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FINISHING TOUCHES FOR

LIGHTWEIGHT MATERIALS

Plasma pretreatment and UV-curable powder coatings afford new oppaorfunities for the coatings industry. by Michael F.
Knoblauch and Kevin Otfto, Keuland Polymer Material Sciences, LLC.

Energy consumption is mostly determined by vehicle weight.
With the rise of electric vehicles, lightweighting is becoming
increasingly important throughout the automotive industry.
This calls for new pretreatment methods and finishes for the

lightweight materials employed.
E nergy consumption is the handmaiden of weight. All else be-
ing equal, vehicle weight determines the amount of energy ex-
pended in driving from point A to point B. The lighter the vehicle is,
the less energy it consumes: higher speed and greater range are
secondary benefits of lightweighting planes, trains and automobiles.
Trucks, buses, bicycles and even scooters benefit from lightweight-
ing. Demand for electric vehicles, more-efficient engines and less
pollution is structurally changing the transport industry.

Weight savings gained from substituting lightweight materials for
heavier ones can be considerable. But, when alternative materials
are being evaluated, it is important to consider cost, structural per-
formance, wear and other factors. Carbon fibre is 5.5 times lighter
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than steel and 10 to 20 times more expensive. Polypropylene is 8
times lighter than steel and 40 % less expensive.

CURBING WEIGHT LEADS TO GREATER EFFICIENCY

A study by the Centre for Automotive Research (CAR) evaluated
the benefits of lightweighting a car roof. Various lightweight mate-
rial compositions were developed that led to weight reductions of
between 22 % and 40 % from the baseline standard [1]. Automo-
tive manufacturers are substituting lightweight materials in order
to meet corporate average fuel economy (CAFE) mileage standards
for internal combustion engine vehicles. A 10 % reduction in kerb
weight increases fuel efficiency by 6 to 8% [2]. By 2040 it is esti-
mated plastics and composites components in cars and trucks will
increase from 6% to 15 %, excluding powertrain, chassis and inte-
riors [3].

By 2050, electric vehicles (EVs) will account for some 50 % of all cars
[4]. Increasing their driving range will require engineers to maximise
weight management and introduce significant changes in materials



RESULTS AT A GLANCE

— The increasing use of lightweight materials has significant
implications for the paints and coatings industry.

— Pretreatment for the purpose of anti-corrosion protection is
unnecessary for lightweight materials.

— Plasma pretreatment boosts the surface energy of light-
weight materials while UV-curable powder coatings save time
and energy.

— Adhesion tests were conducted on four non-metal materi-
als, before and after plasma treatment, and with the same UV-
curable powder coating in each case. All materials exhibited
significantly improved adhesion.

— UV-curable powder coatings are durable and have perfor-
mance attributes comparable to those of thermoset powder
coatings and many liquid coatings.

— They also meet airplane manufacturers’ rigorous flame and
toxicity requirements.
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and designs. Many of these changes will incorporate lightweight ma-
terials, namely carbon fibre, plastics and composites.

NEW FINISHING MATERIALS AND PROCESSES NEEDED

The increasing use of lightweight materials has significant implications for
the paints and coatings industry. As manufacturers have incorporated
lightweight materials into their production systems and products, they
have made substantial process and manufacturing changes. Lightweight
materials are fundamentally different from the materials they replace.
Besides lower weight, they have different surface characteristics, and
physical and thermal properties. They have unique handling, processing
and finishing requirements and, unlike metals, many of them are heat
sensitive. As excessive curing times and temperatures can deform a ma-
terial, compromising its integrity, new coating materials and processes
are needed for the finishing of lightweight materials: powder coatings
instead of liquid coatings, water-borne liquid coatings instead of solvent-
borne liquid coatings, and UV curing instead of thermal curing. Inher-
ent in these material and process changes is the need for new types
of coatings, application processes and curing technologies. This article
describes the benefits and market opportunities that arise from the use
of UV-curable powder coatings in the finishing of lightweight materials.

MARKET SCALE OF LIGHTWEIGHT MATERIALS

The global market for carbon composites in 2018 was about
85,000 metric tons, with annual growth running at 15 to 20 % [5].
This is equivalent to 35 million m? of material 1.6 mm thick. By one
estimate, the volume of coating needed for finishing one face of this
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© Figure 1: Global demand for carbon fibre [9]. Figure 3: Liquid coaling of steel or other metals [11].
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quantity of material is 2,000 metric tons of powder coating applied
in a thickness of 50 microns, or 5 million litres of liquid coating with
a dry film thickness (DFT) of 50 microns.

In the future, the automotive industry will be the largest user of
carbon fibre [6]. The other markets for carbon fibre will continue to
grow, but will not match the automotive market. In total and within
specific markets, the use of lightweight composites is a great op-
portunity for the coatings industry to create new value propositions
and introduce new energy-efficient and environmentally sound
coatings and coating processes.

