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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.
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sucrose and/or glycerin.

[0003] In the presence of the potassium hydroxide, either alone or with the amine, the
alkoxylation reaction proceeds. However, the alkoxylation reaction adds additional and
disproportionate numbers of alkylene oxide units to a pre-existing chain of alkylene oxide units
that has been formed on the hydroxyl groups of the sucrose and/or glycerin. This leads to
uneven chain lengths and un-reacted sucrose, which is a contaminant in the polyol. Additionally,
use of potassium hydroxide leaves residues in the polyol which negatively affect foaming
propertiecs. As a result, the potassium must be removed, thereby slowing manufacturing,
decreasing product yield, and increasing production cost, which are not suitable for industrial
practice.

[0004] In the presence of the amine alone, the alkoxylation reaction does not add additional and

disproportionate numbers of alkylene oxide units. Yet, catalytic effectiveness of the amine is
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There also remains an opportunity to form a polyurethane article from the polyol.
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the alkaline earth metal hydroxide and the amine. Further, the present invention provides a
polyurethane article including the reaction product of an isocyanate and the polyol of the present
invention.

[0009] The combination of the alkaline earth metal hydroxide and the amine allow for a smooth
transition from amine catalysis to alkaline earth metal hydroxide catalysis to form the polyol.
This eliminates a need to interrupt the process. This also allows the polyol to have consistent
chain length and be formed with increased speed and in high yield, while reducing costs and
maximizing efficiency.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0010] Other advantages of the present invention will be readily appreciated, as the same
becomes better understood by reference to the following detailed description when considered in
connection with the accompanying drawings wherein:

[0011] Figure 1 is a line graph illustrating an experimental process profile of polyol formation

through alkoxylation of an initiator composition in the presence of dimethylethanolamine and
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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
strondtepp Fovidinglthé-Brdine hefide picaidirgs thé alikaliteneapthdnatédivgdroxidesure and
Alternative] y. the process rovidhig the aliraline earth Metal hyshioxidebefOre
tempsHElitMetHEWhue 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 )
(00124 kativie arth et FivBRoXBE EHEIEE BB FoRrocess profile of polyol formation

through alkoxylation of an initiator composition in the presence of dimethylcyclohexylamine,
and percentage of propylene oxide addition, pressure and temperature over time; and

[0013] Figure 3 is a line graph illustrating a second control process profile of polyol formation
through alkoxylation of an initiator composition in the presence of strontium hydroxide 8-
hydrate, and percentage of propylene oxide addition, pressure and temperature over time.

DETAILED DESCRIPTION OF THE INVENTION

[0014] A process of forming a polyol is disclosed. The process includes the step of providing an
alkylene oxide and the step of providing an initiator composition having an average functionality
of at least four. The process also includes the step of providing an alkaline earth metal hydroxide
and an amine. The step of providing the alkaline earth metal hydroxide and the amine may be
further defined as providing a combination of the alkaline earth metal hydroxide and the amine.
However, the alkaline earth metal hydroxide and the amine may be provided separately. If
provided separately, the process preferably includes the step of providing the amine before
providing the alkaline earth metal hydroxide. Alternatively, the process may include the step of
providing the alkaline earth metal hydroxide before providing the amine.

[0015] The process further includes the step of reacting the initiator composition and the
alkylene oxide in the presence of the alkaline earth metal hydroxide and the amine to form the
polyol. The polyol, the alkaline earth metal hydroxide, and the amine will each be described in
greater detail below. Additionally, the polyol formed from the process is also disclosed. Further,

a polyurethane article including the reaction product of an isocyanate and the polyol formed from
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enMayention s atso disclosed, The polyurethane article and the process. are
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second initiator may be any known in the art and may c] ode IOW molecular

of thWRIgHt i angirRelysfingliong @lcohols and amines. Preftrably, the second
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com Rt et 8 LS A PSS, This reaction of the initator
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
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metals are located we 2007/096317vetit4 in Goatioof the ilrnclj& 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, cltoiThtifli. hydroxide, tiro:nun hydroxide, and hereof Most
[0018teKirabiyt theatik alideedwiteetalnhiyd ke istaoesstriorhsun Aydroxidwosition in
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any gydratesninefuedbrditertieic thrguphiigdiés iyeieed indlisaes 1hydrateount of at least
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comgtl)ss%})?{m?rgbggdelt‘n eodimcnt, the second initiator is present in an amount such that the
amount of the first initiator and the amount of the second initiator are together equivalent to the
total amount of the initiator composition.

