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CHAPTER 4.1

PAINT MATERIALS

by

Sidney B. Levinson and Saul Spindel

l. INTRODUCTION

Knowledge of the many types of paints available to
coat structural steel is useful in understanding the capa-
bilities and limitations of these products. Such knowledge
facilitates making the best choice for a coating system to
meet painting requirements and service. There are reasons
for the variety of paint systems offered that become ap-
parent with insight into their basic composition. The infor-
mation presented in this chapter helps explain which paint
or paint system is best for the particular combination of
conditions present or anticipated, i.e., the condition of the
steel, painting conditions, coating properties desired, and

B. METHOD OF CURE

Paint binders vary in their method of curing or drying.
Knowledge of various ways paint binders cure is helpful in
understanding comparisons among binders discussed in
this chapter.

1. Oxidation
Oxidation is a method of curing solvent-thinned
paint film. Oxidation, or absorption of oxygen from
the air followed by polymerization, is called air dry-
ing. Many alkyd resins, for example, dry by oxida-
tion.

the environment to be withstood by the applied finish, as 2. Solvent Evaporation
well as the total cost for material and application. The binder is dissolved in a mixture of solvents. (See
Solvents.)) When applied, the solvent evaporates,
Il. PAINT INGREDIENTS leaving a dry film that doe; not undergo further
change. However, the coating can generally be
Paints are composed primarily of pigments dispersed softened or dissolved with strong solvents or
in a film-former, or binder, which is either dissolved in solvents similar to that in which it was dissolved
solvent or emulsified in water to make paint fluid enough originally. Coatings that dry by solvent evaporation
to apply by brush, roller or spray. After application of the are called lacquers. Vinyl or chlorinated rubber
paint in a relatively thin film, the solvent or water evaporates coatings are examples. Since drying depends
and the remaining film dries or cures to form a tough, only on solvent evaporation, lacquer coatings can be
adherent coating. If no pigment is used, the coating is clear applied at relatively low temperatures.
as, for example, a varnish on wood surfaces. Coatings for 3. Chemical Reaction
use on structural steel are pigmented either with anti- The paint is supplied in two packages or two com-
corrosive pigments to produce primers or with opaque, ponents: a base and a hardener. When mixed, the
colored pigments to produce various colored topcoats. two react to form a final coating. Since the reaction
continues whether the mixed paint is in the con-
A. PIGMENTS tainer or applied, the paint has a limited pot life
Here is a list of several reasons for adding pigments. (useful .||fe), usuaH'y a worl'qng day or Ie§s. Epoxy-
polyamides are typical of this type of coating. On the
1. Opaque pigments are added to enable the paint film other hand, since two-component paints do not rely
to obscure the surface painted. These materials are on oxidation to cure, some formulations can be
available in various colors. applied in relatively thick coats.
2. II./le-taIIic pigmgnts are ad(.jed to produce metaltlic 4. Coalescence
finishes. Aluminum and zinc are by far the most Latex binders are made of synthetic colloidal latex
common metallic pigments. polymer particles dispersed in water. Often called
3. Anti-corrosive pigments are used in primers to pre- emulsions, they are actually colloidal dispersions or
vent or inhibit steel corrosion. They may also be suspensions. When the paint is applied, latex
added to intermediate and even finish coats to particles begin to press together or coalesce, as the
enhance corrosion resistance. water evaporates. A coalescing solvent in the paint
4. Extender pigments, which are not opaque, are added softens the particles and causes them to form a con-

to reduce gloss (to produce semigloss or flat
finishes), to aid intercoat adhesion properties, to in-
crease viscosity and to decrease cost. (See chapter
on pigments.)
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tinuous film. Latex coatings tend to allow movement
of water vapor through the coating, although after
the film has coalesced they are essentially resistant
to water. Consequently, latex paints can be used on
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damp (not wet) surfaces. On the other hand, latex
pains will generally not coalesce well at tempera-
tures under 50°F or at either very low or very high
relative humidity. Instead, they will produce un-
desirable, discontinuous, non-adherent, non-
resistant films.

C. PAINT BINDERS

The paint binder is the major ingredient in the paint and
determines the major performance characteristics of the
coating. The binder is the “‘cement” or “adhesive” that binds
pigment and provides adhesion to the surface, i.e., steel or
previous coat of paint. The more commonly used paint
binders are discussed below. They are listed in alphabetical
order.

1. Alkyd

Alkyd binders of coatings used on structural steel
are vegetabie oil-modified phthalate resins that air
dry by oxidation.

