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| NVENTI ON This invention relates to conpositions having utility
i n nunmerous applications, including particularly refrigeration
systens, and to nethods and systens utilizing such conpositions. In
preferred aspects, the present invention is directed to refrigerant
conpositions conprising at | east one multi-fluorinated olefin of the
present invention. BACKGROUND OF THE | NVENTI ON Fl uor ocar bon
based fl uids have found w despread use in nmany conmerC al and

i ndustrial applications. For exanple, fluorocarbon based fluids are
frequently used as a working fluid in systens such as air
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conpression cycle is one of the nbst conmonly used type nmethods to
acconplish cooling or heating in a refrigeration system The vapor
conpression cycle usually i ”V‘FIIE'IF]’E dﬁ}mglﬁqﬁgn?mge of the
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t he primary pungpitiflaodiateddlefigef theippesensinventioenove heat from an obj ect
or other fluid at a relatively |ow tenperature, the prinmary purpose
of a heat punp is to add heat at a higher tenperature relative to the
envi ronnment. Cer t ai nBACKBROUNDODE THEMVENTION preferred
conponent in many at exchange .| ui ds uch as refrjgerants, for
nmany years in nany'h'ﬁ’ﬁﬂ?ciaﬁ?ﬁ"i gd ﬂﬁ%ﬁ%agﬁmpé@'gqﬁp{ﬁﬁdo%%aﬁ@y such as
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heat exchange fluids, such as refrigerants, for many years in many
applications. For, example, fluorcalkanes, such as chlorofluoromethane
and chlorofiuoroethane derivatives, have gained widespread use as



Applicants have cone to appreciate that lubricant conpatibility is of
particular inportance in many of applications. Mre particularly, it
is highly desirably for refrigeration fluids to be conpatible with
the lubricant utilized in the conpressor unit, used in nost
refrigeration systens. Unfortunately, nmany non-chl orine-contai ni ng
refrigeration fluids, including HFCs, Zare rel atively insoluble and/or
imm scible in the types of lubricants used traditionally wwth CFC s
and HFCs, including, for exanple, mneral oils, 3 alkylbenzenes or
pol y(al pha-olefins). In order for a refrigeration fluid-Iubricant
conbination to work at a desirable level of efficiently within a
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traditionally with CFC's and RFCs, including, for example, minera! oils,



Applicants have thus conme to appreciate a need for conpositions, and
particularly heat transfer conpositions, fire

ext i ngui shi ng/ suppressi on conpositions, blow ng agents, sol vent
conpositions, and conpatabilizing agents, that are potentially useful
i n numerous applications, including 5 vapor conpression heating and
cooling systens and net hods, while avaiding one or nore of the

di sadvant ages not ed above. SUVWMARY Appl i cants have found that

t he above-noted need, and ot her needs, can be satisfied by
conpositions conprising one or nore.C3 or C4 fluoroal kenes,
preferably conpounds having Fornula | as follows: XCFzR3.z (1) where
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Al though it is contenpl ate the HFGs, 0 rese I,nventjon
may contain two car "@Qafaéﬁ B@ﬁ'eﬁ%'dﬂluée Hb'ﬁé'?po {%ﬁB?fr?dIQS%'f‘ t he

present tine ardrigerhntitRemhabiyhamid perfoemaicel s ehetly efﬁmency may have
secondary environmental impacts through increased fossil fuel usage
arising from an increased demand for electrical energy.

Furthermore, it is generally considered desirably for CFC refrigerant
substitutes to be effective without major engineering changes to
conventional vapor compression technology currently used with CFC
refrigerants.

Flammability is another important property for many applications.
That is, it is considered either important or essential in many applications,
including particularly in heat transfer applications, to use compositions,
which are non-flammable. Thus, it is frequently beneficial to use in such
compositions compounds, which are nonflammable. As used herein, the
term “nonflammable” refers to compounds or compositions, which are
determined to be nonflammable as determined in accordance with ASTM
standard E-681, dated 2002, which is incorporated herein by reference.
Unfortunately, many HFCs, which might otherwise be desirable for used in
refrigerant compositions are not nonflammable. For example, the
fluoroalkane difluoroethane (HFC-152a) and the fluoroalkene 1,1,1—
trifluoropropene (HFO-1243zf) are each flammable and therefore not
viable for use in many applications.



As mentioned above, the present conpositions conprise one or nore
conpounds in accordance with Formula I. In preferred 6 enbodi nents,

t he conpositions include conpounds of Fornula Il below. where each R
is independently C, F, Br, | or HR is (CROnY, Yis CRF2 and nis O
or 1. In highly preferred enbodinents, Yis CF3, nis O and at |east
one of the remaining Rs is F. Appl i cants believe that, in
general, the conpounds of the above identified Fornulas | and Il are
generally effective and exhibit utility in refrigerant conpositions,
bl owi ng agent conpositions, conpatibilizers, aerosols, propellants,
fragrances, flavor fornul ations, and sol vent conpositions of the

present invention. WW@broaa%b&gﬁ?ﬁ§ﬂm-s%émbieaiawédés%dmg at

unexpectedly found t certain o e conpounds having a stricture
i n accor dance festiverariapraiomashayedeen segoastshier ushapralrgerantgh| v

desi rabl e | ow Ly @atdh Noo¥ 78362 COGRANES difkoRlch8 prétuchblf By compounds.

As can be readlly_ apprecrl ate this scovery |Is of potentially
enor mous advanfiuggivateddCdde Kafdompfoonds havingoatieash soma degresoef onl y

refrigerant comgm o L Whi ch
woul d ot herw se coﬁ%gq}ﬂihe%j%{ [ v!&%‘?@ﬂegﬁ%éﬁép“gﬁﬁ@sm@eﬁé%? R%' he
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benefi ci al | y | leveltodeifedtivgness in heat transfer applications, it is believed that such
compounds may also have certain disadvantages. For example, some of
these compounds may tend to attack substrates, particularly general-
purpose plastics such as acrylic resins and ABS resins. Furthermaore, the
higher olefinic compounds described in Smuthy may also be undesirable
in certain applications because of the potential level of toxicity of such
compounds which may arise as a result of pesticide activity noted in
Smutny. Also, such compounds may have a boiling point, which is too
high to make them useful as a refrigerant in certain applications.

Bromofluoromethane and bromochlorofluoromethane derivatives,
particularty bromotrifluoromethane {Halon 1301) and
bromochlorodifluoromethane (Halon 1211} have gained widespread use
as fire extinguishing agents in enclosed areas such as airplane cabins and
computer rooms. However, the use of vatious halons is being phased out
due to their high ozone depletion. Moreover, as halons are frequently
used in areas where humans are present, suitable replacements must also
be safe to humans at concentrations necessary 10 suppress or extinguish
fire,

Applicants have thus come to appreciate a need for compositions,
and particularly heat transfer compositions, fire extinguishing/suppression
compositions, blowing agents, solvent compositions, and compatabilizing
agents, that are potentially useful in numerous applications, including



7 "7 I'm highly preferred enbodi nents, especially enbodi nents
conprising the low toxicity conpounds descri bed above, n is zero. In
certain highly preferred enbodi nents the conpositions of the present
i nvention conprise one or nore tetrafl uoropropenes. The term
"HFOL234" is used herein to refer to all tetrafluoropropenes. Anong
the tetrafl uoropropenes, both cis- and& trans-1, 3, 3,
3-tetrafl uoropropene (HFO-1234ze) are particularly preferred. The
term HFO- 1234ze is used herein generically to refer to 1, 3, 3,
3-tetraf|uoropropene, i ndependent of whether it is the cis- or trans-
form The ternms "cisHFO-1234ze" and "transHFO-1234ze" are ueed herein

to describe th

3-tetrafl uor op?‘%ﬁé% ?%B%@ﬁé \%fe\rllgi/f%dltﬁoeo(ﬁﬁ%%ﬁtéﬂﬁgp ?Lf%eﬂ%d's’t Rg? efore

i ncl udes wi t hi avaidisg soepemerséiibe tik3dvantagesawiddribove34ze, and al |
conmbi nations and m xtures of these. Al t hough the properties of
ci SHFO- 1234ze and transHF0-1234ze differ in at | east sonme respects,
it is contenplated that each of theﬂJMMWUnds i s adaptabl e for use,
ei ther al one or toggether th unds

st er eoi somer, in cdgﬁ%ﬁ"’f’?t%ha\’/ﬁ {E»Hngygﬁﬂ{%ooqqyg "gtﬁﬁjlc g’t?'gqlgh’eﬁﬂ??ﬂfds
and systens desar bdeatishied bynomﬁwtimsaampensmgﬁmb@rmcﬂeﬂ%{izmue may

be preferred for u in ce n refrl rati o cause of its

el Bt vel y | ol pRRe S, BEfabY samep bR TP laT Bt enpl at od
t hat ci sHFO-1234ze, with a boiling point of +9 C, also has utility in
certain refrigeration systens of the p&&é&\pt 'hnventi on. Accordingly,

it is to be understood that the terns szdl4aze" and 1, 3, 3,

3-tetrafl uor opipeesR is Qb%brb@abgﬁéht@b@d?%ﬁsﬁﬂmén urdBstitiied UélﬁyIOf
this termis intended to indjcate that each of the cis-and tra

forns applies 'Ei’ﬁ’d?ﬁbreaF'%RﬁmpeWﬁ"ﬂVﬁé s@&t'ét!"b@f‘ﬂéé%”ﬂﬁeé‘gghly
otherw se i ndi 5@?&% diEAgLR3 LoRPITNRIY BHFoRhBlal RRMhe BN -Yinddahsand are

listed in Chem cal Abstracts dat abases. The_ production of
f | uor opr openesisemers st Bra.HetraBuerppioneng (MR- 19847 phase
fluorination of Var‘l*Hé“p? iHv@hﬁ% ddla'é@l%&‘rﬂe%ﬁ@dieﬂﬂ RIMECHRER! NI Ng
C3 conpounds is descri bgdﬁftn u. %Btl nt 2, % 4,798, 818
and 4, 465, 786, U@é@WWOWﬂséwnﬁ§fm¢dU¢§ﬁﬂ W@G'OFBIWM&WB‘@O?‘%%@ ence.
EP 974 571, al 3512 e
preparation oféy%%élrﬂg%rrneéﬁagg é&?%‘%@éﬂé% ? ?&’ﬁ%@d nie’
1,1,1,3, 3- pent@ﬂr&@b@fbﬁmdﬁpaﬁﬁlwW@PQa@P&fﬂ Qeﬁetﬁl@nvapor phase with a
chrom um based catal yst at el evated tenperature, or in the liquid
phase with an al coholic solution of KOH NaCH Ca(OH)2 or Mg(OH) 2. In
addi tion, nethods PETAMERHIDESERIEDIGN OFRREFERRER RMBOBIMENASt he
present invention are described T GQMPOSITHONSnnecti on with pendi ng
United States Patent Application entitled Process for Producing

FI uor opr openes” beérrl'lerfge%ﬁrl’f gvaetjondis direeted tmePqSiivDe TPRPIIEINE 267) ) |

whi ch 1s al SO fBgQiqy c.fé‘ﬂcefﬁ%rc%hfélm o fr&th & 6 Arbon atoms ] BrefdPhety e

conpositions, parti c t hose conprising HFOL2 are i eved

to possess projpeaa %,\’boﬂ a@mSaa@d auleaﬁtoalg@@c@nfwb@ mbow Thepor t ant
reasons. For ef’ﬁ.gﬁ’ﬂl?élﬁe @Mécﬁﬂﬂ& ) l]*ﬂ% (gir t %ngé’ﬁtﬁ)ﬂ e sbfdfimes PefBﬁé& on
I'n that t r oo

mat henat i cal of the Presen
i nvention wil ItOrhﬁfelh dhe puipose aheanyenigBemas hydreflucseoledins af fPsier i ¢

chemi stry, bei phoheahiaf &1 ﬁ%ﬂ&@.},@ﬂg@@ﬁ SA&%lfgﬁ%ﬂgcgﬁe@idté’a‘maﬂhe

conparison to SO Jogena specl es
conposi tions ofiFORef ﬁledﬁemntmwemrl maypmtsmﬁmgathm ~agardnn dgeblef not

contributing s
conpositions also d%ﬁdrrl]géowcp&"ﬁd é&p pg&%hf H—J}%O%'a{e'%g ar i ng
conpar ed to mapefapfedt he hydr of | uor oal kanes pr esent ly in use.
As mentioned above, the present compositions comprise one or
more compounds in accordance with Formula I. In preferred



In certain preferred forns, conpositions of the present invention
have a d obal Warm ng Potential (GWP) of not greater than about 1000,
nore preferably not greater than about 500, and even nore preferably
not greater than about 150. In certain enbodi nents, the GAP of the
present conpositions is not greater than about 100 and even nore
preferably not greater than about 75. #s used herein, "GAP" is
neasured relative to that of carbon dioxide and over a 100-year tine
horizon, as defined in 'The Scientific Assessnment of Ozone Depl etion,
2002, a report of the Wrld Meteorol ogi cal Association's G obal Ozone
Research and Monitoring Project,” which is incorporated herein by
reference. 9 gmbodimbhtss Bel @infpoRiBhREINcRAe BRPBundd\& FONPBRN! below:
conpositions also preferably have an Ozone Depletion Potential (CDP)
of not greater than 0.05, nore preferably not greater than 0.02 and
even nore preferably about zero. As used herein, "OOP" is as defined
in "The Scientific Assessnent of'%@ond Depl etion, 2002, A report of
the Worl d Met eorol ogi cal Associati —a@Robal (Ozone Research and
Monitoring Project,” which is indorporated heggin by reference.

