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BACKGROUND OF THE INVENTION

25 Closed-cell polyisocyanate-based foams are widely used for

insulation purposes, for example, in building construction and in the
manufacture of energy efficient electrical appliances. In the construction
industry, polyurethane (polyisocyanurate) board stock is used in roofing
and siding for its insulation and load-carrying capabilities. Poured and

30 sprayed polyurethane foams are widely used fora variety of applications
including insulating roofs, insulating large structures such as storage
tanks, insulating appliances such as refrigerators and freezers, insulating
refrigerated trucks and railcars, etc.
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In addition to closed-cell foams, open-cell foams are also of
commercial interest, for example in the production of fluid-absorbent
30 articles. 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
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30 More recently HFCs have been proposed and employed és foam
blowing agents. The HFCs do not contribute to the destruction of
stratospheric ozone, but are of concern due to their contribution to the
"greenhouse effect", i.e., they contribute to global warming. As a resuit of



regul ations. There is need for producing foans that
provide low flanmmability, 10 good thermal insulation

wan7issdr4di mensi onal stability by using a bl oRCmES2006/042635

agent that has substantially no ozone depletion
pdheincoatribLBDR)to glabahwaoming, éng HREYS Iga\teammamndleﬁ gerutiny,

There is also.n de a
pr%’t?_gé'@'rf%&eﬁw)@é‘gdfsﬁd“ﬁy gls0 ke f §ﬁ§ n g}?gf”g'f/ hg a
bl ow n%?&%ﬁérb@ﬁb%v@%s&bé@m rStticdyad foafn blowing agents.
phot ochem cal 15 reactivit an the hydrocarbons, and

hdﬁ@wevm&eaﬁcmmunmre fya@nmﬁble epdFaaMbATSf  anbi ent

Ok Ry R o 125 eSO T D

- ongrodAd idwed ogens pias), smoby dSoélh gompoants are ¢ipicdligdefered to

10

15

20

25

30

the group consjsting of: i ) .a hydrofl uorocarbgn
haaﬁ v@atllﬁ@rganmom@ur@ﬁ ¥ @fmﬁze subigst g envpngpptal
gh%’tl hgdependently, C to C6 perfluoroalkyl
and (ii) a fluorocarbon or hydrofl uorocarbon
sel ect ethdredsnnebd for mroducing foamsitbai pryviske IGRaEmoabjlity,

%@%ﬁh gﬂgz @ﬂe%d hi FWF& %&E&F@@_ﬁng a blowing

Tt &I‘B&@H@EQODP and no or
Cqu?:éFﬁ CHF CHFZCH:CH CFSCF— CF3 CF3CF2CF=
mm@mwmwmenﬂa}@wam%ws

CHACC 20 i B b TPty s ams

CFé‘rgE Braving Ggéhtmhichi7ddSig nﬁl@EBﬂﬁ@EﬁlﬁPﬁt&hemlcal
CH=CH2, 4 WO 2007/ 053674 PCT/ US2006/
Creectivifystbradhe hydreperens- epdenes dqasrnt 2?@96( ;%he

oS iy drape g GBI ISR =

CH2FCF2CF=CF2, CF2= C(CFS)(CHS) CHz= C(CHFZ)(CFS) 5

CH2=CHCF2CHF2, CF2= CH3)
CH2=C( CHF2) 2, -u".‘* a NEN HgR) ()

gg g%g%@ﬁa ls%Fagl:cgi_' ﬁg@é&’ﬁ@ com@ﬁgm C%%%%H%gz

fluorocarbon or hydrofluorocarbon selected from the group consisting of:
(i) a hydrofluorocarbon having the formula E- or Z-R'CH=CHR?,
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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.
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F%ﬁl, 1 GSCRE@:ZEI?IA@ @ﬁg% hexadecaf | uﬁrifdmmmemybmt-&léﬁﬂi E
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FeiaﬂE5<,H:(CFg$,(dBlé3|)=2H @523(5;2 F5
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CZ2E5CF2 XS -
TR s 4o S s

ene F3ol E L,Al—bu—éu

FISE | G sBHaCHCFge BFCafs

SaE e T

Fggésvp%ﬁéépf@[@””gum;g'

,'1,1 2399887158 ,9,9,10,70,10-octadecafluorodec-
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S i b prcteamaon

= [o- eN€F,ERFIOHCH3(CF2
F‘%?El, 1,2, 3, BFBFCH),7, 8, 8,

SCHrtH2 3366,7,7.6.8.9.9.9- -pgntadecafluoro-2-
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1,112 3 36 6 7 8 8 8-dodecafluoro-2 7 CF2CFCF3 2
b| s triCompoungs bf Founulad-neay:be pa¢pared by contacting a

| Redigroslia  [pde,obing farpuadR ilio? Bedlugroalisdisiyespalefin of
bi tﬁe%hﬁulb\@qﬂ@i@H& t@frmta ﬁﬂ@d?&bdbﬁem@sﬁ)aa@?@c@%m

nonaf | uor o-2 tris

t rﬁofmula B‘r@m\CHIR]e Thlsirmrmpd@n@,rﬂugmgr(m) thende

o) Syl ic/ofin R CZEREE AfRTartel, hbortrr

CZE@H%CF@%% ;ﬁé@rf%lhiby deZydronodmatlon ofa I
‘Fibydisdaneriudraniapemt s RegHISHER: fored in forn by

R e

Cmmﬂuonimllqﬂtrlﬁpdmldlnlofﬂhgfdn'mma &H=Cily contacting a
fl | k di f the f th
Per {1 uosad sacvat B Sra PRt Rdide Wb Al o ocrcre
t Opérﬂ Dmo%lﬁwﬁlhy&*oglé?m%ﬁf/ kaweoplaat st mb8e byfhiBihing
his trihydroi odoperfl uoroal kane Can then

ethg r@gn’sp@ts)in@jswgakg@ reactioprvasselcrapgiye of operating under the

oA BoREARF issbitr B Botefl PR e BrBIFR Kone

Of tehiperaturel SuitRbiehieatlidt? véssai® thaludd those babrlda@@@ frong

perfl uor oal kyl iodide of the formula R21 wit
pe$ ﬁlﬂﬁ%’ﬁ?ﬁ&*l i paryiaviab Pfeﬁ%al!ﬁte'iﬂﬂ% tyre: ﬁnﬂéh@w@@m’

1057 GRAIGH 46h 88 VR RS Tkt eabi alodd! HEsibIDRickel

rmlmhedeaNnylstarrd Ingondel@anlcbeledmmrmmrallaysu| t abI e
reactiop, ves

aut ogerolR™ B?)é%l&i arglf*g?(?{gmaggﬁa @'Cﬁ%@%e&nb‘%@h&wde In

re\ﬁﬁfchctﬁe r}e‘?ﬁmﬁbélkw‘h% o%blbﬁﬁ'r@adtﬁﬁﬁ%'a@@leﬁ%%l@és ,
i ncl ude those fabricat ed from 15 stainless steels, in

pamrflugrcmlkmochm reantartriy neany o a switablerrddition apperatus

a1 Sy TeS bRy e SHERRTRIBRRNE 1 6yS ana

| nconel the réﬁcﬁ&ﬂ%erﬂhbm@ll«gﬂﬂ@dldﬂ@t@pepﬂhbmdﬂqﬂﬂriwﬂBOOIéfhe
react| on may be conduct in seni-bat mode 1 n

Qe bpmgembput hyldeahaut Anl meateraily fios gaauy! {501 to
t hf 52& R%Ené saRbKA! 54 ‘i?heg?o FERMLIAMrgBYarRERS P thét2:1

sur't | on apparatu
adduct as reported by Jeanneaux, et al. in Journal of Fluorine Chemistry,

Vol. 4, pages 261-270 (1974).

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

Suitable contact times for the reaction of the perfluoroalkyl iodide
with the perfluoroalkyltrinydroolefin are from about 0.5 hour to 18 hours,
preferably from about 4 to about 12 hours.
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such as a punp at the reaction tenperature. The ratio
of perfluoroal kyl iodide to
woeodossa7eal kyl tri hydrool efin shoul d be bet weeaTalseus/042635
1:1 to about 4:1, preferably fromabout 1.5:1 to
2.5:1. The triydreiedoperiinorpatianetpapareas bsesaaqhonmﬂtim ge

cPeiftcrcRliyh s Wik e USRS Glof o6 8

pacﬂfé%tl @ritl?ggelﬁﬂc%i@dmd?bﬂfstéﬁ ef Ma%lm%feﬁrbbryﬁlfe fetovered and

cont ac sai d perfluoroal kyl iodide "with said

pewrlf@drb)adlsyllled pwctpdbe éﬁhﬁdmc@dlm@resf@m y within the

5 1900 1 o B8V oietarkh <88 S B A B R RLR Y .
186bydoicdupdrflusiosikahe iviitkod basmmuastartdeﬁﬁufa@ﬂe basic
reacti on of the perfl uor aléll( de wth t

petuastRIcss IRGIude ialalipstat 'yoaw@Sf cfn SOHHUM fmvdzsoweeror

paSsAgH e AR e SR eSSty i)

t ralkaglireoéardto peatél hmromdeﬁ(egproalmmmdwydyom%)claikahnefearth

th fl | k did

10 dRpT GrERIGIE. FAIgURLERER) el e aloxides (bt iy
t haefiRhadd of %lﬂﬁtétﬁaxﬁbﬁ RgeolB¥nithehia! 38linPamide, or
recovered and purif y distilled prior to the

deﬁp@ur@isaﬂ ibegic ebstangss sichtas srdalimei Guetemeddbasie ep

t r |‘ﬁb%gé%0%%o%gerom ?&Q%‘#ﬁ@gna EﬁtaSSbng hgd )i)S ‘ance.

Sui t abl Sahaﬁdmactmgbﬁfttﬁ@ trétsydroiotoperflabkadikarewith a basic
hydr oxi des (e.g i.um hydr.oxi de or tassi um
15 hy%HQ?féF’EF@ mawtﬁlsﬁ plewst"art @Yaud Phese %&fsﬁeﬂw'\é in fisprgaence of

B
( eSglventsaéwtable imxrthbﬂehy&drbuidlnatmnadteplmchxdejeae @errg:re polar
2GRS STYR B UGS AICTION [ e dreapph BTN h-propanl,
SUBSHRIPEASI, fhl-'Elhtaﬂél %@téﬁdl”eanat’fe@f @r‘&/rtﬁﬁaﬁéﬁlrﬁtnles (e.g.,

subst ances 'are sodi um hydr oxi de and’ pot ass
20 hyapaienitide, Bopipnilsia, Hetyragitde, be@zonltrlle or adlpomtnle)

e ety SSRGS NI ARHIRRB A R Erelfy BEORHAgE o

prsmfvlmfe oThe ghsick\#rRblveap atlyededend s tHe/boiing polnt ag the
portion of both reactants. Solvents suitable for

t h@roeleawm%mﬁje%& pbseraration atiraces ehbesolvait &romfha
Ft a&#ﬁgfg& c%TﬂSH a@/gi’éa‘ﬁ h&h?n& so%%‘gltaﬁ@f‘&]e’good

propano
251 ssxﬁweratsdbr themeatton.i ary butanol), nitriles (e.g., 20

coet O by, B P s ) B o an by
N, dgaitioR bhyhé oF TR tarts (bitHerthd pharEubstie the
trihydroiodoperfluoroalkane) to the other reactant in a suitable reaction
vessel. Said reaction vessel may be fabricated from glass, ceramic, or
30 metal and is preferably agitated with an impellor or stirring mechanism.
Temperatures suitable for the dehydroiodination reaction are from
about 10°C to about 100°C, preferably from about 20°C to about 70°C.

The dehydroiodination reaction may be carried out at ambient pressure or

i
i
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sul fol ane. The choi ce of solvent may depend on the
boi ling point of the product and the ease of

weepeviasd7on of traces of the solvent fromthe poTaSRDG/042635
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during purification. Typically, ethanol or isopropanol
arat rgdocbd abelevhiedressune. t ©f noteaans cbehydrglpdtrwtlby reagtons

dehydr.oi gdi nation reaction be.carrje

adntigh fis SGRaoUrd BF EorallaTan eBTEF ol FrinR soplion vessel
subsk fAefmel. the trihydroi odoperfl uoroal kane) to the
other reactant in a suitable reaction vessel. Said
react i ohltersstivaly the debydegiedinatienreacion gnaybe coadueied by

rsitean e BOIHAE B p AT cT WER 2 sotignor

f Othetthﬁydi@ldd@p@rfmdjrmm@@ i €8¢ bi Aibraoegdnio solventyiof Ibeer
to about 100C, preferably from about 20C to about 70C.

THeolaetauchiasamhakens (e sacdie@nenhiopigacc aF priape) @romatic
g{mcﬁgéarﬂgﬁg légetoﬂfen%&,vmlg@&?étgé%@%@g&ﬁ%&g%&ﬁ%@ﬁé

reduce | 'evat ed pressure
dedhloide, adhylahe dichieriadd, ichlesoform, aaribo tetracktlonﬂe,wrd of
ft he.react i0

d | I ed
j ?éq”r‘élw%a«pwb e (s T, (Bel-, ettivl SHish et o he sther,
H‘ro‘ﬁﬂrénbé-rﬁé’tﬂg%ir%ﬁ AbfuranC AidkaRs ] dieheloREIRME

so ut| n of said IC su stance wth a solution of
t haiglymeh ot tetraglpme) in therweseaerof a pbase sangtsr satalygini c

SIS e AP PSR L B s
( e(eﬂg 1 tétfﬁuwahmdrﬁum%mﬁ@@l tbudbmywnhﬂbn(lm Bydrosulfate,

ene hl ori de, ethylene dichloride, chlorofor

caﬁns lb@wmm@mtmchwdfode@wlm%x AneRniym ghloride,
£ e sy R B i on SFRAG)Y buoar dhdsofontin
d| Inmtdesmg% Mpbenylmeghyﬁphosm'romm rbagnhudaaaénd tn L Ihe
t I‘ t a e.
P EhepBen A SruhaT S REITHE ol £Vl Siher P AN g RS i
( eth@ art fafbfa/wbmew@phw’a-&bwn-el%ndtm-emw anmmoni um

ydrosultate, 15 trie | benzyl amoni um chl ori de,
dodecyl Aﬁemtlwyawmwm@hdmatld@ reacfios may be conducted in

or DR e eAEEY A e RinyiEhiad Ml TIRRkans 19 asold

br eniiclfd 8asic subktamigieny! phosphoni um chl ori de), and
cyclic ether conmpounds known in the art _as crown

et hers @@lt@ole reactiondines ferthe g@hyﬁmdlgytlormgactlons are from
Al L58hadd %ﬂMe§ %J‘Sbtglﬂ@f)g EBb%dﬂ%ﬂﬁBfé)?e% g% GR tﬂ?léopﬁnhty of

conduct €d sence of sol ven
t rfheyrdactamtn pEypitally ihe! dehyelroiodimatioh |relactmn i wqpnddand

barselq%nrség% to{fljt 88 minutes to about three hours for completion.

The compound of formula | may be recovered from the
dehydroiodination reaction mixture by phase separation after addition of
water, by distillation, or by a combination thereof.

