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Abstract: Pentaerytritol triacrylate (PETA) was synthesized by a condensation reaction between
pentaerytritol and acrylic acid. The highest vield of PETA was obtained when heptane was used as a
solvent under the 1:4 mole ratio of pentaerytritol and acrylic acid. The 6~functional urethane acrylates
(UA) were also synthesized by a condensation reaction between PETA and diisocyanate. Cured films were
prepared from the mixtures of UA oligomer, reactive diluents and UV initiator to investigate their physical
properties. The thermal stability of the aliphatic urethane acrylate was better than that of the aromatic
urethane acrylate. The UA—2 showed good hardness and scratch resistance properties while the UA—1
with a high degree of curing density exhibited a better chemical resistance. All the UA oligomers showed
fairly good adhesion strengths but the other physical properties of UA—3 were poor due to its low curing density.

Keywords: pentaerytritol, pentaerytritol triacrylate, diisocyanate, urethane acrylate, UV—curing, cured film
properties.
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Alek &l Ji&. A& A9 pentaerytritol, acrylic acid, 2,4—
toluene diisocyanate (TDI), dibutyl tin dilaulate (DBTL), tripropyl—
ene glycol diacrylate (TPGDA), 2—hydroxyethyl metacylate
(2—HEMA)+ AldrichA}F Aleke Tz AME3Isith Methoxy hy—
droquinone (MEHQ) 3} hexamethylene diisocyanate (HDD), iso—
phorone diisocyanate (IPDD), 4,4'—dicyclohexylmethane diiso—
cyanate (DCHMDD += Bayer Material ScienceAl 3438 55, 37
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Pentaerytritol Triacrylate (PETA) &4, 41 ZElae] 2jn)3] 3
ZP P} R dean—stark trap& X314 EkAo) o & Q)
of| LEAIE HAJs}e] H1g- Foll Ml vk S E7sisit) 500
mL 4 Z€k439] pentaerytritol(13.6 g, 0.1 mol) ¥ acrylic acid
(28.8 g, 0.4 moD) & Tk ofz] WES-gull= A}83)0] pentaerytritol
triacrylate (PETA) & /338150t ARSE 8= toluene, 1—chloro~
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7} F]Jslsik.
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Scheme 1. Synthetic scheme of pentaerytritol triacrylate and
pentaerytritol tetraacrylate mixture.
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Scheme 2. Synthetic scheme of different six—functional urethane
acrylates.

Table 1. Radiant Energy Density and Irradiance of UV-Curing Zone
Used in This Study

Radiant energy density Irradiance

UV Zone (mJ/em® (mW/em?)
UV zone [(x=320~390 nm) 673.3 261.1
UV zone I(A=280~320 nm) 417.7 167.9
UV zone (=200~ 280 nm) 105.4 37.9

o]E 1 mololl PETA(2.1 moD), ¥-¢=m}Z DBTL 300 ppm, &
A4 MEHQ 1000 ppm& $43151 90 C2) Rk 25X 5AkF
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part, toluene 26 part, MEK 20 part, IPA 10 part® 7Sk 275}k
Fk k=582 SKCAHPET 8 5Mil(120 pm) of Az Z17te]
SIEFE AU wire bar (no. 08)°l &l FHEkL, 80 T Q80|
60% B2 HXsle] SAIE Az & UV AslE ssigick UV A4
Aol LichtzenAke] 100 W 11t 2-50] Aol 9leH, 4
MPM (meter/min) &) AWE=Z 1.5 m UV 38999 (3712] gedo=z +
A ellM 7BeE F8slint ol ARSE F) 25+ EITAR] UV
PUCK IIZ o]g3}e] £43190.0m, 7 A3E Table 1] EABIAC
UV 73} 3 PET 2 9ol 343% 35w Sl oF 7~8 umol3ith
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Figure 1. Effect of solvent on the conversion of condensation
reaction with pentaerytritol and acrylic acid.
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Figure 2. HPLC traces for the multi—functional acrylates synthesized under different solvent conditions.
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Table 2. Yield of Synthesized Multi-functional Acrylates and
Byproduct Depending on Solvent Condition

Solvent Tetra~ Tri- Di~ Byproduct
acrylate(a) acrylate(b) acrylate(c)
1—Chlorobutane 12.5% 42.9% 23.7% 20.9%
Cyclohexane 24.1% 55.8% 14.3% 5.8%
Heptane 48.6% 46.9% 2.3% 2.2%
Toluene 41.3% 12.7% 0.2% 45.8%

T80 TS G& 7 Sk B AP AR &% 1—-chloro—
butane®] Z-8E 78 ColX9t B3t £8% 1—chlorobutane/H0
EHEY S, 259 Fu8L 680l v]=4 9 cyclo—
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Figure 3. HPLC traces for the multi—functional acrylates synthe—
sized under the different mole ratios of pentaerytritol and acrylic
acid.

Table 3. Yield of Synthesized Multi-functional Acrylates and
Byproduct Depending on the Mole Ratio of Pentaerytritol and
Acrylic Acid

Mole ratic  Tetraacrylate (a) Triacrylate () Diacrylate {¢} Byproduct

1:35 38.1% 414% 157% 4.8%
14 436% 46.9% 2.3% 2.2%
15 62.7% 31.1% 0.3% 5.9%
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Figure 4. 'H NMR spectrum of tetraacrylate and triacrylate
mixture.

Table 4. NMR Integration of Synthesized Multi-functional
Acrylates and Byproducts under 1:4 Mole Ratio of Pentaerytritol
and Acrylic Acid

Mole ratio (a) (b) (©) (@ (&)
1:3.5 3 2.97 3.11 6.28 1.24
1:4 3 2.96 3.17 5.38 0.98
15 3 2.97 3.10 6.11 0.79

Transmittance{arbitrary unit)

4000 3000 2000 1000
Wavenumber(cm ™)

Figure 5. FTIR spectra of urethane acrylate oligomer (UA~3)
after reaction for (a) 3 hrs; (b) 4 hrs: () 5 hrs.
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Figure 7. Yellowing indexes of cured films.
Table 5. Physical Properties of Cured Films
Entry UA-1 UA-2 UA-3 UA-4
Hardness 4H 5H 3H 4H
Scratch resistance 10 8 21 17

Adhesion for PET film 100/100 100/100 100/100 100/100
Chemical resistance 92 78 55 69
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