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Abstract

Stress corrosion cracking (SCC), as a potential threat that is highly destructive and well covert,
has always been an important research topic in the field of corrosion. The traditional stress
corrosion mechanism explains SCC phenomenon from two aspects of anodic dissolution and hy-
drogen-induced cracking. However, pure stress condition is insufficient to explain the actual
process of buried pipeline corrosion, a large number of accident site investigations have shown
that sulfate-reducing bacteria (SRB), as an anaerobic corrosive microorganism widely distributed
in the soil environment, can synergize with stress formation and lead to the occurrence of bacteri-
al-induced cracking behavior. Recent studies have confirmed that stress has no significant effect
on the growth and metabolism of SRB, the synergistic effect of the two can accelerate corrosion
from three aspects: 1) Change the structure of corrosion products, increase the sulfur content of
corrosion products, and improve the local corrosion sensitivity of materials; 2) Accelerate the in-
itiation of pitting corrosion and crack propagation on the surface of materials, and induce sec-
ondary pitting corrosion of materials phenomenon; 3) Promote the absorption of H° by the sub-
strate and provide a source of H? for the hydrogen induced cracking process. In this paper, the
traditional stress corrosion cracking mechanism is firstly reviewed, and the research progress of
stress corrosion induced by SRB is reviewed from three aspects: SRB affects the stress corrosion
susceptibility of metal materials, SRB induced pitting corrosion and SRB promotes hydrogen in-
duced cracking, which provides a theoretical basis for the safe service of buried pipelines in the
future.
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1. 5|8

TH i A B (LA Tl PR S )V 3R A T R SR AT e 3= B i H 77 =X, B S T [ PR HE R
VF 22 SR N FH Hh R 38 7 2 T 2R 208 T Wi i T 20 XU, TR 7E 20 tE2E Hh 3 B ORI 7 ik
BN JE TR B, B S TR h T 24(SCC) B kS 13 Hh B 18 22 4 S WU IR B 1] [2]. 3 AT
AR AL T LA, R E R M E R 2 URER R, R v B T AR R A
R R, PAEE UG AR SR AR . B, IR
JEPREE(3] [4], [FIBS T IZAFLE 2 PR MO R IEAE W IR IS] [6] (7] B ERAN1E 3 Hh A 4 S 18 1) 3 24N
¥, WEELIZE RS, X80, X100, X120 55 Y &y w4l £ 14 BN A Sk HH M 28 2 152 1) 32 24
(8] [9], MHRTGILRITIEMHM X65 B LML 2 B BIwbl 0 m MR 48, T8 77 i B rp AN v ek
SR, HRMEZ SO AR sh . MFEEEISAE, RN R RS A I k),
13 BANLE IR R 2 R AE TR [10].

ERBELRERN R E P RN, TIEAEDHMAENS S T & LN E MR Y E
(Microbiologically influenced corrosion, MIC)J& il i it 4= 4 H & A= f i 2 AT 7= ) B 32 B Al e b 52 i 4
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BRI R[] [12]. MIC AT BJ@& T A2 moh, HI 2 e TR, K. WBENEZ T, &
FEFRET AR T S BN A TR 5B B 20% 0L . BRERIAE R (Sulfate-reducing bacteria, SRB)fF
T PRAE T S e A1, BT LK SOT I8 JE A HS R M R1G A A sh T s Rk &, th 2l fa s
PR KR —[13]. fERBE R F M HE T R, TSR REYS S 18 LM E g 2 .
PEkiE, 2£EREE 77%0 H R 2 AT SRB FARENESIA K[14], Li S5[15]1 2RI ERIRR
ARVIRBESRRNETE 7 TR S RBOTUE, WSO XS ESR, 1B E =) B e
WA, AR T RISt SRB 25 BN N I E O R R . I —MEL DUREHE N SRB
BT TIRANMIEEFL, HETCEREIRZ KT SRB EMAT AN, 2 M2 Ik £ AL B8 (CDT)
[16], THARIZ AT SN A B &, $#2 T BCSR (Biocatalytic Cathodic Sulfate Reduction)# it
[17][18] [19], ZHEIRINA, EARRTHAE 72 LBEn LIRS, SRB 25 R HILA A BAE N
HE AR, TR AR AR X, iU 52 B A W T ) BB AR e 210 G, WOtk 43 R AR 1T S5 AR W I AS S AL 1)
SRB LLVETK 4 J& (W Fe) AME— ML AR, 7568 R 0 RIS 99K 26 1 fil 20 B 4 I\ 42 )& Hh 3R A5 L1,
M F B K A2 o Sherar ZF[20]1ESE, ARV i K R e FEROB TR R b B -5, 7E SRk D B IR
PIEGL T, JCwM PRI o, HILE SR, e SRB fEERIA R, #4175 F SRB ¥
FZE KT AR KR W, B4 N & 3 AR R RSB IR TS AR B, TR O b 47 B 2 40 1R R R R
TES

