FLUChINATﬁON CATALYST AND PRCCESS This invention relates to an |ﬂﬁ§8
fluorination catalyst and to a process for the production of fluorinated
hydr ocar bons by the catal ysed reaction of hydrocarbons or hal ogenated

hydr ocarbons wi th hydrogen fluoride. The invention relates to-a pronoted
chromi um containing catalyst, Lnyparticular to a pronoted chrom a

hal ogenat ed chrom a or chrom um oxyhalide catalyst and in a particular
enbodi nent to a process for the production of 1,1,1,2-tetrafl uoroethane by

t he catalgaedamuaggbgncgﬁAL¥smlaND-EngESBetrafluoroethane wi t h hydrogen
fluoride. The prodycti;Qy Rgl%h Qggdtgygé ?hpggg whi ch may al so

contai.n hal ogen atons ot b uorlne e cat al ysed vapour - phase
quorlnatﬁdnﬂ@ﬁnhydPOC&PBeﬂxs&rahdlGgeﬁapédch§aréearbbﬁs wi t h hydr ogen

fluoride 2Qg%icwgbh %&omuaps!naugarayarsasawa&sbpavsebeen proposed for use
In suce a process. Catalysts containing % pi cal % bas d on chrom um
o

and in paFAtadvEedc KedFtaonaPE PV&EGEHFP?“énﬁ hagos “?ﬁ% known processes.

Thus, for ng¥adielad beREOWiahOhydbogehaltageratied Theom a may be used in the
vapour-ph se reactiaon,of trlchloroeth I b hydrogen fluoride to
produce 1 8HF8§& °2, feiafFﬁfluo?ogfﬁgﬁé scaﬁgérlged in GB Patent 1,307,224
and in thsomapomﬂnph&9$adeastlén ®er¢ﬁcylenlGPOBZPEOEOFP#fIuoroethane mnth

hydrogen Lhiighisde a1BgaHNtEal chrbdal bt BhkURLARt hane as described in GB

Patent;a 589 . The Sane
oxyhalzde 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.
13 '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
20 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
23 ; halogenated chromia may be used in the
vapour—-phase reaction oi tnichloroethylene with
hydrogen fluoride to produce
l-chloro-2,2,2-trifluoroethane as descraibed in GB
Patent 1,307;224 and in the vapour-phase reaction
30 o« l-chloro-2,2,2-trifluorcethane 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 fluorination of
chlorodiiluoroethylehe to

l-chloro-2, 2, 2-trifluorcethane, for example ain a

gty

LI



catal yst may be used for the fluorination of chlorodifluoroethylene to
1-chloro-2,2,2-trifluoroethane, for exanple in a -2- process for the
renoval of chlorodifluoroethylene_inpurity fromi1,1,1,2-tetrafl uoroethane
as al so described in GB Patent 1,589,924. It has now been found that the
activity of chrom umcontaining catalysts is pronoted by the incorporation
of. controlled anbunts of zinc in the catalyst. According to the present

i nvention there is provided a chrom umcontaining fluorination catalyst

whi ch COMticeassAR o?Clihkl F¥mBLEIDbLiENEn2BPHALfRhoZbBERPLedecONpPOUNd Of Zzi nc.
According to the invention also there is BFOVIded a g ocess for the

product i o MPNTAMYO ARt dd tnyd oL EERBALURRPERPBBAPPFsBESPeacting a
hydr ocar belesexridedaiageBaradehydupsasherswi t h hydrogen fluoride in the

vapour phase in the presence_ of flyorination herei n defi ned.
The actg vity pro#é‘t ihﬁﬁ g%uﬁf%f %?iuﬁ Bk‘ag kjggcg%gh%g;oﬁzi nc may be
present - i mhgomun-icenthiodngneetnizetendgscaramrpted bhathes the zinc or

compound gf, 3G ogeok“EQBQQBQES LRb8nkBeoghL@REURKCONt @ Ni ng cat al yst
or it may be supported upon the surface of the catalyst,
the catalyst. .
iy According to the present invention tliere
10 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

13 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

20 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

30 catalyst contains chromium in the form of

chromia, halogenated chromia or chromium
oxyiiuoride. Alternatively the

chromium-containing catalyst may contain chromium



depending .at | east to sone extent upon the particular nethod enpl oyed for
preparing the inproved catalyst of the invention and the particul ar
coyrposition of the catalyst. Preferably, the chrom um containing catalyst

contains chromumin the form of”
oxyfl uoride.
chy om um-

the fluorination process in which it is enployed, or during a

chrom a, hal ogenated chronia or chrom um
Alternatively the chrom um containing catal yst may contain

itself. Typically however, during operation of the catalyst in

prefl uori natione ! reps @i 19 e fAL %wnga%maqi%f logr . descri bed,

chromumin whatever formin the initial catalyst is converted to chron1a

hal ogenat et HFRRLY Tt Thr tift ubh WpsAMatd P 9 PP S he

chrom um cpot o8& ru»rﬁm@;aéw Y& dibyingd S gr@flusran@dida oxi des,
{ fluorides oth r thanfﬁgcnna. halogenated chrom a

or chrqg1d%f%&y??uor|de $WF?§1*ﬁ§F gl

net al oxi des or

chrom a,

be,

for e

Taddi ti on to,

hal

or

hee scehizedd @hwqmnum(ﬁn(ﬂhaﬁavﬂn(ﬁqﬁmlﬂﬂlth; The net al

ogenat ed

I nst ead of
oxi de may

&ﬁ&P{f&fﬂéEQéEys{ﬁggmgagyéyt HUrionddd in particular magnesia

and al um na, which duri'ng operation of t e catalyst may be converted at
| east |n;ﬁﬁ%°$?ﬁ§ﬁ%ﬁn?ﬂfﬁﬂ#?LRT|Qk?%mmﬂhﬁ§ﬁ5§qﬂﬁ#qﬁxw|de respectively.

Thus

the 20 chr ophtHh&OméPé,Ni 11 (oK o0 nASimBA LIS gPNPr | SE

10

catalyst may also comprise metal oxides,

halogeﬁated metal oxides or metal oxyfluorides

~other than chromia, halogenated chromia or

13

20

23

30

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, zainc on chromium-
containing alumina or magnesia. In the latter

case the chromium may be converted to chromia,



metal fluorides, for exanple alum niumfluoride and nmagnesi um fl uori de.
Thus, the chrom um containing catalyst may conprise an activity pronoting
ampunt of zinc or 25 a conpound of, zinc in and/or on a mxed netal oxide
support, for exanple chrom a/nmagnesia or chrom a/alumna or the |

chrom um cont ai ni ng catal yst may conprise an activity pronoting anount of
zi.nc of a conpound of zinc in and/or on 30 a netal oxide support which also
conprises chromum for exanple, zinc on chromium containing alum na or
magnesi a. Halddenddd ethata (de cHY i umMdiBy mraidwerted to chrom a,

