
The 69th AES Annual Technical

Conference Proceedings
San Francisco, CA June, 1982

Published by

American Electroplaters' Society, Inc.
1201 Louisiana Avenue, Winter Park, FL 32789

Z

All rights reserved Printed in the United States of Amenca This publication may not be reproduced,
stored in a retneval system. or transmitted in whole or in part. in any form, or by any means

electronic mechanical, photocopying. recording or otherwise without tk e pnor written permission ot
AER 1201 Louisiana Ave, Winter Park. FL 32789

Printed AES Press Copyright 1982







J-1

Powder Coating
Session J

Metal Pretreatments for Powder Coating
Mark A Kuehner

Amchem Products, Inc.

Ambler, PA







with wire brushes, sanding discs, or the like, Abrasive blasting can also
be used. Such impact pretreatment techniques involve the impingement of

the surface with any one of a number of abrasive media, ranging from alumina

or iron "shot", to glass beads, and even softer, natural abrasives such as

nut shells, all available in a wide range of mesh sizes. Impact surfacing

equipment has been dramatically improved over the past years, so that it can

be automated and made virtually dust-free, with excellent media separation

and recycling systems available. Impact or mechanical abrasion techniques

have achieved some success in conjunction with powder coatings. Costs,

however, can be higher than other methods, and a tendency for subsequent

re-corrosion after sanding or blasting can be a major problem with cold-
rolled steel.

In the majority of large commercial installations, oils and soils are

usually removed with an alkaline cleaner. These proprietary chemicals are

normally supplied as powders to be dissolved in water, but liquid versions
are available. They are formulated with alkaline builders and synthetic

detergents to optimize properties such as oil emulsification, saponification,

dirt dispersion and suspension, water softening, and rinsability. Well form-
ulated alkaline cleaners are available to remove not only organic residues

(oils), but also smuts, and to a certain degree, rust or scale.

Acid pickling can be used to remove large deposits of rust or scale.

Phosphoric acid formulations are often used for this purpose because of a

reduced tendency for subsequent re-rusting, but other mineral or organic
acids are sometimes substituted. Acids can be formulated with surfactants

and water-miscible solvents to provide cleaning and de-rusting in one step.

No matter what the method of soil removal, a thorough cleaning job

is essential to the subsequent performance of a powder coating. Residual

grease and oil are detrimental to adhesion. Dirt, smut, fines, rust and

scale readily lead to pinholes and blisters in the applied film because
the water and oxygen (or other gaseous contaminants) come out thru the
Coating during the cure cycle. The choice of cleaning methods is made by

considering production rates, part configuration, the types of soil to be

removed, and the performance requirements of the finished piece.

Simple Treatment Methods

If the powder coating to be applied is purely decorative, with little
need for long-term resistance to a harsh environment, simple cleaning of the

metal may be the only pre-paint handling required. For instance, vapor de-

greasing with chlorinated solvents gives good initial adhesion, but at some
later time adhesion losses may occur if the workpiece is exposed outdoors
or in a moist environment.

Alkali cleaning followed by a water rinse and dry-off is hardly used
because of the concern for flash-rusting during drying.

Deoxidizing with a phosphoric acid formulation followed by a water
rinse and dry-off can be an acceptable pretreatment for low-performance
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decorative powder coatings. The tendency of steel to 'rtist-blush during the

drying step is reduced because of the passivating nature of the treatment.

The phosphoric acid chemically modifies the steel surface, accomplishing a

simple chemical conversion coating.

Conversion Coating

A conversion coating is produced on the surface of a metal by the
chemical reaction of a solution with the metal substrate. Components from

the coating solution react with the metal surface to produce an insoluble,

inorganic crystalline or amorphous coating on the metal. Conversion coat-

ings increase the quality of a painted surface because:

I They convert the metal substrate to one which is much less reactive

to subsequent corrosion.

e They provide "tooth" to the surface and serve as an absorptive base
for improving the adhesion of an organic film to the substrate.

8 They remove inorganic soils such as metal fines, light oxide

films, and other surface contaminants.

i They serve as barrier film to stop possible chemical reaction

(such as saponification) between organic films and the metal sub-
strate.

, They impart an equal electrical potential to the metal surface,

neutralizing any local anodic or cathodic "hot spots," thereby
eliminating galvanic corrosion sites.

There are a variety of conversion coatings in common use ahead of
powder coating. They range from iron and zinc phosphates on steel, to

chromates or phosphates on galvanized or zinc substrates, to chromates or

chrome-phosphates on aluminum.

There is a great possibility for variation of properties within a
given generic coating type. For instance, an iron or zinc phosphate can be

light or heavy in coating weight; the zinc phosphate crystal structure
can be coarse or fine. Chromates on galvanized or aluminum can range from

thin and iridescent thru a definite gold almost to a chocolate brown. Chrome
phosphates on aluminum can likewise be thin and virtually colorless thru an
iridescent green to a definite green hue.

