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Bis-morpholiumomethyl-urea Compound Vapor Corrosion Inhibitor and
Its Corrosion Inhibition Performance for Carbon Steel
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ABSTRACT: The work aims to prepare a green and efficient compound vapor corrosion inhibitor for protection of carbon
steel. 45" steel was used as the experimental object, and bis-morpholiumomethyl-urea, urea, and sodium dodecyl sulfonate were
used as the compound components. Through polarization curve and electrochemical impedance experiment, three levels were
determined and L9(5) orthogonal experiment was designed, and the best formula was screened, according to which the vapor
antirust paper was made. Then, the adsorption of compound VCI on carbon steel surface was studied by X-ray photoelectron
spectroscopy and contact angle measurement. The best ternary formula was selected: 3 g/L bis-morpholiumomethyl-urea +2 g/L
urea + 0.25 g/L sodium lauryl sulfonate. Based on this, the antirust paper was made, and its corrosion inhibition efficiency was
as high as 94.05%. The contact angle of the metal surface protected by the antirust paper increased by about 11° compared with
that of the metal surface protected by the base paper, showing higher hydrophobicity. The vapor antirust paper based on the op-
timal vapor corrosion inhibitor formula has obvious vapor antirust protection.

KEY WORDS: vapor corrosion inhibitor (VCI); metal corrosion; orthogonal experiment; compound; electrochemical test
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Fig.2 Infrared spectra of BMMU
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Tab.1 Weight loss rates of VClIs in different periods

Jo i 3R R %
VCI
24 h 48 h 72 h
BMMU 1.63 2.15 3.28
JRZE 0.17 0.27 0.31
SLS 0.13 0.31 0.41
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Fig.3 Electrochemical test results of 45" steel in electrolytes with different concentrations of BMMU
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Tab.2 Electrochemical parameters of 45"steel in electrolytes with different concentrations of BMMU

ﬁﬁ%?&rﬁ/(g Lil) Ecorr/V Icorr/(uA'Cmiz) RP/(Q'Cmiz) 7/1/% 7/R/%
0 -0.570 19.320 670.73
0.5 -0.597 8.142 1 328.50 57.78 49.51
1 —0.628 7.443 1726.30 61.40 61.15
2 —0.633 6.524 2 052.70 66.16 67.32
3 —0.632 6.445 3 862.59 66.57 82.64
4 -0.619 6.557 3147.77 65.99 78.69
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Fig.4 Electrochemical test results of 45"steel in electrolytes with different concentrations of urea
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Tab.3 Electrochemical parameters of 45"steel in electrolytes with different concentrations of urea

TR E /(g L7 Eeon/V Teon/(LA-cm ?) Rp/(Q-cm™?) m% nr!/%
0 -0.570 19.320 670.73
1 -0.475 10.670 2 413.00 44.77 72.20
2 -0.493 9.707 3258.11 49.76 79.41
3 —0.483 8.314 2429.48 56.97 72.39
4 -0.543 10.200 2150.03 47.20 68.80
5 -0.513 11.480 1 496.75 40.58 55.19
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0.25 /L B G Ak 325351 R 69.70%.73.05%.72.56%
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Fig.5 Electrochemical test results of 45"steel in electrolytes with different concentrations of SLS
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Tab.4 Electrochemical parameters of 45"steel in electrolytes with different concentrations of SLS

Eﬁ‘imrg/(gLil) Ecorr/v ]corr/(uA'cmiz) RP/(Q'cmiz) 771/% ’7R/%
0 -0.570 19.320 670.73
0.05 —0.541 14.190 1 786.19 26.55 62.45
0.10 -0.522 14.110 1977.65 26.97 66.09
0.15 -0.515 10.790 2213.82 44.15 69.70
0.20 —0.495 8.500 2537.92 56.00 73.57
0.25 —0.484 4.679 244426 75.78 72.56
0.30 —0.501 8.522 2123.53 55.89 68.42
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Tab.5 Orthogonal experiments and results of L9I(;")

F%5 BMMU/(g'L™") JRZE/AgL™") SLS/(gL™YH /%

1 2 2 0.15 66.61
2 2 3 0.20 83.03
3 2 4 0.25 88.41
4 3 2 0.20 83.56
5 3 3 0.25 83.79
6 3 4 0.15 71.58
7 4 2 0.25 90.96
8 4 3 0.15 64.89
9 4 4 0.20 75.13

0.68
0.81
0.88
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Fig.6 Optical photographs of different formulations
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Fig.8 Comparison of rust prevention effects of metals without and with vapor antirust paper
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