PO 8659 MDO5-100 DOUBLE METAL CYAN DE- CATALYZED, LOW UNSATURATI ON

_ POLYETHERS FROM BORON- CONTAI NI NG STARTERS Field of the Invention The
present invention relates in general to polyurethane-formng naterials and
nore specifically to processes for the double nmetal cyanide

(" DMC") - cat apyyrggser oducti on of pol yether polyols from boron-containing
starter mol egifsqofackground of the Invention Base-catalyzed oxyal kyl ation
has been used to prepare polyoxyal kyl ene polyols for many years. In such a

process, a sui | I lLe_Ls I ] one or
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("PO"), to form a pORYETHERS FHRONM BORCGNICONTRAINNGEPARTERSSt rongl y basic
catal ysts such as ~sodrum nydroxi de or potassium nyaroxtde are typically
used in such oxyal kyl ations. Thus, nost of pol yoxyal kyl ene pol yol s usef ul
in synthesis of polyurethane p@ieldofthedavewiibnas those suitable for other
uses, contain substantlal anmounts of oxypropylene noieties. As those
skilled in the arth e&(@%&?‘@ntlﬂﬂﬁﬁﬁﬁe%@#@@épm ttmed‘eymmq on, a
conpet i ng rat es
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range of pol (/DME 1)chaltaymdrpmdmtmn bhpmb&wlp@nydl\efrght Borromgjrnginfrrgom that of
ally) al cohol itsel f or its |ow nol ecul'ar wei ght oxyal kyl ated oligoners to
pol yet her noH8rer B101§@Hgs hi gh ol ecul ar weight. In addition to broadening

t he nol ecul ar wei ght distribution of the product, the continuous generation
of nonols |owers the product functionality. The nono] content of

pol yoxyal kyl ene pol yols is gBaukejrodMnd of the Invention

{ Base-catalyzed oxyalkylation has been used to prepare

polyoxyalkylene polyols for many years. In such a process, a suitably
hydric starter molecule is oxyalkylated with one or more alkylene oxides,
such as ethylene oxide (“EQO") or propylene oxide (“PO”), to form a
polyoxyalkylene polyether polyol product. Strongly basic catalysts such as
sodium hydroxide or potassium hydroxide are typically used in such
oxyalkylations.

Thus, most of polyoxyalkylene polyols useful in synthesis of
polyurethane polymers, as well as those suitable for other uses, contain
substantial amounts of oxypropylene moieties. As those skilled in the art
are aware, during base-catalyzed oxypropylation, a competing

‘rearrangement of propylene oxide to allyl alcoho! generates
monofunctional species which also become oxyalkylated, producing a
wide range of polyoxyalkylene monols with molecular weights ranging from
that of allyl alcohol itself or its low molecular weight oxyalkylated oligomers
to polyether monols of very high molecular weight. In addition to
broadening the molecular weight distribution of the product, the continuous
generation of monols lowers the product functionality.

The monol content of polyoxyalkylene polyols is generally
determined by measuring the unsaturation, for example by ASTM D-2849-

69, "Testing of Urethane Foam Polyol Raw Materials", as each monol



determ ned by neasuring the unsaturation, for exanple by ASTM D-2849- 69,
"Testing of Urethane Foam Pol yol Raw Materials", as each nonol PO 8659 -2-
nol ecul e contains allylic term nation. Levels of unsaturation of about

0. 025 neq/ g po-ggsexcess of 0.10 neqg/g for based-catal yzed pol yols such as
those described above are generally obtaiped. Nunerous attenpts have been
made to | ower unsaturation, and hence nonol content, but few have been

ful. In th ly 1960's. doybl t al i de (" DMVC! | ,
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monol contents, as reflected by unsaturation in the range of 0.012 to 0.020
meq/ g. This asihosssiasedbed abowe deg generailypbtaieednNuowarous atempit®l  cont ent

obt ai nabl e base catalysis. In the 1970's,  General Tire & er Conpany,
" 0 S pat Mo beert Bsed uSuer dusatialidfaR Rt aanah B it ecul
wei ght di ol shad h&dresu®iessfylUsi Nng doubl e netal cyanide catal ysts. However,
the catal yst activity, coupled with catalyst cost and the difficulty of

renovi ng cat al ystinrtbsieanygd 960ispaouble peta) oyamide (IMC” peamplexes, such

commerci al i zat j,on_ of tg‘gﬂ?ro ucts. In the 198&.5 I nt er est 'bn such catal ysts

resurfaced, Znhds MYFSRLIOTRETIG GUiNg CAMMEKESALFNG DERITHRNOCORBIRE: wi t h

i mproved net i Y/ b &l ' r a short

time. The po@gﬁfgggg(ggﬁlé‘iﬁﬁﬁ gi%s%%%éangﬁ %g?%(t:ﬂ nt JY?'? kg\g refl ected

by unsat ur atinonol caxlterts, as reflectedhyeinsatudatinreinttbe dangs ofie4y1§. toldR2¥er, t he
ocess were n_nman rovenent s

expected 1 n MBS nHS EFURaET e IO FORBHE T GRETEBhaV ok GoARENG gher  pol yol
mol ecul ar  Wej gt shitdinaBle Rb&Se dbiafRis.! N the 1990's, DMC catal ysts were
devel oped with tar greater

In the 1970’s, General Tire & Rubber Company, in U.S. Pat. No.
3,829,505, described the preparation of high molecular weight diols, triols
etc., using double metal cyanide catalysts. However, the catalyst activity,
coupled with catalyst cost and the difficulty of removing catalyst residues
from the polyol product, prevented commercialization of the products.

In the 1980's, interest in such catalysts resurfaced, and improved
catalysts with higher activity coupled with improved methods of catalyst
removal allowed commercialization for a short time. The polyols also
exhibited somewhat lower monol content, as reflected by unsaturation
values in the range of 0.012 to 0.018 meqg/g. However, the economics of

the process were marginal, and in many cases, improvements expected in
polymer products due to higher functionality and higher polyol molecular
weight did not materialize.

