-1- STARTER FEED STREAM ACI DI FI CATI ON | N DMC- CATALYZED PROCESS FI ELD OF THE
| NVENTI ON The present invention relates in general to catalysis, and nore,
specifically, to the acidification of starter feed strean(s) in a continuous
addition of starter (CACS) polyether polyol production process to inprove 5
doubl e nmetal cyanide ("DMC') catal yst aktivi ty. BACKGROUND OF THE | NVENTI ON
Base- cat al yzed oxyal kyl ati on has been used to prepare pol yoxyal kyl ene

pol yol s for many years. In such a process, a suitably 10 hydric | ow

mol €écul ar wei ght starter nol eSUARTERIERERSSHREMM ene gl ycol or gl yceri ne,
i s oxyal kyl ated w t hAGHRIFVCATHION 1] RMGOA TOMIIESD PROCESS et hyl ene oxi de or
propyl ene oxide, to forma pol yoxyal kyl ene pol yether pol yol product.

Because it is possible to enploy a | ow nol ecul ar weight starter, the build
ratio (polyol wei ght/starterﬂéﬁ@@ﬂtﬁ%&ﬁ@ﬁy hi gh, and 15 thus the
process effectiv utili,zes reactor capacit Str ly basic catalysts
such as sodi um hjh%o%(?ﬁ%ntd?\/%{c’gsr fel}ﬁ? 9?%%%5%0 éqté[}gg,%ia@ IFP?'TG used in such
oxyal kyl at i @pgcifidAiNs to tRSAciaficRebry exyaky feitestPad m@) $n Bs®Intihubils synt hesi s of
pol yur et hane pol yners, as well as those suitable for other uses, contain 20

subst ant i al adfitiontaf starter({AY@py pelrethenipetyobprodastion gsecess ol isprove t he art
are awarg, durjng base-cataly 0X opylation, a conpeting rearrangenent
of pr opy“?engoﬂblie%@e?ai C&?'P‘QF (a{'ljy@gng?gtggﬁg%&tfv&" nonof uncti onal speci es which
al so beconme oxyal kyl ated, producing a w de range of pol yoxyal kyl ene nonol s
wi th nol ecul ar weights ranging from25 that of allyl alcohol itself or its
| ow nol ecul ar wei ght oxyaBAGKAIRAUND gineHE IKVEIBT@Nyet her nmonols of very
h! gh nol ecul ar \A%Ia%gzdatzlﬂgzg g'xyt/allﬁﬂa{'lgn has been used to prepare

3

polyoxyalkylene polyols for many years. [n such a process, a suitably
10  hydric low molecular weight starter molecule, such as propylene glycol or
glycerine, is oxyalkylated with one or more alkylene oxides, such as
ethylene oxide or propylene oxide, to form a polyoxyalkylene polyether
polyol product. Because it is possible to employ a low molecular weight
starter, the build ratio (polyol weight/starter weight) is relatively high, and
15  thus the process effectively utilizes reactor capacity. 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
20  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
25  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. For example, a



br oadeni ng the nol ecul ar wei ght distribution of the product, the continuous

generation of nonols |owers the product functionality. For exanple, a -2-

pol yoxypropyl ene diol or trio) of 2,000 Da equival ent weight may contain

from30 to 40 nol e percent nono!. TQe nono! content |owers the

functlonallty of the pol yoxypropyl ene diols produced fromtheir "nomnal" or

"theoretica funct onal it actual " functionalities in the range §

of 165 pavexyropyleiehditit 5 £ 0B8 OF Bhulplgnt HeBRITIEY CREFEM ange from 3.2

to 2.4. Aport B 194RNBRMALLAITBAAE CRfiS A BShtent Rfydiifgional i ty continues
ght

to decrease, and the ecul ar wei growh rate ows.  For these reasons,

t he upper fmrcimhabtayl ofltherpblybayprtm@yteneadlallswedup@d! yrory theardylberiealpol y ol
equi val ent, ust Even at. thoa\q nodest_ 10 equi val ent

wei ght s, W@O qt?@bcfy “Bhﬁg%gtter ﬁ%@gﬁﬁyn@ma&@?w @i FraPity and
br oad 5ml H'?arlrn‘é\qu%rsg%ﬁﬁél‘sbfﬁ% @Hctl&ﬁé%fmégf]raﬁggtffﬂ?ﬁ of 1oy A“s}’al kyl'ene

pol yols is gene eterm he measur i n unsaturation, or exanpl e
by ASTM Dﬂ?éBéQyprﬁByla‘t@nsﬁmm:@dsffutﬂhet e éurfatioma Pyl gooitinRewvtd/mt eri al s”, as each
nonol 15 nol ecule contains allylic term nation, Levels of unsatur atl on of

about 0. 066raRSE) gNE &he m%&@éagwsnghégiwwé%slpms bFa%retbeégf%@%pz@d pol yol s
h i
ﬁgge beentt%ggp&eﬁ'% Qﬁqmgéﬁfﬁorag ?Cda?@?aéncgbhg/ QE)%&%% con ea?usbﬁitfg\?vtshave |

been succegsfvalent2ikight it hestemovg 21060Ds. Everbhethoebahody«ni de (1 DMC')
conpl exes, such as the non- stoi chi ometric gl ynme conpl exes of zinc
hexac¥ano&abialent veighisr ther productaarerrhasacteiBee by dowastiaie pol yoxypr opyl ene

pol yol s Wit dbylogn BROh BRI AL AR GRIEhL Aoy unsaturation in the Tange

of 0.018 t epr es nted a consi derabl e i nprovenent over
the mono! 25 camteambnobctcmt@ﬂtbcbfq;mbﬂyawlm pblysisss genetdlly 1970's, Gener al

Tire & Rubber Conpany, in U S. Pat

determined by measuring the unsaturatlon for example by ASTM D-2849-
69, "Testing of Urethane Foam Polyol Raw Materials", as each monol

15 molecule contains allylic termination. Levels of unsaturation of about
0.060 meq/g to in excess of 0.10 meg/g for based-catalyzed polyols such
as those described above are generally obtained. Numerous attempts
have been made to lower unsaturation, and hence monol content, but few
have been successful.

20 In the early 1960's, double metal cyanide (“DMC”) complexes, such

as the non-stoichiometric glyme complexes of zinc hexacyanocobaltate,

were found which were able to prepare polyoxypropylene polyols with low
monol contents, as reflected by unsaturation in the range of 0.018 to 0.020
meq/g. This represented a considerable improvement over the monol
25 content obtainable by base catalysis.
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

30 from the polyol product, prevented commercialization of the products.



