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Introduction

Chromate @nversion coatings have been used to proted
zinc based metals from corrosion for many yeas and at
present, no one dternative has proven itself as reliable as
chromate for corrosion protedion (1,1). However,
environmental concerns make the dromate treament less
attradive. This work is targeted in urderstanding the
protedive mechanism of chromate coatings on zinc and
subsequently finding alternative solutions.

Phosphate aating is a widely used alternative treament to
incresse @rrosion resistance and improve alhesion of the
paint coatings on zinc, iron and its aloys (2). Phosphate
coatings do not work as well as chromate atings do;
anyhow, they are less harmful to the environment.
Comparing their eledrochemicd behaviour will help us to
understand more of the mechanism of chromate atings.

Experimental

Zinc ooatings (13 pum thick) were dedrodeposited on 1 mm
thick carbon sted sheds in akaline bath with some
brighteners and purifiers. The Znc-coated samples were
adivated in 0.25% HNO; solution for 30 seaonds and rinsed
in deionised water. Chromate coating was carried out on the
zinc ooatings in a bath containing 200 g/L N&Cr,0O; + 10
o/L H,SO,4 (pH 1.1- 1.3) for different dipping times. The
chromate-coated samples were rinsed in deionised water and
dried in an oven at 60 °C for 30 minutes. For the purpose of
doing surface aalysis, pure Znc sheds (0.5 mm thick) were
polished to 1 um and ultrasonicdly cleaned in acdone and
alcohol for 2 minutes, respectively. The surface of these
samples was not pickled in nitric add and only was half of
the aeadipped in the chromate bath for 5 seconds.

Phosphate @atings on zinc sheds were obtained from the
Nedzink Corporation in the Netherlands.

Results and discussions

The thickness of chromate coatings with dipping time 1
minute was about 550 nm and of phosphate matings about 3
pm, measured by SEM. The Volta potential measured by
AFM for the partialy chromate-coated zinc sample shows
that chromate @atings have amore negative potential than
zinc in air. The difference in Volta potential between zinc
and chromate coatings is about 50 mV. After immersion in
0.01 M NaCl solution for 24 h, the potentia difference
increasesto 200mV.

The Volta potential measured by Kelvin probe dso shows
that the patentia of chromate atings is more negative than
zinc (see Fig. 1). The difference in Volta potential between
zinc and chromate matings is about 200 mV in air. When

the humidity increases in the damber, the potentia
difference between chromate and zinc deaeases to around
50 mV. After immersion in 0.01 M NaCl solution for 24 h,
the potential difference incresses to 400 mV in air. The
potential on the znc side increases due to the formation of
zinc oxides/hydroxides. The negative potential of chromate
coatings against zinc means that chromates can function as
cahodic inhibitorsto deaease the oxygen reduction rate (3).

Sequentialy scanned cahodic paarizaion curves $ow that
the corrosion potential of the chromate matings deaeases
with time. This proves that chromate atings have cahodic
inhibitive effed on zinc corrosion (4,5). For zinc phosphate
coatings the arrosion potentia is a little noble against the
chromate matings and it does not significantly change with
time, although the cdhodic current deaeases equentialy.
This attributes probably to the @rrosion products filling
pores of the Z2nc phosphate coatings and the readion rate is
dominated by oxygen diffusion.

EIS results show that chromate atings have larger
impedance than the Znc phosphate aatingsin 0.01 M NaCl
solution. The darge transfer resistance for chromate
coatingsis 2 orders larger than the znc phosphate atings.

Conclusion

Chromate watings on zinc function as cathodic inhibitors on
zinc oorrosion in aqueous lution. The rrosion resistance
of chromate @atings is larger than that of zinc phosphate
coatings in quiescent 0.01 M NaCl solution.
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Fig. 1 Volta potentials of chromate layer and of zinc
measured by means of Kelvin probe.



