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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 prepolymers were pre-
pared by capping the NCO groups of polyurethane prepolymers with different moles of pentaerythritol triacrylate
(0~0.024 moles) as a acrylate monomer. The average particle size of the acrylic terminated polyurethane solutions was
increased with increasing PETA contents. Also, the prepared coating films showed better abrasion resistance and pencil

hardness than pure waterborne polyurethane.
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2-1. Alet

£ Aol o)AAloRlo] EZA] isophorone diisocyanate(IPDI,
98%, Aldrich), Z2]2-24] polycarbonate diol(PCD, Mw: 1000, Asahi
Kaseiye ARSI 3199715 £1817] $430 dimethylol propionic
acid(DMPA, 98%, Aldrich)2 A}8-381%10 1], DMPAY] Gujj2A]
1-methyl-2-pyrolidinone(NMP, 99%, Aldrich)E AR5t} Ful 2 A=
dibutyltin dilaurate(DBTL, 95%, Aldrich), E34|Z = triethylamine
(TEA, 99.5%, Aldrich), AF=AAZ A ethylene diamine(EDA,
99%, AldrichyS 22} A18-5151t). Pentaerythritol triacrylate(PETA,
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Fig. 1. Overall reaction scheme to prepare acrylic terminated poly-
urethanes.
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25A, W27, =% 247], a7 AZ4E 500 mL 4-neck
Z1 ZgpaHe| PCD, IPDIS} DMPAS SWEAE slo] 24k
Feluws A 14 jkg o R 5 Ius 7
DMPAS NMPel| €341 PCD, IPDI, DBTLY} 2] 75 °CollA]
WRFSFHA] Z33819 NCO terminated prepolymers A|Z3}A T
Prepolymer 3go] £ &, o}2d WEAIQl PETAS 54311 4 hr
Fe HE-§3le] o NCOZ]1E cappingAl 7 acrylic terminated
prepolymer FE3I3ITE 1 § 2EE 50 °CE WFI T34
TEAZ 1 hr 5<F 5215199 DMPAS] COOH 15 3+ 7th. ©]
& T2 AA8] T3k 1,000 rpm O 2 WRESFAA] G-ak &

<
T oI T =
T AR WS AT EDAE 49| =9
= W74 oF 1 he E]k 1

) SEAE Liehislnt.

Miwon Commercial, Korea)S A8l prepolymer®] NCO7|& 1 % o] gaE AHRAYUA S A FH F AH3IAA
capping At AL A B& RE AY G et (140 °C, 30 min) & = /43It olw] PETAS] 7o) =
FR)E AT PODE 309 DEOEeA Bt FASS  § wne] U, JAIse] RaY 5O B4l A 9%
Rom, thA] AlekS A gl ok A 2]y glo] 1ol ARg-st ZALSITE. i Aol AR A0 7HF 9l A4S Table 172
A}, BN
Table 1. Recipe for the preparation of acrylic terminated waterborne polyurethane
Feed
Sample code  Soft segment Hard segment Catalyst Neutralizer
PCD mol IPDI mol DMPA mol PETA mol EDA mol DBTL mol TEA mol DDI Water g

AUO 0.03 0.585 0.015 0 0.0135 0.000045 0.015 120

AUl 0.03 0.585 0.015 0.015 0.006 0.00009 0.015 120

AU2 0.03 0.585 0.015 0.02 0.0035 0.00009 0.015 120

AU3 0.03 0.585 0.015 0.024 0.0015 0.00009 0.015 120
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2-3. AP

2-3-1. A

FT-IR(FTIR-8400S, Shimadzu)y- ©]-4-5}0] #|2€ acrylic terminated
prepolymer®] T-Z2A18 AAISIITE AlEE KBl $FAl £22
stod AE AEHE AR & T2 W75 ERISKIT TFEEYS
F31] prepolymer Uloll EAeH= PIHks- NCO7]9] Whg- %18 of
= gIsict
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PETAS] 7ol wh2 7MA g4 oAl I8 & 1l F&]
Tuko] Bk WislE S48 S8l AlxE I8 SAES HEE
AE QoA A AZAA Fek who R A3t F, UV-Visible
Spectrometer(UV-2450, Shimadzu)s AFE3F] 20045-E] 800 nmS]
oA FHE-S AT

2-3-3. 9%

o 2707 A|ZH acrylic terminated polyurethane 2-<42] §]
T E light scattering= ©]-&3F ] =441 7] (Nicomp, model 380,
USAYE AHg3te] &318]t.