N T T 2E(SCOWE g — s IR 14 5 SUAS 5y RIS CE I By, 88 38 BT R K o 1R KE L it R
GH RS, HOG R ) T SR R N AR ek B AL [FE R S B R 21] [22] [23]. FAE
19 2R BB A 1EET K IL SCC IS AE R IAYE, 20 el gkl 22504 SCC BIW 7t ONE SUTAR,
[N SCC IR 5 A kLA & A B PR ¢, 21 48Dk T SCC I FEa kR, % T
SCC (W FT AN R BR T B AR R A 26, 22 R PR ER A (R0 R0 24 BTRIE 7E [ #4 Ri [24] [25] [26]. £ £
BIREE T, SRB M) 2, 1EZARLIE T2 BB 35l k2K & B3P SRB, A SCLRIR T4k
SRB 53 M E M R ML BB s b e, O H S HEH A 2L B 4 i 2 B AN SR

2. NAREMIT R E

L] FE 2R T I R — P A, FER IR R AER, M A I B R ER R, He
B B ARAN A IR S, FER (T S5 T, ST A S A R AR S P A G . BT, RA A
FEJSL ) (B N 1) A B = A2 87 S o 2, 1K R R )R] AR Tad #2 i 5] NIRRT, BT
DL A AR it 0 4 4 . #7[27] [28]. Takumi Haruna Z5[2918F 5% T A [EIR K IGE T SM 400B BN R 1
JEE P R, A FR KOEE 2 38U AN A A FE R EE, 1073 KR, BRI A A Bk, SCC
UM B K

1958 4F, Hoar 2555 — X3 SCC HIPHARAMAELE, iZFEIR I AR Je 18 B A b i 746
NPEEROWEREL, S APRERE BOETFAR BRI IR LTI R A SR PR R . TR
SUATE G, Hoar S5 YN AT REZ T &8 R IAAAE ML WA It Bk AL BE . IR AT A HERRIX
VK N T B R AR AR X s B b 2% o 5T B R AR [X DL K% BT I HE MR SR A X 46, I X7 A
IR N 2RI R AE BRI i, R R T 0 KR, e 28 5808 ) o 2L 1 ) 4E[30]. 1967 4, Raicheff
SR I G JE PR RS TR 1IN ER R S E L SR, [FISE Gutman #E— P RS KX T R an 48 “ 1%
~HELN” [31] [32]. McEvily Z57E BHAR A A 3R 19 S8R it L, 10K R R T AL, AN &R TEkr
SEAT TR, AT B [FIVE R 2 R AR BB AR, RIS JE b AL VTR R T R 2)), 75 & @ R T Y i B B it
RSB R I, T 2 R AR 33 ]
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F=NTHZINFEIR B R A B TR EIR, X MRS ST REIE N 3 B0M B A A 1
LG [34], ZHERINTY, RO AR R IR R B A, SR T e W B 7R 20T v (1) 4 JE 3R T, B s A
R, R IETIER, HATERIETERTR35] [36] [37]. Kan S5[38]K 18 5 AL F2 4 f
(SSRT)AA FRICALAN I T FE 1O AR AEAN R E0R B N PRI R, A3, MR & R A etk
TR R BR T A S S BRI ], SURAAAE B35 RS T MR, (R 0 DR ) 5 BE 5 )
BN, FIRBEAE SR ISR TE, ARG SR R R, SRR W 2 Sl SR 2908 1.8 ppm.
TENIIEE &N 2.90 ppm T, FEANASE RN d B 77, AT BF 5 R 00 5 38 &1 2 R 2R84 2 b %) = L 28 g i 11
JES: W dh(intergranular, 1G). % ffi(transgranular, TG)A1#) 14 (ductile, D)WiZE, WK 1. Wu Z[39]A N
U A I S SR SIS ETC K, (B RER I3 73 A FI N ) =B S I ok &R o Yan S5[40]0F— 2
SR A S5 AN BR TCRE AR S5 S 7k, UESE T REUN IR AL B A AR RS2, BB A
AWM EE, OO AR R S R EAR K.

