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mehloeodfludsboarbdnt {EF Gy ahd hydrechigroffos®carbons (HCFCs) being
ph"aséd out as a result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization of
hydrofluorocarbon (HFC) refrigerants. The new HFC refrigerants, HFC-
134a being the most widely used at this time, have zero ozone depletion
potential and thus are not affected by the current regulatory phase out as
a result of the Montreal Protocol.

Further environmental regulations may ultimately cause global
phase out of certain HFC refrigerants. Currently, the automobile industry
is facing regulations relating to global warming potential for refrigerants
used in mobile air-conditioning. Therefore, there is a great current need
to identify new refrigerants with reduced global warming potential for the
automobile air-conditioning market. Should the regulations be more
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refrigeration and air- conditioning industry.

Currently proposed replacenent refrigerants for
HFC-134a 5 include HFC 152a, pure hydrocarbons such
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cycl opent ane; - e ent ane; . 2-di ne ut ane;
POl pRf owetaBbawBEN daerenth) 3 ciamiartd to current
ntéfsigeeards. net hyl cycl opent ane;  2- net hyl hexane;

3- et hyl hexane; 30 2-nethyl pentane; 3-nethyl pent ane;
and n-pentane. The Spresent i nvention further relates
to the above | ly for use

T
ooy ST B et 40, RGBT HEREnter 1o
2 MRS I0S oG ThRRE L or.2- b3 At rpgiagorobutane
PEE SO OsH ) anti @b ldastbnehwbrstaetion selected from the group
consisting‘of:

cyclohexane;

cyclopentane;

3-ethylpentane;

2,2-dimethylbutane;

2,3-dimethylbutane;

2,3-dimethylpentane;

n-heptane;

methylcyclopentane;

2-methylhexane;

3-methylhexane;

2-methylpentane;

3-methylpentane; and

n-pentane.

The present invention further relates to the above listed
compositions specifically for use in refrigeration or air-conditioning
systems employing a centrifugal compressor; a multi-stage or a 2-stage
centrifugal compressor; or a single pass/single slab heat exchanger.
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isomers) (CF3) 2CFCF20C2Hs 2-(ethoxydiftuoromethyl)- 163702-06-5

: - 11,1,1,2,3,3,3-heptafluoropropane
CHaCH2C(CHs)s 2,2-dimethylbutane 75-83-2
CH3CH(CH3)CH(CHs)CHs; 2,3-dimethylbutane 79-29-8
CHaCH(CH3)CH(CH3)CH2CH3 2,3-dimethylpentane 565-59-3
CHaCH(CHa3)CH2CH3 2-methylbutane 78-78-4
CHaCH(CH3)CH2CH>CH,CH3 2-methylhexane 591-76-4
CH3CH2CH(CH3)CH2CH2CHa 3-methylhexane 589-34-4
CH3CH(CH3)CH2CH2CH3 2-methylpentane 107-83-5
CHaCH2CH(CH,CH3)CH2CHj3 3-ethylpentane 617-78-7
CHaCH2CH(CH3) CH2>-CHj3 3-methylpentane 96-14-0
cyclo-CH2CH2CH2CH2CH2CH2CHz-|cyclohexane 110-82-7
cyclo-CH2CH2CH>CH2CHLCH.- cyclopentane 287-92-3
CH3CH2CH2CH2CHCHCH3 n-heptane 142-82-5
cyclo-CH2CH(CH3)CH2CH2CH,-  {methylecyclopentane 96-37-7
CHaCH;CH,;CH,CH3 n-pentane 109-66-0
CHaCH2CH,;CH,CH,-CHs n-hexane 110-54-3
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cyci o- CH2CH( CH3) CH2CH2CH2- n®t hyl cycl opent ane 96- 37-7
CH3CH2CH2CH2CH3 n- pent ane 109-66-0

CH3CH2CH2CH2CH2- CH3 n- hexane 110-54-3 -3 WO
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2, 3 di ma\(gI %I but ane; , 3-di met hyl pentane; n-hept ane;
met hyl &P )éqﬂeane 25 2- et hyl hexane;

3- et h}zytle;&enntane 2- met hyl pent ane; 3- et hyl pent ane;

and 3 _ethylpentane;
2,2-dimethylbutane;
2,3-dimethylbutane;
2,3-dimethylpentane;
n-heptane;
methylcyclopentane;
2-methylhexane;
3-methylhexane;
2-methylpentane;
3-methylpentane; and
n-pentane.

The refrigerant or heat transfer compositions of the present
invention may be azeotropic or near-azeotropic compositions. An
azeotropic composition is a liquid admixture of two or more substances
that has a constant boiling point that may be above or below the boiling
points of the individual components. As such an azeotropic composition
will not fractionate within the refrigeration or air-conditioning system during
operation, which may reduce efficiency of the system. Additionally, an
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t he or| gl nal conposition and the conposition
remai ni ng B¢ azecioonieirggerant sempasitions of e presgintal

CORPestidn are IR8&d EEableenoved is | ess than about 10
percent. The azeotropic r ar,ant conpositi ons of
the present invention ar g{ibgtgeg in Table 2, TABLE 2

Azeot r ope Azeot rope Azeotrope = Azeotrope
Component A omponent B Concentration BP (°C)
Wt% A Wt% B
C4Fo0OC2oHs cyclohexane 73.1 26.9 69.4
C4FgOC2Hs cyclopentane 296 704 48.1

C4FgOC2oHs5 2,2-dimethylbutane 326 674 48.1
C4FgOC2oHs5 2,3-dimethylbutane 447 553 54.8
C4FgOC2H5 2,3-dimethylpentane 822 17.8 72.2

C4FgOC2oHs5 3-ethylpentane 86.0 14.0 73.5
C4FqOC2H5 n-heptane 91.0 9.0 74.9
C4FgOC2oH5 methylcyclopentane 621 379 64.5
C4FoOC2H5 2-methylhexane 81.8 18.2 72.1
C4FgOC2Hs5 3-methylhexane 83.8 16.2 72.8
C4FoOC2Hs 2-methylpentane 479 521 56.5
C4FoOC2Hs5 3-methylpentane 521 479 58.7
C4FsOCoH5 n-pentane 9.2 90.8 35.0

APCT/US2005/021803



Component A Conponent B Concentration BP C W% A W%

B C4F90C2H5 cycl ohexane 73.1 26.9 69.4 C4AF90C2HS
weyaopm®pt ane 29.6 70.4 48.1 CAF90OC2HS PCT/US2005/021803

2, 2-di net hyl butane 32.6 67.4 48.1 CAF90C2H5

2, 3-di net hyl butane 44.7 55.3 54.8 C4F90C2H5

2, 3-di net hyl pentane 82.2 17.8 72.2 CAF90C2H5

3- et hyI pent ane 86.0 14.0 73.5 C4AF90C2H5 n- hept ane

21 g C4F9 Wﬁgﬁgﬁh@é{? 5@yﬁéﬂqg§g&{ga€@ conéentrhtion
crngesigh

8-nresenfinvendine age listeggnTapje 8. c4F90oC2H5

2-met hyl pentane 47.9 52.1 56.5 C4F90C2H5
3- et hyl pentane 52.1 47.9 CAF9OC2H5 n- pent ane

5 9.2 90.8 35.0 -5 WO 2006T PCT/ US2005/ 021803
The near-azeotropic refrigerant t ntration
concentration ranges of the present invefRange are
| Campounds4AIB) 3. 5 TABLE 3 Near - azowt% &dimt% B
CeREsDCpldi/cycioh®eamge Conpounds ( A/ B) v38408/64t-% B

CanBSO2ERY cyclbpérstanse 39- 99/ 61-1 1-71/99-29
C@S&@@Eﬁygwbmnww%n@ 71/99-29 1-71/99-29
CéPoetRL/2 ﬁdﬁhé’tﬁiﬂbmam@t ane 1-71/99-29%_77/99-23

23 Lane 1-77/99-2
Z S0fndh llﬁgf‘pent ane 52-99/ 483‘3123 88;221

1& ;Eﬁ : -
7‘/ ane 56-99/44-1
;J E) 99/ 39-1 61-99/39-1

8R¢ ane 25- 99/ 75- 125-99/75-1
¢/§"Pr% "-?fésa ne 51-99/49-1  ©1-99/49-1
c@ﬁ&@e\dﬂé methylhexaRane 54- 99/ 46-1 54-99/46-1
CirBbeRCrHy/2-metipepéaneane 1-79/99-21  1-79/99-21
CARBgOCHIL/3-methyldemtanieane 1- 82/ 99-18  1-82/99-18
COaPEDZHRL/ n-pemtaeene 1- 62/ 99- 38 1-62/99-38

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

order compositions.
10 The compositions of the present invention may further

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

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

20 The compositions of the present invention may further
comprise an ultra-violet (UV) dye and optionally a solubilizing agent. The
UV dye is a useful component for detecting leaks of the refrigerant and
heat transfer fluid compositions by permitting one to observe the
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agents of the present invention
ydrogen with no other functional groups. Representative hydrocarbon
solubilizing agents comprise propane, propylene, cyclopropane, n-butane,
isobutane, n-pentane, octane, decane, and hexadecane. It should be
noted that the hydrocarbon solubilizing agent may not be the same as the
hydrocarbon component of the refrigerant or heat transfer fluid

composition.
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f Rt (BVREP and only 25 hydrogen with no other

functi onal groups Represent ati ve hydrocarbon
sol ubi | i zi Pajyexyaiitydenogiycolsather splabiizingragenteofthe present

GARuAoRHR Thathsgutsth By the 8RYl B TRRRERER Whatein Has an
hmtegeafraﬁm-%oWQ bhiigfegr ﬁrsm—ww i986leBfed ﬂ?&ngrgiaﬁoieﬁm

drocar bdn conponent of the refrigerant
t mﬁ!salmhaﬂc inydraa@rbemrasticals baving7l 1606 zedsyroateesoand y

B RO RS0 2 Hh AR BB ek Bt Fdiais having

CCfl‘drﬂIZrtbn@cémbh ét@ﬂthRs i 15616 St@e rarh thyBroLHEa, analéhbhéﬁc and
di net hyl ether (DME). Pol yoxyal kyl ene glycol ether

@llemq *HQ’GQC%FQ@ﬁtFQd'@ﬁlstW'QQ raeht to § Garmetons, at éeast

| s an eger I% Eglr%g%'r%'@ s:géd é%%@g%ﬁ ééf“dr' omg_lr-?d4\;;‘]’h§{fm

[ $a@b?lgfbgyblkylene Igwd:oggthers have almolleauigc Wejgmb Qxfawdmabout
ca 1¢to car pon at ons an on

oD Sholi SoD S amicmass St Aot aTol eeafiw ligs mean

raguﬁ;al &tésawamab détbormrﬁ do? I%n?Bbﬁ&’é‘mﬁth @%q o

sel ected from hydrogen alrphatic and 10 alicyclic

hytydroaarlbcylenea’admlsmam|dtng:;alemtdmdxo¢arb6ncradﬂoais at ons;
at | east

hydr ocar bonqpé@? Ba?senéﬁa’%}l%? eﬁ’rﬁ eféé@&%‘?%ﬁ%ﬂ&@'&ﬁ%‘
glatRér satt Blﬁilﬁ% Iég‘éﬂt@ar@*eﬁﬁéée%'ted\@y &1 mi2)xf0|ﬂ@m @H@H‘Im X is

100 to about atom ¢ nmass unlg used herein
bmﬂqfaﬁgblyﬂr%,sy iveraferabli G R’ and BE ase prafatsbly independently

S4B BRItk poplEh e URE AR
pro'aslam atoms Ry isrpreferatile Batéceed)ﬁbmspaiakiylr@amcwrmﬂ@he
eth qub|I|2|n ents are represented by
 "Aglents having 2Pé%r9%€b%at%‘%f’@9§°cﬂ’r9f3139y 3 cargon atoms;
prtﬁé ?bggixyalk%eﬁéogﬁ{)ﬂ%égﬁm aeﬁcﬁﬁ al i p%atl C oca g}eﬂ&lﬁ’about

r a]d]OCfaI abdnﬂ@ﬁﬂgatma)masgmﬁarmoat m’eﬁerablnyEomsabout 125 to
R L e T

pr1e{oea; @Br‘dbn?atéﬁ’fsbﬂﬁy deqifear, branched or cyclic. Representative R’
and R® hydrocarbon radicals include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl,
cyclopentyl, and cyclohexyl. Where free hydroxyl radicals on the present
polyoxyalkylene 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
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t he pol yoxyal kyl ene gl ycol ether nol ecul ar weight is
preferably fromabout 100 to about 250 atom c mass

waQeiob®1200Dst preferably from about 125 to abopdT/BSM05/021803
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atom c nmass units. The R and R3 hydrocarbon radicals
having 25 1 to 6 carbon atons may be |inear, branched

RGeS enBBRERRh A Foff2 té‘ﬁdﬁﬁgﬁéﬁfﬁg%rﬂ%pemmg
b@*)BdlkylemcscdmktaAé (GRe}xbllhaﬂ mcerletoxlyaﬁwlenquadigdls

i sopentyl, neopentyl, tert-pent

c9>é\fR5ﬂIéYJ?Pe ragiGals. ??‘i}@XYR}HVl@Q?I%?'&a‘Sca *oRa %éé"e Piical
p&&%ﬁﬂé.ﬂg .K%%gd&g% @kc&teﬂﬁér SibNEihGZigant
agents nay be 1n certain conpreSS|on
r foléqyte atdydre ﬁmraew cma& mqleamd;e praycantaindifférent R?

