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Abstract

A comparative study of hydrodechlorination of dichlorodifluoromethane, carbon tetrachloride and 1,2-dichloroethane over alumina-
supported Pt catalysts showed several interesting features in the catalytic behavior. Platinum proved to be very good catalyst-in CCI
drodechlorination (with high selectivity toward CHElwhereas for CGF, and 1,2-dichloroethane hydrodechlorinations this metal exhibits
rather low activity and, in addition, converts the reactants to less valuable products (e.g. alkanes). However, a rapid deactivation of Pt catalysts
during hydrodechlorination requires their frequent regeneration. Two regeneration protocols tested in this work showed interesting, albeit
somewhat different, activity evolutions. Removal of chlorine species by hydrogen &€386 to a moderate increase of catalytic activity.

On the other hand, a partial removal of carbonaceous residues by oxidative pretreatment brought about a considerable increase of the overal
conversion level in CGlhydrodechlorination. Additional temperature-programmed experiments with spent and regenerai€y Patalyst

suggest that a partial removal of carbonaceous deposit (most probably followed by its reconstruction) leading to the formation of very active
catalyst, less susceptible to poisoning by chlorine.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction catalytic behavior of these metals. Whereas Pd is a unique
catalyst in the selective hydrodechlorination of chlorofluoro-
Catalytic hydrodechlorination of organic wastes contain- carbons (CFCs) to hydrofluorocarbons (HF{2§) Pt seems
ing a variety of harmful and ozone-depleting compounds a better catalystin a gas phase hydrodechlorination of carbon
has recently attracted increasing interfids2]. Several cat-  tetrachloride to chloroforr{b,8,12] Apart from variations in
alysts were tested in fundamental studies, and then proposedhe selectivity, these metals often exhibit different durability.
in patent applications (references [8]). Among the cat- For example, palladium catalysts show a rather short lifetime
alytic metals, platinum and palladium seem to play the most in carbon tetrachloride hydrodechlorination carried out in the
important role in chlorine removal from organic molecules gas phasél2].
[4—21] Supported on various carriers (like active carbon, alu-  Recently, we have compared the hydrodechlorination
mina, AlRs, silica, magnesia, etc.), Pt and Pd appeared very of several chlorine-containing compounds (g3, CCly
effective in chlorine elimination from CFCs and chloroalka- and CICH—CH,CI) over alumina-supported Pt—Pd catalysts
nes. One has, nevertheless, to note some differences in thg22]. A number of synergistic effects were found, e.g. an
addition of platinum to 1wt.% Pd/AD3 catalyst brought
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[22]. In addition, an attempt to elucidate catalyst’'s de-
activation (the effect often found in catalytic transforma-
tion of CCl) was undertaken. Coke and chlorine depo-
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by passing through drying traps with final purification over
MnO/SiOC,.

sition were considered as the main possible reasons 0f2.2. Catalytic tests

deactivation, assuming after othdfs16] that changes in
metal dispersion (in alumina-supported metals, like Pt)
during hydrodechlorination are not large. In our previ-
ous work [22], one Pd-Pt/AJOs catalyst was subjected
to a few chlorine removal operations during its screen-
ing in CCly reaction. It appeared that after chlorine re-
moval by hydrogen treatment at 350 the overall conver-
sion of CCl quickly returned to a steady-state level ex-
hibited before chlorine elimination. Such a result indicated

The reactions of hydrodechlorination of 1,2-
dichloroethane, carbon tetrachloride and dichlorodiflu-
oromethane were carried out at atmospheric pressure,
in glass flow reactors equipped with fritted disks to
place a catalyst charge. Prior to reactions, the catalyst

was reduced in flowing 10% #Ar (25 cnm?/min), ramp-

ing the temperature from 20 to 40QG (at 8°C/min)
and kept at 400C for 3h. All reactions were followed

that the main reason of a continuous deactivation is the by gas chromatography (HP 5890 series Il with FID,
formation of carbonaceous species, and not a metal sur-a 5% Fluorcol/Carbopack B column (10ft) from Su-

face chloriding. However, important changes in the selec-
tivity toward CHCE, generated by short reduction periods,
suggested that, although the overall activity is largely de-

pelco).
In the catalytic conversion of 1,2-dichloroethane (HPLC
grade, 99.8% pure from Sigma-Aldrich, Germany) the flows

termined by the amount of deposited carbonaceous mate-of all gases, except 1,2-dichloroethane, were fixed by us-
rial, nevertheless the rereduction of a coked catalyst maying Bronkhorst Hi-Tec mass flow controllers. After reduc-
result in some reconstruction of carbonaceous residuestion, the catalyst was cooled to 200, then contacted with

