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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
may be useful as heat transfer cofnpc»sitions, aerosol propellants, foaming

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

displacement drying agents, buffing abrasion agents, polymerization
media, expansion agents for po!yalaﬂné and polyurethane gaseous
d:eiectncs extinguishing agents, and fire suppression agents in liquid or

: gaseous form. In particular, the present disclosure relates to compos;txms

which may be useful as heat transfer compositions, such 33 2,3,3,3-
tetrafluoropropene (HFQ-1234yf, or 1234yf) or the aampest‘aans
comprising 1,1 ‘i 2.o-pentafiucropropane (HFC-245eb, or ’*45@%:::) which

- are useful in proceeses to produce HFO-1234y1.

2. Description of Related Art. ‘
New environmental regulations have led to the need for new
cdmpcéitions for use in refrigeration, air-conditiening and heat pump

. apparatus. Low global warming potential compounds are of pamcular

interest. _
SUMMARY OF THE mvsma’am

~ Applicants. have found that in preparing such new low global
warming potential compounds, such aé HFO-1234vy1, that certain

"additional compounds are present in small amounts.

Therefore, in'accordance with the present invention, there is
provided a composition comprising HFO-1234yf and at least one 4
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additional c:;ompouhd éeiected-from the group consisting of HF0-1234zs,
HFC-254eh, HFC-254fh, HFO-1243zf, HFC-245eb, HFC-245fa, HFC-
245cb; HFC-236¢h, HFC-236ea, HFC-236fa, HFC-227ea, HFC-227¢a,
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. The composition contains less than about 1 weight parcent
of the at ieast one additional compound. | |

in addition, in accordance with the present invention, there is
provided a dompoéitioncomprising HFC-245eb and at least one additional
compbund- selected from the group consisting of HFO-1234ze, HFC-24 57z,

‘HFC-245¢ca, HFC-236¢b, HFC-236ea, HFC-236fa, HFC-227ga, HFC-

227ca, HFO-1'_2_2‘§_3{Q.! HFO-1225zc, HFO-1225ye, methane, ethane,’

propane, HEC-23, HFC-143a, HEC-134, HFC-134a, FC-1218, HFO-

1234yf, HFC-254eb, HFO-1243zf, and HFC-254fb. In this case, the;:

f compoéitian may coniain anywhere from greater than zero weight percent
io about 99 weight percent of HFC-245eb. The compuositions comprising

HFC-245eb are usaful in.processes to produce HFO-1234y1.

. BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic drawing showing a reaction for producing
HFO-1 234yf'fmm HFC-245eb, and the side reactions from HFO-1234y{
and HFC-245eb that may simultaneously occur during the HFC-245eb to
HFO-1234yf reaction step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

in one embodiment, the present disclosure provides a compoesition

‘ comprising HFC-245eb and at least one additional-compound selected
“from the group consisting of HFO-1234ze, HFC-245fa, HFC-236cb, HFC-

236ea, HFC-236fa, HFC-227ea, HFC-227ca, HFO-1225yc, HFO-1225z¢,
HFO-1225ye, methane, ethane, propane, HFC-23, HFC-143a, HFC-134,
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-HFC-~134a, FC-1218, HFO—'l 234yf, HFC-254eb, HFO-1243Z, and HFC-

254, :

in one embodiment, the total amount of additional compound(s) in
the composition comprising HFC-245eb ranges from greater thah zero
weight percent to about 99 weight percent. In another embodiment, the
total amount of additional compounds rahges from about 1 weight percent
to about 80 weight percent. In another embodiment, the total amount of
additional compound(s) ranges from about 1 weight percent to about 50
weight percent. in another embodiment, the total amount of additional
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 smbodiments, certain precursor cornpounds to HFC-245eb
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—Z&S@D 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 present disclosure provides a
composition comprising HFO-1234yf and at least one additional
compound selected from the group consisting of HFO-1234ze, HFC-
254eh, HFC-254fh, HFO-12432f, HFC-2456b, HFC-2451a, HFC‘—MScb,
HFC»Z360D;HFC-23Gea, HFC-2361fa, HFC-227ea, HFC-227ca, HFO-
1225yc, HFO-1226z¢, HFO-1225ye, 3,3,3-trifluoropropyne, methane,
ethane, propane, HFC-23, HEC-143a, HFC-134, MFC-134a, HFO-1132a,
and FC-1216. | |

in one embodiment, the fotal amount of additional compound(s} in
the oompositio’n comprising HFO-1234yf ranges from greater than zero

“weight percent fo less than 1 weight percent.
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In some embodiments, the impurities present in the HFC-245eb will
remain intact during the reaction fo make HFO-1234vyf. Thus they aré
included in the additional compounds. .

| The compositions comprising HFC-245¢b are useful in processes
to produce HFO-1234yf.

The compositions disclosed hereln 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
agents for polyolefins and polyurethane, gaseous dislectrics,
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 o a heat sink. Such heat transfar compositions
may also be useful as a refrigerant in a cycle wherain the fluid undergoes
a phase change; that is, from a liquid fo a gas and back or vice versa.

