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ABSTRACT 
 
World class paint lines require a robust and QS 9000 compliant process from beginning to end. 
Clean and highly activated surfaces with reliable and repeatable characteristics are the key to 
durable and high performance coatings. Cost effectiveness, environmental friendliness and work-
place safety are added requirements.  
 
Openair® atmospheric pressure plasma technology is an enabling technology that allows the 
overall manufacturing process to become fully automated with total process control and QS 9000 
compliance. It is the first truly industrial atmospheric pressure plasma surface preparation 
process that uses the high effectiveness of plasma for nano-scale cleaning and surface activation 
to take the place of solvent cleaning and chemical adhesion promoters. It is also used in bonding, 
coating and printing applications.  
 
Traditional approaches to surface preparation for paint adhesion will be discussed, along with 
advantages and disadvantages. In conjunction with environmentally friendly UV light curable, 
water based coatings, Openair® atmospheric pressure plasma provides a completely 
environmentally friendly, high performance, yet cost-effective, and compact paint process that 
offers benefits in workplace safety as well.  
 
The latest research results on the fundamental functioning of Openair® plasma technology are 
shown. Latest results on coating various low surface energy materials like polypropylene, 
polyethylene, thermoplastic olefins, thermoplastic elastomers, and silicone rubbers are 
demonstrated together with an example for the paint line of the future.  
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1. THE CURRENT PAINTING PROCESS 
 
The average consumer has little appreciation for the complexity of the process to paint plastic 
parts, and probably very little awareness of the impact the process can have on the environment. 
 
The typical process for painting plastic parts involves much more than simple application of 
paint to the surface, and can easily involve as many as 12 steps. For purposes of this paper, we 
will divide the painting process into two main phases: surface preparation and paint application. 
 
Surface preparation is almost as important to a quality, durable paint job as the application of the 
paint itself, usually making the difference between good adhesion of the paint to the surface and 
having that paint delaminate. 
 
While the surface preparation process varies from shop to shop, the following diagram illustrates 
some of the typical technologies that are used. 
 

 
Figure 1.  A Typical Process for Painting Plastics 

 
1.1. THE IMPORTANCE of SURFACE PREPARATION 
 
The role of surface preparation is threefold: 
 

1. To remove contaminants from the surface to eliminate causes of adhesion failure 
2. To increase surface energy to enable paint to make good contact with surface 
3. To increase surface area to provide more area for paint to adhere to surface 

 
Typically, the surface preparation process focuses on cleaning to remove surface contaminates 
and/or increase surface area, commonly accepted factors that have been proven to improve paint 
adhesion. 
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The types of contaminants that are usually encountered include mold release compounds that are 
incorporated into the resin compound to enable parts to easily eject from tooling and external 
mold release compounds that are applied directly to the surface of the mold for the same reason. 
 
Others can include components added to the compound to impart specific engineering or 
functional properties. For example, silicone rubber contains unreacted silicone oils that give it 
unique properties. More conventionally, plasticizers, slip modifiers, fillers and so on can also be 
present on the surface and interfere with adhesion. 
 
Dust is another seemingly innocuous contaminant that is a major cause of painting imperfections. 
While dust can be simply blown or brushed away, it almost invariably re-deposits on the surface 
because the plastic can possess a static charge that attracts dust particles. 
 
Another potential source of surface contaminants are soils from the fabrication process. These 
can include things like fingerprints from handling by shop employees, airborne contaminants that 
can deposit on the surface from the ambient shop air or particles created by other manufacturing 
processes (e.g., from sanding or grinding). 
 
All of these contaminants could be classified into three primary groups: organic contaminants 
(e.g., mold release agents), inorganic (metal particles from grinding) and silicones (often 
airborne, especially if silicones are used in other manufacturing operations within the premises.) 
Each type of contaminant responds to a corresponding collection or series of cleaning 
technologies. 
 
