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PREPARATI ON OF DOUBLE METAL CYAN DE- CATALYZED POLYQOLS BY
CONTI NUOUS ADDI TI ON OF STARTER - FI ELD OF THE

The invention relates to a process for preparin ol yet her
pol yol s, \Ahwa?"&?lgguseful' for maki ng pol yuret hane foans, JE??&"BM%‘ .
seal ants, coatings, and adhesives. In particular, the inventionis a
pol yol preparation process that uses a double netal cyanide (DM
catal yst. The process uniquely allows the use of water or a | ow nol ecul ar
wei ght pol yol RREPARATION: OFBOUBLE MEFALGY ANIDESATALYZED, POLYOLS S t hat
have a reduced content  dBY GONMTINUQUS | APDIHON-OF STARTER ai | .
BACKGROUND OF THE | NVENTI ON Doubl e netal cyani de- (DMC) conpl exes are
highly active catalysts for preparing polyether polyols by epoxide
pol yneri zati on. The catal ysts D ©OF THE INMEDHI@GNI on of pol yet her pol yol s
havi ng narrow nol ecul ar weight distributions and very |ow unsaturation

(1 ow nonol cont erfhe wvention rélats ton® privess forpreparing pokthér palpoiey ement s
have resulted in DMC catal ysts that have exceptional activity. See, for

exampl e, U. Syhieh areisefdl foF thakimg faolyure_thami‘dsainﬂ\@eﬁ%hférﬁ’,sée%ﬁiﬁge been

known since the 1960s, commercialization of polyols nmade fromthese

catal ysts i Spyj g,egmad ﬁahgaoaa%nﬁ[}:r%rﬁg;xgamaé iIMURIBRGS 3l pdiy %@apﬁfeat@g' yol s

are still produc t ot assi roxi de. One reason | ayed
commer ci al ' e t f s t ol
Commer ol eéﬂg@@b%*dgg,aésgg&% ReniPeyaride (RAC) Sty TREHroBols/

uniquely allows the use of water or a low molecuiar weight polyol as a

starter for the polymerization, and gives polyols that have a reduced content

of high molecular weight polyol tail.

BACKGROUND OF THE INVENTION

Double metal cyanide {DMC) complexes are highly active catalysts for -
preparing polyether polyols by epoxide polymerization. The catalysts enable
the preparation of polyether polyols having narrow molecular weight
distributions and very low unsaturation (low monol content) even at high
molecular weights. Recent improvements have resulted in DMC catalysts
that have exceptional activity. See, for example, U.S. Pat. No. 5,470,813.

While DMC catalysts have been known since the 1960s,
commercialization of polyols made from these catalysts is a recent
phenomenon, and most commercial polyether polyols are still produced with
potassiurr-l hydroxide. One reason for the delayed commercial availability of
DMC polyols is that conventional polyol starters, e.g., water, propylene

glycol, glycerin, trimethylolpropane, and the like, initiate DMC-catalyzed
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gl ycol, glycerin, trinethylol propane, and the like, initiate DMC-catal yzed
WD 97/ 29146 _

PCTFEP97/ 00436 epoxi de polynerizations sluggishly (if at all),

< particularly in the typical batch polyol preparation process. Typically,

t he pol yol W0Aa72946 and DMC catal yst are charged to a r ea®CaEPIII4Icat ed
with a small anount of epoxide, the catalyst. becones active, and the
remai ni ng apoxidepolymetidationosiuggisblysiifyat sl phdicutatyt iartheaypizapbatoh t he
pol ymeri zati on. In a typical batch process for making polyols using

ei t her KOH galyal préphratiohadrgséss. aTypicdlly, the polyod starterrdmey DMC ebtilygsd
initially to the reactor. Wen KOH is used as the catalyst, it 1s well

under st 00d Jpy chiarsed &k Irkssiol Bnd hBated WithREman AmcUWE epdstidd, 3Re O t he
starter (usually a |l ow nol ecul ar weight polyol such as glycerin or

propyl ene QJa¥£Iﬂ%9 bé\é&rheébaéﬁxﬁ‘é).caﬂddme%Haining%%ﬁmeneIawaha deRYihDsudiyoader
wei g | d

nol ecul ar distributions conpared wth products made by charging all

f the st i Di L [4S, 4k : th t f alk | ati
u th kot | S03BIPaor 3 EomkiS the iRer LTS, {8 L ar el ont I 1 ow

I I 2i gh i nej ' I
wei ght  di st 1 but? vRIcET bBj<R.BaREse Rir ek dhvaif LSRRKGGer KOl PR °01 2

I I i.ght djstri ' desi | e. b th
ol at i vel y UG EarplyBbantt e SotpeleratRr Bbitaed i o B e Rhet ¥ ani 11 ¢y i n

I th f | ati : ticul ar] I Jqmade fromth
ol Yol o. | \VaeRKa"s e uEed po e Grtastnisis a¥alFEndReEtone Briae I Pout fons
general |y give polyurethanes with better physical propertjes, Those
skilled i nthearkthaticentinyous additionaf the stanterlusualip dewrmelecylar :

weight polyol such as glycerin or propylene glycol) with the epoxide will
produce polyols having broader molecular weight distributions compared.
with products made by charging all of the starter initially. This is true
- because the rate of alkoxylation with KOH is substantially independent of
~ polyol molecular weight. If low molecular weight species are constantly -
being introduced, the molecular weight distribution will broaden.
Generally, polyols having broad molecular weight distributions are
undesirable because they have relatively high viscosities, which can
adversely impact processability in polyurethane formulations, particularly
when prepolymers are made from the polyols. In addition, polyols with
narrow molecuiar weight distributions generally give polyurethanes with
better physical properties.
Those skilled in the art have assumed that continuous addition of a
starter in a DMC-catalyzed polyol synthesis would also produce polyols

having relatively broad molecular weight distributions. Consequently, the
-2
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starter in a DMC-catal yzed pol yol synthesis would al so produce pol yols
havi ng rel atively broad nol ecul ar wei ght distributions. Consequently, the
- 2. WD 97/ 29146

"PCT/ EP97/ 00436 DMC pol yol synthesis art teaches al nost exclusively to
Féo‘éf)oxi de

charge all of WHY™Mbrter to the reactor initially, and to BRERS
continuously during the polynerization. One exception is U S. Pat.
No. 3, 404, 109 OMC! ppiyol)synkhdsis arh teacheshalmust exalusivebatechargeadisofithe nmaki ng
a pol.yether diol using a DMC catalyst and water as a starter. MIgrom
teaches to chatarteratonthreaeactor ifitiaky,cand tdhaddhe epatige contihbowdly dosingpoxi de
to be used, and water, and to heat the capped bottle and contents to

pol yneri-ze thehgpokimiizalibhgr om teaches (colum 7) that "[w hen | arge
anounts of water are enployed to yield | ow nolecular weight teloners, it

is preferred to ad@nehscptisn is UNS. PHE NG 3, 40ha00 agilgdn)e Grem S of water
decrease the rate of telonerization." Increnental addition of the starter

(water) is us ‘ngat,%rgsg ¥tﬁaﬁsc£l§%&é€§‘§ for'rdking'a ﬁtﬁgft%e?ﬂ% PQE'Q@FS ?Sﬂtl\}g]ﬁr om

charges all o e epoxide to't reactor Tniti the starter
iy STt ot prgetand SARESSLA Sk MIBHATIORRS L5HUEG 4 palolle oo o
oS o, Hlbue S MBS 87 oL 855 536 5B I e, ARE
eXpect 0 1 O er PPN PSR int e vl B Sk oleshil 2 "¢
starter shoul (tjeagcih\ég (column 7) that "[w]hen large amounts of water are employed to
vield low molecular weight telomers, it is preferred to add the water -
incrementally because large amounts of water decrease the rate of
telomerization." Incremental addition of the starter (water) is used to.give a
“practical” rate of reaction. Thus, Milgrom charges all of the epoxide to the
. reactor initially, but adds the starter incrementally.
Interestingly, Milgrom also teaches that incremental addition of water
“can aiso be employed to give telomers of a broader molecular weight
distribution than those possible where all of the water is added at the
beginning of the reaction.” In other words, the result expected from a
DMC-catalyzed process is the same as the resuit obtained with a KOH-
catalyzed process: continuous or incremental addition of starter should give
polyols with broad molecular weight distributions. Thus, a skilled person
understands from Milgrom that incremental addition of a starter to a DMC-

catalyzed epoxide polymerization will produce polyols having a broader

molecular weight distributions than would be obtained if all of the starter
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polyols wth broad nol ecul ar wei ght distributions. Thus, a skilled person
understands from M Ilgromthat increnental addition of a starter to a DM-

catal yzed epoxi de polymerization will produce polyols having a broader

*mol ecul ar wei ght distributions than would be obtained if all of the starter
- 3 -. WO SM29148/ 29146 PCT/EP97/00436 .
PCT/ EP97/ 00436 were charged initially. Heuvel sland (U. S. Pat. No.

5,114, 619) e kbhargeddnitiadlgs for maki ng pol yet her pol yol s that invol ves
continuous addition of water and epoxide to a reaction mxture containing
a barium or stroHeiveisiand ¢©.SarPdty Nioo B, titd, 638) dbgches a\pRddRss formaking pr ocess
I s not disclosed. Heuvel sl and's process produces polyols with reduced

unsat ur at i O?OIyIﬂﬁr'dﬂmé 1t inVOIves continuoas additiddidfiveater antlepaxidstoice of
bari'um or strontium catal ysts on polyol nolecular weight distributionis

not di scussgg a&iﬂﬁ’ﬁﬁ:&h%‘éoﬁﬁhﬂﬁg Tahf&num of streptival exide CpHydroxide addi tion
of | ow nol ecu?ar wei ght diols, triols, and polyoxyal kyl ene glycols does

ACULAC L ?ﬂgﬁ&k ‘K‘Bﬁé-c%ﬁl?%boeé&c%gs'!éh dnscl%%?ét HdtiveRlarid's prbtdsar the

bariumor s 'um cat al not yi e he I nprovenent. Because

o b6 e Buth b AP o= P01 o
e o el ar Z\B«%e?r‘)%”%a%&e%ezégﬁéeeeﬁégnﬁu Rt hes.% orfBokel 215" "
(e.g.. from S%:vllé/cu?arrl ere.gR dpﬁrtggt?onoig t%ef dig@tgsseg_DHé{.us\}erllsQaﬁd ngfie'sctillta?d
unlike Water, continuous addition of iow molecular weight diols, triois, and
polyoxyalkylene glycols does not reduce polyol unsaturation. In addition,
substitution of KOH for the barium or strontium catalyst does not yield the
improvement..
' Because conventional polyol starters initiate so slowly with DMC -
* - catalysts, polyol starters of higher molecular weight {e.g., 400-700 mol. wt.
propoxylated glycerin) are commonly used. These higher molecular weight
polyol starters are preferably eliminated because they must be synthesized
separately (e.g., from glycerin, propylene oxide, and KOH) using a dedicated
reactor. In addition, the KOH catalyst must be removed from a starter
polyol before it is used as an initiator for a DMC-catalyzed polyol preparation
hecause even traces of basic substances often deactivate DMC catalysts.
Thus, a conventional KOH polyol unit having refining capability is needed
just to make a starter polyol that can be used productively with a DMC

catalyst. A process that allows a DMC catalyst to be used with a

conventional starter such as propylene glycol or glycerin would be valuable.
-4-
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reactor. In addition, the KOH catal yst nust be renoved froma starter
pol yol before it is used as an initiator for a DMC-catal yzed pol yol
preparation because even traces of basic substances often deactivate DMC

<catal ysts. Thus, a conventional KOCH polyol unit having refining capability
i s needed juMOYBMBke a starter polyol that can be used pr%ﬁ@%’f’@&’? wit h
a DMC catalyst. A process that allows a %catalyst to be used with a
conventi onal ~ st ar Tee unusypllyhigh seactivity off D} catargi's PEsSORTS\BRPReRe

val uabl e. -4 - WO 97/ 29146
PCT/ EP97/ 00436hallenge toalyelrmanufiaciurarsymeactat fowlingy Sticiongplyek agly serd
presents anot her chal l enge to polyol manufacturers: reactor fouling.
Sticky pol yol taébrm ireredictorsusing BMQ catalysts, snd shesg GNEtend t accumulatel
these gels tend to accunulate over time, fouling the reactor and

eventual |y foobeemtime, fdulingotive. redtior gadsventudilycforcing anshutdbwar VERe gelsp
conventional KOH catal yzed pol yol synthesis, are preferably elimnated.

