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BACKGROUND
Low-density rigid foams, such as polyurethane and polyisocyanurate foams, are
used in a wide variety of applications including insulation for roofing systems, building
panels, refrigerators and freezers. To be useful in such applications, it is critical for the
15 foams to exhibit, among other properties, relatively high thermal insulation. One measure
of a foam’s thermal insulation properties is its “k-factor”. The term “k-factor’refers
generally to the rate of transfer of heat energy by conduction through one square foot of
one inch thick homogenous material in one hour where there is a difference of one degree
Fahrenheit perpendicularly across the two surfaces of the material. Since the utility of
20 closed-cell foams is based, at least in part, upon their thermal insulation properties, it is

advantageous and desirable to produce rigid foams having low k-factors.

Known methods for producing rigid foams generally comprise reacting an organic
polyisocyanurate and a polyol in the presence of a blowing agent to form a rigid foam. See,
for example, Saunders and Frisch, Volumes I and II Polyurethanes Chemistry and

25 Technology (1962), which is incorporated herein by reference. While the thermal
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relatively high boiling point is a hydrofluorocarbon having from about 4 to about 6 carbon

15 atoms.

As used herein, the term “initial reaction temperature” refers generally to the
average temperature of a reaction mixture upon initiation of the reaction. For example,
where two reaction components A and B, each at a temperature of 70°F, are combined to
form a reaction mixture and initiate a reaction, the initial reaction temperature for that

20 mixture will be about 70°F, even if the temperature of reaction rapidly and/or radically
increases or decreases after the components are initially combined.

As used herein, the term “foamable” reaction mixture refers to one or more
compounds which, in the presence of a blowing agent, are capable of reacting to form a
rigid foam. |

25 As used herein, the term “high boiling” refers to compounds that have a boiling
point of not less than about 77°F. In preferred embodiments, the high boiling compound of
the present invention have a a boiling point of not less than about 85°F, more preferably

not less than about 95°F, and even more preferably of not less than about 100°F.
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preferably less than about 70F, and even nore preferably | ess than about
60F, wi t hoptodneig@iav keacthefoam in mcorcbacﬂwmhthemmnhmmtém@f t he reaction

m xture. Convent.i on d f | .
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both prior to r oughout , f oam pr oduci ng
to a reaction mixture wherein the temperature of the provided blowing agent is less than,

15 and preferably substantially less than, the initial reaction temperature of the reaction
mixture, can result in the formation of foams having k-factors that are at least as low as,
and often lower than, foams produced Vial conventional methods. In other embodiments of
the present invention, low k-factor foams can be produced by methods which comprise
providing to a reaction mixture a blowing agent at a temperature that is less than about

20 76°F, more preferably less than about 70°F, and even more preferably less than about
60°F, without regard to the initial reaction temperature of the reaction mixture.

Conventional methods for producing foams using high boiling point blowing agents
involve maintaining the blowing agent at or above the initial reaction temperature, and
generally at or above room temperature, both prior to, and throughout, the foam-producing

25 reaction. Because HFC-365mfc has a relatively high boiling point (104°F(40°C)), it is
stable at relatively high temperatures and can thus be easily handled and maintained at
temperatures normally used for high boiling point blowing agents. Conventional methods
have heretofore been used at these high temperatures for several reasons. One reason is
that extra cost is associated with cooling such blowing agents, and heretofore those skilled

30 in the art have not perceived or expected that benefit could be gained as a result of
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-di scovered that foanms having relatively |low k-factors, as conpared to

foans nade by _conventiqnal. .n ani snms, can _be. pro I anpl e, by
providing a blmrﬁﬁlg%g'%% E%F%ﬁgWﬁﬁ_agﬁﬁﬁ-p?ggHa@yﬁg H?ﬁ%ﬁ? ﬁgélf‘—()%?loc) or iess
tg) ar ea%%@ﬂsiﬂ%ﬁw—%dj%&“wam reflitfoh dhixfufedGk tepipetftuiles BEI6HAIbLGErcdin bet ween
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15 temperature of between about 55-70°F, applicants have produced a foam with significantly

lower k-factor than is produced via providing the same blowing agent at about 70°F
(21.1°C) to a reaction mixture having an initial reaction temperature of about 70°F. Such

results are highly desirable as well as unexpected.

According to certain embodiments, the present invention relates to a method for
20 producing a foam comprising the steps of providing a reaction mixture capable of forming a
foam, preferably a rigid foam, and providing to the reaction mixture a blowing agent at a

temperature below the initial reaction temperature of the reaction mixture.

Any of a wide range of reaction mixtures capable of forming foams and known
methods for producing such reaction mixtures can be adapted for use in accordance with
25 the present invention, including those described, for example, in Saunders and Frisch,
Volumes I and II Polyurethanes Chemistry and Technology (1962), incorporated herein by
reference. In general, such methods comprise combining an isocyanate, a polyol or mixture

of polyols, a blowing agent (including blends or mixtures of compounds which together act

4



foam preferably a rigid foam and providing to the reaction mXxture a
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agent to the reaction mxture .1 r 1o .one.or re,of .th onents that
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i ndi cat e&i’%ﬁ%,n‘m@urﬁl S %lg,ﬂfi‘e v lll?ea%?_{}%f%g"d&wet%ﬁt 8#?1lg$e%tggerrponent s
of the raagdd B ikl MEQiohQediPdrFtufe B tBETACISH Mlxtire aA@ silBeduthilpdddeado i t he
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components to form the reaction mixture.

15 Furthermore, as indicated above, the blowing agent may be combined with other
components of the reaction mixture to form a premix prior to being introduced to the
reaction mixture. According to these embodiments, the blowing agent may be cooled to a
temperature below the initial reaction temperature either before or after being combined
with other components of a premix. For example, the blowing agent may be stored at a

20 temperature below the initial reaction temperature and added to the premix prior to
providing the blowing agent to the reaction mixture. For such methods in which the
blowing agent is added to one or more components that will be subsequently combined
with other components to form the reaction mixture, it will be generally be required that the
premix which contains the blowing agent be processed under conditions effective to ensure

25 that the temperature of the blowing agent is as indicated herein at the time it is introduced
to or otherwise provided to the completed reaction mixture. For example, in some
embodiments it may be required to further cool the premix containing the blowing agent

prior to mixing same with the remaining components of the reaction mixture. Alternatively,
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tenperature below the initial reaction tenperature either before or after
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bl owi ng agents of the 5 present invention can be cooled to or stored at
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provided to the reaction mxture at a_tenperature bel ow about WE In certain
pr ef er r ecpreferably at least about 13°F below the initial reaction temperature.

