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Synthesis of silane coupling agents modified core-shell acrylate emulsions
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Abstract: In order to solve the problem of "viscous when heated while brittle when cooled" with traditional
acrylic emulsion, core-shell structure acrylate emulsions with soft core and hard shell particles were
prepared from main monomers of methyl methacrylate (MMA), styrene (St) and butyl acrylate (BA) and
modifying monomers of silane coupling agents, and characterized by FTIR, TG and DSC. The influence of
crosslinked monomers on the properties of emulsion was investigated. The particle size of the emulsion was
tested. The results showed that the emulsion exhibited better stability and film formation ability when the
mass fraction of styrene was 15.0% (based on the mass of all monomers in the core and shell layers, the
same below), the theoretical glass transition temperature (7) of the core layer and the shell layer were
—10.0°C and 30.0 °C respectively, and the mass fraction of cross-linked monomer vinyltriethoxysilane
(A-151) in core layer and gamma-methacryloxy propy! trimethoxysilane (A-174) in shell layer was 3.0%
and 2.0%, respectively. Compared with those of the homogeneous particle structure without crosslinked
monomer, the maximum thermal adhesion temperature of the core-shell structure polymer was increased by
90 °C, the water absorption was reduced by 10.77%, which aleviated the high-temperature adhesion
problem of ink coatings while improved the water and heat resistance of the coating film.

Key words. water-based ink binder; acrylate emulsions; silane coupling agents; core-shell structure; acrylic
series chemicals
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EETK, LL 150 rimin BEREERE, IETHEIRE S
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(0.086 mol ) BA, 1.5g (0.0079 mol ) A-151; 5¢):
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0.5 g (0.0034 mol ) A-171); )2 2.0% A-171 N
TR LI AT 5 (#%)2: 7.5 9( 0.072mol )St. 11.0 g
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17.89 (0.18 mol ) MMA | 11.2g ( 0.087 mol ) BA |
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159 (0.01mol ) A-171), DI EE RN EIRERFLIK A
BT TR L, AL WA A, Horh ADH R AW
FLUE T 5E pH JE A

R WO Y5 RE R PR TR i LR 1 B L TR
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Fig.1 Schematic diagram of film forming process of emulsion
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A5 min 5, KRR & Zeta HL A A3 BT A
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R B AR 2T AR, e 4 I
(ATR) MBI, X il 8 4 (0 2L B R A 70 3
F14# 75 Fl 4000~600 cmi™,
1311 #AsE R

R IREE A3 A A AT I o K TE N 4 ik
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10 °C/min,
1.3.14 SLzMsHim 2
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WATAYE, ARG RBERM L, =R T8)5 i
BHCH 2% IR (PTA) IR, 1 TEM
W EE P B ZE R TE S
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21 S xtELiEHERERI R NG

MMA 1 St 7]k T 4 i R L p, ml DU - 1%
B e VA A DR E T S AR 5 59 2 4% SRk [4-6]
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AT EZZ L Ty -10.0 °C, 5T)2RYHLE
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TEAE 0~25% L, %8¢ St %Lk RE iY 52 i 45
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Tablel Effect of St massfraction on properties of latex films

w(St)/% WoKRI%  FUBHSNL FLBHR K B B

0 7.7 Bz T
5.0 7.3 R e 4 T

10.0 6.7 R 5E 4 T

15.0 6.4 R 5E b T

20.0 6.2 R 5E b B

25.0 6.2 R 5E 4 RH

30.0 6.1 R 5E b RH

T DL FLB BRI 3 <1%, FLIE AN Ca A i
BEkk, TR

e 1l 50, BERS A St AT LLREAR LI I Y
WeoK %, 4 St /0 5r<20%0, St o Buik E
FLIRE I AR R A, WK b 24 St %R
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Table2 Effect of photoaging time on glossiness of latex films

Je AL E /h FLIBE 60°0Li% /%

0 85.3
24 83.2
48 78.9
72 76.9
96 76.5

120 76.3

e SR 15.0%,

M 2 Al Bl G AL ) A i, 2L A
FENCEAAL IR G 60° Y615 B Rl T B . FE &Lt
W=72nhJ5, GEEILEREA .