[22], contributing to significant selectivity changes. In or-
der to avoid any complications with an additional factor

the reaction mixture, i.e. with a flow of hydrogen +argon
at 41.2 crmi/min and 1,2-dichloroethane, provided from a

associated with possible changes in the surface composi-saturator kept at 9C (to give the partial pressure of

tion of bimetallic Pd—Pt catalyst, we decided to reinves-

tigate the problem of catalyst’s deactivation and regenera-

tion by focusing our attention at the monometallic P24
catalyst.

2. Experimental
2.1. Catalyst preparation and characterization

The 1wt.% metal-loaded platinum catalyst was pre-
pared by incipient wetness impregnation of alumina (Alu-
mina Catalyst Shell S618, 240, pore volume 0.8 cAig,
75-120 mesh, acid washed and precalcined af6%@vith
an aqueous solution of chloroplatinic acid. Before impreg-
nation the support was dried in an air oven at 100for
20 h. HLPtCl was prepared by dissolving Pt wire (Johnson
Matthey Grade 1) in a hot mixture of hydrochloric and ni-
tric acids (volume ratio 10:1, both of analytical purity from
POCh, Gliwice, Poland). During impregnation and prelimi-
nary drying with infrared lamps, a good mixing was assured
by the rotary motion of a beaker containing the catalyst pre-
cursor. Then, the solid was further dried overnight in an oven
at 90°C.

The prepared catalyst was reduced in flowing 853/

(25 cn¥/min), ramping the temperature from 20 to 4@
(at 8°C/min) and kept at 400C for 3 h. After a subsequent
purge in argon flow at 400C for 1 h, the catalyst was char-
acterized by I chemisorption. Hydrogen chemisorption ex-

1,2-dichloroethane of 2.9kPa). The partial pressure ratio
Pn,/ Pc,H,cl, Was 101,

The mass of catalyst used ranged between 0.1 and 0.4 g,
depending on the reaction, in order to not exceed conver-
sion levels beyond 10% (at steady state, for freshly re-
duced samples). In all kinetic runs, the activities of most
catalysts declined with time-on-stream. A typical run lasted
~24h.

A similar reaction protocol was adopted for GGind
CChkF> hydrodechlorinations. Cglanalytical reagent from
POCh, Gliwice, Poland, purity >99.6%) was fed in the
same fashion as 1,2,84Cly, i.e. from a saturator kept
at 0°C, whereas in the case of CEp, the reactant was
supplied from a gas tank (Galco S.A., Belgium; purity
99.9%). The flows of gases fHAr, CClF2) were fixed
by MKS mass flow controllers to obtain feed partial pres-
sures: 2kPa for CGF, and 20kPa for H, in an argon
carrier. Hydrogen and argon were purified by MnO/giO
and the overall flow rate of the reactant gas mixture
was 100 cr/min. In the case of CGl hydrodechlorina-
tion the CClh/H, ratio was 1:7 (with the total flow of
~29 cn¥/min).

Blank experiments with alumina showed very low activity
inthe temperature range used for screening P@Atatalyst,

i.e. 200°C for 1,2-GH4Cly, 180°C for CChF,, and 90°C
for CCls hydrodechlorinations.

After reaction, some samples of used P#®d catalyst
were subjected to temperature-programmed hydrogenation
(TPH, next subsection). Obtained TPH spectra allowed us

periment was performed in a pulse-flow system, and showedto propose two regeneration scenarios: one by hydrogen, the

the fraction exposed of platinum equal 0.54 (as H/Pt). All the
gases used (K Ar and 85% H/Ar mixture) were purified

other by oxygen treatment at 350. More details on these
procedures are provided in Secti®n



