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Microbially Influenced Corrosion and Biodeterioration of Structural Metals

Yasushi KikucHI and K. R. SREEKUMARI

Synopsis

: The literature on Microbiologically Influenced Corrosion (MIC) for the past 20-25 years was reviewed by standpoint on the microbiological

processes happening on the material surface resulting in corrosion. The literatures showed early studies largely used electrochemical tech-

niques to determine the corrosion due to microbes. However, the works in the recent past realized the importance of biological processes,

which include bacterial adhesion and interaction of their metabolic end products with the materials leading to material degradation. Regard-

ing the materials that were studied for the incidence of MIC, metals attracted the major attention during the early period, which over a period

of time spilled over to other materials such as concrete, composites, plastic, art materials ec. This review mentions the need for an interdisci-

plinary approach between the material scientists and microbiologists to realistically study MIC on industrially important materials.

Key words: MIC (microbiologically influenced corrosion); biofilms; corrosion; antibacterial metals.

1. ZU®IC

'ﬁ':’i‘t%ﬁbﬁ"fﬁ*éf’ﬁ}ﬁ’@ TR EOMERNHEL 72

D, AEE, B OO LI G KE AMEERZTB I L
mﬁmm_imbhfméoL#L,%Eﬁﬂ-%w%é

B, Iy o) — MEE B L UHEAMEHE & DRI T
EWAEMZ K> TRE LG EZT 256055 &0 98
W EFZ AN EEF A m 0, LaL, EMBIIZBET 5
FEE 2 s v RO AR TEEBMBFDO B &4
U
hTEEH LA IELE S 2T
FAIED 7281234 44 F REAlD) A REICHEH I T
WARZET, ZNIZEARBSRICKERWEA5 25 ThA
o WA Y o - U THAET SRS S Z
&/J\"‘“’*O)m‘ﬁc‘:t;o’(m%o
EZATREIZH D "TREROWBEMEE" ZVDED S
MEMNFELTELONTZDTHAIN? ZDIT & &t
2R L 72 NS EEAD I H. Garrett (18915:) & &R T
W5, F100FRTDOZ L ThH B, Garrett iFHERILAYEE
ARICK > THOBAMEEI NS Z L AL TERILS
MO IH OB IZH D EE LT, TDHR H
Gaines (K, 1910%) IZIEHIZLHOMMHEIFHETH I &
L, mtﬁmm-ﬂﬁwﬁﬁ‘ﬁMmMGtmﬁmm
ME2BHG- L2 Z &AW S 2 L7, D. Ellis & E. C. Hard-
er (K, owi)iﬁ%m_;éﬁﬁéwﬁ@@$&~
WTHE Lz, 2L T, 19344 F ~ 4 D von Wolzogen

L7zt oy v a vAREINSE, BLrEE->Tnd,
&@HO@“WTW%W"

Kuhr & van der Viugt 23 iR JCIH (SRB) 2 5L HIE
BRICOEBETEREZREL TR ENWIFH (V-8
i) #RE LT, @REOWMEDEEOWFIZ— Kl %
bz, ThnZ2 e 5o T AWERIL L, SRBIZIEH L
TMESBFERAE LD D LA DR RE S LW, Ly

BERBEIZIESRB2Z T AER L T d b Tida,
SRBISHESMER T, LR D K 5 BEERO D LR IFE LT
Lo N, FHNIFKANBIE FTERRD LN LD T, 175X
HEOG S +aHE A nidhdas kv, EDOKS 5k
TERELHO SN TR WKFIRE M5 L, TOX
[l TE/ A A 7 4 )L 4 (biofilm) &I B IREATEH & 1
b5, ZOMEZ ZAEF > TE2MEMO LB &N
44T 4L L ORI TEE B 5\ L A1 2 RS
ERESE, MEXEROGAIEEREE LS, ZO8]
A WAEMIE R (biocorrosion) 721X AEYLAKE R (mi-
crobially influenced corrosion, MIC &#&3) EIEHIR TV 5,
KIBEHRTOIFETH 25 IIHAMIITELR L 7L LT
Hkbh 5,

UL, SHkoohsdsZ eid, MEM»BEGTNE
DIFATH 5. MF, W&, L7 s & e ERO
KEEDV VI LEEETHA S, WL 15~20FM% A S
ERFEAERIL L T B D25 A4, D. H. Pope 221 fit#
«@M AR D —D & L ORL T B O R Al A Hl o &

