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1. Learn the basic concepts and science behind air atmospheric plasma coating
removal (alrAPCIR

2. Learn about the components of the Pladias® PB/O000M

3. Understand the Facility and Environmental Requirement for GE-M
operation.

4. Learn and respect the safety requirements and best practices tgi0BB8M
use.

5. Learn how to effectively remove coatings with the FEO-M.
6. Demonstrate your mastery of the training, so that you can train others.
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1 - Classroom Instruction~ 1.5 hours
Break (10 min.)

2 - Multl. Choice Test & Review~ 45 minutes

3 - System Demo & Practical Trainigg~ 30 minutes
Lunch (60 min.)

4 - Demo of Maintenance & Displays~ 15 minutes

5 - Handson Training and Practice~ 1.5- 2 hours
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A Videos:

https://www.apsplasma.com/Vk4ZMVH2VO5UTpX5k/

https://apsplasma.wistia.com/projects/xk9z2heabi

ATMOSPHERIC PLASMA
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https://www.apsplasma.com/Vk4ZMVH2V95UTpX5k/
https://apsplasma.wistia.com/projects/xk9z2heabi

SCIENCE
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Plasma: Fourth State of Matter

Increasing Energy

Plasma

Gas

Solid

D) State of Matter
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What is Atmospheric Plasma?

A Atmospheric plasma is a plasma produced and
sustained at atmospheric pressuaren other words the
same pressure as the atmosphere we live in every day.

A Compressed air is introduced into a region of intense
electric field between the internal electrodes of the
plasma pen.

A The electric field excites the compressed air and
generates:

I lons (molecules or atoms with missing electrons)
I Free electrons (electrons not bound to a nucleus)
I Dissociated molecules (atomic oxygen frog) O

ATMOSPHERIC PLASMA
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Thermal vs. Noithermal Plasma

A Thermal plasma is characterized as having both its free electr
and heavy ion components at high temperatures and in thermj
equilibrium with each other.

A Examples of thermal plasniigclude:stars & the sun,
lightning, plasma cutters, fusion reactors
~500°C¢ 10 million°C+

A Nonthermal plasmathe free electron and ion components are no
in thermal equilibrium. Typically, the ion components are at a
significantly lower temperature than the electrons.

A Examples of nothermal plasmanclude:fluorescent
light bulbs, novelty plasma globes, the northern lights.
~20°C¢ 300°C

- PlasmaBlast® creates non-thermal plasma
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Non-Thermal Versus Thermal Plasmas

Welding \

/ Fluorescent Lightbulb

Plasma Medicine

COLI & b 20yK S N |

\ >Amps
S AP CRC usesmilliAmpsof current : energy is used to makbemistryinstead of heat
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Lightning | Arc Welder

Neon Sign Aurora Borealis (Northern Lights) Fluorescent Lights
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How APCR Works

Atmospheric Plasma Coating Rema¥dPCR)
uses a low pressure compressed air source
electricity to produce a nonthermal,
atmospheric pressure, air plasma

Atmospheric air plasma is chemically activat
and oxidizes any organic components in pail
and other coating materials

APCR process converts a significant portion
the removed organic coating into water vapa
and carbon dioxide, leaving behind less soli
mass than was present in the original coatin

Remaining solids are mostly inorganic
pigments and fillers that can be safely
collected with a suitable HEPA vacuum

Removal is topdown, allowing for removal of
any thickness of organic coatingiven

Inorganic pigment
particles are
vacuumed up

Z
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APCR at Molecular Level

Nitrogen

% Atomic Oxygen in plasma
N

Bound Oxygen

H)  Hydrogen in matrix

@ Carbon in matrix

Molecular level view of a coating,
consisting mainly of
carbon and hydrogen

y-»-\u)
Air
Plasma
Bombardment

Air Plasma

Carbon Dioxide

Atomic oxygen binds with hydrogen and carbon,
breaking apart existing bonds, and forming water

‘ and carbon dioxide molecules
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APCR isot Laser Ablation

Atmospheric Plasma Coating Removal
A Nonthermal plasma '
A Chemicaktch
A Nonprofiling / unaltered surface
A Nodangerous light emissions

:

