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a b s t r a c t

The hydrodechlorination (HDC) of diuron with hydrogen in aqueous phase was studied in a trickle
bed reactor using different Pd, Cu and Ni catalysts supported on activated carbon. The reactor was fed
with a diuron aqueous solution (2–30 mg/L) and a H2/N2 (1:1) gas stream. Wide ranges of temperature
(35–100 ◦C) and space–time (64.8–647.5 kgcat h/mol) were studied at a pressure of 1.4 bar. HDC of diuron
with Pd on activated carbon (Pd/AC) catalyst with 0.5 wt.% Pd can be conducted successfully at 50 ◦C,
reaching conversion values above 95%. The porous structure of the catalysts showed a significant effect
on their activity. A nearly complete removal of diuron was achieved with the 0.5 wt.% Pd catalyst of
high external (or non-microporous) area, whereas conversion values of around 70% were obtained with
the highly microporous catalyst. The resulting effluents showed lower ecotoxicity values than the inlet

diuron solution, thus indicating the evolution to less toxic species. Though the Pd catalysts showed a
higher activity, the Cu and Ni ones also led to high conversions well above 80% at 2.5 wt.% metal load.
Nevertheless, opposite to the Pd catalysts, a significant metal leaching was observed from the Ni and
Cu ones, which affected negatively to the ecotoxicity of the final effluents, showing higher values than
for the own initial diuron solution. To improve the anchorage of the active phase to the support, acti-
vated carbon was subjected to an oxidative treatment with HNO3. A significant decrease of leaching was
observed, leading to ecotoxicity values comparable to those obtained with the Pd catalysts.
. Introduction

Contamination of surface and ground water with herbicides is
f main concern for the environment and public health due to
he toxicity and non-biodegradable nature of these pollutants [1].
mong the numerous agrochemicals developed, diuron (3-[3,4-

dichlorophenyl)-1,1-dimethylurea]) a substituted-urea herbicide,
s widely used since the 1950s to control a variety of annual and
erennial broadleaf and grassy weeds, as well as mosses. It has been
lso used on non-crop areas such as roads, garden paths and rail-
ay lines and on many agricultural crops such as fruit, cotton, sugar

ane, alfalfa and wheat [2]. Undesirable side effects such as toxicity
nd carcinogenity confer to diuron the character of hazardous pol-
utant whose presence in water has to be carefully controlled since
t was designated as persistent organic pollutant in EU legislation.

iuron has been detected in lakes, rivers and groundwater [3–6],

n marine waters and sediments [7], in rain collected at urban and
ural sites and in drainage water from agricultural soils [8]. The con-
entration in water bodies has been generally found to be from trace
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to higher concentrations (milligrams per liter) [9,10]. Although the
use of diuron has been forbidden in some countries, it is still widely
spread in many others; besides, large amounts of diuron are accu-
mulated in soils and sediments and are slowly released to water
bodies being a source of contamination even in countries where it
is not in use at present.

Among the techniques proposed or used for the elimination
of phenylurea herbicides from water, traditional methods such
as adsorption are losing acceptance since they require a post-
treatment to remove the pollutant from the newly contaminated
environment. Biological methods, widely used for water treatment
cannot be applied to efficiently remove diuron and related pol-
lutants of biorecalcitrant nature [11]. In recent years, advanced
oxidation processes (AOPs) have received a growing attention since
a number of these techniques can promote relatively easy degra-
dation of the contaminants to less harmful compounds. A number
of studies can be seen in the literature using different AOP such
as TiO2-assisted photocatalysis [12,13], Fenton and Photo-Fenton

processes [1,14–17], ozonization [14,18] and its coupling with
photocatalysis [1,19]. Literature reports about the high consump-
tion of chemical oxidants and/or energy in AOPs [20]. In the case
of Fenton process, the most studied AOP, some relevant advan-
tages such as simple operating conditions and equipment [21,22]

