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• Conclusions	  



3	


LED Curing, 
The LED Transformer 

Concept 

Introduc.on	  

Value	  Proposi.on	  LED	  

 	  Allows	  coa*ng	  of	  heat	  sensi*ve	  surfaces	  

 	  Instant	  on,	  instant	  off	  

 	  Ability	  to	  coat	  small	  surfaces	  

 	  No	  ozone	  genera*on	  

 	  Others…	  

Could	  enable	  new	  applica*ons	  which	  up	  to	  now	  were	  not	  
feasible	  with	  standard	  high	  powered	  lamps	  
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Comparison	  spectral	  intensity	  of	  a	  80W/cm	  Mercury	  lamp	  
with	  a	  1W/cm2	  LED	  395nm	  

Energy output of LED is much lower ! 

Introduc.on	  
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Applica'on	  :	  30µ	  by	  Barcoater	  on	  Leneta	  paper	  
Curing	  :	  LED	  8W/cm2	  395	  nm,	  1cm	  distance	  from	  substrate	  to	  LED	  
(perpendicular	  orienta'on)	  

Introduc.on	  

The	  first	  trials	  

Urethane	  Acrylate,	  3f	   85	   85	   85	   75	   85	  

DPGDA	   10	   10	   10	   10	   10	  

Amine	  modified	  PEA,	  4f	   5	   10	  

Amine	  synergist,	  2f	   5	  

Phosphine	  oxide	  PI	   5	   5	   5	   5	   5	  

Inert	  atmosphere	   Yes	   No	   No	   No	   No	  

Reac*vity	  Finger	  Nail	  
Resistance	  (m/min)	  

>	  80	  
4x5	  
NOK	  

4x5	  
NOK	  

4x5	  
NOK	  

4x	  5	  
NOK	  

Surface curing is an issue ! 
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•  Transform	  a	  UV	  curable	  formula*on	  into	  a	  UV	  LED	  
curable	  by	  replacing	  part	  of	  the	  oligomer	  by	  a	  
«	  booster	  »	  	  resin	  to	  assist	  in	  cure	  

•  This	  led	  to	  the	  development	  of	  the	  new	  Booster	  
Resin	  

•  The	  approach	  is	  also	  valid	  for	  other	  low	  energy	  
curing	  UV	  technologies	  (e.g.	  UV-‐A	  curing)	  

The	  Booster	  Resin	  Approach	  
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The Booster Resin is a co-resin,  
used to increase surface cure 

Example	  

Applica'on	  :	  30µ	  by	  Barcoater	  on	  Leneta	  paper	  
Curing	  :	  LED	  8W/cm2	  395	  nm,	  1cm	  distance	  from	  substrate	  to	  LED	  
(perpendicular	  orienta'on)	  

Urethane	  acrylate,	  3f	   85	   65	  

DPGDA	   10	   10	  

Booster	  Resin	   20	  

Phosphine	  oxide	  PI	   5	   5	  

Reac*vity	  Finger	  Nail	  Resistance	  (m/
min)	  

4x	  5	  NOK	   1x	  5	  

The	  Booster	  Resin	  Approach	  
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Booster	  Resin–	  Physical	  Data	  

•  Appearance    Liquid 
•  Viscosity, 25°C, cP   210 
•  Colour    pale, pinkish 
•  Boiling point    >200°C 
•  Vapour Pressure   < 1.33 hPa @ 20°C 
•  Flash Point    > 100°C Cleveland Open Cup   
•  Stability    >10 days @ 60°C 

The	  Booster	  Resin	  Approach	  



Urethane acrylate, 6f 75 55 

Urethane acrylate, 4f 45 

Urethane acrylate, 3f 45 

Urethane acrylate, 2f 45 

HDDA 10 10 10 

Booster Resin 20 40 40 40 40 

Phosphine oxide PI 5 5 5 5 5 

Thioxanthone PI 0,1 0,1 0,1 0,1 0,1 

Fingernail resistance 1 x 5 1 x 10 1 x 25 1 x 15 1 x 20 

Good	  Compa.bility	  with	  Selected	  UA	  

Application :10µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 2cm substrate lamp distance 

Booster	  Resin	  -‐	  Compa.bility	  

The	  Booster	  Resin	  Approach	  



Epoxy acrylate, 2f 65 45 

Polyester acrylate, 4f 75 55 

HDDA 10 10 10 10 

Booster Resin 20 40 20 40 

Phosphine oxide PI 5 5 5 5 

Thioxanthone PI 0,1 0,1 0,1 0,1 

Fingernail Resistance 1 x 35 1 x 50 < 1 x 5 1 x 10 

Booster	  Resin	  -‐	  Compa.bility	  

Application :10µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 2cm substrate lamp distance 

