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sliced into thinner sections for use as seat cushions, carpet underlay, and

other applications. Molded foam may be used for contoured foam parts, for
example, cushions for automotive seating.

In the past, the polyoxypropylene polyether polyols useful for slab and
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cyani de-wonplsesrscat al ysts has been recogni zed as a probl emgyr ,&g&s in

the field. One nethod of inproving polyether polyol yields obtaine

from

such catalysts is proposed in U S. Patent No. 4,472,560. This publication
proposes a process for epoxide polynerization using as a 5 catalyst a

doubl e net al

cyani de-type conmpound) wherein said process is carried out in

the presence of one or nore non-netal caontaining acids of which a 0.1 N
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only 1.7 rather than the “nominal” functionality of 2 expected for a

polyoxypropylene diol. As this problem becomes even more severe as
molecular weight increases, preparation of polyoxypropylene polyols having
equivalent weights higher than about 2200-2300 Da is impractical using
conventional base catalysis.

Double metal cyanide (‘DMC") complex catalysts such as zinc
hexacyanocobaltate complexes were found to be catalysts for propoxylation
about 30 years ago. However, their high cost, coupled with modest activity
and the difficulty of removing significant quantities of catalyst residues from
the polyether product, hindered commercialization. The unsaturation level
of polyoxyproylene polyols produced by these catalysts was found to be low,
however.

The relatively modest polymerization activity of these conventional



DMC- cat al yzed pol yoxypropyl ene pol yol s have exceptionally narrow phetyjar
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10 far nore narrow than anal ogous base-catal yzed pol yols) particulacly in

t he hi gher equival ent wei ght range) for exanple. Polydispersities |less than
1.5 are generally obtained, and pol ydi spersities in the range of 1.05 to
1.15 are comon. In view of the fow |l evels of unsaturation and | ow

pol ydi spersity, it was surprising that 3MC-catal yzed pol yol s did not prove
to be "drop-in" 15 replacenents for base-catal yzed polyols in polyurethane

foam appl i cablipRSmeke eganideRioPRsIEY catdlaits Was *be@ﬁd@ég%rm@d RlRpMHIEm! S

highly efficient, it would be very desirable to be | e to produce

DMC- cat al yzbyg wotkgox yrpthepfieldneOpel iyettodabi inhproaingopolystteri polgblayielsd nol ded

pol yur et hane, f gam %ppl I cations w thout causin éxcessi ve foamtight ness 20
T

or foam col PhjiRed BaMtych) Gaialystsis eroraseddn atept No. dtidab@niBisof an

foam ¢ Ter g SO Y ot € .
Subst ant 1 at PyBHEARHT ofopdedit apfiBsS iy At edbivhBigtin AT B8 a5t ¢ he
type dgscri baghlyst dJdSubRatend] dyenidtypelcdthBoulid ARRePAR said prSedlisand

5,712,216, 25 conplete deactivation of the catalyst is observed. This
result vas ocagigeboutih the piesencé dfene emnioiragonfmeta. cardaiming Hoids4f472, 560

o 3o Ronpiich £y BOREER Bl R Y Sl i 67 el Bmenos
cyani de co t . -

SUWARY CF iH I ' th et fyol
whi ch cont aignﬁ.g%) ymari%l(?l %?@gépQﬁ?@%ﬁgég%ﬁg\ﬁlg%tmw&hcﬁﬁhésb'gﬂc’;e?grygfS
base cat al ygagpansibAdst andolisie metalneyifde-pedtal hydraige f eRAples@ RS

obtained 5 using & hi hl?/ active substantially noncrystalline double netal
cyani @ conpvamoralionlof velatiie ¢carapeands, fhe solid thussabtainegtie @sadtar storedot i ¢
acid. Excesg_ acid is separated fromthe .acid-tr ed catalyst. prior toits
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DMC- cat al yzeffestadfithe acRion Biter shardctémtias ofitHd SoIpames polydl, stichngt the a
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mol ecul ar 2emmaingief high golegudaraneighdtaibxypr opyl ene nmonofs prior to the main
mol ecul ar Recently, as indicated by U.S. Pat. Nos. 5,470,813, 5,482,908,

5,545,601, and 5,712,216, researchers at ARCO Chemical Company have
20 produced substantially noncrystalline or amorphous DMC complex catalysts
with exceptional activity, which have aiso been found to be capable of
producing polyether polyols having unsaturation levels in the range of 0.002
to 0.007 meq/g (levels previously obtainable only through the use of certain
solvents such as tetrahydrofuran). The polyoxypropylene polyols thus
25 prepared were found to react in a quantitatively different manner from prior
“low” unsaturation polyols in certain applications, notably cast elastomers
and microcellular foams. However, substitution of such polyols for their
base-catalyzed analogs in molded and slab foam formulations is not

straightforward. In molded foams, for example, foam tightness increases to
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U S Pat. No. 5,689,012, have proven 20 partially effective in |owering the
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groups ("Zn-OH") tend to be the catal ysts which produce pol yether polyols,
havi ng hi gh®olatigihane fepmagplicaticnsuwviihowteausing exressivefeaptighingss ng to
be bozgd by t?eory "it is thought that the zinc hydroxyl groups are in somne
way i fivol ve(?ri‘??'f‘r‘lj@ ABPfati on of such inmpurities. It has unexpectedly been
found that the picpiphfahgl, WHEHUrIo! ford hillaMBh@eleRts bPhf abid didhOhy et her
pol yol obtained using a substantially anorphous highly active doubl e netal
cyani de comblydroatddrid yacidclame acombined yjtht hee pigbbenactivef, siubstamdidiypxyl

groups may be readily solved by, contacting the catal with a protic acid
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protic acid becones 1n sone fashion bound to or otherw se associated with

t he cat al ystunarpedtedrinieve afithe teaohing of bySsBhatenttNavak B 2H60dthapsuai i on or
ot her such means. _Any excess (unreacted) protig acig i S s%%?rat ed.fromthe

aci d-t r eat e@CidR Wil dunctiqry ast prometers, fah copygntieng)odgule; metalopyanide: i on.
By proper adgj f J.he protic acid to catalyst ratio and careful

sel ection o%bﬁﬁgggg%ﬁﬂ$$ atnment conditions, the tine required to activate
the catalyst and the rate at which the catal yst pol ynerizes an epoxi de nmay
al so be significantly inproved as conpared to catal yst which has not been
contacted with acid. The choice of protic acid is not believed to be
critical, although as nentioned previously the use of hydrogen halides such
as hydrochloric acid at high concentrations shoul d be avoided. Protic acids
. include the class of chenical substances, both organic and inorganic, which
when placed in water are capable of donating hydrogen ions (Ht) to water
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Il'lustrative exanples of suitable erotic acids include, hQut are not 'n%p%d
to, phodpP8Ve$7dxyaci ds (e.g., phosphorous acid) hypophosphor/Bres/oaghd,
phosphoric acid)) sulfur oxyacids (e.g.) sulfuric acid) sulfonic acids),
carboxylic acids (e.g., acetic acid) hal ogenated acetic acids), nitrogen
oxyacids (e.g., nitric acid) and the |Iike. Phosphorus acid, sulfuric acid,
and acetic acid are particularly preferred erotic acids. The opti num anount
of erotic acid used relative to the andunt of 10 15 20 25 catal yst to -be
treated will vary dependi ng upon, anong other factors, the acidity (i.e.,