According to certain embodiments, the blowing agent of the present invention is
provided to the reaction mixture at a temperature below about 65°F. In certain preferred
15 embodiments the blowing agent of the present invention is provided to the reaction mixture
at a temperature below about 60°F. In certain other preferred embodiments, the blowing
agent of the present invention is provided to the reaction mixture at a temperature below

about 55°F, and in other preferred embodiments at a temperature of below about 50°F.

- It is convenient in many applications to provide the components for polyurethane or
20 polyisocyanurate foams in pre-blended foam formulations. Most typically, the foam
formulation is pre-blended into two components. The isocyanate or polyisocyanate
composition comprises the first component, commonly referred to as the “A” component.
The polyol or polyol mixture, surfactant, catalysts, blowing agents, flame retardant, and
other isocyanate reactive compotients comprise the second component, commonly referred
25 to as the “B” component. While the surfactant, catalyst(s) and blowing agent are usually

included with the polyol component, they may included with the “A” component, or partly
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pol yphenyl “i sotyanates, particularly "the m xtures containing from about 30
t o about tBSmpaureenonthivingeioghabaut 30 to about 85 percent by weight of
methylenebis(phenyl isocyanate) with the remainder of the mixture comprising the
15 polymethylene polyphenyl polyisocyanates of functionality higher than 2. Preferred
polyisocyanates for flexible polyurethane foam synthesis are toluene diisocyanates
including, without limitation, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, and

mixtures of two or more thereof.

Typical polyols used in the manufacture of rigid polyurethane foams include, but are
20 not limited to, aromatic amino-based polyether polyols such as those based on mixtures of
2,4- and 2,6-toluenediamine condensed with ethylene oxide and/or propylene oxide. These
polyols find utility in pour-in-place molded foams. Another example is aromatic
alkylamino-based polyether polyols such as those based on ethoxylated and/or
propoxylated aminoethylated nonylphenol derivatives. These polyols generally find utility
25 in spray applied polyurethane foams. Another example is sucrose-based polyols such as
those based on sucrose derivatives and/or mixtures of sucrose and glycerine derivatives
condensed with ethylene oxide and/or propylene oxide. These polyols generally find utility

in pour-in-place molded foams.



met hyl enebi s( phenyl isocyanate) with the renmai nder of the m xture
conprising the 15 pol ynet hyl ene pol yphenyl polyi socyanates of functionality
hi gher t hwo @/02933ef erred polyi socyanates for flexible polpaaresobame2f oam
synthesis are toluene diisocyanates including, without limtation,
2,4-toluene diisocyanate, 2,6-toluene diisocyanate, and m xtures of two or
nore thereof. Typical polyols used in the nEapfasMuiELabel V1228708930t hane
foams inchugat but are 20 not limted to, aromatic anmpRkbaesdTo2884 her
pol yol s such as those based on m xtures of 2,4- and 2, 6-tol uenedi am ne
condensed wi t hTgsibal pBRRIsAXER tﬁ@ﬂ{aﬁﬁfa&h%ﬂfﬁ%l%lﬁﬁethm%ns BRlue) sut f 1 nd
utility in pour-in-place nolded foans. Another exanple is aromatic

al kyl am n@aﬁeb?@ébmltgbtoyéhqtie bagsd Ioﬁtﬁlwem(ﬂﬁhsé@letgm& tivmstylotpropsank,osthylertee d

and/ or L.OPOX a oet te derivative These pol yol s
gener al | 5(1'7 . 8qu l“f@mo; ?il){es@? acgf’n %"’ g&ﬁﬁ&y{?&?é’f‘ﬂﬁﬁgof’@% ‘f‘?not her
exanpl e i but§kfé 658e, 2ad kb BQ YieSe 56 EBna syl BRIRIIGEEDMRITHPHYSR” der i vat i ves
and/ or m xtures of sucrose and glycerine derivatives °condenSed with

et Ayl ene Aropther examplsris ptheagrgft copolpmermlyoly edichgotlydd, bugmeeotlimiyedtond utility

- fo WD 03/,029334 [ USO 302 Mai |
oot v S8 R Rl M PO G o Hmetsiiss gopisl Shkeq i1
t he manuf gef Mfoﬁle@texidllﬁé isﬁi&yﬂ?@i MH&%EJP ﬁ&ﬁolﬁ QAEh doﬂﬁhtl&‘%on\@ﬂhona@ F)SIPIQt‘HEr

limted to, those based % ycer ol yl ene glycol, trinethylolpropane,
et hyl ene pelyelsivith pOb@maa@mQWdlsmrsedanﬂhetpbb'ol i ke  condensed with et hyl ene
oxi de, propylene oxi de, butylene oxide, and the like. These are generally
referred to as "pol yether polyols". 5 Another exanple is the graft

copol ymer poly 1 r RBkified Pbl ¢

poloye%/her pol y%{(agn%m%w\%l}t\dgﬁggg%lﬁw S@gﬁ\e{ eeatga?@r)\gﬁg%;ayet Cfg5%?1%1“]%]0ha| n.
Yd0 anot heut asxeetdingtedgoparbatiepolpestir fpolyd spotly ad thovdbaséd cmcmnﬁéx mixtures

ol yol . ERHREY et oBPakleVhe SuEF ket RaRErotih Ficbds SBVIFRe by nur ot o

foans i nclig@§lene é@cé‘luér profylesd glﬂréd’p TRESe pBlyoftf REBLdGn BRI ERInGleaPO! YOI S such

as those baséed on conplex m xtur
boardstock, and may be blended w1th other types of polyols such as sucrose-based polyols,

and used in polyurethane foam applications.

