-1- 5 A PROCESS FOR THE PRODUCTI ON OF POLYOXYALKYLENE CONTAI NI NG POLYCLS
FROM PHENOL CONDENSATI ON PRODUCTS 10 BACKGROUND OF THE | NVENTI ON Thi s

i nvention relates to a novel one-stagelprocess for the production of

pol yoxyal kyl ene cont ai ni ng pol yol s whi ch have equival ent weights of about
<150 to about 6000 and functionalities of about 2 to 8. Pol yoxyal kyl ene
contai ning nonols and polyols are typically 15 prepared by the reaction of a
suitable starter (or initiator) conpound with one or nore al kyl ene oxi des
in the presence of one or nore catalysts. In general, suitable starters or

initiators include corrpow‘gd@g'g : fﬁéﬁROBTR:ﬁwwl group per

nol ecul e %i .e. al cohollg 2 N ) G b R PALYEIE hydr oxyl groups
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Pol yoxyal kyl ene cont ai EREQMEHENOL CONDENSAUON PRARUCTS own in the fiel d
of pol yurethane chem stry. Various references including, for exanple, U S
Patents 6,136,879 and 6,204,300 and EP 1457508 Al descri be the production

of pol yurethane foans fromd ar e pQlyal u'nud . The foanms of these
25 refertices are | ow resi BALRE WS f oams. Both U. S.

D, (J
6,136,879 and EP i4nd ' i t t he pol yol
conponents therein i n%ggbﬁg#%(ﬁ{snti@‘gagﬁ %@%@%@ﬁgﬁgiﬂ I:‘\?\/ever, nei t her
ref erence acpusdudtiopr efgsolpsxyaikyleres centaminag polyptd whioh lzald équivalet S. Pat ent
6, 136, 879 discloses the preparation of 30 pol yurethane foans having a | ow
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one hydroxyl group per molecule (i.e. alcohols) and preferably having two

or more hydroxyl groups per molecule (i.e. diols, triols, and other higher
20  polyois). Polyoxyaikylene containing polyols of this type are well known in
the field of polyurethane chemistry.

Various references including, for example, U.S. Patents 6,136,879
and 6,204,300 and EP 1457508 A1 describe the production of
polyurethane foams from different polyol components. The foams of these

25 references are low resilience flexible polyurethane foams. Both U.S.
6,136,879 and EP 1457508 disclose that suitable starters for the polyol
components therein include compounds such as bisphenol A. However,
neither reference actually prepares or uses such a polyol.

In addition, U.S. Patent 6,136,879 discloses the preparation of

30 polyurethane foams having a low rebound resilience and a low
temperature dependence on the compression force deflection. These
foams comprise the reaction product of a polyisocyanate with a polyol
component and water, in the presence of a small quantity of an alkyl
phenol. These alkyl phenols may be alkoxylated with ethylene oxide

35 and/or propylene oxide.



t han al cohols in which the hydroxyl groups are attached directly to an 5
aliphatic or cycloaliphatic carbon atom It is known in the art to

al koxyl ate di phenol s and phenolic resins to prepare pol yether polyols,
however the preparation of these phenolic based polyols is nore problematic
than the preparation of polyols fromstarters bearing aliphatic hydroxyl
groups. As described in U S. Patent 6,541,673, the decreased basicity of
the alkali 10 metal phenoxides (conpared to al kali mnetal al koxi des) |owers
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however, slows the oxyalkylation rate and also requires an additional
processing step to remove it from the product. Another problem in
preparing phenolic initiated polyols is that an increase in the reaction
temperature to increase the oxylakylation rate broadens the molecular
20 weight distribution and increases the color of the product.
U.S. Patent 4,846,996 describes liquid non-crystallizing two mole
diphenol alkoxylate mixtures. These are prepared by the reaction of a
mixture of two different alkylene oxides with a diphenol in the presence of
an alkaline catalyst. These diphenol mixtures correspond to a specific
25 formula, and are liquids at room temperature and may not crystallize even
when stored for long time periods at sub-ambient temperatures. Mixtures
of the diphenols of the specified formula comprise three components in
relative amounts as specified. Outside of these ranges of the three

components, the mixtures are solids and tend to crystallize.



coupled via the aryl diolefin. Wien the primary linkage is in the ortho
‘position, the resultant polymer has a |ower nelting point, and when the 10
primary linkage is in the para position, the resultant polymer has a higher
melting point. Phenolic resin polyols based on aral kyl kated phenolics are
-described in U S Patents 6,127,491 and 6, 569, 953. These polyols are the
reaction product of an aral kyl ated phenog.or phenol aral kyl ation polymer 15
wi th an oxyal kyl ati ng agent which may be an al kyl ene oxi de or an al kyl ene

monomer, at | eact TORECDPPPUREAT BOHRRLLY aRRuBIBT e dletoln R B For -
exanpl e, an # yl Sdpalept 5B, 3T ﬁaed%apleéﬁolt“)araﬂaﬁa%ﬁ p@yrﬁéﬁsc@@Sdém/e@vercone
many of the 20 aforementioned problens wth oxyal kyl ati ng phenolic

conpounds t ofropn adm&nqholnmdmer mllgaﬂts)nesstdmd@rmnvetarwumaqées t hat

f ls b
taged terpelbt dipr sl Gaialtiesk HerhPBarabariRURIh AR Bt ed at a
relatively higthdrREPRAAICas B diehBlervaliklisitaim a drankwa'f@alct ed at a 25

| ower tenperature I's yields products 1 n which the viscosity and
pol ydi sper si phenehdhen sedntingrthe aralkylabed phsaol withl anrarybdmleﬁases | ower

Cover temper %@‘@o'&é’” il kv e dol ﬁﬁ%&i&&@@&%%aﬂwfai?ﬁpaﬁé%ﬁé e
i nducti on per ?BB%W r?i 41'0[&% Wp@n 7S ISo| ﬁ@ggﬂbocess of 30

U S. 6,541, 6 pol yo I nc ose

oxyal kyl at i ngaoautimlmet‘rm rersuaaat pelymenhasLd mvwrmaltmgrmm ahda\ﬂtertm phenol i c
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contai ning rings ¢ rough al kyl ene |Iinking groups. This process requires the
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15  with an oxyalkylating agent which may be an alkylene oxide or an alkylene
carbonate. The aralkylated phenols useful are those derived from a
phenolic monomer, at least one styrene derivative and a coupling agent
such as, for example, an ary! diolefin.
In U.S. Patent 6,541,673, a process to overcome many of the
20 aforementioned problems with oxyalkylating phenolic compounds to
produce polyether polyols is described. It discloses that significant
improvements are made in the preparation of aryl polyols by a staged
temperature process in which a first oxyalkylation is conducted at a
relatively high temperature, and further oxyalkylation is conducted at a
25 lower temperature. This yields products in which the viscosity and
polydispersity remain substantially the same, and in some cases lower
compared with the lower temperature or solvent based processes. Also,
the lower temperature and/or solvent based processes suffer from longer
induction periods and overall reaction times, compared to the process of
30 U.S. 6,541,673. Suitable ary! polyols include those produced by



oxyal kyl ation follows, and preferably at |east 20% of the total

“oxyal kylation is carried out at the | ow tenperature. Al though a process
using the heel of a prior batch is discussed in Exanple 6 and Conparative
Exanple 7, these are two-stage processes. U S. 6,541,673 discloses that the
.viscosity 15 of the resultant product increases when the two stage
oxyal kyl ation process is not used. Finglly, U S. Patent 6,624,333 discloses
a nmethod for producing bisphenol al koxylates. This process conprises
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phosphi ne ca?® ?t'%a\ﬂhe(pf‘r?ﬁ? §{aé¥§éﬂ?'|%§+’reyc?'§é‘@"69 aE\h@é* PW‘?TB[‘QT‘OIf?ydr oxi de.
Bi sphenol A g gS ' hoH# 'sqh%r] ;grquund for
this processéyqrﬁxg$gpg$é??gg§glr’rgggﬁn§m€ ?ﬁedxgipg%#eaﬁol i%lh{ggxy ates are
converted i nthe pdigolshifghisrineéitmoyinay de $inglehencdndsrisexdyriragse Prefermdsubsequent

ti i th | kyl j de. .25 S | tally i t ant
bi sphenol  deFRgIS DRV Pescansiangen &1y AHAF igkedia PheReid BYOTgyet her
sph £ DBLS Mosroqsshacgeniare el ey t
Featti on Yy enia g RnBR thiclen3iyexie kg drolbE, TRSBEGES, PR M C00) 1

al koxyl ate. dhesleylation beedricrpieenatw, diffeeent t@mpekatates, with the first
4- hydr oxyphenyl ) propane, (mp.158-160C0);: 1,1 -bis(4 30
hydr oxypheny b§ing sigmfieanthehighet hanohasindnormal oxfalirtion temperatse (m p.

(Tet r abr oirobi CBHERE AT Ao EHR SRR TAEC PEHIF R e.  foune

that pol yet hegydie)ixebs oeasrdirer) ahbdasreferabiyoitheastdRdf itke @stal pPol yphenolic
starters can be prepared in a single stage heel process at 5 tenperatures

si gni fi ctht | pxysdkyaliemecaurst atrihe igmteraperaieres fThenethe iow temperabence of

I t. Si t | di ' di | vi t h tart
o e SRR SR RO RS CAOR g S ARt r e
conponent, did 4 abkidutat thé bW Rlnhparatded Afhbubh Rpebis usin heel 8f ©

"the!
avoi ded. The processing tenperatures are bel ow t hose requi ged by 10 the
t wo- st age pr aqeis batchUisSliséydset, i6 Bxampled asd feampative do@ssplddes not

' he. t el ssredua- RpoRrEoFeRes: B-5 oo e LR eRGperR aRRe I osBiARY OF
THE | NVERH! OB the resultant product increases when the two stage oxyalkylation
process is not used.

Finally, U.S. Patent 6,624,333 discloses a method for producing
bisphenol alkoxylates. This process comprises reacting at least one
bisphenaol with alkylene oxide in the presence of a phosphine catalyst,

20 which is essentially free of alkali metal hydroxide. Bisphenol A (i.e. BPA) is
disclosed as a suitable bisphenol compound for this process. In a
preferred embodiment, the bisphenol dialkoxylates are converted into the
higher alkoxylated bisphenol alkoxylates in a subsequent reaction with an
alkylene oxide.

25 Several commercially important bisphenol derivatives that would be
useful as starters for polyether polyols are very high melting solids that
would require either solvent or reaction temperatures in excess of the m.p.
of the starter (i.e. >160°C) to alkoxylate. These include bisphenol A, i.e.
2,2-bis( 4-hydroxyphenyl)propane, (m.p.158-160°C); 1,1-bis(4-

30 hydroxyphenyl)-3,3,5-trimethylcyclohexane, i.e. bisphenol TMC,



15 Througout this application, the terns equival ent weight and
‘functionality are to be understood to nean hydroxyl functionality and

hydr oxyl equival ent wei ght, unl ess otherw se specified. This invention
relates to a one-stage process for the production of polyoxyal kyl ene
.cont ai ni ng pol yol s havi ng an equi val ent wei ght of about 150 to about 6000 20
and a functionality of about 2 to about.#. The one-stage process for the
production of pol yoxyal kyl ene containing polyols conprises: (1) mxing (a)
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represent a 5 hydrogen atom a hydroxyl group, f hal ogen atom an al kyl
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radical havi rt]I’%Je starter in a carrier (the heel) of a liquid hydroxyl or polyhydroxyl
containing component, difficulties with melting and stirring solid starters
are avoided. The processing temperatures are below those required by
10 the two-stage process of U.S. 6,541,673. Also, since the process does not
( require a first alkoxylation at a higher temperature followed by a decrease

in the temperature during the run, it is less energy intensive.