The amount of the Fornula | conpounds, particularly HFO 1234,
contained in the present conpositions can vary w dely, depending the
particul ar appmWhesd égdh R#ddesunadesty CRFSBEYBERI ni ng nore than trace
anounts and | ess tgﬁn éﬁg%%gf t he conpound are within broad the scope
of the present inveéht? o2 \breover, the conpositions of the present
invention can be azeptcrp) c, azeotrope-like or non-azeotropic. In
preferred enbodi nents, the present conpositions conprise HFO 1234,
preferably HFO-123@€ NP ffpunt s from about 5% by wei ght to about
99% by wei ght , ina{ighif¥Rierfe EnBSheRRPY Ys EFQW 8D 2 dsPoriPotthe 95%
Many additional conpounds may be included 'n the present

conposi ti ons, ®AwNAERSi®Eence of all such conpounds is within the

pr esent composi 1 orPhiedt §fieve g hBreh 162 ErpSelyieRlamhg. | 0
of the foll owidgntifiedfAonouiesdand Har¢ pPwralh) effastiveand exhilit tidiein
17, 1, 2- et ar PSR RURIAE SV S05 Pelfbostions, coppatiizes,
1,1, 1, 2, 3, 3, 3-adpsals.| propalipnisphiagranedsCilanr dermulations, and solvent
(% 2 e LRI B LT o BRG0P opane
surprisingly and unexpectedly found that certain of the compounds having
a structure in accordance with the formulas described above exhibit a
highly desirable low level of toxicity compared to other of such
compounds. As can be readily appreciated, this discovery Is of potentially
enormous advantage and benefit for the formulation of not only refrigerant
compositions, but also any and all compositions, which would otherwise
contain relatively toxic compounds satisfying the formulas described
above, More particularly, applicants believe that a relatively low toxicity
level is associated with compounds of Formula |l, preferably wherein Y is
CF3, wherein at least one R on the unsaturated terminal carbon is H, and
at least one of the remaining Rs is F. Applicants believe also that all
structural, geometric and stereoisomers of such compounds are effective
and of beneficially low toxicity.



water 10 The relative anount of any of the above noted conponents,
as well as any additional conponents which may be included in present
conpositions, can vary widely within the general broad scope of the
present invention according to the particular application for the
conposition, and all such relative anbunts are considered to be

wi thin the scope hereof. HEAT TRANSFER7 COVPOSI TI ONS Al t hough it
is contenplated that the conpositions of the present invention may

i ncl ude the conpounds of the present invention in w dely ranging
anounts, it is generally preferred that refrigerant conpositions of
the present invention conprise conpound(s) in accordance with Fornul a

I, nore preferably ,in.accordance wth | d..ev nor e
pref erably HFO- 12349 ﬁgg%fvrp rg%rr ﬁ&&r}'ﬁod{rﬂ%ﬁé,{Téébggal#ye%{'gaﬁod%lgﬁ{é 50% by
V\ﬁi ght, and evesmprisirey thedbve tadidity campbm&tﬁstdabmmifétﬁbv% bjshm.glri]t : hof

t he conposition., Ln many enbodi nents, it,.is preferre at the heat
t ransf er corrpo%‘?rﬁrbwgﬁ@fpr?fggeg P&Bﬂqﬂq”ﬁ/‘@ﬁﬁpgﬁoﬁ‘gﬂﬁ gfgée present

t r ansHFO- 1234 zjaverdtdn@@kiptisd opé of Riofetktaflintpiopsiss. THiehnakFOL ansf er
conpositions of the present inventio onprise a conbi nati on of

C . C
ci SHFO- 1234ze Wt 15 YSedHesaip 4o veler i al; tetrallupropfpepes-oAMopgihe of from

about 1:99 to phemiordfioB8nedTBbfh di-SnBrRRLY, B! Dra-rbaMiordpidBei® about
5:95, and even nore : 99 to about 3:97

referably from about 1: 7.
The conposi ti o Qs 284) araa@@%'sw@rmﬁieﬂ@ﬁ- iy terehbee! SiRe fs used
conponent s forud B JukeRe St?E’ef@lnlBaﬂ@! 5. B-RirafishépidbBse, G5ddpahlent of

functionality to the conp Ion, Or In sone cases to reduce the cost

of the conposiwhaher iFisithexisnpt Eans- &mm. ghedems igbtrd)-12347e” aed or di ng
to the present. aﬂgﬁfb'—%zgsé)r@glfs'% |1¥refr€t8§)%sbh°’c%4h%arg&is‘-’?ﬂ?'iraﬁ?—’?ﬁﬁﬁssS' on

systens, include a |lubricant, general i n anmoun 0 rom about 30
to about 50 peofcieBt 3b3-teteifllytropaipent eeapentpedi. t ThertenF(HFQ23dre?, t he

present conposjti : ] i b LZ8kens
propane, for t %}eg%@ﬁ@%d%ﬁg}l%%g&g%n%a{i gi ?%Afy’gkr’lﬁ oﬁoég%%be??fl?y of
t he | ubri cant . aiSurhbivatignatanidirhikluerssof thesel udi ng propane, butanes and

pent anes, are pref o] 11 prese I; 1 ) .5 to
about 5 percent by%\@loaﬁl? th@fprﬁ H%ﬁ%%%&(@?@g?%%o% %%r%ﬂ(ﬁ?%’#&%

sur fact ant s andifferdh b ldasz$onge sppatts, its\coatespldied Hedledch of thése pr esent
conpositions to aid qil soluhilit as, di scl osed by U. at ent No.
56 837t hemntngs i Aatp ks ikt Spe EBarhey Wi b rce.

Co (Trg n: y XIsEdl éaﬁﬁdmsa?dlmegAngmémysFmﬁun ho@lsecﬂah With elaeh _eil‘tﬁe( IF’EJEl'S)

and Poly yl ene col s , silicone oil, mneral oi Ky
Donzency ( ABe)SHIGEURSR, TRIHBRS S0P Sy RIS CBRGPoEi e, EOLRRI, whiS
refrigeration f@RGMATRN 234 Malbé pRfférd fof asdmtetttinGefigefdtioger ant s may
be used with the refrigerant, conposjtio h Progéent i nvention.

f
Many exi sting ‘Fﬁ@"i‘%@?%\s@ﬁf@?@'@Wﬁ'yd‘i"@ggwgﬂﬂ B%ime@ Ydabttddy for use in

connection wi t fi\@xth8les8otemblAR Bt SisHFTN1 2310 CRRPA Bbllhg BEInPSF t he
present invention are believed to be adaptable for use in many of

such systens, 9 theisuhanutiity ficersinresigaiation mpdems ehthediesant many
appl i cations tiRGeRRPARCOHIdRYY, Rfis {1 Mﬁiﬁ@&r‘d 3y fRltbipRs *@O-@ﬁ@tﬂe@le an

advantage as a replacement ' systens, which are currently based on
refrigerants heid hd: & Bdetaflupranjonangticlessakath pergniisemersrgnd the use
embodi nent s m&rftﬁ.s'tém\ R ifeREs LR ihiots el ebewvefth%@aegﬁ& tyar{segarh&er ant
conposition of the present invention, for reasons of cost for
exanpl e, to renriesandpeirusghi fithastaledquaroseamiasstofheryiserindicated.
enbodi ments_of the 16598k 6@ sldr@RSowh MatdtRILarRPiRTsted!in

advantage. Thus, It is preferfed 1 n certain enbodi nents to use

conposi ti ons ofhermisabhksiraats datskases.omie pradurtian efflugrapsrieses sueinas
Consi sti ng asegri . of S PEH Frd! ofson AMaoR R B A PR

unsaturated halogen-containing C; compounds is described in U.S. Patent
Nos. 2,889,379; 4,798,818 and 4,465,786, each of which is incorporated



12 It is contenplated that the conpositions of the present,

i ncluding particularly those conprising HFO-1234ze, al so have
advantage (either in original systens or when used as a repl acenent
for refrigerants such as R 12 and R 500), in chillers typically used
i n connection with commercial air conditioning systens. In certain of
such enbodinents it is preferred to ingluding in the present

HFO0- 1234ze conpositions fromabout 0.5 to about 5% of a flamuability
suppressant, such as CF3l. The present nethods, systens and
conpositions are thus adaptable for use in connection with autonotive
air conditioning systens and devices, commercial refrigeration

systens and deyi ' r ' ' | rols ezers,
ggner al air cgfxéétlg@ﬁjgnrlgﬁléé r‘sc;%,fE gnéﬁéﬁﬁgg Eégﬁﬁn%cfsn’%rgfnegﬁeﬁée:ﬂlby E%@n%ﬁ: NG
AGENTS, FOAMS disiingestiviBrepaGEivROSH T, TBitetraflucropBipene iy cagtadstisg may al so

COmDr T Se O CON i MBS BB S o LB R ERE T SORRB harS A

ment i oned abové, e "conposi esent
i ncl ude t he cosipovindsbaded datalpsted eleivated vemperature,rorim thel liguidaphgisag

ts. It is_4 L L Vi fd t f f d
compos i1 ons 1 Aceaessisiiah o2 ok AR PR Bt R e br esent
i nvention, congition sethodsdsopodeheecompduntls imadcardancemithdéken nore
preferably Fornula Ll re lpr sg t In an anmount t at .| east

at |
about 51370 byP@ESTiIventon;a %P@“&H%?'}Pe&{']‘"? E’EéPe'afﬂiB%t 15 %
by wei ght, of WhiedcStaiePdténtApplication ehitiatl Predess ferdProdiimt ment s, the
bl ow ng agent present invention and jnclude, in

SR8 P A
addi tion To HPGHORRMPENeT Begrng ARy ogel BYMBA HIO0AHLZBE5 The

fol 'owi ng conpghenissal@SindolperatéPHerath ROefdrendel | | er, vapor pressure
nodi fier, or for any other purpose: Dfluoronethane (HFC-3221_)3
4)

Pent af | uor oet hane (TRe@ragesf campositions; parkieklanyihess sRMergingFar
1,1, 1, 2- Tet r af{ 34050 &4rB BRfieveldtE pdSétab properidsith4lr8 HbaRSgddik Forle 22)

number of important reasons. For example, applicants believe, based at
least in part on mathematical modeling, that the fluoroolefins of the
present invention will not have a substantial negative affect on
atmospheric chemistry, being negligible contributors to ozone depletion in
comparison to some other halogenated species. The preferred
compositions of the present invention thus have the advantage of not
contributing substantially to ozone depletion. The preferred compositions
also do not contribute substantially to global warming compared to many
of the hydrofluorocalkanes presently in use.

In certain preferred forms, compositions of the present invention
have a Global Warming Potential (GWP) of not greater than about 1000,
more preferably not greater than about 500, and even more preferably not
greater than about 150. In certain embodiments, the GWP of the present
compositions is not greater than about 100 and even more preferably not
greater than about 75. As used herein, "GWP” is measured relative to that
of carbon dioxide and over a 100-year time horizon, 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.



1,1,1, 2,3, 3, 3-Hept af | uor opr opane (HFC-227ea) 1,1

, 1, 3, 3, 3- hexaf | uoropropane (HFC-236fa) 1,1, 1,3, 3-pentafl uoropropane
(I FG-245fa) 1,1,1, 3, 3-pent af | uor obut ane (HFC-365nfc) water CO2 it is
contenpl ated that the bl owi ng agent conpositions of the present

i nvention may conprise ci sHFO-1234ze, transHF01234ze or conbi nations
thereof. In certain preferred enbodi ments, the bl ow ng agent
conposition of the present invention conprise his a conbination of

ci sHF0- 1234ze and transHF01234ze in a cis:trans weight ratio of from
about 1:99 to about 10:99, and even nore preferably from about 1:99
to .about 5:95. I n other enbodi nents, the invention provides

foamabl e compos t | g sen RSl PEARL YRRl PLARRICRSLKLAGKRRNY = ©

and extruded thernDp 'OSI prepared dsing
conposi ti ons oftaveran QzareddépletiondPdtential ((DII:)P}?do‘mtgmherddeOﬁpmbae one

or nore of the nt CONPOSti are included r.part o

bl owi ng agent ?rﬁfeisq RLeP Emgis}?% ?%‘ﬁe"%ﬂ'%fﬁ pcf%%ﬁ?i\f ?l? Zﬁ'foef’gsr abl y
i ncl udes one ouseddieteinddDR"qHas déﬂfﬁdqnérﬁéssae:ﬁlﬁblﬁ&seﬁsm@ﬁﬁ Oagnand/ or
A T T Y S
foam and pref@ereid ResdanseshdrRbhitdrR@mMroeenaiicslisfincurperateal horsin byoam
formul ati on con}al ning a bl owi ng agent conprising the conpositions of

the invention."%®Y& ot her enbodi nents, the invention provides

f oanabl e conmposi ti othg HRUR bﬁﬂh@?o“nﬂﬁhﬂ‘&@ Euhd‘s PémEQIbeHFU Ap3Hans,
such as pol ystyrene (gP?‘ pol yet hyl ene (PE), ene PP) and
neng

pol yet hyl enet efq5iaing PE??”‘TQP&'P%JS“'BF‘%F%W WW“%@W rading r1'Ebams I'n
cortai n bt of 1 g ORI Sand i SRSINIORS ARSI méRl haRvall || 2o .

surfactants and ot her "additives be incorporated into 14 t he
bl owi ng agent @oagdsand 9ss then 10956 pﬁb@@ﬁmmh%ﬁtﬁi within boeddbe seape ar e

opt1 onal |y but e b8 inGHiBRdMfadiRF e Bmplitori' Hid bgis, Soe

representative nmaterials are so er t arres o 13- 8404,
and L-5340 whiioventios cagbrazadirgpic, w@symnaalﬂ@mnpa+a;aaty@nlaylrene bl ock

2 517" 450, anc 8 R Spdthefn REhodBntbapdsiohl soice AROHack L
reference. O hwefergily HRGH 28dde ineesounts frarh ebbiitdifh by mg;hhto abouwtur e may
chi o opr opy 1) e S, S ok B RN B Bt B 5>
di chl or opr opy! Mamha@d)ﬂmtaécordpmndsnnambq)inomaatrﬂhe peeseatisorhpesitipesat ed
ngog?;[ :jg nggourﬁgt?lp pgeestne'ngg Qly a|P§(dcg1 m%oldr%sp %r{\]{l{hln tﬂg%rrglatae Scop |o¥ ¥ ny|
invention. In certain preferred embodiments, the present compositions
include, in addition to HFO-1234ze, one or more of the following:;
Difluoromethane (HFC-32)
Pentafluoroethane (HFC-125)
1,1,2,2-tetraflucroethane (HFC-134)
1,1,1,2-Tetrafluoroethane (HFC-134a)
Difluoroethane (HFC-152a)
1,1,1.2,3,3,3-Heptafluoropropane (HFC-227ea)
1,1,1.,3,3,3-hexafluoropropane (HFC-236fa)
1,1,1,3,3-pentafluocropropane (HFC-245fa)
1,1,1,3,3-pentafluorcbutane (HFC-365mic)
water

CO;



