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In response to enwronmental concerns, manufacturers of

- refrigerants have developed new refrigerant products that allow hlgher

| Jevels of energy efficiency when used in properly designed equipment.

The new generation HFC refrigerants have less impact on the
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' distributors similarly have invested i in equipment for the proper protecﬁon

of refrigerants from contamination during packaging, storage, and-

. distribution of refrigerants When refrigerants are diluted or blended with

recovered refngerants and sold as virgin refrigerant, manufacturers and

. d:stnbutors do riot receive the benefit of their investment.

- For the foregoing reasons, there has been a need for the ability fo

“positively determine when a refrigerant composition is diluted or altered in

any way, in a manner that does not compromise performance orthe

product properties to any measurable extent.
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hydr ofI uor ocar bons (HFCS), hydrochl or of | uorocar bons
(HCFCs), perfluorocarbons (PFCs), 10 fluorocarbon
ethers (HFEs), hydrocarbons, carbon dioxide (C02),
ammonia (NH3), or m xtures thereof. The fluorinated
refrigeration/heating fluids, HFCs, HCFCs, HFEs and
PFCs may be referred to as fluorocarbon refrigerants.
The fluorocarbon refrigerants of the present invention
may 15 have 1-8 carbon atons, contain at |east-one
fluorine atom optionally contain chlorine and oxygen
atons, and have a normal boiling point of,
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from-90C to 80C. These fluorocarbons may be
represented by the general fornula: :CANF2w2_X O yQZ,
wherein wis 1-6, x is 0-9, y is 0-3, and z is 0-2,

WO AO%Er ei n 2w+2-x-y is a positive integer. POT/US2005/005595
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- CHndLAIL RN, 32602, USA, and additionally by synthetic processes - -
: _dlsclosed in publications such as Chemistry of Organic Fluorine -
Compounds 2™ (revised edition), edited by Mlios Hudlicky, pubhshed by
Ellis Harwood-Prentice Hall Publishers, 1992. Representative
fluorocarbons include but are not limited to: CHCIF, (HCFC-22), CHF3
- (HFC-23), CHaF3 (HFC-32), CH3F (HFC-41), CF3CF3(FC-1186), CHCIFCF;
(HCFC-124), CHF,CF3 (HFC-125), CH,CICF3 (HCFC-133a), GHFsCHF,
(HFC~134), CH,FCF3 (HFC-134a), CCIF,CHs (HCFC-142b), CHF,CH,F
' (HFC-143), CFsCHs (HFC-143a), CHF,CH3 (HFC-152a), CHFCF2CF3
- (HFC-227ca), CF3CFHCF;3 (HFC-227ea), CHF ,CF,CHF, (HFC-236¢a),

 CHoFCF;CF, (HFC-2360b) CHF,CHFCF; (HFC-236ea), CFach_CFs
| -4 -
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143a/HFC-125 (known by the ASHRAE designation, R-408A), HCFC-
22/HCFC-124/HCFC-1 42b (known by the ASHRAE designation: R-409A),
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125/ propane (known by the ASHRAE designation, R-402A
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and combinations thereof. While there may be overlap between a defined |

A chemica[.‘compound, which may be a refrigeration/heating fluid, and a
95

chemical compound that may be defined as a tracer compound, the same
~ compound may not serve as both elements.of a given composition. '

L _Suxtable tracer compound candidates are listed i in Table 1.

: : , TABLE 1 -
‘Com‘po'undl Name- - Chemwal_Stru_cture SRR ‘CAS registry
' ‘ S no.
Deuterated hydrocarbon or HFC compounds :
Ethane-d6 | cDs-CD, L 1632-99-1.
Propane-d8 | CDg#CD2EDs. . - - | 2875047

| HFC-32-d2 CDF. , . | 594-24-1
HFC-134a-d2 | CD.F-CFs © 1496024-52-3
HFC-143a-d3 CD5-CF, 558-59-8




HFC- 245cb- d3 CF3- CF2- CD3 38878-30-7 HFC 263f b- d2*
CF3- CD2- CH3 7370-99-2 HFC- 263fb-d3 CF2- CH2- CD3

‘&é@éﬂq (gzé Fl uor.oet hers HFOC- 125E CHF2- O- CF3 3822- 68- 2
B CHR2F- O CF3 2261-01-0 HFOC- 1436E CH, PCTONSOBE/005595

421-14-7 HFOC-227eaE CF3-0- CHF- CF3 2356-62-9
HEQC-.236f aE CE3- O CH2- CE3 2(0193-67-3 HFOC- 245f aEpy or

(,HF@‘I%-@BQ%%) 1(885- 485%.(;#&300 245f aEap (or 87458-21-7
- or 1- lb 4 HFOC—245chEpyor——
(ézlgé%dccg 2241 nég GXT‘ 245¢ctia(3 (or 118117041
CHBC@B 2604 CF3) (or HEEsdg@:-dnpntcc(or Freon(f)eezoz-z
CE3- - CF2-0- CHF- G I5-27E1 Freon(ir | E£2: _
%C%Eédv;g O CH{ r:q&DFja:éHFx 3330- 111 1 CHF-@@Q:W“W)-
20166/206R027 PCT/ 'USZDOEJ O05685 Hydr of | uorocarﬁgmg,o o
=rga 75-46-7 CF3-CF2F 3533 -
e ek A e S S AN e

