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Isophorone diisocyanate(IPDI), polycarbonate diol(PCD), dimethylol propionic acid(DMPAYES- &E2 2 311 NCO
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Abstract — NCO terminated polyurethane prepolymers were synthesized from isophorone diisocyanate(IPDI), poly-
carbonate diol(PCD) and dimethylol propionic acid(DMPA). Subsequently, acrylic terminated polyurethanes were pre-
pared by capping the NCO groups of polyurethane prepolymers with different types of acrylate monomers, such as 2-
hydroxyethyl methacrylatea(HEMA), 2-hydroxyethyl acrylate(HEA) and pentaerythritol triacrylate(PETA). The average
particle sizes of the acrylic terminated polyurethane solutions were increased by capping acrylate monomers. Also, the
prepared coating films showed better abrasion resistance and pencil hardness than those of pure waterborne polyure-
thanes. The coating film with PETA exhibited the best abrasion resistance and pencil hardness of coating films prepared

with three acrylate monomers.

Key words: Waterborne Polyurethane, 2-Hydroxyethyl Methacrylate, 2-Hydroxyethyl Acrylate, Pentaerythritol Triacrylate,

Acrylic Terminated Polyurethane
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2-1. A2

B A= o]aAloIo]ERZ A isophorone diisocyanate(IPDI,
98%, Aldrich), #2]& 24| polycarbonate diol(PCD, Mw: 1000,
Asahi Kasei)s AHE3ISItE 1159715 £413817] 213l dimethylol
propionic acid(DMPA, 98%, AldrichyE ARSI 0 DMPAS] &
Wl ZA] 1-methyl-2-pyrolidinone(NMP, 99%, Aldrichy= ARE-3IATE.
Zn|Z4]+= dibutyltin dilaurate(DBTL, 95%, Aldrich), =34 2=
triethylamine(TEA, 99.5%, Aldrich), AF=<178#] 24 ethylene diamine
(EDA, 99%, Aldrich)y& Z+7} AF&-3Qitt. ot 8 WAl 2-
hydroxyethyl methacrylate( HEMA, 97%, Aldrich), 2-hydroxyethyl
acrylate(HEMA, 96%, Aldrich), pentaerythritol triacrylate(PETA,
Miwon Commercial, Korea)E AF31] prepolymer®] NCO7|&
cappingA AT 2 & AY WleN 2573 SHI)E AF
E31lth PCDE 30 °C 1% 2ollA] Byt 5 ARgsiglon, v
A AR A W okE A glo] aehE ARSIt

2-2. EHJHiH

25A|, ¥Z7), &% 2371, wRP)7F Z2E 500 mL 4-neck &
< Ze}AH0) PCD, IPDIS} DMPAS SUEA R slo] St Z2]
$HERS AxEint 12 ko' A 18-S 7K DMPAS
NMPol| &&llA]7A PCD, IPDI, DBTL¥} 70| 75 °CollA mHFEhHA]
%3811 NCO terminated prepolymers #3537 T}. Prepolymer &
o] B T, LT 60~70 °CE W1 ofa2d WAl HEMA,
HEA, PETAS 7}7} £915k0] 4 h 5ot Wh-s-ato] o] NCO7| =
capping*|# acrylic terminated prepolymer® %3t} 71 & &
SHAIQl TEAE F9151] 1 h F<tHES-AIF ol 2J8 DMPAS] COOH
e T o)% SRTE AA8] Y8k 1,000 rppme =
HebHA A 35 Atk AR -2 A E]
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Fig. 1. Overall reaction scheme to prepare acrylic terminated polyurethanes.
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Table 1. Recipe for the preparation of acrylate monomers added in waterborne polyurethane

