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synergistic effect on the corrosion behavior of X80 steel in electrified railway, the dynamic stray current was applied to X80
steel soaked in SRB by building the indoor simulation experimental device of dynamic stray current. MPN counting method,
living / dead cell staining, SEM, EDS, XPS, CLSM and other surface analysis techniques were used to study the effect of
dynamic DC interference on the physiological activity of SRB and the corrosion behavior of X80 steel under the combined
action of dynamic DC interference and SRB. The results show that the dynamic DC interference has no obvious effect on the
growth of SRB in solution. But it has a great influence on the adhesion of SRB and biofilm on the surface of X80 steel. Cathode
protection inhibit the adhesion of SRB on the surface of X80 steel and reduce the SRB activity on the metal surface by inhibiting
the respiration of SRB, so as to reduce the microbial corrosion of X80 steel. The anodic interference current promote the
adhesion of SRB on the surface of X80 steel, and enhance the SRB activity in the biofilm on the metal surface. The corrosion
rates of <400 mV, 0 mV and 500 mV samples of X80 steel in sterilized environment are 0.086 35 mm/a, 0.219 2 mm/a and
0.458 3 mm/a respectively, which are 0.97, 2.46 and 5.15 times of natural corrosion rates. Under dynamic DC interference, the
corrosion rate of X80 steel increases greatly. Although the single DC stray current interference time is short, but it has a very
serious damage to X80 steel with the accumulation of time. The biofilm formed by SRB can slow down the dynamic DC stray
current corrosion of X80 steel to a certain extent, but the combined action of SRB and dynamic DC aggravates the pitting
corrosion on the surface of X80 steel.

KEY WORDS: X80 steel; dynamic DC interference; sulfate reducing bacteria (SRB); microbial induced corrosion (MIC);
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Fig.1 Dynamic DC stray current experimental device
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Fig.2 Schematic diagram of dynamic DC stray
current interference
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Tab.1 Test parameters of each test group

Experiment Cathode protection (vs. SCE)/mV Time/s DC interference (vs. SCE)/mV Time/s Period/s
-1 000 mV (CP) -1 000
—400 mV -1 000 —400 1.5 10
0mV -1 000 0 1.5 10
500 mV -1 000 500 1.5 10
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Fig.5 Microstructure of corrosion products of X80 steel under natural corrosion and dynamic DC stray interference in
NS4 solution and CLSM live / dead cell image of biofilm on X80 Pipeline Steel in inoculated NS4 solution
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D2 3.91 31.91 9.24 61.49
E2 17.68 17.24 17.33 47.76
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Fig.6 XRD analysis of corrosion products of X80 Steel



+ 336 -

EN TR NN

2022 4 8 A

Intensity (a. u.)

Intensity (a. u.)

160 165 170

160 165 170

155 175 155 175
Binding energy/eV Binding energy/eV
a FARME b —400 mV
e 5
. .S
=y =y
12} 12}
8 8
g £
155 160 165 170 175 155 160 165 170 175
Binding energy/eV Binding energy/eV
¢ OmV d 500 mV

Bl 7 425 NS4 AW TTEE 14 d J5 X80 PR =4 S JTLZ 1 XPS K 4Hitk

Fig.7 S element of XPS fine spectrum of corrosion product on the surface of samples
soaked in inoculated NS4 solution for 14 days

IR S JTEEMALA M W 7, =Y S SRS
MEEH S S S*. S, SRB ik B R AR B
FHATIFRAER, ARG RR LRI TN R M B ik P . UL
AR ER, #£IRKH S CEMIEAE STMA, WA
RFEEAT SRB 25 X80 WAy IE phad #2 . HErd H ARIE
MikkE S STTR ML AN EE R s> . S, s*, —400 mV
TR S 506 ST 1) 7= 45 A BE DT M RS o, U BH BAAR AR 4
— TR REME M| SRB JE 1k, 3 H-400 mV( vs. SCE )
A E T YA e HCTHE B AR i E L, B T4k
AT, S LRI &SN & R 541k,
R BTN B T — e Ja Bl s K2 T SRB
ARG, ARTMAEYEMm AL, S5Hik SRB
THECRE ™ 1) EDS REGE 20 B4 S —3

2.4 B S

R HLE X80 WILE S WK 8 Fran, X80
BT AN S S, HETE A ORI ik R R A
POGHERAS, (AIFRIE i, JRF 0 & KN —1)
JERIT, AN SRB AREHE shi R T X80 K
{4 Je B AR , P A I 5 e 1 LA B 3 A AN 5]
P, EHE T RS g kAR R AP R, 7
RIAT 4 JE R DB EPS A%, LAY

P SRB 7K AN, BeBst 2 il e i Jg ik, et 5
W& B YL BPS B, ULI APy SRB By A4 B
TSR, DT AR AR A BH AR 3 A ).

