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chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) being
phased out as a result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization of
hydrofluorocarbon (HFC) refrigerants. The new HFC refrigerants, HFC-
134a being the most widely used at this time, have zero ozone depletion
potential and thus are not affected by the current regulatory phase out as
a result of the Montreal Protocol.

Further environmental regulations may ultimately cause global
phase out of certain HFC refrigerants. Currently, the automobile industry
is facing regulations relating to global warming potential for refrigerants
used in mobile air-conditioning. Therefore, there is a great current need
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to identify new refrigerants with reduced gl obal
warm ng potential for the autonobile air-conditioning

in the future, an even greater need will be felt for
refrigerants that can be used in all areas of the
refrigeration and air- 5 conditioning industry.
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1 Poteta e R AN 1o RNArming pobiBl s gampared to current

trraflr@enanlsdl chl or oet hyl ene. The present invention
further relates to the above listed conpositions

specifically for use in refrigeration or
ai r-conditi oni%ﬂ%ﬁﬂ%ﬂ_ﬂﬁmf ugal
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conposiy GRorofkiiy)-RATRRRLtHy AR, © useful in -2
- diisopropyl! ether;
dimethoxymethane;
ethy'l acetate;
ethyl formate;
methanol;
methyl acetate;
methyl formate;
tért—butyl methyl ether;
trans-1,2-dichloroethylene; and
C4FsOC;Hs and trans-1,2-dichloroethylene.

The present invention further relates to the above listed
compositions specifically for use in refrigeration or air-conditioning
system's employing a centrifugal compressor; a multi-stage or a 2-stage
centrifugal compressor; or a single pass/single slab heat exchanger.

The present invention further relates to azeotropic or near-
azeotropic refrigerant compositions. These compositions are useful in

-2.
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I nay be prepared by progessiesodtsparean in the art

ABSMDCH3 andCHCI=CHCI trans-1,2-dichloroethylene 156-60-5
CH3OC(CHs3)s tert-butyl methyl ether 1634-04-4
(CHa)2CHOCH(CHs)2  |diisopropyl ether 108-20-3
CH30CH20CH3 dimethoxymethane 109-87-5
CH30H methano! 67-56-1
CH3COOCH2CH3 ethyl acetate 141-78-6
HCOOCH2CH3 ethyl formate 109-94-4
CH3COOCH; methyl acetate 79-20-9
HCOOCH; methyl formate 107-31-3
N(CH3)2(CHF2) N-(difluoromethyl)-N,N-dimethylamine |683-81-8

The compounds listed in Table 1 are available commercially or
may be prepared by processes known in the art. C4FsOCH3 and
C4FqOC,Hs are both mixtures of isomers as indicated in Table 1 and are
available commercially.

The compositions of the present invention that are mixtures
may be prepared by any convenient method to combine the desired
amounts of the individual components. A preferred method is to weigh the
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azeotr +t§ @él near - azeotropi ¢ conpositions. An
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mor e Slm@halrmatet hat has a constant boiling point

t hat glf@ ¥|Fe or below the boiling 25 points of
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ot ot o T e UCR SRy of (e System

f ract i onatheusfrigdrankagkedtriramsférecommpdsitigey eftthepresent
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dlﬁzeﬁgop@mgp%mn ¢ a liquid admixture of two or more substances
that has a constant boiling point that may be above or below the boiling
points of the individual components. As such an azeotropic composition
will not fractionate within the refrigeration or air-conditioning system during
operation, which may reduce efficiency of the system. Additionally, an
azeotropi¢ composition will not fractionate upon leakage from the
refrigeration or air-conditioning system. In the situation where one
component of a mixture is flammable, fractionation during leakage could
lead to a flammable composition either within the system or outside of the
system. -

-A near-azeotropic composition, also sometimes called a
"azeotropic-like composition,” is a substantially constant boiling liquid
admixture of two or more substances that behaves essentially as a single
substance. One way to characterize a near-azeotropic composition is that
the vapor produced by partial evaporation or distillation of the liquid has
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CAF9CHH®GIrans - D@Eetmnel 45.4 41.0 587
C4FsOCHj4 methyl acetate 72.1 2 9 425
C4FsOCHj, methyl formate 574 426 26.0
C4FsOCHj tert-butyl methyl ether 66.6 33.4 52.1
C4FoOCH;, trans-DCE 546 454 41.0

The near-azeotropic refrigerant compositions and concentration
ranges of the present invention are listed in Table 3. ‘

TABLE 3
Near-azeotropic Concentration
o Range

Compounds (A/B) wt% Alwt% B
C4F9eOCH3/ N(CH3)2(CHF2) 1-99/99-1
C4F9OCHpgy/ diisopropyl ether 45-99/55-1
C4F9OCH3/ dimethoxymethane 1-84/99-16
C4FsOCHj3/ ethyl acetate 58-99/42-1
C4F9OCHy3/ ethyl formate 46-86/54-14
C4F9OCH3/ methanol 1-99/99-1
C4FgOCHz3/ methyl acetate 49-87/51-13
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Concentration Range Conpounds (A/B) w % A/ wt % B
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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 and
heat transfer fluid compositions by permitting one to observe the
fluorescence of the dye in the refrigerant or heat transfer fluid
compositions at a leak point or in the vicinity of refrigeration or air-
conditioning apparatus. One may observe the fluorescence of the dye
under an u.Itra-violet light. Solubilizing agents may be needed to increase
solubility of such UV dyes in some refrigerants and heat transfer fluids.

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

fluorescent dye under illumination by a UV light that emits radiation with
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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 radical; and wherein
said polyoxyalkylene glycol ethers have a molecular weight of from about

100 to about 300 atomic mass units. As used herein, bonding sites mean
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sites; R2 is selected from aliphatic hydrocarbyl ene
radi cals having from2 to 4 carbon atons; R3 is
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coval ent bonds wth other radicals. Hydrocarbyl ene

r &8lestadiramaycdipgen and aipbatichydienatbani redicals havingd to 4
DCBRSIH atofhs #2€ ﬁref@Fa?Jif Eé@k&ﬁé%%ﬁﬁ%ﬁ% hg@r%cg'rﬁ’y‘fé’rﬁe

er solubrli zt g agent S are repres
RtaQiCHR)hsURR] fromz2oe B caxbarsatongy medst pableyatly 3; catbbs atoms:

r.ef er abl . Rl and are preferaply.independentl
D b BP Y2 YR RS aPELAtheR ol e REY RN AP SataBb from about

r a@bqala%opazs@ GtdmicIndss EﬁﬂQCfﬂoé’cw?ﬁ%ﬁ? fiotn ggﬁgﬁié’é’{d’

sel ected from aliphatic hydraqcar radi
habontj250 etargicanass vaithohheaRdmnd Rbbkydpcafbenatalicas having

: h [y, [ Kyl I I h .
oo B pabOlEomb el BRARSHE IS taile. Bebttrpntative R
akedR2Hrat Mon rEBRAISUALISe MSHYI, etreﬁ,%rebyqpsfdp%ﬁyl, butyl,
about 125 to about 250 atom c nmass units. The Rl "and

Risahuiyl oges-buety!, faditudylspertyl ingpentyl.onenemtoleripentyl,
e RBenh Bl Rl Wiiece e iR Bl préson

pipooixyalkglepeabydol ethandolubilizmpagents rag¢ bBuhadmpatible with
neopentyl , tert-pentyl,

tert-putyl, pentyl, isopentyl, 1t yl

1 SCHH CBiFeRs ORGSR espArat pBateialb et sgrstaicion (6.0.
CAMERIRS Bl 1S SAeRrapfABRENS hidicamdH ietai hdfiha 1
c dorgraasisoroatanes, mgstrprefarablgppearbon atorat ditiealRs atihatic

[ .. | d .
© FRtdcarhySh Faicals bt 2o ¢ aoame TS dorm Sereating
4 oxgalRplenatradeals" @GR eftat Mludd O)Fy@"tméné‘?éﬁfbal-srf‘e R2

f
ali phatic 20 hydrocarbyl ene radical’s having from2 to
4 oxypropleaedagicals, andcpwhutyiane wdicalky Theexyallyleabsadical

CEoising R o R ExPAKAEAY ofiB. pOK: SPlubiizinacacentc
oxycleyleensy badhe shme; onpné sndlgeuRe ndly edvtain different R?

polgoxyalkyiene glécol et her sol ubilizing agent o
morERISYIENERIOWRS.t hie Papaent pplvexkalkeae @cohaiher selubilizing

dighk ‘ OMRS, t 1

LAY HEAS S proBIEBTAIED, Where

pisséae aliphaticcamalicyskic hydroeabionaadicakaviogyl terecardadncadms

Wiere Rl .is an i phatic or alicyclic dr ocar hon

+ 850 Seboning afes ths Pafealman bivadr. branched & el
Representative R aliphatic hydrocarbon radicals having two bonding sites
include, for example, an ethylene radical, a propylene radical, a butylene

radical, a pentylene radical, a hexylene radical, a cyclopentylene radical
and a cyclohexylene radical. Representative R" aliphatic hydrocarbon
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and y bonding sites, the radical may be |inear,

branched or cyclic. Representative Rl aliphatic
woyawocmwebon radi cal s having two bondi ng sit esPCB0S2005/021800

i nclude, for exanple, an ethylene radical, a propyl ene

radical, a butylene radical, a pentylene radical, a

@éﬁe@ﬁwﬂ%& e ol Sefisd WihE IR AR esihR4 from
hyslyaeakdisnsuch mraﬁ&%m&aaénecgwwmwm@mto. 1 2.3

radi cal s having three or four bondi n% sites Incl ude
rieiblduwaycytiohexaner anthil, 3ootihudsdnisyslongyane.day removing their

YIS SRBIcBlT nexane. and 1.3, Bt hydr oxycyc ohexane,
5 by renovi R@PFéwm?tndgg;?blg?WalkyMG:@ysol dth&egolabiizingtageats
P eludaius sre apelimgedrs: EQH b8é@§%§é&?:8’£%§§”%fpp;4pne
| W (-9 e ALCA(ORL 6t CFf;
i f?ﬁfﬁﬁﬁﬁif G ok
Tor ittrpmomenaseal aervas el SD At o yhor ot hy
10 (g’F opy écﬁi 5@@)0 ggapagr i etg‘v@&»@tﬁ?ﬁwméﬁﬂﬁétheﬂ

szB@@&H&lﬂ@Bé)q}z’{Hw szimprqmierm@mlee’feyldpyé@thyl)

et (EHsoTE B HEISH o G bl EhE bicd) Byt or

ehhaglgl %@fg ﬁs@gﬂzgﬁ&mgngm oF O@HWOpréwlen@gwcehmptﬁpyl

e AR @ewqp%ﬁh%% L3 b e eieopytgne
15 RSN okl L s BEOBN| dnBhP S OREFREPEIEAH 6o
pedpy | (xur MBDOPYOGBW@'OPWH@CUWU@HB)OH

CHrpEaera (IgLE)
ool EEO R BT,
i AR O

( & [B,6RY (tepepyleneaglycol mubytyl (0o |dl-drbut §tbl%f )) ether)

20 m)ﬁ%ﬁ'@ éﬁ%%rppyrgpé(ﬁ@gﬂ]g M eﬂ(e‘%?y' ene

It- -
I BACH OrRTROIRY (P p (wmbyreguefmmgtt etco)
Cm@me}@ﬂ'l(@ﬂbgi & (bl 0@(@*{!@5 tlpygpy\ene glycol t-