Inorganic pigment =
particles are

vacuumed up

Laser Coating Ablation

A Thermal plasma

A Heat vaporizes coating & surface metal
A Melted / altered surface

A Dangerous light emission/Class IV lase

Laser
Shock wave

Molten pool &

ATMOSPHERIC PLASMA
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Plasm&Ilas® 7000 System Platforms

Handheld plasma pen Robotmounted Plasma pen

| a - ('—ﬂ " \
% R Ui
s 3 ‘ . -

T

Mobile PB7000 APCR syétem S, RobotieCompatible APCR system
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Benefits Applications & Tool Us

A Reduced wear & fatigue on users
A Zero vibrational impact to users
A Reduced waste stream
A No added media
A Up to 90% of solids are converted to harmless gases
depending on coating chemistry
A Non-profiling
A No damage to substrate or removal of anchor profile

|deal ApplicationsPrecision removal for complex geometries
weld beads, fasteners, smahgle spaces

Tool Use:

AwSY2¢gS O2F0Ay3 o6& K2t RAy3
keep pen continually moving in a raster or circular pattern

A Production rate goal of ~ 1.2 4

A Visual inspection of surface cleanliness

A Removal speed will slightly depend on coating chemistry

A When removing a new coating, test speed & height.

COATINGS

« Acrylics
« Alkyds

Latex

Epoxies
Polyurethanes
Polyesters
Powder Coats

- Silicone / Polysiloxanes

Polyurea
« Coal-Tar Epoxy
Ultra High Solid
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ATMOSPHERIC PLASMA
SOLUTIONS



SAFETY
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- PPE

\J/ = VY, Always wear impaetesistant safety glasses to protect your
N /L/ eyes from dust and flying particles.

V Always wear OSH#&pproved hearing protectior foam ear plugs or other hearing
protection when operating the plasma pen system.

Consult with your EHS team for location specific requirements%x -y,
If the coating composition is unknown consult EHS for requirements

If removing a coating with toxic components, follow local EHS
requirements

At a minimum, wear OSH#pproved dust mask (N95 or similar)

V Wear dry, holdree, fulHleather, OSHAapproved gloves to electrically and
thermally protect the hands.
V Wear a longsleeved shirt, long pants, and clostxkd shoes.

ATMOSPHERIC PLASMA
SOLUTIONS
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General Safety

A Follow all local laws, rules, ordinances, statutes and orders.
A Setup and operate the PB)00 as specified in the Manual.
A Have everything you need to setup and operate the7RBO.

A Make sure the equipment not supplied by APS (electrical generator, air
compressor, dust collection system, compressed air line) is in proper and saf
operating condition.

A Only trained operators, trained by certified APS trainers, should use this
equipment.

A There are no useserviceable parts in the RBO0O system except for the
replaceable plasma pen nozzles and electrodes. Do not disassemble any par
of the system. All repairs and/or modifications should be conducted by
qualified APS service personnel.

/A ATMOSPHERIC PLASMA
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Work Area Safety

A Keep work area well lit, and as free of obstacles and as clean as padsible
risk of accidents increases when the operator is not able to see and is

hindered by obstacles and clutter.
A Ensure the unit is safely secured to avoid drops or falls.
A Keep the hose out of walkways and vehicle & equipment paths.
A Do not allow access to bystanders to an operational system.
A Wear long sleeved shirt, long pants, cloged rubbersole shoes.

A Remove all loose jewelry; secure long hair.

/A ATMOSPHERIC PLASMA
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Equipment Safety

A Keep Controller and Pen dry
Can be used in damp conditions but keep controller dn
Never submerge in water.

A DO NOT operate with damaged cables
Always check AC cord and pen cable for damage.

Immediately contact APS if any damage is discovered

\J
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ElectricalSafety

Electric Shock Hazard : Proper AC Earth Ground required

AC line voltages are present in the power cord, and the power supply. The plasma cabl
contains high voltage and high frequency waveform.

Do not operate the plasma controller unless it is securely grounded with a low
Impedance earth ground connection through the supplied AC power cable

Serious injury or death may occur if the proper safety procedures arefoowed or

the plasma system is used by untrained users.

/A ATMOSPHERIC PLASMA
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Substrate Grounding

Always place system ground clamp on the substrate subject to cQg#
removal, near removal area. If substrate is not grounded prope /:/
electric shock to the user may occur.

