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Fabrication and Characterization of an Optical Nano-hybrid Sol-gel
Derived Thin Film on the PMMA Substrate

M. Hajfarajzadeh, A. Eshaghi’ and A. Aghaei

Department of Materials Engineering, Maleke Ashtar University of Technology, Shahin Shahr, Iran.

Abstract: 4 TEOS-GPTMS nano-hybrid thin film was deposited on the polymethyl methacrylate (PMMA) substrate by a sol-
gel dip coating method. Morphology, roughness and surface chemical bonding of the thin films were evaluated by X-ray
diffraction (XRD), field emission scanning electron microscopy(FE-SEM), atomic force microscopy, and Fourier transform
infrared spectroscopy methods, respectively. UV-vis spectrophotometer was used to measure the transmittance spectra of the
samples. Also, the adhesion and hardness of the coatings were investigated using pencil hardness the adhesion tape test and the
test, respectively. XRD results proved that the thin film had an amorphous structure. Also, FE-SEM images indicated that
addition of GPTMS to the TEOS yielded a crack-free thin film. Based on the UV-vis spectroscopy results, the transmittance of the
polymer substrate in the visible region was increased by the deposition of the nano-hybrid coating. Moreover, the hardness of the
PMMA substrate was increased from 3H to 6H by the deposition of the nano-hybrid thin film. Also, tape test confirmed the high
adhesion of the nano-hybrid thin film on the PMMA substrate. Consequently, the transparent organic-inorganic GPTMS-TEOS
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hybrid coating can be used as a scratch resistant coating on the PMMA substrate.

Keywords: Thin Film, Hybrid, Optical properties, Hardness, Sol-gel, PMMA.
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15.0 kV X100 300 pm

15.0 kV _X50.0 600 pm
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1. nethacryloxypropyl trimethoxysilane

2. 3-Glycidoxypropyl-trimethoxysilane (GPTMS)
3. tetraethyl orthocilicate (TEOS)

4.Bisphenol A (BPA)

5. cross-linking

6. ethanol (EtOH)

7.epoxy ring

8. poly methyl methacrylate (PMMA)

1. Wang, Y., Li, T, Li, S., and Sun, J., “Antifogging
and Frost-Resisting Polyelectrolyte Coatings Capable
of Healing Scratches and Restoring Transparency”,
Chemistry Materials, Vol. 27, pp. 8058-8065, 2015.

WAV Olie oF 5led PV Il ¢ peilige )3 a3 5 340

S a5 id SIS S 5 i 3y LT s
s S e S iy 40l g kb L TEOS-GPTMS
S S s S g 5SS sl sa31 Sl ol
it 0> e 5 sl 05 pan 5 slio 55
5 L XS S sh Sl 516 el (St
O S g Sl 5 S5 B eish LT
sl S (0 e 516 S Y mlav 55 0581 5 00 S
AUT s oS SlS lw Gladipn 3505 @l cnl el
UL S L e p Onle w5 fodd el
Elaar s LS o a1 s ol eds Cinis

Lol Ske fxe b N 55 550 Ol S0 o5 mmeih

MUajb

9. X-ray diffraction (XRD)

10. Attenuated Total Reflectance Fourier- Transform
Infrared Spectrophotometer (ATR-FTIR)

11. Field Emission Scanning Electron Microscopy (FESEM)

12. Atomic Force Microscopy (AFM)

13. curing process

14. Energy Dispersive x-ray Spectroscopy (EDS)
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