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FLUORINATION CATALYST AND PROCESS

This invention relates to an improved -

fluorination catalyst and to a process for the.

production of fluorinated hydrocarbons by the
catalysed reaction of hydrocarbons or halogenated
hydrocarbons with hydrogen fluoride. The
invention relates to a promoted chromium-
containing catalyst, in particular to a promoted
chromia, halogenated chromia or-chromium
oxyhalide catalyst and in a particular embodiment
to a process for the production of

1,1, 1, 2-tetrafluoroethane by the catalysed
reactiqﬁ of l-chloro-2,2, 2-tetrafluocroethane with
hydrogen fluoride.

'Thé production of fluorinated
hydrocarbons, which may alsoc contain halogen
atoms other than fluoraine, by the catalysed
vapour-phase fluoranation of hydrocarbons or
halogenated hydrocarbons with hydrogen fluoride
is vell known and numerous catalyste have been
proposed for use in sucn a process. Catalysts
containing and typacally based on chromium, and
in particular chrom:ia, are frequently employed in
the known processes. Thus, for example chromia or
a halogenated chromia may be used in the
vapour-phase reaction of tnichloroethylene with
hydrogen fluoride to prﬁduce
l-chloro-2,2,2-trifluoroethane as descraibed in GB
Patent 1,307;224 and in the vapour-phase reaction
of l-chloro-2,2,2-trifluorocethane with hydrogen
fluqride to produce 1,1.1,2-tetrafluoroethane as
described in GB Patent 1, 589, 924. The same
catalyst may be used for the iluorinaiion of
chlorodiiluoroethylehe to

l-chloro-2, 2, 2-trifluorcethane, for example ain a
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process for the removal of chlorodifluorcethylene

impurity from 1,1,1,2-tetrafluoroethane as also

.described in GB Patent 1, 589, 924.

Ii has novw been found that the activity of
chromium-containing catalysts is promoted by the
incorporation of controlled amounts of zinc in
the catalyst.

According to the present invention tliere
is provided-a chromium-containing fluorination
catalyst vhich comprises an activity-promoting
amount of zinc or a compound of zinc.

According to the invention also there 1s
provided a process for the production of
fluorinated hydrocarbons which comprises reacting
a hydrocarbon or a halogenated hydrocarbon with
hydrogen fluoride in the vapour phase in the
presence of a fluorinatiaon catalyst as herein
defined.

The activity promoting amount of zanc or a
compound of zinc may be present in or on the
chromium-containing catalyst, that i1s the zinc or
compound of zinc may be incorporated into the
chromium-containing catalyst or it may be |
supported upon the surface of the catalyst,
depending at least to some extent upon the
particular method employed for preparing the
improved catalyst of the ainvention and the
particular composition of the catalyst.

~ Preferably, the chromium-containing
catalyst contains chromium in the form of
chromia, halogenated chromia or chromium
oxyiiuoride. Alternatively the

chromium-containing catalyst may contain chromium
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itself. Typically hovever, during operation of .

_ﬁhe catalyst in the fluorination process in which

it is emwployed, or during a prefluorination
treatment of the catalyst as hereinafter
described, chromium in whatever forwm in the
initial catalyst is converted to chromia,
halogenated chromia or chromium oxyfluoride.
Furthermore, the chromium-contaihing-
catalyst may also comprise metal oxides,

halogeﬁated metal oxides or metal oxyfluorides

~other than chromia, halogenated chromia or

chromiu@ oxyfluoride, which may be present in
addition to, or instead of chromia, halogenated
chromia or chromium oxyfluoride. The metal oxide
may be, for éxample alumina, magnesia or
zirconia, and in particular magnes=sia and alumina,
which during operation of the catalyst may be
converted at least in éart to aluminium fluoride
and magnesium fluoride respectively. Thus, the
chromium-containing catalyst may also comprise
metal fluorides, for example aluminium fluoride
and magnesium fluoride.

Thus, the chromium-containing catalyst may
comprise an activaty promoting amount of zainc or
a compound af zZinc in and/or on a mixed metal
oxide support, for e#ample chfcmia/magnes;a or
chromia/alumina or the chromium-containing

catalyst may comprise an activity promoting

-amount of zinc or a compound of zinc in and/or on

a metal oxide support which also comprises
chromium, for ekample, 2inc on chromium-
containing alumina or magnesia. In the latter

case the chromium may be converted to chromia,
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halogenated chromia or chromium oxyfluoride

during operation cf the process employing the

catalyst. Further, the chromium-containang
catalyst may comprise an activity-prbmoting
amount of zinc in and/or on a mixed metal
oxide/fluoride support, for example
élumina/chromium fluoride or chromia/magnesiumn
fluoride; or an activity promoting amount of zinc
on a metal fluoride, for example chramium
fluoride, magnesium fluoride or aluminium
fluoride, or mixed metal fluoride support, for
example_cnrcmzum fluoradesaluminaium fluoride or
chromium fluorade/magnesium fluoride, providing
that 120 all these cases, the catalyst comprises
chromium 1n one form or another.