hgiloeie i (T pRRerhgofoSelife T Bk EheheBilieing

aldine Tfafh Ryplapyierid adidal MWhere R’
2%@ '?g??%%éé% B@@S’OS/ 02‘?[8803e ygr ocar byl ene radi cal s

hmmglumhaimcz ahoylewclwdﬁ@mraoa iradicak havirg d 4ei6eprbon atoms

oy dvarelito SR, 35t Badicay TR BeYinbAf brafielfr ovclic
R\éb%sérﬁélﬁ/ef Rﬁamﬁaﬁm hideocarbeh kadieals Haaﬁg:@o bonding sites

corrprl sing R2 in one pol yoxyal kyl ene col et he
s#Iclusle, .fczr exprapjenan sthiens (Adicaled V??{ie i’ ulyigne

I d
TRAEH, & SRR SRR 'kéﬁ*%%@@”fe;%cap%@eﬁﬁﬁ?ﬁ S
aggdtascyuicﬂfeeoytdmieyradmapr Repraenltaia/etR oaimlhatly;t}yde%hQn
radi ti.c or alicyclic
G nauing e oo fos BoRgng TG sdSciie B Es i frgm

b b -

B e T N i o e
r ammowdyalwhagammnddr@ﬁﬁghsdmxcyqqu@m@, by ggmoving their
exanpl e a t hyl ene radical, a propylene radical, a
b@yaF E ‘cal, a pentylene radical, a hexylene

radi cal, Ré‘pféémame/b@nexyardymé glmuemec)somnmng &gents
radi cal . Representative al | phatic h drocar ban

r anfilede bubangi Ny htmte@et%pl-haﬁHm 108 CHlz) dpippylene

t SN AT dhdhi ycef@'*‘a@pl?ﬁ‘“z?gﬁcrﬁ?@i‘s%f £,

t (dlipyshylene glycolahettayh oratinhethyl) ether), CH3O[CHgCH(CH3)O]3(H

ﬁygﬁgﬂc}){({r%ﬁ%ﬁ%gd o'g?‘@ﬂlé’ﬁﬂ%fwv'@ﬁg& K)Silhf(”ylr ene
r‘Fﬁ) b&ﬂ{l @%&E& lor Ué'l:’_-% ?'S_P%En CH%@UQ?%IB(& éﬁn%tﬁyg @ther),

| gIQ@QO[@EI@ﬁMI(CH@)O]a{I-heI wﬂa) (dipnepylene glycol ethyl (or diethyl)

e
e G IsQICHECR e 2%@‘?@ CefloPiARORTRRe U et (5
C'tﬁét O&;étr%% GCHJGH RYdr 0534;{7) (Sbr beMb)glﬁidnﬂr;)ropyl
H or r op ene col

( dpr di—eﬂnqp»l) @thp@; 53,3H7O[CHZC 2(H or 3H7) (dlpropylene
glycol n-propyl (or di-n-propyl) ether) , C3H7O[CH2CH(CH3)O]3(H or C3Hy)
(tripropylene glycol n-propyl (or di-n-propyl) ether), C4HyOCH,CH(CH3)OH
(propylene glycol n-butyl ether), CsHoO[CH2CH(CH3)O]2(H or C4Ho)
(dipropylene glycol n-butyl (or di-n-butyl) ether), C4HsO[CH2CH(CH3)OJ3(H

or C4Hy) (tripropylene glycol n-butyl (or di-n-butyl) ether),
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C2H50[ CH2CH(CH3) O 2(H or C2H5) (di propyl ene gl ycol
ethyl (or diethyl) 25 ether), C2H50[ CH2CH(CH3) g 3(H or

w@2id6)p120vy | propyl ene gl ycol ethyl (or diethyl p)CEUR®NIH21803
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C3H7OCH2CH( CH3) O(H or C3H7) (propyl ene glycol n-propyl
(or di-n-propyl) ether), C3H70[ CH2CH(CH3)Q 2(H or

Sy COIERICER T bt PEOEYetbny PO e

9(046 Lcogﬂ?%gg %649((3)(])§(Hmr @+ | (Yipedrdene glgcol tI butylh(or di-t-
@WMW@M@Q@ %F@Q&s%@j,(@%b&(t@ﬁt @I%t&%glr))cbl t-

o Rl B, Gy ORICHI IR frBPHsrE ety

epénrty) ethe$), mﬂgocmzamoees)w(mmmosmm @3butyl ether),

e

gkﬁé@?&%ﬂ@@&%‘% tiRh-tt IteTh@lU(UHsc@EHQOIGHz)aCH3? 3) and

H
gtrirethyto!propagé di- ofbtdyl(etthgr[ﬁQel"bsCé@zieép 2)38¥|3)2CH20H)

cohery.  ONUCR AR ETE TR Bitscht PuBRIGK borprie
et g e s RO
g@ﬁ,@ Regretindebendanibrsaleates g@ﬁ] glighialic and

WW e ¢ é&?%lﬁ%@\%% ) BGEL2BER A R e

ng agents sent i nvention conprise
1@etdmaﬁfrmem|¢menc agdincatihderieraditale haviogBMR3® tthdarbon
cycl o- [ RAC( O)

A whoras Raid arides diaver s Bisleqir ot et Em dtut
hﬁ@b%%b%ﬁ%ﬁ@%id‘rﬁfc%ﬁ%’ uAis.f Tﬁ@rﬁolé&:léﬁw@@h‘? en séiHCHﬁildes

sel'ected from ali phatic hydrocar byl ene radi cal s
hwprgjerfabdmﬁr@mtabmm16@ﬂb@bouhﬂ%§t0rﬁlﬁdﬂmﬂéﬂ% BaiR", R

P0GV eRE L Ye A s Hlie hyfol B Hcels gy 57
S hdicald dtaining rfare@mrabénbofnrmasm@ms dé6cted fadm: Halctfehs

atom c nass units R3 and RS may optionally

i {elgudlcsines ehlptnerand alkexidesda.o mathaxy; RhiR » Rsand R5

£ 3Vl oot 0g BelaBaBhe sOESIRR rihStarbBRtbdicals,

alik rstiitass, (Which corthinathg)atoriR's, nitRigerR@zar)d oRﬁgém(mmy) or

s s e GBS AR
n| nePal’ n ?ﬁc?re)th Q¥HEEhdn rbc&bon%ﬂb&ﬁﬁueﬁid“éﬁd) Iln a

| cCa al n Ot erw se co osed carbon atons.
gehaelemlaioms angt preférahlyt o gwore @hamgae ol tisopresent for each 10

o SEN AL diR B PR A SR Al baflE

| s BLtiRientand ReterbSeriEmust b&Bynsiderediarapphing tes bon
aforementioned molecular weight limitations. Preferred amide solubilizing
agents cohsist of carbon, hydrogen, nitrogen and oxygen. Representative
R', R%, R® and R® aliphatic and alicyclic hydrocarbon radicals include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, cyclopentyl, cyclohexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl and their configurational isomers. A
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substituents and heteroatons nust be considered in
applying the aforenentioned nol ecul ar wei ght

wo eovbhetopDNs. Preferred am de sol ubilizing ageet/sS2005/021803

consi st of carbon, hydrogen, nitrogen and oxygen.
Representative Rl, R2, R3 and R5 aliphatic and

aﬂt)rle‘f%!ﬁed ‘en{%gﬁrﬂgﬁtr &%fd@cgcﬁ@e @lhé‘ ‘égéﬁﬁta?r@ tﬁ@ée‘Wherelr R*

I'sopropyl sec-buty
tmrthekaﬂd:r;elmemmeu Iformmlamyelmt—bﬂ C(OPSRIN] ymay be represented

t Y ir'ep ﬁyfi%ag;pr y{ﬁi{egrp@wcaY &%gg%f)}‘ qg%ﬁerﬁﬁ gt M\e formu?/a cyclo-
E@FFGR')" gg?g{l‘%&mélﬁ thé préioY¥R/-3E18d Q?a%%%%r molecular

preferred enbgdl ment of am de
sweight lanpplymg ingarintegar fomhd d@ SuRe issa sakated hygsocarbon

R ETERARRS, B2 Bl bl e A h Ry

| Selabher ( deCééi:% n B}Pthfe%l"éd EreQiukly-offered deflnlng R1 -3 In the
[(CR6R7)nC(O)N( 5)-]1 wherein the

* viaclars rerosented hedorigneycl R R egu R®
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c éﬁ@qﬁ r% d)ﬁefe?::b Bw tnu B?[:Sﬁtahy%gﬂ% Q%@J ratreﬂddy?ﬁé)carbon

| Patiipsingeovd the rsaieenylede (uhits, md:R5 iHa Is;atmatedrhychfecarbon
preV| ousl offered fefl nin

nlpg 3 1912 garhonAtoms. %or examp?e 4?satupaﬁed

8?@&%&@%%@5@ Bpbyholidih 2-GRes. 208 Rt at ed
hydr ocar b&epleserﬂdm\tmanudmﬁyubihemg amntg/ineh@lqmtt&fe not
S ued 301 B HBHET 220 I s Brrol@RLE Phen e s

h)&%tﬁ?iﬁ?ﬁ@l“mﬁ@dd)ﬁ@' 9- bﬁtymetplwbawm ol -yiloheéydngfolidin-2-one,

Representati ve am de sol ubilizing agents  incl ude but

arl ebutyl5-methylpiperide2-one ot PENpy-SretiRipetdReone, 1-

ec d
TERRTEBB R 1 e R ety b Ela APae, Smethyi-1-
1p@h€)}|[§ib§ﬁ&-l2mﬁd al :B-d!imeﬂ‘ryqneend 2-one, 1 methylcaprolactam 1-
1ut|5rrethI|er|d one, en Jh r‘[Eh
plbyéﬁpdﬂ'?l'@'ﬁe? ome ﬁéx‘ilm%lﬁf'@%ﬂ@'é’ﬁ? 6‘293( 553 net hyl
p 9N - PNRG!, Ssa
DB 26ne d-JBRK Do RER RN iy g famide
buaingl N Ndiistpropyla@etamide.1, 5- di et hyl pi peri d- 2- one,

1-d I h lid ) ) )
1 dodtey T Ketols sallihia genes of id Sresspt inveation gompprise
Nk@tcﬂdés%aféb%'tétpsy e f@RmuleRODEO ! WhiehdiA IRTGarmoRALse

present 1 nvent ion conpri se Ret ones represent ed

byndmrfd@nﬂw Baleamwmzallpm&e ealqu:tgp andiany hydepcarbon

SRS 5 £5) 72 cHER AR indb Y16 rave

C & helecularVReightnsf frdia rabiont mml abett3GGafomie mass units. R’
nmol ecul ar wei ht of from about 70 to about 300 atom C
mehdl Rhin said mtoneﬁ@ree@refﬁr%w indepepdeatiyseleptedifeomn v

' %%BHSP&'SH& LYotk FGHRSE b GiMtadicals having 1 to 9 carbon atoms.
The molecular weight of said ketones is preferably from about 100 to 200
atomic mass units. R' and R? may together form a hydrocarbylene radical
connected and forming a five, six, or seven-membered ring cyclic ketone,

for example, cyclopentanone, cyclohexanone, and cycloheptanone. R’

-11 -



al i phatic and alicyclic hydrocarbon radicals having I
to 9 carbon atons. The nol ecul ar wei ght of said

wedoene®9d s preferably from about 100 to 200 3BCHUSIN®021803
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mass units. R1L and R2 may together forma
hydrocar byl ene radi cal connected and formng a five,
Shid R?rméwsfbﬁaghﬁélaae ISLBStiteHd hydrb8A®BR radfcals, that is,
exanpl e, tycl opentanone, cycl ohexanone, and

ctadliciie poataining nRN- hymomd)m@ebstltgew selected from halogens

P [ U32005/ 021803 t
0r Tigtae, same) RCakoRY €8 maRixyy. R Snd e may
Fﬁ@ﬁalrynlcln@@hm@ibawiegnsmuwhydr@cmoﬁehara;h%dtﬁawsﬂ
ogens : fluorine, chlorine) and al koxi des

g éacgcalmh@hﬁpntam thenatorns n&r@geaﬁazw&wenr(lsﬁtmeoxa ) or
SSpRTRRTIT diakIchLiRin BUFGrAERY PRpbaey BPLaboh2bms™

oyggeral,(feinore tianethfee non-shybfatrarbcbﬂn sabétlthente amaidi cal

chain otherwi se c osed of c on at qQnp. neral
nBetaspatoms andrreter %M WBP@C&\EB&P%MH Pm%ﬁ"ﬁ 'h%aChm

heh foncdt {3 TR Rﬁeé h%&@sgﬁ’éeeoféﬁf‘s&g?n M " be

present t.or each 10 on atonms In
t hgdmmcadencsuhstituengs and met&mamnﬁyfws@bardwmdered |n applying

