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The present invention relates to the manufacture 

of chloropentafluoroethane C2F5Cl by a gas phase catalysed 

reaction of dichlorotetrafluoroethane C2F4Cl2 with hydro­

fluoric acid HF. 

Chloropentafluoroethane, which is used as a sol-

vent, propellant or refrigerant fluid .is prepared by known 

processes, for example from perchloroethylene, chlorine 

and hydr~fluoric acid <East German Patent No. 117,580>. or 

by a gas phase reaction of trichlorotrifluoroethane C2F3Cl3 

10 with hydrofluoric acid in the presence of aluminium tri-

fluoride (Japanese Publication 48-26,729/73>. 

US Patent 3,087,974 describes the vapour phase 

disproportionation of chlorofluoro compounds on a cata-

lyst without the addition of hydrofluoric acid. The dis-

15 proportionation of dichlorotetrafluoroethan~ takes plac~ 

according to the reaction: 

This catalyst is activated alumina of high surface 

area which is treated with a fluorocarbon compound before 

20 being us..ed for the disproportionation reaction. The con-

version of CF2CLCF2Cl to C2CLF5 does not exceed 34% on 

a molar basis and a high proportion of c2Cl3F3 is pro-

duced as a by-product. 

u• Patent 3,258,500 describes a vapour phase 

25 catalysed fluorination using hydrofluoric acid. The 

dichlorotetrafluoroethane CF2Cl-CF2Cl and hydrofluoric acid 

HF, in a molar ratio. [ HF J of between 4 and 5, 
CF2 Cl-CF2 CI 
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react at 400°c on a chromium oxide catalyst. The proport­

ion of hexafluoroethane CzF6 formed is 0.19 on a molar basis 

relative to CzF5Cl. 

A paper by L. Marangoni et al., "Preparation of 

5 chloropentafluoroethane from dich~orotetrafluoroethane" 

(Journal of Fluorine Chemistry 19, 1981/82, pages 21 to 

34> also describes a chromiu~ oxide-based catalyst for the 

gas phase manufacture of CzF5Cl from CzF4Clz and HF. 

The degree of conversion of CzCl2F4 is between 72 and 

10 75%, the yield of CzF5Cl is between 89 and 92%, but the for­

mation of hexafluoroethane is still 8% on a molar basis 

15 

20 

of the formation of C2F5Cl. 

A paper by M. Vecchio et al., "Studies on a vapor­

phase process for the manufacture of chlorofluoroethanes" 

(Journal of Fluorine Chemistry, 4, 1974, pages 111 to 139) 

describes the same reaction as the preceding paper but on 

a catalyst bas~d on aluminium fluoride doped with nickel, 

iron and chromium halides. The degree of conversion of 

C2F4Cl2 does not exceed 41% and the molar percentage of 

CzF5Cl a-t the reactor outlet h 38%. 

The catalysts of the prior art are difficult to 

prepare, while the yields and selectivities for t2F5Cl are 

mediocre. 

The present invention overcomes all these disad~ 

25 vantages by offering a simple, flexible and economical 

process for producing CzF5Cl. 

The process according to the invention consists 
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in subjecting dichlorotetraf luoroethane C2CL2F4 to the 

action of hydrofluoric acid HF in gaseous phase in the 

presence of a catalyst prepared by reacting > in a gaseous 

phase, an activated alumina whose sodium oxide content 

5 is less than 300ppm and in which the volume of the pores 

with a radius of 40 angstroms and more is greater than 0.7 

cm3/g with hydrofluoric acid or with a mixture of hydro-

fluoric acid with air, nitrogen or a fluoro compound. 

A high conversion, above 80%, of the starting 

10 materials and a high yield of CzF5Cl are obtained. Ano-

15 

20 

25 

ther advantage of the process is the catalyst life. 

The activated aluminas are produced by controlled 

heating of alumina hydrates so as to remove most of the 

water of formation CKirk-Othmer, Encyclopedia of Chemi-

cal Technology, 3rd edition, vol. 2, page 225>. 

The· alumina used to pre""Pare the catalyst is a 

commercially available alumina. It suffices to choose an 
0 

activated alumina in which the volume of the pores of 40 A 

and more is great~r than 0.7 cm3/g and is preferably be­

tween 0.75 and 1 cm 3/g. It is advantageous for the alumina 

to be in the form of granules, beads or extrudates of a 

size smaller than a sphere with a diameter of 20 mm and 

preferably a few millimetres, to permit convenient handling 

during the loading and draining of the reactor. 