-4- hal ogepated chrom.a or chram um oxyfl uori.de duri operation of the
process grf%fro"y'}%gpé%%g%% %I%/st*? ﬁztﬁzﬁce%%s t%menlc o utmq"%cogt ai ni ng catal yst
may conpr isataliystot iRNTYheronehe mpramnt - asintgyrernian and/ or on a mi xed

netal oxi defdd a4 %ﬁ@ﬂg&}isé A n S3cANR) 18 A gHE A/ sGIY om um fl uori de or

chrom &8 magnesium fl uoride; or an activity pronoting anount of zinc on a
netal fludMMnt (Y BRFPHE MR AR 13 JOrEese, "SR Rynesi um f | uori de or

al um ni umd:tie 4 £h8 00 ddn sesb ot al £ 4 Woidnpaesupport, for exanpl e chrom um
fluoride/ al urri,ni%}n fluoride, or chJorri um fl uaori de/ magnesi um fl uori de,
% eh b

provi di ng T 13 A OTHEL & TILSE® (He FHAUPAG™ s
- fluoride; or an activity promoting amount of =zinc
on a metal fluoride, for example chramium
10 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
13 chromium 1n one form or another.
Moreover, the cnromlum-contalnlng cataliyst
may comprise an activated carbon support.
The amount o: zinc present in the catalyst
1s such as to result in promotion of the activaty
20 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 the composition of.the catalyst, and the
30 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



chron1um

in one formor another. Mreover, the chrom um contai ni ng catal yst

I se an activated carbon support. The anmount ox zinc present in the

' d‘_conpr
- cWalyst is such as to result in pronotion of the activity of the

chrom um cont ai ning catal yst to-wsieh the zinc or conpound of zinc is

d. The anount is inportant since the introduction of too nuch zinc
t i'n a decrease rather than an increase in catalyst activity and

y when zinc is present i-n the optimum anount that substanti al

| east to sone

ext ent oninfsoduycrdcdyaraaragnaneapatnl gstyshtah depends itself on the

cormOSItlemaiuhheaeaaammyaadnhbenaoarresmﬂn f s@reRagati on of the

i nt roduce
may resul
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. catal yst.
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pronotion occurs. The anount of zinc depends, at

CGener t he

surface area of the catalyst,

8Feds % Ezﬁfgfgrﬁgd thﬂtmofgz ﬁHPEha?EibFégent in and/or on

i ntroduced by
wor ki ng surface
n results when
t he anoun®Xobyzivedghs wift Khe Fhsaiange prefevablp. 580 bewei ght to about 6%

r%gkher%t a'bxs%g 1xP b er.aehx B LBGuFaQerLrom about 1% by wei ght

ypsemcByonayestlémawpes, the hheunasefotincnts - 5-

x25neh Sy RanRy B2 APLOL 6 RR, B2 Felabs B oRfefs

5% b ht and especi al X in the range from abo
veight ind oapocially in the range from about 2%

by welight to about 4% by wwight; leass than 0.5%
by weight of zinc may be ingufficient to result
in gsaghificant promoticn af matalyat activity

- whilah more than about GX by weight ot zina may

i3

20

result in a decrosase 1n catalyst activity
suggeatang poisoning ol the basic catalyst.
Howebar. by way of guadance, for catalysts haviag
largﬂx vorking surtface areas, for example about
zou m Ig, the amount of =ance may o0& aB high &g
15% to 25% by veight, wheresas 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

s@1v1 9661°91°2Z0
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by wei ght to about 4% by wei ght; |[ess than 0.5% by wei ght of zinc nmay be
insufficient to result in significant pronotion of catalyst activity whil st
more than about 6% by weight of _zinc may result in a decrease in catalyst
activity suggesting poisoning of Ene basic catal yst. However, by way of
gui.dance, for catalysts having |arger working surface areas, for exanple
about {err] the amount of zinc may be as high as 15%to 25% by wei ght,
whereas for catal ysts having smaller working area, i.e. less than to 20

[err] for «geagard 2Rt bashk Eae.aa?@enemgio;&acaﬁayu gnas low as 0.5%to
1% by mehgrt. Overal |, the anobunt of zinc may be in the range from about

0. 5% by weiPghtetoghyGed28s, By eRBTGhithet ARPHPYLE, FRE2AYBUNt within this
range depemdiergr?S fupoanyhearatidug apf bhBecCcBaegLygrcandai ni ng catal yst. It
is to be under,stqod _t hat Ehe anDQSts of . zinc, given abovg refer to the

a 0

amount eof 2 RET Swh&f REPTBFaSBN"EE o8 o fBAt 8PEIMRR BP°H Eonpound of zinc but
t hat wher @£t promoteri 3spreedintl yasedaecoapedntyokimphe, the anount refers

only to tRe A ReNex@krimdttadldnot to the amount of the conpound of zinc.
As previously described, the anount -of zinc introduced to the catalyst to

achi eve significdhe FPPyPEPMELEFOMRYNDRI LptaegeaadupBhe  the particul ar
basi c cat anhyylorebphtoytfiedddtdl9Bt in the form of a
' compound, for example a halide, oxyhalide, oxide
10 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
13 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
20 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
30 (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



t he nethod used to prepare the inproved catal yst. However, for any

particul ar basic catalyst and catal yst preparati on nethod, the optinum
appunt of promoter is readily det®rmined by sinple routine experinentation.
The zinc pronoter may be introduced into and/or onto the catalyst in the
formof a conpound, for exanple a halide, oxyhalide, oxide or hydroxide
depending at |east to some extent upon the catalyst prepar ation techni que

enpl oyed. In the case where catalyst preparation is npregnation of a
chromi a, 3REGHEMRTELM M e cRBhiNERGAH AN é"”i%g €onpound is

preLera?woa; eierﬁﬁﬂ-m\ﬁ@aiﬁ ofd¥r &X;ﬁré}ﬂ:&'c&. heddutetiori trate or
carbonate, and is enp|o S an a S ution o urry. Alternativel
the hydr o%f deRe PP '%l ﬂ%fer SUMRP qt'}Ff:}rﬂ Lﬁnromng"e {:oﬁprem pi tated and thgn
conver t edotddé hend xt e sz 26k t=a eparnrtme:xﬁa:tal yst, for exanple a catalyst
conpriSing a ni X8 ﬁ%o&d&gf%ﬂ%m%{l@ll&{g@rnmoﬁ Xig@ and mlling of an

0 asi

I nsol uble zinc ¢ ound wt c catalyst provides a further nethod
of preparqiﬂgerh'ee"eh?%#ys‘!'ayﬁp?rﬁw)f ki 25 catal ysts based on

chronmi um.ﬁw Pétd €0k 5B £ 8€ SciEhh D\gn S SOUPOMINGG ofikdie pronoter to hydrated
chrom um [

de and calc t th hods f
Che cat ol BLPRPTES (HBE o1 GPER STt PERRRTS G St G 20 om um 30 (V)
conpound, for exasmpstatedhabowee, thbcémmmteoflwwt¢%ul ar anmmoni um
di chr okt ¢ A%SQ&Q”&H%A&'éétaws@'%éﬁ?&élupémJc&a.xved by co-preci pitation,

washi ng an
catalyst preparatzan employed. It is believed

that the working catalyst has a surface
containing the promoter cations located in a
chromium-containing, for example chromium oxide,
13 okyhalide, or halide lattice and it is the amount
of such surface promoter which determines the
éctiyity of the catalyst. Thus the amount of the
promoter which is required is generally lower for
catalysts made by impregnation than for catalysts
20 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

