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Abstract

The electrochemical behavior of five Au—Gd alloys in three alkaline electrolytes has been characterised by the cyclic voltammetry
technique. The alloys studied were: Aug,Gd,, Aug, sGds, 5, Aug,Gd,,, Au,Gd,; and Au Gdy,. The electrolytes used were: (i) Na,CO;,
(if) Na,B,0O, and (iii)) NaF — each with a concentration of 0.2 M. It was observed that the alloy composition, rather than the
microstructure, plays an important role in determining the electrochemical behavior of these alloys. The oxidation process is more
influenced by the specific adsorption of B,02™ and F~ than by the CO2~. [ 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Au-Gd aloys have been extensively studied from the
standpoint of microstructural and morphologica features
[1-8]. However little or no information exists about their
electrochemical behavior. The present study is an attempt
to obtain this information on selected Au—Gd aloys in
three alkaline electrolytes. In fact, gold aloys are widely
used in the electronics industry where they are exposed to
a range of uncontrolled environments that may be much
more aggressive than air-conditioned computer rooms [9].

2. Experimental details
2.1. Alloy sample preparation

Alloys of the following composition were investigated:
AugGd, (96.78 mass¥% Au), Aug, :Gd,, s (74.05 mass¥
Au), Aug,Gd,, (5855 mass% Au), Au,.Gd,. (29.45
mass% Au) and AugGdys (6.18 mass% Au). They were
prepared using pure Gd (99.9 mass% purity, Newmet
Koch, Hertford, UK) and Au (99.99 mass% purity, John-
son Matthey, London, UK). The two metals in required
amounts (0.8—-1 g each sample) were enclosed in sealed
molybdenum crucibles, under argon atmosphere, and then
melted in an induction-heated furnace according to the
procedure described before [8]. Repeated shaking of the
crucibles during the melting was carried out to ensure
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homogenisation. No post-solidification heat treatments
were made.

2.2. Microstructural characterisation

Prior to electrochemical evauation, all alloys were
characterised by various techniques such as DTA, XRD,
light microscopy, SEM and EDS to verify that respective
microstructures are in agreement with that predicted from
the Au—Gd phase diagram [8].

For the sake of clarity, the details of the procedure are
not included here but are available from the authors. Table
1 summarises the observations from microstructural
evaluation.

2.3. Electrochemical evaluation

The electrochemica behavior of the alloys was evalu-
ated by the cyclic voltammetry technique starting from the
open circuit potential of respective aloys. The counter-
electrode was a 10-cm” platinum grid and a saturated
calomel electrode (SCE) was used as reference. The scan
rate dE/dt was 50 mV/s. After five to six cycles, the
potential-current density profiles, E—j curves, reached a
quasi-steady state and the data reported represent the fifth
or sixth cycle scan. As Gd is highly unstable in electrolytes
of low pH (=7), the electrochemical behavior of the alloys
was evaluated in akaline electrolytes. The electrolytes
chosen were: (i) 0.2 M Na,CO,, (ii) 0.2 M Na,B,0, and
(iii) 0.2 M NaF at 25+1°C. The pH's of the three
electrolytes were 8.3, 9.1, 11.8, respectively. For com-
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Table 1

Au-Gd alloys: micrographic and X-ray diffraction data of the selected samples used for electrochemical characterisation

Composition, Composition, Micrographic appearance EPMA results Diffraction lines Structure type/ Lattice parameters Lattice parameters (pm)
a% Au wt% Au (and microprobe analysis) observed in the Pearson symbol obtained (pm) of the pure phases
At% Au At% Gd powder photographs as reported in the literature
5 6.18 Gd,Au+ 332 66.9 (aGd) Hexagona a=3632 aGd a=363.36 [10]
eutectic ((Gd) +Gd,Au) hP2-Mg c=578.0 c=578.10
AuGd, Orthorhombic a=7119 AuGd, a=711.4(4) [8]
0P12-Co,Si b=497.8 b=495.8(3)
c=89%8.1 €=899.5(6)
25 12.22 Gd,Au+ 331 66.9 (aGd) Hexagonal a=363.2 -
eutectic ((Gd) +Gd,Au) hP2-Mg c=5784
AuGd, Orthorhombic a=7115 -
0P12-Co,Si b=496.8
€=899.3
53 58.55 GdAu 50.6 494 AuGd Cubic a=3588 AuGd a=358.8(3) [8]
+ cP2-CsCl
Gd,Au, 52.8 472 Au,Gd, Trigonal a=1350.3 Au,Gd, a=1349.8(6) [8]
hR42-Pd,Pu, c=59.1 ¢=599.5(3)
69.5 74.05 GdAu, + 66.8 332 Au,Gd Tetragonal a=3723 Au,Gd a=372.2(2) [§]
eutectic (GdAu, + GdAu,) tI6-MoSi, ¢=903.0 €=900.2(6)
9% 96.78 (Au)+ 99.3 0.7 (Au) Cubic a=4084 Au a=407.82 [11]
eutectic ((Au)+GdAug) cF4-Cu
parison purposes, the electrochemical tests were also 2H,0 - O, +4H" +4e” (2)

performed on pure gold.

