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-USES THERECF CROSS REFERENCE(S) TO RELATED

APPLI CATIONS This application clains the priority
benefit of U S. ProvifTidb©F RYENIAONon 60/ 536, 819,

f '1‘31‘]'2;@ éMﬂgQOF{@% M%ﬁ@?ﬂ‘wﬁﬂg REFRIGERANT
0g Q@Mﬂ%IJrh@NSA@;QME’&ISWGG‘@FQMJ@%@ETHERM%%S
4, 2004, and U.S. ProvisipyeRppl i cation 60/575, 037,

filed May 26, 2004, and U. S. Provisional Application
60/ 584, 785, filed June 29, 2004. BACKGROUND OF THE

.I wgmbﬂbl R Ses ISEFERENC s frm/REu_mrEDtT&repnrcmvmn s
: |

refriger aﬂ"érf“%ﬂi‘&a PR C@%%%P&W@V ﬁﬁ'ﬂ%\l’ a‘ﬁ S ﬁowsmnal

Aisplication GOiEe6,81 8 dfiletl Japastry QQEZOQQGmUk&.rPI’CWM(bﬂB‘H

5 o858, AR Gkt 1502000 U ool

drication 6O DYV Bgfiledddarahi 4,04, @@ﬁlﬂdé‘gﬁfpwswnal
%@@bﬁbﬁ%@wé 837" fi80qAY 28! 2604 %nd U1, PRIVASSHAII Ons

azeot ropi c or near
MF?B@F@W@%Z@@@GQW”&#% in processes for

producing refrigeration or heat or as heat transfer
fluids. 2. Des o '|1'h
refrigeration i S t he past
few dddeltesf the Ihivedtiorepl acenent refrigerants for the

e aenr b GBS PR 8 BBrf s atye or use
rie sefrigecatiarhand/sin canditioniog @p@ﬁratura éoss)ysjemgh COMPrigingt at
Iast e @ﬁaro%&r?&&w@ﬂag}éogﬁgehhmﬂﬂaﬁr@b@ég gAti on

uor ocar bo efri gerant he new HFC
r@rnaw QMg suitalpefor bge ineaf ﬂge&aﬁ@nm aixicaBAifiopEed at

rémgeeng}gﬁ)wgégltrc@n@rgggal &ﬂﬁBﬁs‘g@ﬁ c@ﬁ’ip‘lij‘l:@gggd?t Iéﬁ@t one
JE\OF%%Fgr 6 GorBROS iRy B eaeseRbrwEBHon Al i B28Stopic
MHean Breotrabio mmdtateH'a:nd arayseful llrgptmi@éﬁ??mrglju?ﬁg
TR RsRion of REALEFHE NEaF HRR NS B ari ons 1 etat i ng o

gl obal warm ng potential for refrigerantsused in

npbi | eyadk épgmdéﬁ%&@t&?mgherefore there is a great

current ne ent new refrigerants with red

gl obal waf heAgfrigeratian endwstn/ hasdaan Wattng ér the pasiJ ?ew
aldcaeies dbtineephdddiftrefrigteaht bhthe sgsnatieprEnge

nc%?wrlgroﬂuorocarbons (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
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broadly applied in the future, an even greater need
wll be felt for refrigerants that can be used in al

wW@r®anessio t he refrigerati on and airconditi oni NBRCT/US2005/001508

industry. Currently proposed replacenent refrigerants
for HFC-134a include HFC 152a, pure hydrocarbons such
agedunh ansbileraipconditieningr Therefora, therefis agreaintusrent cleed

a(‘g b&%%g%ﬁwmw&??%wm %Td u:]c,gggﬁoﬁél %‘j’% éj Hotentlral for the

endompbité Birgoaditipninthmagtetr Shawthihe reaulationsde meee
(H?Bﬁalslrggﬁﬂe@ﬁi iR RAH8NEn olBR g?@é%‘rf:heea Wlfﬂﬁeﬁél‘?ﬁﬁm

rOV|de novel er ant i tions
aaﬁngeéamtsﬂln@tmwebe peed dsall ﬁé&aqo@fo’thedefrmraiw nd air-
CamaRfdniid mbLsgy.t o neet the demands of |ow or zero

ozone de etlo otenti,al and
pot ent i alo ¥ige Qreged 6953'3??'&?9%’&'8?'@@?%?#@%%@?
W‘HF@: 15BE, pUNEHiIytredarbbas puek astbutane ot propane), at es

< Bebiel iEFbRRN R80T B e AR Flore Mart BB SdGpstod

Treplafcenmntsratehioxic, lammablie, ard/oahbue iqyetenargy efiaiepCYCH3
ﬁﬁ%“éﬁ%@%ﬁ?é’ ate cén a%tlg BENRf ddtrfheet hane;

or onet
.1, 2-t ri fTheekiechatkige RD@F@'@GPBem is to provide novel

]re@r réntlcdPipisif dﬁéoél‘id ﬁeéﬂréﬁ%ﬂéﬁﬂ@ a8 ¢hat%59i@§%|

I fl yoronet hox uor oet hane

raCieIBisEaReD eﬁ@ﬂié&dSzoft 'QWr%“f?f%EBP&SPﬁQﬁQ@'O“
EHteREIAIndrdwér dlothal WannhingZpdtenfialuay comphedytetduarent
%E%Etsand 2-di fl uoronethoxy-1 ,1,1-trifl uoroethane;

and 1-nethoxy-1 ,1, 2, 2-tetrafl uoroethane;

CAFOCCH3 and 1-difl uoronet hoxy-2, 2-difl uoroet hane;
CAFgOCH3 and 2-net hoxy-1 ,1,2-trifl uoroet hane;
CAFgOCH3 and 2-nmethoxy-1 1, 1-trifluoroethane;
CAF9OCH3 and BRIEK T ONcAFoocHs3

and 1,fhelp l%sénpiﬁ%ﬁf d)hl?élﬁte% toFefigéraftHridees tadfor fluid
trifluqr oet h %/Psat hanﬁ?ﬁMFQCﬁl—B atnd ]T‘ 1' -oxybis(1

Pppesitions sgleelsd fiasm

2- (di f@ﬂmmy)dlﬂuorbnktﬁo)& 3 1@2aétrafhncﬂpettmlee

4Fg 3 g:ﬁé%%#@ﬂogﬂ te'%ﬁ’o%) 131 1 %—tétrgﬂ@or%e{h%%ﬂ

uor opr

1, 1, 1, 24RR0%Hs drept dfiifluorametheoy hd iy ririforesthensp ocH3

d1 I
oo QLA 1 f o0 hehldilbr IOt ARRIORgebRB P ane:
1,2, ZCE@@QH;@M@T (diflupeeraethoxy)- 1, ,2-trifluoroethane;
C4F9OCH3 and 2-fluoromethoxy-1,1,1,2-tetrafluoroethane;

C4F9OCH3; and 1,1-difluoro-2-trifluoromethoxyethane;

C4F9OCH3 and 2-difluoromethoxy-1,1,1-trifluoroethane;

C4F9OCH3 and 1-methoxy-1,1,2,2-tetrafluoroethane;

C4FsOCHs and 1-difluoromethoxy-2,2-difluoroethane;

C4F9OCH3 and 2-methoxy-1,1,2-trifluoroethane;

C4F9OCH3 and 2-methoxy-1,1,1-trifluoroethane;

C4F9OCH3 and 1,1-difluoro-2-methoxyethane;

C4FgOCHj3 and 1,1,1,2,2-pentafluoro-2-(2,2,2- C4FgOCH3 and
trifluoroethoxy)ethane;

C4F9OCHj3 and 1,1’-oxybis(1,2,2,2-tetrafluoro)ethane;

2
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CAF90CH3 and 3-(di fl uoronet hoxy)-1
, 1,1, 2, 2-pent af | uor opr opane; CAF90OCH3 and

wQa 25868574 et r af | uoro- 3- (trifl uor onet hoxy) pr opaP@&r/Uus2005/001508

CAFOCOCH3 and
1,1,1,3,3,3-hexaf|uoro-2-(f|uoronethoxg)propane;
CAFO @R O, And 2;(@jfiorernetheay bt 1hbdyd, 3hexafluoropropane;

1,2, 2- f ! ] .
L 2RO e SRR el By 2 o PR
CAFO LR OGHds and 111,2,232,3,3BRRtefIU 8 0o S0P PRYNPPRBFane ;
C4AF9 dmga nd 111 8, BickaRasri i uaifRoforiBiHony ) RopaReE:;
irsSTHBAY i - O3 3 b DN SRS
, 1, Z;Qflig@mlékt bHe fuoremePx91TH3 1 22-pentafluoropropane;
e o e S BHAO30rane
, 1, 1-CiFJOCIds apd dphned,3 Gdry@iterade fluoromethoxy)propane;
1, 1.2, 24 | . o _
el O s Gl
- et hGafyeQCH4 apd 4, 1. 2tlrifluorgo-sathere2- c4aFoocH3 and
- (t r&,fﬁmﬁ,mﬁ&g;’gmh@pane; CAF9OCH3 and
L1, 1%t Z27eth hane: CAF d
1’ TCiTdQGHe POIE. bk P e s BPRRE SeReBIe BT aRane:
: éi ﬁcangcbctHggﬁ?fhWF§MGwmmmom-2ngﬂmmr@me;
. d Ny ) !
5 18 06Rs Bt LS S Eh o SSRGS BRébane;
t1 et1 r iChEg?ggldﬁ mﬂqmmﬁﬂf’z pgyjfe:-s ,Ziad;t;aﬂugroethane;.

’ ’oEﬂZLE? angg,g@sa gd?ﬂl?ol metMSGHAT 1 2T RatdIReYoHOPAABE:

CAF9 et hox )
"1, 1, 84BeOCH: Regidditiuarometinid-1, G1HotkemppspRaNe;

3- et hexy e, hnd: 21 3,3 2hesaiorerRrfeanayproaiie) OCH3

d 2-&thoxy-1 1.1 3.5 3. £l - CAF9OCH3
and 1ceﬁqqoéég@nae%-eﬁmxuaﬁ,aﬂfﬁ%tﬁ%?%ﬁ NS CAFo0CHE and
g_ ((atlh@fwégoHt; a?da'ltemdxgq’ ﬁ,@c:otutrai emciiezgoclﬂsandd

- -tetra uQr oe [ " an
2, 3- dpﬁf@éﬁs@-”(’tLﬁ?’ﬁﬂ%ﬁ%i‘?%@ﬁ?%ﬁ%?‘%ﬁe; and CAF9QOCH3
and CEER§IRHS andel ,priesifiubra-Medinoxyethang;t her rel ates to
an ; nor i elat
for SERrSOCH AR 3PP maREIpobBhoy SUL ED S

enpl ofishgD@Hs @mdr 1.1 iglillueshareethiexyPreRaNgr esent
| nventd, Lo EH; i 1-efalyes 2 arifilerodtigante;| | st ed
o Gk aEoh b a0 1 45
tetrafluoroethoxy)propane;
C4FgOCH3 and 1,1,1,2,3,3-hexafluoro-3-
(pentafluoroethoxy)propane; :
C4F9OCHj; and 2-ethoxy-1,1,1,2,3,3,3-heptafluoropropane;
C4FgOCH; and 3-ethoxy-1,1,1,2,2,3,3-heptafluoropropane;
C4F9OCHj; and 2-ethoxy-1,1,1,3,3,3-hexafiuoropropane;
C4F9OCHj3 and 1-(1,1,2,2-tetrafluoroethoxy)propane;
C4FgOCHj3 and 3-ethoxy-1,1,2,2-tetrafluoropropane;
C4F9OCHj3 and 2-(1,1,2,2-tetrafluoroethoxy)propane;
C4FsOCH; and 2,3-difluoro-4-(trifluoromethyl)oxetane; and
C4FQOCH3 and C4F9002H5.
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apparatus enploying a multi-stage, preferable a
two-stage centrifugal conpressor. The present
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conpositions specifically suitable for use in
refrigeration or air conditioning apparatus enpl oyi ng
a si ngl e Phas ptesengireventiab fimtizer relatbs tgtire alidve lsted ent

a@’ﬁ‘?‘&%@&}g géé&fﬁfall& EBI% beuQ% ﬁ??éfﬁ@#)%ﬁ% dFERF conditioning

conpos i ons
appeuaiusi employing ajsemﬁnlfugah ComfaregRarat i on or air

condi ti onypg Hushtion MErtSETRRRES O AbSvisied

useful inre rlﬁqeratlon or_air conditioning

SRIMPYS iHeN B spestc a"b’lﬁglﬁﬁb'@d‘ﬁﬁﬂég%Fef”%'@t'ﬂf‘égéhf Sonditioning
Iébt%nhmrbmgrdyh@ra hilliabefyd prefendss aetthaa?@rdéﬁunugw

refrigeration, heat, and transfer of heat from a heat
SANRESEE-a heat sink usi ng the present inventive -
CO”’DOSi tiohe pra%wmaauaﬁmmmao THdEath OdERETdE DN

T SLAAE SRR 85 ) R BBERN g SR hing

raszarghmempbcymo@ stngtmpass/single gak deat ek@fvmgaron may
be m xture m%\}%tlgﬁrf@rtﬁ&ar'éleftbé‘% QEéSﬁéplcUFﬁear

fluoroethers resent | nvention conpril
caﬁq%mm rezmg@@nh pﬂ@pﬁwpaae Ahege @emnsvéltl%@r%rvssm iyt

l%ﬁ‘fgjeergﬂfn of Eﬁrcoaamémmﬂﬁratuléh eTHe é@rhp@biﬁ@hs af@yisbe
S,
PRI Eiesenian, Sl BERUAOR PO AreRr AL RRIP BB e deugal

Cd,‘tﬁhpr&lsbphatl c fluorinated hydrocar bon radicals. Rl
and

R2 d fl
g, The! PP et St iaetinn ot Bidier fo hrofisacs 35 moducing
crefiigerationneeatPard transfér bf heatfedmer beatzaaree toradieabsiak
SRR Ty b BRRRGRE AR RphLor ot nere are (jsted
Nane CAS Req. No. Fl uoroet hers HFOC- 236caE CHF 20CF
2CHF 2 1- d‘dég@l@ﬁ?&%@néy%ﬁﬁﬁﬂ%ﬂoﬂ

tetrafl uor
2-di fl uor@;h@trﬁiglgyrapt cgnpogltlog;ipgjh%w@ﬁent mven%ion comprise

téﬂlé&iﬂm m@érb@ﬂ@r' HFOGB5CH@M AQCE@ﬁbaEmons of the
ifluoro thane

%%g@ Iglgrgo &@@t@r‘es comprlsmg more tl:lan fluoroe
1,1, 1,2, 2ThenTIUafdemens cﬁ‘fcmpr&s@mm\@mwmmmf%cﬂnpounds

containing hydrogen, fluorine, carbon and at least one ether group oxygen.
The fluoroethers may be represented by the formula R'OR?, wherein R’
and R? are independently selected from straight or branched chain
aliphatic fluorinated hydrocarbon radicals. R' and R? may be joined to
form a cyclic fluoroether ring. The fluoroethers may contain from about 2
to 8 carbon atoms. Preferred fluoroethers have from 3 to 6 carbon atoms.
Representative fluoroethers are listed in Table 1.

TABLE 1
Compound Chemical Formula Chemical Name CAS Reg.
No.
Fluoroethers
HFOC-236¢cak CHF20CF.CHF2 1-difluoromethoxy-1,1,2,2- 32778-11-3
tetrafluoroethane
HFOC-236eaEBy |CHF20CHFCF3 2-difluoromethoxy-1,1,1,2- 57041-67-5
tetrafluoroethane

4



HFOC- 245eaE CHF 20CHFCHF 2 1-(difl uoronethoxy)-1 , 2, 2-
601 13-74-8 trifluoroethane HFOC- 245ebEbg CF3CHFOCH2F

wQ@2dos0essonet hoxy-1 , 1, 1, 2- 56885-27-9 tetrafl upcDEsvasian1508

HF(II 245f aEab CHF2CH2(IIF3

Ela

Eto uUI LA o7 p= i, rzlr-uu 245f- 24-9
lﬁgg %ls—ﬁlm %‘Féo (H uor omF%gi&H t rifl uorogthane
HROT245BER (X CDEDQ UMH—&@E&Mm-Z methoxyethane (22410-44-2
HFOTEIZBEXY - [CHE,QCHECHET T al | [iiifletbiekiogy)422- 33- / 60113-74-8
HFEOC- 254ebEbg CF3CHFOCHS |Rifluvesethaney - 1
HFDC1248sbERM (GEECHIOEUEt hane [21@88Bthes-1.1HFOC- 254f a[56885-27-9
 CHE20CH2CHE2 1-di fl uoron ﬂte gliyorosshane o ¢ | 1or oot hahe
HE§)E 28 5taleafio IGHEGRR QRS - Eby |bEPH AHEerovaetwg ane,
RO | [Ghe SRR e 5626|790 preroliperh 3 A pareiehy 1005-46-0
ROQSCRBAERERY (REFpEQCH, 1 1. P'PﬁeﬁhPﬁmﬂ&&t?ﬁi FORIPFR. 2 3?-@%%4
REQSCRoAEPERE B°FICHFORHS | Lor o- %W?’Mﬂﬂ\)ﬁftﬂﬁ'wroﬂtﬁ"—eﬁ7 148380-63-6
HEQS254aR v qi_:ﬁ@pC@F(‘gﬁzz &giguoromet%xy-2,2~diﬂuoroethane 32778-16-8
HFOL-263¢bERy. WP ERCHE o- 2- (|2 Mmothowy-14 Bdifiagoctiane 56261-91-5
HRAC 68 fpe tdTex P Etha pe HEOEhowrd Alifioregiem 3
HFOC-278fkyi OCHICEIR:2 - t et r|Afdiflepray)-methpyethaB7 429 4461574
mé@t@v HFEE0¢HES) 2 JCFHFZ ZZ’EF(@WW &@2Fret hoxylpeops3-68-2

1.3-3 3L 23103 m: '2 Bﬁwyﬁl HOEGDEOp AL
4—4 338pe [ CHFICOCH (&.‘W GBS ORI e ™ Preee4e
iehol 223 COOSEHE, L f‘f J gg:r bR IRARS 3t OC 56103-06-2
bR EF200M3 1, 1, 1 2.2, 3 fieRbragahalor 0- 3- 375- 03- 1
[eX6remce: =) mlmepr opane |bidfiGerotdtdaiRATRHR2BHF2  160598-11-0
1.1, ? 3-tetrafl uaro-1- 34Fexefuptgbropane
34 uor o %ﬁ%@%y?%’fsopane 1, HE@@@ZP?‘?W%@’ 875-03-1

