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Abstract

Corrosion behavior of magnesium, aluminum and &in@.2 mol dn? NH,CI; 0.1 mol dn NH.CI
with addition of 0.1 mol dil Na-citrate and corrosion behavior of zinc in 0.8l aim> NH,CI with
addition of 0.8 mol di Na-citrate and different concentration of ZpGiere investigated.
Corrosion current densities were determined froenntiass lost and from potentiodinamic (1 mV s
Y measurements. It was concluded that magnesighalaminum are not suitable anodic materials
for use in primary electrochemical power sources.t®e other hand, it was concluded that zinc
could be considered as possible anodic materidoth primary and secondary electrochemical

power sources.

Key words. corrosion, citrate, electrochemical power sources.

1. Introduction

Electrochemical power sources consisted of eleotrdacting polymers combined to
electronegative metals and aqueous based eleeisd$t4] are likely to accomplish most of the
three E criteriaEnergy, Economics and Environment) elaborated as the determining factors of an
electrochemical power system success [5,6]. In sysktems electroconducting polymers, mainly
polyaniline (PANI) due to their ability of reversgboxidation (doping)/reduction (dedoping) could
be used as cathodic materials, while owing to ixedbt low discharge potentials, it is necessary to
use electronegative metals such as: magnesiumijralomand zinc as anodic materials.

Magnesium, owing to its very low electrode potdndieems to be ideal anodic material for
primary electrochemical power sources. The usmajnesium anode, in primary electrochemical
power source based on PANI cathode, was investigateKumar et al[7]. The main reason why
magnesium was not commercialized as anodic matsrialense corrosion in aqueous electrolytes.

Aluminum can also be considered as potentially uisehodic material for primary

electrochemical power sources [8-10]. Unfortunatedyl efforts made to commercially use
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aluminum in primary batteries failed, as a conseqaef oxide film formation leading to decrease
in cell voltage bellow theoretical value.

Low price and high specific energy made zinc onthefmost spread materials for primary
and secondary electrochemical power sources. &ltsmpts to develop aqueous based Zn|PANI
were reported by Kitani at al. [10]. Trinidad et. alemonstrated similar electrochemical
characteristics of such systems comparing to cdieal batteries such as moderate energy
density, good columbic efficacy and low self disgea[11].Up to now Zn | PANI, despite their
advantages have not been commercialized for fesoresa Apart from the fact that PANI electrode
is degradable at potentials more positive than\0.A.3], the main reason is connected to zinc
dendrite and solid phase formation during chaigelffdirge cycle [14], in chloride based
electrolytes, affecting columbic efficacy and &ytife. It was shown that addition of citrate argon
could prevent zinc dendrite formation, and that PAdlectrode exhibited enhanced discharge
characteristics [14,15]. The aim of this paper wasvestigate corrosion and polarization behavior
of magnesium, aluminum and zinc electrodes in ahdobased electrolytes with addition of citrate,
as possible anodic materials in primary and seagndiectrochemical power sources based on
PANI cathode.

2. Experimental

Corrosion behavior of magnesium, aluminum and aivees determined from mass lost by
measuring the mass difference of metal (99.99%ktshinples $ = 14 cnf) before and after
immersion in chloride based electrolytes.

Potentiodinamic polarization curves were recor@déer 1h of immersion, at scan rate 1
mV s’ using PAR 263A potetntiostat interfered to PC.reEhcompartment electrochemical cell
was used with aluminum and zin8 € 2 cnf) working electrodes. The counter electrode was
platinum wire, while saturated calomel (SCE) eled&r was used as reference electrode.

All experiments were performed at room tempera(@gt2 °C) in solutions containing 0.2
mol dmi® NH,CI; 0.1 mol dn?® NH,CI with addition of 0.1 mol di Na-citrate and 0.3 mol drh
NH,CI with addition of 0.8 mol di Na-citrate and different concentration of ZgGiH value of
all used electrolytes were around 5. Electrolytesewprepared using bidistilled water and p.a. grade
chemicals (Aldrich).

Before corrosion and polarization measurements Insstanples were first mechanically
polished with fine emery papers (2/0, 3/0 and &) than with polishing alumina ofydn (Banner
Scientific Ltd.) on polishing cloths (Buehler LtdAfter mechanical polishing the traces of the

polishing alumina were removed in ultrasonic bathrdy 5 min.
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3. Resultsand discussion
3.1. Primary electrochemical power sources

First parameter to be discussed in proper choi@rmétal to be used in an electrochemical
power source is its corrosion in given electrolydence, corrosion of magnesium, aluminum and
zinc in chloride and chloride/citrate solutions viiagestigated by measuring the mass difference of
metal samples before and after immersion. The mahre of the corrosion current densitigsy,
were determined according to Faradays law. Theegahi the corrosion potentidt.,, and mean
corrosion current density of magnesium, aluminurd aimc in 0.2 mol dnf NH,CI and 0,1 mol
dm® NH,CI with addition of 0.1 mol di Na-citrate are given in Table 1.