The compositions disclosed herein may comprise a single
compound of Formula |, for example, one of the compounds in Table 1, or

may comprise a combination of compounds of Formula I.
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Suitabl e reaction tinmes for the dehydroi odi nati on
reactions are from about 15 m nutes to about siXx

wbaw79ssd74mor e dependi ng on the solubility of PED/USh®6/042635
Typically the dehydroi odination reaction is

r

eact ant s.

rapi d dnchdditipn tb&he:idnmﬂtivé@ompwmds descabediabove,ee

h
b

ours for

€

conpl etiq

RRAHISRIEPPRIRHIR T ab_g;i;?

ound of

CoifiahRs

or.nul a |

BW%%@QFB&%

m xture by phase separation after addition of water,

by distillation,
conposi tions di scl osed her dahlen@

or by a conbinati

Yy

on thereof. 30 The
conprise a single

conmpound of Formula I, for exanple, one of the
CoNmaeinds | n Tdl8tacfureor  nmay conprahemical samdi nat i on
of HE@1R2Bsnds of| GEFsrula 1. 12 WO 2007/ 053674
POIFCIS22596/ 042639 CFFCHddi t i on t o [t147%:3,3.Brpentafupes-1-propene
c apze descrii®e@Hz®love,  canpoundst.hg.e-pemeigra-fpropene
TaHE@e122%8n be {@#HCEHCHI owi ng ags i 1e2,3,3-pampiion-Eprepane
st HEGA2348 ChenilGHofaane  HEC. 1225 cu:u;r; HEC- 1225 ¢
dcEdegdye, o |LOHPRF= £l uoro-1.1 %MQFFP—?%&—
L. s ] mf 11 G\F:BQF:(H?& af! vor-o—1- 3331%' ,Ll'afl 'p@a%e
S P RPRPN . TR NI K T SENE ]
GAZIAYE ~ot L CHERFAC s oyt ke gri-tetratiuoro=1-pro
1 : Qﬁz“@g:’?;: %EF*T‘;F—_CL‘H;P:': 'r.‘ﬁaﬂﬂ 4,3 tetraflyoro-1-propene
2 ig_;?ggct raf LE&éﬁq:aJ. propenme HFQ -1E§44é|%g©§ée
18Fs4 43yFL raf M Acr=¢,0PENe HAFUalysfifiGordTiprdpeme+ <
1MhFea3adET T al TUusE,BHACH] Opene  HFU-3IXRdMGorbHipidpehet 2
1T EF&aBadyet T af TUsH ericRr 0pene  HFUIPEdifigor& ipZdperd HF
1 Ar&13a3zet 1 af T{uoH ecli=pF,0pene  HFC1IPABRudroipropene
HFAFGA943yE CHF2A@RGEE=CHIB, 3- t ri T [ Jorna-fifipsropendene
HFEFQ-A2826 CF3CHEHERRHICRE 3-t ri f | ugrics, trifluayo-d+peopene
HFEECA2188 ¢ CH3CQRe:€F2 1.1, 2-trifluaro-1-praopene
HFES-13 CH2 RGHECFPCHCFE . 3-t 1 i | Udkel.3,3driahedtafiuoro-2-butene
HEEC1318%y e CHEACEECRICFTCP, 3-t rj f | 1]dlkh2.3.3. 4 priqilaoro-1-butene
HEmz%Ee CHE2C4HFHE 1 3 3-trifloro-| - propene_
FHEG1827ey e | CFsCF=CHCF, 1,1,1,2,4,4,4-heptafiuoro-2-butene
HFC 1327ye CHF=CFCF,CF, 1,2,3,3,4,4 4-heptafluoro-1-butene
HFC-1327py CHF.CF=CFCF3 1,1,1,2,3,4,4-heptaﬂuoro-2—butene
HFC-1327et (CF3),C=CHF 1,3,3,3-tetrafluoro-2-
(trifluoromethyl)-1-propene
HFC-1327¢cz CF,=CHCF,CF; 1,1,3,3,4,4,4-heptafluoro-1-butene

HFC-1327cye

CF,=CFCHFCF,

1,1,2,3,4,4,4-heptafluoro-1-butene

HEC-1327cyc

CF,=CFCF,CHF,

1,1,2,3,3,4,4-heptafluoro-1-butene

HFC-1336s C4H3F¢
HFC-1336yf CF3CF,CF=CH, 2,3,3,4,4 4-hexafluoro-1-butene
HFC-1336ze CHF=CHCF,CF; 1,3,3,4,4,4-hexafluoro-1-butene

HFC-1336eye

CHF=CFCHFCF;

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

HFC-1336eyc

CHF=CFCF,CHF,

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

HFC-1336pyy

CHF,GF=CFCHF,

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

HFC-1336qy CH,FCF=CFCF4 1,1,1,2,3,4-hexafluoro-2-butene
HFC-1336pz CHF,CH=CFCF; 1,1,1,2,4 4-hexafluoro-2-butene
HFC-1336mzy CF3;CH=CFCHF, 1,1,1,3,4,4-hexafluoro-2-buiene
HFC-1336qc CF.,=CFCF,CH.F 1,1,2,3,3,4-hexafluoro-1-butene
HFC-1336pe CF,=CFCHFCHF, 1,1,2,3,4,4-hexafluoro-1-butene
HFC-1336ft CHo=C(CF3). o 3,3, 3-trifluoro-2-(trifluoromethyl)-1-
propene
HFC-1345s C4H3F5
HFC-1345qz CH,FCH=CFCF3 1,1,1,2,4-pentafluoro-2-butene
HFC-1345mzy CF3CH=CFCH,F 1,1,1,3,4-pentafluoro-2-butene
HFC-1345fz CFsCF,CH=CH, 3,3,4,4,4-pentafluoro-1-butene
HFC-1345mzz CHF.CH=CHCF; 1,1,1,4,4-pentafluoro-2-butene
HFC-1345sy CHa:CF=CFCF; 1,1,1,2,3-pentafluoro-2-butene
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FC-1318ny CF3CF=CFCF3

1,1,1, 2, 3,4, 4, 4-oct af | uor o- 2- but ene
WQBBCRR&F+CF2 1,1, 2, 3, 3, 4, 4, 4- oct af | uor o- 1- but eQ®E/US2006/042635

FC-1318c

HFC- 1327s CAHF7 HFC-1327ny CF3CEF=CHCF3

CHEQ-IMSyca 4- 1

SHafCRRRGHP- but ene

2 ARE& A-pomafiworo-1-butene

1
d

HEEEIRESPEr3 1

ZHE - GF=CHCHE» het af |

| 1e2. 4 4-pentaflyaro-2-butene

pdEQ-334BCcYoHFED CE

OHEeEGF=CF,

1,1,2,3,3-pentafluoro-1-butene

HFG-1345yy1 4.
aFS-9345eyq- 1, 4

r—Cﬂ'th: EITQF&-HE 2 hut ene
Ghl,RCH»

2| LLOtr-O-

14263 4-penjafiuoro-2-butene

nHI/\_\

1H‘B¢ 6%‘3%’ HF(

2 2 A

CfarﬁG

hiit oana

)-CHCFZCF 3‘

1r2u3ﬁ3,4|R$m tP‘p_’;_‘ 1I"bUtene
uoro-2-methyl-1-

5”%&8:’1?@5 1'

\VAV S v § | v

shet af 14

e L

'1’3 3 ?’a'pen‘fa
“BFo ﬂ?\l‘;*%?"“’t@,fﬁ ,3-trifluoro-1-

=

y Al Nailll)—+ A A L

-c,kﬂ\Ft‘L 2CHFZ2—

W Geq §54%2c) -

LA, BriE; DUTeTe

A 4-tefraRRrd-fbldie

PTWON

, 3,3,4,4 4he)4

=33ty Cr3UIGR I

EHE,)(CHa)
af luoro-1-butene |

1,1,3,3-tetrafluoro-2-methyl-1-
Hbfopd@s6ze

FRECHEEES 1

B6ee CHE=CECHH

THF=¢(CF Mehaxaf | uorn
CF3 1,2.3,4.4,4-he

05313, Histrefluero-2Hmeth -1~
( @fdpa® 0- 1- but ene

FdFQ-338éEe  CHF S
2 3.3 4 4-he

CHEFCHF2:

fluoro-1-butene K

2-(difluoromethyl)-3,3-difluoro-1-
HPRPERR6pY Y

CFaGF=CFEHA. hexaf | g

Ad. D2-tetrafhiQro-2-butene

CHeECHCFs

1,1,1, 3-fetraﬂuoro-2-butene

OJOI—\I—\

rq'-”ﬂlo’) hufpn_o

7z CHER2CH=CFC

'mﬂwww4r

ke Ve H e mial II_") 1

gfa?ng%but ene

2, > 5-dl fFT -2-
peng ii@"éé’r}‘sz eca oro

i z—I;

36C CF2(¢

ﬁﬁ'?cfrﬁ@f

ITC)VG.I "I

4- hex

N 2"3 f 51 Eecaf_'d?)\'b xa
[ Rbhtb 51%1%

d-«fmse CF2

FCHF2

HFG14aghzf- Nex
H>=C( CF3) 2 3, 3,

ch F@EGHEFpUTENe
3-trifluoro-2-(tri

Mt L84 Ihexafluoro-2-
firifk@F et yipy2-Hutehe

penednye- 134
1,1, 2, 4- entd

F CRHAHEF ,E6IRC- 1345
fl uor o- 2- but ene

HE

2 1CHP EalasCi=tdn3fluoro-2-
©Gent@akbny

F3CHEeaERF 1,
C-1345f7z CE3

CRCB;GRCRe@GEaf | uor ¢

A2LHh3e.415e0,5-nonafluoro-2-
PeRrERE | uor o-1- but ene

PO ITQORT QR

t af | yor g-2- bt

FdEQ443%ve CHR

2CHECH? 3.3, 4.4, 4-

CH

%@E@E@&C@ 1, 4,4

L123344555nonaﬂuoro1-

bR 2- b

Bl alsYaVaVallla)

RO 2007 o

§‘T7343 4 2I"S“S 5‘ honaﬂdord T

nt a?)l uorg& 1- bu

A\ I rap

e ore &

5, 2 Enotrafuoro T

e z CHl =
1 hr&Adaghyy €Mt qIdREIEPECRORMEETe My 535, 5-nonafiuoro-2-

YR N i e s Nt

G34zgmyyc WG@E@CB?ZCHET, 2, 3,|4-1,1,2,3,4,4,5,5-nonafluoro-2-

ent af | uor o- 2- byt ene pentene
HFC-1429myye CF;CF=CFCHFCF; 1,1,1,2,3,4,5,5,5-nonafluoro-2-

pentene

HFC-1429eyym

CHF=CFCF(CFa)

1,2,3,4,4,4-hexafluoro-3-
(trifluoromethyl)-1-butene

HFC-1429cyzm

CF,=CFCH(CFa),

1,1,2,4,4,4-hexafluoro-3-
(trifluoromethyl)-1-butene

HFC-1429mzt

CF3CH= C(CF3)2

1,1,1,4,4,4-hexafluoro-3-
(trifluoromethyl)-2-butene

HFC-1429czym

CF,=CHCF(CFa)2

1,1,3,4,4 4-hexafluoro-3-
(triflucromethyl)-1-butene

HFC-1438s CsHoFg

HFC-1438fy CH,=CFCF,CF,CF3 2,3,3,4,4,5,5,5-octafluoro-1-
pentene

HFC-1438eycc CHF=CFCF,CF,CHF, 1,2,3,3,4,4,5,5-octafluoro-1-
pentene

HFC-1438ftmc

CH,=C(CF3)CF,CF;

3,3,4,4 4-pentafluoro-2-

(trifluoromethyl)-1-butene
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HFC- 1 345ec CH2FCF2CF=CF2 | , 2,3, 3, 4-
ent af | uoro- 1- butene HFC-1 345ct m CF2=C( CF3) ( CH3)
w,2007853,78- pent af | uor o- 2- net hyl - 1- propene HFEcTR%42006/042635
CH2=C(CHF2) (CF3) 2-(difluoronmethyl)-3,3,3-trifluoro-1
- HpE11d38cRIFC- 135AR=CAPHIEH )HFC- 1354f 1254, e TRtPRCHF2
& 4 4-tetraflluoro-1 -butene HEG (tﬂ‘ﬂ‘ﬂMWQ{hl) -1-butene
s W@WWCFBQC".[FT"@F§%& r af I udrlpd44 Lﬁy fluogo-3-
G-135et m CHFR=CL rl:g} e \(trlﬂuoromet 1)-1-butene
Er-‘g 1g:i‘c'icmf‘rafl %FZO'E@F AGTESfie- 1 39%1 #fgqﬁ%{fp
i’m "_") 2—2= (g voronethyt o=t it s rpr opene-
£ EF3CF b, 1,72 utene
oo o v
LHEG-H24 12 Lo 1acH, CFJC‘F}CHi&H/zy CF3SUR o b5 £8-veptafiuoro-1-pentene

BF&-14438yR#, 4, O OHACAEERF,CHI,0- 2- [ed €48 5 Ffeplfidord-AG¥ntene
-RFCHEE2LE2CF3) pehCrOR,CHECF,1429s CE‘EE§,5EF£Cheb€b296fﬁ-t1j>entene

T QOJ'O

=

I\) Nt
T (J.)'O

HTIII

( CABE2G#GER3 1|, AF.LFAC@FAdrexal | udriot, 22, 4f4t4d-idptafiu@orinethyl-
| [-2-butene HHC 1429nyz CF3CF=CHJR2i@ESe
1| HFQ;1244yz), 5, 5, GHA6REH(CFaE 0- 2 ent|edvbs 4HBHUARBZ Y
CE3CH=CFCF2CF3.11.1.1,.3 4 4 5 5 5- dﬁbﬂmrgmfithyl)ai-blﬂeﬁepnp
HFOE ¢4 467 CHF:@#@Q’W@E:@ 1444—tetraﬂuoro-3-
1123 2 4 4 55 5 o1 ent(Eifuoromethyl, Irbiy
CFREE ¢S o 3 %‘éﬁ?@w (R 1429cyk] uor
1 3 , F”GW A
CI—IEEEIg 8%&;23:3 ?*SFF X74,5,5, 5- I’kgmagrb,”&ﬁﬂ)-_ putENt ene
HFRFEA458Y YC Cr3&drns COF 2CHF2
1/ Fe. 145658, 4, 5| @rCROHOMT 0- 2~ emﬁ(?fﬁluorbh(eth 4 4DARioro-2-
CF3CF=CFCHFCF3 11,1, 1, 2, 3, 4,5, 5, 5- naxjugnkuor o- g
HEC-1456szy CF3CF,CF=CHCH; 3,4,4,5,5 5-hexafluoro-2-pentene
HFC-1456mstz CF3C(CH3)=CHCF; 1,1,1,4,4,4-hexafluoro-2-methyl-2-
butene
HFC-1456fzce CH,=CHCF,CHFCF4 3,3,4,5,5,5-hexafluoro-1-pentene
HFC-1456ftmf CH,=C(CF3)CH,CF3 4,4 A-trifluoro-2-(trifluoromethyl)-1-
butene
FC-151-12s CsF12
FC-151-12¢ CF3(CF;)sCF=CF, 1,1,2,3,3,44,55,6,6,6-

dodecafluoro-1-hexene (or
perfluoro-1-hexene)
FC-151-12mcy CF;CF,CF=CFCF,CF; 1,1,1,2,2,3,4,5,5,6,6,6-
dodecafluoro-3-hexene (or
perfluoro-3-hexene)

FC-151-12mmtt (CF3),C=C(CF3). 1,1,1,4,4, 4-hexafluoro-2,3-
bis(trifluoromethyl)-2-butene

FC-151-12mmzz (CF3).CFCF=CFCF; 1,1,1,2,3,4,5,5,5-nonafluoro-4-
(trifluoromethyl)-2-pentene

HFC-152-11s CeHF 44

HFC-152-11mmtz | (CF3),C=CHCyFs 1,1,1,4,4,5,5 5-octafluoro-2-
(trifluoromethyl)-2-pentene

HFC-152-11mmyyz | (CF3),CFCF=CHCF; 1,1,1,3,4,5,5,5-octafluoro-4-
(trifluoromethyl)-2-pentene

HFC-1549s C5H3F9

PFBE CF3CF,CF,CF,CH=CH, 3,3,4,4,5,5,6,6,6-nonafluoro-1-

(or HFC-1546%fz) hexene (or perfluorobutylethylene)

HFC-1549fztmm CH,=CHC(CF3)5 4,4 A-trifluorg-3,3-

' bis(trifluoromethyl)-1-butene

HFC-1549mmitts (CF3),C=C(CH5)(CF3) 1,1,1,4,4,4-hexafluoro-3-methyl-2-
(trifluoromethyl)-2-butene

HFC-1549fycz CH;=CFCF,CH(CF3), 2,3,3,5,5,5-hexafluoro-4-
(trifluoromethyl)-1-pentene

HFC-1549myts CF3;CF=C(CH;)CF,CF3 1,1,1,2,4,4,5,5,5-nonafluoro-3-

methyl-2-pentene
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entene HFC 1429eyym CHF=CFCF(CF3) 2 |
,2,3,4,4,4-hexafiuoro-3- trifluoronmeth | -1-butene
wWORW7420eyzm CF2=CFCH(CF3) 2 1, 1, 2, 4, 4, 4- hexaf Paoms2®6/042635

trifiuorometh | -1-butene HFC 1429nvt CF3CH= C(CE3) 2

1| WFQ-1849Mmz4z heXaBH-G0FCHGHECF»E | uor qrieh h.p.5-hexaiiyererfe

HEC- 1429czym CH2=CHCE(CE3) 2 1 1 3 |Atrifluoromatiidir2-paaiege 3.

