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Study on silica film for anti-corrosion of metal substrate
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Abstract

Due to the carcinogenic nature of the hexavalent chromium (Cr®") compounds, there is a need to find
environmental friendly alternative anti-corrosion coating for metal in replacement of the traditional
chromate coating. In this study, a simple method was developed to synthesize a series of "eco-friendly"
silicon dioxide film, ranging from silica nano particle, mesoporous silica and zeolite, which is suitable
for large objects, complex shapes and high precision metal components. The silica films have
anti-scraping, high mechanical strength and anti-corrosion properties. These films useful for surface
treatment can be tolerant to salt, acid and alkali corrosion conditions. For example, in 3 wt% NaCl
solution, the corrosion rate of the bare- and zeolite coated AA6061-T6 magnesium alloy is 94 and 10
mpy, indicating one million times corrosion protection effect.

With the simple method, zeolite precursor is first coated on a metal substrate, and then subject to
hydrothermal synthesis at low pressure, the metal surface hydroxyl groups (hydroxyl group, -M-OH)
and silicone compounds proceed sol gel condensation to form -M-O-Si-O- chemical bond with
formation of dense zeolite films directly grown on metal surface. By varying precursor types and
compositions, and hydrothermal conditions, different silica films can be grown from zeolite and
mesoporous silica, on metal substrate with controllable film thickness in the range of nm and pm. By
the analysis of SEM images, electrochemical polarization, contact angle and solid-state NMR,
corrosion resistance is attributed to the compactness of film, but not directly with film thickness, crystal

size and crystallinity of the film.
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Figure 1. Schematic diagram of Tafel plot
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Figure 2. XRD diffraction pattern of MFI film prepared with hydrothermal process at different

hydrothermal time. The peak near 45° is the characteristic of Al.

Figure 3. SEM image of MFI film prepared at different hydrothermal time, a) and c) hydrothermal 12h
and 20h, respectively. b), d) and e) are cross-sectional image of 12h, 20h and 40h, respectively.
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Figure 4. Tafel plot of MFI film coated Al plate prepared from in-situ hydrothermal process.



Table 1. Corrosion parameters derived from the polarization curves of bare and coated alloys plates in

3wt% NaCl solution.

Sample 1D E_(VISCE) logi_ (A/cmz) Rp (2 sz) Corr;):]fy: rate
Bare-Al 141 3.66 2% 10 94.44
MFL-WG12 -0.60 -6.43 %10 0.20
MFL-WG20 0.56 -6.46 1x10 0.19
MFL-WG40 -0.68 8.96 4x10 6* 10"
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Figure S. The XRD pattern of MFI film coated Al plate prepared from dry gel process.

Figure 6. SEM image of MFI film coated Al plate prepared from dry gel process.
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Figure 7. Tafel plot of MFI film coated Al plate prepared from in-situ hydrothermal and dry gel

process.



Table 2. Corrosion parameters derived from the polarization curves of different coated method in 3wt%

NaCl solution.

Sample ID E_(VISCE) logi_ (A/cmz) Rp (2 sz) Corr;):]lg)yr; rate
Bare-Al -1.41 3.66 2% 10 94.44

MFL-WG12 0.75 6.01 %10 0.53

MFI-DG12 -0.63 7.87 3% 10 0.01
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Figure 8. The XRD diffraction pattern of MFI film coated Al plate as prepared with dry gel conversion

process using 0.01, 0.1 and 0.5 mL water.
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Figure 9. The Tafel plot of MFTI thin film of of MFI film coated Al plate as prepared with dry-gel using

different water amounts.

Table 3. Corrosion parameters derived from the polarization curves of MFI film coated Al plate as

prepared with dry gel method using different water amounts, measured in 3wt% NaCl solution.

Sample ID E_(VISCE) logi_ (A/cmz) Rp (2 sz) Corr;):]lg)yr; rate
Bare-Al -1.41 3.66 2% 10 94.44
MFL-DG12-0.01w 11.40 456 1x10 14.88
MFL-DG12-0.1w 144 474 2% 10 9.81
MFI-DG12-0.5w 0.63 7.87 3% 10 0.01
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Figure 10. X-ray diffraction patterns of MFI films coated Al plate as prepared with dry-gel using

mixed silica sources.

Figure 11. SEM of MFI films coated Al plate as prepared with dry-gel using mixed silica sources, (a) 3
h; (b) 6 h; and (c) 12 h.
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Figure 12. The Tafel plot of MFI film of of MFI film coated Al plate as prepared with dry-gel using

different mixed silica sources.

Table 4. Corrosion parameters of MFI film coated Al plate as prepared with dry gel method using

mixed silica sources, measured in 3 wt% NaCl solution.

Sample 1D E . (V/ISCE) log iwrr ( A/sz) Rp (2 sz) Corr(c:]:)yr; rate
Bare-Al -1.41 -3.66 2 x 102 94.44
MFI-DG12-0.5w -0.63 -7.87 3% 10 0.01
MFI-DG3-75R-0.5w -0.46 -7.51 1x10 165510
MFI-DG6-75R-0.5w -0.31 -8.55 1x10 15010
MFI-DG12-75R-0.5w -0.27 -8.44 9% 10 195% 10
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Figure 13. The XRD pattern of Meso-DG before and after calcination.



Figure 14. Adhesion test of (a) MS12, (b) Cal-MS12, (c) Cal-MS12-CTABO.1 film coated AA6061-T6.
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Figure 15. Long term potentiodynamic polarization plot in a 3 wt% NaCl solution of MS12 film.

Table 5. Corrosion parameters derived from the potentiodynamic polarization plots of the bare and

different mesoporous silica films coated on Al substrates in a 3 wt% NaCl solution.

Sample ID E_ (VISCE) log i (A/cmz) Rp (_Qcmz) Corrosion rate (mpy)
AA6061-T6 -1.41 -3.66 2x10° 94
Meso-DG -0.37 -7.94 3% 10 0.006

Long term durability test
MS12-1d -0.68 -6.82 2x 107 0.08
MS12-5d -0.76 -5.82 2x 104 0.82
MS12-8d -0.70 -5.55 1x 104 1.49
Meso-DG-CA-0.1CTAB -0.39 -7.54 1x10 0.02
Replenishing test
MS12-8d-CTABO.1 0.25 -7.39 1x100 0.02
MS12-8d-CTABO.1-w -0.38 -7.39 7x 109 0.02
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