TITLE COMPOSITIONS COMPRISING 1,1,1,2,3-PENTAFLUOROPROPANE OR 2,3,3,3-
TETRAFLUOROPROPENE CROSS REFERENCE TO RELATED APPLICATIONS 5This application
claims the priedtytexaficof U.S. Provisional Application 61/126,813, filed®VE{/S2HPG08111
BACKGROUND Field of the Invention. The present disclosure relates to the field of compositions
which io 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 polyo nd polyurethane, gaseous dielectrics,

extinguishing agent ?@g i essi in liqui rﬁqﬁw f rticular, the
present disclosure r%% s@ggﬁ%ﬁ%ﬁ%\%ﬁﬁ%@; b%égug"efu as%%a%gr@e%%%%lgg;itions, such as
2,3,3,3- tetrafluoropropene (HFO-1284%,HB-1 2B ML O ROMPESRITNE comprising
1,1,1,2,3-pentafluoropropane (HFC-245eb, or 245eb) which are useful in processes to produce
“HF0-1234yf. 20 2.DescriptiCROSRIREEGREANC Réahivbinbh it H1LA AR

for new compgsitions foryse Jp jeidgeraian, aikcaRdignian anchess P ABRaraus. Low global
warming potential compounds are of particular 25interest. SUMMARY OF THE INVENTION

Applicants have fotpiiieat@mBprépadg Siled N low®iSbal warming potential compounds, such as
HF0-1234yf, that certain additional compounds are,
embodiment, there is provided a composition €ekg: -+6-1234y1 and at least one additional
compound selected from_the, gr. onsisting of HF0-1234ze, HFC-254eb, HFC-254fb, HF0-1243zf,
HFC-245eb, HFC- 45f;r,t: i‘—?%&ggtﬁ?}iﬁg@?%cb, HFC-236ea, HFC-236fa, HFC-227ea, HFC-227ca,
HF0-1225yc, HF0-12257th4pi@ k2R Sies @s818-aiiosoior 6y fisldeé trmepsititnseypidpane, HFC-23,
HPC-143a, HEC-134, BEGRLIA G HAsh AUEGahtt. TBR.COMRROSHIRRADRIAIRPSS than
about 1 weight percent™of the at least one additional compound. _ .
agents, blowing agents, solvents, cleaning agents, carrier fluids,

displacement drying agents, buffing abrasion agents, polymerization
media, expansion agents for polyoiefins and polyurethane, gaseous
dielectrics, extinguishing agents, and fire suppression agents in liguid or
15 gaseous form. In particular, the present disclosure relates to composifions
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 prot;esses to produce HFO-1234yf.
20
2. - Description of Related Art.

New environmental reguiations have led to the need for new
cdmpoSitions for use in refrigeration, air-conditioning and heat pump
épparatus, Low global warming potential compounds are of particular

25 interest.
SUMMARY OF THE INVENTION

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

30 Therefore, in one embodiment, there is
provided a composition comprising HFO-1234yf and at least one



In addition, in another embodiment, there is provided a composition comprising HFC-245eb and at
least one additiopaligprmpeBRhsairrietim fhergtaspeansisingsohbi bOHRS47 3448 C-245fa,

HFC-245ca, HFC-236¢cb, HFC-236ea, HFC-236fa, HFC-227ea, HF HEQ-1225yc, HF0-1225zc,
HFO0-1225ye, meﬁf&f@?éﬁ%ﬁ@%’r%?)%fﬂeﬁﬁ@d—%%ﬁlf&éégg%é%?ﬁ%- 2, FC-1216,
HFO1234y, HFC2254dg b EE0 4243 H Fandds BE -A54Th2 o fthisiEase 2 thenc bifiPeBiioa may contain
anywhere from greater than z | e t out ight percent of HEC-245eb. The
compositions coﬁﬁ%ﬂ?&%ﬁgj%ﬁu&% ﬁgg% sfgsgt{gr@}}oo OEEHEY1 DS y%ne, In one
aspect, there is psthddedhaoparrndsiiorR 8oRTRTIsIAG &l FI-C2334f HRE arBadditiofal €32spound
HF0-1234ze, wherej | amount of (ti ' i iti ges from
ancé?ag?ﬁggr&ge% Stghandl %eﬁ{ﬁ.%@Pe%%%qaana%%gﬁwg@ggée}g f

greater than zero'w n 1 weight percent. In"anothe ereis
provided the useaffthecattgrasition agdiifire ¢emeeetad.a heat transfer composition. In still another
aspect, there is prowd(?r(]j a’{g&tuse iof grQ&&&m%%%g%]e%? efined above as a refrigerant. In yet

another aspect, there is prow'&gd the J8€ of the compaosi R as defined above as a refrigerant in air

conditioners, freezrndglefeiguramnsiing fa5upiss s cHifek andRidaasi A /5P s, direct
expansion chillerg,genrifuoal chillars Jwalksie cRplisnieah gumns anoile e rgeratpss mobile

refrigerators, mobi?e air conditioréiél?c]; units ang combinations thereof. In ancﬁ?&r aspect, there is

provided the use BFe4erApB&itoRstsd dafifed 355ud B aerBEI PrépefdSR: ™ 1n still another
aspect, there is ppovidedfhe Wse fdhamompositongrEs-defines, akeve:as, iomaieg agents. In yet

another aspect, there is provided a method of t trans rein ing, fluid is used to carry
heat from a heat Q&R@B%@ﬁéﬁ%sﬁﬁ?éﬁ%ﬁc%ﬁéﬁgy%ga/%%ng%%%c%ﬁg:@ing a composition
as defined aboves BRJEHPEICHRIF HON-GR THEARKIACNG4 . FlGiddssesti'ematic drawing
showing a reaction for producing HFO-1234yf from HEC-245eh. and the side r i om
HF0-1234yf and SGerobiten ay r%%@%‘fﬁn%r?%%%r&j?& r?%l%ﬁ%%%e%@%@ﬁ@é%%%ﬁ 0-1234yf
reaction step. DERAdbER BESSRIPTHOBNOF FiFE-RREE RIRE CoRMBLIDIMERTSNISING In one
embodiment, the present discl Qi it ising -245eb and at least one
P RS U Rl ?&@&%@R&gg@mgw@ <

additional compoun e group consistin HF0-1234ze, HFC-245fa, HFC-236¢b,

HFC236ea, HFC-236fa, HFC-227ea, HFC-ZZYC% HFO-122,5}/C, HFO-lZZSngFHﬁ%%ﬁSxég, methane, |
ethane, propane, HFB-9%° EiiR8Ct A3 e iproed B e mPRpilioa CDRBSINE B 93 AR YA BB S5 44 tona
HFO0-1243zf, anshipg b@R54HD- 123 fizaneneraipaitieniotd] tmectotabbatiifiviref additionad s dmgadlicetgositibe

composition coMBASAGH rarct IR ANGRAIENT LArRARLINNL 410 2URIAL Befcer 10 about 99 welght

percent. In ano Iment, the total amount of additional compounds ranges from about 1 weight
percent to about 80 WeRjIRtperaenecintbprstifcP vitRAIRR HERE R RINRRINRT BF 4abifsharove as a heat
compound(s) rasaes: ftem-abaukl weight percent to about 50 weight percent. In another embodiment,

b o SRR 3o o Al SIGEIL I 2 Ml

a refrigerant.

in yet ano"ther aspect, there is provided the use of the composition as defined above as
a refrigerant in air conditioners, freezers, refrigerators, heat pumps, water chiliers, flooded
evaporator chillers, direct expansion chillers, cenirifugal chiliers, walk-in coolers, heat pumps,
mobile refrigerators, mobile rafrigerators, mobile air conditioning units and combinations thereof.

in another aspect, there is provided the use of the compositions as defined above as
aerosol propellants.