dx.doi.org/10.1016/j.cej.2010.07.034
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
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nd easy handling of reagents [23] are widely accepted. How-
ver, its applicability to real waters is limited by low selectivity
nd large consumption of reagents. Besides, complete mineraliza-
ion is difficult to achieve [24]. Photocatalytic and UV processes
ave been shown to have a high mineralization potential, although
hey are in general more expensive than other AOPs. Operat-
ng costs can be drastically reduced if solar light is used [25,26]
lthough large investment and discontinuities in solar radiation
ecomes a serious drawback for large scale applications. Though
olar AOPs have been applied to diuron, it was also needed a fur-
her biological treatment to achieve a complete mineralization
16,27].

HDC may be an alternative to AOPs in applications where selec-
ive removal of chlorinated organics is needed to increase the
iodegradability of effluents prior to biological treatment. Likewise

t can provide reduction of toxicity and hazardousness of water
ollutants since the HDC reaction products are far less toxic than
he starting chlorinated organics. This is a relevant advantage of
DC when compared to AOPs, since AOPs can lead to intermediate
ompounds more toxic that initial chlorinated organics if complete
ineralization is not achieved [28]. Moreover, the formation of

ioxins upon AOP has been reported recently [29].
The cost of HDC would be associated mainly to hydrogen

onsumption and catalysts. The non-reacted hydrogen can be recir-
ulated to the reactor after scrubbing/absorption with water or
lkaline solution to remove HCl, with would reduce substantially
eagents costs [30]. With regard to catalysts, the majority of the
DC studies report the use of catalysts based on precious met-
ls with a low concentration of active phase. Moreover, the use
f much less expensive actives phases such as Ni and Cu reported
an provide an important reduction in cost. In a previous work we
ave reported on the reasonably good activity of Ni and Cu catalysts
apable of yielding conversion values in the range of 80–93% in the
DC of alachlor, a chloroacetanilide herbicide [31]. Nevertheless,

here is still a lack of information in the literature on the potential
pplication in the case of phenylurea herbicides.

In addition to metal phase, the catalyst support also plays an
mportant role in both catalytic activity and stability, being alumina
nd activated carbon the most reported systems in the literature
or HDC. Activated carbons have been extensively used in het-
rogeneous catalysis owing to their high surface area, chemical
esistance and adsorption capacity coupled with a reasonable cost.
oreover, both carbon porosity and surface chemistry can be tuned

pon the manufacturing and activation processes. In the case of
etallic active phases supported on activated carbons, the surface

hemistry is one of the factors determining metal dispersion since
he presence of heteroatoms (mainly oxygen, hydrogen and nitro-
en) introduces active sites on the activated carbon surface, which
ncreases the dispersion and improve anchorage. The presence of
xygen groups can also modify the surface chemistry, decreasing
he hydrophobicity of the support. The nature and concentration of
urface oxygen functional groups can be modified through oxida-
ion (in gas or liquid phase) and/or thermal treatment under inert
tmosphere. Among the oxidizing agents in liquid phase nitric acid,
ydrogen peroxide, ammonium persulfate and perchloric acid have
een the most commonly used [32–34]. Previous works [35,36]
eported that the use of nitric acid provided an increase in the
mount of oxygen surface groups while the porous structure was
ot modified significantly.

In this work, we study the activity of several activated carbon-
upported Pd, Cu and Ni catalysts in the HDC of diuron in aqueous

hase at mild conditions. Moreover, since one of the drawbacks
ommonly reported for catalysts based on transition metals is the
eaching of the active phase, the modification of the catalytic sup-
ort is investigated as a way of improving the stability. Likewise,
he effects of space–time and temperature as well as diuron ini-
Journal 163 (2010) 212–218 213

tial concentration are studied. The catalytic activity is analyzed in
terms of both diuron conversion and reduction of ecotoxicity.

