
WO 2 00 710963pimvp24071051543 PROCESS OF FORMING .A. POLYOL
FIELD OF THE INVENTION /000111 The subject invention generally relates
to a process of forming a polyol and a polyurethane article formed from the
polyol, More specifically, the subject invention relates to a process of forming
the polyol in the presence of an alkaline earth metal hydaixide and an amine.
DESCRIPTION OF 'THE RELATED ART  100021 Various promises of
forming prilyots are blown in the art, One process includes reacting suct-iisc
and glycerin, togettla haVtlig fl ZiVeYlige fti..:Xiii)Elality of less Until 7, with an
alkylene oxide.. The sucrose, glycerin, and the alify.lerie oxide are typically
TeaCkd in the prrisenee of catalytic amounts of potassium hydroxide and/or
an amine to florin the polyttl. this reaction is    alliroxyliAtio-11 reaCtion and
lbrins thatits of alkylene oxide in oil n hYdritxYi grollills C t altil SUCrOSO
andiet ghceuo. 1.0003i in the presence of the potassium hydroxide, either
alone or with the amine, the alkOKylatiOn reaction proceeds. firtweyere the
elkoxylation reaction adds additional and diSplOpEnti()Mitc iitill3bOtS ui
anCy1C1110 oxide Rai IS to a p1V-OXiSZing chain oF silsylene us ide units
that has been forrned an the hydritixyl groups of the SEKTOSC and m'
<.,t1yeerin. This Lad' to urwyc,n nimin lengths and nnreactect SUGMSC,
which is a COlnialIliElan IR the pOly01. Additionally, use of portissitim
hydroxide leaves msidties in ili i It egithvely affect thrtming priti)ertirtS, As a
result, the potassium must he removed, thereby slowing manufacturing,
decreasing product yield, and increasing production cost, which are not
suitable ibt industrial ilifitMl In the presence of the amine alone, the
alkoxylation reaction does not add additional and distaropianiarte numbers of
alkylene oxide units. Yet, catalytic effeetivenes,. of the amine is  We
200710%317PettEnuoins1543 



diminished as polymerization takes place,the 3-lumber of moles of alkYichc
oxldct Pi=:1 mole of the hydroxyl groups on the cricrose andlor glycerin
increases. Sipecifie:nly. :110Rot            eilbetive when the number of rtieles
inerQ;,:tt:e beyond two or when a hydroxyl Btfltibl- of the poiyo/ falls blow 350
mg KOH/g, [0.0051 Atte/111)1s have been made to overcome iswes
associate:1 with using potassium hydroxide andifor :wattles. However, these
attectipts are not cost effective and do not produce the poly& in high yield.
One :stitempt includes a step-wise reite.t1031 Or STICR)Sit andgilyiXtin iktith
all al 1-Zy 101-X :Punic, Specifically, the sucrose and the glycerin are reacted
with the alkylene oxide in the preSence of the amine until the chain Magill is
about one mole of the alkyleno oxide per one mole of the hydroxyl groups of
Me, stanose andatir glycerin, At that point, the: reaction ;3 stopped and Ha e
potassi tun hydroxide is tidded to form the lOWC`tOK, this srop-wise reaction
ZICCKeaSi;;S production speed in that the InaPal aeturxng ptOeCSS illaiSt
be stopped to add the potassiunt hydroxide. Additionally, this step-wise
a:antic* decreaans yield and mereases costs --king the step-wise reaction not
desirable for cointnercial use. /0006/ It is also known in the art to form foams
and suriactants through the use of a polyol and an isocyanate, in the
presence of an alkaline earth metal hydroxide and an amine, However, these
situations, the alkaline earth mend hydroxide and the amine are not used to
catalyze alkoxylatioit of an LiOtiator composition to form the polyol and
therefore do not Mt:et-ion 'in an equivalent way when used to tbrin the foam
and/or SI)T-EieinElth 100071 ACCCWthetens 13,11 omtiortimily to Mrm a
polyol haying consistent chain length with n: eased speed and in high yield,
while reducing eosts and max imiling efficiency. Thictre also reutains0;
V0Ttim3ty to let rea pol-il.tiretline anide lien] ate pots at we
2007/096317PeriEn0o7/if,1543 SUMMARY OF THE INVENTION AND
ADVANTAGES. lt)008 I The preaent invention provides a process of tin:ming
a pcilyol. .11ie process includes the step Orpti)Viiiiitig itfi aikViC3le OX3UC
33CIihe SleD Of providing an initiator composition having an average
functionality of at toast Mar. -Ethe. process also imitates :he titith of providing
an alkaline earth metal hydroxide and an amine. The process thriller includes
the step of reacting the In 03 compositimt and the alkylene oxide M the
presence of the alkaline earth inetril hydroxide and the amine to foton the
polyth. The present invention also provides the pOty0t intl.:Wilzig the reaction
Toodnet of the initiator composition and the alkyiene oxide, reacted in the
presence of the alkaline earth metal hydroxide and the arainc, Fatthcr, the
present invention provldes polyntetharte article neluding the reaction protinct
of an ism:yanate and the polyol (tithe present invention. [00091       the
emithination of the alkaline earth metal hydroxide and the allithe allOW iht a
smooth transition froth amine outfit yak to alkaline earth theta/ hydroxide
catalysis to ihrth the polypi. This eliminates a need to intentupt the process.
This also allows the polypi to have consistent chain le.ngth and he brined
with increased speed and in high yield, while atchicing costs and at:IX.13t
12:i0g tittietiMq. 