Moreover, the cnromzum-conta1n1ng cataiyst
may comprise an activated carbon support.

The amount o: zinc present in the catalyst
1s such as to result in promotion of the activaty
of the chromium—conta1n1ng catalyst to whach the
=inc or campound of zinc is aintroduced. The
amount 1S 1mportant s;nceltne introduction of too
much ziac hay result i1n a decrease rather than an
increase 1n cataly=st activaity and 1t 1= only when
Zinc is present in the optimum amount that
substantial activaty promotion occurs. The amount
of zinc depends, at least to some extent on the
surface area of the catalyst which depends itself
on Hwhe composition of the catalyst, and the
method of preparation of the catalyst. Generally,
the larger the working surtace area of the
catalyst, the greater is the preferred amount of
zinc which is present in and/or on the catalyst.

By way of example, in the case o1 z=anc
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introduced by impregnation in a typical
chromia-based catalyst having a working surtace
area of betveen 20 and S0 mzlg. aptimum:activity
pramotion resulta wvhen the amount of zing ias
vithin the range of about 0.5% by waight to about
64 by weight of the catalyat, preferably in the
range from about lX by veight to anout Sz by
veight and especially in the range from about 2%
by welight to about 4% by wwight; leas than 0.5%
by weight of zinc may be ingufficient to result
in significant promoticon 2f catalyst activity

- whilah more than about GX by weight ot zina may

result in a decrosase 1n catalyst activity
suggeatang poisoning ol the basic catalyst.
Howebar. by way of guadance, for catalysts haviag
lavrgmr working surface areas, for example about
iOU milg, the amount of Zane may ve am high as
152 to 25% by weight, whereas for catalystis
havang smaller wérking srea, i1.@. Jegs than Ju
mzlg, for example abgout 9 m:/g, the amgunt of
zinc may be as inw a2 0.8%% tao 1% by weight.
dverall, the amouat of Zinc may be in the range
fvom apcut O.5% by weight ta about 24H% by welight,
the preferred amount waithin thie range depandang
upon the nature of the chrumium-coantaining
catalyst. It ia ta be understood that the amounts
of z2inc given above refer to the amount af =inec,
vhether present as elemental zinc or a campound
of. 2inc, but that where the zinc is present as a
compound of 2ine, the amount refers only to the
amount of =inc, and not ta the amaunt of the
caempound of =zZinc. |

Ag previcuely degoribed, the amount of
zinc introduced to the catalyst to achieve
significant sotivity promotion will depend upon

cBibl 9661°91°20
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the particular basic catalyst employed and upon

the method used to prepare the improved catalyst.

However, for any particular basac catalyst and
catalyst preparation method, the optimum amount
of promoter 1s readily determined by simple
routine experimentation. _

The zinc promoter may be introduced into
and/or onto the catalyst in the form of a
compound, for example a halide, oxyhalide, oxide
or hydroxide depending at least to some extent
upon the catalyst preparafion technique enployed.
In the case where catalyst preparation is by
impregnét;on of a chromia, halogenated chromia or
chromium oxXyhalide, the compound i1s preferaply a
water-soluble salt, tor example a halide, nitrate
or carbonate, and is employed as an agquegus
soclution or slurry. Alternatively, the hydroxides
of the promcter and chromium may be
co-precipitated and then converted to the axides
to prepare the catalyst, for example a catalyst
comprising a mixed oxide of zinc ana chromium.
Maixing and mailling of an insoluble zinc compound
with the basic catalyst provides a further method
of preparaing the catalyst. A method for making
catalysts based on chromium pxynalzde compraices
adding a compound of the promoter to hydratéd
chromium halide and calcanaing the mixture.

Further methods for preparing the catalyst
include, for example, reduction of a chromium
(VI) compound, for example a chromate,
dichromate, in particular ammonium dichromate, to
chromium (I1I), by zinc metal, followqd by
co-precipitation, washing and calcining; or
mixing as solids, a chromium (VI) compound and an

oxidisable zinc compound, for example z=inc
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acetate or zinc oxalate, and heating the mixture
to high temperature in order to effect reduction
of the chromium (VI) compound to chromium (I1II)
oxide and the zinc salt to zinc oxide.

