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Corrosion and Protection of Metal Components in Underground Facilities Within Red Soil: A

Review

JIANG Jun'?, HONG Zhineng'*, MENG Lingyu'*, DAI Shixiang'?, TENG Ying'*?, XU Renkou'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Ecological Experimental Station of Red
Soil, Chinese Academy of Sciences, Yingtan, Jiangxi 335211, China)

Abstract: Red soil is characterized by low pH, high concentrations of organic acids and corrosive ions, and elevated microbial
activity, which causes significant electrochemical and microbiological corrosion to the metal components of underground
facilities. This study presented a comprehensive review of the corrosion mechanisms, key influencing factors, and protective
strategies for underground facilities operating in such environments. The results revealed that the hydrogen evolution and oxygen
reductions are the dominant electrochemical processes, while microbiological corrosion is primarily driven by sulfate-reducing
bacteria, iron-oxidizing bacteria, and other functional microorganisms residing in stratified biofilms. Corrosion in acidic red soils
exhibited multi-factor coupling, spatial heterogeneity, and gradual progression over time. To address these challenges, this study
proposed integrated corrosion protection strategies that encompass material selection, multilayer anti-corrosion coatings, cathodic
protection systems, and soil modification techniques. Furthermore, emerging trends such as intelligent monitoring technologies,
data-driven corrosion prediction models, and eco-friendly protective materials were highlighted. This work provides valuable
theoretical insights and engineering guidance for the durable, safe, and sustainable management of underground infrastructures in
acidic soil environments.

Key words: Electrochemical corrosion; Microbial corrosion; Biofilm; Soil pH; Cathodic protection; Soil correcting
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Fig. 1 Boundary stone marking experimental area of Yingtan Red
Soil Test Station, erected by National Materials Corrosion Testing
Network of China in 1989

ASCETE : DR GEH B R ELLE M X b T B0t
JE A PEIE G 57 BRI TE IR s QTR A SR BT LR 5 T
7T it LA 2 JE ok el A 0 T A AL A B 4 I
R, fhnE A E A OWITE T IR TR RR
SR R BT I BR S AR PR SR, MR 2R Bl A
55 WREEARMT S ARLRR T RIS 50
P T P I A - Rt P DX T A S ok 4 e
1, PRBESERE O % 4nia T s B L LB
SRR REAT N R BB TT , T M A5 AR
MG ST R S BB
PSRBT FE T B TERRE PRI 9 5 ot
PLELS PR, A BT T TR S MRE N,
It B AR BRI FIR, B i 8 b By 7 RS BRI
A, AR Sk B R AR b XUBS: , 3 380G o 7 i

1 LLERERL 53t T i hE g o

CUEAE AR [ F B A VT LARE A9 $AH Ik L
EBEX, BEAL 203 J7 km?, 54 b LK)
21%. % IESEAIZ S A A 10° ~ 30°Z 8] A e
T3 B 5 B i DX, B MR AR AR
fiE, AE¥ 15~ 28 °C, AFATEFRIR(=10 'C)Z928 5 000~
9500 C, 4EFEAKE K 1200 ~1 500 mm!'", ZIHEf)
KBRS RE . AT Y E SIS Y-
iAW R G R A 25 R ARk AR Ak
TR AW 4 RO E A s Es , dE—20 0 Wik 4L
e, RCTHE ATHE BEHEARAL

SIHOR P E SRR ALY S A 2,
WRRYE, £EpHAT 4.5 ~ 6.5, HEMFNA pH 18
WS AR (EAR 0.52 ANBAf P, IR FEIR T
e A5t ZEFRYITRT Z RMEEE,
H SRR AR R 0, i 7 I 3Rty 1 DX -39 pH
TR T B TR SR, R R A
BUT oM BB AARR . RS A HLER!Y, i — R
35 pH, AZSE SR LIERR L, FRilE Tl HERL
eABREHREE R SR0LTE S, SRR RS
TR PR, SRR 40 (e R 218 b X T
FEERRAIANE, PR T H T AR Y e

T HE AT pH =F 55 96 bl B85 7 (2 C1 .S 0% )
I A K B , Ko L 4 8 K 1A i 8 2 S ot
el BFFE I Q235B BRE LN . X70 FI X80
LR ANTE VLV TR Y £ 49 rp T 1 AR5, L o o i
P AR b R SR 4 ) 2 A b DX 1 2.14 £~ 4.53
fER 213 15~ 471 f5(GR 1), FERFERE: LR
e, R4 R PR A RN s HIRZERARYY, R

http://soils.issas.ac.cn



1360 +

e %57 %

VE2E, SR A ZE I s BRIy, S
BRI RE ) s MR T IS K RIS SRS T
ThBTE IR, SR A A A, AR T AR

X 7R T LLIEPRE X R B ok Y R, IR
PR RRIR IR A S B | SRRy L X i
12 2E M B S A ) S et XU

£ 1 Q235BERZELMIN. X70 0 X80 HLLINTE 8 it X1BH 1 FAYE 1hIgHR""
Table 1 Corrosion indicators for Q235B structural steel, X70 and X80 pipeline steels after one-year in-situ burial in eight soil districts
Hi X JE ot B A4 K 6 (g/ (em™a)) J 1 % JEEE (mmy/a)
Q235B X70 X80 Q235B X70 X80
YLV 8 R 0.070 a 0.067 a 0.077 a 0.090 a 0.085 a 0.099 a
[P €0Aog 0.023 b 0.023 ¢ 0.024 cd 0.029 b 0.029 ¢ 0.031 cd
HIGHEIRA 0.022 b 0.018 ¢ 0.017 e 0.028 b 0.023 ¢ 0.021e
S SR ) 0.022b 0.021 ¢ 0.020 de 0.028 b 0.027 ¢ 0.026 de
BRI RIK 0.026 b 0.031b 0.036 b 0.033b 0.040 b 0.046 b
ST AL 0.028 b 0.028 b 0.029 ¢ 0.036 b 0.036 b 0.037 ¢
IF N 0.028 b 0.023 ¢ 0.028 ¢ 0.035b 0.030 ¢ 0.036 ¢
g AR 0.025b 0.023 ¢ 0.025 cd 0.032b 0.030 ¢ 0.032 cd

IE: RH Duncan ZEFEHIGY:, [F—/NEFREANFE R 2 7 B35 (P<0.05).
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Fig.2 Top 9 keywords with strongest citation bursts identified from 184 publications (since 2005) using “acid * soil” and “corrosion” as topic
keywords
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Fig. 3 Keywords co-occurrence map based on 184 publications (since 2005)
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Fig. 4 Electrochemical mechanisms of metal corrosion in soil
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Table 2 Microorganisms implicated in metal corrosion processes
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Fig. 5 Schematic representation of biofilm development stages
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Fig. 6 Illustration of microbial corrosion mechanisms by representative microorganisms
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