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FLUORINATION CATALYST AND PROCESS 

This invention relates to an improved 

fluorinat.ion catalys-t and to a process for the 

production of fluorinated hydrocarbons by the 

catalysed reaction of hydrocarbons or haiogenated 

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 emb6diment 

to a process for the production of 

1,1,l,2-tetrafluoroethane by the catalysed 

reaction of l-chloro-2,2,2-tetrafluoroethane with 

hydrogen fluoride. 

-The production of 1luorinated 

hydrocarbons, which may also contain halogen 

atoms other than 1luorine, by the catalysed 

vapour-phase fluorination of hydrocarbons or 

halogenated hydrocarbons with hydrogen fluoride 

is well known and numerous catalysts have been 

proposed for use in sucn a process. Catalysts 

containing and typically based on chromium, and 

in particular chromia, are frequently employed in 

the known processes. Thus, %or example chromia or 

a halogenated chromia may be used in the 

vapour-phase reaction of tnichloroethylene with 

hydrogen fluoride to produce 

l-chloro-2,2,2-trifluoroethane as described in GB 

~at.ant 1,307,224 and in the vapour-phase reaction 

o! l-chloro-2,2,2-trifluoroethane with hydrogen 

fluoride to p~oduce 1,1,l,2-tetrafluoroethane as 

described in GB Patent 1,589,924. The same 

catalyst may be used for the f luorination of 

chlorodifluoroethylene to 

l-chloro-2,2,2-trifluoroethan~, for ex~mple in a 
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process for the removal of chlorodifluoroethylene 

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

described in GB Patent 1,589,924. 

It has now 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 tnere 

is provided a chromium-containing fluorination 
1C · 
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catalyst which comprises an activity-promoting 

amount of zinc or a compound of zinc. 

~ccording to the ~nvention also there is 

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 fluorination catalyst as herein 

defined. 

The activity promoting amoun~ of zinc or a 

compound of zinc may be present in or on the 

chromium-containing catalyst, that is the zinc or 

compound of zinc may be incorpo~ated into the 

chromium-containing catalyst or it may be 

supported upon the surf ace of the catalyst, 

depending at least to some ext~nt upon the 

particular method employed for preparing the 

improved catalyst of the invention and the 

particular composition of the catalyst. 

Preferably, the chromium-containing 

catalyst contains chromium in the form of 

chromia, halogenated chromia or chromium 

oxyfluoride. Alternatively the 

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

the catalyst in the f luorination process in which 

it is employed, or during a prefluorination 

treatment of the catalyst as hereinafter 

described, chromium in whatever form in the 

initial catalyst .is converted to chromia, 

halogenated chromia or chromium oxyfluoride. 

Furthermore, the chromium-containing· 

catalyst may also comprise metal oxides, 

halogenated metal oxides or metal oxyfluorides 

other than chromia, halogenated chromia or 

chromium oxyfluoride, which may be present in 

addition to, or instead of chromia, halogenated 

chromia or chromium oxyfluoride. The metal oxide 

may be, for example alumina, magnesia or 

zirconia, and in particular magnesia and alumina, 

which during operation of the catalyst may be 

converted at least in part 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 activity promoting amount of zinc or 

a compound 0£ zinc in and/or on a mixed metal 

oxide support, for example chromia/magnesia 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 example, zinc 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 of the process employing the 

catalyst. Further, the chromium-containing 

catalyst may compr~se an activity-promoting 

amount of zinc in and/or on a mixed metal 

oxide/fluoride support, for example 

alumina/chromium tluoride or chromia/magnesium 

fluoride; or an activity promoting amount o:f zinc 

on a metal fluoride, for example chromium 

:fluoride, 

fluoride, 

magnesium fluoride ~r aluminium 

or mixed metal fluor~de support. for 

example cnromium £luoride1aluminium 1luoricie or 

chromium fluoridetma~nesium fluoride, providing 

that in all these cases. the.catalyst comprises 

chromium in one form or another. 

Moreover, the cnromium-con~aining catalyst 

may comprise an activated carbon support. 

The amount o~ :inc present in the catalyst 

is such as to result in promotion of the activity 

of the chromium-containing catalyst to wnicn the 

=inc or compound of =inc is introduced. The 

amount is important since tne introduction of too 

much zinc may result in a decrease rather th~n an 

increase in cat~lyst activity and it is only when 

zinc is present in the optimum amount that 

substantial activity promotion occurs. The amounl 

of zinc depe~ds, at least to some extent on the 

surface area of the catalyst which depends itself 

Qn t.ne composition ot the catalyst, and the 

method of preparation of the catalyst. Generally, 

the larger the working sur~ace 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 ol :inc 

• 



II 

10 

J.! 