TERIRAR ST X80 ANJE eta, R R 9]
TR AV JRE G O T UL, A SR R U Tl e o3 A AR R R
I, BRI B KRR D ZE X80 W45 i, ifif
FETR IAEE H AR AR AP 1588 TC ik e X80 A ALl i) &
Ao LI KEE R ZEASE, Mmsh&ER T,
X80 N ME g, Y E 2R AR R ke, If
H B B B TE A%, X80 4G h AR BE Al . X80
TE NS4 A P & R R e PR R ok £ 2R A 31,
—i X80 MM R R E , HAH S5 F Bk
R DUIRIR DL KB me A, Bk L& IR TR 5
KB TR EMA; RIS X80 W
FETE, ORI R A B A A I ol L ok B
JiEas i B R AR T AR =R B R R AL
6 PIECRE 2 T okt 7™ ) 8 A ) Bl B Ak i o, O HLAE
AR I VE T 8 ok DX 3 A i S ok e s
RILE NI N/ O S RN R, 1 [ 7 o Y A W e o
JE b, A5 R S ok DX — 2P IR, LR AR &
T, A ER T SRB Y23 i X80 492 1 i) )=
i



Fs1E FHeil

TR, 4. FAER TYOM SRB LEEMTF X80 RS misT N - 337 -

d 0mV

< e

e 500 mV

K8 NS4 i A SR E AN S S ER TR X80 HYE i oI AR
Fig.8 Corrosion morphology of X80 steel under natural corrosion and
dynamic DC stray current in NS4 solution

H— AT LR B, RS A B AR P ST
X80 4K 7 42 R I B P A R B R T K R A B
SRB JIE T X80 X 1hI i 1k, i 76 Bh A& B T-PeAE
FHT, X80 AW+ 1R A 5% v i) Jgg e R B2 S i /N K R
B, TERERE AL T R AR i T SO A
i PR AN B 2 SRB HE wl A, B e 4 R
WP AN Y SRB AR SR IA B 38 i K F- . 1EA
HEA I A A v AR R A W R AR R RO, X R
54 A P BT LA 0% T I 2% TR AR ok E K DR A
T, Jtii—400 mV (vs. SCE ) i A E R T A, X80
BB JE R R T KB A AR ik, BERS B AR AP E
R F AR R ER, MERAIE T, 400 mV
TR ) JE I R BEATS SR /N T B SR o, AR FL A7 2 n

# 0 mV (vs. SCE) BISRARIF A K 044, [k
ULHH SRB REAS7E — & 2 AN X80 4 1Y 2% Bl hL I
JE At o

2.5 RMHERMRESH

SR S D B AN E RN, N
TR 2 UL T X80 4K A JE el 175 15¢, A B P Al
TRE B PR TR BE , SR IO 3R AR A iR 3R
T — 8 TR EE R — 2R 5, DKES R0 9 iR . X80
A I B R A A, R TR AR T B AR R
TR 2R THT A9 B T IR BE 4303 R 7.00 pm A 12,11 pm,
AR AR AP R AT SR A AE /D S S i e, R LB b S0 IR
KN FESNE IR THAEA T, U0 b



. 338 - x mW H OAR 2022 4 8 H

300 250 200 150 100 50
Y/pm

Pit depth: 12.31 pm

Pit depth: 7.00 pm 20 40 60 80 100 120

Pit depth: 5.02 pm e

. 20 40 60 80 100
Z/pm —_— . 9.0 X/pm
0 50 100 150 200 250 300 _ — 45 .
Y/pm 20 40 60 80 100 120 O ,‘}Q‘& Pit depth: 8.86 pm

o X/pm
Pit depth: 12.11 pm Pit depth: 6.08 pm =

a HRME b —-1000mV (CP) ¢ —400 mV

0 Z/pm Zlpm 0 50 100 150 200 250 300
0 50 100 150 200 250 300 Pit depth: 24.79 um X/pm
X/pm
Pit depth: 17.80 um

0 50 100 150 200 250 300 Zlpm 0 50 100 150 200 250 300

Pit depth; 21.73 pm A X/pm
Pit depth: 33.80 pm

d 0mV e 500 mV

K9 KR AL NS4 IR T X80 HIMOEIL IR M (CLSM ) =2 ilIB 5
Fig.9 Three dimensional corrosion morphology of X80 steel in sterile and
inoculated NS4 solution by laser confocal microscopy
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