15 Catalysts used in the manufacture of polyurethane foams are typically tertiary
amines including, but not limited to, N-alkylmorpholines, N-alkylalkanolamines, N,N-
dialkylcyclohexylamines, and alkylamines where the alkyl groups are methyl, ethyl, propyl,
butyl and the like and isomeric forms thereof, as well as heterocyclic amines. Typical, but
not limiting, examples are triethylenediamine, tetramethylethylenediamine, bis(2-

20 dimethylaminoethyl)ether, triethylamine, tripropylamine, tributylamine, triamylamine,
pyridine, quinoline, dimethylpiperazine, piperazine, N,N-dimethylcyclohexylamine, N-
ethylmorpholine, 2-methylpiperazine, N,N-dimethylethanolamine,

tetramethylpropanediamine, methyltriethylenediamine, and mixtures thereof,

Optionally, non-amine polyurethane catalysts are used. Typical of such catalysts are
25 organometallic compounds of lead, tin, titanium, antimony, cobalt, aluminum, mercury,
zinc, nickel, copper, manganese, zirconium, and mixtures thereof. Exemplary catalysts

include, without limitation, lead 2-ethylhexoate, lead benzoate, ferric chloride, antimony
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of phthal ate-type or terephthal ate-type esters fornmed from polyols such as
et hyl ene glycol, diethylene glycol, or propylene glycol. These polyols are
used i n rwg @/okgasik nat ed boardstock, and nay be bl ended w tHCTowSeeB1I0ypes of
pol yol s such as sucrose-based polyols, and used in polyurethane foam
applications. 15 Catalysts used in the manufacture of pol yurethane foans
are typically tertiary amnes including, BikpresstMhilXiabeldEYd22872395U8

N al kyl mirapétl i nes, N-al kyl al kanol am nes, N, N di al ky|Dyckeo NexH0806238%ds, and
al kyl am nes where the al kyl groups are nethyl, ethyl, propyl, butyl and
the |i ke tdAecidoride) amd arstinienyrmydotyss. emfprefaﬁsed/\@ighncaﬁn blemndﬁdreslth@stamomes:ﬂts
Typical, but not limting, exanples are trieth Iened| an ne

tet ranet f |Céttbﬁ§y1@raéuisamh@ St%‘ﬁ@'{@%@ﬂ@ﬁf@ﬁﬂ% ZRihbexane. stanpeys laurate,

triethyl dlne

qui nol i naa%gﬁ g lll{ehaﬂn&glgégr(gz 1n staft’s gi;’%a;ﬂ%&ghgﬁf ﬁ%ﬁﬁ%hﬁg@g ? ﬁg%(%/t]l am ne, N
et hyl nor plitaitylni, dildurres, didcpil nﬁrd&zeta&, aid fe dikeret hyl et hanol ami ne,
t etramet hyl propanedi anmi ne, nethyltriethyl enedi amne, and mixtures thereof.
Optional Iy, non-am ne pol yuret hane catal ysts are used. Typical of such
catal ysts are SHOR 1] ' '

ot mony. cobdnte SieARRIEbotlitocraRRRL R i FBiod bydd b8y

Zi r coni Urthe pm}oge oftdoh e tihd eetddnds limmpinaﬁcyn with 8kaesd A cotpoheriee Wi t hout
limtation, |ead 2-ethyl hexoate, |ead henzoate, ferric chloride, antinony 8

VO 03/ 029@bisorpmIEe 2o yuEtane fogsmse SEhenmerizaiion catelysts 2p@iasd Subeensent
Docket No. RORETH1q sl 8R4 ardu AR WIDAY HHEOh Al Cin A GhET T

organo-tin cl'ass in annous I'Ts car ic aci such as
st annous tegiafedmine Gimé¥ation datalydy lallel ansial cadboaylitQichl Jahsiraati enixtared t he |i ke,
as well as dialkyl tin salts o carboxyllc aci ds such as dibutyl tin

di@cet at ghereefi. Jiefprred specisis vethinthe c aaseéeteypomsrswnmcat@& apwssign@ctoste, pike. 5

In the pr trimerization catalysts are
used for 1@3%21}'%37%35 on%h%%?&%e}ﬁ&l—%g} ﬁlggj&riﬁaes in conjunction with excess A
conponent to polyisocyanurate-pol yurethane foans. The trinerization

catal ysts enpl oyed can be any catalyst known to one skilled in the art
i ncl udi ng, but not Amheftacwidegangglof blovangagents capge used in accordance with the

general teachings contained herein. For example, the blowing agent may consist essentially

of HFC-365mfc, or may comprise non-azeotropic, azeotropic, and/or azeotrope-like blends

15 of HFC-365 with other blowing agent compounds. Examples of suitable other blowing
agent compounds include: fluorocarbons, such as, for example, trichlorofluoromethane,
dichlorodifluoromethane, chlorotrifluoromethane, tetrafluoromethane,
dichlorofluoromethane, chlorodifluoromethane, trifluoromethane, dichloromethane,
chlorofluoromethane, difluoromethane, chloromethane, fluoromethane, 1,1,2-trichloro-

20 1,2,2-trifluvoromethane, 1,2-dichloro-1,1,2,2-tetrafluoromethane, chloropentafluoroethane,
hexafluoroethane, 2,2-dichloro-1,1,1,-trifluoroethane, 1-chloro-1,1,1,2-tetrafluoroethane,
pentafluorethane, 1,1,1,2-tetrafluoroethane, 1,1-dichloro-1-fluoroethane, 1,chloro-1,1-
difluoroethane, 1,1,1-trifluoroethane, octafluoropropane, 1,1,1,2,3,3,3-heptafluoropropane,
1,1,1,3,3,3-hexafluoropropane, 1,1,1,3,3-pentafluoropropane, 1,1,1,3,3—pentafluorobutane,