Al B VAR B, SR
| Rmdh@hb%‘Sallcﬁiﬁiéréﬁﬁéhgﬁhydfr@c%oﬁﬁdldﬁfs ml the Ieiial formula

al i,cycli rocarbon radicals int ener al

f R BIOR lncb@@)mathyh@thusdepr@@yhyeopr@wiybutybﬂsqiwty sec-butyl,

pz%&[)’ﬁm %(’BPeh[S( ope Fn V?et% kﬁéfn’(p)éh?)ﬁc’%éntg%%lohexyl,

CyiepBihestityl] noeyt Cd!édWXMdecitﬁ dbdptyllandabelrlconfigimational

decyl’, undecyl, dodecyl and their conf‘lygurati onal

W@; ag wellas p@w@w' cyaenyl. mesityb AoVl xyysapg |
gb h IyI and phenethyl. Representative ketone
S |Z|ng agents include but are not limted to:

2- but anon®epzesgentativeoketona setuljiizimgp agents unglude beharesnot
A e N I T
2 hekhRSHEhoN?; @%Imon@' Ep@8HEptanokE RRBptanone, 3-

4-et hyl'cycl ohexanone, 2-nonanone, 5-nonanone,
2h@etmmse5 methdlez-dn%aeon@ 2ectanone, 3-octananec diisotuityl

SSBTe AThgelgBidone: paliiBbons SriBnefie 2 skahofe. 4
Nidethh&se, I BdecsoNd, ezzltrtuectahené Qdifkyl kBtdHs andaicytioh&tyl
|s sel ected from ali phatic, alicyclic or aryl

f¥¥®ar bon radicals having from5 to 12 carbon

%?g”ﬁt or VIHAE SERBIBRiGRirS of 8%, AR EnanIR it bdhorse

umitties rBprésentsd by the forinalsBI ONj Whetein Rige selectes! from
aliphatic, alicyclic or aryl hydrocarbon radicals having from 5 to 12 carbon
atoms, and wherein said nitriles have a molecular weight of from about 90
to about 200 atomic mass units. R'in said nitrile solubilizing agents is
preferably selected from aliphatic and alicyclic hydrocarbon radicals
having 8 to 10 carbon atoms. The molecular weight of said nitrile

solubilizing agents is preferably from about 120 to about 140 atomic mass
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wondmemuioar wei ght of said nitrile
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30 preferably selected fromaliphatic and alicyclic
hydr ocarbon radicals having 8 to 10 carbon atons. The
sol ubi | i zi NBCHYSTINS021803
is preferably fromabout 120 to about 140 atom c nass
12 V\D 2006/ 012099 PCT/ U82005/ 021803 wunits. R may

T PR T SR N R

s U’éatdaw&iﬁtél ﬁ&ﬁ—ﬁ?d fdc@FBd?ﬁélﬂ%Qﬁ%nté %eﬂectecf frHFH hdl&gens
chl orine) and koxi des met hoxy

odﬂg;n&mrme phlﬂrm\eéané Qﬁﬁesgmﬁeﬁhpuy)adRhy'laymmaﬂy

iyl St gl A R
( tvl?lmah )cohfalmﬂe?lélo@@ﬁ nigfogen (atmrdxg@enqnamo% Pbr sulfur

carbon atons. general, no nore than three
ndHigy dn adaﬁ@ahc&magthetm @@ﬁgs%%e@r@paraéomﬁn dn general,

DR oS tarl Grg®hBn HiAfo@Ron Mibsuden@ dirbiielRiiofig) Ana
ncprefqrdblgcrmr imore thamsond, wilhbe mesertGoheach daicarornaidins in

VA A AN e
a'Hé?Bﬂfdt&ns%uéﬂb%' é&nsﬂi&eé‘iﬁ/bﬁplg Al y Ql%’?nérﬁ@n%ﬁl s in

the general formula R CN I ncl i sopentyl,

ngoplesular wetlghttlumtatnyus Rgpa'esmﬁatl\ye R’ ayphmkremybychc and aryl

( ABcFocasRBh faigelb e o€FHE) IS RN BEUEE ekl

besayéntylC HEBHattyl, PbM{yl dyelo\ﬂentywéwor@a&l m@g tébtl

Representative nitrite sol I'izi nfg agent s i ncl ude
arrpnybtdqcyh]upggcylodod_ecﬁ93@1éb@np@ ggurational isomers, as weII as

2N SRR o UEARR BB

1-Rypresentative nitiile splatilizleg agentslinclids Mg &dd@ Aot limited to: 1-
1- cyanoundecane and 1-c ano odecane 20 Chl or ocar bon

S&Y@BPPPﬂﬁaﬁﬁ Adctimethyl e,ilhGyanahexaneohpri se
- anBhEpRARS @%@@?Q?%%’?%‘éﬁé ohefarbrghont§L ! 1

al dyapotiecarigy &Lwanddenanam -c;ﬁammmecage Jandt beanadudecane.
atons; and V\(nerelg sal hI or ocar bog&\ have a nol ecul ar
wei ght of $PG 'lzlf‘ga"’lﬂﬁﬁts? e RS3ERt ipyertion

Ur&drﬁpns%lﬁ@cﬁ?dﬂnﬁreﬁ?eé@ﬂt&&‘b%ﬂﬁe orhflils RO, Wr@iﬂrk is 1 or

solubilizing agents is prefera from about
150 Riisoselectad SeonyaliphaticRand emﬂlahw@carmm mnmals hawdg 1

rep 4 serbendldiargic WBeldf SR BRI mabier

i sw:@ghybf freracabout 100 td ebbubmw htonhigMhads um@s)rfﬂﬁﬁ Wolecular
entyl tert-pentyl, ¢l opentyl, cycl ohexyl

ight o Oecqlg, chloresafpon g@ lllzlng)agﬁfg‘s@prefg@@gtfyd)maahput
P R BB s S0 o AL FERI A e ol
hydrocarbon radicals in the general formula RCly include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decy),
undecyl, dodecyl and their configurational isomers.
Representative chlorocarbon solubilizing agents include but are

not limited to: 3-(chloromethyl)pentane, 3-chloro-3-methylpentane, 1-
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not limted to: 3-(chloronethyl)pentane,
3-chl or o- 3- net hyl pentane, 1- -13 WO 2006/ 012099

wEFONLRR005/ 021803 chl or ohexane, 1, 6-di chl or oherRESI05/021803
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1- chl or ohept ane, 1-chlorooctane, 1- chl orononane,
1-chl orodecane, and 1,1, 1-trichl orodecane. Ester

S5 5400 SR VAT P

esters represénte genér

vmm@nnoﬁhne,rrdcmarocﬁmne amepﬁmdﬂcﬁlbwd‘é@bﬁét ed from
i near and%ﬂ%cl i c,. saturated End unsat urat ed, al kyl

and aryl E splybilipingragentsiobbiedresertisvention comprise

e el 2
nol eculrgyév\égﬁg%t %ﬁq &éé;ﬁn?g %ﬂ'ﬁu%h %(b)Q% t%%ggmat oﬁ?%R
mese indenendeRtp seleetedfromdinest and dyolid, sdéuratsd am¢ not

 dBspBfaleth ol andany sadicalsoBrripreg asters coasist sssanfially of

dlth@%ueﬁnsﬁtfsecc)m an@tdYhaveex e far \%@ﬁ't ohﬁeﬁﬁé}?@}t%o to
n but 8rop|onate n-propyl propionate, ethy
¥55 alemie P8P YNitpht hal at e, benzoic acid

?Qh%ﬁr%%ﬁ%% 1§ ERlER A &Y BOEReios it Sy 2>
cqmmyQMHw(Q)mezmwm@DHz@mm ﬁ (@h‘s@é\:t@hﬂbaﬁﬁ%ster)

tert-but 15 acetate. Lactone solubilizing agents of

t 18hy ﬂ?aﬁemeﬁwd hentapgats: inskutyl prepismate.reprapyé prapionate,

e 80 e b ApropantRiele, =t iR aeh 9. 535

[ A)]lprpayl ¢athondtee Yexvate 700't& cambmircial Og afkvha&etafa’ﬂ “Exxate

IX ref erab
PP G ghmarplal o il AopBtels tibubi nainta; Sad S 2s
Rbcetteugh R8 are independently sel ected from hydrogen
or linear, branched, cyclic, bicyclic, saturated and

unsat ur at ddckgner mjabub?mg ragentsofthe pEasentFmvenﬂcxmugimﬁﬁbe
t ther R
{ sBiad RISk o bl Tuitlria AL ol ab (B ocycl i

al kyl'idene group as in structure [C], wherein Rl
t hrough R6 ar eq i ndependent |y selected from 30 hydrogen
or |inear, ,Qra ched, cyclic, bdcyclic, sgturated and

unsat urate,g %< T4 WD 2006/ (Re2098_PCT/ US20Q5/
R/, ‘;:'I'Ra R P
Rs ReRs ' R &, RE

[A] [B] [C]

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

hydrogen or linear, branched, cyclic, bicyclic, saturated and unsaturated
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hydrocar byl radicals. Each R, though R6 may be

connected formng a ring wth another Rl through R6.
wab@eloaawbone sol ubilizing agents have a npDl ecBCBIUS2005/021803

wei ght range of from about 80 to about 300 atom c nass

units, preferred fromabout 80 to about 200 atom c

mass units. 5 Represe e, |l acton soI ubi | i
BSOS Falea B E ashd UGN i TaW e anRectashggtingsa ing
| with dtﬁ‘erTIQb{h‘?oﬁ%h %Ehﬁﬁe“ %ﬂbkb\{ﬁmf%%@éﬁ% have a

Structure Ml ecu ecu For nmu
( ma@eBarwhight denge 6f frerntapout 80 do abdub30Q atnmuz mass units,

SPrfara o aboutpn fo BhaBAI G a%ie s M. © ©
5 (E Z}3- bUtRéer@é}ﬂa@éT%'btbﬂe's&uﬂlﬁﬁ@%@ﬁtsll%ludeybut are not

di hydro-furan-2-one (E, Z)-3-pentylidene-5-net
diimjteddo fthe eompounds uBtedomT@OLe 468

(E, Z) - 3- Hexyl i dene- 5- net h%_ 0 0 C111-11802 182

di hydr o-f uran-2-one (E, z) JABMp#y| i dene-5-nmethyl - 0

di hydro-furan-2-one O C121-1200 2 196

( E,(Zy=3=uctytidene=5methyt=—00 dirhydro-furans2=omne
C13 szoz zwemve( E, Z) - 3- no#viekilad8trieturs- ngt hitpleculdr O | Molecular
di ] 'ﬁrgn h?na ﬂg.*/lrl_l‘%402 224 Formula Weight (amu)
(E, yuﬁ?ﬁ'}ie%éi d2he- 5- 200 0 di hydr cefissan-{2- ope
C, 8H2602 238 (E, 2)-3-(35805strinmethyl hexyliderje)- 00
5-net hyl - di hydrof uran-2- ane” C14H24Q02 {224

" (E, %ﬁriﬁfiﬁﬁm@%&m et |y 4 5- 00| cugo, 140

met ydr of ur an- Z- on zH a0z 194
ganma- oct al actone 0 d Cal -1 142 J|ganma- nondl act one
0 (OEZp¥hua@eheSrethy!- —_0_ o
dihydro-furan-2-one CgH1402 154
N
(E,Z)-3-pentylidene-5-methyl- (o) o
dihydro-furan-2-one CioH160:2 168
N
(E,Z)-3-Hexylidene-5-methyl- (o) o
dihydro-furan-2-one C11H1802 182
X
(E.Z)-3-Heptylidene-5-methyi- O o

diﬁydro-furan-Z—one C12H2002 196
X\
(E.Z2)-3-octylidene-5-methyl- 0
dihydro-furan-2-one \(_\QN\/\/\/ C1aHz0, 210
(E.Z)-3-nonylidene-5-methyl- o
dihydro-furan-2-one \(_K"\/\/\/\ C1H2402 224
(E,2)-3-decylidene-5-methyl- O o ;
dihydro-furan-2-one \(__\(/«\/\/\/\/ CisH2602 238
00
W

(E,2)-3-(3,5,5-trimethylhexylidene)-

5-methyl-dihydrofuran-2-one C14H2402 224
(E.2)-3-cyclohexylmethylidene-5- oo
methyl-dihydrofuran-2-one Ci2H 1802 194

\
gamma-octalactone O _o
S NP CeHuO2 142
gamma-nonalactone O __o
) WV . CeH1602 156
gamma-decalactone O __o
W Ci1oH102 170




gamma- decal actone 0 0 CnH, a02 170

-15 WD 2006/ 012099

PCT/ US2005/ 021803 ganma- undecal actone 0 0 C'H2002 184

w@armmimerecal actone 0 0 Cl2H22O2 198 PCT/US2005/021803
3- hexyl di hydro-furan-2-one 10 C oH,e02 170
3- hept yl di hydr o-furan-2-one C'H2002 184
Ci s—=—ethyl—brethyl—di-hydre—fg—Frar—o0—2—enre—c{H1202
amma- )
1287"Cr 8- %?cﬁ?eopyl - 5- Wdr 0 |f UrRRzR- one  1a4
Cahgz#dachdtdiactohd CTS= (|30 KA Ly )= drfiydro
furlan- 2- one CoH1s02 156 O ci s-(/3- pant yHZenetlhylfed
i hy|giiegyldihyifoeiman2-ogne O [C, oH, 8024170
ci §- 3- hexyl - 5- met hy! -fdi ran 2-lon&tp0g2 182
0 | S = 5- petthyl—di-hydt-g-—0-Huran-2-0ng— |
CLAFBYIIGE " i s- - dic, Ay8lr 0-{f u fean
2-gne 0 C13H2402 212 | cis-3-( rimet hyl hgxyl)-5
net [B33-etgiishgédyi-@nybrofu@an-| Z- on 226
ci #ecycl ohexyl met hyl.< thyl di hydr o-$Can- 3- on®
C12H2002 196 O0O---AO
5-nethyl - 5-hexyl -di hydro-furan-2- 0
cis-(3-propyl-5-methyl)-dihydro-
furan-2-one \/\i C:H1402 142
[o]
cis-(3-butyl-5-methyl)-dihydro-
furan-2-one /\/\& CoHi602 156
0
cis-(3-pentyl-5-methyl)-dihydro-
furan-2-one \/\/\io C1oH102 170
cis-3-hexyl-5-methyl-dihydro-furan-
2-one /\/\/\io C11H2002 184
cis-3-heptyl-5-methyl-dihydro- o]
furan-2-one \/\/\/\d({) C12H2202 198
cis-3-octyl-5-methyl-dihydro-furan-
2-one /\/\/\/\&) C13H2402 212
cis-3-(3,5,5-trimethylhexyl)-5-
methyl-dihydro-furan-2-one MO C14H2602 226
cis-3-cyclohexylmethyl-5-methyl- ?
dihydro-furan-2-one o Ci2H2002 196
5-methyl-5-hexyl-dihydro-furan-2- [e}
one CnHzoOz 184
{ (o]
S-methyl-5-octyl-dihydro-furan-2-
one C13H24Oz 212

