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INFLUENCE OF SURFACE QUALITY
ON CORROSION RESISTANCE
OF STAINLESS STEELS

Corrosion resistance of stainless steels and alloys
depends both on their basic chemical composition, i.e.
the content of alloying elements, and on the state of
surface. The decrease of resistance of stainless material
surface layer can show negative effects even under quite
mild corrosion conditions (atmosphere, neutral aqueous
solutions etc.) - it means that surface or localized
corrosion can appear. The negative change of surface
quality of these materials, i.e. of corrosion resistance,
can be caused by unsuitable influencing of chemical and
physical state of the surface [1-4].

The chemical state of surface is a parameter that directly
determines corrosion resistance of a stainless alloy. It is
expressed by the concentration of basic alloying
elements on the surface and by chemical homogeneity
of surface layers (in surface plane and also in the depth
of material). Occurrence of chemical heterogeneities,
i.e. zones with concentration profile of some of matrix
elements (most frequently chromium depleted regions
and those enriched with oxygen), and the presence of
inclusions and contaminants can directly or indirectly
(e.g. in combination with unsuitable physical state or
influence of temperature, especially due to welding)
essentially decrease corrosion resistance of alloyed
material surface [2, 3], Fig.1.

Physical state of the surface is characterized particularly
by its microgeometry (presence of non-compactness of
the surface, roughness, scratches, abrasive marks, etc.),
or by the presence of particles shielding the surface
from uniform access of corrosive environment
(apertures) [2, 3], Fig.1.
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Figure 1. Decrease of corrosion resistance of alloyed material
surface due to welding (preparation and consequent treatment
of the welded joint are not correct).

Corrosion resistance of stainless material surface layers
can be decreased or influenced during each phase of
their "life", i.e. during:

- manufacturing of metallurgical semi-products;

- storing, handling and treating of semi-products;

- machining, welding;

- surface treatment before starting device performan-
ce;

- operation and shutdown mode.

The most frequent operations that can take part in the
decrease of surface resistance are:

- heat treatment (imperfect cleaning of the surface
before heat treatment, unsuitable atmosphere);
- welding (imperfect cleaning of the surface before
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and after welding, leaving of bubbles and cracks on
the surface of weld metal etc.);

- incorrect chemical treatment of the surface
(pickling, decontamination, polishing - forming
chromium depleted regions, excess pickling of the
surface etc.);

- performance enabling the rise of deposits,
shutdown during which uncontrolled environment
residues can occur.

INFLUENCE OF THE SURFACE CHEMISTRY
ON CORROSION RESISTANCE

In most types of environment, the stability of stainless
materials is determined by passivity, i.e. by forming a
surface layer of alloying element oxides, particularly
chromium oxides; this fact causes kinetic control of
corrosion - corrosion in passive state, that has, from the
technological point of view, a negligible rate in most
environments. Protective qualities of the passivation
layer depend considerably on the surface quality.

Most frequent causes of reduced resistance of the
surface are its contamination with foreign substances or
formation of regions depleted of some of alloying
elements, usually of chromium, which results in local
influencing of the passivation layer stability [5-10].

Surface contamination

The influence of contaminants on the decrease of
corrosion resistance of a stainless material surface layer
can be direct or, more often, in combination with
thermal influencing of the surface, indirect. According
to their nature, we distinguish organic or metallic
(oxidic) contaminants, Table 1.

Contamination of surface with organic and non-metallic
substances can have very different sources and intensity
(from touch of hands to massive contamination).
Provided that contaminants are not removed from the
surface, e.g. before welding or heat treatment, there can
occur their heat degradation, entering into weld metal or
matrix and, consequently, deterioration of utility
properties of the material. In case of a weld joint not
only the decrease of corrosion resistance, but also
defects of welds can occur.

The presence of sulfur and its compounds, and also
substances containing phosphorus and metals with a
low boiling point can cause cracks to appear in the joint
or in the heat influenced area. Carbon or carbon
materials left on the surface can be dissolved in melted
metal during welding (especially during welding in
protective atmosphere when they cannot burn), forming
the zone with considerably decreased corrosion
resistance. Therefore, the essential presumption of
stainless material processing is to remove all impurities
before welding both from the welded edges and from
the adjacent area (future heat influenced area).

The presence of organic residues can cause crevice
corrosion in aggressive environments. In this case the
contaminants show a shielding effect that can initiate
localized attack, which has been investigated when
residues of lubricants, wax pastels, markers, coats, self-
sealing tapes, etc., were left on the surface of alloyed
materials in desulfurization and similar devices [6].

Contamination of the surface with substances of a
metallic nature usually appears during machining, with
carbon steel being the most frequent contaminant,
Table 1.

