)i C
acid and al so at | east one weakly bonded, 25 neutral nonoval ent or
polyvalent ligand. Particularly suitable for this process is a

met al - conpl1éx coigPedrdl 25920t disclosgs mupracess for the production of glycol ethers in which an

La( CH
a2 L O Ler gt AL a8l W) SO s, (S o, i

the need for Iab@Pﬁ%@@%@B@Faﬂ‘bﬁogfmﬁtW“reéoméh;ﬁeﬁﬁu‘flﬁ’eoﬁéhﬁ)llelx a@% éfn
conposed of net abusiged |viousiagky | lasd brdeas eofathd bicgRsld f(SeenEaenpd®!3yqh EP-A

reaction 30 Ehi(%%? The low catalytic activity of these netal-conpl ex
conpounds makes necessary to use large quantities of catalyst in
the pol yether production process. (See Conparative Exanple 9.) The

product i on ,gf pokyal ge‘;lngxeot ﬁlﬁe@ﬁﬁg the E&éctlvuy, EP 569°3TPhiS oS8 PRHIAER 4P YLE

t herefore be very unecon
production of addition products in which an alcohol is reacted with an epoxide

compound in the presence of a complex metal compound of a metal from the main
groups or subgroups of the Periodic Table of Elements containing sulfonate
residues of a perfluoro alkanesulfonic acid and also at least one weakly bonded,

25 neutral monovalent or polyvalent ligand. Particularly suitable for this process is a
metal-complex compound of the formula La(CH3CN)x(H20)Y(CF3SO3)3. (See
Claim 12 in EP-A 569,331) A disadvantage of these metal-complex catalysts is
the need for laborious separation and total recovery of the complex system
composed of metal perfluoroalkyl sulfonate and ligand from the polyol reaction

30 mixture. The low catalytic activity of these metal-complex compounds makes it
necessary to use large quantities of catalyst in the polyether production process.
(See Comparative Example 9.) The production of polyethers with these metai-
complex compounds would therefore be very uneconomical.
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WO 95/ 02625, V\D@é@;@@@s,@gp&l%g@&}lﬁm describe the polynerization of
cyclic ethers (oxiranes rahydr of ur ans, oxepanes.

1, 3-di oxol anes or 1,3,5-trioxanes) to formlinear polyethers by
icatalysis with netal perfluoro- al kyl sul fonates in the presence of
‘an accel erator (co-catalyst) such as a carboxylic 5 acid anhydride, a

carboxylic acid, an acid chloride, a vinyl ether, and certain
phosphorus or SIW@@B/OQGWOW(NS)S/U%IZSI@wWO>96ﬂi3§fl@rde§dhb@9ﬂ1€|;ﬁ) &rization of

candi m a the rare-eart tter m
Zr bi ulrnu neodym u‘f#h A &x“f‘"éﬁ?t (PARGRES t%’é%hr{'aﬁ’ayg’@f‘%gﬁ??mﬁagk £ﬁ°?qsﬁ'|§g3‘§
and page 7, |i neb3 i-tﬁo){anes) ite form 11neare<pommﬂmhad>yt leatialysiso wiith mmopadﬁxoro-

, Wat 0 le
Eg 0 dater anh g,haﬁma&g ifi g Priatel o ahPaccelefat (Al Hich oL cRARSS
in WO 96/ 13540. )acihanbydsides ¢ qarbexylise acidn atlh@é.‘g losideosuviay! jether, and certam

therefore not suiiogphdtud @F é'llh&mpE&ﬂﬂ&lddQn iu'tlléQl'aM?t fenféﬁl Melafs By scandlum
pol yaddi ti on of Xi des havi n actlve hydr ogen

at ONs. yttrium and 'the rare-e Sttg]gt SHregbismr (ﬁ up my\peod Iguum 3
is an obj ect of lahthagmumesSde WO €96/13540] page Gy ilihe 35 pmdoms 7,0lindsh&-2) 1t is

ducti f tal yist b
Cunstant 1l Ly cArRTapBist g, affc” Subodhel I, “ulies B, 5tnlD g garetuly
rel ativel yl&i nplexcinded dgusuitable measures (eg |(ky1agmfh;he mitijﬂematedﬁls).hésﬁr pagend,

invention to prqyidea. ﬁﬁﬁ?v@of%b/ pr@ﬁéj@} described %kycﬁwﬁ.res is

polyol in which the catalyst ere overe reuse
and ot her obj ectt8esgfare Mof F‘l‘tablﬁ fo5 3he ereduction I‘?ﬁsP@ ysther |polyols by elyadditign cof

acconpl i shed by gperides o stafted Smsouads h#RnP active IAyoged ad¢hé.ve hydrogen atons
wi th an al kyl ene oxide in the presence of a catalyst at a tenperature of

from about 40 to about 200[err]C The catalyst is a
perfluorosul fonic acid salt of aSUMMARY OF THEANAENTION om G oup |11 A of
the Periodic Table of Elements. This catalyst may be 25 readily

separated fromthe product polyol mxture by reducing the tenperature of
the reacti bh m Xt is an ohjedt of the priesent pneantipn ttatprorgdegaprocess ferxthe qrodustioniafh

wat er . Ivol

Sur pr i singly, i (POREESE potyols fo ARGt S %;‘%ﬁ#s%ﬁ SRR e
salts ( peFam ibg salyRl prodpsthyat slstiesly sippleprogpdure Group I11A of the
Peri odi c Table of 30 El enent s (correspondl ng to the | UPAC Conventlon of

ggzrgz)uﬁag EZST lrjlgl f‘;ﬁ(:)%‘}‘\;léerrﬂ%‘?% QE Hpeag% éﬂtvteﬁtrllono o p ovufe a Srocess SfE)r the productlon
of polyether polyol in which the catalyst may be recovered and reused.

20 These and other objects which will be apparent to those skilled in the art are
accomplished by reacting at least one compound having active hydrogen atoms
with an alkylene oxide in the presence of a catalyst at a temperature of from about
40 to about 200°C. The catalyst is a perﬂudrosulfonic acid salt of a metal
selected from Group IIIA of the Periodic Table of Elements. This catalyst may be

25 readily separated from the product polyol mixture by reducing the temperature of
the reaction mixture, addition of a precipitating agent or extraction with water.

DETAILED DESCRIPTION OF THE INVENTION

Surprisingly, it has now been found that the perfluoroalkylsulfonic acid salts
(perfluoroalkylsulfonates) of the metals of Group IIIA of the Periodic Table of
30 Elements (corresponding to the TUPAC Convention of 1970) are useful for the

This Sheet Has Been

| lll!l" i fil!



