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Abstract

A good catalyst for the selective hydrogenolysis of waste CCl,F, (CFC-12) into the high added value product CH,F,
(HFC-32) has been developed. This catalyst is based on palladium on activated carbon and shows a high selectivity
(70-90%) at all conversion levels. It is important to purify the activated carbon support prior to impregnation of the
palladium salt. A nitrogen heat pretreatment enhances the stability and activity. During reaction an increase in selectivity to
CH ,F, has been found. This increase, without loss in activity, can be explained by further lowering the amount of accessible
impurities by the produced HF and HCI. These impurities, like iron and aluminium are responsible for chlorine/fluorine
exchange and total hydrogenolysis activities. The activity, selectivity to CH,F,, and the stability of the catalyst is a strong
function of the hydrogen to CFC ratio. It was found that during reaction the palladium is converted into palladium carbide.
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1. Introduction

Fully halogenated chlorofluorocarbons
(CFCs) were developed in the 1930s as refriger-
ant. Because of their unique properties, like
chemical and thermal stability, low toxicity and
nonflammability, within two decades they were
used in various applications such as blowing
agent in foams, aerosol propellant, and solvent.

One of their properties, namely their stability
appears to be its main drawback. It has been

" Corresponding author. Fax: + 31-15-2784452; e-mail:
m.makkee@stm.tudelft.nl

found [1] that CFCs accumulate in the tropo-
sphere and diffuse to the stratosphere [2], where
they release chlorine atoms which catalyticaly
destroy ozone. Besides the ozone depletion po-
tential, the emitted CFCs also have a relatively
large impact on the greenhouse effect. The rela-
tive contribution of CFCs to man-induced global
warming is estimated to be up to 25%.

On the basis of these reports it has been
decided that the world-wide production and
consumption of CFCs should be terminated by
January 1, 1996 [3]. The recovery of CFCs in
use and the subsequent destruction is a logical
step forward. Many destruction techniques have
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been proposed such as combustion, catalytic
oxidation, catalytic hydrogenation, pyrolysis
processes, chemical destruction, supercritical
water oxidation, plasma destruction, ultraviolet
destruction and destructive high energy radia-
tion. From these techniques, combustion has
been demonstrated on a commercial scale and it
proves to be an expensive destruction technol-
ogy (US$4 per kg CFC).

The long term replacements for CFCs in their
application as refrigerant are most probably
HFCs. Especialy C,H,F, (HFC-1344) is often
mentioned, but the total number of possible
replacements still increase. CH,F, (HFC-32) or
a mixture thereof are good replacements in
heavy duty cooling application, because HFC-32
has excellent cooling properties and, in addition,
a lower global warming potential than HFC-
134a. It is clear that the market for CFC-re-
placements by HFCs is growing and, as a con-
sequence, a challenging task is to convert the
waste CFCs into valuable HFCs. Obviously the
conversion of CFCs into vauable chemicalsis a
better option than the above mentioned destruc-
tion. At Delft University, a catalytic process is
under development in which CCl,F, (CFC-12)
and CCI;F (CFC-11), which can be converted
into CCl,F, (CFC-12) with HF, are converted
into CH,F, (HFC-32). This ozone friendly
product, HFC-32, in combination with HFC-125
(C,HF,) is suggested to be an energy-efficient
replacement for R-502 (an azeotropic refrigerant
mixture of C,CIF, (CFC-115 and CHCIF,
(HCFC-22) and at the longer term for HCFC-22
itself in refrigerant and air conditioning applica-
tions [4].

2. Background

The catalytic hydrogenolysis can be repre-
sented as the reaction of CCl,F, (CFC-12) into
CH,F, (HFC-32). A sdective conversion to
CH,F, can be hoped for because the carbon—
fluorine bond is much stronger than the
carbon—chlorine bond, as has been found by
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Fig. 1. CFC reaction scheme. The bold formulas and arrows are

the reactions aimed at. The direction represents the thermody-
namic driving force at 298 K and atmospheric pressure.
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Larcher et al. [5]. All hydrogenolysis reactions
starting from CCI,F, are exothermic irre-
versible reactions, and the formation of methane
is thermodynamically favoured. The reaction
enthalpy at 298 K for the selective hydrogenoly-
sis to CH,F, is —150 kJ/mol and for the
complete hydrogenolysis to methane —320
kJ/mol. Besides hydrogenolysis, chlorine/fluo-
rine exchange can also take place. This can lead
to the formation of, for example, CHF;, a prod-
uct which can only be formed via this reaction.
Also, coupled products such as ethane and
propane can be formed. The complete scheme
of hydrogenolysis and chlorine/fluorine ex-
change reactions for C, derivatives is depicted
in Fig. 1.