®) ® o ®

Figure 1. Fracture surface at initial hydrogen content of 2.90 ppm under strain rate of (A) 5 x 10™/s, (B) 1 x 10™/s, and (C)
5 x 107%s; (D), (E), and (F) are the local enlarged areas of the fracture features of the intergranular, transgranular, and ductile
fracture zones which are labeled “IG”, “TG”, and “D” in (A), (B), (C) respectively [38]

E 1. MIHEESER 2.90 ppmm Bf, FREIFHRR THRIA S FHMEORSR, (A)S5*x 107/, (B) 1 x 107/s,and (C) 5
x 10°%s; HHP(D), (E), (FFHRER, FRMIMEMAELROERBAX, EE(A), B), OFFHIFREHIG
(intergranular, &&R). TG (transgranular, ZE&&). D (ductile, 1) [38]

3. SRB 5N O E WA RKMHEIER

VP2 I3 R WIFBUE S, MIC & 3 A 8 i i FOGR A ¥ B gl 2 — o Lenhart 5[4 11878 1 13 2451
WA SR, RIREEYIIER N T & AR ok, M3E HyS FIF=2E FIAE VIR M Bl 2 5
BUEZAN RN EE R o Jain [42]38 5 AL BRI, MIC 5827 il R [m I A AR 1, AR T ik
B 7K oy = a8 AR IR LA dm s S I B, RIS R T AR T G, e WA J et o T £E 135 22 J el
WA, ANITE# Ny SRB Je P8 5E rh b 5 28 55 Tl ) 32 BE DT [43] [44] [45].

HArm s, xR SRB MR CATFRIRS, RIMIEEFRIE T /15 SRB A A2 [F
TER T EAN, 1 22 I3 5 38053 W I UE 52 35 () s 52 0 4L 57 282 10 182 75 i (b 28246 ] [47 ]
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3.1. SRB & B R 7 @ i BUR R m A 2

A A ) 1 A B B 2 AR T SO SRR S A B R T, KT S 4 [ AR A T (D T B (1 R
Mo 1R Z A FE AR B, L3 1) SRB W] LUK B R #h I JR R A 470 38 B 20 A ) 350 5 Ao 0 S 1 389 48]
[49]. EFHE[S01LARME LIEIAE N SLIGA I, X EE T I ISR SRB A77E 25 1F 1 8277 S T 24 1 IX 31
RIAE SRB IAEK AR, SRB MY FES) A] DML X80 B A%, H SRB HI¥E#KZ X80
LA ) BT T R 2R R, T AL SSRT 2R T & H (1] 2(A)), X80 B LRAN/E = i 21 NI A
AHEIFR BT R AT A, K] SRB MAFER S | X80 H LM SCC UM, Li & [S1HFF 1 EHL
fHISEES 2511 SRB X X80 B 24N SCC BURAE K521 , I\ Az B /3 F1 SRB PRI E 1 42 &8 PH ARV i,
R4 BRI TS X 7= N e, FEGRSCHBURY &, SRB A 3G sh 1AM N B 47 B[R VE F 36 m 7
BN SCC BURME . WARSE[S21F /5, 16Mn 4W7E SRB (e M 485  SSRT MR AS /N, Filhy
BT I IRV 44, 0 b T UM R I (] 2(B))e EJRILEE[S3IHEFARH, T 3.5% NaCl /i 14
N, 2205 WA LT A H & SCC Bukit:, MfE SRB f7/E41E F SCC BudktE W51, — & 2IIE
FOREH . [FRFE SRB AEH N XA S NTEA B R A T BB ik, 2k A AE A S 8 b 2L A B o )
SCC BUBIE[54], FCIr 1 R ST RLRAE . LA gt B 7 RT3 7 #2248 SRB R 1ok ™= kAR e
A, IR PP S R ALBR R, B N R R e BB, (R RN R i R 55