In still another aspect, there is provided the use of the compaositions as defined above as
foaming agents.

in yet another aspect, there is provided a method of heat transfer wherein a working fluid
is used to carry heat from a heat source o a heat sink, characterized by said working fiuid

comprising a composition as defined above.



compound(s) ranges from about 1 weight percent to about 10 weight percent. In some embodiments,
certain precursor compounds to HFC-245eb 15contain 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
20depending upon the particular conditions under which the HFC-245eb is produced. In another
embodiment, the present disclosure prowdes a composmon comprlsmg HFO0-1234yfand at least one
additional compound selecte@ R i e Pkersy dlAN APHNER HFC- 25 254eb, HFC-254fb,
HFO0-1243zf, HFC-245eb, HFC-245fa, HFC-245cb, HFC 236cb HFC- 236ea HFC-236fa, HFC-227ea,
HFC-227ca, HFOlZfE’;(}c THES %‘é’%ﬁét'ﬂﬁ@&’%%%’@%%Fﬁ@ﬁ?&ﬁrfﬂfﬁf@d%‘ﬂ%ne ethane,

propane, HFC%HE@W%H%%%&&&H@ difeQekbBdas arhFd-t21638pIn one embodiment,
the total amoun f addition abcompoundﬁﬁ) n the co posmon co Eﬁlsggﬁi ggl 34yf ranges from
greater than z& \}V!g gh@%%? S TRESTHY afﬁ%f& B%?HéHPf'n? it 8 eﬂts the impurities
present in the HFC-PA5¢)F willot@maitzntact during the reaction to make HF0-1234yf. Thus they are
included in the additional compounds. The compositions comprising HFC-245eb are useful in
processes 5 to produce HFO- 1234y1 The composmons dlsclosed herein compnsmg HF0-1234yf are

useful as heat traip&f€ Aol ARE thithwhgengents, solvents,

cleaning agents, carrier UId dIS Iacement drylglgents buffn raS|on agents polymerization
media, expansion iodfem8 5P Riftn MRl PR ‘ﬁféfh%lréééfé‘elﬁ@ﬂl@lé%fﬂ@@s@%ngU|sh|ng agents,

and fire suppressiRNERENIFnigsiher-epseeustions: Jtidisslesntheorpesitiers can act as a

working fluid used to carry heat from a heat squrce to a heat sink, Su r compositions
may also be uSEN S SrMRFAEFHEHNG 9%16%@?@‘%&%5‘%9.&%“5&9@1 ngi%ﬁ[bﬁ_ﬁ; “change; that is,

from a liquid topaams artbaediorice-rekes, HEE@empleHeithaartansHFOysiesenclude but are
not limited to ers freezers efrl erators he t h|I ded evaporator
chillers, dlrecta@gé %%%n E’a@e%t? %CR ﬁg %E: %éo?ﬁeﬁ—ﬁ? ﬁ ?pumpsﬁ 8r%oblle refrigerators,

mobile air conditioning units

2a



20and 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 transp atlor}llénﬁnsggor the road, rail, sea or air. In addition, mobile rgg&gﬁgg\&l%rb% ﬂr conditioner
25units, incllide Thosa apparatus that are independent of any moving carriér 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 cpiFgingdavitaim on gtiarteddedyidirgs2ehany NrOetRiBae shataFpary applications
may be stationar conditioning and heat pumps (including but not limited to chillers (including
8

centrifugal chiller R;h temperature heat pumps, residential, commercial or industrial air
conditioning systems, afrdaneledibgdivireshovihd dotie ssnducted soddiage dderpunal{ahchthose exterior

but connected to Q}e bund&g%sugzo%s r%oftoHr_sésﬁ@& In étgtl%%ry Fggrtlgretr@é plications, the

disclosed compositions 2 sefu qument ML com erC|aI industrial or residential
refrigerators and We@émﬂmmg ggwmaﬁr@lﬁodl‘e@aﬂﬂﬁr@@mmmw evaporator

chillers, direct expaasinn siliSrdullsra 2Bt SORIFACLESEL PR prpbifation systems.

In some embodiments, the disclosed compositions ma be used in supermarket 10refrigerator

systems. The@@‘ﬁ%‘éﬁﬁfb@’ﬂ%rﬁ’@@ﬁﬁhe'ﬂ@@%@ﬂ%ﬁ%m@ﬁhé@%ﬁf@&qﬁtﬁble 1. TABLE 1

Code Structure Cheanisabnasnmbie@staniy st Pob? byl HT WdigRf perédddolat iB8CH=CHF

1,1,1,2,3-pentafluoropropane
weight percent. In another embodiment, the tofal amount of additional

10 compound(s) ranges from about 1 weight percent to about 30 weight
percent. In another embodiment, the total amount of additional
compound{s) ranges from 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-254fh, HFO-1243zf, HFC-245eb, HFC-245fa, HFC-245¢b,
HFC-236¢b, HFC-236ea, HFC-236fa, 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-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 o less than 1 weight percent.



2,3,3,3-tetrafluoropropene E- or Z-1,3,3,3-tetrafluoropropene HFC-245fa ==.1111 11=21.1
CF3CHFCHF2 1,1,1,3,3-pentafluoropropane 1,1 ,1,2,2,3-hexafluoropropane
1,1,1,2,3,3-%63H559{%t9pane HFC-236¢cb HFC-236ea HFC-236fa CRAGHAS 043111
1,1,1,3,3,3-hexa uorop?opane [I=Sal HF0-1225yc 11=S1=1=111. CF3CF2CHF2 Ina

in some embodiments, the impurities present in the HFC-245eb will
remain intact during the reaction to make HFO-1234yf. Thus they are
inciuded in the additional compounds.

The compositions comprising HFC-245eb are useful in processes

5 to produce HFO-1234yf.

The compositions disclosed herein comprising HFO-1234yf are
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

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

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



1=1=11.111=1=1111 CF3CH3 =Ma 1,1,1,2,3,3,3-heptafluoropropane
1,1,1,2,2,3,3-heptafluoropropane a3,3,3-trifluoropropyne, 1 1,2,3,3-pentafluoropropene

1,1,1,3,3-pe&@%&9§)’@gene 2,3,3,3-pentafluoropropene HF0-1225z¢ Iﬁgﬂi}é&@y&nﬂFC-MBa

heat pumps, residential, commercial or industrial air conditioning systems,
and including window, ductless, ducted, packaged terminal, and those
exterior but connected to the building such as rooftop systems). In
stationary refrigeration applications, the disclosed compositions may be

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

embodiments, the disclosed compositions may be used in supermarket

refrigerator systems.

The compounds making up the disclosed compositions are defined

in Table 1.
TABLE 1
Code Structure Chemical name
HFC-245eb CF3CHFCH,F 1,1,1,2,3-pentafluoropropane
HFO-1234yf | CF3CF=CHz 2,3,3,3-tetrafluoropropene
HFO-1234ze | CF3CH=CHF E- or Z-1,3,3,3-tetrafluoropropene
HFC-245fa CF3;CH,CHF, 1,1,1,3,3-pentafluoropropane
HEC-236¢h CFsCFCH3F 1,1,1,2,2,3-hexafluoropropane
HFC-236es CFsCHFCHF; 1,1.1.2,3,3-hexafluoropropane
HFC-236fa CF3CH,CF3 1,1,1,3,3,3-hexafluoropropane
HFC-227¢ea CF3CHFCF3 1,1,1,2,3,3,3-heptafluoropropane
HFC-227ca CF3CF:CHF2 1,1,1,2,2,3,3-heptafluoropropane
HFO-1225yc | CFHCF=CF; 1,1,2,3,3-pentafluoropropene
HFO-1225zc | CF3CH=CF;, 1,1,1,3,3-pentafluoropropene
HFO-1225ye | CF3CF=CHF 1,2,3,3,3-pentafluoropropene
CF3C=CH 3,3,3-trifluoropropyne,
HFC-23 CHF3 rifluoromethane
HFC-143a CF3iCHjs 1,1,1-trifluoroethane
HFC-134 CHF,CHF, 1,1,2,2-tetrafluorcethane
HEFC-134a CF;CH2F 1,1,1,2-tetrafluorocethane




trifluoromethane 1 ,1,1-trifluoroethane HFC-134 1,1,2,2-4etrafluoroethane HFC-134a Ea
1,1,1,2-tetrafluoroethane FC-1216 CF3CF=CF2 hexafluoropropene (HFP) HFC-254eb CF3CHFCH3
1,1,1,2-tetrafligoynRrppaie HFC-254fb CF3CH2CH2F 1,1 ,1,3-tetrafl uorqprppanfdiri+h243zf

FC-1216 CFiCF=CF» hexafluoropropene (HFP)
HFC-254eb CFsCHFCHS3 1.1,1,2-tetrafluoropropane
HFC-254fb CFaCHLCHaF 1,1,1,3-tetrafiuoropropane
HFO-1243zf | CF3CH=CH> 1,1,1-trifluoropropene (TFP)
HFO-1132a CH2=CF> 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

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 dehydrofluorinated to produce 1,2,3,3,3-
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.
WQ02008/030440. 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-245eD 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 sémulténeously to produce compounds other
than HFC-245eb and the quantity and identity of these additional



