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chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) being

phased out as a result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization of
30 hydrofluorocarbon (HFC) refrigerants. The new HFC refrigerants, HFC-
134a being the most widely used at this time, have zero ozone depletion
potential and thus are not affected by the current regulatory phase out as
a result of the Montreal Protocol.
Further environmental regulations may ultimately cause global
35 phase out of certain HFC refrigerants. Currently, the automobile industry
is facing regulations relating to global warming potential for refrigerants
used in mobile air-conditioning. Therefore, there is a great current need



WD 2006/ 012100 PCT/ US2005/ 021804 to identify new
refrigerants with reduced gl obal warm ng potential for

wo b@e/osidonobi | e air-conditioni ng market. Shoubdr/UE®05/021804
regul ations be nore broadly applied in the future, an
even greater need will be felt for refrigerants that

can be used in all areas of the refrigeration and air
5 teddentify oemnigliigrrasts:yith ciuces:glgby veypyeg potential for the

r%t@ﬁ@metanrtﬁrfdmrﬁ@hﬁarr@tr Sﬂﬁﬁlétﬁ’é‘% UIé’dHriéthé more

HFC- 13@ Fg 5%/ carbons such but an ﬁ %lpane

orbroagly:dp 'Pd P ‘? Wiea APLVENSCY r@éﬁch'

I\/Erlefrlgla‘rahhetbat cargpesised in a Imrmoﬁt_htes*eﬁlgeratmn anduaitf or
ore, new alternatives are

5 m@fﬂq?'}g&gﬁ‘ﬁg&Sought The object of the present
| nventl on Csrreotly propasedireplacemest refggerants for HFC-134a
. qnemabtmﬂm 5@%‘1 Pnféaﬁydrbeﬁlft;oﬁ% sfu|c|:|| 'eﬂrﬂ)l}tgﬁé oP E?Y;?éi"ﬁa or

uni que char ac IstiIcs emand Oow or
zem@tta@bﬁefr@@m@ﬁ isyah asde@nor ammenia; Many ¢fithgae suggested

W‘é@ild&nﬁbﬁt@@?é lxi®ang/erfanesalile. Therefdte, né@ alternatives are
10 refri ertfﬂ?fé BRI EF SUMVARY OF THE | NVENTI ON The
%bﬁ%{’ NESBHIPLl ates refrigerant or heat transfer
fI uid conphsiobjextsf thenpneisentigvention is to provide novel
1-
&:t_ﬂ%mé d'méogl |§n§aﬁ<{i ﬁeét Gﬁﬂékgﬁggg @efurncl) ue
gr@nqsacf@aﬁ st mgebthe %'eamfeof low ar-zgre ngn@aemﬁt@n

d' ﬂ)@t@ﬁf @I@Hd I@%?blob%'f’whr#nrﬁb pEleRaa$ €apared to current

% t hane;” ethanol; ethyl acetate; ethyl
for $30 i sopropanol; nethanol; nethyl acetate

mathylformate; tert-butyl nmet hyl ether; 35

trans- 1, 2-di chigy o KRYZOF THE INVENTION
N-(difl uor oret

The present invention relates refrlgerant or heat transfer fluid
compositions comprising 1-ethoxy-1,1,2,2,3,3,4,4,4-nonfluorobutane
20 (C4F9OC2Hs5)and at least one compound selected from the group
consisting of:
acetone,
1,1-dichloroethane;
diisopropyl ether,;
25 1,2-dimethoxyethane;
dimethoxymethane;
ethanol;
ethyl acetate;
ethyl formate;
30 isopropanol;
methanol;
methyl acetate
methylformate;
tert-butyl methyl ether,;
35 trans-1,2-dichloroethylene; and
N-(difluoromethyl)-N,N-dimethylamine.
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The refrigerant or heat transfer compositions of the present
invention may be azeotropic or near-azeotropic compositions. An
azeotropic composition is a liquid admixture of two or more substances
that has a constant boiling point that may be above or below the boiling
points of the individual components. As such an azeotropic composition
will not fractionate within the refrigeration or air-conditioning system during
operation, which may reduce efficiency of the system. Additionally, an
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C4FoOC2Hs5 acetone 96. 4 3 6 67.2
C4F9OC;H5 1,1-dichloroethane 7.8 92.2 57.1
C4FoOCzHs diisopropyl ether 55.5 445 63.0

C4FOC;,H5 1,2-dimethoxyethane 80.8 19.2 71.6
C4FoOCoHs dimethoxymethane 39.2 60.8 43.9

C4FoOCoHs ethanol 88.2 11.8 69.8
C4FoOC2Hs ethyl acetate 70.5 295 66.2
C4F9OC2Hs ethyl formate 55.7 443 45.6
C4FoOC2Hs isopropanol 884 116 71.6
C4FoOC,H5 methanol 81.9 18.1 62.0
C4F9OC,H5 methyl acetate 59.9 40.1 47.6
C4FoOC2Hs methyl formate 43.7 56.3 29.0
C4FoOC2Hs tert-butyl methyl ether 41.7  58.3 57.2
C4F90C2H5 trans-DCE 43.7 56.3 43.4
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di me hane 3.9 C4 t hang|

g5, 2T RG 5 OGRS acelite 708 20 40, 2
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caroges abthapiepent Bvaatien are listed i Tables. cargoc2Hs
tert-butyl methyl ether 41.7 58.3 57.2 CAF90C2H5

trans-DCE 43.7 56.3 43.4 . B 006/ 012100
PCT/ US2005/ 021804 CAF9 R )2(CHE2) .11, 1 88.9
48.9 The near-azeotropic refrig fon
concentration ranges of the present inveR2D88 are
| i Gompaundsa(A/B)3. 5 TABLE 3 Near - azeowtlipAiwt% B
CobdeftCitsianetoange Conpounds (A/ B) wb&-99/349% B
CACSFIOT A1 ¢idictdo ot i34 - 1 1-99/99-1
CACF IO Miisoiopyl etreet hane 1-99/99-1 1-88/99-12
CAEFOU I D wpetHdKyettidner 1-88/99-12 43.99/57-1
i%‘eﬂ\d%léiﬁﬁﬁé hane_43- 99/ 57- 1 _76/99-24
tAELSoXy et hane 1-76/99-24 F5_ 9/45-1
: %34&5%99/ 45-1 CAF9OCZH5/ @t dybnacet at e
40 i T /ethyl formate 35-39 _?
cledaSabls(e rBORAS 61-99/39-1  CaFe Hanol
1-Ge7e8¥2Fls/lisopropanol - -1
C4F9sOC2Hs/methanol 1-95/99-5
C4F9OC,Hs/methyl acetate 39-82/61-18
C4FoOC,Hs/methyl formate 27-81/73-19
C4F9oOC,Hs/tert-butyl methyl ether 1-80/99-20
. C4FgOC2Hs/trans-DCE 1-75/99-25
C4FgOC,Hs/ N(CH3)2(CHF2) 1-66/99-34

Additional compounds from the list in Table 1 may be added to
the binary compositions of the present invention to form ternary or higher

order compositions.
The compositions of the present invention may further

comprise about 0.01 weight percent to about 5 weight percent of a
stabilizer, free radical scavenger or antioxidant. Such additives include
but are not limited to, nitromethane, hindered phenols, hydroxylamines,
thiols, phosphites, or lactones. Single additives or combinations may be
used.

The compositions of the present invention may further
comprise about 0.01 weight percent to about 5 weight percent of a water
scavenger (drying compound). Such water scavengers may comprise
ortho esters such as trimethyl-, triethyl-, or tripropylorthoformate.

The compositions of the present invention may further
comprise an ultra-violet (UV) dye and optionally a solubilizing agent. The
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Hydrocarbon solubilizing agents of the present invention
comprise hydrocarbons including straight chained, branched chain or
cyclic alkanes or alkenes containing 16 or fewer carbon atoms and only
hydrogen with no other functional groups. Representative hydrocarbon
solubilizing agents comprise propane, propylene, cyclopropane, n-butane,
isobutane, n-pentane, octane, decane, and hexadecane.

Hydrocarbon ether solubilizing agents of the present invention
comprise ethers containing only carbon, hydrogen and oxygen, such as

dimethyl ether (DME).
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Eﬁraéﬁo %ﬁ%fti’pcngétbms ﬂglsgﬁgg%ieﬁ'” i)gfrég%rggan%ealiphatlc and

coaﬁ@lcm Rgdrbéaiorf iRRtals REVIAG fRIN® TR0 ®shrBBh Yatom¥ dataa88t
with no other functional groups. Representative

hyen®ehRoerd Rk sisiedted ffgrrag@ldﬂwdmbm eagiealpand wherein

pr I r

o S8 B AR 20 18 o B of rom o
10 Hydm@tmab@nt :ﬁldmnaolmdﬁd durzitsngwgeasd berﬁn thundimge st mean

|nvent|on rise thers contai ni ng only carbon,

ﬁ't%a\@ %rl]b?P‘é?slen dongsiith etieeradicls) . - 7

\g;\lq)_/lgol et ﬁer sofoﬁg&i‘l I ZI ngélgéléﬁ?gy%@%ﬁ p,%lg?g#?ne

i nvention arks themfesmttlawbrﬂpnt peefémbiel palyoxyalkylene glycol

R [{OR2 , ' f 1-3; vV .

e SREBIEInG ad8iiS 356 rebrepemte Ay IRORAARE] tisselh x s
15 anﬁr@éﬂaﬁ@‘t-@y"ﬁ’ﬁf&éwm Raﬂhéﬂ3sar8%éfé@aﬂly‘ir‘idcﬁ)endently

carbon atons |§3 sites; is selected

f r seleetedframo |h<ydrqgﬂnomd amp is hyslsoeasben radicalg having to 4

or PARSTORSTR’ el Riebl Srich T ARAH A8y e

f r eadidald haﬁn? dromo c&t3)ﬁ§r‘boatatbma$tnostﬂaféfabRiB @afbdrBatoms;
is selected fromsaid hydrocarbon radi cal; and wherein

sathe palY %)@MW aieolthenmolaauaravaiaiss prateraiyfrom about
20 21080 o0 AU AR P ORI
si abesutéam atabh@n'tassfwmsl d‘d\eaRgand Rrtdsirodarbontradicals having

ny 6 Bsan Ha a1ey b iedrobiarbaar B coglin: Repfesentative R'
prQﬁ&RéWyﬁrd&er(&%Véleb%@u&é mrh | ORgprpré;wl UBbpiopyNButyl,

agents are represented wherein x'is

15ispbetybrsgstiyityl, tert-butys qw@ylelsaberytyh neRmeatya terd-pengyl,

25 1 AU, BAISHEBOERY, YuSE e R AMAULAOER 1 resent
ponoxyaIkerne glycol ether solubilizing agents may be incompatible with
certain compression refrigeration apparatus materials of construction (e.g.
Mylar®), R' and R? are preferably aliphatic hydrocarbon radicals having 1
to 4 carbon atoms, most preferably 1 carbon atom. The R? aliphatic

30 hydrocarbylene radicals having from 2 to 4 carbon atoms form repeating
oxyalkylene radicals - (OR?), - that include oxyethylene radicals,
oxypropylene radicals, and oxybutylene radicals. The oxyalkylene radical

-8-



carbon atons; R2 is preferably selected fromaliphatic

hydr ocar byl ene radicals having from2 or 3 carbon
wa@t@a®12ipmst preferably 3 carbon atons; the PCT/US2005/021804

pol yoxyal kyl ene gl ycol ether nol ecul ar weight is

preferabl y from about 20 100 to about 250 atom c nass

o imeriRE K7 B8 Bk S Bl eier ShnBENG soell
hamblegulelmiag B2 therdzmne, arame nma;eduea Malyecmntaubrd#ferbader

cycl iC. Represent ative Rl and drocar bon radi cal s
, exyalyena ggqupsetTﬁyq preﬁeabwlyox)@&yﬁr%g ycgl gther solubilizing

%ﬁ¥)w fét er flsfl%@geé%g)bﬁla p W‘ene’ %@R%nt Where R'

5 cylslanfmmatlc‘ﬁhaheyo‘hcdwdi‘gutrbwy kadleaillrawling tho Blearbon atoms
I th Lubilizir
e ¥ eng el ke bt Ehd e iSeal, brationgg, a5 Sl on
r eﬁép&%@ﬁfdwe F@eﬂﬁ\fh@w gﬂﬁia%?b@ﬂ Padital§ PRSIMGURD tsahdmg sites

(e.q. I\/gmar (r) are preferablyaliphatic
hylacblde rexaamle,aarseihwlﬁnegradlcad @ propylenerragdicans butwlﬁne

L

10 at Mafdyblﬂiheﬁﬂéﬁé iradicalo X eprexkatative Rlidliphatic hy@¥dZhrbon
that i ncl ude oxyet hyl ene radicals, oxypropylene

r ad@idicals hawing tfar@mnfwehenmﬁa isitas cluger wré/ﬁs from

okonde PREIEHAISETHISIREE ibbepyprol 123
s olrihlgdidxycygokeyarte amb il ScoHtrhyurgxyoyclohexarerehy mavieg their
noj e ulg na.ly contain different R2 oxyal kyl ene groups.
Th'ey‘%Pe dAYCAISt yoxyal kyl ene gl ycol ether sol ubilizing

15 agents pr ehebﬁége\ﬁté&%pgdlwy@tkyi@es@ ecsleetﬁémmsmhﬁgegems
radi cal. Were sanallmatlcoralccllc

hylﬂlcb@erbumre aot tuaitedmﬂ(hlgstC Cbl(CHis S ax o) (rmﬂyl?ne

cyab 3l e b ARAEh. ERRSHCARSHSAFTER:F"

r a@l&'@b?lehé\QIMI hmhﬂqaﬂdmetﬁyﬂ) @$her) f@tH&(Dl[EH{GH(CHg)Oh(H

exanB an et hyl ene radi cal, él ene radi cal
bueky eln)e(t"ﬁ)fQQV'@aB glwqbemtpvle(ﬁédmew ethel).hexyl ene

20 rc C%ﬁ %gc)%yaoﬁgéhoyg?( %{J egsﬁr(gmgg(@&é@g@@g%w (o diethy) ether),
hy?ﬁldsi?\[ﬂgQICH(%)_@ﬁl(H dﬂﬁéz"_ﬁggdlﬂm@?ﬁ% dlyeot e“wl@ﬂm@ethw)
> e SO TR o Rt Wbepaiene givselethy (or
peaibﬂﬁnyétﬂégt eLH7éc%éH(eHl3)‘wgr exezgml(enﬁwwe @9€ol n-propy!

roxycycl ohexane nmovi ng 't

hy(!hf@k-yll-pmawl) eéhezr) %7R&§r|e§bl6€hh)c9fle(l'bor y‘d;dy)a(ldwoeyiene

2 68U U S D S
ﬁ(i?' Cﬂglehb dg]rnzﬂilelﬁsglrd’oél% )nqu?g?d) ;ather e(%%IQOCHZCH CH3)OH
nettiopylene gmcnzanwﬁw edhngrdrG4H s@r!@df @hﬁéﬁk adap

(dipropylene glycol n-butyl (or di-n-butyl) ether), C4HgO[CH2CH(CH3)O]3(H
or C4Ho) (tripropylene glycol n-butyl (or di-n-butyl) ether),

30 (CHj3);COCH,CH(CH3)OH (propylene glycol t-butyl ether),
(CH3)3CO[CH2CH(CH3)Ol2(H or (CHs)s) (dipropylene glycol t-butyl (or di-t-
butyl) ether), (CH3);CO[CH,CH(CH3)O]3(H or (CHas)s3) (tripropylene glycol t-