-16 -



one C'H2002 184 O 5-nethyl-5-octyl-d i h yd ro-fu ra

n-

2 one Cl13H2402 212 O -16 WO 2006/ 012099

WEON6082095/ 021803 Hexahydr o-i sobenzof uran-1 PONES108021803
CeH120z 140 O delta-decal actone CloH1802 170 0 O
del t a- undecal actone C'H2002 184 0 O

10

15

20

del ta-dodecalact nnn Ci-2H2202-198 Jl__c At

4-
3-

Vi

5- n@(tﬁyﬁe}ﬁcmdrofuranM| scgsity, of 4.5 .
certi st okes, both at s e sgl ubl 1T Zi né agent s
may{ddeicdedadcbraldl € CONMerci al 1y pregared by retnods
as (described in U S | cat]i orf=1@7:91Q, 49%8

fi

r ef ence__Arvl etherl solubilizing adents of tHe

pre%‘ljﬁ'ﬁ,ﬁ%ﬁ&f@ﬁfn MPLhs 10far yI ethq;:oﬁm(g eprlesept ed
by |pdee formula R wher ei n: i s [selected |[from
al s havi 1

ary|l hydrocar bon radl,
atgms; R2 is selectd | Ttic hydr ocar gon
radi cal s having from|l to 4 car

soljubi I'i zi ng agents

i NS eanc?e,acwd‘g\mm- undqd/\lc(gt/@‘Qas Kilnermtijis, Vvijscoghty
of |5.4 centistokes a <(C8-Teexyl 5§

Hr.o £
TIT 20 UTT U A" &Ll

2 .ﬁ and CeH1202 140
CoH1802 17Q one 0 Llactone

l'y have a |ki nematic

a) nb\o H—7 centi-gtokes—at 0C _For.

TITTO

H
H exahyd" 0 dsoﬁenﬁ)ﬁra? u—crmg n-

rexyl dlhydro fura

l[fed August 3, 2004, incorporat%d RHerei n by

rom6 to 12 darbon

atons; and [wherein

said aryl ethers have a nol ecul ar wei ght of 1rom about

100 to about 150 atonmic nmass units. Representative R
aryl radi d@ctonesolubilizing agents generally have a kinematic

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

Aryl ether.solubilizing agents of the present invention comprise
aryl ethers represented by the formula R'OR?, wherein: R' is selected
from aryl hydrocarbon radicals having from 6 to 12 carbon atoms; R? is
selected from aliphatic hydrocarbon radicals having from 1 to 4 carbon
atoms; and wherein said aryl ethers have a molecular weight of from about
100 to about 150 atomic mass units. Representative R' aryl radicals in
the general formula R'OR?include phenyl, biphenyl, cumenyl, mesityl,
tolyl, xylyl, naphthyl and pyridyl. Representative R? aliphatic hydrocarbon
radicals in the general formula R'OR? include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl and tert-butyl. Representative
aromatic ether solubilizing agents include but are not limited to: methyl
phenyl efher (anisole), 1,3-dimethyoxybenzene, ethyl phenyl ether and
butyl phenyl ether.
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15 the general fornmula R OR2 include phenyl, biphenyl,
cunenyl, nesityl, tolyl, xylyl, naphthyl and pyridyl.
r adi PEI/BSI0N5/021803
the general fornmula R OR2 include nethyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl and
Pert - butyl ar omat,i

R
sol ubi | i zifYo g%@?ﬁsrgnq lﬂglﬁq\jrg%agﬁ@ts&féﬁﬁB{eqqn,trfqvg@t@e
mns&hﬁbﬁﬁé{dre%mﬂ t{yetﬂé%jén@ral formula R’ OC?CFzH \thereln

I met hyoxybenzene, ethyl™ phenyl ether an

piRHs Iseladied fromialipheticoalyolic Gl mmmmmmeozad«cals

TRl 8o 4RbEEs RaRM T e, Mo Rraiay Bomany inear,

f Fatrbted AP ridicdts. Wepiedantative ﬂ@@@it%@ts@mlbflrzﬂm agents

al.iphatic, alicyclic, and aromatic hydraocarbon

- delude but ﬁ@n%lmltedﬁoasatiu@chp% and GsHoaPEBCFH. It
atsﬁ%ﬁlq B& ﬁéle RIPRLY if Wi F@?ﬁé raht Eeﬁ‘!‘lHo%e?ﬁ%rﬁLI ) ansgyhﬁ}ﬁlzmg

radi c presenta |ve Iuoroe er so
a@msmamtlmaethlelﬂam fBuoroetherm t ed to C8H170CF2CF2H
that if the

d C6H13 2CF2H. | hould b t
?(Zf ri ger a%':p@eﬁﬁqq ﬁ?ﬁi‘f%’izt"?@?ge?ﬁ%éﬂgY hes|copnriss ethers
agfilved®oOm NBbrd8Ieting aﬁa;ﬁélgd|yOTﬁshn8fo-oiéleﬁ gf@t Bg S;f the

sol ubi I'i zi ng agents nay her conprise et
déwb&'élﬂfzf-ekim Wheoein-XoIsdfyidiegemchiarineodsflucrime, and Y is

| RO IERIRE B orBRG witBin RYB O Gaben & SRl or 1 e,
f|R’§:¥rb§@nta@5§ﬂ@éro®éﬂny\/ﬁﬂi@tﬂ%\ﬂﬁbrdeﬁhﬁgﬁe C2F5, or

Representative fluoro-olefins are
t qutrtﬂ@pmthx)eeﬂehexaélnpmnwpyleneoamiapﬁsﬂu@methylvmyl

orFhe" "HEBBARY, 8y belRRaPBt LatBhAR" Ligat ol Moy e of

pdhs WPB WMCWHLWRVWWW@R Ryéhididgen,
H‘ﬁ"n R and R are hydrogen, or C2H5 and

# 0% Gebls gnd .Vﬁ*a%r@mx is @nirseaer feom @741 andiy is AR dnfeger
f the t
%"ﬁ?@ 4 Bl SRR R DR Co BRIl ' R Pay be
m@)e(ﬁt)mmomm@mmmowmnwmm &hmiagtbegeydrogem) OH;

f roaﬁzﬁst B eV e, Flegediag 063 4 andu ey g 083 ¥ andt w

Repe astegeal from (PR ¥ Urk A6 wrféra‘ﬁtththl v ﬁlrv@laafe
pentaerythritol, but anedi ol, and ethyl ene col .

1,Representative polyplscare tiaietinlol mopgnegmntaemhrtmle butanediol,

ntion conprise 1, 1, 1
-trlf‘%mxllgﬁgdxy}r?& represented by the general fornula

CF3R1, whef ¢j1AT fHludrealkehe sbRbiliziryagénts bhthe prszdnt
alicyclic hydrocarbon radi cals having fromabout 5 to

alieyantion comprise hil ohigifluoroalkanes represented by the general
formula CF3R’, wherein R' is selected from aliphatic and alicyclic

hydrocarbon radicals having from about 5 to about 15 carbon atoms,
preferably primary, linear, saturated alkyl radicals. Representative 1,1,1-
trifluoroalkane solubilizing agents include but are not limited to: 1,1,1-
trifluorohexane and 1,1,1-trifluorododecane.

~ Solubilizing agents of the present invention may be present as
a single compound, or may be present as a mixture of more than one
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preferably primary, linear, saturated al kyl radicals.
Representative 1,1,1- trifluoroal kane sol ubili zi ng
1,1, 1 BOT/US2005/021803
trifluorohexane and 1,1, 1-trifl uorododecane.

Sol ubi l'i zi ng agents of the present invention may be

RLBHE T 29t NRifes AL SoIURIZinB asboty Dbsgian two.

PGl PAGEHE frdm B é@mb'dés%gof%%oudﬁsxkﬁy 850 Mctones,

solubi I'1Z1 ng agents may contain two sol ubi[1zing
age twe sblubitizingzagents fromnadwo diffecentaiasses, sudly as\mlactone

Iactone SQ ing agents fromtwo
dlaf‘pearB yoya‘;l@\éoge QLV&BLétgé agl agtone and a
pol yoxyal hiy kg Bredent ebmpbbitibns 2ohriprislify r@flﬁ@aht and UV

conposi tions conprising refrigerant and
f fluerasseahdyel s compristithheat trRpsherfiuid eadd4¥ mupraﬁcentaﬂwa,

f en
¢ o A0SO 01yt narb O B 1 PREE BN ARL"
d)cempm”sﬁfoasa.bl.})v ﬂy@ rprefevally Gradd abved @005W|?I&merbent to
ht percent, and eferably fr
wﬁ 9'9bgpﬁwt t&hd TGSWG%‘?‘B'Y m&%wqiﬂ;’rt@@ﬁ@ent to

P%ib'Z@’w&bhf B@&%nw fluorescent dyes in

rigerants and heat transfer fluids nay be poor.
Ther ef or e, Satebilitydf these Ut fuastesdany dybe sre refdgeisantmaud heat

bdsten i oy Bhatoor” gt ot meod R hto sRediese
nQiyeBﬁ\;thQ %rlgéﬁﬁﬁn@%lﬂ&rﬂilf@mﬁﬁ @ppﬁﬂitﬁé‘ hbl(/é beégs g

dye let or slurry o

may
| Mwaéd contly awct:wnpmeﬁummg e patemt |ngeR£t 3@95©Idescnbes

B Wi (e SREREb e e pEeE b B ave et

dyeay Be thseseidviath @ cofipppenteithandfrigeratictdort siF-eueditidhing
the apparatus. Nunerous other nethods for |ntrodu0| ng

d;?@P?FﬁtBS Aoreffigerang apddutiicast agg eirgdaiedithemahgh
C RRRBFHIE, e Bhesofied dl diSiforshd ShBidified i ?ﬁ@w the

r eippageustlumesals otlhlee madtiyodeofor irdecpdudinggdyainto a
uctio

- BE oAt oI PoRM HORBR AP gra JpSFTRIE the dterature.
present  i|gySIRf, wuwﬂ@rs&érﬁ ogera@mi bé @issolverl iHdhE 9
W fluorescent” dye, which nmay 25 be introduced Into

t hiefrigpeard iiself thereby ok reguinng anwneeeuab@ﬁ method for

CORREBISLATS 1 HicBbl RS AR S dEsecsto oson

evivergibn relsitétepesrapositsnsumiclulingreM Awdres ceht tdye, dikch may

solution. In the present conpositions_conprising

r mlp'@'gq!lé@ﬁd intp/the system in the refrigerant. The inventive
compositions will allow the storage and transport of dye-containing
refrigerant and heat transfer fluid even at low temperatures while
maintaining the dye in solution.

