TI TLE COMPOSI TIONS COMPRI SING 1, 1 , 1,2, 3- PENTAFLUOROPROPANE OR 2, 3, 3, 3-
TETRAFLUOROPROPENE CROSS REFERENCE TO RELATED APPLI CATI ONS This application
cl ai mrs t wopoiwosrésy benefit of U . S. Provisional Applicarconseddynsig 81 3,

filed May 7, 2008. BACKGROUND 1. Field of the Invention.

The present

di sclosure relates to the field of conpositions which nmay be useful as he
transfer conpositions, aerosol propellants, foam ng agents, blow ng agent

sol vents, cleaning agents, carrier flufigeE di spl acenent

dryi ng agents,

buf fi ng abrasi on agents, poI ymeri zation medi a, expansion agents for
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and fire suppression agents in |liquid gaseous form
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In particular, the

useful as heat

transfer conpositions, such as 2,3,3,3- tetrafluoropropene (HFO 1 234yf,
1234yf) or the corrpcGROSStRE(F(EREN@En‘ED_JRE[LATED APB’Lﬂ)@AtI‘HDNSoropropane

HFC- 245eb, or re.useful in roc
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the need for ARyicERPEFREBS, fflfé-;fd M%? 7, IQODSf ri ger ation,

at
S,

or

roduc HFO 1234yf .

V'%W%a have led to
air-condi tioning

and heat punp apparat us. Low gl obal War m ng potenti al corrpounds are of
particular interest. SUMVARY OF TW@M I cants have found that
prepari ng such new | ow gl obal war | conpounds, such as

HFO 1234yf, that (f—ﬁ*élﬁaofnh@finq/'ehti&qal conpounds are present in small anounts.

The present disclosure relates to the field of compositions which

10  may be useful as heat transfer compositions, aerosol propellants, foaming

agents, blowing agents, solvents, cleaning agents, carrier fluids,

displacement drying agents, buffing abrasion agents, polymerization

media, expansion agents for polyolefins and polyurethane, gaseous

dielectrics, extinguishing agents, and fire suppression agents in liquid or

15 gaseous form. In particular, the present disclosure relates to compositions

which may be useful as heat transfer compositions, such as 2,3,3,3-

tetrafluoropropene (HFO-1234yf, or 1234yf) or the compositions

comprising 1,1,1,2,3-pentafluoropropane (HFC-245eb, or 245eb) which

are useful in processes to produce HFO-1234yf.
20

2. Description of Related Art.

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

25  interest.
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

in



Therefore, in accordance with the present invention, there is provided a
conposition conprising HFO- 1 234yf and at | east oneadditional conpound
sel ect ed woanmw13gssgr oup consi sting of HFO 1 234ze, HFC P62als2000@1264f b,
HFO 1243zf, HFC 245eb, HFC- 245fa, HFC 245ch, HFC- 236c¢b, HFC- 236ea,

HFC- 236f a, HFC-227ea, HFC-227ca, HFO 1 225yc, HFO 1 225zc, HFO 1225ye,

3, 3, 3-thfl uoropropyne, nethane, ethane, propane, HFC 23, HFC-1 43a, HFC 1

34, HFC-1 3dadditioRalcddpaun@selectedlZdmbhe ghbep eonpietng bPAFCRN23AE | ess
t han about 1 wei ght percent of addi ti onal compound. In

t he at | east one
addi tion, indewddghrcEFf-29HonEFa-d343af, HhGedd e HiGedddfa.Hbkovi ded a

conposition i S - | | ) i1 | ound
selected f ro(r;?”lg"ltgﬁé’ glr:(%%%;%hﬁ%??r?gegf ﬂﬁgcg%ﬁé?ﬂgg; ?g&f}%a?ﬁﬁgp 245ca,
HFC- 236¢h, HHF(Z&@Q&yc,HEEOZBZSZ&ﬁ, HFO-2226ye, 3 BG-trilddapropir@, methaye, HFO 1
225zc, HFO-1 225ye, netha et rop , -23, HFCG 1 43a, HFC 1 34,
HFC-1 34a> Féf 332/3,Pé?p%%ﬁ@:?@yfa'&e%ﬁ%@%%gﬂgﬁ%ggﬂﬁgﬂ HEG e 2541 b,
In this caseanytecGOTBOSHd SdinPBYItGH BhAIAThAIBKYARI S ab XM Wkt Plerddin zer o

wei ght percent to about 99 weight percent of HFC 245e The conpositions
conpri si ng HeCtlwiskleaat enaigdditibnalrcgmpewsses to produce HFO- 1 234yf. BRI EF

DESCRI PTI ON OF THI]—‘_ DgAX\V NG Fl G is a.,schematic,draw.n how ng a reaction
for oy oduct ng. HEOT 289K0D: 1 arorgad Btk e At sent e PRLOT S8R e from HEO. 1
234yf and HF%T@\%@_@@atd@ﬁpégiﬂoﬁb@ME%@%EQM)Q%@LHnOdMIEQQL driteadiffiforRgideb to

HFO- 1 234yf reaction step. DETAIL SCRI PTI ON OF THE PREFERRED
EVBODI MENTS  Icompesindrasdestae fiom theegipupseomsisiing if sd1od 28deei dES-245fa,

cel oot ed 1ol RE arBuH CoRaIas Ty 6PobRTh C e, PEECSRE LG 230ch,
HFC 236ea, #2CcZ330Fa-1288yc? i 12B6&c, 22F01 2248ye; ine@anyes ettiiée, 1 225zc,
propane, HFC-23, HFC-143a, HFC-134, HFC-134a, FC-1216, HFO-
1234yf, HFC-254eb, HFO-1243zf, and HFC-254fb. In this case, the
15 composition may contain anywhere from greater than zero weight percent
to about 99 weight percent of HFC-245eb. The compositions comprising

HFC-245eb are useful in processes to produce HFO-1234yf.

BRIEF DESCRIPTION OF THE DRAWING

20 FIG. 1 is a schematic drawing showing a reaction for producing
HFO-1234yf from HFC-245eb, and the side reactions from HFO-1234yf
and HFC-245eb that may simultaneously occur during the HFC-245eb to
HFO-1234yf reaction step.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In one embodiment, the present disclosure provides a composition
comprising HFC-245eb and at least one additional compound selected
from the group consisting of HFO-1234ze, HFC-245fa, HFC-236¢b, HFC-
236ea, HFC-236fa, HFC-227ea, HFC-227ca, HFO-1225yc, HFO-1225zc,

30  HFO-1225ye, methane, ethane, propane, HFC-23, HFC-143a, HFC-134,



HFO 1 225ye, nethane, ethane, propane, HFC 23, HFC 143a, HFC-1 34, HFC- 1
34a, FC-1 216, HFO-1 234yf, HFC 254eb, HFO 1243zf, and HFC- 254fb. In one
enbodi merwQ 200ve13t@6al anount of additional conpound(s) PATIUSR@ONOEI ti ON
conprising HFC-245eb ranges fromgreater than zero weight percent to about
99 wei ght percent. In another enbodinent, the total anmount of additional
conpounds ranges from about 1 wei ght percent to about 80 wei ght percent. In

anot her enmboHPFENB4at Fe-12t6aIHRODIZRM yh HROP5YeBNAFC-02PBLNEHE HRGNges from
about 1 wei ght er cent to about 50 weight percent. In another enbodinent,

t he total b.of additional conpound(s) ranges from about 1 wei ght

percent o about 30 oHE Bodlbfthe i3 ARRLALE: SANAGHATRBIpdUEyQR2!  amount

of additional conpou ranges froma erc out 10

wei ght per cerie cbmpsemlenmdnqnhsmHEQ Qéﬁetarangwsdmmgneateomm to
HFC- 245eb cont ai uriti ear in the HEC 245eb. her
enmbodi nenfs, W%@htaRﬁr}B?nUﬁaﬁ 8 %ﬁrge'%r'Hﬁf‘%@erreéﬁéwmﬁrﬁft%?hese

precur sor n under
whi ch t he ngc?:&trh hﬁ’%lntsbg?o ﬁ%@acj al so pro uc%é€§°gf§&ﬁ%tqswgw\?ﬂ%ﬁ§| s neant

alternative rteaboubd0 paidhvipescenty Irpraodtlrtaes emmtnbdlnnenalthempbamdsnu«afpendu ng
upon the particul ar, conditi under e HFC- 245eb, is pr ced. In
ahot her - enbodditianel SHapadBRrHECTIE. A1 d Gus B P SEBH A

conpri si ng Hifgidhtdsktréntang sdothérashbeiithent thbiteRdbniRmpepaddisehact ed from
the group consisting of HFO- 1 234ze, HFC- 254eb, HFC-254fb, HFO 1 243zf,

HEC- 245eb0 HROMPOBING(S)HEGYes fon abpg- Laeight PRFEt B ehoutBTweRgTta,

PO 2een, LG C e AR e A A R B 1

HFC- 134 HFchr’rﬁﬂmndtﬁ@aﬂ;gé@ﬂ’@m about 1 weight percent to about 10 weight
percent.

In some embodiments, certain precursor compounds to HFC-245eb

15  contain impurities that appear in the HFC-245eb. In other embodiments,
the additional compounds are formed by reaction of these precursor
impurities. In other embodiments, the reaction conditions under which the
HFC-245eb is produced also produce by-products, by which is meant
alternative reaction pathways may produce additional compounds

20  depending upon the particular conditions under which the HFC-245eb is
produced.

In another embodiment, the present disclosure provides a
composition comprising HFO-1234yf and at least one additional
compound selected from the group consisting of HFO-1234ze, HFC-

25  254eb, HFC-254fb, HFO-1243zf, HFC-245eb, HFC-245fa, HFC-245¢cb,
HFC-236¢b, HFC-236ea, HFC-236fa, HFC-227ea, HFC-227ca, HFO-
1225yc, HFO-1225zc, HFO-1225ye, 3,3,3-trifluoropropyne, methane,
ethane, propane, HFC-23, HFC-143a, HFC-134, HFC-134a, HFO-11323,
and FC-1216.