Any of the aforementioned methods, or
other methods, may be employed for the
prepératian of the chromium-containing zinc
promoted catalysts of the present invention:

As stated above, the amount of promoter
introduced to the catalyst depends upon the
catalyst preparation employed. It is believed
that the working catalyst has a surface
containing the promoter cations located in a
chromium-containing, for example chromium oxide,
okyhalide, or halide lattice and it is the amount
qf such surface promoter which determines the
activity of the catalyst. Thus the amount of the
promoter which is required is generally lower for
catalysts made by impregnation than for catalysts
made by other methods and containaing the promoter
in non-surface locations.

The fluorination catalyst will usually be
subjected to a prefluorination treatment with
hydrogen fluoride, and optionally an inert
diluent, prior to use in thé catalysis of
fluorination reactions. A typical pretreatment
comprises heating the cétalyst at 2S0°C to 450°C

in contact with hydrogen fluoride, preferably a

mixture of hydrogen fluoride and air. The working

catalyst may consequently comprise at least in
part zinc fluoride in and/or on a fluorinated
chromium-containing catalyst, for example

fluorinated chromia or chromium oxyfluoride.
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The catalyst may be in the form of pellets

or granules of appropriate size for use in a

‘'fixed bed or a fluidised bed. It may be

regenerated or reactivated periodically by
heating in air at a temperature of from about’
300°C to about 500°C. Air may be used as a
mixture with an inert gas such as nitrogen-or
with hydrogen fluoride which emerges hot frem the
catalyst treatment process and may be used
directly in fluorination processes employing the
reactivated catalyst.

The actiQity of the base (unﬁromoted)
chromluﬁ-contaznlng catalyst, for example
halogenatéd chromia or chrdmlum oxyhalide
catalyst is enhanced by the introduction of =zinc
or a compound of zinc. Furthermore, and ain
particular, the selectivity of the reaction
catalysed by the catalyst towards the production
of 1,1,1,2-tetrafluoroethane from
l-chloro-z.2,2-trifluoroethane and hydrogen
fluoride is at least as high as that using the
correspondang unpromoted catalysts, typically an
excess oi 85%. |

1f desired, the catalyst may contain one
or more metals other than =zinc, fur example
nickel or cobalt; or it may contain for example
bther divalent metals although we generally

prefer that the catalyst does not comprise other

metals such as nickel, cobalt of other divalent

metals.
A further feature of the invention resides
in use of the promoted catalyst in fluorination

processes comprising reaction of a hydrocarbon or
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halogenated hydrocarbon with hydrogen fluoride in
the vapour-phase. )

‘ Alkenes (unsaturated hydrocarbons) or
halogenated alkanes of 1-4C atoms, preferably
containing at least one chlorine atoﬁ, may be
fluorinated and examples of specific
fluorinations which may be effected are the
production of 1,1,1,24tetra£luoroethane from
1-chloro-2,2.2-trifludroéthane, the production of
l-chloro-2, 2, 2-trifluoroethane from
trichioroethylene and the conversion of
i-chloro-2, 2-difluorcethylene to
1-chlor6-2,2,2-trifluoroethane. Examples of other
fluoraination reactions in which the catalyst is
useful are the reaction of pérchloroethylene with
hydrogen fluoride in vapour phase to produce
daichlorotriflucroethane (1Z3),
chlorotetrafluorcethane (124) and/or
pentafluoroethane (125), and the reaction of
perchloroethylene with chlorine and hydrogen
fluoraide in vapouf phase to produce
trichlorotrifluoroethane (1133;
dichlorotetrafluorocethane (114/114a) and/or
chloropentafluoroethane (1135).

The fluorination conditions employed may
be those known to be useable when employing
chromium-containing catalysts, for example
atmospheric or superatmospheric pressure,
hydfogen fluoride and temperatures in the range
of 180°C to ébout S00°C depending upon the
particular fluorlnation reéctxon being carried

out.
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However, the increased activity of the

promoted catalyst permits reactions to be carried

‘out without loss of efficiency at somewhat lower

temperatures than those required vwhen using the
unpromoted catalyst. For example whilst the
efficient production at atmospheric'pressure of
1,1,1,2-tetraflucroethane from )
1-chloro-2, 2, 2-trifluoroethane requires a
temperature of 300°C or above vhen ﬁsing the
unpromoted catalyst, a lover temperature of say
280°C 1s sufficient to achieve the same reaction
efficiency usang a zinc promoted catalyst.
Alternatively, if the temperature is the same,
say 300°C, a shorter contact time is required
ueing the promoted catalyst.

