POUBLE METAL CYANI DE- CATALYZED, LOW UNSATURATI ON POLYETHERS FROM

BORON- CONTAI NI NG STARTERS Fi el d of the Invention The present invention
relates in general to polyurethane-formng naterials and nore specifically
to processes for the double netal cyanide ("DMC')-catalyzed production of
pol yet her polyols from boron-containing starter nol ecul es. Background of
the I nventi on “Base-catal yzed oxyal kyl ati on has been used to prepare

pol yoxyal kyl ene polyols for many years. In such a process, a suitably
hydric starter memBqu\nE:mwmbﬁ-eMAWZEﬂe mermnsna*umﬂmnom des,
such as ethylene oxide ("EQ') or propyl ene oxi dé (PO to forma

pol yoxyal kyl ene polRQLYETHERS ARGMAZORONGONMTAININGSTARTERS st s such as
sodi um hydr oxi de or pota55|un1hydrOX|de are typically used in such

oxyal kyl ati ons. Thus, nost of polyoxyal kyl ene polyols useful in synthesis of
pol yur et hane pol yners, as wel | ags_ﬂcﬁéﬁdﬂﬁﬂﬂﬁﬂ_' | h 180f or ot her uses, contain
subst anti al anount k | t the art
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are aware, during OXYypr op nmpeting rearrangenment

of propyl ene gytaltals andlrhyle @dawtvallyg@pmc@sees forthefdouble AAal Speidess whi ch
al so becone oxyal kyl ated, producing a w de range of pol yoxyal Kyl ene nonol s
with mol ecul af'DMG Greatalyeed praductiomof palvethar polygls frane bakan-cortainingr its | ow
nol ecul ar wei ted oligomers to polyether nonols of very high

nmol ecul ar melgﬁhepﬁﬁﬁggﬁéglon to Dbroadening the nol ecul ar wei ght

di stribution of the product, the continuous generation of nonols |owers the
product functionality. The nonol content of polyoxyal kyl ene polyols is
general |y determ ned by neasBagkground ofdhe lnyentien for exanpl e by ASTM

D-2849- 69, " Testi gg gl k53 APBG ARG h¥S beBR YL G rGhsrer 2 each monol

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 (“EQ") 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 alcohol 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 cligomers
to polyether monols of very high molecular weight. In addition to
broadening the molecutar 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 mono!



-2- nolecule contains allylic termnation. Levels of unsaturation of about
0.025 neq/g to in excess of 0.10 neq/g for based-catal yzed pol yols such as
t hose descri bed above are generally obtai ned, Nunerous attenpts have been
made to | ower unsaturation, and hence nonol content, but few have been
successful. In the early 1960's, double nmetdl cyanide ("DMC') conpl exes,
such as the non-stoichionetric glyne conpl exes of zinc hexacyanocobaltate,

were found whirghesié eontdins allyliertepaination! YevelrafuHsateatiohybbaboud t h | ow
nonol contents, as reflected by unsaturation in the range of 0.012 to 0.020

nmeq/ g. This rBf28swed &jtoa'ncﬁiﬁ‘i?ﬁ%l@if At emesfg Brdassd- W%'VZ@%EOWSFEJ‘PUCWOM ent

obt ai nabl e by S Conpany,
in US. Pat. ng?ﬁc?soe @é%érﬁ%g abdie\}sécér'{g&%%}%j %?t%% gﬁienﬁu% g%lﬁﬁgﬁr ecul ar
wei ght di ol s, hiayeé Been reade to kwerdindatirbBomEdral hebed nitmot sbrtens tiit fdlovever
the catal yst activity, coupled with catalyst cost and the dlffICU|ty of

removi ng cat ahgve beepisygesssfek om t he pol yol product, prevented
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i mproved et ha@&h@hoﬁaét@ichmetﬁ@ calraRss GAIRE hekadyardcbpaltdtel a short
time. The polyols also exhibited somewhat |ower m)no) content, as reflected

by unsat ur at i wiere Jeungwhioh were abiede rsepareqaalyexyruopyenenpalygls wishdwer | t he

econoni cs of the pro na case nts
expected in fﬁnz% ?‘ag%d?%’ Hn%q}@Faqp&nlggﬁgﬁgn% 9PQ\9&5ﬁP3’h@Fpo| yol
ol ecul ar h@éﬁ/ drm@ﬁ&pra@érﬂéd%l ¢arfsiddrablditnp898ment Blér thatraby@t s were
devel oped with far greater activity than was theretofore possible. Those

cat al ysts, desontamabtamablemmsr@ ¢atalyss. Pat Nos. 5,470,813 and 5, 482, 908,
allowed comercial iz3tl 98765, Q¥erd e d HUBRR Y&ISEny o YRS Spat/lld ke the Tow