30 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.



and FCG-121 6 . In one enbodi ment, the total anmount of additional
conpound(s) in the conposition conprising HFO-1 234yf ranges from greater

t han zer owoebght37gser cent to | ess than 1 wei ght percent. PoTase@9sdiodi nent s,
the inpurities present in the HFC 245eb will remain intact during the
reaction to make HFO- 1 234yf. Thus they are included in the additional
conpounds. The conpositions conprising HFC 245eb are useful in processes to

produce HFO 1234yfin shhr 60bDaBIdriteNBednpahnss prdteheimtheaPCiziSeh WifO- 1
234yf are useful ~as heat transfer conpositions, aerosol propellants,

f oani ng agent'@Mak) wiaciglusgeibe reagiondaiaake HE&hil Agd Wgehhus theware er f1 ui ds,
di spl acenent ; L 0g: " | sion agents, polynerization nedi a,
expansi on age"ﬂ(?ésldétglrrp%glr%o Itle | Afgbﬁﬁgﬁﬁggyuret hane, gaseous diel ectrics,
exti ngui shi ng agenthe, canpoditiores somprisiag IHFC-29&ebsare uiskfujin gravesgaseous

form The disclosed c osjtjans can act as a working fluid used to carry
heat fronPa ﬁ%ﬂomgg&ﬂgyﬁeap sink. Such heat transfer conpositions may
al so be useful as mer&frﬁb&&ﬁgﬁgdi»selogeg%ﬁ%gég\gsa%a;ggmpaggd-'1234i/fta?éergoes a

phase change; that 1s, from I qui or vice versa.
Exanpl es of hesaful asdrest énansiestcompasiioingdeetosol propetaints| ifoamig agerdsr

conditioners, freezers, refrigerators, heat punps ter chillers, flooded
evapor ator oY BIZ0EHS, SOIVETTH SR BRFToe FRTIer JHIGS: AlsglCemtat ors,
val k-in cool fging Rg@htd) Wilhg ABHBsIoR dddints RIdheFisatidelR, @kpak§pdi ti oni ng
uni ts and conbi nations theréof. As used herein, nobile refrigeration

appar at us9 magents for potyerefinsiantl pejyvictmns, gasheds diflecifigsr at us refers to

2" v ansport aerURBURrOeERNS, A He s Pare SR BB ST B b RRPRE™ Toni e
refrigeratiofo@fi. The disuleidd eorapositibhs can Bet dsla whrRkg fndased te cargt are
I ndependent of any noving carrier . -
heat from a heat source to a heat sink. Such heat transfer compositions
may also be useful as a refrigerant in a cycle wherein the fluid undergoes
15 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, centrifugal chillers, walk-in
coolers, heat pumps, mobile refrigerators, mobile air conditioning units
20 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
the road, rail, sea or air. In addition, mobile refrigeration or air conditioner

25 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).

As used herein, stationary heat transfer systems are systems

30  contained 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 (including centrifugal chillers), high temperature



and are known as "internodal" systens. Such internodal systens include
"contai ners" (conbined sea/land transport) as well as "swap bodi es"

(combi nedwocaeV 132656 transport). As used herein, station&cy/use@v/oszianster
systens are systens contained within or attached to buil dings of any
variety. These stationary applications nmay be stationary air conditioning
and heat punps (including but not limted to chillers (including
centrifugal ¢liat pamds, rdviddhtiatraeefirabryigiioeanduBinas air'cdddieAtigadysteragyer ci al
or industrial air conditioning systens, and including w ndow, ductless,

duct ed, pack@@@dn@éﬂmﬁﬁﬂngo%guﬁe(%déﬁfteélﬁ paekagad iesminEttang 1 @Sehe bui | di ng
S 2 1 00F aBrioy M EBAnodiBa 96 f1d Bfig SELA LATLARALY BRI CRt ! one, 1 he

di scl osed conpositions nay be usetul 1n” equi pnent 1ncludi ng commerci al

i ndustrial orstatesiade rdfrigératioh rappéicatiorss trendistiosed eompasitionsanay bes,

sel f - cont ai ned ol ers and f,rgicﬁe ers, flooded evatp,o[]ator_ hi | Lers, di rect
expansi on’chiUSERY & eQRIPRIGN, | Ing SOMMErcdoNaretrighar fes fs, and

combi nati on_ $¥fi@MRord s #EBzEEDRE BN ifles [ U ChiREhRBAGORATRAR i Ons may be
used in supermarket refrigerator systems. The conpounds making up the

di scl osed coriezets, doeded evepdiatedchillers adirect ExpaAsba chEG, 248 kiin asd

avai l abl e from speci alty chem cal manufacturers, inpncluding SynQuest
abor at or | es FRGET S0 A B SRS, B 00BP aoRsy BN SdBSORE et hods known

in the art. @epdhifienss, e 8lseRBelIMSEHRiIdR Mé?%etl%ddriﬁ%?@rr’rﬂﬁﬁ‘(e?%eb
starts with hexafl uoropropene (HFP). HFP may be hydrogenated to produce 1,

1, 1,218, 3rekigerataosyiiedsane ( HFC- 236ea). Then HFC-236ea may be

HEC 120570y bo TR R mE e AE0hE FalRRRERERE Holas V)

hydr ogenat i onn FaBls1.may, for exanple, be conducted as described in PCT

Publ i cati on No. W0O2008/030440. The dQI_h glr_gf1l uori nati on of HFC-236ea to

HFO- 1225ye
Code Structure Chemical name
HFC-245eb CFsCHFCH,F 1,1,1,2,3-pentafluoropropane
HFO-1234yf | CFsCF=CH. 2,3,3,3-tetrafluoropropene
HFO-1234ze | CFsCH=CHF E- or Z-1,3,3,3-tetrafluoropropene
HFC-245fa CFsCH,CHF, 1,1,1,3,3-pentafluoropropane
HFC-236¢b CFsCF,CH2F 1,1,1,2,2,3-hexafluoropropane
HFC-236ea CF3sCHFCHF; 1,1,1,2,3,3-hexafluoropropane
HFC-236fa CF3CH.CF3 1,1,1,3,3,3-hexafluoropropane
HFC-227ea CFsCHFCF; 1,1,1,2,3,3,3-heptafluoropropane
HFC-227ca CF3sCF,CHF 1,1,1,2,2,3,3-heptafluoropropane
HFO-1225yc | CF,HCF=CF, 1,1,2,3,3-pentafluoropropene
HFO-1225z¢ | CF3CH=CF; 1,1,1,3,3-pentafluoropropene
HFO-1225ye | CFsCF=CHF 1,2,3,3,3-pentafluoropropene

CFsC=CH 3,3,3-trifluoropropyne,

HFC-23 CHF3 trifluoromethane
HFC-143a CF3CHs 1,1,1-trifluoroethane
HFC-134 CHF2CHF2 1,1,2,2-tetrafluoroethane
HFC-134a CFsCH2F 1,1,1,2-tetrafluoroethane




may, for exanple, be conducted under the same conditions as described
herein for HFC 245eb dehydrofluorination to HFO- 1 234yf. The ot her
conpoundswof20iPat3l&61 nay be avail able commercially, or may/useoopnepar ed as
known in the art. O the conpounds of Table 1 those that will be present in
t he di scl osed conpositions will depend upon the nethod of manufacture. In
sone enbodi nents, certain precursor conpounds to HFC 245eb contain

i mpurities thatctipem appeatFoF=a0e) ti onal heeammtbgopenet(PFFIFC- 245e

conpositions.[ ln other enbodinents, thes¢ precursor conpounds nay

t hensel ves r elddtClpdaky t|HeFidHdFG@hiseb f o ﬁﬁt,ﬂé’nteﬁr@ﬂp@miu@@armdi tiona

conpounds t hatsthernappear~:n~the HFG245%¢eh nposttions——Inother

enbodi nent s, Ebf%%@ﬁi on %%?%TI%% S undeﬁ’%;géﬁ‘t}rtaﬂgorﬁ@@%b is prpduced
al so produce [byFOCPRUEA S, | OF;0WMECH,I s Meant1 advRidroprdpénel @&F)I on pal hways
may occur sinultaneously lto produce Cnnp)undq.nthpr t han HFC 245eh and t he
quantity and |ildeRr1t32a0f |tGHseECRadi ti onal dohrgdlupmetdgne depend upon the
parti cul ar conrtit+ons—under—which—theHFC-245eb—+s produced—tn——sore
enbodi ments, HFO- 1 234yf is made by dehydrofl uohnati on of HFC- 245eb. This

reaction i s shown HFCBYGebls atailatiy frotn Sisdvisltyoehaicanaianefdtirepsle _
enbodi nent, the dehydrofluorination is carried out in the vapor phase using

a dehydr of | udnGluding sryn&test J-aborateingad dog.1af oY achita, diorida, Irytgnay Pecl ude but
are not lim ) mi fldﬁ%{' ) t al
conpounds ontrggduémB%ﬁAr#%ﬁ%M%&HWrr:[ar{bgghborrpo%énir S %ﬂnﬁgﬁgﬂgﬁt%wgﬁ urﬁdgg;

oxi des, fkuond gesducendFCx343aiodtdets with m@gifiedrepropeha¢HERY RiFRt mag Heof
magnesi um and zi nc and/or al um num | ant hanum oxi de and fluorided | ant hanum

oxi de; chr omfyRIgaN#Rd tq pragicadd! d B upnadikoerrrorane (idbbre3ea®oni um
trifluoride; T%hﬁ‘?lac-r & %Z@Eddé?ﬁfdmorﬁ%‘%éd’t%t&%dﬁ% hopg 4 fir ee

di nensi onal matrix carbonace
pentafluoropropene (HFC-1225ye). HFC-1225ye may be hydrogenated

yielding the desired HFC-245eb. The hydrogenation steps may, for
10 example, be conducted as described in PCT Publication No.
WO02008/030440. The dehydrofluorination of HFC-236ea to HFO-1225ye
may, for example, be conducted under the same conditions as described
herein for HFC-245eb dehydrofluorination to HFO-1234yf.
The other compounds of Table 1 may be available commercially, or
15  may be prepared as known in the art.
Of the compounds of Table 1 those that will be present in the
disclosed compositions will depend upon the method of manufacture.
In some embodiments, certain precursor compounds to HFC-245eb
contain impurities that then appear as additional compounds in the HFC-
20  245eb compositions. In other embodiments, these precursor compounds
may themselves react during the HFC-245eb formation to produce
additional compounds that then appear in the HFC-245eb compositions.
In other embodiments, the reaction conditions under which the HFC-245eb
is produced also produce by-products, by which is meant adventitious
25  reaction pathways may occur simultaneously to produce compounds other
than HFC-245eb and the quantity and identity of these additional



materials; and netal conpounds supported on carbon. The netal conpounds may
be oxides, fluorides, and oxyfluorides of at |east one netal selected from
t he groupwoan®/srésng of sodi um potassium rubidium ce®CumMS2000831UM

| ant hanum cerium praseodym um neodym um samarium chromum iron,
cobalt, rhodium nickel, copper, zinc, and m xtures thereof. In one

enbodi nent, the catal ytic vapor phase dehydrofl uorination of HFC 245eb is
carried out wshiundeavill degend upbnahe phktbutdioohditiohsdmder whict thiees t her eof
as catalysts in a nmanner anal ogous to the dehydrofluorination of HFC- 236ea
to HFO 1 2258 @248eBd$ BEQRWCEA- U. S. Patent No. 5,396, 000. Fluorided al um na
and al um num f | uony i r ol { ' ; .

