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Electrochemical stability of Cu, Ni, Co, Pt, Ir metals sheet and their respective composite electrodes in
potassium hydroxide (KOH) solution has been studied using cyclic voltammetry technique. The
stability of those electrodes was quantified using Atomic Absorption Spectroscopy (AAS). The metal
sheet electrodes were homely prepared in square cut of 1 cm by length and wide respectively. The
powder composite electrodes were prepared by mixing together 95:5 (w/w) of the respective metals
powder with polyvinyl chloride (PVC) using mechanical alloying technique. The result of the study
showed that all metals sheet and their composite electrode except Cu were stable in a KOH solution.
To study their stability further, those electrodes was then used in the electrooxidation process of
ethanol in KOH solution, and their stability were quantitatively determined based on the analysis of the
electrolysis solution using AAS. Base on the current density produced during the electrooxidation
process, composite electrode was found to be more sensitive compared to metal sheet electrode.
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1. INTRODUCTION

A feature of the 1980s has been the resurgence of electrolysis as a technology for the
manufacture of organic and inorganic chemicals. A major factor contributing to this success has been a
change in goals. In contrast to 20 years ago, when the emphasis was on the designs of processes for the
manufacture of very large tonnage chemicals, it is now generally agreed that the major impact of


http://www.electrochemsci.org/
mailto:rozali@ukm.my
mailto:mohamed_rozali@yahoo.com

Int. J. Electrochem. Sci., Vol. 7, 2012 8409

electrosynthetic processes will be in the production of fine and specialist chemicals. Hence, in most
cases, the target for an electrosynthesis process is now most likely to be a product required on any
scale from 1 to 10.000 tons per year [1]. Electrochemistry provides a very interesting and versatile
means for the selective reduction or oxidation of organic compounds [2].

Electrode in electrosynthesis is truly fundamental. Some general guidelines to assit the choice
of an electrode material are physical stability, chemical stability, suitable physical form, rate and
product selectivity, electrical conductivity and cost particularly lifetime [1]. The need for a suitable
combination of mechanical, physical, and chemical stability has already been stressed. It is important
to recognize that the stability must be maintained under all conditions met by the electrode material.
Other than chemical and electrochemical stability, electrode chosen for industrial use to be relatively
inexpensive, highly conducting and good electrocatalytic. An electrocatalytic electrode is one which
exhibits a low overvoltage for a given process. In addition, electrocatalysis implies high product
selectivity especially importance in the electrosynthesis of organic compounds.

Cyclic stationary-electrode voltammetry, usually called as cyclic voltammetry (CV) is perhaps
the most effective and versatile electroanalytical technique available for the mechanistic study redox
systems [2]. It is enables the electrode potential to be scanned rapidly in search of redox couples. Once
located, a couple can then be characterized from the potentials of peaks on the cyclic voltammogram
and from changes caused by variation of the scan rate. CV is often the first experiment performed in an
electrochemical study [2]. Cyclic voltammetry can be used for quantitative analysis because it is
convenient for the identification of short lived intermediates and for the elucidation of the kinetics of
electrodes process. For analytical purposes, one can measure the peak height, which is proportional to
concentration, and used the peak potential as a qualitative indicator of the nature of the species [3].

The cyclic voltammetry method was shown to be a good alternative for electrochemical
stability analysis in electrosynthesis and electrocatalytics. The cyclic voltammetry method has been
used for analysis of electrochemical stability of Ni-polyester electrode in alkaline solution [4].
Electrocatalytic activity of these materials strongly depends on their morphology, surface area and
structure, which in turn depend on the preparation methods. One of the techniques of making the
porous electrode is by incorporating polymer material like polyvinyl chloride (PVC) with the powder
of respected metals [4 - 8].

The present paper aims to describe the electrochemical stability of Cu, Ni, Co, Pt, Ir metals
sheet and their composite electrodes for electrooxidation of ethanol in KOH solution. The
electrochemical stability was analyzed using cyclic voltammetry. Cyclic voltammetry is very suitable
for the study of electrochemical stability [4].

