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The present invention further relates to the above listed
compositions specifically suitable for use in refrigeration or air conditioning
apparatus employing a centrifugal compressor.

30 The present invention further relates to the above listed
compositions specifically suitable for use in refrigeration or air conditioning
apparatus employing a multi-stage, preferably a two-stage, centrifugal
compressor. «

The present invention further relates to the above listed

35 compositions specifically suitable for use in refrigeration or air conditioning

apparatus employing a single pass/single slab heat exchanger.
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atoms. Representative hydrofluorocarbons are listed in Table 1.

TABLE 1
Compound Chemical Formula Chemical Name CAS Regqg.
No.
Hydrofluorocarbons
HFC-245ca CHF2CF2CHaF 1,1,2,2,3-pentafluoropropane 679-86-7
HFC-245fa CF3CH2CHF2 1,1,1,3,3-pentafluoropropane 460-73-1
HFC-263fa CHF2CH2CH.F 1,1,3-trifluoropropane 24270-67-5
HFC-272fa CH2FCH2CHoF 1,3-difluoropropane 462-39-5
HFC-338mpy CHF2CF(CF3)CHF2 2-(difluoromethy})-1,1,1,2,3,3- 65781-21-7
hexafluoropropane
HFC-338pcc CHF2CF2CF2CHF2 1,1,2,2,3,3,4,4-octafluorchutane 377-36-6
HFC-356mcf CF3CF2CH2CHaF 1,1,1,2,2,4-hexafluorobutane 161791-33-9
HFC-365mfc CFaCH2CF2CHa 1,1,1,3,3-pentafluorobutane 406-58-6
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Composmons of the present invention have no ozone depletion

potential and low global warming potential .

For example, lightly

fluorinated hydrofiuorocarbons and fluoroethers, alone or in mixtures will
have global warming potentials lower than many HFC refrigerants

currently in us

e.

The refrigerant or heat transfer compositions of the present
invention are selected from the group consisting of
C4F9OC,Hs5 and 1,1,3-trifluoropropane;
C4FoOCoHs and 1,4-difluorobutane;
C4FsOC2H5 and 1,3-difluoro-2-methylpropane;
C4F90OC,H5 and 1,2-difluoropentane;
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is near azeotropic if, after 50 weight percent of the composition is
removed, such as by evaporation or boiling off, the difference in vapor
30 pressure between the original composition and the composition remaining
after 50 weight percent of the original composition has been removed is
less than about 10 percent.
The azeotropic refrigerant compositions of the present
invention are listed in Table 2.
35 TABLE 2
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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 azeotropic or near azeotropic compositions of the present
invention may further comprise about 0.01 weight percent to about 5
weight percent of a thermal stabilizer such as nitromethane.

The compositions of the present invention may further
comprise an ultra-violet (UV) dye and optionally a solubilizing agent. The
UV dye is a useful component for detecting leaks of the refrigerant
composition by permitting one observe the fluorescence of the dye inin
the refrigerant or heat transfer fluid composition at a leak point in or the
vicinity of refrigeration or air-conditioning apparatus. One may obserce
the fluorosence of the dye under an ultra-violet light. Solubilizing agents
may be needed due to poor solubility of such UV dyes in some
refrigerants.

By “ultra-violet” dye is meant a UV fluorescent composition that
absorbs light in the ultra-violet or “near” ultra-violet region of the
electromagnetic spectrum. The fluorescence produced by the UV

6
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35  ether solubilizing agents represented by R'[(OR?),0R?,: x is preferably 1-
2; vy is preferably 1; R" and R?® are preferably independently selected from
hydrogen and aliphatic hydrocarbon radicals having 1 to 4 carbon atoms;
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and al i phatic hydrocarbon radicals having 1 to 6
carbon atons and y bonding sites; R2 is selected from
wabdoshenss& hydrocar byl ene radi cal s having fronP@r/us2045/001509
carbon atonms; R3 is selected from hydrogen and
allphatlc and alicyclic hydrocarbon radicals having
r i prefe&tdasb@ntmi om almhaltléé'é/dr@@ébyiEnRIadmalsFmawm

Salﬁ%nl??g:frky s 8H aft@l%cﬁ{ost é@e% 8icAr qms the.

pol yoxy col a o
of ppimaﬂw@memmcql &thargnelesylar yyaightds r%@@ramw@m ahout 100

t hgo BHBEEDS0 afarmewaééwh@@ en@streferablfeforh @bt i 28 kdabout

519950 3Joirlc Grepainisi e R (SR eardoh el g big 1 to 6
i ndapsastomsy Ibi;‘,‘lﬁrfe‘br]‘ beamchyd rorggolianReptdgensdtive R and

! Sﬁfviisq?é’a”@éﬁ?e SRR et PR RTRRg U,
r adsabaity, bes-butyl, ftedmlﬂylopeﬁtyb asapanty: oespentyls tert-pentyl,
o FUgB ) PR B oo
10 ameoz@elkatem giycmi@éh%rrﬁqltsblhmg tagsntﬁ maxtheyinepgpatible with
gg%ﬁhgﬂfﬁgo@ re%%ﬁ#%rle?rﬁérﬁﬁ@maﬁpmﬁs Hfét%g?ls?g%oﬁétr@étﬂ)n (e.g.
be MR | ??1 TRt BieTerl Albhagh YAk eq s iea (pving 1
R3 tBcHpEen bmms adogtquerablytm eamnytbm eThey R? gliphptit ,

E‘E’%} Ocpeérg)ggrg% ¥§,q lcalﬁ Z}fg@g K;Pr%e% E?b %f cétt?ﬁrggfomg H5ntd repeating

15 cy cixyakkyiene, raelmalsc-y( exthat iflede oﬂy@byleynerredpals

;gfyxgﬁl@y%et .Jaa.dg{se o >§/PJU¥ ARSNE e & (ﬁﬂ) l&élfé radical

t
co@pnamlrtgw&r i eng @pbfpxmlkwggorgiygﬁ Ieﬂﬁreﬁqhéhlléz'ag agent
Zf’?ﬁ‘ﬂéé.&*‘é'rﬁ% b8 16l shiflea ot ohb mbboanay oGy URtAeAbRY
@5’@31 M@@@qu@?%r EEPW&S%M@Y@%{?M @él ifier %QHP@ZIHQ
20 h%’dfg@ﬂ?! preferaplyr ?ﬂhpr&ééahl.@ﬁtsh@né oRPApYiené radical nWhere R’
atl ons L e | N a
£ hik B ADP B Slc Rl BiReAiGIT fadi il o8, 1o fgakBori atoms
r a@nday bonding siieynheybdical mayibealinearTbranchgd ok vy elite
ra eeﬁﬁs o%tﬂ%‘HYé R 29 phtid %%a@ﬂnyl%’él}@l%ﬁé\ﬁﬁg t\%ydedmg sites

et h Izl Ng" ag en nol e
onédncludiedar @xamplee QﬁtQthGHEffﬁ@ﬁéhta mpmlﬁymrﬂwceh@ butylene

2507 ‘Pécﬂ’i%al BNseri?yIBA8 Phdieal, E\‘H@k@’léﬂé‘ l%@lﬂ:&ﬂ!,' y @%Ioﬁérﬁtﬂene radical

sol ubi 1 zin nts
o AR GY Ao R IR AdiCaln Hapree ety Ra eighats AyqoSatbon
al irgdlichischawry mree baromaﬁmmm bited imglublet resfluearderived from

or SRR, SN B Bl FRoipho e SR oy BEpBBryhARR 1.2,

hy dirilmahokyoyclandixané sindal, 8 /ogtrinyd raxysytinhexanes dyi nechaviieg their

f on et hyl ene radi cal, a propyl ene radical,
3Oa g‘lX?yi gnwdr'a i'cal, a pentylene rad| cal, a hexyl ene

radi cal, a RepEspRiatiye eelyoxyaikyignemycal eawaﬂhébdkvzl@@ agents
r agh Gdtle bRERIESANRN®: BHACRGH{CHNHSEC R propylene
glycol methyl (or dimethyl) ether), CH3zO[CH>CH(CH3)OJ2(H or CHa)
(dipropylene glycol methyl (or dimethyl) ether), CH3O[CH,CH(CH3)Ol3(H
35 or CHj3) (tripropylene glycol methyl (or dimethyl) ether),
C2Hs0OCH2CH(CH3)O(H or CoHs) (propylene glycol ethyl (or diethyl) ether),
C2HsO[CH,CH(CH3)O]2(H or C,Hs) (dipropylene glycol ethyl (or diethyl)
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radi cal s having three or four bonding sites include
resi dues derived from pol yal cohols, such as
wao 200561358 ol pr opane, glycerin, pentaerythritol PCP2085/001509
trihydroxycyclohexane and 1, 3,5-tri hydroxycycl ohexane,
by renDV|ﬂ£ithe|r h rox | radical s. Representative

polejhﬁﬁtydl') QiR GH( H Hépr @Hab(tnprmy@r@gwfég ethyl (or

& FICHIEC Gﬂ %R &P I8 n-propy

&%mdoé%wg oty yﬁ?,;a?o cwé$@$)§d4 ééﬁxj&gnprgwlene

| hPro W(@F th-)pr@mbl etherCH8 H)B(dHDr C3Hy)

e S e AL SR Eif%q;{; °énn§'r> Ejybbﬁsz Chgyon
( opidpgteme glyedimebityl &IWOEGB&BHG&%)@]@(H GREGH,)
LBl eyl [ Sy S SRl rigHoone
ot oy Citle) tdpmman)e Kty bl b e st
CIERETRH 525” i v pyfeBlo ol ﬁfffd?;t? e ool

10 n- ,ﬁeblpyp(z[ (a]gg-ﬂpré@hl)e)e d|propy ene glycol t—butyl (or di-t-
C3IH0sh @:‘ﬁ);)@:@[ﬁl—l@Cl—((?@ tH oP(© eglycol t-
(p?’b‘&il(%hé' lﬁglépﬂfprgﬁsﬂﬁé H(C%%%E;Opélene gh)/(_:lol n-

9% el

15;3{ mpthwe@prqnéoemmmuwd%w@@uw@wwzm%affénd
(et RIBR, ;ﬁﬁ%&ﬁ%&ﬂﬁ%ﬁﬁ GHAUGHEHOH),
( CHs) 3Cq crimaidecetyllizingiagen S@fstng)pr@wntanwvl%h@mpnse
9l Yik®de fpréydnté@by dheiformmaéwgcmww éﬁd‘“c cIo [) *CON(R%)],

1OCH2CH t
b el R hipatic and
OMHﬂ@deﬂﬁd(’&b‘lﬁb@}é’dicéléleMng gom Pty ¢Rlcarbdruatdms; R* is

th
(s e B ko Bl o 1 canon
SO'MB'tb'azﬁoﬂg 39@%@6@10% 58 GnRE ETRBLmMA! YR P Smides

ose repr esent ﬁ ?orrru | ae r&?%é@ﬁ%&@g ng%r 2 3

cydﬁ prefezpbbNres) aqoutvm‘ert@.abqqi 250atormic mags meitsr &', R? R

25 'h ngﬁam@gnl ; ;@ﬁé@fh@mo{ﬁﬁmﬁmt@ampgociﬁggomacﬁwbI that is,
Qe RO Y G DR A D SRS SPEMEY Dot MTBens
ha\(e g fiuovine3chioriad) and bikoxilesn®;g. anethoke). eRh RRIRY and R®

ot %@‘Y'ﬁ%'@aﬂ@bﬁéﬁs%ﬂ%ﬁ Sty FERAheh fRplBye. tat

S ausj rachcatss wihichpeaitaindheatomsmitiogen (a1m0), mygen GoXa50r

307" 1 BN e BB LTI GRSk i
general, no more than three non-hydrocarbon subshtuents and
heteroatoms, and preferably no more than one, will be present for each 10
carbon atoms in R, and the presence of any such non-hydrocarbon
substituents and heteroatoms must be considered in applying the