As indicated above, the sod~um oxide Na20 content 

must be ·less than 300ppm, and should, preferably, be as 

low as possible. 
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It is also advantageous to choose an alumina 

containing, on a weight basis, not more than 0.5% of 

silica and not more than 0.2% of iron oxide Fe203. 

This alumina is converted into a mixture of aluminium 

5 trifluoride AlF3 and alumina by reaction with HF by 

itself or mixed with air, nitrogen or a fluoro 

compound. 

For example, it is possible to use a mixture of 

dichlorotetrafluoroethane C2ClzF4 and hydrofluoric acid, 

10 which is passed over this alumina at a sufficient tempera-· 

ture to initiate a reaction which converts the alumina to 

aluminium trifluoride. It is advantageous to operate be­

tween 150 and S00°c. The operation is preferably performed 

at atmospheric pressure, with contact times of between 5 

15 

20 

25 

and 15 seconds. The specialist can easily carry out the 

reaction and adjust the proportions of CzF4Clz and HF, the 

temperature, the pressure and the contact time so as to 

prevent the alumina being damaged by a high temperature 

due to the exothermicity of the reaction. 

~hen the composition of the gases no longer chan­

ges after they have passed over this alumina, then the 

alumina has been converted to the catalyst. It can be 

employed, after being washed with water if appropriate, to 

effect the fluorination of CzF4Cl2 to CzF5Cl according to 

the invention. 

According to a preferred embodiment of the inven­

tion the catalyst may also be prepared by subjecting 
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alumina in a fluidized bed to the action of a stream of hot 

air or nitrogen _containing hydrofluoric acid. It is advant­

ageous to operate between 150 and 500°c. A mixture of bet­

ween 0.1 and 30%, on a molar basis, of HF with air or nit-

s rogen, and preferably between 1.5 and 3%, is advantageously 

employed. The throughput is advantageously between 200 and 

250 mole•lhour per litre of catalyst. The operation is 

preferably carried out at atmospheric pressure at 3S0°c or 

above. It is convenient to vary the HF concentration in 

10 the air or nitrogen to control the exothermicity of the 

reaction. When no more HF is consumed, the reaction is 

stopped and the catalyst is considered to be ready for the 

fluorination of C2F4Cl2. 

15 

The reaction between dichlorotetrafluoroethane 

C2F4Cl2 and anhydrous hydrofluoric acid HF is carried out 

in a gaseous phase over the catalyst which may be prepared 

according to either of the above two routes. The tempera­

ture is advantageously between 350 and sso 0 c and preferably 

between 380 and 500°c. The molar ratio HF/C2CL2F4 is 

20 advantageously between O.S and 1.5 and preferably between 

0.9 and 1.1. While the operation may be carried out at any 

pressure, provided that it remains in a gaseous phase, it 

is nevertheless much simpler to operate between 0.5 and 4 

bars absolute, and preferably at atmospheric pressure or 

25 thereabouts, and with a contact time of between 5 and 15 

seco~ds and preferably between 6 and 13 seconds. 

The following examples illustrate the invention 
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In all these examples, the CzF4Cl2 employed con­

tains 92.7% of the symmetrical isomer. 

Example 1 

A pure activated alumina supplied by the Kaiser 

Company <ref. Al 4192) in the form of 0.8 mm C1/32"> ex-

trudates is employed, the characteristics of which are as 

follows: 

Volume of pores with a radius greater 

than or equal to 40 A 
Total BET specific surface 

Mean pore radius 

Apparent density <compacted bulk> 

Surface area of pores with a radius 
• between 50 and 250 A 

Fe203 content: 0.08% b~ weight 

Si02 content: 

Na20 content: 

· 0.13% by weight 

0.015% by weight. 

= 0.91 cm 3/g 

= 161 m2/g 

• = 106 A 

= 0.47 

0.12 litre of this alumina is charged as a fixed 

20 bed into_a tubular reactor with an internal diameter of 

28 mm, and it is then converted into catalyst by proceed-

ing as in the table below. 
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Temcerature Absolute Molar through- Contact Life, hours 

in tl'le pressure put of reactants time cumulative 

reactor Catmos- in moles/Ch x 100 <seconds) 

0 c oheres} ml of catalyst> 

c2cl2F4 HF 

350 1 0.374 0.177 12.8 48 

380 1 0.328 . o .178 12.7 93 

410 1 0.337 0.187 12.2 142 

At the end of this treatment, after the oxygen­

free acids have been s~rubbed with water and with an aque­

ous sodium hydroxide solution, the proportion of C2ClF5 

in the gas leaving the reactor reaches 23.6%, whereas it 

15 was only 0.7% at 3S0°c. 