23 diluent, prior to use in thé catalysis of
fluorination reactions. A typical pretreatment
comprises heating the cétalyst at 250°C to 450°C
in contact with hydrogen fluoride, preferably a
mixture of hydrogen fluoride and air. The working
30 .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.



m xing as solids, a chromum (VI) conpound and an oxi di sabl e zi nc conpound,
for exanple zinc -7- acetate or zinc oxalate, and heating the mxture to
high tenperature in order to effegt -reduction of the chrom um (Vl) conpound
to chromum (111) oxide and the zinc salt to zinc oxide. Any of the

af orenenti oned nethods, or other nethods, may be enployed for t he
preparation of the chrom um containing zinc pronoted catal ysts of the
present invention. As stated above, the amount of pronmoter 10 introduced to
the catal yst depdids agtely€te mayt dleysn gphepfoam of espleypsd. It is believed

that the Vol ig 6 flAlortadlad st satel 39geCukaligendnt Be promter cations
I ni

| ocated in a hrom um contdi ni'ng, for exanple chrom um oxi de, oxyhalide, or
hal i de” | atfixsd dRf iar & flivddimedhdegs JEcMa¥uPPace pronoter which

\C/i\,ﬁ't eLmélesntggq,é:}gatgég VA qfeaH{qvlq&@ »};@t,-.iomu;smbe pghount of the pronoter
ich i® required is generally | ower for catalysts made by inpregnation
than for f3Ring dwFEifadpd li/tt?[“}?@rrar?é“f‘ﬁo&g‘ ?ﬁé’“‘caﬁfﬁm ng the pronmoter in

non- sur f acEn0 Wraid GioutlBOdYQIOAITatmagn beatuslepstasmal | usual |y be subject ed
{02 PR R AL TSP LI el U 8Pt a0 ot onal 1y an

- with hydrogen fluoride which emerges hot frem the

catalyst treatment process and may be used

10 directly in fluorination processes employing the
reactivated catalyst.

The actiQity of the base (unﬁromoted)
chromluﬁ-contaznlng catalyst, for example
halogenatéd chromia or chrdmlum oxyhalide
13 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
20 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
23 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
30 metals.

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

processes comprising reaction of a hydrocarbon or



fluorination reactions. A typical pretreatnent conprises heating the
catalyst at [err] to [err] in contact with hydrogen fluoride, preferably a
m xture of hydrogen fluoride and @ir. The working 30 catal yst may
consequently conprise at least in part zinc fluoride in and/or on a
fluorinated chromi umcontaining catal yst, for exanple fluorinated chronia
or. chrom um oxyfl uori de. -8- The catalyst may be in the formof pellets
or granules of appropriate size for use in a fixed bed or a fluidised bed.
{t may ?%é.ﬁ@@éﬂf f %Qd%ﬁﬂrﬁf&ﬁﬁ?ﬂaifdbwdﬁﬁmliwmdeeﬂd ng in air at a
enperature o romabout [err] to about [err]. Air may be used as a

m xture V\}?ﬁ ‘éﬂp?‘ﬁ%rahaﬁg' such as nitrogen or]vm'th hyd?logen fluoride which
energes hot froniikenest tbyssturabedentdpeerceensh®@idmy be used 10 directly

in fluori 9@1% &Q€Qgte§§§§nﬁgp$f)yingct%*&acﬁ}gﬁ%pﬁt alyst. The activity

of thesbase npronot e chrom um cont ai ni ng catal yst, for ‘exanple
hal ogenat eentainhng ot tapshi eRf oSBT invR ™ \BAY {R€ enhanced by the

i ntroduct i pRePinZted Shdacsenpieddopisgédtsidurthernmore, and in particular,

the selectivity of the reaction catal ysed by th tal vst t ds th
prOductioﬁlb?r{‘,‘i?i?ﬁﬁt&\}aﬂﬂﬁyog?hﬁ%;ge?'f%% 308 §8alyst towards the

production of 1,1,1,2-tetrafluoroethane from
1-chloro-2,2.2-trifludroéthane, the production of
to 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
3 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
20 perchloroethylene with chlorine and hydrogen
fluoraide in vapouf phase to produce
trichlorotrifluoroethane (1133;
dichlorotetrafluorocethane (114/114a) and/or
chloropentafluoroethane (1135).
2s 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
30 of 180°C to ébout S00°C depending upon the
particular fluorlnation reéctxon being carried

out.



l-chloro-2,2,2-trifluoroethane and hydrogen fluoride is at |east as high as
that using the correspondi ng unpronoted catal ysts, typically in excess of
85% If desired, the catalyst may contaln one 25 or nore netals other than
zinc, for exanple nickel or cobal +9 or it may contain for exanple other

di val ent nmetal s al t hough we generally prefer that the catal yst does not
conpri-se other netels such as nickel, cobalt of other divalent 30 netals. A
further feature of the invention resides in use of the prompted catalyst in

fluorination PrORISGE:COURR! $hgelgas! h0bs0k e, bydigaarbon or - -9

hal ogenat ed hydr ocar bon’ mnt rogen f uoride’in the vapour-phase. Al kenes
(unsat ur apedmht@docatpdnsF BPrnatﬁgEﬂaGéHOEFkéﬁeéeoF3HI¥€9atonB preferably

Contalnlﬁeuatwkeaahtomssshbsréazlaiaﬂe may BemblHeti peves and exanpl es of

specific fluorinations b t th duct f
TPl 3t e PRFFABPEREnLRaR FBRPY. D251 555! Shef Rpklg PhRCucton, of

productlonnpfoﬁetbuocetalasistanIaﬂamplhanbinsbntheichloroethylene and the

conversio I f t
- 1-chl or o- gigiﬁlfﬁg P%ggégt gheLEOEQQLPéESggco?ﬁg?s ﬁo?fnatlon reactions in
whi ch thelgétA}?spepgafluoroethane from

- 1-chloro-2, 2, 2-trifluoroethane requires a
temperature of 300°C or above vhen ﬁsing the

10 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

L3 ueing the promoted catalyst.

A preferred embodiment of the process of
ihe invention resides in a process for the
préparation of 1,1,1,2~-tetrafluoroethane which
comprases reactang l-chloro-2,2, 2-trifivcroethane

20 with hydrogen fluoride in the wvapour phase in the
presence of the promoted catalyst of the
inveantion. This process may be carried out under
atmospheric or superatmospheric pressure at a
temperature of from about 250°C to 500°C.

23 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.