2. Experimental

2.1. Catalyst preparation and characterization

Different own-made catalysts were tested. They were prepared
by incipient wetness impregnation using activated carbon supplied
by Merck and Chemviron as supports. Pd, Cu and Ni were used
as active phases at metal loads within the 0.5–5 wt.% range. The
impregnation was carried out with three different precursors PdCl2,
CuCl2·2H2O and Ni(NO3)2·6H2O. The volume of solution exceeded
by 30% the total pore volume of the activated carbon. Impregnation
was followed by drying at room temperature for 2 h and overnight
at 60 ◦C, heating up to 200 ◦C and calcination during 2 h at this tem-
perature. Finally, the catalysts were reduced in H2 atmosphere at
100 ◦C with a flow rate of 60 N mL/min. In some experiments, the
activated carbon support was subjected to an oxidative treatment
with nitric acid, which was carried out by boiling 1 g of activated
carbon in 10 mL of 6N HNO3 aqueous solution for 20 min [37]. The
catalysts were identified by the % metal load followed by the abbre-
viature of the activated carbon used as support (Ch for Chemviron
and Mk for Merck) and the symbol of the corresponding metal (i.e.,
0.5Ch–Ni refers to the catalyst prepared with Ni over the Chemviron
carbon at a nominal 0.5 wt.% load). In the case of Pd, the metal load
was omitted since 0.5 wt.% was always used. A commercial Pd/AC
catalyst supplied by Engelhard was also tested with the same con-
tent of Pd (Eng–Pd). The porous structure of the activated carbons
and the catalysts was characterized by N2 adsorption–desorption
at 77 K (Autosorb-1 Quantachrome). The BET equation was used to
obtain the surface area and the t-method for the micropore volume.
The external or non-micropore surface area was also obtained from
the t-method. The difference between the volume of N2 adsorbed
at 0.95 relative pressure (calculated as liquid) and the micropore
volume was taken as the mesopore volume. The amount of oxygen
surface groups of the activated carbons was determined by thermal
programmed desorption (TPD), heating the samples up to 900 ◦C in
He flow at a heating rate of 10 K/min and analyzing the CO and CO2
evolved by means of a non-dispersive infrared absorption analyzer
(Siemens, model Ultramat 22).

The metal content in the carbon-supported metallic catalysts
was measured by means of the X-ray fluorescence technique with
a TXRF EXTRA-II spectrometer (Rich & Seifert, Germany) after
digestion of the samples by acid treatment (nitric, chlorhidric and
sulfuric acids mixture) and high temperature. The catalysts were
also characterized by XPS (Physical Electronics model 5700 appa-
ratus equipped with � Mg K� X-ray excitation source, 1253.6 eV)
to determine Pd, Cu and Ni surface concentrations.

2.2. Hydrodechlorination experiments

HDC experiments of diuron (CAS number: 330-54-1) were con-
ducted in a trickle bed reactor (stainless steel; 9 mm i.d. and
245 mm length) where 0.5 g of catalyst was placed with a parti-
cle size between 1 and 2 mm. The reactor was electrically heated
and the liquid and gas streams were fed in co-current down flow.
The aqueous solution of diuron was pumped by means of a chro-
matographic pump (Gilson 307) and the gas feed consisted of a
hydrogen/nitrogen mixture (50%, v/v; 100 N mL/min) which was

introduced through mass flow controllers (Bronkhorst High Tech-
nology). The liquid flow was varied between 0.1 and 1 mL/min
allowing to work at different space–time (�) values in the range of
64.8–647.5 kgcat h/mol. The reactor effluent was cooled to 3 ◦C by
means of a Peltier cell and finally the samples were collected. The
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chlorine ion and unconverted diuron in the effluents mass bal-
ances were calculated, which were found to match above 90% in
all cases. Although the ecotoxicity of the treated effluent decreased
with space–time within the whole range studied, the more marked
drop was observed for the lower range.

Table 1
Atomic and mass surface concentrations of Pd, Ni and Cu of the catalysts.

