
Fig. 1—World Architectural Powder Market 1994:
26,000 Tons

Powder coating is a rapidly growing
segment of the surface finishing indus-
try. Its advantages include relative ease
of application, quick clean-up and less
environmental regulatory pressure. The
following article is an edited version of
the text of just one of the many out-
standing technical presentations made
at Powder Coating ’94, October 11–13,
in Cincinnati, reprinted here with per-
mission. Copyright ©  1994, The Powder
Coating Institute. All rights reserved.

The use of powder coatings for the
protection and decoration of archi-
tectural aluminum is continuing to
grow in popularity worldwide. The
recent introduction of new technolo-
gies is accelerating this growth in
North American, Far Eastern and Aus-
tralasian markets.

This article will review current world
market position. Particular reference
will be made to new powder develop-
ments, including high-durability sys-
tems, and the latest results from field
experience will be presented, includ-
ing information on corrosion preven-
tion. Technical and economic ben-
efits to end users will also be com-
pared with competing technologies.

Architectural powder coatings
h a v e

now been used around the world
 for more than 20 years. By pro-

viding excellent functional and cosmetic
protection, powders have become in-
creasingly popular. Architects appreci-
ate the choice it gives them in design,
and powder users like the relatively
simple application process.

Until recently, the technology of ther-
mosetting polyester powders had, in
fact, changed relatively little. The last
few years, however, have witnessed
exciting advances in all the principle
elements of the architectural powder
coating system.
There have been developments in pre-

treatment (e.g., non-chromium), new
powder chemistries (e.g., TGIC-free and
super weatherability), new design and
fabrication techniques (e.g., thermal
breaks and structural glazing) and novel
powder application methods for alumi-
num extrusions (e.g., vertical lines).

The Architectural
Powder Coating System
To ensure the successful protection of
architectural metal, it is important to
consider the entire system. The alumi-
num, pretreatment, or finish cannot be
considered in isolation. And, even
though powder manufacturers can only
directly control the paint formulation,
they must work closely with other sup-
pliers and also direct their research pro-
grams to take all factors into account.

The correct combination of these ele-
ments can then provide the appropriate
corrosion resistance, exterior weather-
ability and the most economic method
of finishing architectural aluminum ex-
trusions and panels.

Environmental Issues
In the architectural sector, specific chal-
lenges are continuing to drive progress
toward increased environmental accept-
ability of architectural systems. Alumi-

num, because of its recyclability, is pref-
erable to PVC, and correctly designed,
thermally insulated glazing systems save
energy.

In this article, the study of environ-
mental impact is split into two catego-
ries: The impact of the paint finish, itself,
and influences from other stages of the
finishing processes.

Atmospheric Pollution
Powder coatings have, in all markets,
benefitted from their inherent advan-
tage of being solvent-free. By virtually
eliminating volatile organic compounds
(VOCs), the atmospheric emissions are
reduced, as are the health and safety
risks associated with working with flam-
mable solvents.

This key characteristic continues to
assist the growth in the use of powder in
such countries as the U.S. Restrictions
on VOCs are increasing and, in certain
states, local regulatory authorities now
refuse to grant licenses for the opera-
tion of new plants applying solvent-con-
taining paints. This is particularly rel-
evant with the advent of the super-du-
rable powders, which can now provide a
technical option to replace relatively low-
solids-fluorocarbon wet paints.

Non-chromium Pretreatment
In the case of architectural finishing,
other aspects of the process are now
coming under scrutiny. All leading
architectural standards (Fig. 3) still
require a multi-stage cleaning and
conversion process. The use of
chemical pretreatments containing
either amorphous chromium phos-
phate or amorphous chromate is
mandatory.

Chromium pretreatment has a long
and proven track record around the
world. After thorough cleaning of the
aluminum, the conversion of its sur-
face with chromate ions provides both
enhanced paint adhesion and resis-
tance to under-film corrosion, if subse-
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Fig. 2—The Thermoset Powder Coating Process.
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will allow an option for
suitable non-chromium
products.

Determining long-term
life expectancy of the new
systems has been the key
problem so far. Direct
comparisons with chro-
mium systems using, for
example, acetic acid salt

spray or pressure cooker tests, have
identified potential candidates.
It has been found with some of the new
systems, however, that, although labo-
ratory-prepared samples give good re-
sults, it has proven difficult to replicate
the performance on actual plants.

Standard authorities are also evalu-
ating potential candidate systems with a
view to modifying their specification. It is
also likely, because of the variety of
chemistries being suggested, that spe-
cific proprietary systems will be tested
and approved (as with finishes), in-
stead of generic recommendations.
Also, tests are to be included in evalu-
ations of all pretreatment systems for
the reported phenomenon of filiform
corrosion,8 currently of concern to the
European coating industry.