In the 1990’s, DMC catalysts were developed with far greater
activity than was theretofore possible. Those catalysts, described for
example in U.S. Pat. Nos. 5,470,813 and 5,482,908, allowed
commercialization of DMC-catalyzed polyether polyols. Unlike the low
(0.012-0.018 meq/g) unsaturation polyols prepared by prior DMC
catalysts, these ultra-low unsaturation polyols often demonstrated

dramatic improvements in polymer properties, although formulations were



activity than was theretofore possible. Those catal ysts, described for
exanple in U S. Pat. Nos. 5,470,813 and 5, 482,908, allowed comercialization
of DMC-catal yzed pol yether polyols. Unlike the low (0.01-2-0.018 neg/g)
unsat ur ati onpoplgggdbs prepared by prior DMC catalysts, these ultra-Iow
unsaturation polyols often denonstrated _dganatic inprovenments in polyner
properties, although formulations were PO 8659 - 3- often di fferent fromthe
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reactions of C13 al cohol's w ei ther butylene oxide ("BO") or propylene
oxi de produc&e@@dol s containing surprisingly high levels of unsaturation.

(unsat ur at1 onmol U bhSTERRRNSARAreR b aon AODR AT AP E3Cc, VBt "l ana

charge facto Al t Oxide
el Unsgoilsrsg;?:égﬁ d@gfé&;ﬁhﬁﬂ%@fc@tal%ma%ﬂbﬁé%ﬂ leemcoﬁéltsa,lgwg o e

DMC BO 21 0. gitber mutmenemlcm(“Bin) gagrowlampm produde rromolsacoDtainiBg 14. 1
0.091 7 DMC PO 4.2.0

because, as SHﬁ%{Pf’Iﬂ%H'gﬁé?‘é? ﬁﬁg{a?!égt%%h)ergf g)t té&@ﬁélfqrbj‘\?/g‘%ﬂ%% @Pe Sarprising

catal ysis ischfg@lated unsaturation based upon the data (unsaturation mole %) taken

from Table 1, at page 4 of Stosser et al. and charge factors.

. Calculated
/ ENX(E " | Catalyst Ag%l::e Ur;:na;::eri/gon Unsaturation
(medlg)
1 KOH PO <A1 <0.006
2 DMC BO 28.8 0.227
3 DMC BO 21 0.149
4 DMC BO 28.1 0.218
5 DMC BO 271 0.207
6 DMC BO 14.1 0.091
7 DMC PO 4.2 0.04

These calculated unsaturation values are surprising because, as
mentioned hereinabove, one of the key attributes of DMC catalysis is the
production of polyether polyols with [ow levels of unsaturation. Typical
unsaturation levels for DMC-based propylene oxide polyols are in the

range of 0.003 to 0.012 meq unsaturation/g, and the corresponding
butylene oxide-based products are in the range of 0.02 to 6.04 meq
unsaturation/g. The disclosure of Stosser et al. is silent as to whether any
special conditions were responsible for producing these high levels of
unsaturation. Further, Stosser et al. do not teach how to control the
production of the by-product unsaturation. As mentioned hereinabove,
high levels of unsaturation are undesirable because the allyl or methallyl
by-products can alter the characteristics of the resultant polyethers.

Although the present inventors have noticed that high levels of

unsaturation are obtained when using certain C,3 alcohols containing trace



production of polyether polyols with Iow |evels of unsaturation. Typi cal
unsaturation | evels for DMC-based propyl ene oxide polyols are in the range
of 0.003 to 0.012 nmeq unsaturation/g, and the corresponding butyl ene

oxi de- based POogig®3s are in the range of 0.02 to 0.04 nmeq wunsaturation/g
The disclosure of Stosser et al. is silentg.as to whether any speci al
conditions were responsible for producing these high | evels of

unsaturation, F t Q trol the
producti on o?mtcjﬂé{sg@{%orrgh(&éﬁ%ﬁjsg?ﬁé@??%‘ﬁ%h‘s& %@ﬁ'ﬁlf'&?\é&aﬁﬁ@%ﬁg ove, high
| evel s of unNEQODG®L isefieside notdestdiahesdissrangesidues anyroduceret hal |yl
by-products can alter the characteristics of the resultant polyethers.
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unsaturation i S tai | coh ont.ai ning trace
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pol yet her pol yol s having unsaturation values in_the range noted above. It
o

appear s t hat PiogeictionBneeese residusisonteraet-with thealPbC aatalyséite Bavsesthgi um or

P trese + olorameslah tf e nBh T of A SRS, TR HABRERoRRE™ ¢ oF hat  on of
t he hi gh | evedstamingthighl levelglof ahe4tairatiDreanedbyetibsiFrabiebelcauss anajeni ng hi gh
| evel s of unsaturation are | ess desirable because a |arge fraction of the

monol s is i nirastianef thermorgls s indiatetyith allybalsatiosfinstead of Mithdhe Cral cohol .

The C13 al co ro [ ' [ ' ' i such as
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to sol ubi | i tyushas depesit somtes! aelditivies spcthgaargyer alkgbgiupinch iaferni el in U S
Fgat. No. 6,821,308 teach the value of |ow unsaturation nonols for use in

fuel additiveortppuiosde selbility ghameteristiex gf tiewplvalberon of the " 308 patent,
pol'yethers term naped Mt \vRBaAdiYh U.S. Pat. No. 6,821,308 teach the value of

low unsaturation monols for use in fuel additive applications. In the
background section of the ‘308 patent, polyethers terminated with an alkyl
group ranging from Cg—Cs30 (more preferably) are said to have better
solubility and compatibility with fuels. The products from Stosser et al.
(entries 2-7, in the above table) have monols in the range of 4 to 28.8
percént that are terminated with either C; or C, allyl or methallyl groups.
Thus, in the worst case, 28.8 percent of the polyethers would be
terminated with the C4 methallyl group instead of the more desirable Cy3

and the C4 group would decrease the compatibility with hydrocarbon fuels

o

in comparison with a Cq3-terminated polyether.

