
 11/28/2017 1 Minutes – Project Team 301 
 

 
 
 
Microbiological Corrosion of Lean Super Hyper Duplex and 
Austenitic Stainless Steels – Project 301 
 
 
Meeting Purpose Project team meeting 

 
 

Date, Time, Place Date: October 25, 2017 
Time: 9:00 AM Central Time 
Place: San Antonio, TX 

 
 

Agenda 

 
 

 
State of the Art – 
Microbiological 
Corrosion 

Dr. James Dante of the Southwest Research Institute made a presentation 
(Attachment A) of the basics of microbiological corrosion of metals.  Southwest 
is a potential contractor for this project. Ensuing discussion was on how to make 
sure that corrosion takes place in a laboratory setting and the choice of the alloys 
to be used. Pradip Khaladkar explained to Dr. Dante the steps in the project 
development. 

 
 

Summary of 
Action Items 

Path Forward Responsible Due Date 
Katie Day to start developing SPS for the 
project 

Katie Day November 
15, 2017 

Organize GTM of the team to review and 
refine SPS 

Pradip Khaladkar November 
22, 2017 

 

 
 

Participants Company First Name Last Name 
Air Products Stephanie Britton 
Air Products Jose Ramirez 
Albemarle Xiaowei Ren 
BP Sam Schleh 
Chemours Jennifer Larimore 
Chevron-Phillips Nina Young 
Dow Chemical Co. Marc Cook 
DuPont Frank Cui 
Eastman Curtis Huddle 
Eastman Robert Sinko 
Equity Engineering Ken Kirkham 

AmeriTAC 124 
Minutes 
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Iowa State University Ashley McKenna 
MTI Pradip Khaladkar 
Neotiss Wendy McGowan 
Nickel Institute Gary Coates 
Outokumpu James Fritz 
PPG Mike MeLampy 
Praxair Ed Richey 
Rolled Alloys Rick Duncan 
RPS Composites Dave Chapman 
RPS Composites Kira  Kaleps 
Sandvik Katie Day 
Sandvik Marcelo Senatore 
SWRI Amy De Los Santos 
SWRI Erica Macha 
SWRI Jim Dante 
SWRI Spring Cabiness 
Titanium Fabrication Troy Bartley 
Tricor Metals Chuck Young 
University of Akron Linsey Grzeschik 
Ward Bryan Boudet 
Ward Jon Ward 
Webco Industries Yong Joo Kim 
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Highlights in the Arena of:
Microbial Influenced Corrosion


October 25, 2017


Southwest Research Institute







Southwest Research Institute


 Nonprofit
 2600+ employees
 1200 acres (4.86 km2)
 $582M revenue from contracts 
 Even mix of government/industry projects
 2.2M ft2 (204k m2) laboratories and offices2


Benefiting government, industry & the public
through innovative science & technology
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SwRI Organization Chart


www.swri.org
3
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SwRI in the Technology Spectrum
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• The influence of microorganisms on the kinetics of corrosion
processes.


• Adherence of biofilms to material surfaces that assist in the
degradation of the materials through their metabolic
activities.
– Production of gases, acids, and oxidization of metals that leave


materials susceptible to pitting, micro fractures, and full
disintegration.


– A form of localized corrosion.


• A complex and integrated synergy generated by a community
of microbes (metabolic cooperative).
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Microbial Influenced Corrosion (MIC)
What is it?
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Field & Laboratory Observations


Pinhole, indicative of localized corrosion in fire sprinkler systems
Source: MIC, Fox Valley Fire & Safety


Corroded water pipe in a fire sprinkler system.
Source: Potter Corrosion Solutions


1. Biofilm creates an isolated environment→
2. Corrosion ensues under biofilm→


3. Tubercles facilitate pitting & crevices


Internal pipe corrosion 
(3 months)


Source: SwRI







• Each microbe grouping has a mechanism of corrosion.
• Microbe groupings work together to form biofilm.
• Biofilm acts as a diffusion barrier.


