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Microbiologically Influenced Corrosion of SUS304L and SUS316L Welds Caused by Aerobic
and Anaerobic Bacteria in Groundwater (I)
—Laboratory Simulation Studies and Corrosion Behavior—
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Takeshi SAKANE and Toshio ANZAI
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Synopsis : Microbiologically influenced corrosion was suspected in a corrosion failure of stainless steel (SUS316L) piping, carrying saline groundwater.

Laboratory simulation studies were planned to find out the mechanism of the corrosion. The groundwater from the same plant was trans-
ferred to the laboratory aseptically and used for the experiment. Both SUS316L and SUS304L welds (base metal, heat affected zone, weld
metal) were exposed to the test solution. After 40 d, corrosion sites were observed on the surface of coupons exposed to non-sterile ground-

water supplemented with nutrients. In case of both sterile and non-sterile groundwater devoid of nutrient, the corrosion sits were not ob-

served. Therefore, it is assumed that the corrosion occurrence requires bacteria, their activity and metabolism. The form of corrosion was pit-

ting for base metal and heat affected zone, whereas, weld metal showed skeletal corrosion caused by preferential attack on y-austenite.

Generally, the pH showed no change during exposure test. The potential increased during exposure to nutrient contained non-sterile

groundwater for all coupons. In the case of both sterile and non-sterile groundwater devoid of nutrient, the potential did not show an increase

for all the coupons. The potential increase that is influenced by bacteria is assumed to be the reason for the easy occurrence of corrosion.

Key words : MIC; SUS316L; bacteria; ground water; Y-austenite.

1. ¥

BEMORE T 2GR (MEWFHLEA , Microbiologi-
cally Influenced Corrosion, MIC) Z—fDER & X, ¥
BHIHEBRI = A L P S BEIC B TIERIC A % 2l Tt
TTBZLHMoNTNBEY, 7, MIC 2R 45813
T, FEVUADIZEA EOKEMB TR T3,

MIC IZDOWT X X AMFMN L INT VB4, 5k
DBIUCFEN L FEE & S ITMEMOEEICEE L% L
WFERERD AN 7 T —FARETH 5, MEWOH
EICDOWTIISHMIEE, SERLME, MBERTE %
ELEMRERLEENTHBE300D, MENRZB VLIS I L
W, UL, BEPICAETET 3 MEMIEEERETH
D, ThEhOWEHORITIRIER 2 N EhOEHOM
ZEERIIAN-REVEETHZELELILN D,

Z ZTEELIISUSIMEE, Ak L UEFRIIO>WT, 2
NZhOBREFBEK T2 S WMEMERNL, 2heh
DWAEMDERIZFEH U TER L BET, ®EL T %7310,
Zholzky, —BREICMICOBERERE L Xh 3573
MBI LA IS, Staphylococcus sp.7s & DREB MG & MIC
DERAEIZED S 52 83bh oz, X512, MEMDR
BT OEHEMBEIZL2 LT MIC 438&%3T 5 2 L 28
HThHHILEERELTCE S,

KFRE, BBBHEO LNG b 2 v & (FBREE 5
(SUS316L#) (2B W\ THRAMTAE L2256 % 512 LTk
AEfT 572, $4bB, SUSIIELEAIZ & > Ciiitz 5 h
BB TH 72, FLLKRELBEEE S & &% - Tl
KUZens, MICDSEONIE N, KEBRTIZZO
HEHTKREAFL, FEBL XL TOHBER L ERT
L BIHTARPOBRMEMABEL, s L0

FHI4F2 A 14 B2 PR 1446 A 23 HZH (Received on Feb. 14, 2002; Accepted on June 23, 2002)

*  KERAFRAFIEN S Joining and Welding Research Institute, Osaka University)

*2 KERAFERAORZERAR (R (M) REJHIEHRERS) (Joining and Welding Research Institute, Osaka University, now Japan Power Engineering and Inspection

Corp., 13701 Nishihara Tarasaki Hitachinaka 312-0003)

* 3 KERAFERERE (B (#) HEEBUYEMN) (Graduate Student, Osaka University, now Ebara Corp.)

*4 RERRTE (Bk) FAHS 4 BIZAT (Takeda Chemical Industries, Ltd.)
* 5 (#%) BHEI¥FT (Takada Corp.)