Table 1. Corrosion potential and the mean valub@®torrosion current density of Mg, Al and Zn
in 0.2 mol dn® NH,CI (chl.) and in 0.1 mol diNH4CI + 0.1 mol dri? Na-citrate (chl./cit.)

Ecorr/ V (SCE) Ecorr/ V (SHE) jorr/ A CMi®
metal chl. chl./cit. chl. chl./cit. chl. chl./cit.
Mg -2.130 -1.965 -1.889 -1.724 | 1.3510° 1.0910°
Al -0.705 -0.688 -0.464 -0.447 | 1.1010° 1.1910°
Zn -1.138 -1.116 -0.897 -0.875 | 1.0210° 9.2710°

As it can be seen in Table 1, in both electrolytesgnesium had grates values of the
corrosion current density, than followed zinc addrmanum. The corrosion current density of
magnesium and aluminum was practically independenélectrolyte composition. However, the
difference in corrosion current densities in chderiand chloride/citrate electrolyte is significant,
namely the observed corrosion current density ilorade/citrate electrolyte was for almost one
order of magnitude grater than in citrate electelased on above presented results, it could be
concluded that magnesium, aluminum and zinc wat#dito corrosion in investigated electrolytes.
Upon immersion of magnesium in both citrate andat@ichloride electrolyte, intense hydrogen
evolution was observed, and after about ten minuezsk ammonia scent was developed. Based on
the values of the corrosion potential of magnesafm1.889 V (SHE) in chloride and -1.724 V
(SHE) in chloride/citrate electrolyte, and accoglio Pourbaix diagrams [16], corrosion reaction of
magnesium in chloride and chloride/citrate solui@ould be explained by anodic dissolution of
magnesium and chathodic hydrogen evolution, whitseoved ammonia evolution could be
explained by reduction of ammonium ion, owing tgateve electrode potential of magnesium,

according to:

2NH," + 2e = 2NH + H, (1)
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The increase in pH of the solution, as a resuttyafrogen and ammonia co evolution, could
change corrosion product of magnesium from?Mtp insoluble Mg(OH). Since that intense
hydrogen evolution was observed followed by chaniggsd of the solution, polarization curves of
the magnesium electrode could not be recorded. Menvelue to very low corrosion potential,
magnesium might be considered as potentially gonddia material for activated primary
electrochemical power sources.

Aluminum, comparing to magnesium and zinc, had kiwalues of the corrosion current
density of around A cm and highest value of the corrosion potential ofiad -0.45 V (SHE) in
both chloride and chloride/citrate solutions. Aaiing to Pourbaix diagram and taking into account
pH=5, it could be concluded that aluminum was snpassive state (4Ds) at corrosion potential.
Owing to the relatively high value of the corrosipatential, cathodic reaction could be oxygen
evolution reaction. According to the value of th@rosion potential in investigated electrolytes,
aluminum is not challengeable anodic material fampry electrochemical power source based on
polyaniline cathode. Potentiodinamic (1 m¥) snodic polarization curves of aluminum in chlerid

and chloride/citrate electrolytes were recorded@men in Fig.1.
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Fig.1. Anodic polarization curve (1 mV#sof aluminum in: 6) — 0.2 mol dn? NH,Cl and @) -
0.1 mol dm-3 NHCI + 0.1 mol dnit Na-citrate.

As it could be observed in Fig. 1. polarizationvas were practically the same in both
chloride and chloride/citrate electrolyte. Two \esuof anodic Tafel slopes 6#0 mV dek' for
chloride, 40 mV dek for chloride/citrateat low andl125 mV dek' at high current densities, were
obtained. For current densities of practical irgergnigher than 1 mA cfjy potential of the
aluminum electrode in both electrolytes was aron85 V (SCE) e.g. -0.3 V (SHE), meaning that
aluminum could not be considered as anodic materiglectrochemical power source based on
PANI cathode.
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As mentioned above, although the values of theosmn potential of zinc in both chloride
and chloride/citrate electrolyte were similar- 0.88 V (SHE), corrosion current density in
chloride/citrate electrolyte was for almost oneesrdf magnitude grater than in citrate electrolyte
and it could be probably connected to influenceithte ions on mechanism of zinc dissolution.
According to Pourbaix diagrams [16], it could bencloded that zinc was between stable metallic
state and corrosion with formation ofZn

Polarization curves of zinc electrode in citratel artrate/chloride electrolytes are given in
Fig. 2.

Fig. 2. Anodic and cathodic polarization curvesn(¥ s of zinc in: @) — 0.2 mol drit NH.Cl and
(o) - 0.1 mol dn? NH,CI + 0.1 mol dri¥ Na-citrate.