PROPELLANT AND AERCSOL COVPOSI TI ONS I n anot her aspect, the
present invention provides propellant conpositions conprising or
consisting essentially of a conposition of the present invention,
such propel |l ant conposition preferably being a sprayabl e conposition.
The propellant conpositions of the present invention preferably
conprise a material to be sprayed andisa propel |l ant conpri sing,
consisting essentially of, or consisting of a conposition in
accordance with the present invention. Inert ingredients, solvents,
and other materials may al so be present in the sprayable m xture.
Preferably, the sprayable conposition is an aerosol. Suitable

materials to ¥ I i 0

mat eri al s sucﬁﬂ.'aez d% g%rrﬁ édqnﬁ H%gr%%%%%vﬁgoﬁéé&hﬁhenfﬁ %gw&seg%ss AW nd
pol i shi ng agerﬂckiltm’lai/\mmpmntaadhlcln nﬁybean@udai in ppessnt agmpogifionsst hma
conponents, onen r n or the
i ke, incl ud| n(1£ n \P'] @'“?iﬂ o?‘?{]ee cﬁéﬁt&&% %ggﬁit%}ﬁpﬁ%ed to
be i nhal ed. Trm:cuaiing:’artbatpaﬂti:uht hmhcbth:mhp&matomnm&nh arsd @if sdobr abl y
present in the f%g%OSItI nin.a

I nt, with a
substantial pdftd amoup "8&95?1@ Sﬁgﬁﬁy'*ﬁ'aﬁﬁoéﬂﬂe&??“é%npri sing a
conpound of Forrmula | of the present invention, 15 preferably
HFO 1234, and even nore pr Aer osol
products for industrial, mw%aﬁ‘ﬁQ§gl9yﬁ cally contain
one or nore propel Ipﬂthbﬁ?raitmmmﬁa@a%a}&hér@érﬁp@&ﬁdn&frtﬁhgmge;ﬁnts
inert ingredients or solvents he propell ant provides the force that

expel s the prdavRitioninadngade thecepraraupds oflihe dresentinygptiign widelyuct s
are propelled l‘éh%‘h g EBUNES ﬁ@g@ﬁﬁﬁﬁ( frbfefred ﬁﬁaﬁ%\‘n&ér@ﬁ &ﬂnpéﬁlﬂdng%?”

nitrous oxide and even air comerci al aeroSols use |1 quefied

gas propel | anttge mﬁ@nhwyent@@rﬁﬁamnr@eﬁgmoundﬁbﬂ|a§@0rga@cqaw6lp5w@41@s are
hydrocarbons sugf,as, eﬁl‘a n (lj%ﬁc@ YUY 1P hyl et her
and HFC-152a (5‘1%{ uglyoe?l a?@hal sou%;le B%"?Eﬁ%l one or in

bl ends with trwefw@hlbbi&oom@eolpamm@\ttr@hf&ﬁtﬂw@bw 508 by of these
| fied
I quefied gas \9&99@5}1&% oréﬂ.uﬁ%%%%ns Woﬁ %BP\% gpt of the

i ncor por ation into aer OSO en resu
f 1 anmabl e aer oxohpgsitiodudn many embodiragnts, utoapteafermd/thatﬂméwabtramﬁ@leci ate

uhi ch to for mice ens eb R ARt Ene Al ISR EL ERAR TTAT, B

conposi tions ocferlaireprpfamelrﬁmbamaemtsnhe hpatrttanstdr@ohnpoaitidngofdher abl y

conpositions conpr.i ven bl
HFO- 1234ze, fcﬁ’rgg%rﬁ'?\%ﬂg %Rﬁﬁén%ig%'{]?'ﬁatfo og%bsi-!f% g? c?'ﬁi, i ncl udi ng
for exanpl e sptransHtFlCH&Bezesm d cibtrananeight entid of freml adoat 129do about

medi ci nal aero i ncl or exanp tq deliyer di cations to
the |ungs or nﬁ)gé)géf" sﬁ'o Eﬂ'&r@ége@fé)qué'gxnﬂrl‘ B MRtCer ed
dose inhal ers fdrferahly froim aﬂn.atigeaé apait 3397 ast hma and ot her chronic
obstructive pul m)nﬁ_‘r?y di sea,?es aﬂg?for del i ver \ﬁ of nedi.cagents to

accessi bl e mucous rMERACTIRESTERS Pi{DE RreseRt inyentiphdnay iBeliAe ofefent i on

thus includes dohdvReats BF thepRfldsB®f 8hhdfitgSor pﬂbﬁ@ﬁﬁ%@n@ﬁ%:ﬁnﬁhélﬁ*
heal th rel at egpprobl ens of an_organi sm éosuch a uman or ani mal)

conpri si ng appPyHECAPRINRSL ST I SoeFasen iﬁdé’g% ‘Forﬁ%‘?’?on cont ai ni ng

a nedi cament  ajon@idaftfon! FOF eRGHble CrefrRiSPAMI @AMpbSitidriteacebainy ithén need
of treatnment. In certain preferred enbodi nents, the step of applying

the present c d?Fﬁ%"é'ltﬂ'?Vﬁﬁt‘% r?ﬁP‘?%%‘B’ et iRdiy VAP MPGRR MP%SEEhe

conposi tion ofinéilige An@sRAM, %@ﬂy iARMdupts SPIRRPAISeut 30D @b 510 t he
16 conposition into the VDI nd then di scharging the present

conposi tion f rREFFEHEYMSIght o the COFH@SE'B%EBF'BEFFHW 6\"9 prRsept esent
et on.  pariiulsAEh TEATASHEAG0S SRPRIBRIRCHRR AU R e

essenti al I y of FI'FO 1234zé, are capabl provi di ng ‘nonf | anmab
purpose of alding compatibility andlor solublhty of the Iubrlcant Such

compatibilizers, including propane, butanes and pentanes, are preferably



FLAVORANTS AND FRAGRANCES The conpositions of the present
invention al so provide advant age when used as part of, and in
particular as a carrier for, flavor formulations and fragrance

formul ations. The suitability of the present conpositions for this
purpose is denonstrated by a test procedure in which 0.39 grans of
Jasnmone were put into a heavy wall ed ghass tube. 1.73 grans of R 17
1234ze were added to the glass tube. The tube was then frozen and
seal ed. Upon thawing the tube, it was found that the m xture had one
| i qui d phase. The solution contained 20 wt. % Jasone and 80 w. A
R1234ze, thus establishing its favorable use as a carrier or part of

del i very systemlaf f LAvars/of oM 0% 10 LBoR% ekl e

f ormul ati ons. SO es S 1tS po as an-‘extract an
fragrances, i noimutisitignf rGombghatiohs whsuréactamEatdERRu GG TS/ Biay

The conpositions of the, pr.esent i ntiaqn are usef LA connectign
w e h s ous 18 B6 aR0% B 6 Eréssb e idsnR s 2l Hiistlubifby ZSRBERRR! s
in (rjrejc hodsf a_ncb}sly.tst mmm.smgmgrmgmcmmhofm iaS’onv:roeﬂi(1tiriat@ertrrgr_rll_':1 S
used in refrigegation,..air conditianing,.an ea u S e
reaent comodiane 5 ammobl e e RiGT paE s S AT Brter e
OF the aer 000l oo e D P eel O o o
Porm g T oo betaohes (A3 apf palialpr S BACH Vel Gy e N Ooaloh, o
al so i ncl uded hBeifisry Hith HRARTRbHCAfohIRFO) RSfftrahts Wedyt BePlsed Mith
present invention al so FFOVIdeS in _certain aspects nethods of

removi ng resi dbe r¢ffigeraRt ¢qrapesitiong ofiediesant inypaliatht conpositions are

used as sol vent COMRAY distig réfMgsrdfith SRS Sreddiffreniy bBABed FérAEe in
TRANSFER METHODS . The prefeéerred heat transfer mnethods generally

conpri se pr ovinngetioncwitthedstinadairigprank apd Srseampasitionsodiheanaseusi ng
heat to be U apadtibhefe bidted té BIidaER MRULA ngg@g&mggté?&,phase

of the conposition. For exanpl present nethods provi'de cooling
by absorbi ng reither witb er withoutisystem medificatien. by exeey appcatignssihgpor at i ng
the present r i i p 1 i Cini y or
flui 6 to be coeTrIigns ofAERASSrk BRehfbrlify iosldt aaiantdi A%
conposi ti on. Repleembhlintshstemst Wbidb arenclrrendly based om téfdgerants hawihg

conpressing t refri VAPOL, i . or
simlar equi pEﬁaﬁ{vsfy%ﬁ%tﬁﬁ%peac@gp%lgﬂl@l%?héé%b%égdr@eﬁ%smieg g{‘si tion at
a relatively alesirad édluge a2 fsvareapésiyeefapénant cdnepasitem dfthepmperissi ng
the vapor results.in the addjtjon, ef beaf t he v .t h causi ng
an i norease 1 inntoPeleh AP bf Gt B eibie, B kPGet ARRmplaLEr o) apor.
Preferably, thdgiesreapatityyretdioeabodibbndef themraserd compositibnsproeidata vel y
hi gh t enper at ur high pressure vapor at |l east,ka portion of the heat
added by the GPISPLERGIMAGR (il BRrpired i frtain RoRUIRENR005E) st ep
pref erably i ncddonsfesitions dethei prasdni wvBhiith, paribelaay oépodhidha- pressure
vapor while the vapor is . in g Lel atively high-press rg, condition to
produce a rel AOMASNGA SrsantielRrpRotiPR ol ane dnAme PRGOIEEMDosi 11 on of
the present i nopBktifgessEhtially 6FltRinsMPOY1 2348é)-Rr LepIHc@MchEldr xisting
preferably then_undergoes a nominally isoent haikg,c reduction in
pressure to prrSHEE@“éS'rSéF%PF%WﬁN lp sriiein fpplications, [he Fefdggipis of
liquid. In suahe praxedt meaktfon doteritially PéitnittRE BERSHCIZ UBE bifarjc?
refrigerant liquid which is then vaporized by heat transferred from

the body or fl rageng cepgresgors, thereby resulting in better energy efficiency
than other refrigerants, such as HFC-134a. Therefore the refrigerant

compositions of the present invention, particularly compositions
comprising transHFP-1234ze, provide the possibility of achieving a
competitive advantage on an energy basis for refrigerant replacement
applications.



I n anot her process enbodi rent of the invention, the conpositions of
the invention may be used in a nethod for producing heating which
conpri ses condensing a refrigerant conprising the conpositions in the
vicinity of a liquid or body to be heated. Such nethods, as nentioned
her ei nbefore, frequently are reverse cycles to the refrigeration

cycl e descri bed above. ' FOAM BLOW NQ2MVETHODS One enbodi nment
of the present invention relates to nethods of form ng foans, and
pref erabl y pol yuret hane and pol yi socyanurate foans. The nethods
general ly conprise providing a blow ng agent conposition of the
present inventions, adding (directly or indirectly) the blomﬁng agent

conposition to a fq hf‘eg&ﬁg@ﬁﬁé*lfé‘ cart Ven@ﬁ&ﬁﬂh@qﬂé t lﬂamRé| | ul ar

conposi tion under thé conditions e orma foamor ¢
structure, as patiawaily kweewsomprising HECO-1234ug, ai$o hine adantade (eitttdr iknown

in the art, su i in " t.han mstr and
Technol ogy, ' \/gﬁ%@ E’%}giﬁd) r%ﬁw é%%ﬁ&éﬁsreaﬁlégrﬁé'ﬁﬁ’ﬁ{e?@&%% 3'6% W ey
19 and Sons, NBvi2¥andkiR-589), lm\lohlﬂérsit@idaﬂyusqmbhamaded:tmewh dsqmmefcwl ence,
may be used or_adapted.for use in accor
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rre?ﬂf;ods cowprlmeluamgp?tﬂmea@u?twwﬂbm ciunn@eiwnwl@maawl LwaD S btlbfa@ﬁﬁt by
conbi ning an isgcya e, a.po m Xt ur polyols, a owi ng
agent or m xt u?g’qy;@r}m[ﬁb& W§5%§HPF§F%§%L% or nore of the
present conpositi ONfhe @'@Qerﬂtrﬁ@hodﬁi%ﬁtérﬁb and U6Mpasiticd bRl .
surfactants, and tlonaII , flame retardants, colorants, or other

addi t1ves. | adaniqble Oruisa i EPRIRCIPHWIAAYIOMGEYS SAEPRAEONO BYSETEE t he
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formul ati ons. Most typ| cal oam formul ation is_ pre-blénded
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surfactants anﬁurﬁbé)‘ﬂ Adnh&fent s conprise the first conponent, commonly
referred to as' t 'R conponent. The polyol or polyol m xture,

surfactant, catalysts, blow ng agents, flane ret ardant and ot her

i socyanate reacti ijm@ﬁ%ﬁ&-gs,cmssm?%ﬁug%r mﬁo

comonl y referre 0 as componen polyurethane
or pol yi socyanur at Bléwingsgants mandistd yompaqmmrezdmbmutaonegmmgoneagmmer

the A and B si i Qp,ﬂg arations
and, preferabl S%@r%ﬁ%%g&?ngt ég n‘?"ﬁé%s E] or %cgfn&@gﬁ!)h ﬁ{tﬁg
| am nat es, pouwret:wsnt|mh\fsect‘$opamgrltls'.cl&amimjthetcbElftpoulummc the pres;anajppdznt@d il oans,
froths, andt onal | v, th fire
retardants, 8?!%{?29'%3@%?& Jt '8 Rﬁrﬁ %E%Efﬂéﬁﬁ Ew?gl{her
pol yol s can bepraﬂadmd casnpmsitions tbrs.rseearmtd\mg agents ettmadjamt:e Wﬁhﬁhé on
site. Most prefera hovveve t o _one
B- conponent asP 8§§'§H'¥\Be@ ounQF¥m qcf:og%lgng @ﬁi):gg@ﬁ’ ﬁei AN oduce
t her rrlopl astic :fnemeltmmg thﬁulaarrams%rbmnm al ar}hb&ntl thteistalt RAst AtYut
exanpl e, conve ona styrene an ene atlo
be conbi ned WI 'P!h\é’e@gﬁﬁ%@ FBAore red F@E& % r”Bvrclfduce
rigid foans. A8 cokipobltidk: MRdddipreferred embodiments, the b!owmg agent
compositions of the present invention and include, in addition to HFO-
1234 (preferably HFO-1234ze) one or more of the following components
as a co-blowing agent, filler, vapor pressure modifier, or for any other
purpose:
Difluoromethane (HFC-32)
Pentafluoroethane (HFC-125)
1,1,2,2-tetrafluoroethane (HFC-134)
1,1,1,2-Tetrafluoroethane {(HFC-134a)



The present invention also provides nmethods of renoving contai nnents
froma product, part, conponent, substrate, or any other article or
portion thereof by applying to the article a conposition of the
present invention. For the purposes of convenience, the term
"article" is used herein to refer to all such products, parts,
conponents, substrates, and the |like and is further intended to refer
to any surface or portion thereof. Furthernore, the term

"contam nant” is intended to refer to any unwanted naterial or
substance present on the article, even if such substance is placed on
the article intentionally. For exanple, in the manufacture of

sem conduct or devi @mg? deposit a photoresist materia
onto a substrate tQﬂ§%¥ﬁ$%3H% SEg%e etching operation and to
subsequent | y renovd,t A2 ,3BStdemaflisroprapand (MFG-E2fed) he substrate. The

term "contam nant" hergin i1s int cover and enconpass
such a photo resi stﬁﬂ&ﬁfﬁiﬁe?‘a#“°mpmﬁ'b%@{}?%g3¢@ hods of the present
i nvention conpri se ighpldd-pentafgorpprepams (HRCHR4ESM) i on to the article.

