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Coa$ng	
  Technology:	
  
State-­‐of-­‐the-­‐Art	
  &	
  Future	
  

Perspec$ves	
  

Sirris:	
  21.10.2014	
  
Gent	
  
Prof	
  Dr	
  Marc	
  Van	
  Parys	
  -­‐	
  UNITEX	
  
	
  

Field	
  of	
  	
  
Applica$ons	
  

Product	
  examples	
   An$cipated	
  
growth	
  

Agrotech	
   Covering	
  foils,	
  pond	
  foils	
  ...	
   3,2	
  %	
  

Buildtech	
   Diaphragms,	
  weather	
  protecRon,	
  solar	
  cells	
  ...	
   4,3	
  %	
  

Clothtech	
   Shoes,	
  smart	
  texRles,	
  waterproof	
  texRles	
  ...	
   2,7	
  %	
  

Geotech	
   Dam	
  @	
  Refuse	
  dump	
  construcRon,	
  drainage	
  &	
  
filtraRon	
  texRles	
  ...	
  

4,6-­‐8,5	
  %	
  

Hometech	
   Floor	
  coverings,	
  furniture	
  upholstery,	
  furniture	
  
covers,	
  wall	
  coverings	
  ...	
  

2,7	
  %	
  

Indutech	
   ConducRve	
  texRles,	
  3D	
  texRles,	
  fuel	
  cells	
  ...	
   3,5	
  %	
  

Medtech	
   Medical	
  hygiene	
  texRle,	
  napkins,	
  plasters	
  ...	
   4,6	
  %	
  

Mobitech	
   Aircra^,	
  automobile	
  @	
  ship	
  building,	
  airbags	
  
truck	
  Rlts	
  ...	
  

4,6	
  %	
  

Packtech	
   Packaging	
  materials,	
  fluid	
  products	
  ...	
   3,2	
  %	
  

Protech	
   Special	
  work	
  wear	
  (bullet	
  &	
  fireproof	
  jackets,	
  sun	
  
shades	
  ...	
  

2,5-­‐3,2	
  %	
  

CoaRng	
  -­‐	
  ApplicaRons	
  

• 	
  Pretreatment	
  –	
  adhesives	
  -­‐	
  laminates	
  
• 	
  Functional	
  Coatings	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  Materials	
  for	
  Sportswear	
  
	
  

	
  
Intelligent	
  
texRles	
  

AdapRve	
  –	
  SSP	
  –	
  Shape	
  memory	
  texRles	
  

Sensoric	
  	
  texRles	
  

Slow-­‐Release	
  systems	
  

Self-­‐healing	
  

Phase-­‐change-­‐materials	
  (PCMs)	
  

Self-­‐cleaning	
  texRles	
  

Self	
  DiagnosRc	
  texRles	
  

IR	
  ReflecRon	
  	
  

EC-­‐texRles	
  

SuperparamagneRc	
  texRles	
  

Data	
  &	
  Signal	
  Transmission	
  

Light	
  Transmission	
  

upwinding cooling stenter laminating Coating head winding 

 Coating   Laminating   Curing 

Solvent	
  	
  &	
  Waterbased	
  systems   
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Direct	
  CoaRng	
  
• Knife	
  coaRng	
  
• Knife	
  over	
  air	
  
• Knife	
  over	
  roll	
  
• Knife	
  over	
  blanket	
  

• Screen	
  coaRng	
  
• Kiss	
  roll	
  
• DIP	
  coaRng	
  
• Spray	
  CoaRng	
  
Indirect	
  CoaRng	
  
• Transfer	
  coaRng	
  
• Reverse	
  roll	
  
• Gravure	
  coaRng	
  

CONVENTIONAL	
  COATING	
  TECHNIQUES	
   ClassificaRon	
  according	
  to	
  	
  
the	
  physical	
  properRes	
  

Medium	
   Solvent	
   	
  DMF,	
  Toluene,	
  MEK	
  …	
  
	
  Water	
  

Dispersion	
   Macro	
  

Micro	
  

Paste	
  
(Foam)	
  

Organosols	
  –	
  hydrosols	
  
PlasRsol	
  	
  

	
  	
  
100%	
   Solids	
  (Hot	
  melt)	
  

Liquids	
  (radiaRon	
  curable)	
  
	
  	
  

Paste	
  -­‐	
  Foam	
  CoaRng	
  

Foam	
  from	
  mixer	
  

Foam	
  from	
  mixer	
  

Foam	
  from	
  mixer	
  

Foam	
  from	
  mixer	
  

Foam	
  from	
  mixer	
  

Knife	
  over	
  roll	
  
Knife	
  over	
  air	
  

Foam	
  foulard	
  

Rotary	
  screen	
  roll	
  

Overview	
  COATING	
  polymers	
  

Polymers	
   PVC	
  

Poly	
  acrylates	
  

PUR	
  

Silicones	
  

Fluorcarbons	
  

Specialty	
  elastomers	
  

NEEDS	
  OF	
  TEXTILE	
  INDUSTRY	
  
INNOVATION	
  

AN	
   OVERALL	
   APPROACH	
   TO	
   THE	
   NEEDS	
   OF	
   TEXTILE	
   INDUSTRY	
  
DEMANDING	
  FOR	
  CHANGING	
  PRODUCTION	
  STRATEGIES	
  
	
  