SUMMARY OF THE INVENTION

15 Througout this application, the terms equivalent weight and

functionality are to be understood to mean hydroxyl functionality and
hydroxyl equivalent weight, unless otherwise specified. This invention
relates to a one-stage process for the production of polyoxyalkylene
containing polyols having an equivalent weight of about 150 to about 6000
20 and a functionality of about 2 to about 8.
The one-stage process for the production of polyoxyalkylene
containing polyols comprises:
(1)  mixing
(a) from about 1% to about 70% by weight of an organic
25 compound having a hydroxyl functionality of 2 to 8, an
equivalent weight of about 35 to about 575, and which
comprises the condensation product of:
(i) a substituted or unsubstituted mono- or poly-phenol

which corresponds to the structure:



15 from7 to 20 carbon atons and which nmay be substituted or unsubstituted,
‘or any two adjacent R groups may have a conbined total of 2 to 4 carbon
atons and forma fused ring with the base 20 structure and nmay optionally
be substituted; with the proviso that at |east one of R, R3 or R5 always
represents a hydrogen atom with -7- (ii) a conmpound which corresponds to
the structure: OIl R6 7 (li) -Cwhergin: R6 and R : each independently
represents a 5 hydrogen atom an al kyl radical having from1 to 20 carbon
atons and which may be substituted or unsubgfituted, a cycloaliphatic

radi cal having from3 to 7 carbon atons and|{which nay be 10 substituted or
unsubstituted, an aryl radical having,6 carbon atoms and which may be
substituted or unsubstituted, an aral having from7 to 20
carbon atons and which 15 may be substltuted orffunsubstityted, or R6 and R7
conbine to forma ring having from5 to on atons in the ring, wth
the ring being substituted or wunsubstity

RZ
R3
wherein:
R, R, R’
R*and R% each independently represent a
5 hydrogen atom, a hydroxyl group, a
( halogen atom, an alkyl radical having

from 1 to 20 carbon atoms and which
may be substituted or unsubstituted, a
cycloaliphatic radical having from 3to 7

10 carbon atoms and which may be
substituted or unsubstituted, an ary!
radical having 6 carbon atoms and
which may be substituted or
unsubstituted, an aralky! radical having

15 from 7 1o 20 carbon atoms and which
may be substituted or unsubstituted, or
any two adjacent R groups may have a
combined total of 2 to 4 carbon atoms
and form a fused ring with the base

20 structure and may optionally be
substituted; with the proviso that at least
one of R', R® or R® always represents a
hydrogen atom;

with



"(b) from about 30%to about 99% by wei ght of a hydroxyl functional

conponent havi ng an equi val ent wei ght of about 100 to 6000, and a hydroxyl
functionality of about 2 to about 8; 25 wherein the sumof the % s by

-wei ght of (a) and (b) totals 100% by weight of the mxture (1); and -8- (2)
al koxyl ati ng the nixture from (1) with:. £c) one or nore al kyl ene oxides; in
the presence of: (d) one or nore double netal cyanide catalysts. 5 DETAILED

poly-phenol * refors totind conean BEIE Brantate Bafie AR e henol s and

ot her higher functional phenols as @ﬁomn in structures | and/or I1l. 10 The
term " pol yoxyal kyl ene cont ai ni ng pol%t as used herein is understood to
be the products of oxyal kylating t @ denséHXon products of the phenols
or pol yphenols of figure |I and/or TI” th t he carbonyl containing
conmpounds of figure Il and/ Ig _The pol yoxyal kyl ene cont ai ni ng pol yol s
produced by the process of E% present invention typically have an

equi val ent wei ght of at | eaw® gheRt: Je@bhiﬂﬂ@f)éﬁ@éﬂtw r@Frés%’#ﬁé aabout 280 and
nore preferably at | east about 450. These po ene contai ni ng

xyal k
pol yols @ so typically have an equi valwog%iaglm !séidlfmimayfﬂgequal to
about 6000, preferably |ess than or equal t 00 and preferably
| ess than or equal to about 1600. gf?’ﬁddf"t?@ﬁarlh 8"}?0?%)"(‘@/ eh(yl ene

contai ni ng pol yols may have an eqw Va'rﬁ§§r bethﬁmutéaaemgut@@hw adny of
t hese upper and | ower values, inclusive,”~ e.g. fromabout 150 to about 6000,

preferably from about 280 to about Zmloailpbahormilmléfmr@frpnfBtberabout 450
to about 1600. The pol yoxyal kyl ene conta ni g r?\ ol s, .of the, present
i ivention also typically 25 have a fLPr?d i F)?%wa EhBasPeabout 2. The

functionghity of these polyoxyal kyl eng,fz@fitaldr tsOsHaled, iah doypically less
than or equal to about
radical having 6 carbon atoms and
which may be substituted or
unsubstituted, an aralkyl radical having
from 7 to 20 carbon atoms and which
15 may be substituted or unsubstituted, or
R® and R’ combine to form a ring having
from 5 to 7 carbon atoms in the ring,
with the ring being substituted or
unsubstituted;
( 20 and
(b)  from about 30% to about 99% by weight of a hydroxyl
functional component having an equivalent weight of about
100 to 6000, and a hydroxy! functionality of about 2 to about
8;
25 wherein the sum of the %’s by weight of (a) and (b) totals 100% by
weight of the mixture (1);

and



8, preferably less than or equal to about 4 and nore preferably | ess than
‘or equal to about 3. Accordingly, the polyoxyal kyl ene contai ni ng pol yol s

may have a functionality which ranges fromabout 2 to about 8, preferably 30
fromabout 2 to about 4, and nore preferably fromabout 2 to about 3. -9- In
.accordance with the invention, suitable organic conpounds for (a) of the

m xture (1) typically have an equival entg wei ght of at |east about 35,
preferably at |east about 70 and nore preferably at |east about 90. These
or gani ¢ conpgynds Iso i cal a equi val ent wei ght of less 5 than or
equal to abo@ 57 @'égé%?W'¥@§ erﬁér(ﬂ)o‘ﬂjﬁ%qual to about 280 and nore
preferably |ess t n Obnﬁ%%o@alﬂﬂgH%% .I'n addition, these organic
conpounds may have ‘equi val ent wel ght's rangl ng bet ween any conbi nation of

t hese upper and | owdre pr@lsense of:ncl usi ve, from35 to 575, preferably
from70 to 280 and nore preferably from 90 to 550 These 10 organic
conmpounds have a {@nct Paﬁa?nm9reo¢0%hle|f@@§ﬂ Cydige cataly$ls. | ess than or equal
to about 8, preferably | ess than or equal to about 4 and nore preferably

| ess thar or equal to about 3. The functionality of these organic conpounds
may al so range bet WeerDEEA}lIGIDtDIBSCFﬂPTII)NIOESIEHIBWNVENiIFIGN | ower ranges,

i nclusive, e.g. from2to referably from2 to 4 “and nore 15 preferably
from2 to 3. Thesésm%h%feﬁbﬁle@ﬁ&SG( Anogenand selvrpreralhieiasdeiand pr oduct

of (a)(i) a su |tut | t [ ol spondi ng
to the struct 'é ?51 r)no RQ}P#ASSH% %q%e‘ﬁﬁggﬂglsvﬁ]dcﬁt%%#‘@%gg f:t he
structure (1 bhenslss sh@wh ih shamare?landopdigor dance with the present

i nvention, the substituted or unsubstituted nono- or poly-phenols which

correspot@ to the Therteond petyoxwkvtenezsonmmﬂgzooﬂzsaols’\’meueed hetgn iR1, R2, R3,
R¢ and RS: eacgersqglgg?on gg%e%ro&?crtg%? g]k{/%gng?he condensation products

of the phenols or polyphenols of figure | and/or lll with the carbonyl

containing compounds of figure Il and/or IV.
The polyoxyalkylene containing poiyols produced by the process of

15  the present invention typically have an equivalent weight of at least about
150, preferably at least about 280 and more preferably at least about 450.
These polyoxyalkylene containing polyols also typically have an equivalent
weight of less than or equal to about 6000, preferably less than or equal to
about 2000 and more preferably less than or equal to about 1600. In

20 addition, these polyoxyalkylene containing polyols may have an equivalent
weight ranging between any of these upper and lower values, inclusive,
e.g. from about 150 to about 6000, preferably from about 280 to about
2000, and more preferably from about 450 to about 1600. The
polyoxyalkylene containing polyols of the present invention also typically

25 have a functionality of at least about 2. The functionality of these
polyoxyalkylene containing polyols is typically less than or equal to about
8, preferably less than or equal to about 4 and more preferably less than
or equal to about 3. Accordingly, the polyoxyalkylene containing polyols
may have a functionality which ranges from about 2 to about 8, preferably

30 from about 2 to about 4, and more preferably from about 2 to about 3.



atom a hydroxyl group, a halogen atom an alkyl radical having from1 to
20 carbon atons and which nmay be substituted or unsubstituted, 5 a
cycloaliphatic radical having from3 to 7 carbon atons and which may be
substituted or wunsubstituted, an aryl radical having 6 carbon atons and
-whi ch may be substituted or unsubstituted, an aral kyl radical having from?7
10 to 20 carbon atonms and which may be . gubstituted or unsubstituted, or any
two adjacent R groups nay have a conbined total of 2 to 4 carbon atons and
forma fused ring
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substi t uent s 5f7gr wfeidbw frbﬁd?@% 280and0mate pedfarably fronfbove 150cTHeEss for
exanpl e, halogen at ons hydroxyl groups, -11- al koxy groups, carboal koxy

groups, 1@i olosganiaicorIpAeHNdghaYesA funakienglitygf @i east Banut & apﬂ;}essgh@nps It is
PRETETo0 L g B A0t SRSleP Rl e 5 B b o o et 1
atoms and fopRRrisls ks thad dMddual to about 3. The functionality of these organic
compounds may also range between any combination of these upper and
lower ranges, inclusive, e.g. from 2 to 8, preterably from 2 to 4, and more
15 preferably from 2 to 3.
These organic compounds (a) comprise the condensation product
of (a)(i) a substituted or unsubstituted mono- or poly-phenol corresponding
to the structure (1), with (a)(ii) a compound which corresponds to the
structure (ll) as set forth above.
20 In accordance with the present invention, the substituted or

unsubstituted mono- or poly-phenols which correspond to the structure:

U]

R4
HZ

wherein:



5 the base structure, the fused ring system may have additional substitution
“i ncludi ng al koxy groups, carboal koxy groups, thiols, thioalkyl groups, alkyl
groups, cycloal kyl groups, aryl groups, aral kyl groups, al kenyl groups,

al kynyl groups, and preferably hydroxyl groups. It is nore preferred that
R, R2, R3, R4 and R5 each independently 10 represent a hydrogen atom a
hydroxyl group, a halogen atom an alky}g.radical having.from1l to 9 carbon
atons and nore preferably from1l to 4 carbon atons, a cycloaliphatic

r adi cal vihg fo to gar bon an refer bly from5 to 7

car bon atorrBFQ ﬁu g@y%‘tﬂﬁf@ thﬁ?gh ?r?qﬂ%\?gé‘fw%‘?@&emag‘uggqg%t ed with one
or nore hal ogen atons or one or al kyl

radi cal having from7 to 20 car b%ﬁ’"ﬁgﬁ%gwﬁ’pgfe abﬁ%@g%@é&cﬁﬂcﬁ bon at ons.

Preferred hal ogen atons are br oaikgkeraaichldtavorg frem ‘ptceﬁérclaetnbrahioyﬂ\s radi cal s
are nethyl, ethyl, propyl, isopropyl, butyl,6 isobut etc. The nost
preferred phenol s to be used as ?ﬁg{"f*}'cﬁﬂ'&%éb?ﬁépﬁtﬁéyeéboﬁﬁ%@ﬁt'wt%i ch each
R group :5n structure (1) represept ahéﬂé@g%l@él de)fro}é;ggoe?l n which R

and R5 of structure (I) each repre ent ogen R3 and R4 of

structure (1) each represent a hygimqtoms)amd Whidt a1 §l§béMtlﬁtbdtd?e pr esent
i nvention, suitable conpounds (a)(ii) to be condensed with (a)(i) the

substituted or unsubstituted nondnséhstiseied, apsarphadisas ha@@grﬁw oabove

i ncl ude those corresponding to th stru t 1) wherein:
-12- R6 and R7: each i ndependent Ff?f‘?%s @HF“&“%%?&&E%"&E#‘P'( an al kyl

radi cal having from1l to 20 car bgﬁs,g}geqﬂﬁtedaaﬁyé}h |,|aqj'@é||h@\,, \had  havi ng
from3 to 7 carbon atonms and which may be substi uted or ubstituted, an

aryl radiOcal having 6 carbon 5 at®m88 cankbomatarhs aagi wmchmm;tbe uted or

unsubstituted, an aral kyl radical ving from 0 carbon atons and
which nay be substituted or unsﬁﬁgﬁt}ﬁt‘{ﬂ‘gﬂr ur@ﬁ”*ﬁé‘ lgﬁ QAW ne to forma

ring having from4 to 8 carbon aLgmRehfR §®ubs™ay have a combined total

of 2 to 4 carbon atoms and form a fused ring
with the base structure and may optionally be

15 substituted; with the proviso that at least one of

R', R® or R® always represents a hydrogen
atom.
Suitable substituents for alkyl radicals include, for example,
halogen atoms, hydroxyl groups, alkoxy groups, carboalkoxy groups,

