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Electrodeposition of Sb(IIl) in alkaline solutions containing xylitol
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Abstract: The electrodeposition of antimony in alkaline solutions containing xylitol was investigated using cyclic voltammetry,
linear sweep voltammetry and chronoamperometry. The antimony electrodeposition and the chemical stability of xylitol in alkaline
solutions were studied by cyclic voltammetric technique. Apparent activation energy, apparent transfer coefficient and exchange
current density were obtained by linear sweep voltammetric technique. Initial stages of antimony electrocrystallization were
determined by chronoamperometry. Xylitol in alkaline solutions exhibits high chemical stability and there is no redox in solutions
when the potential ranges from —1.20 V to +0.60 V (vs Hg/HgO). There is no other redox reaction but hydrolysis occurring on
stainless steel in the potential range of —1.75 V to 1.25 V (vs Hg/HgO) while the xylitol decomposition maybe take place on
antimony electrode when potential is more negative than —1.70 V (vs Hg/HgO). Cyclic voltammograms with different scan rates
indicate that the antimony electrodeposition process is an electrocrystallization which is a completely irreversible electrode process.
The apparent activation energy, apparent transfer coefficient and exchange current density were calculated to be 46.33 kJ/mol, 0.64
and 4.40x10°® A/m?, respectively. The analyses of the chronoamperometric responses support the view of a three-dimensional growth

under progressive nucleation. The average diffusion coefficient of antimony was calculated to be 1.53x10® cm%s.
Key words: antimony electrodeposition; xylitol; electrocrystallization; cyclic voltammetry; chronoamperometry

1 Introduction

The hydrometallurgy of antimony in industry
consists of three procedures. The antimony ores are first
leached with sodium sulfide and then the leaching
solution is electrowinned to obtain the crude antimony
which is refined by subsequent electrorefining procedure.
The electrolyte used in electrorefining is usually a
mixture of hydrofluoric acid and sulfuric acid [1,2].
Despite the poor working conditions and the damages to
the human body caused by the electrolyte in the present
hydrometallurgical industry of antimony, the electro-
refining of antimony in hydrofluoric acid and sulfuric
acid solutions is no longer steady due to the more
complicated compositions of the crude antimony [3,4].
Some recent publications reported that the antimony
trioxide (Sb,0s) could be dissolved in alkaline solutions
containing polyhydric alcohols (PAs), such as xylitol
(CsH,05), glycerol (CsHgO3) [5—7]. So, leaching and
extracting of antimony in alkaline solutions containing
PAs may be a new approach in hydrometallurgy of

antimony, especially for oxide-bearing ore. In addition,
as a food additive, the xylitol is poisonless and harmless
[8,9]. The electrowinning and electrorefining of
antimony with alkaline solutions containing xylitol will
reduce the environmental pollution caused by extraction
of antimony.

In recent years, some reports on PAs have been
focused on the recovery of lead in exhausted lead-acid
batteries [10—14]. However, there were a few researches
on applications of PAs in metallurgy of antimony. The
electrorefining of antimony in alkaline solutions with
xylitol was studied in Russia [1]. After electrorefining
and subsequent zone refining, the purity of antimony was
higher than 99.99%. PAN et al [6,15] reported the
electrowinning process of antimony from the alkaline
solutions containing glycerol. ZHANG et al [16]
published the study of the electro-separation of gold and
antimony in alkaline solutions containing xylitol. It is an
effective way of gold-antimony alloy metallurgy.
However, the best of our knowledge, there is little
electrochemical study on the electrorefining or the
electrowinning procedure of antimony. No detailed study
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has been made so far on the mechanism of antimony
electrocrystallization in alkaline solutions containing PAs.
The nucleation mechanism of antimony and other metals
is little understood, such as the early stages of antimony
electro-crystallization on cathode.

