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Whether metal decorating is a current specialty of
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your business or a capability you'd like to add, you
need to understand the obstacles you'll face when
screen printing on metal substrates. Discover how

common coatings on metals can affect print results

and why you need to select inks carefully before pro-

ducing jobs on these materials.
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Among the characteristics that have

made screen printing a popular decorat-
ing method, one of the most important
is the durability of screen-printed inks.
Both solvent and UV-curable screen inks
have a reputation for delivering prints
with vibrant colors that resist handling,
abrasion, fading, and a host of other
environmental factors. Combine these
attributes with highly durable substrates,
and the results are printed products that
perform their functions for years.

Some of the ultimate examples of
high-performance screen-printed prod-
ucts are those that feature prints on metal
substrates, such as steel and aluminum
(examples of graphics printed on metal

Understanding metal substrates
In most cases, when we talk about
printing on metal, the substrate is not
raw metal. Rather, most metal screen-
printing applications involve printing
onto a coated or treated metal material.
The coatings on metals tend to fall into
two categories: thermoplastic or
thermoset.

A thermoplastic coating does not
chemically react when the substrate un-
dergoes drying after the coating process.
The drying of thermoplastic coatings
is accomplished by evaporation or by
applying heat to fuse the material to the
metal. The key thing to remember about
metals with thermoplastic coatings is that

inks to provide functionality in the form
of graphics or markings. But producing
such prints can be more than a little chal-
lenging for screen shops that are inexperi-
enced at working with metal substrates.
When it comes to printing on
metallic materials, doing your home-
work is a must. Knowing the nature of
coatings typically found on metal sub-
strates, the manufacturing tolerances
of these materials, and the best ink/sub-
strate combinations can mean the differ-
ence between success and failure. This
article will review the main attributes of
metal substrates that must be explored
before a shop can work with these ma-
terials effectively. Additionally, the dis-

are pictured throughout this article).
Metal signs, nameplates, appliance fas-
cias and trim, containers, and many other
products often rely on screen-printed
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cussion will consider the ink formulations
that are best suited for different types of
metals and the performance parameters
of images printed on metal.

the coatings typically are not resistant to
high heat or aggressive solvents. In other
words, the coating on the metal can re-
melt with exposure to heat or strong



solvents from the screen-printing
process.

A thermoset coating cures by a
chemical reaction called polymeriza-
tion and/or crosslinking. The coating is
cured by baking the coated metals at high
temperatures for long periods of time.
Thermoset coatings tend to be resistant
to heat and remelting, and they gener-
ally provide excellent solvent and scuff
resistance.

The resin systems used as base ma-
terials for metal coatings can be vinyls
(either plastisol or solution systems),
polyesters, or acrylics. Vinyl coatings
are thermoplastic, and while they are
much softer and easier for ink to ad-
here to than thermoset coatings, ther-
moplastic coatings have little chemical
or abrasion resistance, which makes
them unsuitable for most screen-printing
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applications. Thus, screen printers are
more likely to deal with metal substrates
featuring thermoset coatings.

Polyester and acrylic are the most
common resins used for thermoset coat-
ings. Unlike softer thermoplastic coat-
ings, which can be solvated by screen-
printing ink, thermoset coatings have
a harder crosslinked finish that can
make ink adhesion difficult.

‘When ordering coated-metal sub-
strates from your supplier, make sure you
ask what type of coating is on the metal
(acrylic, polyester, etc.) and whether any
slip agents or other surfactants have been
added to the coating that may create ink-
adherence issues. If surfactants are pres-
ent, the supplier should be able to recom-
mend cleaning agents that can be used to
safely remove these contaminants prior
to printing.
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Inks for metal printing

Both solvent-based and UV inks are avail-
able for decorating coated metals, but
solvent-based formulations are the most
commonly used. While advances have
been made that allow UV inks to perform
well on a growing range of metal materi-
als, the chemical properties and curing
characteristics of UV inks still limit their
functionality compared to solvent-based
varieties.

