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Fig.1 Synthesis route of modified epoxy

Tab. 1 Factors for the synthesis of three-layer core-shell structured waterborne epoxy- acrylate composite

emulsion latex

Raw material

Process

NaHCO:;
DSB
Backing material
H.0
APS
MMA
Seed composition
BA
MMA
Core composition BA
Modified E-44
APS

Core initiators DSB

H.0

MMA
Transition monomers

BA

MMA
Shell composition BA
MAA
APS
H.O
Shell initiators

CO-436

OP-10

Heated to 80 °C with vigorous stirring

Dripped off in 15 min, kept at 80 °C for 10 min

Simultaneous dropwise addition, monomer dripped
off in 2 h; after adding core monomers, the addition
of core initiator was stopped, and kept warm for 20
min

Simultaneous dropwise addition, the transition
monomer and remaining core initiator dripped off in
1 h, kept at 80 °C for 20 min

Simultaneous dropwise addition, the monomer and
initiator dripped off in 2 h,increased to 85 °C for 30
min
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Fig.2 Schematic of waterborne epoxy-acrylate composite emulsion latex with "core-intermediate-shell” three-layer structure



Fig.3 TEM of (a) E-44, and that of waterborne epoxy-

structure and (c) three-layer core-shell structure
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Fig.4 SEM of epoxy- acrylate composites
(a): blend; (b):unmodified E-44; (c):conventional core-shell structure; (d): three-layer core-shell structure
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Fig.5 FT-IR spectra of (A) epoxy resin and modified epoxy resin (a: epoxyresin; b: modified epoxy resin)and (B)

waterborne epoxy-acrylate composites (a: three-layer core-shell composite after polymerization; b: three-
layer core-shell composite after 180 d; c: conventional core-shell composite after 180 d; d: conventional

core-shell composite after polymerization)
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Tab. 2 Emulsion properties of different mass fractions of intermediate layer

Wet gel mass

Mass fraction of the ~ when upon

Mean particle size

pH (after pH(after 180

middle layer/% discharging/ Zeta/mV  (after polymerization) polymerization) d) Stability (after 180 d)
B / nm
(g-200g"

16 8.59 -18.36 78.51 6 7 Little condensate
21 5.35 -34.37 84.08 6 6 No sight of condensate
26 4.21 -32.85 89.35 6 6 No sight of condensate
31 6.10 -21.27 89.63 6 6 No sight of condensate
36 7.03 -20.56 95.26 6 7 Little condensate
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Fig.6 (A) FT-IR spectra of three-layer core-shell waterborne epoxy-acrylate composites;(B) open circuit
potential(OCP) at different time intervals of immersion with the mass fraction of intermediate layer

of (2)21% (b)26% and (¢)31%

5 o Sdays s lh ® i
020 i % o 10° 7 das
E — fitting — fitting
£ 015}’ _
y £ @ Bt ®
= T °
s 0.10f N
;< 00 1 2 3 4 5 '29
N s Z'/(MQ - em?) 10°F
0.00 : L : - 102 i i i i i , .
0.00 0.05 / 0.10 0.7215 0.20 10° 10° 10 104
o Z'/(MQ - cm”) lg(Freq/Hz)
' 20( ogm : %é‘d)lb 5 : égays
0.24[5"] — fing 10 — fiing
‘g 2101
5 018}, ©  Eiof
. 'l f“-\\ £10 (d)
g 0(; s 10 15 20 £
= 0.12} Z M Q- cm?) ED
N o 2 10°F
0.06+
"y
0'00 1 1 L i ) 102 . L . ik al. i 5
0.00 0.06 0.12 0.18 024 030 10 10° 10° 10*
Z'[(MQ + ecm?
04r | MQ - cm”) o 10° ¢ lg(Freq/Hz) -
{ TR § s
,E 6 — fitting —ﬁttin);;
< 0.3 -; 4[ 107
B E| T (f)
y N 2}
Soal | © =
= % 2 4 6 8 \N./
;\-/ Z /M Q- cm?) 20
o1t
0. ' L s L]
%.0 0.1 02 0.3 04 10° 10° 10° 10
Z'(MQ + cm?) lg(Freq/Hz)

Fig.7 Nyquist plots (left) and Bode plots (right) of different samples at different time intervals of immersion with the
mass fraction of intermediate layer of (a,b)21% (c,d)26% and (e,))31%
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Fig.8 Equivalent electrical circuits (EEC)