– Produces oxygen or hydrogen concentration cells
– Traps acids and other metabolic by-products


• Microbe groupings support one another.
– e.g. APB (aerobic) produce organic acids→ organic acids are food for 


SRB’s→ metabolism of SRB’s forms highly corrosive by-products
– Produces a cyclic life cycle of the microbe groupings
– Generates pitting, crevices, and encrustations at localized sites


8


October 2017


A Cooperative Microbe Community
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‘The Common Culprits’


• Sulfate-Reducing Bacteria (SRB’s)
– Typically the most common
– Indicated by a foul sulfur smell and black color


• Metal-Reducing Bacteria (MRB’s)
– Anaerobic respiration requires reduction of metal
– Encrustations or formation of tubercles


• Acid-Producing Bacteria
– Production of acetate; acetic acid
– Pitting corrosion and pinhole leaks typically


• Methanogens
– Utilize hydrogen for growth
– Produce methane as metabolic by-product


• Nitrate Reducing Bacteria
– Has been associated with iron oxidation
– Used to reduce SRB activity


SRB, Desulfovibrio vulgaris
Source: Wikipedia


MRB, Geobacter metallireducens
Source: U.S. Department of Energy, 


Office of Science


Methanobacterium bryantii
Source: Concept-Mind Map
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Sulfate-Reducing Bacteria


• Strict anaerobe
– Some survive in O2, but do not grow


• Produces H2S
– Accelerates Corrosion
– Leads to sulfide stress corrosion cracking
– Forms noble compounds that cause galvanic corrosion


• Desulfovibrio common genus


Desulfovibrio vulgaris
ATCC #7757


Source: SwRI


2 methodologies for testing SRB’s: NACE quantitative 
bug bottles and chemostat flow system


Source: SwRI
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Illustrative Example of SRB Corrosion Attack


SRB’s have multiple mechanisms for interacting with and forming iron corrosion. 
Illustrates complexity of MIC.


Source: Applied and Environmental Microbiology, ASM
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Metal-Reducing Bacteria


• Geobacter, Shewanella, Thermoananerobacter
• Leads to the dissolution of passive films
• Generation of electron shuttle, thereby derives energy
• Appendages allow mobility and sensing to find electron 


acceptors
• Many of these bacteria have been researched for energy 


production


Fundamental Microbial Fuel Cell application
Source: Dr. Derek Lovley and American Society 


of Microbiology
Shewanella oneidensis on hematite


Source: PNNL, Dr. John Zachara & Dr. Jim Fredrickson
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Acid-Producing Bacteria


• Aerobic & Anaerobic species
• Clostridium, Thiobacillus, Pseudomonas sp.
• Acid can induce localized pitting or crevice attack, particularly 


when trapped against the metal surface by biofilm
• Some of the produced acids serve as food sources for other 


corrosive bacteria groups


Biofilm formation and pitting 
development acquired on metal 


coupons after exposure to various MIC 
organisms, including APB’s.


Source: SwRI







• Thrive in anoxic conditions
• Oxidize metals to capture electrons
• Produce methane as a by-product


– CO2 + 4H2 → CH4 + 2H2O


• Archaea domain
• Known as an extremophile


– Requires flammable H2


– Found living in hot springs and thermal vents (far below the Earth’s surface)
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Methanogens
October 2017


Phylogenetic Tree of Life
Source: Lumen Learning







• Nitrate 
– Injection is used for SRB reservoir souring mitigation 
– Promotes NRB growth for bioexclusion of SRB 
– Not completely consumed at the well can lead to MIC in 


transportation lines


15


Nitrate-Reducing Bacteria
October 2017
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NRB Utilization of Extracellular 
Electrons for Nitrate Reduction


• NRB
– Facultative anaerobes
– Oxidizes metal to access electrons
– Bacillus licheniformis, Pseudomonas 


sp.
– Biofilms produce acid metabolites, 


ammonium and nitrogen
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Southwest Research Institute
Approaches to Investigating MIC
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Phased Approach to Investigating:
Materials Testing


