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(57) ABSTRACT

A method of producing a [fluoropropane] fluoropropene of
formula CF;CH—CHF, comprising contacting a mixture of
1,1,1,3,3-pentatluoropropane and Z-1,3,3,3-tetratluoropro-
pene 1n the gas phase with a catalyst comprising at least one
catalyst selected from the group consisting of fluorinated

Cr,O; or Cr/N1 on fluoride alumina, in the presence of an
oxygen containing gas, to form a mixture comprising [Z-1,

3,3,3-tetrafluoropropane] Z-1,3,3,3-tetrafluoropropene, E-1,
3,3,3,-tetrafluoropropene, hydrogen fluoride, and optionally
unreacted 1,1,1,3,3-pentatluoropropane, separating the E-1,

3,3, 3-tetrafluoropropene from the Z-1somer and any unre-
acted 1,1,1,3,3-pentafluoropropane, if present, and recover-
ing said E-1,3,3,3-tetrafluoropropene.
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DEHYDROFLUORINATION OF 245FA TO
12347.E

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE 10 RELATED
APPLICATIONS

This is an application for reissue of U.S. Pat. No. 9,302,
962, and is a continuation of application Ser. No. 16/193,
924, now U.S. Pat. No. RE48,889, which is also an appli-
cation for reissue of U.S. Pat. No. 9,302,962, issued Apr. 3,
2016 and claims priority to U.S. Provisional Application No.

62/037,138, filed Aug. 14, 2014.

BACKGROUND INFORMATION

1. Field of the Disclosure

This disclosure relates 1n general to methods of synthesis
ol fluorinated olefins.

2. Description of the Related Art

The fluorocarbon industry has been working for the past
tew decades to find replacement refrigerants for the ozone
depleting chlorofluorocarbons (CFCs) and hydrochlorofluo-
rocarbons (HCFCs) being phased out as a result of the
Montreal Protocol. The solution for many applications has
been the commercialization of hydrofluorocarbon (HFC)
compounds for use as refrigerants, solvents, fire extinguish-
ing agents, blowing agents and propellants. These new
compounds, such as HFC refrigerants, HFC-134a and HFC-
125 being the most widely used at this time, have zero ozone
depletion potential and thus are not aflected by the current
regulatory phase-out as a result of the Montreal Protocol.

In addition to ozone depleting concerns, global warming,
1s another environmental concern 1n many of these applica-
tions. Thus, there 1s a need for compositions that meet both
low ozone depletion standards as well as having low global
warming potentials. Certain hydrofluoroolefins are believed
to meet both goals. Thus there 1s a need for manufacturing
processes that provide halogenated hydrocarbons and fluo-
roolefins that contain no chlorine that also have a low global
warming potential.

HFC-1234yf  (CF,CF—CH,) and HFC-1234ze
(CF,CH=—CHF), both having zero ozone depletion and low
global warming potential, have been identified as potential
refrigerants. U.S. Patent Publication No. 2006/0106263 Al
discloses the production of HFC-1234y1 by a catalytic vapor
phase dehydrofluorination ot CF,CF,CH, or CF,CHFCH,F,
and of HFC-1234z¢ (mixture of E- and Z-isomers) by a
catalytic vapor phase dehydrofluorination ot CF,CH,CHF,.

The catalytic dehydrofluorination of hydrofluorocarbons
to produce hydrofluoroolefins 1s ordinarily carried out 1n the
vapor phase using a dehydrofluorination catalyst. Vapor
phase dehydrofluorination catalysts are well known in the
art. These catalysts include, but are not limited to, alumina,
aluminum fluoride, fluorided alumina, metal compounds on
aluminum fluoride, metal compounds on tluorided alumina;
chromium oxides, fluorided chromium oxides, and cubic
chromium trifluoride; oxides, fluorides, and oxyfluorides of
magnesium, zinc and mixtures of magnesium and zinc
and/or aluminum; lanthanum oxide and fluorided lanthanum
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oxide; carbon, acid-washed carbon, activated carbon, three
dimensional matrix carbonaceous materials; and metal com-
pounds supported on carbon. The metal compounds are
oxides, fluorides, and oxytluorides ol at least one metal
selected from the group consisting of sodium, potassium,
rubidium, cesium, yttrium, lanthanum, cerium, praseo-
dymium, neodymium, samarium, chromium, iron, cobalt,
rhodium, nickel, copper, zinc, and mixtures thereof. In the
alternative, dehydrofluorinations can be carried out 1n the
liquid phase through reaction with aqueous or alcohol solu-
tions of caustic, such as potassium hydroxide, or sodium
hydroxide.

Catalytic dehydrofluorination of HFC-245fa 1n general
produces a mixture ol both the E-isomer as well as the
Z-1somer of HFC-1234ze. Depending on the particular cata-
lyst chosen, the amount of the Z-1somer can vary between 15
to 23%. Dehydrotluorination in the liquid phase using aque-
ous solutions of caustic or other strong bases also produces
mixture of both 1somers. Although the ratio of the two
1Isomers can be shifted somewhat by temperature, about
13-15% of the Z-1somer 1s typically formed. As the E-isomer
1s the most useful for refrigeration applications, after sepa-
ration of the E-isomer from the Z-isomer, the Z-1somer 1s
typically either 1somerized to the E-1somer 1n a separate step,
or converted back to 2453fa through addition of hydrogen
fluoride. Both alternatives require additional steps which
add cost.

There 1s a continuing need for more selective and eflicient
manufacturing processes for the production of HFC-1234z¢

and HFC-1234vT.

