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HOECHST AKTIENGESELLSCBAFT Dr. MA/PL 

Description 

Process for the purification of chlorofluorocarbons 

The present invention relates to a process for removing 

5 olefinic impurities from hydrogen-containing chloro­
fluorocarbons. Hydrogen-containinq chlorofluorocarbons 
(HCFCs) a:ce_us~d as substitutes for the ozone-endangering 
fully-halogenated, i.e. hydrogen-free, chlorofluorocar­
bons (CFCs). However, in order to be able to use HCFCs in 

10 areas such as foamed plastics and refrigeration or as 

aerosols, undesired byproducts, which may be ·formed 

during synthesis, in some cases in trace elements, must 

be· removed quantitatively. These byproducts are prin-

· cipally olef ins, some of which a.re toxic. 

15 A known method of removing some unsaturated impurities is 

adsorption on activated charcoal or zeolites. Thus, for 

example,· US Patent 4,940,825 discloses a process for 

removing dichloroacetylene from R 141b (l,l-dichloro-1-
fluoroethane) or vinyl chloride by adsorption at from 

20 -20°C to + 60°C on activated charcoal having a pore size 

of from 4.2 to 4.8 Angstr6m. US Patent 4,992,044 states 
that dichloroethylene and bromochloromethane are removed 

from chlorofoxm at from 10 to l50°C by adsorption on 

ca1cium chabazite. According to US Patent 4,906,796, R 

25 1122 (difluorochloroethylene) is removed from R 134a 

( l,·1_, 1,2-tetrafluoroethane) by adsorption at from -10 to 

lOO~C on a zeolite or activated charcoal having a pore 

radius of from 3. 8 to 4. 8 AnqstrOm.. · In general, however, 

olefins havinq more than two carbon atoms cannot be 

30 removed from HCPCs from the ethane series in this way. A 

further disadvantage is that the byproducts which build 
up to high levels in the adsorbent and .may be highl:Y 

toxic must subsequently )?e dispose4 of at great expense. 
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us Patent 3,696, 156 describes another method in which 
olef inic impurities are removed from CFCs by passing the 
contaminated CFCs at from 180 to 250°C over alwninum 

oxide which has been treated with alkali metal hydroxides 
S or alkaline earth metal hydroxides. EP-A-370 688 dis-. 

closes a similar method in which the olefin-contaminated 
CFcs·are passed at temperatures of up to 300°C, preferab­
ly below about 250°C, over an amorphous metal oxide. Both 
these processes have the disadvantaqe that preparation in 

10 a constant quality of the solids used is only possible at 
great expense. In ad~ition, some impurities are only 
degraded to a small extent. 

The invention relates to a process for removing olef inic 
impurities of the formula CJinFpClq where m = 2 - 3, 

15· n = l - 4, p = 1 -·6, q ~ 0 - 4 and n + p + q = 2m, from 
hydrogen-containing chlorofluorocarbons (HCFCs) of the 
formu1a C4 B.,FcCld where a = 2 - 3, b = l - 5, c = 1 - 7, 
d = ~ - 4 and b + c + d = 2a + 2, which comprises passing 
the contaminated chlorofluorocarbons in the qas phase at 

20 temperatures of 200 to 400°C and pressures of from 1 to 
50 bar over a ~eolite. which, in the anhydrous and 
template-free form, has the formula z • Al 201 • x (Si02 ) 

in w_hich z = H, NH41 .M(I.)20, M(II)O or M(III)i03 where M(I) 
is- an alkali metal, M(II) is an alkaline earth metal and 

25 M(III) is a rare earth metal having an atomic number from 
57 - 71 in the Periodic Table of the Elements, and x is 
a number from 2 to 2000. 

