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Introduction to Project
• Integrated Project under FP6
• “Successor” of European network action ���������	


(FP5�

• Dedicated to the use of plasma in three different 
sectors:
– (Food) Packaging
– Biomedical applications

– Textile

• Both low pressure and atmospheric pressure plasma 
are being studied 

• Project duration: May 1, 2005 ® April 30, 2009 
• “large” project: 25 partners
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Consortium presentation

Partners with different 
expertise, i.e. 
complementary partners:
End-users
Plasma equipment 
providers
RTD centres
Analysis (functional, 
surface)
Associations
Market research 
Environmental aspects

DHJ-CREAT( FR)
SOFRADIM (FR)
Luxilon (BE)
Jovertex (SP)

BIOPHY (FR)
Tops Foods (BE)
DIAD (IT)

SOFRADIM (FR)
Luxilon (BE)
CSMA (UK)

Europlasma

AcXys

Muegge

Biomatech

CSMA

CLUBTEX (FR) EUCOMED

IVLV (DE)

IFTH, Centexbel

UPMC,JRC

Univ. Stutt., UPMC

NODAL

Environmental
Park

TEXTILE

BIOMEDICAL

Food packaging

PlasMATec

DCPS

CPI

Biophy
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• Belgium (5)

• France (9)

• Germany (4)

• Spain (1)

• Italy (3)

• United Kingdom (1)

• Ireland (1)

• Russian Federation 
(1)

Project Team: Geographic 
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Objectives of the project

• Better insight in plasma processes 
• Development new plasma processes & systems
• Advanced surface engineering:

– Durable properties, e.g. washing durability
– Sustainable: reduced use of hazardous substances and 

resources (water, energy)

• Integration of plasma process in the industrial 
production process (scale up)

• Improve existing products:
– Performance
– Environmental impact
– Cost of production
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Introduction to plasma
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Plasma: what ?

Gas Plasma

atom molecule electron (-) positive ion

• Plasma = gas consisting of electrically charged particles



G. Buyle – MFC08  - September 18, 2008

Plasma examples



G. Buyle – MFC08  - September 18, 2008

Efficiency of plasma as materials
processing tool

• Chemical / physical reaction: 
problem of activation energy

• Classical process: 
activation by thermal energy 
for all particles

• Plasma process: 
activation by electrical energy 
for a fraction of particles

Activation
energy
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0,762,812,361,67����������	

0,260,191,220,4
	����

EU
(g PO43-)

POPC
(g C2H4)

AP
(g eq SO2)

GWP
(kg CO2)TREATMENT

Legend:
– GWP: Global Warming Potential, i.e. CO2 emission

– AP: Acidification of ground, air, water

– POPC: Photochemical ozone creation

– EU: Eutrophication

• LCA Analysis of energy use: 
– Plasma process = 1/3 of traditional process !

Example: Oleophobic process
for PES fabric

Source: Acteco

• Comparison of environmental impact:



G. Buyle – MFC08  - September 18, 2008

Plasma types & equipment
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Types of plasma

• Classification ?
– Physics view point: based on charged particles: energy vs density
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Types: physics view point
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Types of plasma

• Classification ?
– Physics view point: based on charged particles: energy vs density
– Practical view point:

• Gas pressure
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Types: gas pressure view point

Batch process or
expensive equipment

Uniformity
Flexibilty

Subatmospheric (~1kPa) 

Influence environment
Less flexible

In-line
High speed

Atmospheric (~100kPa)

Batch process
Expensive equipment

Uniformity
Flexibility

Low (~0.01kPa)

-+Gas pressure

� Each pressure has advantages (and disadvantages)
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Types of plasma

• Classification ?
– Physics view point: based on charged particles: energy vs density
– Practical view point:

• Gas pressure
• Which substrates can be treated

Plasma source

Plasma 
zone

Textile
Substrate

Plasma 
zones

Electrodes

Grounded electrode

Textile
Substrate

“Under” the source: “Through” the source:
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Types: substrate view point

+

+ 

- / + 
(µdischarges)

-
(µdischarges)

Uniformity

Line

Plane

Plane

Line

Geo-
metry

- / +No limitPlasma jet

-< 15 mm
Glow
discharge

- / +< 20 mmDBD

+< 10 mmCorona

Scale up 
width ?

