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(57) ABSTRACT

A process 1s disclosed {for making CF,CF,CH;,
CF,CF—CH, and/or CF,CCl=—CH,. The process involves
reacting at least one starting material selected from the
group consisting of halopropanes of the formula
CX,CH,CH,X, halopropenes of the formula CX,CH—CH,,
and halopropenes of the formula CX,—CHCH,X, wherein
each X 1s independently F or Cl, with HF and Cl, 1n a
reaction zone to produce a product mixture comprising HF,
HCl, CF,CF,CH,, CF,CF—CH,, and CF,CCl—CH,; and
recovering the CF,CF,CH,, CF;CF—CH, and/or
CF,CCI=CH, from the product mixture. Also disclosed is
a process for making CF,CH,CHF,, CF,CH=—CHEF, and/or
CF,CH=—CHCI. This process involves reacting at least one
starting material selected from the group consisting of
halopropenes of the formula CX,CH=—CH, and halopro-
penes of the formula CX,—CHCH, X, wherein each X 1s
independently F or Cl, with HF and Cl1, 1n a reaction zone to
produce a product mixture comprising HF, HCI,
CF;CH,CHF,, CF,CH=—CHF and CF,CH—CHCI; and
recovering the CF,CH,CHF,, CF,CH=—CHF, and/or
CF,CH—CHCI from the product mixture. The molar ratio
of HF to the total amount of starting materials fed to the
reaction zone for both of these processes 1s at least stoichio-
metric, and the molar ratio of Cl, to total amount of starting
material fed to the reaction zone for both of these processes
1s 2:1 or less.

48 Claims, No Drawings
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PROCESSES FOR THE PRODUCTION OF
FLUOROPROPANES AND HALOPROPENES

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.

This application represents a national filing under 35

U.S.C. 371 of International Application No. PCT/US2007/
022995 filed Oct. 31, 2007, and claims priority of U.S.
Provisional Application No. 60/855,538 filed Oct. 31, 2006.

FIELD OF THE INVENTION

The present invention relates to processes for the produc-
tion of 1,1,1,2,2-pentafluoropropane, 2,3,3,3-tetratluoro-1-
propene, 1,1,1,3,3-pentatluoropropane, 1,3,3,3-tetrafluoro-
l-propene,  2-chloro-3,3,3-trifluoro-1-propene  and/or
1 -chloro-3,3,3-trifluoro-1-propene.

BACKGROUND OF THE INVENTION

As a result of the Montreal Protocol phasing out ozone
depleting chlorotluorocarbons (CFCs) and hydrochlorofluo-
rocarbons (HCFCs), industry has been working for the past
tew decades to find replacement refrigerants. The solution
for most refrigerant producers has been the commercializa-
tion of hydrofluorocarbon (HFC) refrigerants. The new
hydrotluorocarbon refrigerants, HFC-134a being the most
widely used at this time, have zero ozone depletion potential
and thus are not affected by the current regulatory phase out
as a result of the Montreal Protocol. The production of other
hydrotluorocarbons for use 1n applications such as solvents,
blowing agents, cleaning agents, aerosol propellants, heat
transfer media, dielectrics, fire extinguishants and power
cycle working fluids has also been the subject of consider-
able interest.

There 1s also considerable interest in developing new
refrigerants with reduced global warming potential for the
mobile air-conditioning market.

1,1,1,3,3-Pentatluoropropane (CF,CH,CHF, or HFC-
2451a), a refrigerant and blowing agent, may be prepared by

fluorination of 1,1,1,3,3-pentachloropropane
(CCl1,CH,CHCI, or HCC-2401a) 1n the liquid phase (see for

example, U.S. Pat. No. 6,291,730).

1,1,1,2,2-Pentapropane (CF,;CF,CH; or HFC-245ch),
usetul as a refrigerant and blowing agent has been prepared
by the addition of methyl fluoride to tetratfluoroethylene in
the presence of antimony pentafluoride as disclosed m U.S.

Pat. No. 6,184,426.

2,3,3,3-Tetratluoro-1-propene (CF,CF—CH, or HFC-
1234vy1), usetul as a refrigerant and as a polymer interme-
diate has been prepared by fluorination of CH,CF,CCl; over
chromium oxide as disclosed by Rausch in U.S. Pat. No.

2,996,555.

1-Chloro-3,3,3-trifluoro-1-propene (CF,CH—CHCI] or
HCFC-1233zd) 1s useful as a chemical intermediate and may
be prepared by fluorination of HCC-2401fa as disclosed in

U.S. Pat. No. 6,013,846.

1,3,3,3-Tetrafluoro-1-propene (CF,CH—CHF or HFC-
1234z¢) usetul as a refrigerant has been prepared by dehy-
drofluorination of HFC-2451a using a strong base 1n aqueous
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or alcoholic solution or by means of chromium-containing
catalyst in the presence of oxygen at elevated temperature as

disclosed in U.S. Pat. No. 6,124,510, and from HCFC-
1233zd as disclosed in U.S. Pat. No. 5,895,825. HFC-
1234ze has also been prepared from HCC-2401a as disclosed
in U.S. Pat. No. 6,111,150.

2-Chloro-3,3,3-trnifluoro-1-propene (CF,CClI—CH, or
HCFC-1233x1) 1s useful as an intermediate and as a mono-
mer for polymers. HCFC-1233xf has been prepared by
dehydrochlorination of 1,2-dichloro-3,3,3-trifluoropropane
using potassium hydroxide as described by Haszeldine in
Journal of the Chemical Society (1951) pages 2495 to 2504.

There 1s a need for processes for the manufacture of a
compound from the group HCFC-1233x1, HF(C-2451a,
HFC-245cb, HFC-1234ze, HCFC-1233zd, and HFC-
1234y, where other compounds of the group are also
produced from common halogenated hydrocarbon starting
materials and those other compounds can, 1f desired, also be
recovered.

SUMMARY OF THE INVENTION

The present invention provides a process for making at
least one product compound selected from the group con-
sisting of CF;CF,CH;, CF;CF—CH, and CF,CCI—CH.,,.
The process comprises reacting at least one starting material
selected from the group consisting of halopropanes of the
formula CX,CH,CH,X, halopropenes of the formula
CX,CH=—CH,, and halopropenes of the {formula
CX,—CHCH,X wherein each X 1s independently selected
from the group consisting of F and Cl, with HF and Cl, 1n
a reaction zone, optionally in the presence of a chlorofluo-
rination catalyst, to produce a product mixture comprising
HF, HCl, CF;CF,CH,, CF,CF—CH, and CF,CCI—CH,,
wherein the molar ratio of HF to total amount of starting
material fed to the reaction zone 1s at least stoichiometric
and wherein the molar ratio of Cl, to total amount of starting
material fed to the reaction zone 1s 2:1 or less; and recov-
ering said at least one product compound from the product
mixture.

The present invention also provides a process for making
at least one product compound selected from the group
consisting of CF,CH,CHF,, CF,CH=—CHF and
CF,CH=—CHCI. The process comprises reacting at least one
starting material selected from the group consisting of
halopropenes of the formula CX,CH=—CH, and halopro-
penes of the formula CX,—CHCH,X wherein each X 1s
independently selected from the group consisting of F and
Cl, with HF and Cl, 1n a reaction zone, optionally 1n the
presence of a chlorofluorination catalyst, to produce a prod-
uct mixture comprising HF, HCl, CF,CH,CHF,,
CF,CH—CHF and CF,CH—CHCI, wherein the molar ratio
of HF to total amount of starting material fed to the reaction
zone 1s at least stoichiometric and wherein the molar ratio of
Cl, to total amount of starting material fed to the reaction
zone 1s 2:1 or less; and recovering said at least one product
compound from the product mixture.