Following are examples of the types of contaminants that can be found: 
 

• Internal Mold Release 
– Metallic fatty acid salts 
– Oils 

• External Mold Release 
– Metallic fatty acid salts 
– Waxes 
– Polyvinyl alcohols 

• Substrate components 
– Plasticizers 
– Flame retardants 
– Antistatic agents 
– Slip modifiers 

• Shop & Fabricating soil 
– Dust 
– Fibers 
– Smoke tars 
– Handling 
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Compounding these challenges, some advanced polymers tend to be chemically inert – with few 
or no functional groups that can promote chemical bonding of the paint film to the surface.  
 
Typical examples of such polymers are the polyolefin family (e.g., polypropylene) or 
thermoplastic olefins (TPO) that are often used in automotive components. With materials such 
as these, cleaning the surface and increasing surface area often are not sufficient to guarantee 
reliable paint adhesion. 
 
As we have illustrated in Figure 1., the cleaning process begins with a pre-cleaning cycle, during 
which parts are exposed to a spray of tap water for 15-30 seconds to remove major deposits of 
primarily inorganic soil and dust. The water used at this step sometimes can incorporate a stream 
recycled from a downstream rinsing operation, which will have some small amounts of cleaning 
agent that can help remove a small amount of the organic contaminants. 
 
The wash cycle typically uses low pH cleaners based on phosphoric acid to remove the bulk of 
organic and inorganic contaminants. The wash water is usually between 120 and 170°F and 
sprayed onto the parts for 45 to 120 seconds. 
 
The next step is a series of rinses to remove the cleaning agents, exposing the parts to water 
spray for about 30 seconds. A rinse aid might be added to the water to help prevent formation of 
water spots that can be left behind after the water evaporates. This could be a surfactant that 
enables water to sheet out over the surface by reducing the surface tension of the water. 
 
Another type of rinse aid is a polymeric material based on a material such as propoxypropanol  
that coats the surface with a very thin coat of polymer with a higher surface energy than the 
original surface. 
 
Deionized water is used as a final rinse, to remove any residual solids loosened by the cleaning 
agents on the surface, in a process lasting from 20 to 60 seconds. 
 
The water is removed, often by passing the part through a high-velocity DI air blower to remove 
the bulk of the water. DI air is used to neutralize any static charge on the part that can attract dust 
and other airborne particulates.  
 
A dry-off oven is used to evaporate any remaining water from the surface of the part. 
 
1.2. ENVIRONMENTAL IMPACT 
 
We see a divergence in where emissions from the painting process end up between the surface 
preparation or cleaning stage, where the emissions are largely into the water system and the 
painting stage, which emits VOC’s into the atmosphere, which we have tried to illustrate in 
Figure 2 below. 
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Figure 2 Destinations for emissions in the painting process. 

 
By far, the majority of emissions in the surface preparation stage originate in the washing step. In 
the wash water are dissolved organic compounds and suspended inorganic compounds, as well as 
quantities of acidic cleaning compound. 
 
One process that is largely overlooked is the process of making the waste wash water acceptable 
to re-introduce into the municipal water system. This involves addition of sodium hydroxide to 
increase the pH to 5.5 to 7.0 as well as flocculants to help separate out dissolved or suspended 
inorganic compounds. 
 
Additionally, the rinse systems are often shut down on a monthly basis for 10-12 hours to 
disinfect the spray nozzles with liquid sodium hypochlorite to prevent bacterial buildup. Again, 
whatever is rinsed out of this section must be neutralized to 5.5-7 pH before being allowed into 
the municipal water system. 
 
1.3. EMISSIONS from the PAINT PROCESS 
 
In the surface preparation phase, the emissions are primarily from the washing process, with 
materials such as phosphoric acid, D-Gluconic acid, and Potassium citrate, any of which can 
represent up to 10% of the cleaning compound. In addition, these cleaners also use surfactants of 
various kinds, also in the order of 10% by weight. 
 
There will be minute quantities of organic contaminants from the surface – waxes, silicones, 
stearates and so on – but these usually represent only about 4-8 molecules on the surface, and so 
the emissions of these will be insignificant. 
 
