TITLE COMPOSITIONS COMPRISING 1,1,1.2,3-PENTAFLUOROPROPANE OR 2,3,3,3-
TETRAFLUOROPROPENE CROSS REFERENCE TO RELATED APPLICATIONS This
application claims the priority benefit of U.S Provisional Application 61/126,813, filed May 7, 2008.
BACKGROUND 1. Field of the Invention. The present disclosure relates to the field of compositions
which iomay 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 polyol&ikEnd polyurethane, gaseous dielectrics,
extinguishing agents, and fire Sléppression %?ents in liquid or isgaseous form. Inisarticular, the present

disclosure relates t&@ﬁﬁ?&%i% SRSEMREY D bl 'aé Az gﬁ‘gﬁep@rﬁﬂ%@ 8ﬁ§\,’j§uch as 2,3,3,3-

tetrafluoropropene (HF0-1234yf, on&234yi) Drihe epmpositins ROMBRSNg
1,1,1,2,3-pentafluoropropane (HFC-245eb, or 245eb) which are useful in processes to produce

HF0-1234yf. 20 2. DescriptiR@ @ S8RERENCE TNeRFOVIBOWdEA O Tilax®s have led to the need

for new compositions foruse_in refrigeration, air- i %ﬂ p , atus. Low global
warming potejntial compgﬁ'ﬁs ¥ rig: %)gopr{a%él%u g?{ééﬁg)r}e! t. %Owﬁ% rENTION
Applicants have féundichgniroprépauti§ sied New lbw@lidbal warming potential compounds, such as
HFO0-1234yr, that certain additional compounds are present in small amounts. 30Therefore, in

accordance with the present invention, there Mﬁ&%position comprising HF0-1234y1 and at
least one

1. Field of the Invention.
The present disclosure relates {o the field of compositions which

10 may be useful as heat fransfer compositions, aerosol propeliants, foaming
agents, blowing agents, solvents, cleaning agents, carrier fluids,
dispiacement drying agenis, buffing abrasion agents, polymerization
media, expansion agents for polyclefins 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-
tetrafiuoropropene (HFO-1234y1, or 1234yf) or the compositions
comprising 1.1,1,2,3-pentaflucropropane (HFC-245eb, or 245eb) which
are useful in processes to produce HFO-1234yf.

20
2.  Description of Related Art.

New environmental reguiations 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 inierest.
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 HF0-1234ze, HFC-254eb, HFC-2541D,
HF0-1243zf, HFC-245eb, HFC-245fa, HFC245cb, HFC-236¢b, HFC-236ea, HFC-236fa, HFC-227ea,
HFC-227ca, HF0-1225yc, HF0-1225zc, HF0-1225ye, 3,3,3-trifluoropropyne, methane, 5ethane,
propane, HFC-23, HFC-143a, HFC-134, HFC-134a, HFO-1132a, and FC-1216. The composition
contains less than about 1 weight percent of the at least one additional compound. In addition, in
accordance with the present invention, there is provided a composition comprising HFC-245eb and at
least one additionadidbapd v selaniatiestadiegrénp eensistiig otingrof 154762 34Kr€ - 24513,
HFC-245ca, HFC12380f HEC30034 F (230104 1 G127 085 GRT s cHF s a25yc, HFO-1225z¢,

HF0-1225ye, methane, ethane, propane, HFC-23, HFC-143a, HFC-134, HFC-134a, FC-1216,
HFO1234yr, HFC22588p HAE G 3023 A e Bife@. 282% 2036 {Rid s 4he™ SEompééiton may contain

anywhere from grﬂﬁ@fibﬁﬁgé?wm%(%!ﬂm 2bout 99 yveight BessaiteidiretB4Reb. The
compositions comprising HFC-245eb are useful in processes to pr%duce HFO-1234§/1. BRIEF

DESCRIPTION OF"RIE BRR%NG Zorit M4 4iReliatic! dfalihg shsind & rddctéh for producing

HF0-1234yffrom HRE 235k sarththesidastactioosttinom IeEOi234pbandwiighiddaebdhat may
simultaneously occur dur'n%e HFC-245eb to HF0-1234y1 reaction step. 55DETAILED
DESCRIPTION O@yﬁtﬁEa{F; 'E?\ﬂ@(%?\l\ﬁﬁ In one embodiment, the present
disclosure provides a compasition,coragrizicgnids @424 Sebraaseat leastbor, duklitional compound

selected from the u iSti : - e HEC-245f - FC-236fa,
iFo.22Ten HFC SR R A e e A o i o Rl e
HFC-23, HFC! 1438 HIPgnE3E caEC fIendhEQroRpaaMp i IEndyi FRFC e b Fii-645432f, and
HFC254ib. In one, gipbogpentdhestpialamoun sesldiiional gomparndisy ¥ the-eamposition

comprising HFC-245eb ranges from greater than zero Weighté)ercent to about 99 weight percent. In

another embodiméatahe totat @hexmtdt Qatieara EhpodRaLerdnEEERBneRISHG: 1 weight percent to
about 80 weight perseate! nH-anaterarahedipaenlr the tatahamowatotaiditionalicompound(s) ranges

from about 1 weight percent to_about 50 weight percent, In another embodiment, the total amount of
additional ocomp&?r%(’éf) FRgesfm %B%?%ﬁ%ﬁgﬂ?géﬁg&?%ﬁoﬁ WERhtBRrcent. In another

embodiment; the tialsduntofadditiafabnywhera from greater than zero weight percent
to about 99 weight percent of HFC-245eb. The compesitions comprising
HF(C-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.

I3
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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



compound(s) ranges from about 1 weight percent to about 10 weight percent. In some embodiments,
certain precursor compounds to HFC-245eb iscontain 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
depending upon the particular conditions under which the HFC-245eb is produced. In another
embodiment, the pieSel34disEl0stzeqraVides2B ¢oipP St ebMPFSING 4120- 2A34yFand at least one
additional compo%%% elected from the group consisting of HF0-1234ze, HFC254eb, HFC-254fb,
HF0-1243zf, HFC-245€eb, HFC-245fa, HFC-245ch, HFC-236¢b, HFC-236ea, HFC-236fa, HFC-227ea,
HFC-227ca, HFO1225yt; BRI 225¢ e ¢ 012 289k a 818 Bvtrifladrbiroply nermethd(s, isthane,

propane, HFC_Z%%%%@?@@&%@%?&@E%% é’_éEQé%éég%G%%S’%%ﬁ%f%%one embodiment,

the total amount o in the composition comprising 4yf ranges from

greater than Zero WRijHtiseteaniac ead Plawe ondightgsatedntanatssnsdrapoaame s, the impurities
present in the HF%@A&%MQ@%M@%&H@M@ J&@é'@%%%_@g%ﬁe@% rcHhys they are

included in the additional compounds. he compositions comprisin -245eb are useful in

C
processes 5 to pr%ﬁ@@qil%ﬂ?@@ﬂ%&oﬁ@&fﬁ%@%@%e%@@ﬁﬁiﬂ@% PiF0-1234yf are
useful as heat trangtericompesiiensd agresel sy opplarisufoaming agerisnblowiig agents, solvents,

cleaning agents, carrier, fluids, displacement drying agents, buffing abrasion agents, polymerization
media, expansion“i%%e@te?%c%}fpéprlyai@m?%%wwgﬁhgﬁ%f%@%%fﬂ%’afé?é RI898tinguishing
agents, and fire suppressidisigents inflieuidergdseeimhfamcdiiediselosSd earapositions can act as
a working fluid used to carty heat from a heat source to a heat sink. .Such, heat transfer compositions
may also be usefuglgeréeg ?emgagr%%ﬁte fneénagfgzmﬁﬁér%% %‘fﬁﬁ&o bjﬁ%grgaggs?ﬁfgg}phase change; that is,
from a liquid to a gasrandbéekrengiceiersabout Exaemphé pefdrebtarabsteridystegiy include but are not
limited to air condifj s, freezers, refrigerators, heat pumps, water chillers, flooded evaporator

chillers, direct expansion chillers, centrifugal chillers, walk-in coolers, heat pumps, mobile refrigerators,
mobile air conditioning URAif®Me 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 aiso produce by-products, by which is meant
altemative reaction pathweays may produce additional compounds

260 depending upon the particuiar conditions under which the HFC-245eb is
nroduced,

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

25 254eb, HFC-254fb, HFO-12432f, HFC-245eb, HFC-245fa, HFC-245¢h,
HMFC-236cb, HFC-236ea, HFC-2368fa, HFC-227ea, HFC-227ca, HFO-
1225yc, HFO-1225z¢, HFO-1225ye, 3,3,3-trifluoropropyne, methane,
ethane, propane, HFC-23, HFC-143a, HFC-134, HFC-134a, HFO-1132a,
and FC-1218.

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.