35 aforementioned molecular weight limitations. Preferred amide solubilizing
agents consist of carbon, hydrogen, nitrogen and oxygen. Representative
R', R%, R®and R®aliphatic and alicyclic hydrocarbon radicals include
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radi cal s containi ng non-hydrocarbon substituents

sel ected from hal ogens (e.g., fluorine, chlorine) and
wabdosnerses (e.g. methoxy). Rl, R2, R3 and RS negT/US2005/001509

optionally include heteroatom substituted hydrocar bon

radicals, that is, radicals, which contain the ato

ni mablgsdne*(rryk propyloispgeapyl, iyl iseputylh sag-bytyh |t%\’f')bUM Rentyl,
fa%'ogebty? c{poe%ﬁ e‘l’z‘-é&wt?p@éléﬁén@f c?éfdh@&ylah@ﬁﬁ/l ddiyl,

I‘OC

O oo e 54 b e jsameTRor
t h@féf@ﬁég étmﬂéddlh\%npbgimit%e é@ubmamtj; é@bmﬁéb@mmenem R
5 SubeIer SRR oo bR O ODERORY B fapented by

apma/hmotbmyaérw@mw |(6R8Ia7 noihexthérwords, g formula: cyclo-

colCFER BN WHfEirs genﬁr&ﬁ&g} Liefbd gafﬁ%@%lsmolecular

Rewe@mapqnﬂy VveisRh mtegerpf(g)naﬁdoris [1$ gmaturat@d] ydrocarbon
al +§d{§éu&n@érﬂfn§§ﬁfdow carcsa fg, B9 éﬁ?ﬁé"af”é’indeﬁbﬁdéntly

I SO

10 t eﬁeécm gor e@@hn»by th%%pgﬁwoq%gégm defmlng R™3. Inthe
t erd‘ctmgtrébres@méopwmeviormgw |c96|©§Y¢R6Ré)QC§UN(R5)“—] ¥il.R® and

d |
i i g S e o
S ofaticalizrhogg dgentinsethylenehuts, ahe REiie aRvturated bydrocarbon

" RERE s o DI Bl donE: Ol Stnpiel BshByated
15 ot hgdrosarhts radiealj-6rmethaipyepiidin-2foperR6 R7) CON( R5) - |
wher ei n: “F?ed?é%ﬁt%ﬂ\?é énﬁ(ﬂ@%@l@ Hi%lr}é"ég%érﬂé nﬁﬁ?u@éléhﬁére not

wei ght ap ; I'S an I.nteger rom

satlmitgdé@ h@@hdqui&m Zaqn% érdmsﬁm%aorteo 1190tyl -5-
? ?h’ﬂﬁﬁ yip gﬁﬂﬁdmﬁﬁ?ﬁg [oy ?lﬁgzéeﬁ)rrglé\@@iﬂ nﬂ%??l})heﬁﬂ bgﬂ?lﬁtﬂn-zone
er
Tt Bminy binelk-0g: 1Rt it vlbinebRe pge T "
20 CygF?Ibé@Wém@@]-ﬁ}meﬁMpyﬁﬁal|dmxal2-®gleaﬁanpti'fyl-éF abl y
L RBEaai oo A BrRiBHiGe RS 2R, SRl 0astoRR am, 1-
sabutydrtpgnrohqm%oaebd)ﬁ dlmtbﬂplpeadt%onen@—decvb&lz
@Bﬁdm-@?néxf‘%bgcﬂ%&éﬁ Sl N NY&ibe;ﬁ’bHﬁBmide

ggl Troli ones. Répresent
amaﬂdhé dHﬁQHrQPY{@C%IQGH@% i ncl ude but are not linited

5t o: 1-oct y|l@t6ﬁ@'sbﬁjb'ﬂ|zﬁrgoé@entéoﬂiﬂfé’ bmﬁehoinv@hﬂoﬂcﬁﬁﬁmse
1 g§ o Srﬁpf%igwgf %{ﬁ Fclﬁel E}d R988R21W?| G GRPL% RRLAD
1 hm‘.edefﬂeﬁﬂy bqucte;wfrom‘réirpthlatlc, allcycllc and aryl hydrocarbon
v FEALHs R g} RET Gl oo, YR Soietiios nave
riemmbtacpmrlvmlghmfe‘rorm about #etxpbplh3e0 alamiroass units. R’
30 gﬁgfﬁ@ ﬁaéﬁu? h(éfotrﬁg‘aié pr Ql‘é?% %E}Yd{p@n'd@hﬂy defifad from

e efiphaije pdd Pilpvslio Todeocarbe iG B JEVENG H129gHebon atoms.

N, hn@i iUl WaIghtdss sd kbloNediid praTeribl) f6AT aifdietet00 to 200
atomic mass units. R' and R% may together form a hydrocarbylene radical
connected. and forming a five, six, or seven-membered ring cyclic ketone,

35 for example, cyclopentanone, cyclohexanone, and cycloheptanone. R!
and R? may optionally include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents selected from halogens
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Ket one sol ubilizing agents of the present invention

conpri se ketones represented by the fornul a RICOR2,
wob@sesTssRl and R2 are i ndependently sel ect ed PEDDOS2005/001509

aliphatic, alicyclic and aryl hydrocarbon radicals

having from1 to 12 carbon atoms, and wherein sai

ke(ege Hubine, @lmm@)mnohalkmdgm(e@f metbeab it amh R gnay

abglito r;i_@gr @%ﬁ&b -sh%stltﬁgeoaﬁy?ﬁr%aiﬂbrﬁ@dﬁjcdf@ttﬁé‘ﬁ§

ent sel ec fromaliphatic

are
antan‘Da'%,W&‘thb qwéﬁlaélaﬁ% BEINS HH\’QQ&ns(aﬁax)r AYygen (kego-, oxa-) or

Cagl?ﬂn (ﬁﬁ@iﬁn aTr’aandanﬁ§|HI@heMﬁs@bbw@bseam c&mcsm@@m§ In
era romaot 100 t,o 200

5 b Gonerahlp moga L thes APR IR0 P m BafiiRRt ahd °
Coﬁét%‘?(badnwénﬁq:rréfdﬁablg rfd mere than orme, veithberpresebeioedach 10

lLic k
o EfRbangndt e 5oy o e fitEor 8 SEER G-
ophydmebfbon subsiitieerds lmsdi halereatdms maﬁrhmm&dﬁredllﬁ applying
Bl PRt ST R par B cREBRRentatie R anc
10 chRoﬁllnbatlcarwcmlmdjagfl b&dr@camrh@@l}qa?s ut m@‘ah@ymula
ODH@@W mcmae'mésh yhedeyl o?mvr %diﬁbpylube@l hy@bmwaeb@butw

n terb Qe Reh lsoeﬁpﬁgmwshw bofsriyt, By gpetive, cERhexy,
((: ; pgpty) dtdtrylanasmm dedyl ojraiera:yt;tdmelemylmobmammgufanonal
on_at ons
o ORI a sl e trrrdE TS AAPIRE . sy and
15 prphenaﬂhlyy no rmre than one, will be present for each

10 carbon EQ@n%oI@&%ﬁ@%ﬁ@hﬁsslﬁﬁﬁﬁe@ut%rr‘é! not
Car on T

such nonhydr tuents et eroat ons nust

be limiiaditaic?-butanengs greengnen ageirrandNeo RELYraRfenanear
h%ﬁéartulﬁ%rf&ﬁg%lb'c@Woh%&?ﬁ%zélbhgﬁtaﬁbngnﬂ-l"@aanone 3-
rocarbon r
th@eg@w&b T%?%X‘ 2-heranabe; 8 ta”@’?elhc isGbut)
20 Pr RBne, I4SéthyI@?MbhemﬁoHe 2-seriartonie, 58&Indmmim | 2-decanone, 4-

Esb}éebuﬁ | i2- Bem ¥Bﬁ-eé<3fo ‘%@ék‘?i 5‘.%%9)?9{@(6%0ny{1fd"c§&@f@xyl

unétetoyle, dodecyl and their configurational isoners,

vell as pPhigie ﬁemﬁ&\nﬂg@mgb@%@fé BAk inviefitish cowr%b

and phenet hy I zI ng
ag@ﬁn@arﬁpmﬁ@atqmgy thefaraula R.ﬁNewhe@emﬁ §tsgirsted from

25 2- Bﬁﬁﬁﬁﬂé{; fic cﬁi%%r%??l%@car’%h%@@ﬁ%ﬂmg from 5 to 12 carbon

hex t anan

D S B0 s b LS o rom about
i @@taaa@moo amﬁbaﬁmunm i RO aitl niteileostubilizing agents is
g T N e S e
di hexing &t 90 eacbuh diooys: | Bh@malemdabwelghmpf saidenitrile
30 SOlsURIbiliAld SgSHEH Pr&Erdif frBRFSSA 1201BUBAR 190 REMIEmass
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
include heteroatom-substituted hydrocarbon radicals, that is, radicals,
35  which contain the atoms nitrogen (aza-), oxygen (keto-, oxa-) or sulfur
(thia-) in a radical chain otherwise composed of carbon atoms. In general,
no more than three non-hydrocarbon substituents and heteroatoms, and
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nitriles represented by the fornula RLCN, wherein Rl

is selected fromaliphatic, alicyclic or aryl
whyasoeasHon radi cals having from5 to 12 car bp@I/asmns001509

and wherein said nitriles have a nol ecul ar wei ght of

from about 90 to about 200 atom c mass units. Rl in

saprefaiably he nsaredban ionenyilblpe preseand fgregaly Hycgrbon atoms in

SeheCéﬁ&*uLé @J&@hg@ %%hg saeﬁ n%hLWbéé%bBM%ru%ﬁfu@ﬁﬂs and

radi cal s cul ar

PG troaoNEmGShbe coNEIdeEHLE AREVIRG tae aftremantoned
Eaﬁcgé&%ly\/rvrgfgﬁmlﬁ:i%gﬁé?sup{e ﬂes@@éﬂvl?lﬂoat Rtetics ali@gdiic and aryl
5y by Lt Feihe deneraL s i R e ety
NOfsopeetyd Qﬁd?jéntyﬂ ulest pémtgh cgcloperiyt, eyclohexylh Abptydroctyl,

mepﬁgxlygjlag uﬂ(ﬁ?};ygdq({ﬁ?gf%gﬁﬂﬂe&?ﬁé&ﬁfgu?&?or{a?ls%mers as well as

hepheny! beradbatmenylcohesitdy talyy kdyl ardipbemnathyk hat i s,
W Ctl\'itrﬁcg'&;)ﬂlﬂ‘hiirﬁhe?géﬁt‘gﬁnah% B488rd A8mited to: 1-