- 4 - hi g ﬁ'l&%)’éiéxk?%ﬁ‘é@t alytic activity and wi thout the
si rul t aneous pres 0 _ gands or accelerators. It has also been

found that the presence of the accel erators disclosed in WO
.95/ 02625, 95/02626 and 96/ 13540 i s di sadvan-4 - tageous in a process
for the production of polyether polyols because the addition 5 of such

accel erators at conparable reaction rates causes a distinct increase in

undesirabl e si denigleaelecVity GherdaRilyt agtividyoundTalidout de WRAMAheAChreSence of
ethers). (See The Eroce s  of

. Conparatiye | es .2 and 3 0
the present inveigangs %&8&%@@¥%6'I yzgﬁ'ﬁf ﬂﬁ?;‘ﬁﬁeg B%P“élciﬂéf‘-tcﬁ'teap?f e of the
pol yaddi ti on of akélgtatore dizxcldsed i WONMP6H2E25,h %0262 and ve6/hY5H00 de ndisidosrs .
10 This proc [S ré "
per 1 uor oal Kyl scrgesus i CpRELE fof the Blodulifort b pARERSF bolycl besaue by adiiop,
metal s pertdini i sushcaensieratprspatoromperabler regefion rates causpaid disincicinamease sin
(correspondi ng tighdeditabldHAE-réRNYRNfoRMatRh HIA6RLmEILEa10 welbht c%clic, ethers). . (See.
pol yaddi ti on regc&%l on. . The pol yadditi %n process of the present invention is
carried m@&ramwgmls? €20d813.)40 to 200[err] C at normal pressure or
pressures of fromO to 15 20 bar (absolute), optionally in the presence
of an inert orgapic_salve . Preferr.ed al kyl.ene oxides far the
process of the p s%rr?feﬁsn‘{?iethf iPLF Rt ERte ne?rﬂg'lmé’ﬁémk(%ther po&??sd@,' aﬁ‘ﬁ(‘fﬁ%l’ézr?g
oxi de, butyl ene motyadditicandf raligtlenee oxides rteofom@amds rhavirigoactofe hydrogen atoms.

pol yet her i?taai ”Srlﬁi‘g@ R G eﬁdr%eﬁz}d %‘ﬁs@*e?ﬂ%@&fl@?@c ‘jagﬁi?‘]g o

Pol yet her chains nma e _constructe

r n « e . -
or 20 three dperoskyigiionateslcobhexmatals patairingdofitona I of ithe iPsriodic
about pol yether Table of Blétérls ¢Erfebpotdingdto ERNUIEAC T IveRtbn 60N ARMHISthe
Encycl opedi a of Indalzﬁtfl al . Chelmcﬁl[cé;’r En Ildg,h Edi tion, 1992, VO _uge
A21, pages 670- gPplyaddition reactign; ; Thy polygddit p@a%a 1B PEesent InVengiop Jg sarsie
Pavi ng acti Vﬁ g(ﬂitat:ﬁﬁémgéﬁ?res of 40 ter206W lathomedl ressuef of pms?.u;tlé’s bbfrféﬁpoaad

roml to ydr. , ' and/ or, am.no 2 [Q . Exanples o
sui tabl e s?sar t erﬂz%méﬂ?@e)r Rgﬁmlngttﬁip'gg%mﬁlo;%&1%{8% organic %’l?‘é ?iyl ene
glycol, 1,2-propylene glycol, 1,4-butanediol, hexamethylene glycol,
sugar | ! QSRR ARSI en GRS pldtersRE 8 BrOSE inb lion BEIRS Bl
amne. butyl amqgrééé, propylene; eiiden bt tybasg, Gridantn: ,rniismrﬁnélefﬁot-m Ghestrwetion of
Ej?r r], B nipzt By|tpoi>5'| &K&aglﬁdi'ﬁ@'&yaalkgiﬁﬁl&g@s ?a%hizved Cllﬂya{_lkiﬁgaa Rﬂ&ﬂi(ﬁee@i%e epoxide.

i am ne, 1,4-butyl'ene diamne, 1,2-, 1,3-/ - , §- or 1,6- .
nexamet hyl ene. GiERET SSAms . R ot BRGOBIAA a0 Dlckiise tveuring pre e
di am ne, 2@’ -, tRreé'diffierbné rdonotheriti ¢postideb.enylorerdetaded informationt Blydue lyether
di am ne. chain construction can be obtained from Ulimanns Encvclopedi'aSOf Industrial

Chemistry, English Edition, 1992, Volume A21, pages 670-671.

Suitable starter compounds (i.e., compounds having active H atoms) have

molecular weights of from 18 to 400 and from 1 to 8 hydroxyl, thiol and/or amino

25 groups. [Examples of suitable starter compounds include: ethylene glycol,

"~ diethylene glycol, 1,2-propylene glycol, 14-butanediol, hexamethylene glycol,

bisphenol A, trimethylol-propane, glycerin, pentaerythritol, sorbitol, raw sugar,

degraded starch, water, methyl amine, ethyl amine, propyl amine, butyl amine,

aniline, benzyl amine, o- and p-toluidine, o,B-naphthyl amine, ammonia, ethylene

30 diamine, propylene diamine, 1,4-butylene diamine, 1,2-, 1,3-, 1,4, 1,5- and/or 1,6-

hexamethylene diamine, o-, m- and p-phenylene diamine, 2,4-, 2,6-tolylene
diamine, 2,2'-, 2,4' and 4,4'-diaminodiphenyl-methane and diethylene diamine.
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The catal ysts usg%u,lﬁl, rlOE'l’%réléx?‘é%éﬁtrl%E the present invention are perfluoro-
al kyl'sul fonates © e netal s oup Il A of the Periodic Table of

El enent s (corresponding to the I UPAC Convention of 1970). Suitable
metal s incl ude scandium yttrium and-tshe rare-earth netal s

| ant hanum cerium praseodymum 5 neodym um pronet hi um samarium
europi um gadolinium terbium dysprosium hol m um erbium thulium

ytterbium and | urThé i¢a|l,’ﬁlyst§\/| usefll it ahé fratee 6ﬁ|th€dpresent mverﬁio@lymd”ﬁe}ﬂucﬁo- '

m xture of rare al s trate e
The term perfl uoglg&'l Qf?réq%ﬁsf e§ne als ge@%@?@ﬁlr&gg e[rwgl clrg?‘@le of, Flemegys
per f | uor oal kyl su(q‘omespnndmgdsso i the RIRAC t Genveption dfsl%‘tﬂ)decSmtablat mietads tindude

10 perf | uor Oaééélllh%lll Lﬂ&ﬂlxﬁ Ot Taré @%rgf %tAler Onall?:l é&llﬁﬁbh@s@d?ikﬂ{lfm

may al so be he perfluor e ‘groups
be bonded té a pqumlum promethigm,  Samany@, ﬁemlur@,asq@homm terbium, dysprosxum

trifluoronet hanegsiidigm! erbitnd thlluﬁll e@blﬂﬁls hﬁldl‘fl'&t%ﬁ'uxﬁs "Mixed metal" (also called

trifluoronet haneiﬁl fonat s or trif at es ferre Speci f q‘f npl es of
t hese pref A %m%tpge phiar faiPrirciedfrom cee rrwt jou used
triflate, lanthanumtrifl ate, cerlum trlflate praseodym um
triflate, neody trifl

triflate, gadol |mrquf| P ??@gfoﬁ@qg‘llt%r% a"lsgaellfyglﬂr ggeaﬂ?n%?l TF@ salts of
hol mi um t pérfluatanlkydswifonic t adidy anewhtdhulthmnmtall fi$ alxoa;len}'tttoelabulamt one
triflate a | ut I [ r SAGHd

catal yzed gg theﬁ &ngtu g%&flégz#ﬁhgﬁtga%rﬁ{q surl -Egﬁigp gskslﬂfsii:| Sledle car I’SI e yoﬁltsoabe
t enper at ur es r anpiesRitf re pesflueroplkylisulfenate gFups araibin, turp &, brnded toe polymer