Surface contamination of stainless materials with iron is
quite common and it is possible to eliminate it quite
easily when well-known rules of storing and treating of
these materials are followed, or to control its presence.
It is characterized by the rise of rust stains even under
little aggressive conditions - atmosphere, neutral aque-
ous solutions etc. Under certain conditions, if iron is not
removed, the initiation of pitting corrosion can occur,
which is usually connected with deterioration of the
surface physical state. Large corrosion products
shielding the surface appear on it (crevice corrosion)
after corroding of less noble iron or conditions
suitable for microbiologically stimulated corrosion are
formed.

Surface contaminants of metallic nature can be very
easily removed by means of slight repickling of the
surface in acid pickling solution.

More relevant chemical heterogeneity represents
incorporation of the metallic contaminant, most often

Table 1. Possibilities of stainless material surface contamination that results in decrease of corrosion resistance after welding.

Contaminant

Source of contaminant

Sulfur, carbon
Sulfur, phosphorus, carbon
Lead, zinc, copper
Iron
unsuitable tools
Chlorine
water

Hydrocarbons, cutting liquids, lubricants, oils, waxes, primers
Marking pastels, coats and markers for temperature indication
Tools - e.g. hammers, copper parts, coats enriched with zinc
Dust, contamination with non-alloy steel, cleaning of surface with

Chlorinated solvents, contamination with dust, wash water, hydraulic test

Koroze a ochrana materidlu - special issue 44, 2-6 (2000)




Causes of reduced corrosion resistance of stainless steels and affoys

Bystriansky J., Joska L., Novak P.

iron, into the weld, which happens during the welding
process if the cleanliness of welded zones is not
adequate. The presence of particles containing iron will
cause local decrease of the alloying level after welding
- the decrease will appear in this case under more
aggressive conditions (e.g. during acid cleaning or
during operation), in contrast to surface contamination
with iron occurring under less aggressive corrosion
conditions.

For maximum corrosion resistance to be reached,
surface oxides must be also thoroughly removed from
surfaces of alloy materials, Oxides can appear in the
form of thin interference colours (heat tints) or in the
form of massive surface oxides after welding or other
heat treatment of the material, according to the
efficiency and availability of the protective atmosphere.
The nature of these oxides can be recognized by
their colour - thin oxides have usually interference
colours, massive oxides become black. The rise of any
type of oxide on the surface will cause consequent
formation of a surface layer depleted of some of the
alloying elements, which decreases corrosion re-
sistance.

For less aggressive corrosion conditions or conditions
demanding high purity of the environment (aqueous
solutions, food, hig purity water etc.), it is absolutely
necessary to remove oxidic layers thoroughly even after
welding. During operation under mild corrosion
conditions hydration of the residues of oxidic layers
occurs (rusty colouring of the surface). If the oxides are
more massive, products of hydration are larger and the
surface becomes shielded from uniform access of the
corrosive environment; this forms suitable conditions
for crevice or microbiological corrosion [13]. Released
corrosion products in other cases contaminate the
environment.

To remove oxides, mechanical abrasive techniques -
grinding, brushing, jetting, polishing - are applied most
frequently. In spite of the fact that these procedures can
make the surface that seems to be uniform, oxides and
especially regions depleted of alloying elements are not
removed fully.

To remove the oxides completely, and thus reach a
surface state with optimum of the corrosion resistance,
either mechanical and chemical purification must be
combined or only suitable chemical treatment has to be
applied.

Chromium depleted regions

The concentration of chromium on the surface of
stainless alloys is in comparison with other alloying
elements usually lower than in volume (matrix) of
metal, because of its higher affinity to oxygen. During
the manufacture of semi-products from stainless alloys
and during their treatment, material is repeatedly heat

influenced (hot forming, welding, heat treatment etc.)
when different properties of chromium (higher affinity
to oxygen, higher pressure of vapour) can enforce, and
also the interaction of unremoved contaminants with the
surface can occur during this operation {2, 3, 14, 15].

Annealing in oxidizing atmospheres

If processing takes place in an oxidizing atmosphere,
organic contaminants usually completely oxidize
(burn), according to the temperature and time period of
processing more or less thick oxides (heat tints - scales)
can be formed; due to preferential oxidation of
chromium, there appears the areas that shows decreased
content of this element by up to 3-4 wt.% (considering
the content in metal volume) in the surface layer of steel
adjacent to the oxides on the surface, Fig.2.

Oxides and chromium depleted surface layers are
usually removed by pickling. Under standard conditions
of pickling, the surface oxide is removed completely,
but with the chromium depleted layer it need not be the
same: the amount of chromium on the steel surface is
usually by 1-2 wt.% lower in relation to volume, even
after pickling. This degree of chromium content of the
steel surface is satisfactory, as far as sufficient corrosion
resistance is concerned, for most of applications, but it
can bring negative consequences when combined with
mechanical damage of the surface [2, 3].

Annealing in protective atmospheres

In annealing stainless steel in vacuum or in protective
atmospheres the unremoved organic impurities degrade
to residues rich in atomic carbon that can diffuse along
grain boundaries and react with chromium to give
chromium carbide and chromium depleted regions,
Fig.3.