| A=~ = A

HAEC 28T ad2a™F3- CHF- FGFAGH,-68; 0  HFC- 227ca CHFR76has CF3

== _h

sl oSSR o ST S
" HFlugrestheCs3- CFZ- CH3 1814883 = HFC-245f a CHF2 CHz-CF3
~ HhBodipde IR IO SR Gy ﬁﬁzzm& oA o
-wﬂﬁgazaaam CF2 CHICHFRAF1 . - = - - | 2261010
| |HFOC-432E ' |CHeO-CFs. . . |a21d47
- |HFOC227eaE . | CFLO-CHF-CFs * - | 2386462:0
|HFoc2ssfaE | CFeOCHyCFs - . | 20103673
| HFOC-245faEByor . | CHF,O-CH,CF, -~ - . | 1885488
HFOG-245faEup (or CHE,CH;O-CFs) . - | (or84014-15-4)
HFOC-245GbEByor | CHyO-CFyCFy < . |20410442
| HFbC-24505aB“ - er CH3-CF»-O-CFg) . S Her
| HFE-42-11 mocsor Freon® CF3-CF2=CF2-O~CHF-CF3-.' | 3330152
|Freon@E2 ,CF3~CF2-CF2-O—CF(CF3) CFz-O- " 13330141
i SRR s : BE



HFC- 281 ea CH3- CHF- CH3 420-26-8 HFG 281fa
CH2F- CH2- CH3 *460- 13-9  HFC 329p CHF2- CFZCFZCF3 K
375-17-7 HFC-329mme ( CH3) 2- CH CF3 382-24-1 HFC=338nf
WO 2@E8ERP- CFZ- CF3 2924-29-0 HFG 338pcc
CHF2_CF2- CF2- CHF2 377-36-6 HFC347s CH3- CFZ- CFZ- CF3

PCT/US2005/005595

662-00-0 HFC 43-10nee CF3_CHF- CHF- CF2- CF3 138495-42-8

Per f | uor ocar bbons PFC-116 CF3-CF3 76-16-4 PFG C216

| H@gﬂ%ﬁggﬂggﬁwz ) 931-91-9 PFC 218 CF3CF2CF3
rOo=—"XIJ- 1 L/ybl U\'\./I_L \./I_L \./I_L \./I_L' 1102909
| HF@RE- 31- 10nT CF37L$IZF£F2 CF3 355-25-9 PFC 8+46tny
| HrbSER) 2CF. CF3 3541 gRe @i PES OO1 12myem 1859363
: Oy Cr-Oo(—Cr(Cro)=C 2= u— CrFo )= CFFZ= ) 293941 1=
HPPRE2E51- 1omym 1 QHsCﬁ%I O(- CF2: CF(CE3) - CETER%8 - Cr2-
. \./ bl U\'\JI_L'LI_ L/l— 9 \JI_L') J.JOO Il = ) - U \'A &)
| HromaEea83027 PCT/ E@@BF 595 Perf| uoroc aﬁ%@%ﬁ
HFESRRLL nued) Perf| ppeoppiby] cycl.o- Cycl o( - Chs@aa OF3)
'\,I_L CIeL= 10VUO0- L" I Elll dlTe \II_L') ’
1 HEPEBBEhor onet hy| ¢y EPd=CByeTn( CFz- CE2( CE3) - CPP-RED- CEz-
1 HF82BpEZ- 2 hexane| @FZ-C%F%H#' uor odi met hyl cyg4ss.0 -
T ) {=CF2- ‘ - CFL\ CE3)y—ortho =306~ 2:53 9
" HFﬁé’)@ﬁf?é (ortho b 3‘CH¥”CFCFZ ) neta. - 335; 690-38-1 par Q\
HFB@uScy 374-77-6 Beg é#y@npet hyl cycl ohexan ’181488—6 L
Cycto(=CF2- u—.q {a CE2-CFz-—335=-21=7CErCFzZ-) -
-HFﬁéﬂﬁf%or ol hdan . (‘Qﬁkﬂgz' EeEF struct ure hpl [} 4@7%1 47 6 '“ L
| ,'HFE-zsﬁ?etB nuor ot ri et tmirguslrgﬂa h - | 40723-63-5 |
Oy o= CF2(CR3) - PR2(CR3) - CF2= 374- 76-5 e arl
HFGIRRAPhI & Cio( Cral Chest Otheaners) | 431467
| HFC-2631fb CF3-CHy-CHs . | 421-07-8
HFC-272ca CHy-CF-CHj | 420-45-1
| HFG.281 ea ‘CHy-GHF-CH, 420-26-8
| HFC281fa .. | CHF-CHp-GHz . " 1460-13-9
- | HFC-329p - - | CHF-GF,CF.CFs. ' 375-17-7
‘| HFe320mmz - {CHs) -CH-CF3 382-24-1
'HFC-338mf CFyCHyCFpCFy 2924-29-0
| HFC-338pcc” ‘ CHFg.CFz.CFz.CHFz 377-36-6
HFC-347s | CHy-CF-GF-CF3 662-00-0
| HFC-43-10mee CF3.CHF-CHF-CF,.CFs 138495-42-8
Perfluorocarbons ' -
| PFC-116 CF3-CF; , 76-164
PFC-C216 Cyclo(—CFz—CFz-CFz-) 931-01-9
PFC-218 CF4CF,CF, 76-19-7
PFC-C318 Cyclo{-CF-CF2-CF -CF ) 115-25-3
| PFC-31-10mc CFg-CF.z"CFz-CFg 355-25-9
| PFC-31-10my (CF3),CF-CF3 354-92-7
PFC-C51-12mycm Cyclo(-CF(GF3)-CE,-CF(CF4)-CF,) | 2004-71-0
| PFC-C51-12mym, trans Cyclo{-CF,-CF(CF3)-CF(CF3)-CF»-) | 1583-98-8
PFC-C51-12mym, cis . _Cyclo(—CFz—CF(CFa)-CF_(CFg)-CFz-) 1583-97-7
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Per f | uor oi sopropyl cycl o-
Cycl o( - CF2CF2( CF2( CF3) 2) CF2CF2 423- 02- 9 hexane

