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PROCESS FOR THE PRODUCTION OF 1,1-DIFLUOROETHANE

The present inveniion is concerned with the preparation of 1,1-diflucrosthane (HFC-152a).
More particularly, the present invention is concerned with a process for the preparation of 1,1-
difluoroethane (HFC-152a) comprising fluorinating vinyl chioride (H,C=CHCI, R-1140).

Herainafler, uniess otherwise stated, 1, 1-difluoroethans will be referred to as HFC-182a. HFC-
152a is known o have utility as, for example, an aerosol propeliant, a foam expansion agent,
and as a refrigerant. HFC-152a has zero Ozone Depletion Potential (ODP) and very low Global
Warming Potential (GWP).

There are methods known in the art for producing HFC-152a.

CN1931431A describes how 1,1-diflucroethane is obtained by passing a mbdure of viny
chioride and hydrogen fluoride over a chromium oxyfluoride catalyst, including an additional
metal selected from coball, manganese, zing, iron, magnssium, aluminium, or nicksl in the gas
phase.

US2005222472 describes the use of an activated carbon catalyst impregnated with a Lewis
acid, to convert to HFC 1523 in the vapour phase.

GBO21254A describes how vinyl fluoride and 1,1-difluoroethane are obiained by passing a
mixture of ethylene dichloride or vinyl chioride or both and hydrogen fluoride over a chromium
axide catalyst in the vapour phase. Vinyl chicride and 1,1-difluorcethane may be separated
from the reaction product and recycled.

RU2614442 describes a method for oblaining 1, 1-diflucroethane, consisting of liquid-phase
fluorination of vinyl chioride in the presence of hydrogen fluoride, catalysed by tin tetrachioride,
followed by removal of remaining vinyl chioride in a vapour-phase reaction with hydrogen

fluoride over an aluminium oxide-based supported metal catalyst.

However, these methods suffer from a range of disadvantages such as low yields, and/or the
handling of toxic and/or expensive reagents, and/or the use of extreme conditions, and/or the
production of toxic by-products, but especially high rates of catalyst deactivation caused by

coke generation.
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Excessive coke generation is wasteful from the perspective of poor selectivity / conversion of
the starting material. Additionally, coke generation is known to reduce catalyst efficacy,
deactivating a catalyst by blocking active siies, meaning that production of the desired product
is impeded and (excessive) lime is needed for catalyst regeneration to remove the undesired

coke deposifs.

There is therefore a need for a more economically efficient means for producing HFC-152a. In
particular, there is a need to provide a more efficient manufacturing process in which the
selectivity towards HFC-152a and the vield thereof is sufficiently high and in which catalyst
deactivation by coke formation is minimised, so that the HFC-152a may be produced, sold or

used in an economically valuabls way.

The listing or discussion of a prior-published document in this spsecification should not
necessarily be taken as an acknowledgement that the document is pari of the state of the art

or is common general knowledgs.

According to a first aspect of the invention there is provided a process for the production of
1,1-diflucrosthane (HFC-152a) by the catabylic fluorination, in the vapour phase, of a
composition comprising vinyl chioride with hydrogen fluoride, wherein the vinyl chioride is
contacted with hydrogen fluoride, at temperatures between 100 and 500°C, in the presence of

a catalyst comprising one or more of chromia, alumina, carbon.

The process has been found to produce HFC-152a in high vield with a high selectivity to HFC-

152a accompanied by low rates of coke formation and loss of catalyst aclivity.

Generaily the yield of HFC-152a has been found to be high with preferably over 80wi% of vinyi
chioride being converted in the reaction. More preferably over 85wi%, more preferably over
87wt%, more preferably over 90wi%, more preferably over 92wt%, more preferably over
95wi%, more preferably over 97wi%, more preferably over 98wi%, more preferably over
9Owit%.

Generaily the selectivity to HFC-152a has been found to be high with preferably over 80wit%
of vinyl chioride being converled to HFC-1523 in the reaction. More preferably over 85wi%,
more preferably over 87wt%, more preferably over 90wt%, more preferably over 92wi%, more
preferably over 95wt%, more preferably over 87wt%, more prefsrably over 98wi%, more

preferably over 99wi%.
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in an alternative / additional way of expressing the selectivity of the reaction it has been found
that the weight percentage of by-products in the reactions (such as HFC-151a and / or HFC-
150a is less than 15wi%, more preferably less than 13wi%, more preferably less than 10wi%,
more preferably iess than 8wit%, more preferably iess than 5wit%, more preferably less than

3wi%, more preferably less than 2wit%, more preferably less than 1wi%.

Thus the composition of the product of the reaction comprises less than 15wi%, more
preferably less than 13wi%, more preferably less than 10wt%, more preferably less than 8wi%,
maore preferably less than Bwi%, more preferably less than 3wi%, more preferably less than
2wt%, more preferably less than 1wi% of HFC-151a and / or HFC-150a.

Prior to the fluorination, the catalyst is usually subjected to an activation treatment to achieve
the desired catalytic performance. Normally, this involves treating the catalyst with hydrogen
fluoride, at an elevaled temperature and pressure. Frequently, the activation treatment is
preceded by other steps, such as drying or heating the catalyst under an ineri aimosphere.