2.0and 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 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 systenescandayistents, 30ecomnbainiazh witthe tr i atiae hfd x@ Hbélingk of any
variety. These stafi V icat - ianary.air-cenditionin tpumps (including but
not limited to chil?egr%éﬁgﬁg %Feﬁgr?&%%c fl e%?ﬂ%%@gﬁgr(gﬁﬁg' igu?%ﬁr%%g? ?esidential,
commercial or indi@titachir donaeliRTPSgefBRYsINgSd including window, ductless, ducted, packaged
terminal, and those extefiQr byt eeaRRHEEdR theiRyilding. sushnaoiopisysiereshBsstationary
refrigeration applications, the disclosed compositions may be useful in equipment including
commercial, hduQrRiPEEFESItErt t8Hfigerators and freezers, ice machines, self-contained coolers

and freezers, flooded evapogaiapebillers dliseeteyprasianchillersnyalkdn @rsd yeaeh-in coolers and
freezers, and combination s stegms. 11n some embodimentg%{he dis Ios{ed fcorg‘positions may be used in
supermarket I()re‘ﬁ?& o Fk%ﬁs‘t . C?WQ%%’FW&UR%O ﬁﬁ%pﬁgafﬁé diSETEER %%6%sitions are
defined in Table bidvwikd Egénit€otevStnscitlea Che puealioaraerEiFli24 bels (THICHRCH2F
1:1,1,2,3-pentaflugropropane HF0-1234yfCE3CF=CH2 -teaoropr .
HF0-1234zeCF3é)F¥'—r%I§Qe€-Sdrgf 3%¢ %%Sboé“rd%%”ﬁ%héogy%g”zgt’oR%%B%?%Xpanszon

10 agents for polyolefins and polyurethane, gassous dielectrics,

extinguishing agents, and fire suppression agents in fiquid or gaseous
form. The disclosed composilions can act as a working fluid used to carry
heat from a heat source to a heat sink. Such heat fransfer compositions
may aiso be useful as a refrigerant in a cycle wherein the fluid undergoes

a phase change; that is, from a liquid {0 a gas and back or vice versa.

LAy

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

20 and combinations thereot.

As used herein, mobile refrigeration apparatus, mobile air
conditioning or mobite heating apparatus refers 1o any refrigeration, air
sonditioner, 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” systerms. 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
put not limited to chillers {inciuding centrifugal chillers), high temperature



HFC-245faCF3CH2CHF2 1,1,1,3,3-pentafluoropropane HFC-236¢cbr CF3CF2CH2F
2,2,3-hexafluoropropane HFC-236eaCF3CHFCHF2 1,1,1,2,3,3-hexafluoropropane
HFC-236faCF3CH2CF3 1,1,1,3,3,3-hexafluoropropane HFC-227ea CF3CHFCF3 1,1,1,2 3
3-heptafluoropropane HFC-227ca CF3CF2CHF2 1,1,1 ,2,2,3,3-heptafluoropropane HF0-1225yc
CF2HCF=CF2 1,1,2,3,3-pentafluoropropene HF0-1225zcCF3CH=CF2 1,1,1,3,3-pentafluoropropene
HF0-1225yeCF3CF=CHF 1,2,3,3,3-pentafluoropropene

heat pumps, residential, commercial or industrial air conditioning systems,

and including window, ductless, ducted, packaged terminal, and those
exterior but connecied to the building such as roofiop systems). In

stationary refrigeration applications, the disclosed compositions may be

LA

useful in equipment including commercial, industrial or residential
refrigerators and freezers, ice machines, self-contained coolers and
freezers, flooded evaporator chillers, direct expansion chiliers, walk-in and
reach-in coolers and freezers, and combination systems. In some

embodiments, the disclosed compositions may be used in supermarket

refrigerator systems.

The compounds making up the disclosed compositions are defined

in Tabie 1.
TABLE 1
Code Structure Chemical name
HFC-245eb CF:CHFCH,F 1,1,1,2,3-pentaflucropropane
HFG-1234yf | CF;CF=CH> 2,3,3,3-tetrafluoropropens
HFO-1234ze | CFCH=CHF E-or Z2-1,3,3,3-tetrafluoropropens
HFC-2457a CFiCHCHE, 1,1,1,3,3-pentafluoropropane
HFC-236¢h ChF4CF-CHoF 1,1,1.2,2,3-hexafluoropropang
HFC-236ea CFsCHFCHF, 1.1,1,2.3,3-hexafluoropropane
HFC-236fa CF.CH,CF5 1,1,1,3.3,3-hexafiucropropans
HFC-227ea CFsCHFCF; 1,1,1,2,3,3,3-heptafluoropropane
HFC-227¢ca CFCF,CHF, 1,1,1.2.2,3,3-heptafiucropropane
HFO-1225yc | CF,HCF=CF; 1,1,2,3,3-pentaflucropropene
HFEO-1225z¢ | CFCH=CF, 1,1,1,3,3-pentafluoropropene
HFO-1225ye | CFsCF=CHF 1,2,3,3,3-pentafiuoropropene
CF:C=CH 3,3, 3-trifluoropropyne,
HFC-23 CHF3 trifluoromethane
HFC-1433 CFaCHs 1,1, 1-trifluoroethane
HFC-134 CHFCHF2 1.1,2,2-tetrafluoroethane
HFC-134a CFiCH2F 1,1,1,2-tetrafluoroethane




CF3CECH ,3,3-trifluoropropyne, HFC-23 CHF3 trifluoromethane HFC-143a CF3CH3 1ri luoroethane
HFC-134 CHF2CHF2 1 1,2,2-tetrafluoroethane HFC-134aCF3CH2F 1,1,12-tetrafluoroethane
FC-1216 CF3CF=CF2 hexafluoropropene (HFP) HFC-254eb CF3CHFCHS3

FC-1216 CF3CF=CF; hexafluoropropene (HFP)
HFC-254eb CF.CHFCH3 1,1,1.2-tetrafiucropropane
HFC-254%h CF3CHCHF 1,11, 3-tetrafluoropropane
HFO-1243zf | CFaCH=CH, 1,1,1-trifluoropropene (TFP)
HFO-1132a | CHo=CF3 1,1-difluoroethene

HFC-245eb is available from specialty chemical manufacturers,
including SynQuest Laboreatories, Inc. of Alachua, Florida, or it may be
made by methods known in the art. One series of steps that can be used

5 to produce HFC-245eb starts with hexafluoropropene (HFP). HFP may be
hydrogenated to produce 1,1,1,2,3,3-hexafluoropropane (HFC-236ea).
Then HFC-236ea may be dehydrofiuorinated to produce 1,2,3,3,3-
pentafluoropropene (HFC-1225ye). HFC-1225ye may be hydrogenated
yielding the desired HFC-245eb. The hydrogenation sieps may, for

10 example, be conducted as described in PCT Publication No.
W02008/030440. The dehydrofiucrination of HFC-236ea to HFO-1225ye
may, for exampie, be conducted under the same conditions as described
herein for HFC-245eb dehydrofiuorination to HFO-1234y1.

The other compounds of Table 1 may be available commercially, or

13 may be prepared as known in the art.

Of the compounds of Table 1 those that will be present in the
disciosed compositions will depend upon the method of manufaciure.

In some embodiments, certain precursor compounds to HFC-245eb
contain impurities that then appear as additional compounds in the HFC-

20 245eb compoesitions. In other embodiments, these precursor compounds
may themselves react during the HFC-245eb formation o produce
additional compounds that then appear in the MFC-245eb compositions.
in other embodiments, the reaction conditions undser which the HFC-245eb
is produced also produce by-products, by which is meant adventilious

25 reaction pathways may occur simuitaneously to produce compounds other
than HFC-245eb and the guaniity and identity of these additional



1,1,1,2-tetrafluoropropane HFC-254fb CF3CH2CH2F 1,1,1,3-tetraf uoropropane HFO243z1 |
CF3CH=CH2 I 1,1,1-trifluoropropene (TFP) HFO-1132a | CH2=CF2 1,1-difluoroethene HFC-245eb is
available from specialty chemical manufacturers, including SynQuest Laboratories, Inc. of Alachua,
Florida, or it may be made by methods known in the art. One series of steps that can be used to
produce HFC-245eb starts with hexafluoropropene (HFP). HFP may be hydrogenated to produce
1,1,1,2,3,3-hexafluoropropane (HFC-236ea). Then HFC-236ea may be dehydrofluorinated to produce
1,2,3,3,3- pentaflusropapeisesiH BEs:225ym)n M4 2Rwar mwaydbiety drafgsnetedh yredding the desired
HFC-245eb. The Wgﬁ%lg %P??;?c y, for example, be conducted as described in PCT
Publication No. Vv02008/030 zﬁ) e dehydrofluorination of HFC-236ea to HF0-1225ye may, for
example, be conducted lh&erthesaaErcentitibheatiddstribewdereindrdpabeion
dehydrofluorinat og {05234V 5 reHREMRELEQMPQUBHS of Table 1 may be available
commercially, or may be prepared as known in the art. Of the compounds of Table 1 those that will
be present in the diselpaedicompesgiiwnsandhdepend upon the method of manufacture. In some
embodiments, certain precursor compounds to HFC-245eb contain impurities that then appear as
additional compounds inithene EGhNY2ABeh torjedsitiortsdrirettien enthodinhentsntirese precursor

compounds may th lves react during t FC-245eb farmatio roduce.additional compounds
that then appear |H§£%§§E%?§X§§B; cé:)mpggf%ﬁr'%lgﬂf%t er @r%%%%ir@éﬁ@ﬁ%@%'a%g%ﬁl conditions under
which the HFC-245#b!isisrodhici it erprodliteitsd drogiucs; dyaiunichnisrmiegnicsdventitious reaction
pathways may 0Cq,IBIBNRANS YOI eEHRR GREYON A AINE, NG, Grédreb and the quantity

and identity of these additiona . _ L
10 compounds on fluorided alumina; oxides, fluorides, and oxyfluorides of

magnesium, zinc and mixtures of magnesium and zinc and/or aluminum;
lanthanum oxide and fluoriged ianthanum 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, yitrium, {anthanum, cerium, praseodymium, neodymium,
samarium, chromium, iron, cobalt, rhodium, nickel, copper, zinc, and

20 mixtures thereof.