BRIEF DESCRIPTION OF TIFF; SEVERAL VIEWS OF THE DRAWINGS
[00101 Other advantages of the present ;intention will be readily appreciated,
as the Same becomes: better tindersumd by mien:tram to the following
detailed deserthlion when considered in COBItiXiii0E1 With the
accompanying drawings wherein: DIO Ii Figure I is a hie graph illustrating an
experimental process profile of polyol fornistion atroUgh ;:dkoNyiation I ii I U
o cmnpasition 111 3he presence of dimethylethanoli1331the and  WO
24fi7/i39t317PCT/E.4 ontauti hydroxide shyttram, andle 3. propylene. .oxide
add itita temperature. wire. MO; [0.0 12 Figure :2 is a 1.:1:ke graph4
illustrating a IPS: contitil PR56: profile of prilyal formatiOn throug ilLt'\ ci ail Of
ail luilndor a031/3lCalildlli1r/ FlnJit of dirtiethyleyekritesslainine": and
percentage of 'opylene oxide.addition, p &&nre and temperature over time
and 1oo:i 3 Fgure 3 is agraph illustrating a second control process profile of
pol ol tornia1.on. thrcsuoh alkoxv1aton of an mttEaior Coinposinon ni the
pesenee 01 strontium it. frOxide 8- hydrate, and perceinta.ee of propylene
oxnie addition, pressure and temperaOver time. DETAILED DESCRIPTION
OF TILE INVENTION.     41 A process ofform: - a poyoi is disclosed. The
process 1m:dial:is the step of pro tiding an alkylene.oxide and the step of
pro.an initiator composition Ivhg an average litrictionii!: 



of at lea 3i.1i).eproc:essalsr)Lnc.tu0 id Ma an ;ilk-shim earth and an amine.
The Step of providing themetal hydroxide and the lion ma fiirther defined on
providing a combination of the alkahne earth metal hydroxide and the an
However, the alkaline earth metal hydroxide and. the amine may e provided
separately. ft provided stt>ariwlv, the process reterahly includes the
stepproviding the amine heftre pi-Aiding the alkaline earth metal hydroxide,
Alternative] y. the process rovidhig the aliraline earth Metal hyshioxidebefOre
nntvislitM the unue 10(H include the utep uti  5 1 hescess rurthei includes the
step of reacting tnc, Mita:firit :On and alkylen xide in the FaVaar.Ce of the
.alkaline arth inetat invdroxde and the amine to fon  