4,902, 838, or by thlr] gg neaér}pnglﬂgﬁrgﬁ Iﬁﬁ%%%@%@%zﬂﬁ%@m@ﬁ@%&@ﬁﬁt ai ni ng
conpound suclof dFCR26eR, Th2Mdactiomnslskid#idin FIG.ot.her enbodi nents, the

dehydr of | uori nati on of HFC-245eb is carried out using carbon, activated
carbon, og tlgRelvEt densd@iabringidd X carbonaceous materials as catalysts in
a manner anal ogous to theprocesses disclosed in U S. Patent No. 6,369, 284;
or using netals SqﬁBn@%nﬁ@&!in@nt,Rﬁé%%ﬁyHFBﬂubHHbﬁBrﬁJ@ceﬁ"ﬁéd Bt invther 1 um

| ant hanum cerium praseodym um neodyim um sanmarium chrom um iron,

cobal t, rhodivappr phaselsingappeiydrefluarinadiod aatadysir ddehytsoRiedrinagiopport ed on

carbon as catalysts.in ner al. us to.the processes disclosed in U
S Patent Nocaed dlyde BRLAEAATRGRECR i & FRRRGR o MET cos ar e
useful for tHeotesydnmhindomegt@tdopiboutiethn aediinumdRioride0rtalt shel I's,
bones, lignite, petroleum based residues and sugar. Commercially avail able

car bons ViRi cl$OMBPURES @Seitarisied alemingg sxides, Juaiidrs. andoXydHPudeHef

t r ademar ks: | if , . i
X ot (TSt FHE S Bl on FRAGREUR st RP AU Py
Norit(tm, anghtBanmaxiddeny fINBitied lanthanum oxide; chromium oxides,

fluorided chromium oxides, and cubic chromium trifluoride; carbon, acid

washed carbon, activated carbon, three dimensional matrix carbonaceous

15  materials; and metal compounds supported on carbon. The metal
compounds may be oxides, fluorides, and oxyfluorides of at least one
metal selected from the group consisting of sodium, potassium, rubidium,
cesium, yttrium, lanthanum, cerium, praseodymium, neodymium,
samarium, chromium, iron, cobalt, rhodium, nickel, copper, zinc, and

20  mixtures thereof.

In one embodiment, the catalytic vapor phase dehydrofluorination
of HFC-245¢b is carried out using fluorided alumina, aluminum fluoride or
mixtures thereof as catalysts in a manner analogous to the
dehydrofluorination of HFC-236ea to HFO-1225ye as disclosed in U.S.

25  Patent No. 5,396,000. Fluorided alumina and aluminum fluoride can be
prepared as described in U.S. Patent No. 4,902,838, or by treatment of
alumina with a vaporizable fluorine containing compound such as CF2Cly,
CF;HCI, and CHFs.

In other embodiments, the dehydrofluorination of HFC-245eb is

30  carried out using carbon, activated carbon, or three dimensional matrix

carbonaceous materials as catalysts in a manner analogous to the



Car bon i ncludes aci d-washed carbon (e.g., carbon that has been treated with
hydr ochl oric acid or hydrochloric acid foll owed by hydrofluoric acid). Acid
t r eat mentwO=0ayB7esal |y sufficient to provide carbon tharCtarst@ongdiiess t han
1000 ppm of ash. Suitable acid treatnment of carbon is described in U S
Patent. No. 5,1 36,1 13 . The carbon also includes three di nensional matrix
porous carbonaceous materials. Exanples are those described in U S. Patent.
No. 4,978, 64%ro&éss@@toﬁsca<5siad iArges db awens Non 81369284 or eiigrmeeaosactimt er i al s
whi ch are obtai ned by introduci ng gaseous or vaporous carbon-contai ni ng
conpounds (eaésomr%téﬁﬁ'tiﬁb)rub'ﬁ't%nacm wiriypalanthenusn. Gereldt-bonaceous
mat eri al (e | C g | onpounds
to deposit c r on ﬁﬂprﬁgngég%rgé@ﬁo@wﬁﬁwﬂf8&1@%8&{% (r%ége{ rﬂéé\ﬁﬁg
resul ti ng nmatndekiell copipeh zmc, arid madtlarlesglasreoarqmplpsrteg dntwaoh@spr ovi de a
por ous carbonaceous . materi al . A carbon-car bon conpgsite I's thus
fﬁﬁ ?ﬂ% Qﬁqcﬂf'grlﬁn%t i 0

formed. |A aCPAY$En @%@wmalog%@ 8IPFesSsEa iR n of HFC
245eb i s carp hr , xi des, and
cubi c chrom fnﬁ?rﬁwgoﬁgggg?ca gg]tfg%h § ioc]:cftH ?J(;lr%\ ur#%%ggr%e may be

pr epar ed froms@ftF&)ﬂ-lﬁ@,deMydrdlu)&irlnetlm ;twod], peredf eaahldoconut diyellsehbnes, i n air

or an inert atnopspher e.q., nitrogen or ar at at e of about
250G 10 abol B Tl T sed TS HORR @ s Bty S S aREARPE The

physi cal shapardnd RRichaha) bétusbé iRQLid & thddeCsbid @ﬂ@effﬁ% foi|@w|r@<arrpl e,

include pellets, powders or granul es. Additjonall Qr catalysts_supported

on Cﬂ.l’ bf)riﬁ t fadesastss: Baryeby & SutdideF'oDaree pMﬁrm L peluabia JXNBEI | et s,
before use. IGONBBILGRN. CRIBRRGY ™. ST BPLomasi ke e iotite B Ges <o

oxyfl uohdes. B‘Einngbyocﬁbhymgﬁﬂnt can be acconplished by placing the catal yst
In a suitable container (which can be the reactor to be used to performthe

reaction) and t hercéaib@@ﬂn0|l&%55@¢i§ vigshederarbae (a0 .«@reen K13 Ha

treated with hydrochloric acid or hydrochloric acid followed by hydrofluorlc

15 acid). Acid treatment is typically sufficient to provide carbon that contains
less than 1000 ppm of ash. Suitable acid treatment of carbon is described
in U.S. Patent. No. 5,136,113. The carbon also includes three
dimensional matrix porous carbonaceous materials. Examples are those
described in U.S. Patent. No. 4,978,649. Of note are three dimensional

20  matrix carbonaceous materials which are obtained by introducing gaseous
or vaporous carbon-containing compounds (e.g., hydrocarbons) into a
mass of granules of a carbonaceous material (e.g., carbon black);
decomposing the carbon-containing compounds to deposit carbon on the
surface of the granules; and treating the resulting material with an

25  activator gas comprising steam to provide a porous carbonaceous
material. A carbon-carbon composite material is thus formed.

In a further embodiment, the catalytic dehydrofluorination of HFC-
245eb is carried out using chromium oxides, fluorided chromium oxides,
and cubic chromium trifluoride as catalysts. Cubic chromium trifluoride

30  may be prepared from CrF3XH20, where X is 3 to 9, preferably 4, by
heating in air or an inert atmosphere (e.g., nitrogen or argon) at a



as to partially saturate the catalyst with HF. This is conveniently carried
out by passing HF over the catalyst for a period of tinme (e.g., about 15 to
300 m nutweyRo@y13asssenper at ure of, for exanple, about 2000TuSeo&loed1il1 4500C.
The catal ytic dehydrofl uohnati on may be suitably conducted at a tenperature
in the range of from about 2000C to about 5000C, and is preferably
conducted at a tenperature in the range of from about 3000C to about 45Q00C.

The contact ttér'ﬁ@efe&ui‘é’@ﬂé’&idt)%bp@%%%@kli4@04@f@%t12458ur%99ﬂ416|%bI3939ferab' y
fromabout 10 to about 120 seconds. The reaction pressure can

subat nospher it@ 6 autdspheri ¢ or super at nost phehc. General |y, near

at nospheri c press [ flugrination can
be beneficially rﬂrﬁ%ﬂﬁ/ Caﬁ)gﬁ%ﬁéfﬁﬂ} g@ﬁﬁ%{e |n°ét&%t'§$| %g{ﬁ]@g \Déss t han one
at nosphere) . ekampiatiativitie petletsy goatierosr grahurss. Additiophilpiat tataBetsar ri ed
out in the presence of an inert gas such as nitrogen, helium or argon. The

addi ti on 6f @prﬁae@ ogareem the C@é@:ﬂ mgyihecindhs doimef eweRt gsenules,
dehydr of | f t
ehydr of | uor pRENR ofndiee Al RICESAARBMACEEIIE B fLhact T ner

gas to hydro rocar under tron’i’s rom about 5:1
to about O. 5thh HNltief@@aJrse dt it tisoygre ftieatrthid domettsmmd’yft@lewrsac(ﬂher mal

dehvdr of | uori na n odi ment, the de droflu r|n t|o
HFC- 245eb to Oﬁﬁ%“ e@wﬁm %'ﬁrﬁ&ﬁtr@@ tragpt ?%H @Pc%m CE %%?% of
HFC- 245eb. Thee b8 étﬂﬁa%}ta% d’éfrftélhéf‘wﬁgch @Eﬁ%ﬂﬁ%‘?‘éadtoptd [&é GEd4H=CH2 +

HF where D represe eat, and rogen fluori 45eb can be
pr epar ed 1by tpleaefomndhegemttorr)randfthmr I-T:@(SISBEE; I(IER:@e?lhéde oamiysa spal | adi um

PCT1 UsD7/ 14648, SHATEAIV R Ty baliah BBl Hed SINRERIUH 02881 on
January 3, 2Q8byYasBingttIe over the catalyst for a period of time (e.g., about 15 to
300 minutes) at a temperature of, for example, about 200°C to about
450°C.

15 The catalytic dehydrofluorination may be suitably conducted at a
temperature in the range of from about 200°C to about 500°C, and is
preferably conducted at a temperature in the range of from about 300°C to
about 450°C. The contact time is typically from about 1 to about 450
seconds, preferably from about 10 to about 120 seconds.

20 The reaction pressure can be subatmospheric, atmospheric or
superatmostpheric. Generally, near atmospheric pressures are preferred.
However, the dehydrofluorination can be beneficially run under reduced
pressure (i.e., pressures less than one atmosphere).