DETAILED DESCRIPTION

The term “starting material”, as used herein, means halo-
propanes or halopropenes which react with hydrogen fluo-
ride (HF) and chlorine (Cl,) 1n a reaction zone in the
embodiments of this invention. As indicated above, for
certain processes of this mvention the starting material 1s
selected from the group consisting of halopropanes of the
formula CX,CH,CH,X, halopropenes of the formula
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CX,CH=—CH, and halopropenes of the formula
CX,—CHCH, X, wherein each X 1s independently selected
from the group consisting of F and Cl; and for certain other
processes of this invention the starting material 1s selected
from the group consisting of halopropenes of the formula
CX,;CH=—CH, and halopropenes of the {formula
CX,—CHCH,X, wherein each X 1s independently selected
from the group consisting of F and CI.

The processes of this invention use a molar ratio of HF to
the total amount of starting material that 1s at least stoichio-
metric. The stoichiometric ratio 1s determined by subtracting,
the weighted average of the number of fluorine substituents
in the starting material(s) from the weighted average of the
number of tluorine substituents in the desired product(s). For
example, for producing a C;H,F < 1somer from C;H,Cl_, the
stoichiometric ratio of HF to C;H,Cl, 1s 5:1. As another
example, for producing a 1:1 mixture of HFC-243ch to
HFC-1234y1 from CF,CH=—CH,, the stoichiometric ratio of
HF to CF;CH=—CH, 13151

Certain Compounds produced by the processes of this
invention may exist as one of two configurational 1somers.
For example, HFC-1234ze and HCFC-1233zd may each
exist as E- or Z-1somers. As used herein HFC-1234ze refers
to the 1somers, E-HFC-1234ze or Z-HFC-1234ze, as well as
any combinations or mixtures of such isomers; and HCFC-
12337zd as used herein refers to the i1somers, E-HCFC-
1233zd or Z-HCFC-1233zd, as well as any combinations or
mixtures of such 1somers.

As 1ndicated above, the present invention provides a
process that mnvolves producing a product mixture compris-
ing at least one product compound selected from the group
consisting of HFC-245cb, HFC-1234yt and HCFC-1233x1{
using at least one starting maternial selected from the group
consisting ol halopropanes of the formula CX,CH,CH,X,
halopropenes of the formula CX,CH—CH, and halopro-
penes of the formula CX,—CHCH,X. Of note are embodi-
ments of this process wherein HFC-1234vy1 1s recovered.
Additional HFC-1234y1 may be obtained by dehydrotluo-
rination of HFC-245cbh from the product mixture. Also of
note are embodiments of this process wherein HCFC-1233x1
from the product mixture 1s fluormated to produce at least
one of HFC-1234yt and HFC-245c¢b.

The product mixture may also comprise HFC-1234ze.

The HFC-1234z¢ may be recovered. The product mixture
may Jfurther comprise HCFC-1233zd. HFC-1234z¢ and

HFC-2451a may also be obtained by fluorination of HCFC-
1233zd from the product mixture.

The product mixture may also comprise HFC-2451a. The
HFC-2451a may be recovered. The HFC-24531a may also be

dehydrofluorinated to produce HFC-1234ze.

The product mixture may further comprise HFC-1234ze.
A mixture of HFC-245¢cb and HFC-1234ze may be recov-
ered and further reacted with HF 1n the liqud phase under
fluorination conditions in the presence of a fluorination
catalyst to produce a mixture comprising HFC-245fa and
HFC-245ch. Alternatively, a mixture of HFC-245cb and
HFC-1234z¢ may be recovered and further reacted under
dehydrotluorination conditions in the presence of a dehy-
drofluorination catalyst to produce a mixture comprising
HFC-1234z¢ and HFC-1234y1.

HFC-2451a, HFC-1234z¢ and/or HCFC-1233zd may also
be present 1n the product mixture. HFC-245¢ch, HFC-1234vy1,
and HCFC-1233x1 from the product mixture together with
HFC-2451ta (if present), HFC-1234ze (if present) and
HCFC-1233zd (if present) may be further reacted with HF
in the liqud phase under fluorination conditions 1n the
presence of a fluorimnation catalyst to produce a mixture
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comprising HFC-2453fa and HFC-245cbhb. The HFC-2451a
and HFC-245¢cb from the mixture may be dehydrotluori-
nated (individually or as a mixture) to produce both HFC-
12347ze and HFC-1234y1 which may be recovered. See for
example, U.S. Patent Application Publication US2006/
0106263(A1), which 1s hereby incorporated herein by ret-
erence.

HCFC-1233zd and HFC-24531a may also be present 1n the
product mixture; and HCFC-1233xi, HCFC-1233zd, and
HFC-2451a from the product mixture may be further reacted
with HF 1n the liquid phase under fluorination conditions in
the presence of a fluorination catalyst to produce a mixture
comprising CF,CH,CHF, and CF,CF,CH,.

As 1ndicated above, the present invention also provides a
process that involves producing a product mixture compris-
ing HFC-24531a, HFC-1234ze, and HCFC-1233zd using at
least one starting material selected from the group consisting
of halopropenes of the formula CX,CH—CH,, and halopro-
penes of the formula CX,—CHCH,X. Of note are embodi-
ments of the process wherein HFC-1234ze 1s recovered.
Additional HFC-1234z¢ may be obtained by dehydrofluo-

rination of HFC-2431a from the product mixture. Also of
note are embodiments of this process wherein HCFC-

1233zd from the product mixture is fluorinated to produce at
least one of HFC-1234z¢ and HF(C-2451a.

Also of note are processes wherein HFC-2451a 1s recov-
ered.
Also of note are processes wherein the product mixture

turther comprises HFC-1234yl and wherein HFC-1234y1

from the product mixture 1s recovered.
The product mixture may further comprise HFC-245¢cbh. A

mixture of HFC-245¢cb and HFC-1234z¢ may be recovered
and further reacted with HF in the liquid phase under
fluorination conditions in the presence of a fluorination
catalyst to produce a mixture comprising HFC-2451a and

HFC-245¢cbh. Alternatively, a mixture of HFC-245¢cb and
HFC-1234z¢ may be recovered and further reacted under
dehydrofluorination conditions in the presence of a dehy-

drofluorination catalyst to produce a mixture comprising
HFC-1234ze and HFC-1234y1.

HFC-245cbh, HFC-1234y1 and/or HCFC-1233x1 may also
be present 1n the product mixture. HFC-2451a, HFC-1234z¢
and HCFC-1233zd from the product mixture together with
HFC-245¢cb (1if present), HFC-1234yf (i present) and
HCFC-1233x1 (if present) may be further reacted with HF 1n
the liquid phase under fluorination conditions in the pres-
ence of a fluorination catalyst to produce a mixture com-
prising HFC-2451a and HFC-245¢cb. The HFC-245fa and
HFC-245cb from the mixture may be dehydrofluorinated
(individually or as a mixture) to produce both HFC-1234z¢
and HFC-1234y1 which may be recovered. See for example,
U. S. Patent Application Publication US200610106263(A1).