SUMMARY

Described is a method of producing a [fluoropropane]
fluoropropene of formula CF,CH—CHF, comprising con-
tacting a mixture of 1,1,1,3,3-pentafluoropropane and Z-,1,
3,3, 3-tetrafluoropropene in the gas phase with a catalyst
comprising at least one catalyst selected from the group
consisting of fluorinated Cr,O; or Cr/Ni1 on fluorided alu-
mina, optionally in the presence of an oxygen contaiming
gas, to form a mixture comprising [Z-1,3,3,3-tetrafluoropro-
pane] Z-1,3,3,3-tetrafluoropropene, E-1,3,3,3,-tetrafluoro-
propene, and optionally unreacted 1,1,1,3,3-pentatluoropro-
pane, separating the E-1,3,3,3-tetrafluoropropene from the
Z-1somer and any unreacted 1,1,1,3,3-pentafluoropropane, 1f
present, and returning said 7Z-1,3,3,3-tetratluoropropene to
be fed to the reactor with additional 1,1,1,3,3-pentatluoro-
propane.

The foregoing general description and the following
detailed description are exemplary and explanatory only and
are not restrictive of the invention, as defined in the
appended claims.

DETAILED DESCRIPTION

Described is a method of producing a [fluoropropane]
fluoropropene ol formula CF,CH=—CHF, comprising con-
tacting a mixture of 1,1,1,3,3-pentafluoropropane and Z-,1,
3,3, 3-tetratluoropropene in the gas phase with a catalyst
comprising at least one catalyst selected from the group
consisting of fluorinated Cr,O, or Cr/Ni on fluoride alumina,
optionally in the presence of an oxygen containing gas, to
form a mixture comprising [Z-1,3,3,3-tetrafluoropropane}
Z-1,3,3,3-tetrafluoropropene, E-1,3,3,3 -tetrafluoropropene,
and optionally unreacted 1,1,1,3,3-pentatluoropropane,
separating the E-1,3,3,3-tetrafluoropropene from the Z-1so-
mer and any unreacted 1,1,1,3,3-pentatluoropropane, 11 pres-
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ent, and returning said Z-1,3,3,3-tetratfluoropropene to be fed
to the reactor with additional 1,1,1,3,3-pentatluoropropane.

Dehydrofluorination reactions are well known 1n the art.
The dehydrofluorination of HFC-2451a has been particularly
studied. Both gas phase and liquid phases processes are
known. 1,3,3,3-Tetratluoropropene (HFO-1234z¢) exists as
both a Z-isomer and an E-isomer about the double bond.
Both gas phase and liquid phase processes are known to
produce a mixture of both the Z- and E-1somers, with the
E-1somer predominating. The selectivity for the production
of the Z-1somer can vary from about 10% to about 23%,
depending on the temperature, and choice of catalyst. The
boiling point of the E-1somer at 1 atm 1s about —19 C, while
the boiling point of the Z-isomer 1s about +9 C. For many
uses, the E-1somer 1s preferred. So as to minimize vield
losses 1n the form of the generally unwanted Z-isomer, 1t
becomes necessary to either add an 1somerization step to
1somerize the Z-1somer to the E-1somer, or add a fluorination
step to convert Z-1234z¢ back to HFC-24531a.

Many aspects and embodiments have been described
above and are merely exemplary and not limiting. After
reading this specification, skilled artisans appreciate that
other aspects and embodiments are possible without depart-
ing from the scope of the invention.

Other features and benefits of any one or more of the
embodiments will be apparent from the following detailed
description, and from the claims.

Dehydrofluorinations are known 1n the art, and are pref-
erably conducted 1n the vapor phase. The dehydrofluorina-
tion reaction may be conducted in any sutable reaction
vessel or reactor, but 1t should preferably be constructed
from materials which are resistant to the corrosive eflects of
hydrogen fluoride, such as nickel and 1t’s alloys, including
Hastelloy, Monel, and Inconel, or vessels lined with fluo-
ropolymers. These may be a single tube, or multiple tubes
packed with a dehydrofluorination catalyst.

Usetul catalysts for the process include chromium-based
catalysts such as fluorided chromium oxide, which catalyst
may either be unsupported, or supported on a support such
as activated carbon, graphite, fluoride graphite, or fluorided
alumina. The chromium catalyst may either be used alone,
or 1n the presence of a co-catalyst selected from nickel,
cobalt, manganese or zinc salt. In one embodiment, a
chromium catalyst 1s high surface area chromium oxide, or
chromium/nickel on fluoride alumina (Cr/Ni/AlF,), the
preparation of which 1s reported in European Patent EP
486,333, In another embodiment, the catalyst 1s fluorided
Guignet’s green catalyst. The chromium catalysts are pret-
erably activated before use, typically by a procedure
whereby the catalyst 1s heated to from 3350 to 400° C. under
a tlow of nitrogen for a period of time, after which the
catalyst 1s heated under a flow of HF and nitrogen or air for
an additional period of time.

In one embodiment, the Guignet’s Green of the fluoride-
activated Guignet’s Green catalyst used in the present inven-
tion 1s made by reacting (fusing) boric acid with alkali metal
dichromate at 500° C. to 800° C., followed by hydrolysis of
the reaction product, whereby said Guignet’s Green contains
boron, alkali metal, and water of hydration. The usual alkali
metal dichromates are the Na and/or K dichromates. The
reaction 1s typically followed by the steps of cooling the
reaction product in air, crushing this solid to produce a
powder, followed by hydrolysis, filtering, drying, milling
and screening. The Guignet’s Green 1s bluish green, but is
known primarily as a green pigment, whereby the pigment
1s commonly referred to as Guignet’s Green. When used as
a catalyst, 1t 1s also referred to as Guignet’s Green as
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disclosed 1n U.S. Pat. No. 3,413,363. In U.S. Pat. No.
6,034,289, Cr,O, catalysts are disclosed as preferably being
in the alpha form, and Guignet’s Green 1s also disclosed as
a commercially available green pigment having the compo-
sition: Cr,O, 79-83%, H,O 16-18 wt %, B,O. 1.5 to 2.7%
(sentence bridging cols. 2 and 3) that can be converted to the
alpha form (col. 3, I. 3). U.S. Pat. No. 7,985,884 acknowl-
edges the presence of alkali metal 1n the Guignet’s Green 1n
the composition of Guignet’s Green disclosed 1n Example 1:
534.5% Cr, 1.43% B, 3400 ppm Na, and 120 ppm K.