Technique Description Benefits/Drawbacks


Static Culture Testing Samples immersed in jars in 
controlled temp environment


Inexpensive
Poor control of sample 
viability


Chemostat Samples immersed in temp and 
[O2] controlled flowing liquids 


Inexpensive
Improved control over 
sample viability


Mock-up Flow loop Design and fabricate flow loop 
to expose samples to 
representative flow 
rates/temperatures 


More representative 
corrosion performance


Field Testing (in-Situ) Sample materials inserted into 
operational systems to 
measure corrosion damage 


Most representative 
corrosion performance
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Methods Results Examples*


Culture Bottles


Estimates  planktonic 
bacterial populations 
for SRB, APB, AnAPB, 
NRB, IRB


Cellular Adenosine 
Triphosphate (cATP)


Measures living
biomass viability via pg
cATP/mL 


<100 Good
100 to 1,000
>1000


3D Surface Profiling 3D profile and surface 
roughness data


Digital Microscopy 2D/3D Optical image
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Phased Approach to Investigating:
Analysis


*Source: SwRI
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Methods Results


16S rRNA Sequencing Culture free, DNA method provides
microbial identification to the genus level


Shotgun Metagenomic Sequencing 
Culture free, DNA method provides 
microbial identification and relative
abundance of microbes
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Phased Approach to Investigating
Analysis


Species A
Species B


Species C


16S rRNA 
Sequencing 


Genus 1


Genus 2


Shotgun 
metagenomics 


TaxonomyMicrobial Community
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Goals and Considerations for Testing


• Develop a “standardized” test procedure that 
will allow accurate ranking of material 
performance (users can focus material 
selection on a group of materials)


• Develop an affordable “fit for service” test 
protocol for MIC at individual sites (define 
specific material for service)
– Exposure testing at each facility
– Determine a correlation between MIC activity 


parameter of local water supply with materials 21
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Hypothetical Results
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Testing Example 1


Experimental Approach:
• Compare material performance in two test liquids:  


– Field collection from site with severe MIC problems
– Freshwater inoculated with strains of known MIC bad actor(s) (defined 


standard test media)
• Periodically refresh test fluids with fresh solution and circulate water to avoid 


stagnation
• Test multiple materials


Analysis Techniques and Results:
• cATP measurements on both test solutions to determine and compare amount of 


biological activity
• Mass loss and image analysis of corrosion coupons to determine and rank attack 


severity
• Compare corrosion extent and morphology between the two solutions 23
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Testing Example 1


Payoff:
• Test method developed for material ranking and initial screening (if all 


goes to plan)
• Comparison of test solution to natural waters for very preliminary 


validation of test method
• Relatively inexpensive and simple 


Risks:
• Inoculum strain may perform very differently from consortia present in 


natural waters and not represent observed corrosion (different severity 
and different mechanism).
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Testing Example 2


Experimental Approach:
• Compare material performance in fluid collected from ten sites.  


– Select a variety of site severities ranging from severe to mild
• Periodically refresh test fluids with freshly collected solution and circulate water to avoid 


stagnation and maintain bacterial viability
• Test multiple materials


Analysis Techniques and Results :
• Mass loss and image analysis of corrosion coupons to determine and rank attack severity 


by material and by exposure solution
• cATP measurements on all test solutions to determine and compare amount of biological 


activity
• Compare and correlate corrosion extent with cATP results
• Compare rankings of materials in different solutions:  Is the ranking always the same?
• Perform bottle testing of most aggressive system and create standard solution containing 


correct ratio of microbial types (basis of standard test media) 25
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Testing Example 2


Payoff:
• Better understanding of what is most important in these systems:


– cATP levels (extent of biological activity)?
– Threshold level of cATP to cause corrosion issues?
– The mixture of microbe types responsible for corrosion


• Better chance of developing a more well-informed and representative test 
method.


Risks:
• cATP may not correlate with corrosion damage


– If so, test all waters with bug bottles to determine if one class of bacteria is particularly 
important


• Material performance rankings may vary between test solutions
– If so, test bug bottles as above
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Testing Example 3
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Experimental Approach :
• Compare material performance in fluid collected from ten sites.  