HCFC-1233x1 may also be present 1n the product mixture;
and HCFC-1233x{, HCFC-1233zd, and HFC-2451a from the
product mixture may be further reacted with HF in the liquid
phase under fluormation conditions i1n the presence of a
fluorination catalyst to produce a mixture comprising
CF;CH,CHF, and CF;CF,CHs;.

Suitable halopropane starting materials of the formula
CX;CH,CH,X include CF,CH,CH,F (HFC-2541b),
CF,CH,CH,Cl (HCFC-2531b), CCIF,CH,CH,Cl (HCFC-
2521c¢), CCL.FCH,CH,CI(HCFC-2511b) and
CCl,CH,CH,C] (HCC-2501b). Preferred 1s HCC-2501b.

Suitable halopropene starting materials of the formula

CX,CH—CH, include CF,CH=—CH, (HFC-1243zf),
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CCIF,CH=—CH, (HCFC-1242z1), CCl,FCH=—CH, (HCFC-
1241z1), and CCI,CH—CH, (HCC-1240zt). Preterred 1s
HFC-1243zf.

Suitable halopropene starting materials of the formula
CX,—CHCH,X include CCl,—CHCH,C1 (HCC-1240za).

HCC-2501b 1s a readily available starting material that can
be prepared by the reaction of ethylene with carbon tetra-
chloride as disclosed 1n International Patent Application No.
WO 97/05089, which 1s incorporated herein by reference.
HCC-2501b may be converted to HFC-1243z1 by reaction
with HF 1n vapor phase as disclosed i U.S. Pat. No.
6,329,559, which 1s incorporated herein by reference. HCC-
1240za may be prepared by reaction of 1,1,1,3-tetrachloro-
propane with ferric chloride as disclosed by Fujimori, et. al.
in Japanese Kokai 49066613.

The reaction may be carried out 1 the liqud or vapor
phase. For liquid phase embodiments of the invention, the
reaction of starting materials with HF and Cl, may be
conducted 1n a liquid-phase reactor operating in batch,
semi-batch, semi-continuous, or continuous modes. In the
batch mode, starting materials, Cl,, and HF are combined 1n
an autoclave or other suitable reaction vessel and heated to
the desired temperature.

Preferably, this reaction 1s carried out 1n semi-batch mode
by feeding Cl, to a liquid-phase reactor containing HF and
starting materials or by feeding starting materials and Cl, to
a liquid-phase reactor containing HE, or by feeding Cl, to a
mixture containing HF and reaction products formed by
initially heating starting materials and HF. Alternatively, HF
and Cl, may be fed to a liquid-phase reactor containing a
mixture of starting materials and reaction products formed
by reacting HF, Cl,, and starting materials. In another
embodiment of the liquid-phase process, HF, Cl,, and start-
ing materials may be fed concurrently in the desired stoi-
chiometric ratio to the reactor containing a mixture of HF
and reaction products formed by reacting HF, Cl,, and
starting materals.

Suitable temperatures for the reaction of HF and Cl, with
starting materials 1n the liquid-phase reactor are from about
80° C. to about 180° C., preferably from about 100° C. to
about 150° C. Higher temperatures typically result in greater
conversion of the starting matenals.

A suitable molar ratio of HF to total amount of starting
matenals fed to the liquid-phase reactor 1s at least stoichio-
metric and 1s typically from about 3:1 to about 100:1. Of
note are embodiments wherein the molar ratio of HF to
starting material 1s from about 8:1 to about 50:1. A suitable
molar ratio of Cl, to total amount of starting materials fed to
the liguid-phase reactor 1s from about 1:1 to about 2:1.

The reactor pressure 1n the liquid-phase process i1s not
critical and 1n batch reactions 1s usually the autogenous
pressure ol the system at the reaction temperature. The
pressure of the system increases as hydrogen chloride 1s
formed by replacement of hydrogen substituents by chlo-
rine, and by replacement of chlorine substituents by fluorine
in the starting materials and intermediate reaction products.
In a continuous process it 1s possible to set the pressure of

the reactor 1n such a way that the lower boiling products of
the reaction, such as HCl, CF,;CF—=CH,, E/Z-

CF,CH=—CHF, and CF,CF,CH;, are Vented from the reac-
tor, optlonally through a packed column or condenser. In this
manner, higher boiling intermediates remain 1n the reactor
and the volatile products are removed. Typical reactor
pressures are from about 20 psig (239 kPa) to about 1,000
psig (6,994 kPa).

In embodiments of the invention 1n which the reaction 1s
conducted using a liquid-phase process, catalysts which may
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be used include carbon, AlF;, BF;, FeCl,__F_ (where a=0 to
3), FeX, supported on carbon, SbCl,_F . AsF,, MCIl._,F,

(where b=0 to 5 and M=Sb, Nb, Ta, or Mo), and M'Cl4_CFC
(where ¢=0 to 4, and M'=Sn, T1

catalysts for the liquid phase process are MCI._F, (where

T1, Zr, or HI). Preferred
b=0 to 5 and M=Sb, Nb, or Ta).

Preferably, the reaction of HF and Cl, with starting
matenals 1s carried out 1n the vapor phase. Typically a heated
reactor 1s used. A number of reactor configurations are
possible mcluding horizontal or vertical orientation of the
reactor as well as the sequence of reaction of the starting
materials with HF and Cl,. In one embodiment of the
invention, the starting materials may be mitially vaporized
and fed to the reactor as gases.

In another embodiment of the invention, starting materials
may be contacted with HF, optionally 1n the presence of Cl,,
in a pre-reactor prior to reaction 1n the vapor-phase reactor.
The pre-reactor may be empty, but 1s preferably filled with
a suitable packing such as Monel™ or Hastelloy™ nickel
alloy turnings or wool, or other material inert to HCl and HF
which allows eflicient mixing of starting materials and HF
vapor.

Suitable temperatures for the pre-reactor for this embodi-
ment of the imvention are from about 80° C. to about 250°
C., preferably from about 100° C. to about 200° C. Tem-
peratures greater than about 100° C. result 1n some conver-
sion of the starting materials to compounds having a higher
degree of fluorination. Higher temperatures result 1n greater
conversion of the starting materials entering the reactor and
a greater degree of fluorination in the converted compounds.

Under these conditions, for example, a mixture of HF, Cl,,
and HCC-2301b 1s converted to a mixture containing pre-
dominantly HFC-1243z1 and HCFC-243db
(CF,CHCICH,Cl) and a mixture of HF, Cl,, and HFC-
124371 1s converted to a mixture containing predominantly
HCFC-243db and HCFC-244db (CF;CHCICH,F).

The degree of fluorination reflects the number of fluorine
substituents that replace chlorine substituents in the starting
materials and their chlorinated products. For example,
HCFC-2531b represents a higher degree of fluorination than
HCC-2501b and HFC-1243z1 represents a higher degree of
fluorination than HCC-1240z1.