_ A preferred embodiment of the process of
the anvention resides in a process for the
préparation of 1,1,1,2~-tetrafluoroethane which
comprases reactang l-chloro-2,2, 2-trifivcroethane
with hydrogen fluoride in the wvapour phase in the
presence of the promoted catalyst of the
invention. Thig process may be carried out under
atmospheric or superatmospheric pressure at a
temperature of from about 250°C to 500°C.

The process may be one stage of a two or
three-stage procéss. tor example it may be the
second stage of a process for the production of
1,1,1,2-tetrafluoroethane from trichloroethylene,
the "first stage being the vapour-phase.
fluorinatidn.of trichloroethylene with hydrogen
fluoride in the presence of a chromium-containing
catalyst. The promoted catalyst of_the anvention

may be used in the first stége as well as in the
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second stage of this two-stage process. Typical

reaction conditions for the the first stage are

atmospheric or superatmospheric'pressure and a
temperature in the rangé of about 180°C to about
300°C.

The production of
1,1,1,2-tetrafluorcethane from
l-chloro-2,2,2-triflucroethane results in a:
product stream containing the toxic impurity
l-chloro-2, 2, ~difluorcethylene. This impurity can
be removed by reacting it with -hydrogen fluoride
in the vapour phase in the presence of a chromium
containing catalyst at a temperature below about
270°C, for example 150°C to 270°C. The promoted
catalyst of the invention may be employed in thas
reaction, thus providing a three-stage process
for the preparaiion of 1,1,1,2-tetrafluorcethane
essentially free from
l-chloro-2,2-difluocroethylene from
trichloroethylene using the promoted catalyst in
each of the three reaction stages.

A particularly preferred embodiment of the
above-descraibed two-stage process for preparing
1,1,1,2-tetrafluocroethane from trichloroethylene
comprises the steps of: '

(A) contacting a mixture ot
l1-chlore-2, 2, 2-trifluorcethane and
hydrogen fluoride with the promoted

-~ catalyst at 250-35000 in a first
reaction zone whereby to form a
product containing
1,1,1,2-tetraflucroethane and hydrogen

chloride together with unreacted
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starting materials,

{B) passing the total product of step A
together with trichloroethylene to a
second reaction zone containing the
promoted catalyst at 180-300° vhereby
to form a product containing
i-chloro-2,2,2-trifluoroethane,
1,1,1,2-tetrafluoroethane and hydrogen
chloride;

(C) treating the product of step B whereby
10 separate a mixture containing
hydrogen chloride and
i,1,1,2-tetrafluoroethane from
l-chloro-2,2,2-triflucroethane,
unreacted hydrogen fluoride and
unreacted trichloroethyiene;

(D) feeding the
l-chloro-2,2,2-trifluoroethane
mixture obtained from step C together
vith additional hydrogen fluoride to
said first reaction zone, and

(E) recoverang 1,1,1,2-tetraflucrocethane
irom the
1,1,1,2-tetrafluorcethane/hydrogen
‘chloride mixture obtained from step C.

At least the sto;chioﬁetric amount of hydrogen

fluoride is usually employed in step A of the
preferred embodiment. Typical amounts include from 1
td.Lb moles, and preférably from 1 to & moles, of
hydrogen fluoride per mole of
1-chloro-2, 2, 2-trifluoroethane. Accordingly, the
product of thas reaction step will usually contain

unreacted hydrogen fluoride in addition to 1,1,1,2-
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tetrafluorcethane, hydrogen chloride and by-products.

Preferred reaction temperatures for this stage of the

process are in the range from 280°C to 350°C with
contact times of from 1 to 100 and preferably from S
to 30 seconds at 5 to 20 bars pressure.

From 10 to 100, preferably froﬁ 15 to 60, moles
of hydrogen fluoride per mole of trichloroethylene are
typically employed in Step B. Again, the resction
product of this stage will normally contain unreacted
hydrogen fluoride. Contact times of 1 to 100 seconds,
prefefably S to 30 seconds may be used, typically at
180-300°C and 5 to 20 bars pressure.

.+he reaction and separation steps which make up
the preferred embodiment of the method aof the
invention may be performed using conventional
equipment and techniques. Thus, for example, recovery
of 1,1,1,2- tetrafluoroethane in step E may be
effected by washing the gaseous mixture (containing
tetrafluorcethane and hydrogen chloride) with water
and agueous sodium hydroxide solution and then drying
and condensing the tetrafluorocethane.