Good	  Compa.bility	  with	  Selected	  EA	  and	  PEA	  

The	  Booster	  Resin	  Approach	  



Polyester acrylate, 4f 34 
Polyester acrylate, 6f 10 
Pigment Paste 36 
Booster Resin 20 
Acidic adhesion promoter 4 
Phosphine oxide PI 4 
Thioxanthone PI 0.5 
Viscosity (mPa.s) 390 

Booster	  Resin	  -‐	  Compa.bility	  

Application : 20 µm by barcoater on sanded untreated steel 
Cured with Panacol 254 UV-H (UVA-lamp) at 15 cm substrate lamp distance 

Good	  Compa.bility	  with	  Acidic	  Adhesion	  Promotors	  

The	  Booster	  Resin	  Approach	  



12	


Agenda	  

•  Introduc*on	  

• The	  Booster	  Resin	  Approach	  
• Applica.on	  Program	  

–  Clear	  Coa*ngs	  
	   	  Reac*vity	  

•  LED	  Line	  seAngs	  (Distance	  LED	  to	  substrate,	  LED	  orienta*on)	  

•  Coa*ng	  Thickness	  

•  Formula*on	  Viscosity	  &	  Dilu*on	  

•  Dosage	  IRR	  746	  

	   	  Gloss,	  Yellowing	  

	   	  Stain	  resistance	  
–  Pigmented	  Coa*ngs	  	  

• Conclusions	  
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LED	  Equipment	  

8W/cm2 LED 395 nm (2.5cm x 22.0cm) 

Applica.on	  Program	  
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Clear	  Coa.ng	  -‐	  Star.ng	  Point	  Formula.on	  

Urethane	  acrylate,	  3f	   65	  

DPGDA	   10	  

Booster	  Resin	   20	  

Phosphine	  oxide	  PI	   5	  

Viscosity	  (mPa.s)	   4000	  

Applica'on	  :	  Barcoater	  on	  Leneta	  paper,	  thickness	  as	  men'oned	  
Curing	  :	  LED	  8W/cm2	  395	  nm,	  geometry	  LED	  and	  distance	  LED	  to	  
substrate	  as	  men'oned	  

Urethane Acrylate is 3f with balanced properties 

Applica.on	  Program	  
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“perpendicular”	   “in-‐line”	  

L=	  2.5	  cm	  	   L=	  22	  cm	  

Distance	  LED	  to	  substrate	  (cm)	  

0.5	   1X	  5	   1x	  15	  

1	   1x	  5	   1x	  15	  

2	   2X	  5	   1x	  15	  

Lower	  Influence	  of	  distance	  to	  substrate	  with	  “in-‐line”	  orienta.on	  	  

SPF,	  30	  µ	  on	  Leneta	  	  
Reac*vity	  (m/min)	  -‐	  finger	  nail	  resistance	  	  

Reac.vity	  –	  Distance	  to	  Substrate	  &	  Lamp	  Orienta.on	  

Applica.on	  Program	  
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Reac.vity	  –	  Coa.ng	  thickness	  

10µ	  	   30µ	  

Distance	  LED	  to	  substrate	  (cm)	  

0.5	   3x	  5	   1x	  15	  

1	   3x	  5	   1x	  15	  

2	   4x	  5	   1x	  15	  

Significantly	  lower	  reac.vity	  for	  thin	  coa.ngs	  (<20µ)	  

SPF,	  	  on	  Leneta,	  thickness	  as	  men*oned	  
LED	  orienta*on	  :	  “in	  length”	  
Reac*vity	  (m/min)	  -‐	  finger	  nail	  resistance	  	  

Applica.on	  Program	  
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Urethane	  acrylate,	  3f	   49	   57	   65	  

DPGDA	   26	   18	   10	  

Booster	  Resin	   20	   20	   20	  

Phosphine	  oxide	  PI	   5	   5	   5	  
Sum	   100	   100	   100	  

Viscosity	  (mPa.s)	   1000	   2000	   4000	  

Reac*vity-‐Finger	  Nail	  Resistance	  	  
	  (m/min)	  	  

1x5	  	   1x10	   1x15	  

Gloss	  60°	   90	   90	   90	  

Reac.vity	  -‐	  Viscosity	  &	  Dilu.on	  

Application : 30 µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 1cm substrate lamp distance, LED “in-line” 
with the substrate (22cm) 

