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This research aims to prepare a hybrid nanostructure including multi-layered graphene
oxide and talc (MLGO/Talc) with hydrophobicity to obtain a corrosion-resistant
epoxy coating with high adhesion to the steel substrate in low weight percentages.
This coating was subjected to a detailed and long-term corrosion study. Three epoxy
coatings containing 0.5, 1.5 and 1.5 wt. % of MLGO/Talc were prepared and analyzed
using a salt spray, electrochemical impedance spectroscopy, polarization, contact
angle, Fourier transform infrared spectroscopy, Atomic force microscopy, and
Thermogravimetric analysis. Their analysis showed that the highest corrosion
resistance performance is obtained in the presence of 1 wt. % of MLGO / Talc. Based
on the water contact angle test, the contact angle value of 94.03 in this nano-coating
indicates a hydrophobic property. Also, after 10 months of immersion in sodium
chloride solution, 3.5 % by weight, the impedance resistance of the nano-coating was
more than 108 Q cm?, which indicates the high corrosion protection efficiency of this
nano-coating.
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Figure 1: The schematic of the MLGO preparation process from GIC and SEM images obtained to determine the thickness of MLGO layers.
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nanostructure.
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Figure 3: FT-IR spectra from samples a) MLGO, b) Talc and ¢c) MLGO / Talc.
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Figure 3: Continue.
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Figure 4: TGA thermogram from the samples.
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Figure 8: The Nyquist diagrams of epoxy coating during 10 months
of immersion in 3.5 % NaCl solution.
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Figure 9: The Nyquist diagrams of epoxy/Talc coating during 10
months of immersion in 3.5 % NaCl solution.
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Figure 10: The Nyquist diagrams of epoxy/MLGO coating during 10 months of immersion in 3.5 % of NaCl solution.
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Figure 11: The Nyquist diagrams of epoxy/MLGO-Talc coating (1 % w/w) during 10 months of immersion in 3.5 % of NaCl solution.
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Figure 12: The Bode diagrams from coatings a) Epoxy, b) Epoxy/Talc, c) Epoxy/MLGO, d) epoxy/MLGO-Talc (1% w /w) during 10 months’
immersion in 3.5 % NaCl solution.
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Figure 12: Continue.
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Table 1: The optimal parameters obtained from the impedance test of epoxy and epoxy/Talc coatings during 10 months of immersion in NaCl

solution.

1 day 1.23x108 8.50x1012 0.88 - - - -

1 week 4.20x107 1.80x10 0.83 8.87x107 3.30x10° 0.89 -

1 month 2.40x107 1.34x107%° 0.76 5.80x107 2.75x10°® 0.85 -

2 months 1.97x107 3.37x101° 0.78 3.50x107 4.23x10°8 0.78 -

Epoxy

3 months 9.11x108 6.65x1071° 0.72 1.77x107 9.00x10°® 0.76 -

5 months 2.73x10° 1.12x10°° 0.76 5.30x10° 1.00x107 0.80 -

7 months 5.90x10° 8.52x107° 0.77 1.10x10° 8.30x107 0.77 -

10 months 1.70x10° 2.25%x10°® 0.79 2.60x10° 3.80x10°® 0.82 -
1 day - 2.70x10 0.86 - - - 1.60x10%°

1 week 6.50x10" 2.50x10°® 0.87 - - - -

1 month 4.00x10° 3.62x10® 0.88 1.85%x107 8.62x10® 0.85 -

2 months 1.80x10° 8.87x10® 0.89 8.85x10° 1.82x107 0.86 -

Epoxy/Talc

3 months 4.50x10° 3.87x107 0.85 2.46x10° 6.18x107 0.82 2.30x10°
5 months 3.58x10° 5.87x107 0.83 1.30x10° 9.96x107 0.87 2.32x10°
7 months 2.88x10° 1.87x10°® 0.86 9.42x10° 1.96x10°® 0.81 1.83x10°
10 months 1.18x10° 5.27x10°® 0.88 1.73x10° 3.96x10° 0.88 3.85x10°
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Figure 13: The proposed equivalent circuit models from simulation of the coatings impedances data.
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Table 2: The optimal parameters obtained from the impedance test of epoxy/MLGO and epoxy/MLGO-Talc (1 wt. %) coatings during 10 months of
immersion in NaCl solution.

1day 2.27x10°% - - 2.84%x10%
1 week 4.20x10° 5.27x103 0.83 - - - -
1 month 2.73x10° 8.47x103 0.86 - - - -
Epoxy/M 2 months 1.57x108 3.14x10%? 0.82 - - - -
e 3months  2.18x107 3.32x10° 0.82 - - - -
Smonths  2.53x10° 8.14x10%2 086  1.03x107 9.14x10%0 0.89 -
7months  1.007x10° 1.52x10™1 081  4.97x10° 2.14x10° 0.81 -
10months  2.12x10° 3.82x101 088  1.93x10° 8.24x10° 086  2.54x107
1 day 2.44x10° 1.27x10% 0.89 - - - -
1 week 1.88x10° 6.25x10°1 0.85 - - - -
1 month 1.18x108 8.57x10! 0.82 = = = -
E‘I’_‘g‘g_M 2months  1.12x10° 8.14x10™ 0.82 - - - -
;;'g/g 3months  1.18x10° 7.72x10™ 0.82 - - - 148x10°
5 months 1.05%10°8 8.14x10! 0.88 = = = 1.86x10°8
7 months 1.06x10°8 1.52x101 0.83 = = = 1.46x108
10 months 1.12x10°8 3.82x10t 0.88 = = = -
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Figure 14. AFM test results of a) epoxy, b) epoxy / MLGO and c) epoxy/MLGO-Talc coatings.
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Table 4: Dry and wet pull-off adhesion test results from different coatings after 850 hours salt spray test.

Dry adhesive strength (Mpa)
Wet adhesion strength (Mpa)

Loss of adhesive strength (%)
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Some ail Gaej] s amizmes .l YL S 3 MLGO
30 5,9 adoge olo 00 3l a4 wisly Hlis pliendg iS uilal
o=l YL olLS soms Lias a5 05108 Q em? 5l i j5S 3w
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1- average roughness
2- root mean square roughness
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