M. Legawiec-Jarzyna et al. / Journal of Molecular Catalysis A: Chemical 224 (2004) 171-177 173

2.3. Temperature-programmed hydrogenation (TPH) uct selectivity typical for palladium catalysts was not ob-
and temperature-programmed oxidation (TPO) of used tained with the Pt/AlOs: only very small amounts of desir-
Pt/Al,O3 catalysts able products (Chi, from CChLF,, and ethene from 1,2-

dichloroethane) were received. Instead, very high selectivi-
After kinetic runs the catalysts were investigated by ties to either methane (from CgF) or ethane (from 1,2-
a temperature-programmed hydrogenation (TPH) to detectdichloroethane) were displayetiaple ). These results and
species which can be removed by hydrogen from used cat-relatively small changes in the catalytic behavior of Pi(2{
alysts. Progress of TPH runs, using a 10%/He flow catalysts in the above-mentioned reactions prompted us to fo-
(25 cn?/min) at a 10°C/min ramp, was followed by mass cus our attention mainly at the C{leaction.
spectrometry (MA200, Dycor-Ametek, Pittsburgh). Several  The steady-state behavior of Pt4@l3 catalysts in hy-
masses were monitored during the experiment, but majordrodechlorination is associated with the degree of catalyst's
changes were seen only fovz 15 and 16 (methane evolu- deactivation during reaction. Following other published re-
tion). Attention was also focused at changesin36 and 38, sults [15,23,24] we consider that deactivation would be
which are suggestive of HCI liberation from used catalysts. caused by blocking active sites by surface chlorine and/or car-
Evolution of hydrogen pressurenz 2) showed that desorp-  bonaceous residues. According to other wdek4 6] rather
tion of chlorine needed hydrogen from the gas phase. Only negligible platinum sintering takes place during hydrodechlo-
the results of testing the catalysts after g&zland CCl reac- rination at a relatively low reaction temperature (90—20)
tions were analyzed. In a similar fashion, a few temperature- so this factor is not considered in this work. In order to de-
programmed oxidation (TPO) runs were performed to es- cide between poisoning effects of deposited chlorine/chloride
timate relative amounts of coke deposited on the B@AI species and carbonaceous residues, the temperature pro-
catalyst after CGl hydrodechlorination and a similar spent grammed hydrogenation runs (TPH) appears helpful in show-
sample which was subsequently regenerated in an oxidiz-ing how to eliminate chlorine from a catalyst without a con-
ing atmosphere at 35C. To this end, a 1% @He flow siderable removal of carbon. The 1wt.% Pt@} catalyst
(25 cr?/min) at a 10°C/min ramp, was followed by mass used in CCJ hydrodechlorination shows the maximum of
spectrometry, with particular attention paidrtéz 44 (CQ chlorine removal rate by hydrogen at the temperature be-
evolution) andwz 32 (O, consumption). low 300°C (Fig. 1, thick line). Simultaneously, methane lib-
eration from the same sample commences at much higher
temperature (maximum rate at 550-6@) Fig. 2). This in-
3. Results and discussion formation led us to the first type of catalyst regeneration by
hydrogen treatment at 33C (only chlorine removal, with-

All catalysts showed a marked deactivation during the out affecting a carbon-containing deposit, vide infra). Car-
initial period of reaction. Steady-state data (typical results bon removal by hydrogen treatment appeared not accept-
presented imMable ) were used for further interpretation. It ~ able, because very high temperature needed for this process
is seen that the reaction of CQbroceeds much faster than (~600°C, Fig. 2) would cause a considerable metal sinter-
the remaining reactions (C&¥, and 1,2-dichloroethane hy- ing. To this end, the other type of regeneration, relied on a
drodechlorinations), in accordance with a much higher reac- short oxidative treatment of a spent catalyst in the oxida-
tivity of CCl4 molecule. For CGJ reaction one notes a re- tive atmosphere at 35C€C was used (for details of regener-
spectable level of the selectivity toward chloroform (almost ation procedures, see captionTable 2. This temperature
90%), which is a typical feature of platinum-based catalysts. level was chosen on the basis of a recent paper by Choi et
For the other reactions, the overall activity of P¥@§ is al. [16], where temperature programmed oxidation of coke
low, at least for the temperatures, at which palladium-basedfrom Pt/Al,O3 catalysts used in Cglhydrodechlorination
catalysts show a higher conversion. In addition, a good prod-was investigated (Figs. 3 and 4 in RgE6]). According to