.. e -

introduc~d by ~mpr•gnat1on in a typical 

chrQmla·bac•d eataly•t hav~ng a wo~k1ng su~tac• 

ar•a Of betv••n 20 and 50 m21g. optimum act1vity 

pramot1on r••ulta when th• amaunt Q! zinc is 

within th• rang• ot about o.!X by weight to about 

GX by ve~ght of th• catalyst, pr•ferably in the 
rang• i~om about 1~ by W•~ght to acout ~r. by 

we1qht and ••p•cially in th• ranoe from about 2~ 

by ~•ight to about 4~ by ~~ight~ l••~ thao 0.5~ 

by w•ight of z1nc may b• insu!fici•nt to result 

~n s19n1t1cant promot1on ~: ~ataly£t activity 

vhil4\ ~9r• than about G~ by W•1ght ot ~inc may 

r••ult in a d•crea•e 1n catalyst a~tivity 

•U99••t~ng poisoning 01 th• bast~ ~ataly~t. 

How•v•T, by ve~ Ql Qu~danc•. for·cQtalysta hav1n~ 

lar;~r working sur~ac~ area•, for eMample ~bout 

iou m~lg, th• amount o1 =~nc may ~• am h~g~ QS 

l~~ to 2~~ ~y v•ight~ vh•r•a• tar catalysts 

having ema~l•r w~rk~ng area, ~·•· ~·•• tn~n ~u 
20 m2 1~~, for •xarnpl• a.bout ~ 111:: I~, Uu1' a1no\wt cd 

2inc may b• •• lov ea 0.5~ to 1~ by weight. 

Qv•r•ll, th• amoun~ o1 %~nc may b• ln th• rang~ 

f~om aoout o.~% by w~1ght tc about ~~~ by ~•ight. 

th• pr•t•rred amount w1th1n th1• range depQnd~h; 
2 =5 upon t.h• n•t.ure o1 th• Chr·om:i.um~corrt.a3.n1ng 

catalyst. It ia to b• und•r•tood thet th• amounts 

ol zinc giv•n •bov• r•f•r to th• amount o! 2inc, 

wh•thwr pr•••~t aa •l•m•ntal zinc or a eampound 
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o1. ,zi~c, but that wh•r• th• :z1nc: 1& pr•sent a• a 
coMpaund of zinc, th• amaunt r•f•r• only to tn• 
amount. oi z1nc, end not. to th~ amount ot th• 
compound o! zinc. 

As previously d•acri~•d, th• amount of 
~inc 1ntroduc•d to th• cataly•t to achi•v• 
sign1f icant activity promotion w1ll d•P•nd upon 
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the particular basic catalyst employed and upon 

the method used to prepare the improved catalyst. 

However, for any particular basic catalyst and 

catalyst preparation method, the optimum amount 

of promoter is 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 
10 

or hydroxide depending at lea~t to some extent 

20 

30 

upon the catalyst preparation technique employed. 

In the case where catalyst prepara~ion is by 

impreg~atioh oi a chromia, halogenated chromia or 

chromium c;'J:·:yhalide-, the compound is pre:tera.cd y a 

water-soluble salt, ior example a halide, nitrate 

o~ carbonate, and is employed as an aqueous 

solution or slurry. Alternatively,_ the hydrcxides 

of the promoter and chromium may be 

co-precipitated and ~hen converted to tne oxides 

to prepare the catalyst, for example a catalyst 

comprising a mixed oxide o:t zinc ano c~romium. 

Mixing and milling of an insoluble zinc compound 

with the basic cat~lys~ provides a further method 

of preparing the catalyst. A method for making 

catalysts based on chromium oxyhal1de- comprises 

adding a compound of the. pr-omoter to hydrated 

chromium halide and calcining the mixture. 

Further methods for preparing the catalyst 

incl"tJde-, !or e:<ample, reduction of a ch.romium 

<VI> compound, for example ~ chromate, 

dichromate, in particular ammonium dichromate, to 

chromium <Ill}, by zinc metal, followed by 

co-precipitation, washing and calcining; or 

mixing as solids, a chromium <VI> compound and an 

oxidisable zinc compound, £or example- zinc 
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acetate or ~inc oxalate, and heating the mixture 

to high temperature in order to ef£ect reduction 

of the chromium <VI> compound to chromium <III> 

oxide and the zinc salt to zinc oxide. 

Any of the aforementioned methods, or 

other methods, may be employed for the 

preparation 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 surf ace 

containing the promoter cations located in a 

chromium-containing, £or example chromium oxide, 

oxyhalide, or halide lattice and it is the amount 

of such sur£ace promoter which determines the 

activity oi 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 containing the promoter 

in non-surtace locations. 