2. EXPERIMENT

2.1. Solutions

All solutions were prepared by dissolving their analytical grade reagent (Merck) in deionised
distilled water. KOH was used as a supporting electrolyte. Nitrogen was used to deaerate the solutions
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and to keep an inert atmosphere over the reaction solution during the oxidation process. Ethanol
solution was prepared by dilution of absolute ethanol (BDH laboratory supplies) with deionised
distilled water.

2.2. Preparation of an electrode

2.2.1. Preparation of a solid electrode

Solid metal foil (99.98% purity, Aldrich Chemical Company) was used to prepare solid
electrode. A 0.5 mm thick Ni foil was cut into approximately 1 cm x 1 cm piece and connected to
silver wire with silver conducting paint prior covered with epoxy gum [9].

2.2.2. Preparation of composite electrode

The composite electrode was prepared using mechanical alloying technique (MAT) by mixing
together a weighed portion of metal powder (< 2 micron in size and 99.9% purity, Aldrich Chemical
Company) and PVC in 4 ml tetrahydrofuran (THF) solvent and swirled flatly to homogeneous
followed by drying in an oven at 100° C for 3 hours [10]. The mixture was placed in 1 cm diameter
stainless steel mould and pressed at 10 ton/cm?. A typical pellet contained approximately 95% of metal
powder and 5% of PVVC polymer. The total weight of pellet obtained is approximately 1.5 g. The same
procedure as solid metal foil were later carried out for composite electrode preparation.

2.2.3. Electrochemical stability of the electrodes

Universal Pulse Dynamic EIS, Voltammetry, Voltalab potentiostat (Model PGZ 402) was used
for electrochemical stability measurements, data acquisition was accomplished using Voltamaster 4
software. Cyclic voltammetry experiments were performed in a three electrodes system using solid
electrode (Cu, Ni, Co, Pt and Ir) and composite electrode (Cu-PVC, Ni-PVC, Co-PVC, Pt-PVC and Ir-
PVC) as a working electrode (anode), SCE as reference electrode and platinum wire as the counter
electrode. All potentials given are with respect to the SCE reference electrode.

2.2.4. Electrochemical stability of the electrodes

The electrolysis process of ethanol was performed in a solution of 1.0 M KOH at room
temperature. The electrochemical stability by cyclic voltammetry (CV) and oxidation of ethanol by
potentiostatic (chronocoulometry) method were performed in 25 mL capacity glass electrochemical
cell. Chemical stability of the electrode was determined using Atomic Absorption Spectroscopy
(AAS).
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3. RESULT AND DISCUSSION

3.1. Cyclic voltammetry of solid electrodes
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Figure 1. Cyclic voltammograms (A, C, E, G, 1) Cu, Ni, Co, Pt, Ir solid electrodes with one cycle, and
(B, D, F, H, J) for Cu, Ni, Co, Pt, Ir solid electrodes with continues cycle at 4 cycle for Cu, 5
cycle for Co and Pt and 10 cycle for Ni and Ir, in 1.0 M KOH. Cyclic voltammograms Pt and
Ir electrodes in 0.25 M ethanol + 1.0 M KOH. Scan rate of Cu: 10; Ni:100; Co: 50; Pt: 10 and
Ir: 500 mV/sec

Figure 1(A and B) shows the cyclic voltammogram of 1.0 M KOH with the sweep potential
from potential -700 up to +700 mV, and than return from +700 mV up to -700 mV using Cu metal
electrode. The Al, A2, A3 and A4 peaks represent the anodic peaks. These peaks represents the
oxidation of Cu(0) to Cu(l), Cu(l) to Cu(ll) and Cu(ll) to Cu(lll) [11 — 13]. The C1 peak represent the
reduction of Cu(lll) to Cu(ll) while the C2 peak shown the reduction of Cu(ll) to Cu(l) or Cu(0) .
Figure 1A and 1B shows the cyclic voltammograms of Cu metal foil with one cycle and four cycles
(continues cycle), respectively, where the same anodic peaks were recorded for both process. Figure
1A and 1B show anodic and cathodic peaks was observed for Cu metal foil electrodes. The only
significant difference between the cyclic voltammograms as shown in Figure 1A and 1B are
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degradation of current density. For four cycle voltammogram, higher current density was observed at
first cycle followed by decreasing in current density for the second, third and fourth cycle due to
unstable of Cu electrode 1.0 M KOH. Cu metal is easily oxidized to form oxide compounds in the
alkaline medium, which would formed oxide coating on the surface of the electrode, Cu,O, CuO, and
Cu(OH),, besides the other species depending on the potential, pH of the solution, the mass-transport
conditions, ageing and surface restructuring processes [14].