In this work, cyclic voltammetric (CV), linear
sweep voltammetric (LSV) and chronoamperometry (CA)
techniques employed to investigate the
electrodeposition of antimony in alkaline solutions
containing xylitol (AX solution), in order to provide
better understanding of the underlying nucleation
mechanisms and some other information for the
application of xylitol in the hydrometallurgy of
antimony.

were

2 Experimental

CV, LSV and CA tests were carried out in a
three-electrode cell using the CHI 660C electrochemical
analyzer (CH Instrument, Inc.). The working electrode
was a 1 cm® AISI 316 stainless steel (SS316) with one
side sealed by insulating binder. The auxiliary electrode
was a platinum plate and the reference electrode was a
Hg/HgO electrode (Shanghai Shenyuan Science
Instrument Co., Ltd.), with standard electrode potential
of 0.114 V (vs NHE) at 298 K. Unless specified
otherwise, the electrode potentials in the text were
referenced to the Hg/HgO electrode. Before each
electrochemical the electrodes
hand-polished with metallographic SiC sand paper.
Subsequently, the electrodes were polished with alumina
grinding paste and then cleaned ultrasonically in the
alcohols and deionizer water, respectively.

The xylitol was food grade (Xylitol content
>99.5%), produced in Dalian Xigang Yikang Xylitol
Food Co. The antimony trioxide and the sodium
hydroxide were analytical regent grade. All the solutions
were prepared with deionizer water.

The composition of electrolyte used in
electrochemical stability tests of xylitol in alkaline media
was 2.00 mmol/L NaOH and 1.00 mmol/L CsH;,0s.
Solution components in other experiments were 2.00
mmol/L NaOH, 0.50 mmol/L Sb(IIT) and 1.00 mmol/L
C5H12OS~

measurement, were

3 Results and discussion

3.1 Electrochemical stability of xylitol in alkaline
solutions
During electrodeposition procedure, besides the
antimony electrodeposition in electrolysis, the organic
groups may have some redox reactions which would
affect the stability of the electrolyte composition, current
efficiency, electrolysis costs, product quality, and so on.

In order to control the electrolysis procedure within the
potential range where the xylitol has no redox, the
electrochemical stability of xylitol in AX solution should
be studied firstly.

Figure 1 shows the cyclic voltammograms obtained
on stainless steel electrode and the antimony electrode in
AX solution at different temperatures. The scan started
from the open circle potential of about —0.8 V at a scan
rate of 10 mV/s. From Fig. 1(a), at the initial stage of
scan, the zero current indicated no redox. During the
scan towards the negative potentials, the current
increased slightly when the potential ¢<—1.20 V,
meanwhile it could be observed that bubbles appeared on
the electrode surface. Subsequently, cathodic current
increased rapidly as the potential shifted towards
negative direction, then reached the maximum and
plateau when ¢<—1.60 V. The region from —1.20 V to
—1.60 V corresponded to the hydrogen evolution.
Reverse sweeping to about —1.20 V, the current returned
to 0, and there was no hydrogen evolution reaction on the
electrode surface any more. The current remained 0
within the potential range of —1.20 V to 0.60 V,
indicating that the electrolyte was stable and no chemical
reaction occurred there. When ¢>0.60 V, anodic current
began to emerge, at the same time it could also be
observed that bubbles appeared on the surface of the
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Fig. 1 Cyclic voltammograms obtained on stainless steel
electrode (a) and antimony electrode (b) in AX solution
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electrode, current increased at more positive potential
and reached its maximum at about 0.85 V. The lower
overpotential of hydrogen and oxygen at higher
temperature indicated that the hydrolysis became easier
at elevated temperature. The smooth curves of cyclic
voltammograms in Fig. 1(a) indicate little other redox in
the solution but the hydrolysis. MATOS et al [17]
investigated the electrooxidation of xylitol on the
platinum single crystal electrode by cyclic voltammetry.
They found the oxidation current peaks of xylitol ranged
from 0.4 V to 0.7 V (vs RHE). JING [18] studied the
electrooxidation of glycerol on N-Zr, electrodes. The
Ni;Zr, electrode showed higher catalytic activities than
Ni electrode. The glycerol was oxidized when the
overpotential was higher than 0.4 V (vs Hg/HgO). The
oxygen evolved when the overpotential was higher than
0.68 V (vs Hg/HgO). Electrochemical oxidation of
various polyhydric alcohols on a platinum electrode in
alkaline KOH and K,CO; was studied by MATSUOKA
et al [19]. All the polyhydric alcohols tested in the
experiment showed high reactivities in both alkaline
solutions. Oxidation of xylitol in KOH started at about
0.6 V (vs RHE), and reached a peak at about 0.8 V (vs
RHE). However, in this study, there was only oxygen
evolution in the anodic scan instead of oxidation of
xylitol. It is partly due to the poor catalytic ability of
stainless steel to the alcoholic hydroxyl, and partly
because the hydrogen atom of the active alcoholic
hydroxyl has been substituted by antimony atom in the
Sb,0; dissolution procedure and the C—O—Sb bond is
more stable than C—O—H bond.

