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Catalytic conversion of CC12F2 on a y-A1203 catalyst 
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Reaction of hydrogen with CC12F2 has been studied on a y-A1203 catalyst at 300~ Pure 
y-A1203 appears to be unselective in the catalytic conversion of CC12F2, however, halogenated 
alumina showed high activity in a reaction leading to the formation of disproportionation 
products. 
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1. Introduct ion 

Replacement of halogen atoms in CFCs by H through catalytic hydrogenoly- 
sis, is one route to the conversion of CFCs to compounds of much reduced strato- 
spheric ozone depletion potential or which are ozone benign. 

The reactions involving the production of chlorofluorocarbon alternatives are 
produced by complex catalytic chemical processes, involving a number of reactions 
such as hydrogenation, dehydrohalogenation, hydrodehalogenation, and halogen 
exchange, which reactions are very often accompanied by isomerization, dispro- 
portionation and elimination reactions. Very often during the catalytic conversion 
of CFCs, many of these reactions occur together, and this leads to difficulty in inter- 
pretation of the mechanism. The starting materials (halocarbons) as well as prod- 
ucts (HC1 or HF) formed during the reaction, may interact with the catalyst metal, 
and also with the catalyst support, and this adds to the complexity of these 
processes. 

Much of the information on this subject can only be gleaned from the patent lit- 
erature [1-3]; only a small amount has been published as regular papers. 
Recently, Manzer and Rao summarized much of this information in an elegant 
review [4]. 
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One aspect of the use of oxide catalysts which has been observed on alumina, 
silica-alumina or zeolites is the enhancement of catalytic activity through the incor- 
poration of fluorine in some form on the surface. This causes the lattice polariza- 
tion to be enhanced due to the electronegativity of F, and results in the 
enhancement of the acidity of both protonic (Bronsted) and non-protonic (Lewis) 
sites. 

Our interest is in the hydrogenolysis of the carbon-halogen bond with particu- 
lar reference to CFCs and halons, and involves the catalyst Pt/y-A1203. Some work 
has already been reported [5-8] and this present paper is concerned with the reac- 
tion of the alumina support with CC12F2 (CFC 12). The study includes the influ- 
ence ofhalogenation of the A1203 on the conversion of CC12F2. 

2. Experimental 

The ~-A1203 used was obtained by the hydrolysis of aluminum isopropoxide. 
In order to convert small amounts of bayerite that may have formed during the 
hydrolysis into boehmite, the suspension was aged at room temperature for one 
week [9]. The aluminum hydroxide was then washed thoroughly with water and fil- 
tered, then dried at 100~ for 5 h. Finally, the support material was obtained by 
heating the dried material for 24 h in air at a temperature of 500~ 

All the reactions studied were carried out in a series of stainless steel glass lined 
tubular reactors (operated under continuous flow conditions). Each reactor held 
5.00 g of 0.35-0.80 mesh alumina. The reactor was heated in a cylindrical resis- 
tance oven. Average temperature fluctuations at the external wall of the reactor 
were +5~ for fixed temperature control settings. Gases were delivered to a mixing 
chamber through a flow valve, and flow controllers calibrated for the gases used. 
A separate flow controller was used to control the flow of the feed gas mixture 
through the reactor, at a pressure inside the reactor of 1.05 atm. A multi-port sam- 
piing valve and loop assembly were used to sample the reactor feeds and products 
formed during the reaction. Reactants and products were analyzed using a Perkin- 
Elmer 900 gas chromatograph equipped with a thermal-conductivity detector, 
and a 2.4 m column packed with 5% Fluorocol on Carbopack B, and maintained at 
50~ The GC was connected with a Hewlett-Packard HP-3396 Series II integra- 
tor. Additional analysis was through a HP GCMS model No. 18001A with electron 
ionization detector. 

Contact times (c/t) are defined as (catalyst volume) / (reactor gas flow rate at 
STP). For most experiments the reactions were carried out with contact times 
N13s .  

Unless otherwise mentioned, the ratio between H2 and CC12F2 was 6 : 1 (vol.). 
All alumina samples were pretreated with H2 (300~ for 5 h), as a standard proce- 
dure for treating catalysts in this present specific study. 

The gases CC12F2 and H2 were used as received from commercial sources, how- 
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ever, for some experiments the CC12F2 consisted of contaminated material recov- 
ered from old refrigerators and contained water, oil and acid. These contaminants 
were easily removed by passage over molecular sieve, and the results obtained with 
the resultant CC12F2 were indistinguishable to those obtained from pure material. 