Advances in Technology
TGIC-free Systems
The most popular powder coatings used
for architectural finishes are of the ther-
mosetting type. They are formulated
with exterior-grade polymers that react
with chemical co-reactants during bak-
ing, to form a hard, tough, durable finish.

The main chemical components used
to form the film are based on carboxyl-
functional polyester resins, cured with
triglycidyl isocyanurate (TGIC). This use
of a very-low-molecular-weight epoxy-
functional co-reactant allows a relatively
high proportion of the ultra-violet (UV)-
resistant polyester to be included in the
powder formulation.

TGIC, a tri-functional epoxy, reacts
with the carboxyl group on the polyes-
ter, to form an ester linkage. A typical
ratio of components is 93:7 polyester
and TGIC, respectively. After addition
of pigments and other additives, TGIC
is, therefore, typically contained in the
powder at less than five percent by
weight.

As part of ongoing work to confirm the
suitability of all raw materials, informa-
tion became available from raw material
suppliers on the toxicology of TGIC and
powders that contain TGIC. These find-
ings indicated that TGIC, when tested
on laboratory animals, can be toxic or
can cause mutations in the male’s re-
productive system. If suitable handling
precautions are observed and good
practice applied during powder applica-
tion, powders containing TGIC can be
used safely. To sustain and enhance
powder coating’s rightly deserved repu-
tation as environmentally sound, how-
ever, powder manufacturers have de-
veloped systems that do not rely on the
use of TGIC.

Various approaches for the removal
of TGIC were considered. Polyurethanes
appeared to be an obvious solution, but,
because of the presence of isocyanate
co-reactant, neither external “blocking,”
using caprolactam, nor internally blocked
isocyanates can entirely remove the
hazard of free isocyanates.9

Acrylics could be used, also, but, these
films are generally brittle, so they offer
no solution where any degree of flexibil-
ity or mechanical performance is re-
quired.

As a result of these findings, new
systems have been introduced using
new co-reactant chemistry, where TGIC
has been replaced by a ß-
hydroxyalkylamide. When this is used
in conjunction with specially adapted
polymers, no potentially dangerous vola-
tile compounds are released.

Of course, when originally developed,
the system’s overall performance had
to be confirmed (Fig. 6). Since then, the
systems have been independently ap-
proved to the requirements of the key
architectural finishing standards.

Interestingly, although the original
driving force behind the development of

quent damage occurs. Traditional pro-
cesses use hexavalent chromium, ei-
ther as chromium chromate (yellow) or
chromium phosphate (green).

Of all materials used in metal pre-
treatment, those containing hexavalent
chromium probably require the most-
stringent treatment, as the amount of
hexavalent chromium allowed in dis-
charges by most authorities varies from
0 to less than one ppm.7

The treatment of chromate-contain-
ing wastewater can very successfully
process chromate ions and minimize
effluent. It is a two-stage process, in-
volving the reduction of hexavalent chro-
mium to the trivalent state, which is then
precipitated by adding alkali.

As with all environmental issues, how-
ever, the ultimate target should be to
remove the initial hazard. Pretreatment
suppliers have, therefore, been working
on alternative chemistries (e.g., based
on titanium or zirconium) that do not rely
on the use of chromium. To date, a
number of potential systems have been
developed. Though current standards
still do not allow their use, the soon-to-
be-published European Standard (CEN)

Fig. 3—World Architectural Standards.

Fig. 4—Results for standard chromium systems, compared with various non-chromium products.

Australia : Australian Standard AS3715-19891

Europe : British Standard BS6496 : 19842

: GSB RAL RG631 : 19943

: Qualicoat : 1994 4

South Africa : SABS-19935

U.S. : AAMA 603.8-926

: AAMA 605.2-926

Acetic Acid
Salt Spray Humidity Pressure Cooker
ISO 9227 DIN 50017KK BS6496 : 1984

Chromium 10/10 10/10 10/10
Standard System (8,000 hr) (8,000 hr) (25 hr)

Non-chromium
System 1

Laboratory Sample 10/9 10/10 9/9
(8,000 hr) (8,000 hr) (25 hr)

Plant Sample 5/10 10/10 9/9
(3,000 hr) (8,000 hr) (1925 hr)

System 2 0/0 4/6 —
(5,000 hr) (5,000 hr)

System 3 4/7 10/10 10/10
(3,000 hr) (3,000 hr) (2 hr)

Rating based on ASTM D1654
First Figure: Result from scribe Second Figure: Result on rest of panel
0 = Failure 10 = Excellent
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exterior weatherability and, specifically,
gloss retention, color retention and
chalking resistance. In more-severe
environments, such as the Middle East,
Far East, North America and Austral-
asia, such alternative technologies as
fluorocarbon-wet paints (PVDF) and
anodizing are widely used. But powder
is rapidly establishing a strong posi-
tion, particularly with the advent of
new, super-durable powders.

