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METHODS FOR MAKING FOAMS USING BLOWING AGENTS
COMPRISING UNSATURATED FLUOROCARBONS 5 CROSS
REFERENCE TO RELATED APPLICATION(S) This application
claims the benefit of priority of U.S. Provisional Application 60/732,771,
filed November 1, 2005, and incorporated herein by reference, and is
further related to co-filed and jointly owned application 10 titled Blowing
Agents for Forming Foam Comprising Unsaturated Fluorocarbons,

(AttornMD oKD S & PR MK INSNFOAMSEUISIBIG BUBIMING ABE KTE

jointly owne isali ﬂ.§ i i i am
Comprising dﬁ%ﬁfﬁgd ugjrocargons ?ﬁéﬁﬁ&@?ﬁ%@gﬁ 18 US
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poél_;_(uret'hane foams are’widely used for a variety of ap
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refricher,ated trucks and railcars, etc. All of these various types
pol§tFESRe foams require blowing (expansion) agents for their
manufacture. Insulating foams depend on the use of halocarbon blowing
agents, not only to foam the mer, but primarily for their low vapor N
thermal conductivity, a veBi#apoHaNt HiE] v st il B for insulation value.
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of fgkfme.and HCFCs has been restricted by the Montreal Protocol. More
recently, hydrofluorocarbons (HFCs), which do not contribute to the
destruction of stratospheric ozone, have been employed as blowing

agents for polyurethamadeapmoAnNexarpie;ef anstikGiemmployed in this

15applicatjon is,HFC-245fa (1,1,1,3,3-pentafluoropropane). A second
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6,703,431 (Dietzen, et. al.) describes open-cell foams based on
thermoplastics polymers that are useful for fluid-absorbent hygiene

articles such as wound contact materials. U.S. Patent 6,071,580 (Bland,

et. al.) describes absorbent extruded thérmoplastic foams which can be
employed in various absorbency applications. Open- cell foams have also

found application in evacuated or vacuum panel technologies, for example
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15 values (R-values) than analogous foams having a generally uniform
cell size distribution. These foams have been produced employing CFCs,
HCFCs, and, more recently, HFCs as the blowing agent.  As discussed
above, the production of various types of foams historically employed
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their contribution to global warming, the HFCs have come under scrutiny,
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However, these compounds are flammable, and many are 5
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CF3CF=CAHhifdhd{pdrtatdy peib2nduitiing @R ehtRehtiic foam. These
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CF2=CFCF2CF2CHF2, CHF2CF=CFCF2CF3, CF3CF=CFCF2CHF2,
10CF3CF=CFCHFCF3, CHF=CFCF(CF3)2, CF2=CFCH(CF3)2,
CF3CH=C(CF3)2, CF2=CHCF(CF3)2, CH2=CFCF2CF2CF3,
CHF=CFCF2CF2CHF2, CH2=C(CF3)CF2CF3, CF2=CHCH(CF3)2,
CHF=CHCF(CF3)2, CF2=C(CF3)CH2CF3, CH2=CFCF2CF2CHF2,

CF2=CHCF2CH2CF3, 15CF3CF=C(CF3)(CH3), CH2=CFCH(CF3)2,
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CH2=CHC(CF3)3, (CF3)2C=C(CH3)(CF3), CH2=CFCF2CH(CF3)2,
CF3CF=C(CH3)CF2CF3, 20CF3CH=CHCH(CF3)2,
CH2=CHCF2CF2CF2CHF2, (CF3)2C=CHCF2CHS3,
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com§rising a polyol and a blowing agent described above. 25Another

and a

aspE&tss Ry iian endistrpdarion beinpmnslicplignipdhartestorstinngof
A0GRARRBHEBRIRINE as whl AL R InIIRARPR S 'SdRIB AL fbbal
forming a foam comprising: (a) adding to a foamable composition a
bIWARGBEent described 30above; and (b) reacting the foamable

compositigande{fRISEONpRIFELE AR R ad8siutes, AB'EREEurrently

aspect is for a method of forming a polyisocyanate-based foam
coﬁﬁmw@@@é&ﬂmmeﬁmﬁ@%né%%@cmh@m haveaegrheen
acHMevAY doSSTnaoNa R aBINenH 81 HIRRiEsRBAR BEErIONARGLAGL Rt

described above. Another aspect is for a polyisocyanate foam 5 produced

by'8alb#REtHBE cComeHdassietdnn R REVARMGeIsRIPRE WsR CbbdreRtis
to é@ﬁéﬂtﬂ@ﬂ%ﬁ RRSRAUPOASECIRIENSELPHIE e iaras) datsiRiion that
hereinafter follows. 10DETAILED DESCRIPTION OF THE INVENTION
Applicant¥efREaremiyiidofpohaeheenfioreRtchebr aMpeysderdnas
in Bisaher ganes ATRECAIFIS Q156 Hit Ubeime iy celesenssigien-gvned
and cqoncurrently filed applications entitled "Solvent Compositions

COH ISR R BRTaRe W SBR A RN S oo T FPRTRHLS I8 o8 #
FL'ddhhisuBReeES Arplichiipndinribte/ @2 oldbal VReming. Aaerisdanlt of
Forming Foam Comprising Unsaturated Fluorocarbons" (Attorney Docket .
# FL 1184 US PRV, US Application No. 60/732,090), "Aerosol Propellants
Comprising Unsaturated Fluorocarbons™ (Attorney Docket # FL 1185 US
PRV, US Application No. 60/732,791), and 20 "Compositions Comprising
Fluoroolefins and Uses Thereof' (Attorney docket # FL 1159, US
Application No. 60/732,551 ).Further, when an amount, concentration, or

other value or parameter is given as either a range, preferred range, or a
liet nf 1innar nreafarable vvaliiee and lowwer nrefarahle valiiee thic ic tNn he



30intended that the scope of the invention be limited to the specific values
recited when defining a range. One aspect provides blowing agents
having the formula E- or ZR1CH=CHR2 (Formula 0, wherein R1 and R2

are, independently, C1 to C6 perfluorgalk oups. Examples of R1 and
LGSR 1 RPN 105 e DRMF SERIBaaes oy,
ChfeFBkr whiXepriatidse e (o6 intied InRERQRS)2, C(CF3)3,
CF2CF2CF2CF2CF3, CF2CF2CF(CF3)2, C(CF )2C€F5 biowing agents
CF2CF2H¥gEeatons Fave BEa-558 ?Béﬁ%gzﬁﬁ,%ﬁ' owing agents.
CGHRREF 2RaES cBrppiialy anefidimitiab!& oamdmbngrapounds are

presented in Table 1. Cqde Strycture Chepmical Name Fl 1E .
5 CPHORODATIES LRI A0S 58 6 A GHRBIteAR e production of

: 1%{'%65@49'0@2%&%@(&&:,23@’5@1,J&:M;@Mﬁﬁmwﬁwf&d&rﬁ%ﬁ to
1,4,45,5,6 6,6-decaf|uorohex-é'-§i& iact to environmental
1,23 YPEHI8 Ygsa pRBIRoHAAS oromety B AS Byect to en
1, }shdidifias6,6,6-decafluorohex-3-ene

1,1,1,4,4,5,5,6,6,7,7,7-dodecaf] hept-2- , -
1112 4 E 64 e o SRR SRR b pro i fow fammabifty,

10 1,580t 5h6rMmE] Grsatstitroemd {igfldime sithryhlhetaidilibn b 1Ising a blowing
RGO B P ARG RENES: ARelaion betential (ODP) and no or
1,lﬁér?,12:,\5,@iﬁtfafwaaﬂﬁngqa&%mﬁbkf(@%hyﬂhex-&ene
1,1,1,4,455,6,6,7,7,8,8,8-tetfradecafluoroqct-2-en . .
1,1.4,4,5, %‘?5"‘,’7‘?735%%8@5& 8By ?fl%%%ﬁ%ﬁ?yﬁw}éjﬁggygﬁ%gﬂﬁ ¢ foams
5,&rfiffdvinctaf i mwirg/eistir ifvbisb hathsighificahilyness photochemical
1,1,1,2,21 6.6.7.7.8,8.8-tetradecafl -3- :

15 3 iAo L AR s i b b contrpute o e

formation of ambient ozone and ground level smog.

SUMMARY OF THE INVENTION

One aspect is for a blowing agent comprising at least one

20 fluorocarbon or hydrofiuorocarbon selected from the group consisting of:
(i) a hydrofluorocarbon having the formula £- or Z-R'CH=CHR?,
wherein R' and R? are, independently, C, to Cs perfluoroalky!
groups; and
(i)  a fluorocarbon or hydroflucrocarbon selected from the group
25 consisting of CF3CF=CHF, CFsCH=CF,, CHFCF=CF3,
CHF,CH=CHF, CF3CF=CH,, CF3CH=CHF, CHFCF=CF>,
CHF20H=‘CF2, CHF,CF=CHF, CHF,CF=CH,, CF3CH=CH;,
CHaCF=CF,, CHoFCHCF,, CHoFCF=CHF, CHF:CH=CHF,
CF3CF=CFCF3, CF3CF,CF=CF;, CF3CF=CHCF;,
30 CF3CF;CF=CHa, CF3;CH=CHCF3, CF3CF,CH=CHy,
CFy=CHCF,CF3, CF=CFCHFCF3, CF;=CFCFCHF2,
CHF,CH=CHCF3, (CF3):C=CHCF3, CF3CF=CHCFCF3,
CFaCH=CFCF,CFa, (CF3),CFCH=CH,, CFsCFCF.CH=CH,,
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FI 31E CF3CH=CHCF(CF3)2 C2F5CH=CHC2F5 CF3CH=CH(CF2)3CF3
CF3CH=CHCF2CF-(CF3)2 F22E F14E F141E Fl4sE
CF3CH=CHCF(CF3)-02F5 CF3CH=CHC(CF3)3 C2F5CH=CHCF2C2F5

Cr Ot GO MO T e PSS E =G5 Ty 4EF A GRE(CF o
(CF3)sCFCF=CHCFs3, CF,=CFCF2CHF, CF.=CFCHECHF,
CHo=C(CFa)z, CH2CF2CF=CFy, CHoFCF=CFCHES,
CHoFCF,CF=CF,, CF,=C(CF3)(CHs), CHy=C(CHF,)(CF3),
CHo=CHCF2CHF2, CF2=C(CHF2)(CHs), CHF=C(CF3)(CHs),
CHo=C(GHF2)s, CFsCF=CFCHs, CHaCF=CHCF3,
CFo=CFCF,CF,CFs, CHF=CFCF,CF,CFs,
CF»=CHCF2CF2CFa, CF2=CFCF,CF2CHF,
CHF2CF=CFCF,CFs, CF3CF=CFCF,CHF»,
CFsCF=CFCHFCFs, CHF=CFCF(CFa)s, CF2=CFCH(CF3) 2,
CFsCH=C(CFa), CF2=CHCF(CFa)a, CHp=CFCFACF,CFs,
CHF=CFCF,CF,CHF;, CH,=C(CFs)CF:CFs,
CF2=CHCH(CF3)s, CHF=CHCF(CF3) 2, CE2=C(CF2)CH2GFs,
CHo=CFCF,CF2CHF,, CF=CHCF2CHaCFs,
CF3CF=C(CF3)(CHs), CH=CFCH(CFa)2, CHF=CHCH(CFa),,
CHoFCH=C(CFs)s, CHsCF=C(CFs)z, CHo=CHCE,CHFCFSs,
CHoC(CF3)CH2CF3, (CF3),C=CHCF5, (CF3),CFCF=CHCFs,
CHo=CHC(CF3)s, (CF3)2C=C(CHg)(CF3),
CHo=CFCF,CH(CF3)2, CFsCF=C(CHa)CF2CFa,
CFsCH=CHCH(CFa)z, CHy=CHCF,CF,CF.CHF:,
(CF3)2C=CHCF,CHs, CHy=C(CF3)CH2CaFs,

' CHa=CHCH2CF2CoFs, CHz=CHCH2CF2CoFs,
CF3CF2CF=CFCoHs, CHp=CHCH,CF(CFa)s,
CF3CF=CHCH(CF:)(CHz), (CF2)}2C=CFC,HS, cyclo-
CF2CF2CF2CH=CH-, cyclo-CF2CF,CH=CH-,
CF3CF2CFC{CH3)=CH,, CF3CF,CF,CH=CHCHs, cyclo-
CF.CF,CF=CF-, cyclo-CF,CF=CFCF,CF2-, cyclo-
CF,CF=CFCF,CF2CFs3, CFaCFaCF2CF2CH=CH,,
CF3CH=CHCF,CFs, CFsCF,CH=CHCF,CFs,
CF3CH=CHCF,CF2CFs3, CF3CF=CFCsFs,
CFCF=CFCF2CF2CoFs, CF3CF2CF=CFCFCoFs,
CF3CH=CFCF,CF2C,Fs, CFaCF=CHCF,CF,CaFs,
CFaCF2CH=CRCF,CoF s, CFsCFoCF=CHCFLCoF s,



F1 5tE CF3CH=CH-C(CF3)2C2F5 F24E C2F5CH=C1-I(CF2)3CF3
C2F5CH=CHCF2CF-(CF3)2 F241E F24sE C2F5CH=CHCF(CF3)-C2F5
111,1,2,2,5,6,6,7,7,7-undecafluoro-5- (trifluoromethyhhept-3-ene 1,

R R B Bl o,

3,3,6,6,7,7,8,8 8®F@©@Hg}ﬁmml= 4 OMFESIRE,F;, CHF,CF=CFCF,,

(1C1F§)225ci|6:3%H6 gﬂ&%@ Wisitridrb e inedFsReiCF2CFs,

1,1,1,2,5,5,6,6,7 @mﬂa@qeafmgrq %&mﬂwem?@wgheﬁg 1928 FCHF,,

112550077588 ﬁﬁ@%ﬁﬁ?%@%&%@%ﬁ%ﬁwmﬁ

1,1,4,5,5,6,6,7,7,8,

1,1,1,6,6,6- octaﬂmﬂma@mom@@mpb%§@¥%%FZCHFz,

e O R B CHF=CF MG, GHF=CHCHECE,

| CHF=CHCF2CHF,, CHF,CF=CHCHF,, CHF=CFCHFGHF,,
CF3CF=CHCHs, CFa=CHCF,Br, CHF=CBICHF,

10 CHBr=CHCF3, CF3CBr=CFCF3, CHo=CBrCFoCFs,
CHBr=CHCF;CF3, CH,=CHCF3CFoBr, CH,=CHCBIFCF,
CHzCBr=CHCF3, CF3CBr=CHCH3, (CFs);C=CHB,
CF3CF=CBICF,CF3, E-CHF,CBr=CFC,Fs, Z-
CHFCBr=CFC.Fs, CF=CBrCHFCFs, (CF3)2CFCBr=CH,,

15 - CHBr=CF(CF2)2CHF;, CH;=CBrCF,CoFs, CF,=C(CH,BNCF;,
CHo=C(CBrF3)CF3, (CF3),CHCH=CHBT, (CF3),C=CHCH.Br,
CHy=CHCF(CF3)CBIF;, CFoa=CHCF,CH,CBIF,,
CFBr=CHCF3, CFBr=CFCF3, CF3CF,CF,CBr=CHy, and
CF3(CF2)3:CBr=CH,.

20 Another aspect is for a closed cell foam prepared by foaming a

(8]

foamable composition in the presence of a blowing agent described
above,
A further aspect is for a foamable composition comprising a polyol
- and a blowing agent described above,
25 Another aspect is for a foam premix composition comprising a
polyol and a blowing agent described above.
Additionally, one aspect is for a method of forming a foam !
comprising:
(8)  adding to a foamable composition a blowing agent described
30 above; and
(b)  reacting the foamable composition under conditions effective
to form a foam.
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CF3CH=CH(CF2)5CF3 CF3CH=CHCF(CF3)- (CF2)2C2F5 F16sE FI

6tE CF3CH=CHC(CF3)2- CF2C2F5 F25E C2F5CH=CH(CF2)4CF3
C2F5CH=CH-CF2CF2CF(CF3)2
1,1,1,2,75,5,6,6,7,7,8,8,9,9,9-hexadecafluoronon-3-ene 1,1

1,2,2,5, Felurthereasnassdmicaerihegbiomeng Acelyiseryanste-based
F i ing)818ESt bAclotFabif Bolylc08FafdH WwriPat least
R e R AR IS SRR g e
1, Proasisiy/grosen s R BING, GRRPAHIS N dheumsagence of a blowing

1, hidehPddScifad Biuldridasaiferrasfetiid RionsinBes4reie fodfd E

C2F5CF2CH=CH- CF2CFLCF3)2 F34skE C2F5CF2CH=CH-
produced by said method.

Other objects and advantages will become apparent to those skilled
in the art upon reference to the detailed description that hereinafter
follows. '

DETAILED DESCRIPTION OF THE INVENTION

Applicants specifically incorporate the entiré content of all cited
references in this disé!osure. Applicants also incorporate by reference the
co-owned and concurrently filed applications entitled “Solvent
Compositions Comprising Unsaturated Fiuorinated Hydrocarbons”
(Attorney Docket # FL 1181 US PRV, US Application No. 60/732,771),
“Blowing Agents for Forming Foam Comprising Unsaturaied
Fluorocarbons” (Attorney Docket # FlL. 1184 US PRV, US Application No.
60/732,090), “Aerosol Propellants Comprising Unsaturated Fluorocarbons”
(Attorney Docket # FL 1185 US PRV, US Appilication No. 60/732,791), and
“‘Compositions Comprising Fluoroolefins and Uses Thereof” (Attorney '
docket # FL 1159, US Appilication No. 60/732,581).Further, when an
‘amount, concentration, or other value or parameter is given as either a
range, preferred range, or a list of upper preferable values and iower
preferable values, this is fo be understood as specifically disclosing all
ranges formed from any pair of any upper rahge limit or preferred value
and any lower range limit or preferred value, regardiess of whether ranges
are separate!y disclosed. Where a range of numerical values is recited
herein, unless otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions within the range; ltis not
intended that the scope of the invention be limited to the specific values
recited when defining a range.