It is preferred that the process according to
the invention, including preferred embodiments, is
operated continuously. In practice, however, catalyst
deactivation, necessitating periodic catalyst
regeneratidn.or reactivation may interrupt continucus
operation of the process. The feeding of air to the
‘catalyst during operation of the process may counter
catalyst deactivation and reduce the-frequency of
process interruption for catalyét regeneration or
reactivation.

The invention is illustrated but in no way

limited by the followaing examples.
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EXAMPLES 1 TQ O .

10g o chromim in the form of granules of size
0.35-1.4mm, and having a surface area 91:50m2/g, vas
added to an aqueous golution of zinc chloride (0, 2g)
in digtilled vater (l1Oml) and stirred td ensure
thorough vetting of the @0lid by the =solution. The
mixture was then dried by direct heating and the
resultant #olid sieved to givn particles, of size
0.5-1.4mm, of a finished catalyat compriaing 0.9% zinc
w/w on chromia. The above procedure was repeated
except that zinc chloride solutions of incraasing
concentration were employed in order to produce a
range oi finished catalyats with up to &% w/w zinc in
the finished catalyst. The fluarination activities of
the 2=inc promoted chromias were meagured using an
atmospheric pro-sdre microreactor. Catalysta (2g)
vere charged to the microreastor and were conditioned
in a stream of HF at J00°C for 1 hour aand then heated
to 350°C and further conditionsed in an air/HF (ratio
1:20) stream for approximately 1Shrs, _

‘The microrweactor wvas then fed with a .
1-chloro-2,2,2-triflucrcethane (133a) and HF feed
using a molar feed ratio af 1.0:3. %, which gave a 2
gecond contact time at 300°C., For purpésea of
comparaison the unpromoted chroemia f£rom which the
promoted chromias were prepared vers alao tested.

The reaulte of the study are presented as %
yielda of 1,1,1,2-tetrafluorosthane in Table 1 and
demonatrate the beneticial effect of zinc addition to

‘chramia on incressing the yield of

1,1,1,2-tetrafivorcethane (134a),

90:¥1  9661°91°20 . ' NYOINMAY adI WOoAd
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_ The aagtivity of the 2inc impregnated-chromia
catalyst reached a8 maximum at a zinc content in the

range of about 2 to about 5% w/w.

TABLE 1

EXANFLE CATALYST REACTION TEMPERATURE (°¢C)

300 | 310 |3z0 §33C

1 0.9%2n-Cr203 [5.9 9.6 {13.3 |19.7

2 1.9%2n-Cr203 | 7.8 11.8% [17.0 [20.1

a 2.7%2n-Cr203 - 14.4 |18.4 |z0.5

5 S, 9%Zn-Cr203 | 3.7 5.1 6.9 | 9.0

Comp» Cr203 2.9 |e.7 |10.4 |15.9

g b g

The catalyét prepared in example 3 vas charged

to a preseure reactor and prefluorinated with HF at

280%C for 24 hours,

using 8 pressure of 10 bar. The

reaactor vaz thern fed with a 133a and HF feed uming a
molar feed ratic of 1:3.9,

preasure of 10 bar,

Using the above feeds at a
a reaction temperature of 325v(C

and a contact time of 10 seconds enable.a 1348 yield
of >15% to de achieved. The reaction selectivity was

>994.

-

EXAMPLE 7

A 2% w/vw zinc-on-chremia castalyst was prepared

by impregnating chromia (4,8g) with an aquecus

golution of zanec chloride (0.21g) in distilled wvater

%0t

9661°91°29
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(Sml). The cstalyst was dried in a heated air stream
at 120°C and charged to an Inconel reactar. The

catalyét vas dried at 310°C in nitroge:: for 1 hour and
prefluorinated at J10°C with hydrogwn fluoride for 2
hours. Trichlorcethylene and HF vere tﬁcn fed to the
reactor at 310°C using a trizhloroethylene: HF molar
ratio of 1110 and a cont=at time of 1 second. The
zinc on chromie cétalyst converted 40.9% of the
teichlorocethylene «o l-ghloro-2, 2,2-trifluoroethane.
This compared with a trichlorcethylene conversion of
26.7% achieved using the original unpromoted chromia.