The reactor temperature is then raised to 450°c, 

the C2Cl2F4 being of the same quality as before. The 

results are given in Table I below, where the molar through­

puts are expressed per 0.1 Litre of catalyst, the reactor 

20 pressure_being 1 bar absolute, and the temperature being 

main~ained at 450°c. The working Life of the catalyst 

which is shown includes the preliminary step of conver­

sion of alumina into catalyst. 

In all the tests described above, the unconverte~ 

25 dichlorotetrafluoroethane (approximately 15% on a molar 

basis of the CzCLzF4 compound employed> contains 20 

to 25% of the symmetrical isomer CF2CL~CF2CL. 
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After 550 hours' operation under the working con­

ditions described above, and a regeneration with pure air 

at 450°c, the catalyst produces results which are abso­

lutely identical to the above. 

5 Example 2 

The same activated alumina as in Example 1, in 

the same physical form of 0.8 mm extrudates, is taken and 

is converted into catalyst by a fluidized bed technique. 

0.125 litre of Kaiser 4192 alumina, i.e. 51.3 g, is taken 

10 and is heated to 3S0°c in a stream of nitrogen, and the 

following gas mixture is then introduced for 24 h at atmos­

pheric pressure: 

15 

20 

air 27.2 moles/h 

HF 0.77 moles/h. 

After 24 hours of this treatment, the ca~alyst 

contains 62% of fluorine, that is to say 91.4% of alumin­

ium fluoride and 8.6% of unconverted alumina. Jts weight 

rises to 77.9 grams. 

68.1 grams of this catalyst C0.1 litre> are taken 

to be tested in the same 28-mm diameter tubular reactor 

as· in Example 1, and the procedure of Example 1 is fol­

lowed. The results are shown in Table II below. 

The catalyst working life which is shown in this 

table corresponds to the period beginning with the charging 

25 of the reactor -with a fixed bed and.does not include the 

conversfon of alumina into catalyst. 



,_, 

s 
v 

10 

15 

20 

25 

.0 

- 9 -

Example 3 

The method of Example 2 is followed, starting with 

the same activated alumina, except that after the conver-

sion of the alumina into catalyst and charging the reac-

tor with a .fixed bed for the fluorination of CzF4Cl2, the 

reaction is started with a molar ratio HF/C2Cl2F4 close 

to 1 instead of 0.4 in Example 2. 

The results are shown in Table III. 

The starting method does not alter the catalyst's 

activity or selectivity. 

The working life shown is the period from the 

charging of the reactor with a fixed bed and does not in-

elude the conversion of alumina into catalyst. 

Example 4 <comparative> 

The procedure of Example 2 is followed but using 

an activated alumina whose pore volume is different from 

that of the activated alumina used in the process accord-

ing to the invention; the alumina used is SC~ 250, having 

the following characteristics: 

.Chemical purity 

Nazo 

Fe203 

Si Oz 

800 ppm 

300 ppm 

200 ppm 

Physical properties: 

Form: be~ds, 2 to 4 mm in diameter 

Specific surface CBET> = 270 m2/g 

Total volume of pores of radius greater than 
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or equal to 40 A = 0.63 cm 3tg 

Mean pore diameter 90 A 

Bulk density: 0.66 g/ml. 

A catalyst is obtained whose ALF3 content is 87.7% 

5 by weight, the remainder being unconverted alumina. The 

results are shown in Table IV,1; the working lives are 

measured as in Example 2. 

The same SCM 250 alumina is used as spheres of 2 

to 4 mm and is converted into catalyst as before, but 

10 after the conversion it is reduced mechanically into small 

pieces of Less than 1 mm to approach the size of the 

Kaiser alumina of Examples 1, 2 and 3. This catalyst is 

then used as before. 

15 

20 

25 

The results are shown in Table IV,2. 

The working lives shown in the table do not in-

elude the time for converting the alumina to catalyst. 

Example 5 

CS 331-1 alumina sold by the Catalysts and Chemi­

cals Europe CCCE> company is employed, whose principal 

p~ysical characteristics are 

the following: 

form: extrudates 1/16" Cm 1.6 mm> in diameter 

ac~ive surface area CBET): 255 m2 /g 

mean pore diameter: 90 A 
volume of pores of radius greater than or equal 

to 40 A: 0.76 cm 3/g 

bulk density: 0.60 g/ml. 
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Na20 content: 0.02% 

Fe203 content: 0.08% 

Si02 content: 0.03% 

The catalyst is prepared as in Example 2, the ALF3 

S concentration of the catalyst is 92%, with 8% of uncon-

verted alumina. 