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 poiyols 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 potyol 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 meg/g) unsaturation polyols prepared by prior DMC

catalysts, these ultra-low unsaturation polyols often demonstrated

dramatic improvements in polymer properties, although formulations were



(0.012-0.018 nmeg/g) unsaturation polyols prepared by prior DMC catalysts,
these ultra-low unsaturation polyols often denonstrated dramatic

i nprovenents in polyner properties, although fornulations were -3- often
different fromthe formul ati ons useful with conventional polyols. These
pol yol s typically have unsaturation in the 3ange of 0.002 to 0.008 neq/g.
In U S. Published Patent Appli cation 2005- 0159628 Al, Stosser et al.

discl ose that oftbfraRflahvfsiH thedGihaafiof uberd) AALBAYBNISA pofjdigter butyl ene
oxi de ("BO') or propylene oxi e produce rmno S contal ni ng rprisingly high
| evel s of uns@hesapolyois fipizatlp haveiungaturbtien irefher tangehsf 0.002 tu0 H0&d

unsat urati on based upon the data (unsaturation nole % taken from Table 1,
at page 4 of ReSGer et al. and charge factors. Exp. Al kylene Unsaturation

<0, 606 5 v 80 o8BSy BIsPEARASH fontp Bl 0t BlR0 AL 1 6 515 5 onc
BO 27.1 0. 207Stdsseiet BDdlstsé)th@@DM(Z-da‘t@yﬁﬂ ﬂeél:t@n@lbfmgs&:ahals:wltlat ed

unsaturation values are surpri Si Q’BJ because, nment i oned her ei nabove, one
of the key at Eitheipdylepe cBQ pspsoméem%@mdﬁrnfaqe@e gIenels %T't?@dﬂgar
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unsat urati on/ galcarded hﬁs@t@fﬁt&ﬁp@ﬁs&mapo@uialagnae(uasadeamm@?/gdam@ are in

the range of 0.02_to 0.04 neq
from Table 1, at page 4 of Stosser et al. and charge factors.

. Calculated
: i}? Catalyst Ag(:ilsze Ur::na;:,leriz)on Unsaturation
' (meq/g)

1 KCH PO <1 <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 low levels of unsaturation. Typical
unsaturation leveis 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 0.04 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 methalilyl
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 C13 alcohols containing trace



unsaturation/g. The disclosure of Stosser et at. is silent as to whether any
speci al conditions were responsible for producing these high | evel s of
unsaturation. Further, Stosser et at. do not teach how to control the
production of the by-product unsaturation. As mentioned herei nabove, high

| evel s of unsaturation are undesirable becalse the allyl or methallyl
by-products can alter the characteristics of the resultant polyethers.

Al t hough t he amesats of bvrentaanspdumas, other aicbHdoigtsuehgdhosefrehsShéll's
unsat uration are obtained when using certain Cl3 al cohols containing trace
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pol yol s havin Fange no OVE. appears

that the probjep@drsthal hehsoblenedtis dlceladis dvereitieated hath eithdr sodiim opot assi um
borohydride to prevent color formation during or after production and these
resi dues i nt ePel@ssinm kotehydoge te araverdtcolas fegnation dering eF AHET on of the hi gh
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initiated w tfpraidiivh dilthemdislevestcfalyd abhbist T palyettet oigriols The C13
al cohol - based product is desirable in certain application such as deposit

control addi t Cort@inigg high lexelgaf unseiurativnape lessgasipble becavseialarge to

No. 6. 821" a0ataeteh ot e GRndls i PRuRB G ARl ARt il Pl o
addi tive appl bahbPFhe m%hit%hobaﬁé‘éﬁ protlics RCdesabN i Méiﬁ%gﬂéétﬁm )

polyethers term nated with an al kcgl' group ranging from Cg- ) (nore
pref erabl y) apech abdleposiigeptrpbadditivessas ths larger allky growpig amiaipty with
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either C3 or C4 al ogmigs aRE@MEDANE! IENPBPPat. NOUS,821 IBOBIEa¥R K valaesf 28. 8
percent of the polyethers would be

fow 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—C3p (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

percent that are terminated with either C; or C,4 allyl or methally! 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 C4;

and the C4 group would decrease the compatibility with hydrocarbon fuels

in comparison with a Cys-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

(“CAQS”) 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



termnated with the C4 nethallyl group instead of the nore desirable C13
and the C4 group woul d decrease the conpatibility with hydrocarbon fuels in
conparison with a Cl3-term nated polyether. The addition of acids to
facilitate other aspects of DMC-catal yzed rocesses 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 andut®. RublsheddratanhApplications21(15a020943H A1, disalosesdhe¢ o be used
either in the continyous, addition of starter " LAQS" roces or in
processes in Rﬁ&’gﬂ“ @CQ*&SPWWPQGCHI%M%%@WEFﬁ%@%‘}%ﬁﬂ%Hbam&or during
sone part of | ocess. No effect on pol yether unsaturation
is noted in th%ﬁgﬁggﬁzg@?e é'ovvne, in -5- US. Published Patent

Appl i cati on 2005- 0A@#B4GGh Aigh unsatlicies productaddstduorentlyy aasceptabte inowel

nol ecul ar wei gat,,startfr feed streans Ln a DMC- at? zed CACS process.