The choice of pretreatment to be used ahead of powder coating is
critical to the ultimate performance level of the finished product.

Phosphate Coatings on Steel

Iron phosphates are applied on steel (and sometimes zinc and aluminum)
surfaces from proprietary alkali-metal phosphate solutions. The actual

coating deposited from an "iron phosphate" bath is a mixed oxide-phosphate
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of the base metal. So, although technically there is little or no actual

pure iron phosphate present on a zinc or aluminum surface after treatment in

an "iron phosphate" bath, the generic name is still commonly used to describe

the process on all three metals.

Coatings deposited from an iron phosphate bath are amorphous in nature,

iridescent, slightly transparent, ranging in color from yellow-gold thru

blue or violet, and are generally thin. A coating weight of 20 to 50 mg/ft2
is common. Iron phosphate baths are relatively simple to control.

The adhesion of a powder coating to an iron phosphate is very good, and

the corrosion resistance is much improved over a hare surface.

Zinc phosphate coatings are deposited on steel and galvanized surfaces

(and less commonly, on aluminum) from solutions of zinc phosphate in combina-

tion with accelerators, refining agents, and various other proprietary ingre-

dients formulated to modify the coating for optimum results. The coatings

thus deposited are crystalline in nature, grey in color, and form an extreme-

ly adherent bond with the base metal.

The crystal size is dependent on such factors as growth rate, agita-

tion, the effects of nucleating agents and foreign atoms in the crystal
lattice. For example, crystal size can be reduced by pretreating the steel

surface in a bath containing certain heavy metal salts, such as titanium

phosphate, in colloidal suspension. In this pre-conditioning step, finely

divided colloidal particles are deposited on the surface, serving as

nucleation points for the subsequent deposition of a large number of very

small crystals. Coatings of smaller more densely packed crystals provide

optimum adhesion with an applied film. They likewise provide better cor-

rosion performance because their low-porosity matrix, virtually void-free,

prevents corrosive reactions from initiating.

Under most powders, the corrosion resistance of a zinc phosphate

coating is excellent. The best adhesion results with time are realized if

the coating weight and crystal size are kept low, say in the range of 100 to

300 mg/sq.ft.

Coatings for Galvanized and Aluminum

The application of powder coating to galvanized or aluminum is not as

extensive as it has been to steel, but as powder technology increases to

allow more wide-spread use of powder on these metals, the interaction of
conversion coating and powder film will become more important.

If galvanized steel is coated as part of a larger assembly, the major
surface area of which is cold-rolled steel (such as in an automobile body),
or in a multi-metal pretreatment line, the galvanized is coated with the

same type of conversion coating as is applied to the steel, usually zinc
phosphate.

Where galvanized steel is the only metal being coated, as in a coil-
coating application, a chromate coating is generally applied prior to the
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application of the organic film. A chromate coating applied to a galvanized

surface is colorless or nearly so, but contributes vastly to the adhesion

and corrosion protection of the finished workpiece.

If passivated galvanized is to be subsequently powder coated, a

chromate pretreatment is preferred over a zinc phosphate. Because of the

more aggressive chemistry of the chromate bath, the passivating film inter-

feres less with the conversion coating deposition. Phosphate coatings on

passivated zinc are irregular and possess large differences in crystalline
structure.

For hand treatment of zinc or galvanized surfaces, a phosphoric-acid

based system with added fluorides has been effective.

The two types of aluminum pretreatment in common use are both based on
solutions of hexavalent chrome (chromic acid). The chrome-phosphate baths

are more reactive with aluminum surfaces and are thus used on aluminum ex-

trusions which are generally more difficult to coat because of heavy oxides.
For conventional rolled aluminum parts or fabrications either "gold" or
"green" conversion coatings will give good performance as a pretreatment for
powder films. Light coatings free of powder provide the best substrate for

preventing corrosion and adhesion loss.

Pretreatment Equipment

Regardless of the type of metal to be treated, and for virtually any

conversion coating used, the sequence of operations needed to optimize pow-

der coating performance is essentially the same. A typical total system

sequence is:

Clean

Rinse

Conversion Coating

Rinse

Passivating rinse

As noted earlier, the initial cleaning step is critical to insure com-

plete soil removal and to allow complete contact of the subsequent coating

solution with the metal surface. Cleaning is followed by a rinse to remove

spent cleaner solution and loosened soil. Sometimes a second rinse is added

to insure proper soil removal. If the subsequent coating stage will be a

zinc phosphate, the second water rinse might contain the titanium phosphate

colloid so important for the deposition of fine, densely packed crystals.