EXAMPLES & TO 10,

Zinc, either as an aqueous soclution of =inc
nitrate ar az an agueous slurry of zinc carbonate (as
indicated), vaa added to a slurry of chromium (III)
ﬁydroaida and the pH of the solution wad msdjusted to %
uainq ammonium hydroxide. The resultant solids vere
filtered, washed, calcined at 100%¢ in nitrogen for 5
hours and pelleted to a denaity of Zg/c&as, and the
abave procedure was repeated, using ziné carbonate or
zinc nitrate solutionsg of variouz cencentrations, to
produce a number of catalysta with up té 10% zine by
weight in the finiashed catalyat. The catalystz were
tested at atmpsphnri: pressure according te the
procadure of examples lfto s.

The resulte of the study are pregented as %

yields of {,1,1,2-tetrafluoroethane in Table Z and

‘demonatrate the beneficial sffect of zinc addition to

chromia on increasing the yield of
1,1,1,2-tetrafluornethane (134a).

g90:p1T  9661°91°Z0 N3CINMNY adI
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TABLE 2.
EXAMPLE | CATALYST TEMPERATURE.
330 |320 |310 | 300
8 2%2n-Cr,0, 19.2 | 16.9 {13.6 | 10.1
9 6xZn-Cr, 0y 18.5 | 16.7 [13.3] 8.9
10 10%2n-Cr 0, 19.3 | 17:4 |13.9| 11.2
conp. | crog 17.1 | 12.2 | 9.0| 3.9

EXAMPLES 11 - 13.

_ A number of catalysts were prepared according
to the procedure of examples 8 to 10 except that
chromium (IIl) nitrate was used instead of chromium
(I1I) hydroxzide. The catalysts wefe tested according
to the procedure described for examples 1 to 5.

The results of the study are presented as %
yields of 1,1,1,2-tetrafluoroethane in Table 3 and
demonstrate the beneficial effect of zanc addaitaion to
chromia on increasing the yield of

1,1,1,2-tetrafluorcethane (134a).
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TABLE 3.
EXAMPLE | CATALYST TEMPERATURE.
| 330 {az0 |30 thoo
11 €%2n-Cr,0, - | 16.6 is;s 4.0
12 9%2n-Cr,0,, 18.1] 12.6 | 10.4] 7.8
13 13%2n-Cr 0, 16.3 1.8 2409 11 5
comk. | ¢r.0. 7|28 9.0 19

EXANRLE 14,
' 10g of the catalyst prepared in example 9 wvas
charged ¢ a pressure reactor and preziucrinated wath
HF at 300¢C for 24 hours, using s pressure of 10 bar.
The reactor was then fed with HF and a mixe* arganic
feed comprising 0.%% by weight trichloroethylene in
133a using a molar feed ratio o organics ‘o nydrogen
fluoride of 1:3.5. Using the ahove feeds at =
pressure of 10 bar and a contact time of 11 seconds,
134s yields of 12Y% wororlahioved at a temeerature of
295°C. The redaction melectivity was greater than
99, SX. |

In coamparisen, 10g of the unpromated chromia

‘cn;aly-t gave 1348 yielda af 12% at a témparaturo at

a30°¢C when prefluorinated and tested at pressure under
identical conditions to those described for example
17. The reaction selectivity vae 99. 0%, -

dBtbl  9661°91°Z0 H¥OJINNY QdT wilfiuEd
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EXAMPLES 15 TO 19.

4.3g of alumina (supplied by Harshaw Ltd),
2

‘having a surface area of 180m~ /g, in the form of

granules of size 0.S-1.4mm vas added to an aqueous
solution of zZinc chloride (0.21g) and chromium (III)
chloride hexahydrate (0.51g) in distilled water (Sml)
and stirred to ensure thorough wetting of the solid by
the solution. The mixture was then dried by -direct
heating and the resultant solid sieved to give
particles, of size 0.5 - l.4mm, of a finished catalyst
comprising 2%Cr/2%2Zn by weight on alumina. The above
procedure was repeated with various concentrations of
Zinc cnibride to produce a range of finished catalysts
containing 2% by weight chromium and up to 8% by
weight zinc. The catalysts were tested at atmospherac
pressure according to the procedure described for
examples 1 to 5. For the purposes of comparison, the
acfivity 0f a catalyst comprising 2% by weight
chromium on alumina, prepared from an aqueous solution
of chromium (III) chloride was also measured.

The results of the study are presented as %
yield=s of 1,1,1,2-tetrafluoroethane in Table 4 and
demonstrate the beneficial effect of zinc addition to
chromium-containing alumina on increasing the yield of

i,1,1,2-tetratiuoroethane (134a).
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TABLE 4.

