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The refrigeration industry has been working for the past few
~decades to find replacement refrigerants for the ozone depleting
chiorofluorocarbons (CFCs) and hydrochlorofiuorocarbons (HCFCs) being
phased out as a result of the Montreal Protocol. The solution for most
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is facing regulations relating to global warming potential for refrigerants
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vicinity of a body to be cooled, and thereafter
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preferably a two-stage, centrifugal conpressor.
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. Disclosed in the above listed compos:tlons are specifically suitable for use
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in refrigerati
‘Disclosed in the above listed compositions are specifically suitable for use

in refrigeration or air conditioning apparatus employing a multi-stage,
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compounds contammg hydrogen, fluorine and carbon. These
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hydroﬂuorocarbons may be straight chain, branched chain or cyclic;
25  saturated or unsaturated compounds having from about 3 to 8 carbon
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TABLE 1

Compound Chemical Formula [Chemical Name CAS Req,
Hydrofluorocarbons e
HFC-245¢ca CHF2CF2CHaF 1,1,2,2.3-pentafluoropropane 679-86-7
HFC-245fa CF3CHoCHF 1,1,1,3.3-pentafluoropropane - [460-73-1
HFC-263fa CHFCHCHoF 1.1,3-trifluoropropane 24270-67-5
HFC-272fa CH2FCHACHF 1,3-diflucropropane 462-39-5
HFC-338mpy  |CHF2CF(CIa)CHE, 2-{diflvoromethyl)-1,1,1,2,3,3- 66781-21-7

' hexafluoropropane
HFC-338pce CHF2CFCF.CHF, 11.1.2,.2,3,3,4 4-octafluorobutane 377-36-6
HFC-356mcf CF3CF.CHCHaF 1,1,1,2,2 4-hexaflucrobutane 161791-33-2
HFC-365mic |CFaCHZCF2CHs 1,1,13 3-pentaiiuorobutanc 406-565
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fluorinated hydroﬂuorocarbons and fluoroethers, alone or in mixtures will
have global warming potentials lower than many HFC refrigerants
currently in use.

The refrigerant or heat transfer compositions of the bresent

invention are selected from the group consisting of

C4FsOC,H5 and 1,1 ,3-trifluoropropane:

C4Fy0OC,H5 and 1,4-difluorobutane;

C4Fs0OC,H5 and 1,3-diﬂuoro-2—methy!propane;

- C4Fg0C,H5 and 1,2-difluoropentane;



system A near azeotropic conposition is a
substantially constant boiling, liquid adm xture of
two or nore substances that behaves 20 essentially as

WQ2083/¢358 subst ance. One way to characterize RCWAIR2005/001509
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~azeotropic conposition is that the vapor produced by

partial evaporation or distillation of the liquid has

SUE&F@G&HE andtihb, 1ddfvohessseranth as the liquid from
08 38 KERA L5k 16 AR Sk nbhgle 5. the

adm x ['uxes wt substanti al
corrp03| ti ohhe r@fﬁg@ranAHahﬁ@t trapsfer gompogians ef the presgnt

- NGAYerRBRE] Binth&IutAsidd 8thdr SohipRiuntS frobv TRbR: 'p@bnﬂamed
v%gc;b &S re and the dew poi nt vapor pressure of
_ pr%z%z N at a particular tenperature are

subst ant i afthey réfh?emtrer helet #ansfercomppsitiohs ofithd present

ORI BaY be Eeofispio” iRt iabedits 4
b mﬂeotrgpm:fchmpdsmnm fsf & liquideadmixtuap @f H80 op mews substances

- Sl & BBnahPbBfing ERTRAALL IA] (UL ARIBATHS bBlting
cwpﬁs iof frenindiddusl mmmnw@@ As such e azestropimermposition
p%l‘? ROE fragﬁ%a@é ARhfrPRIcCret ﬁ‘ééfﬁaﬁ&ﬁ g? tair%%ﬁﬁfiﬁ)hiﬁg‘)%ﬁst% durmg

he present I nvention are |liste

zopgraﬁ@nzmmwge pes elitsieny @iohe systemy.ebeidiipnally, an
Az00bH O CORTBEITIH wil rféﬂfféﬁﬁ@ﬁbteﬁuf&ﬂlé%kh%@ﬁoﬁﬁ‘tl%o c

C&‘%/F A%@Ig)”l-ﬁﬁ'@'% ! 5595';% ?gf Ehﬁ'@ Sl@@%g@@%%e one
HE&rﬁ)ohénﬁan Gixtirs s farmablo Cfﬁeﬁaiaaatr?q Ueifing {dikem could
gefﬁgo 58}%)@3#{0?5?&%%% iR, 3’51‘33 STy ojftsidg,gf the

| Bysiam on ar e | | sted in Table 3. 5 TABLE 3 Near

Nt Ol SRR S PRy ragRaltal cBhsitht”

chsﬁnmlnwmadnmgg@ of tweor gwre subsieaces Hsitibagesgf f

LaSSdnmtiny asEERGl?stdthtcd - bliedliSy fs S¥rddtetize a near
azeotropic composition is that the vapor produced by partial evaporation

. or distillation of the liquid has substantially the same composition as the
liquid from which it was evaporated or distilled, that is, the admixture
distills/refluxes without substantial composition change. Another way to
characterize a near azeotropic compoasition is that the bubble point vapor
pressure and the dew point vapor pressure of the compasition at a
particular temperature are substantially the same. Herein, a composition
is near azeotropic if, after 50 weight percent of the composition is
removed, such as by evaporation or boiling off, the difference in vapor
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.
' TABLE 2



CAF90C2H5/ HFC- 5-12-3m 1-99/99-1 CAF90C2H5/ PFBE
1-99/99-1 Additional conpounds fromthe list in Table
| may be added to the binary conpositions of the

WORPBLEHE8 | nvention to formternary or higher pdfu8imShorses
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conpositions. The azeotropi c or near azeotropic

conpositions of the present invention may further
e

comprise about 0,01 wei ght per cent fzeatiope 5 Azeotgape
perm&e e | zer s&@neentrationmeBRAAC)
The conpositions of the present i MG WWit%d further
15 ﬁ‘;Bpsﬂsan uHiRGx263%@ et (UV) dpd.eand7g@ | onalty a
sol WeFb@ChiHg ageHFC-382qif UV dye i s7ausebplg conppgent
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per GLF§OOgHPNe opseryeg sy fl uoresggpce 8g4t he dﬁ in
" ‘conpo 1 on

in the refrigerant or heat transfer flui
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%hgggﬁ?ﬂ%ﬁ%%f bﬂe gxﬁ%ugde{iﬂaa.uhiaé -vi ol g'ﬁelggr%.

ol ubi 'l z SgahTY ffelisfegda t0 poor
solubility of such UV dyes in sone refrigerants. By
"ultra-violet" dye is nemgﬁ/ fl uorescent
conposition that absorb in the ultra-violet or
"near ultra-violet region of the 25 el ectronagnetic

spectrum The fluorescence proNeaedAzbytrobic Bénceniéation
2005/ 067558 PCTI US2005/ 001509 fl uorescerg & under

CQdmpouadsgA/BYy a UV |ight that emts, A :yO W th

- Garsbendi/PFanyeber e from 10 manonet er onet er
Therefore, if refrigér G nt ai ni ng

_ @g égzmgﬂiﬁé ? nt dye is |leaking fT g'}gi ven
gg# f"'_rf ArLe ration or air conditilo?9/H8-
RS % d*49%i0r escence can be ddt¥08d at t he
E fgiE R-3M f | uor escent dyes i1F29/88€l but are
19QGahRGBEL napht hal i ni des, peryl endsgg/oQunari ns,
ant hr acenes, phenant hr acenes, xant henes,

t hi oxantgaa_e,s, napht hoxant henes, fl uoresceins, and
der i vat i #aditigpalgamporndsofrem therlisbin T:le dbinkiy Hiengdded to

thg biiary @b RS the! I I3 t,.10
0 %-y OLT ﬁﬁéﬂg ect egel ro%}?thg%@%mbggﬁﬁém?ﬁg%mg}‘er
Q%ggﬁé?!&nBBﬁﬂe?s- hydr ocar bon et hers, pol yoxyal kyl ene

gl ycol efleaszeotripic &8 nel hrddifSoi '
PP tASpic g?@fp%%ﬁ@grs ofthe present

AR RGO iprive ot BT welohtaseenitp ahont Sbon

- weightiparcentaf athennal stabilizer Buels aBthitrdHeMaing " 15

R e s
CRBWI 5P mmgire-violet i) dymahdoptibnaty 886IBIIZhg agent. The
UV dye is a useful component for detecting leaks of the refrigerant
composition by permitting one observe the fluorescence of the dye in in
the refrigerant or heat transfer fluid composition at a leak point in or the
vicinity of refrigeration or air—con'ditionihg 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
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hydrogen wi th no other functional groups.
Representative hydrocarbon solubilizing agents
conpri se propane, propylene, cyclopropane, n-butane,