t t HFC115588net h || Collafsut ene HEC- 1438s CSHPES HEC- 1438fy

CHHIEC 6888232 CF ®F3§Fz§3FAC&CnHC«Ha '-_\__mri3n4'r4 5,8.0.6.6roctaflyerg-2-hekene

HEBE 7’1|55’ 2056 CHrCHbED r‘*%@? GHF, ~1'3,3,4.4,558,6-octafluoro-2-hexene
-1558mMmiz . -

1/ 273, ,§\:_ fgrﬁ, %, _GEVEFACHSF S ent er %trlﬂl-fén ei%g%f o

! QI“E
4

R dSPEet h |

entaft

TR ER o 4

tafluoro-2-

Qﬁo&gﬁ& -1-pentene

IWIFr~TFrT™

[EEI3 2574867 0426

B:H A L456CZ7 m ChH

Z=CHCH( CFo) 2

HFG-1867#sPent 4
—C- 1438ezym ChH

r(tF!;QF{EFéC(CHl;ECHpr or
F=CHCF(CF3)2 | | 3, 4

36, 55 5-fepta@ido-2-methyl-
, Ynehtepent af | uor o- 3-

 HFCuegeEt h -

ER}OF@F@CHH@@%S 8ct

4,505, B BBL Hep Bfl i Zfhgxene

HFad.1864zfpent a

fCHCHCR,CR.CIFE | uor g

e, 1 5,6,6;61helptafleane-1-hexene

FEFC48G8TYESH3 R

CHEECFAQFTy (( CF3)

2ACKCR2 Bi4heptafluoro-3-hexene

HFQ-146%fZy r af |
FC-1447f 7z CE3

U 5CBCHIGR(EFakor ong
P2CE2CHECH? 3 3 4

t4p.5. 5-tetrafupredre
(gﬂmpra:mﬂh,yl) -1-pentene

LOQP T ON Y

4.4, 4- tetraflu

AHFEdPBIMyZeht e

FOUBEASM

rfeF SCRReHGHET (&) CH

tafluuoro-1

ﬁéﬁf@ﬁﬁ@roA methyl-

<£?i5z%t§0§q55r 5 he t

f’(ﬂﬁs %2?@“8&5&%

SN L AL IO 1
L Uio

)
Vi éf 4 4-tet2%fl uor

U1l ENS 3 4455 §84 7 22
QatrrdeddilibbdH@Rs h |

AcHEF LF=OFSRIALEN T
oro-3- trifluoronet

)¥1,1,2,2,3,45,5,6,6,7,7,7-
hetradedaflborb @a@ptene

HFCs-162-13s

C/HF,3

HFC-162-13mzy

CF3CH=CFCF2CFQCZF5

1,1,1,3,4,4556,6,7,7,7-
tridecafluoro-2-heptene

HFC162-13myz

CF3CF=CHCF2CF2C2F5

1,1,1,2,4,4,556,6,7,7,7-
tridecafluoro-2-heptene

HFC-162-13mczy

CF3CF,CH=CFCF,C,Fs

1,1,1,2,2,4,5,56,6,7,7,7-
tridecafluoro-3-heptene

HFC-162-13mcyz

CF3CF,CF=CHCF,C.Fs

1,1,1,2,2,3,5,5,6,6,7,7,7-
tridecafluoro-3-heptene

Cyclic
fluoroolefins

Cyclo[-CX=CY(CXY),-]

HFC-C1316¢cc

cyclo-CF,CF,.CF=CF-

1,2,3,3,4 4-hexafluorocyclobutene

HFC-C1334cc

cyclo-CF,CF,CH=CH-

3,3,4 4-tetrafluorocyclobutene

HFC-C1436 cyclo-CF,CF,CF,CH=CH- 3,3,4,4,5,5,-
hexafluorocyclopentene
HFC-C1418y cyclo-CF,CF=CFCF,CF,- 1,2,3,3,4,4,5,5-
octafluorocyclopentene
FC-C151-1Qy cyclo- 1,2,3,3,4,4,5,5,6,6-
CF,CF=CFCF,CF,CF,- decafluorocyclohexene

The compounds listed in Table 2 are available commercially or may

be prepared by processes known in the art.

In addition to the inventive compounds described above, the

bromine-containing fluorocarbons or hydrofluorocarbons presented in

Table 3 can be used as blowing agents.
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HFC- 14479zt CH2FCH=C( CF3) 2 |

trifluoroneth -2-b
wa 240753644t et raf | uo

,4,4,4-tetrafl uoro-3
HFC- 1447syt, CH3CF=C(CF3)2
trifluorometh |

ut ene
ro- 3-

HFC- 14565 C5HAF6 HFC- 14565zt ( CF3) 2C=CHCH3

3- (trlfluororrethyl

PN -V

)-4, 4, 41.-AB[_Eu;pro 2- butene

HFC—1456s7—CF3CF2

=CHCH3™

- 2- buPemAIS2006/042635

Strugture 5 5 5. hexaf | GhemigalNamesne HEC 1456nstz
SHEUEHR) =CHOF3 1, | dprohnot, fis Srdi@idpidfeRe 2- Met Dy -
but ene FAFC- T456f Zte CHZ=CHCFZCHFCFS -
GF3CRCBIHE 5. hoyaf | (13PRMp-Lbhe-Hifgoropmereng 45af t nf
(ﬁt%%?(%ﬁ‘:3)ﬂCH2CF32 2- bro]!no -1,3,3, 3-tetraﬂuorop£@ege

Il uor o- Z- tI‘I I U M - ut ene
GHEZCHIEBL | o201 plomoyon S selprbaciar Do o

CHEECEIGHR, 4, 4, 5, 5,

b2-6r0610 ’dmtemacﬁrbprowamel hexene (or

rf—d:lﬂ@lﬁo 3- hexene

GifLpse, TTexene Lot I ag O O 20
L, L, LI, £, &7 9, o, J, J, UV,70 Ul

1460mbS3] 3, 3-RifindroprogeRd) 2C=C( CF3) 2

%rc‘ll-‘ 4. 4- hexaf |

R %ﬁlﬁlﬁ&&é&&éﬁ%&iﬂ?t hl

|l S | N il |
'L' U'ULEIIU FU 1L Ol

c HFC- 152

GRBriCRG omet h | - 2

QH,$CACBF3, 4,5, 5, 5- |

_Mirdluqrpmrml@mm oneth 1

S0 s gt T

Abramepentsijnoroprpeng mmyz

dECBRFRGH,=CHC3 1

3.blome-#3,2 4 2-pen@fics- h Qs 4

Triflugoroneth T - 23
GHBrreH 2CH=CHR2

entene. HFC-T1549s CoH3FY9 PFBE

diEclbhYrzer hexene

orome-313.4.4 4 peniglluorordi
6 OFor-d, 3 HanaREliorb-abchene

"H-CG1 t CHe= 1 CF3 trifl
S CRRBICEs L izfgftef@ﬁ@ Suhutinn 02373
¢rGEB)=2EcE( CH3) (CF3 2brah:ol1,ﬂn,4A44:4:mpmfﬂh¢r042mu&naet hyl - 2-

L BRIt T -2

9%?0%”&4,4,4-triﬂuoro-2-butene

CF3CBr=CHCHjs

2-bromo-1,1,1 -triﬂuoro-2-butene

(CF3)20=CHBF

1-bromo-3,3,3-trif|uoro-2-(trifluorometh)Ll)-propene

CFsCF=CBICF,CF4

E-CHF,CBr=CFC;Fs

3-bromo-1,1,1,2,4,4,5,5,5-nonafluoro-2-pentene
E-2-bromo-1,1,3,4,4,5,5,5-octaflucro-2-pentene

Z-CHF,CBr=CFC,F;

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

CF,=CBrCHFC,Fs

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

CHBr=CF(CF5),CHF»

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

CH2=CBTCF2C2F5

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

CF,=CHCF,CH,CBrF,

5-bromo-1,1,3,3,5,5-hexafluoro-1-pentene

(CF3).CFCBr=CH,

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

CF,=C(CH,Br)CFs

2~(bromomethyl)-1,1,3,3,3-pentaflucropropene

CH,=C(CBIF,)CF3

2-(bromodifluoromethyl)-3,3,3-triflucropropene

(CF3),CHCH=CHBr

1-bromo-4,4,4-trifluoro-3-(trifluoromethyl)-1-butene

(CF3),C=CHCH,Br

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

CH,=CHCF(CF3)CBIF,

3-(bromodifiuorometh yl)-3,4,4 4-tetrafluoro-1-butene

CF3CF,CF,CBr=CH,

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

CF3(CF2)sCBr=CH,

2-bromo-3,3,4,4,5,5,6,6,6-nonaﬂuoro-1-hexene
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1,1,1,2,4,4,5,5,5-nonafluoro-3 neth I -2-entene 15 WD

2007/ 05%e/éorh| ﬁwm& W‘ZQB!E 3 AfeCavdiBlzeammercially or may
CF3CH=CHCH 3)2 1,1,1 ,5,5,5-hexafl uoro-4

t rkief prgpRERebbY processes Kpawn iihe 88535 CoH4Fe HFC- 155857

CF3CF2

o 1 oERPIIRE o A achebtay Rl CpleRe i) b egaiee e

3, tB%e@Zégﬁ s'éqSeﬁe@bégmlnuw wmreﬁmtmmf pHESPhoBESHibaimide
CHCF af 2

| Wil 2o e pepeistaT ansss ere st b2 o "

ﬁ@%@gg@ga TtHerinay sfd?ﬁ'ﬁbho.h of 4= sman K ,m,@gmse?s

67fts CF3CF2CF2C( CH3) =
3, fentafiudobutankegit3E0r400°6 @vaeﬂwmbrqmen’t érle2,2HFC- 1
567szz_ CF3

3. PETAARIasOBUENROPNISN A 514 BRgtec i pausipsad potassium
ORHEHRE SR hstickiBd prémebfitchet af Luor o- 1- hexene
- st CF3CF2CF=CFC2HS

1, 1, 1, 2-Bramo-hédded-tefoaftucgodettdfuoromethylsé-oujene may be

B PR ocupbR ol T b A e R 1

1, Butén&f@llo’ﬁv&i b Beatrhent of-the m@éthtyﬂng dibremidenwith ethanolic
HFC- 1567mt yf (CF3) 2C=CFC2H5 1,1, 1, 3-tetrafl uoro- 2-

t rmtaa%wmrbydfomdez entene FC 161 14s C7F14

10, 18yt CERERACEEFSTve ) Tol |, Tabls 2 Tl

FCexiétlasl diffeyont GoBfFAGRoRaIisaMRFS or sterecisomers. When the

L s o s 6 e AR AL lGrlRs

1, F%E%Jg% él’ én&lg%}o@vﬂ@u?at@nﬁt |sbfﬂe¢§ Cﬁﬁélé%’c&e&ré@ﬁ'\ér@ neér any

1, dombmazulpn tBereob, Boringtance, CF3CH CHCF3 is meant to represent
the E-isomer, Z-isomer, or any combination or mixture of both isomers in
any ratio. Another example is C2FsCF2CH=CH-CF.C2Fs5, by which is
represented the E-isomer, Z-isomer, or any combination or mixture of both
isomers in any ratio.

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

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

The amount of the fluorocarbons (FCs) or HFCs contained in the
present compositions (from, e.g., Formula |, Table 1, or Table 2, or Table
3) can vary widely, depending the particular application, and compositions
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tridecafl uoro-2-he tene HFC 162-13ntzy
CF3CF2CH=CFCF2C2F5 1,1,1,2,2,4,5,5,6,6,7,7,7-

CF3CF2CF=CHCF2C2F5 1,1,1,2,2,3,5,5,6,6,7,7, 7-
t rc':cn‘éaiaﬁ'igumoos thanetracenamoantsl and Iegs Ithdin CEWYEiake)compound

fl f HFC- C13 CF2 CF2 CF=CF-
1. S8 DAL G e 6f BERRRN SR 33400

| 0- CF2fj2 fsctbskqt feRISy
I(EIF%- Cl1436 cy cﬁ&ltlangd 20H:|‘Ee}?fin‘4ﬂé9 ? r@pé any
hescuweu&m@meih@@m @ﬁ@blnq:tbe(glﬁslrgyi amounts of the individual

ek T RS, mbyhds o rlaf e Bl i fon

C@ﬁ&aﬂ%@?ﬁﬂlﬁ%@aﬁer@ewm@m@mmboh@mm@ ahheppeopnxte vessel.
listed in Table 2 are avai | abl e commercially or may

belgitationrreay B¢ ysede Edesiefnown in the art. In addition
to the Gﬂw\é‘?%?ﬁﬁ’cfﬂlﬁ@ﬁ}%ﬂ(b)iﬂgﬁ ﬂ@éﬂdb‘i@%@ﬁr Y né NehcPpreferably

brom ne-contai ni ng rocar bons or PUgrocar bons
prtesamoset artheMadplasii foam bempssitions, greparetiusing thes .

16 WO 2007/ 053674 PCT/.US2006/ 042635 ABLE
RATRGH I e erbseraR4aRssIORIE, dnaigh 108 enkadimerits oge

T Qrefi8re Qﬁﬂe@?@érﬂ%&n s‘i’tiB?rslaré iRollidbd a8 Yr parCofeBlowing

CHF=CBr CF3 2-brono-1 3-tetrafluoro ro ene
CHIgeTH{BA Fﬁgamableotzmnmsstlcm,twhmh gonposiiosrreferably includes

1 oo dabREechopoirs FobHle bt baffit padf foding

1-indorhe p&p’brtdoinﬁltmeﬂoo fernea Qoarﬁ@%féﬂ)ﬂ@?%tructure Another
2-bronp ej 3-trifluoro ro ene CH2=CFCBrF

3-3HPGRbE at@SéOﬁ?@mr aod erqf@raa%cloeﬁ@pe&m prepared from a
o FARRE o o 86 P § o R CR gy e ™
ereafipasitianslofitheqmesent 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 blowing agent, with a
composition having a lower GWP. One method comprises providing a
composition comprising at least one fluoroolefin of the present invention
as the replacement. In another embodiment of the present invention the
foamable composition of the present invention, haVing a lower GWP than
the composition being replaced or substituted is used to produce
thermoplastic or thermoset foams. Global warming potentials (GWPs) are
an index for estimating relative global warming contribution due to
atmospheric emission of a kilogram of a particular greenhouse gas
compared to emission of a kilogram of carbon dioxide. GWP can be
calculated for different time horizons showing the effect of atmospheric
lifetime for a given gas. The GWP for the 100 year time horizon is
commonly the value referenced.
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CHBr =CHCF2CF3 1-brono- 3, 3, 4, 4, 4- ent afl uoro- 1-but ene
CH2=CHCF2CF2Br 4-bronp-3, 3,4, 4-tetrafl uoro-1-butene
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CF3CBr =CFCF3 2-brono-1, 1,1, 3,4,4, 4-he
taf uormh@mﬁmblov@hg%enmm be any compound capable of

s B b B R o B e oizon

(1:F éggyagé 3%6:0 dr g"rééth Qirativelyf 50bPgRIer 150'd? fféster, 100

3-arrgyestet, ar, 40 or grepter. Fopmexparisiait agents thairare in need of

E- = E . .

£ SPRFSTHSTY HESed unpn.GYV caiauiations,aublstied by the
Z I%@@E’érﬂm?anel on Cllmate Change (IPCC), include but are not
Z- 2- brono- - oct af | uor o- 2- ent ene

cHiraites E;@F’l;{icia and HFC 227ea

2-b
& 2P Prsssht issiguyrs Aff FolddRl Aot ipat HEe Bro or
Ckﬁwtﬁoﬁémuﬂ} potential3ar] IéMngbél \&ahnelng potential (GWP).

