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Tailored palladium containing silica spheres
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Palladium containing silica spheres are tailored by a multi-
step procedure consisting of: (i) preparation of ion exchange
resin–silica composites, (ii) Pd ion exchange, and (iii)
calcination.

Controlled preparation of porous materials is of great techno-
logical interest for areas such as heterogeneous catalysis and
molecular sieving.1,2 Advanced porous structures e.g. metallic
macrostructures, have attracted special attention due to their
unique properties. By colloidal crystal templating porous gold
flakes have been produced with the size of the pores
corresponding to the size of the latex micospheres used as
templates.3 A number of macroporous, free-standing metal
films have been prepared employing colloidal silica crystals as
pore-size determining templates.4 Silica sol has been used as a
nanoglue to synthesise composite aerogels containing different
guest components e.g. Pt and Au.5 Recently, we reported a
method for the preparation of silica-based macrostructures
using anion exchange resins as templates.6,7 This method
involves treatment of resin beads with silica solutions followed
by calcination. The resin bead templates determine the final
shape of the macrostructures whereas the combustion of the
resin provides the materials with high and controlled porosity.
Here, we report the synthesis of palladium containing silica
spheres prepared by resin templating. The procedure is based on
the fact that the resin–silica composites obtained after the ion
exchange of silica species retain a high anion exchange capacity
facilitating introduction of negatively charged ions such as
PdCl422 in a second step. Upon calcination the resin bead
templates are removed and the palladium is obtained in an oxide
form.

Macroporous strongly basic Dowex MSA-1 resin beads
(mesh size 20–50, chloride form) were used as received from
Sigma. In a typical synthesis batch, 30 g of resin were mixed
with 150 g of sodium water glass solution (21.4 wt% SiO2, 6.7
wt% Na2O, Akzo Nobel) in a polyethylene reactor. The
synthesis mixture was treated in an oil bath preheated to 100 °C
under reflux until the initially floating resin particles sank, after
4 h. The resin–silica composites obtained were separated by
decanting, rinsed repeatedly with distilled water and dried at
105 °C. Palladium was subsequently introduced into the
composites by ion exchange using a solution of 0.01 M
palladium chloride (PdCl2, Aldrich) dissolved in 1 M hydro-
chloric acid. Composites and palladium solutions were mixed in
different weight ratios (e.g. 1 g composite mixed with 5, 10 or
20 g of Pd solution and the corresponding samples were
designated as Pd5, Pd10 and Pd20) in a beaker and placed on a
shaker overnight. After this procedure the initially brownish
color of the Pd solutions turned colorless. The Pd–resin–silica
composites were decanted, rinsed repeatedly with distilled
water and dried at 105 °C. Finally, the composites were calcined
at 600 °C for 5 h after heating to this temperature at a rate of 1 °C
min21.

Visually the Pd materials obtained after the removal of the
ion exchanger consisted of solid and hard brownish spheres.
The color intensity was increased with an increase in the
palladium solution to composite weight ratio used. A SEM
image representative for those spheres is shown in Fig. 1(a). The
shape of the particles was identical to the shape of the initial ion

exchange resin beads but the spheres shrunk upon calcination. A
similar result was obtained for the silica spheres obtained after
calcining the resin–silica composites and correspondingly the
shrinkage observed was not related to the insertion of palladium
into the composites. The Pd spheres were built up by fine
particles with a size of < 100 nm which is comparable to the
pore size of macroporous resins.8 The primary particles of the
Pd silica spheres were similar to those of calcined resin–silica
composites and no conclusions about the palladium dispersion
can be drawn by the SEM investigation.

