WO 2009/014965PCT/US2008/070241 TITLE COMPOSITIONS AND USE OF
CISs-1,1,1,4,4,4-HEXAFLUORO-2- BUTENE FOAM-FORMING COMPOSITION IN THE
PREPARAHONEHHELYISOCYANATE-BASED FOAMS 5 FIELD OF THETUVERFABK!  The
disclosure herein relates to foam-forming compositiprisgccomprising a fluoroolefin blowing agent and an

active hydrogen-contaipj d nﬂ [ § o] siti é @ ing iopolyurethane
and polyisocyanura@&gﬁ%%mﬁygaﬁmﬁl ééﬁ%ﬁg bmiﬁejfe%ﬁ g&;ﬁ %@1 orming
compositions coBigNE N aAVE RCRIAIEG LORPRITHOMNaN EHED e EFORRaTIiENaCIve
hydrogen-containing compound hayi ti ggﬁ%%%nd using such compositions
for producing polyurethane and pﬁ%ﬁﬁ%ﬂgﬁgg ND OF THE INVENTION
Closed-celkpolyisocyanate-based foams are widely used for insulation purposes, for example, in
building construction and in the 20 manyfacture of energy efficient electrical appliances. In the
construction industry, polyurethane/polyi<eey 2 5ektS used in roofing and siding for its

insulation and load-caryig @ icapahitid emsrBpurerhang tspfeyad-fantyirgi e doaitionse widely used for
a variety of applications including insulating roofs, insulating large structures such as storage tanks,

25insulating apPRREES LR JVRIPREARIoNIN g agM FRsLRm AT HR dBrdied §ilicks and railcars,

etc. Al of thessyaligHs bpmBLRRIL SANSIAG\JSEYBOBIIRAMS fSasiisdieniga agents for

their manufacture. Insu g foams depend on' t se of halocarbon blowing agents, not only to foam
the polymee, bup@burimtiriyierahdipoly isapyetheraial foamisctiMty eapestiginaplyrtiing characteristic for
insulation value. Hi torical%, %(éb/urFt ane f amsaysed.CFng(r.chIo.roquorocarbons far example
CFC-11, trichlofRGIR el SRaETCO Ml dRIRIDD A0S BESARMS CRTBISHBIE ICFC-141b, 1,1-

WO 2009/014965P¢ 1/ 320924076242 dighinw ahiluoreeharehasatieesotee hjavdgeragent.

However, due to . _ ] )
containing compound having two or more active hydrogens, and using

such compositions for producing polyurethane and polyisocyanurate

15 foams.

BACKGROUND OF THE INVENTION
Closed-celi polyisocyanate-based foams are widely used for

insulation purposes, for exampie, in building construction and in the

20  manufacture of energy efficient electrical appliances. In the construction
industry, polyurethane/polyisocyanurate board stock is used in roofing and
siding for its insulation and load-carrying capabilities. Poured and sprayed
polyurethane foams are widely used for a variety of appiications including
insulating roofs, insulating targe structures such as siorage tanks,

25 insulating appliances such as refrigerators and freezers, insulating
refrigerated trucks and railcars, etc.

Ali of these various types of polyurethane/polyisocyanurate foams
require blowing agents for their manufacture. |nsulating foams depend on
the use of halocarbon blowing agents, not only to foam the polymer, but

30 primarily for their low vapor thermal conductivity, a very important
characteristic for insulation vaiue. Historically, polyurethane foams used
CFCs (chiorofluorocarbons, for example CFC-11, trichlorofluoromethane)
and HCFCs (hydrochlorofluorocarbons, for example HCFC-141b, 1,1-

-



the implication of chlorine-containing molecules such as the CFCs and HCFCs in the destruction of
stratospheric ozone, the production and use of CFCs and HCFCs has been restricted by the Montreal

Protocol. I\Xf)?ezg%’%ﬁ"?ﬁi hydrofluorocarbons (HFCs), which do not contriB&t¥ Yo W& G&&tiction of
stratospheric oztinkidrave hemoeihmieyed dscotowmzgepients tpepehiurethasedoadus N example of
an HFC employged in this lication is HFC-245fa (1,1,1,3,3-pentafluorqpro . The HFCs do not
contribute to the{% c?elsrﬁafcﬁ?%aﬁggf(ié}%g' eéﬁgnit%nr{géj Bxﬂ?]%r%%%cg%erﬁsg{ﬁg %a_tr? égﬂdgontribution to
the "greenhousé&lEffécs, inethehsgstantithuts sirglosahwacononé Steerpsotiuatithercodnsiution to global

warming, the HE Ve co er scrutiny, and their widespread, use may als limited in the
e, R A 0 P b SR an LY Ry LIt e, these
compounds areri@amtigble;crotiumang drersndicemidaliy aciotecemdmdaietut contribute to the

production of grqund level ozone (i.e...smog). Such compounds are typically referred to as volatile
organic compou %Sér%@s %%E@%r%@&ﬁﬁ%%%zt%ngnw ormet %ﬁ@&%’%%n%.sg’ &1% is need for
producing foamagkatprfovipe Joveftenentdatitg, gaod Haenpial disaulddbt amddhdglediménmsional stability
by using a blowin ent that,has s tantiall ozone depletion potential ( and nq or very low
global warming BEVEL AL Lt o b SO SHRRRET e SR SR Eancictes,
25Japanese Patenmthlnite5t 18842 discitisesctheitzsesphasd dzdnt AxiH aexaffumroe2ibutere as the

blowing aggn tygeiher il ighly campaible pelveltierpaols 1o formy RaHisigys foams.  There
is need for producing polyurethane/polyisocyanurate toams by using
cis-1,1,1,4,4,4-psbfiloraribgte As agdise!bluiViiregr ametitagermér §@with waoringoringatible active
hydrogen-contajning, compounds having two.or mor. ive hydrogens. SUMMARYr THE INVENTI N
This disclost blarRioe e o e e L S e R Horo-2.butene
and a poorly comp#gtilendbtvieiiuyelrogen-containing compound having two or more active hydrogens.