The fluorination catalyst will usually be 

subJected to a pre£luorination treatment with 

hydrogen fluoride, and optionally an inert 

diluent, prior to use in the catalysis of 

fluorination reactions. A t-ypical pretreatment 

comprises heating the catalyst at 250°C to 450°C 

in contact with hydrogen fluoride, preferably a 

mixt.µre of hydrogen £luoride and air. The working 

catalyst may consequently comprise at least in 

part zinc fluoride in and/or on a fluorinated 

chromium-containing catalyst, for exa~ple 

fluorinated chromia or chromium oxyf luoride . 

• 
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The catalyst may be in the £orm of pellets 

or granules of appropriate size for use in a 

fixed bed or a £luidised bed. It may be 

regenerated or reactivated periodically by 

heating in air at a temperature 0£ £rom about 

300°C to about S00°C. Air may be used as a 

mixture with an inert gas such as nitrogen--or 

with hydrogen fluoride which emerges hot fram the 

catalyst treatment process and may be used 

directly in £luorination processes employing the 

reactivated catalyst. 

The activity of the base <unpromoted> 

chromium-containing catalyst, for example 

halogenated chromia or chromium oxyhalide 

catalyst is enhanced by the introduction of zinc 

OF a compound o~ zinc. Furthermore, and in 

particular, the selectivity of the reaction 

catalysed by the catalyst towards the production 

of 1,1,1,2-tetrafluoroethane from 

l-chloro-2,2,2-trifluoroethane and hydrogen 

fluoride is at least as high as that using the 

corresponding unpromoted catalysts, typically in 

excess 01 B5X. 

If desired, the catalyst may contain one 

or more metals other than zinc, .:t'l:ir example 

nickel or cobalt, or it may contain for example 

other divalent metals although we generally 

prefer that the catalyst does not comprise other 

.met~ls such as nickel, cobalt of other divalent 

metals. 

A further feature of the invention resides 

in use 0£ the ~romoted catalyst in fluorination 

processes comprising reaction of a hydrocarbon or 

• 
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halogenate~ hydrocarbon with hydrogen fluoride in 

the vapour-phase. 

Alkenes <unsaturated hydrocarbons> ~r 

halogenated alkanes of 1-4C atoms, preferably 

containing at least one chlorine atom, may be 

fluorinated and examples of specific 

fluorinations which may be effected are the 

production of 1,1,1,2-tetrafluoroethane from 

1-chloro-2,2,2-trifluoroethane, the production of 

1-chloro-2,2,2-trifluoroethane from 

trichloroethylene and the conversion of 

1-chloro-2,2-difluoroethylene to 

1-chloro-2,2,2-trifluoroethane. Examples of other 

fluorination reactions in which the catalyst is 

useful are the reaction of perchloroethylene with 

hydrogen fluoride in vapour phase to produce 

d1chlorotrifluoroethane ll23>, 

chlorotetrafluoroethane <124> and/or 

pentafluoroethane <125>, and the reaction of 

perchloroethylene with chlorine and hydrogen 

fluoride in vapour phase to produce 

trichlorotrifluoroethane <113>, 

dichlorotetrafluoroethane Cll4/114a> and/or 

cnloropentafluoroethane <115>. 

The fluorination conditions employed may 

be those known to be us~able when employing 

chromium-containing catalysts, for example 

atmospheric or superatmospheric pressure, 

bydl"Ogen fluoride and temperatures in the range 

of 180°C to about S00°C depending upon the 

particular fluorination reaction being carried 

out. 
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However, the increased activity of the 

promoted catalyst permits reactions to be carried 

out without loss 0£ efficiency at somewhat lower 

temperatures than those required when using the 

unpromoted catalyst. For example whilst the 

efficient production at atmospheric pressure 0£ 

1,1,1,2-tetrafluoroethane from 

l-chloro-2,2,2-trifluoroethane requires a 

temperature 0£ 300°C or above when using the 

unpromoted catalyst, a lower temperature of say 

280°C is sufficient to achieve the same reaction 

efficiency using a zinc promotea catalyst. 

Alternatively, if the temperature is the same, 

say 300°C, a shorter contact time is required 

using the promoted catalyst. 

A preferred embodiment of the process of 

the invention resides in a process for the 

preparation of l,l,l,2-tetrafluoroethane which 

comprises reacting l-chlo~o-2,2,2-tri!~uoroethane 

with hydrogen fluoride in the va~our phase in the 

presence of the promoted catalyst of the 

invention. This 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 0£ a two or 

three-stage process, for example it may be the 

second stage of a process for the production of 

1,1,1,2-tetrafluoroethane from trichloroethylene, 

the~irst stage being the vapour-phase 

fluorination 0£ trichloroethylene with hydrogen 

fluoride in the presence of a chromium-containing 

catalyst. The promoted catalyst of the invention 

may be used in the first stage 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 range of about l80°C to about 

300°c. 