Pen Connector

In the course aformal system operation/storage HV Pen connector
should be plugged in and latched. In case it is unplugged keep the
connector clean and dry.

DO NOT OPEN Plasma Controller

THERE ARE NO USHRVICEABLE PARTS INSIDE. ANY ATTEMPTTHE OPEN
PLASMA CONTROL MODULE COULD EXPOSE THE USER TO HIGH VOLTAGES A
MAY PERMANENTLY DAMAGE THE EQUIPMENT.

/A ATMOSPHERIC PLASMA
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Operational Hazards
Compressed Air

A focused compressed astream is emitted from the plasma pen during operation
at approximately 80100 psi and 3.5 CFM air flow.

A Compressed air can penetrate skin and result in air bubbles in the blood stream that can cause heart attack, bra
injury, and other serious injury or deatbo notallow the compressed air exiting the pen nozzle to pass in front of
bare skinDo notpoint the plasma pen at any part of the body of the operator or anyone else.

A Do notattempt to replace, tighten, or adjust the replaceable nozzle when air is flowing through the plasma pen
or when the plasma pen is connected to compressed air or to electricity.

A Make sure the replaceable nozzle on the plasma pen is securely fastened prior to starting the plasma controller.
the replaceable nozzle is not securely fastened it could fly off at a high velocity when operating the PB7000 and
cause property damage or serious injury.

A Compressed air can blow around any loose material or dust in the work area which may affect nearby personne

/A ATMOSPHERIC PLASMA
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Operational Hazards
Heat

During prolonged PB7000 operation certain parts of the system may become hot.

A Pen tip/nozzle: 35% / 175C (Temp reached within 30 seconds of use)
A Pen grip : 99~165°F / 35G74°C (Temp reached in 3D min of use)
A Rear heat sink : 95175°F/ 35G80°C (Temp reached ind hours of use)

A Remove all flammable materials from the work area prior to performing
APCR.

A Wear dry, holdree, OSHApproved thermally insulating leather gloves
U2 LINRPGSOUO GKS KIyRa® 2Sf RSNQa Sl
longer coating removal sessions.

A Let plasma pen cool fat least 5 minutesefore packing it away.

/A ATMOSPHERIC PLASMA
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Operational Hazards
Risk of Injury from the Plasma Beam

Plasma, in direct contact with the body, can damage skin and injure other body
parts. Application of the plasma beam to a glass surface may result in glass breakage
shattering. The plasma beam may etch and otherwise damage physical surfaces.

Do notpoint the plasma pen at any part of the body of the operator or anyone else.
Do notallow the plasma beam toome in contact wittbare skin; wear protective gloves and clothing
Never use the plasma pen on silicate glass; shattering of thetgbasgucingsharp shards of glassmayresult.

A

A

A

A Plasma is generated usinddégh Voltagesignal with a frequency range #00kHz150kHz

A Direct skin exposure to active plasma may result in burns, electric shock, muscle spasms, oacaydiauia.
A

If you notice smoke, check to make sure your gloves and clothes haven't been damaged by the plasma. Investigate source ¢
smoke and determine whether coating removal can proceed safely.

A If working in a confined space, dust and gasses can be blown around simple safety glasses and irritate the eyes. @onsider u
safety glasses that seal around the eyes or affigk mask.

/A ATMOSPHERIC PLASMA
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Operational Hazards
Vision and Hearing

Vision:Plasma emits low output of UV light. Additionally, the
Interaction of the plasma with the surface of a material can produce
high velocity airborne particles that may cause permanent eye injury.
Protect your eyes with impact resistant clear plastic safety glasses.

Hearing:The PB/000 operates at noise levels of approximately 90 dB
within 5 feet from the plasma pen. Prolonged exposure to the
operating noise of the RBO0O without hearing protection may cause
hearing loss. Protect your hearing with industrial rated hearing

protection.
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Operational Hazards
Gas Buildup

A Small concentrations of Ozone and Ni@e produced as a natural byproduct of the-air
plasma generation process. Some coating chemistries can create other toxic or irrite
gases. Consult EHS for best practices for the coatings you remove.

A In enclosed spaces with limited ventilation, these gases can buildup to nuisance or
hazardous levels.