It can be seen from Fig. 1 (b) that, at 298 K, there is
no current between —0.80 V and —1.40 V. The hydrogen
evolution reaction occurred when ¢<-1.40 V and
cathode current increased rapidly as the potential moved
towards negative direction, and reached peak value at
about —2.0 V. The smooth curve and single current peak
indicate no other redox but hydrogen evolution. At 323 K,
the peak current of hydrogen evolution reaction did not
increase for antimony electrode, but at more positive
potential. Compared with the limiting current at 298 K,
cathodic current increased more rapidly, and then
reached a maximum current at about —1.83 V, which
shifted about 0.2 V towards positive direction. When
p<—1.70 V, two or three small current peaks appeared,
which may indicate decomposition of xylitol in the
cathode electrode. Although the alcohols in alkaline
media could be oxidized to form aldehydes and resins at
anode [20]. At present, there are no reports related to the
type and reduction mechanism of alcohols reduction
reactions in the cathode. These peaks may be also due to
the evolution of the bubbles for there are only “oxidation
peak” but no “reduction peak” couples. The maximum
current of hydrogen evolution reaction was about 0.4 A,

which was close to that of stainless steel electrode. The
overpotential for hydrogen evolution on antimony
electrode was higher than that on stainless steel
electrode.

Figure 2 presents the typical cyclic voltammogram
of antimony deposition in AX solution, obtained in the
potential range of —1.15 V to 0.4 V at 298 K. During the
forward scan towards the negative potentials, the
cathodic current increased sharply, which corresponds to
the antimony deposition and a current peak at p=—1.08 V
can be observe. In the reverse sweeping, the antimony
dissolution was denoted by the peak occurring at about
0.61 V (ca). As shown in Fig. 1(a), the potential range of
antimony electrodeposition was within —1.20 V and
0.60 V where the electrochemical property of electrolyte
was stable, and no chemical reaction occurred. Therefore,
compared with AX solution without antimony, the
alkaline solution containing xylitol is feasible for
antimony electrolysis.
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Fig. 2 Typical cyclic voltammogram obtained in AX solution

containing antimony (at scan rate of 10 mV/s)

3.2 Determination of kinetic parameters of antimony
deposition

3.2.1 Cyclic voltammograms of antimony deposition

A family of cyclic voltammograms under different
sweep rates in AX solution are illustrated in Fig. 3. The
scan initiated at open circle potential (—0.75 V) in the
negative direction. As shown in Fig. 3, before the
hydrogen evolution, there was only one reduction peak in
each cyclic voltammogram, corresponding to the process
of antimony deposition. In the negative scan, the
maximum current value increased more sharply with
higher sweep speed (shown in Fig. 4) while the potential
of the peak moved more negatively. The shape of all the
cyclic voltammograms remained almost the same with
increasing the sweep speed, and all the polarization
peaks were parallel as the potential of the peak shifted
towards negative direction. These results revealed that
the discharge reaction of antimony in AX solution was
irreversible.
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Fig. 3 Cyclic voltammograms of antimony in AX solution at

different sweep rates
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Fig. 4 Cathodic peak current with different sweep rates