Catalyst Metalbulk (wt.%) MetalXPS (wt.%) MetalXPS/Metalbulk

Eng–Pd 0.51 1.4 2.7
Mk–Pd 0.49 2.3 4.7
Ch–Pd 0.48 1.3 2.7

0.5Ch–Ni 0.50 2.2 4.4
ig. 1. Effect of temperature on diuron conversion with the Ch–Pd catalyst (�:
60 kgcat h/mol).

nfluence of reaction temperature was tested within the 35–100 ◦C
ange. A pressure value of 1.4 bar was maintained into the reactor in
ll the experiments thanks to a back pressure regulator. Additional
ata about the reaction system can be found elsewhere [38]. Before
ach run, the catalyst was saturated for 2 h in the initial herbi-
ide solution for improving wetting, minimizing adsorption effects
nd reducing the time required for steady state. Diuron aqueous
olutions in the range of 2–30 mg/L were prepared from Karcide, a
0 wt.% diuron commercial herbicide supplied by Agrodan.

.3. Analytical methods

The concentration of diuron was determined by HPLC/DAD
Prostar, Varian) using a C18 column as stationary phase and a mix-
ure of acetonitrile and water (1:1, v/v) at 1.0 mL/min as mobile
hase. A wavelength of 254 nm was used for detection. The quan-
ification of chloride ion was performed by ion chromatography
Metrohm 790 Personal IC). The ecotoxicity analysis was performed
sing the standard Microtox test procedure (Microtox® M500 Ana-

yzer, Azur Environmental) with Vibrio fischeri bacteria at 5 and
5 min of exposure time. The bacteria were purchased from Azur
nvironmental as a freeze-lyophilized reagent and were stored at
20 ◦C and activated by hydration with a sterilized solution of

odium chloride before the test. The ecotoxicity was expressed in
cotoxicity units (T.U.), which correspond to the dilution factor that
ust be applied to the sample in order to obtain a 50% inhibitory

ffect. Pd, Cu and Ni in the reactor effluent were analyzed by total
eflection X-ray fluorescence (TXRF) using a TXRF EXTRA II spec-
rometer. The concentration of Cu and Ni were also measured by
olorimetric methods (Orbeco-Hellige 975 MP) according to 308C
39] and 316C [40] standard methods, respectively.

. Results and discussion

Fig. 1 shows the effect of the temperature in the HDC of diuron
ith the Ch–Pd catalyst at an intermediate space–time. As can be

een, a modest increase of temperature within the lowest range
ested substantially improves diuron conversion. At around 50 ◦C

ore than 97% was reached and then a further increase of tempera-
ure shows a low relative effect in terms of diuron conversion. Thus,
DC of diuron can be conducted successfully at around 50 ◦C with

−
he Pd catalysts. The measured concentration of Cl ion and the
ncorverted diuron in the outlet effluent matched in all the cases
he chloride mass balance above 90%.

Diuron conversion upon space–time within the range investi-
ated can be seen in Fig. 2 for all the Pd catalysts at 50 ◦C. All the
Fig. 2. Influence of the space–time on diuron conversion with the Pd catalysts (T:
50 ◦C).

catalysts showed a fairly similar Pd content determined by TXRF
(Table 1). Nearly complete removal of diuron was achieved with
the Mk–Pd and the Ch–Pd catalysts, whereas no more than 70%
was reached with the Eng–Pd catalyst. The porous structure seems
to play an important role in this case. The Eng–Pd catalyst showed
a highly microporous structure with a very small contribution of
mesoporosity, whereas the Mk–Pd and the Ch–Pd catalysts exhibit
fairly nice values of mesopore volume and external, namely non-
microporous area (Table 2). This provides a higher accessibility to
the Pd active sites, since a higher proportion of this metal can be
distributed in this part of the porous structure. In fact, when com-
paring the two own-prepared catalysts, although the Ch–Pd has
1.5 times more total (BET) surface area, both show close values of
mesopore volume and area and their activity for diuron conversion
becomes fairly close. Therefore, the lack of external surface seems
to be an important limiting factor in the activity of the commercial
catalyst tested as compared with the two own-prepared.

