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Abstract

The influence of HCI production and NaOH addition on catalytic activity in the liquid-phase hydrodechlorination of
chlorobenzene over palladium-supported catalysts was studied. The rate of dehydrochlorination reaction falls with time
owing to the poisoning effect of HCI gradually formed as by-product. A partial reaction ordet of HCI was found over
the concentration range 0.05-0.3 M. The addition of NaOH as a proton acceptor was found to have a favourable effect only
with the most disperse catalysts—by contrast, the alkali had an adverse effect on the activity of the least disperse solids.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction the most widely endorsed and promising choice for the
treatment and detoxification of organohalogen waste
Chlorinated hydrocarbons are hazardous pollutants [1—3]. The process usually involves a thermal, catalytic
contained in various waste oils and other organic lig- or reactive procedure. Catalytic hydrodehalogenation
uids. They constitute one of the most important classes has recently emerged as a promising non-destructive
of organic pollutants by virtue of their environmental  alternative technology by which chlorinated waste can
impact and toxic effects. Especially prominent among pe converted into products of commercial value. It is
them in this respect are polychlorobiphenyls (PCBs), simple, safe and effective, and very often ensures re-
polychlorinated dibenzp-dioxins (PCDDs), poly-  generation of the initial raw material [4].
chlorodibenzofurans (PCDFs), chlorofluorocarbons  Of all Group VIII noble metals known for their
(CFCs) and miscellaneous chlorinated solvents. C—-Cl bond cleavage and hydrogenation ability, palla-
Disposal of organohalogenated pollutants usually dium is regarded as the best catalyst for selectively
relies on thermal or catalytic burning, gas-phase ther- replacing chlorine atoms with hydrogen. It not only
mal or catalytic dehydrohalogenation, hydrodehalo- promotes bond cleavage but also affects the transition
genation or hydrogenolysis. Hydrodehalogenation is metal least markedly by the poisoning effect of halide
" Corresponding author. Tel:34-957-218638; 1ons released. [5-71. ) .
fax: +34-957-212066. The catalytic hydrodehalogenation of organic com-
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[8]. Catalytic dehydrogenolysis suffers from the in- either palladium chloride or palladium acetylacetonate
hibitory effect of hydrogen halides produced during (labels A and B, respectively, in the catalyst name).
the process [8-11]. The drop in dechlorination activ- The support was placed in a flask that was supplied
ity has been associated in one instance to a loss of thewith an appropriate amount of metal precursor dis-
supported active phase [12] and also to surface poi- solved in acetone to reach a 3wt.% palladium in the
soning through the formation of metal chloride species filan catalyst, as denoted by the subscript. The flask
[10,11]. was then placed in a rotavapor equipped with a water
Blocking of active sites by the hydrogen halide can bath at 45C and spun for 6 h. Next, the solvent was
be avoided by, e.g. using a base additive such as NaOH,evaporated in vacuo and the residue dried in a stove at
NH3, etc. [8,12-16]; as a result, organic halides are 110-120C for 24 h, ground and sifted to a fine pow-
usually hydrogenolysed in the presence of a base (es-der. Finally, the powder was calcined in an air stream
pecially in batch reactions). The role of the added (flow rate 50 mImirrl) by raising the temperature lin-
base is to neutralize the acid and to keep the catalytic early to 300°C and then holding it for 2 h.
metal in areduced state, free from halide ions. Sodium, With Pd&/PM2(A), two different portions of the
potassium, calcium and barium hydroxides are usu- catalyst were modified after palladium impregna-
ally employed for this purpose, as are sodium acetate, tion by adding NaOH and NaNfaqueous solutions
amines and ammonia for base-labile compounds. (basic and neutral, respectively). In both cases, an
Little research has so far been conducted, however, appropriate volume of solution was added to obtain a
into the relationship between catalyst deactivation and 5% sodium loading. The solids were calcined in the
metal particle size or on the influence of the support same way as the initial catalyst. The catalysts thus
on the blocking of active sites. Deactivation phenom- obtained were reduced in a hydrogen stream at a flow
ena, the regeneration of deactivated catalysts and therate of 120 mIminl. The reduction programme was
development of poison-resistant catalytic systems are started at 110C, which was held for 1h and then
all of a high practical significance. raised to 200C linearly at 2C min~?1, the final tem-

In this work, the deactivating effect of acid released
during the reaction was examined. In addition, the
effect of the addition of NaOH to the reaction medium
in order to neutralize the HCI produced and prevent it
from attacking the catalytic support was examined.

