
Film Formers

If life is just a bowl of cherries, then paint is just a plate of spaghetti – molecular, that is.
Pigmentation and other additives aside, the binders (or resins) in paints consist of a large 

number of stringy organic molecules with chemically active sites located at various positions along
their lengths. In the unreacted state, these molecules are called monomers. When the monomers
react and combine or polymerize, they form a film that cannot be redissolved in solvent.

The monomers become a polymer (from the Greek: “poly” meaning “many” 
and “mer” from “meros” meaning “part”). These molecules usually react with
oxygen in the air during baking. With two-component materials, the mixture
of different monomers react with each other and will polymerize without
heat, although heating speeds the process. Urethanes, alkyds, epoxies and
phenolics are examples of polymers. Some polymers such as tung and linseed
oils occur naturally.

There are a number of binders that do not need to be baked or reacted chemically. They 
simply air dry through solvent loss to form a dense intertwined molecular structure. For example,
nitrocellulose lacquers were used extensively in early automotive applications and into the 1970s.
This was virtually the only air-dry resin that formed a hard, wear resistant, pore-free film with 
good resistance to water, mild acid and alkali.

Pigments

P aint pigments provide the visual richness of the painted object. Pigments can also be the
main active ingredient in protecting the substrate from corrosion. For example, zinc oxide

white provides coloration, is a good UV absorber, and prevents degradation of the film former.
Formulations of zinc rich and zinc chromate paints are very effective in controlling corrosion on
painted steel.

Pigments are generally classified as either organic or inorganic. Inorganic pigments can be
mineral-earth types but are usually metallic oxides or synthetics. Mineral-earth types
are simple, naturally occurring colored substances which are washed, dried, pulverized
and mixed into a formulation. Synthetics are formed by simple chemical reactions
and/or by calcination at high temperature. 

Some examples of inorganic pigments are cobalt blue, lead oxide, chromium
oxide, molybdate orange, cadmium yellow and nickel titanate. Some of these heavy
metal pigments are no longer used because of their toxicity.

Organic compounds suitable as pigments are not usually found in nature. As a result, the
majority of these pigments are synthesized. Coal tar and petroleum distillates are the usual raw
materials which are transformed into insoluble precipitates. Organic pigments are usually quite
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brilliant and have good color strength. However, opacity tends
to be low and many organics are not fully solvent resistant.

Pigmentation has a marked influence on paint-film 
durability. The relationship between the amount of pigment

and specific dry-film properties has
been closely studied. Properties

investigated were gloss, 
blistering, permeability 
and rusting. A fundamental
formulation principle was

established that a pigment
volume concentration (PVC)

of 45% was optimum. As might 
be expected, films with lower concentrations had high gloss,
poor color uniformity and less tensile strength, but were less
permeable to water. Films with high percentages exhibited
increased water permeability, blistering and rusting. This is
because with more pigment, there is less binder or resin to fill
the voids between pigment particles. This porosity leaves the
film open to the elements of weathering. 

The opacity or transparency of paint films is manipulated
with pigment selection, depending on whether a solid color,
special-effect or transparency is desired. Special-effect films
include flamboyant metallic and pearlescent paints which
employ several ingredients, including metal and mica flakes. 

Solvents

With the exception of water, solvents used in the coat-
ings industry are organic liquids largely derived from

petroleum distillates and chemical
synthesis. The quantity and 
utilization of these liquids is quite
broad, but it is sufficient to say that
they all have molecules of varying
size, weight and composition. This
greatly influences boiling points and
usually evaporation rates. With solvent-based paints, the
manipulation and balance of different solvents in a blend can
adjust flash times to compensate for seasonal temperature
variations and other paint-application conditions. 

This versatility in solventborne paints is very valuable.
With waterbornes, there is little or no manipulation of these
blends, so ambient conditions like temperature and humidity
must be controlled and fixed where possible. 