After the conversion coating has been applied (and rinsed to remove

residual chemical), a passivating final rinse is typically applied. This

rinse, normally a dilute solution of chromic acid, acts as a passivation

treatment which enhances the corrosion performance of the system. Sometimes

a rinse of distilled or deionized water following the passivating rinse is

desirable to remove the excess soluble materials present on the surface and

thereby reduce the incidence of film blistering in service.
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Various new products are now available containing none of the undesir-
able, highly toxic compounds (such as those containing hexavalent chromium).
Chrome-free final rinses have gained acceptance in many pollution-conscious
areas. Non - chrome coatings for aluminum and galvanized are in common use,
as are "no-rinse" products which are dried on the workpiece and thus gene-
rate no rinse effluents.

Major efforts have gone into the development of lower-temperature pro-
cesses, especially in the cleaning and treatment stages, Significant sav-

ings in energy can be realized. For instance, an alkaline cleaner formulat-

ed to provide good cleaning at, say, 110'F, will consume less than half the
energy of a system operated at the "normal" temperature of 160'. In addi-
tion, scaling of material onto the processing equipment is significantly re-
duced at lower temperatures.

Advances have been made in the area of automatic solution control. No

matter what metal or pretreatment system, good chemical control and replen-
ishment of each pretreatment stage is fundamental to continued successful
operation. It is possible to automate many of the solution control proce-
dures electrometrically, by conductivity, or pH, or redox potential. Such

automation provides savings in labor and chemical costs and water consumption,
as well as providing more consistent, reproducible bath conditions.

Test Procedures and Results

Performance testing is important to determine the proper relationship
between substrate, pretreatment, and organic film, as it relates to the de-
sired properties of the end product. Thus, it is the responsibility of the

user to establish a test program to define and insure the proper performance
of the entire system. This "total systems" approach is essential to attain-
ing an acceptable level of product quality, both at the outset and under con-
tinuous production.

Tests may vary depending upon the end use of the product, but generally
performance testing can be accomplished by one or more commonly used test
procedures.

SALT SPRAY TESTING is commonly used to study corrosion performance of
finishes. ASTM B-117 describes apparatus and procedures for conducting the
five percent salt fog test. Some people feel that salt spray testing of

powder films does not correlate with outdoor exposure results as well as it
might with other types of organic finishes. This can certainly be the case

with the epoxy powders, which exhibit degradation on outdoor exposure to sun-
light not predicted by salt spray testing.

HUMIDITY TESTING is used to study resistance of coatings to degrada-
tion by moisture. ASTM D 2247 describes apparatus and procedures for con-
ducting the test, which exposes specimens to an environment of 100% relative
humidity. Specimens are then evaluated for blistering, rusting, adhesion,
specular gloss, and the like.

DETERGENT TESTING, performed in accordance with ASTM D 2248, measures
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the ability of a film to withstand immersion in a hot solution of a synthe-
tic detergent. It is normally used to test appliance finishes.

GRAVELOMETER TESTING, described by SAE Specification J 400, determines
the chip resistance of a film when impinged with small stones under control-
led conditions. Sometimes test pieces are subsequently tested in salt spray
after gravelometer testing.

ADHESION TESTING is performed in many ways. Standard methods can in-

clude scratch, cross-hatch, impact (direct or reverse), mandrel bend, wedge
impact, abrasion, tape, T bends, or ductility, alone or in combination with
other exposures. These tests determine the degree of adhesion of the cured
powder film to the substrate.

Whatever series of tests the manufacturer can determine as being the
most pertinent to the use performance of his product, the expected results
should be clearly defined and specified to all involved parties, especially
including the suppliers of the powder, the pretreatment chemicals, the ap-
plication equipment, and the raw metal stock. The material suppliers, in

turn, will expect the manufacturer to exercise his own responsibility of

using the materials in precisely the manner specified, maintaining the equip-
ment in its proper order, and providing a sufficient number of adequately

trained operators to carry out the process in the prescribed manner. It is

not until all involved parties understand and accept their individual re-
sponsibilities that a true "total systems" approach can work effectively.
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Abstract

This paper presents the latest developments in powder
coating materials, application equipment/systems, and compara-
tive economics vs. alternate organic coating compliance tech-
nologies available for surface finishing of industrial products.
Emphasis is placed on outlining the performance characteristics
of the thermosetting epoxy, polyester, and hybrid powder coat-
ings most widely in use today, along with highlighting the
types of industrial products for which these powder coatings
perform particularly well and economically in the surface
finishing process. Examples of the recent trend in new powder

coating application installations are also given.

