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Abstract

To investigate the atmospheric corrosion behavior of carbon structural steels in the complex envi-
ronments of the Sichuan-Xizang region, three types of carbon structural steels with different weath-
ering indices were selected and subjected to natural corrosion tests near rivers in Luding, Panzhi-
hua, and Lhasa. After one year of natural exposure, the samples were derusted in accordance with
national standards to determine the first-year corrosion mass loss and to predict the long-term cor-
rosion mass loss. The samples were characterized by SEM, EDS, XRD, Tafel polarization, and EIS. The
results show that the first-year corrosion rates of the samples from Luding and Lhasa were similar,
ranging from 2.12 to 4.34 pm-a-1. In Panzhihua, the presence of industrial atmospheric pollution
led to thicker and more unevenly distributed rust layers, with EDS revealing relatively high sulfur
deposition. The low-corrosion-resistance steel DH36 exhibited a first-year corrosion rate as high as
20.11 pm-a-1, The corrosion products were mainly composed of Fe:03, Fe304, a-FeOOH, and y-
FeOOH, with the Fe304 content being higher than that of Fe203, and the a-FeOOH content being sig-
nificantly lower than that reported in simulated test results in the literature. Electrochemical anal-
ysis indicated that the thickening of the rust layer contributed to improved corrosion resistance, as
manifested by increased corrosion potential, decreased corrosion exchange current density, and
increased impedance. The two steels with higher weathering indices showed greater improvement
in corrosion resistance than the steel with a lower weathering index, which is attributed to the bet-
ter stability and compactness of their rust layers.
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Table 1. Basic information and chemical composition (wt%) of the three tested steel samples
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Table 2. Environmental parameters of the exposure sites in Luding, Panzhihua, and Lhasa
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BEAIR(C) 34~ 36 40~42 29~31
BARSIE(CC) —5~—3 0~2 —-16~—14
YRR 15~16 20~21 8~9
YRR R 5~7 8~10 10~11+
TF i T8 B b B A K R R GVPIT HEJzth
PF 8 L VA (m) 1617 1343 3650
SEFE SO PR FE (ng/m®) 491 38.07 7.44

Figure 1. Original morphology of the samples and the placement conditions in Luding, Panzhihua, and Lhasa: (a) Original
morphology of the samples; (b), (c), and (d) show the on-site placement conditions of the samples in Luding, Panzhihua, and
Lhasa, respectively
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Figure 2. Macroscopic corrosion morphology of three types of steel after one year of natural exposure in Luding, Panzhihua,
and Lhasa
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Figure 3. First-year corrosion rates of the three types of steel samples
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Table 3. Predicted total corrosion amount of the three types of steel over the next 20 years based on the first-year corrosion

rate
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PR RS Hb g5 20 4 JE5 Ak 5 TN () 100 4F Ji b 52 T (pum)
VIE 13.96 46.06
Q500eQNH BRI 98.12 323.79
EA 11.90 39.26
ViE 22.44 74.06
SPH BENAE 9221 304.29
£ 18.62 61.45
WE 24.27 80.10
DH36 Bk 112.62 371.63
£ 20.53 67.74
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Figure 4. Cross-sectional SEM morphologies of the corroded samples after field exposure
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Table 4. Relative sulfur content (wt%) on the corroded surfaces of steel samples determined by energy-dispersive X-ray
spectroscopy (EDS)
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Figure 5. XRD analysis of the corroded sample surfaces: (a) Full XRD patterns; (b) Low-angle region of the QS00gENH
sample; (c) Low-angle region of the SPH sample; (d) Low-angle region of the DH36 sample
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Figure 6. Tafel polarization curves of the three types of steel samples, along with the fitted corrosion potential (Ecorr) and
corrosion exchange current density (icorr)
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Figure 7. Electrochemical impedance spectroscopy (EIS) and the corresponding equivalent circuit diagram

7. 3RPEHTIE LK F A B E

Table 5. Fitted parameter values of electrical elements obtained from electrochemical impedance spectroscopy (EIS)