CF3CH=CH2 1,1,1-trifluoropropene (TFP) HFO-1132a CH2=CF2 1,1-d ifl uoroethen e HFC-245eb
is available from specialty chemical manufacturers, including SynQuest Laboratories, Inc.”of Alachua,
Florida, or it‘{;@y{]&%@gge by methods known in the art. One.series of stepsthahsaniigused 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 dehydrofluorinated to produce
1,2,3,3,3- pentafluoropropene (HFC-1225ye). HFC-1225ye may be hydrogenated yielding the desired
HFC-245eb. Thedwydrogadatih csteasdnaysfiohi exdicyite, duaditinde ctedeasvti@dctiteed in PCT
g)etéolzyqbgnge%{ehydroﬂuorination of HFC-236ea to HF0-1225ye may, for

Publication No. WQ2003
example, be conducted under fhe same conditions as described herein for HFC-245eb

dehydrofluorination to HFGar@a4yhbodimenthe-iflet S¥twpisumase DY lsieydmiypraadigdlable
commercially, or m@%@@pﬂlﬁg@%&%\"@ i the,ant=f the compounds of Table 1 those that will

be present in the disclosed compositions will depend upon the method of manufacture. In some

embodiments, cefiaifl\RI€aursRIreAtpREAEA to HFC-245eb contain impurities that then appear as
additional compounds in the HFC- 20 245eb compositions. In other embodiments, these precursor

compounds may themsglves:reaticdiirieg tHed-tHeBy2udinfbratatios tapedocé iaddiional compounds
ihat hen appear Jaie HECSARD commasbinns Ja e emBediments b FARRAn conditions under

which the HFC-248% produced also produce by-products,’by IS meant adventitious 25
reaction pathwaysatahisisdogiusimbithasoostyitiierbuaiecdmpsluisiotheflueaieiFC-245eb and the

quantity and idenginy of tnegg-Agditional; comBBLALS Y ILASRERF RN RRteular conditions under
which the HFC-245eb is produced. In' some embodiments, HF0-1234yf is made by

dehydrofluofihatiGArBPeHAS AL EHONHRS RILENHA:SEABMV TP YEs taiiREideh ®drofluorination

magnesium, zinc and mixtures of magnesium and zinc and/or aluminum,;
lanthanum oxide and fluorided lanthanum oxide; chromium oxides,
fluorided chromium oxides, and cubic chromium triflucride; 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, 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-245eb 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. 4,802,838, or by freatment of
alumina with a vaporizable fluorine containing compound such as CF2Cls,
CF;HCI, and CHFs.

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

30 carried out using carbon, activated carbon, or three dimensional matrix
carbonaceous materials as catalysts in a manner analogous {o the



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 %Ei(%gngzﬁ%gded alumina, metal compounds on aluminum flypride. ppstaljpFompounds on
fluorided alumina; oxides, fluorides, and oxyfluorides of magnesium, zinc and mixtures of magnesium

and zinc and/or aluminum; lanthanum oxide and fluorided lanthanum oxide; chromium oxides,
fluorided chromium oxides, and cubic chromium trifluoride; carbon, acid washed carbon, activated
carbon, three dinpeficésnas miativsearboase GugdstiNgtedatn, 284, metsicpmetalsdssupported on

carbon. The metal compounds may be oxides, fluorides, and oxyflugrides of at.least one metal
selected from theaar%@puc%’n%?% Sgi o'?'s%u(ﬁﬂr'ﬁj,r%o gggjlﬁ]mﬁf%%igéﬁ%ﬁé%ﬁmC)%ilr‘li’ﬁ’] lanthanum,
cerium, praseodyrasendystdymisod waiarsarnaniomionmoindemcobalt cehediuimediltkel, copper, zinc,

and 20mixtures tpﬁr cff'co %ﬁg r%\l%%g%% {H@ggﬁ%gﬂgg&%&@ﬁgdrofluorination of

n
: er, . ; . .
HFC-245eb is carrie but%%lng uo alumin luoride or mixtures thereof as catalysts in

a manner analogeRiSINGhid GcTPaRST RIFEEBHSIPHIFCDIEES S HBBIosEsEPdhSdisclosed in U.S.
25Patent No. 5,3p6,000nEu0sisied Blurdiga R daH i HEGHNS.SAE SsuPcepaied as described in

U.S. Patent No. 4,902 838, or by treatment of alumina with a vaporizable fluorine containing
compound such ¥8&fSanthe Eshsraligrngran; woodyPealePRshiaHIh 81 8RS Srofiuorination
of HFC-245eb is faayriestoldussingsery bosidast ate d wgabo T opnthsasatlimendianal matrix

carbonaceous materials as catalysts in a manner analogous to th ocesses disclosed in U. S.
Patent No. 6,369??&?%? ngfﬁaa ﬁ{%‘f;fg éﬁgﬁia ngjoelr&ﬁ?,%o éésiﬁﬁe?%%?dﬁrﬁwé% ium, yttrium,
lanthanum, ceriutregeasekstyBasicmabn&oBytnitia s dpassalfh, Nhcbatot, iGol odbald)dR0dium, nickel,
, zInc, andAmj 2s t f t | to th
copper, zinc, an dglémﬁaséﬁgaaé r%%@&g%%%mﬂ . @gﬁb%}@,gﬂa %@%{E@mmﬁrwﬂggous o the

processes disclosed in o) n frorh any of the following sources are
useful for the deraradipihatiyBood, peat, coal, coconut shells, bones, lignite, petroleum-based

residues and sugar. Cogagpgsiall el able GaRRe Aieh By Rasasingings Hase sold under the
following to trademarks: Barneby & SutcliffeTM, DarcoTM, NucharmTM, Columbia JXNTM, Columbia

LCKTM, Calgon Bessaivituiysos oo et iyesasiaus maitiiolinw b RynyreisRy B T™.
Carbon inclydes agidywashegdeamamn (€ §picalhentinihas brandsaaiashwiriahydregileric acid or

hydrochiori acid followed by pydiofiuoric 15a¢i0), Acid eatient s pically suffident g provide

in U.8S. 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} info a
mass of granules of a carbonaceous material (e.g., carbon black),
decomposing the carbon-containing compounds fo 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 trifiuoride as catalysts. Cubic chromium trifluoride

30  may be prepared from Cri3XH;0, where X is 3 to 9, preferably 4, by
heating in air or an inert atmosphere (e.g., nitrogen or argon) at a



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 ae 6@3@519%S§gribed in U.S. Patent. No. 4,978,649. Of note af%&fﬁgﬁﬂg}gﬁmna‘ 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 tregiiigdhRuresiingnatrrial witthalt2neetaias @RS CRRPESHEEHBM 80 provide a
porous carbonaceous material. A carbon-carbon composite material is thus formed. In a further

embodiment, the@a@aﬁ%ﬁsdehydrofluorination of HFC245eb is carried out using chromium oxides,
fluorided chromium oxidas aRgsRidishelrobTitig tiflogdts agicatslystant uig coromium trifluoride 30

b df F3XH20 Xis3t09 ferabl heating in ai inert
mosphere (e.g. HPEn s %) s R aLr A 1 Lt S ot A0 o 3 o 12 hours.
preferably 3 to 6 hoppsrt@be)lplam,Shapmmdmthﬁ i derenitd gavdemayafolesxample, inclgde
pellets, powders gr gggiles, Addionallndgh fafatsen sPRRHRIL A lgggarbon may be in

the form of powder, granules, or pe ugh not |, catalysts may be treated

with HF before ugtithths thefeghtatat tifdtongieitsaiohie eptMersupRIve idessigiaggfiuorides. This
pretreatment can g ReaTIISHHEY PIRRITGADEAAENSIAN B HERNIRRSAIAINS OiRg can be the

reactor to be used to 10perform the reaction) and thereafter, passing HF over the dried catalyst so as

to partially saturateerataielifsasiitable sontaieeohvRinleray Barfied 8atHY I ikEeA over the
catalyst for ageriggreirtimes(f8ctidhpahdaHerd@lanipien aHE wrapeiatureotdangxample, about
200C to about 450C. 15The catalytic dehydrofluorinatign _be suitably. conducted at a temperature
in the range of fréth mpﬁ%@a%rgﬁo @}/EL\H%MBI? (?8??385{88 ié(t%?f@ﬁ?gerature in the
range of from abautt Q2 dsirapbilit dCGhe betalystedor tnperisdypidetly (g, abtout 13dabout 450
seconds, preferahly from abaqut,10 to about 120 seconds. 20The reaction pressure, can be
subatmospheric, %%{ré(g%'BH er%% %P%E%@Pa“i“ma “§%R§r? f'&Xeanrgpg%y??r)\%%a%@ng’g%%gﬂ%uﬁressures are
preferred. Howevésgtte dehydrofluorination can be beneficially run under reduced pressure (i.e.,

e e oA M T i popiargy b camd out
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 io
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 dehydrofiuorination can be beneficially run under reduced
pressure (i.e., pressures less than one atmosphere).