acid strength or pKa) of tIBUMMARY GFiTHENINVENTIQNMat mrent conditions (acid
concentration, tenperature, contact tine, etc.). At a mninum the ratio of
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condi tions -Ighe?ﬁﬁﬂbﬁ rapid determ nation of the preferred range of

rati os. GCener y speaki ng, when the erotic acid is a relatively strong
acid such as hydrochloric acid the anount of acid used should be |ow
relative to the quantity of catalyst to be treated. Conversely, relatively
hi gh thncentrati ons AEWAHIER DESCRIPTION (@ THE INVENTION d are typically
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the zinc hydroxyl groups initially present in the catalyst. That Is, it has
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The doubl e nmetal cyanide npst preferably is zinc hexaﬂﬁ ocobal taﬁe, whil e
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despite their low concentrations, are largely responsible for the abnormal
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resi dual phosphorus or sulfur in the catalyst after renoval of any

unr eact edwertssgzdaci d. When a carboxylic acid such as ace{ilgc.ia,ﬁi,%mizio
utilized, the relative concentration of zinc carboxyfate groups as égpar ed
to free zinc hydroxyl groups may be ascertained by infrared 5 spectroscopy.
Ceneral ly speaking, the catal yst treatnment nethod of this invention may be
nost conveniently practiced by suspending the catalyst (which is nornally
in a powder or particulate form) in a sugtable Iiquid mediumhaving the
erotic acid dissolved therein. The suspension is heated at a sWtable 10

tenperature faf as j f L fer Il e bei agi tat ed
or ot herw seb%h%ggj? ﬁmvgﬁ@gﬁgﬁﬁplémlﬁéﬁﬁ?‘dt %yé’wéi'%‘?”le?%a@& oyed
in a fixed begphtatiordelid swnsisaB @ A hitde ' ' g
passed thr ougﬁpt he cat al yst beg uﬁ%%t?hggﬁmr?ons ée‘?fgre\&éga\ﬁé%{agetaegh%}g\/r{; t he
desired | evela siirfactant-fied effeatwhich aliery thé gohsbility @andciehceSihecshagngupf the
erotic acids 15 usable in the present invention are water-soluble, it wll

normal |y be S§ggrayusgPolviretiaae namersiuinathedsoryangtr-palyol reastianact er .

ol vent § such as. P iadiotG Rl ARG BhnaRUEs. T aibAfe R AR e ve

present. “r ThjgitindlddubatwERht RiIPEEINE Bivided iRt tiE RN wergﬁt fradidis 20

conveniently i'hcorporated rnto the catal yst preparation proCedures

descri bed i nbdséd drathendiffsoent &ffeicts tisdsk fracti@ss Bildenbe5Ahetiist fradtion,
5,712,216. The highly acfive substantially anoyrphqus doubl e pmetal cyanide
conpl ex cat at§f&ned Nelgin: 'Wrmﬁgﬁegsa@léﬁv?raa@gbgtﬁ%npw%ﬁ&%fegplmﬁrm

hexacyanocob i agacy ove RIEE BElde GHRGIE IR arbli 0 RoR gL =

such agpzi nc 40b|0D0 B8, addgreéitiyiivrdicfoany AgheRst e heRdee fohesidPhight s

fromsolution to forman agueous suspensi on. An organi c conpl exi ng~agent
such as a waresiliengeuHR)alsigihdoam.al dohyet bhighgr, modeaularuweight dedation nmay be

resent in one or both, of the injtial aqueous,splutions or. added. to the
gqueous e %E‘I'ag'@d}zUﬁi%f]@ﬁéh9|e8h%f’r‘f?35%§ﬂ|)t rﬁé‘%‘&ﬂ@%ﬂﬁ"’@u@ﬁérﬁ%ﬁ"@n may
be conveni en iV i i 61 1 Lesent
Cvent i on pr colande Boflintidlic) Rah i &) SRAGERT BABGM BTN ERECT, o

af or ement i onb@yhpesdience (NR)evarigtiegel y, of course, a dry sol ubl e netal
cyanid$éconplex catal yst prepared by the prior art procedures or a wet

filter 12ake of sudRug f@atRe gempiaiehhelfecivesmattree of Avaidingpredurtignueh and

Serocted f or b MateeRar PEACTRY dirl BldrS RSByt BME BRI, Fhe”
catal yti c pechilyse hfis beehN@olapin'tRd =it 886 of prodsteksugheRktattinddie use of

a weak acid such as acetic acid will require higher acid concentrations in
the |iquid neddiion of gtarterr inabothbatehmamdacontiyousnpolyo! Ipseparatiosa@s on
times than will be the ,case_f strong. efoti ¢, _ac S sulfuric acid
or hydrochl Opfsglb(ﬁﬁog_ln ﬁﬁ §g(§'1a% angogénha;t ﬁeng'%%@qﬁa?‘%\’?p%%ﬁ% be in
t he rapge of 0 ihO ' [ t6oR in

t he ra%ge of p%Ir:to l Oe@écttfg%féoloy{erwd&%g%@g@ﬁg%?ﬁ@i on t&::”r%};lsW cﬁé?ﬂﬁé{el ?ﬁ t he
range of frosomencasés tloweday .théfpattion avhishtrenting tid stihchighet thamais d, t he

treated catalyst is separated fromunreacted (excess) erotic acid by any
sui t abl e neaRBti®at the pelyethertpalyo! is tobeiyaagkior preparaties sipalywathane  of

the unreacted erotic acid. i,S reno . Tq,achi.eve thi.s, it . will .often be

dosi 1 abl -t o GRS CHPBREE AGEPELE methPaRoh oY apAr il

wat er - m sci bh?olé’étﬂéf"mféi%ﬁ’l’ MAMHavE Sl o ottt eet)?ﬂogea. F‘Dé%‘{n@fd}f ofRiglf and a
wat er - sol ubl e organi ¢ sol vent, or an organic solvent in ich the €erotic ]
aci d i 85sol ubiadeculae waigtiti specied by tleavage induced dypperoxitespis stedewhabugh a

filter cake of the catal yst or the catal yst may be resuspended in the
washi ng sol veffectivel butealsecleavesthedasired yneleculaswejahbspeeigerasswel- neans. .