-9-



or CH3) (tripropylene glycol nethyl (or dinethyl)
ether), 20 C2ZHSOCH2CH(CH3) O(H or C2H5) (propyl ene

w@bkgocolizies hyl (or diethyl) ether), PCT/US2005/021804

10

15

20

25

30

C2H50[ CH2CH(CH3) O 2(H or C2H5) (di propyl ene gl ycol
ethyl (or diethyl) ether), C2H50[ CH2CH( CH3) O 3(H or

CHBU L BLPOIR st e BT FIOEfonYbre BlYRSTA:

( gyerdyl eﬂh@rr) owfaglcgtﬁg@mcz@ﬁg{b@fﬁ@hﬁ Wbm%(uﬁyl @ther), |
l%’l LBt Da L s aﬁc%?nymtyl BT obyl ohe.
BRI BoBrARte - BURREXCRDAGHACH ) an
Crmamigiol autietolor L Gcal eSO
or eatio) | (hirids Soipbiidiob AtRtE Ot the RIgreTtAveRtian Saarse
fttﬁﬁté%/ lre;g'tgaéﬁ@a)mf IER %R@RY’ bﬁﬁ%y@ioylgg(ogN(R

( di phersin &eRgJ B?:and 5tanta>w1|de(p§amdently sele@tqd f)ror@tai@h)atlc and

oI BRI OB ESH eRa Bl o a1 AT TR 1

( odelgted flom wliphat &7blibhehaicH(sTid)i 8 ngmb
Iecol en pentlbl m(?roc Wg CHECZHSI%H??LU{WI ener on

gI @t@ms ﬁngmhﬁre@tw pmld@;m‘q @m@jﬂg@@p@mmpf from about

(IR O e i e

trlsrpaefeyabjy froapabeutdi 60ntobatiodt 260retomic mass units. R, R?, R®

LA & i oopebi pade smmitited ke aBon fagicdls. that is

r er%ﬁﬁ:%fé‘&&ﬁaﬁng{qﬁ@nfh]‘?ﬂméaﬂ?o&ﬁ@kmg%eﬂ%@ed from halogens
cycl o-| RAC( wherein Rl , 5are

i r(@egaeﬂmme phmneaaea dkaxides (eppamethoxy)l RAIRGYRang R

Y CRORANLAER s s Sl Rud ool BoaR et

r 5di eicaldavhion cbhim the folnd KiBHEERN (aAd- Pftﬁcygéﬁ(éoxa -) or
wherein sai d am des have a no| ecul ar wel ght from

abliur (thim) | t'ba mw chain athemviserresapaad &f carh@n atoms. In

no f i rom
acifetaf holfioflthal'in@ fhri dittanion Aifsfidis ¥pd" OF,
aﬂgbt@ﬁalamy\sgamd praétably ng Immiel thabh ohiet wilieloe b;eheotmrkamh 10
radl cal s t hat radi cal s containin
s ErROnAlns BOR" 2. e eksense LAt e aseh ﬂﬂvﬁwmeon
( %Lﬁ)ﬂlh{érh@éhﬂﬁeté‘erfUnHé‘ﬁ?us@Bg cBhkReraeh 45 f the

oxXy may optlona Yy |nc ude
heaferememhmrmmmetwtaardvmglntrlmgatmﬁ rRreéfersgdsamideasolubidizing

radi cal s n, the atons nitrogen (aga- .
e EaRE, S B roge, ieGBe bl Bk Kaptosgntative
ot RErRH R dHNROSIRThabit ol diRYcifd IvydrochiboAtadRaky idtiudeo
nore than three non- hydr ocar bon substituents and
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, cyclopentyl, cyclohexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl and their configurational isomers. A
preferred embodiment of amide solubilizing agents are those wherein R*
in the aforementioned formula cyclo-[R*C(O)N(R®)-] may be represented

by the hydrocarbylene radical (CR°R’),, in other words, the formula cyclo-

-10 -



het er oat ons, and preferably no nore than one, will be

present for each 10 carbon atons in R1"3, and the
w@emserae) of any such non-hydrocarbon substi tRenus20e5ia1804

het er oat ons nust be considered in applying the

af orenmenti oned nol ecul ar weight limtations. Preferred

PR DI EEIR wher BB BrEARRP St SRl Toppolggyter
R3weigiht Bppbt npd aniicteged frahi 8 Y@ bi R iy d satiratedrhydrdcarbbe

i ncl ud thyl ,, ethyl [, | |, .butyl,

| seastied) icontauing 19 12 eartbnislidipis; RS @REVY. areiindenaridpntly

negpepied! (forlich MY the ru reRRLS offébé&'d%hﬁ?ﬁ}‘;' R, Inthe
heptyl, octyl, nonyl, decyl, undécyl, dodecyl and

5t hlaictamarﬁnrgaeraneﬁcbyaheifgm_aspyoﬁo-Ia(@l-'pergf)rﬁ(Qs)N(Rs)-], all R®
eaBLIT PP sl bt A9 8Ply SoErd crocarson
CYy fddicdl Bdrid M@%h]dth*l@iﬂe DAits AHERE R & datupiited®drocarbon
hydr ocar byl ene radi ca @&S%R;I)@go in other words, the

f ofadisal ceptaining 3o Viranbop/alasod aPeraUBioct T Bter
M R DA, o e

or nolec n is an integer
10 from 3 t o RepRssertativesarnideadatabilizidg @gentwincludadut @re not

oA e bpuS o) e ol T, s
P;gl‘réé@}!en r)écali?{i)rﬁ/—?%cﬁr%,ﬁ%ﬂxt?'cg:ﬁrd?éctﬁm, 0cyciShexylAfridham-2-one,

cy &+mﬁyl(&mﬂ7ylpipem)i+\£égg,- 1-peatyl-Sreethyipipetid-arane, 1-
f bl y, hyd t ai .Sigl t ted
by fPSCarBlactam Y sy By Ry gn e & At and
15 RS péﬁtyﬁ)iﬁeﬂdmfﬁn%‘? 1/ad fn@éiﬁ?l?fbbridt%hégh -rﬁ@lﬁ&l@bbfdlgcténi, q-
12 carbon atons. For exan{) e, 1-(saturated

hy BeytRyelidin2derel b, Sslimetpipsrid-grang. d-de@rds. 10
ar BeRP RG24, -0 RIS BAF T Bl foimaice

1- ded W, Nydiisoprapyfacétamnile. 1- oct yl - 5-
met hyl pyrrolidin-2-one, 1- butg/l caprol actam )
1- cycl ohex$efne splubiigng agepts of the present invention comprise
1- a P& i i < 1 2 : 1 2

20 1 RHofop PR e T BB COR, ubprein R) and R are
1- inelependemntiyt $elegtedfaim diiphaticy aicydicrastdhgryt hydrdcarbon
pent vl pi peri d-2-one 3-di met hyl pi peri d-2-one
" Rt BElngi Rt ot 72 Syl T o Wherdin Jh ketones have
1, rAbIBBGIRY WRidH of frodr 8PSut 70 ®esbdutB300 atomic mass units. R’
nmet hyIF%y_rro! i di n-2-one, 1-dodecyl pyrrolid-2-one,
N, and iRy LR pricoketanresiare aredenably indeeem ey salestadifom
Ke Lk 4 Zi: 0 ty '

25 ¢ oA SrEa Bl Ry AP DrTaplcaf oG gl S ioh Homs.
R1Th&MSlecuibeweight Bt saiickdi@nes is prefedaplgfaantabput 100 to 200

R e bt B B2 P SGEHGF assnion ragia
at gifne A8 aWH S5 RN SAfivE, KBL BRSEVERMfembered ring cyclic ketone,
for example, cyclopentanone, cyclohexanone, and cycloheptanone. R
30 and R? may optionally include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents selected from halogens
(e.g., fluorine, chlorine) and alkoxides (e.g. methoxy). R' and R? may

-11 -



a nol ecul ar wei ght of from about 70 to about 300

atomc mass units. RlL and R2 in said ketones are
w@e@borah y | ndependently sel ected from 25 al i pOTBUSZN05/021804

and alicyclic hydrocarbon radicals having 1 to 9

carbon atons. The nol ecul ar wei ght of said ketones is

r
R St SR hERR R OAPRULRIAR] B SERrBpRRaMH] bt i,
C oraéezt® dvkichl contain tiee atofnsvmtrogeu (aza-),smyygentketoerad-) or
S S ok ol e i D LHACRS S,
opgaér%ral In% r’nBFel sq% B tRERSAOR-WIEAEIPSB ARt dhaal S,
radi cal s contal ni hg non- hydr ocar bon
5 substeraatemssane ipeefeeably normore thgaene, (il e présambforramch 10

idbohElafti Bl S pendel s Eaan T, ™

i nﬁi:dfé@aﬁb@h@mhw@nwbﬁa hitdregtofvsinRieeb8 @dnsideraéthinsapplying
that is, radicals, which contain the atons nitrog en

( atmqforetm%tmepkr@pl@cuIasm'ghtdmt%mnsurRe(nrﬁs@nt)atIve] R4 and
ocfl il oA St 36, TGRSR T e LA Tne ueRBral hmui
10 suRé@(O)E@nh«sludednéh?lequ;ropﬂ |sapcbpy1 etflaylatsloputyb, sertoutyl,
n one resent or

R oo PoRivls I59RATY b BeReR gk T pelit Simapenty, ybtonexyl,
hy n d
DSORGB Gt Shncaaps ot ansone Gty st
weisghters,ias well as rmenr;de beazgncumeny, Riesityl tolp2 xylyl and
aI| hatbq alicyclic and aryl hydrocarbon radicals in
¥Yal formula 10 R C(O R2 include nethyl, ethyl,

15 pr opyl i SRBbﬁés\éntatWét Retoné §§I|%tli2|ng éﬁ‘mbkﬂdude but are not
tert- butyl pentyl, |so entyl, neogent , tert-pentyl,

cylimised ta:y2- bUf@jﬁ@ﬂ@h%vWﬂ nqm@pay‘etop ghgne, awppheaers;| |
LR EEon Ry e, BRAIMSASAS P heotsFaf

thefpbtaﬁﬁde PhesthylBhexdioriés (2-ectand g, I&ecieﬁbneednsobutyl
sol ubi i zi ng agents include but are. not |lim t&d t o:

2- kRieRRotrethCieexspRee. 4EONapRRKCITBONBIRRE. FrfeFRIIRe, 4-

heﬁ n rlfec %hﬁnﬂéeg Qﬂﬁé){}hﬁ BHe dicyclohexyl
ept anon ept anone, - 2- hexanone,

2- beibaeone 3 oct anone, dii sobutyl ket one,

4- et hyl

3 Geeanone NRERSEGREng A0RRE i ol ES M3 i ion somprise
di Rigmys régresastedsy teTFrhABRAAN, WréIeR' N édlbéted from
solub|I|Z|ng agent’s of the present i nvention conprise

ni akirhadis, aligyclie enaad hygracaedaroradisals Raving fugre deton! Jaarbon
25 | Sgt%%se 'h%q/vlfné a%\h rﬁ“\ﬁ(%sn@avfe?%@g%dlga\gégﬁ é“ from about 90

rocarbonr a I'C
to about 200 atomic mass units. R'in said nitrile solubilizing agents is

20

preferably selected from aliphatic and alicyclic hydrocarbon radicals
having 8 to 10 carbon atoms. The molecular weight of said nitrile
solubilizing agents is preferably from about 120 to about 140 atomic mass
30 units. R' may optionally include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents selected from halogens

(e.g., fluorine, chlorine) and alkoxides (e.g. methoxy). R' may optionally

-12-



25 atons, and wherein said nitriles have a nol ecul ar

wei ght of from about 90 to about 200 atom c nass
woReob®121RL i n said nitrile solubilizing agent SPCEHUS2005/021804

preferably selected fromaliphatic and alicyclic

hydrocarbon radicals having 8 to 10 carbon atonms. The

gt HetdBotihsibsftte Blforshandni i, i, 2eRRS
3QNldi¢htcﬁ)ntefm th@ntdmi hitragdehy(aiza9) owytge‘ht(keto f oxadlor sulfur

hydr ocarbon radicals, that is, radical a&%ont ai ni ng
no(rﬁh'ﬁy)dﬂ Gdadisah C%'Bélth?'ﬁﬂéﬂ‘? §°§7@P§€@ &fica ?\tﬁmﬁg éﬁgeneral

I I
ey ey 4 BB o8, BB fisgptoms, anc
5 PQArefsablyidaibse dhan one,uwiid Heepreseat_tfomeaulbét)iqanbmi atoms in
Do o BB Bh Pk 3 5 e s anc
OXRetbrddtoms! rhidét bel &&Hs?déretjrin @pbmhgrme é’fB?érﬁeﬁl‘id‘rﬁidM se

conposed of carbon atons. In general, no nore than
t hmeteautar-wsidhtdiritationss Represartative R alipbatie,alicyelis, and aryl

catyoBaBoRfic AP ekt e RN e,

10 SUigbpestyt, meapersl, ien- bﬁt¢;tdmﬁrﬁylae¢b|oﬂi@¢yermitﬂn6cty|

must be considered in ap t he af orenenti oned

nom@w %CMWYH idﬁfiff'éyl|9<5‘ﬁistheRé>9F‘E§'éTﬁt'8W'\)§0fRffS as well as

o S R A BRI oty

neﬂpprﬁsxahtatlverrtltﬂlmmlu btllzmgcdgmmmludecwl avbaoy limited to: 1-

{ rBianopsRIAs 2 ORI nepStlaney | FY AR GIReRy -

15 be ohe?t’em:én)ﬂ-wa'ﬁ%%bfaWe ZI%]aMboct)éMb)’H -cyaHoRGAIRE Ry ! -

Representati ve trile solubilizing agents include but
ar eyanodecane t 2dyanodecaney draypooundesane and 1-cyanododecane.

cyanohept alBlorcpaRaoMIH e FEYEB IR BRgsent iméntion
1- §yAPASE BRIBEocatbofy PEPESERBE by2he Yernmela (RTIL, wherein x is 1 or
1- cyanoundecane and 1-cyanododecane. Chl| orocarbon

soRuBiis pelestpdfemtalipbatié pad glieydisthydreaibpo radieals haying 1
20 ¢ chy 0{ éj&é‘(b%ﬂ%ﬁo@%%ﬁé%{ﬁ ngééﬁé Eﬁlowéd?ﬁbﬁs Rl MbBEGIEP

roma

aI weLghIt bE froproatemari@ontoraidiut 206 dwmndmais uBs.t ¥hé&anolecular
nd wher ei n sai.d chl 0{socar

b
" oMt oF S cosA N it SGBNISIS METratY Gom Sppet
”a?’é%\’cf”l 5§ atoiR ARSSAHIST RewPés@mat% F‘é%’llghéﬂ'& Qﬁd’ﬁﬁéﬁﬂe

solu izing agents Is preferably from about
15bym'ooanb©nnadwatmmttbe gropral $emwiaiREx mewdqohr@m)d %thul

alic r.adi S, | n | a
25 RS dTanieP e BHGl i SE5b T da e ohng], et
buhé!d)pent |omttpénty5%9clbpbmy1 dyerdhehylt Yieptybesttyl] nonyl, decyl,
I sopent neopentyl, tert- entY cycl opentyl,
cy@ndm%;dodeﬁubaryd theiicegniiguraiopal iseesrs.
Representative chlorocarbon solubilizing agents include but are
not limited to: 3-(chloromethyl)pentane, 3-chloro-3-methylpentane, 1-
30 chlorohexane, 1,6-dichlorohexane, 1-chloroheptane, 1-chlorooctane, 1-

chlorononane, 1-chlorodecane, and 1,1,1-trichlorodecane.
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undecyl, dodecyl and their configurational isoners.
Represent ati ve chl orocarbon sol ubilizing agents

