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Abstract - In the present paper we report the characterization of platinum electrode
modified with a polymeric membrane. The use of natural minerals such as phosphate rock
(PR) from the mine of Djebel Onk (Algeria) was investigated as ionophore for Cd?* ions
detection. The impedance data were adjusted from 100 mHz to 100 kHz and at
polarisation - 200 mV. The maximum exchange was obtained between pH 4 and 6. Low
detection limit is about 10° M.

Résumé - L’objectif de ce travail est la fonctionnalisation d’une électrode de platine
modifiée par une membrane polymérique, en choisissant le phosphate naturel de Djebel
Onk (Algérie) comme ionophore sensible aux ions Cd®". La caractérisation a été étudiée
par la spectroscopie d’impédance électrochimique a une polarisation de - 0,2 V / SCE et
dans un domaine de fréquence qui varie de 100 kHz a 100mHz. L’échange de I’ion
Cd**est maximum au pH 4 & 6. La limite de détection obtenue est 10°° M.

Keywords: Electrochemical sensors - Phosphate rock - Impedance spectroscopy - lon

exchange.

1. INTRODUCTION

An intensive development in the field of the development in the determination of
chemical species in solution has been observed during the last two decades. This
tendency is especially noticeable in environmental monitoring and industrial process
control, which require continuous and on-site measurements [1, 2].

In fact, the presence of heavy metals in water supplies may cause adverse effects on
the ecosystem and human health [3, 4]. In order to satisfy the need of chemical,
industrial and environmental analyses, the interest in chemical sensors has increased
sharply [5].

lon sensitive sensors are composed of a sensitive part including a specific ionophore
deposited on a transducer; several approaches can be used for the functionalization of
these transducing surfaces [6]. Recently natural materials are used for this method and
they have gained importance.

The abundance of natural phosphate, its low price and non-aggressive nature
towards the environment are advantages for its utilisation in point of view of wastewater
and wastes clean up [3]. Phosphate minerals, including hydroxyapatite, have also been
demonstrated to effectively immobilize heavy metals such as Pb from aqueous solutions
and metal contaminated soils [7, 8].
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The possible mechanisms for metal retention by phosphate minerals included: ion-
exchange processes at the surface of phosphate rock (PR) [9, 10]; surface complexation
[10]; precipitation of some amorphous to poorly crystalline, mixed metal phosphates
[11]; substitution of Ca in PR by other metals during recrystallisation [10, 12, 13].

The main objective of this study is to investigate the feasibility of using PR as
ionophore in order to elaborate polymeric membrane sensitive to Cd** from aqueous
solutions.

Plasticized polyvinyl chloride (PVC) is the most commonly used ionophore support
[14-17]. A specific attention has been paid to the study phenomena occurring at the
modified electrode/electrolyte.

Electrochemical impedance spectroscopy allows to characterise both resistive and
capacitive proprieties of materials based on perturbation of a systems at equilibrium by
a sinusoidal excitation signal of small amplitude, the measurement are carried out at
different frequencies analyses of the system response contains informations concerning
the interface [6, 18].

2. MATERIALS AND METHODS

2.1 Materials

The mineral phosphate rock used in this study was from the mine of Djebel Onk
(East of Algeria). It was washed with distilled water and dried at 103 °C for 24 h to
remove moisture. The fraction between 100 and 400 pum grain size which contain
phosphate phases was retained and ground to obtain a homogenous sample having a
grain size below 125 pm.

The chemical composition of PR is given in Tablel.The mineralogical composition
of the PR was presented in Bezzi et al. [18]. Fluoroapatite carbonated was identified as
a major component of this PR. Dolomite, calcite and quartz are the other associated
gangue minerals.

Table 1: Chemical composition of PR sample

Analysis Results (%)
P,0s 29.04
CaO 49.89
MgO 1.15
CO, 7.18
SiO, 2.14
Fe,0s 0.31
AlL,O3 0.39
SO; 3.22
K,0 0.15
Na,O 1.21
F 3.68
Cl 0.04
Organic matter 0.26

Moisture 0.76
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2.2 Composition and deposition of the membrane

For the preparation of Cd(Il)-membranes, typical procedure was applied using
phosphate rock ionophore, polyvinylchloride (PVC) and diocthylphtalate (plastizer) in a
ratio 10 %, 20 %, 70 % respectively; diluted in 1ml tetrahydrofuranne (THF); 5 ul of
polymeric membrane was deposited on platinum electrode, The solvent being then
evaporated at ambient air.

