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PATENT APPLICATION

PROCESS FOR MAKING HCF(-12332d

CROSHS-REFERENCE TO RELATED APPLICATIONS

This application claims domestic priority to copendmg U.S. Provisional Patent
Application Senal No. 62/160,021, Qled May 12, 20135, the disclosure of whach 1s

hereby mcorporated herein by reference.
FIELD OF THE INVENTION

This inventiion relates {0 methods for producing hvdrochlorofluorooiefins

(HCEFOs), particularly trans-1-chloro-3.3 3~influoropropene (HCFO-123324(E)).

BACKGROUND OF THE INVENTION

Chlorofluorocarbon (CFC) based chenucals have been widely used 1 industry
in a vanety of different applications inciuding as refnigeranis, aerosol propeliants.
blowing agents and solvents, among others. However, cerfain CFCs are suspected of
depleting the Earth's ozone laver. Accordingly, more environmentally friendly
subsittutes have been introduced as replacements for CFCs. For example. 1.1,1.3.3-
pentativoropropane (HEFC-2451a) 15 recognized as having favorable physical
properiies for certamn mdusiral applications, such as foam blowing agents and
solvents, and therefore 1s consider to be a good substitute for the CFCs previously

used for these applications. Unfortunately. the use of certain hydroflucrocarbons.
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including HFC-2451a, in mdustnal applications 1s now behieved (o contribute to the
olobal warming. Accordingly, more environmentally fnendly substitutes for
hvdrofiuorocarbons are now being sought.

The compound t-chlore-3.3 3-trifluoropropene, also known as HCF(-1233zd
or simply 1233zd. 15 a candidate for replacing HFC-245{a 1n some applications,
including uses as biowing agents and solvents. 1233zd has two 1somers with different
phvsical properties. As one example of the different properties between the two
isorners, 12332407} has a bothing pomnt of approxumately 38°C, whereas 1233zd(k)
has a boiling point of approxamately 19°C. In some applications, if 18 desirable to use
either pure 1233zd(E). pure 12332d{<). a particular blend of the {Z) and {(E) 1somers,
or a particular blend of one or both of the 1233zd 1somers and another compound in
order to control the properties of the solution. For example. i some solvent
applications, it 15 desirable 1o have a relatively high botling point. In some such
applications, pure 1233zd(Z} may have more desirable physical properties (e.g., a
higher boiling point) than esther pure 123324(E) or muxtures of the two 12332d
1SOTNETS.

Processes for synthesizing 1233zd are known. For example, PCT Publication
No. WO 97/24307 discloses a process [or preparning 12332d via the gas-phase reaction
of 1.1,1.3,3-penta-chloropropane (HCC-~240{a) with hydrogen fluoride (HF).
However, this process produces relatively low vields of 1233zd.

LS. Pat. No. 6,844,475 describes a catalyiic hiquid phase reaction of HCC-
240ta with HE to produce 12332d 1 hugher vields. However the presence of the
fluorination catalyst promotes the formation of heavy by-products, oligomers, and tars
which can build up in the reactor over fime and lead to catalyst dilution and catalyst
deactivation, resulting in loss of productivity due 1o excessive downiime {0 remove
these bv-products from the reactor on a penodic basis,

U.S. Pat. No. 8,704,017 discloses a non-catalytic liguid phase reaction of
HC(C-2401a with HF to reduce the formation of heavy by-products. However, one
drawback of not using a catalysi is the problem of slower reaction rates, resulting in
the tormation of significant amounts of stable underfluornated miermediates
comprising tetrachloro-fluoropropanes including 1,1.3,3-tetrachioro-1-tfluoropropane

(HCFC-2411a), trichloro-ditluoropropanes mncluding 1,3, 3-tnichioro-1,1-
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difluoropropane (HCFC-242{a) and 1,1, 3-inchloro-~1,3~-difluocropropane (HCEF(C-
24721b) and dichlorotrifluoropropanes including 1. 1-dichloro-3.3 3-~tnifluoropropane

(HCF(C-2431a) and 1,3-dichloro-1,1, 3~triflucro-propane (HCF{C-2431b} can be

fh

formed, which significantly decreases the single pass productivity of HCFC-1233z4.