The major source of emissions by weight from the painting process is in the actual painting 
phase, where emissions are largely organic solvents such as MEK, IBA (isobutyl acetate), 
Xylene, and Acetone. 
 

Surface 
Preparation Painting

Ground Water 

VOC’s 

Ground Water

Solids, Organics 



  Page 6 of 16 

 
1.3.1. Strategies For Reduction Of Emissions 
 
The options available for reduction of emissions are not surprisingly different for the surface 
preparation phase vs. the painting phase. 
 
In the surface preparation phase, because the emissions are water-borne, the approaches tend to 
include various filtration technologies to separate solids or liquids from the water. 
 
In the painting phase, there are several alternatives. 
 
Incineration of VOC’s is sometimes used. By oxidizing VOC’s down to CO2 and water vapor, 
the emission stream is rendered essentially harmless, and high efficiency incinerators exist that 
approach 100% oxidation. 
 
Conversion of the painting process to powder coating, or 100% solids painting virtually 
eliminates the solvents used to carry pigments and binders in conventional paints, and thus 
reduces VOC emissions without the need for incineration.  
 
Conversion to powder coating is not always an option because the process demands that the 
substrate be conductive in order to attract and hold paint particles on the surface; otherwise, 
transfer efficiencies decrease dramatically. 
 
Conversion of the painting process to water-based paints essentially substitutes water for 
hydrocarbons as the solvents in the paint formula. 
 
Aqueous processing has far-reaching implications. More drying time and higher temperatures in 
the ovens are required to drive off water than for more volatile hydrocarbons. Jets may have to 
be redesigned. It is harder to maintain uniform dispersion of the paint solids than in hydrocarbon 
solvents. The surface energy must be higher to allow the water, with a higher surface tension, to 
wet out the surface to form a consistent paint film. 
 
Another possibility is to condense the VOC’s and collect them to be used as liquid fuel for 
heating or some other similar application.  
 
The final alternative we would like to discuss is the use of atmospheric pressure plasma to 
replace some of the materials and/or processes used in the conventional painting process to 
reduce overall emissions. 
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2. PLASMA SURFACE PREPARATION 
 
Plasma is the term for 
the fourth state of 
matter, and generally 
describes a combination 
of highly energized 
molecules, free 
electrons and ions. 
Plasmas are 
characterized by their 
temperature and ion 
density. 
 
 
2.1 Process 
Description 
 
The OPENAIR AP 
(atmospheric pressure) 
plasma process, developed by Plasmatreat GmbH of Germany in 1995, is a method of forming a 
cool plasma at atmospheric pressure. The AP plasma is formed by exposing a process gas to a 
high frequency, high voltage electric discharge to excite the electrons and induce them to leave 
their orbits, creating simultaneously free electrons and ions, and thus a plasma. 
 
In the AP process, the working gas is usually clean, dry compressed air at 30-50psig, although 
other gases and gas blends can be used to impart specific functionality.  
 
Those familiar with plasma technology are accustomed to thinking of very low pressures and 
with using argon or helium as process gases. 
 
Unlike most low pressure vacuum plasma systems, that use microwave or radio frequencies, the 
discharge in the AP process is in the audio frequency range, yet is able to ionize the oxygen in 
the air. 
 
As the process gas takes on energy and becomes a plasma, it expands as its temperature rises, 
forcing it out the nozzle orifice at high velocity. 
  
The electrons in the plasma possess a great deal of kinetic energy as well as thermal energy. 
When they encounter organic material on the surface, the electrons tend to sever covalent bonds, 
breaking these contaminants up into smaller, more volatile molecules. Some of these simply 
vaporize; the balance are oxidized to carbon dioxide and water vapor. 
 

Figure 3 Schematic of atmospheric plasma system from Plasmatreat GmbH 
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The other active component in the plasma is atomic oxygen, and the flux has been measured in 
experiments at NASA’s Glenn Research Center to be approximately 2.5 x 1018 atoms/sq. 
cm/second. It is highly reactive and works on contaminants by oxidizing them as described 
above. It also reacts with molecules on the surface to form hydroxyl and carbonyl-type bonds 
that make the surface more polar and thus increase surface energy. 
 