After washin t.he id-treated cat t. e dried i ' o]
reduce the a%@ﬂ{‘m&%{‘e‘g’% &&P%@H’ﬂ‘ﬂ?@bﬁ%c i %F'ﬁ@?h{\%?’g{yﬁ?%bwﬂo{
Typical ly, t Vg i i f N rate conditions
(e.g., room ![3 gq&%é’r%ﬁ#%fﬁeﬁ‘g%@é %Aggggﬁ'méﬁéﬁwbé&?&ﬁ??% to accelerate
the rate of dryinithas Beeh 6bservedtiatife Rihhogotivesubstaritiaip honshatdline 1 n an
alternative enbodi nent of the invention, the double netal cyanide conpl ex
catalyst is exposed to the protic acid in the vapor phase. For exanple, a
gaseous stream containing the erotic acid may be passed through a filter
cake of the catalyst at a suitable tenperature until the desired 5 extent
of catalyst reaction is acconplished. This approach may be conveniently -
utilized where the erotic acid selected for use in treating the catalyst is

. o, . o o, . . .



¥0 The concentration of the acid-treated catal yst when used in an4 H?N
*pol yneri zation process is generally ‘sel ected such that sufficient catalyst
is present to polynerize the epoxide at a desired rate or within a desired
period of tinme. It is desirable to m nigm ze the anount of catal yst

enpl oyed, both for econom c reasons and to avoid having to renove the 15
catal yst fromthe pol yether ponoI produced The activities of the

catal yet - OOHRENAler EnENRR' EBrR, palelyety At BPuRachigtbl J6TRY o AReon
based on zmﬂ)&@@ao%ﬁhwd%uyr ]E{;;roapﬁl(*@n Boreﬁa P BeatHy @ﬁtal‘y%t‘sl\ﬂhi@h and

epoxi de thus are typically sufficient The catalgsts obt ai ned by
practice @foduses p mr aelie Ipe\rlngcbrgaeryameéﬂtﬂ af ohigholngeleeuiar ngil

propylene \/
partrculagﬁéumgtﬁyﬂﬂﬁgﬁkgﬁﬁ]esrg%pﬁaﬁﬂgghpﬁ1ve % ﬁﬁhhﬁﬁykggheaFnﬁerght
tail. dl-b\/vhyenﬁ)(yt @@uﬁslrmemsmg wé;imt\)/bt&/eelrmItl@eyémmmropaifwmggmfmgntreer ]
epoxi des such as et hyl ene oxi de ut ene oxi de e i ke either

al one or in colFatNBXPSG ?EWOI??@? f@mﬂaﬁééhempg&aar%rr@dueag ngig8 of

et hyl ene P ORY; I
hydr ogen- g%(;dn%igtrj %rlnﬁenl {nn?téﬁ’@heﬁgE;@gg%gté?ﬁec? u‘%ﬂ‘@cﬁ usbtsz’[aa-rl]-rtge&g?knoé\f?hon the art
to be caphighly ca‘ctraékwlyblat nmrtalbyyamdell ctﬂnphao(ngamly%lnﬂ&ramehadad Chwarthde
conpl ex catal yst ected based o T 202,13 desired

C oot § s PreSeheR Bhgines IVaRIE BlPs FevhBe il raefvash By pOREGTg e

Typi cal | YCa{dl%t'vﬂtHé%Tr@ﬂ' ic é@?ﬂ'f@haffﬁfs{e %hﬁ%t@térﬁp%hﬁé éﬂ%oﬁ@e tétréééteche) wi
be oligonmeric in character and have a nunber average nol ecul ar melgh in

t he range catalystavithiatdeast a podicanef thefnretic poidaln this conterk theterat freast”

ot a0t nREISERREHIR! kBGAoR ulih Reast kBN ohubliofioy VERM PugoREr e
as initiabohds bétvedrpthenpriotie 2icidandrthe bstaRbduch tthtthé Rgactay pedtid e€id
al koxyl ati on procedures known in the double netal cyanide conpl ex catal yst

art. For PREeEAEHN PNee faeen Grandyig ehofhesvisesasansialed ki) S)@galaiestei n t he
Chen hoat 210, 5 bt Fedliy hémotRd 861 Soeht Wi Siadcfieor Jier 'SRRf DT ' ©

portion oinmmxrﬁd’q éxuese uosshctédticprotib eacidhisabgsarated froee thea atidviag atdd as
i ndi cat ed by 5 Hn pressure and ¢ nsun&tro ﬁf t he |n|t|ay oxrde
charge, tf8 "’rhéﬁjra HAeriootisendn cBx FRRXIAE  RAWEFTIZRUPRESACIONy &Y ¢ RFRSS

m xi ng of aﬁﬁﬁetméﬁﬁbpmecﬁfﬁtl@rﬁéd %“éa[eﬂ?ﬂtr@ﬂo%ﬁd tarehd stqréétroerdorTMeesérhar
wei ght of t pol yet her pol yol product is achieved. The initiators,

MONONer s ér@atrper\tymdlms dhedmmreqwre;d teegetivate dhe satalyst ang thewate Btg29, 505
may be re S S a
convent | onderl sk BBt Pivst ke oo aY 0 B8 Sap MM Tha ey

acti vat edaishmﬁom;w;red/t@ataailwtnlrmmhaﬁ aozbeemgbhuaumdswuh‘aew into a colnti nuous
reactor such as ,a continuously stjirred tank reacto CSTR or tubul ar
reactor. A feedh§f C'é?i@?l‘éfepl'@% HFWO&JBQH%%?ESG;H@ (D%a‘?ﬂtﬁﬁ aﬁ&rqtr&% Bfoduct
conti nuou ily
dapt od f SiTHERER R yioly (R0 e arbelr noMET b pE YR oot B o,

ei t her bahqﬁrmpnceMWammuushop@r@eranpwechDmmctamde MGEUBINEM ¢lasslaifai | in

u.S. lication S No, 597, 781 | ed Feb S. Pat.
o 5. b7 CRBRIGH sUBStantRs, Bol Mo isang nstoani, WhEB wABR R By Wakra -
PCT/ EP99/ @¢80capkble Tdte dBAANIRY Wdr@%én/q}aﬁs Py uRe dvAllr GRelealicdn tdffothe

process of the . invention re era have functionalities, nolecular

wei ght s amrdreriumsions (fla@er omtfcsng end weakuotinapigs deay baatiised foans.

Nomi nal functionalities = range generally from2 to 8. In general) the
average functionality of 5 polyether polyol blends ranges fromabout 2.5 to
4.0. The pol yet her polyol equival ent weights generally range from sonmewhat

| ower than 1000 Da to about 5000 Da. Unsaturation is preferably 0.015 neqlg
or lower, and nore preferably in the range of 0.002 to about 0.008 neqlg.
Hydr oxyl nunbers preferably range from 10 to about 80. Bl ends may, of
course,..contain 10 polyols of both | ower and hi gher functionality,
equi val ent wei ght, and hydroxyl nunber. The perfornmance of pol yether

pol yol s may be assessed by testing these polyether polyols in the

"Ti ght ness Foam Test" (TFT) and "Super Critical Foam Test" (SCFT).