10 chayanapansan, G2 shmptBkd-GrareReDiENca  HENORAXaBRC 2l
nocBhch 4 Shddiane, IE P ARNaNY 01 efaH A arid) Db dniiganend-

no nmore than 0

ne, 2 referably de
P EXRCSCEee A1 ANE SRR -BYRTRINRCRAS 2Bfid-pYiododecane.
presence ofCHgWcatldh selobiliyitgepenimof thebsresenkinventiond

e SR I Be TRBRLBI ) MERPYIRA Snerein i
15 Repelestad foinvtbhe Ritegerpharri2e R islsetgaied éroanahmqtlc and alicyclic

| ncwgﬁzﬁprgdg} Fq%%aﬁgbﬁ\éfn ?@1@%5%6?4 ?tt)iﬁ PG \ﬁH&@ n said

cy@hbp@ﬂrppns bave @H@Q&ﬂculaﬂdmlght of c%&rp |ab0Hbr150 to a@@yt 200

Un%?&rﬁic mﬁ@gﬁﬁl‘l’é ?ﬁg nﬁﬂégﬂlaﬁmgmlﬁélbltdo&ﬂbgdgl‘é%@i ;S:(ollubfﬁzmg

A aUBREHSPRGIErak G0k ahosh 1010, 50 BRshass ik ng
20a9 ﬁﬁp$e$érﬂémﬂ£Rtaﬂphatlc andtallbycﬂd ldirbcarbdn radicals in the

T IR TR T T

2- dacﬂ:m@ﬁpﬂmbutyﬂ,%e:;tdmxbyiopamtgl isopenjyinoelepaniy, tert—pentyl,

o Y BREFBR A5 oheRyy ROPRE SR naN, e TIRARYR %oyt and

[ n\ﬁeﬁﬂt comfigisational ésaReisr ocar bons represented by the
25f or mJ' a SGRS% g@@@rgt?gge chldrécé*Bbﬁ%b%llfzﬁrngé @ﬁshﬁél@@@'b‘éit are
; i clic
hy d‘PB H@Ftﬁéﬁo r%&@%@ﬂgygﬁ’@% g‘fb&%%ﬁ@ﬁ“&ﬁ grianenlr
}/\h%hﬁjrgh@dar%odm drdhﬂﬂbhemé]alvehl_ardmmﬂ dr—chbrq#]mam 1-
rom about t U . iLs. e
o Bl e e eBkpaE oA o L EudHORGBhE: 21 ng
agents is ;Eséémcﬂbblyzmgcagemlmof theawesentliboentiamtempss
uni 2 Gy 1 2
30,0555 R SRAELEL U JLaPLERLE RSO Wil ' anc &
i nar@ msierwndgntly eelﬁyted fmr@dgnear asd syelissatwatsd and
' S%%ébdr?teﬁ PPérYdl i?il P4dichld! Wefeﬂ@ﬂtéélters'e‘éﬁ@%‘ﬂbﬁéentlally of
neopent yl, terf-pent
the elements C, H and O, have a molecular weight of from about 80 to
about 550 atomic mass units.
35 Representative esters include but are not limited to:
(CH3)2CHCH,00C(CH2)2.4O0COCH,CH(CHz). (diisobutyl dibasic ester),
ethyl hexanoate, ethyl heptanoate, n-butyl propionate, n-propyl propionate,
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cycl opentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,

undecyl, dodecyl and their configurational isoners.
wRepsessst at i ve chl orocarbon sol ubi |i zi ng agene&I/US2005/001509

include but are not limted to:

3- (chl oronet hyl ) pent ane, 3-chl or o- 3- net hyl pent ane, 1-

c hethyb berzoeate, di-G-podRyh pbtheatea henzaicaricetioxgetaybester,

1 0 [ n
1, QTH{&{SQ%%& oro eca)l(%gjté) g?e? so| E%rﬁa'zle %ﬁ{gfé@&at%f Exxate
théOB @s@tvmmaweh% iyt applate)ed @%&txérp@th@ateeééﬁttea By
g drallforrr}JIa RleORZlv\heremglanld R2 are
ependent sel e rom r and cyclic,,. .
5 sat ur at eq MAUIRESHIVILEBE 20enks 6 thecgs e ipygition gomprise
Pr ﬁ@éﬁ@r@‘ﬁéﬁrﬁe@@pﬁ@dms@h} i[B], landqC]t he el ement s
C, Hand O have a nol ecul ar wei ght of from about 80

to about 550 at8m C mass units. Represent atlve esters
i nclude but arefjnot limted to:O

(CHﬂZCH}Q ) 2- 4OIIHQ31 ) 2(di i soQut

di basi c est¥r), ”m¥l hexa e, (%thyl PE odfe,
n-butyl prdpyo ®n- pr opy Qnat e, et
benzoate, dRsnRgRePy!l phth %184Fhéh20|c ﬁ%léu R
et hoxyet hyl ester, dipropyl carbonate, "Exxate 700" (a
comercial C7 aIkyI acetate), "Exxate 800" (a

10 commerci al C8 PAKkyl acetate), dBbutyl phthaljfle, and
tert-butyl acetate. Lactone solubilizing agents of t he
present invention conprise |actones represented b
st MThesarasioneg contajn thedunpiigpnal greup RBORSIK aripgof FB](A) or

| nbgé_@f%ﬁy '“?th?i*ﬁ ABPW%@@’@S rsgrglﬁ&lfréﬂﬁ]'arﬁf EB]PR #Bugh Rs
m»q@r%mdqp@ndswmelspf@g fﬁmﬁ hyqlioge) ¢ or {l@earhgtﬁiﬁ? & )3%&"@

151 n%ﬁﬁ/ﬁn@%ﬁum@cﬁbﬁ@mdam@mh@r@m yboradidalaEach Rt1 though

cne sSa a
P SRS by eiiaktes oH e & a3 St AhAMeBR syRiBh e Fhe

coﬂHmom@mafyohanm@n axocydicwilkylidanetgneup RS in stroctyne (8],
Th %vﬂe?%’bqgftg RY %é?'ie}mﬁéb%%%hﬂg sékaléré()d ﬁ@l‘?\enﬁfr%é‘n Bflinear,
| ndepachishcyelics iwch@csatmr@ﬁ&d@ad @l@éatttsatadl m@éecarbyl radicals.
hy?réo%@ar ﬁq%\ﬁ?hdﬁ g%é drﬁwec% fﬂrﬁﬁrﬁjjaﬁ‘ﬁ@ Wi‘tﬁéhéﬂ*@rﬂi

o HOUEBARG: GFif IR6ianc SO gRALH BAVRR TORIeGu welght
Th ?ah bPREMEABALRISO tol dHibua 300t Roimiy Mass Miits cpitefesrred from

a%out 80 to about 200 atomic mass units.
Representative lactone solubilizing agents include but are not
25  limited to the compounds listed in Table 4.

TABLE 4
Additive Molecular Structure Molecular Molecutar
Formula Weight (amu)

(E,Z)-3-ethylidene-5-methyl- (o] o

dihydro-furan-2-one C7H1002 126

N\
(E,Z)-3-propylidene-5-methyl- o] o
dihydro-furan-2-one m CaH1202 140
NN




range of from about 80 to about 300 atom c mass units,
preferred fromabout 80 to about 200 atom c mass
w@Riosm675Repr esent ati ve | act one sol ubili zi ng age@/BS2005/001509

i nclude but are not limted to the compounds listed in
Tabl E_'B’but-)I/-A‘B"-gmetr Addl tl e OIVUI ecttar—Strueture

Mol ¢ | a i ght (anu) ceHuo, 154
(E, I) 3- et hylidene-5- n"et f Ur an- 2- one
C7THIQeR HOpYytd tene=5- n“t.y. ehy-eo-

126 WA 0
-3-pe ehea-mahyls '
fur e&'ﬁ@ﬁ.‘,’&'&%’;’m Pﬁ%’& %\ﬁ CioH10, 168
140(E, 2) - 3- but yl i dene-|5- | di hydr ofluran- 2-onle
C9HJ402 154 (E, 2)-3-pdantyli e>5- et hyl di hydr o-
ZP8-Hgrybide@-5apdthyih g 2 80 o 182
ydsoPRIZA? dene- 5 Mf ur an>%ne
CHHI QZ 182 (E, 2) - 3- Heptyli < t hy!l di hydr o-
f ur aBZP-HepEidd@a-2HRIGE? 196 O<_o
( E, 29V8Yetr3A"t dene- 5- nm ur anZ?*8ne 196
Gl3H220Q2 210 (E, Z)-3-ronyl i < Ryl di hydr o-
f ur AEzZI>-BRNRensE-AERA OZ 4.0 o
(E, 20 ey dene- 5- nmi\w\o} s
C15h2eQR-238 (E_L—3—(3- 55—t rethyl-hexyH-tene)
& rmSF P2 G s ?@gfzgw 224 Gty 224
(E, 4) - 3-cycl ohexyl net hyl i
nmet h IZ)Qﬂeh?ﬁ@'reéfﬁlﬁ‘F’&n 2- Cl2H18C2 194 HaeO 238
gam aYyetata¥t one CsH14 nal 2E¥ghe

COH16(2 156 gamma- decdl act one C10H18(Q2 170

gamEZuAe 8 e Einalyheyidene)- o °
5-methyl-dihydrofuran-2-one - Ci14H2402 224
(E,Z)-3-cyclohexylmethylidene-5- o
methyl-dihydrofuran-2-one \(—\CO C12H1202 194
\

gamma-octalactone O __o

/\/\Q\f CgH1402 142
gamma-nonalactone O __o

\/\/\Qé CeH1602 156
gamma-decalactone O __o

W CioH1e02 170
gamma-undecalactone O __o

\/\/\/\L/V/ C11H2002 184

gamma-dodecalactone

C12H220; 198

3-hexyldihydro-furan-2-one
C10H102 170

3-heptyldihydro-furan-2-one
C11Hz002 184

/\/\/\/\LO?;
0
/\/\/\&/O
0
\/\/\/\&/o
cis-3-ethyl-5-methyl-dihydro-furan- o
2-one /\dz CrHiz02 © 128
0
(0]
\/\io
(0]
/\/\io

cis-(3-propyl-5-methyl)-dihydro-

furan-2-one CgH1402 142

cis-(3-butyl-5-methyl)-dihydro-

furan-2-one CoH1602 156
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Cl1H202 184 gamma-dodecal act one C12H22O2 198

3- hexyl di hydr o-furan-2-one CLO0H18®2 170

w@20ep63pb&li hydr of ur an- 2- one C11H20Q2 184 PCT/US2005/001509
c/s- 3 et hyl - 5 mat hyl - di hydro-furan- 2-one C7H12O2 128

c/s -pe J‘5-4‘11eth i }»o")") agrhydrofuranr—2=-one—C8HIZS2
£§ Vl : Z|

142 \_(%Z ydr of ur an- @+eoe COHLGHR
1564/ s- ( 3- pentyl 5- rret hyl ) - dithydr of ur gn- 2-one
C1lO0H18O2 170 c/s-3-hexyl -5-net byl -di hyldr o- f uran-| 2- one
Cl1 ORIt mGiamyamigaPt Y1 - 5- Metdyt - di nydrof ura pp 2-ome