(e R P0E OO (pRoéne aveol -
S e@%‘cﬁ‘m@w@?&‘%ﬁ?@?ﬁmmﬂﬂ T e
25 ; HobOEPLERURdn s (HBUBISTA R -BYe) RSP and
|C¥t epenﬁéﬁh@ se ert‘:tbégll rom r?C {)@%(ﬁl—?%)(d?%)ﬁl‘l‘ﬂa)ﬁfarﬂf °
trimethylolpropane di-n-butyl ether (C2H5C(CHZOC(CH2)3CH3)ZCH20H)
Amide solubilizing agents of the present invention comprise
those represented by the formulae R'C(O)NR?R? and cyclo-[R*C(O)N(R®)-
30 ], wherein R' R2, R® and R® are independently selected from aliphatic and
alicyclic hydrocarbon radicals having from 1 to 12 carbon atoms; R*is
selected from aliphatic hydrocarbylene radicals having from 3 to 12 carbon
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alicyclic hydrocarbon radicals having froml to 12
carbon atons; R4 is selected fromaliphatic

woyawocawwbdyl ene radi cals having from3 to 12 ceeho82005/621800

10

15

20

25

30

WO 2006/ 012096 PCT/ US2005/ 021800 atons; and wherein
said am des have a nol ecul ar wei ght of from about 100
to about 300 atom c mass units. The nol ecul ar weig

oPlyBS . AhVABESIN SaidRrBidesIAvE 3 mlﬁ%uvelgbboft féorakﬁmut

2 t
optPaREPy: TR Pt T ool g e M B of eajp amides
t lisapreferably frowi abaius 16016 abnuhzﬁmatorimdnmwmm R’ R2 R3

i%ﬁﬁﬁgﬂﬁ)@w@%&rg% Cincls' s Frdraphridt ackests thdtdhg
RPadifBY c%mélﬁlﬂg dﬁl h%bé%oh%tu%% Ate T?éi@ét%btf#ﬂn?%alogens

hydr ocarbon ra that 1is, I ca

cé@gaifluorine, dulomsemnd algemdeaxag) mejhty)ge)nF(oRﬁ R® end RS
| f t hi di t

o Mabonisnaly it ds ReledoabRts iFtiled yisiatfat FAREES nar

Nes) THNIAIRE MhR coithiptthe &orhs nit erh(%tz@f)oék (oxad) or

preferably no nore than one, wl present for each

1@ulf@ra16ﬂwarb intaoiagiqah cainptherwise ﬁ@mppégd; ot eadonatomsudn

BnB c;g i) mol?S‘Pharfﬂﬁéé nbﬂq{yd??@d‘rﬂo%[gﬁét%gﬂ&%r{@“ be

fed 1 n app or erent I oned nol ecul ar
vmhlegdrrbatdmls temidi preferaﬁ’llyefoembeeitrmi ofee, 3l bei pregemtdod éach 10

t d en, nitrogen and
o Fothan SRBrs B, anBS Preseries Ot Rl suighrap ARy GRgarten

o I | :
SHE e s Rkt e e B

t @feremeangiopeg emelgtylar wetgm‘é fimjtationsoPeefesred amide solubilizing

t ent P gctgéﬁt o?% Iﬁk@@ﬁ%&%ﬁ@gg\Zth%geﬁ)éya{%%)qfﬁte%l ’Reorgrteglehtative
ccmf RQUR%ttahs Wlanpﬁar@éﬁd aficytfic FPfychﬁfa’rBéh pathesls rmmd@f

am de sol ubilizing agents are those wherein R4 in th

afmeetBie athybrisapyloisenrepyt ity [sRbatyb)saceBityl, terkhutys pentyl
r?ﬂ&ﬁ@ﬁt paéh\(ylt %%E kﬁ‘@g&%&&g? RBhER, («.Sﬁ?ﬁ@c&

[ (NOR§RARO @udlé@&)dddedyeam théiﬂ‘@rmgevatmll sotigrb e A

val ues for nol ecul ar n is an integer

f PERFETederabodmeant Ofaagmeug@be@%ngm BEnthese whareis R
[ ndepeg'i&?:%in nﬁ&néﬁe@?‘g%o %&%%c? ﬂ:ggt::(h (ﬂ@s] rtﬁég%?eﬁrfsggesented

prbe\thelhsldgoamfrb)deeei ratti€al(CRIRBY, . othar wheds, the farnmila cyclo-
f | a

T RERSI R Rt oS B3 o o st

Ofweight A ply:dh Bi d’fgin?eg%ﬁ‘tﬁ*ﬂn@BﬁtQ F17318 aaypiated ﬁ?dr%ebrbon

anong the n nethylene units, and ;o is a saturated

hy@dlcalaacmﬁmw 1 taiil 2 serhasratams RS and B are independently

- selEetod 0br GAATD) By eI Hiedlci o SHER amBluR) 5. e

PEdthind Gaprdd2htfidby the formula: cyclo-[(CR®R"),C(O)N(R®)], all R®
and R’ are breferably hydrogen, or contain a single saturated hydrocarbon
radical among the n methylene units, and R® is a saturated hydrocarbon
radical containing 3 to 12 carbon atoms. For example, 1-(saturated
hydrocarbon radical)-5-methylpyrrolidin-2-ones.
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Representati ve am de sol ubilizing agents include but
are not limted to: 1-octylpyrrolidin-2-one,

wda2aeoydopyrrol i di n-2-one, 1-octyl-5- PCT/US2005/021800

10

15

20

25

30

met hyl pyrrolidin-2-one, 1-butylcaprolactam

1- cyclohexylpyrrolldln 2- one

1- butyl - 5- et hyl pi peri d-

1- pent yl - 6%@%;;1@ ameﬂezsqiuehz'mgegse;@!newedmafenpt

1 I N tLNphel
DL o DL BN GRS e Ay IR Bt T oot 5
1m&khylpyrmalmmmmam-bmyldaprqlaetpyrr r1ed:yaibhe)&|pynmhdm 2-one,

A RS s 2, An8. Togbi L BBl Rinipere-2- 0 -
Np Bkyfl b1 ct SmMaIAES1-5 #RethMip P‘rr@ih&ﬁ%bﬁ@ye Athgqde. 10

Ket one sol ubi I 1zing agents” of the present i|nvention
C pﬁptylmperl(k-ét-mnﬁas’ 3eme&1&mwlda§’z onie 1froethylcaprolataniA -

o BlifEplrratairsan%, f 5 timsMTPROACR de BUSEIE il Col'e

hevetRgplireiidih-26né,21 -888 88y pyatalas2-one INVIRRSiRitAIfSraiinide
ket ones have a nol ecul ar wei ght of from about 70 to

aBpdiN.Dedisppsepydacaiamidmits. R1 15 and R2 in said

ketones apey @ﬁ&‘%smﬁ.ﬁhg {Tlge‘?f?% Sl nr)éséﬁé |ﬁ9%ﬁtﬂ)nﬂ; <\E/ rige

al i phatic an rad
t ke@nesropresehtutsby th%rmmlaeﬁlﬂ:(ﬂ)ﬂﬁewgbtemﬂ:{ sAiddR? are

ketones is prefera fro abot 00 t
chaRdpaLY pelegied o alp b ekt hydiocarbon
"yghieg e ForPrlio ) cabeWbﬁS oA IREH S8 Relor¥S have

SI X, Or sev ered ri ng cyc et one
emanpleeularyvﬂlgx‘pie:ftfmm abouti taaabmtr&meatoamd mass units. R’
and

S Hh R 20T Retonso ard BreFanTiBBendaRtly eretegifcr .
CafprRatiy aved Bﬁ’@dl&%?/@%b%h fdisels hEgRGS ©59 estbeda étbﬁm

hal ogens uorine, chlorine) and al koxid

(dhe. mﬁi@pu@xwelginpfeﬁw ketones is Rrsfarahiy frq;nuamunaeo to 200
h

28hAThaR BHAE: K RO IRY RGP (iR Deaftind aical

oxyporected eind-formia-a five, sig ldrfser/el(l-tnlfemberedﬂnmg cydlicda@itone,
chai n ot herwi se composed of . carbon at ons. general
néPREENRIRaFY A PRIEARRRR Iy aIohE XA IRIIE; ﬁﬁlﬁ’s‘iﬂ%ﬁt%"%

hehafah g‘bptléﬂﬁll)pfg%f Ca?%b%tnﬁ?ed*ﬂ&clﬁ‘rgbgﬁb&%%&a% lthats,

present on at ons
t hadipalesentaining romyhydrobanbon SBmshtjaents:selbcmd from halogens

bstituents nd het st b sidered _bn

2 U8 By g ine B ae e BRORERs 18 Be pliaP e e R ay
I 'oﬁtlbﬁéll)QﬁéthBEHHtél%%fﬁrﬁIs}ub@tltBﬂecﬁﬁyHroE’éerJn' ralfdalst that is,
alicyclic and aryl hydrocarbon radicals in the genera

f@admals whichiconfgin 1be @tams odwdenTiagsdooxyaemkety-, oxa-) or

&\9) ﬁ%aarb]ﬁl “%%I&%H%m otﬁem{%e ﬁ{)’ﬁ'@ﬁ% of R8RAPMbms. In

ut yI SecC-buty pentyl
i geperﬁlyrho nitee ieam $Hree nenthyaemdarbon subsmpemtsyénd
cl ohexyl , octyl, ngnyl, deCP{be unde

hept ¥I
d gge@{ato&n,sj qqqie;?rle erahly; r@ﬁngfe thap one, wi present for each 10

carbon atoms in R' and R?, and the presence of any such non-
hydrocarbon substituents and heteroatoms must be considered in applying
the aforementioned molecular weight limitations. Representative R' and
R? aliphatic, alicyclic and aryl hydrocarbon radicals in the general formula
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wagoeboabilovei ng agents include but are not
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i soners, as well as phenyl, benzyl, cunenyl, nesityl,
tolyl, xylyl and 5 phenethyl. Representative ketone

2- but anone, 2-pentanone, acetophenone, butyrophenone,
hexanophenone cyclohexanone cycloheptanone

npne, 3- heptanone, 2- hexanone,
>REae: @C'@Bd@ﬁmbrﬁéhy|dpf°§dbﬁ%foﬂﬁ Rbobity, sec-butyl,

410% | \/ e

gﬁ%car%n%rﬂgi ?g%gca dbgﬂg);?gﬁcp eﬁﬂ)ﬂ irligec ho%%lc’)hexyl,
dihepiy, odtdt noryl adelcyﬂ,l undﬁcqh d)oxdbcyllemdolhelr cNhfigMaﬂonal

sol ubi i zi ng agent s f t he present inv 0 npri se
A5 55 B PSRy RPN CHETaR. 0914 O0hayBi Bk

| shaRb@gf.ed from 15 aliphatic, alicyclic or aryl
hydrocarbon radi cal s havi ng from 5 to 12 carbon

at ons, an aames@ntatnwkeltonetsoilutelszmmagents include biubare not
t, ,of Af bout t o about ,200 atom c

RSS2 Bt o GG R02 G far R e,

ph@&sﬁ@&hehcﬁfé eyéleﬁeiérmneabyabﬁép@naﬁd 2hiepieone, 3-

n%1drocar bon radicals having 8 to 10 carbon atoms. The
eptanone, Rengyl-gthexanane, £-priasope. dwictananez diigebutyl

28, 4 etﬂ&l%&@lbﬁ@ké(rﬁr{eo@ ﬁ&%ﬁ%nézﬁ lrfo?'aaﬂgﬁggz%ganone, 4-

atom c’nmas ona y Incluae

s diestnbmg @dbyﬂone,a?-hnﬂedaadneﬁdhbexyl lk@toriesand diyclohkgyl
cgn ai ni ng non- hydrocar bon substituents sel ected from
h gﬁ@hs (e.g., fluorine, chlorine) and al koxi des

(e.g. et Wﬁﬂ%soﬁjﬁn?ﬁ? ?%éitQBP{ e)/ res8 {lHQ?ntson ﬁompnse

heteroatomsu stitu rocar non ralca
r axitriles| reprez@enied by theoformuta RIGNawbeeeiniR’ ns)gekec(mlzfaor)\

PR A alibo R el Bing o 4 Bhif Bprbon

N@tEME CandVherdin %anm@itm@y ﬁé@é arrh&ecﬁhbwgmwmn@asout 90
heteroatoms and preferab y no nore than one, wl

piteebaut 200 atareis massumitsorR sinciaid nitrilersolubilizing agents ls

ST RE s Sl A AR ERG BB AR bl R

athavmigedito 00 edrbarpatees. EThe\riofddular weight opgtﬁd mtnle
Representative Rl aliphatic, alicyclic an

Weh@mmge@au% Brafefaby framgahaut J201S AbaLE 1 40 alomic mass
' wtgdwr}ﬁa}g&gno §| .M@uag%b%a%%ﬁhfo%wﬁéﬂ%@%ﬂs?%t is,
, CYyC openty ,

i sopentyl tert-penty
cyadiloalendnialhmgt r}dn hydrbyarbonrmmjstltuedts:sdalecneddmIhalogens

TR MuckBe, hRbeFahy bREBEb 3. MafR)” 1 el BrlioRSiy
phﬁﬂ@a@Mbter&ﬂ@hasé,esétﬁ&ﬂemwkéddrbsn $é’dl|é£l's| {hak RO radieaks

i nclude but are not limted : 5 cyanopent ane,

2 which gentain the atpmsoptragenm éazai)a @)(ﬁg@rm &etas 0xa-) or sulfur
CB(@CE?E@% 2%@’ gallﬁhcéfﬁg&%%%%ewn%p&ge%no arggn atoms. |n general,
no more than three non-hydrocarbon substituents 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 aforementioned
molecular Weight limitations. Representative R' aliphatic, alicyclic and aryl
hydrocarbon radicals in the general formula R'CN include pentyli,
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cyanodecane, 2-cyanodecane, 1-cyanoundecane and
1- cyanododecane. Chl orocarbon sol ubilizing agents of

wo b@eprzmsent i nvention conprise chl orocar bonsPCT/US2005/021800

10
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20

25

30

represented by the fornula RCI X, wherein x is 1 or 10
2; Ris selected fromaliphatic and alicyclic

h b

PiSosRDAEabal  3hkRAK) Wclbpkit oyt ARAY, Heopp s

f manyhtstegyl, Lbdecy, dodecy! 200 theibnonfigmationaliisamert) es well as
ht d b | ubj |