3,829, 505, described the preparation of high nolecular weight diols, triols
etc., using double netal cyanide catal ysts. However, the catalyst activity,
coupled with catalyst cost and the difficulty of renoving catal yst residues
30 fromthe pol yol product, preventQQBponnercialization of the products. -3-
In the 1980's, interest in such catalysts resurfaced, and inproved catal ysts

w th higher activity coupled with inproved net hods of catalyst renoval

al | oned commer cilBIthe 48885 inderest tnyah ¢atalystsTIREUHBFESI AnchinRIovesthi bi t ed
sonmewhat | - f 'gfq:sa j t he range
of 0.015 t?%é%%%hqﬁ @%ﬁ@\%\%ﬂ@?ﬂ #\‘%‘e&g@ﬁﬁ%ﬂ' y%*sa?’i?‘%@g pr oé‘lﬂeI %tswere

mar gi nal , aathoval alidyed asesnercigizat@nirtsstexptiticedl hiapolgolsydtes products due
to higher functionality and hi gher polyol nolecular weight did not
mat eri al i zeXhikitadhgomewbaklowsumena! sopian, awefellegtstbbypagaiwratiprsdn gr eat er

10 actiyit r.et sipl - descri bed for
exanpl egi nxmgESHQ’%\?(.FO;@?tggg?%waarﬁ@vfg’;ﬂé%é&?ﬂ%?\’/\éﬁthceomrer cialization
of DMC- cat glrgzesk wely atdrginapcindohsndyy &, GhproveahentCeixpasiedunder t he
ACCLAI M tradenane. Unlike the | ow unsaturation (0.015-0.018 neq/g) polyols

prepared byPQYMEF Productsadde y& higher fiesdiopplity antshipber pelyat welaculat pol yol s
of ten denonst. .1 provenents in polynmer properties, although
formul ati oﬁél@g{r gﬂoﬁtgﬁlg%:r@fde%nt fromthe fornulations useful with
conventional poliyahs.1980&s ®NQ|autdigsts Virealdvel ithifgregreggdri on in the

range of 0.002 to 0.008 nmeq/g. As those skilled in the art appreciate, one
dranbadR ofaqtivity than wasdhgreiefoesx passbieat ihnsei catalystsddpserdegd iprof usi ng | ow

ol ccul ar ieie iB1E5! BRE NG BORXPARS o AT ERS: afglariyn kY8 on o6 by
catal yst  demaiey@hliRion BTUSMCLedthgzed Rarycted gulydlg HyoNRTT egehdcalwei ght
o acess | Company under the ACCLAIRI radename. Uniks the low unbaturation. - = cro o €
process pany satu
(0.015-0.018 meq/g) polyols prepared by prior DMC catalysts, these ultra-
15 low unsaturation polyols often demonstrated dramatic improvements in
polymer properties, although formulations were often different from the
formulations useful with conventional polyols. These polyols typically have
unsaturation in the range of 0.002 to 0.008 meq/g.
As those skilled in the art appreciate, one drawback of DMC-
20 catalyzed oxyalkylation is the difficulty of using low molecular weight
starters in polyether synthesis. Polyoxyalkylation of low molecular weight
starters is generally sluggish, and often accompanied by catalyst
deactivation. Thus, rather than employing low molecular weight starter
molecules directly, oligomeric starters are prepared in a separate process
25 by base-catalyzed oxypropylation of a low molecular weight starter to
equivalent weights in the range of 200 Da to 700 Da or higher. Further
oxyalkylation to the target molecular weight takes place in the presence of
DMC catalysts. However, it is known to those skilled in the art that strong
bases deactivate DMC catalysts. Thus, the basic catalyst used in
30 oligomeric starter preparation must be removed by methods such as

neutralization, adsorption, ion exchange, and the like. Several such



25 by base-catal yzed oxypropyl ation of a | ow nol ecul ar weight starter to

equi val ent weights in the range of 200 Da to 700 Da or higher. Further ‘
oxyal kyl ation to the target nol ecul ar wei ght takes place in the presence of
DMC cat al ysts. However, it is known,to those skilled in the art that strong
bases deactivate DMC catal ysts. Thus, the basic catalyst used in 30 ;
oligoneric starter preparation nust be renoved b t hqods. such as 1
neutral i z&i‘?tﬁﬂfﬁs %gﬁomqugﬂtr%%h%ﬁﬁé?o%ﬂg'ﬁ’ﬂé ﬂ?@(éag%@{?@lr al such -4- A
met hods r jor r i ' PFrot BeOMSoR it i onal

st eps assgf:alrﬂastgc;$ v%fgttﬁ@ggtﬁa‘{d§és|&£%maal fr? ﬁo?n%teﬁ«@ ol .%“gérrtgr” EEEgﬁ%?'td er can add

si gni fi casignificant psodasseimearahd thus coektio th@ovbmllprecedd. process.

Furt hernore, the higher nolecular weight of the starter Jowers the build 5
ratio of fHéthBF'BQE%gh% @heﬁn&%lﬁw@rW@?@é\i@gywed%@ﬂ@ai}rwmtéﬁ&ua utilization.
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DMC- cat al yzed poloftodr qrandack agedeatedesitaoryalkylibtiomedihi DMT catelyats vel y narrow
nol ecul ar . wei ght band, and thus DMC-catal yzed polyols 10 exhibit very |ow

pol ydi spefssihelt asvery gy molgcutarapeight ¢agonepie generally ahseryrdn det er ni ned |
that a ve | hast ' e 1,000 ppm have }
nol ecul ar F%&i%g[ﬁ‘f I'gf Prl}féégggés]gg%df 6@8@0@]8@8S[aho%%uéésv%%yé&g%@eﬁ"q%ut very high ‘

ol ecul ar ravatigélt nafroRcinotwrulsr weighgband, aareethue Ipdds bl zetigrolgsee of the
anonmal ous properties observed with ultra-low 15 unsaturation, high

f unct 1@naexbipitadiry éaw potyispersities, pemegdllynb 28l lass- wepyever, i@z ui es do not
it . . o | y
Srunt s prEel bR Yoy REAELR Yo 8t o P! Jeddifharn L TR he

hi gh nol acddGppmehabé midletllar waights ixexsessariel 00f 000 Damebhi®eeny ni m zed by P

Y YP PY P Y Y 20 continuous addition of starter ("CADS') duri n_g
oxyal kyl asimall, buhverthiah sleedar weight Hrantieeds dkaughtdovbeoespansiblenei ght

starter, ‘13*0rgsom8ro?m@ gngmgwﬁsodroperties observed with ultra-low
15 unsaturation, high functionality polyols. These ultra high molecular weight
molecules do not significantly alter the polydispersity, however, due to the
extremely small amounts present.
U.S. Pat. Nos. 5,777,177 and 5,689,012, disclose that the high

molecular weight "tail" in polyoxypropylene polyols may be minimized by

20  continuous addition of starter (“CAOS”) during oxyalkylation. In batch and
semi-batch processes, low molecular weight starter, e.g., propylene glycol
or dipropylene glycol, is added continuously as the polyoxyalkylation
proceeds rather than all being added at the onset. The continued
presence of low molecular weight species has been found to iower the

25 amount of high molecular weight tail produced, while also increasing the
build ratio, because a large proportion of the final polyol product is derived
from low molecular weight starter itself. Surprisingly, the polydispersity
remains low, contrary to an expected large broadening of molecular weight
distribution. In the continuous addition process, continuous addition of