30 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 stage as well as in the



useful are the reaction of perchloroethylene with hydrogen fluoride in
vapour phase to produce dichlorotrifluoroethane (123),

chl orotetrafl uoroet hane (124) agdéQr_pentaquoroethane (125), and the
reacti on of 20 perchl oroethylene with chlorine and hydrogen fluoride in
vapour phase to produce trichlorotrifluoroethane (113),

di.chl orotetrafl uoroethane {114/ 114a) and/or chl oropent afl uoroet hane (115).
25 The fluorination conditions enployed nay be those known to be

useabl e WagBoBHPLeXEEBY ot AREUEYE0Bt 581 PPoaka] ySypacdDr exanpl e
at nospheric or superatnospheric pressure, hydrogen fluoride and
t enper at uFE8StAPLE°PIAGEC8E BPT[ PR P8 ﬁb%ﬁ% %g??f ePendi ng upon the

parti cul aatihbephierati onr seaeratmobphagicapresduneatand a- 10 - However, the
i ncreased_ act i vi f.the, pr d_ca t , B86 A {gagtions to be carried
out mﬁghoﬁ?% 8§§E§F2e%?i§Pgn%§R§§ ggn%&ké? Eoﬁe?lﬁgnperatures t han t hose
requi red WAOACusi ng the unpronoted catal yst. For exanple whilst the
efficient productrhenpdbdd¥@snheki ¢ pressure of 1,1,1,2-tetrafl uoroethane

from1l-chloro-2, 2, 2-trifluoroethane requires a tenperature of [err] or
above whetrdsitng-tR&Tp§lucroethane from :

l-chloro-2,2,2-triflucroethane results in a:
product stream containing the toxic impurity
10 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
13 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
20 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
23 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
30 reaction zone whereby to form a
product containing
1,1,1,2-tetraflucroethane and hydrogen

chloride together with unreacted



unpronoted catal yst, a |lower tenperature of say [err] is sufficient to

achi eve the sane reaction efficiency using a zinc pronoted catalyst.
Alternatively, if the tenperatuwess-the sane, say [err], a shorter contact
time is required using the pronoted catalyst. A preferred enbodinment of the
process of the invention resides in a process for the preparation of
1,1,1,2-tetrafl uoroethane which conprises reacting
1-chloro-2,2,2-trifluoroethane with hydrogen fluoride in the vapour phase
in the presence of tétaptinptreatesialgst of the invention. This process may

be carried out upggrgﬁggp§€h@ﬁict9{ fuppg@,gz(gps&ﬁeg{ecpmessure at a

tenperature of fromabout Jerr| to errl. The process may be one
stage of a two or thtegetkege¥pibckeichioroathndrre it° fhy be the second

stage of a process fgecbhe PEOEHULEHL OPoRé dodtdirid@terd | uoroet hane from

trichl @& oethylene, the first stage bein ur-phase 30 fluorination

of trichloroethylenePﬁPTﬂtﬁﬁd?ﬁbghy?FuﬁgigggTﬁgﬁﬁe'$$@%@ﬁce of a

chrom um cont ai ni ng tat dbysta ghedpcvnodstiatainagyst of the invention nay be

used in the first stfggh§§rM@%I as_Lp; Egoroe ﬁ£9€d stage of this two-stage
1#15ns Forthetthe

process. Typical reactron con 'rst stage are
atnospheric or super it kpipRetetrpfbucppethane .20d pEdE?IfR i n the range of
about [err] to aboutohebklde;

10 (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,

13 unreacted hydrogen fluoride and
unreacted trichloroethyiene;

(D) feeding the
l-chloro-2,2,2-trifluoroethane
mixture obtained from step C together

20 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
30 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 additipn to 1,1,1,2-



The productlon of 1,1,1,2-tetrafl uoroethane from

1-chloro-2, 2, 2- trlfluoroethane results in a product stream containing the
toxic inpurity 1-chloro-2,2,-difluq éoethylene This inpurity can be renoved
by reacting it with hydrogen fluoride in the vapour phase in the presence
of a. chrom um containing catal yst at a tenperature bel ow about [err], for
exampl e [err] to [err]. The pronoted catal yst of the invention may be
enployed in this reaction, thus providing a three-stage process for the

prepar ati oreffratlloctodthahedf hyairegehaealessast aakl yytpeadheem
1-chl oro-2 i fluoroet

20 t yl th ted
catal yst | ATERERTSF FRESHAPEo PBREF SONTERa8E, R-BuPERERI BF J"Brof orred
enbodinentpabcebs apevéndsber rbaget Woost 266 °0r 8oeSSOPGr witbpari ng -

L L2 eoalaler agiaane.d ugi bl ¢l 9bgRRu! gag coaBiLSe8ohng Steps of:

(A) conuactln%pﬁ m xture of chl oro- triftluoroethane and hydrogen
fluoride witeh3Pheesrors: 8% Satsl 2O bars)pgessyre-in a first 30

reaction zone whergdm 10 el 108, Pip2ddelablt FrBnNdS to 60, moles
L1 1 2ol Ll Lugr 0o g 209 YL 04 0L 48, 1 QUEL IR 1 i cact ed
- 12 -
- typically employed in Step B. Again, the reaction
product of ihis stage will normally contain unreacted
1o 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
s 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
20 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
opefated 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
30 process interruption for catalyét regeneration or
reactivation.
The invention is illustrated but in no way

limited by the followaing examples.



starting materials, (B) passing the total product of step A together with
trichloroethylene to a second reaction zone containing the pronoted
catalyst at [err] whereby to form¥product containing '
1-chloro-2,2,2-trifluoroethane, 1,1,1,2-tetrafluoroethane and hydrogen
chloride; (C) treating the product of step B whereby to separate a m xture
cont ai ni ng hydrogen chloride and 1,1, 1, 2-tetrafl uoroethane from 1-chl oro- 2,

2,2-triflu ; e react ed hydrogen fluoride and unreacted

trichloro eding the 1-chloro-2,2,2-trifluoroethane m xture

obtai ned from stebﬂ@ ¢Hoebhemi®Oin the form owgh:adxbalmaiwdrogen

fluoride t 24 dafhrs o) g%g r 2

1,1,1, 2- te‘?rgf?'uo%éet ane@é%‘r’# %’I 9‘%‘1 éﬁ%et‘?%ﬁ(uor}%t hahe/ hydr ogen 25

chlorldg n!ﬁ#a¢et©b!a|h%@‘@*%n!%%%ﬁ#QD of zingtohher :4ei thi2oktric anmount -
g

of hydr eﬂnfaueuﬁs-asuasaal&yoﬁﬂplwa:dgwr%&pcé\&ia&m preferred
enbodi nent

al appunts include from1 t d preferably from
1to 6 nDIB§°¥€?°§O'ﬁ§ﬁ+5ﬂeﬁtf?ﬁ%r? 1$e?ynﬁp% %ﬂfngfsﬂ “fhe P Y
1-chl or o- ZpexRutei ¥amot et hdnbed Aoy od tiregt Vhed bongramdickhef this reaction
step will PéH@iL¥n€°989i8 sieved to givn particles, of aize

0.5-1.4mm, of a finished catalyat compriaing 0.9% zinc
e 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
i3 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
20 1:20) stream for approximately 1Shrs, _

‘The microrweactor wvas then fed vwith 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
a3 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