The production of 

1,1,l,2-tetrafluoroethane from 

l-chloro-2,2,2-trifluoroethane results in a· 

product stream containing the toxic impurity 

l-chloro-2,2,-difluoroethylene. This impurity can 

be removed by reacting it with ·hydrogen fluoride 

in the vapour phase in the prese~ce of a chromium 

containing catalyst at a temperature below about 

270°C, fo_r example l50°C to 270°C. The promoted 

catalyst of the invention may be employed in this 

reaction, thus providing a three-s~age process 

for the preparation of 1,1,1,2-tetrafluoroethane 

essentially tree from 

1-ch~oro-2,2-dit~uoroethy~ene trom 

trichloroethylene using the promoted catalyst in 

each of the three reaction stages. 

A particularly preferred embodiment of the 

above-described two-stage process for preparing 

1,1,l,2-tetrafluoroethane from trichloroethylene 

comprises the steps of: 

(A) contacting a .mi~ture of 

l-chloro-2,2,2-trifluoroethane and 

hydrogen fluoride with the promoted 

catalyst at 250-3S0°C in a first 

reaction zone whereby to form a 

product corita1n1ng 

1,1,i,2-tetrafluoroethane 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 
0 

promoted catalyst at 180-300 whereby 

to £orm a product containing 

l~chloro-2,2,2-tri£luoroethane, 

l,l,l,2-tetra£luoroethane and hydrogen 

chloride; 

CC> treating the product of step B whereby 

to separate a mixture containing 

hydrogen chloride and 

1,1,1,2-tetrafluoroethane from 

l-chloro-2,2,2-tri£luoroethane, 

unreact~d hydrogen fluoride and 

unreacted trichloroetny~ene; 

< IJ > :feeding the 

l-chloro-2,2,2-trifluoroethane 

mixture obtained from step C together 

with additional hydrogen fluoride to 

said first reaction zone, and 

<E> recovering l,l,l,2-tetrailuoroethane 

i.rom the 

1,1,1,2-tetrafluoroethane/hydrogen 

chloride mixture obtained from step C. 

At least the stoichiometric amount of hydrogen 

fluoride is usually employed in step A of the 

preferred embodiment. Typical amounts include from l 

~o _J..O moles, and preferably from 1 to G moles, of 

hydrogen fluoride per mole of 

l-chloro-2,2,2-trifluoroethane. Accordingly, the 

product of this reaction step w~ll usually contain 

unreacted hydrogen fluoride in addition to 1,1,1,2-
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tetrafluoroethane, 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 l to 100 and preferably from 5 

to 30 seconds at 5 to 20 bars pressure. 

From 10 to 100, preferably from 15 to 60, moles 

of hydrogen fluoride per mole of trichloroethylene are 

typically employed in Step B. Again, the reaction 

product of this stage will normally contain unreacted 

hydrogen fluoride. Contact times of l to 100 seconds, 

preferably 5 to 30 seconds may be used, typically at 

180-300°C and 5 to 20 bars pressure . 

. The reaction and separation steps which make up 

the preferred embodiment 6f the method of the 

invention may be performed using conventional 

equipment and techniques. Thus, for example, recovery 

of l,l,l,2- tetrafluoroetharie in step E may be 

effected by washing the gaseous mixture <containing 

tetrafluoroethane and hydrogen chloride> with water 

and aqueous sodium hydrc~ide solution and then drying 

and condensing the tetrafluor6ethane. 

It is preferred that the process according to 

the invention, including preferred embodiments, is 

operated continuously. In practic~t however, catalyst 

deactivation, necessitating periodic catalyst 

regeneration or reactivatian may interrupt continuous 

operation of the process. The ieeding of air to the 

·catalyst during operation of the process may counter 

.cat~lyst deactivation and reduce the frequency of 

process interruption for catalyst regeneration or 

reactivation. 