Several noble metals on activated carbon
support materials have been tested. Palladium

Table 1

Codes used for catalysts and activated carbons

Code Description

Pd2/C commercial 2wt.% Pd/C

Pd2/C-wW commercial 2 wt.% Pd/C-W

Pd1/C-W 1 wt.% Pd/C-W, without N, heat treatment
Pd1/C-W/N, 1wt% Pd/C-W, with N, heat treatment

C activated carbon

C-wW washed activated carbon
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Fig. 2. Performance at 510 K of 2 wt.% Pd catalyst on a non-washed activated carbon (Pd2,/C) and a washed activated carbon (Pd2,/C-W)

in the hydrogenolysis of CCl,F,.

from group VIII metals was found to be the
most suitable transition metal for this reaction
[6]. Activated carbon as a support material is
chosen because of its inertness under reaction
conditions (HF and HCI).

3. Experimental
3.1. Preparation and testing of catalyst

The support used was gas activated, peat
based, activated carbon (extrudates with a diam-
eter of 1.0 mm and a length of 3-5 mm;
BET = 1060 m?/g). The carbon was optionally
washed at room temperature prior to impregna-

tion consecutively with 0.5 M agueous sodium
hydroxide, water, 0.5 M agueous hydrochloric
acid and water [7]. Catalysts were prepared by
pore volume impregnation using palladium
chloride as precursor to arrive at a loading of 1
wt.%. The acid concentration was chosen to
give a molar Cl~/Pd** ratio of 10. Subse-
quently, the extrudates were dried overnight at
373 K, optionally a nitrogen pretreatment was
performed at 623 K. The catalyst was treated
in-situ under hydrogen flow from ambient tem-
perature up to reaction temperature and CFC
was introduced in the gas phase.

As reference, a commercialy available 2
wt.% Pd on activated carbon was included in
the investigation. The palladium crystallites are
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Fig. 3. Performance at 500 K of 2 wt.% palladium on washed activated carbon (Pd2,/C-W) at 1 h and at 200 h in the hydrogenolysis of

CCl,F,.
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Fig. 4. Performance at 450 K for the 1 wt.% Pd catalyst without
(Pd1/C-W) and with (Pd1,/C-W /N,) nitrogen heat pretreatment
at 623 K.

in the order of 10 nm, which makes the charac-
terization relatively simple.

A Hastelloy-C fixed-bed micro-catalytic reac-
tor was employed to conduct the hydrogenolysis
experiments. The performance of the catalyst
was determined by an on-line gas chromato-
graph, equipped with a 75 m X 0.53 mm Po-
raplot Q column and a thermal conductivity
detector.

3.2. Characterization

X-ray diffraction (XRD) patterns of 0.05—
0.10 g powdered catalyst were recorded on a
Siemens D500-B diffractometer with a Cu K,
radiation source. The Bragg relation was used to
calculate the lattice distance. The average metal
crystallite size was determined with the Scherrer
eguation and Warren's correction for instrumen-
tal line broadening.

Temperature programmed reduction (TPR)
was measured on a home-made apparatus. Cata-
lyst samples (=100 mg) diluted with non-

porous silicium carbide were heated with 0.167
K/s in a 5% hydrogen in argon mixture. The
hydrogen consumption /evolution is determined
with a calibrated thermal conductivity detector.

The palladium surface area was measured by
CO-chemisorption using a pulse technique at
room temperature [8]. A stoichiometry of
CO/Pd=1 and Pd surface density of 1.27 X
10" atoms,/m? were assumed. Prior to pulsing,
reduction under hydrogen was performed at 430
K for 2 h.

The impurities in the activated carbon and
the palladium loaded ones were determined with
a Philips PW1480 X-ray fluorescence (XRF)
spectrometer.

The ash-content of the activated carbons was
measured by burning off the carbon at 1040 K
till constant weight. The codes for the catalysts
and carbons used are shown in Table 1.