The molar ratio of HF to the total amount of starting
material(s) i the pre-reactor 1s typically from about the
stoichiometric ratio of HF to the total amount of starting
material to about 50:1. Preferably, the molar ratio of HF to
the total amount of starting material 1n the pre-reactor 1s
from about twice the stoichiometric ratio of HF to the total
amount of starting material to about 30:1. In one embodi-
ment of the mvention, the preferred molar ratio of HF to the
total amount of starting materials 1s present in the pre-
reactor, and no additional amount of HF 1s added to the
vapor-phase reaction zone.

In another embodiment of the invention, the starting
materials may be contacted with Cl, 1n a pre-reactor, option-
ally 1n the presence of HF, prior to reaction in the vapor-
phase reactor.

Suitable temperatures for the pre-reactor for this embodi-
ment of the invention are from about 80° C. to about 250°
C., preferably from about 100° C. to about 200° C. Under
these conditions, at least a portion of CX,CH,CH,X 1s
converted to CX,CHCICH,X, at least a portion of
CX,CH=—CH, 1s converted to CX,CHCICH,CI, and at least
a portion of CX,—CHCH,X 1s converted to
CX,CICHCICH,X. Higher temperatures typically resultin a

higher degree of halogenation of the starting matenal.
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The degree of halogenation reflects the total number of
halogen substituents (chlorine plus fluorine) in a halopro-
pane and/or halopropene product. For example, HFC-245¢hb

has a higher degree of halogenation (i.e., 5) than does
HCC-2501b (1.e., 4); and HFC-1234vy1 has a higher degree of

halogenation (i.e., 4) than does HFC-1243z1 (i.e., 3). The
preferred degree of halogenation in the halopropane prod-
ucts 1n the process of this invention 1s five. The preferred
degree of halogenation of halopropene products in the
process of this mvention is four.

The molar ratio of Cl, to the total amount of the starting
materials 1s typically from about 0.5:1 to about 2:1. Prefer-
ably the molar ratio of Cl, to the total amount of the starting
materials 1s from about 1.1:1 to about 1:1.

In a preferred embodiment of the invention, the starting
matenals are vaporized, optionally 1n the presence of HF,
and fed to a pre-reactor or to a vapor-phase reactor along
with HF and Cl,.

Suitable temperatures for the vapor-phase reaction of this
invention are from about 120° C. to about 500° C. Tem-
peratures of from about 250° C. to about 350° C. favor the
tormation of HFC-1234y1 and HFC-245c¢bh. Temperatures of
from about 350° C. to about 450° C. favor the formation of
HFC-1234ze, HFC-24531a, and HCFC-1233zd. At tempera-
tures of from about 250° C. to about 450° C., some HCFC-
1233x1 1s also produced. Higher temperatures result in
greater conversion of starting materials and higher degrees
of fluormation and halogenation in the converted com-
pounds.

Suitable reactor pressures for the vapor-phase reactor may
be from about 1 to about 30 atmospheres. A pressure of
about 15 to about 25 atmospheres may be advantageously
employed to facilitate separation of HCI from other reaction
products, and the suitable reaction time may vary from about
1 to about 120 seconds, preferably from about 5 to about 60
seconds.

The molar ratio of HF to the total amount of starting
material(s) for the vapor-phase reaction 1s typically from
about the stoichiometric ratio of HF to the total amount of
starting material to about 50:1 and preferably from about
10:1 to about 30:1.

Preferably a catalyst 1s used 1n the reaction zone for the
vapor-phase reaction of HF and Cl, with starting matenals.
Chlorofluorination catalysts which may be used in the vapor
phase reaction of the invention include carbon; graphite;
alumina; fluorided alumina; aluminum fluoride; alumina
supported on carbon; aluminum fluoride supported on car-
bon; fluorided alumina supported on carbon; magnesium
fluoride supported on aluminum fluoride; metals (including
elemental metals, metal oxides, metal halides, and/or other
metal salts); metals supported on aluminum fluoride; metals
supported on fluorided alumina; metals supported on alu-
mina; and metals supported on carbon; mixtures of metals.

Suitable metals for use as catalysts (optionally supported
on alumina, aluminum fluoride, fluorided alumina, or car-
bon) include chromium, iron, cobalt, nickel, ruthenium,
rhodium, palladium, osmium, iridium, platinum, manga-
nese, rhenium, scandium, yttrium, lanthanum, titantum, zir-
conium, and hatnium, copper, silver, gold, zinc, and/or
metals having an atomic number of 58 through 71 (1.e., the
lanthamide metals). Preferably when used on a support, the
total metal content of the catalyst will be from about 0.1 to
about 20 percent by weight based on the total weight of the
catalyst; typically from about 0.1 to about 10 percent by
weilght based on the total weight of the catalyst.

Suitable chlorofluorination catalysts for the vapor-phase
reactions in this invention include chromium-containing,
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catalysts including chromium(Ill) oxide (Cr,0O;); Cr,O;
with other metals such as magnesium halides or zinc halides
supported on Cr,O,; chromium(IIl) halides supported on
carbon; mixtures of chromium and magnesium (including
elemental metals, metal oxides, metal halides, and/or other
metal salts) optionally supported on graphite; and mixtures
of chromium and other metals (including elemental metals,
metal oxides, metal halides, and/or other metal salts) option-
ally supported on graphite, alumina, or aluminum halides
such as aluminum fluoride.

Chromium-containing catalysts are well known 1n the art.
They may be prepared by either precipitation methods or
impregnation methods as generally described by Satterfield
on pages 87-112 in Heterogeneous Catalysis 1in Industrial

Practice, 2" edition (McGraw-Hill, New York, 1991).

Of note are chlorofluorination catalysts that comprise at
least one chromium-containing component selected from the
group consisting of crystalline alpha-chromium oxide where
from about 0.05 atom % to about 6 atom % of the chromium
atoms 1n the alpha-chromium oxide lattice are replaced by
trivalent cobalt atoms, and crystalline alpha-chromium
oxide where from about 0.05 atom % to about 6 atom % of
the chromium atoms in the alpha-chromium oxide lattice are
replaced by trivalent cobalt atoms which has been treated
with a fluornnating agent. These catalysts, including their
preparation, have been disclosed in U. S. Patent Application
Publication US2005/0228202 which 1s incorporated herein
by reference 1n its entirety.

Optionally, the metal-containing catalysts described
above can be pretreated with HF. This pretreatment can be
accomplished, for example, by placing the metal-containing
catalyst 1n a suitable container, and thereafter, passing HF
over the metal-containing catalyst. In one embodiment of
this 1invention, such container can be the reactor used to
perform the chlorofluorination reaction in this invention.
Typically, the pretreatment time 1s from about 15 to about
300 minutes, and the pretreatment temperature 1s from about
200° C. to about 450° C.

In one embodiment of this invention, the product mixture
comprises HFC-245cb, HFC-245fa, HFC-1234yf, HFC-
1234ze, HCFC-1233zd and HCFC-1233x{.

Halopropane by-products that may be formed in the
chlorofluorination reactions of this invention having higher
degrees of halogenation and/or fluorination than pentafluo-
ropropanes include CF,CCL,CF, (CFC-216aa),
CF,CCIFCCIF, (CFC-216ba), CF,CCIFCF, (CFC-217ba),
CF,CF,CCIF, (CFC-217ca), CF;CHFCF; (HFC-227¢a),
CF,CF,CHF, (HFC-227ca), CF,CCIFCHF, (HCFC-
226ba), CF;CF,CHCIF (HCFC-226ca), CF,CHCICF,
(HCFC-226da), CF,CCl,CHF, (HCFC-2235aa),
CF,CCIFCHCIF (HCFC-225ba), CF,CF,CHCIl, (HCFC-
225ca), CF;CCL,CCIF, (CFC-215aa), CF,CCIFCCILF
(CFC-215bb), CF,CCL,CCL,F (HCFC-214ab),
CF,CClL,CHCIF (HCFC-224aa), and CF;CCIFCHCI,
(HCFC-224ba).

