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Abstract: Pentaerytritol triacrylate (PETA) was synthesized by a condensation reaction between
pentaerytritol and acrylic acid. The highest yield 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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Alef 2 xHE. Ao AREE pentaerytritol, acrylic acid, 2,4—
toluene diisocyanate (TDID), dibutyl tin dilaulate (DBTL), tripropyl—
ene glycol diacrylate (TPGDA), 2—hydroxyethyl metacylate
(2—HEMA) += AldrichAF Al2kS T2 ARSIt Methoxy hy—
droquinone (MEHQ) ¥} hexamethylene diisocyanate (HDD), iso—
phorone diisocyanate (IPDI), 4,4'—dicyclohexylmethane diiso—
cyanate (DCHMDI) + Bayer Material ScienceAl 348 S5, 374
3= BASFAF Darocur 117322 ARSI ow 1 o|Ake] gzt
7 glo] = ARSBISITE Begk ARl ARESt 25 Sl Aok
= JdE ARSI

Pentaerytritol Triacrylate (PETA) 8. A Skl gjv)s] W
ZE P} H-2 dean—stark trapS XSk, A Z2A0) 32 o
of| LEALE ARl WIE- ol Wglehs W25 S7Js1SiTE 500
mL A+ 2Tl pentaerytritol (13.6 g, 0.1 mol) #} acrylic acid
(28.8 g, 0.4 mol) = FJslr o] BrS-8vi= A}8310 pentaerytritol
triacrylate PETA) & e¥ds)8it) AL 2912 toluene, 1—chloro—
butane, cyclohexane, heptanes AR50, g02] ok ok 150
mLE FYaI3Ick W8 Srlki= 3AlE 9F 0.6 g AREBISIoH, S3EA]
AZ MEHQE 0.04 g ¥al 33 X859t (Scheme 1). Acrylic
acid EH19] JEre | sto] HIE- 89l heptanes AHE33
O, pentaerytritol 1 &l thsleq acrylic acidE 3.5, 4, 5 =& 7+
7+ TRk

Six-Functional Urethane Acrylate (UA) M. A Z8k~H o
3827 M= v HDI, DCHMDI, IPDL TDI 4%5:29] tio|zAloh]
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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

UV Zone Radiant energy density Irradianqe

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

©]E 1 mol°l PETA(2.1 mol), RF$ZmZ DBTL 300 ppm, &%
A4 MEHQ 1000 ppm-& Fatar 90 C2] RE§- &Xeelx] SART
Zok BES-S 21351 TtHScheme 2). HE&S FTIR Aol NCO E43
7391 2260 cm” 7 93] AHE AP wkS A% 0 = Aeigrk

SI=ETE TME U ASPEE M. 2 3] ARgSE slTy 2o
o] A= vRaa Atk S 243 Sl ool E 2uu
W 25 part, TPGDA 10 part, 2—HEMA 6 part, Darocur 1173 3
part, toluene 26 part, MEK 20 part, IPA 10 part® wJ3}A #lxs}
ek k=572 SKCAFPET EE 5Mil(120 pm) of] Al Z17te]
SIEFE ZA0S- wire bar (no. 08) ¢l 2J&fl TRk, 80 T Q&0
60% EF Bl $AIES 1E3 F UV 431E Wgsigict UV 4
3P| o= Lichtzen k] 100 W 11¢t 22-50] A=elo] glom 4
MPM (meter/min) 2] A3 =% 1.5 m UV A3 (371e] gddo= -
D) el A= xSk olwf AR F 2= EITARS] UV
PUCK IIE o319 S731910m, 1 Aw}E Table 10 A8
UV 73} 3-PET & 9loll IAe s8ute] SRk ok 7~8 ume|3ick

3B E 2M FTIR AFEHLS NicoletAke] 5700 kS o] &
alo] Sl o, M A|BE KBr %50l F5sle] st
S A2 3R dllkle VARIANAKS] Mercury 300 MHz
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NMRE ARg&9lom, gvll& CDClyE AHE-sle] S35t

