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CHAPTER 3.1

SPECIAL PRE-PAINT TREATMENTS:
PHOSPHATING

by

Samuel Spring

Most paints will adhere reasonably well to ciean steel,
especially if the surface has been abraded and surface ox-
ides removed. The pickling and etching action of acids
also improves adhesion. Pickling removes oxides and
etches by selective solution of the steel, producing a larger
surface area for contact with the paint. A more
sophisticated method of surface preparation is to apply a
chemical deposit or coating, normally phosphate, that
holds paint because it is compatible with paint com-
ponents and often provides an extended or porous surface
for retaining more paint.

Phosphate coatings are transformations of metal sur-
faces into new surfaces having non-metallic, and non-
conductive properties. They are widely used in the
manufacture of metal products for four principal reasons:

1. To precondition surfaces to receive and retain
paint, and to protect surfaces against under-paint

corrosion;

2. To prepare surfaces for bonding with plastic
coatings;

3. To precondition surface for metal forming opera-

tions, such as cold extrusion, and for breaking in
friction-bearing surfaces, by providing a base for
drawing compounds and lubricants; and

. To improve corrosion resistance by providing a
good base for waxes and rust-preventive oils.

By far the most widespread use of phosphate coatings is
to prolong the useful life of paint finishes.

Phosphate coatings in commercial use are crystalline
zinc phosphate and microcrystalline (sometimes called
amorphous) iron phosphate. In addition, a coating forms
from phosphoric acid treatment (occasionally modified by
the addition of other chemicals to accelerate reaction with
the steel). The types of phosphate cleaning of steel are
outlined in Table 1.

Crystalline zinc phosphate coatings, properly applied,
provide the highest level of quality, especially in outdoor
exposure or conditions where there is the possibility of
breaking the paint film by mechanical action, as by impact,
cutting or abrasion. They prevent or reduce the spread of
corrosion from the exposed area. This is also true for good
iron phosphate coatings. As a matter of fact, the most
used method of evaluating the quality of these coatings is
to cut a line through the paint film to the metal below and
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then expose the part or panel to an atmosphere of salt
spray, i.e., a fog of water droplets containing salt, after
which the distance of corrosion from the scribe line is
measured (ASTM-B 117).

I. NATURE OF THE PHOSPHATE COATINGS

The zinc phosphate coating is formed by crystalliza-
tion onto the surface by chemical reaction, but is integral
with the surface rather than deposited on the surface. The
continuous structure consists of the steel substrate, a thin
layer of adherent iron oxide, then a mixed oxide-phosphate
(iron and/or zinc), and finally a crystalline zinc phosphate.
There are no sharply defined interfaces between the
layers. When paint is applied to this adherent surface, it is
held almost as tightly as though it were in good contact
with clean stee! itself. In addition, the surface area in con-
tact is greatly increased, and a high quality surface treat-
ment is obtained. Thus, there is a substantial barrier to at-
mospheric ‘moisture and considerable resistance to chip-
ping, cracking, and underpaint corrosion; and often a
heavier paint film can be held in position in a single
coating. Small crystals of limited porosity in such coatings
provide the best performance.

Iron phosphate coatings have been referred to as
“non-crystalline’” conversion coatings, but ‘“‘micro-
crystalline” would probably be more appropriate. The
coating is a mixture of adherent iron oxide and iron
phosphate with minor quantities of other components
from the bath occluded in the crystals. It is considerably
thinner than zinc phosphate and essentiaily non-porous.
The thinner deposit allows more flexibility with paints that
are intrinsically less flexible but more enduring.

Treatment with phosphoric acid does not provide
much coating, but sometimes good results are achieved
with certain highly impervious and inert paint systems.
Prolonged treatment with phosphoric acid removes oxides
and sometimes provides a light etch that is beneficial to
adhesion. Residues from phosphoric acid treatment are
less detrimental than those from sulfuric or hydrochloric
(muriatic) acids.

Phosphate coatings function in the following ways:

1. They put the surface in a non-alkaline condition:
alkaline residues undermine paint finishes and thus pro-
mote corrosion;
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TABLE 1
TYPES OF PHOSPHATE CLEANING OF STEEL

Spray
3 or 4 stage
Non-crystalline phosphate/cleaning

Characteristics

Simple and effective.

5 or 6 stage Non-crystalline phosphate
with separate cleaning

Good quality. Consider for
steel appliances.

5 or 6 stage
zinc phosphate

Top quality. Expensive on
low volume lines.

Immersion
Zinc phosphate

Excellent.

Non-crystalline phosphate

Satisfactory for non-critical work.

Alkali clean — preferably with
acidic rinse

Minimum performance; cheap.

Acid pickle

Minimum performance on rusted steel

Vapour degreaser

Minimum performance; expensive but no
dry-off required.

Manual
Wipe-on wipe-off phosphoric acid
clean

Adequate performance if done
carefully.

Steam clean and phosphate

Adequate to good performance if
operated carefully.

Solvent clean

Minimum performance.

Mechanical Abrasion

Good to excellent performance
if done properly.

2. They impose relative uniformity in surface texture
and improved uniformity of post treatments such as paint;

3. They increase the surface area upon which the
systems of attractive forces causing adhesion can act;

4, They create capillaries and micro-cavities to (a)
provide mechanical interlocking of coatings with surfaces,
and (b) to hold drawing compounds, retain break-in oils,
and improve rust resistance;

5. They cushion metals against scoring and scratch-
ing;

6. They insulate metals against electrochemicai cor-
rosion;

7. They prevent reaction between the oils in paint and
sensitive metals; and

8. They inhibit the spread of corrosion from a dam-
aged area to a sound area adjoining it.

Il. SELECTION OF THE TYPE OF
PHOSPHATING

Cost is an important factor in selecting a phosphating
system. Generally, iron phosphate systems are inexpen-

99

sive and for average performance not difficult to maintain.

The type of equipment and procedure depends on the
number of parts to be processed and the size and shape of
the parts. A schematic of phosphate process operations is
presented in Table 2 to assist in making such decisions.
This schematic applies essentially to factory application
in the manufacture of such items as cabinets, appliances,
and automotive units, either as subassemblies or com-
pletely fabricated units. Components of other types of
structures, however, are sometimes handled similarly, in-
cluding those treated and primed in a factory, then
assembled in the field. Field application of phosphate
coatings is sometimes done by manually operated steam
cleaning or by machines using hot solutions at high
pressures (see section on cleaning). Table 3 lists U.S.
government specifications for phosphating steel surfaces.

A. ZINC PHOSPHATING

In this method the steel is treated with a chemical
solution prepared by diluting a proprietary concentrate to
the 2 to 4% level. Immersion baths are more concentrated
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