20 thiols, thioalkyl groups, alkenyl groups, and alkynyl groups. 1t is preferred
that the alkyl radicals are unsubstituted. Suitable substituents for
cycloaliphatic radicals include, for example, halogen atoms, alkyl groups
having from 1 to 9 carbon atoms and preferably from 1 to 4 carbon atoms,
alkoxy groups, carboalkoxy groups, thiols, thioalkyl groups, alkenyl groups,

25 and alkynyl groups. It is preferred that the cycloaliphatic radicals are
unsubstituted. Suitable substituents for aryl radicals include, for example,
halogen atoms, hydroxyl groups, alkoxy groups, carboalkoxy groups,
thiols, thioalky! groups, alkenyl groups, and alkyny! groups. Preferred aryl
radicals are unsubstituted. Suitable substituents for aralkyl radicals in

30 structure (1) above include, for example, halogen atoms hydroxyl groups,



with the ring being substituted or unsubstituted. 10 Suitable substituents
‘for alkyl radicals include, for exanple, halogen atons, hydroxyl groups,

al koxy groups, carboal koxy groups, thiols, thioalkyl groups, alkenyl
groups, and al kynyl groups. It is preferred that the alkyl radicals are
.unsubstituted. Suitable substituents for 15 cycl oaliphatic radicals include,
for exanple, hal ogen atons, alkyl groupg4 _having from1l to 9 carbon atons
and preferably from1l to 4 carbon atons, hydroxyl groups, al koxy groups,

car boal ko 0 , thiol t hi oal kyl r.o, .. enyl gr .. and al kynyl
e KD, iR o iRs, Sateedlkig orlipsodlich HiodkydibLed kb sfows
unsubstitute r Iﬁh’ﬁ@ i eq :u j substituents for
aryl radical gnler?(lz u e,bwf%s'g%%%&%%é?ﬁg‘ﬁ%@ﬁ&ﬁé@?ﬁyI groups, al koxy
groups, car baaskinstitugdolpthe embodinsenttihiveEth \nygwouadjaceitke gydupyy oups, and

al kynyl gr ouRs. Preferred ar3{l radi cal s are unsubstituted. Suitable
subst i t uent s NA¥E a[ANRIE g ohRJoi4carbop atemsand forapafesadingiwdh f or

exanpl e, Hal : oxXy

ar oups. " 1 ot Bade Sife ¥ Ang e AHAHRRs1ery miay Ve AUGHERa SRIMERECSY | 1
preferred t hgclidieg alledxXyydroupsli absalRory gmlqsstmibtsutmdalkwgrioapgpaleylpr eferred
that R6 and R7 are |ndegfndently selected from a hydrogen atom an al kyl

radi cal havi gEPURSeeycloakybgwapsoanigmkPs@galkggreups, pkenyrgieugs.from 1 to 4
carbon atons. ,-13- The np referred,c n to be used as (a)(ii) above
i ncl ude thos@llﬁyﬁy{/\%o&‘ﬁs%ﬁéﬁgﬁﬁ? lYﬁWWE&F@&é'%(;’l I) are independently
hydrogen or et hyis mbidpreferred BRyHE RMYRGEtARPRP8REN ifipandehay | Y

preferred. Another nost preferred conmpound to be used herein corresponds to
5 structile (epresabbadydrogan atonRé bydforyl groupi adalageoatem,tan alkyluct ure 11 a:

O oo " il e HonT 50 Bk oBh ShSS She SUPE RSB gt 2582, O ©
bi sphenol carbon atoms, a cycloaliphatic radical having from 3 to 9 carbon atoms
and more preferably from 5 to 7 carbon atoms, an aryl radical that is
unsubstituted or substituted with one or more halogen atoms or one or
15  more hydroxyl groups, or an aralkyl radical having from 7 to 20 carbon
atoms, preferably 7 to 10 carbon atoms. Preferred halogen atoms are
bromine and chlorine; preferred alkyl radicals are methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, etc.
The most preferred phenols to be used as (a)(i) above inciude
20 those in which each R group in structure (l) represents a hydrogen atom;
or those in which R' and R® of structure () each represent a halogen atom
and R?, R%®and R* of structure (1) each represent a hydrogen atom.
In accordance with the present invention, suitable compounds (a)(ii)
to be condensed with (a)(i) the substituted or unsubstituted mono- or poly-

25 phenols described above include those corresponding to the structure:

|
recRr

wherein:



"TMC, tetrabronobi sphenol A, and the residues of production of bisphenol 10
A, etc. The condensation products of (a)(i), suitable nonophenols and/or
pol yphenol s which correspond to structure (1), with (a)(ii) suitable
~.conmpounds whi ch correspond to structure (I1) are prepared by any of the
known processes. Such processes are knowy and described in the 15
literature, and are disclosed in, for exanple, U S. Patents 2,468, 982,
2,623,908, 3,382,308, 4,052,466, 4,467,122, 4, 503, 266, 5,698,600 and

5,914, 431, the %dgrgl'os GP@E "?)qeRﬁrﬂd@ﬁ‘”w@p?f‘egteé'f‘ﬁﬁlyﬁé‘?ﬁeﬂb?moa%?"ﬁybf er ence.

As is described in the glital ehy%yrg'hpqlltbboc SH%?&“QF%%%'%?@P%%ernOphenOl

and/ or pol yphenol wth an al e such as, tor exanp ehyde, or

a ketone such as, for exdioglhmviregfbang toicdbenateserntel whfchamayibkabl e
catalyst at a tenperature up to about 100C, preferably 20 to 85C and nore
preferably 40 to 70C . subgtituled arcersuhstited; an aryieagicakbaying fearbpon,

sui t abl e hydroxyl functy I Vi . gnpanent (b) of
the mxtutre (1) typi ctgkﬁﬁgﬁ‘g@g’v@ﬁ}@%{@gﬁé‘ﬁg“{}d&‘gﬁ{ Hﬁg%ﬁqﬁﬁ‘@zﬁgnabout 100,
preferably at |east alealkyl¥a8icaMBa@ngRira7ad 20 aarbopafbridasd whkh and nost
preferably at 5 | east about 450. These hydr oxyl funct%onal ;orrpounds al so

typically have an equimay kasubslitytad of uhegsstiuiad, or ReqndIRt combimet 6000,

preferably I ess than gr,equal.tq about 20Q0, and re preferably | ess than
or equal to about 16080 1" 3(5'(55%%%’?“@5%3 }ﬂ,@par@qn ?@H&% o §Iﬁl%npounds

may have equi val ent Wiﬁ&hﬁé rfr@"@éigg spﬁgyn}?@%%g?gng%%h%}ﬂon of these upper

and 10 | ower val ues, inclusive,” e. preferably from 150
to 6000ignore preferably from 280 to 2000 and nost preferably from450 to
1600. These hydroxyl functional conpounds have a functionality of at |east
about 2, and | ess SUifaRlessubstitignts forakyi ragicaly ipckidepfgr @xamaplehan or  equal

Funct i onal i ¢ JsOer B, FUERY ST A0 aBS AR et  veen  any
conbi nati on efiolshetiealupiroupscalkengigroapgesnd aRphylYrveps.at & prefared? to 8,
preferably from2 to 4, and nore preferably from2 to 3. Suitable hydroxyl
functional c8midheddku sadiealssee unsubstifptebnduitally substituentsifeture (1) above
I ncl ude, 1§ or c%l%gﬁéﬁaticor%lch%lig1f?\rcllpa%l,¥8|J SXample, halogen atoms, alkyl groups
having from 1 to 9 carbon atoms and preferably from 1 to 4 carbon atoms,
hydroxyl groups, alkoxy groups, carboalkoxy groups, thiols, thioalkyi
groups, alkenyl groups, and alkynyl groups. It is preferred that the
cycloaliphatic radicals are either unsubstituted or substituted with alkyl
20 groups Suitable substituents for aryl radicals include, for example,
halogen atoms, hydroxyl groups, alkoxy groups, carboalkoxy groups,
thiols, thioalkyl groups, alkenyl groups, and alkynyl groups. Preferred aryl
radicals are unsubstituted. Suitable substituents for aralkyl radicals in
structure (l) above include, for example, halogen atoms, hydroxy! groups,
25 alkoxy groups, carboalkoxy groups, thiols, thioalkyl groups, alkenyi groups,
and alkynyl groups. It is preferred that the aralkyl radicals are
unsubstituted.
It is more preferred that R® and R’ are independently selected from
a hydrogen atom, an alkyl radical having from 1 to 9 carbon atoms and

30 more preferably from 1 to 4 carbon atoms.



20 pol yester polyols, polycarbonate polyols, polyhydric polythioethers,

‘pol yacetal s, etc. Such conpounds are known and described in the art.

Pol yet her polyols are preferred. For the cases where conponent (b) is a

pol yet her polyol, the conpound (b) conprises the product of (b)(1l) a
.starter having functionality 25 of 2 to 8 and equival ent weight of 30 to
575 and (2) an al kyl ene oxi de. Sone exanpl es of suitable starters to be used
as conponent (b)(1) in preparing the polyether polyol include conpounds
such as et hyl ene | ycol, 1,2- and 1, 3-propanediol, 1,4- and 2, 3-but anedi ol ,
1, 6- hexanedi ol , I%g-m@ﬁbn@cﬂewd caRpEsRMds|todie/eed as (@)ii)aheve include

1, 4- bi s( hydr () ] anedi ol | ycerol,
rimet iyl o prsE. Weh B SYER ITRI S TA e fadafubPRgRoush o O ¥
trimethyl ol effaRg mﬂrfbﬁﬂawehwé@hd adétbhé ‘b‘é'mg pafieulRly prefiiiid. ol . net hyl

gl ycosi de, diet hyfene gl ycol, "triethylene glycol, tetraet hyl ene gI ycol ,

pol yet hyI eneA@bﬂmﬂ mpstjplmf@pw enmpg»luy\ddp be p@ﬁeqpecq}lylcerresgomtcs d| but yI ene
gl ycol , but ene col s case ere,co ent is a
pol yet her OE§U¥ Kb) \?e P("p Q‘FBrF;G ‘iﬁta c[o&ngm%wg fﬁh%féedg@%& ) conpri se

one or nore organic conpounds having an equival ent wei ght of at | east about
35, preferably at |east about 70 and nore preferably at |east about 90. The
organi ¢ conpounds al so typically have an equi val ent wei ght of |ess than or
equal 10 to about 575, preferably |ess dhan or equal to about 280 and nore
preferably | ess than or equal to about~1 In addition, these organic
conmpounds may have equival ent wei ghts| rangiing bet wéé any conbi nati on of
t hese upper and | ower val ues, i from35 to 575, preferably
from70 to 280 and nore preferab y fro 150. These 15 organic
cpnmpounds have a functionality of ,at" | east abott 2, and less than or equal
to about 8, preferably |ess than or equal to about 4 and nore preferably
| ess than or equal to about 3. The functionality of these organic conpounds
may al so range between any conbi nation of these upper and | ower ranges,
inclusive, e.g. from2 to 8, preferably from2 to 4, and nore 20 preferably
from2 to 3. Thes | ) for
pol yet her ponoIseQﬁ%H%%iPﬁggﬁ?§¥gﬁgmﬁﬁﬁgppggf?%%B%ggﬁ Hﬁg??hﬁkﬁpgﬁuct of

(a) herein include, for example, novolak resins, bisphenol A, bisphenol

TMC, tetrabromobisphenol A, and the residues of production of bisphenol
10 A, etc.

The condensation products of (a)(i), suitable monophenols and/or
polyphenols which correspond to structure (I), with (a)(ii) suitable
compounds which correspond to structure (ll) are prepared by any of the
known processes. Such processes are known and described in the

( 15 literature, and are disclosed in, for example, U.S. Patents 2,468,982,

2,623,908, 3,182,308, 4,052,466, 4,467,122, 4,503,266, 5,698,600 and
5,914,431, the disclosures of which are hereby incorporated by reference.
As is described in the art, one typically condenses an excess of
monophenol and/or polyphenol with an aldehyde such as, for example

20 formaldehyde, or a ketone such as, for example, acetone, in the presence
of a suitable catalyst at a temperature up to about 100°C, preferably 20 to
85°C and more preferably 40 to 70°C .



(1) a substituted or unsubstituted nono- or poly-phenol which corresponds
‘to the structure: OH Re R12 / I (Ill) R RO 25 R o 16- wherein: R8, R9,
R10, R' and Rte: each independently represent a hydrogen atom a hydroxyl
a halogen atom an 5 al kyl radical having from1 to 20 carbon
.which may be substttuted or unsubstituted, a cycloaliphatic radical
from3 to 7 carbon atons and which mayqhe substituted or unsubstituted, an

group,

aryl radical

having 6 carbon 10 atons and which nay be substituted or

unsubsti tuted, an, aral

havi f t b t d
Sunkt REtRBanGS WiFChedt FEatavBion ek EiPRent R or oups

whi ch may be
may have a c
with the bas

RINBRL! &%Bbuﬁés Rhvid tt8 e ff?édf’gg c@ﬁﬁ@eﬂ‘i‘@b eﬁﬁﬁbf’?}ni&ﬂﬁﬁd

e structure and nmay O tlona tut

at ons,
havi ng

ring

e proviso

t hat at | eas{1)dppsicafly hRge aRJéquwalanwenghmﬁat m593m51m fprdfemg@hy atatom 20
with (i1) a con‘gound corresponding to the structure: R 1311 CGR 14 (1V)

wher ei n:

R13!