This disclosure also proyjdes.a glosed-cell palyur olyiso e.nol foam prepared
from reaction of effecti\%} g%%%%%%%%%??%o%?ﬁ%‘r%ﬁ?é} cé)é%%%%%rf&;a?ﬂ%%%wfﬁa%ﬁggglﬁmcyanate.

This disclosure bisogvevidesss mathoaLiztpeoddcinymabies et efigrolyanethane or polyisocyanurate
rﬁ%fc%r&lr&g composition

polymer toam. TGBE i eanndsen eactng an sleaive.ameu ol e fpea g compost

and a suitable p%lylsocyana Ifst aspect, there IS provi a foa
comprising cis1grdihg jévsexakuer -2 bateng Jarishatpcoriypcormpativtet poigakyercieiyed Wherein the

solubility of Saida%J%i&g%gi?g&@éﬁ?&’é%%ﬁé%‘r?dgﬁ%%Ql,sa"’lj% %@’gg\ﬁ%@i‘)ﬁé{%rﬂﬁ%ﬂ% peed 25 wtd,

and a highly compati ydrogen-contaming compoun g two or more active hydrogens,
wherein the solubflityediossid cis-1,1,1,4,4,4-hexafluoro2-butene in said highly compatible active

hydrogen-gontaining cqmpURdSMe5e H88ucing foams that provide low flammability,
good thermal insulation and high dimensional stability by using a biowing
agent that has substantially no ozone depletion potential (ODP) and no or
very low global warming potential (GWP). Cis-1,1,1,4,4,4-hexafluoro-2-
butene is one of the good candidates.

25 Japanese Patent No. 05179043 discioses the use of cis-1,1,1,4,4 4-
hexafluoro-2-butene as the blowing agent together with highly compatible
potyether polyols to form polyurethane foams.

There is need for producing polyurethane/polyisocyanurate foams
by using cis-1,1,1,4 4 4-hexafluoro-2-butene as the blowing agent together

30  with poorly compatible active hydrogen-containing compounds having two

or more active hydrogens.



40 wit%. In a second aspect, there is provided a closed-cell polyurethane or polyisocyanurate
polymer foam obtainable by reaction of effective amounts of the foamforming composition as defined
above. In a third aspect, there is provided a process for producing a closed-cell polyurethane or
polyisocyanurate polymer foam cog B'i ing-keacting an aifestive amount of the foam-forming
composition as defined above and-&foty MTED DESCRIPTION ~ The composition
of this disclosure is arfggnitsetoyoeoumypdsaiancamgosnngisaTInesina SRRAMSHI8-2-butene and a

poorly compatible active hydrogen-containing compo ' JNOr [ve hydrogens, in the
form of hydro@F‘gﬂrJuﬁJs.%%??%%H%?ﬁ%ﬁbé%ﬁ%,%Qi%%%@ﬁ%%%%gfﬁiﬁcﬁ%used as a blowing
agent. Cisrlidrdgtd-donexiafitgreoerbateeris arianomm aompoiad] ek yRrpEgsEration method has
been disclosed, for example, in U.S. F;atent Agjoelicatic(gir{l3 é\le%_gg{pgg&%ekﬁlaaéﬁ US PRV] filed
April/26/2007, hereby HESHEGIARAIHY PERERENE I RS SRttty > By "pocrly compatible™, it is meant
to refer to an aggiyeyppaess puigimagfoampoepdiadihich thasidabiftgfétctive
cis-1,1,1,4,4,4-hexafluoro2-bugene does.not exceed.25 wt %. “hi ; ihle", it is meant to
refer to an acti@@ﬁ%?%@ém@oﬁ%m%ﬁ@mp%%rﬂ W% ]\5{/ lic r{ﬁeasso ﬁéltﬁ‘t%%@p{”%%m@
cis-1,1,1,4,4,4-hexaflypio 2ibyleseris anareian O aviristhod fByptodaningngec|dsesirtgdint to refer to
the time period starting from the mixing of the active hydrogen-cantaini ith
polyisocyanat®Yrd @ERg W@r‘? e ?Sémﬁ‘?gpﬁgwg%?gg&‘r gﬁlc? ﬁ%%%?%%%ﬁé starts to
change. WO 2Q08/RLAS6BRETHUSANRBIOTORYE foaByfutseitnednivissitioarand eefer to the time
period starting from the mixing of the active hydrogen-containing compound with polyisocyanate, and
ending at wheﬁ%ﬁ@t?@aﬁwifé%’&%‘?&ﬁé?w "tack free time", it is meant to refer to the time period starting
5from the mixing of the actjve hydrogen-cantaini p | wyith:polyi dingiat
when the surface of t f%ﬁﬁsﬁs%n%efghglgﬁéé@g%qy&@%aﬁ%ﬁ%ﬁ é&rgg}é%??? r%afgﬁlgﬁhg polymer.

foam's insulation, yalug! HerrdhresiSiante) arredsareaei v FoEFIbIN T HEREToPAly PSRRI
nours e the foa i (1 ed 20, BEFGTIeS A0k v, 2 TR ACBLEINURURREORATINAGaTAOUNCS

of this invention® ¢ contain an active hydrogen

l(%?inﬁrlse compounds’having two or more groups that cor
atom reactive witvesd igScyevatengredpgisyctoapaidisie ibeiyin hydso Zeate AR NG ISP YA daR)e

incorporated by reference. Exa{p\g%% alr5 of suc?] &%ﬁiﬂg%ﬁlpﬁlﬁ gt lepstivp Nydraxyharaupsper
ye

molecule, and rﬁ%?e%pé%ﬁf&?@ comprlggeﬁ)lglyvg S, such as po er or polyester polyols. Examples of
such polyols arethesaemhichiidvgldn eoquinalblet atighthokatrsn S1t3 RS RCTOD, rhﬁdﬂﬁ?@f@%ut 70

to about 300, mo&e v}%/(Pically of about 90 to about 270, and carry at least 2 hydroxyl groups, usually 3 to