.8, Patent No. 9,045 386 describes a process to produce trans-1-chloro-3,3,3-
tnfluoropropene (HCFO-123324(E)) at hugh purity on a conumercial scale. Thas

patent publication 1s hereby incorporated herein by reference.

Based on the above, there remains a need for means by which partially
fluormaled mtermediates can be converted into the target product, namely, HCEFO-

1233zd. This mmvention satisfies that need.
SUMMARY OF THE INVENTION

The present mvention provides methods {or the production of 1-chloro-3.3,3-
influcropropene (HUF(O-12332zd). The process generally comprises the following four

steps:

{1} providing a {eedstock comprising tetrachlorotluoropropanes,

trichlorodifiuoropropanes and dichlorotnfiuoropropanes,

(2) reacting the feedstock 1 a vapor phase reactor in the presence of HF and
in the presence of a solid catalyst under conditions effective to form a
product stream comprising HCFO-12332d, HCH and unconverted staring

materials,
{(3) recovenng or removing HCI and HF, and
(4} 1solating HCFO-1233zd{E}, HCFO-12337zd(Z), or both.

Non-himiting examples of tetrachlorotluoropropanes mclude, but are not
limited to, 1,1,3 3-tetrachloro-1-fluoropropane (HUF(C-241{a}. Non-limiting examples
of trichlorodifluoropropanes mclude, but are nol limited to, 1,3, 3-tnchloro-1,1-
diffvoro~-propane (HCF(C-242{a) and 1.1, 3-tnchloro-1.3-difluoropropane (HCFC-
242fb}). Non-limiting examples of dichlorotntiuoropropanes include, but are not

linnied to, 1, 1-dichioro-3,3 3~tnfluocropropane (HCFC-243fa) and 1. 3-dichloro-1,1,3-
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trifluoropropane (HCFC-243(b). A preferred {eedstock comprises a muxiure of

HCFC-241, HCFC-242 and HOFC-243 (HCFC-242/HCFC-243),

In certain embodiments, the feedstock contains the sum of ietrachiorotiuoro-
propanes, trichlorodifluoro-propanes and dichiorotriflucropropanes of at least 50
wit%, preferably at least 80 wi%, more preferably at teast 90 wi%, and most

preferably at least 95 wt%.

o

In certain embodiments, the solid catalyst may be one or more of halogenated
metal oxides i bulk form or supporied, metal halides i bulk form or supported, and
carbon supporied transifion metals. Suitable catalvsts non-exclusively mnclude
halogenated metal oxides {e.g.. luormated Cr0:, fluorinaied AlOs, fluorinated
Mg, metal halides {e.g.., Crks. Alks, AlCh, FeCls, Fe(Cls/C) and carbon supported

transition metals (zero oxidation state} such as e/, Co/C, Ny, and Pd/C.

Thus, one embodiment of the invention provides a method for producing a

chilorofluoroalkene comprising the following steps:

providing a feedstock comprising tetrachlorofluoropropanes.

trichlorodifluoropropanes and dichiorotrifiuoropropanes,

reacting the feedstock 1in a vapor phase reactor in the presence of anhvdrous
HE and in the presence of a sohid catalyst under conditions effective to form a product

stream compnising HCFO-1233zd, HCI and unconverted starting materials,
recovering or removing HCI and HF, and
isolating HCFO-1233z4(E), HCFO-~12332d(Z), or both.

Another embodiment of the invention provides a method {or producing a

chlorofluoroalkene comprising the following steps:

providing a feedstock comprising tetrachlorofluoropropanes,

inchlorodufluoropropanes and dichlorotrifluoropropanes,
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reaclting the feedstock i a vapor phase reactor m the presence of a solid
catalyst under condifions effective to {orm g product stream comprising HCFO-

1233zd, HCI and unconverted starting materials,
recovering or removing HCL and HF, and
isolating HCF(-123324(E), HCF(O-12332d4(Z). or both.

