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Abstract: Co-deposition of zincate and tin ion on zinc electrode were conducted to investigate the effect of tin ion on electio deposition of

zincate. The results showed that the deposit morphology of zincate changed from dendiite to many small compact crystallites in a spongy array.

With increasing tin ion additive; zinc dendnte was dramatically inhibited. The precise mechanism of inhibition was discussed. In addition to

the deposition of tin on preferred growth sites blocking further zine deposition the high deposition over-potential on tin is an important factor.
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The secondary alkaline zinc batteries have advantages
of high specific energy. non toxicity and low cost. Howev-
er, the widespread development of cells with zinc anodes
has been limited due to shape change and dendrite growth
with zinc electrode. So far, many atlempts have been un-
dertaken to overcome these difficulties. Various additives,

such as Bi»O3, In (OH) 3, PhO, etc., were added to

the electiode to minimize these problems[ "9 The berefi-
cial effect of the electrode additives is creation of a metal-
lic substrate that is more conductive to the electrodeposi-
tion of compact Zn. The effect of corresponding ion addit-
ive is prior deposition to block zinc preferred deposition
7. The effect of tin ion additive should not be

prior deposition, but co—deposition, due to the potential

.
locations

of tin is mot much higher than that of zinc, which was in-

vestigated primarily in this work.
1 Experimental

Co deposition of zinc and tin was perfomed on cylin-
drical zinc electrode (99. 99% purity, 1. 5 cm in diame-
ter, 0.5 am in length). Prior to deposition, the lead and
the back of the electrode were masked with epoxy, and the
front of the electrode was polished and degreased in ace-
tone. After deposition, the zinc electrodes were washed
repeatedly in distilled water, rinsed with ethanol, and
then air dried. Nickel electrodes served as counter elec-
trode and the Hg HgO electrode as reference. A 6 mol L
KOH electiolyte saturated with ZnO containing tin ion ad-
ditive was used.

The potential step measurements and the current time
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techniques with a Potentio -Galvanostat ( EG &G priston
applied research, M273A ) were conducted at room tem-
peratute to study the dendrite inhibiting effect. The mor-
phology of zinc deposition was examined using scanning

electron microscope (SEM, Hitachi, S4700).
2 Results and discussion

The current time curves of zine in the alkaline
zincate solution with and without SnCls at a cathodic over-
potential 1=200 mV are shown in Fig. 1. At this poten-
tial zinc deposition is the only significant cathodic react-
ion'"" . Because the cathodic deposition of zinc is con-
trolled by mass transport, any rise in cathodic current dur-
ing a potential vontrolled electiodeposition can be assumed
lo arise fiom an increase in true electiode surface area
(due to dendrite growth usually). Thereby, the influence
of additives on the dendrite growth of zinc can be readily
estimated by their effect on the current.

From Fig. 1, it is obvious that the rise in the cathod-
ic deposition current of zinc in the blank solution during
the test is lawgest, which indicates that a great deal of zinc
dendrites is produced on the electrode surface. Visual ob-
servation did find heavy dendrites on the znc electrode
surface. The addition of SnCL in the electrolyte made low-
er current fime responses. With increasing the wncentra-

tion of SnCl,
creased; and the morphology of zine deposits changed at

the rise in the deposition current de-

the same time. The morphology of deposits is changed
from dendrite to structure corsisting of many small ciystal-
lites arranged in a spongy arrays as shown in Fig. 3a and
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Fig 1 Current-time curves of zinc in the alkaline solution

with and without Sn'" at the cathodic over-potential 1= —
200 mV. (1) Blank sdution; (2) 0 12g1 ' Sn*"; (3) 0 24

g1 Sn*" ( Blank solution: 6 md 1-1- KOH electrolyte
saturated with ZnO)
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Fig 2 Current transients for zinc deposition on zinc electro-
des. (1) over-voltage 40 mV, blank electrolyte (2) over-
voltage 30 mV, blank electrolyte; (3) over-voltage 40 mV,
0 12 g/L Sn*"; (4) over-voltage 30 mV. 0 12 g/L Sn*"