Figure 1 C, E, G and | show the cyclic voltammograms using Ni, Co, Pt and Ir solid electrode
in 1.0 M KOH (Ni and Co electrode) and in 0.25 M ethanol + 1.0 M KOH (Pt and Ir electrode). Figure
1 D, F, H and J show the cyclic voltammograms to observe the effect of continues cycle using Ni, Co,
Pt and Ir solid electrode in 1.0 M KOH (Ni and Co electrode) and in 0.25 M ethanol + 1.0 M KOH (Pt
and Ir electrode). Figure 1 D, F, H and J show that Ni, Co, Pt and Ir solid electrodes have good
stability for electrochemical oxidation in KOH.

Al (anodic) peak at Figure 1C represents the oxidation peak of Ni(ll) to Ni(lll) due to the
changing of Ni(OH), to NiOOH [14 — 19]. Oxidation of Ni (0) to Ni (II) occurred at more negative
potential or hydroxide region (not shown in this cyclic voltammogram). C1 (cathodic) peak in Figure
1C represents two crystallographic forms of a and B oxyhydroxide [15, 19]. Nickel oxyhydroxide
(NIOOH) is capable to oxidize a number of functional groups, for example primary alcohols may be
oxidized to carboxylic acids [20]. Nickel has been reported to be a good electrode for the oxidation of
various organic compounds. A redox couple of nickel, i.e., nickel hydroxide (Ni(OH),;) and nickel
oxyhydroxide (NiOOH), was shown to be involved in the oxidation of alcohol at nickel electrodes in
alkaline media [21]. Nickel oxyhydroxide (NiOOH) involved in the reaction that will oxidize ethanol
to acetaldehyde and further oxidized to acetic acid. Most of acetaldehyde was oxidized to acetic acid
because its oxidation rate is faster than ethanol. The reaction of organic compounds with the nickel
oxides of higher valences is usually the rate determination step.

Figure 1E shows cyclic voltammogram for a Co sheet electrode in 1.0 M KOH. Peaks A1, A2
and A3 represent anodic peaks. Peak Al represent of chemisorptions of OH™ on Co electrodes. Peaks
A2 and A3 represent of oxidation of Co(0) to Co(ll) and Co(ll) to Co (I11) respectively [22]. C1 and
C2 peaks represent reduction of Co(l1l) to Co(ll) and Co(ll) to Co(0) respectively.

Figure 1G shows the cyclic voltammograms of a platinum sheet electrode in a mixture of 1.0 M
KOH and 0.25 M ethanol, recorded between -0.7 V and +0.9 V vs. SCE with a scan rate of 10 mV/sec.
In alkaline solutions (Figure 1G and 1H), peak Al shows measurable chemisorptions of OH™ on Pt
electrodes. This adsorbed OH" plays a governing role in the surface electro-chemistry of Pt in alkaline
media. Peak A2 (in Figure 1G and 1H) shows the peak for oxidation potential of ethanol in alkaline
solution. Figure 1G (peak A2 at 0.8 V) shows oxidation potential of ethanol in alkaline solution using
Pt electrode. Previous study shows that oxidation wave for ethanol in alkaline solution using Pt
electrode is visible for potentials between +0.8 V and +1.0 V vs. SCE, before the formation of the Pt
oxide species [23]. As the oxidation of ethanol starts at potentials corresponding to the beginning of
the surface oxidation, it is likely that the primary oxides (particularly hydroxides) play a key role in the
process. In all cases ethanol oxidizes from solution in two potential regions, on partially oxidized
platinum surface before platinum oxide monolayer formation (first potential region) and at far positive
potentials [23]. Figure 11 show cyclic voltammograms for Ir sheet electrode in 1.0 M KOH in 0.25 M
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ethanol, recorded between 0 V and +1.4 V with a scan rate of 500 mV/sec. In alkaline solutions
(Figure 11 and 1J), peak Al shows measurable chemisorptions of OH™ on iridium electrodes to formed
Ir-OH [24]. Peak A2 (in Figure 1 | and 1J) shows oxidation potential of ethanol in alkaline solution.
Figure 1G (peak A2 at 0.7 V) shows oxidation potential of ethanol in alkaline solution using Ir
electrode.