In the reverse positive direction, starting from the
potential peak of antimony reduction to the open circuit
potential, oxidation reaction did not occur. The anodic
current was present when ¢>—0.75 V and the anodic
oxidation peak appeared at a potential range of —0.60 V
and —0.48 V. At the initial stages of the anodic process,
the current value was nearly the same as the sweep rate
changed. The maximum current value and potential of
the oxidation peak both increased with increasing the
sweep rate, indicating that the anodic oxidation was an
electrode process without proceeding chemical reaction
[21].

It can also be seen that the potential difference (Agp)
between anodic peak potential and cathodic peak
potential rose at higher sweep rate. Ap was larger than 28
mV (56/n, n is the number of electrons transferred in
electrode reactions, »=3 in this study). In addition, as
shown in Fig. 5, the ratio of oxidation peak current /,, to
reduction peak current /., increased almost linearly with
increasing v, which was the performance of the
irreversible electrode reaction, and the degree of
irreversible electrode was enhanced with increasing the
scan rate [22].

1.3F -
12t .
R
1.1+
].0 1 1 1 1
0 50 100 150 200
vi(mV-s)

Fig. 5 Ratio of I, and /., with different sweep rates

CV at different scan rates is a useful way to giving
the electrode mechanistic information [23]. As shown in
Fig. 6, the value of Icpv_”2 decreased rapidly as the v
increased and v to a plateau. The cathodic electrode
mechanism may be related to an irreversible electrode
process with proceeding chemical reaction.
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Fig. 6 Curve of Icpvfl/ %ys sweep rate

3.2.2 Apparent activation energy

The value of activation energy for electrode reaction
is an important parameter to determine the reaction
mechanism. Figure 7(a) shows the cathodic polarization
curves of antimony electrodeposition in AX solution at
different temperatures. With increasing the temperature,
antimony deposition overpotential decreased gradually.
Moreover, as the temperature rose, the maximum current
value of antimony increased relevantly. This
phenomenon indicates that at the same overpotential,
there would be a larger discharge current at higher
temperature. At the overpotential of 0.015 V, the plot of
current density at different temperatures, lgJ—1/7, is
shown in Fig. 7(b) and the linear fitting equation is as
follows:

ng:7.838—2.420><103% (1)
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Fig. 7 Cathodic polarization curves of antimony electro-
deposition at different temperature (a) and curve of 1g/—1/T (b)

The apparent activation energy is calculated to be
46.33 kJ/mol according.

4 1
2303RT

lgJ=B- 2)
where J is the current density at the overpotential; B is a
constant; 4 is the apparent activation energy; T is the
temperature; R is the gas constant, 8.314 J/(mol-K).

When the electrode reaction is controlled by
diffusion, the temperature coefficient for reaction rate is
relative low, and the calculated activation energy of
electrode reaction is usually in 12—16 kJ/mol. While the
controlling step is the electrochemical discharge process,
the temperature coefficient of reaction rate is relatively
high, and the activation energy is generally larger than 40
kJ/mol [24]. In this work, according to the higher
apparent activation energy, it is speculated that the
controlled process is the electrochemical discharge
process.
3.2.3 Apparent transfer coefficient

Figure 8 shows the steady-state polarization curves
of antimony electrodeposition. The Tafel equation
obtained by the linear fitting (shown in Fig. 9), from 0.18
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Fig. 9 Tafel curve of cathodic overpotential and 1g J

to 0.27 V, is as follows:
n, =0.495+0.093x1gJ, 3)

According to the formula:

] :_2.303RT lgJ, + 2.3~'O3RTngC )
ank anF

where an is apparent transfer coefficient; F' is Faraday's
constant (96485.3 C/mol); T is temperature; 7. is cathode
overpotential; J, is exchange current density; J. is
cathodic current density.