TR, Renz Ve plandl, N SOUE LIRS PoeRetivh on o

naaépr@semnvé%ﬁnh@sﬁmanzmg ?eﬁis' lﬁblﬁbb(buﬁ”é?e ﬁbt A RC#J;(%: 1-

15 hydrocarbon radicals in eneral fornmula

i rrdfau@eern@nﬁylz 2-dimgthyl-4-pyanopen arm;ﬁroygnoheuangl 1-

nSopchlorrente Wathephius eibllonBi. ormidiips

hawtayibdecm’(e/ |2—cymmdecade Ci-cyansurdieeshe ahedeeyAnddifiecane.

their confj uratl onal jsoners. Representative
chl or ocar HeRlogsaiben selubiizingeagents af thederesant I@wentlcm)

1S oo AL OB 1 wheroi s 1 o

1 Zsmlscﬁelmtedémmaliphatmm alieyctia hgdrotadbdroraalicdighaving 1
119 AR DS SRS o e e rtopulr

t hﬁelghﬁ&qﬁm'dﬁbﬁﬂt‘loe@o a6l 2@(?ato%%‘?ﬁ§s§ @rﬁ%fsesﬁ% F‘rﬂ)é%éﬁlar

the general formula R C(O) OR2, wherein Rl and
arVée'QhU@frﬁéﬂ@ @hlqrgcarboe@pwllfzrmgentem pegferabiycirom, about

2B B B0y B Ly Re@endally RoatoreiE et

c hyUrmdb@n rédigalsan i genéral fdnmu@RogIm&ma@ rAGONE, e8I,

to about 550 atonic mass units. Representative esters
waPB)delSBBEOPA/ﬂ DUY: isobHiv esectytylatert-butyl, pentyl, isopentyl,

( |c st er@ﬂlﬁ'&(ﬁ{tﬁam ﬁt%hég{ygi\g%y Wecyl

n medtayyl dodecy mmdethein-cpnfigyrationalisemets:, et hyl
benzoat e, ogxl R t hal nzoic acid
ot hosaet hyReabsBhidiVe shochsBen sehbusng agents include but are

E%ﬁﬁ?gﬁbmgqgryorﬁ%@g Bé’rlltaﬁé‘r:ggﬂﬂr@-ﬁ @%&\@9@ 1(a

c darobexanecd @ﬂdllthorabexmeeﬂ -chlptaheptane) tthehlatomctame 1-

bt EOhRl B8 15 1301 SRADAARATET S oo

kFJ{Z %)/S: r UC} |LER%§rR éé’lllblllhﬁgag@hﬁb 6Ghe greséit ifvéntlan Orftsrise
esters represented by the general formula R'C(O)OR?, wherein R and R2
are independently selected from linear and cyclic, saturated and
unsaturated, alkyl and ary! 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)2CHCH,0(0)C(CH2),.4(O)COCH,CH(CHj3), (diisobutyl dibasic ester),
ethyl hexanoate, ethyl heptanoate, n-butyl propionate, n-propyl propionate,
ethyl benzoate, di-n-propyl phthalate, benzoic acid ethoxyethyl ester,
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R3 RSR6 R7T RB3 R4 Rs RB R4 RRs 6 [Al [B] [C 10
These | actones contain the functional group -C(OO in

w@20060p090f six (A), or preferably five atons P&)/1S2005/021800

10

15

20

25

wherein for structures [A] and [B], R through R8 are
i ndependent|ly sel ected from hydrogen or Iinear,

oot e 0 T 3RS0 a2 BB Btk
@y%tc%%ﬁﬁd?élf% Bl Bl WA fiehalRte, drity @uabuLP.

[*actone ma ave’ an exocyclic al kyl I'i dene group” as
iametaiteructure [C] wherein R through R6 are

br anched. L& n?%'oﬁfﬁat"@fftqf%é’“ﬂtégﬁﬁ%ﬁf%eﬂﬁ iREa soapdze
hhéefo‘?\%@rg}ﬂf'esreﬁf’éd@i/ §tru5tﬁ?és Hﬂ] [B)oah[d}6 may be

connecte ormng a ring W th anot her R, through
R6. The | actone sol ubili ZI ng agents have a nol ecul ar
wei ght range @ from about 80 to about 300 om Cc mass
units, prederjted from ab%ut t o aboutRs200; at omi ¢
mass uni t g~Repiesent ative 24., agents
|ncludeb4 W, | imi 8D\t o/t he cofpounds/1i st ed
in Tabl e 29-TABLE 4 Ad@#Tyezgl ecul &y radsur e
Mol ecul ar Mol 8t ar  For mul'a RreReht (amu ¢ e
(E, 2)-3-ethylidene-5-nethyl- 0 O di hydro-furan-2-one
--1L C7H1002 %6 -14 WD 2006/ 096 PCT/ USE@?S/ 021800
(E, Z) - 3- propy¥HMdene- 5- net hyl - 0 di hydr o- an- 2- one
CeH1202 140 (E, 2)-3-butylidene-5-nethyl- 0 0 COH1402
154 di hqut@slélI%@Bné’s @Or@tam Be-functional group —C(O)O- in a ring
Z) - 3-pentyl i dene- 5- net - on
{565t @101 rieranig v o ) gt o ST aftﬂe 8]

U e AR 8 o ytpgeny o

branched, cyclic, bicyclic, saturated and unsaturated hydrocarby| radicals.

Each R, through Rg may be connected forming a ring with another Ry
through Rs. The lactone may have an exocyclic alkylidene group as in
structure [C], wherein Ry through Rg are independently selected from
hydrogen or linear, branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each Ry though Re may be connected forming a ring
with another R4 through Rs. 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

limited to the compounds listed in Table 4.

TABLE 4

Additive Molecular Structure Molecular Molecular
Formula Weight (amu)

(E.Z)-3-ethylidene-5-methyl- 0

dil"\yd ro-furan-2-one m C:H1002 126
N
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i nstance, gamma- undecal act one has ki nematic viscosity
of 5.4 centistokes and cis-(3-hexyl -

5-met hyl ) di hydr of ur an- 2-one has viscosity of 4.5
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by reference. Aryl ether solubilizing agents of
pbavetiyl)dihydrafuran-2-omerhaseviscosity of diie centisipkass dothedt 4§°C.
sel ect ed

 Ler R i analiinak be Aveilebie o Re ka0 IR RRred by
ahrémodﬁas U§scr$<9éoﬁmt@dsf éé’r&hﬁép;ﬂhﬂhbﬁ 1000495 [F0éd August

. radicals having fromIl to 4 carbon atons; "and wherern

10

15

20

s3i 4084 yincempeeated hereindyrefasencar wei ght of from about

aryl | radi Alyefer SRENERIRREASE e rBRP EISNAlen Fprrbrise
phqmdtherblrebmehte&bmwﬂormUESRfQRz vilserenl: R, is xilected

ht h and pyri dyl Rresent ative R2 aliphatic ..
hy}é ér' pygrocaeancAdicals, hayeg d@ie PP 1f20<far91>a aferpppR” is

! %EE&?@ fi‘@rtnr%phaﬁ& Wﬁhrog%\‘&m’r drcdl?ﬂ@%ﬂgﬂom RUbMA carbon

i SO sec- but'yl t ent resentative
aatoras] ancwhereirs shidgoaryl ehhags bayna snolacliladeelght of frermabout

li,nkted. to hen .et er (anj oI ) . .

1 105 ool 48T BmcBAST R BRRrSERlaRNE R L rastivals in
bme/beﬁéremdrnﬁﬂéreﬁoaalrma@bﬁ@fryr srsrbeh)brl EbrABnAd AdsRyIOf
the present invention ose represented by
t tlylgsvigh aiaphthyhand perdJathpmesemtaﬁveRn ahmalilcshydrocarbon

oGRS T e Bfrabiei fa, 6B Hide pRRAVEERTE b
dewapy’blt ounts, isobeityey sed-Butyr amtert—bhtyne&!eprééentatrve

saturated, alkyl radicals. Representative fluoroet her
s @refpatic sthes salbilizing agents declude byt araat limitad teg methy!

CHBAFESEERHio90, LABRRSATinsbhe, SRR oo
sblrtyblphlenylr&;heragent may not be the same fl uoroet her .

FI th I t t

cthers a0 pplfes PG vts cbine Bresaat [BepBre.
mén'fdrié@rtﬁoéé Féﬂr€§erﬁ§€i b‘?Qh@ ehBfal fér)‘rﬁlﬁa(ﬁqg)@% &H wherern

erein Xis y orlne or fluorine,

- cit'ds salectad fiomi ai@ atm::aalt@yclmandmem‘trn mﬂrocmrhzm radrcals

25

30

ROgr st tiRou B aPGuEre Rr bR G PrelpRRY BARREY. drear
saturated, alkyl radicals. Representative fluoroether solubilizing agents
include but are not limited to: CgH17OCF2CF2H and CgH130CF,CFoH. It
should be noted that if the refrigerant is a fluoroether, then the solubilizing
agent may not be the same fluoroether.

- Fluoroether solubilizing agents may further comprise ethers
derived from fluoro-olefins and polyols. The fluoro-olefins may be of the
type CF,=CXY, wherein X is hydrogen, chiorine or fluorine, and Y is
chlorine, fluorine, CF3 or ORy, wherein Ry is CF3, CoFs, or CsF7.
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HOCH2( CHOH) X(CRR ) yCH2OH, wherein R and R are
hydrogen, 5 or CH3, or C2H5 and wherein x is an

integer fromO0-4, and y is an integer from 0-4.
Representative fluor-alefinparetetiafgofagiayiene,

i bl bSEriehp. horL Rt AN REHoToTR Y
%thér arnﬁ% po‘y@}s r&ﬁy%edrneiar ov bmml:he/d Anrmearmcégm sndyr erod
4, and al so er

HBpriae me@Hxx@wﬂgmea)&He@Hw'mR apg R ate hydrogen,
PSEAS! (?;]r - d oa‘fVEHFe%] W% Qb’lntegﬁﬂfrsmheﬁﬁd?' i¥ @@l integer

1171 ane so Ing agents o
IOI’f@&GOm Branehed polyclsmpay be of the typer i f | uor oal kanes

| RO GO EH I HRERT L e B Y e HOBFBeR, Chy
rdg r#?r'ir@[@é’bﬁ %t%galaﬁbﬁm t6 8/ ARPUImMEy be Cehrolty drsd w

bn>at o pref erab yprlmar%/ | i near, saturated
ahteyintegeds frahs0 tRdpand algoavhereint + ut vik Wi flor oal kane

SRESBLLer B AL Bk RO OP g, PBRSeRAES Stanedi,
Sgh@l@mwgrl.élgg@gents of the present i nvention may be
present” as

0 a single conp or fg resent as
a m xt ur e 16k, 11Fsiflgof %@'Ug'g?‘ﬂﬁlqgei‘f%éf Sepﬁ'{asen
M xt b
SBiveHliph 98%?0?'%2& JfiSkoAAERES 1B seRtiptia oneral
s eyrmiuie OFaR! omlesrein BY ig smiestekidmmmﬂph@tltagednabcth@m t wo

di ff |
pbwg@;gq&[%ss @,h%ﬁé? Boué@&q ﬂgewz‘r%f;g@gﬁtatoms
f@’gﬁélﬂy Eﬂﬁgyrmbb?'s%%ﬁa%d élﬁ?lrrﬁﬂtcaﬁﬂdR resentative 1,1,1-

uoresce or conprising heat transfer fluid and

UWﬁdanoalkanesolubyleqng agemﬁs instude butore natiligritedder ¢dnt-
bout 1.0 we conpositions is W
%P%?Wfﬁ? %?r é?ﬁ%@bg\/\el ght percent to

about 0. 59/&ulhim@%@§ﬁf§of th8 resstit uWeﬂftlehahhybErpwsent as

0.01 weight percent to 30 about 0.25 wei rcent

Sal sibglei compaundh o6 Manbe prasess as & Mjwe f °fe Pihan one
o L
e e o ubiet
AR R
Bgﬁ%pgg,gﬁ%pggp?gﬁi Bfdr. Which utilizes a dye

or slurry of dye that ¥
inserted |Inttbe@rmm)@nmﬂoscifomsmmm'fsﬂngg[ﬁf%@?f@ﬁ éf‘d uv

alduo?gsncdelntt Id%] orgcompnsmg heat transfer fluid and UV fluorescent dye,

from about 0.001 weight percent to about 1.0 weight percent of the
compositions is UV dye, preferably from about 0.005 weight percent to
about 0.5 weight percent, and most preferably from 0.01 weight percent to

about 0.25 weight percent.
Solubility of these UV fluorescent dyes in refrigerants and heat

transfer fluids may be poor. Therefore, methods for introducing these
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5 apparatus. As refrigerant and lubricant are
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apparatus. Numerous other nethods for introducing dye
into a refr| gerat| on or air-conditioning apparatus
are de

It {
e Lo e etTebion o Bl ShRLLRnaAimRreils fdf s%en
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al l ow the storage and trans ort ,of dye-contai ning

1spp@1amsgém%ﬁveMlSﬁ%la@dpmi@Péﬁ dir png gamiedthigughayt the
SH?%; &/ Niiin useothé'ﬁhﬁfrﬁ‘id’é'faglnﬁr%ﬁuéﬂﬁﬁrdeyérlﬁ% ytion.

present conpositions conprising I'gerant, WV
f refrdgemtion tor dyrecantiticrong bp paratusyargdescribed i dnglitesatnce.

