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Abstract: A solvent free, highly concentrated silica-acryl monomer hybrid sol was synthesized using aqueous colloidal
silica as a precursor. The effects of the silica particle size, type of surface treatment agent employed, and silica content
on the formation of the hybrid sol were systematically studied. The optical and physical properties of the coating solution
prepared using the hybrid sol were also characterized. The viscosity of the hybrid sol tended to decrease as the particle
size of the silica and the molecular weight of the surface treatment agent increased. The PET substrate coated with
MPTMS-Mix (mixture, 70 wt%) solution showed the highest surface hardness (6 H) and low surface roughness (Ra=
0.044 pm), which could be attributed to an increase in packing density caused by the infiltration of small particles into

the pores formed between larger particles.
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Fig. 1. Flow chart for preparation of hybrid coating sol.
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Fig. 2. Viscosities of hybrid sol as a function of particle size
of silica. (a) Particle size of silica: 20 nm, (b) particle size of

silica: 60 nm, and (c) particle size of silica: 90 nm.
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Fig. 3. Particle size distributions of hybrid sol with various surface
treatmemt agent. (a) Particle size of silica: 20 nm, (b) particle size
of silica: 60 nm, and (c) particle size of silica: 90 nm.



A7 1A = 5te] =741, Al32d A3 pp. 246-251, 2019 5

Table 1. Transmittance of hybrid sol.

9. 710

Sample Particle size Surface Silica  Transmittance
No. (nm) treatment  (Wt%) (%)
MPT2070 20 MPTMS 70 88.86
MPT6070 60 MPTMS 70 87.30
MPT9070 90 MPTMS 70 86.69

(a)

(b)

Fig. 4. Photograph of colloidal silica and hybrid sol. (a) Colloidal
silica and (b) non-solvent hybrid sol.
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Fig. 6. FT-IR of TMPTA and hybrid sol.
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Table 2. Pencil hardness and adhesion of silica hybrid coated
on PET film.

Sample No. Pencil hardness Adhesion

TMPTA HB 0B
MPTMS 2050 3H 1B
MPTMS 2060 4H 0B
MPTMS 2070 SH 0B
MPTMS 6050 2H 1B
MPTMS 6060 3H 0B
MPTMS 6070 4H 0B
MPTMS 9050 2H 1B
MPTMS 9060 2H 0B
MPTMS 9070 3H 0B
MPTMS-Mix 70 6H 0B
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Fig. 7. Optical transmittance of silica hybrid coated on PET film
in visible wavelength range.
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Fig. 8. 3D microscope photograph of silica hybrid coated on
PET film. (a) MPTMS 2070, (b) MPTMS 6070, (c) MPTMS
9070, and (d) MPTMS-Mix 70.
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