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The Study on Electrochemical Protection
Diagrams of Steel in Nitric and
Sulfuric Acid Solutions

Jin-Gyeong Kim

Department of Maritime Engineering,

Graduate School of Korea Maritime University

ABSTRACT

Various kinds of corrosion prevention methods have been developed. It
is known that the method of electrochemical protection is more effective and
economical than any other method on the large scale metal structures in
corrosive solutions.

Strong acid solutions such as nitric and sulfuric acid solutions are often
used in industries, and the expensive stainless steel is almost exclusively
used for the equipment that comes in contact with such acid solutions. How-
ever, it is more reasonable that carbon steel is used rather than stainless
steel depending upon concentration of those acid solutions from the economical
viewpoint..

In this study, the typical strong acid solutions such as nitric and sulfuric
acid solutions are chosen for the experiment and the selected materials of

specimen are the stainless steels of SUS 304L and SUS 316L, the carbon
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steels of SS 41, SM 50 and RA 32, and highly pure lead.

Electrochemical protection diagrams can be drawn with data from the exter-

nal cathodic and anodic polarization curves of SUS 304L, SUS 316L and SM

50 steels in 5~60% nitric acid solutions and from those polarization curves

of SS 41, RA 32, SM 50 and SUS 316L steels, and highly pure lead in 2.5—98

% sulfuric acid solutions at the slow scanning rate. The data obtained with

using the determination method of the optimum cathodic protection poten-

tial, the Tafel extrapolation method and the characteristics of andic polarization

curves.

The main results obtained from the diagrams are as follows:

. In nitric acid solution:

(1) Corrosion potentials exist in each of those corrosion zones on the
stainless steels in the lower concentration than about 12% solutions and
on the high tesile strength steels in the lower concentration than about
30% solutions, but the corrosion current (density) in each zone is small
on the above mentioned former steels and large on the latter ones.
(2 The stainless steels can be self-passivated in the higher concentration
than 15% solutions, and the high tensile strength steels gives rise to the
same phenomenon in the higher concentration than 35% solutions.
(3) The stainless steels in the lower concentration than 60% solutions
and the high tensile strength steels in the higher concentration than 35%
solutions can be used without prorection, but the latter steels must be

protected anodically in the lower concentration than about 30% solutions.
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2. In sulfuric acid solution:

(1) The carbon steels can be self-passivated in the higher concentration
than 45% solutions, and the SUS 316L steel in higher concentration than
75% solutions and the lead in all concentration solutions also gives rise
to the same phenomenon.

(2) The lead in the lower concentration than 80% solutions and the SUS
316L steel in the higher concentration than 80% solutions can be used
without protection.

(3) The carbon steels in the higher concentration than 50% solutions
also can be used without protecting economically, but the SUS 316L steel
in the 20~70% solutions are considerably corrosive without protecting

anodically.
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Typical Potentiodynamic Polarization Curves of RA

Strength Steel in Sulfuric Acid Solutions.
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