TI TLE COMPOSI TI ONS COMPRI SI NG 2, 3, 3, 3- TETRAFLUOROPROPENE,

1,1, 2, 3- TETRACHLOROPROPENE, 2-CHLORO 3, 3, 3- TRI FLUOROPROPENE, OR

2- CHLORO-w 020 11/@®7825 TETRAFLUOROPROPANE FI ELD OF THE | NVERTI/@MN2010/061716 The
present disclosure relates to the field of conpositions which nay be useful
as heat transfer conpositions, aer osoIT pel | ants, foam ng 10agents

(bl owi ng agents), solvents, cleaning , carrier fluids, displacenent
dryi ng agents, COIMPOBITIONSSCOMPRISING 2308, 31FE TRAFLOORGRROPEREM ng
agents for polyolefins and pol yurethane aseous dielectrics, extinguishing

agents, and fire suppf @il HEORGPROARENE of-(A@B&:31%8m 1 n

particul ar, the prese i D i4l > 15whi ch may be
useful as heat transf ﬁR?&%@%@EE%?R%C%@W?H@?r af | uor opr opene
(HFO-1234yf, or 1234yf) or theTEPRPEEUOROPR@PANESI ng

1,1,1, 2, 3-pent af | uor opr opane (HFC- 245eb, or 245eb) which are useful in
processes to produce HFO-1234yf. 20BACKGROUND OF THE | NVENTI ON New
environnmental regul ations havegeedh Hf Fie INVENTION New conpositions for use
inrefrigeration, air-conditidnrng and neat punp apparatus. Low gl obal

war m ng pot enti al Thenpeseanisdiaclosate netates tather field od cesposRBNSUNMMERY OF THE

| NVENTI ON | h d that i i h |
gl obal  ver ni APBe EREIEAS b BaRat <otartRionsrabosBipioP ey fAlE. Wftlap
addi tiongh coeRA@odihg RjeptHNEolventMBlekhn/gRatrs, cdaenadore, in

accordance W th the present invention, there is provided a conposition
conpri si ng HEspl2aementgiingtagasis.tbuifirg abiEsioroagents op@lpinesizatdrect ed from

Haro 1235t . o £9ahe FORR O Rbp e ARy gt Bsedl 1 2l
HFO- 1243zf , %@ctﬁ23,3éﬁtinmn%§éhts, antCird 22pprasstdoFégertd ibliquiioe- 242dc,
HCFO- 1232xf, HCFO-1231xf, and 0-1233yf. The conposition may contain |ess

than about 19A6PgHe TO5BH. clavrarbeulahdhaPresars dissieslanaplaiasal cosRambianed, based
on the tqgal Mﬁ%ﬂmaﬁé% b?&uF?ﬁggﬁf frh&er coeragasi'tiBné,déucH » 3l f13accor dance

with the presen nton, re 1s provi a conposi t1 on’ conpri sing
HCO- 1230xa anetraftudrepsipeasd Ha@i 28dyfabr ¢23pdyadthest@opesitibnsom t he group

R s2oen P i R S W A SR
present invenkd @Befd MpRCELSsEE BYhdRHca MR fon conprising HCFO- 1233xf

4

and at | east one additional conpound sel ectgg %romthe group consi sting of

propyl ene, HCO 1260zf, HCC-260da, HCC-260db, HCO 1250xf, HCC-250aa, HOC-
20 BACKGROUND OF THE INVENTION

New environmental regulations have led to the need for new

compositions for use in refrigeration, air-conditioning and heat pump
apparatus. Low global warming potential compounds are of particular
interest.
25
SUMMARY OF THE INVENTION

Applicants have found that in preparing such new low global
warming potential compounds, such as HFO-1234yf, that certain
additional compounds are present in small amounts.

30 Therefore, in accordance with the present invention, there is
provided a composition comprising HFO-1234yf and at least one
additional compound selected from the group consisting of HCO-1250xf,

HCC-260da, HCC-240aa, HCO-1230xa, HCFO-1233xf, HCFO-1233zd,
1



15 240aa, HCO 1230xa, HFO-1243zf, HCFO-1223za, HCFO-1224zb, HFOL225zc,
HCFO- 1233yf, HCFO-1232xf, HCFC 1231xf, HCFC-241db, and HCFC-242dc. In

addi ti on,wpreoaoses2dance with the present invention, thePeTits2@oovi7ded a
conposition conposition conprising HCFC- 244bb and at | east 20one additi onal

FoC 260da, B SO A5t R 50k, TREaIBtaaIPO- s 00y
HCFO- 1223az, HEFO-128%abHOM-1222 28 oHF 5CH252¢1 T F CORCdB AR OFC-PiPEc, 1232xT
HCFO- 1231xf, and HCFC1233 R EF DESCRI PTI ON OF THE

33yf. 25 B
DRAW NGS  FI @CEOs%iZé(f,aHéEQci2%??(1‘5@@5'&!:@1]@33%11- The compraitipe May
oy _ . b 5 it
S0 omayr " 0t sRfiafaboly SN herdiR e BPIeParb Bliddinab TP oS! L L o0
refriger ﬁﬂt , chegdoundabaed ohlthe thtabweighobf theagorhpesition.f oam expansi on agent,
anong ot her uses.

It has al so, advant ageously, been fqund that HFO-1234yf
has a | ow gl obal AR W&npﬁ‘t%ﬁ"ﬁqr‘g‘?’n%%%? %é%p B VENHYN\INET® Bapadi it ri ou,
et al._In Physbaaby e sdditiorBembRsho U0l £20,2001 afieksl oife 9. pages
1-13. Thus, )I?Ilio-l 34yt iééell%oo anh?ﬂ?e for rce)%fa%ﬁrelg tﬁg@hi gher GWP
sat ur at ed HF@ddéonageoraposend selected fomrtbegrboplicovsisting bepmpykne, di scl osure
provides a c Sj4d0 (sSjn - 1234yf t, | ne addi ti onal
conmpound sel E_ﬁédﬁ@&&éﬁgp%é@?p%%@pgnécﬁ q%é@(flfggﬁzﬁgﬁ@@ Oda,

HCC- 260dh, 1(HEES4D43aa, HCO 1230xa, HCFO-1233xf, HCFO-1233zd, HCFC- 244bb,

HCFC- 244db, HFO-1234ze, HFG 245cb, HFO- 1243zf, HCFO- 1223za, HCFO- 1224zb,
HF0- 1225z¢c, HCFC- 12 adgitiopCirGceopday) ceHaitio the gmsent eeotianr3hgre isand

Cons 2oyt Enavi o SR S RBS A CEB- RSl Y BB o
three or noregdadidnbl evadbogadeelsetsd from the drougeehsistingobpdpyrite, t he
conpositions of the present invention conprise HFQ-1234yf and HCFO- 1232xf .

In anot her eled HAG4Z!, Hhe-2e0850 $1GEHe0dET HOG 18pE%ke HCG#98A8I BR G0

conpri se HFO e fr. 3db,
ot 15541 - gRe MR P St AR A e PR S i O AR TR
enbodi nent, t2R5zoMICEIC-1 B33y TPHCHGR 1@AB2se HICHOM 281 ko HCftDydi1sle, atd | east one

conmpound sel g_gélrc;éréromthe group consi sting of HCFC- 243db and HFC- 245f a.
251 n one enbody'mer 4,2dt°he total anount of additional conpound(s) in the

conposi tion conpr ilﬁiaaaitiHﬁf)rnr];a"cc’c‘J)Yéarﬁcfér‘\Qﬁﬁ e gf@%ﬁ?ﬁh@htiéﬁ,ﬁﬂe?&fso wei ght

percent to less than 1 wei ght percent, based on the total weight of the
conposi ti on. providedeeameodiiel cemppsitioe Commi!sirrg'ridGﬂFC-BMlabidhd jab hesdst

nel oht e et R OB S ef Gt B FRuoRBhSEEhe cERroRvene | one
enbodi ment, HEOCHHYXG HECCIE6 RN S 260dbFACE34pha And Ot PBOxL onpounds  may
further conprise a specific tracer conpound, such as HFC-245cb. In this
enmbodi ment, tHeFOFE38x6 - Or btdaizf, G Foe1223az, HCFO-1224zb, HFO-1225zc,

HCFC-241db, HCFC-242dc, HCFO-1232xf, HCFO-1231xf, and HCFC-
1233yf.
25
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a reaction sequence useful for formation of

compositions of the present invention.

30 DETAILED DESCRIPTION

Compositions
HFO-1234yf (2,3,3,3-tetrafluoropropene) has been suggested for

2



present at a concentration fromabout 1 part per mllion (ppn) to about
1000 ppmin the conposition. In another enbodi nent, the HFC 245cb tracer
may be prweentl/@rs2a concentration from about 1 ppmto alpoutusa@o/opne

Al ternatively, the HFC 245cb tracer may be present at a 5 concentration

conpr st ng HUBSEA YA PN Re e iy 2bnod SRRt dBRate S 3REhe) “hoat

transfer conpegnt,iamiéng 881ePeREs PIARR] 41801 adW: a(h@ét;rélﬂjsﬁg@ébﬁ foh@wmarg agents,
sol vents, cleani ngéégent s, carrier fluids, di acenent dryi ng agents,

buf fi ng abr adifia-T2g4it Bas adewigjeka .%mlwpﬁ@ﬂmal (@YFaresi r@ﬁoag ®Ys for
pol yol'efins gnd pa ¥an‘ﬁ{r %n%t ag"ﬂ??’ﬂy\?{cg ) Eh&Rlt srta):é?el%xcta'l ?I_ﬂgk/g Agents,

and fire suppressi gaseo osed
conposi tiens vo&nma@t pagemwc& kThngs fHROH szlgﬂlsta)goed cyndidate fdrom a heat

source to a he t sin t transf ositions may al so be useful
as a refri gerrﬁ aCcing tE (%iheé %é@@ra{e&iﬁ&ér igetaRr goes a phase change:
that is, froma |ijquhd éﬁg?@ddﬁm%ﬁtafﬂg Pg@g]ég}tqgsdrésqﬁeb%ﬁaesacomopd@&ﬂmo' es of

heat transfer systens | e but a Imted'to air conditioners,
freezers, refcongeisaigpHsO-h2adyfmundpet,leasttone addiliorsal sonflovndetlestegor at or

chillers, direct expansion chiller -in I t S, 20nobile
refrigerator dr O”Prﬂlﬁ Eré)ug qork?@rﬁ'ﬁ‘ptq%c&i(i:g% 5@% |H§?:I'%§@é$her eof .