4. Reaults
4.1. Performance measurements

4.1.1. Washing of the catalyst support (activated
carbon)

In Fig. 2, the influence of washing of the
activated carbon is depicted for the 2 wt.% Pd
catalyst. It can be seen that not only the conver-
sion of CCl,F, (CFC-12) increases, but also the
selectivity to CH,F, (HFC-32) at the expense
of CHCIF, (HCFC-22), and CH,. The forma-
tion of CHF; and the formation of coupled
products C,H, and C,H, are both strongly
suppressed.

This change in selectivity was also found as a
function of time on stream. In Fig. 3, the perfor-

Table 2

Comparison between 2 wt.% Pd (Pd2/C-W) and 1 wt.% Pd (Pd1,/C-W /N,) on purified activated carbon catalyst at 470 K (all values are
in mol%)

Sample Conv. CCl,F, Sel. CH,F, Sel. CHCIF, Sel.CH, Sel. rest

Pd2/C-W 27.0 66.9 41 26.0 3.0

Pd1/C-W/N, 399 69.4 6.5 199 4.2
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Fig. 5. Performance of washed 2 wt.% Pd catalyst (Pd2/C-W) as
a function of temperature. The temperature is stepwise increased
and decreased.

mance for the washed 2 wt.% catalyst (Pd2/C-
W) is depicted at 1 h and at 200 h time on
stream. The selectivity to CH,F, is increasing
at the expense of in particular CH,, CH ;F and
C, and C; akanes. Similar phenomena were
observed for the 1 wt.% Pd catalyst.

4.1.2. Catalyst pretreatment procedure

For the 1 wt.% Pd catalyst, a nitrogen hest
pretreatment at 623 K prior to reaction proves to
be beneficial. At 450 K, the activity of the
pretreated catalyst increases from 9 to 16% with
almost no change in selectivity (see Fig. 4). At
the same time, the stability for the pretreated
catalyst is significantly improved. In Table 2,
the 1 wt.% Pd/C is compared with the 2 wt.%
commercia catalyst.
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Fig. 6. Performance of 1 wt.% Pd catalyst (Pd1/C-W /N,) at 510
K and H, /CCl,F, feed ratio of 6 mol /mol (Conditions; P = 0.2
MPa and WHSV = 0.5 g/(g h)).
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Fig. 7. Performance of 1 wt.% Pd catalyst (Pd1/C-W /N,) at 510
K and H,/CCl,F, feed ratio of 1.5 mol/mol (Conditions:
P =0.2 MPaand WHSV = 0.5 g/(g h)).

In Fig. 5, the performance of the 2 wt.% Pd
catalyst (Pd2/C-W) is plotted when the temper-
ature is stepwise—and cyclic—increased and
decreased from 430 to 540 K. All the tempera
ture levels are maintained for 1.5 h and the
performance results are averaged. This tempera-
ture cycle resulted in an increase in selectivity
to CH,F, (HFC-32) at the expense of methane;
a minor increase in conversion was observed.
At the same time, the stability of the catalyst,
pretreated in this cyclic temperature procedure,
is improved once again.

4.2. Sability as function of H, / CFC ratio

The main product of the hydrogenolysis of
CCl,F, with the selected 1 wt.% palladium on
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Fig. 8. Initial performance of 1 wt.% Pd catalyst (Pd1,/C-W /N,)
as a function of molar H, /CCI,F, feed ratio (Conditions: T =
510 K, WHSV =05 g/(g h), P=02 MPa, a = conversion,
@ = sdlectivity for CH,F,, B = selectivity for CHCIF,, O =
selectivity for methane).
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Fig. 9. Performance of 1 wt.% Pd catalyst (Pd1/C-W/N,) after

700 h on stream as a function of H, /CCI,F,. (For symbols and
conditions see the legends of Fig. 8).

activated carbon catalyst is CH,F,. The main
by-products are CHCIF, and methane. Other
by-products to a minor extent are CH ;F, ethane,
propane, CH,Cl, and CH,CIF. The main pa-
rameters which determine the stability of the
selected catalyst are the temperature and the
hydrogen to CCl ,F, feed ratio. In Figs. 6 and 7,
the performance of the catalysts as a function of
time on stream at 510 K for two different
hydrogen to CFC feed ratio is depicted. These
figures show that a stable catalyst operation has
been obtained after 300 h on stream for a
hydrogen to CFC feed ratio of 6. At the lower
hydrogen to CFC feed ratio of 1.5, a continuous
deactivation of the catalyst is observed. Not
only the activity but also the performance of the
catalyst changes as a function of time on stream.
The initial performance of the catalyst as a
function of the hydrogen to CFC feed ratio is
depicted in Fig. 8. At the low hydrogen to CFC