Ebocrbe d-firiged KRR
Efﬁ% 95- gj-‘genf£ a'?zFuoroet h@g@;ﬁ}lﬂ mggpggg:f Egd
WM{CI—Q@C&F}CFJ uor @mwaho*y)ﬂh,zlz,zz Z- 171182-95-9
56860- 81- 2| pent af | uor opr dparedudrde®aire CF3 OCH2 CF2 CHF2
HFOL, 347 RefEy8 [GHEFQQlrePFaCr3- 168-Bilf8¢1r0met®4y7-ﬁﬂdzéb 56860-81-2
/l%r -l uoromethoxy) prop pan el rOPfWQ('Y"H/ {"L:’l\ 2 TRREI™]
S ptrafiiaro-3 -81-
oh 3 3, ?F h%%‘?lzﬁ%rzo 2- m%uogugq__( U§; ?Opgggzgrllzggg |reees
I.QFIdCUUI onet pr:e HAC e SCH2OCFRGHR %5
h7ibrdaegy 2-t [ I uor oet hoxy) maororaeu%x;:y‘propé.% 78-0
Rrefce b lciepy m‘sdframzéﬁﬁc HriflebEtRdoR-13,2,2- 406-78-0
1.1, 2-trifluoro- 1-FmeLth7 gegazﬂ?%m?ﬁ-tg 356neck2a 9%6956 :
Fg)ﬁ- ,1,2-trifluoro-1-methoxy-2- -56-
gs mecEEoc%%r Om%)%% él‘ﬁane (trifluoromethoxy)ethane
HFOC- CH3OCF2CHFCFs 1,1,1,2,3,3-hexafluoro-3- 382-34-3
356mecEyd methoxypropane
HFOC- (CF3)2CHOCH; 1,1,1,3,3,3-hexafluoro-2- 13171-18-1
356mmzEpy methoxypropane
HFOC-356pccEyd |CHF2CF2CF20CHs 1,1,2,2,3,3-hexafluoro-3-
methoxypropane
HFOC-356pcfERy |CHF2CF20CH,CHF; 1-(1,1-difluoroethoxy)-1,1,2,2-
tetrafluoroethane
HFOC-356pciEys [CHF20CHCFCHF2 3-(difluoromethoxy)-1,1,2,2- 35042-99-0
tetrafluoropropane
HFOC- CHF2OCH(CHa)(CF3) _ |2-(difluoromethoxy)-1,1,1- 327893-56-9
365mpzERy trifluoropropane
HFOC-365mcEys |CF3CF2CHOCH; 1,1,1,2,2-pentafluoro-3- 378-16-5
methoxypropane
HFOC-374mefERy |CFsCHFOCH2CHa 2-ethoxy-1,1,1,2-tetrafluoroethane 50285-06-8
HFOC-374pcEPRy |CH3CHOCF2CHF; 1-ethoxy-1,1,2,2-tetrafluoroethane 512-51-6
HFOC-383mEap [CF3OCH2CH2CH3 1-(trifluoromethoxy)propane 59426-77-6
HFOC-383mEpRy |CH3CH20CH2CF3 1,1,1-trifluoro-2-ethoxyethane 461-24-5
HFOC-383mEys  {CFsCH2CH.OCH3 1,1, 1-trifluoro-3-methoxypropane 461-22-3
HFOC-383mzEap |CH3sOCH(CHz)(CF3) 1,1,1-trifluoro-2-methoxypropane 32793-45-6
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356nmecEgd net hoxypropane HFOC- ( CFs) 2CHOCH3
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rleQ ég d| fi GB@S&FH&WFH j *21 %mﬁ1 p}tafal;fggé%gg&zh an§330'15"2
r I

3 bHédFE@CFZ(CF{stl Ll L@étﬁm}ai nNoxgesLl | 1 1- 22137-14-0
iafrﬁ-a&ﬂ{% 9| 365npzEbg tri fliepiefuopprogeae pe HFOC 365nt Egd

[EFSCF 2 CH2 O0ieB:GH-AGRCRECPs pedietachd-LbA 823.3- 378- 16- 5(22052-86-4
TR pr opane HEQC- 374nefliERgiucpope-Lp cH3 2. of

o V=1
O, 2.1 ot r AHIGIBPIEETne soTERY 6@1é31§|r5€5&@‘?288%8§§339'5§'8

F20LHE2 1. o 1

1 T o O e Ll

HEOC D HER s (SRS ROS P LiOb s, Joottagy s L2 ptiafuproptoane, o |24565-56-0
——ottr it é‘h

H -;

QSR e OGP HIES | ([l 2 S Eoroe e (T3P0

QN1
[}
a6
O
n

P
?%Qggg e o O BBt ey 0204 55 hexatom el i 24350-80°

EGGL -t 1111 ‘ddﬂF@H#tﬂ'—%&:ﬁ% Y113 SHRISR-ARuofheBylloxetane |74985-21-0
k3832 Eab  CH3OCH( CH3) (|CF3)

JH0EHT 1T TT [065CF-G-0R00IX Y 01, 0 p2ARE,3 3208 ubE-6 HFOC- B83He /-6
{gix@tefef 2CHFOCH 2CH3 1- et hgwethokybuane .t i £ 1 uor geth

lisprgrs) {EFeRCHGFR-Ogks WW thyl) 63702-08-7
rf‘o%:: AR E%c;* bEs - F%?'fbé '4'+2;pt3§‘§|. f?%‘ 5= 2153755054
y &y Y t ) ()5~

I Mhekgd ter q Fuér éet%oxyaqemgfgmngl:(t CF3CHFQ 20CF

Amkesd) 1,1, 1 dFsiichHaeoxza{EI UQz-@thdxydilbABylB1/+,62,4,2,3-1 |163702-06-5

LneEgd (pent af | uor oet hoxy)!eptafugrepropdRec-  CHICHZ OCE( CEs)
2 2-ethoxy-1 ,1,1, 2,3, 3, 3- 22137-14-0 467myE bg

hept af | HFOC- CF2 3-eth q
R 1 g R e N R
Hﬁ He(prd gb&@w FRﬁ‘b%S@S ®hdwryn the art. C4,FgOCH; and
%Dm %M%%éﬁﬁge 1833%‘:5’ gat%dﬂ % %d are
lavallable2edmirerreialy frompahMib($h Peoh diiengsotals- 3

A e R

m@t@@@dpmpalm@mmg potential . For example, fluoroethers
%Hﬁe &r ﬁéﬁﬁﬁ)@ﬁ fé&hﬂ]ﬂéi@‘%b@él@%ﬁﬁn@ PotentitiPlolePeharniddy

2- 2,2 hexaf | uor ot et r ahydr of ur an

HbGuefigesaris sty dp use.

. The compositions of the present invention may be prepared by
any convenient method to combine the desired amounts of the individual
components. A preferred method is to weigh the desired component
amounts and thereafter combine the components in an appropriate vessel.
Agitation may be used, if desired.

The refrigerant or heat transfer compositions of the present
invention include:

C4F9OCHj3 and 1-difluoromethoxy-1,1,2,2-tetrafluoroethane;

C4F9OCHj3 and 2-difluoromethoxy-1,1,1,2-tetrafluoroethane;

C4F9OCHs and 1-(difluoromethoxy)-1,1,2-trifluoroethane;

C4F9OCHjs and 1,1,1,2,2-pentafluoro-2-methoxyethane;

C4F9OCHj3 and 1-(difluoromethoxy)-1,2,2-trifluoroethane;
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HFOC- C- OCHFCHFCH( CF 3) -
2,3-difluoro-4-(trifluoronethyl)oxetane 74985-21-0

wW@50wess® ab CAF9OCH3 CF3CF2CF2CF20CH3 PCT/US2005/001508

1,1,1,2,2,3,3, 4, 4-nonaf |l uoro-4- 163702-07-6 (mi xture
of net hoxybutane isoners) (CFs)2CFCF20CH3
2- ( di Chity@ e ahd2iurbpicthoxye8.10P2a8trafluoroethane;

1,1,1 t
3SR ROR £ o pRagRsds @%‘aﬁgﬂe
1637084 QHS andtzadlﬂuewom@haxyﬂ oh-dtitiflugreet "ﬁﬁ'@er s)
CF 2
(1 i) %@@%?’és?mﬁﬁé@w%‘i tliféiﬁﬂ[%r%{(lgbgﬁe he
conpoGFFo&p¢Hsﬁ€€ Tl tl*ﬁfﬂ"@et Og\" 33 UIOECB? Ea%%mmr cially
OCZ Fgﬁ@ mﬁ)@ﬂ?ﬁﬁg@i&ﬁmﬂwteg}&mubmmt ahe; tPe art.
(§i—||§ m xt.ures. of isoners as
i ndi c eﬁtﬁ(?ﬂ?’ ?Hg%emf% ‘g'r ef)ﬁ{)llélor%%}ﬁg N®omerci al | y
f r om GNE4OGH¢ 8hd Rhulifludvb2esthayyett@neposi tions of the
t ' tdal
o SentE BT, DAY 0 RO 9 e9ehaE
f | uor oet heﬁréluomaih@xx)ethamem xtures will have gl obal
b T e e et
i nvenpﬂ%ﬂ)b%y apd %f@fﬁmremeg’gwwgﬂ i’avéwér% 'aﬁfafwgf%ep?'ae
conbi G@FJG@HQ@ﬁd@(HIM&UM@h g/)ﬂhe 1, dj3vhesdluoropropane;

compoREriOGHs ARRS. L2 v Pl Sud e R Rpbftpaes’ " o¢

conpoGgiidGCHp and b3 bietrafiuerad s@érifluoragiethapiyipropagebe
used, cl f csel bhel 1 (5. difldibofbank1 A2 BeRboliffisioRnane;

conmposttons® § tion

C4F9CCHR Qs andid-(di Qmmerhfasosy)ﬂ 1,1,2,2-pentafluoropropane;

, 1, 2, r
.t fléﬁit)ggdrjr@% bHA P?Q&@E@raf%i@ 8@tetgor¥g)pmpa§ei

tetraflu
2 OIS, ot F 5 S hexathiope 2t (g rsBemaHUBrosane:
CAFICCHR, M3 dnd, 11¥22%Wm0bﬁ&w 124 J7e2-fevefiebhssiBane;

C4F9CE—£3
@3'8? 8@8 éo'{ﬁ\é@@c%){%ihaxﬁzr | uor onet hoxy- 1
1 1 (tﬂﬂuCﬂ'bnm‘thw Jetkiahane; C FgOCH3 and

dif & I
5 OR{EaeR Bnirt | SSOIRLBAEL e G FRAERRETY
- net ﬁdeQQHa and, 121 163,8 F-hexafborodnestoygopageand
-di f bk!f’g@@ﬁ& E\ﬁayr ? 222 §'Cf hé’)@éf%?@%ﬂl%et%%eand

- met Noxy

t
- et ﬁ@F@QéHs @nq 1r-ﬁ ?ﬂj quq§2§9-1 ,%ﬂz,% etraﬂuoroethane
C4F9gOCH3; and 3-(difluoromethoxy)-1,1,2,2-tetrafluoropropane;

C4FgOCHj3; and 2-(difluoromethoxy)-1,1,1-trifluoropropane;
C4F9gOCHj3 and 1,1,1,2,2-pentafluoro-3-methoxypropane;
C4F9OCHj3 and 2-ethoxy-1,1,1,2-tetrafluoroethane;
C4F9OCHj3 and 1-ethoxy-1,1 ,2,2-tefraﬂuoroethane;
C4FoOCH3 and 1-(trifluoromethoxy)propane;

C4F9OCHS3 and 1,1,1-trifluoro-2-ethoxyethane;

C4FgOCHj3 and 1,1,1-trifluoro-3-methoxypropane;
C4F9OCHj; and 1,1, 1-trifluoro-2-methoxypropane;
C4F9sOCH3 and 1-ethoxy-1,2,2-trifluoroethane;

NNRERRERNEPE



CAFgOCH3 and 1, 1-difl uoro-2-nmet hoxyet hane; CAF90OCH3
and 1,1,1, 2, 2-pentafluoro-2-(2,2,2- C4F90CH3 and

W@ pioklessroet hoxy) et hane; CAFOOCH3 and 1, 1' - oxyRCH(92005/001508
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,2,2,2-tetrafl uoro) et hane; C4FgOCH3 and
2-(difluoronethoxy)-1 ,1,1, 3,3, 3-hexaf| uoropropane;

C4F9O%£P‘-g®m4§a.ﬁdﬂ1f1 4 DI h@?Sw)‘Iuéro—B 1,2,2,2-

, 1,1, , 3- hexaf | uor.o ane; and

1,1, 1, 2 2, detaileorost h‘gﬁ&%oﬁaﬁﬁt hoxypr opane; CAFgOCH3

gzggl,dnﬁéo%lﬂgeién@ﬂgud)ﬁ??ﬁ héﬂaﬂubfosl)m grret hoxy) pr opane;
OCH3 ‘and 1 - or aet hoxy) -

1,2, 2, 2- péﬁ?ﬂ?ﬁ(f@&f%%b%%@,h 90CH3 and

3- (di fCiFaOBHs And Pethoxy-111,2,223 Béhheptalivompropanss;

CAFg
11175 GGt R e tony 1 22 3 ppteflioropropane

mpgo@ggg}{a—ls and 2- ethoxy-1 1,1,3,3,3- hexaﬂuoropropane
SFACTHL4A] YA P22 {laRbRIB G pIcpanBane:

C4F9 &Cﬂﬂa aééée% aﬁw,fﬁ%@%ﬁguaﬁﬁmmne

1 1 2- (L‘JFQUGHJ and zn(athQWte?trafl(Jbroé‘tlh@qr)pWahez(y) et hane;

CrrSoGe ke 2. gl G Rl RB B Pl anc.

CAFg OB @ CH and £4FsQ@C3Hpexaf | uor o- 3- net hoxypr opan6;

%Fgogk?efﬂg {%ﬂ’lé a]rit 4 fﬂeﬂ?ggﬁg%gé%%gaaitions of the present

Jnyentianumey ks azeaHopic o1 Neanazeatiopic CANBEsipRARe;An
Cé‘fe%%?& ?&ﬁpé’slﬁgh fid H‘Fﬁglﬁéd}ﬁmrejof two or more substances

ane;
1%@‘{ ﬁa%azzoaétﬂ @QOO%HW?BW,V&%@%% ornelgwdng halling
2paihfsfthd individudt ctcﬂhparﬁénter @estélwhean SAEOPIB campos:tlon

L0 Mot i AR M FIRSATE o
lofderatiom,i Which moay rextuvexsfticibacye of mramma #Addlitionally, an

bl ol O L YR B R i o

1reéig&5agoqozamopnﬁﬁrpnmg)%ysb@me mlms@mlmhwhere one

ed r%?r?erﬁ ot g %%&‘eﬁfs 'fl%ﬁﬁrﬁaﬁlgglﬁ'a@&?ol_rétl%n during leakage could

[ uor oet

\

’1qu foa @r@nﬁbkeawrue@at@n e(tb@hwahlndae @@?W@m BHisie@f the

HppH3 and 2- et hoxy-1
1,2,3 3heta|uoror

et il BL SRR s X SRR Snestat

almili@,éiqu@drmxtmelofm @-rmereasu hstangesobahbeh @450 OCH3

dehtibly ds 2 AnGIELLBEIH RN DROWARS hBPWerize 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 composition is that the bubble point vapor
pressure and the dew point vapor pressure of the composition 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



CAF90CH3 and 3-ethoxy-1 ,1,2,2-tetrafl uoropropane;
CAF9OCH3 and 2-(1 ,1,2,2-tetrafl uoroet hoxy) propane;
W@ and 2, 3-di fl uoro-4-(trifluoronet hyl ) PKEUS2I965/001508
and C4F90CH3 and CAF90C2H5. The refrigerant or heat
transfer conpositions of the present invention may be
af8P5(0 MightPerb&T ofaAE Vgl CorPaBIIGhtHaESeerYemoved is
azeotropiC conposition is a liquid adm xture of two or
iasedhan Hh$@§ef‘l‘ﬁﬁt' has a constant boiling point that
may be afpeeammotiopioreftigerabbéorinpgsifionsps thef praisent
L ndi vi dual .conp As such an azeotropic
Wﬁﬁﬁg?ﬂr%Hsﬁdl 'ﬁﬁr%glﬁg?r actionate within the
T@BLiEy2ration or air conditioning system during
operation, which may reduce efficiAregtropet h
Addi drponlent A aTCampeneapBc conp@ordentration nBP (°C)
fractronat € upon | eakage from t hgyeeiX W% i on or air

condit HliNg Sy HEDE-d4hddre si t ualdpon Wy e ones50.7

conp of a r | ammabl fr fonat |
du%ﬁéﬁ%’xage ?@g ﬁ%é%l;ﬁﬁg a fl & bl 2yg'grrpos:ggirgpn
ei 4o i n ¢t S ‘ﬁ‘?%r out Si %%zf t syst %l:p'gA
nedraFa@&dir opi ¢ HfAboRI9EHYi s a tamd&iiy 20
corf3FaRCHhoi | i ngIFOCaRT2MbERNI xt ur %4 ¢ \R9-®r o9
sulBifR0©H; t hat HEBEBves essenti al 13p.4s $H46ngl e57.7

substance. One \ghBnigcEduPyact eri ze a near azeotropic

co ist L prodgced g/ parti &7.9
evr@@mm’% or (i 'Ct_ ﬁrﬁcéme thed quigh pas 5.8
sug%fﬁgtgglly t g Jo& Siti o%f thﬁbi qui 4f-fom
whi ¢4y 9 s evapo BFYi still tfﬁiis,%ée
adrfvsfe@CHai st i IHEPEEBABESRRB o3 ubstthnt i al 98-
conposi tion change. Another way to characterize a near
azeotropic conposition,is . that ]Ehe bubpl e poidnt vaR{)rt.
pressur e HIRINEALAZRANQR Fafrigelgar comeesilipas gndigencentration
Gangesbt theprabent ipashiionb@ listedpeTabler®: are
substantially the sane. ,p @ CONpPosition is near
azeotropic if, after 50 \}tég-lﬁ-g—}percent of the
conposition is renoved, such as by evaporation or
~boiling off, the difference inNeapdzeptegic Conueniradion
the original conposition and the conposiRange :

rESRbBLRGR! (gB) 50 wei ght percent of t{gYPAISI%E
TG ] '.'-=. removed is |ess 199
r
e
o

y 0
ic refrigerant conppghbigns of
ﬁY are listed in Tabj_‘% /%é %ABLE 2

h :

9
9

-

nponent A Conpone -1

Confre@fiHt-AtiFO6-BB3ebiEhy W o6 A W % B -

C4FoOCHa/HFOC-272fbERy 1-99/99-1
C4FsOCH3/HFOC-347mcfEys 1-99/99-1
C4FsOCH3/HFOC-356mecE2apys ‘ 1-99/99-1
C4FsOCH3/HFOC-356mecEys © 1-99/99-1
C4FOCHa/HFOC-356mmzEpy 1-99/99-1
C4FsOCHa/HFOC-365mcEys 1-99/99-1
C4FsOCHa/HFOC-374mefEpy 1-99/99-1
C4FeOCHa/HFOC-374pcERy 1-09/99-1
C4FsOCHa/HFOC-383mERy 1-99/99-1
C4FsOCHa/HFOC-383mEys 1-99/99-1
C4FsOCHa/HFOC-467mmyEpy 1-99/99-1
C4FsOCH3/HFOC-467mccEyd 1-99/99-1
C4FsOCH3/HFOC-494pcERy 1-99/99-1
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CAF90CH 3 HFOC- 245eaE 40.3 59.7 50.7 CAF90CH 3
HFOC- 245ebE bg 4.4 95.6 43. 0 CAF90CH 3 HFCOC- 254f aE

W@ 200306378 52. 4 CAF9OCH 3 HFCC- 263ebE bg 63. 2 BEI/8SH15/@1508

CAF9OCH 3 HFOC- 272f bE bg 39.4 60.6 46.9 CAF9OCH 3
HFOC- 35.4 64.6 57.7 356mecE2 abgd C4F908H
ISE60CHEFO M 348meegnBl 57. 9 CAF90CH BI9RI=1374pcE
[y FLOCHBCLEBElHs CAF9OCH 3 HFOC- 383nEgt-98809%177. 9
54.7 CAF9OCH 3 HFOC- C345neeE ab 39.5 60.5 58.6 The

near azeotropic refrigerant conpositions and
concent r AAdditionalrgespasmdsteorptiee st in Takia i AY Headded to

hétb try % Iﬁgﬂs iohs o-f/ﬂ% resdN HveNEiBA o @@ﬂn‘i ternaB/ or higher

ncen nge Conpounds (AJB) wt % A/
O HBPPFitioNS45eaE 1- 99/ 99- 1 C4F900H3/ HFOC- 245ebE bg

1-75/99- %%ﬁg@kﬁb%@t% fe%Enﬂrrﬂ%hﬂ@n tay further

oL bk RS AL o B

(P MRIEE YU
GARSIRHURGS BfGmEtEan@bgd 1- 99/ 99

CAF9OCH3/

AFOOI3 /ﬂ%org@ggﬁBEs o tiie grgﬁgaf %\ventlon may further

CORIOEEAMHADE- s@mgvgdy@e@wcmmauy a solubilizing agent. The
LH

%‘E%%Eg 2 @IW%@ 11%%%%@ I%aks of the refn%’?t

spmpapiiapby i@tﬁ@ rfsggm@ego ye i

@HEQ@ﬁU@féﬂﬁ@ T rayiEfeb Buitt &hP8sifion at a leak point in or the
%&8 yqﬂ%aﬁgﬁggélrb%nd]honmgg gpparatus One may obserce

lthé%eﬁasb(ﬁéémﬂwmd@gaﬁmﬂ&vmﬂetﬂmj SolubilzAmg apeEs
%Eﬁggﬁ-lgif%dgcﬁfeg égg%gﬂ@ém%f sGEARAKBYSs ff SsmEhe 11 st
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
fluorescent dye under illumination by a UV light that emits radiation with
wavelength anywhere from 10 nanometer to 750 nanometer may be
detected. Therefore, if refrigerant containing such a UV fluorescent dye is
leaking from a given point in a refrigeration or air conditioning apparatus,
the fluorescence can be detected at the leak point. Such UV fluorescent
dyes include but are not limited to naphthalimides, perylenes, coumarins,
anthracenes, phenanthracenes, xanthenes, thioxanthenes,
naphthoxanthenes, fluoresceins, and derivatives or combinations thereof.