One aspect provides blowing agents having the formula E- or Z-
R'CH=CHR? (Formula f), wherein R" and R? are, independently, C to Cs



CF(CF3)C2F5 1, 1,1,2,21313,6,7,7,8,8,8-tridecafluoro-6-
(trifluoromethypoct-4-ene F34tE C2F5CF2CH=CH- C(CF3)3
1,1,1,5,5,6,6,7,7,7-decafluoro-2,2- bis(tdfluoromethyphept-3-ene 1,1,
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bis(trifluoromethyDoct-4-ene 1 11

,1,2,5,5,6,6,7,7,8,8,9,9,9-pentadecaflpgga?s (trifluoromethyonon-3-ene

Catid 1,2,5,5,6,6 S8iBiBrelodecaflugro-2, 7- DiS(UTUOT@REHRAI NG CTTe
F11E1.2.6.6, 7, CracerGaiitey0-2,5,5- tris(trifluoremelyNeiERs06d-slene
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FI3E1 b 3 3 GRRCHIGHERGR. e 4 (A ABcetafiloohed-2aas
FI8IE. L CFCHCHGELG . 2-heptafiuorc-4-(triflucromethyl)pent-2-ene
F22B - 20 O CHEC RO ~1,1,1,2.2 5 5 6 6 6-decaflucrohex-3-ene
Fi4E CEaCH=CH(CF.),CF5 1,1,1,4,4,6,568,7,7,7-dodecafluorohept-2-ene
F14iE CF3CH=CHCF,CF-(CF3)z 1,1,1,4,4,5,8,8 6-nonafiuoro-5-(trifiuoromethyl)hex-2-ene
F14sE CFaCH=CHCF(CF3)-CoFs 1,1,1,4,5.5,6,6,6~nonaﬂuoro—4—(triﬁuoromethyi)hexnz-ene -
Fi4tE CFaCH=CHC(CF2)s 1,1,1,5,5,5-hexafluoro-4,4-bis(trifiluoromethyi)pent-2-ene
F23F CoF e CH=CHCF.C.F; 1,1,1,2,2,5,5,6,6,7,7,7-dodecafiuorohept-3-ane
F23iE CoFsCH=CHCF(CF3), 1,1.1,2,2,5.6,6 6-nonafluoro-5-(trifluoromethyiihex-3-ene
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. - : 1,1.1,2,2,5,5,6,7,7, 7-undecafluorc-8-
F24iE C2F CH=CHCF,CF-(CFa), {trifluoromethylihept-3-ene
. 1,1,1,2,2,5,8,6,7,7, 7-undecafluoro-5-
F24sE |  CoFeCH=CHCF(CFy)-C,Fs (trifluoromethyDhept-3-enis
Fo4E CoFsCH=CHC(CF3)s 1,11 ,2,2,6,6,6~octaﬁuoro-;i—bls(tnﬂuoromethyi)hex»:i-
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. _ 1,1,1,2,5,5,6,8,7,7, 7~undecafiuoro-2-
F33IE C2FsCF2CH=CH- CF(CF), {triftuoromethybhept-3-ene
F16E CFsCH=CH(CFE.)sCF4 1,1,14,4,556,8,7,7,8,8,,9,9,8-hexadecafiuoronon-2-ene
F16sE CF3CH=CHCF(CF,)- 1,1,1,4,5,5,6,6,7,7,8,8,8-tridecafluorc4-
{CF2).CoFs (triffucromethybhept-2-ene
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F2BE CoFsCH=CH(CF,)4CF5 1.1.1,2,2,5,5,6,6,7,7,8,8,8,9,.9-hexadecafiuoronon-3-ene
. =L 1,1,1,2,2,5,5,6,6,7,8,8,8-tridecafluoro-7-
F28iE | CoFsCH=CH-CF,CF,CF(CFs), (trifluoromethyhoct-3-ene




(trifluoromethypnon4-ene 1,1,1,5,5,6,6,7,7,8,8,8-dodecafluoro--
bis(trifluoromethypoct-3-ene 1,1,11213,3,6,6,7,8,8,8-dodecafluoro-2,7-
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CFCF{CFa)y . bis(trifiuoromethyhoct-4-ene
F4idsE (CF3)2CFCF2CH=CH- 1,1,1,2,3,3,6,7,7,8,8,8-dodecafluoro-2, 6-
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Faiate (CF3).CFCF,CH=CH- 1,1,1,5,5,6,7,7 7-nonafluoro-2,2 6~
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FASHE | CoFsCF(CF)CH=CH- C(CF), tris(triﬂuoromethyf)hept—S-ene
—CHL 1.1,1,8,6,6-hexafluoro-2,2 5,5-
Fatate (CF3)sCCH=CH- C(CF3)s tefrakis(trifiuoromethylhex-3-ene
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F35E C2F5CF2CH=CH-(CF2)4CF3 F35iE C2F5CF2CH=CH-
CF2CF2CF(CF3)2 C2F5CF2CH=CH-C(CF3)202F5 F35tE F315E
(CF3)2CFCH=CH-(CF2)4CF3 F3i5IE (CF3)2CFCH= CH-

CF3(CrA72tRONRRS LSO TR DR PRERSFL oY Eoipcling 5

Chaaiieta)e/| ddise GRRCHBRRGHRE Hvr!ﬁFd@Eﬁ’jOﬂEﬁﬂﬁdmﬁjdrooleﬁn of

CF%(%FZ 3% R%!—i %EF%‘F%QMl4€f%ydrmodoperﬁuoroalkane of the
formula R'CH.CHIR2. This trihydroicdoperfiuoroalkane can then be
dehydroiodinated to form R'CH=CHR2. Altematively, the olefin
R'CH=CHR? may be prepared by dehydroiodination of a
trihydroiodoperfiuoroalkane of the formula R'CHICH,R? formed in turn by
reacting a perfluoroalky! iodide of the formula R with a
perfluoroalkyltrinydroolefin of the formula R'CH=CH,.

Said contactihg of a perflucroalkyl iodide with a
perfiuorcalkyltrihydroolefin may take place in bafch mode by combining
the reactants in a suitable reaction vessel capable of operating under the
autogenous pressure of the reactants and products at reaction
temperature. Suitable reaction vessels include those fabricated from
stainiess steels, in particular of the austenitic type, and the well-known
high nickel alloys such as Monel® nickel-copper alloys, Hastelloy® nickel
based alloys and inconel® nickel-chromium alloys.

Alternatively, the reaction may be conducted in semi-batch mode in
which the perfluoroalkyltrinydroolefin reactant is added to the
perflucroalkyl iodide reactant by means of a suitable addition apparatus
suchas a pump at the reaction temperature,

The ratio of perfluoroalky! icdide to perfiuoroalkyltrinydroolefin
shouid be between about 1:1 to about 4:1, preferably from about 1.5:1 to
2.5:1. Ratios less than 1.5:1 fend to result in large amounts of the 2:1
adduct as reported by Jeanneaux, et al. in Journal of Fiuorine Chemistry,
Vol. 4, pages 261-270 (1974).

Preferred temperatures for contacting of said perfluoroalkyi iodide
with said perfluoroalkylirihydroolefin are preferably within the range of
about 150°C to 300°C, preferably from about 170°C to about 250°C, and
most preferably from about 180°C to about 230°C.

Suitable contact times for the reaction of the perfluoroalky! iodide
with the perfluoroalkylirthydroolefin are from about 0.5 hour to 18 hours,
preferably from about 4 fo about 12 hours.

10
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autqQgenous pressure e re ctants an ucts at re
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10 15matalmmeeue gn pawmmiaoﬂﬁ‘@e alalenibelypkoRtibih e wellsksaamn
ckel ch asg/l I(r) nickel-c gﬁ?er allpys, H steB?R/g[%
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B T e RGO B
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15 Pl AR RS b D RO e o
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to %%%%ﬁﬁ&?,rﬂ%{%lﬁg%%ﬁggg \ t&n%Pé%%RP gut%ﬁ%i), nitriles {e.g.,

20 acetonitrile, propionitrile, butyronitrile, benzonitrile, or adiponitrile),
dimethyl sulfoxide, N,N-dimethylformamide, N,N~dimethytacetamide, or
sulfolane. The choice of solvent may depend on the boiling point of the
product and the ease of separation of traces of the solvent from the
product during purification. Typically, ethano! or isopropanol are good

25 solvents for the reaction.

Typically, the dehydroiodination reaction may be carried out by
addition of one of the reactants (either the basic substance or the
irihydroiodoperfiuoroalkane) to the other reactant in a suitable reaction
vessel. Said reaction vessel may be fabricated from glass, ceramic, or

30 metal and is preferably agitated with an impellor or stirring mechanism.

Temperatures suitable for the dehydroiodination reaction are from
about 10°C to about 100°C, preferabiy from about 20°C to about 70°C.
The dehydroiodination reaction may be carried out at ambient pressure or

11



30 most preferably from about 180C to about 230C. Suitable contact
times for the reaction of the perfluoroalkyl iodide with the
perfluoroalkyltrihydroolefin are from about 0.5 hour to 18 hours, preferably
from about 4 to about 12 hours. The_ trihydroiodoperfluoroalkane prepared
AN B R RSB R IR RS A ASHRIEYAR B SasHaNS
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trifpthapbaoyetiospbakam dldhid @i handeyatin eiher suitabureieoown in
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20 Temperatitiesratiteiie foe thehyehyiddinatinatiea ctiattivapkeicondusied in
10¢; to 0 rabl : t .
el o ST By 4R e trdpabBUlibrodREne o 5 sols
redudélist késiamdptassare. Of note are dehydroiodination reactions in
which the af:Far, s disti I J
s ormed e HeStafL R oL e o et ot St

by BtwpritaGtmipeteadochusbsiuthnits samomstepanstingemitie golubility of
25 SO'{HQPE%}Q%%EJ W@?&%ﬁ;&ﬁ%&gpﬂﬂﬁa@%ﬂeﬁ RLABAER P9apia SHyents
y such as &n a

of lower polari ane’(e.g., hexane, heptane, or octane),

ardmubawdb@tﬁr% Me;gtgsd@ abéytﬁhr@géma iycremnisdione.g., -
mettyiene e GIERS IR Kag e paBlcRaLG lech orce

or 10perchloro or ether (e.g., diethyl ether, methyl tert-butyl
ethdehdraindinstiearmeastiomiienpuroiass seloneation after addifion of
dIMERGPUSIRAORIAHBH 8P Y ALAABITRIN theragsence of a phase
transfer catalyst. Suitable phase transfer catalysts include quaternary

30 ammoniurhtteafaapsionsudipoigras ieisiminst pRaprise a single
tet eGP EEAr PSaaiea hp IS RYRETR Y RBIROBIHACH ATl 1, or

dodecyltrimethylammonium chloride, and trlcapryl){:lmeth lammonium
chiBRIE FOREEA ArGPRBERHINILA SRIesgy of Formuia 1.
triphenylmethylphosphonium bromide and tetraphenylphosphonium
chloride), and cyclic ether compounds known in the art as crown ethers
(e.g., 18-crown-6 and 15-crown-5). 20Alternatively, the dehydroiodination
reaction may be conducted in the absence of solvent by adding the
trinydroiodoperfluoroalkane to a solid or liquid basic substance.

Suitable reaction times for the dehyd?%iodination reactions are from about
15 minutes to about six hours or more depending on the solubility of 25

the reactants. Typically the dehydroiodination reaction is rapid and
radilirac ahorit 20 miniitec t0 abhoiit three hoitire for comnletinon The




Table 2 Name Structure Chemical name HFC-1225s C314F6
HFC-1225ye CF3CF=CHF 1,2,3,3,3-pentafluoro-1-propene
1,1,3,3,3-pentafluoro-1-propene 171,2,3,3-pentafluoro-1-propene
HFC-1225z¢c CF3CH=CF2 HFC-1225yc CHF2CF=CF2 HFC-1234s
C3H2F4 lppdditienipteipyeivepernpoyndeaencded #epene

HRGMBEANHS bRlsBnfetl h2135is JedEIHarQdaey %e%ts&lﬁ%algéﬁéﬁ
,3,3,3-tetrafluoro-1-propene HFC-1234yc CH2FCF=

CF3CH=CHF

CF2

1,1,2,3-tetrafluoro-1-propene 1,1,3,3-tetrafluoro-1-propene
1,2,3,3-tetrafluoro-1-propene HFC-12g4iecaCHF2CH=CF2

Name Structure Chemical name
HFC-12255 CSHFS
HFC-1225ve CF.CF=CHF 1,2,3,3,3-pentafiuoro-1-propene
HFC-12252¢ CFCH=CF., 1,1,3,3,3-peniafluore-1-propene
HFC-1225yc CHF.CF=CF. 1.1,2,3,3-pentafluoro-1-propene
HFC-1234s CaHoF, :
HFC-1234ve CHF,CF=CHF 1,2,3,3-tetrafiuoro-1-propene
HFC-1234yf CFCF=CH, 2,3,3,3-tetrafluoro-1-propene
HFC-1234ze CF;CH=CHF 1,3,3,3-tetrafluoro-1-propene
HFC-1234ye CH.FCF=CF, 1,1,2,3-tetrafiuoro-1-propene
HFC-12347c CHE.CH=CF, 1,1,3,3-tetrafluoro-t-propene .
HFC-1234ve CHF,CF=CHF 1,2,3,3-tetrafluoro-1-propene
HFC-1243s CalsFs
HFC-1243yf CHF,CF=CH> 2,3, 3-trifluoro-1-propens
HFC-1243zf CFsCH=CH, 3,3, 3-friflucro-1-propene
HFC-1243yc CH.CF=CF4 1,1,2-frifiluoro-1-propene
HFC-1243z¢ | CH,FCH=CF, 1,1,3-trifluoro-1-propene
HFC-1243ye CHECF=CHF 1,2, 3rifluorc-1-propene
HFG-1243ze CHF.CH=CHF 1,3, 3-trifluoro-1-propene
FC-1318s Cng .
FC-1318my CFaCF=CFCF, 1.1,1,2,3,4.4,4-octafluoro-2-butene
FC-1318cy CF3CF.CF=CF, 1,1,2,3,3,4.4 4-octafluoro-1-butene
HFC-1327s C.HF, -
HFC-1327my CF,CF=CHCF; 1,1,1.2,4.4 4-hepiafiuoro-2-butens
HFC-1327ve CHF=CFCF.,CF, 1,2,3,3,4 4. 4-heptafiuoro-1-butense
HFC-1327py CHF.CF=CFCF; 1,1,1,2,3 4, 4-heptafiuoro-2-butene
HFC-1327et | (CF3)C=CHF 1,3,3,3-etrafluoro-2-
{trifluoromethyl)-1-propens
HFC-1327cz CF.=CHCF.CF, 1,1,3,3,4,4,4-heptafluore-1-butene

HEC-1327cye

CF,=CFCHFCF3

1,1,2,3,4,4,4-heptafluorg-1-butens

HFC-1327¢cyc

CF2=CFCFQCHF2

1,1,2,3,3,4 4-heptafiuoro-1-butene

HEC-1336s C.f.HgFG
HFC-1336yi CFaCF,CF=CH, 2,3,3.4.4 4-hexafluore-1-buiene
HFC-1336ze CHF=CHCF.CF3 1,3,3,4,4,4-hexaflugro-1-butene

HFC-1336eve

CHF=CFCHFCF;

1,2,3,4,4 4-hexailuoro-1-buiens

HFC-1336eyc

CHF*CFCFQCH Fg

1,2,3,3,4 4-hexafluoro-1-butene

HFC-1336pyy

CHF,CF=CFCHF,

1,1,2,3 4 4-hexafluoro-2-butene

HEC-1336qy

CH.FCF=CFCF4

1,1,1,2,3 4-hexafiuoro-2-butens

HFC-1336pz

CH FgCHmCFCFs

1,1,1,2,4 A-hexafluoro-2-butene

HFC-1336mzy

CF3CH=CFCHF2

1,1,1.,3 .4, 4-hexafiuoro-2-butene

HFC-1336qc

CF2=CFCF26H2F

1,1,2,3,3,4-hexafluoro-1-butena

HFC-1336pe

CF,=CFCHFCHF,

1,1,2.3,4 4-hexafluoro-1-buiene

HFC-1336ft

CH=C(CF3)2

3,3, 3-trifluoro-2-(trifluoromethyl)-1-
propens

HFC-1345s

CaHsFs

HFC-1345G2

CHoFCH=CFCF3

1.1,2 4-pentafiuoro-2-buiene

HFC-134bmzy

CFaCH=CFCH,F

1,1,3,4-pentafiuore-2-butene

HFC-13456iz

CEsCF,CH=CH,

HFEC-1345mzz

CHF,CH=CHCF;

.1.1,4.4-pentafivoro-2-butena

HFC-1345sy

CHaCF=CFCF;

1,1
1.1
3,3.4,4,4-pentafluoro-1-butene
1.1
1,3
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HFC- 234ye CHF2CF=CHF HFC-1243s C3H3F3 HFC-1243yf
CHF2CF=CH2 2,3,3-trifluoro-1-propene HFC-1243zf CF3CH=C Hp
3,3,3-trifluoro-1-propene HFC-1243yc CH3CF=CF2 1,

