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Microbially Influenced Corrosion in Type 304 Stainless Steel Buried Pipe

Seung-Ki Ryu, Young-Hwan Kim and Yong-Deuk Lee
POSCO Technical Research Laboratories, Pohang, Korea

Recently, microbially influenced corrosion(MIC) of stainless steel weld has been
identified as one of the serious problems in water supply systems, energy plants
and chemical process plants. However, there are few informations about the soil
corrosion involved MIC of stainless steel pipe in water supply systems. The pres-
ent investigation was conducted to get a better understanding of MIC by particu-
larly focussing on the soil corrosion in a buried stainless steel pipe line. Leaking
was found at several welded joints of 1.2mm wall thickness 304 stainless steel pipe
line system. The failure in the weld joint occurred within six months from the
System start up. As the estimated corrosion rate of the weld metal was too fast,
metallurgical failure analysis including MIC environmental factors was carried out
in order to clarify this corrosion behaviour. The characteristic results could be
drawn from the case studies on MIC of type 304 stainless steel in the soil re-
claimed from the seabed in Incheon bay: (1) Tunneling pits which was
preferrential attack of the austenitic structure in the weld metal and heat affected
zone were observed. (2) The corrosion sites were correlated with the anaerobic
sites characterized by high level of organic and water content, and ferrous sulfide
formed by sulfate reducing bacteria. (3) The type of bacteria taken from the soil
was identified as sulfate reducing bacteria(SRB). The formation of tubercles on
the weld surface by sulfate reducing bacteria was promoted, resulting in further
soil corrosion.
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Uy gelzgd), dxA(go]x A )2 o] F Table 1. Chemical composition of material(wt% )
ofzl stite] Ar1stErd whgH Aot wipA Cl[Si M| P]S[Cr Ni[M[Cu|TI[B]N
BNscs Egzgl sna? mr47 A 0.045]0.56 1.00[0.023]0.011/18.26] 8.46 | 0.06 [ 0.170.013[0.003]0.059
gt Y 0] Z A & (stray current),” ©] A4 & (micro-
biological organisms)® i 7o A7y FstH

Qztol] ola) Aujgch Al A AS, B
2 Hiugo FHHoz wyE o Yol
A1 AmaH e EaddAded o
HHEA zold &l A op7|EF = UAT,
2 EYgE Haole, 58
F3d EYYAY F5899
(crevice)ol A o] o] 2z & 9
HE T o FE”
& EYddAE B 840 B
A& F =54 (microbially influenced
olgh MIC)®¥ A& £ A& A=
g3ty 2 AT s w23 6 Yntel
AE st A oF 2km WolR
STS 304 2| ¢la] 279
s N s

AolHel RAALe FAFEY 2o

T, o8 g

rok

A 8=

N

= corrosion,
A7 o]
Tt

Fe A

2. dEYHY

sl mjdAAE Baol wWAH A Az
o] WA e F AL dRste] ol

Sol= Fwle oGS st

Table 12] =42 7}zl STS 304 =H<lzl
gdolxe] AFKFE FASL7] 98t A
g do]x AlHe] Jot 578 Ad89
oA HAsllofl F3le] FEEM AL ALE3l 23
g #EsI, AAEFS A}
£35le ZAbetdTh. §h 4, 24
QB gletxAdg dotry] H3te FALHAE
v A (SEM)& Al43td EDS(energy dispersive
spectrum) ¥4 & A A&t T3, ol oM

Aol wetell A g7 Wl BEY &e CI7

E2X

Image analyser&

=]