As the result, there can appear great local decrease of
corrosion resistance and great probability of surface
intergranular corrosion even in the presence of
atmospheric humidity.

To prevent this type of corrosion, it is necessary to take
measures leading to perfect degreasing, e.g. to choose
another alkaline soak cleaner or to change the whole
technique (particularly after, e.g., mechanical polish-

ing).

Annealing of stainless steels in high vacuum or in
protective atmospheres with a very low dew point,
when the surface oxidation is completely prevented, can
bring loss of chromium from surface layers (the easiest
sublimation in comparison with the other components
of the alloy). In this case, chromium sublimes
preferentially from the zones along grains, and that is
why the loss of corrosion resistance is especially
considerable in the vicinity of grain boundaries towards
the surface, Fig.4.
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Oxidizing atmosphere - transition of chromium into oxides
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Figure 2. Surface depletion of chromium due to its transition
into oxides during annealing in oxidizing atmosphere.
Chromium shows the highest affinity to oxygen, it forms oxides
preferentially. Developed concentration differences are not
compensated by diffusion and chromium depleted regions
occur near the surface and also along grain boundaries in a
surface layer.

Contamination of surface by organic impurity
C - diffusion along grain boundaries
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Figure 3. Grain boundary depletion of chromium due to
chromium carbide production. Carbon developed by degrada-
fion of organic {(at no access of oxygen) impurities diffuses
along the grain boundaries. Developed carbides cause lower
concentration of chromium in grain boundary vicinity.

On the contrary, if there is insufficiently high vacuum
or a too high dew point of the protective atmosphere,
the stainless steel is exposed to excess oxidation;
chromium will oxidize preferentially, forming a
coloured oxidic film that decreases chromium
concentration in the surface layer of the steel, Fig.2.
Protective qualities of the oxidic film are not sufficient
and it does not function as a protective layer, in contrast
to the passivation oxidic layer. The level of chromium
concentration in steel surface layer under coloured
oxidic film is by 3-5 % lower than that in volume, in the
vicinity of grain boundaries it can reach even lower
values [2, 3, 14, 15].

Reducing atmosphere - chromium sublimation
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Figure 4. Surface depletion of chromium due to sublimation
during annealing in reducing atmosphere. Depletion in case of
surface and especially of grain boundaries in a surface layer is
caused by chromium sublimation.

PHYSICAL STATE OF SURFACE

The most common type of impairment of the optimum
surface physical state is represented by various types of
scratches, abrasive and jetting marks etc., but it can also
occur due to unsuitable and intensive pickling.

Other defects of this type are connected with welding.
A spray during welding is a dangerous phenomenon for
the surface. Droplets of sprayed metal can be held on
the surface by adhesion only, or there can arise a weak
weld there. Such places are very suitable centres for
initiation of crevice corrosion - particles of the surface
spray form a shielded region; in addition, metallurgi-
cally changed structure and oxides can be present in this
zone.

Also other substances used during processing, e.g.
lubricants, oil, wax pastels, markers, residues of coats,
self-sealing tapes, deposits during performance and
biological layers, can have similar shielding effect that
often causes the initiation of localized attack.

CHEMICAL TREATMENT OF SURFACE
AND ITS INFLUENCE ON CORROSION
RESISTANCE

Chemical treatment of a surface, i.e. besides pickling
and decontamination also polishing (chemical or
electrochemical), usually represents the last operation
influencing the quality of the surface [2, 3, 11, 12].

In observing properties of stainless steels after chemical
treatment of their surface it has been found that their
resistance to corrosion depends on the selection of the
agent used for this treatment and on the "intensity” of
the chemical treatment (characterized either by time, or
better by the thickness of the removed surface layer).
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The method of surface chemical treatment must be
also optimized according to the processed material.
Differences both in the appearance, and in corrosion
resistance can be observed, e.g., when the same pickling
techniques are applied for stabilized and nonstabilized
steels.

In case of two-phase stainless steels, effects of
extractive corrosion were observed, caused e.g., by
preferential dissolving of the ferritic phase in
environments with strong oxidation effects.

The selection of the chemical treatment method must
respect not only the criteria of appearance (removal of
oxides, brightening up the surface, etc.), but also the
criteria of reaching a maximum corrosion resistance of
the given stainless material.

Moreover, exposure in aggressive solutions should be
minimized, which also involves so called "passivation"
that is applied after the treatment of stainless steels and
whose influence is demonstrable only after a special
mode of carrying out this operation. Most of so called
"passivation" operations have only a clearing effect, i.e.
they lead to chemical surface homogenization (removal
of less noble metals - iron, of chromium depleted regions,
removal of oxide residues, revealed inclusions etc.).

CONCLUSION

Causes of reduced corrosion resistance of stainless
steels and alloys have their origin in operations or
techniques degrading both the chemical and physical
state of the surface. Consequently operations, handling
and treating of alloy materials should be carried out
with reference to this fact.
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