WO IM3PEHA®, and n-pentane. It shoul d be not ed RATAIS2065/001509
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the refrigerant is a 20 hydrocarbon, then the
sol ubilizing agent may not be the same hydrocarbon.
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alicyclic hydrocarbon radicals having from 1 to 6 carbon atoms; at least
one of R' and R®is said hydrocarbon radical; and wherein said
polyoxyalkylene glycol ethers have a molecufar weight of from about 100
to about 300 atomic mass units. In the present polyoxyalkylene glycol
ether solubilizing agents represented by R'[(OR*)OR®): x is preferably 1-
-2; yis 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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- RY, R R? and R® aliphatic and alicyclic hydrocarbon radicals include
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radi cal containing 3 to 12 carbon atons. For exanpl e,
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r.weight of said ketones is preferably from about 100 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,

~ 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

10



heptyl, octyl, nonyl, decyl, undecyl, dodecyl and

their configurational isoners, as well as phenyl,

benzyl, cumenyl, nmesityl, tolyl, xylyl and 15

WOReI@ETyE . Representative ketone sol ubili zi ngcageEsLH001509

10

15

20

25

include but are not limted to: 2-butanone,
2- pent anone, acet ophenone, butyrophenone,

heiagoefherinaahlayng )anskalkexdes (5.6l miedivanoRd and R? may
2- Bgﬁﬂﬁmgﬁﬁclgée hBERbaRRR %ubéﬂt[]?éd%}dg%c%ﬁt‘»ﬁ'?&&‘i@als that is,

oct anone, di1 sob
4 eadigale,whish seatain dhe atqmanﬁr@ﬁ@n (8zardriafvaRe (keto-, oxa-) or

2- SQIART ﬂﬁ@? irfa ré@ieanshisin o@hémm @cﬂﬁPoged 61N§e§*ralaﬁg?&ns In

di hex nd cl ohe
LBERAEl, S B0t Bt Fe TR serion SUSSIIENS @5r | se
nl hefet@tomeparg préfedalily nbhﬁo:feomulcmeRw\be We@it forfdach 10

ﬁrﬁeﬁéﬁﬁsﬁéﬁé\%ﬁ%ﬁ%eﬁsﬁé WG A i

at bydrocanbdnwsubstiuensaadd heteroamdwmuet be cohsiderett in applying

Wh%%or%néﬁt%ﬂeﬁﬁﬂlﬂecﬁ%r V\tré?% ati%glg ﬁegma%eﬁpaﬁ?e R' and

| Zl ng
prB% aliphatig, slicystie @@dfarwmwrog@ﬂfbpn ¢adindisdn ithe general formula

gty)ﬂmlaﬂ m(g@me@ '32%‘5’5\‘55?‘?’? I&sbﬁroéﬂl Bk Jg%sﬁfgrr%ecmyu
g‘léﬁt'%‘ ﬂs peRtyf, é'mﬁrwf neﬂp%&ufeftm@n% caﬁl@@enmo:yclohexyl
tfl, OBGE nonpl U@cleﬂmH@Nyl ofbdevyphhy thélﬁbw@uranona:

bstlt uted I t hat
iﬁﬁf?rgierﬁ”ﬁ% I N S U
hagtregettsyl. (e. 9., fluorine, chlorine) and al koxi des

£ % ot e A 3ld S0 LB Fetucyput e o

r dithitesl to; 23R tambdrod, R:panmnnnehaceetopMcma, bogeaplierans,,
OW&EHoéﬁgﬁ&e %l%h)exgﬁ%ﬁ )/dfohgé; O?lg)ﬁg Hﬁpﬁan&‘?éj'fal

hérw se’co car ener al
ndapinone, éﬂnsﬂwé@ l’r?@fﬁﬂﬁ)y'l@r gowilames abmtan@rw;tcblsahutyl

%gri@uoéiﬁ yic§iBhedndi2, @Héﬁé’rﬁfrﬁ% ﬁéﬁﬂd&'ﬁ%oﬁ%é&%ﬁﬁ 4

rab o nore t esent “for
1 dlesanenm ?atisﬁaonﬁ, 2mdewn@hdlhgm§@£@@e and gligyciahexy!

NQaidnedr ocar bon substituents and heteroatons nust be
consi deredq,jn applying the aforenenti oned | ecul a

wei ght i %ﬁ@? ﬁgﬁ@%ﬂﬁ%ﬁ%’@ﬁp ?'?G/Breﬁfnhwﬁﬂﬁg" Eompﬂse
almtﬁbeelreprmdtar By te mtd‘(um: R O wheekiaat'Ss iseldchsd from

O, PO RS BPuBSakl nes i BB b 12 carbon

. hamm amatwherein lsarwmtnlels tgle aundlecular wk@lﬁcqﬂfrc&n @bout 90

30

35

85560620 bt A% wbRe RO T plf) sl ng Atents
ewﬁu selectedriromi aliphatic abdlaligyelig lyglsocarbon cradntalsb ut
ahgv@gts {d ﬂ? Eﬁl‘ﬂ)gtygar\%hesn tl'gl?é W&Qﬁé}twﬁﬁight of saig nitrile
soiublhznng agents is preferably from about 120 to about 140 atomic mass
units. R' may optionally include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents selected from halogens
- {e.g., ﬂuorine, chloriné) and alkoxides (e.g. methoxy). R' may optionally
include heterocatom-substituted hydrocarbon radicals, that is, radicals,
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 no'g-hydrocarbon substituents and heteroatoms, and
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cyanohept ane, 1-cyanooctane, 2-cyanooct ane,

1- cyanononane, 1-
anodecane, 2- cyanodecane, | - cyanoundecane and

C decal
WOZMNNSFS80decane. Chl or ocar bon sol ubi | i zi ng a9eR R 208E 001500
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the present invention conprise chloroparbons
reprgsented by the formula RO X, wherein; x is 15
s @referakly ne onorettban mnegailbba poeselit 6t éacHseh eaHRM étbmig in

: : - ' adi cal 5. havi ng
S T o
Qni@ﬁ?m?ﬂﬁﬁﬁﬁ&?gﬁgﬂiiwgﬁ S8 cie g oy
chl oroc rbosr':1J sol ubi l'iZing s‘geﬁs i A FaB Sych;aﬁd i
- Jufipeinats BrlbRigenesaldoTMuiasR 'CIV imdipde pentyit i ve
Risabenlyl rieopenty, ablasityicchoigsaRgr BIBahat Aoy, dlyil®
?@@@P-ﬁ&p@ﬁvﬂ rtﬁ@%?y!?goég'gﬂfﬁrfq thelr conBigiationabisontarsyds wel as
p@mwl,,bamwpeunﬁnyt,mefmﬁghq, xlwl bgeg:{ﬂev.%g% decyl
REHSRER i B S5ty RS e skt b 1
RyapapeRigbe Aerdimethylet-opandpentaind, ubbyarcHikanee ! S
'ﬂ;ﬁ‘ﬁ?ﬁﬁ’tﬁﬁ%éﬁi’??%@‘%%%h%%?%ﬁ#°8¢fa@%- eI d: 1.

BodeRangn&-cyangdacane, ct-oyrnceiumndecane indr 'Db?@!ﬁ@dlﬁaerc]:gne.
oo oartmseton SUSIERGERs i FRLARASE
e e e b S
s¢lectes ig@ndhalintégémﬂ ar R1AGR %Iemgrﬁgﬁ%lﬁqeﬁ@daﬁaﬁc%ﬁc

_ 3
L ol GG icLEE catbepiatame: angiwheriicsai

phigragarkansdsaver a molssilal wesgHdF i %b lfn% 160% gb@% |
.t&gnﬁig %SQQ%?Z&OW@% \@épﬁg Ipiggafjd %i#grr@génm%gf sl::}@bilizing
dQgnis ds piierably foom abart 1Q0 tbl’lrﬁ()t&dnﬁ@'znoﬁsis units, y
R B St ot A by ottt radioaia ine,
genstalformpuig g Ea'ﬂ%mdﬂnpﬁtbwyEfmﬂ,qrﬁp{ﬂaiggprd@tfl,vﬁﬂyl,
Tenpeongl e pefithchertly HeaBFtf deipensd: o
&C@B&Bw CX/SPE‘SP% » 8ephiheatylenang; decyl cumderyt dddedyl and

: sl te 800" (a commercial C6 alkyl
theik ponfiueativre) isorfs2 late, and tert-butyl acetate.

gt eﬁepg%?b%&w‘g EEG’?‘&% hen splubiliringragseistinclode it are -
ngblli;?ﬂteg : 3-iaroesothglpsanans 3l cAlbrs SLetissnikAb,; 1] B

: cﬁl&%ﬁ&aﬁeptﬁs&cﬂfﬁghgxa%]é, -chloroheptane, 1-chlorooctane, 1-

chlorononane, 1 -chlorodecane, and 1,1, 1-trichlorodecane.