Introduction

After a decade of development and hard won acceptance,
powder coating is now considered a mature finishing technology.
Powder coating is a dry painting process in which no solvents,
thinners, or liquid carriers are used. Because oversprayed

powders are simply collected and reused, high material useage
efficiencies of 95% or more are common for this unique new
process. This fact, coupled with savings in energy consumption,

labor costs, lack of solvent mixing as well as virtual elimin-
ation of volatile organic emissions and solid or liquid wastes,
has made powder coating an economical and desirable high
quality finishing process for a growing number of a wide
variety of industrial products. Sales of electrostatic powder

coatings surged ahead in 1981 or up almost 15% over the pre-
vious year exceeding 50 million pounds, according to industry
market analysts. Powder coating is being given considerable
attention including a number of new installations in California
as a surface finishing process which is in compliance with
the Bay Area's Regulation 8, Rule 19 and the South Coast Air
Quality Management District's (Los Anglees) Rule 1107; these
recent amended rules have a compliance deadline of January 1,

1983 for industrial finishers applying baked (194+ degrees F)
coatings with minimum 59% and 62% volume solids respectively
at 65% transfer efficiency to manufactured metal parts and
products. Based on the current interest in new electrostatic

spray powder coating installations including equipment and
system purchase commitments made late in 1981 and early 1982,
powder coating is indeed increasing its role in finishing.
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Powder Coating Materials

Powder coatings are available to the industrial finisher
in two major types, namely the thermoplastics and the thermo-
sets. A thermoplastic powder coating is one which melts and
flows on the application of heat, but remains with the same
chemical composition when it solidifies on cooling. Thermo-

plastic powder coatings are based on thermoplastic resins of
high molecular weight as the properties of these coatings are
dependent on the basic properties of the resin. These tough

and resistant resins tend to be difficult; and also expensive

to grind to the very fine particles necessary for the fusion
of thin paint-like film thicknesses. Consequently, thermo-
plastic resin systems are used more as thicker film functional

coatings of many mils thickness; and applied mainly by the
fluidized bed application technique.

Typical examples o f thermoplastic powder coatings would be:

Polyethylene

Polypropylene

Nylon 11 & 12

Polyvinyl Chloride

Polyester

Fluoropolymers

Since only 1% of the total electrostatic spray applied powder
coating useage for metal products in the United States is
represented by primarily polvinyl chloride, nylon 11 and
fluoropolymer powders,our comments on these thermoplastics

have been brief. The other major type of powder coating is,
of course, the Thermosets which are capable of producing thin
film paint-like surface coatings, and represent 99% of the
electrostatic powder coating market. Thermosetting powder
coatings are quite different from Thermoplastic powder coat-
ings in that they are based on lower molecular weight solid
resins, which on melting and flowing, chemically crosslink
within themselves or with other reactive components to form a
higher molecular weight reaction product. The coating film
formed by this reaction is heat stable and will not soften
back to a liquid on further exposure to heat as would a Thermo-
plastic. Powders based on these resin systems can be ground
to fine particle sizes, i.e. in the range of 25-40u average,
and also due to the rheological characteristics of these resin
systems can produce thin paint-like 1-3 mil coatings.
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The generic types of resins used in Thermosetting Powder
Coatings are:

Epoxy

Polyester

Acrylic

It is this area of Thermosetting powder coatings that a large
technological edpansion has occurred in the last few years.

Epoxy Resin Based Systems

Epoxy powders still are the most prominent type of thermo-
setting powder coating in the USA today due to their very
wide range of formulation latitute. Epoxy powders are used
for both thick film functional end uses and for thin film
decorative uses. The two major thick film functional end
uses for epoxies are in electrical insulation and corrosion
protection. In the insulation end use, epoxy powders conform
exactly to the contours of the electrical part, bonding to the
surface of the part to become a permanent integral insulation
that is void-free and of low bulk. Typical applications would
be automobile alternators, electrical motors and in switch
gear. In the area of corrosion protection, epoxy powders
provide low cost, low maintenance and long lasting protection
against most chemically aggressive environments making them
suitable of exterior and interior coating of oil and gas
transmission and distribution pipe. In the area of thin film

surface coatings, i.e. 1-3 mil range, epoxy powders are
formulated to produce highly attractive coatings of whatever
gloss or surface texture is desired, while still retaining
the inherent toughness, corrosion resistance, flexibility and
adhesion characteristic of the epoxy resin family. Recent

advances in epoxy crosslinking chemistry has given the form-
ulator a wide range of film properties within the epoxy area,
especially in the area of bake time and temperature. Epoxies

are now available that can be baked at temperatures as low as
250 degrees F for a period of 20-30 minutes or for a very
short time at much higher temperatures. A good example of a
need for a fast curing thin film would be in the epoxy powder
coating of insect screen wire.

Unfortunately, with this excellent combination of
mechanical and resistance properties, epoxies do have one
major disadvantage in the area of exterior weatherability.
An epoxy will exhibit rapid chalking within a few months of
exterior exposure, just as would a liquid epoxy coating.
Although a weathered epoxy coating may look unslightly, it
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