30  starter during continuous rather than batch production was found to also

result in less low molecular weight tail, while allowing a build ratio which



or di propyl ene glycol, is added continuously as the pol yoxyal kyl ati on
proceeds rather than all being added at the onset. The continued presence
of | ow nol ecul ar wei ght species has been found to | ower the 25 anount of ~
hi gh nol ecul.ar wei ght tail produced, ile also increasing the build ratio,
because a | arge proportion of the final™ polyol product is derived fromlow
nol ecul ar weight starter itself. Surprisingly, the polydispersity renains

| ow, cont r ard3pRreachiesctipttareeriyatieinppleerdvn bidrasktionsl semidatetei ght

di stribution, {; nti. Lti.on process, continuous addition of 30
starter durimagzg%sﬁﬁgeﬁﬁﬁ)&éylﬁigﬁg?%gg?aﬁ#'%atch production was found to also
result in less | qynfapLstdarwie gitedime |a widily 8séd tohBSorsal Rtantdt, fsat i o whi ch
-5- approaches that fornerly obtainable only by traditional sem -batch

processi ng eampployeddn piker thathatgistype wittiowpusaddition eftsiartgr proeessie, a wi del y
used trifunct itﬁnal §tarteé/ IS t.en'gl Oégg. i ncﬁi her the batﬁhm e continuous
addi ti on°of YtHF COPURYQSYDE cantigHoys additinn;gh § Qrt%)&e%%ﬂ ¢ s addition
of starter Rfa@&l?&égrabhﬁ@%&%@éé{%tnd%fﬁéiﬂé‘bbbyeﬂ?é}cdf'tﬁéfo%%ireé‘nd often a

pol yet her of thé desire nol ecul ar wei ght carnnot be obtained, or when

obt ai ned, prodigctlar steaghtatannios becbtained, erswhemobtaiogéd hirgduabl ecul ar wei ght
tail, polydispersi.t etc., are less than optjnmal. |t appears that in the

| ow 10 nol ediRACtREP SL}%h@%?BPUQgBﬁ?'QEdBOIFBU : W'gméﬁ’e the ratio of

gl yeerin to odyABybang &t deiesshhaRepillian it dodeardion il Ry hi gh ol ecul ar
wei ght  pol fol S, glycerin and other |ow nol ecul’ar weight starters can act as
i nhi bi t d0s andlesulaaseigiteracge alf pbout 26 tofHeld, whércthe natig db glyweris tevi dent
under these stressed conditions, Because g!@éﬁeri ne is derli ved .from plant 15

or ani nal ndFPBweﬁﬁ ﬁd@%@ﬁd@ﬁprﬁﬁ ”Kkh@Bﬁ?@ﬁﬁgééﬁﬁﬂ t more basic
o oon TGRSR GOk I AR YR MEDen e
very smal | anhibitoss émd stressithe catalysut Aapothmymaffents aaydhe maréevident
under these stressed conditions. Because glycerine is derived from plant
15 or animal matter by base-dependent processes, it contains one or more
basic contaminants which may cause a loss of DMC catalyst activity.
McDaniel et al., recognize this and teach in U.S. Pat. No. 6,077,978, the
addition of very small amounts (i.e., up to about 100 ppm) of acid to the
glycerine initiator prior to its introduction into the reactor as continuously
20 added starter to neutralize the basic contaminants. Synthetic glycerin may
have trace residues of base from the manufacturing process. Methods
said to be useful other than the addition of acid, according to the ‘978
patent, include adsorption by acid adsorbents, and ion-exchange to either
neutralize the impurities or to exchange them for acidic moieties. The
25 addition of acid, however, is the preferred method of McDaniel et al. for
increasing the DMC catalyst's ability to resist deactivation during CAOS
feeds at high CAOS/oxide ratios. The ‘978 patent states at col. 6, lines 55-
58, that, “... less than 100 ppm acid based on total low molecular weight
starter need be added, preferably about 5 ppm to 50 ppm, and most
30  preferably about 10 ppm to 30 ppm” should be used. McDaniel et al. fail to



glycerine initiator prior to its introduction into the reactor as
continuously 20 added starter to neutralize the basic contam nants.
Synthetic glycerin may have trace residues of base fromthe manufacturi ng
process. Methods said to be useful ogher than the addition of acid,
according to the '978 patent, include adsorption by acid adsor bents,’ and
i on-exchange to eith neutralize th urities or to exchange them for
hol it o ot SPIQE g astiia ot SudoRdp @t helt e oW B o SEREPERr e met hod
of Nebani el yph rdledelidf nebMBlIAA8ESE dohfaranEabahkdhycer "ty to resist
deactivation ur| ne %Acg ﬂ%éeds at hlhg% CACS/ OX|§§rat ?]%ls The ' 978 pat ent
states at col. 6]t W<Du1ésbe&593l@8>]e tchlae ab!eto utlliesdow maoletO@dr pyeigretci d based on

total | ow np] ecul ar, wei ght star need dded, preferably out 5 ppmto
50 ppm andSHOE MaYepiER douiahy Malsouta e BLe o s ogBRIOT IO HE Lsed.

McDani el 5 et i add
greater armﬁ%ta fysig g(‘:’\?cg‘”? ﬁlarrt\r%r at Hg‘%%%g&?@yﬁgﬁt% ;sdzégg[ gé‘? @Bc};o%'t am nant s
of the gl ycwnthnmmmlathl@buhdlebeladmlgrabhﬂecbmpbaeatsl. et ivould bé furthdrow nol ecul ar

wei ght starter rml ecules for | ow nolecul ar vvel ht poa| producti on using
DMC 5 cat af§gifabie|te PheRATE RAYHAEHKY '%’e%‘?')’%!ﬁl"é &E%W@SDNC catal yzed

pol yols wt [F@Q# ul d be
further deis]{fmétg)e‘mt Sg%r%tg’ ar gggg 9@9(1‘{/% E@éﬁ%&%‘y yo @%ﬁn r?}:g r‘@BUI | d
rati os. However, these objectives cannot be net if catal yst deactivation
occurs. 10 SUNNARY OF THE ISNVENTI ON Ac or di ngl he present invention

provi de¥9a process for the ..;.3"'..\ ecul ar wei ght

DMC- cat al yzed po : %% acidified

cont i nuous addi tl'%’%bg%'ﬁ@?art es?@r& %R) n E(r:es SQQ?PQ% d over that
required fomaredactate ahliowen n@tbleét@lat Imengjaﬁmcwatalyzad Ipolyorotietvas wei ght
starter is added to a CAOS feed stream The inventive process may permt

the use of KNegatofose pogsible Wsing Nagr YEAifBH soBEBUURAIAESN IKESEMTor e 1 equi r ed.
The pol yet hes AR MBLSs. An excess of acid over that required for neutralization of

15 the basicity of a low molecular weight starter is added to a CAOS feed

stream. The inventive process may permit the use of less catalyst for a
given process than was heretofore required. The polyether polyols
provided by the process of the present invention may allow for the
production of improved polyurethane products, such as coatings,
20 adhesives, elastomers, sealants, foams and the like.
These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein

below.

25 DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described for purposes of

illustration and not limitation. Except in the operating examples, or where
otherwise indicated, all numbers expressing quantities, percentages, OH
numbers, functionalities and so forth in the specification are to be

30 understood as being modified in all instances by the term “about.”