Al t hough hi gh3gfilie @PRlicalions: the strioggp e@éﬁsﬂ%?ﬂﬁ PEECEPREE® e in f uel
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pol yet her s t hhighcperfamancevwolyethersithat obntairelowersahourtser thy - pr oducts. In
addition, em ssion ang perfornanceqﬁ%ﬁ ui rements of toporrow s engines wll
likely be nor BNS2Rr3{gERY-RIRIUERusD HieMIpBIaNandoPeITANCeNi t h t he
current!y avaplaflemndid'or IRBIILAL bATineB WAR HELIS bel noO UirflgBAL dRg D! e L 0
have pol yol production processes at’ can be Used to pregare such pol yet her
pol yol s wi th heowediffietittatatisfy withl thescurrembly awvailableriigh ahsalucativol . Sunmary of
the I nvention Accordi n%I@/u,wthe present invention provides a process for the

prioducti on of PEOHS:elt REdIsAIRg It eelval HodyRten Rteaassay hatar t er
cormpound from.aRQt q'te SaRaMALE BolyBtP Pdlyols RAHI NG fdbturgfioRn acid

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 Cg — C3g boron-containing polyethers,
particularty from C13 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.



per equival ent of boron and pol yoxyal kyl ati ng the boron-containing starter
conpound with an al kyl ene oxide in the presence of a double netal cyanide
(DMC) catalyst. The inventive process nay be used to produce pol yet her
polyols which may react with one or nore isocyanates to provide

pol yuret hane products including coatings,-@dhesi ves, seal ants, el astoners,
foams and the Iike. The process of the present invention nay preferably be
used to prepare fuel additi B@ﬁ;ff[jggar@mn @%@ﬁ nt ai ni ng pol yet hers,
particularly from Cl13 boron-contai ni ng al cohol s. ese and ot her advant ages
and benefits of thﬁh%pé%@m invendinniveh now be d@écm%f%murw%ﬁﬁ@fhe Det ai | ed
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i I'lustration and npjguté mMitastiades arplmsﬂuﬁsaltur@ﬂowvteksdshﬁwdsw@h@%c@her ei n:
Figure 1 illustrates a plot of unsaturation versus phosphoric acid added for

t he DMC- cat al §dded fﬂrdh@&MGrca@alyaed:pmdmt@neﬁ@ oxi dylenepide adducti | ed
Description of the Invention The present invention will now be described for
purposes of illustration and not limtation. Except in the operating

exanpl es, or where ot her wpeRailed Dedlce &(ﬂg’ﬂ bffhmﬁvém@gpressi ng quantities,
percent ages, OH nunbers, ctrona S an Fortn 1n the specification
are to be understoﬁbe@gemtW&rﬁbﬁwwmq\mbaldesbﬁlsediﬁﬂewrmsew term "about."
The present ventors hav he ad Ition of an ac such as
phosphor ¢ achisteriand, ohiBRfe Exgeel bohgorsiaid Stribes af\thsn at i on
process redUC@ﬁ\ehk)f%%«aaifi@i!fiahac)()falIll'ﬂljfﬁx“i’t?)e‘:’r"s<'i=,t)dpﬁ3éé"s.sig 94 BREnthEY, 'ﬂ@rcéri?é’gé%ﬂ lsppy| ation.

The present invention, therefore, provid process for
: numbers, functionalities and so forth rn 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 alcchol 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.

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 — C40, more preferably Cg—Csg and most preferably are Cya
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



production of a pol yether polyol involving adding to a boron-containi ng
starter conpound fromO0.75 equivalents to 7 equivalents of an acid per
equi val ent of boron and pol yoxyal kyl ati ng the boron-contai ning starter
conpound with an al kyl ene oxide in the presence of a double netal cyanide
(DMC) catal yst. The present invention furthér provides process involving
producing a fuel additive by adding to a boron-containing starter conpound
from0.75 eqalkexykitiba grocdss qlihe dbesri-cothirdng starterpammsiridvpreterablyf  bor on
and pol yoxyal kyl ati ng t he boron-containin starher coqgo nd with gn al kyl ene
a

oxide in the paedened. G t,20Ma/ka.rpeEs Prejarabiempmer mEgeg an

Bor on- cont ai ni | ' | i s are preferably C4
- 40, nore pre é%é%@g%fﬁgﬁghg ]Qn‘ggpﬁpég@cg’rehbﬁ\@n@re %13 al cohols. A
sem bat ch process mthopgafivirtadllyyarheorgaait ominekdartic abid mhgberuseaninhahai ng
starter is added to the reactor prior to the start of the -7- al koxylation

