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Abstract

In the field of environmental resource engineering (resources processing), bioleaching, where microorganisms
contribute to the dissolution of minerals, has long been studied and is a well-known microbial reaction. A similar phe-
nomenon to this is microbiologically influenced corrosion (MIC), where microorganisms are involved in the corrosion
reaction of metal materials. MIC has been rapidly advancing in research in recent years, with new reaction models be-
ing proposed. While both bioleaching and MIC involve microbial metabolism acting on insoluble inorganic substances,
their mechanisms appear to differ. In this paper, we introduce the latest MIC research, discuss the similarities and differ-
ences between bioleaching and MIC reactions, and provide insights into the prospects for applying these reactions.
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Fig. 1 Analogy between infectious disease and microbiolog-

ically influenced corrosion.
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Fig. 2 Corrosion cost: total cost in all industrial field (A)
and Hoar/Uhlig ratio.
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Fig.3 Reaction models of abiotic corrosion, CMIC, and
EMIC.
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A: Outward EET

PG

IM NDHQ,L Q
NADH
N

AD*

Intracellular

B: Inward EET

1120, + 2H*
H,0

NADH
Intracellular

Fig. 4 Proposal models of extracellular electron transfer pathways: outward electron flow (A) and inward electron flow (B):
OM, outer membrane; PG, peptideglycan layer; IM, inner membrane; NDH, NADH dehydrogenase; Q, quinone; QH,,

quinol; CymaA, periplasumic cytochrome ¢; MtrABC, multiheme proteins; Sub

oi» 0Xidized substance; Sub,, reduced

substance; Cyc2, outer membrane embedded cytochrome; Rus, rustecyanine; Cycl, periplasmic cytochrome ¢; Cox,
cytochrome ¢ oxidase; CycAl, periplasmic cytochrome c; and bel, cytochrome be, complex.
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Table 1 List of metal-corroding microorganisms

Microorganisms Corrosion type

Comments

Sulfate reducing bacteria
Desulfopila corrodens 1S4
Desulfovibrio ferrophilus 1S5
Desulfovibrio vulgaris

EMIC
EMIC

CMIC and EMIC  Typical species causing CMIC. It can acquire EET ability by forming

FeS nano-particle.

Methane producing archaea

Methanobacterium sp. IM1 EMIC
Methanobacterium sp. TO1 EMIC?
Methanococcus maripaludis EMIC Iron-corroding ability was observed only strain KA1, Miclcl0, and
OS7. A type strain and other isolates do not possess corrosion ability.
Acetogen
Sporomusa sphaeroides Unknown
Nitrate-reducing bacteria
Prolixibacter denitrificans CMIC
Geobacter sulfurreducens CMIC? Corrosion ability is unknown, but EET is available.
Shewanella oneidensis CMIC? Corrosion ability is unknown, but EET is available.
Sulfur-oxidizing bacteira
Sulfurimonas sp. CVO CMIC It has nitrate-reducing activity.
Fe(Il)-oxidizing bacterium
Mariprofundus ferrooxydans unknown
lodide-oxidizing bacteria
lodidimonas sp. CMIC
Roseomonas sp. CMIC
Electrochemically active bacteria
Candidatus Electrophaga sp. EMIC? Corrosion ability of an isolate has not been verified, but accumulation

on corroded stainless steel has been observed.
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B2 2 VAERBEE SRB OMF Itk WTC 250 kic
I E T B, Bl 7R RGHERE O 72 Tl
AN oY
243 HEEMHENERETHE
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(Fig. 6A), EBIC, GBENTFAEL VB CAR %
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244 SKEREFERERE

PR VEREEBE R & LT, Acetobacterium sp. strain

A B
(A) ®
1/20, + 2H*
Fe* 5:73 NO,- \0%
Fe2+
Fe2* NO,~ NH,
Fel my | | Fel mmmmp 2 e~ |
(C)
S0,%, 8,0,
HS~ § NO3~
&

Fez* Fes S° 0,~ NH;

G —

Fig. 5 Reaction models: iron-corrosive methanogen (CMPA)
(A) and co-operation of CMPA and SRB (B). H,ase:
extracellular hydrogenase, CA: carbonyl anhydrase.

20

Fig. 6 Versatile CMIC models: A, nitrate-reducing bacterium
(NRB); B, iodide-oxidizing bacterium (IOB); and C,
nitrate-reducing sulfur-oxidizing bacterium (NRSOB).
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RAFY) —F v 7D TIE, %< OfFFRB SN
HET % O TEEMEEER L 2028, MIC G & o Ll
DDLU TH L, SAF V) —F v 27, 7 3
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Bz k> CHEKERE LCEIE 15 %,
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Fig.7 Abiotic and microbial reactions in chemical leaching and bioleaching.
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Fig. 8 Novel recycling model of stainless steel using micro-
bial function.
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