Table 3

feed ratios, both the conversion and the selectiv-
ity for CHCIF, increases. After 700 h on stream,
these differences become more pronounced as
can be seenin Fig. 9. Figs. 8 and 9 illustrate the
catalyst deactivation as a function of the hydro-
gen to CFC feed ratio (Fig. 8 shows the initial
catalyst performance and Fig. 9 after 700 h on
stream). At lower hydrogen to CFC feed ratio,
the catalyst deactivates. This deactivation leads
to a decline in the selectivity to CH,F, in
combination with an increase in the selectivity
for CHCIF,. Further increase of the hydrogen to
CFC feed ratio from 10 to 20 does not lead
either to a higher activity or selectivity to
CH,F,. The results of the stability test at 510 K
as a function of hydrogen to CFC feed ratio are
summarized in Table 3. Only minor deactiva
tion is observed after 700 h on stream for a
hydrogen to CCI,F, ratio above 6. From data
presented in Table 3 and data not shown an
optimum hydrogen to CCl ,F, feed ratio of 12
has been found. At higher hydrogen to CFC
feed ratio the palladium catalyst showed a pro-
nounced deactivation in comparison to the
shown deactivation data at ratios between 6 and
10.

4.3. Characterization

The impurities in the catalysts and in the
activated carbons, determined with XRF, are
summarized in Table 4. The level of the impuri-
ties (Mg, Ca, Fe) and the ash content after

Performance and deactivation of 1 wt.% Pd catalyst (Pd1/C-W /N,) after 700 h. Deactivation is given as percentage of initial activity

(conditions: P = 0.2 MPa, WHSV = 0.5 g/(g h), and T = 510 K)

H,/CCl,F, Conv. CCl,F, Sel. CH,F, Sel. CHCIF, Sel.CH, Deact.
(mol /mol) (mol%) (mol%) (mol%) (mol%) (%)
15 50 53 37 7 17
22 60 67 24 7 14
3 67 75 16 7 11
6 79 85 7 6 5
10 88 88 4 6 3
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Table 4
XRF results
Sample Na Mg Al Si S K Ca Fe Cl Pd Ash
(ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm) (%) @
Pd2/C 0 1190 370 740 1500 21 3000 1240 0 2.02 6.3
Pd2/C-W 2100 0 210 750 890 19 2100 260 0.16 177 37
Pd2,/C-W used - - - - - - - - - - 25
C 1400 4400 950 2400 1900 730 4000 1190 0 0 53
c-w 500 400 850 2800 4250 70 350 500 0.94 0 2.4
Pd1,/C-W 790 340 960 2900 2900 70 310 480 2.54 0.93 3.6
Pd1/C-W/N, 320 370 970 2800 3500 70 340 470 1.61 1.00 35

washing (Pd2/C-W, C-W, Pdl1/C-W and
Pd1/C-W/N,) are significantly lower.

The profiles from the XRD and TPR experi-
ments on a fresh and used 2 wt.% Pd (Pd2/C-
W) catalyst are shown in Figs. 10 and 11,
respectively. From XRD, it can be seen that for
the used catalyst the peak position is shifted to a
lower angle. For the 1 wt.% Pd (Pd1/C-W /N,)
catalyst no diffraction pattern was found. There
is aso a difference for the fresh and used
catalyst in the TPR-experiments. The fresh cata-
lyst shows an evolution of hydrogen at = 345
K while for the used catalyst only hydrogen is
consumed. This hydrogen evolution was not
observed for the fresh 1 wt.% (Pd1/C-W /N,)
catalyst.

The CO-chemisorption and the XRD results
are shown in Table 5. Based on the CO-chem-
isorption results the fresh 1 wt.% cataysts

(§REY)
Pd/C used

L]
"

(200

Pd/C fresh

intensity (a.u.)

. wicarbon support A

35 38 41 44 47 50
scattering angle (20)

Fig. 10. XRD of fresh and used washed 2 wt.% Pd catalyst
(Pd2,/C-W). Also the carbon support is included.