The physical shape of the catalyst 1s not critical and may,
for example, include pellets, extrudates, powders, or gran-
ules. The fluoride activation of the catalyst 1s preferably
carried out on the final shape of the catalyst.

In one embodiment, the current inventors have discovered
that feeding a mixture of HFC-2451a and at least about 10%
by weight of the Z-1somer of HFO-1234z¢ to a dehydro-
fluorination reactor 1n the presence of an oxygen containing
gas can suppress the formation of additional Z-isomer so
that the HFC-2451a converted by dehydrofluorination pro-
duces substantially only E-HFO-1234z¢. Feeding less than
about 10% will result 1n some suppression of the formation
of additional Z-1234ze. Feeding greater than about 10% by
welght of Z-1234ze simply results in the presence of addi-
tional material which must be separated and recycled. The
amount ol Z-1234ze¢ which 1s necessary to suppress the
turther formation of Z-1somer product 1s dependent to some
extent on conversion. At 70% conversion of 245fa, about
10-11% Z-1somer 1n the feed 1s required. At 80% conversion,
about 13% Z-1somer 1n the feed 1s required.

In one embodiment, the reaction vessel can be held at a
temperature of between 200° C. and 375° C. In another
embodiment, the reaction vessel can be held at a temperature
of between 250° C. and 350° C. In yet another embodiment,
the reaction vessel can be held at a temperature of between
2'75° C. and 325° C.

The reaction pressure can be subatmpospheric, atmo-
spheric or superatmostpheric. In one embodiment, the reac-
tion 1s conducted at a pressure of from 14 psig to about 100
psig. In another embodiment, the reaction 1s conducted at a
pressure of from 14 psig to about 60 psig. In yet another
embodiment, the reaction 1s conducted at a pressure of from
40 psig to about 85 psig. In yet another embodiment, the
reaction 1s conducted at a pressure of from 30 psig to 75
psig. In general, increasing the pressure 1n the reactor above
atmospheric pressure will act to increase the contact time of
the reactants in the process. Longer contact times will
necessarily increase the degree of conversion in a process,
without having to increase temperature.

Depending on the temperature of the reactor, and the
contact time, the product mixture from the reactor will
contain varying amounts of unreacted HFC-2451a. E-1,3,3,
3-tetrafluoropropene 1s then separated from the 7-1,3,3,3-
tetratluoropropene, hydrogen fluoride, and any unreacted
HFC-2451a, which are then recycled back to the reactor with
additional HFC-2451a. Hydrogen fluoride may be removed
by scrubbing, by passing the reactor eflluent through a
solution of aqueous caustic, or hydrogen fluoride may be
removed by distillation.

In one embodiment, the reactor feed 1s preheated 1 a

vaporizer to a temperature of from about 30° C. to about
100° C. In another embodiment, the reactor feed 1s preheated
1in a vaporizer to a temperature of from about 30° C. to about

30° C.
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In some embodiments, an inert diluent gas 1s used as a
carrier gas lor the hydrochlorofluoropropane. In one
embodiment, the carrier gas 1s selected from nitrogen, argon,
helium or carbon dioxide.

As used herein, the terms “comprises,” “‘comprising,”
“includes,” “including,” “has,” “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparatus that
comprises a list of elements 1s not necessarily limited to only
those elements but may include other elements not expressly
listed or mnherent to such process, method, article, or appa-
ratus. Further, unless expressly stated to the contrary, “or”
refers to an inclusive or and not to an exclusive or. For
example, a condition A or B 1s satisfied by any one of the
following: A 1s true (or present) and B 1s false (or not
present), A 1s false (or not present) and B 1s true (or present),
and both A and B are true (or present).

The transitional phrase “consisting of” excludes any ele-
ment, step, or ingredient not specified. I 1n the claim, such
would close the claim to the inclusion of materials other than
those recited except for impurities ordinarily associated
therewith. When the phrase “consists of”” appears 1n a clause
of the body of a claim, rather than immediately following the
preamble, 1t limits only the element set forth 1n that clause;
other elements are not excluded from the claim as a whole.
The transitional phrase “consisting essentially of” 1s used to
define a composition, method that includes materials, steps,
features, components, or elements, in addition to those
literally disclosed provided that these additional included
materials, steps, features, components, or elements do not
matenally affect the basic and novel characteristic(s) of the
claimed 1nvention, especially the mode of action to achieve
the desired result of any of the processes of the present
invention. The term ‘consisting essentially of” occupies a
middle ground between “comprising” and ‘consisting of’.

Also, use of “a” or “an” are employed to describe ele-
ments and components described herein. This 1s done merely
for convenience and to give a general sense of the scope of
the invention. This description should be read to include one

or at least one and the singular also includes the plural unless
it 1s obvious that 1t 1s meant otherwise.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar
or equivalent to those described herein can be used 1n the
practice or testing of embodiments of the present invention,
suitable methods and materials are described below. All
publications, patent applications, patents, and other refer-
ences mentioned herein are incorporated by reference in
their entirety, unless a particular passage 1s citedIn case of
conilict, the present specification, including definitions, will
control. In addition, the matenals, methods, and examples
are 1llustrative only and not intended to be limiting.

bl B Y 4

EXAMPLES

The concepts described herein will be further described in
the following examples, which do not limit the scope of the
invention described 1n the claims.

Example 1

Example 1 demonstrates the dehydrofluorination of 2451a
over Cr,O; 1n the presence of Z-HFC-1234ze.

