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

D.H.Jeon - J.G.Kim

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. However, 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 steels of SS 41, SM 50 and RA 32, and highly pure lead.

Electrochemical protection diagrams can be drawn with data from the external cathodic
and anodic polarization curves of SUS 304L, SUS 316L and SM 50 steels in 5~609% nitric acid
solutions and from those polarization curves of SS 41, RA 32, SM 50 and SUS 316L steels, and
highly pure lead in 2.5~989% sulfuric acid solutions at the slow scanning rate. The data
obtained with using the determination method of the optimum cathodic protection potential,
the Tafel extrapolation method and the characteristics of anodic polarization curves.

The main results obtained from the diagrams are as follows :

1) 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 tensile strength steels in
the lower concentration than about 309% solutions, but the corrosion current (density) in
each zone is small on the above mentioned former steels and large on the latter ones.
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(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 609 solutions and the high tensile
strength steels in the higher concentration than 35% solutions can be used without
protection, but the latter steels must be protected anodically in the lower concentration
than about 30% solutions.

2) In sulfuric acid solution :

(1) The carbon steels can be self-passivated in the higher concentration than 459 solutions,
and the SUS 316L steel in higher concentration than 759 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 809 solutions can be used without protection.

(3) The carbon steels in the higher concentration than 509 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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Table 1. Chemical Compositions (Wt, %) and Mechanical Properities,

T,S.*|Y.P.*| E*
Specimen C Si Mn P S Cr Ni Mo Pb As | (kg/ | (kg/

mm?) | mm?) | (%)
SS 41 0,17 0.25 0.67 0,018 0,01 47,2 | 31.7 | 25.8
RA 32 0,18 0,14 1,13 0,012 0,01 52,2 | 35.0 | 30.0
SM 50 0,15 0.42 1.28 0,020 0,01 54.0 | 34,2 | 27.6
SUS 304L 0,030 0.68 .05 0,023 0.014 18.47 10.38 0.28 58.8 | 36.7 | 50.0
SUS 316L  0.030 0.73 1,40 0,028 0.009 18.00 11.98 211 59.4 | 36.1 | 48.0
Pb 97,65 2,35 1.8 | 0.85 | 40,0

% T.S.: Tensile Strength * Y.P.: Yield Point * E: Elongation
(143)
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