The sensor was then soaked for % h in 10" M CdCl, solution to achieve appropriate
conditioning of the PVC/ionophore membrane. The electrolyte chosen for these
measurements was KNO; 10" M with pH =~ 6.7.

2.3 Impedance measurements

The measurement set-up used an electrochemical cell with three electrodes:
auxiliary platinum electrode, saturated calomel electrode (SCE) and the modified
platinum electrode (¢ = 0.5mm) as working electrode. The impedance analysis was
performed with a voltalab 40 (radiometer analytical, SA) and PGZ301 as a potentiostat,
software volta master 4 was used for the acquisition of the data and the control of the
experiments.

Voltalab 40

Faraday Box
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W.E.

CE

Fig. 1: Experimental set up to carry out impedance measurements

All the data were obtained with a 10 mV modulation voltage and a frequency range
varying from 100 kHz to 100 mHz. Solutions for testing the ion-sensitivity were CdCl,
in the concentration range of 107 to 10 M in 0.1 M KNOj3, pH ~ 6.7. The experiments
were performed in a dark and grounded metal box to eliminate electrical interferences.

3. RESULTS AND DISCUSSION

3.1 Optimisation of experimental conditions

In the first time, experimental conditions were optimized in terms of voltage and
frequency; for a polarisation -0.2V/SCE. The impedance measurements realized before
and after the membrane deposition presented in the complex plane are shown in Fig 2.

We can see that at high frequencies the impedance is not modified however, at low
frequency, the impedance of the electrochemical system decreases; this renders possible
the observation of the ion exchange sensitivity influence especially at low frequency.
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Fig. 2: Nyquist plot at polarisation — 0.2 V, frequency: 100 kHz — 100 mHz

3.2 Impedance analysis of functionalized platinum electrode

In the presence of cadmium ions, we can (Fig. 3) that at high frequencies the
impedance is not modified. However, at low frequency, the impedance of the
electrochemical system decreases significantly with increasing concentrations of Cd**.
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Fig. 3: Evolutions of Nyquist spectra v.s. concentrations of Cd(Il)
supporting electrolyte: 0.1M KNO3, pH ~ 6.7

In the Nyquist diagram, the approximate form is a semi-circle, characteristic of the
association of a resistance in parallel with a capacity. It is important noteworthy that the
semi-circular decreases when increasing concentrations of cadmium.
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3.3 Influence of pH variation

The pH variation was obtained by additions of 1 M of HCI and NaOH solutions. We
have chosen working interval of pH from 2.3 to 11 at 10 M of Cd*" concentration. Fig.
5 shown the charge—transfer evolution function of pH. We can see that the PVC/PR
membrane is sensitive in a relatively acid pH range 4 to 6.
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Fig. 4: Variation of charge transfer resistance as function of pH

3.4 Calibration curves
To obtain the calibration curve of Cd(ll) -sensitive sensor, we have plotted the
variations of R versus Cd(Il) concentrations. R¢; being the charge—transfer

resistance of different concentrations of Cd(Il) (Fig. 5).
From the obtained data, it is seen that the sensor presents dynamic range from 10™ M
t010° M with a detection limit of about10° M.
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Fig. 5: Variation of the charge transfer resistance as function Cd(l1) concentration
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4. CONCLUSION

This study has been shown that a good electrochemical sensor for Cd** detection
was obtained with phosphate rock as a natural ionophore which replace expensive
synthetic compound. The maximum exchange was obtained between pH 4 and 6 and
low detection limit is about 10° M.

This result can be obtained in specific conditions of measurements: frequency
range varying from 100 mHz to 100 kHz and the polarisation was maintained at -
0.2V/SCE. We suggest using similar membrane to functionalized ISFET sensor for Cd**
detection.
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