B4 FH1 M FmF AR
2020 4F 11 A SURFACE TECHNOLOGY 33 -

¥

BRI BIF KRS EREFE AT

RIE, KiE, E
(PEBFRS a BFFBESTIERAH BT ERLNZE,
bbb bR, WK &5, 266100)

W OE: BE A RERARS P ABRRIL, H ARG Rk R, —F R S R
BRI 0 25 b 0 B BLAR B AR IABR MR K AR ¥ AT AR 0 R Ak vm , ROT AL BUAR ROATAR R AR ALER . ik
A AR EHE PN ABARZERFIBE ., REVRE T OZ kst A AR &k BALF kA X
STk (XPS) KT L&, &R &40 Caf, pH=4. 0.3 mol/L # NaCl Z& ¥, REWk
1 4 09 % RAFBRANFo Bk S AL L bR ) A6 9% ) A 5] S Ao AR AR 09 T Ak, 24k R 55135 3] 92.19%7F 91.39%.
% HBLLE AR AT AR AARERBE P 69 JB AR B AR A AT e RIAE R . AL RA, £ 25, 40, 60 C
BY, SZAREMIRE IS MG, £ 80 CHE, ZIRFRIRZIG KM s, BT R @R 5 IAIN, i
H B NG, EFATMBILT N. S, P EZMH#HTE. &ib 2 RAEBRMNFHIG LR Z LRSI H AL
IR, HECE AR Py S R AN R B RR . AR T T AN, B HEWESE
R E, PIACHRALIEG R, 54 RERESE—FR, §RERAFANERER T AL AT
IR, PR, NmIg R4 RP e,

KR BRMBEFRAINRT; $RERM,; Alk; 5, WRAE

FESES: TG17442 XEARIRED: A XEHS: 1001-3660(2020)11-0033-08

DOI: 10.16490/j.cnki.issn.1001-3660.2020.11.004

Corrosion Inhibitor for Zinc in Simulated Acidic Marine Atmosphere
XU Ting, ZHANG Kuo, DU Min

(a.Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education,
b.School of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China)

ABSTRACT: The work aims to select effective corrosion inhibitor compound system for the corrosion status of zinc in marine
atmosphere to further study the effect of sodium phosphate polymer and thiourea compound corrosion inhibitor on zinc in

simulated marine atmosphere and explore the corrosion inhibition mechanism of compound system for zinc. The corrosion
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inhibition performance of the compound system at different temperature and concentrations was evaluated by weight loss

method. Besides, the strong polarization curve method, electrochemical impedance method and X-ray photoelectron

spectroscopy (XPS) were used to explore the corrosion inhibition mechanism. At 40 “C, in 0.3 mol/L NaCl solution with pH=4,

the sodium polyphosphate and thiourea compound corrosion inhibitor with a mass ratio of 1 : 4 could effectively inhibit the

corrosion of zinc and hot-dip galvanizing, and the corrosion inhibition rates respectively reached 92.19% and 91.39%. The

compound inhibitor also had a good inhibition effect on the corrosion of zinc in gas phase environment. The electrochemical test

showed that the inhibition rate increased with the increasing concentration at 25, 40 and 60 °C. While at 80, the inhibition rate

decreased as the concentration increased. Through the analysis on surface component, three elements of N, S and P appeared on

the surface after the compound inhibitor was added. This compound system of sodium phosphate polymer and thiourea is a

mixed inhibition type corrosion inhibitor. Sodium polyphosphate is able to form a protective film on the surface of zinc; and

thiourea is a small-molecule organic substance that is easily adsorbed on the surface of zinc, so it can fill the gaps and bind

tightly with zinc. The joint action of sodium polyphosphate and thiourea can make the zinc surface form a denser and more

stable film, thereby enhancing the protection of zinc.
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Tab.1 Inhibition effect of the 100 mg/L compound
corrosion inhibitor on pure zinc and hot galvanizing in
corrosion medium at 40 C

Sample with or without

ol
compound corrosion inhibitor vAmm-az) - n/%

Pure zinc without 0.128 —
Pure zinc with 0.010 92.19
Hot galvanizing without 0.186 —
Hot galvanizing with 0.016 91.39
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Tab.2 Inhibition effect of two placement modes of zinc
coating corrosion inhibitor in the corrosion medium at
40 °C (72 h)

Condition v/(mm-a™') n/%

Place at a 45 degree tilt without

compound corrosion inhibitor 0.210 o
Place at a 45 degliee t}lt Wl.th 0.048 7714
compound corrosion inhibitor
Place horizontally without

AR 0.199 —
compound corrosion inhibitor
Place horizontally with compound 0.041 7939

corrosion inhibitor
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Fig.1 Corrosion morphology of 45° inclined zinc in the corrosion medium with and without the compound inhibitor at 40 C:
a) Before and after washing without compound inhibitor; b) Before and after washing with compound inhibitor
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Fig.2 Corrosion morphology of horizontal zinc in the corrosion medium with and without the compound inhibitor at 40 C:
a) Before and after washing without compound inhibitor; b) Before and after washing with compound inhibitor
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Fig.3 Variation of the corrosion rate of zinc and the inhibition
efficiency with the change of concentration of corrosion
inhibitor at different temperature: a) Corrosion rate of zinc; b)
Inhibition rate of compound inhibitor
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Fig.4 Polarization curves of zinc in solution with different
concentrations of the compound inhibitor at 40 ‘C
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Tab.3 Polarization parameters of zinc in solution with different concentrations of the compound inhibitor at 40 C

C/(mg'L™")  E.u(vs. SCE)V  b/(mV-dec™") b/(mV-dec™") Jeor/ (LA -cm?) fu £ /%
0 ~1.049 505.1 228.8 38.8 — — —
50 ~1.034 347.2 271.7 7.87 02020  0.2039 79.72
100 -1.027 414.9 224.2 6.09 0.1562  0.1584 84.30
150 -1.021 378.8 321.5 5.04 0.1287  0.1313 87.01
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Fig.5 EIS of zinc in solution with different concentrations of the compound inhibitor at 40 C: a) Nyquist; b) impedance

modulus; ¢) phase angle
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Tab.4 Impedance parameters of zinc fitted from EIS in solution with different concentrations of the compound inhibitor at
40 C

C/(mg-L™") RJ/(Q-cm?) Cy(m)/(nF-cm™) R/(Q-cm?) Ci(my)/(uF-cm™) Ri/(©-cm?) /%
0 2.99 438.36(0.85) 158.38 506.46(0.65) 96.59 —
50 2.39 302.03(0.72) 1209.58 129.67(0.69) 173.30 86.91
100 1.32 205.68(0.83) 1359.25 92.85(0.85) 308.80 88.35
150 5.43 145.92(0.86) 1585.56 70.63(0.78) 482.90 90.01
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Fig.7 XPS spectra of zinc in the corrosion medium with compound corrosion inhibitor after 72 h: a) XPS full spectrum
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