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Innovative Vorbehandlung und Reinigung: 
PlasmaPlus und HydroPlasma
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100 %

Production Plants

Shareholder Structure

• Mid-sized, privately owned 
family business

• Founded in 1995

Production Scope

• More than 950 plasma systems 
annually

> 800

Employees

• Over 350 employees 
worldwide

Plasmatreat
Steinhagen, Deutschland

Plasmatreat USA & NA.
Hayward, CA
Ancaster, ON

Plasmatreat China
Shanghai

Plasmatreat

2

Sales

• More than10.000 plasma systems sold 

> 750952

> 10.000

3

350
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Global Network

3
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Industry solutions

Automotive

Transportation

Electronics AppliancesLife Sciences

Textiles New EnergiesPackaging

4

PPDE2010 AUTOMOTIVE.pptx
PPDE2060 ELECTRONICS.pptx
PPDE2070 MEDICAL.pptx
PPDE2040 APPLIANCES.pptx
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Strength of a bonding compound

Strength of a 
Bonding 

compound

Concept

Geometry of the 

bonded joint 

Material 
Surface

Environment 

Adhesive

Adhesion

Cleaning
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“Golden rules” for adhesion 

1) Clean surface 

2) Surface energy substrate > Surface tension 
adhesive

3) Surface energy after plasma ~ max. 60-65 mN/m

4) Matching chemistry
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Adhesion

- Mechanical adhesion
- Polarization theory
- Electrostatic theory
- Diffusion theory
- Thermodynamic
- Chemical adhesion theory

“All mechanisms operate at the 
same time, but vary in intensity 
depending on the system. 
Sometimes. It is difficult to see 
which mechanism is 
predominates.”
Source: IFAM
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Openair-Plasma®

Gas supply (air, nitrogen, forming gas, argon)

Discharge zone

Power supply

Plasma (potential free)

Stainless-steel housing

Plasma (potential afflicted)

Insulator

Electrode

Jet head

8
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Openair-Plasma® Equipment

Generator

PCU / Transformer

Jet

Jet head
Cable

9
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Operating principle Openair-Plasma®

10

Speed

Distance

Process gas supply

Active Plasma zone
(down to potential 
free 0 Volt possible)

Plasma 
discharge 
zone

High voltage arc-
discharge  supply

Defined by Application
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Openair-Plasma® Systems

11

S0 S1 S2

Standard Custom
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Openair-Plasma® - Process

Cleaning ActivationCoating ReDoX
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Openair® Plasma – Activation

• In-line plasma pretreatment

• Robot guided

• Application of the adhesive directly after pretreatment

• Formerly PC/ABS - today PP + plasma
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Automotive interieur
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Openair® Plasma – Activation

Chemical reactions on a functionalized plastic surface
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Plasmatreated surface
Hydroxy, carbonyl, carboxyl and
Ether functions (not in the picture)

Example: reaction of an isocyanate with an OH 
function

• Covalent bond (150 - 950 kJ/mol)

• Hydrogen bonds (10 - 40 kJ/mol)

• Dipole-dipole interactions (<< 40 kJ/mol)

• Van der Waals forces (0,5 - 5 kJ/mol)
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Openair® Plasma – Activation

mit Plasmaohne 
Plasma

with Plasmawithout Plasma
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Openair® Plasma – Activation

ohne 
Plasma

mit Plasmawith Plasmawithout Plasma
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Surface energy 

18
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Openair® Plasma – Activation

19

Plasma treated 
(hydrophillic)

not treated 
(hydrophobic)

Plasma treated 
(hydrophillic)

not treated 
(hydrophobic)
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Openair® Plasma – Activation

72mN/m: 
Contaminated with tensides

72mN/m: 
Plasma



© Plasmatreat 21

Openair® Plasma – Activation

Material: PC Adhesive: 2K-PU
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Storage time

30d SWT:
Duration: 30 days
Temp.: 40°C
Humidity: 100%

untreated

Source: AIF project 12651 N / 1   
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Openair-Plasma® - Process

Cleaning ActivationCoating ReDoX
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Metal surface

23

Newly Created 
Surface

Oxide

H2O

Metal

Polar
Organic

Seconds 
Later

Minutes to 
Hours Later

Air
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p.e.::

O2-Molecule O2
*, O2

+, O-, O3, ....