25 and octafluorocyclobutane; hydrocarbons, such as, for example, methane, ethane, propane,
isopropane, n-butane, isobutane, tert-butane, n-pentane, isopentane, cyclopentane, n-
hexane, isohexane, cyclohexane; as well as combinations of two or more of any of the

aforementioned blowing agents. Preferably, the blowing agent for use in the present
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tertiary amne trimerization catalysts, alkali metal carboxylic acid salts,
and m xtures 10 thereof. Preferred species within the classes are potassium
acet at e, pat@aR9smn oct oate, and PCT/US02/31302

N- ( 2- hydr oxy- 5- nonyl phenol ) net hyl - N- et hyl gl yci nate. Any of a w de range
of blowi ng agents can be used in accordance with the general teachings
contai ned herein. For exanple, the bl ow ng Egeeds Mall LabeEV11228Z2395U8! | y

of HFC_s%FEIﬁ’ or nmay conprise non-azeotropic, azeotr apbcket NadH0002334
azeotrope-li1 ke blends 15 of HFC 365 with other bl ow ng agent conpounds.
Exanpl es i iSosOL G- bONANESHHp QR QRO UEES, HGbMdeigh-boigrgTar bons,
such as, o}%"%éfgﬁg{%s tr?‘t‘:h@éﬁ%\?%%ronet hane, di chl orodi fl %orome%hane,

chl or ot r iréfetsqrenerelijnanay Heving hierd hevieg hbniing pdint bf dhove Roat @38t hane,

chl orodi fl uor gnet hane, . trj f] uoronet hane, di.chl or onet hane .

chl or of | uor onﬂtﬁ&ﬂ’é‘,em&iam&‘&ﬂ@%@ H@‘?SC@HF 8% FEREnVentigh it dhe HiRwing
1,1,2-tri i 7idd tahbd'6f RO 8BRentrations of high boiling blowing agent.

1, 2-di chlag%%%lé%@?%gﬁlgﬁau%r one?dﬁane, crklllr%lrogps)gnt gf I aolr%et ha.nge,g

hexaf | uoiFeetkamge, ilis 2ontiemiplatedothdt i cératin einbbdioreostthablewing agent will
1-chloro-1,1,1,2-tetrafl uoroet hane, pentafl uarefhane,. . o

1,1, 1, 2- CEMPHAY %Ié?%bﬁl}‘%éatr/%?ylwﬁg]&qﬁ“érl’@-tf’-awt’?‘&glrogé‘{]l??'aws‘ghﬁ?fé‘r‘ﬁlbt?%l-“lg, 1-

di fluoro ik Bk bOHRE CshiARRes pr&tAbly WRRPRASORR &men more preferabl

1,1, 1,2, %t"g‘%@ﬁ né%%?%‘u%g%{ﬁélogéane, 1, 1sp$ 3, 3!y3_ {ﬁ%g(af | uor opr opage, Y

1, 1, 1, 3, opsstteasentialtyopfiHE365mic, In biikr 3mbeditihtsyio isodontempdated thanhthe

oct af | uorocycl obut ane; hydrocarbons, such as,. {or exanple, ane, .et hane,
pr opane, bl?%@%@&%h‘éﬁcﬁm%ieeﬂﬁ ?Wiaéélb‘lﬂtjn}]%l?y e t—ﬂl‘i‘t%@,albﬂgtp%@é’ X@felgh?

| 3PPENt ANGy; AN - £ boflif b&ﬁg&ﬁt GbABRRAPris@nd'®leh as
c?)(?rbi nat ;Bg‘#ﬁ%q%h@%}%o ?r%l}tgvg) aﬁﬁg g?lltge fo}lé? ntio edﬂg)lngwi ng aegents.
Pr ef er ablmyoretphefertablgwiongstagsntialfyost HIBE@-36fimfch dn poeisamtiodémans, 05 BlaR8 4f

PCT/ US02/ 31302, Express Mail, L be{)p,ge\éél22872395us Pat ent Docket :
H0002334 th@rbkow&&a&%h?ﬂm@wrlaeﬁ!"@ 1 PHESEEHYS 85 PiCHAS OMEOLRE HEPEin, the
term " hi ghzBQl NG L ef : Lidgelg@ent having a boiling
poi nt ofqglglg{gugbr}gﬂvl%%ésﬁtﬁdgﬁ@g{ig‘#}%l%drlrljpiﬁq zlaltg gean \E/}m{t@%@n %ﬁg broad scope of the
present invention that the blowi ng agent nay conprise a wi de range of

) For example, it

relative concentrat.ions_ of high boiling blow ng agent 5 4
i s cont enpl at 8 ceRan prefeiget %Ifl'i’?fh‘@ﬁ’ﬁé&ieﬁ%ﬁ’l‘f’@g taﬁgm 8?5% mgSeRyENentiRn) |
15 comprises, and even more preferably consists essentially of, a combination of
pentafluropropane, preferably 1,1,1,3,3-pentafluoropropane (HFC-245fa), and
pentafluorobutante, preferably 1,1,1,3,3-pentafluorobutane (HFC-365mfc) . Althoughit is

contemplated that these components can be combined in a wide variety of relative weight

ratios, the following table identifies several preferred weight ratio combinations, it being

20 understood that the percentages are understood to be prefaced by “about.”
Wt% pentafluoropropane Wi% pentafluorobutane
range range
51-99 1-49
60 -99 ' 1-40
25 70 -99 1-30
80 -99 1-20
90 - 99 1-10
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conprise at |east about 50% by weight and up to about 100% by wei ght of
hi gh boiling conponents, which high boiling conponents preferably conprise
and even war@/pesierably consist essentially of HFC 365nfRCT/USv20130er

enbodi ments, it is contenplated that the blow ng agent will conprise as

| ow as about 1% by wei ght and up to about 50% by wei ght 10 of high boiling
conmponent s, whi ch high boiling conponents PBxpfess MrilLaleoh#iV $2284389%n

more prepgleapl y consi st essentially of HFC 365nfc. | nDawkét Railbi02834 s, t he
bal ance of the bl owi ng agent can conprise |ow boiling blow ng agents as
wel|l as one or nore of any well known bl owi ng agent additives, including
those nmentioned below. In certain preferred enmbodi nents the bl ow ng agent
of the presenDispensiagtagents, cEl stabilipers.sand supriansy By HBF@OB}Oé*Ft@ﬁi%‘Pweconsi sts