' CFz
k3 Pﬂﬂ:‘f"ﬁg

trans,

Per fl uorodecal i n (CI s or ClOFls (see

©7pel ow) 306- 94- 5, trans shomm)Pd?‘mFszEwoo:wa

FFFF FFFF F PerfluororrethyldecallnCIFZO(see

structure bel ow) 306-92-3

addi ti onal pOSSI- bl e

isomers) >FF CF3 F F F

(cis or trans and all

VF F FF F

Perfluoldil i

rr\rm |r\r r\rm

QLCO

SR

373-52-4

Bronoiet hane CH3Br
-9 WD 2005/083027

DT~ OTTroTT

B DBé'rﬂlhﬂﬁﬁﬁﬁﬁ_V/IGﬂ:ﬁBQS
© 5 gz 2. D br onof.

B i harna f‘LIL

| BhyetopdiFt CECEyet harme,- CHF2

tagor.omet hane CHFBr2 1868-
Ko el

By nnnpf hane(

BB05-22-7
53-7 ‘
CH3 CH2B

ot
[ I IJI UlIUIICL TTAATTC \./ll

[ Rerfi@rdnethBeysitoet he

r@c@m&ci’éﬁea@ﬂ:ﬁc& 355.02-2
Ly afld br onoet hane Qk r)-CHZBr 106-93-4 1-bhono-1,2- -
- FFBr—tHF358-99-6—d-fFuoreethene—todat-ed-corpounds—
| BerBuaredimetbyloyria-har|CycloGES 1 FCFAGEA-CFE-CH(CFs) | ortho - 306-89-0
: q,g,gah@g,gh@qﬁggtg}ane %:)21 1493-03-4 - Fl uor oi g%%-?ﬁ%%ﬁ?a
CH2FI|. 373-53-5 1,1 rifluoro-1 CF21-CH2F 5-0529 | .
PRi®et Hane 1.1 2, ."-tetrafl UQro-1- CF21- CHE2 pagsR74Y76
R ‘Perﬂuoroethylcyciohgxane Cyclo(-CFz-CFz(CFZCFa) CFz-CFZ- | 335-21-7 .
| CFrCFy) S
| Perfluoroindan CoFyp (see ‘st_r'u‘cture below) 1736-477‘6"
Perﬁuorotnmethylcyclo— | CyClo(-CF(GFs)-CFo(CF3)-CF2- ' 374-76-5
' .hexane (@l possume - CFZ(CFS)-CF2~)'- ' |
'. ‘-lsomers) | ' a o _
o .Perﬂuarossepropylcyclo— ': Cycfo(~CFZCF2(CF2(CF3) z)CFZCFz ) 423-02—9 -
1 hexane ' | CF.CFo) - ' L
| Perfluorodecalin (cis o_ij ‘ '_ 'CioF1s (see structure below) '306-94-5
trans, trans shown) - | : ‘ -
'Ft_érfiuqmmeﬁ'\gﬂdgcalin | CyF(see stru;{ture below) 306-92-3
(cis or trans and all ‘ - s
“additional possible
isomers) '
| Brominated Compounds
| Bromomethane | CHaBr | 74-83-9
' Bromofluoromethahe CH.FBr { 373-52-4

74-83-9 1
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CH3-CO-CH3 67-64-1 n-pr opanal CH3- CH2- CHO 123-38-6
n- but anal . CH3- CHZ- -CHO 1Z25-72- 8 Vet ny
BfwdﬁHwom a8 . (:Ié. TCH3. 78-93-3  hutan n@1?r¥}%ar

Dnﬂ}dbrﬁéfmbtsnﬂmeﬂke M
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deﬁB453t7ed in

-
Tﬂ@nmﬂmgéﬂﬁﬁcoc, g

are aval

Brdigoetahepar ed by
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e conmerci al | fromcliem cal
lﬁwwﬁmm&%
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ﬁl USEd I N conbl nat 1}0
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||| rl n-t-he Pnrrpnc
IGH;[Br—G-HgBr

éé Véptc?nfa 1-5h_'

WO 2005/-:083027106-93-4

[ D520057 DUEES

ed in any

“dififdreether@cer bl enc

lon.to serve-as a

%r%%%bb%pl e tracér conpoungs, may be

tTacer bl end

may contain nultiple trdcer corrpound

-

o3 { BB 5o, O compounds of il {1 ple {racer
Iodeicﬂuqnd)reemaIEtracélCFEnllend may._contain 5 2 O 2318938 -
le@glﬁog&ﬁétﬁ&ehydrthd‘_qf_;rlocar bons, -or one deult,gggt(ﬁg
Ty 66711 tofocaroph—h bUIJIJI Aat 16t v“d +h—on Or—hDt€
| Flyomiddbmetharear bong CHAI t i onal I y, .sone of I3~ @?oﬁpound
14 4 Ndaple | exist @\5;_@,4 Fiple 'isoners, stiragilpalg or
'_’,bpttl cal. Singleli somer § or miltiple isongfs of the |
| fodsetheneconpound ndy be used in any proportilon to prepare
11 D edhRioRL1-10 cqrmeegys, Fur ther, . singl e bgsimi.gi pl e
) |soners of a: glwen conpound may - be conbiped in any .
iodge any nunber of —ot her QQ[_’CpEUth‘ to
11,1 ,2_,2-tetraﬂuor0a1,2-‘- _(_:FZI-Cin - ' ' 354-65-4
- | diiodoethane - - B
lodopentafiuorobenzene - | CaFsl- ' 827-15-6
" { Alcohols o ' o
| Ethanol | CHy-CH5OH 64-17-5
"| n-propanol CHa-CHz-CHz-'OH 71-23-8
| 1sopropanol CHiz-CH(OHM)-CH, 67-63-0.
| Aldehydes and Ketones _
| Acetone (2-propanone) CH3-CO-CH; 1 67-684-1
| n-propanal '| CHa-CH,-CHO 123-38-6
| h-butanal | CHs-CHx-CH,-CHO 123-72-8
| Methy! ethyl ketone (2- CHs-CO-CH-CH; | 78-93-3
butanone) '
Other .
| Nitrous oxide N.OQ 10024-97-2