The addition of acids to facilitate other aspects of DMC-catalyzed
processes is known to those skilled in the art (See, U.S. Pat. No.
6,077,978 and EP 1 577 334). The addition of acid in these processes is
reported to enhance process stability and to allow certain low molecular
weight starters to be used either in the continuous addition of starter
(“CAOS”) processes or in processes in-which the starter is continuously
added to the reactor during some part of the alkoxylation process. No

effect on polyether unsaturation is noted in these references. Browne, in



group ranging from C9-C30 (nore preferably) are said to have better
solubility and conpatibility with fuels. The products from Stosser et al.
(entries 2-7, in the above table) have nonols in the range of 4 to 28.8
percent thatPex&3®rm nated with either C3 or C4 allyl or nethallyl groups.
Thus, in the worst case, 28.8 percent of .tshe pol yethers would be term nated
with the C4 nethallyl group instead of the nore desirable C13 and the C4

group woul d r Qﬁm@ :I?('n'i i n conparison
with a C13- tgﬁnlﬁ‘gﬁgaégo a?eth rdl#&?Lbﬁ& tlon g? aci ge%feljggl litate other
aspects of IIMEltim of amddo Imnmcﬁeelsﬂarmlgh’ntsmnérdeédjl@freaﬁisuhlaEDMm the art

(See, U. S. Pat. Q77,978 and EP 1 577 334). The addition of acid in
t hese proces%%@'ﬁ@ %%rqreae% enhance process stability and to allow

certain I ow ol eouiugH FbANInshREHE BroQUcREaHo Bl Sy ookl gt L nuous

addition of start ocesses or 1n proces e starter

is conti nuouadldlluvaddplitaltmns htherstdegent emissiog shenserforrianet t he al koxyl ati on
process. No effect on {)} yet her unsaturation is noted in these references.
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di scl oses th arter feed streams
In a DMC caﬁgp} 8?@%%8:5)03}%32%%(?%?%80@?#}% W\rqgg%ra %on products are

currently acgegitafited by—p‘r@@.hctsaddaddiﬁena@mismamﬁerfbhﬁaﬁééI ngent em ssion
and performance. requirenents of today's advanced engi nes can nore easily be

met with h.@qutr@ﬁmﬂsrah@mrmwétmrge&wwthk@b/nl@%more@wmemandttbuw t he
unsat urat ed Qs by Fl’ﬁ'élﬁﬂt%sﬁngﬁ@ﬁﬁiﬁeﬁ@urr&ﬁﬂjé\/éﬁ%ﬁ@ﬁpﬂ 3%{%&&8# requirements

of tonorrow s englines W € nor nore difficult

to satisfy widdutise Itwoukhibé yleehr@bléa@hevélpglydup&aiumehlpmj\cessleedhatt s. It
woul d be desirable tq haveap production praocesses that
can be used to prepare such polyether polyols with low unsaturation

values from any source of alcohol.

Summary of the Invention

Accordingly, the present invention provides a process for the
production of a polyether involving adding to a boron-containing starter
compound from about 0.75 equivalents to about 7 equivalents of an acid
per equivalent of boron and polyoxyalkylating the boron-containing starter
compound with an alkylene oxide in the presence of a double metal
cyanide (DMC) catalyst.

The inventive process may be used to produce polyether polyols
which may react with one or more isocyanates to provide polyurethane
products including coatings, adhesives, sealants, elastomers, foams and
the like. The process of the present invention may preferably be used to
prepare fuel additives from Co — C3g boron-containing polyethers,
particularly from C43 boron-containing alcohols.

These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein

below.



can be used to prepare such polyether polyols with | ow unsaturation val ues
fromany source of alcohol. Summary of the Invention Accordingly, the
present invention provides a process for the production of a pol yether

i nvol vi ng addOnge8® a boron-containing starter conpound from about 0.75
equi val ents to about 7 equivalents of an_gcid per equivalent of boron and
pol yoxyal kyl ating the boron-containing starter conpound with an alkyl ene
oxide in the presence of a gdouk cyani de (DMC) catal yst. The

i nventive process may be used SRree—F JI€R01 yol s which may react
with one or nore Tﬁ@pmtmehmﬁmwrudw HOd ¥strdeo e puiioedy @ s | ncl udi ng
coati ngs, adhesives, sealants, elastoners, foans and the |ike. The process
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| nvention herein below PO 86 6- Brief Description of the Figures The

present invention will now be descri bed for pur poses of illustration and
not limtation in conjunchio i fh <e ein: Figure 1
illustrates a plot of uns&Ft oC|d added for the
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percentages

numbers, functionalities and so forth in the specification are to be
understood as being modified in all instances by the term “about.”

The present inventors have discovered that the addition of an acid,
such as phosphoric acid, to a boron-containing alcohol prior to the
alkoxylation process reduces the amount of unsaturation formed during
the alkoxylation.

The present invention, therefore, provides process for the
production of a polyether polyol involving adding to a boron-containing
starter compound from 0.75 equivalents to 7 equivalents of an acid per
equivalent of boron and polyoxyalkylating the boron-containing starter
compound with an alkylene oxide in the presence of a double metal

- cyanide (DMC) catalyst.

'A The present invention further provides process involving producing
a fuel additive by adding to a boron-containing starter compound from 0.75
equivalents to 7 equivalents of an acid per equivalent of boron and
polyoxyalkylating the boron-containing starter compound with an alkylene
oxide in the presence of a double metal cyanide (DMC) catalyst.

