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Abstract

The quantitative data secured in corrosion tests are often of avery low order
of magnitude. When the corrosion rate is of the order of less than 0.1 mils
penetration per year, the actual numbers carry little significance. If, for
example, a test indicates a corrosion rate of 0.1 mils penetration per year for
Steel A, and .002 for Steel B, it should not be concluded that Steel A is twice
as good as Steel B, but rather that both steels are entirely suitable for service

in the environment.
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INTRODUCTION

In many instances, the desirable physical and
mechanical properties of austenitic stainless steels may
determine their use, but it is generally true that their
most important property is their ability to withstand
corrosion in a great many of the environments likely
to be encountered by modern materials of
construction[1]. The stainless steels possess an especially
useful characteristic in resisting corrosion in that they
perform best under those oxidizing conditions which
are most harmful to ordinary steel and to many of the
non-ferrous metals and alloys[2]. It is also highly
significant that the stainless steels demonstrate
practically complete resistance to the corrosive effects
of the most commonly encountered environment-the
atmosphere[3]. Not only do they resist structural
damage in atmospheric exposure, but in addition, and
in line with their descriptive name, they retain their
original bright appearance for long periods[4]. Cold
forming operations and cold rolling generally do not
decrease the corrosion resistancel[5].

The alloys are, of course, not impervious to
corrosion in all environments. With respect to certain
media, corrosion of different types may occur. The extent
can often be minimized by proper composition
selection and careful conditioning. When held in the
temperature range between 800 and 1650 F, the
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austenitic stainless steels may undergo achange which
renders them susceptible to intergranular corrosion
upon exposure to a number of corrodents, including
some which otherwise may have slight effect on
them[6]. In this temperature range chromium carbides
precipitate in the grain boundaries. The resultant areas
of lowered chromium content adjacent to the grain
boundaries have less resistance to corrosion[7].
Welding operations, for example, may leave an area
near the welds in such a corrosion-susceptible or
“sensitized” condition. The intergranular corrosion of a
sensitized steel can be insidious, in that after such
attack the steel sometimes appears relatively sound,
but on more detailed examination may be found to
possess very little strength. A steel which has been
sensitized (either by heat treatment or by welding) will
be seriously subject to intergranular corrosion only in
certain specific environments[8]. The original high
corrosion resistance of the chromiumnickel austenitic
stainless steels can be restored after sensitizing
thermal exposure provided they have not been
exposed to an effective corrodent in the meantime.
Simple annealing by heating to 1850 to 2050 F
followed by rapid cooling through the sensitive range
is sufficient for the purpose. Increasing carbon content
tends to increase susceptibility to sensitization [9].
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Holding the carbon content toa maximum of .03 per
cent, as in Types 304L and 3 16L, is sufficient to avoid
sensitization during welding and stress relief annealing,
but a further reduction to 0.02 per cent maximum is
required if there is to be continued operation in the
sensitizing temperature range’. Additions of titanium or
columbium also serve to inhibit the development of
sensitization. These elements form carbides more
readily than chromium and thus diminish depletion of
the latter along grain boundaries. Therefore, if the low
carbon grades are not used, Types 32 1 and 347 are
recommended for usein corrosive environments which
may cause intergranular attack where welded
construction is employed and annealing is not
practical. Titanium is reactive with gases at welding
temperatures so that it is partially lost during welding.
Type 347, containing the less reactive columbium, is
usually employed for weld rods in such applications.
An extensive discussion of the effects of steel
composition, thermal treatment, and evaluation test
procedures has been published by ASTM.
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Figure 1. Stainless steels have a two-phase microstructure
of austenite and ferrite grains.

A thorough compilation of case histories of
stress corrosion cracking has been published by
the ASTMA4. Additions of other elements have little
value in reducing stress corrosion cracking. To avoid
all  danger of «cracking in those  specific
environments known to be capable of causing this
difficulty, as, for example, those listed in Table I,
practically complete elimination of internal stresses,

such as those introduced by welding, is necessary
[10]. This requires annealing at quite high
temperatures. For media such as those listed, the

annealing temperatures may need to be in excess
of 1600 F. Even so, stresses introduced on cooling
can be a problem.