[0019] The initiator composition reacts with the alkylene oxide in the presence of the alkaline
carth metal hydroxide and the amine, to form the polyol. The alkylene oxide may be any
alkylene oxide known in the art and is preferably selected from the group of ethylene oxide,
propylene oxide, butylene oxide, amylene oxide, and combinations therecof. More preferably the
alkylene oxide is selected from the group of ethylene oxide, propylene oxide, and combinations
thercof. Most preferably, the alkylene oxide includes propylene oxide. The initiator
composition may react with the alkylene oxide in any amount dependent on the goals of one
skilled in the art to form the polyol having specific hydroxyl numbers. This reaction of the
initiator composition and the alkylene oxide is a ring opening alkoxylation reaction and forms
chains of alkylene oxide units on the hydroxyl groups of the first initiator and/or second initiator,
thereby forming the polyol. Preferably, this reaction forms the polyol having approximately
equal length chains of the alkylene oxide units, thereby allowing the polyol to have consistent
physical and chemical properties.

[0020] Referring now to the alkaline earth metal hydroxide first introduced above, the polyol is

formed in the presence of the alkaline earth metal hydroxide. Alkaline earth metals are located
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in Gryeirokidetire divapdountblyons @roests .8 Moralspéfenatly Ofhtemiro(aep2! of the
and triost preferablyof from 0.5 toPuts:: tr:" we 24t07106317Petif)4 14.)0221
Periqfithbititl intdrigimec 6 a3 ehfienfidahssryn e ik ey ser thatlaséciikameup 1. The
earth metal hydroxide eatalytreally SuppLatentstunirto, This catalyzes the _
alkalizeteinit ot CohsEiidh EnertHe RISy retre s didewitthe istar i e ifth gty droxide,
even distribution of atkvlene 1.)-..;:idot; its on the hstal oxyl .groups of the )
Stf“'ﬁ?&kﬂ{%@%bﬁuﬁ?ﬁﬁ&‘ﬂd}%‘ﬁﬁé!& and combinations thereof. Most preferably, the alkaline

earth metal hydroxide includes strontium hydroxide. The alkaline earth metal hydroxide may
also include hydrates. Examples of suitable hydrates include, but are not limited to, 1 through 9
hydrates, and combinations thercof. A particularly suitable hydrate includes 8-hydrate
(octahydrate). In one embodiment, the alkaline earth metal hydroxide includes strontium
hydroxide 8-hydrate commercially available from Noah Technologies Corporation of San
Antonio, TX. Preferably, the alkaline earth metal hydroxide is present with the initiator
composition, the alkylene oxide, and the amine in an amount of from 0.01 to 1, more preferably
of from 0.1 to 0.75, and most preferably of from 0.2 to 0.5, parts by weight per 100 parts by
weight of the polyol.

[0021] In addition to the alkaline earth metal hydroxide, the polyol is also formed, and the
initiator composition and the alkylene oxide are reacted, in the presence of the amine. The amine
may be any amine known in the art and may be a primary, secondary, or tertiary amine. The
amine may also include a mixture of primary, secondary, and/or tertiary amines. In one
embodiment, the amine includes dimethylethanolamine, commercially available from Atofina
Chemicals, Inc. of Philadelphia, PA. Preferably, the amine is present with the initiator
composition, the alkylene oxide, and the alkaline earth metal hydroxide in an amount of from
0.01 to 5, more preferably of from 0.1 to 2, and most preferably of from 0.5 to 1.5, parts by

weight per 100 parts by weight of the polyol.
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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.
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effect of the alkaline earth metal hydroxide accelerates. Thenbination of tie
[0023]Klide eaniendatal thydrOxidd aidreerartiinéap thdoawsibsmebthicdtaisitibh filaline

marntrieotit*sis to :Incaitho Ot:trth oaus o the reaction ot the Ming:Or
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fonts: [00231 .As first hr odneed above.. the pol nil includes the reaetio:n
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than one (i.e., when there is less than one mole of alkylene oxide per one mole of hydroxyl
groups of the initiator composition), it is believed that the amine is the dominant catalyst. When
the chain length of the polyol is about 1.5, it is believed that a catalytic effect of the alkaline
earth metal hydroxide accelerates. The combination of the alkaline earth metal hydroxide and
the amine allows for a smooth transition from amine catalysis to alkaline earth metal hydroxide
catalysis of the reaction of the initiator composition and the alkylene oxide to form the polyol.
The polyol may be formed in any amount of time. However, the polyol is preferably formed in
less than 15 hours, more preferably in less than 12 hours, and most preferably in less than 10
hours.