Transforming the cathodic polarization curve (Fig. 8)
into 7—lg J. curve (Fig. 9), by linear fitting, the kinetic
parameters an and J; are calculated to be 0.64 and
4.40x10°% A/em?, respectively. Compared with the data
in other reports [25], the smaller value of J; in this work
indicates the electrode is of weaker reversibility and the
electrode reaction is relatively slow [26].

3.2.4 Chronoamperometry for nucleation modeling

It can be seen from Fig. 2 that, the cathodic current
appeared at —-0.90 V which was associated to
electrodeposition of antimony. At more negative
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potential, the current increased rapidly, and there was a
clear reduction peak at about —1.08 V. During the reverse
sweep, two crossovers between cathodic branch currents
were observed, which was due to the deposition of
metals. This character has been frequently observed in
cyclic voltammograms when nucleation processes are
involved [27-29].

Figure 10 shows the potentiostatic current transients
of the antimony electrodeposition. These curves were
obtained by stepping the potentials from —1.06 V to
—1.10 V, running in the potential range where the
electrodeposition reaction was under diffusion control.
As shown in Fig. 10, the shape of the transients is a
typical response of electrochemical nucleation and
growth process. Moreover, the current in all these curves
arises fast in the first few seconds until reaches a
maximum value, and then it decreases asymptotically
until reaches a constant current value.

0.10 - —-1.06 V
A - -1.07V
0.08 Ll ---1.08 V

12 16 20
Time/s

Fig. 10 Chronoamperometry curves of antimony deposition

The current transients consist of the initial fast
current decay attributing to the double-layer charging,
which is significant for <1 s [16]. This is shown in
Fig. 10 (near the Y axis) where the transient current is
downward from a higher starting current. The transient is
followed firstly by a rapid growth of current up to a
maximum at the time #,, and then followed by a slow
decay. The increase of cathodic current is due to the
increase of the electroactive area, which includes the
growth of each independent nucleus and the number of
the nuclei. During this stage, the nuclei develop diffusion
zones around themselves and these diffusion zones
overlap the hemispherical mass-transfer to give ways for
linear mass-transfer to an effectively planar surface [26].
The descending current after this stage relates to the
planner electrode diffusion and the function of the
declined current is adjusting the Cottrell’s equation. So,

the antimony deposition consists of nucleation,

overlapping of nuclei, elimination of growth center and
initiation of the new growth centers. It also can be found
in Fig. 10 that as the potential is set more negative, the
maximum current increases and the ¢, decreases, which
are usually found for the nucleation of solid phases
produced electrochemically.

It has been reported the that potentiostatic transients
could be evaluated through the mathematic models.
SCHARIFKER and HILLS [30] developed the model for
the three-dimensional (3D) multiple nucleation with
diffusion-controlled growth [27,30,31]. According to the
distribution  of  the
hemisphere-shaped nuclei, no new nucleus occurred in
the growth region of every existing nucleus and the
overlapping of the growth zones. The expressions of
instantaneous and progressive nucleation with 3D growth
are given by Eq. (5) and Eq. (7) in Table 1, respectively
[30,32].

In Table 1, z is the number of electrons exchanged,
F is Faraday constant, 96485.3 C/mol; D is the diffusion
coefficient; C is the bulk concentration of electroactive
species; M and p are the molar atomic mass and density
of the electrodeposition phase, respectively; N, is the
number density of active sites; 4 is the nucleation rate

assumptions of random

constant; £ and k' are the non-dimensional growth rate
constant; I, and ¢, are the current density and time, as
respective peak coordinates. Eqs. (5)—(7) refer to the
very fast nucleation on a small number of active sites,
while Egs. (8)—(10) correspond to the slow nucleation on
a large number of active sites.