2-3-4. UmpAg

7174191 %7 2 mm®] PC A E(Shinwha Banding, Korea) $]°ll 5
gy suke] YelkRAdS Z7sk7] 918k Taber abraser(QM600T,
Qmesys, Korea)s AR2-8101 500 g2] 57| 3lollA, 70 rppmo] ==
1003] v}FRAJZ]I & UV-Visible spectrometer(UV-2450, Shimadzu)
£ ARE3t] 600 nme] TPl A FREE vl HEsIGiT

2-3-5. 1FE THF

oJ2] 2702 A% acrylic terminated polyurethane®] 11&& St
TS 5793171 AallA 105 °CollA] A £ 587 (Infrared Moisture
Determinatiom Balance FD-610, Kett, Japan) 215 2A8}SIT

2-3-6. A%

A Z% acrylic terminated polyurethane -£-212] &= 3]%
Z77](LVDV-11+P, BROOKFIELD, USA)Z AMg3to] Z4&43
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A Z38tk 422 Mitsubishi 9123 AFEEI3=H], H-9H,
F, HB, B-6B 59 =8 Uehl= 8-S ARE3I9ich
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o] 100712 A48 W=, 7 9ol Blo]Z(3M Tape)S H-235H
T 343] foldA TS FrIselnt. olu B2 iF 572 75t
100719 5B, 9571 ©)/d=2 4B, 857} o1’ 3B, 6570 o4 2B, 35
7 oV 1B, 71 o]3h= 0B LFERSITE
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Fig. 2= Fig. 12] acrylic terminated polyurethane $837d A
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Fig. 2. FT-IR spectra a) IPDI, b) PCD and c) prepolymer.

Z3-2221 IPDI, PCD, DMPAE €313} polyurethane prepolymer
3+ Al AAd ¥ NCO terminated prepolymer®] FT-IR spectra =73
A3toltt. Fig. 2= Ho-FalehS Axsb7] 93 28]
IPDIC] 3}8HF%= 2,270 cm™'ol|A]2] NCO stretch Y| T35 15t
I 911, Fig. 2(bye L2421 PCDY 3181224 3,400 cm™
oA el OH groups &1E 4= SI3Ith. Fig. 2(C)= IPDI, PCD,
DMPAE E&3to] W53 2hr o A4 ¥ NCO terminated
prepolymer?] 3}8H4 “1z0]t}. 3300 cm™'942] NH bending@}
1,610~1,560 cm™'e|412] COO stretch?} YERF O =4 9-dek A%
o] AHENSTS & UANCH, 2 hr FF] W02 23] 2,270
em'el412] NCO stretch 77} Wo] A GIS-S ER1E 4 9
At

Fig. 3(a)~(d)= Fig. 1914 NCO/OH 2H]E 1302 17338k A
Z% acrylic terminated polyurethane 3 37 olA =412l
IPDI, PCD, DMPAE- 2 hr 5%+ RES-A17 NCO terminated prepolymer
£ 93t ¥ Table 29} o] o}=d WAl PETAS] 7} &5
5 WH3AA 7212} 4 hr 52 RES-SEe] 3 acrylic terminated
prepolymer®] FT-IR spectra 57 ZA¥}o|t}. Fig. 3(a)2] PETA7} 3
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Fig. 3. FT-IR spectra of acrylic terminated polyurethanes prepared
with different moles of PETA and reacted for 4 hr. a) 0 mole,
b) 0.015 mole, c) 0.020 mole and d) 0.024 mole.
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Table 2. Properties of coating films prepared from WPU with different
amounts of PETA

Sample code Amount of PETA (mole) Pencil Hardness Adhesion
AUO0 0 3H 5B
AUl 0.015 TH 5B
AU2 0.020 8H 5B
AU3 0.024 8H 5B