An inconel tube (V2 inch OD) was filled with 10 cc (8 gm)
of Cr,0; catalyst (Johnson Mathey) which had been pre-
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pared as follows. Chromic oxide in extrudate form, which
was crushed and sieved to 12/20 mesh. After charging the
reactor tube, the temperature of the catalyst bed was raised
to 300° C. and purged with nitrogen (30 cc/min) for 200
minutes. Then the tlow of nitrogen was reduced to 60 cc/min
and HF was fed at 20 cc¢/min for 60 minutes. The tempera-
ture was increase to 325° C. for 300 minutes. The tlow of
nitrogen was then lowered to 30 c¢/min and the flow of HF
was raised to 30 cc/min for 30 minutes. The tlow of nitrogen
was then lowered to 12 cc/min and the tlow of HF was raised
to 48 cc/min for 60 minutes. The flow of nitrogen was then
discontinued and the tlow of HF was raised to 48 cc/min for
30 minutes. The reactor temperature was then decreased to
250° C. for 30 minutes. Afterwards HF was turned ofl and

the reactor was purged with 30 cc/min of nitrogen. The
reactor temperature was then stabilized at 300° C., the flow
of nitrogen was turned ofl, and either CF,CH,CHF,, or
CF,CH,CHF, with varying amounts of Z-1234ze, was fed at
1.44 ml/hr. Contact time 1n the reactor was 45 seconds. The
CF,CH,CHF, was vaporized at 50° C. Part of the reactor
cllluent was passed through a series of valves and analyzed
by GCMS. Amounts for Z-1234ze, 2451a and E-1234z¢ are

expressed as mole percent. Results are summarized 1n Table
1.

TABLE 1
%Z7Z-ze added 0 7.5 10.9
Incoming compos 100/0 92.5/7.5 89/11
2451a conversion (%o) 71.2 69.3 72
Z-ze 1 product (%o) 10.7 10.3 11.2
% recovered 2451a 28.8 28.4 24.9
% E-ze 60.5 60.3 63.9
% vyield E-ze 60.5 65.3 71.7
% selectivity E-ze 83 94.2 99.7

Example 2

Example 2 demonstrates the dehydrofluorination of 2451a
over Cr,0; 1n the presence of Z-HFC-1234ze.

An 1nconel tube (2 inch OD) was filled with 10 cc (8 gm)
of Cr,O; catalyst (Guignet’s green) which had been pre-
pared as follows. Chromic oxide in extrudate form, which
was crushed and sieved to 12/20 mesh. After charging the
reactor tube, the temperature of the catalyst bed was raised
to 300° C. and purged with nitrogen (30 cc/min) for 200
minutes. Then the flow of nitrogen was reduced to 60 cc/min
and HF was fed at 20 c¢/min for 60 minutes. The tempera-
ture was increase to 325° C. for 300 minutes. The flow of
nitrogen was then lowered to 30 cc/min and the flow of HF
was raised to 30 cc/min for 30 minutes. The tlow of nitrogen
was then lowered to 12 cc/min and the flow of HF was raised
to 48 cc/min for 60 minutes. The flow of nitrogen was then
discontinued and the tlow of HF was raised to 48 cc/min for
30 minutes. The reactor temperature was then decreased to
250° C. for 30 minutes. Afterwards HF was turned off and
the reactor was purged with 30 cc/min of nitrogen. The
reactor temperature was then stabilized at 300° C., the flow
of nitrogen was turned ofl, and either CF,CH,CHF,, or
CF,CH,CHF, with varying amounts of Z-1234ze, was fed at
1.44 ml/hr. Contact time 1n the reactor was 45 seconds. The
CF,CH,CHF, was vaporized at 50° C. Part of the reactor
cllluent was passed through a series of valves and analyzed
by GCMS. Amounts for Z-1234ze, 2451fa and E-1234z¢ are
expressed as mole percent. Results are summarized 1n Table
2.
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TABLE 2
%Z-ze added 0 10.9
Incoming compos 100/0 89/11
2451a conversion (%) 69.9 71.8
Z-ze 1n product (%) 10.7 10.9
% recovered 2451a 30.1 25.1
% E-ze 59.2 64
% vyield E-ze 59.2 71.9
% selectivity E-ze 84.77 100

Example 3

Example 3 demonstrates the dehydrofluorination of 2451a
over Cr,O, 1n the presence of Z-HFC-1234ze.
An inconel tube (V2 inch OD) was filled with 10 cc (8 gm)

of Cr,0; catalyst (Johnson Mathey) which had been pre-
pared as follows. Chromic oxide 1n extrudate form, which
was crushed and sieved to 12/20 mesh. After charging the
reactor tube, the temperature of the catalyst bed was raised
to 300° C. and purged with nitrogen (30 cc/min) for 200
minutes. Then the flow of nitrogen was reduced to 60 cc/min
and HF was fed at 20 cc/min for 60 minutes. The tempera-
ture was 1ncrease to 325° C. for 300 minutes. The flow of
nitrogen was then lowered to 30 c¢/min and the tlow of HF
was raised to 30 cc/min for 30 minutes. The flow of nitrogen
was then lowered to 12 cc/min and the flow of HF was raised
to 48 cc/min for 60 minutes. The flow of nitrogen was then
discontinued and the flow of HF was raised to 48 cc/min for
30 minutes. The reactor temperature was then decreased to
250° C. for 30 minutes. Afterwards HF was turned oil and
the reactor was purged with 30 cc/min of nitrogen. The
reactor temperature was then stabilized at 300° C., the flow
of nitrogen was turned off, and either CF,CH,CHF,, or
CF,CH,CHF, with varying amounts ot 7Z-1234ze, was fed at
1.44 ml/hr. Contact time in the reactor was 45 seconds. The
CF,CH,CHF, was vaporized at 50° C. Part of the reactor
cllluent was passed through a series of valves and analyzed
by GCMS. Amounts for Z-1234ze, 2451a and E-1234z¢ are
expressed as mole percent. Results are summarized in Table

3.

TABLE 3
%Z-ze added 0 10.9
Incoming compos 100/0 89/11
2451a conversion (%) 73 71.3
Z-ze 1n product (%) 11.4 11.0
% recovered 2451a 27.0 25.5
% E-ze 61.6 63.5
% vyield E-ze 61.6 72.5
% selectivity E-ze 84 100

Example 4

Example 4 demonstrates the dehydrofluoriation of 2451a
over Cr,0O, 1n the presence of Z-HFC-1234ze.