	
  	
  	
  -­‐	
  FLEXIBLE,	
  VERSATILE	
  PRODUCTION	
  
	
  	
  	
  -­‐	
  SHORTER	
  RUN	
  LENGTHS	
  (OFTEN	
  <	
  100	
  m)	
  	
  	
  	
  	
  	
  
	
  	
  	
  -­‐	
  REDUCED	
  OF	
  RESOURCES	
  (WATER	
  -­‐	
  ENERGY	
  –	
  CHEMICALS)	
  
	
  	
  	
  -­‐	
  INTEGRATION	
  OF	
  MANUFACTURING	
  PROCESSES	
  –	
  New	
  Business	
  Models	
  
	
  	
  	
  -­‐	
  CHEAPER	
  COSTS	
  (TOTAL	
  COST)	
  
	
  	
  	
  -­‐	
  REDUCED	
  STOCKS	
  
	
  
	
  
	
  

	
  	
  

GROWING	
   DEMAND	
   FOR	
   TEXTILE	
   PRODUCED	
   USING	
  
SUSTAINABLE	
   OPERATIONS	
   AND	
   FOR	
   PRODUCING	
   PRODUCTS	
  
CLOSER	
  TO	
  THE	
  MARKET	
  

Water & Energy issues 
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2. Finally,!the!project!must!stimulate!and!help!the!participating!SMEs!to!secure!or!even!increase!
employment,!guaranteeing!know8how!and!expertise!in!house.!

 3.2 Original or innovative aspects in relation to the state of the art 

State,of'the'ART'–'actual'situation'concerning'DP,technology'for'printing'

Digital!technology!is!an!emerging!technology!and!the!preferred!technique!to!give!on!a!flexible!manner!the!
desired! look! to! textile! supports! or! even! garments.! The! actual! commercial! success! of! digital! printing! is!
related! to!many! flexibility,! versatility! and! economic! and! ecological! advantages.!Moreover,! colour! digital!
print! systems! cannot!work! in! isolation,! but!within! an! administrative! and!workflow! infrastructure,!which!
must!work!efficiently!to!enable!cost8effective!and!competitive!production.' 
Digital! technology! is! a! contactless! technology;!no!physical!master! is!needed! (in! contrast;! analog! (screen)!
printing!uses!masters,!usually!imaged!rotary!and!flatbed!screens).!Using!a!series!of!drops!of!varying!colour!
to!shade!an!area!of!the!design!creates!colours.!In!a!multi8pass!DP8printer!(DOD)2!the!print!heads!pass!over!
the!substrate!and!tiny!drops!(µl)!of!colorant!are!sprayed!onto!the!substrate!in!a!pattern!designated!by!the!
computer!driving!the!print!heads.!The!‘virtual!master’!resides!in!the!computer!memory.!In!other!words!DP8
printers!utilize!process!colours.!Mixing!and!blending!the!primaries!drop!by!drop!sequentially!over!a!small!
area! rather! than! being! premixed! in! a! kitchen! prior! to! printing! produce! the! final! colours! on! the! textile.!
Process!colour!involves!subtractive!colour.!While!in!screen!printing!the!inks!may!be!dried!between!colours,!
with! inkjet! all! colours! are! printed! simultaneously,!wet! on!wet.! So! the!DP8technology! is! a! supplierEdriven"
technology!putting!a!lot!of!stringent!quality!requirements!on!inkjet!inks.!In!other!words!the!printer!himself!
can’t!modify!or!compound!on!his!own!the!inkjet8ink.!

Actual'finishing'process'for'the'production'within'the'company'FOV'

  
 Figure"2:"LayEout"of"a"traditional"padding"process"for"applying"finishes"(FOV)"

!

The!actual!commercialized!fabrics!(FOV)!are!functionalized!using!conventional!padding!(both!sides,!figure!2)!
or!coating!(one8side)!systems!followed!by!drying/!curing!(fixation)!using!a!stenter.!This!means!ca.!25! l! for!
100!sqm!of!textiles! in!case!of!padding.!Considering!the!excess!of!bath!during!preparation!and!cleaning!of!
the!padder!we!can!estimate!total!water!consumption!over!30!l/kg!textile.!This!volume!has!to!be!dried!and!
evaporated!consuming!a!lot!of!energy.!In!addition,!the!stenter!has!to!heat!up!to!the!desired!temperature!

                                                
2!DOD!–!drop8on8demand!

