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Abstract 

An efficient catalytic system for the liquid phase fluorination of tetracklorethene (PCE) was a~b;-‘-~~ h\’ utilimtion of a 
Ti-Sb mixed halide. The best results were obtained with a prefluorinated catalyst. 

e additicrn of HF to chloroaikenes and the 

subsequent F for Cl e e is a possible route 

to CFC alternatives For example, t 

fluorination of tetra ene (mm is t 

a multistage process 
ation of hydrochloro 

WCFC). 

CC], =CCI, -I- 
HCFC 121 

this rcactim occurs it takes place by a nucle- 
_ _ 

ophilic ;l&jillu,, ,,,,_1._:_:-=- t a! r3-d ‘4 r-:~fqfv\~. 

traditionally a Lewis acid: is required. For &at 
purpose, TaCI,, Taz en used 

at temperatures between 90°C and ? c [_3.5- 

81. 

Since SbC1, is a strong alogen acceptor, we 
reasoned that it 
would increase t 
efficient catalyst under mild conditio 
titular interest is a TiCI,-SbCl, 
gives, at room te 

e an attractive c 
at its reaction with 

F species associated with TiF,. 
is system would behave as a F pool and 

would also activate the unreactive double bond. 

in 

ents were carried out at 9 
1 autoclave was charge 

with b.u.J r8iwi ?jXI,‘i_~ ut ti.G_Y rlio: SDL15- 1 lL1, 

mixture. Then CE 0.25 mol and 
ixture was heated 

er appropriate reaction ti 



Table L 
Catalytic activity of some Sb-Ti mixtures 

Catalyst a Conversion b HCFC I22 HCFC 121 Other ’ 

(%lp) 

SbCI, 41 20 48 32 

SbC15-TiCI, 61 73 +0 31 

7:1 
SbCIS-TiCI, 64 33.5 39.5 37 

51 
SbCIS-TiCI, 62 35.5 38 36.5 

3:1 
SbCls-TiCI, 22 5.5 58 36.5 

I:1 
TiCI, 0 0 0 0 

a Molar composition. 

b PCE: 0.25 mol catalysr; 0.05 mol 

’ Ccl,-CCL,, CCI,F-CC12F, CHCI,-Ccl,. 

ase. Atomic a 
was used for measuring both Sb specie 

me instances the 
of Cl- was meas 
? in the presence o 

In another series of experiments the catalyst 
was prepared prior to reacting PCE with HF. 
For that purpose, SbCl,, 0.05 mol or SbCl,- 
TiCl 4 mixtures 05 mol were reacted with 
at 9tX. After 1 the autoclave was cooled, 

ry dinitrogen in order to eliminate 
en PCE, 0.25 mol, and 

e reaction was carried out as 
mentioned above. 

e catalytic activity of some Sb-Ti mix- 
tures is reported in Table 1. The addition of 
TiCt, to SbCl, incre*.\ses the conversion and the 

competes with a hydrochlorination and a chlori- 
nation of RX. The first reaction results from 

Cl formed in situ, t 

Table 2 

Preparation of the active species using various amounts of HF 

Catalyst ’ HF Conversion ’ HCFC 121 

(mol) b (SC) 

- SbCI, 1.3 28 34.6 

SbCl ,-TiCI &: 0. I 42. I 55.6 

3:l 1.0 77.4 19.6 

1.3 79 19.3 

2.0 68.5 21.4 

2.6 48 27.8 

SbCl 5-TiCI j 0.08 32.2 s4 3 

I:I 0.7 56.3 31.5 

I .25 67.0 23.5 

I .60 66 22.7 

2.20 49 35 

2.30 45 33 

TiCl 4 1.3 0 
__ 

a Molar ratio. 

’ hXta?t Of HF USA 6~ the preparation of the active species (YO”C, I h). 
’ Catalyst: 0.05 mol; PCE: 0.25 mol. HF: I.3 mol; T: 90°C; 4 h. 

d Ccl,-Ccl,. CCl,F-CCl?F, CHCI,-Ccl,. 

HCFC 122 Olher d 

60 5.4 

26.5 17.8 

64. I 16.3 

71.3 9.3 

72.8 5.8 

59.8 12.4 

27.2 18.5 

S8 10.5 

70 6.5 

70 7.3 

5’; 9.7 

51 I 3 

Sb(lll) 

63 

39 

94 

62 

69 

43 

60 

62 

6X 

60 

53 

55 

-- 
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reduction of Sb(V) into Sb(IHI). During the rep- 
tion a subsequent F for Cl exe 
(Table 1). 

Ccl, =CCI, -I- 

En order to improve the selectivity, another 
series of experiments was performed with 
preprepared catalysts. For that purpose, two 
mixed Sb-Ti halides were selected and various 

F were used for the 
the active species (Table 2). 
rinations of PCE were cake 

catalytic fluo- 
with identical 

titrations were carrie 
Ti-Sb mixtures of molar compositions 3: 1. 
When an amount of F greater than 1.6 mol Es 
used for the preparat n of the active species its 

rmulla is TiF,-SbClF4-SbC1,F. We 
our experimental conditions the 
ixture is inactive. 

of XC 3 to s 
cata!yst which is active for the W 
PCE. The best molar compositio 
(Fig. 1). 

100% sact, 50 100% TiCh 

Fig. I. Conversions of PCE as molar comprgsition of the mlked 

halide. All catalysts were prepared by reacting 1.3 mol MF with a 

0.05 mol Sb-Ti mixtl; : at 90°C for 1 h. Catalytic experiments 

were carried out as indicated in Table 2. 

0 

lIlO% SbCI, 50 100% FE& 

Fig. 2. Selectivity with molar composition of the halide mixed. All 
catalysts w,ere prepared by reacting 1.3 HF with a 0.05 mol Sb:Ti 

mixture at 9O’C for 1 h. Catalytic experiments were carried out as 
indicated in Table 2. 

(which corresponds to CF$XC 
tion) was also observed with this 

e best conversions are obtained when the 
catalyst is eprepared for that 
amount of is a key factor. It a 
best :Sb-Ti molar ratio i 
X:1. is result suggests that 
chloride ions in t 
substituted by flue 
the acidity of the catalyst. 

We tentatively sug 

alyst mixtures solubility. 
reaction is accompanied by a reduction 

reduction may result from a wall effect of the 
ess steel reactor and/or oss of chlorine 

from the antimony active species [12]. We are 
currently ~~vest~gati~g t anism(s) of this 

reduction. 
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