Fig. 3b. The whole structure is more compact than that in
the blank solution. These results indicate that the forma-
tion of zinc dendrite is partially suppressed by the addition
of SnCly, and the charging efficiency of the zinc electrode

does not be decreased evidently. The effect of tin ion ad-
ditive must more logically be attributed to co deposition of
tin ion and zinc' " . In the course of charging, tin deposit
blocked zinc deposition on the particular ciystallite and
led to nucleation of new grains since tin was expected to
deposit on preferred gowth sites, Second, because mass
transmission velocity was usually less than electrochemical
reaction velocity, the electrochemical polarization of tin
ion additive occurred, so the zinc electrode potential kept
on decreasing. When the potential approached the znc
deposit potential, co deposition occurred and changed the
crystal structure of deposits and then influenced the crystal
preferential growth direction, which resulted in changing
the deposit morphology . For the deposition over voltage of
zinc on tin was high relatively, the deposition velocity of

Fig 3 Electron micrographs of morphology of zinc deposits
from alkaline electrdyte containing various additives after 1
800s. (a) blank (b) 0 12 g/L Sn*"; (¢) Bi (NO;); sat
urated; (d) 0 12 g/L Pb*"

deposition effect cooperating with slow tin ion transmis-
sion.
Additionally, the oxidation potential of tin is not

zingate was Jow elativelys, which made the beneficial cojs . much hisher than that of zinc. which, resulis in that both
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tin and zinc ionize simultaneously on dischage. A ccord-
ingly, tin ion is available for the rechaige process again,
which markedly distinguishes fiom bismuth and lead. The
bereficial effect of bismuth and lead is attributed to prior
deposition effect and substrate effect’” ? . The oxidation
potential of these additives is much higher than that of
zine, which results in that these

additives are irreversible reduced to the correspond-
ing metals prior to zinc deposition during charging first.
These bismuth and lead additives exist stationary in the
fom of metal substrate, not altering the form, namely
substrate effect. Thereby, the dendrite growth is just sup-
pressed to some extent and the deposition morphology of
zinc is modified partially, which not occurs after many cy-
cles. In short, the effect of bismuth,
prior deposition and substrate effect and irreversible while

lead and so on is

the effect of tin is co deposition and reversible effect.

Moreover, the potential step results in Fig. 2 show
decreasing current transients in electrolyte with SnCl,
contrasted with blank electrolyte under the same condi-
tion. A slight decrease in the deposition rate is helpful a
lot to inhibit the growth of zinc dendrite due to diminishing
polarization.

Fig. 3 illustrates the SEM morphology of zinc deposi-
tion in the alkaline zincate solution containing tin, lead
bismuth ion and blank electrolyte respectively. The all
morphology of zinc deposits consists of many small ciystal-
lites arranged in a spongy array and hardly penetrating
separator, which lead to increase cycle life of batteries.
The over all structure in the presence of lead is the most
compact, and its micostructure can be observed clearly.
The effect of tin is similar to that of bismuth. The phe-
nomenon of zinc dendrite in blank electwlyte is obvious
very much. As a whole, the effect of lead ion is excel-
lent, which basing on plentiful electrolyte and single
charging. Considering toxicity of lead and repetition of
suppression effect, tin ion additive is a better choice to

use as dendrite inhibition agent.

3  Conclusions

Tin deposit blocked zinc deposition on the particular
crystallite and led to nucleation of new grains due to de-
positing on preferred growth sites. High deposition over -

voltage on tin decreased the zincate deposition velocity.

The polarization prolonged the deposition course of tin ion
additive. By the effective co deposition of zincate and tin,
the morphology of deposits was changed from dendrite to
many small compact crystallites. Considering non toxicity
and repetition of suppression effect, tin ion additive is a
better choice to use as dendrite inhibition agent in com-
parison with lead and bismuth electrolyte additives.
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