160[err] C, nost prefer a@k Mnétﬁlomlé(bfttﬁﬂﬁﬁfrﬂtlldn%ulﬁimd‘Qéi&ﬁbl/hléll QFeS HésParfdfed as
pressures fromO

r (absolute Th I on ocCess .
be carried out Wfl;%%f?%lhw%lfmtes or trf %?nz’F f%gagpﬁc‘ Bleb‘é‘ﬁ{’ eétﬂfhthﬁif‘y
cycl ohexane, toI pteﬂ&redxydtalyas idclatidryscandiber triflate, yttrivth neeiflatey sitharen ariflatey
chl ori nat ed.hydr car I hl or,

1, 2-di chl o?g pro% n? Ea\glle('::‘onslrgl t“m( E{H: 8 ng&glgrﬁ'é“rnalt?ﬂau‘segh'%lg tgggte
amount from abou@ur@p}unntretb@mgagdwum tnﬂate terlnnm wiflatg, ﬁysproanmewlﬂlatﬂ, nhghmum
chosen so that e{] R, leYSiumORiftaf, tRiliubd Riffid, éﬁt‘éﬂilﬁrh%ﬂa e and lufefif! trifArel S
possi bl e under the gi'ven reaction condition The cata yst concentration
I's generally in the range of fromO0.0005 wt-%to 10 wt-% preferably from

0. 001 wt- %10 5 The dolfutERibro RediEn Gesily ey by i1l kdhatn pertbriRliafdEinates b
30 pr oduced. tt ea |ont| ‘gdth?glp%ﬁ% B %tlon
range from a fewdmfdit® a0 empera rés §@%?%1I ‘H’éy D aBF§feablye °ﬁ‘o

- 6 - 20 160°C, most preferably from 50 to 150°C, at normal pressure or pressures from 0

to 20 bar (absolute). The polyaddition process may be carried out in substance or

in an inert organic solvent such as cyclohexane, toluene, xylene, diethyl ether,

dimethoxyethane and/or chlorinated hydrocarbon (such as methylene 'chloride,

chloroform or 1,2-dichloro-propane). The solvent, if used, is generally used in an
25 amount from about 10 to about 30%. '

The catalyst concentration is chosen so that effective control of the polyaddition

reaction is possible under the given reaction conditions. The catalyst concentration

is generally in the range of from 0.0005 wt-% to 10 wt-%, preferably from

0.001 wt-% to 5 wt-%, based on the quantity of alkylene-oxide adduct to be
30 produced. |

The reaction times for the polyaddition reaction range from a few minutes to
several days, preferably a few hours.

—_—
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The nol ecul ar wej S~Qfel -nol rs produced by the process of the
present ii‘gr}:E 2q08-I-t1)? e 0 to 20,000 g/nol, preferably from
200 to 15,000 g/ nol. The stability of the netal

per fl uoroal kyl sul fonat es enpl oyed as catal ystg_.in particul ar of the
triflates, in relation to conpounds having active hydrogen atons 5

(e.g., water, alcohols), makes it unnecessary to use special materials
(e.g., engape|ndledlart HRighRAst tHRNpAPRAER B8duced by the prbB&sRs thadidehen
process can be inppl enent ed ontlﬁﬁough‘ﬁ i n a1 bat.ch rocesi or In a
seni - bat ch pr oceldtention range frqm, 19§ o ng%?’ﬁﬁ%blgrf&r% R401§,00pgémol.
production of polyether polyols by 10 pol yaddi ti on of epoxides to
starter conpounds, by aci.d or. Lew s-acid catalysi t he hydr oxyl . .
groups of the pol%%l %tgtgilg' e erﬁ’?@ §8‘3§f°lr?aa¥yéﬁﬁwa R 8‘“8‘8?’8413%; fﬁ@lytsbt Cl
separ ation of thpaticalat af yhe triflatesnin inelatpari Yo kompouride rhafimgeactiee yhydiogkn citds
The uscept i bill f b SS) ¥ L S, i C I . O S
al so nakes tghei rPér'%'f e, Qlcatslgl )I?’l| l?ltagg%‘ étr Iu?‘ﬁ%%ﬁ%(r}&gtgl gg‘%#?#lglngﬁvg%{gé Jeyg

i npossi bl e.  15enamelgynghelreasHomAPRAIEUS-s el i ni nated by the process of the
present invention. The catal yst used in accordance with the present

i nvention may be_substant.i.all CQ etely recovered.fromthe
reaction mxturer ?P@ty a‘é’°ﬂd¥'9%'€ﬂﬂ?:ﬂ bR ! L‘qu‘%ﬁ%‘ ﬁgglnuous? ’ ‘ntaaﬁn@ﬁh Brefess oy

| owering the tenjmedaémi-batch ptdvesst eacti on mi xture or by addition of a
precipitating agent selected fromaliphatic, cycloaliphatic or aromatic 20
hydr ocarbons to the reaction m xture and/or by extraction of the reaction

m xture wirt thevaeourse of known prheessescforethedproductions of rmmjyethenspajyelst by
be purifiedgin c r - . <] I
pol yaddi t i gﬁ reag‘tﬂyg(?\&sl?&%frﬁ cg‘%aﬁoigt??}:eracgﬂp\?}dti(& l%%?_&d(& Mlioﬁgaééglﬂ}%sli%rtlh? S
fully preserved hydrasyl| groups of thezpolyols arenfzequeptly subsyfuted by Reldcamionsy Jhe ftotaln
the pol yaddi ti onsdpasiiohOBf Mhesk Usaalysis FFdeh ethébpdlyol is theref6iRNdatgt @idfiéult. SUTKe @

that the catalyst. which. s h Ly _dissol ved. at th .
eaction t onpor abtFEPioOY L) STORERT feprr e st t Brasiy cloomaes Brirue

reaction usabiity fer fyrtheo polyadidition eydlenimgpossiblee of t he reaction
m xture. It is particularly preferred that precipitation of the
catal yst be acconplished by cooling the reaction 30 m xture from

reacti on tdfAper aThisedis@iyantage Of ealinliaatedibyy theapracess af Ithe present invgntioy  The
‘Spg'cfglt . ;fgger at Yeftybt A48 Gif "RRoAIHES ) with NRe Ciredny Sihvédidh BBS BECHibstantially
completely recovered from the reaction mixture after the polyaddition reaction has

taken place by lowering the temperature of the reaction mixture or by addition of

a precipitating agent selected from aliphatic, cycloaliphatic or aromatic

20 hydrocarbons to the reaction mixture and/or by extraction of the reaction mixture

with water.

The recovered catalyst may subsequently be purified in conventional manner and
re-used (e.g., for further polyaddition reactions). The catalytic activity for
polyaddition is fully preserved (Example 12).