Using the benchmark standard of the
American Architectural Manufacturers’
Association Standard AAMA605.2-92,
the new powder systems are formulated
to meet—after five years’ exposure in
Florida—the key requirements of:

Gloss Retention : G r e a t e r
than 50 %
Chalking : Rating 8 or higher
Color Change : Maximum ∆E of 5

Because the Florida test is, by defini-
tion, a long-term test, it has been neces-
sary to use and understand all available

accelerated weathering techniques. The
use of the Fresnel Solar Reflecting Con-
centrator*, in particular, has proven ex-
tremely useful. The background to this
technique has been published previ-
ously.10 Perhaps more important, the
predictions made are now being con-
firmed by the actual, real-time Florida
data (Fig. 8).

Comparison with
Alternative Technologies
The original AAMA 605 Standard was
written around the performance of fluo-
rocarbon or polyvinylidine difluoride
(PVDF) wet paints. Together with inor-
ganic anodizing, these finishes domi-
nated the commercial finishing of alu-
minum, in the past.

In Europe, powder has replaced al-
most all wet painting, and at least 50
percent of anodizing. In other markets,
such as the U.S. and the Far East, the
use of standard architectural powders
is growing rapidly, but it is now ex-
pected to accelerate even more, with
the introduction of the new, super-du-
rable powders.

In addition to the recognized ben-
efits of powder—in terms of film tough-
ness, ease of application and cost (Fig.
10)—the new powders can now offer
greatly enhanced exterior performance
as shown in Fig. 9.

Improved application characteristics
and significant advances in exterior
durability continue to make powder
finishes more attractive.

When considered in conjunction with
the overall architectural system ad-
vances in powder performance, com-
bined with advances in pretreatment,
fabrication methods and environmen-
tal acceptability, an exciting and pros-
perous future is indicated for architec-
tural powders, worldwide. ❏

Gardner Conical T-Bend
Impact Mandrel Erichsen Flexibility

Polyester/TGIC 7.5J <3 mm 8 mm 1T
TGIC-free Chemistry 7.5J <3 mm 8 mm 1T

Polyurethane—
“Caprolactam Blocked” 7.5J <3 mm 8 mm 1T

Polyurethane—
“Internally Blocked” 5J <3 mm 7 mm 2T

Fig. 5—Mechanical Performance Table.

TGIC-free systems was health and
safety, coaters have found that the new
chemistry can give greatly enhanced
application characteristics. Excellent
first-time transfer efficiency and pen-
etration (because of reduced Faraday
cage effects) have been noted, as well
as good tribo-electric charging quali-
ties.

In Australia, for example, where TGIC-
free products have almost completely
replaced previous architectural prod-
ucts, coaters have found an increase in
powder use of up to 20 percent. Devel-
opment continues in this area, and other
new cross-linkers are under evaluation.

Exterior Weatherability
The main purpose of an architectural
finish is to create the image inspired by
the architect’s imagination ... and to
maintain that image for as long as
possible, without the coating’s degrad-
ing.

Standard high-performance architec-
tural powders, based on polyester poly-
mers cured with triglycidylisocyanurate
or the alternatives previously discussed,
have outstanding toughness and weath-
erability attributes. Products are as-
sessed against the European Standards,
where performance is measured after
12 months’ Florida exposure, and more
than 26,000 tons are used worldwide,
today.

As with any technology, there is al-
ways a drive to improve performance,
and, in the case of architectural pow-
ders, this has focused on enhancing
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Fig. 6—Comparison of TGIC and TGIC-free chemistries. *EMMAQUA , DSET Laboratories, Inc., Phoenix, AZ.
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Fig. 9—Architectural finishes: Guide to comparative performance.
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Fig. 7—Gloss retention curves for various coating systems from EMMAQUA accelerated method.
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Fig. 8—Gloss retention curves for various coating systems from actual Florida exposure.
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Architectural Powders
Anodizing Standard Super-durable PVDF (Spray)

Film Thickness 12–25 60–80 60–80 25–40

Number of Coats N/A 1 1 2,3, or 4

Color Range 1 5 3 3

Choice of Gloss 1 5 4 2

Toughness 5 5 5 3

Weatherability 4 3 5 5

Health & Safety 4 5 5 2

Environmental Impact 2 4 4 1

Cost 5 5 4 1

5 = Excellent 4 = Very Good 3 = Good 2 = Fair 1 = Poor
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