Sotubi || gt OV igHeseetb iy Sod iR fiss8eddn i 20
p?éfﬁgé‘rtant REST BHRBbY nbf %#P@%nﬁsé&@%ﬁtmaﬁmdﬁbg ht

perc nmost ~ preferably, from about 5 to about
1teoelugtion pmthaewtfngﬁratlm og awtqonddlonmmratttsn The present

sol ub Jizi n

PR P8 mhdd1, L ER0 Tl b R o
t be uWoddde@r lﬂﬁﬁmétsyéyanumheprem@emnt nTlae ermemner ation
from about 0.001 wei ght ercent to abgﬁt 1.0 25 wei ght

p@pmltlpﬁsw%all@wﬂh@étoaage and {ranspert £h dyercantaining
vvel gﬁ%?’awgégé:] Hgﬂé fl é\h% er agﬁqehéeg?n@fb)é%ﬁlvhwm ght

pma]ﬁratnm@tlﬁ)dm |rﬂsé]Etmm1| ght percent. Optionally,
comonl y Esed refrigeration or air-condi h Lonin

syst em addf n {he BEesenl coOPaSitiens compHeig e '9%"19 w
RssicEhPéve 9hd SBRIbAR: tof ébfrﬁaﬁmﬁg He@lt %ﬁsferﬂeld

nhance pertormance and system stabi |
ady fluorescentsdyenanh solabilizimgfageind, fosmradiout Qéoaithouh SQN\dalght

o Ao g 80k 35 tBy AL R0R AR B
2%@éﬁe%i?%ﬁéﬁé&@ﬂﬁéﬁ&ﬁh@lﬂephub&m@aﬂbﬁthe%&rﬁbme@n

and oxidation inhibitors, netal surface deactivators,

f compasitionds sebbilizingagentindhe eirgeisnt ppheakfsansfer fiyid. In

O3 5BpobRBRS of Bistbteskifindbhudt BREDV b BYER LYY
C prpsEtitlin Qmon'Eyéntraﬁ?cbri tronmtnmntor@m wefghbfpefcren‘rm abeu51 .0
t han about 0.1 wei

gf percent to as g as ab
m’vegabt Rrseealin tae re Bgefans gahept ganster lddaprefaiably j from
65 Wéggq r%réeer{t%‘aﬁ%f)@ 5tvglﬁgﬁlaéér§eﬁtf ahﬁergoéﬂlﬁrﬁgérgy@l

sysdt)em requi renents ese Itives iInclu
offrarh €.01 weight percent to about 0.25 weight percent.

Optionally, commonly used refrigeration or air-conditioning
system additives may be added, as desired, to compositions of the
present inveAntion in order to enhance performance and system stability.
These additives are known in the field of refrigeration and air-cinditioning,

and include, but are not limited to, anti wear agents, extreme pressure
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phosphate esters, e.g. Syn-O Ad 8478 from Akzo
Chem cals, tricresyl phosphates and rel ated
npounds. Addj tional | the netal dialkyl
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oBs Hutwated tripkenyi phagehates (BTPPAgqratber arkylétexhtna

B L AR S PR e
Pgbpmhatm anéflrelatdd cmnpﬁhm!‘s}eAE’embnalﬁy lthe avetar diaﬁM y
nene.

o HBhioRRosihAos o h: ZhRaialy BEphaspbaRde ZBLI L hubiro
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based on I'ng agen
anempobitions of thegpregent inv@hiiop r Othentantimeanaidditives indhede

t FeffbRSrofuh AR AREaSre e brbheireeliriciey acdiives
ubligaus SydergTM$ w@maﬁéﬁm dY®ricand).08Irh iAWY, ls¥abilizers

solubilizing agent, in refrigerati on or air
ceweh as anti @glch?fﬁ}b%rf@m@dlmhécai@ﬁg@m @nebwates scavengers may

BEsBiGy LR BhEs AEHAF sateBprl i Nt 58 als Moffimitee
afp dudyiated hVailr@(ymwém BHB dnd ebeGgds/i ng the WV

fluorescent dye in the refrigerant or heat transfer
flui d confSohitilizing agettsesuph asdmtenas may-Ve\dd objectionable

2058, 35S 20800, Fbe] TS0 7
Afrﬁgf&m@ﬁr \]&pycal exampiagoftndat onasking agemtsrdtagrances may

S fchldie E@é@%&g?‘?ésl@ﬂgmw CHe r &tritort ¥ #mint Floral
i nt odu0| conbi nat |on to refrider
ot D% PRebal Gohmerst 6 el Aoci-imganagand

apnhboe I8h ddaxmsdsking bgelﬁts rﬁayl' béfu%@d \dt icoRBentrations of from
cHBRD Bh PO Bt 38 ol ' e b et Faiseon the efained
r weight of pdoamaskingdagent asd sglubliizing agentger ant or heat
transter frhdifleSHRNHtRTETO RIS BPathéthBY 't 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
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 composition in the presence of a
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air-conditioning apparatus. Leak detection helps to
address, resolve or prevent inefficient operation of
the apparatus or system or equipnent failure. Leak
dsolebllizing aget andliptsoduning the eombiniation irtbshe apgaiaiug.he

oRAEAGA8y¢ it B\ARADRE 19 col TR I B8AN Aty
uﬂwr@soeraﬂ dye and, ntrosivising sgnécombnmlmprmta nefrideration or air-
t b@%i.@ﬁ.aglagpﬁratea éoglat.ﬁ.ﬁg Vémpsl@an’t aHercﬁf’rfe%mraﬂx%ma.d

crib eln ona
E-Eﬁtr e t'%%mpﬁélﬂ'oﬁéf@’ Re UtSSdr"éﬂPq @é‘i‘%ﬁrﬁﬁiﬁn éﬂﬁ@""

abonmﬂ@mhglmam%appar atus and enpl oying a suitable
nmeans forTﬂet ectl cent
[

yer cont o REEereRinyfion fuRBaf tdifbE 158 Thethog,of using the
de&fﬂgenamg ot heat tdgrmsfenfhhld dempnsitionsecompridingruttedidiet,

; k
ﬂ‘l%@s& cﬁ{ﬁ oad‘g%ectﬂ%hﬁé‘ ‘i’ﬁ% %Fé{éﬁc%%f e ?y? Pt HaeC
c@ﬁmpéitlans pllows den @@ie@thn @Hﬁa&mrr@fmewdrlaé&e refrlgeratlon
SB?erfdoﬁéltiohlrﬁ%;b;iﬁ}ﬁﬁxsf UedkicteiBPRSBs to SRERssNEesolve or

oresceni. . dye containin 0S| fl on

| t
RSB inesicienh RIS OF B R A BB ICE Sy SO AT SRuIPMeNt
afathc@nueak deteation pisty éips oasconsin bhemicas Lsvg th the

bgﬁgtﬁh%fﬂﬁégwgﬁg&g?the system a |leak can be found

8_ a-violet lanp on the apparatus
and obser hﬁg‘neth\@dqumrmmrowdufg therlronyasition coraprising

v 'ré\‘hﬁélta\ﬁt 9f1d va-V R fRn%'r%@cgnTP? R rlélﬁ@ég%i f8nsfer fluid

caﬁﬁ Fa-;/@.lﬁit @?)réq%@%bggé antdeshtiked h@\‘?"? AndpRtianaliga
C@Ql(tjﬁbﬂﬁlr@f admtas dé&hﬁb@d hel’rélaltff tﬁ%ﬂ réﬁﬁméhé in'ﬁoggltllogmg
roaucl n | |
P RBSRN 0 STl g o BB smeRls B ditaSHDRRLIV S:
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t her nbdynam cs erein a cooling nmedium such as

refriger alfe Rygeant 'f‘Yﬁ'Hl?@HUHh§S/@'%te§6° @H’ﬁ?thoﬂ Qféﬁ"’lﬂethe

r eompesitians of tHeepRenOPNERIGY fatpesducing cooling or heat,
wherein the method comprises producing cooling by evaporating said
composition in the vicinity of a body to be cooled and thereafter
condensing said composition; or producing heat by condensing said
composition in the vicinity of the body to be heated and thereafter
evaporating said composition. Where the composition of the present
invention includes refrigerant or heat transfer fluid composition with an
ultra-violet fluorescent dye, and/or a solubilizing agent, the refrigerant or
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cycl es include vapor-conpression, absorption,
steamjet or steamejector, and air.
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evaporator, a conpressor, a condenser, and an
expansi on device. A vapor-conpression cycle re-uses
refrigerant in nultiple steps producing a cooling
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whi ch the |iquid expands fromthe higher-pressure

| @Yaporator; RCORYNEEF e q0pdensen ald Anedansianedayice. nA
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pre urt er re
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C%naﬁa@tmmmgm art BRPAibh BBGice, TARI SRR réfﬁgsfadt BBils in

further relates to a process for produci ng
c thp evapargtar @t adawitempenatuse tgpiosinta gas aotl produgs esaling.

| HEBThaTes dye dhs diHs ElmPhobor fihert thefiad Rk iRraiig

Vas LS ith YREssURE andTemMpesatlre. Wm@thlgﬁé’r-;bf%sﬂﬁ@(doﬁwpressed)
refrigeration a Ilcatlons Conpressors can

g&Aaeeays tefdgeran eéberagrs thecsopagpse lﬁgfvhtf:bﬂfae 9efng@ﬂant
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anlca ans réss
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dIS | acenment rec ocatjn scroll or scre
Forpasge Jeved e carblanset to By SwesBEsidr Ve s

tréqaﬁ@,calﬁg\-nﬂﬁglregbg %‘R,‘Ieon the fluid to be

conpressed. be conpresse 5 Either positive

di spl acengiie sesENAVRRSHOIIPhES FlstesTBY &%ceé@f‘cﬁ* r8ducing
t he Fr esent .i nventi ve %Qotﬁess A centri fu

AP SPPriSnG eppratia e somHasHiRgs o K8 presorbinveation
r & thegdciaity of amodyitbibensboled, and thereafter condensing said

compositions.

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.
_There are various types of compressors that may be used in

refrigeration applications. Compressors can be generally classified as
reciprocating, rotary, jet, centrifugal, scroll, screw or axial-flow, depending

on the mechanical means to compress the fluid, or as positive-
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A centrifugal conpressor uses rotating elenents to
accelerate the refrigerant radially, and typically
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casing. Centrifugal conpressors usually take fluid in
at an inpeller eye, or central inlet of a circulating

eller, accel erate it d Sonme
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dhad sabe coﬁmfhs$efbel ler-diffuser set is 15 a stage of
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q{égl VS S<$ %Frgneﬁe eggjsbﬁ%gg% o%?‘wqu'th? |¢{[Eel‘?er but
Lﬂds@ 'o?flfeypl%ﬁgur‘eh@seséécﬁﬁgimﬂ@‘d|ﬁh§emdt|6ntoﬁ the thsibgnd
pressure. Unlike a positive displace
cwmreyebclty is eaverted g tatioPresaiyice @gifgl,ea-glffuser set is
ent s e(l*é%f fﬁge éog‘ﬁgl%%g&r 'tég%lfu & %8%5‘?&35&1?@ ané Bnp]ﬁpﬂ?ﬁom 1

ress € Vva t hrou

' W@Q'cﬁfmoﬂéfma@es ependingsort thee‘lrrdal 9p¢mdaslredband the
rather what is called dynani c-conpression. -23 WO
2yokinag oHeedrigerant k@ HABYIEE00 The pressure a

cent 1 f IO RiRERBt0 A ) SediRisgidni@Rsora embhessor is the

speed of the I nmp speed 1s the speed of the
| o bEabso‘relesdxsmrge pressure ;o thedabysolutel ineb @ressurdre

(rjn! %ggé?re-ﬂ%vtg%glat&n‘gyeaﬁ{ﬂgﬁ cgmreﬁcﬁ\églp%ét%%ﬁ)éggéstant over
I‘Jﬁf@r\)a)f‘\ﬁﬁileménbe%f%b 8cifiés.t he passages through the

he size of the conpressor nB
dependent Rositiveedigplassmeat EQRRTeEPrs Heaw V?H‘ér intg,a cnagpber,

