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foam Il foams are also of commercial interest, for example in
pro"&ﬁ@%éji?gﬁé ChE &8 dallaasnRies. U.S. Patent 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 thermoplastic foams which cah be employed in various
absorbency applications. Open- cell foams have also found application in

evacuated or vacuum panel technologies, for example in the production of
avaciiated incrilation naneale ac daceribed in 1] K Patent R Q77 271
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10Multimodal foams are also of commercial interest, and are described,
for example, in U.S. Patent 6,787,580 (Chonde, et. al.) and U.S. Patent
5,332,761 (Paquet, et. al.). A multimodal foam is a foam having a

multimodal cell size distribution, and such foams have particular utility in
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CHF=C(CF3)(0113), CH2=C(CHF2)22 CF3CF=CFCH3, CH3CF=CHCF?3,
CF2=CFCF2CF2CF3, CHF=CFCF2CF2CF3, CF2=CHCF2CF2CF3,
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Comprising Unsaturated Fluorinated Hydrocarbons' 15 (Attorney Docket #
FL 1181 US PRV, US Application No. 601732,771), "Blowing Agents for
Forming Foam Comprising Unsaturated Fluorocarbons" (Attorney Docket
# FL 1184 US PRV, US Application No. 601732 ,090), "Aerosol Propellants
Comprising Unsaturated Fluorocarbons" (Attorney Docket # FL 1185 US
PRV, US Application No. 601732,791), and 20 "Compositions Comprising
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docket # FL 1159, US Application No. 601732,581).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 lower
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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:
) a hydrofluorocarbon having the formula £- or Z-R'CH=CHR?,
wherein R' and R? are, independently, C; to Cg perflucroalkyl
groups; and
(i)  a fluorocarbon or hydrofiuorocarbon selected from the group
25 consisting of CF3CF=CHF, CF3CH=CF,, CHF2CF=CF;,
CHF,CH=CHF, CF3CF=CH,, CF:CH=CHF, CHFCF=CF>,
CHF,CH=CF, CHE,CF=CHF, GHF,CF=CHa, CFsCH=CH;,
CHzCF=CF2, CHaF CHCF,, CH,FCF=CHF, CHFCH=CHF,
CF3CF=CFCF3, CF3CFCF=CF;, CFsCF=CHCF;3,
30 CF3CFsCF=CHjy, CF3CH=CHCF3, CF3CF.CH=CHz,
CFo=CHCF,CF3, CFa=CFCHFCF3, CFo=CFCFCHF,,
CHF2CH=CHCF3, (CF3):C=CHCF3, CF3CF=CHCF2CFs,
CFaCH=CFCFCF3, (CF3),CFCH=CH,, CFsCF2CF.CH=CH,,
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F14E CF3CH=CH(CF2)3CF3 CF3CH=CHCF2CF-(CF3)2
1,1,1,4,45,5,6,6,7,7,7-dodecafluorohept-2-ene Fl41E 1,
1,1,4,4,5,6,6,6-nonaf|uoro-5-(';rffiuoromethyIThex-Z-ene 1,1
111555 hoxe Bl R ETARERE SEAeFs (CFa}C=C(CFal
1,1,1,2,2,5,5,6,60T.7, ), 0P aFealHE L eCF =GRCF ,CH,F, CF2=CFCHFCHF,
éééléﬁigffp’?' 1%@&;@%@%@ lg%@fgggééa%ﬁcz%
IC2F5CH=CHCHISERIF,C4CF,FCBE=HZRN CRLREC H,=C(CHF }(CF3),
L 110055.6.60 PRI AT B aHE Y, CHF=C(CF)(CH),
CHp=C(CHF2)z, CFsCF=CFCHs, CH3CF=CHCF3,
CF2=CFCF,CF2CFs, CHF=CFCF,CF:CFs,
CF2=CHCF,CF,CF3, CF.=CFCF,CF,CHF,,
CHF,CF=CFCF,CFs, CFCF=CFCF,CHF,,
CFaCF=CFCHFCF;, CHF=CFCF(CF3)s, CF2=CFCH(CF3) 2,
CF3CH=C(CFs), CF2=CHCF(CF3)z, CH=CFCFCF2CF,
CHF=CFCF2CF,CHF,, CHo=C(CF3)CF2CFs,
CFo=CHCH(CF )2, CHF=CHCF(CFs) 2, CF2=C(CF3)CH,CFs,
CHo=CFCF2CF2CHF,, CE,=CHCF,CHLCFs,
CF3CF=C(CF3){CHs), CHp=CFCH(CFa)2, CHF=CHCH(CFa),,
CHoFCH=C(CFa)s, CH3CF=C(CF3)s, CHy=CHCF,CHFCFs,
CH2C(CF3)CHLCFs3, (CF3),C=CHCoFs5, (CF3).CFCF=CHCF;,
CHy=CHGC(CF3)3, (CF3)2C=C(CHa)(CF3),
CHz=CFCF,CH(CFs)s, CF3CF=C(CHg)CFACFs,
CF3CH=CHCH(CF3)a, CHo=CHCF,CF.CFoCHF 2, ©
(CF3),C=CHCF,CHa, CHy=C(CF3)CH2Ca s,
| CH=CHCHoCF2CoF 5, GHy=CHCH,CF2CoFs,
CF3CF2CF=CFCaHs, CH=CHCH:CF(CFa):,
CF3CF=CHCH(CF3)(CHs), (CF3)}2C=CFC,HS, cycio-
CF4CFoCF,CH=CH-, oycio-CF,CFCH=CH-,
CF3CF2CF2C(CHa)=CH;, CF3CF,CF,CH=CHCH;, cyclo-
CFCFCF=CF-, cyclo-CF,CF=CFCF,CF2-, cycio-
CF2CF=CFCF,CF2CFs, CF3CF2CF2CF2CH=CH;,
CF3CH=CHCF,CF3, CF3CF,CH=CHCF,CF s,
CF3CH=CHCF,CF2CF3, CF3CF=GFC,Fs,
CF3CF=CFCF2CF2C,Fs, CFaCF2CF=CFCFLCoFs,
CE2CH=CFCF2CF2C,Fs, CFsCF=CHCF,CF.CoFs,
CFaCFoCH=CFCF,CoFs, CF3CF2CF=CHCF,CoFs,
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1,1,1,4,4,5,5,6,7,7,7-undecafluoro-6- (trifluoromethyl)hept-2-ene 1,
1,1,5,5,6,6,6-octafluoro-4,4-bis(trifluoromethyl)hex-2- ene
1,1,1,2,2,5,5,6,6,7,7,8,8,8-tetradecafluorooct-3-ene 1,

1,1,2,2,5,5,6,7,7,7-undecafluoro-6- (trifluoromethyhhept-3-ene 1,
1.1.2.2.5.6.6.7.7. 94 Habeafiir6 1S erifbasaGhibidp S EgeQ=CHCH;,

11,2208 00t oG r e e bRe SLIe Cr=CEC,

1,1,1,2,2,3,3,6,6,7,7.8

etradeca fuorooct 4-e

CF3CH=CH-C(CF32B5=5 b f‘d?ﬁfé@l@@ﬁ:ﬁ{;@iigeBBiCFECFg,
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(F:2211:t5ECC|I_|2FCS|_C|:CI:-|F hQCHCE(CFs 3 F33E C2F5CF§%Eégﬁ%@§:@§%
(CF3)2CFCH=C ‘r’&fi‘?}f

1,2,56,6,6- Octaf'WQFEWQ#Gﬁ’éO@HLeI&ﬁ&ﬁ?@F H=CECF,CHF,,
1,1,2,5,5,6,6,7,7 &gndecaﬂuoro- -

CHF,CF=CFCHF,, CHyCF=CFCF,,

3GH=CFCHoF, CHF=CFCH,CF;, CHF=CHCHFCF;,
CHF=CHCF>CHF,, CHF.CF=CHCHF,, CHF=CFCHFCHF,,
CF3CF=CHCH3, CF,=CHCF,Br, CHF=CBIrCHF,,
CHBr=CHCF3, CF3CBr=CFCF;, CHz=CBrCF,CF;,
CHBr=CHCF,CF3, CH=CHCF,CF,Br, CHy=CHCBIFCF,
CH3CBr=CHCF3, CF3CBr=CHCH,, {CF3)2C=CHBr,
CFsCF=CBrCF,CFs, E-CHF,CBr=CFC,F5, Z-
CHF2CBr=CFCyF5, CFo=CBrCHFC,Fs, (CF3);CFCBr=CHo,
CHBFCF('CFZ)ZCHF& CHa=CBrCFaCoF s, CF2=C(CH2BI)CF,,
CHp=C(CBIrF2)CF3, (CF3),CHCH=CHB, (CF3)2C=CHCH,Br,
CHy=CHCF(CF3)CBIF3, CFo=CHCF,CH,CBIF,,
CFBr=CHCF3, CFBr=CFCF,, CFsCF,CFCBr=CHs,, and
CF3(CF2)3CBr=CHs,. ,
Another aspect is for a closed cell foam prepared by foaming a
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.

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:

}

(a) adding to a foamable composition a blowing agent describad
above; and

()  reacting the foamabile composition under conditions effective
fo form a foam.
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(trifluoromethyl)hept-3-ene
1,1,1,4,4,5,5,6,6,7,7,8,8"9,9,9-hexadecafluoronon-2-ene F33iE
C2F5CF2CH=CH- CF(CF3)2 F16E CF3CH=CH(CF2)5CF3 F16sE
CF3CH=CHCF(CF3)- (CF2)2C2F5 1.1, . )

1,4,5,5,6/ futhenasper ssRioronethad o irsingm eelyiseryanate-based

1, o eme te with at least
oSS e At win s

1,2pe530le hysipganesiainire romrrIBdthgriessnasat Fshiowing

C 2 »
e e S

carseuead by 38ichpeibpd. 1 1.1,2,2,6,6,7,7,7-decafluoro-5,5-

bis(trifluorimetibtjaerl=8Ntivantages will become apparent to those skilied
in the art upon reference to the detailed description that hereinafier
foliows. |

DETAILED DESCRIPTION OF THE INVENTION

Applicants specifically incorporate the entiré content of all cited
references in this diséiosure. Applicants also incorporate by reference the
co-owned and concurrently filed applications entitied “Solvent
Compaositions Comprising Unsaturated Fluorinated Hydrocarbons”
(Attorney Docket # FL 1181 US PRV, US Application No. 60/732,771),
“Blowing Agents for Forming Foam Comprising Unsaturated
Fluorocarbons” (Atforney Docket # FL 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 Fluoroolefing and Uses Thereof” (Attorney |
docket # FL 1158, US Application No. 80/732,581).Further, when an
Aamount, conceniration, or other value or parameter is given as either a
range, preferred range, or a list of upper preferable values and lower
preferabie values, this is fo be understood as specifically disclosing all
ranges formed from any pair of any upper raﬁge limit or preferred vaiue
and any lower range limit or preferred value, regardiess of whether ranges
are separately disclosed. Where a range of numerical values is reciied
herein, uniess otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions within the range; It is 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 £- or Z-
R'CH=CHR? (Formula I), wherein R’ and R? are, independently, G1 1o Cq



F34E C2F5CF2CH=CH-(CF2)3CF3 1,1,1,2,2,3 3,6,6,7,7,8
8,9,9,9-hexadecafluoronort4-ene F34IE C2F50F2C=CH- CF2CF(CF3)2
1,1,1,2,2,31316,6,7,8,8,8-tridecafluoro-7- (trittuoromethyhoct-4-ene

111,
c2P8
1, 1itft&da®, OF 70

GRS

2,3,3,6,7,7,8,8,8-tridecafluoro-6- (frifluoromethypoct-4-ene P34sE
Mg@ﬁaﬁzﬁéﬁwiﬁ%&tﬁq@%&%wwmnm are not
BRICFSEFRIERfepgmelByShopEane 1.1
6.7.7.8 8,?&%decaﬂuoro- 2(trifluor ‘?’net%ﬁoét-gz

67280 Cebelcliob)e- 6

-en

ifhaofenbihyDhePELEnRe

1 ORCROMCH o, SritkieRyiep T¢er,

11 -heptaflugro-2,5,5-tris(trifltorome €he
0 1,1@‘2’%%@%@5 ang é?é?éfglzﬁfz@,f@ofxaa’usmmadmmﬁomma I
1, lchiyBduficls 66 Dbt antagaeailuoro-5-
(thfluoromethy0n0?43-ene 1,1,1,2,2,6,6,7,7,8,8,8-dodecafluoro-5,5-
bis(thfluoromethyhoct-3-ene 1,1,1,2,2,3,3,6,6,7,7,8,8991 0,10,1 4-ene
1,1,1,2,23,3,6,6,7,7,8,9,9,9-pentadecgflya-8-

Code Structure Chemical Name
F11E CF:CH=CHCF, 1,1,1,4.4 d-hexafluorobut-2-ene
F12E CFsCH=CHC,F: 1,1,1.4,4,5,5 5-ociafiuoropeni-2-ene
F13E CFaCH=CHCF,C.F 1,1,1,4.4,5,5 6,6 6-decafiuocrohex-2-ene
F13iE CFEzCH=CHCF(CF,), 1,11 4.8,5,5-heptafiuoro-4-(triftucromethylipent-2-ene
F22E CoF sCH=CHC,F5 1,1,1,2,2,5,5,6,8 6-decafiucrohex-3-ene
F14E CFaCH=CHICF,)sCF, 1,1,1.4,4,55,68,7,7,7-dodecafiucrohept-2-ene
F14iF CFaCH=CHCF,CF-{CFa), 11,1 ,4,4,5,6,6,S-nonaﬂuoro~5~(tﬁﬂuoromethyl)hex-zwene
F14sE CFaGH=CHCF(CF3)-C.Fg 1,1,’1,4,5,5,6,6,6—nonaﬂuoro—4~(triﬂuoromethyl)hexnz-ene L
F14tE CFsCH=CHC(CFs), 1,1,1 5,8.5-hexafluoro-4 4-bis(trifiuoromethylipent2-ene
F23E CoFsCH=CHCF.C,F5 1,11 2,2.5,5,6,8,7,7, 7-dodecafiuorohepi-3-ane
F23iE CoFsCH=CHCF(CF.), 1,1,1 2,2,5,8,6,6-nonafiuorc-5-(trifiuoromethyhex-3-ene
F158E CFaCH=CH(CF,),CF, 1.1,1.44,556,6,7,7.8 8 8-tetradecafluorooct2-ene
; = 1.1,1,4,4,5,5,6,7,7,7-undecafiuoro-6-
F15IE | CF,CH=CH CF,CF.CF(CFa)s (rifluoromethyihept-2-ene
F15tE CF3CH=CH-C(CF3),Cofs 1,11 ,5,5,6,6,6-octaﬂuorojﬁi-bts(tnﬁuommethy[)hex-g-
F24E CoF sCH=CH(CF,)aCF3 1,11.2,2,6,586,8,7,7,8,8 8-tetradecafluorooct-3-ene
. = 5 1,1,1,2,2,5,5,6,7,7,7-undecafluorc-6-
F24iE C2FsCH=CHCF ,CF-(CFa), (trifluoromethyhept-3-ene
o . 1,1,1.2,2,5,6,8,7,7,7-undecafluoro-5-
F24sE CoFsCH=CHCF(CF)-C,Fs (triflucromethylhept-3-ane
Fo4tE CoFsCH=CHC(CFa)s 1,11 ,2,2,6,6,6-octafiuoro-;s;g-bts(tr:ﬁuoromethyi)hex-s-
F33E CoF sCF,CH=CH-CF.CoF 5 1,1,1.2,2,3,3,6,6,7,7,8,8,8-tetradecafiuorooci-d-ena
E3i3iE (CF3),CFCH=CH-CF(CFy), 1,1,1 ,2,5,6,6,6-octaﬂuor0-§£-bis(tnﬂuoromethy!)hex~3-
. - 1,1,1,2,5,5,8,8,7,7,7-undecaflucro-2-
F33iE C2FsCF,CH=CH- CF(CF), {triflucromethyDhept-3-ene
Fi8E CFaCH=CH(CF,)sCF» 1,1,1,4.4,656,6,77,88,9,8 9-hexadecaliuoronon2-ene
F18sE CFSCHxCHCF(CF;} 1,1,1,4,5,56,6,6,7,7,8,8,8-tridecafiloro—4-
{CF2)CoFs (trifluoromethyDhept-2-ene
F16iE CF3CH=CHC(CF3)y- CF.CoF5 1,1.1, ,6,6—octafiuoro-4,4-bis(triﬂuoromethyl)hept-f&-ene
F25F CoFsCH=CH{CF,),CF, 1,1,1,2,.2,5,56,6,7,7,8,8,8,9,6-hexadecafluoronon-3-ene
EoSiE CoFsCH=CH-CF,CE,CF (CFa), 1,1,1,2,2,5,5,6,6,7,8,8,8-tridecafiuoro-7-