Solvent-based inks for metal print-
ing fall into one of two categories based
on whether they air dry (dry by evapora-
tion) or heat cure (chemically harden or
crosslink). Air-dried inks are normally
vinyl-, acrylic-, or lacquer-based formula-
tions. None of these inks experiences a
chemical reaction during the drying pro-
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FIGURE 1

FREE-RADICAL UV-CURING INK

A free-radical UV ink reacts rapidly during
the curing process, cools fast, and shrinks
on a hard surface, such as a thermoset-
coated metal. The arrows in the ink film
indicate shrinkage. Note that with no heat
involved in the curing process, the metal
and coating do not expand or shrink,
while the UV ink does. The shrinkage of
the ink film could lead to adhesion failure.

cess, and consequently, they are suscep-
tible to scratching and scuffing, and they
have poor or no resistance to solvents,
gasoline, and/or aggressive cleaning solu-
tions. The softer ink films they produce
also can lead to blocking problems if
they are not thoroughly dried. Because
metal is a heavy substrate, blocking in
the stack can create major problems. On
the upside, most air-dried inks provide
good flexibility and fair to good outdoor
durability.

Solvent-based inks that are set by
heat curing rather than evaporative dry-
ing normally comprise some form of
epoxy, enamel, polyester, or modified
acrylic chemistry (epoxies tend to be
the least suitable heat-curing inks for
applications requiring extended out-
door durability). All these types of inks
need to be cured at high temperatures,
often for long periods of time. After cur-
ing, the printed ink film generally is very
hard, and, as a result, more resistant
than air-drying inks to solvents, gaso-
line, and cleaning solutions, as well as
to scratching and scuffing. These harder
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inks also tend to be less flexible than
air-dried inks, but they may be suitable
for heat embossing or forming. When
properly cured and cooled before they
are stacked, prints produced with heat-
cured solvent inks normally do not block.

UV-curable inks for metal decorat-
ing also come in two varieties: cationic
or free-radical (acrylate). Cationic UV-
curable inks have a chemistry that usual-
ly is based on epoxide resins. These ink
systems are often slower curing than
traditional free-radical systems, which
are based on acrylated polymers such as
polyesters or urethanes. Properly pro-
cessed, both systems can provide good
outdoor durability. Cationic and free-radi-
cal UV inks are chemically reactive and,
when cured, produce hard ink films with
properties of chemical resistance, scuff-
resistance, and flexibility similar to heat-
cured solvent-based inks.

Matching inks and

performance requirements
Regardless of what ink type you decide
to use for metal-decorating applications,
the ink will have to satisfy the specific
performance requirements of the job.
For example, the ink film may need to
provide a certain degree of hardness

in order to resist scuffing, scratching,
blocking, and solvents, yet be flexible
enough to support bending, die cutting,
and embossing. It’s unlikely that one

ink and one type of metal substrate will
fit all your production needs; instead,
you'll likely work with several varieties of
coated metals and will need to match ink

Metal

systems with each based not only on the
specific coating, but also on the end use
for which the product is intended.

For example, if the product is for
interior use, epoxies would be suitable,
as would other resin-based heat-curing
inks. If the product doesn’t need solvent
resistance, an air-dried solvent-based ink
may suffice. If the application requires
a print that is both solvent resistant and
durable outdoors, air-dried and epoxy-
based solvent inks are not suitable, but
other conventional heat- or UV-curable
inks could be. Your top priority is to
ensure that the ink film will adhere to
the substrate after proper drying or
curing, and depending on the material,
some inks may not.

To understand why ink selection
is so critical for metal decorating, you
must go back to the coating on the me-
tal. If this coating is thermoplastic, many
inks will adhere to it. But if the coating
is thermoset (and, again, in most screen-
printing applications, it is), printing with
any type of screen ink becomes more dif-
ficult and the production process must
be monitored more carefully and on a
regular basis.

The difficulty in working with met-
als that have thermoset coatings stems
from the characteristic hardness of these
coatings. The degree of hardness that a
thermoset coating delivers is influenced
by the type of resin system on which the
coating is based, the way the coating
is applied to the metal, and the way in
which the coating is cured, which usually
involves baking the metal after the coat-



ing process. The higher the temperature
and the longer the duration of the curing
process, the harder the surface becomes.
And the harder the surface, the more dif-
ficult it becomes for any ink to adhere as
required. A high level of surface hardness
is the root of the problem that screen
printers encounter in trying to get UV
inks to adhere to coated metals.