Examples of heat transfer systems include but are not imited (o air

conditioners, freezers, refrigerators, heat pumps, water chillers, floodad

- evaporator chillers, direct expansion chillers, centrifugal chillers, walk-in
' coolers, heat pumps, maobile refrigerators, mobile atr conditioning units

-and combinations thereof.

As used herein, moblle refrigeration apparatus, mobile air
conditioning or mobile heating apparatus refers fo any refrigerafion, 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 “infermodal” systems. Such intermodal systems include
“‘containers” (combined seafland transport) as well as “swap bodies”
(combmed roadfrail transport). '

As used herein, statxanary heat transfer systems are systems
contained within or attached to buil mngs of any variety. These stationary

applications may be stationary air conditioning and heat pumps (including

but not limited to  chillers (including centrifugat chillers), high temperature
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heat pumps, residential, commercial or industrial air conditioning systems,

and including window, ductiess, ducted, packaged terminal, and those

-exterior but connected fo the building such as rooftop systems). In

stationary refrigeration applications, the disclosed compaositions may be
useful in equipment including commercial, industrial or residential

refrigerators and freezers, ice machines, self-contained coolers and

freezers, fiooded evaporator chillers, direct expansion chillers, walk-in and

reach-in coolers and freezers, and combination systems. In some .

embodirments, the disclosed compositions may be used in supermarket

“refrigerator systems.

. The compounds making up the disciased compositions are defined

in Table 1. | | |
| TABLE 1

Code Structure Chemical name

HFC«Z&E»eb CFgCHFCHgF _ -’E;‘i,'i,Q,S-Qéﬂtaﬂuorapropan@
HFO-1234yf | CFsCF=CHy 2,3,3 3-tetrafiuoropropene
FF0O-1234ze | CRCH=CHF E- or Z-1,3,3,3-tetraflucropropens
HEC-2451a CF3CHCHF 1,1,1,3,%~pentafluoropropane
HFC-236¢h CRaCFCHaF 1,1,1.2,2,3-hexafluoropropane
HFC-236ea CFaCHFCHF, 1,1,1,2,3,3-hexafluoropropang
HFC-2361a CFsCHoCF3 1,1,1,3,3,3-hexafluoropropane
HFC-227ea . | CF3CHFCF3 1,1,1,2,3,3,3-heptafluoropropane
HFC-227ca - C?gCFgCHFz 1,1,1,2,2,3,3-heptafiuoropropans
HFO-1225yc | CFHCF=CF; 1,1,2,3,3-pentafluoropropene
HFO-1225zc | CF3CH=CF, 1,1,1,3,3-pentafluoropropene
HFO-1225ye | CFR3CF=CHF 1,2,3,3,3-pentafiuoropropane

| CFsC=CH 3.3, 3-uorapropyns,

HFC-23 CHE; trfluoromethane

1 HFC-143a CFaCHg 1,1, 1-tifluorosthane
HFC-134 CHF2CHF» 11,2, 2etrafiuoroethane
HFC-134a CF3CH2F 1,1,1,2-tetrafluorcethane
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FC-1216 CFsCF=CF, T hexafiuoropropene (HEP)
'. HFC-2b4eb | CFaCHFCHs 1,11, 2-tetrafiuoropropane
| HFC-254fp | CRsCHoCHF . | 1,1,1,3-etrafluoropropane
HFO-1243zf | CF3CH=CH> B I B —triﬂuorbpropené (TFP)
HFO-1132a | CHp=CF, 1,1-diftuoroethene

HFC-245eb is availabie 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 hexaﬂuoropropéne (MFP). HFP rﬁay be
hydrogenated o produce 1,1,1,2,3,3-hexafluoropropane (HFC-236ea).
Then HFC-236ea may be dehydrofluorinated fo produce 1,2,3,3,3-
pentafluoropropens (HFQ-QESye}. HFC-1225ye may be hydrogenated
yielding the desired HFC-245eb. The hydrogenation steps may, for
example, be-conducted as deécribed in PCT Publication No.
WOZ008/030440. The dehydrofluorination of HFC-236ea to HFO-1225ye
may, for example, be conducted under the same conditions as desoribed
herein for HFC-245eb dehydrofluorination to HFO-1234y1.

The ofher compeunds of Table 1 may be avallable commercially, or
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.

20

25

" In'some embodiments, certain precursor compounds o HEC-245eb
contain impurities that then appear as additional cormpounds in the HFC-
245ap compositions. In other embodiments, these precursor compounds
may themselves react during the HFC-245eb formation to produce
additional compounds that then appear in the HFC-245eb compositions.
in other embodiments, the reaction conditions under which the HFC-245eb
is produced also produce by-products, by which is meant adventitious
reacﬁon pathways may occur simultaneously to produce compounds other

‘than HFC-245eb and the quahtity and identity of these additional
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compounds will depend upon the particular conditions under which the
HFC-245eb is produced.

in some embodiments, HFO-1 234yt is made by dehydrofiuorination
of HFC-245eb. This reaction is shown inFIG. 1.

