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Abstract 

 

Throughout both commercial and military industries there is a growing need for environmentally safe 

and cost-effective solutions capable of removing paint and coatings from a wide range of surfaces 

including steel, aluminum, concrete and composites.  Atmospheric Plasma Coating Removal (APCR) is 

the next generation of coating removal and surface preparation technology that represents a step 

forward in developing more environmentally responsible methods for coating removal. Tested in U.S. 

government trials, APCR was found to be a safe and effective alternative to dry media blasting and wet 

abrasive blasting.  Requiring only compressed air and electricity to operate, a concentrated, low 

temperature, air plasma beam is created which enables rapid coating removal without the use of any 

media, virtually eliminating the need for containment. Single or multiple plasma beams may be 

configured for handheld or machine-mounted use to prepare a variety of substrates.  The coating 

removal and cleaning process converts the organic components of most decorative or protective 

coatings into carbon dioxide and water vapor. Inorganic constituents of the coatings, such as pigments, 

are then recovered as a fine dust.  The Atmospheric Plasma Coating Removal system presents a novel 

technology to remove coatings from virtually any substrate material.  APCR has been demonstrated to 

be an effective alternative to media and wet abrasive blasting on a wide range of surfaces and coatings 

found in both commercial and military industries. 

Introduction 

This paper explains the science behind the APCR technology and introduces the coatings industry to the 

past and on-going development and growing capabilities of this new coating removal process. 

Four objectives were established for this paper as follows: 

 

• To introduce you to APCR technology. 

• To demonstrate the effectiveness of this revolutionary coating removal process with compelling 
data. 

• To show the coatings industry where this technology is already cost effective and 
environmentally safe. 

• And finally, to share with you where ongoing development will take this exciting capability in the 
future for the protective coatings industry. 
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What is Plasma? 

Plasma composes 99% of the visible universe; stars are plasma and there are tenuous plasmas 

throughout “empty” outer space as well as in the near-Earth space environment from the Earth’s 

ionosphere on out. On Earth, we see plasma as the spark in static electricity, the spark when you pull an 

electric plug from the wall, in lightning and in the aurorae. In addition, plasma is all around us in lights—

fluorescent lights, mercury vapor and sodium vapor streetlights and plasma TVs. Further it is used in 

many applications leading to familiar products, for example, it is used to manufacture, clean, and etch 

computer and cell phone microprocessors. 

 

Plasma is the fourth state of matter with properties that differentiate it from solids, liquids, and gases.  

Figure 1 illustrates graphically the transition of water through the different states of matter. Each of the 

phase changes, starting from a solid, occurs through the addition of energy. Add energy, such as through 

heating, to ice and the ice melts into liquid water. Add more heat energy to liquid water and you will get 

steam, a gas. Add additional heat energy to steam and you will get water in the plasma state. One of the 

most obvious ways to tell the difference from material in a gas state and a plasma state is that a plasma 

gives off visible light. For example, a fluorescent light bulb contains a gas inside the glass bulb and when 

an electrical current is turned on by flipping the light switch the gas inside the bulb changes to a plasma 

state and light is emitted. The other key difference between a gas state and a plasma state is a material 

in the plasma state will conduct electricity.   

What Is Atmospheric Plasma? 

The word “Atmospheric” in atmospheric plasma refers to the air pressure at which the plasma forms.  In 

this case it refers to, atmospheric pressure, or the air pressure that we, as humans, live and breathe 

every day.  Therefore “atmospheric plasma” is simply a plasma that operates in open air without the 

need of any special chambers or containment.     

Atmospheric-pressure plasmas have prominent technical significance because, in contrast with low-

pressure plasma or high-pressure plasma, no containment vessel is needed to ensure the maintenance 

of a pressure level differing from atmospheric pressure. Accordingly, depending on the method of 

generation, atmospheric plasmas can be employed directly in portable systems, laboratory platforms 

Figure 1: Phase changes of water from solid (ice) to plasma (water plasma) 
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and in outdoor commercial applications. The need for cost-intensive chambers for producing a partial 

vacuum as used in low-pressure plasma technology is eliminated. 