Ester solubilizing agents of the present invention comprise
esters represented by the general formula R'CO,R?, wherein R and R2
are independently selected from linear and cyclic, saturated and
unsaturated, alkyl and aryl radicals. Preferred esters consist essentially of
the elements C, H and O, have a molecular weight of from about 80 to
about 550 atomic mass units.-

Representative esters include but are not limited to:
(CH3)20HCHZOOC(CH2)2.4OCOCHZCH(CH3)2 (diisobutyl dibasic ester),

ethyl hexanoate, ethyl heptanoate, n-butyl propionate, n-propyl propionate,

12



RF 1 R2 R4 RBRs RRA RsRR ~5R7 133 3 RRs 5 R 3
10 [A] [B] [C] These |actones contain the functional
group -CQ2 in aring of six (A, or preferably five

WtoHa6768) , wherein for structures [A] and [ BlpciRis2005/001509

10

through R8 are independently selected from hydrogen
or linear, branched, cyclic, 15 bicyclic, saturated
anethyhbenzozie,ati-hywpytiahihalateaticoadie acBasthoRlethilasgér,

R t" I t "

t rOBRRyR Eaf iRt FM‘@ Dbl G P e, “Eccate
al ®90" (@csrmmernig) Gesalky] amta udibuhyEphthalater and tart-butyl

t hgeuggia R6 are |ndependently sel ected from hydrogen or

I inear, byanched, clic, bicyclic, saturated and .
unsat ur at eH3¢PRP é@%ﬁlwng ageRts of the presarnt inventing ggmprise
nﬂacmecqéﬁmsbﬁtédfwmmwes Eq'g[ar bAd gopt her R1

t hrough R6. The | actone solu I ZI ng agents have a

nol ecul ar wei g%t range of from about 80 to about 300
atom ¢ massunijts, preferred froom about 80 tp about

200 atomc S~ghits. RepRe,se Lat ive |la
sol ubi l'i zi R Jagent,s include, re not ted to
t he conpou : e‘bl in Tabl TABLE % A Ve

Mol ecul ar $sr WwRyre Mol ecuRer ﬂybhg\éul ar Ol ﬁ§5

Wi ght (amu) (E, Z)-3-ethylidene-5-nethyl- O

di hydr o-furan-2-one C71-1,002 126

(E, Z) - 3- propyl[Apene- 5- net hyl - [Bjdl hydr o- f ur gg}- 2- one
C8H1202 140 13 WD 2005/ 067558 P / US2005/ 001509

(E, 2)-3-fu an-2- e-5-nmethyl dihyd (E, Z}ro-furan-2-one
Cé}FtbsezlaQMes Bopiairt e ftectodaingrobpl-CR- h a ring of six (A), or

IR O BB R AT M, b

| (@rz)rmmd@n@y selepteddeor- Inydrogan or fidear, branched, cyclic,

- 15

20

25

bicyclic, saturated and unsaturated hydrocarbyl radicals. Each Ry though
Rs may be connected forming a ring with another R, through Re. 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 Ry though Rg may be connected forming a ring with another Ry
through Re. The lactone solubilizing agents have a molecular weight
range of from about 80 to about 300 atomic mass units, preferred from
‘about 80 to about 200 atomic mass units.
Representative lactone solubilizing agents include but are not
fimited to the compounds listed in Table 4.

TABLE 4
Additive " Molecular Structure Molecular Molecular
Formula Weight {amu)
(E.Z)-3-ethylidene-5-methyl- (8] 0 e
dihydro-furan-2-ona CiHu02 126
N
(E.Z)-3-propylidens-5-methyl- O o
dihydro-furan-2-one \<—\C,»\ CaHi0; 140
} N . 7




-furantone &H2002 196 (E, 2)-3-octylidene-5-nethyl -
~00 di hydro-furan-tone \"\ C+sH=02 210
(E, Z2) - 3-nonyl i dene-5-met hyl - O o di hydro-furan-tone

WQ@2msD4G2s 224 (E, Z) 3-decyl i dene- 5net hyl
di hydr o-furan-2one C+sHzsOz 238 -dhdexyliden ST’U%&”’OOI’”
thul .d ih \/d\/dr of uran furan-2one AHz, 02 224

W%Egiﬁgﬁﬂf'ﬁ&@ -5- 0 met hyl -di hydr
n-2¢ne C+2H+002 194 a t al act one |o, @"BH+40 2154
142 1_g onal actone o Q (z_ 154 '

gamfﬁI & ‘gg,ﬁf’a??@ﬂ: opj 62 170
gamfra- undecal act one ofCn 2 184 gar«rrm(%'a’é)éat act ofie
0 CZHzz02 198 3- hex) Idi hy n-tone GoH+e(2 170
3-h§¢al)334Hebmh9relJ5@ew,lran \% YA~ O YH o GHHzee2
- 184[Mhgiedunzseey |- 5- e h | - Ffi hydro-fur &n Brame ~|~( 1e2
CrHilez 128 cis-(3-pfopy ) - di hydro- O
f ur B2 HanRelBRERRE 1A2 O 5 '
ci s{pvaeit¢Pees- net hyOf dithyfffo furan- 2pnecGRIFBOR 156
14 WD 2005/ 067558 PCTj U 0045
ci S IRTRESRIEt Ty sty dro—0—f Lran-2-onel
G g#wveremrat-Féhe Cci S- 3- hex I;\ -met hyl - di hydggpbur a
(E.Z)-3-nonylidene-5-methyl- O __o
dlhy dro-furan-2-one \LC"'\/W\ CiaH2402 224
{E,2)-3-decylidene-5-methyl- o5
. dhvore-ran-2one \(_C*\/\/W CsHexO2 238
(E.Z)-3-(3,5,5-rimethylhexylidene)- 0.0
-|5-methyl-dihydrofuran-2-one w CuHOz 224
(E,Z)-a-cyclohexylmeﬂ'nylidene-S- 5__o
methyl-dihydrofuran-2-one % CraHisOa 194
: Ny
gamma-octalactone — 5o ‘
N\L/\& CeHi0: 142
gamma-nonatactone \/V\ﬁ\fo
CoH1602 158
gamma-decalactone 0o -
/\/\/\Lr CioH1s02 ' 170

tgamma-undecalacione G,
7. . \/\/\/\Lro C” Hzooz 184
gamma-dodecalactone O
/W Cszzzoz 108

3-hexyldihydro-furan-2-one

-

210

CiHiaO2 170

‘|3-heptyldihydro-furan-2-one i
\/\/\/\&f CﬂquQz 184

gis-3-ethyl-5-methyl-dibydro-furan-

2-one C;H{zOz 128

6is~(3-prapyl-5-methyl)-tihydro- O

furan-2-one CgH140a 142
- [a) .
Cis-(3-butyl-5-methyl)-dihydro-
furan-2-one /\/ﬂo CgHmOz 156




i

2on

e Cri HzoOz 184

ci s- 3- heptyl

furan-2-one 0 gzHazOz 198

Ci s-

3-octyl -5-net hyl -

di hydr o-f ur an-

WORPSHOEFER 3- (3, 5, 5- t dnet hyl hexyl ) - 5

- 5- net hyl

-di hydro

0 2-one 0 GzHz40z
PCT/US2005/001509

nmet hyl - di hydro furan- 2-one Cl4HNO2 226 O
Cl S &Gt L ETER S rH_yI -:) methyb=—0"drhydro=furanstone
0- - wié“izdw-l o Fyh ’ S-hexyl {di loydsm- f §ir ana2-
Oo1eCIIH202184 WA
5-met hyl 5-octyl -di hydjo-furan-2- 0 on¢ C 3Hz4O2{212 O
He X mw&xgamm«ﬁwr@mm. n-1-one CEHIZ{OZ, 140 NojH
del {?#redecal act one C, ol 0 0 dellt aCumefecal acti®ine
- ~fIL C ,H % 184 delta-dodetqg]l acton¢ Il Cl2HfzO0z
198 mixture of 4-hexyl-dihydrofuran-2- 0 one_ ahd
3-h“§i1@§ﬁ“?ﬂ?8¥'8‘“31"’8‘r an{2- ClAeQzf170 ¢ne 0O Lactone
sol u I|IZI ng agents genéral Iy ve a ki nER&tFc 198
visgosity of |ess thap about 7 nti stokes at 49C. For
i-nsmgmqumeﬁm Kt-prerat+e—v5eostty
of PBofk Ccenti Stokes an 5z |- L5 W.2005{ 062558
PCTf 1JS2005/ 001509 SWMrof Ir an- 2- onef has
viscosity of 4.5 cent st okes both*at A0C. Lact pne
sol @ %1315,% Y& be avaflable fFommercial|y or
pr effd “‘f"ﬁo 5 ~dext din U 90t ov| si &fal
patent appl i cation 1OV 910, 49 '
cis-3-cyclohexylmethyl-5-methyl- Q
dihydro-furan-2-one % o Gi2H2002 196
5 methyl-5-hexyl-dihydro-furan-2- | @
one o Ci4Hze02 184
L
S-tnethyl-5-octyl-dihydro-furan-2- 0]
one && CraH402 212
o}
'Hexahydro-isobenzofuran-'i-one H @ : ‘
Oi CaHlO; 140
o
H
{delta-decatactone
/\/\/(l CioH1e02 170
. 0" S0
deffa-undecalactone : ]
\/\/\/(l Cuata0: 184
(o] (8] . ’
delfa-dodecalacione ‘
[+ M +] :
" imixture of 4-hexyl-dihydrofuran-2- o )
one and 3-hexyl-dihydro-furan-2- /\/\/\éf CicHhs02 170
one '
N\/ﬂo |

Lactone solubilizing agents generaiiy 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-

15




WE28&A6TSSBnvent i on further conprise aryl

(inventors being P. J. Fagan and C. J. Brandenburg),
filed August 3, 2004, 5 incorporated herein by
reference. Aryl ether solubilizing agents of the

et heEJ
represented by the fornula R OR2, wherein: ?gmszooamomg
sel ected fromaryl hydrocarbon radicals haV| ng from®6

to &meﬂM)Hmydmfum-z 0t has sibesityesf 4 6B AR Yot at 40°C.