8 20such groupé. Examples of suitable polyols comprise polyester polyols such as aromatic
polyester polyols, e.g.,liose madedy ispadestdefgingspobyethgtsneate piptethamite PETYLEMP wWith a

glycol such as dieylene glycol, o8 made by eaeling. RGP le.an0y drideruithe.glyals Braresuiing
| forming composition as defined above. _

In a third aspect, there is provided a process for producing a closed-cell
polyurethane or polyisocyanurate polymer foam comprising: reécting an effective amount

of the foam-forming composition as defined above and a polyisocyanate.



25 polyester polyols may be reacted further with ethylene - and/or propylene oxide - to form an
extended polyester polyol containing additional internal alkyleneoxy groups. Examples of suitable
polyols also comprise polyether polyols such as polyethylene oxides, polypropylene oxides, mixed
polyethylene- 30propylene oxides with terminal hydroxyl groups, among others. Other suitable polyols
can be prepared by reacting ethylene and/or propylene oxide with an initiator having 2 to 16, generally
3 to 8 hydroxyl groups as present, fom&,‘#&a’é@ﬁ%@%aﬂhritol and carbohydrates such as
sorbitol, glucose, sugiiose ahghHag AkePAHE YEENSCAEROMREENEIMing composition
2009/014965PCT/US2008/070241 Suitable polyether polyols can also irbc/lud.e alaiﬂg}gatic or aromatic

amine-based paIYBIESINgG Cid PrésbAtdnNeraBnciRe TRIARE S R BOXY (5P BIRURRg a closed-cell
polyurethane g&@%xqgw@%pﬁm@e& @Mdmiﬁg anpeffantive amewnt of the foam-forming
sul

compositions with a suitable polglél;socyanate. ypically, before reacti}r%% with a suitable polyisocyanate,

the active hydnygerpeshtdiniig (empeLini aesdrBY Rerdih e SaiF B[tidrally other additives are
mixed with the, blowing agent-gisskol o thibhe 10 bexafluers Bdwiegedeform a foam-forming

composition. Such foam- forming composition is_typically known in the art as an isoay. nate-reactive

preblend, or B-side doifpodifiohATHEesafiRsAnaEBRH oS RISAVYthEOMPSKESh 83K B2 prepared in
any manner ¢ nient toAbe skilled ipdbis Adsihstuding siraphpweighing desiled quantities of each
component ar?)(fé{%thereafter, combining them in an appropriate contajne Zé ppropriate temperatures
and pressureshupheatiore Ptk AN )Eghé%ﬁa‘égd%o r}@%;\%@%&é@ r?atEngé&ant is normally
selected in SU%Q@B%EM%?'%%@@QC@% aktbg:petiye hydrogen-containing compound that the ratio of

the equivalents of 20 isocyanate groups to the equivalents of active h§dro en groups, i.e., the foam

index, is from about B9 19QXBLEADRAIHE mbst FagRRIHBIEIR G SBGUMAU %W hile any suitable

polyisocyanate,can iﬁl\ﬁngfﬁe!ﬂ%%%@ tAeRRIANkBrosRES|§XaMMes, of suitalle priisocyanates useful
for making 25polyisocyanate-based foam compcrise at least one of aromatic, aliphatic and
cycloaliphatic Bodisisy See&8CAREREBIREIY! Representative members of these compounds comprise

diisocyanates such ag m‘?ﬁ@hﬂ{ paraRheenadisesianateipiens-2otaisgeyanats, toluene-2,6-
diisocyanate, hexamet};ylene- ,6-diisocyanate, tetramethylene-1,14- 3}i %di{'sg@/anaﬁeé
cyclohexane- 158 A DgERID PG AFBITLEIResOIUDIlity Of cis-1,1,1,4,4,4-Texatluoro-

2-butene is more than 40 wt %.
By “cream time”, it is meant fo refer to the time period starting from

the mixing of the active hydrogen-containing compound with
polyisocyanate, and ending at when the foaming starts to occur and color

of the mixiure starts to change.
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diisocyanate (and isomers), napthylene-1,5-diisocyanate, 1-methylphenyl- 2,4-phenyldiisocyanate, -~
diphenylmethane-4,4-diisocyanate, diphenylmethane-2,4-diissocyanate, 4,4 -biphenylenediisocyanate
and 3,3-dim§’[ﬁ%@1—fﬁ§f’biphenylenediisocyanate and 3,3- WO 2009/0145’6:5r f&348/1070241
dimethyldiphenylpropaie-4igedirsely dnatecmsdoyanatés thehras tduete 2 iGgifsocydreate and
polyisocyanates_such 4 -fgitime hyldiphenylmethane-2.2.5,5-tetraispcyanate and the diverse
polymethylener 8. a6 BTG AR I S S R RSO e
polyisocyanate amaycaidonpeatisde:m ttee fpraroticengf gicgomvention, such as the crude toluene
diisocyanate obtainedg Ipae Equ[g%rrhati,ng[? rpd%”ﬁﬁg‘%’é}%” (i)n to%uege dia(J in%s or the crude
diphenylmethane diisocs/{ana & obtamed by {Ré pehosgena mE; 2rite 10 dﬁ%'eny me%z%ediamine.
Specific examplesroftsachierg pdind s conephigerogetmdenetmicdg edpplyphewibolyisocyanates, due to
their ability to crosslink the polyurethane. It is, often irable to loy minor ameunts of additives in
preparing poly KA AN DA AL Ry bR S acR ST B BRI rembers
from the group tatrisisting of catalysts, surfactants, flame retardants, preservatives, colorants,

antioxidants, reinforcing agents, filler, antistatic agents, among gthers well known in this art.
Depending upon the crg%go'%‘%r% g%ﬂr dc jr%ﬁ:%% téoe%%%@ge&% %?E%I |§é€%aer?osaming reaction
mixture while cumnisigiagoichy slutadtarts 20nssatigeomgase adiquad roesolid ogznadsitonhe compound.