WO n@taobut are not limted to: PCT/US2005/021804

10

15

20

25

30

3- (chl oronet hyl ) pent ane, 3-chl or o- 3- net hyl pentane, 1
30 chl or ohexane, 1, 6-di chl orohexane, 1-chl oroheptane,

1110t chney sabie SRR Gie bt bREAtA EomBRCe
P@8tbi2Rpréinted By tins henersdtorhidla R'CEOJORAIWherkid Réand R

present invention conprise esters represented by the
gederindependantly selestey frm lingasasdreyrlic.saiurased apd

| | I e _
ERASE ot SR BB lef iy sspntly o
PrthbaslementssCeHsandoOs have asaaletular Weiglht df frioe abbetnihtcs

C, Ha 0,, have a nol ecul ar wei ght of from about 80
toab%g-’l%p HBMIGMASSUNMEss units. Representative esters

i nclude b L - . _
(G) 2o SRR Shuie bt ars notipited tor

di (43)sCHEHO(O)C @ Hhy)h.o(YCQIACH (G )y (dilsoputyh dibiasic ester),
es e lirBRle b B nepidiici nBUBR pEiSbate, b propionate,
et émw@érit\dat@,&iigf-propqi PtaBidte, arPoONRA6d ét%ﬂm éefer,

(a commercial C7 alkyl acetate), "Exxate ([a .
c oRiREI aarbopatg, KxxatectOfY €3 coamercial Corlind pgetate hnfxxate
t egdut e | Lz
t A0 thmm BRI Palo ARRE) IS phifi e toR iy
r epeetatent ed by structures [A], [B], and [C]: 0 0 0 R2
OR%R R4\,! -11|R_Ri OqP:_ﬁ 0O, . R3 R5R6, R7 % R4 R6R5
R3 R4 R RslLagipnesp l{b?,'jz'ngz@ﬂ & of the,presest InveAtgh rompase
fu ' stuh rigi%and®fcisi x (A, or
prlggfgrnggﬁ’%p%irs\%gfég%nsgt)r?%y,é})v\?&r@’n ?o£ ]struct ures [A]
and [B], R, through R8 are independently sel ected
from hydrogen @ |inear, branched, cyclic, bicyclic,
saturated amg Uhsaturated pydrgtarbyl radicalis.
Each Rl thg B8 may be com Led form Li ng
wi th anot hgf., - he/”l act onRy nay have an
exocyclic ylledene grouprae™d EYRgt r uct e
wherein R PhrBssh R6 are i nd&seReently sél &t
hydr ogen or |inear, branched, cyclic, bicyclic,
saturated and sat ur at ed

(Al [B] ©

These lactones contain the functional group —C(O)O- in a ring
of six (A), or preferably five atoms (B), wherein for structures [A] and [B],
R+ through Rg are independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated hydrocarbyl radicals.
Each R, through Rg may be connected forming a ring with another R4
through Rg. The lactone may have an exocyclic alkylidene group as in
structure [C], wherein R4 through Rg are independently selected from
hydrogen or linear, branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each R4 though Rg may be connected forming a ring

with another R4 through Rs. The lactone solubilizing agents have a
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hydrocar byl radicals. Each R, though R6 may be

connected formng a ring 30 with another R, through
W@8006/0i00 act one sol ubilizing agents have a -RdT/W2005/021804
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(E,Z)-3-nonylidene-5-methyl- O_0

dihydro-furan-2-one \(_\C\/\/\/\ CreH2402 224
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(E.2)-3-(3,5,5-trimethylhexylidene)- 00

5-methyl-dihydrofuran-2-one W C14H240: 224

(E,Z)-3-cyclohexylmethylidene-5- oo
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CsH1402 142 gamma-nonal actone 0 0 COH180z 156
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cis-3-heptyl-5-methyl-dihydro-

o
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cis-3-octyl-5-methyl-dihydro-furan- o
2-one

C13H2402 212

/\/\/\/\izo
cis-3-(3,5,5-trimethylhexyl)-5- Q
methyl-dihydro-furan-2-one M C14H2602 226
[o)
e
(o]

cis-3-cyclohexylmethyl-5-methyl-

dihydro-furan-2-one C12H200; 196

5-methyl-5-hexyl-dihydro-furan-2-

one CiiH200. 184
(0]
(o]

5-methyl-5-octyl-dihydro-furan-2-

one CiaH2402 212
< 0]

Hexahydro-isobenzofuran-1-one H P

H CgH;20, 140
O
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cis-3-(3,5,5-trinethyl hexyl)-5

nmet hyl - di hydr o-furan-2-one 0 Cl4H2602 226
wa@e®e®inye| ohexyl met hyl - 5- net hyl - 0 di hydr o- f uPemUR20051621804
C12H2002 196 O0___ O 5-net hyl - 5- hexyl - di hydr o-f ur an- 2-
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0 one C'H2002 184 O/ \

5-ne

e aRoRc t y=drhygro=fursar=2=—0ope CI3H240g 212
O Hexahydr o-i sobenzof uran-1 J- ohe ci ~ D CBhi2D2 (140 1700
H - L6-\MO-2006/012100PCH US2605202180
del {87488 EF4Ct one CloH 1802 1@0,]‘ 00| Cutuos 184
del {a-undecal act one ClL °©c00
del (det=dedereledthact one cmo 0 ')CgtAJre of
4- hexyl - di hydr of ur an- P 0 1202 198
3- hexyl - di hydro furang 2 CloH1802 170 one 0 O
L.aC nﬁ%ﬁofs;ﬂex Hﬁhydrofu}‘ah' B H Y have—a—ki+penratte
Vi S @asdnd Yhedi-dily@stararthal] t 7 kentistokesat 4PC. 1for
I nsfeance, ganmma- undefal act onef\ hds ki pematic vigcosity
of 5.4 centistokes anfl cis-(3-hexyl- b
5- met hyl ) di hydr of ur an Z/-\Uﬁe\/ﬁégfii scofity of 4.5
centi stokes, both at 4 olsol Ubilizing agents

may be avail able comercially or

prepared by

Lactone solubilizing agents generally have a kinematic
viscosity of less than about 7 centistokes at 40°C. For instance, gamma-
undecalactone has kinematic viscosity of 5.4 centistokes and cis-(3-hexyl-
5-methyl)dihydrofuran-2-one has viscosity of 4.5 centistokes, both at 40°C.
Lactone solubilizing agents may be available commercially or prepared by
methods as described in U. S. patent application 10/910,495, filed August
3, 2004, incorporated herein by reference.

Aryl ether solubilizing agents of the present invention comprise
aryl ethers represented by the formula R'OR?, wherein: R' is selected
from aryl hydrocarbon radicals having from 6 to 12 carbon atoms; R?is
selected from aliphatic hydrocarbon radicals having from 1 to 4 carbon
atoms; and wherein said aryl ethers have a molecular weight of from about
100 to about 150 atomic mass units. Representative R aryl radicals in
the general formula R'OR?include phenyl, biphenyl, cumenyl, mesityl,
tolyl, xylyl, naphthyl and pyridyl. Representative R? aliphatic hydrocarbon
radicals in the general formula R'OR? include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl and tert-butyl. Representative
aromatic ether solubilizing agents include but are not limited to: methyl
phenyl ether (anisole), 1,3-dimethyoxybenzene, ethyl phenyl ether and
butyl phenyl ether.

Fluoroether solubilizing agents of the present invention
comprise those represented by the general formula R'OCF,CF2H, wherein

R is selected from aliphatic, alicyclic, and aromatic hydrocarbon radicals
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met hods as described in U S. patent application
10/ 910, 495, filed August 3, 2004, incorporated herein

whyooeeirapence. Aryl ether solubilizing agents BETURE05/021804
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present invention conprise 10 aryl ethers represented
by the formula RIOR2, wherein: Rl is selected from
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nagierth yhayanaok tpg/theosdme Raprmtaaen ative R2 al | phatl c
hydrocar bo era

i ncl ude '?IHWOG lé?r Slublﬁglgg)ﬂg%n § @QWW&}W co,mrtnﬁe ethers
| sqivied! frorf SEio k3 bind Rhdt g Yol SU k. fluSRRoRSTPRrALY BE of the

aromatic ether solubilizing agents include but are not
| i trpe &FEEXYnanherein2y iphydrpgent m!arlmeaﬁr ﬂ@or@)e andY is

ol IS RERNE LEEE B OR e A BT VG R B e

eré@@%ehMeémuom-om@n’QralréeettdfmrbeOéthpIeaeent ed by the
general fornmula R OCF2CF2H, wherein sel ect ed

f r@}wratﬂfbmwtby eqp; Boxafluoropeaylensnand @eﬁ‘ %@§Ff%\ﬂnyl

I 0
et 30K ARIOATRDC BB SR it o B
prthedyye HOQZCHOK3(QRR }p0H.@Hs whereidi R ahd .R’ are hydrogen,

| Gl dsieerrand WP T a1 feSSes o 6raN 1 Ag mteger
Cﬁrkar%@:ﬁ@cahbhéd pol?BI@%é&F]Bé ofhedpenat if the

refrigerant is a fl uoroet then the solubilizing 5

ag@@HhﬁS/)qu‘sz}é)vi(Gbiz)ﬁ&iéz@HhoM@merR nrayues bednegen, CHs

ettt P BRAREEh JnBB 10l SR SO kg ®or 1, vand w
f | arerintegjedd from @w4b@n@élsbmherbm+GFiszW gherein X
i s_hydrogen, chlorine or fluorine, and Y is chlorine,

| Representatie psfyatsare tiegtaylnl pronagecpentagptiritol butanediol,
%: \Jn& $ﬁ&?ntat|ve fluoro-olefins are
a? or o€ ene chl orotrifl uoroethyl ene,
hexaf | uor oprlcrpy hﬂmrpaﬂqadlerwidbmmmg)agehgsl ofithg presarier .

The E@tl%}ocomﬂg 5ﬂe gﬁar?o!; branched Lllg f_“‘n pol oIs

R f%ﬂﬂufé CRIR' HErERaR! is s‘é‘le(ﬂ?@fro% aﬁ?f\‘é’i ARSTR n X
is an Integer fromO0-4, and y is an Integer 15 from

0- Mydrsc@rboheadpaIW\@gvﬁ9nb@b@ﬂ & t9eahauidd carbon atoms,
qﬁ%@éﬁ\/ %%lenéér%mqﬂyl raditRE" Rbr&M4tVE1,1,1-

trifluoroalkane solubilizing agents include but are not limited to: 1,1,1-
trifluorohexane and 1,1,1-trifluorododecane.

Solubilizing agents of the present invention may be present as
a single compound, or may be present as a mixture of more than one
solubilizing agent. Mixtures of solubilizing agents may contain two

solubilizing agents from the same class of compounds, say two lactones,
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or C2H5, mmay be an integer fromO to 3, t and u may
be O or 1, v and w are integers fromO to 4, and al so

wob@e®izioe + u + v + w = 4, Representative pol pOl/sESaN®021804
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trimethyl ol propane, pentaerythritol, butanediol, 20
and ethylene glycol. 1,1,1-Trifluoroal kane
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-trlfluo odod Sol.ub t res
R e e A T R
bea%&%ﬁ@Vv%t%e‘ﬂ%éﬁtué@d fostpreretdb fiBRE0 34 weight percent to
sol ubi i zi ng agent. M xtures of solubilizing agents

mesb@ k.25 weighd pesegnibi | i zi ng agents fromthe sane

2006/ 0121000 REHR R HBEH S B et PR yes it ElrBRrants grd heat

agemister fluids way be poer. eTheref@res arthadcfor straduciy these
and a poléwsyal kyl ene glycol ether. In the present

RSNt BerebiaRsatian Aga- &Pnﬂﬁenmamaw ave been
[A;\Qméfoe%sﬂ(sgd Bine QTGS oRR HEeBeldd deies

uor ésce rom ht” perc
t oa amethod 1wmch/e|tlgtﬂs aeye powdelr, $dlid paliepos surr(ymf dye tbm

o LR SR S VS AR S o
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Solubility of these WV fluorescent dyes in

r eawwayett@nt@ dyrlistdisgolvador dispersed and carsieddhrayghpubihe

iR, MPRRTEHS e blE 61 BRpHIERG aYPATRA Nave

bel@ﬁngE Mbﬁl aireosdltionitfapparatuscareldesegbedin fha litotature.
36, 951 describes a nethod, which utilizes a

dye powder IdeallyithepdY fiuprescent dive Goud haydissalyed iMie be
t
| RidGn| Rt ReFQIPAUISahPh L B8 et st
| vibtrodactioratoethei remgjemttmh d)lhaloughdltlhﬂlngaqmmratms I helpresent

dye is.dissol ved or dispers r.ried throughqut

* nBvedian et 16 dfmcsiens v ana b duoRseort Mot may
dyse irftfdiued itbthé %S@bhﬂh 1Ak r@frfg‘e‘?@r'itd I THeOIRV 8Ative
apparatus are described in the IN'terature. Ideally,

t heoroposifions wilkallew thecstorgedansbtranspat obdye-gortaining
refrigerant and heat transfer fluid even at low temperatures while

maintaining the dye in solution.

In the present compositions comprising refrigerant, UV
fluorescent dye and solubilizing agent, or comprising heat transfer fluid,
UV fluorescent dye and solubilizing agent, from about 1 to about 50 weight
percent, preferably from about 2 to about 25 weight percent, and most
preferably from about 5 to about 15 weight percent of the combined
composition is solubilizing agent in the refrigerant or heat transfer fluid. In
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20 refrigerant itself thereby not requiring any
speci alized nmethod for introduction to the

WO edosiogEp@t i on or air-conditioning apparatus. BFOEUS2005/021804
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present invention relates to conpositions including

UV fl uorescent dye which may be introduced into the
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03|t| sof t.he nt

R Ve el P ESRR el AP RO S e i ppitoning,
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These additives ™are known I1n the field of
r aaqu@dchtwe)araambchu Theseadditives arg, selecteddn thel basis of the

but .are not Jimted to, a t t

o il Syt 1EsiireiRost TteeE RS o ShérmBErs of the
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scavengers, f oam con ents. @%ener al , these

ackfi bu&y@,e@ﬁr@mgemsnhatemeﬁ Bbmruomer kysaleditriand i n

TRl BB, 0 SPEEAS A PE ENPARLS CERPREES, ey
0.phospihglds ared estatedtconasoundsh Additidreally, theneietdidialkyl

f d d h
P itaphaspbates & 6 e gl bHiERBROsphats (or 2D DB b dizol
' oRug BRItRor TRRRRrU L KR BLNICERASY edlscdh
triaryl phosphate fani| extT ere predsure)
| Wrhpositiorsidi the\meserﬁun‘mnt@@ t@thplranmyear amlitavm include
D 54415 g Y P O i i
Charghcad Syné gbﬁWW(lnte@rﬁm&ﬁfaaLﬁﬁn@drﬂs)" eSipirgly, stabilizers

conpounds. Additionally, the netal dialkyl
such as anti oxidants, free radlcal scavengers, and water scavengers may

be employed. Compounds in this category can include, but are not limited
to, butylated hydroxy toluene (BHT) and epoxides.