The catalytic dehydrofluorination can optionally be carried out in the

25  presence of an inert gas such as nitrogen, helium, or argon. The addition
of an inert gas can be used to increase the extent of dehydrofluorination.
Of note are processes where the mole ratio of inert gas to
hydrofluorocarbon undergoing dehydrofluorination is from about 5:1 to
about 0.5:1. Nitrogen is the preferred inert gas.



hydr ogenati on O CF3CF=CFH as disclosed in U S. Patent No. 5, 396, 000.
Pyrolysis, as the termis used herein, neans chem cal change produced by
heati ng iwoth@/abesence of catal yst. Pyrolysis reactors gemasadlopszionpri se
three zones: a) a preheat zone, in which reactants are brought close to the
reaction tenperature; b) a reaction zone, in which reactants reach reaction
tenperature and are at |east partially pyrolyzed, and products and any

byproducts f @ymlysis (Ehaueacdegansfludrinatibhch the streamexiting the reaction
zone is cooled to stop the cﬁyrol ysi s reaction. Laboratory-scale reactors

have a reaction zd'ﬂl@nelﬁﬁﬂb@ @ept.dhe genigrodnarigatanai HECz Py be
om tted. The y rﬁ&ﬁ]eOHFU)D@ frr’Pf Be%Fne%d"&utEn?@f ﬁ'ey@)rﬁlyggyoft?*ﬂ:@fm%% shape

consistent w't roCes era cal tube, either

strai ght or die redctldkh h’rm}ugihvmnlttanGtSI tical, such reactors typically have an
I nner di aneter of fromabout 1.3 to about 1 cm (about 0.5 to about 2
i nches). Peat is applied GReGHEChe st o TﬁCFﬁéFTQHe* te chenical reaction

t aki ng pl ace e i t and its associated feed
lines, effl ué"ﬂ{Ia %rlnreeé)?%]egﬁgﬂ%g %itd 'LIIP %h{@%g% ﬁéﬂég constructed, at | east
as regards the suHpCcoasexsrResask pepahed beasd Apdgandtien efucts, of materials
resi st ant to@_jr/g;r(ﬂlgen fluoride. %/ pi cal materials of construction include

o]

stainl ess st b G (G Rt 24Pbb) overea paladinm o carpes, C&Wé‘sw | - known hi gh

ni ckel all oy ' - ngm%' from
Speci al Met al%slscz%ga. 'ﬂ?RgvrvﬁﬁgArq @ﬁkﬁg&k %o?k) un gﬂ/ﬂé%t ?ﬂa/t e‘#rar ‘nel (r),
ni ckel - based Z@IOVde mmhmediaalmmvocmﬂoa orv 0amuﬁyr1£9008mrrmtheonal
(Kokono, 1 ndian 39 under the trademark Hastel| oy herejnafter referred to

as "Hast el | oyWYA§OgeRadoR & ks CEmUdiml amdigqlesed 'E‘ 1 RAENE Yoavad960Q from
Speci al Metal s CorFRrrolgggeésHﬂ?tetn‘rlalg‘?ﬁﬁﬁlﬁér@ﬂoH‘F‘éaﬁﬂ%)oheﬁﬂgal%q’%ﬂ% cl ad steel .

Where the reactor Xpose h tenperature the reactor
construct ed @irodures bwheamlnrmaeabsehce Bb ca@kestp Pyrolysie reatters sur f ace

generally comprise three zones: a) a preheat zone, in which reactants are

15 brought close to the reaction temperature; b) a reaction zone, in which
reactants reach reaction temperature and are at least partially pyrolyzed,
and products and any byproducts form; ¢) a quench zone, in which the
stream exiting the reaction zone is cooled to stop the pyrolysis reaction.
Laboratory-scale reactors have a reaction zone, but the preheating and

20  quenching zones may be omitted.

The reactor for carrying out the pyrolysis may be of any shape
consistent with the process but is preferably a cylindrical tube, either
straight or coiled. Although not critical, such reactors typically have an
inner diameter of from about 1.3 to about 5.1 cm (about 0.5 to about 2

25 inches). Heat is applied to the outside of the tube, the chemical reaction
taking place on the inside of the tube. The reactor and its associated feed
lines, effluent lines and associated units should be constructed, at least as
regards the surfaces exposed to the reactants and products, of materials
resistant to hydrogen fluoride. Typical materials of construction include

30  stainless steels, in particular of the austenitic type, the well-known high
nickel alloys, such as nickel-copper alloys commercially available from

Special Metals Corp. (New Hartford, New York) under the trademark

10



| ayer of the reactor should be chosen for ability to maintain structural
integrity and resist corrosion at the pyrolysis tenperature, the inner
surface Iwgenowl37éshe react or shoul d be chosen of nateri 2C3/use@vdtamt t o
attack by, that is, inert to, the reactant and products. In the case of the
present process, the product hydrogen fluoride is corrosive to certain
materials. Thus, the reactor may be constructed of an outer material chosen

for physical M@meﬂ‘ﬁq’nbkdibdsedhallbwn@rrmﬁerml@raﬁbaaébleﬁmn esi al chosen for
resi stance to corrosion the reactants and products un ery t he tenperature

of the pyrol ;}@hegnatmabﬂ@@mdnﬁ@ﬁ@) upgier ﬁh@é@dﬂmarﬂfdéastgmw ace layer is

made of highp I t d Bl st about 50
wt % ni ckel , ;S r%er aﬁ? réféyrneldctg%fs Fﬁ cﬁ \)lgﬁ%%g({k%?g@lsdtmgﬁ{ ! 5 w % ni ckel ,
nmore prefer almbynraemailbyévaaiableyfrdra\SpwldlM@tatshaorpaluadm thewr8terhakm um st 1

nor e preferaﬁ a@g\l ckel all o%ﬂaw g at | east about 98 w % ni ckel, and
nmost pref érabl %P%bﬁ%@qr%w $'€€hi ckel , such as the commerci al grade

known as Nickel 20@mMotte RIREGH |§lé'x§o%§@[q]ﬂlbﬁ“t@llntp%‘?atleétr@ r{?%ﬁ)rﬁ‘ﬁa

material for the inner surface |aye e“reac The t'hi ckness
of the inner mﬂdmelct@y@rmdteemancnnsmbsermt Far byampfeedtlne Dh&r;sy:rfabgsu s and

IS not criti sqQ,l on s t.he i rit of e .inner surfa ayer is

| htact. The TaNeaE Recten Rt Be SBsed a0l 0 RO RARRGraIr o about 10
to about 100 nﬁfb?ﬁty(éhd?l%stiﬁ c%rr@sf@ﬁ)at the e Fdlyéigﬁ@‘ﬁ?el@‘turteh%é mpef surface

| ayer can be deferm ned t he net hod o fabrication, the cost of

mat eri al 90 asdriape Iai@mf éhia reagteroshauld be chasemef mﬂmﬁlaﬁeﬁlstanh@ r eact or

outer surfac r and
ot ane SortPEKE PR FET it R REMRHB Bl IR EESHERL I T
reaction vessgeésdrt@roteas), tHEgpledudt Bydrogenduotide &Neoreddiog tareditaint hi s | ayer
Is a nickel, iron, chromumalloy sold by Special Metals Corp. (New

Hartford, Ne\maftél"ﬂbs ks theneeaciQrdearpr qonptructed of an outer material
chosen for physical strength at high temperature and an inner material

15  chosen for resistance to corrosion by the reactants and products under the
temperature of the pyrolysis.

In one embodiment, the reactor inner surface layer is made of high
nickel alloy, that is an alloy containing at least about 50 wt% nickel,
preferably a nickel alloy having at least about 75 wt% nickel, more

20  preferably a nickel alloy having less than about 8 wt% chromium, still more
preferably a nickel alloy having at least about 98 wt% nickel, and most
preferably substantially pure nickel, such as the commercial grade known
as Nickel 200. More preferable than nickel or its alloys as the material for
the inner surface layer of the reactor is gold. The thickness of the inner

25  surface layer does not substantially affect the pyrolysis and is not critical
so long as the integrity of the inner surface layer is intact. The thickness
of the inner surface layer is typically from about 10 to about 100 mils (0.25
to 2.5 mm). The thickness of the inner surface layer can be determined by
the method of fabrication, the cost of materials, and the desired reactor

30 life.

In one embodiment, the reactor outer surface layer is resistant to
oxidation or other corrosion and maintains sufficient strength at the

11



| nconel

In
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absence of catalyst in a substantially enpty reactor. By absence of
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reactor, may have incidental catalytic or anticatalytic effects on the
pyrolysis process, the effect makes an insignificant contribution, if any, to
the pyrolysis rate. More specifically, absence of catalyst means absence
of conventional catalysts in a particulate, pellet, fibrous or supported form
that are useful in promoting the elimination of hydrogen fluoride from a
hydrofluorocarbon (i.e., dehydrofluorination). Examples of such
dehydrofluorination catalysts include: fluorided alumina, aluminum fluoride,
chromium oxide, optionally containing other metals, metal oxides or metal
halides; chromium fluoride, and activated carbon, optionally containing
other metals, metal oxides or metal halides, and others as listed previously
herein.

In one embodiment, substantially empty reactors useful for carrying
out the dehydrofluorination are tubes comprising the aforementioned
materials of construction. Substantially empty reactors include those
wherein the flow of gases through the reactor is partially obstructed to
cause back-mixing, i.e. turbulence, and thereby promote mixing of gases
and good heat transfer. This partial obstruction can be conveniently
obtained by placing packing within the interior of the reactor, filling its
cross-section or by using perforated baffles. The reactor packing can be
particulate or fibrillar, preferably in cartridge disposition for ease of

12



cross-section or by using perforated baffles. The reactor packing can be
particulate or fibrillar, preferably in cartridge disposition for ease

of i nsert iwo 2009d13r@aoval , has an open structure |ike tharCofUSRa9oldigl ri ngs
(ceramic or netal pieces of tube that are approximately equal in |length and
di aneter) or other packings with a high free volume, to avoid the

accunul ati on of coke and to mnimze pressure drop, and permts the free

flow of gas. if¥erfien ahl YeinboakXhs Enspeitisthasereoikesthabof Rastay ripgeki ng
conprises materials identical to those of the reactor inner surface |ayer;

materi al s t ha6er@piaor matalpioses getwrertbel arsranriexisiately agpat b¥leoetocar bons
d ' : f i ti
Sone i o ot 1 Sngiakot BR AR e kRp Wi J Rt 88 i Blold el SRC! ! O

pref erabl y alkegtumdftionTdfeokeamdvol mimimize gresswel drop, afid pbmmitetha freem zone

m nus the vol unme of t terial that makes up the reactor packing. In one
enbodi menf, {IRY ¥\Gas. srieggr\ﬁﬁ,’ycﬁea@@%ﬁﬂﬂ%%%é§ C{%ﬁé’cﬁéﬁ@g%% I8¢ HFC- 245eb to
HFO 1 234yf i ' - 4500C to
aboui 9000C. PRASSPpaeRARTHERGCH  tbdeRAL Matiey fhel SaAEaNEL

t enper at ur e ohaterisls thbbode n66CAElyze dehydtofd®adation of hydrofisorosatimatistent , t he

lysis i duct ed t e of_f bout 6000C to.about 7500C.
The pyr ol ys: Griapapls € bYFRBENdhisERar e e FRllie. e e e
reaction zongopk igBPldast A6olN 6%, ﬂ)r’éfé’f’é@lyeéghgé@t%gf[ obbe dresmeesnce tine of

gases in the reaction zone is fromabout 0.5 to about 60 seconds. In
anot her éfibodreferably eheut 8sYddhedras yalume is thervalboir obthegeaniirn zenabout 20

of “one o molatR e goE of PidREALKR @R JErERRANRY Belklle’ (Rl o ot

react under the p)hﬁ@hé%rﬁb@dlﬁ@int,ithéqbyr&‘lmb\Au’ﬂldfreac(tdmﬂisﬁdsuhét gases include
the inert gases nitrogen org), and hel ium Fluorocarbons that are stable

under the pyCOPYEISOTOHAFE-#Reb ogiF Oxtaddva is suitabloporRiGiahat a
temperature of from about 450°C to about 900°C. In another embodiment,

15 the pyrolysis is conducted at a temperature of from about 550°C to about
850°C. In another embodiment, the pyrolysis is conducted at a
temperature of from about 600°C to about 750°C. The pyrolysis
temperature is the temperature of the gases inside the reaction zone at
about the mid-.