•  Water	
  availability	
  and	
  access	
  become	
  criRcal	
  issues	
  
•  Cost	
  of	
  water	
  &	
  energy	
  use	
  varies	
  greatly	
  across	
  Europe	
  
•  Water	
  legislaRon	
  becomes	
  stricter,	
  raising	
  compliance	
  costs	
  

Actual	
  
SituaRon	
  
In	
  texRle	
  
finishing	
  

1	
  kg	
  Tex(le	
  =	
  
30	
  l	
  Water	
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Solventbased	
  Coa$ngs	
  (DMF,	
  MEK,	
  Toluene	
  …)	
  
	
  VOC/HAP	
  
	
  Inflammable	
  
	
  A^erburning	
  residus	
  
	
  Solvent	
  recuperaRon	
  
	
  	
  

High	
  Risk	
  –	
  Toxic	
  –	
  Hazardeous	
  -­‐	
  SVHC	
  substances	
  
	
  Brominated	
  FR-­‐retardants	
  (PBB,	
  PBDE	
  …)	
  
	
  Some	
  Phosphates	
  (indoor	
  air	
  quality)	
  	
  
	
  Heavy	
  metals	
  –	
  Hg,	
  Cr6+,	
  Pb,	
  	
  Cd	
  …	
  
	
  Formadelhyd	
  binders	
  
	
  C8-­‐Fluorcabons	
  …	
  

Wet 

Dry 

NEAR	
  TERM	
  STRATEGY	
  HORIZON	
  2020	
  	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  GREATER	
  RESOURCE	
  EFFICIENCY	
  

upwinding cooling stenter laminating Coating head winding 

 Coating   Laminating   Curing 

Solvent based systems         Water based systems         100% systems 
 

       
 

                                                                                   
                                                  

Limited to Powder   Hot melt   

Solventbased	
  
T-­‐curable	
  
CoaRngs	
  

Waterborne	
  
T-­‐curable	
  
CoaRngs	
  

	
  	
  	
  100%	
  Solid	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  systems	
  
•  Powders	
  
•  Hot-­‐melt	
  (+	
  UV	
  
curing)	
  

	
  	
  	
  UV-­‐curable	
  
systems	
  

•  100%	
  
• waterborne	
  

Hotmelt	
  CoaRng,	
  incl.	
  UV-­‐	
  hotmelt	
  coaRng	
  

UV-­‐EB	
  coaRng	
  

Plasma	
  CoaRng	
  

• Plasma	
  -­‐	
  Microwave	
  
New	
  Curing	
  systems	
  

• Piëzo	
  
• Valve-­‐jet	
  

Digital	
  CoaRng	
  

• Non	
  ReacRve	
  
• ReacRve	
  

Magnetron	
  Spupering	
  

Recent – Future  Coating Technologies 
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100%	
  Systems	
  	
  
Powder	
  &	
  HOTMELT	
  

.	
  	
  

•  Possibility	
  of	
  OCS	
  (Open	
  CoaRng	
  System)	
  or	
  FCS	
  	
  (Full	
  CoaRng	
  Systems)	
  

•  ConRnu	
  coaRng,	
  intermipent,	
  stripes,	
  …	
  
	
  
•  One	
  or	
  both	
  side	
  applicaRon	
  

•  Many	
  hotmelt	
  suppliers	
  such	
  as	
  Kleiberit,	
  Dakota	
  CoaRngs,	
  Schaeq,	
  ECS,	
  Forbo,	
  Jowat	
  	
  	
  

•  Different	
  Hotmelt-­‐systems	
  

–  Non-­‐reac$ve	
  hotmelts	
  :	
  EVA,	
  PUR,	
  copolyamide,	
  copolyester	
  …	
  
–  ReacRve	
  hotmelts	
  :	
  reacRve	
  side-­‐group	
  (R-­‐N=C=O)	
  reacRng	
  with	
  each	
  other	
  and	
  

substrate	
  AcRvaRon	
  by	
  

•  T	
  -­‐	
  Humidity	
  
•  UV	
  or	
  EB-­‐radia$on	
  

•  Physical	
  +	
  Chemical	
  Adhesion	
  
•  High	
  Solvent	
  &	
  T-­‐resistance	
  

Picture:	
  Forbo	
  

HOTMELT	
  	
  PossibiliRes	
  

Coating and laminating – the technique
to create the matrix

Slot Nozzle Coating:

hotmelt
from melter or extruder

hotmelt OCS (open 
coating structure)

© Copyright 20.. by Robatech AG

counter roll, 
rubber coated

web to be coated

slot die 

touching the web 
for open film 

SLOT	
  DIE	
  

Coating and laminating – the technique
to create the matrix

Slot Nozzle Coating:

hotmelt 
from 
melter

hotmelt closed film 
on the web

slot die 

© Copyright 20.. by Robatech AG

melter

counter roll, 
rubber coatedweb to be coated

with distance 
for closed film 

OCS	
  SYSTEM	
  

FCS	
  System	
  DIE	
  

SLOT	
  DIE	
  

Slot-­‐die	
  CoaRng	
  -­‐	
  FCS	
  coaRng	
   Slot-­‐die:	
  	
  Intermipent	
  coaRng	
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Spray	
  Hotmelt	
  

hotmelt	
  	
  
from	
  melter	
  

hotmelt	
  “filaments”	
  	
  
	
  	
  	
  	
  on	
  the	
  web	
  

web	
  to	
  be	
  coated	
  

hotmelt	
  filaments	
  
disturbed	
  	
  by	
  air	
  jets	
  	
  

Why	
  choosing	
  Hot	
  Melt-­‐Technology?	
  