The results of the corresponding tests are shown in 

Table No. V below; the results obtained are found to be 

clearly superior to those obtained in comparative Example 

10 No. 4 CSCM 250 alumina). 

·The working lives shown do not include the conver-

sion of alumina into catalyst. 

Example 6 (comparative> 

Fluorination of C2F4Clz with HF according to a pro-

15 cess not in accordance with the invention. 

Instead of taking an alumina and converting it into 

catalyst as previously, a commercial aluminium trifluoride 

powder containing approximately 8% of alumina is used. 

Jts chief physicochemical characte~istics are as 

20 follows: 

mean particle size of the powder: SO to 80 

microns 

total specific area CBET) = 1.6·m2/g 

volume of pores of radius greater than or equal 

25 • 3 to 40 A: 0.25 cm /g. 

After this, the procedure is as in the preceding 
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examples of the fluorination of CzF4Cl2 with HF, but 

in a fluid bed instead of a fixed bed. 

The results are collated in Table VI. 

Example 7 

The procedure of Example 2 is followed, using the 

same type of alumina (Kaiser 4192>, but working with a 

shorter contact time. 

The r~sults are shown in Table VII, where the 

working lives do not include the time for converting the 

alumina into catalyst. 

It is found that the specific output of C2ClF5 

can be considerably increased without harming the yield. 

Table VIII, which gives results obtained in 

analogous operating conditions, shows the influence of 

15 the NazO content. 
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OPERAllNG CONOlllONS 

Catalyst "olar through- Molar Contact Degree of 
·working put of reac- ratio t i•e conversion 
life tants Hf/ lsec- l 
fcumu- <•oles/hour) c2ct 2r4 onds> 

Hf CzClzF 4 tative I C2Cl2f 4 .hours) Hf 

165 0.132 0.330 0.40 13.1 90.0 76.9 

257 0.268 0.257 l.04 11.6 19.3 85.2 
: 

445 0.254 0.283 0.90 11.3 73.1 85.S 

j 

( ( 

( 

RESULIS OBTAINED 

Degree "olar Molar 
of con- ratio ratio 
version C/6 c

2r
3ct

3 of 
c2Ct/4 c

2c lF 5 czcus 
to (II 100) (II 100) 

CzClF 5 
l 

62.0 0.5 20. 1 

81.4 0.6 3.9 

81.7 0.5 4.0 

c 

"olar 
ratio 
CF 4 •Cf 

3
ct 

(2( lf s 
(11 100) 

0.2 

o. 1 

0.1 
I 
I 

( 

-----· 
------

Spec 1 f 1 c 

uu t "" t 
i11 !JI ~lft!'. 

of r.lc l f., 
per hour 
pttr I it rtt 
of cata-
lrst 

316 

310 

351 

-I 
:J» 
m 
r 
rn 

..... 

r· 
' 

( 

....... 

""' 
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TABLE II 

OPERATING CONDITIONS f RESULTS OBTAINED 

Cataly!t 
wol"lcing 
life 
<cu111u-
\ative 
hou,.s> 

23.5 

46.5 

66.5 

89.5 

111 • 5 

133 .5 

Molal" thl"OUgh- I Contact Oeg,.ee of I Mola,. I Oegree 
out of ,.eac- I time conve,.sion of con- : ratio 
tan ts t (sec- " version j C2F6 
<moles/hour> I onds> of 1--I HF c2ct2F4 C.. r ~2F 4 C2ClF5 HF c2ct 2F4 I I , 

to Cx 100> i 
i I c2ctF5 ! I " i ' 
I I 

0.140 0.377 I 11.8 89.3 80.4 64.7 1. 1 
I 

I 0.149 0.365 

I 
11.8 91 • 1 80.5 65.1 1.2 

I 
i 0.140 0.360 12.2 I 93.4 79.6 63.8 0.7 
I I ' 

I 
I 0.244 0.247 I 12.4 79.5 87.9 80.8 1.0 
I 

0.223 0.247 12.9 80.2 87.2 I 79.6 1.0 

l ' ! 
0.218 0.247 13.0 83.1 I 85.8 77.2 1.0 . I i 

Operating conditions 

Fixed bed catalyst <volume = 0.1 litre> 

Temperature: 4S0°c 

P~essure: atmospheric 

I l'lolar Soe~;fii: I ratio out out I c2F3ct 3 fr1 grams 
of c

2
CtF

5 c2ctF 5 Ol!I" hOUI" 
( x 100> oer litre 

of cata-

I lyst 

I 

I 19.2 377 
! 

i 18.8 367 

I 20.0 I 354 . 
I ! 