The compounds listed in Table 1 are available commeércially
(from chemical supply houses, such as Aldrich, Milwaukee, WI) or may be

' prepared by processes

known in the art.

Single tracer compounds may be used in combination with a
refngeratlonlheatmg fluid in the compositions of the present invention or

..10...



serve as a tracer blend. The tracer-containing
refrigerant conpositions of the present invention.my

d by any conveni ent nethod to conbine the
‘ﬁ@z%@?ﬁ%—g amount of the individual conmponentsPCHRUS2005/005595

~preferred nethod is to weigh the desired conponent
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(@anlity phiracarqregsentc ivihe casRbyhereda dilation pé the taeeer

e ey .
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- verify or authenticate the source (ie., suppi;er) of the refrigerant -

composition by comparmg any guantity of detected tracer to the quan’uty

that was lntentlonally combsned with refngeratlonlheatlng ﬂu:d by the
source | :

Gas chromatography (GC) is one analytlcal method that may be :

. used to detect and quantify. the tracer or tracer blend in the

35

refrigeration/heating fluid. Any GC detector may be used that is capable
of detecting and quantifying the tracer compound. Such detectors
include, but are not limited, to flame ionization detector (FID), therma!

conductivity detector (TCD) electren-capture detector (ECD), photo— :
_ - 11 - ,



- WO 298/

chromat ogr aphy, conditions capable of identifying and
quantifying the tracer in the presence of the
ref{m%eratlon/ heating fluid my be used. The 10 GC

Tused, for the.analysis nust be chosenPEBUSHWOL/B05595
be capable of .separating the tracer conpound or corn
ponents of the tracer blend from the
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 listethhérbae dvatabll frohySmseled (Betiefdite; PA)- 1.

(( Cr(.C,’.':lplﬁarydé{))columns which are found useful in the present
invention are available commercially. ‘Capillary columns may varyin. -

length from about 10 meters to about 105 meters, but may also be longer-
if two or more columns are joined together (e.g. 120 meters by joining two-

60 meter capillary GC columns). The capillary GC columns that may be of

“use in the present invention are generally constructed of fused silica

. tubing and vary in inner diameter (ID) from about 0.1 millimeter to-about
0.53 millimeter. The stationary phase for the capillary GC columns is
coated on the interior surface of the column and may vary in thickness
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- PP@PSﬁBbd'SY ice ﬁéh@wd@erb@mdmme) maytheassed in otdesid previde
_pé@g&fﬁﬁtloﬁ‘bf R Bélﬁt'tqg e6n bh?é &Eté?'freﬁfr%t‘%tjéghgﬁﬂhé ‘led or
_ re

© 20

out 500 LP racer
| B$’{H(§§é¥ %‘I"@ﬁ&%@'ﬁ’resent at.-a ‘total .
'Concean@f@ﬁn@buﬁ@Qut blekld Be réﬁ%.‘h‘t'in §9r9c:étﬁfﬁt[oﬂ?sethat ,

' THE g WAl Sﬁ%fwée@fm@@mc&%n”%fq'?@?fa duopaly, he

- coapersidnicensaticraimmstbé tmhdsen(mmh {hiab thes qimMtity o tlfaa:letﬁ or

25

30

- 35

e R i E’Eﬂ%y o .

| ‘arretrlgeﬁaemlhﬁgtlmgwﬁuldp ﬂ‘é@m@eoccmnundmdmcecumwnmy be.

'-Sﬁe@eht AL INERL o sfébgﬁg 80 parf TR P By weight

es
oé’@m%rt@r?@é’uéé 099 pam.- (rrederabiyihedragarawnapound or tracer .
oislBhd i PRiseADalE tc{tel AOﬁtﬂntrfa)udnfef VSR ;S’ﬁmttBeabOL{RBOO ppm

2%&{5 p‘%ggg%e ,3‘%%}/3 d?:% Igggbgy‘gégu%dcc?r%ggertelend is present ata
total concentratlen of about 100 pprn to.about 300 ppm. - o
The present invention further relates to'a method of us:ng the

present inventive: tracer—contalnlng refrigerant cempossttens said method

| comprising combrnmg said tracer compound with said refngeratlonlheatlng .
fluid to make a tracer-containing refrigerant composition,.and detecting the _
presence of said tracer compound in said’ tracer-containing refrigerant
composition.” The present method is useful to (i) determine the occurrence
of dilution, adulteration or contamination or (i} verify the source of the |
refngerant composition of said composmon

__13_-
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The present invention further relates to a nethod of
using the present inventive tracer-containing
refrigerant conposition, said method conprising: (i)

WO Jozeizeimg refrigeration by evaporati ng the tPECEE2005/005595

contai ning refrigerant conposition in the vicinity of
a body to.be cooled 5 .and thereafter condensing said