Boron-containing alcohols useful in the inventive process are
preferably C4 — C49, more preferably Co—C3q and most preferably are Cq3
alcohols. A semibatch process may preferably be used in which the

boron-containing starter is added to the reactor prior to the start of the



nunbers, functionalities and so forth in the specification are to be
understood as being nodified in all instances by the term"about." The
present inventors have discovered that the addition of an acid, such as
phosphori c apQdges® a boron-containing al cohol prior to the al koxylation
process reduces the anmount of unsaturatiaqry formed during the al koxylation
The present invention, therefore, provides process for the production of a
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al koxyl ation process. The boron-containing starter conﬁ_ound preferably has
from 0. 01 t oagids may kg usetl as predanie alsids. fAcidderivativesishicbqrg reactivenost

preferably fr 1 to 8 meqgl/ kg of , boraon c ungls. Al thoygh wirtually any
o gani o o i HOPGaRPE: Shcet agaBbiatled Bt eHe Snpyondes AGY e lhgutfeny ™
invention, ugebulsehd @F;bﬁi%'d% slH agpbRoSsHorli¢ Btidgdsulfshic bBRIsNeger al  aci ds
and the organi c carboxylic acids, phosphonic acids,

p-toluenesulfonic acid, and the like, may also be used. Examples of

mineral acids which are suitable include hydrochloric acid, hydrobromic

acid, and sulfuric acid, among others, while useful carboxylic acids or their

acidifying derivatives include formic acid, oxalic acid, citric acid, acetic

acid, maleic acid, maleic anhydride, succinic acid, succinic anhydride,

adipic acid, adipoyl chloride, adipic anhydride, and the like. Inorganic acid

precursors such as thionyl chloride, phosphorous trichloride, carbonyl

chloride, sulfur trioxide, thiony! chloride phosphorus pentoxide,

phosphorous oxytrichloride, and the like are considered as mineral acids

herein.

The amount of acid added in the inventive process is that needed

ey

for the neutralization of the boron compounds contained in the starter
molecule, i.e., from 0.75 to 7 equivalents, more preferably from 0.8 to 5
equivalents and most preferably from 0.95 to 4 equivalents of acid per
equivalent of boron. For phosphoric acid, the preferred range of acid
addition is in the range of 1 to 7 equivalents of acid, more preferably from
2 to 5 equivalents of acid, and most preferably from 2.5 to 4.5 equivalents
of acid per equivalent of boron. As the C3 alcohol used in the examples
herein contained about 6 meq/kg of boron compounds, the preferred

amount of phosphoric acid was in the range of 700 - 900 ppm. The acid



sul fonic acids, and other acids. Phosphoric acid is particularly preferred
as a mneral acid, whereas citric acid and 1, 3, 5-benzene tricarboxylic
acids may be useful as organic acids. Acid derivatives which are reactive

wi th bases, Pa:868$ acid chlorides and acid anhydrides and the |ike, are

al so useful. Organic acids such as phosphguic acids, sulfonic acids, e.g.
p-tol uenesul fonic acid, and the |like, may al so be used. Exanples of m neral
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acid, maleic acid, maleic anhydride, succinic acid, succinic anhydride,
adi pi ¢ aci d, thediegtigd valesri de, adi pi ¢ anhydride, and the like. Inorganic

acid precursors | | e, hor richl oride carbonyl
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2 to 5 equi vekidetatortd oabutyleranskit® afoner sregratitulafly Pr@férréd.t@tﬁeﬁ equi val ents
of acid per equival ent of boron. As the C13 al cohol used in the exanples
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DSy o ol Aotatieys, e nes SToBn TRalR 1050 6 my
bet ween any 605888, itiee cohtenteoflhich-are tict€ifl inedrporated Ntiheir ertirefies

by reference thereto.

The process of the present invention may employ any double metal
cyanide (DMC) catalyst. Double metal cyanide complex catalysts are non-
stoichiometric complexes of a low molecular weight organic complexing
agent and optionally other complexing agents with a double metal cyanide
salt, e.g. zinc hexacyanocobaltate. Suitable DMC catalysts are known to
thoée skilled in the art. Exemplary DMC catalysts include those suitable
for preparation of low unsaturation polyoxyalkylene polyether polyols, such
as disclosed in U.S. Pat. Nos. 3,427,256; 3,427,334, 3,427,335;

\ 3,829,505; 4,472,560; 4,477,589; and 5,158,922 the contents of which are

incorporated herein in their entireties by reference thereto. The DMC
catalysts more preferred in the process of the present invention are those
capable of preparing "ultra-low" unsaturation polyether polyols. Such
catalysts are disclosed in U.S. Pat. Nos. 5,470,813 and 5,482,908,
5,545,601, 6,689,710 and U.S. Published Patent Application No. 2004-
0044240-A1, the contents of which are herein incorporated in their
entireties by reference thereto. Particularly preferred in the inventive
process are those zinc hexacyanocobaltate catalysts prepared by the
methods described in U.S. Pat. No. 5,482,908. Polyols and fuel additives



the recited values. The al kyl ene oxi des useful in the inventive process
include, but are not linited to, ethylene oxide, propylene oxide, 1,2- and
2,3-butyl ene oxide, isobutylene oxide, epichlorohydrin, cycl ohexene oxi de,
styrene oxip@.868% the higher al kyl ene oxi des such as the C5 - C30

a-al kyl ene oxides. Al though m xtures of _glkyl ene oxides may be used,

propyl ene oxi de al one or butyl ene oxide alone are particularly preferred.

mononer o a3 HeRAMSL & ARGTE g0k & o T jhve o RPN V8. 145 a5,
the cont ent syativatioR IeVels BEIc8s tham 0UEPRALE tnbre Prerirabless Bianes 040y

reference thereto. The process of the present invention may enpl oy any
doubl e met almeaigani de (DMC) catal yst. Double netal cyanide conpl ex catal ysts

compl exi ng.agent MG BB EPheBhuRiort i Re B Fo i i e Sl e Mo ®doubi o et a
cyani de salgontRl @f thHd wymlew@trmmlubﬁmde chg'%ﬁ rédbtigrat al ysts are

known to those skilled in the art. | ary catal ysts include those

su: ta:ol e f osongslitigns: athepatalyst §Qn¢mli@t@|nd§ poefepaily bxifel napgedeonpol yet her
U 427,.256; 4
B0057 335: - 60p88 v B 0P 56 e s pref Y e tARGE FRIN QD THE Bt ent s o

which are imqagtos, %6@1 ﬂ?@fe%ﬁlyllﬁtﬁé"%ﬁgeeﬂ?émr@%?fﬁo BY T Wt B ehssed bigr et o. The
DMC catalysts nore preferred in the process of the present invention are

t hose capabthe amowntegipalyaiheritotbeaprosivcedn JaedP MG catalyst myﬂw pol yol s. Such
catal ysts are dis 5,470 813 and 482 908,

55 601, - eEsenEIna OGS ok sl Tauf g aratndatBe 2004
0044240- Al , pdtaeefrirfécmisihatibh ehtrtse Vallicd, hdlisios BOTHE R@itbd vahls!
entireti es by reference thereto. Parti cul ar | y preferred in the inventive

process are those zinc hexacyanocobaltate catal ysts prepared by the nethods
descri bed i nE%A@IPLPI?é' No. 5,482,908. Polyols and fuel additives

The present invention is further illustrated, but is not to be limited,

by the following examples.

