
Tin-Zinc Alloy Electroplating and Its Corrosion Behavior

K. Wang, H. W. Pickering and K. G. Weil, The Pennsylvania State University,
Department of Materials Science and Engineering, University Park, PA 16802

A 70%Sn-30%Zn alloy is deposited from a neutral non-cyanide bath. Scanning
electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS) show that
it is composed of Sn and Zn phases. By use of an electrochemical quartz crystal
microbalance (EQCM), the plating current efficiency is calculated. When the plated
sample is exposed to a 0.5M Na2SO4 (pH=3.6) solution at open circuit potential (OCP),
the EQCM measures the corrosion rate. The open circuit potential shows that the Zn
dissolution reaction is the major reaction occurring at OCP. A linear potential scanning
experiment shows that the anodic polarization current of this alloy is rather small in a
wide range of potential until it reaches the anodic dissolution potential of pure Sn in the
same solution.
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Introduction

         It has always been of interest for the metal
finishing industry to develop high performance,
sacrificial plated coatings. Zinc coatings have
been employed for years to supply protection to
ferrous base metals. When combined with tin,
nickel, cobalt or iron, the coatings achieve
performances that exceed that of zinc. Sn-Zn
alloy coatings have several attractive properties.
First of all, they provide a good protection to a
steel matrix. At the same time, these alloys have
good frictional properties and wear resistance,
and excellent solderability. They are also ductile
and have low electrical contact resistance.
Because of such advantages, Sn-Zn alloy
coatings are regarded as ideal replacements of
plated cadmium coatings, which have been
popular for many years but are toxic and
carcinogenic1,2. However, in the past several
decades, the development of Sn-Zn
electroplating was rather slow because
conventional Sn-Zn plating baths were also
toxic and difficult to maintain and control3,4,5.
Currently, with an improvement in the plating
practice, plated Sn-Zn coatings are receiving
more and more applications. Sn-Zn coatings
have been used on the chassis of electronic
apparatus and on automotive parts such as fuel
and brake line components. It has been reported
that a tin-zinc alloy with a composition of 70-
80% Sn and 20-30% Zn has the best
comprehensive properties6,7. In the present study
we electroplated a 70%Sn-30%Zn alloy on a
steel substrate from a neutral and non-cyanide
bath8, and investigated the details of the
corrosion mechanism of the deposit in a pH3.6
Na2SO4 solution.

Experimental

        The substrates used in this investigation
were carbon steel coupons cut from 0.07cm
(0.028in) thick, cold rolled and annealed steel
sheets. A copper wire was fastened to the back
sides of the steel plates by soldering. An
insulating lacquer was applied so that only the 1
cm × 1 cm front surface was exposed to the
solution. The Sn-Zn alloy plating bath is a newly
developed neutral non-cyanide solution. Prior to
the deposition, the steel plates were polished by
#800 SiC polishing paper and degreased with
acetone and rinsed with double distilled water.

After plating, the samples were again rinsed
with double distilled water and dried in air.

The neutral both formulation can be seen
from Table 1. The plating operation was
performed at room temperature.

Table 1. Neutral bath formulation and
operating conditions.

Tin 10 ± 3 g L-1

Zinc 10 ± 5 g L-1

Stabilizer 130 ± 10 g L-1

Antioxidant 130 ± 10 g L-1

Brightener 100 ± 20 g L-1

pH 5.5-7.0

Temperature 15-30 °C

Corrosion experiments were performed at
room temperature in a 0.1M Na2SO4 solution
with the pH value adjusted to 3.6 by adding
sulfuric acid. Voltammetric curves were taken
with a potentiostat connected to a personal
computer. A saturated calomel electrode (SCE)
was used as the reference and a carbon rod as
the counter electrode. All these experiments
were done in deaerated solutions.

        An electrochemical quartz crystal
microbalance (EQCM) was used for in-situ
measurement of the plating rates and corrosion
rates. The operation of the EQCM is based on
the vibration feature of a quartz crystal. Over a
wide mass (m) range, the relationship between
the resonant frequency f of a quartz crystal and
the mass that is rigidly attached to the crystal
surface is linear:

∆f = −Κ ∆m

where Κ is a positive constant. So, when
measuring changes in the vibration frequency of
the crystal, the EQCM monitor automatically
converts them into the mass changes that the
sample undergoes. The sensitivity of the EQCM
can be 1ng cm-2 (6.5ng in-2), which makes it an
ideal instrument to study electroplating and
corrosion9.

For EQCM experiments, a 26mm (1.0in)
iameter, 5MHz quartz crystal was used. The