To determine whether the
instantaneous or progressive, an initial observation

nucleation is

diagnostic was done, which involved comparing the
experimental and
non-dimensional coordinates. The
normalized by their corresponding maximum values of

theoretical transients in

transients were

Table 1 Expressions for instantaneous and progressive

nucleation
Nucleation Expression No.
zFD'?C
= W[l - eXp(—NOTEth)] (5)
Instantaneous k=@8nCM / p)''* ©6)
PR = @{1 —exp[-12564(¢ /1) (7)
tit,
2FD"*C ,
I= W[l —exp(—Ank D?/2)]  (8)
.4
Progressive k = §(8nCM / p)''? 9)
2
P =122 {1—exp[—2.3367(t/tm)2]} (10)

tity,
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current and time. The non-dimensional expressions of
Egs. (5) and (8) for the instantancous case and
progressive case are listed in Table 1.

Figure 11 shows the normalized cathodic transients
from Fig. 10 together with the theoretical curves which
were evaluated from Eqs. (7) and (10) for instantaneous
and progressive 3D nucleation and growth. Different
shape of the curves was obtained due to different
nucleation mechanisms. The peak of instantaneous plots
is sharp while the progressive one is relatively gentle.
The experimental data show a tendency of progressive
nucleation before reaching the maximum points. When
t/tn>1, the experimental data deviate from the theoretical
model. The deviation may be due to the ideal hypothesis
of the Scharifker model that the nuclei grow under
diffusion control. Actually, for extending time the nuclei
grow and the deposition of antimony is under mixed
control (diffusion and charge transfer) [33]. According to
RADISIC et al [34] and GRUIJICIC et al [28], the
deviation may be also due to the hydrogen reduction on
the formed nuclei or the morphology change of the
nucleus. However, at the beginning of deposition (<),
the deposition data of antimony are in accordance with
the theoretical progressive plots. So, in AX solution, the
nucleation mechanism of antimony is 3D progressive

1.0
0.8F Instantaneous
o6l -1.09V
8 Progressive
¥ -1.08V
04t ~1.07V "
-1.06V
0.2 -1.10V
0 1 2 3 4

tty,

Fig. 11 Comparison of theoretical non-dimensional plots,
(/1" vs (t/ty), for instantaneous and progressive nucleation

nucleation and growth under diffusion control at any
overpotential applied in this study. XIANG et al [35]
reported that the nucleation of antimony from aqueous
critic acid and potassium citrate bath followed the
progressive  nucleation mechanism under low
overpotential, which was similar to the results in this
study. They also found that the deposition of antimony
followed instantaneous nucleation under relative high
overpotential, which was not observed here. In addition,
as illustrated in Fig. 10 and Table 2, with more negative
potential, #,, shifts shorter while 7, significantly increases.
This is typical phenomenon for 3D nucleation under
diffusion control.

The nucleation growth rate &' which is vertical to
the crystal surface could be evaluated according to the

following equation:

1.=ZFFk' (11)

Figure 12 shows the plot of lg k' vs potential. The
logarithm of %' increases with more negative potential. It
indicates that the potential has significant effect on the
nucleation growth rate. The crystals grow more rapidly at
more negative potentials.

According to Eq. (8), at ¢t=t,, Eq. (8) can be
transferred to:

I3t =0.2598(zFC)* D (12)

By substitution of I2f into Eq. (12), the
diffusion coefficient D could be calculated under every
selected potential. The values of D and other parameters
are listed in Table 2. The values vary little under different
potentials and the average value of D is 1.53x10°° cm?/s.

