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Abstract

In the last 30 years, zinc plating had remarkable development due to the increasing demand for
coatings with better corrosion resistance from the automotive industry. The corrosion resistance
of these coatings can be improved by means of suitable chemical passivation treatments.
Hexavalent chromium compounds have been used to create conversion layers on Zn providing
better anticorrosive protection as well as anchorage properties to painting systems. However,
new and more severe environmental regulations impose elimination of hexavalent chromium
compounds on passivation baths and its replacement by environmentally friendly chemicals. In
this work, the electrochemical behaviour of electrogalvanized steel with Cr’" based passivation
layer and of zinc with organic fillers coatings were studied, and their corrosion response
compared with that exhibited by electrogalvanized steel protected with traditional Cr®*
conversion treatment. The corrosion behaviour was investigated through polarization curves
and electrochemical impedance spectroscopy in NaCl 3.5%wt solution at room temperature.
Morphological observations on the coatings surfaces were also performed. The experimental
results allow inferring that the zinc+polymer coating system investigated in this study shows a
corrosion resistance superior to that presented by the Cr’" protected coating and comparable to
that exhibited by the coating protected by the Cr®" conversion treatment, suggesting that it can
be a non-polluting alternative to replace this latter system.
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1. Introdution

Electroplated zinc coating is employed as active galvanic protection for steel. However, zinc is
very reactive and thus high corrosion rates of this coating are observed in internal and external
atmospheres [1]. For this reason it is necessary a post treatment in order to increase the lifetime
of zinc coatings. In current industrial practice, this treatment consists of immersion in a
chemical bath that forms a conversion layer over plated zinc. This latter layer is a dielectric
passive layer with high corrosion resistance and is also a better surface for paint adherence. The
main problem of traditionally used post treatments is the presence of Cr®" salts, considered
cancerogenic substances which usage is forbidden by European norms [2]. Molybdates,
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tungstates, permanganates and vanadates, including chromium like elements, were the first
chemical elements tried as hexavalent chromium substitutes [3-7]. Recently many alternative
coatings were developed based on zirconium and titanium salts [8-10], cobalt salts [11,12],
organic polymers [13,14] and rare earth salts [15]. However, preparation and corrosion
behaviour of these coatings is not clear and their practical usage is doubtful.

In order to find an alternative treatment to Cr®" conversion coating, several treatments which
present a good anti-corrosive behaviour, a high benefit/cost relation and, mainly, low
environmental impact are still to be developed. Usually the corrosion behaviour of coatings is
evaluated using traditional essays such as Salt Spray [16], Kesternich test [17], saturated
humidity [18]. However the authors consider important the application of electrochemical
methods to obtain fast information about the corrosion reactions kinetics.

Among the electrochemical techniques that can be used, the a.c. electrochemical impedance
spectroscopy (EIS) was selected based on the already obtained results for metal and metal
coated corrosion evaluation [19-22].

The main purpose of the present work is to find an environment friendly conversion treatment
that can be used in substitution of Cr®" conversion treatment. Electrogalvanized steel covered
with alternative treatments, free of Cr®" ions, were investigated by electrochemical techniques.
Morphological observations on the coatings surface were also performed.

2. Experimental

Samples - Electrogalvanized steel samples (7.5cm x 10cm x 0.1cm) were industrially produced
and covered with: (A) blue-colored Cr’* passivation; (B) blue-colored Cr® passivation, and (C)
zinc with organic fillers. For each conversion layer, an individual commercial conversion bath
was formulated and the coating was produced according to the recommendations of the
respective supplier.

Thickness measurements - Coatings thickness was measured using the Helmut Fischer
equipment DUALSCOPE MP4.

Morphology - Coatings morphology was observed by scanning electron microscopy (SEM) and
surface microanalysis was performed with energy dispersive X-ray spectroscopy (EDXS) using
a LEICA S440 microscope.

Electrochemical behaviour — All measurements were performed at a constant room temperature
in 0.5M NacCl solution.

Electrochemical Impedance Spectroscopy (EIS) measurements were performed in the
frequency range between 107 Hz a 10° Hz using a Solartron 1260 Frequency Response
Analyzer (FRA) in combination with a Solartron 1286 electrochemical interface, with an
acquisition rate of 10 points per decade, and a superimposed sinusoidal voltage signal of 8 mV.
The corrosion behaviour was analyzed until white corrosion products could be visually
observed on the samples surface.

The electrochemical cell consisted of a classic three-electrode arrangement; the counter
electrode was a platinum sheet, a satured calomel electrode (SCE) was used as a reference and
the sample was the working electrode, defining an area of 13 cm”.