~Solubilizing agents of the present invention comprise at least
one compound selected from the group consisting of hydrocarbons,
hydrocarbon ethers, polyoxyalkylene glycol ethers, amides, nitriles,
ketones, chlorocarbons, esters, lactones, aryl ethers, fluoroethers and
1,1,1-trifluoroalkanes.

Hydrocarbon solubilizing agents of the present invention r
comprise hydrocarbons including straight chained, branched chain or
cyclic alkanes or alkenes containing 5 or fewer carbon atoms and only
hydrogen with no other functional groups. Representative hydrocarbon
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the binary conpositions of the present invention to
formternary or higher order conpositions. The

W@ 09p06ssre ons of the present invention may furPdEUS2005/001508

conpri se about 0.01 weight percent to about 5 weight
percent of a thermal stabilizer such as nitronethane.

I{)ﬂﬁj@fﬁs@@ggéﬁﬁﬁrbrﬁﬁn%&ﬁrdyaﬁéebtopylé&@tdy@bpmrfeu ntheane,
JEPBIANS 720, 5 Sl shobidfe WEoL BRhe ismliae

fl’(ydrd@rbom ﬂh@nlthaissmiihzmgeagerﬂtrmgpmxhbedbmsamet i on by

pw(#p P ﬁ one observe the fluorescence of the dye in
RPTPRFy i gerant or heat transfer fluid conposition

at a | eakHpdrosarban etheheohbiizing goesits oéthe gessent peation

iR beROL SRR RAPLANY Carb ST RO ER SR bR, quch s
Sbﬂwylleihefd%hts may be needed due to poor
sol ubi I'i t gogbxyaiRfledd g etnér%@nmnrzaﬁg hgentarfshe Bresent

RN é%eefor%qeyri%éév&e Rargita R TR S whespin: xgg an
|ﬁﬁa@fer fr@ln*i 1128 \yl |§|a$1t|ntwrmn®ﬂ -4; IR |els§béatemﬁ@rrehych’ogen
S

A AU AL a%%%ﬁaﬁ?&? PSR g el 255270 o
eonding aifésjtRoia seladedvros amahlcmmrbyhnerradloals having
I e GohRATT: St R 6L 80 snd s
| @WC'#CghYdréﬁﬁ@O@ radicajroharing from 1 do G errban;atemsy aldeast

C%*E‘ﬂ%t |§® Bha 923619 %éf@ﬁytﬁocé%nfﬂabl Waewmerea@ shi

heyoneIntnsgienta PF’WV&W&%@V e Weldhiea §om abdit100
ptere%br?ﬁm 890 efﬂmﬁramateﬁ unitst i drepesenp belyanydﬂkysleae gb/col

X ene I oxXan en

F AP S0GBI7Y R, R ESenGRRY R UGREPERC o is profirably 1-
SZ);I yﬂsu dreferally dg®itandR® ahe prefesadly independenily selagteddtom

r8§<t='f‘|1i aﬂa%\J Bﬁgi?d@ Hg&rogg nbzﬂ i ra:l)% Q?gﬂﬁ ﬂfcﬁfi‘ Barbon atoms;

pB&?mﬁﬁerapw@eée@egi frem @hmat@ h)@lwq@@y ane rlaidm@& having
kﬁ%émrzeér 3%@#5&@%@%&%@% '%@Bﬁ%to@%)’ﬂheet hers,

fl uoroet rs a

-trifluoroal kanes
SRADOEISIoNE Neak &heT mARCUAISYSRIT 1 WETRTERl form about 100
clenglidus 250 \domiamaes sinite ciost pefetabli b atait1€8,to about

o R A L
otdrbon fatoros invmabe dnear drameedesresyctici Representative R' and
ggw Egﬁ'&:ﬁ%"ﬂe‘]ﬁ%lé mcnwea&%gy GRIP ISR REGRRAGH buty!,

nisp Wbﬁeohu’cylst%ﬁbwtyb@aﬁl&flelaopﬁw,.rteoevﬁatyﬂ dPRTRFSANt

I @c@oﬁyﬂymﬁﬁa BPEIohEXR N VWHEreSRda! Ridi okl NEadReERS bn HIRY pRstent
polyoxya?kylene glycol ether solubilizing agents may be incompatible with
certain compression refrigeration apparatus materials of construction (e.g.
Mylar®), R' and R® are preferably aliphatic hydrocarbon radicals having 1
to 4 carbon atoms, most preferably 1 carbon atom. The R? aliphatic
hydrocarbylene radicals having from 2 to 4 carbon atoms form repeating
oxyalkylene radicals - (OR?)y - that include oxyethylene radicals,
oxypropylene radicals, and oxybutylene radicals. The oxyalkylene radical
comprising R? in one polyoxyalkylene glycol ether solubilizing agent
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hydr ocar bon. Hydrocarbon et her solubilizing agents of
the present invention conprise ethers containing only
such as di net hyl P&L/i82005/001508
(DVE). Pol yoxyal kyl ene gl ycol ether solubilizing

agents of the present invention are represented by the

f ﬁfdf@&tﬂ’e Ry ERMe ERRRY or BHE hIIScul¥ nhy ednthlii gigfeferft REM

IS an int

gAY 1R PISSRYPO B Bad cLseL Syl oizing
t agénts profenalal wmrﬂmaftlbmmbnego iprepyleR? radicaleWherR'

I [?%2“1 %faqfﬁaﬁﬁté{t%ﬁé& IR BRE el Fafind o afiiitoms
abng lydddndiransites, iteg cadicallmady bedinean bradchmd er byslicng
f h%gP%seH?atﬁ/ecﬁ' Qﬁ’ﬁhégkqgﬁiro@érgbﬁqg&lcﬁf%%évzl%ﬁwé‘ﬂenﬁﬁg'sﬁes

drocarbon ra
pmcwey&n«gp{aén@egaly@myl@nméacgcaiaa@r@pym%eaﬂlgal adugrene
e enthencldechi @10 sbeal o pi e o
aged @scyrcgmee&tefﬁ\@erad RlBﬁ @é}%@mé héﬁ df%?anPa
lradicaly heﬁln@fmfﬁ abfour bonBhgasitbsRaclade rea;ldﬁes detiyed from

A BEARGR o Ebdiik il o ADA . SER PR tap RO R 2.4

ptrdrfyelrm«ylcyclehemm dnd rigdrbetihpdrakycy dghensy bylremevmg their
fﬂg(‘rwaagﬁ@ﬁﬂ:\éﬂg‘g from2 or 3 carbon atons, nost

carbon atons; the pol yoxyal kyI ene gI ycol
et her ol resenteliyhpolyexyaliylena slygot ether sabibilizitsnagents

abRMld ezl*%)cé’}bQ{thin{ﬂ%ﬂstoUOFEQCHW(dHﬁbﬁq@?'%I) pylene

b

%sl%{;u%é b G ehn e R CEENGBAT 2 S8 may
gfdpwn,e y@dslcrﬁ@m DorQMﬂbtrry dtRer)eSEROACHYEHREH)B(H

| hyl |,
o GHaL it vg@km?{hyf (e SfimgfiiYetner ¥ bu, o1 P
p@@chHzéw@htaW(H e Gpkp) (propylend gms;nt glhyl (or dlethyl) ether),

CLHRBRACHIIINE G oh 0 (PR fertd S oOVEROYE djethy)
sethet), |qzk15@@cug@ﬁ¢(@Hama of Reidsftinraprene Giyass sthyl for
Cefélﬂﬁﬁ)séﬂh%ff‘) HoOa$y @‘H(@'H (H”b@@é% r8pyIehé ghfcol n- propyl

a qr 'zr!{'?lgrt@lpgf B%"g’rg @%6?233 of qaag_ie )1&535};02’5!
aglgfrﬁlcr; rmiyl g@eﬁ?lg‘i@kdml)]ethsf)ﬁc@hmﬁiﬁHzﬂihl@CR%)Ca]s{mbaOsldv)
AR IsmR FUSE P e P e, Su b CheE R on
t (popylace glieobrymithydtben), Cﬂdg@EﬂHzCW‘ﬂH)@MHmTEC4H9)
gogbr%gp awdlpglés’M%BH% i dff-ol ﬂﬂg@%‘tﬁerfcﬁ( ﬁqwzﬁﬁ);(éﬂf)ohm
et)h@an)dtrtmppylgna@hec@éﬁt!miyle(@uﬂenrmgtylb@ sane, or
DPCOTHE HOHHORE @irdp ;%ﬁé fyRof t- B@typém@ryyl ene

g ent ene
E&?’Hﬁﬁ@@ﬁ&é@éﬁﬁ)@lﬂ%@@w s

0bmr)mhé@r(@H@gﬁ:@@ﬂ)Hzaﬁ¢@I€I3)Rﬂ]3(H or (CHj3)3) (tripropylene glycol t-
butyl (or di-t-butyl) ether), CsH11OCH>CH(CH3)OH (propylene glycol n-
pentyl ether), C4sHyOCH>CH(C2H5)OH (butylene glycol n-butyl ether), .
C4HgO[CH2CH(C2H5)O]2H (dibutylene glycol n-butyl ether),
trimethylolpropane tri-n-butyl ether (C2HsC(CH2O(CH2)3CHzs)s) and
trimethylolpropane di-n-butyl ether (C2HsC(CH20C(CH2)3CH3)2CH2OH).
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is an aliphatic or alicyclic hydrocarbon radical
having 1 to 6 carbon atons and y bonding sites, the

w0 awsmeds79ay be |inear, branched or cyclic. PCT/US2005/001508
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Representative Rl aliphatic hydrocarbon radicals
havi ng two bondi ng sites include, for exanple, an
et hyl ene Aﬁﬁhlé:éblubﬁlzmgngdrﬁ@ef thedpiesknt imvention eomprise

'53'?%3%9{9?? 4 ol Al R CONRORL AR GERF a1
R&berea‘e aR? \l% zinda iapd idiepehgienttyc seleotedr faanatiphatic and

g'ﬂ Bt ﬁrHrSSal%r eﬁ?ﬁé\hﬂ@ ﬁ%hﬁ $%0! 1@éé+pﬁn a‘ﬁ?ﬁ'\guﬁs

ved rom po ane
gpslected rﬁronpehpla@ttq/hydrpg@nbylepezaglcals having from 3 to 12 carbon

tétbméd %ﬁ&W&bW@ié%@mé@Q hévé” aﬁnbrécméﬁlrv@igﬁf/@ﬁ AR aBoat

Y0d et A soic bsaiite, e aeauRT oAb R s Smides
r@l@%\lﬂylfrom abﬁot 16@ t9 atsslittos0 ﬁU&ﬁEH?a@ﬂ(L@h&) ®RHRA R

@%ﬁéc‘ﬁéa?iﬁ" il antde Sehebflieni BT ypfely tat s

medioals (:mtamlmganbmh)ydmdaebc)n sabhEEHrizGH( mqﬂ tﬂ]om Ralogens

gggﬁ%tﬁ—@] % ag]ldy%%zg 5@&}5 ép&lgfend& yco Iﬁq%ﬁ(ﬂ Re
(mﬂymp@on instusler heteateror @M;l ydjozerb@n ragicdy, that
(igi R cﬁ'cﬁﬁféhn ﬂﬁé‘ﬁﬂon{soﬁltr@k(:;@hr{&ﬁé eé%e)w oxa-) or

efit)!@ )m@tr iSh s hervtgﬁmtarné&ﬁ%ﬁﬁgﬂﬁﬁor@gm

durepill, @pemore/hahn thraw namth dmamomswsIWér)ts @mhler )

EF“%PW&%H% P}%ﬁ@%%f&g’% ﬁ§l 2 GRYbE Prent 58! each 10

GiBeh araasiiicR3 Y Chisd theopre€8hEe of any isuol ybereydybgarbbn

r‘s%@&égﬁé Qﬁg ‘Ne’@oﬁffﬁﬂ{ Hus??ﬁ%o}wsm@@%ﬁ'ﬂ&ﬁﬁhg"
Quagke ”“"’@ﬁhm@t'm prisisreth emids selubilizing

rhgféﬂté’ boﬁﬁ&t o CaﬁbQHt H'c)ro?ér‘ﬂ &fitrog %4 o(;(gggh'( ﬁéﬂrgé{t’éhve
R R ey %ﬁ%ycdféyﬁm @ diels nllsta 1

embﬂfy] eth Do'b@ql vligduitor s(e )ten‘ but , pentyl,

(SRR heBped il m%ﬁ'%%x AT N b

gﬁqqd;ld&dyhtwide@plr dddetyl antythir ebhﬁgl)ratlonal |somers A
w&gﬁ%g}!f%?gg ﬁ]?)‘ﬁlzlglluyg% ggén@pﬁ?ttﬁbsfﬁ}%@m R*

@ﬂﬁb@p@ﬂgmemgnsgi dpropula @wgt Rgeﬁ&\l@ mame)m@resented by

QhB Hroddrb h@%@lhﬁf{j@ﬂ@gﬁ \'ri oﬂ‘re?Wdes ahBgbrmula: cyclo-

(GONSFRED et i) B moteder

tanénght ép;zlyng ifge nitegef fr@rhea 1)1 @lsmﬁts & euﬁm&ﬂe@mm@wmaﬁ
[ 1y
VBERE! PARARRRY had 'odihgy BRIFRE a5 AR Thiihgenty
i sedegied dfoneagh 99 bydhe dules qmewbuﬁivatﬁea:e@deﬁmhgd?cel ilo the
gﬁ%ﬂ%afe?)?é‘sérﬁga B9'the RHUIE &Y RIERREEERIDY, A R%%ind

R’ are preferably 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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sel ected from aliphatic hydrocarbyl ene radi cal s having
from3 to 12 carbon atons; and wherein said am des

whawse/0685mp| ecul ar wei ght of from about 100 to BODUS2089®1508
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atom ¢ mass units. The nol ecul ar wei ght of said am des
is preferably from about 160 to about 250 atom c nmass
units. RlRe eRBitaecriBesajubiiptingagehts indodedeit are not

Jopited to q@ﬁ%@@h@%?ﬁ%ffjgg@@ﬁwﬁmb i N,
haétbgﬂ:ysrodudlrgz -onig, ddrutyleapr@laqﬁannné)cy@milmlaykrodjdgl-z one,

(ﬁggwgggﬁgﬁ@alg?om su §t1| p|5 :Z?ec}ﬂg%)a&gyng{@él ?:'al s,

thextyldaprolaeigingal -bexyli- metmdwracpl IR-Reong.grinatnylrbgen
mb@eﬁﬂy,ﬂ%ﬂe( @xsaqué:m ngtb@arz -6h8i fndethyicapragetan, 1-

I,
A OO o s B Sl

hﬁbﬂfyﬁf&lrwlfam anshepredsiethipyrroiid:eeore NN dibutylfosirdmite
rbon atons in R1"3, and the

;ﬂ@@ﬂﬁé’"é@@ﬂ?}’%@%{“ﬁ‘&n hydr ocarbon substituents and .
het er oat olfetomessoltieilizing sigdptseaf the paepentiingentien comprise

AL SRR B IOR s o i o

nndep@merﬁlycseiagtg rﬁronmabwfeaj@nah@thﬁ aud awhyd-'@cam? R5
6\JaH h&wﬁ@‘i'ro?h '10&501|2 SarBYA E8sAE bad Wikdirsinl saiid Relonde have

e vyt wolght 35 By abeyd B Ao By, R
t@ﬁd Rﬁﬁmmu kéwﬁé@a@pnéferabwqhdbpenydlentlyemgctted datry! |

s e B e Mol Kb i rahpngioms.

ahel encleduldi Weight of agidritetorressistprefasabllydrarm ramet 100 to 800

G T N Sl e

otdTeneckest asd fwrmjng@r e, &iX, O 8e'\eN-aTRB pzsylm]ketone
"‘B%Eéﬁ‘rg cﬂfﬁ%ﬁgﬁﬁﬁyﬁ?&éﬁ&@aﬁ@ié@ﬁdf@bldﬂé . R

CgRat"é%V aptieralriRglHde éabgt&ut%{)hﬁpﬁ?%@nfaﬁ&aﬁ thatis,
C@U‘i&ﬂ‘s @ém&mm@ﬁoﬁﬂ@dﬂkab@n ls[]B@l}itaédmélected Ifieorh édlogens