5a{3)$ ﬁ%orfojl_e?@sy gh%pfféggcq@gcgan ogml)étHées eifluoroolefins of this
2@5@%&%@ om@rmo%gg ébe‘hté Bt fo@‘rﬁé&é %oﬁwddsiti‘dn@%ﬁ Have

but ene br ononet

E'Qba \garging moiéntiats that are mS@ﬂ&mmMrdhmrocarbon

m)dl fl th | rif [
R aertS o Btriabie chrabobildits,lfyiif u§BT Jvblchty. the
]ﬂdwb@léﬁns ofhe) preséhiGnntion are expected to have GWP of less
4- bronD 1 1-trifluoro-2-trifluorometh | -2-butene

ut2§ Qneraseqt iof mﬁaareﬁeubmaﬁatlw is to provide a blowing

3%#@;{{\,6}@ %bﬁﬁ'ﬁﬁg%g ?@uoro 1- entene E%%%Ean 500,

3&&9% %mrlesmtr&n?(m ,or fess, thah 50 nlkx;lnrhéuaspect ﬁf the
exene . 17 WO 2007/ 05 4 P 042635 T
cd?FSB%HQV?“‘é‘{'b'&qPﬁeg‘é é‘ e?@"’? fofgémai’ %SHWQPéF'QPWY

Oradtifg RoRIoRARSIE sBid ATAGRSSES known in the art.
1- Brond- 4- pent af | uoro- 1- but ene nay be prepared

by a tm%erwplwequ@nwmgemm@ amethoe &utlpwering the

TGP B feSmi a8} Bfantigtiiiag opgn ioredhand mutt-modal

brfoemsl séld]méth?bd mnpﬁélhy ebabiting et lekebABlfiuoroolefin of the
brom nati on of 4- br onp- nt af | uor obut ane

e
atprgggnWop)@t@r\,\ggh@ IESH @cprdhgrrmoglaip fgams) or into a B-side

SHBAYBMAI T o ok B ESHEH 18 o o

briowebthaan25. The GWP of may be determmed that the GWP of a mixture

2-Bronp-3,4 4, 4-tetrafluoro-3-(trifluporonethy|)-1-bute
neorncam@gatn?n ehsePRoHYdS MAvi b l |atﬁ ﬁ%ﬁéN?lélW d'a average of

2 hes \V\?Lo?féa%ﬁrd?‘tﬁephféé&ﬂgbemg hyl)-1- but ene

y treatnmen resulting dibronide with
et hanol The present compositions also preferably have an Ozone Depletion

Potential (ODP) of not greater than 0.05, more preferably not greater than
0.02 and even more preferably abdut zero. As used herein, “ODP” is as
defined in “The Scientific Assessment of Ozone Depletion, 2002, A report
of the World Meteorological Association’s Global Ozone Research and

Monitoring Project,” which is incorporated herein by reference.
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pot assi um hydr oxi de. Many of the conpounds of Fornmul a

I, Table 1, Table 2 and Table 3 15 exist as different
woand7iogsa7at i onal i somers or stereoi soners. WieRCThS2006/042635

specific isonmer is not designated, the present

di scl osQerainssmodingats providentolan preshixes) fogmable

C ORISR Gl Rl BRI oo B8Rl el RERte flord ™

”E‘é%ﬂhpéﬁtlér‘?é) ra%‘éﬁﬁéthoﬂﬁ%f?reﬁa}mfoaﬁe Sigrgeich feamany
conmbi hation or mxture of both 1soners in 20 any

r s@mbodirents.conequmgre of thecrappsitpref tbsmwt digclosure

5 koo S8 B it i 8 ot BRRER WAL

H%aﬁmeombsmbhﬁreeﬁampmmdéme@ﬂf-nomeedﬂlt@nal
isonmers, E or Z HFC1225ye as used herein refers to

t HeOMReNRIHS capablef reaciing 2ns/prioamipg unger HroBIopsT g)
Ogc&]dfr@s]tozraﬁﬁ% foShirol ESluIdIStruehie: f%f th@nef Hé vt

I'nations or m xtures of such isoners. Wlng
agemvm rethecartsuich @sdhesa gescrittethiodfodlyasethases d;hehm'stry

10 AR S odiP oy LaiFY, SOTBR SRR, T80T
C oD Jind oy, NeWTRBHA ¢ Yf r\lﬂi’l’?’il:ﬂ_fl’s?in%oi’por-a'_ﬁ;*é’!I ﬁereﬁ’poyz

Tabl e’ 3, and/ or Fornul'a The anount of
f | ieferenae boay berssd eradaimsd tarriss ln@ﬂ:cprdatm?e wigh thedfieam
co Ltio (from e.g., Formula |, Table 1, or Table
%Béc@% 'ﬂg 3) can vary w dely, depending the
par ti culnaderiip ehbaidirnentsaitGs ofemdesiralsle o eﬂ:ﬁJIMOcertaln other
2007/ 053674 PCT/ US2006/ 042635 cont ai ni ng nor e
15 { riggeedigrtsin Qr%ﬁﬂ!'ﬂgef%”tsh fHmepgdhese addit lewﬁwrﬁélerﬁi- are
Wi C The
coralett SaflaCARis 8RR Rl et LR s,
c oamrtmmdmtts netﬁiomi:lng)a@mtm filler t snetistatid agehta nmuoheating agents
t he IVI dual 5 conponents. A preferred nethod is to
?:;41 Hkeesi r ed conmponent anmpunts and thereafter
CO”b' nepyRa eiﬁﬁfﬁ’é’ﬂﬁd?ﬁé tgaheralt d é&% \@n¥hing and
Agitati onﬁ}rr{ay be used, al fgdes V‘b%ﬁ r yerrbodl rrrr]ene%ns
20 pr@auctjeg Bodsetyamatowiib & polpelsn tbearqae@tcerqital glowing or

<P Elo S6ehOTERMIRTY sheh el S3PBE I FoRPaLarRL iR botn

I Nthesdly dretanenieadiione IESif and the propditics of thelfimappelyatr. For
conpositions are included as or part of a bl ow ngwo o
non-

aglRiocessing copyaRisNes, ctbﬁeemqteaais GAfi Renpresmsed intp

pr " Jirl G ent s
ca%g ﬁ‘& gértr%gg& yglﬁéreg %’g{rﬁe A4l AdRhe CRIRGSE
25 The ferm “B-side” is lntended to mean polyol or polyol containing

mixture. A polyol containing mixture usually includes the polyol, the
blowing or expanding agent and auxiliary chemicals, like catalysts,
surfactants, stabilizers, chain extenders, cross-linkers, water, fire
retardants, smoke suppressants, pigments, coloring materials, fillers, etc.
30 The term “A-side” is intended to mean isocyanate or isocyanate
containing mixture. An isocyanate containing mixture may include the
isocyanate, the blowing or expanding agent and auxiliary chemicals, like
catalysts, surfactants, stabilizers, chain extenders, cross-linkers, water,
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foam formul ati on containing a blow ng agent conprising
t Hize retangiardst srooke stippriessantsspigmetits, aiadeingmatgrels, fillers,
present disclosure further relates to a nethod for

reeg acing or substituting for the blowi ng agent in a

f oamablwy swp@@?‘k%@tﬂnaﬁﬁmapmt%Mt@fof Abgbé ahdB-8fde are

nore, or a hif% ow ng agent, with a conposition
hdbengomhinggkio ©APt. One net hod conprises providing a

e pr VAR sFRRNG s Mt ol £ oS Rl B R 01,
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eraIRy istfoRiC edtdrs! Ml ARYIQiryISarSap adideX i T sittane e

30 calcul ated for different tinme horizons show ng the
efgraployed imamesiptesufficient fostpbilize the toagning weaetion mhdure

v skt et (4 brPE o aHon ShetBt IR bt s

A Abah 0\ bbowd hpargenever mdtelf tiamgudactantiper tBPpaits by
of f_cht]J oruﬁ&g as a ﬁbllov%,ng agent having a GAP at the
1068519 ta?_ﬁq HBUsHaly suificikhbut 1000 or greater,

al t er nahhy 8} inc?QRaPilyds $G Rk redibrPbf tﬂbjﬁ)‘lfdl’wiﬂpl@ie or

greater, or 50 or greater. Foam expansi agent s that
armolyisocyamate ay alep bacsedntAnybsibtatblelprath@vwPcatalyst may be

ol R e e oS BTGP R
t S caalatrane (g iRafeamotlREwRICASRBASIHHRB iR6i¢a8eiithd

provi de conpositions that have_zero or |ow ozone
ddptecef reactien efthiedpolyisacyanategl dipicalameunts aetabaut4l1 to

( h ' .pr.e pnvention
ot S e e PRI e by PR RO o i e
ot her Wsefuhiamg estasdarits frasudd) Ifer @ampie, tri(@ns wi | |
ha I oggl rm n%@otenti als that are |less than
neﬁ\%?prﬁgﬁw nasilRiar Biberehiarerionyabesrhatertrifhémabl e
c o | Virir R U . _ _
B PRL PHPS RN T SuEnIoliRP R ploghiie diammonjum
haphosgliiiter Variess halbbgehatedsdronati2 conrauratsp antimohy tdxie,
pra?&l%ﬂ’}unl] ?r\llheyn r'at%r,] p'oﬁ/v}ngll 8ﬁ|8¥ié|é’,ean% R\leol\lll\ger.]g
The methods of forming a foam generally comprise providing a
blowing agent composition of the present disclosure, adding (directly or
indirectly) the blowing agent composition to a foamable composition, and
reacting the foamable composition under the conditions effective to form a
foam or cellular structure. Any of the methods well known in the art, such
as those described in “Polyurethanes Chemistry and Technology,”

Volumes | and I, Saunders and Frisch, 1962, John Wiley and Sons, New
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eERBIEWE aprisgayanate. f Beierred AMANG-SYHGAMRPNISIS Fent s,
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cofsl id Bef B8R ARV pBdod Bhair uct ure. Any

of the netho kno int such as those
descri b‘é@uttmnalmqayrmies bhswitabdhaniiva hydrogen Zogtaining

Techngg%ﬂ%. . V$% ||n é@ﬁd ﬁq{%%%g% %'b% %régr%i?ﬁqﬁrh%rein by

| nefsrepeat qzbr@(amme batiitab®s poIgaSERr pG%IsbﬂcNféiéGlh@ée

adapted for use in accordance with t f oam
eny6BRAthPY reagiing & earbaxditverid ﬁé‘ﬁf@’ a d@rwaélvefth@r@of ora

I3500 SBIR STeReSAH 2LBNAARE alcbhl e Boldlc

prep ring toans. |ona ren
aracids aizl lys by osme‘latd\mmtaBphétloanyacloaNWaﬂnanammatuc and/or

prl‘?estgovc?/tcllc\;/ S(S)cha%oxyhc 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, trimellitic acid,
trimellitic acid anhydride, pyromellitic dianhydride, phthalic acid anhydride,
tetrahydrophthalic acid anhydride, hexahydrophthalic acid anhydride,

endomethylene tetrahydrophthalic acid anhydride, glutaric acid anhydride
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Any sul It agleeprg(r:gstshg r%al%%%l gl{/lsg&)//a#ate-based foam, the
polyol(s), polyisocyanate and other components are contacted, thoroughly
mixed and permitted to expand and cure into a cellular polymer. The
particular mixing apparatus is not critical, and various types of mixing head

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

example, it is often useful to blend the polyol(s), blowing agent,
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board stock, or in laminates.
In addition, according to certain embodiments, the blowing agents
are used to blow thermoplastic foams, such as polystyrene, polyethylene
30 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 herein.
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due to their desirable reactivity with
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weight percent, and normally about 2 to about 10 weight percent. The
30 lower the concentration of blowing agent, the greater the density of the
resulting foam. The proper amount of blowing agent or resuitant
characteristics of the foam for any desired end-use is readily determined

by a skilled person in this art. The resin is melted at a temperature of
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Wth the | yi . for a
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present disclosure. While the compositions and methods of this disclosure
have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the
compositions and methods and in the steps or in the sequence of steps of
the method described herein without departing from theu concept, spirit,
and scope of the present disclosure. More specifically, it will be apparent
that certain agents which are chemically related may be substituted for the
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Conversion of C4F9CH-CHICF3 to F14E

C4F9CH,CHICF; (322.4 gm, 0.73 moles) was added dropwise via addition
30 funnel to a 2L round bottom flask equipped with stir a bar and connected

to a packed distillation column and still head. The flask contained

isopropyl alcohol (95 ml), KOH (303.7 gm, 0.54 moles) and water (303 ml).

Product was collected, washed with sodium metabisulfite, water, dried with
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separation. The product was washed with 50 mL portions of 10 wt %

aqueous sodium bisulfite and water, dried over calcium chloride, and then
30 distilled at atmospheric pressure. The product, F24E (128.7 gm, 63%)

boils at 95.5°C. It was characterized by "*F NMR (5 -81.6 (CF3, m, 3F), -

85.4(CF3, m 3F), -114.7 (CF3, m, 2F), -118.1 (CF2, m, 2F), -124.8 ppm

29



i ncorporated by reference. 25 Al of the conpositions
and met hods di scl osed and cl ai red herein can be nade

weand7aserut ed wi t hout undue experi nmentati on i npCTQISL006/042635

the present disclosure. Wile the conpositions and
R yt A, SIpB (GRUT m, 2Favandtie MR €88 #BRih chioroform-
terms of preferred enbodinents, it will be apparent

t od selsdienof skill in the art that variations may be
applied to the 30 conpositions and nethods and in the
steps or in the sequence of steps of the nethod
descri bed herein w thout EAMRLENG fromthe concept,
spirit, and scopg of the 1t H fgégre. Mor e
specifically, it MMT‘ e C rtain agents
which, are ' I ted may be substituted for
{hsiaetE o e R 2006 042055 agent s

descr i b@F HOi(B6Sigin, .9 meolesand B, 3 3-tiifluaropropene{44.0 gm,

. \Arrgg:‘% rHSIelsZﬁ)gr%égged ﬁ% L 4T0GHI ﬁéé‘?e'élé{ Isﬁélegéftkbtéta‘?ﬁ r?{a@ed to

10

15

20

cat are to thos d i, he ar
ar 20Qf&efas @ heursainder AUiPgEneUs pressure swhish inggasedirapt

ol B T B ot oo oeRut rconeippean e 10
de®VRdd O gmiaf FSP—PE&QEEQ@EWE% o PERRRNIG gt Vie
under st ood that these Exanples, while indicating
: . - ;

| EhBre S S ) O e Bl Ao oy 372 clssi on and
t hese EMUIEECHEEIGK: (10800mn028amales) was siewl/adsied
gkt L S51304F8 1o SO LK LiREnt Nt Saeno a2
chaddered Mithsiiis b%ﬁncgww‘%@p@ sPrtgth gistiigtion galymn
Filnzdiné:tl d ﬁﬁicbiStﬁETSIﬁ gﬁ%&ﬂm&ﬁdﬁsﬁ@yl alcofol (50 mi), KOH (109

, ; , - C L ept «.2-
s, A IS mBie Al {1GIBE ool BRI By Eratre
( 1Borelasga fram =2 todi5eE) Aftter raflaxiagtfor 30 nunwiesoihertemperature

25, ;
o oy fhciBa RPog 401 Prafiff Adshoetlog Washed yith water,
hotied wilheYoS e sgesieilied: 258 preductnf SHEXE Tiam: sabbdalts at
i e A A

. vV | . [ u

ag%&a{{’r&%ﬁe'ség'?’c(&%ﬁ' i Sﬁg'r’aﬂﬂoﬁ(ﬁ%"nﬂ#’(ﬁﬂj‘é“f@' conbi ned.
It was then repeated doubling the anount of

the same 4

5 Pert1 uor o- NpRy YIS OAYAR RS BASES FOAI ERARIRENE 10
u

30

35

i ncr eas@d demdikdraRSkffediveness of unsaturated fluorocarbon blowing
agents, polyurethane and polyisocyanurate foam samples were prepared
by hand-mixing, using the two basic polyurethane foam formulations
described in Example 4 and Example 5 below. The blowing agents may be
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 2 2" x 13" x 15”

(6.35 cm x 30.02 cm x 38.1 cm) heated aluminum mold.
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78.2C. It was T(:.h%r“aé;teri zed by 19F NMR (6 -6%.47 ( CF3,

m 3F), -81. 7(&E ' m3F), -124.8 (CF2, m 2F), ™= 126.4

( CF2, (dinethpipmingmethyliphenodBigfdin (CF2, m 2F)) 1H NVR(8

6. 45ﬁetﬂylbn%d?ﬁé|tr9g]&feﬁél%t‘aly§tgbéﬂcb0”- EXAMPLE 2 Synt hesi s

of 11,1225 6,
8, 8-tetradecaf I 828)oct-3-ene (F24E) Synthesis of

CAFOCHIAEREE R tall@ore?-hénieneddEGy | | odi de (220 gmgo 0. 895

mol e) and]4§3,§22§(54°w'{hg'5pé?@n§, 6- nonaf | uorohex-1-ene (123
gm 0.50 npl erg?cpvvere added to a 400 m. HastelloyTM
shake P BEYISHFPIYREEWEFOPN80C for 10 hours ud@@r

aut ogenoussqyass(Pepi® 0% product fromthis and two
others carried out under simlar conditions were

conbi ned and washed with two 200 nL 15 portions of 10

W % aquelbesmponéntsexcapl ﬂwbtigocgrﬂﬁ@t@mw bferiixad &sV@ B-side.
dri'ﬁ%a over calciumchloride and then distilled to give
92771he §RFnatesfaie)upsihen addeshany mixedwitha mgehanical

37 %tk 'k 1@9@&’(?10@. ?ﬂe%a%g%rﬁ%g{aﬁeg\évhg rd:o‘glggd o A closed

L round bottomtlask equl ppe

st ialuminum acleld warmedutorabout d00tie aadralloned tb kxpand oVPhen
was chg;%%d W th. CAFOCH CH2C2F5 (277. 4 gmf 0. 56
mol RE§d.ghd” Ksbpk dgasmpiewas gupffomthe cose @F theomoldad-femm.