Pd silica spheres were ground into a powder and X-ray
diffraction patterns were recorded in order to identify the form
of palladium obtained after the calcination. During the grinding
no white material was observed suggesting that the palladium
was distributed within the spheres. Fig. 1(b) shows the XRD
pattern of the Pd20 sample. Two phases may be seen in this
pattern: an amorphous one, emanating from the amorphous
silica phase, and a crystalline one, corresponding to the
presence of palladium oxide in the spheres.9 The XRD patterns
of the Pd10 and Pd5 samples were similar to that shown in Fig.
1(b) but with lower peak intensities related to the decreased Pd
loading. No additional peaks due to the presence of other

Fig. 1 A representative SEM image of the Pd containing silica spheres (a)
and XRD pattern of the Pd20 sample (b). SEM was performed on a Philips
XL scanning electron microscope equipped with a LaB6 emission source.
XRD patterns were collected at room temperature with a Cu-Ka X-ray
source using a Siemens D5000 instrument.
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palladium phases were detected in the XRD patterns of the Pd
containing spheres prepared.

Fig. 2(a) shows nitrogen adsorption isotherms for calcined
silica and Pd10 spheres. The isotherm for the calcined silica
spheres was of type IV which is typical for mesoporous
materials.10 Langmuir type isotherms typical of microporous
materials, with identical, nearly horizontal, adsorption and
desorption branches, were obtained for the Pd containing
spheres. Some mesopores were also present in these spheres as
seen from the distinct hysteresis loop at high relative pressures.
From the pore-size distributions presented in Fig. 2(b) is seen
that the amount of mesopores (imposed by the removal of the
ion exchange resin) is approximately the same for the two
samples, whereas the amount of micropores is increased for the

Pd containing spheres. The surface area values, calculated with
the BET equation as well as the total pore volumes are listed in
Table 1. Judging from these values and the pore-size distribu-
tions one can conclude that: (i) the insertion of palladium into
the resin–silica composites leads to substantially larger BET
surface areas of the calcined samples; (ii) the increase in the
surface area is related to the amount of palladium present within
the spheres; and (iii) the increase in the surface areas may be
related to an increase in the micropore volume of the calcined
materials. These results are surprising and further investigations
are needed in order to explain the rather dramatic changes
observed.

Finally, the yield, the amount of solid material obtained per
gram of composite, was determined from the weight difference
between dried composites at 150 °C and calcined spheres (Table
1). From the yield and from the similar hardness of the silica and
the Pd silica spheres one may conclude that there was no
substantial silica leakage from the resin–silica composites
during the Pd ion exchange. Based on the yields, the Pd loading
was calculated and listed in Table 1. Considering the Pd uptake
data (also included in Table 1) one may conclude that the ion
exchange of Pd into the resin–silica composites was almost
complete.

The results presented show that hard and solid silica spheres
containing a controllable amount of palladium can be prepared
using macroporous ion exchange resins as templates. Owing to
the high surface areas and large pore volumes, these materials
are interesting for catalytic applications. Currently our efforts
are directed to further characterise the palladium in the silica
spheres and results will be presented in a subsequent publica-
tion. The procedure may also be used for the preparation of
silica spheres containing other active catalytic phases.
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Table 1 BET surface areas, total pore volumes, yield, Pd loading and Pd uptake for the spheres prepared

Spheres
BET surface/
area/m2 g21

Total pore
volumea/cm3 g21 Yield (wt%) Pd loading/(wt%) Pd uptakeb(%)

Silica 93 0.26 38.39 — —
Pd5 840 0.64 38.84 1.37 99.8
Pd10 1043 0.75 38.05 2.80 99.3
Pd20 1203 0.88 38.08 5.59 97.9

a Calculated by converting the volume adsorbed at a relative pressure of 0.995 to the volume of the liquid adsorbate. b Calculated from the Pd concentration
in the initial Pd solution and in the solution after the ion exchange as determined by atomic absorption spectrometry.

Fig. 2. Nitrogen adsorption isotherms at 77 K for calcined silica and Pd10
spheres; solid symbols, adsorption; open symbols, desorption (a) and the
corresponding pore size distributions (b). The pore size distributions were
calculated from the desorption branch of the nitrogen isotherm by the BJH
method. The data was collected with a Micromeritics 2010 Gas Adsorption
Analyser after the materials were degassed at 300 °C for 12 h.
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