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2 2 ZF$H e ol2¥ 77 =UE poly(urethane-methyl methacrylate) &4 B IFE F3|=
Sttay 3® FAEZA 4F, 7IAF B4 9 WS Aod ¢ ok ol & dAFeAME =
Az £33 3ATG F53 =3 S o] 83t =249 poly(urethane-methyl methacrylate) A3
ABAS I &, ZEEg =gZFgH FA DAA 2,2-bis (hydroxymethyl) propionic
acid (DMPA)S F 33 methyl methacrylate (MMA) B3 & FYU3S &, triethylamine (TEA)S ©] &
stod DMPAS] 7FE2RA7|E F3AA IAFA7IE EASHA: ol & FREAAIA HE3 A4S A4
AT Asdd 2 7R3 9 0 s FANES Adsnk olw AxTE = of
a2A dFA e S 223t poly(urethane-methyl methacrylate) &4 oH A Q] tjakdt MES A
Rew, FE AEY QRS AE, FFAE 5) % ARIEY SA4S Bt Hlaskith

Abstract: Poly(urethane-methyl methacrylate) hybrid emulsions can be controlled with their thermal, mechanical
and anti-chemical properties as plastic coating materials. In this study, water dispersed poly(urethane-methyl
methacrylate) hybrid emulsions were prepared by prepolymer synthesis and soap free emulsion polymerization.
For imparting hydrophilicity on polyurethane prepolymer, 2,2-bis (hydroxymethyl) propionic acid was added
to the polyurethane prepolymer with methyl methacrylate monomer and was neutralizated by triethylamine
(TEA). After neutralization, the prepolymer mixture was dispersed in the water phase with stable droplets. The
synthesis was carried out with chain extension from the ethylene diamine and initiation of methyl methacrylate
by soap free emulsion polymerization. Stable poly(urethane-methyl methacrylate) hybrid emulsion was
successfully obtained with different synthetic conditions and acrylic monomer contents. Poly(urethane-methyl
methacrylate) hybrid emulsion were characterized and compared with tensile strength, viscosity, and adhesion
properties.

Keywonds: poly(urethane-methyl methacrylate), hybrid emulsion, neutralization, water dispersion, coating
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Al whg- kel S8 2 AMgET glent, Fel
sl M FA4 AE, 4F, A= 5o BA

o] F-Zsltt,

webs F8Ad E
A= otad A}
e gk H2d =
Aol Stk o]o HT AFAEL PY ol E H(mini-
emulsion) 34 ©] & El ] Y
A Al tig AT5,8,10-211¢F UV A3E o] &3
FHg-olagY ol E I8 &A1Y ATE A5t
oH1,6,11]. tFE9] SeekoladA &4 FAd o
g AFe FHES A= YAR o, ot TEEA
£ Hai(swelling) A A FHel= FEHEA, FdE &
Abggo] Wl A Aa1, 4xpe] Z7|7F ¢ vpewE A
712 ¥z =tH3.4,7.9].
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(urethane-methyl methacrylate) &4 Y= Jx}ol]l ot
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2 AFoA AHgEle E8]22 polyhexamethylene
adipate (M;=2000 g/mol)Z 120°Ce] & QL EoA 6A]
2ol ES AA% M-Sk tolaaloho]
E 2+ isophorone diisocyanate (IPDI, Bayer Co., U.S.A.)
E AT A5 71 =948k sl 2,2-bis
(hydroxymethyl) propionic acid (DMPA, Sigma-Aldrich
Co., US.A)E 2183992 ™, DMPAS] & Z N-meth-
yl-2-pyrrolidone (NMP)< AldrichA}e] A&S AFE-31H
. DMPAE 8 AlASI] NMPe| ¥l 40°Col| A]
wRkske] =9l & ARSIt ofad T EFAl= meth-
yl methacrylate (MMA, Aldrich Co., U.S.A.)E A3}
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Water-based Poly (urethane-methyl methacrylate) Hybrid Emulsion

Figure 1. Schematic presentation for synthetic process of
water-based poly(urethane-methyl methacrylate hybrid emul-
sion.
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Table 1. Characteristics and

U =4 4T 1

sample composition of poly(urethane-methyl methacrylate) hybrid emulsion

Al A2 A3 B2 B3 Cl1 C2 C3
MMA content” (wt%) 10 20 30 20 30 30 30 30
NCO/OH ratio 1.8 1.8 1.8 1.8 1.8 1.77 1.71 1.64
Solid content (wt%) 38.6 38.7 40.5 39.5 37.8 42.8 435 41.4
Crosslinket/EGDMA (%)” 0 0 0 3 3 0 0 0
Viscosity (cps)’ - - - - - 12.9 21.0 263
Particle size (nm)” 88.9 90.0 153.2 129.1 - 96.1 92.7 81.3
" based on total weights of PU and MMA.
? based on MMA content.
? measured by viscometer (Brookfield Digital Viscometer, Brookfield Co., DV-II).
 measured by capillary hydrodynamic fractionation (CHDF2000, Matee Applied Science, U.S.A.).
160 0.30 T
» — -8 — EGDMA 0% A3
/ o 1 —&— EGDMA 3% -
o P _ i
E Vi i -
= £ -
B / £ ozt e A
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o« 1 .
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B0 : i ' ; ' ' oo 10 15 2 25 30 35
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Weight percent of poly methyl methacrylate on polyurethane(wt%)

Figure 2. The average particle size for poly(urethane-methyl
methacrylate) hybrid emulsions (sample Al, A2, A3) with
varying weight ratio of polyurethane to methyl methacrylate.
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Contents of PMMA of PU-PMMA Hybrid Emulsions

Figure 3. a) Tensile strength for poly(urethane-methyl meth-
acrylate) hybrid emulsions with varying weight ratio of pol-
yurethane to methyl methacrylate. The ratio of NCO/OH
was fixed at 1.8. The effect of EGDMA of PU-PMMA hy-
brid emulsion on tensile strength. b) Stess-Strain curves of
A2 and B2 samples.