The finishing of lightweight materials poses unique challenges and
calls for new coatings, pretreatments, application and curing sys-
tems. The introduction and increased use of lightweight materials

Figure 6: Change in surface energy following plasma treatment
UV curing [14].
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are happening concurrently with regulatory requirements aimed
at replacing solvent-borne liquid coatings. Water-borne liquid and
powder coatings are the fastest-growing segments in the coating
industry, with CAGRs of 5.2 % and 4.3 % for the period 2013 - 2021
[71.

FINISHING PROCESSES

Figure 3 illustrates the steps typically used to coat steel and other
metals. These coatings have both functional and decorative purpos-
es. The former are anti-corrosion protection of the metal substrate
along with mar and scratch protection, while the latter are colour,
gloss, and texture. Surface pretreatment prepares the raw steel or
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metal for the application of the coating. Pretreatments include elec-
tro-coating and various types of phosphates or other pretreatment
materials specific to the substrate and or product use. Pretreatment
is a critical step. Many apparent coating failures are the result of
poor or inadequate pretreatment that gives rise to corrosion of the
substrate at the coating's inner face. The consequence of this is a
damaged product of reduced service life and functionality.

Pretreatment for anti-corrosion protection is unnecessary when
non-metal lightweight materials are being coated. Figure 4 illustrates
the process steps involved in the pretreatment and finishing of a
lightweight material with a UV-curable powder coating. Plasma pre-
treatment replaces liquid electro-coat and phosphate pretreatment,
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Figure 8: Adhesion of UV-curable powder coating [16].
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and comes in two forms, namely atmospheric and vacuum. The at-
mospheric form is done in an open environment and is a line-of-
sight process in which only the surface area exposed to the plasma
is treated. Vacuum plasma pretreatment, by contrast, is a chamber
process, and all surfaces are treated simultaneously and equally. It
formed the basis for the results described in this article. Lightweight
materials are typically non-conductive and so a conductive primer is
used to prepare the surface for an electrostatically applied UV-cur-
able powder. Conductive primers are water-borne and solvent-free.

PLASMA PRETREATMENT

Plasma is often referred to as the fourth state of matter, the others
being solid, liquid and gas. Thermal energy, its addition or removal,
is the intervening input that changes the nature of matter. A plasma
is a gas that has the capacity to conduct electricity. It is the electrical
energy, acting in combination with the plasma gas, which changes and
modifies the surface of the treated substrate and influences a coat-
ing's adhesion to the substrate.

The interaction between plasma and surface is both physical and
chemical in nature. Typically, low-energy surfaces (most plastics and
composites) are hydrophobic and have a low degree of wettability.
Wettability refers to the interaction between a fluid and solid phase
and is a measure of the tendency of a material to spread out and flow
on a solid surface. Plasma treatment converts a low-energy surface
to a high-energy surface and makes it more hydrophilic and wettable.
The adhesion of a coating has a direct correlation with wettability: the
more wettable a surface, the better is the adhesion. The objective of
plasma treatment is to physically clean and etch the surface of a mate-
rial and provide chemically active bonding sites for coatings to anchor
to. The result is a hydrophilic, wettable surface that is amenable to
coating flow and adhesion [8].

PLASMA BOOSTS SURFACE ENERGY

The parts having been placed inside the treatment chamber, the air
is evacuated to produce a vacuum, the selected gas is injected into
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the unit, and RF energy is supplied across the electrodes to gen-
erate the plasma equally on all surfaces of the product. A dyne
test serves to measure the surface energy of the treated material.
Figure 5 illustrates the change in surface energy and the surface
modification arising from plasma treatment. The higher the dyne
value, the greater is the surface energy of the substrate. Figure 6
shows the change in surface energy, measured in dynes, following
the application of plasma to four substrates: polypropylene (PP),
thermoplastic polyolefin (TPO) and two carbon fibre materials. Sur-
face energy increased in all cases, preparing the surface for the
application of UV-curable powder coating.

The main types of systems for curing coatings utilise ambient air
drying, heat and UV light. UV curing is very different from air drying
and heat curing. The extent of cure is reflected in the number of
crosslinked oligomer chains or fully reacted double bonds remain-
ing in the coating matrix following exposure to the curing system.
UV light has been used to cure inks and coatings for more than
30 years, with high-powered UV lamps providing the UV energy.
UV arc and UV medium pressure lamps dominate the market. In
the past five years, lamp manufacturers have introduced UV LED
lamps. These lamps have high energy output, consume less than
half the energy of UV arc or UV medium pressure lamps, and have
a longer service life and substantially lower overall operating costs.
UV-curable liquids and powder coatings are photopolymerisable
materials containing a chemical photoinitiator that instantly re-
sponds to UV light energy by initiating the reaction that leads to
crosslinking or cure. Curing of a UV-curable powder coating re-
quires a separate melt stage before the cure stage. Melting typi-
cally takes one to two minutes. UV curing is nearly instantaneous.
When UV-curable coatings are being considered, it is necessary to
strike a balance between the operating parameters of the coat-
ing system, the process speed and the coating material on one
hand with the spectral range of the UV bulb and the energy output
of the lamp system on the other. If the UV lamp’s spectral output
does not match the absorption wavelengths of the photoinitiator
or if the lamp system is under-powered, the coating might not cure
completely.