30 chromia on incressing the yield of

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

v *d " 9B:PT  9661°91°Z0 . ' NYOINMAY adI WOoAd



unredct ed hydrogen fluoride in addition to 1,1, 1, 2- - 13 -

tetrafl uoroethane, hydrogen chloride and by-products. Preferred reaction
tenperatures for this stage of the process are i-n the range from[err] to
[err] with contact times of from™ %% 100 and preferably from5 to 30
seconds at 5 to 20 bars pressure. From 10 to 100, preferably from 15 to 60,
nol es of hydrogen fluoride per nole of trichloroethylene are typically

enployed in Step B. Again, the reaction product of this stage will nornally
contai n unr eact cd @Ity tyiaid dhe GUHA YRR I-LHAMA0 seoonds,
preferably 5 t 30 seconds, may be used, typicall [err] and 5 to 20 bars
pressure. THEFRY % cﬁf':grﬁf’ B PRGOS, &k &) 2ifG (99%’@' 5 &B& preferred

ermbodi nent fnghefraiiust & Ydabowe®d aywiny be perforned using
conventi onal equi pnent and technlques Thus for exanple recovery of

1,1,1, 2-atetraffrooroe werSi-Rg=4 he gaseous
m xt ur e (contalnlng tetrafluoroetﬂ&dﬂjhﬂd hydrogen chlorlde) with water 20
and aqueous 505 o R—gid-then.d Do-aidecandengi ng t he

tetrafl uoroet hgne. It i o preferred that the1process according tofthe
i nvention, incljud¥JiikEf er (AT ANFTHi ng RE: o FEMRERA TARE ((HGdgs|y. |n
practice, howejer, catallyst 25 deacti vdtscan, |;¢4@t| esser i ofii

cat al yst regene+e++eﬁ—e+-Peae++ﬁ%&+4ﬁh+ et ~YEP-VET reratlon of
the proggss. THe feeding of air to the _
i 0.9%2n-Cr203 | 5.9 9.6 |13.3 |12.7
z 1,9%2n0-Cr203 | 7.8 11.% [17.0 [20.1
a 2. 7%2n-Cr203 - 14.4 |18.4 }120.5
5 5. 94Zn-Cr203 1 3.7 5.1 6.9 9,0
18 :
Comps |  Cr203 - |2.9 |e.7 |10.4 |15.9
EXAMELE &
40

The catalyét prepared in example 3 vas charged
- to a preseure reactor and prefluorinated with HF at
250'C for 24 hours, using a pressure of 10 bar. The
reaactor vaz thern fed with a 133a and HF feed uming a
molar feed ratic of 1:3.%5., Using the above feeds Bt a
pressure of 10 bar, a reaction temperature of 3259C
and a contact time of 10 seconds enable.a 1348 yield
of >15% to de achieved. The reaction selectivity was
»>99i,

23

230 EyANPLE 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

S 'd %@:bt  9661°91°Z29 HADINNY QdI WOodd



catal yst during operation of the process may counter catalyst deactivation
and reducé the frequency of 30 process interruption for catalyst
regeneration or reactivation. The invention is illustrated but in no way
li-mted by the follow ng exanpless 16 « 14 - EXAMPLES 1 TO 5 10g of
chroma in the formof granules of size 2 0.5-1.4mm and having a surface
area of [err], was added to an aqueous sol ution of zinc chloride (0.2g) in
distilled water (10m ) and stirred to ensure thorough wetting of the solid
by the solution. The m xture was then dried by direct heating and the
resul tant s6PPl)si Eyedosbalyet pestdeied iafs shonted sayly spmean a fini shed
catal yst cogpri20ng #nd%aRarged/ ¥b Oiin CIvOthél ddesbdoyerys ocedure was

repeat ed exce that _zin |, orl -spl.utions, of incyeasj concentration
wer e enploy%ﬁg$ﬁ?€?d%§£t%r%$%dﬁ%g§%§€%n%% ¥ ‘??%ﬁéh%%rc [%h@@t%?%ﬁth up to
6% W w zji ncp¥efluerinatedetit cCAlArGsvitheydtogwa nblvonidetfart2es of the
zi nc proﬁvtﬁéupbronr@ﬁewgaﬁomw L34 e £ TERONICLAE 5 Cayl ©

m croreactor. Catalysts 28) were ¢ arPed to the mcroreactor and were
condi ti onedtFRCHOEt BRI GIC iSRRG [y iRtononbhyIend: (R MRAE ed to [err]

and furtheryegopdi 6£0Def0 @ndNa d&éh kot (€££hé 00201 lagddndl r epye f OF
approximately L5hrs. The microreactor was then fed with a
. zinc on chromia catsalyst converted 40.9% of the
o teichlorocethylene «o l-ghloro-2, 2,2-trifluoroethane.
& This compared with a trichlorcethylene conversion of

26.7% achieved using the original unpromoted chromia.

EXAMPLES 8 TO 10,
Zinc, either as an aqueous soclution of =inc
18 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 tor 5

hours and pelleted to a denaity of Zg/chas, and the

20
above procedure vas repeated, ueing zing carbonate ar
zinc nitrate solutiong of variouz concentratians, to
produce a number of catalysta with up to 104 zine by
weight in the finiashed catalyat. The catalystz were

23 tested at atmospheric pressure acaording to the
procadure of éxnmple- lfto s.

The resulte of the study are pregented as %
yields of {,1,1,2-tetrafluoroethane in Table Z and
‘demonatrate the beneficial effect of zinc addition to
e chromia on increasing the yield of

1,1,1,2-tetrafluornethane (134a).
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l-chloro-2,2,2-trtfluoroethane (133a) and H feed using a nolar feed ratio
of 1.0:3.3, which gave a 2 second contact tine at [err]. For purposes of
25 conparison the unpronoted chrggia from which the pronoted chrom as were
prepared were also tested. The reslis of the study are presented as %
yi'elds of 1,1,1,2-tetrafluoroethene in Table |I and denonstrate the

benefi-ci al effect of zinc addition to 30 chroma on increasing the yield of
1,1, ,2- £ 11100 0ot-hanem(t34 o) Tho—aetiimymmef—ttre—2+% NC
inpregnaied-chronia catal yphpfgashed a nmaxi numat a zinc cgntent in'the
range of labout 2 to _about 5% w w TABLE 1 FEXANVDIE CATALYST REACTI ON
TEMPERATURE [err] {[err] EXAMPLE 6} 20 The catal yst grepared in
exanple $ewampeigarjgedTiaQYSTPr essufe reamEnPEHnﬂUpEefluorin ted with HF at

[err] fof 24 hours, using a preSSJre 9 10.,bar . g Jggg was then fed
wth as133ga and HH feed ysing a af-Peel Fat | Usi ng the above

f eeds at{a 25 pregssure of 10 bar} a reaction t=nper ture qf [err] and a

contact ging of 1Q sgequgs_gnablefa 134a yhglg Eig?gcxlbplte achi eved. The
reactionlselectiviffy was >%9% 30]EXAVPLH 7 2o W w |zi nc- qn- chrom a
catal yst lwas prepared by inpregnating chranla 4Bg) wit h an |agueous
. 9 6%Zn-Cr,0, 18.5|16.7 |13.3] 9.9
10 . N
10 10%Zn-Cr 0, 19.3}17.4 | 13.9| 11.2
2. . 3.9
comp. Crggg 17.1 12,8} S.0

EXAMPLES 11 - 13.