3.2. Cyclic voltammetry of composite electrodes

Figure 2 A, C, E, G and | show cyclic voltammograms using Ni, Co, Pt and Ir composite
electrode (Cu-PVC, Ni-PVC and Co-PVC composite electrodes) in 1.0 M KOH and in 0.25 M ethanol
+ 1.0 M KOH (Pt-PVC and Ir-PVC composite electrodes). Figure 2 B, D, F, H and J show cyclic
voltammograms to observe the effect of continues cycle using Cu-PVC, Ni-PVC, Co-PVC, Pt-PVC
and Ir-PVC composite electrode in 1.0 M KOH (Ni and Co composite electrode) and in 0.25 M ethanol
+ 1.0 M KOH (Pt and Ir composite electrode).
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Figure 2. Cyclic voltammograms (A, C, E, G, 1) Cu, Ni, Co, Pt, Ir composite electrodes with one
cycle, and (B, D, F, H, J) for Cu, Ni, Co, Pt, Ir composite electrodes with continues cycle at 5
cycle for Cu-PVC, 5 cycle for Co-PVC, Pt-PVC, Ir-PVC and 10 cycle for Ni-PVC, in 1.0 M
KOH. Cyclic voltammograms Pt-PVC and Ir-PVC electrodes in 0.25 M ethanol + 1.0 M KOH.

Scan rate of Cu-PVC: 10; Ni-PVC:30; Co-PVC: 10; Pt-PVC; 20 and Ir-PVC; 50 mV/sec

Figure 2 D, F, H and J show that Ni-PVC, Co-PVC, Pt-PVC and Ir-PVC composite electrodes
possess good stability for electrochemical oxidation in KOH solution.
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Table 1. Data for activity and stability of solid electrodes

Solid Maximum current density Activity Stability
electrodes (mA/cm?)
Cu 115 Large activity No stability
Ni 4.4 Medium activity Good stability
Co 1.5 Medium activity Good stability
Pt 0.5 Low activity Good stability
Ir 1.0 Low activity Good stability

Table 2. Data for activity and stability of composite electrodes

Composite Maximum current density Activity Stability
electrodes (mA/cm?)
Cu-PVC 130.2 Large activity No stability
Ni-PVC 12.5 Medium activity Good stability
Co-PVC 45.3 Medium activity Good stability
Pt-PVC 82.1 Large activity Good stability
Ir-PVC 28.4 Medium activity Good stability

Table 1 and 2 shows electrochemical activity and stability parameters for solid and composite
electrodes in 1.0 M KOH. The result from the cyclic voltammetry shows that the electrochemical
activity and stability in alkaline solution using composite electrode is at a higher current density (Table
2) compared to solid electrode (Table 1). This indicates that composite electrode gave a better
electrochemical activity and stability for the electrochemical oxidation in KOH compared to solid
electrode. The higher current density showed higher electrochemical activity [25]. From these cyclic
voltammetry experiments, the composite electrodes are suitable for electrosynthesis and fuel cell
purposes. Composite electrodes are more economical and beneficial for the oxidation of materials
compared to solid metal electrode due to higher current density; hence more oxidation process will
occur.