In one embodiment, the catalytic vapor phase dehydrofiuorination
of HFC-245eb is carried out using fluorided alumina, aluminum fluoride or
mixtures thereof as catalysts in 2 manner analogous to the
dehydrofiuorination of HFC-236¢ea to HFO-1225ye as disciosed in .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 vaporizabie fluorine containing compound such as CF,Cls,
CFzHCI, and CHFs3.

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

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

carbonaceous materials as catalysts in a manner analogous to the



compounds will depend upon the particular conditions under which the HFC-245eb is produced. In
some embodiments, HF0-1234yf is made by dehydroflu nn ion of HFC-245eb. This reaction is shown
in FIG. 1. Catalytic dehydrofluorination In one embodiment, the dehydrofluorination is carried out in the
vapor phase using a dehydrofluorination catalyst. Dehydrofluorination catalysts include but are not
limited to alumina, alumninum fluoride, fluorided alumina, metal compounds on aluminum fluoride,
metal locompounds on fluorided alumina; oxides, fluorides, and oxyfuorides of magnesium, zinc and
mixtures of magnesisasass diswoaad/or alugnPamniansharion, pRideand fiyorietad lnthanum oxide;
chromium oxides,aféuo&ggd chtr)g)amy@mm{g[ij%?ﬁ%%n% é:éjiglg% ci}ciomi;%np aftgﬂuoai%e; (é%bon, acid washed
carbon, activated carsoon,[ﬁ'lr 2 Gimensional matrix carbornaceous rﬁ?]a?[erialcs; and’'metal compounds
supported on carlyoasdingymietal cempounds rraydre oxidesyflaorides) atebeiyfluatides, of at least one
metal selected fr%gé@ %%%rc%ﬂ%s%g %%%Lé%&%@fs%#%o i 'Hrg Ft%%u& yttrium, lanthanum,
cerium, praseodymium, neodymium, samarium, chromium, iron, cobalt, rﬁo lum, nickel, copper, zinc,
and 20mixturés tH&FEISts In hrope@maeriraens, thé eapsppRs sepeissiaess delldrotborination of

HFC-245eb is carfiggh QuUiHSRgdiiendedaliming, Al urinmhiuglisleing Rixteasdhereof as catalysts in
a manner analogous to the de%%iroﬂuorination of HFC-236ea to HF0-1225ye as disclosed in U.S.

25Patent No. 5,396 80bat s g AaHiRE e waRtimaRiofeR EarBRUb IR PA8%Rescribed in

U.S. Pate(;nt NOH 4Li%@2e8,?g%ir@1¢mﬁf@§§é@dﬁé§ﬁ§émm wgéﬁh\@&%z@l@téifwmfﬁ@%mﬁigngﬂ

compound such as CF2CI2, CF2HCI, and CHF3. In other embodiments, the dehydrofluorination
of D456 15 SOERRBANB ERG LanRH BRSO UhARe M AEHUB bl mat
carbonaceous materals sk catalystsirtaOmatiiel ansEogolfs Mutharprotessesmtisclogedin U. S.

;?lttigtntlr%, ?:: relS 3 rr(%%ﬁ%%{)e%zd%m%? g%;%%éfnﬁp‘sqaﬁr%h@ﬁﬁ m, cﬁi:fj mi l%%h ‘,“I’%rlé(jﬁﬂéo %ﬁ!ﬁﬂrﬁh%}(g Iéjr? nickel,
copper, zinc, and ﬂﬁmates@hereyoﬂ%wbported on carbon as 5catalysts in a manner analogous to the
processes disclosed in U3, includes acid-washed carbon (e.g., carbon that has been

treated with hydrochloric acid or hydrochioric acid jollowed by hydrofluoric
15 acid). Acid freatment is typically sufficient {o provide carbon that contains

less than 1000 ppm of ash. Suitable acid treatment of carbon is described

n U.8. 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 materiais which are oblained by infrogucing gaseous

or vaporous carbon-containing compounds (e.g., hydrocarbons) into 2

mass of granules of a carbonaceous material (g.g., carbon black);

decomposing the carbon-containing compounds o deposit carbon on the

surface of the granules, and ireating the resulting material with an

bt
(=4

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 frifiuoride as catalysts. Cubic chromium trifluoride
30 may be prepared from CrFyXH0, where X is 3 to 9, preferably 4, by
heating in air or an inert atmosphere (&.g., nitrogen or argon) at a



Patent No. 5,268,122. Carbon from any of the following sources are useful for the dehydrofluorination;
wood, peat, coal, coconut shells, bones, lignite, petroleum-based residues and sugar. Commercially
available carbons which may be used include those sold under the following O trademarks: Barneby &
SutchffeTM, DarcoTM, Nucharm'TM, Columbia JXNTM, Columbia LCKTM, Calgon PCBTm, Calgon
BPLTM, Westvaco', NoritT", and Barnaby Cheny NBT". Carbon includes acid-washed carbon
(e.g., carbon that has been treated with hydrochloric acid or hydrochloric acid followed by hydrofluoric

I 5 acid). Acid treagmeirig iy iselyosu fBseat (o provideqtrdan: thas aomains lessithaniyG00 ppm of
ash. Suitable acid trr%S tment of carbon is described in U.S. Patent. No. 5,136,113. The carbon also

includes three dini@ P matrix porous carbonaceous materials. Examples are those described in
U.S. Patent. No. 4,978,68%: Ofywte! atesfiwee timertsigaal20matiicgbshdnaeeofis materials which are

obtained by mtrodg)((:lan geasier%aeo& g@&gro%% arg%q_-éggr%g%%%%$§8§%§O(ret%?a§yggocarbons) into
a mass of granules of & carbonaceous maerlae(re.g., arbon black); decomposing the
carbon-contaifhingscpmptemds tadepodiccartimm anahid surfioe fof theigrandies gandtesating the

resulting material egfirtébﬁgtgcép/@}tggégﬁs ﬁgﬁg&%ﬁi%ésé%%ghg%erﬁéﬁgs@sg%%ec%% Hgiceous material.

A carbon-carbon composite material is thus formed.  Inaf r embodiment, the catalytic
dehydrofluorinatioff8f HiF6gvsel$§ daidtPeahbiting Eifconyerssae AlgiedEH®mium oxides,

and cubic chromigwgdfuerigemmaatalysiss GHIG shremivantrluoide.30may be prspmigd from
CrF3XH20, where X is 3 to 9, preferably 4, by heating in air or an inert atmospheére égég.@nitrogen or

I
argon) at a temperRGRLAHSiHG GBEEE' FABRIRAVIE 16} 830 42 heuRaGIrE S 8By hours.
The physicalishapseeibthetsatalystisnaheriticat snsk masing example thachide pelstsstpgyvders or
granules. Additionally, for catalysts supported on carbon, carbon may be in the form of powder,
granules, or peIIet@,S X‘? %ﬁﬁﬁg%ﬁ%‘ﬁ@lﬁg 'ﬁ&%@%@ﬁﬁﬁfﬁ@gg@é r‘ﬁé;%‘ég{’r@ SRItHPEF before use. It
is thought that thimobbyerssomefobiee surfaaelpzides spexpiiuciitdes. (Ehjs pretredtinent can be
accomplished by placing the catalyst in a suitable container (which ¢ e the reactor to be used to
operform the reac% )%%HH ﬁ%i e%%ieﬁnlggg%?%e E%@e‘?’fﬁ@@gﬁeggé%‘fgé]/@ s(éqé)sﬂ%gb%rtially saturate the
catalyst with HF. Bfi8°i3.conveniently carried out by passing HF over the catalyst for a period of time

g;.%.l, qbout 11§ to 300. ml?#ée%})taf a tegrqpeéat arser?f’ I{or exam%le,ﬁal%o&t_ 200 tota%]mét 450C. 15The
ytic dehydro luorinatio a?ﬂbé: GitY f? CORARRE S ¢ ?nb% A SN Fa 8 f from about
200C to about 500&npachisrpreférabingenducted Aiautertpetapiebsutiitacgered feom about 300C to
about 450C- The coniact ms S YRISPY e Bout 1.10,900us 450 seeonds, Brelsgany fom about 10
about 450°C. The contact time Is typically from about 1 to about 450
seconds, preferably from about 10 {0 about 120 seconds.
20 The reaction pressure can bé subatmaospheric, atmospheric or
superatmostpheric. Generally, near atmospheric pressures are preferred,
Howsver, the dehydrofiucrination can be beneficially run under reduced
pressure (L.e., pressures less than ong atmosphere),
The catalytic dehydrofiuorination 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 io increase the extent of dehydrofiuorination.
Of note are processes where the moie ratic of inert gas o
hydrofluorocarbon undergoing dehydrofiuorination is from about 5:1 o
about (0.5:1. Nitrogen is the preferred inert gas.