' Esﬂ%gjui@ ch’\a IS @&E%%%Qﬁ%ﬁmé ?CL grﬁpr%sﬁtﬁgt\fapfﬂ"gﬂher being

25

30

| dnibressed, Qhé&ébbﬂs fo#&e@iefmmltlﬁel ghamber by fprtiesrstacreasing
WOtLlés\/olbuerr‘:’etz oﬂhtehchaarl\t?el\ﬁ tgrz%srg %rr %egryfl rzé.%‘?r&‘ rgo’sitﬁlgccﬁsﬁg’cement
compressor can build up a pressure, which is limited only by the
volumetric efficiency and the strength of the parts to withstand the
pressure.
Unlike a positive displacement compressor, a centrifugal
compressor depends entirely on the centrifugal force of the high-speed
impeller to compress the vapor passing through the impeller. There is no

positive displacement, but rather what is called dynamic-compression.
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trichl orofluoronethane (CFC-1 1) or
1,2,2-trichlorotrifluoroethane (CFC- 113). Large

wa@eobnifosgal conpressors typically operate at BOD0S1005/021800
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7000 revolutions per mnute (rpm. Small turbine
centrifugal conpressors 15 are designed for high
speeds, frgm about 40,000 to about 70,000 (rpm, and
have snal | W&spgqe aceptsl UQ%&PW’?%Q"&?@ aygiprpdapends

Rithe tipPdifdld &F thb I'}?vg g% EEH |§fl’%?b§)<%é%(?ﬂ otbgrimBENer

be used in a centr con‘p essor _
cm%&e@ at 6 ﬁlpcamsyelatadstorteqldlama'garlosfstlse popelteriand its

i h
a7 Suens e minte; ThEYEPRLY Pl nthigateqrabrasor i
s ldé‘térﬁﬂnéd‘b?‘tﬁe §fze%f9(ﬁé gagsag"&ethlr&r%h ﬁ%tnhme'mf%' *rﬁ‘lgm?]kes

operaté by use of a singl (or "axle)
stt%/@ sizef thecpanpiigssor eenetepenident eathe prfssamtaquiretddhan
11hé@?§a& the absol ute discharge pressure can be
the absol ute suction pressure. Severa

exanpl es CBedaNQeZﬁltSt spedd bpéragiah, 8 BRErFsgacompressor
ens, particularly for autonotive applications,

aﬂ%hms’@m%w 2 Rigdkevaumes loysoressyramashies, A rentrifugal
' %Pr{ 859 rSHbRE RSP with SaIL IS&«Z%r‘égglfre r-gﬁ‘g%eq'gﬂp Q5ikh gns of

resent invention
r éiﬁcbhlgmﬂaormnetbanal(CFeehﬁ) an hajAgichicsoiflaorsgthane (CF G-
c i fugal 30 conpressor conprise C4AF90OCH3 and at
22? one conpound sel ected from the group consi sting

of 1 N-(di fila @Eﬁfriﬁ.‘x’éél cOImNrE4 <8 %d%m e af@ ASSRIPRY !

et her; di net hoxynet hane; -24 WO
P@P0032v0i8]i0ns pBOMIRtE (pna) cSmak tu rbmwcelitufugaxl eompressors

v &6 B8lapea B b BERUS. o 205t 28 005 3ok 20,909 ehre)
arathdGEvemAbinaslicr Isres; fypieatl tddsHhantoYs ptersT(2®56t 6
above-|isted conpositions are also suitable for use in

aincheskuyl i - st age centrifugal conpressor, preferably a

two-stage centrifugal conpressor Jopar at us.
A multi-stage impeller may be used in a centrifugal compressor

to improve compressor efficiency thus requiring less power in use. For a
two-stage system, in operation, the discharge of the first stage impeller
goes to the suction intake of a second impeller. Both impellers may
operate by use of a single shaft (or axle). Each stage can build up a
compression ratio of about 4 to 1; that is, the absolute discharge pressure
can be four times the absolute suction pressure. Several examples of two-
stage centrifugal compressor systems, particularly for automotive
applications, are described in US 5,065,990 and US 5,363,674, both
incorporated herein by reference.

The compositions of the present invention suitable for use in a
refrigeration or air-conditioning systems employing a centrifugal
compressor comprise C4FgOCHj3 and at least one compound selected from
the group consisting of:

N-(difluoromethyl)-N,N-dimethylamine;
diisopropyl ether,
dimethoxymethane;
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The conpositions of the present invention may be used
in stationary air-conditioning, heat punps or nobile
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Stationary air-conditioning and heat punmp 15

appl i cations include wi ndow, ductless, ducted,
packaged termnal, chillers and commercial, including
packa@elmylla@etatep. Refrigeration applications include
donestg ﬁy ,ﬁ?ge refrigerators and freezers, ice
machi nes cont ai ned cool ers and freezers

wal k- metbéﬂpbrs and freezers and transport

refri grew@yi Q&;tgté%t ens. 20 The conpositions of the
present mv&ﬁ n may additionally be wused in

ai r - c ORI » heating and refrigeration systens

t hat Eténlbnnylfmethyaether ube heat exchangers,

mcro n and vertical or

hor i 23&6% ?? (ﬂgﬁ%r& Qéﬁg'géeﬁdor pl ate type heat
exchar@é’rg@CzﬁBmmirﬂamﬁwéﬁ -tichlomaiBylgBe. heat exchangers
rmy not bPhéé@?ﬂ) ﬁsté@%po%slti@Ws@rré%%U ﬁufaﬂbﬂé fgeisanh a

Sﬁéé’t'aéé%gﬁgﬁggm@ogﬁwgé%”éps SiaBli A tp e e el
V(%rﬁﬁﬂe%ls?ﬁa@{:i@ratmhﬂh frictional | osses in all
conponen n e
e o £ 1 £ CREIRRSRRS 3 T olsEniPBRIAH fayire LpE e
cstatiendrgdhi-conditonieg, et pumpsspevebile airfeenditioning=antht
pl%tf@]erg‘tloc‘ﬁ g%t@nﬁba@(aﬁbggﬂy%qﬁé&%lf&% g 2P dne

e use erefore r ef %W
cappiisatiens insludawindow. uetiess duetad, paekash Eleginalechiters

gé( rgé" SBMMéP&%'FtIh@IDdIn‘g Fackabed reofidpabRefrigeratiqresysplications

e AR e S S8 Ao 0 echines s
coomtamedi cmﬁerefartdfeeqzeesgemlkﬂmaegle_rsaand fieeaprscarichirangmort
ciipliEh YRR o1 abi gi ngl e pass heat oxohanger
conpri se ThesooHBsitiansaf th%@éQse@h@Veﬁﬁ%éﬂﬁﬁda@@?@%@'@’ope
P%@%a—%?ﬁé@gggﬁs R?éﬂlr@aﬁcﬂ L%{lééraw@@@rﬂéM@mploy fin
napd jubarheat e)ﬁ%ha@smsoémm ﬂ'é'?e ﬁé? ygrtical or
ehBMrordaLsingle; paﬁssetbbe lor platetipe: heatmxbhangers met hyl
acetate; Cm%ve}/\{lorqeﬁrnr@Fo%hanﬁglrﬁeaﬁ%&Xhaﬁ'&é@%a)‘?m%e 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.

In addition to two-stage or other multi-stage centrifugal
compressor apparatus, compositions of the present invention suitable for
use in refrigeration or air-conditioning apparatus employing a single
slab/single pass heat exchanger comprise CsF9OCHjand at least one
compound selected from the group consisting of:
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turbi ne centrifugal conpressors (mni-centrifugal
conpressors), which can be used in auto and w ndow
ai r-conditioning, 15 heat punps, or transport

refri gék(ahﬂmorrmthyA)eNLN-aiﬁneﬁylamnappl ications. These

hi gh e Vet i-centrifugal conpressors nmay be
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rel a constant cooling capacity at all engi ne
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m ni - G%Fgmcgrugahdmmne@@wmdf@étrﬁﬁer@mred by an

i Pve: assd i priaaifions §tde PHesant dp\enon e paricutary
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cent requires
oheabmpsmrstoawonsrefmat@cfmre@ welkas @th@rramuhc@um i ve

e ) et ot 5 ot
efIRLtig Mg Gamthereore be iopethted indrrendentkche engine
Usﬁeed pACndr&tam%)n’gﬂé%dr s@peblamtaw(?qne rs9ste&g£&§|%vﬁfb5a

e
r BTG stapL £0lie, R BFEERGogaRE ) s aigvides an
apppodunity fooeéiciehdyyimprowments egpaciatly av bighes enging speeds
o ;
88 Eohitel b 2R bnud - Poed SR 884 ning
i ﬁweﬁbr\é&f@a the cyrlinggperatien eheenvertionalsiems gt highe

P@ﬂnH@%‘b@@ﬂ 97 kan lﬂ'tBQad%@ﬁﬁ e hAVAMthGEDf (BB pressure

tes to a process to produce cool ifg conprising
K%P@st? $OYILEi®a'Yn of the present invention, in

a m ni - ceMdterdatiyaly, cath‘er &mmsep@metredl power ties grimie
SRl Bt b0 bR EN0SAY i Bt as aven
t§\§| Qr aaratioledtge@rwwe rarssqmbfy withy satjoedob e bd i | Tée.
Ta%cmc% 9atver BY&iHYIOth é&ﬁéd}%{utérﬁbeﬁ@ae&@n@s BbOGEREVOIR,
od coqlin I sin npressin onposi tion’

o;“ "E’r"é%ﬂ'fc %ﬁqug@{ |fge,$sor requires e ectncal power of about
50 volts. Therefore, use of an alternatlve power source would be
advantageous. A refrigeration or air-conditioning apparatus powered by
an engine exhaust gas driven turbine is described in detail in U.S.
provisional patent application no. 60/658,915, filed March 4, 2005,
incorporated herein by reference. A refrigeration or air-conditioning
apparatus powered by a ratioed gear drive assembly is described in detail
in U.S. provisional patent application no. 60/663924, filed March 21, 2005,
incorporated herein by reference.
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a mni-centrifugal conpressor powered by a ratioed
gear drive assenbly wth a ratioed belt drive;
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evaporating said conmposition in the vicinity of a body
to be cooled. Sone of the | ow pressure refrigerant
fluids of the-present invention nmay be suitable as
drop-in rdileapresent isventiordfa@ther tcdaies toxd srocsss to produce
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Space | oGtime bf tmpwregstg’@cr@vnde@%m flidd ef @iétprégté'ﬁtgn

r .ho radi a
o VEBHER oo SRk X RN erbipb g iR T e i 88Hng
s@@bﬁﬁkﬁ@g@l eguignaent. by provi di ng means of transfer for

cooL 10, (Iheltbenahveriii Brherlistes 16 MBI BP ddhcing

heat i n% system
f GG hdyn eeisting r¢fﬂ98rai'@ﬁs&mat§$éltr@Ir-QQﬂCbt@hwtaDDh@tus

t Gaid&ﬁ@fhd@f@ﬁﬁﬁﬁslhg providiRgla @fﬁﬁ@;{lﬁéﬁ oPtheCrR4B8AEIRVentRIh
vapor ative cooling processes nay

u?%?ﬁggtmﬁl%{ap nsfer fluids as well. A heat source
may be defli ﬁé&ea%“tdﬂye@mcfeﬂh%t%@qegﬁo adypeess tor trapstey of

f hegt ﬂ*@r‘n‘?é"hé t é&;r?@% LMY sinR WHEABRI fie cd@ef&n‘? ng GHTRE ©

heat . es of heat sources nay ces (open
epsend m)ventaqu |semegasﬁeatetranaj;@rfaildmn8ard pmbsg for Heath
erator ,or eezgﬁcases

S BBRFIST sB 5 ees 1 BastsbErG FeseamPesitnsat fiéprosen iavemgion

SPaAta he@tisblircBdo @ ez @K ti oni ng, or the passenger
conmpartment of an autonobile requiring

ai r - condi He@ﬁ"ﬁQSfeAﬂH@@tafgllﬁlkZG?dago trb@Sfeefmm&joa&mwe

SReeohOTRL ot RE06h, ApBAhARE At hRES ffion.

erbjept er bédysby hadiatién, eatiustidrk .or E&Aﬁ@&tlﬁ)‘ﬁ AREHPlrEndrer
fluid may function as a secondary coolant by providing means of transfer
for cooling (or heating) from a remote refrigeration (or heating) system. In
some systems, the heat transfer fluid may remain in a constant state
throughout the transfer process (i.e., not evaporate or condense).
Alternatively, evaporative cooling processes may utilize heat transfer fluids
as well.