The invention is illustrated but in no way 

limited by the following examples. 
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&;XAMPL.£S 1AIO ~ 

lOg oi chromia ~n th• iorm ot grenul•• at •1z• 

o.S-1.4mm, and having a •urface area of ;5om21g, was 

added to an aqu•oua •olution af zinc ch~oride C0.2g> 

~n dietill•d wat•r <10ml~ and stirr•d tQ ensure 

thorough w•tt1ng ot th• eol1d by th• •elution. Th• 

mixtur• wa• th•n dri•d by dir•ct h•at1n; and tn• 

reaultant eol1d ei•v•d to giv• particles, of size 
0.~-1.4mm, of a finished catalyst aompr~s1ng 0.9~ 2inc 

w/w on chrom1a. The abov• prQc•dur• waa rep•eted . 
•xeept that ztne chloride salut1one of incr•asing 

concentration w•r• •mploy•d in ord~r to produce a . 
range oi t~n1sh•d ~•ta!yat• vith up tQ ~Y. w/w zinc in 

the fin1•h•d catalyst. The !luar1natton ~ativitie2 of 
1~ the zinc promo.t•d chromia• wer• mea•~~•d u•1ng an 

atmospher1c pr••aur• micro~•aetor. Catalysts <2;> 

wer• charged to the m1crorea~tor and wefe ccnditioned 

in a atream of H~ at 300°C for 1 hour end th•n heat•d 

2Q 
ta 350°C and :urther cond1tion•d l~ an air/HF <rat1o 

1:20> stream for approximat•ly L~hra. 

Th• micror•actor w•• th•n f•d with a 

l~chloro·2,2,2~tr~fluorcethane <133a> and HP feed 

using a molar 1eed rat1~ 01 l.O:J.~, which gave a 2 

••~ond contact tim• at 300°C. For purpoees of 

compa~~•on th• ~np~omat~d chromia tram which th~ 

promot•d chromi•• w•r• pr•pared v•r• al•o t•ated. 

Th• ~••ult• o~ the •tudy •r• pr•••nt•d aa X 

yields of 1, 1,1,2-t•tr•fluoro•th•n• in Ta~l• 1 and 
demonatrate th• b•n•tic~al eft•ct of zinc addition to 

30 ·cnr-Om1a on inar•••1ng th• yi•ld of 

1,1, l,2·t•tratluoro•than• C134a>. 

H~OOHn~ OdI WO~~ 
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Th• ~otivi\y of th• ~1ne 1mpr•gn•t•d-chromia 
catalyst reached a ma~1mum at a zinc co~t~nt in th• 

rang• ot about 2 to about OX wlw. 

I61Lil l 

EXAMPLE CATALYST REACTION Tf;l'IPERATURE < •c > 
300 310 

: 
.)20 330 

J. o.gxzn .. cr203 ~.9 9.6: 13. :5 19.7 

2 1.9XZn-Cr203 7.8 11. s 17.0 20.1 

3 2. 7:'.Zn ... Cr20::1 ~ 14.4 18.4 ::zo. 5 

4 4,3xzn-cr20J - l~.i 1~.4 1e.2 
... 
;:J ~.9XZn-Cr20:3 3.7 5.1 G.9 9.0 

; 

Comp• Cr20~ :2.9 6.1 10. 4 15.9 

l::Ji o.t&C'J.& ;. 
Th~ catalyat pr•par•d in ~~ampl~ 3 ~•s charg•d 

to a pr•asur• r•actor and pr•fluorinat•Q with HF at 

2so~c !er 24 hours, using • pr•••ur• of 10 bar. The 
r•ac~cr was th•n ted with a 13~a and HF t•ed u•1ng a 
molar t••d ratio oi lt3.~. Ueing the abov• te•d• at a 
pr•aaure of 10 bar, a r••ct~on t•mp•ratur• ot ~2~~~ 
and a contact tim• ot 10 a•cond• •nable;a 134a yi•~d 
of >15X to be achiev•d. Th• r•ac~ion ••l•ctivity wam 
>99X. 

20 E~AMPLE 1 
A 2X v/v zinc-onwchramia catalyst wae pr•pered 

by 1mpr•gnat~ng chromia <4.ag> with an aqueous . 
•olution o! z~nc chlo~id• C0.2lg> in di•tilled wat•r 
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<~ml>. The cetelyet ~•• dri•d in • h•at•d aiY atr•am 
at 12o•c ~nd Qharg•d to an lncon•l reactor. Th• 

catalyst was dri•d at ~10 1 c· in n1trog•~: ~or 1 hour and 

pr•iluorinated at 3l01 C w1th hydro~~n f~uor1d• for 2 

hours. Trichlaro•thy1•n• and HP v•r• th•n f•d to th• 
I 

reao~or at 3l0°C uming a tri~nloroethyl~n•: HF molar 

rat~a of 1110 and a cont~at time of l ••cond. Th• 

zinc on ahromia catal1st converted 40.9t ot·the 
t~1ohloro•tbylen• ~o 1~chloro·2,2,2·tr1~luorQ•than•. 

This compar•d with • tr~ohlQro•thyl•n• ~anv•r•ion of 
26.71. ach1•v•d ~•in; th• original unpromot•d chro~~a. 

EXAftPLiS a 10 ,10. 