plitytti. The polyol. the alkaline earth metal hydroxide, and the amineeach be
cesentied in vreitte3below:. Additionally, the poled. t&mniied foulprocess is
also .i5fA(. Further,  we 2iii)7/0,i3I7Petainotiiiiot 543 the protioss of thi, p c
enMayention s atso disclosed, The polyurethane article and the process. are
also described in greater dciail below, i.OD I61 Th.:. initiator eornposnion
used to .fortit the polyol has an average funetionality of at least four.
Priiiiirably, the ant tutor composition has an ritetage iimetionalny of at least
six" hi (-the ttnaltuelithent, the initiator composition includes stierose, sorbitol,
or a combination thereof Preferably. the initiator composition includes
sucrose, commercially available front Michigan Sugar Cot pany of Bay City,
MI, under the trade name of Big Chief firannialed Sugar. However, it is also
contemplated that the initiator composition may include a non-reducMg sugar
having at least hydrOXyl griittipSc other than Sucrose, 11: is also
colliviTTlaiod that r,iolubitiatiptis of I he. initiator composition May be utilized,
100171 TiTiC in:law composition may include a blend of two or more
initiators. In one einboditneni, tile initiator composition includes 0 first initiator
selected from the group of sucrose, sorbitol, and conthinatiorts thereof and a
second initiator selected from the group of glycerin, propylene glycol,
itipropylne glycol, ethylene glycol, dietItylene Oyeat, and tiombinations
thereof In another embodiment, the initiato.r cotiaposition includes imemse
and glycol-M. If the initiator composition includes the second i:nitiator, the
second initiator may be any known in the art and may c] ode IOW molecular
weight di- and/or poly-functional alcohols and amines. Preftrably, the second
initiator has a iiinctionalily of from 2 m 6 and more preferably of from 3 to 3.
Most preferably, the second initiator has a functionality of 3. In another
embodirneni, the second initiator includes glyeefin, commercially avariable
from PR-tutor and Gamble under the trade name of Supeire. Other suitable
second initiators :nay also be used and may initimie trimerhylithalkancs such.
as "I, -irintethylolutopanc. R is contemplated that combinations of the second
initiator may also be ufflized,  we 2007/096317FCTIEP2007/05i1543 100 Hi
The first un ito ancii0I the second initiator may be ineseru in the initiatot
composition in any 11E110thli, hi one :MithOdhilell:, the first initiator hi
preferably present in an amount of at least 30 parts by weight per 100 parts
by weight of the initiator co0gyosition. Also, the second initiator is preferably
present roan :arriornit Of :ess than 40, mote preferably of less than 30, and
most preferably of less than 20, parts try weight per 100 parts by weight of
the initiator eomposition, in came embodiment, the seeond initiator ts present
in an anlOWIt such that thy: amount of the first an and the amount of the
second initiator are together equivalent to the total amount of the initiator
composition: [00191 The initiator composition reads with the alkylene oxide in
the presence of the alkaline earth metal hydroxide and the amino, to forth the
prilyol. The alkylenc oxide may be any ithsylene oxide kimisth in the art and is
preferably selected from the group of cilly1C3IC Nide, PrOPYlene OXIde.
blityieilC oxide, antylene r>Nide, auct coumtnnauons thereof. More prekinably
the alkylene oxide is seteeted from the group of ethylene oxide, propylene
oxide, and emnivinations thereof. Most prekirably, the alkylene oxide includes
pippylerte oxide. The initiator eompos.ation inay react with the aikylette. oxide
in any amount dependent on the goals of one skilled in the art to form the
polyril ITtaVitti4 SpeL:ine 1:-.1ydroxyl numbers, This reaction of the initiator
composition and the alkylene oxide is a ring opening alkoxylation reaction
and forms chin us of alkyletie oxide units on the hydroxyl groups of the first
initiator and/or second. initiator, thcicthy re,,9ThIng the ptypt pithbrabiy, ihis
reaction forrns the poly& havinguplift-isinn:el); equiai icaiigth chains of the
alkylene oxide units, thereby allowing the polyol to have consistent physical
and ydremical properties, /0020/ Referring now to the alkaline earth metal
hydroxide first introdoecid above" the nolyol is 



flurried in the presence of the alkaline earth metal hydroxide. Alkaline earth
metals are located  we 2007/096317vetit4 in Goatioof the i1rnclj& Table, a
Periodi.c. Table. The present invention does not.:include alkali: nietals
iocated in Group 1, The: alkaline earthy'dis ireteranlv selected Cron the pro)1.
caleaun hydroxide, cItoiThtifli. hydroxide, tiro:nun hydroxide, and hereof Most
otekirably" the alkaline edwili metal hydrhk e ;nctuoesstrontuun hydroxide,
The alkaline earth motel hydroxide may also hide hydrates. Ek es of suitable
hydrates .include. lt ii.tcit :to, .throuph.9 hie hydrate includes -hydrate
:Ox:rahydrete). In one embodiment, he alkaline earth n al hydroxide includes
, ,o 'um hydtaxide 'a-hydrate comm cially t fro. Noah -FetimOlt gry.
CotortratiOn of San ArtiCM.:0311+;:di.,... Card Tleta hydroxiis present with
the nnt3ator itiositidn theHaIltylene oxide, and the amine in an amount of0.0.1
to 1, More preferably pd trtosl preferably ot tOniper 100 parts by weight ot the
'pa yol" [0.0211 in addition to the alkaline earth metal hvdroxde. the polvotis
also tonned, and the 