2. Experimental

2.1. Yynthesis and characterization of catalysts

The support for the metal catalysts was a copre-
cipitated mixed system consisting of aluminium
orthophosphate and silica in a 20:80 ratio by weight

perature being held for 10 min. Finally, the reduced

solids were cooled in a hydrogen stream. Temperature
programmed reduction (TPR) experiments confirmed
that the temperature used resulted in thorough reduc-
tion of supported palladium in all systems.

The textural properties of the supports and metal
catalysts were determined from nitrogen adsorption—
desorption isotherms run at liquid nitrogen tempera-
ture on a Micromeritics ASAP 2000 instrument. Their
specific surface area§4gt) were obtained using the
BET method.

The metal properties of the catalysts, viz mean metal
particle size guet), metal surface areaS¢eT) and
metal dispersionld), were determined by hydrogen

that was named PM2. The procedure used to preparechemisorption at 100C on a Micromeritics TPD/TPR
the support was described in detail in a previous paper 2900 analyser (see Table 1).

[17]. A portion of the PM2 system was modified
by impregnation with a methanol solution of NaOH
containing the amount of alkali required to ensure a
sodium content of 5% by weight in the final solid.
The modified system was designated PM2(Na).

2.2. Procedure

The liquid-phase hydrogenation of chlorobenzene

with molecular hydrogen was carried out on a Parr

Both supports were used to prepare metal cata- Instruments 3911 low-pressure reactor, using a con-

lysts by depositing palladium using the incipient wet-

stant rate of 300 shakesmih The reaction vessel

ness impregnation method. The metal precursor was (volume 500ml) was wrapped in a metal jacket
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Table 1
Specific surface areeS{et) of the supports and specific surface ar€get), mean metal particle diameted\et), metal surface area
(SveT) and metal dispersiorD| of the palladium-supported catalysts studied

Support Metallic catalysts

Name Sger (M?g™) Name Sger (MPg™Y) Sver (M? gg) duer (B) D (%)

PM2 413 Pd/PM2(B) 387 114 43 26
Pck/PM2(A) 325 201 25 45
Pds/PM2(A)-NaOH 138 41 124 9
Pd/PM2(A)-NaNG 298 188 27 42

PM2(Na) 272 Pe/PM2(Na)(A) 192 50 102 11
Pcs/PM2(Na)(B) 264 243 21 54

through which thermostated water was circulated. The hand, it was found to be dependent on the amount of
apparatus was equipped with a gauge that recordedcatalyst used (50-150 mg), the two being related by a
the pressure inside the reaction vessel throughout thestraight line with a correlation coefficient greater than
experiment. 0.98 in each compound. This linear relationship sug-
All reactions were conducted in a overall liquid gests that the dehalogenation rate was kinetically con-
volume of 20ml containing 0.5M chlorobenzene trolled throughout the catalyst weight range studied
in methanol, using an initial hydrogen pressure of [14]. The initial catalytic activity (TOF) was calculated
0.414 MPa and a temperature of 4D, at a chlorobenzene conversion lower than 5%. The
Prior to each reaction, an amount of 100mg of chlorobenzene conversion at 990 miadp) was deter-
previously reduced metal catalyst was activated in a mined in order to compare catalyst deactivation data.
hydrogen stream at 120 ml mifh at 120°C for 15 min
and then cooled in the same gas stream. 2.3. Analysis of reaction products
The standard operational procedure used in each
experiment was as follows: the reaction vessel was Reaction products were analysed on a Fisons Instru-
loaded with 20 ml of 0.5 M chlorobenzene and 100 mg ments CG 8000 Series gas chromatograph furnished
of activated catalyst. After the temperature levelled off with a 30 m longx 0.53 mm i.d. Supelcowax-10 semi-
at 40°C, which took about 10 min, the reaction vessel capillary column and fitted to an FID detector. Prod-
was evacuated and filled with hydrogen to a pressure ucts were quantified using cyclohexane as internal
of 0.414 MPa. Five minutes later, the shaking device standard.
was started and the reaction timed. In each reaction,
the amount of chlorobenzene that was converted over
the contact period prior to shaking (05 min) was 3. Results and discussion
measured.
Blank tests intended to ascertain that the reaction 3.1. Characterization of catalysts
did not take place thermally in the absence of catalyst
were conducted when the reaction mixture consisted The textural properties of the supports and catalysts
solely of the substrate and solvent. No signs of reaction were determined from nitrogen adsorption—desorption
were detected after 6 h under these conditions. isotherms run at liquid nitrogen temperature (see
The absence of intraparticular and interparticular Table 1).
diffusion under the operating conditions used was also  The aggressive, NaOH-based treatment to which
checked. The particle size of the catalysts was al- solid PM2 was subjected to obtain catalyst PM2(Na)
ways small enough (less than 0.149mm) to ensure resulted in a dramatic decrease in specific surface area
negligible intraparticular diffusion [16]. The specific  (from 413 to 272Ag~1). The incorporation of palla-
rate (mmols? g,;j) was found not to depend on the dium into the support caused an additional decrease,
shaking rate above 200 shakes minOn the other especially with PdGl as precursor salt (compare the