ProducRon	
  of	
  full	
  	
  recyclable	
  products	
  (waste	
  reducRon)	
  

SubstanRal	
  lower	
  need	
  for	
  “floorspace”-­‐>	
  compact	
  units	
  	
  

Shorter	
  changeover	
  Rmes	
  (apracRve	
  for	
  small	
  producRon	
  runs	
  <	
  
1000	
  m)	
  

High	
  producRon	
  speeds,	
  resulRng	
  on	
  addiRonal	
  cost	
  reducRon	
  
(energy)	
  Limited	
  “Capex”	
  (no	
  need	
  for	
  thermal	
  oven	
  &	
  a^erburner)	
  

Possibility	
  for	
  incorporaRon	
  FuncRonaliRes	
  

UV-­‐Hot	
  Melt	
  

HOT	
  MELT	
  

•  Physical	
  +	
  Chemical	
  Adhesion	
  
•  High	
  Solvent	
  &	
  T-­‐resistance	
  

SLOT-­‐DIE	
  coater	
  

upwinding cooling stenter laminating Coating head winding 

 Coating   Laminating   Curing 

Solvent based systems         Water based systems        100% systems 
 

       
 

                                                                                   
                                                  

Limited to Powder   Hot melt   

Liquid UV-coatings 

oligomer 

monomer 

photoinitiator 

additives 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100	
  %	
  UV-­‐system	
  

• 	
  Most	
  important	
  group	
  

• 	
  Monomer	
  diluent	
  

• 	
  Liquid	
  
• 	
  No	
  solvent/water	
  (no	
  drying)	
  

• 	
  Formulation	
  (oligomer	
  …)	
  

• 	
  UV-­‐LED	
  Fixation	
  

100%	
  UV-­‐formulation	
  

water 

2-­‐systems	
  

Waterborne	
  	
  UV-­‐system	
  

• 	
  Waterborne	
  dispersion	
  

• 	
  Mainly	
  without	
  monomer	
  

• 	
  Thickener	
  (Important	
  !)	
  

• 	
  Water	
  evaporation	
  -­‐	
  (IR)	
  drying	
  

• 	
  UV-­‐LED	
  fixation	
  

Waterborne	
  UV-­‐formulation	
  
	
  

T-­‐curing	
  

UV-­‐curing	
  

Waterborne	
  Systems	
  

100%	
  UV	
  Systems	
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NEW CHEMISTRY !!! 
 

Monomers 
 
 
 

Oligomers 
 
 
 
 
Photo-initiator 
Others:  
adhesion promoters, O2-inhibitors ... 

hv 

  Initiator 
 
 
 
 
 
 
 
 
 
 

Propagation 

urethane acrylate oligomer 

Monomer	
  SelecRon	
  
	
  
Monomer	
  

Flexibility	
   Reac$vity	
   Solvent	
  
resistance	
  

Tensile	
  
strength	
  

Shrinkage	
   Adhesion	
  

Mono	
  

Di	
  

Tri	
  

Tetra	
  

Monomer thinner: 

-  low MW 

-  network incorporation 

-  no  volatilization 

-  choice: wetting, flexibility & low shrink 

3. PHOTO-INITIATORS 

Examples:	
  
1.  Benzophenone	
  -­‐	
  254	
  nm	
  

2.  1-­‐hydroxy-­‐cyclohexylphenyl-­‐keton	
  	
  
	
  	
  	
  	
  	
  	
  	
  247,	
  280,	
  333	
  nm	
  

3.	
   	
  Diphenyl	
  (2,4,6	
  trimethylbenzoyl)	
  phosfine	
  oxide	
  –	
  
TPO	
  Type	
  -­‐	
  380	
  nm	
  

1.   Monomer thinner 

      2- (2-ethyoxyethoxy) ethylacrylate , tetrahydrofurfuryl metacrylate   

      & 2-fenoxy-ethylacrylate 

 2. Stabilisators 

  -  avoiding premature polymerisation during exposition 

  -  radical scavengers f.e. HALS, additional protection against direct  

     sunlight (anti-yellowing property) 

 3. O2-inhibitors 

 4. Adhesion promotors - f.e. organosilanes 

 5. Pigments 

  -  absorbing or scattering UV--lightt à inhibition UV-curing 

  -  majority UV-curable  coatings: pure  or silica 

  -  proper choice of photo-initiator or combination UV-formulation with  

  white coloured pigment possible  

 4. ADDITIVES  

UV-­‐LIGHT	
  SPECTRUM	
  

RADIATION	
  SOURCES	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
UV-­‐ARC	
  (Ga,	
  Fe,	
  Hg)	
  