25 The separation of the catalyst from the polyaddition reaction mixture is preferably
conducted in such a way that the catalyst which is homogeneously dissolved at the
reaction temperature (40 to 200°C) is caused to precipitate out of the reaction
mixture by lowering the temperature of the reaction mixture. It is particularly
preferred that precipitation of the catalyst be accomplished by cooling the reaction

30 “mixture from reaction temperature (50 - 150°C being particularly preferred) to
ambient temperature (room temperature). . The catalyst that has been precipitated
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-7 - ol AMRY 158886 SRR gged from the polyol. This catalyst
separation may be ccomnp ned, for exanple, by filtration. The

separated catal yst may then be re- used in further polyaddition
cycles, optionally, after extraction of residual polyol adhering to
the filter cake with a solvent for the polyol (precipitating agent for the
5 catal yst, preferably aliphatic, alicyclic or aromatic hydrocarbons)

and drying underout may thed %Uﬁépdrd@écﬁﬁﬁﬂf &he @@Iy@l Y SThiS egupdlpéti Q?axkaﬁoﬁqwilﬁg
the tenperature 'SB rel

I vel |
concentrations (3@ pFﬂleﬂ F°’1‘Ei‘ampl%bymgﬁf§199e ﬁ%te% &tﬂyStdﬂﬁ%ﬁlﬁ“yb%fe‘
al kyl ene- oxi de agdddh ﬁmheleptpiymdﬂmmd):ydiea(e)phemllyua&dr axerkotion dferesidual polyol

th | yeth

Ater 10 choidfBlind o P‘Ie e Bl a8 Wif's Lt B0 el iVl dpresiitll ol 8? i
amounts to & rraxdatA!iYﬁt, Pl'e erably alipBoi, pheyiclic or aromatic Iviitocaroemspfnd: drymg under
preci pi tating agedhcetOpresdufe. n%a’iﬁlrﬁegplakhﬁbﬁaf;}kmwémgf fHeMempipit&e i ;tJreferred

pOSSIb|etO premﬁltate nore, .c t "and ere arate m)reo
cat al yst erfelatively Jueh satagyst congengrations. (Les -1 abl & Wirec rebativet tonthe

agents incl ude: _@Janﬁiyabf @lkyﬂdﬁe-oxxdeahddwc ko @eamd@e@mws: béandiedadristS where
Pept ane, and pet S LRLER ey iR o high pplpier eiaht (LR 7 (o HARGT). - Afer
cat al yst i $0 enpl aayadykt sepdrationy ¢het xesidhal metal) eoritent in dlzcpolpol amouints & a imaximum
vol unetric of 5698@"9 of precipitating agent: pol yether reaction m xture

of from100:1 to preferably from10:1 to 1:10. 20
Precipitation of the catalyst is acconplished by honobgeneous i nterm xi ng of

preci pi tating aggaditian bfPP pyigiatin Eﬁt‘ foP e rhdtale erﬁh@rosﬂ&ﬁkm%nawafakéss it
precipitated out 1S,.separa filtr Feg for exangégd and can
(optional Iy aftdos8bls i PEsciRifate more ca %sﬁtﬁf‘gd&‘ﬁ ¥ STFPRYALS, R thgy catalyst
further pol yaddlft—d;rﬁntlﬁypblgsl bihﬁltfamnduesmtaHé gprecipitating agents eéndlude? liphatic,

bRt ot fonth ¢ nerele dpd acs B Blorihebsd ot Bhehase ydsporions e as
quantitativel y |pmtaa'e,ehe:tanenheptm mnkiypﬁtrqlmmdwﬂter The peecipitating regesnty Eort thieor
the cat aJaYI st (1¥Vaetn’?ﬂléyéds r&?ﬂr@&?q}ie Y Sedcfloh r}ﬁlxﬂ%yﬁf R&olumetric

reaction m xture tric |oo extract

agent : pol yet her renqufomeﬁwaqns @ggntmb@the@rr@a@#%bwmre of fromer hoe11:460,
1:100. The extr gibfeehbbyrfidiy $0:1G8N:fe used for further polyaddition 30
cycles after renmoval of the extracting agent by distillation and,
optionally, drying of the residue at reduced pressure and/ or

el evat ed tzomer allreélpxtatiﬂile of ethe deatalysteisalaccomplished dynthemiogeneotd einfeomixihg of

after this o m gl ealleend SRAPAYAM folorion Sl e laBhgR it is procipitaiea’

out is separated by filtration, for example, and can (optionally after drying under
reduced pressure) be used for further polyaddition cycles. The residual metal
content in the polyol after separation of the catalyst is < 200 ppm.

25 By extraction with water, the metal perfluoroalkylsulfonate catalyst can be
quantitatively isolated from the polyol product. The extracting agent for the
catalyst (water) is employed, relative to the polyether reaction mixture, in a
volumetric ratio of extracting agent:polyether of from 100:1 to 1:1000, preferably
from 10:1 to 1:100. The extracted catalyst can be used for further polyaddition

30 cycles after removal of the extracting agent by distillation and, optionally, drying
of the residue at reduced pressure and/or elevated temperature. The residual metal
content in the polyol after this form of catalyst separation is < 10 ppm, preferably
<1 ppm.
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Because the resi gl 3D 1108:Hon€igr Qougttiesof the pol yol s extracted by neans of
wat er | ies below the detection limt of elenental analysis, no

hydr oxyl groups are substituted by perfluoro-al kyl sul fonate ani ons
‘in the polyether polyols produced in -&ccordance with the clained

i nvention. 5 The process of the present invention can in general be
carried out by the follow ng procedure. Catalyst, starter conpound
(preferably propPeeavse ghe cesiduabflgorine contentopfi therpalyals exwacesh by aneans of water
i ntroduced into Red $RfJv Qhe Vd‘e‘ie%ﬁbnal‘ﬂltt BPrblé?ﬁéiHﬂhﬁmﬂ 15t hﬁ'o > hydrox gl qﬁ'ﬁhﬁseqre

reaction tenperature (50 - 15 r n parti cul ar err

pressur es 5‘5!5"16‘(@ by PE@“"(%IB&‘Y éﬁ'@&ﬁtq the g ﬂéﬁisﬁql}éfds HLRQHF‘PQ in
of al kyl ene oxi dgccbfdance (Rthethe ‘chiyd ﬁweﬁud,rene oXi de) i s dosed continuously
into the reaction vessel by means of a controlled di aphragm punp.
After conpletion of epoxide dosing and a post-reaction tine at a
predet er m néd t elthe paicasseof the |pa¢sehteinventmni dcandntgeneralybéearried out by drmfoﬁdwh;g

distillation at £ e r

and anal yzed by gggs‘:%g %ong?%g)ssq Bt ?%MBG% ®%§tcfs&§?greﬁggkﬂy
the catalyst is getmaHYeéplwtcase|lnﬁ@dqced anqoowé?ac on vesse} apghahen braught to the
(generally room B&méﬁrréédﬁbﬁ)temﬁexfaﬁﬁétsmn 186°Ct BEing Hast dibdrlyt ﬁ%fer%? at pressures

honogeneousl y di ssol ve% 53 eactio er.at u recjpitates a}
separated by fil ?Eaﬁ i0 s<abﬁ1)e g‘l‘ e‘rl@nﬂy’eéﬁep ‘{% $h JlUaRER: © eabye"%é%&‘?‘r’e)
may be 10 adQﬁeferaBl;e peopdenes bxide) ¢4 dose Icmﬂrﬂlbﬁﬂy Oiito ltlse frédctien edkssl fby
and the precipitati sgf’z I s rempved, fromth & eth
distillation. means-o arﬁ%“‘b%\age‘{']??é'fa%‘bﬁ’k}‘a?s YN ke 5{})‘ eé’oﬁlrd(?c‘g’glélgoqndt%e
present inventi opostreaction time ¢l @ prastetermmedetemperatureoveldtilev corstitventsi opay dse
whi ch may be characlgh 'gyeglsgﬂanqn at 0@5?&r i(ﬂ'ﬂﬂhﬁl@s Lﬂgﬁ%ﬂ&@ﬁe%ré Q£ mbar)
e 5 e i s sy . ret
err err ahr, ppe,
Karas, F. Hillenkanp, U G essnmann, Anal ytical Cherri st ry 64, (1992), S