FAAR ARG A 9 —Fh G R 5 97 T B, mT DA RO G v P AN B ke =2, ELOR R M I B AR H
R4 AR LR AN R T () AL 2 B, SR LR AN SCC UBME R AR b . KEWF AR, BARRY BAR
A SRB MI1EM, 1HJE SRB AF/E 2 SEUIT T AR AR B B IRt K [56] [57] [58]. REIE[SOIIFA T
FARR fR4r R SRB JL[RIVEF T X80 B £R8M I N ) J& th T R UL 1k, £5 oK, SRB A KA S
AN AR P R E T 3R B rp A RN SCC i fE, LA SE T &N SCC BUBRtEiR S, il
(A X P R A FH 22 B A B AR AR 3 B SR T 980, AR B AR R FiA T - 8 VR B Ak ] R S 12 I
A1 I AR ) B 22 R A
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Figure 2. (A): SSRT curve of X80 pipeline steel in Dagang soil solution [50]; (B): Comparison of SSRT curves of 16Mn
steel with different SRB growth days [52]

B 2. (A): X80 BLNERREABTIERRHH SSRT #HZ%[50]; (B): 16Mn $WEERIE SRB K REFTHY) SSRT #hzk
XfEE[52]

3.2. SRB %5 m {3 N 1/ th T3¢
SRB AJ LA i B u R 2 1K) 5 SO g J AR I SRR 1 A AR PACHRS 3, b2 SRR
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HBLR[60]. RUEAEZ SCC RAIIRIR[47], MBI HIERT, stk o BN R H LR ,
EEFEE A AE S, R E RN, &SRB R MITR61] [62].

£ SRB A1 A B2 A LR T, B SRB 51 ER AR s b ) 748 JE8 k) A Je RS 75 5 B TR LA R PR AR
AR 3(A)), = RIFLFEE R INE 7R SCC i fE . Wu Z5[63]9A 4 SRB B Jaif 38 R K 1
BLRvhIT, (RIS J AR 3 T T P e e A e MR AL, B 5 SRB AR B B T RE TS T R AL
BE TR R, TS AR R R AR S0 PR A B e, 2D et R S kM R R
gUER, SRR /)5 SRB ARG B 2 B AL AP VR [65]. SRB AR BRI %5 S AME I & i 2R
J sk, T A N g A A5 < R AR T T RS A, R A B A T A SR ST S I
FEo TN EIHNE R Fi8 2 it — PR R EUE K, A AN AR AT, BT AR AT AE A AR B T AR
PR, FEAGAR B AR e, o b i PR o, I ke BRR #R 34 I A B
TN TR R BAAR VA AR B AL R T X S R B EE MRS, TERR T AN R R, AT 1A
(i [0 11 PRI 360 £ S e

Figure 3. (A): Corrosion attack surface morphologies for the specimen with load (650.7 MPa) after 90 day exposure in soil
solution inoculated with SRB [63]; (B): (a) Cross section of a macrocrack jointed to an elongated MnS inclusion in the mi-
crostructure (X100) and (b) crack’s tip in higher magnification (x500) [64]

