
efore coatings are applied to
structures in tropical and sub-
tropical environments, the lo-
cally prevailing environmental

conditions must be addressed. Different
tropical and sub-tropical locations have
unique conditions that will affect the mate-
rials selection as well as surface prepara-
tion and application methods. This article
describes these conditions and how to
minimize their detrimental effects.

Tropical environments are among the
most destructive for metals and their coat-
ings.1 SSPC defines one dozen different
environmental zones and coatings that are
appropriate for each.2 However, none of
these zones describes conditions normally
occurring at tropical and sub-tropical loca-
tions that are unique unto themselves.
Each important tropical condition affecting
coating application and performance will
be discussed individually, although there
are usually many interrelationships be-
tween the two.

Adverse Conditions
and their Effects
High Temperatures
High temperatures greatly accelerate the
natural corrosion of metal substrates. Typi-
cally, corrosion rates are doubled for each
18 F (10 C) rise in temperature. Cyclic
heating and cooling each day causes sub-
strates to expand and contract, stressing
their coatings.

For optimum coating performance,

coatings must be applied at temperatures
within the manufacturer’s recommended
range. High temperatures can have the fol-
lowing adverse effects.
• Decreased Shelf Life: A good practice is
to check the properties of coatings prior to
use after they have been stored for six
months or longer at warm temperatures.
Contents of partially used cans of paint that
have been resealed are especially prone to
deterioration. Thus, no more cans of coat-
ings should be opened than necessary, and
the coatings should be stored indoors and
under controlled conditions as much as
possible.
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• Decreased Viscosity: Coating viscosity de-
creases with increasing temperature. It may
be necessary to check the viscosity of a
warm coating with a field-type viscometer
to determine if it is still within the manufac-
turer’s recommended temperature range.
(Manufacturers tend to specify temperature
rather than viscosity because temperature is
easier to measure and serves the purpose.)
• Increased Drying and Curing Rates: High
temperatures may significantly increase the
rate of solvent evaporation from coatings
during application, causing blushing, dry
spray, brush marks, or orange peel. The lat-
ter three defects are caused by a higher vis-
cosity that does not permit proper leveling.

High temperatures also accelerate the
chemical reactions through which many
coatings are cured. Exceptionally rapid cur-
ing may adversely affect the film proper-
ties, and rapid curing will certainly reduce
the pot life of dual-component thermoset-
ting systems. The increased rate of cure
may also shorten the recoat window of
chemically curing coatings such as epoxies.

Alkyds and other oil-drying paints
that cure too quickly in heat may also un-
dergo wrinkling. In this scenario, cured film
forms at the surface of the wet film and
shrinks to form a series of grooves and fur-
rows. Film thickness exceeding the manu-
facturer’s recommendation can also cause
wrinkling.

Intense Solar Radiation
The intense solar radiation at tropical loca-
tions also adversely affects the weathering
of coating films and the protection they
provide. Coatings components resistant to
ultraviolet light should be used in formula-
tions for exterior tropical exposure. Specific
effects of severe solar radiation include the
following problems.
• Chalking: All organic materials, including
coating binders, are subject to some
amount of deterioration—the breaking of
chemical bonds—by the sun’s ultraviolet
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light. This deterioration results in chalking,
the formation of loosely bonded pigment
powders and deteriorated binders. Rapid
chalking may result in erosion that may sig-
nificantly reduce film thickness. Some coat-
ing binders (e.g., aliphatic polyurethanes
and acrylics) are much more resistant to
chalking than others (e.g., those with aro-
matic chemical groups such as epoxies and
coal-tar epoxies). Opaque pigments such as
titanium dioxide may reduce chalking by
shielding the coating from sunlight.
• Fading and Discoloration: Fading is gen-
erally associated with unstable pigments
exposed to sunlight. There may be a great
deal of difference in coating color intensity
between areas exposed to sunlight and
those shaded by an overhang. Synthetic or-
ganic pigments are more prone to fading
and discoloration than more stable natural
earth pigments. Aromatic organic binders
like aromatic polyurethanes and epoxies
frequently exhibit discoloration. Linseed oil
also yellows in sunlight.
• Loss of Gloss: Coatings also lose gloss
during exterior exposure. This phe-
nomenon is associated with the adverse ef-
fects of sunlight on binders as described
above.