process. The B&Reasscibainrespptdrvantion, useivbasidsinepde dptaremned imitesh 0. 01 to
20 meq/ kg, ”‘D?& tﬁ%%ﬁré?ﬁla}'citjg M ﬁﬁ‘%.fg%gh?@cé%ﬁ&gﬁiﬁa@&g%ﬁrsgghﬁfceéé}&’é,y froml

to 8 meqg/ kg of ’boron’ conpounds. virtu ni'cC or 1'norganic

aci d may be usgffohig ddids, andastBesaditist FhospReRO acidiggdricuariypeffedre@ci ds
I nclude, but are not limted to, the mneral acids and the organic

car boxyl i ¢ aciagss Myrerepacidi wheteasssitricsagid erdct d&-Benzensdtrisaroxylie ds.

Phosphoric acid.js nil ferf. ' I | s citric
acid and 1, 3, @-% n'{%ﬁget §$Qg§{%%9@q%éc 5@1'@.911@‘aci%ge@‘éﬁﬁ@gf%@gﬁg*%%%ﬁﬁ% aci ds.

Aci d derivati vath bhéed) st aseRid thierides bhdhase anhsddesandtidlie) aps | des and

acid anhydrides and the like, are also useful. Organic acids such as

phosphoni ¢ acialp usefit-oRrganie agids such as presphasiradds ostiforigaddsamg. t he
ey o SRR o I B B e
ot hers, whil e nyipetallacidy Wakhl dre sastabie intludeeiydrochloric 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, adipoy! chloride, adipic anhydride, and the like. Inorganic acid
precursors such as thionyl chloride, phosphorous trichloride, carbonyl
chloride, sulfur trioxide, thionyl 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
for the neutralization of the boron compounds contained in the starter
molecule, i.e., from 0.75 to 7 equivalents, more preferably from 0.810 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 C4; alcohol used in the examples
herein contained about 6 meg/kg of boron compounds, the preferred

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



acidifying derivatives include formc acid, oxalic acid, citric acid, acetic
acid, maleic acid, maleic anhydride, succinic acid, succinic anhydride,

adi pic acid, adipoyl chloride, adipic anhydride, and the like. Inorganic
acid precursors such as thionyl chloride, ghosphorous trichloride, carbonyl
chl oride, sulfur trioxide, thionyl chloride®phosphorus pentoxide,
phosphorous oxytrichloride, and the |ike are considered as m neral acids
herein. The ammaye atidediin trealpgedess of the pmsent invenfio@reas ansourtat needed

for the neutrallzatlon of the borqgn co contajned jn the start

nol ecul e, efanQ'F‘%r'Ple@"’Q%“ £y FoaHinatione 8‘@93@‘% » CBIRIE @ to 5
equivalents a E; f&iably fron10 95 to 4 eqU|vaIents of acid per
equi val ent of "boron or phosphoric acid, the preferred range of acid

addition is in theTmrwk‘weﬁebxtdes,?umwmah@mﬂﬁfre@ccbcbssrincledprb(ﬁml@bl y from
2 to 5 equival ents of acid, and nost referabl({%from 2.5 to 4.5 equivalents
of acid per e mited tto ogthijlengroxide, rrapylens oxidesHor- ma&‘nu'fﬁ/}?é'eexanpl es

her ei n cont ai pg%\%%%%btﬁﬁggglgl%é%@Ch%gﬁwa&q\%x?hg%xm ﬁ@éﬁ anount of

phosphoric ac e acid - 'y be added
in the procesgypfe bRA tRE HigHYr dllE}H@ﬁ'é beidesBudA a%”i%ré ﬁ@'—é‘lﬂ ylgggveen any

conbi nati on of the above-recited val ues, inclusive o e recited val ues.

The al kyl ene oxidéss Algwfugh mixttifes ofmﬂqﬂéne/exndeembembdﬂpmdywneare not
limted to, ethylene oxide, propylene oxide, 1,2- and 2, 3-butyl ene oxide,

i sobutyl ene o@Xifie a'@ﬁﬁ&ﬂl%ﬂﬂﬁwpﬁl‘i’e Fgee 65%9§H@U@(|Vdé"e &rsq-eRheloxi de, and
P o 2ot "L AR Sritrnel B8 (R aci e ¥ bR L "
oxi de al one amgom@herLas drslclosedenej SeRat. Glde13,4phH 99EB 538/043 amchoer s may be
used as wel |, . h drides and other nononers as disclosed in U S. Pat.
Nos. 3,404, 10@ 1% 888 aotents of which are herein incorporated in their entireties

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
salf, e.g. zinc hexacyanocobaltate. Suitable DMC catalysts are known to
those 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