[0023] As first introduced above, the polyol includes the reaction product of the initiator
composition having an average functionality of at least four and an alkylene oxide, reacted in the
presence of the alkaline earth metal hydroxide and the amine. The polyol preferably has a
hydroxyl number of less than or equal to 500, more preferably of from 200 to 470, and most
preferably of from 280 to 370, mg KOH/g. Further, the polyol preferably has an equivalent
weight of less than or equal to 300 Daltons. The terminology “equivalent weight” is a portion of
the weight average molecular weight (My,) of the polyol divided by a functionality of the polyol.
[0024] In one embodiment, the polyol that is formed includes an intemal block formed from the

alkylene oxide. In another embodiment, the polyol includes two internal blocks formed from the
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heterie rormation preferaidy includes icss than or equal to 3 repeatin L
5 B BRI D% PR TR O A e e 3
q_lgur thane rticlg‘. The polyurethane articht may be a figid or elastic

nell€ P Al i
mpb?glg orpl%éi)r} & an elastomer. Preferably, the polyurethane attiele is a rigid

.. if a rigid foam, the polyurethane article may be used in a wide varjety of -, .
IﬁﬁZEJtaﬁ{gfér.%o d.%on the &(‘ﬁ%oi\{eﬁl%%?&"m{'? SN .tHbuﬁ)lté}iyluL 1dm|. dthM The

including, but n In insulation and in ng supplies.

polyl%‘gmﬁﬁetqgtig@X#d? bl?%drFQ:&h&“épd%tlig't‘é{&iﬁ"iﬁaﬂxté @,LCL% Igdstg'ma“nq)ﬁ%mblly, the

metal hydroxide and the amine may be substantially removed from the polytt

polytHOMEYer £ins is Rotaauired. WO261{the.Rolvrethane auticlsingluges gaqlsca ina

reaction product of the hicicyanate and the polypi, as first introduced. above.

wideHQwenesr befitiie theRalields yeastediwithithe, isitaytinaten ORe af BiPkEng supplics.
additives may be added to the polyol and/or the isitityituate, The additive may

Befolalkidge DUt is netilinitech 9. 35 Keleasing agentshwelting @eamsnsuIfRe oxide and
modifiers, waxes, inert inorganic fit kers, molecular sieves, reactive inorganic

the afilletsmahoppedsglassiiproeessing addiivesy surfacesiativiasag emtss adkasion
protragers, anti-oxidants, dyes, pigments, ultraviolet light stabilizers,
[002thiXoir ppic agenis, atitilagitigdgetits,cMliblganiset adfiesion Kametitis the polyol, as
eitnialing agents,
first introduced above. However, before the polyol is reacted with the isocyanate, one or more
additives may be added to the polyol and/or the isocyanate. The additive may include, but is not
limited to, air releasing agents, wetting agents, surface modifiers, waxes, inert inorganic fillers,
molecular sieves, reactive inorganic fillers, chopped glass, processing additives, surface-active
agents, adhesion promoters, anti-oxidants, dyes, pigments, ultraviolet light stabilizers,
thixotropic agents, anti-aging agents, lubricants, adhesion promoters, coupling agents, solvents,
rheology promoters, surfactants, cross-linking agents, blowing agents, blowing reaction

modifiers, catalysts including blowing, polymerization, and gelling catalysts, compatibilizers,

chain extenders, anti-foaming agents, chain terminators, and combinations thercof. If included,



whealyeawozers, surhicianks,9' 33' a94:anS, blowing agoraspdiBrreantion3
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,

the addiditionzlly ba Besordhdlvalo differedoititF isthiaanelvon ray adeihe atidédanally, a
the oolyM before the nolvtirethanc , artteie is tornicd, [0027/ The isecyanate

secopagabidiiRsthe o sy beranyliedeyaitkte kil inofHe Brcdhe nplagrethane

~include, but [s mn lirdited to, [sotryimaths, polyisocyanittes, Mums of

articleselfiitides and PoLlacx[Val[nilL's, i-:OCVardneS&tiSOCYantUCS and
Polvisocyanates, and CO311hintiOttS thetCof in one embodiment of the

10025} dduntsvantisn e edicy4h-die RodRahtmelias G Hitiratenin the art and
isocyanate. In this ?mbo iment, it is a number. preferahly g_om 2 10.5, more

may Jngd ’blé‘ﬁdﬁn Plo A1 tfho‘é’lf‘%%?fﬁﬁhl??%fﬁ“%%‘%?ﬁi e UngarsigBdes and
that it bean.integer or may. have intermediate values from2to 5. The =

poly |3kt oty B SSE I AR YT SOD PSR KULyARatBL dibhstret

one SENANEIPS,Ad combinatons hemot. n ane embodiment e jSOSYANRIE jony)
comm..nem it:chides an all:Mahe lsocyanale i the "W -yam.ﬂh componeni

