Vol. 6 Ne 4

ELECTROPLATING OF AMORPHOUS AFMn ALLOYS

( I ) KINETIC FEATURES OF ELECTRODEPOSITION OF PURE Al Y

Zhao Guangwen, Zhu Teng, Liu Lianyu
Department of Physicochemistry,
University of Science and Technology Beiying, Beiying 100083

ABSTRACT 1t is shown by eyclic voltammmetry and potentiostatic determination that, charge transfer in
the electrodeposition of Al on Mo from AICI;-NaCFKCI melt is reversible; the diffusion coefficient of Al,Cly
ions is quite small, and so are the nucleation rates and the saturated nucleus number densities, suggesting that

by ordinary DC electroplating it is impossible to get high quality electroplates of pure Al with fine grains from

Trans. Nonferrous Met. Soc. China Dec. 1996

this melt.
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1 INTRODUCTION

Extensive attention has been paid to amor-
phous AFMn alloys due to their excellent corro-
sion resistance in humid marine atmosphere, ex-
haust system and alcohol containing fuel, etc.

Electroplating of AFMn alloys' ' and their struc

2 . . .

21 were studied, commercial applications
. 3= 6 .

were developed widely!”™ ° | and continuous ex-

tures

periments of bench scale were finished !

To know more about the mechanism, the
chemical® and the electrochemical ”! studies of
AlCls-NaCl, AlCl-KCl and AlClxNaCFKCI
systems were conducted, but very few on the
electrode reactions of the deposition of amor-
phous AFMn alloys. In this paper, the kinetics
of the deposition of hoth pure Al and AFMn al-

loys was studied.
2 EXPERIMENTAL

The molten salt system used in the experr

ment was AICls-NaCFKCI, in which mole frac
tion of AlCl; was more than 50%. All the
reagents were analytically pure. NaCl and KCI
were dried at 500 K for 4 h before use. In order
to avoid hydrolysis of AlCl3, the mixed salts
were melted in flowing dried HCI, and HCl was
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bubbled through the melt for 4 h after melting,
then it was flushed away by Ar during the fol
lowing 48 h pre-electrolysis. After such a treat-
ment, residual current was hardly observed be
fore the deposition of Al (see Fig. 1) and silver
white Al deposit could be obtained.

The working electrode was a microelectrode
of Mo, its preparation has been reported else

9
I The reference and counter electrodes

w herel
were Al wires of 99. 99% purity immersed in the
same electrolyte. The reactor was made of stain-
less steel lined with pure Al. Temperature was
measured by chromelalumel thermocouple and
controlled by a programmable controller model
DTI-812. A potentiostat model HPD-1A and a
X-Y recorder of Gould series 60000 were used.
In order to get good data, special attention
has been paid to the following: (1) In all experr
ments, the solution resistance was compensated
very carefully by the built-in unit of the poten-
tiostat used. (2) Trace oxgen and vapour were
removed by a nitrogen purifier model DC-1B
made for semiconductor manufacture. (3) The
working electrode was scanned once in the po-
tential range of 0~ 0. 8 V bhefore every cyclic
voltammogram was taken, and kept at 0. 6V for
3 min before every potentiostatic transient was
taken. In this way, the same state of the elec
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trode surface can be kept as good as possible so
that reproducible results can be obtained.

3 RESULTS AND DISCUSSION

3.1 Cyclic voltammetric study

The electrodeposition of pure Al on Mo was
studied first by cyclic voltammetry, and the re
sults are shown in Fig. 1.