¢ onpﬂ?é g)'r int ﬁ’r{vewnb}u fB&RQPFé@@sHS o n‘@fhoc? Bf‘gsﬁﬁ;' g the

"trace a ning ref eéra I'tion In

- présehhinventife tran@*—@mﬁwmrcg t@‘ngema:msmm id gpethod

- *c@ﬁﬁ?ﬁ&hgt (D ProdichG QBB Ry YHOErARBRAE LR

- foll )
i olgRosFORRISsR b rGeRlion SAlTDRARE

30

35

I on ens_1nc an eva at or,

cwﬁa@nr&@ﬂtger@n&m@@ﬁﬁm i the iginity e a@g@yr’t@&ﬁ ceplednd
afd tHereans! éﬁhdlaf?as #RY 4418 -cofnYSdHEEN; S ﬁﬁt@ihghélaﬁby -

o l#lssﬂ?{lsﬂ{ig er[q%)%!glr}g}l%rti Iegg%gﬁ%qsﬂg)rrgwﬁg&\ﬁgﬂﬂgof :

N tr@ de;n@lﬁe hetied afibiheyehftercevapeeating @alcb@minpomioyn as

ui d refrl erant en ers arl

Pgé%@‘ evaporator a

_ cdsrﬁfofemr antomderiser) aligbid stuey weetivataral 4wexpansion

) Ao PO Lo BE bR S8k Alflar iR A PR s,
o PM’WW@SSGGOWNQ eﬁ&@enmqiepm@raahaﬂﬂng@ﬁfggtma feremé
oI PERISUAR HAARRRIB LS iinbAes Lapidvien ﬁmﬂéﬁigg%m

ens i.-n wh er.ant con enses a

edfiess Bayaporater insawah @nt%aélﬁiﬂmiﬁmﬁﬁ{ andhe liquid

o rﬁéﬁaﬁ?béﬂ% inf tﬁb‘&\)égot"&to? B?a%ﬂ&éﬁigﬁ%aﬂﬁé it& fortrh raogw and
15
- gbd R eoraprsabdito rétbéﬁtsrmsgmﬂwd hanpyritare. DHIRIGRS

PIOSIER ORI |6 QB TIEROR G5 eTIBRE 1 GUBURssor S the

Bt ps s B oS L e RBs R RaR i Snikifs o
reflgeveans cupdensed driccdischa@@scits heaistoutheesnvdidrireenindhe

AN S B KR eio S LR MRS E e

emrmaﬁrmdhamia-peessgnre devel in thﬂ@chnéamt@ thetlowmsaure
t;:&p% det erni ned on’a

Ie?%!aﬁcl'l @?@ﬁﬁﬁ%‘? gﬁ%%gwgg‘ﬁgd a specific GC 30 .

col um’ wi II vary slightly fromretention tines

det erm ned from a diffenesypLiEst r unent and col um.

Cor o VBRI 'a‘%sﬁgﬁ"iar/?éaBB‘?&“BEF'F‘Q@?&%&% s Esentnyeton

weye pgiperet aftleheh ainalyred)using teasral differeht @@icbhurhas’

 uph@MUiftEhhG BndiER0 2k BLRRI FrAE rédlition Hihes 8r fREAVPLE

refrigeration/heating fluid and tracer compounds were determined and are

~given for each example. It should be noted that exact retention times
determined on a specific gas chromatograph and with a specific GC

column will vary slightly from retention times determmed from a different

: mstrument and column.

- All samples were analyzed on Ag;lent 6890 Gas Chromatographs
and the data collected and processed by Agilent Chemstation® software,

both available from Agilent Technologies (Palo Alto, CA).

EXAMPLE 1

-14-



14 WD 2005/ 083027 PCT/ US2005/ 005595 A sanple of R-22

(refrigerant HCFC-22, chlorodifl uoronet-hane) was :

wplked with 100 parts per nillion (ppm by wei ght) of
BC08483027 per f uor ocycl obut ane) . The sanpl e waspd¥res2005/005595

- anal yzed by GC usi-ng the conditions described bel ow

10

.20

30

- 35

5 Colum: RTX-1701 (Crossbond 14%yanopropyl phenyl/86%

di met hyA saﬁfﬁlé’%f ROZQE'S} Q&agfohgt < 52“@1%18f05q11h@&%¥’nq:tﬁ{ane) :

I"ohar

d
t hﬁgﬁstﬁ&'&d %@%eﬂéﬁ@r@?lwon (B bseweﬁﬁ) ahBFO-6318
r a(perﬂljdeocyﬂclébufhhé) |Tl‘ie§*ééﬂ? s en af‘rﬁﬁr@ﬁgaci)}*é@ usulrg the

E m@&\@lﬁ) %ﬁgsga&e&o‘q{an}) ratlg lglot IC/am nute Final

tenperature: -50 C Final hold tinme: O minutes (no final

ha@aluntn: nRT,>- 220 De ReEBoRdTHAR: bﬁapﬁ%wp%rg%g{ Bimethyl -

_ (lﬁdla)sno'x"gﬁ@)erat ure: 250 C. Hydro

I|I| j¥l nut e Bgrnlri wrate 450 mIIrIrter/mnute
25 Inf aﬁ%[ter Te erature 150 C . Head - '
‘ manual - syrlnge

| e
PLFZ?H% S Phimieroraetesp i

i @. 50: 1*Theretent|ont|nesfor therefrlgerant -
fﬂ——%ﬂéﬂﬂgﬂéﬂ_@“e rateC 180 millilitergnipate i n Tabl e 2. B

~ TA¥En temperaturehpound Ret ent i on- ‘time (R, ninutes.
o PFC- Cshﬁtlahecm:reramr@7 -20°C . L
15

initial hold time: . = 15 mmutes :