2-trifluoro-1-propene 1.1 ’% trifluoro-1-propene 1.2. 3-trifluoro-1-propene
N ot 23 P Anepiaoro-1-buteng
 F 4.2 4 Apentaliiofo-7-bulens
Gt 535 S £ b aniiioto TomEne
d Ty S 1.1, P8 Ibedtahiong-2-butene
Ghyreridaaeys F2 t&émﬁgﬁﬁwtaﬂuoro -1- butem%&%ﬂ@ﬁ&a-ﬁﬁbhéﬁ
HFC-1348ctm CF=C{CF3}{CHa) 1,1,3,3,3-pentafluoro-2-methyl-1-
propene
HFC-1345fip CH=C{CHF M CF3) 2-(difluoromethy!)-3,3,3-rfuoro-1-
- propene
HFC-1354s CeHsF.
HFC~1354fzc CH-=CHCF,CHF, 3,3 4 4-tefrafiuoro-i-butene
HFC~1354ctp CF=C(CHF X CHa) 1,1,3,3-etrafluoro-2-methyl-1-
propene
HFC-1354etm CHF=C(CF3{CHa) 1,3,3, 3-tetrafluoro-2-methyi-1-
propene
HFC-13544p CHz=C(CHF3), 2-(difluoromethyl}-3,3-difluoro-1-
propeng
HFC-1354my CFaCF=CFCH;s 1,11, 2-etraflucro-2-butens
HFC-1354mzy CHaCF=CHCF; 1,1,1,3-tetraflucro-2-butens
FC-141-10s CsFao
FC-141-10myy CF.CF=CFCF,CF, 1,1,1,2,3,4,4,555- decaﬂuoro-E-
- peniene
FC-141-10cy CF=CFCF.CF2CF3 1,1,2,3,3,4,4,5,5 5-decafiuoro-1-
' pentene
HFC-1428s CeHFy
HFC-1428mzt {CF3),C=CHCF3 1,1,1,4,4,4-hexafluoro-2-
{trifivoromethyl)-2-buiene
HFC~1429myz CFaCF=CHCFCF, 1,1,1,2,4,4,5 5, 5-nonafluoro-2-
peniene
HFC-1429mzy CFCH=CFCF,CF; 1,1,1,3,4,4,5,5,5-nonatluoro-2-
pentene
HFC-1428eyc CHF=CFCF,CEL,CF; ‘ 1,2,3,3,4,4,5,5,5-nonafluoro-1-
penteng
HFC-1428¢cze CF,=CHCF,CF.CF3 1,1,3,3.4,4,5 5,5-nonaflucro-1-
pentene
HFC-14200ycc CF=CFCFCF.CHF- 1,1,2,3,3.4,4,5 5-nonaflucro-1-
pentene
HFC-1428pyy CHF ,CF=CFCF,CF; 1.1,2,3,4,4,5,5,5-nonafiuoro-2-
ventens
HFC-1429myyc CF3CF=CFCF,CHF» 1,1,1,2,3,4,4,5,5-nonafluoro-2-
pentene
HFC-1428myye CE,CE=CFCHFCF; 1,1,1,2,3,4,5,5,5-nonafluoro-2-
pentense
HFC-1429ayym CHF=CFCF{CF3), 1.2,3,4,4,4-nexafiuoro-3-
{trifluoromethyl~1-butene
HFC-1429cyzm CFa=CFCH{CF3), 1,1.2,4,4,4-hexafluore-3-
(trifluoromethyl-1-butene
HFG-1429mzt CFaCH= C(CF3)2 1,1,1,4,4 4-hexafiuoro-3-
{trifluoromethyl)-2-butene
HFC-1428czym CF=CHCF(CF3)a 1,1,3,4,4 4-hexafluoro-3-
{trifluoromethyl)-1-butene
HF(G-1438s CngFs
HFC-1438fy CH=CFCF,CF,CFa 2,3,3,4,4,5,5 5-octafluoro-1-
peniene
HMFC-1438eyce CHF=CFCF,CF.CHF, 1,2,3,3,4,4,5 5-cctafluore-1-
peniene
HFC-1438ftmc CH=C(CF3)CF.CFy 3,344 4-pentafivoro-2-
(triflucromethyl}-1-butens
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HFC-1327my CF3CF=CHCF3 1,111,2,4,4,4-heptafluoro-2-butene
1,2,3,3,4,4,4-heptafluoro-1-butene 1,1, 1,2,3,4,4-heptafluoro-2-butene
1,3,3,3-tetrafluoro-2- (trifluoromethyD-1-propene

OOOOIJ‘OI.‘“

1,3,3,4,4,4-heptafl

oro-1-butene HEC-1327yv

e CHF=CFCF2CF3

& Ps%ﬁészc

2,3,4,4,4-heptaﬂuc

EEeHES (Girlz-13276t (<

CERYpE4emiEtiEEd-1327¢c2
Atrifugromethy!)-1-butena

O 192927 oo
L—\/I \.u T

Lgﬂ-butene ffZZ 3,3,4,4-

e

-HFLS Bt F2=
F3CF2CF=CH2 2.

LE e CreHIdrE,-13565
8,3.474.4-hexafluoro-1-but

YAt aad o pBHtAAubaa YT
dirifiddfeetdgpreuliens

HHES bt CER 1

$eehid4 A-hexafluora-1-b

tene HEC-1336eve

MAFEA7

HFECHEARCF 1.4

DLl D

§F4M3ﬁ%>€3fmoro 1- bune%é"f*rl‘i:@ (4

ir

m?g;tene

| girifluoromethyl)-

orrraz

IUUIU J.

RSP

¥ 45,5 5-heptafiuoro-1 -pentene

HFC-1447fvce

CHZ—CFCcmFQCHFg

2,3,3 4.4,5,5-heptaflucro-1-pentene

HFC-1447czef

CFZECHCcmHQCFﬂ,

1,1,3,3,5,5,5-heptaflucro-1-pentens

HFC-1447mytm CF3CF=C{CF3)(CHg) 1.1,1,24.4 4—heptaﬂuoro—3~methyt-
| Z-butene
HFC-14471yz CHy=CFCH{CF3), 2.4 4 4-4etraflucro-3-
{trifluoromethyi)-1-butene
HFC-1447ezz CHF=CHCH(CFa); 14,4 4-tefrafluoro-3-
(trifiucromethyl)-1-butene
| HFC-1447qz¢ CHFCH=C{CF3), 1,4,4 4-tetrafluoro-3-

{irifluoromethyl)-2-buiens

HEC-1447syt

CHaCF=C(CFa)2

2.4 4 4-tstrafiuore-3-
{trifiuoromethyl-2-butens

HFC-1456s

CsHqFe

HFC-1456szt

(CF3)20=CHCH3

S-{triflucromethyl)-4,4,4-trifluoro-2-
butene

HFEC-1456szy

CFsCF.CF=CHCH;,

3.4,4,5,5 5-hexafluoro-2-pentene

HFC-1456mstz

CFsC(CHs)=CHCF,

1.1,1,4,4 4-hexafluoro-2-methyi-2-
butene

HFC-1456fzce

CH,=CHCF,CHFCF»

3,3,4,5,5,5-hexafluoro-1-pentene

FC-151-12¢

HFC-1456fimf CHp=C(CF3)CHICF3 4,4 4-triflucro-2-(trifiuoromethyf)-1-
butene
FC-i61-12s CSF12
CF3{CF2)3CF30FZ 1,1,2,3,3,4,4,5,5,6,6,6‘

dodecafiuoro-1-hexene (or
perfluorp-1-hexene)

FC-181-12mey

CF;;CFQCF*CFCFzCFa

1,1,1,2,2,34,5,586,6-
dodecafivoro-3-hexene (or
perfluoro-3-hexene)

FC-151-12mmit

(CF3).C=C(CFs)>

1,1,1,4,4 4-hexafluoro-2,3-
his{iriflioromethyl)-2-butene

FC-151-12mmzz

(CF3),CFCF=CFCF;

1,1,1,2,3,4,5,5,5-nonafluoro-4-
(trifiuoromethyl)}-2-pentene

HFC-1562-11s

CeHF 14

HFC-152-11mmiz

(CF3)2C=C:HC}2F5

1,1,1,4,4,5,5 5-octafivore-2-
{iriflucromethyl)-2-pentene

HFC-182-11mmyyz

(CF3)2.CFCF=CHOF,

1,1,1,3,4,5,5 5-octafluoro-4-
(triflucromethyi}-2-pentene _

HFC-1549s

GsHaFQ

PEBE
{or HFC-1549fz)

CF3CF,Cr.CF,CH=CH,

3,3,4,4,5,5,8,8,6-nonafluoro-1-
hexene {or perfluorobutylethyiene)

HFC-1548iztmm

CH,=C HC({CFa)s

4.4 4-rifluore-3,3-
bis(trifluoromethyi-1-butene

HFC-1549mmitts

(CF3),C=C(CHg){CF3)

1,1,1,4,4,4-hexafluoro-3-methyl-2-
(tm’luoromethyi)-z-butene

HFC-1549fycz

CH,=CFCF.CH{CFa);

2,3,3,5,5,5-hexafluoro-4-
(triﬂuoromethyi) 1-pentene

HFC-1549myts

CF30F=C(CH3)CF20F3

1,1,1,.24,4,5 5, 5-nonaﬂu0ro—3—

methyl—2~pentene




HFC-1336pyy CHF2CF=CFCH F2 1,1,2,3,4,4-hexafluoro-2-butene
HFC-1336qy CH2FCF=CFCF3 1,1,1,2,3,4-hexafluoro-2-butene
HFC-1336pz CHF2CH=CFCF3 1,1,1,274,4- hexafluoro-2-butene

- ﬂ#& .. h@ ﬁgn
uoro-1-puterie

s —CEGLIECHFZ T T2 37424

=ClGF B O EnEND 2 (1A T e ChHORE Piexens
Ra~1-3458fAcet] -4 3 -6 HMHEB EF38 64 CIHPFCH 2GRS 6, 6-octafluoro-2-hexene

1 HEO-o3semedetuor J(Qﬂshféfr@@fegﬁs,4-pentaﬂu’b‘i$£ Mﬁ@ﬂéﬂm-z'
HPE A FacRAt =2 Hiete  345mz2 £ Q?f
1pEéAsgEafiuoToZ Eene
HFC-1567fts CFaOFUFC(CHR)=CH, 3,3,4,4,5,5,5-heptafiuoro-2-methyl
1-pentene
HEC-1567szz CFiCF.CF,CH=CHCH: 4.4 5 5 6.6 6-heptafivoro-2-hexene
HFC-1567izfc CHo=CHCHGF,GaF 5 4.4 .5 56 6 6-hepiafiuoro-i-hexene
HFC-1567sfyy CFLCF,CF=CFC.Hs 1,1,1,2.2 3 4-heptafiuoro-3-hexene
HFC-15677zfy CHp=CHCHCF(CFa)y 4,5,5,5-tetrafluoro-4-

{trifluoromethyi-1-pentene

HFC-156 7myzzm

CF3CF=CHCH(CFa){CHa)

1,1,1.2,8,5 5~heptaﬁuoro-4-methy!—
2-pentene

HFC-15687mmtyf (CF3)C=CFCots 1,1,1,3-tefrafluoro-2-
{triflucromethyi)-2-pentene

FC-161-14s CoF 14 '

FC-161-14myy CF:;CF:CFCFzCFgCng 1,1,1,2,3,4,4,5,5,6,6,7,7,7“

tetradecafluoro-2-hepiene

FC-161-14moyy

CF30F20F=CFCF203F5

1 1 1 1 1 r212:3:41535r616v?:717"
{etradecafluoro-2-heptene

HFCs-162-13s

CriiFqg

HFC-162-13mzy

CFsCH=CFCF20F2C2F5

1,1.1,3,4,45586,8,7,7,7-
fridecafluoro-2-heptene

HFC162-13myz

CF30F=CHCFQCF202F5

1,1,1,244,556687,7,7-
tridecafiucro-2-heptene

HFC-162-13mezy

CF,CF,CH=CFCE,CaF 5

's 31 11 :2|2=495|5s616v7|7|7~
tridecafluoro-3-hepiene |

HFC-162-13mcyz

CraCF,CF=CHCF.CoF5

111 |’1 ,2,2,3,5,5,6,6,?,7,7'
tridecafluoro-3-heptense

Cyclic
fivorooiefins

Cyclo[-CX=CY(CXY)]

HFC-C1316cc

CyCiO-GFQCFECF=CF—

1,2,3,3,4 4-hexafiuorocyciobutens

HFC-C1334cc

cyclo-CF,CF,CH=CH-

3,34 4~tetraﬁuorocyctobutene

HFC-C1436 cyclo-CF,CFCFoCH=CH- 334,455,
hexaflucrocyclopentene
HFC-C1418y cyclo-CF ,CF=CFCF,CF 5= 1,2,3,3,4,4,5,5-
octafluorocyclopentena
FC-C151-10y cycio- 1,2,3,3,4,455,6,6-
CF,CF=CFCF,CF,CFs- decafiuorocyclohexene

The compounds listed in Table 2 are available commercially or may

be prepared by processes known in the art.

in addition to the inventive compounds described above, the

bromine-containing fluorocarbons or hydrofiuorocarbons presented in

Table 3 can be used as blowing agents.
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HFC-1345sy CH3CF=CFCF3 1.1,1,2,3-pentafluoro-2-butene
HFC-1345fyc CH2=CFCF2CHF2 2,3,3,4,4-pentafluoro-1-butene
HFC-1345pyz CHF2CF=CHCHF2 1,1,2,4,4-pentafluoro-2-butene
HFC-1345cyc CH3CF2CF=CF2 1,1,2,3,3-pentafluoro-1-butene
1,1,2,3 4-pentafluoro-2-butene HFCEABHH Y CH2FCF=CFCHF2

HECal345eyc CH2FCF §

R GhidaPndmed-pentafluoro-I-butene

i

| QFteifit@Bdrnethyl)-3,3,3-t

FC-1345¢chn CF2=C(CF3)(CH3) 1,1,3,3,3-
5 Mﬁ%%%@%hﬁ&@a )

[ifiucomd1 propifinerdtirdpehdb4s CAHAF4

entaftooro-2-methy1-1-
uoropropens

HCdgaAfizc CH2=CHC

2523 ishialorabutene

FC-1354¢p CF2=C(C

1Z) L, 1,5, 5-1etraluoro- 4 IIIBLIIyJ. 1=

C
:é!(@me-ﬁsaﬁrtﬂﬂmropmpene

S'igpgﬁgé: o ’I QE/I etm ("

CHF=CBrCHr, 2- bromo 1,3,3-tnﬂuoropropene
CHBr=CFCF, 1-bromo-2.3, 3, 3-tetrafluoropropene
CHBr=CHCF, 1-brome-3,3, 3-trifiuoropropene
CHa':CBrCFs 2-bromo-3,3, 3-frifluoropropene
CH,=CFCBfF, 3-bromo-2,3, 3-triflucropropens
CFBr=CHCF, 1-bromo-1,3,3,3-tetrafluoropropene
CFBr=CFCF, 1-bromopentafiuoropropene
CH=CBICF.CFa 2-bromo-3,3,. 4,4, 4-pentafiuoro-1-butene
CHBr=CHCF.CF3 1-bromo-3,3,4,4,4-pentafiuoro-1-butene

CH,=CHCF.CF-Br

4-brome-3,3,4, 4-tetrafiucro-i-butene

CH2=CHCBTFCF3

3-bromo-3,4.4,4-tetraflucro-1-butene

CFaCBr=CFCF, 2-bromo-1,1,1,3 .4 4. 4-hentafluoro-2-butena
CH.CB=CHCF, 2-bromo-4,4, 4-trifluore-2-butene
CF:CBr=CHCH, 2-bromo-1,1,1 -triﬂuoro-z-butene

(CF;:,)QC:CHBT

1 -bromo~3,3,3-triﬁuoro~2~(triﬁuorometh yh-propene

CFsCF'—'-'CBTCFgCFs

3-bromo-1,1,1,2,4,4,5,5, 5-nonafiuore-2-pentene

E-CHFQCBY=0F02F5

E-2-bromo-1,1,3,4,4,5 5, 5-octafluoro-2-pentene

Z"CHFZCBF’*CFGst

Z-2-bromo-1,1,.3,4,4,5.5,5-octafiuoro-2-peniene

-CF=CBrCHFC,F5

2-bromo-1,1,34.4,5,5 6-actafluore-1-pentene

CHBI=CF(CF),CHF;

1-bromoe-2,3,3,4,4,5,5-heptafiuoro-1-peniene

CH2=CBTCF2C2F5

2-bromo-3,3,4.4,5,5,5-heptafluoro-1-pentane

CF=CHCF,CH.CBIF»

S—bromom_‘[ .1,3,3,5,5-hexafiuoro-1-pentene

(CF3)2CFCBF=CH2

2-bromo-3 4 4,4-tetrafluoro-3-(trifluoromethyl)-1 -butene

CF=C(CH.BnCF,

1 2-(bromomethyh-1,1,3,3,3-pentafiuoropropens

CH2=CLCBFF2)CF3

(CF3),CHCH=CHBr

2-(bromodifiusromethyh-3,3, 3-triflucropropene
1-bromeo-4,4 4-trifluoro-3-{iriflucromethyl)-1-butene

(GF3)EC=CHCHQBF

4-bromo-1,1,1-trifluoro-2-(trifluoromethyl)-2-butene

CHy=CHCF(CF;)CBrF,

3~{bromodifluoromethyl)-3.4 4, 4-tetrafiuore-1-butene

CF3CFZCF:2€BF=CH2

2-bromo-3,3,4,4,5,5,5-heptafluoro-1-pentene

2-brome-3,3,4,4,5,5,6,6,6-nonafluore-1-hexene
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1,3,C_%,3-tetraf|uoro-2-methy1-1- propene HFC-1354tfp CH2=C(CHF2)2
2-(difluoromethyl)-3,3-Ouoro-1- propene HFC-1354my CF3CF=CFCH3
1,1,1,2-tetrafluoro-2-butene HFC-1354mzy CH3CF=CHCF3

1,1,1,3-tetrafl 2-b
ey o

FE}et e 1 7 %%ﬁ%%ﬁ%ﬁ ih 1he 313.,4,415,5,5-decafluoro-1-
pentene S HEC-1429 F
44-hexafloBremO@ifhfbfbmeRYE @%me%glﬁp%efﬁgg;ﬁ%&%ggr% Va
Chragk sfel SE3tdnts bdghAingwith-nanaibroo Bhaspiensus tribromide

H&%@ﬁﬂé@@%ﬁ C CF2CF3 1 1 3 4, ilgr%h%‘%”f‘q ré) -2-

bt e 1122

Hp@niafggy‘mp‘tane at 380.400°C gives 4,4~ dl‘grrgn‘lz%?m? o 2.
pentafluorobutane which may in tumn be heated with powdered potassium
hydroxide o give the desired bromobutene.

2-Bromo-3,4,4 4-tetrafluorc-3-(triflucromethyl)-1-butene may be
prepared by addition of bromine fo 3,4,4wtetraﬂuoréa-?:«(triﬂuoromethyl)w'i -
butene followed by treatment of the resulting dibromide with ethanolic
potassium hydromde

Many of the compounds of Formula |, Table 1, Table 2 and Table 3
exist as different configurational isomers or stereoisomers. When the
specific isomer is not designated, the present disclosure is intended to
include all single configurational isomers, singie sterecisomers, or any
combination thereof. For instance, CFsCH=CHCF3 is meant to represent
the E-isomer, Z-isomer, or any combination or mixture of both isomers in
any ratio. Another example is C2FsCF2CH=CH-CF,C2Fs, by which is
represented the E-isomer, Z-isomer, or any combination or mixture of both
isomers in any ratio.

