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CHAPTER 20

THERMAL SPRAYED COATINGS

by

S.J. Oechsle and J.N. Childs, Jr.

Thermal spraying, formerly called metal spraying, or
metallizing, is an effective type of protective coating,
either by itself or in combination with organic coatings. In
practice, the two most common metals applied by the
technique are zinc and aluminum.

Thermal spraying is the only practical method of ap-
plying metalilic coatings to large fabrications, often in the
field. The metallic sprayed surfaces are excellent bases
for accepting sealers and/or applying top coats that bond
strongly to the metal coating.

Metallic coatings with or without topcoats often offer
unique properties to help solve some corrosion problems
that organic coating systems alone cannot provide, par-
ticularly in galvanic protection or abrasion resistance.

This discussion provides familiarity with thermal
spraying, and covers the types of thermal spraying equip-
ment, principles of operation, hazards involved,
characteristics of sprayed metal, nature of protective func-
tions, the extremely important subject of surface prepara-
tion and the use of sealers and topcoats.

The American Welding Society through its C-2 sub-
committee on thermal spraying is an up-to-date source on
all aspects of the subject and publishes a wide variety of
information. In particular, its publication, “Corrosion Tests
on Flame-Sprayed Coated Steel — 19 Year Report”, is a
valuable practical report on the results one can expect
from actual tests in a wide variety of industrial and marine
atmospheres.

The large subjects of thermal spraying for repair of
mechanical parts and for obtaining desired surfaces in the
manufacture of new equipment and engines are not
discussed in this article.

I. TYPES OF EQUIPMENT

The thermal spraying process consists of melting the
metal or ceramic and then spraying it onto a prepared sur-
face by means of compressed gas, which aids in the divi-
sion of the molten particles and the projection from the
vicinity of the melting onto the surface. One tool common-
ly used is a hand-held gun with an air motor that draws the
metal in wire form through knurled feed rolls into an
oxygen-fuel gas flame where the wire is melted. The
molten metal is then projected onto the prepared surface
by the products of combustion augmented by an air blast.
The metal wire, (usually zinc or aluminum) is ordinarily %”
or %" (3.2 mm or 4.8 mm) diameter. Such a gun is capable
under ideal conditions of spraying zinc at a rate of 60
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pounds per hour {27 kg/hr) or aluminum at the rate of 17
pounds per hour (7.7 kg/hr). This is equivalent to 1000 sq. ft.
of zinc coating per hour 1 mil thick (93 sq. m/25y) or 1250
sq. ft. of aluminum coating per hour 1 mil thick (116 sq.
m/25y). Because of field conditions, such as erecting scaf-
folding, changing wire, moving, etc., these rates are rarely
practical and actual rates are more likely to be 60-65% of
these amounts. Such wire guns typically weight three to
five pounds (1.4-2.25kg) are used in much the same manner
as paint spray guns and can be readily handled at the end
of a considerable length of oxygen, fuel and air hoses,
often in excess of 200 ft. (60 meters). The hoses and feed
wire make the handling of the gun a little more difficult
than would be suggested by the light weight of the gun
alone.

Another type of thermal spray gun is the plasma spray
gun. In this process the metal is introduced into the
plasma arc cavity in powder form in a gas stream and pro-
jected onto the prepared surface by the force of the
plasma jet. The gun is light, like the oxygen-fuel gas gun
described above, but attached to it are two fairly stiff elec-
tric leads and the powder feed hose, all of which tend to
decrease maneuverability. The metal-sprayed deposit rate
is about the same as with the oxy-fuel gas equipment. The
plasma spray equipment requires a special power source,
and the lead distance from this source is appreciably less
than the case of the oxy-fuel gas equipment.

Some oxy-fuel gas thermal spraying equipment uses
powder as a source of coating material. As in the plasma
arc equipment, the powder is introduced in a gas stream
(usually air) into the combustion area. The oxy-fuel gas
powder equipment is of interest because it can be used for
the thermal spraying of certain organic materials such as
powdered thiokol or polyethylene.

Another type of thermal spraying equipment is the
electric arc gun. In this equipment the tips of two wires are
brought together so they arc continuously in the presence
of an air jet. The molten metal is conveyed to the prepared
surface by the air jet. This equipment is bulkier and
somewhat heavier than any of the equipment described
above and with six leads (two power cables, two wire
feeds, one air hose, and one electric control cable) is more
awkward to handle. On the other hand, the deposit rate is
considerably higher, by a factor of two to three. The
deposit is usually slightly less dense than in the case of
the oxy-fuel gas equipment.