Al though it is contepplated that nmer gm ried cleaning

t echni ques can enpl ol hEPE ‘d%rPE‘iﬂﬁ%ﬂ%fsC"?ﬁ %;Sesent i nvention to
good advantage, it wateconsidered to be particularly advantageous to
use the present cog SI tions in connection with supercritical

cl eani ng techni quesv~%upercritical cleaning is disclosed in US Pat ent

No. 6,589, 3551|tMHo¢ltem|§lat%§$h&r!ﬁéibb9n ﬁédlﬂ;ﬁt%‘ﬁlo% of e ;I%@érﬂnt
i nvention and jncorporated herein dg reference. For supercritical

cl eani ng appl i Bxeftigpdnay %Orﬁﬁ’réﬂeéﬂ?"é': {18342 transtphdifizeddt s to i ncl ude
in the present GhiSamidng tﬁéPEBPSIhtcbﬂéiﬁ1préf8rr@&igl'nbb8!ﬁ1én% tebibiving- 1234
(preferably HFOL234ze), one or nore di t1onal n’ﬁonents such as
CO2 and ot her e@ﬁntt:craﬁawtl%ﬂfﬁbﬂ@msenklnmmlwepmﬁ i§ ecennlpatianofni t h
supercritical GEAPRAI1I342PBNd ﬁQﬁél—‘Hf@'IZﬂtfzm cRlU2Ms BRI $8e P Gramn d

desirable in certalin engé)al nments to use pr esent @ﬁeanl ng
conposi tions i ababnRSdeiabauin G99, mdtaveurrmre peqwabldémaecbutq %T@
sol vent cl éani ds. 21 FLAMMABI LI TY REDUCTI ON METHODS
According to certarn other preferred enbodi nents, the present

i nvention provi des Inethes émbbdimends] dlod ingentlva frovidessfoamable of f1 ui ds,

oresent 1 nvent Tatpond 4wl ARl AP RAb b B gl o,y

of a w de rangihepfiopldtierfoars eofripasiiais, erépamdssimpihelmmpedilioasl of the

di to t Le th fI bilit
cotiarod wi t neppliTENphn IS8 Ram o EARRs ond dmbredFHRE |1 1Y
hydr of | up][ f)car m??tmmpﬂ?iﬂci:oﬁ?@hmgdidl ae:dmpdar{tg ‘a &lﬁﬁn@;&@ggt ina
1,171-tri uor poe - [ uo one ane,
roxare " oot et aSjon ahich SR ey Mapdes ohk o7 BieBe ont

i nvention. FOFadditﬁ:rﬁUd&cﬂﬁ;&m‘enw‘c IeRff@é@jﬁh laﬁw@ﬁfdaﬁrnng andérangabl e
fluid may be an mexhlb gfflamra ranges in air as
measur od vi a APPSR CARILIOGS tofoarA PRI Cobder Sibehin Bals el Soowi i
E-681, and thethkiake The mventléﬁ)éls‘éalfetaftl%'tﬁf@dmlaﬁdspré’lferéﬂmeclﬂé%&ﬁ@élﬁ
conpounds or c anSItI ons may be added ton]@;juce f | ammabi &ﬁ‘i‘( of a
fluid accordi n'g’ PraRares feaa g Palyer o s formpdation congining. 8 BIgNiogd by

those of skil Iage*htbdsuﬂpﬁgmgtﬂe%nw&uehseﬂﬂe%mhén dppeedthept | east in
to which the subject fluid is flammable and the

art, on the de
gegree to whi c‘ﬁ%{’? menﬁemer'@%ﬁm'enpww@é fograalyle gpmpesitions canpriisigs . | n
certain pref erﬂheﬁn@meldﬁeagaseﬁh *r@arﬁé.reuai aé’Bol?ﬁWéﬂH MBS pofy/atAyRstet | On

added to the flanmmable fluid is effective to render the resultlng

f1uid subst ant (PN BolYRAPYIeneifDIa8d polvalylenetenpihalafedifETE:
The present my,ggnhwlow;}é,{g(ﬁzf&grﬁgl des net hods of suppressing a

flame, said nethods conpri si contacting a flame with a fluid
In certam preferred embodiments, dispersing agents, cell

stabillzers, surfactants and other additives may also be incorporated Into



STERI LI ZATI ON METHODS Many articles, devices and materi al s,
particularly for use in the nedical field, nmust be sterilized prior
to use for the health and safety reasons, such as the health and
safety of patients and hospital staff. The present invention provides
met hods of sterilizing conprising contacting the articles, devices or
material to be sterilized with a conpound or conposition of the
present invention conprising a conpound of Fornula I, preferably

HFO 1234, and even nore preferably HF0-1234ze, in conbination with
one or nore sterilizing agents. Wile many sterilizing agents are
known in the art and are considered to be adaptable for use in
connection w Q e

enbodi ment s sbﬁ?bp r%ég%‘h%o &.Efﬂ}drs é&é ;grfe ﬁgrlqtémgrﬁ ggﬁ d%SFfé&gntS aa‘?"ehyde
hydr ogen per ompﬁenalb'tﬂmpref@atily@ﬂdd@to mesaddstabltﬁnmaﬁnms of these.

In certain e th I ilizing

agent . Thoseme}g?reﬁ @%ﬁve ‘ﬁ%@{'gﬁ are ?\Id\H%QW tBF H%H%S%E?;:%%§-§%¢]Jfal ned

her ei In will tmldab’é@%(lwnlcleach bpndeﬂﬁmmﬂacaxahe polybryalkydernz lpci ¢d-ons  of

sterilizing a t and t.he pres co €

connect i on wi tAMNMLS SHELEs °§‘f’ P?‘Eﬁ’nﬁﬁj‘g kﬁ%ﬁ'}&f’ r?sg%ﬁgd'éret hods, and

?lhl SUCE' lrfingﬁg‘ﬂi;?mﬁathL‘B%h?Bbé@&dot fsmmﬂel |shww|ﬁfra’§[eﬁ$eréinr|?§lovm to
ose skilled i e , cer erilizi en such as

bt byl eno oxi deetemnbe, Bier o6 podivasIPEE SRIRE A0 RS FGY

conpound(s) i ﬁn@l@d@ﬂéiﬁ@?eﬁar\dhh@ shbﬁaﬁlﬂﬁ%ﬂbréélﬁyﬂfphb@fﬁhaﬂé Qr|Q2DC| uded In

the present conpositions in amounts effective, together w.th other

conponents pr higreprreRYIRHasRRAtH 36 3- Q'FI"O'FQPFP%HhB‘PSPH@tef fhhdubility of

the sterilizi Qﬁbrﬂ&ﬁﬁ%yl? bRGsphate2 BRARhERLA Jhe¥Siate, varicus hdl bgenated
sterilization nmethods of the present invention may be either high

| ow t enper at urdgorsalg GQWW@{?VBWQW@XM%@@W“WHUM@T% AoYBIYl es t he
23 use of a c%}qﬁ!ﬂ the@RPosi tion of the present invention at a
tenperature of from about OF to about 270F, preferably in a
substantially seal ed chanber. The process can be conpleted usually in
| ess than about 2 hour I dipi pl astic
articles and el ectri ca&c%@ﬁtgﬁﬂgn%%bﬁ and such hi gh

t enper at ures and r dyanathet] aspectetinpareseant inveniion nmmdes propellant] ow
tenperature sterj I b i IS
exposed to a fC]% mpgéﬁghn%?@gﬁ'ﬁsﬁ@&scongggh égr?%{' [yt(ﬁ c%nzrfsog&i{ohloﬁ%n“ on
at a tenperat lpraamtwfventmnabmltpmpeﬂantemrppmsilﬁarrmetematﬂbbengOOF nor e

Toor. Y b EReet, 1hE B RS FTRENE gl ©

invention is m\m‘neombteyerab[ylcemhs@awmgﬁl@qnbespna@ea an@efp(wpmldni n a
substantial ly seal.e n the first step

CUhe ot T 1 Y oS Sireieihg et e carSBRRRE 4 coBasibriing
wr apped in ga&cp@ﬁm&m begﬁe@m:rweamﬁ Ihert ifigedib@tsiivenfl, ands t hen

G <l aci ng { nUEPES SRy ARo PR eI PG, Preigiably,

preferable to tm@s;ﬂeyatsé e@rlﬁpbélﬁcm el dhcuBResuitablamateut 13 bedlpidyede
hum dity that s Eref erag % f rom about @g‘g% o] Zt@egjgt 70% Such
humidities nm}” withautligitalipn, Gopmejic, majgr gfantane

sterilant, \Ahlpelfrumesl i ptaNee Blebiddts 4Rl ;ﬁiﬁéﬁh@é?éité%& videsgdesi red

relative humdléa((als achi eved. After a‘gerlod of tine sufficient for

the sterilant esligiealmaterals aechasapi-aeinaa goreapentsRAticialasi i ces of

the article, TcBth%hérﬁt's|aﬂ8tan§16ﬂ1e$h%@iﬂa%ﬁoﬁm%étiﬁéluélh?ﬁl'éfé}%b
In the preferred second step of rocess he aeration steép), the

articles are é’é‘?%t"%?ﬂ"iﬁﬁ"%ﬁb@@ergt"gﬁn hEéghai%sT hermaegicamentsiic h
resi dues i pafidribdpbiciagBAr s %Péfen‘aﬁlytd?és&ﬁﬁﬁhg cohfbkfiosirEa 1 | ant s,

al though it is optional hose cases I n he substantially
therapeutic amount W|th a substantial portlon of the balance of the

composition comprising a compound of Formula | of the present invention,



EXAMPLES The foll ow ng exanpl es are provided for the purpose
of illustrating the present invention but without limting the scope
t hereof . EXAMPLE ' | The coefficient of performance (COP) is a
uni versal ly accepted neasure of refrigerant performance, especially
useful in representing the relative thernodynam c efficiency. of a
refrigerant in a specific heating or msooling cycle involving
evaporation or condensation of the refrigerant. In refrigeration

engi neering, this termexpresses the ratio of useful refrigeration to
the energy applied by the conpressor in conpressing the vapor. The
capacity of a refrigerant represents t he amount of cooling or heating

It provides artq f%éBly ﬁ?gﬁéﬁﬁ“’fg 'Ieﬁﬁalﬁgen vo?urreOf a

conpressor to 'punp quantities eat fric flow
rate of refrigeranteresol ptddercts\rﬁmld@istrgal mmsamsp@cmédcaldmﬂvwwbr a

refrigerant wigl gﬂ Bhglaﬁ B,%@{gﬁéﬁt%"éluég%oﬁgror rr abRR ik d‘a% ts,

heati ng power. € means a refrigerant
speci fi c oper dhémingoedtiests rooae;!verﬁsfTlumpmbellaﬂhpraﬂﬂhsnhafarcq;)ﬂmpexpeles of

the refrigera usi st andar.d frigeration cycle analysis

t echni ques (SQEGPBC}JE%}(MF%SO“ © %”‘?ﬁﬁ %L@éﬁ@&l{ﬁaﬂﬂgﬂﬁﬁm GERANTS
}—|ANDBOCJ<d Chapgrepeliéd vﬁt'rﬁrtﬁml m%é@lldaseéﬁl&&)ad (;bori&roxrdehnrtrégérgfnltiogrerat i on
air conditionin e syste ovi de ere the_condenser

tommer arur e | R SRS 0% R BeRA EftsPe e SIS e < about

- 35F under no][pragérlamsSggatmowb@mmgmyma@h@r(ﬁjlaﬂfwtdasqw@mmmew@r inl et
tenperature o out i s defermined for seve osi tions
of the present ﬁm@mqwtﬁb@ﬁb&%n@@@?%&@saﬁ%ﬂ%h %‘5)4 &t or
tenperatures 6&@mre@ﬂrs@ararIﬂdrﬁa&bethbnéaedr@wrsomadermaroHEﬁl%a havi ng

a COP val ue of 1. a capacity value of 1. and a di scharge
t enper at ure ofb'qw@ with thRélYEchamEm@WUme ahoHbesg i ve COP

Rel ative liquefied gas propellants are highly flammable and their incorporation into

aerosol formulations will often result in flammable aerosol products.
Appiicants have come to appreciate the continuing need for

nonflammable, liquefied gas propellants with which to formulate aerosol
products. The present invention provides compositions of the present
invention, particularly and preferably compositions comprising HF0O-1234,
and even more preferably HFO-1234ze, for use in certain industrial
aerosol products, including for example spray cleaners, lubricants, and the
like, and in medicinal aerosols, including for example to deliver
medications to the lungs or mucosal membranes. Examples of this
includes metered dose inhalers (MDIs) for the treatment of asthma and
other chronic obstructive pulmonary diseases and for delivery of
medicaments to accessible mucous membranes or intranasally. The
present invention thus includes methods for treating ailments, diseases
and similar health related problems of an organism (such as a human or
animal) comprising applying a2 composition of the present invention
containing a medicament or other therapeutic component to the organism
in need of treatment. In certain preferred embodiments, the step of
applying the present composition comprises providing a MDI containing
the composition of the present invention (for example, introducing the



CAPACI TY DI SCHARGE TEMPERATURE (F) HFO 1225ve 1.02 0.76 158 HFO
trans-1234ze
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composition into the MDI) and then discharging the present composition
from the MDI.