Table 1
Representative kinetic data of hydrodechlorination over 1 wt.% RDAtatalyst: product selectivities and turnover frequencies
Product selectivity (%) Turnover frequendy(s 1)
CClLF, hydrodechlorination at 18aC?
CHy: 56, CHF2: 9, CCIRs: 0.5, CHCI: 7, CHCIR,: 28, CH:CIF: — 0.0007
CCl4 hydrodechlorination at 90C
CHa: 11.1, GHy4 + CyHeg: 0.5, GHg + C3Hg: —, Ca4°: —, CHCL: 88.4 0.0200
CICHo—CH,ClI hydrodechlorination at 2004
CHj: 1.2, GH4: 0.1, GHe: 84.6, GH5CI: 3.1, 1,2-GHCl»: 9.4 0.0066

a Assuming metal fraction exposed measured bychemisorption (H/Pt=0.54).
b Other minor products: CHfF CoHg, CHClo.

¢ Higher hydrocarbons and chlorohydrocarbons.

d Other minor products: §H3Cl, CasHg, C4H1o.



174 M. Legawiec-Jarzyna et al. / Journal of Molecular Catalysis A: Chemical 224 (2004) 171-177

m/z 36 m/z 15
S
S 3
5 E
£ =)
=2 7]
= 2
a ©
© >
=
after CCI4{
reaction
after CCLF, reaction
T T T T T T T
— 71— 0 200 400 600
100 200 300 400 500 600 700 Temperature, °C

Temperature, °C
Fig. 2. Methane evolution during temperature-programmed hydrogenation

of used Pt/AjO3 catalysts after hydrodechlorination of GE} and CCl

thick line—for the freshly reduced catalyst; dotted line—for the catalyst
subjected to regeneration in an oxidizing atmosphere at@5Mass 15

was selected for presentation because [i¥ération observed by monitoring
mass 16 is somewhat misinterpreted due to evolution of water (especially
around 100C). Comparable catalyst weights@.1 g) were used.

Fig. 1. HCI (asm/z 36) evolution during temperature-programmed hydro-
genation of Pt/AJO3 catalysts used in C@keaction. Thick line—after re-
action on freshly reduced catalyst, dotted line—after reaction on the catalyst
subjected to regeneration in an oxidizing atmosphere at@5Gomparable
catalyst weights+0.1 g) were used.

the TPH spectrum, the oxidative regeneration results in a
drastic reduction of chlorine retention by the catalyst during associated with a partial (i.e. not complete) removal of car-
CCls hydrodechlorinationKig. 1, dotted versus thick line).  bon from the catalyst. Our belief, implied by visual inspec-
Anearly common course of both TPH profil€3d. 1) atvery  tion of the catalyst after oxidative regeneration (remained
high temperatures (i.e. >50Q) suggests that some part of greyish, not nearly white), is substantiated by comparing the
the deposited chlorine must also originate from alumina. On result of temperature-programmed oxidation (TPO) study of
the other hand, a relatively small amount of chlorine remov- the sample of Pt/AlOs after reaction with that after reaction
able by TPH at lower temperatures for the P#@4 catalyst ~ and a consecutive regeneration in an oxidative atmosphere at
regenerated in the oxidative atmosphere indicates that this350°C (Fig. 3). The amount of carbon released as Gf@m
type of regeneration does not restore an initial form of the the catalyst after regeneration is nearly two times smaller than
metal surface. the analogous quantity of C from the spent catalyst.
Catalytic results of various regeneration procedures  The results of various regeneration procedures are shown
showed very interesting changes, especially for the samplesin Figs. 4—6(time-on-stream behavior) arf@ble 2(steady-
regenerated in the oxidative atmosphere. A remarkable ac-state data). First, the Pt/#Ds catalyst was subjected to a
tivity growth in CCl hydrodechlorination (see below) was  few chlorine removal operations during its screening inACl

Table 2
The effect of various regenerative pretreatments
Reaction (sample) Catalyst weight (g) Steady-state conversion (%) after:
Reductio? Regeneration #1 Regeneration #2
CCl,F, reaction at 180C
Two regenerations in yonly? 0.201 0.19 as 017
Two Oy/H, regeneratiorfs(#1, #2) 0.368 0.40 a3 022
CCl, reaction at 90C
Two regenerations in Honly 0.106 2.69 12 108
Two O,/H; regenerations (#1, #2) 0.101 2.97 Bl 696
CICH—CH,Cl reaction at 200C
Two regenerations in Honly 0.158 3.90 03 105
Two O,/H; regenerations (#1, #2) 0.151 2.94 78 162

Steady-state conversions in the reaction of ££&| CCly and 1,2-dichloroethane hydrodechlorination over 1 wt.% B@Alcatalyst.