It should be appreciated by those persons having ordinary skill in the art(s) to
which the present invention relates that any of the features described herein in respect
of anv particular aspect and/or embodiment of the present invention can be combined
with one or more of any of the other features of any other aspects and/or embodiments
of the present mnvention described herem, with modifications as appropriate {0 ensure
compatibility of the combmations. Such combinations are considered to be part of the

present mnvention contemplated by this disclosure.

It 15 1o be understood that both the foregoing general description and the
foliowing detalled description are exemplary and explanatory only and are not
restricive of the invenfion as claimed. Other embodiments will be apparent {0 those
skilied i the art from consideration of the specification and practice of the mmvention

disclosed heren.
DETAILED DESCRIPTION OF THE INVENTION

As set forth above, the present invention 18 direcied o a process for producing

1233zd, which comprises:

providing a feedstock compnsing tetrachlorofluoropropanes,

inchlorodifluoropropanes and dichiorotrifiuoropropanes,

reacting the feedstock in a vapor phase reactor in the presence of HF and in
the presence of a solid catalyst under conditions elfective to form a product stream

comnprising HCFO-1233zd, HCI and unconverted starfing matenals, and

isolating HCFO-12332d(E). HCFO-12332d(Z). or both
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In certain ernbodiments, the teedstock contains the sum of
tetrachlorofluoropropanes, trichlorodifluoro-propanes and dichlorotntivoropropanes
of at least 50 wiY%, preferably at least 80 wit%, more preferably at least 90 wi%. and
most preferably at least 95 wi. Non-himiting examples of tetrachlorofiuoropropanes
include. but are not hinuted to, 1,1,3.3-{etrachioro-i-{luoropropane (HCF(C-241{a).
Non-limiting exampiles of trichlorodifluoropropanes include, but are not himited to,
1.3,3-trichioro-1.1-difluoropropane (HCKF(C-2421a) and 1,1.3-irichioro-1,3-
dilluoropropane (HCFC-2421{b). Non-limating examples of dichlorointluoropropanes
include, but are not limmted to, 1, 1-dichloroe-3,3.3-influoropropane (HCF(C-2431a) and
,3-dichloro-1.1,3-triflucropropane (HCF{(-2431b).

In preferred embodiments, distillation 1s used to isolate
ietrachlorofivoropropanes, inchiorodiflucropropanes and dichlorotrifluoropropanes
from a product stream compnising HCFO-1233z4(E), HCFO-123324(), HCFC-
241ta, HOF(C-242fa, HCF(C-242tb, HCF(-2431a, and HCFC-2431b. These
intermediates can be 1solated as individual compounds or as a nuxture. As disclosed
in U.S. Pat. No. §,835,700, such a product stream can be obtained by reacting HCC-
240fa with anhydrous HF in a liquad phase reactor in the absence of any catalyst.

This patent s hereby incorporated herein by reference.

The reaction of tetrachlorofluoropropanes (HCF(C-241),
inchlorodiflucropropanes (HCF(C-242) and dichioroinfluoropropanes (HCF(C-243)
may be conducied m any suitable reaction vessel or reactor, but it should preferably
be constructed from materials wiich are resistant {o the corrosive effects of hyvdroge
fluoride such as nickel and uts alloys, including Hastelloy, Inconel, Incoloy, and
Monel or vessels lined with fiuoropolymers. These may be simgle pipe or muliiple
tubes packed with a solid catalvst. Three kinds of catalvsts can be used, which include
1y bulk or supported metal halides, 2) bulk or supporied halogenated metal oxides,
and 3) bulk or supported zero-valent metals. Useful calalysts non~-exclusively mclude
fluorinated CrOa, fluornated AlxOs, fluormated Mg(Q, CrFs, Al AlCh, FeCls,
Mgok,, FeCls/(C and carbon supported transition metals {zero oxidation state} such as

Fe/C, Co/C, N/, and PA/C. The HCFC-242/HCF(C-243 teed 15 mntroduced mto the
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reactor either i pure form, impure form, or together with an optional mmert gas diluent

such as nifrogen, argon, or the like.