Equivalent weights and molecular weights given herein in Daltons (Da) are



provi ded by the process of the present invention may allow for the
production of inproved pol yurethane products, such as coatings, 20

adhesi ves, elastoners, sealants, foanms and the |ike. These and ot her

advant ages and benefits of the presenf invention wll be apparent fromthe
Det ai |l ed Description of the Invention herein below 25 DETAILED DESCRI PTI ON
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nunber averadfdiieyof staren{ChLIHeed shgamumBrthal wayyedfar seulralizatiari ght s

respectizvel yg (eloll M p ' t adds an
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that requi rigdubbt thaetie atdigan iopexcesDcit Wolasiaoe ! at edst aol gffeotpdeul ar

wei ght starter. It had heretofore been thought that the addition of excess
aci d woul d #awerst genagadive gdfest. rascaxpesmentain woich DMGeatalistés ef fect, as

experinments_J i VSt A 0 ! Ld in
gl ycerine d%%ébﬁe’\g@as@ g}@gghéﬁ%%ﬁ ’h %ﬁgg‘é%&@&%{%ﬁ% n ca‘%% y@&k%gti vity over
tine. The idyeehsy paBesscthbt pietd. eThy inldrone pregedsact ure of | ower

nol ecul ar wei ght DMC- catal yzed polyols (250 Da to 2,500 Da) than is
possi bl1® usimexnestedyipiews saanutaciere eblpwerTheleprias meightdMiti on may al so

P e B s FRPDNRE 5 Bl SRS D RRERA
i nhi bitors gndStearrs Thepreat isentid® nldiealasipérmdhé iues didgssa positive
effect all O(\:Agtg%/s% Poer ar Siz\i/grglp?gcés% tﬁgg%ee?gto%oore required. Glycerin and other
low molecular weight starters can act as inhibitors and stress the catalyst.
15  The acid addition has a positive effect allowing the reaction to proceed to
completion. This positive effect is unexpectedly observed even with
starters having little or no basicity.
The present invention, therefore, provides a process for the
polyoxyalkylation of a low molecular weight starter involving establishing
20  oxyalkylation conditions in an oxyalkylation reactor in the presence of a
double metal cyanide catalyst, continuously introducing into the reactor at
least one alkylene oxide and a low molecular weight starter acidified with
at least one of an inorganic protic mineral acid and an organic acid,
wherein the acid is in an amount in excess of 100 ppm, based on the
25 weight of the low molecular weight starter and recovering an oxyalkylated
low molecular weight starter polyether product. The process may be
conducted as a semi-batch process or as a continuous addition process.
In either case, the low molecular weight starter feed stream, is acidified
over and above the level of basic impurities found in the starter. The -
30 presentinvention is also directed to the polyol made by the inventive

process and polyurethane products incorporating those polyaols.



conpletion. This positive effect is unexpectedly observed even with

starters having little or no basicity. The present invention, therefore,
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Conti nuous starter a or ‘exa ul'y contl nuous, or may
be in 5 relditcatEyst bd oaaitginedat sdbstactieietitessarhe lewel] dithtmighdier act from t he

present process to increnentally add a reactant . in such a manner that the
added 'fat &ONgENEaIhEhEhaRIeHRS ﬁ*@ﬁgﬁgegq %38 FATHN3e LORETD sone time

prior ¢, e rosbr UERETRE CBLIAASH bRt HGURY actich | ickiédr od that the

amount of cata I ntarned at substanti y the sanme [evel, although
the 10 concelditicat oforeastdnt whicindeesaot siebsahidydllgradfent tre naude of dre er are

charged to the r,eac_ﬁ]gr, during tklr%‘course of éhe_conti nuous reaction.
| ncr ement alPTOgeti i iSHh eANtingQEeans tRAeTN foesehBeradibst antial Iy affect the

nature of the RRAHYGyentvE PrddessCBBlLRYAKTen8DIINH atEpmBIated§d herein.

15 the oxyalkylation of a low molecular weight starter, in the presence of a
double metal cyanide complex catalyst. In conventional batch processes
employing DMC catalysts, the entire initiator (starter) is added initially to
the reactor, DMC catalyst is added, and a small percentage of the alkylene
oxide feed is added. A significant pressure drop indicates that the catalyst

20 has been activated. Alternatively, a preactivated master batch of catalyst
mixed with initiator may be used. The reactor temperature is maintained
at between 70°C and 150°C, and the remainder of propylene oxide added
at relatively low pressure, i.e., less than 10 psig. In the conventional
process, oligomeric starters having an equivalent weight in the range of

25  200-700 Da or higher are generally used.

Using the conventional process, by way of example, the preparation
of a 3,000 Da molecular weight polyoxypropylated glycerine triol may be
achieved through oxypropylation of a 1,500 Da molecular weight
oligomeric oxypropylated glycerine starter until a molecular weight of 3,000

30 Dais achieved. The build ratio is 3,000 Da/1,500 Da or 2.0. This low

build ratio cannot efficiently take advantage of reactor capacity, as some



In the inventive process, polyoxyal kyl ene polyols are prepared by 15 the
oxyal kyl ation of a | ow nol ecul ar wei ght starter, in the presence of a

doubl e nmetal cyanide conplex catalyst. In conventional batch processes

enpl oying DMC catal ysts, the entire igjtiator (starter) is added initially
to the reactor, DMC catalyst is added, and a small percentage of the

al kyl ene oxj de feed | dded. A significant pressure drop indicates that
the” cat al ysORehast obs T Feartace bR in hped ErystoHep PoRB 0at d mst er

bat ch of _calaldin, (i KRSt Wl had baked, BBY sRRifieafflambit bepaciey temperature
i S maintaine at between 70C and 150C, and t'he renal nder of propyl ene oxide
added at rdligh maégulaowejgheé$=s10R000 Da) frdctiss. (Thanmhiph meleguldrnveiglat

conventi onal r 0CESS,, .0l i gonmeric starters having an equi val ent weight in
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conventi gnalhdpesshe sty of exanple, the preparation of a 3,000 Da
nol ecul ar wépl ght pol yoXypropyl ated gl ycerine triol may be achieved through
oxypr opyl ati on oflndhd yiica! Bantiolecubdditineicfistartes] (IGAE") pramegss opy! at ed

| ycerine starter yntil a nol ecul.ar i ght,.of 3,000 30 Da achi eved. The
Bul L d rati o RVSEHasenTs SeeorwishedBy S3eiian qtasmaliet apktt & cannot
effici ently dighteHbaahaondBind i@t 4afRPaRL MitiaPRKkPBAE oxfie AP per cent of

the total reacCtor capacity™i s use or 'starter alone. In addition, the
product wi | |ladtisabomasimtie chmtendiogal priocans. aowever,ah the eentinuduisgh nol ecul ar

wei ght (>100, 000 Da) fraction. This hjigh nol ec r _wei gh raction ("tail"
s bel i d0ed ACEIHOYHBUBEPIESFaCTRIEHE WHOBLAE ST SRYiRtihane syst ems.
n the tyDl CRldifintd AKOERC M, [PBhePlnip L3S Rlixdd (eXRonieR AERSR. The
pol yoxyal kyl at1on 1's atconplished by addition of a smaller anmount of

ol i goneri ¢ sdraotiermapdet h8weightperaeal lystedonl thaiveigilt ofthey temeired de f or
activation as in the conventio al/ﬁlgr ocess.  However, in thﬁ conti nuous 10

addi tion of 'QWAPPISCURN Naight StRERHABYIERGINIGEI RN, 86 & RHTMdNGyded i n

example. As a result of the use of lesser amounts of oligomeric starter

15  and continuous introduction of low molecular weight "monomeric" starter, a
glycerine polyol of 3,000 Da molecular weight may be prepared at higher
build ratios, for example, a build ratio of 5. The process efficiency is
increased by approximately 100 percent based on propylene oxide usage.
The product also exhibits less high molecular weight tail.

20 The typical CAOS process described above works well when
making high molecular weight polyols (e.g. greater than 2500 Da),
however, when making lower molecular weight polyols (in the range of 250
to 2500 Da), the catalyst often partially or fully deactivates, particularly
where glycerine a common trihydric starter is used in the CAOS process.