(trifluoromethyloct-3-ene




(trifluoromethyhnon-4-ene F3i4E (CF3)2CFCH=CH-(CF2)3CF3 F3141E
(CF3)2CFCH=CH- CF2CF(CF3)2 F314sE ,(CF3)2CFCH=CH-
CF(OF3)C2F5 F3i4tE (CF3)2CFCH=CH-C(CF3)3 F26E

E2FEGH=CH(CE2)5CE3 E26sE C2F5CH=CHCF(CF3)- (CF2)2C2F5
c EEC mmmpp B)CF2C2F51.1,1,2,2,6,6,7,7,7-decafluoro-5, 5~
FRBEE :»-QQH ) - 0 (inﬂmrpmethyl)hept—S—ena
@M‘E)L;l_éfpm Em : 90 Q.h
%54%0 -ZCF(W g : &Fecaﬂuoro-?-
11.2.2.3.3.70Fg:8(8rIpdecaflud MYy ~LBke
dadst,2,5,516BFCF £:8-=¢8-9- pentadecaflucl)rm& 2,3,3,8.7, 7 8 8 B-tridecafiuoro-6-
CR(CF.\C,F, (ﬁtﬁuommethyl)cct#ene
=N 1,1,1,5,8,8,6,7,7,7-decafiuoro-2, 2-
POAIE | CoFsCF.CH=CH- G(CFy) bis{trifluoromethylhept-3-ene
. i 1,1,1,2,5,5,8,8,7,7,8.8 B-tridecafiuoro-
Fauc (CF3),CFCH=CH-(CF3),GFs 2(frifluoromethylioct-3-ene
F3i4iE (CF3);CFCH=CH- " ‘i,1,1,2,5,5,6,?,7,?-decaﬂuoro~2,6~
. CF,CF(CF3), bis(trifluoromethyl)hept-3-ene
F3idsE (CF3),CFCH=CH- 1,1,1,2,566,7,7,7- -decafluore-2, 5~
CF(CF3)CoF5 b:s(tnﬂuoromethy!)hept—3-ene
Faiats (CF2),CFCH=CH-C(CFs) 1,1,1,2,8,6,8-heptafiuoro-2,5 S-tris(trifluoromethylihex-3-
312 373 ene
1,1,1,2,25,5,6,6,7,7,8,8,.8.8 10 10 10-octadecafivorodec-
= = LIRS St bt e Aol A L SR T U L PSS - P ¥ ]
F2RE CoFsCH=CH(CF,):CF, 3-ans ‘
F26sE CaFeCH=CHCF(CF3)- 1,1,1,2,2,5,6,6,7,7.8,8,9,8,6-pentadecafiuoro-5-
(CF2)oCofs {triflucromathyiinon-3-ane
- - 111226677888-dodecaﬂu0r055-
F2BIE | CoFsCH=CHC(CFa)y CF,CoFs bis(irifiucromethyljoct-3-ene
- 1,1,1,2,2,3,3,6,6,7,7,8,8,8,9,10 ,10,10-octadecafluorodec-
F35F CaFsCF,CH=CH(CF,),CF5 7 done
F35iE CoFsCF,CH=CH- 1,1,1,2,2,3,3,6,6,7,7 8,9,8,8-pentadecaflucros-
CF,CF,CF(CF )y (trifluoromethyhnon-4-ene
. ?,‘1,’i,2,2,3,3,?,7,8,8,8-dodecaﬁuoro-6,6-
FISIE | CoFsCFaCH=CH-G(CF3),CoFs bis(irifiuoromethyljoct-4-ene
. - 1,1 1,2,5,5,6,6,7,7,8,8,8,8,9-pentadecafiuoro-2-
F3iSE | (CFa),CFCH=CH-(CF,).0F; (trifluoromethylinon-3-ene
Fai5iE (CF3),CFCH=CH- 11,1 ,2,5,5,6,6,7,8,8,8-dcdecaﬁuqro—2,7’-
CF,CF,CF(CF3)» bis(trifiuoromethyljoct-3-ene
: =ML 1,1,1,2,6,6,7,7,7-nonafiuoro-2,5,5-
FIISIE | (CFo),CFCH=CH-C(CF3),CoFs tns(tnﬂuoromethy[)hept-S—-ene
_ 1,1,1,2,2,3,3,4,4,7,7,8,8,9,9,10,10 10-octadecafiuorodec-
FA4E | CFa(CFo)sCH=CH- (CF1)sCF;5 5-tne
FadiE CF3(Cry)sCH=CH- 1,11 ,2,3,3,6,8,7,7,8,8,9,9,9—pentadecaﬂuoro-2-
CF,CF(CFa). (frifluoromethylnon-4-ene
F4dsE CF3(CF2)aCH=CH- 1,1,1 ,2,2,3,6,6,7,7,8,8,Q‘Q,Q—pentadecaﬂuomé-
CF(CF4)CoF5 {irifluoromethvhinon-4-ene
— *H'I556677888d0decaﬂu0ro-22—
FAAE | CF(CFo)sCH=CH- C(CFy), bis{trifiucromethyloct-3-ene
FéidiE (CF3).CFCF,CH=CH- 11,1,2,3,3,6,8,7.8,8 ,8~dodecafiuore-2,7-
CFCF(CEL)s bts(tnﬁuommethyl)oct%ne
FaidsE (CF3)CFCF.CH=CH- 1,1.1,2,3,3,6,7,78,8 ,8-dodecafluorg-2,6-
CF{CFa)C,Fs bts(tnﬁuoromethyl)oct-4—ene
FaitE (CF3):CFCF,CH=CH- 1,1,1,6,6,8,77 ,7-nonafluoro-2,2 6-
C{CFa)s tris{tr:ﬂuommetby[)hept-3~ene
FdsdsE CoF sCF(CF3)CH=CH- 1,1,1,2,2,3,6,7,7,8,8,8-dodecafiuoro-3 ,B-
CF{CFa)CoFs5 bzs(mﬂuoromethy!)oct—ti-ene
=0k 1.1,1,5,8,6,7,7,7-nonafluoro-2,2 5-
FASUE | CoFsCF(CF5)CH=0H- G(CFa) tris(triﬂuoromethyE)hept-B—ene
=CHL 1,1,1,6,6,6-hexafiuoro-2,2,5, 5-
FatatE (CF3)CCH=CH- C(CFy)s tetrakis(irifluoromethyhhex-3-gne
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(trifluoromethyhnon-3-ene 1,1,1,2,5,5,6,6,7,8,8,8-dodecailuoro-2,7-
bis(trittuoromethyhoct-3-ene F3i5E (CF3)2CFCH=CH-(CF2)4CF3 F3i5iE
(CF3)2CFCH=CH- CF2CF2CF(CF3)2 F3i5tE

(CF3)2CFCH CH- aéCF ZCZFS 11, ,66777 afluoro
ths(trffiucrIMRRYIAE S gﬁs%, gy epreparod Wi@cﬁm&e

1, bérfubteai@! TotiRi8 & U feniate Rt ueite- g perflucroalkyltrinydroolefin of

1 TN 60T G i f5Em adsialpiodepertuoroalkane of the
(trmamﬂmmwﬁnma HibyaRRdoneriibrintesss i e be

e e e
blﬁﬁmbﬁ@@mf‘hﬂambémé:éduﬂ Qedrdiosinationrer .2, 6-
R G080 AR G
trls@aﬂmu@mg&ﬂbbmmmwé dfGieGomaBuRtovdin. B, 5-

RO CTOANPRR VB SR, e fottmu RFERSER{ 23R

Said contactmg of a perfluoroalkyl iodide with a
perfluorcalkyltrinydroolefin may take place in batch made by combining
the reactants in a suitable reaction vessel capable of operating under the
autogenous pressure of the reactants and products af reaction
temperature. Suitable reaction vessels include those fabricated from
stainless steels, in particular of the austenitic type, and the well-known
high nickel alloys such as Monel® nickel-copper alioys, Hastelloy® nickel
based alloys and inconel® nickel-chromium alloys.

Alternatively, the reaction may be conducted in semi-batch mods in
which the perfluoroalkyltrihydroolefin reactant is added to the
perflucroalkyl iodide reactant by means of a suitable addition apparatus
such as a punﬁp at the reaction temperature.

The ratio of perfluorcalkyl iodide fo perflucroalkyltrinydroolefin
should 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 211
adduct as reported by Jeanneauy, et al. in Journal of Fluorine Chemistry,
Vol. 4, pages 261-270 (1874).

Preferred ifermperatures for contacting of said perfluoroalky! iodide
with said perfluorcalkylirihydroolefin are preferabiy within the range of
about 150°C {o 300°C, preferably from about 170°C to about 250°C, and
most preferably from about 180°C to about 230°C.

Suitable contact fimes for the reaction of the perfluoroalkyi iodide
with the perfluoroalkyltrihydroolefin are from about 0.5 hour to 18 hours,
preferably from about 4 to about 12 hours.

16



F44iE CF3(CF2)3CH=CH- CF2CF(0F3)3 F44sE CF3(CF2)3CH=CH-
CF(CF3)C2F5 F44tE CF3(CF2)3CH=CH- C(CF3)3 F4141E
(CF3)2CFCF2CH=CH- CF2CF(CF3)2 F4i4sE (CF3)2CFCF2CH=CH-
CF(CF3)G2F5 F4i4tE (CF3)2CFCF2CH=CH- C(CF3)3 F4s4sE
C2F5CF(CRRIEMLERicdeneBuRraallang praparetipys tsaeion)ofieH-

C(GEMGofoAiE lﬁﬁﬁm*ﬂﬁé:bbrﬁiﬁ@}:oaﬁyﬁnhydﬁgﬁﬁﬂ%gg gL used

ula,| may be prepared by contacting a perfluoroallcyl iodide of t

o D R LRI BRURT SR Bl T PIRESTBIRC heReGNE S 2 d

to feurifiadrbydisingansibe esonkaRaph b daratda REH2CHIR2. This
tnhydrmo%éiérﬂuoroaﬁne can then gé 5 c;l:ﬁ%dromdln%ted to form

5 R1CH=CHR3 SRRYAIRIREaTIGR Sism iR tarFied i by iadgsing thed by

dehﬁﬁwmwmﬁdam&{@mm%&@éh%m{%a ic
he
RlCHI H2R2 forg}%d in turng_%;reactlng a perfluoroalkyl iodide of t

forﬁﬂﬁ SRR RS RIGLIGIRHRYErEEReR 6F-the SorivmRhYdroxide or
R1GttacHiiR hydroxide), alkali metal oxide (for example, sodium oxide),

alkaline earth metal hydroxides (e.g., calcium hydroxide), alkaline earth

10 metal oxides {e.g., calcium oxide), alkali metal alkoxides (e.g., sodium
methoxide or sodium ethoxide), aqueous ammonia, sodium amide, or
mixiures of basic substances such as soda lime. Preferred basic

- substances are sodium hydroxide and potassium hydroxide.,

Said contacting of the trihydro';ddoperﬂuoroalkane with a basic

16 substance may take place in the liquid phase preferably in the presence of
a solvent capable of dissolving at least a portion of both reactants.
Solvents suitable for the dehydroiodinatioh step include one or more polar
organic solvents such as alcohols (e.g., methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, and tertiary butanol}, nitriies (e.g.,

20 acetonitrile, propionitrile, butyronitrile, benzonitrile, or adiponitrile),
dimethyl sulfoxide, N,N-dimethylformamide, N,N-—dimethyiacetamide, 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 (sither the basic substance or the
frihydroiodoperfiuoroalkane) 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 impelior or stirring mechanism.

Temperatures suitable for the dehydroiodination reaction are from
about 10°C {o about 100°C, préferab!y from about 20°C fo about 70°C.
The dehydroiodination reaction may be carried out at ambient pressure or

i1



10Said contacting of a perfluoroallyl iodide with a
perfluoroallwltrinydroolefin may take place in batch mode by combining
the reactants in a suitable reaction vessel capable of operating under the
autogenous pressure of the reactant roducts at reaction
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high nickel alloys such as Monel(r) nickel-copper alloys, Hastelloy(r) nickel
bRed Hi Inconel(r) nickel-chromium alloys.  Alternatively, the
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mi H‘é%snggﬁgé'g ucgv O&ﬂg}%%ogﬁwgg}%igﬁ{gé%fﬁ?op@ﬁane to a solid
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300ne of theTéacﬁampqutWﬁﬁb@Q%Cbmema&r@hmpﬂse a single

t”hY;g diesaAlane XL Qi%ﬁ’:%l% ?’Hﬁ &iﬁ@@%?ﬂ#&sxe 1, or
vesse aid reaction vessel may ricated fro ass, ceramic, or
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Temperatures suitable for the dehydroiodination reaction are from about
10C to about 100C, preferably from about 20C to about 70C. The
dehydroiodination reaction may be carried out at ambient pressure or at
reduced or elevated pressure. Of note are dehydroiodination reactions in
which the compound of Formula | is distilled out of the reaction vessel as it
is formed. Alternatively, the dehydroid#lination reaction may be conducted -
by 5 contacting an aqueous solution of said basic substance with a

solution of the trihydroiodoperfluoroalkane in one or more organic solvents
nf lowwear nolarityy c1i1ch ae an alvane (e . heavane hentane or nctaneg)




(e.g., tetrabutyiammonium bromide, tetrabutylammonium hydrosulfate, 15
triethylbenzylammonium chloride, dodecyltrimethylammonium chloride,
and tricaprylylmethylammonium chloride), quaternary phosphonium
halides (e.qg., triphen methylphosphonlum bromide and

tetraphenmp?ﬁfg’ﬁ% Rediibye £amBeHpesigsasibed @heyRnown in
the:amasiaw pretMiR a0 TS OWaNGRNG 43 8¥Bmbg agents.

20Alternatively, the dehydroiodination reaction may be conducted in the
absence of solvent by adding the trihydroiodoperfluoroalkane to a solid or
liquid basic substance.  Suitable ggagop times for the
& dehydroiodination reactions are frorﬁ”’éFb’Ut‘lS mlnutes to about six hours
ol Mase: depending OrsgResaedUDINTY Of 25 The TEBREM IR
delikei@iaation rea@shi is rapid and requlres about 30 mlnutes to about
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1. 4aaepraniuor

‘E@_@;—IZM HFC-123

%Zﬁthftbdtbhﬁdﬂbme

1,288;8 ro-1-pebpetie-BFC-1234yf CF3CRE3HRoro-1-propene
2 3HFG-A24 ¥R 10ro-1 0ehEeplrECHE 1,2, 3-rifluoro-1-propene
"I HFC-1243ze " CHF ,CH=CHF 1,3,3-frifluorc-1-propene
FC-1318s G4Fs ‘
FC-1318my CF:CF=CFCF, 1,1,1.2,3 4,4 4-octafiuoro-2-butene
FC-1318cy CECF.CF=CF, 1,1,2,3,3 4.4 4-octafluore-1-butens
HFC-1327s CHE, :
HFC-1327my CF-CF=CHCF, 1,1,1,2 4 4 4-heptafivoro-2-butens
HFC-1327ve CHF=CFCF.CF, 1,2,3,3,4 4 4-heptafiuoro-1-buiene
HFC-1327py CHF,Cr=CFCF; 1,1,1,.2,3 4, 4-heptafiuoro-2-butene
HFC-1327et (CF3).C=CHF 1,3,3,3-tetrafiuoro-2-
(friffuoromethyl)-1-propens

HFC-1327cz CF=CHCF,CF, 1,1.3,3.4 4, 4-heptafiuore-1-buiens
HEC-1327cye CF=CFCHFCF, 1,1,2,3,4 4, 4-haptafiuoro-4-butens
HFC-1327cye CF=CFCFCHF, 1,1,2,3.3,4 4-hepiafiuoro-i-butene
HEC-1336s C4H3F5 7
HFC-1336vf CFsCFCF=CH, 2,3,3.4.4 4-hexafluoro-1-butene
HFC-1336ze CHF=CHCF,CF5 1.3,3 4,4, 4-hexaflucro-i-buisne