Temperature ramp rate;: 10 °Clmmute

Final temperature: 50 °C- S E
Fmai hold tlme 0 m:nutes (no fi nal hold tlme)

| Detector " Flame lonlzatlon detector (FID)
Temperature 250 °C :
Hydrogen flow rate: 42 milliliter/minute
Alrﬂow rate: 450 milliliter/minute

] lmectron gort . -Split

Temperature: .~ 150 °C - |

| - Head pressure: = 22 pSI : : L
" Sample type: vapor, manual syringe injection.
Sample size: - 1.0 milliliter

B Splltratro | 501

The retention tlmes for the. refngerant R—22 and tracer PFC—CS18
are given |n Table 2. :

TABLE2
Compound ~ _ “ . . | Retention time (Rt, minutes) |
| PFC-C318 (tracer) ' . 1107
[R22(reftigerant) = .~ | © - 4253

EXAMPLE 2

A samp!e of R-134a (refrigerant HFC-134a, 1,1,1 2-
Htetrafluoroethane) was spiked with 100 parts per million (ppm by weight) of

- 15-
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_:'20
.25':---

30

R-22 (refrigerant) 12.53 EXAMPLE 2 A sanple of R-134a
(refrigerant HFCG-134a, 1,1,1,2- tetr.afluoroethane) was
spi ked with 100 parts per nillion (ppm by weight) of

woO 2005084622005/ 083027 PCT/ US2005/ 005595 HFC 238E®1S2005/003595

(1,1,1, 3, 3, 3-hexaf |l uoropropane). The sanpl e was then

-anal yzed by GC using the.conditions described bel ow. :

He 2381 (TS S A RRRO ey o b Bfevas e
aanZﬁdMy Getusing 's;teatomhmrys geseribed balowhi ckness: 1.0

mcroneters 10 Carrier gas and flow rate: helium

R R oo SRR SE RSl (2L

,Ten‘p atﬁjeragﬁrate ' 5'Cninute Final

t enp e IRk hold tine: 10 minutes
Det e MIR-A@NGIAL | o020 MMedetsct or (FID) 20

- Tenp&italianasy phese Brafhiclogess: prieGsuiceoma@rpsi A r

pressure: 45 psi Injection port: Split .25

~ Chengregag ane flowTrate: Cheh@adomﬁéﬂﬁmr@lnﬁﬁuml San”pl e type '

vapor, nmanual “syringe injection - Sanple size: 1.0

ar e mlﬁﬁmof 3 mln% eEs 3 35

. Temperature ramp- rate; . _"C/mlnutga: o
ljF.iﬁal temperature: 50 °C SRR
Final hold time: 10 minutes

‘ %h't&efﬂ@é’cuﬁ@' it rati o 75:1 30 The retention tinmes
Lallie aﬁjaf%@ 34a and tracer,’ "HFC- 236fa, .
€ : S Y -

Detector:. Flame ionization détector (FID) |

- Temperature: 250 °C-
Hydrogen pressure: 20 psi -
AII‘ pressure - .45 p5| ‘
,In|ection Qort Spllt '
o Temgeratur - 175°C
'~ Headpressure: = 38 psi ' '
~ Sample type: 'vapor, manual synnge ;njectlon
Sample size: 1.0 milliliter | :
Sglit ratio: - - 75:1 . -

. The retentlon times for the refngerant R-134a, and tracer HFC—

c 236fa are given in Table 3.

TABLE3 -
Compound' o Retention time (R, fninu-tes) 3
| R-134a (refrigerant) L o 1076
- | HFC-236fa (tracer) | - - 12.04
EXAMPLE 3

A samble of R-410A (refrigerant blend, 50 Weight percent R-32,
difluoromethane, and 50 weight percent R-125, pentaflucroethane) was

-16 -




Conpound Retention tinme m nut es R 134a (refrigerant)
10.76 HFC-236fa (tracer) 12.04 EXAMPLE 3 A sanpl e of
R-410A (refrigerant bl end, 50 wei ght percent R-32, :

VHP £P3EBYREt hane, and 50 wei ght percent R-125, - PCT/US2005/005595

pent af i uor oet hane) was -16 WD 2005/ 083027
PCT/ US2005/ 005595 spi ked with 100 parts per mllion

(M%&Wﬁbﬂ@ﬁtgartsfpeﬁﬁﬂm(@rh by weight) of HFE-236fa (1-

then ang’ﬁﬁwgﬁ@ﬁﬁ%@ﬁg’ oro han"%‘?'%r‘[@%o%%r?%@bized by |

bePewsing tl@%@wﬂmmlow Car-bopack(r). B, 60/-80
mesh Length: 20 feet (6:1. rreters) Di anmeter 1/8 inch _

e i 1A
. : t 3 t -
'%E%Zﬁ?lsrgs anp rATA 3%mpnmeée”res T

- teqperature: 180 C Final hol'd tinme: 10 minutes _
D&E&Mﬁﬂﬂﬁﬂéﬂ.@@zd’tﬂlwm ¥} mditiler/iriudy - Tenper at ur e

250 C 20 Hydrogen pressure: "20 psi”  Air pressure: 45
pﬁﬁq&tgemgr_alm_@ort Packed "Tenperature: 250 C" 25

© Head Ppltsltempelatibe: me type: vapor, sanple val ve

ST

or speC|f|caIIy
MIPEE. 236fa, are given

‘i nj ect ifiial HeadBhR: S 2§y ﬁcrollter The retention -
B

. ‘ H]g‘%:bg : f tﬁwﬁﬁwa

ina hot tlme 10 mrnutes '

- Detector ﬂame lonlzation detector (FID)

20

. 25-.,

30

Temperature - 250 °C
Hydrogen pressure 20 psi
Ail' pressure o 45 pSl
!n[ectron port Pac:ked )
: Temperature 250 °C
" Head pressure 67 psi
_ ‘Sample type: - - ‘vapor, sample valve |nject|0n
. - Sample size: 50 microliter . . o

‘ The retent|on tlmes for the refrsgerant R-41 OA or specrﬁcaliy, R~32‘

_ and R-125 and tracer HFE~236fa are glven in Table 4.