T R 0L 8 e L SR gL o o
about 0.1% to about 5¥hbyaeightypd sydactantbiaseg amtbedotsd weigist iof-alifioarsing 25ingredients
g S e R SO oML PR s e e
total weight of affyidayergangrechetiareittsed. €oey enatorgroatalgsishfastiesedntionmof the active
Whil any suitaDcle e B Sy b B ploy ST A S Rp i GHiRy amine.
compounds anddsgmharoetatioredsipmuwnds | daed taary draclylcgtalyst paretitetosedafiar example, in
U.S. Patent No'n%%gdé’éét%ﬁ\évé]i)c/hcgiiwsw%lrggg rﬁ‘&@éﬁ‘é’ ’osrggﬁaé%dp%%;g'mgy or polyester polyots.
Examples of such polyols are those which have an equivalent weight of
about 50 to about 700, normally of about 70 to about 300, more typically of
about 90 to about 270, and carry at least 2 hydroxyt groups, usually 3 to 8

20  such groups.

Examples of suitable poiyols comprise polyester polyols such as
aromatic polyester polyols, e.g., those made by fransesterifying
polyethylene terephthalate (PET) scrap with a giycol such as diethylene
glycol, or made by reacting phthalic anhydride with a glycol. The resulting

25  polyester polyols may be reacted further with ethylene - and/or propylene
oxide - to form an extended polyester polyol containing additional internal
alkyleneoxy groups.

Examples of suitable polyols also comprise polyether polyols such
as polyethylene oxides, polypropyiene oxides, mixed polyethylene-

30  propylene oxides with terminal hydroxyl groups, among others. Other
suitable polyols can be prepared by reacting ethylene and/or propylene
oxide with an initiator having 2 to 16, generally 3 to 8 hydroxyl groups as
present, for example, in glycerol, pentaerythriiol and carbohydrates such
as sorbitol, glucese, sucrose and the like polyhydroxy compounds.
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WO 2009/014965PCT/US2008/070241 reference. For example, a catalyst for the trimerization of
polyisocyanates, such as an alkali metal alkoxide, alkali metal carboxylate, or guaternary amine
compoundWrﬂe?}Qogf%“%(bgtionalIy be employed herein. Such catalysts are u§S iﬂsﬁﬂ‘%{%g‘m which
measurably inci®aiteisitheotattairrehctiocai theqolgisdeyainate Ky preatamaicasnifieatalysts are
about 0.1% to about %&%weight based on the total weight of all foaming ingredients. In the

process of the i FeRtion” Er%’aking a polyisocyanate-based foam, the active hydrogen-containing

compound (e.g. polyol}]Hpagisocyamsitecans suthvetatemimonents svyesciontactddcthg@ughly mixed, and

permitted to expand and cure into ceIIuIa;UD lymer. The mixin%r@%n ratus,is not critical, and various
Conventional ty R S Me VAR BROS 15 hpar AT i e 1) FORVERY Gral LRt &ratus fs meant

apparatus, ®quipfiemiyaadprotediites foanvdatinmal yampdeyténh s whih ismepaivéion of
isocyanate-based !fo ms.in which conventional isocyanate- based foam blowing agents, such as
fluorotrichIorom%%%ﬁgc(@@%ﬁ CFC11), are employed. Such conventional apparatus are discussed
by: H. Boden et al. in chaptail4, dfaferdmpotzth avieh Hahdbuonk, eolited byaGa B etitel ddbvger
Publishers, New York, 1985: a paperhy H. G Let titled "Eine Celled CEC-Free Rigid
Foam - New MA OGS B Lo Bl By e T e e BUREIN o, fom the
Proceedings of thikcBRHB#theaaTaahPechnidaliMatitewingGoefietercd, OttélHe4 21-October 24, 1992,

New Orleans, Louisi ; erb i "Saoluble ok Inso Alternative
Blowing Ailg%ntsg%iégp?éé%?%%%%%h{ﬁo%)%eé—?%grg@(ﬁﬁ?ﬂ@rﬁﬁ/@}%@%@eégéﬁ)i/ggl}ﬁtquipment
Manufacturer", portistgedam Pagyiivotisatyescalior kh@ungnekie ¥99 aframitos Reeetingtivef the

SPI/ISOPA Sep 4-26, 1991, Acropolis, Ni rance. e disclosur ereby
incorporated byé%%ﬁ%ﬁ%e?é%l r% %%ecgoiﬁh 0 ?{rir;sght 0 tl’%ﬁﬁvioﬁﬁﬂﬁ;ag g@%ﬁ%ﬂdo %ﬁ‘%ﬁ}gn raw materials
is prepared priointeerdating nthee poisveyhinase anmbactvehydeodeni-bo otadndig edripénents. For
example, itis o ful. I h i r ) and other
foaming ingred%ﬁs&jsec?(%%é%f%ﬁ;@l i\fgg@éﬁ#?ﬁ%‘%ﬁt ge%%%%ttsa%? t%?@%%?ﬂ%ﬁ]@%%ﬁg
2009/014965P GFAXSEEOSM@ToRMNgh & polyiscuy apatopakéerenivielycal btrepframiideingredients may

be introduced ir}gpﬂégg%l[w%st%% @ﬁ?@%ﬁ?@se where the polyisocyanate and polyol(s) are contacted. It
r all'or a por

is also possible to pre-reac lon of the polyol(s) with the polyisocyanate to form a
prepolymer. 5The inveWfivencorapasitepeiyspryeesiedared ipliozh|§w tlyisocyanate

reactant is normally selected in such proportion relative to that of the
active hydrogen-containing compound that the ratio of the equivalents of

20 isogcyanate groups to the equivalents of active hydrogen groups, i.e., the
foam index, is from about 0.9 to about 10 and in most cases from about 1
to about 4.