Feed
Soft Segment Hard segment Catalyst Neutralizer
Sample Code
PCD IPDI DMPA HEMA HEA PETA EDA DBTL TEA DDI Water
mol mol mol mol mol mol mol mol mol g
WO 0.03 0.0585 0.015 0 0 0 0.0135 0.000045 0.015 120
WHM 0.03 0.0585 0.015 0.015 0 0 0.006 0.00009 0.015 120
WHA 0.03 0.0585 0.015 0 0.015 0 0.006 0.00009 0.015 120
WA 0.03 0.0585 0.015 0 0 0.015 0.006 0.00009 0.015 120
EDAZ A:32) 5ol 8143 5 Feloha, Shs] ARl wigol 8 moke] S Wl F 1 91] 3M Hol xS 2 UAAA A% 30
o wj7hx] oF 1 h FeF wRkA R Fg 1 o]’e] el gt % 3] o] ujo] % 53t 7|A k] WA RS dEEigivh. &
acryllc terminated polyurethane®] $M4dx15 YFERYSITE e XA Tl | mm FFAC R 11x11E ARFE oz 23S )
15 o] NS AHRIE A 3 floll A9 79 F o A3K(140 °C, o] 10071] L& =1L, 1 9lell HIOIEZG M Tapeys 25t
30 minA A T8 2 G ol o} A o] Lol wh T w1A8] ok A s Frkesit). old W = 2 Jiet
& 79 e AAA5 9l V)Aeke] 52 2 %‘éf)ﬂ 3= g 100709 5B, 957K o4 4B, 857} o1 3B, 657} ©1’d=> 2B, 35
%% FARSIGITE. & Aol ARSE AlR2] H7HF Y A4S Table 7§ oV 1B, 7L ©J8k= 0B UERHSIH

12 Ryt

2-3. EAYHEEY

2-3-1. A

FT-IR(FTIR-8400S, Shimadzuy& AR8-810] A% prepolymer?]
TEEAE BIGITE AlEE KBrdol| $FA| =3Esto] B ARl A
Zot & o I7)E FRISKIT 7R E319] prepolymer
lell EA3k= 1HEE- NCO712] HEg- X138 of -5 BRIt

2-3-2. FoHE

HA7¥e olaE WA Sl W TP YoM IR o
o] Fa5 ¥Isks S4sl] S8l AlzE T8 $NES HEE A E
SlollA e AxAA T vog A xsh F, UV-Visible
Spectrometer(UV-2450, Shimadzu)s AR5 200~800 nm 3H-2]
oM Fi&S et

2-3-3. Y%=

o2 107 AZF acrylic terminated polyurethane 2-212] ¢

T % light scattering= ©]&3F ¢ =52 7](Nicomp, model 380,
USAyE AHg-3te] S7dsisict.

2-3-4. Zh:

A|Z% acrylic terminated polyurethane &
=797)(LVDV-11+P, BROOKFIELD, USA)S A8-310] =748t}
olwl spindle 62 °CE AH8-3131.2H 6, 12, 30, 60 rpm<] Z71olA]
14 = z;ﬂ ;].oﬂr,].

_Q_ou 141:_‘: ﬂxﬁ ;g_I‘:_

2-3-5. T A

o] 2707 AZH acrylic terminated polyurethane®] 173 &
e S8 AdA 105 °CollA A &4 &8 Al(Infrared
Moisture Determinatiom Balance FD-610, Kett, Japan) 492 A1A|
st

2-3-6. A7

Od_éﬁoit %’E Z7J7](CORE TECH)ll 44T =748 A4
45° A2 71931, A3 (1 kgys 7IshaA] o)A WA
74513t 18- Mitsubishi 8- ARE3I3=], H-9H, F, HB,
B-6B 59 AE=E YERYE A8E ARSI
2-3-7. F&H
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PCD, DMPAE 2 hr <t HH-&-A]7 NCO terminated prepolymers
A8 S Table 17} 20] o} 3 k2] 572 TS H3A]

7 242} 4 hr 53 HES-5H] /4 E acrylic terminated prepolymer®]
FT-IR spectra 7% A3}o]t}, Fig. 2(a)2] IPDI, DMPAS®} PCDE- 2
hr %9+ WA Ao]A prepolymerl A= 2,270 em™ ol NCO T
S717F ol EATE & AUTh ¥ Fig. 2(b)~(d)x= IPDI,
DMPAS} PCDE HH-5-A17 1% NCO terminated prepolymerol] Z}
Z} HEMA, HEA, PETA 5-¢] o}=13d WA S7-5 WStAA 4 hr
FAHH-SAIA o7 acrylic terminated prepolymer?] FT-IR spectra
o|t}, o] 18 © ZHE] HEMA, HEA, PETAZ} 37Fg el u}e} NCO
stretch 3 7.2] 737} 2K = 51 0 ZHE prepolymere] Z4)7} of
T AR capping® Sas & 4 USITE. 07| olRlEslAIQl
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Fig. 2. FT-IR spectra of acrylic terminated polyurethanes prepared
with different types of acrylate monomers in Table 1. a)
W0, b) WHM, c) WHA and d) WP
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Fig. 3. Photograghs of acrylic terminated polyurethanes prepared
with different types of acrylate monomers in Table 1.
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Fig. 4. UV-visible transmittances of acrylic terminated prepolymers
prepared with different types of acrylate monomers in Table 1.
a) W0, b) WHM, c) WHA and d) WP