Solubilizing agents such as ketones may have an objectionable
odor, which can be masked by addition of an odor masking agent or
fragrance. Typical examples of odor masking agents or fragrances may
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di t hi ophosphates (e.g. zinc dial kyl dithi ophosphate
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the present invention. O her antiwear additives
i nclude 25 natural product oils and asymetri cal
pol yhydroxyl |ubricatjon additive such _as Syner

TVBCldg RYEiataesn freshubemeant59rry < mnﬁmqry Pe@tpﬁﬂ'nmtg%'%a'
su@ﬂ‘ot aaﬁwg@ﬂweewan d@ﬁﬁﬁercfdll?%véﬂéblé dhs ma\a@nﬂﬁm@neaé @nd
wat.er SC e e 0 undas 1I.n
oopB5REy SLERYHE riRkind fasTlP s Pe LA BL 40N Seifatiofs of from
buatychHt(le@D‘r%docasynudh asabo(1BHEY. ayndewghh biaded .on3be combined
h

5 St brbfd ASSRhs atghlafie shEkipR SRANSYe 20 |

of an odorThammtag@mlomfurtmra@iaéﬁ%éo aTwih@dwf using the

T anneer 68 szﬁ? 2 b§'t'6hfﬁ%%§&§@§®eé’ﬁ%@'°'et

Fr@é‘ﬁeﬁ%‘?ﬂi yecagd optiopalty, § 'Zﬂ@p?)gﬁ% iR refrigegation g air-
O eorgiitidrdrg apphfatennTiee enethby cammriseblnﬁrocaﬂ:uvgatHe frigerant

10 - AR il bBERB o ot o PR R SRR B oo
muapparatushothis 13y g dase dytdisscdeng the tivefluarescerddlyesn the
Wen‘e@@er%t 8rdﬁéatf{Paﬂ§'fé}9} ﬁhp%@ﬁuoﬁ% e +e7§eﬂae%$§m

esent 1 nventl rel ates t a net
us$‘?|§b'!'¥1'€9 aaent agéﬂr&mdwngnmcquaﬁgm intp &h%lapparatus

?FAW@:&IatWéWSthfSJﬁfaIWe G@A‘@by &bﬁﬂ)erhg le@hublﬂizﬁig agent and UV
or esc sol.ubi.| i zj
15 | MRSty BRogRRhZafpdmbRangR bbbl air-
ned:cb'ruﬂtlcomngn appematuscontdining geftngerandafand@e heat tradsfer fluid.
h
Ofﬂaﬁa ?ésggtﬁ{ {:o&hHéﬂoﬁ%ﬁy’a!?% EJE%&‘ |drﬂ1te°retrf||]1§eréﬁ5ﬁ bQSTrat I on
d.@@mm@m@gan@aGWM uorescent dye in the refrl gerant
or heat t raﬁéfpeésédtuh\iérﬁ.@ﬁneﬁhéﬁ RMate s td Q%&h@é%%lr@fthe
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e
to detect lgge qﬂgo LSERPLOY npﬁge &)9819(1’? com ising
Comﬁn@renbasd alttaovislet dluocascent dye Qlifcomp{lalrrmheat transfer fluid

r eéﬁd g Faa\r/‘ib@trﬁﬁbge%tcéfg{ay%%@%b@@eooﬁ%@i Sagﬂr%gd&%ng@
30 solublllzmg agent as described herem to refrigeration and air-conditioning
apparatus and employing a suitable means for detecting the UV
fluorescent dye-containing refrigerant. Suitable means for detecting the
dye include, but are not limited to, ultra-violet lamp, often referred to as a
“black light” or “blue light”. Such ultra-violet lamps are commercially
35 available from numerous sources specifically designed for this purpose.
Once the ultra-violet fluorescent dye containing composition has been

introduced to the refrigeration or air-conditioning apparatus and has been
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prevent inefficient operation of the apparatus or

system or equi pnment 25 failure. Leak detection also
whedop®ime contain chemcals used in the operetT/082005/021804

the apparatus. The nethod conprises providing the

conmposi tion conprising refrigerant and ultra-violet

| TGRS0t a0 SBFes BORER) Sl i

an Gaqbultrarmolley larsp 80 the Iapparatus agd apeeatvirgtheciuorebezhce of
hengd Hye'ir?tr{eevn{:mﬁ?'b%hgrb pe uﬁ{ar condi tioni ng

appar at us an bl e neans for detecti n%h
e

the UV fluk ucheer@éﬁﬂ%/ ipyentigmiugiher rejatasrtej y@ethad of using

5SUchﬁtﬁ<ﬁ,utmrtﬁ the réis%trﬁ?ﬁweﬂﬁoh ér pr@ﬁ@cmgcddéﬁﬁg oPHeafll €
not limt ra-viol et d to

DS \wherb theeheihgflcongirioes ATady R coBing by eYppetang S
| ammwsmommme vichityyof3bbadytd bd ceoledamdithersafter

A Sl Op58 a Gha R BERsing B

c orgooiasitiom indee ity ofthe cb@dyé@l bedaated aeg thegeafier on

1097 HaRoRRe i BARRRRA! ShercAE dTpdfsh ofthe Rbsent

04 allo to cirgulate
thﬂf&\(ﬁjﬁl@ﬂtm Hée% f'%ﬁa"éor bart trapsf B(e lf'ema‘ﬂﬂﬁ'tm Withgn
SaILMraﬂvtdla ﬂuaaéﬁenlt ay@ andidrax w@mnahg%g@n@l thé sefirigerdnt or

| Ddeat HBhSRT SNE e haodt ot e bPmhOsbb i PrinoSedily

rretthemaﬁér cendensedeo fFodareosolingo os cofidernsedoardt thereafter
15i n\éﬁggbpﬁeé% RS RALH cooling or heat, wherein the

conpri es pro C|n cool i ng hy evaporatlng said
conposi ti od\ﬂeehamcaal\refﬂgﬁr@ iords paintaily an ARpdcaliR et and

t hQﬁ@ﬁ‘ﬁd Bnantied dpRpeinh ScdlidgTREMAR, lsueR asQa’ rémgwé#laﬁ
I Cl N

cond nsi Vi
%w&&quwaéﬁmﬁwabsﬁa ?\f%?%i?&rspsao%&'%faeph(#ﬁ%g
S alovclreenmiedé ivapor-¥érapeedsion, absprtion), steandi-jdt loe speamajector,
20|nv gt ?n i ncludes refrigerant or heat transfer fluid
ﬁﬁ‘s% Wth an ultra- qu resceq dg
Ude AN} ot

andior & So{ATIOIESaRRpReB YA ER I

t r vaberatbt, @ cbraprER8E At csidenBer, e expatision device. A
evaporated and thereafter condensed to produce

coolaPagcoBPressier ALdd remiges iefriggrant in multiple sirnspredueing a
oot BARt APk ot A RS ERA IR o SRl Y
25mediygla caibd descrﬂ)efdeélmmjyeaamuovm elsqu idmetrigginamat entersean

oy aveoraier e alagn EreaRPR ceviss; aaBde [RMBEgerant boils i

St qRFeNEbortorsAteRBWPeft Hature 49 féHfla ¥a-and produce cooling.
The low-pressure gas enters a compressor where the gas is compressed
to raise its pressure and temperature. The higher-pressure (compressed)

30 gaseous refrigerant then enters the condenser in which the refrigerant

condenses and discharges its heat to the environment. The refrigerant
returns to the expansion device through which the liquid expands from the
higher-pressure level in the condenser to the low-pressure level in the

evaporator, thus repeating the cycle.
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Vapor -conpression refrigeration systens include an
evaporator, a conpressor, a condenser, and an

we@xansiion device. A vapor-conpressi on cycl e PEFUSES5/021804
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refrigerant in multiple steps producing a cooling

effect in one step and a heating effect in a different
step. The 25 cycle can be described sinply as foll ows. .
Li qui d r ef Fhgdrasantdpventiondurthes ieatep %ﬂ?@ﬁfgii@rarpducmg
eXHEdIFHgdbraeNding evaperating thé aompokiibhé @ ttenprdsent mvetion
theotﬁva or.g}og %tdal wte ratL{éetgforma as a.r&d

or BehEGInTY e Boay o e ol ebd thersalter fordenstia s

coopmeesitionsshere the gas is conpressed to raise its

pressure a‘?ﬁe?ygg?eq{t%\}gn?ion-mﬁhgé %ﬁ&% E‘Se %ﬁﬁ%@ss for producing

(conpressed) gaseous refrigera ers o
c ohertramprisingepr@ensieg the eogpesitions ebiearesentinyention in

di HENAEBRY of EDoAGAS Hethddled SANH tHerd®tr-eviPBrating said

refri %er_ant retdrns to the expansion device through
whFURPPREONS-qui d expands fromthe hi gher-?ressure _
level in tRBe@AGRIiOusityPesel comprasserithat maydpe pged in

t hewet:i . . Qle: . t.h i _ 99,
20058 3158 Rl liorbo o B0 ar BE geheldy clackihtfas

f urddiprocatngtretary,geta cpntrifegal, $aoll psarewairraxiat dlow, Wgpending
" OBS BIFChAREEREeang I8 oy PEre S Bepesia. - and

t hgispRiceRient Qé‘.@%%?iﬁ%c%@ih@, s&rBINBP StidvdbT-dyPamii€ (e.g.,

present 1 nvention further relates to a process for

pr eentsifugsl onjed), depapdingiarghew tiue mschgnicakelepgrds iact omthe

of ot. resent i ntion in the vicinity of a body to
beﬂ%'§§?2’8,°°éﬂé'eﬁﬁé‘$eaner evaporating said

copp@shipressed. There are various types of conpressors
that may be used in 10 refrigeration applications.
Conpr essor Eitbanhpesitivrdisplacement 95 diypamie ggmpressors may be

G408 G ol oo Ao 5 Shipr

or "axl a epen "he mec
((:otma" presertdteeflipment for the p{n]esﬁmireiaigecbrﬁmioagmwmns.
e.g., recrLpro I Ng, SCro or scre or nam C
(0.5, ' coRaamilyan smpiaspor Uasitaiite SRmIals (haccelerate
conpr es’g%étzlr?ﬁibe co'k‘b?ggg}gg&mgptﬁﬂgéé%%ywsg& 8% diffuser
di bplisarkimen casing d weatiifogalbegmpressors usuallipdakefleid inat an

the present iLnventiv rocess., A centrifuga ,

cof BT EDe, orYeilta ieRers Bicuathe Mheera aedetal

r efddigIff Aitivaf® "BOR1d $tafiS preddufe ASBLELNSJA the ANPEIRST SNt

uses rotating elenments to accel erate ) )
most of the pressure rise occurs in the diffuser section of the casing,
where velocity is converted to static pressure. Each impeller-diffuser set is
a stage of the compressor. Centrifugal compressors are built with from 1
to 12 or more stages, depending on the final pressure desired and the
volume of refrigerant to be handled.

The pressure ratio, or compression ratio, of a compressor is the

ratio of absolute discharge pressure to the absolute inlet pressure.
Pressure delivered by a centrifugal compressor is practically constant over

a relatively wide range of capacities.
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the refrigerant radially, and typically includes an
i npel ler and diffuser housed in a casing. Centrifuga

wa@oempnessor s usually take fluid in at an i npePCEUSEY®(21804
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or central inlet of a circulating inpeller, and
accelerate it radially outward. Some static pressure

rise occurgylid R \é&%%rﬁ g%%sgoﬁs'mé\k % gﬁotahcehamber,

pressure rise OCCU user Secti
caandithe chamber desdreasdsyini wiwras\te coapréss thieatapor. After being

P HOTaBiRseedabP vaBbnis eI TaRR e by bl BeCiaaeig
frf@vblurhe o*%é)&hém &r ﬂotf’é}S%r rfé%ﬂg?@'r@ IAbSitR élbﬁl@kement

pressure desired vol une refrigerant to
haccﬂhpmssef)ca'mbuqhi epapressma whiabr isdionitadeanly dy that i o

f f. absol di sch
orif iR 75 RhoBohte sk Ehoh linadads Bt
depriestied by a centrifugal conpressor is practically

constant over a relatively wi de range of capacities.
- 23 WO 2006ntkea positive dissiacsnentigunpressear, @& wtnfugal

N N A R e

vamprelleAfd easmbcassghe cappr passing throagh apeimpeliro rT¢mle is no
fromthe chanber by further decreasi qu t he vol une of

{ HROTNE eP AGaMEeT b ratneawhat sraliedRymaanicicpgpression.

di spl acene

551 SCCToe AT 3555 QB B FOND Sepencs
aneh t”mt"“pee@oﬁtmf'mﬂeﬁepaﬂpssne@dwstﬂhssaeeu phthe |mpeller
pressure

CERbY il R BBt o e BARER i P 8P o8
Cer'é‘vbltfh@%'pef' ﬁhﬁ@teOf'l'HéT@aﬂ'dﬂg o‘fﬂ@@@entﬁﬂxda‘ﬂé@hip@éséd? is
conpress t he vapor passin rough the inpelle There

i sdet@rrpmedtbw@emmoﬁatb@rmaﬂsag@athmugh ¢he vmmllers Téus medes

O £ 5P 515y A BEGER oy 81D 64408 hagos

thmeldmlcltyar Tip speed is the speed of the inpeller
nmeasur ed at ItStI‘JtO and is related to the dj ameter of
t he i npel | Becawse okits ﬁ'ghrs&%ﬂlﬂﬂ%ﬂ'@’b&c%tﬂ@g@' cqqqgressor

Ca‘i@?ﬁh&é/m@ﬁta‘il?% rﬁgﬁ‘%lufnw%wfpﬂ@&%%ﬂ%cﬁlﬁ 9-‘1 f&{tm

e size passages rough 't
rrabmapre:sber wores dstiwith @ towpesssoire mfngerﬂ}b,es%rﬂs on

| 1 GclopaissBmsTaa GGl ar o dhe PR aia s Gene/Crsy

I s14 ndament ally a high volune, |ow pressure machi ne
A centri fugal conpressor works best with a
| ow pr essukergeggantifegaheomprassoesstypically operate at 3000 to

7000 revolutions per minute (rpm). Small turbine centrifugal compressors
are designed for high speeds, from about 40,000 to about 70,000 (rpm),
and have small impeller sizes, typically less than 0.15 meters (about 6
inches).

A multi-stage impeller may be used in a centrifugal compressor
to improve compressor efficiency thus requiring less power in use. For a
two-stage system, in operation, the discharge of the first stage impeller

goes to the suction intake of a second impeller. Both impellers may
operate by use of a single shaft (or axle). Each stage can build up a
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trichl orofluoronethane (CFC-1 1) or
1,2,2-trichlorotrifluoroethane (CFC- 113). Large

wa@embnifiogal conpressors typically operate at BOD0S1005/021804
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25 7000 revolutions per mnute (rpmy. Small turbine

centrifugal conpressors are designed for high speeds,

from about 40,000 to about 70, 000 8 , and have

sne@mpression ratio of abeut 4 §o,1 cthat s, mﬁsg s¢leie dsahargepsessure

(adrbe fou rltmﬁé‘@ﬁﬂe adsdlmletsucﬁbﬂ eesmel S@Jerﬁpé/xéi’ﬁple§ of two-

in.,a cent resso essor

o1 31Bof SRElFINGH SoptigRedT yslars %&wgﬁxﬁ QUICEBIVE

t vapplicatienss yesé eescrittedneld 8t5,065,900 andi U8 @3@3:6?54 lndtla

fi I to the suction intake of a
ihebr %“%’t,gg de'f@ﬁ dgg fergﬁ_gé

seCond éllers may ngate by use of
a si ngl e shag conposiions of tlEapfesentagwel Buitakie figr use in a

- 2ftver g@&%%%@%ﬁ’@ﬁ 92k3%8ying Y s rftaRigan

ratio o t he absolute di'sc

o CArRpISSOR QMBS Gl @tk hat IGBS AR SOBRBNNGRSISTIGH

pr@@mqhegnﬁﬁye@msm@ml es of two- stage centrifugal
conpr essor st ens, particularly for autonotive

appl i ca ?9%?1@ *are descrl bed in US 5,065,990 and US
5, 363, 6V4; dlddometlsammcorporat ed herein by reference.
The con@%k)}é %trfgr the present invention suitable for
use in rigeration or air-conditioning systems
enpl oyi hg-dmethaxyetha® conpressor conpri se CAF9OC2H5

and at d.mﬁo)q/metﬁgﬁ@ound selected fromthe group
consi st%tgg 10 acetone; 1, 1-dichloroethane;

di i sopr ether 1, 2- di met hoxyet hane;
di met hosthyeddedate; 15 et hanol; ethyl acetate; ethyl
formate thf%ﬂ%%oanm nmet hanol ; 20 net hyl acetate

nmet hyl f or tert-butyl nethyl ether;
|sopropanol

methanol;

methyl acetate

methylformate;

tert-butyl methyl ether;
trans-1,2-dichloroethylene; and
N-(difluoromethyl)-N,N-dimethylamine.