noThe reaction pressure can be subatmospheric, atmospheric OF 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 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 toRpotitst: FTheNied geh st prefetiked inert gas. Pyrolysis (Thermal

dehydrotluorination) In I gﬂg&e@g&ﬁ)ﬂ%ﬁe%etggpdﬁ#égg%féﬁé%gI&t&gm@%&gﬁ%b to produce

HF0-1234yf may be carrie e pyrolysis he reaction may be written as:
CF3CFHCFH2 + produog FECFEEM 2Py Wharer e rbprésoritichinag eiid sfFisthydigyen fluoride.
HFC-245eb can bg,prepared hythe hydragenation of CF3CCIFCCI2F (CFC-215bb) over a palladium
on carbon catalyst as disclosed in International Application No. PCT/US07/14646, filed June 22, 02007
and published as W02008/00250% fof- Gattalrz 3+ 2008, b by tFé& HydrdgEnation of CF3CF=CFH as
disclosed in U. S %ﬁn& ) rggé?ﬁ@s%%t amﬁ;([-_oggﬂ d?@g@?ﬁﬁé’%@. used herein, means chemical
change produced%y eating in the absence of catalyst. Pyrolysis reactors generally comprise three
zones: a) a preheat zonbFip-d4feh rsuchkmpseperesiin duhhvibsgeoakieT@action temperature; b) a
reaction zone, in whigh-ieaetaptsdeach 16a61I80deMpsfiatip-and e éh l@ﬁ%ﬁ@%@"y pyrolyzed, and
in

products and any byproducts form; c) a quench zone, in which the stream exi the reaction zone is

cooled to stop thel[SpeRgsidTdaeinRiPdofRaIAIRIS e aRford N & HRAHBRZ IS % the
p;eheatiﬁg and ZQW@ﬁb_i%gtﬁi@ﬁéé g@wgezgna'ttﬁmSﬁglesafeagt@raf@rxiaz%deg@mgmeepyrﬁlysis mlaxé be
or any shape consistent with the rocess | | rereranly a cylingri tube, elther_str t or colled.
Although not criticHIdQAeT7H98B gﬁ/ﬁ%&ﬂ@%ﬁ\% SHREP Y nbgér%%??gﬁm%%%%%about 5.1 cm
(about 0.5 to about 2 inches)ysteatdsrapelied itotheiduiside of¢hesubenthmictiemipal reaction taking

place on the inside of the tube. The reactor and its associated.fegd lines, effluent lines and associated
units should be cgﬁ%?r%%?gtg),yg%?gggga{g%ré%a%bd%@t%ce“sﬁr aafaeti%( %Xp%%rgc[}%égtﬁéeér%g%% ants and products, of

materials resistang¢odrptiyogpenciliserites d ypives nateriziz et anstuctiohitithisdeidoistailess steels, in

particular of he alsleniic Yoe NENEL kRN A BiGke! liovs. shoh as ickeleapper alloys

commercially ava rom Special Metals Corp. (New Hartford, New York) under the trademark
reactants reach reaction temperature and are at ieast partially pyrolyzed,

and products and any byproducts form; ¢} a quench zone, in which the

stream exiting the reaction zone is cooled {o stop the pyrolysis reaction.

Laboratory-scale reactors have a reaction zoneg, but the preheating and
20 guenching 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 fo 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 shouid be constructed, at isast as
regards the surfaces exposed o 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 alioys, such as nickel-copper alloys commercially available from

Special Metals Corp. (New Hartford, New York) under the frademark
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Monet(r), nickel-based alloys commercially available from Haynes International (Kokomo, Indiana)
under the trademark HasteHoy(r) (hereinafter referred to as "Hastelloy(r)")and nickel-chromium alloys
commercially available from Special Metals Corp. under the trademark Inconel(r), and copper-clad
steel. Where the reactor is exposed to high temperature the reactor may be constructed of more
than one material. For example, the outer surface layer of the reactor should be chosen for ability to
maintain structural integrity and resist corrosion at the pyrolysis temperature, the inner io surface layer
of the reactor shotldrizs*chasen ndsedtelia)s resistantioligttack dyiethatisHnegreso, the reactant and
products. In the casgfiie prasenl pIoGess, i praduptbydioden flyoride,s, sorrosive to certain
materials. Thus, the feactor m y be COnstructed of an outer materal chosen for physical strength at
high temperature &rieinaitierfraedia isslibssteioy féssrnie - comosion byaye reactants and

products under (e emMARAINS 1 8 YA Soicial IRLONE BIROTIIEDt e Laagigynner surface

layer is made of high nlcléel alloy, that is an alloy containing at out 50 wt% nickel, preferably a
nickel alloy havind 8oReist afé GOPSSito@Aisles!- more 20preferably a nickel alloy having less than

about 8 wt% chromium, sijigoke Prefarakhs %mgggmiéﬁy@g?@gggg BROMA& WY pickel, and

most preferably substantially pure nickel, such as the commercial grade known as Nickel 200. More

preferable than niCRSTSISHS SRS {EAR RARENA Fof #iéaln T Sifieefayef SHRE $¢HRES is gold. The

thickness of the inage25stidacadayetings holcaubstaniiadlyialfestthepyrolsisang is not critical so
long as the integrittﬁtof the in(ger surface Ia%)er iigﬂtact. The thickness of thg}inner surface layer is

typically from abo ?%”t% a 6?32559?\“8?. i ﬁ.gm*%ﬁ%f‘%ﬁ%’ﬁ%%‘é% “H& Wher surface layer can
be determined by theanethoer af falerieativor, thedddtothratenialsranstthie dasitedtreactor $0life. In

one embodiment, ctor guter. e ri [ xidation.or gther cqorrosion and
maintains sufficier%tla gégn tﬁg‘a@ tgéir%gc |6F1 %%%%réa%tg%?:égégéﬁ%ﬁeﬁggét%ﬁ vé}ﬁéFfrom failing of
distorting. In one ergisedirmers siseyeroigdutnigikishd ronfl ebridmiarmcatizsivsold bsrBpecial Metals Corp.

(New Harford, Ney Xprkk underihe asermark J05a0eb 5 20aiDer smasdimese s ayer is anather

nickel, iron, 5chromium alloy sold by Special Metals Corp. under the trademark Inconel(r) 600. The
pyrolysis of HFC-3AS68 téHIt 3 P3h eIk iy e el th & b sence st vatanat in a

substantially empnepasies: B abseRceHorrosion 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 alioy containing at least about 50 wt% nickel,
preferably a nickel alloy having at least about 75 wt% nicksl, more
20 preferably a nickel alioy having less than about 8 wt% chromium, still more
preferably a nicke! alloy having at least about 98 wi% nickel, and most
preferably substantially pure nickel, such as the commercial grade known
as Nickel 200. More preferabie than nickel or its alioys as the material for

the inner surface layer of the reactor is gold. The thickness of the inner

[
LA

surface layer does not substantially affect the pyrolysis and is not critical
sO tong as the integnty of the inner surface layer is intact. The thickness
of the nner surface layer is typically from about 10 to about 100 mils (0.25
to 2.5 mmj}. The thickness of the inner surface layer can be determined by
the method of fabrication, the cost of materials, and the desired reacior

36 e,

In one embodiment, the reactor outer surface layer is resistant to

oxidation or other corrosion and maintains sufficient strength at the

3



catalyst is meant that no material or treatment is added to the pyrolysis inreactor that increases the
reaction rate by reducing the activation energy of the pyrolysis process. It is understood that although
surfaces that are unavoidably present in any containment vessel, such as a pyrolysis reactor, may
have incidental catalytic or anticatalytic effects on the pyrolysis process, the effect makes an
insignificant contribution, if any, to 15the 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 elimiation airhydragessftodids fittenashyidrofesrecacho by diafisiorimation).

Examples of such dehydrofluorination.catalysts include: flugrid mj lumi fluoride,
2()chromium oxic'j]er? 8%%&%%9%8”&%%@ c%%%r [?n%t}éiggﬁfé{gﬁbgﬁgﬁ (l)l'}ﬁr%%e{@flhgaglﬁ%e ; chromium
fluoride, and activatedicaioia!oponallyssvhtaitinTg .oifer Metalsindetdhexidésroetetal halides, and

others as listed previously herein. In one embodi t, substantially empty reactors useful for carrying
250ut the dehydrogRaton 476 TLBed GBS g the BHiremERRUTd STt of construction.