Halopropene by-products that may be formed in the
chlorofluorination reactions of this invention having a higher
degree of halogenation than tetrafluoropropenes include
CF;CCI=CHCI (HCFC-1223xd).

In cases where the product mixture produced by the

processes of this mmvention comprises (1) product compounds
HFC-245cb, HFC-2453ta, HFC-1234yf, HFC-1234ze,

HCFC-1233zd and HCFC-1233x{, (1) HF, HCI, and Cl.,,
(111) higher boiling by-products such as CF,CHCICH,CI,
CF,CHCICH,F and (1v) chlorinated by-products such as
C,HCILLF,, C;HCLF, C.HCIF, C,CLF, and C,Cl1,F, the




US RE49,849 E

9

separation steps (a) through (e¢) may be employed to recover
the product compounds from such a product mixture.

In separation step (a), the product mixture may be deliv-
ered to a distillation column to separate HCI and Cl, from
the product mixture.

In separation step (b), the product mixture from separa-
tion step (a) may be delivered to one or more distillation
columns to separate the azeotropic composition of HFC-
1234yt and HF from the rest of the product mixture. The
recovered azeotropic composition of HFC-1234yt and HF
may be further separated into individual components by
using procedures similar to those described 1n U. S. Patent
Application Publication US2006/0106263(Al).

In separation step (¢), the product mixture from separation

step (b) may be delivered to one or more distillation columns
in which HF, HFC-245cb, HFC-1234ze, HCFC-1233xt,

HCFC-1233zd, and HFC-2431a are recovered from the top
of the distillation column, and the higher boiling by-prod-
ucts such as CF,CHCICH,CI, CF,CHCICH,F and the chlo-
rinated by-products such as C;HCI,F ,, C;.HCIL,F ., C;HCIFE,,
C,ClF,, and C,CL,F, are removed from the bottom of the
distillation column. The higher boiling by-products such as
CF,CHCICH,CI and CF,CHCICH,F may be further sepa-
rated from the chlorinated by-products, e.g. by distillation,
and may be recycled back to the vapor-phase chlorotluori-
nation reactor.

In separation step (d), the product mixture comprising HEF,
HFC-245cb, HFC-1234ze, HCFC-1233xi, HCFC-1233zd
and HFC-245fa, which 1s recovered from the top of the
distillation column 1n separation step (¢), may be delivered
to one or more distillation columns to recover the azeotropic

composition of HFC-243cb/HF and the azeotropic compo-
sition of HFC-1234ze/HF from the top of the distillation

column. The recovered HFC-245¢cb/HF and HFC-1234ze/
HF azeotropic compositions may then be further separated
into mdividual components by using procedures similar to
those described mm U.S. Patent Application Publication
US2006/0106263(A1).

In separation step (e), the product mixture comprising
HCFC-1233x1, HCFC-1233zd and HFC-2451a and any HF
recovered from the bottom of the distillation column in
separation step (d) may be delivered to a distillation column

to separate the HCFC-1233xi, HCFC-1233zd and HFC-
2451a. The HCFC-1233x1 can be fluorinated to produce at
least one of HFC-245cb and HFC-1234yf. The HCFC-

1233zd can be fluornated to produce at least one of HFC-
2451fa and HFC-1234ze.

As indicated above, 1n certain embodiments of this inven-
tion, the mixture of HE, HFC-245ch and HFC-1234ze, made
according to the process of the invention i1s contacted with
additional HF in a liquid-phase fluorination reactor, option-
ally 1n the presence of a liquid-phase fluorination catalyst to
give a mixture of HF, HFC-245¢cb and HFC-2451a. The
mixture ol HF, HFC-245cb, and HFC-2451a 1s then sepa-
rated into the individual components by using procedures
similar to those described i U.S. Patent Application Pub-
lication US200610106263(A1). Suitable fluorination cata-
lysts for these embodiments may be selected from those
described for the liquid-phase embodiment of the chloro-
fluorination reactor described herein. The mole ratio of HF
to HFC-245cb and HFC-1234z¢ 1n these embodiments 1s
typically from about 3:1 to about 100:1, and 1s preferably
from about 10:1 to about 40:1 based on the amount of
HFC-1234z¢ 1n the mixture. Suitable temperatures for these
embodiments of the invention are within the range of from
about 30° C. to about 180° C., preferably from about 50° C.

to about 150° C. Suitable reactor pressures for these embodi-
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ments are usually the autogenous pressures at the reactor
temperatures. The pressure may be in the range of from
about 1 to about 30 atmospheres.

As indicated above, 1n certain embodiments of this inven-
tion, a mixture of HF, HFC-245ch and HFC-1234ze, made
according to the processes of this invention, may be deliv-
ered to a reaction zone containing a dehydrofluorination
catalyst (optionally after removal of the HF). Conditions 1n
the reaction zone are chosen to be suitable for conversion of
HFC-245¢cb to HFC-1234y1. The products leaving the reac-
tor, comprising HFC-1234ze and HFC-1234y1 are separated
by techniques known to the art. Catalysts suitable for these
embodiments of the mvention and suitable operating con-
ditions are disclosed 1n U.S. Pat. No. 5,396,000 the teach-
ings of which are herein incorporated by reference. Prefer-
ably, the dehydrofluorination catalyst comprises aluminum
fluoride or fluorided alumina or trivalent chromium oxide.
Reaction temperatures suitable for these embodiments are
from about 150° C. to about 500° C. Contact times in the
reaction zone for these embodiments are typically from
about 1 second to about 500 seconds.

As indicated above, 1n certain embodiments of this inven-
tion, a mixture of HCFC-1233x{, HCFC-1233zd, and HFC-
2451a made according to the process of the invention, 1s
reacted with HF 1n a liquid-phase fluorination reactor in the
presence of a liquid-phase fluorination catalyst to give a
mixture of HE, HFC-245ch and HFC-2451a. The conditions
of the fluornation are similar to those described for the
mixture of HFC-1234ze and HFC-245c¢cb above. The mixture
of HF, HFC-245c¢ch, and HFC-2431a 1s then optionally deliv-
ered to a distillation column to separate the two pentafluo-
ropropanes and azeotropic HF by using procedures similar
to those described mm U.S. Patent Application Publication
US2006/0106263(A1).

As noted above, HFC-245cb, made according to the
processes of this invention, may be dehydrofluorinated to
produce HFC-1234vy1, and HFC-2431a, made according to
the processes of this mvention, may be dehydrofluorinated
to produce HFC-1234ze. Typical dehydrofluorination reac-
tion conditions and dehydrofluorination catalysts are dis-
closed i U.S. Pat. No. 5,396,000, which 1s herein incorpo-
rated by reference. Dehydrofluorination  reaction
temperatures suitable for this invention are from about 150°
C. to about 300° C.; however, higher temperature are
desirable for the dehydrofluorination of HFC-245c¢ch. Suit-
able contact times for these dehydrofluorinations are from
about 1 second to about 500 seconds. Preferably, the dehy-
drofluorination catalyst comprises at least one catalyst
selected from the group consisting of aluminum fluoride,
fluorided alumina, and trivalent chromium oxide.