HFC-1225ye may eXist as one _of fwo configurational isomers, £ or
Z. HFC-1225ye as used herein refers to the isomers, E-HFC-1226ye
(CAS reg no. 5595-10-8) or Z-HFC-1225ye (CAS reg. no. 5528-43-8), as
well as any combinations or mixtures of such isomers.

Blowing agents can comprise é single compound as listed, for
example, in Table 2, or may comprise a combination of compounds from
Table 2 or, alternatively, a combination of compounds from Table 1, Table
2, Table 3, and/or Formula [.

The amount of the fluorocarbons (FCs) or HFCs contained in the
present compositions (from, e.g., Formula |, Table 1, or Table 2, or Table

3) can vary widely, depending the particular application, and compositions
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CF2=CFCF2CF2CH F2 1,1,2,3,3,4,4,515-nonafluoro-1- pentene
HFC-1429pyy CHF2CF=CFCF2CF3 1,1,2,3,4,4,5,5,5-nonafluoro-2-
pentene HFC-1429myyc CF3CF=CFCF2CHF2

1 1,1,2,3,4,4,5,5-nonafluoro-2- pentene HFC-1429myy
NG s e o5 A0y Bt SR BRIy ARRSAeS! the compound

H%Wmm%e%%%ma brésefitisAesafioro-3-
(trifluoro thyl) 1-butene HFC-1429cyzm CF2=CFCH(CF3)2

1,1,2,4,4, AR CEMRREHONEAiSIBRRA RS IR @ prepared by any

1 Jeamuémémméma@t&d@ﬂﬁy@f@m@faék@e@mjﬁfs%ﬂﬁ%g%adum
CF3CH é{gFS)Z HFC-1429c mCFZ CHCF(CF3)2

5 1 LTRSS b b @ff&ﬁf RIS Wigh Hae fesiretsrnapsnantce
H Fﬁrﬂ&ﬁ@’aﬁﬂ Ui EATt oA BRdbs ébfh?eﬁi@r%tﬁf 'QH@P&W Gessel.

pea%%%%r TR SEE ST ASS (SRa)CFECRS 913.4.4.4-pentafiuoro-2-

(trifluorm@ﬂwk)eﬁ@d@n@n&%&ﬂ@@éﬁmame compositions, and preferably
thermoset or thermoplastic foam compositions, prepared using the
compositions of the present disclosure. In such foam embodiments, one
or more of the present compositions are included as or paﬂ of a blowing
agent in a foamable composition, which composition preferably includes
one or more additional components capable of reacting and/or foaming
under the proper conditions to form a foam or cellular structure. Another
aspect refates to foam, and preferably closed celi foam, prepared from a
polymer foam formulation containing a blowing agent comprising the
compositions of-the present disclosure.

The present disciosure further relates to a method for replacing or
subsﬁtuting for the blowing agent in a foamable composition having a
GWP of about 150 or more, or a high GWP blowing agent, with a
composition having a lower GWP. One method comprises providing a
composition comprising at least one fluoroolefin of the present invention
as the replacement. In another embodiment of the present invention the
foarmable composition of the present invention, ha\}ing a lower GWP than
the composition being replaced or substituted is used to produce
thermoplastic or thermoset foams. Global warming potentials (GWPs) are
an index for estimating relative global warming contribution due to
atmospheric emission of a kilogram of a particular greenhouse gas
compared to emission of a kilogram of carbon dioxide. GWP can be
caicuiate'd for different time horizons showing the effect of atméspheric
lifetime for a given gas. The GWP for the 100 year time horizon is
commonly the value referenced.
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CF2=CHCH(CF3)2 1,1,4,4,4-pentafluoro-3- (trifluoromethy1)-1-butene
1,3,4,4,4-pentafluoro-3- (trifluoromethyl)-1-butene 1,1,4,4,4-pentafluoro-2-
(trifluoromethyl)-1-butene HFC-1438ezym CHF=CHCF(CF3)2

HFC-1438ctmf " =C(CE3)CH2CF3 HE(C-1447s C5H3F7
HFEC-1 M&&&aé&&é@ i é‘g\ﬁoﬂgeﬁgfm §Sompound capable of
g%ﬂgﬂm&@wéiﬁ@tﬁﬁ@ Z3eht Habibghe BB abtisptdlepear time horizon
,3,3,4,4,5,5-heptafluoro-1-penteng 1,1,3,3.5,5,5-heptaflugro-1-penten
Al AS B aRE RATANSY RN T Heatay o0 o1 dreaiet 300
Clodgreiidr2 oHCh 2y raiier FédlycephitsiOr egaas Aa Bre in need of
CF2=CHCF2CH2C F3 CF3CE=C(CE3)(CH3) HFEC-1447¢czC
H ﬁ@?&maﬁ%@%&%‘?@ﬁ?@% &IP?@ ]h? %%Xt{e Fatluoro-3-
(trifitergonethytehthLifaneel chCliratafDoaogs (IFEO)oMebhgs-hubareneot
1,4,4,4-tetrafluarg-3- (triflu e -2-butene 2,4,4 ,4-tetrafluoro-3-
(M0l %H?@%%ﬁéﬁ%ﬂfﬁ&%%@z CHF=CHCH(CF3)2
HFC-144Thgtptds2RCisC (S BR) 2vi Bnidd xynOodire (Bkd)2ave zero or
low ozone depletion potential and low global warming potential (GWP).

The fluoroolefins of the present invention or mixtures of fluoroolefins of this
invention with other blowing agents or foamable compositions will have
global warmihg potentials that are less than many hydroflucrocarbon
blowing agents or foamable compositions currently in use. Typically, the
fluoroolefing of the present invention are expected to have GWP of less
than about 25. One aspect of the present invention is to provide a blowing
agent with a global warming potential of less than 1000, less than 500,
less than 150, less than 100, or less than 50. Another aspect of the
present invention is to reduce the net GWP of foamable compositions by
adding fluorcolefins to said mixfures.

The present invention further relates to a method for lowering the
GWP of the methods for manufacturing open, closed and multi-modal
foams, said method comprising combining at ieast one fluoroolefin of the
present invention with a resin (for thermoplastic foams) or into a B-side
mixture (thermoplastic) o produce a foamable composition with a GWP of
jower than 25. The GWP of may be determined that the GWP of a mixiure
or combination of compounds may be calculated as a weighted averags of
the GWP for each of the pure compounds.

The present compositions also preferably have an Ozone Depletion
Potential (ODP) of not greater than 0.05, more preferably not greater than
0.02 and even more preferably abdut zero. As used herein, “ODP” is as
defined in “The Scientific Assessment of Ozone Depletion, 2002, A report
of the World Meteorological Association’s Global Ozone Research and
Monitoring Project,” which is incorporated herein by reference.
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HFC-1456s C5H4F6 HFC-1456szt (CF3)2C=CHCH3
3-(trffluoromethyl)-4,4,4-trifluoro-2- butene HFC-1456szy
CF3CF2CF=CHC H3 3,4,4,515,5-hexafluoro-2-pentene
1,1,1,4,4, -hexafluoro-Z_—met%l-Z- butene HFC-1456mstz

CF3C(CHFHRNEHPosirenisBIoVAe fPat poptees- foemeble

A edmipbeititieant- prsfieasiy Solviiftitnsme 4 Bbgrasaondel idasene

HFC-1456ftrnf CH2=C F3) CH2C E3 EC-151-12s C6F12

Féﬂ%‘f-‘i%@%ﬁsﬁﬁﬁﬂs%ﬁ%@i RrepREng foamss Kiekch foam

gogﬁ'@ﬁﬂlﬁﬁférﬁﬂw @“Gﬂbl—'@ﬁf}‘l{ﬁ@@hﬁﬁs i s@)ﬂscé?shfie %ﬁ?@&s@i@sur&
ec oro-o-nexene I pertfiuoro-o-nexene - -1z )

B ke B LTSt 10,5 R A SROrTROSIgy Which

- 1, Toarhdblehexaiboiton Srofstiifly anemats Hn=dp WRNE additional

10

15

20

25

30

P CEP AR AP S RaeLis SRGOn RS LTS S proper

HRGrikhBobbniontarm a foam or cellular structure. Any of the methods well
known in the art, such as those described in “Polyurethanes Chemistry
and Technology,” Volumes | and ll, Saunders and Frisch, 1962, John
Wiley and Sons, New York, N.Y., which is incorporated herein by
reference, may be used or adapted for use in accordance with the foam
embodiments.

in certain embodiments, it is often desirable to employ certain other
ingrédients in preparing foams. Among these additional ingredients are
catalysts, surfactants, flame retardants, preservatives, colorants,
antioxidants, reinforcing agents, filler, antistatib égents, nucleating agenté
and the like.

Polyurethane foams are generally prepared by combining and
reacting an isocyanate with a polyol in the presence of a blowing or
expanding agent and auxiliary chemicals added to control and modify both
the polyurethane reaction itself and the properties of the final polymer. For
processing convenience, these materials can be premixed into two non-
reacting parts typically referred to as the "A-side" and the "B-side",

The term “B-side” is intended to mean polyol or polyol containing
mixture. A polyol containing mixture usually includes the polyol, the
blowing or expanding agent and auxiliary chemicals, like catalysts,
surfactants, stabilizers, chain extenders, cross-linkers, water, fire
retardants, smoke suppressants, pigments, coloring materials, fillers, etc.

The term “A-side” is infended to mean isocyanate or isocyanate
containing mixture. An isocyanate containing mixture may include the
isocyanate, the blowing or expanding agent and auxifiary chemicals, like
catalysts, surfactants, stabilizers, chain extenders, cross-linkers, water,
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(CF3)2C=C1-1C2F51,1,1,4,4,5,5,5-octafluoro-2-
(trifluoromethyl)-2-pentene 1,1,1,3,4,5,515-octafluoro-4-
(trifluoromethyl)-2-pentene HFC-152-11mmyyz (CF3)2CFCF=CHCF3
HEC-1549s C61-13F9 PFBE (or HEC-1549fz) CF3 FZCFZC{Z%F:%E‘ZS

3,58 PPREI s SRR SRR R RN S B SRR IR RS IER
HEfe-1549fztmm CH2=CHC(CF3)3 4,4 ,4-trifluoro-3,3- bis(trifluorometh
y1)-1-butene 1,1,1,4,4,4-hexafluoro-3-methy1-2- (triflugromethyl)-2-butene
033,55 DR 5% SR PRI ETSHEHGOL A 300 st 5408 Sre
264, bdmbimet &fl wesei3- methyl-2-pentene HFC-1549mmits
(CF3)2C=C(CH3)(CF3) HFC-1549fycz C1-12=CFCF2CH(CE3)2. .
HF Ao R RS (O B P OoRE AT BRBREDFToI T s
Ce0ariy EHOEd )2 rhdldy S Yrimanbuwoant-of a surfactant to stabilize
(triflugromethyl)-2-pentene HFC-1558s C6H4E8 HFEC-1558s7
MR RBR PR T U ERATEE i SITeRAIe may
HieGrimSaiza diciuid or solid organosilicone compound. Other, less preferred
surfactants include polyethylene glycol ethers of long chain alcohols,

tertiary amine or alkanolamine salts of long chain alky! acid sulfaie esters,
alkyl sulfonic esters and alkyl arylsulfonic acids. The surfactants are
employed in amounts sufficient to stabilize the foaming reaction mixture
against collapse and fo prevent the formation of large, uneven cells,
About 0.2 to about 5 parts or even more of the surfactant per 100 parts by
weight of polyol are usually sufficient.

One or more catalysts for the reaction of the polyol with the
polyisocyanate may aiso be used. Any suitable urethane catalyst may be
used, including tertiary amine compounds and organometallic compounds.
Such catalysts are used in an amount which measurably increases the
rate of reaction of the polyisocyanate. Typical amounts are about 0.1 fo
about 5 parts of catalyst per 100 parts by weight of poiyol.

Useful flame retardants include, for exampile, tri(2-
chioroethyl)phosphate, tri(2-chloropropyl)phosphate, ri(2,3-
dibromopropyl)-phosphate, tri(1,3-dichloropropyl) phosphate, diammonium
phosphate, various halogenated aromatic compounds, antimony oxide,
aluminum trihydrate, polyvinyl chloride, and the like.

The methods of forming a foam generally comprise providing a
blowing agent composition of the present disclosure, adding (directly or
indirectly) the blowing agent composition to a foamable composition, and
reacting the foamable composition under the conditions effective to form a
foam or cellular structure. Any of the methods well known in the art, such
as those described in “Polyurethanes Chemistry and Technology,”
Volumes | and |}, Saunders and Frisch, 1962, John Wiley and Sons, New
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CH2=CHCF2CF2CF2CHF2 3,3,4,4,5,5,6,6-octafluoro-2-hexene
HFC-1558mmtzc (CF3)2C=CHCF2CH3 111,1,4,4-pentafluoro-2-
(trifluoromethyl)-2-pentene 4,4,5,5,5-pentafluoro-2-
(trifluoromethyl)-1-pentene HFC-1558ftmf CH2=C(CF3)CH2C2F5
HFEMSAYS G atgTisHreorposaies! dresein hyreieermnap be used or

3,?aaélgﬁea,ﬁshae@fwee&daﬁeévwm% Sripifinténts.

CF3CF2CF2CH=CHCH3 4,4,5,5,6,6,6-heptafluoro-2-hexene ,
HFC-156Potisaqyanateased foars s Prepm@inegatioreacingatdsast
HR afahf , o ;
S KEEAT SR e bt alin
cHEeengenp srherpsanee of fherowin ocreoFerresiitnsjesaiysd
1,Ihérdib-asheptafluoro-4-methyl- 2-pentene HFC-1567mmtyf
(CF3)2C=CFC2HS5 1,1,1,3-tetrafluoro-2- (trifluoromethy0-2-pentene .
FC-161-198 &9eyangie FpecivgaRmposition can be prepared by blending at

least one active hydrogen—cohtaining compound with the blowing agent
composition. Advantageously, the blend contains at least 1 and up to 50,
preferably up to 25 weight percent of the biowing agent composition,
based on the fotal weight of active hydrogen-containing compound and
blowing agent composition.

Active hydrogen-containing compounds include those materials
having two or more groups which contain an active hydrogen atom which |
reacts with an isocyanate. Preferred among such compounds are
materials having at least two hydroxyl, primary or secondary amine,
carboxylic acid, or thiol groups per molecule. Polyols, i.e., compounds
having at least two hydroxyl groups per molecuie, are especially preferred
due to their desirable reactivity with polyisocyanates.

Additional examples of suitable active hydrogen containing
compounds can be found in U.S. Patent 6,590,005, incorporated herein by
reference. For example, suitable polyester polyois include those
prepared by reacting a carboxylic acid and/or a derivative thereofora -
polycarboxylic anhydride with a palvhydric alcohol. The polycarboxylic
acids may be any of the known aliphatic, cycloaliphatic, aromatic, and/or
heterocyclic polycarboxylic acids and may be substituted, (e.g., with
halogen atoms) and/or unsaturated. Examples of suitable polycarboxylic
acids and anhydrides inciude oxalic acid, malonic acid, glutaric acid,
pimelic acid, succinic acid, adipic acid, suberic acid, azelaic acid, sebacic
acid, phthalic acid, isophthalic acid, terephthalic acid, trimellitic acid,
trimellitic acid anhydride, pyromeliitic dianhydride, phthalic acid anhydride,
tetrahydrophthalic acid anhydride, hexahydrophthalic acid anhydride,
ehdomethylene tetrahydrophthalic acid anhydride, glutaric acid anhydride
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CF3CF=CFCF2CF2C2F51,1,1,2,3,4,4,5,5,6,6,7,7,7-
tetradecafluoro-2-heptene FC-161-14mcyy CF3CF2CF=CFCF2C2F5
1,1,1,2,2,34,5,5,6,6,7,7,7- tetradecafluoro-2-heptene HFCs-162-13s
C7HF13 HFC-162-13mzy CF3CH=CFCF2CF2C2F5 .

1, BEIda Malgosesie, mateis RdAnReTisa iR if reid sz0thdiferic and

Cﬁﬁﬁ@ng%@tg iR CLih lad thdsb HborefbGaéid which \ may be in admixture
tridecafluoro- -heptene HFC-162- 13mczy CF3CF2CH=CFCF2C2F5

1, withhpongmsesic fatty7acifke iR esirsp ehrolicetiesvliaaeigs may also

Chilllerstfch 96 2rdbhthalid #otti HimahiPidstef, terephthalic acid
tridecafluoro-3-heptene C%CHC flugroolefins C cloECX= Y(CXY),-]

HI*I‘,S glysakRpdpxisac O polyhiwe ea#leseaﬂifo%@ea&ﬁ%ﬁ@

Ny fl
s o e oy P b5 ST TLiSaRrtSraromati

e RRR BERIBRSEnd NSNS B SRy FEclude
1.Zgpdtdente MhcAasf iy drbe¥anadi forCehdifle, chiorine and

cyclo-CF2CF=CFCF2CF2-
bromine substituents, and/or may be unsafurated. Suitable amino
aicohois, such as monecethanolamine, diethanolamine or the like may also
be used. Examples of suitable polyhydric alcohols include ethylene glycol,
propylene glycol, polyoxyalkylene glycols k(such as diethylene giycol,
poiyethy!ené giycol, d'ipropylene glycol and polypropylene glycol), glycerol
and trimethylolpropane. | | '

Suitable additional isocyanate-reactive materials include polyether
polyols, polyester polyols, polyhydroxy-ierminated acetal resins, hydroxyl-
terminated amines and polyamines, and the like. These additional
isocyanate-reactive materials include hydrogen terminated polythioethers,
polyamides, polyester amides, polycarbonates, polyacetals, polyolefins,
polysiloxanes, and polymer polyols.