While any suitable polyisocyanate can be employed in the instant

process, examples of suitable polyisocyanates useful for making

25  polyisocyanate-based foam comprise at ieast one of aromatic, aliphatic
and cycloaliphatic polyisocyanates, among others. Representative
members of these compounds comprise diisocyanates such as meta- or
paraphenylene diisocyanate, toluene-2,4-diisocyanate, toluene-2,6-
diisocyanate, hexamethylene-1,6-diisocyanate, tetramethylene-1,4-

30 diisocyanate, cyclohexane-1,4-diisocyanate, hexahydrotoluene
diisocyanate (and isomers), napthylene-1,5-diisocyanate, 1-methyipheny!-
2 4-phenyldiisocyanate, diphenyimethane-4,4-diisocyanate,
diphenylmethane-2,4-diissocyanate, 4,4 -biphenylenediisocyanate and
3,3-dimethyoxy-4,4 biphenylenediisocyanate and 3,3-
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production of all kinds of expanded polyurethane feams, including, for example, integral skin, RIM and

flexible foams, and ingpgrticular rigid closed-cell polymer foams useful in sgsé\(/ insulation, as
pour-in-plzfgg 3%?%’.%% gr’foams, or as rigid insulating board stock and lami 4 g.si%f%%?ésent

invention also reliateitgdhnendptbpehpdymbibaieaon i {issoyanates potynas foasreprepared
from reaction of2e

fect f - i itipn of this disclosure and a suitable
polyisocyanate. |SJE%(X}K§I93E@%%§ %\%?&%?F%S%%%%R%%kﬁ% defined in the following Examples.
It should be undérsediogddiEtahgsectxanepihd, wvhitetindicatag pefrcethe tbvediments, are given by
way of illustrati rom the abave di lo) se I illed in the art can
ascertain the 2 pr%te@%af r‘8eI ,%in%g/fé%)f@ %(ékp%grﬁ%é%b?nn%%%%iﬁeé%%?’s?ﬁi‘)%q#nereof, can make
various changestardsmodifications to adapt it to various uses and conditions. Polyol A is an
aromatic polyester polyo | P - from. P W Frontage Road,
Northfield, IL 2560093%&@%%%2%%%%@% (@f? %%é%é%ﬂe)rgp%ggﬁ%@gcgﬁ% ?joﬁtﬁgxt of hydroxyl
groups in Polyolnkdsiéeuisalenes (Retcrmg« Ol ere grancygl PalgcitiainedrphbEes is a
sucrose/glycering init -pol I cha fr emicals Inc. at
Midland, Ml, 49%§§%§§§%ﬁ§§ go ygftg%gglé s@éosi @@%‘ggﬁ (%Eﬁ?‘e%%bé@ﬁ%{é& he content of
hydroxyl group<ig!rlybhBtis equlisdsyEieads 0 biged b 8y i sgePeliag Brude Silicon type
surfactant is a I 9 - ir Br 201 Hamilton Blvd,
AIIentownEngA 1@1‘%@&ng%%%gg%@%P%%@ggg%ﬁ&%ﬁ f Eugg'tg%@l% @éyst (Potassium
HEX-CEM 977)csunpdiae 2Bt aiethtged gotsinany To\seqystagiiantacethyiiikanoate, and is
purchased from | . 7 Ic.Square, 1500 Key Tower, Cleveland, OH 44114.

R et

5Amine based catalyst | amlndme_thyOphenoI purchased from Air Products Inc. at
7201 Hamilton Blvd, AlféatofignrRigsisiss.to erpplgynetngeatpolyishediEbeyanate (PAPI 580N) is

s po e SO B Rk e
is ft2-hr-FIBTU-ie or more members from the group consisting of catalysts, suriactants,
flame retardants, preservatives, colorants, antioxidants, reinforcing agents,
filler, antistatic agents, among others well known in this art.
Depending upon the composition, a surfactant can be employed to
stabilize the foaming reaction mixture while curing. Such surfactants

20 normally comprise a liguid or solid organosilicone compound. The
surfactants are employed in amounts sufficient to stabilize the foaming
reaction mixture against collapse and to prevent the formation of large,
uneven cells. In one embodiment of this invention, about 0.1% to about
5% by weight of surfactant based on the total weight of all foaming

25  ingredienis (i.e. blowing agents + active hydrogen-containing compounds
+ polyisocyanates + additives) are used. In another embodiment of this
nvention, about 1.5% to about 3% by weight of surfactant based on the
total weight of all foaming ingredients are used.

One or more catalysts for the reaction of the active hydrogen-

30  containing compounds, e.g. polyols, with the polyisocyanate may be also
employed. While any suitable urethane catalyst may be employed,
specific catalyst comprise tertiary amine compounds and organometailic
compounds. Exempiary such catalysts are disclosed, for example, in U.S.
Patent No. 5,164,419, which disclosure is incorporated herein by

-6 -



EXAMPLE 1 15Compatibility Test The polyol - blowing agent
(cis-1,1,1,4,4,4-hexafluoro-2-butene) compatibility test was performed in a 3 OZ aerosol sealed glass

vessels m%%ﬂ'%?éﬂ’ﬁ/ Aerotech Lab. 50 grams of polyol were loaded irﬁSXHéquglséy\%@sel. The
glass vessel wastbmmseal€drat xaomlerapeiaiys 20dnddriatenaspioeric pelymoeyBeitee, adding

cis-1,1,1,4,4,4-hexafluoro-2- butane.int lyQl, the glass vessel containing 50 grams of polyol was
cont a1 2556 foP e hAR AL kel Tt R, A TR S TLARNIBIE Y 20 Emar
Cis-1,1,1,4,4,4-bexafumyoy2ebntd me ayaa sharpimpeaibd e e gtassiviessshat 25 wt % based on

weight of polyol g%raqw?% increment.. 25After eacp v'vrﬂ?c?flon the v&sel Wassshsa#‘en fqr 1&'% minutes to
ete ep 0