One consequenahicl arhwdrobERraéd ira coheenticndl )OH-tatalydddypalgoli synthésigi cal
bat ch pol yet her polyol synthesis is that reactors nmust often be used

i nefficientlyargpref@sBRdimminatddrake a 4000 nol. wt. pol yoxypropyl ene di ol
(4K diol) froma 2000 nol. wt. polyoxypropylene diol (2K diol) "starter,"

the reactor is ahppebnseydentt!os c%rg}iagﬁﬁtgrthe%iaﬁmngﬁg&taﬁgg;a typicgke S0

gal l ons of product, we vvoulng start W gallons o starter. A

| uabl AP AR L Qo el AH | d | d
val vable b oG MayllePHGYEPEhAGE 1 B labind hust R B and vou!
starter or thecRuatrt 5P UEihple! % nBIPUBOO ol WH. hefoBrbiibEe bifdi Nave

t he option
(4K diol) from a 20(_)0 mol. wt. polyoxypropylene diol (2K diol) “starter," the

reactor is almost half full at the start of the reaction; to make 50 gallons of
product, we would start with 25 galions of 2K diol starter. A vaiuable
process would overcome such "build ratio” limitations, and would permit

. efficient use of reactors regardless of the molecular weight of the starter or
the p;'oduct sought. For example, it would be valuable to have the option
to charge our 50 gallon reactor with only 5 gallons of 2K diol starter, and
still make 50 gallons of 4K diol product.

In addition to the process challenges of DMC catalysis, commercial
acceptance of .DMC-catalyzed polyols has been hindered by the variability of
polyol processing and performance, particularly in the production of flexible
and molded polyurethane foams. DMC-catalyzed polyols usually cannot be
"dropped into" foam formulations designed for KOH-catalyzed polyols
because the polyols do not process equivalently. DMC-catalyzed polyols

often give too much or too little foam stability. Batch-to-batch variabifity in
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to charge our 50 gallon reactor with only 5 gallons of 2K diol starter, and
still make 50 gallons of 4K diol product. In addition to the process
chal-l enges of DMC catalysis, comercial acceptance of DMC-catal yzed

* pol yol s has been hi ndered by the variability of polyol processing and
per f or manceWHfP46ul arly in the production of flexible aPCI/RRS700tls

pol yur et hane foans. DMC-catal yzed pol yols usually cannot be "dropped into"
f oam f or mul she onwomaamagaedoamrfom&lanalwedcmlgforrbe rswsaof ¢hishe pol yol s
do .not process equivalently. DMC-catal yzed polyols often give too nuch or
too little Uopredictability in/foabnfotmulationwith DMCaiatalyzed polyols has not

- 5 - WO 97/ 29146

PCT/ EP97/ 0058én vidieumddrstuod, and conbistent! rasais have remaiped Gludiadl e. The cause
of this wunpredictability in foamfornulation with DMC-catal yzed pol yol s

has not been wWahlimpps\fidsproedss ferimakingi DMOEataRzel ipolyely & hesdedied

el usi ve. An inproved process for nmaking DMC-catal yzed polyols is

needed.  Paphjtfdiligty ueé&mg% mcasmmeaﬁmhb@s 8k fEeltbSsbph aﬁﬁ Ieyﬁed to

separately synthesize a polyol starter by KO—I catal ysi s, abl es the

use of Si MPkonuakabaHolydtGildp Pg"i(%’ca?il By ERF eaémaglme pad o?'sYrﬁgre' n.

val uabl e protess reac oulrn y pol on
ac! . voul g 5Eh o By e lrb A oo AR A BUBHEIe . 1 0
more easi | y™ %Sﬁ%eﬁ@g”%hgiﬁ%%équ“}%*'g@‘ry%'féqtrﬁ'gﬁ@ié RY Bonit aale, i 56{30'; ols e
properties. eéj cient use of reactors, and would overcome buifd-ratio limitations.
Preferably, the process would give polysther polyols having relatively
narrow molecutar weight distributions, since these polyols are more easily
processed and give polyurethanes with good physical properties. Also

needed are polyols that process and perform more consistently in

polyurethane formulations, especially flexible and molded foams.

SUMMARY OF THE INVENTION

The invention is an improved process for making double metal cyanide-
catalyzed polyols. The process comprises making a polyether polyol by
polymerizing an epoxide in the presence of a double metal cyanide (DMC)
catalyst, a continuously added starter (S}, _and optionally, an initially
charged starter (S). The continuously added starter comprises at least
about 2 equivalent percent of the total starter used (total starter = S, + S)).
While conventional processes for making DMC-catalyzed polyols charge all

of the starter to be used to the reactor at the start of the polymerization,
-6-

SUBSTITUTE SHEET (RULE 26)



needed are polyols that process and perform nore consistently in
pol yur et hane fornul ati ons, especially flexible and nol ded foans.
SUMVARY OF THE | NVENTI ON The invention is an inproved process for

;J'SEMS :E?bi %gﬁkf?t& !yol dﬁ-'y%fé‘f g'g%: ﬁééﬁ' Zpigiéep{ﬁcfﬁiciﬁ%@éisof. a
([ e_r.r] ), an ogé}lbon%ﬁ(ﬂ\/@ea'rq | nfl?%l af'ﬂl/'l l)pc%ar ggﬂ?'st aretpg.rq% erraﬁ “* The

of the ot a CripLepsGebdhesegion it UEAZp mePoiYmanzaibh. ! T | 2o oo
ctarter o be usANSIOFFES PLAw: Brenkon g Sl Eing Shd Selbloaanines,. |

- 6-- WD 97/.29146 .
PCT/ EP96/ 004 Ftrsty H@"ﬁf’r orhes DME-catalvzad pelyphpreparatioas, thaprocsss o the epoxi de

and the S[err] continuously to the reaction m xture during the
pol yneri zat i davention effegfively yses water o igwraelecyar weight Rqlyelaasng and
val uabl e advantages.  First, unlike other DMC-catal yzed pol yol
pr epar at i ons,stamer. pPreviauslyfthese starters avarp generallyavoided begaysevaft er or a
| ow nol ecul ar wei ght polyol as a starter. Previously, these starters were
gener al | y avaieggish initiation pfopertigs., g§esand, hecausé waten apa law esole@alannd,
because water or a | ow nolecular weight polyol can be used as a starter,
t he process aveightpolys! tivebeamsedias a stayterhthe process elitninatés theeneedtecul ar
wei ght pol yol starter by KOH catalysis " in a separate, dedicated reactor.
Third, the prsyntiesizeva cose highee mvledulsmweight polyol starter by KOH catalysis
in a separate, dedicated reactor. Third, the process overcomes the problem
of reactor fouling by polyol gel formation that accompanies the use of DMC .
catalysts. Fourth, the process of the invention makes efficient use.of .
reactors and overcomes many build-ratio limitations. Fifth, the process of
the inyent_i_on unexpectedly produces polyether polvofs that have narrow
molecular weight distributions, which are desirable for good polyurethane
physical properties. Although the prior art teaches to avoid continuous
addition of starters, we surprisingly found that continuous addition of
starter, in the case of a8 DMC-catalyzed polyol synthesis, does not give
polyols with broad molecular weight distributions.
The invention includes polyether polyols made by continuously adding
the epoxide-and at least about 2 eq.% of the S, in a DMC-catalyzed polyol
synthesis. These polyols offer surprising and valuable advantages for

polyurethane formulation. In particular, the polyols contain a reduced

proportion of high molecular weight tail (i.e., polyol having a number
~7-
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of reactor fouling by polyol gel formation that acconpanies the use of DMC
catal ysts. Fourth, the process of the invention nmakes efficient use of
reactors and overcomes nmany build-ratio limtations. Fifth, the process of
‘the invention unexpectedly produces pol yether polyols that have narrow

mol ecul ar woVGAT2M6t ri but i ons, which are desirable for gowdrmebyetass hane
physi cal properties. Although the prior art teaches to avoid continuous
addi ti on of avegagesmelecisr wigight greater thag ahy:ut 140,€30L Fampatedwithtprior of
starter, in the case of a DMC-catal yzed pol yol synthesis, does not give
pol yol s wi t PMExatalyzed polyls.wei ght “di stributi ons. The invention

i ncl udes pol yether polyols nmade by conti nuously adding - the epoxi de-and at
| east about 2 ebsyrprisinghefainst tHat ipolyolDhaviogtateduedd pmaouwit ofhigh hesi s.
These polyols offer surprising and val uabl e advantages for pol yurethane

f or nul at i on mdfecylar wieightatail ard enyohl gasier todiormulate intedolperetigrapor t i on of
hi gh nol ecul ar weight tail (i.e., polyol having a nunber

-7 - sysiém2-esp8dibfly flexible and molded foams--and offer more predictable

PCT/ EP97/ 00436 average nol ecul ar wei ght greater than about 100, 000)

conpared W phoddssivlg ard'berfirmdnces dIVles@hs demonstrate ﬂ'}értWail'ﬁBiﬁPHh found that
pol yol s having a reduced anount of high nolecular weight tarl  are nuch

easi er to f gpRiiréthBnk Poamiptricthitinka BreviousiySURNEsSRAVRH Wg&@% bgg and

nol ded foans--and offer nore predictable processing an nce. My

br evi ousl y BobeiCiedafath} gl 1o plgsknlc of ReH dhidif GRGuABSF gh' ° T"CC
molecular weight polyol tail. The polyols of the invention, which contain a
reduced amount of high molecular weight tail compared with polycls made
without continuous addition of starter, offer improved processing
characteristics, give fewer problems with tight foam or foam collapse, and

give flexible and molded" polyurethane foams with excellent physical -

properties.
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polyols is largely due to the presence of even small anmounts of high
nol ecul ar wei ght polyol tail. The polyols of the invention, which contain a
reduced anount of high nolecul ar weight tail conmpared with polyols nmade

Wi t hout cont| ddition of starter, offer inproved processin
characteri stiwclg’,%%f e fewer problems with tight foam or fomm’ﬁ’ﬁ?ﬁ@, and
give flexible and nol ded -0 gnt physi cal

BRI DESERISTIONR T YhE Drf2WNGS 5.

properti es.
WD 97/ 29146 EP97/ 00436

BRI EF DESCRI PTI diaufesTE $5pApfylessof gel Pe’"ﬁ“‘&ﬂf'&é"‘i’@‘%’@'ﬁé&%ﬁ& of gel

pernmeati on chromat ography (GPC anal yses of pol yether polyol sanples nade
by DMC-cat al §Ralyses BEEQWSQ'%fPO%VQ' ﬁémmﬁlﬁeﬂ?ﬂeﬁvﬁ%cef@meﬁlmsewaiqﬂ on of
starter (Figs. 1-3) or by a conparison process iEi gs. 4-5). The figures

are expl ai nethertaventienpsingesantinuous addition of starter (Figs. 1-3) or by a '

comparison process {Figs. 4-5). The figures are explained more completely

in Example 5, Comparative Example 8, and Example 18 below.

- DETAILED DESCRIPTION OF THE INVENTION -

The process of the invention comprises making a polyether polyol by
polymerizing an epoxide in the presence of a doﬁble metal cyanide {(DMC)
catalyst, a continuously added starter (S,), and optionally, an initially
charged starter (S)).

Generally, any epoxide polymerizable using DMC catalysis can be used -
in the process. Preferred epoxides are ethylene oxide, propylene oxide,
butylene oxides (e.g.. 1,2-butylene oxide, isobutylene oxide), styrene oxide,
and the like, and mixtures thereof. Polymerization of epoxides using DMC
catalysts and hydroxyl-containing starters gives polyether polyols, as is well
understood in the art.

Other monomers that will copolymerize with an epoxide in the presence
of a DMC catalyst can be included in the process of the invention to make
other types of epoxide polymers. For example, epoxides copolymerize with
oxetanes (as taught in U.S. Pat. No. 3,404,109) to give polyethers, or with
anhydrides to give polyesters or polyetheresters (as taught in U.S. P_at. Nos.

