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ABSTRACT

The study summarized the mechanism of Microbiologically Induced Corrosion, introduced the damage which MIC
bring to industry, production and life, focused on the mechanism of MIC caused by the two main strains of iron
bacteria and sulfate-reducing bacteria, and puts forward to the prevention and control of MIC of chemical, physical
and biological methods. And it analyzed the principles and the merits and demerits of various control methods,
according to the specific situation to choose suitable control method, or joint control methods can be used.
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INTRODUCTION

The phenomenon of metal corrosion caused and peaimioy the life activities of microorganisms is knowas
Microbiologically Induced Corrosion which is referred to as the MIC. All facilities dawt with the water, soil or
wet air are likely to encounter MIC. The harm oé tilIC is hazardous, cooling water circulation sysit&f power
plant , heat exchanging system, oil explorationyagge pipe, water pipe, and reclaimed water pipes harying
degrees of microbial infection and microbial comos According to statistics, microbial corrosianthe metal and
building materials of corrosion damage accounted2fi® direct losses caused by microbial corrosion is &bou
300-500x16 dollars a year[1].So it is meaningful to reseasnhVIIC of metal.

MIC is not effect on the corrosion of the metalitself, but rather the result of microbial life sities indirectly
impact on metal corrosion electrochemical procédsen the metal surface exist of microbial membraheyalue,
the concentration of dissolved oxygen, kinds amiteatrations of organic and inorganic substancékeointerface
between the metal surface / microorganisms, aretlgréifferent from the bulk solution, in the reiact of the
biofilm changed the mechanism and the rate of stwnj2].Basically has the following four ways:

(1) Metabolic products, the corrosion of such as aalali , sulfide and other harmful ions.(2)The wityi of
microorganism directly affect the process of eledér reaction kinetics.(3)Due to microbial activity the interface
of metal electrolyte caused the change of the stasellted in the occurrence of corrosion, sucthaformation of
oxygen concentration cell.(4)Damage on the surfaicéhe metal and non-metallic coating and underntine
stability of the corrosion inhibitor.

2. The mechanism of MIC
Microbiologically induced corrosion (MIC) of thepga is in the case of the presence of microorganitimes life

activities in the pipeline and interact with the environment, resulted cooosif the pipeline. Microbial metabolic
processes occur simultaneously with electrochemimairosion[3], in order to promote each other with
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electrochemical corrosion, leading to corrosiorihef pipeline. Two kinds of microbial lead to thearosion in the

pipeline, which were respectively aerobic bactesiach as iron bacteria and anaerobic bacteria, aactulfate

reducing bacteria. Because of the special circumstof the pipe, the two types of bacteria arstexid be able to
breed, their metabolic activity interrelated andnooonly led to the happening of the microbial coiwos

2.1 The corrosion mechanism of iron bacteria

The mechanism of MIC of iron bacteria because arf Berobic bacteriairon bacteria so inseparable from the role
of oxygen. Iron bacteria having the ability to puod iron hydroxide sediments, iron bacteria hasctdygable of
oxidation of F&"to F€* ions and use energy to grow, eventually form Fe¢Qrecipitation[4].Studies suggest that
[5], iron bacteria mainly take part in the corrosioritia form of corrosion scaleand in a short time to produce a
large number of iron oxide deposition. The corrosiof iron bacteria occurs through the crevice csioo
mechanism([6)] iron-oxidizing bacteria of effect on the high contration of oxygen and the metal surface into the
small anode spot(under the dense iron hydroxide paoducts) and a wide range of cathode region[&].irAn
bacteria formed oxygen concentration cell on tmeirwall of the pipe, the reaction is [8]:

2Fe—>2F&*+4e (Anodic reaction
O,+2H,0+4e—»40H (Cathode reaction
2F*+40H —2Fe(OH) (Corrosion products

4Fe(OH) +0,+2H,0—4Fe(OH)}  (Corrosion products
The total equation is:
4Fe+3Q+6H,0—2Fe(OH})

Iron bacteria often work associated with other micganisms (SRB), such as iron bacteria produaerich and
anaerobic environment in which to SRB proliferati®RB interact with iron bacteria can acceleratedbrrosion
process of pipe networks [3].

2.2 The corrosion mechanism of SRB
Currently the mechanism of SRB, basically has tilewing theory: cathodic depolarization theoryncentration
cell theory, metabolites corrosion theory.

2.2.1 Cathodic polarization theory

Kuhr and Vluglt[9] proposed the classical theory of cathodic deppdtion of SRB corrosion , it is the main
mechanism of SRB corrosion, he believed that udmygioxic conditions, SRB cathodic depolarizatioreeffto
remove the hydrogen atoms from the metal surfacthat the corrosion process continue. Reactias i®llows:

4AFe>4AF€" +8e (Anodic reaction
8H,0—8H'+80OH

8H"+8e—8H (Cathode reaction
SOZ+8H—S+4H,0 (SRB cathodic depolarization
Fe* +S"—FeS (Corrosion products

3F&* +60H —3Fe(OH) (Corrosion products

Corrosion products are generated by the abovedactions. The total equation is:
4FE* +SQ7 +4H,0—FeS+3Fe(OH)+20H

2.2.2 Concentration cell theory

Starkey[10] considered that part of the metal sswrfeoveraged dirt and corrosion products (suchosshydrates) ,
will form the gas difference or concentration céfi. many cases, this type of corrosion associatital anaerobic
corrosion, because of the formation of the livimgieonment suitable SRB[21].

