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KBr 80%
Perkin Elmer spectrum one . 40%
R/S-CPS Brookfield USA 30 min
0s™' 200s™". L 4-
1.5¢g 1-
48 h 24 h
Pendulum
707KP  Sheen Instruments Itd UK . PVAc
Konig  6°~ 3° . PVAc
1
2.1
1
30%
Table 1 Summary of the formulations using 20 nm silica particles as stabilizers to prepare SiO,/PVAc latexes®
pH of the Amount of Amount of Solid content Polymerization ~ Conversion
Latex Silica sol )
silica sol Si0, g VAc g % stability %
Run 1 2040 10 10 10 20 No —
Run 2 2040/NH,4 10 10 10 20 No —
Run 3 2034DI1 3 10 10 20 Yes 81
Run 4 2034DI1 3 15 15 30 Yes 82
Run 5 2034DI 3 20 20 40 No —

 Various amount of water was added in these formulations to keep the total weight equal to 100 g for all the samples in this Table Amount of initiator
APS 1 wit% based on VAc

2.2 OpP-10  OP-40
VAc SDS
OP-10 OP- 2
40 SDS HAPS 1 wt%
MTC CTAB 2 . HAPS
CTAB  MITC 90 % HAPS

Table 2 Summary of the formulations using different low molecule weight surfactants and nanosilica particles as stabilizer

Amount of SiO,

Surfactants Surfactant mass g VAc g Water g Polymerization stability
particles” g

CTAB — — — — Gelled before polymerization
MTC 0.3 9 30 70 Flocculated during the polymerization
OP-10 0.3 9 30 70 Flocculated during the polymerization
0P-40 0.3 9 30 70 Flocculated during the polymerization
SDS 0.3 9 30 70 Gelled after two days
HAPS 0.3 9 30 70 Yes

# The silica sol was 2034DI for all the formulation in this Table The solid contents for all the formulations are kept 30 wt% .
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2.3
HAPS 0.3 g
3 ) 21 g SIOZ/PVAC - Table 3  Characteristics of the SiO,/PVAc composite spheres stabilized
by different initial amount of silica particles and HAPS®
450 ~ 500 nm 200 ~ Si0, VAc HAPS  Conversion Particle
Sample
250 nm 3 . amount g g g % size nm
Run 6 21 30 0.3 90 200 ~ 250
1 Run 7 15 30 0.3 91 250 ~ 400
Run 8 9 30 0.3 93 400 ~ 450
Run 9 3 30 0.3 84 450 ~ 500
84% #70 g of water was added in all these formulations in this Table.
90% . 0.3 g HAPS

500 nm SO0 nim

M) nm

Fig. 1 TEM a~d and SEM e~f images of the SiO,/PVAc composite spheres stabilized by silica nanoparticles and HAPS
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2 . 2 Steady-state shear viscosities of the SiO,/PVAc latexes

containing different amount of nanosilica as a function of shear rate
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Fig. 6 FT-IR spectra recorded at 3430 ~ 3470 ¢cm ™! region for PVAc and Si0,/PVAc composite spheres prepared via different SiO,/VAc ratios
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Abstract This paper presented a method for the preparation of raspberry-like inorganic-organic composite particles
with poly vinyl acetate = PVAc as core and nanosilica particles as shell. A small amount of anionic reactive
surfactant 3-allyloxy-2-hydroxy-1-propanesulfonic acid sodium salt HAPS was used as co-stabilizer. Composite
particles were obtained via the free radical copolymerization of VAc with HAPS in the presence of aqueous nano-
silica dispersions. At the same time nanosilica particles were deposited onto the surfaces of organic particles via the
formation of hydrogen bonds between nanosilica particles and PVAc particles. It turned out that only acidic silica sol
could stabilize the latex. Samples prepared using basic silica sol modified with ammonia showed large aggregates
during the polymerization. At the same time a very small amount of various surfactants e.g. nonionic surfactant

OP-10 OP-40 anionic surfactant SDS HAPS and cationic surfactant MTC CTAB were tried for the synthesis
of Si0,/PVAc latex in combination with nanosilica particles as stabilizer it was found that only HAPS could act as
the co-stabilizer to ensure the polymerization stability which maybe due to the electrostatic interaction between
nanosilica particles and the surfactant. TEM showed that the obtained composite particles have typical raspberrylike
morphology indicating the hydrogen bonds between nanosilica particles and PVAc were strong enough for the
formation of long-stable composite spheres.

It was found that the average particle size of Si0,/PVAc composite particles ranged from 200 nm to 500 nm and
tended to decrease with increasing silica content from 3 g to 21 g which had the same behavior as traditional
emulsifiers. At the same time The latexes prepared by 3 g and 9 g of silica only exhibited slight shear-thinning
behavior very close to the Newtonian fluid . However when 15 g or 21 g silica were employed the latexes displayed
a strong shear-thinning behavior. Based on the stabilization mechanism presented in our previous work it was
believed that some hydrogen bonds formed between hydroxyl groups of the silica particles and increased the viscosity
of the latex. However the hydrogen bonds were easily cleaved under mechanical stirring.

Keywords Inorganic-organic nanocomposites particles Silica nanoparticles PVAc  Hydrogen bonds





