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leakage of refrigerants, can contribute to unnecessary pollution of our
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In response to environmental concerns, manufacturers of
refrigerants have developed new refrigerant products that allow higher
levels of energy efficiency when used in properly designed equipment.

The new generation HFC refrigerants have less impact on the
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For the foregoing reasons, there has been a need for the ability to
positively determine when a refrigerant composition is diluted or altered in
any way, in a manner that does not compromise performance or the

product properties to any measurable extent.
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to label virgin refrigerant product. BRI EF SUMVARY OF
THE I NVENTION 5 The present invention is directed to a
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DETAILED DESCRIPTION OF THE INVENTION
Applicants specifically incorporate the entire contents of all cited
refernces in this disclosure. Further, whan an amount, concentration, or
other value or parameter is given as either a range, preferred range, or a
list of upper preferable values and lower preferable values, this is to be
understood as specifically disclosing all ranges formed from any pair of

upper range limit or preferred value and any lower range limit r preferred
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CH2FCF,CF3; (HFC-236¢b), CHF,CHFCF; (HFC-236ea), CF3CH,CF3
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1 1,2,2-tetrafluoro-1- CF,l-CHF, 354-41-6
jodoethane

1,1,2,2-tetrafluoro-1,2- CF.I-CFl 354-65-4
dilodoethane

lodopentafluorobenzene CeFsl 827-15-6
Alcohols

Ethanol CH3-CH,-OH 64-17-5
n-propanol CH;-CH»-CH-OH 71-23-8
Isopropanol CH3-CH(OH)-CH3 67-63-0
Aldehydes and Ketones

Acetone (2-propanone) CH3-CO-CHj,4 67-64-1
n-propanal CH3-CH>-CHO 123-38-6
n-butanal CHj-CH,-CH-CHO 123-72-8
Methyl ethyl ketone (2- CHs-CO-CHz-CHs 78-93-3
butanone)

Other

Nitrous oxide N.O 10024-97-2

The compounds listed in Table 1 are available commercially
(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
refrigeration/heating fluid in the compositions of the present invention or
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Gas chromatography (GC) is one analytical method that may be
used to detect and quantify the tracer or tracer blend in the
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), thermal

conductivity detector (TCD), electron-capture detector (ECD), photo-
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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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comprising combining said tracer compound with said refrigeration/heating
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 (ii) verify the source of the
refrigerant composition of said composition.
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:ff I Plﬂ@ c?bl@l&%nfl?é dtéslzﬂ'ibw %n@pbs ﬂﬂlcﬁlf/sf et:tquuTch r@‘ngellsimp
a heatin ect in a cle

erﬁ@rﬂ%‘é%?qgﬁé) tlgrng %an&sfod\/\gév'ﬁ q%ﬁ% ﬂ?%ﬁg‘ﬁéerant

erefr@esarﬁrboelsaxmmeawmpctrhmmla law teryzeratwe tddoin @ gamand
DA of

dGalidIEbdi fﬁegmgies'gmé Sab Bntdis @g@g&@gﬁrv«m 8 the

efnper atu S an duce co I'ng.
VS i campressast © rgise lﬁnpmuw atiprapemtuitherhe
?pgrér?)%frgt@@u rggeb%rﬁgﬁ Fén“t &Pehlets ﬂ{eeééhﬂénﬁe?dn WhICh the

ressur ase refri
tREIgeERlGandenges aﬁaé Fgss fment nthe %\flﬂ%@?@ni he
%ﬂ@%ﬂ&?&eﬁnﬁls to tehexgasiorn devieathroudghhehiehvihedigoizht .
e r ant  ret

(PR, "o Die Tl ey 190618 Su B RRBhRH, Kb i6w-pressure
Hegdl-ip thess evaporatorethusrepaatingtivesycbe. to t he
| ow-pressure level in the evaporator, thus repeating

the cycle. EXAMPLES Tracer-containing refrigerant
conpositions of the pre tion 25 were

pr epargdcaneohBfing Retiysremt déhﬁh@sﬁl@\r@ G thd lp‘ré@érﬁﬂhvéﬁlon

oL TRt ot e e U bsevarl AR R ol
anwdrrciaﬁarng:mmmmf\m‘r atysiet Eheireezhtiondiraes forgtheen
BT RSPRA b SnSRER R aBtdfiined and are
oivemfarepchpxaanplevilt shauld pedioted that emct mt@nﬁowumes
‘ﬂt?érrﬁﬂnb@ rHril % gFé@iﬂb ﬁ%& %ﬂ%rﬁﬁ o?rﬂﬁa%@@i’tﬁ”a%& jiseies
column will vary slightly from retentlon times determined from a different
instrument and column.
All samples were analyzed on Agilent 6890 Gas Chromatographs
and the data collected and processed by Agilent Chemstation® software,