Other polyols include alkylene oxide derivatives of Mannich
condensates, and aminoalkylpiperazine-initiated polyethers as described
in U.S. Paient Nos. 4,704,410 and 4,704,411. The low hydroxyl ﬁumber,
high equivalent weight alkylene oxide adducts of carbohydrate initiators
sﬁch as sucrose and sorbitol may also be used.

In the process of making a polyisocyanate-based foam, the
polyol(s), polyisocyanate and other components are contacied, thoroughly
mixed and permitted fo expand and cure into a celiular polymer. The
particular mixing apparatus is not critical, and various types of mixing head
and spray apparatus are conveniently used. It is often convenient, but not
necessary, io preblend certain of the raw materials prior 1o reacting the
polyisocyanate and active hydrogen-containing components. For
example, it is often useful to blend the polyoi(s), blowing agent,
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FC-C151-10y cyclo- CF2CF=CFCF2CF2CF2- The compounds listed

in Table 2 are available commercially or may be prepared by processes
known in the art. In addition to the inventive compounds described above,
the 5 bromine-containin&éluorocarbons or hydrofluorocarbons presented

in PHORCIREH S p e HSAGRALhaE cptspanents exsrrldelre Chemical
Nagapadebgatdibs ¢t 3 BhiadiIntsl AR QRIPRED Bolyisocyanate.

3-bromo-1,1,24riflugropropene 2-bromo-1,3,3,3-tetrafluoropropene

3-hiRBeteel il e sopeRESnts srwy- e intiamusash fagkvidually to the

1-bﬂm%§n%%E%@fWEBTQ%B?aka@@%%l?éf@@@ﬁf&ﬂ%%?ed. It is

2-bromo-3,3,3-trffiuoropropene 3-bromo-2,3,3-trifluoropropene
1-#5MmBossis iRREnBRsH AIbena RasiomsidheRabiel@opinéhe

CResiaESIyEnAtShRoBESRpehiree HCBIF2 CHF=CBIrCHF2
CHBrgICF F3 CHBr=CHCF3 CH2=CBrCF3 CH2=CFCBrF2

CFBr=CHCE T¢I CERIRYing Pae eamigsition employed when

2-lpreparitg 4 thdrpesiaiviosnt tdWRRea desired density to the foam.
fluorq-1-butene

+ DR BRSPS TSHent DG GRRLEiermARIes o provide a
polyurethane foam having an overall density of from about 10 to about
500, preferably from about 18 o about 100 kg/m® (1kg/m®=0.062 Ib.At.%).

| It is often convenient to preblend the blowing agént composition
with the active hydrogen-containing compound before contacting the
resulting blend with the polyisocyanate. It is also possible fo
simultaneously blend together the polyisocyanate, active hydrogen-
containing compbund and blowing agent composition in one operation
resulting in the producﬁdn of polyisocyanate-based foam. Preferably the
blowing agent composition is blended with the active hydrogen-containing
compound before contacting with the polyisocyanate. ,

One aspect is for a rigid, closed-celled polyisocyanate-based foam.
It is prepared by contacting an organic polyisocyanate with an active
hydrogenfconta'ining compound in the presence of the blowing agent
composition characterized in that the so-prepared foam contains within its
cells gaseous blowing agents. - .

' The rigid closed-cell celled polyisocyanate-based foams are usefut .
in spray insulation, as foam-in-place appiiance foams, rigid insulating
board stock, or in laminates.

In addition, according to certain embodiments, the blowing agents
are used fo blow thermoplastic foams, such as polystyrene, polysthylene
foams, including low-density polyethylene foams, or polypropylene foams.
Any of a wide range of conventional methods for biowing such
thermoplastic foams can be adapted for use herein.
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CH2=CHCF2CF2Br CH2=CHCBrFCF3
3-bromo-3,4,4,4-tetrafluoro-1-butene CF3CBr=CFCF3
2-bromo-1,1,1,3,4,4,4-heptafluoro-2-butene
2-bromo-4,4,4-trifluoro-2-butene C 3CBr=CHCE? CF3CBr=CHCH3 . .

2 bromo AP SHRTBAS DS, RIqViFes 2 aMEPple composition comprising

1-hiemppiasididtate- susilee paulyelyybreiopsipethylene (PE), preferably
3-bromo-1,1,1.2 4,4,5,5,5-nor&§fluo|}g5§-pentene
E1OW RS 15404 BAYSIBRMRNBE S hentene

Z-2-bromhd, thdrfnéSidsBcdtiafiussdidsnastienmiveniently produced by using
2-bromo-1,1,3,4,4,5,5,5-octafluoro:1-pente '

L BOBvRNBora SRRl COMBISIS B G et @pd @asepatedymeans for
E-GHrRER-GEGaER; ZhiraaRnedneR ey Oy GloRGR agent

CHBr=CF(C)2CE CH2=CBICF2C2ES5 .. . .
Z-B?W(S’é@,ﬂ,‘ﬂf’%é%@ﬁ@ﬁgﬂj g{\lgp%iﬁa%}%zed mass at nonfoaming
S-toperatlirdsSin6-prsslven {Bpeatsig U pieslicEaC HR2EB &t 2
(CE3

CECBr=CH2 o .
S SPOINIh Hea SRGERLEE A BFGRRAR HMiHafAsTe having a desired
CleRaBéC e 2B it ftmomonuinyiedtangi# - plaiiafbidoapndpesrel having

2-(bramaodiflugrometh y1)-3.3,3-trifluoropropene CH2=C(CBrE2)CF .
R R A SR, e B Sra ety beoydng
4-thvermrtiidh e tdf oo 2 (thé wapansibyl 28z tea Biftab e adifutatreeth

@&éﬁa%%ﬁégluor @b&%?sr]s%r(gsﬁ%)ﬁ%% %Qﬁo'ntr the expanding extrudate

under such temperatures and pressures for a time sufficient for the
viscosity of the extrudate fo increase such that the cell size and density of
the foam remain substantially unchanged and substantially free of
ruptured cells at ambient temperature; e.g., 25 °C and atmospheric
pressure; and (8) recovering the extruded foam body. .

When preparing foams, it is often desirable to add a nucleating
agent or other aaditives into the resin. Nucleating agents serve primarily
to increase cell count and decrease cell size in the foam, and may be
used in an amount of about 0.1 to about 10 parts by weight per 100 parts
by weight of the resin. Typical nucleating agents comprise at lease one
member selected from the group consisting of talc, sodium bicarbonate-
citric acid mixtures, calcium silicate, carbon dioxide, among others.

In one aspect, ihe foaming amount of the blowing agent is in the
range of from about 1 to about 30 weight percent based on the fotal
weight of the resin plus blowing agent mixiure, typically about 210 20
weight percent, and normally about 2 to about 10 weighf percent. The
lower the conceniraiion of blowing agent, the greater the density of the
resulting foam. The proper amount of blowing agent or resultant
characteristics of the foam for any desired end-use is readily determined
by a skilled person in this art. The resin is melied at a temperature of
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CF3CF2CF2C8r=CH2 2-bromo-3,3,4,4,5,5,5-heptafluoro-1-pentene
2-bromo-3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene CF3(CF2)3CBr=CH2
The compounds listed in Table 3 are available commercially or may be
prepared by processes known in the art.

1-BRsHb 298 i phost A28 76 slepending nrsroibe sk emplatathantbat

se o . . bremi . o
S (TR 0TS o MG T Fetttied rosin-
pePieifing aueahmiXkeeimroednmier opafeaonng pressee to a

p iNes4 4-di 34, ,
pﬁluoro%ﬁ%&%@?ﬁﬁ%%%n ’erfﬁgﬁééiyvﬁ?#ng%ﬁgeﬁ%ﬁgggiﬁn%e‘
hydi®edpapgeaapadatpebeimvambient femperature and at or below
10215 ﬁéi,éé,&%@ﬂuoro-s-(triﬂuoromethyl)-l—butene may be

prepared by addition of bromine to 3,4,4-tetrafluoro-3-(trifluoromethyl)-1-

butene folGRERFBNIEERETeAMSTiRsadyaisihalisrsniiaenaide dtrremsidance
PolABSHHE Bﬂéﬁﬂﬁs&'@éﬂr@fi%%%?%ﬁléofﬂﬁ@ﬁ%@%foam

Table 2 and Table 3 15 exist as different configuration

st&eerididhe prreHatiarspbdirpesable hemmafesedrarkagipgrmaierials;
disglgs e idatansdethte ieludsalbsiaalenoni snatiaral Bomesisingle

stereoisomers, or any combination thereof. For instanceé, CF3CH=CHCF3

is RRIUPDTE REpRAB R oREds feb e, 38 imsidantalanddesustialahenthing

miéﬂﬁ%&ﬁ?@hﬂé@@ﬁ%,iwﬁ%ﬁ@xdﬁ%_mt%o%¥®m8 €inches (1.25 to 15
C2F5CF2CH=CH-CF2C2F5, by which is regresented the E-isorner,

Z-RHCE: URJR BT AligA Srihwidiee WiB PRI BRSHOMA AJSRTSS from
HREC 7235 e duayseidst #9.01€ R DiEpcalisres atoRa isprens t%@f %et (813

HFC-122§ e as used herein refers to the isomers, E-HFC-1225ye 25
(CREHIS) 888N daiher AL A50M1 dRd0dd PRURES BoTFEhiatoot

welhely (15 teonduinationarns BorBRROIEN (RGMETS(3) cBlANINRDRISRIRS
can gﬁr@ni)rlseoﬁ ingle compound as listed, for example, in Table 2,-or may

col REIUTBSH IRRdR IGHR MRIS e PEHE b RS 2Rt (&rlvaty) thick,

copftznatideaitcoi st drayiiiableid 1d AiestQ LT Mhitets FMAY. up to
Fo ;fllal. Th arg unt of the fluorocarbons (FCs) or HFCs contained
in B0 B4 EOFTRBUIRINS AR, PR P 96ea G PPaIeoACH

Tatedjece Wmi@ﬁﬁ’dwmh' m@aﬁamﬁm@d'laﬁﬂ%@rﬁkgﬁ p;;f
co Sl C n§, n re than trace amounts and less t an, % o0
O 1R KR GaIED BEGAACE e SPate h e raiece Ry
coBipokilimpsielisntbyedisieinithe@nbedsppdiedbP sigsee S@siar and

A e e

théneafpretaddiyerdierensgonents in an appropriate vessel. Agitation
may be uged..if desired. _..Other embodiments provide fogmable _
compos,it‘l%ﬁrlgjf g‘r'\% %%qg%ﬂ'fﬂ?e?&%gé?g\pf&Fﬁ?&&ﬁﬁﬁ%@rﬁ%me‘ﬁ herein

' copapositioad @k ostad thihbontesisigrerioheneicasntight of the

e el o e R Y A B o 85 iR gsciosure

compositions are included as or par

consyeshie) deschibechipotstions pifesfdieh entesitnents ritosd! be

addig f ing .and/or foaming under t

oroper R S SRS 8 o SR G P R S e ot
rerREYESidans and meterdsiyotbgetheattépsnes imdharsdduamca podlyives of
fo [ ini ' ising. the compositions

o R R T R RO
méfhd§Feprepidbmgrassiib sisalvaifer tohiospagideally, i wifobenapmrent
COfPOSY, : r

blowing a@ﬁ%&%gﬁgﬁ%&ﬁﬁ?ﬁﬁ\%gﬁéﬁga&@g .t%?méeggn%%#gédd for the
comprises providing a composition comprising at least one fluoroolefin of
the present invention as the replacement. In another embodiment of the
present invention the foamable composition of the present invention,

having a lower GWP than 25 the cofposition being replaced or

substituted is used to produce thermoplastic or thermoset foams. Global

warming potentials (GWPs) are an index for estimating relative global
warmina contribiition diie to atmoenheariec emiccinn of a kiloAaram of a



lifetime for a given gas. The GWP for the 100 year time horizon is
commonly the value referenced. A high GWP blowing agent would
be any compound capable of functioning as a blowing agent having a

GWP at the 100 year time harjzon of about 1000 or greater, alternatively
SORSSRCHRBFIIDSY BRI RSO0 Saea G SUP LY SPEHiS oM b

eXpaARIVBAIRNSUERERTEIAN SesstialeseMaceBenbRERIAMRIEAYE those
calculations&%blished by the | tergove_rn,me tal Papel on Climate Change

(IFE8RdrBiRR BLAERAREIMRRIRIRS WM SILSHIT. Heeps, AXY congRet of

pregergdissingiseivdlle ey drirstpbyities s ieinedsaingr low ozone
depletion potential and low global warming potential (GWP). 10The

& fluoroolefins of the present invention or mixtures of fluoroalefins of this
invention with other blowing agentsaeirRgle compositions will have

global warming potentials that are less than many, hydroflugrocarb
Diowing Al BREBPRA NSRBI B UTIR AFIoRy RO PRg aEPles.
flugrentsdilasbel thegreteent invethiive diranptsicd i ndidaiing pfdésadd
than gbout 25. One aspect pf the present jnvention .is tQ. provide a,blowing
BT EGinaT 8 AN b ta ) DR PG50, TR (e 20

10 lesgigannsibn dadiiibes ERAnpitesohasiiledotherabpantaddbeain the
present invention is 'to reduce the net GWP qf foamable.compositions
BTSRRI bR BRLHE RO BT igs Mereof,
relatas toakanattioddehmmgaingriieraWicalitng etkhags fioko various uses

uring. open, closed and multi-modal foams, said method

manuif%act
cor?\B sﬁﬂa ining at least one fluoroolefin of the present invention
with a resin (for thermoplastic foangs) Qivfg=aB-side mixture

15 (therm @ﬁi@%%?’”ﬂ‘iﬂ“ﬁﬂﬁ,@,@,@, zlﬁ?,ei’m‘ﬁw%b?e%\@?eﬁéﬂﬁ 14E)
lower than 25. The of may be determined that the of a mixture
or SmHIRERoAf &@G%ﬁ@@h‘ﬁgﬁ)‘:ﬁy be calculated as a weighted average of
thedQWRIY-R R yRENBLHBEIBRLUO SR moldd)epie e ReaMDSRNRBSene

also preferabl / have an OZone Déplétion Potential (ODP&&!c not greater

that? B85 &P reripmivae gridadrtthartes mbbasigiuel slopker tube
Prefeigily-Abg W @I@@W@H&ﬁ?ﬁh&@%ﬁ%@\%ﬁﬁ%%@%wch
Scientific Assessment of Ozone DeFIetlon 2002, A report of the World

20 \RYRASGR AP ABHTIRCE AR FSholdRpLRANGE WAR FRIFERRR Gt room
Prajseiperdiigh isThecsBeaisd Aaienbyy et eut agairedPiRese

embodiments provide foam premixes, foamable compositions, an

d
prefeEPpS e g RIAYER RRpIngtk BARSHSHISRERICA fpubling the
meihadara srepairgdonmsilbaisd o3 enberiReoETopeR@ IR RIme

the compositions of the present disclosure 5 are included as a bl Wi%

agéi0™ FeamtabIdtdHERRR INSAIER IR HREIEZRR AT o Prifelifly

25 i‘ncm @rsec@d rcﬁ@qr@h Sl edlini ?@W f@@k&%ﬁ?@@@ﬁcﬁ&rﬁﬁfé@wd@BEZA
oaming under the proper conditions to form a foam or cellular structure.
Anytt %ﬁ&ﬁf@ﬁ@é’ﬁkﬁg}%&@%@@ éﬁfg & ER%Y1Rse described in
"Polyurethanes Chemistry 10 and Technology,"” Volumes land II,

Saynpders and Frisch, 1962, J il Sons, New York, N.Y., which

is #EWSF%B ﬂfe%%‘%ﬁ?&ﬁ c?ev¥ al/fe used or adapted for use in
acapyialte,OHIORS (BpMegrodinemalde)csdaindeinb aitvpents: idgsaddition
often desjrable_to empl rtain other 15ingredients.in preparing foams.

30 A AR AT L eI S RS S AR e nEeted
retdedantackeesdistilaem colarantsndnitilkideads, Tomftestogageinadfiller,
antistatic agents,.nucleatin e likg. Polyurethane foams
e SR PP oA s B S e ) RNt 4208 i
polyddubewae smileetetia whshied wite qmiidmgragabtsanfileuditay dried with
chemicals added to control and modify both the polyurethane reaction
itself and the properties of the final polymer. For processing convenience,
these materials can be premixed into two non-reacting parts typically
referred to as the "A-side" and the "B-side". 25The term "B-side" is
intended to mean polyol or polyol cor?lgaining mixture. A polyol containing

mixture usually includes the polyol, the blowing or expanding agent and

auxiliary chemicals, like catalysts, surfactants, stabilizers, chain
aviteandare croce.linkare watar fire retardante emolke cirinnreccecante




One or more catalysts for the reaction of the polyol with the
polyisocyanate may also be used. Any suitable urethane catalyst may be
used, including tertiary amine compounds and organometallic compounds.
Such catalysts are i[i#sﬂe_dwin"_an amount which measurablégscreases the 20

ratgRdadishdistiiec biypity aRicoryprilisghvithoRes Inlives.1 The
abprb @ RAS1AFCAHFY S BRI, TeRMAEILLIERIM®S Rolysd chaldefitbed by

flar%‘ée retardants include, for example, tri(2- chloroethyl pho?%hate,

tri(2-cHOop(8pPhiphéehinare, #(, 3 tiblefisopropiyh-bhbsbiale, m. 2F), -
NEERAGR I R e R i G

& polshiaspicrirortiephritwthe like.  The methods of forming a foam
generally comprise providing a blowing agent composition of the present

disclosure, adding (directly or indirectly) the blowing agent composition to
a foamable composition, and 30 reg¢angrthe fpamable composition under

thesznﬂﬁ'ém@lﬁ»eft,enﬂg,_g%f.@cm@,Tof.@@,ﬁq@trgawwgggmﬂ?@iérﬁez45)

mejhods we N the art, such as those described in "Polyurethanes

Chgﬁfﬁiﬁ’?ﬁﬁaﬁn&\lﬂ%@ [Bmes | and 1, Saunders and Frisch, 1962,

10 Jthn Wile&@ﬂdf@@&%ﬂ@ﬂddma@mm ! dmie%@a@@@@;ﬁ,h%%m,];, 5, 5-
reference, m e use apte use in accordance wit oam
e e e, s e S P oL BB ER AP 400 Ty
recldtingslibicdist inaieco igdaiand iiseeub AR Dt Rirleosione aide
hydro, en-cioerntainih 5 compound i th? gre%ence of the blowing agrerg
o BGRIR R BERBRAT FerL iR ASBRLC O TS Eh MG RTTsceaied out
coropdsitisimiian dnpitpasaddy benbingdblehstastedaiith two 200 mL
hydrogen-containing,compound with the blowi ent composition.