Substantially empyrsacia siRgluge thespuhsreiaihe @gvgo&@@é@&w@@@mm reastnTs partially

obstructed to cause back-mixing, i.e. turbulence, and thereby promote mixing of gases and good heat
transfer. This part@eq%bstruction can be conveniently 30obtained by placing packing within the interior

of the reactor, filling its cTpgspsestjer of by Gshigae o rakal baddes ahbe-freactarpackinginan be
particulate or fibriltlari:%eferabl in {qrtr{d e disr%c%sition( for ea?e of i[;?sergon %nd remt%val, has an open

structure like thatgle S?&%erl fg%a REANEsH e?ﬁtﬁé%gg'g UBRHRA APPTo

At & & pro?(ﬁarr?ately equal in
length and diameterieorsvthengackingsrwithadnighofrée sohemeistediaiddaieeaperntyalation of coke and

fo minimize HeSSyLE PR ATH RerTIs fhe es llow ok s ralarablt e SR sface of such

reactor packing comprises materials identical to those of the reactor inner surface materials that
do not catalyze defydeamiretisigiorcethydibiuoneeasluns Batiaitonsistafeas hydrbgen fluoride. The

free volume of the feaclionzonR.isat Is LARY6-PURIetablY.RHeRSt g H0% and more

preferably about 95%. The fiee volume is the volume of the reaction zone minus the volume of the
material that maké22GHPihe RyakRyEdaekiRg e CalpyBROemBEaiRlElE RHESSS NS’ which accomplishes

the conversion of f{ir&24bei daddFord 284y is-suitably iseREurias: abatemnsratteef fiom about

450C to about 900C. In another embodiment, 15the pg/rolgsis is,conducted at a temgerature of from
about 550C 13 abg‘lﬁ pyrolysis rate. More specifically, 8bsénce of catalyst means absence

of conventional catalysts in a particulate, peliet, fibrous or supported form
that are useful in promoting the elimination of hydrogen fluoride from a
hydrofiuorocarbon {i.e., dehydrofiuorination}. Exampies of such
dehydrofiuorination catalysts include: fluorided alumina, aluminum fluoride,

20 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

25 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 fransfer. This partial obstruction can be conveniently

30  obtained by placing packing within the interior of the reacior, filling its
cross-section or by using perforated bafiles. The reactor packing can be

particuiate or fibriilar, preferably in cartrioge disposition for ease of
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850C. In another embodiment, the pyrolysis is conducted at a temperature of from about 600C to
about 750C. The pyrolysis temperature is the temperature of the gases inside the reaction zone at
about the mid-. 20In 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 25react under the pyrolysis conditions. Such
unreactive diIuent%weismrmhddemhmmhemwmemitr@jmtm@ém &t beRasctiduongsarbons that are

stable under the pytalysis condiions. fr yampIs, Lileromelans and asriyeiararhons, may also be

used as unreacti ent gas note ar_e proqesses ere the mole ratio o rt gas to
HFC-245eb fed to2B0tH@ PRSI SIS edustopkromvalibatBah teet YoNmegienasatoiderred inert gas

because of s compAFYEIPH €38t ong AR IBRIKImE b italyRInfRSGaR sconducted a

subatmospheric total pressure. In another embodime ronS|s reaction can be beneficially run
under reduced totBPyrassare f@fef@@bfﬁ?@s%‘i%"@s%%ﬁﬁ e%%é%%ﬁ@t‘é)aﬁ‘flaﬁother embodiment,

the pyrolysis SreaggpipissE3 gt atisalonReriaimespbelie tlal Riepsures Hauiishase
dehydrofluorination In one embodiment, the deggdrofl orination of H & -245eb is compllshed using

an aqueous alkalilE ESiatoNaHIBMe LAt E ,&%O QAABAOLAY é@t'Bﬁﬁﬁal Presence of a

non-aqueous solvend irwhichhe WH(yd245eh ﬁﬁﬁw%blﬂié)alsca&#ﬁaﬁf pastialhetiiscible. In another
embodiment, the reaction s cari ed ou g;zjv ith non qugpus sq%ventgé@ another embodlment the
reaction is carrledzgufeln tﬁ %?% pﬁa%gr ster aa?a@/ n et ano(%her embodiment, the
reaction is canrledmetelébhtlampﬁé%’e frandfee cfaaﬁaiyﬁ 5 thelmobume enibbdimentiothedrase in the

aqueous alkaline ﬁﬂ“ﬁ}‘so{?wésv% egfm gmgg %gy%gﬁé%%a%m , carbonate, or

phosphate salts of alkal meta alkaline ea rt s and m turest In one embodiment,
bases which may be uséed m&mmﬁﬁﬁﬁ@Q@nﬁnﬁm&%ﬁmrﬂmﬁm?@ﬁ@}(m?@@ﬁ|i3im hydroxide, potassium

hydroxide, calciurg Qydliayide,magnesisin exidecealsiun: axide-sprieriBanats, potassium
carbonate, sodium phosphate, potassium phosphate, or the like and mixtures thereof.
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 temperatures of the gases inside the reaction zone at
about the mid-.

20 In one embodiment, the residence time of gases in the reaction
zone 18 from about 0.5 t0 about 60 seconds. In another embodiment, the
residence time is from about 2 seconds to about 20 seconds.

I 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. Fiuorocarbons that
are stable under the pyrolysis conditions, for example, triffuoromethane
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.

13



As used herein, the aqueous alkaline solution is a liquid (whether a 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 agueous solution has a pH of
10-13. In some embodiments, the basic 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 snat dess@0MNvater phTayes erdsdidite nothdwia@ais tap water in other
embodiments the [ i gueous alkaline
solution) requweds\i%%(%?)&\ée% IE%EII:ECZt 82%gé%tgéuH?éjomlaégét%%Faegﬁ%%ﬁ?rﬁgieﬁﬁg Sg‘ H&%metrlc 5quantity or
about 1 mole of b&gectobaAMISI&BTFIFEIZ488BINASHEBIADS HfRERTCRIVEY [desiralfe (e.g., to
increase reaction gate) 10.e0uRl0yA FRHOLHRRASE AP G 24ReD: ef gisalalnarmans insqme

embodiments, large excesses of base (in the basic aqueous solution) are to be avoided as further
reaction of thé deEREdIPyH GBIHRE QLA AR GECRITMPABEENS HSBRESSHBBdiments, it may be
necessary to employ an amount of base (in the basic agueous solution) that is slightly below the
stoichiometric amount so as to minimize secondary reactions. Thus, in one embodiment, the molar
ratio of base (in tHeWEERIASE SN LAHRHIREIIFC-245¢b is from about 0.75:1 to about 10:1. In
another embodiment, the: modasraitel phishase: (e tiyelodsicriagtioous SBIGHRARED HFC-245eb is from
about 0.9:1 to about 5:1. imrf%t nothgrﬁembodlme kt tgg go?u%rrsat'% of base to HFC 45eb is from
about 1:1 to abou?ﬁ{:i’{mj R Cettath enibodiments %e non-agqueous P35ven |s ‘SeTecte efrom the
group consisting otatkgrandamybitiles, bikylrandrayicdthes)- a(mamméy@fmme&hmones
sulfoxides, phosphale eeiesssand EPURTINGEFH-4nona EIRARRABLSON HRshde - KOH.

NaOH, LiOH or

embodiment, the reaction is carried out with no non-agueous solvent. In
ancther embodiment, the reaction is carmied out in the presence of a phase
fransfer catalyst. In yst another embodiment, the reaction is carried out

15 with no phase transfer catalyst.

in one embodiment, the base in the agueous 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

2 limitation lithium hydroxide, sodium hydroxide, potassium hydroxide,
calcium hydroxide, magnesium oxide, caicium oxide, sodium carbonate,
potassium carbonate, sodium phosphate, potassium phosphate, or the like
and mixiures thereof.

As used herein, the agueous 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
agueous solution has a pH of over 8. In some embodiments, the basic
aqueous soiution has a pH of over 16, In some embodiments, the basic
aqueous solution has a pH of 10-13. In some embodiments, the basic

3¢ agusous soiution contains small amounts of organic liguids which may be
miscible or immiscible with water. In some embodiments, the liguid

medium in the aqueous alkaline solution is at least 90% water. In one
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mixtures thereof) is dissolved in water, or alternatively, a concentrated solution of a base (e.g., 50% by
weight aqueous potassium hydroxide) is 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
30consisting of acetonitrile, propionitrile, butyronitrile, methyl glutaronitrile, adiponitrile, benzonitrile,
ethylene carbonatenpoapylenetemarminate tethantr; irethiagot rproianehis o apsteols butanol, methyl

ethyl ketone, me(;g] ] isQ etane, diisobutyl ketone, anisole, 2- methyltetrahydrofuran,
tetrahydrofuran, é(%%‘ég%%lérﬁt@%ﬁg‘@%% tetraglyme, N,N-dimethyl formamide, N,N-dimethyl
acetamide, N-methyl pyrrofidingne sxilfolandidintethylesulfoxick pestilidrorN-atethsd ndorpholine,

perfluoroteuahydialuiaf apd misuies Viereols Broferscsolyents haluca gosionile, adiooniie,

2-methyl tetrahydrofuran, tetrahydrofuran, dioxan e, and tetraglyme. As used herein, phase
transfer catalyst iSHR@HH e BPPHeATPRIBsRaTeeeHanatiltaeshé tervster &F @itc compounds into

an organic inphasgiEmiABAANeRAP RIS R BN RSAldRIRaSRaEhsPRAS HansiRsFatalyst

facilitates the reaction of these dissimilar and incompatible components. While various phase transfer

catalysts may fun@@ihahodFe it Waye IRBiPHAEBREHIEIALPABJA ROAK BEIRPRIAEMR of their utility
in the reaction proxigediattae phasedransher mairlysl fasiiaies: e Ladelyskafagiaation reaction.