5,145,883, the contents of which are herein incorporated in their entireties
by reference thereto. The process of the present invention may enpl oy any
doubl e nmetal cyanide (DMC) catal yst. Doubl e netal cyani de conpl ex catalysts
are non- stoichionmetric conplexes of a | ow nol ecul ar wei ght organic

conpl exing agent and optionally other conpPexing agents with a doubl e netal
cyanide salt, e.g. zinc hexacyanocobaltate. Suitable DMC catal ysts are
known to thoprepafed lagdording tether procEss wpttar nstavit imartiongirefaralsly deet hose

suitable for preparation of |ow unsaturatio ol yoxyal kyl ene pol yet her

pol yol s, suchunaatugsiin leyels ¢fless g‘.a"Fé-bﬁ Med/9 g}%\éﬂ% ?%3?@&37"?@3?49-04

3,427, 335; 3n§%€ 505; 4,472,560; 4,477,589; and 5,158,922 the contents of
which are infOrporated herein in their entireties by reference thereto. The

DMC catal ysts nor §herBME catdlyish coheentrativesis chbsthsosepaaisurageoti on are

t hose capabl e of fr gtgari ng "ultra-low' unsaturation polyether polyols. Such
catal ysts ar ecaniel ¢fdbg palyayyalkylation negstion under theiven réacien 90s,

5, 545, 601, 6, 710 a ' Pat; [ [ 04-
0044240- Al , tgg%@'ﬁéﬂ%’n?g’e#ra%%\{%%dacr%gﬁ%é‘ggit‘%Bfeﬁé‘%ﬁﬂ' o8 oty

entireties byQIeioBs whc% tbMewes, mBas prafetably ih thieabegedtbr 0.00ewt. Mgast i ve
process are those zinc hexacyanocobaltate cat a%sts prepared by the nethods

descr bed n 0w mwspré,%mmfme RIGpITan 001 120 ot hissecn '
Cnant ur at on 1% B\ of BoBelRE3S s plber” TR U ERaME PV LS " hin 0. 04
nmeq/ g. The DMgresdraliy tie Em@estolfmé pregemt vePEon 9 afarieurdtanginggood
control of the pol yoxyal kyl ation reaction under the given reaction

condi tions. Thelweenphy copdiratian ot theseivalyase inaliugys of the nesitedingliesr om
0.0005 wt. %to 1 w. % nore preferably in the range fromO0.001 wt. %to
0.1 wt. % nost preferably in the range fromO0.001 to 0.01 w. % based on

EXAMPLES
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 Cy3 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 80°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.



t he amount of polyether-to be produced. The DMC catal yst may be present in
the process of the present invention in an anount ranging between any

conmbi nati on of these values, inclusive of the recited values. EXAMPLES The
present invention is further illustrated, but is not to be limted, by the
fol l owi ng exanpl es. Exanples 1 - 13 Reactions-wWlt-h butyl ene oxide were
conducted in a one-liter PAAR autoclave (heavy wall ed, stainless steel
vessel). The starter mPlaBEM't?eléﬁ@%un%n%s?e@h@bﬁéatﬁ%ﬁhral@eéfd?"?'()ﬁﬁ%‘?@iyl Thi s
starter nolecule was m xed wth 334 ppm of phosphoric acid for ten m'nutes,
after which, the nampeopolysiemadewith 384 bt ohaeiflyasideddrdpamstarterccor ding to
U S Pat. No. 5,482,908) was added. The r tant m xture was charged to
the PARR reactor, heated t o 90C, zen.d_sl_u—g alf hour at 4.9 psia
with a nitrogen sweep. The tenper tgﬁqqpa Unsatiratiom 30C and enough

butyl ene oxi de was added to producé¢ a polydl wmeaéno | Ecul ar wei ght of

800. -10- Table I bel ow summari zes|t hefunsgt ur abit®7 val les for 70 hydroxyl
nunber pol yols made with 334 ppm of acpd added posshe starter. Table | Ex.
No. Unsaturation me / 1 0.157 2 (UI53 370-17g47 0-327 5 0.238 6 0.246

4 0.327
5 0.238
6 0.246
7 0.191
8 0.271
9 0.230
i 10 0.225
11 0.223
12 0.192
13 0.167

Avg. | 0215
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 sertes of 70 hydroxyl number polyols. Those
results are summarized below in Table ll.

Table Il
Ex. No. | Phosphoric Acid | Unsaturation
(ppm) (meg/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




7 0.1912 8 0.271 9 0.230 10 0.225 11 0.223 12 0.192 13 0.167 Avg.
0.215 Mole %17 Exanples 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 are sunmarized belowin Tabi®lri. Table 11 Ex. No. Phosphoric
Acid Unsaturation (ppnm) nme / 14 500 0.124 15 600 0.065 16 650 0.074 17
700 0.0356 18 700 TaiE3ll belv 8GMntar2as the tinsaturiticr Galutsdin Fady/eg andl  bel ow
sumari zes the unsaturatjon values in nmeg/g and nole percent for the various
anount s of phdapledrereention theyvarpus amgpt ‘%flprﬁﬁﬁ’i‘ﬁﬁﬁﬁ‘;@%‘i’%ﬂ-uﬂsaturation

Unsat ur ati on

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 o a certain point and thereafter remained fairly constant.