HFC-1336eve

CHF=CFCHFCF,

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

HFC-13368yc

CHF=CFCF,CHF,

1.2,3,3,4 4-hexalluoro-1-butene

HFC-1336pyy CHF,CF=CFCHF, 1,1,2,3,4 4-hexafluoro-2-butene
HFC-1336qy CH.FUF=CFECF, 1,1,1,2,3 4-hexafluore-2-butene
HFC-1336pz CHF.CH=CFCF, 1,1,1,2.4 4-hexafluore-2-butene
HFC-1336mzy CF;CH=CFCHF, 1,1,1,3,4 4-hexafluoro-2-bufene
HFC-1336ac CF,=CFCF,CH,F 1,1,2,3,3 4-hexafluoro-1-butens
HFC-1336pe CF.=CFCHFCHF. 1,1.2,3,4 4-hexafiuoro-1-butene
HFC-13361t CH:=C(CF3), 3,3,3-yrifluoro-2-{trifluoromethiyi)-1-
propens
HFC-1345s C4H3F5
HFC-1345qz CHaFCH=CFCF; 1,1,1.2 4-pentaflucro-2-buiene
HFC-1345mzy CFaCH=CFCH.F 1,1,1,3,4-pentafiuoro-Z-butene
HFC-13451z CF3CF-.CH=CH, 3,3,4.4 4-pentafluoro-1-butene
HFC-1345mzz CHF.CH=CHCF, 1,1,1,4,4-pentaflucro-2-butene
HFC-1345sy CHyCF=CFCF, 1,1,1,2, 3-pentafiuoro-2-butene
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1,3,3,3-tetrafluoro-1-propene 1,1,2,3-tetrafluoro-1-propene HFC-1234ze
CF3CH=CHF HFC-1234yc CH2FCF=CF2 HFC-1234zc CHF2CH=CF2
CHF2CF=CHF 1,1,3,3-tetrafluoro-1-propene 1,2,3,3-tetrafluoro-1-prOpene

H

EC-1234ye HEC-1243s C3H3E3 HFEC-1243yf CHF2CE=CH?2
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SR IECE. 2f CE3CHESRS4 A-pentafluoro-1-butene
ﬂgl:l%f‘ﬁ—gi-% %Fe 1-propertamaeNiiuplo2-butens, o

11,2 33:peatafitoro-1-biRene
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3
1
C
H

AT EREy, TPTOPETRES ~PrOPENe S8 sk rtn i butene
H#a:ﬁAEeircHFb'leﬁﬁ 4""4"4 CHRE TS hbintdiidro HeRidRe
Wrt2432anCHF2CEREHEFHCHP18s WS | 1,1,3,3,3-pentafiuoro-2-methyl-1-
propene
HFC-1345fp CHo=C{CHF (G a) 2-(diflvoromethy!)-3,3, 3-triftlucro-1-
- DICDERS
HFC-1364s CaHaFs
HFC-1354fzc CHo=CHCF-CHF» 3,34, 4-tefrafiuoro-1-butene
HFC-1354ctp CF=C{CHF (CHz) 1,1,3,3-tetraflucro-2-methyl-1-
propene
HFC-1354etm CHF=C({CF3)}{CHa) 1,3,3.3-tetrafluoro-2-methyi-1-
propene
HFC-1354ifp CHp=C(CHF o)z 2~{difiuoromethyl}-3, 3-difiuoro-1-
- propana
HFC-1354my CFsCF=CFCHa 1,11 2-tetraﬂuoro—2-butene
HFC-1354mzy CHaCF=CHUCF, 11,1, 3-fefraffucre-2-butene
FC-141-10s CsF o

FC-141-10myy

CFaCE=CFCF,CF,

1,1,1,2,2.4,4,5 5 5-decafluoro-2-
pentens

FC-141-10cy CFp=CFCF,CFCF3 1,1,2,3,3,4,4,8,56,5-decafluoro-1-
] pentene
HFC-1428s CsliFy
HFC-1420mzt {CFa)0=CHCF; 1,1,1,4,4,4-hexafiuoro-2-
{trifluoromethyl}-2-butens
HFC-1429myz CFCF=CHCF.CF, 1,1,1,2,4,4,5,5 5-nonafluoro-2-
pentens
HFC-1428mzy CFiCH=CFCF,CF 3 1,1,1,3,4,4,5,5,5-nonafiuoro-2-
peniene '
HFC-1428eyc CHF=CFCF,CFCFs, 1,2,3,3,4,4,5,8,5-nonafluoro-1-
pentene
HFC-1428cze CF=CHCFCF.CF5 1,1,3,3,4,4,5,5,5-nonafiuare-1-
peniene
HFC-1429cycc CF=CFCFCFCHF 1,1,2,3,3,4 4,5, 8-nonaflucro-1-
pentene
- HFC-1428pyy CHF .CF=CFCF,CF; 1.1,2,2,4,4,5,5,5-nonafiuore-2-
peniene
HFC-1429myyc CF3CF=CFCF,CHF, 1,1,1.2,3,4,4.5 5-nonafluoro-2-

pentene

HFC-1426myye

CF:CF=CFCHFCF;

1,1,1.2,3,4,5,8 5-nonafluoro-2-
pentene

HFC-1429ayym

1,2,3,4,4,4-hexafiuoro-3-
{friflucromethyil-1-butene

HFC-1428cyzm

CF,=CFCH(CF )2

1,1.2,4 4. 4-hexafiuoro-3-
(trifivoromethyh-1-buiens

HFC-1428mzt

CFsCHz G(CF3)2

1,1,1.4,4 4-hexafluoro-3-
{trifiuoromethyi)-2-butens

[ HFCA429czym

CF,=CHCF(CFa)

1.1,3,4 4 4-hexafluoro-3-
{trifivoromethyl-1-buiene

HFC-1438s CsHaFs

HFC-1438fy CH.=CFCF,CF,CF; 2,3,3.4,4,5,5,5-octafluoro-1-
peniene

HFC-1438eycc CHF=CFCFCF.CHF, 1.2,3,3,4,4,58 5-octafiucro-1-
peniens

HFC-1438ftme CH2=C(CF3)CF20F3

3,344 4-pentafluore-2-

{triflucromsthyi)-1-butene
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FC-1318my CF3CF=CFCF3 1,1,1,23,4,4,4-octafluoro-2-butene
FC-1318cy CF3CF2CF=CF2 1,1,2,3,3,4,4,4-octafluoro-1-butene
HFC-1327s C4HF7 HFC-1327my CF3CF=CHCF3

1,1,1.2.4.4.4-heptafluoro-2-butene HFEC-1327ye CHF=CFCF2CFs
1,g!f,§~2¢ A8ezEEntaflyOfGAMIRBer N C-1327py CHEA2.EReCHGRHG-3-
1,8-4-23-4 4 h\, taflloro-2-butena !_II:(" 1327 (ﬁﬁracz{meﬂwmfc-butene
1,3fgg‘te?raeﬁﬁoro 2 Wuorom fA? 1- propen(itr?ﬂjqr;np;g;a[;iﬁ?ggm
1, [HRG. 443sdane PTalIBR=EIFRB0R, 81, 2.3 4 At Ep el UL G bpgtene
1,1,2,3:3,4.4-heptafluoro-1-butene HFC-1327 czifdfudmmdeiizChiens
HiEHECIDHEse CE2-CP@irCE3 HFEC-1327cy¢ CE2=CFCF2CHF2
HFCEEsYELRYAH2F 6 @E@%@&@@mcmw _@H%dr@tmggggncem
004 hiitoana 1.2 hov
2’__ HFEC- ,ﬁ' xeftio ”CFSC‘,'FZC'F"C'H’ "C‘Hﬁﬁj T g.g,a@ 4%,5 5-heptafiuoro-1-pentene
HFREE3 AR cc CR~CECE.CF.CRF; 2,3,3,4,4,5 5-heptafluoro-1-pentene
HFC-1447czef CF=CHCF,CH.CF, 1,1,3.3,5,5,5-heptafiuoro-1-pentens
HFC-1447 mytm CF:CF=C(CF3)(CHa) 1,1,1.24,4 4~—heptaﬂuoro-3~methyl-
: -butene
HFC-144Tiyz CHo=CFCH(CF 3z} 2.4 4 4-tefrafluoro-3-
(triflucromethyl)-1-butene
HFC-1447azz CHF=CHCH(CF3)» 1,44 4-istrafluoro-3-
{trifiuoromethyii-1-butene
HFC-1447qzt CHoFCH=C(CF3), 1,4,4,4-tefrafiuore-3-
' {iriflucromethyiy-2-butene
HFC-1447syt- CHsCF=C(CF3), 2,4 4 4-tetrafiuoro-3-
(trifluoromethyi)-2-butene
HFC-1456s CelHaFe
HFC-1456gzt {CF3),C=CHCH,4 3-{trifluoromethyl}-4,4,4-trifluorc-2-
butene
HEC-1456szy CF2CF.CF=CHCH, 3.4 4,55 S-hexafluoro-2-pentens
HFC-1456mstz CF3C(CHz=CHCF; 1,1,1.4,4 4-hexafluoro-2-methyi-2-
butene
HFC-1456t7ce CHy=CHCF,CHFCF, 3,3,4,5,5,5-hexafluoro-1-pentena
HFC-1456ftmf CHz=C{CF3)CH4CF; 4,4 A-trifluoro-2-(triflucromethyl)-1-
buiens
FC-161-12s C5F12
FC-151-12¢ CFa{CF,)sCF=CF, $,1,2,3,34,4556686
dodacafluoro-1-hexene (or
perfivoro-1-hexens)
FC-151-12mey CF3sCF,CF=CFCF,CF 1,1,1,2,2,3,4,5,5,6,6,6-
dodecafluoro-3-hexene (or
nerfluoro-3-hexene)
FC-151-12mmit {CF3),C=C{CF3)s 1,1,1,4,4 4-hexafluore-2,3-
bisfirifivoromethyl)-2-butene
FC-151-12mmzz (CF3):CFCF=CFCF, 1,1,1,2,3,4,5,5,5-nonafiuoro-4-
{trifluoromethyi)-2-pentene
HFC-1582-11s CoHiF,,
HFC-182-1tmmitz | (CF3).C=CHC.F; 1,1,1,4,4,5,5,5-octafluoro-2-
{trifluoromethyl)-2-pentene
HFC-182-11mmyyz | (CF3),CFCF=CHCF, 1.1,1,3,4,5,5,5-octafiluoro-4-
(trifluoromethyi}-2-pentene
HFEC-1549s CBH3F9
PFBE CFsCF2CFCF.CH=CH, 3,3,4,4,5,5,8,6 6-nonafluoro-1-
(or HFC-1548f2) hexene {or perflucrobutylethyiene)
HFC-1549iztmm = | CHo=CHC(CF3)s 4 4 A-friftucro-3,3-
' bis(triflucromethyi)-1-buiene
HFC-1549mmitis (CFa),C=C(CH3)}(CFa) 1,1,1,4,4 4-hexaftuoro-3-methyi-2-
, (trrﬂuoromethy!}—z—butene
HFC-1549fycz CHz=CFCF,CH(CF3), 2,3,3,5,5,5-hexafiuoro-4-
{triflucromethyl-1-pentens
HFC-1549myts CFsCF=C{CHa)CF,CF; 1,1,1,2.4 4,5,5,5-nonafluoro-3-
methyl—2-pentene




HFC-1336eye CHF=CFCHFCF3 1,2,3,4,4,4-hexafluoro-1-butene
HFC-1336e9c CHF=CFCF2CHF2 CHF2CF=CFCHF2
1,2,3,3,44-hexafluoro-1-butene 1,1,2,3,44-hexafluoro-2-butene

HEC-1336nyy

HEC-1336ay.CH2ECE=CECE3

1 1”5“2’755‘,@%%ﬂuor&%%‘t%ﬁ&’ﬁ%@%%pz %zﬁ%@?@*—'@”
143 \aipmeiivii-Z-nantene
IJHF%EQ?)\QIIUUI(J& FLC”C Hl—b J.OOUIIIL T
1 B : ‘." € QZFEGH‘GH?qu V& 42\55\eredb-oeiuoro-2-hexene
1 w:&maﬁbﬁﬂuo HEFeORIOB L BB. Wﬁé&tﬂﬁﬁom—z«hexene
1 [ 1HF G- e Fineniaf Iuordﬁfmml\?BGft GHAAC(ERS)Rifluoro-2-
3,3, 3-trifluaro-2-(trifllioromethyl)-1- propene Hierifaromethippentens
HFCES SBR[ E HoF C HECEEES S 2 s 4- pentl{gﬁr P@E%ﬁ‘i{@""'z'
£ -0 A o Orome = nter‘e
H S Srarazy prou@:ﬁfﬁf@’l‘l’?ﬁ'ﬂ.,‘l’,‘l’,ﬁ#‘p’i toro=Z=putene
HFRE TS CF2CF,CE.C(CHa)=CHy 33,4455 5-heptafiuoro-2-methy-
1-peniene
HEC-1587522 CFaCFCFCH=CHCHa 44,5 5 6 6 6-hepiafiuoro-2-hexene
HFC-1567{zfc CHo=CHCHCFCuF 5 4.4 5 56 6 6-heptaflucro-1-hexene
HFC-1 5675fyy CFLCF,CF=CFC Mg 1,1,1.2,2,3 4-haptafluoro-3-hexene
HFC-1567{fy CHo=GHCHCFICF3), 4.5 5 b-tetrafiuoro-4-

{rifluoromethyl-1-pentene

HFC-1567myzzm

CF {CF=CHOH(CFa)(CHay

1,1,1,2,5,5 S»heptaﬂuoro—d»—methyb
2~ pentene

HFC-15687mmiyt {CF33C=CFCoHs 1,1,1,3-etrafivaro-2-
{triflucromethyl)-2-peniene

FG-161-14s CrFis '

FC-161-14myy CFCF=CFECF.CFCoFs 1,1,4,2,3,44,55,66,7,7,7-

tetradecafluorc-2-heptene

FC-161-14meyy

CFgGFgCF“CFCFngFs

1,4,1,2,2,3,455668,7,77-
tetradecafiuoro-2-heptene

HFCs-162-13s

CyHF s

HFC-162-1 3mzy

CF30H=CFCFECF2C2F5

1,1,1,34,4,55686,77,7~
tridecafluoro-2-heptene

HFC1682-13myz

CFsCF";CHCFzCFzCst

1,11,24,4,5568,7,7,7-
tridecafiuoro-2-hepfene

HFC-162-13mezy

CFaCFgCH:CFCF202F5

1,1,12,24556867,77-
tridecafiuoro-3-heptene |

HFC-162-13mcyz

CrFsC FgCF‘“"CHCFngFs

1,1,1,2,2,3,5,68,8,7,7,7-
fridecafluoro-3-hepieng

Cyclic

fluoroolefing

Cyclo]-CR=CY(CXY )]

HFC-C1316cc

eycio-CF,CF.CF=CF-

1.2,3,3.4 4-hexafiuorocyclobutenes

HFC-C1334cc

evolo-CF.OFCH=CH-

3,34 4-etrafiuorocyciobuiene

HFC-C1436 eyclo-CFyCFCF,CH=CH- 3,344,855,
haxafiuorocyclopentene
HFC-C1418y cyclo-CFaCF=CFCF,CF - 1,2,3,3,4,4,5,5-
octafluorocyclopenieng
FC-C151-10y cyclo- 1,2,3,3,4,4,5,5,6,6-
CF.CF=CFCF,CF,CFs- decafluorocyclohexene

The compounds listed in Table 2 are available commercially or may

be prepared by processes known in the art.

in addition fo the inventive compounds described above, the

5  bromine-containing fluorocarbons or hydrofluorocarbons presented in
Table 3 can be used as biowing agents.