20 In one embodiment, the residence time of gases in the reaction
zone is from about 0.5 to about 60 seconds. In another embodiment, the
residence time is from about 2 seconds to about 20 seconds.

In one embodiment, the pyrolysis can be conducted in the presence
of one or more unreactive diluent gases, that is diluent gases that do not

25  react under the pyrolysis conditions. Such unreactive diluent gases
include the inert gases nitrogen, argon, and helium. Fluorocarbons that
are stable under the pyrolysis conditions, for example, trifluoromethane
and perfluorocarbons, may also be used as unreactive diluent gases. Of
note are processes where the mole ratio of inert gas to HFC-245eb fed to

30  the pyrolysis reactor is from about 5:1 to 1:1. Nitrogen is a preferred inert
gas because of its comparatively low cost.
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and perfluorocarbons, may al so be used as unreactive diluent gases. O note
are processes where the nole ratio of inert gas to HFC 245eb fed to the

pyr ol ysi swoeaexBresss from about 5:1 to 1:1 . Nitrogen i #Cuyse@bousied i nert
gas because of its conparatively |low cost.ln one enbodi nent, the pyrolysis
reaction is conducted at subatnospheric total pressure. |In another

enbodi nent, the pyrolysis reaction can be beneficially run under reduced

total pressure (i.€onetephiodditiedsIHe ®ytegss réadtiopns cahgosetlente) . | n anot her
enbodi ment, the Eyrol ysis reaction is carried out at or near atnospheric

total pressussba Qﬁﬁf@rﬁﬁﬁ?é PERSFyHR IN ANSMRIteBROYIMERheheYSY #iEnt , t he
dehydr of | uor 'r@?tt,ﬂ (e?ﬂ% b@%gpgﬁ{iﬁ@ Hh &?&&W@Bbé&@fbté@&@gs@@ faueqyps al kaline

sol ution. one eaction rs carri i'n"the presence of
a non- aqueouspresﬁurerléss thantunehathiosphiEfe) 2 baroth EF8GbBOH2ENt, the pyrolysast
partially mscible. In another enbodi nent, the reaction is carried out with
no non- aqéeoﬁ@a%tlﬂr\/'ér?@r”‘? Ol Mo AYDASPRSIIC Lol BldPregsiei on i s carried out
in the presence of a phase transfer catalyst. In yet another enbodi nent,

the reaction is carried out wwth no phase transfer catalyst. In one

enbodi ment, tLhgu i@@esemehmrcﬁlgoénalt‘horal kal ine solution is selected fromthe
group conS|st|ng

d , | de, | f
2 ar i mocals, | a) iaenreaedepbiap densitptipinanator AELRI K one ¢
crbodi ront | asGENhENUSTY Feadeshe ARMIESAAIR eiodiiohd 1 um

hydr oxi de, sodi um hydrOX| de pot assi um hydr oxi de, cal ci um hydr oxi de,
magnesi urt ox irectioseib gagieceude, the @m&ﬂﬁcemftaomm@quggu%\gglwa iDaviiehat e,

o ar P AL B RO S8 (L ORPERRBL R sk Al AR, KL gL er 0l e
di spersion, enmbsdiPent,ahe seEqRNSS @arstottheith h@ontd@iedus giverar ilhy an
aqueous |1 quIacrlmo?haevrler;r?bc?dlr%gn?fthg¥ggct13n' |sIcrrltrrsle()dngutelrr71t’zﬁ(e:I Iprggsnénsc:etor}% gr?gslec
transfer catalyst. In yet another embodiment, the reaction is carried out
15 with no phase transfer catalyst.

In one embodiment, the base in the aqueous alkaline solution is
selected from the group consisting of hydroxide, oxide, carbonate, or
phosphate salts of alkali metals, alkaline earth metals, and mixtures
thereof. In one embodiment, bases which may be used include without

20 limitation lithium hydroxide, sodium hydroxide, potassium hydroxide,
calcium hydroxide, magnesium oxide, calcium oxide, sodium carbonate,
potassium carbonate, sodium phosphate, potassium phosphate, or the like
and mixtures thereof.

As used herein, the aqueous alkaline solution is a liquid (whether a

25  solution, dispersion, emulsion, or suspension and the like) that is primarily
an aqueous liquid having a pH of over 7. In some embodiments the basic
aqueous solution has a pH of over 8. In some embodiments, the basic
aqueous solution has a pH of over 10. In some embodiments, the basic
aqueous solution has a pH of 10-13. In some embodiments, the basic

30  aqueous solution contains small amounts of organic liquids which may be
miscible or immiscible with water. In some embodiments, the liquid

medium in the aqueous alkaline solution is at least 90% water. In one
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aqueous solution has a pH of over 8. In sonme enbodi nents, the basic aqueous
solution has a pH of over 10 . In sone enbodi nents, the basic agueous
sol uti on weo@/pBHsef 10-1 3 . In sonme enbodi nents, the Pagits2@g0e1us
solution contains small anounts of organic |iquids which may be m scible or
imm scible with water. I n some enbodi nents, the liquid nediumin the
aqueous al kaline solution is at |east 90%water. |In oneenbodi ment the water

i's tap water emifbdinar trehatdr e tiswhiee; Wastesr émboeintetits et aatshisti| | ed
water. The anmount of base (in the aqueous alkaline solution) required to

convert HFC- WQ%OW@”F@‘Q’@WF i s approximately the stoichionetric
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aqueous solu hat’ e stolc orretrl c a t so as to
mnimze secmamaoybamta H5625245Iebjefgneaterrtbalembedilmnme embodivhentsr ati o of

b the b t.o HFC- 245 f bout. 0.75:1 t
about 10: 1 ICGERSR Snoth {RHTE DEHE AFaRs RALBTLPIRE B19ICPe. basi ¢

aqueous sol UtdsQ‘[]PthéPrééEﬁor?%ﬁ{é désﬁéo%‘?d%@fh%ro@le%n%b?O%Q@Utl'hﬁslm In yet

anot her enbodi ment, the nolar ratio of base to HFC- 245eb is from about 1:1
to about 14: 1 SOMeemdpdimentsnib ot ynemnecessasy HaMpRYea emawiny ehbase (iBel ect ed

Lrom e 0" St 89851 A s oy kY In B R BB A s ¥br B
m xtures therseads tolrmrﬂm&eesmmhdwﬁeacaoﬁgl THudan@necergbodikidrt, thaOH, Li OH or
m xtures thereof) is dissolved in water, or alternativel a caoncentrated

molar ratio of base (in the basic aqueous solution) to HFC-245eb is from

about 0.75:1 to about 10:1. In another embodiment, the molar ratio of

15  base (in the basic aqueous solution) to HFC-245eb is from about 0.9:1 to

about 5:1. In yet another embodiment, the molar ratio of base to HFC-

245eb is from about 1:1 to about 4:1.

In certain embodiments, the non-aqueous solvent is selected from
the group consisting of alkyl and aryl nitriles, alkyl and aryl ethers,

20  alcohols, amides, ketones, sulfoxides, phosphate esters and mixtures
thereof.

In one embodiment, a solid base (e.g., KOH, NaOH, LiOH or
mixtures thereof) is dissolved in water, or alternatively, a concentrated
solution of a base (e.g., 50% by weight aqueous potassium hydroxide) is

25 diluted to the desired concentration with water. The non-aqueous solvent
for the method is then added with agitation under otherwise ambient
conditions. In one embodiment, a solvent for the reaction can be a nitrile,
ether, alcohol, amide, ketone, sulfoxide, phosphate ester, or mixtures
thereof. In another embodiment, the solvent is selected from the group

30  consisting of acetonitrile, propionitrile, butyronitrile, methyl glutaronitrile,
adiponitrile, benzonitrile, ethylene carbonate, propylene carbonate,
ethanol, methanol, propanol, isopropanol, butanol, methyl ethyl ketone,

15



solution of a base (e.g., 50% by wei ght aqueous potassi um hydroxide) is
diluted to the desired concentration with water. The non-aqueous sol vent
for the rmeOho@/i336s6hen added with agitation under other wRCTaSa000i0e3111
conditions. In one enbodi nent, a solvent for the reaction can be a nitrile,
et her, al cohol, am de, ketone, sulfoxide, phosphate ester, or m xtures
thereof. In another enbodinent, the solvent is selected fromthe group

consi sting ofmawegliedainyl ketone) GOty ketore, BHIspIeQP-tril e, nethyl
glutaronithle, adiponitrile, benzonithle, ethylene carbonate, propylene
carbonat e, etMRifyitctrahydralivean, teirapydiefuran séiprxapaiglymsutrighyne, met hyl et hyl
ket one, nmet hyl, .4 I t I 1 $ vl 1 | qJ_

nmet hyl t et rah;%ﬂrr%@%h N@eﬁ&%ﬁhﬂ% ur aﬁ?é’ yﬁ%gthy&%ﬁ@@deﬁllr&?ty%
tetragl yne, yhotidimehbysulfome ditiethyNsifokidegerflueoetanetthyl N- et hyl
pyrrolidinone, sulfolane, dinethyl sulfoxide, perfluoro-Nnethyl

P bhol £ nd.  BRPNGUAD ST PP Tt b Es thaTepboPTeIpeRer  ed

sol vents incl RleRYe il homitrl€ 2-2adtBl N¥iralh grofuran,

t et r ahydr of ursgﬁ%n?i%o%gjr?ee, ﬁﬁngm’@%%ltref’r aé‘lé}ﬁ%. ¥£g }ﬁdsrgghﬁe’r ei n, phase
transf er cat détyahydrefuran eidxahe, dighpae, and tdisaglyme. t hat facilitates the

transfer of ionic conpounds.into an organi ase .frgm an _agueous phase or
froma solid phasé'S i B‘F{&%_@Péﬁg@é}sﬁ%&ﬁaﬁ?@&'Sf%{ﬁf‘ﬁ?‘{]_ &e%t”r% reaction of
these di ssi mg|pstanid thaCRENEItEDIR FanaTansiopic dhpsu® h@isn BRgaRct ransfer

catalysts may function in different ways, their nechani smof action is not
det er m ndfi vehasefigsn an@gueous phase (o fiogaatsobd Nhesei tieel phase tranefephase

transfer catalyst..fac]l.l S . r.af |. | | r jon. The phase
transfer cat %a@l/stifé‘&lﬁg:téesg{@d*e%gﬁ%gﬁﬂ%%sgodd%?@g%@%@c?!ﬁﬁgﬂﬁqcattl 1r)é(;wn et hers,

oni um sal ts, comfinents, Widleyalrioub phasaltnesfes catdigstaindyfunctibeireof . 1 n one
enbodi nent, the base need not be hi soluble 1n the solvent. An anount

! ni ghly sol | 1€ S . An
of a phase t CHf/eB} ways.dN9ismesfianin ghaetion ts Rej«determinative of their utility
in the reaction provided that the phase transfer catalyst facilitates the

15 dehydrofluorination reaction.