Examples 21 and 22

A 35 hydroxyl number polyol was prepared by the process of
Exampie 1 with the addition of 334 ppm of acid and the unsaturation was
0.249 meqg/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 Ci;
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.



(ppm nme /) (mole %9 334 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 \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
point and thereafter remained fairly constatd - Exanpl es 21 and 22 A 35

hydr oxyl nunber pol yol was prepared by the process of Exanple 1 with the
addition of 334 ppmof acid and the unsaturation was 0.249 neg/g or 39 nole
percent. The same 35 hydroxyl nunber ?Eﬁpl prepared with 700 ppm of
phosphoric acid added had an unsaturati e Ml e of 0 S_neq/g or 6 nole
percent. Exanpl e ﬁ N PolQUi#% ( 7®Phasptesio) O8k# nUmsetyratione| nade from
the same C13 alfo FEX/(Aexpehtbd() Aciddppm)as (aataat)dr admenltiing to the
procedure of Exanplei3l, exceptpthaf pr@pa ene| oxizxle S ypeo9@s the
al kyl ene oxide [MsTggd of “DUTH] EN€OXT GHy The| PPGA! S| WETEofBEe 2 t wo

different phosppori au af ronTieve] i ; A—jppm V) pm
phosphoric aci d Z pr-oduet t‘{é'i:t"verc arrah guru '*3&“:@ "“"'@ngﬂi nmari zed
bel ow in Table 282, tapl B9y £ 00y 2lp nﬁhgucMUn&at uration

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
prepare fuel additives from Cg—C3p 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. It 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.



(expected) Acid (p m(actual) (meqg/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 her polyols
produced by the process of the present invention may be reacted with one or
nore isocyanates to provide polyurethane products such as coati ngs,

adhesi ves, seal ants, elastoners, foansqgnd the Iike. The inventive process
may preferably be used to prepare fuel additives from C9-C30

bor on- cont ai M%ﬁj iselajeeAds's, nore preferably from Ca3 boron-cont ai ni ng

al cohol s. The foregoi ng exanpl es of the present invention are offered for
the purpose of illustration and not limtation. It will be apparent to

t hose skil |l ed. Aiprotéss fortthé abdadtneofim golyetties prbdyal raoleutidirey: eaddimpio be

nodi fied or revised |n various ways w t hout dep ipng fromthe irit and
Coope of ¢ hed BAOBRONEHNINGIRYS BRI EON AR b Ab EUUNARIS A 2BBHEd byt he
appended cl ai %, z t. A } In® ; . cess for the production
of a pol yet thé@(T)\fa}%Tﬁsg\(ﬁ\%graldsliéﬁgl; gggﬁ?]r?la%?ggogﬁbgpgn- containing starter
conpound fr opolybrydlk@afidg ¢laeibordeobetairingistarter dorapoundetht an alkydeneaci d per

equi val ent of boron: and pol yoxyal kyl ati ng the borgn-contajning starter
conpound wi t RXIS& 'Blth9lf§ﬁ§ nesPha qf?@ﬁ'w%gleemge &ﬁw)dﬁ%iﬁlyg-ﬁ%'ﬂ%fﬁ'rbyani de

(DMC) cataly relfiai = st ar onpound is a C4-C40
al cohol . 2. eebe[‘)\drag'cgjsds%algz@g?tgﬂ%ge?lgagpgr{j%??%’é}réelleélh(?he bor on- cont ai ni ng
starter conpound is a C9-C30 al cohol. 3. The process according to claim1,
wherein the Borgn-cont aining starter, conmpound is a Cl13 al cohol.

. The process according to claim 1, wherein the boron-containing starter

compound is a Cg-C3q alcohol.

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

compound is a C3 alcohol.

4. 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.
5. The process according to claim 1, wherein the boron-containing starter
compound comprises from about 0.4 to about 10 meq/kg of boron

compounds.

6. The process according to claim 1, wherein the boron-containing starter
compound comprises from about 1 to about 8 meg/kg of boron compounds.