Catalviic dehvdrofluorination

In one embaodiment, the dehydrofluorination is carried out in the
vapor phase using a dehydrofiuorination catalyst. Dehydrofluorination
catalysts include but are not limited to alumina, alumninum ﬂucﬁde :
fluorided alumina, metal compounds on aluminum fluoride, metal
compounds on fluorided alumina; oxides, fluorides, and oxyfluorides of
magnesium, zinc and mixtures of_magneaium‘and zinc and/or aluminumi;
lanthanum oxide and fluorided lanthanum oxide; chromium oxides,

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

washed carbon, activated carbon, three dimensional matrix carbonacescus
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,
cestum, yitrium, lanthanum, cerium, prassodymium, necdymium,
samarium, chromium, iron, cobalt, rhodium, nickel, copper,.zinc, and
mixtures thereof. '

Cinone embodiment, the catalytic vapor phase dehydrofluarination

.of HFC-245eb is carried out using flucrided alumina, amminum fluoride or
~ mixtures thereof as catalysts in a manner analogous to the

dehydrofiuorination of HFC-236ea to HFO-1225ye as disclosed in U.S.
Patent No. 5,396,000, Fluorided aiumma and atuminum fluoride can be
prepared as described in U.S. Patent No 4,902,838, or by tre:atmen’c of

- alumina with a vaporizable fiuorine containing compound such as CFgOz}

CFoHCI, and CHF3.
" In other erhbodiments, the dehydrofiuorination of HFC-245eb is
carried out using carbon, activated carbon, or three dimensional matrix

carbonacecus materials as catalysts in & manner analogous fo the
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processes disclosed in U. S. Patent Ne. 6,369,284; or using metals such
as sodium, potassium, rubidium, cesium, yttrium, iénthanum,- cerium,

. praseédymium, neodymium, samarium, chromium, iron, cobalt, rhodium,
- nickel, copper, zinc, and mixtures thereof, supported on carbon as

catalysts in a manner analogous to the processes disclosed in U. S.
Patent No. 5,268,122, Carbon from any of the following sources are |
useful for ﬁhe dehydrofluorination; woaod, peat, coal, coconut shells, bones,

lignite, petroleum-based residues and sugar. Commercially available

carbons which may be used include those sold under the following
trademarks: Bameby & Sutdlifie™, Darco™, Nucharm™, Columbia JXN™,
Columbia LCK™, Calgon PCB™, Calgon BPL™, Westvaco™, Norit™, and
Barnaby Cheny NB™. - , '
‘Carbon includes acid-washed carbon (2.g., carbon that has been

treatad with hydrochloric acid or hydrachioric acid followed by hydrofiuoric
acid). Acid tfreatment is typically suﬁici@ni: to provide carbon that contains
less than 1000 ppm of ash. Suiteble acid treatment of carbon is described
in U.S. Patent. No. 5,13-’3,1 13. The carbon also includes three
dimeasianat matrix porous carbonaceous materials. Examples are those
described in U.S. F’a"sent; No. 4,978,848, Of note are three dimensional
matrix carbonaceous materials which are obtained by .introducing gaseous
or vaporous carbon-containing compounds (e.g., hydrocarbons) inio a
mass of granules of a carbonaceous material (e.g., carbon bta&:’%@);
decompesing the carbon-containing compounds to dép@&:ii carbon on the
surface of the granules; and treating the resulting material with an
activator gas comprising steam to provide a porous carbanéceous
material. A carbon-carbon composite material is thus formed.

In a further embodiment, the catalytic dehydrofluorination of HFC-
245eb is carried ouf using chromium oxides, ﬂudr'sded chromium oxides,

- and cubic chromium frifluoride as catalysts. Cubic chromium frifluoride

may be prepared from CrisXH0, where Xis 3 to 9, preferably 4, by
heating in _air or an inert atmosphere {e.g., nitrogen or argon)at a



10

15

20

25

temperature of about 350°C fo about 400°C for 3 to 12 hours, preferably 3
fo 6 hours. |

. The physical svhape of the catalyst ié not c,ritié:al and may, for
exarﬁpie, ihclude,pe!iets, powde‘rs or gfanules. Additionally, for catalysts
supported on carbon, the carbon may be in the form of powder, granules,
or peliets, or the like. Although not essential, catalysts may be freated
with HF before use. It is thought that this converts some of the surface .
oxides to oxyfiuorides. This prefreatment can be accomplished by placing
the gataiyst in a suitable container (which can be the reactor to be used to
perform the reaction} and thergafter, passing HF over the dried céta\yst S0
as o partially saturate the catalyst with HF. This is conveniently carried
out by passing HF over the catalyst for a period of time (e.g., about 15 to
300 minutes) at a temperature of, for example, about 200°C to about
450°C.

