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SUNY-ESF is offering three online courses in Radiation Curing every fall, spring, and summer term.

eIntroduction to Polymer Coatings / Dr. Molly Hladik

*Radiation Curing of Polymer Technologies / Dr. Susan Bailey

*Radiation Curing Equipment, Instrumentation and Safety / Dr. Mark Driscoll, Mr. Dan Montoney
Available as non-credit, graduate credit, and as an Advanced Certificate in Radiation Curing from SUNY.

*NEW short-course Summer 2014: Principles of Energy Curing Technologies / Dr. Mike Idacavage
* Available currently as non-credit, professional development only.

For more information and to sign up, visit www.esf.edu/outreach/radcuring
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UV Curing Technology

A Route to Solvent-free Adhesives and Coatings

Stephen Cantor, Ph.D.

i

Chemistry & Technology

* What is Radiation Curing?

e Chemistry-Photoinitiators, Monomers &
Oligomers

e Adhesive Formulation(s)

* Advantages

* Fluorescent Response for In-line Inspection
* Markets

e YouTube Short

i
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The UV spectral range

380 - 315 nm™* = longer wave
UVA lengths (for the through cure of
thick layers)

uvB 315 - 280 nm = medium wave
lengths
uve 280 - 100 nm = short wave lengths

(surface cure)

*(1nm=109m)
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What is Radiation Curing?

» “Reacted in Place Technology”
— Free radically induced polymerization

Basics of UV Lamps

Mercury and Metal Halide Mercury Lamps
Mercury vapor provides conduction between
anode and cathode.

Emission spectrum determined by chemical

gases.
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TYPICAL APPLICATION: UV curing of inks and varnishes TYPICAL APPLICATION: UV curing of inks and varnishes
responsive to 365 nm wavelength responsive to 380 nm wavelength
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Spectral Distribution of UV/Vis
Metal Halide Bulb
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How Do Light Curable Adhesives Work?

e Light Curable Adhesives crosslink using energy provided by
ultraviolet (UV) and/or visible light

e |tis critical that the light source outputs enough energy of
the proper wavelength(s) to cure the adhesive

* Curing starts when the adhesive is exposed to energy of the
proper wavelength(s) and it will stop if light is turned off or
removed from the cure area

ACS
w Chemistry for Life




Absorption Curve of Photoinitiators
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Basics of photochemistry

1. Absorption of UV energy 0
(chromophore) H

C..
2. Generation of initiating particles T(
(radicals, protons, Lewis bases)

3. Initiation of the polymerization process

—> Factors influencing the efficiency of a PI:
< Efficiency of light absorption

< Quantum yield of radical formation

< Initiation efficiency of the primary radicals

< Quenching (O,, etc.)

-,
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Radical polymerization:

Commercial photoinitiators
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Basic Free Radical Reactions
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Why UV/Visible Light Cure

Most common answer is speed, but also...

One-part systems-no mixing, purging, waste
Solvent-free systems

In-line inspection

Performance

i

Building Blocks for UV Curing

e Liquid Monomers: Monoacrylates; Diacrylates;
Polyacrylates

* Urethane-acrylate oligomers

i




ACRYLIC ACID

2-Hydroxyethylmethacrylate
(HEMA)

O
H2C\\\‘/Lko/\/OH

CHs
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Isobornyl Methacrylate

CH;, CH,

CH,
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TETRAHYDROFURFURYI ACRYLATE (THFA)
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Ethvlene Glvcol Diinethacry]ate

CH O
O
H,C ~"0
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CHa
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NON-FUNCTIONAL MONOMERS

Typ.Purity (%)  Viscosity (mPa-s) Tg
METHYL METHACRYLATE MMA 99.9 0.56 105
ETHYL METHACRYLATE EMA 9.7 0.62 65
n-BUTYL METHACRYLATE n-BMA 99.8 0.92 20
ISOBUTYL METHACRYLATE IBMA 99.5 0.88 48
tert-BUTYL METHACRYLATE t-BMA 99.7 0.93 107
2-ETHYLHEXYL METHACRYLATE EHMA 99.5 1.85 -10
LAURYL (C12) METHACRYLATE LMA 99.5 4.60 65
TRIDECYL (C13) METHACRYLATE TDMA 9.7 5.81 -46
STEARYL (C18) METHACRYLATE SMA 99.6 8.21* -100
CYCLOHEXYL METHACRYLATE CHMA 99.7 2.50 83
BENZYL METHACRYLATE BZMA 9.8 2.68 54
ISOBORNYL METHACRYLATE IBXMA 99.6 740 >111°C