essentially.of, a conbinatio f f i I

1T ik sst fTEr SpingeteshelBPhyn 3 ORARE, Ry B SUARY serve oo
pref er abky stabhizbrs3, SorReRpAkbMatRIndtads 4rk BSld3MBer thy nam& ¢fDOJR3B- i s
contenpl ated that these conponents can be conbined in a w de vi\ri ety of

rél at i veS4@d, ghd L-5340ivduch arhegenetallpiotgilexane polyersakylane blogkcerbolymsiret er r ed

wei ght ratio conbinati ons,..ktyhel 2 es are
under st oS 38% egf%f"é%@&%g P%ﬁlg[ﬁf’s‘ 983\?‘%%21 af?%dc;rg%%?’ggg’%gé’\cﬁ?%ag

pent af | U%ﬁhqgﬁe&pof@w&réiﬁ%eefeﬁﬁc@Q 1-49 60 -99 1-40 25 70 -99 1-30 80
-99 1-20 90 - 99°1-10 10 03/ 029334 PCT/ US02/ 31302 Express Mil Label

EV 122872395US Pat ent Docket No. H0002334 Dispersing agents, cell

t abi | i , and surf : be. i ed | -
i xture.  Sor f Wi APLoRaRREresanL g CALMgs PEh e Bh ki, aRh O OCT
as cell s%éch_aé%ggé(éfghﬁarogfﬁﬁl?pﬁcﬁﬁﬁﬁéﬁﬁﬁ al-tM6ropRd B phbsphates tial2(-under  t he

names of
10 dibromopropyl) phosphate, tris (1,3-dichloropropyl) phosphate, diammonium phosphate,

various halogenated aromatic compounds, antimony oxide, aluminum trihydrate, polyvinyl
chloride, and the like. Other optional ingredients may include from O to about 3 percent
water, which chemically reacts with the isocyanate to produce carbon dioxide. The carbon

dioxide acts as an auxiliary-blowing agent.

15 In general, the amount of blowing agent present in the blended mixture is dictated
by the desired foam densities of the final polyurethane or polyisocyanurate foams products.
The polyurethane foams produced can vary in density from about 0.5 pound per cubic foot
to about 40 pounds per cubic foot, preferably from about 1.0 to about 20.0 pounds per
cubic foot, and most preferably from about 1.5 to about 6.0 pounds per cubic foot for rigid

20 polyurethane foams and from about 1.0 to about 4.0 pounds per cubic foot for flexible
foams. The density obtained is a function of how much of the blowing agent, or blowing
agent mixture, is present in the A and/or B components, or that is added at the time the

foam is prepared.

Applicants have further discovered that, according to certain embodiments,
25 methods comprising providing a high-boiling blowing agent at or below about 76°F to a
foamable reaction mixture at any temperature, whether the reaction temperature is above or

below the temperature of the blowing agent, provides foams having improved low k-
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5 8404, and L-5340 which are, generally, polysiloxane pol yoxyal kyl ene bl ock
co-polynmers such as those disclosed in U S. Patent Nos. 2,834, 748,

2,917, 480Wwoamsch2233846, 458, each of which is incorporated hETaisv20y302
reference. Oxher optional additives for the blow ng agent m xture may
include flame retardants such as tris(2-chloroethyl) phosphate, tris
(2-chl oropropyl) phosphate, tris (2,3 10 diEBxpesspgylafJlabepE¥si23872395US s

(1, 3-di chpempr opyl ) phosphat e, di anmmoni um phosphat e, Dueéket Nos HodD238nat ed
aromati ¢ conpounds, antinony oxide, alum numtrihydrate, polyvinyl

chl ori de, p,@Bek. tHR ekarkSle, i erftididndd, theiaiftiaDiegdtion teMperafigd e bé from 0 to
about 3 percent water, which chemcally reacts with the isocyanate to

produce dzidyonbaiit 32THe. abTreakaut BBTF asghewn.der examplexdn Bgnradxi | i ar y- bl owi ng
agent. 15 In general, the anopunt of blow ng agent present in the bl ended
m xture is dictated by the desired foamdensities of the final

pol yur et hane OAcqepdiN &R EAbSlith@AgHt i@gmﬂifddsthat théBlopdigyagent tiane f oans
produced can vary in density fromabout 0.5 pound per cubic foot to about

40 poundsprpeided thihe réastion mprtutesat atemparatyra bebow about 95T mase preferablp abdunds

bic f d oef bly f b . d
Cubi o T octmpaate BRI S iote PEIRRALA ehosehs BROH 48 bsEho0L a0
pounds pe&nd%@ﬁ&o?@ﬁﬁegé;ré’dtl%faltﬁ?éér%e@atuife%l&v abldve s0gnsity obtained is a

function of how nuc e blowing agent, or blowing agent mxture, is
present in the A and/or B conponents, or that is added at the tine the

f oam i d. | icants. h t di d that, .. ding t
cortain orbod aakeERE sk ARt Hoe Rethis BF e bRotelreadPRVHAIE no bl owi ng
agent at &ﬁctﬁﬁl'lﬁi‘ﬁ‘%ﬁ‘@@’ﬁ'ﬁlo%ﬁl:g 40@nfd caft PAURA IS tHeRESIMBBdkhetite at any

tenperature, whether the reaction tenperature is above or below the
tenperature of the bl ow ng agent, provides foans having inproved |ow k 11

WO 03/ 029334 PCT/ US02/ 31302 j | |, EV. 12287239 P t
Docket No. HOOOS¥3ANS{QES %Pr%ﬁ?regze%g’%"lnéefl{_s?ﬁ‘%sfﬁ%ﬂs & B%E%rﬁg g‘%%?fngt%hgﬁ]ei nitial
rggeti Onoér%ggﬁ? 'ftﬁflﬁféﬁcﬁli ér%&%f}itbﬂ(-?icglfﬁ of R3S B aBAKT0. FRF akPe RS e pRBRDIYAEssAS

shown, f exanpl e, gure 1.
than about 0.155, and even more preferably, less than about 0.153.