The Cataiytic dehydrofluorination may be.suitably conducted ata -

A témperature in the range of from about 200°C to about 506"(3, and is

prefarably conducted ata temperature in the range cﬁ from about 300°C o
aboaﬁ 450°C. The contact time is typically from about 1 1o about 450
seconds, preferably from about 10 to about 120 seconds.

| The reaction pressure can be ‘subatmosphef‘ic, atmospheric or
supaﬁatnﬁostpheric:. 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 dehydrofiuorination.
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.
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Pyrolysis (Therma& dehvdrofluorination)
in one embodiment, the dehydrofluorination of HFC-245eb to
pmduce HFO- '2234yf may be carried out by the pyraiyszs of HFC- 245¢b.
The reaction may be written as: )
CFsCFHCFH, + A — CFsCF=CH, + HF

where A represents heat, and HF is hydrogen fluoride.

HFC-245eb can be prepared by the hydrogenation of
CFsCCIFCClF (CFC-215bb) over a paliadium on carbon catalyst as
disclosed in international Application No. PCT/US07/14648, filed June 22,
2007 and published as W0O2008/002501 on January 3, 2008, or by the
hydrogenation of CF3CF=CFH as disclosed in U. S. Patent No. 5,396,000,

Pyrolysis, as the term is used herein, means chemical changs '
produced by heating in the absence m“' catalyst Pymlysisé reactors
generally comprise three zones: g a: preheat vone in whuc,h reactams arg
brought close to the reaction’ ’cemperature b) a reactron zone, inwhich
reactanis reach reaction temperature and are at least partially pyrolyzed,
and products and any byproducts form; ©) a guench zone, in which the
stream exiting the reaction Zane is cooled o stop the pyrolysis reaction.
Laboratory-scale reactors have a reaction zone, but the prahwa;. ing cand
quenching zones may be omitted,

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

- inches). Heat is applied to the outside of the tube, the chemical reaction
taking ptace on the inside of the tube. The reactor and its associated feed

lines, effluent lines and associated units shouid be construcied, af least as

* regardsthe surfaces exposed to the reactants and products, of materials

resistant to hydrogen fluoride. Typical materials of construction include
stainiess steels, in particular of the austenitic type, the well-known high

. nickel alloys, such as nickel-copper alioys commercially available from

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

10
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Monel®, nickel-based alloys commercially available from Haynes

International (Kokomo, Indiana) under the trademark Hastefioy®

(hereinafter referred to as “Hastelioy®"}and nickel-chromium aﬂoyé
commercially avaitable from Special Metals Corp. under the trademark
inéoneiﬁ’, and copper-clad steel,

 Where the reacior is exposed {o high temperature the reactor may
be constructed of more than one material. For exampile, the outer surface
layer of the reactor should be chosen for ability to maintain structural
integrity and resist comosion at the pyrolysis temperature, the inner
surface 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 corrasive o cerfain
materials. Thus, the reactor may be ccns;_tructed of an outer material
chosen for physical strength at high temperature and an inner material |
chosen for resistance to cdrrosian_ by the reactants and prodcts under the
temperature of the pyrolysis.

 In one embodiment, the reactor inner surface layer is made of high

nickel alloy; that is an alloy containing at least about 50 wit% nickel,

preferably a nickel alloy having at lsast about 75 wt% nickel, more
preferably a nickel alloy having less than about 8 wt% chromium, still more
preferably a nickel alloy having at least about 98 wt% nickel, and most
preferably substantially pure nickel, such as the commercial grade known
as Nickel 200. More preferable than nicke! or its alloys as the material for
the inner surface layer of the reactor is gold. The thickness of the inner
surface layer does not substantially affect the pyrolysis and is not critical
80 long as the integrity of the inner surface layer is intact. The thickness
of the inner surface layer is typically from about 10 to about 100 mils (0.25
025 mm). The thickness of the inner surface layer can be determined by
the :.'n‘ethdﬁ of fabrication, the cost of materials, and the desired reactor
life. .

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

11
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reaction temperatures to keep the reaction vessel from fafmng of distorting.
in one embodiment, this layer is a nickel, iron, chromium alioy sold by
Special Metals Corp. (New Hartford, New York) under the trademark

: Incm’el@. In another embodiment, this layer is another nickel, iron,

chromium énoy sold by Special Metals Corp. under the trademark lnconel®

600. _ |
The pyrolysis of HFC-245eb to HFO-1234yf and HF is carried out in

the absence of catalyst in a substantially empty reactor. By absence of

catalyst is meant that no material or treatment is added o the pyrolysis -

reactor 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 én:«;igniﬁcant confribution, 'if any, to .

the pyrolysis rate. More specifically, absence of catalyst means absence

of conventional cia;taiys’is in & parficulate, peflet, fibrous or supported form
that are useful in promofing the elimination of hydrogen fluoride from a
hydroflucrocarbon (j.e., dehydmﬂuminaﬁah}. Examples of such
dehydrofiuorination catalysts include: fluorided alumina, aEummum' fluoride,
chromium oxide, dptionally contavinihg other matals, metal oxides or metal
halides; chromium fluoride, and activated carbon, optionally containing
other metals, metal oxides or metal halides, and others as listed praviously
herein. | '

