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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the gas phase
catalyzed fluorination of 2-chloro-3,3,3-trifluoro-1-pro-
pene (1233xf) to produce 2,2,2,3-tetrafluoropropene
(1234yf). More particularly, the present invention relates
to processes wherein 1233xf; optionally containing a low
level of polymerization inhibitor, is contacted with hydro-
gen fluoride (HF) in a gas phasereaction, in the presence
of a fluorination catalyst to produce 1234yf. The desired
product, 1234yfis known to have utility as afoam blowing
agent, refrigerant, aerosol propellant, heat transfer me-
dia, fire extinguisher, etc. Furthermore, 1234yf is known
to have zero Ozone Depletion Potential (ODP) and very
low Global Warming Potential (GWP) of much less than
150.

BACKGROUND OF THE INVENTION

[0002] The Montreal Protocol for the protection of the
ozone layer mandated the phase out of the use of chlo-
rofluorocarbons (CFCs). Materials more "friendly” to the
ozone layer, such as hydrofluorocarbons (HFCs) e.g.
HFC-134areplaced chlorofluorocarbons. The latter com-
pounds have proven to be green house gases, causing
globalwarming and were regulated by the Kyoto Protocol
on Climate Change. With the continued concern over glo-
bal climate changethereis an increasing need to develop
technologies to replace those with high ozone depletion
potential (ODP) and high global warming potential
(GWP). Though hydrofluorocarbons (HFCs), being non-
ozone depleting compounds, have been identified as al-
ternatives to chlorofluorocarbons (CFCs) and hydrochlo-
ro-fluorocarbons (HCFCs) as solvents, cleaning agents
and heat transfer fluids, they still tend to have significant
GWP. Hydrofluoroolefins (HFO) have been identified as
potential alternatives with zero ODP and low GWP.

[0003] Hence, numerous documents have provided
such HFOs.
[0004] Methods of preparing hydrofluoroalkenes are

known. For example, WO 2007/079431 discloses proc-
esses for the production of fluorinated olefins, including
hydrofluoropropenes. The processes which are broadly
described as a single reaction or two or more reactions
involve fluorination of compound of the formula C(X),,,C-
CI(Y),C(X), to at least one compound of formula
CF3CF=CHZ, where each X, Y and Z is independently
H, F, Cl, | or Br and each m is independently 1, 2 or 3
and nis 0 or 1. 1234yf is prepared by fluorinating 1233xf
into 1,1,1,2-tetrafluoro-2-chloropropane (HFC244bb),
followed by dehydrochlorination. 1233xf is prepared by
trifluorination of the corresponding chlorinated precursor
(CCl,=CCICH,CI).

[0005] EP-A-939071 discloses, among many possibil-
ities, gas-phase fluorination of an halogenated propene
(according to a very long list) into a fluorinated propene
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(including in the list 1234yf).

[0006] WO 2008/054781 discloses a variety of proc-
esses for producing a variety of fluoropropanes and
halofluoropropenes by reacting halopropanes or halo-
propenes with HF optionally in the presence of a catalyst.
It discloses a process for making 1234yf by reacting 2,3-
dichloro-1,1,1-trifluoropropane (243db) in the presence
of HF, on a catalyst, especially Cr/Co 98/2. Reaction
products comprise 1234yf and 2-chloro-3,3,3-trifluoro-1-
propene (1233xf), the latter being the main product; other
products being 1-chloro-3,3,3-trifluoro-1-propene
(1233zd) as well as 245cb and 1234ze which are also
formed.

[0007] WO 2008/002500 discloses a process for mak-
ing a mixture of 2,3,3,3-tetrafluoro-1-propene (HFO
1234yf)and 1,3,3,3-tetrafluoro-1-propene (HFO 1234 ze)
by catalytic conversion of 1,1,1,2,3-pentafluoropropane
(HFC 245eb) on a dehydrofluorination catalyst.

[0008] WO 2008/040969 discloses a process compris-
ing dehydrochlorination of 243db into 1233 (xf as well as
zd), followed by a reaction involving formation of 1,1,1,2-
tetrafluoro-2-chloropropane (244bb) and later formation
of the desired 2,3,3,3-tetrafluoro-1-propene through de-
hydrochlorination. Example 1 of said documentdiscloses
a gas phase reaction at atmospheric pressure of 243db
with HF on a Zn/chromia catalyst, whereby 1234yf and
1233xf are formed, together with a small amount of
245ch. Example 2 of said document discloses a gas
phase reaction at atmospheric pressure of 245c¢b in pres-
ence of HF on the same catalyst (contact time 5 sec)
whereby 1234yf is formed.

[0009] WO 2009/015317 discloses the reaction of a
chlorinated compound which can be 1,1,2,3-tetrachloro-
1-propene (1230xa), 1,1,1,2,3-pentachloropropane
(240db) or 2,3,3,3-tetrachloro-1-propene (1230xf) with
HF, in gas phase, on a catalyst and in the presence of
at least one stabilizer. This process allows obtaining 2-
Chloro-3,3,3-trifluoro-1-propene (1233xf).