25 This is shown by an increase in propylene oxide pressure in the reactor.
The reaction slows or substantially ceases, and the product may not reach
the desired molecular weight. Products are found to have broad
polydispersities and a relatively higher amount of high molecular weight
tail, .

30 it has now been surprisingly discovered that addition of an excess

amount of acid, i.e., an amount greater than that needed to merely



addition to al kyl ene oxide, preferably as a m xed reactor feed stream The
anount may be 1.8 wei ght percent based on the weight of the -conbined |I|ow
nol ecul ar wei ght starter/al kyl ene oxide stream as a non-limting exanple.
As a result of the use of |esser amupis of oligoneric starter 15 and
conti nuous int roducti on of |ow nol ecul ar wei ght "nononeric" starter, ‘a

gl yceri ne pal 000 | ecul ar Lght ma e .pre ed at . hi gher
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polyglycerol may be obtained by base-catalyzed condensation of

15 glycerine. Further examples of suitable low molecular weight starter
molecules include various methylolated phenols and similar products
prepared by the base-catalyzed reaction of formaldehyde with urea,
phenol, cresol, and the like. The beneficial effects of the invention
unexpectedly extend as well to starter molecules which do not contain

20 basicity, e.g., ethylene glycol, propylene glycol, dipropylene glycol,
trimethylolpropane, pentaerythritol, sorbitol, sucrose, and the like.

The low molecular weight starter may be mixed with other starters
as well, e.g., ethylene glycol, propylene glycol, dipropylene glycol,
trimethylolpropane, pentaerythritol, sorbitol, sucrose, and the like, to

25 produce co-initiated polyether polyols. Reactions where another starter or
a lower oligomer are added all at once to the reactor is not a "continuous
addition of starter” process. However, it must be understood that a final
portion of oxyalkylation may, if desired, be conducted without addition of
low molecular weight starter. This "finishing" step allows for reduction of

30 moderate molecular weight oligomers by providing sufficient reaction time



i ncl ude those having nol ecul ar wei ghts bel ow 400 Da, nore preferably bel ow
300 Da, which contain basic, DMC catal yst-deactivating inpurities. 10
Non-limting exanples of such | ow nol ecul ar wei ght starter nol ecul es
include glycerine, diglycerol, and polyglycerol, all of which are generally
prepared through the use of strong bases. Aycerine is generally obtained

by the hydrplysis, " ification: of trigl i d i.le digl I
and | pol yol feeroPstay st Tgtarredeb et ot ebeanEoa ehuaodp ool 15
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nmol ecul es i nclude various nethyl ol ated phenol s” and simlar products
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|, and _the like. The beneficial effects of the invention . tedl
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pentaerythritol, sorbito sucrose; and t i ke. ow nol ecul’ ar wei ght
starter maysbiéonit seriswant othdreacids. aPhesphorasacielid predeged astehgiimaral gl ycol ,

propyl ene glycol, dipraopylen lycol .. trinmethyl ol propane, pentaerythritol,
Sorbi tol, SAFFoYbeTeRRICcats DY 14 SABenranEAR VI BPASEBERBEY ot her

pol yol s. Re@ﬁéf‘u@% o?%ﬁi@a@ﬂ%? Ndid BeAVARIesOhich dr8EActRld WRBasase added all
at once to the reactor s not a "continuous addition of starter’ process.

However, it sutistslaeidicideridéoadd boat arshydridials anuothei live, afe abspaldefllat i on nmay,
if desired, be conducted w thout addition of | ow nmolecular weight starter.
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nol ecul ar werght starter to be ox ated to a nol ecul ar wei ght,
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i norgani c acid, maa/ be used in tsgrg.l rocess of the present .invention, useful
aci ds i ncl u8&id: BMONG ALREL Whilgiysedu! carbIigiReids Athgir a9 Gnd t he or gani ¢

carboxylic gglidstivaaNAsRALb MBS oxalic acid, citric acid, acetic acid, maleic

15  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, thionyl chloride phosphorus pentoxide, phosphorous
oxytrichloride, and the like are considered as mineral acids herein.

20 The amount of acid added in the inventive process is in excess of
that needed for the mere neutralization of the glycerine, i.e., greater than
100 ppm, more preferably the amount of acid ranges from greater than
100 ppm to 2,000 ppm, and most preferably 200 ppm to 300 ppm. The
acid may be added in the process of the present invention in an amount

25 ranging between any combination of the above-recited values, inclusive of
the recited values.

In the continuous version of the CAOS process, the reaction may
be initiated by use of an cligomeric starter, but once begun is continuously
initiated by further oligomeric starter, preferably by recycle of an oligomér

30  or polymer from a later stage of the reaction. Alkylene oxide together with

starter or low molecular weight oxyalkylation product is added at various



sul fonic acids, and other acids. Phosphoric acid is preferred as a m neral
acid, whereas citric acid and 1, 3, 5-benzene tricarboxylic acids nay be
useful as organic acids. Acid derivatives which are reactive with bases,
such as acid chlorides and acid anhydyj des and the |ike, are also useful. 10
Organi ¢ acids such as phosphonic acids, sulfonic acids, e.g., p-toluene-

whi char e sAPs PEBBe ey RGeTnas: BF stRiibiey i BB SRR et Ana Sul furi ¢ °
aci d, among(etligpintWaiditRnu} eA WonGaidexlirréd asiideaetort(ME TR s 4li fyi ng :

derivatives include formc acid, oxalic acid, citric acid, ‘acetic acid,
mal ei ¢ 15 abpek-"Mse@readomyayialto bewsefini ¢ aci d, succinic anhydride, adipic

orecursors such 58 e PiBks BRI M S nuRBf Socs b G REE bony 1
chlorides sHbf kited fd, ®thylene idenyrose M bslitlePBRERR! UD-RARt D 3L de,

phosphorous oxytrichloride, and the |ike are considered as m neral acids
herein. 20 PHtylenmoxideoisohulytenederdde, epichierehydsint cygopexwresexits, i n excess of
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bet ween anywe@rdthyiahi @xidef oft Aeothbpxikylepel dyegk wed pRferrbaciOtrbre of  the
recited values. In the continuous version of the CACS process, the reaction

may belQ ni ppheerizaplemwnemeain nody gomser @sswvell.ted,, aphydidreanegtheri s
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oxi de t oget Ber45\883 thelcantetits BF whh afel fesrdraihco gbtedox aéik ghatdties product
is added at various -12- points along the reactor which may, for exanple, be

a tubul ar rexcewrenge thereto- poi nt addition"). A continuous stirred tank

reactor (CSTR) OTh3 process of the present invention may employ any double metal

15 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
those skilled in the art. Exemplary DMC catalysts include those suitable