Further evidence 
of the volume of 
atomic oxygen 
present in the 
plasma is shown 
in Figure 4.  
 
An XPS analysis 
(Figure 4) of 
treatment of PET 
indicates the 
amount of oxygen 
present on the 
surface exceeds 
30% after 
exposure to an air 
AP plasma. The 
increase in surface energy from about 30 dynes to nearly 70 dynes indicates the surface has 
become more polar – the result of functional oxygen groups, typically hydroxyl and carbonyl, on 
the surface. 
 
AP plasma removes organic and silicone contaminants from metal surfaces in the medical, 
architectural and aerospace industries. Using IR spectroscopy, the peaks in the green line in 
Figure 5 represent the presence of a number of organic species from machining oils on the 
surface of an untreated sheet of aluminum. After treatment, the uniformly flat red line indicates 
these species are no longer present on the surface because there is nothing on the surface to 
absorb the light energy directed at the surface. 

0
10
20
30
40
50
60
70
80
90

Untreated #1 #2 #3 #4

Carbon
Oxygen
Nitrogen
Surface energy

Figure 4 XPS analysis showing surface energies, and chemical element concentration for 
oxygen, carbon and nitrogen on PET as a function of different plasma treatment parameters. 
The distance between nozzle and substrate was 20, 10, 5 and 3 mm, for processes # 1–4, 
respectively. The substrate speed was 100 m/min except for parameter set #1, where it was 
300 m/min. The sample was activated with 10 cycles for parameter set # 1 and #2, and with 1 
cycle for set # 3 and #4. 
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Figure 5 IR spectroscopy of aluminum surface before (green) and after (in red) OPENAIR atmospheric pressure plasma surface 
preparation (% transmission plotted over wave number (cm –1)). The flat red line indicates absence of organic and silicone 
matter on the surface. 

A byproduct of the surface cleaning process is that plasma treatment can increase surface area in 
the order of 20-30% depending on substrate. Figure 6 consists of two AFM images of a PET 
surface before (left) and after (right) plasma treatment.  

The image on the left represents the surface of 1mm PET before treatment. A thin layer of 
contaminants (usually only 4 to 8 molecules thick) blankets the surface. After treatment with 
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Figure 6 Atomic Force Microscopy Study of 1 mm PET. The image on the left represents the untreated surface. 
The image on the right is after atmospheric pressure plasma treatment, and represents the natural topography of 
the PET surface. 
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OPENAIR atmospheric pressure plasma, the surface area is representative of the natural 
topography of the PET molecule, which is roughly 30% higher than before treatment. 
 
Another characteristic of Plasmatreat’s OPENAIR plasma is that electrons, positive and negative 
ions are in balance such that the electrical potential is close to zero. This enables the plasma to 
neutralize static charge on plastics. 
 

For example, electrostatic charges on 
polypropylene and glass filled nylon parts 
were reduced from a mean of 255 kV/inch to 
7 kV/inch, persisting at this level for as long 
as 10 days. 
 
The plasma species are only able to exist in 
the open atmosphere for a fraction of a 
second, so the working distance from the 
surface tends to be in the order of 10mm +/- 
5mm.  
 
The key process parameters for AP plasma 
are speed and proximity relative to the 
surface. In the context of a chemical 
reaction, speed determines the amount of 
residence time available to plasma species to 
react on the surface. Slower speeds allow 

more time for reaction to take place. The proximity determines the intensity of the plasma 
species: the flux of plasma species will decrease as distance from the nozzle increases.  
 
2.2 APPLICATIONS 

 
OPENAIR plasma was originally developed 
as an industrial technology to alter the surface 
chemistry of materials to improve adhesion of 
glues, paints, coatings and inks. The 
functional groups formed on the surface serve 
as receptors for adhesives or the resins in inks 
to enable formation of strong chemical bonds. 
 