These above-listed compositions are also suitable for use in a
multi-stage centrifugal compressor, preferably a two-stage centrifugal
compressor apparatus.

The compositions of the present invention may be used in
stationary air-conditioning, heat pumps or mobile air-conditioning and
refrigeration systems. Stationary air-conditioning and heat pump
applications include window, ductless, ducted, packaged terminal, chillers
and commercial, including packaged rooftop. Refrigeration applications
include domestic or home refrigerators and freezers, ice machines, self-
contained coolers and freezers, walk-in coolers and freezers and transport
refrigeration systems.

The compositions of the present invention may additionally be
used in air-conditioning, heating and refrigeration systems that employ fin
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trans-1, 2-di chl oroet hyl ene; and

N-(di fl uoromet hyl)-N, N-di net hyl am ne. 25 These
wab@smiiinet ed conpositions are al so suitabl e fPCT/USHO5/021804

a nulti-stage centrifugal conpressor, preferably a

two-stage centrifugal conpressor apparatus. The

conpositions of the present invention may be used in

stafd W&r'}ﬁi’éle\mb%’i‘ﬁﬁfﬁr Btraghamal hepligyehangens snd yertical or
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f frﬁﬁ?%ﬁné&ﬁﬁehf mn&r than¥eveprdl migRjchbhRS| §¥§§ %HﬁnecT@@ in
conpositions o resent i1 nventian /d i onal LZ
beSerlesdwit; rfeﬁp‘?ctéeﬁﬂgf?fﬂﬁﬂ?@ Pﬁﬁ‘a}ﬁ ﬁ@glﬁr%ab S'nge pass heat
r eéxohafyer hfangypbatmaly b useth Mhgréfore, a leféMed heat

10 Oéééﬁ%rﬁbc% RROSRELE Fdera ol a5 uprtonse
rsmglerslém{amgle passheatmxchangée or plate type heat

eXChangerS %ﬁ’cﬂ\‘(&{‘tor thta@b‘“dr‘?ﬁl'i‘@r%ﬁltk&%g%c%%ﬁﬁ gIer s

not be') ressure r era
c &qjagrqsrsghgp@qratqﬁe Cﬁmﬂpnﬁmé’?ﬁ Pfﬁ$en’frm¥en on §Wtable for

opgseini r@mgarrgﬁ@viam@ndmaﬁlﬁgyamﬁuiuts driplo mg 4 kingle

| |
15 ¢ 3 sl pars et gkt Sopus S S ESp Grnrandat least arg

becomplodnd: seleBedfesmtthegragy eoraistirgeofochannel sl abs
onnectgéjeb,q series (wWwth respect to the refrigerant
pat h) a singl’e sl ab/single pass heat exchanger
arrangehérdlchr‘agpeﬁléam%ed Therefore, a preferred heat
10 exctm&gfoawgtﬁé}e | ow pressure refrigerants of the
pr esent ention i s a single slab/single pass heat

20 exchangb? C}/mﬁ’ thyethae t o t wo- st age or ot her

mul ti - sdipgghegmethbingal conpressor apparat us,
conposiét'bgn&_of the present invention suitable for
use in P geration or air-conditioning apparatus
enpl oyi ethylbacsataigi e 15 sl ab/singl e pass heat exchanger
conpri sgh %QQ@:B and at | east one conpound sel ected
fromthe group consisti ng of : acetone;

25 1, 1- di cBPBiOPENRANe; dii sopropyl ether;

methanol;
methyl acetate
methylformate;
tert-butyl methyl ether,;
30 trans-1,2-dichloroethylene; and
N-(difluoromethyl)-N,N-dimethylamine.

The compositions of the present invention are particularly
useful in small turbine centrifugal compressors (mini-centrifugal
compressors), which can be used in auto and window air-conditioning,

35 heat pumps, or transport refrigeration, as well as other applications.
These high efficiency mini-centrifugal compressors may be driven by an
electric motor and can therefore be operated independently of the engine
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20 1, 2-di met hoxyet hane; di net hoxynet hane; et hanol;
ethyl acetate; ethyl formate; 25 isopropanol;

woretdeanab) nethyl acetate nethylfornate; tePCFD81095/021804
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met hyl ether; 30 trans-1, 2-dichl oroethyl ene; and
N-(di fluoronethyl)-N, N-di met hyl am ne. The
conpositions of the present invention are particularly

us¥aad. | A censlant camprensor speed Aligws the aysteasierrovide a

( nientivefnédnistattadoolifg Bapasifratsall eNdihe peads P hissidvides an
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t r%mqsﬂw y i@k effigiengy igRroveIe s ESBECIBliv, @t higher engine speeds
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cofTHR: Hhe e Boilo Qfatth, 8corflebharyEFe At of Bibn,

- 2@riviey speed®istaken Pir/agseousiiead@ntage ebthesa low pressure

Coftérnt HeRBRIEAS R &% al lows the systemto provide
a re‘ﬁgtivglgg co,nstnaér‘:ﬂtg co%I ing capacity at all S@%i ne

speeds. Thidemagivelyceather thapyseelpstiigaliRawess theMiliey

i nﬁrﬁﬁﬁgﬁpb@mpﬁé&@i &tdy)/b@ ohbgmzlby en?éngmqseﬂml t gas driven
conpared to _a conventi.onal R-134a,a .

C R ar tafloRd B LLVE BesdinE B DR baI rive, Theor,

of electicahpowenavailablesimcuaterttiagtomabilesdegjgs irabisut & volts,

t afganthk Mev ﬁﬁrﬁ%ﬁidfu@gleccﬁﬁﬂr%%&%qﬁfreé 'é?é:l‘friéé?‘#ower of about
pressure _systens betones even greater. Al ternatively,

r aPOuplts.nARerpieres vge of aaaa'temﬁx;ye,pw sqaur¢e would be

C eadvdritagidduss ONPERIgEAItioRE dhecoisIfiAg Ry paratas @oRered by
exhaust. eap rive

d 10 _t yr b rai
e e
avpiiovisidreal ipateri mapelicatint nonBil/658,6¢5; jad i Maatiodt 2005,

" P morep AP Yol S S CA iRt B R RiMioning
ThepRraretus, paweredibysa raticeskgraridrveassembly s desaibed dn detail
adinaD i gReVSiondl pAEhi %@I@ati@ﬁ‘ nB! 661663024 il Wiref 21, 2005,

F UPBPROTAEO e WEtPTPRNdge a1 | In U provisional

pat ent appiThe drésynt verdioh 6oth&rlrelatés ked praceds t,produce

2occ:)c?dling comprising compressing a composition of the present invention, in
a mini-centrifugal compressor powered by an engine exhaust gas driven
turbine; condensing said composition; and thereafter evaporating said
composition in the vicinity of a body to be cooled.

The present invention further relates to a process to produce
cooling comprising compressing a composition of the present invention, in
a mini-centrifugal compressor powered by a ratioed gear drive assembly
with a ratioed belt drive; condensing said composition; and thereafter
evaporating said composition in the vicinity of a body to be cooled.

Some of the low pressure refrigerant fluids of the present
invention may be suitable as drop-in replacements for CFC-113 in existing
centrifugal equipment.

The present invention further relates to a method for replacing
CFC-113 in existing refrigeration apparatus or air-conditioning apparatus,
said method comprising providing a composition of the present invention

as the replacement.
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i ncorporated herein by reference. A refrigeration or
air-conditioning apparatus powered by a ratioed gear

waris@iassenbly is described in detail in U S PCT/US2005/021804
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provi sional patent application no. 60/663924, filed
March 21, 2005, 20 incorporated herein by reference.
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EXthdul ut fd traférat | PRILEABRAS 2htfetip oRhte &%trdénea) ng
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reg%acEnent. -27 WD 2006/ 012100 PCT/ US2005/021804 The
invention further relates to a process for

transfer 0 . C nky.:
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the present 1 nvention eat _source to
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AMmNK.n  sone systens, the heat transfer fluid may
renaln in a constant state throughout the transfer

process (i.e., not evaporat ndense).
Al ternatively, evaporatidgﬁgaﬁﬁﬂﬁs processes may
utilize heat transfer fluids

EXAMPLE 1
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as well. 15 A heat source may be defined as any space,
| ocation, object or body fromwhich it is desirable

WO 0006022186 er, nmove or renove heat. Exanpl es oPChe81005/021804
sources may be spaces (open or enclosed) requiring
refrigeration or cooling, such as refrigerator or
freezer cases in a supermarket, buil ding spaces
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Le'ﬁyrﬁﬂouﬁtis"‘hhﬁﬂaf ”ﬁuflgle VanQapPr essurGdi theDe

I d.
r e B PR [P TR T PR

50% Af t 5 ounds Initial Initial Leak
éﬁ! 2!%/ “ﬁf EA&‘? %gpPsn a kPa Psia kPa P %

C4F9@@241% acetdﬂeﬁ7 67104 48 6 14. 891181, 150% 67
101. 1991 0% 99f117314 19.991. 56‘4126 73 10106860, 098.0%
100/ 010@/079 101490 1410M997.01. 9A.TQ 0% 800DO716. 38.0%
112. 880/[%. 68 1(A8.361 411228067/ 35.6%8. 94 130839 17.42%
117. 987837% 64834 19130h59.32. O .177. 23 1187.80 10. 9% %
0/ 10068/3476 19%04% 2713060491. 40 .23 0%  118.80 10.0%
CAF9OGAdR 1, 1- dirciy orpthgne Grizd O 7161938 2 14.0%4
101. 42 14.71 101.42 0.0%

C4F9OC2Hs/1,1-dichloroethane (57.1 °C)

7.8/92.2 14.71 101.42 14.71 101.42 0.0%
1/99 14.64 100.94 14.63 100.87 0.1%
0/100 14.61 100.73 14.61 100.73 0.0%
20/80 14.61 100.73 14.52 100.11 0.6%
40/60 14.04 96.80 13.53 93.29 3.6%
6040 12.83 88.46 11.85 81.70 7.6%
80/20 10.78 74.33 9.81 67.64 9.0%
90/10 9.39 64.74 8.76 60.40 6.7%
99/1 793 54.68 7.85 54.12 1.0%
100/0 7.76  53.50 7.76 53.50 0.0%
C4FgOC2Hs/diisopropyl ether (63 °C)
55.5/44.5 14.68 101.22 14.68 101.22 0.0%
80/20 14.02 96.67 13.30 91.70 5.1%
88/12 13.14  90.60 11.85 81.70 9.8%
89/11 12.97 89.43 11.63 80.19 10.3%
100/0 9.54 65.78 9.54 65.78 0.0%
40/60 14.54 100.25 14.36 99.01 1.2%
20/80 13.91  95.91 13.20 91.01 5.1%
10/90 13.30 91.70 12.67 87.36 4.7%
1/99 1247 85.98 12.38 85.36 0.7%
0/100 12.36 85.22 12.36 85.22 0.0%
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1/99 14.64 100.94 14.63 100.87 0.1% 0/100 14.61

100. 73 14.61 100.73 0.0% 20/80 14.61 100.73 14.52
wae@d6hi2100 6% 40/ 60 14.04 96.80 13.53 93. 29 3. BOG/USDME 021804

12.83 88.46 11.85 81.70 7.6% 80/20 10.78 74.33 9.81

67.64 9.0% 90/10 9.39 64.74 8.76 60.40 6. 7% 99/1

7935468785541210% 100/0 7.76 53.50 7.76

% |so r et her (63 C)
P%Cz(g% Eégm %yégz 0. 0% %/ é 22
é1 9117’fo6 1%%/ 12 115‘36 4 90, é§1 P
9 8% 941011 12 144 489 99.561 99 10. 00/0
65. 78 /44 65. 18.QY 0904 60 1142@31 100. z@i& 36 991°/@1
1. 2% 100/(8B0 13.121745. 87.843. 20 1217401 5. 1987.84/ 90 03%0
91. 7060™(B7 87.13023}. 798.11/ 99 HB.75 85. 994180 38 83.436
0. 7% 4@/5800 12.1366485. 83.362. 36 1352682 0. 0%4.529 W09.5%
2006/ Q3AH00 PCHAUAP0068@31804 12 16 83.84 9.9%

CAF9O0g2ft 1, 2- digngt hoggehane {o/d46 C) &y 85 19. 201y, 68
101 22 14.68 101.22 0.0% 90/10 14.44 99.56 14. 28 °

991 13.Q7_ 90 12.93 89. 15 1.1% 100/ 0
"E?:Z'P QQAP'T?“‘)%‘O?EE% ‘;tlfg/g @é 40 14, g 11 @%5
o4 B2 LD 44/1960% 5 36 696 " 881985y, ?