2 Steady-state conversions on a freshly reduced (at@pa wt.% Pd/AbOs (see Sectior2).

b Steady-state conversions on 1 wt.% P#®¢ subjected to regeneration in hydrogen at 35(see caption t&ig. 4).

¢ Steady-state conversion on used 1 wt.% Pi3l(after Footnote b) subjected to regeneration in an oxidative atmosphere’at 360owed by rereduction
in hydrogen at 350C (see caption t&ig. 5).
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carbon from the catalyst. We hypothesize that a considerable
m/z 32 reconstruction of the carbonaceous deposit, much more ef-
fective than that obtained by regeneration i Bhust occur
during coke oxidation. It is believed that Cbonding to
such a modified Pt surface is weaker, leading to a higher
turnover efficiency. Additional TPH experiments with the
catalyst regenerated in the oxidizing atmosphere at’@50
(Figs. 1 and 2suggest that the improvement of the catalytic
performance after regeneration is associated with its better
resistance to poisoning by chlorine/chloride spediég.(1).
In line with this suggestion, Zhang and Begrd9] showed
iz 44 that the main reason of catalyst’s poisoning in this reaction is
: m— . , : chlorine/chloride deposition, more distinct for highly (than
0 100 200 300 400 500 600 700 poorly) dispersed Pt catalysts. Regeneration in the oxidative
Temperature, °C atmosphere at 35@ of the Pt/AbO3 clearly results in a very
much diminished deposition of chlorine speciEgy( 1), es-
Fig. 3. TPO of coke from 1wt.% Pt/ADs: thick line—after CC} hy- pecially of those which are removable by hydrogen at lower
drodechlorination at 90C, thin line—after CCJ hydrodechlorination at temperatures (<35@)_ It is assumed that the presence of
90°C an_d subsequent regeneration in an ox_idizing atmosphere &C350 |arger amounts of chlorine on platinum surface during hy-
(for details see text). Comparable catalyst weight8.( g) were used. R . L
drodechlorination is the cause of a reduced catalytic activity

reactionFig. 4shows the results. It appears that after regen- Of platinum.

eration in K and returning the flow of reaction mixture, the TPH experiments indicate that the catalyst’s regeneration

overall conversion at steady-state exceeds the level exhibitedn the oxidative atmosphere at 330 does not resultina con-

before regeneration in4iby factor of~4. However, this type siderable reduction of carbonaceous species deposited on the

of regeneration does not introduce large changes in the seleccatalyst during reaction (dotted versus solid lineig. 2).

tivity (small decrease ofcycy,). Such a beneficial change Therefore, the beneficial role of areconstructed carbonaceous

in the catalytic behavior suggests that, although the overall deposit (after oxidative regeneration) must be seen in a con-

activity seems still be largely determined by the amount of Siderable resistance to chlorine poisoning.

deposited carbonaceous material, nevertheless the rereduc- Fig. 6 shows the effect of temperature used in oxidative

tion of a coked catalyst may result in some reconstruction of regeneration of 1 wt.% Pt/ADs. After first oxidative regen-

the carbonaceous residues. eration performed at 35 (as above), the second regenera-
The oxidative type of catalyst regeneration (at 36) tion run was carried out at 40€, in belief that coke burning

brings about much more interesting changes in the catalytic from this catalyst should be more complete at this tempera-

behaviorFig. 5andTable 2show that after regeneration, the ~ture. The overall conversion decreased from a higher value

overall conversion level grows by factor of >20. As it has al- characteristic for a “350C” type of regeneration~60%)

ready been mentioned this remarkable activity growth would t0 @ much lower level, typical for a freshly reduced catalyst.

be associated with a partial (i.e. not complete) removal of Itis also evident that the level of conversion grows steadily

Mass signal, a.u.