In the present compositions comprising refrigerant, UV

fluorescent dye and solubilizing agent, or comprising heat transfer fluid,
UV fluorescent dye and solubilizing agent, from about 1 to about 50 weight

percent, preferably from about 2 to about 25 weight percent, and most
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i SompPoiEet g ebi I eron 118, BV H5Rect R P feon
f paseabimua cOnéhitrationgrdm Edoat 0100t aveightiperteht to5aMﬁthm
percent in the refrlgerant or heat transfer flu

pWeight Rereent inthe teftiderankegheat eanstarfiuid mstﬁyabla f@m

o008 wEBEE ERlcen P R0 S B Berdent, AT st préfetdtiy
cfromo@.0y O\lmmgtit patenpteratiaub 0.25 weight peradint i on| ng
system a tive

Commoal ¢ | tiopsly. FRMBonS Lseref st siFcapdibning
e8P ABftadftivey (Y 1R é’d&bcﬁlé%@%lré&at@ édrﬁpfas.t|Jﬁhe§ﬁhe

additives are known in the field of refrigeration and
apresenhinivention myprdes el enhamctajeerf@marmeeancbsye*.tem stahility.

copeB Pl SRL B RAT ofte 4 of R3¢ eomahe piF figoning,

daag indladebut aré heElimAed &l andioss; riis, & prassure
control agents In general, -these addi tives are

plubsieants, gotrasion mmdrﬂmwlqmnb@stpfs @ﬂ@ta| suréang deagivatars,
rf‘rleé‘ré{ﬁ%a{é’cat\)éﬁ géée"aﬂh' %’E%%?Hoi b&&nts YR! %ﬁ\leléf these
concen I on 8 T om ess about 8 ﬁts
padditings bre presentin the mkmﬂlve&:onmcﬁlﬁonsermanhll @inowﬂ@h
addi tive t?‘re useg These additjves are selected on the

b@?gv%qo ROVErg| FQ,maggpogy ygwp%agnqmpgs of fromless
24 4B LI FRREN'E 28 b o Aebll Sklgniiacare

eme pressure ubricity a |t|ves
seath addltlbataye ased. {Thepeadditivphasp baleeted &THH® basis of the

2t ol st rodyittndiys FaSE ARG ES ntlite eftibers of the
mhﬁ?'ﬁ{&é%héf@fdnﬂly%f@ COHRINE PressOfsh Ihbﬁélﬁ}) éd’dlﬂ\?é?;e such

di al kyl di thi ophosphates (e.g.” zinc

das mua@a@gﬁﬁah@nxl @hozmmi)es (BUBP)z@n otngr alsvlat@hmabyl her

s f a I
CBHBSRTatE saldisre o SVibsBl BT A ChatisHRSio e
aﬁdosph/aies landlrameed a@mpbahdserddmtmamy théntktal dialkyl
mTet rical €Fg/%yh%drolcﬁ% | ubri cati on additives such
2dteipRbosphatehie o1 Hne Kyl sithionhosphatgres Y DDE i-Harzg),
St1 gk | érﬁb&er?ﬁ’&ﬂbé& Gtthis fQHllg%‘FEﬁemficfsggfg{ é:ﬁéed in
scavenger s, wat er scavengers nay e enplo
Coomposrﬂlsns rmf th& pre@sanbgweytmmnomﬂrl andivedp urddmves mmlude
eBg trglg%rotdgbt onf’s Q/nd?l ztagydmm)égncal \t/)o yﬂyclilroxyl |EJEI'IC t|on addltlves
such as Synergol TMS (International Lubricants). Similarly, stabilizers
such as anti oxidants, free radical scavengers, and water scavengers may
be employed. Compounds in this category can include, but are not limited

to, butylated hydroxy toluene (BHT) and epoxides.
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the The method comprises providing the composition comprising
refrigerant and ultra-violet fluorescent dye, or comprising heat transfer fluid
and ultra-violet fluorescent dye as described herein, and optionally, a
solubilizing agent as described herein, to refrigeration and air-conditioning
apparatus and employing a suitable means for detecting the UV
fluorescent dye-containing refrigerant. Suitable means for detecting the
dye include, but are not limited to, ultra-violet lamp, often referred to as a
“black light” or “blue light". Such ultra-violet lamps are commercially
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"black light" or "blue light". Such ultra-violet |anps
are comrercially -21 WO 2006/ 012099 PCT/ US2005/ 021803
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i s conpressed
cycle can be described simply as follows. Liquid refrigerant enters an
evaporator through an expansion device, and the liquid refrigerant boils in
the evaporator at a low temperature to form a gas and produce cooling.
The low-pressure gas enters a compressor where the gas is compressed
to raise its pressure and temperature. The higher-pressure (compressed)
gaseous refrigerant then enters the condenser in which the refrigerant
condenses and discharges its heat to the environment. The refrigerant

returns to the expansion device through which the liquid expands from the
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npressor is the preferred equipment for the present
rgf'!dlfﬁé?ea%m[?'iﬁﬁﬁ itions. A centrifugal conpressor
% qr r@%éélg el enents to accelerate the refrigerant
Iy, and typically includes an inpeller and
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12 or nore stages, .depending on the fjnal gressure )

dérapeler eyeq Of gantral mIe of a cirCulating impeller, and accelerate it
radially outward. Some static pressure rise occurs in the impeller, but
most of the pressure rise occurs in the diffuser section of the casing,
where veloéity is converted to static pressure. Each impeller-diffuser set is
a stage of the compressor. Centrifugal compressors are built with from 1
to 12 or more stages, depending on the final pressure desired and the
volume of refrigerant to be handled.

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

ratio of absolute discharge pressure to the absolute inlet pressure.
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smal | inpeller sizes I cal l ess than O
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u%%ﬂ'ldrgssaor%&% 'begp\%lth %q%[p?%ggure refrigerant, such as

trichlorofluoromethane (CFC-11) or 1,2,2-trichlorotrifluoroethane (CFC-
113).

Large centrifugal compressors typically operate at 3000 to
7000 revolutions per minute (rpm). Small turbine centrifugal compressors
are designed for high speeds, from about 40,000 to about 70,000 (rpm),
and have small impeller sizes, typically less than 0.15 meters (about 6
inches).

A multi-stage impeller may be used in a centrifugal compressor
to improve compressor efficiency thus requiring less power in use. For a
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di scharge of the first stage inpeller goes to the
suction intake of a second inpeller. Both inpellers
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s twigrstagamsyatemd irupperationtheatisihange af the first stagetimpetier
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conpre erably a two-stage centrifugal
conpre%gglppgﬁfgzl%at us. The conpositions of the present
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ai r - cond HirRethybutdigat punps or nobile
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Statio 'g‘ﬁ?ﬁhy@’é’?@?%i oni ng and heat punp

appl i c@3-dimethyipentime)i ndow, ductl ess, ducted,

packaged rmohal, chillers and commercial, including
Zindafe

packag op. Refrigeration applications
methylcyclopentane;

2-methylhexane;
3-methylhexane;
2-methylpentane;
3-methylpentane; and
n-pentane.

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

The compositions of the present invention may be used in
stationary air-conditioning, heat pumps or mobile air-conditioning and
refrigeration systems. Stationary air-conditioning and heat pump
applications include window, ductless, ducted, packaged terminal, chillers
and commercial, including packaged rooftop. Refrigeration applications
include domestic or home refrigerators and freezers, ice machines, self-
contained coolers and freezers, walk-in coolers and freezers and transport
refrigeration systems.
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i ncl ude donestic or hone refrigerators and freezers,
i ce machi nes, self 35 contained coolers and freezers,

refrigeration systens. -25 WO 2006/ 012099
PCT/ US2005/ 021803 The conpositions of the present
invention may additionally be used in
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and  n3paRLRARGtane;
2,2-dimethylbutane;
2,3-dimethylbutane;
2,3-dimethylpentane;
n-heptane;
met'hylcyclopentane;
2-methylhexane;
3-methylhexane;
2-methylpentane;
3-methylpentane; and
n-pentane.

.. The compositions of the present invention are particularly
useful in small turbine centrifugal compressors (mini-centrifugal
compressors), which can be used in auto and window air-conditioning,
heat pumps, or transport refrigeration, as well as other applications.
These high efficiency mini-centrifugal compressors may be driven by an
electric motor and can therefore be operated independently of the engine
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i
evaporating said composition in the vicinity of a body to be cooled.

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

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

as the replacement.
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WD 2006/ 012099 PCT/ US2005/ 021803 EXAMPLES EXAMPLE |
| npact of Vapor Leakage 5 A vessel is charged with an

WO pobiogdoszonposi tion at a specified tenperat uPer/Us2v05/021803

10

the initial vapor pressure of the conposition is
nmeasured. The conposition is allowed to | eak fromthe
vessel, while the tenperature is held constant, until
50 wei ght percent of the EXAMPAES conposition is
renoved, at which tinme the vapor pressure of the 10
conposition remaining in _the vessel is neasured. The
results are summarized EXAMBLE & pel ow. TABLE 5
After 50% After 50%m apefvdporl Dehkade | Ni ti al Leak
Leak Delta w % A/ a.Psl a kPa, P% .
CAFO0CoH/ o fbYetsekisreharaed i an itil sampogiiopeat ygpecified
14e®Peidldre? 2nd.tA&GNIHA/VEROL Hréxs3udd of thelcbripoSitiod & 2. 6%

1 1hgassd TG o, Sabliel§ Sa bl g \ed3ek Wl spe

3d¢mpensuEdisdridiconstast; uplil 3% weightoped@ra df tie itid6. 25

0 0. 0%
é&‘r‘%ﬁ Imeve atllibich ity “@Vé*’%f%eﬂ)fﬁ%ﬁlol 2
L £Omposipngemaining in fhevessel @mﬁeéu . 1thesesslis are 0. 9%
1/9%rhdri2sd H7TSle Bbai6wd7. 63 0.3% 0/ 100 14.14 97. 49

14.14 97.49 0.0% 60/40 1 L 60 13.73 94.67 4.0%
70/ 30 13.81 95.22 12.54 8 =29 7%2 8513 74 94.73
12,38 85.36 9.9% 100/ 0 5. 5ARES Mhes ter50fh 0. 0%

2- kmitigh hynBialane eak1i C) 3ke@ke7. 4 Deitx7
1wt% A/ wited 1@sias Oki® 20/ ®Bia4. 59 1(1@50 14. B
100. 11 0.5%

C4F3OC;Hs/cyclohexane (69.4 °C)

73.1/26.9 14.68 101.22 14.68 101.22 0.0%
90/10 14.03 96.73 13.66 94.18 2.6%
99/1 12.21 84.19 12.04 83.01 1.4%
100/0 11.85 81.70 11.85 81.70 0.0%
60/40 14.54 100.25 14.38 99.15 1.1%
39/61 13.99 96.46 12.67 87.36 9.4%
38/62 13.96 96.25 12.53 86.39 10.2%
0/100 10.47 72.19 10.47 72.19 0.0%

C4F4OC,Hs/cyclopentane (48.1 °C) :

29.6/70.4 14.71 101.42 14.71 101.42 0.0%
10/90 14.52 100.11 14.39 99.22 0.9%
1/99 1420 97.91 14.16 97.63 0.3%
0/100 14.14 97.49 14.14 97.49 0.0%
60/40 1430 98.60 13.73 94.67 4.0%
70/30 13.81 95.22 12.54 86.46 9.2%
71/29 13.74 94.73 12.38 8536 . 9.9%
100/0 5.57 38.40 5.57 38.40 0.0%

C4F9OC;Hs/2,2-dimethylbutane (48.1 °C)

32.6/67.4 14.67 101.15 14.67 101.15 0.0%
20/80 14.59 100.60 14.52 100.11 0.5%
10/90 14.38 99.15 14.23 98.11 1.0%
1/99 14.00 96.53 13.96 96.25 0.3%
0/100 13.94 96.11 13.94 96.11 0.0%
60/40 14.32 98.73 13.82 95.29 3.5%
71/29 13.83 95.36 12.46 85.91 9.9%
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10/90 14.38 99.15 14.23 98.11 1.0% 1/99 14.00 96.53

13.96 96.25 0.3% 0/100 13.94 96.11 13.94 96.11 0.0%
w@04012bde 32 98. 73 13.82 95.29 3.5% 71/29 13.BG1/852086021803

12. 46 85.91 9.9% -29 WO 2006/ 012099 PCT/ US2005/ 021803

72/ 28 13.76 94 87 12.27 84.60 10.8% 100/0 5.57 38 40

5.57 0 /2 3- t hyl byt (5

44. 7] ii/é 14. 7@% z?g igﬁg 0. og‘*afgb/ 804] 43%;0
99. 29140/004 96.9897 2. 588 QO/ 90 28799 96. 36-453. 57 B8%6
3.0% 1/99 13.37 92.18 13.30 91.70 0.5% 0/100 13.28
91C FHOC3HR, BHlirhethglbdtanes (5448 °C¥. 59 100. 60 14. 41 99. 35
1. 2%4.7/8578 13189295.100.40. 5918781 9. 3001.48/ 22 (1.8%/9
95. 0823/8038 8514@010.9999100/ Q40414 49. 88.80 14 49593
0. 0% 16469 CC2Hgps 2g3- dgmtshyl pqeteﬁnf (7293 69 82.24dy. 8

14. 68 22 1 1 10 1 100

14. 3901 0220%%5} 1311 6)'
100/ 04,300 89 % 60/

13. 5609499 4. 34 12

51/ 497 4%3g6 955@ D0, 0 6318 50 §/°61
8.50 58281 0. 0d penta 6)2%

86. 0/ 1208 14. 69 -141. 2‘89221 69 101428 0. 0%9 /5 101,056
99.01 14.23 98.11 0.9% 99/1 13.78 95.01 13.71 94.53
0. G OB/, 3-dirbEthgpentars(7262 93) 49 0. 0% 60/ 40 13. 96
96. 2224708 8918486. AU B/ 4414BB0 95.1(1.22. 49 G6%L2
9. 5% 98A045 1314%194.190.04L. 33143801 10. 4%022 -  0.8%