As it could be seen in Fig.2 anodic polarizationves of zinc in citrate and citrate/chloride
electrolytes were characterized by the same Tébglesof 40 mV de¢ at low current densities,
while Tafel slopes of 90 mV dédor chloride and 120 mV dédor chloride/citrate were obtained
for higher current densities, connected to zinsdigion. Cathodic polarization curves of zinc
electrode in both chloride and chloride/citrateceladytes were characterized by similar values of
Tafel slopes of -40 and -120 mV dedOwing to low value of the corrosion potentialtheadic
reaction of zinc electrode in both electrolytescauld be assumed that cathodic reaction was
hydrogen evolution. Corrosion current densitieszofc in both electrolytes obtained from the
intercept of anodic and cathodic polarization carwere practically the same as those obtained
from the mass difference indicating uniform coreosiAs seen in Fig. 3, for current densities of
practical interest (higher than 1 mA Dpotential of the zinc electrodes were aroun@5&nd 1.0
V (SCE), indicating that zinc could be used as anathaterial in primary electrochemical power
sources based on PANI cathode, such system woutdischarge voltage around 1.2 V.
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3.2. Secondary electrochemical power sources

Since that addition of zinc ions in electrolyteultb crate conditions for the use of zinc
electrode in secondary electrochemical power sg@areosion of zinc was investigated in solution
consisted of 0.3 mol dfiNH,CI and 0.8 mol di Na-citrate with addition of 0.1; 0.3 and 0.5 mol
dm? ZnCh. The mean value of the corrosion current densitigg were determined according to
Faradays law. The values of the open circuit patntE,,, and the mean corrosion current
densities of zinc in investigated electrolytesgiven in Table 2.

Polarization curves of zinc electrode in citratéddlde electrolyte with addition of zinc ions
are given in Fig. 3., while values of the exchangeent densities obtained from the intercept of

anodic Tafel slope with open circuit potential green in Table 2.

Table 2. Open circuit potential, corrosion curréensity and exchange current density of zinc in
0.3 mol dn® NH,CI + 0.8 mol dri? Na-citrate with addition of 0.1; 0.2 and 0.3 moi4znCl,.

o(Zn”) I mol dni® | Eoep/ V (SCE)| jeor/ Acm® | jo/ Acm®
0.1 -1.180 0.9210° 4.010*
0.3 -1.122 1.0310° 5.010*
0.5 -1.094 4.9610° 0.9210°
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Fig.3. Anodic and chatodic polarization curves (& s1) of zinc in 0.3 mol drif NH,CI + 0.8 mol
dm Na-citrate with addition of:«) - 0.1; ¢) — 0.3 and&) — 0.5 mol dri? ZnCh.

As it could bee seen in Fig. 3. the open circuiepbal decreased upon addition of citrate
ions, indicating formation of complexes with zirans in the solution. Comparing the values of
exchange current densities, obtained from poladmaturves, to corrosion current densities,
obtained from the mass lost, it could be conclutleat zinc deposition and dissolution was

dominant reaction and that corrosion of zinc prdeeeslower for more than an order of magnitude.
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Based on above results it could be concluded timat zould be considered as potential anodic

material in secondary electrochemical power sobased on PANI cathode.

4. Conclusion

It could be concluded that magnesium, aluminum amg¢ were liable to corrosion in
chloride and chloride/citrate electrolytes inveateyl electrolytes. Based on the values of the
corrosion potential of magnesium of - 1.889 V (SHRE) chloride and -1.724 V (SHE) in
chloride/citrate electrolyte, corrosion process radgnesium in chloride and chloride/citrate
solutions could be explained by anodic dissolutmn magnesiumand chathodic hydrogen
evolution. Due to very low corrosion potential, magium might be considered as potentially good
anodic material for activated primary electrochexhpgower sources.

Aluminum, comparing to magnesium and zinc, had Eiwalues of the corrosion current
density of around A cm and highest value of the corrosion potential ofiad -0.45 V (SHE) in
both chloride and chloride/citrate solutions. lulwbbe concluded that aluminum was in its passive
state (AbO3) at corrosion potential. Owing to the relativeliglh value of the corrosion potential,
cathodic reaction could be oxygen evolution reactidccording to the value of the corrosion
potential in investigated electrolytes, aluminunna challengeable anodic material for primary
electrochemical power source.

Corrosion potential of zinc in both chloride andachle/citrate electrolyte were similai-
0.88 V (SHE), corrosion current density in chlofaeate electrolyte was for almost one order of
magnitude grater than in citrate electrolyte armbiild be probably connected to influence of aitrat
ions on mechanism of zinc dissolution. It couldcbacluded that zinc was between stable metallic
state and corrosion with formation of ZnFor current densities of practical interest, ptig of
the zinc electrodes were around -1.05 and 1.0 \EjS@eaning that zinc could be consideredas
anodic material in primary electrochemical poweurses based on PANI cathode. It was also
concluded that zinc could be considered as anoc@iemal in secondary electrochemical power

sources, since in zinc containing electrolyte zlaposition and dissolution was dominant reaction.
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