Pol yet her pol yols which pass these tests have




15 been found to performwell in commercial slab and nol ded foam 17 0CL7002
applications, wthout excessive tightness, and w thout foam coll apse. %’h
SCFT con¥Q9%56814 prepari ng a pol yurethane foam using a for roiraPbaweessthi ch is
expressly designed to magnify differences in polyether -polyol behavier. r
In the SCFT, a foam prepared froma given pol yether polyol is 20 reported
as "settled" if the foam surface appears convex after blowoff and is
reported as collapsed if the foam surface is concave after blow off. The
amount of col |l apse can be reported in a&elatively quantitative manner- by
cal cul ating the percentage change in a cross-sectional area taken across

the foam Thim theamrésentuiravention; s llastrativé cneamplebyet baitablel pedtic a8@sparts;
25 water, 6.5 parts; nmethylene chloride, 15 parts; N ax A-1 am ne-type

catal yst, 0.D6Uses Pyt are rotlimiteddeaphesphagus oxyreids (e.9., Phosphpiatsasid,
factant, Q. The . f S . d with i xt 80120 2, 4-
ond 26t of ubiRoRNRbk TP R ER e Syl Oy Ae e St b maifus 2cid

conveni ent | ysRIHi@Hcid8}, afbShy Ao Bafdd (& & Widic iRaahadard 1
gallon ice cream cont a? ner. 17 O(%:g% o%?%’%%%@%&%@@%ﬂsoz 15
| n thi sSf or noitraigearoxyacidsefet §.0 nitic rcid) @pal the like. ePhbspteorastaid zndfure! yet her
pol yol s having hi gh secondary hydroxyl cause the foamto settle

appr ox mat o SSHoRBUGFeRErL I BarwBctares BloIge: her polyols
Iroml gcul ar wei g%églgdéﬁﬁg%' %ﬁghﬁtghp(ﬁq}'cc%?'ﬁa"g?ép ﬁ%ﬁa%‘ﬁﬁgp%hm‘&mﬁg gO%

Wiile the S [ ' b f b § t
Ti ght ness F(C)E%Ti]a!@gé ?%Fﬁ?a%gﬁﬁﬂh%gg§?$§f%%&dl fgpétr?g@éé% fatgerrs,e ected by

f oam por osi tgcidity (t.be adidstrergth farapKapof ,theherotie sacid campdhertteatamit st s of

100 payts polyether polyol, 3.2 parts water (reactive bl owi ng agent);.0.165
10 par{é C 1%%“%(“?’?1% (éﬁéaf-’%?e,ntﬁ?tm temnarature, coptagit imestetCandA. & parts

L-fi20 silic fact : . | | ST A | 801 20
Fol uene di i soniTiaPg 2l of FRSE oidaZatmRREtlisl fe sBE SR &a¢s,
measuring aito fddueei thet draoapnEERighomdlediBamn@eightitain thd earaysoy@duedsiced air
flow The anal ytical procedure useful for nmeasuring the quantity of high 15

nmol ecul ar weWh@n usgd toj gatalyge ke fomation of 3 polyetienrelyek Howeser,icare
conventi onal _HP tiechni,que, .which can egsily be devel oped b ne.skilled
inthe art. '?Hé#ﬁﬁﬂégﬁf'éa W%ﬂ?'"&s"ﬂ%aﬁ? ﬁmoé’@glogrpr&ﬁé‘i’ gfid fﬁagélgg on nmay
be est{ismte ; } ki i i i ; j at of a
ol yot 13 ane Aqig OFRR catdlySlis 2BlvBlech afieciBd, RilRofiainfe dllaiebBobl®l %
hi gh nol ecul tarselexit gloid treztniand ssnditiohesdciotha tHéSolgniarization aetivigpafdhe t han

| ower nol ecul ar wei ght fractions, and to aid in nmaintaining.,a stable
basel i ne, itUntEeaisd Cafalystdas measumg Ry theyguantityidprepylene axida reasted ul ar

i ght fractign. | ' oph : t :
Father than Aok Aot 240 phitfedt Rt ACRIe Y i At EpGed LY TS Balt3s.
latter. Al thengh preferably, nabhtoréheat1@ohPr Rowihéexpérimentstiorewhemigni ent

detector is an evaporative light scattering detector (ELSD) such as those
commer4q al | ythgvacid:aatalysi ratinis pysiesmaticallpvariedi at axgiven sef ofoiedicticel DVB

rlrggi ﬁggzagggc?no tiomS wﬁ%érSrrqmpig égt(éFr%f%a i%?\tciafc thg Srie¥eerrec§ ?ar?gn@ Io?¥aetgos\f\'i th a
Generally speaking, when the protic acid is a relatively strong acid such as
hydrochloric acid the amount of acid used should be low relative to the
quantity of catalyst to be treated. Conversely, relatively high concentrations

25 of weak protic acid such as acetic acid are typically favored.
Without wishing to be bound by theory, it is believed that the
improvements in catalyst performance realized by application of the present
invention are at least in part due to the reaction of the protic acid with the

zinc hydroxyl groups initially present in the catalyst. That is, it has been



whi ch- consi sts of tetrahydrofuran. The detector used is a Varex I\/bcﬁl qIIZﬁﬂl
«1 7 OCT 2002 WD 99/56874 ' PCT/ EP99/ 02802 16 evaporative |ight scatteﬂr ng

detector. Pol ystyrene stock solutions are made ( from pol ystyrenes of

di fferent nol ecul ar weights by approprgate dilution with tetrahydrofuran,

to formstandards containing 2, 5, and 10 nglL of polystyrene. Sanples are
prepared by weighing 0.1 gram of polyether 5 poiyol into a 1 ounce bottle,

and adding tetr rof uran t he. sample to bri t he taotal wei.ght. of
anmre. andoraved i grt & calahlis BERg Wil ABraE 4S siigh 3 ARUERIC0 1y 1
pol ystyrefpp GatdrBHahbspieh Ubars AERneddUe Tideal(hNaddticRAbgH 2P tdhe GPC
colum. Duplicates of each polyether "pol yol sanple solution are then

| nj ect ed, largely elimiateg andepigaect wih abserptine bands aftabliadtqysng sogtaine

st andar ds ro-[@% peak areas for the polystyrene standards are electronically
integrateg, td the electronically integrated peaks for the two sets of

each candi dat eThe! delblerheedlcojars Gakdlystsniregteat adhatne pretcael are
Cal cul ation of the high nolecular weight tail in ppmis then perforned by

standar d SéRsfantialiypamarphayst dennnefiresystalinglagnch @recesnriised abacdowdd this
. al f ; . o o
spoct 11 o melelidVBhREL M IGRAIHBRR hd¥he SR Rilalsoll, Tt GRSt Rty ' "
only ang g@ Imilgh ﬂimgll_lﬁpdzdtidm a{oﬁvigy; nid.j itds wapable of Ipetwmesrizirsg)]gxrbpyged% I 20
EXAMPLE e S exa enpnstrates e treatnent of a, double

et al oy aHBE RSP SXAESR 0T G, PUSTSiabl . 1 o5 GLOPSAB NS et he

I nventi Onmirﬂnﬁzpe'?%W'p;b% ‘é%té?{/st?Cb'éﬁeégirPfHéjﬁoIﬁbH‘/% Reidht S Iﬂgia‘fﬁsa lut ed

using 25 a mxture of nL dei oni zed water an m>~ tert-butyl al cohol.
Separ at el propylehegoxideh ot i 10oH°Ge Xutpien maribh cyanide wasnplexs satalgstsi meating xt ur e