, UERIORIE 7 1 & ZDOF%E & % < O F RO B & B
?5:@?—v?®%%f%é%

AR TR 204D MIC ORI DN TTE 572

WK 1484 H 24 T2

K 1447 H 18 HAZHE (Received on Apr. 24, 2002; Accepted on July 18, 2002)

% KB KNEPEAFE 22T (Joining and Welding Research Institute, Osaka University, 11-1 Mihogaoka Ibaraki 567-0047)

34



WRERMONEH P b BB ERAB Z e & L7z,
2. MIC DRRFERIRK

MICI13 % < DRGERMBICHRAEL TW5, KIEM, 27
VVA, =y LA E HASBXOT LI =D LA
EThb, FLEELDIZNLDRBEFTELL AN
ZETHBY, Fig. VPR TOREFEZRT, 304 2
7L ZAMBOMKT RN TH B, THRNBEREL TR E
GBIEBILAFEL TS, (a, b, KH) KAKRO KK~
ANFEEIZONDBETDAT VL AME ZDHEHEIT
DHEFANZ S MEENTVBZLIZHEHTRETH B, &
NEDEGNIXD LS A TESTFTCHE IR T DY,
bt - T3 LX-T%, SL7 - |TE SBMTE, A
W WEREM T H B, KR TIEFIZF CRA T S HE
MRHBEE L5, D Walsh®DFHlIZ & 5 & 142 MIC
TN BEELHIZI0~50E N ILIZEB L0,

3. BERHIE

Hil3k U 72 Wolzogen Kuhr (2 & - T 1934 4F12$2 %K X 7=k
JBRE T TOSRBAE G- L 72 BN “ 5 v — P8
7 A “Classic theory” & LTLIRLIFF5IHE AT,
ZHIISRBAMEDNA Furd —¥EERICK Bf2mTO
AFHBEIZLDBBOBAEMEREENEZLTEEDTH
%7, —7J, SRBFE P CHAK S N B b —8k» 8 % 18
BIEDZILEHDY, WMHEVPEELTWEEEZLNT
W3, ZOMCEk-mbgkER, MBERIAER, FORK
RER LMD ) Mt SkARI L TR S E5
BDETHEDEH 5, MO EYNERETTaO
——ROWHEEES Z LS, EMERE L > TEREDER
127 %, B2ERK, EPS (Extracellular Polysaccharides) {2 & %
EEA A O, BRREZEL EIITRESEOMAEY
5L TW3EY, EBERMTHEIM»THRY v b §5/54
43I 37 ¥—1 3V (Biomineralisation) &FFEN 5 Bi5
RIERBEMICHEL5A+ERE—~V T bEXEE, Th
EMOMBEIZEDEELLN TSB!, v H Vgt
HEYIDORIRBE LR EZR L T3 19, AEMOIER
TN~V H VB H Y — FRBOER%2 T3 &#
HINTWE, ZOZLEZT VL AFD R RBRAN
WEEBZ L, WEMOERIZ & > THILMBRER Eh b
ZLRIERRASDERARESESL L, EFPHOE & T
YA DB ENE 2 R ELFRINEEHTH
519, MICIZ &IZ 9 biomineralization D & 12 DWW Tik B.
Little DIAWEIFHOME 1 d 5 19, V. Biezma' Iz & - TH
Wdh BMERVREN TS, BREKASHEmIZEL
A E > THEEINZKENIMBORIIEREIN
(SCO) DFERHE %55 ELTE5EDTH B, MAEMAMNMIC &