. nelud ntiliphinic isiteyanate. the isocylmate gomponent may also Uthlude

o N R L R e

4, an@ YR&Q%&J?S%S?HEH%WBWS ofteﬂ,l9@%9%9&&%&)’%@%%@“@!? nﬁ&gu or may have

polyis[myartates, Examples ineltitle, hut are ntu Malted m, bin:sets,

interfllORRARAMS, ?{%‘fpo;d'l@nfde$hy1%EWHHQ’@%J?@@SXQ@Q&W& %%t'gﬁ% of aromatic

groups. Miners, trimers, and combinations thereof. The isocyanare

isoc2RIPONERLMAYs3ISAIRCILdR dRULIS RSt Jiited {05, medified dizpeyanatessocyanate
eniployed individually or in reaction products with polyoxyalltylimeglyeels,

compdethylpoe@lycols)idipiepiniegivcols; pelyexyatbytinenglycalsincludes an aliphatic
polyoxypropylene glycols, polyax,ypropylenepolyoxathylene glycols,

isocyp@byesterolssRelyeaprolaciones, ang corkMliEAig:3S ithi@dld[Q28Lalent aliphatic
Alterre-Iti'‘Ay, the isoeytte:tte may inchUle an ;:uorill.t.tie IsocyaBaie. Et the
isocysogyanaka ipclddasaicaremiatit {sadyanathhhecaramaiicnisoCyliatiec miagocyanates
correspond to the formula we 24t071996317Pen;4
and/or aliphatic polyisocyanates. Examples include, but are not limited to, ureas, biurets,
allophanates, carbodiimides, uretonimines, isocyanurates, urethane groups, dimers, trimers, and
combinations thereof. The isocyanate component may also include, but is not limited to,
modified diisocyanates employed individually or in reaction products  with
polyoxyalkyleneglycols, diethylene glycols, dipropylene glycols, polyoxyethylene glycols,
polyoxypropylene  glycols, polyoxypropylenepolyoxethylene  glycols, polyesterols,
polycaprolactones, and combinations thereof.

[0028] Alternatively, the isocyanate may include an aromatic isocyanate. If the isocyanate

includes an aromatic isocyanate, the aromatic isocyanate may correspond to the formula
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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

(.MX.D1)". 1,4-4.ifittocyiniatobet2entl-dii:-socvituaha-a- X y xvlenn,xylene,

24-thish.--chlothbenzene, 2,4-diisocyanato-,1-31.1.1t)- e. m-phenviene
R’ (Ndildocyizintitefo-pommpéiielranaicanasteadiiak whedh of 20pmahelihstieys an integer that

1,5-naphthaleneistieyanatt 1 --Inetheky-2,4.-11henyt4J-iiiphi‘zilynnethatie
correpeBeydmiesdiidaieya¥iBne Ryffetane Hisbcyathéngh If the isocyanate includes the
aromatic isocyanate, the isocyanate may include, but is not limited to, the tetramethylxylylene
diisocyanate (TMXDI), 1,4-diisocyanatobenzene, 1,3-diisocyanato-o-xylene, 1,3-diisocyanato-p-
xylene, 1,3-diisocyanato-m-xylene, 2.4-diisocyanato-1-chlorobenzene, 2.4-diisocyanato-1-nitro-
benzene, 2,5-diisocyanato-1-nitrobenzene, m-phenylene diisocyanate, p-phenylene diisocyanate,
2.4-toluene diisocyanate, 2,6-toluene diisocyanate, mixtures of 2,4- and 2,6-toluene diisocyanate,
1,5-naphthalene diisocyanate, 1-methoxy-2,4-phenylene diisocyanate, 4.,4'-diphenylmethane
diisocyanate, 2,4'-diphenylmethane diisocyanate, 4,4'-biphenylene diisocyanate, 3,3'-dimethyl-
4,4'-diphenylmethane diisocyanate, 3,3'-dimethyldiphenylmethane-4,4'-diisocyanate,
triilsocyanates such as 4.4'4"-triphenylmethane ftriisocyanate polymethylene polyphenylene
polyisocyanate and 2,4,6-toluene triisocyanate, tetraisocyanates such as 4,4'-dimethyl-2,2'-5,5'"-
diphenylmethane tetraisocyanate, toluene diisocyanate, 2,2'-diphenylmethane diisocyanate, 2.4'-
diphenylmethane  diisocyanate,  4.4-diphenylmethane  diisocyanate,  polymethylene
polyphenylene polyisocyanate, corresponding isomeric mixtures thereof, and combinations
thereof. Alternatively, the aromatic isocyanate may include a triisocyanate product of m-TMXDI
and 1,1,I-trimethylolpropane, a reaction product of toluene diisocyanate and 1,1,1-
trimethyolpropane, and combinations thereof. The isocyanate may have any % NCO content and
any viscosity. The isocyanate may also react with the polyol in any amount to form the
polyurethane article.