Examples 1-13

Reactions with butylene oxide were conducted in a one-liter PAAR
autoclave (heavy walled, stainless steel vessel). The starter molecule was
a C43 alcohol (EXXAL-13 from Exxon). This starter molecule was mixed
with 334 ppm of phosphoric acid for ten minutes, after which, the
appropriate amount of DMC catalyst (prepared according to U.S. Pat. No.
5,482,908) was added. The resultant mixture was charged to the PARR
reactor, heated to 90°C, and stripped for one half hour at 4.9 psia with a
nitrogen sweep. The temperature was raised to 130°C and enough
butylene oxide was added to produce a polyol with a molecular weight of
800.



PO 8659 -9- prepared according to the process of the instant invention
preferably have wunsaturation |evels of |ess than 0.05 neg/g, nore
preferably | ess than 0.04 neq/g. The DMC catal yst concentration is chosen
so as to ensure good control of the polyoxyal kyl ati on reaction under the
given reaction @E86690ons. The catal yst concentration is preferably in the
range from 0.0005 wt. %to 1 w. % nore prefgrably in the range from 0. 001
w. %to 0.1 w. % nost preferably in the range from0.001 to 0.01 wm. %

based on the anount of = d eali C be
present in the p_roce_sgfaE#é ltt%egé\gfsgsrﬁerﬁ? H?%é\?{eh%t %sﬁa%rﬁ-ﬂgﬁ %&n@'??@lﬁﬁw

bet ween any conbnoatbermotyiols imasle with 884 pphmof acid \eeldet! tofilke sRericred val ues.
EXAMPLES The present invention is further |Iblgeul_sltrat ed, but is not to be
limted, by the follow ng exanpl es. ExanpR - 13 Reactions with butyl ene
oxi de were conducted in a one-li terEfﬁggz adnsaturatiophpavy wal | ed, stainl ess
steel vessel). The starter nolecule ™ Was ™ g Cl@negfg)hol | (EXXAL-13 from
Exxon). This starter nolecule was|m xed W th @347ppm pf phosphoric acid for
ten mnutes, after which, the ap ropéi arg anpgAgs0f DMC catal yst (prepared
a(r:]cordidn? t?hU. IgAREat. Noi 5,:]182 iganggipaddq'H?ZfTh; ezu:ctant m'>r<]t :J][ehwas
charged to the react or, heated—to-94Cc—ahg rpped for one ha our
at 4.9 psiawith a nitrogen swee The anergﬁglzf: w;% rai sed to 130C and
enough butyl ene oxi de was added to pPodude a ®8B8ol with a nol ecul ar wei ght

<

of 800. PO 8659 -10- 6 0.246
7 0.191
8 0.271
9 0.230
{ 10 0.225
11 0.223
12 0.192
13 \ 0.167
Avg. 0.215

Mole % 17

Examples 14 - 20
The procedure of Example 1 was repeated, except with the addition
of 500 ppm, 600 ppm, 650 ppm, 700 ppm, 800 ppm and 900 ppm

phosphoric acid, to make a series of 70 hydroxyl number polyols. Those
results are summarized below in Table Il.

T

Table
Ex. No. | Phosphoric Acid | Unsaturation
(Ppm) (meq/g)
14 500 0.124
15 600 0.065
16 650 0.074
17 700 0.0356
18 700 0.0331
19 800 0.035
20 900 ' 0.016




Tabl e | bel ow summari zes the unsaturation values for 70 hydroxyl nunber
polyols made with 334 ppmof acid added to the starter. Table |I Ex. No.
Unsaturation (nmeq/g) 1 0.157 2 0.155 3 0.172 4 0.327 5 0.238 6 0.246
7 0.1912 8 0.271 9 0.230 10 0.225 11 0.223 12 0.192 13 0.167 3 Av
0.215 Mol e P0O7B65FXanples 14 - 20 The procedure of Exanple 1 was repeated,
except with the addition of 500 ppm 600 ppm 650 ppm 700 ppm 800 ppm and
900 ppm phosphoric acid, to nake a series of 70 hydroxyl nunber polyols.
Those results ar [ ' bt Phosphori c
JRer Unsaturationﬁﬁﬁpg@b%@g?g@mzleg tHEBhSatutatiolfPhiGed In Feq/d8nd

mole percent for the various amounts of phosphoric acid added.

Table il
Phosphoric Acid | Unsaturation | Unsaturation
(ppm) (meq/g) (mole %)
334 0.215* 17
500 0.124 10
600 0.065 5
650 0.074 6
700 0.034* 3
800 0.035 3
900 0.016 1
, * - values are averages

When these unsaturation values were plotted against the amount in
ppm of acid (Figure 1), it became apparent that the unsaturation value

decreased to a certain point and thereafter remained fairly constant.

Examples 21 and 22

A 35 hydroxyl number polyol was prepared by the process of
Example 1 with the addition of 334 ppm of acid and the unsaturation was
0.249 meq/g or 39 mole percent. The same 35 hydroxyl number polyol
prepared with 700 ppm of phosphoric acid added had an unsaturation

value of 0.0385 meq/g or 6 mole percent.