Cure	  speeds	  drops	  with	  monomer	  dilu.on	  

SPF 

Applica.on	  Program	  
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Application : 30 µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 1cm substrate lamp distance, LED “in-line” 
with the substrate (22cm) 

Urethane	  acrylate,	  3f	   65	   65	   65	  

DPGDA	   10	   10	   10	  

Booster	  Resin	   20	   40	  

Polyester	  acrylate,	  4f	   40	   20	   0	  

Phosphine	  oxide	  PI	   5	   5	   5	  

Viscosity,	  25°C,	  mPa.s	   2300	   2400	   2500	  

Reac*vity	  –	  Finger	  Nail	  Resistance	  
(m/min)	  

4	  x	  5	  NOK	   1	  x	  5	   >	  1	  x	  40	  

>	  40m/min	  with	  40	  parts	  Booster	  Resin	  

Reac.vity	  –	  Dosage	  of	  Booster	  Resin	  at	  iso	  formula.on	  viscosity	  

Applica.on	  Program	  
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Urethane	  acrylate,	  3f	   57	  

DPGDA	   18	  

Urethane	  acrylate,	  6f	   75	  

Booster	  Resin	   20	   20	  

Phosphine	  oxide	  PI	   5	   5	  

Viscosity	  (mPa.s)	   2000	   1400	  

Reac*vity-‐Finger	  Nail	  Resistance	  (m/min)	   1x	  10	   1x	  40	  

Application : 30 µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 1cm substrate lamp distance, LED “in-line” 
with the substrate (22cm) 

Higher	  surface	  reac.vity	  is	  obtained	  with	  	  
higher	  func.onal	  oligomers	  

Reac.vity	  –	  Oligomer	  Func.onality	  

Applica.on	  Program	  
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Effect	  of	  Increasing…	  
on	  formula.on	  reac.vity	  	  

Coa*ng	  
thickness	  

Monomer	  
dilu*on	  

Booster	  
Resin	  

Oligomer	  
Func*on-‐

ality	  

Formula.on	  
reac.vity	  

Higher	  

Lower	  

e.g.	  a	  30µ	  hard	  coa*ng	  will	  be	  easier	  to	  cure	  	  
than	  a	  5µ	  flexible	  coa*ng	  

Reac.vity	  -‐	  Summary	  

Applica.on	  Program	  
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Agenda	  

•  Introduc*on	  

• The	  Booster	  Resin	  Approach	  
• Applica*on	  Program	  

–  Clear	  Coa*ngs	  
	   	  Reac*vity	  

•  LED	  Line	  seAngs	  (Distance	  LED	  to	  substrate,	  LED	  orienta*on)	  

•  Coa*ng	  Thickness	  

•  Formula*on	  Viscosity	  &	  Dilu*on	  

•  Dosage	  of	  Booster	  Resin	  

	   	  Gloss,	  Yellowing	  

	   	  Stain	  resistance	  
–  Pigmented	  Coa.ngs	  	  

• Conclusions	  
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Urethane	  acrylate,	  3f	   60	  

DPGDA	   40	  

Booster	  Resin	   20	  

Phosphine	  oxide	  PI	   5	  

Silica	  maAng	  agent,	  wax	  treated	   8	  

Silica	  maAng	  agent,	  untreated	   2	  

Polypropylene	  wax	   2	  

Viscosity,	  25°C,	  mPa.s	   2150	  

Reac*vity	  –	  Finger	  Nail	  Resistance	  (m/min)	   	  2	  x	  5	  

Gloss	  (60°)	   65	  

Application : 30-35 µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 1cm substrate lamp distance, LED “in-line” 
with the substrate (22cm) 

Gloss	  

Applica.on	  Program	  
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Hg	  (80W/cm)	  	   LED	   LED	  

Urethane	  acrylate,	  3f	   85	   85	   65	  

DPGDA	   10	   10	   10	  

Booster	  Resin	   20	  

Benzophenone/α-‐hydroxy	  
ketone	  (50/50)	  PI	  

5	  

Phosphine	  oxide	  PI	   5	   5	  

Yellowing,	  b-‐value	  24	  h	  (ini*al)	   0	  (1.4)	   /	   0.5	  (2.8)	  

Reac*vity	  Finger	  Nail	  
resistance	  (m/min)	  