Alkyd finishes are of the general purpose type,
are economical and available in a wide range of
colors and gloss levels, from high gloss to flat
finishes. They are relatively easy to apply and can,
if necessary, be used on surfaces that have been
only moderately cleaned, e.g., SSPC-SP 3. Alkyd
finishes have excellent durability in rural en-
vironments, but are only fair in marine or corrosive
environments. Typical specifications are SSPC-
Paints 101 and 104 as well as the SSPC-Painting
Systems 2.00 and 2.05.

2. Epoxy

Epoxy binders are available in three types: epoxy
ester, epoxy lacquer resin and two component
epoxy.

3. Epoxy Ester

These are vegetable oil-modified epoxy resins.
Consequently, they are similar to alkyds except
they are more expensive and produce films that are
harder and somewhat more alkali resistant.
Generally, they have less gloss retention when ex-
posed. Epoxy esters are sometimes used where
slightly more alkali resistance than provided by
alkyds is desired, but at a lower cost than two-
component epoxies.

4. Epoxy Lacquer

Very high molecular weight epoxies can be for-
mulated as lacquer-type binders by solution in a
mixture of strong solvents. (See Solvents.) They are
sometimes used in organic zinc-rich primers
because they dry quickly at low temperatures and
can be recoated with topcoats, such as two-com-
ponent epoxy paints. The two-component epoxies
contain strong solvents that wili soften the primer
slightly and improve intercoat adhesion.

(See Chemical Reaction.) The epoxy is generally
combined with either of two types of hardeners:
polyamine or polyamide. Epoxy-polyamine blends
are more resistant to chemicals and solvents and are
often used for lining tanks. Epoxy-polyamides ex-
hibit longer pot life, superior flexibility and durabili-
ty, and have adequate chemical resistance under
most conditions. Furthermore, they enable packag-
ing of the epoxy and hardener in separate, equal
size packages. Epoxy-polyamide paints are the
most popular of all epoxy binders for use on struc-
tural steel. When exposed to weathering, they
chalk quickly, but retain their excellent chemical
resistance properties. SSPC-Paint 22 is a typical
specification.

. Epoxy-Coal Tar

Epoxy binders are often combined with coal tar
where color is not important, since the color of the
resultant coating is generaily brown or black. Epoxy-
coal tar paints are almost as corrosion and chemical
(not solvent) resistant as epoxy-polyamide paints,
but are less expensive. They are often used on
submerged surfaces where color is of no impor-
tance. Epoxy-coal tar finishes have high build, but
tend to lose fiexibility as they age, so substrates
must be relatively rigid. Typical specifications are
SSPC-Paint 16 and SSPC-Painting System 11.01.

. Inorganic

Inorganic binders are used with zinc dust in zinc-rich
paint where galvanic protection of steel is desired.
Common inorganic binders are silicates, either
lithium, sodium, potassium, ethyl alkyl, or quater-
nary ammonium.* Zinc-rich paints contain a relative-
ly high concentration of zinc dust, 75% minimum by
weight of total solids, which provides intimate con-
tact between the steel and zinc dust when the coat-
ing cures. Inorganic (silicate) zinc-rich paints must
be applied to blast-cleaned surfaces, at least
SSPC-SP 6, to obtain proper adhesion. They are
reviewed in depth by Munger in a separate chapter.
(See Chapter 4.2) When properly used, they produce
extremely hard, abrasion resistant films that are very
resistant to corrosive environments. SSPC-Paint 20
and SSPC-Painting Systems 12.00-12.01 deal with
both organic and inorganic zinc rich. A typical specifi-
cation for zinc-rich primer is SSPC-Paint 29.

. Latex

Latex paints are based on “emulsions” (actually col-
loidal dispersions) of very high molecular weight,
such as acrylic, polyvinyl acetate, ethylene vinyl
acetate, acrylonitrile or styrene butadiene and their
copolymers. They are relatively easy to apply and dry
by coalescence of the latex particles to form tough,
durable coatings. Latex paints have little odor, are
non-flammable, and generally meet air pollution

5. Two-Component Epoxy *Ethyl silicates are not true inorganics but are generally included in
Epoxy resins of this type cure by chemical reaction. this group.
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regulations. They are economical and somewhat
more durable than oil paints (see Oil Paints) in rural
environments, exhibiting less chalking and much
better color retention. Latex paints are relatively
porous and allow moisture vapor through the film
and thus can be used on damp (not wet) surfaces. On
the other hand, latex paints will not coalesce proper-
ly when applied at temperatures below 50°F or at
either very iow or very high relative humidity and re-
quire careful surface preparation on chalked, glossy
or dirty surfaces, since they do not contain solvents
that will readily wet or soften these surfaces. SSPC-
Paints 23 and 24 and SSPC-Painting System 18.01
and 24 are concerned with latex paints.