3. Results  and discussion 

The reaction of CC12F2/H2 1 : 6 mixtures when passed over 7-A1203 at 300~ is 
complex. 

The initial conversion, initially 100%, decreases to a plateau level ~,, 70%, in the 
first few hours. The gaseous products eventually settled to a reproducible plateau 
level after approximately 2 h. This plateau level was maintained for at least the 
next 30 h in the flowing gas stream, as can be seen from the data presented in 
fig. 1. 

The main product of reaction was CC1F3 (60 mol%) with the additional main 
products being CF4 and CC13F each around 10 mol% and CC14 30 mol%. We are 
grateful to Dr. L. Manzer (Dupont) for help in assigning these particular com- 
pounds. 

Both HC1 as well as HF were detected in the gaseous outflow from the reactor, 
and following dissolution of these products in water, our preliminary analyses 
shows that the ratio between C1 and F was about 15 : 1. 

Experiments were carried out to try and determine if the causes for the high 
initial catalyst reactivity were different to those responsible for the plateau 
region. 
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Fig. 1. Conversion of CC12F2 over 7-A1203 and selectivities to particular products at 300~ 
(CC12F2 : H2 = 1 : 6) (solid data points). Same sample after 30 h reaction following H2 treatment for 

5 h at 300~ (open circles). 
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3.1. R E G E N E R A T I O N  OF A L U M I N A  ACTIVITY 

Following the long plateau region the sample of alumina was treated with H2 
alone for 5 h at 300~ followed by restoration of the CC12F2/H2 mixture flow. The 
results are shown in fig. 2. 

It is seen that a high initial regeneration reactivity (N 85% conversion) was 
obtained which decreases with time as is observed with the original sample, and 
reaches a new plateau level --~ 60%. The extent of conversion is less (about 10%) 
than with the original sample, however, the conversion curve characteristics are the 
s a m e .  

In order to determine whether carbonaceous deposits affect the catalytic behav- 
ior, similar regeneration experiments were carried out where the catalyst from the 
plateau region was treated with air at 500~ for 5 h to remove any carbon deposit. 
This treatment converted the alumina, which was always blackened during reac- 
tion, to a grey white colour. This alumina was treated with HE at 300~ The resul- 
tant regenerated alumina, yielded the same conversion curve characteristics and 
values as those obtained from simple H: regeneration treatment as described 
above. Thus, we conclude that carbonaceous deposits on the surface of the alumina 
do not affect its catalytic behavior for the reactions being investigated. 

It is possible the high initial alumina activity is connected with a reaction invol- 
ving halogenation of the surface resulting in catalyst activation. 

In the present work, an X-ray diffraction analysis of the alumina sample follow- 
ing reaction, and also after hydrogen treatment, showed the presence of a distinct 
A1F3 structure. No compound structure involving C1 species was observed. 
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Fig. 2. Conversion of CCI2F2 over 7-A1203. 
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A chemical analysis of the alumina composition immediately following reaction 
showed that both C1 and F were present in significant amounts but after H2 regen- 
eration the C1 content had significantly declined relative to the F content. 

A similar observation has been reported by Adkins and Davis [10]. They found 
that on a Pt-Sn/A1203 catalyst, an intense chloride peak (chlorine added during 
the metals impregnation) was observed in the ESCA spectra for unreduced sam- 
pies, and that this peak disappeared after chemical reduction with H2. Their chem- 
ical analysis, however, showed C1- to be present in the bulk of the alumina even 
after H2 treatment. 

We propose that the reaction of alumina with CC12F2, results in, initially, fluori- 
nation and chlorination of the surface, and that this halogenation produces an 
active catalytic surface. The C1 content of the surface is itself reactive and may be 
removed by H2 treatment at 300 ~ C. 

3.2. PRETREATMENT WITH HC1 (GAS) 

If the above proposal is correct, it should be possible to halogenate an alumina 
sample with a C1 source such as HC1 gas. This was done (HC1, 1 h, 300~ flow 
15 ml/min) after which the residual HC1 was displaced with He followed by the 
standard CC12F2/H2 mixture. 

The subsequent conversion results shown in fig. 2 are compared with CC12F2 
conversion using a fresh untreated alumina sample. A significant difference is 
observed with the HC1 treated sample behaving from the beginning as if it were 
already in the plateau region (,-, 80% conversion), while the non-HC1 treated alu- 
mina showed 100% initial conversion falling to the 80% level after ,,, 4 -  5 h. 

These results are in accord with there being two processes occurring: (1) a rapid 
early halogenation of A1203, (2) a steady conversion to disproportionation prod- 
ucts of CC12F2. 