35

EBIR O REPIREER & - $i1L

SCCLOMBIZBET5LT2RET, HARBRE FTOM
BOHNEZZDBRICH L BETRER T2 —DH A 7=
ZLAEEKT S,

SRB & gLRMEIDIE R - HLITH THE S 4 THETIEHE
FARIZIERZEBEE ES>T05, EIRNTEREOAEL O
KOPOHMENRHTE TS, FRILIZHT ZRKED/ 1 T
T4 ELTHWSERT WS MR D SRBIZ X
B RIZSDWTSRB & &R A -V THER L Tn
%9, BRALFHFEICLI2MEER, HOASRBOH
BIZKDAERLAH,SRFeSAT /= F, &Y — Filjsii
IO MR 5 2 & rhadh & I8 B WE & 2 s
LTWEWIZEEEDNL, hY— FEBERRIZFTESD
NBENXETEWILERL TS, REMDOSRBIZL S
BEDBHIZONTER S ZRHKMICHN, ERah
FeS A2 —ILi#anHy — &k, oHsn7 /7 —F
B EMEAERLEROFERE LS Z L @mL TH
3108 257 v L 2 giid ATk & JAM KD & T
THERBCBWTEEHEREORZMESENT L ARMELE
KoTWb, A7 VL AHMOEREBKRESE T TRET S
MIC & % 6 N5 EHITIZZDERER (Ecorr) BELT
BZENHIGNATWS, ZD&) KB NNESZT VL A
FALFF OB A PRA BN A A 5 LIS RORE L &
DEEHBENERET S LHHEIN TS, Lzh->THE
B LB T 2P 20120, IR 5 222 Show?
CENEZDES BELA S Y — FOomEB#EL TWB &
LT3, JUH 5 393 & OB % Baf UHSEEHE
1220\, Dexter?? d MAEMOBELEEFHL TS, vV
H YA X > TERINB RS 1L B ETHH5LY
EdHbH, KREODRERMEIIEE & =L T T H,0,
AERINEIZES T 5L LT3, Table PR D
FWHHRTHE SR EF L0, Sk THRD
JAWHES T +0.3~04V vs. SCEFREDEILBED 5N B,
—J, FLWKREEDRAKBEHE T TEEB I T\ 33,
Fig. 212 HARMW KR I K O AT#APIZE T 2 AEMNH
ERERO 1B Z2RT30, ALHEBAKRTIXIZTETH B H
HARWBARBCIEEAALN, MLk ->TEERDH S,
TANE=THN=L72EDIRELNAL LN,

BILEHZED A H =X L2 D0 TE R U & S Ic@sn
& BB MEHOBRENONTIEHBTLEMBHIN TV
Vo, UL, EBEMEOIEEIZE > THAEMEZIER S
EEAENRTHEZLIZBREALTWEEEDbLI S, WA
WEOWM RS EOLAEEN LT N S, MEMOTEME
(b - BRXME) , & & RERIE, BEDOREKILZ Ot
LW a7 7u—F L EELEHFTH D SHOEMIE X
ns,

621 I



BN 622  §% & 8@ Tetsu-to-Hagané Vol 88 (2002) No. 10

Base metal 2h

Weld metal 2h

Wide interior damage

Fig. 1. (A) Corroded component showing pitting and
crevice corrosion in an MIC failure case. (B) En-
larged view showing pits (unpublished data from
JWRI, Osaka University).

Pseudomonas sp.

‘ Fig. 6. Initial bacterial adhesion on or near grain bound-
aries: A possible reason for more bacterial attach-
ment and MIC on welds.®?

Pseudomonas sp

Silver contained SS

Bacillus sp.

Cu contained SS

A

Fig. 7. Difference in area of bacterial adhesion on 304 SS, silver contained and copper contained stainless steels: A. Laboratory
exposure study using Pseudomonas sp. and Bacillus sp.”” B. Exposure to a natural freshwater environment (unpublished
data from JWRI, Osaka University).
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Table 1. Corrosion potential ennoblement in natural sea-

water.
Stainless steel Corrosion potential Site
[V vs. SCE]

Type 316L +0.195 US.A.
254 SMO +0.3 Norway
26Cr-23Ni-4Mo +0.4 Japan
904L +0.2 Canada
21Cr-3Mo +0.35 Italy

0.3
T 30C  29Cr-4Mo-2Ni/Natural seawater 316L/
8 0.2F Natural seawater
%
>
> 01}
=
§ Of
5]
[=9
§ -0.1f
s} i
L S
0‘6 -0.2r 2 316L/Synthetic seawater
316L(covered with filter)/Natural seawater
_0.3 L L A
0 50 100 150
Time [h]
Fig. 2. Corrosion potential of stainless steels as a function

of time in natural and synthetic seawater.>?
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Table 2. Action of different groups of microorganisms implicated in MIC.