2R 2 H3IEN BAM. 2 A3 ARSE HPLCE =717 A
Acme 9000011, A#-2 ZORBOX RX—SIL(5 um, 250 mm X 4.6
mm) £ ARSI HE7 = UVASZIE ARSIglor, F 33(370
nm, 645 nm) 9IX #2381k Photo—DSC(TAAL DSC Q—-100) =
o]-g3to] 7 e olm ol EL] AHEEAdS RIS 4 3
H st olgE o] Ee| B7RAAIR] 1-hydroxy—2—methyl—1—
phenyl—1—propane (BASFAL, Darocur 1173) 3 part E2lgs}lo] A
5 0181900} Photo—DSCE 25 C, th7 15l Wagsiglor, zero
heat flow2 3131 20% & 365 nm7} 989 UVE 2 mW/em? %
T2 10023t 221810 7F Al5Y jESES S8tk

SHEM, P EE fEigel ke BE AE Eo|Zs 17
AR, vZRA AL A B8 e ARER X2]eh £ 500 kg 2
E 45° 7%= Fo] HB~6H Alele] AEE 53] S48l BE<] 4
SEkE Asloinl UTdlxlg HAEE feldel ZslkE 2E AP
S gHo|ZE 7T T A HIAE)7)(PROTECHAD o] steel—wool
(No. 0000, Bonstar* D& 1 kgr Z=(H%H4: 4 cm?) 2 6 rpm 45
103] sl e 238 7ieE S78sisick A Zskd 4
E5 718 olg310] 1 mm 7 e R 10X 109) vl moko 7 A8 3
T 3MAE] £ Hlol=E TRTel $hds] datste] sk dow ulof
Ulo] PET 253} sl=a9%e] W2de ERIsISIc 71 10071 & Hot
= Xe] = EARISIEL Uieks d 578 2 B | (PROTECH
Dol APILEE AL 1 kg ZECHERA: 4 cm?) 2 6 rpm %
TR G5 2ES A dekgo] nfEX] FEE Al FSlekal I9
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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

Tetra— Tri— Di—

Solvent acrylate(a) acrylate(b) acrylate(c) Byproduct
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%
FEO WIES Ee Stk 2 Aol ARl 5578t 1—chloro—
butane®] #7478 CoX|qt 3} &35t 1—chlorobutane/Hz0
EREA A9, 25 3L 680tk BIFA Gl cyclo—
hexane¥} heptane®] #7342 217} 81, 98 CoA|qt B3 &34
A, O EREES aue 242 70, 79 T7F Bk 5578 toluene
9] =2 110 ColARE 23 23+ toluene/H:O E3HE2] 1A

2 85 Colt}. Figure 12 pentaerytritol®] 47§2] hydroxy group
¥ acrylic acid?re] FEE0] 100% S wf == o=
2 SRl o A 7S Sl Pofrl g2 RS vlaste] Akt
H Ag8-S veR)a 3ltk Toluene S5 AMSISS ) 718 3=
& AEO1%) & FslER= Z21E & 5 927 1—chlorobutane ¥}
cyclohexane2mQ1 73-%- F7PIE9] v]|S=et A3H&(84%, 82%) =
Pk heptane 81 ¢ 7 vk ARE(T7%) = Pt
H3iek SRRt whe3] WeERke vslo] Eerdo] 32 toluene £
iS5 ALESE 739 A 1A} 3= PETA ©]2]of] B B2 ko] o8k 1
HhS-EE0] AdE ¢ Sltk YR 0% A7) Hkgo] & 250k
Fujo] WS = Qli= FRESS AF Sl Q1% pentaerytritoltell <}
7h k<) etherification ! o} Fo)& Hhgo] ofe 4= 9lrk” 2
Aol g3 ofe] fuES o] 88t SRS ok AdE F-
HhS-E2] EAE HPLCE &3l ERISIITE Figure 204 K nks}
o] 315 (b) Y 435 ofmEHelE (a) |3 o]9)el 2R FAE=0]
EAgIct: o] F|TEE- 235 ol FHHP|E (o) R ohel ek
HEh NEEERA], Zzbe] NS Table 200 A]siSich