EXAMPLES

15 The invention is further illustrated by the following examples, in which parts or
percentages are by weight unless otherwise specified. The following materials are used in

the examples.

Polyol: A polyester polyol with an OH number of 240 containing a compatibilizer

to aid miscibility. It is a commercially available from Stepan.
20 HFC-365mfc: 1,1,1,3,3-pentafluorobutane available commercially from Solvay.

Surfactant A: A polysiloxane polyether copolymer, which is commercially

available from Goldschmidt.
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According to certain enbodinents, it is preferred that the bl ow ng agent be
provided to the reaction mxture at a tenperature bel ow about 65F, nore

pr ef er abl woai3/02933% t enper at ure bel ow about 60F, even nore ROTAfW®RAMOy at a

t enper ature bel ow about 55F, and even nore preferably, at a tenperature
bel ow about 50F. Any of the aforenentioned nethods for storing, cooling and
providing to the reaction mxture of bl owExpregcviail Icxbel BY 1228M3%5UShe
present ephegi ments. According to certain preferred enpgeiet®e 0002334 oans
produced according to the 10 present invention exhibit a k-factor of |ess
than about 0. J@:galg@ﬂq gﬂﬁx@r%éfﬁfc%oﬁ%ﬁﬁrﬁb@ﬁh ¥minke&FBich f BEmme abhilhBlefroand
even nore prefera | ess T han about 153. EXAMPLES 15 The invention is
further iAirBsiduatsed by the foll ow ng exanples, in which parts or

per cent ages are by wei ght unl ess ot hervvi se specified. The foll ow ng

materials are se | exa | es, 1 A pol vest er b yol Wi th.an OH
nunber of 240 Fyé né g“ q o iR § %’%qlolsa& rg@ﬁ ﬁ%{laéfe £ gng
comer ci g Lyuayail able from St epan. 20 HFG-365nfc: 1, 1, 1, 3,3

- pent af | uorobut ane available comercially from Solvay. Surfactant A: A

pol ysi | oxane pol yet her copol yner, which is comercially available from
Go$ dschni dt . J:mem(ofzemsmmm¢'m0‘ﬁxar&nlp Nesse propited balaedengrgd

122872395US Pat ent Do 2 Al

baccd ani B AR SRR PO S A G Eeuflonft PR ABPt R L1
B: Atri r@%me_zf%}o@ %uﬁaét%t@{d bty ik §ré;o@fmﬁ feahin¥ p?diﬁirﬁ&ﬁ' d@s playedinAi 1

Pr oduct s f'oans

nparati ve anpl e" and are prepared by
a gener al Tabpe hcAﬂumtelO@cgmmmbﬁlealcbﬁHmu&ﬂlon@ hbndﬁhiariﬂmpmmgf IS blemledela@h bl owi ng

agent, a %rr)rﬁl;aép%;q é[tlgfefgl agag%.}tﬁgé%rgn?]wnw f(? nna.’zmdlam& ﬁ% ﬂu?tﬂ' S prepared

inthe s
10 homogeneous blend is achieved.

COMPARATIVE EXAMPLE

When mixing is complete, the can containing the mix is covered and placed in a
refrigerator controlled at 70°F. A high boiling blowing agent is also stored in pressure

bottles at 70°F. The A- component is kept in sealed containers at 70°F.

15 The blowing agent is added in the required amount to the premix. The contents are
stirred for two minutes with a Conn 2” ITC mixing blade turning at 1000 rpm. Following
this, the mixing vessel and contents are re-weighed. If there is a weight loss, the blowing
agent was added to the solution to make up any weight loss. The can is than covered and

replaced in the refrigerator.

20 After the contents cool again to 70°F, approximately 10 minutes, the mixing vessel
is removed from refrigerator and taken to the mixing station. A pre-weighted portion of A-
component, isocyanurate, is added quickly to the B-component, the ingredients mixed for
10 seconds using a Conn 2” diameter ITC mixing blade at 3000 rpm and poured into a 8”x
8”x 4”cardboard cake box and allowed to rise. Cream, initiation, gel and tack free times

25 were recorded for the individual polyurethane foam sample.
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Table 1. About 100 grans of each fornulation is blended. The prem x is

bl ended in a 320z can, and stirred at about 1500 rpmwi th a Conn 2"

di anet er WDM3m2eas# until a 10 honbgeneous bl end is achi evaT/USCOVBARATI VE
EXAMPLE When mixing is conplete, the can containing the mx is covered and
placed in a refrigerator controlled at 70F. A high boiling bl ow ng agent

is also stored in.pressure bottles at 70F.EsresssMaidmbehEN 122872395US n

seal ed cqmjitaatners at 70F. 15 The bl owi ng agent i s addeDotketNoc H08Q2334d
anount to the prem x. The contents are stirred for two mnutes with a Conn

2" 1 TC m xi ng ed8mé ’eHu@hﬂQlu@éd e @fowsdo duRd Ik Baxestal rdom tdigerdtetar vessel
and contents are re-weighed. |If there is a weight |oss, the blowi ng agent

was addedit{east 2fehauws. uAftemcuriognthk dloglks aneyrimeiedtie aupidierm sipeanskthe densitiean
covered and replaaced in.the refrigerator. 20 .After .t £nts cool again
to 70F, éB??FWﬁnﬁt“@&ﬂ}anﬁ)thﬁﬁ ?‘gél?ee?ﬁl? %%Tynﬁ)e ﬁgaglgp 1‘?§'fg’%\ﬂéﬁ from

refriger afiQhrRAAnd aKK Tods 4r8@rdParddng station. A pre-wei ghted portion of A
conponent, isocyanurate, is added quickly to the B-conmponent, the

ingredients mxed for 10 seconds using a Conn 2" dianmeter | TC m xing bl ade
at53000 rpm andfigrnsuring thatallshgfoamsgneet thedensityowecifieatioas, Hasfoamd aeg | oned t o

| vi dudrRb i e Aeor ik BREMES 18 SR ERRG s A R S 1
Express Naiimh8PEablEY add 4 cRew 2ebphRallg it Filaeet No. H0002334 The foans

t hus produced are allowed to cure in the boxes at roomtenperature for at
| east 24 hours. After curing, the blocks are trinmmed to a uniformsize and
the densities EXAMBEEd. Any foans that do not neet the density
specification 1.7 +.1 | b/ft' are discarded and new foans are prepared. 5