99/1 13.28 91.56 13.16 90.74 -+  0.9%
100/0 13.00 89.63 13.00 89.63 0.0%
60/40 1419 97.84 13.56 93.49 4.4%
52/48 13.90 95.84 12.59 86.81 9.4%
51/49 13.86 95.56 12.43 85.70 10.3%
0/100 8.50  58.61 8.50 58.61 0.0%
C4F4OC,Hs/3-ethylpentane (73.5 °C)
86.0/14.0 1469 101.28 14.69 101.28 ~ 0.0%
95/5 1436  99.01 14.23 98.11 0.9%
99/1 13.78  95.01 13.71 94.53 0.5%
100/0 13.56 93.49 13.56 93.49 0.0%
60/40 13.96 96.25 13.03 89.84 6.7%
- 56/44 13.80 95.15 12.49 86.12 9.5%
55/45 13.76  94.87 12.33 85.01 10.4%
0/100 786 54.19 7.86 54.19 0.0%
C4FoOC;Hs/n-heptane (74.9 °C)
91.0/9.0 14.72 101.49 14.72 101.49 0.0%
99/1 13.00 89.63 12.97 89.43 0.2%
100/0 14.19 97.84 14.19 97.84 0.0%
60/40 13.57 93.56 12.13 83.63 10.6%
61/39 13.61 93.84 12.29 84.74 9.7%
0/100 6.97 48.06 6.97 48.06 0.0%
C4F3OC,Hs/methylcyclopentane (64.5 °C)
62.1/37.9 14.71 101.42 14.71 101.42 0.0%
80/20 14.31 98.66 13.89 95.77 2.9%
90/10 13.26 91.36 12.20 84.12 7.9%
95/5 12.09 83.36 11.05 76.19 8.6%
99/1 10.56 72.81 10.22 70.46 3.2%
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0/ 100 7.86 54.19 7.86 54.19 0.0% CAF90C2H5/ n- hept ane
(74.9 C) 91.0/9.0 14.72 101.49 14.72 101.49 0.0% 99/1
wWA20080189 63 12.97 89.43 0.2% 100/0 14.19 97.Bdr/182009021803
97.84 0.0% 60/40 13.57 93.56 12.13 83.63 10.6% 61/39

13.61 93.84 12.29 84.74 9.7% 0/100 6.97 48.06 6.97
48. 06 0. 0% C4F9CI:2H5/ met hyI cycl opent ane 64.5 C

62. 1/ %908 14. 710981 £9 i P2 0. 009280/ 20 A-9%81
98. 664Q/6089 9514452, Y. 6@0/ 1011:9125 91. 96692 20 38%2
7.9%2%%b5 12. 14.083. 336.53. 05 18.60 8. 6986/ 1 1005B%
72.8124/3622 7013063. 296.2530 WIRB106/ 0126625 10.4%
PCT/ US2005/ 0218087 1080.9610. 03167 29 1080%669. 290.099%
40/ 60 14.45 99.63 14.01 96.60 3.0% 25/75 14.00 96.53

c1>/?C1 O%EH ;,égtr%q f%ﬁ/ %(%30 6 960/25 12.51 86. 25 33/ 4%
Phe 804 72 81. 8/ ?

éB 90/ 4.51 1
2 > 90. 4 %8% 7/‘0

101 3 } 7o 1? %

99. 15 % 99 3. 36

12. 951%@%29 12139539 89 3 0% N0 14. 11 9.8%s1
93. 846Q0/4Q0, 51148313 Y195 84136151 86. Q@%o 0%4.4% 50
13. 86598956 12139085.9%840. 9%!2&1100 8. §8.250. 09 18.0%
59. 0950/50% CAF8862HBRS5Aet hylBSBGane (785850 10.9%

83.8/0400 14. 7B.8D1. 450.08. 71 185742 0. 0%9.0%0/ 10 0L.%0
100. 66 14.52 100.11 0.5% 99/1 13.52 93.22 13.42 92.53

0.F%, OEIM.B-hdt f%g@%e@ 91.36 0.0% 60/40 14.14
7. Aé%}ggﬁﬁ 92445 A )

8fi6: S 4Wa2 1471 10142  0.0%
90/10 14.60 100.66 14.52 100.11 0.5%
99/1 13.52 93.22 13.42 92.53 0.7%
100/0 13.25 91.36 13.25 91.36 0.0%
60/40 1414 97.49 13.38 92.25 5.4%
54/46 13.91 9591 12.62 - 87.01 9.3%
53/47 13.87 95.63 12.47 85.98 10.1%
100/0 8.26 56.95 8.26 56.95 0.0%
C4F9OC2Hs/2-methylpentane (56.5 °C)
47.9/52.1 1467 101.15 14.67 101.15 0.0%
60/40 14.59 100.60 14.48 99.84 0.8%
79/21 13.79 95.08 12.52 86.32 9.2%
80/20 13.70 94.46 12.31 84.87 10.1%
100/0 7.59 52.33 7.59 52.33 0.0%
20/80 14.26 98.32 13.78 95.01 3.4%
10/90 13.80 95.15 13.30 91.70 3.6%
1/99 13.11  90.39 13.03 8984  0.6%
0/100 13.01 89.70 13.01 89.70 0.0%
C4Fs0OC,Hs/3-methylpentane (58.7 °C)

52.1/47.9 14.68 101.22 14.68 101.22 0.0%
80/20 13.89 95.77 12.81 88.32:° 7.8%
82/18 13.70 94.46 12.41 85.56 9.4%
83/17 13.59 93.70 12.19 84.05 10.3%
100/0 8.21 56.61 8.21 56.61 0.0%
40/60 - 14.60 100.66 14.50 99.97 0.7%
20/80 1412 97.35 13.45 92.74 4.7%
10/90 13.59 93.70 12.95 89.29 4.7%
1/99 12.81 88.32 12.71 87.63 0.8%
0/100 12.69 87.50 12.69 87.50 0.0%
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54/ 46 13.91 95.91 12.62 87.01 9.3% 53/47 13.87 95.63
12.47 85.98 10.1% 100/0 8.26 56.95 8.26 56.95 0.0%

WEAROOCAME/ 2- met hyl pent ane (56.5 C) 47.9/52. 1 HaAT/632005/021803

5

10

15

20

25

101. 15 14.67 101.15 0.0% 60/40 14.59 100.60 14.48

99.84 0.8% 79/21 13.79 95.08 12.52 86.32 9.2% 80/20
13.70 94.46 12. 31 84. 87 10.1% 100/0 7.59 52.33 7.59
5?% % / 20/80% 8.32 13 78 95.01 3.4% 10/90

c

. 6% , 1,99 13. 90. 39 13.03

2 0/11 113 9 701 101" 50, 3442 o0 029

c4|=9 / 3- meth (581 EE) 52. 11/0471@ 14.058%

101. 20100, 68 1A Qz oom@ﬁ 80/ »6.663. 89 dH1708 12, $10%
88. 340/608% oP4.38 10972294, 46413, 41 85985899, 49%1.9%/ 17

13.59%®3070 1213.9884.9%010. 3942.600/ 0 8. 88.886. 61 B6%1
56. 616038% 40{$6814.6103200. 662.82. 50 9988940. 7%9.8% 80

14. 12653735 13138392.95194. 7% 123790 13. §9.993. 701627995
89. 29fo/§% 1/ 9%412. 8 §8. 32 WaF1 87.632868% @ 490

12.69 87.50 12.69 87.50 0.0% -31 WO 2006/ 012099

- PCT/ US2005/ 021803 C4F9CIIZH5/ n- Eent ane (35.0 O

9.2/90.8 14.71 101. 42 14EXAMBLE® 0. 0% 1/99 14.67
101. 15 14. 67 101.Tip Speed toPeyelop/Peassiye. 08 14. 66

19478 00, b 53968 Ca tieSuRaiEa ol ndtiod ot Ariingil 0
84eRMioAsife fardehigetdtidneQdpAidnt that ﬁs&&e&lnfﬁ@aﬂc%m;ir@@é@rs.

3.33 22.96 3,33 22.96 0.0% EXAMPLE 2
The torque an impeller ideally imparts to a gas is defined as

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

T = torque, Newton-meters

m = mass rate of flow, kg/sec

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

ré = radius of exit impeller, meters

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

r, = radius of inlet of impeller, meters

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

T=m",', Equation 2

‘The power required at the shaft is the product of the torque and
the rotative speed
P=T"w Equation 3

where
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Tip Speed to Devel op Pressure Tip speed can be
esti mated by naki ng sone fundanental rel ationships

conpressors. 5 The torque an inpeller ideally inparts
to a gas is defined as T = nf(v2*r2 vl*rl) Equation 1
where T =g ar r Newton-neters 10 m = mass rate of
flow, kg/sec vZ2 ="tangential velocity of refrigerant

| eavi ng i mpel drguldrtvgbocityeealjians/set er s/ sec r2 = radi us
of, exit inpeller, nmeters vl = tangential velocity of

r ¢EfPant entering inpeller, nmeters/sec 15 rl =
radi us of inletpafr+ypehherr,* Jet gEgudifondn ng t he
refrigerant enters the | n‘pefl er in an essentially

axi al direction, the tangential conponent of the
velocity vl .= 0, .t herefore I o= nEv2*r 2 Equation 2
The povier AAGUTPIRE e’ @&y the Toesen 438 b hane
t Qhéltehgiimtial VelEcit ﬁhb\f@frlgé@m dre ?ﬂe'é’ﬂ%\lﬂéiﬂle&él;'tﬁ@re?ore%
where -32 WO 2006/ 012099 PCT/ US2005/ 021803 P = power,
Ww = angul ar velocity, radians/s therefore, P = T*w
= nmtv2*r2* w Equatfpn,4 5 At |ow refrg teflow
rates, the tip spégg 3¢ the i mpel | er a%%%t e5
tamgential velocity of the refrigerant are nearly
identical; therefore r2*w = V2 Equation 5 10 and P =
mtv2*v2 Equati on T6= MYat¥her expressi orFRtARal power
is the product of the nass rate of flow and the

I sentropi c work of conpression, 15 P = nfH *(1000J/kJ)
Equati on 7 Another expression for ideal power is the product of the

mass rate of flow and the isentropic work of compression,

P = m*Hj*(1000J/kJ) Equation 7
where
H; = Difference in enthalpy of 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,
V,*v, = 1000*H; Equation 8

Although Equation 8 is based on some fundamental
assumptions, it provides a good estimate of the tip speed of the impeller
and provides an important way to compare tip speeds of refrigerants.

The table below shows theoretical tip speeds that are
calculated for 1,2,2-trichlorotrifluoroethane (CFC-113) and 3-ethylpentane
of the present invention. The conditions assumed for this comparison are:

Evaporator temperature 40.0°F (4.4°C)
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wo eoosatweat ed condensi ng condi tions,

10

15

20

25

where H = Difference in enthal py of the refrigerant
froma saturated vapor at the evaporating conditions
20 kJ/ kgpCT/US2005/021803
Combi ning the two expressions Equation 6 and 7
produces, v2*v2 = 1000*H Equation 8 25 Although

Equat i on &:éﬁdéiﬁ,%e@erﬁ?eﬁa@u% f undamerrrai43 se3unpt i ons,
it provides a good es

> a imate of the tip speed of the
i mpel | er lawadmu@apqletgnmerawp@rﬂ&qWH&,s%a conpare tip
speeds of ' t abl ws
t heoreti ca*apfﬁpggég%héeﬁ Tlhgrt% are 7%6 I c{%\ga% for
1,2, 2-tri dbdmprsgsof bfficiemyligne (7081 13) and

3-ethyl pentane 30 of the present invention. The
condi tions assuned for this conparison are:

E t - .012099
PCT! Uso005) S8 TR TRiGa fAmciors butior inich S e
( £2nB@ugal apmpressdrsqrfdaremper at ure 10. OF (5. 50)

Return gas tenperature 75.0F (23.8C) Conpressor
efficiency is 70% 5 These TAABLEWi cal conditions under

Wni CRednigeirdntt ur pi W8% cpPWt% Bfjuddil |10 |eHi0ar s eer|f ovevel
ABL Eompegition gefCalrPCis Do W %| Btuib | Bitu/b, | KIKg 0 ni/s \f20 OPC-113

{IFC-08nposi ti on CAF9QC2H5 Bt19/oRl Bteu/|l b7 .8J)/183.3M1 s he

FC-113 CFG-113 10.92 7.6 17.8 133.3 na CAF90OC2HS

Q.E:O®.Heplag Bhekane 731 1 26./9 17.169 12.4 28,8 149.7

ZyGpheRar®- di met hyl7pént ar6.982.12.697. 8.46. 358 1[1169.746. 627%

R3-dméPApentdect h¥PRent aTd §863514104 15208 (11632 |2510%

SoetityipbAttle n- hepBafe D140 9.16.915. B1l1 10259 2460.9157 1N %

tanet hyl cycl opéfat ane9.62.{1537.{91A.D.(024.93[ 3731. 0118%

netitylcy@&ntae net BN hex 87€® §198118123 116350 1{1176.946. 932%

Z3n&hyiik380e 3- nept By.Bhexase §31685 161126 16284 {11634 [26143%

PRRPRRRPRRRLRT O o

B2n@hyiiRR86eThe Ex88PI e sisews 16l24t] cosadoasds| wb.6tlhe 122%

present i RMENELMple 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 20
percent of CFC-113.