Viscosity of Water= 1mPa.S at RT
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Oligomer Preparation

cH, ca i cH, o NCO
‘! DBTDL H T I_g ;
o (Hz—O \@ N-C=0 H-(.Hz—o —C= CH,4

‘Hy
*olypropykne glycol 2.4 Tohlene-Dnmc}“:mw Urethane prepolymer

NCO

Qﬁ - 0~[E cHz—ol—E -H@—mg + 2 HO—H,C T —Ef:(‘]—[z

"Hy

nA=0

H Urethane prep olymer HEMA
[}
1

0 H, H,
i by H | HN—H o—ctci- —H—(—(Hz

yi
H,0=C—C—=0—C —C —0—-C—NH
2 i H F: (H3 J
CH, N—C—0g-cHz-0y; —N H,

CH;
Polyarethane aciylate oligormer

Structure and Mol. Weight Determines Properties of the Final Product
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Acrylate Urethanes

Been around since early 1980’s

Terrific variety of Oligomers and Monomers

Utilize photoinitiators over wide wavelength rage

Secondary cure with heat when peroxides used as catalyst

Secondary cure with humidity when some isocyanate left

unreacted with acrylate groups during oligomer synthesis
Suppliers of Conformal Coatings with UV primary and
humidity secondary cure:

Dymax Emerson & Cuming

Henkel Humiseal

4/10/2014
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Typical Light Curable urethane acrylate adhesive

Photoinitiator
ADDITIVE \
for fine tuning
MONOMER ‘
for specific properties

OLIGOMER
for basic properties

ACS
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Typical Adhesive Formulation
INGREDIENTS PERCENT
Oligomer 43.0
HEMA 6.0
IBOA 22.0
Acrylic Acid 5.0
THFA 10.0
EGDMA 3.0
Thickeners 4.0
Stabilizers 2.5
Photoinitiators 3.0
Adhesion Promoters 1.5
*Viscosity will depend on the amount of thickener used
ACS
w Chemistry for Life
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Advantages of UV/EB Curing

« Environmentally Friendly- “Green Technology”

« Reduce or Eliminate Solvent Emissions

— Acrylate Monomers are Used as Reactive Diluents to
Lower Viscosity for Application

— Potential for 100% Solids Coating System
— Low or No VOC’s

 Reduce or Eliminate
Solvent Recovery Costs

Advantages of UV/EB Curing

New polymers through formulation
— Large Raw Material Selection

Resin “Made” on Substrate
— Polymerization Occurs in Film

Lower Applied Costs
Better Performance

4/10/2014
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Markets Served

Medical
Industrial | Electronics
X Core .
Automotive — Markets Packaging

Optical Aerospace
Electrical

Assembly

Inspection and Quality Control

COLOR CHANGE UPON UV EXPOSURE

FLUORESCENT RESPONSE VIA OPTICAL READER

ACS
w Chemistry for Life
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Dymax See-Cure™
Technology

Idea is that adhesive changes color as the adhesive is cured

Several combinations including clear to colored and colored
to clear...

UNCURED CURED COLOALESS

Technology is useful for seeing where the product
is dispensed and whether the product has been

exposed to UV light.

Fluorescing Agent Spectra
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Ultraviolet Absorption for TPO

Q Q 400nm
C"’P
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Photoinitiators
Spectra of phosphine oxides Courtany ot Clba
Key products, through cure ssampuon specra o1 iacetontrlss wawlengih (nem)

Absorbance
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All photoinitiators absorb at short wavelengths.

Formulators try to find absorption at higher wavelengths to reduce
oligomer/monomer/substrate interference — increase depth and speed of cure

S

stry for Life

Light Curing Products in
Electronics Applications

Conformal Coatings
Used in a great number of end uses, especially Defense,
Automotive, Appliance
IPC, MIL, UL approved formulations

Visible light from the UV Blub

4/10/2014
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Optical Reader to Measure Fluorescent Response
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Profile of anesthesia mask
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Sidney Hutter

r
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LED and Microwave Sources
Have Essentially No Intensity
Degradation

Fusion Microwave on Dymax Conveyor

UV LED sources and Microwave sources last for
up to 50,000 hours with essentially no reduction in
light intensity

ON/Off cycling does not lead to intensity
degradation

Radiometer useful in establishing process, but not
UVPS LED Flood System for Conveyor critical in maintaining process
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