5,145,883 and 3,538,043).
-9.
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i n Exanpl e 5, Conparative Exanple 6, and Exanple 18 bel ow

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of the invention
conpr.i ses nmaki ng a pol yet her polyol by polynerizing an epoxide in the
presence of a double metal cyanide (DMC) catalyst, a continuously added
starter (S[ewoPy94nd optionally, an initially charged st ®COrEPIV/GM4s6 ] ) .
Ceneral ly, any epoxi de pol ynerizabl e using DMC catal ysis can be used in
the process. Pr efher catdlyspisca diosible metal loyiaside (DNICE catalyosty | me DMCE de,
butyl ene oxides (e.g., 1,2-butylene oxide, isobutylene oxide), styrene
oxi de, and ¢dtalyst kaowaria thiexdrt iscsuitabde forf useHal thegrozeds. oThede aptixi des
using DMC catal ysts and hydroxyl-containing starters gives pol yet her

pol yol s, as krowk lcatalyétseirs the deddtionsrodutts of a watbl-5elubometa rsaltt hat wi | |
copolyrrerl ze with an epoxide in the presence of a DMC catal yst can be

[ nol uded i1 (gl RIfRCEEridE) dritPa WHERSHIOBIe! MitallcDankle" it (eYé’e?oi‘JssﬁRﬁX' de

pol yners. For exarrpl e, epoxides copolynerize with oxetanes (as taught in

U S. Pat. %&@,

pol yesf1 ers or poI ﬁ? er etsa{tée)r ?%Eg&?igﬁ kﬁﬁﬁblf%%ﬁ:?tal%@@ﬁé%gg' \allﬁd

3, 538, 043 WD 97/ 29146
PCT/ EP97/ 2)04@8"" referenlches, ctluqing,tfor $xam dbtll 8 Pat aﬂogya'n |5(?é9%ﬁVC) cat al yst.

Any DVC cat alyste 5{;‘0%2'}‘352%35541 bﬁss'é' ?6"8“31:; nd"83820a0d ufy OceSS:

These wel |
teachings of which are incorpofated herein by reference. Particularly

preferred DMC catalysts are zinc hexacyanocobaltates.

The DMC catalyst includes an organic complexing agent. As the
preceding references teach, the complexing agent is needed for an active
catalyst. Preferred complexing agents are water-soluble heteroatom- .
containing ofganic compounds that can complex with the DMC compound.
Pa'rt"icularly preferrred cdmpléitiﬁg agents are water-soluble aliphatic.
alcohols. Tert-butyl alcohol is most preferred. The DMC catalyst may
include, in addition to the organic complexing agent, a polyether, as is
described in U.S. Pat. No, 5,482,908.

Preferred DMC catalysts for use in the process are highly active
catalysts such as those described in U.S. Pat. Nos. 5,482,908 and
5,470,813. High activity allows the catalysts to be used at very low
concentrations, preferably at concentrations low enough to overcome any

need to remove the catalyst from the finished polyether polyol products.

- 10 -~
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known catal ysts are the reaction products of a water-soluble netal salt
(e.g., zinc chloride) and a water-soluble netal cyanide salt (e.g.,
pot assi um hexacyanocobaltate). Preparation of suitable DMC catalysts is

~described in_many references, including, for exanple, U S.

5 158 922,  MOIVINES 3 457 334, 3. 941 849, 5 470, 813, and’ﬁm. the
teachi ngs of which are incorporated herein by reference .Particulakly
preferred DMC catal %P@CQF%ogF%'WQQHBQéﬁSE(%%ﬂ'ﬁ%\'t"@é‘.sﬁ added sfﬁgebiiis'
catal yst includes an organi c conpl exi_ng agent ., ih recedi ng references
t each, the coGphesntiopabprOsesses fﬁééﬁ%’ﬂngW%'deéf‘g@ge'ﬁgﬁéﬁ’gw.zegﬁgger red
conpl exi ng agents are water-sol uble heteroatom containing organic

conpeunds t haDMExoatatyzet proosasks: phampmthe SaRlvivicend alhpf the Startey take or rred
conpl exi ng agents are water-soluble ali ﬁhat ic alcohols. Tert-butyl alcohol
i s nost pref eugeeiito tHeaeBbior@ithe tart ofthe ipelvrogrization, aod ithemadd ghe he
organi ¢ conpl exi ng agent, a polyether, as is described in U S Pat. No.

5, 482, 908. epoxids ebstinuslshVOnceontrast] shé process of the imveptiooexisisate hi ghly
active catalysts such as those described in U S. Pat. Nos. 5,482,908 and

5,470, 813. Highssibduti 2 ¥q@vhient pbRsant of ahy sotal Starter contiduetsly avhild the
concentrations, preferably at concentrations | ow enough to overcone any

dt t ik duct s.
Eleio to remvgp%g%%%d]% THé SridiEbé inilkéd it tHey epdreidie Lo iy aybeduct s

PCT/ EP97/ 0043%4ded as a separate stream.

The S, is preferably water or a low molecular weight polyol. Low |
molecular weight polyols as defined in this application have 1 or more
hydroxyl groups and number average molecular weights iess than about

~ 300. Suitable low molecular weight polyols include, for example, glycerin,
propylene glycol, dipropylene glycol, ethylene glycol, trimethylolpropane,
sucrose, sorbitol, tripropylene glycol, and the like, and mixtures thereof. -
Preferred continuously added starters are water, propylene glycol,
dipropylene glycol, glycerin, and trimethylolpropane. The S, can aiso be a
polyol having a number average molecular weight greater than about 300

and less than the number average molecular weight of the target polyol

product. The S, may comprise the entire starter component used; thus, the
process of the invention can be used to make a DMC-catalyzed polyol from

just a basic starter such as propylene glycol or glycerin.

-11 -
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The process of the invention uses a continuously added starter (S[err]).
Conventi onal processes for making polyols, including KOH catal yzed and
DMC- cat al yzed processes, charge the catalyst and all of the starter to be
-used to the reactor at the start of the polynerization, and then add the
epoxi de conwonem@s#y. | n contrast, the process of the inveRCT/EBPO7H0436 at.

| east about 2 equival ent percent of the total starter continuously while

the epoxide is Fuges] cah@isSlbersthermaytivehyiivoganvidiiiaintng campouleds or it nmay
be added as a separate stream The S[err] is preferably water or a

| ow nol ecul 3o 8 iniftdboYPFor DME-caRalyeed! epoxide Bl mefizawdrs, #scidéiighed in
this application have 1 or nore hydroxyl groups and nunber average

mol.ecul ar WBQE*%E@%@?;%F&‘“@% aldiéHydeS\ndaidtsnedEontairsy bAbliuBI Nt

pflggls LPﬁlrd P . cerin, propylene gl ycol, 9|propylene

'? r iypr obyl ené’ngg%ag{s?'/%ayr'%"% #g%kéh%ﬂ%%n?g;amlgé{? %)rsggfa.% ﬂpg?%%é,r red
B

t han '? he nu:;geﬁu'fabl@r%éw%@ea?'&f’ﬁ%'@ﬁﬁ cgf“eq%&'g'df E?ng?ra%&q{%ﬁgqpp‘%mt . The
ST TR BT o A BRI R S o, 13

basic starter such as prop%I ene glycol or glycerin.
- 11 - incorporated herein by reference. :

The amount of S, used is at least about 2 equi\ialent percent of the
total amount of starter used. The total amount of starter (S)) is the amount
of continuously added starter (S.) plus the amount of initially charged starter
{S). Thus, S, = S, + S.. The equivalent percent (eq.%) of continuously
added starter equals [S/(S, + S)] X 100. The amount of S, used in a
particular case depends on many factors, in'clu'ding the reactor dimensions,
target molecular weight, identity of the S, reason for using the S, and
other factors. For example, if the S, is being used only to eliminate high
molecular weight polyol tail in an otherwise conventional DMC-catalyzed
polyol process, the amount of S, needed may be small; an amount within
the range of about 2 to about 10 eq.% is preferred for this purpose.
Conversely, it may be desirable to add most or all of the starter as the S,

particularly when efimination of a KOH-based polyol starter is desired.

-12-
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WD 97/ 29146 ' _
PCT/ EP97/ 00436 The S[err] can also be other active
hydr ogen- cont ai ni ng conpounds known as initiators for DMC-catal yzed

-epoxi de pol yneri zations, including, for exanple, alcohols,
al dehydes and¥R&'BNE cont ai ni ng enoli zabl e hydrogens, nalgkﬁgaééWeys,

phenol s, carboxylic acids and anhydrides, aromatic am nes, acetylenes, and
the l'ike, and m xtTheS. maybepdded saptiauously atany gepiced ime,during the

hydr ogen- cont ai ni ng conpounds appear in U S. Pat. Nos. = 3,900 518

3,941, 849, angolymerization., Fohexampleninwge epexidriraisht be addad dnigallv: followede n
by reference. The anobunt of S[err] used is at |east about 2 '
- equi val ent  pepg @ahtiffioddieddition aif epomidetan thet Sy.t by anatber vatiatianotthe Sisunt
of starter (S[err]) is the amount of continuously added starter (S[err])

pl us the anpugddéd withi thecdpdaxiddin thedeariyestages of Hiepolymerization, Sidpute =

S[err] + S[err]. The equival ent percent (eq.% of continuously added

starter equal Fpn{vﬂi@iiﬁ“eﬂ Ritérl Exarhsler19 illudtratys. thélisttemapproach. S[err] used
in a particular case depends on many factors, including the reactor

di mensions, tar geﬁ,@pk&%ﬁk%ﬁ* tHE irflféntion(itionally iﬁclﬁcﬁ% a‘-i% Riitidlly éifsged for

using the S[err], and er factors. For exanple, the S[err] I's being

used only 10 Gl 18] il may el Gimd Bk 6F yfRteHPlrolrPile dhuctieher 1 o€

conventi onal l'yze I'yol process, the amount of S €eded may
oo 7o S0 gt e PRI U5 o 80 200Uk finedotll e
B o BoheLoBhatiinc! A pane] bhé W ek 5260 WA of 2

polyoxypropylene diol (2K diol) by DMC catalysis, then dump 90% of the

product. The remaining 10% of 2K diol "heel* could be used as the S; for

‘preparing another batch of 2K diol {or a diot of higher molecular weight).

Example 7 below illustrates a "heel" process.

Generally, the S; is a polyol that has a number average molecular

weight less than or equal to that of the polyol product to be made from the

S.. Also, the S, generally has a hydroxyl number greater than or equal to

that of the target polyol product. The S, can be a low molecutar weight |

polyol such as glycerin or propylene glycol provided that the amount used as

the S, is less than an amount sufficient to deactivate the DMC catalyst.

More preferably, however, the S; , when used, is a polyol of higher

molecular weight, and has the nominal hydroxyl functionality of the polyol

to be made. Preferred S;s are polyether polyols having average hydroxyl

functionalities from 1 to 8, number average molecular weights within the

range of about 400 to about 30,000, and hydroxyl numbers within the
-13-
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- 12 - WO 97/ 29146

PCT/ EP97/ 00436 The S[err] nmay be added continuously at any desired
time.during the polynerization. For exanple, pure epoxide m ght be added
‘initially, followed by continuous addition of epoxide and the S[err]. In
anot her var W@9Me46t he S[err] is added with the epoxide | RETEBOTOMIGyY
stages of the polynerization, and pure epoxide is added |ater. Exanple 19
i | 1 ustrat es rahge bfiabeut 8fPrtozatiout 5 mg KOMAthe process of the invention
optionally includes an initially charged starter (S err]), which may be
the same as or divWhen antS, ts included incheiprocess| of theddeentism the amdim
initially charged starter may be a "heel"” froma prior polyol preparation.

For. exanpl eus@&%dﬁi\aabé ofBliany fA&t0Rs, ivtiuding, forparanplgptimdactsr di ol (2K
diol) by DMC catalysis, then dunp 90% of the product. The remaining 10% of

2K di ol "hegfiq iHeRFLy2SF tHEES St Molddular WeRyATS bf théXBP atch of
2K di ol (or%émgﬁgfdhg'fﬂﬁi’gﬁgr nol ecul ar wei ght)a.r E?grrpl e 7 bélé'glgvﬁh@

illustrates thr#O};g?%&u&[ %§§5Ts for using tH&E5aAl othet %téﬁ?rﬁr]afé'r?b![%%?%ym

that has a nu average nol ecul ar - wei ght | ess than or equa at of

the pol yol oo, Whelilad IERMIPePoblot ot ' Bpalegs bosher 1|

has a hydro ater fhan or equa at o etarg pol yol

b pr opy! end!dng aptat SFSierdect e WicE 45,88, R e Bl s Bientthe B0 7, O Yool "

however . T n@XamPleiheaa . s 580,30/ BInaIe TipBFrsiec ey Baight PAERIgAR 1 cnd

L o o emvable oo I kgt PR i eparatn "oy ° o
hand the S, can be omitted entirely or used only sparingly when the goal is

to generate the polyol product principally from the continuously added

starter.