UV-CURABLE POWDERS SAVE TIME

UV-curable powder coatings have been used successfully for many
years. The dominant use is on medium density fibreboard (MDF)
for furniture parts. MDF is a heat-sensitive material, and excessive
or prolonged heating will damage or degrade it. UV-curable pow-
der coatings are replacing solvent- and water-borne liquid coat-
ings and thermoset powder coatings, and are a finishing material
of interest for many new materials and products. UV-curable pow-
der coatings’ fast (1-2 min) and low (110-130 °C) melt and flow
cycle, followed by nearly instantaneous UV cure, make them ideal
for properly prepared heat-sensitive lightweight substrates. Figure
7 illustrates the time-saving benefits which UV-curable powder
coating offer over other coating processes.

STICKING POWER

Figure 8 shows the adhesion results for the four tested sub-
strates, before and after plasma treatment, each with the same
UV-curable powder coating. The materials are polypropylene (PP),
thermoplastic polyolefin (TPO) and two carbon fibre materials.
All materials exhibited significantly improved adhesion, this fact
demonstrating the benefit of plasma pretreatment. It is important
to test and qualify substrate materials to ensure that adhesion
and performance requirements are met. UV-curable powder coat-
ings are durable and have performance attributes comparable to
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those of thermoset powder coatings and many liquid coatings. They
also meet airplane manufacturers' rigorous flame and toxicity require-
ments.

The use of lightweight carbon fibre, plastics and composite materi-
als in automobiles, electric vehicles, airplanes and many other prod-
ucts will grow substantially year on year into the foreseeable future.
These materials can be challenging to finish, and successful finishing
requires new pretreatments, finishing processes and paint materials.
The use of lightweight materials improves energy efficiency and re-
duces overall environmental impact.

Plasma pretreatment and UV-curable powder coating, when used in
the finishing of lightweight materials, offer complementary energy and
environmental benefits. The use of plasma pretreatment eliminates
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long process times, lowers energy consumption and eliminates
waste management issues associated with electro-coating and
phosphate liquid pretreatments. Plasma pretreatment is an ef-
ficient and repeatable process used for preparing and cleaning
many types of lightweight materials before finishing. The data pre-
sented in this article demonstrate that heat-sensitive lightweight
materials will meet adhesion requirements and maintain product
integrity when plasma-pretreated and finished with UV-curable
powder coatings. The application and curing of UV-curable pow-
der coatings are exceptionally fast and highly energy efficient. UV-
curable powder coatings are 100 % solid materials, free of solvent
and water, durable, flame resistant and non-toxic. UV-curable
powder coatings used in combination with plasma pretreatment
constitute an effective and efficient process that is helping to en-
able the transport industry's transition to lightweight materials. @
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“UV-cured powder
coalings are
particularly suitable
for heal sensitive
materials.”

3 questions to Michael Knoblauch

You mentioned the advantages of UV LED lamps. How far has the conversion to these
lamps progressed? Printers are the early users of UV LED and now the UV technology of choice.
The technology is being adopted in flexo printing and offset printing markets, particularly in new
installations. An European supplier to Ikea has added UV LED curing to a wet paint finishing system.
UV LED manufacturers continue to increase the power output on UV LED systems. Now “more diffi-
cult”to UV cure materials can be UV LED cured. The total cost of ownership makes UV LED's economi-
cally viable compared to microwave and arc UV systems.

For which application are the UV-curable powder coatings particularly suitable? UV-cured
powder coatings can be used on most paintable materials, and are particularly suitable for “heat
sensitive” materials. These are materials that cannot withstand elevated temperatures, or the long
melt & cure cycles of thermoset powder, or some liquid paint systems. To effectively cure, a UV cured
powder only needs to be melted/flowed then immediately UV cured. Melt/flow temperature 110 °C-
130 °C for one to two minutes, depending on the geometry and mass of the part. Wood, plastics,
composites, carbon fiber and assembled parts are all suitable for UV-cured powder coating.

What needs to be considered in order to integrate the UV-curable powder coatings into
existing systems? UV-cured powder is applied with the same application equipment as thermal
powder. Modification of an existing system requires the removal of the existing melt/cure oven and
cooling tunnel if present. A new and much shorter melt/gel oven is installed. The size and type of
oven is determined by the type of products being coated and the desired line speed. Assuming three
meters/minute line speed and a one minute melt, three meters of oven
length. Next to the melt/gel oven is the UV light chamber. The type and
array of the UV lights is determined by the products being finished.

SPECIAL TIPP

Learn more about plasma pretreatment and
UV-curable powder coatings at European Coatings Live,
our monthly webcast,
on 17 December, 15.00 CET.

You can register free of charge at
www.european-coatings.com/live.
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