S H B b S o
mihods as ﬂegﬁmb&;but Ua8opiovisidmal patat é}iﬂi@bﬁoﬁ@ét@mé 95
;Jgpﬂgenat&éoﬂiﬁﬁ@ﬁ Y ﬁ@aﬁa@ﬁl 2NN %ﬁg béirg nﬁlgaﬁug%g% 2004,
5 relicpgora reiny yyqeferafwﬁht hyl and pyridyl .
Repr esent aA“W‘étﬁ@r i?!%@i"d%ggféﬁ P%ﬂﬁ%{[.ﬂ‘gpen dl S }osnl rther
L?zgoprgﬁﬁgég BhE rrrg Tepfasgnie ,l%tsmf@rmu@eg CBRZy\Irvhelmh R'is
teeetletktedﬂom Beyl hyalesdzabol fadiedI8 MRviry FHRES to n atoms;
Sqﬂa’ui%'ée'l 89 @%ig[@?' Ao o@e 0 &%@Eﬁ”ﬁ%iﬁﬂﬁm
etqaylgmpﬁ : mdwhemmi saidudryl ethb@bihv@bhﬁblecular weight of
o el A SORE il s o
£ &3 gllg Iixtiecgenemtformds &' @Rzﬁhciudemleﬁ tQﬁbl'fe" F‘cumenyi
ah’m@ﬂ?ytzglzlta&glyﬁ'da?hﬁly %TEW Lﬁ%ﬁl&%@d It%?'@? I'@%C
DW cadlicals ragicals i the ganegal fosmu;a R @azamlade methyl, ethy,

15 RPFHP% esm;a‘bpyle bﬁfy" %9@!5@? e H%%gé{?ﬁggﬁ%[i : ﬁeprese nlfatwe

20
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I
CE{?B%%% ly ﬁ"%@ﬂ%" I8 énchgle, butare hat limited toe methyl
r@lﬂem@ eﬂm(ansom)r lSoaipRithybbhoend hatnsPhG fldigng
be the sane fluoroet
1 17 1- wpuorrbal kane sol ubilizing agents of the
present F!Wmthensalub‘mzmg%gbnisf &f thd C}{):}éé%hf’ﬂqer 63 '
SR or
Ircﬁméel ct gg %é%r%% gp?‘%ﬂ@(ﬁk‘?% + gz R'OEF.CFoH, Whereln
s fromyatiphaticrand ai@ybli@hydhﬁiafrbén A0 WayiH) from

SiEArD 08 (5SS A, UMl 5, s
cfxq:aj g% serdafive flucrecther salebilteihg ldgentEfchele but

ardndat ihited ko, phoarSCrI holcda! chﬁ%;etﬂé ﬁtﬂﬁ?ﬁﬂcaﬁ?@ge
ﬁ?geﬂq@’t é;hcg g@‘ﬂ&e:&eﬁﬁ@ afl Egrqpﬁﬂg;d then thmgolobiligingsiint asay

aohbathﬁsaméﬂmr@ethgan one solubilizing agent.

M xt ures bil i gents may contain two
soIXubl | i 2 gﬁf@'é@%ﬁ%ﬁ@%"@@ﬂ@@ﬂrﬁsﬁme preseatinds,

@g9nfummcmmpnae ds1, 13603 kenk8 4 épRE JRtdd B4R, 3
RAmbMPCRGR R 2R poent %saf;g%i\“gpgﬁiigﬁmﬁ%giﬁ
hydrocarbon radlcals 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 A-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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In the present conpositions conprising refrigerant and

UV fluorescent dye, from about 0.001 wei ght percent

to about 1.0 weight 5 percent of the conposition is W
WQI3W5/0¢758% er abl y from about 0. 005 wei ght per certU$2005/601509

about 0;5 \NEI ght percent, and nost preferably from

0.01 weig percent to about 0.25 wei ght percent.

So % By |SP§P biizingagenteniram e diftarant elpeses,rsuch as a lactone

r e%hd%pi@l?bﬁyﬂﬁ%eh@ glyeepethefher efore, nethods for
|ntrodu0|n &hese s into.the refrigeration 10 or
't cond ¢ 1B BeSHAPABESHADS CoRRMINKteiTigerasbaRd IV

anﬂumemenbmrfrmgabu& omerWe.gnt %e?@t&ééomeﬁew

52 TEH o1 OOt Rt ReBRISBD 7 e

c 0 ppmeﬂih to abott@:Srvesighiypereent andrmest prefardblyi festh 01 weight

d lub t

?ﬁlf“gﬁbﬁ \ﬁé@em usu [Ihgagyealrg di ssol ved

or 15 d| s p&oé@ulff%(m theser ﬁgﬂmmﬁgﬂdyestm ecfrigprmndd sy be
PB&SP Ubhérehste, MithsHiStor § {ng&rﬁrggmé@e%e% ifitd lﬂb%ﬁ‘{geratzon

erat on,or alr con us are

10 4eQ&AT RAdIANIGARRAaS AV bqaﬂ‘eawk\ﬁard teostiyand time
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t oY BOME Gtie HeURl ot of dye bRl ey b ippetipd info a
c omfnpommtrtg‘ thp pmgemonﬂreamm%mng@p%frama A§ Féfhgérant

AP ERabl G i BN e ABRRR R ey ie S hSbived or
1 St e(ﬂisp@@ed rend qarged tvenghokt the appasatiso Munverblis atherwnethods
r‘? PRI i AraRiderflor 45T SOhABRRY apnaratarg
9@5’/' bednn dae lileradre.25 | n the present conpositions
,corrpr ' S' ngide%iifr'iﬁérlﬂ?‘ﬂuoﬂé\é ohi d&f& gﬁﬁﬂrﬁe ﬁﬁéggﬁgg in H}e

soI | 2| ng fgl%ent froma out
grRy natspquifea@ny specaized methmd.fgmt

20 pqn@@dt!icttowlda tﬁ@?éfr:gléfdifo?lr@rtéd/céﬁd?ﬂbﬁfﬁguépp%réf&saEFPI%tpré?ent
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P eT0% 4o RomPRSHiRBS MEtding U AuordsceRbaye, which may
c damntrotiuom irb t® syéténpdh?é?dﬂ?tm itiieY ‘P@Fﬂgtéfhﬁth erhlel\{nventwe
en A concen | r om
- LsSIPRRERls QiR B G Rbe @ QSREra of ths-SRptatinG ent
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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 refrzgeratlon system additives may
optuona!ly be added, as desired, to compositions of the present invention
in order to enhance performance and system stability. These additives
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to, anti wear agents, extreme pressure |ubricants,
corrosion and oxidation inhibitors, netal surface
deactivators, free radical scavengers, and foam
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ageu -d conposition in the presence of a 18 WD

2005/ OGWpP&EnV%ﬂﬁ&Q AR retates 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

35

conditioning apparatus. The method comprises introducing the refrigerant
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 fiuid composmon in the presence of a
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sol ubi l'i zi ng agent and i ntroduci ng the conbination
into the apparatus. Alternatively, this may be done
by conbi ning sol ubilizing agent and and UV

W@ M PESTent dye and i ntroduci ng said conbi natAgInys20d5m01509

refrigeration or j air conditioning, apparatus
containing refrigerant and/or heat transfer fluid. 5
Theolubilizingi agent enddsiredwiing $heragmbination dntiorthetapparatus.
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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.

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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WD 2005/ 067558 PCT/ US2005/ 001509 cycl es incl ude
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-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

35

a stage of the compressor. Centrifugal compressors are built with from 1
to 12 or more stages, depending on the finai pressure desired and the
volume of refrigerant to be handled.
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WD 2005/ 067558 PCT/ US2005/ 001509 The pressure ratio,
or conpression ratio, of a conpressor is the ratio of
absol ute di scharge pressure to the absolute inlet
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a second inpeller. Both inpellers my operate by use
of  a si ngllarghaentrifugal sompressarsHygicallyeopenatdat 8000 a

absoP‘j?gblgﬁ%iﬁ%épmmutégw%4an%|]]tarbtu{@[:eﬁtﬁfudah ! Sompressors
are designed for hlgg 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: Fora
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

compression ratio of about 4 1o 1; that is, the absolute discharge pressuré
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21 WD 2005/ 067558 PCT/ US2005/ 001509 can be four tinmes
the absol ute suction pressure. An exanple of a two-
stage centrifugal conpressor system in this case for
Woamtsaaetss ve applications, is described in U e &
5,065, 990, incorporated herein by reference. 5 UThe 001509
conpositions of the present invention suitable for use
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et e e e
Kyizeh H gediest gschamggrs. pass heat
exchange®onventional microchannel heat exchangers may not be ideal
| for the low pressure refrigerant compositions of the present invention. The
30 low qperating pressure and density result in high flow velocities and high
B frictional losses in ali components. n these cases, the evaporator design
may be modified. Rather than several microchannel siabs cbnnected in
series (with respect to the refrigerant path) a single slab/single pass heat
exchanger arrangement may be used. Therefore, a preferred h.eat |
35  exchanger for the low pressure refrigerants of the present invention is a
single slab/single pass heat exchanger.
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22 WD 2005/ 067558 PCT/ US2005/ 001509 In addition to
t wo- st age conpressor apparatus, the follow ng
conpositions of the present invention are al so

WwWeusediss for use in refrigeration or air conpdiiuREsAG1509
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refrigeration con&rll Sl ng evapor a
a/en

ofPEE(LS 3% compared ventignal IR=134a iantamohife airwodgitioning

beystenl. etVhen i WaTa? ' .
c ) ﬁsi tio sttﬁé?):? gg@%@%@&ﬁﬁ@%@ék@?@r@ E?%tﬁg}s ?tetl'"gpes
tgﬁﬁ 8#888@% I5 Gikep A RacRYnt. e advantege ot fiesoiote pedssyre
t Systemsbesomes eved grelterpr esent invention in the
vicinity to be heated, and thereafter
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fivenigon malydteesuitablaap doopirs rdsiacdrhents fer CFC-133 il eaisting
fééf‘ﬂ?‘ii%g?? uiﬁﬁ#érn?e to a heat sink wherein the ‘

I onst ol T

conpos he present invention serve as heat

‘transfer Thepmsensinvwentioncelsted tora pasdess for producing

refrigeration comprising evaporating the compositions of the present A
invention in the vicinity of a body to be cooled, and thereafter condensing
said compositions. | :

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

- compositions.