Conversion of diuron upon HDC is accompanied by a substan-
tial reduction of ecotoxicity as can be seen in Fig. 3. The ecotoxicity
of the inlet 30 mg/L diuron solution (4.8 T.U.) dramatically reduced
and the reduction percentages are quite similar to the conversion
values indicating that the breakdown of diuron through HDC gives
rise to by-products of very low ecotoxicity. Beyond 130 kgcat h/mol,
the ecotoxicity values were around 0.5 T.U. which can be consid-
ered a negligible level. The presence of HCl in the treated effluent
proved chlorine removal from the diuron molecule leading to the
formation of non-chlorinated compounds. From the analyses of
2.5Ch–Ni 2.48 5.2 2.1
5Ch–Ni 4.95 29.8 6.0

0.5Ch–Cu 0.49 1.1 2.2
2.5Ch–Cu 2.45 2.8 1.1
5Ch–Cu 4.96 11.5 2.3
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Table 2
Porous structure of the Pd, Cu and Ni catalysts.

Catalyst BET area (m2/g) External area (m2/g) Micropore volume (cm3/g) Mesopore volume (cm3/g)

Eng–Pd 899 9 0.45 0.02
Mk–Pd 917 119 0.37 0.14
Ch–Pd 1392 110 0.59 0.17
0.5Ch–Ni 1190 104 0.47 0.15
2.5Ch–Ni 1110 100 0.45 0.13
5Ch–Ni 1073 98 0.40 0.12
10Ch–Ni 1001 95 0.39 0.10
0.5Ch–Cu 1196 105
2.5Ch–Cu 1115 100
5Ch–Cu 1083 98
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ig. 3. Ecotoxicity reduction upon space–time with the Ch–Pd catalyst (T: 50 ◦C;
nlet diuron concentration: 30 mg/L).

The HDC process was tested within a wide range of inlet
iuron concentrations (2–30 mg/L) at 50 ◦C and 260 kgcat h/mol
pace–time with the Ch–Pd catalyst. Conversion of diuron was
aintained within 98% (for 30 mg/L) and 100% (2–5 mg/L).

herefore, HDC yields complete conversion of diuron at low
oncentrations and it is still highly efficient even when the con-
entration approaches the maximum water-soluble level (42 mg/L
t 25 ◦C).

In spite of the fairly good results obtained with Pd, it is inter-
sting to check the possibility of less expensive catalysts for HDC.
hus, Cu and Ni catalysts supported on activated carbon were pre-
ared with metal loads within 0.5–5.0 wt.%. Table 3 summarizes
he results obtained with these catalysts in terms of diuron con-
ersion at 50 ◦C and 260 kgcat h/mol space–time using a 30 mg/L
iuron inlet concentration. Although Pd shows a higher activity, Cu
nd Ni also yielded conversion values within 80–90% range, some-

hat higher for Cu. Increasing the metal load up to 2.5 wt.% slightly

ncreases diuron conversion and then decreases at a 5 wt.% metal
oad suggesting a poorer dispersion of the active phase and/or par-
ial blockage of pore entrances. The differences in activity became

able 3
omparison of Pd, Cu and Ni catalysts (T: 50 ◦C; �: 260 kgcat h/mol).

Catalyst Diuron conversion (%)

Ch–Pd 98
0.5Ch–Cu 87
2.5Ch–Cu 91
5Ch–Cu 85
0.5Ch–Ni 85
2.5Ch–Ni 89
5Ch–Ni 79
0.50 0.16
0.46 0.14
0.40 0.12

higher as the metal load increased, suggesting a better dispersion
of Cu on the surface of activated carbon.