) Omethane N
100% Ochloroform 4%

90% A conversion F 40%

80% W | o L 35%
0,
0% ] rinannsiegy L 30%
A
A A
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50%
r 20%
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r 15%
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0 500 1000 1500 2000 2500 3000

Time-on-stream, min

Fig. 4. CCh hydrodechlorination on 1 wt.% Pt/AD3 (mass~0.1g) at 90 C. Breaks in the trace indicate two short regeneration pretreatments in hydrogen at
350°C. Regeneration pretreatment: heating the catalyst fron€30 350°C in 10% Hb/Ar flow (25 cn?/min) at a 10°C/min ramp, then cool-down to 9
(reaction temperature).
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Fig. 5. CCk hydrodechlorination on 1 wt.% Pt/AD3; (mass~0.1g) at 90C. Breaks in the trace indicate two short regeneration pretreatments in oxygen at
350°C. Regeneration: heating the catalyst fron?@to 350°C in 10% Hy/Ar flow (25 cm?/min) at a 10°C/min ramp, then a short purge in Ar, next 5%/8r
flow (25 cr/min) at 350°C for 30 min, then H/Ar flow at 350°C and cool-down to 96C.
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Fig. 6. CCh hydrodechlorination on 1 wt.% Pt/AD3 (mass~0.1g) at 90°C. Breaks in the trace indicate two short regeneration pretreatments: firstAn O
at 350°C, then in Q/Ar at 400°C, both oxidations followed by short reduction periods.

with time-on-stream, in line with the behavior of the fresh 350°C results in the beneficial reconstruction of the carbona-
catalyst. Thus, it is considered that the oxidative regenera-ceous residues. It seems possible that changes in the structure
tion at 400°C is sufficient to remove a predominant amount of coke would lead to the formation of a variety of active sites

of carbonaceous residues from used P4l catalyst. associated with a different degree of steric constraints, and
It should be mentioned that TPH after GE} reaction re- contribute to considerable activity changes. The presence of

vealed only minute amounts of chlorine in used P12y cat- different active centers related to specific sites in the coke

alysts (TPH trace not shown). Similarly, rather small amounts structure has recently been proposed by Borfwgki[25,26]

of carbon were deposited after reactidig( 2). Therefore, in his mechanism of selective hydrogenation of acetylene on

the regenerative procedures of PH¥@ would not lead to palladium catalysts.

large changes in catalytic behavidiaple 2. In the case of

1,2-dichloroethane reaction, the respective changes in activ-

ity generated by the oxidative regeneration are more marked4. Conclusions

than for CCyF, conversion, and similar in nature as for GCI

reaction (a several times increase of conversitahle 2, A comparative study of hydrodechlorination of GEJ,

without large change in product selectivity (not shown). CCly and CICH—CH,Cl on Pt/AL O3 catalysts showed large
Summing up, it is concluded that after GQleaction differences of catalytic behavior. Platinum appeared very ef-

regeneration of a coked Pt/ADz catalyst by oxidation at  ficient catalyst in CCJ hydrodechlorination (with high se-



M. Legawiec-Jarzyna et al. / Journal of Molecular Catalysis A: Chemical 224 (2004) 171-177 177

lectivity toward CHC}), whereas in case of C&H, and 1,2- [4] A. Wiersma, E.J.A.X. van de Sandt, M.A. den Hollander, H. van

dichloroethane hydrodechlorinations Pt showed rather low  Bekkum, M. Makkee, J.A. Moulijn, J. Catal. 177 (1998) 29.

activity and, in addition, converted the reactants to less sig- [®! T:N- Bell, P. Kirszensztejn, B. Czajka, React. Kinet. Catal. Lett. 56

o ' ' X o (1995) 221.

nificant products (g.g. alkanes). Hover(_ar, arapid deactivation [6] TN. Bell P. Kirszensztejn, B. Czajka, Catal. Lett. 30 (1995)

of Pt catalysts during hydrodechlorination always accompa- 305.

nied the reactions. Two types of catalyst regeneration were [7] z.C. Zhang, B.C. Beard, Appl. Catal. A 174 (1998) 33.

examined in this work: hydrogenative and oxidative ones. [8] AH. Weiss, B.S. Gambhir, R.B. Leon, J. Catal. 22 (1971) 245.