TEAE WFS310] 0]23}% acrylic terminated prepolymers -2
&5 Zao~=
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#%9] acrylic terminated polyurethanes $J31510}

3.2, TE| 200 Al S

Fig. 32 Fig. 12] o}73 & 9] E7+5 EElsto] 4R acrylic
terminated polyurethane £-212] ZJel & LERH ARxlolT), o} 3 o
A7 A8 7R ks Bt FEAE UERSLe Y, of=
o hedA|l HEMA, HEA, PETAZE 37F & Aol g7t
7k o] gk AAE YehlE 2E & 5 it

Fig. 4% acrylic terminated polyurethane §-212] F3} =5 7}A] %
A GefellX 545 Aot ok d W7 A7k Fig. 39]
Ao} o] §Aqe] BLr) Tkl gelo] Fakiert Holds
ok = 9)9Ith. o]+ HEMA, HEA, PETAS} 22 o113 whegA)7} 3
7ol g} polyurethane®] FAREl o} T=EA7} capping™]©]
polyurethane®] 3t IA=717}F AXEE g9] v} S7hEnt
aL ekt

3-3. =R

Fig. 55 o}A9 w9 &5 WHalel wgl A7 prepolymers
olyl F3} W FEAL ¥ EDARE AFEAGAA B4H acrylic
terminated polyurethane®] §JEat4]-S UERH T30t} of=2d o
ZA7F H7FEA] 29k AFelle 143 nme] Het JEE Bolon,
HEMA, HEA, PETA7} 371 73-¢- 242} 24.0 nm, 35.7 nm, 40.6
nmT o} W7} 7HEA] ¢E- polyurethane® T Bt Y740]

REL. VOLUME-WT GAUSSIAN DISTRIBUTION
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Fig. 5. Particle size distributions of acrylic terminated polyurethanes
with different types of acrylate monomers in Table 1.
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Fig. 6. Solid contents of acrylic terminated polyurethanes with differ-
ent types of acrylate monomers in Table 1.
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7Rk & 5 A3dHk. 1 o= Fig. 100l vkt 23t o] NCo
terminated prepolymer®l] ©}=1% ©WeFAE 371351 ='W prepolymer
o] k7|7t oka ™ AFAE capping®7] wWitell Hot JA=7|7H
HARA Hrtar skt

3-4. I¥= R &AM

Fig. 62 Fig. 52| HEMA, HEA, PETA 53} -2 o}53 deA|
9] 7} 5o wiet dojzl acryhc terminated polyurethane -&-42]
IHE TS AN FAE ol gslol Y% Aol 34
L5 105 °C2 1S9l on], of=d SR A REA] ok Al

B 257%2 18ES shiala Atk gy ol =™ wEEA|¢l
HEMA, HEA, PETA7} 37helwl w&E $hido] 22} 282, 2935,
30.4%% olA W7} AR ke ARt 218 o 4
Uit

3-5. MzEM

Fig. 7 Fig. 12] o}ad wAe] Firoll whel dol= acrylic
terminated polyurethane 3-212] =5 19 °Co|l4] Brookfield =4
£ o] 43l F% Ao}, ofad whegAlzE U] 9 AlE
spindle®] 3L (pm) 7ol Wt HE=7T 0.2 PellA] 0.09 PE A
=7} 245191 0, HEMA, HEA, PETA 53 722 o}=2 whakA]
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Fig. 7. Viscosity variation as a function of spindle rpms in the acrylic
terminated polyurethanes prepared with different types of
acrylate monomers in Table 1. a) W0, b) WHM, ¢) WHA and
d) wp
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3-6. L0ty

Fig. 8 ofa3 ©egdA|2] S5 glsto] Alx¥ acrylic terminated
polyurethane Z& =] Ul =8 573t Azjolc}, olu] T8 o
o] YnlREE =4517] 218 70 rpm, 100 3])%12] 2710l 500 g
T vk g8 379 oS vpeAl7] # vhE YRS UV-Vis
spectrometer®llX] 600 nm 3ol A o] T8 uhe] T8-S5 F7d35}
Asttt. ZH o] UrtR s oy o] B £4%
(Transmittance Loss %)5 7J2Jslo] 235151 01, T % &4 %7}
F5F A8 Uk ot £4] X3k oJulgiti{14].
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Fig. 8. Transmittance loss% of coating films after Taber abrasion
test with a load of 500 g.
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Table 2. Properties of coating films prepared from waterborne poly-
urethanes with different type of acrylate monomers