EXAMPLE 3
Performance Data

The table below shows the performance of various refrigerants
compared to CFC-113. The data are based on the following conditions.
- Evaporator temperature 40.0°F (4.4°C)
- Condenser temperature 110.0°F (43.3°C)
Subcool temperature 10.0°F (5.5°C)
Return gas temperature 75.0°F (23.8°C)
Compressor efficiency is 70%

TABLE 7
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10 have tip speeds wthin about 30 percent of CFC-1 13

and woul d be effective replacenents for CFC-113 with
wWormwsoedo9zonpr essor desi gn  changes. Most pr ef BET/882005/021803

conpositions have tip speeds within about 20 percent

of CFC-1 13. 15 EXAMPLE 3 Performance Data The table

tow strogws—t ey pey forpancg of [vart €6ip| Jgerants
conpared to CFG 1 [18uap TEvap (idral |srel | Diashgdhisom| t he Capacity | Capacity
f Gdmpositiony cwifidi (witthhBres | PEs Ffee CP&F()TGW%@PMMF (kW)
4.40) Co r iﬁ%@r‘éﬁ}' sigh Pair 43 &) [ Subcool

¥ T
& .lF'

REiatyre ) 1s (AT Medd T 956t WY Plal |E 445 O 0.26

) faYaVilita il o\

=2 faW|
CTHTUIEILY {175 U70 40 TAPLLC [T o

3 % W’II}JI <
“958%/ 0412009 PCT| US2005/ p21803  onp |Conp| Evap Evap

ilexamnd Dr3sich{2BlSciiv Capmacisy |Capaaleisy] 5820 pass|l t bON 0.12
sy Adpovttdie Br 029.6Pr [(78.4 Prads | Ptoes 17.6 86T ¢ A9 ARt 4180 N1667 0.29
J?FE’HM" Fipi6a JoP4| PS4 %k Pds6d & Hss4.7grg. 11 1‘8012 716119 0.28
88156, 3601 LA 843G B 26T OAR ISP ST 022
2P dne* 73 1536 %0 1. B 7.8 B 457367 E5™| 405 | ©
Qakﬂurhbtr{ﬁz CsXd of1@eBf ae | BD b 5@.[4362.| 13115 953 b3 &0 149. 8] 0.10

pentahe4. 18 16. 7 D. 2 212-dimethyl - |132. 6 67.4 2.18 19
Bethglp@iang(34860 549! .81 516G} 149 128 | ik 3 |3.97 0.10
?-hgptaqe',rm hy91 0 4 9.96 7 4 % L 45 131 dT3P 1,554 }3.%_ Q4 _op 008
:{5.'26.0' 2u1tang' ?,1 - di et hy] §82 é%?:o @ O .2 015
Pmethyil . O 55818 3[19.6| .99 |GB.oLY 5:pensﬁanea1$ efss | 3.emnft aBe 0.10
hexade 14. 04 0.8 5/0 4.9 34 181.5(55.3 3.97 5.4 0.110
it ans| 9B [°6] 07 50| 46 (3P {301H B3 139 9854, o 010
e e 'ylf‘m‘c 521 St 5T 54 Pen | 157 T 156 | £05 217 P 0.20
Erhe 7 p 15 " - T e
3-methyl- 521 (479] 1.7 [ 12 | 87 | 60 [136.9] 58.3 [4.05]| 108 0.19
pentane
n-pentane ~ 92 908 45 [ 31 [19.2 | 132 [150.9] 66.1 [4.16 | 26.1 0.46

Data show the compositions of the present invention have
evaporator and condenser pressures similar to CFC-113. Some
compositions also have higher capacity than CFC-113.
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pentane 2-nmethyl- 81.8 18.2 0.9 6.0 5.2 36 131.6 55.3
3.97 5.9 0.10 hexane 3-nethyl- 83.8 16.2 0.8 6.0 5.0

52.1 1.9 13 9.4 65 137.1 58.4 4.05 11.7 0.20 pentane
3-methyl- 52.1 47.9 1.7 12 8.7 60 136.9 58.3 4.05 10.8

0.19 pentane n-pentane 9 .8 4.5 31 19.2 132 150.9
66.1 4.16 26.1 0.46 Dat ﬁéﬁi&&e conpositions of the
pr esentVhatis aldimedhi@ve evaporator and condenser
pressures.simlar to - . Ltions al so
Mve: hAgRiofapCl fpt arshesiuic eqpo BB dyjd iR
2@NB{0CAI9andPatTiebsLots hpdrveabonGeieaed framthe gratipai ned
[ Sondisti pEfrigerant or heat transfer fluid

con‘pos”t%on conprising C4F90C2H5 and at | east one
hydr oc g¥®lehexanaicted fromthe group 5 consisting of:

cycl ohgyaBgentapc! opent ane; 3- et hyl pent ane;

2, 2-di 52%5 I: but ane; 10 2, 3-di net hyl but ane;

2, 3- di ekt §F’68 Yme; n-heptane; nethyl cycl opent ane;
2- met hyl hdimataylblfare; met hyl hexane;  2- net hyl pent ane;

or heat-PARMERTURIE: 1" composi 1 on sui tabl o for use i
r ef ri g&Sdiroethylpeatantaeis or air-conditioni ng appar at us
enpl oyigifedthhe;

methylcyclopentane;

2-methylhexane;

3-methylhexane;

2-methylpentane;

3-methylpentane; and

n-pentane.

2. A refrigerant or heat transfer fluid composition suitable for use in
refrigeration apparatus or air-conditioning apparatus employing (i)
centrifugal compressor or (ii) multi-stage centrifugal compressor or (iii)
single slab/single pass heat exchanger, said composition comprising
C4F9sOC,Hs and at least one hydrocarbon selected from the group
consisting of:

cyclohexane;

cyclopentane;

3-ethylpentane;

2,2-dimethylbutane;

2,3;dimethylbutane;

2,3-dimethylpentane;

n-heptane;

methylcyclopentane;

2-methylhexane;

3-methylhexane;

2-methylpentane;

3-methylpentane; and
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centrifugal conpressor or (ii) multi-stage centrifugal
conpressor or (iii) single slab/single pass heat

wez@aanyey , sai d conposition conprising CAF9OQERHESZNS 021803
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at | east one hydrocarbon selected fromthe group 25
consi sting of: cycl ohexane; cycl opentane;

3-et hyl pentane; 2, 2-di net hyl but ane; 30

2, 3-di wepdnthhelt ane; 2, 3-di net hyl pent ane;  n- hept ane;
met hyl cycl opent ane;  2- net hyl hexane; 35

3- et hyl hexane; 2-net hyl pentane; 3-net hyl pent ane;
add - 3AnNVzeRNOPIOA0S-FREDIOBROOFTNPALBOB comppisingane .
3. An azeot ' ' i

corpr =i ng: “aR0c1 & SBRRLOYERHY ARk fEIRAPCAHpEnd about oo
caF9ocksbar R wesight percent cyclgpsntangd wei ght per cent

cycl opent anghoaPPtt abolitt7 RReIght pbrawtit TiF 058 Bhd about 99
CAF9 HS antd%gbout i ght percent

99 t ut 29
3 5o T enoNt S et PRrt 20 e By el ohi
percent CAFapeaH)b taaboatoblvelfht aeocemmFgaezlgg bgbtggbout 99
ercent . 2;.3- ; : .0 about
\R/ei ght E%éPé%ﬂ%%%t@@%ﬁﬁb@%@@%% about 1
wei ght per c@hpubdBiaipheut39 weighipercent ufG6-lls and @bout

S ! aBloME TR B0l o
wei ght per c@Rpu é@‘?ﬁg&?ﬁ weight percent C?E@ 2Hpand apout

vei ght 4aetocbput Taidighicyercenedetngpertboet 51 to about
wei ght per b ERPEb2R L ABONESH Rl By £4f DB e Bt sbout
wei ght 7Bdoabout Carsigape cantimetiyleyclopentanaibout |
wei ght  per cepb,,85{%S BRbIEIRRRIght percent C4FsOC,Hs and about
49 to about 1 weight percent 2-methylhexane;
about 54 to about 99 weight percent C4FsOC,Hs and about
46 to about 1 weight percent 3-methylhexane; ‘
about 1 to about 79 weight percent C,FsOC2.Hs and about 99
to about 21 weight percent 2-methylpentane;
about 1 to about 82 weight percent C4,F¢OC,Hs and about 99
to about 18 weight percent 3-methylpentane; or
about 1 to about 62 weight percent C4FsOC,H5 and about 99
to about 38 weight percent n-pentane.

4. An azeotropic composition comprising:

- 29.6 weight percent C4FgOC2Hs and 70.4 weight percent
cyclopentane having a vapor pressure of about 14.7 psia (101 kPa)
at a temperature of about 48.1 °C;

32.6 weight percent C4FyOC2Hs and 67.4 weight percent 2,2-
dimethylbutane having a vapor pressure of about 14.7 psia (101
kPa) at a temperature of about 48.1 °C;

44.7 weight percent C4F9OC,Hs and 55.3 weight percent 2,3-
dimethylbutane having a vapor pressure of about 14.7 psia (101
kPa) at a temperature of about 54.8 °C;
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20 about 1 to about 79 wei ght percent C4F90OC2H5 and
about 99 to about 21 wei ght percent 2-nethyl pentane;

w@bwmani12b9e o about 82 wei ght percent CAF90C2H5 eeMUSIn0£021803
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99 to about 18 weight percent 3-nethyl pentane; or
about 1 to about 62 wei ght percent C4F9OC2H5 and about

azeot ropi ¢ BArpWBIan BREONErT Sohers 290 T mgiant perces 23
bty e SriurAate it

a teﬁp‘gl?gs Efél{%&'pgfﬂs@& %tém%i'&%zg;%l wei ght pe;rcent
ﬁgslggcsz aB6. (Bw:engm/p:agmnt @eFa@G&HRagd 1di0rwelght percent 3-
at & tSpeiang haying fvé’ﬁ“é&@%“f% fapept f4 riétla (10FkPa)
caFooc2hs tampesaure oabMit 79ed et 2, 3- 35

di met hyl but 6281 Wé}gﬁﬁ@eﬁ:émm&@%ﬁ? HhE 3rrf9 wefght pbficent
&a(l%wl at, a tenperature o

- 37
WO 20067 ﬁ%ﬂ*ﬂﬂ%ﬁ@d il Pré'és%'%f fﬂ?ﬂutaé‘g
ﬁ4F9002H51 kRd) at’a Eempemgtirepfrabent 62,5°Cti net hyl pent ane

avi n a vapQr |
e 5 Cemper Bicp Wl efedt SPRBEAAG afgAE. 2l pefcdth 2
carFoocrrethylhexare baviegghyapasmressure.of Sibétlh?ﬁ‘ 5@&!@(11301
R b e R s =Ry ‘1°1erkf§2’m
S AFOCIE kg %we@m@r&@qﬁn &Fe@&“ éﬂg %3’
havi ng methaihexans tasinge wdpariyressuréd. éi gf@gam Glgf]’stia Kﬂan)
at at r wel
per cen?‘@@iﬁgé&@%g%gpel&%%?&% %Er cent 2- )
met hyl hexand 7 wieight peveand C4p@Eats andfS2abwmeight pefcent 2-
Y : 8

et gt ThathyoEAtadtindiEANEEF Bickstle BE gtdut 4. pia (181
net hy| el atampegatdre/afRhoy 563 (ke of about 14. 7
psia (101 1552kPw)engﬂt &?réé?mEQF@Ow Hsghdaﬁoglwng?ht%e%ent 3-

AR T O el TR R
psi a ( kPh) akBapmperatuteopatait e’ oC; about 56.5 C
9.2 weight percent C4FsOC2Hs and 90.8 weight percent n-
pentane having a vapor pressure of about 14.7 psia (101 kPa) at a
temperature of about 35.0 °C.

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

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

7. A method of using the compositions of claim 1, 2, 3, or 4, for heat

transfer, said method comprising transferring said composition from a heat
source to a heat sink.
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wadooé/opmpa (101 kPa) at a tenperature of aboupPCBH8SH08X21803
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52.1 wei ght percent CAF9OC2H5 and 47.9 wei ght percent
3- 20 net hyl pentane having a vapor pressure of about

or 9.2 weight percent C4AF90C2H5 and 90. 8 wei ght
percent n-.pentane having a vapor pressure of about
14.7 psia (101 kPa) at a tenperature of about 35.0 C
28.5. Ahercomepesitian opclaimudi ﬂgthemebmmnsur@atdeasmmtra-
c 1] r aim1l, 2,
5 gt flldidscent 4p8 Csliir#c?&d Frpﬁw &%@8&{: oﬂglgfi@% g# nd
t rm@pbtatredmd@s;rmylshag mwrmarmsnpomracmes @oeeanmracenes
p&agﬁfe%e@fm@g é&naﬁﬁﬂmxéﬁih‘én%oﬂiﬁﬁ%géé%g?rérﬁi ng
e € composi , in

condensi n lon of claim1

t ideriyaty gm?"%?f a body to be heated, and thereafter

evaporating said conposition. 7. A nethod of using the
f .cl 1 e 4, f

¢ Pner dne Gxn@PsifinhtRam S S corrsiia 4 RSt

c sojubiizingagéntaelectad from theugroaptapnaisting tof hiydkacart@hs\O

T
2A6HRARS: BElloYSaR0BR A onrs TAFIGERTRABHEL Ot
f Ichigreearbans gaterse lactenas. By mthers, fuerosthasasand i dglof

napflidiahkEheSSandRhEfci & r&@?’é’l‘ﬁga gﬁ?%%ﬁgiﬁm may not

h th
p 4 E@é@?ﬁcﬁﬂlﬁiguné%gag%%@abﬂ'gmga%e@ derivatives

thereof 9. The conposition of claim8, further

O« At heodit obPiim SO heih SelPadHERing HgEht &7

dlsﬂ{ﬁdt@d érome&he gj'oUQ@anlISRW eﬁe gl ycol ethers, anmides,
ket one §dr){ IeH% %?&9 re‘?ﬁ%"s*}@q%seﬁﬁéoeﬁﬁ thé RrinaRes.

