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The mechanism of additives in electroplating Sn-Zn alloy
has been researched by rotating disk electrode (RDE),
cyclic voltammetric stripping (CVS), Hull Cell tests and
polarograph methods. The experimental results show
that the additives have the property of adsorption on the
surface of electrodes, impeding the reaction of electric
deposition. This leads to increase of electrochemical po-
larization, grain refinement, leveling and bright appear-
ance. This paper offers a theoretical mechanism of ad-
sorption, leveling and brightening capabilities of addi-
tives. Finally, the values of the optimum leveling capabil-
ity corresponding to the concentration of the additives is
reported.

Tin-zinc alloy plating (70 to 80% tin) has been promoted and
used as a partial replacement for cadmium. The alloy offers
the best protection for steel and its solderability is excellent.
Its friction and wear characteristics are also good. This study
resulted in a suitable system and bath composition, including
additives and operating conditions. To prove the roles of
leveling and brightening by the additive, Sn-Zn alloy (75.8%
Sn, 24.2% Zn) electrodeposition has been studied by means
of rotating disk electrode (RDE) and cyclic voltammetric
stripping (CVS). The cathodic behavior of the additive was
investigated by polarograph and Hull Cell tests.

Experimental Procedure
The constituents of the plating solution and operating condi-
tions are as follows:

SnCl2 · 2H2O ................................. 24 g/L
Na3C6H5O7 · 2H2O ......................... 80 g/L
ZnSO4 · 7H2O ................................ 30 g/L
K2C4H4O6 · 1/2H2O ....................... 25 g/L
(NH4)2SO4...................................... 60 g/L
Additive YJ-1 ............................... 1.4 g/L
(mixture of peptone and piperonal)
pH ........................................................... 6
Temp .............................................. 20 °C

RED & CVS Methods

All the diffusion layers on the rotating electrodes had the
same thickness, and the relation between their effective
thickness δ

eff
 and the square root of rotation speed can

expressed as:

δ
eff

 = 1.62 γ�1/6D1/3ω-1/2

where δ
eff

 is the effective thickness of the diffusion layer, � is
the coefficient of dynamic viscosity, D is the coefficient of
diffusion and ω is the angular velocity.

When the disk rotates at high speed, δ
eff

 is small, express-
ing the peak; when the disk rotates at low speed, δ

eff
 is large,

expressing the valley. If the relation between i and n1/2 is
linear, it can be judged that the polarization process is
controlled by diffusion; also that the additives have leveling
capability.

Rotation speeds: n
1
 = 1000 rpm, n

2
 = 1680 rpm, n

3
 = 3100 rpm

Scanning speed: 10 mV/sec.

The CVS method makes the electrode potential of the
rotating disk vary cyclically, and the alloy on the electrodes
deposits and dissolves alternately. This method can be used
to measure the leveling capability. When the electrodes are in
a static state, the diffusion layers are comparatively thick,
equivalent to a micro-valley, but when the electrodes are
rotating, the diffusion layers are comparatively thin, equiva-
lent to a micro-peak.

As – Ar
      L = ————— x 100%

As

where L is the leveling capability, As is equivalent to the
deposit capacity in a micro-valley and Ar is equivalent to the
deposit capacity in a micro-peak.

Hull Cell Method
Specimens of low-carbon steel were polished with emery
paper for metallography, then scratched with abrasive paper
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Fig. 1—Variation of current density with rotation
speed.

Fig. 2—Relation of i  and n1/2 for additive
concentrations.

Fig. 3—Relation between leveling capability and
additive concentration for different rotation
speed.
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for water polishing. Next, activated by hydrochloric acid,
they are electroplated for 10 min on condition that i = 2
A/dm2. Finally, the specular reflectance of the electroplated
coating was measured by a digital display profile meter. The
wavelength of the light source was 565 nm. The specular
reflectance of a standard sample is 52 percent. If the light
source matches international standards, the specular reflec-
tance will be the glossiness. The specular reflectance can be
shown as:

I
ilα = ——

I
rl

where α is the specular reflectance, I
il
 is the intensity of

incident light and I
r
 is the intensity of reflected light.

