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Fig. 1 Schematic hydrolyzing process and variation of hydrated size of PDMNPs with ammonia aqueous under ultrasound condition



—_

1 4 iy & 4% « 2% PDVB-al--MAH 24 K0 T £ 8 57 () 8 75 3L AL -Pickering FLIRR & N BT 5 1519

Fu it AR AR RE TR RE 4
Jr A B LR, 78 8 B — W LUR 5 98 S R e 1Y

Transferring

ZE

;.‘
1 A
\

FLIR. 7350, RS S S BUER 70 Bk 2R 5 Wk B
TENUBAE 1 (19 12 S AT Je it A L.

Thermal polymerization

’ a
o i

¥
"’? ’

7h _lweek [

Mechanical agitation
75 °C,nitrogen atmosphere

[
Ultrasonic emulsification

Standing
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Fig. 3 SEM images of the resulted PSt microsphere® at different agitation speeds (r/min) : (a) 0, (b) 100, (c¢) 200, (d) 300, (e) 400
and (f) 500

The PSt microspheres were prepared in the reaction system, which was consisted of 0. 20 ¢ PDMNPs, 1 mL aqueous ammonia, 2 mL St, 20
mL deionized water (the ratio of water to oil was 10: 1) and 0.012 g AIBN. The process was carried out according to Section 1.2 with

different agitation rates.
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Fig. 4 SEM images of the resulted PSt microspheres with different PDMNP-concentrations (wt% g/g St): (a) 0.58, (b) 1.76, (c¢)
2.94, (d) 5.88 and (e) 11.76; (f) variation of their yields and diameters with increasing amount of PDMNPs

The reaction system was consisted of 1 mL aqueous ammonia, 2 mL St, 20 mL deionized water ( the ratio of water to oil was 10: 1) and
0.012 g AIBN. The process was carried out according to Section 1.2 with different amounts of PDMNPs and the polymerization was under a

200 r/min agitation.
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Fig. 5 Variation of (a) diameter and yield of PS
microspheres with reaction time and (b) graphs of elution
for GPC time at different reaction time

The reaction system was consisted of 0. 58 wt% (relative to
monomer) PDMNPs, 1 mL aqueous ammonia, 2 mL St, 20
mL deionized water ( the ratio of water to oil was 10: 1) and
0.012 g AIBN. The process was carried out according to
Section 1.2 with different amounts of PDMNPs and the

polymerization was under a 200 r/min agitation.
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Fig. 6 (a) FTIR and (b) XPS spectra of the resulted PSt microspheres
Samples of the resulted PSt microspheres were fabricated in a system consisted of 0. 58 wt% ( relative to monomer) PDMNPs, 1 mL aqueous
ammonia, 2 mL St, 20 mL deionized water ( the ratio of water to oil was 10: 1) and 0. 012 g AIBN. The process was carried out according to

Section 1.2 with different amounts of PDMNPs and the polymerization was under a 200 r/min agitation.
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Scheme 1 Possible mechanism of the polymerization process
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Fig. 7 Digital photos of the ultrasonic emulsification results and SEM images of the resulted polymer morphology for (a) MMA, (b) GMA,

(¢) AMS and (d) St

The reaction system was consisted of 0. 01 g PDMNPs, 1 mL aqueous ammonia, 20 mL deionized water ( the ratio of water to oil was 10: 1),

and 0.012 g AIBN. The process was carried out according to Section 1.2 with 2 mL different monomers and the polymerization was under a

200 r/min agitation.
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Studies on Ultrasound Emulsification-Pickering Emulsion Polymerization with
Aminolyzed PDVB-alt-MAH Nanoparticles as Stabilizer

Jian He, Dong Chen, Xiao-xia Huang, Kai Han, Li-wei Wang, Jian-yuan Deng, Wan-tai Yang"
( State Key Laboratory of Chemical Resource Engineering, College of Material Science and Engineering ,

Beijing University of Chemical Technology, Beijing 100029)

Abstract The present work reports on a method of ultrasound emulsification-Pickering emulsion
polymerization,, which was developed to fabricate polystyrene ( PSt) microspheres through the assistant
technique of ultrasonic emulsification in a reaction system consisting of the immobilizer aminolyzed poly-
(divinylbenzene-alt-maleic anhydride) nanoparticles ( PDVB-alt-MAH nanoparticles, PDMNPs) , the initiator
2 ,2-azobisisobutyronitrile ( AIBN) , the medium deionized water and monomer styrene ( St). The morphology
and diameter were characterized through scanning electronic microscope (SEM) and laser particle sizer. The
influences of emulsion stability, mechanical agitation speed and stabilizer usage on polymerization were
investigated , respectively. It can be found that ultrasonic emulsification and mechanical agitation were
necessary for the formation and stabilization of emulsion; meanwhile ,the diameter of PSt microspheres could be
controlled in the range of 200 nm to 90 nm with increasing amount of aminolyzed PDMNPs. Moreover, studies
on the polymerization kinetics and the chemical structure of PSt microspheres were then conducted through gel
permeation chromatography ( GPC) ,Fourier transform infrared spectroscopy ( FTIR) and X-ray photoelectron
spectra ( XPS). Based on the results, the highlights of this polymerization method are as follows: (1) high
efficiency of stabilization of aminolyzed PDMNPs; (2) simple device of ultrasonic emulsification; (3) the
surfactant-free polymer microspheres with narrow-distributed diameter. Furthermore , this polymerization method
was then successfully used in polymerizations of other oil-soluble monomers, such as methyl methacrylate
(MMA) , glycidyl methacrylate (GMA) and a-methyl styrene ( AMS). It therefore indicated that the present
work not only developed a novel strategy for Pickering emulsion polymerization,but also broadened the field of
industrial preparation of polymer microspheres.

Keywords Poly ( divinylbenzene-alt-maleic  anhydride ), Polymeric nanoparticles, Pickering emulsion

polymerization, Ultrasonic emulsification, Polymer microsphere
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