As used her e'HCC%@a'aeHCf{ﬁﬂ'Z%kétHQF(ﬁH’Q@:B)@Ff H@F@rqbsh@d BHCFCop44 iy oni ng or
nmobi | e heati %E‘gparatus refers to any refrigeration, air conditioner, or

heati ng appa 24delbr b @4 zentid- G- 245@#?5 Q-AR# 34, HKIROI823281 he road,

i 05,1 net ol R A PR PR G B G T F BT Car s e

and are knomm@lso 1zg1e<|frm11;a|HCF$)L3233W Such i nt er nodal systems |ncI ude
"cont ai ners' (conbl ned seal/land transport) as well as "swap bodies"

(conbi ned road/ r ailihe:GARRYTHENS ofgtbgsorgg@@)t IRggndion may senrigeyii@at transfer
systens alf?_ﬁe??&?ﬁq@ﬁﬁ@%‘dﬁﬁ%ﬂa\%@rﬂga cﬁmcﬂ'tt&/%cé}foittc}rpal RUHAupEs, & any

variety. onary applica I onary a|r condi ti oni ng
and heat punisregiorahad algdlbornalrmmpoumdSed to chillers, high tenperature

heat punps, resid ntla rCi or industrial air conditioning
Cyatems Pand' | noi JaPHQIGT URROBGEE a8 SompgETions 065*&859&?”? et

chillers, ang¢ohhippe @,x@g{ggq&fg% Hopgeeiggst o the building such as rooftop

syst ems). In stationary refrigeration applications, the disclosed
conposi tions nmay e anstfanlemodimiegh the epepasiioas o praseafinyeation e, and/ or

low tenperature refrigaraidon_equipnent |nclud|n i al ustrial or
L oul temr EhR" Hofnelrer AP0 AR 2R A BEERE b RS SRC0E ficf b o

cool ers and fausgpeHEFd-H289%d HORDADAHRF, HPECLRI%IC dHd IBRCFCR2PAdNST ON
chillers, walk-in and reach-in coolers and freezers, and conbi nati on

systems. In sone 10 a@ﬁmﬂiemnobmenhéh@rzgmmé@nam prasens inveptior used in
super o el A 1 A O SR g roum SRR SS kino
2011/ 087825PEI kiSZBabQsrld’ e CTAR(E. 1
25 In one embodiment, the total amount of additional compound(s) in
the composition comprising HFO-1234yf ranges from greater than zero
weight percent to less than 1 weight percent, based on the total weight of
the composition. In another embodiment, the total amount of additional
compound(s) ranges from greater than zero weight percent to less than
30 0.5 weight percent, based on the total weight of the composition.
In one embodiment, the compositions comprising HFO-1234yf and
other compounds may further comprise a specific tracer compound, such
as HFC-245cb. In this embodiment, the HFC-245cb tracer may be

3



Code Fornul a Name Propyl ene HCO 1260zf CH2=CHCH2CI 3-chl or opr opene
HCO 1250xf CH2=CCl CH2Cl 2, 3-di chl oropropene HCC-260da CH2Cl CHCI CH2C1

1, 2, 3-triwbl2erigsrazpane HCC- 260db CH3CHCI CHO 2 1, 1, 2-t ri ekirasepoopene
HCC- 250aa CH2Cl CO 2CH2C1 1, 2, 2, 3-tetrachl oropr opane HCC- 240aa

CHA 2Cd 2CHZ%%‘esent at a concentration from about 1 part per million (ppm) to about
1000 ppm in the composition. In another embodiment, the HFC-245¢cb
tracer may be present at a concentration from about 1 ppm to about 500
ppm. Alternatively, the HFC-245cb tracer may be present at a

5 concentration from about 10 ppm to about 300 ppm.

The compositions disclosed herein comprising HFO-1234yf are
useful as low global warming potential (GWP) heat transfer compositions,
aerosol propellant, foaming agents, blowing agents, solvents, cleaning
agents, carrier fluids, displacement drying agents, buffing abrasion agents,

10  polymerization media, expansion agents for polyolefins and polyurethane,
gaseous dielectrics, extinguishing agents, and fire suppression agents in
liquid or gaseous form. The disclosed compositions can act as a working
fluid used to carry heat from a heat source to a heat sink. Such heat
transfer compositions may also be useful as a refrigerant in a cycle

15 wherein the fluid undergoes a phase change; that is, from a liquid to a gas
and back or vice versa.

Examples of heat transfer systems include but are not limited to air
conditioners, freezers, refrigerators, heat pumps, water chillers, flooded
evaporator chillers, direct expansion chillers, walk-in coolers, heat pumps,

20 mobile refrigerators, mobile air conditioning units and combinations

thereof.

As used herein, mobile refrigeration apparatus, mobile air
conditioning or mobile heating apparatus refers to any refrigeration, air
conditioner, or heating apparatus incorporated into a transportation unit for

25  theroad, rail, sea or air. In addition, mobile refrigeration or air conditioner
units, include those apparatus that are independent of any moving carrier
and are known as “intermodal” systems. Such intermodal systems include
“containers’ (combined sea/land transport) as well as “swap bodies”
(combined road/rail transport).

30 As used herein, stationary heat transfer systems are systems
associated within or attached to buildings of any variety. These stationary
applications may be stationary air conditioning and heat pumps (including

but not limited to chillers, high temperature heat pumps, residential,

4



1,1, 2,2, 3-pentachl or opropane HCO 1230xa CC 2=CCl CH2C1
1,1,2,3-tetrachl oropropene HCFO- 1233xf CF3CCl =CH2

2- chl or 0-8020B/8r$261 uor opr opene HCFO- 1233zd CF3CH=CHCI PCT/US2010/061716
1-c

hl oro-3,3,3-trifl uoropropene HCFC 244bb CF3CFCl CH3

>~ chi or -1, 1. pEed Bt oRRREndlbos S5t sl beideing window,
1,3, 3, 3- t et 1 afucuessRILeRR!) padksy G kil 36HRSA3add Ihdse2erepona | uor opr opane

HFO- 1243zf CF3CH=CH2 3,3, 3-trifluoropropene HCFO-1223za CF3CH=CC 2
connected to the building such as rooftop systems). In stationary

refrigeration applications, the disclosed compositions may be useful in

5 high temperature, medium temperature, and/or low temperature
refrigeration equipment including commercial, industrial or residential
refrigerators and freezers, ice machines, self-contained coolers and
freezers, flooded evaporator chillers, direct expansion chillers, walk-in and
reach-in coolers and freezers, and combination systems. In some

10  embodiments, the disclosed compositions may be used in supermarket
refrigerator and/or freezer systems.

The compounds making up the disclosed compositions are defined

in Table 1.



1,1-dichloro-3,3,3-trifluoropropene HCFO-1224zb CF3CH=CCl F
1-chloro-1, 3,3, 3-tetrafl uoropropene HF0-1225zc CF3CH=CF2

1,1, 3, 3, wpent1zirszer opr opene HCFC- 241db CCl 2FCHCI CH2C1 PCT/US2010/061716
l-chloro-1,1, 2, 3-tetraf |l uor opropane HCFC- 242dc CClI F2CHCI CH2Cl
1,1-difluoro-1,2,3-trichl oropropane HCFQ,

f CCl F2CCl =CH2

2,3,3-trichl
3-chloro-2,33=Trifluaraprg

2, 3-di chloro-3, 3-di fl uoropropene HCFO-1 2FCCl =CH2
@rgye3- f 1 uor opr dpene HehQub233yf | ®de CF=CH2
pene HCECG 243db CFICHCI CH2C

0- propane HFC- 2453FHORHE TR CHF2

2,3-dichloro-1,1,1-trifluor

HCO-1260zf CH2,=CHCHCI 3-chloropropene

HCO-1250xf CH2=CCICH.CI 2,3-dichloropropene

HCC-260da CH.CICHCICH.CI | 1,2,3-trichloropropane

HCC-260db CH3CHCICHCI, 1,1,2-trichloropropane

HCC-250aa CH,CICCI,CH.CI 1,2,2,3-tetrachloropropane
HCC-240aa CHCI,CCI,CH.CI 1,1,2,2,3-pentachloropropane
HCO-1230xa CCl,=CCICHCI 1,1,2,3-tetrachloropropene
HCFO-1233xf CF3sCCI=CH; 2-chloro-3,3,3-trifluoropropene
HCFO-1233zd CF3sCH=CHCI 1-chloro-3,3,3-trifluoropropene
HCFC-244bb CF3CFCICH; 2-chloro-1,1,1,2-tetrafluoropropane
HCFC-244db CF3CHCICH2F 2-chloro-1,1,1,3-tetrafluoropropane
HFO-1234ze CFsCH=CHF 1,3,3,3-tetrafluoropropene
HFC-245cb CF3sCF,CHs 1,1,1,2,2-pentafluoropropane
HFO-1243zf CF3CH=CH; 3,3,3-trifluoropropene
HCFO-1223za CFsCH=CCI, 1,1-dichloro-3,3,3-trifluoropropene
HCFO-1224zb CF3sCH=CCIF 1-chloro-1,3,3,3-tetrafluoropropene
HFO-1225zc CF3CH=CF; 1,1,3,3,3-pentafluoropropene
HCFC-241db CCI,FCHCICH.CI | 1-chloro-1,1,2,3-tetrafluoropropane
HCFC-242dc CCIF,CHCICH.CI | 1,1-difluoro-1,2,3-trichloropropane
HCFO-1232xf CCIF,CCI=CH; 2,3-dichloro-3,3-difluoropropene
HCFO-1231xf CCI,FCCI=CH; 2,3,3-trichloro-3-fluoropropene
HCFO-1233yf CCIF,CF=CH; 3-chloro-2,3,3-trifluoropropene
HCFC-243db CFsCHCICHCI 2,3-dichloro-1,1,1-trifluoro-propane
HFC-245fa CFsCH2CHF; 1,1,1,3,3-pentafluoropropane

HCFO-1233xf, HCFC-244bb, and many other compounds as listed
in Table 1 are available from specialty chemical manufacturers, including

5 SynQuest Laboratories, Inc. (Alachua, FL, U.S.A.) or may be made by
methods known in the art. For instance, HCFO-1233xf, and HCFC-244bb
may be prepared by non-catalytic chlorination of HFO-1243zf, as

6




1,1,1, 3, 3-pent af | uor opr opane HCFO- 1233xf, HCFC- 244bb, and many ot her
conpounds as listed in Table 1 are available from specialty chem cal

manuf act uwerei1/asmesudi ng 5SynQuest Laboratories, Inc. (ARCaase@o/ofzie U. S. A.)
or may be nade by nmethods known in the art. For instance, HCFO-1233xf, and

(ORG240, iR B PSRl RS Aol PLRIEAR R o, 0 120321 s

W02008/ 054782/vor20b810"34€62|\@ubl&hea(}@§y 8AP608. H@&%Xﬁzmﬂamﬂ(@bb may
be prepared i/ﬁcat alytic fluorination of HCFC-243db _as described in
124

| nt er nati ona Qbéﬁ@y peprerareddy WB‘M'@@!#PB’F\B’W@ 0f5"'@5§0@%3@5&$81 publ i shed
May 8, 2008. d-eggrrt?%dﬂntfn?%ﬂétr&? manuf ac ;5I?c%ﬂ8ﬁlF’d?>I|8 SC' osed composi tion

wi || depend upon ure tern |ve HCO 1230xa can

be produced Nk/@rzomSm&%ﬂrpuHSﬂshedWIapaneoe& d'ae additiehai oorUSBOﬂds10197842 Al .
Addi tionally, 10 discl osed Us2007/ 01978 is the re ction of HCO 1230xa
with HFE in tREesREdR{BEN §fS | GREPPOSHIQML Wi 6%‘&“45 g}%\ CFO- 1233xf .

Al ternativel yoo 5O i33xf may al so be produced by fluorination of
1,1,2,3-tet rac?ﬂ or opropene, (HCO 1230xa) with further fluorination formng
HCFC- 244bb and thé’dtedr@tyx@hod—lﬂ)@rﬁ%xamnfm prodycblﬁﬁrolﬂ:ﬂ@ﬁ as 15 descri bed

i n US2009/ 0240 l.i,ste abI e 1 may
exi st in nor Q'ﬁ%rﬁpgsqlt%aqes%ergescr;be 'QN@%WW@%‘?%&M@% ¥1233zd, and
HCFO- 12243b. dlifdloééﬂﬁlhmmoﬁﬁ@gﬂé?@%ech@&éa&wrﬁéf REC-h23dxd WARRIF BY Z-

i sonmer. As used herein HFO-1234ze is intended to refer to either of the E-

i somer, the 20 preseser®f catalygiyn e vap@rphssettaderm Hdn@r'233x6 used herein

or any i xt uAEHNELEE IR i SR iR neBu e b ob3IN o 17 Gndea to

refer to either2d@-tdtrehlbrop@pene, (HOE- 42230>@ymﬂh farthenftudrindtienasdrringt hese
i soners. 25In additi on, in accordance with the present invention, there is

provi ded a cé‘i%@r%“i“&b M@ﬁﬁsd%dﬁwqrmwﬁ fQHH'nStH'I:@aQ A¥hedsaddi t i onal
conmpound ,sel nsi sting of propyl ene, HCO 1260zf,
HC?:PZGOda:§ H%%%@%%%mﬂﬂg%egg@ggpogﬁ -250ag, ang H@C/} 240aa. 30l n anot her
enbodi ment, the c@grtzEn of trescarhpotredplisteem Tableehtiayrexistipmiare thXd- 1230xa
and HCC- 240aa And i n anot her e d nt oSiti resent
et o naPnednSTERd Rt NE0. | e He QeSS e Ftsr - 123fzBt
sel ected frOipdy fhqgREUIIEGII - bHap bxisHEAO Bagoer o IR As In

addition, in accordance with present 1 nvention, there is provided a
conposi tion waﬂh&selnwm%zefﬁintamle@to fedarsto ejther adthe Eeisamerotigound

e ool P BRI Bl AR B AR, T 2000
HCFO- 12237a, 16884 1 itderitedHoPb%erT8 GithBlicbPthb2838bmeriGh@-ZA.488mbr oHbhy- 1231xf,
HCFC- 241db, and HCFC-242dc. |n anot her enbodi nent, t he conposi tions of the
present i nverﬁmlp(tmes of these isomers. As used herein HFO-1224zb is intended to
refer to either of the E- isomer, the Z- isomer or any mixtures of these
isomers.
25 In addition, in accordance with the present invention, there is
provided a composition comprising HCO-1230xa and at least one
additional compound selected from the group consisting of propylene,
HCO-1260zf, HCC-260da, HCC-260db, HCO-1250xf, HCC-250aa, and
HCC-240aa.
30 In another embodiment, the compositions of the present invention
comprise HCO-1230xa and HCC-240aa. And in another embodiment, the
compositions of the present invention may comprise HCO-1230xa, HCC-