The compositions of the present invention, particularly compositions
comprising or consisting essentially of HFO-1234ze, are capable of
providing nonflammable, liquefied gas propellant and aerosols that do not
contribute substantially to global warming. The present compositions can
be used to formulate a variety of industrial aerosols or other sprayable
compositions such as contact cleaners, dusters, lubricant sprays, and the
like, and consumer aerosols such as personal care products, household
products and automotive products. HFQ-1234ze is particularly preferred
for use as an important component of propellant compositions for in
medicinal aerosols such as metered dose inhalers. The medicinal aerosol
and/or propellant and/or sprayable compositions of the present invention
in many applications include, in addition to compound of formula (1) or (11}
{preferably HFO-1234ze), a medicament such as a beta-agonist, a
corticosteroid or other medicament, and, optionally, other ingredients,
such as surfactants, solvents, other propellants, flavorants and other
excipients. The compositions of the present invention, unlike many
compositions previously used in these applications, have good
environmental properties and are not considered to be potential
contributors to global warming. The present compositions therefore
provide in certain preferred embodiments substantially nonflammable,
liquefied gas propellants having very low Global Warming potentials.

FLAVORANTS AND FRAGRANCES

The compositions of the present invention also provide advantage
when used as part of, and in particular as a carrier for, flavor formulations
and fragrance formulations. The suitability of the present compositions for
this purpose is demonstrated by a test procedure in which 0.39 grams of
Jasmone were put into a heavy walled glass tube. 1.73 grams of R-



1.04 0.70 165 HFO cis-1234ze 1.13 0.36 155 HFO 1234vf 0.98 1.10 168
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1234ze were added to the giass tube. The tube was then frozen and
sealed. Upon thawing the tube, it was found that the mixiure had one
liquid phase. The solution contained 20 wi. % Jasome and 80 wi. % R-
1234ze, thus establishing its favorable use as a carrier or part of delivery
system for flavor formulations, in aerosol and other formulations. it also
establishes its potential as an extractant of fragrances, including from
plant matter.
METHODS AND SYSTEMS

The compaositions of the present invention are useful in connection
with numerous methods and systems, including as heat transfer fluids‘in
methods and systems for transferring heat, such as refrigerants used in
refrigeration, air conditioning and heat pump systems. The present
compositions are also advantageous for in use in systems and methods of
generating aerosols, preferably comprising or consisting of the aerosol
propeilant in such systems and methods. Methods of forming foams and
methods of extinguishing and suppressing fire are also included in certain
aspects of the present invention. The present invention also provides in
certain aspects methods of removing residue from articles in which the
present compositions are used as solvent compositions in such methods
and systems.

HEAT TRANSFER METHODS

.The preferred heat transfer methods generally comprise providing a
composition of the present invention and causing heat to be transferred to
or from the composition changing the phase of the composition. For
example, the present methods provide cooling by absorbing heat from a
fluld or article, preferably by evaporating the present refrigerant
composition in the vicinity of the body or fluid to be cooled to produce
vapor comprising the present composition. Preferably the methods
include the further step of compressing the refrigerant vapor, usually with
a compressor or similar equipment to produce vapor of the present



Thi s exanpl e shows that certain of the preferred conpounds for use
with the present conpositions each have a better energy efficiency
than HFC-134a (1.02, 1.04 and 1.13 conpared to 1.00) and the
conpressor using the present refrigerant conpositions will produce

di scharge tenperatures (158, 165 and 155 conpared to 175), which is
advant ageous since such result will |ikely |leading to reduced

mai nt enance probl ens. EXAMPLE 2 The mscibility of HFO-1225ye
and HFO-1234ze with various refrigeration lubricants is tested. The

| ubricants tested are mneral oil (C3), alkyl benzene (Zerol 150),
ester oil (Mbil EAL 22 cc and Sol est 120), ponaIkerne gl ycol (PAG

oi |l (Goodw enc I ti ]

pol y(al pha- ol e%nﬁsfgthﬂe%%ﬁb%g@ %ﬁ&%red %gé%gg%ﬁéé{%qyger ah t%? Of I

combi nati on, t¢ompressing el \taipon&saltsamttbsaeditlomafrtantcsthemponL&nd 50
wei ght percent of .l ubri { he

th ch
conmpound of th%alﬁwgsaéhlp reﬂ%%m%ﬁ?:ﬁrﬁ%‘?erﬁ g ﬁ%&é’a“"e h'gﬁ)’ﬁtgﬁgﬂﬁi cant
conposi tions avapop! Reaferably, theqrysant iretitbdglimhedet rehwing Fluen thibes are

evacuated, the r J‘rl erant co d i n accordance with t sent
Chventi on' i o ety 3k PneSia.Rh ofestie ear aiesiapartin gl BRe t nen
put into an ai heétaabe@bytﬁeoevmataabn ah@&&aﬁsesézbﬁ steﬁpﬂpermétheéemfﬁomi ch
is varied fromabout BOC to, 70C. At EE Ly 10C intervals, visual

observations ofteP REETeigBly acldes roadensing hadidhylempeeatuse: biohriressyre one

or nore |iqui dyderehie tHeWa%oF%ﬁﬁa‘%@lﬁfn@lmbﬁpﬁ'éb%ﬂr@élﬁldﬁtloﬁl{b BradiRse is
observed, the mxture is reported to be imm scible, In a case where

there i s only aFdalivelyligh-pressurediguighcpaprisinga® gampagitioniof thepresedd t o
be m sci bl e. 'iﬂvérﬁll%e ﬂ%?&at%@f Kigh- %séur@lﬁggld%@éﬁa%imbﬁ uﬁ@ér?ﬁ%’g

but with one of the liquid ph ases occupyin a ver vol une,
the mxture i sanrélp@“St Ié@lerttbahélé recuctipain gregstg@icbp@ducea relatmy low

pol yal kyl ene 91e>sfp%'rat ;o@.ﬁfsfegs&bh.gu.ubm &gﬁténwrﬁemqug%meaﬁed

m scible in al teste roportions over e entire tenperature range,
except that fotemmatumem@@ﬁéhqﬂld(wbrcbssUuenwap@n@ealbmmé"agsfmed t he
refrigerant m h nm sci bl e over the tenperature
range of -50C ?%M@%%@@wmdtge p%%%dal ly mscible over from-20 to
50C. At 50 wei ght peroether pronessremixdinantaff thehiaveriien; thereeimpogitivast and

i scibl e from & HEIERbiRaCkE S eeRibrbovda dehmmaif e gne
pfer tCﬁgt r Ie]yPIrl gmprlmsmeﬁdérgmgamtefnmlbﬁpﬁsmg (t)r]le rt:o'ﬁms:'ﬂemgpa’t thei l ity
Chventi on i rigy FARULST RN PERRARK, St Brnkds RTRRbEY s used

in refrigeratiigreimbdfoss, rrreqoetdlytaremuemésmtesrm th@refrwatdma:tycl%o C,
representing c ndlé‘f s rmuch nore severe than are found in many
refrigeration ¢4 aY8di t i oni ng applications. Al uminum copper and
steel coupons are added to heavy wall ed

'FOAM BLOWING METHODS

One embodiment of the present invention relates to methods of
forming foams, and preferably polyurethane and polyisocyanurate foams.
The methods generally comprise providing a blowing agent composition of
the present inventions, 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, as is well known in the arf. Any of the methods well known in
the art, such as those described in “Polyurethanes Chemistry and
Technology,” Volumes { and Il, Saunders and Frisch, 1962, John Wiley



27 gl ass tubes. Two grans of oil are added to the tubes. The tubes
are then evacuated and one gram of refrigerant is added. The tubes
are put into an oven at 350F for one week and visual observations are
made. At the end of the exposure period, the tubes are renoved.

This procedure was done for the follow ng conbi nations of oil and the
conpound of the present invention: a)IHF0-1234ze and GM Goodw ench
PAG oil b) HF01243 zf and GM Goodwr ench oil PAG oil c¢) HFO-1234ze and
MOPAR-56 PAG oil d) HFO 1243 zi and MOPAR-56 PAG oil e) RFC 1225 ye
and MOPAR-56 PAG oil. In all cases, there is mniml change in
the appearance of the contents of the tube. This indicates that the

refrigerant COgRQSBAS, WY@WWhIcﬁ"@m@érpbi‘b@e@ﬁ&éWBy ﬁefét@fﬁ&e' Hayal €
stable in contact with aluninum steel and c opper_found

refrigeration BRAYSEY Pradared IosHES I %’%Edéﬁﬁe Wti}h ecfﬁémt%fﬁl&d"ﬁf’“ts of
lubricating oi he ﬁreééntamnhérkelhxgeherab%ucmﬁiéf@}% BthoHs Bomeﬁrws' tions

or used with such corrp03|t|ons in these types of systens, COVPARATI VE
EXAVPLE Alepaing RelYEigsier oaﬁalvssp@s@nuai@{m@s by eoralfbiBg a0 a heavy
val | ed gl ass tybey, 8 & I aiet 80mf e week
at 350C, as m‘égxaér@barté; a?d?ﬁﬁ +mgagﬁ%?g?%geal§]g§o ure E)gl’l ggfre% e tube

is remved and bbwmag%&@qmmaweeménm@éthmmes&nt@emowb@ns@ﬁﬂ@ are
observed to tu?f?'n E éﬁgﬂd QGRS SURaltSntS SRS SptdRSRTRGRLL | on of

the contents o
retardants, colorants, or other additives,

It is convenient in many applications to provide the components for
polyurethane or polyisocyanurate foams in pre-blended formulations.
Most typically, the foarn formulation is pre-blended into two components.
The isocyanate and optionally certain surfactants and blowing agents
comprise the first component, commonly referred to as the "A” component.
The polyo! or polyol mixture, surfactant, catalysts, blowing agents, flame
retardant, and other isocyanate reactive components comprise the second
component, commonly referred to as the “B” component. Accordingly,
polyurethane or polyisocyanurate foams are readily prepared by bringing
together the A and B side components either by hand mix for small
preparations and, preferably, machine mix techniques to form blocks,
slabs, laminates, pour-in-piace panels and other items, spray applied
foams, froths, and the like. Optionally, other ingredients such as fire
retardants, colorants, auxiliary blowing agents, and even other polyols can
be added as a third stream to the mix head or reaction site. Most
preferably, however, they are all incorporated into one B-component as
described above.

It is also possible to produce thermoplastic foams using the
compositions of the invention. For example, conventional polystyrene and
polyethylene formulations may be combined with the compositions in a
conventional manner to produce rigid foams.



CFC-12 and mneral oil have heretofore been the conbination of choice
in many refrigerant systens and nethods. Thus, the refrigerant
conpounds and conpositions of the present invention possess
significantly better stability with nmany conmonly used | ubricating
oils than the widely used prior art refrigerant-lubricating oi

conmbi nation. 28 EXAVPLE 4- POLYOL FQAM Thi s exanpl e
illustrates the use of blow ng agent in accordance with one of the
preferred enbodi nents of the present invention, nanely the use of

HF0O- 1234ze, and the production of polyol foans in accordance with the
present invention. The conponents of a polyol foam fornmulation are

prepared in accordance with the faqil Fpgq,m@,hg Hepdol vo! Corrponent*PBW
Vor anol 49050 Voranol 39150 WaterO. 8462 surfact ant)2.0 Pol ycat
80. 3 Pol ycat 413. 0 The present invention also provides methods of removing

containments from a product, part, component, substrate, or any other
article or portion thereof by applying to the article a composition of the
present invention. For the pumoses of convenience, the term "article” is
used herein to refer to all such products, parts, components, substrates,
and the like and is further intended to refer to any surface or portion
thereof. Furthermore, the term "contaminant” is intended to refer to any
unwanted material or substance present on the article, even if such
substance is placed on the article intentionally. For example, in the
manufacture of semiconductor devices it is common to deposit a
photoresist material onto a substrate to form a mask for the etching
operation and to subsequently remove the photoresist material from the
substrate. The term "contaminant” as used herein is intended to cover
and encompass such a photo resist material.

Preferred methods of the present invention comprise applying the
present composition to the article. Although it is contemplated that
numerous and varied cleaning techniques can employ the compositions of
the present invention to good advantage, it is considered to be particularly
advantageous 1o use the present compositions in connection with
supercritical cleaning techniques. Supercritical cleaning is disclosed in US
Patent No. 6,589,355, which is assigned to the assignee of the present
invention and incorporated herein by reference. For superctitical cleaning
applications, is preferred in certain embodiments to include in the present
cleaning compositions, in addition to the HFO-1234 {preferably HFO-
1234ze), one or more additional components, such as CO; and other
additional components known for use in connection with supercritical
cleaning applications. It may also be possible and desirable in certain
embodiments to use the present cleaning compositions in connection with
particular vapor degreasing and solvent cleaning methods.



HF0O- 1234ze35 Tot al 140. 8 | socvanate M 20S123.8 Index 1.10 *Voranol
I s a sucrose-based polyol and Voranol 391 is a toluene di am ne based
pol yol, and each are from Dow Chem cal. B-8462 is a surfactant

avai |l abl e from Degussa- Gol dschmi dt .

Pol ycat catal ysts are tertiary

490

am ne based and are available fromAir Products. |socyanate M20S is
a product of Bayer LLC. The foamis Prepared by first m xing the
I ngredi ents thereof, but w thout the addition of blow ng agent. Two

Fi sher-Porter

pol yol m xture (w thout blow ng agent) and seal ed and placed in a

refrigerator t

tubes are each filled with about 52.6 grans of the

o0 cool and forma slight vacuum Using gas burets,

about 17.4 grans of HFO- 1234z anmMABRIAEREDUCAON MEPRODN the t ubes

are then placed in an ultrasound bath in warmwater and allowed to

sit for 30 mi nutes.Actbdisloderiamh :ﬁh@cbtéﬁﬂed%mawnem \tR§ PresBhtessur e
room tenp Srature i ndi cat es g‘ﬁ‘ﬂ{ pressure of about

nmeasur enent at

70 psig, indi cEVERPnAAYI

tubes are

Eh'é'emc’gﬁﬁffﬂde@w&t
methods comprising adding a compound or composition of the present
invention to said fluid. The flammability associated with any of a wide
range of otherwise flammable fluids may be reduced according to the
present invention. For example, the flammability associated with fluids
such as ethylene oxide, flammable hydrofluorocarbons and hydrocarbons,
including: HFC-152a, 1,1,1-trifluoroethane (HFC-143a), difluoromethane
(HFC-32), propane, hexane, octane, and the like can be reduced
according to the present invention. For the purposes of the present
invention, a flammable fluid may be any fluid exhibiting flammability
ranges in air as measured via any standard conventional test method,
such as ASTM E-681, and the like.