Particularly suitable HCFCs are: 
1,1,1-trifluoro-2-chloroethane (R 133a), 1, l, 1-trifluoro-

30 2,2-dichlo~ethane {~ 123), l,1,1-2-tetrafluoroethane (R 

134a), 1, 1, 1, 2, 2-pentafluoroethane ( R 125) and 
1, 1, 1,2,3,3,J-heptafluoropropane (R 227) .• 

Examples of usual olefinic impurities are: 
1,l-di£luorochloroethene, 1,1-difluorodichloroethene, 

35 1,2-difluoroethene, 1,1,2-trifluorochloroethene, 
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lH-pentafluoropropane, 2H-pentafluoropropene, 

1,1,1,4,4,4-hexafluoro-2-cbloro-2-buteneand2-trifluoro­
methyl-3 ,_3, 3-trifluoro-1-propene. 

The contaminated HCFCs are preferably passed over the 

5 zeolite at from 250 to 350~C, in particular at from 290 -
310°C. The pressure is pref~rably from 1 - 25 bar_. 

10 

The zeoli te is contained, for example, in a heatable 

glass tube, wh.ere the ratio between the tube diameter and 

the fill level of the zeolite is preferably from 1 : 5 to 

1 : 1~. 

The gaseous, contaminated BCFC can be heated to the 
0 

chosen reaction temperature over a short preheating zone. 

Relatively high-boiling HCFCs, such as R 123, must be 
converted into the gas phase in advance in a separate 

15 evaporator. 

The qas flow rate during the reaction is preferably from 

2 - 50 l/h. It is furthermore preferred to pass the 
contaminated HCFCs over the zeolite in a stream of inert 

carrier gas, such as N2 • 

20 The zeolite employed has, in the anhydrous and template­
free form, the formula Z • A1203 • x(Si02 ) where z = H, 
NH41 M(I)iO, M(II)O or M(III)203 in which _M(I) is an alkali 

·metal, M(II) is an alkaline earth metal and M(III) is a 
rare earth metal having an atomic number of 57 - 71. M(I) 

25 is preferably Li, Na or K, M(II) is preferably Ca, Ba or 
Sr, and M(III) is preferably La or Ce. Furthermore, x is 
a number from 2 to 2000~ preferably from 2 to 200, in 
particular from 2 to SO. Said zeolites are described in 
Donald w. Breck, Zeolite Molecular Sieves, 1974, Wiley 

30 and Sons. 

Particular preference is given to the use of H-ZSM 5 (US 
Patent 3,702,886), zeolite A (US Patent 2,882,243), 
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zeolite X (US Patent 2,882,244) and zeolite Y (US Patent 
3, 130, 007 ) .• Particularly suitable forms of zeolite A are 
5 Angstr6m molecular sieve and in particular 10 lngstr6m 
molecular sieve. 

5 The zeolite can be used either as a po~der or in the form 
of moldings, for example beads or cylinders. If powders 
are used, the flow resistance is preferably reduced by 

mixing with qlass or metal elements, for example Raschig 

rinqs or metal coils, in order to achieve suitable flow 
10 rates. 

The zeolite can, if necessary, be regenerated usinq air 

or oxygen at elevated temperatures. 

It is preferred to add continuously from 0.5 to 10 % by 

volume of oxygen or air ~o the contaminated HCFCs before 
15 they are passed over the zeolite; this keeps coking at a . . 

v~ low level .• 

The olefinic impurities are clearly degraded completely 
or very substantially during the process according to the 
invention, in contrast to the adsorption processes 

20 inentioned above, in which the impurities must subsequent­

ly be removed from the adsorbent and disposed of~ 

The examples below ar~ intended to illustrate the inven­
tion in greater detail. 

Examples 1 - 4: 

25 50 ml of 1, l-Dichloro-2.,2 ;,2-trifluoroethane (R 123) 
containing 1,500 ppm of 1,1,1,4,4,4-hexafluoro-2-chloro-
2-butene (R 1326) were passed at 300°C in a stream of 
nitrogen whose flow rate ( 25. 2 l/h) was controlied by 

means .of a mass flow regulator, through a qlass tube 
. 30 (internal diameter ~ 20 mm, length = 100 cm} packed with 

about · 50 g of ·zeolite (fill level about 30 cm) and 
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subsequently condensed. The R 1326 content in the R 123 

was determined by gas chromatography.. The results are 
shown in Table 1. 