Sample code  Acrylate monomers ~ Pencil hardness ~ Adhesion
WO - 3H 5B
WHM HEMA 6H 5B
WHA HEA 6H 5B
WP PETA TH 5B

Transmittance Loss % = 100(B-A) / B
A=A Wrks 54 $2] 600 nm FgellA ] F71-5(%)
B = AJ59] rtie 57 9] 600 nm IRl A o] FaH(%)

WA e At Zelgueio R Az Aol 29 e
T EA%F 61%% UvhEAdo] F4 oF £AIE Halo,

]

HEMA, HEA, PETA7} 37} 73-5-oll= 22} 52, 51, 25%% 3
& &%t AAeaA divkie/do] S7kehe AR ®glom 1
Zoll PETAZ} 37He FH 2He] 49 vmkAdo] 78 st A&
& 4= QU3IT}. o] prepolymere] NCOS} capping® HEMA, HEA,
PETAS] o} E TIFo°] &8t 7t s S7H717] wiel =8
ko] WtAdo] skl Fkar shdkelt), w3t o} 53 kAo &
ol we) Tk 2297 2ol & Kol 2> HEMA, HEA, PETA
ol 7K & okad 152 a7 47 thEr] wiiel| of=
TF8 W7 77t SRkl uet Z25-de A2 Zhrd =t
7kl WiEo® AbrErh webA 135715 7F HEMA, HEA
k= 3356715 7F PETAS] UpkE/do] 94=31 HE RolA
ok gk,

3-7. ZE! Oio| M

otad wFAS] Frel whet 2] AlZE Table 29 acrylic
terminated polyurethane2 AE|1 |2 $lof A3 FESle] =uf
< PAsIQiTE. Wo, WHM, WHA, WP A2 A3e] 578 uko] Abe)
E R0 2l & 2olFo] GISITE. Table 201 AIAIE 214
 F8Y 5] AAAGTE 425473 PUD(W0)2] 3HoIA HEMA,
HEAM, PETA7} H7}8 AlZollq 6H =+ 7THE Z7)el= AeS
B3tk o] prepolymer?] Z 4ol capping® HEMA, HEAM,
PETA7} Z2)-9-dlet 7418 7t Es 77|22 I8 o]
71A18 BAdo] deivtar ItEn) Fig. 8] viwhi/d Axje} wikt
7K Z AFHEE PETAZ} 71 7397 THE 7P ¢t A3
£ B3, o= Hest A7 1385715 71K HEMA, HEA X
= 335718 7F PETAS] 97t E89-ast 57419 7w
S5 7 3 ST wiEew ket dhE FE] whEe] 5
2 SBR B et Avks Halth

4.8 E

Isophorone diisocyanate(IPDI), polycarbonate diol(PCD)¥} dimethylol
propionic acid(DMPAYE &2 2 5191 NCO terminated prepolymer
= AxT F, Il NCO7IE Tkt ok @Al HEMA,
HEA, PETAZ cappingAl#] acrylic terminated prepolymers 3
SRt 71 & TEAR 53} 4 5244170 & EDAE 37Hl A
AZAIA acrylic terminated polyurethanes $Hds)3ict Alxd
acrylic terminated polyurethane®] F++ A} A7, 8} +3, 7
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prepolymere]] o}=8 TA|S] F7E ti2 A slod 22} 4 hr B9
HRS-A]A AR A 859] FT-IR spectra A¥}Z5E] HEMA, HEA,
PETA”} 337F=" NCO stretch #]7.8] 327} 0] 52 %, prepolymer
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AT
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717} ST

(3) =78 AL TR o R Al AellE T8 ] F
T EA%7 61%E PP o] FA4 48 AE Balo,
HEMA, HEA, PETA7} 37l Z-9-ell= 22t 52, 51, 25%% -3t
& SA%) A Uwk/do] dEE AEE Bl 1O
Zoll PETA7} 371 8% uhe] ympr/do) 718 $5sigict.

(4) Acrylic terminated polyurethanes Z~EI1#| 2 2 9]of] FR3}
o] dojxl Tur=9] AP AT E ol39 kA9l HEMA, HEA,
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THE = 3Tt

#? A

B AT AAAS) AR QT4 AR Qo A
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