3. Results and discussion

Fig. 1 shows the cyclic voltammograms, E—j curves, for
the Gd-rich aloys in 0.2 M Na,CO, solution. On the
anodic side, a sharp oxidation peak, a +0.38 V, is
observed. It corresponds to the formation of gadolinium
hydroxide [12], according to the reaction:

Gd + 3H,0 - Gd(OH), +3H" +3e" (@8]
The sudden increase of the anodic current density at

potentials >1 V can be attributed to the onset of oxygen
evolution reaction:
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Fig. 1. Cyclic voltammograms for Gd-rich dloys in 0.2 M Na,CO,
solution.

On the cathodic side, the sharp peak located at ~=0.0 V
is attributed to the reduction of Gd(OH), a reversal of
reaction (1) above.

The cyclic voltammograms for the Au-rich aloys and
pure gold in 0.2 M Na,CO, solution are shown in Fig. 2.
The behavior of the aloys is similar to that of pure gold:
however, small differences exist in thej vs. E profiles. The
broad peak located at = +0.55 V corresponds to the onset
of gold oxide formation [13]:

2Au + 3H,0 - Au,0, + 6H" + 6e” (3)

while the sharp pesk located at = +0.15 V on the cathodic
side is attributed to the corresponding reverse reaction.
As in the case of Gd-rich aloys, the abrupt increase in
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Fig. 2. Cyclic voltammograms for Au-rich dloys in 0.2 M Na,CO,
solution.
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Fig. 3. Cyclic voltammograms for Gd-rich aloys in 0.2 M Na,B,O,
solution.

current density observed at high anodic potentials corre-
sponds to the onset of oxygen evolution reaction.

On the basis of the above data we infer that the
oxidation behavior of Au-Gd aloys is not significantly
influenced by the adsorption of co§* ions.

Fig. 3 reports the cyclic voltammograms for Gd-rich
aloysin 0.2 M Na,B,0O, solution. A comparison with Fig.
1 indicates that the anodic and cathodic current peaks
observed in Na,CO, are grestly suppressed. This behavior
is explained by the formation of a strongly adsorbed layer
of B,O> ions in accordance to the following reaction
[14]:

Gd+B,07 - Gd— (B,0,).4 + 26" (4)

It appears that the chemisorbed layer of anions forming
a coordinate type of bond exerts a steric effect and thus
prevents reaction (1) from occurring on the electrode
surface.

The cyclic voltammograms of Au and Au-rich aloysin
Na,B,0O, solution are shown in Fig. 4. Thej vs. E profiles
are very similar to Fig. 1, but the anodic oxidation peak is
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Fig. 4. Cyclic voltammograms for Au-rich aloys in 0.2 M Na,B,O,
solution.
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Fig. 5. Cyclic voltammograms for Au-rich aloysin 0.2 M NaF solution.

shifted towards more positive potentials and is located at
~+0.88 V. This is explained by the formation of an
adsorbed layer of B,O> ions at the electrode surface. This
layer exerts a blocking effect of active surface states.
Consequently gold oxide formation may take place only if
accompanied by desorption of the anions:

Au—(B,0% ). — Au + 3H,0 - Au,0, +6H" +
6e” +B,0%" (5)

occurring at sufficiently high potentials [14].

The shift of the onset potential for the anodic oxidation
process is more accentuated in 0.2 M NaF solution, as
shown in the cyclic voltammograms for Au and Au-rich
aloys (Fig. 5). Here again the j—E profiles are very similar
and characterised by a sharp anodic peak, a =+1.05V,
close to the onset of oxygen evolution reaction. This
marked shift of the anodic oxidation potential may be
attributed to the higher strength of F~ ions adsorption with
respect to those of B,O> or to a possible ‘reactive
coverage' of the electrode surface [15] where the ad-
sorption of F~ ions is followed by an electrochemical
reaction. The onset of anodic dissolution of gold followed
by the cathodic deposition of the metal may take place
[16]. At present differential capacity measurements are in
progress in order to confirm this hypothesis.

The electrochemical behavior of the Gd-rich alloys is
presented in Fig. 6. The presence of a sharp peak located at
~+0.6 V, on the anodic side of voltammograms is
observed. This peak is attributed to an anodic dissolution
reaction between gadolinium and fluoride ions:

Gd+ 4F . GdF, +3e” (6)

4. Conclusions

Because of the large difference in the standard electrode
potential values of the two constituent elements (Au, E°=
+150 V (NHE) and Gd, E°=—240 V (NHE)), the
electrochemical behavior of the Au—Gd alloys appears to
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Fig. 6. Cyclic voltammograms for Gd-rich alloysin 0.2 M NaF solution.

be strongly influenced by their chemical composition. The
significant difference in the microstructure of various
alloys was not reflected in their electrochemical behavior.

In solutions containing weakly adsorbed anions, as
cog—, the gold content of the alloys seems to be the
predominant factor affecting the onset potential for the
anodic oxidation process. The presence of specifically
adsorbed anions, such as B,02 and F~, noticeably
modifies the oxidation behavior because of their strong
interactions with the electrode surface. In fact, B,O2>™ ions
exert a blocking effect on the metal surface. The effect is
particularly strong with Gd-rich alloys. Fluoride ions seem
to be involved in a possible anodic dissolution reaction.
Differential capacity measurements are in progress in order
to confirm this hypothesis.
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