2866 - 28 and, B. Trat G Schu R - P.Kruger, U.
Just, Macr dfol . '?]?e prod spgatech géjle cg?alyz% 118 seggese%l by “cooling tglaﬁlilﬂb'er
t hus descri bed ot¢imperaterat (ganeratlheobml tenyperaguriex anl fractivne of) ithee Ratalysb ehad gwas

illustrative t h ﬁ?rg{{gengP“%‘ga‘{% V%Hd géa%%ﬁ %%gﬁergweg "g lha %upﬁggpdmggtb%r e

parts 30 g e 4
EXAMPLES separated by ﬁltratxon ubsequently, a precipitating agent (e.g., hexane) may be

added. The catalyst which precipitates out is filtered off and the precipitating

20 agent is removed from the polyether by distillation.

The polyether polyols obtained by the process of the present invention are

colorless to yellow-colored, viscous liquids which may be characterized by

ascertaining the OH-numbers, the average molecular weight and molecular weight

distributions M /M, (by MALDI - TOF - MS). (See U. Bahr, A. Deppe, M,

25 Karas, F. Hillenkamp, U. Giessmann, Analytical Chemistry. 64, (1992), S. 2866 -

- 2869 and B. Trathnigg, B. Maier, G. Schulz, R.-P. Kriiger, U. Just, Macromol.
Symp. 110, (1996), S. 231 - 240).

Having thus described our invention, the following Examples are given as being
illustrative thereof. All parts and percentages given in these Examples are parts
30 by weight or percentages by weight, unless otherwise indicated.
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Exanpl e | AP Y 8 Fofadd @Bukiepr OPYl ene oxide with
yttrium(lll)-triTlrarte catal yst and propyl ene gl ycol starter 5
Info a heatable reaction vessel with stirrer and reflux condenser, 1.58 g
(20.8 mmol ) of propylene glycol, 0.037 g (0-869 muol ) of yttriun(lIl)
triflate and 1.8 g of toluene were introduced and subsequently
heated up to 90[err]C. Wen the contents of the vessel had reached
90[err]C, 24.1 gEKAMPLES|I ) of propyl ene oxide were continuously
dosed under normal pressure into the reaction vessel within 16 10 hour s
by neans of a tenperature-controlled di aphragm punp. After conpletion of

t he dosi ng of prExahplecl oxi de and a 5-h post-reaction tine at 90[err]C,

vol atile constituents were renoved by distillation at 90[err] C for
30 mn at 1 nbar. After . cooling tor oom,tezﬁ)er ature and addition of
50 M hexane, t hRolpmedzasianaefopropylene oxidgwith, yitriyméliPitriflateccatalyst and prepydene

hexane was subsegz@@]tgtgﬁdi-ermved fromthe 15 pol yether by distillation.
The product was characterized as foll ows: vol atile constituents:
6. 0% pol yet her pol yol: col or i ght yell ow
OH No. (nmg KOH ginto a heatdtdd reaction vessel with stirrer and reflbkecordenser, 1.58 ¢

1086 20 - rl/ . .
Conpar at i ve Exarlgl Bmob of propylentaficol, 61 £0,069 mmol) of yriuhels riigte and
yttrium(111)-trif.Bag of taluereywereantroguasd and rrubsequently geajmbup $0 20%@r When He
presence of acete&naﬁg de Qﬁ&@@ésarﬂédﬂlfaached 90°C, 24g§2€r19%ﬂ15[)eof){uroﬁanﬁﬁﬁ|o§(hd;e

was repeated using the sane materials 1 n the sa anpunt s )
exception that OWERSocoRtiBuously desed;undsy narmal pressiire igtpothe; reagtin vessel within 16

reaction mgt ur encuiélby Gnedns of @2émperaiute-6dntivlien \igpheaghx bohfp\WeA fertRuflleti oAl &F

'E:E:r acteri Z;Sa;tst quic}/sgq%ssgf ;g)r\égsr/lege %?c{deognc? fa JS?h rf)%gtlrelc eoani?ndeu%tt 96@6, volatile
-10 - vernatituests cwerstiemoeed by distillation at 90°C for 30 min at 15nfbls.  After

pol yether pol yol c::oolingo{oorroom temperature and addition' 5830 ¥ff! fx%e, the precipitated
' catalyst was filtered off and the hexane was subsequently removed from the

15 polyether by distillation. The product was characterized as follows:
volatile constituents: _ 6.0%
polyether polyol: color light yellow
OH No. (mg KOH/g) 104
M, 1086
20 M,/M,, 1.13

Comparative Example 2

Polymerization of propylene oxide with yttrium(III)-triflate catalyst and propylene
glycol starter in the presence of acetic acid (accelerator)

The procedure of Example 1 was repeated using the same materials in the same
25 amounts with the exception that 0.069 mmol of acetic acid were included in the
reaction mixture and 36.2 g (623 mmol) of propylene oxide were dosed into the
reaction vessel over a period of 18 hrs. The product was characterized as follows:
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OH No. (ng KOH g}e A 32 1B8%Foreign Countries Merr]

1037 5 e e R e T Merr ] 1.14

Conpar ati ve Exanple 3 Pol yneri zati on of propylene oxide with
yttriunm(lll)-triflate catalyst and propyl enelo0 - gl ycol starter in the
presence of acetic anhydride (accel erator) The procedure of
Exanple 1 was repeated using the sane materials in the sane 10 anount s

with the exceptioolatilbatonSuﬂSntg (43.3 mml) of propylis®es gl ycol and
0. 069 mmol of ac l:ygthgpgglg de V\@L? used and t hat 3}##‘#&) 578 mmol ) of
[ nt o

propyl ene oxi de e reaction vessel M4 hours. The

pr oduct was charact eri ze@HRNd gngdeH/g) 142/0l ati l e
constituents: 9.1% 15 poI er polyol: col or
l'i ght yell ow My OH No. é‘?’tﬂh 150
Merr] 3 783 M/M;, T14° Merr]/Merr]
1.11 : Conparative Exanples 2 and 3 show that use of

yttriun(I1] )-trig ate csta%st ﬁoa 20 t he production of polypropyl ene
glycol in the pr agye tors (co- catal ysts) as descri bed
in WO 95/02625 for the polynerization of cyclic ethers results in a
di stinct increas