A heat source may be defined as any space, location, object or
body from which it is desirable to transfer, move or remove heat.
Examples of heat sources may be spaces (open or enclosed) requiring
refrigeration or cooling, such as refrigerator or freezer cases in a
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10 I nmpact of Vapor Leakage A vessel is charged with an
initial conposition at a specified tenperature, and

WO b@ciomdobé al vapor pressure of the conpositi onPCEHUS2005/021800
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15

measured. The conposition is allowed to | eak fromthe
vessel, while the tenperature is held constant, until
50 weight percent of the initial 15 conposition is

r @npevmarkat buildirlg spaces requitiag air-gonetitioning, afr thé@assenger

| u

R e df?ﬁﬁ%"%?’.“‘%@é@. ol 8 Torlmcri, A feat SRR may
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L ¢ralst. Dﬂi'vfaﬁor 86 ss\msr?/@effn@érbﬂoh Boster B &F@e?&ﬁ‘ugle of such a
C4F9 / (CHF2) (47.5 C) 41.1 /58.9
1(5’ Nty 72 101 49 0.0% 20/80 14.53 100.18 14.46
99. 70 0.5% 10/90 14.31 98.66 14.23 98.11 0.6% 1/99
14. 03 96.73 14.01 96. 60 00 13.99 96.46 13.99
96.46 0.0% 60/40 14.52 %M;Eé 39 99.22 0.9% 80/20
13.53 93.29 12.80 88.25 5.4% 90/10 12.25 84.46 11.24
77.50 8.2% 99/1 9.96 68%09 2.3% 100/0
9.59 66.12 9.59 66.12 0 / di i sopropyl ether
(54.2 C) 75.5/24.5 lmpaet afMapor healane 1. 22 0. 0%
90/ 10 14 18A9\7es7sél ih3ch%9 Q@Mﬁa?nﬁ%al 88#\%)0%%0ﬂ%t%%p%%|ﬁed

8?2 (?0/ 100/ 0 fth 0%
60778eH ”'&’7356 He inflia 1’999'79%%3%'339 25903‘39‘1%“%'596
1 n&dsudéd.6 Bhe .cbvhpositionts BHo®8d 36 lekk fi@mItie8@s66, whalé%e

 En O 0 el T B W g

56081PPSitipniig rerpoved,. atovhiah timelthe. \w@oopoess@@bﬁmem 19
9 Eoftthokiionefttaimig n B8 vessel is measured. The results are

summarized in Table 5 below.

TABLE 5
After 50% After 50%
Compounds Initial Initial Leak Leak Delta
wi% A/ wt% B Psia kPa Psia kPa - P%
C4F9OCH3/N(CH3)2(CHF3) (47.5 °C) ‘
41.1/58.9 14.72 101.49 14.72 101.49 0.0%
20/80 14.53 100.18 14.46 99.70 0.5%
10/90 14.31 98.66 14.23 98.11 0.6%
1/99 14.03 96.73 14.01 96.60 0.1%
0/100 13.99 96.46 13.99 96.46 0.0%
60/40 14.52 100.11 14.39 99.22 0.9%
80/20 13.53 93.29 12.80 88.25 5.4%
90/10 12.25 84.46 11.24 77.50 8.2%
99/1 9.96 68.67 9.73 67.09 2.3%
100/0 9.59 66.12 9.59 66.12 0.0%
C4F9OCH3/diisopropyl ether (54.2 °C)
75.5/24.5 14.68 101.22 14.68 101.22 0.0%
90/10 1418 97.77 13.80 95.15 2.7%
99/1 12.47 85.98 12.27 84.60 1.6%
100/0 12.10 83.43 12.10 83.43 0.0%
60/40 14.47 99.77 14.19 97.84 1.9%
45/55 14.03 96.73 12.71 87.63 9.4%
44/56 13.99 96.46 12.56 86.60 10.2%
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84/ 16 13.88 95.70 12.52 86.32 9.8% 85/15 13.78 95.01
12.24 84.39 11.2% 100/0 7.86 54.19 7.86 54.19 0.0%

wWa 06012046 57 100. 46 14.41 99.35 1.1% 20/80 14rPQN/USHNS®R1800
13.61 93.84 2.9% 10/90 13.57 93.56 13.26 91.43 2. 3%
1/99 13.07 90.12 13.03 89.84 0.3% 0/100 13.01 89.70

13.01 8 70 0.0 [ et acet a

87, it 699£§0 gg%% %5 28 0. @34%5/5 @9/216

99. 70 14. 37 99. 08 0. 6% 99/1 13.93 96.04 13.86 95.56

OC FOClitgdinetBoymethass (42.07°C)94. 53 0. 0% 60/ 40 13. 81
95. 5 3MB. 56 SN4KR 8. 8h4%8/ 424172 73 94161.492. 370850 29
9. 9%80RN 43 13461 94938412. 213330 19 10.92982 0/ 106.6% 84
54. 0844634 54.1368%. 095 74FI0dIB 2t hy| 8t 3t e (88B% C)
68. 6k %,1@ 14. 8 7]%1 88 o44. 68 112024 22 0. @380/ 201 112%61

100. 33 98480 159%q 86/ 14 gb4. 40 9%4299 12. 96, (9. 56
9. 8%, 0] 13_14,43%7 984 2. 53|48@1 39 12. 9@0/35 100/ 1% 58
5220 8 52. éepo /50 AAs63 100.ghigd 4. 40 %9/29
1. 6% 54 14 % 13. 61 39 6. 45/5

100. 79/9% 12 d3: 1 .3 0/ 1 133 6245330 337 4, 33
0. 0% 1/88F90cH33 ¢ h Q 58. 71 97 1/ 4.71 .42

14. 70100 42 013004 9@917014 5438b. 25 1 951 100. 99%. 0%
100/ 0 14.08 97.08 14.08 97.08 0.0% 80/20 13.28 91.56
12,0406H,/eih\? a8etat& (B0 °CY. 24 84.39 11.93 82.25 2.5%
40/ §9.8112.69 801469 11161.289. 3614.68% 20180.2B1. 35074626
11. 28ggj8 77 0.ff46 1/ 99.70. 14 4381 11. 190.08. 81 0.6%%

0/ 100gd/4- 13 7613/4311.95%0476. 741 586% 95.56 0.5%

100/0 13.71 94.53 13.71 94.53 0.0%
60/40 13.81 95.22 12.66 87.29 8.3%
58/42 13.73 94.67 12.37 85.29 9.9%
57/43 13.68 94.32 12.21 84.19 10.7%
0/100 784 54.08 7.84 54.06 0.0%
C4FsOCHjs/ethyl formate (41.0 °C)
68.6/31.4 1468 101.22 14.68 101.22 0.0%
80/20 14.61 100.73 14.33 98.80 1.9%
86/14 1440 99.29 12.99 89.56 9.8%
87/13 14.34 98.87 12.53 86.39 12.6%
100/0 758 52.26 7.58 52.26 0.0%
50/50 14.63 100.87 14.40 99.29 1.6%
46/54 14.61 100.73 13.69 94.39 6.3%
45/55 14.61 100.73 13.12 90.46 10.2%
0/100 9.33 64.33 9.33 64.33 0.0%
C4F3OCHas/methanol (58.7 °C) -

97.1/2.9 1471  101.42 14.71 101.42 0.0%
99/1 14.54 100.25 14.54 100.25 0.0%
100/0 14.08 97.08 14.08 97.08 0.0%
80/20 13.28 91.56 12.91 89.01 2.8%
60/40 12.24 84.39 11.93 82.25 - 2.5%
40/60 11.69 80.60 11.51 79.36 1.5%
20/80 11.35 78.26 11.28 77.77 0.6%
1/99 11.14 76.81 11.14 76.81 0.0%
0/100 11.13 76.74 11.13 76.74 0.0%

C4FsOCHa/methyl acetate (42.5 °C)
72.1/27.9 14.69 101.28 14.69 101.28 0.0%
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CAFOCCH3/ met hyl acetate (42.5 C) 72.1/27.9 14.69

101.28 14.69 101.28 0.0% -29 WD 2006/ 012096
WEOKG082005/ 021800 87/13 14.49 99.91 13. 31 91PTTUB2005621800

88/ 12 14.43 99.49 12.85 88.60 10.9% 100/0 8.01 55. 23

8.01 55.23 0.0% 60/40 14.67 101.15 14 62 100.80 0.3%

49/51 14.63 100.87 13.71 94.53 6.3% %i 14. 63, ,

100. 87132. 80 88495 199.8% o0/ 18818. 65 5 8. 658 64

0. 0988/2F9OCHBA 4Bt hy99.49r mat 82(8%6. 0 C) 88804/ 4218.9a. 67

101. 1§0/d4. 67 BX1 15 $5.0% 40/860114. 66 56_2308 14.8%

101. § @, 8- 1% $$/6€72 146166 10118%H214. 63 1A0N8B7 0.2866

37/ 6394 66 191638 4oy 99. qg72| 0% 00A(B3 11. 1R3V6. 67
11. 1 . 67 o sq/ (R7L4. 63210, 73 143312‘5 97. 90.5% 1%
83/1 .58 1 3 92. 493 g 0% ¥ 14. 560%

100. 292 % 0842329174232917

0. 0% C4F9OCH3/tert thyl ether (52.1 O
6@4%cb§é“l34mfmwior 25%4032 104,49 0.0 (X 50/20 4 49

09. 5N4142.69 0448y 1. Wh1D0/ 1d4& 70 94 3. 11°90° 39
4. 304000 1 11145630, 181.08 44 b8 1. 8991-830/ 0 Qﬂ/a
77. 648060 26 774685 0.10%.080/ 6014163 27 98180812 79085018
10. 4%7,20/ 80 13.86) 91308 12. 474.35. 98 6.9988 10/ 98.0%b. 71
87. 634gh 03 8219 5. 280671/ 99 11189 81. F¥6.870. 80 6.0%6
0. 8%gHL00 147 811662731 781481522 0. O%.56 3.1%
CAF9 transpy 4d0.830 514351 45.4 10 40 10183Bb
14. 7G 11 35 q40 %(%?7%14 12 §7. 35 13588 87. 501.3% 1%
6,5

79/ 2 19 97 9. 15 % 10 58 026
e S RI0E o 0@‘ 48239 W17 58 DR

C4FsOCHa/tert-butyl methyl ether (52.1 °C)

66.6/33.4 14.72 101.49 14.72 101.49 0.0%
80/20 1449 99.91 14.29 98.53 1.4%
90/10 13.70 94.46 13.11 90.39 4.3%

99/1 11.65 80.32 11.44 78.88 1.8%
100/0 1126 77.64 11.26 77.64 0.0%
40/60 14.27 98.39 12.79 88.18 10.4%
20/80 13.40 92.39 12.47 85.98 6.9%
10/90 12.71  87.63 12.03 82.94 5.4%
1/99 11.89 81.98 11.80 81.36 0.8%
0/100 11.78 81.22 11.78 81.22 0.0%

FgOCHa/trans-DCE (41.0 °C)

o 5?4.6/453.4 14.70( 101.35 14.70 101.35 0.0%
80/20 14,12 97.35 12.69 87.50 10.1%
79/21 1419 97.84 12.93 89.15 8.9%
100/0 7.58  52.26 7.58 52.26 0.0%
40/60 14.60 100.66 14.36 99.01 1.6%
24/76 14.18 97.77 12.82 88.39 9.6%
23/77 1414 97.49 12.71 87.63 10.1%
0/100 11.67 80.46 11.67 80.46 0.0%

FoOCHj/ C4FgOC2Hs/trans-DCE (50 °C)

C41?)/1 0/830 ’ 918.50 127.55 16.98 117.07 8.2%
10/20/70 18.73 129.14 18.13 125.00 3.2%
20/10/70 19.13 131.90 18.25 125.83 4.6%
30/30/40 19.14 131.97 18.97 130.79 0.9%
30/40/30 18.84 129.90 18.14 125.07 3.7%
40/30/30 19.07 131.48 18.42 127.00 3.4%
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w0,LdBO12036 67 80.46 11.67 80.46 0.0%

10

15

20

25

40/ 60 14.60 100.66 14.36 99.01 1.6% 24/76 14.18 97.77
12.82 88.39 9.6% 23/77 14.14 97.49 12.71 87.63 10.1 %

CAF9OC2HS/ trans- DCE (50 C) 10/10/80 18.50 127.55 16.98
117.07 8.2% 10/20/70 18.73 129.14 18.13 125.00 3.2%
20/ 10/ 70 19.13 131.90 18.25 125.83 4.6% 30/ 30/ 40
19. 10/4085097 118.92 1320.09 0. 998.680/ 40/ IA8HE 84 02T%I0
18. 14/308007 31§60 40280430 118.47 131. 426108 42 HAR%00
3. 480/1G90WO 266 0128965PCT/ 148005/ 0218a®3 10/ 408H0
18 212)/11@9007 1968 128588 0.396.520/ 50/ 484103 60 p2sy,24
093 L1dke 5%4%40 1o B9 135. 581157 57 big,93

0/5 34 1 134, %
60/ ?/%9 59181 éﬁ 301 1.%?7 2, 93 60/ gozfz
73 1 0/ 30/ 42
1860 59 0196 éigs 19%‘2 133.9 411?

