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Abstract: A series styrene-acrylic emulsions with different mass ratios (recorded as h/s) of hard monomer
to soft monomers and different particle sizes were prepared from hard monomer styrene, soft monomers
butyl acrylate and isooctyl acrylate as well as functional monomer acrylic acid by adjusting h/s, emulsifier
(sodium dodecyl diphenyl ether disulfonate) amount and synthesis technology. The effects of h/s and
different particle size ratios on the properties of compound emulsions, emulsion films and coatings were
analyzed, and the compound emulsion models with different particle size ratios were constructed. The
samples were characterized by FTIR, AFM, SEM, TGA, and DSC, and evaluated on their viscosity, stability,
particle size, water absorption rate, water contact angle, and mechanical properties. The results showed that,
when the hard phase ratio (the mass of hard phase styrene-acrylic emulsion account for the total mass of the
compound styrene-acrylic emulsions, the same below) was 50%, the styrene-acrylic emulsions and the
compound emulsions exhibited significantly different characteristics, with the compound emulsion having
smaller average particle size (91 nm), more stable system, and lower emulsion film water absorption. The
compound emulsion, when the proportion of hard phase increased from 30% to 60%, showed a decrease
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from 3.95% to 2.65% in the emulsion film water absorption rate, an increase from 75.45° to 104.15° in the

water contact angle, and enhancement in the tensile strength. However, the emulsion film became brittle

when the proportion of hard phase >60%. The compound emulsion film with 50% hard phase displayed

better water resistance and mechanical properties, and the larger the particle size ratio of compound

emulsion was, the more difficult it was to form film at room temperature. The compound emulsion was

applied to waterborne coatings. When the proportion of hard phase was 30%, the coating with basically the

same particle size ratio exhibited the highest gloss (81.4°). The impact resistance of the coating with a small

particle size was the highest (100 cm). When the proportion of hard phase increased from 30% to 50%, the

pencil hardness of all coatings with different particle size ratios was increased, while that of the coatings

with basically the same particle size was increased from B to H.

Key words. styrene-acrylic emulsions; emulsion compound; hard phase proportion; particle size ratio;

mechanical properties; acrylic chemicals
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Table 1  Styrene acrylic emulsion formulations
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M, 0.8 2.00 96.60 1.00 44.40 27.80 27.80 0.30 0.25 30.00

Ss 0.8 20.00 96.60 1.00 44.40 27.80 27.80 0.30 0.25 30.00

M, 5.0 2.00 96.60 1.00 83.50 8.35 8.35 0.30 0.25 30.00

L, 0.8 0.50 96.60 1.00 44.40 27.80 27.80 0.30 0.25 30.00

pags Rl 2.9 2.00 96.60 1.00 74.40 12.80 12.80 0.30 0.25 30.00
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Fig. 1 FTIR spectra of styrene-acrylic emulsions
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K hs  SPFEPRAR/Mm S-S S (PDD) /%

YR 29 97 0.169 43.4
S, 0.8 49 0.051 44.1
M, 0.8 92 0.054 447
L, 0.8 173 0.054 43.1
My 5.0 89 0.145 43.6
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Fig. 2 Relationship between viscosity of a series of styrene-
acrylic emulsions and shearing rate
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Fig. 5 AFM images of compared emulsion (a, ¢) and M :
M; =50 : 50 (b, d) films
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Fig. 6 SEM images of compared emulsion (a, ¢) and My :

M, = 50 : 50 (b, d) films

ME 6 ATLIA H, XFHEELI AT M @ M=50 : 50
] B P i HEE ) DB T 4R RGP 5 (1] 6a, b ) X
AT XT L LR, B RREAE MG, T M+ Mp=50 : 50
HRAEAE—2PIOREAE, B TR . X LRI
EWTTE A3 (B 6¢), T M @ Mp=50 : 50 AR
Wi M1 AN HARZ R RN (B 6d). X
2 FH P A LV P BT R R e ), X B LR B Fh
VFZ A5 8T8 i ZLIBERLHEB 40 5 M @ M,=50 :
50 [ BB F N 59 A8 T B4 A AR LR RE - 20 A7 78 3R
TE R, MW I A AT DU B 2ok RN, Jf
LB R 2L A 43 HCTE J0ORE PSR S 24, I 2
%A BRI S . X5 AFM MRS R —2
224 FHoHERES AT

& 7 %t e FLI M, © Mp=50 : 50 IR B Y TGA
S

100 ¥ 6%
80
8
# 60}
3
;*; 40}
Bl et
M, : My=50 : SO
0f . ‘ ‘
300 350 400 450 500

TREEFC
B 7 XFEEFLBOR M, : M=50 : 50 IR TGA fhk
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Fig. 9 Water absorption and contact angle of compared
emulsion and M, : M;=50 : 50 films
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Fig. 11  Stress-strain curves of different films
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Fig. 12 Water absorption and contact angle of compound
emulsion films with different particle size ratios
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Fig. 13 Tensile properties of compound emulsions films
with different particle size ratios and different
hard phase ratios
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Fig. 14 Simulated filling diagrams of compound emulsions with
different particle size ratios at 30% hard phase
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Table 3  Basic properties of coatings
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