Plasma-Cleaning                       Organic contamination

CO, CO2

H2O, etc.

Source: Fraunhofer IFAM

Openair-Plasma® – Cleaning

Energy

24
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Engine block cleaning

• Cleaning and activation of aluminum engine block for increased adhesion before FIPG RTV silicone.

25

Engine and drive

VSDE270_engine block cleaning_2_only_for_internal_use.mp4
VSDE271_engine block cleaning_only_for_internal_use.mp4
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Openair-Plasma® – Cleaning – Fluorescence measurement
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Openair-Plasma® – Cleaning – Fluorescence measurement

Substrat Contamination Gas Power

Metal Oil CDA 800 Watt

Initial Openair-Plasma® cleaning with PFW10
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Openair-Plasma® – Reinigung – High Power

PFW10 PFW10-HP PFW10-LT

Power 500 – 800 W 1400 – 2400 W 150 - 250 W

Behandlungsbreite
4 – 20 mm 10 – 20 mm 4 mm 

Behandlungs-
geschwindigkeit

50 - 200 m/min 50 - 200 m/min 0 – 55 m/min 

Abstand 2 – 25 mm 2 – 25 mm 2 – 15 mm

Plasma Temperatur
(8 mm) 

> 300 °C > 500 °C < 80 °C

Restpotential
(at 8 mm)

0,1 - 300 V > 380 V < 1 V

Gewicht 932 g 1240 g 780 g 

PFW10 - HP PFW10 - LT
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Openair-Plasma® – Cleaning
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Openair-Plasma® – Cleaning

Cleaning process with Plasma at Griesser

• 1st step: removal of strong contamination with 
hot water under pressure

• 2nd step: Fine cleaning with 48 PFW10, 40 m/min, 
140 mm width both sides

• 3rd step varnishing at Griesser with different 
colors

No solvent in the fine cleaning process. 

About 20 tons less hazardous waste per year.
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Openair-Plasma® – Cleaning

Source: deavita.com
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HydroPlasma® - cleaning of fingerprints
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HydroPlasma® - cleaning of fingerprints

Inorganic residues e.g. Salts can be dissolved in water, making 
HydroPlasma® perfect for removing fingerprints
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What is HydroPlasma cleaning?

A small amount of distilled water is introduced into the 
plasma stream.

The introduction of water creates a large amount of 
oxygen and hydrogen radicals in the plasma stream.

Oxygen is great at breaking down organics.

The introduction of water into the plasma creates a very 
cool plasma.  This can be useful when very high plasma 
energy is required to remove contamination, but without 
the water, thermal damage would occur to the substrate. 

distilled water
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HydroPlasma® - cleaning
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Openair-Plasma® – Cleaning – PlasmaWaterCleaning
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Metal surface

37

Newly Created 
Surface

Oxide

H2O

Metal

Seconds 
Later
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Openair-Plasma® – ReDox – Reduktion

N2 Plasma → Gas wird gewechselt → N2/H2 Plasma

38
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Air Plasma N2 Plasma N2/H2 Plasma

Openair-Plasma® – ReDox – Reduktion

39
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Openair-Plasma® – ReDox – Reduktion

O

40
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Openair-Plasma® – ReDox – Reduktion

Before:

After:
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Openair-Plasma® - Process

Cleaning ActivationCoating ReDoX
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Metal surface

43

Newly Created 
Surface

Metal

AntiCorr®



© Plasmatreat

AntiCorr® – Coating of metal
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PlasmaPlus®

Plasma-SealTight®PT-Bond AntiCorr® PT-Print

PT-Bond is a plasma 
coating designed to 
promote the adhesion 
of adhesives and 
sealants

Plasma-SealTight®

coating for a strong, 
covalent bond 
between component 
parts

A high-performance 
barrier coating which 
provides an inline and 
active corrosion 
protection

PT-Print enables a one-
step digital printing 
process which 
significantly improves 
the adhesion and 
moisture resistance of 
UV inks on hard 
materials

45

PPDE2110 ANTICORR.pptx
PPDE2120 PLASMA-SEALTIGHT.pptx
PPDE2170 PT-BOND.pptx
PPDE2150 PT-PRINT.pptx
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PT-Bond coatings are done by a specific 
process:

• Precursor is mixed with hot carrier gas

• Ultra-thin coating of 10 to 700 nm

coating functions:

• Adhesion promoting coating

• Corrosion protection coatings

• Anti-adhesion coating

PlasmaPlus® System

Precursor
Tank

Carrier Gas
(air or nitrogen)

PlasmaPlus®

Plasma

Ionization Gas 
(air or nitrogen)

Power
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PlasmaPlus® – AntiCorr

Dichtungs-
schnittstelle

AntiCorr® Beschichtung

Spaltkorrosion

Dichtungselement 
(Feststoffdichtung oder FIPG)

Elektrolyt

Aluminiumlegierung/Metall vor Korrosion geschützt

Aluminiumlegierung/korrosionsgefährdetes Metall

Referenz

Geschützte Probe

47
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PlasmaPlus® - AntiCorr

48

Sucess stroy ZF/TRW

PlasmaPlus® inline production soulution since 2008
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Steps to a successful inline integration

49

with AntiCorr® coating

Without coating
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PlasmaPlus® - AntiCorr

720 h of salt spray test nach 
DIN EN ISO 9227
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PlasmaPlus® - Process control

Conversion coating

PlasmaPlus ® coating

Reference part without treatment

Corrosion protection wax

51

Aluminum AlMgSi 1 (AW 6082)

Chrome passivation
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PlasmaPlus® - Atmospheric thin film deposition on polymers

HH

H H H H H H

C C CC

C

C C C

H H HO O

Si

O

O O

Si

O O

Si

O O

Si

O O

Si

O O

Si

O

Si

O

Si

CC

H
H H

O O O O

H OH

O

NH

O

H

H

Thickness: 5-15 nm

C C

Plasma polymer coating:

• Bi-functional layer

• Long stability bond connections

• Dry inline process

Organic group: 

• Amin, Epoxy, 

Methyl, Acrylate,… 

Inorganic backbone:

• -Si-O-
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Fulfilling high demanding adhesion requirements:

• CataPlasma test (DIN EN ISO 9142)

• Salt spray test (DIN EN ISO 4611, DIN EN ISO 9227)

• Heat ageing 

• Climate cycle testing (PV1200)

• and others

> Long term stable adhesion

Target of surface treatment

°C   +   %   +  time

✓ Peel test 100% 

https://industry.glass.com

53



© Plasmatreat

Physical adhesion

𝛿+ 𝛿+

1K PU Adhesive

𝛿+

𝛿−

𝛿+

𝛿−

Aging

Dipol –Dipol
bonding
Via urethane and 
urea segements of 
the 1K PU

𝛿+

𝛿−

1K PU Adhesive

𝛿−

𝛿+
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PT-Bond – Polymer - PP

• Low strength without plasma 
pretreatment (wiped with isopropanol 
only)

• Increase of the strength after plasma 
pre-treatment

• With plasma coating significant 
increase of the strength even after 
aging

• No difference between the coatings

• SikaFlex 552

AF AF AF
AF

AF

CF CF CF
CFCF CF

CF
CF

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

Without ageing 168 h dry 70 °C 72 h water 90 °C 168 h water 20 °
Te

n
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 s

h
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n
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th

 [
M

Pa
]

Polypropylene (PP)

Without plasma With plasma PTBond1000.1 PTBond1300.1

55

AF: adhesion failure 

CF: cohesive failure 
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Precursor PT Bond PTP 1000 on stainless steel & aluminum
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Steel

Plasma

Steel

PTP 1000

Steel

Reference

Aluminum

Plasma

Aluminum

PTP 1000

Aluminum
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PTP 1000 layer 
Thickness: 5-15 nm

CF

AF

AF

AF

AF

CF

Epoxy adhesive
AF: adhesive failure 
CF: cohesive failure 
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PT-Bond Precursor matrix

Precursor related recommended adhesive 
technology

Amount Precursor g/h

Precursor PTB…
Low 
1-5g

Middle 
5-10g

High
>10g

1000 > General propose, Anti-corrosion

1100 > Silicon, MS-Polymer

1200 > 1C, 2C-PU, 1C, 2C-Epoxy

1300 > Silicon, STPU, MS-Polymer

1800 > Fast 2C-PU, EP

> 3000, 2600,… Specific projects with advanced requirements or 
special adhesives

Green = Recommended
Red = Not applicable
Blue = Not tested

57
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PlasmaPlus® PT- Bond
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Enable adhesion on metal bipolar plates with PT-Bond as 
adhesion promoter for the sealing which are molded direct in a 
tool on the sheet.