The phase transfer catalyst is selected from the group consisting of
crown ethers, onium salts, cryptands, polyalkylene glycols, and mixture
thereof.

In one embodiment, the base need not be highly soluble in the

20  solvent. An amount of a phase transfer catalyst may be added to the
solvent for the reaction in quantities that improve the solubility of the base
therein. In one embodiment, the amount of phase transfer catalyst used
will be from about 0.001 to about 10 mole percent based on the total
amount of base present. In another embodiment, the amount of phase

25  transfer catalyst used will be from about 0.01 to about 5 mole percent
based on the total amount of base present. In yet another embodiment,
the amount of phase transfer catalyst used will be from about 0.05 to
about 5 mole percent based on the total amount of base present. In one
embodiment of the invention, an aqueous or inorganic phase is present as

30 a consequence of the base and an organic phase is present as a result of
the HFO-1234yf and the non-aqueous solvent.
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solvent for the reaction in quantities that inprove the solubility of the
base therein. In one enbodi nent, the anmount of phase transfer catal yst used
will be fworm@bcenss0. 001 to about 10 nol e percent basedPom/ush@otoaiial anount
of base present. In another enbodi nent, the anount of phase transfer

catal yst used will be fromabout 0.01 to about 5 nole percent based on the
total amount of base present. In yet another enbodi nent, the anount of

phase transfer catiakpiic e9Bddindnts eefphareakmsterGaalysiocabosioric 6Pl e
percent based on the total ampunt of base present. In one enbodi nent of the

i nvention, amesliaboli<ons embepaRte e Ganyieseselyss isselopisd diadhce of the
non- aqueous. a7 O P oo tEBHRNES, o iale SR e M caral st can be

non- agueous SO n so rans
i oni ¢ or neutpohfalkyleneglycelstzodl mixttirestdrel @drastives amstef. catal yst is

selected fromthe group consisti nﬂ of cqaﬁwn,et ers, oniumsalts, cryptands
and pol yaPkyl ene &ﬂ?&’@l%thﬁﬁoerﬁi% ¢ BVleEHHeR &Y WV @i@@%rgrﬁé‘%(ﬁr? Crown ethers
are cyclic my,aauties uﬁmt@eﬁéh KagHLWRS cdifn oGH&'é‘?‘cﬁFrﬁQ,nt&PlHPt hyl ene

s forma nol ec that is be

| i nkages; the conpoun ar structure leved to be
capabl e of " isttieiure thglt ivbehenat! togoe hapatlk af i'recetving”iasotding tee Bikatioxi de and

toth by faciljtate. th ' o Thodi ts,.it. i f dt
mt chcor ai MepbiA Sehe ivpRaEe 8h i her SRS e R ehctiast 15 RaMkas s used
in the basi c pgbRAMBNELIIUS DPEBrrelino PR CR ERARINEBIv Stherphasdeaasfepc! ude

18-crown-6, is used in conbination with potassium hydroXi de basic aqueous
sol ut i on;1015-cataly@is Bvithi eeripir §apes vsedimine kasioraueauiIsUHioNr BxorR: basi c

cdueous ol kel Rl s N55S5 B SORRLO3 LSRN EBpbleRGHb 4 1

useful , e.g. pothdsansdrylirdide bav-dfuedus woltibax aperowd-5; iHused in and
di benzo-24-crown-8 as well as 12-crown-4. O her pol yethers particularly
useful in coeNMRAtanN Witk gogiyen BYdpxikisRAsI6PAUERYS RRIHEOR Bht@vWal Snet al

conpounds, angd 8P e6hidatichQith lithium hydroxide basic aqueous solution.
15  Derivatives of the above crown ethers are also useful, e.g., dibenzo-18-

crown-6, dicyclohexano-18-crown-6, and dibenzo-24-crown-8 as well as
12-crown-4. Other polyethers particularly useful in combination with basic
aqueous solution made from alkali metal compounds, and especially for
lithium, are described in U.S. Patent No. 4,560,759 the disclosure of which
20 is herein incorporated by reference. Other compounds analogous to the
crown ethers and useful for the same purpose are compounds which differ
by the replacement of one or more of the oxygen atoms by other kinds of
donor atoms, particularly N or S, such as hexamethyl-[14]-4,11-dieneNs.
In some embodiments, onium salts include quaternary
25 phosphonium salts and quaternary ammonium salts that may be used as
the phase transfer catalyst in the process of the present invention; such
compounds can be represented by the following formulas Il and llI:
R'R*R*R*PM X0 (I
R'R?R®R*N® x'0) (1)

30 wherein eachof R', R% R®and R * which may be the same or different,

is an alkyl group, an aryl group or an aralkyl group, and X' is selected from
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lithium are described in U S. Patent No. 4,560,759 the disclosure of which
I's herein incorporated by reference. O her conpounds anal ogous to the crown
et hers amsous@iwleésbor t he same purpose are conmpounds whiPCii/usedobou3iby t he
repl acenent of one or nore of the oxygen atonms by ot her kinds of donor
atonms, particularly N or S, such as hexanmethyl-[14]-4,1 1-dieneN4. In sone
enbodi nents, oniumsalts include quaternary phosphoniumsalts and

quat ernary anm@grelp sndistingheitF,rely Beel, £ Ces HOO; pbaseHstanairO, cat al yst
in the process of the present invention; such conmpounds can be represented

by the fol | owiigs PR RPaSPECTigRaMAles Rl theserprepunds)insilde (11) R1 R2 R3
RA N(+) X (ltétlrém\ﬁ’th‘ifé?h%oﬁﬁﬁﬂlcﬂ orﬁe té?rﬁnetﬁy%r’rﬂﬂgmﬁm proffliggh may be the

sanme or different or an aftal kyl group,
and X' is sel%@tyblméthyiatﬁmorgunu@wlomImeihlygrloétylémr%nluBr chlbridé&th CO8, HCCB,

S, HSHM, H2PA4, HPO4 and ific the ounds
i ncl ude t 6t r&»@feﬁpﬁ%%mqwerﬁa&ﬁp U”@%’i ﬁapfjrm%f ﬁt?é ra-
benzyl t 11 et ) giryRiiBh ek hloHBe, R bLIAFHMAY bhhreec%% inde (a

quat ernary ammonium salt sol d under the tr 336), tetran-
but yl ammoni urlnuctyhammojeumtmjtdregen buifqteaheﬂambmmrmap@enlumet:hb)ndbut yl amoni um

hydr ogen sul f, t et ra-n; but hosphopi.um chl ori de, t.etraphenyl phosphoni um
b o e ¢ et FERRHTTSRRBHIH DR BR: HiraR ErURERSPhRR R SOSHoni

brom de and tip I’Eé?ﬁlﬂﬁbﬂﬁ/ldHthBh@ﬁi&h@ﬂfdﬁ‘ﬂd@*ﬁrﬁft‘r@ﬂen%ﬂwé?ﬁbﬂg RESHGERAL |

benzyl tri et hyl ammoni um'chl oride i s used under strongl asic conditions.

O her uséful cblgfisieuiiengentiadimant b@naxlbrleilnylammwunanscmqmeweusaﬁbse

el udi ng.a. Y9k STR RSB Hers, Oer Pab e RaBe it Fape e,

bi s[ths(di WEYdﬂ)tbﬁmolﬂlﬂhQHQﬂlﬂd‘e frriseraxmibiing hlg(hrtedﬁ)eratrmﬁe stabilities (e.g.,

tetratris[ths(dinmethyl am no)phosphi ni m no] phosphoni um chI oride; the latter

two conpounds$PaPeabgus d0Ppa ineding 4pdiakitytasniaopyridipieim salts,

tetraphenylarsonium chloride, bis[tris(dimethylamino)phosphine]iminium

15 chloride, and tetratris[tris(dimethylamino)phosphinimino]phosphonium
chloride; the latter two compounds are also reported to be stable in the
presence of hot, concentrated sodium hydroxide and, therefore, can be
particularly useful.

In other embodiments, cryptands are another class of compounds

20  useful in the reaction as phase transfer catalysts. These are three-
dimensional polymacrocyclic chelating agents that are formed by joining
bridgehead structures with chains that contain properly spaced donor
atoms. For example, bicyclic molecules that result from joining nitrogen
bridgeheads with chains of (--OCH,CH.--) groups as in 2.2.2-cryptand

25 (4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo-(8.8.8)hexacosane; available
under the brand name Cryptand™ 222 and the trademark Kryptofix® 222).
The donor atoms of the bridges may all be O, N, or S, or the compounds
may be mixed donor macrocycles in which the bridge strands contain
combinations of such donor atoms.

30 In some embodiments, polyalkylene glycol ethers are useful as
phase transfer catalysts. In some embodiments, the polyalkylene glycol
ethers can be represented by the formula:
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presence of hot, concentrated sodi um hydroxi de and, therefore, can be
particularly useful. In other enbodi nents, cryptands are another class of
conmpoundswOgedul37ésa t he reacti on as phase transfer catalPgSts20090exe1 ar e
t hr eedi nensi onal pol ynmacrocyclic chel ating agents that are fornmed by

j oi ning bridgehead structures with chains that contain properly spaced
donor atons. For exanple, bicyclic nolecules that result fromjoining

ni trogen bri dgeheads Pzﬁ@ WpRrhs of (- OCH@M:)—IZ--) groups as in
2.2.2-cryptand (4,7, 1 6, 21 , 24- hexaoxa-1

0- di azabi cycIWEhe(re'nQ?B)Sr%kﬁ'&'@ﬁﬁegrob\k?épnm@g G\N@é’ﬂ’ More qaaen RS

Gryptand(tm 22p ARe JRER! NAfE BC YR G ieldrlaiftérehe. i B RpsgEn at o of
aq?lbedq,or,ort nds ray b rﬁslj:éed

t he bridges may e conp donor
macrocycl es iatowhan lalkyhgrdup, @gearytgr@uda)rpamhaalhylcgmbp renid bissaroihtegerh donor

fransi er | at &1 FARESt Pn SishoBHRYAIIRREL0e I S3BIPlE BYFeRSUIVED et hers oan
be T epr esent efethyichB YL THb Y e 417 téﬁzae(% LU, Peffaeiflyigie al ky! ene

group contai ni ng’ two or nore at ons R7,” whi ch may be
the same or gjlydogriexascthyderse dlydolodisoropyteneaglaiokydiprppylene galy\cc»ir yl group
or, an aralk s an i nteger of npounds
Mol wde- o YaBngleBe i el EniibvdiiEandletariyoyEng SRR ATERG ol yeo!
t et raet hyl enenghodtryfi etfﬁl#@ts@l%h kgl rﬂBﬁo@\b}fﬁﬁP' moh@étﬁ?F Yo rRSpRosY IRl

di i sopropyl ene gl ycol, yl ene(w%’ tripropyl ene glycol,

tetrapropyl eﬁ@o@t&kﬁﬂleth@ré Qféiulcbrﬁé‘! éjrh@kylejbws sughcasnevaslikgenet her s such

G al byl ot nedy EEBRT MY epPRARR rRRe AEhEBIAB o/ G, Bhepb” © Vool

pent aet hyl en%tlﬁlér}écbénziw eeidry) artd b@wamFrm@ygl edleush abgpipsth@eher s, and
ol s such as pol yet hyl ene coI aver age nDIecuIar wei ght

Qggﬁ?' ;I%i);ang,g%g%&liﬁveé@g@fnoI%pI@rewﬁsqhiﬁ@out 0 dlmeghyl ether, polyethylene
glycol (average molecular weight about 300) dibutyl ether, and

15  polyethylene glycol (average molecular weight about 400) dimethyl ether,
and ethoxylated furfurylalcohol. Among them, compounds wherein both
R-® and R-" are alkyl groups, aryl groups or aralkyl groups are preferred.

