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Fig. 1 MPS  hydrolysis degree of miniemulsion
copolymerization of MPS and St with different types of
initiators at neutral condition

MPS 3g St 12g Water 8 g SDS 0.272 ¢ HD
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Fig. 2 MPS  hydrolysis degree of miniemulsion
copolymerization of MPS and St with different surfactant
amounts at neutral condition

MPS 3¢ St 12 g Water 8 ¢ HD 0.6 g KPS
0.1 g ADMP 0.085 g DNHP 0.085 g 7=70C

Table 1 Relationship between SDS amount and particle size and surface

area®
SDS amount g 0.136 0.272 0.544
Partice size nm 114.8 89.5 74.5
Surface area x 1072 m? 7.68 9.86 11.85
Hydrolysis degree % 19.4 27.5 50.9

* The recipe and reaction technology used for Table 1 was the same to that

of Fig. 2.
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copolymerization of MPS and St with different KPS amounts 6
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Fig. 6 2 Si solid-state NMR spectra of latexes of
Fig. 7 2 Si solid-state NMR spectra of latexes of

miniemulsion copolymerization of MPS and St at the
neutral condition initiated by AIBN

Water 85 g AIBN 0.607 ¢ SDS 0.272 ¢ HD
0.6 g ADMP 0.085 g DNHP 0.085 g 7T=70C

a MPS/St=1:4 MPS 3¢g St 12g b MPS/St=
1:1 MPS 7.5g St 7.5¢

miniemulsion copolymerization of MPS and St initiated by
KPS

MPS 3g St 12 g Water 8 g KPS 0.1 g SDS

0.272 ¢ HD 0.6 g T=70C

a pH=3.9 0.1 mol/L HCI solution 0.14 ¢ b pH=
9.2 sodium tetraborate decahydrate 0.324 g



8 3- / 763

6 a b
2.3.2 pH 12 MPS .
T
MPS
pH=4 pH
4 MPS St MPS
7 MPS St
pH pH

7 a . MPS/

MPS St
T T T

7 b
T
MPS
REFERENCES
1 Tissot I Novot C Lefebvre F Bourgeat-Lami E.Macromolecules 2001 34 5737 ~ 5739
2 Ni KF Shan G R Weng Z X Sheibat-Othman N Fevotte G Lefebvre F Bourgeat-Lami E. Macromolecules 2005 38 7321 ~ 7329
3 Zhang SW Zhou S X Weng Y M Wu L M. Langmuir 2006 22 4674 ~ 4679
4 Ni Kefan Shan Guorong Weng Zhixue Bourgeat-Lami E Fevotte G.J Chem Industry Eng 2005 56 352
~357

5 Ni Kefan Shan Guorong Weng Zhixue . Acta Polymerica Sinica 2006 7 912~916
6 Tissot I Reymond J P Lefebvre F Bourgeat-Lami E. Chem Mater 2002 1325 ~ 1331
7 Ni Kefan Shan Guorong Weng Zhixue . Acta Polymerica Sinica 2007 1 38~41
8  Marcu I Daniels E S Dimonie V L Hagiopol C Roberts J E El-Aasser M S. Macromolecules 2003 36 328 ~ 332
9 Marcu I Daniels E S Dimonie V L Roberts J E El-Aasser M S. Prog Colloid Polym Sci 2004 124 31 ~ 36

10 Roberts J E Marcu I Dimonie V L Daniels E S El-Aasser M S. Polym Prepr 2003 44 277 ~ 332
11 Ni K F Sheibat-Othman N Shan G R Fevotte G Bourgeat-Lami E. Macromolecules 2005 38 9100 ~ 9109
12 Ni Kefan Shan Guorong Weng Zhixue .J Chem Industry Eng 2006 57 2987 ~ 2990

HYDROLYSIS AND CONDENSATION REACTIONS IN THE PROCESS OF
MINIEMULSION COPOLYMERIZATION OF
Y-METHACRYLOXYPROPYLTRIMETHOXYSILANE AND STYRENE

CAO Zhihai SHAN Guorong
State Key Laboratory of Chemical Engineering Zhejiang University ~— Department of Chemical Engineering  Zhejiang University —Hangzhou 310027

Abstract The microstructure of copolymer chains the system stability of miniemulsion copolymerization and the
free radical copolymerization were influenced by the hydrolysis degree of miniemulsion copolymerization of Y-
methacryloxypropyltrimethoxysilane  MPS and styrene St was investigated in terms of the ratio of MPS and St the
pH value of medium the surfactant amount the type and amount of initiators. The hydrolysis degree was calculated
from the methanol concentration during the process of reaction which could be followed by the gas chromatography .
Because of the weak dependence on the type of initiators but strong dependence on the surfactant amount of the

hydrolysis degree the interfaces of mini-droplets and latexes were considered as the main locus of the hydrolysis
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reactions. The amount of hydrolyzed MPS increased with the increase of the ratio of MPS and St but the final
hydrolysis degree was independent of this ratio. The hydrolysis rate was accelerated by either decrease or increase of
medium’ s pH value. However compared to the formation of gels under acidic condition in conventional emulsion
polymerization the reaction system was stable and the final product was stable in the miniemulsion mode which was
attributed to the partition of the most of hydrolyzed MPS molecules at the interface of the droplets or particles as a
result of the large surface area of droplets or particles in the miniemulsion system. Consequently the condensation
reactions in aqueous phase which were regarded as the main reason of gel product formation decreased corresponding
to the decrease of the amount of hydrolyzed MPS in aqueous phase . The hydrolysis degree increased with the increase
of surfactant amount as a result of the decrease of the droplets size which in turn increased the surface area of
droplets. In the system initiated by KPS as the polymerization proceeded the pH value of the medium would
decrease because of the formation of acidic groups as a result of the decomposition of KPS. Therefore with the
increase of the amount of initiator the hydrolysis degree increased. The condensation reactions were followed by the
*Si solid-state NMR.. Under neutral conditions the condensation reactions were suppressed effectively even with 1:1
ratio of MPS and St. The condensation reactions could not be avoided at an acidic pH values but it could be
minimized at a basic pH attested by the presence of a signal at § = — 43 corresponding to silicon atoms belonging to
non-condensed MPS. Because the condensation reaction rate was slower under the acidic condition than that under
the basic condition the T species the intermediate resultant of condensation dominated in the final product under
acidic condition while the T° species did in the final product under the basic condition. Compared to the emulsion
polymerization the hydrolysis and condensation reactions were more easily controlled in miniemulsion polymerization
because of its droplet nucleation mechanism and little mass transfer between droplets which could reduce the
contacting opportunity of MPS molecules and water.

Keywords Hydrolysis Condensation Miniemulsion polymerization ¥ -Methacryloxypropyltrimethoxysilane