16




CF3CF2CH=CH2 3,3,4,44-pentafluoro-1-butene

1,1,1,4,4-pentafluoro-2-b

utene HFC-1345mzz CHF2CH=CHCF3

HFC-1345sy CH3CF=CFCF3 1,1,1,2,3-pentafluoro-2-butene
HFC-1345fyc CH2=CFCF2CHF2 2,3,314,4-pentafluoro-1-butene
HEC-1345pyz CHF2CF=CHCHF2 TABKEI®entaftuoro-2-butene

SErda45cyc CH3CF2C

FE&%%CM&E_CFCH F2

1,172 3, 3-pentalltoro-1-b

QFHTC!T@ HEC-1.34

tene 1,1,2,3,4-pentaftuoro=2=butene
N ~Edefraifuprepropene

LI B .I.\J_I'\J

_,E&T@B%ﬂbl@ntaﬂuoro-l-b

\l\l
JJy

Ligererdodd 3, 3-Bifueripdipese-2-methyl-1- propene

Hed@dechn CF2=C(CH

T

oion ‘O"‘
S 4. A

CHF=CBrCHF,

2-5dﬂluorometnyn-d,d,d-t i

)ggﬁ@@, G-La4afip CHo= C(CH2)(CF3)

2~brcm0-1 3 ,S-iriflucropropene

CHBr=CFCF, 1-bromo-2,3, 3, 3-tetrafluoropropene
CHBr=CHCF, 1-bromo-3,3, 3-triflucropropens
CH2=CBrCF3 2-bromo-3.3, 3-trifluoropropens
CH.=CFCBIF, 3-bromo-2.3,3-trifluoropropene
CFBr=CHCF, 1-bromo-1,3,3, 3-tetraflucropropene
CrBr=CFCF, i-bromopentafiuoropropene
CH=CBrCF.OF 2-bromo-3.3,4,4 4-nentafluare-1-butene
CHB=CHCF,CFa 1-bromo-3,3 4.4 4-pentafiuaro-1-butene
CH-}CHCF;GF;B&' 4-bromo-3,3,4 4-tetrafiucro-1-butene
CH=CHCBIFCF, 3-bromo-3 4.4 4-tetrafluoro-1-butene
CFCBr=CFCF; 2-bromo-1,1,1,3 4,4 4-heptafluoro-2-hutens
CH.CBr=CHCF, 2-bromo-4,4,4-irifluoro-2-butene
CF;CBr=CHCH, 2-bromo-1,1, 1-trifluoro-2-butens

(CF3}20=CHBF

1-bromo-3,3, 3~tr§ﬂuoro-2-(triﬂuoromethyi)—pmpene

CFsCF=CBICF,CFs

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

E-CHF;CBFCFCng

E-2-bromo-1,1,3,4.4,5,5,5-octafluoro-2-pentene

CH2=CBrCF203F5'

Z-CHF ,CBr=CFC.F5 Z-2-bromo-1,1,3.4,4,5,5,5-octafluoro-2-pentene
CF=CBirCHFC,F 5 2-bromo-1,1,3,4.4,5,5 5-octafiuoro-1-pentene
CHBr=CF(CF5),CHF» 1-bromo-2,3,3,4,4,5,5-heptafiuoro-1-peniene

2-bromo-3,3,4.4,5,5, 5-heptafiuoro-1-pentens

CFZ:CHCFQCHQCBFFZ

§-bromo-1,1,3,3,5,5-hexafluoro-1-pentens

(CF3).CFCBr=CH,

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

CFZ:C(CHQBQCFS

2-{bromomethyl)-1,1,3,3,3-pentafiucropropene

CHQ"—-’C@BFFQ)CF:,

2-(bromodifluorometh yh-3,3,3-trifluoropropene

(CF2)2CHCH=CHBr

1-bromo-4,4, 4-trifluoro-3-{irifiuaromethyl)-1-butene

(CF3)2C:CHCHQBF

4-promo-1,1, 1-rifivoro-2-{trifluoromethy-2-butens

CH,=CHCF(CF5)CBIF,

3-(bromodifluoromethvi)-3,4,4 4-tetrafluoro-1-butene

CFsCF»CF,CBr=CH»

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

2-bromo-3,3 4,4,5,5,8,8,6-nonafluoro-1-hexene
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HFC-1354ctp CF2=C(CHF2)(CH3) 1,1,3,3-tetrafluoro-2-methy1-1-

propene HFC-1354elm CHF=C(CF3)(CH3) 1,3,3,3-tetrafluoro-2-methy1-1-
propene HFC-1354tfp CH2=C(CHF2)2 2-(difluoromethyl)-3,3-difluoro-1-
propene HFC-1354my CF3CF=CFCH3 1,111,2-tetrafluoro-2-butene
HFC-135hazameoRds iigted in Tabledwipavaiabiaeammersiaiy, esmay

R By B R CEAORTOR A ar

,b-decafluoro-2- pentene FC-141-10cy

' CF2=CFG#£20r2¢534,4,.4-paiafiuprgsbsenm sy heprraaeed by a

10

15

20

25

30

S A st o

| A5 48,6 poadiasrolbusenal fe sivecds brormg.1 1,1,2.2-

RN, e i o e 122

R eAOROLRE08 2t 350.400°C gives 4 A-dibromo-1,1,1,2,2-
pentafiuorobutane which may in turn be heated with powdered potassium
hydroxide to give the desired bromobutene.

2-Bromo-3,4,4 4-tetrafluoro-3-(trifluoromethyl)-1-butene may be
nrepared by addition of bromine fo 3,4,4-tetraﬂuoré-3w(tﬁﬂuoromethyi}«‘i-
butene followed by treatment of the resulting dibromide with ethanolic
potassium hydroxide. |

Many of the compounds of Formula |, Table 1, Table 2 and Table 3
exist as different configurational isomers or stereocisomers. When the
specific isomer is not designated, the present disclosure is intended fo
include all single configurational isomers, single sterecisomers, or any
combination thersof. For instance, CFCH=CHCF; is meant fo repreSent
the E-isomer, Z-isomer, or any combination or mixture of both isomers in
any ratio. Another example is CoFsCFCH=CH-CF2C2Fs, 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 onelof two configurational isomers, £ or
Z. HFC-1225ye as used herein refers to the isomers, E-HFC-1225ye
(CAS reg no. 5585-10-8) or Z-HFC-1225ye (CAS reg. no. 5528-43-8), as
well as any combinations or mixures 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 Tabie 1, Table
2, Table 3, and/or Formuia |.

The amount of the flucrocarbons (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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1,2,3,3,4,4,5,5,5-nonafluoro-lpentene HFG-1429czc CF2=CHCF2CF2CF3
1,1,3,3,44,5,5,5-nonafluoro-Ipentene HFC-1429cycc CF2=CFCF2CF2CH
F21,1,2,3,3,4,4,515-nonafluoro-1- pentene HFC-1429pyy
CHF2CF=CFCF2CF3 1,1,2,3,4,4,5,5,5-nonafluoro-2- pentene

HFECTEABYRG oterBan Yepe pPEHE and less han $0D%abihwesmpound

perieneitifiChidad Mryecohs ef e prElenl disciosure.
1,1,1,2,3,4,5,5,5-nonafluoro-2- pentene HFC-1429eyym

CHF=CF gsHions Aistlesark Brse mUbropreRaBdL iy aaye

1, 1cahveibrraibtnm 3o GBRUSIFRMAE WeslirB 8RR unts of the individual
11,144 4-?E§>§aﬂ oro-3- (trifluoromethyl)-2-butene HFC-1429cyzm
3

CFUERI% PreteTed ORISRt weaigh trytiasired nropepent

CFariot@E éridYibiaaitet mbReiNe iUl N ISR vessel,
HF(-1438s C5H2FB HFC-1438fy CH2=CFCF2CF2CF3
2,3%%153?;%1?@,%36 BHEEFb SORRRRE HFC-1438eycC

CHF=CFORAErabidineh & prbdideSrosiaiiun edrasienmhl, Gt sRimSoly

C%@?fﬁgggg gt": ce;i":rgcp?asﬁc 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 part of a biowing
agent in a foamable composition, which composition preferably includes
ohe or more additional components capable of reacting and/or foaming
under the proper conditions to form a foam or cellular structure. Another
aspect relates to foam, and preferably closed cell foam, prepared from a
polymer foam formulation containing a blowing agent comprising the
compositions of-the present disclosure.

The present disclosure further relates to a method for replacing or
substituting for the blowing agent in a foamable composition having a
GWP of about 150 or more, or a high GWP biowing 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
foamable compoéition of the present invention, ha\)ing a lower GWP than
the composition being replaced or substituted is used to produce
thermopiastic or thermoset foams, Global warming potentials (GWPs) are
an index for estimating refative global warming confribution due fo
atmospheric emission of a kilogram of a particular greenhouse gas
compared to emission of a kilogram of carbon dioxide. GWP can be
calculated for different time horizons showing the effect of atmdspheric
lifetime for a given gas. The GWP for the 100 year fime horizon is
commonly the value referenced,
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3,3,4,4 A-pentatluoro-2- (trifluoromethyl)-1-butene HFC-143Bczzm
CF2=CHCH(CF3)2 1,1,4,4,4-pentafluoro-3- (trifluoromethyl)-1-butene
1,3,4,4,4-pentafluoro-3- (trifluoromethyl)-1-butene 1,1,4,4,4-pentafluoro-2-

itrill thyl)-1-but . HFC-1438 1 CHF=CHCF(CE3)2
12 e BT VO BN SRR WoOp AL R ERatle £
R e horzon
, 4,0, -neptalluorp-1- nten W, ,o-Nne ta 0-1-
3 LS B AR BESAGVED 05 7 GRe i Sagteal ! 00

2-gripaetiti or B fdai6ir FoaRGiip@htidt HgenfsQRatiFadtiigad of

gFZ—CTCF ég RH e%ﬁ%i%ﬁ%ﬁ%\%%fy%&c@h%i%g b}l}lﬁ_‘%-l447mytm

2 fnfefgisisfinmntal RafsiosonTimegel Chaage (RCIC)- tetchiiie imiBare not

2 I AR et P ne wrc daarer:

CHF=CHUH(6fesehittiisidddrauiiChiaros cQtfieifions Gaidaey zero or
low ozone depletion potential and fow giobal warming potential (GWP).
The fiuoroolefins of the present invention or mixtures of flucroolefins of this
invention with other blowing agents or foamable compositions will have
global warming potentials that are less than many hydrofluorocarbon
blowing agents or foamable compositions currently in use. Typically, the
fluoroolefins of the present invention are expected fo 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,
iess 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 mixtures.

The present invention further relates {o a method for lowering the
GWP of the methods for manufacturing open, closed and mutti-modal
foams, said method comprising combining at least one fluorooiefin of the
present invention with a resin (for thermopiastic foams) or into a B-side
mixture (thermoplastic) to produce a foamable composition with a GWP of
lower than 25. The GWP of may be determined that the GWP of a mixture
or combination of compounds may be calculated as a weighted average of
the GWHP for each of the pure compounds.

The present compositions aiso preferably have an Ozone Depletion
Potential (ODP) of not greater than 0.05, more preferably not greater than
0.02 and even mare preferably about zero. As used herein, *ODP” is as
defined in “The Scientific Assessment of Ozone Depletion, 2002, A report
of the World Meteorclogical Association’s Global Ozone Research and
Monitoring Project,” which is incorporated herein by reference.
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CH3CF=C(CF3)2 HFC-1456s C5H4F6 HFC-1456szt (CF3)20=CHCH3
3-(trtfluoromethyl)-4,4,4-trifluoro-2- butene HFC-1456szy
CF3CF2CF=CHCHa3 3,4,4,5,5,5-hexafiuoro-2-pentene HFC-1456mstz
CF3C(CH3)=CHCF3 1,1,1,4,4,4-hexafluoro-2-methy1-2- butene
HFC-145 E@*BM @%ﬂ‘e@%ﬁ@@oﬂ(w%ﬁpwwe

3, Sdrtgnbithmelhint prefeeaitn pdybifetiiine erbOrispameteviidm
butene HFEC-1456ftmf FC- 51-92£5E/2 FC-%%ZC pee

CRADRSHIIECRDY Mesheas O) BraRarn insiesadtsers-RetEne (or

peginbitinbarensd ok ot d the. Béhhbs RRAL G e pradananedeture
perfluaro-3-he enegzl 1,1,4,4 4-hexafluoro-2,3-

biIGTURRAI R 20ioNnd agent 3 ipamable spRwPaRitigR MG

- ordoartabld-SopgieRienrirelSbid i3 Cndr Thdre BdGkidnal
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-151- 2C=C(CE3)2 FC-151-12mmzz (CF3)2CFCF=CFC
Egc%[%]@%%%%g:@&ﬁf re(actin)g and/or foaming un(gar th)e proper

conditions to form a foam or cellutar structure. Any of the methods well
known in the art, such as those described in "Polyurethanes Chemistry
and Technology,” Volumes | and I, Saunders and Frisch, 1982, 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 addifional ingredients are
catalysts, surfactants, flame retardants, preservatives, colorants,
antioxidants, reinforcing agents, filier, antis’tatib égents, nucleating agents
and the like.

Polyurethane foams are generally prepared by combining and
reacting an isocyaniate 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 info two non-
reacting parts typically referred to as the "A-side" and the "B-side™.

The term “B-side” is intended to mean polyot 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 intended fo 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, stabifizers, chain extenders, cross-linkers, water,
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HFC-152-11mmtz (CF3)20=CHC2F5 1,1,1,4,4,5,5,5-octafluoro-2-
(trifluoromethyl)-2-pentene 1,1,1 ,3,4,5,5,5-octafluoro-4-
(trifluoromethyl)-2-pentene HFC-152-11mmyyz (CF3)2CFCF=CHC F3
HEC-1549s CBH,F9 PFBE (or HFC-1549fz) CF3CF2CF2CF2CH=CH2
3,52 relprdanis- ROIKRUSHPRISASRBEY RIgTEMSRUONGImAkEgls, fillers,
Hgger 1549fztmm CH2=CHC(CF3)5 4,4,4-trifluoro-3,3-
bis(trifluoromethyl)-1-butene 1,1,1,4,4,4-hexafluoro-3-methy1-2-

.

(trifluororhBtRIBPBIB Ihsh Eoam, e epHafa Mrunts of A-side and B-side are

(trifiepremgHinédd Ionerigne HFC-1549mmitts (CF3)20=C(CH3)(0F3)
HFC-1549%CZ CH2=CFCF2CH(0F3)2 HFC-1549myts

CF3CF= JsPRipg 8 foars by Aososstshdinanses. herein, itis

m%@u&%wa%ﬁdﬁ@éﬁé&sva%%ﬁﬁ@hw (hipiactant to stabilize

,1,5,5,5-hexafluoro-4- (trifluoromethyl-2-pentene HFC-1558s CeNeFe

HACS1888URY Feastipn pdufe-eniibifjgures. Such surfactants may

3,44ri5ise. 8 liRrori il HRRxeRaiidbhe HoRbeined. Other, less preferred

Clé%?fgg'tgrfté%:c E ezgokilsfezthyiene glycol ether:s of long chain alcohols,
tertiary amine or alkanolamine salts of long chain alkyl acid sulfate esters,
alkyl sulfonic esters and alky! aryisulfonic acids. The surfactants are
employed in amounts sufficient to stabilize the foaming reaction mixture
against coltapse and to 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 organometaliic compounds.
Such catalysts are used in an amount which measurably increasss 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 polyol.

Useful flame retardants include, for example, tri(2-
chloroethylyphosphate, tri(2-chicropropyl)phosphate, tri(2,3-
dibromopropyl}-phosphate, {ri(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
plowing agent composifion 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 Chemisiry and Technology,”

Volumes | and I, Saunders and Frisch, 1962, John Wiley and Sons, New

22



5

10

15

20

25

30

3,3,4,4,5,5,6,6-octafluoro-2-hexene HFC-1558mmtzc
(CF3)20=CHCF2CH3 1,111 4,4-pentafluoro-2- (trittuoromethyl)-2-pentene
HFC-1558ftrnf C112=C(CF3)CH2C2F5 44,5,5,5-pentailuoro-2-
(trifluoromethyO-1-pentene HFC-1567s CeH6F7 HFC-15671ts
CFBeTEORM20(DI98) isanppperatac s by flafarsnce sty bparsedor

:'4:1,5, 76??&%%%%5;%%3%@&?fgg%z?éngﬂ%i%ﬂ%HZCI_: C2F5
4,4,5,5,6 63biRepraMArcbasesieame aresemyiayedre gR ToFeaniDgHs least
b2 iRVt TCAIPBAL Nl oA

4,5,5,5-tetrafluoro-4- (trifluoromethyl)-1-pentene n _
CRRMREAE iy eyresence, ofiesop@ing ratnb romposttiya-described
2-petgRasbilfe: 156 7mmtyf (CF3)2C=CFC2H5 1,1 ,1,3-tetrafitioro-2-
(trtfluoromethy0-2-pentene FC-161-14s C7F.14 FC-161-14myy _
CF3CF=C¥roeesaterisactive samposiisrse erprepared by blending at

tetiaderas tede RMROSET A Mbth BB AR (B BIAfiAG 2gent
composition. Advantageously, the blend contains at least 1 and up o 50,
preferably up 1o 25 wsight percent of the blowing agent composition,
based on the total 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 molecule, 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 polycls include those
prepared by reacting a carboxylic acid and/or a derivative thereofora
polycarboxylic anhydride with & polyhydric 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 include oxalic acid, malonic acid, glutaric acid,
pimelic acid, succinic acid, adipic acid, suberic acid, azelaic acid, sebacic
acid, phthalic acid, isophthalic acid, terephthalic acid, trimeliitic acid,
trimeliitic acid anhydride, pyromeliitic dianhydride, phthalic acid anhydride,
tetrahydrophthalic acid anhydride, hexahydrophthalic acid anhydride,
endomethylene tetrahydrophthalic acid anhydride, glutaric acid anhydride
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1,1,1,2,2,3,4,5,5,6,6,7,7,7- tetradecafluoro-2-heptene HFCs-162-13s
C7HF13 HFC-162-13mzy CF3CH=CFCF2CF2C2F5 1,1,
1,3,4,4,5,5,6,6,7,7,7- tridecafluoro-2-heptene HFC162-13myz
CF3CF=CHCF2CF2C2F51,1,1,2,4,455,6,6,7,7,7- o
hickaEfTAGio-Reigiamaleis acidanhydride, Fumaniaaaidnapedimesisand
HRGdR:k 5&58&%@5@@5%@%@%&@@&@%&%&9%@ in admixture

CF3CF2CF=CHCF2C2F51,1,1,2,2,3,5,5,6,6,7,7

tricEamenesariplaiie a3dne ABRR RHSCOtRplrsatelisggigs may also
HRSe Gded SeomedadrEgithalicinid dibiridateh SxallbRiqalcIabene

EEC-C1334cc cyclo-CF2CF2CH=CH- 3,3,4,4-tetrafluorocyclobutene
HFRdsglyasbasytRxtTadie fhrreplc Hie ol Bydrsaicohols suitable for the

hexalbaracyhleppuigas:siolidid %ﬁ&fﬁ@%ﬁﬁ%@g “SycloaRtHatic, aromatic,

1,2,3,3,4,4,5,5- octailuorocyclopentene FC-C151-10y cyclo-
Crarsiacirtsrscydlicrbbe pobyyrrcsalcololganiiviabE jemnbride

ThgaampRiMe sHHedHre TAbIeiR B16 RitRe W@%@%ﬁ&jﬁﬁé‘ 8ARd

prepared by processes known in the art. In addition e inventive

RSN I EBYRSHERbErRRRg Uit e aMIBRS or
PNERSsEatNcTARIRS BRtReeiaRine DIOWBUIR0RRS also

be used. Examples of suitable polyhydric alcohols include ethyiene glycol,
iaropyiene giycol, polyoxyalkylene glycols '(such as disthylene glycol,
polyethylené glycol, d‘ipropy!ene glycol and polypropylene glycol), glycerol
and frimethylolpropane. '

5

Suitable additional isocyanate-reaciive materials inciude polyether
polyols, polyester polyols, polvhydroxy-terminated acetal resins, hydroxyl-
terminated amines and polyamines, and the like. These additional
isocyanate-reactive materials include hydrogen terminated polythiosthers,
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. Patent Nos. 4,704,410 and 4,704,411, The low hydroxy! humber,
high equivalent weight atkylene oxide adducts of carbohydrate initiators
such as sucrose and sorbitol may ailso be used.

