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ABSTRACT: The work aims to investigate the corrosion inhibition performance of carbon dots (CDs) for different metals under
different conditions and then analyze the action mode of CDs in solution, put forward the inhibition mechanism model and
explain the differences between CDs and traditional corrosion inhibitors in action mechanism. CDs were synthesized by
hydrothermal method, and weight loss tests, electrochemical measurements and surface analysis were adopted to study the

inhibition performance of CDs on carbon steel and aluminum alloy in CO,-saturated 3.5% NaCl solution and 0.1 M
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hydrochloric acid solution, respectively. CDs could inhibit the corrosion of carbon steel and aluminum alloy effectively. From

the weight loss tests, the inhibition efficiency received 93% and 86%, respectively when the adding concentration was 50 mg/L

and 5 mg/L. In addition, the desorption potentials occurred obviously in anodic polarization curves, confirming the adsorption of

CDs on metal surface. The morphology characterization revealed that CDs had a nano-structure protection film with thickness

more than 100 nm at metal interface, thus improving the surface hydrophobicity. From the results of EIS and fluorescence

microscopic observation for different immersion time, the time required to stabilize corrosion inhibition in solution was

obviously longer than that of traditional corrosion inhibitors, about 3 h. CDs is an effective nanomaterial corrosion inhibitor, and

the unique structure enables nanoparticles to adsorb or chelate on metal surface, and the special fluorescence properties provide

a new idea for in-situ characterization of adsorption processes.
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Tab.1 Chemical composition of metals

%
C S Si P Cr Mo Ni Mg Cu Zn Fe Al
Carbon steel 034 0.015 0.028 0.29 0.45 03  0.028 — — — Bal. —
Aluminum alloy — — 0.40 — 0.30 — — 2.0 0.15 0.10 0.50 Bal
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Fig.1 Schematic illustration for the synthesis process of N,S-CDs
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Fig.2 Results of weight loss measurements with different concentration of N,S-CDs for (a) carbon steel, (b) aluminium alloy
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Fig.3 OCP versus time-variation curves under different concentrations of N,S-CDs for (a) carbon steel, (b) aluminium alloy
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Fig.4 Polarization curves under different concentrations of N,S-CDs for (a) carbon steel, (b) aluminium alloy
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Tab.2 Polarization curve fitting parameters of metals under different concentrations of N,S-CDs

Cop/(mg-L™")  Eoon(vs. SCE)/mV Jeon/(A-cm ™) b/(mV-dec™) b/(mV-dec™) 7/%

0 —715+5 (1.472£0.1270)x107* 110+4 39846 —
10 —683+8 (2.990+0.1492)x 107 97+6 ~153+8 79.7
20 —672+5 (2.510£0.2063)x107° 90+5 —161+2 82.9

Carbon steel s

30 —657+6 (1.240+0.0847)x 10 81+4 —180+4 91.6

40 —643+7 (8.700+0.6621)x107° 7244 20248 94.1
50 —630+3 (4.810£0.4581)x10°° 665 —231+5 96.7

0 —678+5 (2.100+0.1070)x 1073 56+8 —195+7 —

1 —718+4 (3.700+0.1492)x107* 114+5 —12246 82.4

Aluminum 2 71143 (3.170+0.1264)x107* 119+4 —131%4 84.9
alloy 3 —719+2 (2.240+0.1132)x107* 12246 —125+5 89.3

4 71242 (1.590+0.0924)x10~* 139+9 ~127+6 92.4

5 —716%3 (1.050£0.0611)x107* 259+7 —127+4 95.0
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Tab.3 Electrochemical parameters obtained from EIS measurements of metal under different concentrations of N,S-CDs