	
  
UV-­‐LED	
  (395	
  nm)	
  

	
  
EB	
  

Slide Number 3   2/10/14  
STRATEGIC PARTNER 

Wide range of Conventional Lamp and UV-LED Technology 
 

Slide Number 3   2/10/14  
STRATEGIC PARTNER 

Wide range of Conventional Lamp and UV-LED Technology 
 

UV-­‐arc	
  versus	
  LED	
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UV-­‐LIGHT	
  SPECTRUM	
  

Slide Number 4   2/10/14  
STRATEGIC PARTNER 

UV-Light and the differences 
 

•  UV-A (320nm-420nm)  
•  UV-B (280-320nm)  
•  UV-C (200-280nm) 

UV-­‐arc	
  versus	
  LED	
  

Source:IST-­‐D	
  

BENEFITS	
  	
   FEATURES	
  
	
  

ADVANCED	
  	
  
CAPABILITIES	
  

Heat-­‐sensitive	
  thin	
  substrates	
  
Deep,	
  through	
  curing	
  
Small	
  compact	
  units	
  
Controlled	
  curing	
  intensity	
  

	
  
	
  
	
  

OPERATING	
  	
  
ECONOMICS	
  

Energy	
  efficient	
  
Long	
  lifetime	
  	
  
Simplified	
  maintenance	
  
Increased	
  Yields	
  
Low	
  Operating	
  temperatures	
  
Instant	
  100%	
  availability	
  with	
  on	
  and	
  
off	
  mode	
  
Power	
  adjustable	
  in	
  a	
  linear	
  way	
  
(between	
  0	
  and	
  100%)	
  

	
  
ENVIRONMENTAL	
  

BENEFITS	
  

Mercury	
  free	
  
Ozone	
  free	
  
Workplace	
  safety	
  
UV-­‐A	
  wavelength	
  

LED	
  
UV-­‐CoaRng	
  
• Wavelength	
  range	
  1-­‐100	
  µm	
  	
  
• Energy:	
  2.2	
  –	
  7	
  eV	
  
• Surface	
  effect	
  
• Requires	
  Photo-­‐iniRator	
  
• Less	
  expansive	
  Curing	
  Unit	
  

EB-­‐CoaRng	
  
• Wavelength	
  range	
  10-­‐4	
  -­‐	
  10-­‐7	
  µm	
  	
  
• Energy:	
  100	
  –	
  300	
  keV	
  
• Deeper	
  PenetraRon	
  
• Requires	
  no	
  Photo-­‐iniRator	
  
• Expensive	
  unit	
  
• Borader	
  choice	
  of	
  ingredients	
  

IRRADIATION	
  COATINGS	
  

PROS	
  

• 	
  VOC/HAP	
  q	
  

• 	
  IR-­‐drier	
  à	
  oxidaRon	
  VOC	
  à	
  emission	
  q	
  

• 	
  ProducRon	
  speed	
  p	
  

• 	
  Flexibility	
  &	
  versaRlityp	
  

CONS	
  

• 	
  Interference	
  pigments	
  	
  

• 	
  More	
  expansive	
  products	
  

• 	
  Often	
  adhesion	
  problems	
  

• 	
  Toxicity	
  acrylate	
  chemistry	
  

• 	
  Odour	
  	
  

• 	
  Skinfriendly	
  (?)	
  

• 	
  UV	
  

• 	
  EB	
  

Energy	
  consumpRon	
  

Energy	
  consumpRon:	
  

• 	
  water	
  based:	
  100	
  %	
  

• 	
  solvent	
  based:	
  25	
  %	
  

• 	
  UV:	
  0,50	
  %	
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Application Techniques 
 

> Conventional Coating techniques 
 
a. DIP, kiss-roll, knife-coating, Meyerbar, ... 
b. Implementation of UV-sources in existing coating 

line 
 
> Adopted Application Systems (valve jet, ...) 

	
  
•  Self	
  Cleaning	
  	
   	
   	
   	
   	
   	
  TiO2	
  -­‐	
  SiO2	
  	
  
•  	
  Air	
  purificaRon 	
   	
   	
   	
   	
  TiO2	
  -­‐	
  SiO2	
  	
  	
  
•  UV-­‐protecRon 	
   	
   	
   	
   	
  TiO2	
  -­‐	
  ZnO	
  
•  IR-­‐effects	
  	
   	
   	
   	
  	
   	
   	
   	
  ZrC	
  -­‐	
  ITO	
  -­‐	
  VO2	
  

•  SuperparamagneRc	
   	
   	
   	
  Ferro	
  fluids	
  
•  ConducRve	
  effects 	
   	
   	
   	
  nanotubes	
  -­‐	
  graphene	
  	
  
•  Sol-­‐gel	
  technology 	
   	
   	
   	
  inorganic	
  binder	
  for	
  

	
  	
  	
  	
  	
  	