In the process of making a polyisocyanate-based foam, the
polyol(s), polyisocyanate and other components are contacted, thoroughiy
mixed and permitied fo expand and cure into a celiutar palymer. The
particular mixing apparatus is not crifical, and various types of mixing head
and spray apparatus are conveniently used. it is often convenient, but not
necessary, {o preblend certain of the raw materials prior to reacting the
polyisocyanate and active hydrcgen-containing components. For
example, it is often useful to blend the polyol(s), biowing agent,
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TABLE 3 Structure Chemical Names CF2=CHCF2Br
3-bromo-1,1,3,3-tetrafluoropropene 3-bromo-1,1,2-trifluoropropene
CF2=CFC9rH2 CHF=CBrCF3 2-bromo-1,3,3,3-tetrafluoropropene
3-bromo-1,3,3-trtfluoropropene CHF=C1-ICBrF2 CHF=CBrCHF2
2-FHRERRS ) fRIGISBHE) @R ibemesmEEsnistexepidioopene
3-%22?%%%&%%32&?@& 1-bromo%§§?§ﬁ%ﬁﬁ% ro%gﬁ%yéplata'

prLoieREivel il fiscemronentsarer YeoRirediced indiviskmilydoithes

CHgiz Iy . 1t
A S O A S . i

1-5751A PeSs e dogrerimast i i adwertion of the polyol(s) with the

4-bsoiichpahbdd el adiva e &eH2=CHCF2CF2Br
OHqg:[gH rFCF3 3-bromo-3,4,4,4-tetrafluoro-1-butene CF3CBI=CFCF3

2-bromo-1,15 JU3THY 21RIpHNLRISH GrRAe eSO mmerTBwhen
2-hpospafifig dribeends2sbifieRnGE YpRla @863 density to the foam.
Z'bﬁ%rvgﬁ%éééégg éf,°é8' é?éjr%% Eﬁ:wing agent is employed 1o provide a
polyurethane foam having an overall density of from about 10 to about
500, preferably from about 18 fo about 100 kg/m® (1kg/m®=0.062 Ib.A.3).
| it is often convenient to preblend the biowing agent composition
with the active hydrogen-containing compound before contacting the
resulting blend with the polyisocyanate. }i is also possible to
simuitaneously 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 compasition is blended with the active hydrogen-containing
compound before contacting with the polyisocyanate. .
One aspect is for a rigid, closed-celied polyisocyanate-based foam.
It is prepared by contacting an organic polyisocyanate with an active
hydroge_n_—centaining compound in the presence of the blowing agent
composiﬁon characterized in that the so-prepared foam contains within its
cells gaseous blowing agents. - .

' The rigid closed-celi celled polyisocyanate-based foams are useful .
in spray insulation, as foam-in-place appliance 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, polyethviene
foams, including low-density polyethylene foams, or polypropylene foams.
Any of a wide range of conventional methods for blowing such
thermoplastic foams can be adapted for use her=in.



(CF3)2C=CHBr 1-bromo-3,3,3-trifluoro-2-(trifluoromethylypropene
CF3CF=CBrCF2C F3 3-bramo-1,1,1,2,4,4,5,5,5-nonafluoro-2-pentene
E-2-bromo-1, 1 ,3,4,4,5,5,5-octafluoro-2-pentene E-CHF2CBr=CF02F5
Z-CH F2C8r=CFC2F5 Z-2-bromo-1,1,3,4,4,5,5,5-octafluoro-2-pentene |
2-bromo ANPEIEr LEBOSIFREI RIRYIESRAIRMERIE-exre pRtig-gomprising

C e I 5 e
CHBTRRBNE Soh A ks ey

5- I ASNSitYPES o ReRERIeRIeNS dRfehe CF2=CHCF2CH2CBIF2

(CF3)2Ch&Bthbplastic foam bodies are conveniently produced by using
2-bromo-3,4,4 4-tetrafluoro-3-(trifluoromethyly1-butene ‘

5 cropmeoliptialeparTER FRARIRNG £1 S3udsE ABA AR eRFAsEAdmeans for

2 ooy aremediy| ) Béribiunspushene finkne GBI Urknt
(CF3)2CHCH=CH Br 1 -bromo-4,4,4-trifluorq-3-(triffluoromethyl)-1-butene
4-GRSPRRTMOR. With 8- IR AR SPEM R A BRSO EMRIBGMeth

YDiSmidetRrired| apkd prdidanss; (3) passing the plasticized mass at a
4,455 5-he o1taf|uoro-]@pentene

2-bromo-3,3, . . .
2-&91%?#8&3,@&5’?@?8?& HERANDRIASRSR Huqegh Pl hRvipogs desired
10 Clﬁ%&%ﬁﬁ%ﬁﬁ@f&%@ﬁﬁ@ﬁé%&@@ga%&a@EWEMG&F&Mmg
D 1ol ities are- ARl SETAMSEEI T RS wing
1-Brereqif dateitd-Rentafiutiie dxputeieraayibeniansiremy 4 Bukshiiep
sequence beginning with reaction of phosphorous trijpromide 5 with
AR I R B ARBTG5 TR B o ey Panding extrudate
pentafkrozabhtamepdhaur Arehpirstiansf forky time- silfflcizat for the
pentafluarobytane at 350-400C gives 4,4-dibromo-1,1,1,2.2- . '
15 PSS L AR P LI 5 SHat R e Rl v st ety of
hytinexidartorgivaitheudasaatizisomabideged and substantially free of
ruptured cells at ambient temperature; e.g., 25 °C and atmospheric

& ke

1543

pressure; and (8) recovering the extruded foam body.
When preparing foams, it is often desirable to add a nucleating
20  agent or other additives info 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 fo about 10 parts by weight per 100 paris
by weight of the resin. Typical nucieating agents comprise at lease one
member selected from the group consisting of talc, sodium bicarbonate-
25 citric acid mixtures, calcium silicate, carbon dioxide, among others.

In one aspect, the foaming amount of the biowing agent is in the
range of from about 1 fo about 30 weight percent based on the total
weight of the resin plus blowing agent mixiure, fypically about 2 to 20
weight percent, and normally about 2 1o about 10 weighf percent. The

30  lower the concentration 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 skilied person in this art. The resin is melied at a temperature of
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102-Bromo-3,4,4,4-tetrafluoro-3-(trifluoromethyl)-1-butene may be
prepared by addition of bromine to 3,4,4-tetrafluoro-3-(trifluoromethyl)-1-
butane followed by treatment of the resulting dibromide with ethanolic
potassium hydroxide. Many of the compounds of Formula I, Table 1,

Ta%ﬁ@gta?rw tamacsit B35 alg_mm gpangb@gm isowlenged; and at
St9{8RIBAMRIS- fbe spesis 'ééﬁ‘géf@ BP#%gjﬁggﬂgﬁﬁaﬁnﬁ?gw

disclosure is intended to Include all singlecon omers,’sing
stéHewiim RIS NE MK InnaleshUNERIJIORMEaMINE preSRECI-2CHCF3

' FBAMUIRIRY BRI 520986 CISHBRIafY 134 CETBIPIAR Hed into

mixture of both isomers in 20 any ratio. Another example'is
cihscrpansian et ahrhelpwRrIbigntinays itk aslisb orbsiow

Z-isRAip ey eigygation or mixture of both isomers in any ratio.
HFC-lZ%%%may exist as one of two configurational isomers, E or 1

HFC-1225#PEsaE&iNeBaTTeR Rresitds dbricranbeimadipsyecpiiance
(Cﬁﬁﬂme%%?@ﬁgaﬁﬁréiﬁﬁﬁd@?gﬁ%&ﬁﬁég%1TBO%&%%

well as any combinations or mixtures of such isom Ing agents

caf&FhiRidbe RiRglkctiom pbdinPasakie thesmeiarng nackaging nazterigls;
comri@@%@@'@@%@ﬂf@?&%@?@@éﬁf@%.@‘,9@4%%@5%%&55@ a
e o, ana/or

combination of compounds from Table 1, Table 30Z, Ta

FoPRiEhrene faakmRaaine detHisa s desitentarans bdumiorl sbeatiieg
in Hreipesy AReestionsitroRae e Famsidit oe b m&ﬁé%ﬁ 5% 15

Table 3) can vary widely, depending the particular application, an

co ?i'fﬁ%\é%%%ﬁﬁéM@Eﬁhﬁ’@&@@vﬁﬁémﬁﬁ@%@m@ﬁﬁmm
th@ ctintp@isdarrvibinh ot e secpsakaaeseahding 6 e rddigs 13
coé_rﬁ%fsmo s disclgsed herein may be prepared by any convenient

m

) b?ﬁ@h‘?@ﬂ%@?@d’gmwﬂﬂeﬁﬁ@i\m@ﬁ%ﬁiﬁ@%&%iﬁoo’i
préfeme@ Snielhat ikifogneinh sae clasicadcempener) ABekiaRsbie foams -
thereafter comhine th ;ifampo ents in an appropriate vessel. Aqltatlon ]

m 'ﬁ&f%ﬁﬁ? grh %&M%ﬁ%%a@@%ﬁ%@ cm) thick,
cooffersiibiensaribpkesen bnihenorsabab eEBOPIaZIG /M) wide, up to
co Psitti?n repar (iﬁusin the 10 compositions of the present

i S0 ST e T LB 5A Man M R ST HRRE G raBet 2 fo &
COWMdﬂ?ﬁb@d@@emafwap&?@&ﬁip&mﬁ%@ﬁvﬁﬁm%%@5 pof
Cco | which, co sition preferably includes one or more _
o D R S TR ot o Hoim iy s by
préeckadplite mtg\#eﬁet?t'aia‘;m Encyﬁw?éétwlﬁéiyﬁﬁéﬁd llg&ﬁé&éféliﬁ?t
re ,.a efera sed. cell fo repared from a polymer
ot R e o R o o R GDIRY g 48 sHaRY
of ineoppesaiectimclasarendde present disclosure further relates to a
method f%[r agent in a foamable

compositlon%ﬂ&%g%%%éﬁggﬁgﬁée Igr%@?%ﬁj ArfyHatngs hersin

bleamyagrdevitdarempeditithbay ingiadose-GMNYE G MERBAE of the

i ' ] iti ising at least fl olefin of
S O S ORI S, ARACPEHBSaiR hiscA osure
prégviet heamdenatiedamisshescofpesiinetad thisopiasaits ivalioe,

hayi iti [ laced or .
o e o e R A B R A ol bt
wAAMRPpibRNtiaRd Gwihsiarnahimitexdpestinating selatisagidfalteps of

WaERI g121017 i emission of a kilogram ofa . .
P SRR S Bt apLesnih
digREesaoperot dhepereseat clisnied dos. d ilerenstiecifibaliz.dhwishoavingpdrent
ef o) -TacTo %@éq ifetl ra g as., The, GWP for th 0 r
tirf;m%]orizon is comﬁ%ﬁ%%%aﬁé%e’%e%r@ni%a =d may ﬁaﬁ%%%tgg?or the
blowing agent would be any compound capable of functioning as a

blowing agent having a G1NP at the 100 year time horizon of about 1000
or greater, alternatively 500 or greater, 150 or greater, 100 or greater, or
50 or greater. Foam expansion agerits that are in need of 5 replacement,
based upon GWP calculations published by the Intergovernmental Panel
on Climate Change (IPCC), include but are not limited to HFC-134a and

HEC.-2997a2 The nrecent diceeclociire will nrovide comnocitinne that



GWP of the methods for manufacturing open, closed and multi-modal
foams, said method comprising combining at least one fluoroolefin of the
present invention with a resin (for thermoplastic foams) or into a B-side
mixture (thermoplastic) to produce a foamable composition with a GWP of
25 agentsites @fodthbamivPubile iyehscsetcomsimilah st shitsGVuBid be

i inati Lol Iculated weli d
R R DB B S 8 s
cosifibatiimthal ast prefclesmyetireben \ditin drespirito s gk rbiad (DB} of

. h . d
o B ke m e

& Scientific Assessment of Ozone Depletion, 2002, A report of the World

Meteorological Association's Globmg%seamh and Monitoring

Project,” which is incorporated he nce. Certain

embodimelhe presrig tispiopremisdurtoentafioabingbsifoinwaglExamples.
e e e o s, S R efore

methods of preparing foams. In such foam

theaml_aqsﬁmm erengiyneduhwancbslueisiion oludétem tHhelalvnve
10 ag@é&fﬂzestsﬁraﬁa'ﬁxge@degaﬁugxbgy%‘é Oamabie @%@@P&&W@ﬁé&@;ﬁ%
| C eo reactlng and/or

includes one or more addition omponents capa

foaRiRfguRd deatierpropar cvlltmdiicraiding fravathespilisadssaaperthereot,

Any.f e AR AR KRG 2F rieh|

"Polyurethanes Chemistry™10 and Techrﬁ%é%hg\?élum sglﬁa%r%d [, Us uses

Sa@ideeandifianssch, 1962, John Wiley and Sons, New York, N.Y., which

is incorporated herein by reference ma be used or adapted for use in

accordance, with the foam embodifeREtirEettain embodiments, it is
e [t b4 Son . 0 0 4 f -aonesativorphentz 4

often JEGFEPRE D Ermpiol Eard ene =14

Amgypptiesie mmwgwmns ar catalysts, surfactnts, flame
retardants, preservatives, ts, antioxidants, reinfarcing agents, filler, -
e g NG o e ST IRE S SR pEne
ge{(@ﬁmffmm%w@?mrwm : 20 aeagmgia:ﬁu@@w 3 te_t;yahtzlé:atube
polyal jn t S a hlawing or expandjng agent and auxiliary,
e aRNISTSHR 200 iRl B PRS0 ARSI HP PR R R

20 itseifomdted poopertgsrmiithef 28 FEYMEhs oropivstesamgsiiedianesom
the rjals can be premixed into two non-reacting parts typically
refé%e %% aéts?%ea&?s?c%wgrrg A 'Q%;‘éﬁ%%‘?az’é?ﬂaé’%%ga@-a%/ 8¢
interaieditions eam oty ptaiyity obnalritadin gt widLites f\rapbyaleeDdtRIbING the

MIXLUL ly ingludes the polyal. the blawing or.expanding agent and
o B b Rt e SRR OB 1 Same
extdfiflers, rrasktinketbiscase, fire petarsiant énorakedsitpbTesE8itsThe
pig olorj terials, fillers, etc. 30The term "A-side;" is intende
2 e e R SRV Bl oS e R S22.4
corgamofdasire OriL clG@eatidSsocy pima R heibldwing or expanding
agent and auxiliary chemicals, like catalysts, surfactants, stabilizers, chain
extenders, cross-linkers, water, fire retardants, smoke suppressants,
pigl@@ﬂ@Wiﬂf@Gﬂ%ﬁ@ﬁ&EHﬂI&%iﬂtﬁ?E To rE)repare E)he fgam,
ap [ ts -Si -Si re then ned to react. ...
T S T R S R R ARy Ry B R aton
30 prefenog ttw endlopunchboitermiask equiyrdatritit &iistabiiranbiecconnected
foagna eacte IS KU GHERR SHERSHITTROB TR SATRLYe @
liquid or'solid organosilicone compound. er, less preferred surfactants

incligpppsayéaiprin f5coletiers (8lhg ghaif aioholss) andnisien BB mi).

i i | agi | IfQni .
o ety ssisafonis g Sl g e o

amounts sufficient to stabilize the foaming reaction mixture against
collapse and to prevent the formation of large, uneven cells. About 0.2 to
about 5 parts or even more of the surfactant per 100 parts by 15 weight of-
polyol are usually sufficient One asmore 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
nraoannmatallic comnniinde <tich catalviete are 1iced in an amoiint which

15

i al I




15 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
havmgsat least two rgdroxyl groups per molecule, are espeC|aIIy preferred

dudvigrbicadistieddheavay wifh geﬁﬁmﬁaadwgmawmems The
%}5&%{0 h
LS. Pateﬁ%g; (? g(%émcﬁ%?a@t}e%d erein ?éo'ﬁ%‘é“& WM

reference. For example

suﬁaﬁl&Mﬁy&t@ﬁﬁo(ﬁﬁsnﬁhl@E& ﬂﬁ)‘b&&ﬁﬁpam@%}( ré26tM CHearmoR¥c-

aC| / r boxylic.anh

o o ) 2 b aE e Bl e MBS Bt
5alimfanwmrmélmamharomatlc and/or heterocyclic polycarboxylic acids

and may be substituted, (e.g., with halogen atoms) and/or unsaturated.