. s greused in an amoun a crea e rate’ o
insure the comp IXing.” THe Ves&ll AASHhen 8?%% ¥ 15 SiAUEs and visually checked for

separation and/orarinswiih & e oy steps . weypinsp eated nistib s tattdyeisdsiatam separation was
observed, or a tQt 30.ara 0 wt %.hased on weight of polyol) of cis-1.1.1.4.4,4-hexafluoro-2- 3
A e R P R e bk

0 butene was added. dica olyo od’compa
cis1,1,1,4,4,4-hexgfhaneoid-butene, remaining clear in appearance without any sign of emulsion or

separation afters total P'fl %0%%r r,%lfgs@gf\%é/cé n\ll\égt%%O%p%%%@%i}%é@&%ﬁag%g5982%% é)e ed on weight

of polyol) of cis-1,1,1,4,4,4-héxafluoro-2-butené was injecte poor compatibility with
cis-1,1,1,4,4,4-Hexafluibwn 25t ivatope; xhmwing stalgeemotsiod &ter aabtaljof 12.5 grams (25 wt %

composiib deCSlbEa A s S B R e T Gy

Compatible_PoImICBp@mWCBtcsaﬁa_ama@mw;lnmmcamwmmlm,@m@mmm@ro- 10 2-butene

e AR oS R R s P oo

shown in Tablestchapr2\beiparatablere Pedylirdtyarte femioladioaopRuues B @eamgonent Parts by

weight Polyol Bapparatus, eguipment, and procedures conventionally employed in the

15 preparation of isocyanate-based foams in which conventional isocyanate-
based foam blowing agents, such as fluorotrichloromethane (CClsF, CFC-
11), are employed. Such conventional apparatus are discussed by: H.
Boden et al. in chapter 4 of the Polyurethane Handbook, edited by G.
Oertel, Hanser Publishers, New York, 1985; a paper by H. Grunbauer et

20 al titted "Fine Celled CFC-Free Rigid Foam - New Machinery with Low
Boiling Biowing Agents” published in Polyurethanes 92 from the
Proceedings of the SPI 34th Annual Technical/Marketing Conference,
October 21-October 24, 1992, New Orieans, Louisiana; and a paper by M.
Taverna et al. titled "Soluble or Insoluble Alternative Blowing Agents?

25 Processing Technologies for Both Alternatives, Presented by the
Equipment Manufacturer”, published in Polyurethanes World Congress
1991 from the Proceedings of the SPI/ISOPA September 24-26, 1991,
Acropolis, Nice, France. These disclosures are hereby incorporated by
reference.

30 In one embodiment of this invention, a preblend of certain raw
matef*ials 1s prepared prior to reacting the polyisocyanate and active
hydrogen-containing components. For exampie, it is often useful 1o blend
the polyol(s), blowing agent, surfactani(s}), catalysis(s) and other foaming
ingredients, except for polyisocyanates, and then contact this biend with

-7 -



-100 Silicon type surfactant 6.2 Potassium catalyst 2.8 Water 1.5 Cis-1,1 1,4,4,4-hexafluoro-2-butene
blowing agent 30 Polymethylene polyphenyl isocyanate 130 15 Table 2. Polyurethane foam properties
- Polvol B PEAMIHEERS 16 Cream time(second) 15 Rise time (seconds) W%@g%ﬂe(seconds)
249 Foam densibe(polyrmisspanaiabiddieetjatively, all the foaming ingredients may be

introduced individually to the mixing zone where the polyisocyanate and
polyol(s) are contacted. It is also possible to pre-react all or a portion of
the polyol(s) with the polyisocyanate to form a prepolymer.

5 The invention composition and processes are applicable to the
production of all kinds of expanded polyurethane foams, including, for
example, integral skin, RIM and fiexible foams, and in particular rigid
closed-cell polymer foams useful in spray insulation, as pour-in-place
appliance foams, or as rigid insulating board stock and laminates.

10 The present invention also retates o the closed-celi polyurethane or
polyisocyanurate polymer foams prepared from reaction of effective
amounts of the foam-forming composition of this disclosure and a suitable
polyisocyanate. |

15 EXAMPLES
The present disclosure is further defined in the following Examples.
it should be understood that these Examples, while indicating preferred
embodiments, are given by way of illustration only. From the above
discussion and these Examples, one skilled in the art can ascertain the

20  preferred features, and without departing from the spirit and scope thereof,
can make various changes and modifications to adapt it to various uses
and conditions.

Polyol A is an aromaiic polyester polyol (Stepanpol PS2502-A)
purchased from STEPAN Inc. at 22W Frontage Road, Northfield, L

25  80093. Poiyo! A has viscosity of 3,000 centerpoise at 25°C. The content
of hydroxyl groups in Polyol A is equivalent to 240 mg KOH per gram of
Polyol A.

Polyol B is a sucrose/glycerine initiated polyether polyol (Voranol
360) purchased from Dow Chemicals Inc. at Midland, Ml, 49641-1206.

30 Polyol B has viscosity of 3,600 centerpoise at 25°C. The content of
hydroxyl groups in Polyol B is equivalent to 360 mg KOH per gram of
Polyol B.

Silicon type surfactant is a polysiloxane (Dabco DC183) purchased
from Air Products Inc. at 7201 Hamilton Bivd, Alleniown PA 18185.