EXAMPLES

[0029] A Polyol 1 is formed according to the process of the present invention in the presence of

the Alkaline Earth Metal Hydroxide and a First Amine. Two comparative polyols, Comparative



visooyanaters such as "TA n-tripl;cn yEmezhare fri isocyanpolyatethvienasis43
cypllene poly:son-yam:,triism:yanate, tetrcsocyanaks SnObthy1-2,
diphenylmethane taiaisoc.,",atiat " tolueneothane iikocyanate, 2,4l-
diphenyhheinanedilsocyanati,diphenimethatiedusocyanate.polyinitthylanti
pok.-pilcinyiene p<Ayiscx:::corritsp,.ndinOlilLvie inixtin-es thareo:, and
Polyebniilynd Zions tieréothednativitt meticdsuctydinatueiess trisbeyeriste prodiict. The
of'MX DE and 4 .1 flirneihylolpromnle,n.,actii.)ii proth:ct or ha mine
Comglisgisiraheled 1l 1stiuiaeHyePing rKgriRs AnisRethetenrsitiPhers DY érfatenc Oxide
~ mak.( have NCO content and any v1Sco5 tv The isoc-wurile. may ISO react
in thgitRtREHolyet it asyeatdiotimite tih tRe P dbadanetaritid ek Alpipxigs  The
[0029.1 .A Poly& 1s ftu-tned cordingito the -ptockis of the pmeseut ruenlion
Comppipvptesiiitte bt tHEAIARRE B HRAVIS AT RGUFOSRIBPANG A Pitit Kininylene Oxide

... Two-Comparative = . . : :
in the pl'escncepo the Alkaline Earth Metal Hydroxide and not the First Amine or the Second

Amine. Specific amounts of the Initiator Composition, the Alkylene Oxide, the Alkaline Earth
Metal Hydroxide, the First Amine, and the Second Amine, are set forth in Table 1, below. The
times of reaction, formulation OH numbers, and experimental OH numbers of the Polyol 1 and
the Comparative Polyols 1 and 2, are also set forth below, in Table 1. All components are in
grams for Polyol 1 and Comparative Polyol 1 and are in kilograms for Comparative Polyol 2,

unless otherwise indicated.

TABLE 1
Initiator Composition Polyol 1 Comparative | Comparative
Polyol 1 Polyol 2
Glycerin 1300 1420 78.88
Sucrose 2400 2160 125.28
Alkaline Earth Metal 22.5 0 1.31
Hydroxide
First Amine 75 0 0
Second Amine 0 75 0
Alkylene Oxide 11,900 11,457 664.51
Formulation OH Number (mg 359.7 360.9 359.8
KOH/g)
Experimental OH Number (mg 355.6 386.9 360.9
KOH/g)
Time of Alkylene Oxide 7.78 10.28 17.67
Addition (hrs)
Total Time of Reaction (hrs) 9.5 12.9 18.66

[0030] Glycerin is commercially available from Procter & Gamble Company under the trade

®
name of Superol .
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o the. prooess 01 the present nvdnton. The Co is tbITEL(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
[003plesenee OFf themikaline Barthabetalonydriddgand wor thermrstAphineoriie M,

Second Amine, ;Spitietumults of the initiator Eciittpositio the Al:kyle:Se Oxide,
undefHacairainaEasthb W sthas st eiige SteitsiAnrine. and teSeconci .A.inthle,

are set ibrth in Table.Ixtioist, The dines of rcacl3on. thin:natation 011 /lath n,
[0032h4 BeparirEttalest Hifpers of tHambygdvdamd dhé-toiiyaratid. petpetgreially

.and. 2, are alsoiirth beThss, in lable 1, An components are grams for Po hot |
availghly EomPArRivec P08 FSHaBRE AN INGRVEIBY Cotivarativo Poiyot 2,
U At e G M A L g

2007/09631 7yettEnindititfjt 543 100311 SUCCOS$C is commercially ;wit:table
Che'ﬂ'&ﬁ{s |b‘hi‘§;§ﬁlgﬁ%%ﬂﬁ% %‘any of Ray City, MI, under the trade name of Big

o035 LG S A00SRRANRING EQME AR S MMM, A
Products and Chemicals, Inc. of Allentown, PA under the trade name of Poiycatk' 8.