=5 RRAMIENASSEETHUEE

. CPEI Qilnz CPE2 Qifn )
Bt Hh g O-om?
YOl Y02
S-secn-cm™? nl S-secn-cm™> n2

VIE 7.09 8.84E—04 0.564 39.6 9.82E—03 0.577 37.02

Q500eQNH B AL 6.80 1.45E—07 0.945 4875 5.32E-05 0.784 698.4
£ 9.17 1.15E-03 0.423 135.6 6.78E-03 0.517 250.3

PE 3.25 9.73E-05 0.368 62.18 7.00E-04 0.610 493

SPH R 4.36 5.17E-07 0.671 614.6 8.54E—05 0.581 655.6
£ 8.15 1.29E-05 0.618 42.14 7.42E—04 0.409 223.4

PE 6.26 7.07E-03 0.432 53.7 3.46E—02 0.739 334.2

DH36 R 8.57 2.55E-05 0.453 257.2 4.67E-03 0.355 412.6
P 7.95 1.45E-03 0.355 74.83 6.81E-03 0.384 72.4

W 7 FR, SR TR AT BRI A, AR AE R IR RIS SRR PUE SRR R R,
HA A ATTIE S RUE R 5 For. Hodr, Rs AT, STl E MR 3, Rs H08 10Q-cm?
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/N, AT AR5 R W5 B8 BUBAR VM, TE R E RO Bk, FRRRAS 5 2 3%, FLJBS i A2 $6te Fi I 85 E 2
Ko BN AZTEPHPTI A BERE, PRI 54N 00455 J2 T DUA R PHLAS Ffig 28 4, 7 W 7K BRI R A7 78 11
BUT, RS B AL 22 Tk =

7. ¥Hig
7.1. RER AR

ARSI BT BRI = AN SR B 22 IO, Ve ML X PR B R, XA R e e IR ) R T KT
TEMRHE, AR S TER T IRE, SEEmEMERTIEmN. R, FEFRREER EamA
B, WHESE A R X E TR A, BN, BIANTE BRI IN R W B R 3R T FLA A
JEM EERN R, RIS ZE BRI ST Rt i X A AR IR 8 5 2 s A R AR AR B, 1
FRIE A A FEHRAE, SR A2 HEHE B A R s 22 B (T o M S e /N[ 16] 0 ANIARZEL AR 1 4F R sk B R P
WERHERSE, [Fl— M5 BRE S E R A1) 8 B AR B 88— J AR BT, AT DA EIX AN b X 1k
PRI AL« T8 e o 3 ARt T ol e 1) T iR — B0

EERAE IR ol B e A 3 K 0 s AN HORE i, SRR M T RS & S AR 03
TG, 25 GERE SRR AR Ph EFISR A 1 AR R AL, SINBCAIE N TR, ERAsIZ R
WK, W S AHTESRE , PO il 5 3508 kR B2 IR AN 5], (H A i B 2 1 . %
JE RIS E A P Rk R A R S F AR DT ek, SO RO BRI, AR 4R
FHAT o A58 AR B= FIRE S AH L, ZEEAERIRE S 52 y-FeOOH X (Fe 03 + FesO4) & 5 1) LA B 5 R %,
AT & H B Ph{H AR AT, (24l y-FeOOH K AEBAMR R B[ 17]:

3y —~FeOOH + H* +e¢ = Fe,0, +2H,0

7.2. MRS X R T Y RN

Q500eQNH A1 SPH ¥ Fft i 5% 415 25U 12 (AN A4 72 = AN b [X 1) 2 4 88 il 45 2 B2 24 BH I T- DH36, Hik
(R =P ATRAE FAEEZE S . WU RE . Q500eQNH J& T Ni-Cr-Cu FRiif 4N, o Ni Al
Cr BSCE AR T sk 14 0 L 1) 0, 5 4 v o S S AR AR PR ol R, (A5 b = A2 T A 5 400 A B8 k=420 o
R B A R DU 2 [18] [19]0 PRIIGAE YT 5 f it B 3 BRI [R] ) FRLAL 22 S il S5 AR AR, Q500eQNH (1)
it T SPH. 17 SPH () P & BIAH] 0.075wt%, T s BN e L, P Xt ol sk Ao WL ) 2
I A, (RIS AR R, PO B A 2 AR W 5 228 gt AR [20] [21]. FEZERAE IS8T
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