To learn on these Ni and Cu catalysts in more depth, the porous
structure (Table 2) and surface concentrations (Table 1) were deter-
mined. The incorporation of Cu and Ni in the activated carbon
reduces somewhat the BET surface area, affecting mainly to the
microporous structure and in a lower extent also to the mesoporos-
ity. A relatively small but monotonical decrease can be observed in
the values of Table 2 as the total load increases.

The differences observed in the porous structure cannot explain
by themselves the different catalytic behavior since the higher
diuron conversion does not correspond to the catalyst with both
higher BET area and mesopore volume. Thus, it should be consid-
ered the metal surface concentrations of the active phase, which are
summarized in Table 1 as determined by XPS. In all the catalysts
tested, the metal concentration measured by XPS is substantially
higher than the bulk metal concentration. In all the cases the ratio
NiXPS/Nibulk is higher than 1 (well above except for the 2.5 wt.%
Cu catalyst), indicating that a significant part of the active phase
is located at the external surface, thus favouring the accessibil-
ity to the reactants. However, the amount of active phase cannot
be increased indefinitely without leading to agglomeration of the
metal particles and to the consequent loss of dispersion. For both
Cu and Ni catalyst, nominal load of 2.5 wt.% seems to maximize the
metal surface available to reactants. On the other hand, the metal
concentration measured by XPS was always lower in the Cu than
in the Ni series, suggesting a better dispersion of this metal within
the porous structure.

The results obtained with these Cu and Ni catalysts show the
potential of these metals for their use in HDC reactions. However,
the possible leaching of Cu and Ni from the catalysts is an impor-
tant feature regarding their stability and performance that must be
considered. Some studies have reported the leaching of the active
phase from catalysts based on transition metals, mainly in acidic
media [31,41,42]. To check the possible leaching, Cu and Ni concen-
tration were analyzed in the reactor effluent upon time-on-stream
and the results are shown in Figs. 4 and 5. As can be seen, during the
initial 5–6 h an important metal leaching took place. Moreover, the
concentration of the leached metal was always higher for the cata-
lysts with a higher content of active phase. Beyond 7–8 h on stream
the leaching of the active phase substantially decreased and was
maintained at rather low values, especially in the case of the Ni
catalysts. Besides, the dependence of metal load on the metal con-
centration in the effluent was much lower. The amounts of metal
leached and the corresponding percentages relative to the initial
metal load after 12 h on stream are collected in Table 4. From these
results a relationship between the nominal metal load and the per-

centage leached is not likely, although the lowest relative loss was
observed for both metals at a 2.5 wt.% nominal load.

Besides the loss of the active phase metal by leaching has a detri-
mental effect on the quality of the effluent since the presence of Cu
and Ni represents an important contribution to the ecotoxicity. As
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Table 4
Metal leached from the Cu and Ni catalysts after 12 h on stream (T: 50 ◦C; �:
260 kgcat h/mol).

Catalyst Metal leaching (%) Total metal leaching (mga)

0.5Ch–Cu 8.4 0.42
2.5Ch–Cu 4.2 1.05
5Ch–Cu 9.6 4.8
0.5Ch–Ni 4.4 0.22
2.5Ch–Ni 2.0 0.5
5Ch–Ni 7.5 3.75

a 1 g catalyst basis.

Table 5
CO and CO2 evolved upon TPD of the activated carbons and the catalysts.

Sample CO2 evolved (�mol/g) CO evolved (�mol/g)

Ch 136 357
ChN 1335 3927

2.5Ch–Cu 154 457
2.5ChN–Cu 1489 4210
2.5Ch–Ni 146 449
2.5ChN–Ni 1399 3945

Table 6
Diuron conversion and ecotoxicity of the effluents from HDC with catalysts prepared
from the starting and oxidized activated carbon (T: 50 ◦C; �: 260 kgcat h/mol).

Catalyst Conversion
(%)

Metal leaching
(%, 12 h tos)

T.U.

