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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 ezc. 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.
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Base metal 2h

S opening

W eld metal 2h

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larged view showing pits (unpublished data from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).

domonas sp.
. Fig. 6. Initial bacterial adhesion on or near grain bound-
aries: A possible reason for more bacterial attach-

ment and MIC on welds.??

Silver contained SS

50 Silver coated 50

Cu contained SS Silver alloyed

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 B. Exposure to a natural freshwater environment (unpublished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
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30C 29Cr-4Mo-2Ni/Natural seawater 316L/
Natural seawater

I
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e
-

Corrosion potential [V vs.SCE]
=)

\
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316L(covered with filter)/Natural seawater

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

H,S04 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 HzSO4

(Cladosporium)

Sulphate reducing bacteria (SRB) Anaerobic Utilize 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



I 624

$k&$@ Tetsu-to-Hagané Vol. 88 (2002) No. 10

VK, EEONT T THIFEETIRHTTIIERY
REXELHUEESSHD, 74 =L FTRZEDOI EHTD
NTWBEELTEN, ThEDNs T Y 73 BEGIRRTHT
RHEINIONT, ZTOREEIIHE L TWw <. Table2iZ/¥V2
F) 7OEELBENDFSIZOWTE LD,

5. BHIEN

SRBRMBOMICOHEBIZZNEDEABEZD TEL
DTN BH» LME XN TS, BIROMICBLZ S H
HAKBIE S 27 &, M FHERE, SRRSO ZEIARL
MR OMEM, 2 v iR, i Th . KEITOFE
Bl A%, B L 7~ & D NACE International*V¥s & O
EPRI (Electric Power Research Institute)®”D# & UL THT
W3, BEL %L, &Mooy 2y -+, HAEME
TOFERENTHED, MICAHID THHERT 57-00DFL
LTFSh T3, EFEHEHREL XL THEL 28
HEEW, 1HEOFEIZXS3D®, HEORMM/EL L
BETHBELZERYERH 5,

F-EHRKEROCENETIZZOHRTONA AT 4 L4
OFRICEEL -8 DORB 0, N4 X T 4 L0, &
SALERZES), Zho NERNRKITTHEOA =X 0%
BHENOLNTNBYY, F 2P Eh=MHExT /L2
OREBEEDHBY,

HoMEEE Z << HkbN TS, SRBIZZDHTE EU,
REW, BXOZAT /L ZA§E OB AR X T B 4850
123 10B (ZEEE{LAHEE) Y, NRB (WYEERIERICEH) 8
b5, HEICEXEMBOBRAERNRE S 5590,

ERIZB T 2BHMED L B->TETW S, SFHER
HABEME LT RRICHER A TS, HBEHRICHEER X
NTOBEH, ZOBRBEEFIZI-TEROEEICKE 52
RHBZENMEINR TS, Fi, BUS T LEPOHE
MMEMC L 3$B8BOBRLEARIIOVTE LD TV
3 6263 Ni #ASRESMHE TOBHIHRE & WBEHD
B5BNRHEO IZ& > TSR T3 %, TIHYRAKALEE S
BOFMEROEEE (30480)3, 316 2 7 » L AHEHER
TOSRBIZKBBRD G LB~ AL FARRETTO
2F VU AMD LTINS BREBTALELRD S, HE
12513 5 MIC & H FAKBREES, #AKp OD KA EY
DEENREEN TS,

FEOEFOPIZEBEEFTOLN I TLEEENTE
D, MICHEEFTRELR TV I L EHEI TS,
IS4 TOBERBETIRBE1RBIEET, BTEHOEXNE
KEh, ZZ@3bTFrThrrsnmiensd. ZOXS %,
RO RAMICHRAELBEEDH S I L EREBELIZEST
S 2IZEh T 5B97,

38

6. BRHAE

FEELDIN—TTREL-EHDOLLIE “BRIZK-
THEEMR R BB A B cHRIE %2, RSN hiz,
HELREIEN AL F THROZBEEDREEREL
7DEH, ZORBEBEGIZMEWER LML TLNT
TH?T EVNIEDTH-72, MEWER MIC) L5 EH
FHAL BRI N TOERWERTIIREE L S DIEREIC
RMICHEOREIT <, BEHICL ZO LS sil#z
HrsudI#FdsERsh, R TE S TR
RAELEEVWDHZLETHES, EHLICHIIHI DLW
3Z8iZkD, RELFREBER2SRASREL TS L,
BHERIEA I -8h, 7y —-F v b, T[flEvo7k
BWERMZEE WS ZEic&h, filBEEs LTYEmIEILO
SZrehb, LaL, WANLEMETIEL, RRE
ZHBbIIE»S, By ARBL T, RDOBF» 5D LHE
n-Jr CHUMRNMARE L 203 r—Z2 8 BIZL T
5,

MIC DEBMB+HT EE > TN & RRD—D
MELhgnd, BREAMICTHE2EI»HETSH
BRI I TOENWI ENEALBETSH S, L
BoTREFE, T6ICETHE 2 HES HH TRy,

LaL, B L72% < O R@X, b JUBRFRENR» 5
HBEUABBEEHTHILNTES,

(1) PHEZhE»>EIBREE, (2) BRERRETT
DEBEMNOE, (3) BROMEMOEIE, (4) MHEE
HANDINA & T 4 L LRIV ZIONMNE, (5) BRILD
WA A3 A SR K PIEBICHEAS » 72 vb W 5 4 V2 DIF
K, (6) A—Z2FF4 FRAF VL 2 (304, 316 %)
BEEBTRELZBROE Cd ol ERE L2
PUEgELALIBELEBARAORS, BETHE, AT VE
ROBERHE% Fig. 3157 T,

Fig. 3. Preferential MIC attack on austenitic stainless steel
weld metal showing skeleton (by Prof. Itomura,

Ryukyu University).



SRERIROBEMBEE & - ik

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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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 stee); Mild steel; Cast iron;
(Desulfovibrio sp.; Desulfatomaculum sp.; Incoloy 800; Cu-Ni alloys
Desulfomonas sp. etc)

2. Iron Oxidising Bacteria (I0B) . Qéad "
(Thiobacillus ferroxidans; Sphaerotylus sp.; SC‘::lbo n steel; Stainless steel; 3CR12
Gallionella sp. etc.)

Stainless steel; Aluminum; Admiralty

3. Slime Forming Bacteria (Pseudomonas sp. .

Siderocapsa etc.) Brass; Other copper alloys

4. Organic Acid Producers Carbon steel; Incoloy 800

Ss. Nitrate Reducing Bacteria Copper and its alloys

6. Staphylococcus sp. Copper and its alloys

7. Cladosporium (Hor Aluminum; 2024 Aluminum 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 “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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