Oil

Vegetable oils (especially linseed oil) are the oldest
paint binders with the longest history of perform-
ance. Oil-based paints dry by oxidation, but more
slowly than other binders. They wet the surface
better than any other binder discussed and therefore
need less careful surface preparation. QOil-based
paints are easy to apply and are adequate for rural
environments. They are not recommended in cor-
rosive environments. Typical specifications are
SSPC-Paint 1 and the SSPC-Painting System 1.00
series.

Phenolic

Phenolic resin binders are varnishes made by proc-
essing vegetable oils (usually linseed or tung, also
known as chinawood) with phenolic resins. They
make excellent aluminum-pigmented paints and
have resistance in humid environments and to im-
mersion in fresh water. On the other hand, phenolic
coatings are relatively dark (except in aluminum
paints), and they tend to darken further during ex-
posure. Phenolic coatings are very hard and need
care to ensure proper intercoat adhesion. Typical
specifications are SSPC-Paint 5 and SSPC-Paint-
ing Systems Guide 3.00.

Rubber-Base

There are two major commercial types of rubber-
base binders: styrene or vinyl toluene copolymers
and chlorinated rubber. Styrene-butadiene (S/B),
vinyl toluene-butadiene (VT/B) and styrene-acrylate
(S/A) are similar in characteristics. They are used in
lacquers that dry rapidly by solvent evaporation to
form coatings resistant to water and mild chemicals.
Therefore, they can be used in humid and wet
areas. Styrene-butadiene can be combined with
silicone resins (see Silicone Resins) to produce
heat resistant aluminum paints. The limited flex-
ibility of these copolymers restricts their use on
exposed structural steel.

Chiorinated Rubber

Chlorinated rubber resins can be used in two
ways:

a. They can be plasticized to form fast drying

13.

14.

lacquers, which are highly chemical (not solvent)
resistant.

b. They can be combined with alkyd resins to speed
drying of the alkyd resins and increase their
chemical resistance and durability.

Typical specifications are SSPC-Paints 17, 18,
and 19 and SSPC-Painting Systems 15.00-15.01.

Silicone

Silicone resins are available in two forms for use on

structural steel: pure silicone resin and silicone-

modified alkyd resins.

a . Silicone Resin Pure silicone resins are expen-
sive, but extremely durable, and resistant to
high temperatures, especially when pigmented
with aluminum. They can be added to styrene-
butadiene resins or polyacrylates to reduce
cost but are still very good heatresistant
aluminum paints.

b. Silicone Alkyd Alkyd resins produced with some
silicone resin resuit in silicone-modified alkyds,
which have improved durability, especially in
marine environments, as well as improved heat
resistance. Typical specifications include SSPC-
Paint 21 and SSPC-Painting System 16.01.

Urethane

Urethane or polyurethane binders are available in

three types:

a. Oil-Modified Urethane These also are called
uralkyds, since they are similar to alkyds in proc-
essing, method of cure (oxidation) and use. How-
ever, they produce coatings that are harder and
more resistant to abrasion than alkyds. Unfor-
tunately, although uralkyds have excellent
durability as clear finishes, pigmented uralkyd
coatings are not durable enough to be used on
exposed structural steel.

b. Moisture-Cured Urethane These urethanes react
uniquely with air moisture to cure. They produce
the hardest, toughest coatings available in one
package. Pigmentation is extremely difficult
because of their moisture sensitivity, so they
are used primarily as clear finishes. They can
be pigmented, provided moisture-free materials
are used and proper precautions are taken during
manufacture and use.

c. Two-Component Urethane Urethanes can also be
reacted with products such as polyols, poly-
ethers, polyesters or acrylics to produce extreme-
ly hard, resistant and durable coatings. These are
binders of major interest for use as topcoats on
structural steel exposed in marine or corrosive
environments.

d . Aromatic vs Aliphatic Urethane — Urethane
polymers can be made from isocyanates, which
are either aromatic or aliphatic. Aliphatic
urethanes are preferred for exterior use, despite
their high cost, because of their outstanding
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