The ph t f talyst i lected. f th istj f t , ONi Its,
cryptands, polyalGHaHe By B AN MG e EHNE T BHEBIRLBATAAE e RAUE Abed not be highiy
solub_le in theaZO;WeaErammmmspit mplya_serteaasmambmwberaddeddbt_tﬂms@dvent for the
reaction in quam'ﬁytggg}c"%%%ﬂ%é %iﬁ%l |I{P}/ag%§fgt%%§§%%?§{f¢mélni&lagigm%)t% @(%nt& r%he amount of

phase transfer catalyst use rom about 0 mole percent based on the total
amount of base pegsehto Imanviheseniodimeptctite ambint of ghrsernzedfoechttigst used will be

from about 0.01 to ahautAimple-ReraRnhasetkon the Lotabamaplofpeseyesert; et another

embodiment, the amount of phase transfer catalyst used will be ffrom about 0.05 to about 5 mole

percent based ondRaloial @irhBuAPeEbasd presEiftiNaTcHERaA o &M 5101 AUertfon, an aqueous
or inorganic phasgs@[eseR! s:A0aLRRSRMIENGS 9T thahase 8ad Anordanis phpge igpresent as a

result of , _
about 5:1. In yet another embodiment, the molar ratio of base to HFC-
245¢eb 15 from about 1:1 to about 4:1.

Iy certain embodiments, the non-agueous solvent is selected from
the group consisting of alkyl and ary! nitriles, atkyl and aryl ethers,

20 - alcohols, amides, ketones, sulfoxides, phosphate esters and mixiures
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 agueous 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,
gther, alcohol, amide, ketone, sulfoxide, phosphate ester, or mixtures
thereof. In another embodiment, the solvent is selected from the group

36 consisting of acetonitrile, propionitrile, butyronitrile, methyl glutaronitrile,
adiponitrile, benzonitrile, ethyleng carbonate, propylene carbonate,
ethanol, methanol, propanol, isopropanot, butanol, methy! ethyl ketone,



the HFO-1234yf and the non-aqueous solvent. In some embodiments, the phase transfer catalyst
can be ionic or neutral. In one embodiment, the phase transfer catalyst is selected from the group
consisting of crown ethers, onium salts, cryptands and polyalkylene glycols and mixtures and
derivatives thereof. 5Crown ethers are cyclic molecules in which ether groups are connected by
dimethylene linkages; the compounds form a molecular structure that is believed to be capable of
"receiving" or holding the alkali metal ion of the hydroxide and to thereby facilitate the reaction. In
some embodimentsetit s iprefericdtormaatibaetairattown athelgqBse transfer locatalysts with certain
bases used in thentq)g%ic agu 05'?0?1?#”#0{&%3'@ %pc%ue;%)o ;in)gerr;t, crown, etr%r(_?r§ inqclude 18-crown-6, is
used in combination Wi’fh pgta%sium ﬁydromde\,{ asic aque%uas se()Iut%ﬁ; TB-C%(/vnE-’& is used in
combination with seidhgirhydibiddirbaibie! deuspusisohitidib2ibrdownetyisdrsdd-nstbmbination with

lithium hydroxide B??V@r{gg]%ﬁguga%@%n%Qﬁgg\%}ﬁggﬁ t e abgve ar ﬂﬁ_{hers are also useful,

e.g., dibenzo-18- c Icyclohexano-18-cr ibenzo-24-crown-8 as well as 12-crown-4.

Other polyethers PaRtRIPHNS, STl arPErab B HAItIE BASTO@YESIUS 'solutiorEiaEed from alkali metal
compounds, and gspReialhxiRrdihiemoareidesariRpeinUSmBRANENGHRGAr4RY the disclosure of

which 20is herein incorporated by reference. Other compounds analogous to the crown ethers and

useful for the sam&FRIMPESELRE BRI FOWRIE P ehE R placement of one or more of the

oxygen atoms by other kidssefidenematsmase pastisidady et &, isksktas to mean a
hexamethyl-[14]-4,1 -diene!\Ff. I%g,ﬁime embaodiments, onium salts includeﬁ%uaterr%%zi25phosphonium

salts and quaternSHPRANGEHRFH 8SNERS R GES 25 thEPHRRE AR AERAAL I the process
of the presenbinventes;fsuolecampecosipicasele fepresantetihatiee Tollophagderansias 11 and I11: pl

R2 R3 p4 p(+) x)()(U R3 RAN(+)(111). the group consisting of F. Cl, Br, I, OH, 003, HCO3, 504,
iS04 2P, HEOH En PO B B e B abet i e
tetramethylammonimpehiotige Vigtiamatioydapiraeaitanbiontiete)sém zyltyibthglaonmonium chloride,

methylrioctylammapighehlavide (8 auaiermacs ARmONTL selt seld nden 10s ademaAliquaTM

336), tetra- n-butylammonium chloride, tetra-n-butylammonium bromide, tetra-nbutylammonium

hydrogen sulfate, ifetfé-reBGHAPRGSpk6Hi v AR Adastelraptien gpkbspror linesrifide,

tgtraphenylpIglpspla@a%grbgbg}.fmﬁ,ﬁi.p@%wmethylphos_phonium brom_ide and . o
D O e Srcibr GGyl 1o Seleaec o the GraGe Comeisting i ride ts used
crown ethers, onium salts, cryptands, polyalkylene glycois, 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 guantities that improve the solubility of the base
therein. In one embodiment, the amount of phase transfer catalyst used
will be from about §.001 to about 10 mole percent based on the fotal
amount of base present. In another embodiment, the amount of phase
25 transfer catalyst used wili be from about 0.01 {0 about 5 mole percent
based on the lotal amount of base present. In vel 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 agueous 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-agueous solvent.
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under strongly basic conditions. Other useful compounds within this class of compounds include those
exhibiting high temperature stabilities (e.g., up to about 200C.) including 4-dialkylaminopyridinium
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 20useful in the
reaction as phase transfer sated st chimese aréhtb Eeaghrtrensien abjiaheendey alisiclaelating agents

that are formed bx Jﬁ%@é@g ‘W%?@%@%ﬁyr’?‘%ﬁ%g@%?S%ﬂ’b%%’é’%wﬁ%%&%ﬁd donor atoms.

For example, bicyclic molecu rom joining nitrogen chains of
(--OCH2CH2--) gibagsaina@gingyptargvn ethers, onium saits, cryptands and

(4,7,13,16,21,24-hexapxasl.d Ordiazabicy alad8-8.8) Rexacopansisavaliggle under the brand name
Cryptandlm 222 and the'trademark Kryptofix(r) 222). The donor atoms of the bridges may all be O, N,

or S, or the cdmpounds RTEYBE Rk GG MAGHEEYESS TWHREIPthe iiaYESEEnds contain
combinations of sgighrdenral Bjamse@9Brrome fBbogimestspdohrliylene elyeal@thers are useful as
phase transfer catalysts. In some embodiments, the polyalkylene glycol ethers can be represented by
the formula: RGO?&ﬁWﬁWF\m@?Eﬁ‘PFﬁ% ﬁ?&’?%@f’eﬁg {;éBﬁWE%&Jﬁ.‘Pﬁ&*Pﬁ&%% ?2‘6?@ carbon atoms,
each of R6 and Rgawhich ifaydbeyitie samerar diffeceabisarhteogenasotivrannedyhgroup, an aryl
group or, an aralké/l roé'jl% ar%d tis an ipte SrtOfn% lgﬁSte%t' %ugpe%%rg oun sagé:lugggffeorr example
glycols such as dlert'ﬁ%/? rileegrfyscéi,gfr 'er%y?lréne (ﬂycof, e raeﬁwlene glyco?, ge'ntae%ﬁylene glycaol,
hexaethyleneiglycatiafisispripyderieinlyestdipapiiche gysol atrimopyeretgigsolinatrapropylene
glycol and tetrameylaa, giycel-gRcmanonliyl iners g, as aname byl gronesitylymonopropy|

and tomonobutyl ethers of such glycols, dialkyl ethers such as tetraethylene glycol dimethyl ether and
pentaethylene glyeolasishethpl Sthsidobesiv 2Inens sHhspiiosthEp<crant olifalidene glycols such as

polyethylene glycel(aypiags malecuan weighiahaub30R) simeshyleiheppalyathyleng alycol (average

molecular weight about 300) dibutyl ether, and is ogethylene glycol (average molecular weight about

400) dimethy! ethépesha 8MBRIatEE Rithu B RyE BRI LGN EREE Wherein both R-6 and

R2 are alkyl groupssarytigsaunstey shalkybasaupsiasesnieienras uSambinglienseand -maxtures of the
above described phase transfer catalysts gom Withén on |gé%the rg
: cid
f |