-- TABLE‘4 S
Compound- - . o _ - ”Retent'ieh«tfime (Ru'.rriihutes)
R-32 (refrigerant) o - 252
| R-125 (refrigerant) - o . 3.90
-HFE—ESGfa (tracer) : _ 10.87

-17 -



10

Compound Retention tinme (Rt, mnutes) R-32
(refrigerant) 2.52 R-125 (refrigerant) 3.90 .
HFE- 236fa tracer 10.87 -17 WD 2005/ 083027

WO 20GM810S2005/ 005595 CLAMB) What i s cl ai med i PAT/WE2005/005595

“tracer-containing conposition, said conposition
conprising a refrigeration/ heatl ng fluid-and at | east

one. tracer conpound, giAIM(§)tracer conmpound being.

ana| yti.cal ectabl € and sel ected from the group.
.conwfé?il?l I%‘F"eﬁ;}arofl uor ocar bons, deuterated -
1. hydAdfdcerrardaipints composiions said Iopahnmmlchooompnsmg a

T e

ni t racer cxnpeuand damgronalatm:ajlys:lqtectab& god sglested feom -

gr?}ﬂeesg ! or%ﬁétﬂm%&f ﬁ)‘f&@ﬂ@&b@ﬁfﬁ%ﬁ%‘ ugatéﬁtédﬂ I's

ot abﬁﬁ%’@ﬁf@ﬁﬂfbﬁ@sc%#ﬂ@'ﬁf@@ Budmb@mg)a@u@mamns
- whepgbmetiarisd brhira6d abmpBLREst bastdd coifpeanBs] ses

f.rom sai tracer .co

Béféﬁaﬁleﬁwﬁé{y‘ﬁ% b o bR A S50 oo

- car Uatod withdne pamso et aidoffigertionfimaivig fidd iShe

S|t|on according to.claimdl,

ﬁﬁf%co&t&%‘n% BW OEBgr‘prl ses a single tracer

| 'corrpound -20 4. The tracer- cont al n| ng “conposi tion

2. acc%g't%etr ﬂtﬁhmggooﬁqggérﬁoﬁeﬁé a@m@%w cWherem

15

25

 30

35

conprises a racer er-cont di ni
conpai nefrigerstion/hsiating ﬂmbc@nﬁnaes hydmﬂtoﬁ@c@fbon%
sa| ﬂ ch%ﬁfdroﬂgwgéné ?)ePH Seérb%‘hsaﬂﬁbfb@a?bon ethers, .

et ern ne | somer racer-containr ng
corrbuémqampm caaraﬂwpxnxera@moata pembtugfetiseok ) g
tracer conpound is present as nultiple pre- det er m ned

3. SocaRe AL SRes B ok e BRERAT  oierein.

R coneaidsmposmanefommwongre traesisorhooridi B
20

The tracer—oontalnlng composrtlon accord:ng to clalm 1 wherem '
" said composmon comprises a tracer blend '

| The tracer-contammg comp03|t|on of clalm 1 wherein at least one of
_saad tracer compounds is present as a smgle pre-determined |
isomer. - |
The tracer-containing composition of claim 1 wherein at least one of
| 'sald tracer compound is present as multiple pre—determlned
- isomers.’

- The traceréconiaining composition according to claim 1, wherein

said composition comprises a tracer compound or tracer blend in
an amount ranging from about 50 ppm to about 1000 ppm.

18-



an anmount rangi ng from about - 50 ppmto about 1000 ppm
35 -18 WD 2005/ 083027 PCT/ US2005/ 005595 8.. The
tracer-contai ni-ng conposition according to’ cl ai m 7,

WP @PWI083033i d conposition conprises a tracer commmgigwo

~or tracer blend in an anount. ranging' f rom about 50

ppm to about 500.ppm 5 9. The tracer-containing
c8npos ﬂ'hedmcm:mntbm@gtcfbtrﬁ;b@ymﬁ ac&%iﬁi@ 1 cltéﬁ‘i‘l & wherein
conpos. a:tracer co or tr

e SRR SPabalshs oot sthoursbor asarplond in
‘about 30@mpunt re0ginGHeomraboet SOPPMitG aBBUESOPPBIL i on -
according to claim1, wherein the. 10 tracer- conpound

is at | east one conpound sel ected from PFC—116 _
PRC- c21be tarer-zosiaimng-aos1mysitRiCatdorditgto, clEiRCs pWherein

pro CoSo S G B e ol e b

“HFOC- 29% Ufiiirf@ﬁgmss‘mra@bwhﬁﬁﬁmtcaabvmmﬂ ppm.

10

HFOC- 245f aEap, HFOC- 245cbEpy: or. . 15 HFOC- 245cbap,

HEE- 42 E E1),  Freon E2, HFC- .23,
HE@ Tﬁeﬁl@éei%grﬁt reon%ﬁ(’ ﬂf%@%ﬁgﬁ&gﬂp@@mémhﬂﬁm the
236¢bh, tr&mmﬁpwnmﬂééét&méf&nﬁéﬁﬁ@ eldcted 1BAAPFC-1116,

- HEC Zgggg%g/g@cpgg"f% R, PreB T iRt Jprc-31-10my,

15

per 1 b1 i Saae

HFC- 338RE-CHIEd cPFGF@S?—OmW,StraWECPMG{JSQIBmym cis,

s gggﬁy@%ﬁ&dﬁfﬁﬂﬁmﬁz&%ﬁ E e L

PFC- HFQG-24 W&ﬂq;dﬂm&mfaﬁapmm@tmmm or -
Per f | UaFOCRUbubaY HF‘E—EM%% c B PrbUREE TRIEHE KS Arc.