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

EXAMPLE 1
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Al'l sanples were anal yzed on Agilent 6890 Gas
Chr omat ographs and the data col |l ected and processed

whgoodgsioent Chenstation(r) software, both avaPCHDE®05/005595

from Agil ent Technol ogies (Palo Alto, CA). 35 EXAMPLE
1 -14 WD 2005/083027 PCT/ US2005/ 005595 A sanple of

R-22 (yr [
opi ke%\ %@g@ecgg@tzﬂf&ﬁg&%m HEre. gﬁ( EhIBRS éPiﬂEB ShalBs
spdees! withd ool Wdﬂtﬂlﬂmt(@ﬁ@) by Wf&h 1t8hen
gmhMér%@ leb@férié?' NBetdinple Wi thbﬁ%a@&% bp@t R8lrRMhe
Col um r -%]701 (Crossbond(r)
£296NIaNS FE8F: ;}P%L% ?WF86% di met hyl  pol ysi | oxane)
Length: 105 neters Inner dianeter: 0.25 mllineters 10

SioAirhAN @(M@mime(f lrbédeH@CM”ﬁéyﬁanogra@lgﬂhéhﬂ}’%%fcﬁmethyl

8;8" s and ow r at e: liliter/ m nute

aturq {elgl tenperature: -20 C 15
In|t| odt § "% ;[’enperatureran‘prate
10 C ﬁéﬁ” erzggCFln Jold tine:
0 mn %féo ams ?ﬁ%lﬂ Q?%)D ”\fﬁ?gﬁ Fl ame

i oni zati on detector errperat ure: 250 C Hydrogen
Qasliet gasand Sow nate:| | %ﬂ/@rﬂhlulﬂtér/rrmlﬂﬁl ow rate: 450
@veni temparairegut e 25 Infection port: Split
Tenpelnitiartemprftue: HR@ACpr essure: 22 psi Sanpl e type:
vapor |niffaintsid tisyd:i ngets mjnetdd on  Sanpl e size: 1.0

m |1 Hidhgserdafirehh rlé@él 01059 /mimdte retention tines
for tlﬁ,hél pg%}a@ , and tracer, PFC C318, are
grven mal tes (no final hold time)

Detector: Flame ionization detector (FID)

Temperature: 250 °C
Hydrogen flow rate: 42 milliliter/minute
Airflow rate: 450 milliliter/minute
Injection port: Split
Temperature: 150 °C
Head pressure: 22 psi
Sample type: vapor, manual syringe injection
Sample size: 1.0 milliliter
" Split ratio: 50:1

The retention times for the refrigerant, R-22, and tracer, PFC-C318,
are given in Table 2.

TABLE 2
Compound Retention time (R, minutes)
PFC-C318 (tracer) 11.07
R-22 (refrigerant) 12.53
EXAMPLE 2

A sample of R-134a (refrigerant HFC-134a, 1,1,1,2-
tetrafluoroethane) was spiked with 100 parts per million (ppm by weight) of
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waaplog300f R- 134a (refrigerant HFC 134a,

35 Conmpound Retention tinme Rt, mnutes) PFC C318
(tracer) 11.07 R 22 (refrigerant) 12.53 EXAMPLE 2 A

tetrafl uoroet hane) was spi ked with 100 parts per
mllion (ppm by vvei ght) of -15 WD 2005/ 083027
W@—é-lé%%%)gf @0I5§ E%Frﬁé{) S'ne) Fhe sam nrﬁle was then

uor o ropa e

ilsngéobw%@@'@&t i deeGes hRQWT i bed beI ow
Col um: RTx-1(r) (Crossbond(r) 100% di net hyl

m&wmr?: FAGE) (CrosSHIMaP 000 dirfBiHgT gow grifyamet er:

0.25 mili rret ers Stati onary phasé | ckness 1.0
m cro 10 6%% gas and flow rate: helium
O75r[%b }1'1% m u ien‘perature Initial
terrpe a L'Hln}??ratlrre 3 mnutes 15
Tenpe ‘P S?zﬁ% thigkness: n v @ Migiomgtersnper at ur e:
50 C Fi nal holdtlma 10 m nutes Detector: Flane
iGailiengasanddowciate: helin, 0260 miliger/minite: 250 C
Hydr ogen pressure: 20 psi Air pressure: 45 psi
|Oyescteinaperpture: Split 25 Tenperature: 175 C Head
pr essuniéial @thmsaturgnpb@Cype: vapor, manual syringe
I nj ectihigial hSae Si 28 mﬂf}L@esm [l1iliter Split ratio:
75:1 _0, [ he refrigerant,
R- 134%, g\%— tJrStrSH\br% %/ﬁﬁﬁa{ree given in Table 3.
TABLE F3nal tempera Gre:
inal hold time: 10 mlnutes

Detector: Flame ionization detector (FID)

Temperature: 250 °C

Hydrogen pressure: 20 psi

Air pressure: 45 psi
Injection port: Split

Temperature: 175 °C

Head pressure: 38 psi

Sample type: vapor, manual syringe injection

Sample size: 1.0 milliliter

Split ratio: 75:1

The retention times for the refrigerant, R-134a, and tracer, HFC-
236fa, are given in Table 3.

TABLE 3
Compound Retention time (R, minutes)
R-134a (refrigerant) ' 10.76
HFC-236fa (tracer) 12.04
EXAMPLE 3

A sample of R-410A (refrigerant blend, 50 weight percent R-32,
difluoromethane, and 50 weight percent R-125, pentafluoroethane) was
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percent R-32, difluoronethane, and 50 wei ght percent
R- 125, pentafl uoroethane) was -16 WO 2005/ 083027

Fé@Tl(édSBﬁ]QFPOO%ﬂ%EperSﬁiIII@?\d( }mﬁ By Wy HRp6t HFBEI36¥Pd (10N

R neiadren %lf@%o%ztﬁﬁf@h(f%%mn@ wagthens anahzed by

Wa€ usirentherangitiechshyesc@bed dietaw:t he condi ti ons
descri bed below. 5 Colum: 5% Fl uorcol (r) on

ack( 60/ gth; feet (6.1
ﬁ-@%& g"t{gﬁqorc /g)gnﬁéﬁbcgﬁcg bj;gﬂfq%n%‘f?é&) Carrier
gas a I'bwratQé) Blvilliliter/mnute 10
Oven tliametesi ur 478 ingh Oa:ﬁ canynaeteure: 60 C Initial
hold tinme: 3 mnutes Tenperature ranp rate: 8
@arviaugas 26d fiomatate:e hetivat, Boenillligg/rainuk nal  hol d ti ne:
10 mnutes Detector: flanme ionization detector (FID)
Tevpeteatparaturd50 C 20 Hydrogen pressure: 20 psi Air
pr essyhifal t@%ﬁéturénjggpctgon port: Packed Tenperature:
250 C|nf§m§ nggessmgﬁm%ﬁgspy Sanpl e type: vapor,

7ot entlt Mg bl o 14 AR RET Rl or

ret ent
speci pefatyre: 3 R-125, and tracer,

HFE- 28873 holg imgi ven ,W% 4. TABLE 4 Conpound
Retention tine R, mnutes) R-32 (refrigerant) 2.52
Detector: flame ionization detector (FID)

Temperature: 250 °C
Hydrogen pressure: 20 psi
Air pressure: 45 psi
Injection port: Packed
Temperature: 250 °C
Head pressure: 67 psi
Sample type: vapor, sample valve injection
Sample size: 50 microliter

The retention times for the refrigerant, R-410A or specifically, R-32
and R-125, and tracer, HFE-236fa, are given in Table 4.

TABLE 4
Compound __Retention time (R;, minutes)
R-32 (refrigerant) 2.52
R-125 (refrigerant) 3.90
HFE-236fa (tracer) 10.87
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R-125 (refrigerant) 3.90 HFE-236fa (tracer) 10.87
-17 WD 2005/ 083027 PCT/ US2005/ 005595 CLAMS) What is

w@b@sem2is: 1. A tracer-containi ng conpositi oPCT/F820d5/005595

conmposition conprising a refrigeration/heating fluid
and at | east one tracer conpound, said 5 tracer

conmpound bei ng anal yti cabl_yuM%pct abl e and sel ected
from Y\Zhagdég ou gon5| sting o ydr of | uor ocar bons,

deut e VHJ?‘B 'Rior ocar bons, deut er at ed

hydr oé\ardmn&;ontmnmglmmpmﬂwneaid ¢oraposiioheosprising a
g{ gglh Fbgé@gra‘ﬁgﬁﬁ‘%é%ﬂg fldld)gﬁﬁr gg g%ggagé' %%gr c&#@%h IdS said
10 t htrpeerf cmmpﬁum%@emgoanagﬁlqaﬂﬁﬂe@table and selected from
refri Hf‘é%r‘du rud?%@éﬂn@%ffﬁydr&huoﬁoca#béﬁgrcﬁéme,fartem sai d