Zinc, eith•r a• an aqu•oum sclut1on o~ zinc 
nitrate or as an aqu•ous slurTy ol ~inc carbona~• <as 
ind1ca~•d>, wea added to a slurry o! chtomium <III> 
hydro~id• and th• pH a1 th• solution wa• adJU•ted tc ? 

using ammon1u~ hydrcHid•. Th• r•aultant·salida w•re 

t1ltered, waah•d, galained at ~oo0c 1n nitrogen for ~ 
20 hours •nd pell•t•d to a d•n•ity ~! 2g/c~a3 , and the 

I 

above prQcedure was repeat•d, ueing z1n~ carbonate or 

z~nc nitrate aolutiona Qt various con~•ntrations, to 

p~oduoe e numb•r of cataly~te w~th up to lOX zinc by 

w•iOht in th~ f ~n1shed Qata!yst. The catalysts we~e 

t••t•d at atmo•ph•r1c pr•••ur• ~~aordin~ to th• 
. . 

proc•dur• of •xampl•• 1. to ~. 

Th• reaulta o~ th• atudy are pr•,ented aa l 

yields ot 1,1,1,2-t•trafluoroethane in Table~ and 

·demonstrate th• b•n•ficial •ftect of zinc addition tq 

chrom~a on incr•••ing th• y1•ld of 
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TABLE 2. 

EXAMPLE CATALYST TEMPERATURE. 

330 320 310 300 

a 2Y.Zn-cr2o3 J..9. 2 16.9 13.6 10.1 

9 6XZn-cr2o3 18.5 16.7 13.3' 9.9 

10 10%Zn-cr2
o3 19.3 17~4 13.9 11. 2 

COMP. Cr2o3 17.l 12.8 9.0 3.9 

EXAMPLES 11 - 13. 

A number of catalysts were prepared according 

to the procedure of examples 8 to 10 except th~t 

chromium <III> nitrate was used instead of chromium 

<III> hydroxide. The catalysts were tested according 

to the procedure described for examples 1 to 5. 

The results of the study are presented as ~ 

yields of l,l,l,2-tetrafluoroethane in Table 3 and 

demonstrate the beneficial effect of zinc addition to 

chromia on increasing the yield oi 

1,1,1,2-tetrafluoroethane <l34a>. 

• 
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TABLE 3. 

EXAM PL£ CATALYST TEMPERATURE. 
330 320 ;no 300 

I 

ll e.xzn-cr~o3 - 16. e. l!t. 5 14.0 
: 

12 9~2n .. C_r 2o3 1s.1 12.6 .10. 4. 7.9 
' 

13 13X2n·C:r2o3 16.3 1~.~ .14. g 11. e:, 

. 
COMf'. er Lo~ 17.1 12.a ~.o :J. 4;i 

to:X.Al'll'L.1:; 14. 

lOg of the catal~a\ pr•par•d ih ,~•~Pl• 9 vae 
charg•d to a p~•••ure reactor and pre%l~or~nat•d w~tn 
HF at 300•c ior 24 boure. using a pr•ssµre o~ 10 bar. 
Th• r•actor was th•n ~•d v1tn HF a~d a ~1~~~ ~rganic 
f••d oompris1ng O.SX by w•ight trichlorb~thylen• ~n 
l33a ueing a mo.I.at' .teed rat10 01 Ot'g1uu.cs ~-O riyr1rogen 
tlucrid• ai 1a3.!. Uaing ~h• ahov• 19~da at ~ 

presaur• ot 1Q bar and a contact t~m• Qi ll a•oond~, 
134• Y1•ld• of 12X w•r• achi•v•d at a t•me•ratur• of 
295•C. Th• r•act~on ••l•ot~vity va• gr••t•r than 
99. s". 

ln oompari•on, 10; of th• unpromat•d chromia ... 
·ca~aly•t gav• 134• yi•lda of l2X at a t~mp•ratu~• of 

30 ~3~0c wh•n pr•tluorinated •nd t•ated a~ pr•m~ur• under 
id•nt1ca! cond1tiona to tho•• described ior •xampl• 
17. Th• r•eotion ••l•c~ivity waa 99.0~ •. 
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EXAMPLES 15 TO 19. 

4.3g of alumina <supplied by Harshaw Ltd>, 

'having a surface area of 1aom2 1g, in the form of 

granules of size O.S-l.4mm was added to an aqueous 

solution of zinc chloride <0.21g> and chromium <III> 

chloride hexahyd~ate <0.51g) in distilled water CSml> 

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 O.S - 1.4mm, of a finished catalyst 

comprising 21.Cr/2%Zn by weight on alumina. The above 

procedure was repeated with various concentrations of 

zinc cbl6ride to produce a range of finished catalysts 

containing 2% by weight chromium and up to 8% by 

· lS weigh~·zinc. The catalysts were tested at atmospheric 

pressure accordinq to the procedure described for 

examples 1 to 5. For the purposes of comparison, the 

activity of a catalyst comprising 2Z by weight 

20 

30 

chromium on alumina, prepared from an aqueous solution 

of chromium CIII> chloride was also measured. 

