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2 M nitric acid was applied as an effective de-
sorbing agent for all the metals. After desorption
they were determined in the nitric acid medium
by graphite furnace atomic absorption spectrom-
etry using a pyrolytic coated graphite tube with-
out platform and Zeeman background correction.
Copper and bismuth were atomized without modi-
fier and cadmium and lead were atomized in the
presence of a mixed palladium-magnesium modi-
fier preliminary thermolized in the tube.

The accuracy of the method was tested by deter-
mination of the recovery of the individual metals
in various mineral waters spiked with known
amounts of these metals. All obtained results were
between 90 and 100% and indicated that the ac-
curacy is satisfactory.

The results of analysis of some commercially
available drinking and therapeutic mineral waters
are presented in Table. We did not find the rec-

ommended maximum concentration values for the
determined elements in mineral waters, however,
they can be compared with the values recom-
mended by WHO in 1993 for drinking waters that
are as follows: copper – 2 mg l–1, lead – 10 µg l–1,
cadmium – 3 µg l–1 and bismuth – 5 µg l–1. All con-
centration values determined in the tested waters
are significantly lower.
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Table. Results of analysis of some commercially available mineral waters (volume of water sample – 200 ml).

Polymeric membranes are often being used as sep-
arators in arrangements for electrochemical pro-
cesses which are important for galvanic cells or
batteries. Polypropylene (PP) membranes can be
very important in the above arrangements because
of their high chemical resistance and good mechan-
ical strength [1,2]. For the above application, modi-
fication of surface or bulk properties usually be-
comes necessary. This work has been focused on
changing some properties of a PP membrane by
the influence of electron beam irradiation.

In case of PP material during electron irradi-
ation outweighed degradation processes of poly-
meric chains and formation of radicals should be
taken into account that stimulate another changes.
From the point of view of increasing hydrophilic
property, the formation of oligomers of polarity
type is important [3,4].

For experiments, samples of the PP membrane
Celgard® 3500 type have been taken (supplied by
the Central Laboratory of Batteries and Cells,
Poznań, Poland). Radiation processing has been
carried out at the Institute of Nuclear Chemistry
and Technology (Department of Radiation Chem-
istry and Technology) using a linear electron ac-
celerator LAE 13/9 type with energy of electrons

10 MeV. Seven samples were treated by electron
beam with doses: 5, 10, 14, 20, 25 and 35 kGy (ac-
curacy of dose determination was in the range from
±2 up to ±5% – for bigger doses).

Immediately after irradiation the wetting angle
had been determined; similar measurements
were carried out after the period of seven months
(samples were stored at room temperature in the
dark package). Results are given in Table where
column II concerns the measurements immediately
after irradiation and column III – after storage.
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Table. Wetting angle values for irradiated (at different
doses) samples of Celgard® membrane.
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Value of the wetting angle in case of virgin mem-
brane was equal to 110.7o.

Permeability of a membrane is an important
parameter responsible for the behaviour of a given
membrane as a semi-permeable barrier. Perme-
ability was determined by an indirect method. A
disc of the membrane (2.5 cm diameter) were placed
in a holder and then by decreasing air pressure
properly big volumes were registered vs. time. Re-
sults are given in Fig. for the virgin membrane and
three irradiated samples at different doses. Prac-
tically, there is no difference for all samples. Value
of permeability was equal to 5.2 L/min·cm2 at a
pressure difference of 1 bar.

Burst pressure is a parameter that characterizes
mechanical strength of membrane samples. A disc
of the membrane sample was placed in a special
holder between aluminium plates with rubber seals.
Air under pressure was introduced by a needle
valve and then burnt pressure was registered by
using a precise manometer. In case of the virgin
membrane, burnt pressure was equal to 2.5 bar.
After irradiation at a dose of 5 kGy burnt pressure

was 1.4 bar at doses 10 and 14 kGy – 1 bar and only
– 0.2 bar at the highest dose of 35 kGy.

Summarizing, we can conclude that radiation
treatment by swift electron beam (10 MeV energy)
at doses up to 35 kGy causes significant changes
in bulk and on the surface of PP Celgard® mem-
brane samples. Increasing hydrophilic property was
observed. For a dose of 14 kGy, the wettability
angle decreased by 17% and for a dose of 35 kGy
– by 21% (immediately after irradiation). After the
storage time of seven months, this property has
ceased in essential stage for bigger doses.

Radiation treatment does not change perme-
ability in case of air stream, but causes a decrease
of mechanical strength. Burst pressure for the
virgin membrane sample was equal to 2.5 bar and
at a dose of 5 kGy it decreased by 44% and at a
dose of 14 kGy – by 60%.

Practical conclusions concerning the applica-
tion of PP Celgard® membrane after irradiation
by swift electron beam as the barrier for electro-
chemical processes are the following: membrane
samples should be taken immediately for further
attempts or treatment (e.g. by plasma method) and
irradiation dose should not be higher than about
14 kGy (because of mechanical strength maintain-
ing).

This work has been made in cooperation with
the Central Laboratory of Batteries and Cells, Poz-
nań, Poland (research grant No. 3TO8E 052 27).
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Fig. Decreasing of air pressure in measuring volume vs.
time, for virgin sample of PP Celgard® membrane and
samples of such a membrane after irradiation by 10
MeV electron beam.

- produce spherical powders (diameters <100 µm)
by solvent extraction.

Results of thermal and X-ray-diffraction analyses
indicated that the temperatures required to form
the various compounds were lower than those
necessary to form the compounds by conventional
solid-state reactions and comparable to those re-
quired with use of organometallic based sol-gel
methods. Temperatures of formation could be
further reduced by addition of ascorbic acid (ASC)
to the sols.

Titanium oxide (TiO2) and titanates based on Ba,
Sr and Ca were prepared from commercial solu-
tions of TiCl4 and HNO3. The main preparation
steps for the sols consisted of elimination of Cl–

by distillation with HNO3 and addition of metal
hydroxides for the titanates. Resulting sols were
gelled and used to:
- prepare irregularly shaped powders by evapor-

ation;
- produce by a dipping technique thin films on

glass, Ag or Ti supports;

PREPARATION OF TITANIUM OXIDE AND METAL TITANATES
AS POWDERS, THIN FILMS, AND MICROSPHERES

BY COMPLEX SOL-GEL PROCESS
Andrzej Deptuła, Kenneth C. Goretta1/, Tadeusz Olczak, Wiesława Łada,

Andrzej G. Chmielewski, Urszula Jakubaszek, Bożena Sartowska, Carlo Alvani2/,
Sergio Casadio2/, Vittoria Contini2/

1/ Argonne National Laboratory, USA
2/ Italian Agency for the New Technologies, Energy and Environmental (ENEA), C.R.E. Casaccia,

Rome, Italy