In some embodiments of the mvention, the HCFC-241/HCFC-242/HCEF{C-243
feedstock 1s pre-vaporized or preheated prior to entering the reactor. Alternatively, the
HCFC-241/HCFC-242/HUEFC-243 feed 18 vaponzed mside the reactor. Useful
reaction temperatures may range from about 200°C to about 600°C. Preferred
temperatures may range from about 250°C to about 430°C, and more preferred
temperatures may range from about 360°C to about 350°C. The reaction may be
conducted at atmospheric pressure, super-atmospheric pressure or under vacuum. The
vacuum pressure can be from about 5 Torr to about 760 Torr. Contact time of the
HCFC-241/HCFC-242/HCFC-243 feed with the catalyvst mayv range {rom about .5

seconds to about 120 seconds, however, longer or shorter times can be used.

In preferred embodiments, HE 1s co-fed to the reacior {ogether with the
HCFC-24 1/ HCFC-242/HCEFC-243 feed. HE 1s pre-vapornzed or preheated prior to
entering the reactor. Allernatively, HY 1s vaporized inside the reactor. The applicanis
unexpeciedly found that the presence of HE co-feed can sigmiicantly suppress the
formation of some undesirable by-products non-exclusively including
dichiorodifiuoropropenes (HCKFO-1232 isomers), trichiorofiuoropropenes (HCFO-
1231 1somers}, tetrachloropropenes (H{C3-1230 1somers}, eic. The molar ratio of
HE/organic can be ranged from 0.01:1 10 10:1, preferably from 0.1:1 16 3.1, and more

preferably from 0.5:1 to 3:1.

In preferred embodiments, the process flow 1s in either the down or up
direction through a bed of the catalyst. It may also be advantageous to pertodically
regenerate the catalyst atter prolonged use while m place m the reactor. Regeneralion
of the catalyst may be accomphished by any means known 1n the art, for example, by
passing air or air diluied with nifrogen over the catalyst at temperatures of from about
200°C to about 500°C, preferably from about 300°C to about 400°C, for from aboul
0.5 hour 1o about 3 days. Thas 1s {ollowed by H2 freatment at temperatures of {rom
about 100°C to about 400°C, preferably from about 200°C to about 300°C for

supported transitton metal catalvsts or followed by HF treatment at temperatures of
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from about 200°C to aboul 600°C and prelerably from about 3007 to about 400°C

for halogenated metal oxade catalysts and metal halide catalysts,

The reaction typically vields a reaction product comprising HCFO-1233zd and
one or more compounds other than HCFO-1233zd. The reaction product typically
takes the form of a muxture of the following: unreacled starting matenals, e g, HCFC-
241 1somers, HCFC-242 1somers, and HCF(C-243 1somers, and HF mn case HY 15 ¢co-
ted; target products, e.g.. HCF(-1233z7d; and byv-products, e.g., HCI, HF, HFG-
1234ze, HF(C-245fa, HCKFC-244fa, HOF(O-1232 1somers, HCFG-1231 1somers, HCO-

1230 130mers, etc.

Desirable levels of raw matenal conversion and HCFO-1233zd selectivity can
be impacted bv operating parameters, including conditions such as reaction
temperature, pressure, and restdence time. The reaction will be carred out at
conditions suthicient {o effect the formation of targel product. Selectivity to HCFC-
1233zd {the sum of two 1somers) with the preferred catalysts 1s about 5309% or more,
more preferably about 70 or more, and most preferably about 90% or more.
Conversion of raw material 1s preferably about 10% or more, more preferably about
40% or more, and most preferably about 70% or more.

HCF{-12332zd mav be recovered from the reaction product as either or both of
E and Z-1somers thereof. Recovery of compounds {rom the reaction product may be
affected by any means known 1 the art, such as by exiraction and preferably by
distillation. For example, the distillation may be conducted in a standard distillation
coiumn at a pressure less than about 300 psig, preferably less than about 130 psig, and
rmost preferably less than 100 psig. The pressure of distillation columin inherently
determines the distillation operating temperature. HCl may be recovered by operating
the distillation column at from about -40°C {0 about 25°C, preferably from about -
40°C to about -20°C. HCF-1233zd may be recovered by operating the distiliation
column at from about ~-10°C {0 about 60°C. Smgle or multiple distiflation colurmns
may be used. If, desired. the HCFO-1233z4(E) and HCFO-1233zd{(¥) may be
separated from each other by means known in the art, such as exiraction and
distiifation.