The cataiytic 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 to increase the extent of dehydrofluorination.
Of note are processes where the mole ratio of inert gas to
hydrofluorocarbon undergoing dehydrofiuorination is from about 5:1 to
about 0.5:1. Nitrogen is the preferred inert gas.



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. Nitr. is_the preferred inert gas. Pyrolysis (Thermal dehygg?lf QK.B,%H'QH In one
embodiment, t g%%%}%?gﬂuorination of HFC-245eb to produce HF0-1234y rfjff{lg; ?)e carr)fed out by the
pyrolysis of HFC-245eb. The reaction may be written as: 5CF3CFHCFH2 + A CF3CF=CH2 + HF
where A represents heat, and HF is hydrogen fluoride. HFC-245eb can be prepared by the
hydrogenation of @@l Flel2a( GEG&bBhb)inyes® palladium on carbon catalyst as disclosed in
International Application No. PCT/US07/14646 ﬁlﬁ/d June 22,10 2 % lished as
W02008/002501 on Jadﬁa??‘yes’?r?%@s‘,”%‘?%y PR TAe Hheagats 6’22{5@: A0 sclosed in U. S.
Patent No. 5,3960608uce HF@ol9Sibyiandidteoariedsed betbipmelyas chid¢thice?4heinge produced by
heating in the absenc ﬁ_;}/ P IS reactors generally comprise three zones: a) a preheat
zone, in which rez%%a{f%é)%@ %?o%%ﬁ%ﬁ%@eé %(') the reaction temperature; b) a reaction zone, in which
reactants reach reaction temperdiir€ahCaidat leastpafiyiiyiralyz&th; and products and any

byproducts form;\ﬁ gr@‘i%ﬁe%%ﬂfs Hé&%h‘e%‘dt*ﬂ%%‘@m&éﬂﬂ%ﬂ}% gaction zone is cooled to stop the
eac

pyrolysis reaction. Laboratdry-scale reactors have a on zone, but the preheating and 20
quenching zones may bBafdindéeb carihe peemoeddrydasyingrogenadigymilysis may be of any shape
consistent with tk@@@ég@cﬁ%i @Iglj%l% 9¥P%%Q@6Hmo%i%éﬁ@%ﬁt%led- Although not

critical, such reactors typica )2) have an innef diameter of from about 1.3 to about 5.1 cm (about 0.5 to

about 2 25inches}idgioser iagpirraatane cesticatipibiaubs; tESEHEHIRAP rdifdidH@IdAg place on the

inside of the fubexdde 483051 AR dtasgvociateddieeshlings Jefluaytdinesoangrassaated units should
be constructed, at least as regards the surfaces exposed to the reactants a 9: Erodu i%of materials
il

resistant to hydrogeHIRRIRIEM S/ i thaleRBi @ B LRFRERA LN it hELesh 298 2fs, in particular

of the austenitic type, theyiisk@uneighrrickelsatbyisraincmasmickalrioppenatigys commercially
available from Special Metals COIEP k? deﬁ the trad?mark Monel ,
il :

K . (New Hartford N;raw Yor

nickel-based alloy% A er}éiaﬁya/ aﬂ\gaipaﬁg ?%?ﬁfﬁ&y%e%aifﬁ? rna igﬁ%‘(fﬁoﬁ?&%gf ?ndiana) under the
trademark Hasteldepénallysreinafiss tefeeredresass Hagteliegaruhaidkelisroraktiaatiogeecommercially
available from Spseial MBI GOTR. YBS8IIRFASERAM 4 SoRB K AO8-RERRSIRRAC Stee!

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 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 io 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 fo 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 weli-known high
nickel alloys, such as nickel-copper alloys commercially available from
Special Metals Corp. (New Hartford, New York) under the trademark

10



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 inQ% r&%%?g hr&sist corrosion at the pyrolysis temperature, the iﬂ@’?fu%%%ﬁi@?ﬁ layer of the
reactor should be chosen of materials resistant to 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 strength at high
temperature and idorelfenmissetiabadalioge ndairreststincey i asiy dsionHiyythesreactants and products

under the temperature of th rolysis., .. In qQne embodiment, th tar inmer surface layer is made
of high nickel alldg??ﬁ%%?%gnaai Q%/%%a/@oontg}%ﬁ?ﬁa t"ﬁréa%ﬁar}?o{%é%% '&ﬁ%&é,ogreferably a nickel alloy
having at least alfbetehfiavsafvket mae" Pasteliondblpradmite divphiwingllegs than about 8 wt%

chromium, still mgéﬁ]mé%g‘%%? I}éfsa[%%l@#mm%:%%%gﬁgi@ségﬁp%%%w% fickel, and most preferably
&

substantially pure nick e comme nown as Nickel 200. More preferable than
nickel or its dloy$'@9nEE raateeRPRSY#ladriiedlsurface layer of the reactor is gold. The thickness of the

inner 25surface layer dogma! gbaianiinly sfiessdBacwighainpatkisraaneriicaksedang as the
integrity of the inner surface layer is intact. The thickness of the inner surface Iayg)lr,ﬁatgg)ically from

about 10 to abouPE GOMITE¢E2 91§98 HAT OPRLMAIEKAESS O BXamrier BGRIE n be

determined by thgypeeihodofdabrieation dhe: ersisehmatetals, andihealesiiedieartor 30life. In
one embodiment, the r@?éh(g outetr surface Ia%ﬁ%s resistant to oxid tions%r other corrosion and

maintains sufficiet it AP FEERE6R ePéf{B%%‘?o?{EBSrﬁ]g?e SHoh ssel from failing of
distorting. In@ne |nfhodimenrtothielsgartis ahtokkberomstmarhiuaicsldy sddtaniSpecial Metals Corp.

(New Hartford, Ngwaxr‘gggl M%%@éﬁﬁ%ﬁﬁ@”&% r gmpadiment. this layer is another

nickel, iron, 5chromiu oy SO orp.’under the trademark Inconel(r) 600. The
pyrolysis of HFC{245ebttor {65l 234 presidcHFY i eger dyiond nizoHpsvade 6edatalyst in a

substantially empiy.teasior -y, ahsenea abraial BeizsRernLBaLAMAlRIshardraRtment is added to

the pyrolysis loreactor that increases the reaction rate by reducing the activation energy of the

pyrolysis processSIPRENABERSHERIRIeNE B @ el IRERSIRN 88N aN 180 I Bied@nt in any

containment yess@lo§Hehorsct RIANSIS ARSIy thavedacidentdcatalilistouaadicatalytic effects
on the pyrolysis process, the cegf ct m%ﬁes, an insignificant contribution, if any, to Isthe pyrolysis rate.
a@ﬁy@f

More specifically,t%ggﬁ%té"&f &3fs absence

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



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). Examptes of

such dehydrofluorination catalysts include: fluorided alumina, aluminum fIL&?Q& %'93 romium oxide,
P00/

. 2009/137656 . ) . 11 :
optionally co‘%%mlné Sther metals, metal oxides or metal halides; chromium fltidride, and1 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 250ut the

dehydrofluorinatigshatRdubaspeesnReasing HBgprfesaamaniivnessRtesial saafrpasieasingSubstantially
empty reactors include those wherein the flow of gases througl%the reactor is ially obstructed to
cause back-mixir{a,%@ 'H@taﬂﬁsti‘?é'r%rbS? ﬁraﬁ%ﬂe FRi Wﬁ%@iﬂéfosgg{) Mheat transfer. This

partial obstructioispaoidieviminieetmntlyhNBaobtaitiectbpladinckpankiegivatihard#mearkerior of the reactor,
filling its cross-section O@bﬁjsin |?perforated baffles, The reactor packing can be particulate or fibrillar,

preferably in carth§@elisp §F eRRodiMBRE HibhIayRS /8 ARVRCHRCHE) i%8n structure like that of
Raschig rings (cetamicioh ety Qieces ehiths MatALecpproxgately fayahin-lengbnartd diameter) or

other packings with a high free’volume, to avoid the accumulation of coke and to minimize pressure
drop, and permit$#® free 5flow of gas. Preferably the exterior surface of such reactor packing

comprises materials idenfigalyi NS S0f Hie-ragelokdnIROSYriang laver matesialediaf do not catalyze
dehydrofluorination of hydrofluorocarbons and are resjstant to rydréiaggen fluoride. The_free volume of

h
the reaction zone'i§ 2PRERESBHER'BOGH, PR RHEBIHUBMAEM LY (8695 nHantrafoffeferably about

95%. The free voiainasis thencohirteadhtheseatiian zerenmeintus thizivotomiesabyheysiaterial that makes
up the reactor packi n one embodiment, the pyrolysis which.accomplishes the conversion of
1 % %?%e%?/re htl?e?r e e

HFC-245¢eb tH HI‘Eﬁgggﬁ%alsl%%rﬁgﬁﬁlsgoﬁcfﬁgfe‘ W pera (RS oFfrEm abott 4508%0 about 900C.