Cepy/(mg' L") Time/h (S,,fgl?ff;fn,z) n Rof(@-em®) | (Snzc,gli:f ch,z) 1y R(Q-em?)
1 5.0x107 0.80 142.6 0.011 0.74 78.3
3 7.5x107* 0.82 102.2 0.021 0.62 70.9
0 6 1.1x10°° 0.83 91.7 0.028 0.87 64.2
9 1.3x107° 0.84 88 0.044 0.95 54.5
12 1.4x107 0.85 84.4 0.067 0.94 37.2
1 1.1x107 0.30 49.6 3.2x107* 0.84 186.7
3 4.1x107 0.89 513.6 — — —
10 6 2.3x107* 0.86 715.1 — — —
2.0x107* 0.86 789.2 — — —
12 6.0x107° 0.90 800.2 — — —
1 2.6x107* 0.80 548.1 — — —
2.1x107* 0.82 1005 — — —
20 6 1.2x107* 0.84 1689 — — —
1.1x107 0.85 1977 — — —
Carbon 12 9.2x107° 0.85 2041 — — —
steel 1 6.5%10°° 0.87 1007 — — —
6.1x107° 0.83 1939 — — —
30 6 6.0x107° 0.82 3058 — — —
6.3x107° 0.81 3207 — — —
12 6.5x107° 0.80 3151 — — —
1 8.4x107 0.89 1474 — — —
8.1x107° 0.86 3018 — — —
40 6 8.5x10°° 0.85 3797 — — —
6.0x107° 0.91 4220 — — —
12 6.7x107° 0.90 3972 — — —
1 6.0x107° 0.87 3046 — — —
7.0x107° 0.90 3790 — — —
50 6 7.2x107° 0.90 5188 — — —
7.1x107° 0.90 6015 — — —
12 4.7x107° 0.90 6265 — — —
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Cepd(mg' L") Time/h (Sn%@f}gn,z) B R /(Q-cm?) /(Snzc.fff ch,z) 1y RJ/(Q-cm?)
1 3.0x107° 0.93 34.32

3 1.1x107 0.91 14.25

0 6 2.1x107* 0.90 8.6

9 2.7x107* 0.89 7.6

12 2.8x107* 0.88 7.9
1 2.0x107° 0.92 145.3 3.7x1072 0.99 116.6
3 2.3x107° 0.89 162.2 3.6x1072 0.99 113.7
1 6 2.7x107° 0.89 135.6 3.7x1072 0.99 106.8
9 4.2x107° 0.87 105.3 5.0x1072 0.99 87.1
12 4.4x107 0.90 82.4 6.4x1072 0.99 58.5
1 2.1x107° 0.93 163.0 4.0x1072 0.99 116.7
3 2.0x107° 0.92 193.2 3.8x1072 0.99 119.5
2 6 2.8x107° 0.90 153.5 4.0x1072 0.99 133.9
9 3.8x107° 0.90 120.0 5.7x1072 0.99 87.6
AA 12 5.2x107 0.88 103.0 6.2x1072 0.99 77.3
5052 1 2.7%10°° 0.93 137.3 5.0x1072 0.99 93.3
3 1.7x107° 0.92 203.5 3.0x1072 0.99 184.4
3 6 2.5x107° 0.91 174.3 3.4x1072 0.99 160.7
9 3.4x107° 0.90 143.3 4.0x1072 0.99 133.5
12 42x107° 0.89 128.0 5.0x1072 0.99 98.7
1 2.6x107° 0.92 161.2 5.5x1072 0.99 94.0
3 1.7x107° 0.92 247.9 3.4x1072 0.99 179.2
4 6 2.3x107° 0.90 212.2 4.1x1072 0.99 132.6
9 3.0x107° 0.90 188.4 4.0x1072 0.99 148.5
12 3.7x107° 0.89 163.1 5.0x1072 0.99 96.2
1 2.4x107° 0.92 194.9 5.0x1072 0.99 70.1
1.6x107° 0.92 278.5 3.2x1072 0.99 216.9
5 6 2.1x107° 0.91 241.5 3.0x1072 0.99 190.9
9 2.8x107° 0.90 213.2 4.2x1072 0.99 115.0
12 3.0x107° 0.90 187.0 4.3x1072 0.99 121.7
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Fig.8 SEM images of specimens immersed in solution with (a) carbon steel in 50 mg/L N,S-CDs, (b) aluminium alloy in 5 mg/L
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