i

X

ELSEVIER

Journal of Molecular Catalysis A: Chemiral 108 (1996) 11-14

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

Catalytic liquid phase fluorinations with Sb—Ti mixed halides
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Abstract

An efficient catalytic system for the liquid phase fluorination of tetrachlorethene (PCE) was achi~~+ by utilization of a
Ti-5b mixed halide. The best results were obtained with a prefluorinated catalyst.
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1. Introduction

The addition of HF to chloroalkenes and the
subsequent F for Cl exchange is a possible route
to CFC alternatives [1-3]. For example, the
fluorination of tetrachlorethene (PCE) is the
first step of a multistage process which results
in the formation of hydrochlorofluorocarbons
(HCFC).

CCl,=CCl, + HF - CHCI,~CCl,F

HCFC 124
HF HF o
— CHCI,-CCIE, - CHCI,-CF,
HCFC 122 HCFC 123

The heavily chlorinated couble bond does not
react with HF under ordinary conditions. When
this reaction occurs it takes place by a nucle-
ophilic addition succhoiizm™ T and o catalvsi
traditionally a Lewis acid, is required. For that
purpose, TaCl;, Ta,0,, SbCl, have been used
at temperatures between 90°C and 150°C [3.5-
81.

" Conresponding author.

Since SbC(l, is a strong halogen acceptor, we
reasoned that its association with another halide
would increase the acidity and would provide an
efficient catalyst under mild conditions. Of par-
ticular interest is a TiCl ,—SbCl mixture which
gives, at room temperature, TiCl3, SbClg [9]
and could be an attractive candidate. It was
expected that its reaction with HF would give a
SbCl F, - nHF species associated with TiF,.
This system would behave as a F~ pool and
would also activate the unreactive double bond.

2. Experimental part

All the experiments were carried out at 90°C
in liquid HF. A 100 mi autoclave was charged
witit U.US nivl S0CEs o1 bl ol Sotis— Ll
mixture, Then PCE 0.25 mol and HF were
added sequentially and the mixture was heated
it 90°C. After appropriate reaction time, usually
4 h the autoclave was cooled to 30°C and
vented with dry dinitrogen. We have checked
that the HCFC 123 is not vented in these condi-
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Table L
Catalytic activity of some Sb-Ti mixtures

Catalyst * Conversion ® HCFC 122 HCFC 121 Other €
(%)

SbCls 47 20 48 32

SbCls-TiCl, 6l 3 40 31

71

SbCl;~TiCl, 64 335 39.5 37

Sl

SbCls-TiCl, 62 355 38 36.5

31

SbCls-TiCl, 22 5.5 58 36.5

1:1

TiCt, 0 0 0 0

* Molar composition,
® PCE: 0.25 mol catalyst; 0.05 mol HF. T: 90°C.
¢ CCl,-CCl,, CC1,F-CCl,F, CHCL, -CCl,.

tions. The contents were quenched with 50 ml 6
M H,SO,. The organic phase wus dried and
analyzed by temperature programmed GC with
a BP1 column (40°C to 150°C). Products were
identified by GC-MS.

Since the reaction is accompanied by a par-
tial reduction of Sb(V) into Sb(IlI), the amounts
of these two species were determined by titra-
tion of the aqueous phase. Atomic adsorption
was used for measuring both Sb species. The

amount of Sb(IIl) was determined by oxidation
with KMnO, solution. In some instances the
residual amount of CI~ was measured hv titra-
tion with AgNO. in the presence of K ,CrO,.

In another series of experiments the catalyst
was prepared prior to reacting PCE with HF.
For that purpose, SbClg, 0.05 mol or SbCl,—
TiCl, mixtures 0.05 mol were reacted with HF
at 90°C. After 1 h the autoclave was cooled, and
vented with dry dinitrogen in order to eliminate
HCI and excess HF. Then PCE, 0.25 mol, and
HF were added. The reaction was carried out as
mentioned above.