The shrinkage characteristics of
UV inks, particularly free-radical variet-
ies, are the main reason these inks have
a difficult time adhering to hard, thermo-
set coatings. Depending on the formula-
tion, a free-radical UV ink film may shrink
substantially (up to 50% in some cases)
as the ink rapidly crosslinks during the
curing process. The ink film will cure
and shrink in only seconds, while the
metal substrate and its coating remain
basically unchanged (Figure 1). Since
the UV ink shrinks very rapidly, stress
is placed on the adhesion point between
ink and substrate. If the stress is great
enough, the ink film can simply pop
off the coated metal.

In contrast, after a coated metal is
printed with a conventional heat-cured
solvent ink, the product must be baked
at high temperatures for long periods
of time in order to soften the surface of
the metal coating to some degree and
allow the ink to wet the surface better
to achieve good adhesion. As the metal
and coating cool, so does the ink film.
Any shrinking that takes place occurs in
slow stages allowing for good adhesion
to be maintained.

Cationic UV ink exhibits less shrink-
age than the free-radical variety, but
cationic formulations are often slower
curing. Since less shrinkage is involved,
these ink systems usually adhere better
to thermoset-coated metals. However,
catjonic inks require higher amounts of
energy to properly cure, and they con-
tinue to cure or post-cure after the initial
UV-light exposure, which makes them
more susceptible to blocking. When
using these inks, you must take care to
cure them completely to prevent adhe-
sion problems.

Another issue to keep in mind is
that most commercially available coated
metals are processed by a variety of coil-
coating companies whose primary mar-
kets have nothing to do with the printing
industry and more likely involve the com-
mercial building industry or some other
manufacturing market. Consequently,
the metals they provide are often poorly
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suited for screen printing. The coatings
can vary considerably in base chemistry
and crosslink density, often limiting a
UV ink’s ability to wet the surface. While
one batch of metal may process well, the
next could be too hard, exhibiting poor
adhesion.

To increase your chances of success
in getting any ink to adhere to commer-
cially available metals, the surface hard-
ness should be confirmed and adhesion
testing conducted (using the crosshatch
and tape test) on each batch of substrate
before the pieces are used in production.
Additionally, dyne testing may be helpful
in detecting any high levels of surfactants
in the coating that could cause additional
adhesion problems.

REGARDLESS OF WHAT
INK TYPE YOU DECIDE
TO USE FOR METAL-
DECORATING APPLICA-
TIONS, THE INK WILL HAVE
TO SATISFY THE SPECIFIC
PERFORMANCE REQUIRE-
MENTS OF THE JOB.
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The best results in printing on
coated metal occur when you have some
control over the coating process and can
ensure that the coatings are cured to an
appropriate hardness level. Work with
your metal supplier and ink supplier to
get coatings that are more receptive to
your inks and continuously test incoming
substrates to ensure they meet your stan-
dards. Several free-radical and cationic
UV inks are being used today for a wide
range of coated metal substrates. In each
case, however, the metal supplier has
worked with the printer and ink manu-
facturer to develop a softer coating that
meets printing requirements. Most of
these applications involve point-of-pur-
chase applications, decorative signage,
short-term displays, and indoor graphics.

In general, heat-cured solvent inks
(except epoxy-based formulations)
printed on coated metal provide three-

to five-year durability. Adding a protec-
tive clear coating can further enhance
exterior performance. Prints produced
with UV inks exhibit two- to three-year
durability, but also can be used with
clearcoats to extend exterior perfor-
mance.

Are you ready for metal printing?
‘While plastics have become the domi-
nant substrate for most graphics and
signage applications today, the appeal

of screen-printed metal substrates re-
mains strong. The good news for screen
printers who want to add metal decorat-
ing as a capability is that they no longer
are limited to using only solvent-based
inks.

Thanks to improvements in raw
materials, the range of UV-curable inks
for metal printing has expanded sub-
stantially, bringing benefits such as high
resolution, durability, and fast process-
ing to the metal-decorating process.
Re-gardless of whether you use UV
formu-lations or solvent-based inks, if you
work closely with your ink and sub-strate
suppliers, learn to understand the materi-
als they provide, and optimize your print-
ing process to use these materials, you’ll
achieve top-notch results on metal. B

Have a comment about this article? Call our
free automated reader response line at 800-
925-1110, ext. 390.
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