20 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

25  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 i

30  process are those zinc hexacyanocobaltate catalysts prepared by the

methods described in U.S. Pat. No. 5,482,908.
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molecular weight starters which are synthesized, treated, or stored such
that basic impurities which can cause DMC catalyst deactivation are
present in the polyol, preferably starters having molecular weights below
300 Da, more preferably below 200 Da. The present invention can also be
extended to those starters which do not contain basic impurities.
Comparative and excess acidified oxypropylations employing
continuous addition of starter (CAOS) were performed in a 20 kg reactor.
In each case, an amount of 700 Da molecular weight propoxylated glycerin
starter sufficient to provide a build ratio of 8 was introduced to the reactor
together with an amount of zinc hexacyanocobaltate complex DMC
catalyst sufficient to provide a final catalyst concentration of 30 ppm in the
final product. Commercial glycerin and propylene glycol were utilized.
Following addition of oligomeric starter and catalyst, the reactor was
stripped with a nitrogen sparge at a pressure of 5 to 30 mm Hg for 30 to 40
minutes and a reactor temperature of 130°C. Propylene oxide was
iMmdmmdmanammmtawwmanm4¢06wagmpemaﬂdﬂmsmné
charge and the reactor pressure monitored to ensure catalyst activation

had occurred.

v



-13- The DMC catal yst concentration is chosen so as to ensure good control
of the pol yoxyal kyl ati on reacti on under the given reaction conditions. The
catal yst concentration is preferably in the range from 0.0005 wt. %to 1
w. % nore preferably in the range_fifgam 0.001 wt. %to 5 0.1 w. % nost
preferably in the range from0.001 to 0.01 wt. % based on the anount of

brotess of "tho pPEgtfe NebHBREs PifeRaRsPOASl TRy SRer bRy, " 1
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reached 60 percent of the final batch weight (a 40% non-CAOS cap for

15  propylene giycol). At this point, the propylene glycol feed was stopped,
but glycerin and propylene oxide feeds continued. The co-feed of
propylene glycol and propylene oxide continued until the reactor contents
reached 90 percent of the final batch weight, at which point the glycerin
feed was stopped (a 10% non-CAQOS cap for glycerin). The propylene

20  oxide feed was continued until the end of the batch. Reactor pressure was
monitored throughout the batch, and if the pressure exceeded 45 psia, the
propylene oxide and CAOS feeds were cut off.

In Comparative Example C1, the glycerin was acidified with 60 ppm

of phosphoric acid. During this batch, the reactor pressure was 45 psia

25 when the reactor contents reached 89 percent of the final batch weight,
and the reactant feeds were shut down. Although 60 ppm of acid is more
than enough to neutralize the basic contaminants measured in the
glycerin, the peak pressure during this batch was 43% higher than was
observed during the batch in which the glycerin was acidified to 240 ppm

30  phosphoric acid (Example 2). The batch of Example 2 completed

normally, reaching a maximum pressure of 32 psia. The presence of a



30 charge and the reactor pressure nonitored to ensure catal yst activation
had occurred. -14- Pressure was allowed to drop below 500 torr prior to ,
restarting the propyl ene oxide feed. Follow ng activation, propylene oxide
in, a "red hot" build ratio was addefsto the reactor. The "red hot' build
ratio is defined as the ratio of the ampbunt of propylene oxide added plus

t he initial i t t red hot "
build ratio S ﬂ%@éggg\r’(\@é ?‘fgcel(?lg]ufrigg Ee151 gaﬁgreﬁf‘f{o ﬁé\féﬁﬁag% Sl%ﬂﬁ@%t ed before

t he gl yceri penefiginogifésing ety st adtivitynt roduced The first "red hot" build
ratio refers to the build ratio when the propyl ene gbycol started. The
propyl ene gl ycol Thedegy! t%omegﬁtexaaml@s afre QU@WWIZ@% @@Wd@r‘ftabd% 10 the
propyl ene oxi de feed. The second "red hot build ratio refers to the start
of the glycerin feed, at which point the glycerin was fed at a weight ratio
of 17.1 percent to the propyl ene oxide. The co-feed of glycerin, propylene
gl ycol and propyl ene oxide continued until the reactor contents reached 60
percent of the final batch weight (a 40% non- CACS cap for 15 propyl ene
glycol). At this point, the propylene glycol feed was stopped, but glycerin
and propyl ene oxide feeds continued. The co-feed of propylene glycol and
propyl ene oxide continued until the reactor contents reached 90 percent of
the final batch weight, at which point the glycerin feed was stopped (a 10%
non- CACS cap for glycerin). The propyl ene 20 oxi de feed was continued until
the end of the batch. Reactor pressure was nonitored throughout the batch,
and if the pressure exceeded 45 psia, the propyl ene oxide and CACS feeds
were cut off. In Conparative Exanple Cl, the glycerin was acidified with 60
ppm of phosphoric acid. During this batch, the reactor pressure was 45 psia
25 when the reactor contents reached 89 percent of the final batch weight,
and the reactant feeds were shut down. Although 60 ppmof acid is nore



t han enough to neutralize the basic contam nants neasured in the glycerin,
t he peak pressure during this batch was 43% hi gher than was observed during
the batch in which the glycerin was acidified to 240 pp M 30 phosphoric
acid (Exanmple 2). The batch of Exanpkhg-2 conpleted normally, reaching a
maxi mum pressure of 32 psia. The presence of a -15- significant excess of
acid in Exanple 2 appears to have h&fjatf’lesl' gnlflcant beneficial effect on

o
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Phosphor i d apet ©bitceng KQNG) in gl ycerin (ppm| 60239 PG "r @38hot "] buil d
ratio 1.1 |Initial SaytleeOH# (mgK@HId) build ratio 1f 25 2385 PJ P288yl ene oxi de
ratio duri rrgw&‘p%rrc%@b éorcehtratiofd il efdeninRbpRy)! ene &o de rati@4@uri ng CACS
17.1 17.1 @erd'tha'bpﬂﬁﬁ“éﬂ:c}’Sf concentratron | n proquptu »(. m 5p1du React i on
t enper at urﬁh’@ﬁﬂ%@ buf—i,, lOLl e U1uu1 S) 0 WFIZ art LAlJl 47 tTg 8 8 PG
non- CACS ¢ AR ap—1+0—10 vq rHR-pHe55u-e—duri ng
bat ch (psi 2{@6@@%‘&9@@@ R gt CACS feed 3

Glycenn/Propylene oxide ratio during CAOS 17.1 17.1

feed (%)

Final catalyst concentration in product (ppm) 30 30

Reaction temperature (°C) 130 130

Feed time (hours) 6 6

Overall build ratio 8 8

PG non-CAOS cap (%) v 40 40

Glycerin non-CAQOS cap (%) 10 10

Maximum pressure during batch (psia) 46 (batch 32

shut down)

The term "establishing oxyalkylation conditions" in an oxyalkylation
reactor is believed to be self-explanatory. Such conditions are established
5 when the reactor temperature, alkylene oxide pressure, catalyst level,
degree of catalyst activation, presence of oxyalkylatable compounds within
the reactor, etc., are such that upon addition of unreacted alkylene oxide
to the reactor, oxyalkylation takes place. As a non-limiting example, in the
batch version of continuous addition of starter, oxyalkylation conditions are
10  initially established by following the procedures detailed in the preceding
examples. By the term "continuously introducing” with respect to addition
of alkylene oxide and glycerine starter is meant truly continuous, or an
incremental addition which provides substantially the same results as
continuous addition of these components. By the term "oxyalkylated low
15  molecular weight starter polyether” is meant a polyoxyalkylene polyether
prepared by oxyalkylating the glycerine starter. The oxyalkylated glycerine
starter polyether will be a polyoxypropylated, glycerine-initiated triol. The
terms "starter” and "initiator" as used herein are the same unless

otherwise indicated.