An mconel tube (V2 inch OD) was filled with 10 cc (8 gm)
of Cr,0O, catalyst (Newport Cr) which had been prepared as
follows. Chromic oxide 1n extrudate form, which was
crushed and sieved to 12/20 mesh. After charging the reactor
tube, the temperature of the catalyst bed was raised to 300°
C. and purged with nitrogen (30 cc/min) for 200 minutes.
Then the tlow of nitrogen was reduced to 60 cc/min and HF
was fed at 20 cc/min for 60 minutes. The temperature was
increase to 325° C. for 300 minutes. The flow of nitrogen
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was then lowered to 30 cc/min and the flow of HF was raised
to 30 cc/min for 30 minutes. The tlow of nitrogen was then

lowered to 12 cc/min and the flow of HF was raised to 48
cc/min for 60 minutes. The flow of nitrogen was then
discontinued and the flow of HF was raised to 48 cc/min for
30 minutes. The reactor temperature was then decreased to
250° C. for 30 minutes. Afterwards HF was turned off and
the reactor was purged with 30 cc/min of nitrogen. The
reactor temperature was then stabilized at 300° C., the flow
of nitrogen was turned ofl, and either CF;CH,CHF,, or
CF,CH,CHF, with varying amounts of Z-1234ze, was fed at
1.44 ml/hr. Contact time 1n the reactor was 45 seconds. The
CF,CH,CHF, was vaporized at 50° C. Part of the reactor
cllluent was passed through a series of valves and analyzed
by GCMS. Amounts for Z-1234ze, 2451a and E-1234z¢ are

expressed as mole percent. Results are summarized 1n Table
4.

TABLE 4
% Z-ze added 0 10.7
Incoming compos 100/0 89.3/10.7
245fa conversion (%) 72.2 70.2
Z-ze 1 product (%o) 10.4 10.5
% recovered 2451a 27.8 26.6
% E-ze 61.8 62.9
% vield E-ze 61.8 70.4
% selectivity E-ze 83.5 100

Example 5

Example 4 demonstrates the dehydrofluorination of 2451a

over tluorided alumina 1n the presence of Z-HFC-1234ze.
An 1nconel tube (2 inch OD) 1s filled with 10 cc (6.1 gm)

of Al203 catalyst (purchased from Sigma-Aldrich). A1203
in extrudate form, which 1s crushed and sieved to 12/20
mesh. After charging the reactor tube, the temperature of the
catalyst bed 1s raised to 300° C. and purged with nitrogen (30
cc/min) for 200 minutes. Then the flow of nitrogen 1is
reduced to 60 cc/min and HF 1s fed at 20 cc/min for 60
minutes. The temperature 1s increase to 325° C. for 300
minutes. The flow of nitrogen 1s then lowered to 30 cc/min
and the tlow of HF 1s raised to 30 cc/min for 30 minutes. The
flow of nitrogen 1s then lowered to 12 cc/min and the flow
of HF 1s raised to 48 cc¢/min for 60 minutes. The tlow of
nitrogen 1s then discontinued and the flow of HF 1s raised to
48 cc/min for 30 minutes. The reactor temperature 1s then
decreased to 250° C. for 30 minutes. Afterwards HF 1s
turned off and the reactor i1s purged with 30 cc/min of
nitrogen. The reactor temperature 1s then stabilized at 300°
C., the flow of mnitrogen i1s turned off, and either
CF,CH,CHF,, or CF,CH,CHF, with varying amounts of
/-1234ze, 1s {ed at 1.44 ml/hr. Contact time 1n the reactor 1s
45 seconds. The CF,CH,CHF, 1s vaporized at 50° C. Part of
the reactor eflluent 1s passed through a series of valves and
analyzed by GCMS. Amounts for 7Z-1234ze, 2453fa and
E-1234z¢ are expressed as mole percent. Results are sum-
marized in Table 5.

TABLE 5
%Z7Z-ze added 0 10.9
Incoming compos 100/0 89/11
245fa conversion (%) 70 71

Z-ze 1n product (%o) 11 11
% recovered 2451a 30 29
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TABLE 5-continued

%Z-ze added 0 10.9
% E-ze 59 58
% yield E-ze 59 65
% selectivity E-ze 84.3 100

Note that not all of the activities described above 1n the
general description or the examples are required, that a
portion of a specific activity may not be required, and that
one or more further activities may be performed 1n addition
to those described. Still further, the order in which activities
are listed are not necessarily the order in which they are
performed.

In the foregoing specification, the concepts have been
described with reference to specific embodiments. However,
one ol ordinary skill 1n the art appreciates that various
modifications and changes can be made without departing
from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be
regarded 1n an 1llustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope of invention.

Benefits, other advantages, and solutions to problems
have been described above with regard to specific embodi-
ments. However, the benefits, advantages, solutions to prob-
lems, and any feature(s) that may cause any benefit, advan-
tage, or solution to occur or become more pronounced are
not to be construed as a critical, required, or essential feature
of any or all the claims.

It 1s to be appreciated that certain features are, for clanty,
described herein 1n the context of separate embodiments,
may also be provided in combination in a single embodi-
ment. Conversely, various features that are, for brevity,
described 1n the context of a single embodiment, may also
be provided separately or in any subcombination. Further,
reference to values stated in ranges include each and every
value within that range.

What 1s claimed 1s:

[1. A method of producing a fluoropropane of formula
CF,CH=—CHEF, comprising:

a) contacting a mixture of 1,1,1,3,3-pentatluoropropane

and 7Z-1,3,3,3-tetrafluoropropene 1n the gas phase with
a catalyst comprising at least one catalyst selected from
the group consisting of fluorinated Cr,O, or Cr/N1 on
fluorided alumina, 1n the presence of an oxygen con-
taimning gas, to form a mixture comprising Z-1,3,3,3-
tetratluoropropane, E-1,3,3,3, -tetratluoropropene,
hydrogen fluoride, and optionally unreacted 1,1,1,3,3-
pentatluoropropane,

b) separating the E-1,3,3,3-tetratluoropropene from the
Z-1somer and any unreacted 1,1,1,3,3-pentatluoropro-
pane, 1i present, and

¢) recovering said E-1,3,3,3-tetrafluoropropene.]