(Thiobacillus ferroxidans)

Group of microorganisms Oxygen Mechanism of MIC
(Example) requirement
Iron bacteria (IB) Aerobic Oxidize Fe™ to Fe**
(Gallionella) Promote tuberculation
Iron oxidizing bacteria (IOB) Aerobic Oxidize Fe” to Fe* in

H2304 and HCI
environments

(Sphaerotilus , Leptothrix)

Manganese oxidizing bacteria (MOB) | Aerobic

Concentrate and
oxidize manganese

(Thiobacillus thioxidans)

Sulphur oxidizing bacteria (SOB) | Aerobic

Oxidize S and sulfides to
form H,SO4

(Cladosporium)

Sulphate reducing bacteria (SRB) Anaerobic Utilizqe H, in reducing SO~
(Desulfovibrio desulfuricans) to S, H,S; Promotes FeS film
formation
Methane producing bacteria (MPB) | Anaerobic Consume acetic acid and /or H; to
form methane
Acid producing bacteria(APB) Aerobic/ Produce aggressive acid
Anaerobic metabolites
Slime forming bacteria Aerobic Creates oxygen concentration cells
(Pseudomonas, Escherichia coli,
Flavobacterium, Aerobacter, Bacillus)
Acid producing fungi Aerobic Produce organic acids; Creates

anaerobic sites for SRB

623 I



B 624

$% & 38 Tetsu-to-Hagané Vol. 88 (2002) No. 10

HhWD, RO T ) T7THEETHEE T TRER%
RESERUHEENRDHD, T4 AL FTIEHZDOZ EDBTH
NTNWBEELTEN, TNREDNNT T TIZERIENTT
BHMEEIZONT, ZOTEHEITHE L T <, Table21/3%
FYTOEEEBEANDFLIZONTE LD,

5. BB

SBRMBOMICOEFEZNEDEATEEDTEL
DTHESF»LWMEIN TS, BIROMICEST S %
HKEE Y 2T 4, HTHERE, SIRIESORMEYEAL
B ORBEM, & v Ak, thThd s, KETOFE
Wz, I L 72 3E DN NACE International*k & O
EPRI (Electric Power Research Institute)*? D5 & L TH T
Wi, BEEEZL, gEbofiar sy -, HAME
TORERENTHED, MICEHID THRT 57-HDEE
LT <hT05, HHIFEN EIZEE L XU THE L 728
HE LW, 1FHEOEIZL 230, HROE LR LT
BECHB L 2R Y%0 5 5,

FERKERCEHETIEZDORTONL AT 4 L4
DIEBIZBE L 728 DB, N4 F 7 4 LLADOFHY, B
[ALFET), Zho BEENRIZTTHED X /=X L%
LHANENTNEYD, F2 b dhMlizsy L2
filoOREnE L H B,

HOMBES L <Bfb T %, SRBIZZTDOHRTE L,
REM, BLU2AT YL A& OBEDR & T 54950,
fiZ X108 (SXERILMIE) Y, NRB (REERIEEITH) 2
Hb, NEIZXEMBDEEEFLMES & 50,

ERNIZB T 2BHIMES Z BoTETW S, SHEIT
HABEME UTKRICBEH IR TS, THEicig
NTHED, ZORESFHFICLS>TEREOREEIZKRE kZE
BdHBHIENMEIN TS, TR, BlLsidLEhOHE
BWAMC K 58BEDORBELENRIZONTELD T
% 0293, NiZkASREA R T O B MET & gt o
BAE R RI S IZ K> TR 5T 5, TGP E
WORAGEZOEE (30480)%, 316 27V L AR
TOSRBIZK 5 AL EHBRN~ 4L F LB T TO
AF VUMD b T TNISHERTEHELRDH 5, D
SUTI T B MIC & U FAKREREL S, WK SO0 KB E W
DEEPREEN TS,

LEOBFIOPICZBEELRTO NI TLEEENTE
D, MICHEBEF TRELPLT NI EEEHIN TV,
ISA TOBEEBTIREIBIEET, HTEROERSE
KEh, 22EbIrThraNeirs, 2OXH %k,
RO RAMICRELREES B I L ERABIZK-T
SN2 ERTWBES,