We suggest the requirement for disproportionation is the formation of an active 
halogenated surface, and the results with HC1 alone and the regeneration experi- 
ments with H2 suggest that activation by C1 is an important process. Certainly, it 
would appear that C1 is a more labile system than F, which is stabilized as A1F3 on 
the alumina. 

The product distribution (selectivity) obtained for HC1 treated alumina is given 
in fig. 3 (note CC14 was not measured). The selectivities (based on moles CFC con- 
verted and moles of each product formed), are similar to those obtained on 
7-A1203 itself in the plateau section of the conversion curve. There seems to be a 
difference in the reaction time for a particular product to appear, again probably 
due to the fact that halogenation is a necessary prerequisite for the conversion of 
CC12F2 to gaseous products, and thus product formation is delayed when fresh 
untreated A1203 is used. 

Also in fig. 2 is presented the results of conversion carried out on y-alumina calci- 
nated at a temperature of 900~ for a 6 h period. Under these conditions alumina 
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Fig. 3. Product  selectivity from CC12F2 conversion on  alumina.  

loses almost all its surface OH groups and is converted to a-A1203. This particular 
structure results in a diminished conversion of CCIEF2 to around half that obtained 
with the low temperature calcinated alumina. The fall-off in conversion in the 
initial stages of reaction displays similar shape characteristics which suggests that 
even in the absence of OH groups, a process involving halogenation of the alumina 
surface may also occur. This is in agreement with the model of Kerkhofet al. [11] 
involving the incorporation of fluorine on an alumina surface, showing that halo- 
gens cannot only substitute surface OH groups, but also the O groups which are 
present. The nature and distribution of these phases depends not only on the 
applied fluorinating agent, but also on the temperature at which the catalysts have 
been treated [11,12]. 

It should be kept in mind, however, that the observed decrease of the extent of 
conversion, can also be attributed to a decrease of the specific surface area of sam- 
ples calcinated at higher temperatures. 

The yield of CC1F3 on high temperature calcinated alumina (OH surface free) 
is significantly lower (by a factor approximately 2), over that obtained (again after 
a short, 3-4 h, initial period) for the HC1 treated (fig. 3), or the normal treated alu- 
mina (fig. lc). The CC13F formed, however, is considerably higher. Thus the tem- 
perature of calcination appears to play a significant role in the product selectivity. 

The results of a preliminary investigation of the reaction of CHaC1 and CH2C12 
with T-AI/O3 shows that in these cases the initial conversion of the starting materi- 
als is much lower (25 and 75% respectively) in comparison to the corresponding 
results for CC12F2, and after a few hours the conversion decreases to almost zero. 
The greater reactivity of CH2C12 over CH3C1 follows a pattern in agreement with 
the results from the halogen replacement work of Buckman [13], and the conclusion 
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of Gervasutti [14], that the CC12 moiety is a very reactive entity under hydrogenoly- 
sis conditions. 

If our conclusions concerning the reasons for the sharp initial fall-off in conver- 
sion observed for CC12F2 are correct, it would appear that the observed conversion 
of CH3C1 and CH2C12 is connected only with the process ofhalogenation of the alu- 
mina surface. The resultant surface would appear not to be catalytically active to 
further reactions with the parent chlorocarbons CH3C1 and CH2C12. It is interest- 
ing to note, however, that the alumina after treatment with either CH3C1 or 
CH2C12 is active with respect to the conversion of CC12F2. This aspect of the work 
is being investigated further. 

Some experiments were carried out on the conversion of CC12F2 in the absence 
of H2. In order to simulate conditions in the presence of H2, helium was substituted 
for H2 to yield a mix CC12F2/He 1 : 6. The results are shown in fig. 4. The first 8 h 
of reaction are similar to that for the system CC12F2/H2 but the catalyst activity 
declined significantly at greater times. The selectivity ratios are not significantly 
different to those obtained in the CC12F2/H2 case. 

4. Conc lus ion  

7-alumina causes the disproportionation of CC12F2 to products following halo- 
genation of the surface. The presence of H2 appears necessary to sustain the level of 
conversion to long times of reaction. Halogenating agents such as HC1 and chlor- 
oalkanes are able to activate the alumina surface. The temperature of calcination is 
important in determining the reactivity of A1203 and its selectivity to products. 
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Fig. 4. Conversion of CC12F2 on 7-A1203 and selectivities to products at 300~ in absence of H2 
(CCIEF2 : He = 1 : 6). 
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