[2. The method of claim 1, wherein said mixture of
1,1,1,3,3-pentafluoropropane and Z-1,3,3,3-tetrafluoropro-
pene comprises at least 7% by weight Z-1,3,3,3-tetratluo-
ropropene.]

[3. The method of claim 1, wherein said mixture of
1,1,1,3,3-pentafluoropropane and Z7-1,3,3,3-tetrafluoropro-
pene comprises at least 10% by weight Z-1,3,3,3-tetratluo-
ropropene.]

[4. The method of claim 1 wherein at least 94% of the
1,1,1,3,3-pentatluoropropane 1s converted to E-isomer of
1,3,3,3-tetrafloropropene.]
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[5. The method of claim 1, wherein at least 98% of the
1,1,1,3,3-pentatluoropropane 1s converted to E-isomer of
1,3,3,3-tetrafloropropene.]

[6. The method of claim 1, further comprising recovering
7-1,3,3 3-tetratluoropropene, or a mixture of Z-1,3,3,3-tet-
rafluoropropene and 1,1,1,3,3-pentafluoropropane, and recy-
cling 7Z-1,3,3,3-tetratluoropropene, or a mixture of Z-1,3,3,
3-tetrafluoropropene and 1,1,1,3,3-pentatluoropropane back
to step a).]

[7. The process of claim 1, wherein said hydrogen fluoride
produced in step a) is separated and recovered.]

[8. The process of step 1 wherein said oxygen containing
gas 1s oxygen, or air.}

9. A method of producing a fluoropropene of formula
CF,CH=—CHF comprising.: a) contacting a starting mixture
of 1,1,1,3 3-pentafluoropropane and between about 7.5% to
about 13% by weight Z-1,3,3, 3-tetrafluovopropene in a gas
phase reactor containing a catalyst comprising at least one
catalyst selected from the group comsisting of fluorinated
Cr,O; or Cr/Ni on fluorided alumina, in the presence of an
oxygen containing gas, to form a mixtuve comprising £-1,
3,3,3-tetrafluoropropene, E-1,3, 3, 3-tetrafluoropropene,
hvdrogen fluovide, and unreacted 1,1,1,3,3-pentafluovopro-
pane, if present, b) separating the I-1,3,3,3-tetrafluoropro-
pene from said £-1,3,3,3-tetrafluovopropene and any unve-
acted 1,1,1,3,3-pentafluorvopropane, c) recovering said E-1,
3,3,3-tetrafluorvopropene, and d) returning said 7Z-1,3,3,3-
tetrafluovopropene to the reactor with additional 1,1,1,3,3-
pentafluoropropane.

10. A method of producing CF ,CH—CHF, comprising: a)
contacting a starting mixture of 1,1,1,3,3-pentafluovopro-
pane and between about 10% to 13% by weight Z-1,3,3,3-
tetrafluoropropene in a single gas-phase catalytic reactor
comprising at least one catalyst selected from the group
consisting of fluorinated Cr,O, or Cr¥/Ni on fluorided alu-
mina, in the presence of an oxygen containing gas, to form
a mixture comprising /-1,3,3,3-tetrafluovopropene, E-1,3,3,
3-tetrafluovopropene, hydrogen fluovide, and optionally
unreacted 1,113, 3-pentafluoropropane, b) separating the
E-1,3,3,3-tetrafluovopropene from the Z-1, 3,3, 3-tetrafluoro-
propene and any unreacted 1,11 3 3-pentafluovopropane
and, c) recovering at least said E-1,3,3,3-tetrafluorvopropene
and Z-1,3,3,3-tetrafluoropropene and fluovinating said Z-1,
3,3,3-tetrafluorvopropene to form 1,11 3 3-pentafluoropro-
pene.

11. A method of producing CF,CH—CHF in the vapor
phase, comprising: a) contacting a mixed starting feed
combination of 1,1,1,3, 3-pentafluovopropane and at least
10% by weight Z-1,3,3 3-tetrafluovopropene in a single
reactor containing a catalyst comprising at least one cata-
lyvst selected from the group consisting of fluorinated Cr,0O,
or C¥/Ni on fluorided alumina, in the presence of an oxygen
containing gas, wherein the reactor is held at a temperature
held between 275° C. and 350° C., to form a product mixture
comprising Z£-1,3 3 3-tetrafluoropropene, FE-1,3 3 3-tet-
rafluoropropene, hydrogen fluovide, and unreacted 1,1,1,3,
3-pentafluoropropane, b) separating the E-1, 3,3, 3-tetrafluo-
ropropene from the Z-1,3,3 3-tetrafluoropropene and
unreacted 1,1,1,3,3-pentafluovopropane, c) recovering at
least said E-1,3,3,3-tetrafluoropropene and 7-1,3,3,3-tet-
rafluorvopropene, and d) fluorvinating ov vecycling said recov-
erved /-1,3,3,3-tetrafluorvopropene.

12. A method of producing a fluovopropene of formula
CF,CH=CHFE, comprising: a) contacting a combined start-
ing feed of 1,1,1,3,3-pentafluovopropane and at least 10% by
weight /-1,3,3,3-tetrafluovopropene in a single catalytic gas
phase reactor held at about 300° C. comprising at least one
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catalyst selected from the group comsisting of fluorinated
Cr,0, or Cr/Ni on fluorided alumina, in the presence of an
oxygen containing gas to form a product mixturve comprising
/Z-1,3,3,3-tetrafluovopropene, E-1 3,3, 3-tetrafluoropropene,
hvdrogen fluorvide, and unreacted 1,1,1,3,3-pentafluoropro-
pane, b) separating the E-1,3,3 3-tetrafluorvopropene from
the 7Z-1,3,3 3-tetrafluoropropene and unreacted 1,1,1,3,3-
pentafluoropropane, and c) recovering said E-1,3,3,3-tet-
rafluoropropene.