Removal of chlorine species by hydrogen at 360ded to a [9] Z.C. Zhang, B.C. Beard, Stud. Surf. Sci. Catal. 130 (2000) 725.
derate i f catalvti tivity. On the other hand [10] E.S. Lokteva, V.V. Lunin, E.V. Golubina, V. Simagina, M. Egorova,

moderate increase or catalylic activity. On the other hand, a“ |\, gioyanova, Stud. Surf. Sci. Catal. 130 (2000) 1997.

partial oxidative removal of carbonaceous residues brought|11] s ordfez, H. Sastre, F.V. Bz, Appl. Catal. B 25 (2000) 49.

about to a huge increase of the overall conversion level in[12] L. Prati, M. Rossi, Appl. Catal. B 23 (1999) 135.

CCl4 hydrodechlorination (by factor of >20). Itis speculated [13] E.E. Getty, S.C. Petrosius, R.S. Drago, J. Mol. Catal. 67 (1991) 127.

that some forms of reconstructed carbonaceous deposit arf“] X. Wu, Y.A. Letuchy, D.P. Eyman, J. Catal. 161 (1996) 164.

b ficial for th ti b f d d tend t 15] E.V. Golubina, E.S. Lokteva, V.V. Lunin, A.O. Turakulova, V.I.
enencialtor the reaction, because or a reduced tendency Simagina, L.V. Stoyanova, Appl. Catal. A 241 (2003) 123.

poisoning by chlorine/chloride species. [16] H.C. Choi, S.H. Choi, J.S. Lee, K.H. Lee, Y.G. Kim, J. Catal. 166
(1997) 284.

[17] Z.C. Zhang, B.C. Beard, Appl. Catal. A 188 (1999) 229.

[18] J.W. Bae, I.G. Kim, J.S. Lee, K.H. Lee, E.J. Jang, Appl. Catal. A

Acknowledgement
240 (2003) 129.
. . . [19] J.W. Bae, E.D. Park, J.S. Lee, K.H. Lee, I.G. Kim, S.H. Yeon, B.H.
This work was supported in part by the Polish State Com- Sung, Appl. Catal. A 217 (2001) 79.
mittee for Scientific Research (KBN) within Research Project [20] V. Dal Santo, C. Dossi, S. Recchia, P.E. Colavita, G. Vlaic, R. Psaro,
4 TO9B 098 24. J. Mol. Catal. A 182/183 (2002) 157.
[21] B. Coq, F. Bouchara, D. Tournigant, F. Fegas, in: G. Centi, et al.
(Eds.), Environmental Catalysis, SCI Pub., Rome, 1995, p. 583.
[22] M. Legawiec-Jarzyna, ASrebowata, W. Juszczyk, Z. Karski,
References Appl. Catal. A 271 (2004) 61.
[23] K.A. Frankel, B.W.-L. Jang, J.J. Spivey, G.W. Roberts, Appl. Catal.
[1] L.E. Manzer, V.N. Rao, Adv. Catal. 39 (1993) 329. A 205 (2001) 263.
[2] L.E. Manzer, Catal. Today 13 (1992) 13. [24] K.A. Frankel, B.W.-L. Jang, G.W. Roberts, J.J. Spivey, Appl. Catal.
[3] Z. Ainbinder, L.E. Manzer, M.J. Nappa, in: G. Ertl, H. Kringer, A 209 (2001) 401.

J. Weitkamp (Eds.), Handbook of Heterogeneous Catalysis, vol. 4, [25] A. Borodzihski, A. Cybulski, Appl. Catal. A 198 (2000) 51.
Wiley/VCH, New York/Weinheim, 1997, p. 1677. [26] A. Borodzihski, Catal. Lett. 71 (2001) 169.



	Hydrodechlorination of dichlorodifluoromethane, carbon tetrachloride and 1,2-dichloroethane over Pt/Al2O3 catalysts
	Introduction
	Experimental
	Catalyst preparation and characterization
	Catalytic tests
	Temperature-programmed hydrogenation (TPH) and temperature-programmed oxidation (TPO) of used Pt/Al2O3 catalysts

	Results and discussion
	Conclusions
	Acknowledgement
	References