In another embodjhtbatpmlyemprot;@s.ié@g%&@dhﬂhﬂié@wmmmébmrﬁoc to about
850C. In anotrer mbRMMENL e YIPbRIs-FaRMEIPd AR mBrRIW B ALl abou! 600C to

about 750C. The pyrolysis temperature Is the temperature of the gases ins e reaction zone at
about the mid-. 20884086 Babbaiadptidapipesriahts amendrgtdeiciaftrets<dtiith zone is from about

0.5 to about 60 secaRdsis!prapeiickRMpREIMeNe e RRIRRIGGHMR - FREbAPR YNy, 98CONdS to about

20 seconds. In one embodiment, the pyrolysis can be conducted in the presence of one or more

unreactive difuenttfRES YRk ﬁgtﬁild\gﬁf‘?ﬁ%@@ Raughegnce 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
hydrofiuorocarbon (i.e., dehydroflucrination). Examples of such
dehydrofluorination 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 transfer. This partial obstruction can be conveniently

30  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



25react 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,

triquoromet%B(a2 (ﬁ{ng 3Qg_r{luorocarbons, may also be used as unreactive %%2%@3
e Mo rolysis re

4s_}.lgf note are
processes where theé mole ratio of inert gas to HFC-245eb fed to 30the py actor is from about

5:1 to 1:1. Nitrogen is a preferred inert gas because of its comparatively low cost. In one
embodiment, the pyrolysis reaction is conducted at subatmospheric total pressure. In another

embodiment, theipygelissisreaclinvedmbe Seapleiauounsndetreduceddetay pregsure (i.e., total
pressure less than one atmosphere). In another embodiment, the pyrolysis Breactign is carried out at
or near atmosph ke 8%9%@@%&%&@1‘ ?e%%f&raﬁﬁﬁmg't%%rylg Brih&Eiment, the
dehydrofluorinatiand@idfréted selnibarqrarkiphshedhusinig aifreg uehnseaicatineid thation. In one
embodiment, the 10reaction is carried ouf in the.presen f -a, lvent.in which the
FIFC2056b (CFAEHE A O Gt Shig Al e e Ry B 8 action i
carried out with nitonodt ggae blisfeohipbnthncxitrrine seraisedifriim titeei@RIKiRCarried out in the

presence of a phase, ansfer sAlAlYSiolhyEL ABURRELSPRRIIDRRL: R dpagHaRdS Aaried out 15with no

phase transfer catalyst. In one embodiment, the base in the aqueous alkaline solution is selected from

the group consistigiefiaydnskiee nekieriabzd drAYErefyHig ivn e aydrofl IkaraRReRTs, alkaline earth

metals, and mixtyies theragfstahers meirigasehwinied venhedised iaskids without
20limitation lithium hydroxide, sodiuméé/ roxide, %())tassium hydroxide, calcium hédroxide, magnesium

oxide, calcium 0338243 AuiFFELANIERD BoRIESAP YA bi5TSt ,%&iaﬂ%%m " potassium
phosphate, of theptikieraint; mbdur @S theTeef frAs uskthberaing thehmge ed tiscakkaditiensatation is a liquid

(whether a 25solution, dispersion, emulsion, or suspension and.the like) that is.primarily an aqueous
liquid having a pl—rr'(i)r%udb’ﬁéré) qﬁl@(?rr?g% g%g]c?élerﬁgn%s%rg%(aeﬁcu (}B%éﬁ%cs?%ﬁu ?()Cr? zﬁgs a pH of over 8. In
some embodiments, thdrbas&Eanuedivesdtitenraly sipiiotioeecdpliskesnibembodiments, the basic

aqueous solutiondaas . o, Al a-E3 ol SPME-RPROIIANS SR AP E6nducted at 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 o 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-245¢eb fed to

30 the pyrolysis reactor is from about 5:1 t¢ 1:1. Nitrogen is a preferred inert
gas because of its comparatively iow cost.
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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_empodiment the water is tap water; in other embodiments I s, deipnized or
distilled Watgrp'izﬂueg%#%ﬁnt of base (in the aqueous alkaline solution) reqltl'nre)g%t)& c?(})%\geﬁerFC-MSeb
to HF0-1234yr is approximately the stoichiometric 5 quantity or about 1 mole of base to one mole of
HFC-245eb. In one embodiment, it may desirable (e.g., to increase reaction rate) to employ a ratio of
base to HFC-245¢eb of giepigeiiBbdiment) tBerpereidiodineints, intgndxeesses of base (in the basic
agueous solution) are to be av.oi(eoed as further Eiacti(%g of th%dgsireﬂr}ﬁdroflu?ro.olefin may occur.
Thus, in to some ﬂ%ﬁ?@ﬁ&?i Fﬁwrﬁésﬂfé‘?ge 3%9 eér%'a 9 AN oUR B BYEE (in the basic
aqueous solutiometuiors iy hitytieieficilly stoichidenetit aetbiattsoresstoar(ireminéasecondary
reactions. Thus, in one embodimen molar. rati i | jon) to
HFC-245eb s rdA A4 Byl oot O St Oa B el ot 15base (i
the basic aqueousadiatdn casrieR O 48 sl ReAOATERRIDIO D1 BIRARUBEL. In yet another
embodiment, the molar ratio of base to HFC245eb is from about 1:1 to about 4:1. In certain

In one embodimen, a qgltg ( ) th NAPd iR Riafitht erasrtberagbpsgdissolved in water, or
alternatively, a concentrated solution of a base

. . (e.g.,50% 5) ,Weig]ht agueous iotassi m hydroxide) is
25diluted to the %PWB%%%W%%WW%@@'%‘@ﬁ&?—HVH Bodi %@R/EH}L%E mg%gﬂ%d is then
added with agitatieactindes otheedisetambientesnditars hoormeetisdisiestt insehiemt for the
reaction can be apitfjeeifer, sleahel, pride. ketone,sHliads, hespate, esigr, ar mixtures thereof.
In another embodiment, the solvent 1S’ seléc c“rom te Toup %conswhng of acetonitrile,
propionitrile, butyeoritridenenéthiyt ghatciionitsilegrried out with no non-aqueous solvent. In
another embodiment, the reaction is carried out in the presence of a phase
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 atkaline 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
agueous 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
30  agueous solution contains small amounts of organic liquids which may be
miscible or immiscible with water. In some embodiments, the liguid
medium in the agueous alkaline solution is at least 90% water. in one
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adiponitrile, benzonitrile, ethylene carbonate, propylene carbonate, ethanol, methanol, propanol,
isopropanol, butanol, methyl ethyl ketone, methyl isoamyl ketone, diisobutyl ketone, anisole, 2-

methyltetraf%?{rI tetrahydrofuran, dioxane, diglyme, triglyme, tetrag&w Nﬁg' thyl
formamide, N, %lrgr/?é?ﬁfﬁ acetamide, N-methyl pyrrolidinone, sulfolane, me@%%g%] o%%}ge,

perfluoro-N-methyl 5morpholine, perfluorotetrahydrofuran, and mixtures thereof. Preferred solvents
include acetonitrile, adiponitrile, 2-methyl tetrahydrofuran, tetrahydrofuran, dioxane, diglyme, and

tetraglyme. Asrhise@imertihcphass Iéaz@@f rtataly e indensrdie meait avstdstance that facilitates
the transfer of iorgc.com%oungs tiﬂto an ?r anic to phase from an agueous phase or from a solid
Yty

phase. The phas GIANe Wa%’iﬂ &tes the reaction of these dissimilar and incompatible
components. While varidus phasetefisee ¢aidhests;neay fuakbibndsdifterentegairsdtieir mechanism of

action is not determinat ir ytjlity in tion provided, that the phase transfer catalyst
Vgé{r uor _tﬂ%eg o ﬁﬁdnh& g alﬁp Pox:rggtélé/ {m%‘%q%ﬁgéﬁé[céted from the group

facilitates the isdgﬁg}dr ination rea e phase transter catalys
consisting of trovbatihrer ahiwhisaitie ot/ paseds, puyakidendigyeASemdmivgre thereof. In one

embodiment, the hassgerinRihe, NgB-BRYRIE NdNAFesQveaEAR ARIUBRhAgNase ransfer

catalyst may be added to the solvent for the reaction in quantities that improve the solubility of the