A 1 : . .
(72,5 g ol st 488102 RRkAGSE B CRT (e ko)
10Th elansiy shhdiah @xceplioredy dine 2% dtmothire cana rérmainkdas k
it id_stifri . th t h
s dmeBiohaly Sl Aerdificd Phefaiad fiihiose dpwets
Theurfifet higihly BBSEd Vel stiittuFeEndickl sk bR 20bI0 microns
product recovered by phase separation. The product

wad hddsing adiaser6ompl FOXr30dhsernial Tonductivity Meter, initial

insulation value (R-value) was measured at 7.4/inch (thermal conductivity
15 of 19.5 milliWw/(mK) at a mean temperature of 24.0°C or 0.135 BTU-in/hr-

ft2-°F at a mean temperature of 75.2°F).

Example 5: Polyurethane Pour-in-Place Foam

Component Parts by Weight
sucrose/glycerine initiated polyether polyol 140
(Voranol® 360)

silicone surfactant (Witco L-6900) ~ 3.0
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aqueous sodium bisulfite and water, dried over cal cium
chloride, and then 30 distilled at atnospheric

woresass@4 The product, F24E (128.7 gm 63%  BOTIUS206/042635
95.5C. It was character| zed by 19F NWMR (S -81.6 (CF3,
m 3RN-DiesHicdcEs aminesR)alyst 114. 7 (CF2, m 2F)7 -118.1
(CF2, m 2F) %é{l g8 pPpm 29 WD 2007/ 053674
PCT/ US2006/ 04626 éa(f‘F m 2F)) and 1H
(86. mamqthy!ﬁ'ﬂtfmeaf—’fﬂg’ﬁ? d%tuti on.  EXAMPLE 3 %
Synt hesi s of (BbgEHECHCF( CF3  Synt hesi s of

CF 265 gm 0.9 nol ggg and
ﬁh%ﬁétﬁf%%%g%@%%%&%& 0. 45 nol es) were
addeGOﬂprflf"ﬂlﬁ)GﬁtﬁYSt ithang oaﬁ)shaker tube and heated to

200C for 8 houwatddnder autogenous pressure, which

in 585 psi. The progict was
PO%}‘?JGP%E@?' %d}ghf’t%(r‘r%g%a (Sréé? to pgl ve 110pgm%cj)f

(CF3) 2 CFeeptenq (BFS-16980zzy C/ 200 nm) in 62% yi el d.

Conv giofyirbhyRhe HéphEnyR&dcindeHl CF3 to F13iE 169
(CF3) 2CF gm 0.28 noles) was slowy

added 15 &°W¢2P4Fk%édditi on funnel to a 500 m

round bottom flask heated to 42C equipped wth stir a

bar and onnected,to a ath distillation, col .
and dr yAl C8MRCRSNtsIExe Hg:‘klsg r%ﬁtﬁé(ga R GEES a H'8ide.

I -
it s

i nelireersfor 10 sesrads tTﬂWGSfS)@m praciipn maixiuig iwap perredanto a closed

5 oot eI e e abad AR E AL el SRR hin
W' éth‘re a8 )@ﬂ"dxdﬂ@ts'aM wabhsut Piopdl e corelotithe Hdldddffoam

oils at 48-50C and was characteri zed

NI\/R (8 Thgrop samplenwaspboutr2.0poyndsst® (BCeﬁé)(32D l@'ms’*)

bt o SRS ERbt Mt sof some.yqids, and

ef feandined Mensibnamssttabmu\wgmmewmm@gwhsbd)fcthe figam
agent s, pol ret |soc anur a sanpl es

10 we%%%ﬁ&f'ﬁ@rmb %gﬂﬁe FRYStrie rfgwhww) \gigs, and
4
R T TR b sy Foymbe
geTremhalyConcudtivitg Maten iditial ipsulstdn valuB-sagimebsured at
P& 1555 R ot goeB o i B o
L BEnd Ay SRTOM S PULHPRAE B 8o AR AR U b 2oF),

ont al ner nol de reac
15mxture is poured into a 2'/2" x 13" x 15"

Example 6: Polyisocyanurate Foam

Component Parts by Weight
aromatic polyester polyol
(Stepanpol® PS-2502A) 14.4

polysiloxane surfactant
(Dabco DC-193) 0.42

Potassium octanoate catalyst
(Hexcem 977) 0.8

Tris-2,4,6-(dimethylaminomethyl)phenol/Bis(di-

methylaminomethyl)phenol catalyst 0.15
(Dabco TMR 30)
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(6.35 cmx 30.02 cmx 38.1 cm heated al um num nol d.

35 30 WD 2007/053674 PCT/ US2006/ 042635 "..anple 4:
woabyissryanur at e Foam Conponent Parts by Wi gRCT/US2006/042635

aromati c pol yester polyol (Stepanpole PS- 120 2502A)

pol ysi | oxane surfact ant (Dabco DC-193) 1.-8 potassium

ocl A dateHewflugows %P@(cem 977) 3.2 Tris-2,4,6- 0.4

(d(HﬁQtWﬁ’ﬁFﬁ ﬁtb??ﬁieﬁyﬁ lPyine ABENB; s( di met hyl ani nonet H¢$0)

h
D el g plne R R Foo e fee®e (HEC B0 226
14 z) (Blow ng Agent) polynethylene

| ypheny!
P omoneRl coRpRNERT %éclq%i&é,éﬁﬁ\‘{%‘ﬁ%s%érpapihheéef%%%ﬁs*de
B- ¥hé ﬁasocyénalée(A-%@ymattﬁe.ﬁ Added ahdWzhdtinpedaad agoainsd

m xed with a nechani cal stirrer for 10 seconds. The
f oacmcrr&sctT h@rfoammeaﬁﬁowtpfmwaa allawed4o gisgde dhe beaker. The

5 gl&/@ énaﬁg (ﬂ@gll mg?ﬁ%ét sla%%fg%gm%ldltﬂ% Sy;rﬂer Foam

f L dernsé:tzyama@ irﬁtuaﬂfy mgg b?g%gfeitrg@@atas ! |g§?montfoam1rmd tio ware not
abou ounds :

haepfamabfoe@m P §6mza@°&émp0§et’ %em%a i ahedtabat
di %péhg&gt#d/t jéd %Sse H’éﬁé‘g{]l ed phot ogr aphs of the

foam s orm Iy closed cell structure
and cell sizes about 200-300 mcrons (p) Using a

10 IL ﬁ:ﬁlr g? ‘ : ; jlity Eff ! :anealns%ructure
(t Wﬁé%hn%ﬂﬂn%’t@&'fﬂl&dcé@oﬁ oﬁe?r 51 théﬂlt!é‘{gé BKimgfovedITeam

tenperature of 24.0C or 0.135 BTU-in/ ft2-F at a
maaﬂ" st@u@yr%bewaﬁthes spiubilityisifeces thm pymréymaalb' used

t
CObeuifs SbRE, TREPra AR RIAAR e Ll i prone
( Vatixing) leut3siite raixeds they dembnstiatota god affinity 600 Bside,
15  and being somewhat insoluble, act to help seed small cell growth during
the foaming reaction.

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

30 these unsaturated fluorocarbons can improve cell structure and foam
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31 WD 2007/ 053674 PCT/ US2006/ 042635 1.7 N L i
[ rh9t hylcycl' o i'exylam ne catal yst (Polycat 8)
woeont7ased7hy| di et hyl enetriam ne catal yst 0.4 ( POiryusaio6/042635
5) 2-Methyl (n-nethyl am no b-sodiumacetate 0.5 nonyl
phproplertiesaswdhyas to @Lerbbhmmitemtiéi Prodssing Aifficultiziscwahg
Agent tafl ro-2- .70 ent ene
(I—F@-W@@rﬁ%‘)'dﬁjﬁ?ﬁm%f‘ﬁﬁcé’ﬂga 9%%?ffﬂm?d%?anate 169
i socyanate (Papi(r) 27) Al conponents except the
i socyanate were prem xed as a B-si de The isocyanate
(A-side) was th@hERMEOPLASTIG K24 XK pdeShani cal
5 stirrer for 10 seconds. The foam reactl on m xture was
poured into a closed 5 al um num nol d warned to about
1OOF and all oned to expangXAW®IE scured, a 1" X 1" X
le was cut fromthe core of the nolded foam

The cor he dalvingexampie serves tp dlustate the alplity)touse. o
kggﬂ% Faqgccl 'flh}Sroéja?ch)r?b%Q\ﬂ %Slehtsstb r#fg&g&&ﬁé?ﬂd%lﬁs'tl& foam

sone vo nmensi o

st H*shtatloﬁasmélﬁwllympdbwsﬂyw’ﬁsmsﬁlamba foampwitd fsiaaouarﬁom cell
uni f orm cl osgéj cel I st ruct ur

[ udi
10 yopdct ugﬁﬂo gigmm yispidiogygiie. £56. Wﬂ?rt%@]w'd npabdﬂ}'ng
a Laser q;lﬁﬁi?oﬁ i éﬁl@s?ﬁé‘l’?‘é 5l frRUEN pddrd, %Bﬁfmermal

~initial ue was neasured at /1 nch ]
( 2tarsiem ekirud¢mequippedwitbalie tdaw@:tiwmsuﬂatm lw@rdrfoam, is

oo R e SHER & S el aths 9pplosS xptpary Ffider ‘dhd'a Stoshdary

Pokyira@éry A it dieam (pisaPpaIpstyRsie feshty wdbidibé Shell NX600
aromati c pol yester polyol (Stepanpol (r) PS- 2502A) 14. 4

15 popgBetad pHFrOsey Riamel indenansoa trpiced Byckatnr widdhesi um
OCHPAb?\%%ﬁJn%%@E%’ Staid Hexcem 977) 0.8

Table 4 — Typical Extruder Operating Parameters

Primary extruder (rpm) 70
Extrusion rate (kg/hr) 430
Blowing agent rate (kg/hr) 48.5
Blowing agent concentration (wt %) 10.8
Nucleator concentration (wt %) 0.6
Secondary extruder speed (rpm) 4.9
Die pressure (psig) 1484
Melt temperature (°C) 129
Die gap (mm) 1.9
Die width (mm) 100
Foam thickness (mm) 52
Foam width (mm) 317
Foam density (kg/m°) 30.5
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Tris-2,4,6-(di met hyl am nonet hyl ) phenol / Bi s(di -

nmet hyl am nonet hyl ) phenol catal yst 0.15 (Dabco TMR 30)
w0B8200M0520007/ 053674 PCT/ US2006/ 042635 1, 1, 1, 4, #C4/US2006/042635

Hexaf | uoor o- 2- but ene (HFC-1336nzz, Z-isoner) (Bl ow ng

Agent) 12.0 pol ynet hyl edeXpdPLE@ Nyl i socyanat e

' t.e. (Papi 2.8 58 Al | t t

the' ) sdByERETIPePaiiorBdoha segtdl Riebarad uSihg®P

| SfeAnate ﬂd’sréggﬂ)on‘é’aa% theglowmdeemtd Thé%lyﬂt%?ﬂeff@ém

about 30 seconds. The foam reaction m xture was
al sheeé is ulimately thermafermediinde footheeryias padkaging ke egad

mxed well with th - Sj f d_t he pol yner.

5 Fo%ﬁFEO“&ehQV%@%fscq?W"ﬁ g\%%}ﬂ'%%rﬁ‘%{é?aﬁﬁce the catal yst
anount sF@dfl shakt i3 pretacedtisinglt cdrlentionalttaadétiextrusion
336nzz boiling point, and the anounts of catal yst

wet¥sterm; roran is extiidaddhsaugiear pnpulal die-RupHNedover a
Bl oha) 4860f 4 ﬁﬂldééftple'oﬁéﬁs %fi%rﬁétter,gé}}dﬁgﬁ% Grbducd & Yiighe ©

These unsaturate uor ocar bons er an advantage o
I ngiremted foam cell structure because their solubility
is different than other typically used blow ng

10 agents.EW@??'fP@Hﬁ'@éﬂné%l ubility in the B-side
requi r egg Y 9PAt. plredriiPolyatfreRB&siAT Xed, they
denonstrate a goggtaff?ﬁi)}tgyrfeor the B-side, 15 and
bei ng sdiedivdt pereent unsaturated fluorasarorsblowingragentel |
gr owm h ri,ng the amng r jon. This was observed
in prepgr? ﬁd&t Hgf@g&ﬁvgﬁgﬁfgﬁ gg&h{ and 5, above. In the
case of Tigx ﬁb‘rylsﬁ/réne sheettis eypicdllyedanidedHbG thickdrss of §a<o
m xed in the B- 20 side until a nousse-||

k .
15 ¢ o3a0 Bilsand slcasraie ok PRBEXIMatehn 4009RaNds T Plastisaardour.

. | C o . 08 I
o OB bicatlidel cOhalghs nddrdint, 506 118,004 81 (6.3 1678m to
m 38 1Bkgen) And@00,°Fitd 408sUH (98B PO td B64.4e3C)e pThe bimwligg
fine cell structure describ and contri but e%e

d_.abo;
t oB498 coRPBRITRIAMIN b Tosd mAtesiapl Ehande KepBNglng Ry
ag&é’éiré%idkﬂbsggfhﬂeﬁﬁg%cfslfg \%&gméé rhBrd Bewlhg g%téﬁtt) .hghce the

this case, volds were in the foam

20 cepolystyrans basbeex eIKTJddQ@ it isdypilcaﬁtsag@drbetv&erswaws iond
 obgpfan Plrind dfitEe LR Reree bR e AR 80 S og

t hBRWin agént Farftbdtes!8UD6RhE FoamcRthis @RIt et lal relatively

structure and foam
slow rate.

25  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

30 thermoplastic foams. 1,2,3,3,3-pentafluoro-1-propene (HFC-1225ye), 1,1-
difluoroethane (HFC-152a) and 1,1,1,2-tetrafluoroethane (HFC-134a)
were all analyzed by GC/MS prior to the testing and were found to be
100% pure. Polystyrene, talc nucleator, a 1010 Mild Steel Coupon, and
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33 WO 2007/ 053674 PCT/ US2006/ 042635 properties such

as to overcone potential processing difficulties that
wobbhevossege woul d detrinental ly i npact foam per POTBR®E/042635

THERMOPLASTI C FOAM EXAMPLES 5 EXAMPLE 8 The fol | owi ng

exaifWss Reatdot2BoeClin st prabsurenrsabi With bldvﬂn@'%gent and held
unsaturated fl uorocarbon bl owi ng agents to produce

t h@ﬂmrés‘f\ﬂef 2%bayrsi H@V%aaebwasm@m anchbll gaseous rl)rloducts
h fi formce
W%@ﬁ%‘?@%%% \Z&rﬁ @Lﬁn\g”sé% l/gleueumang good

d| nmensi onal st abl lity. To produce polystyrene foam
i nsul-ation boar a.commercial tandem extruder

equi-pped wi GWM& Analysis pf,Gasesffer Expogurerto 360°6 far 24 Haussy
i s|—usSamplgNumber | 245 [ &0 he4Gh3anB96, 5322 ha9hnh#9d [ 22 [24d | 392

el OmR’ 'IlfPﬂl %t di

exFEy and—a—secondary——ext ey  die
ty éj “\fyr Jystyre .\,dr SHARoH §7h 88p0i8 NB&op8As| 87 [ 87 | 87
gen 2.5 melt e A a %ypi a

S B diag, P X, Ang sal o

d
nuctgat or wou nmagnegi um siljcate talc
Ty PE&FAmE&EXPREITET ergtim ar anerers; Prijmar ]
ex| (sudlen sditspr) 70| Extrusjon fate| (kgf hr)| 430 Bl bwi ng
agpedrbanict® (kg/ hr) 46| 5 PBlow ng hgent copcentratjoh | 3 | 3
( W pSMcarbOxyBic adills} | pat o copcenfratjon (w P9 0Ol 6

SecdietA?3byext r udel. 19pedd [ ripn) 14. 010D e pfessure | 10 [ 10 | 10

(ppHog-192884  Melt|tenperaturel (C) | 129 1Di p18ap (M

1. pHF@§1#ayi dth () 100 Foam t hi tkneks ( 520 Foan

wg%?&’%ﬁtegh "Fpagn Heps| ty [(ka/f8) BO5[ 34 MG | x | x | x
20 Rg74 Dr"TIIQ%gﬂ 1042635 EXIAMPLE 9 In this | -

exgh el ystyvy f%-'irﬂ chebtX ik )‘Mr ihagl X X X
uns%a‘p'ggpf‘gﬁfe Pitér bear bons-ea0% he bl ow’ 550 Eg%nF 1%°T’he >99.9%

porystyrene roam

5 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 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 Agents Talc Fluoride ion
(atom%)

32a HFC-152a Mistron 15

32b HFC-1225ye Mistron 0.3

24d HFC-1225ve Safoam 0.2

39d HFC-1225ye Mistron 0.3

36



woRai7/0586Y S,

10

15

sheet
packag

a conv

is ultimtely thernoforned into food service

like egg 5 car
pl ates, etc.
entional tandem extr

i ng,

tons,
i's produc
usi on

hanmbur ger cartons,
Foam sheet

edTSR00§/042635

system Foamis

extruded t hrough an annuEXAMRIE 14t ret ched over .a

mandr el

pr oduc
88 to

percent unsaturated fl uorocarbon

wtunspiurstadt flunrecarsona @oratgéﬂmmnétl@fﬂaj@s

ty’f)% aII

Pl it heéld Qﬂrh&%fAﬂerTZ‘P
from1,000 to 00
armnls@wrenetsamme rscqme@ a thermalgravig)etrigiapalysisn;

about 4 tines the
e a single sheet.