[0010] US 2009/0240090 discloses a process for mak-
ing 2,3,3,3-tetrafluoro-1-propene (1234yf) starting from
a compound of formula () CX,=CCICH,X, or formula (II)
CX3CCI=CH, or formula (l1l) CX3CHCICH,X with X = F,
Cl, Br, I. The process comprises three steps, which can
be followed by purification. The process includes recy-
cling steps allowing higher conversions and yields.
[0011] WO 2009/003084 is related to hydrofluoropro-
penes, and describes a 2 steps synthesis of 1234yf
(2,3,3,3-tetrafluoropropene) from 1230xa (1,1,2,3-tetra-
chloropropene). In afirst step: a non-catalytic fluorination
in liquid phase of 1230xa leads to 1233xf. In the second
step, is described the gas phase catalytic fluorination of
the stream from 18t step comprising 1233xf, to form
1234yf. The reaction product of this second step also
contains unreacted 1233xf, and co-products such as
245cb and/or 244bb, that can be separated from the de-
sired hydrofluoropropene (1234yf), and the by products
are recycled back to the gas phase catalytic fluorination
reaction of the second step. No more information is given



3 EP 2 516 366 B1 4

but the possible separation and recycling to the gas
phase. Nowhere in this prior document is given an infor-
mation in favour of the importance of this possible recy-
cling.

[0012] WO 2009/137658 is related to compositions
comprising chloro fluoro propanes or chloro fluoro pro-
penes HCFC-243db, HCFO-1233xf, HCFC-244db
and/or HFO-1234yf. 1234yf is directly prepared
from1233xf via fluorination. 1233xf may be produced
from 243db and then 1233xf may be converted directly
to 1234yf. However no description of a full continuous
process including recycling is described.

[0013] US 2009/124837 relates to a gas phase syn-
thesis of 2,3,3,3-tetrafluoro-1-propene 1234yf from 2-
chloro-3,3,3-trifluoro-1-propene 1233xf. It describes a
multistep process: (a) contacting a starting material com-
prising 2-chloro-3,3,3-trifluoro-1-propene with hydrogen
fluoride in the presence of activated first catalyst selected
from the group consisting of antimony-halides, iron-hal-
ides, titanium halides, and tin-halides, to produce an in-
termediate composition; and (b) contacting said interme-
diate composition with a second catalyst of activated car-
bon to produce a final product comprising 2,3,3,3-
tetrafluoro-1-propene. A full process conducted continu-
ously is not described.

SUMMARY OF THE INVENTION

[0014] The present invention provides a process for
preparing 2,3,3,3-tetraflucropropene (1234yf), compris-
ing:

(i) contacting 2-chloro-3,3,3-trifluoro-1-propene
(1233xf) with hydrogen fluoride HF in gas phase in
the presence of a fluorination catalyst under condi-
tions sufficient to produce a reaction mixture;

(ii) separating the reaction mixture into a first stream
comprising HCI, 2,3,3,3-tetraflucropropene (1234yf)
and a second stream comprising HF, unreacted 2-
chloro-3,3,3-trifluoro-1-propene  (1233xf)  and
1,1,1,2,2-pentafluoropropane (245cb);

(iii) recycling at least a part of the second stream at
least in part back to step (i),

wherein step (i) is carried out in the presence of O,
and/or Cl,, and wherein the process is continuous.

[0015] In one embodiment, the first stream is further
separated into HCIl and 2,3,3,3-tetrafluoropropene
(1234yf), preferably in a distillation step.

[0016] The present invention also provides a process
for preparing 2,3,3,3-tetrafluoropropene (1234yf),
comprising :

(i) contacting 2-chloro-3,3,3-trifluoro-1-propene
(1233xf) with hydrogen fluoride HF in gas phase in
the presence of a fluorination catalyst under condi-
tions sufficient to produce a reaction mixture;

(ii) separating the reaction mixture into HCI and a
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stream containing the fluorinated products;

(iii) separating said stream containing the fluorinated
products into a first stream comprising 2,3,3,3-
tetrafluoropropene (1234yf) and a second stream
comprising HF, unreacted 2-chloro-3,3,3-trifluoro-1-
propene (1233xf) and 1,1,1,2,2-pentafluoropropane
(245cb);

(iv) recycling at least a part of the second stream at
leastin part back to step (i), wherein step (i) is carried
out in the presence of O, and/or Cl,, and wherein
the process is continuous.

[0017] Embodiments are the following:

- the reaction mixture obtained at step (i) comprises
2,3,3, 3-tetrafluoropropene (1234yf) and 1,1,1,2,2-
pentafluoropropane (245cb) in a molar ratio of 1:5
to 3:1, preferably 1:4 to 2:1.

- the reaction mixture obtained at step (i) comprises
2,3,3, 3-tetrafluoropropene (1234yf), 1,1,1,2,2-pen-
tafluoropropane (245cb) and 1,1,1,2-tetrafluoro-2-
chloropropane (244bb) such that the molar ratio of
245cb to 244bb is from 1:1 to 70:1, preferably from
1.5:1 to 65:1.

- step (i) is carried out with a molar ratio HF:1233xf
from 3:1 to 150:1, preferably 4:1 to 70:1, more pref-
erably 5:1 to 50:1.

- step (i) is carried out at a pressure from 3 to 20 bars,
preferably 5to 15 bars, more preferably 7 to 10 bars.

- step (i) is carried out at a temperature of from 200
to 450°C, preferably from 300 to 430°C, more pref-
erably from 320 to 420°C.

- step (i) is carried out with a contact time from 6 to
100 sec, preferably from 10 to 80 sec, more prefer-
ably from 15 to 50 sec.

- the ratio of O, and/or Cl, with respect to 2-chloro-
3,3,3-trifluoro-1-propene (1233xf) is 0.05 to 15
mole%, preferably 0.5 to 10 mole%.

- thestepofseparating into afirst stream and asecond
stream is a distillation step.

