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Abstract — Waterborne polyurethane dispersions (PUD) were synthesized from isophorone diisocyanate (IPDI), poly-
carbonate diol (PCD) and dimethylol propionic acid (DMPA) as starting materials. Subsequently, waterborne polyure-
thane-acrylic hybrid solutions were prepared by reacting the PUD with different amounts of the mixture of acrylate
monomers, HEMA (2-hydroxyethyl methacrylate) and MMA (methyl methacrylate). As a result, the average particle
size of waterborne polyurethane-acrylic hybrid solutions was increased with increasing the addition amounts of acrylate
monomers. Also, the prepared coating films from waterborne polyurethane-acrylic hybrid solutions showed better abra-
sion resistance and chemical resistance than those of pure PUD.

Key words: Coating Films, Chemical Resistance, 2-Hydroxyethyl Methacrylate, Methyl Methacrylate, Waterborne Polyure-
thane-Acrylic Hybrid Solutions
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B A3 A= o] Ao ER2A] isophorone diisocyanate (IPDI,
98%, Aldrich)®} &2]&-%4] polycarbonate diol (PCD, MW 1000,
Asahi Kaseiy& ARESIQICE B3 4 Foll 3715 =5l
e dimethylol propionic acid (DMPA, 98%, Aldrich)E AREEH
%o, DMPAS] §1|Z4] 1-methyl-2-pyrolidinone (NMP, 99%,
Aldrich)2 A48+ th. v 241 dibutyltin dilaurate (DBTL,
95%, Aldrich), &3} 2+= triethylamine (TEA, 99.5%, Aldrich),
AREAAZ A 1,4-butanediol (1,4-BD, 99%, Aldrichys 2H2} AF
gaeict. sk Zeleeekolad &4 899 FAS flst of=aY
S| 2= 2-hydroxyethyl methacrylate (HEMA, 97%, Aldrich)2}
methyl methacrylate (MMA, 97%, Aldrich)E AMHE-8F3ICE gt 7]
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Molecular
Material Abbreviation Structural formula
weight(g/mol)
G N-C-0
Isophorone s
IPDI 222.29g/mol
diisocyanate
HC 1 N-C-0
Poly Carbonate diol PCD HO~(CHn =5 ~CH, 'O““"@"“"S"‘"‘" ~OH 1000g/mole
Dimethylol G
DMPA HO = CH, = ¢= CH,= OH 134.13g/mole
propionic acid COOH
1-Methyl-
il NMP 4}0 99.13g/mol
2-pyrolidinone éH N
Dibutyltin o ?-g-(cnx);ﬂl;
dilaurat DBIL CH,(CHy = €= 0 =Sa= (CH,CH, 631.56g/mol
aurate uyscn,
 CH:CH,
Triethylamine TEA CH;CHy=N. 101.19g/mol
y RN o, 9g
1,4-Butanediol 1,4-BD HOCH,CH,CH,CH,0H 90.12g/mol
Methyl methacrylate MMA ﬁ/k/ 100.12g/mol
2-Hydroxyethyl
HEMA 130.14g/mol
methacrylate
potasium persulfate KPS K o-§-0-0-§-0' 270.33g/mol

Fig. 1. Structures and molecular weights of chemicals used in this
work.
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Fig. 2. Apparatus for the synthesis of waterborne polyurethane-acrylic
hybrid solutions.
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after reacting with different reaction times. a) 0 hr, b) 1 hr,
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Table 1. Recipe for the preparation of waterborne polyurethane-acrylic hybrid solutions

Feed
Sigg: ¢ "Soft segment Hard segment Catalyst Neutralizer
PCD mol IPDImol DMPAmol HEMAmol MMAmol KPSmol 14-BDmol DBTLmol TEAmol DDI Waterg