base therein. In JAERPBaaMIRAHRe24Rf5UAE OTEsHRISE#1ASRY Eatay s B3PI ESrom about 0.001

to about 10 mole|pgrjeentbases Abie (@lahamayr K RRRe Rs8oh) ranethepesthasliment, the
amount of phase 25transfer catalyst used will be from about 0.01 to about 5 mole percent based on

the total amount 8P B4LREHFEESHPN P KiEABHITER MBBHIAERIGHR ZMHAREYr JR4Se Transfer catalyst
used will be fsomsapeeithBbdinahaytitrmaglepateertbasedonibe totalaoueunt bhbasgm present. In

one embodiment of the invention, an aque r inorganic phase is present as 30 a consequence of
the base and an LIGAIEE DAL TR E B T D EE P A GBS ious solvent,
In some embodinseras ithaipinaige Faosfciacataysiosn Jaiminansstitbhdimené dbodiment, the

phase transfer cafalyst iaclesiedfar s rpup. cansiolan, plEIMM IO ANLRLARIS. cryprands

and polyalkylene glycols and mixtures and derivatives thereo rown ethers are cyclic molecules in

which ether grougg@iteGépriceredant dPabihyianetisk ffekotiaatnipeunaersaiPOmolecular structure
that is believed tqhescapaieabirarnivig: siaing heelsabamatalion abtie dxiayde and to
thereby facilitate the reaction. In some embodiments, it is preferred to match certain crown ether
phase transfer 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-agueous solvent is selected from
the group consisting of atkyl and aryl nitriles, alky! 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 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,
ether, alcohol, amide, ketone, sulfoxide, phosphate ester, or mixiures
thereof. In another embodiment, the solvent is selected from the group
30 consisting of acetonitrile, propionitrile, butyronitrile, methyi glutaronitrile,
adiponitrile, benzonitrile, ethylene carbonate, propylene carbonate,
ethanol, methanol, propanol, isopropanol, butanol, methyl ethyl ketone,



tocatalysts with certain bases used in the basic agueous solutions. In one embodiment, crown ethers
include 18-crown-6, is used in combination with potassium hydroxide basic aqueous solution;
15-crown-5, j use [ &gmbination with sodium hydroxide basic aqueou§,ég)b|rg Do ErGHown-4, is used
in combination with lithium hydroxide basic agueous solution. 15Derivatives 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 gemgDidodsvareiespediribbinylikbions, ansiggscabed in U.S. Patent No. 4,560,759
the disclosure of Wh{ﬁhgz iS h%re%n incotr orﬁt%g_ Qgrg%feé%n%e.eog{@rr%om rpyn{gls analogous to the
crown ethers andnuesef(utle 6?% G P rﬁ%s\é e corhp'oﬁ(ngs'vv oA Hitre the replacement of one
or more of the oxiggeaylgtoemNiy-Otimetkyhits obdoder dsrasnpiricatatynmider B;sethybs

nexamethy {1414} figReNc I SRS SRBRKIGRIRABIWD salisIRChdR guatemary 25

phosphonium sa quaternary ammonium-salts that may be used as the phase transfer catalyst in
the process 6f thepresetanperftisHorichnyerpoandssampérepréssatid BiefRegdllowing formulas I

and I1l: R1 R2 RYR P oW uRABARR RAHIN), 30-whereinieasu@ifaR 2. R Sand R 4, which

may be the same or different, is an alkyl group, an aryl group or an aralkyl group, and X' is selected
from the group c&HaBYAR BIran cliosrre g \Ets3 2REBE28YWREHS 04, H2PO4, HPO4 and POA4.
Specific examples of thaga,ceapern sonsiededetrameitayemenamivaeariortaiteiramethylammonium
bromide, benzyltriethylammonium chloride, methyjtrioctylammonium chloride (a 5quaternary
ammonium salt s%\’(g’%ﬂﬁcé? fﬁ@tﬁﬁ@ﬁ?&&ﬁz\ﬂ%& ﬂ@% f}lf‘eﬁ%fﬁﬁ%ﬂ ?a%%gﬁiaéacrﬁ%ride,
tetra-n-butylammpinase sonad ededa. s iphtydanomiooiu e Solidr phescs difeagtesatrabsiigtphosphonium
chloride, tetraphenylphosphoni romide, tet ium. ide,
triphenylmethylpr%%?xo&r?%?ﬁ%%?n%‘gEa%r?(ﬁﬁghagggﬁn%%ﬁgﬁﬁ%%g%ﬁﬁn&%%gg%e. In one
embodiment, bercyhgetigyitanithiievatoisidbdsaiseasiedesistystypdasio@®nditions. Other useful

compounds withipitis.Glags Af gEmRaEBAsHRAHEEARICIENIPING-hIRRISTBEIMY BRigbilities (.0,

up to about 200C.) including 4-dialkylaminopyridinium salts, tetraphenylarsonium chloride,
bis[tris(dimethylaiifi) prrsism rspmssitsraishn Rirke Eagsfer catalyst facilitates the
tetratris[tris(imetyaarsiphiesiiineaaeirhosphonium chloride; the latter two compounds are also
reported to be stable in the presence of hot, conce,nt%a?igg s§[ ium {Bédroxide and, therefore, can be

particularly useful. In otﬁ@?@rﬂﬁ%ﬁrﬁéﬁ@f Eﬁ}ﬁ{%’[ﬁ &Vl %?B%‘b%ﬂﬁ%g useful in the
reaction as phaseiisanségh@atadydlisn Shesecayptiings pdiys hgiomabpalyinsandeycticehelating agents

that are formed b%gor%r]g-g
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 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.

i



bridgehead structures with chains that contain properly spaced donor atoms. For example, bicyclic
molecules that result from joining nitrogen bridgeheads with chains of (--OCH2CH2--) groups as in

2.2.2-cryptaaq)%§6§m§.%§ 16,21,24-hexaoxa-1,10-diazabicyclo-(8.8.8)hexgeosang;«auailable under the
brand name Cryptand I\ﬁ 222 and the trademark Kryptofix(r) 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. 30In some embodiments, polyalkylene glycol ethers are
useful as phase transfefncatatgstsniindioreatenthe ginsests athefepalytd pydecendghpcoinétiters can be

represented by the formula: WO 2009/137656PCT/ 4 IV) wherein R5 is
an alkylene grouS %Lc'?ﬁ?éiir}%gq\?vgrggcr’ragpee 8%?&%&5 g{#ﬁ&%@iﬁ%%ﬁﬁ? é%g\?v%ﬁénﬁy be the same
or different, is a Hyarogem awraistingdifyirgroupitararghigiougats, arvaiemda gidup, and tis an integer 5

of at least 2. Suc _ ' I iethylene glycol, triethylene
eB&%‘pyEg?&?éﬂg %%fﬁwé% Srample-aveplz-Hel avAish

glycol, tetraethylene glycol, p ene glycol, hexaethylene glycol, diisopropylene glycol,
dipropylene glycol, triprép9lsn&hRiEchrtetiifofatase!gn ko haenetRanethyRin@ §lycol, and monoalkyl

ethers such as maiBethy b MAREE N eRRAsERY HRNEHBORaR Urhetheisiedareh glycols, dialkyl
ethers such as tetraethylene glycol dimethyl ether and pentaethylepe g| ¢ | dimeth}/l ther, phenyl
ethers, benzyl etﬁ&‘é‘?@ﬁ’d%@?&%@l@ﬁ@%Wﬁs@?@?‘ﬁﬁf&?@%‘&%@%@Tg\}gﬁﬁé olecular weight

about 300) dimethiather, grahetiancdg!yerl (@vesage,/ Maldicaiatheaightiarout 306)edibutyl ether, and
15 polyethylene glycol (average, malecular weight about 400) dimethy! ether, and ethoxylated
furfurylalcohol. A%Qﬁa m%]?%dtrﬁ%g[ﬁf g%ﬁ\wl%’r%?ﬁ %%tﬁeﬁ-aéna%rg \ﬁj-'?ér%r &ﬁﬁfgréﬁ%{‘{g&ryl groups or
aralkyl groups aregeietsesitiCoenibindianes anedrixthrebasittaabove ﬁésﬁﬂ'b@_d lfﬂmﬂ@ transfer
catalysts from ity apgof i1 ignas maY alEbe sek as el ash eamblpationsas mixtures of

two or more phase transfer catalysts selecte m more than one group, for example, crown ethers

and oniums, or fromiassientiaaravisefaticPaues s §0 dirte ifabyoyibsp foriemh Balts and quaternary
ammonium salts, apgcransheiharsoanshPahEivisn e slcahsiiris sahifioane 2ebadimeRt, the

dehydrofluorination is conducted within a témperature range at which the CF3CHFCH2F wiill
dehydrofluorinate‘.’f’rﬁd in combination with lithium hydroxide basic agueous solution.