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

20 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

23 1,1,1,2-tetrafluorcethane (134a).

30



sotution of zinc chloride (0.21g) in distilled water (5m ). The catal yst
was dried in a heated air streamat [err] and charged to an I nconel
reactor. The catalyst was dried at [err] in nitrogen for 1 hour and
prefluorinated at [err] with hydrogeg fluoride for 2 hours.

Trichl oroet hyl ene and HF were then fed to the reactor at [err] using a
trlchloroethyline: HF nolar ratio of 1:10 and a contact tinme of 1 second.

The zinc op—chraomia.catalyst copverted 40 9% of the triohloroethylene to
l-chloro-2§ 2 2-trifluoroethane. This conpared with a trichlproethylene
conver si onfof 26. 7% achi evedrABLBI(34 he ori gi nal unpronoted cproni a.
EXAMPLES 8= g G ' =R Nitrate or as
an aqueous})slurry off zinc carbonate{(as indicated), was added to a slurry
of chrom up¥¥4MRBE hy S ATAEEBNd t he]pH of TRERERAIURE.on was alj usted to 7
usi ng amohi um hydr ¢xi de. The resul fanizgol igsp Wrfia 1 | isggdl washed,
cal ci ned3a i i falnl20 houts _andlpel - a density of
[err] , anf the abo{ye procedure was|repeat ¢d, using zi aic carponate or zinc
nitrate sojutdbns off Ve#2roelr dbncenyrat+ ong,16.6 prasige we.ropber of
catalysts jWth up t¢ 10% zi nc by wejght ingthe finished catal yst. The
catal ysts here 25 te¢sted at atnmosphpric pressurefaccordling tp the procedure
of ‘exanplep 1120 5. | THEFrKN4Q,, of | helBtluglyl e | prbseptdB® ab X yieds of 1,
1, 1,2-tetfafl uoroefhane in Table 2] and defronstrfte th¢ beneficial effect
of zinc ¥¥ditjon to '
id 13%2n-Cr 0, 16.a 15.8 | 14,9 12.5
COME. £.0, . 28| 9 3
Cs.0 17,1} 12,8 9.0) 3.9
13
EXANRLE 14,
10g of the catalyst prepared in example 9 wvas
charged ¢ a pressure reactor and preziucrinated wath
20 HF at 300°C for 24 hours, using & pressure of 10 bar.
The reactor was then fed with HF and a mixe* arganic
feed comprising 0.%% by weight trichloroethylene ia
133a using a molar feed ratio or organics o aydragen
fluoride of 1:3.5. Using the ahove feeds at =
pressure of 10 bar and a contact time of 11 seconds,
a3 134a yields of 12) vere achieved at a temrnerature of
295°C. The reaction selectivity vas grester than
99, SX%. |
In coamparisen, 10g of the unpromated chromia
‘catalyst gave 1348 yielda af 12% at a temperature ot
a0

a30°¢C when prefluorinated and tested at pressure under
identical conditions to those described for example
17. The reaction selectivity was 99.0%,.
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chrom a on increasing the yield of 1, 1, 1, 2-tetrafluoroethane (134m.
- 17 - TABLE 2. EXAMPLE  CATALYST TEMPERATURE. [err] A nunber
of catal ysts were prepared accordifag-to the procedure of exanples 8 to 10
except that chromum (I11) nitrate was used instead of chromum(I11)
hydroxi de. The catal ysts were tested according 20 to the procedure
described for exanples 1 to 5. The results of the study are presented as %
yields of 1,1, 1, 2-tetrafluoroethane in Table 3 and denonstrate the
benef i ci aBX8MPLES 3P FPndSaddition to chronia on increasing the yield of 25
1,1,1, 2-tetrafl uaragt banaiuhsida) (edPpiied ABpEHaréRaw] L4189, of the catal yst
prepared {n examl e 9 _was chargeg azpressurg reactor_and prefluroinated
with HP af3VéPe) % §HT23°Ro3rga ° sﬁﬁBmapﬁTeggufgeof°ﬁﬁ %gr. 20 The reactor
was then tednwilels HE sigealnbxd. dmgamas adeedcbapansaqgedus’® by wei ght
trichl & bihyleagn B£133AcUehA8r 2480k B! 21 §50ahE LR Bh1@hJRPEEF tO hydrogen

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

10 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 chloride to produce a range of finished catalysts

containing 2% by weight chromium and up to 8% by
.13 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

20 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

23

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



fluoride of 1:3.5.
contact tinme of 11 seconds,

Using the above feed at a pressure of 10 bar and a
25 134a yields of 12% were achieved at a

tenperature of [err]. The reactiomgselectivity was greater than 99. 5 %

I n conparison,

12%-at a tenperature of 30

10g of the unpronoted chrom a catal yst gave 134a yields of
[err] when prefluorinated and tested at

pressure under identical conditions to those described for exanple 17. The

concentrations of zinc chloride to produce a range of

finished catalysts containing 2% by weight chromium

~reaction S—9F—0—¢F . —-o+—9661+—9F-¢0
NdOONt I'd [dl vyl - 19 TAEREAMRLES 15 TO 19. 4.3g of alum na (pupplied
by Harsha ' atea-of 12800P/ g o the formafdgranul es
of size 0}5-1.4anmiwas added to an|aqueous sol ution of zinc chlorige (0.219)
and chron] EFANRLE] cHfbT4dEEThexahydrate (O FPEMPERATHRE.| || ed vatel (Sm)
and stirrpd to engure thorough wetit i4yp afaddq 55 1By {ded §@gdt | pn. The
m xturéSwhs then {iried by direct heating and |t he re.sulﬂant golid pieved to
give 10 phrticles] of size 0.5 - 1.Zmm for aprnrgned gatal yst coppri si ng
2%Cr | 2%Zn| by1Swei gh@%x@rv 2% Znt Ala,0. e 1Ehejes.@ qeduris.w¢ 2.epgat.ad pith
vari ous cpncentrajions of zinc c?hl oride ffo prjoducd a range ¢f fin]shed
cat al ystsj contai nfng 2% b%nwei ght |[chronmijum and up [to 8% by Jei ght|zinc. The
cat al yst s| wek® t epter A3 %en Molspthelli dPrygsB B e 7ac3cor4di4ngr -3 He Sorpcedure
descri bed] f or '
10
- 17 2%Cr/4%2n-A1203 15.7{13.9]10.3}|7.4 | 5.3 13.9
18 ZZCr/SZZn-A1203 10.6{8.5 }6.8 (5.2 13.8 12.¢6
19 24Cr/8%2n~A1_0. S.1 4.4 |3.8 13.012.5 2.1
13 2
COMF. 2%Cr-al.0. 12.218.0 |4.6 |2.3|1.2]0.5
EXAMPLES 20 to 22.
20 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
23 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
30 finished catalyst comprising 24Cr/0.3%Zn by weight on
A1F3r The above procedure was repeated with various



exanples | to 5. For the purposes of conparison, the activity of a catal yst
conprising 2% by wei ght chrom um on al um na, prepared from an agueous
solution 20 of chromum (I111) chlgiide was al so nmeasured. The results of
the study are presented as 7. yields of 1,1.1.2-tetrafluoroethane in Table
4 and denonstrate the beneficial effect of zinc addition to
chronmium cont ai ning alum na on increasing the yield of 23 :