- step (i) is carried out in the presence of a polymeri-
zation inhibitor, preferably chosen from the group
consisting of p-methoxyphenol, t-amylphenol,
limonene, d,1-limonene, quinones, hydroquinones,
epoxides, amines and mixtures thereof.

- step (i) is carried out in the presence of a catalyst
comprising Ni-Cr, supported or unsupported.

- said catalystis supported on a support selected from
fluorinated alumina, fluorinated chromia, fluorinated
activated carbon or graphite carbon.

BRIEF DISCLOSURE OF THE DRAWINGS
[0018]
Figure 1 is a scheme representing the possible re-

actions involved in the present invention.
Figure 2 is a scheme representing the process car-
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ried out in the invention.
Figure 3 is a scheme representing the process car-
ried out in the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0019] Figure 1 provides a scheme of potential reac-
tions involved in the instant process. 1233xf undergoes
a series of possible reactions. Reaction with HF can lead
directly to 1234yf or through an addition reaction to a
saturated compound 244bb. This saturated compound
can be dehydrochlorinated to give 1234yf. 244bb can
also, upon fluorination with HF, give 245c¢b. 1234yf and
245cb form an equilibrium; the invention is based on this
finding. Any 245cb formed can be recycled to the first
reaction zone, whereby the equilibrium is displaced
(1234yfbeing thus prevented from further conversioninto
245cb). The 245cb flowrate in the recycling loop (either
at the exit of the gas-phase reactor or in the second
stream back exiting the distillation column and back to
the gas-phase reactor) is thus substantially constant. No
245c¢b build up will thus take place in the recycling loop.
Inthis instance, 1233xffed into the reactor converts main-
ly into 1234yf since 245cb is already present in the recy-
cling loop.

[0020] Figure 2 represents the process carried out in
the invention. The gas-phase reactor is fed with 1233xf
and HF. The reaction mixture exiting the reactor com-
prises HCI, unreacted 1233xf, unreacted HF, 1234yf,
245c¢cb and a minor amountof244bb. This reaction stream
is separated by distillation into a first stream (light prod-
ucts) comprising HCI, 1234yf (possibly with a small
amount of HF thereby forming an azeotropic mixture) and
minor amounts of 245cb and 1233xf. A second, heavier,
stream is obtained at the bottom of the distillation column,
and comprises HF, 1233xf, 245¢cb and minor amounts of
244bb. The lighter fraction containing HCI, 1234yf (with
HF) and minor amounts other products is again distillat-
ed. The top flow comprises HCI, while the bottom flow
comprises 1234yfand HF, which can again be separated
using appropriate known methods. Among known meth-
ods is the decantation, which produces an HF rich flow
which can be recycled to the gas-phase reactor. This
decreases the fluorine content downstream in the proc-
ess, generating less side-products (e.g. CaF, whichmust
be discarded). The streams exiting the decantation are
treated according to known methods, including washing
and scrubbing and distillations.

[0021] Figure 3 represents another embodiment,
where HCl is removed in a first step before distillation of
the organic fluorinated products takes place. The gas-
phase reactor is fed with 1233xf and HF. The reaction
mixture exiting the reactor comprises HCI, unreacted
1233xf, unreacted HF, 1234yf, 245cb and a minor
amount of 244bb. This reaction stream is separated by
a first distillation into a stream containing mainly HCl and
another stream containing the other products. This other
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stream is separated by distillation into a first stream (light
products) comprising 1234yf (possibly with a small
amountof HF thereby forming an azeotropic mixture) and
minor amounts of 245cb and 1233xf. A second, heavier,
stream is obtained at the bottom of the distillation column,
and comprises HF, 1233xf, 245cb and minor amounts of
244bb. The lighter fraction containing 1234yf (with HF)
and minor amounts other products is obtained at the top
of the second distillation tower. This top flow can again
be separated using appropriate known methods. Among
known methods is the decantation, which produces a flow
of HF which can be recycled to the gas-phase reactor.
This decreases the fluorine content downstream in the
process, generating less side-products (e.g. CaF, which
must be discarded). The streams exiting the decantation
are treated according to known methods, including wash-
ing and scrubbing and distillations.

[0022] The applicant has found that the stream exiting
the gas-phase reactor has a specific composition, due
to the recycling of 245cb. Hence, the invention provides
also a composition containing 2,2,2,3-tetrafluoropropene
(1234yf), 1,1,1,2,2-pentafluoropropane (245cb) and
1,1,1,2-tetrafluoro-2-chloropropane (244bb) such that
the molar ratio of 245c¢b to 244bb is from 1:1 to 70:1, and
the molar ratio of 1234yf:245c¢b is from 1:5 to 3:1; pref-
erably the molar ratio of 245cb to 244bb is from 1.5:1 to
65:1, and the molar ratio of 1234yf.245¢b is from 1:4 to
2:1. The composition may also comprise 1233xf, and op-
tionally other compounds such as unreacted HF and HCI.
[0023] The gas phase reaction is carried out in the
presence of a fluorination catalyst. The reaction is carried
out in a single gas-phase reactor.