240 M.A. Aramendia et al./Journal of Molecular Catalysis A: Chemical 184 (2002) 237-245

Table 2 Table 3
Textural properties of PM2, PM2-0.3HCI and PM2-0.5HCI EDX analysis of PM2, PM2-0.3HCI and PM2-0.5HCI
Support Seet (M?g~1)2 Vp (mlg—h)P dp (A)¢ Support Element Weight % Atomic %
PM2 413 0.69 53 PM2 0 61.8 74.2
PM2-0.3HCI 419 0.67 50 Al 8.5 6.0
PM2-0.5HCI 414 0.69 53 Si 20.0 13.7
P 9.5 5.9
aSpecific surface are&S{er). Na 0.2 0.2
b Cumulative pore volumeWp). al = _
¢Mean pore radiusdp).
PM2-0.3HCI o) 56.5 69.7
data for PM2 and P@PM2(A) on the one hand, and g: 268'79 24693
PM2(Na) and PgPM2(Na)(A) on the other). One P 27 49
possible origin for this loss of surface area is degra- Na 0.1 0.1
dation of the support at the acid pH of the PgGb- cl 0.07 0.04
lution (di_ss_olution _of PdQI_ requires the ad_dition of  pm2_05HCI o 57.0 701
HCI). This is consistent with the fact that impregna- Al 2.2 1.6
tion with palladium acetylacetonate in acetone caused Si 38.0 26.6
a much less substantial reduction in the surface area E g-gs 3-34
. a . .
of the solid. al 02 o1

In order to check this hypothesis, the effect of
the addition of high concentrations of HCI to the
support—and hence to the final catalyst—was stud-
ied. Solid PM2 was treated with HCI, using the same  On the other hand, destruction of the catalyst’s pore
procedure as for its synthesis—with the exception network through the thermal processes of calcination
that the metal precursor was replaced with an HCI| and reduction can also be discarded as these treatments
solution. Table 2 shows the textural properties of the were conducted at temperatures well below that of
support PM2, both in pure form and upon treatment calcination of support PM2 (60) [17].
with 0.3 and 0.5M HCI. Obviously, the acid caused Alternatively, the decrease in surface area may
no change in the support’s initial properties. Based result from clogging of the pore network by deposited
on these results, the possibility of an acid solution of metal palladium. In this respect, the greater size of
the PdC} precursor substantially altering the textural palladium acetylacetonate should result in adsorp-
properties of the resulting solid can be ruled out. tion/binding on the more readily accessible region of

We also subjected the supports obtained by treat- the solid surface (the outermost layer), which would
ing solid PM2 with HCI to EDX analysis in order cause no significant loss of surface area. The smaller
to obtain information about its surface composition. size of palladium chloride may allow it to reach the
The results (Table 3) reveal substantial changes in smaller pores in the solid and clog them, thus signifi-
composition. Thus, increasing the HCI concentration cantly reducing the specific surface area.
decreased the surface content of phosphorus and alu- In metal catalysts modified a posteriori with sodium
minium, and increased that of silicon. This suggests salts, the effect of doping on textural properties de-
that treating support PM2 with HCI redissolves some pends to a great extent on the particular salt used. Thus,
AlPQy4, thereby enriching the solid surface with SiO  impregnation of catalyst REPM2(A) with NaNG;
and decreasing the P/Si ratio. Taking into account that solution (at neutral pH) reduced the specific surface
SiO, contributes the specific surface area and AJPO area of the final solid, RPM2(A)-NaNQ;, only
the chemical textural properties of the solid, these slightly. By contrast, impregnation with a markedly
results are consistent with the previous ones (Table 2) basic solution (NaOH) decreased the specific surface
treating the solid with the acid scarcely alters its sur- area by as much as 60%.
face area. By contrast, its chemical surface properties As regards metal dispersion, subsequent dop-
must undergo substantial changes. ing of catalyst Pg/PM2(A) with NaOH reduced it
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dramatically (from 45% to only 9%), possibly as a fixed bed reactor avoids local excesses of HCI on
a result of the aggressive treatment applied. In this the catalyst [26]. This inhibitory effect of the reac-
respect, doping with a neutral salt such as NgNO tion product, HCI, results in a negative reaction order

