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Study on corrosion inhibition of carbon steel by BPNs in high salt medium
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Abstract: Aiming at the corrosion problem of carbon steel in phosphorus chemical equipment, the effect of
BPNs on the corrosion behavior of carbon steel in high salt medium (w (NaCl) 3.5% solution) is investigated.
Weight loss test, electrochemical test (impedance spectrum and potentiodynamic polarization curve) and surface
analysis test (SEM, XPS, XRD and CLSM, etc.) are conducted to study the corrosion inhibition mechanism of
BPNs on carbon steel. The results show that the addition of BPNs significantly improves the corrosion inhibition
efficiency of carbon steel in high salt medium. EIS test shows that BPNs is uniformly adsorbed on the surface of
carbon steel through diffusion at the initial stage, which can block the erosion of some corrosive ions. At the
later stage, BPNs is oxidized and degraded into phosphate ions that combine with dissolved iron ions from the
iron substrate to form ferrous phosphate or iron phosphate precipitation, effectively preventing further dissolution
of carbon steel. Compared with traditional anti-corrosion materials, the BPNs is more environment friendly, this
study provides new idea for the development and research of green materials in the field of anti-corrosion in the

phosphorus chemical industry.
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Fig. 1 Unwashed carbon steel macroscopic morphology of

hanging tablets in NaCl solution with different concentrations of

BPNs after 12 hours (25 °C)
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Fig.2 Washed carbon steel macroscopic morphology of
hanging tables in NaCl solution with different concentrations of

BPNs after 12 hours (25 °C)
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Table 1 Carbon steel weight loss test results of hanging
tablets in NaCl solution with different concentrations of
BPNs after 12 hours (25 C)

%i@? Amlg vl (gem?+h™) /%
0 0.009 5 £ 0.000 3 1.9792
10 0.007 8 £ 0.000 6 08125 58.95
20 0.006 4 £ 0.000 9 0.6667 66.32
30 0.005 4 +0.000 3 0.562 5 71.58
40 0.004 9 + 0.000 4 0.5104 7421
50 0.003 7 £ 0.000 3 0.385 4 80.53
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Fig. 3 Nyquist plots of carbon steel after soaking in NaCl solution with different concentrations of BPNs for different times
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Fig. 4 Bode plots of carbon steel after soaking in NaCl solution with different concentrations of BPNs for different times
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Fig.5 Equivalent circuit diagram of impedance spectrum fitting
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®2 BINESHEARRERBEHZRPRECENEENELFRT (EIS) BEER

Table 2 EIS fitting results of carbon steel after soaking in NaCl solution with different concentrations of BPNs for different

times
PE Y, ‘ CPE./ R./ CPE/ R/ R/ Ll
o Ml /h n n
(mg-L™) (s"+Q'ecm™) (Q-cm™) (s"+Q"-cm™) (Q-cm®)  (Qrem?) (Chi-Squared ) {H.

0 1 2.620x107° 0.769 4 387.3 5.045 0.003 2
4.012x10° 0.750 9 223.5 5.199 0.024 5

2.374x107° 0.769 8 144.0 5.679 0.022 8

12 3.079x107° 0.758 2 92.9 5.220 0.006 7

10 1 2.291x107° 0.6412 62.7 3.771x107 0.7077  271.400 4.868 0.000 9
1.218x107° 0.7223 235.7 2.882x107° 0.783 5 101.400 4.953 0.0119

6 2.177x107° 0.8302 222.6 1.728x107° 0.8193 4.682 4.243 0.012 6

12 1.447x107 0.7813 152.1 1.584x107° 0.798 5 6.658 5.644 0.014 5

20 1 9.942x10™ 0.739 1 366.4 1.718x107* 0.774 2 6.280 4.939 0.000 8
1.615x107° 0.8375 518.5 1.667x107° 0.8372 3.931 4.458 0.003 9

6 1.368x107° 0.771 8 344.4 1.648x107° 0.787 4 3.396 5.426 0.009 4

12 2.000x107 0.784 3 337.4 1.849x10°° 0.805 4 3.809 4413 0.0119

30 1 1.040x107* 0.8302 543.9 1.208x10™ 0.833 1 10.540 5.273 0.003 8
6.546x10™ 0.730 6 495.3 2.097x107° 0.743 6 47.180 5.666 0.005 7

1.881x107° 0.761 4 295.2 2.421x107° 0.770 6 14.980 5.518 0.0130

12 6.737x10™ 0.8612 239.3 2.323x10°° 0.764 2 3.837 5.656 0.004 1

40 1 6.733x10™ 0.7713 414.9 1.111x107 0.793 3 12.510 5.692 0.001 1
1.832x107° 0.839 2 352.5 1.502x107* 0.824 7 3.925 4314 0.002 8

6 8.603x10™ 0.9314 196.2 2.345x10°° 0.789 6 83.190 5.268 0.008 7

12 2.330x107° 0.8275 254.8 1.404x107° 0.841 8 3.739 4.124 0.014 1

50 1 1.399x107* 0.822 4 410.5 1.727x107 0.824 7 8.378 4.512 0.001 4
2.216x107° 0.782 1 359.3 1.389x107* 0.7822 1.716 4.983 0.006 6

6 1.266x107° 0.8137 265.2 1.275x107° 0.8349 7.060 4.326 0.0172

12 4.226x107° 0.843 2 273.3 1.818x107° 0.839 8 2.652 4.282 0.009 7

2.1.3 BRI

RN TE B A AN 1R B PRI 1 w(NaCl) 3.5%11)
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B6 BARE A TR KL ZA M 09 NaCl 75 P 6 AL
% (25°C)
Fig. 6 Polarization curve of carbon steel in NaCl solution with

different concentrations of BPNs (25 °C)
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Table 3 Polarization curve fitting results of carbon steel in NaCl solution with different concentrations of BPNs

pCABE )/ (mg- 1) E.n IV Lo (A+cm™) bJ(V-dec™) bJ(V-dec™) %
0 -0.676 5 +0.003 1 (6.950 + 0.128)x10° -6.838 1.669
10 -0.827 9 +0.002 3 (2576 + 0.213)x10° -9.973 5.640 62.94
20 -0.798 5 +0.002 4 (2,572 +0.114)x10° -10.330 7.265 62.99
30 -0.862 1+0.003 1 (4.497 +0.251)x10° -7.301 5.066 35.29
40 -0.834 7 £0.004 5 (2.626 +0.146)x10° -10.620 4.233 62.21
50 -0.879 9 +0.003 2 (5.252 +0.258)x10° -14.920 3.880 24.43

X—IR R, AT RS2 B T R A LA
L S AN Al i BGE RE S

TAh, BEERBHEREE BT, PRI o
HX7 AT, TR AR R, R
AL e LA R S E Gl (e il 7 ==l w8
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Fig. 11 Corrosion inhibition mechanism of BPNs on carbon steel surface
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