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Fig. 1
silica dispersed in ethanol and PMMA/DMF solution ( DLS)
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Fig. 2
dispersed in PMMA/DMF solution

Typical TEM image of simple-grafted silica
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Fig. 3 Typical SEM images of PMMA fiber ( (a) (0.68 +0.04)um) and PMMA/SiO, electrospun fibers using simple-grafted composites

as pre-dispersed masterbatches ((b) SiO, content =1.0 wt% , size = (0.71 £0.05) pm; (c) SiO, content =2.0 wt% , size = (0. 69 =

0.03) wm and d, SiO, content =5.0 wt% , size = (0.78 0. 08) pm)
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Fig. 4 Typical TEM images of PMMA electrospun fiber (a) , PMMA + SiO, electrospun fiber containing ungrafted silica (b) and PMMA/

Si0, electrospun fiber containing simple-grafted silica (c, d)

Fig. 5 Typical Section-TEM images of PMMA/SiO, electrospun fiber with different fiber size:
(a) (0.71 £0.05) pum and (b) (1.53 £0.12) pm
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Table 1 Distribution of SiO, particles in composite fiber system under different grafting type, silica content and fiber size

PMMA + SiO, PMMA/Si0,
Distribution of SiO, in Si0, content (% ) Fiber size (pm)
Si0, content (% ) )
composite fiber system (fiber size: ca. 0.7pm) (8i0, content: ca. 1.0% )
0.5 1.0 2.0 0.5 1.0 2.0 0.22 0. 69 1.77
Free and adsorbed 26. 7% 22.5% 35.7% 0.6% 0.8% 1.2% 1.9% 0.6% 0.3%
Embedded on fiber surface 42.1% 46.6% 39.2% 1.1% 3.8% 5.6% 7.6% 1.1% 0.6%
Encapsulated in fiber inner 31.2% 30.9%

25.1% 98.3% 95.4% 93.2% 90.5% 98.3% 99.1%

ML UL, fE PMMA +Si0, &2 5K R, R 4

R A B LU A 2 A, G P 2T 2 D9 A
Ke S0, MURE 7 T 25 W BT | 2 T 38 4 A1 Py o 2 3
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Fig. 6  Schematic illustration of the dispersion mechanism of simple-grafted silica during

solution blending and electrospinning processes
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PREPARATION AND CHARACTERIZATION OF SILICA/PMMA

COMPOSITES WITH HIGHLY DISPERSED SILICA——
DISPERSION OF SILICA IN FIBER

Dong-ming Qi, Rui Zhang, Jie Xu, Xing-cong Shen, Ming-hua Wu, Lei Yang
( Engineering Research Center of Eco-Dyeing and Finishing of Textiles of Ministry of Education,
Key Laboratory of Advanced Textile Materials and Manufacturing Technology of Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018)

Abstract A series of silica/poly ( methyl methacrylate) grafting composites ( Si0,/PMMA ) with different
grafting and crosslinking structures were used to prepare poly ( methyl methacrylate ) /silica ( PMMA/SiO, )
composite fiber via solution blending and electrospinning processes. The dispersion of silica in PMMA/DMF
solution and in PMMA/SiO, composite fiber, the distribution of silica in electrospun products and the
morphological characteristics of electrospun fiber were measured by dynamic light scattering ( DLS) , scanning
and transmission electron microscopy ( SEM & TEM ), as well as ultrasonic washing and HF etching
experiments. It was found that only the simple-grafted silica with grafting percentage of 484.4% 1is suitable for
preparing electrospun fiber. More than 90% of simple-grafted silica particles can be effectively encapsulated in
PMMA /Si0, electrospun composite fiber,and thus the entire cross section of PMMA/Si0, electrospun fiber was
filled by simple-grafted silica at a primary-particles size level. The above results are favorable for achieving the
primary-particles-size-level-dispersion of functional inorganic particles in sub-micron level fiber,and thus can
be used to guide the production of functional composite fiber.

Keywords Nanosilica, Grafting, Electrospinning, Dispersibility