15 paBSREoT) e b AN SOARG LIS Gl 9B EoR RS 4
up tini@d oneigbhijpince chidrite blovihgradistitiedripgsitozi7 basgrh @i the
tot ight ive - inin m and blowing agent
cogﬁ\%gl ioﬁam%tg\?g%ﬁc%ﬁ%gmgﬁ@aé)r%z%%efqnclude those
materials having two or more groups which contain an active hydrogen
ato hich.15r j i nate..Rreferred among such
cor%ggf#%ss'%?eofn?gftgﬁ\gé}r%%%%%%ﬁ%%o hydroxyl, primary or

20 secondanyathimeyndrbofiviic fiaik eniipagreiisoranobtadot. stiolyyls,

e P T AR P e
20Aa ol ElSiipid 5T duftah| 6 .86tvelep ek isopregiant (DhipgdghdsThe

S A P S i S
a cartotylimelsia) atisroheddn Biideatntnalesr d pelficatbeajuiicmipsriatided
25 W'“&%@%@%%Q'ﬁg@%‘@ﬂ%’&H%%H%%V&Gﬁéﬁmg'%%H?E% BE AP hour

known hatic, cycloaliphatic, aromatic,”and/or heterocyclic
polgsdispiginpaciderarsiowlyibereabetifnent, 24 3, WwitRAGlogEneateamdion

bl e
e G T RS i S BRNCHRBV AT Mo
sucsthpiaratieh. adipi praidustivasorsasbedagiticciond|-sadicioaehtiwt %

SRS S AU ST PRI o
30 tetraisjlieshatizimospletishyssarae ety trophttaf@4Eid Bhyte 63%)

endamelyine(eryioBhialie acid spmidydliariccianhydrige,
acid, maleic acid; maleic acid anhydride, tumaric acid; and di éri¢’and
trintkriéd (Gfty, aids) stithiad (Bbserof Blejc-ddig. WG e nmay 21€) i HihBxopre
with monomeric fatty acids. Simple esters of polycarboxylic acids may

also be used such as terephthalic acid dimethylester, terephthalic acid 5
bisglyool and extracts thereof. The polyhydric alcohols suitable for the
preparation of polyester polyols may be aliphatic, cycloaliphatic, aromatic,
and/or heterocyclic. The polyhydric alcohols optionally may include
substituents which are inert in the re&ttion, for example, chlorine and
bromine substituents, and/or may be unsaturated. Suitable amino 10

alcohols, such as monoethanolamine, diethanolamine or the like may also
he 1iced Evamnlec nf crnitahle nolvvhyvdrie alecohnle inchiide ethvliene alvvenl




30 and spray apparatus are conveniently used. It is often convenient, but
not necessary, to preblend certain of the raw materials prior to reacting
the polyisocyanate and active hydrogen-containing components. For

example, it is often usefyl to blend the polyol(s), blowing agent,

R bR R PR o AR LhBA 88 48) In chioroform-
pQ yé%c?@{g ates, and then contact this mixture with the polyisocyanate.
Alternaiively, all the components 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 perhiggEfethe polyol(s) with the
polyisocyanate to form a prepolymer. — _The quantity of blowing agent

& composition employed RHERGHSEHlaGB-T0TM2EGECHNt to give a
desired densit t m ageously, sufficient blowing agent is
en%’lg ) B¥(§%&§§ﬁ%ﬁg’?@ﬂ5ne foam having an overall density of
from abo(EEe)SEbRRTEDY @éfﬁﬁ%ﬂr@ﬁﬁéb@uﬁ'%@f&?&?ﬁfm kgfhizom,
. (Lkohp3r0186P a8 adidédstoieatdmiciittlinp sitiked tfisidodihgated to

205HheCRoB AN HInERS BCiEeRElIOIraseonta IRGITHERIENBIare
coritacting the resulting blend with the polyisocyanate. It is ajLso oss]tble t

10 15remimere st SFbRMd 1oGeRePHR W@@i%ﬁ?&ﬁﬁé’ia{?m SMPETALUre 1o
hydiegdritdanranfiigR)siFclidgmiCRo Wife? Ag et 00 mpasindizih yirid.
operation resulting in the production of polyisocyanate-based foam.
Preferably the blowi itiQn | ded with the active
hy%%%@‘é%}-/%’gﬁ'tﬁﬁﬁf %ﬁgm%%%%ﬁﬁi g with the polyisocyanate.
200ne ad@%ﬁ)ﬁﬁﬁr@iﬂﬁﬁoé&@%@l@dQ)B@i%?éh&@ﬁﬂ@@ﬂﬁ@gﬁ‘?ﬁ is

15 Prefaaeisy erGingriiueighiicanbhisetysoate botivanfastvieeated to 42°C

hydrogen-containi i
B e

ceRNgARVOGE Hievinhegiats. S RBAR s RISRY @iflaept mb, ROH (108
polyiepdyadatmieasemhforateraitissef)l iDepray insdddiiorashe temperature

CoHRaE s 0 MBRGAHPS e
20 o DS P BT Ryl o SN B B WLk Water,
polges\wiib BipRanenthdistiieg |0helsirtygolytdi éht 36ankd %), boils at
EFW@I@Q?@%&)@% cﬁ@ﬁe@g@&é@%ﬁaﬂgﬁ wasﬁm@nal (OSthersHpr-77.1
0 SucC er erein.
Angﬁ?gr‘emm Eﬂi ﬁwggt%p?g\%éiﬁg @ﬁ?a%ﬁﬁ:%%&ﬁﬁ%n@%ﬁ&brising

thermoplastic foams, such as polystyrene, polyethylene (PE), preferably
25 low density PE, DYIANAFRBABE h &0l dsiakddbESodies are

Co e B e L UB00S CNeB OB SIS BUEERS Bing

extruder a melting the resin

homggrtse puijubithaliegehd hidyisogparutaterfositeampids weiagltapared
f lasticized f ' )
poa[@ﬂb%ﬁéeiﬁ]m o ASHEIC IS %@fgﬁgﬁgggﬁ?\% 309 ERRMS ﬁldﬁé

plasti sS at a con emperature an

predesneilta iy 2zt lead iagchickaingde1D Siedpe, dhe, Bivdrgf@gents may be

producing rect I S.Of f rd DAy ' ickne
0 U BB o R e e s ey

thebexpassaned aitben ais feealike arsmcldasd teampplesurEsnigadise foams,

pre, ; ToreTiall i d :

et e R e O S e RIS comaiper

extRotatedidét-feases stivh emttine ouiltisice ianbdeedigytofaRefdani 3™ x 15

remain substanii unch d and, substantially free of ruptured cells at
arﬂw%e%?t%% ﬁﬁm ;cg?gg?‘%%ebcgﬁ aet&r‘tr)(l%gp E%ﬁﬁ”&@s@u‘?‘é' and (6)

35recovering the extruded foam body. When preparing foams, it is often
desirable to add a nucleating 20agent or other additives into the resin.
Nucleating agents serve primarily to increase cell count and decrease cell
size in the foam, and may be used in an amount of about 0.1 to about 10
parts by weight per 100 parts by weight of the resin. Typical nucleating
agents comprise at lease one memb P selected from the group consisting
of talc, sodium bicarbonate- 25citric acid mixtures, calcium silicate, carbon

dioxide, among others. In one aspect, the foaming amount of the blowing
aneant ic in the ranace nf from ahoniit 1o abhoi it 20 weicadht nercent haced nn

S LSLEEF




20 square feet (0.19 to 0.74 square meter) and a density of from 6 to 15
pcf (96 to 240 kg/m3). Such foamed products are more fully described by
Stockdopole and Welsh in the Encyclopedia of Polymer Science and
Engineering, vol. 16, pages 193-205, John Wiley & Sons, 1989; hereby
incorporated by referenkXapané 4t felvisogyemiivate dfaimethods
disclosed and claimed herein can be made and executed without undue
exgerimentation ihrb%g{&' akihe prr]esent discl(;)surebV\éhile tp&ggwgil IH nz
an s of this dis e hav n described in térms qf_preierre
emb:)g(ﬁoﬁgﬁctseglf %Si%r e°§(§3§£%‘ﬁ“%°ﬂ?§§“e of skill in the art that \Variations
may be applied to tf?é%bompositions and methods and in the steps or in
the sepplesicrapt stefastaiit{imimehod gscribed herein without departing

fromghieseRRCeinsRis bANkSFRRE:A! #7@ present disclosure. Moye

specifically, it will bﬁfé‘_ﬁ ent that certain agents which are chemically

related may be substituted for the agents described herein whité the
same ofi‘%ﬁmﬁ%ﬁﬁfﬂmﬁﬁé’% Bved. AU such similar substitutes
and medifleatiomshpirhen tetdiesskitted in the art are deemed to be
within the spirit, scopsr 8md concept of the present disclosure as defined
by t ' EX The present disclosyre is
furt@%%ﬁﬁ%%%%@oﬁ%%ﬁﬁ%gﬁ e(s:.- It should be understggd that
these Examplee srhiiTMdIe A5threferred embodiments, are given by
way of MelgheliensmylyPhenilisnsyabatee 10discussion and thesto
Examples, onsosyater iwib® ssbrcan ascertain the 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.
EXAMPLEAl u@spntesslis except the isocyanate were premixed as a B-side.

1,1, VANE {-2- F14E) Synthesis of |

S e el e o (AR N B P 300 ke st B s aiapical
3,3,@%%%@%@%@(%.6%%!%6%@ waxmf &idm‘stpcaéﬂéwimb a closed
H t 0oC

LM S AhEANE BB Sn R o St When
progcedvas toetied 2 reampnwpesatutdrdkhaiaboyeerattiiomorRiRd foam,

then ropoeiel QoUW GBS Pt KSITT)

103, 3 demiticroprope ex dephionaliyfine el sbactore|ratdsreassiibe

were oo s o SRR Th 1 R e e
(524nifmhhighly Glessel el shvetsitmarfcOASDEHACHNGE 200 R DEmicrons

C4 | ) : aea ara e
adcﬁgn@%“w%ﬁnﬁ : "' L N Keectmye 4 Al
coninstlatian wabaekBadibtipviars cobasoradcastidieat (Bherftesiconductivity

contal [ [ (95 ml). KOH (303.7 Q.54 mal .
18 ety TIo0 RS AT o AR A D Bt B
Watﬁg%:"&rietﬂ/\rhbahM&iﬁﬁérahdectbhtiﬁﬁmt@.ugh a 6" column filled with
glass helices. The product, F14E (173.4 gm, 76%) boils at 78.2C. It was
characterized by 19F NMR (8 -66.7 (CF3, m, 3F), -81.7(CF3, m 3F),
-124.8 (CF2, m, 2Exanmpié 5. (E6RuretREdeaPdul PR Fezn?, m, 2F))
1H NMR(8 6.4-6) 4 form-d solution. EXAMPLE 2_ Synthesis of 1,1
1,225 5,6,@i 7,7, &rﬁ -,gégrrgdecaﬂuorooct-:%-ene (F24E)%€H%$¥§?éﬂm
CAFSETIEIYESPS B e RAIRAM PR de (220 gm, 0.895 mdK8 and
3,3,4,4,5,5,6,6,6Mammaifuis®hex-1-ene (123 gm, 0.50 mole) were added to
a 400 mettastetnyadibhisfraker isbeoand heated to 200C for 10afpurs
under autogenous pressure. The product from this and two others carried
out under similar conditions were combined and washed with two 200 mL
15 portions of 10 wt % aqueous sodium bisulfite. The organic phase was
dried over calcium chloride and then distilled to give 277.4 gm of
CAF9CH2CHICF3 (79-81C/ 67-68 mm Hg) in 37% yield. Conversion of
C4FgCHICH2C2F5 to F24E 20A 1LYbund bottom flask equipped with a

mechanical stirrer, addition funnel, condenser, and thermocouple was
charged with C4F9CHICH2C2F5 (277.4 gm, 0.56 moles) and isopropanol

(717 Q@ A\ The addition fiinneal wace charned with a enlirtion of notacceiinim




1

-k

0

30 distilled at atmospheric pressure. The product, F24E (128.7 gm, 63%)
boils at 95.5C. It was characterized by 19F NMR (5 -81.6 (CF3, m, 3F), -
85.4(CF3, m 3F), -114.7 (CF21 m, 2F), -118.1 (CF2, m, 2F), -124.8 PPm

(CETyir 1,--111,216.1gIFFSind %F;m, 2F)) and 'H NMR {86.48) in
chlo}-é‘fg‘g}%@éfﬁ%?ﬁkéﬁ%mﬁfé% Synthesis of CF3CH:C{H%?:F(CFa),2
Synthesis of CF3B#WEEBICF(CF3)2  (CF3)2CFI (265 gm, 0.9 moles)
and JshidriathyaiepropetaEikGaalys0.45 moles) were added# a 400 ml
Hastelloy shaker(gg%aaﬁrggl heated to 200C for 8 hours under autogenous
pre%yr%, Wr]ic lj}ncareasetg‘j_stc())d‘.?li 10acré](aatximum of 585 psi. The Bré)duct was
colle I SATTES y{er'r’ﬁ“|f5‘8rature fgglve ilo gm of (CF3)2CFCH2CHICF3
(76- 7T RIB AP YARIEIGYRIBNT SRV ersion of (CF3)2CFCH2CHICF3 to
F131E (CF3)2CFCWaEHICF3 (109 gm, 0.28 moles) was slowly added 15

dransviss Meeaddiion spel tetandsifiamnl round bottom flask heated to 42C
equipped with stir nected to a short path distillation column
and dry icepte?'z}ﬁf:i‘.ln ?%ﬁ%ﬁ%ined isopropyl alcohol (50 mli KOH (109
gm, 1 RRYRISnS RAVRIRMVISBRYFBEDuring the addition, the t&¥nperature
increased fravncg@nsesB@pARBY refluxing for 30 minutes, the temperature
20 in the flask increased to 62C. Product was collected, washed with

water, dried with MgSO4 and distilled. The product, F131E (41 gm, 55%),
boils at 48b0enpRNRAL @XFaRtdNS d06Y AVERWRIG R IEERS M Hejde.

-WH&%%%@E&(@& Gl thsthadaislarianpasusatitianmechanical
25POLYISOCYANATE-BASED FOAM EXAMPLES To demonstrat

effelfreeiesd %ﬁ@ﬁ%af@@fﬁ?&‘@é&%i?ﬁ|80\Hﬁtjr§d’éﬁ%s?13‘df?9rl§ﬁ?aﬁ&%se‘5
ang|nRIMSPS YABIH R PRD RAEHIES Were M ABHBSWRUNRNSKBENE I WEIRY

the two basic %?,I&/’urethane foam formulations described in ExamFIe 4 and

Exanipth 8 helvl Hhd Bl samplayersridiore e garedl{hprarided inam.
the polyohgyB:sidesiomemns VRess o8 Be MR AE esbeaithara®)

gbgqf?r
free-rise or molded samples. For free-rise foams, the reaction mixture is

pofiRasito@d Gharorbaal siahsaiDesai ik Eid coanRRRMB RIS Hand
regetion e e dnBRINEE, Btame RG] ?H&bpﬁéﬁﬁ%mﬁ@@%&ﬂ X
(0]

38.1 cm) heated aluminum mold. 35 "Example 4: Polvisocvanurate Foam

CorhRuiRch ARSI WHAHY SmeskesichUGRITBo R ESIBE RGO BS-208

25 ' i ; j t
M O i) Uty LB aciesRyFoXamee

(direRmahtrendeaiivdeteiair! insusiianivalvewasneasEatBist
(DABSANEM 28D miflkirfiid) 200k QoreperRemtens LAMEH8r thermal
143Bmzz) (Blowing Agent) polymethylene polyphenylisocyanate190
isoeQaAuesyith sy 887 %&m@éﬁfé&aﬁﬂmig@mﬁm@f&&ﬂ), :
premixed as a B-side. 5 The isocyanate (A-side) was then added and
mixed with a mechanical stirrer for 10 seconds. The foam reaction mixture
was poured into a clos GBENSinT StiBEOEYEMHAER reallt 100F and

allowed to expand. When cured, a 1" X 1" X 12" sample was cut from the
core of the molded foa#RMBREMBre sample was about 2.2 pounBafigdy Weight

(PGhoiatR-gok@ar? hdfgilensity, had an exceptionally fine cell structure,
angStepaapaitl Ribeazignally stable. Magnified photographs of the foadha

showed a uniform, highly closed cell structure and cell sizes about

Zogm Ysing a LaserComp FOX 304 Thermal Condugiyiy
Meternitial inStlation value (R-value) was measured at 7.4/inch (thermal

CONREI octanoate catalyst

{Hexcem 877) 0.8
Tris-2,4,8-(dimethylaminomethyl)phenol/Bis(di-

methylaminomethylphenol caialyst 0.15
{Dabeo TMR 30)
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15 of 19.5 milliw/(mK) at a mean temperature of 24.0C or 0.135
BTU-in/hrft2-F at a mean temperature of 75.2F). Example 5: Polyurethane
Pour-in-Place Foam ComponentParts by Weight sucrose/glycerine

initiated polyether polyol140 (Voranof(r) 360) silicone surfactant (Witco
L-6900)3.0, 111 34ANritigthyldjab)VeiFiliinine catalyst1.7 (Polycat 8)
pem&g‘gﬁ@@%ﬁ%ﬁq&gﬁﬁ&%ﬁmA (Polycat 5) 2-Methyl(n-meshyl
amino b-sodium acetate0.5 nonyl phenol) catalyst (Curithanee 52)
Warelyatiglend pghyihbemtidotyandid SobyBrattdfapidro-2-70 pentene 99 ‘
(H Fs@)l438mzz) polymethylene polyphenylisocyanatel169 isocyanate '(%ap

ie 27) All components except the isocyanate were premixed as a B-side. :
The isocyall SSRGS HRCHRIINRI RS SRBIA W R Wed Rh R & -side.

stimedesddyanaanda-sids) RagRac HaREaPEHEEHAAT RANEROBH AR E0s6d

5 aluminum mold warmed tg about 100F and allowed to expand.