Tab. 3 Values of impedance parameters extracted from the equivalent models

CPE. CPEq
Sample Time/d R/(Q cn’) R/(Qcm’)
Q(F-em™ 8" n Qu/(F-ecm™ s™") m
1 2.32x107 0.59 5.00x10* 2.07x10° 0.52 1.58x10°
21% 5 3.09x10° 0.68 4.14x10° 7.52x10* 0.57 3.26x10°
7 8.54x10° 0.56 3.19x10° 8.59x10* 0.48 2.43x10°
1 1.12x10° 0.57 7.22x10* 1.54x10° 0.51 5.37x10°
26% 5 2.02x10° 0.72 5.92x10* 7.22x10° 0.65 1.57x10*
7 1.93x10° 0.68 2.58x10* 2.43x10° 0.65 1.89x10*
1 2.34x10° 0.63 7.58x10° 2.44x107 0.79 9.68x10°
31% 5 1.82x10* 0.47 3.19x10° 3.09x10* 0.53 9.29x10°
7 2.32x10* 0.45 3.23x10° 2.35x10* 0.55 9.63x10°
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Mass fraction /%

Element
(a) (b)
(0) 4.60 23.96
Cl 0.11 0.18
Fe 95.29 75.96

Fig.9 SEM images of steel surfaces with the protective coatings peeled off after exposure

to 3.5% NaCl solution for 30 d

(a): three- layer core- shell emulsion coating; (b): conventional core- shell emulsion
coating.The elemental compositions of rust were obtained by EDS within the red square

Height sensor 1.0 ym

Height sensor 2.0um

62.1 nm

-83.9 nm

248.6 nm

-280.9 nm

91.3 nm

-86.2 nm

Height sensor 2.0 pm

208.1 nm

-219.7 nm

Height sensor 2.0 um

Fig.10 AFM images of waterborne epoxy-acrylate composite emulsion film
(a): conventional core-shell and cured at room temperature;(b): conventional core- shell and cured at high
temperature; (c): three core-shell and cured at room temperature; (d): three core-shell and cured at high

temperature
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JR A B ), R S BE 75 o ] 2 A e 2 2K
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FER—FE, v 8] )2 5 B 5 B8 Wi 1 8] )2 5 & 4y
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Tab. 4 Data of modified waterborne epoxy-acrylate composite emulsion obtained from TOPEM-DSC curves for the

determination of layer thickness

Mass fraction of intermediate layer 21% 26% 31%
AG/(J g Ch 0.242 0.278 0.219
AGW/J-g'-Ch 0.372 0.372 0.372
AGJ/J-g"CY 0.103 0.091 0.087
ACY-g'-Ch 0.149 0.134 0.144

@ 0.426 0.327 0.397
@ 0.400 0.360 0.387
@; 0.174 0.313 0.216
R/nm 59.06 57.94 65.89
R/nm 12.31 11.63 13.49
R/nm 7.14 14.51 10.25

where A C,» and A G, are A C, at Tg for the pure core polymer and shell polymer latex, respectively; A C,. and A C,, are the A C, for the
core phase and shell phase of the latex particle at their corresponding Tg, respectively; @., @i, and @, are the mass fraction of
the core, intermediate layer and shell layer of the latex calculated by TOPEM-DSC method, respectively; R., R, and R, are the
thickness of the core, intermediate layer and shell layer of the latex calculated by TOPEM-DSC method, respectively

3 e
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DSC # R RESS tH 5 B & ALK h W 2 B, A
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Controlled Preparation and Anticorrosion Properties of Multilayer Core-Shell
Waterborne Epoxy-Acrylate Composite Emulsion

Xifang Chen'’, Yuling Xiao', Rujia Liu', Kai Zhang'
(1.School of Chemistry and Chemical Engineering, Hubei Key Laboratory for Processing and Application of Catalytic
Materials, Huanggang Normal University, Huangzhou 438000, China; 2.College of Materials and Chemical
Engineering, China Three Gorges University, Yichang 443002, China)

ABSTRACT: Acrylic acid modified epoxy resin containing terminal double bond with the partial retention of epoxide
group was synthesized. A stable waterborne epoxy- acrylate composite emulsion containing modified epoxy resin
acrylate polymer (core) - inert polyacrylate (intermediate layer) -carboxyl acrylate polymer (shell) was successfully
prepared by emulsion copolymerization and characterized by structural design. And the corrosion resistance of the
composite latex films was studied. The results show that there is a successful emulsion copolymerization between
modified epoxy resin and acrylate monomer, and the obtained composite emulsion has the partial retention of epoxide
group and the introduced carboxyl group; the stability and corrosion resistance of the three-layer composite emulsion
with intermediate layer are better than those of the conventional core-shell emulsion, and the set intermediate layer
can indeed play an expected role; the mass fraction of intermediate layer has great influence on the corrosion
resistance of coatings. When the mass fraction of intermediate layer is 26%, the thickness of the middle layer
calculated by temperature random multi-frequency modulation DSC is 14.51 nm, |[Z|oou, is 1.66x10* 2 - cm’ for the
three- layer core-shell coatings after the 7d immersion of 3.5% NaCl solution, and the content of iron on tinplate
remains 95.29% after immersed in 3.5% NaCl solution for 3 d, the coatings are peeled off to expose the steel surface.

Keywords: waterborne epoxy-acrylate composite latex;structure design; three-layer structure; thickness of the middle

layer; multi-frequency modulation DSC; anticorrosion