Pol yneri zation o lgﬂleﬁggtgne OEJ’O&!YC%L?)%H%Y{HMB’%% ldﬁhmtﬂra effat%lgﬁcaa%aaé@gﬁe%‘?ﬁd
25 pr opyl! eneglglcglc&imgtlarth@presence of acmar;iwdo (acelefatd@xanpl e 1 was
repeated using the sarre materials in the sanme anounts with the

exception that 0,043 OOGE léOf ytterbiun(lll)-triflate
rather than yttefB§ dPﬁ‘equiW)e of Expmple | yvangepeated using the, same materials imthe same

used and 10 athdunts with the exception that 3.29 g (43.3 mmol) of propylene glycol and
0.069 mmol of acetic anhydride were used and that 33.6 g (578 mmol) of
propylene oxide were dosed into the reaction vessel within 14 hours. The product
was characterized as follows:

volatile constituents: 9.1%
15 polyether polyol: color light yellow
OH No. (mg KOH/g) 150
M, 783
M,/M, 1.11

Comparative Examples 2 and 3 show that use of yttrium(III)-triflate catalyst for

20 the production of polypropylene glycol in the presence of accelerators (co-
catalysts) as described in WO 95/02625 for the polymerization of cyclic ethers
results in a distinct increase in undesirable volatile by-products.

Example 4

Polymerization of propylene oxide with ytterbium(III)-triflate catalyst and
25 propylene glycol starter

The procedure of Example 1 was repeated using the same materials in the same
amounts with the exception that 0.043 g (0.069 mmol) of ytterbium(III)-triflate

rather than ytterbium(IIl) triflate rather than yttrium(IIl) triflate were used and
'_\ﬁ
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21.6 g (371 rrrmI)Lo P Jyere dosed into the reaction vessel

over product was characterized as foll ows:
.voI atl | e consti tuent S: 5. 0% pol yet her pol yol:
col or | i ght yeIIow 5 -11- OH No. (ng
KOH/ g) 108 Merr] : 1207
Merr]/Merr] 1.14 Exanple 5 Pol yneri zati on

of propyl ene oxi gg 6ng t(fl?:1‘7 Dafinol) of lp?i%ﬂylén)e dxidd WateedGRl ahioSthe 3B dR vessel over a

propyl ene glycol sta ocedur appl e | was repeated
with the sane rratpg??if’gmrbof’ﬁe °§“‘Pt was %‘ﬁ'ffﬁﬁf‘%e‘ﬁ;§ ﬁml"ﬁ"é: exception that
0.042 g (0.069 mmol ) of gadolini um(l I1)-triflate rat her than
yttriun(lil)-tri d and that 21.7 g (373 | ) of propyl ene
oxi de were dosedf\'loﬁlhf\e }flﬁﬁ?gg%tlon vessel over a perlsg‘goof 20 hours. The
product 15  waPobyethenppbol:zed calorf ol | ows: light| yellowe constituents:
9. 4% spol yether polyol : a3 No. (mg KOH/g) 108 light yellow

OH No. (nmg KOH g) 98 Merr]

1290 20 Mgerri/Merr] 1207° 1 18

Exanpl e 6 Pol ymeri zat i propyl ene oxi deipwgt h _
lutetiunm(Ill)-triflate catal yst and propyl ene gl ycol starter

The procedure of Exanple 1 was repeated with the sane materials in the sanme
25 anmount s wExampe Sexception that 0.043 g (0.069 mmol ) of
lutetiunm(I1l) triflate rather than yttrium(lI11) triflate were used

and that 25.2 g % 33 mmol ) of propyl ene oxi de were dosed into the
reaction vessel OBﬁﬂ%ﬂiﬁé‘PF‘oﬁf gropyleng f%‘dﬁes with gadoliniym(Bi)striftate yeasalyst and

characterizgd as ptdpylédésslycol starter '

The procedure of Example 1 was repeated with the same materials in the same
amounts with the exception that 0.042 g (0.069 mmol) of gadolinium(III)-triflate
rather than yttrium(II)-triflate were used and that 21.7 g (373 mmol) of propylene
oxide were dosed into the reaction vessel over a period of 20 hours. The product

15 was characterized as follows:
volatile constituents: 9.4%
polyether polyol: color light yellow
OH No. (mg KOH/g) 98
M, 1290
20 M/M, 1.18
Example 6

Polymerization of propylene oxide with lutetium(III)-triflate catalyst and propylene
glycol starter

The procedure of Example 1 was repeated with the same materials in the same

25 amounts with the exception that 0.043 g (0.069 mmol) of lutetium(IIl) triflate
rather than yttrium (III) triflate were used and that 252 g (433 mmol) of
propylene oxide were dosed into the reaction vessel over a period of 14.5 hours.
The product was characterized as follows:
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12 vol aiel £ 3008 dreieh ICountries _ 10. 8%
pol.yet her polyol: color i ght yell ow

OH No. (nmg KOH g) 101 Merr]

950 5 Merr]/Merr]-12 - 1.07
Conpar ati ve Exanple 7 Pol ynmeri zation of propyl ene oxide with
alumnunm(l1l)-triflate catal yst and propyl ene glycol starter

The procedure of vitealedonstituests: r epeat ed using the sanke8¥aterials in the

same 10 amunbéllygﬂh%ppglggl:excgﬁt?;on that 0.033 g (l%}?@t%lrl? II) of

alum nunm(111) tr r er than yttrium (I ate were used
and that 30.9 g (532 mml) of OH NO-'@EMH@ oxi del@®ere dosed into the

reaction vessel over a period off15.5 hours. ddte product was
characteri z%d as follows: - EOl atile constituents:

20. 8% 15 pol yet her pol yol: L dar k brown

OH No. (ng KOH g) 91 . Merr]

953 ive Exan er7r]/|\/[err] 1.07 A

conmpari son of th o0 les 1, 4, 5, 6 and Conparative Exanple 7 |

20 makes clear that in the production of polypropylene glycol by
catalysis with ] N I L) a . _ err N

U S. Patent 4, 545?9%“@8?% hgﬁ(drbwleﬁépr%’éég‘%?‘?' {5{‘1 %‘9%‘3‘&?9?@&“?@%6@?@%%‘1
al kyl ene oxi des Bi@Yleagshiselistares i ng hydr oxyl groups), a distinct

I ncrease in the formati on of undesirable volatile by- products
:occurs and an ungesirabl.e d -brown di scol oration of the polyether 25

‘pol yol is obtai ngﬁ? procedure o Eﬂigﬂﬁlleel gvas repeatead BURS ARe Same mAterls By sy sk
oxi de wi t h 1bant hamougts Iwith thd txaption ahat! 3633 gn®.069 mmol)p b pPhiminemylfCRiflate

St arter rather than yttrium (III) triflate were used and that 30.9 g (532 mmol) of
propylene oxide were dosed into the reaction vessel over a period of 15.5 hours.
The product was characterized as follows:

volatile constituents: 20.8%
15 polyether polyol: color dark brown
OH No. (mg KOH/g) 91
M, 953
M,/M, - 1.07

A comparison of the products of Examples 1, 4, 5, 6 and Comparative Example 7
20 makes clear that in the production of polypropylene glycol by catalysis with

aluminum(1II) triflate (taught to be pr_eferred in U.S. Patent 4,543,430 for the

production of addition products from alkylene oxides and compounds having

hydroxyl groups), a distinct increase in the formation of undesirable volatile by-

products occurs and an undesirable dark-brown discoloration of the polyether
25 polyol is obtained.