In one embaodiment, substantially empty reactors useful for carrying
out the dehydrofiuorination are tubes comprising the aforementioned
maferials of construction. Substantially empty reactors include those
wheregin the flow of gases through the reactor is 'partially obstructed to
cause back-mixing, i.e. turbulence, and thereby promote mixing of gases '
and good heat transfer. This partial obstruction can be conveniently
obtained by pﬁacihg 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
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insertion and removal, has an open structure iike that of Raschig rings
(ceramic or metal pieces of tube that are approximately equal in length
and diameter) or other packings with a high free volume, to avoid the

-accumulation of coke and to minimize pressure drop, and permits the free

flow of gas. Preferably the exterior surface of such reactor packing
comprises materials identical fo those of the reactor inner surface layer;
materials that do not catalyze dehydrofluorination of hydroﬁuorocarbons
and are resistant to hydrogen fluoride. The free volume of the reaction
zone is at ieast about 80%, preferably at least about 90%, and mors
preferably about 85%. The free volume is the volurme of the reaction zone
minus the volume of the material that makes up the reactor packing.

in one embodiment, the pyrolysis which atcomplishes the
conversion of HEC-245¢eb to HFO-1234yf is suitably conducted at a
temperature of from about 450°C to about 906°C. in another embodiment,
the pyrolysis is conducted at a temperature of from about 550°C to about
850°C. in another embodiment, the pyrolysis is conducted at a |
temperature of from about 600°C to about 750°C. The pyrolysis
temperature is the temperature of the gases inside the reaction zone at
about the mid-.

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

in cne embodiment, the pyrolysis can be conducted in the presence
of one or more unreactive diluent gases, that is diluent gases ‘thaf do not
react under the pyrotysis 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 parﬂubrocarbons, may also be used as unreactive diluent gases. Of
note are pProcesses where the mole ratio of inert gas to HFC-245eb fed o
the pyrolysis reactor is from about 5:1 to 1:1. Nitrogen is a preferred inert
gas because of its comparatively low cost. |

13



10

15

20

2
(951

in one embodiment, the pyrolysis reaction is conducted at
subatmospheric total pressure. In ancther embodiment, the pyrolysis

_reaction can be beneficially run under reduced total pressure (Le., total -
~ preésure less than one atmosphere). In another embodiment, the pyrolysis
‘reaction is carried out at or near atmaspheric total pressure.

Liqui@phase dehvdrofiuorination

in one embodiment, the dehydrofluorination of HFC-245eb is
accomplished using an agueous alkaline solution. Inone embodiment, the
reaction is carried out in the presence of a non-agueous solvent in which
the HFC-245eb (CF3;CHFCH,F) is at least partially miscible. In another
embodiment, the reaction is carried out with no non-agueous 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
with no phase fransfer catalyst. '

in one embodiment, the base in the aqueocus alkaline solution is
selected from the group consisting of hydroxide, oxide, carbonate, ar
phasphate salts of alkali metals, alkaline earth matals, an%i mibdures
therecxf; In one embodiment, bases which may be used include without
limitation fithium hydroxide, sodium hydroxide, potassium hydroxide,
calcium hydroxide, magnesium oxide, calcium oxide, sodium cérbonam,

~ potassium carbonate, sodium phosphate, potassium phosphate, or the like

and mixtures thereof.
© As used herein, the aqueous alkaling solution is & liquid {(whether a
solution, dispersion, emulsion, or suspension and the like) that is primarily

- an agueous liquid having a pH of over 7. In some embodimants the basic

aqgueous 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
agueous solufion contains small amounts of organic liguids which may be

miscible or immiscible with water. In some embodiments, the figuid

medium in the agueous alkaline solution is at least 90% water. In one
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embodiment the water is-tap water; in other embodiments the water is
deionized or distilled water. |

- The amount of base (in the aqueous alkaline solution) required to
convert HFC-245eb to HFO-1234yf is approximately the stoichiomefric

guantity or about 1 mole of base to one mole of HFC-245¢b. In one

embodiment, it may desirable (e.g., 1o increase reaction rate) fo employ a
ratio of'base to HFC-245eb of greater than one. In some embodiments,
large excesses of bass (in the basic agueous solution) are to be avoided
as further reaction of the desired hydrofiuoroolefin may occur. Thus, in
some embodiments, it may be necessary to employ an amount of base (in
the basic agueous solution) that is slightly below the stoichiometric amount
so as fo minimize secondary reactions. Thus, in one embodiment, the
molar ratio of base (in the basic agueous solution) to HFC-245ab is from
about 0.75:1 to about 10:1. In another embodiment, the molar ratio of ‘
base (in the basic agueous solution) to HFC-245eb is from about 0.81 to

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

245eb [s from about 1°1 to about 4:1. _

" In certain embodiments, the nor-agueous solvent is selected from
the group consisting of alkyl and aryl nitriles, alkyl and aryl ethers,
éécohois, amides, kefones, sulfoxides, phosphate esters and mbdures
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.9., 50% by weight aqueous potassium hydroxide) is
dviiu'ted 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. ln. another embodiment, the solvent is selected from the group
consisting of acatonitrile, propionitrile, butyronitrile, mathyl glutaronitrile,
adiponitrile, benzoni"cri!e', ethylene carbonate, propylene carbonate,

ethanol, methanol, propanol, isopropeanol, butanol, methyl ethyl kefone,
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methyl isoamyl kefone, diisobutyl ketone, anisole, 2-

methyltetrahydrofuran, tetrahydrofuran, dioxane, diglyme, triglyme,
tetraglyme; N,N-dimethy! formarmide, N,N-dimethyl acstamide, N-methyl
pyrrolidinone, sulfolane, dimethyl sulfoxide, perfluoro-N-methy! .
morpholing, perfluorotetrahydrofuran, and mixtures thereof. Preferred

. .solvents include acefonitrile, adiponitrile, 2-methyl tetrahydrofuran,

tetrahydrofuran, dioxanbe, diglyme, and tetraglyme.

