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Abstract: In order to compare the corrosion characteristics of X70 pipeline steel in acidic (pH=23) and near neutral (pH=
7.7) simulated seawater solutions, the corrosion behaviors of X70 pipeline steel in simulated seawater solutions were studied by
polarization curve, electrochemical impedance spectroscopy (EIS) and corrosion weight loss experiment. The results show that
the corrosion weight loss of X70 pipeline steel immersed in acidic solution for 168 h is about 16 times as much as that in near
neutral simulated seawater solution. Most of the surfaces are uniformly corroded, and corrosion circles centered on inclusions
are formed locally. With the prolongation of immersion time, the radius of capacitive reactance arc and | Z| are both increased
with adsorption first and then weak diffusion occuring. R, increases and the corrosion rate decreases. A thick corrosion product
film is formed in the near neutral simulated seawater solution. The chloride ions are aggregated and destroyed the corrosion
product film. Tiny corrosion pits form and locally aggregate to induce large pits. The charge transfer resistance decreases, the
corrosion rate increases and then tends to be stable. X70 pipeline steel is active in the simulated seawater solution. Compared
with that in the acidic seawater solution, the E,, of the steel in the near neutral simulated solution moves positively by 137
mV, and i, is about 0. 047 times of that in the acidic seawater solution. The corrosion laws of X70 pipeline steel in acidic and
neutral simulated seawater solutions can provide theoretical support for its application in corrosion control of submarine

pipelines, which is of great significance for its safe service.
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Tab.1 Chemical composition of X70 pipeline steel

|

C Si Mn P S Cr Ni Al Cu Nb Ti Fe

B/ % 0.065 0.25 1.62 0.023 0.008 0.29 0.007 0.028 0.008 0.045 0.014 Bal

fEm
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Fig. 1 Microstructure of X70 pipeline steel
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Tab. 2 Chemical composition of simulated seawater solution

o NaCl MgCl, CaCl, KCl MgSO,
B/ (g LD 26.73 2.26 1.53 0.72 3.25
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Fig. 3 Surface microstructure of X70 pipeline steel immersed in simulated seawater solution after 168 h
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Tab. 3 Surface EDS analysis of X70 pipeline steel
pH {4 7 8 J‘i—%ﬁﬁ/% -
Fe O Mn K Si Na Cl C S m(O) : m(Fe)
A 93. 47 3. 40 1.70 0.98 0. 45 — - - 3. 64
3 B 94. 96 3. 44 1. 60 — — — - — - 3.62
C 93.95 4. 20 1. 85 — — — — — — 4.47
D 68.48 11.14 1.16 — 0. 96 7.28 6.73 2.06 2.19 16. 27
7.7 E 93.63 4.68 1.69 — — — — — - 5.00
F 71.49 4.78 1. 09 0. 86 - 16. 82 4. 96 - - 6.69
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Tab. 4 Self-corrosion potential and self-corrosion current density

of X70 pipeline steel in simulated seawater solution

pH & lg[i/(Asem D] iwn/(Aecm ) E . /mV
3 —3.82 1.52X10 " —649
7.7 —5.14 7.18X10 ° —512
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Fig. 4 Tafel curves of X70 pipeline steel immersed in

different pH simulated seawater solution for 24 h
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Fig. 5 Nyquist (a),d)) and Bode (b),c),e),{)) curves of X70 pipeline steel in simulated seawater solution
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Fig. 6 Equivalent circuit diagrams of EIS for X70 steel
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Tab. 5 EIS fitting results of X70 pipeline steel in pH=3 simulated seawater solution
I E] / h R./(Q+cm®) R, /(Q+cm®) R;/(Q+ cm®) R,/(Q« cm®) w R,/(Q+cm’)
4 0.665 8 152.7 19.8 — — 172.5
12 0.564 3 269.6 113.8 487.1 — 383.4
24 0.591 1 269.2 131. 1 795.1 — 427.3
72 0.681 3 401. 3 145. 6 — 0.362 6 546.9
120 0.575 9 412.9 163. 6 — 0.069 1 576.5
168 0.775 5 448. 6 106. 5 — 0.085 1 555. 1
%6 X70 BEMEpH=T7.7 B iERER P EISA4 R
Tab. 6 EIS Fitting results of X70 pipeline steel in pH=7. 7 simulated seawater solution
mfEl/ h R./(Q+cm®) R./(Q+cm®) R/(Q+ cm®) R,/(Q+cm®)
4 0.568 7 1720 25.26 1745.3
12 0. 866 3 1513 15. 35 1528.4
24 1.349 0 1095 5.43 1100.4
72 0.722 2 1127 9.33 1136.3
120 0.813 7 1308 3.33 1311.3
168 0.670 9 1412 4. 46 1416.5
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