  	
  SiO2	
  -­‐	
  TiO2…	
  

Incorporation of nanoparticles in 
inorganic-organic hybrid polymer networks 

TiO2	
  

Sol-gel 

	
  
Nano-­‐Al	
  +	
  Nano-­‐Si	
  

UV-­‐cured	
  
	
  
PU-­‐water	
  based	
  
Resin	
  2	
  
	
  
PU-­‐water	
  based	
  
Resin	
  1	
  
	
  
	
  
Acrylate	
  water	
  
based	
  

X-­‐fold	
  improvement	
  

	
  	
  	
  	
  5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10	
  

Nano	
  Al-­‐and	
  Si-­‐ParRcles	
  influence	
  on	
  	
  
Abrasion-­‐resistance	
  on	
  coaRngs/	
  texRle	
  substrate	
  PES	
  

U
V-­‐
CO

AT
IN
G	
  

MarRndale	
  test	
  

ConsorRum	
  

SupporRng	
  
OrganisaRons SME	
  

	
  
	
  
	
  
	
  
	
  
	
  
RTD	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
SME	
  
Coordinator	
  

Development	
  of	
  UV-­‐curable	
  hydrogel	
  coa=ngs	
  for	
  	
  
PES	
  –	
  PP-­‐yarns	
  used	
  as	
  a	
  protec=ve	
  component	
  in	
  

op=cal	
  cables	
  
TransnaRonal	
  call	
  2010	
   	
  

Development	
  of	
  UV-­‐curable	
  hydrogel	
  coa=ngs	
  for	
  
PES	
  and	
  PP-­‐yarns	
  used	
  as	
  a	
  protec=ve	
  component	
  

in	
  op=cal	
  cables	
  
(end-­‐use:	
  telecommunica=on)	
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Yarn	
  CoaRng	
  System	
  
	
  
•	
  yarn	
  winder/unwinder	
  
•	
  coaRng	
  applicaRon	
  unit	
  
•	
  IR	
  system	
  (water	
  based	
  systems)	
  
•	
  UV-­‐curing	
  
	
  
High	
  Swelling	
  Yarns	
  
	
  
UV-­‐curable	
  hydrogel	
  coaRng	
  
IPN-­‐based	
  
	
  
Purpose:	
  	
  
water	
  blocking	
  -­‐	
  leak	
  detecRon	
  

50	
  

“Ambient”	
  UV-­‐curing	
  
7	
  X	
  

•  Easy	
  to	
  apply	
  
•  Easy	
  to	
  combine	
  

with	
  SAP	
  
•  Moderate	
  /	
  low	
  

swelling	
  !	
  

•  Strong	
  swelling	
  
•  Easy	
  to	
  combine	
  with	
  SAP	
  powder	
  

SUPER	
  ABSORBENT	
  POLYMERS	
  
Swelling	
  degrees	
  achieved:	
  

60-­‐256	
  X	
  
60-­‐155	
  X	
  

Up	
  to	
  445	
  X	
  
9-­‐180	
  X	
  

Under	
  	
  
invesRgaRon	
  

R
COOH

R
COO- M+

R
OH

R
COO-

N
+

R1
R2

R3
H

R
COO-

N
+

R1

R3
H R O

O

UV-­‐curable	
  Hydrogels	
  

W
P	
  
2:
	
  D
ev
el
op

m
en

t	
  o
f	
  h

yd
ro
ge
l-­‐

co
aR

ng
	
  c
on

ce
pt
	
  o
n	
  
la
b-­‐
sc
al
e	
  

Product	
  parameters:	
  
Prototype	
  formulaRons	
  

Process	
  parameters:	
  
ApplicaRons	
  systems	
  

DIP	
  

Nozzle	
  

Spec	
   Original	
  
Status	
  

UV-­‐curable	
  
hydrogels	
  

Compe$tor	
  

reference	
  

Units	
  

Dtex	
  PES	
  yarn	
   1670	
   1100	
   1670	
   Unit	
  
Dtex	
  coated	
  yarn	
   4100	
   <	
  3500	
   3444	
   g	
  /	
  m	
  

Coated	
  yarn	
  weight	
   0.410	
   <	
  0.35	
   0.344	
   g	
  /	
  10	
  km	
  
Coa$ng	
  weight	
   0.243	
   <	
  0.24	
   0.177	
   g	
  /	
  m	
  

Water	
  absorp$on	
  of	
  
coated	
  yarn	
  

18	
   	
  42	
   29.3	
   g	
  /	
  m	
  

Water	
  absorp$on	
  of	
  
coa$ng	
  

74.07	
   >	
  200	
   165.5	
   g	
  	
  H2O	
  /	
  m	
  
yarn	
  

Water	
  absorp$on	
  of	
  
coated	
  yarn	
  

43.9	
   >	
  124	
   85	
   g	
  H2O	
  /	
  g	
  
coaRng	
  

Some	
  results	
  on	
  semi-­‐industrial	
  scale	
  

•  ConstrucRon	
  of	
  yarn	
  coaRng	
  system	
  	
  