[0035] Alkylene Oxide is propylene oxide, which is commercially available from Huntsman
Base Chemicals.

[0036] The Formulation OH Number is the OH number (mg KOH/g) of the Polyol 1 and the
Comparative Polyols 1 and 2 that are calculated to result from the reaction of the Initiator
Composition and the Alkylene Oxide.

[0037] The Experimental OH Number is the OH number (mg KOH/g) of the Polyol 1 and the
Comparative Polyols 1 and 2 that actually result from the reaction of the Initiator Composition
and the Alkylene Oxide.

[0038] The Time of Alkylene Oxide Addition is a time needed to add the Alkylene Oxide to a
reactor vessel while maintaining a pressure of the reactor vessel at or below 6.2 bar [90 psig].
[0039] The Total Time of Reaction is a time needed to add the Alkylene Oxide to the reactor
vessel and to complete alkoxylation of the Initiator Composition, after completion of the
Alkylene Oxide addition, as measured in the reactor vessel for pressure, temperature, and time,
and is shown in Figures 1 through 3. Specifically, the alkoxylation reaction is essentially

complete when the pressure and temperature both achieve a steady state.

13
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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 I'olycre [0035j
[004A1Kky Fingeroxidékisplopylendhoxiteaivhichniscommerdidiyrataiall8 o is shown
Huntsman Rase Chemicals, 100361 The Foriratiation 01; Number is the 011
as by oKy KolighohthEiPblveliandhéhe dhparativet oo iladia g dine Without
are calculated to result from the reaction of the initiator Composition and the
intenaljRgIENRCOUTE. PBOBY PHEEX PR iIeAtal EYLCNthiber 1§ thevonimbisBer ohgween
|kOff| of the Polycil 1 and the Comparative :Poi:fills | and 2 thud actually
dppr?égaﬁ? Ronh ! feliion BF tREMitator edmpesitich i thé mieymrefws&d%w Bt

[00381 The e or lene Oxide Addition is a time needed to

Am%kﬁeﬁ ExT A@gg 8¢ \’/’é%‘%iél%ﬁu'té“fﬁa'm hylaimé%’atu@@taé and 8 hours,
-reactor esse r below. 62 bat 100391 Hte T| ai Ti

the ARRERTRE e b I AScE P, Mo e Bt e ARG D oBith Metal

and.to com Iete alkc datha (t)f the Inmai&o Cgmgqalthﬁu afﬁ(er %Tgletlo

H dro\( SII TOXIIT n reaction 1is
y %H oze &de Iton, agpl'ncupane Int e reactor ves

sure, tn tltat re, a i and is shown in Fi ureslll th. obts@S(pec flf:a|h4 %
essafidly dcin a%‘aa* 00 A e R R AU ISR iR SRR PG Worcoy

form"f‘lgb tﬁﬁmﬂﬁ fur ehggﬁigﬁblg¥ cﬂxﬁk%ﬁ'ﬁylﬁ%%x N&umber of approximately 355.6 mg
20071096 7Per71 00/01543 1.0(401°In F|gurealkoxylabon or the Mint:tor
KOrEorennsition,and inztirlign.ot Falyph s ¥ydroxyl Number.

[0041] As shown in Figure 2 and in Table I, the Comparative Polyol 1 forming in the presence
of the Second Amine, dimethylcyclohexylamine, does not have an Experimental Hydroxyl
Number that is approximately equal to the Formulation Hydroxyl Number. Figure 2 shows that
forming the Comparative Polyol 1 is stopped at approximately 10.28 hours and 93.6% of the
Alkylene Oxide amount added due to pressure considerations. Reaction of the added Alkylene
Oxide is complete after the temperature and pressure become steady at approximately 12.9
hours. The remaining 6.4% of the Alkylene Oxide is subsequently added between 16.8 and 17.3
hours after an additional amount of the Second Amine, dimethylcyclohexylamine, is added to the
reactor vessel. The last 6.4% of the Alkylene Oxide is later recovered in a vacuum-stripping
operation and appears not to react to form the desired Comparative Polyol 1. Without intending
to be limited by any particular theory, it is believed that the catalysis by the Second Amine

includes a kinetic limitation on the formation of the Comparative Polyol 1. The kinetic