., of 100, nlL deionized water d, 2 tert-butyl alcohol. The potassium

hexacyanol BRI I EDRNR S MEBods frdet rpRarzfie =B AamriRed BTSRRI over 35
m nut es wi$ ePRONRSEBI4ZONEN 215, 480008, 4, B45H01| AHAS MEpsety. After 17 0 C
T 2002 m additi on was conpl et ed, honbpgeni zation was conti nued at 40% of the

maxi mum i nt ensi b§ dasblel etahoyanide Thesthygirjeblyzisrzinghexaeyanaooppliateand a

sol ution : I I yar l_en I in a

i xtur e ot tfe He@L SHTIYER0 R OEEIGH B8 (SRR AP AN Uil P58

][n: I(t ur ed éyargde)sisi prefegggMS%Qteﬂofaora thira]rgrbag ,cohbistin'gmflmim \hatides Qa‘aurT ﬁ
Iltere { S . a) t ou a m cr.on nylo rane., e

catal st CHREdERITSTRRRNPRIeioty AP IIEE Sk ANG BB TOF IRl . 55

. del oni aGHoRaIRY ot B dedietly Soeidl b Gloup"EorEtiriy Bt Bﬂfaﬂg%f," zati on

intensity for 10°m hutes. The Honpbgenizer was | 1 stopped and 2 of the
pol ypr opyethess ghdovixtulies| hetest avitrewater solgblealiphatidabéahcds suals asdideld. Aft er

tirri I f 3. nut h | il d ' I
descr | paadoihelekBLi® BB ar Bredottd THE ML Bl Mt C e R MR ot
40% of t heatamyst 18I AebieaBlg enodifkd With Bt gilgethdr, fay ddseribeduined. S That. Igsdgeni zer

was then stopped and 1 g of the pol ypropyl ene glycol diol in 2 g
tetrahydr@ﬂ@%&?@%@dﬁtﬁfg‘bﬁowter stirring slowy for 3 minutes, the slurry

was refiltered { hed ILAUS K - : jpned was
ried at 60 C Uhher oashum CHURHER UK, ok o A e B a1 ned.
temperature effective to react the catalyst with at least a portion of the protic
acid. The extent of reaction may be readily monitored by standard analytical
techniques. For example, where the protic acid is phosphoric acid or sulfuric

acid, the elemental composition of the treated catalyst may be measured to



Exanple 2 This exanple illustrates an alternative procedure for tre a]tﬂmgln@
doubl e netal cyanide conplex catalyst with acetic acid in accordance

t he preswmbokgaygnti on. A 62. 5% aqueous sol ution (302.6 g) P%tr(ﬁgp@ gﬁt{;l ori de
was diluted with 580 nL deionized water and 126 nlL tert-butyl a ¥
Separately, a solution of 18.9 g potassi um hexacyanocobaltate in 252 g

dei oni zed water and 50 nlL tertbutyl alcohol was prepared. The potassium
hexacyanocobal tate sol uti on was added to the zinc chloride solution over 2
hours at 50 C under 900 rpm agitation. 4ffter addition was conpl et ed,
agitation was continued for another hour at 900 rpm Agi tati on was

decreased t : Li I

O C T 2002 @ﬁ%@] nehe Q%W/f E%%'QPS%’&@%’%P%%@F%@ f§ vl %ﬁgﬁ n 120
nL dei oni zegerneyglrofang Lmead;teaq:iromwaOM@ma\@sb@MGtémdbéd&rasSééétrd ng for
3 mnutes, the mxture was pressure filtered at 40 psig through a 20 m cron
nyl on menbraeid. isT Hilizeg, athﬁsltelaimeecwa@errtwlqmr of ginci earboxylateigeoups 233 nlL
tert-butyl al cohaol ﬁl i_l oni wat er at, 50C f Eg)ur (900 rpm
2gi tat on) . Combaes B Fen #e SVAESRAEIPURS Shal bergscrRANGHDS inffaresh | ne

pol yprepyl e &qp iol dissolved in 5.1 g tetrahydrofuran added. After
stlrrlén)g fogﬁ%&é{nu gd the 5 mxture was pressure filtered as previously

described. The c@sHetally epkski StHe4tlyst G@atmeABmethod of thi®iHwdntighcohol
and stirred 1 hour at 50. C (900 rprn agitation). After decreasing the

agitation renay be most ¢q1mememﬂm ptaahneéﬂ)yZSlspyrmﬂng the patajyst ¢gwhicnis gl ycol

di ol 5 g tet dr of d. Aft t t
acet i o aci cMAERAN et PaHHET REPRRELIFRE it e isbie ity rBedint Favipgodsur o

filtering a&eoggﬁgﬂcoa&byd@@aeéabﬁ@reﬂ RSl hUBSat daeegébnéoc under

vacuum (30 1n until a constant wei ght 10 15 ta| ne | es
3A- 3aThesetesnpendtere foetbe desaed parod ofdahapptefertbly whlldab)e&cg/aglmebal tate
conplex catalyst with a varl ety of erotic acids. r / a aqueous

sol ution (30R0thegyisgimixede l8@ANA tﬂ@amembpdtr@anwtm%cgwms d@P@YBQed wat er

hexacy anocobed 1 b viSRA oy R Sptaninhe bl n BB PRy
al cohol LastRbg RH5E Latdhpst @éiﬂ@ﬁdépcéﬁtﬁtléﬁi‘éﬁééﬁ\@ﬂodé‘crﬁ&l'éltth@@é%yr% 2 hours

at 50C (900 rp After addition was conpleted, agitation was continued at
900 rpm forIeyehoﬁ.natalysbreaaﬁeowﬁsihegpmheazisi a@ncamany «Dfathe protictadidspm and

ddi | ut f 15 g of .a 1000 mol ecul . | ycol

i ol T8 120u3EbIR0Ir e RreRRL MUGTOID 316 VileraAn i uf vl TarTiAly ”Eﬁ?r g

for 3 0 h 20
or 3 m ”“tgévati%ﬁgﬁét#[ﬁ é‘%ufb’ frstit {d Bé%cg.gﬁo%fs iy céJPa?EQtetr NAMIE 2

m cron nylon ne e catalyst cake was r urrie a mxture of 328

mL tert - butywhter slonel ceuld bsBdsed, ona\@rQﬁbféﬁfézﬂerlmls’blﬁle@@aﬁm@olvents
PCT/ EP99/ 02802 dei oni zed water at 50C for 1 hour (900 rpm agl tation). The
slurry was $Wehagiajowed aliphatie ﬁ#@%@ué@trww@mn maysalep beep@sepbr t i on was