Wh
cursREANEe K Peyiopsm SeaiienRETen A dlovse B ive ﬁﬁbﬁh@meégﬁr- The

5 Thelewringaigelt wikcabaul HpnBsdite(BRE Td8mOdHES ARSI D 0am
ad a good cell,strlé%m%ﬂ%ugh it did contain some voids, and remained
. |

h !
dinPSEEH 4RSS 1aY egsStRRpHe st rmeNRAtS BN GRlleguere not
unipiim i ghitRoSeE cel3BrigHIERIRS MEIRY Hirl Rislanasshee bstzasiyst

about 200-30Q mjicro sé4). Using g LaserComp FOX 304 Thermal
CoW@ﬂi@th%ae‘?? ﬁ?ﬁ ?ﬁﬁ%é‘%’%ﬁ%’alue was measured at 4.9/inch (29.5

(bSt@heaiojmﬁﬁrﬁWﬂl)mw&mwefﬁew@@@ﬂfféaﬂg@d?%%%%?ﬁé&m
y Weiciht 14.4 0.42 Potassium pctanoate catalyst (Hexcem 977)0.
S P e B Ran TS LB AT ont than Gier typically used
meltiyleiminageetisy btene dacely SOLISITY dhahe BIBIdO yequires proper
mixing, but once mixed, they demonstrate a good affinity for the B-side,
15 and being somewhat insoluble, act to help seed small cell growth during

the foaming reaction.

This was observed in preparing the foam examples 4 and 5, above. In the
case of example 4, the blowing agent (HFC-1438mzz) was mixed in the B-
20  side until a mousse-like consistency was obtained. At that point, the
blowing agent was well dispersed in the B-side, with no loss upon sitfing at
room temperature. When this B-side mixture was foamed, it resulted in the
exceptionally fine cell structure described above, and contributed to the
high R-value. |
25
In example 5, the blowing agent was not mixed as thoroughly in the B-
side. In this case, voids were observed in the foam, but the cell structure
excluding the voids remained small and consistent. The resultant
insulation value was acceptable despite the voids, demonstrating that

30  these unsaturated fluorocarbons can improve cell structure and foam
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111,1,4,414 Hexafluooro-2-butene (HFC-1336mzz, Z-isomer) (Blowing
Agent)12.0 polymethylene polyphenylisocyanate isocyanate (Papi(r) 580)
22.5 All components except the isocyanate were premixed as a B-side.
The isocyanate (A-side) was then added and hand-mixe bou
se?éﬂﬂ@ﬂW?e@cﬁﬁﬁrﬁﬁ%ﬁré’?\qﬁg Q\Mﬁeﬁﬁ%gﬁp ﬁ%?"b%%ﬁﬁ(%
Thethdnpwing,agrnéanaenusivvitp e Baaitpafcrinamed the polymer.

Foam density was initially high because the catalyst amounts and ratio
were not optimal for the HFC-1336mzz boiling point, and the amounts of

catalyst were adjusterHBRIBRDEISERIETSFD ANEFAMPEEES Blowing
Agent Solubility Effect on Foam Cell structure These unsaturated

fluorocarbons offer an advantage of improved foam cell structure because
their solubility is different than othww blowing agents. Their
reduced sQ|ubility in.the B-side requir e mixed,
they dem r{‘ﬁr{gﬁ% &’Eﬁb‘a"ﬁm ? %Il‘r?é" §)§ tr e%@é@g@ éﬁhat
insghduturateiofueipsadsbarbithiel grgerits du rwngdbes‘mhmmgplmtmm
This was observed. in prepari e foam e an bove. Ip the
e S R SRS B S E g R R A it R T e e
10 20$tiamuré,aimQMIihsuﬂansnsteangemsicgmwmmnmanamm&m“hw.
blowing a nt W ersed the.B- s with no, loss u ing
~atroom te Rﬁ%#‘fﬁeé‘% %@Ilﬂ E’sof%amg(f oﬁ%iej g in
thetawdemlmaﬂ;d&ne@aippedmﬂe dﬁ&sdds@‘l&ticfme il atbomirioneed! fiwam, is
the h| g" e 25 (?e blowm ent meé{sénot ggegc da
thotls 3 ged I‘"I-ﬁ{ 0’(/%%? VV ?e O%X%rve oam, Y
but&h&mﬁlrs%btarel&xb@dmgmwmﬂwmmma&mﬁd baﬁm&rNXGDG
The result nt insulati Was ace ite th
15 o AEEIAY Tar o0 P e B e o) Wid o
struntgessidriosiicgiediadrties such as to overcome potential processing
difficulties that otherwise would detrimentally impact foam performance.
THERMOPLASTIC FOAM EXAMPLES 5 EXAMPLE 8 ‘The following
5 3 giptici ein e aisitipfing irsgamesd@asated fluorocarbon
blo ‘ﬁﬁ%&?%’)&ﬁlﬂgfww eth ICIIIIUpIdbLIb foam lrlbUIduR}ll, SPETIN aIIy a
polystyrere nsulation foam with fine unifor Mugw;%_qng_term
insq@ﬂ&ﬁ’%rﬁfi &8 y00d dimensional stabijlity. To of88uce pol styrene

foanBimsumsgenreter tkgdrbommercial tandem extrudef@®§uipped with die,
desi m@égemaﬁ@mmrqma@ IS used Such a mlgura’uor employs

a PE raary-extraderwith-a-shitaie—A Ly[~ vical
uc'féa’t’or concenf‘at"‘ AR Y ' '
polystyrene resin would' lf ell NX600 15deneral purpose. 2.5 melt

indbReaPRasiEIsien §esE4tPWould be maghesium sftiate talc. Table 4 -
Typiced pretruse(p@gerating Parameters Primary extrdd®¢ (rom) 70

XU R ASE AR TR 30 129
Die gap (mm) 1.0
Die width (mm) 100
Foam thickness (mm) 52
Foam widih (mm) 317
Foam density (kg/m®) 7 - 305
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Blowing agent rate (kg/hr) 46.5 Blowing agent concentration (wt %) 10.8
Nucleator concentration (wt %) 0.6 Secondary extruder speed (rpm) 4S
Die pressure (psig) 1484 Melt temperature (C) 129 Die gap (mm) 1.9 Die
width (mm) 100 Foam thickness (mg% 52 Foam width (mm) 317 Foam
density (kg/m’) 30.5 EXAMPLE 9 ple, polystyrene foam

sheet is prieEsEcE st ajRieAd vosRr e IPS IS RN Iagaent.

The polystyrene foam sheet is ultimately thermoformed into food service
pa&@&%, 1 Ty ecasbems A aIgWinGABRSLmER PRk TIsRa feam
FogheahRetliRaestyapdmsbTeeaes ionRkiansanpaxiising SkEeg

Foam.is extruded through an annular die, stretched over a mandrel about

4 tPAEO N5 HigSetE R SIERE HAdudaiesingie: sheet. 10A typical
formttlIatifg@rﬁ&@@ée%@@%?@ﬁféﬁﬁ%%ﬁd@ﬁéﬁﬁﬁon
unsatyrated, fluorocarbon blowing agent 1 to 4 wt. percent nucleatin
ag?%#ﬁ%‘ o%?srfwﬁr?é‘%fﬁ@f}&\%ﬂ&‘l@%%‘ﬁﬁ@é 1% BiFEITRRS BY2oto
15:8addndabuiind dirate thapisxdrriricd 000 BiLRISHDESiCHRsle
hour. Typical extruder conditions range from 1,000 to 4,000 psi (70.3

kg/% ' 281.3 kg/cm) and 200 F to 400 F (93.3 C to 204.4 C). The
blowing ageppremdentiatativinithe feed material will change depending on

the desiregLt i(?r?es (thicker product requires more blowing agent). Once -
the 20 poly/ fE%’r e spﬁégﬁnépﬁﬂ%ﬁf% ypitally aged between 3 days

to 2 week2 tD6riny fescimieuitdatatated fluwtisinowaiehongageame
blowing ag nt ermeatesg?ut of thﬁfoam at this time, but at a relatively

slow rate. 2 Af%’&gir.ga ,%%ﬁ n&?ggﬁtare thermoformed, producing
the desiretngy polysoremeahestt(s. fypiialy-skelidedtaine thighatas 6iG) to

300 mils and at a rate of approximately 1,000 pounds of plastic per hour.
Typical exiruder conditions range from 1,000 to 4,000 psi (70.3 kg/cm to
281.3 kg/em) and 200 °F to 400 °F (93.3 °C {0 204.4 °C). ‘The blowing
agent concentration in the feed material will change depending on the
desired thickness (thicker product requires more blowing agent). Once the
polystyrene has been extruded, it is typically aged between 3 days to 2
weeks, During this time, it is stored in rolls in a warehouse. Some
blowing agent permeates out of the foam at this fime, but at a relatively
slow rate. |

After storage, the rolis of foam are thermoformed, producing the desired
type of end-product (e.g., clam-shell containers, plates, etc.).

EXAMPLE 10
Experiments were conducted to assess the stability of HFC-1225ye for

thermoplastic foams. 1,2,3,3,3-pentafluoro-1-propene (HFC-1225ye), 1,1-
diflucroethane (HFC-152a) and 1,1,1,2-tetrafluoroethane (HFC-134a)
were all analyzed by GC/MS prior to the testing and were found to be
100% pure. Polystyrene, talc nucleator, a 1010 Mild Stee! Coupon, and
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EXAMPLE 10 Experiments were conducted to assess the stability of
HFC-1225ye for 30thermoplastic foams. 1,2,3,3,3-pentafluoro-1-propene
(HFC-1225ye), 1,1- difluoroethane (HFC-152a) and
1,1,1,2-tetrafluoroethane (HFC-134a) were all analyzed by GC/MS prior to
theaib ¥Ry hertarcie 2601 b BRI BIRSTa yétbinwing cgentanst held

1020 Milgrsoaldr 2 RN thealuds WA P BIPJYESSH broducts
o gty gl

vessel with blowing agent and held 24 hours. After 24 hours, the vessel
WaW%@)%diﬁmﬁlg'gﬁsﬁlﬁjg%‘iﬁJ@fSWE%lIected from the vessel for
analysis. GC/MS Analysis of Gases after Exposure to 260C for 24 Hours
Sample Number 24a 24b24c 32b 39¢c 32a39b 39d 22 24d 39a

Compaosition. if3E/ME: A ig ahEasgefiey Brpasusyie 2697Ripgzd dipurs
Mistron-PaBBIeiLEREL | #AeciRdb d #4g.| 32k h3gc [ 32a | 39b | 36d | 22 [24d | 3%
- ~ Composition in Wi%:
Polystyrene 90 | 80 | B7 { B7 | 87 : 87 | 87 |87 87 | B7 | 87
Mistron Vapor ‘ ‘ '
Magnesium Silicate 3 3 3 3 3 3
Talc
Safoam® FPN3
(sodium saits of
carbonic & 8 1.3 g
polycarboxylic acids)
HFC-1225ve - 10 1007 100 10 | 10 10 L 10 | 10
HFC~152a 10 | 10
HFC-134a : 10
é%LOp i\ﬂtd Steel X X X X X X X X X X X
Air X X X X X X X X X X
Blowing Agent Purity- 93. | 96. | 100
after Egpog.ure' Y >99.9% 4% | 7% | % >99.9%

The fest data show that HFC-1225ye was surprisingly as stable as HFC-
134a and more stable than HFC-152a under extrusion conditions.

The steel coupons from runs 32a, 32b and 24d were analyzed by
Electron Spectroscopy for Chemical Analysis (ESCA). Fluoride ions (F)
were cbserved on the surface of all coupeons, Estimated concentrations of
fluoride jon are shown in the table below. |

ESCA Analysis Results (unit: atom%)

Sample Number Blowing Agents Talc Fluoride ion
(atormn%)

32z HFC-152a Mistron 15

32b HFC-1225vye Mistron 0.3

24d HFC-1225ve Safoam 0.2

39d HFC-1225ve Mistron 0.3
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33 Safoam(r) FPN3 (sodium salts of carbonic & polycarboxylic acids)
333 HFC-1225ye 1010101010 1010 10 HFC-152a 1010

EXAMPLE 11

Experiments were conducted to assess the compatibility of the
unsaturated fiuorocarbons for thermoplastic foams. Polystyrene and talc
nucleator were heated to 260°C in a pressure vessel with blowing agent
and held 24 hours. After 24 hours, the vessel was cooled and a
polystyreﬁe sample recovered for thermal gravimetric analysis (TGA).
Weight loss versus temperature was compared for the polystyrene
samples heated with blowing agents to a contro! sample of starting ,
pol)}styrene material. The TGA analysis shows that blowing agent was
admixed in.the melt and the weight loss provides an approximation of the
amount of blowing agent that mix‘ed'in the meit. The data indicates

improved solubility for the unsaturated fluorocarbon blowing agent versus
current HFC products.

# | Sampie Biowing Agent Weight Loss@ 300°C
- Polystyrene Control None 0.7%
24z i Polystyrene 1,2,3,3,3-pentafluoro~1- 4.26%

‘propene
545 | Polystyrens 12.3,3,3-pentaiioro1- 55%
propene
38¢ | Polysiyrene + Talc 1,2,3‘3,3-pehtaﬂuoro-1- 5.38%
propene
38b | Polystyrene + Talc HFC-152a ' 2.44%
39d | Polystyrene + Taic HFC-134a 3.99%
3%a | Polystyrene + Safoam 1,2,3,3,3-pentafluoro-1- 4.79%
propene
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HFC-134a
XXX XXX

10 1010 Mild Steel Coupon x X X X X X X X X X Air X X X X

CLAIMS

1. A method of forming a polyisocyanate-based foam comprising:

reacting at least one organic polyisocyanate with at least one polyol in the

presence of a biowing agent having reduced solubility in said polyol, wherein said

blowing agent comprises at least one fluorocarbeon or hydrofluorocarbon selected

from the group consisting of;

(i)

(it}

a hydrofluorocarbon having the formuta £- or Z-R'CH=CHR?,
wherein R" and R? are, independently, C4 to Cg perftuoroaltkyl
groups; and

a fluorocarbon or hydrofiuorocarbon selected from the group
consisting of CFaCF=CHF, CF3CH=CF,, CHF,CF=CF;,
CHF2CH=CHF, CF3CF=CH,, CF3CH=CHF, CH,FCF=CF,,
CHF,CH=CF,, CHF,CF=CHF, CHF,CF=CH,, CF3;CH=CHo,
CH3CF=CF3, CHFCH=CF;, CHoFCF=CHF, CHF,CH=CHF,
CFaCF=CFCF3, CF3CF,CF=CF3, CF3CF=CHCF3;, CF3CF,CF=CHj,
CFaCH=CHCF3;, CF3CF2CH=CH,, CF,=CHCF,CF;,
CF,=CFCHFCF3, CF,=CFCF,CHF,, CHF;CH=CHCF3,
(CF3)oC=CHCF3;, CFaCF=CHCF,CF3, CFCH=CFCF,CFj,
(CF3)oCFCH=CH,, CF4CF,CF,CH=CHj,, CF3(CF3}3CF=CF3,
CF3sCF,CF=CFCF,CF3, (CF3),C=C(CF3)2, (CF3),CFCF=CHCF3,
CF,=CFCFCHyF, CFy=CFCHFCHF,, CHy=C(CFa)s,
CHaCF,CF=CF,, CHFCF=CFCHF,, CHFCF,CF=CF,,
CF=C(CF3)(CHg), CHy=C(CHF2}(CF3), CH=CHCF,CHF3,
CFo=C(CHF2){CH3), CHF=C(CF3}(CHgs), CHy=C(CHF3)s,
CF3sCF=CFCH3;, CHaCF=CHCF3;, CF;=CFCF,CF,CFj3,
CHF=CFCF,CF,CF3, CF,=CHCF,CF,CF3, CF,=CFCF.CF,CHF,,
CHF,CF=CFCF,CF;, CFaCF=CFCF,CHF,, CF3CF=CFCHFCF;,
CHF=CFCF(CF3);, CFo=CFCH(CF3);, CFaCH=C(CFa)s,
CF;=CHCF(CF3)2, CHy=CFCF,CF,CF;, CHF=CFCF>CF>CHF,
CHz=C(CF3)CF,CF3, CF2=CHCH(CF3);, CHF=CHCF(CF3) 5,
CF,=C(CF3)CH,CF3, CHp=CFCF>CF,CHF,, CF,=CHCF,CH.CF3,
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X Blowing Agent Purity after Exposure >99.90/0 93. 4% 96. 7% 100 %
>99.9% 5 The test data show that HFC-1225ye was surprisingly as stable
as HFC134a and more stable than HFC-152a under extrusion conditions.
The steel coupons from runs 32a, 32b and 24d were analyzed by Electron
Spectroscopy for Chemical Analysis (ESCA). Fluoride ions (E) were
observed on the surface of all coupons. Estimated concentrations of 10
fluoride ion are shown in the table below. ESCA Analysis Results (unit:

atom%) Safrifae NifrBEridwah ¢ RaerECHAE Filw feldfich H @i drion).