ifl03. eotopia it.-W3 tkdei,kYlen oxide tR. Ut i'; flumsenee 0.10m -ainino may
be any amine .kown in the art end niMarY, seeN ndaa:The ninclude a mixture
ofprunary,:onaaaler ty /dries. in one thei afilinQlades dimcti.i letha.nolan'ii] te,
con erUlabIC from Atofina. Cheinicalof ViPA.Pctlerahls, theis present wiA the
ifliti;iil'03 co,rpoYiliph, the rdkylene oxice,and the alkaline earth metal
hydroxide in an amount atroni 0..01 to .5 More preferably Of from :0:,1 to 2
and triost preferablyof from 0.5 toPuts:: tr:"  we 24t07106317Petif)4 14.)0221
Without intending to he-3:thief:flat theory, U is nel eved that: the iiikahne
earth metal hydroxide eatalytreally SuppLatentstunirto, This catalyzes the
taett initiator composition and the alsylene oxide wit tit interfering with art
even distribution of atkvlene 1.)-..;:idot;  its on the hstal oxyl .groups of the
firstxior.second initiator of the. 



initiator eomposttion,tihroqtb. alkoxylation When an Verago chain 1enct.b Of
the polyol is le than one (i.e., when there is less than one mole of alkylene
oxideone aole or hydroxyl grOUtanfor compc'tettethe domietaa ettat yst.
When the chain Jeniith ot the nohted is about Iit is he] ievcd that a eatalvue
effect of the alkaline earth metal hydroxide accelerates. Thenbination of tie
alkaline earth metal hydrOxide and the amine 21! Lowsibsmooth t.tatSitioh fin
marntrieotit*sis to :Incaitho Ot:trth oaus o the reaction ot the Ming:Or
eompostnm and the alkatigne oxide to form the po The poly& may he
fort:nod:in any amount of tithe. However, the polyol is3 ./ess than 15 hours
more *.e.tet;:bly in less than. 1 hours, and most prien.th.ly in less than 0
fonts: [00231 .As first hr odneed above.. the pol nil includes the reaetio:n
proki foil having art average .functionatilyt.t at least fhth 2tnd anreacted ,>nce
Uth metal hvdrcenide and the amine, The polvof preferably has tx 



.hydhind number t.tf  than or cantal to 500: more preferably200 to 470 and
most atAy of fiorn SO to 470, mg h,(1)} g. FRE-ther,polyel pretbrabtv has an
equi erdent weight of less than or equal to 300 Dalton r,. The terminology
-et/drivel:tn.is a portion of the weight average inti tar w) Of the poli!ol. divided
by a limetionality of the polyol, [0024/ In one enibodrme nt tue CIIOt flint is to
noed includes an internal Muck flOiT.W: alkvlene oxide. in a.nother
embodiment, the poly& includes two internal igoeks urme. from tile  we
2007/996317vevErzooins1543 elf:dune Nide. 10 yet anothet embodiment, the
polyol includes three or more blocks thinned 00311 tht.1", idkylaDC oxide, in
OTIC. tallthOthanthi. the polyol includes filk-ETUt blooka including at least
(Inc .athyleila Oxide unit and at least one propylene oxide Win anstifged in a
heteric fort-Mtn, i.e., talth0113 blocks fitrated 'from itiopytene oxide and/or
ethylene oxide. At a               prethiNd that the bthCkS haVe :}9.) parts by
weight of propylene oxide per 100 parts by weight of the poiyol. Also, the
heterie rormation preferaidy includes icss than or equal to 3 repeating
propylene oxide units, 00251 After forniation, the poiyol may he used to form
the polyurethane article. The polyurethane articht may be a figid or elastic
foam or may be an elastomer. Preferably, the polyurethane attiele is a rigid
than:. if a rigid foam, the polyurethane article may be used in a wide variety of
hitliOS including, but not limited to, in insulation and in building supplies.
Before the poly& is used to thrill the itgilyurtithanti article, lb::: alkaline earth
metal hydroxide and the amine may be substantially removed from the polyttl.
However, tins is not required. W0261 the polyurethane article includes the
reaction product of the hicicyanate and the polypi, as first introduced. above.
However, befit:re the polyol is reacted with the isiteytinate, one or more
additives may be added to the polyol and/or the isitityituate, The additive may
include, but is not limited to, air releasing agents, wetting agents, surface
modifiers, waxes, inert inorganic fit kers, molecular sieves, reactive inorganic
fillers, chopped glass, processing additives, surfacemtetive agcmts, adhesion
protragers, anti-oxidants, dyes, pigments, ultraviolet light stabilizers,
thixotropic agents, anti-aging agetits, MI:it-lean:se adhesion Komotitts,
eitnialing agents, 