conbi ned with AG4R_Y AR tqeﬁ?nenql b?\'\t':sedup 8 oP r}h'A‘C'lr‘?klentlcm thus may be
20 conveniently incorporated into the catalyst preparation procedures described

in U.S. Patent Nos. 5,470,813, 5,482,908, 5,545,601 and 5,712,216. The

highly active substantially amorphous double metal cyanide complex

catalysts taught by these patents are commonly synthesized by combining

an aqueous solution of a metal cyanide salt such as potassium

25 hexacyanocobaltate with an aqueous solution of an excess of a metal salt

such as zinc chloride. The double metal cyanide thereafter precipitates from

solution to form an aqueous suspension. An organic complexing agent such

as a water soluble aliphatic alcohol (e.g., tert-butyl alcohol) may be present

in one or both of the initial aqueous solutions or added to the aqueous
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in the washing solvent and then separated again by filtration or other such
means. After washing, the acid-treated catalyst may be dried if so desired to
reduce the amount of residual washing solvent or other volatiles. Typically, the
drying step is performed at relatively moderate conditions (e.g., room
temperature to 100° C). A vacuum may be applied to accelerate the rate of

drying.



stretching vibration. in the catal yst which had been treated with ﬁ%t 2007
acetic acid for 2 hours, however, the IR absorption bands at 3609cmi z!ncp
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combined weight of active hydrogen-containing initiator and epoxide thus
are typically sufficient.

20 The catalysts obtained by practice of this invention are particularly
useful for polymerizing propylene oxide alone since propylene oxide
homopolymerization is particularly apt to form undesirably high levels of high
molecular weight tail. However, the process may also be employed to
polymerize other epoxides such as ethylene oxide, 1-butene oxide and the

25 like either alone or in combination with other epoxides. For example,
copolymers of ethylene oxide and propylene oxide may be produced.

The active hydrogen-containing initiator may be any of the
substances known in the art to be capable of alkoxylation by epoxide using

a double metal cyanide complex catalyst and is selected based on the
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procedures known in the double metal cyanide complex catalyst art. For
instance, a conventional batch process may be employed wherein the catalyst
and initiator are introduced into a batch reactor. The reactor is then heated to
the desired temperature (e.g., 70 to 150°C) and an initial portion of epoxide
introduced. Once the catalyst has been activated, as indicated by a drop in
pressure and consumption of the initial epoxide charge, the remainder of the
epoxide is added incrementally with good mixing of the reactor contents and
reacted until the desired molecular weight of the polyether polyol product is
achieved. The initiators, monomers and polymerization conditions described in
U.S. Pat. No. 3,829,505 may be readily adapted for use in the present process.

Alternatively, a conventional continuous process may be employed
whereby a previously activated initiator/catalyst mixture is continuously fed into
a continuous reactor such as a continuously stirred tank reactor (CSTR) or
tubular reactor. A feed of epoxide is introduced into the reactor and the product
continuously removed. The process of this invention may also be readily
adapted for use in continuous addition of starter (initiator) processes, either
batch or continuous operation, such as those described in detail in U.S.
Application Ser. No. 08/597,781, filed February 7, 1996, now U.S. Pat. No.
5,777,177 and U.S. Pat. No. 5,689,012.
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tail inpurities (particularly those inpurities having a nol ecul ar wei.ght
greater than 400,000) than did the control catalyst used in Exanple 7. At
the sanme tine, no adverse effects of acid treatnent on other product
characteristics such as hydroxy nunber, polydispersity or viscosity were
observed. 1 7 CCT 20& 24 CLAIMS 1. Al4ethod of nodifying a double retal
cyani de conpl ex catal yst conprising zinc hydroxyl groups, which nethod
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the group coapiivalientweighis generallyl tingefrdrarsamewhat loprerdbanri0f0aDa do and

m xt ures ther eof t hod accordin cl ai m wherein said
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10 polyols of both lower and higher functionality, equivalent weight, and
hydroxyl number.
The performance of polyether polyols may be assessed by testing
these polyether polyols in the “Tightness Foam Test” (TFT) and “Super
Critical Foam Test” (SCFT). Polyether polyols which pass these tests have
15 been found to perform well in commercial slab and molded foam
applications, without excessive tightness, and without foam collapse. The
SCFT consists of preparing a polyurethane foam using a formulation which
is expressly designed to magnify differences in polyether polyol behavior.
' In the SCFT, a foam prepared from a given polyether polyol is .
20 reported as “settled” if the foam surface appears convex after blow-off and
is reported as collapsed if the foam surface is concave after blow-off. The
amount of collapse can be reported in a relatively quantitative manner by
calculating the percentage change in a cross-sectional area taken across
the foam. The foam formulation is as follows: polyether polyol, 100 parts;
25 water, 6.5 parts; methylene chloride, 15 parts; Niax® A-1 amine-type
catalyst, 0.10 parts; T-9 tin catalyst, 0.34 parts; L-550 silicone surfactant, 0.5
parts. The foam is reacted with a mixture of 80/20 2,4- and 2,6-toluene
diisocyanate at an index of 110. The foam may be conveniently poured into

a standard 1 cubic foot cake box, or a standard 1 gallon ice cream container.



unreacted protic acid fromthe catalyst is acconplished by filterilryglgTha0?
suspension to obtain a filter cake conprising the catalyst. 10. A nethod
accor di W§ 29668Mai m 9 conprising the additional step of waPtvEpoy/basofilter
cake with one or nore solvents in which the unreacted protic acid is--

sol ubl e. 17 0CT 2002 25 11. A nethod according to any preceding claim
wherein the catalyst is conprised of a double netal cyanide, an organic
conpl exi ng agent and a netal salt. 12. A nethod according to any preceding
cl ai m wherein the double metal cyani de18onpl ex is zinc hexacyanocobal t at e.
13. A nethod according to claim1l or 12 wherein the organi c conpl exing
agent conprinstaés formauletios otarlentioniatip arepar@dc abobasé £atalyred potyetisaror di ng
to claim 13 wherein the water sol uble al cohol conpl exing agent is
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hiea
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preceding claimior a tine and tenperature eftective to form a polyether

pol yol . 21.dikacparateds armindeRriof 2061 Fodph tightresads assksted by medisiking0
wherein the epoxi de conprises propyl ene_oxide and the initiator conprises
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AT ACY. A2, Ah%.ﬁ%g gan'béil)\r(ticpéﬁ plrc'x':A‘es urlé' L'?‘ge%ﬁ%r\rﬁgasuring the quantity of high
15 molecular weight tail in a given DMC-catalyzed polyether polyol is a

conventional HPLC technique, which can easily be developed by one skilled

in the art. The molecular weight of the high molecular weight fraction may

be estimated by comparing its elution time in the GPC column with that of

a polystyrene standard of appropriate molecular weight. As is well known,

20 high molecular weight fractions elute from a GPC column more rapidly than

lower molecular weight fractions, and to aid in maintaining a stable baseline,

it is appropriate, following the elution of the high molecular weight fraction,

to divert the remainder of the HPLC eluate to waste, rather than allowing it

to pass through the detector, overloading the latter. Although many suitable

25 detectors may be utilized, a convenient detector is an evaporative light
scattering detector (ELSD) such as those commercially available.