Eodr

1

hi

B AR R0

die's diameter, and

0 A typical
| owi n

ckne S

0.3 kg/cmto 281.3

slit to

formul ation is:

imdfis GRIME cBAYYSEY rt@ agsé@ﬂh@ e%rg%aetﬁat.my of the

alyRfyrgngeand t:alc

of 50 toﬁ%éﬁﬂ@ @pgent

r"e&.% e VESEBlY
Ihéé#s the vesiel wesbolddPasd kange

l1to

kg/ c
).

ARl R SRR M P Sy R BB DR ndbo b SRR

I eshimhiiles hemted \hit@mdv@ng@gems to@cmttdﬂ &Sahiblp of }BWQEne

has been extruded,

t Pystyeardnatalial. Age HEA anah@ls ﬁ'ﬂOW%,

e el e Y BB olR

| e ]

it ISty

pically ed betwe

en days

td}‘%‘ﬂ'nigrﬁg%'lt M&gs
@b?c%?r%lhor?t)f the

ow r at

2 mnmbdurtrof dlawingeageri ¢hatohiked dr tHeomeltal ke data molicatesd,

pr.od

P RSyl s oI BRR Mt unsath

e .of .end

fated flg?@cgrbc%ﬁgﬁr@ dgent versus

EXRAFdri S HG phsdRtsonduct ed to assess the stability of
HFC- 1225ye Por 30 thernopl astic foans.
1,2,3,3, 3- pent afI uoro 1- propene (HFC- 1225ye), 1, 1-
—f1
T 1 u a‘IIU (l_ll_\f J.JLG.) allu : o
1, 1? Z%tﬁg r af | uor oet hane |(HFC- [il \ﬁm%’ Ag(\a/\r/]ére alll Weight Loss@ 300°C
qnaFyzd?blybgvreGECNSrcprl or td the tedfdnag and wdre found.7%
tIo o | PRfAdART €. POt ySTYTIENE o Sl LerfBRGEAL OT|, & 101926%
N i'd Steel Coupon, and 35 WD 5667/ 053674
ACT/ US2006/ 042635 air was heat ed®?RF"360C in |a
or ests Urmolyégssel w th bl ovmrng1,a@aﬂpaitailudsre41d 24 hour 2.5%
After 124 hours, the vessel| was co& and al I| gaseous
roducts were collected firomthe ss for janal ysis
GCRREB |Aledistysins +dRlcGases afteﬁIQE@p%BQﬂtaé'u?"é'QGOC for 2838%
Hour s Sarrpl e Nunmber 24a 24b 24c 3gbpepdC 32a 39b 39d 22
4d.- 32 ohpositi-on—k—W1%
- 39b °Polystyr8ﬁe+Talc i HFC-152a ‘ 2.44%
39d | Polystyrene + Talc HFC-134a 3.99%
39a | Polystyrene + Safoam 1,2,3,3,3-pentafluoro-1- 479%

propene
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Pol ystyrene 90 90 87 87 87 87 87 87 87 87 87 M stron

Vapor Magnesium Silicate 3 3 3 3 3 3 Talc Safoan(r)
WORMNZ/053cdi um salts of 3 3 3 carbonic & of caprbwaskins042635

aci ds) HFC- 1225 e 10, 10 10 10 ‘10 10 10 10 HFC 152a

10 10 HFC- 134a 10 1010 MCIdABMSel X X X X X X X X X X

X .Coupon Air X x X X X X X x X x X Blow ng Agent

Purity >99.9% 93. 96. 100 >99.9% after Exposure 4% 7%

%/M0e Digin:est data show that HFC 1225ye was

surprisingly as stable as HFC- 134a and nore stable

t han HFC-152a under extrusion conditions. The steel

32a, 32h _and.24d lyzed b
reck PRS8BT pJordetiingd Anal yai o { ESCA)
Flialor i dadinga bldwing agenetord feinvaisle @onigusition; aiebleving

al'l" coupons. Estimated concentrations of 10 fluoride
i @gent eorvpisingiat leass ongiusresarbon or hydiefinaeacashen selected

R it Sanpl e Nunber Bl owi ng Agents
TZ'I%%% Efeuéwgecolngﬁs(ﬁﬁgoﬁfbn?/@ 32a HFC-152a M stron 15

32b HFQ) 122%yleydvbiuarocaod hakdrdy tHeGotrddkyE- GaZ RIQH=CHR?,

39d HFC- 1225ye M styon 0,3 36 WO 2007/ 053674
PCT/ US2006/ G¥E58i5 '59@@/%3@%1'”@%%? Shile §1 VR Ce perfluoroalkyl

conducted t ?@)’:se the compatibility of the
unsat ur at ed%{ or’%‘@gr bons for thernoplastic foans.

Pol yst fiiene adfiubrosdrbon®rinydrafiuosocarbor skiestedifrom themyoup

nours. A errossHag Pl CFeHE el A S B RadF R P2
CHF>,CH=CHF, CF3CF=CH,, CFsCH=CHF, CH,FCF=CF,,
CHF,CH=CF,, CHF>,CF=CHF, CHF,CF=CH,, CF3;CH=CH,,
CH3sCF=CF,, CH,FCHCF,, CH,FCF=CHF, CHF>,CH=CHF,
CF3CF=CFCF3, CF3CF,CF=CF,, CF;CF=CHCFs3,
CF3CF,CF=CH,, CF3CH=CHCF3;, CF3CF,CH=CHy,
CF;=CHCF2CF3, CF,=CFCHFCF3, CF2=CFCF,CHF,
CHF>CH=CHCF3, (CF3),C=CHCF3;, CF3CF=CHCF.CFs3,
CF3CH=CFCF,CF3, (CF3),CFCH=CH,, CF3CF,CF,CH=CHz,
CF3(CF3)3;CF=CF,, CF3CF,CF=CFCF.CF3, (CF3)2C=C(CF3)2,
(CF3),CFCF=CHCF3, CF,=CFCF,CHyF, CF,=CFCHFCHF>,
CH,=C(CF3)2, CH,CF.CF=CF;, CHFCF=CFCHF,
CH,FCF,CF=CF,, CF2=C(CF3)(CHs), CH2=C(CHF2)(CFs3),
CH>=CHCF,CHF,, CF2=C(CHF,)(CHs), CHF=C(CF3)(CHz),
CH,=C(CHF,),, CF3CF=CFCH3, CH3CF=CHCF3,
CF,=CFCF,CF,CF3, CHF=CFCF,CF,CFs3,
CF2=CHCF.CF.CF3, CF,=CFCF.CF.CHF,
CHF,CF=CFCF,CF3, CF3sCF=CFCF,CHF,
CFsCF=CFCHFCF3;, CHF=CFCF(CF3);, CFo=CFCH(CF3) 2,
CF3CH=C(CF3),, CFo=CHCF(CF3)2, CH,=CFCF>CF,CF3,
CHF=CFCF,CF,CHF3, CH>=C(CF3)CF.,CF3,
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pol ystyrene sanple recovered for thermal gravinetric

analysis (TGA). Wight |oss versus tenperature was
woaopassedd4f or the pol ystyrene sanples heated wCThS2006/042635

bl owi ng agents to a control sanple of starting 10

pol yst yr ene CRy=CHGH(CRfg CHP-@QHAR(EFS) 5 I0Fys C(GE$)CH,CF3,

095 provi G ARG GRCHIEs G 2oeHaTeCHateant of
bl owi ng agenir jcpalc @Péﬁ%"’? Gﬁ%cf@d:mcﬂ)g CRFaCHCH(CF),

i ndi cates i rove for e UNhsat ur at

f1 uor ocar bo@l-ﬂdﬁ@hiﬂ@(&@ﬁntCHﬁE%G(CF@)u lCd'ﬂd“QHE@‘:zCHFCFs,

D Bolyst yr ot KPRl e (5 PSR AIGHE OF ZCPICF,

1,2,3,3,3- p@mﬁdw@w&%, (& @hOQCPﬁRG*FS) 24Db

PoI ystyrene 1, - pent af | uor o- 1- 5% propene 39c

Pol ystyrene M@@%@@)B%@Wﬁq(%ﬁﬁﬁz 53, 38%

Bl yotyr one GRHHEERMCE R RtECIEREricto. |

20071 053574  CHLap0R| DAL ?HZ‘O“CW”‘E‘F@BQ%%WA
ot hod of f§%1f§?§%p§tn¢§%wéﬁz§t@§%‘@§g,. g a

bl owi ng agerg Ff qu..gn'@qlfG CF%% d bl ow ng

agent corrprl & ng at | east one f I uorocar bon’ or
hydr of | uor o IFZFFGHHCELCEE)(CHe tCFeCaldtHSom¥¢lt i ng

ok har KN e %éi—@%d'*‘a%%@‘ébinﬁ v el
to 05 per f| LSk A JOF,C(GHMEH,, BRIOR,CF,6HEOMTRG Yo

or hydrof | uor ocar sel ecte fromthe group
consi sti ng dEFGROESGHE, crHe GG CleEddr-cpyclo-

Grigrar @ﬁﬁ%ﬁﬁﬁaﬁ%ﬁeﬁﬁ%&@%@f&”&
CF3sCH=CHCF,CF3;, CF,CF,CH=CHCF,CFs3,
CF3CH=CHCF,CF,CF3, CF3CF=CFCaFs5,
CF3CF=CFCF,CF,C3F5, CF3CF,CF=CFCF2C2Fs,
CF3CH=CFCF,CF,C,Fs5, CF3CF=CHCF2CF:C2Fs5,
CF3CF,CH=CFCF,C,Fs, CF3CF2CF=CHCF2C2Fs,
C,FsCF2CF=CHCHj3, C,F5sCF=CHCHj3, (CF3)2C=CHCHj,
CF3C(CH3)=CHCF3, CHF=CFCsFs, CHF2,CF=CFCF;,
(CF3)2,C=CHF, CH,FCF=CFCF3, CHF=CHCF2CF;,
CHF,CH=CFCF3, CHF=CFCHFCF3, CF3CH=CFCHF,
CHF=CFCF,CHF,, CHF,CF=CFCHF;, CH,CF=CFCFs3,
CH,FCH=CFCF3, CH,=CFCHFCF3, CH,=CFCF,CHF>,
CF3CH=CFCH,F, CHF=CFCH,CF3, CHF=CHCHFCFs3,
CHF=CHCF,CHF,, CHF,CF=CHCHF;, CHF=CFCHFCHF,
CF3CF=CHCHs, CF,=CHCF,Br, CHF=CBrCHF,
CHBr=CHCF3, CF3sCBr=CFCF3, CH,=CBrCF,CF;,
CHBr=CHCF,CF3, CH,=CHCF,CF;Br, CH,=CHCBIFCF3,
CH3CBr=CHCF3;, CF3CBr=CHCHa, (CF3).C=CHBr,
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CH3CF=CF2, CH2FCHCF2, CH2FCF=CHF, CHF2CH=CHF,

CF3CF=CFCF3, CF3CF2CF=CF2, CF3CF=CHCF3, CF3CF2CF=CH2,
wWOBBCHsSIHCF3, CF3CF2CH=CH2, CF2=CHCF2CF3, PCT/US2006/042635
CF2=CFCHFCF3, CF2=CFCF2CHF2, CHF2CH=CHCF3,

( CF3) 2C=CHCEF;CEFSEFEELCF2 BT HF O eRFCLER2LGF3,

CFa k2 Cr=Cr G BT L3 b Gt GRILHT Crfar By B0 FCBIRGH2
CF2=CFCF2CHgfHp &E@@E@éEﬁﬁFZCH EGBT@F%EF@&FCFT (CH2Br)CFs3,

CH2CF2CF=CF2, CH2F
CF2=C( CF3) ( GHBFC(CRPEACERERREHCH= @h@fce@%gma@HCHzBr

CF2=C( CHF2 EHW 2) 2,
CFBC(F:( @c%b%%%%&% F2)
CHF=CFCF2 CF 25 =C HUT2:- OB CF 23R CFOE R CF SBRERAG ladd

CHF2CF=CFCF2CF3 CF3CF CFCF2CHF?,  CF3CF=CFCHFCF3,
CHF=CFCF( CFOR(ClesscRsGYom®f 2, cF3cH=C( CF3) 2,

Cro=q i) %@@%ﬁﬁ%@%&é@%ﬁ%ﬁﬁ%ﬁ%éegs

CF2=CHCH( CF&bﬁdltl&'i’Eefﬁélﬁh’ﬁ(dZﬂéEfbnﬂ a foRwC( CF3) CH2CF3,
CH2=CFCF2CF2CHF2, CF2=CHCF2CH2CF3, CF3CF=C(CF3)(CH3),
CH2=CFCH( CF3) 2, CHF=CHCH(CF3)2, CH2FCH=C(CF3) 2,

CEB Gl rfeiifoPo %W%@'ﬁ@%& bloﬁ%ﬁ%@ﬁ%@%@d from (i),
( CE3) ZC—CHCZFS (CF3) 2CF CHCé r-)

( ard) Ry Bﬁl@)’@,@ﬁd?penMW@EE,z@%C@E;QFzC 3, CF(CFa)2,

ﬁ%@%@m@@@cg%%&&%gcab

R A e DRsEHEC ..
EF (e Crahh b et egxemzcaé%c

CF2CF2CF2CH=CH-, cycl o- CF2CF2CH=CH-,

CF3CF2CF2C( CH3) =CH2, CF3CF2CF2CHECHCHB, cycl o-

CRR CHaChedired ofglalin - 1ChAEFeiGuE-Bloving ageot blowing agent is

e s o i s Wheran ths hydofdbroganbon is CFsCH=CHCFs,
CF3CH=CHC,Fs, CF;CH=CHCF,CF5, CF3CH=CHCF(CF3)2,
C,FsCH=CHC,Fs, CF;CH=CH(CF3)3CF3, CF3CH=CHCF.CF(CF3)2,
CF3CH=CHCF(CF3)C,F5, CF3CH=CHC(CF3)3, C2FsCH=CHCF2C>Fs,
C2FsCH=CHCF(CF3)2, CF3CH=CH(CF2)sCFs, CF3CH=CHCF,CF,CF(CFs)
2, CF3CH=CHC(CF3)2C2Fs, CoFsCH=CH(CF2):CF3,
CoFsCH=CHCF,CF(CF3)2, C.FsCH=CHCF(CF3)CaF5, CoFsCH=CHC(CF3)s,
CoFsCF2CH=CHCF,C,Fs, (CF3),CFCH=CHCF(CF3)2,
CoFsCH=CHCF(CF3),, CF3CH=CH(CF2)sCF3,
CF3CH=CHCF(CF3)(CF;)2C2F5, CF3CH=CHC(CF3)2CF2CaFs,
CoFsCH=CH(CF,)4CF3, CoFsCH=CHCF,CF.CF(CF3)2,
CoFsCH=CHC(CF3)2C2F5, CoFsCF,CH=CH(CF;)3CFs3,
CoFsCF2,CH=CHCF,CF(CF3),, CoFsCF2,CH=CHCF(CF3)C3Fs,
CoFsCF2CH=CHC(CF3)3, (CF3)2CFCH=CH(CF2)sCFs3,
(CF3)2,CFCH=CHCF,CF(CF3)z, (CF3).,CFCH=CHCF(CF3)C2Fs,
(CF3)2CFCH=CHC(CF3)3, C2FsCH=CH(CF3)sCFs3,
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CF3CH=CHCF2CF3, CF2CF2CH=CHCF2CF3, CF3CH=CHCF2CF2CF3,