Cl2h2@er 198 c/s-3-oct | - di hyldr ocftuPan-| 2- tade
C1l3H242 212 c/s-3-(3,[5,5-tri hyl hexyyl ) - 5-
met Nyl - di hydro-furan-2-one Cl14H26Q2 226

c/s-@& e-ohewidinist hyl - 5- met hyl df hydr o 2-pne

CL2HEE™ 496 5- et hyi - mi?e%\%%wdro-furahﬁgz ohe '8

CllHZOOZ 184 5 nmet hyI 5-octyl -di Rydro-ff uran-2- ope
sobenzofug

C13 i —t—oRre—E8H—2 z
018_3\'6'_ |‘5'ﬁ1 ’[h}}l '(‘ﬁﬁilﬁ?b-ﬁ.l?éh Y
RES /

a
140 |géne ecal’act one OO 1/14 QigHuu0: 212
de/ fla- undecal act one Cl1H20C2 184
cis-3~(3,5,5-trimethylhexyl)-5- [
methyl-dihydro-furan-2-one M CisHosO2 226

cis-3-cyclohexylmethyl-5-methyl- Q

dihydro-furan-2-one % o C12H2002 196

5-methyl-5-hexyl-dihydro-furan-2- o]

one ? C11H2002 184
o]

5-methyl-5-octyl-dihydro-furan-2- 0
one C13H2402 212
(0]
Hexahydro-isobenzofuran-1-one H 9
8 CaH 1202 140
[e]
I.-'.*

delta-decalactone
/\/\/(l CioH1e02 170
0”0
delta-undecalactone
\/\/\/(l CiiH002 184
0" o .
delta-dodecalactone
/\/\/\/(l C12H2202 198
07 o

mixture of 4-hexyl-dihydrofuran-2- 0

one and 3-hexyl-dihydro-furan-2- CioH1502 170
one o}
+

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-
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0 O c/elfa-dodecal actone Cl12H22Q2 198 0 o m xture of

4- hexyl - di hydr of uran-2- one and
w@20vexy155&li hydr o- f uran-2- CLOH18(O2 170 one LacP@rES2005/001509

sol ubi I'i zi ng agents generally have a kinematic

viscosity of less than about 7 centistokes at 400C.
Fob- ma’d’tyb)drtwdrcgfammafmm:ma\tlﬁmtwﬂé Ricestiatokes both at 40°C.

ci EEPEEiscltzfi pBi HRYRS, Sleble commedall or prenered by
of rmetBo@%ﬁs deseit lbehSaPrQV@}@"a LP@&%%%)@ tigm (1 8291 95
ag?i ‘i/ént@SPé’bQiﬁ gvaj, |F%@iafh mrrceu CBedrldendUr rﬁl@ar/wgm 3, 2004,
eSCTI U S pr ovi si ona pat ent
apﬂlqoé%‘?ﬁageﬁj herein yJ_g r?n‘f‘ﬁ/ent ors being P. J. Fagan
and C. J. P Wrﬂr@thebsblgblllzfngl agbnis ofitHe Bres2ADihvention further
I NCOrpora reln
soPanTEGiany AiEe Betysdiied I 6E it SIS, whereieR' is
\cl:\glsplrecmj oyl aryt hydrecadmneradinalsihaying i 6rtmjll%ca¥bmtoms
haﬁ?—ﬁée |e%9ed6ﬁ?r?]e @me Hh Pdea%cyﬁ %%IQ@%’VF@‘&BW’} g%ir;ns
10al .cgrmm alonyed epdaviiriein a@«d@avlsethgxﬁ haye a paglecklgr weight of
%F@Wulag?@ﬂvﬁoo ﬁitﬂal%?mﬂsgj StoRit %aﬁéfsydql%t mﬁreb@mt@e R aryl
u
o cadinieta the-danesb i X SRCiAghds Baead b 'ijwne/ﬁ&umenvl
gerﬂ@ésﬁﬂyl ft@ls/mxb/@vl PRIy rodysieidyh eRgpresentdtiveyR3 allphaltlc
cune S| o (i
oy Bt tadteass I g gendiab oA GRE B HiGHi, ethw,
15t h@rqm,esaprdpgr fowityl, RODEYI,i secthidy anst teyf-buist. h\Representative
e | ?rln%’u% %ﬂfgr%%}'dblhﬁéﬁé )ébenfssiHBHHéé'but AR Hgyﬁﬁﬁlteé?&l methyl

Ive aronm
solphienyi Qt%ﬁg amsme)s 1|,%@|lma@y@&yb%rr2@nﬁopthyl rheRy qther and

rretr?huw pﬁ@ﬁ?lyéthéhher (anl sol e) 1, 3-di net hyoxybenzene,

et hyl” phen et her th FI. t h

sol ubi | i zi ?ﬁduoc@gﬁ]esr UQ'K@X%?E ﬂqt ftﬁ@@%’?% %or ¥%|ns:r

20t h@@mm%@ﬁh@@@f@ﬁeb&nﬁeﬂ&a;@lﬁ@qy@ieréldomhm RIQICF2CFH, wherein

O b s DR A e o i o

carannout Attombpupt Bicarka stoprs, peeferably pamary slinearasaidrated,
lé\‘l’lbl fﬂb&@l ??eé???érﬁéﬁf@ g&bﬁb%tﬁér%%rlﬂﬁﬁi?ﬁ%ﬁ agents inc include but
u

sol

cglare n@dnmtemtp ot G F 260aH AT EeH 130 Gafralefrabi- tbfe%h%t'%ée
25t h"ﬁoté& tHa"Pﬁ‘ théfréfr@%f’&ﬂtls aSludrbétHer,aréh eie sdlnBMizingeagent may
soln%l;tnb ﬁ gme f? . ernot be the sane fl uoroether.
1,1,1-Trifluoroalkane solubilizing agents of the present
invention comprise 1,1,1-trifluoroalkanes represented by the general
formula CF3R", wherein R' is selected from aliphatic and alicyclic
30 hydrocarbon radicals having from about 5 to about 15 carbon atoms,
preferably primary, linear, saturated, alkyl radicals. Representative 1,1,1-
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
35 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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1,1, 1-Trifluoroal kane sol ubilizing agents of the
present invention conprise 1,1,1-trifl uoroal kanes
wo epsessst ed by the general fornula CF3RL, wheP€l/mSIRA5/001509
is selected fromaliphatic and alicyclic hydrocarbon
radi cal s having from about 5 to about 15 carbon atons,
pr efréwarsojubilizing pgentsi frnartwogkieneat slgsses kstichragia dagtene

ReRrRSs PbRbkyAkyiehe biyddl ktdaror oal kane soI ub| l'i zi ng
agents in ut are not lLimted to:

trifluor ohengh% PEEREN C?”lpqwfmsméﬂ@%é?félgerant and UV
Solfrd:icbint dyevothnlut 0L60 Pwelgha befert it ebaumm Weight

5 SRETRGT th PR rSiioR T8 by e i dgEReboM Saeeioht
of peotertitbiabonty0dgeeaight paycendarad mosivprefefaidy from 0.§1 weight
A0eM S8 BP0 AR pSrhy compounds. | say’ t wo

ones g agents fromtwo different
cI asses, sudolubibtyofithesenld/ Auercscpal duseyialrefrigenants may be

9l Yo, ThRRSford 'Pnéth@dﬁ’rf&slﬁﬂbdﬁémﬁ@ﬁééé ) a0s [RIM d ﬁéfﬁgerat.on

refrigerant. and UV uorescent ye,
10veiggHAIr grAcitiaRing apa%@ﬁws have keey W@\@réeﬁ@sttyfan%me
CO'B@)@%UMII@Q“I U? pEéri Y. tRCE 86 %M%cﬁbéﬁla&h@tﬁooomﬂ% utlhzes a
cen ou erc a
e B BB At Gt ol e PR B s RS
welag;hnpq:mm efithe Shtigdration yr air ddmelstmmhg éppanadam:e!m refrigerant
dye.%dl bﬁ(gérﬁt'a% El%téﬂa%rgﬁgl‘?p% ?Régl'%hg %8(; }dg?% H%gccslved or

for I'n ese dyes
15ai digperged aaduqagrle;cbﬁaaugwtﬂhe @p@a@a’cuavmme@ous:@ther ynethods

an%ﬁ mfgdeem ::qyenato éi%ﬂ?@taﬁaﬂonr& a.%ﬁ@t.%ﬁg %?E%Pét%%re

lizes a dye powd sol |

sI Lﬁ%”@?dﬁif@eﬂﬁﬁﬁaﬁ‘n@y be |nserted into a conponent of

thfe refri gagaa %@U\ﬂfiuor@@ﬁémﬂdwcmﬂdmnﬂé@dl%d |n°($1e
re r

e Bra Bl e e P S el o d B
ZOCanmr@diJcttbnctughe uefrigpbeatmppar it asndlmnmag appacather The present
LTI %%ldté‘é {008'6’1% BitidNs |ﬁdnﬁ Eﬁ!at%%%@%@yrb Which may

alr con I troni gratus are

| i ther |atrod@ced uéralthqfsystam dmcftlyumﬂe@. c@fﬂgem dbeligventive
di s2phpsstidnd WAl RIbG b%%?dg& ér{dsﬁéﬁsﬁd‘r%ﬁ@ye BSﬁtalnlng

requiLring any speC|a i zed for .1 ntroduction

t héefrgeranieven oy emperalyrri Wthh Mmaintaxjing Mg dye vh%olutlon-
25|or esent i nvanhé @?eéeﬁit @bﬂ’ﬁpdsﬁldmfmjmplﬁém@ﬁefhgéiaml oy W

JRoRSSHEPLov¥ gne Sl aBgat. Bort SBRECY 18 aRpl(S weight
corpmsent; preferaibly frainl abvoutt [2etostbuna @& \mght parcepyrandahost
dy%r&%‘?&ﬁk Bipg aBSﬂ{ %%gﬁgut |gfﬁt de‘f’éﬁér{teﬂmﬁé %H{bﬁfe

€ hai ntarnrn n the rese
com@waalmlsmh:gmluz;m goeat in; tb@ raffigerant. In the ComPOSltlonS of

30 the present invention the UV fluorescent dye is present in a concentration
from about 0.001 weight percent to about 1.0 weight percent in the
refrigerant, preferably from 0.005 weight percent to about 0.5 weight
percent, and most preferably from 0.01 weight percent to about 0.25
weight percent.