As indicated above, 1n certain embodiments of this inven-
tion, a mixture of HFC-245¢ch, HFC-1234y1, HFC-1234ze,

HCFC-1233xt, HCFC-1233zd, and HFC-245fa that are
present 1n the product mixtures made according to the
processes of the invention, 1s reacted with HF 1 a liquid-
phase fluorination reactor in the presence of a liguid-phase
fluorination catalyst. The conditions of the fluorination are
similar to those described for the mixture of HFC-1234z¢
and HFC-243cb above. The fluorination catalysts for the
above liquid-phase embodiments of the invention may be
selected from those described for the liquid-phase embodi-
ment the chlorofluorination reactor described herein.

The amount of HF required for the liquud-phase reaction

1s determined by the total amount of HFC-1234yi, HFC-
12347ze, HCFC-1233x1, and HCFC-1233zd, present in the
mixture. The mole ratio of HF to the sum of the moles of

HFC-1234y1, HFC-1234ze, HCFC-1233x{, and E/Z-HCFC-
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1233zd 1s typically from about the stoichiometric amount
(between 1:1 to 2:1) to about 100:1, and 1s preferably from
about 8:1 to about 50:1. Suitable temperatures for these
embodiments of the invention are typically within the range
of from about 30° C. to about 180° C., preferably from about
50° C. to about 150° C. The resulting mixture of pentatluo-

ropropanes (1.¢, HFC-245cbh and HFC-2451a) may be then be

freed of HF and recovered as individual compounds by
techniques known to the art.

The reactor, distillation columns, and their associated feed
lines, eflluent lines, and associated units used 1n applying the
process of this invention should be constructed of materials
resistant to hydrogen fluoride and hydrogen chloride. Typi-
cal materials of construction, well-known to the fluorination
art, include stainless steels, 1n particular of the austenitic
type, the well-known high nickel alloys, such as Monel™
nickel-copper alloys, Hastelloy™ nickel-based alloys and,
Inconel™ nickel-chromium alloys, and copper-clad steel.

Without further elaboration, it 1s believed that one skilled
in the art can, using the description herein, utilize the present
invention to its fullest extent. The following specific
embodiments are, therefore, to be construed as merely
illustrative, and do not constrain the remainder of the
disclosure 1n any way whatsoever.

EXAMPLES

Preparation of 98% Chromium/2% Cobalt Catalyst

A solution of 784.30 g Cr(NO,);9(H,0)] (1.96 moles)
and 11.64 g Co(NO,;),;6(H,0)] (0.040 mole) was prepared
in 2000 mL of deionized water. The solution was treated
dropwise with 950 mL of 7.4M aqueous ammonia until the
pH reached about 8.5. The slurry was stirred overnight at
room temperature and then evaporated to dryness 1n air at
110-120° C. The dried catalyst was then calcined 1n air at
400° C. for 24 hours prior to use.
General Procedure for Product Analysis

The following general procedure i1s illustrative of the
method used for analyzing the products of fluorination
reactions. Part of the total reactor effluent was sampled
on-line for organic product analysis using a gas chromato-
graph equipped a mass selective detector (GC/MS). The gas
chromatography utilized a 20 ft. (6.1 m) longxs 1n. (0.32
cm) diameter tube contaimng Krytox® pertluorinated
polyether on an 1nert carbon support. The helium flow was
30 mL/min (5.0x10~" m?/sec). Gas chromatographic condi-
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tions were 60° C. for an 1nitial hold period of three minutes
followed by temperature programming to 200° C. at a rate

of 6° C./minute.

LEGEND

215aa is CCIF,Cl,CF,

216ba is CCIF,CCIFCF,

217ca is CCIF,CF,CF,

224ba is CF,CCIFCHCL,

225ba is CHCIFCCIFCF,

226ca is CF,CF,CHCIF

227ca is CF,CF,CHF,

235da is CF,CHCICHF,

243db is CF,CHCICH,CI

245¢ch is CF,CF,CH,

1223xd is E- and Z-CF,CCl=CHCI
1233zd is E- and Z-CHCI=—CHCF,
1234yf is CH,—CFCF,

216aa is CF,CCl,CF,
217ba is CF,CCIFCF,
224aa is CF,CCl,CHCIF
225aa is CHF,CL,CF,
226ba is CF,CCIFCHF,
226da is CF,CHCICF,
233ab is CF,CCLCH,CI
236fa is CF,CH,CF,
244db is CF,CHCICH,F
245fa is CF,CH,CHF,
1233xf is CF,CCl=—=CH,
1234ze is E- and Z-CHF—CHCF,
1243zf is CH,—CHCF,

Examples 1-6
Chlorofluorination of CF,CH=—CH,

The 98% chromium/2% cobalt catalyst prepared above
(21.4 g, 15 mL, —12 to +20 mesh, (1.68 to 0.84 mm)) was

placed 1n a 34" (1.58 ¢cm) diameter Inconel™ nickel alloy
reactor tube heated 1n a fluidized sand bath. The catalyst was
pre-tluorinated by treatment with HF as follows. The cata-
lyst was heated from 45° C. to 175° C. 1n a flow of nitrogen
(50 cc/min) over the course of about 1.5 h. HF was then
admitted to the reactor at a flow rate of 50 cc/min for 1.3 h
at a temperature of 175° C. The reactor nitrogen flow was
decreased to 20 cc¢/min and the HF flow increased to 80
cc/min; this flow was maintained for 0.3 h. The reactor
temperature was then gradually increased to 400° C. over 1
h. After this period, the HF and nitrogen flow was stopped
and the reactor brought to the desired operating temperature.
A flow of HF vapor, CF;,CH=—CH,, and Cl, then started
through the reactor. Part of the reactor eflluent was analyzed
by on line GC/MS.

The results of the chlorofluorination of CF,;CH—CH,
over the 98/2 Cr/Co catalyst at various operating tempera-
tures and indicated molar ratios of HF, CF;,CH—CH,, and
Cl, are shown in Table 1; analytical data 1s given 1n units of
GC area %. The nominal catalyst bed volume was 15 cc; the
contact time (CT) was 15 seconds. Examples 1 and 2 were
carried out 1n the absence of the catalyst.