theolU\ proulozers, surhicianks,9' 33' a94:anS, blowing agoras, '1" 3i reaction
modifiers, catalysts including blowing, poiymeriaation, and {it'd:ling catalysts
compatibilizers" chain extenders, anti-foaming agents, chain terminators, and
combinations thereof. Ti included,  we 2007106317Peta[P200/05,-1543 the
additive may be present M the polyol andad the isocyanate in any 3ffithiht,
Additionally, a second nolvol, different IthtFri the nolvol may ads he added to
the oolyM before the nolvtirethanc , artteie is tornicd, [0027/ The isecyanate
that reacts with the polypi may be any isocyanate known in the art and may
include, but [s mn lirdited to, [sotryimaths, polyisocyanittes, Mums of
[soeyi.imues and PoLlacx[Val[nilL's, i-:OCVardneS&tiSOCYantUCS and
Polvisocyanates, and CO311hintiOttS thetCof in one embodiment of the
present invention, the [so:cyan-ale component includes an thltinetientil
isocyanate. In this embodiment, it is a number preferahly from 2 to 5, more
preferably from 2 to 4, and most nrctimthly from 3 to 4. lt is to be understood
that it bean integer or may have intermediate values from 2 to 5. The
isocyanate may be selected from the: group of awn:Mk isueyanates, aliphatic
[sot:Nana:es, and combinations themof. In one embodiment, the isoeyanate
comm.:nem it:chides an all:Mahe isocyanale if the :we-yam:1th componeni
:neludea antiliphinic isiteyanate. the isocy[mate component may also Uthlude
a modified multivalent aliphane isocyanate, [.e., a product which is obtained
through chemical renet[ons of aliphatic diisocyanates algthir aliphatic
polyis[myartates, Examples ineltitle, hut are ntu Malted m, bin:sets,
allophanams, earbodianides, thetorilmaies, [SOC.yanOratefi, urethane
groups. Miners, trimers, and combinations thereof. The isocyanare
component may also include, but is not limited to, modified diisoeyanates
eniployed individually or in reaction products with polyoxyalltylimeglyeels,
Methylene glycols, dipropyhme g/ycols, polyoxyethyltine glycols,
polyoxypropylene glycols, polyax,ypropylenepolyoxathylene glycols,
polyesterols, polycaprolactones, and cor:lbliEnti0:3S ith:te01. [00281
Alterre-Iti'Ay, the isoeytte:tte may inchUle an ;:uorill.t.tie IsocyaBaie. Et the
isocyanak: includcs an aromatic [soeyanath, the aromatic isocyunate may
correspond to the formula we 24t071996317Pen;4 



U  is a polvvaknit Cagan1 '1Wni.$ aVOnl1UTu and5 an intepot that
corresponds io. thc.: salencc: oPrefibh, a is at least two. If the isocyanate
incindes the atoinaticc.thelitele, but is not litnited (o, the ki3 3sionyankte
(I.MX.D1)". 1,4-4.ifittocyiniatobet2entl-dii:-socvituaha-a- X y xvlenn,xylene,
24-fhish.--chlothbenzene, 2,4-diisocyanato-,1-31.1.1t)-  e. m-phenvlene
diisocy:zintite"o-pbmylei.icyanaic, nate, fllaKtures of 24-- andthsticy
1,5-naphthaleneistieyanatt 1 --Inetheky-2,4.-11henyt4J-iiiphi'zilynnethatie
dlisocyamie,dii.scicyaYienc nylinethane'hisbcyainenyh 



inisocyanate.s such as "TA n-tripl;cn yEmezhare fri isocyanpolyntethviene
cypllene poly:son-yam:,triism:yanate, tetrcsocyanaks SnObthy1-2,
diphenylmethane taiaisoc.,",atiat " tolueneothane iikocyanate, 2,4l-
diphenyhheinanedilsocyanati,diphenlmethatiedusocyanate.polyinitthylanti
pok.-pilcinyiene p<Ayiscx:::corritsp,.ndinOlilLvie inixtin-es thareo:, and
eonily.".,/tions thereotIternativttomatic isoc:,/ainclude u tr soeycnate product
of'MX DE and 4 .1 flirneihylolpromnle,n.,actii.)ii proth:ct or ha mine
diisocyanate01 1 trittiethyohno;t I K.:inn:inn ons thetc!iit". The SOcVcmate
mak.( have NCO content and any v1Sco5 tv The isoc-wurile. may lSO react
withthe polyo: in any autount to than the poI).ueti3ane ar.icie. 'EXA.M FL ES
[0029.1 .A Poly& 1s ftu-tned cordingito the -ptockis of the pmeseut ruen1ion
in the ptestince of the Alkaline Earth Metal Rydroside and a Pint Amine,
Two-Comparative  