As used herein, phase transfer catalyst is intended to mean a
substance that facilitates the transfer of ionic compounds info an organic
phase from an agueous phase or from a solid phase. The phase fransfer

' catalyst facilitates the reaction of these dissimilar and incompatible

components. While various phase transfer catalysts may function-in
different ways, their mechanism of action is not determinative of their utifity
in the reaction provided that the phase transfer catalyst facilifates the
dehydrofluorination reaction. |

The phase transfer catalyst is selected from the gmu;t& consisting of
crown ethers, onium salts, cryptands, polyalkylene glycols, and mbdure
thereof. ‘

" In one embodiment, the base need not be highly soluble in the
solvent. An amount of a phase fransfer 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 fransfer catalyst used
will be from about 0.001 o about 10 mole percent based on the total
amount of base present. in another embodiment, the amount of phase
transfer catalyst used will be from about 0.01 to about 5 mole percent
based on the fotal amount of base present. In yet another embodiment,
the amount of phase transfer catalyst used will be from about 0.05 t©
about 5 mole percent based on the total amount of base present. in one
embodiment of'the invention, an aqueous or inorganic phase is present as
a conseguence 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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4 . .
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 athers onium salts, cryptands and

~ polyalkylene glycols and mixtures and derivatives thersof.

Crown ethers are cyclic molecules in which ether groups are
connected by dimethylene linkages; the compounds form a molecular
structure that is believed o be capabile of "receiving” or holding the alkali
metal ion of the hydroxide and to thereby facilitate the reaction. In some
embodiments, it is preferred to match certain crown ether phase transfer
cataiysts with certain bases used in the basic aqueous solutions. Inone
embodiment, crown ethers include 18-crown-6, is used in combination with
potassium hydroxide basic agueous solution; 15-crown-5, is used in
combination with sddium’ hydroxide basic agueous solution; 12-crown-4, is
used in combination with hth:um hydroxide basic agueous solution.
Derivatives of the above crown ethers are also useful, e.g., dibenzo-1 8~

‘crown-6, csmyclahexam-’l §-crown-8, and dibenzo-24-crown-8 as well as
- 12-crown-4. Other polyethers paﬁ'ruiaﬁy useful in combination with basic

agueous solution made from alkali metal compounds, and especially for
fithiurn, are described in U.S. Patent No. 4,560,758 the disclosure of which
is herein incorporated by reference. Other compounds anaicsgdus 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 atorns, particularly N or S, such as hexamethyl-{14]-4,11-dieneNs.
| In some embodiments, onium salts include quaternary
phosphanium salts and guaternary ammonium salts that may be used as
the phase fransfer catalyst in the process of the present invention; such
compounds can be represented by the following formulas | and 1l
R'RZRP R PO X0 (1
R'-R? R R NM 0 )

wherein each of R ', R %, R ® and R *, which may be the same or different,
is an alkyl group, an aryl group or an aralkyl group, and X' is selected from -
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the group consisting of F, Cl, Br, 1, OH, COs, HOOa, S04, HSO4, HaPOL,
HPO, and PO, Specific examples of these compounds include
tetramethylammonium chloride, tetramethylammonium bromide,
benzyliriethylammonium chioride, methyltrioctylammonium chioride (a
quaternary ammoniumn salt sold under the trademark Aliquat™ 336), tefrau‘
n-butylammonium chloride, tetra-n-butylammaonium broride, tetra-n- '

. butylammonium hydrogen sulfate, tefra-n-butyiphosphonium chioride,

tetraphenylphosphonium bromide, tetraphenylphosphonium chioride,
triphenyimethylphosphonium bromide and tripheny}n&ethyiphcsphonium
chiloride. In one embodiment, benzyliristhylammonium chioride is used _
under strongly basic conditions. Other useful compounds within this class
of compounds include those exhibiting high temperature stabilities (&.g.,

. up to about 200°C.) including 4-dialkylaminopyridinium salfs,

tetraphenylarsonium chloride, bisftris{dimethylamino)phosphine]iminium
chioride, and tetrafris[tris(dimathylamino)phosphiniminolphasphonium
chioride; the latter two compounds are also remrted fo be stable in the
presence of hot, concentrated sodium hydroxide and, thersfore, can be

particularly ussful.

in other embodiments, cryptands are another class of compounds
useful in the reaction as phase transier catalysts. These are three-
dimensional polymacrocyclic chelating agents that are formed by joining

. bridgehead structures with chains that contain properly spaced donor

atoms. For example, bicyé::iic molecules that result from joining nitrogen |

' bridgeheads with chains of (~OCHzCHz-) groups as in 2.2.2-cryptand

(4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo-(8.8.8 )hexacosane; available
under the brand name Cryptand™ 222 and the trademark Kryptofix® 222),
The donor atormns of the bridges may all be Q, N, or 8, or the compounds
may be mixed donor macrocycles in which the bridge strands contain
combinations of such donor atoms.