TABLE 1

Chlorofluorination of HFC-1243z1

(Part A)
Ex. No. HF/1243/Cl, Ratio T, ° C. 1243zf 243db  244db  1234yf  245ch 1233xf
1 10/1/4 140 3.0 542 0.8 5.7 0 1.4
Da 10/1/1 140 313 462  11.8 2.8 0 1.5
3% 10/1/1 300 5.9 0 0 59 222 30.7
4° 10/1/4 325 0 0 0 0 0 0
3 10/1/1 350 9.1 0 0 11.3 11.3 25.2
6 10/1/1 375 12.8 0 0 11.6 6.3 20.6
(Part B)
Ex. No. HF/1243/Cl, Ratio T, ° C. 1233zd 1234ze 245fa 1223xd 233ab  226ba  227ca
1 10/1/4 140 7.7 - 1.0 6.3 0 0
Da 10/1/1 140 1.4 - 0 1.3 0 0
3% 10/1/1 300 4.1 21 13 202 0 0 0
4¢ 10/1/4 325 0 0 0 0 0 23.8  13.9
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TABLE 1-continued

Chlorofluorination of HFC-1243z1

1%8.1
16.1

D 10/1/1
6 10/1/1

350
375

12.4
17.6

4.7
6.5

1.9
2.3

%43db and 244db confirmed by 'H and ’F NMR.
?245¢b and 1233xf confirmed by 'H and °F NMR.
“Additional major products were 215aa, 216aa, 216ba, 225aa, 225ba, 226ca, 226da

The invention claimed 1s:

1. A process for making at least one product compound
selected from the group consisting of CF,CF,CH, (245¢b),
CF,CF—CH, (/234yf) and CF,CClI—=CH,, (/233xf), com-
prising;

reacting at least one starting material selected from the

group consisting of halopropanes of the formula
CX,CH,CH,X, halopropenes of the {formula
CX,CH=—CH, and halopropenes of the {formula
CX,—CHCH,X, wherein each X 1s independently
selected from the group consisting of F and Cl, with HF
and Cl, 1n a reaction zone, optionally in the presence of
a chlorofluorination catalyst, to produce a product
mixture comprising at least one product compound

selected from the group consisting of CF,CF,CH,
(245¢cb), CF,CF—CH, (/234yf) and CF CCI_C[I2

(1233xf),

wherein the molar ratio of HF to total amount of starting
material fed to the reaction zone 1s at least stoichio-
metric and wherein the molar ratio of Cl, to total
amount of starting material fed to the reaction zone 1s
2:1 or less; and

recovering said at least one product compound from the

product mixture.

2. The process of claim 1 wherein CF,CF—CH, (I 234yf)
1s recovered.

3. The process of claim 2 wherein CF,;CF,CH; (245¢b)
from the product mixture 1s dehydrofluorinated to produce
additional CF,CF—CH,, (I{234vf).

4. The process of claim 1 wherein CF,CCI—CH, from the
product mixture 1s fluorinated to produce at least one of
CF,CF—CH, (/234yf) and CF,CF,CH, (245¢b).

5. The process of claim 1 wherein the product mixture
turther comprises CF,CH—CHF (/234ze); and wherein
CF,CH—CHF from the product mixture 1s recovered.

6. The process of claim 1 wherein the product mixture
turther comprises CF,CH—CHCI (/233zd); and wherein

CF,CH=—CHCI (/233zd) from the product mixture 1s fluo-
rinated to produce at least one of CF,CH—CHF (/234ze)
and CF;CH,CHF, (245/a).

7. The process of claim 1 wherein the product mixture
turther comprises CF,CH,CHF, (245fa); and wherein
CF,CH,CHF, (245fa) from the product mixture 1s recov-
ered.

8. The process of claim 1 wherein the product mixture
turther comprises CF,CH,CHF, (245fa); and wherein

CF,CH,CHF, (245fa) from the product mixture 1s dehydro-
fluornated to produce CF,CH=—CHF (/234ze).

9. The process of claim 1 wherein the product mixture
turther comprises CF,CH—CHF (/234ze); and wherein a
mixture of CF,CF,CH, (245¢b) and CF,CH—CHF
(1234ze) 1s recovered and further reacted under dehydro-
fluorination conditions 1n the presence of a dehydrotluori-
nation catalyst to produce a mixture comprising
CF,CH=—CHF (/234ze) and CF,CF—CH,, (I234yf).

10. The process of claim 1 wherein the product mixture

further  comprises CF,CH,CHF, (2451a) and
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0 0.2 0
0 0.2 0

CF,CH—CHCI (/233zd); and wherein the CF,CCI—CH,
(1233xf), CF;CH,CHF, (245fa) and CF;CH=—CHCI
(1233zd) from the product mixture are further reacted with
HF 1n the liqud phase under fluorination conditions 1n the

presence ol a fluorination catalyst to produce a mixture
comprising CF,CH,CHF, (245fa) and CF,CF,CH, (245¢b).

11. The process of claim 1 wherein the starting material 1s
reacted 1n the vapor phase in the presence of a chlorofluo-
rination catalyst.

12. The process of claim 11 wherein the chlorofluorina-
tion catalyst comprises at least one chromium-containing,
component selected from the group consisting of crystalline
alpha-chromium oxide where from about 0.05 atom % to
about 6 atom % of the chromium atoms i1n the alpha-
chromium oxide lattice are replaced by trivalent cobalt
atoms, and crystalline alpha-chromium oxide where from
about 0.05 atom % to about 6 atom % of the chromium
atoms 1n the alpha-chromium oxide lattice are replaced by
trivalent cobalt atoms which has been treated with a fluo-
rinating agent.

13. A process for making at least one product compound
selected from the group consisting of CF,CF,CH; (245¢b),
CF.CF—=CH,, ({234vf) and CF,CCI=CH,[.] ({ 233xf) com-
prising:

reacting at least one starting material selected from the

group consisting of halopropanes of the formula
CX,CH,CH,X, halopropenes of the {formula
CX CH CI,Z and halopropenes of the formula
CXZ_CHC ., X, wherein each X 1s independently
selected from the gToup conswtmg of F and Cl, with HF
and Cl, 1n a reaction zone, 1n the presence of a chlo-
roﬂuorination catalyst, to produce a product mixture
comprising HF, HCIl, CF;CF,CH; (245¢b),
CF,CF=—CH, ({234yf) and CF;CCI=CH, (I233xf),
wherein the molar ratio of HF to total amount of
starting material fed to the reaction zone 1s at least
stoichiometric and wherein the molar ratio of Cl, to
total amount of starting material fed to the reaction
zone 1s 2:1 or less; and

recovering said at least one product compound from the

product mixture.

14. The process of claim 13 wherein said at least one
starting material 1s halopropenes of the formula
CX,CH=CH,, (1243zf).

15. The process of claim 14 wherein said at least one
starting material 1s CF,CH—CH,, (/243zf).

16. A process for making at least one product compound
selected from the group consisting of CF,CF,CH; (245¢b),
CF,CF=CH, (I234yf), CF;CClI=CH, (I233xf),
CF,CH,CHF, (245fa), CF,CH=—CHF (/234ze¢) and
CF,CH—CHCI (/233zd), comprising:

reacting at least one starting maternial selected from the

group consisting of halopropanes of the formula

CX,CH,CH,X, halopropenes of the {formula
CX,CH=—CH, and halopropenes of the {formula
CX,—CHCH,X, wherein each X 1s independently

selected from the group consisting of F and Cl, with HF
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and Cl, 1n a reaction zone, 1n the presence of a chlo-
rofluormation catalyst, to produce a product mixture
comprising CF,CF,CH, (245¢b), CF,CF—CH,
(1234vf), CF,CCI=CH, (I233xf), CF;CH,CHF,
(245fa), CF,CH=—CHF (/234ze¢) and CF,CH=—CHCI
(1233zd), wherein the molar ratio of HF to total amount
of starting material fed to the reaction zone 1s at least
stoichiometric and wherein the molar ratio of Cl, to
total amount of starting material fed to the reaction
zone 1s 2:1 or less; and

recovering said at least one product compound from the

product mixture.

