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1.1. Effects of Mg?* and Ca?* on the short-term corrosion behavior of X100

It is found in the main text that when the Ca? was added to the solution (Fig. 3(c)), a
large number of particles appeared on the steel surface, whereas no particle was seen in
the Mg?-containing solution (Fig. 3(b)). Per the Eh—pH diagram (Fig. S1), at pH 7, the
stable CaCOs has formed in the Ca?-containing solution, while the stable MgCOs cannot
form in the Mg2*-containing solution.
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Figure S1. Eh—pH diagrams in the Ca-C-H20 (a) and Mg-C-H20 (b) systems with [Ca]= 0.00375
mol L7, [Mg] = 0.002 mol L and [COs?7] = 0.027 mol L at 333 K. The dashed lines represent the
hydrogen evolution and oxygen reduction, respectively. The diagrams were drawn by HSC chem-
istry software (Outokompou Research, Finland).

1.2. Effects of Mg?* and Ca? on the compositions of corrosion scale

It is stated in the main text that Fe, O, and C elements are present on all the scales
formed in different solutions. Fig. S2 shows the XPS pattern of the corrosion scales on the
specimens in the blank solutions with Mg? addition and Ca? addition. The peaks of Fe
2p, O 1s, and C 1s can be detected on the scales formed in the two solutions. The Fe?* and
O2 correspond to Fe20s, and Fe? and COs?*- are attributed to FeCO:s.
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Figure S2. The XPS pattern of the corrosion scales of the specimens exposed to the blank solutions
with Mg?* addition (a, b, and c¢) and Ca? addition (d, e, and f) for 48 h.

1.3. Effects of Mg?* and Ca? on the longer-term corrosion behavior of X100

The phase angle and Bode representation of Fig. 9 in the main text are given in Fig.
S3. The presence of Ca? raises the values of impedance moduli IZ|, whereas the Mg?" in
solution decreases the values of |Z|. In the literature, an equivalent circuit of R(RQ) was
utilized to fit the EIS spectra for CO: corrosion scale of steel [1]. Q corresponds to a con-
stant phase element (CPE), and the interfacial behaviors of non-ideal capacitive are com-
monly interpreted by CPE [2]. Only the electric double layer behavior is considered by
this model. The scale formation which can significantly influence the impedance response
was not considered by this model. Furthermore, EIS spectra of X100 placed in the CO:
saturated solution was simulated by R(Q(R(C(R)))) equivalent circuit, as indicated by Sun
et al. [3]. However, the diffusion behavior at low frequency was not considered. Conse-
quently, Rs(Qa(Ret(Qes(ResW)))) was employed to explain the solution/steel interface of this
study [4]. The fitting results are all provided in Table S.1. The values of Chi-Square (X?)
are approximate 1 x 10, demonstrating that the measured date match with the chosen
equivalent circuit.


http://www.sciencedirect.com/science/article/pii/S0010938X11006640
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Figure S3. Bode plots for the specimens placed in the blank solutions with various additions.
Table S1. The fitting results of EIS spectra for the specimens in the blank solutions with various
additions. x?2 is the Chi-square.
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Fig. 54, 5, and 6 show the cross-section morphologies of the scales in the three solu-
tions. The corrosion of substrate of X100 pipeline steel is not homogeneous, owing to the
preferential dissolution of ferrite [5]. In order to obtain reliable average thickness under
each condition, at least ten different positions in each figure were examined and the aver-
age thicknesses were calculated (given in Fig. 12 of the main text). Here, for simplicity,
only the minimum and maximum thicknesses in each figure were marked (Fig. 54, 5, and
6). The scales on the specimens in solutions containing Mg?* are thinner than those formed
in the blank solutions. When the Ca?" is added to solutions, the average thicknesses of
corrosion scales are increased.

Figure S4. The cross-section morphologies of the scales formed in the blank solutions: (a) 8 h, (b) 16
h, (c) 24 h, (d) 32 h, () 40 h, and (f) 48 h.
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Figure S5. The cross-section morphologies of the scales formed in Mg?*-containing solutions: (a) 8
h, (b) 16 h, (c) 24 h, (d) 32 h, (e) 40 h, and (f) 48 h.

Figure S6. The cross-section morphologies of the scales formed in Ca?*-containing solutions: (a) 8 h,
(b) 16 h, (c) 24 h, (d) 32 h, (e) 40 h, and (f) 48 h.
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