He%s, isiny ohidinel and afPaBEs e 8 Biptaty)s 6 RifR" e
C(ypticmd_lly @reI6iRY hamﬂa&)—sybstﬂmedRWcﬁqdambnaad|cals that is,
prragi c%ﬁ?% ICHY;% S Qfon?soﬁlgrﬁbenge?%ﬁ%ﬁeq%ﬁtqkéﬁi eg)éa or

cal anon
Rsalfw: (ﬂm%aumaarad@ahglmla@ HYiser %@ﬂ@@ﬁe@ sheaibenrajoms dn

1§edféga|° b%qnﬁ%@ﬁaﬁuhlyaroebﬂs@@bubﬁttsgn@wopcar bon

met h rrolidin-2-ones. Re sentati,ve

BB A RSl ROIPTSC AR IS, IADS ARBSORLTAF pagh 10
t Qarbdn etéms My R'drdiRA-ahdothe, présetesy bbamy siicidhon2- one,

h@ﬁgﬁ@rﬁgg@ﬁ%ﬂﬁrﬁ% %ﬁ& '@etﬁ{gg’to%qg mubt BELENERR8Y AFLEWing

ltheuafgterbemtidried mpiofesulal-viiginidimitations. Representative R' and
1Rp§ﬁ%¥étbc5 aﬂﬁ]&fl\él §rM @){d’zrogé\%on]ragrb%gi]%@ Ié@r%‘?éﬁﬂimula
include metgyl ethyl, propyl, isopropyl, butyP/ isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, cyclopentyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl and their configurational
isomers, as well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl and
phenethyl.
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pentyl pi perid-2-one, 1, 3-dinethyl piperid-2-one,
1- met hyl caprol actam 1- butyl-pyrrolidin-2-one,

wda 2@®s5dessee hyl pi peri d- 2-one, 1-decyl -5- PCT/US2005/001508
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met hyl pyrrolidin-2-one, 1-dodecyl pyrrolid-2-one,
N, N- di butyl formam de and N, N-di i sopropyl acet am de.
Ket one soRebrdsentatiyedgtones soMbiIizmgoaw&ainolmdebui ame not

R ¥ arBuRBle: ZBEARR. alibEnbto U dgBhERLRe

ahewﬂ@phenoam w&h%aaﬁdemmlorr@niamm Foheptanpoel %-
h@é/;staﬁoﬁ %I}ﬁ'etﬁ)ﬂo%l dH) 23 Eﬁoné‘@o%%ﬁb”d%b@tyl

ket ones ave a ar wei g of _from about
danezbet md@m%ﬂqa@@@n@#wnamnar@nmanw% demmﬁ

adscatopbe Rafcsldrid onfitdeaidre, The6A Rétohé@moedjnbpaaheﬁyl
aléﬁcl al i cycl iC hydrocar bon radical s havi ng 1to

% at oms. The nol ecul ar wei ght of said ket ones i's
pr ef er abl Mitfilecsulailizibg Ge@ntsoof266 presentdinverg®NWwOmpsriseR1

SRR etab A9 Ve AR RN GRERA RO SAELER o
raliphagigcaliayclieobawy) hy@oceMr@llcaiybawpgrftm@rt@ 12 carbon

B e e e e e LD o0

Abqué 20 éﬁ?'@éﬁ @ac?%hm&?n dn ﬁa gelypPRiging agents Is
Smbﬁérab éctée Iyt Q?}Hét%ﬁtﬂémné hy@ra@arbdr KRIi¢dS

gbell"?'g?lg%f% {355 ltid eFi?stfﬂﬂkGQHf%W%%Rfégl Sﬁifgp'g?ér bon

realilibiting ageats isqrefesably ditcsn abbut 2@ tnabout 14teateitiosnass

LR g FOSRe KAe lolptdt, a

dadtf@is eeniaining norg@wdmarbmsumtéuemiarsemnt@@from halogens
rgcgr‘li’rff—,aréﬁﬂﬁméz Eﬁﬁ'a‘lk@(@é’s Pé]gl :‘ﬁgﬂ%@?t R'"?n ﬁ'tlonahly

t
hinc egemqey QR SuRSHterhaydRoatian PRICAs, 2§%ﬁ§ef9@ﬂ03é$wy
awisich rmngaml 1o ard@wnm@@hl o ?xy’yé% th@icﬁf@ﬁé@@f SO
nsi der,ed,in .a i n e "af orenenti oned nol ecul ar
TSR et Pl i bOMROSGH SReaton Fome. In general,
aio ploae thean thirée yohihydeochrboy Isubgtituenty rhhetedbatahss, and
r
pd}ppysgﬁlr@o@roo%wn %%Weﬁégggﬁopgégﬁ Bgtq%trgé{rll atoms in
tRr, fangithe Ipregerineyof aryssysiman-hydresadiin/sybstitudntp andy | |,
NEGERRETY Imus e % red hﬁfegmy; g(ﬁﬂeyéfor tkoneﬂaecy'

undecy], dodecyl err c tronal 1 soners,
Feolgetier wisightdiyitatiopen Raresemialiye R' alishaye, alicginand ary
Wd%cabdn @b@iaélkhry Ithé?g@ﬁwmrmula R'Ent mamdéqdémw i zi ng
P BRRbE Y e EclrBnhSpmisiinyl heBBi, ety
heyh mdmgh andecylydbaduyk and ieeir cypnfigurafivedl dsemers, as well as
e A T
Reqrpgeripbve nislerasidilizing aaantmaclusiermn arenet limited to: 1-
ZzyeR6pE&NaRAe, 3;2-dimethyl-4-cyanopentane, 1-cyanohexane, 1-
cyanoheptane, 1-cyanooctane, 2-cyanooctane, 1-cyanononane, 1-
cyanodecane, 2-cyanodecane, 1-cyanoundecane and 1-cyanododecane.
Chlorocarbon solubilizing agents of the present invention
comprise chlorocarbons.represented by the formula RCl,, wherein; x is
selected from the integers 1 or 2; R is selected from aliphatic and alicyclic
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decanone, 2-decal one, 2-tridecanone, di hexyl ketone
and di cycl ohexyl ketone. Nitrile solubilizing agents

wW@bBooskhesspr esent i nvention conprise nitriles repCEERDEW1508

by the forrmula RLCN, wherein Rl is selected from
aliphatic, alicyclic or aryl hydrocarbon radicals

b i ke
ABIOHOSORE Bhe RIS LSIORLOF FomLAtPL 1P p sbout 200

. satarhiclmas®anitigehe melepuleir eveidihtyofsalicechledodarbom solubilizing

10

15

20

25

30

- poBaRE Rl @&kﬁ%%@@%ﬁ@iﬁﬁ%@%&ﬁgg%?&E%i A
nReprésentativbR aliphaticayenalicyclic pydoesatisinyragicsts ab’rdalglt

1

" GEnSiL lbhiiia HCLEATIE nTEIAR, BIHW rof), BB LI | ¥
r l@beiyl sseehuivl erdutdn PRYE.JeRR K. BaBReNY zqeﬁt@entyl,

R o e st M LA AR S
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i ne nt | e ) -
D5 SEERERR.C. arBRERTRYE A iRSPERE et B o bt o9 to
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[ vavl| ' ; . [yl
well as pﬁ@?ﬂes&ﬁ%ﬁ&% es{cé;rtg.rfﬁélﬁbe bﬁ??&é M&)‘ﬁ Iu@ﬂzd’ fo: xyly

and phene ative nitri 1 ZI ng

- B CHE QD a0 GOCH-CH(Cis)a Sisqbutyl dibasic ester),

‘i)é?rWP hgﬁgi}gﬁte’e, %it_?yl @bﬂﬁér@é‘t?,‘mﬁuﬁﬁg ??ﬂj;(?]ﬁ’ég@% g}]peropyl propionate,

2etiphRepera Zdi-n:rafyéﬁldﬂﬂﬁgﬁ?%%ﬁn AR elasethyl ester,
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- ROBH (F BRPEieg i L A B AP E R TLa R oy

f acelffe. RCI x, wherein; x is selected fromthe integers

1 or 2: R : L pRatd — -

2l cyel i oo oSN LRAHIL BFfia Erepit inygnion camprise

atasienesrrprepentsdbyssrurterasdAbdBl bR [Have a nol ecul ar

wei ght of from about 100 to about 200 atom c nass
units. The nol gcul ar wei ght of said chl orocarbon

sol ubi l'i zi ng; agents is prefera y from amgut $120 to
150 atom cr@gSS @nits. Repres ative R ald bi c and
aIicycIic,@x ocarRon radi B in the Rz

= Ry Ry 5 oRs R & &R

R3 R5R6 R4 RG R4 RG

[A] [B] [C]
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general fornmula RCIx include nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, te/ -butyl,
WEewsPsss79 sopentyl , neopentyl, te/f-pentyl, PCT/US2005/001508

cycl opentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,

undecyi , dodecyl and thelr conflgu ratlonal | soners.
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range of from about 80 to about 300 atom c mass units,
preferred fromabout 80 to about 200 atom c mass

W@ Ri0sm685Repr esent ati ve | act one sol ubi | i zi ng age@/BS2005/001508
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3- hexyl di hydr o-furan-2-one Cl OH BO 170

w@2008068rdi hydr o- f ur an- 2- one C11H2002 184

c/s 3- et hyl - 5-net hyl -di hydro-furan- 2-one C7rH12Q2 128
s-(3-nraopnvl -5- met \I| \ =di h\lrlr of ur-an 2 one—CelHl40op
14@’“8“%%’5""%“’%%’?‘[2 thyI ) di hydr of ur 8fH,02- one a4
Hlbq 2 156 cfe-(3- dyl - 5- nmet hyl ) { di hydr of utan-
2-one CloHlsq 2 170 """ \/\/\
C/ Ar by de ~ £ - D —L MmNy a0 4
h 15 ldhd fdr‘n'zf' bbllyul O——rttan F=0O11e Urmri2ZPuZ Lo44
c/ sne yi] OC{K’ |}Y§ g yil -Jdi hydr of uran- 2-opg.0.H2|2 198
c/s- 3- octyl 5- met hyI di'pydro-furan- P-one Cl H240 212
c/ls-3- (3,5, 5-tri met hyHheXW "5\ "\
me h\'lgddj Q"Hrfﬂ tHran—2—ong—CHatH2be—21226
c/ s?’é-ycrﬁ’i'cs:(f °u>r(a3'/1l et hiyl < 8- fret hyl di hydf o- cfHwoan- 2- o pe
G 2H200 2 1965- et hy| haxyl di hydr p-furan-2- [one
CnHaoCa 184 5-net hyl} yl -di hydroifuran-2- o¢ne
Cl o :Hsobenchuran 1—enre—CBHI2E2—146-
cf K7 F9§8¢ . act one CLOHLBOR %20 00 CrakieO: 170
ot g/ fa-undecal act one 484
delta-undecalactone
\/\/\/(l CuiHaoO2 184
delta-dodecalactone
/\/\/\/El C12H2202 198
0 o
Mixture of 4-hexyl-dihydrofuran-2-
one and 3-hexyl-dihydro-furan-2- /\/\/\& CioH1s02 170
one o

propyl, isopropyl, butyl, isobutyl, sec-butyl and tert-butyl.

PCT/US2005/001508

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

.(inventors being P. J. Fagan and C. J. Brandenburg), flled August 3, 2004,
incorporated herein by reference.

Aryl ether solubilizing agents of the present invention further

comprise aryl ethers represented byﬂ the formula R'OR?, wherein: R' is

selected from aryl hydrocarbon radicals having from 6 to 12 carbon atoms;

R? is selected from aliphatic hydrocarbon radicals having from 1 to 4

carbon atoms; and wherein said aryl ethers have a molecular weight of

from about 100 to about 150 atomic mass units. Representative R" aryl
radicals in the general formula R'OR?include phenyl, biphenyl, cumenyl,
mesityl, tolyl, xylyl, naphthyl and pyridyl. Representative R? aliphatic
hydrocarbon radicals in the general formula R'OR? include methyl, ethyl,
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solubilizing agents generally have a kinematic
viscosity of less than about 7 centistokes at 400C.
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RSre8At of the composition 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 may be
poor. Therefore, methods for introducing these dyes into the refrigeration
or air conditioning apparatus have been awkward, costly and time
consuming. US patent no. RE 36,951 describes a method, which utilizes a
dye powder, solid pellet or slurry of dye that may be inserted into a
component of the refrigeration or air conditioning apparatus. As refrigerant
and lubricant are circulated through the apparatus, the dye is dissolved or
dispersed and carried throughout the apparatus. Numerous other methods
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i nvention conprise 1,1,1-trifluoroal kanes represented
by the general fornula CF3Rl, wherein Rl is selected
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UL 32 b BB o AR &y S8R BRons.
vCEhn@ﬁ aqtnﬂhmhclmlednefnﬂjzers of the triaryl phosphate family of EP
(extreme pressure) lubricity additives, such as butylated triphenyl
phosphates (BTPP), or other alkylated triaryl phosphate esters, e.g. Syn-
0-Ad 8478 from Akzo Chemicals, tricrecyl phosphates and related
compounds. Additionally, the metal dialkyl dithiophosphates (e.g. zinc
dialkyl dithiophosphate (or ZDDP), Lubrizol 1375 and other members of
this family of chemicals may be used in compositions of the present
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compostions allows for detection of leaking refrigerant in the refrigeration
or air conditioning apparatus. Leak detection helps to address, resolve or
prevent inefficient operation of the apparatus or system or equipment
failure. Leak detection also helps one contain chemicals used in the
operation of the apparatus.
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concentrations of fromabout 0.001%to as nmuch as
about 15% by wei ght based on the conbi ned wei ght of
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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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bliid)d up a pressure, which is linited only by the

vol unet ri coRfef dehit gl @mﬁ ﬁe%@o@ tfyﬁmﬁﬂl? opbrdtbeit3a00%ot 0
0Si dlsplacene

h ) .
CORDT ahitions ﬁﬁ"ﬁﬁ{eu@am?c s EulRo bt b S i ERSprs
(HiTethSIgl&fd for higgaspdents; &oai abtat 40,000 $pabdut HHED0 gﬁmp
ere
CGUBhE0S shEh ORRG FEES AL RO AepElbsL There
dynam c- cAnpuleﬁagm:mpdlqmmssbeelsadaemaerﬂuf@gal compressor
%WH{H?E\?&EOF&S;%&%Y g'fffbﬁ’erﬂﬁﬂﬁﬂgf?‘e@ﬂnﬁ@ ?ehéé |5’ov§ ﬁchs%f Hdt&
ntwsstaea sa{stam,smtqq@rm, ithe d@caaﬁgﬁ @fothterfﬁstﬁtaaﬁﬂrepellﬁf
Ldised 1808k sictigh ‘iht!aké of Q\é@béhd HpeRa! Bﬁtﬁqﬁ'@ellé'ﬁ%ay

capaci t t he Qe r esso s de ned

paTAIS By Dee R arsiadlp sbatiqasarinl DGR SIRSS SAIEPHEA U Fni s

nEdtAprdsBR roiatie difabbhe4 Q@ﬂpﬂ%@ﬁhmbeomwamaa?geq?esd;we
res i

Fr4ih 58 Fr PO I bt SuBRRPER e . ARESKIER orel fho-

f stagemcentriuggl conprgbsarcsystam, inquﬂmf@r eutﬁmml\ree A

C%?Blfc‘afl&g@' is %%%ﬁﬁééfﬁfuﬁgg r o tln\‘i’bF ne (r%: ure

erant, such as tr uoro C11)
oﬁefqreBCQ—t richlorotrifl uoroethane (CFC 113). Large

Cent r i fH@ Bbn pRRRIOAS TP tife bbéyeﬁaldvbnﬂ@ﬁvsatt@blatfoaci@é)mt@
0Q0 re ol utions

c" ﬂgqrﬁ %Igpr @g,{;&nggpg}rp apparg[d%ngmpﬁoymg a cenpnfugal

compressor comprise at least one of:
C4F9OCH3; and 1-difluoromethoxy-1,1,2,2-tetrafluoroethane;
C4F9OCHj3 and 2-difluoromethoxy-1,1,1,2-tetrafluoroethane;
C4F9OCHj3 and 1-(difluoromethoxy)-1,1,2-trifluoroethane;
C4FgOCHjz and 1,1,1,2,2-pentafluoro-2-methoxyethane;
C4FgOCHj3 and 1-(difluoromethoxy)-1,2,2-trifluoroethane;
C4F9OCH3 and 2-fluoromethoxy-1,1,1,2-tetrafluoroethane;
C4F9OCH3; and 1,1-difluoro-2-trifluoromethoxyethane;
C4FgOCH3 and 2-difluoromethoxy-1,1,1-trifluoroethane;
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are designed for high speeds, from about 40,000 to
about 70,000 (rpnm), and have small inpeller sizes,

W(by(msmeﬂsm/ | ess than 0.15 nmeters. A nulti-stageCT/US2005/001508

i npel ler may be used in a centrifugal conpressor to
i nprove conpressor efficiency thus requiring |ess
power G4IF90$J$-13 Fd 1améthoxgiiate, Siettafimoroethaper at i on,

th d h
Suct s R AT BHeRORAP MBS, O (e
may o@gFaOé)Hh;yamxié metl'@xsﬂni;IZetrlﬁhalfqeﬂnaﬂe axl e). Each
it agea(? ErﬁFfﬁ%@ e5SLPRubRIetifarR; about 4 to

ute |s chargeé pressure can be

f our tG@@QHBeaméo’l dﬁ'do%gtmﬁwoﬁb’@@@ﬂ?e An exanpl e

of a twpsbras, &ﬁdﬂw ﬂlzg@beﬁfymbmqa BYSCHYOCH; BAUS
case for "aut Ll cations, described in US

5, 065, 990, tf'ﬁ'&‘?f ﬁ'f E% ABPei n by reference The
CO”DOS(BJHQQQ}HgOénd hetl'joxgbis(t,2i)2-¢atraftuore)sthadd;e for use
inar rat i [ .
el i G OL et <??f@5%e?>r®8%ﬁ}%2§iéwi%g@?ﬁ@aﬂﬁgﬁmem
one ofC,Fe@MCHEd Zr(difllotdmethenyirdt hdd/2,8-hexafluoropropane;
1.2, ¢ Feb"cﬂﬁlé'ﬁﬂ qef W?@,Sﬁgﬁﬁg}]ﬁr@ﬁ%e oxyprogine

uor oet hane;

2 d f | U

and 1- erﬁgﬂQJ'dn @l’r\%ﬂ hb?(@)rteiraﬂmom-ﬂ T(trffiugmra@mnpropane

mpg%zmtﬁg dnd 1ig2z aﬁmbaéém@m P11E2 boyertaiaieethane;
t'r4

AeHonhare iR aesy bl 3 22 ReFtaluprRRIgRane:
, 1,1, 2iR0CH; ém@I’IOﬁﬂﬁaﬂw,aﬂ@éi‘?ﬁ%ﬁlu@methoxy)propane

G el asg 1 S Bl 2 Run G B g
- met I'@QF)QO:CH;ﬂ.aIZd - (Qeﬁ péfifluaroeticxand; 1, 22FetafiBomsthane;
-di f'é“ﬁ@%ﬁil 8@@(121 g-tﬁﬂufckra Pr’?étﬁ&%fua_gc“wm and

1
2
1
1
2-me I uoroe ane; OCH3 and
2
1
1,
tr

- met Heifluoromethoxy)ethaner oet hane: C4F9OCH3 and
» 1- d%i? aﬁ@t1hp¥)293 Bﬂ’f@eaﬂ%ﬁﬁ%@th@&?pmpane

2-
T R Ry A L 6 1
, 2, 2, LIROGH a@d d)ﬁ?%erheﬁéﬂa@@ﬂ ragthoxypropane;

g;%ggg%g)ggrf e nRroeo DIF 1 2 2 4SARIPB&REe;
1, 1 Z;Ege)m-é@(amd Ge(ddmoo@aamox@kngtﬁ}%teamﬂuoropmpane