35 Optionally, commonly used refrigeration system additives may
optionally be added, as desired, to compositions of the present invention
in order to enhance performance and system stability. These additives
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fluorescent dye and sol ubilizing agent, from about 1

to about 50 wei ght percent, preferably fromabout 2 to
W@b®snedS8 wei ght percent, and nmost preferably PCDIS2005/001509

about 5 to about 15 wei ght percent of the conbi ned

conmposition is solubilizing agent in the refrigerant.
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wear ressure

10 co($>6l§ﬁl'bﬁ paeﬂma) luRticibhaddilves tssich asmRutylateq frnheay!

gﬁbéfgﬁéteé%Bvameoﬂ@tﬁepaikP/e@ﬁgmgﬂ;dd sphatd es@s, e.g. Syn-

ents ener
© 0 BAd 8478 Trowe Ao G oo st pheephates AN et nt
reb@tripb@mtl@ Wmltmr@llsi,l theanetzd dldikyd dithibpbiosphates (e.g. zinc

COREIR BB StaL BT 2R, LUBBe3ERs. Bob FiMomper o
15 ad this ifamilpoé chemibalsTmaydeadsid invesmpositiers otthedpresenthe

baghRnfibn' f&hPPghﬁwgéﬁaédow%eﬁEm%sqf%@du&%%%nd

trTves

f aﬂsvmrraﬂtngal radvhydseny! plrication yaddifiyese swsh aafﬁpynre
KI@té}"ﬁa Gehan! LQPo?i@ahfs') p 'S@rﬂuérlyp hesiadre such HSRnt @Eldants free

r. al kyl at t t t
0. KaigalrasPBaeTRK B0 YRt SEENdErs Ryt epmdiaht os
20an @r?rﬁ;b@irﬂﬁhmgth‘@m@ry@é@hl |hclad|alk bll;rt, %r“ehﬁ)tmagwd tﬁl butyjdted
i,ophaspha zineg dia i t hi ophosphat
ﬁ" 5%&5& R'Lenﬁ @{Eﬁ%ﬁp ot he?/ rrerrberspof Itohl se
fam ly of Sudubitizihg age;ntsbmclsasj ketonesmay have as alfjectionable
pr %IQ'JSPtWIMEN C%(%'Benmla gy HAitRAST éﬂjﬁéj&‘ r‘ﬁsﬁklgp%@ﬂ? or

asy metrica
| ur;f)rlagc@nqa; nTwmantexa@yoleg Qéﬁd@rsme;sh@ggagent%r fragrances may

25 (1 H& J@EV@FQ’%behWésﬁq_@rﬁén (ﬁhéﬁ)b Q’L‘than@haPebpéﬁﬁﬁmt Floral
Such as ant| nt s free a e scaven ers g
" 08013080 EIRpbPE S%byo@ rents el A7
g a'tllﬁ}]ﬁr;ehg@fdd meha?tsluchtddoarrﬁaslMQ lagemrsenday be used at
utyl at e r Ql ue 0 -
o S0 SOHES gERYT ARSREEA 5% by vl
objpastd amahkeonmttined weight of axdob enaskénigeagdyt amddsalubitiziop

Oanaggﬂ{ maski ng agent or fragrance. Typical exanples

or maski ng agents or fragrances may
The present invention further relates to a method of using the

refrigerant or heat transfer fluid compositions further comprising ultraviolet
fluorescent dye, and optionally, solubilizing agent, in refrigeration or air
conditioning apparatus. The method comprises introducing the refrigerant
35 or heat transfer fluid composition into the refrigeration or air conditioning
apparatus. This may be done by dissolving the UV fluorescent dye in the
refrigerant or heat transfer fluid composition in the presence of a
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i ncl ude Evergreen, Fresh Lenon, Cherry, G nnanon,
Pepperm nt, Floral or Orange Peel or sold by

WO ni0semsss | nent al Fragrance, as well as dl i none@EUS2905/001509
pi nene. Such odor maski ng agents nmay be used at
concentrations of from about 0.001%to as nuch as
absolubllEtngagent ayid inbledudingrihe igembingfioreintawiegapparatus.
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corc? ?f‘?i‘tm 5%}H§ The present invention further
15rel ates to Hmmelumd compasesyprdviding thé gemposition dosaprising

t | .
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dy@ sqiublhéng@g@@f,ﬁs @I@§cw¢dahsra‘lr¢rt0d@fr@@raf¢qn ahd pEaki ng
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appar at us det ect1.0n

PR Auoraesr dvasronainars BRb G, S apERRANS Trdetetting
20 SY $hé By 8 linchade Wk 2re hat limited tb.adtradedletianty) offepaefetabio as

apaprich o R idhtroffieh DUt FioB3 ihy g Sontmérciaty
c oravastablecﬁmm onpersuis goursesispecHically desigaedifoi this purpose.
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Izl n escri’b
r efintrepircedi torthamqfrlﬂeratm air epnditionipg anpeiRtuaRAd has been
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fl uorescent ¥f conta ni n ri gsr nt. .Suitabl e

f oalbylbarvialgt [arap @pdne FEPatRius B Yie¢ the gregoppce of
ul tii@dye o tie Viaimity cﬁfahyrnezii lepeint.ed to as a "bl ack

Ot 014 i yert A Bdblh B of g o
speoiipasitidns afdbe gneserftinventiios fpuppoisieingdefrigaraton or heat,
30 E;gﬁrﬁ%é%%gtmah%ar&ﬁﬁﬁﬁgesdﬂ@dE&Hb it A B el ApORting said
composition in the vicinity of a body to be cooled and thereafter
condensing said composition; or producing heat by condensing the said
composition in the vicinity of the body to be heated and thereafter
evaporating said composition.

35 Mechanical refrigeration is primarily an application of
thermodynamics wherein a cooling medium, such as a refrigerant, goes
through a cycle so that it can be recovered for reuse. Commonly used
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introduced to the refrigeration or air conditioning
appar atus and has been allowed to circul ate throughout

wo b@spystem a | eak can be found by shining sapdI/us2005/001509
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20 ENloRthelri€caiGRG8dnd 1o tdtheieskBe fiBfd, icd @6dsitive-
condenses and, di schar

es.its heat to the environpent.
T SAGAT BERLeO- ERITGB a8 e Lo, SENY A BURIE (6:6-
t hicentyfugdli artjet) héepermlingl omhoanthe rheohanibal elements act on the
hi gher-pre r | in the condenser to the
I o&uﬁitggﬁ%?éﬁp&%ﬁ%ﬁ?n the evaporator, thus repeating
the cycl e. Bithargoasityeudisplacemenbersdysfamicraaneresserstmay be
n‘a . T .
e L Tl (s ea e
j etthe peaterred gaiipmegtfor e Riasent tririgiaal cpmpgsitions.
?Fp'egdl Ng QN cbARifliegs bgﬁi;ﬁj@ésdfﬁj%@t% rbiatingralesents fataccelerate
id, ar as positivedjspl acenent (e.qg. :
! o resilae iy Fodiahy, And S RBREIiNadSa impellerang diffuser
cemmouséd @b aasinget Centidygzi dongpressdrswisubbly tekefiuid imbt an
30e| %BEH& &Fet, o?%ehﬂ'gl inlet of a circulating impeller, and accelerate it
radially outward. Some static pressure rise occurs in the impeller, but
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
35 to 12 or more stages, depending on the final pressure desired and the

volume of refrigerant to be handled.
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fluid to be conpressed. Either positive displacenent
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rEvabios Per Rimie) his.sohashs o el el o Sty
200n deﬂm'mmed byfthg sizef ofrthe paissapes thrgbgls mmnpeslml Miis nakes
"o e Sp5.drfie XBRkePRRIHAM SN bnk HRGe e rediféidithan

dy tb@icapadifybr essi on. The pressure a centrifugal

conpressor USBY lll%’:hlgﬁ BBQ& o@%re?thﬁhta' éérﬁﬁl%?gl mphR&ssor

impeller. Ti p spee
med% fHnsigmgnt aldssath'qh ¥l mes l%p&@%wrwwmn@. Angandrifugel

25t he,-o @béc?*wcﬂikd betsw;rtﬁ\eolour-pﬁasgufeefefﬂgémhe subheas
i i Lot e A
rral<ld§)t he size of the conpressor nore dependent on the
pressure rqqilL 8l tRa0allddn 8085 s Ypically operate at 3000 to
' 7000 revolutions per minute (rpm). Small turbine centrifugal compressors
30 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.
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
35 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
compression ratio of about 4 to 1; that is, the absolute discharge pressure
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Because of its high-speed operation, a centrifugal
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35

SR A

r efhorigentat singleapakd tubezsrrdatei type eahexesangers.

sel fcont ai 't?&ventional microchannel heat exchangers may not be ideal
for the low pressure refrigerant compositions of the present invention. The
low operating pressure and density result in high flow velocities and high
frictional losses in all components. In these cases, the evaporator design
may be modified. Rather than several microchannel slabs connected in
series (with respect to the refrigerant path) a single slab/single pass heat
exchanger arrangement may be used. Therefore, a preferred heat
exchanger for the low pressure refrigerants of the present invention is a
single slab/single pass heat exchanger.
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coolers and freezers, walk-in coolers and freezers and
transport refrigeration systens. The conpositions of
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said compositions.

30 The present invention further relates to a process for producing
heat comprising condensing the compositions of the present invention in
the vicinity of a body to be heated, and thereafter evaporating said
compositions.

The present invention further relates to a process for transfer of

35  heat from a heat source to a heat sink wherein the compositions of the
present invention serve as heat transfer fiuids. Said process for heat
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systens becones even greater. Sone of the |ow pressure
refrigerant fluids of the present invention may be

W@ osabises as drop-in replacenments for CFC-1 13PCTUS2005/001509
exi sting centrifugal equi pment. The present invention
relates to a process for producing refrigeration
cortpansﬁerrrg)mpmmtuaamsfgrrtrtgethecnqmmwmofdhetmesmteeeemtlon
| nfth Efledtdidifo 1 GiRat ¥kl @ body fo be cool ed, and
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heafef Hi bk RBacedesfonbijédt d%‘lli(ﬂa?&btd @ifferett sEB@e location,
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ﬁg i i)v ﬁbgﬁ{a eﬁ%iﬂgggé‘@ég ehf&mr{d Pﬁ{)ﬁ(ﬁltlﬁﬁﬂ@eﬁﬁﬂg a senger
coaqwrpn@eb@fs%rsau@mthia regleiringzair W@mgwngf |A1ha@t %@k may
welde défi s Bﬁc‘gﬁlﬁcé’tﬁ)rﬂ bidtedr %%d?'@:!é §B%C@f »absorbing

Iocatlon rom whi ch eswakileto

tr J1RAteA vaﬁﬂréompreéweoefe ei&ta '0&%\{%‘? ésenerﬁe@mpeofsucha
Qosoufgaegmkay be spaces (open or enclosed) requiring

refrigeration or cooling, such as refrigerator or

freezer cases in a supernmarket, building spaces

requi ring air conditioni nEXAMRUES passenger

conpartment of an autonobile requiring air

condi tioning. A heat sink may be defined as any space,
| ocation, object or body @dﬂfﬁi absor bi ng heat. A

ogVapor conpression refrmg@dt%q%@oﬁzggmés one exanpl e
of such a heat sink. EXAVPLE

A vessel is charged with an initial composition at a specified
temperature, and the initial vapor pressure of the composition is
measured. The composition is allowed to leak from the vessel, while the

30 temperature is held constant, until 50 weight percent of the initial
composition is removed, at which time the vapor pressure of the
composition remaining in the vessel is measured. The results are
summarized in Table 4 below.