The present invention further relates to a-process for transfer of
heat from a heat source to a heat sink wherein the compositions of the
present invention serve as heat transfer fluids. Said process for heat

23
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23 WD 2005/-.067558 PCT/ US2005/ 001509 transfer
conprises transferring the conpositions of the present
invention froma heat source to a heat sink. Heat

WQ 4567658 f | ui ds are utilized to transfer, no s
remove heat from one space, |ocation, object 3?628(5’)';001309
to a different space, location, 5 object or body by

traask numrisdisdtd i ' :
e b

means of trans ing (or heating) froma

remot e ref Hapdtenister fluas {m@?llitili_zg)i to Yrshersr, hbve 3P TBmove

SyRé&tFomidife 464 Sfer, rengln in a )
5 const a tmsc%]get g ﬁ_?‘%‘%@@éu{)b eﬁgb’? padia Eﬁ#%%@s‘@a(qe; location,

notPIgFpobadieby radistien reaguction Arterwatiiore! %.heat transfe

A Y| i li.ze heat '
Craana) et f il ds W sCQeary BB bl providia) RBensief imesfer
as Eﬁ@"@%@g ,hqaé!ess from a spineta refrigenation (6r beatikgy) Systdm. In
| sscuiess isysleings, tthe heangassfer MMaMAY ré&RERY] o%g@ﬁs&?nt state

hgat sources be aces

Eﬁ@@@?j’)"%@%ﬁ’??‘?ﬁﬁé P@eﬁégf%g epbﬂrf)anprate eedridegseduch

0 adlicenativly avapocativir sootiny resessdsmay uBHRSREES tGhsfer fluids
buishghng spaces requiring air conditioning, or e
passenger conpartnent of an autonobile requiring air
condi t idoniﬁqQ_.ea Gusae nsdynke rtd!eﬁneb@s@ﬂ'fgi ép%ﬁ:fe?ﬁ)gﬁtmg, object or
spade f : : ; capabl e of absorbin ‘
h at.? k”@g‘@‘?w@?nggée'@%ﬁé Frgﬁgﬁéé‘emgf'? 8h r%'?@i’%i‘ﬁ?’é one
eE§ pleg,pr bgrisaiircemmayzhe spases ExanrirEhclde$8VRbduiting

o e g, VSO

it al i, t
It %Mrﬁ?ﬁf@mé@ﬁh&g@s g‘?é&%ﬂgt&ireccmdﬁmﬁmg,imnhé passenger
neempasithentiof an CReMbbile Fed i bﬁ%ﬁﬁ&@g%@f@%&%ﬁ”ﬁn Cmay

- il the 30 t t,
N ??‘L"%%&%i tSp%&Fc laatign, ehigct or §Q@ capebip o absanbing
riaey diyapor sdmhplessiomeofitertion SySERPRIS Sramfi of such a

20 QRIS ion remaining in the vessSel Is neasure
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results are summarized in Table 4 bel ow. 35 TABLE 4
24 WD 2005/ 067558 PCT/ US2005/ 001509 After 50% After

50% Conpounds Initial inkdj Pll_'l;@gk Leak Delta w % A/

W % B Psia kPa Psia kPa

EXAMPLE 1
Impact of Vapor Leakage

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
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 vesse! is measured. The results are
summarized in Table 4 below. : '

TABLE 4

24



C4F90C2H5/ HFC- 263fa (44.2 C) 21.4/78.6 14.71 101. 42

14. 71
0.3%

101.42 0. 0%
1/99 14.36 99.01 14.34 98.87 0.1%

10/90 14.62 100.80 14.57 100. 46

0/ 100 14.31

WO0280386758. 31 98.66 0. 0%
1.2% 60/40 13.97 96. 32
95.29 12.50 86.19 9.6%

0. oog) C4F9%2H51HFC— 392
with A7 wiVel

9. odgitiglgg @
10

40/ 60 14.55 100. 32 1#CBRISID5D61509

12.92 89.08 7.5% 63/37 13. 82

100/ Q .4. 8 4.80 33.10
%6*%550%,210%’%? eﬁ%q’ 86. 67

66 63k 66 66Leako. pwDelta

4Bsia 62 KBa33 0. Reia20/80 %Pww 65. 9B %

9.56 65.91 0. 1%

40/ 60 9.39 64.74 9.33 64.33 0.6%

60CHR,CH:/BFCLI6FKaq84@1°CR 1. 9% 80/20 8.25 56. 88
7. 83253/2965. 1%4.99/ 1907.487 5195916. 97 41%} 0@6 %

90/ 1 42.6 7 00/0 998
41, 2361 ;Q?% 81456 fée%sgzgﬁ5 74.2 4] 2% %
14. 68 22 1 0. 0%, 40/ 10 147 éﬁgg 9

14. 47 o ok %9/ 97 95 13. 95998613 oO_tQ/o/o
100/ 04 037 9863 o 60/ 29912 51 106%04
14. 47584077 o 3“%9740/%?1?4 12 82985 14. 039.08. 67 0-5%

20/ 806387%5
92. 46108/034

0418182 3. 95.293. 421250 %
91.4.800. 5%3.

10/89183. 41 9.6%
1) 99 18.808 90. 8733.3017 90.0%

0.1% 0/100 13.16 90. 74 13. 16 90.74 0.0% |
C«Em-zlﬁ .5 C 61.4/38.6 14. 68 101 22
1468,&@@220@%@743 % 451 70004
0.3% 428480 14.44597. g .05 7 0. 60 /9o
95. 84483 95.§§30 5 §4 99 13985 94. 1£§1 64 9
Q.1A>2 800 13. .793 9 3. 62 .%61 O.O6591 01%
40/60 939 64.74 9.33 64.33 0.6%
60/40 9.02 62.19 8.85 61.02 1.9%
80/20 825 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%
100/0 508 41.23 5.98 41.23 0.0%
C4FgOCHs/HFC-392qff (74.2 °C)
774/226 1468 101.22 14.68 101.22 0.0%
90/10 1450 99.97 14.47 99.77 0.2%
99/1 13.97 96.32 13.95 06.18 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 14.12 97.35 14.02 06.67 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 1316 90.74 13.16 90.74 0.0%
C4FgOCHs/HFC-4-11-2qe (72.5 °C) .
61.4/38.6  14.68 10122  14.68 101.22 0.0%
40/60 14.51  100.04 14.47 99.77 0.3%
20/80 14.14 ~ 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 - . 1362 93.91 13.62 03.91 0.0%
80/20 14.46  99.70 14.40 99.29 0.4%
a0/10 1402  96.67 13.92 9598 = 0.7%
a9/1 13.25 13.22 91.15 . 0.2%

91.36
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15

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%
25 WD 2005/ 067558 PCT/ US2005/ 001509 100/0 13.12 90. 46

WOLB0d788. 46 0. 0% CAF9OC2H5/ HFC- 5- 12-3m (72. 2

56.6/43.4 14.71 101.42 14.71 101.42 0. 0% 40/"%"?&‘?"6’@015"9
100. 6Q ngSG 100, ?3 0.2% 20/80 14.18 97.77 14.07
97. 01 ‘G4 10/6H143. §0.4%. 63 13127 94. 9800A67% 10.89,

13,52 93.22 13.51 93.15 0.1% 0/100 13.48 92.94 13.48
92Cdn QL HB0RA243mIB2IR@1 14. 27 98.39 0.6% 90/ 10
90. 1840/6%%6 10Q405¢.3. f§h.89. 63 0 89. 6 o
CAF9CRBJde PFBE 14503 C)§9( 0 11.? 74. 46 74 046%
71.36 418 20 70 68. 194941 6602%
2. 8% 48070 9. 04 643330 4. 19 9150 8. V61%
61.7 0 58. 2 e a

_ 05 099.9151 51428 6. 0% 9BWBO 7. 5%,
51, 7°%186 48. 6388, 9985.88/ 20 71307 48. 260G, 45. §30;
41. 6409/@1 41.13100. 5%9.690/ 0 5398 41. 23
0.0% The results show the difference in Vvapor pr