• Fully automated process

• No solvents

• Adhesion promotion to sealing materials

• Resistant to used liquids in fuel cell applications

59

PT-Bond for fuel cell gasket sealing
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Enable adhesion on copper e.g. IGBT with PT-Bond as adhesion 
promoter for the molding materials.

• Replacing low pressure batch process with inline 
atmospheric Plasma process.

• LPP process is limited to remove the oxidation

• Using the redox = copper reduction before applying a PT-
Bond layer

• No solvent, fully automated.

• MSL1 (85°C/85%RH-168H) tests have to passed

60

PT-Bond for IGBT electric components 
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Process control

Understanding the application, 
industry, manufacturing process & 
applied materials.

Knowing the surface processes 
and relevant measuring methods.

Assuring quality with process control.

Choosing the perfect matching
plasma equipment.

Plasma Process 
and Equipment

Quality 
Control

Process 
Control 

Application, 
manufacturing 

process, 
materials

61
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DIN 2304

The bonding compound needs to
be destroyed to know the
maximum load.

1) Classification
•S1 - High safety requirements:
•S2 - Moderate safety requirements:
•S3 - Low safety requirements:
•S4 - No safety requirement

2) Supervisors in Charge
Qualified working personal

3) Verification of load/ stresses
1) Measurements
2) Components testing
3) Documented experience
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Process Control with Plasma Control Unit (PCU)

PCU-Version Meaning Power Number of jets

PCU-L Low 200 – 400 W

1 single jetPCU-M Medium 400 – 600 W

PCU-H High 600 – 1000 W

PCU-DM Medium 2 x  400 – 600 W 1 double jet

63
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Process control with Plasma Control Unit (PCU)

Features

• Light Control Module (LCM)

•Plasma Power Module (PPM)

• Flow Control Module (FCM)

•Pressure Control Module (PCM)

• Rotation Control Module (RCM)

Operation

• Checking if plasma is on

• Power monitoring at the jet head

• Setting the constant air flow

•Measuring the ageing of the jet head

• Extending the service life of the motor 

and belt

64
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Power monitoring to survey electrode wear

0

10

20
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40
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60

Electrode a Electrode b Electrode c Electrode d Electrode e

Increase in Plasma Power + 105 W

Surface 
Free 
Energy 
[mN/m]

485 W

590 W

Increase in Surface Free Energy + 12 mN/m
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Pressure Control (PCM) and Rotation Control (RCM)

66

Back pressure
[mbar]

Back pressure 
drops -50 %

diameter increases by 1 mm

Diameter of Jet Head 
Outlet [mm]

2800 rpm

1500 rpm
Inhomogeneous 
surface treatment
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Openair® Plasma – process control

67
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1. Openair-Plasma® kann organische Verunreinigungen entfernen – die Menge hängt vom 
Grad der Verunreinigung und der Plasmaleistung ab. 

2. Fingerabdrücke können mit HydroPlasma entfernt werden. PAW kann die Leistung der 
HydroPlasma-Behandlung verbessern. 

3. Die Oxidschicht kann durch eine REDOX Plasmabehandlung entweder vergrößert oder 
entfernt werden.

4. PlasmaPlus® behindert bzw. verzögert Oxidation von metallischen Oberflächen  

68

Zusammenfassung
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+49 5204 99 600Magnus Buske

Queller Str. 76-80, 33803 Steinhagen, Germany m.buske@plasmatreat.de

www.plasmatreat.de

Let´s start your step into the Openair-Plasma® World

69

mailto:m.buske@plasmatreat.de
https://www.xing.com/pages/plasmatreatgmbh
https://twitter.com/PlasmatreatGmbH
https://www.facebook.com/Plasmatreat-110449335686141
https://www.linkedin.com/company/plasmatreat
https://www.instagram.com/plasmatreat/
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