A Always use sufficient ventilation. A figice mask with supplied air ventilator may be us
If ventilation is insufficient. A fulbce mask with appropriate mwgas filter may be
used if ventilation is brought into the space.

A Always obey local EHS guidelines over recommendations in this training

A Symptoms of Ozone and Néxposureinclude:irritated eyes, nose, chest, or throat;
difficulty breathing; coughindieadaches; dizziness; and liglgadedness.

/A ATMOSPHERIC PLASMA
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Operational Hazards
Coating Removal

Prior to beginning any removal, the user must be aware of the potential health risks associated with the
coatings being removed.

A CAUTIONAPCRan be destructive to nonmetallic surfaces. Wood, rubber, insulation, electric
Installations, instrumentation, etc. must be protected from direct and indirect exposure of plasma if it is
to be kept undamaged or unchanged.

A Extensive metallurgical testing was completed that indicated proper use of plasma coating removal on
A ferrous metal (steel) substrates does not negatively affect the properties of the steel. Plasma coating
removal on substrates other than steek(aluminum, bronze) will require specific approvals by the
cognizant local authority until which time a blanket approval is issued

A Obtain and review the Safety Data Sheet of any coating being removed. As needed discuss risks with
82dzNJ O2YLI yeQa 9YODBANRYYSyYyOulrt I SFfTOK YR {IFFSii
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Operational Hazards
Hazardous Debris & Toxic Coatings

The plasma coating removal process can result in flying debris or release of toxic
components of the coatings.

The plasma removal process does not change or mitigate anygxisting riskin a paint, sealant or other surface
coating.

Do not operate the PB00O in settings where other people may be injured by toxic and other hazardous debris
ejected from the surface being treated.

Ensure proper air ventilation. The plasma may generate toxic and other hazardous byproducts, including gases ar
particulates, depending on the coating chemistyg(lead paint).

Always wear protective gear, a dust mask or a respirator. Use-facellrespirator during removal of coatings with
toxic components. If the exact coating composition is unknown, assume that it may be dangerous and take full
precautions.
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- PPE

\J/ = VY, Always wear impaetesistant safety glasses to protect your
N /L/ eyes from dust and flying particles.

V Always wear OSH#&pproved hearing protectior foam ear plugs or other hearing
protection when operating the plasma pen system.

Consult with your EHS team for location specific requirements%‘ P — ‘ ‘
If the coating composition is unknown consult EHS for requirements

If removing a coating with toxic components, follow local EHS

requirements

At a minimum, wear OSH#pproved dust mask (N95 or similar)

|| :

-

V Wear dry, holdree, full leather, OSHApproved gloves to electrically and
thermally protect the hands.

V Wear a longsleeved shirt, long pants, and closead shoes.

\_/ /A ATMOSPHERIC PLASMA
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FACILITY REQUIREMENT

What you need to operate a+#B0O0M
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Compressed Air

A Facility compressed air or portable compresgut
supplied by APS)

A Compressor must be rateeB.5 CFM (100 SLMpw
capacity at90 psi / 6 barpressure

AS5STFlLdz G LyLMziyY mkné &dl e\
A Dry andoilcfree air required .
A Acceptable input pressure rangg0-105psi
A Optimal pressure/flow99 psi / 8.5 CFM

A The system will not operate if the input
pressure is outside of acceptable range.

/A ATMOSPHERIC PLASMA
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Electric Power

Requires facility power or portable genera{mot supplied
by APS)

440480 VAC System

A 440480V, 3phase, 5660 Hz, 88 Amps
A 10 Amp circuit breaker min
A Default: 4AM20 Plugr NEMA L1&0

/A ATMOSPHERIC PLASMA
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Electric Power

Requires facility power or portable genera{mot supplied
by APS)

208-240 VAC System

A 208- 240V, Single phase, 80 Hz, 14.5 Amps
A 20-30 Amp circuit breaker
A Default receptacle/plug NEMA L&30

/A ATMOSPHERIC PLASMA
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Ventilation/Dust Collection

A Enclosed space:

A Requires fume extractor or a ventilated
exhaust hood

A Consult with your EHS Team for site
specific requirements

A Outside:

A Consult with your EHS Team for sifmecific
requirements

A Apedestalfar- 1Z-Hné RALIF YD A&
A Place fan so that it blows away fravperators %