ves beingeatalyzed by 'both the First Antii3<:. and the Alkaline BartmiMetabsis43
Hydroxide. Without intending to be bound by any partisidar theory, it is
believed that, as shown in FigLUV | 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
limitRgng Inobrkcthe datalysigfrobs thermrgpAraiieiseentitgantaaatalysis frowrimental
the Alkaline Earth hiletat Hydroxide is increasing. Overall, at approximately 9
HydweyitS\eH &l kestyintion resetien iedsentialpeowipletetlidherybotinthe-
temperatum and pressure achieve a steady state, thereby conning the polypi
10““?héﬁiﬁ@%“@)éﬂé‘ﬁ&ﬂéh%&!’ﬁyar&%%uﬂ% Perapproxina@ly 85816 4ug the presence
KOH/gs which is approximately equal to the Formulation Hydroxyl Number.
of sty sl h IRigeresnatd il IR CO M pare BByl £aual to the
ft: nningthe preserux, of the Second Amine, dimethyteyelehexylaraine, does
- O“YHA?%‘H{/QJ&*&W‘EQ’Eé}‘Wfal Hy8roxy Ni§tbel ‘[‘Jfé&? Appt %rﬁé?é’lg}geaﬁa fengpBatve
Formulation Hydroxyl Number. Figure2scrws that thiming the Comparative
PolYElon B SISO A NEETE Al B 20 ot Gt 05 B M kpelf Pressure
decr(gg‘(ci:gel? H }gu?i%a%qexgng il gdltio R osrlsrmgB 8&}%%({)]‘&@? laoqdeldl\kHSQL?erL%51:rc increases
comp{e%e after the %empéra ure and pressure ecome’s eady -
.. approximately.119 hours, The remaining, 6,4% of the Alkylene Oxide is
e ngggggadl%%ﬁ)yyg}é}élég%elémé?\“l’g%%‘hd 173 hours afler an additional amount

[0048] HErRGERNA APiRE. BUaNYIeNeIfeXYIMING 3 AAASH IANGHEARAss than the

saissel The last 5,4% of the Alkytene. Oxide is later recovered In

corrc¥HARIIY-SHWPIfigIRRSFALRR APE APPEAIS.RRLOPEREILQ fAAL3 REMESIRT. the total
Onnparirtive Peityol 1.. Without intending to be thnift3,-.1. by any particular

timeBEREibistheligvechthat the gatalysis bydhe Sreond.Aming inchidesa kingtitne of
/imitation on the in:minion of the Comparative Po:yet I. The kinetic

reaction for the formation of the Comparative Polyols 1 and 2.

[0044] After formation, the Polyol 1 exhibits an Experimental OH Number that is within
approximately 1 percent of the Formulation OH Number and a reaction time that is less than 10
hours. Conversely, the Comparative Polyols | and 2 exhibit Experimental OH Numbers that are
within 7.5 percent and 0.5 percent of the Formulation OH Numbers, respectively. However, the
reactions times for the Comparative Polyols 1 and 2 are 12.9 hours and 18.66 hours, respectively,
exhibiting inefficiency.

[0045] The invention has been described in an illustrative manner, and it is to be understood that
the terminology which has been used is intended to be in the nature of words of description
rather than of limitation. Obviously, many modifications and variations of the present invention
are possible in light of the above teachings, and the invention may be practiced otherwise than as

specifically described.
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we 2007/096317Petitnnotiil543 liranaiirm is believed to prevent the
Comparative Folyo 1 'Crain haging an Experirnental Hydroxyl Number that is
approximately equal In the Formulatiqryhyglaxy! Nilinther" 100421 As is
shown in Ei):,’,OIC 3 and in Table It the CompaiativePolyol 2 limning ,in the
PR&3aNRE: 19istpi-him hydroxide has an Expeiritrientid flydrox:o Number that
is approximately agua: to Inc Formuhnion hydroxyl Number, However, | xre3

also shoys thepoulinerthe:FATPADIUeBTNALA AIRRRC A approximately

5.5 hours doe to measure eonsideralioini. After pressure decreases, the
maction hegiamirainig fermgthadcomparative Po:yr)” 2, Rapid pressure in

cases are not desirable for ihilustniiii implementation. [00431 in formation or

the Poiygldy1gd imei Ay enafXes AN 8 lessdb@m@ionality of at least
ethreSpondiag limes in the forintaion of the Coniparatbre Poilyok and 2,
Agdiporailhi, the total 'tithe of reaction ibr the forination Of the Polypi | is also

less than the corresponding total time Of ralotion far the Kirin:Mon Of the

Compargfiye dipsyaiaihe [edeAliar dormnation hedbeyalsiultiadand

Experimental OH Number that is within approximately percent of the

Formulafignifak tNembesansomragiian dimerbatiisiiersdthan #0thOPisence of the
Clonversely. the CdruparatisAt Folyols " and 2 exhibit Experimental OH

NS A1k aeVitin o Rere® mhaathdpetran fhih0GHehnalatisnyol.