13. 4928801 12.1466%3. B0-8T 90, 400 10. c% % 22 98%4
69. 22 10/9%% C4HdR® H5P8i4fet hox hane (349 ¢ 1.0%
39. 2/ 6098 14.6931%0. 28618 69 1I$1928 0. 0%6 Q@/ 80 04%2

100. 10/100 40 993230 0. 8668410/ 9013190 28 98.9(684 4. 140976 49
1.0% 60/40 13.93.506. 1891F. 93 96..28 0. 1%98.46 1.5%

76/24 14.01 96.60 12.72 87.70 9.2%
77/23 13.96 96.25 12.48 86.05 10.6%
100/0 474  32.68 4.74 32.68 0.0%
C4FoOC,Hs/ethanol (69.8 °C)
88.2/11.8 14.70 101.35 14.70 101.35 0.0%
95/5 14.32 98.73 13.99 96.46 2.3%
99/1 12.89 88.87 12.41 85.56 3.7%
100/0 12.01  82.81 12.01 82.81 0.0%
60/40 13.57 93.56 12.40 85.50 8.6%
55/45 13.30 91.70 11.98 82.60 9.9%
54/46 13.24 91.29 11.90 82.05 10.1%
0/100 10.35 71.36 10.35 71.36 0.0%
C4FoOC;Hs/ethyl acetate (66.2 °C)
70.5/29.5 14.69 101.28 14.69 101.28 0.0%
90/10 13.82 95.29 12.95 89.29 6.3%
99/1 11.22 77.36 10.82 74.60 3.6%
100/0 10.64 73.36 10.64 73.36 0.0%
40/60 14.15 97.56 12.77 88.05 9.8%
39/61 1412 97.35 12.62 87.01 10.6%
0/100 10.39 71.64 10.39 71.64 0.0%
C4F9OC2Hs/ethyl formate (45.6 °C)
55.7/44.3 14.71 10142 14.71 101.42 0.0%
80/20 1453 100.18 13.30 91.70 8.5%
81/19 1449 99.91 12.96 89.36 10.6%
100/0 5.07 34.96 5.07 34.96 0.0%
40/60 14.69 101.28 14.62 100.80 0.5%
35/65 14.68 101.22 13.78 95.01 6.1%
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0/ 100 13.90 95.84 13.90 95.84 0.0% 60/40 14.50 99.97
14.28 98.46 1.5% 76/24 14.01 96.60 12.72 87.70 9.2%

wQ 7008812180 96 96. 25 12.48 86.05 10.6% 100/0 4.7ar/822068021804
4.74 32.68 0.0% CAF90C2H5/ et hanol (69.8 C) 88.2/11.8
14.70 101.35 14.70 101.35 O O% 95/5 14. 32 98 73 13.99

96. 46 o 99/1 18 85.5 é
12. 01 1 12‘| %0 O% 0 13. %
85 50 Yo 55/'4 1.70 11 8 82. 9%

24 91.29 11.90 82 05 10.1% 0/100 10.35 71.36 10 35
710369%::#%!'3@1!0@@0%@ ) acetate (66.2 C) 70.5/29.5
14. 688.4¢11.68 144601 1011012 0. 0%4.8b/ 10 13084205  29.0%
12. 95 $H129 6. A%3D9/ 9184, 22 71B.65 10. SBINA860 326
100/ 0 100/B4 73.12674.0. 87.843. 36 12.D4 40/ BY.84. 15 90%6
12. 77 64RP5 9. %6389/ 03.9h4. 12 72685 12. &4 83. 01 1§0%0
0/ 100619@4(39 71.139564.0. 89 48L. 64 D 940 CAFHAZH/ et1u6%

forma .6 ) 435. Thého3 14. §l44l01. 42 griggl 10p.¢b2
o 0% /20 14.53 100 16713. 30°01. 70 8.5% "B1/19 14. 49

89};%%8 fﬁ‘ 36 100/0 5.07 34.96 5.07 34.96
0. 4. 62 80 0. 35/ 6

1. 68’ 2 13147%; 051 1%14128 dgé 1210%-024’
PCT/ USX05/ 02183479 349@63814 681209 22 1868133, 1 -7@
12. 9% 9@A100 113047 76928711. 091128946 0. oﬁ% 98 11.7%

C4F90d208) i sopr922nol 68AF. 6 C) 982 4/ 11. 634771 100%2
14. 71 6DM0 42 0.1%028 9908.463. 32 1BL984 13. 036.89. 98 2.2%0

40/60 13.70 94.46 13.30 91.70 2.9%
20/80 13.17 90.80 12.93 89.15 1.8%
10/90 12.94 89.22 12.81 88.32 1.0%
1/99 12.74 87.84 12.73 87.77 0.1%
0/100 12.72 87.70 12.72 87.70 0.0%
C4F9OC,Hs/methyl acetate (47.6 °C)
59.9/40.1 14.67 101.15 14.67 101.15 0.0%
80/20 14.56 100.39 13.84 95.42 4.9%
82/18 14.52 100.11 13.31 91.77 8.3%
83/17 14.49 99.91 12.92 89.08 10.8%
40/60 14.65 101.01 14.42 99.42 1.6%
39/61 14.65 101.01 14.14 97 .49 3.5%
38/62 14.65 101.01 13.17 90.80 10.1%
0/100 10.50 72.40 10.50 72.40 0.0%
100/0 5.47  37.71 5.47 37.71 0.0%
C4F90OC2Hs/methylformate (29.0 °C)
43.7/56.3 14.71 10142 14.71 101.42 0.0%
30/70 14.71 10142 14.70 101.35 0.1%
27173 14.71 10142 14.69 101.28 0.1%
60/40 14.70 101.35 14.69 101.28 0.1%
70/30 14.69 101.28 14.58 100.53 0.7%
80/20 14.64 100.94 13.59 93.70 7.2%
81/19 14.62 100.80 13.22 91.15 9.6%
82/18 14.61 100.73 12.66 87.29 13.3%
100/0 259 17.86 2.59 17.86 0.0%
0/100 12.51 86.25 12.51 86.25 0.0%

C4FoOC,Hs/tert-butyl methyl ether (57.2 °C)
41.7/58.3 14.68 101.22 14.68 101.22 0.0%
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100/0 12.74 87.84 12.74 87.84 0.0% 61/39 13.62 93.91
12.26 84.53 10.0% 60/40 13.56 93.49 12.14 83.70 10.5%
wWOLMB01808t4 65.09 9.44 65.09 0.0% CAF9OC2HS5/ ne¢HYHRZNS/021804
(62.0 C) 81.9/18.1 14.71 101.42 14.71 101.42 0.0%
95/5 13.79 95.08 12.59 86.81 8.7% 96/4 13.47 92. 87

8 98.

11. 8958708 111710@6 1064G09. 22 6357 9. 22386§4 57 o
60/ 401 3 '96. 25 1% @36 40/ JL
13. 30 024 k3. 17 190,80 12. G 3%
10/ 90 Y9904 89, gg% 8.32 L% 1/9

12. 7398077 ¢ 2 72 0 12. 086
CAF9 ) et h |4"a9cet (47 8431 59. 9/ 2%

101. 18020 67 133.4%6 09847 80/ J@-18. 56 1&?%83 13 843%
95. 4284180 82/1883614. 82.1100. 111197 31 91.82753. 3% 10R4%01 7
14. 49100/1 12.1D7889. 63.640. 8% 748/ 60 14.5%64.01. 00.0%
14.42 99.42 1.6% 39/61 14.65 101.01 14.14 97.49 3.5%
38¢ 2,0 HRraMSIDBE U3.47C90. 80 10.1% 0/100 10.50
(7)2004/48 ?ﬁbé@éﬁéf@% 3%1 2@0/ 0 12.69 32) 7%%5(%5%;63;03671
0

101.45 4.' 30/9 ‘A4, 71 1 14, 5%0’/{’
101. 3 3101, 42 41. 69 1 ? 0. 1 02%

60/ 40 1}( 8 6101 1% 14. 6
101. 2 o 80/ & 4% 64 1
93. 70 Q)o 8641 22 6% P18

14. 6175(325 73 12146'#3 8799@113 30k2- %0/0 295991517 861020%:9
17. 8610080 0/ 146512. 82.086. 25 46551 86. B2.06 0% 0.0%

100/0 465 32.06 4.65 32.06 0.0%
C4F9OC,Hs/ N(CH3)2(CHF>) (48.9 °C)
11.1/88.9 1470 10135  14.70 101.35 0.0%
1/99 1466 101.08  14.66 101.08 0.0%
0/100 14.65 101.01 14.65 101.01 0.0%
40/60 14.38 99.15 14.17 97.70 1.5%
65/35 13.37 92.18 12.16 83.84 9.1%
66/34 13.30 91.70 12.02 82.88 9.6%
100/0 5.74  39.58 5.74 39.58 0.0%

The results show the difference in vapor pressure between the
original composition and the composition remaining after 50 weight
percent has been removed is less then about 10 percent for compositions

5 of the present invention. This indicates compositions of the present

invention are azeotropic or near-azeotropic.

EXAMPLE 2

Tip Speed to Develop Pressure
10 Tip speed can be estimated by making some fundamental

relationships for refrigeration equipment that use centrifugal compressors.

The torque an impeller ideally imparts to a gas is defined as

T =m*(v,'r,-v,*r,) Equation 1
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CAF90C2H5/ tert-butyl methyl ether (57.2 C) 41.7/58.3
14. 68 101.22 14.68 101.22 0.0% -31 WD 2006/012100

wEAN6BA005/ 021804 20/ 80 14.46 99.70 14. 35 98POHUS2085021804

10

15

20

25

30

10/ 90 14.20 97.91 14.08 97.08 0.8% 1/99 13.87 95.63

13.85 95.49 0.1% 0/100 13.82 95.29 13.82 95.29 0. 0%
6%%614. 49 99.91 14.31 98.66 1.2% 80/20 13.47 92.87
12"19%83. 98 9. 6% 81/19 13.36 92.11 11.97 82.53 10. 4%
100/ OT % t66quid NiswtdnFefsds 64 0. 0% CAF9OC2H5/ t r ans- DCE
(43.4 O 43 7/56 3 14.69 101.28 14.69 101.28 0.0%

20/ soMzmassggteof iaw.dw/sec o5 5. 200 10/ 90 14. 02 96. 67

13. 09, 90 B : 12 ; o

o1 10022 G R AERe 0GR IREAT By RE TR e TR sPE Do
14metersBec7 1.0% 75/25 14.36 99.01 12.93 89.15 10. 0%
100/ 0 4.65,.32.06 .4. 65 32. 06 0.0% 100/0 4.65 32.06

4. 65 7 FSl¢s 8%"'6&’%@2%?"% CH3) 2( CHF2) (48.9 C)

11. 1/ $8= Panjdentidl Jélécidpoflrtiriderallerterilg Mpellér? theldrsffec
101.08 14.66 101. 08 0. 0% 100 14.65 101.01 14.65

101. or, “oragiys abinky of impelleyometers4. 17 97. 70 1.5% 65/ 35
13.37 92.18 12.16 83.84 9.1% 66/34 13.30 91.70 12.02
82.88 9.6% 100/0 5.74 39.58 5.74 39.58 0.0% The

resul ts shagsimingihbfrefrigecantiontasithe impelatin anbessentally
the ori.ginal conposition and the conposition renainin
af Pxal diteciiengthe tapgential componssbaf nenvrieeityi v Qs@efﬁe?fe
about 10 percent for conpositions 5 of the present
invention. This indicates conpositions of the present

i nventi on arE=anbgtm,opi c or near- Exeatiom@i c. EXAWPLE
2

The power required at the shaft is the product of the torque and

the rotative speed

P=T"w Equation 3
where
P = power, W
w = angular velocity, radians/s
therefore,

P=T*w=m"v*r,* w Equation 4

At low refrigerant flow rates, the tip speed of the impeller and
the tangential velocity of the refrigerant are nearly identical; therefore
r,'w=v, Equation 5
and

P =m*,", Equation 6

Another expression for ideal power is the product of the
mass rate of flow and the isentropic work of compression,
P = m*H;*(1000J/kJ) Equation 7
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Tip Speed to Devel op Pressure 10 Tip speed can be
esti mated by naki ng sone fundanental rel ationships

wo evo6efInd ger ati on equi pnent that use centri f upet/us2005/021804

10

15

20

conpressors. The torque an inpeller ideally inparts
to a gas is defined as T = nf(v2*r2 vil*rl) Equation 1
pie) 2006/ 012100 PCT/ US2005/ 021804 where T =
torque Newt on-nmeters m = nmass rate of flow, kg/sec
V2 = tangeii# ﬂlffeaehoe it ynthhlpyecﬁfrthgeemgbrém&mm@ saturated
inmpeller (tip sp nmeters/sec r2 = radius
exvapor ghine @Yap%m §°W1't'°n~°t intriHEated conrersing ceﬂd'tlons
q{ rﬁgerant entering inpeller, nmeters/sec rl = radius
et of inpeller, nmeters 10 Assum ng the
r ef ri gerant @ornbirsng tree fwpexpressions &quatiorGtared 7y
axi al, direction, the tangential conponent of the
vel'8EVE8S.v1 = 0, therefore T = ntv2*r2 Equation 2 15
The power rqgu‘y redogp*H:he shaft is theqpatpmgt of the
t orque and hé r ot atl\)e speed P = T* w Equation 3
where P = power, W20 w = angul ar velocity, radi ans/s

ﬁ 21?: ?gg: :nAltrf?Lig-b E?’gg%téo V%hg g??%& E’Sé@@eo@ ?ﬁ@ eI | er

angssudiptione, it @f‘@ﬁ@és algoodl extiiriate of tﬁeh&p spéed oetrnimpller
nearly identical; therefore r2*w = v2 Equation 5 and

p andhproyides am BRIEANt Va0 SRRIPATE URGHeads olfefrigeranisa)

aent ropi o (R OIS Belov oW tncefid Hprters (R A1R)
Eqeedd¢ulated for 4 szszmmmmmaaaaﬁé:rcsszmwy agil 8athylpentane

of the present invention. The conditions assumed for this comparison are:

Evaporator temperature 40.0°F (4.4°C)
Condenser temperature 110.0°F (43.3°C)
Subcool temperature 10.0°F (5.5°C)
Return gas temperature 75.0°F (23.8°C)
Compressor efficiency is 70%
These are typical conditions under which small turbine centrifugal
compressors perform.
TABLE 6
Refrigerant Wt% [Wt%B| Hi |Hi*0.7 | Hi*0.7 | V2 V2 rel
Composition C4FoOC:Hs Btu/ib | Btu/lb | KJ/Kg | m/s |to CFC-113
CFC-113 1092 | 76 | 17.8 [133.3 na

C4F,0OC;H; plus B: )
acetone 96.4 3.6 (14.12| 9.9 | 23.0 |151.6] 114%
1,1-dichloroethane 7.8 922 (124 | 8.7 | 20.2 {1421 107%
diisopropyl ether 55,5 |445 (1893 13.3 | 30.8 |175.6] 132%

1,2-dimethoxy- 80.8 | 19.2 115.63| 10.9 | 25.4 |159.5| 120%
ethane

dimethoxymethane | 39.2 | 60.8 {18.69| 13.1 | 30.4 |174.4| 131%
ethanol 88.2 | 11.8 |15.28| 10.7 | 24.9 [157.7| 118%
ethyl acetate 705 [295]| 154 | 10.8 | 25.1 |158.3] 119%
ethyl formate 55.7 1443 ]16.08| 11.3 | 26.2 |161.8] 121%
isopropanol 88.4 |11.6|15.19]| 10.6 | 24.7 |157.3] 118%
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where H =

froma saturated

wo eoosatain@t ed condensi ng condi tions,

vapor

Difference in enthal py of the refrigerant

at the evaporating conditions

Combi ning the two expressions Equation 6 and 7
v2*v?2

produces

= 1000*Hi

Equation 8 Although

kJ/ kg. 5PCT/US2005/021804

%!I O Ib Uc

onc

beoegh
a¥d

Ll
Fal

A

[

NEHS ,26”4

162.6

122%

Lo
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oI T I A AL

ﬁﬁej? i nmnl :‘Q:
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\' \C A"

=]

methyhdormate; n dn

pef

RN

RIEAE

Ill’ \r

20

+H16%

312 5681 [10F

ADD | 26 |

ho

L 118%

Fehutyghpethyl hed
ethed , 2, 2-

trichl

br et1.€al

orotrif

8.3

| uoro

etis 1dial 3ate

t han

e (CFC-1 1

te3.2

3) an

il 48&%0
d

Rr iy | 20gichivne-
C@tngpehbons assuned for

of43.ne

p5&3e
this

nt1.58
conpa

veg1li Org.9r
i son| ar e:

¥37.3
15

103%

T\ACHE JETDeT A e

~88.9m 4724t

)12L20 19815 ¢168.4

126%
OF

LeIrp ature 110.0F \46

(5.50)

3C)

SUDT O

ot —tenperature 10-

Return gas tenperature 75. OF (23. 80

Conpr essor Tﬁé fEx%\hﬁﬂé )éhb\‘?vs ?IQQ‘E’ rﬁ@sﬁﬂﬁﬁﬁo@icﬁs bMAEGREsent

VOIS FpPas wHBERto o bR IRt G os ithand would
i b@eﬁed:wwrebla&mms ébr CEBAPIESWith oniniBAFI0BMBS Bondddign

condltlon

cofyf ’é’é%rb

5 1dhanel Wi ipiartet Forhbopitoned

Syd

one

gepifede ity 4t 15

2sperceat_LofeCE@4%31 1-di chl oroethane 7.8 92.2 12.4 8.7

20.2 142.1 107%
30.8 175.6 132%
25.4 159.5 120%
18.69 13.1 30.4 174.4 PtPéorneiriceDht88. 2 11. 8 15. 28
acetate 70.5 29.5 15. 4
formate 55.7 44.3 16.08
11. 3 26. 2 Tbe table delow sbows the petfosBance of Gricistrefrigerants