we2t7/39,s317Perrift4 polyisis 1 and "" arc also ftwincid t11.0. not .aticonitng
o the. prooess 01 the present nvdnton. The Co is tbITE1(td frt.in reacting the
Initiator Coit position and the Alkylene Oxide in the pre.t...itee of a Second
Arun and net the Alkaline Earth Metal :Hydroxide. The: (tiTfl}truec]voi 2 is
iitaited fro, reactine the initiator UrflpOsfl300 and the Alkykine Chock: in the
presence Of the Alkaline Earth Metal Itydm ide and nor the First Amine or the
Second Amine, ;Spitietumults of the initiator Eciittpositio the Al:kyle:Se Oxide,
the Alkaline Earth. Mcttal xst.1 oxide, the ItsiAnrine. and teSeconci .A.inthle,
are set ibrth in Table.Ixtioist, The dines of rcacl3on. thin:natation 011 /lath n,
and experimental OH numbers of the Polyol I and the Comparative. Potyotal
and. 2, are alsoiirth beThss, in lable 1, An components are grams for Po hot I
and CoMparative Poi vo I and are: in Id lngnvtts IOI CouVarativo Poiyot 2,:
LInkSS otherwise indicated. TABLE [0030] GI testa is comitiefetally asti de
from Piocici & Ganithie company under the teach  we
2007/096317vettEninditittit 543 100311 SUCCO$C is commercially ;wit:table
from Michigan Sitgai Company of Ray City, Ml, under the trade name of Big
Chief Gri:iiirilated Sugar. 100321 Alkaline Earth .Metal Hydroxide is sum:alum
hydroxide 8-hydrate, which is coininercially 



available from NO8111 Tecimologies Corporation of Safi Antonio, TX. [0:033I
First Amine is dimethylethanolamine, which is commercially available from
Atofina Chemicals, inc. of Philadelphia, PA, [00341 Second Amine is
dimetnyleyeloltiexylamble,, which is commercially available from Air Products
and Chemieals, Inc. of Allentown, PA under the trade name of l'olycre [0035j
Alky lime Oxide is propylene oxide, which is commercially available Crom
Huntsman Rase Chemicals, 100361 The Foriratiation 01; Number is the 011
number Ong Kollig) of the Polvol and the C:omparative Polyola I and 2 tine
are calculated to result from the reaction of the initiator Composition and the
Alkylene Oxide. [00311 The Experimental OH Number is the Oil number Ong
ikOffig) of the Polycil 1 and the Comparative :Poi:fills I and 2 thud actually
result from the :reaction of the MI ilator Composition and the Alkyl:tile Oxide,
[00381 The Time or Alkylene Oxide Addition is a time needed to add the
Alkylene Oxide to a reactor vessel white maintaining a ptesatue of the
-reactor vessel at or below 62 bat [90 psigt 100391 Hte TiMai Time of
Reaciion is a nine needed to add the A litylenc Oxide to the reactor vessel
and to complete alkc,v)datica, of' the Initiator Composition, after completion
of the Mk: Ooze Oxide addition, as incupaned in the reactor vessel far
pressure, tnptitature, and time, and is shown in Figures I. th.obtstiSpecifically.
the allspxylation Fe;:t(iii)13 is e3SCqYr. jai LY complete when the pressure
and temperature both achieve a steady state.  we
20071096317Per71:T20o/01543 1.0(401 In Figurealkoxylabon or the Mint:tor
Coroposition and lin-trial:ion of Polypi 1 is Sh(3\4,3; 



as being catalyzed by 'both the First Antii3<:. and the Alkaline Earth Metal
Hydroxide. Without intending to be bound by any partisidar theory, it is
believed that, as shown in FigLUV I 1,X1SveCt: app:CoNirMaldyand 4
1TtOtirSz. the pressine is declining as a result of catalysis fiorn the Hist
Amine. It also believed that, as shown in Figurebetween appmxttnattdy 4.3
tind 8 hours, the catalysis from the First Amine is ending and catalysis from
the Alkaline Earth hiletat Hydroxide is increasing. Overall, at approximately 9
hours, the alkoxyintion reaction is essentially complete- when both the
temperatum and pressure achieve a steady state, thereby conning the polypi
I haying an Experimental Hydroxyl Number or approximately 355,6 tug
KOH/gs which is approximately equal to the Formulation Hydroxyl Number.
100411 ,c'ss shown :in Figure 2 and in Table ., the Coinparinive poivol 1
ft:,nningthe preserux, of the Second Amine, dimethyteyelehexylaraine, does
not have an Experimental Hydroxyl Number that is approximately equal to the
Formulation Hydroxyl Number. Figure2scrws that thiming the Comparative
Poiyoi 1 is stopped at approximately 0.28 hours and 93.6% of the Alkyletie
Oxide autount added due to pressmeReittita of the added \k' leOde is
comptete after the temperature and pressure become steady at
approximately 119 hours, The remaining, 6,4% of the Alkylene Oxide is
subsequently added between 16.8 and 173 hours afler an additional amount
of the Second Amine, dimeihyleyelohexylamine, is added to the reactor
saissel The last 5,4% of the Alkytene. Oxide is later recovered in
VthRiunt-stiwpifig operation and appears not to react to f0013 the desired
Onnparirtive Peityol 1.. Without intending to be thnift3,-.1. by any particular
theory, it is believed that the catalysis by the Second Amine includes a kinetic
/imitation on the in:minion of the Comparative Po:yet I. The kinetic  
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CLAIMS 