Due to the strong flux of atomic oxygen, the 
OPENAIR AP plasma jets are capable of 
operating at high speeds in line with other 
processes. The original stationary plasma jet 
has a rated working speed of 1,000 M/min. By 
rotating the jet and ejecting the plasma at an 
angle, it is possible to treat areas as wide as 
50cm with a single plasma jet in a single pass. 

Figure 8 Treatment of a trunk lid with a 6-jet array of 
AP plasma jets. 

Photo courtesy of Plasmatreat GmbH 

Figure 7 Plasma surface treatment of a TPO bumper 
fascia. The jet is robotically deployed and must treat the 
entire surface in 60 seconds. 

Photo courtesy Plasmatreat GmbH 
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In one experiment of treating automotive door handles prior to clear coating, the scrap rate was 
reduced from a range of 11% to 30% to below 1% by eliminating dust and static-caused painting 
defects. 
 
In one application, AP plasma was used to treat polycarbonate headlight lenses to remove dust 
and static before application of a clear coat. Scrap related to fish eyes, craters and orange peel 
were cut by 75% compared to previous levels. 
 
In painting small components such as cellphone cover plates, and AP plasma system replaced 
vacuum de-dusting, liquid wipe with IPA, and de-ionized air guns while achieving lower scrap 
and more consistent adhesion. 
 
A number of processes have been developed to measure the effect of or presence of plasma 
during treatment. 
 
The plasma jets designed by Plasmatreat incorporate a fiber optic feedback mechanism that 
verifies the presence of plasma during operation through spectral analysis. When administered 
robotically, such measurement renders the process QS 9000 compliant, which is relevant to the 
automotive industry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 THE ROLE of ATMOSPHERIC PRESSURE PLASMA in the 
PAINTING PROCESS 
 
Plasma treatment in the surface preparation process performs several functions: 
 
• Removing organic contaminants from the surface 

Figure 9 Atmospheric plasma surface treatment of cell phone covers on a chain-on-edge paint line. The photo 
on the left shows the plasma jets in the treatment process, while the photo on the right shows the surface of the 
cover has been increased to 72 dynes/cm2. 

Photo courtesy of Plasmatreat GmbH 
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• Increasing surface energy 
• Neutralizing electrostatic charge on the surface 
• Increasing surface area. 
 
By removing organic compounds, plasma treatment has the ability to replace some of the 
washing processes currently used in the surface preparation phase of the painting process. 
 
Because it is a dry process, there would be no need for final rinsing of the parts. 
 
The oxygen functionality imparted by plasma treatment increases the surface energy of the part, 
making it more receptive to paint or other liquids. As Figure 10 illustrates, a surface with low 
surface energy allows a drop of liquid (e.g., a paint droplet) make only point contact. With a 
higher surface energy, the same liquid makes intimate contact with the surface. 
 
In addition, the functional oxygen groups 
on the surface that give the surface its high 
energy state also serve as sites to promote 
chemical bonding between paint and 
substrate.  
 
The combination of intimate contact and 
adhesion promotion usually result in very 
strong levels of paint adhesion. The 
plasma is effectively serving the same 
function as a chemical adhesion promoter. 
 
Neutralization of static charge on the 
surface enables plasma to replace DI air static removal. The treatment longevity is usually longer 
than for the DI air process. 
 
Sanding is occasionally used as a cleaning/surface preparation step. Abrasion removes the top 
layers of molecules carrying the bulk of the surface contaminants and also increases the surface 
area, so the paint resins have more surface to bind to. 
 
Plasma treatment will not result in the magnitude of surface area increase induced by sanding, 
but, at 20-30% increase, it does yield more area for the paint to bind to. If sanding is used 
exclusively for cleaning and not for removal of molding or other surface defects, plasma 
treatment can likely provide comparable results, along with the other benefits described above. 
 