Examples 23 - 26
Polyols (70 and 35 hydroxyl number) were made from the same Cy3

alcohol (EXXAL-13 from Exxon), as starter according to the procedure of
Example 1, except that propylene oxide was used as the alkylene oxide
instead of butylene oxide. The polyols were made at two different
phosphoric acid addition levels, i.e., 334 ppm and 800 ppm phosphoric
acid. The products were analyzed and the results are summarized below
in Table IV.



14 500 0.124 15 600 0.065 16 650 0.074 17 700 0.0356 18 700 0.0331 19

800 0.035 20 900 0.016 PO 8659 -11- Table Il bel ow summari zes the
unsaturation values in neq/g and nole percent for the various anounts of
phosphoric apOdg8egled. Table |11 Phosphoric Acid Unsaturation Unsaturation

{ppm (neq/g) (rmole 334 0.215* 17 500 04424 10 600 0.065 5 650 0.074 6

700 0.034* 3 800 0.035 3 900 0.016 1 * - values are averages Wen these

unsaturation values were plotted against the anmount in ppmof acid (Figure
1), it becane apparent that the unsaturation value decreased to a certain

poi nt and thereafter remained fairlyTablsiVant. Exanples 21 and 22 A 35

hydroxyl numbef pol'yol Vias gHepar ¢PlospHutid] OO # Of UnBafiiiationl] Wi th the
additi on of 334 ﬁiﬁn)&ﬁ aq’bgpéegd)reAﬁlep@tp%)a (ﬁwaﬁ 0. %ﬁ,%q]qu/g or 39 nole
percent. The sa %% try IUAy7OIIUIIJLUI }.334?/\): 72 4 0.0099

24 70 800 69.4 0.0037

25 35 334 38.3 0.0093

26 35 800 34.6 0.0029

The polyether polyols produced by the process of the present
invention may be reacted with one or more isocyanates to provide
polyurethane products such as coatings, adhesives, sealants, elastomers,

foams and the like. The inventive process may preferably be used to

Py

prepare fuel additives from Cg—C3o boron-containing polyethers, more

preferably from C43; boron-containing alcohols.

The foregoing examples of the present invention are offered for the
purpose of illustration and not limitation. [t will be apparent to those skilled
in the art that the embodiments described herein may be modified or
revised in various ways without departing from the spirit and scope of the
invention. The scope of the invention is to be measured by the appended

claims.



prepared with 700 ppm of phosphoric acid added had an unsaturation val ue of
0.0385 neg/g or 6 nole percent. Exanples 23 - 26 Polyols (70 and 35 hydroxyl
nunber) were nade fromthe sane Cl3 al cohol (EXXAL-13 from Exxon), as
starter accop?g% go the procedure of Exanple 1, except that propylene

oxi de was used as the al kyl ene oxi de ins gad of butyl ene oxide. The polyols
were made at two different phosphoric acid addition levels, i.e., 334 ppm

and 800 ppm B Eoiphoii_c ECI d. The products were anal yzed and the results are
summari zed IS cial V. PO-8659 -12- Table IV Ex. No. OH # Phosphoric
OH # Unsaturation (expected) Acid (ppm) (actual) (neq/g) 23 70 334 72.4

0.0099 24 70 800 69.4 0.0037 25 35 334 38.3 0.0093 26 35 800.34.6 0.0029

The pol yet het. polg(cpjrecemsfdutfmjprtmﬁuctim pf apetgtiodr pdiyoimoasmiging:i nventi on may
be reacted with on nore i socyanates trge;pr ovi de EOI yyr et hane products

such as coatings,@ H@%‘? fdoroa€g 189 st comppeund ROURY-fhe 1ike. The
ti f
Vet e, B cABLETAREnA) PPE oy e e 1o

nor e pre era
bor on- cont ai ni ng pd)Iywk},czlllwlatmgsthfe(hmfgmamgutawmgmteﬁerocmmbwmﬂ @ithran | nventi on
are offered for the . urpﬁse of illustration aag not limt tIOI’l. It will be

apparent to akyepegxidg ipdheinfessnceiia dohlempet ﬁ%ﬁ@?rélﬁw ddalyshed herein

may be nodified or revised in various ways w thout departing fromthe
spirit and scope of the
2. The process according to Claim 1, wherein the boron-containing

starter compound is a C4— Cy alcohol.

3. The process according to Claim 1, wherein the boron-containing

starter compound is a Cg— C3p alcohol.

4, The process according to Claim 1, wherein the boron-containing
starter compound is a C43 alcohol.

5. The process according to Claim 1, wherein the boron-containing
starter compound comprises from about 0.01 to about 20 meqg/kg of boron

compounds.

6. The process according to Claim 1, wherein the boron-containing
starter compound comprises from about 0.4 to about 10 meg/kg of boron

compounds.

7. The process according to Claim 1, wherein the boron-containing
starter compound comprises from about 1 to about 8 meqg/kg of boron

compounds.

8. The process according to Claim 1, wherein about 0.8 equivalents to

about 5 equivalents of acid is added per equivalent of boron.



i nvention. The scope of the invention is to be neasured by the appended
clainms. PO-8659 -13- What "is clained is: 1. A process for the production of
a pol yether polyol conprising: adding to a boron-containing starter
conpound fropna 0.75 equivalents to about 7 equivalents of an acid per
equi val ent of boron; and polyoxyalkylatipg4;he boron-contai ning starter
conpound with an alkylene oxide in the presence of a double netal cyanide
(DMC) catalyst. 2. The process according to Caim1l, wherein the
boron-containing starter conpound is a C4- C40 al cohol. 3. The process

according togd ai ‘Zhel%d%‘%&%ice&d?@%ng?w;ﬂ%ﬁéd%imgbo&t(gﬁé%ﬁy%{éﬁﬁé‘”d_ 's a

C9- C30 al cohol . e process cor aim1l, erern

bor on- cont ai toi algut gt equiealentsrof @cidlisi aldedqied exjuivdiont. offbordhe process
according to Caim1, wherein the boron-containing starter conpound
conprises fromabout 0.01 to about 20 neq/ kg of boron conpounds. 6. The

process accofell narhoofdaisdlabootlif f Cidifie] RGBEFR Aot As" compound

conprises from abou to aBout meq/ oron ~ conpounds. The
process accomihergl dcid$]axgamit canb@odic mcidse phosphonioatigisnsulfpnis teidser conpound
conprises fromabout 1 to aboutf 8 neq/ kg of boron conpounds. 8. The process

accor di ng t 02ty gemPnatigRa thergobbout 0.8 equival ents to about 5 equival ents
of acid is added per equival ent of boron. PO 8659 - 14-