[0024] The level of the conversion and selectivity of
the desired product can vary according to the processing
conditions. The catalyst can be present in any suitable
form, such as fixed or fluidized bed, preferably in a fixed
bed. The direction of flow may be downward or upward.
[0025] This catalystis for example a catalyst based on
a metal including a transition metal oxide or a derivative
or halide or oxyhalide such a metal. Catalysts are e.g.
FeCls, chromium oxyfluoride, chromium oxides (that can
optionally be subject to fluorination treatments), chromi-
um fluorides, and mixtures thereof. Other possible cata-
lysts are the catalysts supported on carbon catalysts
based on antimony, catalysts based on aluminum (as
AlF 3 and Al;O5 and oxyfluoride of alumina and aluminum
fluoride). Generally speaking, catalysts that can be used
are chromium oxyfluoride, aluminium fluorure and oxy-
fluoride, and supported or unsupported catalyst contain-
ing a metal such as Cr, Ni, Zn, Ti, V, Zr, Mo, Ge, Sn, Pb,
Mg. Reference can also be made to the disclosures of
WO-A-2007/079431, at page 7, lines 1-5 and 28-32, EP-
A-939071, at paragraph [0022], WO 2008/054781 at
page 9 line 22 to page 10 line 34, WO 2008/040969 in
claim 1.

[0026] Prior to its use, the catalyst is subjected to ac-
tivation with HF at high pressure, typically above about
10 bars (typically at a pressure above the pressure used
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in the gas-phase process), as described in US-A-
7485598.

[0027] A preferred embodiment uses a particular cat-
alyst, which is a mixed catalyst, containing both chromi-
um and nickel. The molar ratio Cr: Ni, with respect to the
metallic element is generally between 0.5 and 5, for ex-
ample between 0.7 and 2, including close to 1. The cat-
alyst may contain in weight from 0.5 to 20% chromium
and 0.5 to 20% nickel, preferably between 2 and 10% of
each metal.

[0028] The metal may be present in metallic form or
as derivatives, including oxide, halide or oxyhalide.
These derivatives, including halide and halide oxides,
are obtained by activation of the catalytic metal. Although
the activation ofthe metalis not necessary, itis preferred.
[0029] Thesupportis preferably made from aluminum.
There are several possible carriers such as alumina, ac-
tivated alumina or aluminum derivatives. These deriva-
tives include aluminum halides and halide oxides of alu-
minum, for example described in US-P-4902838, or ob-
tained by the activation process described below.
[0030] The catalyst may include chromium and nickel
in a non-activated or activated form, on a support that
has been subjected to activation or not.

[0031] Reference can be made to WO 2009/118628,
and especially to the disclosure of the catalyst from page
4, line 30 to page 7, line 16.

[0032] According to another embodiment, the process
uses a high surface area Cr based catalyst which is pref-
erably unsupported. The catalyst can optionally contain
a low level of one or more co-catalyst such as Co, Zn,
Mn, Mg and Ni salt. A preferred co-catalyst is nickel. An-
other preferred co-catalyst is Zn.

[0033] The preferred unsupported chromium catalyst
can optionally contain low levels of one or more co-cat-
alysts selected from cobalt, nickel, zinc or manganese,
prepared by processes known in the art, such as impreg-
nation, mixed powder and the like. The catalyst can be
supported or unsupported. For supported catalyst, the
catalyst support can be selected from materials known
in the art to be compatible with HF at higher temperature
and pressure. For example, fluorinated alumina, prefluor-
inated activated carbon, graphite or fluorinated graphite
are suitable catalyst supports. A preferred chromium cat-
alystis a high surface area unsupported chromium oxide
catalyst. The catalyst is activated before use. The cata-
lyst activation typically comprises a high pressure, above
10 bars, procedure wherein the catalyst bed is heated to
about 370-380° C, preferably with a continuous flow of
nitrogen, after which a mixture of approximately equal
volumes of HF and air or nitrogen (preferably nitrogen)
are fed over the catalystbed. The catalystactivation proc-
ess can be as described in US7485598 Other fluorinated
organic compounds such as CHF,CI, CHF5, CF;CH,F,
CF3CH2CI and the like can be used for activation. Typ-
ically the high pressure catalyst activation procedure
takes about 18 hours.

[0034] The resulted high-pressure activated catalyst
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has a high surface area, such as from about 20 to about
250 square meters per gram. The fluorine content typi-
cally varies between about 20 to 25 wt%. The pore vol-
ume has an average value between 0.1 to 0.4 m3/g.
Crushing strength is typically between about 8 to 15 kg/g.
Percent attrition is typically on average between 1 to 5
wt%. Cr (V) level is typically in the range of 100 to 300
ppm.

[0035] The level of the co-catalyst, when present, can
be varied between 1 to 10 wt%, preferable between 1 to
5wt%. Co-catalyst can be added to the catalyst by proc-
esses known in the art such as adsorption from an aque-
ous or organic solution, followed by solvent evaporation.
The preferred catalyst in this embodiment is pure chro-
mium oxide with nickel or zinc as a co-catalyst. Alterna-
tively the co-catalyst can be physically mixed with the
catalyst via grinding to produce an intimate mixture. An
alternative catalyst is a mixed chromium/nickel catalyst
supported on fluorinated alumina. US 5731481 discloses
amethod of preparation of this alternative catalyst which
would be activated as described hereinabove.

[0036] For example, a catalyst which can be used in
the invention can be prepared as follows. A Cr,O4 cata-
lyst was activated at 16 bars and 350°C using HF and
nitrogen gas. The chemical and physical properties of
the resulting catalyst are shown in the table below.

%F Content wt% 22.2
Surface Area m2/g! 439
Pore Volume m3/g? 0.19
Crush Strength kg/g3 10.6
crVl content ppm 201
% Attrition4 3.9

1. Surface area was determined by the BET surface
area by Micrometrics ASAP 2400

2. Pore volume was evaluated using xylene porosity
measurement.

3. Crush strength was evaluated by applying a spec-
ified rate of compression, until the integrity of the cat-
alyst is compromised.