Example 8

Polymerization -of propylene oxide with lanthanum(III)-triﬂate catalyst and
propylene glycol starter
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-13- The ABocRErdReigh (opatRse 1 was repeated using the same

matierials in the sane anounts with the exception that 0.202 g of
Ianthanun(l 1) triflate rather than yttrium(lll) triflate were
used, 4.5 g of toluene were used as solvent,13nd 17.5 ¢ (302 mmol)
of propyl ene oxide were dosed into the reaction vessel over a period 5
of 19 hours. The product was characterized as foll ows: vol atile
constituents: The procedure of Example 1 was répéatéd using thepsdnyemtuteriadoln/ tHe same
??rlg()r((}l/ a) amo?Lrlté with the: e%cgﬂdo?xs that 0.202 g of lantliv[n d]II) triflate rathgr_I ti'}lé)d
1021 10 yttrium (III) triflate were used, ¢y /o] toluehe were used as solventland 17.5 g

Conpar ati ve Exampjg I%mol) of propylene!okit’ wére! dd3Bd Bito RhE PACRBE vakAGveM 4 Benod
propyl ene gl ycol ﬁstarte

La( CH[ er r] CR) [ er P} { Phanss; dr]'[“‘e?rpf‘(“@lf{"érqh]”@qe&z‘ﬂ 3y @llopscat al yst (synt hesi s
according to EP A 569 331; lines 14 - 21, page 7, La content: 24.1

% Ccontent: 9.27 % N content: 1.96 % 15 Th ocedure of Exanmple 1
was repeat ed usﬁﬂ a?%ec BNt erials in the same “1.8% anount with the

r-r(D

exception that Opd@éthegr pdlyol: color colorless

La(CH err]CN)[err] (H err] O [err 5N, E'&é@ﬁi ])[erri wer e used, 4.5
g of toluene were used as sol vent and g?262 mm of propyl ene

oxi de were dosed into the react Min vessel over a perl®@d of 19 hrs. The

pr oduct 10 was characteri zeﬁ/l“f;yﬁ/[n]c ol | ows: 20 11volatile
constituents: 3. 0% pol yet her pol yol:

col or i ght yell ow H
No. (my KOH' g  Compatdfive Example 9 Merr]

854 Merr]/Merr] 1. 07 25 A

conparison of the products of Exanple 8 and Conparative Exanple 9 nakes it
clear that the nRobhimenngtienx eforpropplene oxide with propylene glycol starter and

La(CH ht . i EP
559, 531 10 be DT O HONEF SR SRl [ttt B e o1
from al c I 14nal.cpngrio bp Cﬁ@%@ Y5, G combetn®. %I%,yNI GoRntent: cla%a%)t iC
activity for the production of polypropyl ene glycol than the

nceor di ngl J5has 10 BESceuw of EGERIE . ®an cryetorie e sime malaals in e some
amount with the exception that 0.404 g of La(CH5CN),(H,0)y(CF4S03); were
used, 4.5 g of toluene were used as solvent and 15.2 g (262 mmol) of propylene
oxide were dosed into the reaction vessel over a period of 19 hrs. The product
was characterized as follows:

20 volatile constituents: : 3.0%
polyether polyol: color light yellow
OH No. (mg KOH/g) 147
M, . 854
M,,/M, 1.07
25 A comparison of the products of Example 8 and Comparative Example 9 makes it

clear that the metal-complex compound La(CH3CN), (H,0)y(CF3503)5 (taught in
EP A 569,331 to be preferred for selective production of addition products from
alcohol and epoxide) possesses a substantially lower catalytic activity for the
production of polypropylene glycol than the ligand-free lanthanum(III) triflate
30 La(CF3803); and accordingly has to be used in significantly higher

concentrations.
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-14- Exan®I3e (08-Foreien Counfgdsymeri zati on of propyl ene oxide with
yttriun(lll)-trifTate catalyst and propyl ene gl ycol starter--

Cat al yst separation 1.58 g (20.8 nmol) propylene glycol, 0.738 g
(1.38 mol ) yttriun(lll) triflate and 5 -14-8 g toluene were introduced
into the reaction vessel and heated to 90[err] C. Wen the contents
of the vessel had reached 90[err]C, 35.3 g (608 mmol) of propyl ene

oxi de were char g@xamjile t0he reacti on vessel over a period of 4 h. After

char gi ng of the propyl ene oxi de had been conpleted and a 5-h
post-reaction tinme at 90[err¥C _volatile constituents were renoved
by distillation EelystqrigatigrCof propyiensiaxide with mium(lIDigiflate Fhalystaand yropylens

then separated fLRXLE Q8rtéCa 00t Bedritidn DY cooling the reaction
m xture to anbi eﬁwerrper ature. 9Ar§ffrﬁact lon of the catalyst precipitated

out. After - filtration, the residual yttrium content in the polyol
was 380 ppm  Thii$8 g (20.8 mrfél) pesiyendsgly el 20.238 gl(Y38 rﬁﬁbgrﬁirhﬂf(llﬁf 2T 8nd

| yol of 82.6 % 50. M .of h th dded to . the, '
IF’)HQX%ISI‘ e and Saddi fiHAPE S’Fvsk““fggced '&ﬁ’gﬂ%r%gt%f‘tvﬁ%&a% ?‘.eatﬁgtt%g‘a € 8fher™"

filtration and réreovetents dfhtheireessehchadyredcluedi PO, i 353 g €08 mmol) of r grepylend
Yatalyst separ at PRderferd ke S e 3Eacsiin \RefRP Bier ' pRribe £F 3% NEer hafbing
pol yol / hexane phaf e propylean oxider kad: keenvgompleted end j9r §-brpasbreagtian time at 90°C,

of the hexane by ygafitd ¢dndfitulits Wees réthidVed )yt diktIRtGARE B0LC ey 3MRmiP At Y Phbapas <
1 ppm 20 Cat al yst separation fromthé polyol was 100%

Exanpl e 11 The procedure of Exanple 10 was repeated using the
same nateril@l s i Theé ltatabstrivas then separwsdufiom thetrbactibe mixase tbiydvoliigthd rddédord

ol ) of - pr opyl el Feahbieat frbtpefiis A drastion of e Fit8d FredfuateB bl Aper,
period of 11 houfidtration, the resid\fal eyttrowol| cmgentoirartbeepnlyolem:as_r a8Qrgprand This
addi ti on of 50 nkog%f,tgﬂ(gs, t}?tJ‘EatE@Etaéei!é—Etion ffg“’f ‘rhSW’Ir?é WeSoRrgci pi tated out

was filtered off an exane’was' renove pol yet her by
distillation. Residual yttriumcontent in the polyol was 145 ppm and

catal yst separ at k@nnf bpRetdA@ WéreYtbn Wadedofd e reaction mixture and additional catalyst
15 was precipitated out. After filtration and removal of the hexane by distillation, the

residual yttrium content in the polyol amounted to 80 ppm. This corresponds to a
catalyst separation from the polyol of 98.1 %.