15 - Derivatives of the above crown ethers are also useful, e.g., dibenzo-18-
crown-6, dicyclohexano-18-crown-8, and dibenzo-24-crown-8 as well as
- 12-crown-4. Other polyethers particularly useful in combination with basic
agueous 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 8, 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 1l and Ili:
R'R?R* R P XV (1
R' R? R® R* N X0 (H1)
30 wherein each of R, R? R ®and R *, which may be the same or different,

is an alkyl group, an aryl group or an aralky! group, and X' is selected from

17



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‘;gi%g%g?g out in the range of from about 15C to about 990G JIhepastipnfpressure is not
critical. The reaction can be conducted at atmospheric pressure, super-atmospheric pressure, or

under reduced pressure. In one embodiment, the reaction is carried out at atmospheric pressure.
The dehydrofluorination reactions of this invention may be carried out in either a batch or a continuous
mode. In some ethbeglsug rtsmdherapehydaifl Borin@ianGacersds, GCieHd S0k jHbRGH mode and in

other embodiments, the d rofluorination continueus mode. In one e iment, in the batch mode,
the above describ{_rle]%dCg éo%}gc%l\égﬁtsg, %?8%%%%%@%% %Pﬁj?é\%%)\rp@ssueﬁ%rl a wé% sufficient to convert at
least a portion oftéfeaREDRABsUAFCERBLYitaitdriednyingMBoUR fOMEIBrecovered from the
reaction miture. .o, J ARGIER FRAPRITMEAII FRANALRUS MRRA RhaRCRpRA e reaction vessel s
charged with the %%%il? ac%?ét%%s solution, non-aq'ueous&,’ non-glgoholic _solvgmt, andto?hase transfer
catalyst; the HFCIRABERAE tREW R U trtraplehon dehdne dasshnasks iaeaftted bith @l ndenser

cooled to 15a terppeigfidrarabHiGiREHBrHgHEUE the HbyRABRR A RRERI e d#Or. 1234yf to exit the
reaction vessel and collect in an appropriate vessel such as cold trap. Products formed by liquid phase

dehydrofluorinatiGH¥EMBRRAYTE NVHEBIEASH) LG @R IR Y DAOS REILER A YRTRE feed mixture, HFO-
201243zf. In onetetridify@iiotibdinivlBItuids, idiepthe sppacaisethium dredoder boiling products

and higher boiling products nventional means (e.d., distjllation). Dehydrafluorination of
HFC-245eb may%{é%e&ﬁm?%&%@f?gﬁmf% %W@%lﬁ%gi r’h%? inigtgwgoodﬁﬁéﬁglucrgmpound, under
the same 25 €¢onditiorideabdercebeddiereiri, beeayitiptiogaceteRni23dyddedmused245eb. Higher

temperatures ha\(ﬁ@gmffﬁfﬁﬁ%@ﬁ%ﬁﬁtm@?Uﬁ@%@é@gﬁﬁéﬁmsMﬁ‘ﬁ%@%é‘% also shown in

FIG. 1. Hydrogenatio may produce H as an additional compound, under

typical conditionsdfoediyeiestesatichdassseextripodhighderapersib et ssitalion Publication
W02008/030440 A2 {3eneredortt Pildddee i@wg%q%wim%@g@%tgﬁggeaction vessel containing a
d

hydrogenation catalyst, such as palladium or supportec _ o
tetraphenylarsonium chioride, bis|tris(dimethylamino)phosphine]iminium

15  chloride, and tetratris]tris(dimethylamino)phosphinimino]phosphonium
chloride; the latter two compounds are also reporied 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 fransfer catalysts. These are three-
dimensional polymacrocydlic chelating agents that are formed by joining
bridgehead structures with chains that contain property 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; availabie
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 cataiysts. In some embodiments, the polyalkylene glycol
ethers can be represented by the formula:
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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 (} btj;glg of about 5 to about 100 seconds. The molar rape%ézﬂﬁg; 9en 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 HF0-1234yf may produce HFC- 254eb as an additional compound, as
shown in FIG. 1, under the same conditions as described above for the hydrogenation of HF0-1234ze
to 10 HFC-254fb. Dehydrofraﬁu'maﬁgt}g Rf the HFC-254ef\0y HFC-254fb may produce HF0-1243zf as

an additional compound, as.show 1, under,the same conditions as de ed herein for the
dehydrofluorlnatlgﬁ.‘%felﬂr\:%gﬁfe%a?kﬂ n&% %I‘-C(?T?fﬂy? %&MI-P’L ense%rtﬁ)ﬁi”rocedure for
Product Analysseacthbfé?Foﬂome o atqy deetheredsnit ustcifioreof, fseaarngdhogiensed for analyzing

the pr_oducts of flg% %‘!‘Sfﬁﬁf&? E@g;ﬁf%ogrgogﬁl ggrgpacfﬁg @Hg%ﬁ@?@%@m gp-line for

organic product analysis us equippe mass selective tetector
(GCIMS). The ga@“@ﬁﬁ@ﬁﬁ%g&mﬁym@@df@Q@ﬁ'u@ﬂﬁﬁ)%ﬁﬁwqgﬁﬁm&)m%ﬁﬁ diameter tube

containing a per-fyappgirdprbye thRisakhandrichectradingemagykertogndanidngu Pont de

Nemours and Company ("DuPont" 25 of Wilmington, Delaware) on an inert carbon support. The

helium flow was 86/ ﬁﬂ_/ﬁﬁﬁa@t@’g‘?’i@@m/ﬁ@@%@y@ﬂﬁrﬂy@réﬂb‘?ﬁ&pé’mt@iﬁ%%ere 60C for an

initial hold perlodtﬁbmp@eww@@; fellowedindesgomluadraasaeming © go8sl, ahd rate of
6C/minute. LEGEND a2i s HF3 1132a iIs CH2= ﬁ 1225z¢ is CF3CH= CF%_@ZMW is

CF3CF=CH2 E- %8 L SN AR DO BET Y TP A (T RERARY,

10 monobutyl ethers of such glycois, dialkyl ethers such as tetraethyiene
glycol dimethyl ether and pentaethylene glycol dimethy! ether, phenyl
ethers, benzy! ethers, and polyalkylene glycols such as polyethylene
glycol {(average molecular weight about 300} dimethyl ether, polyethylene
glycol (average molecutar 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., guaternary phosphonium salts and
guaternary ammonium salts, and crown ethers and polyalkylene glycol
gthers.

25 In one embodiment, the dehydrofluorination is conducted within a
temperature range at which the CFsCHFCH.F 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 80°C. The reaction
pressure is not critical. The reaction can be conducted at atmespheric
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Preparation of Fluorided Alumina Catalyst toA Hastelloy(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@lé%g9 %1% ceramic band heater clamped to the outside %&%@%}Bﬁsﬁ}hermocouple,
positioned betweenlt%e‘ reactor wall and the heater, measured the reactor temperature. The 15catalyst

was dried by heating at 200C overnight under a nitrogen flow of 50 sccm (8.33 x 10-7 m3/s). The
nitrogen flow was then reduced to 5 sccm (8.33 x 10-8 m3/s) and a flow of 20 sccm (3.33 x 10-7 m3/s)

CFC-12 (CF2CI2psissied, anganatniaispewfior Hegningies. dHietestuetipeysasaaiseshie 325C and
held at this tempera#ur for a {Hrther 0 minutes. The E%C C-thfIaW stog ed and the reactor

temperature rais€d 1 40U under oW & 86"%887? L( 3 x%?n?ﬁs(j B PorS'en and held at this

temperature for an addifiendet@drofiuteinatibe reactionwas thennesdight Tatheedessiried operating

temperature. EXAVIBLE .25 YaRS! 8hase AAIOTORnaion e aRh g HRO-1234yL wih

fluorided alumina catalyst To the reactor containing uori alumina catalyst prepared as above

was fed a vapor OEREmPITERHAN PROCRRSHISCIEIRSLOUEdbGIGR Mgk filed) PHERitrogen to
HFC-245eb ratio gMas,Qifrdiandd i dReeniasiiims et sreandadorn g-st four analyses. For the

fifth analysis, the nitrogen to HFC-245eb ratio was 1:1 and the contact time was 90 seconds. The

product leaving tREROSIRELAS KiaRAIel BPesciRfPRRYGIHSFEERRE FPMBRAR @G immarized in
Table 2. TABLE Zdrieaster ih.& LA kedPdee £ta34zeddbe convert at least a

portion of the HFC-245eb to HFO-1234yf and then the HFO-1234yf is
10 recovered from the reaction mixture.
in another embodiment, in a continuous mode of operation, the
reaction vessel is charged with the basic aqueous 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-
1234yf to exit the reaction vessel and coliect 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).