Atmospheric Plasma Coating Removal (APCR) Development 

The atmospheric plasma coating removal technology originated from research in plasmas related to 

deposition, etching and surface modification of materials at the Center for Advanced Manufacturing 

Processes and Materials at North Carolina State University. The Center focused on numerous vacuum 

plasma processes such as reactive magnetron sputtering, plasma enhanced chemical vapor deposition, 

vacuum ion plating and hollow cathode enhanced plasma sources.  Research in creating stable and 

controllable atmospheric pressure plasma discharges using air as well as mixed gas environments lead to 

the development of the necessary technology to support each process.  The APCR proof of concept was 

demonstrated at North Carolina State University.  In the years since the APCR technology was further 

developed into a commercially viable process through years of corporate research.  

APCR System Overview 

The APCR process uses a low pressure (70-100 psi) compressed air source and electricity (208-240 volt) 

to produce a special form of atmospheric pressure air plasma. This atmospheric air plasma is highly 

chemically activated and oxidizes any organic components in paints and other coating materials. The 

APCR process converts a significant portion of the removed organic coating into water vapor and carbon 

dioxide, leaving behind a lower volume of solids of mostly inorganic pigments and fillers that can be 

safely collected with a suitable HEPA vacuum.  

Figure 2 and Figure 3 show the two main components of a typical APCR system: plasma power supply 

and plasma pen. 

 

Figure 3: APCR power supply and cable assembly Figure 2: Single beam plasma pen  
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The plasma power supply applies a pulsed electric field to the internal electrodes of the pen. Air is 

introduced into the electrode region of the pen at high velocity. The plasma generated in the electrode 

region is directed through a nozzle, which concentrates the plasma flow into a beam. The plasma beam 

is scanned across a coated surface (manually or robotically) to remove the coating layer-by-layer, 

allowing for full or selective removal, in addition to cleaning 

and surface preparation. Because the plasma is able to flow 

around surface features, it is well suited to treat both flat and 

more complex surfaces.  

The plasma power supply and plasma pen are connected by 

an air/power cable 20 feet or more in length, allowing the 

handheld plasma pen to be used to remove coatings in 

confined or open spaces. This APCR system has been used to 

demonstrate the extreme versatility of the technology across 

a wide range of substrates, coating types, and removal 

conditions. 

APCR systems can be integrated with a number of COTS 

robotic platforms for automated coating removal. Figure 4 

shows a three-axis automated APCR system that integrates a 

plasma pen with a COTS robotic platform for coating removal 

testing.  

 

COATING REMOVAL TEST FINDINGS 

 

TESTING  DESCRIPTION 

 
The laboratories investigated the adhesion strength of an epoxy coating system applied to DH36 steel 

after APCR had removed the original epoxy coating from the surface.  These tests were intended to 

show that APCR could be effectively used to remove coatings from steel substrates and leave a surface 

that is ready for recoating and provide similar adhesion to that of a grit blasted surface.  The 

laboratories also evaluated the surface temperature on the front and back of each panel as well as the 

effect of the coating on the opposite side of the plasma treated area.  

All panels were prepared and coated at Tnemec Company, Incorporated.  Half were sent to Atmospheric 

Plasma Solutions, Inc. for automated APCR and testing (automated group), and half remained at Tnemec 

for manual APCR and testing (manual group).  

 
Figure 4: Automated APCR system 
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One additional panel was prepared for surface profile measurements. It was prepared, coated, and 

tested at Tnemec, and treated with automated APCR at APS. 

Substrates 

 

For adhesion testing each group included: 

2 test panels of DH36 steel, 12” x 6” x 1/8” 

2 test panels of DH36 steel, 12” x 6” x 3/8” 

2 test panels of DH36 steel, 6” x 4” x 1/4” 

For surface profile measurements: 

1 panel of A36 steel 3” x 6” x 3/8” 

Surface Preparation  

 

All panels:  Each panel ( Figure 5) was solvent cleaned with MEK in accordance with SSPC SP-1 to remove 

any oils, followed by washing in clean tap water. The panels were then abrasive blasted with 16 grit 

aluminum oxide in accordance to SSPC SP-5, NACE No1 White Metal Blast Cleaning. Profile on abrasive 

blasted surface was measured with Testex tape according to ASTM D 4477. 