.2% The results showthe di fference in vapor pressure

bet ween t ke resulfs sidw tepifferénceinaizhol Pressar@beiwdeithe
remaj ning after 50 weight percent has been remgved is
heam

| eEginghepmpgsition 89d ke SempostiiondsmARingiaftes 58 waidhthe
p@m hb8Y,2Bhir8movél lsslésg%éﬁhsaupmrﬁeﬁeem m%oﬂiop&sﬁ%ns

esent 1nvention are azeotroplic or hear-azeotr
Emmﬁezem ipveptioed Thuis Dediedtep cBnqmlimslcﬁ tAe preqamed
can be estimated by naki ng sqme .fundanent al
réﬂ"&f‘(ﬁ%éﬁ? Bée?té‘?"‘gé’f PPEEFZEP P €qui prent that use
centrifugal conpressors. The torque an inpeller
ideally inparts to a gas is defined as T =
ne(v2*¥r2vl*rl) Equati on EXAM'PMEQTG T = torque,
Newt on- net er s /sec v2 =

t angent a el oc erd tF’r Qﬂtp el l er

(ti g splee ip 9@:& gg @@ﬁmatgﬁiy maklng som % furqgamental
relationships for refrigeration equipment that use centrifugal compressors.
The torque an impeller ideally imparts to a gas is defined as

T =m*(v,r,-v,*r,) Equation 1

where

T = torque, Newton-meters

m = mass rate of flow, kg/sec

v, = tangential velocity of refrigerant leaving impeller (tip speed),
meters/sec

= radius of exit impeller, meters
v, = tangential velocity of refrigerant entering impeller, meters/sec

r, = radius of inlet of impeller, meters

Assuming the refrigerant enters the impeller in an essentially
axial direction, the tangential component of the velocity v4 = 0, therefore

T =m*,™, Equation 2
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woredoensdosec rl1l = radius of inlet of inpeller,PeEUS085021800

10

15

20

25

30

20 r2 = radius of exit inpeller, nmeters vl =
tangential velocity of refrigerant entering inpeller,

Assuming the refrigerant enters the inpeller in an
essentially 25 axial direction, the tangenti al
conponent of the velocity vl = 0, therefore T =
ntv2*r2 Equation 2 -31 WD 2006/ 012096

PCT/ US200 ' '

the. produc eTor pe opar et He, Sl BE Rbabcl O M trghe and
Tthewrdtgtive speed® 5 where P=power, Ww = angul ar
velocity, radians/s therefore, P = T*w = mfv2*r2* w
Equation 4 %‘fﬁ,}twl ow refri (g)f';‘ﬂ‘é"’monf:f ow rates, the tip
spargeof the inpeller and the tangential velocity of
the refrigerant are nearly identical; therefore r2*w
= v2 Equath spavein' 15 P = nfv2*v2 Equation 6

Anot her ex Eegrﬁu?%\;%%hg?ﬁgﬁﬁgmr is the product of
0

the nmass rate §entropic wor k of
Cc tngrefre| on, P = nf¥H *(1000J/kJ) Equation 7 20 where
H = Difference in enthal py of the refrigerant froma

saturated vapd? =at"Wh&v¥eEpdrat ikRpationdt ti ons to
saturated condensing conditions, kJ/kg. Conbining the
two expressions Equation 6 and 7 25 produces, v 2 * v
2 = 1000* At Ieguefrigerarg flod tates)dhe Eiguspieiedrof the impelkecind
on_sone fundamental,, assunptiqgns, it provides a od

o 3o fRental Velaoh P top 2etiBrartiage nepl idantst: seriore
provi des an inpopt=gnt yWay to conpare tgh sgess of

r ef Eji gerants. -32 WO 2006/ 012096 PCT/ US2005/ 021800

an

P =m*v,*, Equation 6

~ Another expression for ideal power is the product of the
mass rate of flow and the isentropic work of compression,
P = m*H;*(1000J/kJ) Equation 7
where A
Hj = Difference in enthalpy of the refrigerant from a saturated
vapor at the evaporating conditions to saturated condensing conditions,
kikg.
Combining the two expressions Equation 6 and 7
produces,
v,*v, = 1000*H; Equation 8

Although Equation 8 is based on some fundamental

assumptions, it provides a good estimate of the tip speed of the impeller

and provides an important way to compare tip speeds of refrigerants.
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The tabl e bel ow shows theoretical tip speeds that are
calculated for 1,2,2-trichlorotrifl uoroethane

w@ ge0ih8) and 3- et hyl pentane of the present PCT/US2005/021800

10

15

20

i nvention. The conditions assunmed for this conparison
are: Evaporator tenperature 40.0F (4.4C) 5 Condenser

tenperature 110. OF (43.3C)  Subcool erature 10. OF
(5 5C) RIM&1RD @a%e'éwrﬁi%?}ﬁ@feﬁ@abﬁp §gg€<iﬁ:§ hat are
[ F
quelﬁggzoﬁ] g,chr ﬁfrﬁuafbé’tt h 012;]3 ah%ﬂp\i EnyIpentane
c@rfrt}’leapmseat mehhmrm TWABbEdmoﬁafassmedrfm Wa%:dm%&sdm are:
H *0.7 H *0.7 V2 V2 rel Conposition C4FeOCH3 Btu/l b
Btu/lb KJIE(@pmfaiot tenqpedatire 6FE0XrE (461°¢) 7.6 17.8

133. 3 N CH3 58. 9
15. 71 11 oézggi%lgﬁbqubj%?g%e di i Soérdgﬁﬁasﬁﬁcl} 75.5 24.5
15. 82 ybrogl tegoperatres, di ndPHEXY@ERfane 56.3 43.7

6,72 11 R&@r@g&@érﬁ pdrdfiife et hyb, o»cemem 7.8 12.2
13.57 9. 112% ethy r()rma\te 68.6 31.4

5
14.78 10. 3‘“2% Fﬁsf%e’f QY iS 97.1 2.9 13.21
9.2 21.5 146.7 110% net hyl acetate 72.1 27.9 13.77

9. 6
1358 st Walod cbhHionSTdst Wb ST EE) AfiphelCeritety?
160pWressws periprmes. 3 125% et her trans-DCE 54.6 45.4
11.57 8.1 18.8 137.3 103°/o'|-A'I§]§EI@<arrpl e shovvs t hat

DITPORETAGerant L N8 PWES CTWt% BY CTHi | fﬁn*o#~ 2P [SPEEHS

t hicampb&itibn +/ -[c#oeRry cent | gtur §tdnb13<.m(yd sl do BEC-113

[OFECfiBVE T epl aqenents [Tor Chiod [136M Uiz BT 388 na
pr essSor _design  changes. NosU preferred

c
W
e
c
c@m@@mbm% haye T p 3peedy wWthimagoutr - 15"
p
t
r
0
P

r(efr:mz R C 11301 20 [ERWIHE 73 | 726 O35 B q%0 & 1205
SoidpyPOnal oS 7aTE WOl ATHRTET T 1 77558 86D 5], _120%
dimgthoxymelhanel B3 143 1 16.723 W 40062010640  124%

— 1

sthylesatate 01300 87.8 | 12.2 |13.57| 9.5 | 22.1 |148.6] 112%

ethyl formate 68.6 | 314 {14.78| 10.3 | 24.1 |155.1] 116%
methanol 97.1 2.9 113.21| 9.2 | 21.5 |{146.7{ 110%
methyl acetate 721 279 |13.77] 9.6 | 22.4 (149.7 112%
methyl formate 57.4 1426 (14.26| 10.0 | 23.2 [152.4] 114%

tert-butyl methyl 66.6 | 334 |16.99| 119 | 27.7 (166.3] 125%
ether

trans-DCE 54.6 | 454 |11.57] 8.1 | 18.8 [137.3] 103%

The Example shows that compounds of the present invention
have tip speeds within about +/- 30 percent of CFC-113 and would be
effective replacements for CFC-113 with minimal compressor design
changes. Most preferred compositions have tip speeds within about +/- 15
percent of CFC-113.

EXAMPLE 3
Performance Data

The table below shows the performance of various refrigerants
compared to CFC-113. The data are based on the following conditions.
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Evaporator tenperature 40.0F (4.4C) Condenser
tenperature 110. OF (43. 30
W@ 2006/0)209Ret urn gas tenperature 75.0F (23.8C) PGI/US2005/021800
Conpressor efficiency is 70% TABLE 7 Conp Conp Evap
Evap Cond Cond Disch Disch Capacity Capacity

Conposi ti

Bt u/m n (IE/&a ofatb? &b
156

nse (:ﬁifﬂp%’? Yesg 9

2.7 19 12.
pl us B:

on w % wt

Gt

% Pros Pros Pros Pros Tenp Tenp
er%tLﬁ’él a ki @ @ .49

it

Subcool

14. 8

tenperature 10. OF

coP

F C CFC- 113

88

FOOCH3

156.1

68.9 4. 20 Sibddoltediperdtireo ro | 16t0PEr(575CG 24.5 1.9 13

Retur §od ipinidwte; °s 7508 G 90 5577 °
met hane etGgmpeassoneffickncgig2. 270% 11 8.8 60 138.9
formate 68.6 31.4 3.1 22

10.1 69 1
43.7 3.1

59.4 4.04 10.5 0.18

et hyl

15.8 109 153.3 67.4 4.11 ZIQ 5 met hanol 97.1 2.9
1.410 84 58 141 6 60_9 L 017 nethyl acetate
72.12793.0211%9%83%% Bmaggws.g .eg .
v a o aclty | Capacity
&s&,#h.ot.or'm%e AL vl i s g%’r kg nqﬁ 6B | @t | (w)
1}c@,060,| B 6 {Hsiaplykpal | (FERi) [TvHa) 6@F)6| 38) 4 2. ¢
CEQA® 75 138.0 58.9 2470R143. B.80| 24 1@@.31359 11188 4n3ADCE 0.26
CoHoeH4husd) 3.3 23 15.9 ELOQ 169.P 76.6 4|21 21.2{0. 37
Bpat a show t he donpositjong of the present ilnventiaon
N c 15 6ol A8 A7k, 88 115617 689 | 42040 168, 1 0.2
dﬁrmﬁ?pye Re 5124 s %?’ ”';g ﬁa“%% %1 35 %“E- 397’q ar; 'bH‘)" 0.21
d - 437H"'B! 15 .4 . 16 ¥ 126" 0.35
n'@{ﬁa,%xgergy %féfl di ercy than {CFC- | 113 15| -34
o a6kEL 200 B7IBCTIAI52065) 01211800 | GhAMBS.9 | What| 4108 | cl[1asmgd 0.18
efhg formate A r68fbr | abf _DpR2het8 1 ACPNSH&B | BFHijd.11| 200 0.35
methaiebsit i orP’donmiisilAgl 1EAF8ACHS8 Q4164 6D.8 24106 5 H.8 0.17
metbylacetate, | 7231 1279 3.0°1 20 | 149 ] 103 [ 1836 676 14.08[ (189 0.33
Moy Tormats [ BT ac (436 | ba | 37 b1 K80 | 1765 T 80.5 9 4.10 | ©'34.1 0.60
tert-butyl methyl | 66.6 |334] 22 | 15 | 109 | 75 |138.0| 58.9 [4.03| 135 0.24
ether
trans-DCE 546 |454] 33 | 23 | 159 | 109 | 169.9| 766 [4.21] 21.2 0.37
Data show the compositions of the present invention have
10 evaporator and condenser pressures similar to CFC-113. Some

15

compositions also have higher capacity or energy efficiency than CFC-

113.
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N- (di fluoronethyl)-N, N-di net hyl am ne; dii sopropyl
et her; di nmet hoxynethane; ethyl acetate; 10 ethyl

wo coonmiz9e et hanol ; methyl acetate; nethyl POT/DB1085/021800

tert-butyl nethyl ether; 15 trans-

1, 2-di chl or oet hyl ene; and C4F90C2H5 and

trans-1, 2-di chl oroethylene. 2. A refrigerant or heat
transfer fluid conpositiogLAIM(8P!l e for use in

Whagﬁiﬁ%&%@%"on apparatus of air-conditioning apparatus

10
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35

(i) 20 centrifugal conpressor or (ii)
md.ti - & eefegerant or hegttransferpfiied compositioni Gomprisimg| e

c PR A8t (DAL Sl SRUH AR TRE i Consisting.

sdifected fromthe group consisting of:

N- (di f'WQdiﬂﬁ@WétEYIwN}NCHiﬁﬂﬁWérﬂmé?ei 25 di i sopropyl
et her; di net hogérre hane; ethyl acetate; ethyl
f or mat SNSOROPYLABET 30 nethyl acetate; nethyl

f or mat elimetreyxyristhane; et hyl et her;

trans= -di ¢ roet hyl ene; and C4F90C2H5 and
trans-%’,tézl%cgﬁtgroet hyl ene. 35 3. An azeotropic or
near - aztbylfomhateconposi ti on conprising: -35 WD

2006/ 01R0R8nEET/ US2005/ 021800 about 1 to about 99

wei ght percent C4F9OCH3 and about 99 to about 1 weight
per centM@thyb@eetatss onet hyl ) - N, N- di met hyl ani ne;  about 1
t o abouhetbd| femats; percent CAF9OCH3 and about 99 to

about 16 _wei ght percent di met hyoxynet hane; 5 about 58
to abogx?“%’tﬁ@%ﬁﬁ/{%@PEent CAF9OCH3 and about 42
trans-1,2-dichloroethylene; and
.C4Fg0C2Hs and trans-1,2-dichloroethylene.

2. A refrigerant or heat transfer fluid composition suitable for use in
refrigeration apparatus or air-conditioning apparatus employing (i)
centrifugal compressor or (ii) multi-stage centrifugal compressor or (iii)
single slab/single pass heat exchanger, said composition comprising
C4FgOCH3 and at least one compound selected from the group consisting

of:

N-(difluoromethy!)-N,N-dimethylamine;
diisopropyl ether,

dimethoxymethane;

ethyl acetate;

ethyl formate;

methanol;

methyl acetate;

mefhyl formate;

tert-butyl methyl ether;
trans-1,2-dichloroethylene; and
C4F90OC2Hs5 and trans-1 ,2-dichloroethy|ené.