L, Z54 207 ML ERE 7 % 1E, o
U 5348 15.0%00 SUE M ZZERES SR G, i
SMF T L BB ) 37 B 3 RO V3 B A
2.2 IR Ty X E K EEE R R0

VeI Z Ay St 759 (0.072mol ). BA11.0g
(0.086 mol ), zZHEHL{A A-1511.5g ( 0.0079 mol );
FeJ2E ¥R MMA 17.8 g (0.177 mol ) F1BA 11.2g
(0.087 mol ), #ZEEH{K A-174 1.0 g ( 0.004 mol ),
CL HK M 38 FH N M TR B 7L IR Y Ty — M #E —20~
20 °CU8, ) eA% )2 I BRiE T, 9—10.0 °C, 58)2 13
W Tyl 45.0 °C, ET % MMA F1 BA 1Y Jiat Lt
A ST AN Ty, FLRAEER (25°C) N7
BB, 5L 3,

3 A Ty X FLl A 7 0
Table 3  Effect of different Ty on film forming property of

emulsion
FZRHIE Ty/°C Bt g Ty°C TR 1
45.0 20.5 . i 24
40.0 17.9 FLIE i 2
35.0 15.3 FLIE i 24
30.0 12.6 LB i 5 4
25.0 9.9 L i 5 4
20.0 7.2 LB
15.0 45 LB R

mk 3 PR, FLMEERFR<1%, HERGREN
B, SFEENEE T7,530.0 °C, FLERESET

R, Tk, RARERK, WANKREEZZ
Y52 RS, SEhRAY Ty B HBE Ty, bRy
Ty id K, sy FeEENEME, FLERRENM H % kA fa
24, ARRRRY Ty @K, FLACHEAE BB, 7R3 i
FETN AT K, e 2 LS Ty 30.0 °C
L3 SO

i Bk, SEIRMBNE T, 30.0 °C, #5esh
IR FEIE Ty 12.6 °CHY, FLBBUBA S o
2.3 1ZEZBRERMAEITZL A

WEMZ LS T, §-10.0 °C, 72 MBS T,
9 30.0 °C, HEA% )22 LA A-151 Joi it 70 HO0T 5L
WERER R . FLIR R REY R AL AE 25 °CT H
T 24 h J5 AT IE ), 25 UL 4.

# 4 WJE A-151 5T S BON FLIR T RE 1 5 el
Table4 Effect of core layer A-151 mass fraction on properties

of emulsions
w(A-151)/% L B 1% ARG %
0 SELF 0.32 92.52
15 SEIT 0.47 93.52
3.0 SEIT 0.72 94.84
45 SEUT 0.82 93.75
6.0 . 1.34 93.82

e ST E Ty 15.0%, %2 B0k S 5 & [ N
20.0g, FEZLBENA A-174 FEDECH 2.0%,

22 4 A5, Y4 A-151 JE B4 40h 3.0%0, B
KB RES T, BRI R<1%, FLBOR ST E BT
M A-151 S 5>4.5%00, 785 T LRI & A
oz, e A-151 SINIGIRRR R A 2 B A2
PEAR 2%, FE OISR PR PN I ) 36 R R SRR & A
SN

A-151 Jii i 43 FIO0) FL IR R A8 1K B R 7K 38 1) 52
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Fig. 2 Effect of A-151 mass fraction on crosslinking degree
and water absorption of latex films
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Table 5 Effect of shell crosslinked monomer on properties
of core-shell emulsion

FERZC R A BERE 1% LR R %
0 0.39 94.14
1.0%A-171 0.52 95.01
2.0%A-171 0.72 94.31
3.0%A-171 2.34 92.20
1.0% A-174 0.27 95.34
2.0% A-174 0.36 95.74
3.0%A-174 1.73 93.01
1.0% DAAM/ADH 0.38 95.85
2.0% DAAM/ADH 0.56 95.04
3.0% DAAM/ADH 1.40 93.84
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Fig. 3 Effect of shell crosslinked monomers on crosslinking
degree and water absorption of latex films
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Table 6 Adhesion situation of acrylic coatings at high

temperature
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Fig. 4 FTIR spectra of samples
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Table 7 Emulsion particle size change process
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Fig. 5 Particle size distribution curves of emulsions
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Fig. 6 Thermogravimetric analysis of samples
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Fig. 7 DSC curve of core-shell latex film
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Fig. 8 TEM image of core shell acrylate emulsion
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