 

Figure 5: DH36 Steel prior to surface preparation 
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Coating System  

 

Both groups for adhesion testing:  Panels were backed with a white Polyamide Epoxy, a heat-sensitive 

coating that would show deterioration if the backside of the panel was overheated by the treatment of 

the front side. This provides a visual indication of the heat effect of the treatment. The front sides of the 

test panels were coated with two coats of Cycloaliphatic Amine Epoxy [8-10 mils total system]. One coat 

was beige and one was gray to allow for easy identification of where the adhesion loss occurred. Panels 

were allowed to cure 24 hours between coats, and total system was allowed to cure 6 days @ 90°F prior 

to APCR.    

For surface profile measurements:  The front side of the test panel was spray-coated with one coat of 

grey Cycloaliphatic Amine Epoxy. 

Coating Removal by Plasma  

Manual group: The center 3” of each panel was marked and coatings were removed (see Figure 6) with 

hand held plasma pen in a back and forth motion until the original blast profile was visible. Directly after 

coating removal by APCR surface temps were recorded on both the back and front of the plasma treated 

area.  A handheld wire brush was then used to remove any residual inorganic pigment left behind. 

Images of front and back of one of the samples from this group are presented in Figure 6.  A close-up of 

the APCR area taken @ 100X magnification is shown below in Figure 7.  Noted, there was only a minimal 

particulate cloud produced during the removal process along with trace amounts of powder left behind 

after APCR.  

 

 

 

 

 

 

 

 

FRONT BACK 

Figure 6: Post plasma panels front and back 
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Automated group: The previously coated panels were masked so that the top 1/3 of each panel was 

uncovered and the bottom 2/3 was protected by masking. The top 1/3 areas were abrasive blasted with 

30-60 grit coal slag in accordance to SSPC SP-10, NACE No2 Near-white Blast Cleaning. Coatings were 

then removed from the center third of each sample with the APCR treatment until the original blast 

profile was visible. Surface temperatures of the front of the sample were recorded during and after 

APCR. The samples were then blown off with compressed air. Both sides of a blasted and plasma treated 

sample are shown in Figure 8.  

Figure 8: Post-plasma panels front and back; grit-blasted region is on the top of the left image, while 
APCR region is in the center of the left image. 

Figure 7: Post Plasma removal exposing original blast profile 
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Recoating 

Manual group: The test panels were wiped with MEK to remove any dust prior to recoating with two 

coats of Cycloaliphatic Amine Epoxy to a total DFT of 8-10 mils. Panels were allowed to cure 24 hours 

between coats, and total system was allowed to cure 7 days @ 90°F prior to adhering dollies. 

Automated group: The test panels were cleaned with compressed air prior to recoating with two coats 

of Cycloaliphatic Amine Epoxy to a total DFT of 8-14 mils. Panels were allowed to cure 18 hours between 

coats, and the total system was allowed to cure 5 days at 100°F plus one day at room temperature prior 

to adhering dollies. 

Adhesion Testing 

 

Manual group: Three 20 mm aluminum dollies were adhered with 3M Scotch-Weld DP 420 in each 

plasma treated area and untreated area. The dollies were pulled using an Elcometer 506D in accordance 

with ASTM D 4541 Standard Test Method for Pull-Off Strength of Coatings Using Portable Adhesion 

Tester. Test results are shown in Table 2 of Results section, images of examples are in Figure 11, Figure 

10, and Figure 9. 

Figure 11: ASTM D 4541 results, ¼” thick panels Figure 10: ASTM D 4541 results, 1/8” thick panels 

Figure 9: ASTM D 4541 results, 3/8” thick panels 
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Automated group: At least three 20 mm diameter aluminum dollies were adhered with 3M Scotch-Weld 

DP 420 in each plasma treated area and grit-blasted area. The dollies were pulled using a DeFelsko 

PosiTest AT-A Automatic Adhesion Tester in accordance with ASTM D 4541. Test results are shown in 

Tables 3-4 in Results section(automated removal tables with pressures and table with failure analysis) 

and Figure 10 (automated graph), with photo examples in the Appendix,  Figures A1-A6.  

Definition of Layers in Adhesion Testing 

For the purpose of presentation of the results of failure analysis, alphabetic characters are used to 

indicate the layer/layers where the failure occurs. The layers of the stack used in this experiment and 

their designated characters are shown in Figure 12. 

 

 

Surface Profile Measurements 
 

The additional panel used for profile measurement had a substrate of A36 steel and was prepared and 

coated in the same way as the test panels described above, with the exception that only one coat of 

Cycloaliphatic Amine Epoxy was used. Photographs were taken of the same area before coating and 

after plasma treatment in order to compare the features visible in each image. Roughness 

measurements of the treated area were also taken before and after plasma treatment. 