7. The process according to claim 1, wherein about 0.8 equivalents to

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

8. The process according to claim 1, wherein about 0.95 equivalents to

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

9. The process according to claim 1, wherein the acid is chosen from



4. The process according to claim1l, wherein the boron-containing starter
conpound conprises from about 0.01 to about 20 neqg/ kg of boron conpounds.
5. The process according to claim1l1l, wherein the boron-containing starter
conpound conprises fromabout 0.4 to about 10 negl kg of boron conpounds. 6.
The process according to claim1l1, whereqysf_the boron-containing starter

conpound conpr.i ses fromabout 1 to about 8 nmeq/kg of boron conpounds. 7.
The processngu'&%? aklds; ereanic Farbo 'ér%q‘ﬁiﬁ'ampk%ng; @&@?vépgﬂ@ng $ about 5
equi val ent s QB?%SH%iﬁa\iﬁg%gr&ﬁr equi val ent of boron. 8. The process

, e

according to claim rein about 0.95 equivalents to about 4 equivalents
of acid is added per equival ent of boron. 9. The process according to claim

1, whereint idis chosen from-14- mneral. agids,.organi c carboxylic
2t do. phosplan] Bediogess APHing Taaaen TadthatsioMematish s SheseoFom0” The
process accCopging,4iQ Ch a0 I 4 iacidig ikomiqel tpi c acid,
1,3, 5- benzengﬂtldr]i %greboiﬁ'?‘(?égééﬁ@%, mpdr%(gép (ljlgi ?gﬁdghegﬁﬂ?ugﬁghl oni ¢
aci d, hydr octdleenesufonit, abigdriprodiioriacaaid, bydifobromicaaci, siiurici acidgi d,
oxalic acid, acetic aci d, .mal eic acid, madcei C anhgdri de, .succinic acid,

d h

succi ni ¢ anh{RiPigeAcidgignadic aacld; aftico Prid nnA§iGeacidqi Hrleic §Ficge,

t hi onyl chl ogj i~phesip tLd kI ipi€ 2444n 'F%yloél’illﬁd #ilg
trioxide, t h?%ﬁﬁ?'%ﬁ?@? i%&gﬁ%s%mwbgébgﬁ%gﬁe,& iﬁ?(l)s hor oﬂs e'o??‘tﬁrl('luchl oride
and conbi nat aphgdridesr todnyl 1¢hiofitie, phosplcroascictiiorgle, ocarbanyh thlonker ei n t he
acid is phosg@ ric.acid. _12. Th roce cordi to.claim1, wherein from

about 1 to a '?Hr Ariogigg; il s © 'I"Fr)iﬂﬁo?z%%enﬁciQr;eqﬁ?’é'dﬁdd%'&‘)%'ror%‘{ﬁji val ent
of boron. 13oxﬁr1€h|3ﬁ86%?ﬂ (?d?ﬁﬁihgiiaﬂs {Héég&,ﬁai m 1, wherein fromabout 2 to

about 5 equivalents of phosphoric acid are added per equival ent of boron.

11. The process according to claim 1, wherein the acid is phosphoric acid.

12. The process according to claim 1, wherein from about 1 to about 7

equivalents of phosphoric acid are added per equivalent of boron.

13. The process according to claim 1, wherein from about 2 to about 5

equivalents of phosphoric acid are added per equivalent of boron.

14. 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.

15. The process according to claim 1, 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

Cs-Cyo a-alkylene oxides.

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

17. The process according to claim 1, wherein the DMC catalyst is a zinc
hexacyanocobaltate.



14. The process according to claim11l, wherein fromabout 2.5 to about 4.5
equi val ents of phosphoric acid are added per equival ent of boron. 15. The
process according to claiml, 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, cyclohexene oxi¢g, styrene oxide and C5-C30

a- al kyl ene oxides. 16. The process according to claim1, wherein the

al kyl ene oxide is chosen from propyl ene oxide, 1,2- and 2, 3-butyl ene oxide

d i sobutyl ' I/ ' ; {n th
ONC catal yet |bs THe,piesh ectiing 87 Rl AR GIIA 8 Gcillebon OPHR 0, i ng

to claiml1, pbigetheris lessithantaboat 0 @5 méqgighe pol yether is |ess than about
0.05 neg/g. 19. The process according to claim1l, wherein the unsaturation
of the polyether is |less than about 0.04 nmeg/g. 20. In a process of

product ng ong0fTya BRI SUBMNEOR! Lilin FIRFBIN ineGRLANIarR gFyper and

foam the inprovene risingvinc her y the

process accopdlyathdris (dssithad abslit 0A4pheqss conprising: producing a fuel
additive by adding to a boron-containing starter conpound from about 0.75
equi val ents to about 7 equivalents of an acid per equival ent of boron; and

pol yoxyal kyl gki t 0 i j t.h kyl ene
oxide in thegg'r ie}ggnggoc%gga&gj%@@@'n@e?g? %ﬁ%?ﬁ@g?%@ﬁ?ngoa gpyg;aﬁes%‘erei n the
bor on- cont ai pealganitelas@meroand Joami, shel ikpr&dinentcedraprisiag. indheiny teess
according to c|laim 21, wherein the boron-contajnin starter conpound is a
C13 al cohol . polyetheipolyd) bydhe preerss argorgng taclaimil. wherein the

bor on- cont ai ni ng

21. 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,

wherein the boron-containing starter compound is a Cg-C3p alcohol.