1,1, 1, FQOCH3
and 1. @F:Z?o?ﬁ%?ﬁ&?a{qgftﬂ@ qh.% qx?/gﬁe o%ane
c4|=90(§c18=99f€a43lam121 22 pehBEtRExPrmet Oxypr0pane

] d f %I-Q;?%htﬂl?tétﬁbﬁﬂﬂ 1 @@%@@F@ﬁﬁﬂﬁbne _
( i J)Lf:og Cﬂ% ar?c)i(% eﬂ110xy-1 1,5,22te%a?lu8roe I‘Oéj’l‘ opane,
C4F9OCH3 and 1-(trifluoromethoxy)propane;
C4F9gOCH3 and 1,1,1-trifluoro-2-ethoxyethane;
C4FgOCH3 and 1,1,1-trifluoro-3-methoxypropane;
C4F¢OCH3 and.1,1,1-trifluoro-2-methoxypropane;
C4F9OCH3 and 1-ethoxy-1,2,2-trifluoroethane;
C4F9OCH3 and 1,1,1,2,2,3,3-heptafluoro-3-(1,2,2,2-
tetrafluoroethoxy)propane;
C4F9OCHj3 and 1,1,1,2,3,3-hexafluoro-3-
(pentafluoroethoxy)propane;
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1,1,1, 3,3, 3-hexafl uoro-2-(fl uoronet hoxy) propan q;
CAF90CH3 and 1-(2,2,2-trifluoroethoxy)-1
, 1, 222C1F%Ucaﬂ$ dad eesthare-1, 104298818 hepidfluoropropane; )
-tr
mpgo&af S Sad oA, £1 43 L hUATBI s hane:
gllzg OGBig=H4 and 2; ahexw hiet 5,3, GehexafluntapioRgpe;opane;
CLESE B ol 1 P oal o R orne
.1, 2, LiReQGily aad @e@ﬂ?ﬁ?ﬁ%‘ G4 ugrapropane;
3- (dI fe Bﬁd aﬂgﬁ 28 ?ét?afmatdeaﬁbmpmva@@ane

CAF9 nd
1, 1- t@ﬁq%lg'l@g&g if U@ﬁwc@fwogm@ethyl oxetane; or
1,1,1 24990@% aﬁﬁlmFQOG:ﬂzﬁgt hoxypr opane; CAF9OCH3 and

2ot ol s 58 RN o SEBRE dlkin
moﬁpsmga@mhﬁugalmo)ppmpane prafergfyCa3warstage centnfugal
C‘%"‘ére@%bt d‘bg)a?atéset hoxyet hane; C4FgOCH3 and

met hoxypr opane; CAF9OCH3 and
1, 1, 1- t ri Thespmmsifionssyiyjhe sfraest invendommayhe used in

1st§f|8ﬁ’é<r¥/ éf-@é’n&tléﬁlh@' h’é’étQﬁIrﬁ@g‘éf w@ﬁﬁ@%rﬂftﬁbmng and

1 ] - 3-
iatiggrelioh é&%tﬁaas-{;)g IBRAR: Sehpyiipdng and heat pump
(1334 litaBlofs ﬁwgngi@‘fvind@m&ctlémrdu&tédmua@ka@@d(;érpﬂnmadeillers
OCH3 _and, 2- et hox
sang soaadtaia dnBliRbYidskegpd seotton sBefigsraiien applications
Sineludexdoniestic, dr, iyrae 3eligecatoss andfroprensaries memhyesHselt-
e D) ot ey SR BRSO o
Sredigryriion syatems2- t et r af | uor opr opane; C4F9OCH3 and

2-(1 , 1, 27Ra (i sﬁlb?fsQﬁttﬁQ’bYééHrﬁMtlo%&%ﬁltléﬁﬁl be
23d|fluoro (tHEIuoromeq%éJ t ane;: ﬁgla
a‘#ﬁPCbJDF@b@Q'P@' ioniRgs Be g, 809 &l iger 'eﬂp%ﬁm% tgmploy fin

aéﬁ@tm hedt exchahgese m:ao@hanhémm egeh@mgﬁrs iahdoartical or

f bl f |
Bt Ginglf naiss ke brAlt e SEBhBueRe or esent
i nventi onCmayelhimnatauicmmhanaehh:&aiwchamgeremday hohbhaigleal
?Ehé’lﬂ\‘/@?re%rsuf@ fi |§r5|%'ngc(5%%ftlbﬂg'o?ﬂw@@%gent invention. The

rigerations onary air c tioning and
hlgm opRrating pressure and density result i |n 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, the following compositions of the present invention are suitable
for use in refrigeration or air conditioning apparatus employing a single
slab/single pass heat exchanger:

C4FgOCHj3 and 1-difluoromethoxy-1,1,2,2-tetrafluoroethane;
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appl i cations include wi ndow, ductless, ducted,
packaged termnal, chillers and comercial, including

wpamkaes®m r oof t op. Refrigeration applications PODUSINES/001508

donmestic or hone refrigerators and freezers, ice
machi nes, selfcontained coolers and freezers, wal k-in

cool e@F@O@Hsraaﬂzzfdmm@hntetm@mnm pabirafyrabihane;

Sl ¢ kPR caamb etk B SRR o ME b " ana”
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conposl resent 1 nvent]o
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gr ran ?t’q-nlfa ﬁig%g@%?h{)aﬁmpg@e pref e?r ed heat

exchargdrOGHs amda111edlflpf)@138ﬂﬁ@thpéﬁ’¢ﬁhgéi3ant s of the

preseng F'rgb‘tﬁll“ éﬁ’di‘ 1 '131 2 ﬁgeaiﬁlu&@bl@' gl €4IP§I§§HQ et

exchan t wo- st age or ot her
mul ti - staget“ﬂ'éfhﬂoﬁm%iﬁth@@@mressor appar atus, the

foll OV&DMO@@Q% Hi1uo 9%(1 he @J‘t@ﬁi@ﬂﬁorbmm@m on are

ppar e Ol 698 ;gdgram,gp@a B8 G ot & R URltpoBBhe:
ex ch ar@‘ﬁ:f‘gOGHfa@ZBZ{dﬁMrdmétﬁdxw}ﬂ mﬂaﬂ&ﬁwdxaﬂuoropropane
2 d| flz%‘l‘ﬁregy §‘§/qe1t mﬁsﬁﬁgﬁgﬁjuoro&w %p“’BEEe

and 1- Qlﬁgﬂmdj‘ ang( tﬂoaﬁ}teiraﬂmpw-ﬂ«trﬁluommemmmropane
MFQ% @ﬂ%";ﬁ-algfd }. (% 2Rk thH)%F)QT .22 bhvamatifisroethane;

CAF9 U
o 2. tcaﬁgmwmawhér(@hf%i&%@ﬂmyﬁﬂen 3,2, 2-PePtORIgPaNe;

1, 1, ZC%I%U@IIAZHRG qef Q%iraﬁé!?ﬂp@'(ﬁlf@@ﬁomethoxy )propane;

A L e s N

- met hOxBsCICHA add 4~ (Qa pafiflumroetidxyird; 1 E&melfleom&ﬂhane

ot Hty e S T RO o ana

- met r(moromethgxyoethaner oet hane; C4F90CH3 and
; 1 di gl aﬁ?tlhp’fyzeﬁ Z%a;l%%i@%@ﬂ%&gpropane

}, £l L@;Iﬁgf@dxﬁugﬂhbﬂ,@ 3,3-hexafluoro-2-methoxypropane;
C4F9OCHj3 and 1,1,2,2,3,3-hexafluoro-3-methoxypropane;
C4F9OCHS3 and 1-(1,1-difluoroethoxy)-1,1,2,2-tetrafluoroethane;
C4F¢OCHj3; and 3-(difluoromethoxy)-1,1,2,2-tetrafluoropropane;
C4FsOCHj3 and 2-(difluoromethoxy)-1,1,1-trifluoropropane;
C4F¢OCH3 and 1,1,1,2,2-pentafluoro-3-methoxypropane;
C4F9OCHjs and 2-ethoxy-1,1,1,2-tetrafluoroethane;

C4F9gOCH3 and 1-ethoxy-1,1,2,2-tetrafluoroethane;
C4FgOCH3 and 1-(trifluoromethoxy)propane;
C4FgOCHS3 and 1,1,1-trifluoro-2-ethoxyethane;

TRPRPNNRRPNPT
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1,
1,
1,
1-

: C4

CAFOCCH3 and 1,1'-oxybis(1 ,2,2,2-tetrafl uoro)ethane;
CAF90CH3 and 2-(di fl uor onmet hoxy) -

wa 25068378, 3- hexaf | uor opr opane; CAFOOCH3 and PCT/US2005/001508

3-(difluoromethoxy)-1 ,1,1, 2,2, 3-hexafl uoropropane;
CAF90CH3 and

1,1,13, gca@r@ 4Pt af1-HAera 3mbiHOKy propemes; CAFOOCHS
and 1,

CAF9 99&{331;3 ﬂ(d; ! uo r&\“@&é‘ééﬁﬁh}l@r ol%e‘}aﬁ,%xw propane;
1, 2, ZhEg@@%@‘ﬁdeie@ﬁﬂyaﬂe 2-ifflcoesiRaned

3 (dif ogﬁgg Y L22ls B e Raf ot H191Lpr opane;
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L o 11 SR e ioca s ond

1 G FoOQlrravet Bretiydxyr 1,112, 2-t2traﬁltl®r@PrQRaf‘@et hane;

F9
?‘%8§M13i?aul{éf% lrll"gé Q%{r%r&ﬁ%oxg opane;
2- (d| GaFoPEirtansk-difuarord-(rifiuprinethybexstane @roocrs

gﬂg %@A&F @}%é}ﬁj’]@ J@@H}S3 met hoxypr opane; CAF90OCH3
e

fl th F9 d
2 hosy TS adbasitiafs o Mo BeeRRYe i ol PR e
lxs(afulllrﬁ bh‘@ll@ﬂﬂl’@w&ﬁnfu@mnemﬂémhmhdzan be used in auto

£t Gingphy i o RhO R B oS ¥kt e gppiications.

T Hese-high bﬁmmyﬂnmmtb&gmtafm&b COMPFEIORS maydoe driven by
%nlélg%kﬁi\]l%toga gtc{ n lé%f@%'ﬁ\?%ﬁe&%& Wnﬁ@ﬁtly of the
tenging smﬁdgei\h:@jay @pmmessgeﬂs@@@g@"gn@ the system to provide
g Pelém%lfcﬁwéﬁmddﬁﬁgQ:a%ac{ty)aﬂémﬁhgm@csqiel@asymﬁsaﬁmmes

.ah qpporyinity gQ%%@P@PP%é‘F‘BBQV&EA?@S egpgeiall at Righer engine
%p%bhgm cbmparéd 2o 2, éhrivehéiphall RUd4aipmoblie GitFDGiONINg

Btetny R kit ppRro o VS RAET S B AL

Irvirpsedds, it t@keh inde pacourd therahsantageatipesritow pressure
éyégem#gc&ng E/tr égl?é@?t hoxy) pr opane; C4F90CH3 and
[

uor o- uor onet hyl ) oxet ane; or
Some of the low pressure refngerant fluids of the present

"~ invention may be suitable as drop-in replacements for CFC-113 in existing

centrifugal equipment.

The present invention relates to a process for producing
refrigeration comprising evaporating the compositions of the present
invention in the vicinity of a body to be cooled, 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
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CAFOCCH3 and CAF90OC2H5. The conpositions of the
present invention are particularly useful in small

wa evobioess7ecent ri fugal conpressors, which can beP@FES2005001508
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auto and wi ndow air conditioning or heat punp as well
as other applications. These high efficiency mniature
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these | ovpsapamsier flias end uﬂmrﬁw@r gﬂi@@i@rfrerrﬁﬂ)@
efri er an t he ent

I d
Thertior AN apage logricibiabise ar bogy th 3afiprel SoRbE pdation.
@Hfedt okdody tgb(ﬂa@iatm contluctfangar cenpegtivantA h&hktransfer

5 o WP SR AP O S b

dor cminr;gr @sdaeatmg)/fmmu arematet neﬁlgﬂratlm for hﬁatlagbamtetrb In
h&y k& Qyﬁgmsaﬂ%rﬁgﬂ A 4i8F 1158 r!ﬁ%? ?érﬁﬁ S‘1ﬁ'r=\0|constant state

conpos I ons resent_ invention urt er relates to

Eth%VanGBQ@%SKb%E nebARAAePT Bhg the

Wf@ﬁéﬂ\?él? rlé‘va%réth)% SEAPGProt 8RRt rhan utintd Reat teamsféyfluids
ody"to be heated, and thereafter evaporating
€¢onpositions. The present invention further

relates tA h@apeoamméwbetddmﬂe?(s arfy syeade, locatioa, dejett or

SR afemniieh s dRelrul AR PR F I e .G
dExareples fof heht sourceamsdyebe spapes fapent @raemlmed)rrngnag
C@ﬁg{é?étﬁdr%?%&ﬁl nghguEﬁ %Eg@frldte?é(ﬁpgﬁ ﬁ‘@ﬁér"%ﬁs%gpg%t
(RUPermagkat obuilding sRACESTRANISID AiE RERWILIARIRE, PF e RArsenger
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3%%1%«%8 Sy Rbase IPgRlaL otishich bhdY cPBRRE GrARriRG
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transfer process (i.e., rate or condense).
Al ternatively, evaporat iwg processes may
utilize heat transfer fluids

EXAMPLE 1

30



as well. A heat source may be defined as any space,
| ocati on, object or body fromwhich it is desirable to
w0 e@ns68sr9 nove or renove heat. Exanpl es of heBET/US2005/001508
sources may be spaces (open or enclosed) requiring
refrigeration or cooling, such as refrigerator or
freezer cases in a |pyRetGRVERLr LBBkagHE Ny spaces
requiring air conditronrng, or the passenger
conpartment of an autonobile requiring air

condi ti oni eré’séi@bh@r’ge& vmﬁyalbmm@lfdonmnbaﬁoraayaspamﬁed

e, PeCRG Ml o APRIE < o RS RERK AN I ) ©
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%Me tfﬁﬁﬁérhéiﬁldgﬁnfihé Q¥8skIti® Meiaréd Omhehesviesar) |

tenperature is held constant, until 50
INYRErizRg B’b-ﬁ?u@f‘{ P@leV: ni ti al conposi tion is renoved,
at which tinme the vapor prABLE4 of the conposition
remaining in the vessel is msasured The results are

sunmari zed in Table 4 beIo TA te %After
50% Conpounds In|t|a I.niti P 0/A/
wiGambeunds  plnitia a'P% /H 5eaE£§6

Q%A %8 7 Bguo itPa 35 14Psi@ 101. 35KRa0% 20/
14. 45 99.63 14.35 98.94 0. 7% 10/ 90 14.12 97.35 13.98
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12. 43/, 63 1 74158 %gg 1%1%% 10. 945754 43 1@7&,@

74.6 0% 10 3 73. 89 0% o
CAF9 / HFGZ 1( 43 4 4/ 9 3,4 710 .42

14. 7491 42 q

93.70 13 59 9370 0.0%

60/40 14.45 9963  14.30 98.60 1.0%
80/20 1346 92.80  12.87 88.74  4.4%
90/10 1242 8563  11.79 8129  5.1%
99/1 10.94 7543  10.83 74.67 1.0%
100/0 10.73 7398  10.73 7398  0.0%

C4FgOCH3/HFOC-245ebEpy (43.0 °C)
441956 1471 10142  14.71 10142  0.0%
1/99 14.70 101.35  14.70 10135  0.0%
0/100 14.70 101.35  14.70 10135  0.0%
20/80 1450 100.60  14.56 10039  0.2%
40/60 14.13 9742  13.88 95.70 1.8%
60/40 13.22 9115 1248 86.05  5.6%
75/25 12.06 83.15  10.87 7495  9.9%
100/0 8.16  56.26 8.16 5626  0.0%
C4FsOCHs/HFOC-254faE (52.4 °C)

46.2/53.8  14.68 10122  14.68 10122  0.0%
20/80 14.30 98.60  14.14 97.49 1.1%
10/90 13.92 9598  13.72 94.60 1.4%
1/99 13.40 9239  13.36 92.11 0.3%
0/100 13.33  91.91 13.33 91.91 0.0%
60/40 1456 100.39  14.50 99.97  0.4%
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1/99 14.70 101.35 14.70 101.35 0.0% 0/ 100 14.70 101. 35
14.70 101.35 0.0% 20/ 80 14.59 100.60 14.56 100.39 0.2%
WaQJ08068549 13 97. 42 13.88 95.70 1.8% 60/ 40 13. 20CHUSWH5/001508
12.48 86.05 5.6% 75/25 12.06 83.15 10.87 74.95 9. 9%
100/ 0 8.16 56.26 8.16 56.26 0. 0% CAF9OCH3/ HFOC- 254f aE
(52. 80030 46. 2/15378B 1946B 101. P2.394. 68 194.322 0. 8%
20/ 8®Q11D 30 9812687 14 8BA/D7. 4912.44% 10/ 985.73. 92 $63%S
13. 729@/4 60 1.409674/ 999147 40 92139 13. 3679221 1 @.B%

0/ 100gby 33 9141948 13.783@1. 911.38% 60/ 498 148. 56 1N0%39
14 50 99 97 0. 4980/ 20 13. 77 94 94 13.39 92.32 2.8%

4 3% 99/ 1 11 57 79. 77
(Sé‘ﬁf’% é‘ﬁ 78,46 11. 3
bE 51, 9&% 63. 2/
101 2@/6‘1 68 40/6 35 98 14 19 % 84

1. 19%2808&0 13 480 1. 80848000 13

91. 5610190 12 90134381 @%aa 99 112382 88. 749Q2r685 gdl.8v
0. 2% 0/9800 12.1828B8. 38.14. 82 $3.859 0. 09886020 140.3%
09. 19/1d0 16 97156821. 3B.3®/ 10 13.823 93. 988.89. 94 O
5. 1%g1923 11. 64.88. 0%9lf5 32 784Q% 2. 5% 9PBBRO 11.115%
77. 190} 19 7713L630. @ §RFIOCCHB/OHFCC- 278608 by (F6y2

20 2R 1 .71 2 0.0 80 s

100, Lg)“ 45 9%1 gg % 0/ 904 2‘310 98. %/%%%/ (8§3°g4
. 8% 13.9 395 9 0. 1% 0/100 13.