The requirement that the power supply be relatively
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close to the gun tends to limit maneuverability, particutarly
when scaffolding is involved.

Il. OPERATIONAL PRACTICE

Most field work in thermal spraying is performed with
oxy-fuel gas, wire fed equipment. The discussion that
follows will describe the practical hook-up and operation
of such equipment. Much of the discussion also applies to
use of plasma, powder, or electrical arc equipment.

Oxygen and fuel gas (usually acetylene or propane,
particularly the latter if the hoses are long and safety con-
siderations keep acetylene bottles from certain areas) are
connected through two stage regulators to the gun. For
best operation, flowmeters should be used. Flowmeters
(usually tapered glass calibrated tubes) permit accurate
volumes and ratios of gases to be obtained independent of
inaccurate regulators or hose friction. Excess oxygen
results in coatings containing considerable oxides accom-
panied by low spraying speeds and poor atomization. The
compressed air should be as free of excessive oil and
moisture as is practical, and some kind of filter should
always be used. A pressure regulator just for the gun itself
is important in producing a good and consistent quality
coating.

Areas to be sprayed should be marked off, and the re-
quired amount of wire for each area should be weighed
carefully and placed on a wire reel stand. Once the gun
is ignited, the wire speed is adjusted to obtain proper
atomization and deposit, usually by adjusting a regulator.
In order to minimize fatigue on the operator, he normally
does an area about 18 inches square (.46 m sq.) completely
before proceeding to another area. The gun should be held
at 6 to 10 inches (15 cm. to 25 cm.) from the surface and as
nearly perpendicular to the surface as possible. Straight
uniform passes should be made, overlapping somewhat on
each pass. After the square is covered, the operation
should be repeated — this time with the passes at right
angles to the previous passes.

The thickness of the deposited coating can be
checked with a magnetic thickness gage. After a little
practice, an operator will learn about how fast he must
move to put down a given coating thickness per pass
(usually 2 to 3 mils or 0.05 to 0.08 mm). inspection of a fair-
ly large area (approximately 100 sq. ft. or 9.3 sq. m.) should
be made with a magnetic thickness gage soon after it is
finished. This will permit additional metal to be deposited
in areas before the surface has a chance to hecome damp
or otherwise contaminated.

Ill. CHARACTERISTICS OF SPRAYED METAL

Certain characteristics are common to all sprayed
metal deposits, and a knowledge of the manner in which
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sprayed coatings are formed helps in understanding these
characteristics. As the molten particles are torn away from
the wire tip, they assume a roughly spherical shape that is
maintained in transit. Upon striking the surface, the par-
ticles flatten into irregular-shaped discs and at the same
time flow into the pores and irregularities of the surface.
Part of the attachment is due to mechanical interlock, and
part of it is due to the chemical affinity of the sprayed
metal for the prepared surface. The measurements of bond
strength between the coating and the base are not fully
verifiable; but indications are that it varies from a few
pounds to about three thousand pounds per square inch,
depending on the type of surface preparation, the kind of
coating metal, and the method of measurement.

As the coating is built up, a thin oxide film is formed
on the particles as they accumulate on the surface. Total
oxide in the coating runs from 0.5% to 3.0%, depending on
the coating metal and the spray technique. Because of ox-
ide inclusion and the incomplete filling of pores, the
specific gravity of the coating is 85% to 95% of that of the
parent wire.

As the molten particles flatten and are quenched
against the surface, the contraction of freezing and normal
thermal contraction produce a tendency to “shrink”. This
tendency varies with different metais, and is important in
deciding the type of surface preparation needed, since the
“shrink’” imposes a stress on the bond to the base. Thick
coatings require a more thorough blast preparation (i.e.,
coarser abrasive, higher pressure) than thin coatings,
since the stresses developed are cumulative.

Zinc and aluminum are the only metals widely used in
preventing corrosion of steel structures. Some of the
physical properties of sprayed deposits of these metals
are given below. The practical thickness of a sprayed
aluminum coating is in the range of 0.002 inches to 0.010
inches (0.05 mm to 0.25 mm) applied over a minimum sur-
face profile of 0.002 inches (0.05 mm) at the lower coating
thickness range and over a minimum roughness etch of
0.0045 inches (0.11 mm) at the 0.010 inch (0.25 mm) coating
thickness range.