In a preferred embodiment, HCI 1s removed from the reaction products. More
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preferably, the HCl 1s removed prior to the recovery of HCFC-12332d from the
reaction product mixture. The HCI in the product stream 1s recovered using an HCH
column. High puritv HCI 15 1solated from the top of the column and absorbed 1n de-
1onized water as concentrated HCL Alternatively, HCI can be recovered or removed
from the product stream by using water or caustic scrubbers. When water extractor 1s
used, HCI aqueous solufion of various concentrations 1s formed. When caustic

scrubber 15 used, HCI 1s neutralized as a chlonde salt in agueous soluiion.

In certain embodiments, the essentially HCl-free organic/HE mixture 15 fed to
a sulfuric extractor or a phase separator for removal of HF from thas naxiure. HF 15
either dissolved in the sulfuric acid or phase separated from the organic nuxture. For
embodiments utthizing a sulfuric acid adsorption system, sulfuric acid 1s preferably
added such that the weight ratio of sulfuric acid to hvdrogen fluorde ranges from
about 1:1 to about 10:1. More preferably the weight ratio ranges from about 1:1 {o
about &:1 and most preferably from about 2:1 to about 4:1. The HF 15 then desorbed
from the sulfuric acid/HF muixture by stripping distiiiation and recyeled back to the
fluormation reactor. For embodiments utilizing a phase separator, preferably the
exiraction 1s conducied at a teraperature of from about -20°C {o about 100°C, more
preferably from about -10°C to about 60°C, and most preferably from about 0°C to
about 40°C. The HF 1s then phase-separated and recvcled back to the reactor. The
orgamic muxture either from the overhead of the sulturic acid extractor or from the
botiom laver of the phase separator mayv require treatment {scrubbing or adsorption) to
remove traces of HE before it 1s sent to next unit operation for product isolation.

In certain emsbodiments, the isomers HCFO-123324(E) and HCFO-12332d{%)
are 1solated as two products. Acid free crude product 1s first sent {fo a distillation
columm, from which HCF(-1233zd4(E) exits the top of the column together with some
light components having lower boitling poinis than HCFO-12332d(E) while HCFO-
1233zd4(Z) exits from the botiom of the colummn fogether with some heavy components
having higher botling poinis than HCFO-1233zd{(Z}. The overhead stream and the
botiom stream are then sent to two separate columns for further purification o obtain

HCFO-123374(F) and HCFO-123324(Z) products.
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EXAMPLES
The following examples are provided to further iliustrate the imvention and

should not be taken as mitations of the invention.
Example 1

In this example, 5 wi% FeCls/carbon was used as a catalvst. A % mch x 0.035
inch tube Inconel 625 reactor was used. The reactor was 1nstalled in the maddle of an
electric 3-zone sphit furnace. Process temperatures were recorded using a mulfi-pont
thermocouple placed inside the reacior and within the catalyst bed. The distance
between two adjacent probe points was 4 mches. 40 mi of solid cataly st was loaded in
such a way that s bed was within three adjacent probe points. The reactor was heated
o desired temperatures in nitrogen flow and 51.6 GU area% 243 (two 1somers with
243tb being domunant componenty/47.5 G area¥ 2421a feed was then fed mnio the
bottom of the vertically mounted reactor {o start a reaction. The reacthion effluent was

pertodically sampled for ifs compositions.