What is claimed is: 

1. A process of forming a polyol comprising the steps of: 

providing an alkylene oxide; 

providing an initiator composition having an average functionality of at least 

four; 

providing an alkaline earth metal hydroxide and dimethylethanolamine; and 

reacting the initiator composition and the alkylene oxide in the presence of the 

alkaline earth metal hydroxide and the dimethylethanolamine to form the polyol. 

2. A process as set forth in claim 1 wherein the initiator composition com-

prises sucrose, sorbitol, or a combination thereof. 

3. A process as set forth in claim 2 wherein the initiator composition com-

prises sucrose. 

4. A process as set forth in claim 1 wherein the initiator composition com-

prises a blend of two or more initiators. 

5. A process as set forth in claim 4 wherein the initiator composition com-

prises sucrose and glycerin. 

6. A process as set forth in claim 4 wherein the initiator composition com-

prises a first initiator selected from the group of sucrose, sorbitol, and combinations 

thereof and a second initiator selected from the group of glycerin, propylene glycol, 

dipropylene glycol, ethylene glycol, diethylene glycol, and combinations thereof. 

7. A process as set forth in claim 6 wherein the first initiator is present in an 

amount of at least 30 parts by weight per 100 parts by weight of the initiator composi-

tion. 

we 2007/096317Petitnnotii1543 liranaiirm is believed to prevent the
Comparative Folyo 1 'Crain haging an Experirnental Hydroxyl Number that is
approximately equal In the Formulation hydroxyl Nilinther" 100421 As is
shown in Ei):,',OIC 3 and in Table It the CompaiativePolyol 2 limning ,in the
presence: of strati:him hydroxide has an Expeiritrientid flydrox:o Number that
is approximately aqua: to Inc Formuhnion hydroxyl Number, However, I xre3
also shows that "nulling the Companitive Prllyol 2 is stopped at approximately
5.5 hours doe to measure eonsideralioini. After pressure decreases, the
maction begins iipain to form the Comparative Po:yr)" 2, Rapid pressure in
cases are not desirable for ihilustniiii implementation. [00431 in formation or
the Poiyol I, the Time or Alkyiene Oxide Addition is less than the
ethreSpondiag limes in the forintaion of the Coniparatbre Poilyok and 2,
Addinorailhi, the total 'tithe of reaction ibr the forination Of the Polypi I is also
less than the corresponding total time Of ralotion far the Kirin:Mon Of the
Comparative Potyots  and 2, [0044" Attar formation. the Polyo I exhtlitta an
Experimental OH Number that is within approximately  percent of the
Formulation OH Number and a reaction time that is leas than 10 boors,
Clonversely. the CdruparatisAt Folyols " and 2 exhibit Experimental OH
Numbers that arc within 75 hereon and 0.5 peteent 01 100 Fohnolation
Numbers, respectively. However, the reactions times for the Comparative
Volyins I and 2 are 12,9 hours and ff",66 hours, respectiely, exhibiting
inefficiency, 100451 1, he i(rvinitii)i) has been tieseribed in no diustonive
manner, and it is to be understood that the terminology which has been used
ig intended to be in the natti...,'t of words of deScriptlilii rather than of
limitation< Olovionaly, many modifications and variations of the present
invention are possible in hOlt: of the above teachiabs, and the in.itinion may
bo practiced otherwise than as specIieaiIv deseri bed,  CLAIMS What is
claimed is:       1. A process of foirning a polyol comprising the steps of:
providing an alkylene oxide; providing an initiator composition having an
average functionality of at least 
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8. A process as set forth in claim 1 wherein the alkaline earth metal hydroxide 

is selected from the group of calcium hydroxide, strontium hydroxide, barium hydrox-

ide, and combinations thereof. 

9. A process as set forth in claim 1 wherein the alkaline earth metal hydroxide 

comprises strontium hydroxide. 