The catalyst comprises one or more of chromia, alumina and/or carbon.

Preferably the catalyst comprises at least one additional metal or compound thereof, wherein
at least one additional metal is selectad from Li, Na, K, Ca, Mg, Cs, Sc, ALY, Ti, Zr, Hf, V, Nb,
Ta, Cr, Mo, W, Mn, Re, Fe, Ry, Co, Rh, ir, Ni, Pd, In, Pt, Cu, Ag, Au, Zn, La, Ce and mibdures

thereof. Most preferably the additional metal is zinc.

This additionai metal or compound thereof can also be referred to as a promoter.

Preferably, the catalyst is provided in the form of a peliet or pellets comprising a plurality of
catalyst particles. Such catalyst particles may be pressed {ogether, for example under load, o
form the peliets. The pellets may comprise one or more further malerials. For example, the
pellets may include graphite, preferably in an amount of from about 0.5 wi% to about 10 wit%,
e.g. from about 1 wi% to aboui 5wi%. Preferably, the pelists have a longest dimension from
about 1 mm to aboul 100 mm. In some embodiments, the pellels may have a longest

dimension of about 1 mm to about 10mm, for example from about 3 mm to abouf 5 mm.

Freferably, the catalyst comprises at least 80wt% (for example at least 85wit%, at least 90wi%,
at least 92wt%, at least B3wt%, at least 24wi%, at ieast 95wi% or ai least 86wit%) chromia.

Advantageously, the catalyst may be a zinc/chromia catalyst. By the term "zinc/chromia
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catalyst” we mean that the metal oxide catalyst comprises chromium or a compound of

chromium and zinc or a compound of zinc.

The total amount of the zine or a compound of zine present in the zinc/chromia catalysis of the
invention is typically from about 0.01 % to about 25%, preferably 0.1 % to about 25%,
conveniently 0.01 % to 6% of the catalyst; and in some embodiments preferably 0.5% by
weight to about 25 % by weight of the catalyst, preferably from about 110 10 % by weight of
ihe catalyst, more preferably from about 2 to 8 % by weight of the catalyst, for exampls about
3 10 6 % by weight of the catalyst.

Additional metals or compounds thereof are typically present from about 0.01 % to about 25%,
preferably 0.1 % 1o about 25%, conveniently 0.01 % 1o 6% by weight of the catalyst; and in
some embodiments praferably 0.5% by weight to about 25 % by weight of the catalyst,
preferably from about 1 10 10 % by weight of the catalyst, more preferably from about 2108 %
by weight of the catalyst, for example about 3 fo & % by wesight of the catalyst

in other embodiments, the catalyst may be an alumina catalyst with one or more promoters
selected from platinum, iron, chromium and zinc. The toial amount of promoter is typically from
about 0.1 to about 80% by weight of the catalyst, preferably from about 0.5 {o about 50% by
weight of the calalyst, such as 0.5% by weight o about 25 % by weight of the calalyst, or from
about 110 10 % by weight of the catalyst. in such embodiments it is preferred that the catalyst
comprises at least 80wt% (for example at least 85wi%, at least 90wi%, at least 82wi%, at least
93wi%, at least 94wi%, al least 25wi% or at least 96wi%) alumina. In some embodiments, the
catalyst may be in fluorinated form. For example, the catalyst may have been fluorinated by
ireatment with HF at elevated temperature.

The process is conducted in the vapour phase. The process may be carried out at atmospheric,
sub- or super atmospheric pressure, typically at from 0 to about 30 barg, preferably from about
1 to about 20 barg, preferably from about 5 to about 15 barg, such as about 10 barg.

The process typically employs a molar ratio of vinyl chioride with hydrogen fluoride of from 11
to 1:50, more preferably 1:1 1o 1:25, 1:1to 1:15, 1:1 1o 1:10 or in a range of from 1:5-30, such
as 1:10-25.

The reaction time for the process generally is from about 1 second {o about 1000 hours,
preferably from about from about 1 second {o about 200 hours, more preferably from about 10
seconds to about 50 hours, such as from about 1 minute to about 10 or 20 houwrs. In a
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continuous process, typical contact times of the catalyst with the reagenis are from aboul 1 to
about 1000 seconds, such from about 1 to about 500 seconds or about 1 to about 300 seconds
or about 1 to about 50, 100 or 200 ssconds.

The reaction temperature is preferably between 100 and 500°C, more preferably 100 and
300°C, more preferably between 125 and 275°C, more preferably between 158 and 250°C and
maost preferably from 175 o 240°C,

The invention will now be illustrated with reference {o the following examples.

Examples

Vapour Phase Reaction of Vinyi Chioride with HF

The following steps were followed.

Catalvst Activation

e The reactor bed (4 x 1.27cm (32") sutside diameter (O x 31em Inconel 825 reactor
tubes connected in series) was charged with catalyst (12g, 13.29mL, 6.5%Zn0/Cr0s,
2.00-3.35mm) supported by inconel mesh.

+« The reactors were heated to 250°C under 80mi/min nitrogen flow (3barg) for 16 hours
{o dry the catalysts.