e tracer-cont I nin osi tion

traceB g cope
accor QYHgT lyerqqa&b%q aiAkchvdiagarbons, Perficrocarbons,
refri ﬂ@él@fe'tlﬁé‘réhﬁﬂimmgtéd corfipenTy, I@Med compounds,

hydr of hi fl b
o R Al 3 Q{eir“ nfifqtis S90S B bipations
car bothateokivifie the pravsisathat saﬂx‘eﬁrmamcbrdheaﬁng Huidrise

L acoHIABhA SN RIE RABESLAMOARECOT i ng, o cTaim 1

wherein ron conprises a single tracer
conpound. 20 4. The tracer-containi ng conposition

accor q"h@&réc%r—%bﬁtéfhxﬁrq th%c%htfb_lr_\hzZ@to?d@gr’fBQﬁélhi ?Mwherein

compo8 ALl A aEP AR AU Ao OB Capro G,
sai ddhtydmm‘roﬂmmdﬁodrfs peﬁls:erdcalsoufs_,éiunm@r.bon ethers,
CormoV GGt (T dieRide. Ao SrofiRBEs héof;

tracer conmpound is present as mnultiple pre-determ ned

Ois 0
?c’:cor 3*“@ ﬁ%ce? qoﬂ?ﬁnﬁ\baﬁﬁeéésfﬁnmrﬁégdg&ggthﬁ HORherein
conpr ﬁ@@g ceMpesitien cepmpisand wnale tmeer cgmwnidn an
anount rangi ng fromabout 50 ppmto about 1000 ppm 35
-18 2005/ 083027 PCT/ US2005/ 00559 . The .
fhr acerl NEJFR RO RIRATRG PRI ginﬁéot%a'm d; wherein

wher eisaid composition comprises a tracer blend.

5. The tracer-containing composition of claim 1 wherein at least one of
said tracer compounds is present as a single pre-determined
isomer.

6. The tracer-containing composition of claim 1 wherein at least one of
said tracer compound is present as multiple pre-determined
isomers.

7. The tracer-containing 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.
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said conposition conprises a tracer conpound or tracer
blend in an anount ranging from about 50 ppmto about

woeO@spgaoe7 5 9. The tracer-containing conposi t i PET/US2005/005595

according to claim8, wherein said composition
conprises a tracer conpound or tracer blend in an

8D UNThearbeigohtaMithg e HipobRGnladBot @ing ke élaid0D ‘wHdein
10. The, tracer-cont al Blfﬂg‘% gg osSition aacordl n

0. .
cl ai maid GHRPRSITPR faM r EBMPSUR qr§r3z9t99 P@Qt'“
one canEmouhisehgiagdrbri mbouPsTphpirbio atbdE-50RLspm.

PFC- 218, PFC-C318, PFC- 31-10m, PFC 31-10ny,
PFC- C51-12nycm PFC- C51-12nym trans, PFC C51-12nmym
8i s, TheGbacerEBENtAHFOE-COBMEE]OHRTTOIdIBg HY CHMDME, 2 VasaiR,

HFOC- . 2: - : = ;
roc. S ERpo it petpSc Y oleer SElpehnl Y-tftcer blend in

Fr eon@P)anEpynt rapgiga from ebout #08 pbm toptaut 300 e 1524,
HFC- 134, HFC-227ea, HFC- 227ca, HFC 236c¢cb, HFC- 236ea,
HEC- 236f HFC- 245ch, HFC- 245f HFC- 254ch .
[PC. 53 RegiacRECOD IRy CHRBOS BEACapEEngA] Slaty feaherein the
281f atracBCGe@2ppundHisCatigastmme ¢trOp338arbelekited BB FREC-116,
HFC 2 \ , PR F 8,
prC. T taC 2B RFGAZ e BFC G PRG o Ml Ree-4h 108,
PFC- CREC-CatytamyeranBF CFEE! -d8mymniyans, dIFG-C51-12mym, cis,