32a HFC-162amdisiean dF.),, I20HFCc225ye MISOAHCF,CHFCF,,
CH,=C(CF3)CHyCF3, (CF2),C=CHC,Fs, (CF3);CFCF=CHCFs,
CH2=CHC(CFa)3, (CF3)2C=C(CH3)(CF3), CH,=CFCF;CH(CF3).,
CF3CF=C(CH3)CF4CF3, CF3CH=CHCH(CF3)s,
CH=CHCF,CF,CFCHF;, (CF3)2C=CHCFCH;,
CHp=C(CF3)CH:CoFs, CHa=CHCHCF,CoF s, CHa=CHCH2CF2CoF s,
CF3CF2CF=CFCoHs, CHp=CHCH,CF(CF ).,
CF3CF=CHCH(CF3)(CHa), (CF3),C=CFCoHS, cyclo-
CF2CF2CF2CH=CH-, cyclo-CF,CF,CH=CH-,
CF3CF2CF2C(CH3)=CHy, CF3CF2CF2CH=CHCH3, cyclo-
CF,CF,CF=CF-, cyclo-CF;CF=CFCF,CF -, cyclo-
CF,CF=CFCF,CF,CF,, CFaCFoCFoCF,CH=CH,,
CF3CH=CHCF,CF3, CF3CF,CH=CHCF,CFs,
CF3CH=CHCF,CF3CF3, CFsCF=CFCoFs, CFaCF=CFCF,CF2CoFs,
CF3CF2CF=CFCF)CF s, CFaCH=CFCF,CF,CoF s,
CF3CF=CHCF,CF2CoF s, CFaCF2CH=CFCF,CF 5,
CF3CF2CF=CHCF2CoF 5, CoF sCF2CF=CHCH3, CoFsCF=CHCH;,
(CF3)2C=CHCHs, CF3C(CH3)=CHCF3, CHF=CFC,Fs,
CHF,CF=CFCF3, (CF3),C=CHF, CH,FCF=CFCFs,
CHF=CHCF,CF3, CHF2CH=CFCF3, CHF=CFCHFCF,,
CF3CH=CFCHF,, CHF=CFCF,CHF;, CHF ,CF=CFCHF,
CHoCF=CFCF;, CH,FCH=CFCF3, CH,=CFCHFCFs,
CHp=CFCF,CHF;, CF3CH=CFCH,F, CHF=CFCH,CF;,
CHF=CHCHFCF3, CHF=CHCF,CHF;, CHF,CF=CHCHF,
CHF=CFCHFCHF3, CFsCF=CHCH3, CF,=CHCF,Br,
CHF=CBrCHF;, CHBr=CHCF3, CFsCBr=CFCFs3, CH;=CBrCF,CFs,
CHBr=CHCF2CF3, CH2=CHCF,CF,Br, CH,=CHCBIFCFs,
CH3CBr=CHCF3, CF3CBr=CHCHs, (CF3),C=CHBr,
CF3CF=CBrCF;CFs, E-CHF,CBr=CFCoF s, Z-CHF ,CBr=CFC,Fs,
CF,=CBrCHFCyoF s, (CF3),CFCBr=CH,, CHBr=CF(CF2).CHF,
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0.3 24d HFC-1225ve Safoam 0.2  39d HFC-1225ve Mistron 0.3
EXAMPLE 11 Experiments were conducted to assess the
compatibility of the unsaturated fluorocarbons for thermoplastic foams.
Polystyrene and talc 5 nucleator were heated to 2600C in a pressure
vessel with blowing agent and held 24 hours. After 24 hours, the vessel
was cooled and a polystyrene sample recovered for thermal gravimetric
analysis (TGA). Weig%%t loss versus temperature was compared for the

polystyrené-$kmpRE e St e biolfhgBiehts forkecHtBItanle of
starting 10 @typioRCHaiRal e B0 anplisic ehoue et Bieyiogrr,

agent was admixed in the melt and the weight lo rovides an

approximatiore 5HHE Bzt B SRy SR Mt &t Wke8 e e melt. The

data indicaGs;DROFeOBeiahiihafer tewsatcaediomearbon blowing
agent versus curre 11F% roducts. 15 Sample Blowing Agent Weight
Loss@ 20005154 §iei L HRIIROREETFA SA5IHRSYiBa@gent s less

1,2,3,3,3-pthanfliilo-1-

2. The method of claim 1, wherein the biowing agent is CFsCH=CHCF,
CF3CH=CHCF5, CF3CH=CHCF;CoFs5, CFyCH=CHCF(CF3);, CoFsCH=CHC,Fs,
CF3CH=CH(CF2)3CF3, CF3CH=CHCF,CF(CF3),, CF3CH=CHCF(CF3)CaFs,
CF3CH=CHC(CF3)3, CoFsCH=CHCF;CF 5, CoF sCH=CHCE(CF3),,
CF3CH=CH(CF2)aCF3, CF3CH=CHCF,CF,CF(CF3) 3, CF3CH=CHC(CF3),C2Fs,
CaoF sCH=CH(CF2)3CF3, CaF sCH=CHCF,CF(CF3), CoF sCH=CHCF(CF3)CoFs,
CaFsCH=CHC(CF3}3, CoF sCF2CH=CHCF,CoF 5, (CF3)eCFCH=CHCF(CF3),,
CaF sCH=CHCF(CF3)z, CFaCH=CH(CF2)sCF3, CF3aCH=CHCF{CF3}(CF2),C,Fs,
CF3CH=CHC(CF3)2CF2CoF s, CoF sCH=CH(CF;)4CF 3,
CoFsCH=CHCF,CF2CF(CFa)s, CoFsCH=CHC(CF3)2CoFs,
C2FsCFCH=CH(CF2)3CF3, CoFsCF.CH=CHCF,CF(CF3)s,
CoFsCFaCH=CHCF(CF3)CaF s, CoFsCFaCH=CHC(CF3)s,
(CF3)2CFCH=CH(CF2)3CF3, (CF3),CFCH=CHCF;CF(CF3),,
(CF3)2CFCH=CHCF(CF3)CyF s, (CF3);CFCH=CHC(CF3)s, CoFsCH=CH(CF,)sCF3,
CzF5CH=CHCF(CF3)(CF2)2CaF 5, CoF sCH=CHC(CF3)2CF,CoF s,
C2FsCFCH=CH(CF2) 4CF3, CoF sCFoCH=CHCF,CF,CF(CF3),,
C2FsCF2CH=CHC(CF3)2CaF 5, (CF3),CFCH=CH(CF,)4CFs,
(CF3)o,CFCH=CHCF,CF2CF(CF3)y, (CF3)2CFCH=CHC(CF3)2CaFs,
CFa(CF2}sCH=CH(CF3)3CF3, CF3(CF2)3CH=CHCF,CF(CF3) 5,
CF3(CF2)3CH=CHCF(CF3)C2Fs, CF3 (CF2)sCH=CHC(CFa3)s,
(CF3)2CFCF2,CH=CHCF;CF(CF3)2, (CF3)2CFCF,CH=CHCF(CGF3)CyFs,
(CF3)2CFCF2CH=CHC(CF3)3, CoFsCF(CF3)CH=CHCF(CF3)CoFs,
CoFsCF(CF3)CH=CHC(CF3)3, or (CF3)aCCH=CHC(CF3)s.
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propene 4.26% 24b Polystyrene 1,2,3,3,3-pentafluoro-1- propene 2.5%

39c Polystyrene + Talc 1,2,3,3,3-pentafluoro-1- propene 5.38% 39b

Polystyrene + Talc HFC-152a 2.44% 39d Polystyrene + Talc HFC-134a

3.99% 39a Polystyrene + Safoam 1,2,3,3,3-pentafluoro-1- propene 4.79%

CLAIMS 1.A method of forming a polyisocyanate-based foam comprising:

reacting at least one organic polyisocyanate with at least one polyol in the

5 presence of a blowing agent having reduced solubility in said polyol,
3.wheréhegartmewihglaigent vhwrsiséscablmabigpagdhtarocariass @t ieast one

t isting of:.(i) a~_

RSt e ey S AR e oo
Chafazs Hie, Giusierelnt - Cf1: (- B bt flGdidalkii =20gFtp < By HETDAI CF 3,
7k Q n selegted.to C isting of

O O e R iy e ey el ELEEHRAER
CatdcEE Sz, EFTcHERHEC O RCE- ST RE R HGER £-
CprCHocE, CLPECE O ChE ek, CACE ICF LR
C%&éﬁéﬁ; %@%E&ﬁ%@%@%s@ﬁz‘éﬁ%@f CF3CHEEHCF3,
CIGEIGERCHzCH2, CF2=CHCF2CF3, CF2=CFCHFCF3,

CF2=CFCF2CHF2, CHF2CH=CHCF3, (CF3)2C=CHCF3,

CF3CF=CHCF2CF3, CF3CH=CFCF2CF3, 20(CF3)2CFCH=CH2,
4.CF30R2Ort -t Rin A3 (@3¢ Frib dwGiRsdeC R EERIGHSHCF,, Z-

O P URFCHIS, S0 47 ot AEF=CH alrcr=cronr?,

CH2FCF2CF=CF2, CF2=C(0F3)(CH3), 0H2=C(CHF2)(OF3),

z. Fggg%%%%@%?%?ﬁ%%&i@éﬁ DB Ut B Bh=chicr,, &
3 - FelFg3 Or Z-CF;;CH—CHCFQCFg.

B. The method of claim 1, wherein said at ieast one polyol is a polyester
poiyol.

7. The method of claim 6, wherein said polyester polyol is prepared by
reacting a carboxylic acid with a polyhydric alcohol.

8. The method of claim 6, wherein said polyester polyol is preblended with
the blowing agent to form a stable premix.

9. The method of claim 8, wherein the stable premix is mixed to form a

mousse-like consistency.

10.  The method of claim 1, wherein the at least one polyol is prebiended with

the blowing agent before reacting with at least one polyisocyanate.
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CF3CF=CFCH3, CH3CF=CHCF3, CF2=CFCF2CF2CF3,
CHF=CFCF2CF2CF3, CF2=CHCF2CF2CF3, OF2=CFCF2CF2CHF2,
CHF2CF=CFCF2CF3, CF3CF=CFCF2CHF2, CF3CF=CFCHFCF3,
CHF=CFCF(OF3)2, 0F2=CFCH(CF3)2, CF3CH=C(CF3)2,
30CF2=0HCF(CF3)2, 0H2=CFCF2CF2CF3, CHF=CFCF2CF2CHF2,
CH2=C(CF3)CF2CF3, CF2=CHCH(CF3)2, CHF=CHCF(CF3) 2,
CF2=0(CF3)CH2CF3, 0H2=CFCF2CF2CHF2, C F2=CHC F2C H2C F3,
1cr3dhe @ gRineiibvehecain dsspeivoliplowing ageriyend contains
at felHCid 50 (WFER) BidwhinCduert Ohabd eiigrCbieReeEnGF 3olyol and
CH2=C(CF3)CH2CF3, (CF3)2C=CHC2F5, (CF3)2CFCF=CHCF?3,
bIWINE-B9%BYCF3)3, (CF3)2C=C(CH3)(CF3), CH2=CFCF2CH(CF3)2,
5CF3CF=C(CH3)CF2CF3, CF3CH=CHCH(CF3)2,

12GHo LG CIAEHBL IR L RAERSDSbE s o581 BEeosiae

atl ER3CHFRCIEFG 24thyiGiH2gE8HAIH &G E33Zptal weight of polyol and
-3CF=CHCH(CF3)(CH3), (CF3)2C=CFC2H?5, cyclo-
bi‘%@g& {CE2CH=CH-, cyclo-CF2CF2CH=CH-,
CF3CF2CF2C(CH3)=0H2, CF3CF2CF2CH=CHCH3,
130 A B G B A AR R ro ¥ comprising.
CF2CF=CFCF2CF2CF2, CF3CF2CF2CF2CH=CH2, CF3CH=CHCF2CF3,
CF3GH btendics ereaxt Dnesesrne ARt pideast ppe plovdrsegent kders a B

sic@ﬁﬁ&ﬁ?&%’é?&?gga%—?@ﬁﬁ%% 3&':069{?3@5&(:3'5 drofiuorocarbon
CF3CH=CFCF2CF2C2F5, CF3CF=CHCF2CF2C2

selepise FRTHEE BERPEPsIERg e R HLE TR 4, FaCF=CHF,
CFGRFSCR2GEEEHIHHE GRFECR7OHH (ERS2CASHIGHS, Z-

CroRBFCRLERSt ol QI CHARo Gl CHFOEHEE RGBT O Cs £

CREIF=CIFCHFEET, CH3OHSPRCHE Z- OHERHOERAGEF 2, E-

Cr a2 CRERFCry CTaCCroRacH, CRICHECRCRDIST Z

CH8R=CFCHECE3: 258 F=CHCHECE 33 @HFCCHITFITHRI2CF;; and

CHF =CE E —CE C EF= 3 . .
o e & e R 2 e TS wneggin i 4
sidg 2 DR CRPCISCGH Bragt Id OF 2 GR3 A DA G EGTH 2B,
CH2gAHGRRE %b%Hﬁ&ﬁﬂr‘;ﬁz'g&EﬁﬁQ%ﬁ%EF&&G alfehtesCiHER
1080CF3CF=CBrCF2CF3, E-CHF2CBr=CFC2F3, Z-CHF2CBr=CFC2FS5,
CF2=CBrCHFC2F5, (CF3)2CFCBr=CH2, CHBr=CF(CF2)2CHF2,
CH2=CBrCF2C2F5, CF2=C(CH2Br)0F3, CH2=C(CBrF2)CF3, ,
14crIperenet psialarsvhereit thed? sidsmpdwreferthecasiprises at
Ie%gaggiggzmcs Hc??er%?%@ggﬁﬁé&é%%{ﬁ@w&mponen% is s?aiectled
r=_C, , an r= ; and wherein the globa
froaihi é%‘&&ﬂﬂﬁﬁ%‘f*ga?g RS aﬁ&g'g??%ﬁ%@%ﬁﬁﬁe?%r@‘ﬁh8"%%%’@3%?5s
coldding iatdrereiratitoRiowity ageitrsngREIBHs CHER3 2BF3G - =gEIEE Fnd
CEBCEP:C {CE2COF5, CF3CH=CHCF(CF3)2, C2F5CH=CHC2F5, 10
OB AIEFY)3CF3, CF3CH=CHCF2CF(CF3)2,
CF3CH=CHCF(CF3)C2F5, CF3CH=CHC(0F3)3, C2F5CH=CHCF2C2F5,

C2F = =C . .

15 oLt Sl 4 et M el s present in a range of

frogpaBHeE HGHRR8 OR3E2REERECHEF 28F (eHS)Ry weight of polyol.
C2F5CH=CHCF(CF3)C2F5, C2F5CH=CHC(CF3)3,
C2F5CF2CH=CHCF2C2F5, (OF3)2CFCH=CHCF(CF3)2, 15
C2F5CH=CHCF(CF3)2, CF3CH=CH(OF2)5CF3,
CF3CH=CHCF(CF3)(CF2)2C2F5, CF3CH=CHC(CF3)2CF2C2F5,
C2F5CH=CH(CF2)4CF3, C2F5CH=CHCF2CF2CF(0F3)2,
C2F5CH=CHC(CF3)2C2F5, C2F5CF2CH=CH(0F2)3CF3,
C2F5CF2CH=CHCF2CF(0F3)2, C2F5CF2CH=CHCF(CF3)C2F5,
C2F5CF2CH=CHC(OF3)3, 20 (CF3)2CFCH=CH(CF2)30F3,
(CF3)2CFCH=CHCF2CF(CF3)2, (CF3)2CFCH=CHCF(OF3)C2F5,

(CF3)2CFCH=CHC(CF3)3, C2F5CH=CH(CF2)50F3,
CIO2ERCH=CHCE(CERA(CEN?C?2EER C2EECH=—CHC(CE_A?2CE2C2FER
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6. The method of claim 1, wherein said at least one polyol is a polyester
polyol. 7. The method of claim 6, wherein said polyester polyol is
prepared by 20 reacting a carboxylic acid with a polyhydric alcohol. 8.
The method of claim 6, wherein said polyester polyol is preblended with
the blowing agent to form a stable premix. 25 9.The method of claim 8,
wherein the stable premix is mixed to form a mousse-like consistency.
10.The method of claim 1, wherein the at least one polyol is preblended

18vith tHeeorstivg 8 elriveldravbarminghwisvderiast sne fmldsocselithte. 30
orghrdgiBapib edRps|ain %W@W%ﬁ@%ﬁ@é‘%ﬂ@%‘?% ?ﬁ%@éﬁ%ﬁng’iﬁ?ho}’ a

contains at least 1 to 50 wt.% blowing agént, based on weight o
A PRI AHENRIRMNS saltrpeariashaincdn atio mdmanter. an
alpplyolibltiywgergenbhlangicamainmaldeast. 1 to 25 wt.% blowing agent,

based on the total weight of polyol and blowing agent. 13. A method of

producing polyisocyanate-based foams, comprising: 10(a) blending at
1Teast tremethotiaidtaitedsiwinadiomiaaaeast §adosra i SR B ate,

e esi Ranne g sqapleea. usliaiaae selsedon

E-CF3CH=CHF, Z-CF3CH=CHF, E-CF3CH=CHCF3, Z- CF3CH=CHCFS3,

-C = -CF3CH= F3,E-CE3CF=CFCF3 Z- 15 .
e RO, B R S R e e s pRngo n e
PresFRe pLeHerst oF3 cat@FdCF=CHCF2CF3, E-CF3CH=CFCF2CF3,
ZCF3CH=CFCF2CF3, E-CF3CF=CFCF2CF3, and Z-CF3CF=CFCF2CF3;
and (b) reactigf said B side mixture with an A side mixture, wherein

n

1%aid AhgdasinieeLpé egiipiiBewhereistionat irgahtnpaigtetysidaaresent in a

radgeberintasalobal wasm i id ot i n
%%o. ot TS as i bF

P Sﬂlrprises at least one auxiliary component, said at least one auxiliary
component is selected 25 from the group consisting of catalysts,
surfactants, fire retardants, preservatives, coloring materials, antioxidants,
reinforcing agents, fillers, antistatic agents, and combinations thereof.
15. The method of claim 14, wherein the surfactant is present in a range
of 30 from about 0.2 to about 5 parts surfactant per 100 parts by weight of
polyol. 16.The method of claim 14, wherein the surfactant is a liquid or
solid organosilicone compound, a polyethylene glycol ether of a long chain
alcohol, a tertiary amine or alkanolamine salt of a long chain alkyl acid
sulfate ester, an alkyl sulfonic ester, or an alkyl arylsulfonic acid. 5 17.
The method of claim 1, wherein the at least one organic polyisocyanate,
the at least one polyol, and the blowing agent are blended simultaneously.
18. The method of claim 1, wherein the reacting step is performed in the
10 presence of at least one catalyst. 19. The method of claim 18, wherein
the at least one catalyst is present in a range of from about 0.1 to about 5
parts catalyst per 100 parts by weight of polyol. 15
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