The term "establishing oxyal kyl ati on conditions” in an oxyal kyl ati on
reactor is believed to be self-explanatory. Such conditions are established
5 when the reactor tenperature, alkylene oxide pressure, catalyst |evel,
degree of catalyst activation,17presence of oxyal kyl at abl e conpounds wi t hin -
the reactor, etc., are such t hat upon addition of unreacted al kyl ene oxi de .
to the re ting exanpl e, |nthe
bat ch ver gﬁ%ﬁf ¥&§%ﬁ%&¥ reg%%ﬁ(?g%r%?%egﬁé?ﬁ@g%%@yl ation conditions = *
are ¥yenhion inzey yeeeaabﬁlwsihmhebyr frtmlremcrygnates tprmoeidar es det ailed in the

recedn By the term 'co nt r oduci n th respect tow |
gddl W‘IBW erP@mﬁﬁ@ﬁ@ %)‘?FjH‘étsdﬂ@”a'lrEgchi 'éélq LR qog ﬁﬂl%m? t\rMuI y conltol nuous,
or anhéQGé@’ESéHIéHtsaglgbfdn‘?é‘rsWa% Qﬁ@‘{ﬁéjﬁ*l% substantially the sane results as

cont i nuous addition of these' conponents. By the term "oxyal kyl ated | ow 15
ol ecul ar Theifgtegostaexamples ofdhb@résars imeantionaarpalfievey drktheene pol yet her
prepared by .o | kyl at i the gl yceri starter oxyal kyl at ed gl yceri ne
bt af puipgse g dlidratbran D dot ety b raEys 2Bbarers g dasewite [t ed i i o
The irf ot ii%and @fribc¥fidentduddcibet etﬂémurﬁ?g LRShBUficdIg the sare unl ess
otherw se indicated. -17- The pol yet er ols pro uced by the process of

t he prvsshin %rmr.esnwam\vwnhgzub@epafhng gdmihtehspiritand snope of fecyanat es to
provide i oved poI uret oduct s i ncl udi but n limted to,
Poat Ms1on o decsrRe Ol 8 IATon of Kb resasuTed SR arbenaori ke, 5 The

{(?)r egpiig, exanpl es of the present invention are offered for the purpose of
iTlustration and not limtation. It will be apparent to those skilled in
the art that the enbodi nents described herein may be nodified or revised in
vari ous ways W thout departing fromthe spirit and scope of the invention.
The scope of the invention is to be neasured by the appended 10 cl ai ns.



~<r -18- WHAT IS CLAIMED I'S: 1. A process for the pol yoxyal kyl ation of a
starter conprising: establishing oxyal kylation conditions in an
oxyal kyl ation reactor in the presence of a double netal cyani de (DM

catal yst; continuously introducing into the reactor at |east one al kyl ene
oxide and a | ow nol ecul ar weight starter acidified with at | east one of an
inorganic protic mneral acid and an'®rganic acid, wherein the acid

conpri ses an anount in excess of 100 ppm based on the weight of the
starter;vg s i an oxyal kyl ated | ow nol ecul ar wei ght starter

pol yet her a nolecular weight of about 260 Daltons (Da) to
about 2,500 Da. 2. The process according to Caim1l, wherein the starter is

chosen from gl i di gl veeral . and p I 9l .. 3. The process

accordi ng1'to %lg%s%f%r\}ﬂ%k’g'y%&?ﬁ Iaté aéjftaes%rlyeg Cé’ﬁgﬁéewﬁne. 4. The process

accor di neestavlistlirgg xybjkylatien elondititre it & deyalkymtiom osatorfindhe grépehemef agl ycol
propyl ene gly i : L i methylol -propane, pentaerythritol,
sor bit ol and%gh%l?g%segé.l%gfyrhﬁgmgér:%%gés@t’accordi ng to Claim1, wherein the acid
i s chosersontirueusly irtrodliciag intisthe reacherrit teagtberteoxkpléne axidedand plowspédleciilar aci ds,
sul fonic acid LAaak. S I o Caim
1, wherein thzveg(ﬂ?g&?tgp %ﬂ@@%ﬁ%p%&%ﬁféq%gfﬁr} @?rﬁﬁgggﬁ%@&%ﬁ%gk@%@ar boxylic
aci ds, phosph@niatgani¢ deid, whereinube @sidl doomirigesan dmolpdingaess ¢fc100apmny,

hydr obr om ¢ acoiag?d W{hfeWé;ijé:ht%Flihg’stJr@F"yng acid, oxalic acid, citric acid,
acetic acid, malelc acid, maleic arnhydride, succinic acid, succinic

anhydr i deecaygiing @naesyalkylaigdployl molerular waight steitel eokpathgd Pragiict havirgh gl

chiori de, Dhoshonpieldrt SR S0 DARREAN0 BbALI DA sUl Tur Lri oxi de,

t hi onyl chl oride phosphorus pent oxi phosphor ous oxytrichloride and
conbi nations thereof. 7. The process according to Claim1l, wherein the acid

i's phosphori ¢ 1giglocesd Secording to Claim 1, wherein the starter is chosen from glycerine,
diglycerol and polyglycerol.

3. The process according to Claim 1, wherein the starter is glycerine.

4. The process according to Claim 1, wherein the starter is chosen from ethylene
glycol, propylene glycol, dipropylene glycol, trimethylol-propane, pentaerythritol, sorbitol
and sucrose.

5. The process according to Claim 1, wherein the acid is chosen from mineral acids,

organic carboxylic acids, phosphonic acids, sulfonic acids and combinations thereof.

6. 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, carbony! chloride,
sulfur trioxide, thionyl chloride phosphorus pentoxide, phosphorous oxytrichloride and
combinations thereof.

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



8. The process according to Caim1l, wherein the acid conprises an anount in
excess of 100 ppmto about 2,000 ppm based on the weight of the starter. 9.
The process according to Claim1, wherein the acid conprises about 200 ppm
to about 300 ppm based on the weight of the starter. 10. The process
according to Claim1l, wherein the reactor is a continuous reactor. 11. The
process according to daim 10, whererA9the continuous reactor conprises a
tubul ar reactor. 12. The process according to Caim 10, wherein the step of

conti nuougly i troduc ng [J;%?t Laas1t ne . at%/ ge oxi.de and thetlow

mol ecul ar®wei ght® RP5FTePCEE G@ ) pynerelith agd ioMPOReS £3. M8t Bt ocess
accor di ngexcesfdiomppoh, todbeunted, 000 ppen, based oruthe sveighd of the staotepr i ses a

back-m xed reactor. 14. The process according to Caim1l, wherein the DMC
catalyst is a zinc hexacyanocobaltate. 15. The process according to Caim
1, wherei® theltel rygtasaaccordidg to Slarhdswhereindhe aeitl lvginprisescatiode200wpmpid ene

xi de. oxaioafiso durd e RRoR R PULNLPRE Biiele. [ sobutylene  oxide,

epi chl oro rin exene ox yrene oxi de and C5-C30 a-al kyl ene
oxi des. 16 The process accordlng to Cla|n11 wherein the al kyl ene oxide is

propyl enepxi dﬁfgo éﬁsgé&r% ?&éém@?%e‘?&ﬂ%é&g&gﬁ%@ &nt;%%&?%% idrhe process

i s continuous oce accordin ereln the process is
sem batch. 19. A polyether pol yol nade by: establishing oxyal kyl ati on

condi L1 ongy | 0 A ASUALIAEALRGTo LEAELR whirchi\fie RERRAAGE ik cofihblees ™! 2

cyani de cataly cont i |ntro ucing Into t e reactor at |east
one al kylféh@afdﬁﬁ@téf and a | ow m)l ecul ar weight starter acidified with at

| east one of an inorganic protic mneral acid and an organic acid, wherein
the acid conprises an anmount in excess of 100 based on the melght of
the | ow ntd ecqu&rPfﬁﬁsgmcc%fﬁﬁlgtt%P‘a"arﬂ@ reesindhe ﬁ&Paﬂﬁ CERHWIPKS)Y Bxtredugingy

ol ecul arhwejt st Shélalk§len® VB MM thB AW ktdiedlfY Wt R starter comprises multi-

point addition.