0604 1393 9. 04 0. 0% 501 48)14 47 99.77 14.29 98.53

1025}9@6Hz/dr|ﬁ@.032372595&5(41629§ 86.60 6.1%
39.4/60.6 14.71 10142  0.0%
20/80 14 53 100.18 14.45 " 99.63 0.6%
10/90 1430 98.60 14.19 97.84 0.8%
1/99 13.97 96.32 13.95 96.18 0.1%
0/100 13.93  96.04 13.93 96.04 0.0%
60/40 1447  99.77 14.29 08.53 1.2%
80/20 13.38  92.25 12.56 86.60 6.1%
90/10 12.04  83.01 10.98 75.70 8.8%
99/1 9.75 67.22 - 9.52 65.64 2.4%
100/0 0.39  64.74 9.39 64.74 0.0%
C4FsOCH3/HFOC-347mcfEys (50 °C)

0/100 16.90 11652  16.90 116.52  0.0%
1/99 16.85 116.18 16.85 116.18  0.0%
10/90 16.40 113.07 16.26 112.11 0.9%
20/80 15.87  109.42 15.61 107.63  1.6%
40/60 14.73  101.56 14.27 98.39 3.1%
60/40 1347 92.87 1292  89.08 4.1%
80/20 12.05 83.08 = 11.63 80.19 3.5%
90/10 11.29  77.84 11.03 76.05 2.3%

- 99/1 10.56  72.81 10.53 72.60 0.3%
100/0 1047  72.19 10.47 72.19 0.0%

C4FsOCH3/HFOC-356mecE2apys (57.7 °C)

35.4/64.6 1470 101.35  14.70 101.35  0.0%
20/80 14.65 101.01 14.65 101.01 0.0%
10/90 1457 10046  14.57 10046  0.0%
1/99 14.46  99.70 14.46 99.70 0.0%
0/100 14.45 99.63 14.45 99.63 0.0%
60/40 1457 10046  14.55 100.32  0.1%
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90/ 10 12.04 83.01 10.98 75.70 8.8%99/1 9. 75 67.22

9.52 65.64 2.4% 100/0 9.39 64.74 9.39 64.74 0.0%
WEARSOGEIY HFOC- 347ncf E gd (50 0C) 0/ 100 16. 90 BABUSD05/001508

16.90 116.52 0.0% 1/99 16. 85 116 18 16.85 116. 18 0. 0%

10/ 90 16.40 113.07 16,26 112.11 0. 9% 2%8@1515. 8§ .

109. 29/205 61 142%3 984% 40/ d¢-19. 73 13786 14, 98%

08. 390401% 60/13®713. 9§.382. 87 182092 89. ¥F- W 19 86/3%

12. 09%B. 08 113685 8094983. 5%1808530 11. 24.7¥. 84 011%3

76. 0%0@/03% 99A3.610. 56303. 81 HB.G3 72. 6M3OB% 100/WYe

10. 47 72.19 10.47 72.19 0. 0% CAF9OCH3/ HFOC- 356nmecE2

0 101.35 14.70 101. 35
‘8%0%3? ﬁF%) 3"[%/ 8?51%4%;21% 01 0.g3%-40/ 90 5,57
100 eI, 57 g 1/ 99514, 46 99. 4. 46 B 70
?% 45 3 0. 04 g4o 18-
100. A8/ 4551 0/2d 1@ 23 98. 141 . 84

0. 0% B?900 14,

0. 39298010 13. 675596 86.583. 93 1294 0. 3 1 13966
94. 180/89. 65 9421228 084%7100/d21%462 03.81393. 6200%b91
0. 0YB QK0 OCH3NHIFRSC- 386:9%4cE gd 1(BD 0C) 1289 12. PB%
87. 780/®. 73 8711730 0. BW:QU/ 99 112 22 87. 7007112272 80.9%
0. O%)@)[)V(BO 12169B7. 28.362. 65 187852 0. 0%481 80 1D.P5%
86 53gk2. 54 864D 0. 50540/ 60 {12528 84. G.48. 24 $H B9

. 3 69/040 11488481 93 1bL. 79 4729 0. 8%BPH20 1D.Bf
77 01777 20 77757 0. 9% 30/ 10 10,03 75. 36 10.85 74 81

R R o sy sy

1/99 1452 10011 1452 = 10011  0.0%
10/90 1426 9832  14.20 97.91 0.4%
20/80 13.95 06.18  13.84 95.42 0.8%
40/60 1326 9143  13.06 90.05 1.5%
60/40 12.46  85.91 12.23 84.32 1.8%
80/20 1155 79.63  11.36 78.32 1.6%
90/10 11.03 7605  10.91 75.22 1.1%
99/1 10.53 7260  10.52 7253 0.1%
100/0 1047 7219 1047 72.19 0.0%
C4FOCH/HFOC-365mcEys (50 °C)
0/100 1550 106.87  15.50 106.87  0.0%
1/99° 1547 106.66 = 15.46 106,59  0.1%
10/90 1520 104.80  15.13 104.32  0.5%
20/80 14.87 10253  14.74 101.63  0.9%
40/60 1411 9729  13.85 95.49 1.8%
60/40 1317 90.80  12.82 88.39  2.7%
80/20 11.99 8267  11.67 8046  2.7%
90/10 1128 77.77  11.07 7633 1.9%
99/1 10.56  72.81 10.53 72.60 0.3%
100/0 1047 7219 1047 72.19 0.0%
C4FOCHy/HFOC-374mefEBy (57.9 °C)
18.9/81.1  14.70 101.35  14.70 101.35  0.0%
10/90 1469 10128  14.69 10128  0.0%
1/99 1465 101.01  14.65 101.01  0.0%
0/100 1465 101.01  14.65 101.01  0.0%
40/60 1464 100.94  14.63 100.87  0.1%
60/40 1446 9970  14.44 99.56 0.1%
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0/ 100 14.55 100.32 14.55 100.32 0.0% 1/99 14.52 100. 11
14.52 100.1 1 0.0% 10/ 90 14.26 98.32 14.20 97.91 0. 4%
WQ008068522 95 96. 18 13.84 95.42 0. 8% 40/ 60 13. 2BCHDUSHBS/001508

13.06 90.05 1.5% 60/40 12.46 85.91 12.23 84. 32 1. 8%
80/20 11.55 79.63 11,36 78.32 1,.6% 90/ 1 ésl 7625
10. 980/26 22 114959/ 9768 53 749 10. 52 53 005}
100/ 060/0. 47 743195 1096871872, 19 399% 96.04 0.1%
CAF9@QUHB/ HFOCA36BITE943 50 06.79/ 100 193.6D 106 081%%
15. 5900,/06. 87 Q30ph 1/ 99.585. 47 1N0B1 66 15.9¥55306. 59.Wh1%
10/ 90 15.20 104.80 15.13 104.32 0.5% 20/ 80 14.87

i g@g oo Mot 508
1

. 07
10 0 100477

8 77.
53 7 0. 30/
72 191/9% 47 7241 o q% FOC- 3? f?’E bg O¢ 7. 9l
16031 . 1144600 1¥h685 14 101. 6805 10/

14 690/.6@1 28 14.5D 1100.68 0. ob4.28 99 141@@ 5}301 09 hép 65
101. 60/4D. 0% OM#®RL 149853101, 0¥.24. 65 1(P8.82 0. 036/ 60
14. 680/200. 94 18.7B3 108.8F 0. 113.68/ 40 1H048299. 70.7%. 44
99. 56000L%80/ 2694+ 151TB 56 1B8.22 97. 3N42% 90015%

13. 95996 18 132081 9658%59). 10963 13. 74684673 1.7
24 Slafiot e 10G207d 3. gh £, 53 871 94 HB.9p0% 0.0%

CAF9 | HFOC- 374pcE bg (55.8 0C) 19.9/80.1 14.67 101
(1: H % % 14.65 101 .01 14.65 101.01
COY G i o o i

01.63  14.74 10163  0.0%
10/90 14.66 101.08 14.65 101.01  0.1%
20/80 1454 10025  14.51 100.04  0.2%

40/60 1415 9756  14.03 96.73 0.8%
60/40 1349  93.01 13.23 91.22 1.9%
80/20 12.38 85.36  12.03 82.94 2.8%
90/10 1156 79.70  11.28 77.77 2.4%
99/1 10.60 73.08  10.55 72.74 0.5%
100/0 1047 7219 1047 72.19 0.0%

C4FgOCH/HFOC-383mEys (54.7 °C)

221/77.9 1469 10128  14.69 10128  0.0%
10/90 14.66 101.08  14.66 101.08  0.0%
1/99 14.61 100.73  14.61 100.73  0.0%
0/100 146 100.66  14.6 100.66  0.0%
- 40/60 14.62 100.80  14.61 10073  0.1%
60/40 14.34 98.87  14.27 98.39 0.5%
80/20 13.68 9432  13.54 93.36 1.0%
90/10 13.12  90.46  12.99 89.56 1.0%
99/1 -~ 1241 8556  12.39 8543  0.2%
100/0 12.31 84.87  12.31 84.87 0.0%

C4FsOCHa/HFOC-467mmyEpy (50 °C)
0/100 1741 11797 17.11 117.97  0.0%
1/99 17.06 117.63  17.04 11749  0.1%
10/90 16.57 11425  16.42 11321  0.9%
20/80 16.01 11039  15.73 10846  1.7%
40/60 14.82 10218  14.33 98.80 3.3%
60/40 13.52 9322  12.94 89.22 4.3%
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40/ 60 14.59 100.60 14.58 100.53 0.1% 60/ 40 14.32 98.73
14.27 98.39 0.3% 80/20 13.77 94.94 13.68 94.32 0. 7%
WO0068532 34 91. 98 13.27 91.49 0.5% 99/ 1 12. 84PEBUSB05/001508

12.83 88.46 0.1% 100/0 12.78 88.12 12.78 88.12 0.0%
CAF9OCH3/ HFOC- 383nE &3 §50 0C) 0/100 14.75 101 ,7Q

14. 780/201. 70 0205 1/ 88294 74 11683 . 63 1480710 101. 83%. 0%
10/ 990/10. 66 101.318 147.63 101.10102). 1% 20/56%8 14. 52.5%

100. Z®/14. 51 10GE4 P2.3% 40/ 60.331. 15 972560 14. 08.39%6. 73

0. 8% 6040 1316%793. P2.103. 23 191422 1. 9%28(8 20 10.038

85.36 12.03 82.94 2. 8% 90/10 11.56 79.70 11.28 77.77

%j:/?%—@]/u% %EEZ g@@%m 0. 5% 100/ gdlc()éj;] c
089 (

22. 1P74P% 14. 14. 69 0/ 90536%66

101 108914, 66 % 1/ 9 .
100. 19/99. 0% 0/ 1D6 1494 oo 66l . 0% %ﬁo
14. 620/660. 80 18.42 1@%5?33 0. 13-3b/ 40 1419898 89-5%. 27
98. 380B05% 80/12081.3. 88.324. 32 123664 93. $7.329 0% 90/2%
13. 180810 46 1220 8983561. 0%10094 12. 41888256 14.5%
85. 43021 % 100M(B5L2. 38.284. 87 12.231 84. §7.220% 1.3%
CAFgEEHY HFOC-14653my E5a@ (50 @34 0/ 100 74774 1 1078%B7

17,1 &;791 10.426 86511, 05061. 03 172Mo 117, 4% 1%
113.3ja9. 9% 2 16. 0 Qo
170,99 %)8'2&6 1295 207 6040 85 10708 14 20%
9 39,6014 : 2 12,64 59,23 4. 3%G01 20
é '%;983%:«\ g‘;ﬁléi‘@é %.‘%ﬁ. % QY10 11.30, 17.91 {102
1/99 7.00 4826 6.98 4813  0.3%
10/90 7.37  50.81 7.20 4964  2.3%
20/80 7.75 5343 7.48 5157  3.5%
40/60 847 5840  8.15 56.19  3.8%
60/40 9.14  63.02 8.91 6143  2.5%
80/20 9.80 67.57 9.69 66.81 1.1%
90/10 1014 69.91 1008 6950  0.6%
99/1 1044 7198 1043 7191 0.1%
100/0 1047 7219 - 1047 7219 0.0%
C4FoOCHy/HFOC-C345mzeEaf (58.6 °C) |
30.5/60.5 1470 101.35  14.70 10135  0.0%
20/80 14.65 101.01  14.65 101.01°  0.0%
10/90 1459 100.60  14.59 100.60  0.0%
1/99 1452 10011  14.52 10011 0.0%
0/100 1451 100.04 1451 100.04  0.0%
60/40 14.64 10094  14.63 100.87  0.1%
80/20 14.43 9949  14.42 9942  0.1%
90/10 1426 9832  14.25 9825  0.1%
99/1 14.06 96.94  14.06 96.94  0.0%
100/0 14.03 9673  14.03 96.73  0.0%
C4FgOCHa/ C4Fo0C;Hs (50 °C)
0/100 598  41.23 5.98 4123  0.0%
1/99 6.04 4164  6.01 4144  0.5%
10/90 6.51 44.89  6.30 4344  3.2%
20/80 701 4833  6.67 4599  4.9%
40/60 7.95 54.81 7.50 51.71  5.7%
50/50 840 57.92 7.96 54.88  5.2%
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99/1 10.56 72.81 10.53 72.60 0.3% 100/0 10.47 72.19
10.47 72.19 0. 0% CAF90CH3/ HFOC- 467ntcE gd (50 0C)

W@2M8068529 97 96. 32 13. 97 96. 32 0. 0% 1/99 13. 94POLGUS2085/001508

10

15

20

25

30

13.94 96.1 1 0.0% 10/ 90 13.7 94.46 13.66 94.18 0.3%
20/ 80 13.42 92.53 13.34 91.98 0.6% 40/ 60 81 84:’@2
12. 66049. 29 1.88360/ 40.882. 12 84456 11.

80/ 280/20. 35 789.868 1166.677. 22 9.44% 90/ 1@51@9 93 7@4%
10. 880/10. 74 0418709/ 8943. 52 79.953 10. 568760 46 0112%
100/ ®al1P. 47 730143 1074D172. 19142 % 71.84 0.1%

CAFIQGhiey HFOC1HUPCE7Dg o 50 09 4P/ 100 G099 47. 99.08695
47.92 0.0% 1/99 7.00 48.26 6.98 48.13 0.3% 10/90 7. 37

50.81 7.20 49.64 2.3% 20/.80 75 53. 43 .57 3. 5%
ADhesesulta show the diffarense. 'ﬁyaBO%%eééw@ob@Wﬁngée@ﬂgw 1
Q?)orfliﬁosgtéeﬁg?ﬁgltl?@ c8r sﬁlﬁnﬁé&i’égg}al@fﬁgB 22 llsééllghﬂ@értént has
SenreaRIB AP BTADoR DPgent o) somgbRtighs o1 the’
GAESEXTHRY &{AP:, CBHIS imdiEates(ceBnpdsitii)s Gfdhs/peesantiaverdion
%%% ofplartpptull e off ot Bpial fhg gete
1311CW\ECQIWIOQ$I’[IQHS_¢£ g peEsent invention d),ay_@@nlmtlgthmm mgssmire
fhofgr thiah 86 ydrEpasile dEelorle Mmoot e 0. 30

14.25 98.25 0.1%99/1 14.06 96.94 14.06 96.94 0.0%
100/0 14.03 96. 73 14. 03 EXAMPIE 2% CAFOOCH3/ CAF9OC2H5

(50 0Q) " Tip Speed to Develop Pressure

Tip speed can be estimated by making some fundamental
relationships for refrigeration equipment that use centrifugal compressors.
The torque an impeller ideally imparts to a gas is defined as

T =m*(v2*r2-v1*r1) Equation 1

where

T = torque, N*m

m = mass rate of flow, kg/s

vo = tangential velocity of refrigerant leaving impeller, m/s

ro = radius of exit impeller, m

v1 = tangential velocity of refrigerant entering impeller (tip
speed), m/s

rq = radius of inlet of impeller, m

Assuming the refrigerant enters the impeller in an essentially
radial direction, the tangential component of the velocity v1 = 0, therefore

T =m*vo*ro Equation 2

The powe} required at the shaft is the product of the torque and

the rotative speed
P=T'w Equation 3
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15

20
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0/100 5.98 4 1.23 5.98 4 1.23 0.0% 1/99 6.04 4 1.64
6.01 4 1.44 0.5% 10/90 6.51 44.89 6.30 43.44 3.2%

WQQU080685701 48. 33 6.67 45.99 4.9% 40/ 60 7. 95 SECBUS2005W01508

51.71 5.7%50/50 8.40 57.92 7.96 54.88 5.2%0/40 8.83
60. 88 8.44 58.19 4.4% 80/ 20 9.67 66.67 9.44 65.09 2.4%
%8&%% 10.07 69.43 9.95 68.60 1.2%99/1 10.43 71.91
71.84 0.1% 100/0 10.47 72.19 10.47 72.19 0.0%
The resul P BOWH, YMe difference in vapor pressure
betvveen t e AithBld et @S tion and the conposition
E nlng after 50 wei ght percent has been renoved is
It fo¥en about 10 percent for conpositions of the
present inventiof= T s mhgi'cdtes conpasiationds of the
present invention are azeotropic or azeotrope-like.
Where an azeotrope is present, the data show
conposi ti Ahbworefﬁg,«m-aptg@re ratesnthentip speedobthendmnsiler and
NAREA etifre
LSRR RSCRI R el S SRS e DA
Pressure Tip speed can be estimted by neking sone
fundanental rel @nsth ps for refri geEuatondqui pnent
that use centriflugal conpressors. The torque an
[ Iler ideally inparts to a gas is defined as T =
mt(v2*r2-v -i*r Pi=m*Efuation 1 wher eEfuationque, N'm
m = mass rate of flow, kg/s V2 = tangential velocity
of refrigerant leaving inpeller, ms r2 = radius of
eX| t i npel | Another expressioarfgeiseahpower isctheypreduct of the
t msr =
(e ST SRR Bl Sork dreoRitesdion:
refrigerant enters the inpeller in an essentially

radi al directi onp ﬂMeHth{mmkaa)l conpquativn of the

vebércity vl = 0, therefore mtV2*r2 Equation 2 The
pBUR™® required at the shaft is the product of the

t or que anH; tidiffenatiiv enthadeyof the refrigerant from a saturated
vapor at the evaporating conditions to saturated condensing conditions,
kJ/kg.

Combining the two expressions Equation 6 and 7
produces,
vo*vo = 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.

Table 6 below shows theoretical tip speeds that are calculated
for 1,2,2-trichlorotrifluoroethane (CFC-113) and compositions of the
present invention. The conditions assumed for this comparison are:

Evaporator temperature 40.0°F (4.4°C)
Condenser temperature 110.0°F (43.3°C)
Liquid subcool temperature 10.0°F (5.5°C)
Return gas temperature 75.0°F (23.8°C)
Compressor efficiency is 70%
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P = T*w Equation 3where P = power, Ww = rotative
speed, rez/s therefore, P = T*w = nFV2*r2*w Equation 4

wakeoobowssref ri gerant flow rates, the tip speed PET/UR®05/001508

10

i npeller and the tangential velocity of the
refrigerant are nearly identical; therefore T2*w= V2
Equation 5 and P = nfV2*V2 Equation 6 Anot her
expression for ideal power is. the oduct of .the SS
Ehisaare eloLs T e daser which Seiogine septeebn: e
—cdmptesedrspEMdkd) Equation 7 where H = Difference in
enthal py of the refrigerant froma saturated vapor at
t he evaporating conditions to saturated condensi ng

condi tions, kJ/kg. Conbi nTABLEEG two expressions
Equation 6 and 7 produces, V2*V2 = 1000H j Equation 8

L+ bats +
tHO

T TR
?;S Wsﬁg‘%’:rmg ‘Q and r%&l"ﬁﬁatlé' | 9a swla'g’,ﬁéc-

ronpare tip speeds of refrigerants. Table 6 |bel ov
BGB®s1theoretigal tip speeds| thed | af.6 ¢al7c8l[dB8B|f orn/a
ICHLOCHL chl orotrifluoroethane (CGFC-1 13) and

)t i ons off the present |invention. |The dondit|i ons
aﬁﬁ@@%ﬁ@éEfm‘“ qpari 801y [af259 FV@BON @5 143.2] 107%
LSS SN A O R P K e
HHFDG2RHeE cmler 404 e 7R3GH (93 BA-3ch2l-Lddar2l 110%
6
!