13. A method of producing a fluorvopropene of formula
CF,CH=CHFE, comprising: a) contacting a starting mixture
of 1,1,1,3,3-pentafluoropropane and between about 10% to
about 13% by weight Z-1,3,3, 3-tetrafluovopropene in a gas
phase reactor containing a catalyst comprising at least one
catalyst selected from the group comsisting of fluorinated
Cr,0, or Cr/Ni on fluorided alumina, in the presence of an
oxygen containing gas, to form a mixture comprising Z-1,
3,3,3-tetrafluoropropene, E-1,3, 3, 3-tetrafluoropropene,
hvdrogen fluorvide, and unreacted 1,1,1,3,3-pentafluoropro-
pane, if present, whervein at most an additional 0.3 mol %
Z-1,3,3,3-tetrafluoropropene is produced, b) separating the
E-1,3 3, 3-tetrafluoropropene from the Z-1,3,3,3-tetrafluoro-
propene and any unveacted 1,1,1,3, 3-pentafluorvopropane, c)
recovering at least said E-1,3,3 3-tetrafluoropropene and
Z-1,3,3,3-tetrafluoropropene, and d) fluorvinating or recy-
cling said recovered Z-1,3,3,3-tetrafluoropropene.

14. A method of producing a fluorvopropene of formula
CF,CH—CHF, comprising: a) contacting a starting mixture
of 1,1,1,3,3-pentafluoropropane and between about 10% to
about 13% by weight Z-1,3,3, 3-tetrafluovopropene in a gas
phase reactor for about 45 seconds, whervein the reactor
contains a catalyst comprising at least one catalyst selected
from the group comsisting of fluorinated Cr,O, or Cr/Ni on
fluorided alumina, in the presence of an oxygen containing
gas, to form a mixture comprising Z-1,3,3,3-tetrafluoropro-
pene, -1, 3 3, 3-tetrafluovopropene, hvdrogen fluoride, and
unveacted 1,1,1,3,3-pentafluoropropane, if present, wherein
at most an additional 0.3 mol % Z-1,3,3,3-tetrafluoropro-
pene is produced, b) separating the E-1,3,3,3-tetrafluoro-
propene from said Z-1,3,3, 3-tetrafluoropropene and any
unveacted 1,1,1,3, 3-pentafluoropropane, c) recovering at
least said FE-1, 3,3 3-tetrafluoropropene and Z-1,3,3 3-tet-
rafluoropropene, and d) subsequently fluorinating or recy-
cling said vecovered Z-1,3,3,3-tetrafluoropropene, wherein
when said 7Z-1,3,3,3-tetrafluovopropene is fluorinated to
1,1,1,3,3-pentafluovopropane, said 1,1,1,3,3-pentafluoro-
propane is recycled to the reactor.

13. The method of claim 9, wherein said hyvdrogen fluoride
produced in step a) is vemoved by one of scrubbing and
distillation.

16. The method of claim 10, wherein said hydrogen
fluoride produced in step a) is vemoved by one of scrubbing
and distillation.

17. The method of claim 11, wherein said hydrogen
fluoride produced in step a) is removed by one of scrubbing
and distillation.

18. The method of claim 12, wherein said hydrogen
fluoride produced in step a) is removed by one of scrubbing
and distillation.

19. The method of claim 13, wherein said hydrogen
fluoride produced in step a) is removed by one of scrubbing
and distillation.

20. The method of claim 14, whervein said hydrogen
fluoride produced in step a) is removed by one of scrubbing
and distillation.

21. The method of claim 13, further comprising recover-
ing a mixture of Z-1,3,3,3-tetrafluovopropene and 1,1,1,3,3-

12

pentafluoropropane, and recycling Z-1,3,3,3-tetrafluoropro-
pene, or a mixture of Z-1,3,3,3-tetrafluorvopropene and 1,1,
1,3,3-pentafluoropropane back to step a).

22. A method of producing a fluoropropene of formula

5 CF,CH=CHF, comprising: a) contacting a starting feed
mixture of 1,1,1,3,3-pentafluovopropane and at least 9% by
weight Z-1,3,3, 3-tetrafluovopropene in the gas phase with a
catalyst comprising at least one catalyst selected from the
group consisting of fluorinated Cr,O, or Cyr/Ni on fluorided

10 alumina, in the presence of an oxygen containing gas, to
form a product mixture comprising Z-1,3,3,3-tetrafluoropro-
pene, I-1,3, 3, 3-tetrafluorvopropene, hydrogen fluoride, and
unreacted 1,1,1,3,3-pentafluoropropane, b) separating and
recovering the E-1,3 3, 3-tetrafluoropropene from the Z-1,3,

15 3,3-tetrafluoropropene and unreacted 1,1,1,3,3-pentafluoro-
propane, and c) recovering a mixture of Z-1,3,3,3-tetrafluo-
ropropene and 1,1,1,3,3-pentafluoropropane, and recycling
the mixture of £-1,3,3,3-tetrafluovopropene and 1,1,1,3,3-
pentafluoropropane to step a), and whervein said hydrogen

20 fluoride is separated and recovered.

23. A method of producing a fluoropropene of formula
CF,CH—=CHFE, comprising: a) contacting a starting mixture
of 1,1,1,3,3-pentafluoropropane and between about 7.5% to
about 13% by weight Z-1,3,3, 3-tetrafluovopropene in a gas

25 phase rveactor containing a catalyst comprising at least one
catalyst selected from the group comsisting of fluorinated
Cr,O; or C¥/Ni on fluorided alumina, in the presence of an
oxygen containing gas, to form a mixture comprising Z-1,
3,3,3-tetrafluorvopropene, E-1,3 3, 3-tetrafluoropropene,

30 hvdrogen fluoride, and unveacted 1,1,1,3,3-pentafluorvopro-
pane, if present, b) separating the I-1,3,3,3-tetrafluoropro-
pene from said £-1,3,3,3-tetrafluorvopropene and any unve-
acted 1,1,1,3,3-pentafluoropropane, c) recovering said E-1,
3,3,3-tetrafluoropropene, and d) returning said Z-1,3,3,3-

35 tetrafluovopropene to the veactor with additional 1,1,1,3,3-
pentafluovopropane, wherein step (a) provides a
composition comprising /£-1,3 3 3-tetrafluorvopropene at
about 10-13 mol %, E-1,3,3,3-tetrafluoropropene, hydrogen
fluoride, and 1,1,1,3,3-pentafluorvopropane.