Pitting Corrosion

When passive metals such as the stainless
steels corrode, the corrosion develops where
passivity has been destroyed. This may occur at
very small areas and result in a pitted
surface[11]. Once the passivity has been lost at a
local spot, this area will be anodic to the
remaining passive surface. The subsequent
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development of these active anodic areas into

pits will depend upon electrolytic current flowing
between the small anodic area and the large
unattacked cathodic area outside of the pits. Some
oxidizing agents serve to depolarize this large

cathode area and thus accelerate the rate of pitting.
Oxygen in stagnant solutions, ferric chloride,
hypochlorous acid, and mercuric chloride are typical
oxidizing agents which will promote pitting. On the
other hand some oxidizing agents will prevent the
activation of local areas on stainless steel and thus
prevent corrosion. The nitrates and chromates are
good examples of this group. The role of dissolved
oxygen in pitting may assume different aspects. In
the complete absence of oxygen, or other oxidizing
agent, the cathodic areas will not be depolarized
and the development of pits will be arrested, If
oxygen is present in small amounts, and the
corroding solution is stagnant, the passivity = may
not be preserved over the entire surface and pits
may develop. Liberal aeration may in some
instances supply a concentration of oxygen which
is sufficient to maintain a protective passive film
over the entire surface and pits will not develop.

Thus good aeration and moderate velocities or
turbulence  are useful in maintaining adequate
oxygen supply; for example, in sulfuric acid, and

in sea water and other salt solutions[12].

If debris of any kind is allowed to
accumulate on the surfaces of stainless steel
equipment, it will reduce the accessibility of
oxygen to the covered areas and pits may
develop in such locations because of the
reduced oxygen concentration. Marine  growths
such as barnacles, sludge settling to the bottom
of tanks, and carbon deposits from heated
organic compounds are typical examples of this
source of corrosion of stainless steels. Pitting
corrosion is rendered less severe by the addition
of 2 to 3 per cent of molybdenum to stainless
steel. Molybdenum additions also have the
specific effect of reducing corrosion of the
austenitic stainless steels in certain media such as

sulfurous acid, sulfuric acid, phosphoric  acid,
formic acid, and some other hot organic acids.
To maintain the austenitic structure in these
molybdenum-containing stainless steels, the

nickel content must be increased. Thus Type 316
contains 10 to 14 per cent nickel as compared
with 8 to 10 per cent in Type 302.

Crevice Corrosion

In the design of stainless steel equipment,
all shapes and joints which form crevices or deep
recesses should be avoided. Oxygen does not
have ready access to the areas within the crevice
and these may become anodic to the remaining

exposed, aerated areas of the equipment[13].
The extent of attack within the crevice has been
shown to be proportional to the area of the
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freely exposed metal outsides. This form of
corrosion of stainless steel may be eliminated or
reduced to a minimum by completely sealing
such crevices, or by altering design to eliminate

them. If gaskets are used, they should be non-
porous and pulled up tightly over their entire
area.

Galvanic Corrosion

When designing equipment to be
constructed with several materials, thought must
be given to possible galvanic couples. The
stainless steels are usually quite cathodic relative

to other alloys but their potentials may vary over
a wide range depending upon whether they are
in an active or passive state. Type 304 stainless
steel in sea water has exhibited electrode
potentials from i-O.5 to -0.28 volt referred to the
saturated calomel electrode”. The austenitic
stainless steels accordingly may be expected to
be cathodic to most of the common structural
alloys such as ordinary steel and aluminum. This
usually will mean a reduction in the normal
corrosion rate of stainless steel since it profits
from mild cathodic protection. On the other hand
the less noble alloy in the equipment will not be
excessively attacked if its area is large compared
with the area of the stainless steel.

Corrosion of Stainless Steels In Various
Environments

As it is obviously not practical to discuss
individually the behavior of stainless steels in
contact with the thousands of corrosive media
and under the variety of conditions which may
be encountered, corrosive environments will here

be divided into several general classes and the

behavior of the austenitic = chromium- nickel
stainless steels in each of these types of
environment summarized with appropriate data
to illustrate particular points[14].

Corrosion by Bases

The 18-8 stainless steels have excellent
resistance to corrosion by weak bases such as
ammonium  hydroxide and organic  compounds
like aniline, pyridine, and the aliphatic amines.

Type 304 can be used for such equipment as
ammonia stills and for certain types of amination
reactions. The performance of stainless steels in
solutions of strong bases may be illustrated with
results of tests in sodium hydroxide solutions, as

summarized in Table XIll. The 18-8 steels usually
show very slight attack in solutions up to 50
percent NaOH concentration at temperatures up
to about 220 F. In higher concentrations and
temperatures corrosion rates are likely to be
appreciable. Under conditions of stress, stress

corrosion cracking of stainless steels may occur in
hot sodium or potassium hydroxide solutions[15].
Hot metal surfaces wetted by dilute solutions
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may be so affected due to concentration of the
caustic by evaporation.