ZAste] Aot Az Al A2, A3 HEZ2 A
2715 H71sl7] 98l CHDFS Abg3te] B33 Axt
MMAS] FH&Fo] F71845 YA =717 F7KHAL =
88 nm, A2 = 90 nm, A3 = 153 nm)3lFEH], ol
MMAS] §go] F7185 ZE9Ee YAt B&
e MMAS] gHaFo] @olx 7] WEl o= AlsH

ChFigure 2). 3 HE AZ o]&3le] FBEL Ax
(80°C 71, 3A1ZHslF o UTMOZ QIZHAEES

ARk EI B AT 7] BAYE £ Y5
det 259 gt VAA A RS 93| olaEA
GFAE 8o, B AT Az A3 H
A oAl MMAS] o] S71Ea4= dE9 AZ%
7t S7VES #8084 AUAKFigure 3a). 1L}
MMAS} 2& oladA dagA e ©]lo] /S
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Figure 4. The average particle size and viscosity of the
poly(urethane-methyl methacrylate) hybrid emulsion accord-

ing to the concentration of the ionic group (NCO/OH ratio).
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A1 EGDMA 3 wt% (MMA & 712)E HUISE AE
oty a2y AE A1Y AE BE FA A QT
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< ARt 359 7AIFS 240 v dE A
o2 st ey A 53 A 7]'JJ—°} A &
< ARG JIFBEE FaEHA EREHEE ST
St AFE A b FUFs }%E}(Flgure 3b) poly
(urethane-methyl methacrylate) &4 o|EHS &80

£450) g e, HuAE BHFoA
ofay FAzte AR B Fesz we ol
g FA9 g £Ao EAES} FAHR) WE
A Aoz FEE

3.2. NCO/OH H[E0]| ME = F7| M= H3F|
Table 12] M= Cl, C2, C3& Z-$d€ v MMA
o F|FES 30 wi%=E Akl NCO/OHO| HI&&
DMPAE ZZ3le] zlz® MZo|th = NCO/OH H]
& 1.77, 171, ledolH, &2]& thH] DMPAS] A7
282 69, 74, 8.0°|th Poly(urethane-methyl metha-

T E T

35

25 [

10 |- y i .
| : 2o :
0

Al A2 A3 B2

Sample 1D
Figure 5. Methanol rub test after spray coating of the
poly(urethane-methyl methacrylate) hybrid emulsion (all
samples) on the polycarbonate substrate.

MeOH rubbing (2])

B3 c1 c2 Cc3

crylate) &4 X (* % C)¢] CHDF #4 Z3}, DMPA
o 3heFol JA Z717F oA A Hok 1
]._0_% oﬂ;@g] oL Al %X] /\]
Fe= 4 7(DMPA®] COO-)7} DMPA &+
of wah "7} StAl =i, weEkx YA 2HS A
A F de o]A7 H HIERA o] yolA ==z <
A7) ZetA Al Aok =5 YA FoldgE YA
= 357t Z7}ﬂ‘ji A7 S7HES HAx &4
of o3 & 4 U Th(Figure 4)[13,16].
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Aol WFEA e UEAES TS & 5 3
t}. EGDMAS}H 22 7luAlE AFSS ol ¢ 3
F7F SUste AR e wWgo g olsfjE 4 3tk
SkH DMPAS] ¢ = NCO/OH Hl °% WA 7 7
F(HZ 3) AF A3RT 2~33] A3 ©]= B3
o Hlngk A5 g §4$t 203] o] A
stk o] A 7I7F FrlelE Aol k] Wef
F4 2 A= T 4] dgete AS AT

T A} o] tigt AFHE Figure 59 HAFIUh
TS B AFollA dojzl A& B HZE A

I EE AEAAN T R =E= g EA Fdth

FE g AH A A2, 2007H



Ze}~E FH4 Poly(Urethane-MMA) &4 oldd g4 1l B4 A 13

r coating layer

ey

Cross sectional area

YONSEI SEl 10.0KY #5000 10am WD 9.9mm

YONSEI SEI 10.0kV 1,'||||_ WD 9.9mm

Top and primet
coating layer-

Cross sectml area

SEI 150KV X500 10pm

W 4.2mm

Figure 6. (a) SEM image of cross sectional area of pri-
mer coating layer of poly(urethane-methyl methacrylate)
hybrid emulsion (with sample B2) on the polycarbonate
substrate by two pack. (b) SEM image with high magni-
fication of (a). (c) SEM image of cross sectional area of
top and primer coating layer on polycarbonate substrate
by two pack (top coating resin: commercial acrylic poly-
ol coating resin, crosslinker: polyisocyanate).
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