The process of the invention may be berformed in the presence of an
inert solvent. Preferred inert solvents: are aliphatic and aromatic
hydrocarbons (e.g., toluene, hexanes) and ethers (e.g., tetrahydrofuran). It
is often desirable to prepare an initial batch of polyol using an inert solvent,
particularly when the starter consists primarily of a continuously added
starter. Subsequent polyol batches can then be made using a "heel"
process.

As those skilled in the art will appreciate, there are many valuable
ways to use the process of the invention, each having its own advantages.
The common thread in all of the process variations is continuous addition of
at least 2 eq.% of stafter during the epoxide polymerization. Just a few

variations on the theme are illustrated below.
-14 -
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functionalities from1 to 8, nunber average nol ecul ar weights within the
range of about 400 to about 30,000, and hydroxyl nunbers within the
- 13 - WD 97/ 29146 : .

* PCT/ EP97/ 004 e of about 560 to about 5 ng KOH g. an
S[err]"is inc ?J?j.}(;{‘%?]&n the process of the invention, the amﬂﬁ{m%‘s -

depends on many fgctors, .includin for apl e.. the reactor di nensions,
the identity of tﬁ@egf%\”‘i use e °§8§|°£%§éqf"g%i" NGRS & 1 and the
target product, reasons for uysing,ihe S er and ot her factqgrs.. ,
reforably. eRavenp@hbrassesfal MEking Aol btarftl’ & kel SRR B about
1 to about 98 eq.% of the total starter ajsiad. As ch as 98 eq. % of S[err]
m ght be usea,romwlate&mr%qumm%?xsfaéﬁ PW@"US@%Q’&‘%’IW’W%&Q‘@'% gh

mol ecul ar wei ght polyol tail in an otherw se conventional DMC-catalyzed
pol yol pr epahundzed. malgculae waights andthae praducyfis refinedite mmeve KOHI entirel y
or used only sparingly when the goal is to generate the polyol product
principal |y fesidoesheThis polyohstarter isdben combinadewith a DMC catalyst; andss of the
i nvention may be perforned in the presence of an inert solvent. Preferred

i nert sol vengaétivated alitipsameprepylene axide. cAdditidnatprdpylene( exide cohtdininge,
hexanes) and ethers (e.g., tetrahydrofuran). It 1is often desirable to

prepare an i gigmal propbaionodf mterplbmw'lm glycol) o ighyerindltiie S )8 ddded!tar | y

- when the starter consists primarily of a continuously added starter.

A T hose Ski T D B ey e her B e ey A o o
"The S, comprises from about 2 to 10 eq.% of the total starter used. The
final polyether triol product contains a reduced amount of high molecular
weight polyol tail {i.e., polyol having a number average molecular weight
greater than about 100,000 as measured by gel permeation chromatography
using a light-scattering detector) compared with polyois made without .
continuous addition of starter. Examples 8-10 and 12-15 below illustrate
this approach.

The process described above can be used to make a product
containing a mixture of polyether triol and polyether diol. Such mixtures are
often valuable in formulating polyurethane products with enhanced physical
properties. In this variation, the continuously added starter is a diol such as
propylene glycol, or a triol / diol mixture {e.g., glycerin and propylene
gl;/col). The final polyol product contains a desired proportion of polyether

diol and triol components. Examples 12-15 illustrate the use of the process

to make triol / diol mixtures.
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ways to use the process of the invention, each having its own advant ages.
The comon thread in all of the process variations is continuous addition
of at least 2 eq.%of starter during the epoxide polynerization. Just a

‘few variations on the thene are illustrated bel ow
- 14 - WO J29845/ 20146 PCT/EP97/00436
PCT/ EP97/ 00436 One way to use the process of the invention starts

with a conventi daanath@csiotesoof vk inv@ntionomueh ovtall dthe Joodl RE¥REPIsE
glycerin is propoxylated to produce a propoxylated glycerin pol on starter

of several JAadel 86htificRSH WithVthieGdoxiddth & headtiopdibitures cotaini g enove
KOH -residues. This polyol starter is then conbined with a DIVC ata yst,

and acti Vatﬁl@ld"bﬂ%lfs‘?”ﬁf% égs?ew?ﬂéﬂj&erﬁ@mésltﬁaq{ earta%hﬁé‘s g‘ﬁite fin (the

containing a sma proport wat er, propyl ene yco

) wk@qu@@mgssw@ggsmwg@ct% b (o
amunt of L?bﬁ%ﬂxdc@8£$‘§? s BN s o] sfyortyBiaih @%ﬂ”éﬁ'aBm S nurber

aver age nol ecul ar reat r than abeut .100, 000 as uredg{% gel
per meat i on p?qq fit 0 NFETPT A W@@@EB% ér ed with
pol yol s made W|thout contl nuous ad n, of starter. anples 8-10 and

12-15 bel ow RAly@lsitpren(Sq i contpiays radded fo them%%m@reée@wwm above
can be used to make a product containing a mxture of polyether triol and
pol yet her dicatalyss aetivation. - Apostian of the réaction product is then used as a

starter (S, for addiﬁonal polymerizations. Thus, DMC-catalyzed polyols are
successfully made using conventional low molecular weight polyo! starters
such as propylene glycol or glycerin by continuously adding them to the
reaction mixture; in contrast, these starters are not used in conventional -
processes (in which all of the starter is charged initially) because of their
tendency to deactivate DMC catalysts.

The ability to add almost any desired proportion of the starter
continuously has important consequences for process efficiency. Reactor
dimensions and starting materials typically limit the "build ratio" that can be
used to make a particular product. Such build-ratio limitations are largely
overcome by the process of the invention.

For example, suppose we want td make 100 gal. of a 4000 mol. wt.

polyoxypropylene diol {4K diol) from a 2000 mol. wt. diol starter (2K diol).

-16 -
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often valuable in fornul ati ng pol yuret hane products w th enhanced physi cal
properties. In this variation, the continuously added starter is a diol
such as propylene glycol, or a triol / diol mxture (e.g., glycerin and

propyl ene glycol). The final polyol product contains a des‘!fﬁ;‘f’ﬂ;ﬁﬁﬂq rtion
of pol-yet her %”G;“%nd triol conponents. Exanples 12-15 ill e ?‘ﬁe ‘use
of the process to nake triol / cﬂol m Xt ures.

- 15 - In a\gongentional process, the reactor is cnargad with about 50 gal. of 2K

PCT/ EP97/ 00436 I n anot her process qf the invention, nmuch or all of
the total st dial@ndiRMC catalyst.cans PrORYIRNGOXIFQ f5 ?qléedeiﬂnRTQﬂ’é‘cPo"oop gah&fi on

m xture containing active DMC catalyst. This process, which overcones the
need to make the gl diol. The pemaess efficiangyis limited by therbuildratin ab@ kPR gah - 5.
The reaction m xture initially contains just a DMC catal yst and sol vent
(e.g., tol uepdo galjchatioofSther rehctor spRoriisipeeded jush forgthe staeter. proportion of
wat er or a | ow nol ecul ar wei ght pol yol starter (S[err]) is continuously

added to the reacCbasidel Kow thefprotess can be impedvesii using coatingous additioni on of
the reaction product is then used as a starter (S[err]) for additional

pol ymeri zat i gpstarldttSin dildproabse Bt ik PWentibs, curcreactrds ehafged! withsahdy usi ng
conventional |ow nol ecul ar wei ght polyol starters such as propyl ene

gl ycol or g %e%élPoPmééﬁtdi&L&y&ém@Mkagwdlgan.bo4n<hcio| Ff:ﬁnmti(mom xture;

in contrast, these starters are not used in conventiona processes (in

Yo deacti vat SUIBEAGl; Fehty ARReREE20 Bah chche HreR A ot e e red”
~proportion Offrotnh]?hes bR di8f starter. The remaining starter requirement is met by
including 1.6 wt.% of propylene glycol in the propylene oxide feed. Thus,
80 gal of the final product is 4K diol that derives from the propylene glycol
added as the S.. In sum, the process of tha invention prov_ides better
reactor utilization and reduc_es the required amount of relatively expensive
2K diol starter. The apparently inherent build-ratio limitation for making a
4K diol from a 2K diol evﬁporates: we pick a convenient build ratio and a
diol starter {up to 4K mol. wt.), and continuously add a calculated amount
of starter (S,) with the epoxide to produce a 4K diol product.

The process of the invention has many advantages in addition to the
process efficiency advantages described in the above illustration. First, the
invention enables the use of water and low molecular weight polyol starters
for DMC-cafalyzed polyol synthesis. In contrast, the conventional DMC-
catalyzed polyol process uses complex starters (e.g., propoxylated glycerin)

to avoid problems with sluggish initiation with low molecular weight polyol

starters.
-17 -
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continuously has inportant consequences for process efficiency. Reactor

di mensions and starting materials typically limt the "build ratio" that
can-be used to nake a particular product. Such build-ratio limtations are
" largely overcone by the process of the invention. For exanpl e,

suppose we WRAT2M nake 100 gal. of a 4000 nmol. wi. pol yecymesmeussne di ol
(4K diol) froma 2000 nol. w. diol starter (2K diol).

- 16 -  \M3cRhAU2Badsuse water or a low motecuiar weight polyol car: be used
PCT/ EP97/ 00436 In a conventional process, the reactor i's char geg wth

about 50 | iMin ' .S added to
pr oduce 188*93%?3%#' tﬁgl'%%ggi ol . @%&%ﬁggggggagypfﬁirﬁs?gﬁ* ﬂ% e?ad by the

D114 o o Yo ol S0 bl KO s o 6, SRR o5

05119 cont| Aok, St Shril b bR BFoKBFE e ol L0
OO by BROHS O b by B R Se bt o 11
ARG TRy IR MTRRES AT . s LR N

that derives fromthe propylene glycol added as the S[err]. In sum the
process of narmallv\neaded justtoynaksaistanter polyol that can be used productively |

with a DMC catalyst. In sum, the process of the invention overcomes this
key fimitation of thé conventional DMC-catalyzed polycl synthesis.

Third, the process of the invention unexpectedly produces polyether
polyols that have narrow molecular weight distributions, which are desirable
for good polyurethane physical properties. The art generally teaches that
continuous addition of starters in a KOH-catalyzed process will produce
polyols having very broad molecular weight distrfbutions. | surprisingly
found that continuous addition of starter, in the case of a DMC-catalyzed
polyol synthesis, gives polyols with narrow molecular weight distributions
(see Example 5 and Comparative Exampie 6)

The process of the invention can be used to produce a wide variety of
polyether polyol products. These polyols preferably have number average
molecular weights within the range of about 400 to about 30,000, more

preferably from about 500 to about 10,000. The polyols have average

-18 -
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reactor utilization and reduces the required anmount of relatively expensive
2K diol starter. The apparently inherent build-ratio limtation for making -
a 4K diol froma 2K diol evaporates: we pick a convenient build ratio and

“a diol star o 4K nol. wt.), and continuously add a ed
anount  of si‘gé??a'%m?%[err]) with the epoxide to produce a 4&2‘@#&%@?3&%&.
The process of the inventiqgn has many advant aggs ji}. addition to the
process ef fi divsiexvifuostionalisies yathin;the Jange ohadbainl doiakoyt &y prefgrdly st |
the invention enables the use of water and | ow nol ecul ar wei ght pol yol
starters forfrasahout 2 to,alkpytcd.y in adgitione the polvrlscRygfarably, havechysdsawwint i onal

DMC- catal yzed pol yol process uses corrgl ex starters (e.g., propoxyl ated
gl ycerin) toumbers withinitbagange nf sbayt P66 torabous 5 mg K@PH!g.roererol ecul ar

wei ght polyol starters. - 17 -
WO 97/ 29146 preferably from about 280 to about 15 mg KOH/g. The polyols ha&#/I&w97/ 00436

Second, because water or a | ow nol ecul ar wei ght polyol car, be used as a

starter, the umsaturationd tompatetswithepalpeld rhade usinhdOH e Prefosablyythd gher
nol ecul ar wei ght polyol starter by KOH catalysis in a separate, dedicated

reactor. SuclpoR@lly Abveé uRsaREstidrizdess chareabod 0.02 ey, erodusiefdiabRiess hey
can be used to start a DMC-catal yzed synt hesi s because bases deactivate

DMC cat al yst $har ab80YOOP Rdlg/gOH pol yol unit having refining capability is
normal |y needed just to nake a starter- polyol that can be used productively

e o oo T D kR RAA ol 08 AP 8 pRYE e 1
Third, the PiQreHRn0 THd Soly Bt Mbud By HanthGEkty BEARYHS didd BSH at
least about 2 eq.% of the S, in a DMC-catalyzed polyol synthesis. These
" polyols offer surprising and valuable advantages for polyurethane
formulation. In particular, the pplyols contain a reduced proportion of high
molecular weight polyol tail 'compa_red wit_h prior DMC-catalyzed polyols.