13. The process according to Claim 10, wherein the continuous reactor comprises a

back-mixed reactor.

14. The process according to Claim 1, wherein the DMC catalyst is a zinc

hexacyanocobaltate.

15. The process according to Claim 1, wherein the alkylene oxide is chosen from
ethylene oxide, propylene oxide, oxetane, 1,2- and 2,3-butylene oxide, isobutylene
oxide, epichlorohydrin, cyclohexene oxide, styrene oxide and Cs-C,, a-alkylene oxides.
186. The process according to Claim 1, wherein the alkylene oxide is propylene oxide.
17. The process according to Claim 1, wherein the process is continuous.

18. The process according to Claim 1, wherein the process is semibatch.

19. A polyether polyol made by:

establishing oxyalkylation conditions in an oxyalkylation reactor in the presence of a

double metal cyanide catalyst;



nol ecul ar wei ght of about 260 Daltons (Da) to about 2,500 Da. 20. The
pol yet her polyol according to Caim19, wherein the | ow nol ecul ar wei ght
starter is chosen fromglycerine, diglycerol and polyglycerol. 21. The
pol yet her pol yol according to Claim19, wherein the | ow nol ecul ar wei ght
starter is glycerine. 22. The pol yether polyol according to C aim 19,
wherein the starter is chosen from eR8Bylene glycol, propylene glycol,
di propyl ene glycol, trinethylol propane, pentaerythritol, sorbitol and
sucrose. 23, The pql yet her | yol .according to.Claim19 erein the acid is
chosen 1 MR APl ERGiS B Band A i ashath pEins te e BRORPECdR o,
sul foni ¢ aci dswedgtd startentidditd with 4t teaseofie oP4n inblganpopretid indtergd adcidodndaccor di ng
to Caim19, wherei 0 omcgitric, .

S

NeLEnc Le BRLA fechosemiameitid by i A8kdss &y fooghenzene
tricarboxylic Hcyge” Sﬁ s}ﬁ' STl eRk e et (o pQFST a8 AOLNNE BnpXe ﬁm d, Wﬁp&r ochloric
aci d, hydrobr dmsed awcihe, wesgitfofithedova oioteculaoweigbt dartet, araixal i ¢ acid, citric

acid, acetic .acid, i c agid ride, i nj I uccinic
anhyar i dd oot o plTRSlafe ol molERl4B! sl KEtrel Do SHEE oedicP ipfing 3

chl ori de, phosptiecuarsveight ohalmut 880 Daltomb ¢Dg)l to abbut@80dd)a.sul f ur tri oxi de,

t hi onyl chloride phosphorus pentoxide, phosphorous oxytrichloride and

conbi nations thereof. 25. The pol yet her polyol according to Caim19,
wherei n t2{e aclihe palygtieroivot accaadingl to Chim Tehevheudity gtehiow polegdar weighlr di ng t o

Cl ai m 19, £l j ' [ f 100 t
about | 2. 008 o et ga e REEED! B ofBEBlal €, T °51° 27 e pol yer her

pol yol according to Caim19, wherein the acid conprises about 200 ppmto

about 300,PMTMRASKEIRR ddifel Eddiihg & I 1 AeRlin 1iPlow MBIEBALY RRL POl YOl

according to O aimil9, ein §/ ene oxide is chosen Tromethylene
oxi de, pra¥plaréngyexinéle, oxetane, 1,2- and 2, 3-butyl ene oxide, isobutylene
oxi de, epichl orohydrin, cycl ohexene oxide, styrene oxide and C5-C30

a- al kyl ene oxi des. 29. The pol yether lppl yol according to Caim 19, wherein
the al kylZhe oXiedrolyesher polysl peqeeding fagelaim 19, wherein the starter is chosen from

ethylene glycol, propylene glycol, dipropylene glycol, trimethylolpropane, pentaerythritol,

sorbito! and sucrose.

23. The polyether polyol according to Claim 19, wherein the acid is chosen from
mineral acids, organic carboxylic acids, phosphonic acids, sulfonic acids and

combinations thereof.

24.  The polyether polyol according to Claim 19, 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.
25. The polyether polyol according to Claim 19, wherein the acid is phosphoric acid.

26. The polyether polyol according to Claim 19, wherein the acid comprises an

amount in excess of 100 ppm to about 2,000 ppm, based on the weight of the starter.



30. The pol yether polyol according to Claim 19, wherein the DMC catal yst is
a zinc hexacyanocobaltate. 31. In a process of producing a pol yurethane by
the reaction of at |east one isocyanate and at | east one isocyanate
reactive conpound, the inprovenent conprising producing the isocyanate
reactive conpound by establishing oxyal kylation conditions in an
oxyal kyl ati on reactor in the presence?df a double metal cyani de (DM

catal yst, continuously introducing into the reactor at |east one al kyl ene
oxi de and I nol ecul ar ight. starter gcidified with at lLeast one of an
hor gan c2hr ot |18 R b Polel GeShiting i€ i ofif emsest heped apheptee 2heth

conpr i ses2Gppmmtauatiout B0tEEpmedmsed od e vaight obtheathrien t he wei ght of the | ow
nol ecul ar wei ght starter and recovering an oxyal kyl ated | ow nol ecul ar

wei ght starter polyether product having a nol ecul ar wei ght of about 260

Dal t ons (ZR) tThe rdyetiier Dolydlladoardirgdo Claimal Spwberessthe blkpleoel ukide s awserof a

coati ng, | I r f I Mmr.ove npri si ng
ot g BT AR, ARy 8PP B0 2! o6 R LR R
oxide, epichlorohydrin, cyclohexene oxide, styrene oxide and Cs-Cay a-alkylene oxides.

29. The polyether polyol according to Claim 19, wherein the alkylene oxide is
propylene oxide.

30. The polyether polyol according to Claim 19, wherein the DMC catalyst is a zinc

hexacyanocobaltate.

31. In a process of producing a polyurethane by the reaction of at least one
isocyanate and at least one isocyanate reactive compound, the improvement comprising
producing the isocyanate reactive compound by establishing oxyalkylation conditions in
an oxyalkylation reactor in the presence of a double metal cyanide (DMC) catalyst,
continuously introducing into the reactor at least one alkylene oxide and a low molecular
weight starter acidified with at least one of an inorganic protic mineral acid and an
organic acid, wherein the acid comprises an amount in excess of 100 ppm, based on the
weight of the low molecular weight starter and recovering an oxyalkylated low molecular
weight starter polyether product having a molecular weight of about 260 Daltons (Da) to
about 2,500 Da.

32. In a process of producing one of a coating, adhesive, sealant, elastomer and
foam, the improvement comprising including the polyurethane according to Claim 31.