3. An azeotropic or near-azeotropic composition comprising:
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to about 1 weight percent ethyl acetate; about 46 to
about 86 wei ght percent C4AF90OCH3 and about 54 to

wa@baani1zbde wei ght percent ethyl formate; about BOT/82005/021800
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about 87 wei ght percent C4F90OCH3 and about 51 10 to
about 13 wei ght percent nethyl acetate; about 37 to
about 83 wei ght percent CAF90OCH3 and about 63 to

about 17
abgﬂt 70 WehSﬁ{xt f)gdr %gﬂt QS\R/B ht hercemt @4F§CPQ:§‘331{2:§§89
b

wei ght t%é‘?@éﬂ weght pergent Naa%ﬂ%eme @g)
wei ght per capbut 1 &ﬁébodt a&we@ht persenb 7, F§@CH4 andrabout 99

Carockatord Ehvgidht PErrP BimahpOyrémant! ont percen
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percent CAF9OCH3 and 42. 6 wei ght percent nethyl

formate having a vapor pressure of about 14.7 psia
(401 3% aRotrapic eompopitioatcomprisingabout 26.0 C. -36 WO

2006/ 012096 4RCT Efmg)@/dégﬁ%gngéHa’%ﬂ%9%1§mpercent N-
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87.8 weight percent C4FsOCH3; and 12.2 weight percent ethyl
acetate having a vapor pressure of about 14.7 psia (101 kPa) at a
temperature of about 57.9 °C;

68.6 weight percent C4FgOCH3 and 31.4 weight percent ethyl
formate having a vapor pressure of about 14.7 psia (101 kPa) at a
temperature of about 41.0 °C;

72.1 weight percent C4FgOCHjz and 27.9 weight percent
methy! acetate having a vapor pressure of about 14.7 psia (101
kPa) at a temperature of about 42.5 °C; or

57.4 weight percent C4FgOCH3 and 42.6 weight percent
methyl formate having a vapor pressure of about 14.7 psia (101
kPa) at a temperature of about 26.0 °C.
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7. A nethod of using the conpositions of claiml, 2,
3, or.4, for heat 10 transfer, said nethod conprising

wo e@ne®iz®es i ng said conposition froma heat soOPETES1005/621800

10

15

heat sink. 8. The conposition of claim1, further
conprising at |east one ultra- violet fluorescent dye
sel ected fromthe group consisting of 15

naﬁ;ht ha praagss fopprogluemgssoatingsaid psocesstdonamising ,
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erein sal i zLn ent
m%"& feropRiddpe cﬁomlajs"ﬂﬂ)tr%%fywn@wd@ogmn:sdloneﬁrmrasheat
r eyoueceetot #lelysihke fornmula R1[(OR2) XOR3]y, wherein:
xis an integer from1l to 3; y is an 30 integer froml
to 4, R is selected fromhydrogen and aliphatic
hy&dr oc dhearompasitian of taim Ngfurthen conpmisbgnaieastorfnditra-

E%@%‘E&%fﬁ’éd S5eafy FEPhe SBIRROhRIRBAG 51 1o
aterbthatigiides, fendepes, gausmaring anthyacenes, phehapthaacenes,
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ar bon ons;. at | east one of ect ed
8H1V§té\fe(f ﬁEﬁ’(gcar bon radicals; and wherein said -37
V\D 2006/ 012096 PCT/ US2005/ 021800 pol yoxyal kyl ene

T8 o THB I ngs6h B Talns Bl BofiBiisia 2t gast e
r splubiizingcagent selrcted from the RoQDNBRSStIAG Of bydiozarbons,
%’iﬁeﬂ, po%ﬁf/ﬁ PeRé; glﬁ%l eﬁré%’?@s %%t nes, nitrles, .

ecte

gﬁﬁ%ﬁr Bﬂs'r%ﬁﬁ‘?r@af%ct%ﬁ ﬁ@"ﬁ”&ﬁfﬁ’lﬁqwoﬂﬂ%%rm1 dions,
amﬂmoammes; rRMdaNRERIN the relfrﬁ%ﬂréﬁtl or’f}"réét rﬂ&nfsré}mu% hfay ot

S8 B B uf AP RAPHEEar P car bor
at orrs and wherein said am des have a nol ecul ar wei ght
o#0. The composition of claim 9, wherein said solubilizing agent is
selected from the group consisting of:
a) polyoxyalkylene glycol ethers represented by the formula
R [(ORZ)XOR:’]y, 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
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10 from about 100 to about 300 atomic mass units; c)

ket ones represented by the fornmula R COR2, wherein R
wanae/0RDI@r e i ndependently sel ected from al i phedT/0$2005/021800

alicyclic and aryl hydrocarbon radicals having from1

to 12 carbon atons, and wherein said ketones have a

nmol ecul ar vvei ght of fromabout 70 15 to about 300

atom ¢ ma fky Ie‘F'\b %&dllétt@érsmné%smemérml Bt of from
formula R %¢Q38 sel ect ed {omalp atic,

alicyclic 9&0%399 '“P@BP% PG Masy Witshayi ng from5
to 12 e3r kenidas eepresanedtiethei formalad RICONRAR ahd\mycl@-

49 ﬁﬁ?'saruW@gﬂ&?@ihf@f’e&@bﬁEﬁgﬁaﬁ??‘gaf?%%ﬁ@gp‘%“
5 fornul a R@electbtd fremaliphatic amw&cledhydronatbm radtt@éﬁar s
1or 2, RYR, *rSﬁ'\t ?ﬂﬁﬁ%ﬁﬂﬂ é’(BFHé ‘éndaﬁ%@ét'dﬁé%rb&atlc

hydr ocar bon r avin rom 1

at ons; andadieal Baying fiom @HP JRsaabPoR ﬁgorﬂ%wéﬁ'é sr%?‘é@‘él from
25 wei g ht aﬂfphfah@ ;ﬂﬁa&&utbﬂ&{b taan@eb@ htawa Cfro’vth 03ﬂt001 esHon

units; repr

R'CrRo, whettets: Gnd WriereDait ARIAS BAYG P FRORGHAb BEIg o
10 radical s ffeom@om 00 6o about230( atonio NEassEBNItsSR2 i S

o 1 8o KRR APELA o A8 Rl K SIS R RSlnc
et hers haR? arenibependgntiyselentedfrom @hﬁ’hﬂi@uﬁ"qmcta@d aryl

about 150 ﬁfrBé‘érﬁoﬂ‘?ééchﬁ' Halingfrom 1 to 12 carbon atoms, and
111tr|fluoroa a !_glaqesente

OF3RL, | whebeiein peid el masiet BRight T Hath about 70
15 al icyclic tb)ﬁh@ﬁaobmomiﬂd\asslbaltktaw ng fromabout 5 to

by ¢ he or HITSS FetBporiedy Yn oS MER JAGRLERCH' *°

fromali phs&lecteelrimralailplyaiio ethcmaﬂdd\ydr@marban gadlcals

e ' AT U AL T 5 e

18
f 1 uor oet hehavenp éneleeyigeweight Af froduke %0 atomic
20 pol yol s, V\n,gggluﬂltgal d fluoro-olefins are of the type

O "0Sbichebone RoantoEBy Ll Rl Ao i
is CF3, C2$dected ffcih The anelgeraildomzil i ad selecteda‘mmrwahatlc
Dvpe - rot e Bl BRSO U 1 12 Earbon
hydr ogen, a]emwranczmerem sajd ghldre¢cargens maummiecylars
25 an I ntegeryeight of from about 100 to about 200 atomic mass units;
f) 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
30 ethers have a molecular weight of from about 100 to about 150
atomic mass units;

g) 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;

35 h) fluoroethers 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; or wherein said
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fromO-3 and z is either zero or 1, and said branched
polyols are of the type

WEL@HN1208) u( CH2OH) v[ ( CH2) nCH2O0H] w, wher ei n 10 PCTrEF2008021800
hydrogen, CH3 or C2H5, mis an integer fromO to 3, t
and u are 0 or 1, v and w are integers fromO to 4,
and also whereint +u+v + w = 4; 2! | act ones
r epr esent 8dotogtihensare desived Bom fl@ro-elating apd polyats.R O

R2 O Ec R5E@%tr%|ﬁ s%uﬁﬁ?é{ r%SolBﬂn reﬁof thelt r&;ﬁ&bF[ZQbXY wherein X
c!

wher ei n rou areln [ el.ec ro
20 hydrog&hy(irpﬁéafcmﬁf'%é’hﬂ'ép” anid %?@967"?6?”0””3 CFs

sat ur at ed pp@R;, Whedin R iSAF)YOsRcar ByFE,: randi zad polyaltdare

5 o ont's edoSarpruBRgned; yheB S80behtBal B R frisebee
gener al f HHOCHa(CHMOBRRERRiK{EHOM, vmerademda‘Reare

i nd d

e T e R e
and where.fmraar?daedtzesglthax/éera QfD1I @@dl%’r’f‘d h@rtﬁhﬁ diolyols

f rom aboularBQ it ABRUE(ORRR)FCHIOH WOHDHRLwhérein

met hod for |ntro

i, N | ol

10 into a 3R %ngirggepepﬂ 5Orﬁltlgfafn ln{eger?rom 8){03 t
ai r - condi tdr@lrlh Ak eleipdl, atarg, wm dwte@edsdrbm(ﬂowm,lmdQso
di ssol vi n%}cﬁ he. uI raV| q_l\gt_ luorescent dye in the
composi ti RNy B ', or 4, in the presence of
a sol ul Ihaztomsagpmaenmby structitas (8], [Glhand Babi nat i on
into said conpression refrigeration or
air-conditionigg apparatus. -39 WO 2006/012096
PCT/ US2005/ Q21800 12. A ngetho Pl
ul travi ol escent d i
claim1, -y said conpr iRgl ng\ ¢ Nt acting
the ultrayyol &) uorescep th sagRe: =R,

15 conposi ti o3 iMRehe presencd 8# Rs 5 sol ub? I R!I%
agent. 13. A nmethod for detecting |eaks, said nethod
conprising providing a conpression refrlger ilon
appar at us or aBl - condi ti oni ng L par at us, rﬁ‘s oduci ng
the conposition of claim8 or 9 into said apparat us,

a0 10, P HhSR  Haldl ks o MBabRlfE SAbLE8
20 met hod of Ipydvdgen,imeaodiranghed aydlicydi¢ystic ceatprated agd
".unsaturated hydrocarbyl radicals; and the molecular weight is
~ from about 100 to about 300 atomic mass units; and |
j) esters represented by the general formula R'CO;R?, wherein
R' and R?are independently selected from linear and cyclic,
25 saturated and unsaturated, alkyl and aryl radicals; and wherein
said esters have a molecular weight of from about 80 to about
550 atomic mass units.

11. A method for introducing an ultraviolet fluorescent dye into a

30 compression refrigeration or air-conditioning apparatus, said method
comprising dissolving the ultraviolet fluorescent dye in the composition of
claim 1, 2, 3, or 4, in the presence of a solubilizing agent, and introducing
the combination into said compression refrigeration or air-conditioning
apparatus.
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evaporating the refrigerant or heat transfer fluid
conponent of the 15 conposition of claim8 in the

wo e@snidoye of a body to be cool ed and ther eaf t ePCT/US2005/021800
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condensing said refrigerant or heat transfer fluid
conmponent. 15. A nethod of producing heat, said nethod
conprising: condensing the refrigerant or heat
transfer fluid conponent of the conposition of claim
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2006/ 012096 PCT/ US2005/ 021800 20. The conposition of
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15 23. A nethod for replacing CFC-1 13 in existing

[l | 9@ LA B faim 41 298 orP A eBhilftising a stabilizer,
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cwates Scayengess ocpdermasking agenbyr "4 as t he repl acenent .

-41
17.  The composition of claim 16 wherein said stabilizer is selected from
the group consisting of nitromethane, hindered phenols, hydroxyiamines,
thiols, phosphites and lactones.

18. A method of using the composition of claim 1, 2, 3, or 4, wherein
said method comprises producing heat or cooling in a refrigeration or air-

conditioning apparatus employing a multi-stage centrifugal compressor.

19.  The method of claim 18 wherein said multi-stage centrifugal
compressor is a two-stage centrifugal compressor.
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20. The composition of claim 16 wherein said water scavenger is an
ortho ester.

21. A process to produce cooling comprising compressing a
composition of claim 1, 2, 3, or 4 in a mini-centrifugal compressor powered
by an engine exhaust gas driven turbine; condensing said composition; |
and thereafter evaporating said composition in the vicinity of a body to be
cooled.

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

23. A method for replacing CFC-113 in existing refrigeration apparatus

or air-conditioning apparatus, said method comprising providing a
composition of claim 1, 2, 3, or 4 as the replacement.
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