CONCLUSION

Considerable care must be exercised in the use of
stainless steels where halogens are to be encountered.
Types 304, 316 or 317 may be used for pipe lines to
handle dry chlorine gas at low temperatures but are
not suitable for wet chlorine gas or hot chlorine, wet
or dry.31f 32 Severe attack by dry chlorine may be
expected at temperatures over 600 F. In some cases,
calcium hypochlorite bleaching solutions, containing
not more than 0.3 per cent available chlorine, can be
safely handled in Type 304 vessels for short periods of
time not exceeding four hours, followed by thorough
washing with water. However, Types 316 and 3 17
generally are preferred for this type of service because
of superior resistance to pitting. These materials are
used to handle alkaline sodium hypochlorite bleaching
solutions containing 0.3 per cent available chlorine
through entire bleaching cycles.

REFERENCES

1. Chaliampalias, D., et al., Fabrication and examination
of oxidation resistance of zinc coated copper and brass
components by chemical deposition. Surface
Engineering, 2011. 27(5): p. 362-367.

2. Sudiro, T, et al, High Temperature Corrosion of
CoNICrAlY-Si  Alloys in an Air-Na25S0O4-NaCl Gas
Atmosphere. Materials Transactions, 2011. 52(3): p.
433-438.

3. Behzadnasab, M., et al., Corrosion performance of
epoxy coatings containing silane treated ZrO2
nanopatrticles on mild steel in 3.5% NaCl solution.
Corrosion Science, 2011. 53(1): p. 89-98.

4. Afshari, V. and C. Dehghanian, Effects of grain size on
the  electrochemical  corrosion  behaviour  of
electrodeposited nanocrystalline Fe coatings in alkaline
solution. Corrosion Science, 2009. 51(8): p. 1844-1849.

5. Bai, C.Y., M.D. Ger, and M.S. Wu, Corrosion behaviors
and contact resistances of the low-carbon steel bipolar
plate with a chromized coating containing carbides and
nitrides. International Journal of Hydrogen Energy,
2009. 34(16): p. 6778-6789.

6. Kain, V. Controlling Corrosion in Nitric Acid
Environments: Current Understanding and Recent
Developments. Corrosion Reviews, 2009: p. 463-492.

7. Guilemany, J.M,, et al., Corrosion behaviour of thermal
sprayed nitinol coatings. Corrosion Science, 2009.
51(1): p. 171-180.

8. Byk, T.V, T.V. Gaevskaya, and L.S. Tsybulskaya, Effect of
electrodeposition conditions on the composition,
microstructure, and corrosion resistance of Zn-Ni alloy
coatings. Surface & Coatings Technology, 2008.
202(24): p. 5817-5823.

9. Yoo, YH., et al, Effect of heat treatment on the
corrosion resistance of Ni-based and Cu-based

3

LCRICRGINNENER Rio M, Tanaka O., Ishichi S. 2013 Corrosion Resistance of the Austenitic Stainless Steels in Chemical Environments. Sci. J. Mech. Ind. Eng., 2 (1):



10.

11.

12.

SIMIE

amorphous alloy coatings. Journal of Alloys and
Compounds, 2008. 461(1-2): p. 304-311.

Sarver, J.M. and J.M. Tanzosh, The Steamside Oxidation
Behavior of Candidate Usc Materials at Temperatures
between 650 Degrees C and 800 Degrees C. Advances in
Materials Technology for Fossil Power Plants, 2008: p.
471-487.

Hack, H. and G. Stanko, Effects of Fuel Composition and
Temperature on Fireside Corrosion Resistance of
Advanced Materials in Ultra-Supercritical Coal-Fired
Power Plants. Advances in Materials Technology for
Fossil Power Plants, 2008: p. 488-506.

Ozyilmaz, A.T., et al., Protective properties of polyaniline
and  poly(aniline-co-o-anisidine)  films  electro
synthesized on brass. Progress in Organic Coatings,
2007.60(1): p. 24-32.

13.

14.

15.

Hadzima, B. et al, Microstructure and corrosion
properties of ultrafine-grained interstitial free steel.
Materials Science and Engineering a-Structural
Materials Properties Microstructure and Processing,
2007.462(1-2): p. 243-247.

Cosman, N.P., K. Fatih, and S.G. Roscoe,
Electrochemical impedance spectroscopy study of the
adsorption behaviour of alpha-lactalbumin and beta-
casein at stainless steel. Journal of Electroanalytical
Chemistry, 2005. 574(2): p. 261-271.

Lazarevic, Z.Z., et al.,, The study of corrosion stability of
organic epoxy protective coatings on aluminium and
modified aluminium surfaces. Journal of the Brazilian
Chemical Society, 2005. 16(1): p. 98-102.

4

LCRICRGINNENER Rio M, Tanaka O., Ishichi S. 2013 Corrosion Resistance of the Austenitic Stainless Steels in Chemical Environments. Sci. J. Mech. Ind. Eng., 2 (1):