Any suitable amounts of the present compounds or compositions
may be added to reduce flammability of a fluid according to the present
invention. As will be recognized by those of skill in the art, the amount
added will depend, at least in part, on the degree to which the subject fluid
is flammable and the degree to which it is desired to reduce the
flammability thereof. In certain preferred embodiments, the amount of
compound or composition added to the flammable fluid is effective to
render the resulting fluid substantially non-flammable.

FLAME SUPPRESSION METHODS

The present invention further provides methods of suppressing a
flame, said methods comprising contacting a flame with a fluid comprising
a compound or composition of the present invention. Any suitable
methods for contacting the flame with the present composition may be
used. For example, a composition of the present invention may be
sprayed, poured, and the like onto the flame, or at [east a portion of the

abjity Qfluifs: 8#id The



29 then placed in a freezer at 27 F for 2 hours. The vapor pressure
was agai n nmeasured and found to be 14-psi. The isocyanate m xture,
about 87.9 grans, is placed into a netal container and placed in a
refrigerator and allowed to cool to about 50F. The pol yol tubes were
t hen opened and wei ghed into a netal m xing container (about 100
grans of polyol blend are used). The i2socyanate fromthe cool ed netal
container is then imedi ately poured into the polyol and m xed with
an air mxer with double propellers at 3000 RPM s for 10 seconds. The
bl end i nmedi ately begins to froth with the agitation and is then
poured into an 8x8x4 inch box and allowed to foam Because of the

froth, a crea ' l-aut e gel
tinme and a 5- matnrﬁ%r@a? %Eﬁheg%ﬁﬁﬁegéiﬂ%o%@ghﬁ@ﬁ% ﬁ?ﬁeg?ﬁ“\%’ﬁ to cure
for two days dtereibotnoseppgfilbindhe art wilkbe wadily able teadapia vasiety:0fpl es
sui table for n&;fﬁﬁ' ' ?@% i | a
density of 2.1 pgéﬁd}% tOt?lgI’clg&r?W&Jgﬁﬁgﬁg%gb@g%ﬁgﬂﬁfﬁg@@

fol l ows: Tenpepresenténventi@TU In / Ft2 h F 40F . 1464 75F . 1640 110

. 1808
STERILIZATION METHODS
Many articles, devices and materials, particularly for use in the
medical field, must be sterilized prior fo use for the health and safety
reasons, such as the health and safety of patients and hospital staff. The
present invention provides methods of sterilizing comprising contacting the
articles, devices or material to be sterilized with a compound or
composition of the present invention comprising a compound of Formula |,
preferably HFO-1234, and even more preferably HFO-1234ze, in
combination with one or more sterilizing agents. While many sterilizing
agents are known in the art and are conslidered to be adaptable for use in
connection with the present invention, in certain preferred embodiments
sterilizing agent comprises ethylene oxide, formaldehyde, hydrogen
peroxide, chlorine dioxide, ozone and combinations of these. in certain
embodiments, ethylene oxide is the preferred sterilizing agent. Those
skilled in the art, in view of the teachings contained herein, will be able to
readily determine the relative proportions of sterilizing agent and the
present compound(s) to be used in connection with the present sterilizing
compositions and methods, and alt such ranges are within the broad
scope hereof. As is known to those skilled in the art, certain sterilizing
agents, such as ethylene oxide, are relatively flammable components, and
the compound(s) in accordance with the present invention are included in
the present compositions in amounts effective, together with other
components present in the composition, to reduce the flammability of the
sterilizing composition to acceptable levels.

The sterilization methods of the present invention may be either
high or low-temperature sterilization of the present invention involves the



EXAVMPLE 5- PCOLYSTYRENE FOAM This exanple illustrates the use of
bl ow ng agent in accordance with two preferred enbodi nents of the
present invention, nanely the use of HF0-1234ze and HFO-1234-yr, and
t he production of polystyrene foam A testing apparatus and protocol
has been established as an aid to determ ning whether a specific

bl owi ng agent and pol ynmer are capabl e?f producing a foam and the
quality of the foam G ound pol yner (Dow Polystyrene 685D) and

bl owi ng agent consisting essentially of HFOL234ze are conbined in a
vessel . A sketch of the vessel is illustrated bel ow The vessel
volunme is 200 cnB and it is nade fromtwo pipe flanges 30 and a

section of 2- iﬁgé*bf(él@ﬁﬂi&ha%ﬁBsﬁﬂbﬁmﬂpof%@b@%sﬁﬁnﬁrﬁsh a@bpe 4 inches

|l ong (see Figure 1). vessel pl aced in an oven,
t enper ature set@maratmr@mfabmbm@ﬁoﬁo ab@!uttzmsamreﬁsramemaﬁal y for

POl YStyr ene. s, Betbaf/Khef S aAel AL ML oo SNPELADIA (RALRY 07 T U

I s reached. ressure esse
qui ckly pr odudéss;)thanfabaakaﬁhm’ayhbwevé'rhsorbé articteg, suras plasttaricleses t he
polynmer as it di into it. The resultin of .the t
Poams t hus pr dHlRPHER s pRng oot i st Bah e e rapdrd ghd
graphed i n Fi gegeirdloastetriperateresiténtization. Ne Idvormmpepatartustedizatiomg
trans- HFO- 1234ze and HFO-1234y1. The data show t hat foam oI styrene
bt at nabi o AR bR AHEE ntpie et Rulefted il BATPHARE B o
t enper at ure f adonfipb3RibR&T i ;bre@@ity'mxeysﬁ@ﬂ@t d enpefattireZiGlom é'lﬁtbltﬁ)cikn Dow
pol ystyrene 6850 Foam density (1b/ft”~3) T F transHF0-1234ze

temperature to about"200°F, more preferably at a temperature of from

about room temperature to about 100°F.

The low-temperature sterilization of the present invention is
preferably at least a two-step process performed in a substantially sealed,
preferably air tight, chamber. In the first step (the sterilization step), the
articles having been cleaned and wrapped in gas permeable bags are
placed in the chamber. Airis then evacuated from the chamber by pulling
a vacuum and perhaps by displacing the air with steam, In certain
embodiments, it is preferable to inject steam into the chamber to achieve a
relative humidity that ranges preferably from about 30% to about 70%.
Such humidities may maximize the sterilizing effectiveness of the sterilant,
which is introduced into the chamber after the desired relative humidity is
achieved. After a period of time sufficient for the sterilant o permeate the
wrapping and reach the interstices of the article, the sterilant and steam
are evacuated from the chamber.

In the preferred second step of the process (the aeration step), the
articles are aerated to remove sterilant residues. Removing such residues
is particularly important in the case of {oxic sterilants, although it is
optional in those cases in which the substantially non-toxic compounds of
the present invention are used. Typical aeration processes include air
washes, continuous aeration, and a combination of the two. An air wash
is a batch process and usually comprises evacuating the chamber for a



HFO- 1234yf 275 55.15 260 2214 14.27 250 7.28 24.17 240 16.93
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relatively short period, for example, 12 minutes, and then introducing air at
atmospheric pressure or higher into the chamber. This cycle is repeated
any number of times until the desired removal of sterilant is achieved.
Continuous aeration typically involves introducing air through an inlet at
one side of the chamber and then drawing it out through an outlet on the
other side of the chamber by applying a slight vacuum to the outlet.
Frequently, the two approaches are combined. For example, a common
approach involves performing air washes and then an aeration cycle.

EXAMPLES

The following examples are provided for the purpose of illustrating
the present invention but without limiting the scope thereof.

EXAMPLE 1

The coefficient of performance (COP) is a universally accepted
measure of refrigerant performance, especially useful in representing the
relative thermodynamic efficiency of a refrigerant in a specific heating or
cooling cycle involving evaporation or condensation of the refrigerant. In
refrigeration engineering, this term expresses the ratio of useful
refrigeration to the energy applied by the compressor in compressing the
vapor. The capacity of a refrigerant represents the amount of cooling or
heating it provides and provides some measure of the capability of a
compressor to pump quantities of heat for a given volumetric flow rate of
refrigerant. In other words, given a specific compressor, a refrigerant with
a higher capacity will deliver more cooling or heating power. One means
for estimating COP of a refrigerant at specific operating conditions is from
the thermodynamic properties of the refrigerant using standard
refrigeration cycle analysis techniques (see for example, R.C. Downing,
FLUOROCARBON REFRIGERANTS HANDBOOK, Chapter 3, Prentice-
Hail, 1988).



31 WHAT IS CLAIMED IS: 1. A nethod of transferring heat to or froma
fluid or body to provide heating or cooling of air in an autonobile
said nethod conprising; (a) providing a heat transfer conposition
conprising at |east one lubricant and at |east one fluoroal kene of
Formula Il: \I /C=CRlL where R is (CR2)nY, Yis CF3 each Ris

I ndependently C, F, | or H 25

A refrigeration /air conditioning cycle system is provided where the
condenser temperature is about 150°F and the evaporator temperature is
about -35°F under nominally isentropic compression with a compressor
inlet temperature of about 50°F. COP is determined for several
compositions of the present invention over a range of condenser and
evaporator temperatures and reported in Table | below, based upon HFC-
134a having a COP value of 1.00, a capacity value of 1.00 and a
discharge temperature of 175 °F.

TABLEI
REFRIGERANT | Relative COP Refative DISCHARGE

COMPOSITION CAPACITY | TEMPERATURE
(°F)
HFO 1225ve 1.02 0.76 158
HFO trans-1234ze 1.04 0.70 165
HFO cis-1234ze 1.13 0.36 155
HFO 1234vf 0.98 1.10 168

This example shows that certain of the preferred compounds for
use with the present compositions each have a better energy efficiency
than HFC-134a (1.02, 1.04 and 1.13 compared to 1.00) and the
compressor using the present refrigerant compositions wilf produce
discharge temperatures (158, 165 and 155 compared to 175), which is
advantageous since such result will likely ieading to reduced maintenance
problems.

EXAMPLE 2

The miscibility of HFO-1225ye and HFO-1234ze with various
refrigeration lubricants is tested. The lubricants tested are mineral oil
(G3), alkyl benzene (Zerol 150}, ester oil (Mobil EAL 22 cc and Solest
120), polyalkylene glycol (PAG) oil (Goodwrench Refrigeration Oil for 134a
systems), and a poly(aipha-olefin) oil (CP-6005-100). For each
refrigerant/oil combination, three compositions are tested, namely 5, 20



and nis O or 1, provided that at |east one of said Rs |ocated on
the unsaturated termnal carbon is H wherein said fluoroal kene has
no substantial acute toxicity.. 2. The nethod or system of any of
clains 1, 8, 15 or 30 -32, wherein said fluoroal kene has an
unsaturated term nal carbon with one F substituent. 3. The nethod or
systemof any of clains 1, 8, 15 or 3% - 32 wherein nis 0. 4. The
met hod or systemof any of clains 1, 8, 15 or 30 - 32 wherein said
unsaturated term nal carbon has no F substituent. 5. The net hod of
claim4 wherein each substituent on the unsaturated term nal carbon
Is H 6. The nethod or systemof any of clains 1, 8, 15 or 30 - 32

wherein n is land/50 weightmdrbatt of fubgiyaritonmtipthedajanet of bachibeidg the 15 or
30 - 32 wherein said fl uoroal kepe of Forpula Il conprises

HFO- 1234yf . 8.%"'?@(“??8&’?) EeRNt inveptionkeing tesitSk er to or fromair

using autonotive afhe Jubricant compositions are placed in heavy-walled glass tubes.
The tubes are evacuated, the refrigerant compound in accordance with the
present invention is added, and the tubes are then sealed. The tubes are
then put into an air bath environmental chamber, the temperature of which
is varied from about -50°C to 70°C. At roughly 10°C intervals, visual
observations of the tube contents are made for the existence of one or
more liquid phases. In a case where more than one liquid phase is
observed, the mixture is reported to be immiscible. In a case where there
is only one liquid phase observed, the mixture is reported to be miscible.
In those cases where two liquid phases were observed, but with one of the
liquid phases occupying only a very small volume, the mixture is reported
to be partially miscible.

The polyalkylene glycol and ester oil lubricants were judged to be
miscible in all tested proportions over the entire temperature range, except
that for the HFO-1225ye mixtures with polyaikylene glycol, the refrigerant
mixture was found to be immiscible over the temperature range of —50°C
to —30°C and to be partially miscible over from —20 to 50°C. At 50 weight
percent concentration of the PAG in refrigerant and at 60°, the
refrigerant/PAG mixture was miscible. At 70°C, it was miscible from 5
weight percent lubricant in refrigerant to 50 weight percent lubricant in
refrigerant.

EXAMPLE 3

The compatibility of the refrigerant compounds and compositions of
the present invention with PAG lubricating oils while in contact with metals
used in refrigeration and air conditioning systems is tested at 350° C,
representing conditions much more severe than are found in many
refrigeration and air conditioning applications.

Aluminum, copper and steel coupons are added to heavy walled



condi tioning systens, said nethod conprising introducing to such
system a conposition conprising at |east one |ubricant and at | east
one fluoroal kene of Formula Il: \I (I1l) where R is (CR2)nY, Y is CF3
each Ris independently C, F, | or Hand nis 0 or 1, provided that
at |l east one of said Rs |located on the unsaturated termnal carbon is
H, wherein said fluoroal kene has no s¥bstantial acute toxicity. 15.A
nmet hod of replacing a heat transfer conposition contained in an

exi sting heat transfer systemfor transferring heat to or fromair,
sai d heat transfer system sel ected fromautonotive air conditioning
system commercial refrigeration system chillers and residenti al

refrigerator ¥ubsHiRe?Z e g r%ﬁis‘bfréﬂfaf’é)ﬂdd?éaﬁﬁrthéidbgsV“Th@ﬂjb%‘éﬂdﬁéltlﬁtn
| east a portion of the exi stl ng refrigerant fromthe system and

addi ng to the ¥3a4aied and popewa Rigatiggfantisradded. iThe tubesare put into an
oven at 350°F for one week and visual observations are made. At the end

of the exposure period, the tubes are removed.