Iso b ful I
20combinations of iiired BYHRBES PR P TPark Xg%sﬁ'g@?éy a0 be uselul as well as

12-crown-4. Other polyethers particularly usefui in combination with basic
agueous solution made from alkall metal compounds, and especially for
lithium, are described in U.S. Patent No. 4,560,759 the disciosure of which
20 is herein incorporated by reference. Other compounds analogous o 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-dieneNa.
in some embodiments, onium salts inciude guaternary
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 formuias H and lil:
R'RIR? R P XM (1)
R'RPR* RN X1 (1
30 wherein eachof R, R R¥and R * which may be the same or different,
is an alkyl group, an aryi group or an aratkyl group, and X' is selected from



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. In one embodiment, the dehydrofluorination is conducted within a
temperature range at which the CF3CHFCH2F will dehydrofluorinate. In one embodiment, such
temperatures can be from about 5C to about 150C. In another embodiment, the reaction is conducted
in the range of from about 10C to about 110C. In yet another embodiment, the reaction 50is carried
out in the range ofrfeaoabawinttbntg abOUCO®E, TR+ eation BRsstite. i$16 critid2D4The reaction can

be conducted at aapepheris eSS, SURSKANNIIRANEC BIRSSHIRQTAgRY reduced pressure. In

one embodiment, thereaction’is carried out at atmospheric pressure. he dehydrofluorination
reactions of this ingtaticraybeoamech i, dihers hatemorea eshirudifemode. In some

embodiments, theogggw%gfﬁ%%mgrgr&%%g GRtigd Ut InRatcihmedeandingther

embodiments, the dehydrofluorination continuous mode. In one embodiment, in the batch mode, the
above descrilfed EbiRigHMRIMSAFREHHbFRISAIS Yuftahies BagerarAliieauffierént Blcdnvert at least

a portion of the HRGr24babmtetirh-ddadybandrthamihe thRd-ddvarisirroveiedrfrom the reaction

mixture. In another embodiment, in a continuous mode of operation, the reaction vessel is

charged with the @é@/&aﬁaﬂ@BM%BY&EB%‘?‘H@H@&%%@'H&?WXI@ RSRERINEE R Bhase transfer
catalyst; the HFC+g#aghdayipendetdeithe seaetias, Tbessastinpheesselisfiitediavidea condenser

cooled to 15a temperature sufficient ta reflux the HFC-245eb, but permit the HFO- 1234y1to exit the
reaction vessel arfép f&fﬂ#ﬁﬁp G ?EP@\/EE%@@%@IQ %z"*@&%” 'Pﬁgf)é%%o(ﬁj%%g ?8%’8& by liquid phase
dehydrofluorinatiorheoidprisecHE sHEOIR @Ay 1 hamty if ERg25debiisprasent dnthedeed mixture,

HFOL243:2. I ong grberimayt 06 QR 244y 1dn NPsall separiGs o heanec boiing products

and higher boiling pro conventional means (e.g., disti . Dehydrofluorination of
HFC-245eb may aiboqpnoducesHFOULRZ3Mas € 2xatiio e goieeny ral s daeiticrial@8mpound, under

the same conditiogé,tgsa_ggﬁpéiggq:hﬁ;%mdﬁgq @QW%%gpﬂgmfgéggj HFC245eb. Higher

temperatures have been found to produce higher levels of HF0-1234ze. This reaction is also shown in

FIG. 1.  HydroG&RaieR oriapoL D S4By R ascitatey o sune kb apraditisHa EBmpound, under
typical conditions fednilrogenatiosnriagraQdessrineshiministpationahPateabésbisation Publication
W02008/030440 chioride; the latier two compounds are also reported (o be stable in the
presence of hot, concentrated sodium hydroxide and, therefore, can be
particularty useful.
in other embodiments, cryptands are another class of compounds
o useful in the reaction as phase transfer catalysts. These are three-
dimensional polymacrocyctic chelating agents that are formed by joining
bridgehead structures with chains that contain properly spaced donor
atoms. For example, bicyclic molecuies that resuit from joining nitrogen
bridgeheads with chains of (—-OCHCHy--} groups as in 2.2.2-cryptand
25 (4,7,13,16,21,24-hexaoxa-1,10-diazabicycio-(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.
36 In some embodiments, polyalkylene giycol ethers are useful as
phase transfer catalysts. In some embodiments, the polyalkylene glyco!
ethers can be represented by the formuia:
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A2. Generally, HF0-1234ze is added with hydrogen to a reaction vessel containing a hydrogenation
catalyst, such as palladium or supported palladium, wherein the support may be alumina, aluminum
fluoride, or carbon, as well as other hydrogenation catalysts. The reaction may be carried out at
temperatures from about 50 C to about 300 C with a contact time of about 5 to about 100 seconds.
The molar ratio of 5hydrogen to HF0-1234ze may be anywhere from about 1.5:1 to about 25:1. This
reaction is shown in FIG. 1. Hydrogenation of the product HF0-1234yf may produce HFC- 254eb as an
additional compound, as sheid R Ri, under the sarfié)conditions as described above for the

hydrogenation of EQc12347e 18 TALEC234T, BERRQIBHADAl hedIFCa3eb or HFC-254

may produce HF0-1243z as an a tional"compound, as'shown in FIG. 1, under the same conditions
as described heréigcfopttie aeayAroMidHhEwCEf FEEPA5<H ifsisiice ARYN39Yf. EXAMPLES

General Procedutgfor Brodiat faah/sis: aryi dheifolpwing gengemibrocaduresis ilysigtive of the

method used for analyzin% thﬁ@rod'ucts of fluorination reactions. Part of the total 20reactor effluent

was sampled®on-BhélitEst FanrproeRBPRHARRIE TRy oS AR RIICHIAH €YBfhped with a mass
selective detectoi(&iky/M) ghhelgasahematmgcanhgitibtrerbasgifcdd dempangiend/8 in. (0.32 cm)

diameter tube containing a perflyorinated polyether sold under the .. trademark Krytox by E. I. du
Pont de Nemoursggﬁaicgﬁﬁﬁ%%W?‘Eﬁ@éfﬁﬁ’ GPRARY &%ﬁ, ﬁgiaWBFg% naen%'gﬁ{barbon support.
The helium flow Weas 36y mbénpin s, Get BRrdpmiise g) yGas ot ematogiapdne epyditiansiwere 60C for an
inital hold period gl (yeg miglles {oIQUEd Y S IURSIAHIS-RIARIAIBING 1B 3Rt @ rate of
16 monobutyl ethers of such glycols, dialky! ethers such as tetraethylens
giycol dimethyl ether and pentaethylene glycol dimethyl ether, phenyi
ethers, benzyl ethers, and polyalkylens glycols such as polyethylene
glycol (average moiecular weight about 300) dimethyl ether, polyethylene
glycol (average molecular weight about 300) dibutyt ether, and
15 polyethylene glycol (average molecuiar weight about 400} dimethyl ether,
and ethoxylated furiurylalcohol. Among them, compounds wherein both
R-® and R-7 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 weli 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., guaternary phosphonium salts and
quaternary ammonium salts, and crown ethers and polyalkylene glycol
athers.
23 In one embodiment, the dehydrofiuorination is conducted within a
temperature range at which the CFCHFCHLF 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 o about 90°C. The reaction

pressure is not critical. The reaction can be conducted at atmospheric
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1132a is CH2=CF2 1225zc is CF3CH=CF2 12340 is CF3CF=CH2 E- and Z-1234ze are E- and
Z-CF3CH=CHF 245eb is CF3CHFCH2F Preparation of Fluorided Alumina Catalyst A HasteHoy(r)
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 15catalyst was dried by heating at 200C overnight

under a nitrogen floasedB0sqmmn {8133 xHECT meds) rd he sitcgeedioredvastiserereduced to 5 sccm

(8.33x10-8 m3is%r%@g quﬂgm %g(gesac&mn(%%g @%ﬁ’%’%ﬁéﬁéﬁ%ﬁﬁi %&E@S%gr)e'started and maintained

for 60 minutes. The temperatlre was raise this teémperature for a further 60
minutes. The 20 CFC-17 flpwestopipddantthe reactomenigsiaioreréisenay 460 uinder a flow of 50

scem (8.33 x 10-4,mysypldivegedand held at is iemperaties for anadditional 0dminutes. The

reactor was then brought to the desired operating temperature. EXAMPLE 1 Vapor phase

dehydrofluorinatiGieBY HPCIABE IR ToD-RGSE2S A WRE Fior dedcal v 2#dy SEED the reactor

containing the fluaridedipheminacatalystriensiad:amakone Was feddevapi»f HFC-245eb and
nitrogen at various reactor temperatures. The nitrogen to HFC-245eb ratio was 0.67:1 and the

30contact time waS SRS O fOIE RS s TIBUR dR5IFEeY err SFIPRRP ARRP R & Ritrogen to
HFC-245eb ratio wastinkand ihe comtact ivsaeiovasioiesaganes: Thegpraguet leaying the reactor was

analyzed by GC/MS. and the eSS 40 08180218 SUIDRLZE D TARIR oT G5 Reactor T.C

16 recovered from the reaction mixture.

in another embodiment, in a continuous mode of operation, the
reaction vessel is charged with the basic agqueous solution, non-agueous,
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 coliect in an appropriate vessel! such
as cold frap.