35 TABLE 4
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EXAMPLE 1 | npact of Vapor Leakage A vessel is charged
with an initial conposition at a specified

wWao eospesEssir e, and the initial vapor pressure oOPCT/I§2005/001509
conposition is measured. The conposition is allowed to

| eak fromthe vessel while t t r hel d
constant, until %hii per @ﬁ %gpf/eth eﬁliog/&
com&ANPoyndss aitig) cqfnitial whi ckedk ne ¢ he 93 or Delta
pr eNterA wit%tibhe Eﬁﬂposn n renB8i@ ng in KR vessel %s
measured. The results are summari zed in Table 4 bel ow.
TARLF 8 A-R/HBORGSTA ¢44.20@)Conpounds I nitial Initial
Leak 2pakygml ta wtPh A10n.42B PsjqarkPa PSI1@1M2a P %O%
CAFSOE gy F O 2Gafep | [ b 80 00 1241574/ 78. 6 19,4

14.71 1) 420q%§§ 9@304]. 14. 558 046 %

1/ 99 1 99.0 7 o /1oo
14. 31 g 6 o o 5 10 ' 14. 3 15 1 /
60/ 40 g 208 7% 63/ 37 2 95 14/
12.50 88/ 9 60 0 0/0 8. 33% 80 3 850. 0%/ 2%
CAF9OCEREYHFC- 3 (86.2%c) 0/%%0009. 67 69 9. 60.6%

66. 67 06004 1/ 99 @ 6 6636@ 9 66486 60 0. 83.10/ 90 9.¢%

66.40 9.62 66.33 0.1% 20/80 9.57 65.98 9.56 65.91 0.1%
40/ OF DCH:A4FCLIRq33 (60.°83 0. 6% 60/ 40 9.02 62.19 8.85
61. 02 @/4Qfp 80/ 209 8725 @@@8 7.88.673. 99 5.68690/ 10 glgo7
51.50 6./8d 48 069@67% gg/eb 6. 199% 68 6. q:ya éol. 85010%%

100/ 0 23 O

CAF9 FC— 39 00 /22 6 %8 10g

14. 68 0/14 .509 14. 4 §770 /
(o]

60/40 9.02 62.19 8.85 61 .02 1 .9%
80/20 8.25  56.88 7.83 53.99 5.1%
90/10 747  51.50 6.97 48.06 6.7%
99/1 6.19  42.68 6.07 41.85 1.9%
100/0 598  41.23 5.98 41.23 0.0%
C4FOC,Hs/HFC-392qff (74.2 °C)
77.4/22.6 14.68 101.22 14.68 101.22 0.0%
90/10 14.50 99.97 14.47 99.77 0.2%
99/1 13.97 96.32 13.95 96.18 0.1%
100/0 13.87 95.63 13.87 95.63 0.0%
60/40 14.51 100.04 14.47 99.77 0.3%
40/60 1412  97.35 14.02 96.67 0.7%
20/80 13.65 94.11 13.55 93.42 0.7%
10/90 13.41  92.46 13.34 91.98 0.5%
1/99 13.18  90.87 13.17 90.80 0.1%
0/100 13.16  90.74 13.16 90.74 0.0%
C4FgOCyHs/HFC-4-1 1-2qe (72.5 °C)

61.4/38.6 14.68 101.22 14.68 101.22 0.0%
40/60 14.51 100.04 14.47 99.77 0.3%
20/80 1414  97.49 14.05 96.87 0.6%
10/90 13.90 95.84 13.83 95.36 0.5%
1/99 13.65 94.11 13.64 94.05 0.1%
0/100 13.62  93.91 13.62 93.91 0.0%
80/20 14.46  99.70 14.40 99.29 0.4%
90/10 14.02  96.67 13.92 95.98 0.7%
99/1 13.25 91.36 13.22 91.15 0.2%
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99/1 13.97 96.32 13.95 96.18 0.1% 100/0 13. 87 95.63
13.87 95.63 0.0% 60/40 14.51 100.04 14.47 99.77 0.3%

WA QI06067588 12 97. 35 14. 02 96. 67 0. 7% 20/ 80 13. 6BCRGSH03001509
13.55 93.42 0.7% 10/ 90 13.41 92.46 13.34 91.98 0.5%

1/ 99 1 90. 8 4.0/ 100 90.
13. 16 SB&’% ot dde Ve Y - 2qe ( ]gijzg‘é b0
61.4/38.6 14.68 101.22 14.68 101.22 0. 0% 40/ 60 14 51
10&64092!'%#4@@5772@@%%/@0 14. 14 97.49 14.05 96. 87
0. 6%9500EE.4.3. 90495l 8410012483 954361 0. 5% 10994213. 68.0%
94.1 140/8064 9418%9D. 1MOBA00 HA.BR 93. 910039562 98.9%
0. 0% 8RO/B0 14. 4649B 70971740 994207 0. 4% TH.AP 14. 0B,
96. 67 10002 95. 98,87 70/99%1 13.25791. 36 .62 91. biyy,

0. 2940Q/89 13. 121805246 2@2 90.1%65P. 0% g 3}5 0.1%

CAF9 HEC- 5 20 .6/ 43.4 71 e
101. S% 71 10 3; o. 0/ 60(:t 9 100. )3 4. 569-0%
100. 3920 “Yo% 20/ 80 4 1 97. 0@ % 10P4Y°
13. 87% 3 13. 7%1/ 413 52 $4.5 13 8P%
93. 15 @%b 0/ 100 1131 489@ 994 13348 92. 94 9.t 80/ &%

14. 36 Y30/81 14. 33.093. 389.636% 90810 13. 87 88HH3 1304

94.73 0.9%99/1 13.1 1 90.39 13.08 90.18 0. 2% 100/ 0

13 MF 6L, BYPEBMEBCH3 0. 0% CAF90C2H5ZPFBE( 50 C)

0/ 100 0/A080 74.46.800. 8p4.48. 46 Q0O 1/ 99 Y445 74. 3%

10. 74 149®5 0. 19918/ 90744235 74038 10. 20 74033 1. 4%,

20/ 80 /88 68. 1903561 $H3g6 2. GHRP/ 70 974355 02,904

62. 33 4o/800 9.89  68.19 9.61 66.26 2.8%
30/70 9.43  65.02 9.04 62.33 4.1%
40/60 8.96 61.78 8.50 58.61 5.1%
50/50 8.48  58.47 7.99 55.09 5.8%
60/40 7.99 5500 7.51 51.78 6.0%
70/30 750  51.71 7.06 48.68 5.9%
80/20 7.00 48.26 6.66 45.92 4.9%
90/10 6.50 = 44.82 6.30 43.44 3.1%
99/1 .  6.04 4164 6.01 41.44 0.5%
100/0 508 41.23 5.98 41.23 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 of the
present invention. This indicates compositions of the present invention
5 are azeotropic or near-azeotropic. Where an azeotrope is present, the
data show compositions of the present invention have an initial vapor
pressure higher than the vapor pressure of either pure component.

10 EXAMPLE 2
Tip Speed to Develop Pressure

Tip speed can be estimated by making some fundamental
relationships for refrigeration equipment that use centrifugal compressors.
15 The torque an impeller ideally imparts to a gas is defined as
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40/ 60 8.96 61.78 8.50 58.61 5.1%50/50 8.48 58.47 7.99
55.09 5.8% 60/40 7.99 55.09 7.51 51.78 6.0% 70/ 30 7.50
W®» 200306755906 48. 68 5. 9% 80/ 20 7.00 48. 26 6. 66 4BCPRS209061509
90/ 10 6.50 44.82 6.30 43.44 3.1%99/1 6.04 4 1.64 6.01
4 1.44 0.5% 100/0 5.98 4 1.23 5.98 4 1.23 0.0% The
results show the difference in vapor pressure between
the original conposizt e conpoght emai ni ng
after 50 wei ght pgfceﬁrquﬁg?d{)teﬁ renovgga%@h gss t hen
abdVRer0 percent for conpositions of the present
i nvention. Tmt@rqu@lw‘mes corrp05|t| ons of the present
5| nventi on are azeotr%o £480 ar - azeotropic. Were an
azeot r ope 'Y pIESSIE! ‘Pt‘f@"&aﬁ show conposi tions of
t he pr esentv2 mtengeéntial heloeitpof refrigerdnt Yexnirg sl (Ep
?‘( the vapor pressure of either pure .
%"Lb%ﬁg MPLE 2 Tip Speed to Devel op Pressure Tip
speed can be ®sadivapéeaxibimpallarnm sone f undanent al
rel ati onships-f
Cencri fuga = tQﬁ%érﬁfar LORBERY b?rbfﬁg&.la%merh{q%p@%r m/s
10i deal Iy i npar® §aCi|@s Qf@iﬁqfimﬁéﬂ‘?rné@l asT = nmF(v2*r2-v
-1o*r ) Equatlon 1 where T = torque, I\I*mmf: mass
rate of flo /s V2 = tangential vel oci 0 .
refriger antx\%%&mdh? ﬁ%fé'gﬁﬁ'ﬁ (elnlt‘if%fi@é@?eﬁ%ﬁ'@ a1 essentially
r adadial direetiort, therterigestial mﬁdbonﬂferﬁta)‘fgﬁéwewcny@HOﬁOt thedéfore
refrigerant entering inpeller, nis r-j = radius of
inlet of inpeller, mAssumng the refrigerant enters
15the inmpeller in arT essBitioal | y radi al dEqaatiom@, the
tangential conponent of the velocity vl = 0, therefore
T = mV2*r2_Equati on 2 The power reqwred at the shaft
is_the pr odUtEt E mwrsdcﬁjéh%ﬁhaﬁH\%‘rheomdwbofstbeécrqme and

= THevrdtatiaé spsed Where

P=Tw Equation 3
20 where
P = power, W
w = rotative speed, rez/s
therefore,
P = T*w = m*vo*ro*w Equation 4
25

At low refrigerant flow rates, the tip speed of the impeller and
the tangential velocity of the refrigerant are nearly identical; therefore

ro*w =vo Equation 5
30 and
P = m*vo*vo Equation 6

Another expression for ideal power is the product of the
mass rate of flow and the isentropic work of compression,
35

P = m*H;*(1000J/kJ) Equation 7
where
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P = power, Ww = rotative speed, rez/s therefore, P =
T*w = mfV2*r2*w Equation 4 At low refrigerant flow

WO 210686755he tip speed of the inpeller and the PCT/US2005/001509
tangential velocity of the refrigerant are nearly
identical; therefore 2*w = V2 Equation 5 and P = f
"V2*V2 Equatlj siferancetie enthalpy obthenrefrigeradefbmpamsaturated

i's : : s

| 3l B B ElaSlratifg cBRaTONSHS slurateBHIRAEAS copyitions,
Eque¥i®n 7 whereH = Difference in enthal py of the
refrigerant feombhisgthe fieexyRRIONSIEd MichY i ng
condi tions to sat ur"g?ed cond)égsi ngnco%%{hﬁﬁogln%,gﬁﬁ?; kg.
SCorSPAHESS:t he two expressi ons Equation 6 and 7

produces, V2*W2yo HOPWOOHH; Equat i on 8 Al ERQufidn Bquat i on
8 i s based on sone fundanental assunptions, it
provi des a good estinate of the tip speed of the

i mpel | er andltipough Bewation 8 ipbasechonwaynd funciamental ti p

S cref g : . : :

¢ hasr oS, fibRENAR:, 8 qob Eintatdr &t IP3ffReg of the impelier
101, nel pravigasarvtmpariani vt ie¢emparedin speydseirefrigerants.

o T S DB AR A0 B0 p s R At

t erfag‘f g’oéﬁ@*ﬂ@r@”ﬁaﬂ?@%w?@%ﬁh%@@ q eapppsitiong of the

11Gpreént(idveridiC) The qonditiond assumbe focthis ebripafAséiare:

(5.50) Return gas tenperature 75. QOF (23.8C)

Conpressor efficiency is 70% These are typi cal
15condi ti ons Bvatmratenitemperatuie t ur AM6°FE éhdPC¥ ugal