 

 

 

 

  

Figure 12: Layers of the stack and respective 
designated characters 



 

P
ag

e1
1

 

RESULTS 

Adhesion Testing 

Manual APCR 

The results of the pull tests varied with substrate thickness. On the 1/8”thick substrates, coating 

adhesion strength was slightly lower for APCR regions than for untreated regions, but on the thicker 

substrates the adhesion strength was greater for the APCR regions than for the untreated regions. The 

average pull-off strength of untreated samples ranged from 1418 psi for a 1/8” thick substrate to 2684 

psi for a 3/8” thick substrate. The average pull-off strength of APCR samples ranged from 1175 psi on a 

1/8” thick substrate to 3464 psi on a 3/8” thick substrate.  

Figure 13 shows the strength data graphically, averaging samples of the same type Figure 13 shows the 

measured pull-off strength values, as well as the average for each sample. Table 2 shows the location of 

failure for each pull. Table 3 shows substrate temperature after APCR. 

Failure analysis showed that failure on untreated substrates nearly always occurred cohesively in layer 

B, whereas on plasma treated substrates the failure was usually in both layer B and layer C (cohesively). 
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Figure 13: Graph of results of dolly pull tests, with results of samples of the same type averaged. The error bars 
show the range of data for each column 
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Pull-off Adhesion Test Results after Manual APCR (Pull-off Strength) 

Sample 
Substrate 

Thickness 
Region 

Pull-off Strength (psi) 
Average (psi) 

Pull 1 Pull 2 Pull 3 

SPB01 1/8" APCR 1231 1097 1198 1175 

SPB01 1/8" Untreated 1456 1329 1470 1418 

SPB02 1/8" APCR 1034 1036 1217 1096 

SPB02 1/8" Untreated 1586 1646 1716 1649 

SPB03 1/4" APCR 3002 2752 2422 2725 

SPB03 1/4" Untreated 2627 2315 2280 2407 

SPB04 1/4" APCR 2820 3102 2814 2912 

SPB04 1/4" Untreated 2388 2321 2398 2369 

SPB05 3/8" APCR 3266 3577 3349 3397 

SPB05 3/8" Untreated 2565 2647 2537 2583 

SPB06 3/8" APCR 3437 3606 3348 3464 

SPB06 3/8" Untreated 2688 2664 2701 2684 

Table 1: Results of pull-off adhesion testing after manual APCR vs. no treatment 

 

 

 

 

Table 2: Location of failure of pull-off adhesion tests after manual APCR vs. no treatment 

Pull-off Adhesion Test Results after Manual APCR (Location of failure) 

Sample Region Pull 1 Pull 2 Pull 3 
Average pull-off 

Strength (psi) 

SPB01 APCR 80% B, 20% C 80% B, 20% C 80% B, 20% C 1175 

SPB01 Untreated 100% B 100% B 100% B 1418 

SPB02 APCR 90% B, 10% C 90% B, 10% C 60% B, 40% C 1096 

SPB02 Untreated 100% B 100% B 100% B 1649 

SPB03 APCR 60% B/C, 40% B 50% B/C, 50% B 50% B/C, 50% B 2725 

SPB03 Untreated 98% B, 2% C 100% B 100% B 2407 

SPB04 APCR 70% B, 30% C 50% B, 50% C 50% B, 50% C 2912 

SPB04 Untreated 100% B 100% B 100% B 2369 

SPB05 APCR 50% B, 50% C 50% B, 50% C 50% B, 50% C 3397 

SPB05 Untreated 100% B 100% B 100% B 2583 

SPB06 APCR 50% B, 50% C 60% B, 40% C 50% B, 50% C 3464 

SPB06 Untreated 100% B 100% B 100% B 2684 
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Table 3: Surface temperature after APCR 

Automated APCR 

The results of the dolly-pull tests again varied with the thickness of the substrates. The average pull-off 

strength of grit-blasted samples ranged from 1511 psi for a 1/8” thick substrate to 3396 psi for a 3/8” 

thick substrate. The average pull-off strength of APCR samples ranged from 1494 psi on a 1/8” thick 

substrate to 3319 psi on a 3/8” thick substrate. In contrast to the manual APCR tests, the pull-off 

strengths were not significantly or consistently different between grit-blasted samples and APCR 

samples. Figure 14 shows the strength data graphically, with averaging of samples of the same type. 