The amount of high molecular weight polyol tail can be quantified by . _
gel permeation chromatography {GPC) analysis using a light-scattering
detector {(see Example A). With this technique, we see significantly reduced
levels of high molecular weight polyol tail in samples made by the process
of the invention. "High molecular weight polyol tail" is the fraction of polyol
product that has a number average molecular weight greater than about
100,000 as measured by the GPC technique described in Example A.

Addition of even 2 eq.% of the starter continuously during the

polymerization gives the benefit.
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pol yol s that have narrow nol ecul ar weight distributions, which are
desirable for good pol yurethane physical properties. The art generally
teaches that continuous addition of starters in a KO+catalyzed process

wi |l produce polyols having very broad nol ecul ar weight distributions. |
sur pri-si ngl yWOP#EM#6 t hat continuous addition of starter, i rmPCI/EPODEEZs Of . a
DMC- cat al yzed pol yol synthesis, gives polyols with narrow nol ecul ar wei ght
di stributions (sdererallyithe Ena:cui\t@mmgh aloisculdnaeigdnt palvor tail in pdRel process
of the invention can be used to produce a wide variety of polyether polyol

products. Thesanples vidde by tHeprdteys bftRe iHvehtibn ApeAds onthbgbldét Wei ght s
wi thin the range of about 400 to about 30,000, nore preferably from about

?088'[ 0 -about &Qm@)@%w selgh %%H&éﬁnohéﬁéﬂy A6 Miigh molecular weight tail is present

about o, pr ol PSINGS RYing HiRfer iRbdria STadé Ik Ad b RARE Pbr” pol yol s
o Ko o, oot 2 YIS dauth B Wylical 8 §pofiaeiRtton B etrﬁeaBSi“yoFs
the 'pSYVyoFQ“?ﬁ xRS HEPRER € bl ot R LS Bl s s St ape 21
less  than a?:%lrjrttber ac\)/g?age u%opecular weight of the polyol product is approximately

given by: |

y = Px?

where y is the amount of high molecular weight polyol tail in ppm, x is the

number average molecular weight of the polyol product divided by 1000,

and P, has a value within the range of about 30 to about 40 The

approximate amount of tail calculated for an 8000 mol. wt.

polyoxypropylene diol, fo'r'gxample would be 35 X (8000/1000)? = {35){64) -

= 2240. This agrees well with an experimentally measured value of about

2000 ppm. As Table 3 shows, faster epoxide addition {(more stressed

conditions) produces a greater amount of tail.

The amount of high molecular weight polyol tail in a polyol sample
can be measured directly by GPC as is described above. Another way to
estimate the amount of tail is to evaluate the polyol sample in the “critical

foam test.” In this test, a polyurethane foam is prepared using a sensitive

formulation that is designed to give foam coflapse when the level of high
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The invention includes polyether polyols nade by the process of the

I nvention. The polyols are nade by continuously addi ng- the epoxi de and at

| east about 2 eq.% of the S err] in a DMC-catal yzed pol yol synthesis. These
‘pol yol s of fer surprising and val uabl e advant ages for pol yuret hane

fornmul afi on. W%ﬁ’r’ ‘f‘cul ar, the polyols contain a reduced prBpHERY79pA36¢

hi gh ol ecul ar wei ght polyol tail conpared with prior DMC-catal yzed

pol yol s. molegiwiaraneight polyohtajhin Famplesfavipg gHurpbenaverage maegulde
gquantified by gel perneation chromatography (GPC).. analysis using a

| i ght - scat t er weightdtabou 3000cexdeedsaboun300\wam. tDateils ot the fpam test see

significantly reduced |evels of high nolecular weight polyol tail in.
sanpl'es Tade ppédrdn ExampieB. Thd foam testrprovides impaftanbinéormation\ebeyitt
polyol tail"™ is the fraction of polyol product that has a nunber average

nol ecul ar wei g (ikeliRa6@ bf shécesahsidind gredictalile performance th BymhitecialPC
techni que described in Exanple A.  Addition of even 2 eq.% of the starter

conti nuously guiLiRAnidEfoan?® korfmilaBend. on gives the benefit.
- 19 - WO 97/ 29146

PCT/ EP97/ 00436 ,ys&,p,igg%f?géa %mm%i,g a Pédlt trﬁ&w‘%f ﬁ@hg ht

polyol tail in pol y the process o e 1 nvenflon

depends on i hign BICEN Alci So8l o RARBIEAREDBL TGS, ' "

nol ecul ar wei g present yo nunber . aver age

ol ecul ar vl Gl e Binecidif AdTRHh 3k RBRed rod 8] BELdse the] befbr mBhC?!
predictable processing and performance. My results show that variabilit_y in
polyurethane foam performance previously witnessed with DMC-catalyzed
polyols is largely due to the presence of even small amounts of high
molecular weight polyol tail. Polyols of the invention--particularly those
having hydroxyl numbers within the range of about 50 to about 60 mg |
KOH/g and containing less than about 300 ppm of high molecular w_eigh___t
tail as measured by gel permeation chromatography--offer improved
processing characteristics, give fewer problems

with tight foam or foam collapse, and give flexible and moided polyurethane

foams with excellent physical properties.

The following examples merely illustrate the invention. Those skilled
in the art will recognize many variations that are within the spirit of the

invention and scope of the claims.
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rel ati onshi p between the anount of high nol ecul ar wei ght polyol tail and
t he nunber average nol ecul ar vvel ght of the polyol product is
approxi mately gi ven by: y = Plerr]x[err] where
y is the amount of high nol ecul ar weight polyol tail in ppm x is the
number aver aY@%8M4€ul ar wei ght of the polyol product divi detmpe7d68, . and
Plerr] has a value within the range of about 30 to about 40. The
approxi mate amount of tail cal cul aEXAMBEESI1-B3000 nol . wt.
pol yoxypropyl ene diol, for exanple would be 35 X (8000/1000)[err] =
(35)(64) = 2240. TiRrepargtionof Ralyethet Polyolscby BMOWatalykig angasur ed val ue of
about 2000 ppm As Tabl e 3 sContinudussAdditiop@fiStarterldi ti on (nore- stressed
condi ttons) produces a greater anount of tail. The amount of high

mol ecul ar wei ghtzmlnwéacgmécauauatm&mahmamah@t cOMpISEcIRRIY (89 iy ect |y
by GPC as is described above. Another way to estimate the armunt f tail

is to eval Uaie?)ai'élﬁaﬁeb!éﬁbeﬁﬁm:&mﬁleis 8e1 1 GF EP-Ac0743094Nd %Oﬁﬁxe f’l"?u ijhis

test, a polyurethane foamis prepared using a sensitive on t hat

s desi gnedeﬁ&,%@ §r§2ha?dd)HL§‘ﬁa‘?vehé E6rrbPdFh ofb-1REPainless-steel

- 20 -
ver age ol CRGT Togy iR AFAd EbaRiiig -8 . QBWA&B‘%M &S o
the foamt ega%edaﬁoﬁ?er reagtt.Jﬂ:'X gfmltﬁe %‘\IX;U}S l; Rggqetde&t 1?6% *odggtn}a t ant

i nformation a
catalyst. (In this example, propylene glycol is the "continuously added

starter” or "S_."

The reactor pressure drops within about 2-3 min., indicating catalyst
activation. Additional propylene 6xide/propylene glycol mixture (280 g; 1.9
wt.% propylene glycol) is continuously added to the reactor at 130°C over
2.5 h.. Toluene is femoyed by vacuum strippfng. Additional propylene _
oxide/propylene glycol mixiure (360 g)-is continuously added to the reactor
at 130°C over the next 2.5 h. The resulting product is a 4000 mol. wt. diol
(hydroxyl number = 28 mg KOH/g) having a DMC catalyst level of 50 ppm.
Half of this product {300 g) is removed from the reactor and is analyzed
(see Example 1, Table 1).

To the remaining 300 g of 4000 mol. wt. diol (containing 50 ppm of
active DMC patalyst), additional propylene oxide/propylene glycol mixture
{300 g; 1.9 wt.% propylene glycol) is continuously added over 5 h at
130°C. (In this example, propylene glycol is the “S_," while the 4000 mol.

- wt. diol produced in Example 1 and left in the reactor is the "S," or "initially
charged starter.”}) The resulting product is a 4000 mol. wt. diol {hydroxyl |

-22.
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the |ikelihood of successful and predictable performance in comerci al
pol yur et hane foam formnul ati ons. | surprisingly found that polyols
havi ng a reduced anount of high nolecular weight tail are nuch easier to

formulate i nta,ﬂcp, ret hane systens, especially flexible a | ded { oans,
because they 0 re pred| ctabl e processing and perforn%’ﬂ/ﬁ“r’@sul ts
show t hat vari abi | |ty thane rmnce

Wit nessed wi MHMRRE aﬁ%ﬂiﬂzggﬁ'}} S{) 69 3 éWP@‘@F\VQ&%‘ pqtob ﬁ%‘wﬁ't‘ gﬁjé%g!adof

even small anounts of hig mol ecul ar WEI tail. Polyols of the

i nventi on- - pﬂwl&ﬂ'&l’?@%’ﬂ@@@d analvizad (ﬁ‘if'd Bpen%ﬁt Y€ Wi thin the range of
about 50 to about 60 ng KOH g and containing | ess than about 300 ppm of
hi gh "nol'ecul ar weight tail as neasured by gel perneation

chromat ogr aphy--of fer inproved processin char acteristics, give fewer
problens wth tight foam or foam cBK Rl give flexi bl e and nol ded
pol yurethane foams with excellent physi cal properti es. The

fol l owi ng exanpl es meRreparatibhiof tRolyetheihBoliyalsdiw DMC Catalysissdnd | ed in the
art will recognize many vari atCaminubbatAdditiombf Starterhe spirit of the

I nvention and scope of the clains.

- 21 - - Y Qéhdfil Afethod of Examples 1 -2 is followed to make an 8000

.. PCT/ EP97/ 00436

mol. wt. diol {from water), a 8000 mol. wt. triol (from glycerin), or a 2000
mol. wt. diol {from propylene glycol);

A 300-gram portion of the 8000 mol. wt. diol {hydroxyl number = 14
mg KOH/g), which contains 50 ppm of active zinc hexacyanocobaitate
catalyst, is used as the S; (starter initially present) to _make another 8000
mol. wt. diol as follows. Propylene oxide {300 g) containing 0.20 wt.% of
water is continuously added to the polyol starter/catalyst mixture (S) over 2
h at 130°C. (Here, the "S," is water.} The resulting product is an 8000
mol. wt. diol (hydroxyl number = 13.5 mg KOH/g) having a DMC catalyst
level of 25 ppm. The product is removed and analyzed {Example 3, Table
1.

Sifnilarly, a 300-g portion of the 6000 mol. wt. triol (hydroxyl number
= 28 mg KOH/g} is used as the S, for making another 6000 mol. wt. triol.
Propylene oxide (300 g) containing 1.5 wt.% of glycerin is continuously
added to the S, over 2 h at 130°C. (Here, the "S." is glycerin.) The

- product is a 6000 mol. wt. triol (hydroxyl number = 27.7 mg KOH/g)

having a DMC catalyst level of 26 ppm (Example 4, Table 1).