All impedance measurements were carried out in a Faraday cage in order to minimize external
interference on the system studied.
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3. Result and Discussion

The thickness and the description of the samples investigated in this work are reported in
Table 1. It can be observed that all samples have similar thickness. It was not possible to obtain
information about the passive layer thickness. The coatings showed also uniform thickness
through all their extension and a bright appearance.

Morphology — After the conversion treatment, the coatings surface morphology were observed
on the SEM at magnifications to a maximum of 1.000 x by scanning electron microscope.
Samples were viewed both in plan and in cross section (Figure 1). All samples present surface
roughness.

Sample A, submitted to blue-colored Cr’" based passivation, exhibits fissures distributed over
surface which reduce its protective properties (Figure 1.a). Sample B, submitted to blue-colored
Cr®" based passivation, exhibits he typical network of cracks, characteristic of chromated
coatings (Figure 1.b). Sample C, presents a structure with nodular growth (Figure 1.c). As
presented in Figure 2, semi-quantitative elemental analysis, made by EDXS on the surface of
the sample C, indicated that the coating composition was zinc (72,5%at) silicon particles
(23,2%at) e other elemental impurities on its extension.

EIS measurements were carried out at room temperature until the macroscopic appearance of
corrosion products on the surfaces was observed.

According to Mansfeld [23], the analysis of Bode diagrams can furnish useful information
concerning coating degradation because they are quite sensitive to this process. In this way,
evaluation of the coatings reliability was based on the analysis of these diagrams obtained in
0.5 M NacCl solution.

Figure 3.a shows the Bode plot of impedance modules as a function of immersion time in the
test solution for sample A. Impedance module at high frequencies do not change during
immersion time suggesting that the surface do not suffer modification in this period. At
medium frequencies, the decreasing impedance values suggest an electrochemically active
interface. This behaviour is confirmed by the angle phase changes (Figure 3.b).

Figure 4.a shows the Bode plot of impedance modules as a function of immersion time in the
test solution for sample B. It is observed a resistive-capacitive behaviour with impedance
values of 3x10* Q.cm® at low frequency. These values decay to values of 10* Q.cm® and
corrosion products are observed on the surface. The angle phase diagram exhibits a maximum
to 75° and it remain without significant changes with the exposure time (Figure 4.b).

Figure 5.a. shows the Bode plot of impedance modules as a function of immersion time in the
test solution for sample C. It is observed an oscillating resistive-capacitive-resistive behaviour
during the first hours, which indicates the existence of a corrosion reaction in the metal/coating
interface. After 9 hours the value of |z| tends to decrease as a function of immersion time for all
range frequencies. This behaviour can be due the morphology of the conversion treatment that
allows the penetration of the electrolyte solution to the substrate and this induces the fast
degradation of the coatings (Figure 1.a). In Figure 5.b, initially, can be seen three time constant.
The time constant exhibits at high frequencies, after 9 hours, tends disappear, possibly because
the corrosion process is based mainly on reactions involving metal/solution interface.

Qualitatively can be observed that the sample B presents the highest corrosion protection
compared with the alternative treatments. Also, qualitatively, is waited that the sample A is
better of the resistance point of view to the corrosion that the sample C.
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4. Conclusions

From the results generated during this investigation for two alternative conversion treatment
applied on electrogalvanized steel, the following conclusions can be made with respect to room
temperature corrosion in a chloride solution:

v the electrochemical techniques were useful for characterization of the different
conversion treatments;

v' the conversion treatments investigated shown interesting results but others
experiment need to be performed to evaluate alternatives to the traditional Cr®"
based conversion treatment.

In the near future it is likely that stringent legislation will require the total elimination of
hexavalent chromium as anticorrosive treatment. More studies are needed concerning the
corrosion protection, ecological and toxic effects of new alternative treatment.
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thickness
identification description (Zn + conversion treatment)
(um)
A Zn + Cr’* conversion treatment 10.8
B Zn + Cr®" conversion treatment 10.4
C Zn with organic fillers 11.2

Table 1: identification, description and thickness measurements of the samples

.....

 EHT=28.98 KV WD= 26 mm
18um

(a) saple A
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Figure

(©) ample C
1: The SEM micrograph of surface of the coatings investigated
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Figure 2: A EDXS profile of the sample C
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Figure 3: (a) Bode magnitude and (b) phase angle plots as a function of immersion time in
chloride solution for sample A
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Figure 4: (a) Bode magnitude and (b) phase angle plots as a function of immersion time in
chloride solution for sample B
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Figure 5: (a) Bode magnitude and (b) phase angle plots as a function of immersion time in
chloride solution for sample C.