5

10

15

20

25

30

least about 450. These hydroxyl functional compounds also typically have
an equivalent weight of less than or equal to about 6000, preferably less
than or equal to about 2000 and more preferably less than or equal to
about 1600. In addition, these hydroxyl functional compounds may have
equivalent weights ranging between any combination of these upper and
lower values, inclusive, e.g. from 100 to 6000, preferably from 150 to
6000, more preferably from 280 to 2000 and most preferably from 450 to
1600. These hydroxyl functional compounds have a functionality of at
least about 2, and less than or equal to about 8, preferably less than or
equal to about 4 and more preferably less than or equal to about 3. The
functionality of these hydroxyl functional compounds may range between
any combination of these upper and lower ranges, inclusive, e.g. from 2 to
8, preferably from 2 to 4, and more preferably from 2 to 3.

Suitable hydroxyl functional compounds to be used as component
(b) of the mixture (1) above include, for example, polyether polyols,
polyester polyols, polycarbonate polyols, polyhydric polythioethers,
polyacetals, etc. Such compounds are known and described in the art.
Polyether polyols are preferred.

For the cases where component (b) is a polyether polyol, the
compound (b) comprises the product of (b)(1) a starter having functionality
of 2 to 8 and equivalent weight of 30 to 575 and (2) an alkylene oxide.

Some examples of suitable starters to be used as component (b)(1)
in preparing the polyether polyol include compounds such as ethylene
glycol, 1,2- and 1,3-propanediol, 1,4- and 2,3-butanediol, 1,6-hexanediol,
1,8-octanediol, neopentyl glycol, 1,3- and 1,4-bis(hydroxymethyl)

“cyclohexane, 2-methyl-1,3-propanediol, glycerol, trimethylolpropane,

apoyt 18@,dROre BEgSerRRbh T Ipastabaule?R0 anﬁymﬁgfgﬁfea@@mat an



25 al kyl radical having from1 to 20 carbon atons, a cycloaliphatic radical
‘having from3 to 7 carbon atons and which may be substituted or
unsubstituted, an aryl radical having 6 carbon atons and whi ch nay be
substituted or wunsubstituted, an aral kyl radical having from7 to 20 carbon
17- atons and which nmay be substituted or unsubstituted, or R13 and Rl4
conbine to forma ring having from4 to %carbon atons in the ring, with
the ring being substitut ed or unsubstltut ed. 5 Suitable substituents for

al kyl radi cal S d%/Cl oal I radi cal s radi cal s, aral kggl radi cal s

and fused rid exgnetr Ial b“t@l‘ft%‘t‘h‘dirF@Q%/hWP'e@@FGCPG?@e(WN' Labove
i ncl ude, for W'rﬂanﬁkél Qérbﬁttaf nﬁ)étﬂyf @g@b&dbdgaﬁwﬁéﬂglyél;ﬁ?ﬁéptpg@ﬂgs for

R2, R3, R4 a 'as set forth erred

enbodi ment s gflycl rtetrhetryidnkldlycalr polybthyaenme glycefss diprdp w@né j,ment s of
structure (1). Thus, the nono- or poly-phenol used as iy@ |) whi ch
corresponds polyprepyiene @lyools, dibktylepe glmolsan@p@fybunflemg olspono- or

o abl o Subar it udrrdip SRst MR BB Horiaht IPL I bhFster silal SFRERPRGS s 215
aryl T adi cal proialddtrteasiond as@@asf (8RS cbhiRednemaRdlofhid n St uct ure

(I'V) above include, for exanple, he above identified substituents
for R6 and Rﬁnmweis l’iammg]anreqswalmtumelghmﬁ atleasktabdlte3S) pe¢feratey at

Structure (1 1§ast Sahrﬁﬁi%{a{ﬁ B8T% BiF A Bb st Aoedt 48 T3 PISATS) whi ch
corT eSponds ko eidsiaky Ui VndlRab 8 VaIGATg CHIESETEH o aabanY!

conmpound as that corres ructure above.
Anot her mOst torabbat SEE pmfmvablyjesstﬂfmx useduabhoedbbmaef)eambmdﬁe to structure
({V) abore Wplrggl tlggst th§}130raen duallq%g1 aggﬂﬂgg Itnoauja3 tion, ttrr1]eese <SJE raun(%ct: ure tva: 0
(1va) HNC cireterably q g
compounds may have equivalent weights ranging between any
combination of these upper and lower values, inclusive, e.g. from 35 to
575, preferably from 70 to 280 and more pretferably from 90 to 150. These
15  organic compounds have a functionality of at least about 2, and less than
or equal to about 8, preferably less than or equal to about 4 and more
preferably less than or equal to about 3. The functionality of these organic
compounds may also range between any combination of these upper and
lower ranges, inclusive, e.g. from 2 to 8, preferably from 2 to 4, and more
20 preferably from 2 to 3.

These organic compounds which are suitable starters (1) for

—

polyether polyols (b) of the mixture comprise the condensation product of
(i) a substituted or unsubstituted mono- or poly-phenol which

corresponds to the structure:

OH
RB R\’Z

(o)

RQ



‘H 25 -18- Suitable al kyl ene oxides to be used as (b)(2) include, for

exanpl e, ethyl ene oxi de, propyl ene oxide, butylene oxide, tetrahydrofuran,
styrene oxide, and/or epichlorohydrin. Polyether polyols are obtained in
the usual manner such as, for exanple, by polynerizing one or nore al kyl ene
5 oxides (b)(2) such as, for exanple, e?gylene oxi de, propyl ene oxide,

butyl ene oxide, etc., in the presence of a suitable catalyst, such as, for
exanpl e, BF3, KOH or a double netal cyanide (DMC) catal yst, or by

chemcal l y adding“&ﬁ@@B'one or more of these al kyl ene oxi des, preferably

et hyl ene oxi de anggpgépg!®ene oxide, in adm xture or successively, to 10
suitable starter conponents (b)(1) as described herei nabove. Preferred

al kyl ene oxi des aRe' pndf¥'°ene oxiedehandépendsrily repessexit dchydrogacor dance
with the present invention, it is preferred that the, a] kyl ene oxi de used as
conponent (b)(2) to react with t RO%s afyslroxgrayp.ishalogepraipny ahi on of the
pol yet her_ pol yol (b) conprise pr i Lde 15
(EO in a5 wei ght ratio of from 5%6?%%(:?@%%& %%QEG”@%ET?PS{??%%G
preferred that the one or nore alWytieneayie dabsiittldddr uhsustitgadtawi th the
starters (b)(1) to formthe pol yether polyols (b) conprise propyl ene oxide
and ethyl ene oxide in a weight ra#&yrloaliphaiee ryi¢d) heyindfromud taBicarkarkyl ene

oxi des to be used as conponent (c¢) herei i .C 0 e, ted with the

m xture (1) of components (a) and")t?rﬁ'% %@Wﬁ@&&ﬁ@i’e %"Lb&'@%ﬁqhe process of
produci ng the polyoxyal kyl ene confraiBsfigité®! aPhsy rAdIfAIUttRind 8'cafdGH™P! €.

et hyl ene oxi de, propyl ene oxide, butylene oxide,” styrene oxide and

epi chl orvhydrin. It is preferred atomssndgwbiph may bexsuhstitutad/oor et hyl ene
oxide a weight ratio of from 50:50 UB Lo 1(5)0:0 PO EO. It 25 'hs ngre
preferred that the al kyl ene oxi déNfuRsliuted.An eéﬂ]ﬂ]ir@ cBHRAILHEM bxi de and
ethyl ene oxide in a weight ratio t8f207<§5r§9nta%l%@:#‘rﬂjwhl&,hgﬁﬁgrb@ance with the
present invention, sonme exanples of double netal cyanide Conpounds that can
be used as conponent (d) in the substhtédoriunsubstdéutad, camayied |imted to,

for exanple, zinc hexacyano 30 cobaltate(lll), zin hexacgargof%{rat e(lll),
ni ckel hexacyanoferrate(l1), cobdqageit R groups may have a combined total

15 of 2 to 4 carbon atoms and form a fused ring
with the base structure and may optionally be
substituted; with the proviso that at least one of

R®, R'° or R'? always represents a hydrogen

atom;
20 with
(i) a compound corresponding to the structure:
(' o)
g

wherein:

R'® and R': each independently represent a hydrogen atom, an
25 alkyl radical having from 1 to 20 carbon atoms, a

cycloaliphatic radical having from 3 to 7 carbon atoms and
which may be substituted or unsubstituted, an aryl radical
having 6 carbon atoms and which may be substituted or

unsubstituted, an aralkyl radical having from 7 to 20 carbon



.hexacyanocobal tate(l11), and the |ike. Further exanples of suitable double
netal cyani de conplexes are listed in U S. Patent 5,158,922, the disclosure
of which is herein incorporated by reference. Zinc hexacyanocobaltate(lll)
is preferred. 5 Particularly preferred are those solid double netal cyanide
(DMC) catalysts which conprise a DMC conpound and an organi ¢ conpl exi ng
agent, and are prepared in from about 5 1{t7oo about 80 wt. %, based on the
anount of catalyst, of a polyether having a nunber average nol ecul ar wei ght

greater than about 500-atJrh§%‘?1dC\ﬁﬁi%h%fﬁézib%?%ﬂéd@tﬂut&&"&%ﬁ@ﬂb@tﬁh{e‘d gYiFﬁ@ for

epoxi de pol ynerizati ons conpared w r catalysts preparé t he
absence of the polyet hand BlUdonsbihalty Soemar éndchavingdruin dese Bidagdoh n,  f or
exanple, U S. Patent 5,482,908, the disclosure of which is herein

i ncor porated by ref er e®@NsimEeipngi withdharinghaingsubstiied-@npounds  whi ch
are suitable are the r ghbgiupéqoducts of a water-soluble netal salt 15 and
a wat er-sol ubl e netal 2@ e sal't. The water-soluble netal salt preferably

has the general f@uitabfe siMsttients fohalkhl Mdicals dyeiafighati®raditds gagup
consisting of zZn(Il), Fe(ll), N (Il), M(II ‘g (Ql:iJT , 1§n(|| A2 Po(l1),

Fe(l111), Mo(ragicalsbaxalkyl ragicalsignd fused, ringg o\t |, Kot YR \EndR“ (v ) |
Cu(ll), and [11). re preferably, Mis 20Q, selected from,the. group

consi 5t i ng. ofveRte 1 ABYB)CIEE ey exdipiag ) Shihe e iRuS el °x”: <
preferably a%ugefitaanﬁﬁﬂoeﬁ1?ﬁzf ROt Bed FEUPQABRK $61 dttucfire (TPABSR.

hydr oxi de, sulfate, carbonate, cyanide, oxalate, thiocyanate, 1socyanate,

i sot hi ocyanafléne prefdroey batbodirnadtsnoft steucturerfid) arelthe saimanprefefredm 1 to 3 and

satisfies the val ency state of amples of suitable netal 25 salts

i ?cl ude, 18ut egmlépq?me%ftsr Pr?%‘é‘dFtFF?!\/hkﬁﬁB‘nS}z)ﬁﬁ‘%F‘?W' of iPRly-pheneldisedAs,c  acetate,
zinc acetonyl : i Q&?g A I i I : at e,
iron(ll) brgr(nﬁl)gz},(ﬁgﬂﬂgﬁq tcﬂrP%pch o{r}flé e,Ctglg%gflFWﬁh&éﬁﬂgt&é?ﬂﬁ%b{eI (rn)
formate, ni ckebrid-lor poly-pakacl asthdtivhich lcerreapdnds ¥t strestuteh@y &of . The

wat er - sol ubl e net al cgani de salts used to make the double 30 netal cyanide
conpounds pr &lescEbeY aRQV@ t he general formula (Y)a -20- M(CN)b (A), in

G111y G (i) S S Phe Rr IOt ey VBlRelppgtd By '
Ru(11), Y6! Viarylaadicd(sV)aralkdpr adivatd enabhsged Nhgs of BRE asd &° frr sudtbes gr oup

(IV) above include, for example, all of the above identified substituents for

R® and R’ as set forth in structure (11) above. The preferred embodiments

of structure (1V) are the same preferred embodiments of structure (il).