Within this realm of liquids, there are both solvents and
diluents. Whereas a solvent actually dissolves the binder or
resin, a diluent is completely miscible with the solvent but

Type and Name Spot Dry Time*
KEYTONES

Acetone
Methyl ethyl ketone
Methyl isobutyl ketone
Methyl amyl ketone
Di isobutyl ketone
Diacetone alcohol     

AROMATIC
HYDROCARBONS

Toluol
Xylol
Solvesso 100/Hisol 10
Solvesso 150/Hisol 15

ALCOHOLS
Methyl alcohol
Isopropyl alcohol
Isobutyl alcohol
Normal butyl alcohol

ALIPHATIC
HYDROCARBONS

Hexane
VM&P naphtha
Mineral spirits

ESTERS
Ethyl acetate
Butyl acetate
Cellosolve acetate
Butyl cellosolve acetate

GLYCOL ETHERS
Butyl cellosolve
Butyl carbitol

25s
35s
1 min.  20s
6 min
9 min 20s
15 min 34 s

1 min 5s
2 min 40 s
6 min 30 s
22 min

1 min 8s
1 min 32s
4 min
4 min 46s

18 s
36 s
9 min 35 s

34 s
2 min 7 s
5 min 30 s
8 min 40 s

20 min 30 s
approx.  7 h

* Dry time is relative to temperature and spot
size. Procedures: Single droplet on laboratory
filter paper at 72°F (22.2°C)

Evaporation Rates for Common Solvents

does not, itself, dissolve the binder. Diluents are important
economically because they are less expensive than most 
true solvents. The ratio of true solvents to diluents in paint
formulations is carefully monitored to control the costs of 
viscosity reduction. 

Viscosity reduction with a diluent must also be carefully
controlled. The polymer solvent, for example, must have a
slower evaporation rate than the diluent. If the solvent for the
polymer leaves the paint film before the diluent, the polymer
precipitates or “kicks out,” ruining the applied paint film.
Likewise, the addition of excessive amounts of diluent to a
solution can impair the solvent’s effectiveness and cause the
polymer to again kick out, or exhibit a curdling effect in the
mixing container.

A solution of polymer and solvent is totally unlike a 
solution of sodium chloride or sugar in water. The water 
solution will become saturated as water evaporates. There is
no viscosity change, and as the water volume is reduced, the



salt or sugar begins to appear in the bottom of the container. If
we begin with a thin solution of polymer and solvent and allow
evaporation, there is no point at which the polymer 
will precipitate. The solution simply thickens until the solvent
is gone, and the polymer becomes a dry gel which can be
redissolved.

The dissolution of a polymer by solvent may be looked
upon as a kind of invasion by the solvent molecules. During
normal Brownian movement of the gelled polymer segments,
spaces open up between the stringy chain molecules and are
quickly occupied by the lighter fast-moving solvent molecules.
This action allows freer polymer molecule movement. This
action continues with the addition of more and more solvent
until the viscosity of the polymer approaches that of the 
solvent. This dissolution process is termed “solvation.”

Having defined the three main ingredients which 
constitute paint, it is valuable to be able to quantify certain
paint characteristics.

Percent Solids

When a volume of paint is purchased, two things are
obtained: solids and volatiles. The confusing part is

that the solids are not really solid, and at best you can only
smell the volatiles. Material Safety and Data Sheets (MSDS)
that accompany all paints are a good source of information on
paint characteristics. These sheets usually list such things as
weight per gallon, volatile organic compound (VOC) in pounds
per gallon, specific gravity, flash point, boiling range, percent
per volume and percent per weight solids.

The most useful expression of solids content is by volume.
This is because paint application deals with consumption 
and application efficiencies in parts, or square feet per gallon.

The volume solids allow determination of how many of the 
231 cubic inches in the gallon are useful film formers and 
how many will disappear. Application method aside, one 
gallon of 100% solids paint applied at 100% efficiency will
cover 1600 square feet of surface to a depth of 1 mil (.001").
The chart on the previous page expands this information.

Weight solids are useful where actual weight of the 
various paint constituents is desired. In the manufacturing
process, polymers, pigments and solvents are all dealt with 
in cost per pound of material. The EPA tracks pollutants and
particulate emissions in pounds per month, or tons per year.
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