2.4 ENVIRONMENTAL EFFECTS of ATMOSPHERIC PRESSURE 
PLASMA in the PAINTING PROCESS 
 
The ability to remove organic contaminants from the surface of painted plastic parts can 
significantly reduce the amount and number of cleaning processes used to prepare the surface for 
painting. 
 

Figure 10 Illustration of a low surface energy surface (left) and 
how poorly liquid make contact with such surfaces. The figure on 
the right is a higher surface energy and, as a result, the liquid 
makes intimate contact with the surface, which we terms as 
“wetting out”. 
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In particular, elimination of the power wash stage means phosphoric acid and surfactants no 
longer enter the water system. There is no need to disinfect the power wash and rinse stages, so 
hypochlorites no longer enter the water system. 
 
There are ancillary benefits as well. Electrical power (e.g., from fossil fuel sources) is 
significantly reduced because wash water does not have to be heated and circulated by pumps. 
Additionally, the floor space required for surface preparation phase can be dramatically reduced 
because power wash and rinse equipment occupy significant areas. 
 
Substantial reductions in VOC emissions are possible in the painting phase. 
 
Paints for plastics tend to 
contain 50-70% solvents 
(unless, of course, they are 
powder coatings). There fore 
any reduction in paint 
consumption carries with it a 
huge reduction in VOC 
emissions. 
 
In a typical gallon of 
automotive paint, at 30-40% 
solids, there are upwards of 
2.1kg of solvent, in the form of aliphatic or aromatic compounds – most of which will be emitted 
in the plant exhaust. For each $1MM of paint purchase, a paint shop is estimated to emit 
approximately 80 to 100 tonnes of solvent as VOC. 
 
Of course, plasma treatment will not displace paint, but it is possible to eliminate adhesion 
promoters, and their carrier solvents. It is estimated that elimination of adhesion promoters 
would reduce VOC emissions by approximately 15-20%, depending on the color (the thickness 
of the paint film that hides the surface can be greater for some colors – e.g., white – than for 
black.) 
 
The combination of cleaning and chemical alteration of the surface through plasma treatment 
accomplishes much of what adhesion promoters are designed to do. In the course of cleaning the 
surface, plasma treatment increases the surface area approximately 20-30%, depending on the 
polymer, In addition, the formation of specific functional groups on the surface serves as a 
means of promoting chemical bonding between the polymer surface and the resin in the paint. 
 
Because the surface takes on a very high surface energy following plasma treatment, paint 
droplets will wet out on the surface more readily, forming a smooth continuous paint film with 
less paint than without treatment. Because the paint is bound to the surface through strong 
chemical bonds, it is less likely to chip or crack, so a thinner paint film can be as effective as a 
thicker one applied through existing painting processes. 
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The high surface energy resulting from plasma treatment also facilitates migration towards 
water-based paints. Because the surface tension of water is 72 dynes/cm2, and the surface energy 
resulting from plasma treatment frequently exceeds this, water-based paints will readily sheet out 
on the surface. 
 
Finally, we must not overlook another effect of AP plasma treatment. Reduction of scrap caused 
by surface/painting defects means tons of plastic components can be diverted from landfill. 
 
2.5 SUCCESS FACTORS for PLASMA-ASSISTED PAINTING 
 
2.5.1 Fixturing 
 
If we consider plasma surface treatment as basically a chemical reaction process, its efficacy will 
be determined by the intensity of treatment – determined by proximity to the surface – and the 
residence time on the surface, a function lf the relative speed of the component vs. the plasma jet 
fume. 
 
Using air as the process gas, the exit temperature of the plasma from the nozzle is of the order of 
225°C (425°F). However, the temperature of the plasma and the flux of electrons and ions 
diminish rapidly as the proximity increases, because the electron species are very short-lived. 
Working temperature at distances of 6-10mm from the surface is in the range of 105-175°C. 
 
To achieve consistent, reliable surface energies when using plasma treatment, it is imperative to 
maintain a constant distance between components and the plasma jet. The tolerance is of the 
order of ±2mm. 
 