The charge transfer of the deposition of
pure Al on Mo is found to be reversible. The crr
teria are as follows: (1) Almost no change of ca
thodic peak potentials with scanning rates is
found as shown in Fig. 1; (2) The separations
between cathodic and anodic peaks do not change
with scanning rates, and their mean value is
found to be 0. 114 V, which is in agreement
with the theoretical value of 0. 116 V for re
versible charge transfer at given conditions; (3)
A horizontal straight line of /v V248 v was obr
tained as shown in Fig. 2, i.e. I}/v V2= 0. 44,

which corresponds to simple reversible or irre-

: 11
versible charge transfer' 'l

Because there are
anodic peaks in Fig. 1, the irreversible charge
transfer can be excluded, 1. e., the electrode
position of Al is a simple reversible charge trans-
fer as follows:
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Fig. 1 Voltammograms of the deposition of
Al on Mo from AlCl- KCFNaCl melt
{ v = 20, 30,40, 50, 60,70, 80,90, 100 mV/s,
T = 435K, Sy,= 0.0079 cm?,
reference elecirode: Al Cl7 / Al)
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Fig.2 [ ;'/vl/ *vs v for the deposition

of Al on Mo from data in Fig. 1

ALCE + 3/4 e= 1/4 Al+ 7/4 AICI,

Using SandlesSevick equation and peak
currents of Fig. 1, diffusion coefficient of Al,Cl7
can be calculated to be (5.26 £0. 13) x 1077
(:mz/s, which is smaller than Roland s result'”!
by an order of magnitude, probably due to the
lower temperature and higher concentration of
AICl3 controlled in our work. From half-peak
potentials of Fig. 1, the electron number in-
volved in the reaction can be calculated by the
follow ing equation:

n= 2.2xTRT/{16[(E.— E,)F]}

This is an equation derived from reversible
charge transfer and the mean value of n was
found to be 0. 765 £0. 007, which is agreed
with the theoretical one of 0. 75.

3.2 Potentiostatic study

The potentiostatic transients are shown in
Fig. 3. It can be seen that the nucleation and the
growth of Al occur at the potential range of —
0. 006~ — 0.011V vs Al electrode. The overpo-
tentials ( 11) for the formation of new phase of
Al on Mo are so small that the electrodeposition
of pure Al should be regarded as reversible.

I1*/1% vs t/t, for the deposition of Al on
Mo is shown in Fig. 4. It can be seen that the
nucleation of Al on Mo should be a progressive
one, because the measured points are close to the
theoretical curve for progressive nucleation. Us-
ing the diffusion coefficient from cyclic voltam-
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metry and the follow ing equations' '’

AN w= 13/[(0.461 5zFc)*D3E ]

No= (AN /2K D)2
the nucleation rates AN « and saturated nucleus
number densities N, can be calculated as shown
in Table 1. Table 1 indicates that the nucleation
rates and saturated nucleus number densities are
quite small. Thus, it would be difficult to get
high quality electroplates of pure Al by ordinary
DC electroplating from this kind of melt. By
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Fig. 3 The potentiostatic transients
for the deposition of Al on Mo
from AlCl;- NaCk K(Cl melt
( T = 438K, Sy, = 0.0079cm?,
reference electrode: Al Cl7 / Al)

1 —overpotential 1= 0.011V;
2—0=0.010V; 3—10=0.009V;
4—10=0.008V; 5—10=0.007V
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Fig.4 [%/I; vs t/t,, for the

deposition of Al on Mo
solid lines —theoretical curves for
instantaneous( 1) and progressive(2) nucleation;
points —measured data from Fig. 3;
O—1N=0.011V; x —0=0.010V;
A—1N=0.009V; 0 —0=0.008V

SEM, quite large grains in the Al electrodeposit
can be observed( Fig. 5) .

Table 1 Nucleation rates and saturated
nucleus number densities for
the deposition of Al on Mo

Vv AN o/ cm 2o g ! N,/cnfz
- 0.011 2.26x 10° 4. 40 x 10*
- 0.010 0.56 % 10° 2.19x 10*
- 0.009 0.24 x 10° 1.45x 10*
~ 0.008 0.09 x 10° 0.90 x 10*

Fig. 5 SEM image of the surface of the
Al electroplate obtained at 7 = 442 K,
D.= 0.19A/em’ and ¢ = 10 min
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