Yarn coating platform 

•  coating application unit 

• 	
  IR	
  system	
  

• 	
  UV-­‐curing	
  

• 	
  Yarn	
  winder	
  

UV 

IR 

UV-­‐curable	
  ConducRve	
  FormulaRons	
  
for	
  Yarn	
  CoaRng	
  

modular	
  system	
  

UV-­‐coated	
  yarns	
  –	
  nano-­‐tubes	
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Permanent	
  semi-­‐conduc$ve	
  yarns	
  by	
  means	
  of	
  an	
  UV-­‐curable	
  	
  
nanotube-­‐containing	
  finish	
  	
  
EraNet	
  NMP	
  “UV-­‐tube”	
  

	
  

PATENT	
  -­‐WO2011151074	
  –	
  Coated	
  Fibres,	
  yarns	
  and	
  texRles	
  

Hydrophobic UV-curable Coatings 

	
  
Reference	
  

	
  
Result	
  of	
  1	
  wash	
  process	
  

	
  
Result	
  of	
  10	
  wash	
  

processes	
  
	
  

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 

 
 

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 

 
 

Environmental	
  friendly	
  and	
  Durable	
  Oil	
  and	
  water	
  repellence	
  
finish	
  on	
  Technical	
  TexRles	
  

Atmospheric	
  /	
  Vacuum	
  Plasma	
  Deposi$on	
  	
  	
  

Pretreatment	
  

• Increasing	
  Surface	
  Tension	
  (weqng,	
  spreading,	
  adhesion)	
  
• Smart	
  primer	
  

Poshreatment	
  (Precursor	
  –	
  Monomer)	
  
• Extra	
  FuncRonality	
  -­‐	
  Toplaye	
  
• AM	
  –	
  AnRstaRc	
  –Superhydrophobic	
  …	
  

A.  Vacuum plasma technology     
�  Plasma: fourth state of matter [solid Æ liquid Æ gas Æ plasma] 

�  Plasma is a (partially) ionized gas made through  

    application of a high tension onto an electrode system 

 

 

 
 

 

 

Îa mixture of active and non-active components: free electrons, 

     ions, radicals, fotons, excited species, atoms, molecules 

Solid 

Liquid 

Gas 

+ 

+ 

+ 

- 
- 

- 
- - 

- 

Plasma 
+ 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Corona	
   Aërosol	
  DeposiRon	
   Precursor	
  -­‐	
  Monomer	
  
DeposiRon	
  

 

In-­‐line	
  Pretreatment	
  with	
  Torch	
  -­‐Corona	
  

Increase of Wettability  

30

40

50

60

70

80

90

0 10 20 30 40 50 60

Corona Power  [KJ/m_]

C
o

n
t
a
c
t
 a

n
g

le
 [

°
]

Influence of Corona Power on the Contact Angle 
Material:  PET nonwoven 70 g/m2 

 

α 

α 

Coating   Prof. Dr. Marc Van Parys	
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PlasRcs:	
  8-­‐12	
  kJ/m2,	
  
TexRle:	
  60-­‐240	
  kJ/m2	
  
	
  
	
  
	
  

AcRvaRon	
  energy	
  :	
  

TexRle	
  demands	
  	
  
higher	
  energy	
  density	
  

  

Corona-­‐based	
  	
  	
  	
  	
  	
   	
   	
   	
   	
  SBDB-­‐based	
  
(Surface Dielectric Barrier Discharge)  

1.	
  Atmospheric	
  plasma	
  technology	
  

§ 	
  atmospheric	
  dielectric	
  barrier	
  	
  
	
  	
  	
  discharge	
  plasma	
  configura$on	
  
	
  
§ 	
  glow	
  discharge:	
  noble	
  gases	
  (He,	
  Ar)	
  
	
  
§ 	
  precursor:	
  gas	
  /vaporized	
  	
  
	
  	
  	
  monomer/aerosol	
  

§ 	
  power:	
  0,5	
  –	
  10	
  W/cm²	
  

GRINP	
  plasma	
  unit	
  

HV 

Carrier gas 

HV 

Aërosol- Precursor - Monomer generator 

Coating on Textile 

Aërosol size:  
10 nm – 1 µm 

Aërosol generator 

Textile

Textile

 

Low	
  pressure	
  Plasma	
  

§  Europlasma	
  equipment	
  

Low	
  pressure	
  plasma	
  –	
  injecRon	
  of	
  
precursors	
  

B.  Europlasma: Nanofics 
 

B.1.  Technology 
 

� Vacuum plasma 
 

� Gas precursors (CF4; C3F6)  Æ  liquid precursors (C8 or C6 
based, perfluorinated (meth)acrylates monomers) 

vacuum atmospheric 

intermediary 
(0,01 – 0,1 atm) 

(ca 1 atm) (10-5 – 2*10-3 atm) 

� Vacuum / intermediary / atmospheric plasma systems 
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0,0	
  