240aa, and at least one compound selected from th egroup consisting of

7



10 conprise HCO 1230xa and HCFO-1232xf. And in anot her enbodi ment the

conpositions of the present invention conprise, HCO 1230xa, HCFO- 1232xf
and HCFO-wO2txfo87828 addition, in accordance with the pr@seEnS20100erTié on,
there is provided a conposition conposition conprising HCFC- 244bb and at

| east 15o0ne t I | ected fromthe group consisting of

pr opyl ene, H%giqfﬁ‘@% aqﬁ&%gggﬁaﬂ_@c 260db, HCC- 240aa, HCO 1230xa,

HCFO- 1233xf, HFO- 124daftionHeRiecb?d@@ese witllite padénbinvBhtiod 2RBacis HCFC- 241db,
HCFC- 242dc, HCFO- 1232xf, HCFO- 1231xf, and HCFC1233yf. 20l n anot her

enmbodi ment , @ﬁ@V'G%ﬁc@nﬂWﬁ#@O%Pomﬁ@S'ﬁgéi@ﬁ@ 193 endt ¢ABIONSi ng HCFC- 244bb
may further roup

consi sting otga %ﬁ%eggﬁ%gbandgﬁﬁg%fgw%%&goggr?géslgg?é rech?iplglt;Fer?g3 t hat may
formthe G?n’}bﬁsd)ﬂmﬁ )z f, dﬂCChZﬁq(:{ﬂam&ﬂ;?Ei@danmmﬁexfsIh@@-l%@aELEﬁCCl The
sequence o0 st%ps q t 0 E ti yl ene reaction
with chlori n€4082p %85 é?)&% 66 '& @r 2&3 f%?(g bd\é\EQZCI) The
next step in I t f pr oduct
G 260d0 (B0 e O A 3P, AP 1R a%uzéﬁﬁé R Cor

ot her causti HGlECH#420e) f orns HCO 1250xf (CHZ CCl CH2Cl). And reactl on 30 of

HCO 1250xf ith | 2 d HCC- 250 2Cl CCl CHZC
s 33 bt v ol 3haRtr s sadiBRE IS GhaRORIONS o' S ATepest MVRITR oduce

HCC- 240d3 ( Cld@hﬁ%b&%'@ﬂ%o@%?d H@F@ﬂ 2004 2486l # é\héthea@mu&nw (or
other caustic solution) will form HCO 1230xa (CO 2=CCl CH2Cl) . In

anot her enbocnherﬁﬂltnpoawpnafoffchﬁapm@ﬁbmventmca@pﬁlégclrlcﬁl;6|2§®>eamdﬁ50y may

additional ly i ( | uoride (HF), due to the presence of HF as
either a reaé?g’g?{%ﬁ&y%g%ggﬁ{:t of the reaction chem stry to produce each
conposi tion. 5O nekedaios, PoAgERsdaicWwithithe preveat friveation, th@‘e isconposi ti ons
which are free of HF and corrp03|t|ons which are free of both HCl and HF. O

particul ar nérevided acmRRsiioreRMRASIHAN £PERIISING HEES- Zﬁﬂ:bté@n@@ﬁ'%trenoved

washi ng. o eBadhel S6rPioLid Sl i tne GhLBLASB L bry gt ©
fl uori nated bﬂ,C@éH&ﬁOx@M@CtIBOQaM—tQ@{QGfOUbQHQ&LZQBEa, h-I@CI—_HmB(p»raesence of a
o deb o) P SR Rl el TR b o I D™

phase. For - ﬂh@%er@ﬁ@%@aetﬁc@bw 2 fNMEHD- AP 31 kN anHERSECON Of

HCO- 1230xa vmt HF may’ be conducted in a [1qui d-phase réactor operating in
bat ch, semni - H288K{. sem - contl nuous or continuous nodes. In the batch node,
ot her wtale reaction

HCO 1230xa and HFIare 5& E aut oc ave or f%h

vessel arl heat e '8 6NPHE" GEdGUgep RB%FSNPP& oS of g’ présieat Ky Phent, this
reaction is %mpr%ﬂqgmbpcnza@m f&hh@ﬁé@m Visé @€ a3y ohECohdaia to a

l'i qui d- phase reactor contai ni ng . I'n anot her enbodi nent, HF nay be fed to

a |i qui d- phaselecteg from @@rﬂrQUﬁlcﬁQSlétlmﬂfbircé:(b‘ﬂﬁldbaméﬂ)&ﬁ 24¥ar eaction
products fornmed by.r odi nent of
the |iquid-phase é}hgcessesr}ﬁﬁggﬁt@]%éég%ﬁﬁﬁg@e Bé%ng?@ch%ﬁ%nt ly in the
desired stoi phésarttifventivatdare showinhia AlGadt dfhecsaueingend séeps bégline with HF and
reaction pr oducts forped by reacti ng HF and HCO- 1230xa

the chorination of propylene by reaction with chlorine, CI2 to form allyl

chloride or HCO-1260zf (CH2=CHCH2CI). The next step involves further

chlorination in the presence of Cl; to product HCC-260db

(CH.CICHCICH,CI). Reaction of HCC-260db with aqueous NaOH (or

other caustic solution) forms HCO-1250xf (CH,=CCICH2Cl). And reaction

30  of HCO-1250xf with chlorine, Cl, produces HCC-250aa (CH.CICCI2CH.CI,
or 1,2,2,3-tetrachloropropane). Further chlorination with Cla will produce
HCC-240da (CHCI,CCI,CH.CI). Reaction of HCC-240da with aqueous

NaOH (or other caustic solution) will form HCO-1230xa (CCl,=CCICH.CI).
8



Sui tabl e tenperatures for the reaction of HF with HCO 1230xa in 30t he

| i qui d- phase reactor are, in one enbodi nent, from about 80C to about 180C,
and i n arnwOhlerr/msni2edi nent, from about 100C to about 150@CTHiISQ#®061716
tenperatures typically result in greater conversion of the NCOL230xa. A

T qut a- phase.r eactbenBle e PERL AR The SorioSibiE R HBH, 1i'c (abou
3:1, HF to HEVidasymaypadditionayoddraprisarhpgtogentiuotige f(HPMduzowtthe: 1 to

about 100:1. O note are enbodi nents wherein the nolar ratio of 5HF to
HFO- 1243zf i Presaneeaddil as:eithepadpaetiantor @ by-productgidhe sergtion pressure in

the 1iquid- p%ﬂ%ﬁllﬁsf%eﬁr%dpé?%%tch%'bﬁedo(\sﬁ[ and in batch reactions is usually
S

t he aut ogenous “pressure o the reaction tenperature. The
pressure of the sy}ftrm‘(e|a|ne:|cea@esutassWﬂcmg&nfreéIooHCII;ecomptbsxtmmlwhwh

repl acenent of dro bstituents by chlorine, 10a by repl acement of
Chl o ne. subdr® {168 RIS T CoBHAREanS WHIEh Srfier et bRkt G 416 Hina O

| nter medi at € gaReAdABIPE BhibosltBng BRE! Ry afygu 8 TR CREiRs Icanitse POSSi bl e to

set the pres e react Ins hat the [ower boiling
products of tremowedcbtwpmcesseswmuvmjmftherartmwmdtsbﬂatmpamd)rvmbyothr ough a
packed colum or.condenser. In this manner, higher boiling 15
|nternedlate§aP§WﬁWﬁSﬁWgthe reactor and the volatile products are renoved.
Typi cal ngactor pressures are from about 20 psig (239 kPa) to about 1,000
psig (6,994 kPa). In sonme enbodi ments, in which the reaction is
conduct ed usikhgprinationof HGBAKBQxeocess, catal ysts which may be used incl ude

carbon, AlF3, 20BEk X d on
carbon, SbCl3_, Fa ﬁf&s‘ﬁég ﬁﬁ@%%%@é %Qeé gy ? %)agfi @.trﬁ/ﬁﬁ&%@%ﬁl\b Ta, or
M), and M Cioade (KA er theOpres@néeDoﬂa catydvito préduce THCFD-1288xfHThis | n

anot her enbodi nent, catal ysts for the |iquid phase process are MCI 5 bFb

(where b = 0 reactngis Ehows i IGNd; or Ta). 251 n anot her enbodi ment, the
reaction of HF w tﬁeﬁ%r&&igﬁﬁan%& rce%fcﬁbr’?%z%%e 'chrFer&eodﬁta}H‘Pﬁe Rh@ger Typically

a heated reactor is used er of react’or conrigurations are possible
i ncl udi ng honvaponphéser Feeliduid phase ieeniaalimentsodf theénverdionptheasackdh as the

sequence of f the H 1 Oxa with HF. ne enbodi nent of the
haent on . t 6 200 S0 A6 o AL SRy S PSS PTRE T o t he
reactor as 2 digfating in bat sreaml@ateﬁrgb%ﬁ.aédmﬁaob@roﬁmtmaeeé pRRES heact i on

are from abou to about 500C. 'Higher tenperatures result 1 n greater
conversion die bla:tohmedeaH@ﬁlﬂ%@maandiéﬁ erescayhbinedan enzutociawe or

hal ogenation in the vert.ed co Qun [. ar sures for the
Vapor - phale ek fiehE e RS ae Teated Lo Bk Sl bBndtalEE " A or essure
of about 15 to ab@#bna%%@lmphﬁfs%aﬁmn RecaFy@blLaBrSAHHI-YateAPheyed to

facilitate separation of HC fromother reaction products, and the suitable

reaction ti m®yrfagdingriCOr b2dQuecata iquid-phiesatreactor serignirg HEr elherably from
about 5 to a%%%%rheqoen?t%ocm%%t HPGdPb&ted B 4 RqQb-fadetebbfor LBhdinAgRUnt of

HCO 1230xa f
mixture of HCO-1230xa and reaction products formed by reacting HF and

25  HCO-1230xa. In another embodiment of the liquid-phase process, HF and
HCO-1230xa may be fed concurrently in the desired stoichiometric ratio to
the reactor containing a mixture of HF and reaction products formed by
reacting HF and HCO-1230xa.

Suitable temperatures for the reaction of HF with HCO-1230xa in

30 the liquid-phase reactor are, in one embodiment, from about 80°C to about
180°C, and in another embodiment, from about 100°C to about 150°C.
Higher temperatures typically result in greater conversion of the HCO-
1230xa.