I 
5.5 I 309 

6.0 I 304 

I I 7.5 295 I I 
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TABLE III 

OPEqATJNG CONDITIONS Results obtained 

Molar through- ! Degree of I Catalyst Molar Contact Degree l'tolar Molar 
working put of reac- ratio t 11111! conversion of con- ratio ratio 
life t ants .1 Hr/ (He- x version C2F6 c2r3ct 3 <cuinu- C111olesthourl I c2ct

2
F4 onds> of 

HF C2Cl2F4 lat\ve ! c2ct 2F ~ ' CzCl2F4 c2CLF 5 c2ctF 5 Hf 
hours> 

to (x 100) (. 100> 
! c2tLF 5 i x . 

24 0.255 0.243 1.05 13.2 75.4 86.5 79.8 1.2 I, .5 

47 0.240 0.245 0.98 '2.5 I 76.8 86.7 79.9 0.9 5.2 

Operating conditions 

Fixed bed catalyst <volume.= 0;1 litre> prepared as in 

Example No. 2 

Temperature = 4S0°c 

Pressure: atmospheric 

I 
SPl!c1t1t 
out out 
in 9ra111s 
of c2c ! r_

5 
per hour 
per lit re 
of ca ta-
! yst . 

300 

~ 
~02 . 
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Cata~yst j Molar through­
worlr '"9 I out -,f r!ac-
l if! tl"t s 
< cumu- --'-< m...;o;..;l_.!.-sl-.h..;o;.;;;u.;..r-.l --1 
lat iv! i 
hours> MF CzCl2F~ 

21. 

71 

I 
0.21.0 0.243 

0.235 0.253 

0.24Q 0.253 

Molar 
ratio 
HF/ 

c2ct2F" 

0.9Q 

o.n 
0.98 
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TABLE IV,1 

R~sults obtained 

<:ontact 
till!! 

Cs!i:• 

:'"dsl 

12 .s 

12.4 

12., 

O!gl"!! "f 
COMV!l"Sion 

% vers;on 
of 

HF C2tlzF4 CzCl2F4 

to 
c
2
ctF

5 
% 

9.0 9.4 6.8 

10.0 10.J 8.2 

12.7 t0.3 7.9 

Molar 
ratio 

C2!'6 

c2CtF 5 
(. 100> 

5.8 

2.4 

t.9 i 

operating cond;tions common to the tests 

4.3 

3.6 

0 1 l ·tre> in the form of f ;xed bed catalyst <volume = • , 
2 to 4 mm beads 

Temperature = 4S0°C 

Atmospheric pressure 

out cut 
;n ;11"-llll'S" 

,,, :~:l~. 

(; ' 
O!I" !'ll)UI' 

O'!',. I. f tr!!' '· 

-,f :at!· 
l Y'St 

32 

31 
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TABLE IV,2 

.,_,. 

0"'! ~AT! Nl'j CONO ITTONS Results ootained 

CatalYSt 
' 

'""l ar :~r.,uqn-1 ,..,,l 3r C::intac~ )!lfr''!! .,, 0•9""' "'otar ·"Otar :aee: f ~ ~ 
,! 

wor- 1n9 ' ::iut ::if '"eac- I '"at io t ~ •ei conver'S;on of con• ratio rat •o out::iut 
l H! ! : a,, ts MFi (Uc• : '"'"';on ,. . ... C' ... , in. :Jl''illlltS 

C~u111u- : (!llOl!s/hourl Cz:l2F:. ::incssl of T6 '-2· J. "j 
of -·" MF c2ct2F4 lat !VE! c2ct2F4 

,. ., . 
C2CtF5 

., ... 3 

:nour<Jl i MF c2:l 2 ::!.. ·2--· 5 OE!P" "IOUr 

I to (1 tQQ) (1 '00l Dirr'' l; tr"'! 
CzCtF. of :at a-

I % ) 
' I \yst 

..._,. 
j 

1.0 13.0 9.S 10.6 8.4 a.~ 2.J !O 
~ 117 i 0.232 Q.233 

i 
0.239 I 12.a 8.9 10.3 a.a o.~ 2.4 zo 139 i Q.234 , .o 

re111oe,.at•.1r'!• ;o<f c arter-
:?'I• ~39tn llOUr' 

T59 I 0.238 I o.z:so 1.0 12. 1 10.? 20.3 17 .2 ' .5 .. :it 

I 

v 

Operat;ng conditions 

Fixed bed catalyst <volume = 0.1 litre> 

Temperature = 450°c up to the 139th. hour, then S00°c 

Atmospheric pressure 
.v 

v 
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.:.t ... t'St .. a, .. ,. enr-,..,q,,-
11or11: 1ng :iuc ,, '"'!JC• 

\tr" :ants ,e.-.- "ICle'11nouio 1 

t. iiC ~ v• ,., 
=:=~:·' .. "ours1 

ZS J.Z45 O.Z42 

~a O.Z45 0.245 

71 O.Z45 o.z:.s 
!o.S \). '.~4 J.2<.3 

•.. ·· 

•t)l.Jf 

·.u '" 
-iF• 
=:.:l :;:; . 