11.  The process according to Claim 1, wherein the acid is chosen from
citric acid, 1,3,5-benzene tricarboxylic acids, phosphonic acids,
p-toluenesulfonic acid, hydrochloric acid, hydrobromic acid, sulfuric acid,
formic acid, oxalic acid, citric acid, acetic acid, maleic acid, maleic
anhydride, succinic acid, succinic anhydride, adipic acid, adipoyl chloride,
adipic anhydride, thionyl chloride, phosphorous trichloride, carbonyl
chloride, sulfur trioxide, thionyl chloride phosphorus pentoxide,

phosphorous oxytrichloride and combinations thereof.

12. The process according to Claim 1, wherein the acid is phosphoric

acid.

13.  The process according to Claim 1, wherein from about 1 to about 7

equivalents of phosphoric acid are added per equivalent of boron.

14. The process according to Claim 1, wherein from about 2 to about 5

equivalents of phosphoric acid are added per equivalent of boron.

15.  The process according to Claim 1, wherein from about 2.5 to about

4.5 equivalents of phosphoric acid are added per equivalent of boron.



9. The process according to Claim1l, wherein about 0.95 equivalents to
about 4 equivalents of acid is added per equival ent of boron. 10. The
process according to Claiml, wherein the acid is chosen from m neral

aci ds, organpg.-ggsdoxylic acids, phosphonic acids, sulfonic acids and

conbi nati ons thereof. 11. The process acppgging to Caim1, wherein the acid
is chosen from citric acid, 1,3,5-benzene tricarboxylic acids, phosphonic

acids, p-to]lpyenesulfonic acid, hydrachloric acid, hydrobromc acid,

sul furic aci lcliél £ HREPEOCESS HECRITING i a1 .ofherein the IKVIBBROKIedSi o nal ei o
aci d, mal ei Coh b dRhyIEHE BkidieC pfsiyiensSg%iaeM 2- aphyds. bRige, aci d,
adi poyl chl oF | de, adi pi)(/: anhydr T 8(?3(%%'? onyl chloride; m%ﬁgpgﬁg’

trichl ori de, isohutytand oxidé| epichlerohydrin ucyadohexeingayxid éyi shyrghe aixide aoid:
phosphorus pent oxi de phosphorous oxytrichloride and conbi nati ons thereof.
12. The proces$aaccakyieng axles aim 1, wherein the acid i s phosphoric acid.

13. The process according to aiml, wherein fromabout 1 to about 7
equi val ents of phosphoric acid are added per equival ent of boron. 14. The

process accoqgi ngThe pFd&isdabcolifg & CIdirPM Rhédin ’Ehetélkgleﬁé”oxﬁe igqui val ents
of phosphoric acid are added per ‘equival ent of boron. 15. The process

accor di ng t ocl@ssimfram prbpylene okidemldband 2,35%utgeab@xide andisotpuiwenent s of
phosphori c aci.a are added per equival ent of boron. PO 8659 -15- 16. The
process accoPdPfig to Caim1, wherein the alkylene oxide is chosen from
et hyl ene oxi de, propyl ene oxide, 1,2- and 2, 3-butyl ene oxide, isobutylene
oxi de, epichl orohydrin, cycl ohexene oxi de, styrene oxide and C5-C30

a- al kyl ene o%8desThe procHse gucounding tabtaimdi nghereirdhei MG callabystisat he

gilhléy! gggﬁ;: %ﬁg'hséxagpaonso%gbgﬁgtg propyl ene oxide, 1,2- and 2, 3-butyl ene oxide

19. The process according to Claim 1, wherein the unsaturation of the

polyether is less than about 0.05 meq/g.

20. The process according to Claim 1, wherein the unsaturation of the

polyether is less than about 0.04 meq/g.

21. In a process of producing one of a polyurethane coating, adhesive,
sealant, elastomer and foam, the improvement comprising including the

polyether polyol by the process according to Claim 1.

22. A process comprising:

producing a fuel additive by adding to a boron-containing starter
compound from about 0.75 equivalents to about 7 equivalents of an acid
per equivalent of boron; and

polyoxyalkylating the boron-containing starter compound with an

alkylene oxide in the presence of a double metal cyanide (DMC) catalyst.

23.  The process according to Claim 22, wherein the boron-containing

starter compound is a Cy— C3 alcohol.



oxi de. 18. The process according to Claim1, wherein the DMC catalyst is a
zi nc hexacyanocobaltate. 19. The process according to Caim1, wherein the
unsaturation of the polyether is |less than about 0.05 nmeqg/g. 20. The
process accopgj-ggsgdo Claim 1, wherein the unsaturation of the polyether is
l ess than about 0.04 neq/g. 21. In a Procegs of producing one of a

pol yur et hane coating, adhesive, sealant, elastonmer and foam the

i nprovenent conprising including the polyether polyol by the process
according to Claim1l. 22. A process conprising: producing a fuel additive by

adding to a Q@.ronTﬁerprr@éégs%c%wg@% cxaﬁi@?wﬁeﬁewfq@@%h-&ngﬁigwi val ent s

to about 7 equivalents of an aci per equl val ent o oron;

pol yoxyal ky| starteg comgpobodasn adeptatdahiohg starter conpound with an al kyl ene
oxide in the presence of a double netal cyanide (DMC) catalyst. 23. The
process according to Claim22, wherein the boron-containing starter

conpound i's %.@'Tﬁgrﬁé‘%ﬁeﬁﬂgg@@%@%ihﬂ@z, @ﬁere?ﬂ‘ﬁw%%ﬁ?@r@&i@%di ng to

Claim 22, wherein ning starter conpou al cohol .
25. The pr ocstasteacompoiund comptisesfra2? aboahed €i1rtotdbeub@0aneg/gtadiborarg starter
conpound conprises from about 0.01 to about 20 neq/ kg of boron conpounds.
26. The proct¥8PERASding to O aim 22, wherein the boron-containing starter
conpound conprises fromabout 0.4 to about 10 neq/ kg of boron conpounds.
27. The process according to Claim 22, wherein the boron-containing

26. The process according to Claim 22, wherein the boron-containing

starter compound comprises from about 0.4 to about 10 meg/kg of boron

compounds.