Combinations and mixtures of the above described phase transfer
catalysts from within one of the groups may also be useful as well as

20  combinations or mixtures of two or more phase transfer catalysts selected
from more than one group, for example, crown ethers and oniums, or from
more than two of the groups, e.g., quaternary phosphonium salts and
quaternary ammonium salts, and crown ethers and polyalkylene glycol
ethers.

25 In one embodiment, the dehydrofluorination is conducted within a
temperature range at which the CFsCHFCH2F will dehydrofluorinate. In
one embodiment, such temperatures can be from about 5°C to about
150°C. In another embodiment, the reaction is conducted in the range of
from about 10°C to about 110°C. In yet another embodiment, the reaction

30 is carried out in the range of from about 15°C to about 90°C. The reaction
pressure is not critical. The reaction can be conducted at atmospheric
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gl ycol (average nol ecul ar wei ght about 300) dibutyl ether, and pol yet hyl ene
gl ycol (average nol ecul ar wei ght about 400) dinmethyl ether, and et hoxyl ated
furfuryl avochel137ésrong t hem conpounds wherei n bot h R- 6 PamdSEyog/oaziel al Kyl
groups, aryl groups or aral kyl groups are preferred. Conbinations and

m xtures of the above described phase transfer catalysts fromwthin one of
the groups nay al so be useful as well as conbinations or m xtures of two or

nore phase t ppasdee, Saiarlatslosphetiepicddufd, @numaee rédiedqiressglireuin oher
exanpl e, crown ethers and oniuns, or fromnore than two of the groups,

e.g., quater ®ABOHMESHHBAreREIOA it SaEiRY QuiAtatmesphanaBraSSH®Sal ts, and crown
et hers and pol yal | - et:-her ; | ;

dehydr of | uohnat i o%i@&%&%c e”(g]%\rs\lngﬁﬁlé%Ct!e(lﬁtSceBr?rfg@rgWé@%ag%gfcavr\ﬁ%h t he
CF3CHFCH2F widutt irdeittystraobatehror matantinuous meodsrbimdséorre emisadimnenmies at ur es can

be from about 5C tq about 150 C. | n another epbodi ment, the reaction is
conduct ed’i n deR¥dRdlygEN8YoR PEAess ucariigd Ut in nggtmq%aad N QRS anot her

enbodi ment , té?ﬁodcﬁr%%ﬁis‘?%éaeﬁﬁérbi‘lﬁélrir?é{bniébrftiﬂiﬁggf‘ Té?flnfdr%m about 15C to

about 90 C. The reaction pressure I's not crit e reaction can be
conduct ed at embaxiipiest,iic phebsichenode,dbe-abovesisiseribed pomponests ae under
reduced pressure. | n. one odinent., the reaction is carried out at
Cmospheri o pPeLied T RuTaRyERRIBoR e SaTceBha SRErbeBARA | Pventi on
nmay be carri eprfdH of thedt G4 FROABIFFOOI23AyE A kaIPtHe HPAe1234yfsone

enbodi ments, the dehydrofluorination procéss is carried out i'n batch node

and in otlher reeaxsipenéionsthe le@ctienyrixefé.uor i nati on continuous node. In one
T L T R L S M
t he HFGC 245ebesétidriRtesbeliddotarged withene taeicHiddebud Ibyiitions nbacRebed, from t he
reaction mxture. In another enbodinent, in a continuous node of operation,
t he non-alcoholic solvent, and phase transfer catalyst; the HFC-245eb is then
fed to the reactor. The reaction vessel is fitted with a condenser cooled to
15 atemperature sufficient to reflux the HFC-245eb, but permit the HFO-
1234yt to exit the reaction vessel and collect in an appropriate vessel such
as cold trap.
Products formed by liquid phase dehydrofluorination comprise HF,
HFO-1234yf, and, if HFC-254eb is present in the feed mixture, HFO-
20  1243zf. In one embodiment, the HFO-1234yf is typically separated from
the lower boiling products and higher boiling products by conventional
means (e.g., distillation).
Dehydrofluorination of HFC-245eb may also produce HFO-1234ze
(Z- and/or E- isomers) as an additional compound, under the same
25  conditions, as described herein, used to produce HFO-1234yf from HFC-
245eb. Higher temperatures have been found to produce higher levels of
HFO-1234ze. This reaction is also shown in FIG. 1.
Hydrogenation of HFO-1234ze may produce HFC-2541b as an
additional compound, under typical conditions for hydrogenation, as
30 described in International Patent Application Publication WO2008/030440
A2. Generally, HFO-1234ze is added with hydrogen to a reaction vessel
containing a hydrogenation catalyst, such as palladium or supported

20



reaction vessel is charged with the basic aqueous sol ution, non-aqueous,
non- al coholi ¢ solvent, and phase transfer catalyst; the HFC 245eb is then
fed to twoneect3osss The reaction vessel is fitted with acrarsdeasesiicool ed
to a tenperature sufficient to reflux the HFC 245eb, but permt the HFO
1234yf to exit the reaction vessel and collect in an appropriate vessel
such as cold trap. Products formed by |iquid phase dehydrofl uorination

conpri se HF, pdfgdilin?Ithdreinathe, supbotfrfa Bé%tmmﬁwaoraﬁﬁ«ﬁumm fludrivk, oeed m xture,
HFO 1243zf. I n one enbodi nent, the HFO- 1 234yf is typically separated from

the | ower boiCRrHRY @Sdﬁ%%omﬂﬂ hmgngnayen|qa§@y§iﬁo&h@tr§aﬁyort6w&ﬂuona|
nmeans (e.g I t ey al so
produce HFO fglé@éé{jz @tggﬁg'forF%d{ré)@oén%déggéadsd)%n%ylt| ona corrpound, under
t he same condiohtawb$imeasf atesd 5 thexbduen 80rsecusdsl The pnalduceiolhfO- 1234yf from
HFC- 245eb. Higher te rafures have been fou d to produce higher |evels of
HFO 1 2343e. hvﬁr%%taglfﬁ*?@nh%zargayEﬁcﬁmwh?r@ rem i’bgﬂyﬂg QWn of HFO 1
234ze may pr%uﬁefyf?eaﬁﬁ)ﬁ%%ﬁo@ﬂdﬁ%t'1°na| conpound, under typi cal

conditions for ogenati on escribed in International Patent
Appl i cati on Publ i dhtdrogenat@dos/the @aduciHFGdi28dqf may prbdude2BELe i s added

w th hydroge Q,a reac n_vessel containin dr,oge at' on_cat al yst,

Such as pal’t 2HERES S aOPTE TRl A SRRTL R ithd - SORBCIE SR be

al um na, al ureoﬂarrbﬁbta@rde%@nb@a abB o thé%y@%der\%‘iloﬁtd?ﬂFﬁM%ﬂﬂéfﬂ@t' on

catal ysts. The reaction nmay be carried out at tenperatures from about 50 0C

t o about 1800 HFEC®ISdfo.a contact time of about 5 to about 100 seconds. The

nolar ratio of hy E 4 1.5:1to
about 25: 1. ni s BEHER et s ArE s H BEACCE Bkl ak BER e ot oauct
HFO- 1 234yf msOpradutes Bh@ddiiobebcasmpanonaddss shewalin FIGPoWiler &se shown in
FIG 1, under the sane , , L
same conditions as described herein for the dehydrofluorination of HFC-
245eb to produce HFO-1234yf.
15

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
20  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 a perfluorinated polyether sold under the

trademark Krytox® by E. |. du Pont de Nemours and Company (“DuPont”
25 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 6°C/minute.
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conditions as descri bed above for the hydrogenation of HFO- 1 234ze to

HFC- 254f b. Dehydrof | uori nati on of the HFC 254eb or HFC 254fb may produce
HFO 1 2430 2000/@M65addi ti onal conpound, as shown in FI G PCT/usp@e043ihe same
conditions as described herein for the dehydrofluorination of HFC- 245eb to
produce HFO 1234yf. EXAMPLES General Procedure for Product Analysis The
follow ng general procedure is illustrative of the nethod used for

anal yzing theggeHdpcts of fluohnation reactions. Part of the total reactor
effluent was sanpled on-line for organic product analysis using a gas

chr onmat ogr ap®3dg§&ipfed with a mass sel ective detector (G MB). The gas

chr onmat ograpq)m%ii b;_fzc_icq_- 20 ft. (6.1 m long x 1/8 in. (0.32 cn) dianeter
t ube containing a per | UOPi nat ed pol yet her sold under the trademark
Krytox(r) by 1R25Fkc is GE;@HrCFRde Nenours and Conpany ("DuPont" of W]/ m ngton,

Del aware) on ipert_carb support. The heliumflow was 30 nL/mn (5.0 X
10 mM/ sec?. é%rs;’%ﬂ'ﬁcﬁtﬂ%ﬁgﬂg%hi c conditions were 600C for an initial hold
period of threeqyAYbea-Eald pwedqy c&jir € programmng to 2000C at a

rate of 6C/ m nute. LEGENDé%B 'S CHFBCﬁQZa IS CH2=CF2 1225zc is CF3CH=CF2
1234yf i s CF2@Bebik OF:ChikdCH-Fl 234ze are E- and Z- CF3CH=CHF 245eb is
CF3CHFCH2F Preparation of Fluorided Al um na Catalyst A Hastelloy(r) tube (
1" OD X .854 ID X 10"L) was filled with 25 cc (16.68 granms) ganma-al um na

ground to 12H@pE&tion DIFIRsHIROARIbA Thitalyst
10 A Hastelloy® tube (1” OD X .854 ID X 10”L) was filled with 25 cc

(16.68 grams) gamma-alumina ground to 12-20mesh. The packed portion

of the reactor was heated by a 5.0” X 1” ceramic band heater clamped to
the outside of the reactor. A thermocouple, positioned between the
reactor wall and the heater, measured the reactor temperature. The

15  catalyst was dried by heating at 200°C overnight under a nitrogen flow of
50 sccm (8.33 x 107 m%s). The nitrogen flow was then reduced to 5 sccm
(8.33 x 10° m*s) and a flow of 20 sccm (3.33 x 10-7 m®/s) CFC-12
(CF2Cly) started and maintained for 60 minutes. The temperature was
raised to 325°C and held at this temperature for a further 60 minutes. The

20 CFC-12 flow stopped and the reactor temperature raised to 400°C under a
flow of 50 sccm (8.33 x 107 m*/s) of nitrogen and held at this temperature
for an additional 60 minutes. The reactor was then brought to the desired

operating temperature.