Examples of suitable polycarboxylic acids and anhydrides include oxalic
acid, malonic acid, glutaric acid, pimeliga8ig; succinic acid, adipic acid,
su t@lﬁtﬁé!ﬂs azalaiciaci sslsic I0ag @ phiaalicafihisopbiais ek r)

terephthalic, acid, tnmellitic acid, timelitic acid anhydride, pyromellitic
dlaﬁyyrtﬁﬁhﬁﬁ'spﬁftﬁ;a |@%‘E%@5h%ﬁde tetrahydrophthalic acid anhydride,

mhexahydrqaeﬁwfo@a@mmagr @o%me@w'm@eaﬁ@wym@é@@e

anrﬁ/drl utaric aC|d anhydride acia, maleic acid, maleic acid
ﬁfiugm @mﬁc@nw iRl dRreagdRids 3AIPLm!
thOsﬁ@féllewm@dakémmﬁeﬁéa@émté@m“@?dmﬁQiB@fé.C dAfeacids.

Simple esters of polycarboyylic acids may also be used such as

ter ROMS PN 1 Sher PRASRETSE Hoii2neidyR Qhary iigsout
thelmmeibmaiy?udam@ﬂml Iasutﬁbseé@réha w&ﬂﬁatmrpiv@@h lzleét%
po e ali cloa tlc ‘omatic, and/or heterocyclic. The
15h ot X 1@@?9& ﬂ99ﬁa%> R B R TIRDCREARE RS
theq!aedtlweif@aw{ammmiﬂiérmQﬁérﬁﬂ%ﬂl(&i?}b@?@ﬁ%f@ﬁ(@ may
Icohols, such as monoethanolamine,
dietrfan® %r@-r%ﬁ%@l# %Pﬁgﬁébsj @ﬂ%g@)@}%ﬁl&%@swtame
polyhydrlc alcohols include ethylene glycol, propylene glycol,
polyox lene iet glycol, polyethylene glycol,
dlp?%)p \EHE'ER & I%g@?ﬁg%ﬁ?ﬁ (jél ?cg(%) glycerol and
20tr|methyloIAr(‘bbamenili&ﬁiﬁtﬁhIﬁﬁkmnpb@mwi&mtmmmeaﬂ@iﬁﬁls
incl ther palyo este 0 droxy-terminated acetal
res#i%8 Rf/%}rlgxy (:!f’)rmelgngfé 'gs ‘ig}ﬁﬁﬂ %}g‘ﬁﬁﬁg&ag%ﬁ{ﬁ‘é@’ ese
adﬁ%@ﬂ%mﬁe{%mgmﬁwmmm&mwmzﬂeﬂ g). The
pol e, amld er amides rbonate
polikgzgc&e%ﬁ[:{?s.l {go %Ss °§8 ré’g@/ x%ggﬁﬁ%’p r%éﬁ@f’%b‘@‘o?yd roxgﬁ]gd% 5

polynli4g mﬁlmtéal)(géieaeiwmdm @28 ivé svatddanis KA daigtiteswardadded

ami ol e 1ers as described in U, nt Nos.
28, T e R RIS e oLl ARk pre Rour
weigbtth&tﬁnpmaﬂeewlduﬂ;&ﬁm&%%ﬁ@ LTI (] 398:29] SLFCh@Eeacﬁon
sucrose and s lé) oI m als be u etﬁ In th ocess of m
polylsocyaﬁ e %1 i/ FS?FB H%é@ﬁgﬁﬁfg%
cons;mmamatmareﬁmwpmﬂhwbttmmummmrnerﬁmﬁ&ﬂwwcﬁmam %
and IIuI mer The, partic r mixin us.is not
cr|t| varlous type qugﬁod ﬁg%’&%p%ﬁlggd}reand then
SGCond@’naI@dlyameﬂoﬁphmﬁepreeaum|e‘ﬁhd}bdddﬂ0§eﬁeaﬁ(y2®“pga’am©%
certain, of terials rlort reac 1 Y, d activ
ghoc oy A AR N e
the BB/4OREY, bio&ﬁf}l,g—a@]em (CHyanta s 1a@AYEIES) and2eter24.8 ppm
components except for polyisocyanates, and then contact this mixture with
the polyisocyanate. Alternatively, all the components may be introduced
individually to the mixing zone where the polyisocyanate and polyol(s) are
- contacted. It is 5 also possible to pre-react all or a portion of the polyol(s)
with the polyisocyanate to form a prepolymer. The quantity of blowing
agent composition employed when p#paring a foam is sufficient to give a

desired density to the foam. Advantageously, sufficient blowing agent is

employed to provide a 10 polyurethane foam having an overall density of
from aboiit 10 to aboirit BOO nrefarabhhvy from ahoitit 12 to ahniit 100 lka/m?2




in spray insulation, as foam-in-place appliance foams, rigid insulating
board stock, or in laminates. In addition, according to certain
embodiments, the blowing agents are used to blow thermoplastic foams,

S R TR A i

c | methods for blowmg such thermoplastic foams can be
apte for 'use herein. Anotner embodiment provides a foamable
composition comprising thermoplastic foams, such as polystyrene,

polyethylene (PE), preferably lowglepgifpiBE zor polypropylene (PP). The
thermoplastic foam bodies are co venlentl _ oduced b usmg 5

S conventlonal equipmengce: X Bighe-adgdciated means for
, th ously blendlng the blowing agent
g%‘o& o! ef %ﬁg%&f&?ﬁ ﬁlastluzed mass at nonfoaming
temperat&?é%ihﬁif bfa85eEY; 9 premyand piastdiiipRRREeRgNE (44.0 gm,
. CODt@Bbﬁbta@ viempetaedeaadiiit ssuirattelioy shaliertiabie guaddesatst tc_:
LOSBERE 16 S hﬁﬂ%‘%ﬁ%PQﬂH&'é‘ﬂd%M&é@'aﬁﬁ&{ feaesearth a
having desired_t

Ickness_and surface area |rg an ex an5|o zon ‘agu)r i
10 211 SIAREHE SriRaBSto IOSRTRTHE SRR FRLRTSS eto
suigiseiteirgrer af @B DG ON fedHSiTe {7 (B Y mAnamn mth@ &ac%lr}t!ﬁi@

extrudate under such temperatures and pressures for a time sufficient for
S viscosity reas that the cell size and
rq’l q& 8{%&8&%}[@ E@%‘g}g}@g ged and substantiall free
of rupture@&eﬂscﬁﬁmgwﬁ&%m% %%8 roiesiesFeYhnedde
15 IOrmﬂms’mdzé@d&mwefmm&chatﬁim?dﬁfcr@unb(iﬁbﬁmEaskraaatm_tsg‘co 42°C
"’é@ﬁv eﬂ;ﬂ Iﬁ}f\{]ﬁ SPILARLG %B%ﬁr{é{ﬁ@é‘?& Shéd Hr ﬁ&%ﬁ(ﬁ%n
into the resin

cleafing agents serve prlma y t0 |n e ce
oA 5 470in THE R0k CARTPHIES IRPRBRY AR S ok (109

0.1gm b & 1D iesitaty waigh{ &2 &UR ﬁausrtg/ﬂvelgdtmfdhetMamperature
tThye wr&éagé@@gﬁ 49 %atslsmﬂ pA*ﬁsxﬁ@ﬁ%ﬁn 9830 Wﬁﬁé%@éﬁ?&ratu re
20 TR B 0 e arboe B B OURE Sd Bee Bhd A"
amatigg dvlthé\ﬁﬁ&mn@a@émhﬁad tﬁ@%@@@ﬁh&ﬁ%déﬂ 1018, 550 3poils at
W?W&?@W&ﬁ@ﬁéﬁ@é@@jﬁ%ﬁﬂﬁ%“ﬁ@%@@ﬂﬂﬁ tazg?nrr? 1
mi y about 2 to
abﬁ% i/‘vpe%gﬁlit pﬁgng%%é%g%\g ﬁg&fé}arﬁ:@ﬁgia 10N 0 %’%Iowing agent,

the greater the density of the resulting foam. The proper amount of
25blowing agent OR@SMiS@@NM@@EESMEhEm Fof AP teSred

end-use 'Srre%%r%(éjn eapingd %é?%?&n%a?gé&éggﬁﬁ égﬁrﬁ%ﬂ%@vgng

melted at a empera Het5roas 0 abou epending upon
gradgwrtmlpy@d;raﬂmaermdqwiym@wessmﬁe Wabaarepepyiger prepared

oA B Ehe U REACRAIIOHES el Hhiligps
130:iésmimbd>oumﬁmm hars faraiopie Snbaddwr Iﬁab\biamb@agents may be
30ieTREHAR, L AN AU REAPA PR con RRRLASEN KRS may

foa n accor ance wi € present

dusdimmat&dobtﬁer asainﬂaﬂs(appmqwmmaiashﬁer foeeh@se foams,

pro t
s R R S o Bt e GARIBo e
foarh’nd:maaiéefdﬁuamastr@mmwmwmsmmma’ ‘ooftidg x 157
mat whic be fr 0 6 inches (1. 15 cm) thick,
o AR AR 6. o S b ARUD Fen 027 10 3
35square feet (O 016 to 0.28 square meter), and up to 27 feet (813 15
meters) long, with densities of from about 1.5 to 10 pounds per cubic foot
(pcf) (25 to 160 kilograms per cubic meter (kg/m3); (3) expandable foams
in the form of large billets which may be up to about 2 feet (61 cm) thick,
often at least 1.5 feet 46 cm) thick, up to 4 feet (1.22 meters) wide, up to
16 feet (4.8 meters) long, having a crd¥s-sectional area of about 2 to 8 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

<toneckdonnle and \Weleh in the Encvelopnedia of Polvvmer S{ecience and



Perfluoro-n-butyliodide (180.1 gm, 0.52 moles) and 3,3,3-trifluoropropene
(25.0 gm, 0.26 moles) were added to a 400 ml HastelloyTm shaker tube
and heated to 200C for 8 hours under autogenous pressure, which 20
increased to a maximum of 428 PSI The product was collected at room
temperature. The abovep&ain ydobdisde rafiRodthese conditions
and the products combined. It was then repeated doubllng the amount of

perfluoro-n-butyliogh 3,(1;9“3 3,3-trifluoropropene in the 4%95%1
reactgy ‘J'%ﬁbﬁ %a e, Oﬁg,{surel |n %sed to 573 PSI. %ﬂﬂ?ﬂt
of the tﬁree r ?onspw re'26mbined arid distilled to give 322 ﬁm of

CAF9CH2CHICF3 (58%2%85 mm) in 70% yield. Conversion of
CAF9OHEBHIGCH SuttaEtamEIBdcAIHABHICF3 (322.4 gm, 0.734@oles) was
addesdsenmisaariscadeliisn 3R dunebiea 2L round bottom flask
equipped with stir’ Q’r% d connected to a packed distillation column and
still head, The flask contdined isopropyl alcohol (95 ml), KOH (9363 7 gm,
0.54 mé%@?taﬁamwt@% Vé)ﬁf bict was collected, washed with
sodiungthyiemibhmiiee) pheret cdrmenitsbdo WS O4-arTildistifienlireiugh a 6"
column filled with gimgr bejices. The product, F14E (173.4 gm, 76%) boils

at 78, zwwmag?grgs%% FopJUR (8-66.7 (CF3, m, 3. 81

.7(0F3, m 3F}, -124.8 4 (CF2, m, 2F), and 8.?149 ppm
(CF2, m 2F ?8"@94@% 5 chloroform-d solution. EXAMPLE 2
Syntheﬁ@yﬁelhﬂqﬂe}EB@@B@W@)&G tetradecafluorooct-3-engy(F24E)
Synthesis of 86&&6‘5&:3%3@85@ 10Perfluoroethyliodide (220 gm, 0.895
mole) and 3,3,4,4,5,5,6,6,6- nonafluorohex-1-ene (123 gm, 0.50 mole)

were added to a 400 ml HastelloyTM shaker tube and heated to 200C for

10 hours uﬁlﬂ@oamw@amwmes‘sme igdawameow&mptam@d 05 B-side.

th d|t|o ere nd washed
i B e A e Bt RS et it Rasanical
org&fiicesiasd Wasaniuts thecfahm n‘eahtwrdmaﬂdr&mﬁlpﬁl@édt%%@ closed

oAt Rl AtoH AoE A Hlouik b Whskihen

equipiied, with’ XnédhAaitshstistewad dGliofrdnnties sORISNSRN rABkied foam.

thermoco oC with C4F9 CHZC Fo{277.4 0.56
moles) an s%\%r(fpa%% ?*@%?bl%g I(\W&g Egﬂ%g%ﬁgﬁ%)a
‘!Osomms&mm@memwmauxmsé @aﬂstﬁ.;maieshdm@m%éu% 8 g of
wat W S e flask W|th rapld
Stlrrlargm-%li\lllgellg{%_’ fog{u%gé;tw%%g ﬂk@ rﬁgb% QRMIGWRH
|ncréﬁﬁ@ﬂl’frmhW@Wﬁ@eﬁlﬂrmﬂmtmanﬁMlmélM@@wmmhﬁ&ﬂms
the )0%5 _ _‘____._, SERa |on hroduct was washed with
50 r%[_ SOTIO ' e oaddetardnibaler

Caldmfa’fmma wﬁfm@%wﬁ@f Ulﬁé@eigaﬁgéﬁl?hmcﬂﬁ(ﬁ%ﬁ%a]_ESnductwlty

pro 0) bqils at t was characterized
1519%%5?5‘@“?58@5"& BSERaRTIRERTE SEPA DA PLCESSMER -

1184°Fas mye2iR) ieffefoRPe10f 26, 24£15-Piii. (CF; m, 2F)) and 'H

NMR (86.48) in chloroform- d solution. EXAMPLE 3 5Synthesis of

CF3CH=CHCF(CF3)2 Synthesis of CF3CHICH2CF(CF3)2 (CF3)2CFI

(265 gm, 0.9 moleExammb 3. wfuesanaRePedh IwRe 45 moles)

were added to a 400 m| Hastelloy shaker mmfég‘fwmc for 8

hours unde}r autog ssure, which increased to a BHFRHANGRY of

585 5%?%@%?8@'&%3@%8%@% B?'¥8om temperature to givéd10 gm of

(CF3)2CFCH2CHaw®it@sq7C1200 mm) in 62% vield. Conversion of

(CF3)2CHictneGirticakht ok LEs 6ty 3)2CFCH2CHICF3 (109 g, 0.28

moles) was slowly added 15 dropwise via addition funnel to a 500 ml

round bottom flask heated to 42C equipped with stir a bar and connected

to a short path distillation column and dry ice trap. The flask contained

isopropyl alcohol (50 ml), KOH (109 gm, 1.96 moles) and water (109 ml).