Dehydrofiuorination 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
HF0O-1234ze. This reaction is also shown in FIG. 1.

Hydrogenation of HF(Q-1234ze may produce HFC-254fb as an
additional compound, under typical conditions for hydrogenation, as

30  described in International Patent Application Publication W02008/030440
A2. Generally, HFO-1234ze is added with hydrogen to a reaction vessel
containing a hydrogenation catalyst, such as palladium or supported

20
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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
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-1234yf 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 to
HFC-2540.

Dehydrofluorination of the HFC-254eb or HFC-254fb 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 HFG-1234yf.

EXAMPLES

General Procédure for Product Analysis

The following general procedure is illustrative of the method used
for analyzing the products of fluorination reactions. Part of the total
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. I. du Pont de Nemours and Company (“DuPont”
of Wilmington, Delaware)} on an inert carbon support. The helium fiow was
30 mL/min (5.0 x 10-7 m3lsec). Gas chromatographic conditions were
60°C for an initial hold pericd of three minutes followed by temperature
programming to 200°C at a rate of 6°C/minute.
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22.0 5.4 20.4 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) 10outer diameter x 0.35 inch (0.89 cm) inner diameter tubing with
a wall thickness .J5Jnch (3.8 mm) containing an internal gold lining. ' the gold
lining was 0. %%r?gz%% 0 cm). The reactor was heated with a ceramic b}n &gg@%g%?r{mh long (14.5
cm) x 1 inch outer diameter (2.5 cm) clamped to the outside. A dual control thermocouple, iscentered
in the middle of the band heater between the outside of the reactor and the inside of the band heater
was used to contygl@nsi[measure reactor temperature. To the reactor heated to various operating
temperatures Wag%ed(g cm (8.33 x 10 m3/s) nitrogen and 2.37 mL per hour of liquid HFC-245eb that
was vaporized b i3 ﬂg?ing the reactor. 20 The contact time was 60 seconds for all runs. The
reactor effluent wes3daaty@eti+yran in-line GC/MS. The product analysis in mole °)/0, at various
operating temper%%ez%ié W:rggg in Table 3. TABLE 3 Temp C Unknown 23 1132a 1234yf
E-1234ze

5 1234yfis CF3CF=CH

E- and Z-1234ze are E- and Z-CF;CH=CHF
245eb is CF:CHFCH,F

Preparation of Fluorided Alumina Catalyst
16 A Hastelloy® tube (17 OD X .854 1D 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 scem
(8.33 x 10 m%s) and a flow of 20 scem (3.33 x 10-7 m*/s) CFC-12
(CF,Cl,) started and maintained for 60 minutes. The temperature was
raised to 325°C and held at this temperature for a further 80 minutes. The

20 CFC-12 flow stopped and the reactor temperature raised to 400°C under a
flow of 50 scom (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 dehvdrofluorination of HFC-245eb to HFO-1234yf with

fluorided alumina catalvst

To the reactor containing the fluorided alumina caialyst 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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1225ye Z- 1234ze 245eb 600 0.50.80.1 3.1 1.0ND 0.294.36501.94.71.05.92.30.30.883.1

WO 2009/137636 ’ PCT/USZ009/043111

was 90 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 0.8 812
350 282 9.5 2.3 60.0
400 454 18.9 4.4 31.3
400 52.0 22.0 54 204

5 ND = Not detected
EXAMPLE 2

Pyrolysis of HFC-245¢eb
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 cmj 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 healer was used to control and measure
reactor temperature. To the reactor heated to various operating
temperatures was fed 5 scem (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.
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7004.317.45.116.78.51.83.742.5750 7.7 24.6 7.9 28.0 14.8 3.4 6.6 6.9 ND = non-detectable
SEXAMPLE 3 Liquid phase dehvdrofluorination of HFC-245eb to HFC-1234vf

WO 2009/137656 PCT/US2009/043111

JABLE 3

Temp [Unknown| 23 | 1132a | 1234yiIE-1234ze]1225ye| Z- | 245eb
°C 12347e

600 0.5 0.8 0.1 3.1 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) &1 16.7 8.5 1.8 3.7 42.5

750 | 7.7 246! 7.9 | 280 | 14.8 3.4 66 | 69

ND = non-detectable

5 EXAMPLE 3
Liguid phase dehvdrofiuorination of HFC-245eb o HFC-1234vy{

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 CaSOQ, drier and then through activated molecular

10 sieves and a stainless steel trap with dip tube immersed in dry ice
facetone. 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), KCH pellets (180 grams, 3.21 mo!), and methyltrioctylammonium
chioride, a quaternary ammonium salt sold under the trademark Aliquat™
336 (3.13 grams, 7.74 X 10™ mol) that functions as a phase transfer
catalyst. While vigorously stirring, CF3CHFCHF (HFC-245eb) was added

20 at a rate of about 100 scem. The pH of the basic agueous solution was
about 13. Two phases were present in the flask. About 247 grams of
crude product was coliected 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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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 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 prev&iigdhtBntamination of the trapped product by
moisture. 15The flask was charged with water (736 mL), tetrahydrofuran (200 mL), KOH pellets (180
grams, 3.21 m%ﬁ%@@@%@q&tylammonium chloride, a quaternary ammonium salt sold under the
trademark Aliqua .13 grams, 7.74 x 10-3 mol) that functions as a phase transfer catalyst.
While vigorously stirring, CF3CHFCH2F (HFC-245eb) was added 20 at a rate of about 100 sccm. The
pH of the basic qudbGersottivivasraposingdiTio| gR4yé ankan ddiianal trmasknAbout 247

grams of crude prodyies was SaYeCtEASNAINING BP b ARBAI: QAU LEMBEURIEAA342e and
2.9% unreacted HFC-245eb. Very little exotherm was observed while feeding the HFC-245eb.

CLAIMS What is claiRfeg@esitionyansfiolRonaceaipFitag REC 1930 pricantbdedrish fizdmpound
HF0-1234ze, whereip the iaial amoynt of additional compounds in said 5composition ranges from
greater than zero weight percent to less than 1 weight percent. 2. The composition of claim 1, further
comprising at least gne additional _con&?ound selected from the group consisting of HFC-254eb,

HFC254fh, HFG1243Df FRIEPSSEINN pfrcain dralUiber Sy $IRT el 52t Atrradeibapa,

HFC-236fa, HFC-22¢gm dotRd2odeatddRfohR Ry arblifiibeenk GOHRCYS4arethRas, ethane,
propane, HFC-23, HFC-143a, HFC-134, HEC-134a, HFO-1132a, and FC-1216. 3. Use of a

composition of claim2P4it> ’ég Qﬁ@éﬁ%ﬁdﬁf&@é’rﬁ%sméﬁﬁ.‘*@% B{ﬁﬁézééf%o@iﬁmgim lor2as

a refrigerang. 15 5.Usgrof-isse@MAPEitizessh CRIFT-L oY 223 i wrcanHR@in 00BdiigAe, freezers,
refrigerators, heat pumps, water chillers, flooded evaporator chillers, direct expansion chillers,

centrifugal chillers, weiRS%eddlers1KE2YBurihaniirt RenRePpR en oG 4 cbihditidfidy units and
combinations thereofFC-134, HFC-134a, HFO-1132a, and FC-1216.

3. Use of a composition of claim 1 or 2 as a heat transfer composition.
4. Use of the composition of claim 1 or 2 as a refrigerant.

15 5. Use of the composition of claim 1 or 2 as a refrigerant in 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

and combinations thereof.
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20 25 6. Use of the compositions of claim 1 or 2 as aerosol propellants. 7. Use of the compositions of
claim 1 or 2 as foaming agents. 8. A method of heat transfer wherein a working fluid is used to carry
heat from a heat source to a heat sink, characterized by said working fluid comprising a composition of

claim 1 or 2. 9.gThe metherkiot daimpSsibiesein dharwarking Heiddsoasefiiopeaninisat undergoes a
phase change between the liquid and gas phase.

7. Use of the compositions of claim 1 or 2 as foaming agents.

8. A method of heat transfer wherein a working fluid is used to carry heat
from a heat source to a heat sink, characterized by said working fluid

5 comprising a composition of claim 1 or 2.

9. The method of claim 8, wherein the working fiuid is a refrigerant that

undergoes a phase change between the liquid and gas phase.

26



