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Abstract : Inhibitive effects of chromate, phosphate, sulfate, and borate on chloride pitting

corrosion of Al have been investigated using cyclic voltammetry. During the anodic oxide

growth, the critical concentration of chloride for pit initiation decreased in the order:

chromate > phosphate > sulfate > borate, and the maximum pitting current density increases in the

reverse order: chromate < phosphate < sulfate < borate. The decreasing pitting current density was

observed in the successive polarization cycles, which was attributed to the aging of Al oxides and

field relaxation at oxide/solution interface.
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1. Introduction

Many investigators have reported inhibition effects of

inorganic anions such as chromate, phosphate, sulfate,

tungstate, molybdate, nitrite, and nitrate for pitting

corrosion in Al.1-5) In a quite early report, Anderson

and Hocking suggested that chromate and phosphate

anions compete with chloride for adsorption site on the

Al oxide surface.1) Böhni and Uhlig claimed that the

efficiency of pitting inhibition decreases in the order:

nitrate > chromate > acetate > benzoate > sulfate,

which was interpreted in terms of competitive

adsorption between inhibitive and aggressive ions.2)

Konno and his co-workers suggested that chromate and

phosphate anions adsorb on Al oxide surface hindering

penetration of water molecule and preventing deterio-

ration of the oxide.3) Lee and Pyun observed that sulfate

ion impedes the initiation of pit below the pitting

potential, but enhances the growth of pre-existing pits.4)

The inhibition effects of chromate, tungstate, molybdate,

nitrite, and nitrate have also been compared using

chronoamperometric measurement toward chloride

pitting corrosion of Al and Al-Si alloy.5)

Recently, we demonstrated the applicability of

simple cyclic voltammetry (CV) to determine the growth

and dissolution characteristics of pure Al oxide in near

neutral borate, chromate, phosphate, and sulfate solu-

tions.6,7) In a borate and a chromate solution, the currents

continued to decrease with each subsequent cycle due to

oxide thickening. In contrast, a significant rate of oxide

dissolution occurred to produce reproducible repetitive

curves during subsequent cycles in a phosphate and a

sulfate solution. Below the pitting potential the CV

technique has also been found by White and co-workers

to be a very versatile tool to examine the dissolution

behavior of Al oxide in borate solutions with added

chloride.8,9) They found that the dissolution rate

increased with increased chloride concentration and

depended on crystal orientation and grain boundaries

yielding the sequence polycrystalline Al > Al(111)

~Al(110) > Al(100).

Potentiodynamic polarization measurement has long

been used to characterize the potential at which pitting

initiates.1,10) However, no details have been presented

as to the effect of chloride on the cyclic voltammetric

behavior in the above electrolyte solutions. This study

compares the pitting susceptibility of pure Al in

chromate, phosphate, sulfate, and borate solutions

using cyclic voltammetry. It is hoped that this study will

eventually lead to a better understanding of the pit

initiation/inhibition mechanism by aggressive/inhibitive

anions.*E-mail: dukelee@lgchem.com














