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WHEN USED PROPERLY, STAINLESS
STEEL ENJOYS A STRONG
AND ENDURING REPUTATION

FOR VISUAL APPEAL AND
STRUCTURAL INTEGRITY IN A WIDE
RANGE OF APPLICATIONS AND
ENVIRONMENTS.

But, like all materials, stainless steel may
become stained or discoloured over
time, impairing the overall look. This
brown discolouration - tea staining - has
been identi ed in coastal applications in
Australia and overseas.

Factors affecting tea staining have been
researched by ASSDA and the information
gathered has been supported by
experiences from around the world.

This Bulletin provides information on tea
staining and what fabricators, speci ers
and end users should do to help avoid

it and enjoy the long life and clean
appearance of stainless steel (see Figure
1).

WHAT IS TEA STAINING?

Tea staining is discolouration of the
surface of stainless steel by corrosion
(see Figure 2). It is a cosmetic issue that
does not affect the structural integrity or
the lifetime of the material. Tea staining
occurs most commonly within about

ve kilometres of the surf and becomes
progressively worse closer to the marine
source.

However, wind exposure, pollution levels,
local sheltering and higher temperatures
can create environments where tea

Figure 2. Severe tea staining of stainless steel in a
coastal environment shortly after installation

Figure 1. The oating walkway in Brisbane is an example of successful use of stainless steel in a marine environment

staining might occur 20 kilometres or
more from the surf. The effect is much
less severe around sheltered bays. These
same factors also increase corrosion rates
of alternative materials.

Other causes of staining that are

not tea staining include carbon steel
contamination, uncleaned welds and
chemical fumes such as hydrochloric acid
or bleach. The ASSDA Reference Manual
has more details on this.

IMPORTANT QUALIFICATION

WHY DOES TEA STAINING OCCUR?

The relationships between the contributing
factors are complex, but generally become
increasingly critical closer to salty water.
Tea staining occurs when local conditions
(such as temperature, relative humidity
and presence of corrosive substances

on the surface) are too aggressive for

that stainless steel grade in its installed
condition.

The information in this publication has been prepared from research undertaken
by or made available to ASSDA at the date of publication. Adherence to the
recommendations in this section may improve the cosmetic appearance of
affected surfaces and minimise risk in new applications. However, research into
the causes of, and treatment for, tea staining have not to date resulted in

de nitive processes or recommendations for cure and prevention. ASSDA accepts
no responsibility for any opinion or recommendation expressed, for any error or
omission occurring herein or for the failure of any recommendation contained in
this section to achieve a satisfactory result in any particular application. Before
acting on any particular application, quali ed advice particular to such application

should be obtained.
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There are important factors that promote
the occurrence of tea staining that should
be considered, as shown in the box and
explained below.

1. Presence of corrosive substances
The presence of sea salt on the surface

of the stainless steel is one of the major
factors that causes tea staining. Sea salt
has the characteristic of staying wet until
a very low relative humidity (RH). The
result of this is that the surface stays wet
(and is corroding) longer with sea salt
compared with sodium chloride. However,
presence of industrial pollutants could
also make the conditions more aggressive.

2. Atmospheric conditions
A combination of atmospheric conditions
with high humidity (eg tropical climates)
and a high temperature creates worse
conditions for the occurrence of tea
staining. The high humidity generates a
Im of moisture that dissolves the salt
deposits and creates a corrosive solution
on the surface.

The low humidity and absence of
corrosive deposits means that tea staining
is rarely a problem indoors.

3. Surface orientation and design
Poor drainage promotes corrosion
whether it is because the surface is

near horizontal or has a texture that
traps contaminants. Conditions are very
aggressive in rain sheltered areas such as
the underside of sloping roofs, downpipes
under eaves or in a building rain shadow.
These can cause signi cant tea staining.
Designs with corners or crevices (such as
intermittent welds) can trap water and
lead to more serious corrosion than tea
staining.

4. Surface roughness

Deep grooves or metal folds on a
surface are more susceptible to corrosion
because they can trap salts (chlorides).
When the surface dries the salts become
concentrated, making the conditions
more aggressive. A deep groove will have
more trapped water (and salts) so the
bottom of the groove will be exposed to
salt concentration above its resistance
for longer - which will initiate corrosion.
There is a critical surface roughness

of approximately 0.5 m R_ for cut or

abraded surfaces. Abraded surfaces
smoother than approximately 0.5 m R,
are much less susceptible to corrosion.