caused no significant decrease in dispersion. (—1) as found by Somorjai and co-workers [21,27]
working with model catalysts.

3.2. Hydrogenolysis of chlorobenzene The negative effect of HCI may be a result of two
essential factors. First, one must consider the compet-

3.2.1. Previous results itive adsorption of HCI and the substrate to be reduced

In the previous work [15,18], we reported on the on palladium particles as found by Coq et al. [10] in
liquid-phase hydrodehalogenation of chlorobenzene the gas-phase hydrogenolysis of chlorobenzene. Sec-
with molecular hydrogen over various palladium- ond, the corrosive medium produced by the acid re-
supported catalysts. The results revealed that the cataleased may degrade the catalyst (both the support [24]
lysts were strongly deactivated by HCI formed during and the metal phase [12]).
the reaction. Thus, the hydrogenolysis of chloroben-  In order to acquire a deeper knowledge of the nature
zene on catalyst BPM2(B) was found to stop at  of this adverse effect, we examined the variation of
42% molar conversion to benzene, corresponding to the initial catalytic activity (g and TOF) of catalyst
a 0.21 M concentration of released HCI [18]. Pd;s/PM2(B) as a function of the concentration of HCI

On the other hand, the catalysts prepared from (0.05-0.8 M) added to the reaction medium. It should
chlorine-containing palladium precursors (e.g. BJCl  be noted that the highest concentration of HCI could
were found to exhibit very low activity, presumably reach following hydrogenolysis of 100% of the initial
because palladium particles were deactivated by ad- chlorobenzene was 0.5M. Fig. 1 shows the results
sorption of chloride ions resulting from the decompo- obtained.
sition of the metal precursor, as observed in catalyst Overall, the catalytic activity decreased gradually
Pas/PM2(A) [18]. However, when the support was with increasing HCI concentration; the decrease was
doped with sodium, chloride ions from the precursor maximal at a 0.3M concentrationf = 0.11 vs.
were captured by Naions and the resulting catalysts 0.72 mmols? glgt} with no HCI added). This result
exhibited increased activity in the hydrodehalogena- is consistent with the fact that the hydrodechlori-

tion reaction as was the case withsfRM2(A) [15]. nation of chlorobenzene over #8M2(B) when no
Also, in order to reduce the extent of deactivation

of the catalyst, the effect of adding NaOH as a pro-
ton acceptor to the reaction medium was examined.

0,75
The results, however, were inconclusive as, in most -
cases, the opposite effect was encountered: the addi- & 0.60
tion of NaOH decreased the catalytic activity in the o
hydrodechlorination of chlorobenzene [15]. 'g 0.45
£0
3.2.2. Effect of HCI released in the reaction Y
In pioneering work, Campbell and Kemball [19] T 030 |
investigated the gas-phase dehalogenation of ethyl s
chloride on evaporated films of Pd, Pt and Ni, and 2 0154
noted the poisoning effect of HCI produced on the re- c
action rate. At present, there is general agreement that 0.00

the activity of palladium metal-supported catalysts
is inhibited by HX formed in the hydrodehalogena- .
tion of organic halides in both the gas [7,10,20-23] HCI conc. (mol L™)

and the liquid phase [12,14,18,24]. However, batch Fig. 1. Initial catalytic activity in the liquid-phase hydrogenolysis

processes Sl_"ﬁer from the strong p0|son_|ng effect of of chlorobenzene over BPM2(B). Influence of the amount of
HCI [25], while the use of reactants flowing through Hcl added to the reaction mixture.