24cdmparedtold82113. The data are based on the following conditions.
40.0°F (4.4°C)
110.0°F (43.3°C)

10

‘diiso ro |
1, 2-di
et hane

10.7 24.9 157.7 118%
10.8 25.1 158.3 119% e

"ExBibLed,

et her

55.5 44.5 18.93 13.3

et hyl

t hyl

Evaporator temperature
Condenser temperature

8 19.2 15.63 10.9
t hane 39.2 60.8

15 Subcool temperature 10.0°F (5.5°C)
Return gas temperature 75.0°F (23.8°C)
Compressor efficiency is 70%
TABLE 7
Comp |Comp
Evap |Evap| Cond |Cond| Disch | Disch Capacity | Capacity
Composition wt% wt%| Pres | Pres | Pres |Pres [ Temp | Temp | COP |(Btu/min}| (kW)

CsFs0C.Hs| B |(Psia)|(kPa)| (Psia) | (kPa)| (F) (C)
CFC-113 27 | 19 | 128 | 88 |156.3| 69.1 [14.8| 4.18 0.26
C4F90C;H;s plus
B:
acetone 96.4 36| 1.0 7 6.3 43 1133.1] 56.2 | 4.11 7.2 0.13
1,1-dichloroethane 7.8 92.2| 16 | 11 8.6 59 2074 | 974 |4.36 11.9 0.21
diisopropyl ether 55.5 |44.5] 1.3 9 7.3 51 [135.8 | 57.7 | 4.03 8.7 0.15
1,2-dimethoxy- 80.8 19.2( 0.8 6 52 | 36 {1394 | 59.7 | 4.07 5.9 0.10
ethane
dimethoxymethane 39.2 60.8| 28 | 20 | 144 | 99 [159.7]| 709 | 4.21 18.8 0.33
ethanol 88.2 11.8{ 0.8 5 53 | 36 |153.3| 674 | 4.16 5.9 0.10
ethyl acetate 70.5 29.5{ 11 7 6.4 44 11477 | 64.3 [ 4.14 7.7 0.13
ethyl formate 55.7 443 25 [ 17 | 136 | 94 |161.2| 71.8 | 4.13 17.0 0.30
isopropanol 88.4 11.6| 0.7 4 47 | 32 [146.0] 633 | 4.11 5.1 0.09
methanol 81.9 18.1] 1.0 7 6.9 [ 48 |185.1] 85.1 [ 4.31 8.1 0.14
methyl acetate 59.9 40.1] 2.3 | 16 | 12.6 | 87 |1625]| 725 |4.08 15.6 0.27




-34 WD 2006/ 012100 PCT/ US2005/ 021804 nethanol 81.9
18.1 16.24 11.4 26.4 162.6 122% nethyl acetate 59.9
W@ 00080124005 10.3 24.0 155.0 116% nmet hyl for maper/482065/021804
56.3 15.07 10.5 24.5 156.6 118% tert-butyl nethyl
41.7 58.3 20.61 14.4 33.6 183.2 137% ether

methylfdAnale, 2-[01 430 ONs6:3[4437 [ 336] 24.21.168 | oD o9 4. 31.2 0.55

tet-O@Pomedyi hy|l eser N(EH3 27 CHR2 | 1910 1 @8 94251.64% (14097 28.23 0.20
et

0 The Exan shows tH

eth@3 4 126% ple at mpst lco unds of
"1’ﬁé%§‘|{5’l°@%‘%‘nt Jhvertd|on® hatle | t'fp S8R e Wi ?ﬁ?ﬁ“'ﬁ’tou@'gso 0.3

et Vo vl S |

NICFLS G,y Of e Higamsls o ¢ e & T ¥8st7|vAs (426 | 163 0.29

epl acements for CFC- 113 W th mnimal conpr esSsor
design 5 changes. Most preferred conpositions have tip

speeds W t ID4ta 3hewithd Zompisitions ofthepfesénflibvebiohViave 3
Per f or mance

ta , 10 The table .bel ow
o BPREEAS CondensaE PrashiRscHBIPEE GEffoLib e
CFGotripdsititime afisd hawe kighas eabanitytthan C610-6W8.ng
conditions. Evaporator tenperature 40.0F (4.40
Condenser tenperature 110.0F (43.3C) 15 Subcool
tenperature 10.0F (5.5C) Return gas tenperature 75.0F
(23.8C) Conpressor efficiency is 70% TABLE 7 Conp
Conmp Evap Evap Cond Cond Di sch Disch Capacity Capacity
Conposition wt% w % Pres Pres Pres Pres Tenp Tenp COP
(Btu/mn) (kW C4F90C2H5 B Psia kPa (Psia) kPa F C
CFC-113 2.7 19 12.8 88 156.3 69.1 14.8 4.18 0. 26
CAFOOC2H5 plus B: acetone 96.4 3.6 1.0 7 6.3 43 133.1
56.2 4.11 7.2 0.13 1,1-dichloroethane 7.8 92.2 1.6 11
8.6 59 207.4 97.4 4.36 11.9 0.21 diiso ro | ether
55.5 44.5 1.3 9 7.3 51 135.8 57.7 4.03 8.7 0.15
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1, 2-di methoxy- 80.8 19.2 0.8 6 5.2 36 139.4 59.7 4.07
5.9 0.10 ethane dinethoxynethane 39.2 60.8 2.8 20

wQ@2004/029059. 7 70.9 4.21 18.8 0.33 ethanol 88pCr/1382085/021804
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0.8 5 5.3 36 153.3 67.4 4.16 5.9 0.10 ethyl acetate
70.5 29.5 1.1 7 6.4 44 147.7 64.3 4.14 7.7 0.13 et hyl
formate 55.7 44.3 2.5 17 1 61.2 71.8 4.13 17.0
0.30 isoro anol 88.4 11.@%@@14.7 32 146.0 63.3
4. What is apioed iset hanol 81.9 18.1 1.0 7 6.9 48 185.1

85.41 4. - t : : 2 16
12 87 %%'éergﬂgé' 'f%stgﬁgfegq@cgé&n-égﬁ'ﬁ%e%ﬂgéf %‘ 2100
PCTr4bs06b: and ableashene GempeyRg selegted/Arom the groupsgonsisting
24.F 167 190.2 87.9 4.10 31.2 0.55 tert-butyl nethyl
41.7 58.3 1.7 12 9.0 62 142.6 61.4 4.09 11.2 0.20
ether tP%RQY:2-dichloro- 43.7 56.3 2.8 20 14.5 100
180. 9 82 T-dichidroéthaded. 33 ethylene N CHs z CHFZ 11.1

4 166.7 74.8 4.26 16.3 0.29 Data

88.9 2.5,.17 .
showthéj"%g’ﬁ%g)g‘l?tﬁgﬁs of the present invention have
evapor atlg2-dimethoxyetbaser pressures similar to CFCG 1

13. Sorgy; ki al so have hi gher capacity than
cre 113 OmEHIRITEANR, 515700 Per/ LS20051 021504
CLAIM SeEthapdt is claimed is : 1. Arefrigerant or
heat tr afiRfliQicetdteti d conposition conprising CAF9OC2ZHS

and at | t. one conpound sel ected fromthe group
consi st ﬁi@ﬁ f%m&'i'et?' acetone; 1, 1-dichl or oet hane;

di i sopr agopropamay ; 1, 2- di met hoxyet hane; 10
di met howgﬁtaggpe; et hanol; ethyl acetate; ethyl
f or mat e; ’

methyl acetate

methylformate;

tert-butyl methyl ether;

trans-1,2-dichloroethylene; and

N-(difluoromethyl)-N,N-dimethylamine.

2. A refrigerant or heat transfer fluid composition suitable for use in
refrigeration apparatus or air-conditioning apparatus employing (i)
centrifugal compressor or (ii) multi-stage centrifugal compressor or (jii)
single slab/single pass heat exchanger, said composition comprising
C4F30C;,Hs and at least one compound selected from the group consisting
of:

acetone;

1,1-dichloroethane;

diisopropyl ether;

1,2-dimethoxyethane;

dimethoxymethane;

ethanol;

ethyl acetate;

ethyl formate;

isopropanol;

methanol;
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I sopropanol ; 15 nethanol; nethyl acetate
nmet hyl formate; tert-butyl nethyl ether;
w0 e@n®12ip®- di chl or oet hyl ene; and 20 PCT/US2005/021804
N-(di fluoronmethyl)-N, N-di et hylam ne. 2. A refrigerant
or heat transfer fluid conposition suitable for use in

refrigerat, ratus or air-conditioning apparatus
enpl oyi tbﬁ% %Eéﬁt ri fugal conpressor or (ii)
mul ti - staeggbylentate;f ugal conpressor or (iii) 25 single

sl ab/ si changer, said conposition
conpri s?%lt% % &g%&h&xd at | east one conpound

sel ect edraﬂﬁt)‘lrﬂ'ldll@lQIP@UW'%é‘ﬂgtl ng of: acetone;

51, 1-di chy- ﬁﬂfﬂﬂrﬁﬁﬁaﬁa yI)-RN-Dirhe@Rrprne. et her;
1, 2- di et hoxyet hane;’ di met hoxynet hane; et hanol ;

ethyl acetate; 35 ethyl formate; isopropanol;
met3)anolAn ain)tr‘A@ch@Qﬁéé}Ja'&b@&o dddﬁiﬂiﬂilﬁirﬂé&ﬁﬁplsmg‘et hyl

Crane. 12 aoPei 8 scongnShbuethlbe R E.F BEHy and about
N-(difl @értor&bhyﬂ)/vmgmmromtrgdeMnme 3. An azeotropic
103 e 220 B P T i it o
about 1 touabgut 1 peight pereandtloheichicgoethane: 1 t o about 99

wei ght per CeaboGﬂF%JéBbﬁt S8 erRfPrP Bercdpt Calogmbgwstaﬁd about 99

wei ght SePbent 1EweithE BRI R A %éi‘q”sﬁw@?"“t 0 about £8
about 1 to about 76 weight percent C4FyOC,Hs and about 99
15 to about 24 weight percent dimethoxymethane;
about 35 to about 80 weight percent C4FsOC2Hs and about
65 to about 20 weight percent ethyl formate;
about 39 to about 82 weight percent C4F9OC2Hs and about
61 to about 18 weight percent methyl acetate;
20 about 27 to about 81 weight percent C4F9sOC,Hs and about
73 to about 19 weight percent methyl formate;
about 1 to about 80 weight percent C4F¢yOC;Hs and about 99
to about 20 weight percent tert-butyl methyl ether; or
about 1 to about 66 weight percent C4F9OC2Hs and about 99
25 to about 34 weight percent N-(difluoromethyl)-N,N-dimethylamine.

4, An azeotropic composition comprising:
96.4 weight percent C4FsOC,H5 and 3.6 weight percent
acetone having a vapor pressure of about 14.7 psia (101 kPa) at a
30 temperature of about 67.2 °C;
7.8 weight percent C4F9OC,Hs and 92.2 weight percent 1,1-
dichloroethane having a vapor pressure of about 14.7 psia (101
kPa) at a temperature of about 57.1 °C;
55.5 weight percent C4FsOC,Hs and 44.5 weight percent
35 diisopropyl ether having a vapor pressure of about 14.7 psia (101
kPa) at a temperature of about 63.0 °C;
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to about 12 wei ght percent diisopropyl ether; about 1
to about 76 wei ght percent C4F90OC2H5 and about 99 15

W0 eocalooaino 24 wei ght percent di net hoxynet hane; BODUB2085021804
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to about 80 wei ght percent C4F90OC2H5 and about 65 to
about 20 wei ght percent ethyl formate; about 39 to

about 82 wei ght percent C4AF90OC2H5 and about 61 to
sbout 18 mi%mz WG RrCRR! GO obts ANt 66 weaighik perpent

gggﬂ: S &ﬁé@%ﬂ?wﬁé@%ﬁnré@fhe@hg%&ﬂ%170pS|a (101
about é??%%%@ﬁﬁ)&f@@ﬁ%ogfi@%&i@ d about 99 to

agou: io wei §H7 wetgtterdrcéntr C,HaQCHsrarid 44 . 3etdight, percent
abou e IS

200U, e A 3G B ASHEFE 8, GOl
N- (di f |ate temepergture Kf Bbduhdd.BylCani ne. 4. An

t
acilig Orcglr—)llscan %u%%ﬁ{&@ﬁ%i%%iﬁ&w‘@'v&@?mg%ééﬁﬁ

vapor phetylpeetate B@)‘dﬂ@ alwapprw%wwiare%t) 14¢ ppia gH1
Eiggg:g{l_%& )aatef tepfpithtubd of about’4 BeWwes; ght peLI(:ent h

a Qr o€ ane
havi ng a vap‘g} eé%’ifﬂ%c%?tp@&ggg fé aﬁdp% g"(el@'lt
at at enpﬂ'ryhfmmatohawbgta vaporipressuid.ds abeutihd. 7pesia (a‘rﬂ1
CAFIOCAE, NG, ad:ér%'rgm‘ aBSut“’?EFb 5 diisopropyl

et her havi‘ng a_Vv out 14.7 psia (101
kPa) at a téehb éwm'gn@aseeMQ%&Fb and 5&8 waight percent tert-

2006/ Oll?li‘tQIQnB éﬁ%@@@b%lagoépor%%egsuﬂ ¢FHboREN 4 Mpsia (101
CAF9 I met hoxynet hane

0. %) B
havi ng Q/)a%@rteﬁ?n%QWF%o fibg 1 2®Tpsia (101 kPa)
gt4 FS t enper atun @ve:b@htqimuént%ﬁ%(l%l—@?anﬂ 8&Dyieighvtepereent N-
navi ng Gryapmefyd - itheRIERERe tavEi i Labgh s Eue of
at at eaimﬁéﬂuw psief(1ab&ina) abadempesduce okabmit 489 dent

CAF9OC2H5 and 40.1 wei ght percent nethyl acetate

havi ng a vapor pressure of about 14.7 psi 101 kPa)
atd-a te'?rﬁé?%ﬂ%r @r Brodyshg: capting, @'dﬁo QKéP@FHFg
p%@&atﬁ@‘@%oﬁt%rﬁ@f craire it 92t3 nﬂrmmrthe vighibyof a body to
f qr mat 91 ﬂaéaor nodressure 8 tt 14 7 psia

(1 cooe, and'thetedidrdo ensing sai compos ion

6. A process for producing heat, said process comprising condensing
the composition of claim 1, 2, 3, or 4 in the vicinity of a body to be heated,
and thereafter evaporating said composition.

7. A method of using the compositions of claim 1, 2, 3, or 4, for heat
transfer, said method comprising transferring said composition from a heat
source to a heat sink.