This procedure was done for the following combinations of oil and
the compound of the present invention:

a) HF0-1234ze and GM Goodwrench PAG oil
b} HF01243 zf and GM Goedwrench oil PAG oil
¢}  HFO-1234ze and MOPAR-56 PAG oll

d) HFO-1243 zf and MOPAR-56 PAG oii

e) HFO-1225 ye and MOPAR-56 PAG oil.

In all cases, there is minimal change in the appearance of the
contents of the tube. This indicates that the refrigerant compounds and
compositions of the present invention are stable in contact with aluminum,
steel and copper found in refrigeration and air conditioning systems, and
the types of lubricating oils that are likely to be included in such
compositions or used with such compositions in these types of systems.

COMPARATIVE EXAMPLE

Aluminum, copper and steel coupons are added to a heavy walled
glass tube with mineral oit and CFC-12 and heated for one week at 350°C,
as in Example 3. At the end of the exposure period, the tube is removed
and visuai observations are made. The liquid contents are observed to
turn black, indicating there is severe decomposition of the contents of the
tube.

CFC-12 and mineral oil have heretofore been the combination of
choice in many refrigerant systems and methods. Thus, the refrigerant
compounds and compositions of the present invention possess
significantly better stability with many commonly used |ubricating oils than
the widely used prior art refrigerant-lubricating oil combination.



\ where R is (CROnY, Y is CF3 each Ris independently d, F, | or H
33 and nis 0 or 1, provided that at |east one of said Rs |ocated on
the unsaturated term nal carbon is H wherein said fluoroal kene has
no substantial acute toxicity. 16. The method of claim 15 wherein
said existing refrigerant is selected fromthe group consisting of
HFC-134a, R-12 and R-500. 17. The net3od of any of clains 15 or 16
wherein said existing refrigerant systemis an autonotive air
conditioning system 18. The method of claim 17 wherein said

fl uoroal kene of Fornula Il conprises HFOL234y, and/or HFO-1234ze.

EXAMPLE 4 — POLYOL FOAM

This example illustrates the use of blowing agent in accordance
with one of the preferred embodiments of the present invention, namely
the use of HFO-1234ze, and the production of polyol foams in accordance

with the present invention. The components of a polyol foam formulation
are prepared in accordance with the following table:

Polyol Component™* PBW

Vorano! 480 50
Vorano! 391 50

Water 0.5
B-8462 (surfactant) 2.0
Polycat 8 0.3
Polycat 41 3.0
HFO-1234ze 35

Total 140.8
Isocyanate

M-20S 123.8 Index 1.10

*Voranol 490 is a sucrose-based polyol and Voranol 391
Is a toluene diamine based polyol, and each are from
Dow Chemical. B-8462 is a surfactant available from
Degussa-Goldschmidt. Polycat catalysts are tertiary
amine based and are available from Air Products.
Isocyanate M-20S is a product of Bayer LLC.

The foam is prepared by first mixing the ingredients thereof, but without
the addition of blowing agent. Two Fisher-Porter tubes are each filled with
about 52.6 grams of the polyo! mixture (without blowing agent) and sealed
and placed in a refrigerator to cool and form a slight vacuum. Using gas
burets, about 17.4 grams of HFO-1234ze are added to each tube, and the
tubes are then placed in an ultrasound bath in warm water and allowed to
sit for 30 minutes. The solution produced is hazy, a vapor pressure
measurement at room temperature indicates a vapor pressure of about 70
psig, indicating that the blowing agent is not in solution. The tubes are



19. The method of claim 17 wherein said fluoroal kene of Fornula I
consists essentially of HFO-1234y1l or HFO-1234ze. 20. The nethod of
claim17 wherein said heat transfer conposition conprises from about
5 wmt%to about 95 wt % of HFO-1234yr. 21. The nethod of claim 17
wherein said heat transfer conposition conprises fromabout 5 w%to
about 95 wt % of HFO-1234ze. 22. The n&% hod of claim 21 wherein said
existing refrigerant systemis a chiller. 24. The nethod or system of
any of clainms 1, 8, 15 or 30 - 32 wherein said fluoroal kene of
Formula Il conprises HFO-1234ze. 25. The nmethod or system of any of
clainms 1, 8, 15 or 30 - 32 wherein said fluoroal kene of Formula I]

conp :nioz es 1 Lgntﬁﬁﬁgra@@&ﬂ?? fregPerat 306 Podt I ﬁHur&g‘Hei Vagot gfélseﬁr{e s an
npri si ng: a) providing in said autonobile a vapor

conpr essi on ai #gaomeasirediang feynst terbetiavpsigy Bhe secienatemixturapatesss or
el udes about DSBS P df D ereofte BT BES Bl d RAlod Y | 4 ¢
system sai d haatalloweddé eoolftb abdutcidtpr The palyalttubeaweredhen bherasdoal kene
of Formula 11 :ar} W(/ai%ﬁe% ﬁlto g Irrlte?tal mixing container (about 100 grams of polyol

blend are used). The isocyanate from the cooled metal container is then

immediately poured into the polyol and mixed with an air mixer with double

propellers at 3000 RPM’s for 10 seconds. The blend immediately begins to

froth with the agitation and is then poured into an 8x8x4 inch box and

allowed to foam. Because of the froth, a cream time cannot be measured.

The foam has a 4-minute gel time and a 5-minute tack free time. The foam

is then allowed to cure for two days at room temperature.

The foam is then cut to samples suitable for measuring physical properties

and is found to have a density of 2.14 pci. K-factors are measured and

found to be as follows:

Temperature K,BTUIn/Ft? h °F
40°F .1464
75°F 1640
110° .1808

EXAMPLE 5 - POLYSTYRENE FOAM

This example illustrates the use of blowing agent in accordarce
with two preferred embodiments of the present invention, namely the use
of HFO-1234ze and HFO-1234-yf, and the production of polystyrene foam.
A testing apparatus and protocol has been established as an aid to
determining whether a specific blowing agent and polymer are capable of
producing a foam and the quality of the foam. Ground polymer (Dow
Polystyrene 685D) and blowing agent consisting essentially of HFO-
1234ze are combined in a vessel. A sketch of the vessel is illustrated
below. The vessel volume is 200 em® and it is made from two pipe flanges



where R is (CROnY, 34 Y is CF3 each Ris independently O, F, | or
Hand nis O or 1, provided that at |east one of said Rs |ocated on
the unsaturated termnal carbon is H 31. A nethod of conditioning the
air in an autonobile using an autonobile air conditioning system

i ncluding at | east one conpressor and at | east one evaporator, said
met hod conprising: (a) utilizing in &hid systema heat transfer
fluid conprising at | east one fluoroal kene of Formula I1: \I f=C 131

and a section of 2-inch diameter schedule 40 stainless steel pipe 4 inches
long (see Figure 1). The vessel is placed in an oven, with temperature set
at from about 190°F to about 285°F, preferably for polystyrene at 265°F,
and remains there until temperature equilibrium is reached.

The pressure in the vessel is then released, quickly producing a
foamed polymer. The blowing agent plasticizes the polymer as it
dissolves into it. The resulting density of the two foams thus produced
using this method are given in Table 1 and graphed in Figure 1 as the
density of the foams produced using trans-HFO-1234ze and HFO-1234yf.
The data show that foam polystyrene is obtainable in accordance with the
present invention. The die temperature for R1234ze with polystyrene is

about 250°F,
Table 1
Dow polystyrene 685D
Foam density (Ib/ftA3)
T °F transHFO-1234ze{HFO-1234yf
275 55.15
260 22.14 14.27|
250 7.28 2417,
240 16.93




where R is (CR2)nY, Y is CF3 each Ris independently d, F, | or H
and nis O or 1, provided that at |east one of said Rs |ocated on the
unsaturated termnal carbon is H and (b) using said heat transfer
fluid to absorb heat fromthe air in the autonobile by evaporating in
sai d evaporator said heat transfer fl81d to produce a vapor
conprising said at |east one fluoroal kene; (c) conpressing at | east
a portion of said vapor fromsaid step (b) in said at |east one
conpressor; and (d) renoving heat from said vapor produced in step
(b) by WHATdSLIAIMEDdSyYapor. 32. A vapor conpression system for

provi ding heat transfer conprising a refrigeration system conprising
a conpressor, a condenser and a heat transfer fluid in said system
said heat tpanehel of trahefetMiPhéstitd @r fonl 8Asid SHEb Yty Pread& RSt or

Formula I1: ) .
cooling of air in an automobile said method comprising;

(a) providing a heat transfer composition comprising at least one lubricant and at

least one fluoroalkene of Formula Il:

where

R’'is (CRa)Y,

Y is CF3

each R is independently Cl, F, | or H

andnisOor1,

provided that at least one of said Rs located on the unsaturated terminal carbon

is H, wherein said fluorocalkene has no substantial acute toxicity. .

2. The method or system of any of claims 1, 8, 15 or 30 - 32, wherein said
fluoroalkene has an unsaturated terminal carbon with one F substituent.
The method or system of any of claims 1, 8, 15 or 30 - 32 wherein nis 0.
The method or system of any of claims 1, 8, 15 or 30 - 32 wherein said
unsaturated terminal carbon has no F substituent.

5. The method of claim 4 wherein each substituent on the unsaturated terminal
carbon is H.
The method or system of any of claims 1, 8, 15 or 30 - 32 wherein n is 1.

7. The method or system of any of claims 1, 8, 15 or 30 - 32 wherein said



\l fr-CR where R is (CR2)nY, Y is CF3 each R is independently d,
F, I or Hand nis O or 1, provided that at |east one of said Rs

| ocated on the unsaturated termnal carbon is H wherein said system
is operable at a condenser tenperature which includes 150F. 33. A heat
transfer conposition conprising: (a) &2refrigerant conprising at

| east one fluoroal kene of Fornmula |I: XCF, R3.z (I) where Xis a C or
a C3 unsaturated, halogen substituted, alkyl radical and z is 1 to 3,
provi ded t hat when said conmpound has an unsaturated term nal carbon,
then there flgoraalkenasf Formauld IbeorspiiseaulnE8x123tyéd t er mi nal carbon; and

b) a lubri rQvi id. |l ubri t . idr i ger ant
have oné |i a I a t -50C
hove of RS breliéinb et e 1 B FBML T e G B fhebiVe A

and +70C neaswdigehiag spSfehns, saiighéthell cotipristihirbaseinly @nsudhesyseirglat  of
the refrigerant and | ubricant, and further proyided that_said heat
transfer coRYOEPEIIEH cCRAWIEING 3 Ipast aae ﬂﬁwapg@%tai lgpst eigpfuspalkgpe of
greater thapyaghgyt):1000.

N |
/cwc—R'

R (I

where

R'is (CRa)nY,

Y is CF3

each R is independently CI, F, l or H
andnisQOor1,
provided that at least one of said Rs located on the unsaturated terminal carbon

is H, wherein said fluoroalkene has no substantial acute toxicity.

15. A method of replacing a heat transfer composition contained in an existing heat
transfer system for transferring heat to or from air, said heat transfer system
selected from automotive air conditioning system, commercial refrigeration
system, chillers and residential refrigerator and freezers, said method comprising
withdrawing at least a portion of the existing refrigerant from the system and

adding to the system a fluoroalkene of Formula I

N I
/CEC"—R'
R (i)
where
R’is (CR2)nY,
Y is CF3

each R is independently Ci, F, | or H



34. A nmethod of transferring heat to or froma fluid or body
conprising: (a) providing a heat transfer conposition conprising a
refrigerant and at |east one lubricant, said refrigerant conprising a

fl uoroal kene of Fornmula |:

unsat urated, hal ogen substituted, alkgB radical and z is 1 to 3,

provi ded:

(i) that when said conpound has an unsaturated term nal

carbon, then there is at | east one H on said unsaturated terni nal
carbon; (ii) that said |ubricant and said refrigerant have one |iquid
phase at at gh@asik cogrel,t enper at ure between about -50C and +70C

measured at 5% by weight of |ubricant based on the wei ght of the
ref ri ger ant PEQ¥iAgd ihat ahlsast epgiof said Rsdecalgd @nibaunsatyraied ferminal carbon

conposi ti onjhgs ifP 84 ] ' sgreater than
o 0S poo Aswhe(EPSak Bl Ihe LS babstbiiibctle B

sai d rdfri gdhamvetho@5f claimdporhereinsaid skisting yaftigenahbis galeniedifrag theat

B s itb i EE Bl BTy BOFR-ROR! 0”501 am "Shi a hoat

id system said heat

transfer
condenser

causi ng heat to be trans to and/or from

36 XCFzR3 z (1) where Xis a C2 or a 03

a

t ransf g, compesnéthed of anpof slamgs a5 bl e wiRrianaidbxiEaidefegdrantéystids s

(1) where X is a 02 or a C3 unsaturated,

radi cal andag ﬁ“ﬁ?@oﬁ‘{? %‘FCW@W@'%SYﬂQW-V\hen sai d conpound has an
unsat ungt edthehnatR ogg{a N7 Wil Bint £ ﬁudg{%a%né%ﬁ‘%rrﬂﬂ% chtﬁ'ﬂpﬁ@és‘;HFO-

unsaturated term na
condenser t éapdyfandiar WHDcl234mel udes 150F. 36. The nethod or system

of any 1§f

20.
21.

22.
24.

25.

30.

on, wherein said systemis operable at

¢ IT% ertﬂiod %f clAim 3137 Whe?féi nvgé% ﬁb&o%ﬁgeﬂe lo‘f l%roLr(r‘i S‘I%tll ;lzgnsists

essentially of HFO-1234yf or HFO-1234ze.

The method of claim 17 wherein said heat transfer composition comprises from

about 5 wt% to about 95 wt% of HFO-1234vf.

hal ogen substituted, alkyl

The method of claim 17 wherein said heat transfer composition comprises from

about 5 wt% to about 95 wi% of HFO-1234ze.

The method of claim 21 wherein said existing refrigerant system is a chiller.
The method or system of any of claims 1, 8, 15 or 30 - 32 wherein said
fluoroalkene of Formula || comprises HFO-1234ze.