Thus, the carbonyl compound used as (b)(1)(ii) which corresponds to

20 structure (IV) may be the same or different carbonyl compound as that
which corresponds to structure (ll) as described above.
Another most preferred compound to be used herein corresponds
to structure (IV) above in which that R*® and R combine to form the

structure Va:

(IVa)

HyC

HyC CHy

25



.consisting of Co(ll), Co(lll), Fe(Cll), Fe(lil), C(IIl), 1r(ClIl), and

Ni (il). The 5 water-soluble netal cyanide salt can contain one or nore of
these netals. In the formula, Y is an alkali nmetal ion or alkaline earth
metal ion, and Ais an ion selected fromthe group consisting of halide,
‘hydr oxi de, sulfate, carbonate, cyani de, oxal ate, thiocyanate, isocyanate,

i sot hi ocyanate, carboxylate, and nitrat8&- Both a and b are integers greater
than or equal to 10 1; the sumof the charges of a, b, and c bal ances the
charge of M. SugiiahbR aRYIBhe TXIdER!t8 HEELSEd @xqsydﬁrfcﬁ!de? fbnEXdifie, but are
not limted to, potassium hexacyanocobaltate(lll), potassium

hexacyanof er ethytgne 9xide ppropgtanenotide dayigieoeerxiae detrahydrofurani styrene
hexacyanocobal t at e,lgl 1), .lit hgug]_ ggxlac anoc?b | t at eél I1),.and the |ike. 15
The solid DV@XIE§t & 9}§f§péﬁh"?rﬁ YRRy Bmer RO R aEH O © thedmaéxi ng
agent. Gener | gen ; [ ble in water.
Sui t abl e cong.légfieﬁéngg%%@rg%wgégy @8%!%%@%% ﬁ{ﬁﬂe{ﬂ@gb , as taught,

for exanyg e, oxideb D (2Paticnts Siot aRafple, dthgledieides wrepylehe\Wkidd) i s her eby
I ncor por at ed bty reference. The conpl exing agent is 20 added either during
prepar ati on BetyleReeexideeeie. fipithe Rrespnsecidppvitahle satalyst; echeasdfioyst .

E?ﬁ‘é;il exi ng aBRABI ik rfogéf‘@eﬁﬁ%ﬁr:@%ﬁ@%eﬁﬂfeEMQ ARl 'stoé’rgﬁaféiiﬁnpounds
exampl o vat vl dlfo e Bl e 87 et aRATBE hits: BrerBant
consi sting OEtrﬁgmé@@kideiaﬁmm@wen@I S in detriinture olseiebedsively tebut vl

al cohol, sec-butyl alcohol, and tert-butyl alcohol. Tert-butyl alcohol is
parti cul HY | yspitahilestarter qurappnerdedb)(tkas desedbet herainalovso frefered eferred to

at a "heel " rocess.. /As i s _kno and ,under st god, by qn r ordipary skill in
the art, a 3HVREEOHteR et il RNRoXrS AN TPy B de Ho ASEBIREICE |'s a

process In V‘Witﬁhhe%ﬁesé’ﬁl iRY&Y; itqgﬁpﬁéﬂ@d'tﬁaﬁﬂﬂﬂﬁﬁehét&idﬁu§\éd39§rSed I nto
the "heel"” of a product or a material that may or nmay not be simlar to the

desired end- cpmpdnent (B(R)stomeaciwith tife stagteni(le)(tpimtbemtepahtiohedithe i s
al koxylated in the resence of a DMC gatal ysf. e advantage of this
process is tﬁalyeﬂlef %\Yq’lda%c?@rp”ﬁﬁ@r%?ﬁ%'}?Pgtq[eo(ﬁ%}fa%‘%?ﬁl‘ﬁ%ﬁ’g‘éﬁp% conmpounds

Z‘éf*y‘ef‘ﬁa 4 07 (E6f HRWFeighl HRBSI o500 LETHI0BIG[RS:EEF% EhofePnvent i onal

preferred that the one or more alkylene oxides (b)(2) which react with the
starters (b)(1) to form the polyether polyols (b) comprise propylene oxide
and ethylene oxide in a weight ratio of 70:30 to 90:10.
Suitable alkylene oxides to be used as component (c) herein which
20 are reacted with the mixture (1) of components (a) and (b) as described
above in the process of producing the polyoxyalkylene containing polyols
include, for example, ethylene oxide, propylene oxide, butylene oxide,
styrene oxide and epichlorohydrin. 1t is preferred to use propylene oxide
and/or ethylene oxide a weight ratio of from 50:50 up to 100:0 (PO:EO). it
25 is more preferred that the alkylene oxide mixture (2) comprise propylene
oxide and ethylene oxide in a weight ratio of 70:30 to 90:10.
In accordance with the present invention, some examples of double
metal cyanide compounds that can be used as component (d) in the
invention include but are not limited to, for example, zinc hexacyano-

30 cobaltate(lll), zinc hexacyanoferrate(lll), nickel hexacyanoferrate(ll), cobalt



polyols. It is not necessary in accordance with the present invention, to
first use a higher tenperature to nelt the solid organic conpound. In
accordance with the present invention, it is now possible to charge high 10
| evel s of solid organic conpounds, i.e. up to 70% by wei ght, into the heel
wWth no effect on product quality. In addition, the preferred phenolic
started pol yether polyols produced by -tfge- process herein have properties
(OH nunber, MN distribution as nmeasured by gel perneation chromatography,

and 15 vi Scoﬁe&)ﬁzyéﬁ}%qbgarltﬁﬁagﬁp)’aﬁ& e ﬁlﬁe..tlf’urm?]c %e?%?ggﬁélﬁlgﬁo‘%% ed by a

comercially l'ess’ tacl process” in sol i er is first
heat ed above réta$cyamtitie rompexds ard listed dn &l. 8oRutenlt i50168,902, thel | owi ng
exanples further illustrate details for the conPositions of this invention
and process élisalprurgrafydiieh iohe@in ingerporated Ry seferensts ZMCthis i nventi on.

The inventio&ex}ggyéﬁﬁﬁaﬁgk@@gégrggrgteﬂe foregoi ng disclosure, is not to be

limted eith ése exanples. Those skilled in the

art will pseadily uralticslaaypréfanteddreiiosyabliaidoobre wktdityamridiDmMens and
processes of the follow ng preparative procedures can be used to prepare

t hese conposicataysts Witk sompriseravDMC zomuaund and antasgaricaompexinge degr ees
Cel sius and al| parts_and percentages_, ar arts b Loht _an rcent ages
by wel gt r ESsEb Al PR ERRTEa G Kb iuth YEHSbadd phihe

fol lowing il l5b0 brvtENSTBE 8HNRhe PRERREAnMRbBEalORGR! M descri bed
in U S Pat enatmé%?@BZ, 908? ’Exgﬁ?pl e 3?pt he gi sgl osurg of d\%,hi g%‘éiuga?hereby

i ncor por at ed vigightfxaterctban aboab 506! Thesa cptadysis eixhibitcerifisssledrasitivily based

pol yet her, _pol havi ng an O of 56 PO, Pro t hyl ene

bxi te. 1018PA0popOB e PRV B ARG SHaHAE PP a CaRusIRaBPaTRR M. The:
3 S IYe e ot BpRelrersst LRI by e B
A) for example, U.S. Patent 5,482,908, the disclosure of which is herein
incorporated by reference. The double metal cyanide (DMC) compounds
which are suitable are the reaction products of a water-soluble metal salt
15 and a water-soluble metal cyanide salt.
The water-soluble metal sait preferably has the general formula
M(X), in which M is selected from the group consisting of Zn(ll), Fe(l}),
Ni(ll), Mn(il), Co(ll), Sn(ll), Pb(ll), Fe(lll), Mo(IV), Mo(VI), Al(lll), V(V),
V(IV), Sr(ll), W(IV), W(V1), Cu(ll), and Cr(lil). More preferably, M is
20 selected from the group consisting of Zn(ll), Fe(ll), Co(ll), and Ni(ll). In the
formula, X is preferably an anion selected from the group consisting of
halide, hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanate,
isocyanate, isothiocyanate, carboxylate, and nitrate. The value of n is from
1 to 3 and satisfies the valency state of M. Examples of suitable metal
25 salts include, but are not limited to, zinc chloride, zinc bromide, zinc
acetate, zinc acetonylacetonate, zinc benzoate, zinc nitrate, iron(ll)
sulfate, iron(l1) bromide, cobalt(ll) chloride, cobalt(lt) thiocyanate, nickel(ll)
formate, nickel(ll) nitrate, and the like, and mixtures thereof.
The water-soluble metal cyanide salts used to make the double

30 metal cyanide compounds preferably have the general formula (Y),



‘Novol ak resin 0790 KO3: A phenol -formal dehyde resin available from 15
Bakelite AG Exanple 1: BPA al koxvlated to 200 OH Nunber wth PO and EO (8
w. %EOIin product) Heel process with 40 % starter in heel The polyol of
Conmparative Exanpl-e 10 (250 g; 0.9 eq.), Bisphenol A (164 20 g; 1.44 eq.)
and a DMC catal yst (0.065 g; 100 ppm wgpe charged into a stainless steel
reactor equi pped wth a nechanical agii&or and slowy heated with
stirring. Once the reactor tenperature reached 140C (- 30 mnutes), the

reactor was BUEMNat(Ad ByvRah M’ n@Sel@ﬁt&dwUQUSthﬁagwm@mstS’meg diddhace of the

t d h t
mxture to nEeHIEGEE fPEUbERRGs cRi! BT pULE T ARLS FRMETR: t Fogen
fl t
the reactor (oo M, 5“'%”‘? MB1 e/ Blafer iy, Mol BRRELioH IEHL 1 Gl 2o
et hyl ene oxi den$|§tlrgg oh&s(Ihy Qogid) i Fre(H), tFre(l1l); €atpdr(Byeand NiiuTres. Aft er
sever al m nut es, alpl d decrease in the 30 Pressure in the reactor was

obser ved,? i nWiadelr W{\j £YRYSE Sl FarLeoMainene QEmeﬁtoé('Sh%ﬁﬁj"'@éﬂﬁn to
consurme the ﬁﬁéﬂ%gfg III;DJ% r\?@éﬁ‘éﬂ%h?ﬁé’tﬁgﬁﬁl Sf alk {ﬁlf ﬁﬁ' | 28 rﬁﬁgé\ @ and

et hyl ene oxi vere ad at a cons e ove m nut es.

After the feafl ipaseleetgd Rbm triergaroupm@smn’ngmbﬁaude Mggrogider sefatai 140C for
an additional 30 minutes before 5 vacuum stripping (30 mnutes; 130C, 0.5

psia with a ARHICHEE WERidssOXalde, hioyRRRAR ePGRaate, dsathiosyanatess | i qui d

Conparati ve. ERpYEIS. apifite SR 2 Bk ABp R Rkt RavStllafana o
(8 wt. %d¢O I1ntrm99ho\66f)the cNargespéfO@EtssanoBc sakeRek the cRAfeo@'.€q.) and a DMC

tal yst (0.08 100 ppn) were - char ed into a stainless steel reactor
Qu. pped wtswiahbcwater@@nutﬂgm@tabeyamcﬂa sglt@mqluq*aaatné@remphhmﬂedrtqb,ng to 165

A R (g e LR K

RES T o ot o e B S

ni trogen fl ohexasyarsicopphate(indandtheslileium val ve was cl osed bl ocki ng the

reactor ?’and an The solid DMC catalysts of the invention include an organic
complexing agent. Generally, the complexing agent must be relatively
soluble in water. Suitable complexing agents are those commonly known
in the art, as taught, for example, in U.S. Patent 5,158,922, the disclosure
of which is hereby incorporated by reference. The complexing agent is

20 added either during preparation or immediately following precipitation of
the catalyst. Usually, an excess amount of the complexing agent is used.
Preferred complexing agents are water-soluble heteroatom-containing
organic compounds that can complex with the double metal cyanide
compound such as, for example, water-soluble aliphatic alcohols selected

25 from the group consisting of ethanol, isopropy! alcohol, n-butyl alcohol,
isobutyl alcohol, sec-butyl alcohol, and tert-butyl alcohol. Tert-butyl alcohol
is particularly preferred.