PUD 0.0245 0.0585 0.0205 0 0 0 0.0135 0.000045 0.0205 90
AUDI1 0.0245 0.0585 0.0205 0.0105 0.0105 0.5 0.0135 0.000045 0.0205 90
AUD2 0.0245 0.0585 0.0205 0.02097 0.02097 0.5 0.0135 0.000045 0.0205 90
AUD3 0.0245 0.0585 0.0205 0.03145 0.03145 0.5 0.0135 0.000045 0.0205 90
AUD4 0.0245 0.0585 0.0205 0.04195 0.04195 0.5 0.0135 0.000045 0.0205 90

A1 1,4-BDZ prepolymer®} HFSAIA AREAIAALE 1 & 255
50 °CE S5 AejollA] S840l TEAS F9l3ke] 1 hr E<F vk
AZlell ©)8] DMPAS] COOH 18-S F3AIZAT) o] g-lof| =5

2-3-1. 3}5H4 Y

FT-IR (FTIR-8400S, Shimaduz)- ©]-4-3}¢] A|3-% NCO terminated
prepolymer®] -3 w415 3ISlth. Al 5= KBr ol $iAl E3Es
g dEE Axs & T2 We7)E FREAL, TEREAS

FE AA3] FRIBHL 1,000 rpm 2 WHISFAA =24 345 5 i 5
slo] PUDE 385 3}o prepolymer Ujell EAISR= 1|HHS- NCO 71¢] RES- X18) o -5
olgA % PUD &Hel okad TFAIQl HEMASE MMAS) gl

S3ES AVFES HEAIA FS1810] 10 min 5<F RIS o} 2322, AIAE

3 w=EA o] pUDSEe] £ S8 W25 65 °CE 14 AAH &= ABHE 5% 7](CORE TECH., Korea)ll /1274 %
Sk AdEell A =873 ZNAIAIQD KPS YAt TegA] H7teel S48 AFE 450 AER 790, 3FE(1 kg)e 7I8te] 5~83] A=
2 wt%ys 22 &l S3lAIZL £ 3 hr Bt A148] HEE7] <l o] 573 AEE FRletdr] S743I3It. 82 Mitsubishi 9132
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Fig. 3. Overall reaction scheme to prepare waterborne polyurethane-
acrylic hybrid solutions.
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Fig. 4. FT-IR spectra of NCO terminated polyurethanes obtained
after reacting with different reaction times. a) 0 hr, b) 1 hr,
c) 2 hr, d) waterborne polyurethane after chain extension.
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Fig. 5. Particle size distributions of waterborne polyurethane-acrylic
hybrid solutions with different amounts of acrylate monomers.
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Fig. 6. Viscosity variation as a function of spindle rpm in the water-
borne polyurethane-acrylic hybrid solutions with different
amounts of acrylate monomers.
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Fig. 7. Solid content of waterborne polyurethane-acrylic hybrid solu-
tions with different amounts of acrylate monomers.
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Fig. 8. Reaction temperatures of waterborne polyurethane-acrylic
hybrid solutions with different amounts of acrylate mono-
mers as a function of reaction times.
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Fig. 9. Solid content of waterborne polyurethane-acrylic hybrid solu-
tions with different amounts of acrylate monomers as a function
of reaction times.
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Fig. 10. Abrasion resistance of coating films of waterborne polyure-
thane-acrylic hybrid solutions with different amounts of acry-
late monomers.
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Table 2. Pencil hardness and adhesion of coating films from waterborne
polyurethane-acrylic hybrid solutions with different amounts
of acrylate monomers

Sample code Pencil Hardness ~ Adhesion ~ Thickness (um)
PUD B 5B 29.1
AUDI B SB 289
AUD2 HB 5B 30.0
AUD3 HB 5B 283
AUD4 F 5B 299

Table 3. Chemical resistance of coating films prepared from waterborne
polyurethane-acrylic hybrid solutions with different amounts
of acrylate monomers

The number of revolution(cycle)
Sample code

Methanol Ethanol
PUD 43 80
AUDI 50 110
AUD2 130 137
AUD3 645 670
AUD4 657 700
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