=] )=}
F AR EHe B

Data acquisition
and processing
system

Fig. 1. Schematic diagram of soil corrosion simu-

lator.
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Table 2. The composition of lactate medium o EY¢Y AZEE A3lujdEe RATE o
(a/L), Postgate 48e $& Amold ojdY YR Egs
Sodium lactate(50% solution) -----ee.- 7.0(5.5ml) of g#so] Y= o]/ os APz,
g EAY S R §EolLFF pHE A3}
KHyPO, «eeeeremsmmsessanseniainesiiieensns 0.5 Table 3o yeldlglct. o] AaE vlmdle w
MgSO0, TH;0  -rereeemerresaeesneimnninncnnnn, 2.0 W, 2ajo] WA XA A-1, A-2, B-le] &
FaSOL o e Fol $Ao] wYHA Y& A3, B-amy C-
Sodium thioglycollate «+-«-++esseeeereenne 0.1 g@eol #2 AL & F Aok ClI- o) B
ASCOrbIC ACId +rervrrreranmrreeranirnnraneeens 0.1 EY3 RARAAge] GAFFE AL o
e e v 2ol CIoof Sl LIk sy e FA
0 BHE, FAo] B 299 Clmo Hop
o]7] W&o SRBe] #4& Uolrr] ¢35t 9 o] 30ppmeo|3tg i, SRB7} @%37|d A3t
M A M R ESE 47 1g8 A3 B} FEE SR, ERY F71ER S sulfate
3led Table 29 =4 & 7}1% o H(autoclaving) E o 53 Ude d214 SAAN g
g 4] A] (lactate medium)o] & £ (inocula- Ao g Hol o] RAe SRBe oA A F

tion}std ot FES WA= HANAHE 28 ¢ NEAE Evh g 2 A3 49y
7] #18te] gas pak® 7 anaerobic jard] 4 HdHoz EF2ALE 2AE 4P 58 Cl 9y
I 242 FHE 30CodA dFU wW gt FEEL dotrz, A9 FAYHEDN B
frh o wixle] AHE SRBYF EYAIRA = o] PAES] AL golEozn MICH 9%
A 73S, WA Mol @A Wan FeS YA Y7t € 8 2AL AEsYo.

_% _11/\ o]‘— 7-]0]]:}_ 011017} BHOOI; i _?.]AJ—;‘(],

@] 7 (phase contrast microscope)& A}£ 3o
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30479 EA 59 0.04~0.08% 2 el o

Halo] WwAE mo|ZL Ze] Eo ERL t}. Fig. 2% site A-1 oA 248 slo]=x Als
ZAMS Ad, A9 L miYPx dZAHeln B 9 e HAFI e, v £HEF 1
A2 gz FH 4 2km Gojd AFo| Y Fol Al Rao] AP gdLE &+ U} =

Table 3. Composition of soil collected in sites surveyed.

(unit : ppm)
. Water organic -~ , 2 24 2+ 74 4
Soil content(% ) material(%) pH ¢ NOs S04 Ca Mg Na K
A-1 27.55 5.86 4.7 16.7 0.8 43.4 5.4 4.5 17.8 8.3
A-2 19.45 4.26 5.4 16.9 tr. 23.6 2.0 1.8 17.9 6.6
A-3 19.23 5.27 5.3 3.1 45 23.9 5.6 1.6 4.1 2.3
B-1 19.68 2.06 7.2 19.8 35 9.1(?) 207 35.1 47.0 365

B-2 16.65 3.78 7.2 4.2 4.8 40.0 53.1 6.8 9.0 9.2
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(a)

(b}
Fig. 2. Pipe appearance after in-service at A-1
site for 6 months : (a) the surface of the base

metal(upper) and the weldment{under) (b) the
cross-section of the base metal(upper) and the
weldment(under ).