Table 4 shows the measured pull-off strength values, as well as the average for each sample. Table 5 

shows the location of failure for each pull.  

Failure analysis for these samples does not yield any obvious patterns. The analysis was complicated by 

the fact that layers B and C, in this case, were the same color rendering them visually indistinguishable. 

Panel Number Panel Thickness Back of panel Front of panel 

2PB01 1/8” 135°C 138°C 

2PB02 1/8” 138°C 140°C 

2PB03 1/4” 93°C 95°C 

2PB04 1/4” 94°C 96°C 

2PB05 3/8” 86°C 91°C 

2PB06 3/8” 88°C 99°C 
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Figure 14: Graph of results of dolly pull tests, with results of samples of the same type averaged. The error bars 
show the range of data for each column. 



 

P
ag

e1
4

 

Instead, the thickness of the coating remaining on the sample was measured in order to estimate the 

layer of failure. 

The back surfaces of the robotically treated samples were examined and photographed before and after 

treatment, and no damage or indication of overheating was found.  Images of the samples can be found 

in the Appendix. 

Table 4: Results of pull-off adhesion testing after automated APCR vs. grit blasting 

Pull-off Adhesion Test Results after Automated APCR (Pull-off strength) 

Sample 
Substrate 

Thickness 
Region 

Pull-off strength (psi) 
Average (psi) 

Pull 1 Pull 2 Pull 3 Pull 4 

TNM-03 1/8" APCR 1443 1626 1414 -- 1494 

TNM-03 1/8" Grit-blasted 1456 1661 1417 -- 1511 

TNM-04 1/8" APCR 1481 1618 1716 1622 1609 

TNM-04 1/8" Grit-blasted 1769 1561 1686 1782 1700 

TNM-05 1/4" APCR 2573 2771 3140 -- 2828 

TNM-05 1/4" Grit-blasted 2854 3007 2523 -- 2795 

TNM-06 1/4" APCR 2647 2642 2430 -- 2573 

TNM-06 1/4" Grit-blasted 2547 2512 2517 -- 2525 

TNM-01 3/8" APCR 3370 3319 3288 3298 3319 

TNM-01 3/8" Grit-blasted 3464 3332 3432 3356 3396 

TNM-02 3/8" APCR 3193 3109 2973 -- 3092 

TNM-02 3/8" Grit-blasted 3137 3091 3098 -- 3109 
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Pull-off adhesion test results after automated APCR (Location of failure) 

Sample Region Pull 1 Pull 2 Pull 3 Pull 4 
Average pull-off 

strength (psi) 

TNM-03 APCR 95% A/B, 5% C 60% A/B, 40% C 
60% A/B, 35% B, 

5% C/Y 
-- 1494 

TNM-03 Grit-blasted 
10% B, 85% C, 5% 

C/Y 
15% A/B, 85% C 10% A/B, 90% C -- 1511 

TNM-04 APCR 
80% C, 10% C/Y, 

10% Y/Z 
100% C 95% C, 5% C/Y 100% C 1609 

TNM-04 Grit-blasted  100% C 95% C, 5% C/Y 95% C, 5% C/Y 100% C 1700 

TNM-05 APCR 15% B, 85% C 100% C 50% B, 50% C -- 2828 

TNM-05 Grit-blasted 95% A/B, 5% B 
65% A/B, 30% C, 

5% Y 

30% A/B, 30% B, 

40% C 
-- 2795 

TNM-06 APCR 80% B, 20% C 90% B, 10% C 90% B, 10% C -- 2573 

TNM-06 Grit-blasted 
90% A/B, 5-10% 

B, <5% C 

10% A/B, 80% B, 

<5% C, <5% C/Y 

70% A/B, 25% B, 

5% C 
-- 2525 

TNM-01 APCR 10% C/Y, 90% C 5% C/Y, 95% C 10% C/Y, 90% C 
 <5% C/Y, 

>95% C 
3319 

TNM-01 Grit-blasted 10% C/Y, 90% C 
5% C/Y, 90% C, 

5% Y 
5% C/Y, 95% C 

<5% C/Y, 95% 

C, <5% Y 
3396 

TNM-02 APCR 15% B, 85% C 35% B, 65% C 95% C, 5% C/Y -- 3092 

TNM-02 Grit-blasted 
20% B, 75% C, 

<5% C/Y, <5% Y 
100% C 95% C, 5% C/Y -- 3109 

 

Profile Measurements 

Figures 15 and 16 show the surface that was studied before and after plasma treatment. Many of the 

same features can be seen in both images, showing that plasma treatment did not alter the surface 

profile. 