4. Percent Attrition was evaluated by using ASTM D-
4058-92 Standard test method for attrition.

[0037] The process of the presentinvention is run con-
tinuously.
[0038] The 1233xf fluorination process involves con-

tacting 1233xfwith HF inthe reaction zone inagas phase,
under conditions sufficient to convert the 1233xf to fluor-
ination products comprising unreacted 1233xf, 1234yf
and 245c¢b. Such conditions are given below. In addition,
other co-produced underfluorinated intermediates such
as 244bb which may be present in minor amounts and
unreacted 1233xfwhich are produced as part of the fluor-
ination reaction are also recycled to the reactor. The re-
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cycle stream contains the heavy fraction of the reaction
stream which has been separated in the distillation step,
and especially the equilibrated 245cb.

[0039] Typically, step (i) is carried out with a molar ratio
HF:1233xf from 3:1to 150:1, preferably 4:1 to 70:1, more
preferably 5:1 to 50:1.

[0040] Typically, step (i) is carried out at a pressure
from 3 to 20 bars, preferably 5to 15 bars, more preferably
7 to 10 bars.

[0041] Typically, step (i) is carried out at a temperature
of from 200 to 450°C, preferably from 300 to 430°C, more
preferably from 320 to 420°C. The temperature of the
bed can be substantially uniform in the reactor or can be
adjusted along the path of the stream, decreasing or in-
creasing along the direction of flow.

[0042] Contact times (catalyst volume divided by the
total flow rate of reactants and co-feeds, adjusted to the
operating pressure and temperature) are typically from
6 to 100 sec, preferably from 10 to 80 sec, more prefer-
ably from 15 to 50 sec.

[0043] An oxygen co-feed or chlorine co-feed is used
to extend the catalyst lifetime, typically in an amount of
from 0.05 to 15 mole%, preferably 0.5 to 10 mole% of
oxygen or chlorine per 1230xa. The oxygen can be in-
troduced as an oxygen-containing gas such as air, pure
oxygen, or an oxygen/nitrogen mixture. Chlorine can be
introduced as a chlorine-containing gas such as pure
chlorine, or a chlorine/nitrogen mixture.

[0044] A polymerization inhibitor can be used to extend
the catalyst life, typically in a concentration of from about
50-1000 ppm, more preferably between 100-500 ppm.
The polymerization inhibitor can be p-methoxyphenal, t-
amylphenol, limonene, d,1-limonene, quinones, hydro-
quinones, epoxides, amines and mixtures thereof. The
preferred polymerization inhibitor is p-methoxyphenol or
t-amylphenol. The co-feeding of a low level of a polym-
erization inhibitor can control such polymerization of chlo-
roolefins and extend the life of the catalyst as described
in US5714651.

[0045] The reactants can be fed to the reactor at the
same location, at different locations, or using staged
feeding at staged locations along the reactor. A preferred
feeding system is to blow the gaseous reactants at the
bottom of the reactor. Recycling can be done at the entry
of the reactor or at an intermediate stage of the reactor;
preferably at the entry of the reactor.

[0046] Inanother embodiment, the reaction stream ex-
iting the gas-phase reactor can be recycled in part to the
reactor, before itis subjected to the separation into a first,
light, stream and a second, heavy stream. The recycling
ratio can be as high as 0.7. This recycling allows dilution
of 1233xf which is very reactive and avoids polymerisa-
tion.

[0047] Reactions are implemented in a dedicated re-
actor for reactions involving halogens. Such reactors are
known to those skilled in the art and can include linings
based eg Hastelloy®, Inconel®, Monel® or fluoropoly-
mers. The reactor may also include means of heat ex-
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change, if necessary.

[0048] As used herein, percentages are by molar per-
cent unless specified otherwise.

[0049] The following examples illustrate the invention
without limiting it. EXAMPLES.

[0050] Inthefollowing examples, use is made of a cat-
alyst Ni-Cr/AIF 3 which is obtained as follows. The catalyst
used is a mixed catalyst nickel/chromium of atomic ratio
of Ni/Cr = 1, supported on alumina fluoride and is pre-
pared by impregnating solutions of nickel and chromic
anhydride (CrO3). After impregnation and drying, the sol-
id is treated at a temperature between 320°C and 390°C
in the presence of a mixture of hydrofluoric acid and ni-
trogen (concentration by volume of 5 to 10% of this acid
in nitrogen). The catalyst bed is placed on a grid welded
to the lower end of reactor. The reactor is equipped with
atemperature measurement at three locations along the
catalyst bed.

Example 1. Fluorination of 1233xf.

[0051] 150 mlof catalyst Ni-Cr/AlF 3 are introduced into
the reactor. The reactor was fed with 16.4 g/hr of HF and
4.1 g/h 1233xf. The reaction temperature is 352°C and
atmospheric pressure. HF/1233xf molar ratio is 26.9 and
the contact time of 4.9 seconds. The conversion rate is
then 10.3%. The selectivities (amount of one product di-
vided by the sum of all the products of reaction, this
means without 1233xf) were 71.4% in 1234yf, 22.7% in
245¢cb. Other minor compounds detected are: 244bb,
1234ze and 245fa. (outlet gas flow contained 89.13 mol%
1233xf, 7.75 mol% 1234yf, 2.47 mol% 245cb and 0.65
mol% others).