Salt Spray
Salts and chlorides found in tropical envi-
ronments also affect coating performance.
• Osmotic Blistering: The air in the general
vicinity of marine waters always contains
salt mist. Salt may be deposited onto sur-
faces by the wind or salt spray. Not always
readily visible, salt deposited on cleaned or
primed steel prior to applying a coating can
greatly affect coating performance by caus-
ing osmotic blistering. Thus, a good prac-
tice is to analyze cleaned surfaces for chlo-
ride content using one of the available test
methods.3 If the chloride content exceeds
the manufacturer’s recommended limit or
industry guidelines, the chloride levels
must be reduced by water washing.

• Corrosion of Steel and Other Metals: Salts
on metal substrates will greatly accelerate
corrosion. This sort of corrosion on steel
rebar in concrete is a very serious problem
and has led manufacturers to coat steel
rebar with fusion-bonded epoxy or to pro-
tect it cathodically.

Heavy, Unpredictable, and 
Localized Tropical Rainfall
Rainfall can be intense, unexpected, and lo-
calized in the tropics. There may be a
downpour at one location and sunshine 10
miles (16 km) away. It may be possible to
interrupt coating applications as rain ap-
proaches, but the rain will adversely affect
any uncured coating. 

Application cannot begin again until
the substrate is completely dry. For con-
crete, it is usually necessary to determine
the moisture content with one of several
available test procedures before continuing
with application.4

If coatings operations are interrupted
by rain, two-pack chemical-curing coatings
that have already been mixed cannot be
used later. They must be disposed of legal-
ly and sometimes at great expense.

High Humidity
If the ambient temperature drops below the
dew point, high humidity may cause mois-
ture condensation on uncured coatings, re-
sulting in cosmetic or film defects. Thus,
application and curing should occur at
steady temperatures at least 5 F (3 C) above
the dew point.

Remoteness from Suppliers and 
Support Services
Remoteness of a job site may result in sev-
eral problems.
• More time required for procurement of
equipment and materials
• Difficulties in obtaining required utilities
• Difficulties or added costs in obtaining
manufacturer’s support
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• Difficulties in hiring experienced workers
• Greater costs due to limited competitive
bidding

How to Minimize Adverse 
Effects During Surface
Preparation and Application
Environmental Control
One approach to coatings problems caused
by tropical conditions is to change the en-
vironment to one that is less aggressive.
The additional expense for this approach is
often justified because it can improve the
quality and quantity of the work.

Shop Coating
If a new structure is to be erected and
given a protective coating, it is often best to
prepare and coat the surface in a shop
under controlled conditions. 

The shop may be at a remote location
or at the job site. In either case, the prob-
lems associated with adverse weather con-
ditions can be eliminated, and coated sur-
faces should have superior and less
expensive workmanship. Obviously, any
damage that occurs to coated components
during shipment or erection should be re-
paired at the job site.

Dehumidifying and Cooling 
Enclosed Spaces
For storage tanks, ship holds, and other en-
closed spaces, the aggressiveness of the en-
vironment can be reduced by dehumidifica-
tion and temperature control. This
combination can produce virtually any set
of desired interior conditions for days or
weeks before priming.

Containment
Spaces exposed to adverse weather condi-
tions can be contained by portable enclo-
sure equipment. SSPC-Guide 6 describes
containment enclosure components.5

Painting at Less Severe Times
It may be possible to coat structures at
times of day with more favorable weather
conditions, e.g., early morning and late af-
ternoon, to avoid peak daylight tempera-
tures. One must also be concerned about
other effects such as dew point at different
times of day.

Special Application Equipment
Special application equipment may resolve
some of the painting problems at tropical
locations.

Modern two-component application
equipment combines the components of
thermosetting coatings—notably epoxies
and polyurethanes—in specific volume ra-
tios. This equipment simultaneously mixes
and sprays the coating onto a substrate.
Since components are mixed at or outside
the gun tip, the coatings can have very
short pot lives and very rapid curing rates.
Heaters may also be used with this equip-
ment to reduce coating viscosity, which
permits easier application of thick coatings
and promotes faster curing.

In this scenario, the coating material
is saved because the components are 
combined as they are applied, and there 
is no mixed material to be discarded if
work is interrupted. However, plural 
component equipment is costly, requires
skilled applicators, and is impractical on
small jobs.