10 vapor-phase reaction is, in one enbodi nent, from about the

stoichionetric ratio of HF to the total anount of HCO 1230xa (3:1 HF to
HCO 1230xa 20/@ig2at 50: 1 and, in anot her enbodi nent, fPomUsb@oélds 1 to
about 30: 1. In one enbodi nent, a catalyst is used in the reaction

15n1 or of | Uor | nat FoR e TR Biile i bt o PR RIS
reaction i nclivgl@qeiardiee reashiid, e opk Wihbsdimehtiaitilskad sediomibitri@l um num
fluoride; alum na supported on carbon; alum num fluoride sugported on

carbon: f1 uodplrid Jl uAF e HEPptA30xa) aRd bappeiner eaftesinant. 13 lioM aROWuppor t ed
on al um num 1 1‘?6 éﬂ@ut ’gﬁiﬂ' Of o[&%ngﬁ%oﬁ‘rﬁgﬁtgﬁer%ttﬂb%glgﬂ&‘ gPoxi des,

nmet al hal i des, er neta met al's supported on al Um num
fluoride; 5neﬂ-a¢&)HEm9024w i®frof alooutdd telbbound):1net al s supported on

al um na; and net alﬁﬁsupported on carbon; m xtures of netals. bl e

metals for use as r2RCIOr Oresiwre dhle lﬂﬂ‘%@lﬁﬁ@??@ﬁo(&?sﬁéphﬁﬁ'tﬂ% ag um num
fluoride, flyophgedeabtithdR: ué&%lllggﬁéjﬁﬂtb 'eﬂﬁbé'gﬁ'es%m@&ﬂ{@?ysrt@rﬂ atfepal t,

ni ckel, ruthenium rhodium pal sm um 1ridium at1 num
nanganese, r eadtiom tesmzandiunm Tyetpressyreladthdraysiem mctmeeras rzyldrogﬂn um and

haf / t t b
of 53t hr ouginipridg s e FepifranpalotinfedSh Suis R U EhdRren: | when
used on aySURRRIty etgmetn%ralofréﬁt@inewﬁsﬂﬂden@é bplﬂeoﬁ@émwstmﬂnb be from

about 0.1 to about rcent i ght based on the total weight of the
cat al yst ; m%@i@t‘@@ra tﬁrmmtefreamqbbr@augtﬂ ln@ e@rdinuous pseeessnt isby

hl or of Luor | RREPBIE eata e PRt BhEaERh £obn At FhEhe ovrarae

chr oni um contoailiMgngrogatialofsheé réattiondire ¥ entudmbmEnk Irkactok i dirioh&Ny03) ;
Cr203with other netals such as nmagnesi um hal i des or zinc halides supported

on Cr203; chiteUGh@ Pagkesstaly@s A Eopeenser- dn tb@rraarr\nersmgheuﬂoéﬂmsf chr oni um
and mag”%ﬁ' U | rﬂﬁ& E’e} r%)n?éuﬁrﬁ‘?ﬂli@{ AR thes tllé’glrtgﬁﬁct? d.des,
t her ITE ts n grapnite;

and/or o opti ona y support 0 anrgi m xt ures of
chr om um and Typical restted ;sre(ssmmls@eri@mlabuehtabsrge(aagskPamo abook1 @69, netal

hal i des, and/ or salts) optionally supported on graphite,
al um na, or Qsiﬁ*r&hgﬁ th -des such as al umi num 10f | uori de.

Chr omi um cont ai ni g sSﬁFeaéMBbémﬁ"érﬁs"Yﬁ'vllhllfrﬁ‘%réd&tlbﬁ‘?s é‘ér‘iduc-f@d’lds Ya De

prepared by either precipitation nethods or inpregnation nethods as
general |y desthuudbmla&wprsaesssrdatdysltscwh|plagw I8g uge@ inchuddecabogeAtaus

Catal ysis in ds ial Practice G aw Hil | wYork
T001) 1561 " iver BPLLEnI GFRTF o PHBCIorokee SRS R oo SRl 1 east
one chrom umaet RIGN JF3 (WRBROHENY t&S'a%@tlﬂd= SbORb! 18, Gl*l@l@?’ FRNRrGH, Lmg  of
crystal line al pha-chrom um oxi de where from about O. om%to about 6

at om % of t héwbRFeiFat oard My =tSe i §ha>fd‘lﬁ ohﬂ @mﬁtbﬁf gebodinente are

whr o1 om aiBigs o GRARU PR eoBREs Sre Bk r FBRERT: AR BRI 27 e

al pha- chrom ungpxiNdeod Ba).i ce are repl aced by tr| vaI ent cobalt atons which
has been treated with a fluorinati ng agent. These catal sts in,cl udi ng
their préparation /N RAGESEEHORMAIFENLJBe rq;aptgn of Hipuitg i C Qe ison

Publ t h
catalyat 1 or SPONAT PAA e epponnladn et kel ALotEE Yoo caﬁsﬁ?@#’-r Abnposi ti on
conpri si ng Onﬁmaeprcﬂmea@tdr bynfiguratigrss aregfogsittd Jrisludng haszdreiator bed in US

5, 036, 036. |y, the t al tain n cat al esc bed above
o be o ot ¢ darlia BERALRN OF i et A RLAE (he soBioae ShsRctaa | '

exanpl e, HCO-1230xa with HF. In one embodiment of the invention, the HCO-
30 1230xa may be initially vaporized and fed to the reactor as a gas.
Suitable temperatures for the vapor-phase reaction are from about
120°C to about 500°C. Higher temperatures result in greater conversion

10



30by placing the netal -containing catalyst in a suitable container, and
thereafter, passing HF over the netal-containing catalyst. In one

enbodi merwg 28uais7826nt ai ner can be the reactor used to pecfrarsaomwie1716

chl orofluorination reaction. In one enbodinment, the pretreatnent tine is

from about 206ERS 2007 eguBNEdegrBRE of BioBiRIEea A BIbapRaRy Btle® ' ©
enbodi nent s, cUﬁEQ,ﬁé@aamfpomausbe used to make HCFC- HCFC- 244bb, and/ or

HFO- 1234yf by fluarination. These reactions are shown in FIG 1.
one enbodi ment, t RYIEEKIGAGHGITESRITES TrIBRVAPEr-AORES PaRmMe May Qeelremdr r | ed

out_in the "a%pgm&%ﬁsut 49 B0 IRoRAABIENE o bhBuLE ERGLhGD™Y . be

carried out in ne enbo € reaction of
HCFO- 1233xf tammtiwﬁreréé%@y trayadlvent@eouslq em;bloyed I fadilitatedsepakratianmot her
enmbodi nent , ;_Pq? reaction may be carried CEH contl nuQus node. I n one
enbodi ment , I TERM PppTISECHIA PIRNSIH ANAGRS syggg,@frepgthrsp[@péngmly may be
carried out iy BBaBl £REABEUCT 2P StdsY Blofoldbl PREMCARA T M0t BE Catal yst

may beaLeV\ns acid catalyst. In one e al yst may be a
nmet al - hal i de Seaoadisyst In anot her enbodi nent, the catal yst may be at | east

| | h i lid
oA dose {hal 1+ umine maleg T G AESH NS B3l Ahallmn Ak 23RS S tore
t hereof. 1phn %gbhghag@%ébtﬂﬁné inlohe &Rbadinien:, v dBdudthd s@fdhigetrat al yst

sel ected from antinony pentachloride (SbCI5), antinmony trichloride (Sbd 3),

anti mony pentralio gbHFde thetets) ampunt efdEe: hR30xaiEs: { auhiCQ-l 23@xajrio

ol 00 o A b, Y AT BB P, e

fluorination cat ally®hefedfibddimmene apb@ts st emsteopunahe reaction Zor@fr g odi ment ,
the reacti on of HCFO-1233xf to HCFC- i"be carried out in the absence

of catal yst. Vﬁﬁobﬁaa%fﬁﬁﬁt'ﬁ?@rﬂfH%WBrﬁéﬂ ﬁﬁé@ ¢@al430%A)-of HCFO- 1233xf to
30 HCFC 2 ?’4b% HIB%06 |ﬁ§trc§r1 &S{a r| e |C§13ﬁaf’ an%e dab @{é’s%t In one

enbodi nmen e reac ion 1s c e pr esence of a chrom um based
catal yst, an reamirorhasle:decrmtrlad)rysjrapmte,(Blmrhlnmn‘luonded blmeiog; alumioura

enbodi ment, the chrom um based, cat al yst i_s a .Chro][iri um oxide (e g. CrZOS).

'n one enbodiTHEAEE: aIHETG SHoRRIEOR SPERaPS AIUapURY w@esswcgéﬁdo%h i n
one_enbod meirpd AR oRiARS sﬂ@%ﬂb@%noéarb@ﬁ%%éﬁééﬁbnf%dﬁ% - 244bb i s
carried out int e absence of

supported on aluminum quorlde metals (including elemental metals, metal
20  oxides, metal halides, and/or other metal salts); metals supported on
aluminum fluoride; metals supported on fluorided alumina; metals
supported on alumina; and metals supported on carbon; mixtures of
metals.
Suitable metals for use as catalysts (optionally supported on
25 alumina, aluminum fluoride, fluorided alumina, or carbon) include
chromium, iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,
iridium, platinum, manganese, rhenium, scandium, yttrium, lanthanum,
titanium, zirconium, and hafnium, copper, silver, gold, zinc, and/or metals
having an atomic number of 58 through 71 (i.e., the lanthanide metals). In
30 one embodiment, when used on a support, the total metal content of the
catalyst will be from about 0.1 to about 20 percent by weight based on the
total weight of the catalyst; in another embodiment from about 0.1 to about

10 percent by weight based on the total weight of the catalyst.
11



Dehvdr ochl ori nati on of HCFC- 244bb I n sone enbodi nents,
dehydrochl ori nati on of HCFC-244bb is used to prepare HFO-1234yf.

I n one emwodnmsrg2sdehydr ochl orinati on of HCFC- 244bb t o PHF@BRMBBEWG i S
carried out in the vapor phase. I n one enbodi nent, vapor phase

erbodi ment . the. catippls el BRbuc bR ERRE Tl h e HknabE "
catal ysts. | maenge entapsiufeodntaliey catadlsys Incliiind enpehigai(Bg okidem an
activated carbon, a nickel-based 15catal yst, a palladi um based catal yst, or

any conbi nat i(GFeCsd; ChEsavibethpymedals sych @s rBagirsinEMaliderer gitcl yst may be
sel ected fromt: ISt AN [+ - pal I n,

pal | adi um onrﬂgﬁlgﬁ? %B%&%Qﬁ Cf)r?b %r@%@g{wgﬁg%l%r%ego gbh%h(;ﬂr?l]e&aée% @’di ment ,

t he cat al yzednixapes opblasenidehyrt oEgnesiunatincndi2@ emantal edetalst nedtala
tenperature from about 200 to 600 C. In another enbodinent, the catalytic
vapor phase G’éﬁi}%r 8}%?'&?@9@&& %’P&PEOWW@@ %%]*S)th'anglb/n%%tﬁdeorf rom about
250 to 500 C, : t i f ; ' anot her
enbodi mont, FTS3anE TSR St ARE e TRT R g e 20t
HCFC- 244bb. Inmetalse meatblookidestmetiahhslidesaandn ableerumstal sali$)eopiionaige of a
catalyst. In _one gngodi ment.,t HCFC:- 244bb i s. i ntroduced into Ia reaction
vessel whi ch SHBRBESA O EapRte TN, of alymiQUILRAIGES SHCE 47 PHMERWgh to
effect theg thegpAas. dehydrochl orinati on of HCFC- 244bb. In one enbodi nent,
the tenperature is high enough to 30 effect the thermal dehydrochlorination
of HCFC- 244bb to &m@m@mcwgm@gsﬁamlyahs are welblioveo therarknldieygnay

Genydr ochi or PR EEATER B Bifers e b reushriabad o iohrain M st o506
I n yet anot hejenerdigdigseribed yeSatterfigaor peiges 87-hiahn efos@geheogs f ect the
thermal dehydrochl orination of HCFC 244bb to a percent conversion of at

| east 80% | 3falysigrBimeysieafaacient? erdiopdMs&rranaiil, NevhYgrc df8lish to
ffect t th I ' [
ef fect the t her el et LA L HA00 BoiCPANn SR A He

conversion of at le east ours conti nuous operation.
I n one enbodicmeorhiuntiCbta¥idd lconponent selected frorhdha grewye tomsistiressel into a

reaction vessel ich tenmperature i intained at a tenperature in the
ange of 1 roRnSBalne S CbmidE e doBnere MRTus T 08 RS AipEbovhe
Lenperatur ¢ ofathhPoy GARICPRNRRABots iTRIABhARArS R Bxike 15ARESET oM about
500 C to about 650 C. In yet another enbodi nent, the tenperature of the
reacti on vesseplaced tyitrivalentecbblt atomsnped arystalling glphencugmivm efidect t he

pyrol ysis of HCFC-244bb to 0-1234yf with.a . selgctivity of. 80% or greater.
' Vet~ anbt naesiin ABaC0Dna o gl o LSRG G dte luthiyELslos &

mai ntai ned atin ghd §I?ﬁﬁfcﬁr@mﬁ1rhio&@eﬂ@&léﬁ!hrb@eﬁl%ﬁé@TbL}/JtﬁvéIBﬁt oM atehs of