During the addition, the temperature increased from 42 to 55C. After

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, F13iE (41 gm, 55%), boils at 48-50C and was characterized
hvy 10E NIMPR (RB.197 R (CE m 1E) .77 1 (CE2 m RE) - RR 2 (CE2 m 2E)
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30 generally premixed with the polyol or B-side for convenience. Foams
may be prepared either as free-rise or molded samples. For free-rise
foams, the reaction mixture is poured into an open, round cardboard
container. For molded,foams, the reaction mixture is poured into a 21/2" x
13" X Bgs! %’ﬂ%%?%@?ﬂ?"@ﬁ? PEYY cm) heated aluminum mdld. 35
"E5fahiple 4: PolyfsteabBurate Foam ComponentParts by Weight
aromadigpRivRriRIpREtiepamanty) PS-120 2502A) polysiigxane
surfactant (Dabc%i%§)1:8 potassium octanoate catalyst (Hexcem
977)3.2 Tris-2,4,6-0.4 (dimethylaminomethyl)phenoVBis(di-
me “MEWMW&H?%W%PMP%%{@W@%CO TMR 30) 1,111 9%®
4,4, 51875 iCoeRicmtelattenitred 2080 1438mzz) (Blowing Agent)
polymethylene polyphaanylisocyanatel190 isocyanate (Pap ie 280) All
COBRONEMUSSXGEPt the dsosyRnaipsuske premixed as a B-sideg5 The
isocyanate SA-side'h:Y% S 111? n added and mixed with a mechanical stirrer
for 10 secoRALARE FoaM eg% fon mixture was poured into a closed
alumirkamaBIdeNBRRERPRIUBRREIBEF and allowed to expand®When
cured, a 1" Xisbeyadaie gapPlerwas cut from the core of the molded foam.
The core sample was about 2.2 pounds/fta (PCF) (35.2 kg/ms) 10 density,
had an exceptionally fine cell structure, and remained dimensionally
stable. MAJnifsansineoty Syl hhe knayasiaia e ptoninedigalp B-side.
o . ) : ; _
oghd %E%H%@gﬂ%%gﬁ%ﬁ@?ﬁeﬁb%&é&’ TSl W&Wﬁﬁ%%&@agmgai

LaserComp FOX 304 Conductivity Meter Initial insulation v.

(R&tme)fatthseoands Jie dnachreaetiornrobidecwas nseed 01 a closed

Wi P )
e oD i el 33 AL e
FostreGompoXehtraid sampigias cuidesgly theiconaidbtbe pulidatidoam.

polyol140 r iJ] i{ele% % %) ; 3

it,isr-bliitth-f/ a%ytlo' %el | ﬁléﬁgﬁd{{{g&?ﬁé@eﬁg@ { %390 kg/m’)

pesiansithhdidtadonstdtethitaictitgybougPbjicacsyivetmt voidshghd

amj -sadi t I

Py e e L e

(HROOWSSmE o dighbnelgasdmelhstresivemaantbgling the voids, and
cell sizes about 200-300 microns (u). Using a LaserComp FOX 304
Thermal Conductivity Meter, initial insulation value was measured at
4.8finch (29.5 miliW/{mK) at a mean temperature of 24.0°C or thermal

conductivity of 0.2044 BTU-in/hr-f®-°F at a mean temperature of 75.2°F), .

Example 8: Polvisocyvanurate Foam

Componeant Parts by Weight
aromatic polyester polyol
(Stepanpol® PS-2502A) ‘ 4.4
polysiloxane surfactant
(Dabco DC-193) 0.42
Potassium octanoate catalyst
{Hexcem B7T) 0.8
Tris-2,4,6-(dimethytaminomethyl)phenol/Bis(di-
methylaminomethyl)phenol catalyst 0.156
(Dabco TMR 30)
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isocyanate (Papi(r) 27) All components except the isocyanate were
premixed as a B-side. The isocyanate (A-side) was then added and mixed
with a mechanical stirrer for 10 seconds. The foam reaction mixture was
poured into a closed 5 aluminum mold warmed to about 100F and allowed
tﬁ (5‘1)[1};5@394 enﬁ&gé%%géég)é 1" X 1|2" samptl)e wazsct):ut frogw }]tlte E:ocr:e of
the ) g%ﬁ_ was about 2.0 pounds/fts (PCF
(32?0 kg/?h%) eh%i![silo, %é(a gog%qg%%)@tructure though it did contain ?o%e

voigevarthyemsioydhdimiaosianailisiakied/agpilied photographs of the
foaf$@0showed a uniform, highly closed cell structure, excluding the2-®
voids, and cell sizes about 200-300 microns GO. Using a LaserComp ,
FOX 304 THeRTBPOSfsENasIiteisomjariateston prmbedss a B-side.

me 0GR | gl tyre of 24. r
o] e ST SboT B O A e e o b0
75.585oneE ke fran reaclien aixvaecvrasal Guetdonise indhetieaker. The
5 Polyesinng AyahtFHRRATRRI(M A RO Crant (R
Dcé%%)_ i b)ek. Weiohﬁg.ﬁ%ﬁﬁ%fgg uﬁﬂﬁgﬁ%ﬁgﬁ%ﬁﬁﬁeﬁbﬁ&m
(HAEBRTY VAR Bitisiy higl havauss e ineinehapbents Brelditio wers not
metpiatainemes it (Fahe ,
HexafluoorQ-Z-but%ﬁ%%%@ﬁ-isom&ﬁ %ﬁﬁ%}a%%ﬁc&awﬁ
polY¥RERFrinRieR i HRFRARsR flensisocyanate (Pap08 580) - All
.components except the isocyanate were premixed as a B-side. The
wisocyanate A-side) was d for about 30

Tin)
eihca

seconds. EeER¥s! pilisfructure

TherhdieninsaraenbanRsiovalvitl e aitsRas SR RS
Foam, density was initially high because the catalyst amounts and ratio
it Pﬁﬁﬂ?ﬁ?%ﬁ&@ﬁ%@%’i‘%éiﬁf@fﬁﬁtﬂ&@%@%ﬁb@ﬂl@aﬁm

catblesting repadiesteedn renieasegrm i%%éﬁ%%@ﬁﬁ@%’iﬁ%per

Agent Soluaility Effect.on Foam Cell structure These unsaturate

fludriEHBonL SRGEIRXBYa gy SempThate acprd afisiycuréeddaide,
15 themsolbbitity soidinrentiteanslaeabmic b 888 LOwIN I bk Riking

redyced solubility in the B-side requires proper mixing, but once mixed,

thel Ge %Wg?%fé%cagﬁd affinity for the B-side, 15 and being somewhat

insoluble, act to help seed small cell growth during the foaming reaction.

Thi.?.was observed in pre aring_the oam examples 4 and 5, above. In the

case bF X5 SRR Uige ﬁﬂﬁﬂlﬁi@ﬂﬁ% W anhxeabpvgd mihe

20 sasewiibeamplsde tebtondis epnuasra airEn A HADRINeA S the B-
20 blogtilgg ‘?’%ﬁnt was well dispersed in the B-side, with no loss upon sitting
e

at room TR SMRECHSBENRY WBRPRR e o AhEtRtiPRISH B in

thebdmedpgjerlyt ves cedistispiorecdepciired -2k et G s WA Wiing at
thergigltll?]Révalue. 25 Irwﬁam le 5, the blowing agent was not mixed as
thofaaghly TRRE BrSl IRl Sss R edieeassamer thesgiiad in the
butetkespdibsaligtine exiilsiingtihe doidsibemabscesaal apaiEBNENSSthe
Th%@ _ans insulation value was acceptable despite the voids,

demahstr

gac

aﬁ%g‘f %hat 30 these unsaturated fluorocarbons can improve cell
25 structure and foam properties such as to overcome potential processing

R e R
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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THERMOPLASTIC FOAM EXAMPLES 5 EXAMPLE 8 The following
example serves to illustrate the ability to use unsaturated fluorocarbon
blowing agents to produce thermoplastic foam insulation, specifically a
polystyrene insulation foam, with fine, uniform cell 10structure, long-term

indPIRREAIGEISHCR RS P SYRRRERE BRIPRHabAFpcessing ifliguliies that

pobygurass ARmiingElAHhBAR tnp S8rTRRRGRIaRAem:extruder
equipped with die, designed for insulation board foam, is used. Such a

configuration employs a primary extruder and a secondary extruder, with a

slit die. A typical polygyreng OFsiARTUH R AN EbHAO0HS general

purpose, 2.5 melt index, and a typical nucleator would be magnesium
silicate talc. Table 4- Typical Extruder Operating Parameters Primary
extruder (rpm) 70 Extrusion rate (kEppspsR0=Beowing agent rate (kg/hr)

46.5 Blowing nt concentratjon (wt A)) 10.8 Nucleator copcentration (wt
3% 0.6 Selbh BIPHT AXPERE Gt to ISR e UBP L Mol
tthemjkm@w&é@nsﬁza&)@a@mﬂp' _dt{]mmhg-%%ﬁéy\&dtbgenube]@@_ o mG BOStsic foam
thickness (mm) 52 Fogm widt m) 31 a nsit 5
et s M R

unssgtueaied, loagerarhonsiwdaiibe tiousnasdgobd HvraigaiyrsingdbRiy .

Sheet i UL e Rta o0 e RSk NG s SO

15

tandem extruder equipped with die, designed for insulation board foam, is
used. Such a configuration employs a primary exiruder and a secondary
extruder, with a slit die. A typical polystyrene resin would be Shell NX600
general purpose, 2.5 melt index, and a typical nucleator would be
magnesium silicate tale.

Table 4 — Typical Exiruder Operating Parameters

Primmary extruder (rpm) 70
Extrusion rate (kg/hr) 430
Blowing agent rate (kg/hr) 48.5
Blowing agent concenfration (wi %) 10.8
Nucleator concentration (wit %) 0.6
Secondary.extmder speed (fpm) 4.9
Die pressure {psig) 1484
Melt temperature (°C) 128
Die gap {mm) 1.8
Die width (mm) 100
Foam thickness (mm) B2
Foam width {mm) 317
Foam density (kg/m"®) 7 305
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5 cartons, hamburger cartons, meat trays, plates, etc. Foam sheet is
produced using a conventional tandem extrusion system. Foam is
extruded through an annular die, stretched over a mandrel about 4 times
the die's diameter, and slit to produce a single sheet. 10A typical
formulation is: 88 to 97 wt. percenEpSiYEtkER2 resin 2 to B wt. percent

unsaturatptiidoEeRiBRg BIIVERREIES P A S A: RISRGMY RUCIRARY

agent The polystyrene sheet is typically extruded to a thickness of 50 to

15 SRR JURTRsaP YN B AE BB BiIRING BOBMIo e Relaivenscioam

houheby RGAAHRGHPHTORTIORRANER b (%
kg/cnﬁ'a to 281.3 kg/cm) and 200F to Tl%% F%B%é}ggtbg) 048 %Qgﬁ;ﬁg_rﬁ%e?egg

bIRRARE Sy S CBHER L SIS, ﬁﬁ@?&é@ﬁ%@ﬁﬁ%iﬁt@naﬁge depending on

the desirqehtiglgras (Eitke BEPUSTHE AT EINBRIPINGAE e SB6E
the 20 olyﬁ__tyrene_ has been extruded, It is typically aged between 3 days

to SYHERs. TRFAGRETAedithesteanariian digaverisned owre

10
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blowingirgenmaernenies 9id eithaifanatat thisdione duiad dce vl
slovxérate. 25 After storage, the rolls of foam are thermoformed, producing

the® Sgﬁ'ed type of end-product (e.g., clam-shell containers, plates, etc.).
EXAMPLE HbiEapRiimenisangse conducted to assess the stability of
HFC-1225ye fo 7?» ‘tﬁléermo lastic foams. 1,2,3,3,3-pentafluoro-1-propene
(HFC-lZ%gf,é,l- REThAR SHYERNS £98HMand

1,1,1,2-tepaf ®ugeihenefHitsittalatdisordansaetowisgltmprior to
the testinqgfrg%v@e found. to b%? 100% pure. Polystyrene, talc nucleator, a
1010 Mild I W&ﬁ?% UGiRaRg 4 t0 260C in a pressure vessel

with. blowitigeagelystyréme lshattie uypiddtisr S4rodees 1he YRS ¥EsT 50 fo

e IR A L PERIEN TR EE LA D36 SRS PRLROU

Saifypechlientrad2d e@diddns3ainge driosz a39h03RA428HB4639R0.3 kg/em to

CoBRPIIQTim hnd AP IS8 5863 8644 8P TRE Blowing
agent concentration in the feed material will change depeﬁding 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 rolis in a warehouse. Some
blowing agent permeates out of the foam at this fime, but at a relatively
slow rate. |

After storage, the rolls 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-
difluoroethane (HFC-152a) and 1,1,1,2-tetrafluorosthane (HFC-134a)
were all analyzed by GC/MS prior to the testing and were found fo ba
100% pure. Polystyrene, talc nucleator, a 1010 Mild Steel Coupon, and




10

Mistron Vapor Magnesium Silicate Talc 333333 Safoam8 FPN3
(sodium salts of carbonic & polycarboxylic acids) 3 HFC-1225ve 10
10101010 101010 HFC-152a

‘air was heated to 260°C in a pressure vessel with blowing agent and held

24 hours. After 24 hours, the vessel was cooled and all gaseous products
were coliected from the vessel for analysis.

GCIMS Anslysis of Gases after Exposure to 260°C for 24 Hours
Sample Number | 24a | 24b | 24c [ 32b | 3¢ | 32a [ 39b | 39d | 22 | 24d | 3%a
Composition in Wit%:
Polystyrene 80 | 80 g7 87 87 | 87 | B7 | B7 87 87 | 87
Mistron Vapor ' ‘
Magnesium Silicate 3 3 3 3 3 3
Talc
Safoam® FPN3
{sodium salts of
carbonic & 318 3
polycarboxylic acids)
| HFGC-1228ve - 10 1 10 1 106 1 40 | 10 10 | 10 | 10
HFC-152a 10 | 10
HFC-134a : 10
z}%tl%éﬂ;ld Steel X X X X X X X X X b X
Ar X X X X % X b X X X X
Blowing Agent Puri 83, ] 96. | 100
after E)%pogure' Y >99.9% 4% | 7% | % >09.9%

The test 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 Chemicéi Analysis (ESCA). Fluoride ions (F)
were observed on the surface of all coupons. Estimated concentrations of
fluoride ion are shown in the table below.

ESCA Analysis Results (unit; atom%)

Sample Number Blowing Agents Taic Fluoride ion
(atom%}

32a HFC-152a Mistron 15

32b HFC-1228ve Mistren 0.3

244 HFC-1225ve Safoam 0.2

3s8d HFC-1225vye Mistron 0.3
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1010 HFC-134a 10 1010 Mild Steel Coupon X X X X X X X X X X
Air X X X X X

EXAMPLE 11

Experiments were conducied o assess the compatibility of the
unsafurated fluorocarbons for thermoplastic foams. Polystyrene and talo
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 &
polystyrehe sample recovered for thermal gravimetric analysis (TGA).
Weight loss versus temperature was compared for the polystyrene
samples heated with blowing agents fo a conirol sample of starting ’
poiystyrene 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 melt. The data indicates

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

# Sam;ﬁle Biowing Agent Weight Loss@ 300°C
- Polystyrene Control None 0.7%
24z | Polystyrene 1,2,3,3,3-pentafluoro-1- 4.28%
’p‘ropene

24b | Polysiyrens 1,2,3,3,3-pentaflucro-1- 2.5%
propene

3%9c | Polystyrene + Talc 1,2,3.3,3—pehtaﬂuoro~1- 5.38%
propene

3% | Polysiyrene + Talc HFC-152a ‘ 2.44%

39d | Polystyrene + Tal HFC-134a 3.99%

39z | Polystyrene + Safoam 1,2,3,3,3-pentafluoro-1- 4.79%
propena
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X X X X X Blowing Agent Purity after Exposure >99 9% . 93. 4% 96. 7%
100 % 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 (F.) 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%) Sample Number Blowing%‘%m@sl'alc Fluoride ion  (atom%)

32 HFC-152 t
a A megh da ol}/lzl'rs'tarl%rr]]g a thermoplastic foam, comprising:

(a) forming a melt comprising a foamable composition, wherein said
foamable composition comprises a resin selected from the group consisting of
polystyrene, polyethylene, and polypropylene;

{b) blending a blowing agent with the melt to form a plasticized mass at
nonfoaming temperatures and pressures;

(¢} passing the plasticized mass through a die and into an expansion zone
to form an extrudate; and

(d) allowing the extrudate to foam in the expansion zone,;

wherein said blowing agent is stable under extrusion condifions and
comprises at least one fluorocarbon or hydrofluorocarbon selected from the
group consisiing of:

(i) a hydrofluorocarbon having the formula £- or Z-R'CH=CHR?,
wherein R' and R? are, independently, C4 to Cg perfluoroalky!
groups; and

