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Anticorrosion Properties of Modified Nano-TiO, Films
Prepared by Sol-Gel Method
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Abstract: TiO, and B-Fe-Ce-modified TiO, films were synthesized on the surfaces of 316L stainless steel
(316L SS) substrates using a sol-gel and dip-coating method. The properties of the films were
characterized by field emission scanning electron microscopy, atomic force microscopy, Raman
spectroscopy and energy dispersive spectrometry. The corrosion resistance of the films and their ability to
protect stainless steel were investigated by electrochemical impedance spectroscopy and potentiodynamic
polarization curves. Both TiO, and B-Fe-Ce-modified TiO, films were composed of anatase nanoparticles
about 15 and 10 nm in diameter, respectively. Impedance spectra of the stainless steel substrates coated
TiO, films contained semicircles for capacitive reactance in 0.5 mol « L™' NaCl solution, but the charge
transfer resistance of the B-Fe-Ce-TiO./316L SS electrode was higher than that of the TiO./316L SS
electrode. The potentiodynamic anodic polarization curve of the B-Fe-Ce-TiO./316L SS electrode showed a
larger stable passive region and a higher breakdown potential than the TiO,/316L SS electrode, indicating
that the modified film had better corrosion resistance and protective properties for 316L SS.
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Fig.1 SEM images of pure TiO: film (a) and B-Fe-Ce-TiO, film (b) on the 316L SS surfaces

T'he insets show the corresponding thickness of the films,
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2 316L SS F @ TiO. 4K f&(a, a")F1 B-Fe-Ce B4 Y TiO, 4 A B (b, b")BY AFM
Fig.2 AFM images of TiO: film (a, a’) and B-Fe-Ce-modified TiO; film on the 316L SS surfaces (b, b’)
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Table 1 Grain size and roughness (RMS) of TiO, film
and B-Fe-Ce-modified TiO, film

Film So/nm RMS/nm S,/nm
TiO»/316L SS 15 4.81 49.3
B-Fe-Ce-TiO,/316L SS 10 4.66 32.0

Sa: particle size; S,: surface height difference
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Fig.3 Raman spectra of different nano-TiO; films (A) and EDS spectrum of modified TiO: powder (B)
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Table 2 EIS parameters in the equivalent circuit for TiO,/316L SS and B-Fe-Ce-TiO,/316L SS in
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Electrode RJ/(Qecm?) Q R./(kQecm’) e R/(Qecm’)
10°You(S"* Q' ecm™) 10*Y0/(S"*Q'ecm™) n
TiO»/316L SS 8.99 6.615 0.7819 141 3.459 0.4909 136.4
B-Fe-Ce-TiO2/316L SS 9.08 5.609 0.8607 821 2.023 0.6173 200.5
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