17. A process for preparing 1,1, 1-trifluoro-2,3-dichloro-
propane (243db), comprising contacting 3,3, 3-trifluoropro-
pene (1243zf) with HF and CI, in a reaction zone, optionally
in the presence of a chlovofluorination catalyst, to produce
a product mixture comprising 1,1,1-trifluoro-2,3-dichloro-
propane (243db) and optionally at least one product com-

pound selected from the group comsisting of CF,CF,CH,
(245¢ch), CF,CF=CH, (1234yf) and CF,CCI=CH,

(1233xf), wherein the molar ratio of HF to total amount of

starting material fed to the reaction zone is at least stoi-
chiometric and wherein the molar rvatio of Cl, to total
amount of starting material fed to the reaction zone is 2:1 or
less; and recovering said at least one product compound
from the product mixture.

18. The process of claim 17, whervein the process is

conducted in the liquid phase and the catalyst is selected

from carbon, AIF;, BF, FeCl, F_, where a=0 to 3, FeX,
supported on carbon where X is Cl or F, SbCI, F & AsF,
MCI F,, where b=0to 5, and M is Sb, Nb, 1a, or Mo, and
M'Cl, F , where ¢c=0 to 4, and M'is Sn, Ti, Zr, or HJ.

19. The process of claim I, wherein the product mixture
comprises at least two of CF,CF,CH, (245cb),
CF,CF—=CH, (1234vf) and CF ,CCI—=CH, (1233xf).

20. The process of claim 19, wherein the product mixture

comprises CF,CF,CH; (245cb) and CF,CF—CH,
(1234vf).

21. The process of claim 19, wherein the product mixture
comprises CF,CF,CH;, (245cb) and CF,CCI—=CH,
(1233xf).

22. The process of claim 1, wherein the product mixture
comprises CF,CF,CH; (245cb), CF,CF—=CH, (1234vf)
and CF ,CCI=CH, (1233xf).

23. The process of claim 15, wherein the CF ,CH—CH,
(1243zf) starting material is formed by fluorinating
CCIL,CH,CH,CI (250/b).

24. The process of claim 1, wherein the starting material
comprises the halopropane comprising CCl,CH,CH,CI
(2501b), and the process further comprises contacting
CCL,CH,CH,C! (250fb), HF and Cl, in a pre-reactor at a
temperature of between 80° C. to about 250° C. prior to
reaction in the reaction zone of a vapor-phase reactor.

25. The process of claim 24, wherein the pre-reactor
contains a packing material inert to HC| and HF.

26. The process of claim 24 wherein the Cl,:starting
material ratio is between about 0.5:1 to about 2:1.

27. The process of claim 24 wherein a mixture containing
predominantly CF,CH—CH, (1243zf) and CF ,CHCICHCI
(243db) is formed in the pre-reactor.

28. The process of claim 25 wherein a mixture containing
predominantly CIF;CH—CH , (1243zf) and CF ,CHCICHCI
(243db) is formed in the pre-reactor.

29. The process of claim 26 wherein a mixture containing
predominantly CF,CH—CH, (1243zf) and CF ,CHCICHCI
(243db) is formed in the pre-reactor.
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30. The process of claim 15, further comprising forming
CF,CH—CH, (1243zf) by passing CCIl,CH ,CH ,CI (2501b),
HE and Cl, through a pre-reactor to form a vaporized
mixture.

31. The process of claim 30, whevein the CCl,CH,CH ,CI
(2501b) is vaporized at temperaturve of between 80° C. to
about 250° C. prior to reaction in the reaction zone of a
vapor-phase reactor.

32. The process of claim 16, wherein the starting material
comprises a halopropane of the formula CX,CH,CH,X,
where X=CI, and the process further comprises contacting
CCL,CH,CH,CI (2501b), HF and Cl, at a temperature of
between 80° C. to about 250° C. to form CF,CH—CH,
(1243zf).

33. The process of claim 16, further comprising using one
or movre distillation columns to recover at least one of HF,

CF.CF,CH, (245ch), CF,CH—CHF  (1234ze)
CF.CCI—CH, (1233xf), CF,CH—CHC! (1233zd),
CF.CH,CHF, (245fa), CF,CHCICH,C! (243db) and
CF ,CHCICH,F (244db).

34. The process of claim 1 further comprising separating
HCl and Ci, from the product mixture.

35. The process of claim 11 wherein the vapor phase
reaction is conducted at temperaturve of between 250° C. to
375° C.

36. The process of claim 16 wherein the vapor phase
reaction is conducted at temperature of between 300° C. to
375° C.

37. The process of claim 11 wherein the chlorofluorination
catalyst comprises chromium-containing catalysts.

38. The process of claim 11 wherein the chlovofluorination
catalyst comprises Cr,O; substituted with coballt.

39. The process of claim 11 wherein the chlovofluorination
catalyst comprises crystalline alpha-chromium oxide com-
prising 2 to <6 atom % coballt.

40. The process of claim 11 wherein the chlovofluorination

catalyst comprises one of Cr98%/Co2%, Cr95%/Co5% and
Cr90%/Co10%.

41. The process of claim 11 wherein the catalyst, option-
ally supported on one of alumina, aluminum fluovide, fluo-
rided alumina, ov carbon, further includes chromium, iron,
cobalt, nickel, ruthenium, rhodium, palladium, osmium,
ividium, platinum, manganese, rhenium, scandium, yitrium,
lanthanum, titanium, zirconium, and hafnium, copper, silver,
gold, and zinc.

42. The process of claim of claim 13 wherein
CF.,CCI=CH, (1233xf) is separated and fluorinated to

produce at least omne of CF,CF,CH;, (245cb) and
CF,CF—=CH, (1234yf).

43. The process of claim of claim 13 wherein CF ,CF,CH |
(245¢chb) is separated and dehyvdrvofluorinated to produce
CF,CF=CH, (1234yf).

44. A mixture comprising CF,CCI=CH, (1233xf),
CF,CF,CH, (245¢b), CF,CF—CH, (1234vf),
CF,CH=CHF (1234ze), E/Z-CF,CH=—CHC] (1233zd),
CF,CCI=CHCl (HCFC-1223xd) and CF,CH,CHF,
(245/a).

45. The mixture of claim 44 further comprising at least
one of CF,CHCICH,Cl (243db) and CF,CHCICH.F
(244db).

46. A mixture comprising CF,CCI—=CH, (I233xf),
CF,CF,CH, (245¢h), CF,CF=CH, (1234yf)
CF,CH—=CHF (1234ze), E/Z-CF,CH—CHC] (1233zd),
CF,CH,CHF, (245fa) and further comprising at least one of
C,HCLF, C.HCLF,, C,HCIF,, C,CLLF,, and C,CLF,

47. A mixture comprising C,CCI=CH, (I233xf),
CF,CF,CH, (245¢b), CF,CF—CH, (1234yf)
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CF,CH—CHF (1234ze), E/Z-CF,CH—CHC! (1233zd),
CF,CH,CHF, (245fa) and  further  comprising
CF,CCIFCHF, (226ba).

48. A mixture consisting essentially of CF,CCI—=CH,
(1233xf), CF,CF,CH,; (245cb), CF,CF—=CH, (1234yf), 5
CF,CH—CHF (1234ze), E/Z-CF . CH—CHCI (1233zd) and
CF,CH,CHF, (245fa).
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