-23 -
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EXAMPLES 1-2 Preparati on of Polyether Polyols by DMC Catal ysis
and Conti nuous Addition of Starter Zi nc
hexacyanocobal tate/tert-butyl al cohol conplex catalyst (30 ng, pr epar ed
‘as described in Exanples 8-11 of EP-A-0743093 is suspended in enough

t ol uene (208VP®H29146 reach the stirrer of a one-liter stai nPCTEPSI0043 .
reactor. Propylene oxide containing 1.9 wt, % of p_rogyl ene ¢l écol §20 g) is
added to the reAc2000 meld win dioliig prerared agdeseribest abevrfropy dbviaat e t he
catal yst. &I n this exanple, propylene glycol is the "continuously added
starter” oROOQ mol|wt. diol containimg 50cRRMA a6tive Finchexagyanacobaltatabout 2- 3
mn., indicating catalyst activation. Additional propylene oxide/propyl ene
gl ycol- mi xcatalygtA8te §). THe contiruqushpaddatestgrteco$,) is prapyhenenglyosl.y added to
the reactor at 130[err]C over 2.5 h. Toluene is renoved by vacuum

st ri ppi ng. Pésisyléneoxide(B00yd)ccantainingl 8/ wa %%l afrprogilenelglygoltiisire (300 g) is
continuously added to the reactor at 130[err]C over the next 2.5 h. The

resul ting BoAtiNGsuslp addéd@d destribed abovell Thé lpyoduntyis aR0GE imal, #i, "y KOH g)
having a DMC catal yst |evel of 50 ppm Half of this product (300 g) is

removed fr gigl{(pdrofPchithbén s 58.2Rd KO¥Mlg) EaRainta 28! shrd .of TACE 1) -
To the remai nfu?gi 300 g of 4000 m)r@wt. %}l ol (contai n’ifbng 50 ppm of active

DMC cataly ddn PipRY{)ene oxi de/ propyl ene glycol mixture (300 g;
1.9 w. %p?%)aal/‘fs’e%gg 5gl 9'&2#') ?@ cgnti nuously added over 5 h at 130C. (In

s exanpl ., PEGEN 21 Spedeiol i ey dhardhl 4600 ! B0 sfBher V-
ot '( ﬁ;h?’gs*-);f‘?fgﬂ?é’a? WHibiPls practidiy RRubhrtd REAAVS! is!heBFE Wackdr V-
the 2000 mol. wt. polyol product made from the 2000 mol. wt. S..

COMPARATIVE EXAMPLE 6
Effect of Continuous Addifion of Starter: KOH Catalysis

This example describes an attempt to prepare a 2000 mol. wt. diol -
from 300 grams of a 1400 rﬁol. wt. diol containing 2500 ppm of potassium
hydroxide catalyst. The 1400 mol. wt. starter is first prepared in
conventional fashion by adding propylene oxide to a 425 mol. wt.
polyoxyp!'opylene diol using KOH catalysis. The 1400 mol. wt. diol has a
hydroxyl number = 80 mg KOH/g, Mn = 1476; peak mol. wt. = 1683,
and Mw/Mn = 1.11. Figure 4 shows a GPC trace for the 1400 mol. wt.

diol starter. -

-24 -
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PCT/ EP97/ 00436 nunber = 28 ng KOH g) having a DMC catal yst | evel of 25
opm - The diol product is renoved and anal yzed (see Exanple 2, Table 1).
EXAMPLES 3-5 Preparation of Polyether Polyols by DMC Catal ysis
and . WO 97129146 Cont i nuous Addition of Starter PCTW

general nethod of -2 1.8 f : 3 e QOO0 . diol
(fromwater), a 60%&%@?%’rtﬁglc(aﬁlﬁgﬁqgsglf(%ggrgﬁﬁ)tﬁ%ﬁ -y 'fotg’gbylr?o . oW
diol (from praopylen lycal ). . . rtd,o e 8000 ,nmol .
wt . diol ( hydrd¥sA ifpYee oxige %@%@?'ﬁﬁ?hé’%héa fng'r%&i]%‘ﬁrﬂqﬂf°‘d§ti-ve
zi nc hexacyanocobal tate catal yst,, | as, the Slerr], (starter, initially
present) "to neQRAtBHEYsiK2ddgd S0 tﬁﬁle& !.Ijigs(ﬂ'o'ag"tf WFV&M‘;'X%FBWPEH'J‘*OH de
(300-g) contailning 0.20 wt.%of water is, cqontinuously added to the polyol
starter/ cat al yidie progugtis g 2000, mel. Wi diel (hHgéﬂxVBB@i’e(l%rﬁﬁ; t’P&K%[VGS)-r] "is
water.) The resulting product is an_8000 nol. w. diol (hydroxyl nunber =
13.5 'ng KOH g)SesGomparativmExample @ (Table:{ | Figre s shows éwm&r the
renmoved and anal yzed (Exanple 3, Table 1). Simlarly, a 300-g
portion of th08EDMmokowt. diol produst. (hydroxyl nunber = 28 ng KOH g) is used
as the S err] for nmaking another 6000 nol. wt. triol. Propylene oxide (300
g) containing 1.5 Ws. Figafesgt andiS amply demonstnates contisubiedadditiom of Starter] .
over 2 h at 130[err]C. (Here, the "Slerr]" is glycerin.) The product is a
6000 nol . wt. in thetasdgfla QH-catalpred protéss gemersdtdd g multialispegsepkdduct
catal yst level of 25 ppm (Exanple 4, Table 1).

- 23 - having a broad molecular weight distribution. A skilled person would expect

similar results from a DMC-catalyzed process that uses continuous addition
of starter. Surprisingly, however, continuous addition of propylene glycol to
the S; over the course of the DMC-catalyzed polymerization produces a

monodisperse product. {Compare Figs. 4 and 5 with Figs. 2 and 3.)

EXAMPLE .7
Heel Process for Making Polyether Diol Using Continuous Addition of Starter
A 4000 mol. wt. polyoxypropylene diol is made in a conventional

manner from zinc hexacyanocobaltate/tert-butyl aicohol complex catalyst,
propylene oxide, and a 725 mol. wt. polyether diol starter {(hydroxyl number
= 155 mg KOH/g). The polyether diol starter is a purified product made
from propylene glycol and propylene oxide by KOH catalysis. Addition of
propylene oxide over 3.3 h at 130°C to the 725 mol. wt. diol and DMC
catalyst gives a 4000 mol. wt. diol containing 125 ppm of DMC catalyst. It

has hydroxyl number = 30 mg KOH/g; unsaturation = 0.0048 meq/g; Mw

-25-
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A 2000 nol. wt. diol is prepared as described above from 300 g of a 2000,
nol . -wt. diol cont ai ni ng 50 ppm of active zinc hexacyanocobaltate

catal yst (the S[err The continuously added starter, S[err], is propyl ene
gl ycol-. Pr OXI de (300 g) containing 3.8 w. % of pryyEremessgs ycol
S continuously added as described above. ,-The product is a 2000 nol. w.
di ol (hydr ox¥ 3ﬁé%Mn 8200; agd idr/iin oh@f-ni ng 25 ppm of DMC  cat al yst
(Exanple 5, Table 1) ure 2 is a GPC trace of the initially
charged 2000 nol .The reastqusdramegs[terrempvelabgut 80% ofthe produgtr akhe cal | y

i dentical to Figure 2, is the GPCtrace of the 2000 nol. wt. polyol

product madaemaining hmcm)ﬂﬁal.nwlt.. diot (th&["aeel,” about 150 g) is used as the

COMPARATI VE EXAMPLE 6 Ef fect of Continuous Addition of Starter:

KOH Cat al ysistarter {S,) fortdrothercpolymerieation has Propyldriopkidé g600gpare a 2000
mol . wt. diol from 300 grans_of a 1400 nol. w. diol containing 2500 ppm

of pot assi UrdonMRINY1 Bwa Thdfropylbhe glydtl isTBbntinioush) a4d& td thd kbbb

prepared in conventional fashlon by addi ng propyl ene oxide to a 425 nol.

ue. POl YOXYRBRRM. 6 tHeP bviiSh! rra%@kb@ Pie)‘é'tfhe S8 phafAeRB glycl. THeO! has
a hydroxyl nunber = ny

Mv M = 1. 1Jresﬁilﬂﬂrp‘?oéu¢.stk59‘ﬁs4@0@3n%lt WICQIJI %Bnmﬁinyéppﬁm of WC d' ol

starter.
' catalyst. It has hydroxyl number = 29 mg KOH/g; unsaturation =:0.0049

meq/g; Mw = 4600; Mn = 3830; and Mw/Mn = 1.17,

EXAMPLES 8-10
Effect of Continuous Addition of 5-22% of the Starter (Water)

An 8000 mol. wt. polyoxypropyléne diol is prepared from a 2000
mol. wt. polyoxypropylene diol charged initially {S,} and propylene oxide .
containing various amounts of water as follows.

A one-liter stainless-steel reactor is charged with zinc
hexacyanocobaltate / tert-butyl alcohol complex {0.015 g, 25 ppm in the
ﬁnished_ polyol} and 2000 mol. wt. polyoxypropylene diol (the S;) (PPG-2025
diol, amount used shown in Table 2). Propylene oxide containing water (the
S.) in various amounts (from 125 to 500 ppm, see Table 2} (20 g) is added
to the reactor, and the mixture is heated at 130°C to activate the catalyst.
After pressure drop occurs {about 5-10 min.), the remaining propylene
oxide/water mixture is added to the reactor over 1 h. (This is a very rapid

addition of propylene oxide compared with a typical commercial process,
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PCT/ EP97/ 00436 As in Exanple 5, the continuously added starter,
S[err], is propyl ene gl ycol . Propyl ene oxide (300 g) containing 3.8 w.%
of pr opyl ene %%%9'2{? continuously added to the KOH 1400 npl _ wt.

pol yol m xture h. The product is a 2000 nol. wt. ngmyl :

o'y AR S e oo
4 5

o e Rl e a0 i 185 pRlns b Fomseabofy e 3. °
nol ecul ar wei ght _di stribution

| d
resul ts from dorRR%cef theytotal %?68%9?4 hgf‘ ?Pré'é “%?\élﬁ?qaﬁh% gﬁ%al‘ﬁ@ "Eﬂ‘l

starter. Surprisingly, however, continuous addi n of_propyl ene glycol to
the S[err] ovem.tmngnfgevteneﬁwé(Mma\e;z%aép pbiged) zati on produces a
nonodi sperse product. (Conpare Figs. 4 and 5 with Figs. 2 and 3.)

EXAMPLE 7 Heel Process for Making Pol yether Diol Using Continuous Addition
of Starter A 4000 nol. wt. pol yoxypropylene diol is made in a
conventional manner from zi nc COMRABATND&EXAMBLE a1t - butyl al cohol
conpl ex catal yst, propylene oxide, and a 725 nol. w. polyether diol
starter (hydroxyl nunber = 15No§taftddt Contintomslyohgdedier diol starter is a
purified product nade
The procedure of Examples 8-10 is followed, except that the
propylene oxide used contains no added water. Thus, the only starter
present is the 2000 mol. wt. polyoxypropylene diol charged initially (the S).
The propyiene oxide is added over 1 h as described above, and the resulting
8000 mol. wt. diol is isolated and characterized (see Comparative Example
11, Table 2).
The results of Examples 8-10 and Comparative Example 11
demonstrate the surprising and valuable advantages of continuously adding
from 5.5 to 22% of the starter in the form of water. Continuous addition of
water results in 8000 mol. wt. polyoxypropylene diol products having
substantially narrower molecular weight distributions and dramatically

reduced viscosities (see Table 2).