Caroarae e gbier bRy, Y PO BRI | o e o6
B Btu/l b Btlinvig subcrgl iemperagire  10.0°F (5-5‘%)
Return gas temperature 75.0°F (23.8°C)

Compressor efficiency is 70%
20
These are typical conditions under which small turbine centrifugal
compressors perform.
TABLE 6
25
V2 rel
Refrigerant |C4FgOCoHs |wt% | Hi |Hi*0.7|Hi*0.7] V2 | to CFC-
Composition wi% B |Btu/lb|Btu/lb|KJ/Kg| m/s 113
CFC-113 10.92| 7.6 | 17.8 |[133.3] n/a
C4F9sOC,H5
plus (B):
HFC-263fa 21.4 78.6| 15.1 | 10.6 | 24.6 [156.8] 118%
HFC-392qqz 50.0 50.0| 16.6 | 11.6 | 27.0 [164.4| 123%
HFC-392qff 77.4 22.6[15.26| 10.7 | 24.8 [157.6] 118%
HFC-4-11-2qe 61.4 38.6/16.51| 11.6 | 26.9 [164.0f 123%
HFC-5-12-3m 56.6 43.4116.45| 11.5 | 26.8 |163.7| 123%
PFBE 50.0 50.0113.26| 9.3 | 21.6 [146.9] 110%
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CFC-1 13 10.92 7.6 17.8 133.3 n/a CAF90C2H5 plus (B):

HFC-263fa 21.4 78.6 15.1 10.6 24.6 156.8 118%
WOIED58036%z 50.0 50.0 16.6 11.6 27.0 164.4 123PET/US2005/001509

HFC-392qgff 77.4 22.6 15.26 10.7 24.8 157.6 118%

HFC-4-1 1-2ge 61.4 38.6 16.51 11.6 26.9 164.0 123%

HFC— 5- 12- 3 b6 Fxanmla shewsshaticampeusds efthe aresestimBention

0. vltifs n;g éé%&’sﬁw?hl% #ockit&/146 p %réetﬁ‘@@%cﬁg @ﬁpctnlfa WO he

that co present I nvent]on
speRitRetieraplacapents fo/r CHg1 a&w@mmlatnatmmp@ssqrftﬁsngn
woudithrResef fective replacements for CFC 1 13 with
m ni mal” conpressor design changes. EXAMPLE 3
Performance Data Table 7 shows the perfornmance of
various refrigerants conpaEXAMRLEBC 113. The data are
based on the follow ng 0 Eyapor at or
tenperature 40.0 OF (4. %%%%enperature
110. OF (43.3C) Subcool tenperature 10.0F (5.5C Return
gas tenper a y
i's 70% TABL @gcgg&&p&a{gﬁ ﬁ%lgerg m”%q&jr!ﬁ?g%
10Eva@s)lmaf@d¢@r{é1:©r1§é’>h 'Ebt%dﬁta@rgdzaaep @ pheciollowing condltlons.
conposi tion %&Q@ mpelitafe Pr esqfnes (qu@ Tenp Tenp

COP (Btu/m Psi a k Pa P
CFC-(l 13 2 'tée'\l% %e@g’e)i@gf% 239(1%%%% 15%
CAF90C2H5 DBubcddbtemplfatdest a 21. 4008FQ55°8)20 14 0 96

779 54 150 B¢ é@n1%2‘%%%%“55139%6362%1?#55»04122. X

150. 8 5 4.8 3ComMeessod Efficidndyis5. 5 T0%0 HFC-4-1 1-2qe
61.4 38.6 0.9 6 5.2 36 142.3 61.3 4.1 1 6.1 0.11
HFC-5-12-3m 56.6 43.4 0.9 6 5.2 36 135.5 57.5 4.02 5.9
0. 10 TABLE 7

Compr | Compr
Refrigerant wt% wi% | Evap | Evap | Cond | Cond | Disch | Disch Capacity | Capacity
composition | ¢,FqOC,Hs | B | Pres | Pres | Pres | Pres | Temp | Temp |COP | (Btu/min)| (kW)
{Psia) | (kPa) |(Psia)| (kPa) | (F) {C)

CFC-113 27 19 | 12.8 | 88 | 1563 | 69.1 [4.18| 14.8 0.26
C4F9OC2oHs

plus (B):

HFC-263fa 214 78.6( 2.9 20 {140} 9 | 168.0 | 756 |425| 19.0 0.33
HFC-392qqz 50.0 50.0( 1.5 10 7.9 54 | 150.6 | 65.9 |4.16 9.9 0.17
HFC-392qff 77.4 22.6| 0.8 5 4.8 33 | 1424 | 61.3 |4.10 5.5 0.10
HFC-4-11-2qe 61.4 38.6| 0.9 6 5.2 36 | 1423 | 61.3 |4.11 6.1 0.11
HFC-5-12-3m 56.6 434 0.9 6 5.2 36 | 1355 | 57.5 [4.02 5.9 0.10
PFBE 50.0 50.0| 1.2 8 7.2 50 | 129.7 | 54.3 |3.93 8.1 0.14

20 Data show the compositions of the present invention have evaporator and
condenser pressures similar to CFC-113. Some compositions also have
higher capacity or energy efficiency (COP) than CFC-113.

25
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PFBE 50.0 50.0 1.2 8 7.2 50 129.7 54.3 3.93 8.1 0.14

Dat a show the conpositions of the present invention
whaone/oersspor at or and condenser pressures sim | BET/US2005/001509

CFC-1 13. Sone conpositions also have higher capacity

or energy efficiency (COP) than CFC 113. CLAIM S) Wat

is claimed is: 1. A refrigel®dM(8) heat transfer fluid

L selected fromthe 5 group consisting:
Wh%ﬁ%@&l@%nd 1,1,3-trifluoropropane; CAF9OC2H5 and

1, 4- d! fl uor obut ane; C4F90C2H5 and
1, 3; di f l\ufyctafBs N dtrtriier fluld cOMpISHiorsblected from the

1, 2-difl uor ogq?qrgéne;_ 10 CAF9OC2H5 and
51 1, 1-t BI9YR, Whe: and C4F90C2H5 and

3, 3,

r

4, 4,5, 5, 6,6,06Cadnaht ot G-tiflbercprepar; A
ef ri gerant totr fer,. ] osition for use
in refriger ag“g?@g?H%?ﬁai‘oﬁ'gi'fﬂogéﬂﬁtéﬂ ppar at us
enpl oyi ng a €aR§®Chdgand 1153-diffuareLsmethyipiopane;
conposi tion ] Gbh sisting of: C
FOOC2H5 and ﬁ&%@'ﬁ?%f‘ﬁ?ﬁ%@?’%ne téﬁ YOC2H5 and
10 1, 4- di f | uor obufe@eHEard dchbHstriduarohexane; and

1,3-difluoro a8 4.4,8% 645 eRER UGB -h .
1, 2-di f | uor 05%'5 a%gP;AL@F%FB and exene

1,1, 1-trifl uorohexane; and CAF90C2H5 and
3, 2. 4, 4 Morefriger@nboniosatf trarmsfer fluid esatpdsitidn fr use in

refrigerant or. heat .fr er. {1 _ui I

o o5’ é%’ﬁsaai'gﬂw%ﬁiﬁg@eéa%Pgsﬁﬁ%“iﬁégﬁQt%%"*“ﬁ@a'

15 enpl oyi wgmpréssornsaitlicompapitiareselectedfedmdbengrews oensisting
(ii) si ra)gl e sl ab/single pass heat exchanger, said
conposition sel ected fromthe group consisting of:

CAF9OC2 I aFa@E2ts and- 11 Sririflue@prenaiits; C4F90C2Hs and
T 3 di O e oot anc
1, 2-dif |QA§9§9@H@ QHE?/1 ,@ﬁﬁ@%@@%pane;
201, 1, 1-t ©,FLOCKEheaxdng2-difubrégétene s and
azeot t oS ESRE A AP B ioheRRiEe 91 sel ot e
f r om t h€.,45500pHs andiZ3 4y 5,6 Sioonafluaroabbaxe s
wei ght percent C4FgOC2H5 and about 99
3. A refrigerant or heat transfer fluid composition for use in
25 refrigeration or air conditioning apparatus employing a (i) multi-
stage centrifugal compressor, (ii) single slab/single pass heat
exchanger, said composition selected from the group consisting of:
C4F9OC,Hs5 and 1,1,3-trifluoropropane;
C4F4OC,H5 and 1,4-difluorobutane;
30 C4F¢OC,Hs5 and 1,3-difluoro-2-methylpropane;
C4F9OCoHs and 1,2-difluoropentane;
C4F¢OC,Hs5 and 1,1,1-trifluorohexane; and
C4F¢OC,Hs and 3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene.

35 4. An azeotropic or near-azeotropic composition selected from the
group consisting of:

30



to about 37 weight percent 1,1,3-trifluoropropane;

about 1 to about 99 wei ght percent C4FgOC2H5 and about
wOsoeEbOUt 1 wei ght percent PCT/US2005/001509

1, 3-di fl uoro-2- met hyl propane; about 1 to about 99

wei ght percent C4FgOC2H5 and about 99 to about 1

wei ght per cembcwei|1gﬂ®tal¥mﬂ@émelghﬂpaﬂCBhUGnB@Cdﬁ§and about 99

bout 1 ¢ d about
99 1o atod ﬁ%ﬁ“‘?%%‘%“””"%ﬂﬁ'@*‘ﬁ%%em ane;
about 1 to abﬁhﬁu qmcgﬁt%ﬁféelsbhper@@ng g@Cdﬂnaa@abput 99
99 to ah@tabohtwaah vg@rrc@ﬁm 3Jd|ﬂuérot21nﬁéth o

and about 1 tq abo ercent d
about 99 to 1ut° ?'8 ’hpercent84 gb 2 5and about 99

3, 3, 4, 4,1b,dbobit 6, vﬁelghhpéﬂcenf W?iggiﬂpémw;tt 1#4-dfuorobutane;
azeotropic co Ltio cted from

consi st Png of® rH)Oﬁ’l oéﬁbgﬁ%?lg Qergﬁﬂgéégq_qga%a%agout 99
wei ght perabent 1ydight pencéhUﬁ),Qecﬂlﬂmpentane ng a vapor

f
1 Saiu 5, B9 B o i TR i o
1022. 6 vveltgrﬂboﬂbﬂd@ightqumeﬂ 1,I1u triflyerehexamneyi agda vapor

pressure of aheyik 146-abdd§ 09 v&e’h@ﬂt ﬂfe"r@bnﬁ@ rﬂgd@ggﬁéﬁd Hb6ut 99

oL oot imighiper ot eSS R achafifg - herene.

vapor pressure of about 14. 7 psia (101 kPa) at a

e a}_@,{ %égt é)qgc ﬁl eé%zﬂied ?rom the gr%h up gonSISeimg of:
151 1, 1-trifl u@iohweighd pmmemthA:gmhb‘rs gnueBs.6rneeight pdrgent
14. 7
5. A br g eudiSBloBindna AR S ot brdtaitedaptes f1 dqsia
conprl S|(ﬂ1@1 &Papat atterm@eraiure:@hmm% °6¢f claim1, 2,