! .J 

~.o 

! .J 

J.! 

Operat;ng conditions 
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TABLE V 

.lntJCC l•qr•• )f 

! ... ::onv•t"'llOn 
s•c-
onas1 ,., c,::z1 • 

:z.s 'J.7 -~ 76.'1 

12.:. 66.• 77.J 

12.:. oo.i ?6.'I 

11.'I 66.Z :9! • .!. 

:iesults ootained 

>•qr•• ,.01ar ,.01ar :iattc: ~ •: 
ot :on- rac 10 ..-ac ,o 'ucouc 
vtrs1on . . 

':2; ~:~l ~ 
·n ~ra•s 

of ,, ":?::rs r •I • c2:Lf5 ·:z::F; ... i .... 2 ... 
;)l!'r' .,our 

:o l• !00> l• 'CO> :it.r · .• :~I!' 
-:~:l's ,, :u a• . :: '.YSC 

7, • s 1 .. -: S.! !f>8 

71 .::J 1.0 s .• 268 

70.~ LJ s.:- ,;~a 

~Q.3 ~ • .? ?.S Z::o 

Fixed bed catalyst <volume = 0.1 litre> in the form of 

1.6 mm extrudates, prepared as in fxampl~ No. 2 

Temperature = 4S0°c 

Atmospheric pressure 

I 

I 
I 
! 
! 
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TABLE VI 

Catalysts ;n the form of a fluid bed <volume = 0.14 litre> 

with a mean particle size of SO to 80 microns 

Temperature = 4S0°c 

Atmospher;c pressure 
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TABLE VII. 

OPERATING COHDlr!ONS Results obtained 
~ata.lyst Molar tnrougn- I Molar I talltaCt oegrH of De9re1t ! Molar Molar ! Spec 1 f ic I 

iwark 1ng Dut of reac- ratio tiM conversion of con- I ratio ratio ! ouc11ut 
I 

I life tants. HFI <He- % version ' ll_ c2F3cl 3 
1 in gra•s I 

Ccu•u- <•oltslliourl c2cl2F4 oncss> 
"2CL2F4 

of I of c2tLFS lat1ve I c2tlz' 4 
HF 

c2cL2r4 c2CLF5 c2CLFS llloursJ HF per no"r 
I ta I (x 100) c. 100> 11er lit re 

C2C\F5 at caca-
% Ly st 

24 0.349 0.375 0.93 8~4 60.3 65.4 60.2 1.0 7.S 348.8 

:.a 0.367 0.373 0.98 8.2 59.5 67.2 62.5 0.5 7.0 360.2 

72.45 0.521 0.501 1.04 5.9 51.7 60.9 57 .1 o.5 6.1 442.0 

95.45 0.500 0.495 1.01 6.4 54.4 62.7 58.5 0.7 6.7 44"1 .4 

Operating conditions 

Fixed bed catalysts <volume = 0.1 litre> in the form of 

0.8 mm extrudates 

Temperature = 450°c 

Atmospheric pressure 

I 
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TABLE VIIX 

OPeRAFIHG CONDlrlONS I 

Results obtained I 
!'lol ar t111•ou9n- l'lolar Contact De9re• ot I Deqr•e ,.Olar 
out of rat10 t , •• conver.s 1an I of con- ratio reac-
tan ts HF/ Csec- % I ver·si on CzfJCll Nazo 
l111oles/nour> c2ct 2F4 ands) 

HF ! c2ct 2r t. of 
content 

HF c2ct 2FI. c2ct2F4 c2ctr 5 ) C PP•) 
I 

(s 1001 

I 
to 

c
2
c l F. 

:: ) 

I 
150 0.449 o.429 \,OS 7,4 ~2, I I 61,l ~H ,9 5,5 

9'.)0 0,'4 I) 0.4211 0,96 1.2 7.R R, I 1, 1 5 .2 
i: I 

Operating conditions 

Fixed bed catalysts (volume = 0.1 litre> in the form of 

0.8 mm extrudates 

Temperature • 4S0°c 

Atmospher;c pressure 

{ 

Soec1fic 
au tout 
in 9ra•s 
of c2:tF5 I 

l oer nour 
oer l i·tre 
of cat a-
Lysc . 

lA l ,8 

rn,9 
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CLAIMS 

1. Gas phase process for the manufacture of chloro-

pentaf luoroethane by the action of hydrofluoric acid on 

dichlorotetrafluoroethane in the presence of a catalyst, 

characterized in that the catalyst is prepared by react-

ing, in a gaseous phase, an activated alumina in which 

the volume of the pores with a radius of 40 angstroms and 

more is greater than 0.7 cm3/g with hydrofluoric acid or 

with a mixture of hydrofluoric acid either with air or 

with a fluoro compound. 