HCFC- 244bb to HFO-1234yf with a selectivity of 85%or greater. In

one enbodi nenthich bas deendicater withtaallyorsngtiog agent.cdhasg catalysts,

compri sed of MardRB &R Glerteudd BT RTGR0E b7 YE s, BB, g e

20enbodi ment AgphiestorTRUBldaRIod 892005/6228202ys, such as nickel -based al | oys
such as HasteHoy(r), nickel-chrom um alloys commercially available from

Speci al MBtal s CorpanghesenbadimentdhevrRPPhelrRg ¢atplvehidr seactianeef

I I [ - Lal | yaval Speci al
Verals Cof b, KB ARPET e o By B AR o TRe B R oA GBI o
vessel s havi pgeareduy pyolygisesfq NH4HGTgO, as describdchindd8 08®086ent, t he

HCFC- 244bb is pre ted in,a vaporizer .to a te ratyre, of from about 3000
Lo about 100 C | RBlAgeH: thE e RRREINING caIAEE SaaptPacabRve Al B8 i n &

vaporizer to pRefr&ABEVAHIHE. Othid b%ﬂ@a@r‘h%t &&h Qeta‘?:céﬁfﬁiﬂéh@& f6r example,
30 by placing the metal-containing catalyst in a suitable container, and
thereafter, passing HF over the metal-containing catalyst. In one
embodiment, such container can be the reactor used to perform the

chlorofluorination reaction. In one embodiment, the pretreatment time is

12



30l n some enbodi nents, an inert diluent gas is used as a carrier gas for
HCFC- 244bb. I n one enbodi nent, the carrier gas is selected is nitrogen,
argon, hevoumims7g2ar bon di oxi de. Wt hout further eCahse@avioorriéit is
believed that one skilled in the art can, using the descri pti on herein,

erbod: ment s S0 9ppet T ST Rb6R S et ket ERRy e Ber R *Bnd do°
not constr ai Afrdnhabben2oardeio shodtSs08Cdi scl osure in any way what soever.

Uility The conpositions disclosed herein conprising HFO-1234yf are
useful as |ow gl obal warm ng potential (GAP) heat transfer conpositions, 10

aer osol propqﬂll&matl B%%@ﬁ@%ﬁ? agents (al so known as foam ng agents or
bl owi ng agen g agents, carrier fluids, displacenent

dryi ng agents, bufif soge@émbedmerag,elﬂCEO mDB&thnaybmusednmhnase He®&G-ng

agents for p efin a asequs el ectrics, extinguishing
agent s, and Ha%ﬁjfﬁ‘&%e%g@ﬁ%ﬂ%q EBY MR, giesesarin Sthe 15

di scl osed corgpggintih@e. gan act as a working fluid used to carry heat froma
heat source to a heat sink. Such heat transfer conpositions may al so be
useful as a refri deoastenbodiment|tbe whacteinoft HEFO- M&Bximolé@ﬁ{é&%bphase
change; that is, froma

oot 9t anaremd) of camet av e fud A%Re? T anph drabldiPesb B8Ry D aners. O

freezers, or efreh@RAMAY De BfAE @U[rp}sthe\/\@tp@rr phBsel ers, flooded evaporator
chillers, direct expansion chillers, walk-in coolers heat punps, nobile

refrigerators, nolnoBegmbedment, |tbﬂ|rﬁ@0’fm ofHQRO- 33l et 2t4l4§beof I n

o Eoo T My bR R b o O T R e e BRI g, o

heat punp syshgnbe @arrdgpauitdhcorltinuadsinisde.enbodi ment, t he corrp05| tions are
useful in statlonary heat transfer systens, includin refrl ration, air

condi tioni ng, or 'éé?f‘erﬁﬁ’ﬂ@@mérﬁe“%#d&69&?&@@@'%3@ é‘i’n m)bi | e
heat trangf erH(?P’éIﬂ%brrﬁfa rbéec?? Buf ﬁfthb ric%”of @bétaﬁ%‘ﬂdh{ o€

heating apparat us |ncorpo o a tra spor tton uni't for 't e road
rail, sea or emmhsodmnlenadldebatBWSthy be arlsémsmroamtarysbr Iraome condi ti oner

t | ud th t hat f
and ai e KnowsTROSTRNERRBGRIANS jSRLRE o el TRE AR 45 ahelfer ndl ude
"cont ai ners’ e@%ﬁ?ﬂn‘éﬁg tﬁ@%ra@{ﬁ nﬁéA@Bé%@ a)st 6ﬁe‘ﬁ%'tél¥§fssele°d@@cﬂ’fr%ﬁ¢tr%3

(conbi ned road/rail transport used herein ationary heat transfer
systens are syst@eeensibing af antimarylhalidgs, doenalides ngatipsr laalldm |rAnst ationary

any. var i dly. Geiay S0 oG rna G attle i, T PSR athtivetln o s

soft drink V@W@bﬁ& Hﬂ\d}ﬁbe Ehl%?a@t érﬁéibbt% ¥eRRRd ﬁféﬁl‘é?rﬂﬁrndfgy be stati onary
air condltlonlngal and heat pu (including but not limt to chillers,

hi gh t enper attgneadhéeriden(Hiids), pa m@@mtrmlon%(ﬁmlel antigony ifnsaftuagidea; r
condi ti oni ng qmq/ packaged
term nal, Chl(§¥ ?)Sﬂﬁ’t%tgé]ﬁ}] rgti(;é gj{(ﬂ?)l md}b tgﬁiﬁéﬁé CZ%(-[gﬁj"ﬁh'e ui I di ng such
as rooftop sysdeomde (FeClstaid corabinatiohs tigereet. ilwsomegpébatintarss, thbe
di scl osed conpositions nmay be
25  reaction may be Carried out with any known fluorination catalyst for liquid
phase reactions.
In one embodiment, the reaction of HCFO-1233xf to HCFC-244bb
may be carried out in the absence of catalyst.
In one embodiment, a vapor phase reaction of HCFO-1233xf to
30  HCFC-244bb may be carried out in the presence of a catalyst. In one
embodiment, the reaction is carried out in the presence of a chromium-
based catalyst, an iron-based catalyst, or combinations thereof. In one

embodiment, the chromium based catalyst is a chromium oxide (e.g.
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15useful in high tenperature, mediumtenperature and/or |ow tenperature
refrigeration equipnment including conmercial, industrial or residential
refriger aworne112i8@26r eezers, i ce machi nes, sel f-cont ai ne@CTaSRE0sH6EMEl
freezers, flooded evaporator chillers, direct expansion chillers, walk-in

embodi ment s, GRasn 0 B abBEATSY: IR AR BB Y EBerhdier .
refrigerator caysdrens. Therefore in accordance with the present

invention, the conpositions as disclosed herein containing HFEO- 1234yf may
be useful in net hd@@nﬁtﬁm?ﬁ%\%‘_ﬁd_@ed@pr H@?S%FW@F%H@: 12339f to
ranster | 00 ieAt.o@RENE CRIRPSLL S JHLaflosfchifsel i MRy be useful as fow
gl obal warm ng potentia replacenents for currently used
refrigerasts, including but not limted to R134a (or HFC-134a, 1,1,1, 2-
tetrafl uoroeth hl or odi f | uor onet hane), R12 (CFC- 12,

di chl or odi f | REYSERHEENE . L0 designation for a 30 blend of 52
uel gt per cent - Rl 34gmeZom B finiBSSdRtoR S nd RRLIAILPGT ApdiaGtlseqand 23
wei ght percent R32 gllrnfluororret an’gg " 'R41 0A (ASH RAE e%ﬁ:]nation for a

bl end of 50 wWweipgparpdtlc@t23RYR5 and 50 wei ght percent R32); and R404A

(ASHRAE desi gnati on for bl.end, of ,17 4 wei ght 5, wei ght
percent Rl43a (1, in ?—r‘?ﬁrﬁmﬁhmﬁé‘f’@ﬁmﬁm%\lﬂ'%t nﬁﬁ-@(ﬁ%&%ﬁf@ﬁp I_Iﬂgézfa), anong
others. 19 12B2yMBRard@PbLERttheNapoB pRBsE€NDOdi nents of the present

conposi tions conprising HFO-1234yf are useful as refri ger ants and 5provide
at | east conpar ablleopedmrpipent.o@penpbasedanydgchiesinakgn imgriciedpuind

cougnt. R reBBabe BLE SRR Bhe oBbstitaEl: e R R rkrar or ng »
heat transf efroply sbiont ivd/ocortitzsed dagdlystoenabhetembsdirmept,aned and a
| ubricant, 10said nethod conpri sing renDV|na the refrigerant to be repl aced

from t he heatCatdygidnay bepstaciedfirean achyaled gabusstiakeliasegdor ti on of the

| ubricant,.in 110k+S ; j j he Ltions
compr i o1 3 A SYaY PepauEREbRitd CpeRsEbr R AmbE SRERE TS ront, o
heat exchangédn systernbadimeat,thagatatystohay b8 selerten sentheagroppsi ti ons

conpri si ng HFO- 12§4a/f }\ls rovi ded,. wherein said sgé/,st emi E’t”(%el ected fromthe
group consi stPA§'SHRY &F Ni- , PRbHERT OF FRIDAE, Rallagiey QR AMTIPYM BEde. punps,
wat er chill eigs coblosiefhsamaryrator chillers, direct expansion chillers,

wal k-in cool ers, heat punps, nobile refrigerators, nobile air conditioning
units, and syst ensn lbagiangb@ticemtithatcatalgzacheapafphasddiahydrednigrinatios

conposi tigns.conprisi HEOQ  1234yf _may be ef ul . A econd | oop systens
wher o n Chesds EonEIaT i AdSTaRfaulg MOREaRo A 16,640 G el AtShRLs o ovi di ng
cool i ng to a cprssyItany, the dbtdiytRnsdd phiadb dehhatochits nelivn GoeAsied duamot e

| ocati on. Vapor-conpression refrigeration, air-conditioning, or heat punp

25 systens i @tldampshateiafiornakeut 200clorRft¥s ol he deactivndrressyreddd an
expansi on deyj \} r ression cycle re-uses refrigerant in nultiple
st eps produciar?éﬁyrgoo@?cgg5§%ggct in one step and a heating effect in a

different step. The apgtHer epattodimete HFObRB4gT Rpdrepaced 9y thansal Li qui d
refrigerant enters an evaporat or throggh an expansi on device, and the

301 i qui d 2P ef defyraehiasiationioh HGfCA34pbr b @he aspbefliment.dhisngasteR from t he

occurs in the absence of a catalyst. In one embodiment, HCFC-244Dbb is

introduced into a reaction vessel which temperature is maintained at a
temperature high enough to effect the thermal dehydrochlorination of
HCFC-244bb. In one embodiment, the temperature is high enough to