-8 -



1.9 Initial R-value (ft2-hr-F/BTU-in) 6.5 WO 20119/014965PCT/US2008/070241 EXAMPLE 3
Polyurethane Foam Made from the Foam-Forming Composition Containing Poorly Compatible Polvol

A Polyuretﬂ%é‘%@ﬁ*‘l‘%ﬁs made using polyol A in the same way as 5descﬁl§§6ﬁi§?@§§ﬂ‘rﬁf€ 2. The
polyurethane formulatiBotasdipropetiesaBciaesinin TRMESEMST 7) kelowirnBy28sitga foam-forming
o i IR B ens o e sampgttle pobolPobol
formulation - PaiuotiAeCedifporre OhPErishyriveghtdPalydP A ROBISiRmpratypd S0féctant 6.2 Potassium
catalyst 2.8 Walgr L2 Cleveland, OH 44114.
5 Amine based catalyst is Tris-2,4,6-(dimethylaminomethyl)phenol
purchased from Air Products inc. at 7201 Hamilton Blvd, Allentown PA
18195.
Polymethyiene polypheny! isocyanate (PAPI 580N) is purchased
from Dow Chemicals, Inc. at Midland, Mi, 49641-12086.
10 tnitiai R-value is measured by a LaserComp FOX 304 Thermal
Conductivity Meter at a mean temperature of 75 °F. The unit of R-value is

ft2-hr-°F/BTU-in.

EXAMPLE 1
15 Compatibility Test

The polyol - blowing agent (cis-1,1,1,4,4,4-hexafluoro-2-butene)
compatibility test was performed in a 3 OZ aerosol sealed glass vessels
manufactured by Aerotech Lab. 50 grams of polyol were loaded into the
glass vessel. The glass vessel was then sealed at room temperature

20  under atmospheric pressure. Before adding cis-1,1,1,4,4,4-hexafluoro-2-
butene into polyo!l, the glass vessel containing 50 grams of polyol was kept
at 2542 °C for 15 minutes and was visually confirmed for clear
appearance. Cis-1,1,1,4,4 4-hexafluoro-2-buiene was then injected to the
glass vessel at 2.5 (5 wt % based on weight of polyol) grams increment.

25  After each injection, the vessel was shaken for 15 minutes to insure the
complete mixing. The vessel was then kept at 25+2 °C for 15 minutes and
visually checked for separation and/or emulsion. The above steps were
repeated until stable emulsion or separation was observed, or a total of 30
grams (60 wt % based on weight of polyol) of ¢cis-1,1,1,4,4,4-hexafluoro-2-

30 butene was added.

The test indicated that Polyol B had good compatibility with cis-
1,1,1,4,4 4-hexafluoro-2-butene, remaining clear in appearance without
any sign of emulsion or separation aftera total of 30 grams (60 wt %

-9-



Cis-1,1,1,4,4,4-hexafluoro-2-butene blowing agent 30 Polymethylene polyphenyl isocyanate 100
Table 4. Polyurethane foam properties - Polvo' A Foam Index 1.17 Cream tim%%econdﬁ%lz Rise time
(seconds)‘.‘[/ MR g time(seconds) 160 Foam density (pounds-per-cu%‘?ér-" 9%@7 ital R-value

(ft2-hr-F/BTU-in)a&6d SEX#Aiti B 4o diga ob fFosih-fotdidgiCuenpistianZdoUteareweaBolyurethane
Foam Made from. a Highly Co tible Polvo! B .. A.small amo f pgoyly co tiblg polyol A was
=dded 10 the fol ST S TS ey sl o e del et Rancert:2

butene, showing a stable emulsion afier a total of 12.5 grams (25 wt %

based on weight of polyol) of cis-1,1,1,4,4 ,4-hexafluoro-2-butene was

5 iniected, forming a foam-forming composition described in this invention.

EXAMPLE 2
Polvurethane Foam Made from Highly Compatible Polyol B

Polyol B, surfactant, catalyst, waier and cis-1,1,1,4,4 4-hexafluoro-
10 2-butene were pre-mixed by hand and then mixed with polyisocyanate.
The resulting mixture was poured into a 8"x8"x2.5" paper box to form the
polyuretnane foam. The formulation and properties of the foam are shown
in Tables 1 and 2 below.

Table 1 Polyurethane formulation - Polyol B

Component Parts by weight
Poiyol B 100
Silicon type surfactant 6.2
Potassium catalyst 2.8
Water 1.5
Cis-1,1,1,4 4 4-hexafluoro-2-butene blowing agent 30
Polymethylene polyphenyl isocyanate 130

15
Table 2. Polyurethane foam properties — Folyol B

Foam Index 1.16
Cream time(second) 15
Rise time (seconds) 200

Tack free time(seconds) 249

Foam density (pounds-per-cubic-feet) 1.9
Initial R-value (ft“-hr-°F/BTU-in) 6.5
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20Example 2. Incorporating the poorly compatible polyol-A into the foam- forming composition of
Example 2 improved R-value from 6.5 of Example 2 to 7.0. The polyurethane formulation and
properties‘gl% YWEWI Tables 5 and 6 below. 5Table 5 Polyurethane forrﬁﬁi’é{ﬁgﬁo%fﬁazﬂjie

ent 30
ing the

foam-forming composition Containing Poort\/‘ Compatible Polyol A

Polyurethane foam was made using polyol A in the same way as
5 described in Example 2. The polyurethane formulation and properties are
shown in Tables 3 and 4 below. By using a foam-forming composiotion
comprising cis-1,1,1,,4,4 ,4-hexafluoro-2-butene and a poorly compatible
polyol{Polyol A), the R-vaiue of the foam was improved from 6.5 of
Example 2 to 7.6.