Table 5: Location of failure of pull-off adhesion tests after automated APCR vs. grit blasting 
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Figure 15: Photograph of surface before painting and plasma treatment. 

Figure 16: Photograph of the same surface after painting and APCR. Many of the same features 
can be seen in both images. 
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Surface roughness was also measured. The average roughness of the surface after grit blasting and 

before painting and treatment was 3.4 mils. The average roughness after plasma treatment remained 

3.4 mils. This shows that plasma treatment did not make a significant change to the roughness of the 

treated surface. The image of Testex tape used in measurements before and after plasma treatment is 

presented in the Appendix (Figure A8). 

Test Findings Summary 

The reported pull-off strengths for the sample regions treated with manual APCR are higher than those 

reported for the grit-blasted control regions on the same 1/4” and 3/8” samples. There is a slight 

decrease in the strengths reported for plasma on the 1/8” samples. These results indicate that plasma is 

comparable to grit blasting as a method to prepare a surface for repainting. Manual APCR offers better 

adhesion than grit blasting does for thick steel substrates. The reduced performance on the 1/8” 

samples may be due to flexing of the substrate during the pull-off test. Temperature data indicate that 

the thinner samples experienced greater temperatures than the thicker samples which may have some 

impact. If so, this effect may be mitigated in the field on larger substrates with greater heat sinking. 

Overall the data show a trend that thicker substrates result in greater coating adhesion. 

The reported pull-off strengths for the automated APCR treatment were almost equivalent to those 

reported for the grit blasted control regions at all thicknesses. The differences in average strength were 

less than the variances in measurements within each region. This confirms that, when used as a coating 

removal and surface preparation method, automated APCR and grit blasting result in comparable 

coating adhesion. 

The results of this study demonstrate that both manual and automated APCR are comparable to grit 

blasting as a coating removal and surface preparation method. APCR may provide increased adhesion 

due to the increase in surface energy it provides. This effect deserves further study. 
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Successful Current Uses of APCR 

Effectiveness on DoD coatings and substrates 

APCR is currently being used or is being evaluated for use in several military applications. The APCR 

process has been shown to be effective in several SBIR projects and related contracts with the US Navy, 

US Air Force, and the Strategic Environmental Research and Development (SERDP) program.  

Removal of Naval Coatings: MIL-PRF 24635, Haze-grey Silicone Alkyd and MIL-PRF-24647 Copper-

Loaded Anti-Fouling Coatings 

The Navy and other DoD components require a media-free, environmentally friendly, rapid, and non-

destructive method to remove coatings applied on and aboard Navy ships. Current processes for the 

removal of coatings for shipboard applications are expensive, require massive amounts of energy, and 

are potentially damaging to the environment.  

This work demonstrated coating removal for ship-board applications including MIL-PRF 24635, haze-grey 

silicone alkyd topside coatings as well as MIL-PRF-24647 copper-loaded anti-fouling and MIL-DTL-

24441epoxy primer coating on DH36 steel (Figure 15:). 

Figure 15: Effect of APCR on copper-loaded epoxy anti-fouling coating(left) and, haze-grey silicone alkyd 
coating (right) 
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The APCR process produced a surface with “near white metal blast cleanliness” (SP-10) while leaving the 

underlying surface profile unchanged. The system demonstrated uniform removal for freeboard and 

anti-fouling coatings and demonstrated excellent adhesion of re-applied coating with no secondary 

wiping or cleaning required to recoat. 

This project compared the efficacy of APCR to conventional Naval coating removal techniques. Test 

panels were depainted by grit blasting and APCR to SP-10 “near white metal” conditions and then 

repainted with the standard Navy topside coating stack. The repainted samples were shipped to 

NAVSEA’s Marine Corrosion Facility in Key West, FL to undergo testing to determine if there is a 

difference between an APCR prepared steel surface or a grit blasted surface. The NAVSEA facility 

concluded that there was no significant performance difference of reapplied coatings observed between 

APCR and grit blast surface preparation. The findings determined that: 

• No discernible difference in the steel surface grain size, structure, or composition. 