Fig. 3. Scanning electron micrographs of the
weldment after in-service at A-1 site for 6
months.
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Table 4. Galvanic current occurred in laboratory
test to simulate field condition

Surface
. . appearance
. . . Gal P
Soil Site(soil) : vam: pe of coupon
’ 77" current* appearance
specimen charicteristic (nA/em®d)  in field after lab,
test for six
months**
near a waste Corrosion
A-1  reclaimed land  10.00 and leakage No failure
(black clay) g
near a waste Corrosion
A-2 reclaimed land  5.39 and No failure
(clay) leakage
A-3 near the rgad 0.55  No failure No failure
(yellow soil)
near the road . .
B-2 . 1.8¢  No failure No failure
(yellow soil)

* - Result from fresh soil excavated in field, ** . Result
from field soil containing 200ppm Cl™

oz 69 RAHARE FAH%L, 1 ERE
Table 4¢] Jel it o] ZAe] oA F
7 dojd A-1, A-2x¥ EFHAEY FHAF

gtel 47t dolvdx] 2& A-3, B-2 Xgunt
5~10W) k. 2d, #AIAFI MY £
A-19]  FEAAFFRAE  A4AH (steady
state) 7} H Q€ wW 10nA/cm? o|3t2 W ¢ @
e #e Yvehigdo =8 H¥EF 39 JdHg
Ueld Fig. 494 & 5 50| 200ppme] CI™
2 H718 EddME STS 3047 HHol @
MEYe B R Ao dojux] ¥skrth o
AvE 44 #7]%(anaerobic) E G A4
utggjote] &g WA F7)%(aerobic) #
AdAMe B HAAE BAG dPdAMe
fielddl M dojdt HAA4E& 48 &+ slds
AE RAEF B8, o) Ads HEPHH 8H
ZZo| AA 8FAH Ao A= AAT, "B
%] chemical(ed7| A& Cl7)vte »g & o, %
Asre AA fAdxoAe meolx BA&SE

o "R ge A o F Uk

Fig. 4. Surface appearance of Type 304 coupon
after the exposure for 6 months in laboratory.
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Table 5. Precipitates of FeS of soil analysed after
culturing for a week

medium Soil weight A-1 A-2 A-3 B-1 B-2
0.01g ++ +++ - +++ +
Postgate  0.1g +++ +++ +++ +++ 4+
g Bl Bl B1 Bl Bl
—  No precipitates of FeS, + : Slight precipitates of
FeS, ++ : Moderate precipitates of FeS, +++ : Se-
vere precipitates, Bl ; Black color of whole medium, .

Table 6. Sulfate reducing bacteria detected in soil
after culturing for a week in lactate medium{or-
ganisms/g fresh soil wt.)

Sample A-1 A-2 A-3 B-1 B-2
Number 1, 7. 101.69 x 10%6.67 x 10%5.12 x 1056.72 x 10*

of bacteria

F, 5e% F 47 9E o8 FH9 AFo

BARE oz k",

(1) 4Fe—4Fe’t +8e~ anodic reaction

2) 8H,0—8H"* +80H"~ electrolytic  dissociation

of water

(3) 8H* +8¢"—8H

) SO, +8H—S5%*+4H,0 cathodic  depolarization
by SRB

corrosion product

cathodic reaction

(5) Fe?t + 5% —>FeS

(6) 3Fe?* +60H"
—3Fe(OH),

8 4Fe+S0,> +4H,0—
3Fe(OH),+FeS+20H"

corrosion product

overall reaction

BH, FAVYRAA AHY vo|x Fwo
Wel o= ¥A44EE FAEnAe EDS
olsff A% Fig. 59 27E& B MICAAM d
g402 Yede S7b 498 s3¥d e
A% o & itk solx gulel R4 o

A S7 AEHER, BAel dold Aol B

(a)

(b)

Fig. 5. Analyses of the corrosion product after in-

service at A-1 site for 6 months : (a) Scanning
electron micrograph (b) EDS spectra of the corro-
sion product.
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(a) (b)

Fig. 6. Phasecontrast micrograph after culturing the bacteria contained in the soil from A-1 site for a week
: (a) Gram-positive anaerobic bacteria (b) gram-negative anaerobic bacteria.
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2 Cl79 4932 simulations] R o}, A&
E& 10nA/cm? o] &2 s ¢ ket
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Aoz wodEn.
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