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E 1. Evolution of Radiation Curing Market Volume for
Acrylic Binders (inx 10° ton)

North The Rest of
Year World America Europe the World
1972 0 0 0 0
1975 12 1.0 02 0
1980 8.5 5.0 30 0.5
1985 23 10 ¢ 4
1990 57 23 23 11
1995  93-100 34-37 34-37 25-26
2000 130-145 45-50 45-50 40-45

F 2. Advantages of UV Curing Process

1. Economy

High producibility : curing at high speed

Saving investment cost : compact installations
Saving in materials : often lower film weight coat-
ings, giving better properties are possible

Saving in manpower : possibility of achieving dif-
ferent coating line

2. Energy

Saving in energy : energy only required for initia-
tion. no need to heat the whole substrate

3. Ecology

No pollution of the atmosphere

Minimal CO, evolution

Aol sl 28] AREE g e
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H 3. Monomers Utilized in UV Curing

. Polyester acrylates (PEA)

. Epoxy acrylate (EA)

. Urethane acrylate (UA)

. Full acrylics (acrylated (co)polymers of (meth)
acrylic ester)

5. Unsaturated polyesters diluted in styrene (male-

ic and fumaric unsaturation)
6. Amino acrylate (used as photoaccelerations in
the photoinitiator systems)

W N =

E 4. Typical Ingredients for the Synthesis of Urethane
Acrylates

1. Diisocyanates

Aromatic : toluene diisocyanate (TDI), diphenyl-
methane diisocyanate (MDI)

Aliphatic diisocyanate with aromatic rings:
tetramethylxylene diisocyanate (TMXDI), xylene
diisocyanate (XDI)

Aliphatic : isophorone diisocyanate (IPDI), 4,4 -
dicyclohexylmethane diisocyanate (H;,;MDI), hexa-
methylene diisocyanate (HMDI)

2. Hydroxy containing acrylate and methacrylate
Hydroxyethyl acrylate (HEA)

Hydroxyethyl methacrylate (HEMA)
Hydroxypropyl acrylate (HPA)

3. Polyethers

Polyethylene glycol (PEG), polypropylene glycol
(PPG), polytetramethylene glycol (PTMG), amine
propylene oxide, glycerin propylene oxide

4. Polyesters

Adipic acid diethylene oxide trimethyol propane,
adipic acid oleic acid trimethyol propane, adipic
acid ethylene oxide, adipic acid diethylene oxide,
phthalic acid maleic acid trimethyol propane

5. Polyols

Ethylene glycol, propylene glycol, 1,4—butanediol,
1,6-hexanediol, glycerol, trimethyolpropane
(TMP), pentaerythritol, dimethyolpropionic acid,
N-methydiethanol amine

€3} A sl ARz T

2. XM Az ot

2.1 38 ofsl
T FFe] WA A BE 2 FTol]
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- Non-radiative or radiative processes

+ Chemical production of products

- Reaction with other molecules

- Quenching by the monomer(dead-loss path-

way)
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8l 2. Schematic diagram of photoinitiation of a radi-
cal polymerization.
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E 5. Order of Reactivity of Isocyanates with Com-
mon Reagents

Fastest Primary amines
Primary alcohols
Water
Urea
Secondary alcohols
Tertiary alcohols
Urethanes
Carboxylic acids
Slowest Carboxylic acid amides
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¥ 6. Reactivity of MD! and the Different -NCO
Groups in TDI at Different Temperature

Rate constant
£x 10%1/mole sec?)

Temperature (C) | 30.5 495 73 101 |[AV.?

k 2-NCO | 0.057 0.18 072 32 |126
24-TDI k4-NCO | 045 12 34 85 9.3
k Avg. | 0253 0.69 206 585

MDI ktotal 1034 094 36 91 105

¢ 0.2 M ester diethyleneglycol adipate with 0.02 M iso-
cyanate in monochlorobenzene.
b Activation energy (kcal/mole).

E 7. Reaction of n-Butanol with TDI and MDi (at 0.5
N [-NCO}) in Xylene

Diisocyanate OH/NCO|Temperature| 4* 10* (/mole sec)
ratio (C) 1st 50% | 2nd 50%
4:1 25 8.15 0.92
2:1 25 5.10 0.52
2,4-TDI 1:1 25 2.62 0.25
1:1 35 422 0.44
1:1 15 1.53 0.14
4:1 25 5.30
2:1 25 3.18
MDI 1:1 25 1.89
1:1 35 2.95
1:1 15 1.00
Overall
TDI 1:1 25 281
MDI 1:1 25 3.18
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X 8. Commercially Available Urethane Acrylates

Diisocyanate Tradename Functionality Monomer Monomer(wt%) Remark
Actocryl 300 2 Flexible
Craynor CN 970 3 Hard
Craynor CN 971 3 Resilient
Ebecryl 220 6
Aromatic Photomer 6022 6 Flexible
Photomer 6162 2 Plasticiser
Craynor CN 970 3 TPGDA 40 Hard
Ebecryl 4815 2 TMPTA 49 Brominated
Photomer 6195 2 TPGDA 9 Polyester
Photomer 6327 2 GPTA 40 Polyester
Actilane 20 High viscosity
Actocryl 305 2 Resilient
Craynor CN 934 2 Flexible
Craynor CN 964 2 (Polyester) hard
. . Genomer T930 3 Isocyanurate
Aliphatic Photomer 6118 3 Polyether
Photomer 6210 Abrasion
Actocry 330X 3 TPGDA 20 Resilient
Ebecryl 5264 3 HDDA 15
Photomer 6140 2 TPGDA 20
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%! 3. Schematic molecular structure of water-dis-
persible urethane acrylates.
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%! 4. Droplet size change of water-dispersible ure-
thane acrylate emulsion with the reaction molar ratio of
PEG to HEMA.
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28] 7. Stress-strain curves of water-soluble ure-
thane acrylate fims : molecular weight of PTMG s
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tively.
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