In the preferred analysis method, a Jordi Gel DVB 10°® Angstrom

column, 10x250mm, 5 micron particle size, is employed with a mobile phase

which consists of tetrahydrofuran. The detector used is a Varex Model lIA
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20 EXAMPLES
Example 1

This example demonstrates the treatment of a double metal cyanide

complex catalyst with acetic acid in accordance with the invention.
A 62.5% solution of zinc chloride in water (120 g) was diluted using
25 a mixture of 230 mL deionized water and 50 mL tert-butyl alcohol.
Separately, 7.5 g potassium hexacyanocobaltate was dissolved in a mixture
of 100 mL deionized water and 20 mL tert-butyl alcohol. The potassium
hexacyanocobaltate solution was added to the zinc chloride solution over 35

minutes while homogenizing at 20% of the maximum intensity. After
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of 50 mL deionized water and 2 mL tetrahydrofuran added to the mixture. After
stirring slowly for 3 minutes, the mixture was pressure filtered at 40 psig (275.8
kPa) through a 20 micron nylon membrane. The catalyst cake was reslurried in
a mixture of 130 mL tert-butyl alcohol, 55 mL deionized water and 3 g acetic
acid at 40% of the maximum homogenization intensity for 10 minutes. The
homogenizer was then stopped and 2 g of the polypropylene glycol diol
dissolved in 2 g tetrahydrofuran was added. After stirring slowly for 3 minutes,
the slurry was refiltered as previously described. The catalyst cake was
reslurried in 185 mL tert-butyl alcohol at 40% of the maximum homogeﬁization
intensity for 10 minutes. The homogenizer was then stopped and 1 g of the
polypropylene glycol diol in 2 g tetrahydrofuran was added. After stirring slowly
for 3 minutes, the slurry was refiltered as described previously. The catalyst
cake thus obtained was dried at 60° C under vacuum (30 in Hg) until a constant
weight was obtained.

Example 2
This example illustrates an alternative procedure for treating a double

metal cyanide complex catalyst with acetic acid in accordance with the present
invention.

A 62.5% aqueous solution (302.6 g) of zinc chloride was diluted with 580
mL deionized water and 126 mL tert-butyl alcohol. Separately, a solution of
18.9 g potassium hexacyanocobaltate in 252 g deionized water and 50 mL tert-
butyl alcohol was prepared. The potassium hexacyanocobaltate solution
was added to the zinc chloride solution over 2 hours at 50° C under
900 rpm agitation. After addition was completed, agitation was continued
for another hour at 900 rpm. Agitation was decreased to 400 rom and

a solution of 15 g of 1000 molecular weight
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tetrohydrofuran was added. After stirring for 3 minutes, the mixture was
pressure filtered at 40 psig through a 20 micron nylon membrane. The
catalyst cake was reslurried in a mixture of 328 mL tert-butyl alcohol in 134

5 mL deionized water at 50°C for 1 hour (900 rpm agitation). The agitation
rate was decreased to 400 rpm and 5.1 g of the polypropylene glycol diol
dissolved in 5.1 g tetrahydrofuran added. After stirring for 3 minutes, the
mixture was pressure filtered as previously described. The catalyst cake
was reslurried in 185 mL tert-butyl alcohol and stirred 1 hour at 50°.C (300

10 rpm agitation). After decreasing the agitation rate to 400 rpm, a solution of
2.5 g of the polypropylene glycol diol in 5 g tetrahydrofuran was added.
After stirring 3 minutes, 70 g acetic acid was added and the mixture stirred
for 2 hours before pressure filtering as previously described. The catalyst
cake was dried at 60°C under vacuum (30 in Hg) until a constant weight was
16 obtained.
Examples 3A-3C
These examples demonstrate the treatment of zinc
hexacyanocobaltate complex catalyst with a variety of protic acids.
1 A 62.5% aqueous solution (302.6 g) of zinc chloride was diluted with
20 580 mL deionized water and 126 mL tert-butyl alcohol. Separately, a
solution of 18.9 g potassium hexacyanocobaltate in 252 mL deionized water
and 50 mL tert-buty! alcohol was prepared, then added to the zinc chloride
solution over 2 hours at 50°C (900 rpm). After addition was completed,
agitation was continued at 900 rpm for 1 hour before decreasing the
25 agitation rate to 400 rpm and adding a solution of 15 g of a 1000 molecular
weight polypropylene glycol diol in 120 mL deionized water and 10 mL
tetrahydrofuran. After stirring for 3 minutes, the mixture was pressure
filtered at 40 psig through a 20 micron nylon membrane. The catalyst cake

was reslurried in a mixture of 328 mL tert-butyl alcohol and 134 mL
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divided into three equal portions (A,B,C). Each portion was combined with

aqueous acid as follows:

Portion Acid
5 A 0.33 g acetic acid + 8 g water
B 0.54 g 37% HCI + 8 g water
C 0.36 g hypophosphorus acid + 8 g water

Each portion was then homogenized at 40% of the maximum intensity for 10
minutes, then combined with 1.7 g of the polypropylene glycol diol dissolved
10 in2g tetféhydrofuran. After stirring slowly for 3 minutes, each portion was
pressure filtered as described previously, and then reslurried in 156 mL tert-
butyl alcohol at 50°C for 10 minutes while mixing with a homogenizer.
Homogenization was stopped and 0.83 g of the polypropylene glycol diol
dissolved in 2 g tetrahydrofuran was added to each portion. After stirring
15 slowly for 3 minutes, the catalyst was again collected by pressure filtration
and then dried at 60°C under vacuum (30 in Hg) until a constant weight was
obtained.
Example 4
;This example demonstrates the effect of treating highly active
20 substantially amorphous double metal cyanide complex catalysts
characterized by the presence of zinc hydroxyl groups with varying
concentrations of acetic acid. The catalysts used were comprised of zinc
hexacyanocobaltate, zinc chloride, tert-butyl alcohol (organic complexing
agent), and a polyether polyol and had been prepared in accordance with
25 the general procedures outlined in U.S. Patent No. 5482,908. Acid
treatment was performed by stirring the wet filter cake in aqueous tert-buty!
alcohol solutions of acetic acid (1, 5 and 15% concentrations) following the
methods described in Example 1 hereinabove.
The catalytic performances of the acid-treated catalysts were
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the preparation of 3200 number average molecular weight polypropylene
glycol triol containing 12 wt. % ethylene oxide. The polymerizations were -
carried out in a 1L Buchi reactor at 130° C using a 2-hour feed time after
5 . initiation of epoxide addition and a catalyst concentration of 30 ppm based
on the final weight of the polypropylene glycol triol. The results obtained are
shown in the following table.