1,1,1, 2-tetrafl uoroet hane (134a). -20- [err] EXAMPLES 20 to 22. 4.43g of

al um ni unahbugpi €8, 2Rr Bpavedghy £iﬁalIﬂsea&aﬂanﬁswathehydtage@dfluorlde for
24 hours at %err#ppln t he form of granu es of sjz 1. 4mm and havi ng

a surface3ir 85™8PPPETIT RESSTWERA2 6°ﬁﬂlﬁﬁuﬁﬁu§h§o?ﬁ??%% ¥ zinc chloride
(0.053g) aedcribelr fnruexébpleschl bei e hexahydrate (0.51g) in distilled
water (oM ) and. Shir baflphBeE Y EohloLoUEh YRE!RGLAL] Ee oo by the

solutign. The m xtur rect heating and the resultant
solid siecatalysgbyveopipintpgs2x §ﬂ§|3946 By - '&iQhﬁ]ch°a??FnP§hed cat al yst

conpri si ng) ¥EhAidmO¥T0obYa¥Pi 8Al PRepSFEd. £1HR aRO¥Queb@sedure was repeat ed
wi th various.concentrations of zinc chloride to rodfce a range of finished

catalyst5586HFéPﬂ|ﬂ§ E@KBW*“BlQﬁFI&hFBﬁ?ﬁhFe' vere a
measured.
The results of the study are presented as ¥
10 yields of 1,1,1,2-tetrafluoroethane in Table 3 and
demonstrate the beneficial effect of =inc addition to
chromium-containing alﬁminium fluoride on increasing

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

13 _ TABLE 5.
EXAMFLE | CATALYST TEMPERATURE.
340 |330 |320 | 310 | 300 | 290
20§ o9 2%Cr/0.5%Zn-ALF. | 16.0|13.0{9.9| 6.3 [4.5 |2.9
21 2%Cr /1%Zn-A1F_ 11.919.3 |7.0]s.7 | 3.6 |2.5
22 |zxCr/2uzZn-AlF. i.4a li.1 |o.9]o.7 os Jo.s
3
2s
COMP. 2%Cr-AlF | 14.3}9.1 |7.0] 3.6 1.7 |0O.8
conp. 2. 4%Cr-ALF 12.0{8.1 la.6]|2.3|1.3 |o.6

30  EpxampLE 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



-21- and up to 2% by weight zinc. The catal ysts were tested at atnospheric
pressure according to the procedure described for exanples 1 to 5. For

pur poses of conparison the actiyi%é of two catalysts containing 2% and 2. 4%
by wei ght chrom um on al um ni um fFFgori de, and prepared from an aqueous
sol.ution of chromum (111) chloride, were also neasured. The results of the
study -are presented as % 10 yields of 1,1,1,2-tetrafluoroethane in Table 5
and denonstrate the beneficial effect of zinc addition to
Chro”‘“”‘%%%%%h%‘Q&l%kﬁ%h”b!”EEEEOEhQSrQBe'BQVQQQ mgahBe yield of

1,1, 1, 2- tetrafluoroethaneh&€34a) TABLE 5. [er 8ﬂ€$lUﬁ]OXIde tabl ets
(suppl i ed chy ominak (§1&3) © édgrbﬁﬁéhfﬁrgFﬁe‘ardﬁa &s*Bf size 0.5-1.4mm

4. 449 of Bh%tguquadwﬁ&@&es5uuuoshdesuasradded tAsane therdidgh aqueous
solution of .zinc c ride (0.053g).and c¢chromu L1] r hexahydr at e
(0.513g) MTTAEE e h\ﬁats&(’nf'SgV) z"Qﬁdsg ?‘HSH {n& 5ns%’r‘gn %o?gﬁgh wetting of
t he soI|ddbyeaheysdhw9n¢nhe§heng1nhurehuasednnbdnbySQRiQCSIHEQ#|ng and the
resul tant %o lq Q¥Rd ch2edi ¥ %EIB|§S 4§hze°Q a rihifdHBy of a

finished cat st conprising [err on nmagnesi a. The catal yst was
tested atcaﬂﬁdyﬁﬁeﬁq@Pﬁﬁé§§er %Cr/0. SAZD Y velght on magnesia.

The catalyst vas tested at atmospheric pressure

according to the procedure described for examples 1 to

5.

10

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)

13 chloride were alsoc tested.

The results of the study are presented as x_
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

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

TABLE 6.

EXAMFLE CATALYST TEMPERATURE.
23 340 330 320 310 300

23 2%Cr/0.5%Zn-Mg0 | 2.51) 1.e6e| 1.07} 0.99] 0.4

.comP. | 2%Cr-mgo "~ |1.25| 0.87| 0.53| 0.35] 0.2
30

COMP. 2. 4%Cr-Mg0 2.00} 1.30 - - =~




according to the procedure described for exanples 1 to 10 5. For the

pur poses of conparison, catalysts containing 2% and 2. 4% by wei ght

chrom y Mpr egnat i ng nagnesi um oxi de granul es of size 0.5 -
1."4mm mnnmmgﬂumlﬂol ution of <hromum (111) chloride were also tested.
The .resul ts of ®Mhesstudy are presented as % yiel ds of ‘
1,.1,1,2-tetrafl uoroethane in Table 6 and denonstrate the beneficial effect
of zinc addition to chrom um contai ni ng magnesi um oxi de on increasing the
yi el d of %tkfhébtetrafluoroethane (134a). [err] TABLE 6. - 23 CLAI M5

1. A chromrorrcontai ning fluorination catal yst which conprises an
activity-pronoting anount of zinc or a conpound of zinc. 2. A catalyst as
clai med in cl@idhrbwifndE gt 78 i QU THEAN A RaRG168kaLKSERCONDI i Ses a
met al oxi de, hal ogenated netal oxide or netal oxyhalide. 3. A catalyst as
cl ai megy i FXWRLHASE A BG'HY e AFOmat 160 BeuRdt &F GRPGe*hal ogenat ed net al
oxi de or impoundy/ e izdsd.s chrom um magnesi um al um nium or zirconium 4.
A catalyst as clainmed in claim3 in which the chrom um containing catal yst

conprises cnrom a, .
2. A catalyst as claimed in claim 1 in which the

- chromium-containing catalyst comprases a metal oxide,

10 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
oxyhal;&e is chromium, magnesium, alumanaum or
Zirconium.