After ensurin hat . . L et i Lt I t he
foams are teg\gvilglfEl %’%’rghél-sfc gg?%?éﬁec@&oﬁﬁnﬁﬁgw ég?g‘?&%%&ﬁh%%@? %? results
I2!169 lis &elféﬁigérdt&eccfnitﬂbﬂéd atCSOPBMhetfamEddveing agdir tisk evas e ig tiepOorapdrhtyve n
igure 1.
J Example is stored in pressure bottles at 50°F. The same A- component as was used in the

Comparative Example is kept in sealed containers at 70°F.

The pre-cooled blowing agent is added in the required amount to the
premix. The contents are stirred for two minutes with a Conn 2” ITC mixing blade turning
15 at 1000 rpm. Following this, the mixing vessel and contents are re-weighed. If there was a
weight loss, the blowing agent is added to the solution to make up any weight loss. The

can is than covered and replaced in the refrigerator.

After the contents cool again to 50°F, approximately 10 minutes, the mixing vessel
is removed from refrigerator and taken to the mixing station. A pre-weighted portion of A-
20 ~ component, isocyanurate, is added quickly to the B-component, the ingredients mixed for
10 seconds using a Conn 2” diameter ITC mixing blade at 3000 rpm and poured into a 8”x
8”x 4”cardboard cake box and allowed to rise. Cream, initiation, gel and tack free times

are recorded for the individual polyurethane foam sample.

The foams are allowed to cure in the boxes at room temperature for at least 24

25 hours. After curing, the blocks are trimmed to a uniform size and densities measured. Any
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EXAMPLE When mi xing is conplete, the can containing the mx iss covered
and placed in a 10 refrigerator controlled at 50F. The sane bl ow ng agent
t hat was weewb/o293t he Conparative Exanple is stored in preswesopoidokes at
50F. The sanme A- conponent as was used in the Conparative Exanple is kept
in sealed containers at 70F. The pre-cool ed bl owi ng agent is added in the
required anount to the prem x. The cont erfxpresséMail lrabeDEVA22872395USut es
wth a @gne2” | TC mixing blade turning 15 at 1000 rpseket™ol BO00ZB3UNI S,
the m xi ng vessel and contents are re-weighed. If there was a wei ght | oss,
the bl owh gk RAEIY ndtnexd dch @yt PRcifidtishi 10N+t PIbMERe URcABN MRl ik fo@§S. The
can is than covered and replaced in the refrigerator. After the contents
cool agareprepar8@F, approxi mately 10 minutes, the m xing vessel is renoved
fromrefrigerator and taken to the m xing station. A pre-weighted portion

of A- 20 conpgnent. is apurate, is ded qui ckly t.0 the B- onent, the
i ngredients rﬁ?&}é&nﬁu&lg%e}%gg%%gmag}eﬁgglg%&sﬂx Sﬁem%‘iagilgr% l(Eahre f?ﬂ"ﬁg%‘li}%xi ng bl ade
at 3000 &4 RRYL-MEQYF ftoldProPASTM CHI'8X Phedardhrassiits atedish®in tetbeddddowed t o
rise. Cream initiation, gel and tack free tines are recorded for the

ifndi vi dewalunpodfylablet hanteart show geappicelly miféguredns are all owed to cure in the

boxes at roomtenperature for at |least 24 25 hours. After curing, the

bl ocks are trjmed to uni Si n I red: 14 WO
03/ 029334 pcéﬁﬁ&%ﬁéi%ﬁ%"m&%?s%nd ?‘i‘%ﬂa g%@‘%%%&% %%%ml-l’é?éﬁlt Docket
No. HOOGZ&dde a HiRamm®ic ! dbaiméteialpsighBednt i dhd vaieqriied degresdelih eath-fildtot of the. 1

| b/ft3 are di sgarded and new foans are prepared. After ensuring that all
the foarfeameelativerthe fransproguesdde pedosdanco mith comeentiopglsechpigues: est ed f or
k-factor according to ASTM C518. The k-factor results are listed in the
second 5 colum of Table 1 and are show graphically in Figure 1. As can be
seen fromTable 1 and Figure 1, the nethods of the present invention
provide a dramatic, commercially significant, and unexpected decrease in
the k-factor of the
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foamrel ative the foam produced in accordance with conventional techniques.
15 WO 03/ 029334 PCT/ US02/ 31302 Express Miil Label EV 122872395US Pat ent
Docket NowOH3PQ22384 CLAIMS What is clainmed is: 1. A net hadTofSopBodaci ng a
foam conprising the steps of (a) providing a foanable reaction m xture
having an initial reaction tenperature; 5 (b) providing a blow ng agent
conprising at |east one high boiling fl urodupress MaibijabellVd22872396P8r at ur e
bel ow saigghtigii tial reaction tenperature; (c) introducigckeaiNd. HOA0233d
tenperature blowi ng agent to the reaction mxture; and (d) creating a foam
from sai grg@géi on m xture containing said blowi ng agent. 2. The net hod of
claim1 wherein said high boiling conpound has a boiling 10 tenperature of
at | east about 100F. 3. The nethod of claim1 wherein said bl owing agent is
provi ded at a Wharpepimedris at | east about 3 F below said initial reaction
tenperature. 4. The nethod of claim1l wherein said blow ng agent is
provided at a ., tenpger re t kd initial reaction

t enper at ur e. 115 5. ngéghlrégt%@(}j“dgﬁﬁlglaaf?%ﬁEBS#%ggggﬁle;%pg%rni tial reaction
tenperature is-from about 55 F to about 70F. 6. The nethod of claim1

wher ei n sai d i(8) progidingeaohinable reacrien mixture hasing aw nitiz beastion tenfpetapurapout  70F.
7. The nethod of claim®6 wherein said blowi ng agent is provided at a 20

tenperature bel ow apout 65 F. 8. The nethod of claim1l.wherein.said at
| etist one hi gHbhBioVIding %IPIGWHE%}%BWO“EP&%‘SGﬁl?aﬁd’i‘?ﬁsig?é’é’ﬂ%ﬁué%f@fm&ne

nydr of | uog aeapRen: £RIRRHAS. B Gid il ARG enp@andé VO 03/ 029334

(c) introducing said reduced temperature blowing agent to the reaction mixture; and

(d) creating a foam from said reaction mixture containing said blowing agent.