\_/

/A ATMOSPHERIC PLASMA
rev-8.3 APS PROPRIETARY INFORMATION sotuTions



/>

PlasmaB/ast’

PB7000M System and
Components Overview

APS PROPRIETARY INFORMATION
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Overview of the RPBO0O0-M System

On/Off Switch Service Display under
protective cover

Protective Frame

Model and Serial

Tool

Warning Labels
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PB7000-M

-
Power Cable Ground Cable with Clamp

Replacement Nozzles
with Anti-seize
Lubricant Kit (optional)

Plasma Pen
with Pen Cablé

/ \ . oo - Pressure Regulator/Filter

10 Amp
Fuse Box

/A ATMOSPHERIC PLASMA
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Plasma Controller and System Connections
208-240 VAC System

Connector Block Power Input:

A 208240 VAC50-60 Hz
A C19 Receptacle

Compressed Air Input:

A Connects to facility air or
portable compressor

: . A\ through pressure regulatc
Pen Connector 5 A 80-100psi

@ HV Receptacle _
Communication Port:

@ Air connection _ o
Service Technician use or User use

' I tion
\ © Signal connec ‘when directed by APS onl
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Plasma Controller and System Connections

440-480VAC System
Connector Block

Pen Connector

@ HV Receptacle
@ Air connection
©® Signal connection

APS PROPRIETARY INFORMATION

Power Input:
A 440480 VAC, phase, 5660 Hz
A Latching connector receptacle

Compressed Air Input:

A Connects to facility air or
portable compressor
through pressure regulator

A 80-100psi

Communication Port:

Service Technician use
or User use when
directed by APS only

ATMOSPHERIC PLASMA
SOLUTIONS




Plasma Pen with Cable Assembly

20 ft Umbilical Pen Cable
Consists of :
- High Voltage Cab
- Air Line -
Signal Cable

Ground Post

_— (=6 ftfrom Pen Body)

e~ to HV Pen Connector
Receptacle on Plasma
Controller

High Voltage Connector

_y Plug

Q ATMOSPHERIC PLASMA
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Standoff Distance P I aS m a Pe n

0.2”

P
L

Plasma Trigger
Lever

Nozzle
(inside nozzle 1

nut) , _{ y/v
ndoue {al RZf,gnG
=

Nozzle nut

E?aﬁii‘ﬁ"‘ﬁﬁ'fi‘"ixhr

~ Attachment Loop
Pen Body Pen Grip- Rear v

~— @
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Grounding Cable with Clamp

Grounding Clamp Ground Cable Ground Connectowith springloaded
sleeve:attaches to Ground Post on Pen

Cable (~6t from pen Body)

/A ATMOSPHERIC PLASMA
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Fuse Box & Power Cable
440-480 VAC System

8 AWG power wire;
Rated for 1000 VAC & 69 Amps at’B6

Water-tight aluminum enclosure

Latching &pin power connector

20ft long

A System side: Latchmgptln
connector

A Default plug: NEMA L1%0

/A ATMOSPHERIC PLASMA
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Power Cable
208-240 VAC System

15ft long

A System side: C18
connector

A Default plug: NEMA LBO

/A ATMOSPHERIC PLASMA
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Pressure Regulator and Filter

Pressure Regulator Knob
Use to adjust the pressure during\
system setup

Pressure Regulator Dial
Displays pressure setting value

Compressed Air In
from facility or
portable compressor

.......

Alr Filter | o Output to Plasma
L Controller
Water Trap Drain - | 2yySoua O
, — on Connector Block

IMPORTANT: MUST BE IN UPRIGHT POSITION IN ORDER TO FUNCTION PROPERLY

\_/
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Consumable Pen Parts

Nozzleqcopper tip on the pen)
A Over time, plasma wears down the nozzle, opening
the aperture, and usually slowing removal rates.
A Should beeplaced after ~8 hoursf plasmaon time.
A Replacement Nozzle Kits
A 5 nozzles
A 1 antiseize lubricant bottle.
A NOTICE: Apply lubricant every time the nozzle nut is
removed

Electrodes
A Replace every 100 plasahaurs.