Tos (1 h) Tos (3 h) Tos (12 h)

2.5Ch–Cu 92 4.2 8.3 5.9 2.2
2.5ChN–Cu 93 2.1 3.3 3.3 0.9
ig. 4. Cu concentration and ecotoxicity of the reactor effluent (T: 50 ◦C; �:
60 kgcat h/mol).

an be seen in Figs. 4 and 5 ecotoxicity values even more than six

imes that of the inlet 30 mg/L diuron solution (4.8 T.U.) were mea-
ured upon the first hour of time-on-stream, which is linked to the
ighest metal leaching.

ig. 5. Ni concentration and ecotoxicity of the reactor effluent (T: 50 ◦C; �:
60 kgcat h/mol).
2.5Ch–Ni 90 2.0 12.5 5.0 2.1
2.5ChN–Ni 92 0.2 3.8 2.1 1.0
Ch–Pd 98 Non-detected 0.2 0.2 0.3

An attempt was made to achieve a more stable anchorage of the
active phase onto the support which could minimize metal leaching
from the catalysts. The starting activated carbon from Chemviron
was subjected to oxidative treatment with nitric acid. The catalyst
prepared using the resulting activated carbon as support was desig-
nated by the same nomenclature but indicating N after Ch. Table 5

shows the amount of CO and CO2 evolved upon TPD of catalysts
prepared with the starting and the oxidized activated carbon. In
this table, data for the activated carbon supports have included as
well. As can be seen, the oxidation treatment increases dramat-

Fig. 6. Comparison of the evolution of Cu and Ni leaching with time-on-stream
for the catalysts prepared with untreated and oxidized support (T: 50 ◦C; �:
260 kgcat h/mol).
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ig. 7. Comparison of the ecotoxicity effluent and evolution of Cu leaching with
ime-on-stream for the catalysts with untreated and treated support (T: 50 ◦C; �:
60 kgcat h/mol).

cally the amount of oxygen surface groups in both the support
nd the catalysts. The results of HDC experiments with these cat-
lysts are summarized in Table 6. The diuron conversion did not
how significant differences between the catalysts prepared with
he oxidized and untreated support, although a slight improvement
as observed with the second, which can be related with a some-
hat better distribution of the metal due to the higher availability

f anchoring sites [31]. The evolution of Cu and Ni concentrations
n the effluent was also followed and the results are depicted in
ig. 6. The percentage leached after 12 h on stream are given in
able 6. The comparison of the results for the catalysts prepared
rom untreated and oxidized activated carbon shows a noticeable
ecrease of leaching as a result of the oxidative treatment of the
upport and that decrease leads to a substantially lower ecotoxicity
f the resulting effluent (Table 6) and (Fig. 7).

. Conclusions

Pd, Cu and Ni catalysts supported on activated carbon were
ested in the HDC of diuron in aqueous phase using hydrogen in
trickle bed reactor. The results showed that HDC of diuron over
0.5 wt.% Pd catalyst supported on activated carbon can be con-
ucted successfully at 50 ◦C, reaching almost complete conversion

f a carbon with a well developed mesoporosity is used as support.
he use of a highly microporous carbon as support substantially
educes the efficiency in terms of diuron conversion. In addition of
high activity the Pd catalysts showed a very good stability being

he leaching of Pd almost negligible. Although less active than Pd, Cu
nd Ni catalysts led also to high conversions, above 90%. Maximum
iuron conversion was reached for a nominal metal load of 2.5 wt.%
or both Cu and Ni catalysts. This nominal load makes possible to

aximize the metal surface available to the reactants. An impor-
ant leaching of Cu and Ni was observed which besides the loss
f active phase entails negative effect in the quality of the effluents
y significantly increasing the ecotoxicity. To control leaching, acti-
ated carbon was subjected to an oxidative treatment prior to metal
mpregnation, which provided an improvement in the anchorage of
he active phase to the support. Thanks to this treatment a notice-
ble decrease in leaching was observed, which resulted in very low
cotoxicity values, comparable to those obtained with Pd catalysts.
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