7Fd =2 A8ES RoIF toluene Sl - At o2 vk
TA F e o] v gulkzel Blal ik =7 1—chloro—
butane &1 &A] FHEE-F0] Wol A= Z1e Kol Qlrk v
o] cyclohexane} heptane 8191 73-9- 22 FR1-S-5E-35 AYIAF o,
Al et} sh= 33ks ol aEe)ES] AR cyclo—
hexane X'} heptanedW] ¥ W 768 HolF3ick W2bA pen—
taerytritols 0185+ 3¥ks ol THHR |E el 2%t §4il= heptane
IS & Sk

HES=H([0]| =2 PETA 8442, Pentaerytritol®} acrylic acid
9] Hig=tlel| W TS WAE G471 S1al AR Sl 94 3
s ol T E F280] 71 =& heptane S1|= 2135193 o,
pentaerytritol 120 tha}o] acrylic acid 3.5, 4, 18]aL 5 &5 7}
Z} FSlete] Wkg- 88 RIS, Figure 3¢ WEg=2 =H|o|
w2 AFESHPLC HlolElE Boda=ar Stk Acrylic acid®] gHo]
TS 435 olmgule|EL] AAEe] STk 23ks oY
OEC] AHRE FAHE Z1& HolFn], HlE acrylic acid®] $F
o] AR 2¢s oo |ES] o] dehe AR Holr
Sitk WhHe]| 37ks o} o] EL] AHe] TR =& )= 149
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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 ratio  Tetraacrylate (a)  Triacrylate (b)  Diacrylate (c) Byproduct
1:35 38.1% 41.4% 15.7% 48%
14 48.6% 46.9% 2.3% 2.2%
15 62.7% 31.1% 0.3% 5.9%

7350190 1 A= Table 391 2l3lick

Figure 4= pentaerytritol@} acrylic acid 87} 1:4Y wj] &2
"H NMR £4)23joc}, thiie] 4382 3% U 495 ol=de
o|Eo|glom Zpz}e] EAJR|0] WAH|E Bl T 7H] ola g |E
9] IS Table 40l eEJ3litt oleddtel = 74 54993
2l @, b)), (©°] "HMIE 77} 3072 wAslo] OH 1l Qdst
—CHo— 541321 (o) 2] AAMIE #EsISit) ofuf acrylic acid®]
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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 (@) (b) (c) (@) (e)
1:3.5 3 2.97 3.11 6.28 1.24
1:4 3 2.96 3.17 6.38 0.98
1:5 3 2.97 3.10 6.11 0.79
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Figure 5. FTIR spectra of urethane acrylate oligomer (UA—3)
after reaction for (a) 3 hrs; (b) 4 hrs; (c) 5 hrs.
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Figure 6. Photo—DSC thermogram of the urethane acrylates at
25 C.
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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

e 274 sk Hl A Zskr} e UA—29] 7% Aa7w
E Lﬂ—%ﬂxlw 7P $<eailar, st 71 $45190| UA -

19] A9 YekEEAo] 71 953 A3 s 98 4= 9)git) WA o] A
- BE o st ke e o lglom, Akt 7R ke
UA—39] 7% E2]2 EXo]

7Fg "olx= A= HYtH(Table 5).

=2

—

2
shte] AV 1E S 3vks oA H | E(PETA) & €71 et
of o7 gt 5131«1 HheEe 18190 heptaned
W 3¢k ol EHe|ES] HuE-S AT B9k heptane Srfistel
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