2. Process according to Claim 1, characterized in 

that an alumina is used in which the volume of the pores 

with a radius of 40 A and more is between 0.75 and 1 cm 3/g. 

3. Process according to Claim 1 or 2, characterized 

in that the.alumina has a purity greater than 99.2% by. 

15 weight. 

4. Process according to one of Claims 1 to 3, charac-

terized in that the alumina is in the form of particles 

of a size smaller than a sphere with a diameter of 20 mm. 

S. Process according to one of Claims 1 to 4, charac-

20 terized ~n that the preparation of the catalyst is carried 

out by the action of a mixture of air and hydrofluoric 

acid on alumina at a temperature of between 150 and 

soo0 c. 

6. Process according to Claim S, characterized in 

25 that the HF content in the mixture of air and HF is bet-

ween 0.1 and 30% and preferably between 1.5 and 3% on a 

molar basis. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \I" 
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7. Process according to Claim 5 or 6, in which the 

operation is carried out at atmospheric pressure at 350°c 

or above. 

8. Process according to one of Claims 1 to 4, char-

s acterized in that the preparation of the catalyst is car-

ried out by a gaseous phase reaction of a mixture of 

hydrofluoric acid and dichlorot•trafluoroethane over 

alumina at a temperature of between 150 and 5oo 0 c. 

9. Process according to Claim 8, characterized in 

10 that the operation is carried out at atmospheric pres-

~ sure with contact times of bet~een 5 and 15 seconds. 

v 

1 5 

·~; 

20 

v 

10. Process according to one of Claims 1 to 9, charac-

terized in that the fluorination of dichlorotetrafluoro-

ethane with HF is carried out with a molar ratio HF/di-

chlorotetrafluoroethane·of between 0.5 and 1.5 and pre-

ferably between 0.9 and 1.1, and at a temperature of bet­

ween 350 and 550°C and preferably between 380 and 500°C. 

11 • Process _according to Claim 10, characterized in 

that the operation is carried out between O.S and 4 bars 

absolute. 

12. Process according to Claim 11, characterized in 

that the operation is carried out at atmosphe~ic pres-

sure with contact times of between S and 15 seconds and 

preferably between 6 and 13 ~econds. 

111111111111111111111111111111 
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As p.rinted 
Patentanepriictie 

•· EP 0 226 492 81 

1. Verfahren zur HersteUung von Chlorpenta-
fluorethan in der Gasphase durch Einwirkung von 
Fluorwasserstoffsaure auf Dichlortetrafluorethan 
in Gegenwart eines Katalysators, dadurch gekenn-
zeichnet. dass der Katalysator durch Reagierenlas-

nes aktiven Aluminiumoxids in der Gaspha-
assen Gehalt an Natriumoxid geringer als 
,Jpm ist und dessen Volumen der Poren mit 
.n Radius von 40 Angstrom oder mehr grosser 
;Is 0.7 cm3 /g. mit Fluorwasser~toffsau~e oder 
einem Gemisch von Fluorwasserstoffsaure 

J Luft. Stickstoff oder einer fluorierten Verbin-
ng hergestellt wird. 
2. Verfahren nach Anspruch 1. dadurch ge-

mnzeichnet, dass man ein Aluminiumoxid ver-
1endet, dessen Volumen der Poren mit einem Ra-
iius von 40 Angstrom und mehr zwischen 0,75 
Jnd 1 cm3 /g betragt. 

3. Verfahren nach Anspruch 1 oder 2. dadurch 
gekennzeichnet. dass das Aluminiumoxid eine 
Reinheit von mehr als 99,2 Gew.% hat. 

4. Verfahren nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, dass das Aluminiumoxid 
in Form van Partikeln einer Grosse kleiner als eine 
Kugel mit 20 mm Durchmesser vorliegt. 

5. Verfahren nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, dass die Herstellung des 
Katalysators durch Einwirkung eines Gemischs 
aus Fluorwasserstoffsiure und Luft oder Stickstoff 
auf Aluminiumoxid bei einer Temperatur zwischen 
150 und 500• C erfolgt. 