aryl ethers,
trifluor oafi1l[@f%s)x0|5r]ﬂ WiRrel: X i@ integerdeamar togd: yhisan

transfer fihteiger frosh Nes 4; REig ékﬂeét%ﬂffrdiﬁmﬁkﬁgénaénd Bfphatic

S0l bt |1 21,08 95 radloail Ty R ISb CoB b 5,

t he group bomdirigssitesy Rifis sel)ectmj fyomyaliphatie hgdaicadntiene

cther s " eRBERERAHRY b2 01 B on, BUALTR) 1 GBlldeg rom

wherei n: XIs an

from 1 to hydregen, andealiphatie aﬂﬂ@ﬂcy@@rmge@p@rbdn radicals
al i phatic :éy;?ﬁéﬁrpfﬁ‘G cAFdrPAtDNIA Gt %s@oh@g@ﬁjaa"m3 is

atons and nding sites I's sel ect
al i phatic PH}/F%H}ydrocar on radicals; and wherein said

polyoxyalkylene glycol ethers have a molecular weight of from
about 100 to about 300 atomic mass units;

b) amides represented by the formulae R'CONR?R® and cyclo-
[R*CON(R®)-}, wherein R, R?, R® and R are independently
selected from aliphatic and alicyclic hydrocarbon radicals

having from 1 to 12 carbon atoms, and at most one aromatic
' radical having from 6 to 12 carbon atoms; R* is selected from
| 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
R? are independently selected from aliphatic, alicyclic and aryl
hydrocarbon radicals having from 1 to 12 carbon atoms, and
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radi cals having from2 to 4 carbon atonms; R3 is
sel ected from hydrogen, and aliphatic and alicyclic

why@socmebon radicals having from1l to 6 car bpOT/ESIING(21803
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at least one of RL and R3 is selected fromsaid

hydr ocar bon radi cal s; and wherein said 25

pol yoxyal kyl ene gl ycol ethers have a nol ecul ar wei ght

of from alteareinl€did ketonesitaveGOmalenular waight offrdm; about 70

am des reﬁé%ﬁ?ﬂéﬁg gyo\mlg%ggg%l sae R CONR2R3 and

cycl o- ni% erel 'R2, .R3 and R5 ar e
i ndepenljerntiriles @@reﬁﬁfé@ by the farmuteR'CNamheseind} dsi ¢

hydrocarb IdAdd frBhPal éﬁ@véﬁlﬂ'cﬁéB ﬁ/lh?dﬂc%a?@dtp |cal

at ons, at nost ongﬂl‘ar onmati'c |ca

to 12 car Mmf@% 12 sathancaiogts, fanerwh%[empm@ .nerlles

hydr ocar byHav@e frificufarswéighi offrdrQibodit BO ta abeat 200 atomic
atons; and V\/nere n said am des have a nol ecul ar wei ght

of from aBBSUABD to about 300 atonic nass units: 35
c) ket @)es:mcﬂ'pcame)nseelplte;semmi byothefoem B aldRBR, vaaena;ixns

R1 d

al i 2;C| iC anot‘fE ec’j ﬂﬁ%ﬁ%ﬁﬁfé&fg}%i?r%&f%ﬁeﬁ@%@ﬂoﬂp? ﬁbﬁat'lc
to 12 car @itqyﬁ%c hﬁ-/recamw radicatzolea\ong from 1 to 12 carbon
PCT/ USZOOQJtQ%JsSQﬁd Wélﬁ'é&l(ﬁé&hl@r&%ﬁrmhé\%’ 8 nolecular

oLt Wbt o bt 36514 ahoutPdh BeRec oA e, €

R’l |C2| x graa'ylretﬁérs ieprestintad byl tie formalla BFORcwherein: R1 is

5 to 12 cArl ‘ﬁé%5'8ﬁigry§ﬁ2‘5@§§ﬁwa?i‘lﬁis ENETER

mol ecul ar aesbernatagns; fR%imsatrsted fom allmmumhyglmmbom c
mass unit Srad%)als%\i?ﬁgﬁﬁ@ﬁpﬁﬁw S’t"%d smﬂ H@reln said aryl

formul a RClL X, wher ei ecte
integers ®etBershave 3 @%%‘F%"t‘@é@'gm emr%mqmatt 190 to @bgHt150

alicyclic ghdﬁlf@m@rsb@mtgadl cal's having from1 to 12

oo conl T SR bEAERah SRl e BB

at oni ¢ masshemeirt B! isf9elected fmﬂehphatemrm;ahnyeﬂc hydndn:erbon

oaroes, SRR Ranleda o BRUSGLd aeh ald

at ons; rﬁzﬂwogmeé%f@treser@ﬁgdw tbnafomulﬁﬁﬂﬁzféa%h* whereln

radi cal s Rayd weék@mdm%ﬂpﬁati@éﬁWBllM% dﬂﬂférWFéﬂlébls

said aryl cu of

about 100h?Yi“Sgr8u”P a g@t gto about 1I5acar¥\>gn%toms or whereln said
fluoroethers are derived from fluoro-olefins and polyols, wherein
said fluoro-olefins are of the type CF,=CXY, wherein X is
hydrogen, chlorine or fluorine, and Y is chlorine, fluorine, CF3 or
ORy, wherein Ry is CF3, C,Fs, or C3F7; and said polyols are linear
or branched, wherein said linear polyols are of the type
HOCH,(CHOH)(CRR'),CH20H, wherein R and R’ are
hydrogen, CHj or C2Hs, x is an integer from 0-4, y is an integer
from 0-3 and z is either zero or 1, and said branched polyols are
of the type C(OH)(R)u,(CH20H)\,[(CH2)mCH20H]w, wherein R
may be hydrogen, CH3 or C;Hs, m is an integer from O to 3, t
and u are O or 1, v and w are integers from 0 to 4, and also
whereint+u+v+w=4;

i) lactones represented by structures [B], [C], and [D]:
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atomc mass units; g) 1,1,1-trifluoroal kanes
represented by the fornula CF3R, 20 wherein R is

waedoeoimob from al i phatic and alicyclic hydrocap®Dns2005/021803
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30

radi cal s having from about 5 to about 15 carbon atons;
h) fluoroethers represented by the formula R OCF2CF2H
wherein R is selected fromaliphatic and alicyclic
hydr ocar bon ra icals having fromabout 5 to about 15
carbon atong r wherein said @5 quoroekhers are

deri ved frg . ro-ol efi fiR,ani_pol yol s, Yhheflein said
fluoro-ol efins a iR of the & 2= CXYR eﬂh Xis
hydr ogen, d N %r fluor! dYigc e,
fluorine, 653 RiRs ORf, WheRSiR, R3S CF3R3 CRFR o
C3F7; and said polyols are linear or branched,
wherein said linear polyols are of the type 30

HOCH2( CHOH) X( (BR ) yCH2COH, wher€]n R and R §Dp
hydrogen, CH3 or C2H5, x is an integer fromO0-4, y is
an integer fromO-3 and z is either zero or 1, and

sai d br andﬂ@%reﬁblﬂadh@lmhﬁa are indepengrntly selected from

%/dor_%g((aﬁ) LH) Ilh@%ﬁﬁf%‘ﬂcychc NE?E 2 ra'i@d’ghg

s an.inte
35 and u éff@aé}"are%hwosw@vwa&ﬂ@'&? %@g@fesmphesmao weight is
and al so frdmradont 106 tolabowt 300atondic masd @eitso and

2006/ 0320 %%t%é‘%é‘%%ﬁ%@&@%ge'ﬁ% i @ e0aR" wirein

R4~ arzindeprodeEReselgctad frm RBsar &3d BYclies

s [B] [C] z{t%tecfaﬁ@%ﬁ@?tﬂratgd 5!5?!%35%%@&3 and wherein
t en

i ndependen ecte rom %
br anched, epiers Ba\é@am@lecgl@fweéa @f fiomn abagt8Q faakeut

hydr ocar b)550é{6hﬁélh€assém-ﬁtst he nol ecul ar weight is from
about 100 to about 300 atom c mass units; and 10 j)

esters represented by the general formula RLCO2R2,
vvhldr ei A methethfbrRtredueingde pitraldolet fucrebeaitatyefintona

c%ﬂﬁfre?é\rgg g%f@gFFatlons(gi%géchﬂ“&Wg %BB%Pa%QtS%‘?d rrathed
comprlsmg dlssolvmg the ultraviolet fluorescent dye in the composition of
claim 1, 2, 3, or 4, in the presence of a solubilizing agent, and introducing
the combination into said compression refrigeration or air-conditioning
apparatus.

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

13. A method for detecting leaks, said method comprising providing a
compression refrigeration apparatus or air-conditioning apparatus,
introducing the composition of claim 8 or 9 into said apparatus, and
providing a suitable means for detecting said composition in the vicinity of
said apparatus.
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said esters have a nol ecul ar wei ght of from about 80
to about 550 atom c mass units. 15 11. A nethod for

WO pdos0t0ed ng an ul traviol et fluorescent dye i nPOI/ES2005/021803
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conpression refrigeration or air-conditioning
apparatus, said nethod conprising. dissolving the

ul,traviol et f]uorescent d in the conpositi.on of

cl&i m fgm§¥h0§, ofproducing cpﬁ@n%rsgécgmeéh COQMPEFNG: | i zi ng
ageaporating tlh@tre;ffﬁ_de@nm or RBat transfenthiidaiongonent of thwd d

c r ion crefrigerati r - i Li oni

< SPRIPER TioR oy STy S fa Pl o HEFE vk i ang hereatter
f condensieg saidyrefrigerantor heattianstardluibcompanentl, 2, 3,

or 4, said nmethod conprising contacting the 25
ultraviolet fluorescent dye with said conposition, in

t 8. pr Asdpthodef prodyeing hieet. S8 meiked comprisingreendensing
f e EFfig6ianber heattPansier %id@bhﬁbn@ﬁ?@f ihei dtinpositiortibh ¢laim
a,.c ressjon.refrigeration,apparatus gr . :
2 5 SRR uicTy S bppda Ph et Bt srieffevaporating said

c oefpigerdnt on hebt trhasfer Buidrcobnpontemtsai d appar at us, and
providing a suitable nmeans for detecting said

conposition in the vicinity of said apparatus. -41
WH62008he1croasosion ofslens 1021803 4 futhes camprisingoa stabilizer,

PRRASCS I ehBEY, it DdoP KRS Agshtconpr i sing: evaporating
the refrigerant or heat transfer fluid conponent of
the conposition of claim8 in the vicinity of a body

td7be Jdhel enpasttidrnef claint ¢6 wheraihestid Btalslized is selected from

o g Sonsiding Pl blrdefod BBANS hurig/dmidés.
c thidisn phagphitaseaandlactapesant or heat transfer fluid

conmponent of the conposition of claim 8 in the
vicinity of the body to be heated and thereafter

evi8por 4 Methadhelusingthe eempasition ohslaimtt, 2n 35 6F 4¢ wheeein

C @aRPHRefiod démphses'pdueimgdsedtiorizobling Infd Fefligeration ordir-
4 fur{yher conprisin a]s.tablll er vvat?r scavenger

o COBHBIPTInGARHAT LS FPPloY G Byl stags enTigHaas Cameidsses
wherein said stabilizer is selected from 15 the group

c 335. SR @indY dff AR ?Q@ﬁr&h%@%%ltﬂgﬁl@gl i

oxyl am nes, osSphites an ac ones.ga|18.
Acempiessastis adwagstage ceotifiegal coomressasl aim 1, 2, 3, or
4, wherein
20.  The composition of claim 16 wherein said water scavenger is an

ortho ester.

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

22. A process to produce cooling comprising compressing a

composition of claim 1, 2, 3, or 4 in a mini-centrifugal compressor
powered by a ratioed gear drive assembly with a ratioed belt drive;
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said method conprises producing heat or cooling in a

refrigeration or air- 20 conditioning apparatus
wenpboyionyg a nulti-stage centrifugal conpressoPCT/US2005/021803

The nmethod of claim 18 wherein said nulti-stage

centrifugal conpressor is a two-stage centrifuga

conpressor. 25 20. The conposition of claim 16 wherein

s&iondansing seichoempesitios; amd thereaftereavaporatity sald pompesition

t | yi L §LJJ conpressing a

cgﬁfﬁf’l?’?%%g% l?:cftg,l t‘%odi@&%&ég or 4, in a

m ni -centrifugal conpressor 30 powered by an engine

exBaUSIA gRShal fore8plaking ORC-PRReSastNG refidgbration apparatus
5 conpog!t%ﬁn'.and t eﬁeafte ngmaﬁgratlng said .
o e dipnIRG BRRatt. el maod oy Sing sevieing ad.
2Zzompasitioresfclaim py A8 Laothengptaoementi ng
conpressing a 35 conposition of claim1, 2, 3, or 4
in a mni-centrifugal conpressor powered by a ratioed
gear drive assenbly with a ratioed belt drive; -42 WO
2006/ 012099 PCT/ US2005/ 021803 condensing said
conposition; and thereafter evaporating said
conposition in the vicinity of a body to be cool ed.
23. A nethod for replacing CFG-1 13 in existing
refrigeration apparatus 5 or air-conditioning
apparatus, said nethod conprising providing a
conposition of claiml1, 2, 3, or 4 as the replacenent.
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