40  24. The method of claim 10 wherein step (a) provides a
composition comprising between about 10-11 mole % Z-1,
3,3,3-tetrafluorvopropene, between about 60 to about 64 mol
Y% FE-1,3 3 3-tetrafluoropropene, hydrogen fluoride, and
between about 24-27% mol % 1,1,1, 3 3-pentafliuoropro-

45 pane.

25. The method of claim 11 wherein step (a) provides a
composition comprising between about 10-11 mole % Z-1,
3,3,3-tetrafluoropropene, between about 60 to about 64 mol
Y% IE-1,3 3 3-tetrafluovopropene, hydrogen fluovide, and

50 between about 24-27% mol % 1,113, 3-pentafluorvopro-
pane.

26. The method of claim 9, wherein step (a) increases the
Z-1,3,3,3-tetrafluoropropenecontent by at most an addi-
tional 0.3 mol %.

55 27. A method of producing a fluoropropene of formula
CF ,CH—CHF, comprising: a) contacting a starting mixture
of 1,1,1,3 3-pentafluoropropane and Z-1,3,3, 3-tetrafluoro-
propene in a gas phase reactor containing a catalyst com-
prising at least one catalyst selected from the group con-

60 sisting of fluorinated Cr,O; or Cv/Ni on fluorided alumina,
in the presence of an oxygen containing gas, to form a
mixture comprising £-1,3,3, 3-tetrafluovopropene, I'-1,3,3,3-
tetrafluoropropene, hvdrogen fluoride, and unveacted 1,1,1,
3,3-pentafluoropropane, if present, wherein at most an addi-

65 tional 0.3 mol % Z-1,3,3,3-tetrafluorvopropene is produced,
b) separating the E-1,3 3 3-tetrafluoropropene from said
Z-1,3,3,3-tetrafluoropropene and any unreacted 1,1,1,3,3-
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pentafluoropropane, c¢) recovering at least said E-1,3,3,3-
tetrafluoropropene and Z-1,3,3,3-tetrafluovopropene, and d)

returning said 7Z-1,3,3,3-tetrafluoropropene to the reactor

with additional 1,1,1,3,3-pentafluoropropane.

28. The method of claim 10 wherein the starting mixture
comprises between about 10-11 mol % Z-1, 3,3, 3-tetrafluo-
ropropene, and between about 87 and 92.5 mol % 1,1,1,3,
3-pentafluorvopropane.

29. The method of claim 11 wherein the starting feed

comprises between about 10-11 mol % Z-1,3,3,3-tetrafluo-
ropropene, and between about 87 and about 92.5 mol %
1,1,1,3,3-pentafluoropropane.

30. A method of producing CF,CH—CHF, comprising: a)
contacting a starting mixture of 1,1,1,3,3-pentafluoropro-

pane and between about 10% to 13% by weight Z-1,3,3,3-

tetrafluovopropene in a single gas-phase catalytic reactor

comprising at least one catalyst selected from the group
consisting of fluorinated Cr,O, or Cr/Ni on fluorided alu-

mina, and optionally a co-catalyst selected from one of

cobalt, manganese and zinc, in the presence of an oxygen
containing gas, to form a mixture comprising /-1,3,3,3-
tetrafluovopropene, E-1,3, 3,3 tetrafluoropropene, hydrogen
fluoride, and optionally unreacted 1,1,1,3,3-pentafluoropro-
pane, b) separating the E-1,3,3 3-tetrafluorvopropene from
the Z-1,3,3,3-tetrafluorvopropene and any unveacted 1,1,1,3,
3-pentafluorvopropane and, c) recovering at least said E-1,
3,3,3-tetrafluoropropene and said Z-1,3,3,3-tetrafluoropro-
pene.

31. The method of claim 9, further providing the E-1,3,

3,3-tetrafluoropropene to a refrigerant system.
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32. The method of claim 10, further providing the E-1,3,

3,3-tetrafluorvopropene to a refrigervant system.

33. The method of claim 11, further providing the E-1,3,
3,3-tetrafluoropropene to a refrigerant system.

34. The method of claim 12, further providing the E-1,3,

3,3-tetrafluorvopropene to a refrigervant system.

35. The method of claim 13, further providing the E-1,3,
3,3-tetrafluoropropene to a refrigerant system.

36. The method of claim 14, further providing the E-1,3,

3,3-tetrafluorvopropene to a refrigervant system.

37. The method of claim 31, the method including oper-
ating the refrigerant system, wherein the refrigerant system
comprises the I'-1 3, 3, 3-tetrafluorvopropene.

38. The method of claim 32, the method including oper-
ating the vefrigerant system, wherein the refrigerant system
comprises the I'-1 3 3, 3-tetrafluovopropene.

39. The method of claim 33, the method including oper-
ating the refrigerant system, wherein the rvefrigerant system
comprises the I'-1 3 3, 3-tetrafluorvopropene.

40. The method of claim 34, the method including oper-
ating the refrigerant system, wherein the rvefrigerant system
comprises the E-1, 3,3, 3-tetrafluorvopropene.

41. The method of claim 35, the method including oper-
ating the refrigerant system, wherein the refrigerant system
comprises the I'-1 3, 3, 3-tetrafluorvopropene.

42. The method of claim 36, the method including oper-
ating the vefrigerant system, wherein the refrigerant system
comprises the I'-1 3 3, 3-tetrafluovopropene.
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