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What is corrosion? 
 Corrosion reaction is electrochemical in nature. 

What is an electrochemical reaction? 
 A reaction involving charge transfer, i.e., loss or gain of electrons. 

 Is there charge transfer in a corrosion reaction? 
 Anodic reaction: reactants loss electrons.  
     Fe → Fe2+ + 2e 
 Cathodic reaction: reactants gain electrons.  
     2H+ + 2e → H2 

 Electrolyte 
     solution or water film on the metal surface 

 A corrosion cell: 
 Fe + 2H+ → Fe2+ + H2  

H2 



Cathodic reactions 
 During corrosion process, while the anodic reaction is 

primarily the dissolution of metal (steel), the cathodic 
reaction is complex, depending on the environmental 
condition. 
 In acidic solutions: 
   2H+ + 2e → H2 

 In aerobic, neutral/alkaline solutions: 
   O2 + 2H2O + 4e → 4OH- 

 In anaerobic, neutral/alkaline solutions: 
   2H2O + 2e → 2OH- + H2 

One of the most important effects of cathodic reaction on 
metallic corrosion is the corrosion product.  



How does MIC occur? 

There is no single mechanism for MIC.  

For acid producing bacteria 
(APB), their metabolism creates 
acidic agents, such as acetic 
acid, to decrease solution pH 
and cause corrosion.  

For nitrate reducing bacteria 
(NRB), the cathodic reaction is 
the reduction of nitrate in 
solutions, accompanying 
corrosion of the steel. 

 Anodic reaction: Fe → Fe2+ + 2e 
 Cathodic reaction, i.e., biocatalysis of sulfate in environments: 
 SO4

2– + 9H+ + 8e → HS– + 4H2O 
 At acidic environments (low pH): 
  HS– + H+ ↔ H2S 
 Chemical reaction: HS- ↔ H+  + S2- 

 Deposit of corrosion product: 
  Fe2+ + S2- → FeS↓ 

In the presence of sulfate reducing bacteria (SRB):  



Where does MIC occur? 

  A “biofilm” is formed, which can keep nutrients, block 
biocides (if added), and establish microbial community. 

*T. Jack, MIC in Water Systems: A Tutorial, Oil Sands and Heavy Oil Materials and Integrity Workshop, 
Edmonton, AB, Oct. 28-29, 2009. 

On the metal (steel) surface, where 

Metal surface 

FLOW 
Biocides, O2, nutrients 

Adsorption 

Slime formation 
Recruitment + 
multiplication 

Organized consortium 
develops in slime 

The “biofilm” is a complex, heterogeneous mixture, where corrosion occurs.  



MIC is NOT a new corrosion process, but is 
caused or accelerated by the effect of 
microbes that are present on the metal 
surface. 



What is the morphological feature 
of MIC? 
 MIC is usually featured with localized corrosion form, i.e., 

pitting corrosion. 
 Regular, circular corrosion pits. 
 Often with stepped appearance. 
 Overlapped pits or “tunnelled” pits. 
 Striations at the pit bottom. 



What is the environmental condition 
to cause MIC? 

Generally, 
 Temperature: < 90oC. 
 Pressure: Unknown upper limit 
Water: must be available. 
 pH: a certain range for specific bacteria. 
 Salinity: < 7%wt (for some bacteria, can be nearly saturated). 
 Nutrient: must be available (N, P, organics, electron acceptors 

such as sulfate, nitrate, etc). 
  Redox potential: certain range for specific bacteria. 

 

The environments to grow microbial population. 



How is MIC identified? 

Microbial counts and characterization 
Analysis of water chemistry 
Observation of corrosion morphology 
Compositional characterization of corrosion 

product deposit 

There is no single method for MIC detection. 



How is the MIC prevented? 

High performance corrosion inhibitors and biocides 
The biofilm or corrosion product blocks the penetration 

of inhibitor and biocide. 
Fluid flow may carry away the inhibitor and biocide. 
Most inhibitors/biocides are not oil-solvable.  

“Pigging” to keep the pipe clean 
Economically affordable? 

Operation optimization 
Risk management based. 

Poison the environments for microbial growth. 

Combine inhibitor/biocide with modeling prediction. 
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Oil resource in Canada 

Canada has the 3rd largest crude oil reserve in 
the world. 

Canada is the world’s 6th largest oil producer 
1.3 million barrels/day of conventional oil and 1.7 

million barrels/day of oil sands  

Almost all energy exports are transported by 
pipelines! 