[EXAMPLE CATALYST TEMPERATURE.
340 |330 [320 {310 [ 300 | 290
15 2zCr/2%2n-Alzoé 12.4 afa 5.3 {3.3 (2.6 |1.4
16 2%0;/3%2n-51203 13.2 9.5' 7.1 {4.4 3.1 1.9
17 2%Cr/4%2Zn-A1,0, | 15.7[13.9110.3{7.4 (5.3 |3.9
18 2uCr/6%2n-Al 0. | 10.6/8.5 |6.8 |5.2 (3.8 {2.6
19 2zc;/ezzn-A1203 s.1 |4.4 |3.8 |3.0 2.5 |22
COMF. 2%Cr-al 0., 1z.2)8.0 |a.6 2.3 1.2]0.5

EXAMPLES 20 to 22.

4.43g of aluminium fluoride, prepared by
treating alumina with hydrogen fluoride for 24 hours
at 300°C, in the form of granules of size 0.5 - 1l.4mm,
and having a surface area of lﬁmz/g, was added to an
agqueous solution of =zinc chloride (0.053g9! and
chiromium (III) chloride hexahydrate (0.51lg) in
distilled water (5ml) and stirred to ensure thorough
wvetting of the solid by the solution. The mixture was
then dried by direct heating and the resultant solid
sieved to give particles, of size 0.3 - 1.4mm, of a
finished catalyst comprising 24Cr/0.3%Zn by weight on
A1F3r The above procedure was repeated with various

concentrations of zinc chloride to produce a range of

finished catalysts containing 2% by weight chromium
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and up to 2% by weight zinc. The catalysts vere tested

at atmospheric pressure according to the procedure

described for examples 1 to S.

For purposes of comparison the activity of two
catalysts containing 2% and 2.4% by weight chromium on
aluminium fluoride, and prepared from an aqueous
solution of chromium (III) chloride, were also
measured. -

The fesults of the study are presented as ¥
yields of 1,1,1,2-tetrafluoroethane in Table 3 and
demonstrate the beneficial effect of =zinc addition to
chromium-containing alﬁminium fluoride on increasing

the yield of 1,1,1,2-tetrafluoroethane (134a).

TABLE 5.
EQAnPLE CATALYST TEMPERATURE.
340 |320 |320 | 210 | 300 |z2%0
20  [2uCr/0.5%Za-ALF_| 16.0[13.0{9.9 | 6.3 | 4.5 |2.9
21 2%Cr /1%Zn-ALF,, 11.9l9.3 |7.0]s.7 {3.6 |2.5
22 2xcr/2z2n—AiF3 i.a 1.1 lo.9]o.7jos |oos
COMP. 2%Cr-AlF '_ .14.3 9.1 |7.0] 3.6 |1.7 {0.8
COMP. 2. 4%Cr-ALF 12.0/8.1 4.6 | 2.3 (1.3 |o.6

EXAMPLE 23. .
Magnesium oxide tablets (supplied by Merck &
Co), were ground to give granules of size 0.5-1l.4mm.

4.44g of the ground magnesium oxide was added to an
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aqueous solution of zinc chloride (0.0S3g} and .

chromium (III) chloride hexahydrate (0.513g) in

distilled water (5ml) and stirred to ensure thorough
vetting of the solid by the solution. The mixture was
dried by direct heating and the resultant solid sieved
to give particles, of size 0.5 - 1.4mm, oI a finished
catalyst comprising 2%Cr/0.5%Zn by weight on magnesia.
The catalyst vas tested at atmospheric pressure
according-to the procedure described for examples 1 to
S.

For the purposes of comparison, catalysts
containing 2% and 2.4% by weight chromium, prepared by
impregn;tlng magnesium oxide granules of size 0.3 -
1.4mm with an agqueous solution of chromium (III)
chloride were alsoc tested.

The results of the study are presented as %
yields of 1,1,1,2-tetrazluoroethane in Table & and.
demonstrate the beneficial effect of zinc addition to
chromium-containing magnesxuh oxide on 1ancreasing the

yield of 1,1,1,2-tetrafluoroethane (134a).

TABLE 6.
EXAMFLE CATALYST TEMPERATURE.
330 | 330 | 320 | 310 | 300
23 szr/o.stn-ngd 2.51} 1.66] 1.07} 0.59| 0.4
.comP. | 2%Cr-mgo "~ |1.25| 0.87| 0.53| 0.35] 0.2
comp. | z.aucr-ngo 2.00} 1.30} - - -




mmww---
* c L M 1] *

10

1S

20

23

30

W
'

CLAIMS.