Table 1 

Exsmple Zeolite Condensate Reaction R 1326 Perf omance 

·[ml] duration content [ml/h] 

[h] [ppm] 

. 
1 HZSM S 46 4 45 12.5 

2 zeolite Y 42 2 below the 25 

detection 

limit 

3 SA molecular 40 3 258 16.6 

sieve 
I 
I 

4 lOA molecular 41 3 below the 16.6 

sieve detection 

. limit 

Comparative Examples 1 - 3: 

For comparison, the experiments of Examples 1 - 4 were 
25 carried out with the zeolite replaced by Si02 , 7-Al203 or 

ac't;ivated charcoal (BET specific surface area: 1250 

ma/9). The results are shown in Table 2. 
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Table 2 

Comparative 

Example Reactor Condensate 

. 5 packing [ml) 

1 Activated 44 

cha.r~oal 

10 
2 Si02 41 

3 7·Al203 41 

Reaction 

duration 

[h] 

3 

4 

4 

Tnis SHl!i!'r HAS BEEN 
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R 1326 Performance 

content [ml/h] 

[ppm] 

1343 16.6 

. 2640 12.5 

1290 12.5 

------------...:_. 
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Patent claims: 

1. 

2 .• 

3. 

A process for removing olef inic impurities of the 
formula CJ:ln.F PClq where m = 2 - 3, n = 1 - 4, 

. . . 

p = 1 - 6, q = 0 - 4 and n + p + q = 2m, from 
hydrogen-containing chlorofluorocarbons of the 
formula c.HhF cCld where a ;: 2 - 3, b = 1 - 5 I 
c = 1 -·1, d = 0 - 4 and b + c + d = 2a + 2, which 

comprises passing the contaminated chloro-f luorocar­
bons in the gas phase at temperatures of 200 to 
400°C and pressures of from 1 to 50 bar over a 

zeolite which, in the anhydrous and template-free 

form, has· the formula Z • Al20 3 • x(Si02 ) in which 
Z = H, NH.., M(IhO, M(II)O or M(III) 20_3 where M(I) is 

an alkali metal, M(II) is an alkaline earth metal 

and M(III) is a rare earth metal having an atomic 
number from 57 - ?l in the.Periodic Table of the 
Elements, and x is a number from 2 to 2000. 

The process as claimed in claim 1, ·which is carried 
out at from 250 to 350°C. 

The process as claimed in claim 1, which is carried 

out at from 290 to 310°C. 

4. · The process as claimed in any of claims l· to 3, 

wherein the contaminated chlorofluorocarbons are 
passed over the zeolite in a stream of carrier gas. 

s. 

6. 

1'he process as claimed i.n any of claims 1 to 4, 
wherein from 0. 5 to 10 t by volume of oxygen or air 
is continuously metered into the contaminated 
chlorofluorocarbons before they are passed over the 
zeolite. 

The process as claimed in any of claims 1 to 5, 
wherein the zeolite employed is H-ZSM 5_, zeoli-t;.e A, 
zeolite X or zeolite Y. 
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The process as claimed in any of claims 1 to 6, 
wherein olefinic impurities are re~oved from one of 
the hydroqen-containing chlorofluorocarbons 1,1,1-
trifluoro-2-chloroethane (R 13Ja), l,l,1-trifluoro-
2,2-dichloroethane (R 123), 1,1,1,2-tetrafluoro­
ethane (R 134a), l,1"1,2,2-pentafluoroethane (R 125) 
or 1,1,1,2,3,3,3-heptafluoropropene (R 227). 
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