2.2.3 Metabolites corrosion theory

In the process of SRB growth and metabolic actiign produce a certain amount of sulfide, duenéorble of
sulfide accelerated corrosion of metal[11,13]. Hmaerobic corrosion of SRB is also due to the tesutheir
metabolism produce the highly active and volatitogphide phosphides and iron substrate, SRB generated
H,S,hypophosphite and iron can produce Phosphatiirgmfexacerbated the substrate corrosion of i@orrosion
product film formed by SRB metabolites (such a$ Ad,S and phosphide) will accelerate the local cormsibthe
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metal.

2.2.4 The acid corrosion theory under sediments

The important basis of acid corrosion theory is thst majority of the final product of MIC is lovabon-chain
fatty acids (such as acetic acid). When the cadiain fatty acid concentrated in sediment microb@losion of
metals is very aggressive. In the oxygen atmosphtire region immediately below the sediment relative
surrounding large cathode become small anode. @tmdic reduction reaction of oxygen resulted i pid of the
solution around the metal becomes large. Metal ifiogmmetal cation in anode area. If the metal hyiltexn
solution is thermodynamic stability, metal ions dan hydrolyzed into H If the anode zone and cathode zone is
isolated, pH value of the anode will decrease aagH of the cathode region will increase[12,14].

3. Control methodsof MIC

3.1 Chemical control methods

Chemical control methods are adding to the watevamious fungicides, bactericides to kill the miges is main
mechanism of fungicide penetrate into the cytoplagestruction of protein genes in the cells bodythat makes
microbial death. Chemical fungicide generally daddinto two categories: oxidation type and non-ati@h type.

Oxidizing biocides mainly such as chlorine, chlergioxide bromine ozone etc., non-oxidizing biocides mainly
chlorophenol glutaraldehyde quaternary ammonium saltdsothiazolin-ketone.

3.1.1 Oxidation fungicide

Chlorine dioxide almost 100% with molecular stageést in the water so easily through the cell membrane.
Chlorine dioxide available chlorine content is 263¥erefore, its sterilization effect is signifi¢gnmore liquid
chlorine is strong, which is about 2.5 times thiathe liquid chlorine. Chlorine dioxide disinfecticcan make the
generation of chloroform in water reduced by 90%d aan prevent the generation of chlorophenol smell
systematically[15]. In addition to kill the genetsdcteria , iron bacteria, sulfate reducing baatdtingi, algae and
spore, the virus have the very good killing efféie disadvantage is that because of its low lpitinint (11C),
cannot transport, so must be prepared with theps#paration.

3.1.2 Non-oxidizing biocides
Types of non-oxidizing biocides are manthey are often used interchangeably with oxidizingcides in water
systems to prevent microorganisms resistant inrwate

Aldehyde of fungicide aldehyde group played a mmaie in killing microorganisms, their main effeah dbacteria
protein hydrophobic base, hydroxyl, carboxyl andirem alkylation, protein by killing bacteria[22]. |dehyde
fungicide is using in a very wide range, steriliaat effect is good. But most of aldehyde fungicae toxic,
long-term use can also cause harm to humasl it will produce pollution to the environment.

3.1.3 New corrosion inhibitor

In recent years the researchers are more commitélde development of new environmental friendlyrosion
inhibitors.Rare earth metals in the role of varioagosion of the system with high efficiency.34fiehfork amino 1,
4-trichlorobenzene triazole phosphate (AATP) fatboa steel in aqueous solution is a good corroisibiitor [16].
In addition there are also studies of the amino acids greaosion inhibitors[17].

3.2 Physical control methods

Physical control method can be mainly divided ithicee categories: The first category is throughadety of
ionizing radiation electric field and magnetic field to kill microongams, common technology is ultraviolet
sterilization,y-ray sterilization, sterilization electromagnetic and so prthe second category starts from material ,
such as coated with a protective coatidgveloping and applying of corrosion resistant mialte the third category
is using electrochemical techniques such as cathwdtection. Because these methods produce almgsbllution

to the environment and they are energy savingh&p dre widely used and have good prospects farldement.

3.2.1 Rays electromagnetic sterilization

Usually around 260 nm wavelength ultraviolet rag bize very strong radiation, and the wavelength atzorbed
by nucleic acid, thus prolong irradiation time dah iron bacteria;y and X-ray can make the two connected
thymidine in the DNA chain cause covalent connéistignd make its replication errors, thus death[18Jaddition,
use ultrasound or radiation treatment also carthélliron bacteria.

3.2.2 Cathodic Protection
The methods to protect the exposed metal surfanebeadivided into sacrificial anode and impressadent
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method[19].Using cathodic protection and good cmptogether is the effective measure to prevenmitigate
corrosion.

3.3 Biological control methods

Biological control method using relationship of dyinsis competition and antagonism between microbial to
prevent microbial corrosion of metal. Biologicalnt!| usually uses phage method. It is using nhemamies of
the bacterial phage to prevent and eliminate miafahembrane in water system. It is a quite promgdsiological
methods[20].

CONCLUSION

Microorganisms involved in various industrial depaents, with the development of the industry, theECMuill
become more and more prominent. Research on theamisen of MIC are ongoing continues. Many theoeigist
shortcomings and deficiencies, generally considehadl only use one theory to explain the mecharo$riviiC
seems too simple, in the process of microbial @org which involves many factors, such as the ri@tef pipe
materials, shape, and environment and so on. Inyntases, the corrosion is caused by a variety aincon
microorganisms such as the metabolic activity abbie microorganisms to create an anaerobic enment to
sulfate-reducing bacteria in which the sulfate-dg bacteria to multiply, and thus accelerate @gion. Thus in
view of the corrosion mechanism for complex intavieg, various prevention and control methods of
microbiologically induced corrosion should be apglitogether in order to achieve the purpose ofrobihe
corrosion.About microbiologically induced corrosjdghere are still many problems to be solved, tdresk these
issues in order to promote the development of prtiwe and control of MIC of new technologies.
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