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Abstract: Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes were successfully obtained by
electrodeposition from methanesulfonic acid. The relation of silver content(y/m%x107) in Pb-Ag

coatings and Ag" concentration(x/mgdm™) of electrolyte wasy = - 60.25+0.92x. The results of

anode polarization curves and Time-Potential curves showed Al/Pb-0.75%Ag-0.03%Co had the
lowest energy consumption and anode potential during zinc electrowinning.

Introduction

Recent years have seen extensive studies of aluminum substrate composite anodes used in zinc
electrowinning, as seen in[1-3] and reference therein. The Al/a-PbO,, Al/B-PbO, and
Al/Pb-PANI-WC composite anodes are relatively low in cost and anode potential during zinc
electrowinning for their coatings and substrate, but the service time of them are not satisfied due to
the bindingforce between aluminum substrates and a,B-PbO, coating, and higher corrosion rate of
Pb-PANI-WC coating during zinc electrowinning. Lead anodes with a silver content of about
0.5%-1% are used in zinc electrowinning. To save silver it’s suggested that a Pb-Ag alloy with
about 0.45-1%Ag and a thickness of 100-200um as the active anode surface on a lead anode will
suffice. Deposition of Pb-Ag alloys from cyanide-free electrolytes was also investigated.
Electrolytes using potassium hexacyanoferrate(IT), K4Fe(CN)6, and polyethylenepolyamines as
complexing agents were tested[4,5]. In this communication, we report the preparation, properties
and microstructure of Al/Pb-Ag and Al/Pb-Ag-Co anodes with unusual characteristics. Pb-Ag and
Pb-Ag-Co coatings have different microstructure and its oxygen evolution potential and energy
consumption are lower than conventional Pb-Ag anode.

Experimental details

The electrolytes contained 0.5-1.2mol dm?® lead methanesulfonate, 0.5-2mmol dm silver
methanesulfonate, 0-20mmol dm™ cobalt methanesulfonate, 0.5-2mol dm™® methanesulfonate acid,
10-30pmol dm® polyvinylpyrrolidone, 0.15-0.45mol dm sulfourea. All chemicals were analytical
reagent grade from Aldrich and Fisher. All solutions were prepared with ultra-pure water.
Electrodeposition was conducted at pH values in the 1.5-2 range, at a cathodic current density of
J1 Adm?, and with mechanical bubbling for 24 h at 40 °C.
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The aluminum substrates were pretreated by buffing(mechanical buffing with fibre grinding
wheel), degreasing (soak in fatty alcohol-polyoxyethylene ether degreaser a 40°C for 4-12h),
caustic wash (soak in 0.3mol dm™®, solution at 20-40°C for 120-180 seconds), acid pickling(0.4mol
dem-3 sulfuric acid at 20-40°C for 10-30 seconds), zinc immersion (soak in  0.3mol dm®, 0.25mol
dm™, 3mmol dm™ sodium potassium tartrate, 0.5mmol dm™ iron chloride hexahydrate solution at
20-40°C for 60 seconds), acid pickling(3-10s), zinc immersion (at 20-40°C for 50 seconds) and
nickel electroplating for 1 minute.

All electrochemical measurements were made with electrochemical workstation (CHI760C)
with three electrode systems. A following set-up was used: ZnSO,-H,S0; system, 0.9mol dm™ Zn*,
1mol dm™ sulfuric acid and temperature (35 °C). The counter electrode was a platinum plate and the
reference electrode was MSE with a potential of Eyse= +0.64 V. The three anodes were used as
working electrodes after 24h of anodic polarization. Microstructure characterisation were carried
out using a scanning electroscopy (Sirion200SEM, FEI), a 30ke accelerate voltage and 1 minutes
collection time.

Result and discussion

Pb-0.8%Ag layer was deposited from a solution containing 1mol dm™ lead methanesulfonate,
1.4mmol dm?® silver methanesulfonate, 1.2mol dm® methanesulfonate acid, 20umol dm?
polyvinylpyrrolidone, 0.3mol dm™ sulfourea. Pb-0.75%Ag-0.03%Co layer was deposited from a
solution containing 1mol dm™ lead methanesulfonate, 0.5-2mmol dm® silver methanesulfonate,
1.2mol dm® methanesulfonate acid, 0-20mmol dm™ cobalt methanesulfonate, 20umol dm®
polyvinylpyrrolidone, 0.3mol dm™ sulfourea.
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Fig.1The influence of Ag* concentration of electrolyte on Ag content of Pb-Ag composite coatings
Fig.1 reportsthe influence of Ag* concentration of electrolyte on Ag content of Pb-Ag composite
coatings. It’s found that Ag” of electrolyte need supplement pure hour. The relation of Ag content of
Pb-Ag coatings and Ag+ concentration of electrolyte is equation (1):

y =-60.25+0.92x, (1)

There y represents Ag content of Pb-Ag coatings and x represents Ag™ concentration of electrolyte.
The error limit of equation (1) versus the true value of Ag content(m%o) of Pb-Ag coatings is+0.03.