3, or 4, in t?'T%Wé@Hi'ﬁéfcéﬁt @%@@é%%n@%?@%&ﬁht ﬁé}@ent 1,4-
t her eaft condensi n sai d EBOSI tron 1(£

for prodifluargowane halinga yABeERREESSHIRPE 2oty %@él?sﬂn@é
20tfhe cgrrg:@al)tatarteﬁfpeeétar@bﬂab&nm2@0 4 in the vicinity

of a body to he, heat t er _eyapor at

sai d conposi t ch! gg ??‘fﬂoé?bga{ nphiiéag 'lgii '??rﬁﬁgt 1,2-

of clai MifMOererﬁanerhaMngawapetapressarrescbfeabomalw peiah(d01

[ $ht from a heat
comp! | 4o uf SISk GEER SPYEbRCARESEL by 1 om = heat
further conpbbd wgight peseant GareOM2Hs @ndi 43.4 weight percent

25f 1 ugr ﬁSﬁWﬁ-tﬁﬂ@or‘éﬁbﬁ&ﬁ@ﬁafnhg@ Z10e rﬁfr@gﬁjrt%%%b%tu't 4. Ppsia
napht ha (Sq Elga) ata Ecé/mggr?as’iure S about 72.2° gathracenes,

o1

6. A process for producing refrigeration, said process comprising
evaporating the composition of claim 1, 2, 3, or 4, in the vicinity of a
30 body to be cooled, and thereafter condensing said composition.
7. 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.
35
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phenant hr acenes, xant henes, thi oxant henes,

napht hoxant henes, fl uoresceins, derivatives od said
Wa@ly®s/ 067388 conbi nati ons thereof. 10. The conposPCT/U8200$/001509

claim2, 3, or 4 further conprising at |east one

ultra-violet fluorescent dye selected fromthe group

corsi st i Agnethod f hising thei apsspositions efredaim ¢ p2ndr ond, for heat

ant hrac etP@ﬁsfeP@%RPﬁfeﬁﬁ&P@&% ns%@ﬁﬁ:{?‘%‘g%zsg said composmon from

t hi oxant hgnes xanth nes u
derivati& §ab$°‘§”5$9 o @heat $iK. conbi nat i ons thereof. 11.
The conposition of cI ai m 9, further conprising at

| east o sol ubi lj,.zi n en ected fromthe group
Lol o1 e GomPosiiBn i SEE RRErSaMBtiFs ot lsast one Litra-
pol yoxy ahdadyzt ﬁlﬂl@regbgnbdiyeesdﬂected feom dies grdags @@@ﬁstmg of

et her s TR RS PRYIreS, fhmafs SRRacsola wanes;

and mhermamanﬂyacenes gandmenesn thiexanthehés,i mephiigentihenes,
b
10 her HOrERHS Mo 08 sall 6y e SoirHatfins ihited

10t he group consisting of: a) poI yoxyal kyl ene gl ycol

et gy, s W@@mpbgﬁohwblﬁn@rwa RiH q;at least one

wher ei n n nte rom1 .t s an i

from1 t%gé%f;v'qjﬁat ff‘?r ?\% t‘{é( ﬁ{f@%ﬁ&gw conSIs%ng of

al i phat |rradnmhlmdebOpenyMIeeab@Jrhaﬁmﬁgarithﬁa@:eﬁeQaf bon

o o o KA i T BHGEE iorptnencs,
15car bon dluenesceits, ideriyativas: efdsdid dye hgnidt ogmh),mamhs thereof.

al i phatic and alicyclic hydrocarbon radi cals having

from1l to 6 carbon atons; at |east one of RlL and R3 is
selldet ed herepmBasiHON # P@@Hr%@ﬂﬁh@fcﬁ%&m@m@ﬂﬁ leméoeen

sal dh{)ols»npnaé.ﬂ@a%ggm sBl¥&el fgikr)]?)ﬁiié Shd C ar
wei rom
uni ? s; b QFR%QO'F%@'@?gM @ﬁ]eﬁyp? M@Xﬁ%ﬂﬁﬁnﬁé M‘QP&ﬁW%
20and cycIam1d{3§§4@fbh&)mﬁ'ues4\ﬁ¢hroeodfarBéns Restefs3 [anenés a’l\f/le

Do BB AL RS 8 Al LB T GBRCHEEYSi Gpgrein
and at it tefdgeramt amedtsofubiliing apehtzanenptfbeotietsane 12
carbon gp H.l‘ﬂi,, g4 is selected fromaliphatic

byl ene

hydr ocar radi cals having from3 to 12 carbon
atons; and wherein said am des have a nol ecul ar wei ght

25 of 1pr Omb%&nﬁéﬁtlé@oﬁaglﬂﬁ 130@/h@Féiﬁ‘s‘éldT§§lﬁwafnP %é?%ﬂs

ket ones s<ra ecte %Sﬁ” t‘f'lle g}?oup col;lglrs{mg of:

and

a) polyoxyalkylene glycol ethers represented by the formula ,

R'[(OR?)OR?],, wherein: x is an integer from 1 to 3; y is an
integer from 1 to 4; R' is selected from hydrogen and aliphatic

30 hydrocarbon radicals having 1 to 6 carbon atoms and y
bonding sites; R? is selected from aliphatic hydrocarbylene
radicals having from 2 to 4 carbon atoms; R® is selected from
hydrogen, and aliphatic and alicyclic hydrocarbon radicals
having from 1 to 6 carbon atoms; at least one of R' and R® is

35 selected from said hydrocarbon radicals; and wherein said
polyoxyalkylene glycol ethers have a molecular weight of from
about 100 to about 300 atomic mass units;

()]
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R2 are independently selected fromaliphatic,

alicyclic

and aryl hydrocarbon radicals having from1

w0 2003867558% bon at ons, and wherein sai d ket ones PG[WUSB)_OS/OOISM
nol ecul ar wei ght of from about 70 to about 300 atom c

(9]

mass units;

d) nitriles represented by the fornul a

R1CN, vmbe)r ebmides tepresenied by the fonmulag IRIGANRART and loiclo-

or aryl

car bon at 0

yd W@?}ﬁméaﬂhé@ﬁwaw N hh % rR:"Eé\rleQ’hJ@pendently

rein said nit

mol ecul ar weflgaieddromabirhatizand @@CY%'CJB&EQC@@OH&@@I@BB
mass units; h&din Wdhﬁ Q%HMbbﬁ@l&&ﬁ@n&ﬁdﬂapﬁﬁst‘Sne aromatic

f ormul a RCl X,

oors? RO il bl o e ey T Raton siRghas R g splested from

|neers

hydr ocar bonalttﬂtttlc&tﬁirds@rbylgné rradicalstteaviy frar8 o 4RYHRhon

hav I
o 1 om abotietin g eovadsh SBH BN it Solklarttieiht of
aryl ether sfrommtﬂndﬁﬂé)do@bouhaoﬁ a@tomicamBsORAjtswher ei n:

Rl is s
from6 t

gaené%9§pra§¥htea>tgémg&ranﬂp|afﬁfb6§2 SwhRBINR! and

car ect ed

10al i phat | c h@dﬁfﬁ:ﬁ\%@ﬁnﬁﬁﬁﬂ}bw@cﬁd\frm@ dipbeaiia, ah@yahc and aryl
carbon at Onﬁydréaﬁlrb‘ﬁh%alcﬁlssﬁé\ﬂanrbtn ¢tt8qr25Cd?B¥IS a?oms and

nol ecul ar

mass units;

ht of m about bout

Wgreln §a'£' SlpreY BV Kﬁ?ﬂ@gutaéy\feéglgrqu@nwbout 70

t he fornul atoGEft 300 omicmBassiupitsel ect ed from

al i phati
from abo

R Lty eI R Mo R

15hydr of | uor ceeléeied frce‘pahplmttceallbyclrctw drglrimdracarbon radicals

gggfrthy% E1on ra |c§+&?%aw ﬁré?ﬁ\%h&gg %m{}@es

about 15 ¢ ay@ramqjﬁ%ulaawalqhtpf fram@b@lst Qior 21200 aspmic
structures rhﬁksuh@ and [D]:ORZL> OR OR1 X 1/4

20

25
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R4 /

[ D]

"R R6 [B
wher ei n, §RCWWPGQ&9@§GBFG§Q”F%E%H&fﬂ[r %é@ct@lﬁrﬁﬂamls

f)

g)

)

selected from the integers 1 or 2; R is selected from aliphatic
and alicyclic hydrocarbon radicals having from 1 to 12 carbon
atoms; and wherein said chlorocarbons have a molecular
weight of from about 100 to about 200 atomic mass units;

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;

1,1,1-trifluoroalkanes represented by the formula CF3R’,
wherein R is selected from aliphatic and alicyclic hydrocarbon
radicals having from about 5 to about 15 carbon atoms;
hydrofluoroethers represented by the formula R'OCF,CF,H,
wherein R' is selected from aliphatic and alicyclic hydrocarbon
radicals having from about 5 to about 15 carbon atoms; and
lactones represented by structures [B], [C], and [D]:
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hydr ogen, |inear, branched, cyclic, bicyclic,
saturated and unsaturated hydrocarbyl radicals; and

wo b@sowisegul ar wei ght is from about 100 to abordT/BOMW05/001509

atom c nmass units; and k) esters represented by the
general fornula CO2R2, wherein Rl and R2 are
|ndependentlﬁ sgl ected fromliné&ar and cyqi|c o
saturated a aturated, Bekyl and aryl @gl al s;
i {moPecul arg ht Oof
from about 8¢/t % ott 550 ' SS unit

met hod for s nl@;ﬁ‘sh corrpos%ﬁl dm afam ai m'9 (R4 Hifs
said method conprising: introducing the conposition
into a conpression refrigeration or air conditioning
apparatus by (ifB]dissolving the[G]ltraviolet [D]
fluorescent dye in the refrigerant conposition of heat
transfer fluid in the presence of the solubilizin

Sagent, and WherehtRi igougteRe andintiependently setegtat! from

conpr essi omy&&gé@qr@a'r%raﬁehéd rca/eﬁ@%.& @R, Séturated and

appar at us or [zl gent an

i ni
fl uor escent“'@:ﬁ?éu%ﬁﬁ‘%ﬁ K "PGQH%" ﬁ%d"é@ﬁda'é‘%mﬁ mqﬁ%ar Weight is
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al rrefrigerant and/or heat transfer fluid.

14. A method for using the composition of claim 9 or 11 in a
compression refrigeration or air conditioning apparatus, said method
comprising providing said composition to said apparatus, and providing a
suitable means for detecting said composition at a leak point or in the
vicinity of said apparatus.

15. A method of using the composition of claim 9 or 11, said
method comprising:
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condi tioni ng apparatus enploying a multi-stage

centrifugal conpressor. 19. The nethod of claim 18
wob@sesTsssai d nmul ti-stage conpressor i s a two-BCHYS2005/001509

centrifugal conpressor.
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(i) producing refrigeration by evaporating said composition
in the vicinity of a body to be cooled and thereafter
condensing said composition; or

(i) producing heat by condensing said composition in the
vicinity of the body to be heated and thereafter
evaporation said composition.

16. The composition of claim 1, 2, 3 or 4 further comprising a
thermal stabilizer or odor masking agent.

17. The composition of claim 16 wherein said thermal stabilizer is
nitromethane.

18. A method of using the composition of claim 3, wherein said
method comprises, producing heat or refrigeration in a refrigeration or air
conditioning apparatus employing a multi-stage centrifugal compressor.

19. The method of claim 18 wherein said multi-stage compressor
is a two-stage centrifugal compressor.
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