Examples 2 to 6. Equilibrium 1234yf/245cb.

[0052] The fluorination reaction of 1233xf is performed
according to example 1 described above. The flows of
HF and 1233xf are adjusted to obtain a molar ratio
HF/1233xf close to 5 but varying contact time: 9.5, 18.8,
26.7, 37.9 and 39 seconds. The products that are mainly
obtained are 1234yf and 245cb (if one excludes the
1233xf, not completely converted). The molar composi-
tions 1234yf and 245cb are summarized in table 1. It can
be concluded that an equilibrium takes place between
1234yf and 245cb.

Contact time 1234yf | 245cb

(s) (%) (%)
Ex. 2 95 72.53 27.47
Ex. 3 18.8 69.13 30.87
Ex. 4 26.7 66.49 33.51
Ex. 5 37.9 66.28 33.72
Ex. 6 39 66.18 33.82
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Example 7.

[0053] The fluorination reaction of 1233xf is performed
according to the embodiment described in Example 1
with an amount of 60 ml of catalyst introduced into the
60ml reactor. The 245cb is added to the feed. The flow
of 245c¢b is 2.1 g/hr, the flow 1233xf is 4.5 g/hr and the
flow of HF is 16.2 g/hr. Hence, 100 mol of 1233xf are
used with 47 mol 245¢cb. HF/1233xf molar ratio is equal
to 24.5 and the contact time is equal to 4.8s. Air is con-
tinuously added in order to preserve the life of the cata-
lyst. The amount of oxygen introduced is expressed in
molar ratio O,/(1233xf + 245cb) and is equal to 0.5%.
The molar composition of gas leaving is analyzed by a
gas chromatograph: 60.6% 1233xf, 26.6% 1234yf,
12.4% 245cb and some other impurities. (89.08 mol
1233xf; 39.07mol 1234yf; 18.17 mol 245¢cb and 0.72 mol
others).

Claims

1. A process for preparing 2,3,3,3-tetrafluoropropene
(1234yf), comprising:

(i) contacting 2-chloro-3,3,3-trifluoro-1-propene
(1233xf) with hydrogen fluoride HF in gas phase
in the presence of a fluorination catalyst under
conditions sufficient to produce a reaction mix-
ture;

(i) separating the reaction mixture into a first
stream comprising HCI, 2,3,3,3-tetrafluoropro-
pene (1234yf) and a second stream comprising
HF, unreacted 2-chloro-3,3,3-trifluoro-1-pro-
pene (1233xf) and 1,1,1,2,2-pentafluoropro-
pane (245cb);

(iii) recycling at least a part of the second stream
at least in part back to step (i),

wherein step (i) is carried out in the presence of
O, and/or Cl, and wherein the process is con-
tinuous.

2. Process according to claim 1, wherein the first
stream is further separated into HCI and 2,3,3,3-
tetrafluoropropene (1234yf).

3. A process for preparing 2,3,3,3-tetrafluoropropene
(1234yf), comprising:

(i) contacting 2-chloro-3,3,3-trifluoro-1-propene
(1233xf) with hydrogen fluoride HF in gas phase
in the presence of a fluorination catalyst under
conditions sufficient to produce a reaction mix-
ture;

(ii) separating the reaction mixture into HCl and
a stream containing the fluorinated products;
(iii) separating said stream containing the fluor-
inated products into a first stream comprising
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10.

1.

12.

13.

14.

2,3,3,3-tetraflucropropene (1234yf) and a sec-
ond stream comprising HF, unreacted 2-chloro-
3,3,3-trifluoro-1-propene (1233xf) and
1,1,1,2,2-pentafluoropropane (245cb);

(iv) recycling at least a part of the second stream
at least in part back to step (i),

wherein step (i) is carried out in the presence of
O, andfor Cl,

and wherein the process is continuous.

Process according to any one of claims 1to 3, where-
in the reaction mixture separated at step (ii) compris-
es 2,3,3,3-tetrafluoropropene  (1234yf) and
1,1,1,2,2-pentafluoropropane (245cb) in a molar ra-
tio of 1:5 to 3:1.

Process according to claim 4, wherein the reaction
mixture separated at step (ii) comprises 2,3,3,3-
tetrafluoropropene (1234yf), 1,1,1,2,2-pentafluoro-
propane (245cb) and 1,1,1,2-tetrafluoro-2-chloro-
propane (244bb) such that the molar ratio of 245cb
to 244bb is from 1:1 to 70:1.

Process according to any one of claims 1to 5, where-
in step (i) is carried out with a molar ratio HF:1233xf
from 3:1 to 150:1.

Process according to any one of claims 1to 6, where-
instep (i)is carried out ata pressure from 3to 20 bars.

Process according to any one of claims 1to 7, where-
in step (i) is carried out at a temperature of from 200
to 450°C.

Process according to any one of claims 1to 8, where-
in step (i) is carried out with a contact time from 6 to
100 sec.

Process according to any one of claims 1to 9, where-
in the ratio of O, and/or Cl, with respect to 2-chloro-
3,3,3-trifluoro-1-propene (1233xf) is 0.05 to 15
mole%

Process according to any one of claims 1 to 10,
wherein the step of separating into a first stream and
a second stream is a distillation step.

Process according to any one of claims 1 to 11,
wherein step (i) is carried out in the presence of a
polymerization inhibitor.

Process according to claim 12, wherein the polym-
erization inhibitor, is chosen from the group consist-
ing of p-methoxyphenol, t-amylphenol, limonene,
d,1-limonene, quinones, hydroquinones, epoxides,
amines and mixtures thereof.