- In some embodiments, polyalkylens g!ycél gthers are useful as
phase transfer catésysts. In sorne embodiments, the polyalkylene glycol
ethers can be represented by the formula:

18



10

20

25

30

RPO (RPOWRT V)
wherein R is an alkylene group containing two or more carbon atoms,
each of R® and R, which may be the same or different, Is a hydrogen
atom, an alkyl group, an aryl group or, an aralkyl group, and t is an integer
of atleast 2. Such compounds include, for example glycols such as

-diethylene glycol, tristhylene glycol, tetraethylene glycol, pentaethylene

glycol, hexaethylene glycol, dilsopropylene glycol, dipropylene glycol,
tripropylene glycol, tetrapropylene glycol and tetramethylene glycol, and
mongoalkyl ethers such as monomethyl, monoethyl, monopropy! and
monobuty'l ethers of such glycols, dialkyl ethers such as tetraethylene
glycol dimethyl ether and pentaethylene glycol dimethyl ether, phenyl
ethers, benzyl ethers, and polyalkylens glycols such as pciyethyieﬂe
glycol (average molecular weight about 300) dimethyl ether, polysthviene
glycol (average md!ecuiar weight about 300) dibutyl ether, and
polyethylene glycol (average molecular weight about 400) dimethy! ether,
and ethoxylated furfurylaicohol. Among them, compounds wherein both
R-* and R-" are alkyl groups, aryl groups or araliyl groups are preferred.

Combinations and mixtures of the above deseﬂb@é phase transfer
catatysts from within one of the groups may also be useful as well as
combinations or mixtures of two or more phase transfer catalysts salected |
from more than one group, for example, crown ethars and oniums, or from
more than two of the groups, e.g., quaternary phosphonium salfs and
quaternary ammonium saifs, and crown ethers and polyalicylene giycol
sthers. - .

In one embodiment, the dehydroftuorination is conducted within a
temperature range at which the CFCHFCHgF will dehydrofluorinate. in
ohe embodiment, such témperatures cari be from about 5°C 1o 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
is carried out in the range of from about 15°C to aboﬁt 90°C. The reaction
pressure is not critical. The reaction can be cohducted at atriospheric -
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pressure, super-aimospheric pressure, or urider reduced pressure. Inone
embodiment, the reaction is carried out at atmospheric pressure.

| The dehydrofiuorination reactions of this invention may be carried
out in either a batch or a continuous mode. In some émbodiments; the
dehydrofluorination process is carried out in batch mode and in other
embodiments, the dehydrofluorination continuous mode. In one |
embodiment, in the batch mode, the above described components are
combined in a suitable vesse! for a tirme sufficient to convert at least a
portion of the HFC-245eb to HFO-1234yf and then the HFO-1234yf is
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 frangfer catalyst; the HFC-245eb is then
fed to'the reactor. The reaction' vessel is fitted with a condanéer cooleq o)
a tfemperature sufficient to reflux the HFC-245ab, but permit the HFO-
1234yf o exit the reaction vesssl and collect in‘an appr@priate vessal such
as cold frap. ‘

Products formed by liguid phase dehydrofluorination comprise HF,
HFG-1234yi, and, if HFC-254eb is present in the Teed mixiure, HFO-
1243z In one embodiment, the HFG—?Z%W is typically separated fram
the lower boiling products and higher bolling pmduc‘té by conventional
means {e.q., distillation}.

Dehydrofiuorination of HFC-245eb may also produce HEO-1234ze

(Z- andor E- isomers) as an additional compound, under the same

conditions, as described herein, used to produce HFO-1234yf from HFC-
245eb. Higher temperatures have baen found to produce higher levels of
HFO~1234ze. This reaction is also shown in FIG. ‘1. .

_ Hydrogenation of HFO-1234ze may produce HFC-2541h as an
additional oompound, under typical conditions for hydrogenation, as

described in international Patent Application Publication WO2008/030440

A2 Génerauy, HFQ—?-ZMze is added with hydrogen to a reaction vessel

: cdntaining a hydrogenation catalyst, such as palladium or supported
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paliadium, 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 rmay be anywhers from about 1.5:1 to about

- 251, This reaction is shgwn 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-1 234zeto
HFC-2541. . :

Dehydrofluorination of the HEC-254eb or HEC-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 1o produce HFO-1234yt.