8. The composition of claim 1, further comprising at least one ultra-
violet fluorescent dye selected from the group consisting of
naphthalimides, perylenes, coumarins, anthracenes, phenanthracenes,
xanthenes, thioxanthenes, naphthoxanthenes, fluoresceins, and
derivatives thereof.
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kPa) at a tenperature of about 29.0 C 41.7 weight
percent CAF90C2H5 and 58. 3 wei ght percent tert- butyl

waoredapli2zies her havi ng a vapor pressure of about PATU%2005/021804
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psia (101 15 kPa) at a tenperature of about 57.2 C
or 11.1 wei ght percent C4F90C2H5 and 88.9 wei ght
percent N (difluoronethyl)-N, N-di net hyl am ne having a
vbor prheseamposition abolaim 84 flIrtnmanp_rdsingk phiecast one

U S ONRiIRGING ‘ég@{‘ut ?@8&%d4‘§>n9 r%ﬂjp'scoréléifn@‘-‘cﬁsrﬁ/df'éﬁarbons

pr oduci ng sal roc SS conpri si n?(
ovmsinyether. el ayaliulane Gvcaletagrs; amidess ketpnesy niiles,

t fmcyrb@amdrm @éteas hastsnés arbleetﬁ@ﬁsl ﬂdoromﬁertshgh@aﬂ !
ensi

RSB, SnC B oS e B RS Eahetentyin oot
tmetlmmﬁebompouhdcasahmsblutﬁlzmg agen4 in the vicinity
of a body to be heated, and thereafter evaporating
sai d conposition. 7. A method of using the
cohbosi theeempesitpaichrtiaimd, wherein said selubiligig agent is

t reusdted fropdtre g@hb%nggﬁ'ﬁg@l ng transferring sal d

corrp03| tion fro a heat ource to at si
e e MoRal AR S glyeal cthars RBrosasten i thi ofpuls
| east one RT[(ORZ)XORély,e\Whédeumrﬁnscmﬂﬁntéger ﬁeﬂrﬁttceﬁ ¥ fscam

Lo o2 AR TR 8% S SRl RS RO Bt

t hi oxant hetmkpcatraphtradmatstm1 t6 Buearker atoms andy
derivati V g@és RZ‘?% s%&&p%mgl#@%tlc rlydrocaébylene

PCT/ USZOO e _conpositio
further cor.aﬂrqaés haviag frloaa@tto&r@rb%lamme Ispeerdad from

sel ected fi géﬁs alfcpalmrmwnatamgcmfh)Vdfdc@nb@hbaaﬁcals

di met hyl et her Q | ene C et hers ni 3.
ket ones, nhq\phg EQ"Y%%E&%%%{? g}sﬁgg agé? I‘gﬁoﬂ@ﬁ is
aryl et hersgledted drome shigr lsydracarbon radicals; and wherein said

trifluor 0%&?@%}% &‘@EJSIet%tﬁerW?a\feeé Hcﬂ&&ﬂ%F w8fgthE 6ffrom

transfer sane co

sol ubi | i zi #RPUEJERtto about $0@ atRisIHASS Uﬁlt%f claim9,
wher ei m)s aérﬂm%@.l@Bfééez\téwwmrmmaesm@@wwreﬁm dylefo-

ther s ropFeGENER Vs Bt R auf Repes AhBpydently
wher ei n: Xxselected fiom eﬁpmatfdawm aligyelid hydrccerbrm radidagger
al i phat i ¢ N0 1o B0 Te:caft] 8 R done arpetic
at ons and ry:\dlaabhawng fedno 640 TR2carbop @taypsel” fsr sgtected from
al i phatic meia6e AW ERSylene radicals having from 3 to 12 carbon
atoms; and wherein said amides have a molecular weight of
from about 100 to about 300 atomic mass units;
c) ketones represented by the formula R'COR?, wherein R' and
R? are independently selected from aliphatic, alicyclic and aryl
hydrocarbon radicals having from 1 to 12 carbon atoms, and
wherein said ketones have a molecular weight of from about 70
to about 300 atomic mass units;
d) nitriles represented by the formula R'CN, wherein R'is
selected from aliphatic, alicyclic or aryl hydrocarbon radicals
having from 5 to 12 carbon atoms, and wherein said nitriles
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15 radicals having from2 to 4 carbon atons; R3 is
sel ected from hydrogen, and aliphatic and alicyclic

wohyasocarbon radicals having from1l to 6 carbpoT/aszNg (21804

at least one of RL and R3 is selected fromsaid

hydr ocar bon radi cals; and wherein said

pol yoxyal kyl ene gl ycol ethers have a nol ecul ar wei ght
of from 20hamamaleculaoweighiof Fo0 abouti WM ieealzoulZ00satomic
b) am des ﬁgted by the fornulae RICONR2R3 and

cycl o- [RAQEkfgé) wherein and R5 are

i ndeper@)en@ﬂ“?roc@éﬂ’@!ﬁ r@@rmm%py;squrm% 8‘%[*4"@}&’?!”0 X is
hydr ocar bogeleadddrdrf thé ftegérsfr onp mu@saacmrﬂa@ﬂ aI| hatic

t d t 2 d
T AR By retar Ok s MG ot b 2 i
hydr ocar byatones; randi winreirsaid ofpldrocanbdnts dal2 acmolemular

ot T o B BhBof Pt A AR ARE %ﬁgﬁgﬂ%%?wtgr}t

10

15

20

25

30

ket onesf)r e@WéQW%&M?SeWédfb}’rﬂ?elf@"ml Risvenasein:
and 30 RZgq E}Wdlrdca?rsbﬁ%cﬁeauémrfﬁ frOMad td-12

alicyclic an r rbon radi ving froml
fo. 15 car biAoRD %msaéd Be R AR A ORaRHo
nol ecul ar  rgligHi$ halingfrom dktowt caiBontatombpand ddereiheaid aryl

RIoN, wher EAar€ o sBSERE FRTSH R Bl bifus fIS Bbout 150

alicyclic atomicyhagshitscar bon radicals having from5

12 WO
5006 019108 PR TRIARAN RichEderitBy Bythd Koinfla CRR™Y
of from abwherei R'ds selsstedbomaalphatic anﬁﬁlcxﬁhqud@amon

;:\EI or ocar bmﬁca’lenéemgrftcﬁﬂ abyut Beo bBHIUI S.cBBon atoms;
erein;

sel ect &Y ﬁPBFﬂ%ﬁ&ﬁﬁ%’%@en&e%ﬂn}ﬁ Ogé'@%e@$9§go @Eér b‘gﬂefe'”

radi cal s IR sglefctezhiramt ailphztlc anda@licgtliwnisydracarbohaadicals

sai d oh! SHAGHGIAIR diP 50 TBLGE 1S Berbdiails A WiehEh saic

et hers refluomainers asp derﬁ@ed 6wqmﬂaom orfins mdrn@ilyols Ryherein

is sel ects@@ fiidiBLAEMNs aaédéfqaértgszwc:@cdcxad WheadihNdis
from6 to 1 10 car bon atons

bl phat | o HOERGET PGNP LRT B raTA YdS CHENG, Tebie, CFs or

car bon at @R;, wheeeimigieCF;S@hRL, ar ThF,;eindesaid paly@lsare linear

mol ecul ar o%irgrt‘éhe%f, th%?&has%?dJﬁnélaq(boﬁfolg‘gpéjbf t:l'\%qype
HOCH,(CHOH),(CRR’),CH,0OH, wherein R and R’ are
hydrogen, CH3 or C;Hs, x is an integer from 0-4, y is an integer
from 0-3 and z is either zero or 1, and said branched polyols are
of the type C(OH)¢(R).(CH20H),[(CH2)mCH20H],,, wherein R
may be hydrogen, CHj3; or C;Hs, m is an integer from O to 3, t
and u are O or 1, v and w are integers from 0 to 4, and also
whereint+u+v+w=4;

i) lactones represented by structures [B], [C], and [D]:
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atomc mass units; g) 1,1,1-trifluoroal kanes

represented by the fornula CF3R1l, 15 wherein Rl is
waedoeoirdo from al i phatic and alicyclic hydrocarP@Dns2005/021804

radi cal s having from about 5 to about 15 carbon atons;

h) fluoroethers represented by the fornmula R OCF2CF2H,

wherein Rl iseqselected fromaliphatic and alicyclic

hydr ocar bonREa icals having ffom about R, tooabout 15

carbon at ogsirorowher ei n sBeq fl uoroet
derlvedfr?h\. | udrg; ol ef i NBA onoIstvvh re n sald
fluoro-ole slare, of the —CXY el

hydr ogen, &hl oRRae’ or fl uor n&s %fnd Yis hIP@r'Rme
fluorine, CF3 or ORf, wherein Rf is CF3, C2F5, or
C3F7; and said onoIs are linear or branched,
wher ei n sai d IBﬁear pol yol s arl€lof the type [P
HOCH2( CHOH) x( CRR ) yCH20OH, wherein R and Rare

hydr ogen, or LS an.int f 0- 4, [

S a% i n? eger"ﬂ;g'ﬁé'?n '%12?‘?‘3'1@‘ Iz:(\zi""ée g]lc%pgﬂgégq%gé?pctﬁd fé%ﬂl >
?Z?ido—li) ?E ?{;aﬂmﬂogethMearmrancbéd Jtdyelic, ypeyclip, saturated and
hydr ogen, LE{%% %@&W%&% eé‘@f{'fér U@X%QSW S
30 and u afur@m(ﬁbnutﬂOO\ﬁoab@uv\Ba@@tampdgas%unﬂs;rar@ to 4,
and al 5 é@léfse#ébtrééé’“ﬁfé%fv thbﬁbnbﬁaﬂé}ﬂﬂﬂa'@ R@nWﬁéreln

10 Pr] Usoo05Rb 81008 arbsepisenaslesiod o INeRsSR st

O R3 RR6 &itufe®RandRmsaturRed-Bikyl bl aEﬁ]ra{inB}alsSand whereln

hyar ogon, YTHaRrer TR e Biedi QB0 fari Gt 8 o a8l
sat ur at ed 95 atamisanassurits.hydr ocar byl rad| cal s; and

the nol ecular weight is fromabout 100 to about 300
atomc mass units; and j) esters represented by, the

| )
15 gehbr al Amesthad éorrzntcegmngmem@awoleiﬁumesgﬁat we Ktea
| netsrAprREsidn r)éfrfgéréﬁéredr érr@ahbmaﬁafg %ﬂﬁarﬁw@ 58id method
sat urated and sa@getali (lﬁ? é an a% adi calst f
antPIREF'EY 'SSQ | wiraviglg flugreseeat dya i s qppyition o
f rdainaibpBi 3,84 4,0n Heoptesehb® ofbmulubilirsg agent, @nd introducing
the combination into said compression refrigeration or air-conditioning
20 apparatus.

12. A method for solubilizing ultraviolet fluorescent dye in the
composition of claim 1, 2, 3, or 4, said method comprising contacting the
ultraviolet fluorescent dye with said composition, in the presence of a

25  solubilizing agent.

13. A method for detecting leaks, said method comprising providing a
compression refrigeration apparatus or air-conditioning apparatus,
introducing the composition of claim 8 or 9 into said apparatus, and

30 providing a suitable means for detecting said composition in the vicinity of
said apparatus.

14. A method of producing cooling, said method comprising:
evaporating the refrigerant or heat transfer fluid component of the

-42 -



15 11. A nethod for introducing an ultraviol et

fluorescent dye into a conpression refrigeration or
W@Reo6o02100 t | oni ng apparatus, said nmethod conpPCHURZ05/021804

di ssolving the ultraviolet fluorescent dye in the

conposition of claiml1, 2, 3, or 4, in the presence of

a sol ubilizing agent, and introducing}bthe conbi nation

i nE@Mpasitor shpleirdd iprthesdinifepta bedy & be cooled and thereafter
ai EofdeHSing Saidefrigeraiihdtial frandfer fiGidESMpeném!
solubilizing ultraviolet fluorescent dye in the
conposition of claiml1, 2, 3, or 4, said nethod

comdr i sAngethodiciprodycindg aeat)lsaidamieticet cdrprisingcesridetising

W i i5.0n, ¢l : C f 5 .. .
5 oy AArE R et Rt FoBRBASD Bk Pripsitionay claim

saB dn the vioiity & bodiytpbe hieatedpand theveafterssiaperating said

" cfeihigerait bPReARFRISAURE koRtidoneffldi ti oni ng apparat us,

i ntroduci ng the conposition of claim8 or 9 into said

apparatus, and 30 providing a suitable nmeans for

detgct i TBe EBhHoSRIBAASTIdlaiAM | 2 3, e 4MufthBt EdmPFisinga Stabilizer,
10 ap\ﬁ)la{ﬁai\_tsus. 14, A gggrhod gif pr odym ng cooling, said

nef' A SCBNEI9Y: R CAOLVASEIPEA9%G t he refri gerant or

heat transfer fluid conponent of the -42 WO

2006/ 01 i Li.qn_af :cl a
2008, C1400cRETAIBHOASI AR ARaR Bl st rom
cot@esTorRFonsisting of pittpsethane, hindared: phanaisrhydreryiamines,

COfRSIS SR osphites AndBA&BHe®f Pproducing heat, said nethod
conprising: condensing 5 the refrigerant or heat
transfer fluid conponent of the conposition of claim

8 18. t hA methiodidfysifg theecdnaphysitian dfeclaieat £d, 3netk 4, wherein

t her. [ ' j Of f : .
tr S0 Fop REANRSRs e g pebrhE agadh e htion ar air-
1, conditioning apparatus empleying agnulj-siage aenlrifugal comppessor.
wat er scavenger, or odor masking agent. 17. The
conposition of claim 16 wherein said stabilizer is
20 sef®@ct elihe mpthod pé C@'rﬂuﬁ@ WB%@'%?@'HQ“%"%?W §ﬁ‘B§rﬂéQ?é,
hi pstapasbsph @ heo-stagd centtifuganésmprdsibp! s, phosphi tes
and | actones. 15 18. A nethod of using the conposition
of claiml1, 2, 3, or 4, wherein said nethod conprises
pr2duci hhe kenatpositionard|daim 16 whereih isagtwaterscavengerris an
coglqlilé}eg{éjrng apparatus enploying a multi-stage
centrifugal conpressor. 20 19. The nethod of claim18
25 wherein said mul ti-stage centrifugal conpressor is a
t wp1 st afereeeds tof praalics e8RS Eshprising compressing a
composition of claim 1, 2, 3, or 4 in a mini-centrifugal compressor powered
by an engine exhaust gas driven turbine; condensing said composition;
and thereafter evaporating said composition in the vicinity of a body to be

30 cooled.

15

22. A process to produce cooling comprising compressing a
composition of claim 1, 2, 3, or 4 in a mini-centrifugal compressor powered
by a ratioed gear drive assembly with a ratioed belt drive; condensing said

35 composition; and thereafter evaporating said composition in the vicinity of
a body to be cooled.
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20. The conposition of claim 16 wherein said water

scavenger is an ortho ester. 25 21. A process to
w@emdocaocool i ng conpri sing conpressing a COnNPOBU$10051021804

of claiml1, 2, 3, or 4in a mni-centrifuga

conpressor powered by an engi ne exhaust gas driven

turbi ne; condensi ng said conposition; and thereafter

evépor af\imethedifar replaeiag GRSr 113 in gXisting irefriggrasfonapritigtus

t oobair-cdRdRiealIrRtappatatus, BaGASthdd MBS Fﬁ@ﬂdjihg@ '

con§r|3|?ﬂ c?grngsﬁggg%a co 03|t#Pn oftc aim1, 2,

3, COMPRSIURN O (. PF 7% thesrpREETE  hower ed by a

rati oed gear drive assenbly with a ratioed belt drive;
gcondensing said 35 conposition; and thereafter

evaporating said conposition in the vicinity of a

body to be cooled. -43 WO 2006/ 012100

PCT/ US2005/ 021804 23. A nmethod for replacing CFC-1 13

in existing refrigeration apparatus or

air-conditioni ng apparatus, said nmethod conpri sing

providing a conposition of claiml1, 2, 3, or 4 as the

repl acenent. 5 -44
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