1x	  25	   4x5	  NOK	   1x	  5	  

Applica'on	  :	  30µ	  by	  Barcoater	  on	  Leneta	  paper	  
Curing	  :	  LED	  8W/cm2	  395	  nm,	  1cm	  distance	  from	  substrate	  to	  LED	  
(perpendicular	  orienta'on)	  

Applica.on	  Program	  

Yellowing	  
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Hg	  (80W/cm)	  	   LED	  

Urethane	  acrylate,	  3f	   85	   65	  

DPGDA	   10	   10	  

Booster	  Resin	   20	  

Benzophenone/α-‐hydroxy	  ketone	  (50/50)	  PI	   5	  

Phosphine	  oxide	  PI	   5	  

Viscosity	  (mPa.s)	   10,100	   4,020	  

Acetone	  DR	   >100	   >100	  

Eosine,	  red	  dye	  	  (16	  hours)	   4	   1	  

NH3,	  10%	  	  (16	  hours)	   5	   5	  

Mustard	  	  (16	  hours)	   1	   1	  

Ethanol	  50%	  	  (16	  hours)	   5	   5	  

Applica'on	  :	  30µ	  by	  Barcoater	  on	  Leneta	  paper	  
Curing	  :	  LED	  8W/cm2	  395	  nm,	  1cm	  distance	  from	  substrate	  to	  LED	  (perpendicular	  
orienta'on)	  

Applica.on	  Program	  

Very similar results, except for the eosine resistance 
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Urethane	  acrylate,	  3f	   45	   35	   25	  

DPGDA	   10	   10	   10	  

Booster	  Resin	   20	   20	   20	  

TiO2	   20	   30	   40	  

Phosphine	  oxide	  PI	   5	   5	   5	  

Viscosity	  (mPa.s)	   3620	   3520	   3540	  

30-‐35	  µ,	  Finger	  Nail	  Resistance	  (m/
min)	  	  

1	  x	  5	   1	  x	  10	   1	  x	  15	  

Yellowing,	  immediately	  auer	  cure,	  b-‐
value	  

2.7	   2.5	   2.2	  

Application : 30-35 µ  on Leneta 
Cured with 8W /cm2 395nm LED  at 1cm substrate lamp distance, LED “in-line” with the 
substrate (22cm) 

Good surface & deep curing possible  
in white pigmented systems 

Pigmented	  systems	  

Applica.on	  Program	  
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Conclusions	  

• 	  The	  Booster	  Resin	  Approach	  is	  about	  transforming	  UV	  formula*ons	  into	  
LED	  curable	  formula*ons	  

• 	  This	  approach	  is	  also	  valid	  for	  other	  low	  energy	  curing	  UV	  technologies	  
(e.g.	  UV-‐A	  cure)	  

• 	  The	  Booster	  Resin	  is	  a	  co-‐resin	  and	  replaces	  part	  of	  the	  UV	  oligomers	  in	  
the	  formula*on	  

• 	  Applica*on	  results	  have	  shown	  that	  the	  Booster	  Resin	  is	  very	  effec*ve	  in	  
increasing	  reac*vity	  of	  UV	  LED	  curing	  systems.	  

• 	  UV	  LED	  technology	  opens	  opportuni*es	  for	  new	  applica*ons.	  

• 	  Further	  development	  will	  be	  necessary	  to	  achieve	  specific	  applica*on	  
requirements	  



27	


Acknowledgments 

Dr. Xavier Deruyttere 
Dr. Steven Cappelle 
Stijn Vrijsen 
Dr. Stefan Smeets 
David Martel 

Thank you for your attention ! 

Disclaimer:  Cytec Industries Inc. in its own name and on behalf of its affiliated companies (collectively, "Cytec") decline any liability with respect 
to the use made by anyone of the information contained herein. The information contained herein represents Cytec's best knowledge thereon 
without constituting any express or implied guarantee or warranty of any kind (including, but not limited to, regarding the accuracy, the 
completeness or relevance of the data set out herein). Nothing contained herein shall be construed as conferring any license or right under any 
patent or other intellectual property rights of Cytec or of any third party.   The information relating to the products is given for information 
purposes only. No guarantee or warranty is provided that the product and/or information is adapted for any specific use, performance or result 
and that product and/or information do not infringe any Cytec and/or third party intellectual property rights. The user should perform its own 
tests to determine the suitability for a particular purpose. The final choice of use of a product and/or information  as well as the investigation of 
any possible violation of intellectual property rights of Cytec and/or third parties remains the sole responsibility of the user.  

©2012 Cytec Industries Inc. All Rights Reserved. 