[ 3. (A): 7ERERMT SRB WLIEARHPRE 90 X5, WrE(650.7 Mpa)it #REE MR MAIR63]; (B): (a) WM
LR SR HY R SR AAE IR0 R MR G A EE (<100), (b) AABEHESHIRGUIRIH(x500) [64]

Abedi ZE[64]81 5T T API SL X52 EIEMFRIME, KIL SRB S50 1 &M i i FIR SRR,
MBGHTHA, HAiN JI1ER R SCC 282 KIiARBiM, M SRB 5K MR8 & RoR 4
FI(E 3(B)), ORI T PRAIRER

L4 oKE, SRB AR FRTEZNANSMINN Jy ek TR YL, 3658 7400 i U PE, EZRAE— RN
PRS0 S R AM/IN 00 UK s ol e AT W [ R B S T AN e, e B 26K SCC AT N B L [N 3R
Tt P2 R0 J5 VR (0 1 15 5 i, AN S D ORI AR T s e i A A R 05 k)

DOI: 10.12677/hjcet.2022.126046 358 L TRESHAR


https://doi.org/10.12677/hjcet.2022.126046

FRIRY %

3.3. SRB Siafa N FR(R i N 11 @ th FF 3

PREEE v, B BN R SR A (HORIK R R, TR ER T (H) . #0038 45 A R T
(1 HO W RE & BRI, NS 8 AU, 9O B RG-S 88 @ AR 2R [66] [67]
[68].

SRB i if R BT R Sk Ae i, o LA R AT LU [69]: SO + 8HY — ST +
4H,0, MHTRTLAE H SRB AR BRGE B — 5 TR B B RRAL PE L, o5 — D7 AR B 47 2 i s 7 T LA
KRG HY S A R HoSe HoS 15 Fe SOV AT DAAE U B A5 I EUR F(Hagy), IR IR HO JRT45 &R H,
(R ZR[70] [71] [72]o REEZ[TIWIF T H,oS XF Q245 XN 1 JE rF 2 misem, KBl H,S MIAELEAS T 1A
PR A R E SR T4 G A T, AR T M T8 s R i 18 2 SRS TE =R B R
W FIBALEAEE T, maRiX SCC UM &, FRMEHE T & Naid #2741 [75] [76] [77]-

11 11.0

[ L 1——4d
e -
10.5 =
. 2 3 14d
]—.—ng r 2
8 2——HE 10.0 5 | ——

9.5

9.0

1/ (pA/cm?)
1/ (pA/em?)

8‘0| 1] T 1 1
9 5 10 15 20 25 0 5 10 15 20 25

t/h t/h

(A) (B)
Figure 4. (A): Comparison of the hydrogen permeation current density of X80 steel in the soil simulated solution with SRB
and in the sterilized oil simulated solution; (B): Comparison of the hydrogen permeation current density of X80 steel at
self-corrosion potential at 4 d, 8 d and 14 d of SRB growth [50]
[ 4. (A): X80 $N7EHEM SRB FINE HIRRINARTHISSERRERELLE; (B): X80 NEBFMHEN T SRB £ K
4d, 8d7#0 14 d RSEESBREAZELE[50]