10. A process as set forth in claim 1 wherein the alkaline earth metal hydroxide 

is present in an amount from 0.1 to 0.75 parts by weight per 100 parts by weight of 

polyol. 

11. A process as set forth in claim 1 wherein the amine is present in an amount 

from 0.1 to 2 parts by weight per 100 parts by weight of the polyol. 

12. A process as set forth in claim 1 wherein the alkylene oxide is selected 

from the group of ethylene oxide, propylene oxide, butylene oxide, amylene oxide, and 

combinations thereof. 

13. A process as set forth in claim 1 wherein the alkylene oxide comprises pro-

pylene oxide.  

14. A process as set forth in claim 1 wherein the polyol has a hydroxyl number 

of from 200 to 470 mg KOH/g and an equivalent weight of less than or equal to 300 

Daltons. 

15. A process as set forth in claim 1 wherein the polyol comprises internal 

blocks comprising at least one ethylene oxide unit and at least one propylene oxide unit 

arranged in a heteric formation. 

16. A process as set forth in claim 15 wherein the heteric formation comprises 

less than or equal to 3 repeating propylene oxide units. 

17. A process as set forth in claim 1 wherein the polyol is formed in less than 

12 hours. 

four;    providing an alkaline earth metal hydroxide and
dimethylethanolamine; and reacting the initiator composition and the alkylene
oxide in the presence of the alkaline earth metal hydroxide and the
dimethylethanolamine to faun the polyol.       2. A process as set forth in claim
1 wherein the initiator composition comprises sucrose, sorbitol, or a
combination thereof       3. A process as set forth in claim 2 wherein the
initiator composition comprises sucrose.       4. A process as set forth in claim
1 wherein the initiator composition comprises a blend of two or more
initiators.       5. A process as set forth in claim 4 wherein the initiator
composition comprises sucrose and glycerin.       6. A process as set forth in
claim 4 wherein the initiator composition comprises a first initiator selected
from the group of sucrose, sorbitol, and combinations thereof and a second
initiator selected from the group of glycerin, propylene glycol, dipropylene
glycol, ethylene glycol, diethylene glycol, and combinations thereof       7. A
process as set forth in claim 6 wherein the first initiator is present in an
amount of at least 30 parts by weight per 100 parts by weight of the initiator
composition.         8. A process as set forth in claim 1 wherein the alkaline
earth metal hydroxide is selected from the group of calcium hydroxide,
strontium hydroxide, barium hydroxide, and combinations thereof        9. A
process as set forth in claim 1 wherein the alkaline earth metal hydroxide
comprises strontium hydroxide.        10. A process as set forth in claim 1
wherein the alkaline earth metal hydroxide is present in an amount from 0.1
to 0.75 parts by weight per 100 parts by weight of polyol. 
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18. A process as set forth in claim 1 wherein the step of providing the alkaline 

earth metal hydroxide and the amine is further defined as providing a combination of 

the alkaline earth metal hydroxide and the dimethylethanolamine. 

19. A process as set forth in claim 1 wherein the step of providing the alkaline 

earth metal hydroxide and the amine further comprises the step of providing the di-

methylethanolamine before providing the alkaline earth metal hydroxide.  

11. A process as set forth in claim 1 wherein the amine is present in an
amount from 0.1 to 2 parts by weight per 100 parts by weight of the polyol.
12. A process as set forth in claim 1 wherein the alkylene oxide is selected
from the group of ethylene oxide, propylene oxide, butylene oxide, amylene
oxide, and combinations thereof        13. A process as set forth in claim 1
wherein the alkylene oxide comprises propylene oxide.        14. A process as
set forth in claim 1 wherein the polyol has a hydroxyl number of from 200 to
470 mg KOH/g and an equivalent weight of less than or equal to 300 Daltons.
15. A process as set forth in claim 1 wherein the polyol comprises internal
blocks comprising at least one ethylene oxide unit and at least one propylene
oxide unit ranged in a heteric formation.        16. A process as set forth in
claim 15 wherein the heteric formation comprises less than or equal to 3
repeating propylene oxide units.        17. A process as set forth in claim 1
wherein the polyol is formed in less than 12 hours.        18. A process as set
forth in claim 1 wherein the step of providing the alkaline earth metal
hydroxide and the amine is further defined as providing a combination of the
alkaline earth metal hydroxide and the dimethylethanolamine.        19. A
process as set forth in claim 1 wherein the step of providing the alkaline earth
metal hydroxide and the amine further comprises the step of providing the
dimethylethanolamine before providing the alkaline earth metal hydroxide. 