13. 856.661%58 13.724794. 731 229% 13.11,90,.39 1
15 el 40
0. 0% 9 10. 745 4. 12-14 74 7496 0. 1%910790 16-8%
19/09 ?g zi?g' 0/801g".- ,
5 0934,
48 108284/ 50 9348 58. 47 92.@9 55. 09
5. 8% 40 7.
4.9% 980/ 10 6. 58144, €30.8930 43348 3. 1% g5l 6.0 ”
e dhe

beiMED,HRFBIE Gpnd)) conposition and-the conposition
renmapay af t ef '4g perfﬁgé has been renoved is
| ess {/pgn aboyly 10 percEht fof nmposi t1HA6 of the%

- presgpiad nvent1ioo TH*s'4 ndi cHl-é4 conpodt.0Bons d.1%he
- pressp | nvent 5 & Gazeot B0 c or néaB3azeotr o C.
Vher

azeot -ége i 68p%sent 9.athe  datgs.sbow 289,
conpo@i0i ons $48he H6&Zent i Gyant i on tepvgzan i g dgal
vapot0/6fr essur@&96i ghet.7shan tgsgvapor mgEgsur e &f 1o

ei t HRO/5PUr e COWBNENSS.AT 799 5500  5.8%
60/40 799 5509 751 5178  6.0%
70/30 750  51.71 7.06 48168 599
80/20 700 4826 666 4502  4.9%
20/10 6.50 . 4482 630 4344 319
99/1 . 6.04 4164 601 4144 Q5%
100/0 598 4123 598 4123 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

are azeatropic 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.

EXAMPLE 2
Tip Speed to Develop Pressure

. Tip speed can be estimated by making some'fundarhental
relationships for refrigeration equipment that use centrifugal compressors.

‘The torque an impelier ideally imparts to a gas is defined as

. 26



|

10 EXAMPLE 2 Tip Speed to Devel op Pressure Tip speed
can be estimted by making sone fundanent al

“rel ationships for refrigeration equi pnent that use

W@ antneBsRyal conpressors. 15 The torque an i nEert€oos/001509

5

ideally inparts to a gas is defined as 26 WO
2005/ 067558 PCT/ US2005/ 001509 T = nr(v2*r2-vl *rl)
Equation 1 where T = torque, N*m5 m = nass rate of

flow, kg/s v2 = tangeptd ¥ekogi ty of rigerant
| eavi n imeller.?ﬂqigﬁ(gglg@w,ﬁ%s r2 E:élféﬁ%rﬁ of exit
i qrgr, mvl = tangential velocity of refrigerant
entering inpelthgjue, W, 10 rl = radius of inlet of

i npel ler, m Assum n tcg‘? refrigerant enters the

i mpel | er i MManM@ss &XEi ATloy. k@i al direction, the

tangential veoapmg@mtiabielobity VRlehiddiintéaving i {thy €
158'PF 5 m/%*rz Equation 2 The power requiwrngcf gtwtéﬁgﬁbr
sh5P? ﬁ’s e product of the torque and the rotative
speed P = T3w ladust of@xitimpallenmer e P = power, Ww =

i . P = TXw.= nrv2sr 2
Eauat | on 47135t 2REen ) VeI rERioera entdtina FbRisr mje

0 speed of tRe=iragissiafinighdf impedler,angenti al vel ocity of

15
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the refrigerant are nearly identical; therefore r2*w
= v2 Equation 5 30 and P = nfv2*v2 Equation 6 Another
expr essi onAssiMing:the refigarantentas ipedmpellepin anessertizsly

r atadiad direkvn, and thiger hér SY
35 P = nth *(1000%/ ﬁ*%ﬁ@‘??*&%"%mﬁﬁ@{eé&&wﬁ 9, Hibrefore

T=m*vo%rp Equation 2

The power required at the shatft is the product of the torque and
the rotative speed

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

ro*w = vo Equation 5
and

P = m*vg*vy Equation 6

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

P =m*H*(1000J/kkJ)  Equation 7
where ' |

27



27 WD 2005/ 067558 PCTI US2005/ 001509 PE H =
Difference in enthal py of the refrigerant froma
saturated vapor at the evaporating conditions to

wogaesieztsed condensi ng conditions, kJ/kg. Co b%ﬁg@t/hmwm

10

16

20

25

two expressions Equation 6 and 7 5 produces,
1000*H Equation 8 Although Equation 8 is based on

sorre fundaHPnt[afferaﬁ&umédt@é] o‘f‘thé’Fé? éi’%?’?'i%‘)&h% Saturated
pr o téag Ii’?lén‘:‘ll %%% ﬁﬂtcgﬁgﬁ ong t9§ I g&&ﬂw@es@sccm‘dltlons,

Qjerant S. TabI e 6 bel ow shows theoretical tip

d h
il,ogeéjrlt cﬁlt orotr ﬁ@l‘ e@‘é;f?ﬂgﬁ%re@é@sﬁq}@poarﬁjand /
cdifg

4¥%.0ns of the present |nvent| on. The conditions

assuned for son are: vapor at or
terrperature?O.%F (4. 4[6!} Condenser tgﬁ‘ﬂ)%m 8re 110.0F
(43.3C) Liquid subcool tenperature 10.0F (5.50

Return gas! ﬂ ugt@n@gqg?é&foﬁgé%e?@gﬁress&{s

Eng &ﬂﬁ%ﬁ 'é‘?irﬁ'lv etsgﬁ ggg‘i estimate pil i ebiherimpe
thel tip spegrt ller

and providassh ' Lt 0
pand grovi Einfsortaﬁt way"tﬁ corrﬁ’ﬁré I ﬁp%%ﬁ% 'r:%%[ﬁqt%

H H *0. 7

I /: b ﬁé irg’w ng;"‘ @ff% Q%'e!ueaidm spegdsihat a::eaczacmiated
Cipp OFB'@M‘@?@GF@M%) &Rd @o%ut@sﬁa@é

1 50. 0 9.4

1%%&%%2%%%1‘ ?ﬁg %8&&@98 af%“ﬁ@dlfgf 5“82@0@1!3@55105 ara:8o

HEC- 4- 11- 2ge 61.4 38.6 16. 51 11 6 26.9 164.0 123%

HFC- 5- 12-Ba 03,7 123% PFBE
o 0 50. o pdaRrigmpotauie 1o- 2080k 14.4%C)
Condenser temperature 110.0°F (43.3°C)
Liquid subcool temperature  10.0°F (6.5°C)
Return gas temperature 75.0°F (23.8°C)
Compressor efficiency is 70%
These are typical conditions under which small turbine centrifugal
compressors petform.
TABLE 6
Refriae _ . 7 V2 rel
',_99':3_“t C4F90(_:2H5 wt¥%: Hi [Hi*0.7[Hi*0.7] V2 | to CEC-
Composition | wit% | B |Btuflb|Btulib|KJ/Kg| mis | 113
CFC-113 : 10.92] 7.6 | 17.8 [133.3] n/a
C4F90C2H5
plus (B):
HFC-263fa 21.4 786| 15.1 | 106
1. . ) 6 | 24.6 |156.8] 118%
II;IEC~392qqz 50.0 50.0] 16.6 | 11.6 | 27.0 [164.4 123"/:
HFC—392qff 77.4 22.6|115.26| 10.7 | 24.8 [157.6] 118%
C-4-1172qe 614 38.6116.51 11.6 | 26.9 |[164.0] 123%
g§0-5-12-3m 56.6 [43.4(16.45]| 115 | 26.8 [163.7 123%
BE 50.0 90.0113.26| 9.3 | 21.6 |146.0 110%
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28 WD 2005/ 067558 PCT/ US2005/ 001509 The Exanpl e shows
have tip

speeds within about +/- 30 percent of CFC-1 13 and

womMpseh7ee  effective replacenents for CFC1 1&%@093,001.,09
5 EXAMPLE

Performance Data Table 7 shows the perforrmnce of

varl ous fefTTI'IGGEj‘(mbBa élQ)W@mrcﬁxﬁiﬁwn@E@fihéﬁrethelrﬂ%hﬁon

d h
Fe TplP 1P et i 230 R sRRRcehC O ECrL T
( 4 &ffaClive @ypfmcerhentsfpeCiiGi &3 Wthominimab&)mpRasor degiar
15 Conpressor efficiency is

te re 75.0F (23.80C)

70%%@%{; 7 Conpr Conpr Refrigerant wP/o w/a Evap
OEvap Cond Cond Di sch Disch Capacity Capacity
conposition C4F90C2H5 B P

t hat conmpounds of the .present

m ni mal conpressor design

COP (Btu/mn) k,(_IW Psi

changes.

i nvention

tor

Vpylphe

g Fros Pres Tenp Tenp
a (kPa) JQ CFC 113
2.7 19 12:8 88 156. 3 edPerfermange Data 26 ~ C4F90C2H5

plus B HFC-263fa 21.4 78.6 2.9 20 14.0 96 168.0 75.6

1506 65. o [Abls7 §hows 1hY bereeinsossiol

1.5 10 7.9 54
VaTous eSTgerents

10 4. Boﬁ}gaﬂe@tMCE@-‘B'm The9dba @réﬁaséif@n hdhl%@é@ﬂdltlons.