Coating Selection
Fast-Curing Coatings
Fast solvent evaporation causes coatings to
cure before imminent bad weather strikes.
Vinyl and chlorinated rubber coatings have
been effectively used for this reason. How-
ever, their use is currently limited because
they contain high levels of solvent (volatile
organic compounds, or VOCs). Fast-curing
epoxies and polyurethanes can fill this re-
quirement. These materials may, however,
have reduced pot lives.
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Surface-Tolerant Coatings
Surface-tolerant coatings present another al-
ternative for use under damp conditions.
These coatings are tolerant of incompletely
cleaned or dried sur-
faces. Historically, they
have performed well if
not pushed to their tol-
erance limits. However,
the lifetimes are signifi-
cantly reduced com-
pared to coatings ap-
plied over blast-cleaned
steel. Also, they do not
have a high tolerance
for soluble salts.

Environmental 
Resistance
Coatings selected for
tropical environments
should resist high am-
bient temperatures,
rain, and ultraviolet
light. Thus, if an epoxy
system is used on an exterior surface, it
should receive a finish coat of aliphatic
polyurethane or another generic coating
that is resistant to ultraviolet light. 

Mildew

Mildew defacement of coatings is such a
wide-spread problem at tropical locations
that it requires a separate discussion. It can
occur on almost any surface, painted or un-
painted, where wind-carried spores are de-
posited. Mildew grows best on hot, damp,
shaded exterior surfaces.

Mildew can also adversely affect deli-
cate communication and utility equipment.
Personnel in buildings with mildewed sur-
faces may also suffer bronchial problems
from inhaling spores or hyphae of the mi-
croorganisms. Although many different
species of fungi are usually present in

mildewed surfaces, Aerobasidium
pullulans, with its characteristic black color,
usually predominates.

Design 
Considerations
Structural design factors
that may contribute to
mildew growth should
be avoided.
• Rough surfaces (such
as corrugations) permit
the rapid collection of
spores and growth of
mildew. Thus, surfaces
should be as smooth as
possible.
• Shade from roof
overhangs protects
mildew from sunlight
and supports the damp
environment that accel-
erates mildew growth.
• Poor drainage may
retain water that col-

lects on roofs or may permit it to flow
down the sides of buildings.
• Substrate porosity, such as that of wood,
retains moisture very well and supports
mildew growth. Concrete also permits
water penetration, but its alkalinity inhibits
fungal growth.
• Areas sheltered from the weather often
allow wind-borne spores and other debris
to accumulate on substrates.

Coatings and Mildew
Coatings can be designed to control
mildew growth. Their films should be hard
(tack-free) and smooth (untextured) to min-
imize the deposition and attachment of
wind-blown spores. Drying oils in paints
may provide nutrients for mildew organ-
isms.

For many years, mildewcides contain-
ing mercury compounds such as
phenylmercuric oleate were incorporated
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into coatings. A small amount of these mer-
curials provided good resistance to mildew
as they were slowly leached from the paint.
Unfortunately, this leaching also contami-
nated the environment with highly toxic
chemicals, so mercurials have been banned
for use as paint mildewcides.

Alternative mildewcides must receive
government approval (by agencies such as
the federal Environmental Protection Agen-
cy [EPA]) for use in paints. While small
amounts of mercurials were effective
mildewcides in coatings, greater amounts
of approved alternatives are needed to be
effective as mildewcides in coatings. Con-
sequently, formulators have difficulty mak-
ing these coatings.

There are two test methods that can
be used for evaluating the effectiveness of
mildewcides in paints. One, ASTM D 3273,
uses a chamber where the temperature and
humidity are controlled to promote the
growth of test organisms.6 In the other,
Method 6721.2 of Federal Test Method
Standard 141, a coated specimen is placed
onto a sterile agar culture and inoculated
with test organisms.7

When mildew is removed from a
painted or unpainted surface before new
paint application, all mildew microorgan-
isms on the surface must be killed. One
surface treatment is washing with a
hypochlorite solution (one part commercial
bleach diluted with three parts of water)
that contains a non-ammoniated detergent.
The cleaned surface should then be rinsed
with water. Workers should always wear
rubber gloves when using this alkaline so-
lution.

Summary

Tropical environments present several con-
ditions that adversely affect coatings appli-
cation and performance. Coating problems
caused by high humidity, heavy rainfall,

salt spray, intense sunlight, and other tropi-
cal conditions can be minimized in a vari-
ety of ways. Approaches include control-
ling the environment (e.g., with
dehumidification equipment), using special
spray painting equipment, and selecting
coatings suited to the application and ser-
vice conditions.

Mildew, which thrives in tropical en-
vironments, causes widespread coating
damage. Such damage can be controlled
through structural design and coating for-
mulations.❏
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