The polyether polyol/hexane phase was then extracted with water prior to removal
of the hexane by distillation. Residual yttrium content in the polyol was < 1 ppm.
20 Catalyst separation from the polyol was 100%.

Example 11

The procedure of Example 10 was repeated using the same materials in the same

amounts with the exception that 0.074 g (0.138 mmol) of yttrium(III) triflate were

used and 27.4 g (472 mmol) of propylene oxide were dosed into the reaction
25 vessel over a period of 11 hours.

After cooling to ambient temperature and addition of 50 ml hexane, the catalyst
that was precipitated out was filtered off and the hexane was removed from the
polyether by distillation. Residual yttrium content in the polyol was 145 ppm and

catalyst separation from the polyol was 68 %.
This Sheet Has Been Repla
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- 15- Aft er -aueods Bt of the polyether polyol/hexane
phase, the resi = §8refih € %tent in the polyol was < 1 ppm the

residual fluorine content in the polyol was < 50 ppm and the

catal yst separation fromthe polyol was 100 %- Exanpl e 12 (Re-use
of catalyst) 5 The catalyst from Exanple 10 that was precipitated.
'(98.1 % of the catal yst : enpl oyed) after addition of hexane was

filtered off, drige aikeis &afhieaonsl op tigspalyéther polyol/hetanebphake, ahel resuhabgusumhl y

~used for a second pol rizati,on under thg sa T N i ti ons
as were used in ©R ¥g%f0P&§%l. ‘faiqg?'ts@%mhﬁﬁlr)egg‘rlalpﬂu@ﬁlf}fsecﬁg&h{ Hpth%%c%’%’%e&g
“wer e .charged i nto 50ppnt, @ad tthe pataliystt separatiom from therpoldl o¥as4l09 %. After a 5-h
10 post-reaction tine, volatile constituents were renoved by
~distillation . (90[err] 30 mn/1 nbar), the reaction m xture was
cool ed to room tExample 1% dRe-use of ca@lysti of hexane were added, the catal yst
whi ch had precipitated out was filtered of f and the hexane was
e g1 o b i ESAAL 166358 e Tng,00 of b LIRS

pol yet her pol yol ¢gmplogéd)odfter addition of hexane was filtergdebffpuried under reduced pressure

OH No. (nmg KOH g 9 . oL
1265 81 mbar) an&)’ subsequewfye rursr? ’\f@re 2 ]second polym%{iuflén undze(r) the salr:noer
n

conpari son: Pr odeattidr cmdificnspsevere used in Examplgd0at 36.2 8633 tmmgR af propylene

102' RIOOA? (g KO—F gl) $AHE Herd Qhéﬂ'%é% into 4R PLaction mixture over a period of 430h.OTAfSa 5-h

T U
1227 25 10 post-reaction time, vpjatile] cppgitupnts were remov%l{)b]edlstlllatlon
Al though the i ”ngt’CB'O_ K51 LABAY),JeRC Fédei6hn | Mixtatavks icooledetd oo@gotempefanure,
e

t he pur po Qf jllustratio It, 1s . to be unders . t.hat |
is solely for thaf ml of hexang, WeER, ég‘?;ﬁ‘?d ﬂf%ﬁﬁtajqﬁtrwg'tcpgwg érgﬁggéete%ag%géﬁ gels—é;d
by those skil | edoffrantiitBe ekanei wizoretoved by distdlation.i Alpefproduct Meas shanacterizgdias

scope of the i nVForfltoiw%:n except as it may be limted by 30 t he cl ai ns.
15 volatile constituents: 14.5%
polyether polyol: color yellow
OH No. (mg KOH/g) 93
M, - 1265
M,/M, 1.12
20 For comparison: Product from Example 10:
volatile constituents: 15.0%
polyether polyol: color colorless
OH No.(mg KOH/g) 102
M, 1227
25 M,/M, 1.06

Although the invention has been described in detail in the foregoing for the
purpose of illustration, it is to be understood that such detail is solely for that
purpose and that variations can be made therein by those skilled in the art without
departing from the spirit and scope of the invention except as it may be limited by

30 the claims.
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- 16 - EEtAenJ; lﬁkﬁiiopéﬁ n Co tmsl. A process for the proaucﬂ on of
Cofipotnd vt ng” ' - I ]ﬂillllljj
) s

;conpound havi ng active hydrogen atons with ast one
al kyl ene oxide in the presence of 5 <16 - *Ch is
perfluorosul fonic acid salt of a nmetal from Goup |1 IA
of the Periodic Table of Elenents at a tenperature of from
about 40 to aboupafaf chim} C. 2. The process of aim1l in which
an inert organic solvent 1s present during the reaction. 10
3. The process of Caim | in which the catalyst c) is recovered after

t he 1. r eaAtprocesbyor themrodugtibh of &epupetinr pobyobtompsing agicting

m xture to room tenperature and separating the catal yst c)
fromthe cool ed m xture. 4, The process of Caim 1 in which the

catalyst c) is recovetled atltleastione compound having activeaiydragen ajorasivithg a

preci pitating agent tet heaﬂ%ﬁéﬂoh@'&l éﬁ%‘lfx?d&ﬂ%@gresence of separating the
precipitated catalyst c) fromth ct.lon mxtur 5.

The
process of & aim 4 i nSwhich Ctaﬁéysbr"é@ il £ Perfugrpswifonic agid salt 9ha imetal from

hydrocarbon, a cycl oal i phaGrsupNIK of #ie)Péticdic Tablalo® WBiérhéntydr ocar bon.

6. The process of CQaim 1 in which the catalyst c) is recovered after

t he reaction by extraction with water. 20 7. The
process of Claim 1 iat avemperahime of £ramh aboutcd0 tosaboet 2@ Ced after the
reaction by lowering the tenperature of the reaction mxture to room

t enper at ure and/ or addi ng a precjpitating agent and/or extraction with

wat er . &. Thee praicetseefsC &md i whirhjan wmgmscrlwwerpeqsemqugst
c) is used in a 25 the reaction. SUbsequent reaction.

10 3. The process of Claim 1 in which the catalyst c) is recovered after the
reaction by lowering the temperature of the reaction mixture to room
temperature and separating the catalyst c) from the cooled mixture.

4, The process of Claim 1 in which the catalyst c) is recovered after the
reaction by adding a precipitating agent to the reaction mixture and

15 separating the precipitated catalyst c) from the reaction mixture.
5. The process of Claim 4 in which the precipitating agent is an aliphatic

hydrocarbon, a cycloaliphatic hydrocarbon or an aromatic hydrocarbon.

6. The process of Claim 1 in which the catalyst c) is recovered after the
reaction by extraction with water.

20 7. The process of Claim 1 in which the catalyst c) is recovered after the
reaction by lowering the temperature of the reaction mixture to room
temperature and/or adding a precipitating agent and/or extraction with
water.

8. The process of Claim 7 in which the recovered catalyst c) is used in a
25 subsequent reaction. '
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