3h 053428 5 402 5.0

38.6

HFC- 5- 12- 3 "%80'@%‘3@15."9?@
0.10 PFBECBBdense: eniperafird. 2 501020F(4348°8)3. 93 8. 1

0.14 20 Da ﬁbﬁgﬁ’l"i’ hgj%a%mo& tio

i nvention ave eva

13. 25 .29 WO
VWhat is clained is:

1

3 4.

Wes -

and

A

/' US

cIREE &R

simlar toR@HEnEE@ tesma’wﬁposu 7B41E (2BS3Chave

15 L8 capepppRiosTR)

5865,

resent
essures

(COP) than CFC- 1
001509 CLAIMYS)

TABLE 7
) Compr | Compr
| Refrigerant wi% wi% | Evap { Evap { Cond | Cond | Disch | Pisch Capacity | Capacity
composition [G,Fe0C,Hg| B | Pres | Pres | Pres | Pres | Temp | Temp (COP | {Btu/min)
(Psia} | (kPa) | {Psia}| {kPa); (F) {C) i
_ CFC-113 . 27 19 | 128 88 | 156.3 | 691 [4.18| 14.8 0.26
C4FgOC.H;
* lus {B): [

HFC-263fa 214 78.6] 29 20 |1401% 96 [ 168.0 | 756 14.25| 18.0 0.33
'[HFC-382qqz 50.0 50.0| 1.5 10 | 79 | 54 | 1506 | 659 |4.16 9.9 0.17
HFC-3g2qff 774 226| 0.8 5 48 |1 33 | 1424 | 613 [4.10 55 0.10
HFC-4-11-2qe 614 3864 0.9 6 521 36 | 1423 | 613 [411 6.1 .11
HFC-5-12-3m 56.6 4341 09 6 52 | 36 | 1355 | 575 |4.02 59 0.10
PFBE 50.0 50.01 1.2 8 72 ) 50 | 120.7 | 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.
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1. Arefrigerant or heat transfer fluid conposition
sel ected fromthe 5 group consisting: C4F90OC2H5 and
1,1,3-trifluoropropane; C4F90C2H5 and

wobodsi@ghdskuor obut ane; C4AF90C2H5 and

1, 3-di f | uor o- 2- met hyl propane; CAFOOC2H5 and®¢T/US2005/001569
1, 2-di fl uoropentane; 10 C4F90C2H5 and
1,1,1-trifluorohexane; angp H5 and

3,4,4,5 5, 6,6, 6-nonaf | ugro- I-nexene. 2. A

Whaf‘lgfql ’a'&d 4%t or heat transfer fluid conposition for use

10

15
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inrefrigeration or air conditioning apparatus

canpos A BBt it neter B otpsbion saveige fom he

C4F900@Hﬁlmmhslstmg3 trifluoropropane; C4F90C2H5 and

1,4-difluor tap and
1, 3-difl uorgebgg prop%ﬁﬁ'é%mml—ﬁ and
1, 2-di fl uorp a@aﬁds and:dl;‘-’gdﬂmﬁolwtdné, 1,1

Ll h
L o e O an A ERSIER, Sftinsonane:

~refri ger ant CoreQfeatis W‘éﬂs?‘dfﬂuﬂmpemf@wrpo& tion for use

in 25 refri@ @Q% Sd qwm@m%,{)h% appar at us
enpl oyi ng acéﬁ%%tl - § e centr| ugél conpressor
(ii) singlé€ &a‘g iefiigeo-1-hexane.
conposi tion sel ect ed from t he group consi sting of:

F9 fI C4F90C2H5 and
2 G TRt of el bR BBl RRSiior For e "
1 3 di mfngaraum oegingopditipaingy apsAERLEHBIoING a centrifugal
1, 2-di
1 1, 1 e h A om bl SR eR R fom e aroup consisting
3,3,4,91: 5 5,6, 6, 6-nonaf | uoro- 1- hexene. 35 4. An

220U IO, BREF 1 A5 SRYTopgECS) i on selocted

from ég«% %@oup conS| sting :
pcT/ uS2beQLebs 909 1.41tiHorebutangbout 63 wei ght per cent
R e W
perce to about | wei ght
per ce@,FIOB i hhdor, p12riflGbitHeREARA NG 5 about 1 to
shout cSpgelaloper i SR gl spput o 1o
1, 4-di fl uor obut ane;
3. A refrigerant or heat transfer fluid compossition for use in
refrigeration or air conditioning apparatus employing a (i) multi-
stage Gentrifugal compressor, (if) single slab/single pass heat
- exchanger, said composition selected from the group consisting of:
C4F9OC,Hs and 1,1,3-trifluoropropane;
C4FyOC3Hs and 1,4-difluorobutane;
C4FOCoH5 and 1 3-drﬂuoro—2—methylpropane
C4F90C;Hs and 1,2-difluoropentane;
C4F9OC,Hs5 and 1,1,1-trifluorohexane; and
C4FgOC,Hs and 3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene.

4. - Anazeotropic or near-azeotropic composition selected from the

group consisting of:

30



about 1 to about 99 wei ght percent C4F90OC2H5 and about
99 to about I weight percent 1,2-difl uoropentane;
about | to about 99 wei ght percent C4F9OC2H5 and -about

wPosddisds0 about | wei ght percent PCTUS2005/001509

1,1, 1-trifluorohexane; and about 1 to about 99 wei ght
percent CAF9OC2H5 and about 99 to about | weight

it R ot o e
consi st ?%ébggtfs)?w?@lgf%c i%ﬁg'tﬂﬁ\‘@é’ﬂfo 90C2H5 and
78. 6 wei ght pbouthto ahouf B tweight greomsr GyFeOTaME Badabout 99

! emper ploARLtE At Bitodt s il bodhe”

5 c4F90C2H5 anabewt biovebopi: @bweighipetcent CiFEOCGoHg bntiarbeut 99

pay ot BRABOR PERRE Bofctt kit petdertt PRI ERe:
percent CAF98 thabag 99 weidl pepant €aF.QC2H;s and about 99

di f| uor ppsEdRAISWERNt BErcanY 4BRH; ﬁﬁ%fm f about 14.7
psia (101 et Poreen p@mbeo %%%ut 72.5 C

. kPg), at at erat ur ;
and 56. 6 vvei@lPR”atp% c@ﬂ“t%@ﬁ@ewt faFaDGelilgapd about 99

10 per centto atiput 1lwdight pétoent oPgranBudieNexthed wAROT
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Cermer at ur e oo 20PsR JoGmeight gorsRl cdkdlasts and about 09

‘pr oducitoghoeit fiwgeight pencentdj3 4155 66, 6awmifiueidgd-hexene.

evaporating.the conposition of claim1, 2, 3, or 4, in
the vicinity of a 30 body to be cooled, and
t Her eafAe pzeolfeRia sPrposition salegtediftonythe Group qorsistsg of:

¢ duc ' . 1e i ;
the Conpost on MejontiRnEolt CITRDA A 14 B aBH BETefif
of a borﬁi’ iflyeropreranaihaving a yanas pressurewpbout 144 psia
sai d cqrmwgg,q@ﬂa tSppaiatife 8@%@%5?80

PcT/ US2005/ 09..8. A net of using' the
o‘? walgﬁ,ge{géﬁ,gt%g%m andx2.6 avgight percent 1,4-

conposi tion

transf @iﬂucsabtﬂaneﬁmﬁgc?vapbﬁbmwfeﬂ@ﬁéh tﬁ{dtim%ﬁgigpg 01

Conposi rom a_.heat, sour a heat sink. .

The Co#ﬁg@%}-%ﬁrﬂgﬁa&vgﬂ ?rﬁ%)o‘ft&r%t'%g?! conpri sing at

I ﬁaSI one ult rtbwe_ighd)berce‘dtlﬂfg@c}lgﬁg aﬂﬁ@&@h&@?tﬁ%ér&@ﬁﬁ 1,2-

the gr t hal i m ryl.enes, . .

counar PBofRRaiane AAvh a PARE iR Teaiendf R hbsR 101

t hi oxakPapata tfemperativexefabend?,5 °€f and escei ns,

derivatives ' LAl L QRS f. 0

10, The conoos Rt BRErERIrGOCITahY 3304 WRRIHR Peroert

conpr i $ilatytrifluarehexanshaving a vapor pressure of about 14.7 psia
(101 kPa} at & temperature of about 72.2 °C.