For small parts mounted on racks, they should be securely affixed to the racks so the force of the 
plasma stream does not cause the parts to flutter. Large components can have a tendency to warp 
after molding, so these should be mounted to fixtures fitted with vacuum systems or some other 
clamping mechanisms to remove any variability in the way the parts are presented to the plasma 
that might be caused by warpage. 
 
For small parts painted in chain-on-edge paint lines, it is important to not only have sufficient 
plasma jets to treat all surfaces to be painted, but also to fixture the parts in such a way that the 
plasma jets can access all these surfaces.  
 
2.5.2 Compound 
 
Anecdotal evidence has suggested that plasma surface treatment negatively impacts transfer 
efficiencies in painting because it affects the static charge on the surface that is used to attract 
paint particles to the surface. 
 
The addition of about 3% carbon black to the compound would render the molded part to be 
sufficiently conductive to enable efficient paint film buildup, whether by bell spray or powder 
coating. 
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2.6 LIMITATIONS of PLASMA-ASSISTED PAINTING. 
 
While AP plasma can remove organic and silicone contaminants from the surface, it does not 
remove inorganic matter. For example, plasma will remove the oils present in fingerprints, but 
not the salts. 
 
Implementation of a plasma surface preparation process therefore will not eliminate the need to 
rinse or gently wash parts to remove inorganic contaminants from the surface. Most likely the 
pre-wash or pre-clean step cannot be eliminated unless parts are presented in a very clean state, 
with little handling. 
 
While AP plasma is used in cleaning metal surfaces for coil coating, welding and localized 
passivation, it may not be capable of reliably or cost-effectively removing organic contaminants 
from metal parts. Metals frequently have heavier deposits of oils on them than plastics. As a 
result, power washing would be more efficient and effective than plasma treatment to prepare 
metal parts for painting. 
 
AP plasma likely will not replace primers, which are usually used to mask surface imperfections 
or to provide abrasion resistance. 
 
The effective length of the plasma flume is only 6-18mm, and this presents two additional 
limitations. 
 
First, this can have an effect on the ability to treat deep recesses in the parts. To a certain extent, 
this can be overcome by using multiple robots: one to treat the majority of the surface area; a 
second to deliver plasma to such recesses. 
 
Secondly, the tolerances for placement of parts in a paint line reflect the more generous 
tolerances of paint bell sprayers. The equipment may not be capable of maintaining a tighter 
tolerance on proximity that a plasma jet would need. This may, for example, explain why some 
paint lines use flame treatment, which has a much longer working distance than plasma. 
 
3. CONCLUSIONS 

 
Atmospheric pressure plasma has potential application in cleaning and functionalizing plastic 
components for painting. 
 
• It removes organic contaminants from surfaces 
• It increases surface energy, making the surface more receptive to paint 
• It removes dust and static, a major source of paint defects 
• It forms functional groups on the surface to promote chemical adhesion between the paint 

and the surface. 
 
Plasma treatment has the potential to replace a significant portion of the cleaning process, but 
will not completely eliminate all the washing processes because it cannot remove inorganic 
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contaminants. At least one water-based rinse or wash step would be required to remove 
inorganics. 
 
From an environmental perspective, eliminating some of the power wash processes would lead to 
significant reductions in phosphate emissions into the water system and eliminate the small 
amount of emissions of hydrocarbons from the washing process. 
 
By forming functional groups on the surface, plasma treatment provides some of the 
functionality of chemical adhesion promoters in binding paint to the surface, but without the 
associated emissions of organic solvents. Elimination of adhesion promoters would reduce VOC 
emissions from paint lines by approximately 20%. 
 
Because the technology raises surface energy beyond 72 dynes/cm2, plasma treatment may 
facilitate migration of painting from solvent-based to aqueous chemistries, which would result in 
even more substantial reductions in VOC emissions. Through minor changes in compounding, 
plasma treatment could also be used in powder coating. 
 
The process is not without limitations, and requires investment in good quality, secure fixturing 
to enable working within the close tolerances for working distance that are associated with this 
technology. 
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