Fig.2 presents the anode polarization curves for the Tafel analysis of Pb-0.8%Ag, Al/Pb-0.8%Ag
and Al/Pb-0.75%Ag-0.03%Co anodes carried out a zinc sulphate electrolyte. The parameters of
oxygen evolution dynamics are listed in Table 1.
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Fig.2 Tafel analysis of Pb-0.8%Ag, Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes
Table 1 OER dynamic parameters of Pb-0.8%Ag, Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co

anodes
Fitting line  Fitting line 0 .
i”/(Acm©) . 5
h_(i =0.05Acm ©)/V
Anodes 1 2 o )
a b a b i i
Pb-0.8%Ag 071 019 089 029 8.13x10 8.71x10 0.464
8 5 8 3 > 4
Al/Pb-0.8%Ag 071 020 090 056 3.89x10 2.45x10 0.441
3 9 9 6 4 2
Al/Pb-0.75%Ag-0.03% 0.70 023 090 0.35 8.71x10 2.95x10 0.407
Co 9 2 4 7 4 3

The anodic polarization curve for Tafel analysis was corrected by using the following formula

[6]:
Ea = Eappl - IRS’ (2)

There E, is the real potential value of OER, E,,, is the applied potential, i is the faradaic

current, and R, is the uncompensated electrolyte resistance{7]. Fig. 2 shows the iR-corrected

Tafel lines of Pb-0.8%Ag, Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes on stable anodic
layers after 24 h of anodic polarization. All lines presented a double-slope behavior. Based on the
OER mechanism, the double-slope values and potential intercepts of the two lines were separately

analyzed by using Origin software. The over-potential h under specific current was calculated

with Tafel based on the following formula[6]:

n=a+blogi, 3
where a and b are constants, i is the electrode surface current density, and h is the OER
overpotential. a and b are obtained through liner fitting of the plot h versus logi, where

a=a - E. Comparing the Tafel and the Butler—Volmer formulas in the high anodic polarization

region, we can express the exchange current density i° asfollows:
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logi®=-2, 4
ogi~ =~ (4)

where i° is the exchange current density, i is the experiment current, a is the intercept value

obtained with Origin, and E is the standard potential. Generally, the values of i°® for OER are
negligibly small and often considered meaningless in evaluating the electrocatalytic activity of

anode materials. As a result, the OER overpotentials h are identified as one of the major criteria

The h of Al/Pb-0.75%Ag-0.03%Co and Al/Pb-0.8%Ag anodes lower than Pb-0.8%Ag anode
which indicates that the two anodic layers are preferable to OER. In addition,
Al/Pb-0.75%Ag-0.03%Co and Al/Pb-0.8%Ag anodes present a higher b, and b,, probably

because of the impeded mass and charge transfer in the micropores and its microstructure that is
prone to O, evolution [8-9].
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Fig.3 Time-Potential curves carried out an electrolyte containing 0.9mol dm®zn** and 1.5mol
dm®H,S0,. (@)  Conventional Pb-0.8%Ag anode, (b) Al/Pb-0.8%Ag anode
(c)Al/Pb-0.75%Ag-0.03%Co anode

Fig.3 shows the anode potentials with time for the zinc electrowinning tested. Pb-0.8%Ag,
Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes have a high anode potential and decrease
sharply at the first beginning zinc electrowinning, which is due to the dissolution of non-conducting
phase of PbO and PbO,. Then the anode potentials decrease slowly which is due to the intermediate
product of PbSO, and PbO,. After 22h of zinc electrowinning, the anode potentials remained
constant, showing that the three anodic layers mainly composed of -PbO,[10],. Compared with
Pb-0.8%Ag anode, the anode potential of Al/Pb-0.8%Ag is decreased by 10mv and
Al/Pb-0.75%Ag-0.03%Co anode is decreased by 22mv.
3.4 Mechanism of Co on activity

Fig.4 Fruit surface microstructure. (a) Al/Pb-0.8%Ag anode (b)Al/Pb-0.75%Ag-0.03%Co anode
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Fig4d shows the fruit surface  microstructure of  Al/Pb-0.8%Ag(a) and
Al/Pb-0.75%Ag-0.03%Co(b) anodes. As shown in Figs. 4a and 4b, the size of lead crystals on the
Al/Pb-0.75%Ag-0.03%Co anode is smaller than that of crystals on the Al/Pb-0.8%Ag anode. The
silver on the fruit surface of the Al/Pb-0.75%Ag-0.03%Co anode is bulbiformed, and the silver
crystals are attached to the surface of the lead composite coating (Fig.4a). However, the silver on
the fruit surface of the Al/Pb-0.8%Ag anode has an elliptical shape and the silver crystals are
covered with lead (Fig.4b). The different crystal sizes of lead, as well as the shape and existing way
of silver, are probably caused by the existence of cobalt in the Pb-0.75%Ag-0.03%Co composite
coating.

Conclusions

Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes have obtained by non-cyanide
electrodeposition from electrolyte. The results of tafel and time-potential analysis show that
Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes have lower anode potential as compared to
conventional Pb-0.8%Ag anode for zinc electrowinning. The catalytic processes of Co on the
surface of the Al/Pb-0.75%Ag-0.03%Co anode during zinc electrowinning can be described by the
following reaction: Co — Co?** — Co**.
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