CF3CF=CFC2F5i CF3CF=CFCF2CF2C2F5, CF3CF2CF=CFCF2C2Fb5,
WORBBCHs&FCF2CF2C2F5, CF3CF=CHCF2CF2C2F5, PCT/US2006/042635

CF3CF2CH=CFCF2C2F5, CF3CF2CF=CHCF2C2F5, |

c2 @iﬁﬁQﬁFeﬁWFsﬁﬁ%ﬁ%WﬁckﬁEﬂﬂe@@%CZF&

( ﬁé@ﬂ%@i%%&%@g A AT HOERF 2CF (CFa)z,
ot wszzHgéﬁFgcéF@HgééﬂFi)g& a%@%‘@%

REBRAHHEES)2, @Eﬁmm(CFs)zcst,

o =oﬁs§§ﬁ$€¢9%&@§@é@w 2,
CHOUIR5S
A G S TGO TA T

Pt R008) (b b 0 G e Cob St R 5&?@-“&%&%

Z- CalrgCRiBi=ita2 E51C(OF250CBr ERJAECH=0RS
CHBr =CF( CF2) 2CHF2, CH2=CBr CF2C2F5, CF2= C(CHZBr)CFS
CH2=C( CBr F2) CF3, (CF3)2CHCH=CHBr, (CF3)2C=CHCH2Br,

oo 3 =CFCF3, o Sl E,Hé I%gmé%?@%@ggz%ﬁ?"ses
an@h ($9CYRBAlS; Bhipast 0B polydl,rand Mdeastomebtatalystrposi t i on

under conditions effective to forma foam 2_. The
met hod of claim11, wherein the blow ng agent is

selt e Thednéthoa dfidiaim aneh&birphd B&nﬁib?e cbmgeamaﬁqa&hé/r
CF3, C2F5, CF2CF2CF3, CF(CF3)2,

cﬁ%ﬁ@;l%ﬁszaf@&ncwiz@ﬁ'msemesm(I@prs@tyreaszmmxm&m@@

CFg@ @: =3) 2, C(CF3)2C2F5, CF2CF2CF2CF2CF2CF3,
3@ CF2C2F5, or C(CF3)2CF2C2F5. 3. The net hod

of claim1, wherein thée bl owi ng agent bl ow ng aggnt i's
[ int hydr of | uor gcarbon is
ek ST S BeBse S aRL SR R

Credeisis€dh Andledting agent.

6. The method of claim 3, wherein the blowing agent comprises a
fluorocarbon selected from the group consisting of E-CF;CF=CHF, Z-
CF3CF=CHF, E-CF3CH=CHCF;, Z-CF3;CH=CHCF3, E-CF;CH=CFCF;, Z-
CF3CH=CFCF3;, E-CF3CF=CFCF3, Z-CF3CF=CFCF3, E-
CF3CH=CHCF.CF3, Z-CFsCH=CHCF,CF3, E-CF3CF=CHCF,CF3, Z-
CF3CF=CHCF,CF3, E-CF3CH=CFCF,CF3, Z-CF3CH=CFCF,CF3, E-
CF3CF=CFCF.,CF3, CF;CF=CFCF,CF3, and Z-CF3CF=CFCF.CF;.

7. A method of forming a polyisocyanate-based foam comprising reacting
at least one organic polyisocyanate with at least one active hydrogen-
containing compound in the presence of a blowing agent, said blowing
agent comprising at least one fluorocarbon or hydrofluorocarbon selected
from the group consisting of:

41



C2F5CH=CHC2F5, CF3CH=CH( CF2) 3CF3, CF3CH=CHCF2CF(CF3) 2,
CF3CH=CHCF( CF3) C2F5, CF3CH=CHC( CF3) 3,

WO2bE@sBEHCF2C2F5, C2F5CH=CHCF( CF3) 2, PCT/US2006/042635
CF3CH=CH( CF2) 4CF3, CF3CH=CHCF2CF2CF(CF3) 2,

&FE%I:_SMC( C?%ﬁfﬁﬁﬁﬁ&ro@fﬁg%ﬁfﬂ(g(ﬁ@)fe@ﬁelag% or Z-R'CH=CHR?,
fzcié%c“'c&g@ﬁ” ot oot 'c%%g( o %I; ;o

CF3CH=CH( CF u@gém%%ﬁ% CF3) ( CF2) 2C2FS,

CF3CH=0IC( cnaa‘)mmbﬁﬁ or mﬂﬂﬁmlama(rm)s&@ted from the group
P8 Cr20HEGROCRS AR CFCEFGHE G CIch (i =CF
C2F5 CF2 CH=CidHiit O CRIF CFéCFE@@EZ@ﬁ?CFE@FFB)(SHZFCF—CFZ,

CF3) 2CFCH=CH( CF2) 3CF3,  (CF3) 2CECH=CHCF2CF( CF3
ECF3; 2CFCH= z(C‘ct%I%G)EzFQ‘,H 2QE)ﬁWECﬁ@E2@IE€@t&Z$)@gacH =CHg,

PCT/ Us2006/ GSR5 Clots hGck ¢ (3 U, BLIF2CH=CHF,

C2 F5CH=CHC( GRCFEICRRIF, CF 3-8 =T Ci:CFZCHCF3,

e R o U CEFGRAC
Cra( Cr2) S0 D s s s )

CF3( CF2) 3%!@3}%5(0@&%@%@@6&@%&0&
( CF3) 2CFCF2

( CF3) 2&@2&@@%‘?@%@%&(6&%%8%&5% e
C2F5CF( CF3) @‘Fg} @FE);@% FOF CW@F&%@F@I@E@(@FQL

or (CF3)3CCH= Cé_) ' “The et hod
wher ei n t he (E6: -@T@E&l @FMC%MHé:e&FmQFCHFCHFz

t |
caral yar. < a CrCRE R SRR g E R CERTCIAPs
&ﬁé‘?‘é‘?hié?&“‘?’;@‘?ﬂf‘f?@"’* N e o
pol yet hyl en&HE=CHEE2 }_.y 5@?5&%“)3@4 ?ﬂ&ng(CH?’)
f oamabl e cor@lq;.té(ihmﬂ:%#uéﬂ@: ¥ mﬁl@ﬂ?op_@p@pe&atl ng

agent. 6. The clalm erein the bl ow ng
agent conpr |GIE5C5:CHQE:3C£E3a%tH*F&|%¢EﬁEzﬂ3ﬁ3c om t he

L O e e B S ECRE TS, 7.

CF3CH=CFOF3, CIRFERSEFOROER,, CF RRaErCRSEaF, -
CFsCF=CFCHFCF3;, CHF=CFCF(CF3);, CF2=CFCH(CF3) 2,
CF3CH=C(CF3),, CF>=CHCF(CF3)2, CH=CFCF.CF2CFs3,
CHF=CFCF,CF,CHF2, CH2=C(CF3)CF,CF3,
CF2=CHCH(CF3)2, CHF=CHCF(CF3) 2, CF2=C(CF3)CH2CFs3,
CH»=CFCF,CF,CHF;,, CF,=CHCF,CH,CF3,
CF3CF=C(CF3)(CH3), CH,=CFCH(CF3)2, CHF=CHCH(CF3),
CH2FCH=C(CF3)2, CH3CF=C(CF3)2, CH,=CHCF,CHFCF3,
CH>C(CF3)CH.CF3, (CF3)2C=CHC,Fs, (CF3),CFCF=CHCFs3,
CHz=CHC(CF3)s, (CF3)2C=C(CH3)(CF3),
CH,=CFCF,CH(CF3),, CF3CF=C(CH3)CF.CFs3,
CF3CH=CHCH(CF3)2, CH,=CHCF,CF,CF,CHF>,
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CF3CH=CHCF2CF3, Z- CF3CH=CHCF2CF3, E- CF3CF=CHCF2CF3, Z-
CF3CF=CHCF2CF3, E- CF3CH=CFCF2CF3, Z-CF3CH=CFCF2CF3, E-

WORBCRsS§IFCF2CF3, CF3CF=CFCF2CF3, and Z- CF3CF=CPCFA/SE®6/042635
7. A nethod of form ng a polyisocyanate-based foam

Ig glfﬂ;{ 'Sg icggnK(?E%CﬁQHGthOFEatSﬂ-lz@G@CEW iG3F 5,
one Vv rogen-
cont ai ni ng %&%H2#%5p95399§§@%a%?@wgng
agent, saiddg \pﬂﬁ@ C?ggppg @HE'QCH@ Fqbﬁaﬁast one
ro

fl uorocar bon 3 ofocafbon sél ecte fromthe
group consi QH3S§=6}HCHGCF/&)ICZG£)7(©5@£7=40FC2H5 cyclo-

ormila & of TP EreteRol G GHrCReCH R aro.
ornmul a E- ar e,

i ndependent Igp o@;cFm@s)a@ H,! ePLoRLBFICIECHITH;, 8pélo-
(ii) a fluorocarbon or le uorocar bon sel ect ed from

the group &dn&i sCFn@FoIC)@I‘%@E: FCRGRGRcryclo-

CroFcr=cra, CrelESG PP it OHO SRy

gHégg:HSE%F CE3CF= CFFZGFQCFS c
CF3CF=CHCF3,
CF3CF2CF= C@F@WHQEE%ZC@%% Fs,

oo Cha br RO (O Gt CoFs

CFSCH:CFCFZUPSCH%(;EWCFQFB@HOFZC}HE%

%%Czﬁémggég %‘a@w@ﬂﬁm&%@p ‘.

o o e e e e G P BB 2 HCRAC T

CF2=CFCF2 CF2SHiFA H=CFEFGFS BFSEXTIF C EEATF;GHESEP CHFR,

GG oo e CE P o G U BB Ry GHRGF-CF CF,

= Cr 2O Ao R e AL CERERCF SR,
CF3CH=CFCH,F, CHF=CFCH,CF3, CHF=CHCHFCFs3,
CHF=CHCF,CHF,, CHF>,CF=CHCHF,, CHF=CFCHFCHF-,
CF3CF=CHCHa;, CF>=CHCF.Br, CHF=CBrCHF,
CHBr=CHCF3;, C{FgCBr=CFCF3, CH,=CBrCF,CF3;,
CHBr=CHCF,CF3, CH,=CHCF,CF2Br, CH2=CHCBrFCF3,
CH3CBr=CHCF3, CF3CBr=CHCHs3;, (CF3).C=CHBr,
CF3CF=CBrCF.CF3, E'CHFQCBr=CFCQF5, Z-
CHF,CBr=CFC,Fs, CF,=CBrCHFC.Fs, (CF3),CFCBr=CHy,
CHBr=CF(CF2).CHF2, CH=CBrCF,C;Fs, CF,=C(CH2Br)CF3,
CH>=C(CBTrF,)CF3, (CF3),CHCH=CHBIr, (CF3)2.C=CHCH_zBr,
CH>=CHCF(CF3)CBrF2, CFo=CHCF,CH2CBrF»,
CFBr=CHCF3, CFBr=CFCF3, CF3CF,CF.CBr=CHg, and
CF3(CF2)sCBr=CHy;.
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CH2=CFCF2CF2CHF2, CF2=CHCF2CH2CF3, CF3CF=C(CF3)(CH3),

CH2=CFCH( CF3) 2, CHF=CHCH(CF3) 2, CH2FCH=C(CF3) 2,
WOBERsE(7C€F3) 2, CH2=CHCF2CHFCF3, CH2C( CF3) CH2EEB/US2006/042635

(CF3) 2C=CHC2F5, (CF3)2CFCF=CHCF3, CH2=CHC(CF3) 3,

( GF3)rCmetddBof &) 7, whetshCR@E-atddasiFa active hydrogen-

CFSCF CH3) CF2CE3 3CH= .
e F@ pr elgq-gcg'_%y (tl%gléﬂng agent before reacting
t/héﬂ@é%ft/&ﬂegﬁ |soéﬁ'_ﬁ@t80—CHCF2CHS
CSQ[ g CH2=CHCH2CF2C2Fb5,
CH2 CHCH2CF2C2F5, CF3CF2CF=CFC2H5, CH2= CHCHZCF( CF3) 2,

gfﬁcgggﬁ_ﬁ?i él @9,@, W“ E@%&@é’é’? oné %8 Ve hydrogen-

CE% g0 Grailow conthihs atledsi5 to 50 wt.%
CFZCFZCF CF-, cyclo-CF =CFCF2CF2- . cl o-
ondhedpiatmmight %ydrogen-containing

CHCF2CF3, CF3CH=CHCF2CF2CF3,
&é@%ﬁlo{oj&%& CF2CF2C2F5, CF3CF2CF=CFCF2C2F5,
CF3CH=CFCF2CF2C2F5, CFSCF CHCF2CF2C2F5,

CFsCFMBC?C laipi dﬂ g ﬁ%g@%ﬁ% hydrogen-
gé%%éﬁgﬁw@ﬁ&&@@gm%ﬁ 2t least 5 to 25 wt.%

Cigere, bagidd-aritieriors wealghiay-activeihydrogen-containing
CHF CFCF2CHF b CHF2CF=CFCHF2, CH2CF=CFCF3,
Cr‘??@&ﬂ%tﬂﬂ'@iﬁi g2 3, CH2=CFCF2CHF2,
CF3CH=CFCH2F, CHF=CFCH2CF3, CHF=CHCHFCF3,

CHF=CHCF2CHF2, CHF2CF=CHCHF2, CHF=CFCHFCHF2,
CFBlcFA opethiad ofpreduaiie Belyurgtansiaans conuiising thg-steps of

302, 35580 PSR o R Bpmoound and

CHg&& ot 6lodind &§ENt2C+6inBa, B sidedahts, éﬁﬁdﬂ@wing agent

E- CHF2CBr =CFC2F5, Z- CHF2CBr =CF S

( @ogg\m@x@a:tquoﬂuorocarbons selecte%zﬁom the group conS|s{: ing of E-
CF3;CF=CHF, Z-CF3CF=CHF, E-CF;CH=CHCF3, Z-CF3CH=CHCF3, E-
CF,CH=CFCFs;, Z-CF3CH=CFCF3, E-CF3;CF=CFCF3, Z-CF3;CF=CFCF3, E-
CF3CH=CHCF,CF3, Z-CF3CH=CHCF,CF3, E-CF3CF=CHCF2CF3, Z-
CF3CF=CHCF,CF3, E-CF3CH=CFCF,CF3, Z-CF3CH=CFCF.CF3, E-
CF3CF=CFCF.CF3, and Z-CF3CF=CFCF.CF3, and reacting said B side

mixture with an A side mixture, said A side mixture comprising at least one

organic polyisocyanate.
12. The method of claim 11, wherein the at least one organic
polyisocyanate, the at least one active hydrogen-containing compound,

and the blowing agent of claim 1 are blended simultaneously.

