
T
he cost of corrosion to the US economy is estimated at
4.2% of the Gross National Product according to a
recent study.  That amounts to over $350 billon

annually which, until this year, exceeds the annual cost of all
oil imports into the US.

Corrosion is the most common and costly failure mode
impacting engineered and structural materials, yet it tends to
be accepted as inevitable precisely because it is so pervasive.
The same study, however, indicates that 40% of these costs, or
$140 billion, could be saved through the application of
existing practices and technologies.  Although numbers of
this magnitude tend to be overwhelming, they translate into
real costs and lost revenue by industry, right down to
individual manufacturers and product end users. 

The term “corrosion” describes a number of processes driven
by a wide range of electro-chemical factors.  At the root of
these is the inherent instability, at the atomic level, of most
industrial metals which predisposes them to return to their
naturally occurring form, oxides.

One of the more unusual forms of corrosion results from the
interaction of bacteria with a wide range of metals and alloys.
Microbiologically Induced Corrosion (MIC) “technically”
functions as an accelerant to more conventional corrosion
processes.  The rate of acceleration, however, may be from 10

to 1000 times conventional corrosion rates, requiring that
MIC be addressed as a distinct corrosion process from a
practical standpoint.

MIC initiates and propagates primarily by two processes.
The first is the formation of
corrosion cells on a metal surface.
Colonies of micro-organisms
generate sticky biofilms with
which they adhere to their host
surface and create a micro-
environment that is significantly
different from the surrounding
metal. Variations in dissolved
oxygen, pH, and organic and
inorganic compounds in these
micro-environments result in
electrical potential differences with
the surrounding metal, producing
highly active corrosion cells.
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Desulfovibrio vulgaris, a sulfur reducing bacteria generate hydrogen
sulfide as a metabolic bi-product.  This species has been implicated in
MIC – Microbiologically Induced Corrosion – in iron, steel, stainless
steel, aluminum, zinc and copper alloys.

Classic hallmark of a widespread MIC failure type.  This cross-section of a  Type 304 stainless steel heat
exchanger tube failed by MIC at the longitudinal seam weld, perforating the 0.065” tube wall.  MIC
began at the tube ID due to an anaerobic bacteria species introduced through incomplete drying
following hydrostatic testing.



In The Works…

W
e’re often asked “What do you
do?” If we hesitate to answer,
it’s because the variety of

materials, components, and testing
challenges is almost unlimited. A
selection of recently completed analyses
includes:

Service Life Prediction and Material
Characterization of gas turbine rotor from
an electrical power generation facility.

Failure Analysis of electrical control circuitry
from a contraction crane power supply with
recommendations for process changes.

On-site Non-Destructive Replication of boiler
outlet pipes for microstructure characteriza-
tion to determine the affects of temperature
cycling on pipe integrity.

Failure Analysis of chemical reactor vessel from
a petro-chemical processing plant identifying
the use of non-conforming material. 

Failure Analysis gear and pinion shaft from
excavator identifying extreme chemical 
segrigation through microstructure analysis.

Source Analysis of contaminant particles in a
hydrolic system to identify components in the
circuit exhibiting excessive wear. 

Failure Analysis of intergrannular corrosion in
a forging from a military vehicle application.

Failure Analysis of reduction gear cluster
with processing change recommendations.

Failure Analysis of high strength fastener
race car shock absorber piston rods and
material substitution recommendations.

Failure Analysis of fatigued Grade 8 cap screws
from a military vehicle with maintenance
routine change recommendations. Material
Property Analysis of electric motor laminations
and evaluation of relative electromagnetic
properties.
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Failure Analysis of Ethanol plant stainless steel
process tubing identifying stress corrosion
cracking from exposure to unauthorized
CIP materials.
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MAI—15 YEARS OF SERVICE
Thank you, to the many clients who have
made 15 years of materials testing and
engineering at MAI possible.
We are committed to treating each of you

and the analyses you entrust to us with the
up most respect.  Partnering with you to make better,
more profitable products is our mission.  To achieve that,
we continually strive to make Metallurgical Associates
your best materials engineering resource. Thank You All!
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to how far this approach can be taken in the design and
manufacture of practical systems.  Biocides are widely used
to treat incoming water.  These, however, are highly toxic
and expensive and require regular monitoring of concen-
tration.  Their toxicity and potential contaminative effect
precludes their use in any food products and many process
fluids.

The parameters in which MIC can occur are extremely var-
ied and include multiple bacteria species, a broad range of
affected materials and almost endless environmental diversi-
ty. As a result, MIC prevention and mitigation is equally
varied. Accurate analysis of the cause and effects of each
individual MIC failure is an essential first step in selecting
from this range of solutions.
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