While the deposition of antimony follows the
progressive nucleation mechanism, the number density
of active sites (V) increases prolonging time. However,
N, continues to increase until a saturated value at long
time, namely, after the entire surface had been covered
by nucleation exclusion zones [30]. The saturated
nucleation number density (Ng,) could be estimated as:

with experimental data of potentiostatic transients from Fig. 10 I,, =0.4615zF. D3/4C(k 'AN, )1/4 (13)
Table 2 Analysis of transients of antimony deposition in Fig. 10
Potential/V.  J,/(A-cm?) Ll 2t [(A*sem™)  kY(107mol-em™s ") lg[k/(mol-em *s7)] Di(cm*s ™)
—-1.06 0.0484 3.6 0.00755 1.431 —6.844 1.55x10°¢
-1.07 0.0660 1.9 0.00843 1.671 —6.777 1.52x10°¢
—-1.08 0.0801 1.3 0.00829 2.283 —6.642 1.53x10°¢
-1.09 0.0917 1.0 0.00834 2.768 —6.558 1.54x10°¢
-1.10 0.102 0.8 0.00841 3.168 —6.499 1.51x10°¢
Average 1.53x10°
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1/2
AN,
Ny :{Zk'lo)} (14)

The symbols are defined as the same as in Table 1, where
p=6.89 g/lem’, M=121.75 g/mol, C=0.50x10" mol/cm”.
The value of Ny, was plotted as a function of potential
(shown in Fig. 13). The saturated number density of
nucleation active site increases the more negative
potentials.
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Fig.13 Plot of saturation number density vs potential
4 Conclusions

1) Cyclic voltammograms indicate that xylitol
exhibits good electrochemical stability on stainless steel
electrode in alkaline solutions and there is no chemical
reaction occurring in the potential range of —1.20 V to +
0.60 V (vs Hg/HgO) at temperature range of 298 to 323
K. In the potential range between —1.75 V and 1.25 V (vs
Hg/HgO), there are no other chemical reactions but water
electrolysis reaction on stainless steel electrode. While at
the potential p<—1.70 V (vs Hg/HgO), xylitol may be
decomposed on the antimony electrode.

2) The CV study at different sweep rates shows that
the electrodeposition of antimony in alkaline solutions
containing xylitol is a nucleation which is a totally
irreversible electron transfer procedure. According to
lgJ—1/T diagram, the apparent activation energy is
calculated to be 46.33 kJ/mol. The large apparent
activation energy value reveals that the electrode process
may be under control of the electrochemical discharge
process. According to the Tafel curve, the apparent
transfer coefficient and exchange current density are
calculated to be 0.64, and 4.40x10 *A/m? respectively.

3) The analysis of cathodic current transients, using
theoretical ~ growth ~ model, shows that the
electrodeposition of antimony in alkaline solution
containing xylitol adheres to a 3D growth under
progressive nucleation limited by diffusion. The potential
has significant effects on the growth rate of nuclei and
saturation nuclear number density. The values of these
two parameters both increase at more negative potentials.
The average value of diffusion coefficient calculated
from the current transients is 1.53x10 ® cm?s.
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Sh(III) A w8 [+ R #EEz A & T R BATR AL ITFR
) 4B AR AEAl kpR FAR?
L VR R MORERRE 5 TR B, 1B 471003 2. g K5 1SRl 5 TR, Kb 410083

B E: BHMAIRZE. etk A RIS ACHE B 0 R () P ) LA AR B T BB A A B P
W DR S S22 80 R i vt T B AR AN AN B AR L 16 B Ak 2 ML . IEFRAR AR R, K
B I B Y R R E MR LT, #E—1.20 V~+0.60 V(vs Hg/HgO) ¥t [l P To S8 AL IR J5 e v 2, FEHA 0 F—1.70 V
(vs. Hg/HgO) N ABEREAEBA Uil bR BERE . TR R, BENIR ERUTRRGE D T AT g fmid 2. R
PRtk A I, BRUTRUTEALRE . WAL IR R AL A H B2 B 453 ) 22 28050 4 46.33 kJ/mol. 0.64 F
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