1. A chromium-containing fluorination catalyst which
comprises an activity-promotaing amount of zinc or a

compound of zinc.

2. A catalyst as claimed in claim 1 in which the
chromium-containing catalyst comprases a metal oxide,

halogenated metal oxide or metal oxyhalide.

3. A catalyst as claimed in claim 2 in which the metal
of the metal oxide, halogenated metal oxide or metal
oxyhalide is chromaium, magnesium, alumainium or

zirconium.

4. A catalyst as claimed ain claim 3 an whach the
chromium-containing catalyst comprises cnrcmia,

halogenated chromia or a chromium axyhalide.

S. A catalyst as claimed in claim 4 in which the
activity-prcocmoting amount of zinc or compound of =z=inc
is supported on the chromia, halogenated chromia or

chromium oxyhalide.

6. A catalyst as claimed ain claaim 4 or claim 5 in
which the chromia, halogenated chromia or chromium
axyhali&e is impregnated with an activity promoting
amount of zinc or compound of zinc.

7. A catalyst as claimed in claim & in whach the
amount of zinc 1s in the range from about 0.5% by

wveight to about &% by veight of the catalyst.
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8. A catalyst as claimed in claim 4 which comprises a

mixed oxide of zinc and chromium.

9. A process for increasing the activity of a
chromium-containing fluorination catalyst which
process comprises introducing an activity promoting

amount of zinc or a compound of zinc to the catalyst.

10. A process as claimed in claim 9 which comprises
co-precipitating zinc hydroxide and chromium hydroxide
and thereafter converting the hydroxides to zinc oxide

and chromium oxide.

11. A process as claimed in claim 9 which comprises

impregnating the chromium-containing catalyst with a

water-soluble zinc salt.

12, A process for the production 6f fluorinated
hydrocarbans which comprises reacting a hydrocarbon or
a halogenated hydrocarbon with hydrogen fluoride in
the vapour phase in the presence of a fluoraination

catalyst as defined in any cone of claims 1 to 8.

13. A process as claimed an claim lz an whaich the
halogenated hydrocarbdn comprises an alkene or alkane
having from 1 to 4 carbon atoms and at least 1

chlorine atom.

-141~A process as claimed in claim 13 in which the

halogenated hydrocarbon is selected from the group
consisting of l-chloro-2,2,2-trifluorcethane,
trichloroethylene, l-chloro-2,2-diflucroethylene and

perchloroethylene.
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1S. A process as claimed in claim 14 in which
1-chloro-2, 2, 2-trifluoroethane is reacted with
hydrogen fluoride in the vapour phase vhereby to

produce 1,1,1,2-tetrafluorocethane.

16. A process as claimed in claim 15 which comprises
the steps (a) reacting trichloroethylene with hydrogen
fluoride wvhereby to produce .
1-chlorb-2,2,2-triiluoroethane and (b) reacting
l-chloro-2, 2, 2-trifluorcethane with hydrogen fluoride
whereby to produce 1,1,1,2-tetrafluorcethane, in wvhich
a chromium containing catalyst as defineqa in any one
of claiﬁs 1 to 8 is employed in at least one of steps

(a) and (b).

17. A process as claimed in claim l€ which comprises
the steps of:
CA) contaci;ng a mixture of
l-chlora-~2,2, 2-trifluoroethane and
hydrogen fluoride with a catalyst as
claimed in any one of claams 1 to 8
at 250-350°C in a first reaction zone
vhereby to form a product containing |
1,1,1,2-tetrafluoroethane and hydrogen
chloride together with unreacted
starting materiais,
(B) passing the total product of step A
together with trichloroethylene to a
=~ second reaction zone containing a catalyst
as claimed in any one of claims 1 to 8
at 180-300° whereby to form a product
containing l-chloro-z,2,2-§rifluoroethane,

1,1,1,2-tetrafluoroethane and hydrogen
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(D)

{E)

—_——

T

chloride;

treéting the product of step B whereby
to separate a maixture containang
hydrogen chloride and
1,1,1,2-tetrafluoroethane from
l-chloro-2, 2, 2-trifluoroethane,
unreacted hydrogen fluoride and
unreacted trichlorcethylene;

feeding the
l-chloro-2, 2, 2-trifluoroethane
mixture obtained from step C together
vith additional hydrogen fluorade to
said first reaction zone, and
recovering 1,1,1,2-tetraflucrcaethane
from the

1,1,1, 2-tetrafluorcethane/hydrogen

chloride mixiure obtained_from step C.