– Select a variety of site severities ranging from severe to mild


• Periodically refresh test fluids with freshly collected solution and circulate water to avoid 
stagnation and maintain bacterial viability


• Test multiple materials


Analysis Techniques and Results :
• Metagenomic analysis of all source waters to more clearly identify organisms present
• Mass loss and image analysis of corrosion coupons to determine and rank attack severity 


by material and by exposure solution
• cATP measurements on all test solutions to determine and compare amount of biological 


activity
• Correlate presence of certain organisms with corrosion extent to more precisely identify 


the bad actors in these specific waters (basis of standard media)
• Compare rankings of materials in different solutions:  Is the ranking always the same?
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Testing Example 3


Payoff:
• Best possible understanding of what organisms are present in the source 


waters and how that correlates with observed corrosion damage. 
• Best chance of developing a more well-informed and representative test 


method.


Risks:
• Metagenomic analysis may not correlate with corrosion damage


– Large numbers of organisms aren’t identified yet, increasing the complexity of the metagenomic analysis 
and limiting its usefulness.  


– Not all organisms are culturable, and if one of these is the most significant to corrosion, incorrect 
assessment of performance may result
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Southwest Research Institute
MIC Capabilities Overview







Southwest Research Institute
Biological Research, Development, and Testing


Microbial Influenced Corrosion


Contact Information
Mrs. Spring Cabiness


spring.cabiness@swri.org (210)522-6229


Mrs. Amy De Los Santos
amydelossantos@swri.org (210)522-2099
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• Design and fabrication of complex and 
individualized testing setups and test procedures 


• Aerobic, Anaerobic, Microaerophilic 
environments


• Microbial-Influenced Corrosion studies:
– Biocide profiling
– In-field screening for MIC
– In-field operational assessments
– Standard coupon testing for validation of 


development techniques
– Growth of MIC culprits (bacterial and 


fungal)
• Variable investigative formats (biofilms, 


bioaerosols, liquid media, oil/fuel interface, 
solids)


• Complex nutrient requirements
• High pressure and high temperature (HPHT) 


exposure capabilities
• In-situ, localized, direct measurement of 


corrosion currents 
• Good Laboratory Practices


Capabilities Highlighted Projects


MEA Cell Inoculated
Fungal Consortium Atomization Test Biocide Painted 


Coupon


Anaerobic Coy Chamber SRB Growth


Designed & Fabricated 
Chemostat


SRB Chemostat 
Stainless Steel Coupon


James Dante
James.dante@swri.org (210)522-5458



mailto:Spring.cabiness@swri.org

mailto:amydelossantos@swri.org
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Southwest Research Institute
Materials Research, Development, and Testing


Microbial Influenced Corrosion


Contact Information


Experience


Mrs. Erica Macha
Erica.macha@swri.org (210)522-6397
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Highlighted Projects


James Dante
James.dante@swri.org (210)522-5458


Raman Spectroscopy
Under high pressure


Corrosion 
Currents
Under 
Bio-Films


HPHT testing with 
field sampled fluids


•Reduction in MIC through biocidal coatings
– Biocide leaching & percent kill studies
– Accelerated benchtop coupon testing
– Operational panel studies


•Growth, Maintenance, and sustainability of SRB’s in a high 
pressure system flow loop
•Coupon sampling, biofilm extraction, and heterotrophic plating 
for results validation
•Evaluation of in-situ MIC corrosion rates as a function of biocide 
and biocide concentration using a multi-electrode array
• Autoclave testing of field sampled water to demonstrate coating 
resilience to MIC attack
• Weight loss testing of alloys exposed to microbial consortia


•In situ measurements of MIC using Raman detection of bio-film 
growth under ambient and high pressure gas exposure 
conditions to identify bacteria present
•Standardized Industrial & Environmental Studies


• ASTM, AOAC, CLSI, NACE 
• Disinfectant/Biocide Testing
• Antimicrobial Susceptibility
• Assorted coupon surfaces



mailto:Erica.macha@swri.org

mailto:James.dante@swri.org
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