6. Verfahren nach Anspruch 5, dadurch ge-
kennzeichnet, dass der Gehalt an HF in dem Ge-
misch HF-Luft oder -Stickstoff zwischen 0,1 und 
30% und vorzugsweise zwischen 1,5 und 3 Mol.% 
liegt. 

7. Verfahren nach Anspruch 5 oder 6, bei dem 
man bei atmospharischem Druck bei einer Tempe-
ratur von 350- C oder mehr arbeitet. a Verfahren nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, dass die Herstellung des 
Katalysators durch Einwirkung eines Gemischs 
von Fluorwasserstoffsiure und Dichlortetrafluor-
ethan in der Gasphase auf Aluminiumoxid bei ei-
ner Temperatur zwischen 150 und 500• C ge-
schieht. 

9. Verfahren nach Anspruch 8, dadurch ge-
kennzeichnet, daSS-man bei atmosphirischem 
·Druck arbeitet mit einer Kontaktzeit von 5 bis 
15 Sekunden. 

1 O. Verfahren nach einem der Anspruche 1 bis 
9, dadurch gekennzeichnet, dass die Fluorierung 
des Oichlortetrafluorethans mit HF mit einem mo-
taren Verhiltnis HF/Oichlortetrafluorethan zwi-
schen 0,5 u_nd 1,5 und vorzugsweise zwischen 0,9 
und 1,1 und bei einer Temperatur zwischen 350 
und 550- C und vorzugsweise zwischen 380 und 
50<r C durchgefuhrt wird. 

11. Verfahren nach Anspruch 10, dadurch ge-
kennzeichnet dass man zwischen 0.5 und 4 bar 
absolut arbeitet 

12. Verfahren nach Anspruch 11, dadurch ge-
kennzeichnet. dass man bei atmosphirischem 
Druck mit einer Kontaktzeitvon 5bis15 Sekunden 
und vorzugsweise zwischen 6 und 13 Sekunden 
arbeitet. 
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As printed 
Claims 

1. Gas phase process for the manufacture of 
chloropehtafluoroethane by the action of hydro-
fluoric acid on dichlorotetrafluoroethane in th~ 
presence of a catalyst. characterized in that the 
catalyst is prepared by reacting, in a gaseous 
phase, an activated alumina whose sodium oxide 
content is less than 300 ppm and in which the 
volume of the pores with a radius of 40 angstroms 
and more is greater than 0.7 cm3 /g with hydro-
fluoric acid or with a mixture of hydrofluoric acid 
with air, nitrogen or a fluoro compound. 

2. Process according to Claim 1, characterized 
in that an alumina is used in which the volume of 
the pores with a radius of 40 A and more is be-
tween O. 75 and 1 cm3 /g. 

3. Process according to Claim 1 or 2. charac-
terized in that the alumina has a purity greater than 
99.2% by weight. 

4. Process according to one of Claims 1 to 3. 
characterized in that the alumina is in the form of 
particles of a size smaller than a sphere with a dia-
meter of 20 mni. 

5. Process according to one of Claims 1 to 4. 
characterized in that the preparation of the catalyst 
is carried out by the action of a mixture of hydro-
fluoric acid and air or nitrogen on alumina at a tem-
perature of between 150 and 500· c. 

6. Process according to Claim 5, characterized 
in that the HF content in the mixture of HF and air 
or nitrogen is between 0.1 and 30% and preferably 
between 1.5 and 3% on a molar basis. 

7. Process according to Claim 5 or 6, in which 
the operation is carried out at atmospheric pres-
sure at 350• C or above. 

8. Process according to one of Claims 1 to 4. 
characterized in that the preparation of the catalyst 
is carried out by a gaseous phase reaction of a mix-
ture of hydrofluoric acid and dichlorotetrafluoro-
ethane over alumina at a temperature of between 
150 and 500· c. 

9. Process according to Claim 8, characterized 
in that the operation is carried out at atmospheric 
pressure with contact times of between 5 and 
15seconds. 

10. Process according to one of Claims 1 to 9. 
characterized in that the fluorination of di-
chlorotetrafluoroethane with HF is carried out 
with a molar ratio H F/dichlorotetrafluoroe.thane of 
between 0.5 and .1.5 and preferably between 0.9 
and 1.1, and at a temperature of between 350 and 
550- C and preferably between 380 and 500• C. 

11 . Procels according to Claim 10, charac-
terized in that the operation is carried out between 
0.5 and 4 bar absolute. 

12. Process according to Claim 11, charac-
terized in that the operation is carried out at atmo-
spheric pressure with contact times of between 5 
and 15 seconds and preferably between 6 and 
135econds. 
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