EXAMPLES 12-15
Effect of Continuous Addition of 2-9% of the Starter
The procedure of Examples 8-10 is generally followed on a 38 I. (10-

gallon) scale to prepare polyols useful in making flexible slabstock
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from propyl ene glycol and propyl ene oxide by KOH catal ysis. Addition of
propyl ene oxide over 3.3 h at 130C to the 725 nol. w. diol and DMC

catal yst gives a 4000 nol. wt. diol containing 125 ppm of DMC catal yst. It
"has hydroxyl nunber 30 ng KOH g; unsaturation = 0.0049 neq/g; Mw

- 25 WO"’M‘Q?/29146 PCT/EPO7/00436 .
PCT/ EP97/ 00436 3960; Mh = 3700; and MM Mh = 1.07. The reactor is
drained to pdwmhaﬁmt&am%iofs,taHesepondalwthydfbH/! entegmiups Ny @@t nol . wt .
diol (the "heel,"” about 150 g) is used as the starter (S[err]) for

anot her pol yweber et B@mgKORHM)opy| ene oxi de (600 g) containing 1.8 w. %
of propylene glycol is continuously added to the 4000 nmol. wt. diol heel

over 5 h at 130[Hie $tarte P@senft hﬁnaivarsl is WQ%Yiribﬂ?glg%éfggmo&Viﬁ%

resulting product is a 4 . diol containing

talyst. | 2 | QNs 3ik 0049
cr:rgq?gysMN _6xibél§f:|8t¥€'tr Hﬁ-oﬁl"i‘fg%bew %@W/gpn?ﬁé%ﬂwﬁqs Zink

EXAMPLES 8- ﬁ&acyi\no%o&ggt%wﬁeﬁ-fbum rg:edm&a Bé&d‘a? Il %ﬁﬂaPég.emfg ar ; er

(Water) yoxypr opyl ene di o 'S prep

2000 1ol . -6 OO PIERGIng] ek m@ Bhidgdylaf (R 1o dusad A

propyl ene oxi cont arni'ng-vari pus anmounts
Tt TP e g SR 0 SRR ) 1
2000 rol . nger a%oX ﬁy}'P 0%558 n?'l a hy%rgz?yl st e]r of bout %3 mg KOH/g is
‘reached. A 25% endcap of propylene oxide is introduced at the end of the
polymerization, which is added over 2 h at 130°C. In Examples 12 and 13,
water (200-500 ppm) is included in the mixed PO/EQ feed and also in the
25% propylene oxide used as an endéap. In Examples 14 and 185,
propyiene glycol {2000 ppm) is added concurrently with the PO/EO feed and
PO endcap, but as a separate stream. The added water or propylene glycol
represents from 2 to 9% of the total amount of starter used. The total feed
time for the epoxides is 3-8 h. The resulting polyether triols have hydroxyi
numbers of about 52 mg KOH/g {see Table 3). These products are actually
triol / diol mixtures, since addition of propylene oxide to water or propylene
glycol resuits in an increased diol content 6f these material.
Each of these polyol samples passes the “critical foam test* described
in Example A (below). A "pass” in the foam test suggests that the polyo!
sample contains less than about 300 ppm of high mol. wt. polyol tail, i.e.,
polyol that has a number average mol. wt. greater than about 100,000 as

measured by gel permeation chromatography {GPC). For each sample, the
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di ol , amobunt used shown in Table 2). Propyl ene oxide containing water (the
S[err]) in various anounts (from 125 to 500 ppm see Table 2) (20 g) is
added - to the reactor, and the mxture is heated at 1 30C to activate the
catal yst. Aft ssure drop occurs (about 5-10 min.), the remaining
propyl ené oxig&%ﬁ?? mxture is added to the reactor over PCGIERIYPMAG | s.

very rapid addition of propyl ene oxide conpared wwth_a typigal commerci al
pr o{es SI,D amount of higR mol. wt. polyol tail sals5 e_stq@gtgch fromi i &%5 anslveisge
PCT/ EP97/ 00436 and is expected to result in products having relatively
broad nol ecul ar weight distributions). The water in the propyl ene oxide

represents from5.5 to 22%of the total starter used. The product in each

case i's an 8000 mol. wt. poCOMBRARAPMERXAMRUES $8andxbfpl es 8- 10, Table
2). - COVPARATI VE EXAMPLE 11

No- Starter Continuously Added No StartathGontinuausiy Added Exanpl es 8-10 is.
fol |l owed, except that the propylene oxide used contains no added water.

Thus, the only st arfierpropedwerdf Examples 32915 isfollowed, extcyptxthat ahg 125% di ol
charged initially (the S[err]). The propyl ene oxide is added over 1 h as

descri bed abovegt, prapylehb@oxidsadded'gs al @pdcapicontdins Ao Wates or pro@ligtk and
characteri zed (see Conparative Exanple 11, Table 2). The results of

Exanpl es 8- 10 gacbiCormesrddutts reson/ethér tricle Havimg Ridtoklhurbéls ot dbdutnd
val uabl e advantages of continuously adding - '
52 mg KOH/g.
Both of these samples fail the "critical foam test" of Example A. This
result suggests that the polyols contain more than about 300 ppm of high
molecular weight polyol tail. The GPC results confirm that more than about

200 ppm of high molecular weight polyol tail is present {see Table 3).

EXAMPLE 18
Preparation of a 4000 Mol. Wt. Diot by Continuous Addition of Water

In this example, a 4000 mol. wt. polyoxypropylene diol is prepared
using water as the S, and PPG-725 diol as the S,. The water represents
33% of the total amount of starter used.

The reactor is charged with PPG-725 diol {150 g) and zinc
hexacyanocobaltate / tert-buty} alcohol complex {0.030 g, prepared as
described in Examples 8-11 of EP-A-0743093. The catalyst is activated at
130°C with pure propylene oxide (22 g). The pressure in the reactar drops
from 145-83 KPa gauge {21 psig to -12 psig) within 15 min., signalling

catalyst activation. Propylene oxide containing water (1500 ppm, 0.15

- 20 .
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from5.5 to 22% of the starter in the formof water. Continuous addition of
water results in 8000 nol. wt. pol yoxypropyl ene diol products having
substantially narrower nol ecul ar wei ght distributions and dramatically
reduced viscosities (see Table 2). EXAMPLES
12-15 - WO 9729144 oct of Continuous Addition of 2-9% of tPoe/EBbAdolse

The procedure of Exanples 8-10 is generally followed on a 38 |I. (10-

gal | on) scal avt%) jsrthearadded ata3 g/minefuntil artetatiof 50 §davisl meenl addddock

- 27 - WO 97/ 29146

PCT/ EP97/ 00436  plalfyofrthetpolyolfpradecy isrdrained fedrh the ceactor Yabuudr3ngy b),end
groups, hydroxyl nunber 52 ng KOH Q). The starter present

initially, Shatrdn additibhdl-300 gtdfi gropyleng Cadde cORaMINGNB00 Pprh &t @Qﬂ#‘ﬁf :
hydr oxyl number = 240 nmg KOH/ g). The catalyst is zinc hexacyanocobal t at e

/ tert-butyl sale@hdtheGrREMtinY pohpsthads palyoPHas h9roiyl AR = f i ni shed
pol yol . Foll gvm' ng actei vat i‘oﬁ of the gatvgl yst gtr 1 O[Qﬁ]bg, gsgﬁged feed

L2 I 0,8 S Zhe [N 4 W

about 4 h at 1 err unt 1 ut ny gis

ol yror | zat | 487 SANGIMALMEY SEXGHE PIHuRE 1 Sndy 1 MEE ribe bRBIGIERG, |G
13, wat er g@g%‘gﬁ&) ppm is included in the mxed PO EO feed and also in

t he 25% pr %Xi de used as an endcap. In Exanples 14 and 15,
propyl ene glycol (2000 ppm) is added concurrently with the PO EO feed and

EXAMPLE 19
Preparation of PPG-725 Diol by Continuous Addition

This example shows how to prepare PPG-725 diol by continuous
addition of propylene oxide containing 10 wt.% of propylene glycol.

The reactor is charged with PPG-425 diol (425 mol. wt.
polyoxypropylene diol, 150 g) and zinc hexacyanocobaltate / tert-butyl
alcohol catalyst {0.075g, prepared as described in Examples 8-11 of EP-A-
0743093). The catalyst is activated with pure propylene oxide {23 g).
Within 26 min., the reactor pressure drops, and more propylene oxide {105
g} is added. At this point, the expected molecular weight of the product is
about 725 g/mole. The feed is changed from pure propylene oxide to a
mixture of propylene glycol {10 wt.%]) in propylene oxide. This mixture
(495 g) is added at 4 g/min. The total time for epoxide addition is about 2
h. The product is a 725 mol. wt. polyoxypropylene diol that contains about

100 ppm of active DMC catalyst.
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PO endcap, but as a separate stream The added water or propylene glycol
represents from2 to 9% of the total amount of starter used. The total feed
time-for the epoxides is 3-6 h. The resulting polyether triols have

"hydr oxyl nuEh! ,? gg about 52 ng KOH g (see Table 3). These roducts are
actuall'y  tri oI m xtures, since addition of propyl e®&TERPHW4I6H
wat er or propylen col resul s in n I ncreased di.ol ntent of these
mat et al E’aeﬁ#-ﬁﬁe@e' isahsaused g impiciosmins 2800 ok hoam
test™ described in Exanple A (below). s" in the foamtest suggests
that the pol mvowﬁeﬂﬂe@%ﬁp&m wg@ni'ﬁaa' ws»s by agding,puigrpmpyiengol . wt .
polyol tail, i.e yol ‘that has a nunber average nol. wt. greater than

about 100, OO@X&# (’mght@d?)@;ggéPpﬁgzﬁdtqwﬁ“cmﬁat ography (GPC). For each
sanpl e, the 28 - WO 97/ 29146

PCT/ EP97/ 00436 anmount of high nol. wt. polyol ta|I Is also estimated from
the GPC anal ysi s. COVPARATI VE EXAMPLES 16 and 17

No Starter Continuously Added EXAMPLE #cedure of Exanples 12-15 is
foll onwed, except that the 25% of propyl ene oxi de added as an endcap

contains no water or pr GeyPefifieatiryCRfomatographydGPRC) Richnileyet her triol s
havi ng hydroxyl nunbers of about 52 ng KOH g. Both of these

AP Ehe'polyoy s Fopeaea s ooy o st | 200E5L

pol yot tail. chismbidgragtibding tRsiablied tefrahfdrdfurda lad4iRbie from Burdick
and Jackson) as an elution solvent (flow rate = 1 mL/min). The instrument
consists of a Hitachi isocratic high-pressure pump, a Hitachi auto-sampler
injection system {or manual valve injector}, a singie PLgel 5um MIXED-D
300x7.5mm column (available from Polymer Laboratories), and a Sedexl
evaporative light scattering detector {from Richard Scientific). An
electrically actuated Valco switching valve is used to limit the amount of .
sample reaching the detector.

The instrument is calibrated to determine the slution time for a

nominal 100,000 molecular weight polystyrene standard sample (available
from Polymer Laboratories}. Polyol sampies are prepared by dissoiving 1%
by weight polyol in tetrahydrofuran. The samples are fiitered through a 0.2
pm syringe filter and 250 #l injections are made onto the chromatographic
column. During a run, chromatographic effluent is al!oWed to pass to the
detector until one half minute past the elution time for a standard 100,000

mol. wt. polystyrene sample is reached {(about 8 min). At that time, the rest

of the sample (most of the lower molecular weight material) is diverted
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200 ppm of high nol ecul ar weight polyol tail is present (see Table 3).
EXAMPLE 18 Preparation of a 4000 Mol. W. Diol by Continuous Addition
of Water In this exanple, a 4000 nol. wt. pol yoxypropylene diol is
prepared using water as the S[err] and PPG 725 diol as the S[err]. The
wat er represeﬂ&”’%&‘% of the total anmpbunt of starter used. pCI/EPITHISG
reactor is charged with PPG 725 diol (150 g) and zinc hexacyanocobaltate /
tert-butyl al away froontilecdeteOtad30 aywastestrean. dSamplesftow ltechi detewep! es
8-11 of EP-A-0743093. The catalyst is activated at 130[err]C with pure
propyl ene oxi desyrdés tywarththeperet of the run tdhre-establish a haseline.f r om 145- 83 KPa
gauge (21 psig to -12 psig) within 15 mn., signalling catalyst

activati-on. Propyl ¥Ag aped 8eh [gtuG WEGR pof/2PRIPRE., Soilyd! el
T opy| The s vl BBt poHBPRIFR. pbiyel eluting up to

PCT/ EP97/ 0043¢ne mu%n'mm?rbﬁﬂgefb@boé AbEcOiar wa.%*: ﬁolggl‘v?%né’}; %Qr have

been added. he pol yol product S aln act or

(oot el in i Earfietd tetoriiifiod Y biderniPidBgtARn Ofég,gcge,ﬁmgwsw 1500

ppm of water TS he resu rox nunmber

= 26 mg KOH t 7 =
4275, "and o HIprRRGR RGN T e e %%%ﬂ %@@ f'i‘éz@éh %‘”iecné p“@?aiﬁ

product . area, the areas for known concentration p%'?‘ystyren%gstandards, and a log
peak area vs. log concentration calibration curve. Reported values are an

average of two separate measurements for the same polyol sample.

EXAMPLE B: Critical Foam Test

Conventional one-shot flexible polyurethane foams are hand mixed
and poured using the following "stressed" formulation. The formulation is
characterized as stressed because it is intentionally made sensitive to the
presence of high molecular weight polyol tail. If the level of tail is greater
than about 200 ppm, foam collapse is generally observed.