13. The method of claim 12, wherein the reacting step is performed in the

presence of at least one catalyst.
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CHBr =CF( CF2) 2CHF2, CH2=CBr CF2C2F5, CF2=C(CH2Br) CF3,
CH2=C( CBr F2) CF3, (CF3)2CHCH=CHBr, (CF3)2C=CHCH2Br,
wORe@skd7§ CF3) CBr F2, CF2=CHCF2CH2CBr F2,  CFBr =€Eith32006/042635
CFBr =CFCF3, CF3CF2CF2CBr=CH2, and CF3(CF2)3CBr=CH2; .
4314001 Peanehedx £15h0TI 2JSAtH6irMhRaS Sidet forther EEmMPRE&EPSL least

i O | | tiye nydrogen-
coofe Auidry AHibndht; i BB Racamrprankseisaied iony he

aggrouphssinelisting A el sutthctamtt 4 fi n%fl’?% i
poI($/li go yanaltng. 9. Thg rreiﬁgghg‘ C a?ﬁnﬂ%pﬁgwatlxet%e
at C'ex

, Yhantidan, ayeinfayeing agent,za fillergan antistatic agent, or

c ' gent blend contains at least 5 to 50
M@Eghﬁﬂﬂoﬁghg%éﬁt, based on the total weight of

active hydrogen-contai ni ng con‘gou\rll\ﬁ and bIt gWi ntg I t
t-.10. Th hod of claim?9, erein e a east
2n -aIF?vr%efhgz@ngfﬂm Tdo Mthaireinrige @b lasst surfactent isoragenttin a
bl raRgle & filop QEO@FQ.QQ@% été%aﬁgs adtarl 31168 p%gt%qoty weight
wei gﬁt of "active

based on the tota _

hyRflYRJen- cont ai ni ng conmpound and bl ow ng agent. 11. A
met hod of producing pol yurethane foams, conprising the
steps of blending at |east one active hydrogen

COYE. aThé REBtRedBe Rt A% wilereih 8RS bt Rt Bhg%ﬁgct%%ﬁa g&’uid
forma B side m xture, said blow ng agen conprisin
a @M argdnesiicapermonounst ecpdlyethylehe glyaiether of a long

89l oBipLY e JIEEHF i S Sal o aana chan
Z-acRBEMfBE @88, &n QRYCEAIIIIE 3stef; SRR AR UIE

hic acid.
CF3CH=CHCF2CF3, Z- CF3CH=CHCF2CF3, E- CF3CF=CHCF2CF3, Z-
CF3CF=CHCF2CF3, E-CF3CH=CFCF2CF3, Z- CF3CH=CFCF2CF3, E-

CHYCFR{& et b @8fn 43%9(533@%: ﬁggﬁﬁ; gﬁ% Icéf’ea?)gsg:isgg[gsent in

said B side mxture w ;

siag@ngiexaf dircen abopt 0.dito@baut beasts catalysiope00Cparts by weight
p%lf)bi gyanate. 12. The nethod of claim 11, wherein

t QB'?Teast one organi c polyisocyanate, the at | east
one active hydrogen-containing conpound, and the

bl.owi hg agent of claim1 are blended sinmultaneously.

138. thineiged sfimsking aithermmplastierfoam, chmprisingt thegstspepf

SR A ol USSR e Hnsfo8 soid foamabe
composition is polystyrene, polyethylene, or polypropylene, blending a
blowing agent composition with the melt to form a plasticized mass at
nonfoaming temperatures and pressures; passing the plasticized mass at
a controlled rate, temperature and pressure through a die and into an
expansion zone to form an extrudate, allowing the extrudate to foam in
the expansion zone, maintaining the expanding extrudate under such
temperatures and pressures for a time sufficient for the viscosity of the
extrudate to increase such that the cell size and density of the foam
remain substantially unchanged and substantially free of ruptured cells at
25 °C and atmospheric pressure, wherein said blowing agent comprises a
fluorocarbon, said fluorocarbon selected from the group consisting of
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14. The nmethod of claim 12, wherein the B side further
conprises at |east one auxiliary conponent, said

wausi7losag7y conponent sel ected fromthe group ceOsiUSRI0RG42635
of a surfactant, a flane retardant, a preservatlve a

col or ariffy, arm rayttrofblmrdealtbonahavmmﬂmformglaaﬁemt Z-RICH=CHR?,
filler, an a jc r a
t hereof . 15. wh %'n ﬂ'&éil?%far & 'Qﬂﬁpﬂ’h@eqﬁ{e&éi&‘h %P&r%lfmoa'kyl

| east surfagr@un‘g ighgeresent in a range of from about

0.2 to about” 5 parts surfactant per 1 QO parts by
wei ght (ii)pol mﬂluormearbvn@rwdmfwomcarban nsemted/\ﬂen‘eﬁhﬁ group

the at |east one sur {

o TGO R
of a long cHl l ,
al kanol am ne saﬁ of a 3g cha|2n®g?ék 29 aC| d gul f at e2

ester, an aI%Fz@dF@EleHEgQ%TCng CF3CH=CH,
ar yl sul f oni %ﬁ%ﬁ—cﬁalcgﬁﬁékg@HﬁcﬁLéHﬁ &FZW@HP

the at |east’ohé ca edefit in  a range
from about mﬂsaﬁ?:m&s CH:mFngmeE@IQ@CFp@H(BB@ parts

Cher mopl ast 1eF Rt %ﬁﬁ“pﬁﬁ%ﬁ&%&%&*%ﬁ%m g a

T ORI GPBCHEPARDICT COMME DT GE TR d

f oamabl e conposition i'S yrene, % yet ene, or

pol ypropyl er@HFwHHGH@%&@'&)M@U%EGFsGEHﬁdJﬂEZQﬁ}

th th |
\rllmonf oamenge t(én:ﬁggﬂ a‘?ﬁgkacgﬁgéfﬁ)é?i‘ﬁﬂ'é'@ﬁ a@é?%%zqFﬁgH =CH,,
pl asticized @Pﬁ@F@faCF&mnCF%F@F*@F@FgCEW@ﬁ)QGﬁ@(CF3)2,
and pressure die and Tnto_an ansi on zone
R0t o m an dEGRGE= camcsw %ﬁ@l%CEa@Hzlﬁ e GUEGHF
th C%x__}aﬁ;f@l]l
o ; expﬁ(g ?%ﬁ%’ en?perzat ur e§ gﬁ}% B2

extrudate u pressures“for a

tinme suffi ClCCBH%FCEB{CHGFQ/:(H?b@@(CFa)QCHshd)HﬁG(IO}@@ESQ
foam el HoSETHERPEE R, CEmGGHTR( G, B cHy
free of rupty %@HF%Q,QFH@-@C@HQ @HIOFROSIC S,

pressure, wherei n sai OW ng agent conprises a

f1 uor ocar bor\CFﬁGECFiQﬁz(Hﬁaﬂbﬁ?F%%@Eﬁ ¥ om t he

%EI%JBSZSBZII SQEB%EQ&FQ@% %F&igﬁg&égﬁnghaw ng the

formila E- OGHE&@iQUF@‘ﬁB@Fsyﬂ)Eg@FiCPCFQOHlFBZ are,

|ndependentl 1 to erfl uoroal k ps;: and

(ii) a fluor a(BB%GFGHH@F& SR OB oo, Lo G (s e,

arratrocrs, CERPSRIRE: CERGHERer g dd G OrCF.CFs

CH2FCF=CF2, CHF=CFCF,CF,CHF,, CH,=C(CF3)CF2CFs3,
CF2=CHCH(CF3);, CHF=CHCF(CF3) 2, CF2=C(CF3)CH.CF3,
CH,=CFCF,CF,CHF;, CF;=CHCF3;CH,CF3,
CF3CF=C(CF3)(CH3), CH,=CFCH(CF3)2, CHF=CHCH(CF3)2,
CHZFCH=C(CF3)2, CH3CF=C(CF3)2, CH,=CHCF,CHFCFs3,
CH,C(CF3)CH.CF3, (CF3).,C=CHC2Fs, (CF3),CFCF=CHCF3,
CH,=CHC(CF3)s, (CF3)2C=C(CHs)(CFy),
CH2=CFCF,CH(CF3),, CF3CF=C(CH3)CF2CFs3,
CF3CH=CHCH(CF3)2, CH,=CHCF2CF,CF2CHF>,
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CHF2CH=CF2, CHF2CF=CHF, CHF2CF=CH2, CF3CH=CHR,
CH3CF=CF2, CH2FCHCF2, CH2FCF=CHF, CHF2CH=CHF,
WOBBERS@FCF3, CF3CF2CF=CF2, CF3CF=CHCF3, CF3CPRCRs@iR42635
CF3CH=CHCF3, CF3CF2CH=CH2,  CF2=CHCF2CF3,
CF2=CFCHFCFACFehP=CHIE DGR CHgmwmws,

(F3) %E’chéﬁz-@%%%é%iéﬂz 85%%': %%E brocr2

CF3CF2CF=CF CF=CHCF3,
CF2= CFCFZCH%% 2 3?20:
CH2CF2CF= CFZCFmedF@HE)QCHam@E b15, cyclo-

CF2=C( CF3) ( 2 2CHF2,
CF2=C( CHF2) %Fﬁ?ﬁp )C%%%F’-C%%—T%EEFZ)Z
CF3CF=CFCH3, CIE/IETFGE0E Blg)=CHE2 €PRCF3CF2CA3CHCH,, cyclo-

CHF=CFCF2CF2CF3. ~ CE2- CHCFZCFZCFS CE2=CFCF2CF2CHE2,
CHFE2 CF=CFECF Rl F G E-cryglo§iRg F‘%Ezﬁ'iafd%ﬁﬁ%

PO CH CERBOFGrEERE R) Ch.Crabp ey
S omeeandbepamsne ) |
CF3CF=C( @%%ﬁ'*%ﬁ%&%@é%‘gﬂ& (CF3)2 '
%(F:(CFCE% gQCF% CFngé%Fs 3

CH2=CHC( CF3)@F3QHF@):2€§C(:€$B:)5( CE3CF 8HCFZCF2C2F5,

O e 2, R E S SO e r-cGE.CoF

2007/ 053674 @ 2FROHIZRS 35F ;CEERHRCIGHGERSHB=CHCHs,
CH2=C( CF3) wg@ﬁ% CH%EQSZCEZCZFS ?

CH2= CHCszﬁs%(CHﬂF@Uﬁf@FQUF@Q%C Fe-EHEBREER G =) 2,

CF3CF=CHCH 3
CFa0r 20208t 2‘@%‘@@%@?‘% CHRABACF,CFs,
CF3CracR2Q( CEBIF>CHE CRORCEHBRCFERACH, CEYEHECFCHF,,

F2Gr20m=C- o Y s T, CHE PR YS! G1.cr=CFCF,,

CH2FCH=CFCF3, CH=CFCHFCF3, CH2=CFCF2CHF,
CF3CH=CFCH,F, CHF=CFCH,CF3, CHF=CHCHFCF3,
CHF=CHCF,CHF,, CHF,CF=CHCHF,, CHF=CFCHFCHF,
CF3CF=CHCH,;, CF,=CHCF,Br, CHF=CBrCHF>,
CHBr=CHCF3;, CF3CBr=CFCF3, CH>=CBrCF.CF3,
CHBr=CHCF,CF3, CH,;=CHCF,CF,Br, CH,=CHCBIFCF3,
CH;CBr=CHCF3, CF3CBr=CHCH3, (CF3).C=CHBr,
CF3;CF=CBrCF,CF3, E-CHF.CBr=CFC3Fs, Z-
CHF,CBr=CFCF5, CF,=CBrCHFC3Fs, (CF3)2CFCBr=CH,
CHBr=CF(CF3),CHF,, CH,=CBrCF,C,Fs, CF2=C(CH2Br)CFs,
CHo=C(CBrF2)CF3, (CF3),CHCH=CHBr, (CF3).,C=CHCH2Br,
CH,=CHCF(CF3)CBrF;, CF,=CHCF>CH2CBrF>,
CFBr=CHC|53, CFBr=CFCF3;, CF3CF2CF,CBr=CH,, and
CF3(CF2)3CBr=CH, ‘
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CF2CF=CFCF2CF2CF2, CF3CF2CF2CF2CH=CH2,
CF3CH=CHCF2CF3, CF2CF2CH=CHCF2CF3, CF3CH=CHCF2CF2CF3,
WOBBCRS@FC2FS5, CF3CF=CFCF2CF2C2F5, CF3CF2CF=CPCFAG2#5/042635
CF3CH=CFCF2CF2C2F5, CF3CF=CHCF2CF2C2FS5,
CF§@F21Ebe:me¢1mcaFeamﬁsoma@nmaﬁmsg agent is E-CF5CF=CHF,

RS cﬁﬁmﬁﬁlWCaw =CFCF;,

CRRLEGERHEF F F
E:HFZO(%H?CFCFS Gpéz-IEC%:CHFCFS SCH:CF 5oFs, E-

E;Cw@@&mFm&CFQBB =CHCF.CF, Z-

%@Fzﬁ%ﬁ%ﬁ@%@%ﬁ%@-mma 2

CHEFGREREDEER,C FGHEFIE QST 2 Grb= EQUIT%F CF
CF3CF=CHCHB. (CF2=CHCF2Br . CHF=CBr CHF g r ZCHCE3,
CF3CBr =CFCF3, CH2=CBr CF2CF3, CHBr CHCF2CF3

&Hg&cﬁ?éﬁég%d @%@gﬁgﬁgﬁb@ﬁgﬁ@y&%mmon further

E- cemlsesamtur@amzcsr =CFC2F5, CF2=CBr CHFC2F5,
( CF3) 2CFCBr =CH2,  CHBr =CF( CF2) 2CHF2, CH2=CBr CF2C2FS5,
CF2=C( CH2Br) CF3, CH2=C( CBr F2) CF3, (CF3) 2CHCH=CHBr,

EF Cg?rm szclﬁ??%é@ﬁh%:lgﬁc&e&@ass comprises 88

CFHCR3 b CereaTipolysityreneragiap OBt ment@oegmgf agel,nt and 1
/ 635 19. The netnod of claim
T LBl oAl g S5 ﬁte s E CROCRoGIF

Z- CF3CF=CHF, E—CFSCH:CHCFS Z- CF3CHECHCF3,
E- CE3CHECFCF3,  7Z- CF3CHECFCF3, E- CF3CF=CFCF3,
ggsgﬂ;:‘-‘éﬁeﬁ@d ¢ clairs 8 uhereintiae blowirg egeatsre CF3i

] 7- LIt Y SRR SR R g el R an

RF 3G whiegsia G 3and B2 alddndepdratbntil, CFai O3FL8CFYORICHE 1

9%@?53, L EREERY . S hror CERGH s iRk ¢
¢ heFERSCF TRAFTRFSCFIOP(CESS G&Fs).CoFs,
CFzCFzCFzCFzCFzCF3, CF(CF3) CFQCFZCZF5, or C(CF3)2CF2C2F5.

23. The method of claim 18, wherein the plasticized mass comprises 88

to 97 wt. percent polypropylene resin 2 to 8 wt. percent blowing agent and
1 to 4 wt. percent nucleating agent.

24. The method of claim 18, wherein the plasticized mass comprises 88

to 97 wt. percent polyethylene resin 2 to 8 5 wt. percent blowing ageht
and 1 to 4 wt. percent nucleating agent.

25. A method for lowering the 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 to produce a

foamable composition with a GWP (calculated as a weighted average of
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to 97 wt. percent polystyrene resin 2 to 8 wt. percent

bl owi ng agent and 1 to 4 w. percent nucleating
wegeios3e22. The net hod of claim 18, where in tRreT/US2006/042635

bl owi ng agent is a hydrofluorool efin having the

f qhe@\WPHor eac cBipoRehiRer thetfeamiablerdorapdsitiéd) afrless than

wherein RL and R2 are, independently, CF3, C2F5,

CRACF2CF3, CF(CF3)2, CF2CF2CF2CF3, CF(CF3)CF2CF3,

CF2CF(CF3) 2, C(CF3)3, CF2CF2CF2CF2CF3,

CF2CF2CF(CF3) 2, C(CF3)2C2F5, CF2CF2CF2CF2CF2CF3, )

CR(ECF3)A Rietiid® rHowering G{eOBYYR OFf #e2 Fthads formantdaeiunng

o oseg e UmuBesB sy se e SpBgaRb aRbififo
p%ﬁ@é@t.dﬂe%d?@ol@ﬁg?ft%grer?étnih Pvéntién iRy £ BNide mixture to

nucl eating agent. h 2t hod of claim 18, wherein
t heroplies bifoamatlereaspositipn Witha B8VPcglalateg asqewelghted

pol yet hyl epe in 2 to 8 i

o berage of M Gk ferdetch chimadeni B S Ry PR REGh of
f okesd Y 29 the GAP of the methods for manufacturing
open, closed and multi-nodal foans, said nethod
conprising conmbining at |east one fluoroolefin of the
present invention with a resin to produce a foanable
conposition wwth a GAP (cal cul ated as a wei ghted
average of 48 WD 2007/ 053674 PCT/ US2006/ 042635 the
GAP for each conponent of the foamable conposition) of
| ess than 25. 26. A nethod for |owering the GAP of

t he nmet hods for manufacturing open, closed and

mul ti - modal foans, said nmethod conprising conbining

at |l east one fluoroolefin of the present invention
into a B-side mxture to produce a foamabl e
conposition with a GAP cal cul ated as a wei ghted
average of the GAP for each conponent of the foamabl e
conpostion of less than 25. 49
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