The results of the study are presented as z 
yields of 1,1. 1,2-tetrafluoroethane in Table 4 and 

demonstrate the beneficia1 effect ·of zinc add1tion tn 

chromium-conta1ning alumina on increasing the yield of 

l,1,1,2-tetrafluoroethane <l34a> . 

• 

• 
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TABL.E 4. 

EXAMPLE CATALYST TEMPERATURE. 

340 330 320 310 300 290 

15 2%Cr/2XZn-Al
2
o

3 12.4 8.3 5.3 3.3 2. e. 1. 4 

16 2%Cr/37.Zn-Al:203 13.2 9.5 7.1 4.4 3.1 l. 9 

17 2%Cr/4"Zn-Al
2

0 3 15.7 13.9 10.3 7.4 5.3 3.9 

HI 2XCr/6XZn-A1
2
o3 10.6 a.5 e.. a 5.2 3.8 2. e. 

19 2XCr/87.Zri-Al 20~ s.1 4.4 3.8 3.0 2.5 2.1 
. ;::i 

COMf'. 2XCr-Al-,O-. 1 ·:. ? e. o 4.6 2.3 1. 2 0.5 -· -.. 

EXAMPLES 20 to 22. 

4.43g of aluminium fluoride, prepared by 

treating alumina vith hydrogen fluoride for 24 hours 

at 300°C, in the form of granules of size 0.5 - l.4mm, 

and having a sur£ace area of l3m2 /g, was added to an 

aqueous solution of zinc chloride <O.O~~gi and 

chromium <III> chloride hexahydrate <0.5lg> in 

distilled water <5ml> and stirred to ensure thorough 

wetting of the solid by the solution. The mixture was 

then dried by direct heating and the resultant solid 

~ie~ed to give particles, of size 0.5 - l.4mm, of a 

£inished catalyst comprising 27.Cr/O.SXZn by weight on 

AlF
3 

•. The above procedure was repeated with various 

concentrations of zinc chloride to produce a range of 

finished catalysts containing 2X by weight chromium 

• 



lC 

2C 

30 

- 21 -

and up to ~Y. by weight zinc. The catalysts were tested 

at atmospheric pressure according to the procedure 

described for examples l to 5. 

For purposes of comparison the activity of two 

catalysts containing 2Y. and 2.4Y. by weight chromium on 

aluminium fluoride, and prepared from an aqueous 

solution of chromium <III> chloride, were also 

measured. 

The results of the study are presented as Y. 

yields of 1,1,1,2-tetrafluoroethane in Table 5 and 

demonstrate the beneficial effect of :inc addition to 

chromium-containing aluminium fluoride on increasing 

th~ yield of 1,1,1,2-tetrafluoroethane <134a). 

TABLE 5 • 

.. 

EXAMPLE CATALYST TEMPERATURE. 

340 330 320 ::i10 300 290 

20 2XCr/O.SY.Zn-AlF~ 16.0 13.0 9.9 6.3 4.5 2.9 
.;, 

21 2XCr / l XZn-AlF~ 11. 9 9.3 
.~-1 

7.0 5.7 3. E. 2.5 

22 .2~Cr/2Y.Zn-AlF3 l. 4 l. 1 0.9 0.7 o.::, (i. ~ 

COMP. 2XCr-AlF3 14.3 9.1 7.0 3.6 l. 7 0.8 

COJ'IP. 2.4Y.Cr-AlF-:i 12.0 8.1 4.6 2.3 1. 3 0.6 

EXAMPLE 23. 

Magnesium oxide tablets <supplied by Merck & 

Co>, were ground to give granules of size 0.5-l.4mm. 

4.449 of the ground magnesium oxide was added to an 

• 
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aqueous solution 0£ zinc chloride C0.053g> and. 

chromium <Ill> chloride hexahydrate <0.513g> in 

distilled water <Sml> and stirred to ensure thorough 

wetting 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 - l.4mm, oz a finished 

catalyst comprising 2%Cr/O.SXZn by weight on magnesia. 

The catalys~ was tested at atmospheric pressure 

according to the procedure described £or examples l to 

s. 
For the purposes of comparison, catalysts 

containing 2X and 2.4% by weight chromium, prepared by 

impregnating magnesium oxide granu~es o~ size 0.5 -

l.4mm with an aqueous solution of chromium <III> 

chloride were also tested. 