The B-side is prepared from the polyol sample to be analyzed {100
parts, typically a 3000 mol. wt. polyether triol), water (6.5 parts},
dichloromethane {15 parts), A-1 catalyst (product of Air Products, 0.1
parts), T-9 catalyst (product of Air Products, 0.25 parts), and {-550
surfactant {product of Dow Corning, 0.5 parts). Toluene diisocyanate
(78.01 parts, 110 NCO/OH index) is rapidly added to the B-side
components, the ingredients are mixed well and poured into a cake box.

The foam rises and cures, and the % settling (or collapse) is noted.
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Preparation of PPG 725 Di ol by Conti nuous Addition Thi s exanpl e
shows how to prepare PPG 725 diol by continuous addition of propylene

oxi de' contai ning 10 wt. % of propyl ene gl ycol . The reactor is charged
with PPG 425 q%gwgﬁ wt. pol yoxypropyl ene diol, 150 g) and zinc
hexacyanocobal ert butyI al cohol catal yst (0. 0759, pPEPERYPOLE

described in Exarrp s 8-1 EP- 0743093) The.catal.yst IS tiyated
with pure propylen 5”%9@% ngge)@mé efATR Meass gy, or "ﬁ‘ﬁgraﬁéﬁi't%\e %ﬁ@‘é’é’lﬂe
drops, and nnr@rtgr%ﬁél ene oxi de $105 i s added. At this point, the
expect ed nol eC\#EP f‘ﬁﬁ'ﬂeéf“’?‘h@ o8- ahout 725 g/ nol e. The feed is
changed from pure propylene oxide to a m xture of propylene glycol (10
W.% in propylene oxide. This mixture (495 g) is added at 4 g/mn. The
total tine for epoxide addition is about 2 h. The product is a 725 nol.
wt-. pol yoxypropyl ene diol that contains about 100 ppm of active DMC

cat al yst. 30 WO 97/ 29146

PCT/ EP97/ 00436 The PPG 725 diol is then used as a starter to nmake a

2900 nol . w. pol yoxypropyl ene diol the "conventional way" by adding pure

propyl ene oxi de (450 g) to 150 g of PPG 725 diol at 4 g/ mn.

EXAMPLE A Gel Perneation Chromat ography (GPC) Techni que
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Pol yet her pol yol sanples are anal yzed by gel permeation chromatography
using unstabilized tetrahydrofuran (avail able from Burdi ck and Jackson) as
an elution solvent (flowrate = 1 niL/mn). The instrunment consists of a

Hi tachi isocratic high-pressure punp, a Hitachi auto-sanpler injection
system (or W#WR&I46val ve injector), a single PLgel 5[err] nmpdtxbidnobyss
300x7.5mm col um (avail able from Pol yner Laboratories), and a Sedex
evaporative |light scattering detector (from Ri chard Scientific). An
electrically actuated Valco switching valve is used to |imt the anmount of

sanpl e r egpiFIER : LR | brated to
det erm ne § tion tine fqr o nal 1180, §QQ npl_ecul wei ght
pel ystyre ard sanpl e gi Pabllex f o™ Poleyymef ebaborptories). Pol yo
sanpl es ar red by disgetvihg 1% by jwei ght—pol yol in tetrahydrofuran.
The sanpl gs ale fliltered thfoughja 0.2 [drrimisyrihge filker and 250
[err]l injlectigpng are mge )go Be chbonntagr#i I C olu During a run,
chr omat ogrfaphiac eﬂﬂluent S | O tjompagsxt of tde égtect r until one half
m nut e pas tfe dItiontink&or| & stlamdar 0810), 00 | . pol ystyrene
sanpl e is fea®hed boutZ 6 pi-adt-Al tha;—ﬁ44nh—44u;— t he sanpl e
(most of the IHpwgrgnol eCQl af ei gét Hngeriad,) | od fesied
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The area df hixgh [n®l ecul@r | ght gpoljyel tabl (iqe.] polyd eluting up to
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in the sanple is determined by electronic integration. Concentrations of
hi gh nol ecul ar wei ght tail are cal cul ated using the high nol ecul ar wei ght
tail - area, the areas for known concentration polystyrene standards, and a
| og peak ar evd &y 9%‘&8 concentration calibration curve. Reported val ues
are an average © separate neasurenents for the sane poPYHEPHRM43EC.

EXAMPLE B: Critical Foam Test Conventional one-shot flexible
pol yur et hane foans are hand m xed and poured using the foll ow ng
"stressed" forpulation The for | | characterized as
because it is [ ntentional | § madefsensit{ve to the| pregence
nol ecul ar wei ght. pol yol taI. I fljthe | eyel of tail 'ms jrpat 3 thg:_n bout
200 ppm Toam generalfl y obsgrved. - The:B-5i ] par ed
fromthe polyo be anafjyzed (fl00 parts} typtcally a | .
wt. polyether kg wat ey (6.5fpar@s) dic r prethpre—tito—p -1 A-1
catal yst (prod i r Pfjoduct §, 1 | drts)= T{Rcal yst & prloGuct| of
Air Products, P®5 farts), and LY 55@ sprg act ant %od%j Doy gorni ng,
0.5 parts). Tof t&neﬁdiisocanate (88. 0L marts= 1 Lndex) |
rapi dly added th | df conponegt s n_he.iﬁgredi enfs_arfe_mxXed wgl | and
poured into a . The foajn riZes| ghd cuiges Qind| Se p@etlt & nd (or
col l apse) is notged ® o 2 2 {12 12-B%-13 | w
97/ 29146 8 3 § | 2 PCT/ EP97/ 00436
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clainms define the scope of the invention.
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CLAIMS:

1. A process which comprises making a polyether polyol by
polymerizing an epoxide in the presence of:

{a) a double metal cyanide {DMC) catalyst;

(b} a continuously added starter (S.); and

{c} optionally, an initially charged starter {S));

wherein the S, comprises at least about 2 eq.% of the total starter
used; and

wherein the epoXide and the S, are continuousily added to the reactor
during the polymerization.

2. A process as claimed in claim 1 characterised in that the epoxide
is selected from ethylene oxide, propvlehe oxide, butylene oxides, and
mixtures thereof.

3. A process as claimed in claim 1 or claim 2 characterise_d in that
the DMC catalyst is a zinc hexacyanocobaitate catalyst.

4. A process as claimed in claim 3 characterised in that the. DMC

catalvst is a zinc hexacyanocobaltate / tert-butyl alcohol complex.

5. A process as claimed in any one of claims 1 to 4 characterised in
that the resulting polyether polyol contains a reduced amount of high
molecular weight polyol tail compared with a polyether polyol made without

continuous addition of starter.

6. A process as claimed in claim 5 characterised in that the S,

comprises from about 2 to about 10% of the total starter.
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7. A process as claimed in ahy one of the preceding claims

~ characterised in that the S, is selected from water and low molecular weight

polyols.

8. A process as claimed in claim 7 characterised in that the S, is a
low fnolecular weight polyol selected from glycerin, trimethylolpropane,
propylene glycol, dipropylene glycol, and tripropylene glycol.

9. A process as claimed in any one of the preceding claims
characterised in that the S; comprises a polyol intermediate having an
average hydroxyl functionality frqm about 2 to about 8, a hydroxyl number -.
within the range of about 28 to about 560 mg KOH/g, and a number |
average molecular weight within the range of about 400 to about 4000.

10. :A process as claimed in any one of the preceding claims
characterised in that the S, comprises a heel of polyether polyol made ina ..
prior polymerization.

11. A polyether polyol made by a process as claimed in any one of the
preceding claims.

12. A polysther polyol made by DMC catalysis which comprises an
amount o.f high molecular weight tail less than about y ppm, wherey = Px?
in which x is the number average molecular weight of the polyether polyol
divided by 1000, and P, has a vaiue within the range of about 30 to about
40, wherein the tail has a number average molecular weight greater than
about 100,000 as measured by gel permeation chromatography using an

evaporative light scattering detector and polystyrene standards.
-39 .
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13. A polyether polyol made by DMC catalysis which passes the

critical foam test described herein.

14. A polyether polyol as claimed in claim 11, claim 12 or claim 13
having a hydroxyl number within the range of about 50 to about 60 mg
KOH/g and comprising less than about 300 ppm of high molecular weight
polyol tail.

15. A polyurethane obtained from .a polyether polyol as claimed in any
one of claims 11 to 14.

16. A polyurethane as claimed in claim 15 in the form of a foam.
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PCT/ EP97/ 00436 CLAI V5. 1. A.process which conprises naking a

pol yet her polyol by polynerizing an epoxide in the presence of: (a)
‘a doubl e netal cyanide (DMC) catal yst; (b) a continuously added
starter (9] erWQPH2Auffy (c) optionally, an initially cthaéE" ter
(S[err]); wherein the S[err] conprises at | east about 2 eqg.% of the
total starter used; and wherein gjg epoxide and the S[err] are
continuously added to the reactor during the polymerization. 2. A

process as clainmed in claim1 charac ;d in that the epoxide is
sel ected from et hyl ene oxi de, propyl de, butyl ene oxides, and
m xtures thereof A process _as clai med in claim 1 or r‘I aim?2

characteri se®.0k that
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the DMVC cat al yst is a zinc hexacyanocobal tate catal yst. 4. A process
as clainmed in claim3 characterised in that the DMC catalyst is a zinc
hexacyanocobal tate / tert-butyl al cohol conpl ex. 5. A process as

“clainmed in Q,Bgﬁf claims 1 to 4 characterised in that the resulting
pol yet her pg%o% YRt ains a reduced amount of high nol ecul Br7RE7AHES hot yol

tail conmpared with a pol yet her polyol nade w thout continuous addition of
starter. 6. A process as clained Q?3clain15 characterised in that the
S[err] conprises fromabout 2 to about 10% of the total starter.

- - WD 97/ 29146 . PCT/ EP97/ 00436

7. A process as clained in any one ofFFﬂg.éBeceding clainms characterised
in that the S er gl r and low molecul ar wej aht

pol yol s. 1.8 A process as claimgfl in claim7 characterised in thhat the
S[err] is a |ownol ecul ar wei ght pofyol selected fromglycerin,
tri met hyl ol propape, propyl ene glyco di propyl ene glycol, and tripropyl ene
gl ycol . __10FA process as clai in any one of the preceding clajns
characteris infthat the S[err] corprli ses a polyol internediate havifpg an
aver age hydmexyl Lfunctionality fromfaljout 2 to about 8, a hydroxyl nupber
within the 2&@y@fof about 28 to abofit [560 ny KOH g, and a nunber avefage
nmol ecul ar wekght{within the range of gbout 400 to about 4000.
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10. A process as clainmed in any one of the preceding clains characterised

inthat the S err] conprises a heel of polyether polyol made in a prior

pol ymeri zati on. 11. A polyether polyol made by a process as clained

“in any one qQf the recedi ng cl ai ns. 12. A polyether polvyol nade by
DVC cdtalysf@oaﬂF%ﬁPconprises an anount of high nDIecuIarrﬁgﬁéﬁmmﬁﬁil'Iess

than about y ppm where y = Plerr]x[err] in which x is the nunber average

nol ecul ar wei ght of the polyether polyol divided by 1000, and P[err] has a

value within the range of about 30 to apgut 40, wherein the tail has a

nunber average nol ecul ar wei ght greater?than about 100,000 as neasured by

gel perneation chromatography using an evaporative |light scattering

det ect or and pol ystyrene standards.
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PCT/ EP97/ 00436 13. A polyether polyol nmade by DMC catal ysis which
passes the critical foamtest described herein. 14. A pol yet her
polyol as clained in claiml 1, claim1l2 or claim 13 having a hydroxyl
nunber within the range of about 50 to about 60 ng KOH g and conpri sing

| ess than about 300 ppm of high nol ecul ar weight polyol tail. 15. A
pol yur et hane obtained froma pol yet her polyol as clainmed in any one of
clainms 11 to 14. 16. A polyurethane as clained in claim15 in the form

of a foam Fig-s.
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Double metal cyanide-catalysed polyols are made by an improved process in which a starter is continuously added during
polymerization of the epoxide. The process includes a continuously added starter (Sc), and optionally, an initially charged starter (S;).
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reduced levels of high molecular weight polyol tail, which can adversely affect polyurethane foam proceasing.