30 effect the thermal dehydrochlorination of HCFC-244bb to a percent
conversion of at least 50%. In another embodiment, the temperature is
high enough to effect the thermal dehydrochlorination of HCFC-244Dbb to a

percent conversion of at least 65%. In yet another embodiment, the
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environment, at a low tenperature to forma gas and produce cooling. The
| ow- pressure gas enters a conpressor where the gas is conpressed to raise
its presswoeonnd7s2énper at ure. The hi gher-pressure (conpPeIASd)10H6a5eOUS

refrigerant then enters the condenser in which the refrigerant condenses

expansi on_ desroeeiai o PERuGRIS PREHTAL iRy REIBhET "o cosur e
level in the m@m@b th@ pét%ehpwomre%u@nro&altmlt 80%.1 Ineydtevapmgrat or, thus
repeating the cyc I n one enbodi nent, there |s rovi ded a heat

transfer systeé’fﬂﬁ%fﬁ‘ﬁat fhe derapgrasere; indigh eaeugh toeiiRaitee M&npr i si ng
HFO- 1234yt . hgﬁ%ﬂﬁdrln%ﬁgﬂ%lf rﬁg‘fﬁc'zﬁﬁb% 'aﬁ@&geﬁ‘t 6&%@8 B h?l@a

air-conditionin aratus co resent
conposi tiens 7®%rtnsrleﬁtlle@tﬂ(ﬂ-lﬁﬁhré%-ésbhtmwmmﬁrbam errbodl msnt is disclosed a

stationary refrlgeratlon or air-c¢ o pa at us cont ai nj ng any of
the present conposi? PBRE mest ﬂ—ég‘:_(éo’z 4'§f' PHUGRS: INR FeREGI0BNhodi nent

i s disclosed,@s88Qh{ofa F@Jdtlbﬁ‘é{ SC{;I‘Whl h té‘r'n eF A0 |%'rﬁé'|h9£nécﬁ’8?‘éat us

contai ning a conposition as ose In. 151 n anot her enbodi nent, a
met hod is pr cbenndedatﬂmln;jhedaragmgfﬁ:oml ab@té@@pﬂma@tﬁ\iﬂﬁb"r@t Imanather of the

present conposit risin 4 in the vicinity .of a body to be
Pooleq, and ertrudient BB iBREIY el he foagibe st B Reitet i BRooai nent,
a net hod jys %@c{ 4 f6fh é@éutmﬂm‘@t(ﬁgb&ﬁ%5o2fbc i SioMBecongsamien, @Ry of the
present conpositions COITBI’I sing HFOL234yf in the vicinity of a body to be

heat ed, and tiepeegture ofe apsga@ttqrhgew c] r@amb@@ed iad agemperature Righnot her

compri si ng’ Hegoo8 36 Prat BelREOTE G Ch AR BRAAFIBE The” met hod
conpri ses tr aekROViy 0086% ¢F greardsilh ny@narﬁcstam emiedimesty tieetehtperatieat  si nk.
I n anot her enbodi nent, the present invention relates to foam expansion

agent conp05|051flﬁ1§eac9€ﬁﬁﬁ|e§ﬁﬁgs ArRDDtERO, gt 3 mpeiatyrg gl aevaly @ BHAEL | n
other enodi rﬂ?é‘hgseﬁ? Pﬂﬁe p0?241915 ?%%1&9% 45 2 SEQTRRY b} | 85"‘70h and

preferably ther yur et hane ocyanur ate; or phenoli
f oam conposi tgreater. and t her m)pl astic (like poI ystyrene, poI yet hyl ene, or

pol ypr opyl ene) fo m conpo and arin ns. In such
Foam enbod: mont o. TABSAMERAIEIT, o EHHeB8 Pe SRS TOBRE ot i 51 ng.
HFO- 1234yf ao%hgafﬁdhﬂﬁﬁ'\a%nfr‘eé&%ﬁ POARYOR B9E™ a r%g{;%%l conposi tions,

whi ch conposition preferably includes one or nore a conponent s
capabl e of r@@mprtsgda)‘idmmerlaiswlmgh@ml résistanhtp cordesion.hén pn@®per conditi ons
to forma foam,or cel‘l % resengﬂl nvent i n further

Sstructure. . The
rel ates 28 a SHRIATED erééi?(?gmpéﬁﬁ‘pﬂ“%?n%‘ @ GRS OYP oammbl e
conposi tion gueRERASAStERSY/“C AlBREI- éhﬂé@rnhﬁpalfb%%rﬂér&él? dlfafﬁésiétfrcbrﬂVent' on,
and (b) processing the foarmabl e conposition under _conditions ef fective to

forma foam Sre& M\@B'S&WMUﬁdﬁlﬁ tf@ftradﬂm@ﬁkelﬁéﬂlﬂeh nﬁkv%rmnacﬁherr@pan@l Jto the
se of the c o) F 34yf as
lSropel | ant s :%nm ray er g” %%ﬂﬁ%ﬁgﬁllyﬁﬁ%l&%rﬁ%ch se@?ljplznvgntl on

rel ates to a(Npweaiyatiosd CN@WO&)rk) omldserqmm'ad@miwkmﬁ@aél@%yf/essﬁmhacuhgve
ingredient to be sprayed together with inert ingredients, solvents and

ot her 15/t efUQIRPAHUPEER 18¥NGe present in a sprayabl e conposition. In one
embodi ment, ~ a Ser%ﬁbeen‘?&Sm%'nE'tHQ I#(? ?4@%@)%%%&& ﬁiﬁﬁ%&g{%@r‘%"s' tions

can be usedtoforrm ate a va strial aeroso
sprayabl e compesipearaiuse sﬁfrbrraabcmﬂrﬁ(h‘tﬁ ta baunet() *Cust ensthel ubri cant sprays,

such ns per sortodmeal JReflicrc Flueis reenaiet It happougRapE - o
temperature of from about 30 °C to about 80 °C.
30 In some embodiments, an inert diluent gas is used as a carrier gas
for HCFC-244Dbb. In one embodiment, the carrier gas is selected is

nitrogen, argon, helium or carbon dioxide.
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deodorants, and perfunes), household products (such as, e.g., waxes,

pol i shes, pan sprays, room fresheners, and househol d insecticides), and
aut onot | weoppudses2s (such as, e.g., cleaners and poli shecs)us2as/oeshé as
medi cinal materials such as anti-asthma and anti-halitosis nedications.

of aothrmm and ot naV R cHeBbEeMo R bR S ot Sl Infr¥iart "Gl ery
of nedi camentcant 0sing s siebtdptBrcharsinRiihi@nespresehninvaniasiatd ivs flinespr esent
invention further relates to a process for producing aerosol products

conprising t g %Tteﬂ_f@ffoﬁ@ﬂinﬁgepécﬁ@rﬁf%@(ﬂ'mﬂﬁ‘t%ﬁrq heersfyeetehe i nvention
conpri sing H%Bn%t?éél%str@?r%lg ﬂﬁ%\%tﬂ}e‘ Bﬂd do’\%t‘%‘n@ﬁaﬁ%b Emdiliriggts in an

aer osol container conmpositron functrons as a propellant.

Addi t i onakl y digdhesupe és any waywenatsoavdrurt her rel ates to a pr ocess for
produci ng aerosol products conprising the step of adding a conposition of
the present invention conprising HFO-1234yf to a barrier type aerosol
package (Ii kQJ}mPEag i n-a-can or piston can) wherein said conposition is
kept separ at omother fornulation ingredients in an aerosol container,
and wherein said Jdnqmnpo&horimdlschoead haseia qommeslmgaHFO b234yftarenal |y, t he

present inventi n rth relates to, a,. for uci ng aerosol

P oducts' compPaAg oAl e abieg Bl RSRE) s sBneies roRPoRfiens: esent
i nventi ongcongairhsd 'b@oé‘éﬁ%nl?f@ébﬁfe%ﬁén@ibn@gﬁé?ﬁ@'(al@@%@% aé’%@hﬁh@ agéh%
conposi tion functions as t’he active ingredient (e.g., a duster, or

cool i ng or fosdKWiggNEenis). salvanie, eleapibgiagenis aardel fhids d1%0|@6¢m@6hpr| si ng

Fo1234yt s SH0a ORI SRy oR A RE G B Brdnbat on. 1

is believed tagahtpfoe psljoldfing dritl pdlgumtiiarikd erReous digedthes, @@mgru*shln@n
herein, utilize the present invention to its full est extent he fol |l ow ng

speC| f| ¢ enb&derthraddire suppeassiasy agents inbkawe & gegeausiormer Ep
| lustrat, [
way " what soev oSS fho @A £3) Acf S hATRNBARYY %%%%aé’ﬁﬁ%%”éﬁs' nan

The fol | ow n@g lyEatesoalceptoos bdat sink s Suchustat &tangfer abnigositioas mady a%d for

anal yzing th pro cts of quorlnatlo reactions, .Part of the total
S5 enctor ef PEKSHUGRS SHHBPEAT 4 AIVRE WasTelt el BPeataeshalgs s using a

gas chromat oghgp eet%t PESE hiGuR t%éﬁﬁh&%bk%r@%ﬂ%@é (GI M) . The gas
chromat ography utilized a 20 ft (0.32 cm) dianeter

t ube cont ai ni ng p&)daIdees ehheat tpmhgfeltmemellmt:ludﬁdbut artgenaotrlimitadhtiokaikr yt ox(r)
by E. I. h f t

W1 ngi Gl EP RS e Eer e G, B uribs M e, foededias 20
m/mn (5.0 Xeddbotatth/chatels, (et ERPMROOBhRABH, watRiEddlers heaf sudps, for an

initial hold period of
mobile refrigerators, mobile air conditioning units and combinations
thereof.
In one embodiment, the compositions comprising HFO-1234yf are
25 useful in mobile heat transfer systems, including refrigeration, air
conditioning, or heat pump systems or apparatus. In another
embodiment, the compositions are useful in stationary heat transfer
systems, including refrigeration, air conditioning, or heat pump systems or
apparatus.
30 As used herein, mobile heat transfer systems refers to any
refrigeration, air conditioner, or heating apparatus incorporated into a
transportation unit for the road, rail, sea or air. In addition, mobile

refrigeration or air conditioner units, include those apparatus that are
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three mnutes followed by tenperature programring to 200C at a rate of
6C/ m nute. EXAMPLE 1 5Fl uorination of HCFO-1233xf to HCFC 244bb The
cont ent s WD 2a118088825 PTFE vi al containing 20 grans of vi Coas280lbiTaer e
poured into a dry 400 nL HasteHoy(r) shaker tube. The tube was cl osed and

was pressuriz i ¢ i for k i S ube was then
cooled to |eéfod‘?ﬁgm@f‘pﬁtg%gﬁﬁvwgdﬁfﬁfg%8}:‘8??’%\%9“’62% iﬂgﬁé#llo t hen
evacuated. 73yglcamd $8c NtEWhEdal sybteandydiueles cbtaisrsceoebIsasl i nto the
shaker tube followed by 165 grams (1.26-nol es) of HCFO-1233xf. The shaker
tube was pl aded/land Hapapeitkawehqg “"swarinegiesadcemhinedqoad/rail  The shaker

t ube was agi iﬁ%@ﬁogi anbi ent tenperature (-20-23C) and the pressure was 21
to 25 psig. e ‘hour s, shaki ng was stopped 15 and 150 nL of water was
careful | yspunped iAd usddieereirgletatidnapg hedhieansfoesysismsefre sggemms thiat and t hen

cooled to O to 5C in an ice bath before depressurization and transferring
t he contentsatr%?'ée‘ﬁ)l'%'@ﬁ% REROARFERUONF Sggtiﬂ%rhb?%\%%”%%@b%y%ﬁrﬁ '8y The
cont ai ner CORYEis}) i i I f unnel
cont ai ni ng sorbtr?e .cgwérfwg{mﬁfa%ﬁ@r?%@zﬂyg{ %ﬁpﬁdﬁtﬁéﬁgﬁ@g@v%&appear ance.
The organi ¢ Istaret alvas devpasdoeated mubd ohdaed, autives laesofadenioferadigg ass sol d

der the tradenark (r). b i Lawel ] .. MA) (.her ei.naft
MByrex(rye) ComG: AheStaaibnan drrielts BIHHE prtiehr e BRI BB i ce
(-100- )y T%dQ’féJﬂ'ﬂiu?ndsm(rﬂﬂudﬁ§ Wﬁbﬂlimﬁéd%@ﬁiﬂéﬁs?ﬂi%ﬂ@nﬁ%#éﬁﬂei nto a dry

Pyrex(r) media bottle containing a small anmount of anhydrous nmagnesi um
sul fate. Crudeaypempswessidetiad epramsrqialiasundustoaliair ccs'@womng systemsaC/ M5 of

ol uded o, 165018543 P8"ERAbH; hubtesio puERat bhidRE Rl 205 s ALE 2 22
Fl uori nat i on tiedsd-€kteridPBaixdorinectddc thé4uiding suchTaeroshopalysteres). dnsnal |

PTFE vi al containing 20 grans of viscous SbF5 were poured into a dry 400-nL
Hast eHoy(r) Skfiesary (BfegerptienappEcaiense thesdigclesad wasnesdivngrmarewi t h

nitrogen .ftor ; i - ss than -
40 C wi t Hgdryslgg}g,lﬁ E@b\/\%&p\/een g%f}ﬁgﬁlgnfke egg@gﬁlﬂg@} I@@qéﬁﬁﬁt&tjg% nol es)
of anhydr ous reffigessticn eqepmeneithcluding tommnsdraiat indusiealfariresidedtidly 227 gr ans