0,00 0,20 0,40 0,60 0,80
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hydrochloric acid was added to the medium stopped
at a benzene molar conversion of 42%, which cor-
responds to a released HCI concentration of 0.21 M
[18]. At higher HCI concentrations (0.3—0.8 M), the
catalytic activity remained constant at the levels
found with a 0.2M concentration of HCI. As noted
earlier, however, some AIPQis redissolved under
these conditions, which alters the surface chemical

M.A. Aramendia et al./Journal of Molecular Catalysis A: Chemical 184 (2002) 237-245

(TOF) and conversion at 990 niXdpg) obtained with
the different catalysts in the presence and absence of
sodium hydroxide.

Although adding a base to increase the final con-
version in the hydrogenolysis of organic halides has
been shown to have a favourable effect [14,16], our
results reflect no unequivocal improvement in the ini-
tial catalytic activity (TOF) in the hydrogenolysis of

properties of the support and also, probably, causeschlorobenzene over PM2-supported palladium cata-

some palladium to be dissolved as well.

The results obtained with low initial concentrations
of HCI (0.05-0.3 M) allowed us to determine the re-
action order in hydrochloric acid from the slope of a
log—log plot of the initial reduction rateg, against the
HCI concentration over that interval. The reaction or-
der thus obtained was1 and confirmed the inhibitory
effect of HCI, consistent with previous results of other
authors [10,21,23,27].

3.2.3. Effect of the addition of NaOH to the medium
One of the procedures usually employed to counter

lysts. Rather, the results for some catalysts reflect a
detrimental effect; such an effect is especially marked
on catalysts PgPM2(B) and Pd/PM2(Na)(A), with
which the reaction takes place at a considerably lower
rate following addition of NaOH. By way of example,
Fig. 2 illustrates the behaviour of catalyst:HeIM2(B)

in the presence and absence of a base.

Catalyst Pd/PM2(A) exhibited no effect as the solid
was previously poisoned by chloride ions from the pal-
ladium precursor and had a very low TOF [18]. Other
catalysts such as BiPM2(Na)(B) benefited from the
addition of NaOH to the reaction medium and exhib-

the adverse effects of the acid released during the ited higher catalytic activity and conversion at 990 min

reaction involves adding a base to the medium
[12,14,16,18,24,28-30].

as a result.
At this point, we chose two catalysts that reflected

In our case, benzene was hydrogenolysed by addingopposing responses to the addition of NaOH to the

NaOH in order to neutralize the hydrogen chloride
produced and avoid deactivation of the catalyst. Thus,
the reaction medium was supplied with the amount of
base required to neutralize that of hydrogen chloride
theoretically produced in the hydrogenolysis of the
halide on the assumption of 100% conversion. Conse-
guently, the reaction was conducted in a methanol so-
lution containing a 0.5 M concentration of both NaOH
and chlorobenzene. Table 4 shows the catalytic activity

Table 4

Influence of the NaOH addition on the initial catalytic activity
(TOF) and conversion at 990 minXdgp) in the chlorobenzene
catalytic hydrodechlorination

Catalyst 0M NaOH 0.5M NaOH
TOF Xago TOF Xago
s (%) G (%)
Pd/PM2(B) 0.298 42 0.007 8
Pd/PM2(A) 0.005 2 0.005 13
Pd/PM2(Na)(B) 0.021 10 0.137 43
Pd/PM2(Na)(A) 1.150 60 0.064 5
Pd/PM2(A)-NaOH 0.114 13 0.067 5
Pd/PM2(A)-NaNG 0.010 25 0.237 17

medium, viz P¢/PM2(B) (the catalytic activity of
which decreased upon addition of the base) and
Pd&/PM2(Na)(B) (the activity and molar conversion

40

n wW
o o
L .

Conversion (mole%)

—_
o
.

100 150

50
Reaction time (min)

200

Fig. 2. Initial catalytic activity in the liquid-phase hydrogenolysis
of chlorobenzene over B&PM2(B). Influence of the NaOH (0.5 M)
added to the reaction mixture@®) MeOH; (O) MeOH/0.5M
NaOH.
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NaOH conc. (mol L)
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Fig. 3. Initial catalytic activity in the liquid-phase hydrogenolysis
of chlorobenzene. Influence of the amount of NaOH (0.05-1 M)
added to the reaction mixture, for catalysts;#Pd12(B) (@) and
Pds/PM2(Na)(B) ©).

of which were both increased by the added base).
Both catalysts were examined in depth, using variable
amounts of NaOH. Fig. 3 shows the variation of their
catalytic activity upon addition of NaOH at a variable
concentration (0.05-1 M) to the reaction medium.