384 FdFOr2dfen, hi@-227ca, HFC-
Per f | (RB6auty, uHmmBeapHﬁmmemzugwmﬁ{ﬁé eqEC-

P SRR POIBARC e ST

o 20

25

30

35

- | Eerfl Lzﬁﬁaﬂdﬁﬁmmlmmmmmzpnﬂsaww E9FC-338pcc, HFC-
- Br:ono
- Br om%ﬁgﬁzonet haneéé’%ﬁ%%q%&qﬁgf&_mg PFC‘C31 8,

Tr i br ¢t hidiac, Eﬁ%mmm-wmﬁmanwc-c51-~

R d|1lzrnﬁyfﬁetrhﬁ§q?f=é-(§’5?-"f?n'ém? cifl PeuBbPShBRReycio-

| odot rifl uor ‘hane ane

" FI Uor BERMR goroinq yle P'Pf'llwi@a Pﬂrﬂlmredhaaﬂaylcyclo-

1,1, 2hﬁxaa&r(aﬁhuqm@ta brl;ﬁi’@ 'Fﬂém?oroethylcyclohexane S

1.1, 2'F9erﬁ|%rro?r§da%o lﬁjerllruorognmet%y cyc%-hexane and isomers

S thereof Perﬂuoro:sopropylcycio—hexane css—Perﬂuorodecalm

- trans-Perfluorodecalin, cis- or trans: Perfiuoromethyldecalin and
isomers thereof, Bromomethane, Bromofluoromethane,

g Bromodlﬂuoromethane leromoﬂuoromethane Tnbromomethane
o Bromoethane Bromoethene, 1,2- dibromoethane, 1 -bromo-1 2-

, dlﬂuoroethene todotrifluoromethane, Dlﬂuoromdomethane |

. Fluoroiodomethane, 1,1 .2-trifluoro-1-iodoethane, 1,1 2 2-tetraﬂuoro-
_1-|odoethane 1,1,2,2-tetrafluoro-1. 2~d||odoethane
'!odopentaﬂuorobenzene Ethanol, n-propanol, lsopropano!
Acetone (2-propanone), n-propanal, n-butanal, Methyl ethy! ketone
(2 butanone) Nitrous oxide, and combmatlons thereof.

:y .



11.

12.

13.

- 14,

15.

| odopent af | uor obenzene, Ethanol, n-propanol,

| sopropanol, 35 Acetone (2-propanone), n-propanal,

n- butanal, Methyl ethyl ketone (2-butanone), Nitrous

oxi de, and conbi nations thereof. -19 11. A nethod of

using the tracer-containing conposition of claim1,5

or 6, said nethod conprising: conbining said tracer

compound with said refrigeration/heating fluid to

make a tracer-containing refrigerant conposition, and

detecting said tracer conmpound in said ) ]

t ALBEOd A isIngi the tiaeer-reipiing cerprpyten pbelaim 4,5 e said
: T ; rises

QEIER BombHighd ChiiPEScl BLS ARG RIR, Be2

qtefrigérafionhestingifitid 4e eragkeam trbcerrcqntaisimgaefriganaht composition,

q ti . said tracer conpound. 13. A nethod of

B8 Helebh s Gk 2PBlnofBR SRR uraPrclh BR T tpergnt
coompsasition of claim1,5 or 6, said nethod
conprising: evaporating the tracer-containing
conposition in the vicinity of a body to be cool ed and
R HRIh64 of BBAFAS WiHerem Al BOISBAN) bbMBrisd<detboli) BRd
of producing refrigeration using the tracer-containing
cbigsence pbeaidfiracet, sletacting the geantityiof saidttraser, or both presence
c 1.SLA0: ' racer-contai ni ng

c%'lr{r%glsllg'btlﬂ r?flg%"agﬁ%%b?%inhlgﬁg}é'of the body to be heated
and thereafter evaporating said conmposition. 15. A

thod for making the tracer-contajning conposition of
gﬁ‘{p. Qg ogar uc@t rﬁg@eé%qﬁﬂ q@pg‘ H}e Qg@qﬁgrqqnﬁqjmgg composition of
[ Ghinh 999 66, WA R IModhiidInd dVapBrdtrBIRE traBEABGHARIng

sel ected fromthe group consisting o

hgeiPpesitien cthebinirity ofdebedy tet keicogldd end therestienennsensing

per:fi rpons, fluoroethers, brom nated conpounds,
i%%gtcgﬁ{pg%ﬁnigg'unds, al cohol s, al dehydes, ket ones,

ni trous oxide and conbinations thereof. -20
A method of producing refrigeration using the tracer-containing composition of
claim 1,5 or 6, said method comprising: condensing the tracer-containing
composition in the vicinity of the body to be heated and thereafter evaporating
said composition.

A method for making the tracer-containing composition of claim 1, said

- method comprising: combining a refrigeration/heating fluid with a tracer

compound selected from the group consisting of hydrofluorocarbons,

deuterated hydrofluorocarbons, perfluorocarbons, fiuoroethers, brominated

- compounds, iodated compounds, alcohols, aldehydes, ketones, nitrous oxide

and combinations thereof.

-20-