3.3. Chemical stability of electrodes

The stability of electrode was analyzed using Atomic Absorption Spectroscopy (AAS).
Analysis have been done at three part which is solution, sponge formed on the electrode surface of
anode and cathode. Table 3 shows metal concentration in solution and electrode surface (anode and
cathode) or sponge using AAS as a result of electrolysis of 0.25 M ethanol by solid electrode for 6 h
electrolysis time at constant potential of 1050 mV.

Table 3 shows that Co, Ni and Cu electrodes exhibit higher corrosion compared to Pt and Ir
metal electrode in alkaline solution. Co electrode in 0.1 M KOH forms a sponge on the electrode
surface with higher concentration than Ni and Cu electrode. Electrochemical oxidation of ethanol in



Int. J. Electrochem. Sci., Vol. 7, 2012 8417

0.1 M KOH forms sponge on electrode surface with a quantity of Co, Ni and Cu are 79.7 mg, 71.25
and 19.150 mg, respectively. For example, if the initial weight of Co electrode is 856.7 mg, after 6 h of
electrolysis process the final weight of the electrode will increases 9.32% due to sponge formation.
More sponge was formed on the electrode surface during electrolysis of ethanol in 0.1 M KOH rather
than 1.0 M KOH. No sponge was formed during electrolysis of ethanol in 1.0 M KOH using Cu
electrode while a lot of sponge was form in cathode.

Table 3. Metal concentration in solution and electrode surface (anode and cathode) or sponge as a
result of electrolysis of 0.25 M ethanol by solid electrode, electrolysis time 6 h at constant
potential of 1050 mV.

Type of Metal concentration (mg) in
electrodes | KOH (M) | Solution | Electrode surface | Electrode surface cathode
(anode) (PY)

Co 0.1 1.974 79.700 0.202
1.0 0.991 3.230 4.330

Cu 0.1 0.033 19.150 0.755
1.0 0.049 - 47.500

Ni 0.1 5.775 71.250 -
1.0 4.500 6.690 -

Pt 0.1 * - -
1.0 * - -

Ir 0.1 * - -
1.0 * - -

Note: (-) not sponge formed, (*) not detected using AAS

Table 4. Metal concentration in solution and electrode surface (anode and cathode) or sponge as a
result of electrolysis of 0.25 M ethanol by composite electrode, electrolysis time 6 h at potential

constant 1050 mV using AAS.

Type Metal concentration (mg) in
electrodes KOH (M) | Solution Electrode surface Electrode surface
(anode) cathode (Pt)
Co-PVC 0.1 0.982 49.700 0.486
1.0 0.671 7.236 7.240
Cu-PVC 0.1 0.874 23.150 2.341
1.0 0.562 - 17.591
Ni-PVC 0.1 3.775 65.452 -
1.0 2.583 11.392 -
Pt-PVC 0.1 0.008 - -
1.0 0.023 - -
Ir-PVC 0.1 nd - -
1.0 nd - -

Note: nd: not detected; (-) no sponge formed
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Table 4 shows the result for chemical stability analysis of composite electrode after used for
electrolysis of 0.25 M ethanol in 1.0 and 0.1 M KOH with 6 h of electrolysis time at 1050 mV. In
general, metal content in the solution are very low for all composite electrodes. However, the sponge
formed on the electrode surface of Co-PVC, Ni-PVC and Cu-PVC that may cause the corrosion also
affected the composite electrode. A lot of sponge formed during electrolysis of ethanol in 0.1 M KOH
especially at electrode surface of Co-PVC, Ni-PVC and Cu-PVC. Composite electrodes have a good
stability in alkaline solution. This is proved by low concentration of dissolve metal during electrolysis.

4. CONCLUSIONS

Ni, Co, Ir and Pt metal sheets and their composite electrodes have higher stability compared to
Cu metal sheet and its composite electrode. Electrooxidation of ethanol in KOH solution using metal
sheets and their composite electrodes have show a good stability based on the analysis using AAS. The
composite electrodes have show a higher current density compared to metal sheet electrodes. Base on
the metal content in solution the stability of composite electrode is more stable than the metal sheet
electrode.
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