38

6. MHFGE

HEELDIL— T TREL-BHDLLI1T HEIZk-
THEEMRHRER 2R CHRIE A2 20, WREREhik,
AR L 72 BREI I~ 4 L F THBOBREORE & EEL
T=DEM, ZOBEREFIIMEDEE LML Tl T
THh? NI EDTH7, BEMEE MIC) L5 H
FHBIAL BB E TS WEIR TIEREE» b OILREIC
EMICK RORIRIE A<, BYEEICS 2D &5 il
FilzmoZ 28EEER SR, #RICEIRTH I TR
RELZEVNIZETHAI, EBLLICHIERD L0
5T Lithb, EFHEERPOLFABREL TCnE L,
BERICEAIREEN, 78—y b, Rl
BERMEEZ WS Zhic&dh, MiBEEEs LTHmILO
STeehd, Lrl, hRENZHRTIIRS, BER 2
ZHBHIENS, Ky ARBL T, ROBH» 64 Ul
Nf CHBUORABRE L2V r =28 HIZ LT
%,

MIC DEEEAS AT EE > T2 S FEED—D
NELNGEOD, BHLAMCTHE0E ) »HET S
ERELEL N TN EREREMETH S, L
BoTHRIFE, 62 PRS2 HES HATEN,

UL, BB L 728 < ORI, B X UEFIER» 6
B EEHEHTEZENTES,

(1) PRIha»r-7BEEE, (2) BEEETT
DBMOEN, (3) BEROMEMOHETE, (4) MBEE
HANDNA X T 4 ARSIV ZRONNE, (5) BRALD
WK A ATNIE LS WEICHE R > 720b @ 514 v 7 DIF
W, (6) ¥A—=2FFA4 FRAF VL A (304, 316 )
BHESBTRELEZBROE TR o@MRE L2 L
PUEESLIELIEASNS, BETHS, ATV
WROBEH% Fig. 31T T,

Fig. 3. Preferential MIC attack on austenitic stainless steel
weld metal showing skeleton (by Prof. Itomura,
Ryukyu University).
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Fig. 4. Biofilm and microbiologically influenced corrosion pits on SUS 304: Laboratory simulation studies on an MIC failure case

(unpublished data from JWRI, Osaka University).
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| Condition-A (Reciprocal)
Methylobacterium sp.
I As weld specimen
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Fig. 5. Comparison of adhesion area of bacteria on each
portion of specimen (as weld) in condition-A as a
function of time.>?
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Table 3. Microorganisms and the metals affected.

Serial Microorganism/ Group of Metals affected
No. Microorganisms

1. Sulfate Reducing Bacteria (SRB) Stainless steel; Mild steel; Cast iron;
(Desulfovibrio sp.; Desulfatomaculum sp.; Incoloy 800; Cu-Ni alloys
Desulfomonas sp. etc)

2, Iron Oxidising Bacteria (IOB) . Qat .
(Thiobacillus ferroxidans; Sphaerotylus sp.; S::Ibon steel; Stainless steel; 3CR12
Gallionella sp. etc.)

. . . Stainless steel; Al Admiral

3. S!u'ne Forming Bacteria (Pseudomonas sp. Brass; Other copper alloys vy
Siderocapsa etc.)

4. Organic Acid Producers Carbon steel; Incoloy 800

S, Nitrate Reducing Bacteria Copper and its alloys

6. Staphylococcus sp. Copper and its alloys

7. Cladosporium (Hormoconis) resinae Alumi 2024 Al alloy

s. Candida sp. 2024 Aluminum alloy
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Table 4. Interaction of microbes and metals.

Extraction of metals from low-grade ores.
BIOLEACHING
Cu, U etc.
| Production of minerals by living organisms.
BIOMINERALISATION
Corals, Pearls, Marine resources like manganese |
nodules etc. |
Ability of microbes to adhere or retain metals on
BIOSORPTION their surfaces.
| Recycling of metals, environmental cleaning etc.
| Application of metabolic reactions of microbes in
BIOMACHINING i “strainless” micromachining.
Iron, Stainless steel, Copper etc.
Corrosion/ deterioration of materials due to the
BIOCORROSION influence of living organisms.
(BIODETERIORATION)
MIC (Microbiologically Influenced Corrosion)
ANTIBACTERIAL Application of ions of Silver, Copper, Zinc or
METALS Mercury etc. to prevent bacterial adhesion.
Materials used as body implants.
BIOMATERIALS Stainless steel (Ni free, Non- allergic), Co-Cr
alloy, Ti alloy, Au-Ag alloy, Ag-Su alloy
(Amalgam for dental implants) etc. ‘
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