Ot (O O—L(H-O)

HFOG-8AagbERy 700088 e aPB-& |yii4h| 24ndidi.9nd4Rle111%
\HFOC-2mBfbERyur bi 189.4 ent 6Df6UER. 3T priPres 28.8 |1&BiQr M19%
AP BaRelcrE @8 arm0.CAFYE03 v ® Hio.Bi 1R0/8 HH4a.4| V8%

F‘Ui‘i- COMPUSTUT 01357 70 Pel'g¥ 130267 19,50 | "2.69 146201 ©110%
éémeéngocBVS

HFOC- 50.0 50.0113.13| 9.2 | 21.4 |146.2] 110%
356meckyd

HFOC- 50.0 50.0[13.12| 9.2 | 21.4 |146.2] 110%
356mmzEpy

HFOC-365mcEys 50.0 50.0(13.65| 9.6 | 22.2 |149.1| 112%
HFOC-374mefERy| 18.9 81.1|15.05| 10.5 | 24.5 |{156.5| 117%
HFOC-374pcEpy 19.9 80.1| 14.9 | 104 | 24.3 |155.8] 117%
HFOC-383mEBy 50.0 50.0(14.86| 10.4 | 24.2 |1556.5| 117%
HFOC-383mEyd 22.1 77.9116.14| 11.3 | 26.3 |162.1] 122%

HFOC- 50.0 50.013.38| 9.4 | 21.8 |147.6] 111%
467mmyERy
HFOC- 50.0 50.0113.38| 9.4 | 21.8 |147.6] 111%
467mccEyd
HFOC-494pcERy 50.0 50.0{14.82| 10.4 | 24.1 |155.3] 117%
HFOC- 39.5 60.5|13.15| 9.2 | 21.4 |146.3] 110%
c345mzEaf

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.
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10

15

CFC-1 13 10.92 7.6 17.8 133.3 n/a CAF9OCH3 plus (B):
HFOC- 245eaE 40.3 59.7 12.59 8.8 20.5 143.2 107%

WOR0S0&Bs5ebE bg 4.4 95.6 13.38 9.4 21.8 147. 6 BA1/¥52005/001508

HFOC- 254f aE 46.2 53.8 13.3 9.3 21.7 147.2 110%
HFOC- 263ebE bg 63.2 36.8 13.44 9.4 21.9 147.9 111%
HFOC- 272f bE bg 39. 4 60. fxKmBBEY. 7 25.0 158.0 119%
HFOC- 347ncf E gd 50. omzo. 8 144.4 108%
HFOC- 35.4 64.6 13.2 rmange Patdg 110% 356meckE2
aggd HFOC- 50.0 50.0 13.13 9.2 21.4 146.2 110% 356mecE
gd HFOC- 50.0.50.0 13.12 9.2 21.4.146. 2 11009 E
bg HFOC- JENRE 38'8""@25%8 OfMaRCe f §?%°‘észf%99_/%t%ﬁ% 112%
EE Sgﬁwgﬁéhmasmeamtaaﬁéb@%d@nﬁh@@l@vﬂisgcendmm.
- 1 4.9 10. 55,8 117%
HFOC- 383%’%9&9@8?@%83&6‘}“&. 86 %‘8’%%@%@55 5 117%
HFOC- 383rEomyter@er ferigerature. 14 110D%6(43.3°€). 1 122%
HFOC- 50. 4 21.8 }de % 467myE bg
S e e AT 1?2@6%(5]1% 0//5) 467ncCcE gd
HFOC- 494Retupyga® temperatures. 82 7h0F @8.8°UWss. 3 117%

HFOC-  39. GoffrdssbBefifichoy i21. 4 7046. 3 110% c345neE ab
The Exanple shows that conpounds of the present

i nvention have tip speeds within about +/- 30 percent
of CFC-1 13 and woul d be BABEEt7 ve repl acenents for
CFC-1 13 with mininmal conpressor design changes. Most

roforroad comacitiaoane have +in on e .
S-e-eaTeoRpes iy Eﬂg’Cdn'dVCa‘Hcg r[&omp 1T goOoUT
 reroraRte] C ok Dhuutes | mebs| Bk | DisHethaon fraun baap 8ty hCapacity
T aloinposifions ) B4AWGCH:ln B ) Esifily fhied n@eial kP 7 rTizi?‘u sTeie [GoP dRluapinls (A
raomaraod tla CECl 112 Thao dAht o & F) {C) 1
:CF?')I’H' SO oSO S 7 IS gUdyslg gt 5 agg sl Bok 1AM 148 0.26
ol lownaicondi it one vanhr at e + Ao P A0 O O
,C 90 g ooty oo v appTac Uyt T mpeTiatur v 4y. U Ur
s
HFOC-245eakE 40.3 59.7| 241 15 11.3 78 151.3 | 66.3 |4.15 14.2 0.25
HFOC-245ebERy 44 956 3.0 20 14.9 103 | 158.7 { 70.4 |4.19 19.4 0.34
HFOC-254faE 46.2 53.8| 2.0 14 10.6 73 152.3 | 66.8 |4.15 13.3 0.23
HFOC-263ebEBy 63.2 3681 2.6 18 12.9 89 145.8 | 63.2 |4.08 16.2 0.28
HFOC-272fbERy 39.4 60.6| 25 17 12.8 88 160.2 | 71.2 |4.22 16.7 0.29
HFOC- 50.0 50.0| 2.0 14 1.1 76 136.8 | 58.2 {4.01 13.2 0.23
347mcfEyd
HFOC- 35.4 646 1.5 10 8.6 59 139.5 | 59.7 |4.04 10.0 0.18
356mecE2apyd
HFOC- 50.0 50.0f 1.7 12 9.3 64 138.4 | 59.1 |4.03 11.2 0.20
356mecEys
HFOC- 50.0 50.0] 1.9 13 10.4 72 137.9 | 58.8 {4.03| 125 0.22
356mmzEfy
HFOC-365mcEyd 50.0 50.0 21 15 11.3 78 138.6 | 59.2 [4.03 13.7 0.24
HFOC- 18.9 811 1.3 9 7.6 52 1516 | 66.4 |4.20 9.4 0.16
374mefERy .
HFOC-374pcEpy 19.9 8011 1.7 12 9.5 65 148.7 | 64.8 | 4.15 11.8 0.21
HFOC-383mEpy 50.0 50.0 2.3 16 11.9 82 1424 | 61.3 [4.06 14.7 0.26
HFOC-383mEyd 221 779 1.8 13 9.8 68 150.0 | 65.6 |4.16 12.4 0.22
HFOC- 50.0 50.01 20 14 10.8 74 132.0 | 55.6 }3.96 12.6 0.22
467mmyEBy
HFOC- 50.0 5001 1.8 12 9.6 66 1325 | 55.8 |3.95 11.2 0.20
467mccEyd
HFOC-494pcERy 50.0 500 1.2 8 71 49 1394 | 59.7 [4.07 9.3 0.16
HFOC- 39.5 60.5]| 1.6 " 8.6 59 145.6 | 63.1 [4.12 10.6 0.19
c345mzEap

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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Condenser tenperature 110.0F (43.3C) Subcool
tenperature 10. O0F (5.50C) Return gas tenperature
W@ 20000685(23. 8C) Conpressor efficiency is 70% TRGIES2005/001508

Evap Evap Cond Cond Conpr Conpr Refrigerant wt % wt %
Pres Pres Pres Pres Disch Disch Capacity Capacity
CobABVISI on C4AF9OCH3 B (Psia) |kPal (Psia) (kPa) Tenp
Temp COP (Btu/mn) kW in (g CFC1 13 2.7 19 12.8 88
156.3 69.1 4.18 14.8 0.26 CAF9CCH3 Plus (B):

Whatystaipagsbigse 40.3 59.7 2.1 15 11.3 78 151.3 66.3 4.15

141 2 0. 25 HROreffdafdtt PPhedt #aflSfePfGidbotpdéitiBn EKekected from
9.4 0.34 HFO(3254faE462538 .0 14

5 dﬁe 9f9“8§9"%'$§'69 8f4. 15 13.3 0. 23 HFOC 263ebE bg 63. 2
36. 8 2.6,A:®01R; and9-difldo®ntth@xyd1 a8, 2&efafludfoethane;

2 25 1609 D% - Olubphcinglytd 2 ltilobdiate
58. 2 4.04F 0123 and 3 -@iffuerd e thdxyFOd, 23$‘luor©eﬂmr1e5 10
NNk AR B R e s R

10 356necEgd oQehds and le(difyaromethoxy)-1 &, atrrfi_uqr@?ﬂ@e% 8
4. 03 12cH O, §ﬁ@mlérb@1etm13654nzlfetwﬂ@&o%ﬂ@a@ 2.1

15 1 e Lo S e

IfFlG}SSZ)@IRbBCb‘gg, 48d 2-@fudronethd:d/-9,151 -ﬁﬁlt@ﬁemegmsg 4.15

142.4 6 4?%@%%&%&&!@5@@”&%@ 779 1.8
15 13 9.8 @szgmdﬂ@aa@1ed|ﬂuqmnﬂhqxxe222dlﬂmetbene, 50. 0

2.0 14 7myE b
Cos éﬂrzﬁ)s% éﬁé 2%%@1&%/31 99 tllﬂuérdétr?é’néGgg“Wl 3

0.20 4 @apﬁ%@@ﬁlﬂ%&'é ng f@é“@r 'QP% 28 7.1 49
139. 4 5Q,F,0C Y afld 3, -dfioro-2-methoxyethane;

C4F9OCHj3 and 1,1,1,2,2-pentafluoro-2-(2,2,2- C4F¢OCH3 and

20 trifluoroethoxy)ethane;
C4F9OCHS3 and 1,1’-oxybis(1,2,2,2-tetrafluoro)ethane;
C4F9OCH3 and 2-(diftuoromethoxy)-1,1,1,3,3,3-hexafluoropropane;
C4FoOCHS3 and 3-(difluoromethoxy)-1,1,1,2,2,3-hexafluoropropane;
C4F9OCH3 and 1,1,1,2,2,3,3-heptafluoro-3-methoxypropane;

25 C4F9OCHgs and 1,1,3,3-tetrafluoro-1-(trifluoromethoxy)propane;
C4F9OCH3 and 1-(2,2-difluoroethoxy)-1,1,2,2 ,2-pentafluoroethane;
C4F9OCHS3 and 3-(difluoromethoxy)-1,1,1,2,2-pentafluoropropane;
C4F9OCHs3 and 1,1,2,2-tetrafluoro-3-(trifluoromethoxy)propane;
C4F9OCH3; and 1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy)propane;

30 C4F9OCH3 and 1-(2,2,2-trifluoroethoxy)-1,1,2,2-tetrafluoroethane;
C4F9OCHj3 and 1,1,2-trifluoro-1-methoxy-2-

(trifluoromethoxy)ethane;

C4F9OCHj3 and 1,1,1,2,3,3-hexafluoro-3-methoxypropane;
C4F9OCHj3 and 1,1,1,3,3,3-hexafluoro-2-methoxypropane;

35 C4FgOCH3 and 1,1,2,2,3,3-hexafluoro-3-methoxypropane;
C4F9OCH3 and 1-(1,1-difluoroethoxy)-1,1,2,2-tetrafluoroethane;
C4F9OCHj; and 3-(difluoromethoxy)-1,1,2,2-tetrafluoropropane;
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HFOC- 39.5 60.5 1.6 11 8.6 59 145.6 63.1 4.12 10.6
0.19 c345nzE ab Data show the conpositions of the

WEe@sMe68579 nvent i on have evaporat or and condenseCT/US2005/001508
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pressures simlar to CFG1 13. Sone conpositions also

have hi gher capacity or ener efficiency (COP) than

CFC-1 &memwaf(dﬁlgommt%@kyb-é 1, 14rifluorogfopay; ant

or heat [ S 5 the
C P00 Land ? Yi {1260 flthcS‘3 ﬁ'eﬁ‘d@ﬁrér%é?ﬁo

group consrsting of* 'CAF9 xy- 1
1,2, 2@@9@1@%@1@#@% t@d@#@ lHAEpethane;

2- gl fl I L@r?@ﬂm%d 1—etﬂo>€5/r?‘ltztztl@ftﬂa;ﬂlgbﬂsﬁth?rg@ CAF9OCH3
an one | uor oe ane;

oo SRR 1%%@{?%?*1%5&{%8&& hoxyet hane: 10
C4F9OCH, FaOC Hs-qretl 11 J1ybitrifluerdregdhoxyethane;

11, 2 e AR e dpjopahart o 4

1, 1- di fC4ie@EHz-and f | lubirifiverogemathexypropamsocHs and
2-difl ] hapr, CAF9OCH3 and
1- met h?@?@ﬂ% Fettiony E?r%é’{““%‘ﬂ?b e Foocs and.
1-dif @Q&Hﬁcﬁ(}ﬂih ar%@oh%fﬁﬂﬂﬁ@ 3AddE=3 and

2- net hoxy 1tet1afﬁjdrbefﬁou aase;, CAF9CCH3 and
2-meth t hane OCH3 and
1,1-dif ‘%J#@ g%’?ﬂe‘ii %Q{,gﬁ]& a@ﬂ?@%m and

1,1, 1, 2 2- pe(péalfalﬂuoraetlﬂaXﬂprﬁ;ﬂnﬂ%OCl—B and 20
triflu 9

,2,2,2 i@f{ﬁ( oroie ﬁoxﬂﬁ %ﬂeé@luo%ﬁ%b%&
2-(dif |%@.Géimd/ ethoxy-1,131 2,2 3eRkeplalivemnrepane;
C‘l”:i 0@3 - At Qléiﬁ’émtmp%?ﬂhexaﬂuoro ropane;

e és@@%}'ﬁ' ACIIE Ll e s M.

C4F9OCH$ WFRROCH,, eincBB%th@ty-a,ﬂl 2o-etrbfluoropropane;

N (e gt S 00 64 2t bo e Brapanss  hane.

CAF9OCH FaOC Hy- gl ﬂlaﬂdlflumMWWOIomemyl)zp@tane; and

pent af | lpé'mia and
1,1, 2, 2@%“ l_? uor %lﬁ’l uor onret hoxy) pr opane;
CAF90CH3 and

1,0, 1, 3 Aefdgbndbl Heaorandfél ﬂerd%tﬁhb@swa)@rsgnaﬂ@ foBlse in

i et v Bt () contfugal
1 ,con¥pressdn, saidccompasitiox gerpprising ot (i) rmotistagyg Joenkdngal

CHonpreEs N br i} & sihigfes SaBRARIEYHS HEATERANHELRARE:
composition selected from the group consisting of:

C4F3OCHj3 and 1-difluoromethoxy-1,1,2,2-tetrafluoroethane;
C4F9OCHj3 and 2-difluoromethoxy-1,1,1,2-tetrafluoroethane;
C4F9OCHj3 and 1-(difluoromethoxy)-1,1,2-trifluoroethane;
C4F9OCH3 and 1,1,1,2,2-pentafluoro-2-methoxyethane;
C4F9OCHj3; and 1-(difluoromethoxy)-1,2,2-trifluoroethane;
C4F9OCHj3 and 2-fluoromethoxy-1,1,1,2-tetrafluoroethane;
C4F9OCHj3 and 1,1-difluoro-2-trifluoromethoxyethane;
C4FgOCHj3; and 2-difluoromethoxy-1,1,1-trifluoroethane;
C4F9OCH3; and 1-methoxy-1,1,2,2-tetrafluoroethane;
C4F9OCHj3 and 1-difluoromethoxy-2,2-difluoroethane;
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wa 20586878, 3- hexaf | uor o- 3- met hoxypr opane;
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CAFgOCH3 and 1,1, 1, 3, 3, 3- hexaf | uor o- 2- net hoxypr opane;
35 C4F90CH3 and

1-(1, 1-di fl uoroethoxy)-1 ,1, 2, 2- tetrafluoroethane;
CAFOCCH3 and 3-(difl uororret hox g

, 1, 2, 2-GOaH vand grogthony-G4F2 ogorthane;

2- (di f ey thoxy=1t 1 hidriRbRYARASE; CAF9OCHS
and 1, 1.1° ?@hﬁ entarﬁ%orxy} -mat{tqox propane CAF90OCH3

and 2- cf?ﬁe 'ria and 112d+l‘|lé@rr<>a21m®’?hsa%'ﬁﬁ}?@e CAF9OCH3 and
1-et hO)@';F%OI)HgZar?d 101 pat- bé@t@tﬂ@dﬁ £22>Q eEB oMdand
1-(trifluor t hoxﬁ CAF9 and

1,1, 1-trifl defiuorse Cﬁ%%@ Bfine: C4F90CH3 and

1, 1, 1- t@4F,OGH pardd rraf-b&ylylp(’lob@nﬁ-teﬁéﬁ@@@)&hand

1,1, 1-t

1 3 R P05 AR ORB%5 cf X0 fMuoropropane:
1,1,1, fg@(ﬁ:lgh@pi af( dlﬁluomraetngyﬂm .4,2,2,3-hexafluoropropane;
t "i‘fl Ag:rg% %‘r?/ @[19132@3 BQ@MEI%r&B%etho g{ ropaannee

- ent afI uor oet ho
y)propane;

900%4}'-’3@&3 @3%6,(1),3 §-tetra uoro-1-(trifluoromet
1,1, 2,8R3 otmgemcaﬂl(m @llﬂtl@lfb@ﬂ@oxWFgQi}E@ pedtafluoroethane;

3 th f

and - SeskaRHs afd 3 @ngolieari B chpaRn et ke
and 1- (G4FeOLHs amd A &, 2, @etetrafiinanoBe(trifismem eGangQatad aseg

3-eth t & af

2 (1 DB (] 84 A BRI iR it gpane:
2,5 df 1GFePEHo A4 TH{RELA-SHBORPHERSVIHbE 2reirabicsoeiiane;
and CARSPGRdH, gnd/fqrgft,rﬂbgﬁ@qn,tnéthojaye@t transfer fluid

conpositlon§ selnrefrlgeratlon or air
condi ti oni nd rﬁh’ﬁé‘?@? P3R/ing (i) centrifugal

colrrﬂ esCM,OCHY @h@cbmpwl,fi Barexafiupro-S-metxypropane; o
o ab s Ot 4T e LR el 2 el brdb e

sel ect €G08 &red drio2i2,3; dtheixatliungo-Stmeltiyomznaid
1-difl é@dfﬁ)uoro éﬁ(?]jr 14- 3rﬂ§ Fo%gﬁéﬁif)u? Of?ﬁ@ﬂﬁpu%e?%

d 2-
o s b e ﬁf(dﬁlﬂgmﬁfbﬁw)‘ﬂ {.2.2-tetrafluoropropane;

11121t rmiﬁgwawgeéﬁm dlfl%ﬁﬂ@;ﬁ% 1,1- tngli%rg ropane;
I G oD 9 B B e S e A A S
and 2- fCAROSHY fnck 2-cthoxy-1,12t Retetedfluocoathbhane;
CAFOOCHS, mpfb i, dndlhldiighR1 373 bLidiHafuapsitRgK¥ st hane:
C4F9OCHS3; and 1-(trifluoromethoxy)propane;
C4F9OCHjs and 1,1,1-trifluoro-2-ethoxyethane;
C4F9OCH3 and 1,1,1-trifluoro-3-methoxypropane;
C4F9OCH3; and 1,1,1-trifluoro-2-methoxypropane;
C4F9OCH3; and 1-ethoxy-1,2,2-trifluoroethane;
C4F9OCHj3 and 1,1,1,2,2,3,3-heptafluoro-3-(1,2,2,2-
tetrafluoroethoxy)propane;
C4F9OCHj3 and 1,1,1,2,3,3-hexafluoro-3-
(pentafluoroethoxy)propane;
C4F9OCH3 and 2-ethoxy-1,1,1,2,3,3,3-heptafluoropropane;
C4F9OCHs and 3-ethoxy-1,1,1,2,2,3,3-heptafluoropropane;