Numbers, respectively. However, the reactions times for the Comparative

Volyins band# piscd, A estrsoaidiff” @& hoursheesipegiieliitexbibitiighosition com-
inefficiency, 100451 1, he i(rvinitii)i) has been tieseribed in no diustonive

Maee kRRsk iBite, Yndetsiongingt thedefminology which has been used

ig intended to be in the natti...,'t of words of deScriptlilii rather than of

limitatiors< Olavippedys Mgyt medifigatians andnatdrtiansiaftihePeesgisition com-
invention are possible in hOIt: of the above teachiabs, and the in.itinion may
baacticedsetherwise than as speclieailv deseri bed, CLAIMS What is

claimed is: 1. A process of foirning a polyol comprising the steps of:

providing an alkylengsoxideit FiMidin g RiminitiatpEreaMpesitivRtbAEERition com-
average functionality of at least
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.
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four; providing an alkaline earth metal hydroxide and
dimethylethanolamine; and reacting the initiator composition and the alkylene

oxide in ghe pie5eRES af e RkA/INR BN WRLALANAHIOE RO metal hPfdroxide

dimethylethanolamine to faun the polyol. 2. A process as set forth in claim

11‘@’@@1‘&'@&%&5‘QH&°§1€9 89%519&&%8&%83&%ﬁf&ﬁﬁar_ﬁq{f&%%%arium hydrox-
combination thereof . A process as set forth in claim 2 wherein the

iNjiaton FeMmRsIIhSaBRIdses sucrose. 4. A process as set forth in claim
1 wherein the initiator composition comprises a blend of two or more

initiatorsg & »foBEQCESSAoPHE fO IR ¢l AW RRIGIRINRRIRIQhetal hydroxide
composition comprises sucrose and glycerin. 6. A process as set forth'in

Cladmstiverrindhs InlRiRL gOmMposition comprises a first initiator selected
from the group of sucrose, sorbitol, and combinations thereof and a second

initiator elecieg-Hauy thesarasphah AiveRrinwiaBHlene Alale diRtRRYN Gy droxide
glycol, ethylene glycol, diethylene glycol, and combinations thereof 7.A

Pi9GHeSeAs BEAROK IR AIBMOOMN &I &I $hEalits i i%lgﬁﬂ%@feﬁﬁﬁbiﬂt@%y weight of
amount of at least 30 parts by weight per 100 parts by weight of the initiator
CRpesition. 8. A process as set forth in claim 1 wherein the alkaline

earth metal hydroxide is selected from the group of calcium hydroxide,

strontium hy K gxislesPasiven faydraxideirrndgrmbinationsiibesgtsent B # amount

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

CHORT G ST PARYMYNYETEIEE: 100 phPtsA PIRGERE FSIREpIAFH. in claim 1

wherein the alkaline earth metal hydroxide is present in an amount from 0.1

to 0.75 parts Rypueiaht Resct0Bmarts bxiweioRiRieialab 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.
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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 pragess g sek{orth i gaimdl avherein s alkuie o pxids: & Relectedalkaline
from the group of ethylene oxide, propylene oxide, butylene oxide, amylene
O%Qﬁl_ﬁﬁ@ﬁ?@i’ﬁ}}ﬁﬁaﬁe%&hﬁr@%me i%%uﬁtﬁ?o&&ﬁ.?e_ésﬁ%f)%ﬁldg glemBination of
wherein the alkylene oxide comprises propylene oxide. 14. A process as
S%J%ﬁﬁhlﬂlé@@dﬁh%n‘é’ﬂ?[ﬁz'&‘r_&@l‘?d@%@tﬁ'&a@iﬁ&}{ﬁ&ﬁ){hm&%ﬁ%’. of from 200 to

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

15. A pragess geeb{orthdn [aiMnl e ein Hepeive s [8SiNiRr MR alkaline
blocks comprising at least one ethylene oxide unit and at least one propylene
oxigeh URtrRNgRLI & hele s MAaERrther dSinpYREQGRSSRD ST fRENdhg the di-
claim 15 wherein the heteric formation comprises less than or equal to 3
reReAYNIHARIMERE BXFR PRikading tHY aRaPERCEaMARSEE K9t iRdelaim 1

whereln 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.
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