Pipeline integrity maintenance 

Externally, 
 coating + cathodic protection (CP) 

 
Internally,  
 improved oil quality + periodic pigging 





What are the primary mechanisms 
resulting in failure of oil pipelines? 



2002-2012 PHMSA oil pipeline reported 
accidents (U.S.) 

  
 



2004-2011 NEB oil pipeline accidents 
(Canada) 

  



 While pipeline integrity can be affected 
by a number of factors, corrosion is a 
key mechanism resulting in pipeline 

failure. 

Does the “corrosion” contain MIC? 
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Internal environment of oil transmission 
pipelines 

Steels do not corrode in oil. Therefore, if the pipe wall is 
“oil-wet”, internal corrosion will not occur. 

Internal corrosion is possible only when the pipe steel is 
water-wetted.  

Crude oil in transmission pipelines is quite “clean”. 

 The amount of basic sediment and water (BS&W)<0.5% (v/v); 
 The sulfur that is contained in high-molecular hydrocarbons and 
organic acids are not corrosive at the pipeline operating temperature; 
 The chloride content is low ~300 ppm; 
 The H2S content is less than 10 ppm. 



Settlement of water drops and wetted sands 
on the pipe floor 

 Water % amount 
 Oil viscosity and density 

 Fluid flow velocity 
 Pipe size and inclination 

 Pipe steel surface 
tension 

How is the internal corrosive 
environment generated? 



Corrosion of pipeline steel under water drop 

 Corrosion under 
deoxygenated water drop 
is featured with a uniform 
corrosion. 

 Due to the inhibitive effect 
of corrosion product 
deposit, the corrosion of 
steel is mild. Therefore, it 
does not constitute a 
threat to pipelines. 



Pipeline corrosion under solid deposit 

Both lab testing and field 
experiences demonstrate that 
extensive corrosion pits can be 
formed on pipe steel under sand 
deposit. 



Corrosion under solid deposit: 
Experimental setup* 

* D. Han, Y.F. Cheng, Mechanism of electrochemical corrosion of carbon steel under deoxygenated water drop 
and sand deposit, Electrochimica Acta 114 (2013) 403-408. 



Will the initiated pits grow? 
24 h 48 h 

Pit initiates at the 24th h, with a local pitting current density up to 5.8 µA/cm2. At the 
48th h, the maximum current density decreases to 4.3 µA/cm2 , while the background 
current remains unchanged.  
The initiated pits would not sustain a continuous growth, and can even be repassivated 
under the testing condition. 



In the presence of sulfide ions*, 

*Dong Han, Frank Cheng, Internal pitting corrosion under sand deposit in crude pipelines, 2014 NACE Northern 
Area West Conference, Edmonton, AB, Jan. 27-30, 2014 

1 mM Na2S 5 mM Na2S 10 mM Na2S 



Modeling the pitting process in the 
presence of sulfide ions 

Competition between the local acidification 
effect and formation of iron sulfide.  

The microbial activity may play a dominant 
role in pitting corrosion under sands. 



Reproduce pipeline MIC environment 
in lab* 
Grow a biofilm on the surface of pipeline steel; 
Controlled type of bacteria found in sludge deposit in 

pipelines 

Cover with petroleum sludge/sands that were 
obtained from the field; 

Cover with heavy oil that was obtained from industry; 
Set up in an anaerobic chamber; 
Combine with in-situ electrochemical corrosion 

measurements. 

* Collaborate between Cheng’s and Voordouw’s groups at the University of Calgary 



Pit formation and observation*  

* A. Oliver, et al., 2014 NACE Northern Area West Conference, Edmonton, AB, Jan. 27-30, 2014. 

Corrosion pits are obvious on the steel surface.  



Research ongoing 

Identify the key type of bacteria in petroleum 
sludge resulting in pipeline pitting corrosion; 

Determine the incubation time of pitting initiation 
under the given conditions; 

Characterize the pit growth rate and the 
parametric effects; 

Develop inhibitor and biocide for internal corrosion 
management.  



Microbiologically induced corrosion has been 
a threat to facility and pipeline integrity in 
oil/gas industry.  

Conclusive remarks 

Research in MIC fundamentals is beneficial for 
industry to manage this problem.  

At this time, a combined corrosion/biocide is 
probably the most promising method to control 
MIC. 



Thank You! 
Questions & (Hopefully) 

Answers 
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