As shown mn Table 1, the percentages of 1233zd {(1233zdE plus 1233zd7) in

vapor phase and in higuid phase were about 33%, and about 2.5%, respectively.
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Table 1 - GC-MS analysis of product generated over 53 wi% FeCl3/carbon catalyst al

200°(C™

Peak No. Retention Time | Species FID area%
’ | {min) I i,
Vapor phase | Liquid phase |
i 10.07% {3-13 = (.39 .
FE— 0338 | Diftwerodthens 0397
3 14982 ---------------------- G-245f2 | 0.430
TS | Chlorefueroethane | 1004 [T
T ST Hlorostiens (0305 ]
G 19.435 (3-1233zdE 30.139 2192
7 20,368 (3-2441a 0.675 01272
C Pl T 7 YT S NV T
CE P oI omer TR
1w 21954 | dichloroethene 0.441 75"556““""“’
T 23272 | G-1232isomer | 0.953 W
12 | 23.397 243 1somer 12.325 10,060
13 123628 | 243 isomer | - 0971 za.q))z,g ““““““““““
T T R N e R 17 e B— 57 A
T sEw T X T TR e
16 127080 | G-1110 1 - 0.058 |
1] 28.590 (3-1230 1somer - {.481

* Other reaction conditions: 40 mi of 5 wi% Fe(’13/carbon catalyst, 0 psig, 15 g org/h,

51.6 GO area243 (two 1somers with 243fb being domunant component}/47.5 G

area%% 242%a

Example 2
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In this example, fluormated Cr2Oz was used as a catalyst. A % inch x 0.035
inch tube Inconel 625 reactor was used. The reactor was installed 1 the middle of an
electric 3-zone splif furnace. Process temperatures were recorded using a mulit-point
thermocouple placed mside the reactor and within the catalyst bed. The distiance
between two adjacent probe pounts was 4 mnches. 20 mi of sohid catalvst was loaded 1n
such a way that 1is bed was within two adjacent probe poinis. The reactor was heated
to destred temperatures in nitrogen flow and 31.6 GC area% 243 {(two isomers with
2431 bemng domunant component)/47.5 GC area% 2421a lfeed was then fed mto the
bottom of the vertically mounied reactor to start a reaction. The reaction effiuent was
penodicatly sampled for 1ts compositions. As shown in Table 2, the percentages of
123374 (12332dE plus 12332d72) 1n vapor phase and in liguid phase were about 81%,

and about 35%. respectively.

Table 2 GC-MS analvsis of product generated over fluormnated Crn(Os catalyst al

2500
ek o T Reteniion Time | Species T TFB ey T
'  (min) N A —— e ;
E Vapor phase | Liquid pl
B N TIY7C R— I R T e
2 10.799 -142 1somer | 0.680 -
T X K e T e 7 S —
F— ¥ Fe T E— TN R P—
ER— TR T PR N T U
T 7| cHowshens 0521|0065
7 19637 Gwl 33zdE 12.524 30,139
' & 19 887 G-1335 1somer | 013 .062
R oA e VT E— T —
I — ST CREE AN T T
LT I 1 R F— T
= ’ | 1SOmner
12 ) _i"515_____"m"_____"_"‘"&{EE-i_b"%&;ﬁi‘;‘i{é ________ (7 o057
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13 22.82 1223xd (0.372 0.4 10
4 25 2 ?‘6?’1‘?2"5;‘5{%;55{& “““ 2966 . 4. m
5 2’5443 243 isomer 3.650 8.474
16 2’5 618 243 isomer | 4999 | 13.418
7 24 051 “gr_E;'-Ii'fié'ié"i'é;%&{é'f """ - 0 1:>o
18 24.291 (G-12337d - 0.328
dimer
1924%8 """"""""""""" Gzzgzmma 0167|0471
20 2‘3811(;2421somei 1776 | 25.128
21 26.445 G-1231 1somer | - 0. 408
2 2( 436 %L"i”}l-"'jffz"fé‘i_"?{ééﬁ{é} “““ - | 0.492 |
3 2( 686 ?ﬁi{ﬁi};}%}ﬁ ““““““““““ -] 0718
o4 28 599 G-1230isomer | 0.154 [ 17813
.2:-2 ________________________ 33.081 mknom """""""""""" -] 0301

* Other reaction conditions: 20 ml of spent chromua catalyst, O psig, 15 g org/h, 51.6

GO area%243 (two isomers with 243fb bemng domanant component}/47 5 GC area%

2472%a

Example 3

In this example, the same fluonnated Cr{; catalvst was used as in Example 2.