7V A] k& Aol 2,270 em™'ellA NCO #5717} o] &A%
< o = 9otk ¥bE Fig 3(b)~(d)S] PETAS] H7}eo] Zhzb
0.015, 0.020, 0.024 mole?! 73-7-clxi= PETAS] F7}o] S715t
o W} NCO stretch ¥]718] =7} ofaliAl= 2s & = 9lom,
o] 2 2E prepolymer?] Z217} PETAR U] o] capping® o= <&
T A3t o] F- oPIF3HAQ] TEAS HEg-8le] 5ol23ke acrylic
terminated prepolymers 92 § THTE 7Kl A7 AL
AEAGARA EDAE RESAIA FF2] acrylic terminated polyure-
thanes $AJ8ISAT

32, FE| 04 Al HAM

Fig. 4= Fig. 32| PETA 37158 22]8}0] o] acrylic terminated
polyurethane £-4°] 34 F5S UERA ARdolth, PETAY} 3]
A7vEA] Qdoke AE FEAE VeSO, PETA7E 3714

Al ot A4S Lehie] Bsk 371 & 4 At

L

T

Fig. 5% Fig. 49] acrylic terminated polyurethane £ 2] F3}%
7B g HollM S

=73 Avo|t}, o} G| (PETA)S] &

AU3

4

Fig. 4. Photograghs of acrylic terminated prepolymers prepared with
different moles of PETA in Table 1.
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Fig. 5. UV-visible transmittances of acrylic terminated polyurethanes
prepared with different moles of PETA. a) 0 mole, b) 0.015
mole, c¢) 0.020 mole and d) 0.024 mole.

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011

oIFT - 5713

VOLUME-WT GAUSSIAN DISTRIBUTION

| | [ Avo | Aulag2aus |
: AN

A

T

1 2 5 10 20 50
Particle size(nm)

100

Diam (nm) ->

Fig. 6. Particle size distributions of acrylic terminated polyurethanes
with different moles of PETA in Table 1.

7ol F7tstel| Wt Fig. 49] Ayjof|a] & 4= Ql5o] Sl B
7} STkt g o] Fapert ZAghe & < QU ol ol
d degA Q] 7ol S71gtel wet polyurethane®] TAREY A
¥l PETAS] ©] 7}, polyurethane®] Hvt 4Ak=27171 A
2B golo] Byt Frlettkal Abg ),

3.3, QEEA

Fig. 62 PETAS] X7[&-2 WA A ‘HOV] acrylic terminated
prepolymerE o4l 58} 9 ZAA 7] § EDAR AREAIAIA #
FH 07 AH acrylic terminated polyurethane 2-42] {152
= UERd Aot} PETAZE A 71 ] ehgks 9ol 143
nm?] Ft Y-S B o, PETAS] F710] 0.015, 0.020, 0.024
mole®™ F7F5tel w2t 2427} 40.6, 50.2, 57.3 nm®= E3t 470] &
71 o 4= Utk 71 ol Fig. 12 UERt 23 o] NCo
terminated prepolymer®ll PETAE 7F5H =™ prepolymere] &
717} PETAR cappingl©] o} 15502 4|51 i}, o)
PETA ¢f 7}l w2l polyurethane ARE Y AEE ofad W&
A|€] eFo] Tkt E - AR=A7 17 AAA Brkar AekEint

3-4. _Tl_od'=' SFOEJ _I?_M

Fig. 7 Table 1914 PETA 37}&o] M3lE|o] AoIR acrylic
terminated polyurethane 22 V& SRS Ao HFaAE

35

30 A
25 A
20 4

AUO AU1 AU2 AU3

Fig. 7. Solid contents of acrylic terminated polyurethanes with dif-
ferent moles of PETA in Table 1.
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Fig. 8. Viscosity variation as a function of spindle rpms in the acrylic
terminated polyurethanes prepared with different moles of
PETA. a) 0 mole, b) 0.015 mole, c) 0.02 mole and d) 0.024 mole.
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0.024 mole® T/t 18 E 2] 27 304, 31.8, 32.2%
2 7k s Bl
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Fig. 8 Fig. 4°] PETAS] 7 |&fo] HglE]o] dojzl acrylic terminated
polyurethane -&4°] =& Brookfield {4 =41 o]&3) 43 4
o}, olm 5= 19 °CE 13ISITE PETAS] A7go] v}
& EEAIFCIA spindle?] $3&5 (rpm) 7ol whet Aot 7F
28l FFEEZEAE (pseudoplastic) 52 Bt o] Adolx
PETA?] 71=0] Wold 45 A48 rpmellA] Al52] H%rt 57F
= AES BlEdl 0|7 PETAZ| #71E 7% prepolymer]
NCO @179l PETAZ} capping®) 7] wjitof] ¢k<] Fig. 62] Y=+
AelA YRt AT YA} 27177 AR B olo] HErt oA
Al Prkar dekEc