The process described herein is commonly referred to as a “heel”

process. As is known and understood by one or ordinary skill in the art, a

30 heel process for the production of polyether polyols is a process in which



‘initial charge of propylene oxide (35 g) and ethylene oxide (6 g) was 20

si mul taneously punped into the reactor at a constant rate; over 3 m nutes.
After several mnutes, a rapid decrease in the pressure in the reactor was
observed, indicating the catal yst had becone activated and began to consune
t he oxi de. The remai ni ng charges of progﬁlene oxide (373 g) and ethyl ene
oxide (60 g) were added at a constant féed rate over 87 25 minutes. After

the feed was conplete, the reaction mxture was stirred at 130C for an
addi ti onal 38nMArganiesarpNd ivLhanged intpidigpqrsed mtadbesheeligbe; 0.5 psia

with nitroge : . . . ' harged from
t he react o?, ng:a%?i gf)garpygagiaﬁtféggﬁé)( p’gma@p&éﬁ% %@“%89‘9‘%%§g3‘g¢§%{kﬁsgdl ssol ved
in the hot pplatilct. TR4-mikkaETRK @8gahit toptEduNtbane Micdlr BRIKGE/IAEdan Brecedur e
anal ogous to that of Exanple 1 (for the heel processes) or Exanple 2 (for

the nelt prpaseses)of abbiGleatalyst. @neqaduantage ablbiis prasgssds tatdt char ge,
oLong WL R SRSB4 e oA L BELhoF ) o
[ab e & dpfappi et gt gl g psf 2 © 0 9.0
C m 0 O N polyol.jit i¥ n@it neCpsdyry iim acsokdamcesdith t@preaent iventa@ to
first use a higher temperature to melt the solid organic compound. In
accordance with the present invention, it is now possible to charge high
10 levels of solid organic compounds, i.e. up to 70% by weight, into the heel
with no effect on product quality.
In addition, the preferred phenolic started polyether polyols
produced by the process herein have properties (OH number, MW
distribution as measured by gel permeation chromatography, and
15  viscosity) that are very similar to analogous products prepared by a
commercially less facile “meit process” in which the solid starter is first
heated above it's melting point prior to alkoxylation.
The following examples further illustrate details for the
compositions of this invention and process of the preparation of the
20 compositions of this invention. The invention, which is set forth in the
foregoing disclosure, is not to be limited either in spirit or scope by these
examples. Those skilled in the art will readily understand that known
variations of the conditions and processes of the following preparative
procedures can be used to prepare these compositions. Unless otherwise
25 noted, all temperatures are degrees Celsius and all parts and percentages

are parts by weight and percentages by weight, respectively.
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The DMC catalyst used in the following illustrative examples was
prepared using the procedure described in U.S. Patent 5,482,908,

Example 3, the disclosure of which is hereby incorporated by reference.

Polyol A: a propoxylated bisphenol A based polyether polyol having an

OH# of 56
PO: Propylene oxide
EQO: Ethylene oxide
BPA: 2,2-bis(4-hydroxyphenyl)propane (i.e. Bisphenol A)

BP-TMC: 1,1-Bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane
Brs-BPA: 4,4'-(1-methylethylidene)bis[2,6-dibromophenol] (i.e.
tetrabromo Bisphenol A)
Novolak resin 0790 K03: A phenol-formaldehyde resin available from
Bakelite AG

Example 1: BPA alkoxylated to 200 OH Number with PO and EQ (8 wt.
% EQ in product) Heel process with 40 % starter in heel

The polyol of Comparative Example 10 (250 g; 0.9 eq.), Bisphenol A (164

g; 1.44 eq.) and a DMC catalyst (0.065 g; 100 ppm) were charged into a

stainless steel reactor equipped with a mechanical agitator and slowly

heated with stirring. Once the reactor temperature reached 140°C (~ 30
minutes), the reactor was evacuated by pulling continuous vacuum on the
headspace of the reactor, and allowing a stream of nitrogen to flow
through the reaction mixture to maintain a pressure of 0.5 psia for 30
minutes. The nitrogen flow was stopped, and the vacuum valve was
closed blocking the vacuum in the reactor (0.5 psia). An initial charge of
propylene oxide (42 g) and ethylene oxide (7 g) was pumped into the
reactor over 5 minutes. After several minutes, a rapid decrease in the

pressure in the reactor was observed, indicating the catalyst had become

Qy oa a 157 _J0laj0 O0O0O0O0OOC ) W0 aaa a0 Ny t."crn O
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activated and began to consume the oxide. The remaining charges of
propylene oxide (163 g) and ethylene oxide (26 g) were added at a
constant feed rate over 38 minutes. After the feed was complete, the
reaction mixture was stirred at 140°C for an additional 30 minutes before
5  vacuum stripping (30 minutes; 130°C; 0.5 psia with a nitrogen sparge) and
discharging the clear colorless liquid from the reactor. BHT (0.32 g; 500

ppm) was dissolved in the hot polyol.

Comparative Example 2: BPA alkoxylated to 200 OH Number with PO

10 and EO (8 wt. % EO in product) - Melt process
Bisphenot A (326 g; 2.86 eq.) and a DMC catalyst (0.08 g; 100 ppm) were
charged into a stainless steel reactor equipped with a mechanical agitator
and slowly heated with stirring to 165 °C to melt the BPA. Once the

reactor temperature reached 165 °C (~ 30 minutes), the reactor was

15  evacuated by pulling continuous vacuum on headspace of the reactor and
allowing a stream of nitrogen to flow through the reaction mixture to
maintain a pressure of 0.5 psia for 30 minutes. The nitrogen flow was
stopped, and the vacuum valve was closed blocking the reactor and an
initial charge of propylene oxide (35 g) and ethylene oxide (6 g) was

20 simultaneously pumped into the reactor at a constant rate; over 3 minutes.
After several minutes, a rapid decrease in the pressure in the reactor was
observed, indicating the catalyst had become activated and began to
consume the oxide. The remaining charges of propylene oxide (373 g)
and ethylene oxide (60 g) were added at a constant feed rate over 87

25 minutes. After the feed was complete, the reaction mixture was stirred at
130°C for an additional 30 minutes before vacuum stripping (30 minutes;
130°C; 0.5 psia with nitrogen sparge). The product was cooled to 100°C
and discharged from the reactor, as a clear colorless liquid. BHT (0.4g;

500 ppm) was dissolved in the hot polyol.
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Examples 3 through 15 were prepared by a procedure analogous to that
of Example 1 (for the heel processes) or Example 2 (for the melt
processes). The details of starter, heel, and catalyst charge, along with
reaction temperature, initial oxide feed for activation and subsequent oxide
5 feed composition and amount, and feed time, are shown in Tables 1 and 2

(heel process) and Table 3 (melt process).
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C7 NNO2NCN (QCtQQC(Owp_ EEEroEEEM COx Ox Ox o0 x 0 X
Ox 1- WO WUWUWW -28- Conparative Exanple 16: Novol ak 0790 KO3
propoxyl ated to 65 OH Nunmber (in toluene) Novol ak resin 0790 KO3 obtai ned
fromBakelite AG (100 g) and the DMC catalyst (0.45 g; 500 ppm) were
charged into a stainless steel reactor 5 equi pped with a nmechanical agitator
and slowy heated with stirring. Once thB7+eactor tenperature reached 130C
(- 30 mnutes), the reactor was evacuated by pulling continuous vacuum on

t he headspace of the reactor and allowing a streamof nitrogen to flow

through the reaction mxture to waintain a pressure of 0.5 psia for 30
m nutes. The n|ty gé%fléw wals, 1Cost0§ped, and the vacuum val ve was cl osed
bl ocki ng t he vpﬂ:@m 2 the r@act ©.5 psia)l. Toluene (100 g) was then
punped into t héhBadt or |over O|mnuytes. An ilnitial charge of propylene
oxi de (20 g) Sy punped|into [ thg reactor over| 10 minutes. After 30 m nutes,
the reactor pregsglrg decreased gnd a second gharge of propyl ene oxide (20
g) was punped ]_‘§‘g:3nt t h& rea@or g)vebﬁ 10 m nuytes. After 15 m nutes, the
reactor pressul@-gldecreaSed affd g thilFd chargg of propylene oxide (20 g) was
punped into thHelMegcton over| 10 im nytes. Aftdgr 10 m nutes, the reactor
pressure decreasﬁd andla. fourth |chafge of prdpyl ene oxide (20 g) was punped
the reactor. o o @y-g*i@al n@%@.agrapid decrease in the pressure in the
20 reactor wa|8 % @S‘j ndi cad|fpaiFat the catal yst had become activated
and began to BoB ghﬁ:oxi der dibeoigmai ni ng icharge of propyl ene oxide
(740 g) was asl¢EBpxloviar thopr ox|PrH|el (&40 ninutles. After the feed was
conpl et e, the*-:m eattijon nrxturp was stlirred at {130C for an additional 60
m(nut es beforg|vacuum stjri ppi hg ({130¢, 0.5 psija) to renove the 25 tol uene
and di schar gi &gSt-he [prodget flramithe |reactor. |Irganox 1076 (0.42 g, 500
ppm was adde_gwé heé IR pol QIT|A@akyti cal data for the polyol are shown
in Table 6. -2%<(3 o< Olo O
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Exanpl e 17: Novol ak 0790 KO3 propoxylated to 75 OH Nunber (in heel of
Conpar ati ve Exanple 16 The polyol from Conparative Exanple 16 (100 g),
Novol ak resin 0790 KO3 obtained from Bakelite AG (100 g) and a DMC cat al yst
(0.55 g; 550 5 ppn) were charged into a stainless steel reactor equipped
with a nechanical agitator and slowy heated with stirring. Once the reactor
tenperature reached 130C (- 30 mnutes), the reactor was evacuated by

pul li ng continuous vacuum on t he headspa2®-of the reactor and allowi ng a
stream of nitrogen to flow through the reaction mxture to maintain a 10
pressure of OgemparatiVeOExampla N6t fDvolBRED700 KOgaitopbopatedoBPEPED, and the
vacuum val ve Was closed blocking the vacuumin the reactor (0.5 psia). An
initial charge of propyl ene oxide ed into the reactor over 3

| u
act i vat ed ancNBUSER BoMCOHLRGS cEbRs o Hrbeile A dBn AF MRV T
pr oyl ene 0x1 daaladR ab daRoAgdfivalo ARl Al o eaflosk Adol RigEiod 80, nutes.

reaction mxture was stirred at 130C for
an addi ti &gnal eQippedwithsa Inedcivamicsd @agilatos tandpglowly héated witrustesing 18@e and
di scharging the liquid fromthe reactor. |lrganox . 107 tﬁ10'37 ;500 ppnm) was
added to the W6tregelgrdempgraluye reaghegat30° (ot~ 38 dninyiesHihedeagios Wasown i n

of | Bxampl o 19V anEtg MRS CUhDS VREGBATH 6 eaBegha Bl MeTRREh 100 Koa
obtai ned 25 anomiBake] atstreAfm 6flAioGeq o dow throddh tad @lagtion plixdiBe g9 420 ppm)

were charged into a stainless steel reactor equi Eged_w’ th a nechani cal

agi tator andmM&igaina peesedeqlt Ob peiafer 8. miowées.t hae NBErgesy flaw Wasr at ur e

r gached 0C.{ ] 1 r : L1

conti nuou@03 v%@ﬁa%gb%h?ﬁégﬁé%&s@?@é g‘?"tﬂgﬁé@a@t\%&“gﬁﬁgé@ﬁ%ﬁgl"ggst ream of

nitrogen 30 t feddtem(OlHpeligh Tiodheeriec@oi §rwas Wiei puirpedantol thkteactor egsur e of
0.5 psia for -30- 30 mnutes. The nitrogen flow was stopped, and the vacuum
val ve was cl 68gainplesslAmigitish ehagaeimrpRYiene @xdde (20 9 vas pysired intg i ni ti al

mnutes. At el® BTV F e W REN ek e AR HP RS i B

reactor was decreased and a second charge of propylene oxide (20 g) was pumped

15 into the reactor over 10 minutes. After 15 minutes, the reactor pressure
decreased and a third charge of propylene oxide (20 g) was pumped into
the reactor over 10 minutes. After 10 minutes, the reactor pressure
decreased and a fourth charge of propylene oxide (20 g) was pumped the
reactor. After several minutes, a rapid decrease in the pressure in the

20 reactor was observed, indicating that the catalyst had become activated
and began to consume the oxide. The remaining charge of propylene
oxide (740 g) was added over approximately 240 minutes. After the feed
was complete, the reaction mixture was stirred at 130°C for an additional
60 minutes before vacuum stripping (130°C, 0.5 psia) to remove the

25 toluene and discharging the product from the reactor. Irganox 1076 (0.42
g, 500 ppm) was added to the hot polyol. Analytical data for the polyol are
shown in Table 6.