Process according to any one of claims 1 to 13,
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wherein step (i) is carried out in the presence of a
catalyst comprising Ni-Cr, supported or unsupport-
ed.

Process according to any one of claims 1 to 14,
wherein said catalyst is supported on a support se-
lected from fluorinated alumina, fluorinated chromia,
fluorinated activated carbon or graphite carbon.

Patentanspriiche

1.

Verfahren zum Herstellen von 2,3,3,3-Tetrafluorpro-
pen (1234yf), umfassend:

(i) Inkontaktbringen von 2-Chlor-3,3,3-trifluor-1-
propen (1233xf) mit Fluorwasserstoff, HF, in der
Gasphase in Gegenwart eines Fluorierungska-
talysators unter Bedingungen, die ausreichend
sind, um ein Reaktionsgemisch zu erzeugen;
(ii) Trennen des Reaktionsgemisches in einen
ersten Strom, umfassend HCI, 2,3,3,3-Tetraflu-
orpropen (1234yf), und einen zweiten Strom,
umfassend HF, nichtumgesetztes 2-Chlor-
3,3,3-trifluor-1-propen (1233xf) und 1,1,1,2,2-
Pentafluorpropan (245cb);

(iii) Zurlckfuhren mindestens eines Teils des
zweiten Stroms im Kreislauf mindestens teilwei-
se zurlick zu Schritt (i),

wobei Schritt (i) in Gegenwart von O, und/oder
Cl, durchgeflihrt wird

und wobei das Verfahren kontinuierlich ist.

Verfahren nach Anspruch 1, wobei der erste Strom
weiter in HCl und 2,3,3,3-Tetrafluorpropen (1234yf)
getrennt wird.

Verfahren zum Herstellen von 2,3,3,3-Tetrafluorpro-
pen (1234yf), umfassend:

(i) Inkontaktbringen von 2-Chlor-3,3,3-trifluor-1-
propen (1233xf) mit Fluorwasserstoff, HF, in der
Gasphase in Gegenwart eines Fluorierungska-
talysators unter Bedingungen, die ausreichend
sind, um ein Reaktionsgemisch zu erzeugen;
(ii) Trennen des Reaktionsgemisches in HClund
einen Strom, der die fluorierten Produkte ent-
halt;

(iii) Trennen des Stroms, der die fluorierten Pro-
dukte enthalt, in einen ersten Strom, umfassend
2,3,3,3-Tetrafluorpropen (1234yf), und einen
zweiten Strom, umfassend HF, nichtumgesetz-
tes 2-Chlor-3,3,3-trifluor-1-propen (1233xf) und
1,1,1,2,2-Pentafluorpropan (245cb);

(iv) Zurlickfihren mindestens eines Teils des
zweiten Stroms im Kreislauf mindestens teilwei-
se zurlick zu Schritt (i),

wobei Schritt (i) in Gegenwart von O, und/oder
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Cl, durchgefiihrt wird
und wobei das Verfahren kontinuierlich ist.

Verfahren nach einem von Anspruch 1 bis 3, wobei
das Reaktionsgemisch, das in Schritt (ii) getrennt
wird,  2,3,3,3-Tetrafluorpropen  (1234yf) und
1,1,1,2,2-Pentafluorpropan (245cb) in einem Mol-
verhaltnis von 1 : 5 bis 3 : 1 umfasst.

Verfahren nach Anspruch 4, wobei das Reaktions-
gemisch, das in Schritt (ii) getrenntwird, 2,3,3,3-Te-
trafluorpropen (1234yf), 1,1,1,2,2-Pentafluorpropan
(245cb)und 1,1,1,2-Tetrafluor-2-chlorpropan (244b)
umfasst, derart, dass das Molverhaltnis von 245cb
zu 244bb von 1 : 1 bis 70 : 1 betragt.

Verfahren nach einem von Anspruch 1 bis 5, wobei
Schritt (i) bei einem Molverhaltnis HF : 1233xf von
3 : 1 bis 150 : 1 durchgefihrt wird.

Verfahren nach einem von Anspruch 1 bis 6, wobei
Schritt (i) bei einem Druck von 3 bis 20 bar durch-
geflhrt wird.

Verfahren nach einem von Anspruch 1 bis 7, wobei
Schritt (i) bei einer Temperatur von 200 bis 450 °C
durchgefiihrt wird.

Verfahren nach einem von Anspruch 1 bis 8, wobei
Schritt (i) mit einer Kontaktdauer von 6 bis 100 s
durchgefiihrt wird.

Verfahren nach einem von Anspruch 1 bis 9, wobei
das Verhaltnis von O, und/oder Cl, mit Bezug auf
2-Chlor-3,3,3-trifluor-1-propen (1233xf) von 0,05 bis
15 Mol-% betragt.

Verfahren nach einem von Anspruch 1 bis 10, wobei
der Schritt des Trennens in einen ersten Strom und
einen zweiten Strom ein Destillationsschritt ist.

Verfahren nach einem von Anspruch 1 bis 11, wobei
Schritt (i) in Gegenwart eines Polymerisationshem-
mers durchgefiihrt wird.

Verfahren nach Anspruch 12, wobei der Polymeri-
sationshemmer aus der Gruppe ausgewahlt wird,
die aus p-Methoxyphenol, t-Amylphenol, Limonen,
d,1-Limonen, Chinonen, Hydrochinonen, Epoxiden,
Aminen und Gemischen davon besteht.