PSCHRIRIE, SAEETHEEH D ER HS 2 E S RIS KR 395 57 R Ay Fe sl 2 [ 78] [79]
[80] [81], SRB AL FRVHANFEHE 1k R ARFAER SR 05 T (HO) AN B4R 3 5 ¥ i F2[82] [83]. ESH[50]
SEXTEL T ARFE KA N EBE I M (] 4) R, X80 B AN AR L T 1 IR I RIS B IR
SETE K LIERA R 1) 3~4 £, 76 SRB FIAFAE K BUMA B E B S E X RN A KEE > &
KXHHOH > A KR, SRB M5l T EBES RN KA . Biezma [8410F 7T T A SAEMAEDE T M
IR IER, Iy SRB A BTESN AR M EEZoRIE, N SRB 5877 ik FIE FH
T PRI BE ISR AERIR . Sowards 25 [857EEAN SRB ) LB AR R A INBA L AR (=103 V vs.
SCE) 13 Eh ¥ 43 AT 75256 (18] 5(A)), S5 R B RTEMRN /1 X3k SCC EZRIUNI I, b
X3 SCC EELRBNZ FWEE, XL BRE 1 SRB T4 X LS 4T, " LLR P SRB T FH
W AR B HEAE F Az /N T P2 BR B8, A EL TP~ R B, SRB 3855 N A s 7 AE I BR AL e 3 7 4 4 i
TERL I JE PR R S b, SRR SRB MR HAL 2 25 - 7 A A 5(B)), 7n%ln X80 &Lk
4 SCC BRI 27 ST, Wi 1 R LR AEMEWTARAE, B (R AU RE K, MRISREEF RN, YRR
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B, (e 1 ) IR B e A ORI B R e, SCC U AN 1 K [86] [87] [88]
HET FIRBEFU AT LAE ) SRB [FIHTRRAUI A FEAK 7 H® S 4 B H, RS, 0N 1 HO 1R 7 =5 %,
iy ELAEE 1 i B ot HO i, AN AR AR Gt 1 HO ASRIE . A B ML SRB 7 S APRER ) 1k

TR F T K
(A)
- 4
F1G Fracture/ /TG Fracture
: APB,
| 3.5% Nacl
—_ -1.03 Vi,
- -6
T 10}
o
>
Q
E
> &
S %
=107 >
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Figure 5. (A): Comparison of X70 fatigue-crack-growth data acquired in ethanol solutions inoculated with APB and SRB,
and crack-growth data acquired in saltwater with applied cathodic potential (dashed lines) reported elsewhere [85]; (B): SEM
images of fracture surface of X80 metal fractured under different hydrogen charging conditions, hydrogen charging current
density/(mA-cm 2)/hydrogen charging time/h: (a) 0/0; (b) 25/1; (¢) 50/1; (d) 100/1; () 100/2; () 100/3 [86]

5. (A): X70 ELIRFESX APB 71 SRB K ZBZIA R REGT RAT AN BAR AR 8 NaCLUIB R P REY RITHE
Z)MELER(85]; (B): FRIFELMT X80 {NETH SEM &, REEARZE/(mA-cm YFEEME/h: (a) 0/0; (b)25/1;
(c) 50/1; (d) 100/1; (e) 100/2; (f) 100/3 [86]

4. BEERE

3% 355 T B0 I VA PR < R kAT R KB R R+ 0 RS, A SCERIR 1AL A RAN G A SCHRARGE, A
4 SRB F:E @i s kL SCC UM, W55 R AR B S = A D5 T 5 B A RE R . iR
B LA AR iy, P DO I 98 AU TR PRSI 77, SR mb R ek, JFdid s bR
T 5 A F AR B AR A B AR BT

SRB E Ny — Rl IASEE S AR SR A, HAE A B KA. BARE A2 Ca T in AL
SRB 5 3 P FIE FH B 7E, AH2 H RTX T2 SRB 8RR 53 (187 7 J85 i - 24 T AT5 Ab TR0 B, TRtk
FEARFRARA — BRI 1AD0 T LR WL LK B 4Po0f SR SO IR S rh 2 . FESEBRis T, L —
ML 2 LR AR R B S8 238k, BR 7 SRB M THIME T, R AN — ST 2 B S5O0 A4 R K S
AT EAT R E KR, R T A T AR A % A i FEANBE R R T SRB 5 8 AT K [RI 1F:
A, HEEEE IS R RIEL T NS AT Y. WU R IR BOR,  SCBL TR S S BRI e e A
OIS S A A iE S AR AT, K 2 T T R O 7E A2 4 Ja R FUAR A 400 JES e F) B 275 17
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KR &

E&WE

B % 3R 4252171069, 22005109). H E # 4 5 RH# 35 4:(2021M701292) . #1464 B8R JE

4:(2020CFB214). AeREL e SA746E M BHME S 208 30 8 55250 % (2018), WAL M RMb 2 5 AR 55 2% 30E 14
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