(1. 74 nol es) o{[. HCFO- 123(£xf was condensed inéfo th. chill ed shaker tube. The
shaker tube WBEIOSTLEANG TERECTSAICE PaHRINEHSLREAN R O&K8A€d. 10The

shaker {ube %86, iBbad BUaBETRRG il AEPErSt: WBahsid chiels Adliclifangr essur e
was 16 to 20 psig. After 2 hours, shaking was stopped and 100 nL of water
was car ef ul | yeachyirecbadletscandchtsesrarkeand combinktientayisterags In @dmeover ni ght and
cooled to O to 5C.in an ice. bath before.venting and transferri t he
Cont ent s o &Rt M HisBecARamanians 1oAY pdised it SHReTBpie!
contai ner congigefatdes@stedr ed into a pol ypropyl ene separatory funnel
cont ai ni ng some i ce. e lower organic |ayer was |ight anber in appearance.
The organi c | ayer Wgseioep iy agesidangeowih the pregsent imv@ntondhel e cont ai ni ng
about 50 nmL qof I It f e J - - 1). The
organic | aye?:o\r/\n}g@&%sés?@sébg?@ﬁ%gﬂ@tcgg%t@hsmﬁgglg 3%?{/@?026x%%%|%di a
bottl e cont aimeéthgde fererolueing wobling, grobydng e ategresansfesing k. Crude
yield was 238.8 grans (about 170-ni, 91% . GC M5 of the crude materi al
i ndi catedSt hat it WgsCamBrResifongcgisclosed hepeinppay be weeful agewaetali ncl uded
0. 113 HEC 245ckmifl BBEFROWR)SeBiactr’hlS IElrLATF Shea RbigetaiRs, bypr oduct s
including but not limited to R134a (or HFC-134a, 1,1,1,2-

tetrafluoroethane), R22 (or HCFC-22, chlorodifluoromethane), R12
(CFC-12, dichlorodifluoromethane); R407C (ASHRAE designation for a
30 blend of 52 weight percent R134a, 25 weight percent R125

The

(pentafluoroethane), and 23 weight percent R32 (difluoromethane));
R410A (ASHRAE designation for a blend of 50 weight percent R125 and
50 weight percent R32); and R404A (ASHRAE designation for a blend of
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EXAMPLE 3 Exanpl e 3 denonstrates the conversion of HCFC- 244bb
(2-chlorol, 1,1, 2-tetrafl uoropropane) to HFO-1234yf

(2, 3, 3, 3-wotnufdszszsopr opene) in 30t he absence of a cat alPg3tus2010/061740 enpty
I nconel (r) tube (1/2 inch OD) with a heated zone of about 12 inches was

0 52"/ nour “CrgeBhba s RERIRS e Mot R A ¢ [ LR S om
(4.0 x 10-8 Y. 4.0heigieasdroenteRi S4mnbimuag ¢thetsyzed using an on-1ine GOV,
with the results being reported in nole percent. TABLE 2 Tenp., Mle

Percent C 12 3amanysapmicatians fsome embodimentg®f fhe present
compositions comprising HFO-1234yf are useful as refrigerants and

5  provide at least comparable cooling performance (meaning cooling
capacity and energy efficiency) as the refrigerant for which a replacement
is being sought.

In another embodiment is provided a method for recharging a heat
transfer system that contains a refrigerant to be replaced and a lubricant,
10  said method comprising removing the refrigerant to be replaced from the
heat transfer system while retaining a substantial portion of the lubricant in
said system and introducing one of the present compositions comprising
HFO-1234yf to the heat transfer system.
In another embodiment, a heat exchange system containing any of
15 the present compositions comprising HFO-1234yf is provided, wherein
said system is selected from the group consisting of air conditioners,
freezers, refrigerators, heat pumps, water chillers, flooded evaporator
chillers, direct expansion chillers, walk-in coolers, heat pumps, mobile
refrigerators, mobile air conditioning units, and systems having
20  combinations thereof. Additionally, the compositions comprising HFO-
1234yf may be useful in secondary loop systems wherein these
compositions serve as the primary refrigerant thus providing cooling to a
secondary heat transfer fluid that thereby cools a remote location.
Vapor-compression refrigeration, air-conditioning, or heat pump
25  systems include an evaporator, a compressor, a condenser, and an
expansion device. A vapor-compression cycle re-uses refrigerant in
multiple steps producing a cooling effect in one step and a heating effect
in a different step. The cycle can be described simply as follows. Liquid
refrigerant enters an evaporator through an expansion device, and the
30  liquid refrigerant boils in the evaporator, by withdrawing heat from the
environment, 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)
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82.6 1.2 2.0 550 57.0 35.4 1.2 6.4 574 77.0 13.0 1.4 8.6 603 85.0 1.3 0.7
13.0 626 82.5 0.2 1.4 15.9 5 EXAMPLE 4 Exanpl e 4 denpnstrates the
conver si oNOah11HBA25244bb (2-chlorol, 1, 1, 2-tetraf | uor opr @paNESpOWOcHE®- 1234y f
(2,3, 3,3-tetrafl uoropropane) in 10the absence of a catal yst.

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
higher-pressure level in the condenser to the low-pressure level in the

5  evaporator, thus repeating the cycle.

In one embodiment, there is provided a heat transfer system
containing any of the present compositions comprising HFO-1234yf. In
another embodiment is disclosed a refrigeration, air-conditioning or heat
pump apparatus containing any of the present compositions comprising

10  HFO-1234yf. In another embodiment, is disclosed a stationary
refrigeration or air-conditioning apparatus containing any of the present
compositions comprising HFO-1234yf. In yet another embodiment is
disclosed a mobile refrigeration or air conditioning apparatus containing a
composition as disclosed herein.

15 In another embodiment, a method is provided for producing cooling
comprising evaporating any of the present compositions comprising HFO-
1234yt in the vicinity of a body to be cooled, and thereafter condensing
said composition.

In another embodiment, a method is provided for producing heat

20  comprising condensing any of the present compositions comprising HFO-
1234yt in the vicinity of a body to be heated, and thereafter evaporating
said compositions.

In another embodiment, disclosed is a method of using the present
compositions comprising HFO-1234yf as a heat transfer fluid composition.

25  The method comprises transporting said composition from a heat source
to a heat sink.

In another embodiment, the present invention relates to foam
expansion agent compositions comprising HFO-1234yf for use in
preparing foams. In other embodiments the invention provides foamable

30  compositions, and preferably thermoset (like polyurethane,
polyisocyanurate, or phenolic) foam compositions, and thermoplastic (like
polystyrene, polyethylene, or polypropylene) foam compositions and

method of preparing foams. In such foam embodiments, one or more of
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An enmpty Inconel (r) tube (1/2 inch OD) with a heated zone of about 12

I nches was heated to 575C, and HFC-244bb was fed at 0.35 ni/hour through a
vapori zerweeaen11Ai87826C usi ng a N2 sweep of 3.6 sccm (6.0 PCTESB010Bs171dhe
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3 68.8 17.9 mixing and foaming under the proper conditions to form a foam or cellular

5  structure.

The present invention further relates to a method of forming a foam
comprising: (a) adding to a foamable composition a composition
comprising HFO-1234yf of the present invention; and (b) processing the
foamable composition under conditions effective to form a foam.

10 Another embodiment of the present invention relates to the use of
the compositions of the present invention comprising HFO-1234yf as
propellants in sprayable compositions. Additionally, the present invention
relates to a sprayable compositions comprising HFO-1234yf. The active
ingredient to be sprayed together with inert ingredients, solvents and other

15 materials may also be present in a sprayable composition. In one
embodiment, a sprayable composition is an aerosol. The present
compositions can be used to formulate a variety of industrial aerosols or
other sprayable compositions such as contact cleaners, dusters, lubricant
sprays, mold release sprays, insecticides, and the like, and consumer

20  aerosols such as personal care products (such as, e.g., hair sprays,
deodorants, and perfumes), household products (such as, e.g., waxes,
polishes, pan sprays, room fresheners, and household insecticides), and
automotive products (such as, e.g., cleaners and polishers), as well as
medicinal materials such as anti-asthma and anti-halitosis medications.

25  Examples of this includes metered dose inhalers (MDlIs) for the treatment
of asthma and other chronic obstructive pulmonary diseases and for
delivery of medicaments to accessible mucous membranes or intranasally

The present invention further relates to a process for producing
aerosol products comprising the step of adding a composition of the

30 present invention comprising HFO-1234yf to a formulation, including
active, ingredients in an aerosol container, wherein said composition
functions as a propellant. Additionally, the present invention further relates

to a process for producing aerosol products comprising the step of adding

20
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a composition of the present invention comprising HFO-1234yf to a barrier
type aerosol package (like a bag-in-a-can or piston can) wherein said
composition is kept separated from other formulation ingredients in an
aerosol container, and wherein said composition functions as a propellant.

5 Additionally, the present invention further relates to a process for
producing aerosol products comprising the step of adding only a
composition of the present invention comprising HFO-1234yf to an aerosol
package, wherein said composition functions as the active ingredient (e.g.,
a duster, or a cooling or freezing spray).

10 The compositions disclosed herein comprising HCO-1230xa,
HCFO-1233xf, and HCFC-244bb are useful in methods to prepare HFO-

1234yf as described previously herein.

Without further elaboration, it is believed that one skilled in the art
15  can, using the description herein, utilize the present invention to its fullest
extent. The following specific embodiments are, therefore, to be
construed as merely illustrative, and do not constrain the remainder of the

disclosure in any way whatsoever.

20
EXAMPLES
General Procedure for Product Analysis

The following general procedure is illustrative of the method used
for analyzing the products of fluorination reactions. Part of the total
25  reactor effluent was sampled on-line for organic product analysis using a
gas chromatograph equipped with a mass selective detector (GC/MS).
The gas chromatography utilized a 20 ft. (6.1 m) long x 1/8 in. (0.32 cm)
diameter tube containing perfluorinated polyether sold under the

trademark Krytox® by E. I. du Pont de Nemours and Company
30 (hereinafter “DuPont”) of Wilmington, Delaware on an inert carbon

support. The helium flow was 30 mL/min (5.0 x 10-7 m3/sec). Gas
chromatographic conditions were 60°C for an initial hold period of

three minutes followed by temperature programming to 200°C at a rate of
21
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6°C/minute.

EXAMPLE 1
Fluorination of HCFO-1233xf to HCFC-244bb
The contents of a small PTFE vial containing 20 grams of viscous

SbFs were poured into a dry 400 mL Hastelloy® shaker tube. The tube
was closed and was pressurized with nitrogen for leak testing. The shaker
tube was then cooled to less than — 40 °C with dry ice, slowly vented, and
then evacuated. 75 grams (3.75-moles) of anhydrous HF was condensed
into the shaker tube followed by 165 grams (1.26-moles) of HCFO-1233xf.

The shaker tube was placed in a barricade and shaking was started.

The shaker tube was agitated at ambient temperature (~20-23°C)
and the pressure was 21 to 25 psig. After 2 hours, shaking was stopped
and 150 mL of water was carefully pumped into the shaker tube. The tube
was left overnight and then cooled to 0 to 5°C in an ice bath before
depressurization and transferring the contents to a plastic container. The

container was kept on ice.

The container contents were poured into a polypropylene
separatory funnel containing some ice. The lower organic layer was light
amber in appearance. The organic layer was separated into a media
bottle made of a glass sold under the trademark of Pyrex® by Corning
(Lowell, MA) (hereinafter “Pyrex®’) containing ~50-mL of 4 molar (pH 7)
phosphate buffer and ice (~100-mL). The organic layer was again
separated and poured into a dry Pyrex® media bottle containing a small
amount of anhydrous magnesium sulfate. Crude yield was 164.3 grams
(about 120-mL, 86%).

GC/MS of the crude material showed that it was mostly HCFC-
244bb. Other components included 0.16% 1233xf, and other byproducts
totaling 12.2%.