• Pull-off adhesion tests of re-applied coating are comparable. 

• No significant coating performance difference in salt fog and cathodic disbondment testing. 

Removal of Zinc-based Anti-Corrosion Paint 

As a test of the efficacy of the APCR process on the targeted coating materials, several samples were 

made using commercially available marine anti-corrosion paints and effective removal was 

demonstrated. Samples were approximately 0.25” thick mild steel substrates, which were sandblasted 

prior to coating. The manufacturers label claims an inorganic zinc solids content of 93% zinc. Despite the 

low organic content of the coating, the plasma treatment was able to successfully remove 

approximately 25 mils of coating to the metal substrate. 
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Where This Technology is Headed 

 

Field-Deployable APCR System 

Portable APCR systems are currently available for purchase with system enhancements being developed 

to further improve the system. The portable system is capable of selectively removing a wide variety of 

coating materials, weighs less than 30 pounds, uses only compressed air as a working gas and runs on    

< 3 kW of power from a 208-240 VAC single phase power outlet, making it a truly portable and easily-

deployed system. The essential requirements for a single-beam, field-deployable, APCR system are listed 

below.  

• Solid-state plasma power supply and single beam, plasma applicator 

• HEPA vacuum and filtration system for dust recovery 

• Dry compressed air source (< 3 CFM @90 psi) 

• 208-240 V, single-phase AC power 

The utility requirements are easily met at most commercial/industrial facilities. The system is also easily 

operated using a field-portable gasoline or diesel-powered generator and compressor. 

The plasma power supply and plasma applicator pen are connected by an air/power cable 20 feet  in 

length, allowing the handheld plasma pen to be used (manually or robotically) to remove coatings in 

confined or open spaces. This system has been used to demonstrate the extreme versatility of the 

technology across a wide range of substrates, coating types, and removal conditions. 

 

Scale-Up for Large Area Removal 

 

Arrays of multiple plasma beams for both manual and automated removal are being developed for 

specific customers and use case scenarios.  These arrays can exceed coating removal rates of > 50 ft2/hr 

with the ability to create larger arrays in the future for even higher coating removal rates.   
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Conclusions 

There is a growing need for environmentally safe and cost-effective solutions capable of removing paint 

and coatings from a wide range of surfaces including steel, aluminum, titanium, concrete and 

composites. The Atmospheric Plasma Coating Removal (APCR) process presents a novel way to remove 

coatings from virtually any substrate material.  

APCR technology offers the distinct advantages of being substantially more cost effective and 

environmentally friendly than conventional dry or wet abrasive blast cleaning methods.  The technology 

has been proven to be efficient at removing coatings while preserving the substrate anchor pattern or 

profile for all types of substrates.  It achieves the desired degree of cleanliness without all the laborious 

need for spent abrasive clean-up and greatly reduces the cost of containment. 

The efficacy of the APCR technology has been demonstrated for both commercial and defense 

applications on relevant substrate materials. 

Going forward, this technology shows excellent promise for cost effective field coating removal projects, 

lead paint abatement, and enhanced coating removal and substrate preparation production rates. 
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Appendix 

 

Figures A1-A6 show the results of the dolly pulls for samples treated with grit blasting on the top and 

robotic APCR in the middle section. The bottom section of each sample was left untreated. The dollies 

sit next to the spots from which they were pulled. The pressure at failure in psi is written next to each 

spot from which a dolly was removed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. A1. TNM-01 (3/8”)     Fig. A2. TNM-02 (3/8”) 
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Fig. A3. TNM-03 (1/8”)     Fig. A4. TNM-04 (1/8”) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. A5. TNM-05 (1/4”)     Fig. A6. TNM-06 (1/4”) 
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Fig. A7. The top row shows the backs of samples TNM-01, TNM-02, and TNM-06 before receiving any 

treatment. The bottom row shows the same samples after grit blasting and robotic APCR. There is no 

significant damage, with only minor dirt and scuffing. 

Fig. A8. The group of Testex tapes on the left shows surface roughness measurements before 

coating/plasma treatment of grit-blasted test panel. The group on the right shows measurements after 

robotic APCR treatment. Average surface roughness of each group is written under each of the groups. 

 