Products formed by liquid phase dehydrofluorination comprise HIi-,
HEO-1234yf, and, if HFC-254eb is present in the feed mixture, HFO-

20 1243z In one embodiment, the HFO-1234yT is typically separated from
the tower boiling products and higher boiling products by conventional
means (e.g., distillation).

Behydrofiuorination 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 iemperatures have been found to produce higher levels of
HFO-1234ze. This reaction is also shown in FIG. 1.

Hydrogenation of HFO-1234z& may produce HFC-25410 as an
additional compound, under typical conditions for hydrogenation, as

30 described in Intemational Patent Appilication Publication W(O2008/030440
A2. Generally, HFO-1234ze is added with hydrogen to a reaction vessel

containing a hydrogenation catalyst, such as palladium or supported
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1234y-f E-1234zeZ-1234ze 245eb 200 ND NDND 99.9 30014.3 3.6 OM 81.2 350 28.2 9.52.3 60.0 400
45AF18.9 4.4 31.3 40052.022.0 5.420.4

palladium, wherein the support may be alumina, aluminum fluoride, or
carbon, as well as other hydrogenation catalysts. The reaction may be
carried out at temperatures from about 56 °C o about 300 °C with a
contact time of about 5 to about 100 seconds. The molar ratio of

5 hydrogen to HFO-1234ze may be anywhere from about 1.5:1 to about
25:1. This reaction is shown in FIG. 1.

Hydrogenation of the product HFO-1234yi may produce HFC-
254eb as an additional compound, as shown in FIG. 1, under the same
conditions as described above for the hydrogenation of HFO-1234ze 1o

i HFC-2541D.

Dehydrofluorination of the HFC-254eb or HFC-2541h may produce
HFO-1243zf as an additional compound, as shown in FIG. 1, under the
same conditions as described herein for the dehydrofluorination of HFC-
245eb to produce HFO-1234yf.

EXAMPLES

General Procedure for Product Analysis

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

trademark Krytox@ by E. I. du Pont de Nemours and Company ("DuPont”

25 of Wilminglon, Delaware) on an inert carbon support. The helium flow was

30 mi/min (5.0 x 10-7 m3!sec:). Gas chromatographic conditions were
60°C for an initial hold period of three minuies followed by temperature
programming to 200°C at a rate of 6°C/minute.
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5ND = 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) toouter 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, 15centered 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 measute3eENGor temperature. To the reactor heated to various operating temperatures
was fed 5 sccm (%313)‘&9&8 m3/s) nitrogen and 2.37 mL per hour of liquid HFC-245eb that was
vaporized before entering tAe reactor. 20The contact time was 60 seconds for all runs. The reactor
effluent was analyzZE#bysantn=lirfe: GC/MS. The product analysis in mole %, at various operating
temperatures is sysynarized indiable-3. TABLE 3 Temp C Unknown 23 1132a 1234yf E-1234ze

1225ye
5 1234yfis CFCE=CH;

E-and Z-1234ze are E- and Z-CF.CH=CHF

Preparation of Fluorided Alumina Catalyst
10 A Hastelloy® tube (17 OD X 854 ID X 10°L) was filled with 25 cc
(16.68 grams) gamma-alumina ground fo 12-20mesh. The packed portion

of the reactor was heated by a 5.0" X 1”7 ceramic band heater clamped to
the outside of the reactor. A thermocouple, positioned batween 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 scem (8.33 x 107 m®fs). The nitrogen flow was then reduced to 5 scem
(8.33 x 10° m¥s) and a flow of 20 scem (3.33 x 10-7 m/sy CFC-12
(CF.Cly) started and maintained for 60 minutes. The temperature was
raised to 325°C and held at this temperature for a further 80 minutes. The

2 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 heid at this temperature
for an additional 60 minutes. The reactor was then brought to the desired

operating temperature.

EXAMPLE 1
23 Vanor phase dehvdroflucrination of HEC-245eb to HFO-1234vf with

fluorided alumina caialyst

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 fime



Z- 234ze 245eb 600 0.5,0.8110.1 3.1 1.0 ND 10.294.3 650 1.9 4.7 1.0 5.9 2.3 0.3 0.883.1 700

was 80 seconds. The product leaving the reactor was analyzed by
GC/MS and the results in mole% are summarized in Table 2.

TABLE 2
Reactor T,°C | 1234yf | E-1234ze | Z-1234ze | 245eb
200 ND ND ND 99.9
300 14.3 3.6 0.8 81.2
350 282 85 2.3 60.G
400 454 18.9 4.4 31.3
400 52.0 22.0 54 20.4

ND = Not detecied

h

EXAMPLE 2
Pyrolysis of HEC-245eb
The reactor was a 8.5 inch (24.1 cm) long * (.50 inch (1.3 cm)

i6  ouler diameter x 0.35 inch (0.89 ¢cm) inner diameter tubing with a wall
thickness of .15 inch (3.8 mm) containing an internal goid 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 o the outside. A dual control thermocouple,

i5  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 liguid HFC-245eb that was vaporized before eniering the reactor.

20 The contact time was 60 seconds for all runs. The reactor effiuent was
anatyzed by an in-line GC/MS. The product analysis in moie %, at various
operating temperatures is summarized in Table 3.
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4.317.415.11678.51.8374257501_7.724.67.9 28.0 14.8 3.4 6.6 6.9 ND = non-detectable
EXAMPLE 3 Liauid phase dehydrofluorination of HFC-245eb to HFC-1234yf 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 CaSO4 drier and then through activated molecular

TABLE 3
Temp Unknown| 23 |1132a 1234vyfiE-1234ze{1225ye! Z- 245eb
°C 1234ze
600 0.5 0.8 01 3.4 1.0 ND 0.2 94.3

650 1.9 47 | 1.0 5.9 2.3 0.3 0.8 83.1

700 43 |174 54 16.7 8.5 1.8 3.7 42.5

750 77 246 79 | 280 148 | 34 6.6 6.9

ND = non-detectable

5 EXAMPLE 3
i iguid phase dehvdrofivorination of HEC-245eb (o HFC-1234vi

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

thermocouple, and over-head stirrer. The effiuent of the condenser was
passed through a CaS0, drier and then through activated molecular

10 sieves and a stainiess 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 frap prevented contamination of the trapped product by
moisture.

15 The flask was charged with water (736 mlL), tetrahydrofuran (200
mL}, KOH pellets (180 grams, 3.21 mol}, and methylirioctylammonium
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, CF:CHFCH.F (HFC-245eb) was added

20 at arate of about 100 sccm. The pH of the basic agueous solution was
about 13. Two phases were present in the fiask. About 247 grams of
crude product was coliected containing 96.1% 1234yf, 0.5% Z-1234ze,
0.1% E-1234ze and 2.9% unreacied HFC-245eb. Very little exotherm was
observed while feeding the HFC-245eb.
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tosieves 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(r) by DuPont (Wilmington, Delaware) the exit
of the stainless steel trap prevented contamination of the trapped product by moisture. 5The flask was
charged with water (736 mL), tetrahydrofuran (200 mL), KOH pellets (180 grams, 3.21 moo, and
methyltrioctylammonium chloride, a quaternary ammonium salt sold under the trademark AliquatTM
336 (3.13 grams, 7.74 x 10-3 mol) that functions a&&aﬂgﬁe transfer catalyst. While vigorously stirring,
CF3CHFCH2F (HFC-245eb) was added 7_Oat a out 100 sccm. The pH of the basic aqueous
solution was abofi8. i T waipheses 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. CLAIMS What is claimed is: 1.
A composition comprisig HFOAk284pbantatdeastraiegiddittiohaBégimpaliatisetdatee from the group

HFC-2360h, HFCAOLEA. HEEDBU HCES L WEE I o MRS Folttbass,
HF0-1225ye, 3,38 @ifkfptopratlybe2 dthatieOetBdde] priviiaidd 5B O-IF; ARG 438CHFC-134,
HFC-134a, HFO:- %aﬁ%gtfobﬁgl’ﬁgﬁé%%?% 8?%%@?%8%?}%1 Spptaining less than about

1 weight percent o ﬁe’ at leas omposition comprising HFC-245eb
and at least one HitdkidoAabgontholntiXEactddrtornaheygraip Cetmsistngpod piF® 2@4zanke FC-245fa,

70 1205y6, meHOHL: SHCRE profane HEG 03 P T He s T 1o Fitots,

HFO1234yfiHFGx254€b,1AFR-1243zf, and HFC-254fb.

2. The composition of claim 1 containing fess 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,
HEC-24%5fa, HFC-236¢cb, HFC-236ea, HFC-236fa, HFC-227ea, HFFC-
227ca, HFO-1225yc, HFO-1225z¢, HFO-1225ye, methane, ethane,
propane, HFC-23, HFC-143a, HFC-134, HFC-1343, FC-1216, HFO-

20 1234y, HFC-254eb, HFO-1243zf, and HFC-2541b.