1,
1,
e
1
et

1,
CAF
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CAFOCCH3 and 2-difluoronethoxy-1 ,1,1-trifl uoroethane;
CAF90OCH3 and 1-nethoxy-1 ,1,2,2-tetrafl uoroet hane;

W@EAMSEHID and 1-di fl uor onmet hoxy- 2, 2-di f | uor oet PEIFES2005/001508
CAFgOCH3 and 2-met hoxy-1 ,1,2-trifl uoroet hane;
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CAFgOCH3 and 2-nmet hoxy-1 ,1,1-trifl uoroet hane;
CAF90CIEFaP€Hs, andi2iethoxy-121 et BhexafussopopraerHs

and 1, b F.&GH, at 1UPQ(2—?etEa%bu%f8étQ§QJf)%%§né‘nd

trlfluoroethoxy bi's(1

.2, 2, 2@@@%%@%@%9&1 B2iytstailugrepropane;
2- (dl f laupy @ramamxd}z @,1,2 ﬂte'ira?tu%rdi@h@fd/)\p%mﬁ@pane

“@ﬁ%n@% IR i emethypretanes and

1 1 1, LFQCH eapd &,FyOCeH3- net hoxypr opane; C4FgOCH3
and 1,1,3,3-tetrafluoro-1-(trifl uoromethoxy) propane;
CAF90OCH3 and 1-(2, 2-difl uoroethoxy)-1

. B.2, 2,An @EeptbpitebRedraareotmIFo CoMpOsition, said composition

045%8%0%,3%%@%"@?809 éons13tﬂ=v92@f2 pent af | uor opr opane;

1,1, 2, 2- t et réboul drie-akqut 8% waisihb Rerast (+ppPfdiand about 99
CAF9CCHB a@@dt 1 weight percent 1-(difluoromethoxy)-1,2,2-trifluoroethane;

1,1,1, 3, f,l uor,o- | uor omet ho
Lok 33, S R WL £ R R PR 0P BRI and about 99
1 2 2-to etboat 25we1ghhaare;;ent2ﬁﬁ©®b®emm<y -1,1,1,2-

h%ﬁéﬂ t hoxy-2- (trifluoronethoxy)ethane;
2, 3, 3- hexaf | uor o- 3- net hoxypr opane;

C4FgCI:H3 an dabpui Mitozabnut 9Qewaioht Sercent i Jishakout 99
CAFgOCHS ottt 1 vﬂe@h?pérc%nhchﬁquWnﬁétﬁoW—Q@-&WQfo@@étﬁgne

O 5. 2 et r OB H S GBBABIGRY C4FaOCHs and about 99
3- (di f lto@bouet meight percbn® 22metioxgt1,d@-trifluopeetbane;

C4FgOCH3 an i £1.uo -
015, 20 L AN phpon C.F,0CH, and about 9
1 2o 2boahd afeigbt perbeméﬂ togiflioop-2raetroxyeteHs; and

h -1
hory 1 b AN R RIEE R abot o
tri ftPl?&%‘ﬁétW@QW pe@@@hé défiwosesmathaiyer1.1.1,2,2-

tydnitdlsrep ?opgrfyaxyet hane; C4AF9OCH3 and

, 1-
i H:Hu out ﬂﬁ@@ﬂ}ﬁ?ﬂg Eglpg &gfgggomandaboutgg
1,
1,

hoxg-abodii 2-weight peroeat Nah2;trifldéiacCiA3ethory-2-

: Arftndroind ﬁPc§ bnapg-3- (1,22 2

af I’"uoroe pane ; C4F9CI:H3 and
2,3, 3- ahguéfﬂ bpu;QQ weight percent C4FsOCH3; and about 99

to about 1 weight percent 1,1,1,2,3,3-hexafluoro-3-
methoxypropane;

about 1 to about 99 weight percent C4FyOCH3 and about 99
to about 1 weight percent 1,1,1,3,3,3-hexafluoro-2-
methoxypropane;

about 1 to about 99 weight percent C4FsOCHj; and about 99
to about 1 weight percent 1,1,1,2,2-pentafluoro-3-methoxypropane;

about 1 to about 99 weight percent C4FgOCHj3 and about 99
to about 1 weight percent 2-ethoxy-1,1,1,2-tetrafluoroethane;

43



(pent af | uor oet hoxy) propane; CAF9OCH3 and 2- et hoxy-1
,1,1,2,3, 3, 3-hept af | uor opropane; CA4F9OCH3 and

w@2@thessye 1 , 1, 1, 2, 2, 3, 3- hept af ! uor opr opane; CAFOIDISB05/001508
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and 2-ethoxy-1,1,1, 3, 3, 3- hexaf | uor opr opane; C4F9COCH3
and 1-(1,1, 2, 2- tetrafl uor oet hoxy) propane; CAF9CCH3 and
3- et hoxy- 1, BRUP] tietabaut9S weighp aresentikFa0@H zant about 99

2-(1, 1,

AT S%P%?Z“féH?Pﬁ’?P@%ﬁHF%ﬂQ‘?Q%ﬁ%@ﬁan Sodithe,
and CAFOOC2IbOUB] tarAhou S weiaht eﬁrmﬁgz@&kﬂw%about%
COmOSith aiout $We‘i’gﬁ9§@ﬁb‘é‘nt nmmﬁﬂmezietmyetmegr oup

consi st ng o

CAF9OCH3 anc?bé’Hg Q‘Og%f’%%é’o%ig igééqm%\lﬁg%é&%a“d about 99

1- (di f to@boott height percan® 411, 1 fthithaosroed-heathoxylropang; t o

bout 75 i
250\?\@ ghtmﬁlea?%hkﬁ)%gcﬁg o?’?ﬁ‘&ﬁéﬂ%\?g%@@#@oa' Snd 868t o0
t et r af [la@bost hmhtapemenizteihabMH 92,33, 3Nt per cent

CAF9OCHR, ah3-to about 1 weight percent
1- d|f| uor omet hox%( 2 2-di fl uoroet hane; about 1 to ab

99 wei ght pehdd WAl asscﬁeré@@o%ﬁnqabout 99

vei ght tpembeant V\%‘Igﬁf perent 3-athéxy-i f 1 22 @es-hane; about
lto a%q&i f&WME| nercent C4 90CH3 and about 99 to
about 1, 1-di fl uor o- 2- net hoxyet hane;
about 1 to ahbout199 atwgiad werghépér@ﬁ%ﬁb@%@lambamut 99

92 tlo ZQQ%%BU{H ‘Oﬁ %H{ 88|%re‘ﬁ?qt(1 3%%"2 {étl"lé‘ﬁDBP@%HBW dpane;
wei ght per c@houmngmtaa%wamwewm & «EEGiHankakent 99

per centio hhdu1 Wéléhﬂﬁéﬂreht el Bbre-4-(t rlfluoromethyl Joxetane;
(trifluoromethox ane about 1 to about wel ght

percentar@4FQOCI—l3 and about 99 to about 1 \NEI ght
percent 1, 1,abodt 3,t3-disotafdouaeighd persint ©4FeOQHy@nd about 99

%0 to Jnaneth T ieigfh ?9%%%5&5??&5@‘995?Eggcﬁtéxif”f’uﬁ?ﬁutz-

nmet hoxypr opane; about 1 to about 99 wei ght percent
CAF90CH3 and about 99 to about 1 wei ght percent

141, 1, Ar2apsotiapid @@hﬂ)o%‘lﬂifm b@lé;ttydom@mheag@cup cbnbisting of:

about 99 We'ﬁ‘é ?gr;ﬁtegércen{: 8%0% an%béﬁn7 we|ght percent 1-
(difluoromethoxy)-1,2,2-trifluoroethane having a vapor pressure of
about 14.7 psia (101 kPa) at a temperature of about 50.7 °C;

4.4 weight percent C4FoOCH3 and 95.6 weight percent 2-
fluoromethoxy-1,1,1,2-tetrafluoroethane having a vapor pressure of
about 14.7 psia (101 kPa) at a temperature of about 43.0 °C;

46.2 weight percent C4FgOCHj; and 53.8 weight percent 1-
difluoromethoxy-2,2-difluoroethane having a vapor pressure of
about 14.7 psia (101 kPa) at a temperature of about 52.4 °C;

63.2 weight percent C4FsOCH3; and 36.8 weight percent 2-
methoxy-1,1,2-trifluoroethane having a vapor pressure of about
14.7 psia (101 kPa) at a temperature of about 51.9 °C;

39.4 weight percent C4FgOCHj3 and 60.6 weight percent 1,1-
difluoro-2-methoxyethane having a vapor pressure of about 14.7
psia (101 kPa) at a temperature of about 46.9 °C;
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to about 1 weight percent 2-ethoxy-1
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2 3 d| f1|416rn§1a1(*(Qt kiPalat @ temperatesecehbaoutafd Sbout 1
to about 99 »ehHalsighe éﬁi@nt@%ﬁmﬁﬁ a7 AbavéigAPpéreent

per.cen .azeotr

bout
conposil otgr?@aog%ﬁe@ hoPTaRATs ARG el gssire of about
40. 3 w4yt m(tfﬁhkPéMEﬂ@%pamiuﬁQoﬂabmtgﬂﬂt? pEr apdht

L oS Sy P40 ol 25
t enper aliflnerass- (tattﬂuorornethyl)om aneshaving atvaper peessure of about
CAFIOCHY anskidpi 1 KPADEL a REBERIURS of ABSUIEERS ReXy - |

, 1,1, 2-tet uoroet ne havli ng a vapor pressure of
about 14.7 psia (101 kPa) at a tenperature of about

4%.0 O é’ss/var@t*édmm@eémg@ﬁ%ﬂcbaum@céé‘;s gomprriging

per cent di £l ugr onet hox et ha e havi n

Dapor  rencting EmPoRHoR of ol bk sl dn 1 idthit)of o
t enper dadyetodbe abolet, 58d 4h&EaftéB c@ndengjihg SﬁEi camposition.
CAFgOCH3 and 36.8 wei ght percent 2- nethoxy-1 ,1, 2-
trifluoroethane having a vapor pressure of about 14.7
p$.a (Fpracess far produding heatiseichprogesaconIpriingeoiensing

vei ght tper, o%@@p&%lrﬁrﬁd 68, %r‘@'uﬁﬂﬂﬁe Oi%frﬁl%‘frﬂf albdd to be
di fl uoro-é-ge ne havi n a va sSure of

about 1weate fa %w%ﬂora %&“G @S' Phabout
46 9 0C, 35.4 wei ght per cent C4F90C:H3 and 64.6 wei ght

cent
ﬁ%"?FBPS-OI-‘WH}%B?yC‘E“P?? fiensi8F SRl oy Petd dhfor heat
haV| ng teansfpnrsaid method comprising transferring said composition from
a heat source to a heat sink.

8. The composition of claim 1, further comprising at least one ultra-
violet fluorescent dye selected from the group consisting of
naphthalimides, perylenes, coumarins, anthracenes,
phenanthracenes, xanthenes, thioxanthenes, naphthoxanthenes,
fluoresceins, derivatives of said dye and combinations thereof.

9. The composition of claim 2, 3, or 4 further comprising at least one
ultra-violet fluorescent dye selected from the group consisting of
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pressure of about 14.7 psia (101 kPa) at a tenperature

of about 57.7 0C, 18.9 wei ght percent C4F90CCH3 and
W@1003/0e8879ht percent 2- et hoxy-1 PCT/US2005/001508
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fluor escensel@yteds%o@bwd hydeaarben gdigalscand whereig said

of napht hal b&y@ﬁ?alk?l%hlé' gﬂ?@lﬂ ’etl‘?&%rl‘Pd\ﬁerb‘F madebUIaRREIAS of from
phenant hracEnes d(? E :g E) | oxant hene\?’%3
napht hoxan@ReWe’0 PULIY AOMIgdpags iRt s of sai d
25 dye, and) canfidewtépresenteermothe fofnulBleeRCONRER? iaod aytlo-
claim 8, 2233t I
agont sel el SONETIIRISH R 0B S 3 iHeboerddily
hydr ocar boEeIeCtﬂdfﬁE@nwlmmélp ansloalinygljahygrosatbagl sadigals
ethers, Qﬁﬁg I‘cﬁhol“fﬁz Bhfdon SBmS BharA$R6 8 YN aromatic
esters, I act gn 4.
radical havmg from 6 to 12 carbon atoms; R™ is selected from
30 aliphatic hydrocarbylene radicals having from 3 to 12 carbon
atoms; and wherein said amides have a molecular weight of
from about 100 to about 300 atomic mass units;
c) ketones represented by the formula R'COR?, wherein R and
R2 are independently selected from aliphatic, alicyclic and aryl
35 hydrocarbon radicals having from 1 to 12 carbon atoms, and
wherein said ketones have a molecular weight of from about 70

to about 300 atomic mass units;
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et hers, hydrofluoroethers, and 1,1, 1-trifl uoroal kanes;
and wherein the refrigerant and solubilizing agent are

woeispees7same conpound. 11. The conpositi on of PCI/EB2005/001508
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i ndepengenthy ctigbradeprbdentsd by it fsriviul & RIOR?, weldin: R' is
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ond or “rmepelsttpd iohant hdhacn o wiicds nAghoaRy 38°r2
car bon at onacbdﬁflatosnsé{%stsetédtecbﬁnm aligtetticchydrocarbon

hydr ocar bym-%;lga@a}%\}f@ goHP'Y d&ﬂ 41arr85ﬂ gt&rﬁ? é’%q‘:\%g% Sﬁld aryl

atons; and erein

of from abetherst@ves apiraulaogeighbai tomeaouldio0do &bput 150
ket ones repg %r}hggsgy"tghe Ifor rrul}la]c RlCO?lz wher ei n

and R2 are in nden sel ecte om a

al i cycl 9k a:fﬂal é?ﬁ Wh%‘@ﬁrr%'f?ﬁe%?c{:gy @%@W@f &Féﬁw i1
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mass. uni s aenpd M ARRRh A o A TR e R

R1CN, \M)er hydrdﬁharaethem[apeelsérrtembalthprﬁmmtda RIQCHRA,
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formul @"RCl x, wherein; x is sel ectedfromthelntegers
1 or 2, Ris selected fromaliphatic and alicyclic
hydr ocar bon nga cals having from1l to 12 garbon at ons;
and wher ei n Fthghl orocar bns have a nol &\ul

.'”RB R1 o O R2 O

Rs R3 R4 Ré?s

R4R

[B] [C] [D]

wherein, Rq through Rg are independently selected from
hydrogen, linear, branched, cyclic, bicyclic, saturated and
unsaturated hydrocarbyl radicals; and the molecular weight is
from about 100 to about 300 atomic mass units; and

k) esters represented by the general formula R'CO.R?, wherein
R' and R? are independently selected from linear and cyclic,
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wei ght of from about 100 to about 200 atom c nmass
units; f) aryl ethers represented by the formula

WRLORASSMherein: RL is selected fromaryl hydrPCHURINS/001508
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radi cals having from6 to 12 carbon atonms; R2 is
sel ected from altfimghati ¢ hydrocarbon radicals havin _
from1l to 4aturateshand unsatusatedwaliyeand aail sadicgls; andhwherein

have a nol gy @?gy@h?véi agﬁg{eg;g{gfr%ﬁt oFGfdrh 2p8Re8s td aBout

atom c mass _units; g . oal kanes
r epr esent e PINAOAUC MASKUNHISCF3RL, wherein RL is
sel ected fromaliphatic and alicyclic hydrocarbon
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h)édbl;@&’)%zmdt ag@gtiaztﬁi gg/ fﬂntdrdsf@@nﬂﬂy@éhh Q’tﬂtrdmj ﬁ{hiﬂ from
abou .10 _about. atonm.c mass units: an .
oo BroTaliroint fttio gt o clr s b b s Saptaining
whesfdpardit aaddorireadtmnsfatdlughdent | y sel ected from

i near and cyclic, saturated and unsaturated, alkyl and
radi cal s; and wherein said esters have

aryl a

no1|y?ecu| ar viemgiftodforfusing Hiroeamposition gahel@ims8er d0dfriac

Mg mipbdsion FfrigbratPinGrchif 86ndiibMitg HpPafRlBOSdifl infthed
claim10, sai d_(grl]et hod conBrl_ [ n?: |.Btrodu0| ng the .
coRPBRMSINGPIONIAiNG, SRISFRTBRAFERAN FR.$7if GRP2IaYS, @pd Rrqviding a
Cﬁsdﬁablenh@@?sfim@raéamd%/aid icbntb?ﬁidn\/a’;tmglebk@oint or in the

ul travj olet . [ ent dye in the refrigerant
co?ﬂ%mytéfg '%PBﬁ%'S%’Qfﬁ?-r ansfer fluid in the presence of
the sol ubilizing agent, and introducing the

coyli nati ory | F Oai O ef L [ OL~i@l I
ok 1 ont oy rikfod 8 HsRATRE BEMIUHIOR o AP GP R0PSal |
ag8fthad gomprising:or escent dye and i ntroduci ng said

combi nation into refrigeration or air conditioning
? Fﬁfigf’it us ?Sm alp%ggciﬁsfr&r ee?é?’urgn I%P g\//e(a)pgorgﬁr?gt; sg{ gosnfwgcgsition
in the vicinity of a body to be cooled and thereafter
condensing said composition; or
(i) producing heat by condensing said composition in the
vicinity of the body to be heated and thereafter
evaporation said composition.

15. The composition of claim 1 or 10 further comprising a thermal
stabilizer or odor masking agent.

16. The composition of claim 15 wherein said thermal stabilizer is
nitromethane.
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13. A nmethod for using the conposition of claim8 or

10 in a conpression refrigeration or air conditioning
W@ppanetses, sai d met hod conprising providi ng sBETUS2005/001508

conposition to said apparatus, and providing a

suitabl e nmeans for detecting said conPosition at a

| etk poi ntAonethndtdfexsmg:ﬁhm compdsitien df dppaendaima, A
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rrsin ucl ng gera

e\raﬁtgea@h%ogamoeé amgamarawﬁ%pkﬂymgwawlaﬁ aegeoody

tQ;eI@ﬂa“m?m @@&ngfgsbher eafter condensing said

conmposi tion; or (ii) producing heat by condensing said
S conposition in the vicinity of the body to be heated

ani8.t her eaThe metheg of stsirn whdrefio spidsmultestagé Tentrifiegal

cQ [ nprising a

¢ REPRRleSaBhis M Ptale Rl B HBResER T 16, "The
conposition of claim15 wherein said therwa

stabilizer is nitronmethane.17. A nmethod of using the
conposition of claim2 or claim3, wherein said nethod
conprises produci ng heat or refrigeration in a
refrigeration or air conditioning apparatus enpl oyi ng
a multi-stage centrifugal conpressor. 18. The net hod
of claim17 wherein said nulti-stage centrifuga
conpressor is a two-stage centrifugal conpressor
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