22. The process according to claim 21, wherein the boron-containing

starter compound is a Cy3 alcohol.

23. The process according to claim 21, wherein the boron-containing
starter compound comprises from about 0.01 to about 20 meqg/kg of boron

compounds.

24. The process according to claim 21, wherein the boron-containing
starter compound comprises from about 0.4 to about 10 meqg/kg of boron

compounds.

25. The process according to claim 21, wherein the boron-containing
starter compound comprises from about 1 to about 8 meg/kg of boron

compounds.



starter conpound conprises fromabout 0.01 to about 20 meqg/ kg of boron
conpounds. 24. The process according to claim?2l, wherein the
boron-containing starter conpound conprises fromabout 0.4 to about 10
meq/ kg of boron conpounds. 25. The process according to claim 21, wherein
t he boron-containing starter conpound ﬁggprises fromabout 1 to about 8
meq/ kg of boron conpounds. -16- 26. The process according to claim 21,
wherei n about 0.8 equivalents to about 5 equivalents of acid is added per

i val ent b . 27. Th di t | aj 1, wh i bout
055" equi val it e Proden FosoBie f et bwirrel pEodheitauVien’ Bulent o
boron. 28. ThEo@ DEGIRaRMEPEIAEE i$ AdEEdbEY duiviledr 8f Bofdie acid is chosen

from mneral acids, organic carboxylic acids, phosphonic acids, sulfonic
acids and conbinations thereof. 29. The process according to claim 21,

acids and combination f 8. The process ac o 7
RC1 s phosphbn] B REFGRSS Aecdrdadhatain o bharsta Bayl B Panikleal 7' ©
hydr obr om ¢ agéth 4 B4l aPacld is BAAEH peRehGivaRitbl Borsl d. acetic acid,

mal ei ¢ acid, naleic anhydride, succinic acid, succinic anhydride, adipic
acid, adipoyl chloride, adipic anhydride, thionyl chloride, phosphorous

trichloride, ,garponyl chloride ul fur ioxide, . thionyl chloride

bhosphor s pfic SRPdocRry ShuElns B slafn LHibr s iR aoeb i RERIEM her cof .

30. The pr oCAfiferdf GRIdd| Mighfic GatbokyAL: adlier ShabphRicratids! SuRbmE R C_aci d.
: e process according to claim21, wherein fromabout 1 to about 7

equi val ent s afd ghowpmatians thefabfar e added per equi val ent of boron. 32. The
process according to claim?21, wherein fromabout 2 to about 5 equivalents
of phosphoric acid are added per equival ent of boron.

29. The process according to claim 21, 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, 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.

30. The process according to claim 21, wherein the acid is phosphoric acid.

31. The process according to claim 21, wherein from about 1 to about 7

equivalents of phosphoric acid are added per equivalent of boron.

32. The process according to claim 21, wherein from about 2 to about 5

equivalents of phosphoric acid are added per equivalent of boron.

33. The process according to claim 21, wherein from about 2.5 to about
4.5 equivalents of phosphoric acid are added per equivalent of boron.

34. The process according to claim 21, wherein the alkylene oxide is
chosen from ethylene oxide, propylene oxide, 1,2- and 2,3-butylene oxide,



33. The process according to claim?21, wherein fromabout 2.5 to about 4.5
equi val ents of phosphoric acid are added per equival ent of boron. 34. The
process according to claim?21, wherein the al kyl ene oxide is chosen from

et hyl ene oxi de, propyl ene oxide, 1,2- and 2, 3-butyl ene oxi de, -17-

i sobutyl ene oxi de, epichlorohydrin, cyclghexene oxide, styrene oxide and

C5- C30 a-al kyl ene oxides. 35. The process according to claim?2l, wherein the
al kyl ene oxi d%ohlgyleﬂﬁc@@\e:f?@W'BFWF‘Bnéy‘EJS?h@éf?”e_LPgldeaﬁB’@?%-odiﬁeyPﬁﬁie oxi de
and i sobutyl gne~_ oxi ; process according to claim21l, wherein the
DMC cat al ystﬁsscﬂ)a;iaﬂﬁde eg)g-grgg'nocobal tate. 37. The process according to
claim 21, wherein the unsaturation of the fuel additive is |ess than about

0.05 nmeg/g. 3 he process according to claim 21, erejn the unsaturation
of the fuel dTT'?‘? ocesy @ssording, taiam (éﬁ@zlwnh%’&/fg\.me aﬁl‘ﬂe”e oxide Is
chosen from propylene oxide, 1,2- and 2,3-butylene oxide and isobutylene

oxide.

36. The process according to claim 21, wherein the DMC catalyst is a zinc
hexacyanocobaltate.

37. The process according to claim 21, wherein the unsaturation of the fuel
additive is less than about 0.05 meq/g.

38. The process according to claim 21, wherein the unsaturation of the fuel

additive is less than about 0.04 meqg/g.