3-6. 2 9| LintzY

Fig. 9% PETAS] H715-S W3AIA AZFE acrylic terminated
polyurethane &4 2] UntR =5 Z4J317] 23, 7]A1Q] PC 9ol =
o Euks A o}, ojuf ¥ =uke] wiR e A5t
71 418l 70 rpm, 1003]4 2] Z7ellA 500 g8 UWEEE I8 &
uRS- nfR A7 & ulRE Y5 UV-Vis spectrometer®l]l 4] 600 nm
gollr] IH TEke] B Ssto] AAsIGltt. 78 =uke
Urn e Aes o33 2o] F3e £24%(Transmittance Loss
%)yE Jolstol Agstglon, FaE EH%E 57 AR Y
R E7b g Su|eiti17].

Transmittance Loss %=100(B-A)/B

A=A EE YRR 574 $9] 600 nm IFgellA 2] F3-5(%)

B=A2.9] ek 57 419] 600 nm 3ol A o] (%)

A ek A FEeERe R AR Aol 78 =Y
o] FHg 4 %7t 61%E UiwkiAdo] 4] 9gkont, PETAS]
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Transmittance Loss(%)
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Fi

g. 9. Transmittance loss% of coating films after Taber abrasion
test with a load of 500 g.

7o) 0.015, 0.020, 0.024 mole® Z713ol whel 242} 25, 15, 10%
2 5 EA%7E FHAsPEA Uk do] Sk AEE KAl
t}. o]i= Zu]--dl prepolymer =Xl PETAZ} 3}8H2 07 2
Faepis] Eel 9wt A9 g8t Tt EE SUR717] Wi

off W7ol 27| kL ek,

37, T Eole] FEIAE Y B
Table 20143= PETAS] 371l w2} &2 A2 acrylic terminated
polyurethane 245 7|41 2~E|Q1|

e PR F 19 =

|

o]0l ¢l%ltt. Table 20 AAE AAH IHE =2=2] AEA
523 PETAS] 37ho] S7kebaA] 3HelA 8HE A 3dw)= 7
3RS WATE o]+ prepolymer?] S]] capping®l PETA7| &2
gk =48] 7t RS SR ER F9 REke] ZAIA B4
o] gdeittar hekeic), dhA FY mEhEe] FAE2 sBE B
e AvE Bl

42 £

Isophorone diisocyanate(IPDI), polycarbonate diolPCD)¥} dimethylol
propionic acidDMPA)E FWLEZE 3}o] NCO terminated
prepolymers A3 & o] NCO71E o} TWA|Q] pentaery-
thritol triacrylate(PETA)Z capping™|7] acrylic terminated prepolymers
it 1 ¥ TEAR 53} 9 471 3 EDAE 718l
AMEAIAIA acrylic terminated polyurethanes: 3181 T). o]uf
PETAS] A7} Wis}e] w2 acrylic terminated polyurethane®] 3
A A7) 9 A wskel 919 =ure] B4 Sl il 2AksH

of a3} 2 dES Aok

(1) IPDI, PCDS} DMPAE EUEAE 14 2 hr RES3H ¢
3,300 cm™'l41 2] NH bending®} 1,610~1,560 cm™'el4 2] COO
stretchs LFERY 0 24 Z2]9-elgt Agho] AFFHNSS & 4 3l
At

(2) IPDI, PCDS} DMPAE 2 hr ¢ HE&-A]7] o]z NCO
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prepolymer Ul2] NCO7]17} PETAZ t©] o] capping® 3l=s &
Uit
(3) PETAS] 7“7]—‘”*01] wE} AlZ% acrylic terminated polyurethane
golo] HF T 143~57.3 nmS] I7]S B o PETAS] A
7¥ol 57 }%L—r—% it A 271 S8
(4) Acrylic terminated polyurethane 848 A~E|Ae| A I o]
FAslo] dolxl a9 wmulEe] ABA = PETA 7kl S7t
s 3HOIA 8HE =7 S71she A3 Bt
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