1,0	
  

2,0	
  

3,0	
  

4,0	
  

5,0	
  

6,0	
  

7,0	
  

8,0	
  

9,0	
  

10,0	
  

Plasma	
  
(C8	
  FC)	
  

Plasma	
  
(C6	
  FC)	
  

C8	
  FC	
  
Daikin	
  

C6	
  FC	
  
Daikin	
  

C8	
  FC	
  
Rudolf	
  
Chemie	
  

C6	
  FC	
  
Rudolf	
  
Chemie	
  

C8	
  FC	
  
CHT	
  

C6	
  FC	
  
CHT	
  

C4	
  FC	
  
3M	
  

C4	
  FC	
  
3M	
  

Cu
m
ul
a$

ve
	
  re

pe
lle
nc
y	
  
va
lu
e	
  

Repellent	
  treatment	
  

Polyester	
  $ssue:	
  repellent	
  vacuum	
  plasma	
  (Nanofics)	
  vs	
  classical	
  tex$le	
  
finishing	
  (C8	
  /	
  C6	
  /	
  C4	
  FC)	
  	
  

No	
  washing	
   10	
  *	
  washing	
  (40°C)	
  

Cellulosics: Nanofics vs classical 
repellent textile finishing 

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 

 
 

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 

 
 

PLASMA	
  JET	
  HYDROPHOBIC	
  TREATMENT	
  (Apjet)	
  	
  

-­‐	
  COLD	
  PLASMA	
  TREATMENT	
  -­‐>	
  T-­‐SENSITIVE	
  FABRICS	
  
-­‐	
  DUAL	
  FUNCTIONAL	
  PROCESS	
  CAPABILITY	
  

SIlANE	
  CHEMICAL	
  
COMPOUNDS	
  &	
  
FUNCTIONS	
  

MULTIFUNCTIONAL	
  
PROPERTIES	
  

(AM,	
  HYDROPHOBIC,	
  ...)	
  

MICROWAVE	
  TECHNOLOGY	
  Al

O

O O
AlAl

Al

O

O

O

O
Al

Al
OO

OO
Al

O

Al

Al

O

O

Al

O
Al

O

Al
OO
Si

O
N(C18H37)

Cl

Si
O

N

N

O

OCl

Si

O

N NM

N N

N N

Si

RST- TECHNOLOGY

REACTIVE SURFACE TREATMENT

ALEXIUM INT. - USA


GIS Operating System 

5 Global Inkjet Systems © 2006/13 

We  start  with  the  printhead  the  customer  has  selected… 

…which  lets  us  jet  ink 

Printheads 

 
 

DOD
 Valve-jet

 Zimmer


Focus on : Advanced Inks/Coatings 


>	
  FuncRonality	
  must	
  be	
  jepable	
  
>	
  OpRmal	
  rheology	
  -­‐	
  thixotropic	
  behaviour	
  
>	
  3D	
  possible	
  :	
  single	
  or	
  mulR	
  layer	
  deposiRon	
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Development	
  of	
  Printheads	
  

The	
  firing	
  frequency	
  is	
  being	
  increasing	
  
to	
  speed	
  up	
  printer	
  speed	
  (>	
  30	
  kHz)	
  

New	
  heads	
  required	
  higher	
  viscosity	
  
inks	
  (moved	
  from	
  3	
  to	
  	
  >	
  12	
  mPas)	
  	
  

Jet	
  volume	
  is	
  increasing	
  (4	
  pl	
  up	
  to	
  150	
  
pl)	
  

FuncRonal	
  Ink	
  Challenges	
  

Higher	
  	
  
Viscosity	
  

Broader	
  choice	
  of	
  ingredients	
  

Higher	
  Firing	
  
Frequencies	
  

More	
  jet	
  volume	
  	
  

New	
  HYDROPH0BIC	
  inkjet	
  inks	
  

Non-­‐treated	
  PES	
  fabric 	
  Digital	
  treated	
  PES	
  fabric	
  

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 

 
 

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 

 
 

Digital	
  micro-­‐disposal	
  of	
  	
  
funcRonal	
  inks	
  

•  Full	
  coverage	
  -­‐	
  funcRonalizaRon	
  
•  LocalisaRon	
  or	
  paperning	
  funcRonalizaRon	
  

Actual	
  projects:	
  
Surface-­‐engineering	
  
	
  

-­‐  Superhydrophobic	
  inks	
  
-­‐  AnRstaRc	
  inks	
  

TEX-SHIELD 
GA 315497 

Environmental friendly and Durable  
Oil and water repellence finish  

on Technical Textiles 
 

Ilse Garez, Tom van Hove, Frank Godefroidt 
University College Gent – Belgium 
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Environmental friendly and Durable  
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Digital Jets 
UV-sources-LEDs 

other curing systems 

PLASMA
 UV-coating
 Hot-melt
 Digital

Techn.
 LASER
 Coating &


Laminating
 Weaving
 Spinning


Prof.	
  Dr.	
  Marc	
  Van	
  Parys	
  
University	
  College	
  Ghent	
  

UNITEX	
  