Verfahren nach einem von Anspruch 1 bis 13, wobei
Schritt (i) in Gegenwart eines Katalysators, umfas-
send Ni-Cr, getragert oder ungetragert, durchgefiihrt
wird.

Verfahren nach einem von Anspruch 1 bis 14, wobei
der Katalysator auf einem Trager, ausgewahlt aus
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fluoriertem Aluminiumoxid, fluoriertem
Chrom(lll)-oxid, fluorierter Aktivkohle oder Graphit-
kohlenstoff, getragert wird.

Revendications

Un procédé de préparationde 2,3,3,3-tetrafluoropro-
péne (1234yf), comprenant :

(i) la mise en contact du 2-chloro-3, 3, 3-trifluoro-
1-propene (1233xf) avec du fluorure d’hydrogeé-
ne HF en phase gazeuse en présence d’un ca-
talyseur de fluoration dans des conditions suffi-
santes pour produire un mélange réactionnel ;
(ii) la séparation du mélange réactionnel en un
premier courant comprenant HCI, du 2,3,3,3-té-
trafluoropropéne (1234yf) et un second courant
comprenant HF, le 2-chloro-3,3,3-trifluoro-1-
propéne (1233xf) n’ayant pas réagi et le
1,1,1,2,2-pentafluoropropane (245cb);

(iiiy lerecyclage d’au moins une partiedu second
courant au moins en partie vers 'étape (i),
dans lequel I'étape (i) est mise en oeuvre en
présence d’'O, et/ou Cl,

et dans lequel le procédé est continu.

Procédé selon la revendication 1, dans lequel le pre-
mier courant est ensuite séparé enHCl etle 2,3,3,3-
tétrafluoropropéne (1234yf).

Un procédé de préparationde 2,3,3,3-tetrafluoropro-
péne (1234yf), comprenant :

(i) la mise en contact du 2-chloro-3, 3, 3-trifluoro-
1-propéne (1233xf) avec du fluorure d’hydrogeé-
ne HF en phase gazeuse en présence d’un ca-
talyseur de fluoration dans des conditions suffi-
santes pour produire un mélange réactionnel ;
(i) la séparation du mélange réactionnel en HCI
et un courant contenant les produits fluorés ;
(iii) la séparation dudit courant contenant les
produits fluorés en un premier courant compre-
nantle 2,3,3,3-tétrafluoropropéne (1234yf) etun
second courant comprenant HF, le 2-chloro-
3,3,3-trifluoro-1-propéne (1233xf) n’ayant pas
réagi et le 1,1,1,2,2-pentafluoropropane
(245cb);

(iv) lerecyclage d’au moins une partie du second
courant au moins en partie vers 'étape (i),
dans lequel I'étape (i) est mise en oeuvre en
présence d’'O, et/ou Cl,

et dans lequel le procédé est continu.

Procédé selon 'une des revendications 1 a2 3, dans
lequel le mélange réactionnel séparé a I'étape (ii)
comprend le 2,3,3,3-tétrafluoropropéne (1234yf) et
le 1,1,1,2,2-pentaflucropropane (245cb) dans un
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rapport molaire de 1:5 a 3:1.

Procédé selon larevendication 4, dans lequel le mé-
lange réactionnel séparé a 'étape (ii) comprend le
2,3,3,3-tétrafluoropropéne (1234yf), le 1,1,1,2,2-
pentafluoropropane (245cb), et le 1,1,1,2-tetra-
fluoro-2-chloropropane (244bb) de telle sorte que le
rapportmolaire du 245cb au 244bb soitde 1:1a70:1.

Procédé selon 'une des revendications 1 a 5, dans
lequel I'étape (i) est mise en oeuvre avec un rapport
molaire HF:1233xf de 3:1 a 150:1.

Procédé selon 'une des revendications 1 a 6, dans
lequel I'étape (i) est mise en oeuvre sous une pres-
sion de 3 a 20 bars.

Procédé selon 'une des revendications 1 a 7, dans
lequel 'étape (i) est mise en oeuvre a une tempéra-
ture de 200 a 450°C.

Procédé selon 'une des revendications 1 a 8, dans
lequel I'étape (i) est mise en oeuvre avec un temps
de contact de 6 a 100 sec.

Procédé selon 'une des revendications 1 a4 9, dans
lequel le rapport molaire de O, et/ou Cl, par rapport
au 2-chloro-3,3,3-trifluoro-1-propéne (1233xf) est
0,05 a 15% en moles

Procédé selon I'une des revendications 1 a 10, dans
lequel I'étape de séparation en un premier courant
et un second courant est une étape de distillation.

Procédé selon I'une des revendications 1a 11, dans
lequel I'étape (i) est mise en oeuvre en présence
d’un inhibiteur de polymérisation.

Procédé selon la revendication 12, dans lequel I'in-
hibiteur de polymérisation est choisi dans le groupe
constitué par le p-méthoxyphénol, le t-amylphénol,
le limonéne, le d,1-limonéne, les quinones, les hy-
droquinones, les époxydes, les amines et leurs mé-
langes.

Procédé selon I'une des revendications 1 a 13, dans
lequel I'étape (i) est mise en oeuvre en présence
d’un catalyseur comprenant du Ni-Cr supporté ou
non supporté.

Procédé selon I'une des revendications 1 a 14, dans
lequel ledit catalyseur est supporté sur un support
choisi parmi I'alumine fluorée, 'oxyde de chrome
fluoré, du charbon actif fluoré ou du carbone graphi-
te.
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