rert | WHOOBIARE, (T 0-1 8, MEDCIRISAE, HFOC-227eaE, HFOC-

hyl [ 0-h , Pertl d t hyl
o Chablt 1o TR e bt e el s
Perf | WMMb?EHFEMQIMm¢erbGN®| E)‘lr)h FxeoH® ERdHFC-
I sone ) e U r O- ,
ci o pert hor SREdAFErlo2e, PERs T8, APEePSfodt s 247 e, HErc-
t r ans 236eh.f HECr236esh HRR:2a61a HECH24bcbteF €-24fifa sldF C-
B f
Br oMo ALE Lo o e G oSt s 2eeiRC-281ea, HFC-
Tri br 8fbiee HRGmS2980HECos¥NMEn EIF (3338 0%! HERe338pce, HFC-
1, 2- dghyenmpthaneombed PFR1 {6, 2P FALE2 18 PRt BeIe PFC-C31 8,

| odot r get , | uo o) hane,

Fl uor E%gﬁﬂoqﬁ%&aﬁ@%%mw é'?bafggﬁ%my&abe?lﬂ%@“

1,1, 2,1ZMym,rteéHSl,IG’fF@--ICB-‘Ii-‘mi'nﬁhhaBePerﬂuoromethylcyclo-

1,1,2, 2-16etr [ Q- -di i o .

" odopBRT I, SPE B0 EHBRAE Fertyaragimethyicyclo-

| sopr bpaane (OB, Mettoaepdi,) preiiantoathylcyclphexaneal |

n- but I d . )i Lid Ous

ot de” uprtiiogl; petierotfictife deTRieROSRRsobkl, 0

PCT/ Uthaies], disstigyoisppropyigsiarbexane. wis-Rgrifupsodecalin,

t r acefrafe!PaHlnbrode6 M - or @anef Petfidtbhett®yl@écin amail d

nmet hod _co rhsn ng: conbi nj nﬁ sgl d tfr acer %onlpound W th
iIsomers théreof, Bromomethane, Bromofluoromethane,
Bromodifluoromethane, Dibromofluoromethane, Tribromomethane,
Bromoethane, Bromoethene, 1,2-dibromoethane, 1-bromo-1,2-
difluoroethene, lodotrifluoromethane, Difluoroiodomethane,
Fluoroiodomethane, 1,1,2-trifluoro-1-iodoethane, 1,1,2,2-tetrafluoro-
1-iodoethane, 1,1,2,2-tetrafluoro-1,2-diiodoethane,
lodopentafluorobenzene, Ethanol, n-propanol, Isopropanol,
Acetone (2-propanone), n-propanal, n-butanal, Methyl ethyl ketone

(2-butanone), Nitrous oxide, and combinations thereof.
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said refrigeration/heating fluid to nake a
tracer-containing refrigerant conposition, and

tracer-containing refrigerant conposition. 12. The
nmet hod of claim 11 wherein said detecting conprises

det. ectA ngpthod ef psiagens eraebr-sehirdif@eempodfibadficRint hes or

ti id t . t.h | d .
auant 185281 mERhdn bomBbingS hormBiting Sy e gkt
pr odudiaidyrefdfeiagjiondteiating disichtp tiake tartessr-cootdiningi ng

CONPOSki f en : t . .
Compe BRI, e Bt} TR AP fpmpound i i
conpodiagessontaining refrigefantycosmpasitiastody t o be cool ed

and thereafter condensing said conposition; or 15 14.

q t hqd of Q?qrﬁOd cing refrigeration using the, _
cer -NEmEHiaf alclabp A ydiaretnsaid dejesting Tomprisesagletecting

Ec,ai d nee Itw@bt ST mfiS‘aiidTﬂacer;;G@ttﬁﬂiﬁb{iﬁe bb_@nt_ity_otf saidftr?ﬁer, or
racer,-¢ontai ni ng conposi.tion i e vicinity o e
body (9B 8rFREdCErEk ALY BhPaidraces semberRg: sai d
conposition. 20 15. A nethod for naking the

tqmacer i A . 1 ai id. et hod
o 1S REAGL B Dbk IRRIIARNG) LG 1k bace R Bo TG

wi th C@MRasiian eforpisuhdS 9&i6e saisameihnoc eameprigingp

consi sviapBratfng thé%a%%?%@h%ﬁhg%ﬁxgo‘éﬁ%%Q{@@icini of a
hydr of | uor.ocarbons, 23 erfl uorocarbons, fluoroethers,
br omi m&og%ﬂqwmgﬂ itiRreaar cerpnsinasaid gogwpsition; or
al dehydes, ketones, nitrous oxide and conbinations

t Igler eg{ -@o . . . . .

14 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.

15. - 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, fluoroethers, brominated compounds, iodated
compounds, alcohols, aldehydes, ketones, nitrous oxide and
combinations thereof.
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