A ¥ inch x 0.035 inch tube Inconel 625 reactor was used. The reactor was installed 1n

the naddle of an electric 3-zone split fumace. Process temperatures were recorded

using a mulii-pomt thermocouple placed mmside the reactor and within the catalvst bed.

The distance between two adjacent probe points was 4 mches. 20 mil of solid catalyst

was {oadead in such a way that 1ts bed was within two adjacent probe pomnis. The

reactor was heated fo desired {emperatures in nifrogen tlow and 531.6 GC area%% 243

{two 1somers with 2431b being donunant componenty/47.5 GU area% 2421a feed and

anhvdrous HF were then fed into the bottom of the vertically mounted reactor to start

a reaction. The reaction effiuent was periodically sampled {or s compositions.
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Apphicanis unexpeciedly found by co-teeding the amount of 1230 1somer generaied
was greatly reduced to below 1% (versus about 18% mn the absence of HF) while the

amount of 1233zd remained about the same.

it 1 !

As used herein, the singudar forms "a", "an"” and "the" include plural uniess the
context clearly dictates otherwise. Moreover, when an arnount, concenlration, ot
other value or parameter 15 given as either a range, preferred range, or a hist of upper
preferable values and lower preferable values, this is {0 be understood as specifically
disclosing all ranges formed from any pair of any upper range limit or preferred value
and anv lower range hout or preferred value, regardless of whether ranges are
separatelv disclosed. Where a range of numerical values 15 recited herein, uniess
otherwise staited, the range 1s intended to include the endpoints thereof, and all
integers and fractions within the range. I 1s not intended that the scope of the

invention be himuted to the specific values recited when delining a range.

it should be understood that the foregoing description 1s only illustrative of the
present invention. Various alfernatives and mwodiications can be devised by those
skilied 1o the art without departing from the mvention. Accordingly, the present
invention 1s mmtended to embrace all such altematives, modifications and vanances

that fali withun the scope of the appended claims.
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WHAT IN CLAIMED b

i A process for the production of 1-chioro-3,3 . 3-triflucropropene

(HCF(O-12332zd) which comprises the steps of:

(1) providing a propane feedstock selected from the group consisting of
tetrachlorofiuoropropanes, trichlorodifluoropropanes, dichlorotrifivoropropanes, and

muxtures thereof;

{11) reacting the propane feedstock in a vapor phase reactor in the presence of
HF and in the presence of a solid catalyst under condifions effective to form a product

stream comprising HCEFO-1233zd isomers, HCI and unconverted starting materials,
(111) recovering or removing HCI and HF, and

(1v} 1solating the HCFO-12337d E-1somer, the HCF(O-12332zd Z-isomer, or

both compounds.

2. The process of Claim 1, wherein the propane in the feedstock

comprises 1,1.3,3-tetrachioro-1-fluocropropane (HCF{-2411a).

3. The process of Claim 1, wherein the propane in the feedstock

comprises 1,3, 3-tnichloro-1,1-difiuoro-propane (HUFC-242{a).

4. The process of Claim 1, wherein the propane in the feedstock

comprises 1,1, 3-tnchlore-1,3~difluoropropane (HCFC-242{b).

S. The process of Claim 1. wherein the propane in the feedsiock

compnses 1, 1-dichioro-3.3 3-trifivoropropane (HCF(-2431{a).

0. The process of Clasm 1, wherein the propane in the fesdstock

compnses, 1.3-dichioro~1,1,3~influoropropane (HCFC-2431h).

m

7. The process of Claim |, wherein the calalyst comprises one or more
halogenated metal oxides selected from the group consisiing of fiuorinated Cr{s,

{luonnated Ab(Os, and fluornated MeQ.
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8. The process of Claim |, wherein the calalyst comprises one or more
roetal halides selected from the group consisting of Crks, AlFs, AlCl, Fe(Cls, and
Fe(ls/(C.

Q. The process of Claim 1, wherein the catalyst comprises one or more
carbon supported zero oxydation stale transition metals selecied from the group

consisting of Fe/C., Co/C, Ni/C, and Pd/C.

10.  The process of Claim 1. wherein the molar ratio of HF to the propanes

i the feedstock ranges from 0.01:1 o 10:1.
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