The results of the study are presented as Y. 

yields of l,l,l,2-tetra~luoroethane in Table 6 and 

demonstrate the beneticial etfect of zinc addition to 

chromium-containing magnesium oxide on increasing the 

yield of l,l,l,2-tetrafluoroetha~e <l34a>. 

TABLE e.. 

EXAMPLE CATALYST TEMPERATURE. 

340 330 320 310 300 

23 2XCr/0.5Y.Zn-l'lgO 2.51 l. e.e. l. 07 0.5~ 0.4 

· COl'l'P. 2XCr-1'1g0 l. 25 0.87 0.53 Q.35 0.2 

COl'IP. 2.4%Cr-Ma0 2.00 l. 30 - - -

• 
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CLAIMS. 

1. A chromium-containing fluorinaticn catalyst which 

comprises an activity-promoting amount of zinc er a 

compound 0£ zinc. 

. . 
2. A catalyst as claimed in claim 1 in which the 

chromium-containing catalyst comprises 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 

oxyha~ide is chromium, magnesium, aluminium or 

zirconium. 

4~ A catalyst as claimed in claim 3 1n which the 

chromium-containing catalyst comprises cnromia, 

halogenated chromia or a chromium oxyhal1de. 

5. A catalyst. as claimed in claim 4 in which the 

activity-prcmoting amount of zinc or compound of zinc 

is suppor~ed on the chromia, halogeoated chromia or 

chromium oxyhalide. 

6. A catalyst as claimed in claim 4 or claim 5 in 

wh1ch the chromia, halo~enated chromia or chromium 

oxyhalide is impregnated with an activity promoting 

amount.of zinc or compound of zinc. 

7. A catalyst as claimed in claim 6 in which the 

amount of zinc is in the range trom about 0.5% by 

weight to about 6~ by weight 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 cf 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. 

ll. A process as claimed 1n claim 9 which comprises 
1~ impr~gnat~ng the chromium-containing catalyst with a 

water-soluble zinc salt. 

20 

30 

12. A proc~ss for the produntion of f luorinat~d 

hydrocarbons which comprises reacting a hydrocarbon or 

a halogenated hydrocarbon with hydrogen fluoride 1n 

the vapour phase in the presence of a tluorination 

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

13. A process as ciaimed in ciaim l~ 1n which the 

halogenated hydrocarbon comprises an alkene or alkane 

having from 1 to 4 carbon atoms and at least l 

chlorine atom. 

14. -A process as claimed in claim 13 iri which the 

halogenated hydrocarbon is selected from the group 

consisting of 1-chloro-2,2,2-trifluoroethane, 

trichloroethylene, l-chloro-2,2-difluoroethylene and 

perchloroethylene. 

• 
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15. A process as claimed in claim 14 in which 

l-chloro-2,2,2-trifluoroethane is reacted with 

hydrogen fluoride in the vapour phase whereby to 

produce 1,1,1,2-tetrafluoroethane. 

16. A process as claimed in claim 15 which comprises 

the steps <a> reacting trichloroethylene with hydrogen 

fluoride whereby to produce 

1-chloro-2,2,2-trifluoroethane and Cb> reacting 

l-chloro-2,2,2-trifluoroethane with hydrogen fluoride 

whereby to produce 1,1,1,2-tetrafluoroethane, in which 

a chromium containing catalyst as definea in any one 

of cla~ms 1 to 8 is employed in at least on~ of steps 

<a> and < b >. 

17~ A process as claimed in claim lG which comprises 

the steps ~f: 

(A) contacting a mixture of 

1-chloro-2,2,2-trifluoroethane and 

hydrogen fluoride with a catalyst as 

claimed in any one of claims 1 to e 
at 250-350°c in a first reaction zone 

whereby to form a product containing 

1,1,1,2-tetrafluoroethane and hydrogen 

chloride together with unreacted 

starting mate!ia~s, 

<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 t~ 8 

at 180-300° whereby to form a product 

con~aining 1-chloro-2,2,2-~rifluoroethane, 

1,1,1,2-tetrafluoroethane and hydrogen 

• 
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.chloride; 

<C> treating the product of step B whereby 

to separate a mixture containing 

hydrogen chloride and 

1,1,1,2-tetrafluoroethane from 

1-chloro-2,2,2-trifluoroethane, 

unreacted hydrogen fluoride and 

unreacted trichloroethylene; 

<D> .feeding the 

l-chloro-2,2,2-trifluoroethane 

mixture obtained from step C together 

with additional hydrogen fluoride to 

said first reaction zone, and 

<E> recovering 1,1,1,2-tetrafluor~ethan@ 

from the 

l,l,l,2-t&tra.fluoroethane/hydrogen 

chloride mixture obtained from step C. 

• 