APS PROPRIETARY INFORMATION
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Toolset Provided with the System

Mmé | SE ¢22f  #1 Philips Screwdriver 5SSLJ g Stpoint MK

A Fits the hex feature in front of A Used in electrode replacement socket with handle
the pen. procedures. A Used in electrode

A Used in nozzle and electrode replacement procedure
replacement procedures. SR
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System Setup and
Operation

MMMMMMMMMMMMMMMMM
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Pen stays
connected

Attach to bare
metal spot on
workpiece

Attach to air
80-105 PSI
3.5CFM

Attach to
power 440
480V
3-phase 60Hz

Fuse box

APS PROPRIETARY INFORMATION
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System Setup

1. Position PlasmaBlast®-P&0-M 2. Open the cargo bag and remove power cable, ground
system on a stable horizontal surface. cable, pressure regulator, and plasma pen. The Pen
Secure the system in place to avoid falls ~ €onnector should be already plugged in. Do not unplug
or drops. unless necessary. (See step 5 not plugged in).

Remove
transportation
strap from plasma
pen (if present)

/A ATMOSPHERIC PLASMA
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Applies only if Pen Connector is unplugged

3. Plug in the connector, make sure it 4. Engage the connector base latch with the pins on the plug but pressi
is fully seated up on it firmly until fully latched with a click.

[
Fully latched

/A ATMOSPHERIC PLASMA
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Applies only if Pen Strain Relief is Disconnected

5. Screw in the strain relief connectors, ensuring
enough pen cable length in between relief
connection and pen input connector (~1 ft).

''''''

/ ATMOSPHERIC PLASMA
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6. Connect the Pressure regulator output hose to

) Bt AR TSR 7. Connect a |rsup|%yhosetofﬂter/regulator
MKNnE AYRddzZAUNRAIFI T auet S FANI FALGUA

the Connector Block of the Controller.

AN Ly é

\_/,
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Pressure Regulator must be in upright position to function properly

f [8a0SY {SudzLd o/ 2

8. Install Pressure Regulator onto the Frame using two out of the three 9. Make sure the locator pins

locator pins on the Pressure Regulator Bracket. are fully inserted into mounting
The 3 locator pins allow to install the Regulator in 2 different orientations, Slots of the Pressure Regulator
depending on the position the PB700I0is used inUse the orientation and then insert the retainer pin
that will allow the svstem to keep the Requlator uprlqht for proper water  into a hole in the locator pin.
drainage. ,
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Attaching Ground Cable to Pen cable

10. Locate the Ground Port with 11. Locate the connector with a spring 12. Place the opening over
the ground post which is located loaded sleeve on the ground cable and the ground post. Then let
approximately 6 feet from the pull the springloaded sleeve back. go of the spring.

pen body on the pen cable.

S The ground cable will be able to rotate 360 degrees.
ATMOSPHERIC PLASMA
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Attaching Ground Cable to Pen cable

13.Ground the SubstrateAttach the clamp
to the substrate, near the area being treated.

Failure to ground the substrate may result
in charge buildup which may cause a
shock hazard to the user and potential
damage to the substrate.

/A ATMOSPHERIC PLASMA
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14. Make sure that the AC power cable is
UNPLUGGED from the power source, 15. Double check that all connections are properly

then Connect the AC power cable to attached and secured
Power Input on the Connector Block

16. Make sure that the 17. Plug the other end of the power
On/Off switch is in cable into the facility power
oh C @dsition receptacle.

/A ATMOSPHERIC PLASMA
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14. Make sure that the AC power cable is 15. Make sure that the connector is
UNPLUGGED from the power source, latched securely and that the On/Off
then Connect the AC power cable to switch is in theDFFposition

Power Input on the Connector Block

/A ATMOSPHERIC PLASMA
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16. Connect the other end of the
system power cord (pin
connector) to the Fuse boxin
receptacle.

17. Plug the other end of the power
cable into the facility power
receptacle. |
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Powering up the PEFOOOM System

Ensure that you are wearing appropriate PPE at this point (Gloves, safety glasses, dust

7 = mask, hearing protection).
\Wf/ "—i”’// /
18. With the pen nozzlfacing away
P SN from you and other peopleand the pen
-~ = * lever in the off position, turn on the AC
"\‘ & ] power switch on the PBOOO-M. The
R Y system will briefly purge air while
B starting up.

\___/
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