EXAMPLE 1
25 Vapor phase dehydrofluorination of HFC-245eb to HFO-1234vyf with

fluorided alumina catalyst

To the reactor containing the fluorided alumina catalyst prepared as
above was fed a vapor of HFC-245eb and nitrogen at various reactor
temperatures. The nitrogen to HFC-245eb ratio was 0.67:1 and the

30  contact time was 36 seconds for the first four analyses. For the fifth
analysis, the nitrogen to HFC-245eb ratio was 1:1 and the contact time
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of the reactor was heated by a 5.0" X 1" ceram c band heater clanped to the
outside of the reactor. A thernocouple, positioned between the reactor wall
and t he hweetery/13n@sasured t he reactor tenperature. The caCcalusstmesidri ed by
heati ng at 2000C overni ght under a nitrogen flow of 50 seem (8.33 x 10~7
nB/s). The nitrogen flow was then reduced to 5 seem (8.33 x 10 8 nB/s) and
a flow of 20 seem (3.33 x 10-7 nB/s) CFC-1 2 (CF2Cl 2) started and

mei nt ai ned f Qyaso90 BeEBHAES - TH@prdwaspwaatngmeW@actroam@ﬁam( P and hel d at
this tenperature for a further 60 mnutes. The CFC- 1 ow stopped and the
react or t enp&r@iMP @nddhe sesulis ingoole uatiesurANTarggdonr Tsblesdem (8. 33 x 10~7
nB8/s) of nitrogen and held at this tenperature for an additional 60

m nutes. The reactor was then brought to the desired operating tenperature.
EXAMPLE 1 Vapor phase dehvdr ofI uor i nthgnEq‘ HFC- 245eb to HFOl 234vf with

fluorided al um na—eatatyst—Terthe+egetor—econtpiningtheHuer : ded al um na

cat al yst prepared V. s i, VAP of HF tir ogen at
vari ous reactor t %@\pg? fe@la -ﬂﬁgﬂ ]at g@r’?’4 éﬁ%@o ag% was 0.67:1
and the contact tyne was 36 seconds flor the T1I rst four analyseg. For the
fifth analysis, the nig2gmgen [o 4BC 245epati p wagpl: 1 |argh yhe cont act

ti mewas 90 seconds._The produrt |eaviing the refpctor was lanalyzed by GO M5
and the results in nole%are summari zed in Tabje 2. TABLE 2 ND|= Not

det ect ed EXAMPLE R Pyr3Qsis pf THRC 245eB.6he feac®8r was &-8.9 inch (24.1
cnm long x 0.50 i pch(—t—3 <) outerr—draneterx06-351nch—<6-89 cm inner
di aneter tubing wth Il thi c%lénfss of 9()‘3 15 nchzg,’S. 8 m"QO 6ortai ning an
internal gold |injng. ' ' ' '

400 454 18.9 4.4 31.3
400 52.0 22.0 54 20.4
5 ND = Not detected
EXAMPLE 2

Pyrolysis of HFC-245eb
The reactor was a 9.5 inch (24.1 cm) long x 0.50 inch (1.3 cm)

10 outer diameter x 0.35 inch (0.89 cm) inner diameter tubing with a wall
thickness of 0.15 inch (3.8 mm) containing an internal gold lining. The
thickness of the gold lining was 0.03 inch (0.08 cm). The reactor was
heated with a ceramic band heater 5.7 inch long (14.5 cm) x 1 inch outer
diameter (2.5 cm) clamped to the outside. A dual control thermocouple,

15  centered in the middle of the band heater between the outside of the
reactor and the inside of the band heater was used to control and measure
reactor temperature. To the reactor heated to various operating
temperatures was fed 5 sccm (8.33 x 10 m%/s) nitrogen and 2.37 mL per
hour of liquid HFC-245eb that was vaporized before entering the reactor.

20 The contact time was 60 seconds for all runs. The reactor effluent was
analyzed by an in-line GC/MS. The product analysis in mole %, at various

operating temperatures is summarized in Table 3.

23



t hi ckness of the gold lining was 0.03 inch (0.08 cn). The reactor was
heated with a ceram c band heater 5.7 inch long (14.5 cm x 1 inch outer
di anet er W0.280%¢13§6561 anped to the outside. A dual controlPCThiseomneupl e,
centered in the mddle of the band heater between the outside of the
reactor and the inside of the band heater was used to control and neasure
reactor tenperature. To the reactor heated to various operating
tenperatures was fed 5 seem (8.33 x HABLE® s) nitrogen and 2.37 nl _ per
hour of |iquid HFC 245eb that was vaporl zed before entering the reactor.
The cont act (TP mKRBWRP TS 1824 [ #3134 F[E15 23408 1586YI 10T 227 T HESEp s
anal yzed by gnon-line G4 Ms. |The product | anal ysijs in nqlzﬁ % |at valious
operating tenperatures is sumparizefl in Thble 3 |TABLE |3 IIA):

non- det ect abl|e6EXAVPLES 3 | I0cgi| d Ophase3dehydr ©0l ugriM@At ijon0& HF®t.345eb to
HFC-1 234vf A three neck, |2 liter f|lask was equi pped wijth a water ice
condenser, thebdcoupl.8, add/ ovdrO hpa8.St|rr28. The.8f f|l urd o0f83.he
condenser wag passed through a CaSO4 drief and then thrjough ac¢ti vated

nol ecul ar si evegpoand a3st 8y nhess st eefg frap avst h [dipgt ubegizmerged | n dry
ice /acetone. An oj | bubbler nmade of perf|uorinated pollyet her |sol d under

t he trademark ?Sw OX(7 7 Dy Pgiontg (WidHnot on, oygre) Bg)e g t he
stai nl ess steel trap ﬁrevnnt'ed cont A nat | on o t he 'trappe' pro uct| by
noi sture. The ffask was T dwth water (736 ), tetrahydrofuran (200
m), KOH peI I 8 3.21 nol), and nethyltrioctylamoni um

chl ori de, Elﬁ ﬁwﬁ)é (89 gﬁﬁﬁfﬁ umsalt sold under the trademark Aliquat(tm
336 (3.13 gram; 7.74 x 10~3 nol) that functions as a phase transfer

catal yst. Wiile vigorously stirring, CF3CHECH2F ( HFC- 245eb) was added at a
rate of about 100 seem The pH of t EXAMELE 3queous sol ution was

Liquid phase dehydrofluorination of HFC-245eb to HFC-1234vyf

A three neck, 2 liter flask was equipped with a water ice condenser,

thermocouple, and over-head stirrer. The effluent of the condenser was
passed through a CaSO, drier and then through activated molecular

10  sieves and a stainless steel trap with dip tube immersed in dry ice
/acetone. An oil bubbler made of perfluorinated polyether sold under the

trademark Krytox® by DuPont (Wilmington, Delaware) the exit of the
stainless steel trap prevented contamination of the trapped product by
moisture.

15 The flask was charged with water (736 mL), tetrahydrofuran (200
mL), KOH pellets (180 grams, 3.21 mol), and methyltrioctylammonium
chloride, a quaternary ammonium salt sold under the trademark Aliquat™
336 (3.13 grams, 7.74 x 107 mol) that functions as a phase transfer
catalyst. While vigorously stirring, CFsCHFCH2F (HFC-245eb) was added

20 at arate of about 100 sccm. The pH of the basic aqueous solution was
about 13. Two phases were present in the flask. About 247 grams of
crude product was collected containing 96.1% 1234yf, 0.5% Z-1234ze,
0.1% E-1234ze and 2.9% unreacted HFC-245eb. Very little exotherm was

observed while feeding the HFC-245eb.
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about 13 . Two phases were present in the flask. About 247 grams of crude
product was collected containing 96.1 % 1234yf, 0.5% Z-1 234ze, 0.1 % E-1
234ze andw.20813neseact ed HFC- 245eb. Very littl e exot her rchas2@®e31ived whil e
feedi ng the HFC 245eb. CLAIMS What is clained is : 1. A conposition
conprising HFO 1234yf and at | east one additional conpound sel ected from
the group consisting of HFO- 1 234ze, HFC 254eb, HFC- 254fb, HFO 1243zf,

HFC- 245eb, HFC 245fa, HFC- 245cb, HFGERAfMB, HFC- 236ea, HFC-236f a,

HFC- 227ea, HFC-227ca, HFOQ- 1 225yc, HFO-T 225zc, HFO 1225ye,

3, 3, 3-t hf | voMdpeldp\gl@medeshane, et hane, propane, HFC 23, HFC-143a, HFC 134,
HFC-1 34a, HFO- 1 132a, and FC-121 6 . 2 . The conposition of claim1l
containing |less than about 1 weight percent of the at | east one additional
conpound. 3 . A cdnposiA compositipn icompgisttiegCHE@b¢234yicnatatlleasttongne

addi ti onal conpound sel ected from

HFC- 245f a5 HEEIg9EEhcompeuna seiect g@%%guroﬁig%g@%t?l y O%EBF-%%‘&%??MH%O 1
e 1 a0, HFE o O HE T O e A T Gant and
HFC- 254f b.  245cb, HFC-236¢b, HFC-236ea, HFC-236fa, HFC-227ea, HFC-227ca,
HFO-1225yc, HFO-1225zc, HFO-1225ye, 3,3,3-trifluoropropyne, methane,
ethane, propane, HFC-23, HFC-143a, HFC-134, HFC-134a, HFO-11323,
10 and FC-1216.

2. The composition of claim 1 containing less than about 1
weight percent of the at least one additional compound.

15 3. A composition comprising HFC-245eb and at least one
additional compound selected from the group consisting of HFO-1234ze,
HFC-245fa, HFC-236¢b, HFC-236ea, HFC-236fa, HFC-227ea, HFC-
227ca, HFO-1225yc, HFO-1225z¢c, HFO-1225ye, methane, ethane,
propane, HFC-23, HFC-143a, HFC-134, HFC-134a, FC-1216, HFO-

20  1234yf, HFC-254eb, HFO-1243zf, and HFC-254fb.
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