2. The method of claim 1 wherein said high boiling compound has a boiling
10 temperature of at least about 100°F.
3. The method of claim 1 wherein said blowing agent is provided at a

temperature at least about 3°F below said initial reaction temperature.

4. The method of claim 1 wherein said blowing agent is provided at a

temperature at least about 10°F below said initial reaction temperature.

15 5. The method of claim 4 wherein said initial reaction temperature is from

about 55 °F to about 70°F.

6. The method of claim 1 wherein said initial reaction temperature is from

about 55 °F to about 70°F.

7. The method of claim 6 wherein said blowing agent is provided at a
20 temperature below about 65°F.
8. The method of claim 1 wherein said at least one high boiling flurocarbon

compound comprises at least one hydrofluorocarbon compound having from about 2 to
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Express Mail Label EV 122872395US Pat ent Docket No. H0002334 about 5
carbon atons. 9. The nethod of claim1l wherein said at | east one high

boi | i ng fWwar@aoasizen conpound conprises ETC 365nfc. 10. Themetobodoof cl aim
9 wherein said at | east one high boiling flurocarbon 5 conpound consists
essentially of HFGC 365nfc. 11. The nmethod of claim 1l wherein said bl ow ng
agent conprises HFC 365nfc and HFC 245fa. Exprdse™MaikLiabe BV 1228012303US
wher ei n s@atknpl oW ng agent consists essentially of HF@®a&ketNe. H0002334
HFC-245fa. 10 13. The nethod of claim1 wherein said bl ow ng agent

conpr i ses ghuts53hkboangompent f | uor opr opane. 14. The nethod of claim 1l wherein
said at | east one high boiling flurocarbon conpound conprises at |east one

hydr of | uor ocar bon ‘conpound havi ng fromabout 2 to about 5 carbon atons. 15
15. A closed c@ | fdhsmebknd oficlaiddovipieia saidiat leagtione highthodlingrlugocgihant . 16.

The cl ose f i having a k-factor of |ess than about
0.160. 1 (.)1% %ndcﬁ%wggésclg#?'%ggé%'of claim 15 having a k-factor of |ess than
about 0.153. 18. The closed cell foamof claim15 conprising a rigid foam
19. A method ofl0pr odhe nfeghcal dfadim Gonimsreif istid at leastvhe hiphdioilidg fludgcapioavi di ng a
foamabl e reaction m xture conprising a polyisocyanate, a polyol, and
catoal yst , cempeund copsipts epsepiiglly qﬂ%?@?‘&ﬂ% reaction tenperature of no |ess
t han about 70F;, and 17 WO 03/029334 PCT/ US02/ 31302 Express Miil Label EV
122872395US Paygnt DREKGEHDE of HRAP? a;ﬁ?rein( fid Bl%fng%légﬁt%n{p?isés}ﬁ ¢ 83GIEON
m xture HFC-365nfc at a tenperature of no greate

and HFC-245fa.

12. The method of claim 1 wherein said blowing agent consists essentially of
HFC-365mfc and HFC-245fa.

10 13.  The method of claim 1 wherein said blowing agent comprises HFC-365 and

pentfluoropropane.

14.  The method of claim 1 wherein said at least one high boiling flurocarbon
compound comprises at least one hydrofluorocarbon compound having from about 2 to

about 5 carbon atoms.
15 15. A closed cell foam made in accordance with the method of claim 1.
16.  The closed cell foam of claim 15 having a k-factor of less than about 0.160.
17.  The closed cell foam of claim 15 having a k-factor of less than about 0.153.
18.  The closed cell foam of claim 15 comprising a rigid foam.
19. A method of producing a foam comprising the steps of:

20 (a) providing a foamable reaction mixture comprising a polyisocyanate, a polyol,
and catalyst, said mixture having an initial reaction temperature of no less than about 70°F;

and
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t han about 65F; and (c) formng a rigid foam having a k-factor of |ess than
about 0.160 fromsaid reaction mxture after said introducing step (b). 5
20. The matchod2ei34cl ai m 19 wherein said introducing step (HOT/cssnprioses
introducing a bl owing agent containing said HFC-365nfc to said reaction

m xture. 21. The nethod of claim 21 wherein said blow ng agent further

conprises pentfluorpropane. 22. A nethod dixpressdvail igbel EVanes2895U8i ng

the stepp,pdpt 10 (@) providing a foarnable reaction mppekee Nod 8001334
introducing to the reaction mxture a blowi ng agent at a tenperature of not

greater than St?ﬁg{r?@g&?gr AMle (&bl PMKHNG HFC-B OS2 a MR higrhinge 6F o dragbor  of

| ess than abo omsald reaction mxture after said introducing
step (b) thdbfbout 65°F; and

(c) forming a rigid foam having a k-factor of less than about 0.160 from said

reaction mixture after said introducing step (b).

5 20.  The method of claim 19 wherein said introducing step (b) comprises

introducing a blowing agent containing said HFC-365mfc to said reaction mixture.

21.  The method of claim 21 wherein said blowing agent further comprises

pentfluorpropane.
22. A method of producing a foam comprising the steps of:
10 (a) providing a foamable yeaction mixture; and

(b) introducing to the reaction mixture a blowing agent at a temperature of not

greater than about 76°F; and

(c) forming a rigid foam having a k-factor of less than about 0.160 from said

reaction mixture after said introducing step (b).
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