Polarograph Method and CVS Method
The electrolyte solution was prepared with reagent grade
chemicals and distilled water, with 1 mol/L KCl solution as
a support electrolyte.

Scanning speed: 50 mV/sec, scanning range: ϕ = 0 ~ -1.5 V.

Results & Discussion
Study of Leveling & Cathodic Behavior by the
RDE Method
As shown in Fig. 1, when additive YJ-1 (1.5 g/L) is added to
the base solution, polarization in the deposition process will
increase with increase of the rotation speed of the electrodes.
Under the condition of constant potential, current will de-
crease slowly with increase of the rotation speed of the
electrodes. Figure 2 shows that the relation between i and
n1/2 is linear. This illustrates that the process of impedance is
controlled by diffusion (i.e., additive YJ-1 has the capability
of leveling. In the figure, the slopes of the curves grow with
the increase of additive concentration. When YJ-1 concentra-
tion is 1.5 g/L, the curves are steepest. This illustrates that at
that point, the adsorbed quantity of the leveling agent dif-
fused on the micro-convex and concave surfaces of the
electrodes shows the most displacement and that leveling
capability is also the greatest.

Study of Leveling Capability by the CVS Method
It can be seen from Fig. 3 that additive YJ-1 acts as a leveler.
With increase of the additive, leveling action will increase.
When the additive concentration reaches the limit of resis-
tance, its leveling capability will be greatest.  Also, when the
rotation speed of the electrodes increases, its leveling capa-
bility will increase as well.

Study of Brightening by the Hull Cell Method
As shown in Fig. 4, when the additive concentration in-
creases, the specular reflectance will increase. When the
additive concentration reaches the maximum of leveling
capability (corresponding value), the specular reflectance is
the greatest and the coating is the brightest.  The additive’s
brightening action is remarkable.

Study of the Electrode Behavior of the Additive
by CVS & Polarograph Methods
Figure 5 is a cyclic voltammetric diagram. When ϕ = -0.7 V,
electrochemical reduction takes place and its half-peak po-
tential is ϕ

1/2
 = 0.84 V. Figure 6 expresses that the polaro-

graphic half-wave potential of additive YJ-1 reduced on
electrodes, (ϕ

1/2
 = -1.42 V relative to mercury-film electrode)

is basically in agreement with the cyclic voltammetric half-
peak potential (ϕ

1/2
 = -0.84 V (vs. SCE).  This illustrates that

while the Sn-Zn alloy deposits, electrochemical reduction
really takes place in additive YJ-1.

Conclusions
1. The base solution for electroplating Sn-Zn alloy becomes

much more efficient by the addition of additive YJ-1. The
additive has the property of adsorption on the surface of
electrodes, impeding the reaction of electrolytic deposi-
tion. This leads to increase of electrochemical polariza-
tion, grain refinement, level coating and bright appear-
ance.

2. In the plating solution, additive YJ-1 promotes leveling.
Its optimum leveling capability corresponds to a concen-
tration of 1.5 g/L. The maximum values of leveling can be
obtained.

3. Additive YJ-1 can be adsorbed on the surface of cathodes
and will be reduced electrochemically at ϕ = -0.7 V.
Because its adsorbing quantity is different on micro con-
vex-concave surface of cathodes, its impedance is also
different. Moreover, the additive joins in the electro-
chemical reaction. This makes current efficiency decline
in micro-concave areas less than that in micro-convex
areas. Both of the above-mentioned factors make the
deposition capacity in convex areas less than that in
concave areas. They make the surface of the coating level
and facilitate a glossy appearance.

Editor’s note: Manuscript received, March 1998.
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Fig. 4—Change of specular reflectance with
concentration of additive.

Fig. 5—Cyclic voltammogram of additive YJ-1. Fig. 6—Polarogram of additive YJ-1.
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