(Pd1/C-W and Pd1/C-W/N,) have a much
higher dispersion than the 2 wt.% catayst
(Pd2/C-W). There is not much difference in
particle size for the 1 wt.% catalyst without
(Pd1/C-W) and with (Pd1/C-W /N,) nitrogen
heat pre-treatment. Also it can be seen that the
amount of adsorbed carbon monoxide is de-
creased for the used catalysts.

From XRD it can be concluded that the
caculated average crystalite size is the same
for the fresh and the used 2 wt.% Pd catalyst
(Pd2/C-W). Thisisamost identical to the value
based on the CO-chemisorption measurements
for the fresh one, but the value calculated for

: N Pd/C used

- S

&

=
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&
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= Pd/C fresh
250 500 750 1000 1250

temperature (K)

Fig. 11. TPR of fresh and used washed 2 wt.% Pd catalyst
(Pd2/C-W).
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Table 5
CO-chemisorption and XRD results
Sample CO-chemisorption X-ray diffraction
Adsorbed amount Av. crystallite size Lattice diameter Phase Av. crystallite size
(cm® CO/gqy) (nm) (nm) (nm)=
Pd2/C 091 5.2 0.3888 Pd
Pd2,/C-W 0.49 9.7 0.3888 Pd 122
Pd2,/C-W /used 0.17 321 0.3996 PdC, 15 12.7
Pd1,/C-W 147 17 no diffraction pattern
Pd1/C-W/N, 173 14 no diffraction pattern
Pd1,/C-W /N, /used 0.28 8.7 no diffraction pattern

#Not determined because of overlap between signal from impurities and palladium.

the used 2 wt.% Pd catalyst (Pd2,/C-W) devi-
ates strongly.

5. Discussion
5.1. Catalyst preparation

Washing of the activated carbon appears to
be an important step in the catalyst preparation.
By this procedure, the amount of the impurities
is lowered, as found by XRF, and the ash
content is decreased. Several impurities like iron
and aluminium [9] can act as Friedel—Crafts
catalysts and catalyze the undesired
chlorine/fluorine exchange reactions. The
mechanism for this Cl /F-exchange is the Mars
and Van Krevelen mechanism [6]. After purifi-
cation, the formation of CHF; (HFC-23) is
strongly suppressed. Also it is found that the
amount of methane and coupled products
(C,H, C3H,) after washing are decreased. This
could be explained by the removal of iron which
catalyzes the formation of these products. It
seems that only the accessible impurities are
important. Similar results have been reported in
a Du Pont patent [10], where a higher selectivity
to CF,CH,F (HFC-1344) is claimed in the hy-
drogenolysis of CF,CCIF, (CFC-114a) over
Pd/C after washing the activated carbon sup-
port.

The 1 wt.% Pd catalyst (Pd1,/C-W /N,) gave
a higher activity than the 2 wt.% Pd catalyst

(Pd2/C-W). This is probably caused by the
much higher dispersion of the 1 wt.% pala
dium, as found by CO-chemisorption.

The nitrogen heat pre-treatment is also a very
important parameter in the preparation of the
catalyst. The exact reason is not clear but the
nitrogen heat pre-treatment gave a more stable
and active catalyst. The decrease in the amount
of chlorine could play arole.

By increasing the temperature, it is possible
to obtain complete conversion. It is striking that
the selectivity to CH,F, at al conversions is
remarkably high and remains unchanged. This
supports earlier work [11,12] in which we con-
cluded that the mechanism for the conversion of
CCl,F, proceeds mainly via parallel reaction
pathways. The performance of our tested cata-
lysts is significantly better than those in recent
literature [13—15].

5.2. Catalyst stability

The catalyst activity, selectivity, and stability
are simultaneously influenced by the hydrogen
to CFC feed ratio. Also the time on stream
needed to reach a steady-state catalyst perfor-
mance depends on this ratio. Apparently, it
takes some time before the adsorption /desorp-
tion equilibria have been established. The cata-
lyst deactivation at lower hydrogen to CFC feed
ratio can be tentatively explained by coke for-
mation on the catalyst surface. As the hydrogen
concentration is increased, coke precursors are
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hydrogenated from the catalyst surface. The
amount of ethane and propane, which can be an
indication for the coke formation, is propor-
tional to the deactivation and to the hydrogen to
CFC feed ratio. It can, however, be expected
that the hydrogen concentration cannot be in-
creased infinitely, because palladium is ex-
pected to sinter easily at 100% hydrogen atmo-
sphere at reaction conditions. On the other hand
CFCs can be expected to regenerate a deacti-
vated palladium on an activated carbon support
[10]. Therefore, catalyst stability can be ob-
tained when the hydrogen concentration is high
enough to prevent coke formation and the CFC
concentration is high enough for in-situ stabi-
lization of the palladium dispersion. This ex-
plains the stable operation at the optimal hydro-
gen to CFC feed ratio of 12. At hydrogen to
CFC feed ratio lower than 6 coke formation is
probably the main cause of deactivation, whereas
at hydrogen to CFC feed ratio higher than 12
sintering of the palladium is expected to be the
main cause of deactivation. In other words, the
presence of an optimum in activity and selectiv-
ity as a function of the palladium dispersion
could explain the observed phenomena.