Substrate
Thickness

� Scale up to uniform plasma for thick(er)    
substrates not evident
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Plasma interaction with substrate
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Plasma – surface interaction

Plasma source

Plasma

Substrate
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Plasma-surface interaction: particles

• Different types of particles interacting with the surface
• Each type has its characteristic penetration depth

� Only influence on top layer ® surface treatment
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Plasma-surface interaction: effect

• “Removal”:
– Cleaning
– Etching
– Sterilisation

• “Addition”: 
– Activation: (temporary) increase of surface energy 
– Functionalisation: (permanent) introduction of chemical groups 
– Deposition/ coating
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Plasma deposition ?

Plasma source

Plasma

Substrate
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Plasma deposition !

Plasma source

Plasma

Substrate

Precursor

� Plasma + Precursor ® coating possible
� Permanent change of the surface properties
� Crucial: interaction precursor - plasma
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Chemistry protection in plasma* –
The story of the snowflake and the snowball!

T
em
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Snowflake Snowball
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Vapour 
precursor

Aerosol 
precursor

Minimum useful 
process energy

* Source: DCPS presentation 
3rd Acteco training day

� Chemistry can be protected 
� Droplet size is critical 
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Possible textile applications
• Scientific literature:

– Imparting hydrophilic properties
– Increasing adhesion
– Influence printability, dyeability
– Changing the electrical conductance
– Imparting hydrophobic properties
– Application of anti bacterial agents
– Application of fire retardant agents
– Anti-shrink treatment of wool
– Sterilisation
– Desizing of cotton
– …

� Time scale of treatment critical for industrial         
(in-line) implementation
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ACTECO Examples on PET fabrics:

• Oleophobic properties
• Hydrophilic properties
• Antimicrobial properties
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• Equipment:
– Vacuum system

– Microwave plasma

• Process:
– Optional: plasma pretreatment

– Manual spray of fluorocarbons
– Plasma treatment

• Aim: durable oleophobic properties:
– Washing resistance
– Abrasion resistance 

• Testing oil repellency AATCC1182002:
– Level 0 = no repellency
– Level 8 = best (ca. 20mN/m) 

Durable oleophobic properties (1/2)
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• PET1 - Washing resistance:

• PET2 - Abrasion resistance (Martindale test):

6.56.53.5666.58Oil repellency level

2016128420Rotations (x1000)

� High level of oil repellency possible 
� Durable in terms of washing and abrasion

Durable oleophobic properties (2/2)

666.57-Washed + ironed

3.55.55.56.57Washed

20x10x5x1x0Number of:

Untreated: level <2
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Hydrophilic primer layer (1/3)

• Equipment: 
– DBD
– Gas: N2 + SiH4 (Aldyne treatment)

• Hydrophilic treatment : 
– Grafting chemical functionalities
– Permanent

• Roll-to-roll treatment 
station :
– Max width 2000 mm 
– Max speed 300 m/min
– Max dose 300 W.min/m2
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• Wicking test result:
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� Increased wettability 
� Primer layer for subsequent finishing

Hydrophilic primer layer (2/3)
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Untreated PET

19.8

-

% Si

1.1

-

% N

1.328.869.9

0.254.024.9Treated PET

% F% O% CTextile

���������� 	�������

PET SiPET Si

� Highly hydrophilic nanocoating of SiO2 at fiber surface
� Difference in weft and warp direction (!)

Hydrophilic primer layer (3/3)

• XPS Surface composition: 

• ToF-SIMS mapping of chemical species at the surface:
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• Plasma equipment:
– Coating Star - Ahlbrandt*
– Available on semi-industrial coating line from Centexbel

* Available through cooperation with Univ. College Ghent

Antimicrobial properties (1/4)
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Untreated

R4N+ Treated

• Basic ToFSIMS analysis:

� Precursor undamaged by plasma 

Antimicrobial properties (2/4)
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Untreated Uniformly treated“Badly” treated

Size = 5x5mm2, color = specific for chemical group, PET fabric

• ToFSIMS imaging:

� Good uniformity possible 
� Thickness: uniform layer of about 1-2 nm 

Antimicrobial properties (3/4)
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� ToFSIMS: powerful tool for plasma process 
optimisation

Antimicrobial properties (4/4)
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Summary

• Plasma as a materials processing tool:
– Inherently efficient because of targeted 

excitation of charged particles 

• Plasma treatment of textile materials:
– Tailoring surface energy: hydrophilic, 
hydrophobic, oleophobic, printability, 
adhesion,…

– Other: antimicrobial, biocompatible,…

• ACTECO - 6FP:
– Dedicated to plasma for industrial use
– Expertise: modelling, equipment & process 
design, evaluation, scaling-up,… www.acteco.org

gbu@centexbel.be
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