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Microbiologically influenced corrosion and mechanisms
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Abstract: In different environments, different microorganisms can attach on materials and cause
materials corrosion, which is termed as microbiologically influenced corrosion or biocorrosion.
According to their types and functions, microorganisms involved in corrosion are divided into
sulfate-reducing bacteria, sulfur-oxidizing bacteria, acid-producing bacteria, iron-oxidizing bacteria,
iron-reducing bacteria, nitrate-reducing bacteria and slime-forming bacteria. Corrosive
microorganisms can affect almost all existing materials, so as to change and destroy the structures
and performances of the materials. Microbiologically influenced corrosion can cause huge security
risks and property damage on the construction, transportation pipelines, industrial environment (e. g.
petrochemical) and marine environment. Here, we summarize corrosive microorganisms and their
properties, as well as the corrosion mechanisms, to provide a theoretical basis to protect and control
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Table 1 Microorganisms associated with metal corrosion!

Type Trait Effect References
Sulfate-reducing bacteria Anaerobic Use H; to reduce SO,> to $*°; Cathodic  depolarization by [9-11]
Desulfovibrio producing of H>S and FeS hydrogen uptake; anodic
Desulfobacterium depolarization by corrosive iron
Desulfotomaculum sulfides; direct iron uptake
Sulfur-oxidizing bacteria Aerobic Oxidize S* and SO5” to Acids corrode metal [12]
Thiobacillus H,SO,4
Sulfurospirillum
Nitrate-reducing bacteria Anaerobic Reduce NO; to NH4+; Dissolve metal [13]
Klebsiellamobilis Oxidize Fe’* to Fe’*

Iron-oxidizing/reducing Aerobic Oxidize Fe*' to Fe*" Oxidation/Reduction of iron and [14-15]
bacteria and anaerobic ~ Reduce Fe’' to Fe?" manganese (oxides)
Acidithiobacillus manganese or iron oxide/
ferrooxidans reduction
Leptothrix
Crenothrix
Sphaerotilus
Acid-producing bacteria and  Aerobic Production acids, e.g., nitric Dissolve iron, chelate copper, [16-17]
fungi and anaerobic  acid, sulfuric acid, and organic zinc and iron
Thiobacillus acids
Acetobacter
Slime-forming bacteria Aerobic Production of extracellular Exopolymers capable of binding [18]
Clostridium and anaerobic ~ polymeric substances (biofilm) metal ions
Flavobacterium
Bacillus
Pseudomonas
. \[18]
(Desulfovibrio)
(Desulfotomaculum) SRB
SRB SRB
0, 0, ] SRB H,S
Sungur 5:22]
SRB 10* cells/mL
SRB SRB
( )
( ) Yuan SRB
Smith P SRB 304
SRB SRB SRB 304
500 pmol/L 48 h SRB
88% Zhang *! SRB
Fe 469 mg/L Cu 88 mg/L Cd 92 mg/L Liu 24 SRB
Zn 128mg/L SRB Al-Zn-In-Sn
SRB
99.9% SO,
88% 2205
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Figure 1 Microbial corrosion mechanism summary™!
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Note: (1) Anaerobic methanogens and sulphate reducing microorganisms uptake electrons directly from the metal surface, producing Fe’;
(2) Anaerobic iron oxidising microorganisms use nitrate as an electron acceptor oxidise Fe’"; (3) Anaerobic heterotrophic
microorganisms utilize insoluble Fe oxides to produce Fe**; (4) Anaerobic sulphate reducing microorganisms use sulphates as terminal
electron acceptors to produce OH , PHs, H»S, FeS that can increase the corrosion rate. The connecting lines indicate nanowires; (5)
Heterotrophic microorganisms produce organic acids and enzymes that erode iron and steel. They also consume nutrients produced by
other microorganisms; (6) Sulfur-oxidising microorganisms produce sulphuric acid; (7) Neutrophilic iron oxidising bacteria produce Fe
oxide forming differential aeration cells and the galvanic cells; (8) Diatoms and cyanobacteria produce oxygen atthe surface of soil,
creating differential aeration cells. Some plant roots release oxygen in soil; (9) Other microorganisms; (10) Hydrogen peroxide produced
by aerobic microorganisms erode steel.
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Figure 2 The mechanism of FeS corrosion
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Note: Ferrous sulphide produced by SRB act as cathode in
galvanic cells and accelerate metal corrosion. It also can transfer
electron from metal to bacteria by forming H, with H,O.
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Figure 3  G. sulfurreducens electron transfer mechanism'*!
( ) NADH MacA
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( ). .
Note: (from film to metal anode) The electrons produced by oxidation of organics are first transferred from the NADH dehydrogenase to
the quinone pool and then transferred from the quinone pool to the MacA protein, which releases the electrons into the perinuclear space.
Periplasmic pigment protein PpcA in the outer membrane diffuses electron to OmcB, OmcZ. Electrons are ultimately delivered to

extracellular receptors (such as metal anodes) via OmcS, OmcZ or fimbriae. The corresponding potential differences are shown at right.
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