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ABSTRACT: The work aims to study the synergistic effect of alanine and KI coexisting in H,SO, solution on corrosion
inhibition of carbon steel. The anticorrosion performance and adsorption mechanism of alanine and complex inhibitor of alanine
and KI on carbon steel were studied with dynamic polarization curves, electrochemical impedance spectroscopy, SEM, X-ray

photoelectron spectroscopy (XPS) and El-Awady dynamic model. The anticorrosion performance of corrosion inhibitors on
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carbon steel improved with increasing of concentration in the 10% H,SO, solution. When the alanine was used as corrosion
inhibitor alone, the adsorption of the alanine molecular was monolayer, the inhibition efficiency was only up to 29% and the
corrosion inhibition effect was not significant. However, when the alanine and KI coexisted in the solution, the corrosion
inhibition effect was improved remarkably. When the mass concentration of alanine was 300 mg/L, and KI mass concentration
was 250 mg/L, the corrosion inhibition efficiency could reach about 92%. XPS results showed that the corrosion inhibitor was
mainly adsorbed on the surface of carbon steel by forming covalent bonds between N and Fe atoms. When KI was added, I was
adsorbed on the metal surface and oxidized to I3 partly. The El-Awady dynamic model indicated that the compounded corrosion
inhibitor was mixed type and the adsorption process was multi-molecular layer adsorption. In 10% sulfuric acid solution,
alanine molecules are adsorbed on the surface of carbon steel through physical adsorption or chemical adsorption to slow down
corrosion reaction. After added, the KI acts as a bridge connecting inhibitor molecules with the carbon steel surface, thus
assisting alanine to adsorb to the carbon steel surface, improving the coverage rate of alanine on the carbon steel surface,

increasing the corrosion inhibition efficiency, reducing the use amount of alanine, and effectively inhibiting the corrosion

of steel.
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Fig.1 Polarization curves of carbon steel in 10% H,SO, solution with different concentration of corrosion inhibitors
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Tab.1 Polarization curves fitting parameters of carbon steel in H,SO, solution

with different concentrations of corrosion inhibitors

Inhibitors  C/(mg - L") Eeon(vs. Ag/AgC/V  Joou/(mA - cm?)  B/(mV - dec’)  B/(mV - dec™) nil%
Blank 0 —0.4017 18.24 86.86 198.25 —

50 —0.3956 17.54 87.00 184.16 3.84

100 —0.3951 14.49 75.99 151.42 20.56

AP 200 —0.3985 13.48 72.40 146.08 26.10

300 —0.3986 12.79 71.03 141.68 29.88

400 —0.3987 13.11 73.82 150.75 28.12

50 —0.3809 9.41 65.81 110.22 48.41

100 —0.3803 5.04 49.12 90.75 72.37

APAKI 150 —0.3762 3.83 46.89 7431 79.00

200 —0.3786 2.75 42.27 64.30 84.92

250 —0.3825 131 35.69 49.49 92.82

300 —0.3795 1.42 39.30 52.26 92.21
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Tab.2 Effect coefficient of in H,SO, solution with different
concentration of corrosion inhibitors

Inhibitors (;(;n.tﬁzl,t{) fa fe filfe

AP 50 0.961 555 0.961 652 0.999 899
100 0.794 348 0.794 414 0.999 916

200 0.739 008 0.739 047 0.999 947

300 0.701 181 0.701 217 0.999 949

400 0.718 725 0.718 761  0.999 950

AP+KI 50 0.515776  0.515 845 0.999 865
100 0.276 248  0.276 346  0.999 646

150 0.209 916 0.210 005 0.999 578

200 0.150 727 0.150 785 0.999 618

250 0.071 804 0.071 827 0.999 682

300 0.077 831 0.077 860  0.999 632
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Tab.3 EIS parameters of carbon steel in H,SO, solution with different concentrations of corrosion inhibitors

Inhibitors C/(mg-L™") R/Q-cm?) R/Q-cm?) R /(Q-cm?) C/WF-em?) ny  Cyl/(pF-em™®)  ny nr/%
Blank 0 1.121 — 2.799 — — 1866 0.96 —
50 1.113 — 2.902 — — 690.8 0.92 3.55

100 1.073 — 3.493 — — 549.9 0.94 19.87

AP 200 0.9754 — 3.693 — — 427.4 092 2421

300 0.9129 — 3.911 — — 216.1 0.95 28.43

400 0.8893 — 3.865 — — 195.2 0.92 27.58

50 1.964 1.27 5.361 60.76 1 1116 0.78  47.79

100 1.237 1.87 11.10 47.03 1 912.9 0.72  74.78

APAKI 150 1.149 1.93 13.58 41.65 1 842.7 0.77 7939
200 1.574 2.44 18.68 37.85 1 716.6 0.1 85.02

250 2.909 4.26 36.76 36.37 1 606.1 0.78 9239

300 1.328 5.43 30.29 32.53 1 682.1 0.76  90.76
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Fig.2 Nyquist plots and Bode plots of carbon steel in H,SO, solution with different
concentration of corrosion inhibitors: (a, ¢c) AP; (b, d) AP with KI
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Fig.4 SEM of carbon steel after immersion in H,SO, solution with corrosion
inhibitors: a) after abrading; b) blank; c¢) AP; d) AP+KI
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