5. Surface characteristics

To achieve the best corrosion performance
of a stainless steel, the surface should

be clean, free of contamination such as
carbon steel swarf or manganese sulphide
inclusions, and have a continuous passive
layer. Acid pickling, acid passivation or
electropolishing for suf cient time will
remove these contaminants from the
surface as well as restore the passive
layer, leaving the stainless steel with a
clean and corrosion resistant surface.

If a stainless steel is welded, the heat
input will locally destroy the passive

layer (a dark non-protective oxide is
formed around the weld). To achieve

best corrosion performance and restore
passivity of the weld, the heat tint and
underlying chromium depleted layer must
be removed. How this is done is described
later.

6. Appropriate grade

There are several hundred grades of
stainless steel with different chemical
composition but only about 10 in
common use. All owe their corrosion
resistance to the thin chromium oxide Im
on the surface, although other additions
such as molybdenum and nitrogen

can improve the corrosion resistance,
especially in chloride-containing
environments. A formula based on

the content of these three elements is
useful to rank the corrosion resistance of
different grades. This Pitting Resistance
Equivalent [PRE] number is calculated

by %Chromium + 3.3 %Molybdenum

+ 16 %Nitrogen. The PRE ranges from
10.5 for the grades with the lowest
corrosion resistance to more than 40.
For acceptable corrosion resistance,
typically a PRE of approximately 18 is
adequate away from marine in uences,
PRE of approximately 24 is required

for marine atmospheres while severe
marine atmospheres may require PRE of
approximately 34. The higher the PRE, the
greater the corrosion resistance.

7. Maintenance
Stainless steel is a low maintenance

CONDITIONS REDUCING THE RISK OF TEA STAINING

1. Absence of corrosives - especially salt.

2. Atmospheric conditions - lower temperatures and low relative humidity (RH)

are better.

3. Surface orientation and design - free drainage and avoidance of traps which
can concentrate corrosives. This includes open exposure to allow rain

washing.

resistance.

corrosion resistance.

N o gas

Surface roughness - smoother is better.
Chemical cleanliness or passivation of the surface improves the corrosion

Appropriate grade for exposure conditions - increasing PRE increases

Maintenance - or corrosives will accumulate.
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material but it is not generally
maintenance free. A light and regular
wash is best and natural rain washing
may be suf cient. If not, then consider
washing the stainless steel when you
wash an adjacent window. Lower grades
will require more regular maintenance
and if the environment causes sticky
deposits, a solvent and detergent mix may
be required. Application of oils or waxes
will temporarily restrict chloride access to
the stainless steel but they need regular
renewal. These temporary protectives also
tend to attract debris and dull the surface.

GUIDANCE IN FABRICATION

Design, fabrication and handling

Poor design and fabrication can lead to
tea staining or more serious corrosion

of stainless steels. Surfaces should be
free draining, boldly exposed to rain
washing and avoid channelling of run-
off. Horizontal surfaces or curves which
cause ponding are speci ¢ problems.
Abraded surfaces should not be rougher
than 0.5 m R_ and the grain should be
vertical to avoid ponding and collection of
contaminants. For abraded surfaces, the
best corrosion resistance will be achieved
if a nitric acid passivation treatment is
carried out as a nal step.

Competent stainless steel fabricators will
avoid carbon steel contamination (which
can cause other corrosion problems), so
choose designers and fabricators that are
experienced with stainless steel to achieve
the best outcome.

Appropriate grade selection

Each stainless steel has a limit to the
concentration of salts that it can
comfortably resist: the higher the alloying
content (Cr, Mo and N), the higher the
resistance to corrosion. Exposure of a
particular grade of stainless steel to a
more aggressive environment than it can
resist will cause tea staining.

Grade 316, or a grade with equivalent
corrosion resistance, should be selected
as a minimum within ve kilometres

of the surf. For critical applications (eg
splash zones, unwashed areas or rough
surfaces), higher grades of stainless steel
such as duplex or super grades may be
required.

The lower alloyed and less expensive
grades (such as 304 or 430) will probably
become tea stained or even suffer more
severe corrosion in a marine environment.

Treatment of welds

Pickling after welding is one method of
promoting good performance of stainless
steel near the coast. This chemical
treatment normally uses a mixture of
nitric and hydro uoric acid in a gel, paste
or bath. It removes the welding oxide