HTFARPOLF - BREPERIZ & 5 SUS304L % LUSUSI6L SRS OMENSRER ($—R) —FRECL 5 ERERLERFEE —

ﬁﬁﬁ%&%wﬁﬁuﬁwﬁ&%tonf&ﬁbto$ﬁ
BEOHE WMTHD, ZOKAFHIBEE LD ENL 2K
(ﬁT*)%mwtﬁﬁ%ﬁéﬁw,$$MﬁMmﬁ@#‘
ERRE L7, X O ICIEBEO RTINS MIC 28)iC RIZ
i%géﬁﬁb,X$%*@hﬂ:$@ucnfﬁm,%
:ﬁ?@%T**@%ﬁﬁi%%%ﬁb,ﬁﬁﬁﬁi@ﬁ
HMBEMOBEIIRIETRENI DOV TENS,

2. ERES

Z O T T A% b EARA LT B 0T, EEBL
P68 1 ERARICZN G OBRBH TRASREL 2. R
EW@%%@@*%%@%TK?,%@@#E,17ﬁﬁ
OEIREERETH > 72, HRTREHERTI~2mmD
EAILAED b, BALLEBMEML EEBELL
E EESBTIRA Y 2 DIEMO 2L b VIROIERF
BEA B LTV, MAEMORFIBETE L >N, F&
BEANEL EWZ L R EORR,SE AT, BEWD
Bi5 L 2Bl SV D L HIr L7z,

3. ERFE
3.1 HAIKICEIEBRER
3-1-1 fLEAWE

Table 112t FAD A HRERERT . WBROBADZD
Cl- 4 7 ¥ ¥AHE A% 12000 g/m?® & R R E A, SUS316LH IS
ﬂbTﬁﬁW@ﬁ%ﬁTd&w&%ZBhéoC@ﬂT*
Lo — b & L — 7 T 394K—15 min D Feff THE L 723 TR
(LT, WETA) 2RBORBARBRKE Lz, Th
Z %34 (Nutrient Broth (Difco), NB) % 0.01% (0.1g/10)
%Mb,%%ﬁﬁﬁﬁni6%ﬁ¥ﬁwﬁmnonf%ﬁ
FET-

3-1-2 fEEM

Table 2 1= 3R 3 ML D SUS316L ¥ & UF304L BFHf &
koEHComelxu~ﬁ#mmﬁ;0ﬁ4k%yF
W%fuxumi?ﬁﬁbté@&&aﬁab,iﬁﬂ%
ICk BEREHOELARIT L, £/, BT Table 4 1C
ﬁéhé%ﬁ?@nGﬁﬁu;ofe—Fﬁyfv—b
AFF, U — g2 10mm Bl EOWEHEEE ER L 72,
ﬁﬂ&ﬁg1aﬁéhéxﬁcmwb,%%ﬁ%ﬁi@ﬁ
%Q%(%%@%)@%ﬁ%éﬁmbtoﬁﬁﬁﬂiﬁm
T2 Y — & #1000 fE BT & L, ik, BEREHIMRE
Ny FT L, BRSO & R E A THE L THER
ot L 7=,

3-1-3 REER

M%%&@Eﬁ7%znu&ﬁ%mmmﬁmb,ﬁﬁ%
AR L S REEA LA K OICHEL T, 293K
?ﬁﬁ@ﬁﬁ%ﬁbtcEﬁ%@ﬁﬂ@ﬁ%%ﬁ%ﬁ,ﬁ

73

Table 1. Chemical composition of groundwater (g/m?).

Mg® | CI SO | Na*
690 |12000] 3600 | 6540

Cr
<0.05

pH
7.2

K | Ca” | Mn | Fe
55 | 3600 |<37.5|<0.03

Table 2. Chemical composition of coupons for exposure
test (mass%o).

C | Si|Mn| P S
0.006 | 0.46 | 1.17 0.032 | 0.002
0.007|0.580.79 0.030 | 0.003

Cr
18.55
17.49

Ni
10.34
12.32

Mo

SUS304L
SUS316L

2.15

Weld
Metal

80mm

Fig. 1. Sampling of coupons.
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a) Before exposure

s

{c) Exposure in sterile groundwater. ...

Fig. 2. SEM images of base metal surface after the 40 d exposure test (no-addition of Nutrient).

(a) Before exposure

Sum

KEFEGEHOHE, MAEMOHET MW TFAD) T8
WHBORETIIIEROREIZE S, MEMOLEED
FUZOBEMRESEREIIWELRIFTLEL A
5. —RIZE < OREIE T OFKIEE T O FEI 1
THLINTED, ZhoDELIERBEE- 4 L 20
ERET 708 -D—DLEINTNBED, Uit ChH
Bt TARHIZ MR AR GFET B L E4 60, 20

Pitting corrosion

74

Fig. 3. SEM images of base metal surface after the 40 d exposure test (addition of 0.01% NB).
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(a) Exposure in groundwater.

(b) Exposure in sterile groundwater.

Fig. 4. SEM images of weld metal surface after the 40 d exposure test (addition of 0.01% NB).
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Fig. 5. EDX analysis of residual and selective corroded
area for skeletal corrosion area of SUS316L weld
metal after 40 d exposure test.
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(a) Exposure in groundwater.
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(b) Exposure in sterile groundwater.

Fig. 6. SEM images of HAZ surface after the 40 d exposure test (addition of 0.01% NB).
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Polished on 0.25um diamond paste

40days exposure

Polished on #1000 emery paper

Fig. 7. Comparison of corrosion behavior in SEM images under the influence of finish polishing for SUS316L base metal sur-

faces.
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Fig. 8. Variation of pH and corrosion potential in sterilized
and non-sterilized ground water on SUS316L base
metal as a function of exposure-time.
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