EXAMPLE 2
22
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TABLE 4 5 tube was then cooled to less than — 40 °C with dry ice, slowly vented, and

then evacuated. 53 grams (2.65 moles) of anhydrous HF was transferred
into the shaker tube followed by 227 grams (1.74 moles) of HCFO-1233xf
was condensed into the chilled shaker tube. The shaker tube was placed
in the barricade and shaking was started.

10 The shaker tube was agitated at ambient temperature (~18-21°C)
and the pressure was 16 to 20 psig. After 2 hours, shaking was stopped
and 100 mL of water was carefully pumped into the shaker tube. The tube
was left overnight and cooled to 0 to 5°C in an ice bath before venting and
transferring the contents to a plastic container. The container was kept on

15 ice.

The container contents were poured into a polypropylene separatory
funnel containing some ice. The lower organic layer was light amber in
appearance. The organic layer was separated into a Pyrex® media bottle
containing about 50 mL of 4 molar (pH 7) phosphate buffer and ice (~100-

20 mL). The organic layer was again separated and poured into a dry Pyrex®
media bottle containing a small amount of anhydrous magnesium sulfate.
Crude yield was 238.8 grams (about 170-mL, 91%).

GC/MS of the crude material indicated that it was mostly HCFC-
244bb. Other components included 0.11% HFC-245¢b, 0.10% HFC-
25  245eb, 0.26% HCFO-1233xf, and other byproducts totaling 9.7%.

EXAMPLE 3
Example 3 demonstrates the conversion of HCFC-244bb (2-chloro-
1,1,1,2-tetrafluoropropane) to HFO-1234yf (2,3,3,3-tetrafluoropropene) in
30 the absence of a catalyst.
An empty Inconel® tube (1/2 inch OD) with a heated zone of about
12 inches was heated to a temperature between 500°C and 626°C, and
23
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HFC-244bb was fed at 0.52 mL/hour through a vaporizer set at 40°C using

a N sweep of 2.4 sccm (4.0 x 10° m®). The reactor effluent was analyzed

using an on-line GCMS, with the results being reported in mole percent.

TABLE 2

Temp., Mole Percent
°C | 1234yf | 244bb | 1233xf | Other
500 142 | 82.6 1.2 2.0
550 57.0 | 354 1.2 6.4
574 77.0 13.0 1.4 8.6
603 85.0 1.3 0.7 13.0
626 82.5 0.2 1.4 15.9

EXAMPLE 4
Example 4 demonstrates the conversion of HCFC-244bb (2-chloro-
1,1,1,2-tetrafluoropropane) to HFO-1234yf (2,3,3,3-tetrafluoropropane) in
10 the absence of a catalyst.
An empty Inconel® tube (1/2 inch OD) with a heated zone of about
12 inches was heated to 575°C, and HFC-244bb was fed at 0.35 mL/hour
through a vaporizer set at 40°C using a N2 sweep of 3.6 sccm (6.0 x 10
m®). The reactor was operated for a total of 19 hours continuously, and
15 samples were taken periodically and analyzed to determine % conversion
of HFC-244bb, and selectivity to HFO-1234yf. The reactor effluent was
analyzed using an on-line GCMS, and the data in Table 6 below is an
average of at least two on-line injections at a given condition; the

percentages are mole percent.

20 TABLE 3
Hours | 1234yf | 244bb | 1233xd 1223 Other
(2 isomers)
3 688 | 179 | 21 0.5 1.7
4 615 | 227 | 7.4 1.1 7.3
8 61.1 15.0 14.1 3.9 59
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EXAMPLE 5

10

15

Example 5 demonstrates the dehydrochlorination of HCFC-244bb
(2-chloro-1,1,1,2-tetrafluoropropane) in the presence of an activated
carbon catalyst.

An Inconel® tube (1/2 inch OD) was filled with 4 cc (1.99 gm) of acid
washed PCB Polynesian coconut shell based carbon from Calgon (6-10
mesh). HFC-244bb was fed at 1.04 mL/hour through a vaporizer set at
40°C using a N, sweep of 2.4 sccm (4.0 x 10® m®) giving a total contact
time of about 32 seconds while controlling the reactor temperature at
400°C.

The data in Table 4 shows the reactor effluent composition in mole
percent for this process run with an activated carbon catalyst to make
HFC-1234yf via HCI elimination over the period of 7 hours of operation.

TABLE 4
Hours | 1234vyf | 244bb | 1233xf | Other
52.2 224 10.3 15.1
44.5 24.6 13.4 17.5
38.0 31.9 14.8 15.3
25.9 41.8 15.7 16.6
15.5 49.4 17.9 17.2
71 53.8 18.0 21.1
29 54.2 17.3 25.6

IN| IO] O] ] 1| IN] =
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CLAIMS
What is claimed is:

1. A composition comprising HFO-1234yf and at least one additional
5 compound selected from the group consisting of HCO-1250xf,
HCC-260da, HCC-260db, HCC-240aa, HCO-1230xa, HCFO-
1233xf, HCFO-1233zd, HCFC-244bb, HCFC-244db, HFO-1234ze,
HFC-245¢cb, HFO-1243zf, HCFO-1223za, HCFO-1224zb, HFO-
1225zc, HCFC-241db, HCFC-242dc, HCFO-1232xf, HCFO-1231xf,
10 and HCFO-1233yf.

2. The composition of claim 1 comprising HCFO-1232xf.

3. The composition of claim 2 further comprising at least one
15 compound selected from the group consisting of HCFC-243db,
HCFO-1233xf, HCFO-1231xf, HCFC-242dc and HCFC-241db.

4. The composition of claim 1 further comprising at least one
compound selected from the group consisting of HCFC-243db and
20 HF C-245fa.
5. The composition of claim 1 containing less than about 1 weight
percent of said additional compound, based on the total weight of
the composition.

25 0. The composition of any one of claims 1 through 5 further
comprising from about 1 ppm to about 1000 ppm of HFC-245cb.

7. A composition comprising HCO-1230xa and at least one additional
compound selected from the group consisting of propylene, HCO-
30 1260zf, HCC-260da, HCC-260db, HCO-1250xf, HCC-250aa, and
HCC-240aa.

8. The composition of claim 7 comprising HCC-240aa.
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CLAI M5 What is clainmed is: 1A conposition conprising HFO-1234yf and at
| east one additional 5conpound sel ected fromthe group consisting of
HCO 1250xW0 2pi0@8238da, HCC- 260db, HCC- 240aa, HCO 1230xapPCHTRSe1002033xf

HCFO- 1233zd, HCFC-244bb, HCEC-244db, 0- 1234ze, HFC-245cb, HF0-1243zf,
HCFO- 1223za, %CFO-T%@MBPO%QE@@&P 8 éﬁE@"zﬁ%B,ﬂs'H@ﬁé—%%é&’é‘? HCFO- 1232xf,
HOFO- 1231, 10anqohiFnk&bRitted Fron 1 GRIRATIs|ARg Y HbGIIBokaCHEPr | Si ng
HCFO- 1232xf. 3. TheHgnposi tion of cl aignéJ furthergconprclqsi ng at | east one

15conpound sel ect étCEr2tdahe gr oup consi sting of HCFC 243db, HCFO- 1233xf,
HCFO- 1231xf, HCFC-242dc and HCFC-241db. 4. The conposition of claiml
further conprising at | east one conpound selected fromthe group consisting

of HCFC-243dhpand Azecbdﬁﬁogiﬁéﬁ@onﬁ)risﬂgeH_eq;@@QBg*mopét lebst SRelad@nd@aIni ng
| ess than about 1 weight percent of said additional conpound, based on the
total weight of tKkeMAwNdsialeciad frpEthEemaroseReesisting®f eropgneddCer cl ains 1

through 5 further 1%%69{ i%@g%fordgW;@ggp&ﬁﬁ%@é&&um@?%?@%%_

HFC- 245cb. 7. A composSi'tion conp a and at” 'east’ one

addi ti onal conpourkdOagl HOCG 2800 HIFE- 43P, HORGI-$223¥e, HCROoRepe, HCO-
301260zf, HCC 260da. HCC- 260db, HCO- 1250xf, HCC- 250aa. and HCC- 240aa. 8.
The conposition oficPi2e07¢ AkbA-3238yTHAEFd4a2xt, WoFC-1231xf, HCFC-

2011/ 0878¢5PCT/ USZR4Q(0834 oo Phegeonposi tion of claim8 further
conprising at |east oné conpound selected fromthe group consisting of

HCC- 250aa and HCC- 260da. 510. A conposition conprising HCFO-1233xf and at

| east one additional conpound sel ect fromthe p nsi sting of
br oyl one, - Nad1 2edde SRS RomET clhee TSt I3REC. 2509a,
HCC240aa, HCO 1230xa, HF0-1243zf, HCFO-1223za, HCFO-1224zb, HFO0-1225zc,

HCFO- 1233yf, HCFO-1232xf, HCFC-1231xf, HCFC- 10241db, and HCFC- 242dc.
12.  The composition of claim 11 further comprising HCFO-1231xf.

15
13. A composition comprising HCFC-244bb and at least one additional
compound selected from the group consisting of propylene, HCO-
1250xf, HCC-260da, HCC-260db, HCC-240aa, HCO-1230xa,
HCFO-1233xf, HFO-1243zf, HCFO-1223za, HCFO-1224zb, HFO-
20 1225zc, HCFC-241db, HCFC-242dc, HCFO-1232xf, HCFO-1231xf,
and HCFC-1233yf.

14.  The composition of claim 13 further comprising at least one
compound selected from the group consisting of HCFC-243db and
25 HFC-245fa.

15.  The composition of any one of claims 1 through 14 further
comprising HF.

30 16. The composition of any one of claims 1 through 14 that are acid

free.

17. A method for producing cooling comprising evaporating a
27



11. The conposition of claim 10 conprising HCFO-1232xf. 12. The conposition
of claim 11l further conprising HCFO-1231xf. 15 13. A conposition conprising
HCFC- 244blwoand/mrs2beast one addi tional conpound sel ect e@#Clrrusaotloel 7ge oup
consi sting of propyl ene, 50x HCC: 60d HCC: 40aa

0. 1530xa, HOR0- EPUSRRICRD Ar3Abain k-6 99ah 5:And Eaovah Ao thi

2012252¢, HCFC: 24m.t¢@F§baa¥2@ts>be%egfédlgaamreaﬁgpcmn g 8

HCFC- 1233yf 14. The "conposition of claim 13 further conprising at |east
one conpound sel ecostpdsitmm. t he group consi sting of HCFC-243db and

25HFC- 245fa. 15. The conposition of any one of clains 1 through 14 further
conprising HF. 3016. The conposition of any one of clains 1 through 14 that
are acid freeg. 17.Amaridipfbri 6dml@%b\@bﬂ@orﬁpﬂéuhg@oﬁaaﬁé.hgIana)rﬁy@émratI ng a
27 WD 2011/ 087825PCT/ US2010/ 061716 conposition o claims 1 through
5 and 7 through 14>f|aHYt0|’ﬁ§|aWn§|1nlihf9U9h5@nﬂJdShr@ldebM@é’i%\dClnﬁM@fﬁher eafter
condensing said c i 8 C rising
condensing a conp(;%s@lzigyﬁ%tr?e%até& arﬁi @%&%rf%ﬁ%aﬁ% angﬁl%totsﬁ{ragggh 14 in
the vicinity of a body to be heated, and thereafter evaporating said
conpositions. 19. A nethod of form ng a foam conprising: (a) adding to a

f oamabl e 10c6r9posv°t methed ebiopig @ AT CORMYISHII: df hadding te Rrieagwble and 7
through 4g; and (Rbnpicafessh BaibBSIEAVTRR G CRIRSS! il 3da £ond! ti ons

effecti ve to forma roam 2 rocess produci ng aerosol products
conpri sing the st dproofghBadddr(b) arspmglthecﬁmamiablarr;ormbomﬂlm osddr t hr ough 5
and 7 through 14 t%ﬂﬂforWa{.io |ncI di ng active ingredients in an
aerosol contai ner Wipas Tieg! s# 198% functions as a propellant.

20. A process for producing aerosol products comprising the step of
15 adding a composition of any of claims 1 through 5 and 7 through 14
to a formulation, including active ingredients in an aerosol

container, wherein said composition functions as a propellant.
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