« The calalysts were pre-fluorinated in two stages:-

Stage 1 - 3Barg. 80mimin Nz, 4mi/min HF @ 250°C. After HF was detected in
the reactor off-gas, heat to 300°C and leave overnight.

o Stage 2 - 3barg. Reduction of N2 from 80ml/min to 40 to 20 {o 10 10 5 and then
Omil/min, over 0.5-1h per step, allowing the HF flow {o stabilise (as measurad
by titration with 0. 1M NaOHq.

« The reactors were heated to 380°C at a rate of 25°C/hour and held at 380°C for 7
hours before being allowed {o cool to the desired reaction temperature, with HF flow
on.

Reaction

« HF {125ml/min) and vinyl chloride (Smi/min} were passed over the catalyst bhed at
between 175°C and 225°C for a cycle time of about 200h.
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» Reactor “off gas” samples were {aken and scrubbed through deionised water prior to

analysis.

» The samples were analysed by gas chromatography (GC) calibrated for vinyl
chioride, HFC-152a (1,1-Difluoroethane), HFCC-151a (1-Chivre-1-fluorgsthane) and

e At the end of the cycles the HF and vinyt chioride feeds were turned off and the

amount of Carbon deposited on the catalysis was delermined by performing a

regeneration as follows:

o]

o]

Example 1

Nitrogen (80mi/min) and Air (20mi/min) were passed over the reactors at
225°C, the reactors were then heated at 100°C/hr to 380°C and the
temperaiure held for 12h befors being coolad to 225°C.

The “reactor off gases” during regeneration were analysed using a Cambridge

Sensotec Rapidox 3100 {a device, that measures O,, CO; and CO in real time

as the coke is burned off the calalyst, used to calculate the amount of carbon)

to produce a figure for the amount of carbon deposited on the catalyst.

The technique described above was followed (225°C and 10barg) for a cycle time of

200hours.
v Selectivity {9}
Run time {h} Conversion
(%) 152a 151a 1503 Total C
50 99.82 99.46 0.51 0.02
100 99,83 99.55 0.53 0.01
150 99.67 99.10 0.86 0.03
200 98.76 99.32 0.67 0.02 1.44%

The process produces HFC-152a in high vield with a high selectivity, with highly stable catalyst

activity.

The production of coke in the reaction is very low (1.44% after 200 hours). Moreover, no loss

in conversion or selectivity to 152a is observed with time.
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The technique described above was followed (175°C and 10barg) for a cycle time of 700

hours.
Run time {h} Y Selectivity (%)
Conversion i52a i5ia 150a Total C
{%)
50 99.89 99.43 0.54 0.03
100 99.88 98.74 1.16 0.08
150 59.88 98.80 1.10 0.11
200 395.83 98.32 1.53 0.15 0.96%
700 - - - - 1.2%

The process produces HFC-152a in high vield with a high selectivity, with highly stable catalyst

activity.

The production of coke in the reaction is very low (0.98% after 200 hours. 1.2% after 700
hours). Moreover, no loss in conversion and only a trivial loss is selectivity to HFC-152a is

observed with time.
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Cilaims

1. A process for the production of 1,1-diflucrosthane (HFC-152a) by the catalytic fluorination,
in the vapour phase, of a composition comprising viny! chioride with hydrogen fluoride, wherein
the vinyl chioride is contacted with hydrogen fluoride, at temperatures between 100 and 500°C,
in the presence of a catalyst comprising one or more of chromia, alumina, carbon.

2. A process according fo claim 1, wherein the reaction temperature is between 100 and 300°C.

3. A process according to claim 1 or 2, wherein the reaction pressure is between 1 barg and
20barg.

4. A process according io claim 1, 2 or 3, wherein the ratio of vinyt chioride with hydrogen
fluoride is from 1.1 to 1:50, more preferably 1:1 to 1:25, 1:1te 1115, 1:1 to 1110 or in & range
of fromy 1:5-30, such as 1:10-25.

5. A process according to claim 1, 2, 3 or 4, wherein the catalyst comprises chromia.

8. A process according to claim 1, 2, 3 or 4, wherein the caialyst comprises chromia and zinc.

7. A process according to any one of the preceding claims, wherein the catalyst comprises at
least one additional metal, selected from selected from lithium, sodium, potassium, calcium,
magnesium, caesium, scandium, aluminium, yitrium, tifanium, zirconium, hafnium, vanadium,
niobium, tantalum, chromium, molybdenum, tungsten, manganese, rhenium, iron, ruthenium,
cobalt, rhodium, iridium, nickel, palladium, indium, platinum, copper, silver, gold, zing,
lanthanum, cerium and mixdures thereof or a compound thereof.

8. A process according to any one of the preceding claims, including a purification step,
comprising one or more distillation steps and/or one or more scrubbing trains and/or one or

more phase separation steps.

8. A process according to claim 8, wherein HF is recovered from at least one distillation column
and is optionally recycled.

10. A process according to claim 9, wherein the HF is subjected to further purification prior (o
recycling.
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11. 1,1-difluoroethane produced by a process according to any one of claims 1 to 10.