Table |
Example 4A! 4B <t 4C
10 Acid Traatment None 5% Acetic 15% Acetic
Product
Hydroxyl No., mg KOH/g 51.9 51.5 52.0
Molecular Weight 1.027 1.028 1.057
Distribution(GPC)
15 Viscosity, cps 521 531 558
High Molecutar Weight Tail, ppm
> 100K 171 172 73
> 400K 16 14 ND
Supercritical Foam Test Failed Failed Passed
20 !
' Comparative (control)
ND = None Detected
When the acetic acid concentration during acid treatment was only 1
25 or 5%, little reduction in the amount of high molecular tail was observed as

compared to the control catalyst (compare Example 4B with Example 4A).
This was consistent with IR spectroscopic analysis of the acid-treated
catalysts, which showed no change in the sharp absorption bands at
3609cm™ (assigned to free or unbonded Zn-OH stretching vibration) and
30 642cm! (assigned to Zn-OH bending vibration). A weak absorption band
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[wzdEMDCY!, LUithifg vibration. In the catalyst which had been treated with 15% acetic
acid for 2 hours, however, the IR absorption bands at 3609cm™ and 642cm
' were no longer present and the band at 1620cm™ was more intense
5 (indicating that a higher degree of conversion of the zinc hydroxyl groups to
zinc acetate groups had taken place). The polypropylene glycol triol
prepared using the catalyst treated with 15% acetic acid (Example 4C)
contained undetectable levels of impurities having molecular weights in

excess aof 400,000 and passed the Supercritical Foam Test.

10 Example 5 -

Portions of a highly active substantially noncrystalline double metal
cyanide complex catalyst comprised of zinc hexacyancobaitate, tert-butyl
alcohol, zinc chloride and polyether polyol and prepared in accordance with
the procedure described in U.S. Patent No. 5,482,908 were treated with

15 either phosphoric acid or sulfuric acid. The residual phosphorus in the
phosphoric acid-treated catalyst was only 0.4 wt% by elemental analysis.
The catalytic performance of each catalyst was compared to that of a control
(no acid treatment) in the preparation of a 3000 number average molecular
weight polypropylene glycol triol using 40 ppm catalyst (based on final

20 weight of the polypropylene glycol triol) at 105° C. The control catalyst
required approximately 100 minutes until rapid polymerization of the
propylene oxide was initiated. In contrast, the initiation (activation) times for
the acid-treated catalysts under comparable conditions were only about 30
to 40 minutes. Moreover, the proportion of the polypropylene glycol triols

25 made from the acid-treated catalysts having a molecular weight in excess
of 100,000 was reduced by about 35% as compared to the triol prepared
using the control (untreated) catalyst.

xample 6

The effects of treating a highly active substantially noncrystalline
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10%& () I5‘|,¥8r g%gn/%lé,)a 'sbllﬁ%'lgﬁ@f 0.83 g of 85% phosphoric acid dissolved in a

mixture of 80 g tert-butyl alcohol and 20 g distilled water was used at room

-~

5 temperature to treat the catalyst. Zinc hexacyanocobaltate complex catalyst

~ (6 g) was added slowly and the resulting mixture stirred at room temperature

for 2 hours. The catalyst was collected by filtration and dried for 4 hours at

50°C. Catalysts 6-C and 6-D were prepared in a similar manner using

higher phosphoric acid concentrations. The catalysts were evaluated iii the

10 preparation of a 3000 molecuiar weight polypropylene glycol triol at 120°C

(30 ppm catalyst). The results obtained are summarized in the following

table.
TABLE 1l
16
Example | H,PO,/Double | Activation P/Co' High Molecuiar Supercritical
Metal Cyanide | Time Tail, ppm Foam Test
molar ratio (min.) >100K > 400K
6-A* 0 20-25 0 150-160 15-20 | failed
! (coliapse)
6-B 1.2 57 0.070 135 n/a not tested
6-C 2.2 8 0.394 115 n/a passed®
20 6-D 3.8 49 0.561 n/a? n/a? | nottested
*Comparative example (control)
' By analysis in catalyst
2 Catalyst deactivated during polymerization
25 * The foam settled approximately 37% and a split in the foam was observed.
mples 7-9
30 Polypropylene glycol triols of approximately 3200 number average

molecular weight and containing 12 wt% ethylene oxide (the balance being
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CLAIMS

1. A method of modifying a double metal cyanide complex catalyst comprising zinc
hydroxyl groups, which method comprises reacting said catalyst with a Bronsted acid; and

separating any excess unreacted acid from the catalyst.

2. A method according to claim 1 wherein the protic acid comprises a substituted or

unsubstituted carboxylic acid.

3. A method according to claim 2 wherein the protic acid comprises acetic acid or a

halogenated derivative thereof.

4, A method according to any preceding claim wherein the protic acid comprises an

inorganic acid.

5. A method according to claim 4 wherein the inorganic acid is selected from the

group consisting of sulfur oxyacids and phosphorus oxyacids.

6. A method according to claims 2 to 5 wherein the protic acid is selected from the

group consisting of acetic acid, sulfuric acid, phosphoric acid and mixtures thereof.

7. A method according to any preceding claim wherein said reacting is performed

using a suspension of the catalyst in a liquid medium in which the protic acid is soluble.

8. The method of claim 7 wherein the protic acid is present at a concentration of 0.01

N to 10 N in the liguid medium.

9. A method according to any preceding claim wherein the step of separating
unreacted protic acid from the catalyst is accomplished by filtering the suspension to

obtain a filter cake comprising the catalyst.

10. A method according to claim 9 comprising the additional step of washing the filter

cake with one or more solvents in which the unreacted protic acid is soluble.
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11. A method according to any preceding claim wherein the catalyst is comprised of a

double metal cyanide, an organic complexing agent and a metal salt.

12. A method according to any preceding claim wherein the double metal cyanide

complex is zinc hexacyanocobaltate.

13. A method according to claim 11 or 12 wherein the organic complexing agent

comprises a water soluble aliphatic alcohol.

14. A method according to claim 13 wherein the water soluble alcohol complexing

agent is tert-butyl alcohol.

15. A method according to any preceding claim wherein the catalyst additionally

comprises a polyether polyol.

16. A method according to any preceding claim wherein at least one equivalent of

protic acid is utilised per equivalent of zinc hydroxyl groups.

17. A method according to any of claims 11 to 16 wherein the metal salt comprises a

zinc halide.

18.  An epoxide polymerization process comprising reacting an epoxide and an active
hydrogen-containing initiator in the presence of a highly active substantially
noncrystalline double metal cyanide complex catalyst prepared in accordance with the
method of any preceding claim for a time and temperature effective to form a polyether

polyol.

19.  An epoxide polymerization process according to claim 18 wherein the epoxide

comprises propylene oxide and the initiator comprises an alcohol.
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ogen-containing initiator pres nce of a hig ive substantially noncrystalline
double metal cyanide complex catalyst prepared in accordance with the method of any

preceding claim for a time and temperature effective to form a polyether polyol.

21.  An epoxide polymerization process according to claims 20 wherein the epoxide

comprises propylene oxide and the initiator comprises an alcohol.