Sprayed zinc, with its greater ductility, can be prac-
tically applied over a much larger thickness range, .003
inches (0.08 mm) to 0.025 inches (0.64 mm) or more, over a
minimum surface profile of 0.001 inches (0.03 mm) at the
lower coating thickness range and over a surface profile
etch of 0.003 inches (0.08 mm) at the 0.010 inch (0.25 mm)
or more coating thickness range.

Bond strengths of three thousand pounds per square
inch are achievable, and with plasma or electric arc equip-
ment can be considerably higher. The most important
practical element in obtaining good bond strength is sur-
face preparation. The appearance of the metal sprayed
surface is similar to that of medium grit sandpaper.
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TABLE 1
PROPERTIES OF SPRAYED METAL DEPOSITS
Spec. Gravity
Tensile Strength* Shrink (% of Hardness
Sprayed Metal (PSI) kg/lem? (indin) Orig. Wire) (Rockwell)
Aluminum 19,500 (1371) 0.007 941 H72
Zinc 13,000 ( 914) 0.010 89.0 H 46

*These figures will vary with the method of measurement and are intended as a guide only.

IV. NATURE OF PROTECTION

There are three basic methods of protecting steel
against corrosion. The first and most common method is
the exclusion of the environment from the metal, by means
of painting, plating or dipping, metallizing, vitreous
enameling, cladding, or sheet lining. The second is based
on reducing the aggressiveness of the reagent which
reaches the surface. This may be done with inhibitive
pigments in paints or by inhibitors added to the reagent, as
in a re-circulating water system. The third is by cathodic
protection.

The protection provided by sprayed metal systems
employs to some extent all three of these principles. These
principles will be discussed in the order given above.

Exclusion of the environment may be accomplished in
some cases by using sprayed metal with no sealer. As
sprayed, the coatings are slightly porous and will transmit
moisture more readily than even a very poor paint system.
However, in some environments the pores are soon filled
with salts formed within the coating itself, and thus the
coating becomes relatively impermeable. Since it is not
always easy to determine the effects of the environment,
sprayed metal coatings are frequently given a sealing
treatment.

Inhibitive pigments used in paint systems for steel
structures may be added to the prime coat, and may ailso
be a part of the body or top coats. Generally, such
pigments as zinc chromate are slightly soluble and their
use is limited to the prime coat. When sealers or paints are
used with sprayed metal, a prime application containing
an inhibitor is generally useful and often essential. Such
coatings passivate the surface and have some compatibil-
ity with moisture, in addition to their inhibitive properties.
it should be noted here that primers are not needed to pro-
mote bonding of body or finish coats to the sprayed metal;
the texture of sprayed metal is such that peeling of paint
coats is not encountered uniess there is a rather violent
reaction under the paint film.

Cathodic protection provided by sprayed zinc or
aluminum coatings is not subject to many of the limita-
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tions inherent in the usual cathodic protection systems.
Sprayed coatings of these metals protect electrochemical-
ly in atmospheric exposures as well as underground or im-
mersed in water. When steel is exposed, as by mechanical
damage, the adjacent sprayed metal will confer elec-
trolytic protection over considerable areas in some en-
vironments.

Aluminum coatings are usually slightly cathodic to
steel when freshly sprayed, due to the oxide film surround-
ing the particles that make up the coating. As the coating
weathers, the potential reverses and the coating becomes
anodic. This reversal requires only a few minutes or hours
in salt water but may require several weeks in atmospheric
exposures. As a result, unsealed sprayed aluminum when
exposed in a humid atmosphere will often show a light red
oxide staining on the surface after a few days. An ex-
amination of the aluminum/steel interface will disclose no
visible rusting of the base, and the bond to the base is not
measurably impaired. But since stained surfaces are un-
sightly, a sealer is generally used on sprayed aluminum for
atmospheric exposures. Sometimes the fresh, aluminum
sprayed surface is treated with an anodizing solution to
make the surface almost immediately anodic.

Cathodic sprayed metal coatings such as bronze,
monel, stainiess steel, etc., are seldom used as protective
coatings on structural steel because their cathodic
nature stimulates attack of the base steel when steel is ex-
posed to alkaline solutions with a pH of 11 or more.

V. SURFACE PREPARATION FOR
METALLIZING

in order to bond properly, sprayed metal coatings re-
quire a thoroughly cleaned and roughened base. For most
corrosion preventive work, only abrasive blasting can pro-
duce suitable surface characteristics. Cleanliness is im-
portant regardless of the type and thickness of the coating
metal. Fingerprints or other traces of moisture or con-
tamination may result in practically no bond. Slight rust
discoloration, such as may appear on blasted surfaces
after a few hours, does not necessarily impair the bond
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