-5 observed, indicating the catal yst had becone activated and began to
consune the oxide. The renmai ning charge of propyl ene oxide (800 g) was

added at a constant feed rate over 260 mi nutes. After the feed was

conplete, the reaction m xture was stirred at 130C for an additional 90

‘m nutes before vacuum stripping (30 mnutes; 130C) and di scharging the 10
liquid fromthe reactor. Irganox 1076 (0.5 g; 500 ppm was added to the hot
polyol. Analytical data for the polyol -@&% shown in Table 6. Exanple 19:
Novol ak 0790 KO3 propoxylated to 55 OH Nunmber (in heel of Exanple 18 15 The

pol yol from @s@@lg 178 NoRflakgd 7900l @iggﬁghw&ﬁﬁﬂsmmﬁﬁ%m@heﬂﬁm _
Bakelite AG g) and a cat al yst : g; pp were charged into
a stainless steel reactepmpaiativpdzxample 6 mechani cal agitator and slowy
heated with irring... On the re or t r re,reached .1 (-- 30
mnutes) ¢ hd eoRUVaH ol SRR BB Fm B T H R R s 0280m on t he
headspace of gdwrobiddromBalkdit® W@ 0160 &) bRAA DMOLAT: roo.sﬂs%fda@w through
the reaction mxture to maintain a pressture of 0.5 psia for m nut es. The

nitrogen §I (r)]\ppm)sweteamﬁggedémq aﬁ@inla:&&:gta_d@%omasuip?edy\ém a: ocki ng '([jhe( 20

vacuumin the_react.or .5 psia). An initial charge,.o ropyl ene oxide

g) yvgsdpurrpe(ﬁn?_ %"Eﬂ@(qjtél}éta&da%QWﬁ' Hep Hﬁ'héé{']mﬂ tgggﬁéﬁgégé?@f. m nut es'E ha

r api ecrea r|eydge (Ehgo ing the

cat al yst hadqgreﬂggrrrg gecﬁa%z]?gdﬁgng egaﬁq?gﬁg’gﬁgﬁﬁ% thg\ra\(;éi‘g’c?gua%dégi emai ni ng

charge of prqufiirepeordiniudes V@eéoum) omttse haddsphce ofdheasattontantesdbwirg a over

250 m nutes. After Eh,e f eed Vf%él CO{IE)Igr'Ee, the reaction mxture was stirred
at 130C for &Weafmyirt PEregende taravgt the) Egagtion\BXIHIR IMRAIBAIRG (30 ni nut es;

180C di ' =31z ol th 6 (0.5 g;
500 ppm Ses Fhaged ol G pBsiater 0 fifes. Pie rifodfiPaf nas HRRRY SN (are
shown i n Tablthe waclal edvelwabalesel sloskingythefvachemdesheirpacton (@8d anal yti cal

properties of 5 Bisphenol A started polyols prepared according to the
i nvention, alRSRY- AR Riatehsyaeffinrerygassixide fﬁ)e@a‘f"@%lpfé?‘p& Itqgflﬁocess t hat

e A i e e T G T EN
conbi nati on afatdlgét ladd becorBBActingtedRand began to consume the oxide. The
15  remaining charge of propylene oxide (540 g) was added at a constant feed
rate over 180 minutes. After the feed was complete, the reaction mixture
was stirred at 130°C for an additional 90 minutes before vacuum stripping
(30 minutes; 130°C) and discharging the liquid from the reactor. Irganox
1076 (0.37 g; 500 ppm) was added to the hot polyol. Analytical data for
20 the polyol are shown in Table 6.

Example 18: Novolak 0790 KO3 propoxylated to 60 OH Number (in heel of

Example 17
The polyol from Example 17 (102.5 g), Novolak resin 0790 KO3 obtained
25 from Bakelite AG (102.5 g) and a DMC catalyst (0.43 g; 420 ppm) were

charged into a stainless steel reactor equipped with a mechanical agitator

and slowly heated with stirring. Once the reactor temperature reached
130°C (~ 30 minutes), the reactor was evacuated by pulling continuous
vacuum on the headspace of the reactor and allowing a stream of nitrogen

30 to flow through the reaction mixture to maintain a pressure of 0.5 psia for



as the starter. Table 6 provides a description and anal ytical properties for
pol yol s prepared using phenol -fornal dehyde resins as starters. 15 -32- m

Cl) cocoNycoLOVNd Qs OO0OO0000000T~-OaTr T r TTr
f COTU CLOcCoON VI-- TOVO 'pNcalLOmODco 00 Qa) a) LOU)
-co D co 00 ONDr co (0OOU CO toL I CONVO (DhNNGCo (DELOLUCco
aoo co COOOOOcoTLDcoE COE NVnr D O C TOO C) LOLOIt a)
NYMCOCoNNNNco (DOOO)>>|'5VTrVC,\/toOC)CDaZXOO
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gago;?-o-?-og O?Hdﬁ‘ﬁ%ge 'Ehe_m rpge@ flow was 3108856 aznod t?'ie voaculumove\allvgc\)tgogooo o
closed blocking the vacuum in the reactor (0.5 psia). An initial charge of
propylene oxide (20 g) was pumped into the reactor over 10 minutes. After
several minutes, a rapid decrease in the pressure in the reactor was

5 observed, indicating the catalyst had become activated and began to
consume the oxide. The remaining charge of propylene oxide (800 g) was
added at a constant feed rate over 260 minutes. After the feed was
complete, the reaction mixture was stirred at 130°C for an additional 90
minutes before vacuum stripping (30 minutes; 130°C) and discharging the

( 10  liquid from the reactor. lrganox 1076 (0.5 g; 500 ppm) was added to the
hot polyol. Analytical data for the polyol are shown in Table 6.

Example 19: Novolak 0790 K03 propoxylated to 55 OH Number (in heel of
Example 18
15  The polyol from Example 18 (100 g), Novolak resin 0790 K03 obtained
from Bakelite AG (100 g) and a DMC catalyst (0.45 g; 450 ppm) were

charged into a stainless steel reactor equipped with a mechanical agitator
and slowly heated with stirring. Once the reactor temperature reached
130°C (~ 30 minutes), the reactor was evacuated by pulling continuous

20 vacuum on the headspace of the reactor and allowing a stream of nitrogen
to flow through the reaction mixture to maintain a pressure of 0.5 psia for
30 minutes. The nitrogen flow was stopped, and the vacuum valve was
closed blocking the vacuum in the reactor (0.5 psia). An initial charge of
propylene oxide (20 g) was pumped into the reactor over 10 minutes. After

25 several minutes, a rapid decrease in the pressure in the reactor was
observed, indicating the catalyst had become activated and began to
consume the oxide. The remaining charge of propylene oxide (800 g) was
added at a constant feed rate over 250 minutes. After the feed was
complete, the reaction mixture was stirred at 130°C for an additional 30

30 minutes before vacuum stripping (30 minutes; 130°C) and discharging the
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1)i&Qif dmtheGbactet. WoBMORWORS (0.5 g; 500 ppm) was added to the

hot polyol. Analytical data for the polyol are shown in Table 6.
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Tables 4 shows a summary of the description and analytical properties of
5 Bisphenol A started polyols prepared according to the invention, along
with comparative examples prepared by a meit process that is not

according to the invention.

Table 5 provides similar data for polyols prepared using Bisphenol TMC
( 10 and either Tetrabromo BPA or a combination of Tetrabromo BPA and BPA

as the starter.

Table 6 provides a description and analytical properties for polyols
prepared using phenol-formaldehyde resins as starters.
15
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Examples 1, 3-6, and 8 were prepared according to the invention and
illustrate that bisphenol A started polyether polyols can be prepared by a
DMC catalyzed single stage heel process with MW distribution and
viscosity similar to those obtained from a higher temperature process
using molten BPA. Reaction temperature and the weight % of BPA starter
in the heel are varied from 120°C to 140°C and 33-70 wt. %, respectively,
without detriment to the product. Comparative Examples 2,7, 9, and 10
indicate that charging all of the starter without any heel and heating to
above the m.p. of the starter (i.e. a melt process) gives products with
similar properties to the products prepared according to the invention.
Comparative Example 11 illustrates that using a conventional KOH
catalyst with the heel process, in place of the DMC catalyst, results in a
product with diminished properties (i.e. broad, bimodal MW distribution
and higher viscosity) than products prepared according to the heel

process of our invention with the DMC catalyst.

Examples 12 illustrates the preparation of a Bisphenol TMC started
polyether polyol using the process of the invention. Examples 14 and 15
illustrate the preparation of polyether polyols started either on a mixture of
tetrabromobisphenol A and Bisphenol A, (Ex. 14) or started on
tetrabromobisphenol A (Ex. 15) using the process of our invention.
Comparative Example 13 illustrates preparation of a polyether polyol
started on a mixture of tetrabromobisphenol A and Bisphenol A using a
higher temperature melt process, and is not according to the process of

the invention.

Examples 17-19 illustrate the use of the heel process of our invention to
prepare polyether polyols using phenol-formaldehde resins as starters.

Comparative example 16 illustrates that a solvent based process (not



LC F -35- Exanples 1, 3-6, and 8 were prepared according to the invention
and illustrate that bisphenol A started polyether polyols can be prepared
by a DMC catal yzed single stage heel process with MVdistribution and
viscosity simlar to those obtained froma higher tenperature process 5
usi ng nolten BPA. Reaction tenperature and the wei ght % of BPA starter in
the heel are varied from 120C to 140C and 33-70 wt. 9% respectively,

w thout detrinment to the product. Conparative Exanples 2, 7, 9, and 10
indicate that charging all of the starter w thout any heel and heating to
above the mp. of the starter (i.e, a nelt process) gives products with 10

sinilar propefeqosdingdothe 'WQS@'QM §|V§§éb'é\9é‘%!'%{dw3} gimilgr teorerdes itdnt i on.
Co t t t t | KOH t al t
o tht pe heelTnies tde abihigh AR Enoulon v dllul SRBRTLLOTRS (a Chr odict

wi th di m nished properties (i.e. broad, binodal MNdistribution and higher

viscosity) than products prepared according to the heel 15 process of our
i nvention vvi t Althdughoive iosealigns has E;eanme@@nmednm detaikintthe fotegomaiontlae i on of

a Bis hen TMC st ar et he | using the prpcess of e

Cventi on Exanpose of dlusatel i o 88 piderat Rl has SicBidRAT B SieMniEt ner

ol yols start ﬁ@ﬁp

EI s);;henol ?‘%xﬁm; oérmjs?qarte Hgﬁnfé?r; g)%rﬁgﬁg ?@%‘%gﬁg}/% %"&%@]um ng the
process of outhel mwﬁhouhdepmmga‘rcan|tlvesﬁmlapkjescb$e|dfltbetlmmlsnmxeppt ation of

a pol yet her pol yol started on a mixture of tetrabronmobi sphenol A and
Bi sphenol A u8% Adnay bailightad Py Reiaini$ e melt process, and is not according

to the process of 25 the invention. Exanples 17-19 illustrate the use of
the heel process of our invention to prepare polyether polyols using
phenol - f or mal dehde resins as starters. Conparative exanple 16 illustrates

that a solvent based process (not -36- according to the invention) gives a
material with simlar properties, but requires the addition and renoval of
a volatile solvent. Although the invention has been described in detail in
the foregoing for the



5 purpose of illustration, it is to be understood that such detail is solely
for that purpose and that variations can be made therein by those skilled
in the art without departing fromthe spirit and scope of the invention
except as it may be linited by the ctafms. -37- WHAT IS CLAIMED IS: 1. A
one-stage process for the production of a pol yoxyal kyl ene containing pol yol

havi ng an e MED 19 about 150 to about 6000, and a functionality
of about 2 W e ‘A‘i IQ‘ g (1) mxing (a) fromabout 1 to about 70%
by wei ght of an organlc conpound havi ng a hydroxyl functionality of 2 to 8,
an equi val ent WEI ght of ab ut 35 to ch co i.ses the
condensati on product d} ONErS agegﬂ%gqsisﬁléfﬁzp BF°<1H’F§BB£ %HPQ&X%M‘E"&

pol y- phenol g5 Srpagsb; h cy\ﬁa tWEHHE 8f abbut 158t ab&t 6080, RR  R3
wher ei n: coW%ﬁi'ﬁ |¥e& g ® ﬁldepgndently represent a hydrogen
atom a hydrandya funahiopality di@boge? tanbout 8 cahprysing adi cal  having from1 to

20 carbon atons, 3rd _whi ch may be substituted or unsubstituted, a
cycl oal i phatic r 41 BHXING 5y j ng from3 to 7 carbon atom; and which may be

substituted or unsubs(I'a?jtﬂ,grﬁdab R 4" abgg{ %‘%:@V g@g&a}?)%rgé,qgs and

whi ch may be substitut'ed or unsubstituted, an a aving from7
to 20 carbon at orconapalinghhavingey hydroxyl fisndtionatity erZlmsmm iequivatentor any

two adjacent R grou av i ne car bon at and form
a fused ring w tWe BEE ‘gaégo :g,gb QHg %ﬁvcﬁna “8]6&7 QHB
condensation product of:
(i) a substituted or unsubstituted mono- or poly-phenol
which corresponds to the structure:

(D
OH
Rl R’
R? R*
R3
wherein:
R', R R®

R* and R®: each independently represent a hydrogen
atom, a hydroxyl group, a halogen atom, an alkyl radical
having from 1 to 20 carbon atoms, and which may be
substituted or unsubstituted, a cycloaliphatic radical having
from 3 to 7 carbon atoms and which may be substituted or
unsubstituted, an aryl radical having 6 carbon atoms and
which may be substituted or unsubstituted, an aralkyl radical
having from 7 to 20 carbon atoms and which may be
substituted or unsubstituted, or any two adjacent R groups
have a combined total of 2 to 4 carbon atoms and form a
fused ring with the base structure and which is optionally be



-38- substituted; with the proviso that at |east one of Rl, R3 or R5 always
represents a hydrogen atom wth (ii) a conpound corresponding to the
structure: (lIl) OR6-ICGR wherein: R6 and R7: each independently
represents a hydrogen atom an alkyl r gl cal having from1l to 20 carbon
atoms and which is substituted or unsubstituted, a cycloaliphatic radical
having from3 to 7 carbon atons and which is substltut ed or, unsubstituted,
an aryl radical havi nguﬁsh’mtéﬂ:rwm timspww!so thiat ah léast onesafi R tRGYonR®
unsubstituted, an aral radi cal cpg fro 7 to 20 carbon atons and
whi ch is substituted a%ﬁﬂf@??'ﬂ ﬁtazlaf rgee offﬂd R7 forma ring having from
S to 7 carbon atons ijthe ring, with the ring being substituted or
unsubstituted; and (b rom about 30% to about 99% by wei ght of a hydroxyl
functi onal conponent whi ch (ioapompesind goniegpohdingdoltyektrhatureig an
equi val ent wei ght of about 150 to about 6000 and a functionality of about 2
to about 8, and conprises the reaction product of: (1) 4gIBtarter having a
functionality of about 2 {» about 8 and an equival ent wei ght of about 35 to
about 575, which corrprl S e condensation product of. (i) a substituted
or unsubstituted non Eoly 7Pphenol which corresponds to the structure:
-39- 0 1-1 R8 R12
wherein:
R® and R’: each independently represents a hydrogen
atom, an alkyl radical having from 1 to 20 carbon atoms and
which is substituted or unsubstituted, a cycloaliphatic radical
having from 3 to 7 carbon atoms and which is substituted or
unsubstituted, an aryl radical having 6 carbon atoms and
which is substituted or unsubstituted, an aralkyl radical
having from 7 to 20 carbon atoms and which is substituted or
unsubstituted, or R® and R’ form a ring having from 5 to 7
carbon atoms in the ring, with the ring being substituted or
unsubstituted;
and
(b) from about 30% to about 99% by weight of a hydroxyl
functional component which comprises a polyether polyol having an
equivalent weight of about 150 to about 6000 and a functionality of
about 2 to about 8, and comprises the reaction product of:
(1) a starter having a functionality of about 2 to about
8 and an equivalent weight of about 35 to about 575, which
comprises the condensation product of:
(i) a substituted or unsubstituted mono- or poly-

phenol which corresponds to the structure:



Rio wherein: R8, R9, R10,
hydr ogen atom a hydroxyl g
froml to 20 carbon atons a
cycloaliphatic radical hav
substituted or unsubstitute
which is substituted or un
to 20 carbon atons and whi
adj acent R groups nay have
forma fused ring with the
substituted; with thS%Qr
represents a hydrog =
structure: (1V) 0 R13-1

R' and R12: each independently represent a

roup, a halogen atom an al kyl radical having

nd which is substituted or unsubstituted,
ing from3 1997 carbon atons and which is

a

d, an aryl radical having 6 carbon atons and
substituted, or an aral kyl radical having from?7
ch is substituted or unsubsti{d)ed, or any two
gEonbi ned total of 2 to 4 carbon atons and

ba

erein: -40- R13 and R14: each
i

20 carbon atons and whicjais sublstituted or unsubstituted, a

cycl oal i phati c radicalg4avi
substituted or unsubStitut
which is substituted or uns
20 carbon atons and which i

with

s

typ 7 carbon atonms and which is

ed[ an ar radi cal having 6 carbon atons

ub

wherein:

RB, RQ, R1O’

R" and R'? each independently represent a
hydrogen atom, a hydroxyl group, a halogen atom, an
alkyl radical having from 1 to 20 carbon atoms and
which is substituted or unsubstituted, a cycloaliphatic
radical having from 3 to 7 carbon atoms and which is
substituted or unsubstituted, an aryl radical having 6
carbon atoms and which is substituted or
unsubstituted, or an aralkyl radical having from 7 to 20
carbon atoms and which is substituted or
unsubstituted, or any two adjacent R groups may
have a combined total of 2 to 4 carbon atoms and
form a fused ring with the base structure and which
may be optionally substituted; with the proviso that at
least one of R', R® or R® always represents a

hydrogen atom;

(i) a compound corresponding to the structure:

O
I

RB—C

(V)

__R]4

wherein:

e structure and which may be optionally
|2l east one of R, R3 or R5 al ways
i) a conpound corresponding to the

Hn atom an al kyl radical having froml to

and

tituted, an aral kyl radical having from7 to



substituted or unsubstituted, or R6 and R7 forma ring having from5 to 7

carbon atons in the ring, with the ring being substituted or unsubstituted,
with (2) one or nore al kyl ene oxi des, wherein the sumof the % s by wei ght
of (a) and (b) totals 100% by wei ght -#0 the nixture formed in (1); and (2)
al koxyl ating the mxture from (1) with: (c) one or nore al kyl ene oxi des;

in the presence of: (d) one or nﬁraeaﬂauﬁm_a.%hgmgéﬁﬁagﬁy%ﬁjeﬁ%ﬁtsa 2. The

process of claim1, wherein (a) said organicCc C a ‘compound

sel ected fromthe group consydrbgen adbm? an- bikgl radicel ciaviyp fromy 1) for @pane,

1, 1- bi s(4- hydroxyphenyl )-3, 3,5- trinmethyl cycl ohexane, )

4.4 -(1- et hyl et hyl i dene) bi €3rboB- AN olWhighd sy §ubslitdted eQrn. 3. The
process of claim1, wherein . i i : iC
conpound that is selected f?'ﬁ)%}t{s#eu%é%o%g%g%ﬁ%@ﬁga {)C?Fg,é\gp §troth 930

bi s(4- hydroxyphenyl ) propang, chrforbi atemby dmaxywhiohy! is- 3subslituted or

tri met hyl cycl ohexane, 4,4'-(I-nethyl ethylidene)bis[2,6-di bronophenol] and a
novol ak resin. -41- 4. The Whsstituted, afn aryh radical having PrearPen atemsoows by

wei ght of (a) said organic goiRayAd i %uBéﬁEf‘éH or%@uﬁéﬁv’&ﬂﬁﬂt#a?ﬁf( oy wei ght

of (b) said hydroxyl functional compound I'S present, e sum of the
%s by weight of (a) and (fadidabhavingdfrdm 4000 earkgnt atoing fwed whidhuise f or med
in (1). 5 The process of claim1, in which the resultant 71pol yoxyal kyl ene
cont ai ni ng pol yol has an eqsHReditad aringybstituted AItR280dtR T0aM0RATTNG000 and a

hydroxyl functionality of apé\%%?jr&n? Safboytcall]bor@af&mg '@gﬁgﬁﬁab ithCtha! m 1,

wherein (a) said organi c conpou has an equi val en about 70 to
about 280 and a functional i tiyg béingadubistituited or ahsubstifuted, The process of

claim1l, wherein (b) said h\xlictirr]oxyl functional
(2) one or more alkylene oxides,

wherein the sum of the %'s by weight of (a) and (b) totals
100% by weight of the mixture formed in (1);
and
(2) alkoxylating the mixture from (1) with:

(c) one or more alkylene oxides;

in the presence of:

(d) one or more double metal cyanide catalysts.

2. The process of claim 1, wherein (a) said organic compound
is a compound selected from the group consisting of 2,2-bis(4-
hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane, 4,4'-(1-methylethylidene)bis[2,6-dibromophenol] and

a novolak resin.

3. The process of claim 1, wherein (b)(1) said starter comprises
an organic compound that is selected from the group consisting of 2,2-
bis(4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane, 4,4'-(1-methylethylidene)bis[2,6-dibromophenol] and

a novolak resin.



U

conponent has an equival ent wei ght of about 150 to about 6000 and a
functionality of about 2 to about 4. 8. The process of claiml1l, in which in
structure (1) either Rl, R2, R3, R4 and R5 each represent a hydrogen atom
or R and R5 each represent a hal ogen 43t.om and R2, R3 and R4 each represent
a hydrogen atom and in structure (11) R6 and R7 each | ndependent |y
represent either a hydrogen atomor a nethyl group. 9. The process of claim
1, in which in st4.uct dfhe ptdceps af claim R wRith fréth010 ®' 7@%dbyRb2ighd cif

represent a hydrogen atom or 8 and R12 ch _repr nt a .hal o at om and
R R10- and () $AiELRTAaPlcraBanc, 5 Bfere And 21t 0T FTA By PeightsEEY  ¥) a3
and R14 eac md‘ﬁ?&@igﬁﬂ}ﬂd’o 8PEGHEBNd f)Fé%Eenﬂ WSRO OPLP % AbEt hy |
group. 10. of c aim1, where sal ne or nore kyl ene
oxi des are smlgbt@fo(ai) aom(bhtotglrrtgjiﬂ%rmﬁ weightjobtheembguirerforragd dre (1). pr opyl ene

oxi de and m xtures thereof. -42- 11. The process of claim1, wherein (b)(2)
said one or nore al kyl ene oxides are selected fromthe group consisting of

ethyl ene oxide, gropyfgne ﬁ?bé&% apf ikt 8s t.herwch 1the A r88@taritage
process for the production of 2,2-bis(4- hydroxyphenyl)propane started

pol yet her pqolydxyaliylenegcantaining palyehhbas ameghtvalrfntate:ght dfsbaud 28Bdat 6000,
conpri si ng mX| n bout, 19%.t bo 70% ht of 2,2-bis(4-
hydr oxyphenydB9yt gBéﬁ@" F]Kgoe%lgfupp aA@() w%g@y 1%99% by wei ght of a
2, 2-bi s(4- hydroxyphenyl ) propane started pol yether polyol having an

equi val ent wei ght of about 150 to 6000; (2) al koxylating the m xture from
(1) with (c) oné.or nthe:peddesseasfeclaini dewheréin (ahsajut exgamie cofmppdhdone or
more double Rt al elEISH: walght % SBout 70 to about 280 and a functionality of

about 2 to about 4.

7. The process of claim 1, wherein (b) said hydroxyl functional
component has an equivalent weight of about 150 to about 6000 and a
functionality of about 2 to about 4.

8. The process of claim 1, in which in structure (I) either R, R?,
R® R* and R® each represent a hydrogen atom, or R' and R® each
represent a halogen atom and R? R® and R* each represent a hydrogen
atom; and in structure (I) R® and R’ each independently represent either a
hydrogen atom or a methyl group.

9. The process of claim 1, in which in structure (lll) either R, R®,
R' R'" and R'? each represent a hydrogen atom, or R® and R'? each
represent a halogen atom and R%, R' and R'' each represent a hydrogen
atom; and in structure (IV) R™ and R™ each independently represent
either a hydrogen atom or a methyl group.

10. The process of claim 1, wherein (c) said one or more
alkylene oxides are selected from the group consisting of ethylene oxide,
propylene oxide and mixtures thereof.



-42-

11.  The process of claim 1, wherein (b)(2) said one or more
alkylene oxides are selected from the group consisting of ethylene oxide,

propylene oxide and mixtures thereof.

12. A one-stage process for the production of 2,2-bis(4-
hydroxyphenyl)propane started polyether polyols having an equivalent
weight of about 150 to about 6000, comprising mixing

(a) from about 1% to about 70% by weight of 2,2-bis(4-
hydroxyphenyl)propane,

with

(b) from about 30% to about 99% by weight of a 2,2-bis(4-
hydroxyphenyl)propane started polyether polyol having an

equivalent weight of about 150 to 6000;

(2) alkoxylating the mixture from (1) with
(c) one or more alkylene oxides,
in the presence of

(d) one or more double metal cyanide catalysts.