The method or system of any of claims 1, 8, 15 or 30 - 32 wherein said
fluoroalkene of Formula Il comprises transHFO-1234ze.

A method for cooling the air in an automobile comprising:

(a) providing in said automobile a vapor compression air conditioning system
having at least one compressor and at least one condenser operable in a
temperature range that includes about 150°F; and

(b) providing a heat transfer fluid in said system, said heat transfer fluid

comprising at least one fluoroalkene of Formula II:
R

R\ |
—Cc—~R'
R/: (I

where
R’ is (CR2)Y,



selected fromthe group consisting of polyol esters, poly alkyl ene
gl ycol s, polyal kylene silicon oils, mneral oils, alkyl benzenes,
poy(al pha-ol efins) and conbi nati ons of these. 37. The nethod or
system of any of clains 1, 8, or 33 - 34 wherein said | ubricant
conpri ses at | east one pol yal kyl ene gB%col. 37 38. The net hod or
system of any of clains 1, 8, or 33 - 34 wherein said | ubricant
conprises at | east one polyol ester. 39. The nethod or system of any
of clainms 30 - 32 or 35 wherein said heat transfer conposition
further conwnhsﬂa a lubricant. 40. The nethod or system of claim 39

wherein said Iu ricant is s fromthe group consisting of
pol yol est eP&H FJEyn H@W@ﬂﬁy éfifegpgh pol yal kyl ene silicon oils,

m neral oil gngalikylorbenzenes, poy(al pha-ol efins) and conbi nations of
these. 41. The nethod or system of claim 39 wherein said |ubricant
conpri ses apravidestthghat lp@ﬁtmmﬂ sait Rgllgeied onihe Tneatieated terotinal werhom
of cl ai m 39. querel n said lubricant conprises at | east one pol yol
ester. Lﬁ1e met hod or system of any of clains 1, 8, 15 or 30 - 35
wher ei B1sa| a rhembdtdf@netﬂneomngmp@alrmn an ahasn@mlwﬁlm ak\éautorgpileadient i al
(GAWP) of not eat.er than ab 4. The net hod ystem of any
cogl g efteay

HI 502. z%
of clains 1CORIIQENG SYHEM INGKA(fFALeES OB FORUAESIAT N aeh i ti on
has an ODP B agthtod 5M RiethdtRBorABAshgO. 05.

(a) utilizing in said system a heat transfer fluid comprising at least one

fluoroalkene of Formula H:

where
R’ is (CR2)Y,
Yis CF3
each R is independently CI, F, | or H
andnisOor1,
provided that at least one of said Rs located on the unsaturated terminal carbon
is H; and
(b) using said heat transfer fluid to absorb heat from the air in the automobile by
evaporating in said evaporator said heat transfer fluid to produce a vapor
comprising said at least one fluoroalkene;
(c) compressing at least a portion of said vapor from said step (b) in said at least
one compressor; and
(d) removing heat from said vapor produced in step (b) by condensing said
vapor.

32. A vapor compression system for providing heat transfer comprising a
refrigeration system comprising a compressor, a condenser and a heat transfer
fluid in said system, said heat transfer fluid comprising at least one fluoroalkene

of Formula Il:



45. The nethod or systemof any of clains 1, 8, 15 or 30 - 35 wherein
said fluoroal kene is present in the heat transfer conposition in an
anount of from about 5 % by wei ght to about 95 % by wei ght. 46. The
met hod or systemof any of clains 1, 8, 15 or 30 - 35 wherein said
fluoroal kene is present in the heat tBansfer conposition in an anount
of fromabout 5 % by weight to about 95 cio by weight. 47. The nethod
or systemof any of clains 1, 8, 15 or 30 -35 wherein said

fluoroal kene is present in the heat transfer conposition in an anount
of at |east about 50 % by wei ght. 51. The nethod or system of any of
clainms 1, 8, 15 or 30 - 35 whergin said heat transfer conposition
further conprises one or mdre off the follow ng: difluoronethane

(HFC- 32); pentafluoroethané\-iE -126); 1,1,2,2- 38 tetrafluoroethane
(HFC-134); 1,1,1, 2-tetrafluoroet hane (Fﬁ -134a); difl uoroethane
(HFC-152a); 1,1,1, 2,3, 3, 3-heptaf | uor opropane (HFC- 227ea);

1,1,1, 3, 3, 3- hexaf | uoropropane (| FC- 236fa);

1,1,1, 3, 3-pentafl uoropropane (HFC245fa); 1,1,1, 3, 3-pentafl uorobutane
(HFC- 365nf cYNe@ater; and CR. 52. The method or system of any of
clains 1, 8R'%§C9§§§O - 35 wherein said heat transfer conposition
further conprises flanmabi lity suppressant. 53. The method or
system of aMys&fFsclains 1, 8, 15 or 30 - 35 wherein said heat

transfer conpgsit.j.on, h [ QUi hase over the entire tenperature

range of frgﬁ&a ot nd_eg%ﬁdgrﬂtﬁ/ @7%" grfegsur ed at 5% by wei ght of

| ubri cant baseéd i®0drie wei ght of the fluoroal kene and | ubricant.
provided that at least one of said Rs located on the unsaturated terminal carbon
is H, wherein said system is operable at a condenser temperature which includes
150°F.

33. A heat transfer composition comprising:
(a) a refrigerant comprising at least one fluoroalkene of Formula |:
XCFR3 (1)

where X is a C; or a C3 unsaturated, halogen substituted, alkyl radical and z is 1
to 3, provided that when said compound has an unsaturated terminal carbon,

then there is at least one H on said unsaturated terminal carbon; and

(b) a lubricant, provided that said lubricant and said refrigerant have one liquid
phase at at least one temperature between about —50°C and +70°C measured at
5% by weight of lubricant based on the weight of the refrigerant and lubricant,
and further provided that said heat transfer composition has a Global Warming
Potential (GWP) of not greater than about 1000.

34. A method of transferring heat to or from a fluid or body comprising:
(a) providing a heat transfer composition comprising a refrigerant and at

least one lubricant, said refrigerant comprising a fluoroalkene of Formula I



54. The nethod or systemof any of clains 1, 8, 15 or 30 - 35 wherein
said heat transfer conposition is stable when in contact with

al um num steel and copper under the conditions of use in said air
conditioning systens. 55. The nethod or systemof any of clains 1, 8,
15 or 30 - 35 wherein said heat transBer conposition conprises from
about 5 % by weight to about 95 % by wei ght of HFO-1234yr. 56. The
met hod or systemof any of clains 1, 8, 15 or 30 - 35 wherein said
heat transfer conposition conprises fromabout 5 % by weight to about
95 % by wei ght of HFO-1234ze. 5XCFIRe; ftet hod or system of any of
clainms 1, 8, 15 or 30 - 35 wherein said heat transfer conposition
conprises fromabout 5 % by wei ght to about 95 % by wei ght of

t ransHFO- 123fams X98a Jher AethassRrates b dgh ambstiited:;|aMyIBadical%Bnd1Dis 1
or 30 - 35 wherein said heat transfer conposition consists

essenti al | yl@o$ WWEQB@X/W& W?n'ﬁ@ ﬁ@@‘ﬁ@ﬁn%ha%@@twrﬁweﬂﬂir@l sRRPeN,
1, 8 15 Ortréﬁ mége ‘{!‘gf fiddt $ALH GRLat ARshGhteP IR | GPo&GP R et said
essentially o -1234ze.
lubricant and said refrigerant have one liquid phase at at least one temperature
between about —-50°C and +70°C measured at 5% by weight of lubricant based
on the weight of the refrigerant and lubricant; and (3) that said heat transfer
composition has a Global Warming Potential (GWP) of not greater than about
1000; and

(b) causing heat to be transferred to and/or from said refrigerant.

35. A vapor compression system for providing heat transfer comprising a refrigeration

system comprising a compressor, a condenser and a heat transfer composition in said

system, said heat transfer composition comprising a fluorcalkene of Formula I:
XCF:R3 (1)

where X is a C2 or a C3 unsaturated, halogen substituted, alkyl radical and z is 1 to 3,
provided that when said compound has an unsaturated terminal carbon, then there is at
least one H on said unsaturated terminal carbon, wherein said system is operable at a

condenser temperature which includes 150°F.

36. The method or system of any of claims 1, 8, or 33 - 34 wherein said lubricant is
selected from the group consisting of polyol esters, poly alkylene glycols,
polyalkylene silicon oils, mineral oils, alkyl benzenes, poy(alpha-olefins) and

combinations of these.

37. The method or system of any of claims 1, 8, or 33 - 34 wherein said lubricant

comprises at least one polyalkylene glycol.



60. The nethod or systemof any of clains 1, 8, 15 or 30 - 35 wherein
said heat transfer conposition consists essentially of
transHF0-1234ze. 61. The nethod or system of any of clains 33 - 35
wherein said heat transfer 39 conprises transferring heat fromair
62. The nethod or systemof any of cl&7’ns 33 - 35 wherein said heat
transfer conprises transferring heat fromair in an autonobile. 63.
The nmet hod or system of any of clains 33 - 35 wherein Xis a C3

unsat urated, hal ogen substituted, alkyl radical. 64. The method or
syst em38f afhe ofetbbdionsyg8nmvdfemyiai ddimsel, n8,2ri3s8 -334 Gfherdihesaikblubddardr

syst em of ag%/ﬁn%?%ﬁ'g:ﬁtfﬂ%e;%‘g?@\gs% ein Xis a C2 unsaturated,

hal ogen sub ; ‘®f66. The met hod or system of any
of clai 65, wherein wherein Z is 3. 67. The method or system of a
of ol allls 11ng Mo(BOG o SEEmnS e A A0 Srodh o8 PRRGR PR SPrS G
has a capacgbyipbs§itieh frther @offpEsds4aulicaht.

40. The method or system of claim 39 wherein said lubricant is selected from the

group consisting of polyol esters, poly alkylene glycols, polyalkylene silicon oils,

mineral oils, alkyl benzenes, poy(alpha-olefins) and combinations of these.

41.  The method or system of claim 39 wherein said lubricant comprises at least one

polyalkylene glycol.

42.  The method or system of claim 39 wherein said lubricant comprises at least one

polyol ester.

43. The metheod or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition has a Global Warming Potential (GWP) of not greater than
about 500.

44.  The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat

transfer composition has an ODP of not greater than about 0.05.

45.  The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said
fluoroalkene is present in the heat transfer composition in an amount of from
about 5 % by weight to about 95 % by weight.

46. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said
fluoroalkene is present in the heat transfer composition in an amount of from
about 5 % by weight to about 95 % by weight.

47.  The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said
fluoroalkene is present in the heat transfer composition in an amount of at least
about 50 % by weight.

51. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition further comprises one or more of the following:
difluoromethane (HFC-32); pentafluoroethane (HFC-125); 1,1,2,2-



68. The nethod or systemof any of clains 1, 8, 15 or 30 - 35 wherein
said heat transfer conposition has a Coefficient of Perfornmance (COP)
relative to HFCl34a of 1. 69. The nethod or system of any of claim 68
wherein said heat transfer conposition has a capacity relative to
HFC-134a of 1. 70. Use as a refrigeraB8 of a conposition conprising a
tetrafl uoropropene (HFOL234), in an autonobile air conditioning
system 71. Use according to claim 70, wherein the conposition
further conprises a lubricant. 72. Use according to claim71, wherein

the | ubri cagdtrafloRfettsanyd (HFC-ABARMOUN [2-Rirafilombetttrieq HFQO4 Byayel ght of

the conposition. 73. Use_accordi nﬁ to claim71 wherein the |ubricant

conpri ses adifoPirathgnatdGilyeal 1 Libaddntrhentalluageropens b kg2 ¢l ai m

ZgFgﬁji;g '43 o 1761 8BRSt iRBBE $ARCZ236rE), 4,1,1 B SBLMEAALARDARRINE (HFC-
245fa); 1,1,1,3,3-pentafluorobutane (HFC-365mfc); water; and COs».

52. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat

transfer composition further comprises a flammability suppressant.

53. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition has one liquid phase over the entire temperature range of
from about —50°C and +70°C measured at 5% by weight of lubricant based on

the weight of the fluoroalkene and lubricant.

54. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition is stable when in contact with aluminum, steel and copper

under the conditions of use in said air conditioning systems.

55. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition comprises from about 5 % by weight to about 95 % by
weight of HFO-1234yf.

56. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition comprises from about 5 % by weight to about 95 % by
weight of HFO-1234ze.

57. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition comprises from about 5 % by weight to about 95 % by
weight of transHFO-1234ze.

58.  The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition consists essentially of HFO-1234yf.

59. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition consists essentially of HFO-1234ze.

60. The method or system of any of claims 1, 8, 15 or 30 - 35 wherein said heat
transfer composition consists essentially of transHF0O-1234ze.

- 61.  The method or system of any of claims 33 - 35 wherein said heat transfer



62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

39

comprises transferring heat from air.

The method or system of any of claims 33 - 35 wherein said heat transfer
comprises fransferring heat from air in an automobile.

The method or system of any of claims 33 - 35 wherein X is a C3 unsaturated,
halogen substituted, alkyl radical.

The method or system of any of claims 63 wherein wherein Z is 3.

The method or system of any of claims 33 - 35 wherein X is a C2 unsaturated,
halogen substituted, alkyl radical.

The method or system of any of claims 65 wherein wherein Z is 3.

The method or system of any of claims 1, 8, 15 or 30 — 35 wherein said heat
transfer compaosition has a capacity relative to HFC-134a of 1.

The method or system of any of claims 1, 8, 15 or 30 — 35 wherein said heat
transfer composition has a Coefficient of Performance (COP) relative to HFC-
134a of 1.

The method or system of any of claim 68 wherein said heat transfer composition

has a capacity relative to HFC-134a of 1.

Use as a refrigerant of a composition comprising a tetrafluoropropene (HFO-

1234), in an automobile air conditioning system.

Use according to claim 70, wherein the composition further comprises a

lubricant.

Use according to claim 71, wherein the lubricant is present in an amount of from

30 to 50% by weight of the composition.

Use according to claim 71 wherein the lubricant comprises a polyalkylene glycol

lubricant.

Use according to claim 70 wherein the composition comprises 2,3,3,3-
tetrafluoropropene (HFO-1234yf).