EXAMPLES

General Procédure for Product Analvsis

- The following general procedure is lllustrative of the method used
for analyzing the pr@cﬁuc’&a of flucrination reactions, Part of the {otal
reactor effluent was sampled or-line for organic product analysis using &
gas chromatograph equipped with & mass selactive detector (GC/MS),
The gas chromatography utilized a 20 ft. (6.7 m) long x 1/8 in. (0.32 cm)
diameter tube containing a perfluorinated polyether sold under the

trademark Krytox® by E. L. du Pont de Nemours and Company (“DuPont”
of Witmington, Delaware) on an inert carbon support. The hefium flow was

30 mL/min (5.0 x 107 m3/sec). Gas chromatographic conditions were
60°C for an initial hold period of three minutes followed by temperature
programming to 200°C at a rate of §°C/minute,
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LEGEND

23 is CHFs

1132a is CH2=CF;

122520 is CF3CH=CF,

1234yf is CFsCF=CHy

E- and Z-1234ze are E- and Z-CF3CH=CHF
245eb is CFCHECH,F

Preparation of Fluorided Alumina Catalyst

A Hastelloy® tube (1”7 OD X .854 ID X 10°.) was filled with 25 co
(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 {0

the outside of the reactor. A thermocouple, positioned between the
reactor wall and the heater, measured the reactor temperature. The
cata!yét was dried by heating at 200°C ovemight under a mtrogaﬁ flow of
50 scom (8.33 x 107 m¥s). The nitrogen flow was then reduced to 5 scom
(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 mainiained for 80 minutes. The temparature was

raised to 325°C and hald at this temparaturs for a further 80 minutes. The

'CFC-12 flow stopped and the reactor temperature raized to 400°C under a

flow of 50 scom (8.33 x 107 m¥/s) of nitrogen and held at this tsmperature
for an additional 60 minutes. The reacior was then brought fo the desired

~operating temperature.

EXAMPLE 1
‘Vapor phase dehvdrofluarination of HFC-245eb to HFO-1234vf with

fivorided aglumina catalvst

To the reactor containing the fluorided alumina catalyst prepared as
above was fed a vapor of HFC-245eb and nifrogen at various reactor

'temperatures. The nitrogen to HFC-245eb ratio was 0.67:1 and the

contéct'timg was 36 seconds for the first four analyses. For the fifth
analysis, the nitrogen to HFC-245eb rafio was 1:1 and the contact time
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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 36 08 | B12
350 | 282 0.5 23 60.0
400 45.4 18.9 4.4 ' 31.3-
400 52.0 22.0 5.4 20.4

ND = Not detected

EXAMPLE 2
Pyrolysis of HFC-245ah
The reacior was a 8.5 inch (241 cm) long = .50 inch (1.3 cm)

outer diameter % 1,35 inch (0.68 om) inner diameter bing with a wall
thickness of 0.15 inch (3.8 mm) containing an internal gold fining. 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 om) x 1 inch outer
diameter (2.5 cm) clamped fo the outside. A dual control thermocouple,
centered in the middie of the band heater bétwe»:-:fn the outside of the |
reacior and the inside of the band heater was used fo control and measure

_ reactor temperature. To the reactor heated to various operating

temperatures was fed 5 scem (8.33 % 10°® m¥s) nitrogen and 2.37 mL per
hour of liquid HFC-245eb that was vaporized before entering the reactor.
The contact time was 60 seconds for all runs. The reactor effluent was
anaiyzed by an in-line GC/MS. The product analysis in mole %, at various
operating temperatures is summarized in Table 3. |
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TABLE 3

Temp [Unknown| 23 | 1132a | 1234yflE-12342e|1225ye) Z- | 245eb
°C . 1234ze :

800 | 05 |08 04 | 31 | 1.0 | ND | 02 | 94.3
650 | 18 |47 10 | 58 | 23 | 03 | 08 | 834

700 | 43 (174 51 | 167 85 ~ 18 | 37 42.5

750 | 7.7 |246| 7.9 | 280 | 148 | 34 | 68 | 6.9

ND = non-defeciable

EXAMPLE 3
Liguid phase dehydrofiuorination of HFC-245eb to HFC-1234vf
A thres 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 CaSQ, drier and then through activated molecular
sievas and a stainless stes! trap with dip tube immarsed in dry ice ‘
facetore. An oil bubbler made of perfluorinated polvether sold under the
trademark Krytox® by DuPont (Wilmington, Delaware) the exit of the
stainless steel trap prevenied contamination of the trapped product by
moisture, |

‘ The flask was charged with water (736 mL), tetrahydrofuran (200

\mL), KOH pellets (180 grams, 3.21 mol), and methylirioctylammonium

chioride, a quatermnary ammonium salt sold under the frademark Atiguat™
336 (3.13 grams, 7.74 % 10”3 mol) that functions as a phase fransfer
catalyst. While vigorously siirring, CF;CHFCHoF (HFC-245eb) was added
at a rate of about 100 sccm. The pH of the basic aqueous solution was
about 13. Two phases were present in the flask. About 247 grams of
6rude product was collected containing 96.1% 1234vf, 0.5% Z-1234.ze,

0.1% E-1234ze and 2.9% unreacied HFC~245eb. Very little exotherm was
observed while feeding the HFC-245eb.
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CLAIMS

1. A composition comprising HFO-1234yf and 3,3, 3-trifluoropropyne.