27.  The process according to Claim 22, wherein the boron-containing
starter compound comprises from about 1 to about 8 meq/kg of boron

compounds.

28. The process according to Claim 22, wherein about 0.8 equivalents

to about 5 equivalents of acid is added per equivalent of boron.

29. The process according to Claim 22, wherein about 0.95 equivalents

to about 4 equivalents of acid is added per equivalent of boron.

30. The process according to Claim 22, wherein the acid is chosen from
mineral acids, organic carboxylic acids, phosphonic acids, sulfonic acids

and combinations thereof.

31.  The process according to Claim 22, wherein the acid is chosen from
citric acid, 1,3,5-benzene tricarboxylic acids, phosphonic acids, p-
toluenesulfonic acid, hydrochloric acid, hydrobromic acid, suifuric acid,
formic acid, oxalic acid, citric acid, acetic acid, maleic acid, maleic

anhydride, succinic acid, succinic anhydride, adipic acid, adipoyl chloride,



starter conpound conprises fromabout 1 to about 8 neq/kg of boron
conpounds. 28. The process according to O aim22, wherein about 0.8

equi valents to about 5 equivalents of acid is added per equival ent of
boron. 29. Tpe).ggggess according to Caim22, wherein about 0.95 equivalents
to about- 4 equivalents of acid is added p@ﬁ_equivalent of boron. 30. The
process according to Caim22, wherein the acid is chosen from m neral

aci ds, organic, carboxylic acids, phosphonic acids, sulfonic acids and
comnbi nat i onsag!ﬁ’&%’myﬁ%ﬁifz thigry ﬁh%@@sgge PHY tHchlerdg, gatoNYhher ei n t he
acid is chos ; SN I i lic acids,
phosphoni c a?ﬁ@@?Qggmﬁﬁﬁﬁ%§$§ﬁh@@Xﬁ?ﬁgﬁ?ﬁﬁﬂﬁﬁﬂﬁggﬁHgﬁﬁg&ﬁ%id, hydr obr om c
aci d, sul fur phosghictous drytrititlodde dndaomhbinatiangitheeeédfr i ¢ aci d, acetic acid,
mal eic acid, naleic anhydride, succinic acid, succinic anhydride, adipic
acid, adipoyl chloride, PO 8659 -17- adipic anhydride, thionyl chloride,
phosphor ous i ch i | sl tx 10Xl j.anyl

chl ori de phoé%horE@éggﬁeos%?a{dée%,gwhﬂégp I%{ﬁo%%’ vg%ﬂeﬁ‘ﬁ}% %é'??egg%%;@gﬁbi nations
t hereof . 32. adide process according to Caim22, wherein the acid is.
phosphoric acid. 33. The process according to Caim22, wherein from about
1 to about 7 equivalents of phosphoric acid are added per equival ent -of

boron. 34 T88, P" 96EBR0aRGOUdbRling fo BRI 2undfaf FLi AR ARUAR 9 200Ut

5 equi val ent oric acl r per equi val ent of boron. 35. The

process accof dquivalentSoéphoehorishasieiare dded pboeyuiRalent of bakput 4. 5
equi val ents of phosphoric acid are added per equival ent of boron. 36. The
process according to Caim22, wherein the al kyl ene oxide is

34. The process according to Claim 22, wherein from about 2 to about

5 equivalents of phosphoric acid are added per equivalent of boron.

35. The process according to Claim 22, wherein from about 2.5 to
about 4.5 equivalents of phosphoric acid are added per equivalent of

boron.

36. The process according to Claim 22, wherein the alkylene oxide is
chosen from ethylene oxide, propylene oxide, 1,2- and 2,3-butylene oxide,

isobutylene oxide, epichlorohydrin, cyclohexene oxide, styrene oxide and

C5-C3q a-alkylene oxides.

37. The process according to Claim 22, wherein the alkylene oxide is
chosen from propylene oxide, 1,2- and 2,3-butylene oxide and isobutylene

oxide.

38. The process according to Claim 22, wherein the DMC catalyst is a

zinc hexacyanocobaltate.

39. The process according to Claim 22, wherein the unsaturation of the

fuel additive is less than about 0.05 meq/g.



chosen from et hyl ene oxi de, propyl ene oxide, 1,2- and 2, 3-butyl ene oxi de,

i sobutyl ene oxi de, epichlorohydrin, cycl ohexene oxide, styrene oxide and

C5- C30 a-al kyl ene oxides. 37. The process according to Claim 22, wherein the
al kyl ene oxide is chosen from propyl ene oxide, 1,2- and 2, 3-butyl ene oxide
and i sobut ylppeggspxi de. 38. The process according to Caim22, wherein the
DMC catal yst is a zinc hexacyanocobal tatfg_39. The process according to
Claim 22, wherein the unsaturation of the fuel additive is |ess than about
0.05 nmeqg/g. PO 8659 -18- 40. The process according to Caim 22, wherein the
unsaturation of the fuel additive is |less than about 0.04 neqg/g. 41. The

fuel additi v madphdprddess Riceseiig RFCRIIMI 2 wierEineth@ dhdaturation of the

fuel additive is less than about 0.04 meq/g.

41. The fuel additive made by the process according to Claim 22.