As can be seen, the addition of NaOH to the reaction
medium in the hydrogenolysis of chlorobenzene over
catalyst Pg/PM2(B) had an adverse effect, even at
low concentrations of the base. Also, the effect on
the initial catalytic activity increased with increasing
concentration of NaOH (to a minimal residual value
above a base concentration of 0.5 M).

With catalyst Pd/PM2(Na)(B), the addition of
NaOH to the reaction medium resulted in a gradual
increase in catalytic activity up to a base concentra-
tion of 0.7 M, above which the initial rate exhibited
the opposite trend.

Obviously, the addition of NaOH had a rather dif-
ferent effect on the two catalysts. Thus, high NaOH
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in activity, so the base either failed to capture HCI
released or somehow inactivated or deteriorated the
catalyst by itself. The more outstanding difference be-
tween the two catalysts was the presence of sodium
in solid PM2, which constituted the support labelled
PM2(Na). However, the catalysts exhibited one other
crucial difference: their metal dispersion.

Fig. 4 shows the results of Table 4 in graphical form;
the catalysts are arranged in increasing order of metal
dispersion. Catalyst BPM2(A) is not included since,
as noted earlier, it was poisoned by chloride ions from
the metal precursor and exhibited very low catalytic
activity as a result.

Fig. 4A shows the effect of NaOH added to the
reaction medium on catalytic activity (TOF) in the
hydrogenolysis of chlorobenzene. As can be seen,
the base had an adverse effect on the catalysts with
the lower metal dispersion (viz BPM2(A)-NaOH,
Pds/PM2(Na)(A) and Pg/PM2(B)). By contrast, the
catalysts with a metal dispersion above 40% (viz
Pa&/PM2(A)-NaNG; and Pd/PM2(Na)(B)) reflected
a favourable effect of the addition of NaOH on their
initial catalytic activity.

This behaviour is reflected in Fig. 3, which re-
veals that catalyst R&PM2(Na)(B) (54% metal dis-
persion) required an NaOH concentration above 0.7 M
to have its catalytic activity diminished, whereas cata-
lyst Pds/PM2(B) (26% metal dispersion) was subject
to adverse effects from the presence of NaOH even at
low concentrations.

The conversion at 990 minXggo) followed a very
similar trend (see Fig. 4B). The most disperse catalyst
(viz Pds/PM2(Na)(B), 54% dispersion) reached sub-
stantially higher conversions in the presence of NaOH
(X900 = 43%) than in its absencé&Xggp = 10%). On
the other hand, catalyst B&®M2(Na)(A) (11% disper-
sion) exhibitedXggg = 5% in the presence of NaOH
and Xggp = 60% in its absence.

The base, therefore, seemingly has two opposing

concentrations were seemingly detrimental to both, effects. Thus, its addition helps to keep the catalyst
possibly as a result of the catalysts being degraded surface free of chloride ions, thereby avoiding poison-
at the high prevailing pHs. Even more important—to ing of palladium particles. This effect is more obvious
our minds—, however, were the differences observed with small Pd particles. On the other hand, the base
at low base concentrations. Thus, if sodium hydroxide also has an adverse (possibly corrosive) effect that is
plays its role as proton acceptor and neutralizes HCI particularly outstanding with the larger Pd particles.

released, then it will increase the catalytic activity—
such was the case with F&@M2(Na)(B). On the other
hand, catalyst PAPM2(B) exhibited no such increase

These results suggests that the base affects catalyt-
ically active sites in a different manner depending on
the size of the palladium particles. However, this is a
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Pd3/PM2(Na)(A) Pd3/PM2(B) Pd3/PM(A)-NaNO3  Pd3/PM2(Na)(B)
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g
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e
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(B)
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Pd3/PM2(A)-NaOH

S—

Pd3/PM2(Na)(A) Pd3/PM2(B) Pd3/PM(A)-NaNO3  Pd3/PM2(Na)(B)

Catalyst

Fig. 4. Addition of NaOH in the liquid-phase hydrodechlorination of chlorobenzene. Influence on the initial activity (A) and conversion

at 990 min,Xggo (B)

general behaviour and no clear-cut mathematical re- phenomenon. Specifically, it would be interesting to
lation appears to exist between the magnitude of the investigate similar trends in palladium catalysts sup-
effect and the degree of dispersion of the catalyst. ported on different solids and subjected to the action
Further research is therefore required to clarify this of bases of variable nature and strength.
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