6.. A process for producing refrigeration, said process comprising |
evaporating the composition of claim 1, 2, 3, or 4, in the vicinity of a
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, or4 in the vicinity of a body to be
heated, and thereafter evaporating said composition.
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ultra-violet fluorescent dye selected fromthe group
consi sting of naphthalimdes, perylenes, counmarins,
ant hracenes, phenant hracenes, xant henes,

wa oeastshenes, napht hoxant henes, 15 fl uoresceins
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derivatives of said dye, and combinations t h&F&f$2005/001509
11.§ The conposition of claim9, further conprising at

| egtst odemsthadhdd isihg thaes 50 e grou

consi st 'tr?Esféf q dro@gar bon@??éﬁdgggtﬁiglaé%h .j% 09'4, l‘%r heat
pol yoxyal Ky é’n%aélnﬁt Pd Lomgprising trenglerrites saik eoaiessition from
ni trit ed heghboumednlzoheat gfkers, |actones, aryl

et hers, hydrofluoroethers, and 1,1;1-trifl uoroal kanes;
and wherein the refrigerant and sol ubilizing agent

ar¥ not [B@ Composition ofalairotfiirthad cdprishie BRI QB
o e

I peiylendsec ine sarth th
Pgr_ﬁf(q)h%hf@ggﬁ@g eupim_ome i S glbeiwr?ts’eg:r from
| to 3; is an jnte aégh%omﬂ?'g}(%ﬁ(tﬁ?"ﬁ' naphipanthenes,
from h 6%%#*%@9&»/@ YRt 9@ 530 diyat arwhcombinatiohs #hdreof.

having | to 6 carbon atons and y bonding sites; R2 is
radi cal s

el Hﬁgér%?%isl'fi@h@%%ﬁ’ﬁg%%?%b Bhies compeisahegsh ono
hydr og&Hra-din ubmmhcdwéem&édfﬁbﬁﬁhﬁyr@{aeg%ﬁgg-

di i ng. f |l to 6 carbon ators; @t ting of
e ofhaphit@linRibsl LBRIGNCS i AntRGemsr 0Gar bon
radi caPBenaptbrageses, xerthedes, thloxaniainey! ﬁg&ttﬂb%@h?nes

ou o

et her sfilses Sdl [ of from a|
about 300 a?%%g’f:& mas sﬁéﬁwgg% S8 nbipations thereof.

P&T/ US2005/ 001509 b) am des represented by the

f .wl‘ﬂm&b,ﬁ?ﬁﬁ ; I B5)-1, .wherein R ,-
R2, Ow.R argﬁiozggadgﬁ%efgp f‘&g@&gﬁ%g]cﬁtfl?%one

al i ph - ”i\?'gﬂ Qgigmwieétad;fmmd elgooup edhsieting ohavi ng_
from oockEzbonrs, ne aropatic

r adi c%}mge%/g{ﬁ from???cﬁ%@ggp@&@%ﬂg;ﬁﬁyp ers,

sel ected TPoHOMS Hies {IPeboby) esiers, datitones, aryl

“havi ngUiererysirofudraetsraoand 4t RIRANGKISANEREE) dhd Bidrein

am de ul ar_.wei ghf ’'of

about %%%EQ%%%gﬁé?Qﬂ{mw ] agent@regimide tbprsamaeat ed by
t he fEPMPPHNR]L COR2, wherein R and 10 R2 are

i ndependently selected fromaliphatic, alicyclic and
gyl Tﬁédrocar bon radicals having from1 to 12 carbon
dto

REMPRREiosiaf caimd 1 kevhersn BaiescluRLiAG Wikt is

 wei ghdeledted TRs #obtoutPeonsisting of:

a) polyoxyalkylene glycol ethers represented by the formula
R'[(OR?,0R%,, wherein: x is an integer from 1 to 3; y is an
integer from 1 to 4; R' is selected from hydrogen and aliphatic
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
- 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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to about 300 atomic mass units; d) nitriles
represented by the formula RCN, wherein R is 15
selected fromaliphatic, alicyclic or aryl hydrocar bon

WO a@E0@ks having from5 to 12 carbon at ons, ,?52903,001509

wherein said nitriles have a nol ecul ar wei ght rom

about 90 to about 200 atomic nmass units; e)

\(I:\IIT or oc &) bemmidesntp mﬁ@’db tﬁé‘ﬁ)rfr@ﬂaf@nRacgﬂg and,oydle-
|se;S: gct ecxh??gﬁ}?(ﬁ%sg gerg,m re :E%c%‘?f} af@/ﬂ}d&%ﬂﬁ@mﬂy

radi cal s haeleded fom hltpbaﬂc?amcaalttgmhc aarocaraog radicals

T om about "5 BORETYE 125N Eafbar 2B alihest Shg atmrgat

Set hers r epradisat baving frame 6ito Hr&narbm aamsyReissatectBd from
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25 I hayi n
from 6 o tIpRAt: HMGRIINIERAEISABIBSR Siq T2 bibon
al i phati c FRIPSCAR® Mhereiadaidpmides/hae amooktuleo weight of
carbon at offeim aBEuIGN &b abé@afbmétgbmc zge%[}?n{iggve a

g? Iorencg | ﬁiasgqi?ﬁ{gﬁsf%hsg e‘ilgx te qumlif%& ARG merein R' and

101 epr esent eR2 iayeﬁﬂrweﬁemdﬁﬂiﬂ? S@I_e%%d froPM"@Ii a‘ilcRéhéeﬁhc and aryl

"adicars nogReHRRadidr hafng i o1t cavermianenand

i) hydr of | whersin isaid ketmes have @i'nbled.thfr vfiéipﬁﬂbﬁfrom about 70

| 5?555??5“# ﬁ%‘ﬁﬂo (o Py s ithL??gafiﬁ?naéL,Suf‘”g

to aboud) 1%ries pepresestast bythe foymulacRiD sthemla%férls ed

b

= LEESEE""?%%%‘%Q?]‘*°'*‘%“’B%§ aighelie FarffhiOEaA R dcals
Rs Ra RsRs"&¥ng fieen § tpei2 garhon ploms, amdwdiensiniaid nitriles
‘through Réhaveea niclepems wal o?%ﬁ?éﬁgulf 608 agél%tﬁﬁddtﬂ%mm

l'i near, branched cyclic, | cyclic, saturate
unsat ur at d8984PESar byl radicals; and the nol ecul ar

wei ght €)s chiorocarbons represented by the formula RCL, wherein; x is
selected from the integers 1 or 2; R is selected from aliphatic
and alicyclic hydrocarbon radicats 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:

fy 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; '

- g) 1,1, 1-trifluoroalkanes represented by the formula CFaR?,
Wwherein R'is selected from aliphatic and alicyclic hydrocarbon
radicals having from about 5 to about 15 carbon atoms:;

i) 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
j) - lactones represented by structures [B], [C], and [D}:
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from about 100 to about 300 atom c mass units; and k)
esters represented by the general fornula R CO2R2,
wherein 10 R1L and R2 are independently selected from

‘wo oes@s7sand cyclic, saturated and unsaturated, al kyl

and aryl radicals: and wherein said esters HEIAUSFV05/001509
nol ecul ar wei ght of from about 80 to about 550 atomc
mass units. 15 ¥3. A method forgusing the conposition

the conposi®dn into a conp
ai r condi t iFapf ' %&/
ultraviol etRsfl Rs
conposition of heat transfer fluid in the pﬁesﬁi@nce of
the sol ubilizing agent, and introducing the

~conbi nation i nl:?a: 20 said corrpzﬁssi on refrigeration or

air conditioni appar at us or ), conbi ni
sol ubi l'i zi ng agent and UV fluorescent dye and

5 duci i FoLBRH. Qe ' '
L oondi £ hafeif, RE HTBLGAR, Hhe iiihdrtidif Seficked b
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A
and/ or heatY rPQ%@f a1y branched, ayglicbicyeliv dafuratedsing
the composinsaturatéd byeiotafyPadidalsfiafd 15O MG IWeight
refrigeratg r_ Al ondi t'j gni ng appar at us, = § ghtis
met hod co‘drrr%ﬂia%"ﬁ‘g@PEQ@g’PHEgQ@ﬁngags unis; and sai d
appar-atkis,estens rpprasediten) by the gbh e forfAa R'CALR2 wherein

det ecting i [ 4] t..a |l ea Int_or in the
vicinity o sfg‘.j ?5@%2@%@#3@@ i%'?cﬁi" pimdinear and ichefic,

t he conpodiiyratecband uasatutated, alkyl swad eryl "E4iBAIY: and wherein
conpri si ngaj 2005/ 00150 1)
o 1 el AL RRF L 001050 Ao
conposi ti GR iqo‘%vfémﬂséiwliﬁy of a body to be cool ed and
thereafter condensing said conposition; or (ii) :
prigduci ng hea{ by, condensi ng sai ql_congosi tion in the

5 Vi ci ni t § 'OF Oh H8ng: thegompasition ahdainh Oraraft, snid

ekt et o8 GO

| stegl'k#%r%tz'%'r% oggir?gggﬁitmm Apparatis by @bgi_s;splvinggthe ultraviolet
dBiepessarit dyedn thi ariefﬁgb@ahmi‘l gcmi gsﬁ%h%q% ﬁ%bsfl%iﬂHid in the
e Sercer B trlo oIl 3083 énd Htradvueingdhmsormbination info
g@\%w@@gqsqmmmfﬁgg@ﬁbaar aim corehitiorded abparatid of (ii),
'BhibifIRgAolHiARg 3bknt and UV fluorescent dye and introducing said

gombination into refrigeration or air cenditioning apparatus containing
refrigerant and/or heat transfer fluid.

14, - A method for using the composition of claim 9 or MMina
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

wherein said nulti-stage conpressor is a two-stage
weenlsisfssgal conpressor. 35 PCT/US2005/001509

() 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

5 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
thermall stabilizer or odor masking agent.

10
17. The composition of claim 16 wherein said thermal stabilizer is

nitromethane.

18. A method of using the composition of claim 3, wherein said
16 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 mutti-stage compressor
Is a two-stage centrifugal compressor.
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