3. Results

The catalytic activity of some Sb-Ti mix-
tures 1s reported in Table 1. The addition of
TiCl, to SbCl; increases the conversion and the
best Sb:Ti molar ratio is approximately 5:1. As
far as selectivities are concerned the fluorination
competes with a hydrochlorination and a chlori-
nation of PCE. The first reaction results from
HCl formed in situ, the second is due to a

Table 2

Preparation of the active species using various amounts of HF

Catalyst ® HF Conversion © HCFC 121 HCFC 122 Other ¢ Sb{iIn
(mol) * (%)

SbCli; 1.3 28 34.6 60 5.4 63

SbCl5-TiCl 0.1 42,1 356 265 17.8 39

3:1 1.0 77.4 19.6 64.1 16.3 94
1.3 79 19.3 71.3 9.3 62
20 68.5 21.4 72.8 5.8 69
2.6 48 27.8 59.8 12.4 43

SbCis-TiCl, 0.08 322 543 27.2 18.5 60

i1 0.7 36.3 315 58 10.5 62
1.25 67.0 235 70 6.5 68
1.60 66 22.7 70 7.3 60
220 49 35 58 9.7 53
230 45 33 57 10 S5

TiCl, 1.3 0

® Molar ratio.

;3N .
Amount of HF used fer the preparation of the active species (90°C, 1 h).

Catalyst: 0.05 mol; PCE: 0.25 mot; HF: 1.3 mol; T: 90°C; 4 h.
CCi;~CCl;. CCl,F-CCl,F, CHCI,-CCl,.
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reduction of Sb(V} into Sb(I1I). During the resc-
tion a subsequent F for Cl exchange occurs
(Table 1).

CCl, =CCl, + HCl - CHC1,~CCl,
CCl, =CCl, + Cl,- CCl,-CCl,

HF
% CCl,-CCl,F + CCl,F-CCLF

In order to improve the selectivity, another
seriecs of experiments was performed with
preprepared catalysts. For that purpose, two
mixed Sb-Ti halides were selected and various
amounts of HF were used for the preparation of
the active species (Table 2). The catalytic fluo-
rinations of PCE were carried out with identical
amounts of HF.

Chloride ion titrations were carried out with
Ti—Sb mixtures of mclar compositions 3:1.
When an amount of HF greater than 1.6 mol is
used for the preparation of the active species its
empirical formula is TiF,—SbCIF,—SbCl,F. We
checked that in our experimental conditions the
TiC1,-SbCl; mixture is inactive.

4. Discussion

The addition of TiCl, to SbCl provides a
catalyst which is active for the fluorination of
PCE. The best molar composition is Sb—Ti = 3:1
(Fig. 1). The greatest selectivity for fluorination

100

754

conversion %
4

25 1

L] ¥
100% SbCis 50

100% TiCL

Fig. 1. Conversions of PCE as molar composition of the mixed
halide. All catalysts were prepared by reacting 1.3 mo! HF with a
0.05 mol Sb-Ti mixtu 2 at 90°C for 1 h. Catalytic experiments
were carried out as indicated in Table 2.
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Fig. 2. Selectivity with molar composition of the halide mixed. All
catalysts were prepared by reacting 1.3 HF with a 0.05 mol Sb:Ti
mixwre at 90°C for 1 h. Catalytic experiments were carried out as
indicated in Table 2.

{which corresponds o CF,Ci-CHCI, forma-
tion) was also observed with this ratic (Fig. 2).
The best conversions are obtained when the
catalyst is preprepared for that purpose; the
amount of HF is a key factor. It appears that the
best HF:Sb-Ti molar ratio is approximately
26:1. This result suggests that the majority of
chloride ions in the starting halide must be
substituted by fluoride ions in order to increase
the acidity of the catalyst.

We tentatively suggest that the catalytic sys-
tem consists of a Ti—Sb mixed halide and a Sb
halide, the former being the F~ pool which is
necessary for the F/Cl exchange [10,11]. This
optimum activity would also be in relation with
the catalyst mixtures solubility.

The reaction is accompanied by a reduction
of Sb(V) to Sb(III), which corresponds to a loss
of catalyst activity since Sb(II) is inactive. This
reduction may result from a wall effect of the
stainless steel reactor and/or loss of chlorine
from the antimony active species [12]. We are
currently investigating the mechanism(s) of this
reduction.
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