10
Table 3 Polyurethane formuiation - Polvol A
Component Parts by weight
Polyol A 100
Siticon type surfactant 6.2
Potassium catalyst 2.8
Water 1.5
Cis-1,1,1.4 .4 4-nexafluoro-2-butene blowing agent 30
Polymethylene polyphenyl isocyanate 100
Tabie 4. Polyurethane foam propetrties — Polyol A
Foam Index 1.17
Cream time{second) 12
Rise time (seconds) | 130
Tack free time{seconds) 160
Foam density (pounds-per-cubic-feet) | 1.9
Initial R-value (ft*-hr-°F/BTU-in) 7.6
15 EXAMPLE 4

Use of Foam-forming Compaosition to Improve Polyurethane Foam Made

from & Highly Compatible Polyol B

A small amount of pooriy compatible polyol A was added to the
formulation containing highly compatible polyol B as described in

20 Example 2. Incorporating the poorly compatibie polyol A into the foam-
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Foam Index 1.17 Cream time(second) 15 Rise time (seconds) 150 Tack free time(seconds) 190 Foam
density (pounds-per-cubic-feet) 1.8 Initial R-value (ft2-hr-F/BTU-in) 7.0 10EXAMPLE 5
Polyisocya‘ﬁlf?ra'?gB Po4HrMade Using the Foam-Forming Composition Corﬁgﬁ{%‘w%gﬂfﬁompaﬂble
Polyol A Pofpisotyanorapeddamn ofdsaageeudingoiity éobRrfatud oo mposittoreimphe same way
as described in le2. The 1 [ r ormulagion and. pr ties. are in Tables 7
and B below. T 0T L B R S S o1 77
Table 7 Polvisobvamti&atesfownulation - Polvol A Component Parts by weight

5 Table 5 Polvurethane formulation using the foam-forming composition

Component Parts by weight
Polyol B 80
Polyol A 20
Siticon type surfactant 6.2
Potassium catalyst 2.8
Water 1.5
Cis-1,1,1.4,4,4-hexafluoro-2-butene blowing agent 30
Polymethylene polypheny! isocyanate 125

Table 6. Polvurethane foam properties using the ioam-forming

composition

Foam Index 1.17

Cream time(second) 15

Rise lime (seconds) 150

Tack free time(seconds) 190

Foam density (pqunds—per—cubic—feet) 1.8

Initial R-value (ft*-hr-°F/BTU-in) 7.0
10 EXAMPLE 5

Polvisocvanurate Foam Made Using the Foam-Forming Composition

Containing Poorly Compatible Folyvol A

Polyisocyanurate foam was made using the foam-forming
composition in the same way as described in Example 2. The
15 polyisocyanurate formulation and properties are shown in Tables 7 and 8
below. The foam-forming composition produced polyisocyanurate foam
with R-vaiue of 7.7.

10



Polyot A 100 Silicon type surfactant 6.2 Potassium catalyst 2.8 Amine based catalyst 0.7

Cis-1,1,1,4 4 4-hexaflugro-2-butene blowing agent 40 Polymethylene polyphenyl isocyanate 158
Table 8. Pgﬂszé%i%lgﬁﬁr%te foam properties - I?olvol A Foam Index 2.48 Cegégr%]ﬂg 2%?%%@%%&) 15 Rise

time (seconds) 110 Tack free timedSeednde)YISUr Feauiedens iy (riipnd speivoubic-feet)
Component Parts by weight

Polyol A 100

Silicon type surfactant 6.2

Potassium catalyst 2.8

Amine based catalyst 0.7

Cis-1,1,1,4,4 4-hexafluoro-2-butene blowing agent 40

Polymethylene polyphenyl isocyanate 158

Table 8. Polyisocyanurate foam properties — Polvol A

Foam index 2.48
Cream time(second) 15
Rise time (seconds) 110

Tack free time(seconds) 120

Foam density (pounds-per-cubic-feet) | 2.1
Initial R-value (ft*-hr-°F/BTU-in) 7.7
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2.1 Initial R-value (ft2-hr-F/BTU-in) 7.7 Claims What is claimed is: 1. A foam-forming composition
comprising cis-1,1,1 ,4,4,4-hexafluoro-2 butene and a poorly compatible polyester polyol wherein the
solubility of said cis-1,1,1,4,4,4-hexafluoro-2-butene in said polyester polyol does not exceed 25 wt%,
and a highly compatible active hydrogen-containing compound having two or more active hydrogens,
wherein the solubility of said cis- 1,1,1,4,4,4-hexafluoro-2-butene in said highly compatible active
hydrogen-containing compound is more than 40 wif#ima. The foam-forming composition of claim 1
wherein said high%ﬁg{?énag%eqa{%tive hydrogen-containing compound is a polyether polyol. 3. A
closed-cell polyurethane or po?yisdcyanurate polymer foam obtainable by reaction of effective amounts
of the foam-forming cbmfdenitPantlaraMAsstion crRergBsetisctilpoyifetria@®drpyRisocyanurate

polymer foam of claim 3 wiereingaidhsetyreh ipanihasyastiniialR-wakieigtraiantbity 6.5
e oo SRR e A R oo
and a polyisocyanate. does not exceed 25 wt%, and
a highly compatible active hydrogen-containing compound having two
or more active hydrogens, wherein the solubility of said cis-
1,1,1,4,4,4-hexafluoro-2-butene in said highly compatible active
hydrogen-containing compound is more than 40 Wit%.
2. The foam-forming composition of claim 1 wherein said highly
compatible active hydrogen-containing
compound is a polyether polyol.
3. A closed-cell polyurethane or polyisocyanurate polymer foam
obtainable by reaction of effective amounts of the foam-forming
composition of claim 1 or 2.
4. The closed-cell polyurethane or polyisocyanurate polymer foam of
claim 3 wherein said polymer foam has an initial R-value greater than
6.5 ft*-hr-°F/BTU-in (45 m-K/W).
5. A process for producing a closed-cell polyurethane or
polyisocyanurate polymer foam comprising: reacting an effective
amount of the foam-forming composition of claim 1or2 and a

polyisocyanate.
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