5.3. Catalyst characterization

In Figs. 3 and 5, it can be seen that the
selectivity to CH,F, is remarkably increased as
a function of time on stream and after having
been at higher temperatures. This unexpected
behaviour could be explained by two effects.

(1) A further lowering of the content of
accessible impurities by the produced HF and
HCl takes place and thereby suppresses the
chlorine/fluorine exchange and total hy-
drogenolysis activities. The ash-content of the
used 2 wt.% (Pd2/C-W) catalyst is indeed low-
ered in comparison to the fresh one (see Table
4).

(2) A modification of the palladium takes
place which influences the performance. This
modification of the palladium is found indeed.
The diffraction pattern (Fig. 10) of the used 2

wt.% Pd catayst (Pd2/C-W) is shifted to a
lower scattering angle compared to the fresh
one. From the lattice parameter, it can be con-
cluded that this means that a solid solution of
palladium and carbon (PdC, ;) has been formed.
This phase has aso been found by Ziemecki et
al. [16] who treated palladium with acetylene,
ethylene or carbon monoxide at higher tempera
tures. The formation of the palladium carbide
phase might explain the change in the selectiv-
ity. Experiments with palladium black showed
[6] that the formation of palladium carbide is a
fast process taking place at a time scale in the
order of afew hours. The increase in selectivity,
however, proceeds over more than 200 h.
Therefore, we tentatively conclude that the first
explanation is correct, although the second can-
not be ruled out completely.

Additional evidence for the formation of pal-
ladium carbide stems from the TPR experi-
ments. The fresh 2 wt.% catalyst contains rather
big palladium particles and, as a consequence,
the formation of palladium hydride is possible
[17]. When raising the temperature, phase de-
composition takes place and palladium and hy-
drogen are formed (see hydrogen release in Fig.
11). For the used catalyst, no evolution of hy-
drogen was observed, which indicates that the
interstitial  spaces are occupied by carbon
[18,19].

The particle size, calculated from XRD, of
the fresh and used 2 wt.% catalyst is the same.
Also the value for the fresh catalyst, calculated
with the CO-chemisorption results, is similar.
The used catalyst, however, gives a much higher
particle size which is in contrast with the XRD
results. This contradiction may be caused by
blocking of the palladium surface for CO by
chlorine, which is formed during the reaction, or
by carbon, which probably is present due to the
formation of palladium carbide. Similar XRD
results were not observed for the 1 wt% catalyst
which can be explained by the limited accuracy
of the measurement.

In summary, the catalyst is sufficiently ac-
tive, selective and stable for a practical process.
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The design of a pilot plant and a commercial
plant is currently being made.

6. Conclusions

Purification of the activated carbon by treat-
ing with caustic soda and hydrochloric acid is
found to be very effective in increasing the
selectivity to CH,F, in the hydrogenolysis of
CCI,F, over Pd/C. A nitrogen heat pre-treat-
ment in the combination with a cyclic tempera-
ture procedure in the presence of hydrogen and
CFC raised the stability and the activity of the
catalyst.

During reaction the selectivity to the desired
product CH,F, increases. Probably this is due
to aremoval of impurities by the reaction prod-
ucts HF and HCI. The stability of the catalyst
proves to be a function of the hydrogen to CFC
feed ratio. An optimum ratio of 12 was found.

It was found that during the reaction the
paladium on activated carbon was converted
into palladium carbide on activated carbon.

The overal conclusion is that a very selective
and stable catalyst, namely: 1 wt.% palladium
on purified activated carbon, has been devel-
oped which can convert a waste product CCl ,F,
(CFC-12) into the high added value product
CH,F, (HFC-32).
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