13
4. A catalyst as claimed ain claim 3 an whach the
chromium-containing catalyst comprises cnrcmia,
haiogenated chromia or a chromium oxyhalide.

20 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.

23 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 zirnc.

-~

30 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.



ha%egeﬁaPed—ghLQnLa_Qr a chrom um oxyhalide. 5. A catalyst as claimed in
tﬁuﬂﬁln whi ch the activity-pronoting anount of zinc or conpound of zinc

wmﬂlm“nchron1a haI%? nated chromi a or chrom um oxyhalide. 25
imed in clai or claim5 in which the chrom a,
halogenated chrdm a or chronmi um oxyhalide is inpregnated with an activity

pronot-ing amobunt of zinc or compound of zinc. 30 7. A catalyst as clained
in claim6 in which the amount of zinc is in the range from about 0.5% by

vei ght tOSabQUEaQSQPytm@égéiapﬁeéhfhcéiﬁiﬁsl vhich 2domfridesad al yst as
claimed in claim4 wh g nprises a m xed oxide of zinc and chromum 9. A

process fBixPAcPEALFNY tﬁ%"%c??9|?§rBT1%mthronlun}contalnlng fluorination
cat al yst mhlch process conprlses |ntrodu0|ng an activity pronoting anount

of zinc of 3,compoupd 6k, 2Lc-Leel b FRLANIELLIP. of rocess as ofaimed in

claimg ses to” preci 2tTng 21 nc roxi de and chrom um
hydrOX|decandmihmreahte;ntogvéltongnaheohy9$b&4ﬂ%§ ¥eighnc oxide and

chr omi um P%bgéﬁslé nfr PEOECDA A5G 2hgTHn | B el aLay Sppbhobiagnpri ses
| mpr egnat ron1un}conta|n|n catal¥st Wi wat e | ubl e zinc

salt. 12. aAPBPbcE§sz+BF PﬁeapFBﬂBEPP6n°5fz Pﬁo??nﬁ?§d°ﬁ§ﬁ¥5%  bons whi ch
conprises reacting a hydrocarbon or 20 a hal ogenat ed-hydrocarbon with
hydrogen f POK'QQQLst as claimed in claim 9 which comprises

10 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

1: 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
20 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
23 halogenated hydrocarbdn comprises an alkene or alkane
having from 1 to 4 carbon atoms and at least 1

chlorine atom.

- 14. ~A process as claimed in claim 13 in whach ihe
30 haiogenated hydrocarbon is selected from the group
consisiing of 1-chloro-2,2,2-trifluorcethane, _
trichloroethylene, l-chloro-2,2-diflucroethylene and

perchloroethylene.



t he—vapotur—phase 1 n the presence of a fluorination catalyst as defined in
any on " 0 8 13. A process as clained in claim12 in which the
25 hﬁmw}@ugﬂcn arbon conpriges an al kene or al kane having from1 to 4
carb east 1 chlorfrie"atom 14.-A process as claimed in

claim 13 in which the 30 hal ogenated hydrocarbon is selected fromthe group
consisting of 1l-chloro-2,2,2-trifluoroethane, trichloroethylene,

1-chl oro- 2, 2- dlfluoroethylene and perchl or oet hyl ene. -25- 15. A process
as C'a'"EQs'nA65abEbLé ¥ &@h&ﬂe& ¢h! 1034, 242iaraaiaproethane i's reacted
wi th hydrogén fluoride in vapour phase whereby t roduce 1,1, 1,

2-tetraf| docbderaned: 218- tA*ﬁFBEé§§t§§nelaﬁnﬁﬂaFHEEIéf 15 whi ch conpri ses

the stepsn@@kobeaCEuner&aechh0£ﬁstbxbeue phbBehyrlesgep tbuoride whereby to
produce 1-chl oro-2, %rlfluoroethane and (b) reacting 10

1- chl oy, QerQCFrFmeér StREABEIPPRRYBPBGen 1 uori de whereby to produce
1,1, 1, Z-tetrafl uoroethane, in which a chrom um contai ning catal yst as

defined i noany QRS QhaCkd Hialnbl §ni 218UR! O4CUnkByatohBRELeONE O Steps
(a) and ( f 5 P i process as c conprises the
st eps of : the steps (a) reacting trichloroethylene wzth hydrogen
- fluoride wvhereby to produce .
1-chlorb-2,2,2-triiluoroethane and (b) reacting
to l-chloro-2, 2,2-triiluoroethane 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).
13
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
20 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
23 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
3o 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



(A contacting a mxture of l-chloro-2,2 ,2-trifluoroethane and 20
hy drogmi fluoride with a catal yst as clal rred in any one of clains 1 to 8 at

[err] ‘, ”mum“mtm on zone whereby to forma product containing,
1,1,1 Wane and hyd@&gen 25 chl ori de toget her

W|th unreact ed st drt i ng materials, (B) passing the total product-of step A
together with trichloroethylene to a second reaction zone containing a
catal yst 30 : as clainmed in any one of clains 1 to 8 at [err]
whereby to forma praodyct contal ning 1-chloro-2,2,2-trifluoroethane, 1,1,1,
2-tetrafl uoroet hane 53 dgen chl ori de; (C) treati hg the product of
step B whereby tdCera'leattang rhet pireduentt aifnistgphpdwagerbghl ori de and

1,1, 1,2-tetrafl uoroetha 1-chl triflyoroethane, unreacted
hydr ogen fl uori de anhlgu%%gaa&g?g trp'éﬁ‘lrtglf%et%ogltamm D) feeding the

1- chl ogo- 2, 2, 2-t ri f | RYPSEERENEPAoXEdee asi: ai ned fromstep C together with

addi ti onal hydrogen fil, uoni, de +ee razihdokloethaneaglkican zone, and
l-chloro-2, 2, 2-trifluoroethane,
unreacted hydrogen fluoride and
unreacted trichlorcethylene;

(D) feeding the

L0 l-chloro-2, 2, 2-trifluoroethane
mixture obtained from step C together
vith additional hydrogen fluorade to
said first reaction zone, and

tE) recovering 1,1,1,2-tetraflucraethane

13 from the
1,1,1, 2-tetrafluorcethane/hydrogen
chloride mixiure obtained_from step C.

20

23

30



(E) recovering 1,1,1,2-tetrafl uoroethane from the
1,1, 1-tetrafl uoroet hane/ hydr ogen. chl.ori de m xture obtained fromstep C. 20
25 30 '

ABSTRACT
- FI.'UORINATIQN CATALYST AND PROCESS
‘A chromium-containing fluorination catalyst which
comprises an activity-promoting amount of zinc or a
compound of zinc, a process for increasing the
activity of a chromium-containing fluorinatien
catalyst'by introducing an activity promoting amount
. : of zinc or a compound of zinc to the catalyst and a

process for the production of fluorinated
hydrocarbons, in particular 1,1,1,2-tetrafluorcethane
which comprises reacting a hydrocarbon or a
halogenated hydfocérbon, in particuilar
l-chloré-z,2,2-trifluoroethane with hydrogen fluoraide
in the vapour phase in the presence of the

zinc-promoted chromium-containing catalyst.
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