(i) a fluorocarbon or hydrofluorocarbon selected from the group
consisting of CF3CF=CHF, CF;CH=CF;, CHF,CF=CF;,
CHF,CH=CHF, CF3sCF=CH,, CF3CH=CHF, CH,FCF=CF,,
CHF,CH=CF;, CHF,CF=CHF, CHF,CF=CH,, CF3CH=CHa,
CH3CF=CF3, CHFCH=CF;, CHFCF=CHF, CHFCH=CHF,
CF3CF=CFCF3, CF3CFCF=CF;, CF3CF=CHCF3;, CF3CF2CF=CHg,
CF3CH=CHCF3;, CF3CF,CH=CH,, CF;=CHCF,CF3,
CFo=CFCHFCF3, CF2=CFCFCHF2, CHF,CH=CHCF3,
(CF3)2C=CHCF3;, CF3CF=CHCF,CF3, CF3;CH=CFCF;CF3,
(CF3)2CFCH=CHg, CF3CF,CFo,CH=CH,, CF3(CF2)3CF=CF,
CF3CF,CF=CFCF,CF3, (CF3):C=C(CF3)2, (CF3)2CFCF=CHCF3,
CFo,=CFCF,CH.F, CF,=CFCHFCHF,, CH,=C(CF3),,
CH3CF,CF=CF,, CHoFCF=CFCHE;, CHFCF,CF=CFy,
CF,=C(CF3)(CHg), CHy=C(CHF;)(CF3)}, CH=CHCF,CHF,
CF,=C{CHF)(CH3), CHF=C(CF3)(CHa), CHx=C(CHF2)2,
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32b HFC-1225ve Mistron 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
260C 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 Er&lj/as (TGA). Wei (tht loss versus temperature was

compared for i€ ‘p@ ﬁ@@%ﬁm@é caled w@rf%%?ﬁ@ fents to a
control Samﬁtﬁ@ﬁmwﬁp|W@F®P§W§@FI@FEQ®FQI@|&S§ZH Fa,

Drovides ol BOBIOLTHBtGr T e A T G A e i

the melt. Teda@AQMHRFRS, | rOpTeWeHGE TN, fmﬂm%mmed

Blowing AQ G Cheke- 5oL boRhiehe Colt NG 2
CH,=C(CF3)CF,CFa, CF,=CHCH(CF3),, CHF=CHCF(CF3),,
CF2=C(CF3)CH3CF3, CHy=CFCF,CF2CHF,, CFo=CHCF,CH,CFs,
CF3CF=C(CF3)(CHs), CH,=CFCH(CF3)p, CHF=CHCH(CF3)s,
CHoFCH=C(CF3);, CH3CF=C(CF3)s, CHy=CHCF,CHFCF s,
CHy=C(CF3)CH3CF3, (CF3),C=CHCFs, (CF3),CFCF=CHCF3,
CHz=CHC(CF3)3, (CF3)2C=C(CH3z)(CF3), CHz=CFCF,CH(CF3),,
CF3CF=C(CH3)CF,CF3, CF3CH=CHCH(CF3),,
CH,=CHCF,CF3CFoCHF 5, (CF3),C=CHCF,CHs,
CH2=C(CF3)CH,C,F5, CHo=CHCH,CF,C,F 5, CHo=CHCH,CF,CoF 5,
CF3CF,CF=CFCyHs, CHa=CHCH,CF(CF3),,
CF3CF=CHCH(CF3)(CHs), (CF3):C=CFC,H5, cyclo-
CF,CF2CFCH=CH-, cyclo-CFsCF2CH=CH-,
CF3CF,CF2C(CH3)=CHy, CF3CFCFCH=CHCH;, cyclo-
CF,CE,CF=CF-, cyclo-CF2CF=CFCF,CF,-, cycio-
CFyCE=CFCFoCF,CF5, CF3CF2CF2CFCH=CHy,
CF3CH=CHCF,CF, CF3CF,CH=CHCF,CFa,
CF3CH=CHCF,CFCF3, CFaCF=CFCyFs, CFsCF=CFCFoCF,CoFs,
CF3CF.CF=CFCF3CyFs, CFCH=CFCF3CFLCoFs,
CF3CF=CHCF,CF;CoF s, CF3CF,CH=CFCF3CoFs,
CFaCFoCF=CHCF,CoF s, CoFsCF2CF=CHCHs, CoFsCE=CHCH3,
(CF3)2C=CHCHs, CF3C(CH3)=CHCF3, CHF=CFCFs,
CHF2CF=CFCF3, (CF3)2C=CHF, CHoFCF=CFCFs3,
CHF=CHCF,CF3, CHF2CH=CFCF3, CHF=CFCHFCFs,
CF3sCH=CFCHF,, CHF=CFCF,CHF,, CHF,CF=CFCHF;,
CH2CF=CFCF3, CH,FCH=CFCF3, CH,=CFCHFCF3,
CH,=CFCF,CHF,, CFaCH=CFCH,F, CHF=CFCH,CFs,
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0.7% 24a Polystyrene 1,2,3,3,3-pentafluoro-1- propene 4.26% 24b
Polystyrene 1,2,3,3,3-pentafluoro-1- propene 2.5% 39c Polystyrene + Talc
12,3,3,3-pentafluoro-1- propene 5.38% 39b Polystyrene + Talc HFC-152a
2.44% 39d Polystyrene + Talc HFC-134a 3.99% 39a Polystyrene +
Safoarn 1,2,3,3,3-pentafluoro-1- propene 4.79% CLAIMS 1.A method of
making a thermoplastic foam, comprising: (a) forming a melt
comprising a foamable composition, wherein said 5 foamable composition

comprises & sty BElsthed srdniteCditipcohsisthg of holysfyrie,

polyethylene,jaad peipropener .cF<eHalending 2 blawingagent with
the melt to form a plasticized mass at nonfoaming temperatures and

pressures; CHF=CRI a8l REHiaLtick&d pRS thiddgh @M da -G .
an expansigMapae He rodernan.egrcirierand CH,=Chielvmirg, the
extrudate t in the expansign zone; wherein said blowing agent
is stable ur%@%%fmégﬁ% it?(&‘r%"é#ggaﬁﬁég 2§1§ one
fluorocarbod Ry et adTatRs bERCI R CIBa-0TE the JrokiFcORBssORG & :,
15(i)a hydrafluor, a(r:lg?@ Vi la E-,or Z-R1ICH=CHR
wherein Rl(a;}i;j‘?a %are, #rgépl%g]é?ﬁ{?ﬁ%&gﬁo B éﬁ%ﬁéroé&ﬁ%@ﬁﬁ%’;
and CHy=CBrCF,C,Fs5, CF=C(CH,BrCF;, CH=C(CBrF,)CF3,
(CF3),CHCH=CHBr, (CF3);C=CHCHBr, CH,=CHCF(CF3)CBrF,,
CFy=CHCFCHCBrF,, CFBr=CHCF;, CFBr=CFCF3,
CF3CF,CF,CBr=CH;, and CF3{CF2)sCBr=CHj;
and wherein the global warming potential of said blowing agent is
iess than 100.

2. The method of claim 1, wherein the blowing agent is CF3CH=CHCF;,
CF3CH=CHC,F 5, CFaCH=CHCF,CsF 5, CF3CH=CHCF(CF3)z, CoFsCH=CHC,F5,
CF3CH=CH(CF2)3CF3, CF3CH=CHCF2CF(CF3)2, CF3CH=CHCF(CF3)CsFs,
CF3;CH=CHC(CF3)3, CoFsCH=CHCF,CaF5, CoFsCH=CHCF(CF3),,
CF3CH=CH(CF2)4CF3, CF3CH=CHCF,CF>CF(CF3),, CF3CH=CHC(CF3),CsFs5,
CoFsCH=CH(CF2)3CF3, CoFsCH=CHCF2CF(CF3)z, CoF sCH=CHCF(CF3)CyFs,
CoFsCH=CHC(CF3)3, CoFsCF2CH=CHCF2CsFs, (CF3),CFCH=CHCF(CF3),,
CoFsCH=CHCF(CF3)z, CF3CH=CH(CF2)5CF3, CFaCH=CHCF(CF3){CF3)2C:Fs,
CF3CH=CHC(CF3)oCF2CoF 5, CoFsCH=CH(CF2)4CF3,
CoFsCH=CHCF,CF,CF(CF3);, CoF sCH=CHC(CF3)2CaFs,
CoFsCF,CH=CH(CF;)3CF3, CFsCF,CH=CHCF,CF(CF3)z,

CoF sCFCH=CHCF(CF3)CyF 5, CoFsCF,CH=CHC(CF3)s,
(CF3)2.CFCH=CH(CF3)3CF3, (CF3)2CFCH=CHCF,CF(CF3),,
(CF3)2CFCH=CHCF(CF3)CsF3, (CF3),CFCH=CHC(CF3)3, C2FsCH=CH(CF,)sCF3,
CoFsCH=CHCF(CF3){CF2),CoF5, CoFsCH=CHC(CF3),CF,C,Fs,
CsFsCFaCH=CH(CF,) 4CF3, CoFsCF,CH=CHCF2CF,CF(CF3)s,
CoFsCF,CH=CHC(CF3)2,CoF s, (CFa)2CFCH=CH(CF2),CF3,
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(ia fluorocarbon or hydrofluorocarbon selected from the group consisting
of CF3CF=CHF, CF3CH=CF2, CHF2CF=CF2, 20CHF2CH=CHF,
CF3CF=CH2, CF3CH=CHF, CH2FCF=CF2, CHF2CH=CF2,
CHF2CF=CHF, CHF2CF=CH2, CF3CH=CH2, CH3CF=CF2,
CH2FCH=CF2, CH2FCF=CHF, CHF2CH=CHF, CF3CF=CFCF3,
CF3CF2CF=CF2, CF3CF=CHCF3, CF3CF2CF=CH2, CF3CH=CHCEFS3,
CF3CF2CH=CH2, CF2=CHCF2CF3, 25CF2=CFCHFCF3,

(CER IR FO IR TG RF e e R R SIS .
=CH2,

CERE S e @?‘%ﬁ?@%ﬁ CFOF2cs,

CReREREEERSIA(cFibeErtera I EHICEiekacH2r,

(CEHLEEEFEERE FGERESHEE 0% JACHEIGE BKZEF@?QCH)CQFE,,

(CERAI TR O Gl S RIS EFLS GO EHS),

CEHFHCEGEIEHE)  CFi2s G(QEIFZ CBEGAELCFGH3, CH3CF=CHCF3,
CF2=CFCF2CF2CF3, CHF=CFCF2CF2CF3, CF2=CHCF2CF2CF3,

CF2=CFCF2CF2CHF2, CHF2CF=CFCF2CF3, CF3CF=CFCF2CHF2,
3. CF3TReCREIEE OF 8alHF MBS (OR8)2 00 FR-RREHECESB;CH=CHCF, E-

o R R 3 G5 cra, Croschoniera,
CHF=CHCF(CF3)2, CF2=C(CF3)CH2CF3, CH2=CFCF2CF2CHF2,

4. CR2THEMEROH2E 6] &53%@%(;%@%% %énﬁg%ﬁﬁ%@?—cw Z-
CHF=CHCH(CF3)2, CH2FCH=C(CF3)2, CH3CF2C(CF3

Crafb=EHTHIGRECES21BEH2E CZI@EB@H@@?‘YZ&*@H@#EQ HCFs,

Z- @F@RQ@%F CHURCHREFORC (N KeEREES GCHICF;, 7-
2=CECF2C (z( F32(2 CE3CE= C(C@CFZCFB CF3CH ZCHCH(CF3)2,

CRGSHEFoGreE CleRspéLcheraersC
c@ea_@%@wzﬁa@&mﬁgﬁmm@ﬂmwczps,

AR A R R v o

C Ry 2GH2ER2CH=CH-, cyclo-CF2CF2CH=CH-,
CF3CF2CF2C(CH3)=CH2, CF3CF2CF2CH=CHCHS3,
cycloCF2CF2CF=CF-, cyclo-CF2CF=CFCF2CF2-, cyclo-

5. 20CFpe mslirgRICRA0 A2 WOESOF 2@ F 2EMAGHa@@HRis a  hydrofiuorocarbon

seCFBgErogl;tC5@@@%@%@@%&%% CF3 FCFZg%C% CF ngc Capg e,

E- @E&Fﬁmﬁzﬁmﬁﬁﬂéﬁ CHCF2CF2C2F5,
CF3CF2CH=CFCF2C2F5, 25CF3CF2CF=CHCF2C2F5,
C2F5CF2CF=CHCH3, C2F5CF=CHCH3, (CF3)2C=CHCHS3,

6. cradieimptherierdainHkyhecon s g egent s RoRBySC=EHE or Z-

CFGHRECRFCFCF3, CHF=CHCF2CF3, CHF2CH=CFCF3,
CHF=CFCHFCF3, CF3CH=CFCHF2, CHF=CFCF2CHF2,
CHF2CF=CFCHF2, 30CH2CF=CFCF3, CH2FCH=CFCF3,

7. CHZERF @GR GH 3f Ehirr Chafe2Gh B BERGHeGEmbaS ion further
CHE= CFCHz%ﬁ@?CHF CHCHFCF3, CHF=CHCF2CHF2,

CORRESCA 84#LCFCHFCHF2, CF3CF=CHCH3,
CF2=CHCF2Br, CHF=CBrCHF2, CHBr=CHCF3, CF3CBr=CFCF3,

5 e IR e e s Pl gy

WiGFBOFSDBIER2siF 32 KGN IC BIe@RT 258N ZaOH F 2T B mCh ORFBating
agg,lft_2=CBrCHFC2F5, (CF3)2CFCBr=CH2, CHBr=CF(CF2)2CHF2,
CH2=CBrCF2C2F5, CF2=C(CH2Br)0F3, O0H2=C(CBrF2)CF3,
(CF3)2CHCH=CHBr, (CF3)20=CHCH2Br, CH2=CHCF(CF3)CB1F2,
10CF2=CHCF2CH2CBrF2, CFBr=CHCF3, CFBr=CFCF3,
CF3CF2CF2CBr=CH2, and CF3(CF2‘)%CBr:CH2; and wherein the global
warming potential of said blowing agent is less than 100. 15 2.The method
of claim 1, wherein the blowing agent is CF3CH=CHCF3,
CF3CH=CHC2F5, CF3CH=CHCF2C2F5, CF3CH=CHCF(CF3)2,

C2F5CH=CHC2F5, CF3CH=CH(CF2)3CF3, CF3CH=CHCF2CF(CF3)2,
CERCH=CHCE(CERCO2EE CERCH=CHC(ICE?R\? COoOFECH-CHCES2C2ER



(CF3)2CFCH=CHCF2CF2CF(CF3)2, (CF3)2CFCH=CHC(CF3)2C2F5,
CF3(CF2)3CH=CH(CF2)3CF3, CF3(CF2)3CH=CHCF2CF(CF3) 2,
CF3(CF2)3CH=CHCF(CF3)C2F5, CF3 (CF2)3CH=CHC(CF3)3,
(CF3)2CFCF2CH=CHCF2CF(CF3)2,
(CF3)2CFCF2CH=CHCF(CF3)C2F5, 5 (CF3)2CFCF2CH=CHC(CF3)3,
C2F5CF(CF3)CH=CHCF(CF3)C2F5, C2F5CF(CF3)CH=CHC(CF3)3, or
(CF3)3CCH=CHC(CF5)5. 3. The method of claim 1, wherein the blowing
agent is E-CF3CH=CHCF3, ECF3CH=CHCF2CF3 or

9. Z-Ch¥ehroifdrA Clin 10 vihdremmeihessatpiainmmbsyRerajtides By

1 3XEUBIRRRPS Eoeiho f Mk BIOMAERITRATE A0 4 W 7o eating

agenCF3CH=CFCF3, Z-CF3CH=CFCF3, E-CF3CF=CFCF3,
ZCF3CF=CFCF3, E-CF3CH=CHCF2CF3, Z-CF3CH=CHCF2CF3, E- 15
CF3CF=CHCF2CF3, Z-CF3CF=CHCF2CF3, E-CF3CH=CFCF2CF3,

101 CF3GHrerCE 2CEBj iR -C RBEFeiC FERAGHIB| 288 3GR3ChrDH2er88 fo 97

wBCEARERGECERCRS ) & s ThEmplin L oaim eI, 2919 Rlgwingg

agentis a hydrofluorocarbon 20 selecte m the group consisting 0

agerCF3CF=CHF, Z-CF3CF=CHF, CF3CF=CH2, E-CF3CH=CHF and
Z-CF3CH=CHF. 6. The method of claim 1, wherein said blowing agent is
E-CF3CF=CHF or ZCF3CF=CHF. 25 7. The method of claim 1, wherein
the foamable composition further comprises a nucleating agent. 8. The
method of claim 1, wherein the plasticized mass comprises 88 to 97 30
wt.% polystyrene resin, 2 to 8 wt.% blowing agent and 1 to 4 wt.%
nucleating agent. 9. The method of claim 1, wherein the plasticized mass
comprises 88 to 97 wt.% polypropylene resin, 2 to 8 wt.% blowing agent
and Ito 4 wt.% nucleating agent. 10. The method of claim 1, wherein the
plasticized mass comprises 88 to 97 wt.% polyethylene resin, 2 to 8 wt.%
blowing agent and 1 to 4 wt.% nucleating agent.



